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FOREWARD

Thie volume of papers forms part of a series of publications that have been produced
by the Planning and Investment Studies Unit of FAO's Forestry Depariment in order to make
available information on analysis and planning in the forestry sector for teaching and
reference use. The series, which has the title "Economic Analysis of Forestry Projects",
coneists of a guide to a.nalysis_y apd & volume of case studies _9' in additiom to the present
volume of readings.

This volume of readings has been edited for FAOQ by HeM. Gregersem, Professor of
Forestry and Agricultural and Applied Economics at the University of Mimmesota. The cover—
age of the four papers ie reviewed in his Editor's Introduction. All of them have been
specially commissioned for this FAO series from the authors, each of whom i writing here
in his personal capacity. The work on the two papere by authors at the University of
Minnesota was made possible through a epecial budgetary contribution to FAO for this purpome
from the Swedish International Development Authority (sm).

"V Economic Analysis of Forestry Projeotss FAO Forestry Paper No. 17, FAO, Rome, 1979.

3’ Economic Analycis of Forestry Projects: Case Studiege FAQ Forestry Paper No. 17,
Supp. 1, FAQ, Rome, 19579.
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'EDITOR'S INTRODUCTION

The present publication is provided as a complement to FAC's recently published guide,
Foonomic Analysie of PForestry Projeots}ﬂ (henceforth referred to as EAFP), which deals mainly
with the steps involved in organizing and carrying out an analysis of the economic efficiency
asgociated with a foreetry project. As mentioned in EAFP, ecconomic efficiency is only one of
the factors with which decision-makers are conocerned in their guest to make "better" decisions
concerning foreeiry projecis. In addition, they may be concerned explicitly and quite separ-
ately with income dietribution impacts, effects of projects on local areas as opposed to the
nation as a whole, balance of payments or trade effects, employment implicatione, and =o
forths

Both the McGaughey and Schuster papers in this volume deal with the guestion of
income distribution and employment impaois of forestry projecte — topics of increasing
concern to decision—makers in developed as well as developing countriese. While much of the
recent dicussion in the project analysis and evalumtion litermiure has been concerned with
the means to quantitatively incorporate income redistribution impacts directly with efficiency
impacts in an integrated "sociml ecopomic" analysis framowork, both McGaughey and Schuster
treat income redisitribution impaocts ueing & partial analysis approach such as suggested in
EAFP, The idea of developing "weighte" for costs and benefits associated wlith different
income groups and introducing such in an economic efficiency analymis is appealing in theory
and concept, but difficult to implement in praotice, due to lack of agresment on specific
weights to be assigned different groupse While labour shadow prices implicitly recognise
the lower social cost (or higher social benefit) agpooiated with ueing wnemployed labour,
McGaughey and Schuster both provide additional separate measures of employment and income
distribution impacts which can be calculated and used in making additional comparisons
between foresiry projeois.

McGaughey treats improved income distribution and increased employmeni as complemen—
tary goals in rural development projects. He discusses & number of different specific
measures whioh can be caloulated and used for various purposes in assessing project impacts
on employment, regional income and income distribution. However, he concludes that: "What
ie cleer is that no income distribution indicator can be universally recommended, since such
indicatore will have to be adapted in each country to the local data conditiona and limita-
tione which projeot analysts fmce."

Schuster discusses several different dimensiones associated with income redistribution
and employment impacte. He distinguishes between regional income redistribution and "indi-
vidual welfare" impacts of projectss The impact indicators recommended for consideration in
terms of individual welfare were seleoted on the basis of "their presumed relevanoy and their
feasibility to be measured". Based on thie criterion, he chose project impact on 1) unemploy—
ment rates, 2) average wage rates, and 3) income distribution among the population of the
region affected by the project. He further disousses measurse of project effect on economic
equilibriun and stability in local commmities or regions, recognising that these two factors
affect community welfare in a broader sense.

¥ PAO Forestry Paper No. 17, FAO, Rome, 1979
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McGaughey deals at some length with various measures of project impact on foreign
exchange flows (or balance of payments impacts), recognising that this is a factor of con=
siderable importance to many decision-makers. Schuster, recognising the importance of
regional distribution impacts of projects, disousses several useful measures of projeot
impact on local government. He speoifically loocks at intergovernmental payments (revenue
sharing, in-kind payments, and other types of payments) and disocusses types of local govern—
ment cosis often mesociated with projects which are not considered in soonomio efficiency
analyses. McCGaughey also disousses eppropriate measures of regional economio growth which
can be calculated as part of a broader project analysis.

While Schuster in general sticks with impact measures related to single objectives,
such as employment, income redistribution, regional stability, etc., MoGuaghey goes on to
discuss several multiple objective evaluation procedures which can be applied in practice.
These include the Delphi method, socoring models and various means for combining single goal
indicators. McGaughey further indicates the usefulness of semsitivity analyeis in looking
at project impacts and in providing information for decision-makers in casee where data are
scarce or unreliablegy

EAFP provides a general approach to economic analysie of all types of foreatry and
forest industry projectee Peculiarities or unigque aspects associated with specific types
of projects, such as pulp and paper, or watershed and wildlife, are not discussed. The
papar by Oregersen end Brooks in this volume deals with some of the specific problems and
oonditions encountered when analysing watershed projectse

The paper by Houghtaling and Gregersen provides a more detailed treatment of compound—
ing and discounting procedures than is found in EAFP, In addition, derivations of various
ugeful compounding and discounting formulas are provided together with comments on how to
treat some common time related problems encoumtered in project analysis = e.gs how to treat.
inflation and how to deal with situations where multiple discount and/or compound rates have
to be used for a given analymis.

Finally, it should be pointed out that EAFP and the present volume are limited to
discussions congerning economic effieiency, income distribution, local erea economic impacts,
balance of payments and employment impacts — all items that in the broadest sense can be
associated with various economic and social aspectse of welfare. It is explicitly recognized
that further work on treatment of impacts from an environmental point of view is needed.
However, this is beyond the intended scope of the present effort.

Y see also #AFP, Chapter 10.
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1. INTRODUCTION

In recent years extensive improvements have been made in project evaluation methods
in order to incorporate considerations beyond the traditional concern of project analysie
with economic efficiency or profitability. Moet of these improvements have been in the realm
of more theoretically complete project evaluation systemse The most notable procedures in-
clude those developed by Little and Mirrlees (TO) and Dasgupta, Marglin and Sen (117)s Much
of the later work has been an improvement and & refinement of this earlier speminal thinking.

The recommended methods are severely limited in many circumstances because (1) they
are not designed to incorporate a large number of objectivess (2) a large data base is
needed to complete the evaluationi (3) not mush suocess has besn achieved in simplifying the
system for easy application by project analyets; and (4) little recognition has been given
to the decision making process in developing countries which often proceeds in circumstances
in which economic considerations may be of marginal importance.

The present paper is contributed in the view that while the investment decision malk-
ing procese is little known to economists, engineers and other projeot analysts, policy
makers should welcome additional knowledge of the multiple economic and social consequences
of the many projects that must be appraised in formulating an investment programme. While
increasingly individual projects will be evmluated using sooial cost—benefit analysis, the
procedures herein recommended are posited as an intermediate step between emmentially what
ocours now (little or mo formal appraisal of multiple objectives) and the widespread use
of social benefit—cost analysis (which may be possible some years from now)e In this paper
multiple benefits and costs are first introduced via single objective evaluation criteria
permitting the ranking of projects for the separate goals. A large nurnber of project per—
formance indicators are reviewed, compared and evaluated for use under differenmt situaticns.

Alternative procedures for ascertaining, estimating and combining multiple objectives
for project ranking are disoussed, such as scoring models and 2 more direct weighting scheme
proposed by McGaughey and Thorbecke (75)s Finally, procedures for completing relevant
sengitivity analysis are developed including simple graphical techniques and a more detailed
elasticity analysis.

All of the proposed proceduwres should be of primary interest to national and sector
planners who need tools for defining geotor—wide investment programmes. Among other sub-
sactors, the present procedures are formulated for application in deviseing water resource
programmes, sector foresiry plans and regional rural development programmes.
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25 THE NEED FOR MEASURABLE INVESTNENT CRITERIA

While economic and pocial projeot evaluwation methodologies, as they are now proposed,
may one day be wildely employed by internstional leading agencies and national plamning
authorities, there are few prospects that this will cccur on a large scale soon, either in
countries or by international agencies, ospecially if it is required that aspects such as
income redistribution effects are to be accounted for in the evaluations. ¥

Lozs developed cowmtries need evaluation techniques that can be uniformly applied
throughout all subseciors at a low cost with minimal data demands, producing resulis which
are reasonably understandable to policy maksrs..jy In most cowmtries there is a distinct
propensity to apply narrow financial and commeroial criteria to project selection. An
advantage in these eriteria is that most policy makers wnderstand the concept of the finan—
cial and commeroial criteria to project selection. An advantage in these oriteria is that
most policy makers understand the oconcept of the financial rate of returne The economic
evaluation is of prime interest to agencies with a broad national or sector—wide viewpoint.
The national and sector planning authorities or the planning office of the development
finance corporation all have an interest in allocating resources tc high priority sectors
based upon general economic and social goale stated in development plansj tut, projeot
evaluztions are not of great interest to polioy makers in their day-to=day activities
because they are primarily concerned with the allocation of financial (bulgetary) resourcess.

A second reason why the most complicated socio-economic project evalustion methods
have not been quickly accepted by public authorities is that they place heavy demands on
soarce technical talents. Thus, while many project practitioners without advanced economic
training may understand the use of financial oriterla, it is doubtful that they will under—
stand the evaluation techniques proposed by Squire-van der Tak (120), Little-Mirrlees (70),
or ONIDO (117)e In developing comntries, tralned specislists are wmainly in demand as
managers or administrators. They are aseigned to the execution of preogrammes and projects
rather than t0 their ex-ante evaluation. While a soclel cost-benefit analysis may be
needed for projeots or programmes to be financed by external lending sgencies, the assign—
ment of local specialiste to these projects often occure only to ensure financing by the
agencies, by presenting the required sconomic and financial evaluations.

Economists tend to take an egocentric stance in designing investment criteria, over-
emphigizing the importance of economic considerations in the final project sélection. It
is clear that a broad spectrum of objeotives — ecomomic, social, politiocal and hisgtorical -
are all combined in the minde of policy makers who allocate public investment budgets on a
pro ject-by-pro ject basis or as a part of a medium= to long-term investment programme. While
financial investment criteria will continue to be the centerpiece of the analysis, apprai-
sals which ocozsionelly take into account shadow price adjustments will be undertaken for
large investment projects destined for external finances Hence, the new evaluation
techniques will likely be applied on a piecemeal, project-by-project basis for mome years
to come and their full integration into national, sectoral or regional planning is not
likely to occur for one or two decades.

Y 1t may bve argued that international lending agencies have no right to set weights on con-
sumption or income benefits received by groups within a particular society. (See D, Lal

(62)s The weights logically would have to be set by national aswthorities and consistently
applied to all projects, either for external assistance or those to be financed exclusively

by local resourcese To the exbtent that evalustion techniques are not uwsed similarly by all
parties, their value would seem to be meverely limited.

9 See Re Chambers (19) who forcefully argues that "simple iz optimal",
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What is needed now is & perception of & sequence of improvements in prevailing evalua—
tion procedures. Project evaluation technigques should meet the following tests: +they should
be measurable with availeble data; they should be applicable to a wide variety of project
investment categories; they should be consistent with rural development or agricultural
gector programme analysis; they should provide rankings of individual investment projects;
they should be wnderstandable %o most policy makers whe review the sector or project plans;
and, finally, they should take into accownt muliiple economi¢ and socoial objeotives mnd,
thus they should be amenable to a multidisciplinary approach to project analysis. With the
present short supply of trained economists and the low quality of the basic stabtistical infor—
mation, the Little-Mirrlees/UNIDO sooial cost-benefit analysis does not seem t0 meet many of
these tesis.

First, concerning measurability, it is clear that most current appraisals are conducted on
the basis of expert julgements (educated guesses) of the values of many project technical
and economic parameters. This will continue {0 ovour in years to come hecause the prospects
of obtaining an independent, reliable data base for the massive applioation of cost-benefit
analyeie do not seem good, _V Also, that which is possible for a eingle project is not alwaym
possible for a large number of projectss A set of decision eriteria is required, either
partial indicators or sccial cost-benefit ratios; which oan be applied on the bagis of expert
judgements and little information on the regions where tha projects are to be located. As
cost, price, production and marlket information improvee, sooiml cost-~benefit analysis may be
viable in a larger number of circumstancess

Second, the decision oriteria for rural development projects should be suitable to a
wide variety of projects me well as economioc and sociml sectorss Rural development projects
generally contain a complicated mixture of sectors, subeectors, investments and annual expen~
ditures; decision oriteria that would permit sn improvement in their design will have to
be compatible with these diverse subsectors and sectors.

Third, it is necessary that the decision rules used for rural development projects
be integrated into the regional and sector, agrioultuwral and indusirial planning processes.
This means that the decision rules would permit policy makere to rank the rural development
projeots along with other national development alternatives. The sector and regional plann-
ing authorities should be able to incorporate the projects inio the bulgetary process and to
wderstand their economioc and mocial impaots to the greatest degree possibles Short of
rather complicated general equilibriim or multi-level plamming models {see the models
developed for Mexioo (86) aud the Ivory Coast (33) )y it is diffioult to imagine that mul-
tiple objeotive sooiml oost-benefit analysis wlll be integrated inte sector and regional
planning in the foreseeable future.

Y For example, physical yield date, farm costs of production, the effects of soil conserva-
tion schemes among others may not ever be amenable to estimation except on a pilot or
experimental basis,

9 Two recent examples of complex rural development programmes and projects include the
Mexican PIDER and the Colombian DRI,
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Fourth, the proposed decision orlteria must be used to establish the optimum projeot
mix within regions or within regional development programmes, determining the distribution
of invesiment funds among directly productive and prodwotive support activities and social
infrastructures When there is abundant information and trained specialists, programming
models may be used for this purpose. The knowledge provided through social cost—benefit
annlysis of multiple objective effecte will be extremely limited in most circumstances.

Fifth, the decision criteria should be useful to a multidisciplinary team of project
designers and planners, allowing for the participation of all disciplines - economio, social,
financial and technical = in the derign and organization of the projects An evaluation tec-—
nique that is the sole purview of a limited group of technicians, such as economists, will
not likely receive the support needed to be adapted to a large number of project appraisalse

Six, an essentisl oharacteristic of the decision oriteria ie that they are understand-
able to policy makers who make the finml investment and expenditure decisions. While much
time and effort has been given to the simplification of evaluation techniques, they are still
a mystery to most policy makerse Concepts puch as shadow prices, conversion factors, the
accounting rate of interest, and the consumption rate of interest are not familiar to most
of theme.

Pinally, it is essentiasl that decision oriteria be applied with the understanding
that a gradual improvement in evaluwation technigques will bhe made; technigues which are use—
ful during the next decade will be replaced, on a larger scale, by more sophisticated social
cogt-benefit analyses. A possible sequence of improvements might be the following: Tbegin
with current methods (which ere, primarily, financial evaluations with added elements of an
economic evaluation); gradually improve the eoconomic evaluation for single projects, partioun-
larly, large scale projects which place major demands on the public budget; introduce simple
indicators for the plenning and evaluvation of projects for multiple objeotives and multiple
sBectors; eadopt simple programming techniques such as goal programming to project and sector
analysis; apply the complete social cost=benefit analysis to more sectors and to more pro-
jecte; and, finally, undertake full scale social oost=benefit analysia and genersl equili-
brium multi-level programming by sectore and regionss. There are evaluation techniques
puitable to each of these stages. However, the pre-conditions needed to apply them all are
not extant. Decision criteria are needed which apply to rural development projects having
multiple objectives.

The current challenge in most developing countries is to apply appraisals without
great budgetary cost and using presently available data. The economist should teke a more
modest stances Rather than pushing for the application of optimal investment critferia, he
could provide a greater service by developing techniques which can be used without large
changes in today's public agency staffs and budgetss
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3. ALTERNATIVE ISSUES IN CHOGBING INVESTMENT CRITERIA

3.1 The Main Issues

“The purpose of the present section is to examine the use to which investment criteria
will be assigned in the evaluation of rural development projectse This use derives from the
issues which have been mentioned relating to the ultimate pruposes of rural development pro—
jects. The form that the analysis takes will depend upon the following principal contrasting
elements: (1) financial versue economic analysis; (2) the measurement of multiple objectives
and their weights versus single objectives; (3) congtraints on the analysis, particularly
ingtitutional constraints versus wmoonstrained cases; (4) design versus project ranking, and
(5) project versus regional programme planninge

3,2 Financial versus Economic Analysis ¥

In traditional cost-benefit analysis practitioners tended to rigidly separate finan-
cial and economic analyses. The former, among other things, is concerned with the
commercial profitability of a project, while the latter is germane to lmproving the alloca~
tion of resources. As & consequence of incorporating income distribution and equity con-
giderations into social cost-benefit analysis, a linkage between financial and economic
analysis is made. Thus, the financial analysis, which treats the distribution of payments
and repayments, and sources and applications of funde, is the major tool for tracing the
incidence of benefits and costs of a particular project; financial analysis is now more
important than a mere indicator of the capacity of the project beneficiaries to repay loanse
This is especially orucial to the design of rural development projectee.

3.3 Multinle Objectives

One of the perplexing problems in economic and financial analysis is how to sy=teme~
tically introduce multiple goals into project designe This problem has been troadly examined
by Norton, Bassoco, and Siles (86), Sfeir-Younis and Bromley (106), Papandreau and Zohar
(89)y and MoGaughey and Thorbecke (75, 76)s Other specific applications of multiple objeo-
tive analysis are discussed later in relation to specific investment criteris.

Multiple objectives may be introdused in geveral wayss One way is to specify
explicitly the separate partial impacte of projects on one or another economio and social
objectives The purpose of this approach is to emphagize the individual effects of a project
without combining them into a single measure, As long as decision making is limited to a
few projects, regions and objectives, mathematical programming models may be an appropriate
technique for introducing multiple objectives and melecting priorities, but the number of
ciroumstances in which the modsls oan be applied seems rather limited, especially if the
main purpose is to design e comprehensive (national) rural development programme.

Y This issue is treated in Foonomic Analysis of Forestry Projeots, FAO Foresiry Paper
No. 17.
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In addition to the problem of how to combine multiple economic objectives, regions
and projects in a consistent fashion, a further complication is how 1o met welfare or
mreference welghts on theme objeotivess This i, if a policy-maker can identify, for
example, four objectives, it is clear that he might no%t place equal importasnce on all of
the objectivese It is more likely that zreater weight might be placed on one or two princi-
pal cbjectives, assigning less significance (ox we:i.ght) to "gecondary! objectives,

In later seotions an effort is made to design simple systems to incerporate multiple
objective weights into the evaluation and design of rural dewvelopment projecis. ¥Four economic
objectives are considered: (1) an inorease in production and income in rural areas; (2) an
increase in remunerative employment and an improvement in the income distribution; (3) the
attainment of an improved regional balance in growth and development; and (4) an increase in
foreign exchange earnings.

An incresse in income, consumption and value added — one of the most important objec~
tives of economic analysis = i referred to as the economic efficiency objectives If projects
are chosen solely on the basis of the effiociency goal, there ie no guarantee that beneficiar—
ies of the investment programme will repreesent the lowest income groupse Indeed, if one were
to select projects only on the basis of the efficiency goal then commercial agricultural
producers with access o finanoial resources and other aseets often would be the main bene—
ficiaries. Usually, rural development projects are designed with 2 particular beneficiary
group in mind, so the "second~best" efficiency objective is to maximize the net benefits of
the beneficiary group within a certain project aream. However, planners may be disappointed
to find that the opportunity costs assooclated with investmentz for increasing the benefits
to smellholders and other poor rural inhabitants may be high.

The goal of increasing the amount of remmerative employment from the project invest—
ments is closely related to the income redistribution effects This goal ie so much akin to
the income redistribution goal that several authors, incluling Marglin (80}, have argued
that the employment objective is e surrogate for the income redistribution goals They
emphaisze that employment is not deeired for its own sake, but rather as a vehiocle for
inoreasing income and welfare.

Various dimemsions of the problem will have to be considered to introduce employment
indicatorss A distinotion must be made between permsnent and seasonal agricultural and non~
agricultural, high-paid and low-paid employment, and the preferences of policy-makers for
employment creation at different points in times These differences are not always directly
dissaggregated in social cost-benefit analyses since equity considerations are introduced in
the form of welfare weights an the benefits and costs of the low lncome heneficiaries.
Therefore, one advantage of using partial indicators of preject performence is that these
qualitative features of employment can be explicitly enumerated.

Rather than taking employment ae a substitute measure of income redistribution effects;
an alternative iz to take the direct effects of a project on the prevailing regional income
distribution. Procedures for treating income disiribution coneequences have been fully dis—
cussed by, among others, Balasea (5), Byerlee (16), Harberger (39), Kalter and Stevens tel)s
Little and Mirrlees (70), UNIDO (117).
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The promotion of regional economic balance is another important economic objective,
i.0. promoting baokward regions relative to regions which have attained acceptable levels
of per capita income, This difference is more than the mere dietinotion between promoting
development in rural as opposed to urban areas. There may be urban ereas in backward
regions which have an important role to play in the income growth of the poorest income
groups in surrounding rural areas. Three major policy questions dominate the issue of
regionsl economic balance. First, there iz the desire on the part of national authorities
to achieve greater diversification to improve the terme of trade between agriculture and
industry, from one region t¢ another. Secondly, the govermment may want to change the
regional location of an activity, partioularly rural development activitiesj direct or in-
direct government influsnce can be used to achieve a desired locational mix of rural develop—
ment aotivities. Thirdly, allocations might be made among regions to maxrimize the opportuni-
ties for further long—term growth.

Improving the balance of psyments is one of the most widely propounded economic
objectives in lees developed countries. It is also a goal vwhich iz extremely difficult to
interpret at the project level expecially when considering eingle projects. The objective
might be stated in terms of maximizing the net foreign exchange benefits of a project,
increasing the exports of gpecific items or substituting the imports of others. Such
objectives are introduced in project evaluation via the introduction of a foreign exchange
shadow price.

.4 Institutional and Related Concerms

Project appraisal must proceed under a gamut of consitraints which limit the scopeé
and. wltimate effectivensese of a project both for the executing agencies and the beneficiaries.
To the extent possible, project appraisal methodologies should help identify and quantify
these constraints, to determine the consequences of eliminating the most important ones.
The task becomes more complex for rural development projects in which there are constraints
whioh, in effect, cul accross many subsectors in several regione. Likewise, there are con-
straints which are national in scope not originating in a particular region or sector which
may alter the ambiance in which the project fumotions. These constraints can be divided
into (1) financial, (2) human and manpower, (3) institutional and administrative, and (4)
social categories. This categorization is not a complete one. '

Pinancial constraints refer to limits on the availability of fumds for project fixed
and working capital and operating expenditures. The national fressury limits the amount of
funds which go to the various ministries while sector (e.g. education, transportation,
health) allocations limit what might be available to a particular rural development project
or region. Without a national political decision there is little that can be done to alter
these national financizl constraints. A% the regional and local level, project authorities
may have greater access to funds such that, for example, srop and livestock lending at the
local level can be redirected to the beneficiaries of an indicated rural development projecta
These possibilities will depend upon the circumstances prevailing in each couniry where rural
development projects are being exeouted. It is important in project evaluation that the type
of funds conetraining project execution be determined. But little can be done by project
authorities to change fundamental constrainis although the purpose of designing rural develop-
ment projects per se is to coordinmte the assignment of public fumds for specific projects
within specific regions where such ccordinaticn did not ocour befere.
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Financial constraints are accounted for in project appraisal througsh the conventional
flow—of=-funde analysis and by an analysis of the incidence of expenditures on beneficiary
groupe within the economy. Thus, certain benefioiaries may be required to repay relatively
more than othere so that the allocation of project funds will hmve differential effecte on
the beneficiaries' income distribution.

A second fundamental project constiraint relates to the availability of trained
specialists and other mmnpower categories for project exeoutione When suwoch human resources
are not available, a itraining programme must be undertaken with the cost generally attributed
to the project. Start-up and execution time for the project will likely be lengthened. Or
if the project drawe trained manpower away from other aotivitiem, then extrazordinary funds
may have to be assigned fto pay these specimlists at wage rates that are sufficiently attrac-—
tive for them to make the changes. Rural development projecte involve redirecting the use
of existing public sector specialiste to the new projects as well as requiring additional
numbers of specialists because of the overall inoresse in project activity and financing.
Such manpower constraints will have to be incorporated into the project cost estimates and
specific indicatore of project labour use will have to be obtained in order to compare rural
development project needs,

Ingtitutional problems are the most pervasive and abstruse project consiraints asm
well as the most difficult to alleviate. They take 80 many forme that the category —

institutional constraints - ie probably too extensive. Rather sub-ocategories including
structural features, personnsl management, financial management, technical management, and
overall administration procedures have to be considered to fully define the nature of the
ingtitutional problem.

Struotural problems refer to whether the institutional framework is compatible with
the project design ami objectives (obviously, project design and objectives have to be
adjusted to the institutional structure as well, but here we are concerned with the obverse
of this proposition), If a project involves the active participation of lecal bemeficiaries
in its design and execution, it is likely that the dscentralization of public servicee will
have to be wdertaken to be consistent with this kind of project organization. Likewiee, if
a particular basic service is supplied by several competing offices,; then it might be
necessary to consolidate their finctions under a single responsible agenoye The decentrali~-
gation of government activities can in iteelf add to coeis mnd this will have to be balanced
with the expected benefits, '

Personnel management whioh improves the utilization of the ekille of all agenoy end
projeot smployees is needed for suvcessful project implementation. Personnmel standarde are
often different among the several agencies involved in the execution of a rural development
programme and they may have to compete for staff because of different salary levels among
the agencies or because of staff diesatisfaction from eimilarly qualified professionals
being paid different salaries for the same work requirements.

Financial management and sdministration is crucial to the smooth functioning of a
project to ensure that materials and operating supplies are provided at the looation and at
the rate which is concomitant with ptaff execution capacity. Information on the length of
the production cycles and operating funds demands are the basis for the estimates of the
requirements for working capital and other finarcial resources. Indicators of the
efficiency of the internal use of the financial fimds and the viability of funds mansge—
ment should be obtained.



The technical staff of an institution needs extra guidance as new projects, such as
rural development projects, are initiateds The etaff may be unacoustomed to work with the
new beneficiary groupe and also may not be familiar with sharing project deslgn and execution
control. This situstion requires special skill, tack and understanding on the part of the
technical managerse When project staff have to be geographically shifted or when their
functions radically change because of the introduction of a new project, then these changes
should be quantified.

The administrative procedures whioh bear on whether a project is suoccessful or not
are not easily identified. Whether internal administrative coordination among major sub-
divisions takes place has a direct bearing on the coordinmtion of the separate projects
componentss It is clear that one cannot quantify such relationships and only with a long
historical perspective on the performance of the agency in a region can one see where the
improvements must he mada.

Institutional wealknese tends to be used as a oatchall category referring to a large
number of problems endemic to most newly evelving agencies, including sooial, political and
economic problems. While it may be easy to prescribe internal adminigtrative improvements,
they will only take place graduslly over a leng period in which steff is trained and new
relationships establisheds Project evaluators must look to the internel capacity of agencies
before introducing complex procedures which take wp the time and rescurces of these agenciess

Social oonstraints refer to those broad classes of problems deriving from historical,
cultural, behavioral and anthropological features of a soclety which affect the anticipated
owtcome of the projecte Production systems, operating procedures, incentive and control
mecheniems must all be adjusted to the preeence of such fundamental constraintss While
quantitative project evaluations provide little direct information on these features, it is
essential that sociological studies be undertaken before the basic project benefit and cost
flows can be constructed, because such flows subsume the economic and social system. The
need to understand the social dynamics of an investment project is especially important for
rural development projects in which contact with the rural poor ie being made on & scale
previously unknown to public agencies,

3.5 Degigning and Ranking

While the recommended way to0 evaluate and selsct a project is to apply a eingle
criterion to its simultaneous designing and ranking, in practice, this often does not cccur.
Separate agencies are responsible for the two activities = designing and ranking — and a
congiderable period of time, even years, may divide the period in which these choices are
made. The designing of a project concerns the choice of its size (ec.ge height of a dam,
length of a canal, number of beneficiaries, volume of waste treatment, volume of potable
water) and location within a region or distriot, as well as the timing of investments and
the ohoice of technology. The ranking of a project involves a comparison between one projeot
and another within a particulsr set of economic, political end social constrainte so as to
make a “go, no—go" decision to determine the time sequence in which the project might be
aexecuted compared toc other projects in the list.
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Projeoct design is primarily a mioro-oriented activity which relates technical,
economic aml soociml feasibility to determine a project's eventual characteristics. Local
beneficiaries may participate in the design processe in rural development projects or the
basic project parameters may be handed down by & regional or national planning group.
Simple oriteria are needed which allow for the comparison of project bemefits and ocosts at
an early stage, well before detailed information of a project's cost and benefit flows are
known. Thus, the final features of a project are often set very early during the long process
of design, selection and execution.

The second problem is to rank a project within a comprehensive basket of projeot
alternatives. Such ranking is of'ten done at the national level and less frequently at
a regional level by multisectoral plamning groups, finance ministry or development corpora=-
tion. While national development plans have evolved in many cowmtries, there are few cases
in which social cost-benefit analyeis has been employed to rank a large number of projects.
This ocours becausa, While for a single project there may be edequate detailed data to apply
the complete social copt=benefit analyeis, there may be limited data for several other
projectss. The most complex methods are effectively neutralized by only one important
project within the set which has less than & complete daia hbase, Therefore, simplified
investment criteria are needed to compare projects even at & more advanced atate of design
and preparation. Lilewise, a large number of projects are often not available to rank at
any moment in time eince projects are considered by plemming authoritiee as they are
identified and studied.

3.6 Project and Regional Development Planning

Investment oriteris should be constructed as aide for regional and local economic
and social plannings Present day coriteria are especially accommodated to national planning
neede in countriee where local and regional planning is still in en incipient etage. But
because of growing interest in rural development projects, whioh increase local participa-
tion in social and economic planning, simplified and measurable investment criteria are also
a requisite for local and regional plannerss While certain objeoctives such as income dis—
tribvution improvements and economic growth have their equivalents at the regicnal level,
methodological problems may be more pevere at this level beocause of the limited data base
ag well a8 the diverse viewpointe of local planners. Usually, objectives such as increasing
foreign exchange earnings are of secondary interest to local planners who are mainly con—
cerned with many factors which affect local beneficiary groups. Hence, while if a preference
weighting scheme reflects national goale, it is probable tkat the preference weights of local
pelicy makers might be substantially different, even in the rather umlikely case in whioch
these two groups of polioy makers are concerned with the same objectives. National
planners may be able to impose their preferences °N the control of a large share of the
regional and looal givernment's revenuee. '

It is diffioult to balance the two desirable features of simplicity and comprehensive—
ness in the same evaluation techniques and satisfy the needs of local rural development planners.
At the local level techniques should capiure the emsence of the local scoial, economic and
rolitical aspirations, providing clear indicaters of project performance that are relevant
%0 local problems. Looal notions of equity, income growth, preferred beneficiary groups and
desirable product lines and employment sctivities should all be measurable by the available
investment oriteria. Furthermore, the concept of national economic parameters (33) (e.g.
shadow exchange rates and interest rates) may have to be reviewed in light of the increasing
importance of regional and loocal planning activities.
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The separate viewpointe of national, regional and local public authorities should be
explicitly introduced into projeot analysis because of their different perceptions of
project benefits and costse A benefit to & national planner (e.g. greater national employ—
ment) may be viewed as irrelevant to a regional jeot planner (because the employment does
tiot fall within his region) or viewed as a cost (if revenues in the regional plan are uséd to pay
for the employment gemerating activities)e In the pame example, elsewhere, s local mumici-
pality may have to inowr looal health and other sociml infrastructure expenditires hecause
of the new residente atiracted by the new invesiment opportunities. Henoce, what is a cost
(benefit) to one group may be a benefit (cost) to another. Project planners will, therefors,
have to use great care in defining project net benefit flows in terms of specifio polnte of
views

4. SINGLE OBJECTIVE MEASURES ) 9

441 The Objsctive

The prinocipal economic cbjectives aseoclated with national andi sectoral level planning
generally inciude (1) the income or effiociency objective, {2) the employment and income dis—
tribution objective, (3) the foreign exchange earnings objective and (4) the regiocnal growth
objeotive. Other objectives such as price stabllity, properly pursued by mometary and fiscal
policies, are not considered in project appraisals While & project may contribute 'to price
ingtability,there is no way this effect can be measured using present economic techniques.
Rural development projeocts are specifioally atwmed to promoting national inoome growth and
redistribution as well as correcting strong regional imbalances in per capita income and
social serviocess Tha goal of increasing foreign exchange earnings may enter the choice of
projects activities even though a rural development project may not have strong, positive
balance of payments effecis.

_:V This and later sections are substantimlly based on approaches presented in MeGaughey and
Thorbecke (75), as well as Papanireou and Zohar (89).

? Project evaluation oriteris have been thoroughly considered by project practitioners. This
topic is covered in a variety of books, manuals and articles on the subject including
economic and financial writers, especislly in FAO's Economic Anslysis of Forestry
Projects and books by Gittinger (32), Little-Mirrlees (70), UNIDO (117), and Roemer and
Stern (96)e The three criterion are: (1) the discounted present value criterion; (2) the
benefit-cost ratio (& version of the present value criterion); and (3) the internal rate
of retuwrns They permit a comparison of the net benefit flows of altermative projects {or
designs) by incorporating the comparison of net benefits received at different points of
times

It is recommended here that & version of the present velue criterion such as the benefit—
coet ratic be used in ranking rural or agricultural development projeocts. This seems
most appropriate for the design of rural development projects, especially if there is a
large mumber of alternatives that have to be ranked, & severe bulget comstraint, project
components are from greatly varying economic subsectors, and if many of the component
parts are likely to be fairly divisible.
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In the following sections sach of the distinct economic and social objectives will
‘be considered and individual indicators will be constructed which measure the effects of
individual projectss The single objective criterion for each will be developed on the
aspumption that practitioners may confront a wide variety of circumstances in which data
are severely limited at the early stage of project designe. For later refined feasibility
analysis it can be expected that the economic and eocial data will be more abundant and,
consequently, more complex invesiment criteria may be applied to measure simultaneously the
impacte of the projects on the several scoial and eoconomio objectives.

4,2 ‘The Income (Effioiency) Objective

This objective is to maximise the income or consumption contribution of the project

to the economy. The objective may be measured on the basis of present value criterion

using shadow prices. The total benefits of a project are the real income flows received

by the beneficiariess Thus, a rural development project hes directly productive activities
which result in inoreases in net farm incomes, increases in incomes tc those providing market
or agricultural credit services and indirect increases in incomes from rural education,
health or other social servicess It is exceedingly difficult to estimate the long—term
income effects of a rural education programmes If these net income flows can be estimated,
then they helong as a part of the total benefit flows of the project.

First, determine whether the project ie feasible given an intereet rate for computing
the present discounted value of the net income benefits of the project. Secondly, follow
the standard procedures outlined in the project evaluation manualss If the project has a
net poeitive present value or if its internal rate of retuwrn exceeds the opportunity costs
of funds reflecting the capital constraint, then the project can be considered feasible in
terms of the income objectives. It 18 recommended here that some value criteria should he
applied on a trial and error basis. For the purpose of ranking project alternatives it is
recommended that the met bhenefit-cost ratio be applied to rural development projectes
Depending upon the circumstances of available data or the detail of the required project
design, four alternative forme of the benefit copt-ratio can be used %o rank projects in
terms of the national income cbjectives These are: Y

X iy (xt)
b e o (1)
I PV, (It)

Pv. (X, - 0,)}
v R %
o (2)
I El, (It)

PV, (X, -C,)
B Sl . :
T T () ()

Pv, (V. - D) v, () _
SMP = I B ¥ i # and.

R (It) By (It) (42)

Pl (F_t) = PV, (Bl + B+ 133) (4p)

¥ PVy(X) means the sum of the present discounted values of gross production X, each year t,
at interest rate i.
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Terme are defined:
X = gross production, year t;
I = fixed investments, year t;
C, = operating cogis, year t;
V, = domestic valus added, year t}
D, = domestic operating costs, year t}
0, = purchased inputs other than labour and land, year tj
F, = net foreign exchange effectsy year +; and

g = the ratio of the differemce between the shadow and official exchange
rate to the official exchange rate.

The ratio shown in equation (1) ie the output—capital ratio — the value of the gross pro—
duction in each year X and the fixed investment outlays in each year t, I;, discounted at
rate i. This ratic is appropriate only when little project information is available. Tt
may even cccuwr that project practitioners will have to employ an undiscounted version of
thie ratio in the preliminary seleoction of project designas, While one can agree that this
retio is not justified wmder most circumstances because it excludee project costs, it may
oceur that due to lack of farm bwlgets and other basic cost data, analysis would be forced
to rely upon this eimple oubtput—capital ratio.

A pecord indicator of the income objective is the ratio of project value added to
investment expenditures. This relationship is shown in equation {2) as the ratio of the
present discounted value of gross production lees pwrchases to the present value of the
project invesimentes This ratio measures the direot contribution per dollar of investment
expenditure in the projescts Shadow prices ghould be included if they are available.

It can be expected that the shadow prices will not easily be obtainede If the national
or sector planning authorities have supplied shadow prices to the project snalysts then, of

coursey they can proceed toc undertake a more complete comt~benefit analysis as shown in

equation (3), if all project cost and benefit components ere known. Thie is the well kmown
ratio of the present value of net benefits of a project to the present value of the capital
expenditures incluling adjustments for the shadow prices of foreign exchange and labour, as

well as the social opportunity cost of capitale The ratio may be used to obiain a ranking
of investment projects mooording to the income objectives_ ¥

Y e preferred form of the benefitwcost ratic is the "net" ratio; in the numerator are
the net variable benefits accruing to beneficiaries during the project's operation and
the denominator contains all fixed cost entering the budget constraint including all
initial investments.
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A form that may be used to analyse the income or efficiency contribution of a project
is the Social Marginal Productivity criterion (SMP) introduced nearly iwenty years ago by
Chenery (20)s The oriterion, while similar to the benefit-cost ratio, separates the balance
of payments effect of the project from the domestic value added=investment ratice The SMP
is defined as the ratio of ‘the domestic wvalue added to the capital expenditure plus the
balance of payments effect per dollar of investment expenditure adjusted by an appropriate
shadow exchange rate. The balance of payments effect (P) is made up of three elements which
inelude, B1, the indirect and direct effecis of the inveetment expenditures, By, the direct
effects of the project's operation and By, the indirect operating impact of the project.

443 Employment and Income Distribution Objectives

The objectivee of increased employment and an improved income disitribution may be
treated separalely or as complementary goals. While it is possible to conceive of cireum—
stances in which the two objectives are at odds, — e.gs that greater employment may produce
& more wmmegual income distribution or an improved income distribution may result from leas
employment — it iz assumed here that smployment and the incoms distribuwbtion are complementary
goalse Thus, the creation of greater employment in rural areas would lead to an improved
income distribution and in circumstances in which the preciss regional inocome distribution
is mot known, it is possible to use an employmeni performance indicator as a substitute for
the income distribution indicator. Since rural development projects are degigned to benefit
the low income sector then greater employment and income in this sector will, paripassu,
rroduce an improved regional income distribution. The employment or income distribution
indicafor should be a ratio of employment or income distribution improvements to the initial
capital expenditures or other relevant financial constraints.

Initiating the discussion with the employment c¢bjeotive (a. surrogate of the income
distribution objective), several considerations must be kept in mind in applying employment
creation indicators for the purposes of ranking rural development projects, First, consider—
ation should be given to separating employment inte that produced during the initial stege
in which the infrastructure and other facilities are being installed; this employment can
be thought of as temporary compared ito the employment generated during the projectts operat—
ing phase. 'This does not mean that public works employment is undesirable, rather that as
the public works are completed within a region, the volume of this type of employment
deolines rapidlys It is possible that wnskilled, semi-skilled and ekilled workers employed
on the construction may be able to obtain other employment once the irrigation projects and
markebing facilities, research facilities, and educational programmes are wnderway. But it
also may ooccur that construction workers will not be able to obtain permanent employment,
excapt for a few agrioultural labourers who participated during the construction of the
infrastructure.
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Whers:

L = employment of skilled and semi-skilled (poor) workers during the operating phase.
L = employment during the construction phases
the total fixed investment ocutlaye.

=
i}

x_b = the gross output of the projects

Another appropriate measure substituting for output might be project value added of
other indicators suwch as net project incomes The employment generated by the project should
be discounted at an interest rate whioh reflects the urgency or the impatience (time prefer—
ence) of public authorities in creating employment at different points in time. It may be
that the interest rate applied to the employment ratio will be higher (lower) than the
interest rate applied to the discounting of the consumption flows of the project depending
upon the rate of time preference for these bemefits, although Lal (63) argues that they
should be equal.

It is necessary to separate the smployment created during the operating phase from
the employment generated during the construction phase since they will involve different
technological choices affecting the labour initensity of the projects It is also olear that
the direot labouwr—ocapital ratio does not take into account the indireot employment generated
in a region from a rural development projeci; in crder to estimate the indireot employment
impacts of a project, lnput-output tables and employment multipliers may be used to trace
firet, second, third, and fourth round employment effecis within a region. If the input-—
output table is available the labouwr-capital ratio of equation (5) could be expanded to
inolude a third element in the numerator = the present value of the net indirect employment
created. The labour—capital ratio is simply interpreted: a project with a larger labour-
capital ratic is more desirable to public authorities than one with a esmaller ratioe.
Aocordingly, when comparing projecte that produce similar outputs, with similar oapital
expenditures, then a labour—output ratio as shown in equation (8) wonld be appropriate for
a comparison of project invesimentse.

In a study of irrigation projects MoGaughey and Thorbeoke (75) found that the bulk
of employment created by the projects occured during the operating phase and the employment
created during the construction phase was around one—=third of the employment obtained during
the operating phase. It is pot difficult to imagine that, throush experience, project
planners will be able to establish a rather definite idea as to what the employment-capital
ratios are likely to be for different types of projects using alternative technologies,
making it possible duwring the design phase, to eliminate projects which are grossly inferior
in their generation of employment opportunities for wmsldlled, poor labtouwrers.

ML (9)

s (rI + C)
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The poverty redressal index (PRI) of equation (9), proposed by Lal (63), is an
annual emplo;yment/projaot cogt ratio chowing the number of poor pecple employed by a project
during the comstruction (No) and operating (NO) phases per dollar of project coets, consist-
ing of the equivalent annual investment and depreoiation costs (rl) plus the equal annual
variable operating costs (C)e The initiel investment, I, ie converted intoc an annauil
equivalent by the factor r, which reflects the social rate of return to investments and
the annual capital maintenance amd replacement costs; the initisl employment contribution
is also transformed into an annual equivalent by the time preference rate i, for present
and future consumption. The larger the ratio PRI the more people benefit from a projeot,
hence a project which provides a larger number of employment positions for the same or
larger wage and investment bill is preferred to a project which provides few employmant
slots at a smaller wage and investment blll.

If there are data on the size distribution of income by regional and national level,
it may be possible Yo adopt more direct measures of the effect of investments on the distri-
bution of income. The mogt direct appreoach is that used by Kalter and Stevens (61) who
traoe the distribution of project costs and bemnefits to each individual income olass within
the region and show the net redistribution benefits of each income clase, as the difference
between the direct benefit that is received from the project and the direct and indirect
outlays that the different income classes are required to make in reimbursing the project
costs, directly and through taxese Cther measuree of income distribution can be used for
the appropriate project rankings and comparisons. Szal and Robinson (112) have surveyed
the available income distribution measures. Of those reviewed, the ones that seem most
appropriate for the evaluation of rural development projeots include the following: (1)
the Gini coefficient; (2) the (so—called) Population in Relative Poverty index defined as
the percentage of the population having less than one-half of the median income; (3) the
Maximum Equilization Peroentage defined as the share of aggregalte income that needs to he
redistributed to the lowest income groups in order for the distribution of income to be
perfectly equal or, alternatively, the proportion of total income that must be transferred
from those above either the mean ircome or the poverty income in order for those below the
poverty level to have their income incressed to a level equal to the poverty cut=off level;
{4) inequality indexes which relate the mean income of those who have less than the national
mean ingome and the mean income of those who have more than the national mean income; and
(5) indioators of regional bemeficiary income expressed as a share of the total regional
income or the region's income accruing to the rural poor compared to a national average
incomes If there is detailed knowledge of the size distribution of family, regional and
national income before the initiation of a rural development project, then it would be
poesible to indicate the extent to which any of these proposed indicalors change coneequent
4o the project investmentse Y

_y It must be clearly admitted that detailed inoome distribution information is uswally
not available although this situation may be gradually improving in some couniries.
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Fach of the individual income inequality measures will be considered in twrne Firet,
the Gini coefficient falle between zero when the income distribution is perfectly equal and
& value of one when the distribution ie perfectly unequa.lo_y Therefore, an appropriate
measure of the impact of the project on regional or national income distribution is the pro—
portional reduction in the Gini coefficient per dollar of investment in the rural development
projects Projects which effect a larger proportionsl reduction in the Gini coefficient would
be considered more desirable than projects that make an incrementally smaller redustion in
the Gini coefficient per dollar of investment outlay. Unfortunately, a weakmess of this
measure is that the Gini ooefficient oan be shown (see Szal and Robinson,Clltho be equal
for several possible income distributions, allowing a shift in the distribution without
changing the numerical valus of the Gini oocefficient itself. Likewise, Paglin (88) has
shown the inadequacy of the traditional lorenz owrve in reflecting a reascnable conocept of

Wequalitye.

Regarding the Population in Relative Poverty index (PRP) an appropriaste project
indicator could be the reduction in the percentage of the population which has less than one-
half of the national medisn income per dellar of project outlay. For the Maximum Equaliza—
tion Percentage, if the share of aggregmte inocome needed tc be redistributed to make the
inoome distribution perfectly equal (or to provide the lowest income with an income equal to
the average), is reduoed by the project, then it can be arzued that a net improvement in the
income distribution has oocurreds Consequently, the appropriate indicator would be the re—
duction in the share of aggregate income rediesiributed per dollar of expenditure on the
rural development program or projects

Another alternative ie to utilise the inequnlity indexes which relate the average
income of individuals above the national mean and below the national mean income. Three

measures, Yp the average income of individuals below the national mean (T)y and I the
average income of individuals above the national mean, can be related in the following

fashion:

R 3 el (10)
4

Sl (12)
g

e 2 2 /] ® (12)

Y See Szal and Robinson (112) for a definition of the Gini coefficient.



Equation (10) shows a relstionship beiween the national mean and the mean income of
people who are belcw the national mean; this index ranges from v = O when the nationsal
mean and the below-national mean inoomes are equal, to a valuwe of u= 1 when there is perfeoct
inequality. Similarly, one can relate the average income of those above the national mean
ﬁ's) to those below the national mean by index W which ranges from a value of w= O for per—
fect equality to w= 1 vhen there is perfect inequality. It is suggested that an approach
might be to compare the indexes in a reglon before and after the development projeot and a
ranking found by showlng the percentage redustion ian the wvalues of the coefficients u and w
per dollar of total outlay on the respective project or the per benefieiary dollar expendi-
ture in the respective regions.

Table 2 shows the inequality indexee of equations 11 and 12 for two regions A and B
in the year zero before the project hegins and the year five after the first stage of the
project terminstes. Region A has the lowesi per capita income of 100 compared to region B
with a per ocapits income of 200 at the beginning of the period. Over the five-year period
the average income in region A increased 20 percent while the average inoome of the "above-
averagze™ income groups (s) inoreased by nearly 7 percent and the income of the helow-average
groups (p) inoreased by 60 percent. In region B the income of all groups is higher than
region A. The inequality indexes declined, correspondingly, by 11 and 10 percent in region
A and 20,0 and 15 peroent in region B indicating, thereby, that the increase in incomes and
the reduction in inequality was more subetantial in region B than in region A.

This illustrates a conflict in policy making that may occur in seleoting rural
development regional prioritiee in situations such aes between 4 and B in the illustrations
Region A is clearly worse off than region B, having a lower per capiia income for all income
groups in years before and after the project invesimenis. However, the incomes in region B,
especially of the lower income groups, roge much more than in region A. Therefore, if the
resource costs of inoreasing the incomea in region A and B are the sams, the index of per-
formance, a ratio between the reduction in the inequality measursess per dollar of expenditure,
would have given preference to investment in region B.

Thus, policy makers may have to decide on a lese proportional reduction in inequality
by initially concentrating activitiee in the lowest income regions. This is & "merit want"
of the kind referred to by Marglin (80) which derives from underlying politioal priorities
that go beyond the simple application of economio investment criteria. A part of this con—
fitct may be resolved by using a general indicator of project performance as shown in equa-
tion (12)e This inequality index is defined as a ratio between the percentage reduction in
inequality as measured by the inequality index hefore end after the project investments, to
the per capita investment oullays (i) during the project's lifes This Frojeot Income Dis~
tribution index (PID) is posited as a direct measure of project performance that corrects
for regional population sizes and public expenditures that might be more cost-effective in
one region compared to anothere. For example, assuming that region A (Table 2) has a popula=-
tion of 500 000 and region B a population of 250 CO0 and each project has a total cost (1)
of US350 million; the per capita outlays o raise the regiomal incomes from year O 1o year
5 arey respeotively, UB$100 in region A and US$200 in region B.
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Table 2« Project Inequality Indices and Regional Renking

Region or
Project Area - Year O Year 5 Percent
A X 100 120 20
T, 150 160 7 !
% 25 40 60 ';
u 0475 0467 =11 |
o 0,83 0.75 ~10 |
PID¥ - » 100.
B ¥ 200 | 250 | 25
| T 385 390 1
X, 50 100 100
= 0eT5 0.60 -20
W 0,87 0.74 =15
PID* - = o

Notation: See discussion in text of equation (10), (11) and (12)

# converted to an index with 2 maximum of 100,

The reduction in the inequality index w in the two regions provides a PID of 100 in
region A and 75 in region B. This shows that a project located in region A which gives
rise to inoreases in inmcome within the region is preferred to region B where fewer higher
income bemeficiaries are found. The PID index is an example of the kind that might be con-
structed by national and regional planners to produce & project ranking on the basis of their
impact upon income inegquality within the beneficiary regione. It ie evident that income
dietribution data often are not aveilable for region or project areas, making it neocessary
1o reowr to direoct measures of the copt—effectiveness of projects in increasing incomes of

lower income groups, inoluding the employment~invesiment ratios referred to in the previous
section.
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Finaily, a statistic for regional income comparisons is the ratio of average regional
income to sverage national income or regional income inequalities to nationsl income inequal=
itiess Table 3 shows two such simple indicators: namely, the ratio of the average regional
income (Yg) to the average national income (T) or the mean income of the low income regional
population ('—rp) compared to Y. In the example, region A has the lowest per capita income for
either regional income indicator; region C has the highest average income while regions B
and D are ranked distinotly by the two indiocators., Region B has the lowest average regional
income compared to Dywhile region D has the lowest average income of the poorest segment of
the populations It is clear from this thai, if planning offices are to make choices among
regions in rural development projects, considerable emergy will have to be given to the con-
struction of regional income puwrveys which permit comparisons among the average, sub-average,
and supra~average regional income groupss Undoubtedly, over the coming years, the role of
regional economic planning will rise in importances

Table 3+ Regional Income Indicators

Region (R) YR Yp YR / ¥ Yp / 3 J
i e
A 100 25 0453 0.13
B 200 50 1.05 0.26
¢ 350 60 1.84 0.32 ij
D 260 40 1437 0a21 J
Total (¥) 190 - 1,00 -

Notations = average national income.
= average regional income.

= average inocome of the regicnal population
having less than the regional average inocome.

| ¥
,dhdwluzl

Several indicators have been posited as wvehicles to' compare the national or reglonal
income distributional consequences of altermative invesiment projeots. All of these indioca=-
tors can only be applied with difficulty because of the severc wealness of all data on income
distribution and the lack of local and regional income and product acecounts. Once the income
distribution (whether national or regional) is kmown it is 2150 essential that the income
levels of the direct beneficiaries be obitained and this may require costly local socioweoco-
romic swrveyss. Initially, the poverty redressal index (PRI) (equation (9)) could be a
gimple and direct measure of the number of beneficlaries arising from a national or local
investment programme. Another applicable indicator could be the proportional change in the
Gini coefficient per unit of project investmentss Likewise, the PID can be obiained if the
income distribution is known. Thie latter has the convenience that the cost—effectivenese
of reducing income inequalities is better takemn into account.



It is clear that no self—evident income distribution indicator can be universally
recommended since they will have to be adapted in each country io the local data
ooniditions and limitatiohs which affect project analysts. Coumtries with
a good data base will be able to introduce detailed regional income measures such as those
discussed by Kalter and Stevens (61)s Indicators which use rather fixed or arbitrary
income categories (e.ge. one-half the median income) to measure the distributional changes
will be of little practical use in project evaluations unless a national agreement on the
cut—off line for these categories can be obtained.

Aed Foreign Exchange Objectivesgy

An often espoused objective of economic development is to increase the supply of
foreign exchange. It is natural that this objective would be introduced into the micro-
economic project evaluation by measuring the foreign exchange effects of individusl projects.
Hence, a project is justified on the basis that it increases foreign exchange more than
another projects Some projeot manuals suggest that foreign exchange is not a legitimate,
separate goal of project evaluation because it is accounted for in the shedow pricing of
factors of production in the socizl cost-benefit analysis. Therefore, it is argued, that
if all primary inputs are shadow priced using bordser prices reflecting international
scarcities, the comparative advantage of project production activities is reflected in the
net present value criterion. This procedure is appropriate when planning authorities are
ascertaining the economic feasibility of an individual project without comparing it with a
large number of project alternatives. However, if project designers want to rank investment
poepibilities, it is appropriate to calculate an indicator of the "partial" effects of a
project on the foreign exchange earnings or savinge of the country. In addition, external
lending agenocies are particularly interested in estimating such effects since they primarily
supply the foreign exchange costs of agriculiural, rural development or other investment
projects in which they participate.

Two approaches are herein suggested for computing the foreign exchange consequences
of a projects The firgt involves taking a view that economic and financial project data
are severely limiteds This approach iz to make a conservative assumption regarding the !
traded share of the project's owbtpute This seems partioularly appropriate for rural develop— ,
ment projectes which initially tend to produce output of domestically consumed food or |
staple products; it is unlikely that the project will produce for direct export or import
substitution but rather will benefit local consumers by making net additione to their already
deficient diets.

Two crude ratios may be used to determine the partial foreign exchange impact of a
rural development projects The first is a ratio of the net direoct foreign exchange earnings !
per wnit of project investment defined as the ratio:

R - PR / P, (1,) (13)

Y Thie objective is olosely related to the national income objective - foreign exchange
problemse are really consiraints on national income growthe Governmenits often treat
the foreign exchange goal as a separate objective.
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An alternative to this simple forsign exchange—capital ratio is the ratio of the direct and
indirect foreign exchange earnings to the capital outlays, the second part of the social
marginal productivity ratio (see Chenery (20)) discussed earlier:

s(B/I) = & |:PV1 (131 + 3B, + 33)] /Pvi (It) (14)

The only difference between the two ratios is that in the smecond the indireot
effects are derived from the mmltiplier of the project outlays on imports and exporis. In
either case, the ratios are meant as only the simplest of all approaches and may not be
employed to determine the social profitability of the projeocts in the same way as the social
cogt-benefit anslyeis.

A second approach to establishing the foreign exchange effects of a project is to
calculate the domeptic resource cost (DRC) per wnit of foreign exchange earned or saved by
the projects This ratio, discumsed by Brwno (15), is a restatement of the net present value
or the internal rate of retwrn oriterion which, instead of uwsing the social profitability
per it of investment costis, uses the ratio of the domestioc primary resource coet per wmit
of foreign exchange earnings and savingse Thus the DRC (o dh) is defined as:

a = .(vd + P) / x -u) (15)

¥
a
e

the total domesiic value added per mit of output, at shadow prices, each year.

o
n

e © Bhadow priced, nontraded commodities per wnit of output each year.

»
n

foreign exchange earnings per uwmit of output, each year,

dmport requirements per wnit of output, each year..

?TF

As shown, the DRC oriterion may be applied to a project on an apnual basis assuming that the
project cost and benefit flows are wniform throuvghout the project's lifee. An alternmative
would be {0 obtain the present walue of the ratlo of the domestic value added to the present
value of foreign exchange earned or saved per unit of output, and convert the irregular

annual flows into uwniform annual flowe by applying the capital recovery factor 1o the wmeven
annual flows.

The domestic reeource cost dp is compared to a ghadow foreign exchange rate d, such
that if dy is less than d,, the project is feasible. This can be shown to be equivalent to
the net present value criterion such that the PV; > O when the dy ¢ dge Likewise, when
PVi < 0y then dy > dgy indicating that the domestic resource cost per wnit of foreign

exchange earned or saved exceeds the opportumity coste expressed in the shadow foreign
exchange rate.
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The domestic resource cost criterion is net an efficient ranking device, just as
the present value oriterion cannot be used for ranking projects (see Bruno (15))s Since
the implementation of each set of projects to be compared may cause the relative prices in
the economy to change, it is not always possible to ramnk all projects, excluded from an
initial feasible group, by their domestic resource costse However, if the projects are
small and they do not seriously alter the gpupply and demand conditions in the economy, the
DRC may be taken as a close approximation for ranking project alternatives, particularly,
discriminating among projects which may be producing either axceedingly large volumes of
foreign exchange per wunit of domestic resource cost or projects which appear to be extremely
poor suppliers of foreign exchange. Projecis in the middle ground between the extremes may
not be ranked with the same degree of confidence.

Another oriterion which has been used extensively, as reported by Balassa (3, 4), is
based on the "“effects method" of project evaluvations This method computes the benefits of
a project as the increase in the domestic value added ".e+e taken to equal changes in domestic
incomes (wages, profits, rent and government revenue) associated with the project's implemen—
tation sss" (Balassa (3))e These project benefits are shown to be equal to the increase in
foreign exchange stemming from the project computed in terms of the domestic ourrencys The
costs of the project are variously identified as being "... three possible alternatives:
identifying cost with the domestic coet of investment in the project, with the value of
imports embodied in the investment, or with the loss in budgetary revenue.," (Balassa (3))e.
Balassa demonstrates that the effects methed of project evaluation is inappropriate for the
determination of the feasibility of a project in the sense that the social comt-benefit
analysis determines feasibility. The method excludes the non—capital domestic resource cost
of executing a project and, therefore, implicitly assigns a zero shadow price to labowr and
non-traded domestic commodities, including those embodied in domestic investments. It is
shown that with the inclusion of the missing factors, the effects method can be {ransformed
into the domestic resource cost or the internal rate of return criterion and the feasibility
of a project is obtained according to the usual social cost-benefit criterione.

4,5 Regional Economic Growth

An important objective of rural development programmes is to improve the balance of
economic growth and per capita incomes among regions, placing special emphasis on low incoms
Tegionse Direct project effects have been referred to in previous sections, where the
increase in net farm income, employment or forelgn exchange is used to determine project
feasibility and ranking, although not necessarily from the viewpoint of regional authorities.
Therefore, it is necessary to consider the indirect or secondary impacts of project invest=
ment on cash incomes within the region. The regional secondary effectie of a project will
differ from secondary effects attributed to a project at the national levele The majer
difference lies in the extent of the secondary income expansion. At the national level the
net benefits of the multiplier effect may be quite small since the cost of displaced output
reduces the magnitude of gross secondary benefits and since resources being used in one
project are drawn from alternative uses throughout the eoconomy. At the regional level, the
cost of resources displaced from other regions is not a part of the project's secondary coste,
The groes regional project benefit is regional value added, i.ee,; gross project benefits less
the purchase of inputs from outside the regione A multiplier effect at the regional level is
fully operative for cesh incomes at three levels: wages and profits spent within the regiony
the regionally spent portion of value added of input—-supplying industries; and the value
added of output processing firms. For the region one would have to estimate the portion of

extra income spent and the total amount of new added expenditure generated by the project
within the region itselfs
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For each year one would obtain for the region:

b

% (Y + W+ X), (16)

R =

vhere b is the fraction of ammual project cash income spent within the region, Y the net
project cash income retained within the region (net of all loan repayments and transfers of
income to other regions), W the value of annual cash wage payments, and Z the value of net
income and wage payments of input-supplying amd output-processing activities within the
regions If 75 percent of the regional income is spent (b= .75), then the regional multi
plier effect is 340 (Y + W + 2)s It would be the marimum secondary expansion aspuming no
additional induced secondary investments arising from the project, In each case the value
of b shouwld be carefully justified and a high degree of regional interdependence established
before secondary income eXpansions are inclwied in computing project bemefits. Furthermore,
it ie cash inocome that is relevant in each case so that the marketable proportion of groes
and net benefits will have to be estimated for each rural development projects

A second approach in determining the local effects of a development project is to
determine the direct consequences on the regional income distribution. Following Kalter
and Stevens (61), it might be possible to estimate the income consequences on separate
regione in a rural development programmes On the one hand, the regional benefits are
defined. They should be a measure of regional net incomes stemming from the project invest-
ments both inside and outside of the region, identifying those net benefits which accrus to
individunls within the specified region, A projeot is said %o change the income distribution
if Ye.ee the dietribution of projeot net benefits is non-proportional to the income distribu-
tion projected to ocour without the projeot in question."” {(Kalter and Stevens (61); pe207).
The income distribution effects will be the difference between the net bemefits acoruing to
the regions and the payments made by the regions in order to receive the project benefitis.
These latter payments inclule the tax psymenis made to finmnce the project's construction
including income, sales, import or export taXese These taxes paymemts are assumed to be
made in the same proportion in which inoome, sales and other taxes were paid by the region
in the paste To the extent that the region pays more or less than its uwsusl burden of taxes,
a reimbursement adjustment must be included which ig the differemce between what is actually
reimbursed by the region and the "proportional reimbursement” defined as the reimbursement
that would have been made using the traditional tax payment share of the region.

To the extent that debt repayments incurred in order to wndertake the project can
be separated from the regional net benefits, then it might be adviesable to include them as
a peparate item in the oalculation of the regional net distribution benefits.

The final component of the regional met benefits ie the operating mainienance and
replacement costs whioh the region must make during the project's operating phase. To the
extent that these operating, maintenance and replacement costs are paid by other regions
then, of course, the net regional benefite are greater. This aleo holds for the other coats.
of the projecte The component parts of the net regional benefits to reglon 1 are shown as
follows:

3. PV(B,) - l:zl o {P\T(Rl) - K FV & Rr)} 3 W(ol):l (17)
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where PV(_Bl) the present value of the net benefits to region 1.

Zi = the initial payments made through taxes by project beneficiaries to
finance the project construction.

W(Hl) = the present value of tha actual repayments (excepting taxes) made by
region 1.
PV(:RT) = the present value of total repayments made by =ll regions for the

development programmes.

K.I. = regions l's proporticn of the total initial tax paid by all rsgionse

1

PV(OI) the present value of the operating, maintenance and replacement costs
incuwrred by region l.

It is obvious that this technique of estimating the regional distributional impacts
of rural development programmes requires data on the distribution of public sector tax
revenues among regions and beneficiary groupes However, if the project cost and benefit
flowe are kmown and if the beneficiary group is well defined, it is possible that the
volume of taxes paid by the beneficiaries will be small and the principal componente of the
project repayments will be the direct reimbursements of the initial construction cost and
the operating costs of {the project, ise. the value of K; in the previous equation will be
very smalle

The spending gererated by an investment may also lead to additions to naticnal and
regional employments The direct employment generetion of a project has been previocusly dig—
cusseds Initially, the unekilled labour required per unit of output of input—-supplying and
output-processing industries may be obtained on the basis of standard labowr requirements
for these industriess But it should be emphasized that to the extent that employment in
other activities within the region is displaced, it must be treated as a negative contribu-
tion within the overall, regional employment estimatess

Se SIMPLE MULTIPLE OBJECTIVE EVALUATION PROCEDURES
Sel _In'l:rod.un.ti:on

In an earlier section (3.3) the difficulty of introducing multiple objective analysis
into project evaluation is raised as a central issue in designing measurable investment
criteria for agricultural project evaluation. Fowr major objectives are considered including
the efficlency goal, the employmeni—income distribution objective, the foreign exchange
objective and the goal of more eguitable regional (urban—rural) development.
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In the preceeding sectlion, single objective evaluation criteria are suggested for
¢ircumstances in which deoision makers are concerned only with the partial effects of a
projeot. It is obvious that attention must be given to combining these partial effects in
a way that the goals of poliocy makers are infreduced. The purpose of this section is to
explore various ways in which these partial effecte might be combined or weighted so that
projects are ranked for the various combined criteria. From the onset, it is important to
olarify for those who expect a theoretically pwre and satisfying way of identifying and
comhining policy makers preferences that they likely will be dissatisfiede Rather the
proposed procedures are thought of as supplementary informstion to an informal decision—
making process that presently goves on with little or no formal project analysise A small
improvement in existing planming procedures is proposed as a first step toward more compli-
cated methods that might be employed at some future time when detailed project data ane
knowne

A further imsue concerns whether the objectives are expressed in general or specific
terms. Thus, a specific gval might be to "increase the production of a product x by y
amounte”, while a general objective might be to "inorease the production of x", Experience
in the use of scoring models for planning shows that it is easier to obtain initial accept-
ance of the goals when they are stated in troamd terms, while the introduction of specific
statements of precise targets ie made at a later stage efter the scoring system has evolved.

Once policy makers have socepted a list of objectives (01,...0m), the succeeding step
is to establieh the weights on each objeotive.

Two approaches are reoomsended for the preliminary introduction of multiple objective
oonsiderations into project evalumtion. Both of the appraaches fit situatione in which little
is known about the miltiple partial effects of the projectss While data may be available for
a gimple henefit—oomt analysis for a.few projects, a number of project alternatives may not
have been stulied to the detail that allows for a full-fledged social cost—benefit analysise

The firet approach is one in which expert opinions are elicited through a systematic
interview technique oalled the Delphi methods The results of the interview technique are
used to produce scores on the effects of emoh project on each objective. A scoring model is
combined with the Delphi technique to obtain combined project scores and project rankings.

The second approach involves the combination of the partial effects quantified in
previows sections with alternative weighting factoras whioh approximste poliocy makers prefer—
ences for the separate economic goals, This will allow for the ranking of projects using
the combined project performance measures.

While it is important to introduce & wide range of multiple objectives it is also
important that the efficienoy objective not be made subordinate to all other objectives in
the group of objeciives wunder oonsideration. Likewise, the efficiency objective may be
introduced via the goal of marimkwing the foreign exchange contribution of a project. This
is done by the inoclusion of foreign exchange shadow prices. But uping the simple scoring
model and the Delphi method the objectives cannot be promoted by the proper (shadow) pricing
of faotors or produwotion but must be assigned s soparate performance score.
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5e2 The Delphi Method

Stemming from the lack of historioal experience and economic and social data on the
execution of rural development programmes, subjective juwlgements are needed in order to
wdertake even & simple financial oesh-flow analysise Furthermore, a variety of heroic
assumptions principally based upon expert or observer evaluation may have o be made to
couplete a detailed social cost-benefit analysis. Therefore, recognizing that reliance
will have to be given to theme subjective judgements, it is far better that they be obtained
in a symtematic and coherent fashion, rather than in a disorganized and spontaneous way.
Personal juigements of technicians, experts and policy makers may be requested on a wariety
of topice incluvding, for example, the objectives of economic and social policy, the choice
of beneficiary groups, the selection of regional priorities, the design of ipdividusl projects
and sub-projects, and the values of project ocoeffioients such as yields per hectare, health
vieite per nurse, and investment costs per lilometre.

The Delphi method, which has geined respect in recent years, is a method by which the
expert opinions of individuals, panels or committees are systematically combined to produce
information on the feasibiliiy, desirability and other features of various pelicy options.
Linstone and Turoff (68) have thoroughly surveyed the application of this method to govern~

ment, industry, social, economic and politioal questionse The Delphi technique is a systematc
interviewing technique ‘o obtain an expression of goals, opinions, and judgements of indivi-

dual participants. The results of the judgements are weighted and combined in some appropriate
feshion to obtain a performance value for the various project or polioy options under reviews
The final result may be to rank projects or determine their feasibility or combine sub-pro jects
or activities.

The method, which has several variants, is applied in the following specific stagess
determination of the principal issues to be considered, an analysis of the options open to
achieve theee objectives or 1o resolve the issues, setting the initial position of each
expert, exploring the areas of disagreement among various experts, evaluating the causes
for disagreement and, finally, determining the options open to resolve the issues. In the
policy Delphi (Turoff (116))participants are asked to numerically rate the opticns or instru-
ments according to the criteria of desirability, feasibility, importance and confidence,

A rating scale is set for each of these alternative criteria so that the participants are
able to rank the policies or projeots acoording to whether they are, for example, very
desirable, desirable, somewhat undesirable or wvery undesirable and as definitely feasible,
poseibly feasible, possibly infeasible, definitely infeasible. For example, participants
may be asked to give their opiniom as to whether a projeet will benefit the lowest income
groups within the target regions and the alternatives may include (1) very probable, for a
{subjective) probability greater than 0.75; probable for a probability greater than 0.5
but less than 0.75; improbable for a value of less than 0.5 and greater than 0425 and very
improbable for a probability of less than or equal to 0.25.

In the preparation and design of rural development projects the Delphi interview
method may be used for two purposest The identification of the prineipal sccial and
economic objectives of planners and policy makers and estimating the probable consequences
of a project investment upon the individual objectives that have been establishede PFurther-
more, within the literature on the Delphi method some attention has been given %o the
question of determining the weights on the distinctive objectives in order to combine them
with the probable outcomes of the projects for each of the relative objectives._y

Y see the report by Gum, Roefs and Kimbell (35) in which an effort is made to quantify
preference weights on societal goals and sub-goals for water resource investmentse
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There are no special rules for the application of the Delphi method. However, there
are several common difficulties referred to by Linstone (68)s '™These include (1) a tendency
by participants to heavily discount the future, making julgements oriented to immediate
goals; (2) a tendency of the participants to attempt to predict coneequences far into the
future, although they may have serious uncertainties regarding the prediction; (3) a ten-
dency to try to simplify statemente of objectives or results in order to keep conflict to
minimum; (4) problems in exsouting the Delphi technique including the selection of
participants, designing questionnaires, construction of feed-back and review mechanisms;

(5) the so—called optimism-pessimism bias which is referred to aB "... a bias toward over-
pessimiem in long-range forecasts and overoptimism in shori-range forecasts." Linstone

(68, pe84); (6) a tendency to oversell the value of Delphi techniques; and (7) & possibility
that participants will systematically deceive or design their answers to increase their own
immediate gain from the exercise.

The Delphi interview techniques is appropriate for rural development projects in
vhich project beneficiaries participate in designing 2nd structuring the programme.
Variocus interest groups such as small farmers, landleses workers, urban dwellers, regional
planners and politioiane, and government bureaucrats can be asked to provide assessments
of vhether alternative sub-projecte or programmes would be included in rural development
programme. The respondents could be asked to rank objectives of rural development programmes
and within these objectives a veriety of subgoals inoluding alternative levels of income,
employment and social services for the region. The alternatives may be ranked uwsing a scals
of zero to 100 points, asking each participant to allocate the 100 points among the several
objectives, so that the sum .is always equal to one hundred. An alternative approach is to
ask the participants to rank the objectives according to a fixed mcale of one through five
or one through six and then averaging these resulis across all participante or the interest
groups, The Delphi technique is olesely tied to the construction of scoring models which is
the quantitative representation of the resulte of the Delphi interviews. The design and
construction of scoring modeles is now disoussed.

583 Scoring Models

In this seotion & project evaluation system is elaborated for the assignments of
scores to each project by informed technicianse Scoring models have been discussed
especially in conjunotion with the evaluation of industrial research and development
programmes. Y A substantial gain in olarity and in organization is achieved by the scoring
technique because of the explicit enumeration of preferences for alternative plamning goalse
Likewige, project evaluators are encouraged o0 explicitly express their judgements on the
potential contribution of each projeot to each plamning goalo

Sooring individual projecte involves the following steps: (1) the seleoction and
enumeration of the social and economic objectives of the investment programme; {2) the
determination of a weighting scheme that reflects poliocy makers assespments of the relative
importance of each of the objectivee; (3) the choice of a numerioal scale for measuring the
value of the contribution of a project to each objective in (1) above; and (4) the determina~
tion of a ranking mechaniem (function) that combines the policy makere preferences and the
project scores in obtaining a total score for each project. As a final step (5), all
‘possible projects wnder oonsideration are ranked according to their individusl scores.

Y see Noore and Baker (83) and Dean and Nishry (25).
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A projeot scoring model has the following properties and elements as shown in the
accompanying Table 4. / Decision makers identify m objectives 019 02y eeeesessnsy Ope In
some (to be specified) fashion, m weights W1y Woy seeeesy Wp are obtained which express the
relative importance of each of the objectives during the planning phases Thus, for example,
objeotives might be to maximize income, to obtain an improved distribution of income or to
increase foreign exchange earnings. In the system (i) preferences are expressed, (ii)
projects are scored and (iii) projects are ranked.

The initial problem is to outline a list of objectives for the @conomic sector that
ie under study. It is unnecessary that all decision malkers and technicians agree on the
exact number, form or specification of the objectivese. Some sgreement might be made, to
limit the number of objectives to a manageable total that can later be weighted by the
polioy-makers. The objeoctives should be independent, in the mense that each can be
asgigmed a separate weight and is conceived as a separate preference by policy-makers.

Table 4, Elements of a Scoring Model

O'b,)eotives 01 02 sseseeane Om 'I‘O'bal
Weights H]. “2 esevensas Hm Score (Si)
Pro ject
m
1 P]_]_ P12 (KX TR Y ] P]m SI = ZJ H.'_l Pl;
m
. Fay Fop vevecenc By Bye ZJ "5 P2
. ® »
. [
] - L] -
m
m ¥ 13 svecsnne P S = % LI
nl n? nm n ; 3 nj

Y See especially Dean and Nishry (25).
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The choice of welghts is the most orucial step in constructing the system since,
depending upon the relative importance attached to each goal, the siruwsture and composition
of the investment programme will be greatly affecteds Furthermore, the underlying structure
and ocomposition of the walghts is a sensitive polltical decision, reflecting not only the
importance of each goal but the ultimate political structure of the decision making proocess
of the society. Thus, to clte some examplee, a simple democratic procese might require the
geleotion of the weights, giving equal lmportance to the preferences expressed by each member
of the group. A purely representative polltioal process might attach equal importance to
the views expressed by each representatives A purely centralized system would, perhaps, set
the weighte according to the viewe of a small group of economic and gocial planners.
Evidently, there is a continum of possible ways to select the individual participants, and,
hence, the choice will be made by the appropriate planning authorities and by a mechaniem
chosen by each mociety,

Assuming the objectives have been identified, two procedures are now elaborateds The
firet is based on the assumption that all policy makers interviewed are of equal importance
in expreesing their views and that the objectives are ranksd by a pre—set scale based on the
number of objectives under consideration. Once the interview group is determined the
preference weights are derived.

The first weighting scheme might be called the "mean preference" alternative. EREach
government official examines a list of objectives and ranke the objectives one through the
total number of objectivese Suppose there are six objectives and three officials. In terms
of the scale, the objectives are ranked as in the first three colums of Table 5.

Table 5. Preference Weights Estimates

e | = HMean
Objective Individual Rankings Ranlcing Wj
i 2 3

1 6 2 2 33 W
2 5 4 1 3e3 31.7
3 2 5, 3 3.3 31.7
4 3 6 4 4.3 41.4
5 4 <) 5 4,0 38.5
6 1 g 6 2.6 25,0

Total 200.0
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Individual 1 ranks objective 1 in first position (six points); objective 2, second (five
points); objective 3, fifth (two points); etc. The highest ranked objective receives the
largest value., Then, as shown, the values are averaged for the three individuals., Each
individual is assigned equal weight in the scheme, and the results can be described as a
"compromise" weighting, The final weights can be adjusted to provide any particular total
sum of the weights Wj» Following the notation of Table 4, the score (Si) of any project i
is equal tc

m
S - §g wj Pij = 317 Py, + 3L7 P, + 317 Pi3

+ 41.4 P14 + 3805 P:I. + 2540 Pl

5 6 (18)

Assuming that the projects are scored on a soale of one through five, a "perfect" project
(a project reoeiving a ecore of five for each objective Pij) would receive s total mscore
cof 1 000.

Two variations on this system of estimating weightr are now considered in order to
highlight an obvious weakness of the above method, In Table 5 the deoision makers are
restrioted to a sirict ordering according tc a pre-established soale. Not only are ties
among two or more objectives prohibited, but the relative "distance'" among the objectives
ig fixed. Hence, individual 1 of Table 5 cannot pick objectives of equal valune, even though
the average ranldng yields equality among the first three goalss

To extend the range of choices for policy makers; tiee are admitted. One may proceed
as shown in the following examples

Table 6, Preference Weights

Objectives Individual Ranking Mean
T 2 3 Renking

1 6 6 2 4.7

2 6 5 4 5.0

3 5 4 5 4eT

4 4 3 5 4,0

5 3 2 B 247

6 3 2 3 2.7

vhereby, individual 1 expresses equal preferences for objectives 1 and 2 and for objectives
5 and 6.



- 35 =

An alternative way of computing the weights could be as Tollows:

Table Te Mean Preference Weights
B Individual Ranidng Nean
Objectives S > 3 Y P 3 Preforanps

| 1 6 6 X 5¢5 640 1,0 4e2
2 6 5 3 5e5 50 3.0 445

3 5 4 2 3e5 4,0 45 4.0

4 5 > 1 3¢5 25 640 4,0

5 4 B 2 2,0 205 445 3.0

6 3 2 4 1.0 1.0 2,0 1.3

In Table 7, if two objeotives fall intc the first two slots, but are of equal value
(6 and 6), an average of the corresponding position numbers (6 and 5) iz umed, i.ee 5.5 for
individusl one. Likewise, objective 5, for individual 1, is in pesition 2 of the rankings
and, therefore, receives a weight of 2, The main result of this method is to permit a wider
spread among the objectives,

The final step is to determine the contribution of each projects This is ba=ed upon
a scale of score values set by the preject evaluation team. Assume that a scale of one to
five ie chosen——a project receiving a score of five for objective one makes the marimum con=
tribution and a score of one is the minimun contribvution.

Consider the separate example of Table 8 below:

Table 8. Project Scores and Rankings

[ T 0
: ” Objectives 01 2 03 04 Total
W5 18 74 54 54 = 200

Project _

1 5 4 2 4 110
2 1 1 5 U | 670
3 3 3 4 546
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There are four objectives with weights, respectively, of 18, 75, 54 and 54, There are
three projects each with 2 score for each objective. Project ome receives scores of §, 4y
2 and 4, respectively, for each cbjective and & total score of 710 is obtained,

s, = 18(5) + 74(4) + 54(2) + 54(4) = T10 (19)

There are two serious inherent problems in the application of ecoring techniguec.
The first is in the choice of the Booring scale and the mecond is in the choice of the
gcoring and evalustion groups. The scale can be treated as a2 range of project effecta that
can be correlated with gquantitative values. For example, a project output—capital ratio
can be transformed into a numerical scale. Employing a point's ecale of five to one, s
project output—investment ratio of (say) 35 = +30 might receive five points, of 430 = .25,
four points, etc. Considering the difficulty in determining theee values the scale should
be limited to about five intervals.

The choice of a scoring and evaluation (Delphi) growp is crucial in the application
of the technigue to rural development projectss. BSeveral criteria should be considered.
First, the members should be reasonably familiar with the prejects, activities or programmes
to be ranked. At least one member of the committee should be chosen from the entity directly
responsible for making the feasibility studies. To maintain a degree of objectivity, people
should be included from outside of the group expected to benefit from the project investments.
The number of committee members should be no more than five, otherwise it is difficult to
obtain agreement of the group on the score of each project or activity.

Sed Combining Single Goal Indioators

S5e4s1 Introduction

The present section analyses the alternative methodologies for
combining multiple objectives through simple meassures of project performance to
ascertain project feasibility rankings The weighted combination of individual
objective measures will be effectuated in a variety of ways including: (1) a
combination of the benefit—cost ratio with the scoring technique; (2) combining
equity and distributional consideratione in the benefit-oost ratio; and (3) a
numerical ranking scheme which allows for the simple weighting of project perfor-
mance for a number of single objective measures. The criteria at this stage do not
require the use of a complex programming technigue such as goal programming or
multi-level programming (33)s A rather simple procedure is required to provide
more information to policy makers whe must make choices among different projects.
Clearly, these are not optimization techniques in the sense of consistent mathe-
matical programme models, but they are techniques which can be applied and which
will supply more information to policy makers than they would have received if they
wait (often without result) for the economy—wide application of more sophisticated
programming models.
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Seds2 Benefit-Cost Analysis and Non—quaniificable Effecis

A first approach to combining peveral economic objectives is to use the
benefit-coet or cost~effectiveness ratio and ocombine it, in some fashion, with
the scoring model discussed in previous sections. This approach, suggested by
Acar (1), is an appropriate teohnique for this purpose, ueing the benefit—cost
ratio as a principal criterion and weighting the ratic by the additional effects
that a projeot may have on soclal objectives. Thus, assume first of all that a
project has been evaluated using a standard economic cost—=benefit ratioe This
ratioc could be used to obtain & ranking of the project alternatives, but these
may change if the projeot has non-efflciency consequences that have not been
accounted for in the bemefit-cost analysise The solution ie & benefit-—coet ratio
adjusted by a factor I, as follows:

(B/e)r = (B/c) (15) (20)

where B/C

the economic benefit—cost ratio,

I, = an "index of suitability" and

l-2a¢I ¢l+a (21)

The index of suitability, which modifies the economic benefit-cost calcula~
tions, is based upon the policy maker's judgement as to how much he weuld allow for
shifts away from the efficiency oriteria (by factor a) such that the suitability
index can be no smaller than (1 - a) and no larger than (1 + a). An example
demonstirates the value of this particular relationship. In Table 9 three projects
are shown with comt-benefit ratios ranging from 2.0 10 1.5 Under this criterion
it would be appropriate to choose project (3) with the highest priority, project
(1) next, and then projeot (2) with the lowest priority. However, assume that on
the basis of a scoring model, non~effiolency effects of the three projects have
been socored and these mcores range from 53 to 203. These mcores are now transformed
into the range (1 - a), (1 + a)e If it is assumed that policy makers will not
permit a greater variation than twenty percent away from the efficiency level,
is@e & = 0,20, then the scores ranging from 55 to 223 are transformed into the
segment 0,80 to 1,20, This transformation (following the explanatory fooinote of
Table 9) gives & modified benefit—cost ratio for each of the three projects. This
new ratio changes the rankings of the three projects because the benefit—cost ratio
of the highest ranked project is redusced by twenty percent because it had the lowest
score, and the lowest ranked project with benefit—ocost ratic of 1.58 hee its numerical
value increased by twenty percent because it had the highest score in the non—efficency
categorye In the example, project (1) remaing in its relative position after the
modified benefit—coet valoulations are made. While this procedure conteins an element
of arbitrariness because of the ad hoc seleoction of the coeffioients the approach does
provide a systematic means to combine the benefit—cost ratio with cther social and
econonio objectives.



Table 9¢ Benefit=Cost Hatio and the Suitability Index

I
Pro ject B/C Score 8 (B/G)'
' (a=0.20)

i 1,65 170 1,07 .77

2 1.50 223 1,20 1.80

3 2,00 55 0,80 1,60

= 1 + 2
IS u (v! —E-v! )_ 9 where

M m

n = plus or minus deviation of each score from the mid-range

score v'

v' = the mid-range soore, the average of the highest and the
lowest score

a = +the policy standard for range of the scores, as in
equation (21)
v, = the highest score

v = +the lowest score

For example, it might be possible to ohtain scores for the mocial development
componente of the rural development projects such as health, education and nutrition
programmes; they would be combined using the suitability index of the proposed
criterion. Thus, if a project has & high benefit-cost ratio because it yields large
incresses in the net incomes of benefiting farmers from its production and production
pupport components and if the social development component of the project has a low
degree of ocost-effectiveness, this can be introduced vie a score., This procedure
would appear to be superior to one of merely neglecting the social development com—
ponents of a rural development projects

Likewise, it would be possible to extend the scoring analysis to include
factors such as the indirect impacts of the investment projecte as well aes the
social consequences of individual project componentse Thus, a project which is
within a very poor region may have its benefit-cost ratio adjusted bty an index of
suitability which is inversely proportional to the level of regional per capita
income. As recommended, this index can easily be constrained within limite desired
by the national or regional planners sc as tc avoid overwhelming the efficiency
effects of the project with the non—efficiency elementss
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These procedures are related to a suggestion by Professor Harberger (39),
who proposes that the standard effioiency benefit-cost ratic may be oombined with
information on the effects of a project on the poorest income groups. Assume for
the sake of discussion that project's costs are separated into two oategories: the
total benefits and costs of a projeot (irrespeotive of who might receive them) and
the benefits and costs that go to the poorest segment of the rural population. The
former will be called the benefits, B, and the costs, C, and the latter will be
designated as the benefits, Bp, to the poorest groups and the costs, Cpy %o the

poorest groups.

The distributional benefits of a projeot should net be allowed to make up
mbre than a certain share of the total project net benefits perhaps no more than
20 percents Any project with net distributional benefite that exceeded (say)

15 percent of its net efficiency benefite would have its distributional benefits
conetrained to that 15 percent differemtial so that the project would not have an
unfair advantage in any comparison made with an "efficient" project whioh had no
distributional benefits at alle Thus,

(B,-c)/(8-¢)< a (22)

5¢4e3 Weighting Multiple Objectives

Short of umdertaking a complete programming exercise of the iype puggested
by Candler and Boehlje (17) or Sfeir-Younis and Bromley (106), a compromise solution
is to use the separate rankings obtained from the partial indicators of projeoct
performance and weight the rankings to obtain an aggregate project ordering wmder
alternative (preference) weights for each of the economic and social objectives.

For each of the rural development objsctives, an indicator is chosen from the
alternatives discussed in previous gections and is used to rank each of the projects
according to each of the individual objectivess

There are twe types of ranking that may be used for this purpose — the ordinal
or the cardinal rankingss The former, obtained by using a pre—eet scale, is the
ranked position of each of the projects for each of the objectives. The income
objective is represented by the benefit cost-ratio, the employment objective by
the employment-investment ratio and the balance of payments objective by a foreign
exchange—investment ratio or domestic resource cost criterion.

An example of such a ranking ig shown in Table 10 where five projects and three
objectives are represented and the two systems of ranking are compared. The ordinal
ranking shows that the project with the highest value for a given objective receives
a ranking of five, the next a ranking of four and the lowest receives a ranking of one,
This is an ordinal ranking because the determination is whether & project's position
is higher than the other and the ranked "distance" between the two projects is of no
concern under this scheme.
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Table 10, Ordinal (YP, E, FP) and Cardinal (YP, B n, F‘P) Project Rankings by Objective

Employment Foreign exchange- _Rankings [
Benefit—cost capital capital Income LEmployment Foreign Eichange‘,

Pro ject ratio (BCR)  ratio (ECR) ratio (FCR) y?P P E EP p?  FP

A 1.8 0,8 1.2 4 1,14 5 1.86 2 0.61

B 243 0.5 0.6 5 1l.46 4 1.16 1 0.30

¢ 1,2 0435 bs 2 0.76 3 0.81 4 1.36

D 11 0a2 1.8 1 0470 1 0.47 " & o

E 1.5 0.3 3.6 3 0.95 2 0,70 5 1.82
Average 1.56 0.43 1.98

5 = highest renking:

=
"

lowest ranking
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An alternative procedure is to use a cardinal ranking whioh takes into
account the "distance™ between the projects for each of the investment criteria so
for the income objective Y, project A is ranked the highest with a numerical value
of l.46, project B is ranked next with a value of 1l.14, and so forth, until projeotD
is ranked with a value of 0Oa7. These cardinal values are obtained by taking the
ratio for each oriterion of the individual value for the project to the average for
each oriterion suwh that, for example, for projeot B, 1le46 = (243)/(1.56) for the
BCR criterion. Thus, the ordinal ranking for each of the objectives is obtained by
the following relationships:

P
¥P = K!Rp/ = mcr® (23)
n
- P
EP - mr’ > ECR® (24).
n

P? - mnp/ ¥ regrP (25)

for each project p and n projects.

The purpose of the exercise is to combine the three objectives ~ income,
employment and foreign exchange = into a single ranking such that the ordinal
ranking is defined as:

R® =y ¥P4+ o EP &+ £®P (26)

vhere p is any project and R is its respective ranking for the weights y, e and f
such that y + e + f = 1, Likewise, the cardinal ranking is defined as:

P ey TP 4+ oeEP 4 rFP (21)

For each eet of weights y, e and f there will be = distino% ranking Rj of
the projects. For example, in Table 11 two alternative weights are shown for the
two ordinal rankings (Ry, Rp) and the two cardinal rankings (R, Rp)e Under the
relationship R2, the ranking across each of the individual objectives is

E= 3,75 = (0.25) (3) + (0.25) (2) + (0.50) (5); ana  (28)
the value of project E = 3475 is & weighted average of project scores under the
ordinal ranking. Similarly, for the oardinal ranking R, for project E with the

same weights

E= 1.33 = (0.25) (0495} + (0.25) (0.70) + (0.5) (1.82) (29)



= A8 =

Table 11 Ordinal (Rl, R_2) and Cardinal (ﬁl, '32) Combined Rankings

Wt 3= R, =gy 117 i,
(+33, 233, 33) 7 (0.25, 0,25, 0.50) (0433, 0,33, 0.33) (0425, 0,25, 0.5)
A = 3,67 E = 3,75 A = 1.20 E = 1.33
B = 3,323 A = 3.25 I B = 1,16 A = 1.07
E = 3.33 B = 275 C = 0.98 C = 1,07
C = 3,00 C = 2425 B = 0497 B = 0,81
D = L1.67 D = 2,00 I = 04,69 D = 0,76

Y The project ranking factors (y, e, f) such that y + e + £ = L.

It is important to emphasize that the weights y, e and f are not social
welfare preference weights and that the asasignment of value 0.50 to the balance
of payments objective does not mean that it is twice as important as either the
income or the employment objective which each have weights of 0.25. Rather it
means simply that the ranking of the project has twice the value as the ranking
of the other two objectivee, i.es they are merely relative weights. It is an
additional step to make these weights y, e and f consistent with preference weighte
as discuesed in McGaughey and Thornbecke (76). It is enough to state at this point
that it is possible to transform the weighting equation into & relationship that
would represent the preference weights of the policy maker, but it is necessary to
obtain equivalent preferences values for eaoh objective from the policy maker.

It is useful to note that the proposed procedures will not always produce
the same orderings for the ordinal and the cardinal rankings. For exsmple, wnder
comparisons Rj and E&, for the ordinal ranking there is a small numerical gap
between the highest and the next highest projects A and B, and for the cardinal
ranking there iB a substantial gap between projects A and B. Likewise, umder the
cardinal ranking project B does very poorly relative to the other projects and this.
poor performance is more reflected in the value that it receives for the cardinal
ranking, B = 0.38. Projects B and C have different positions within the ranking
since project B has a high ordinal ranking of 2.75, while it has a very low
cardinal ranking of 0.81 due to the relative separation between the projecte i=
more nearly reflected by the ranking ﬁzq

The proposed ranking mechaniem is designed to be of utility 4o project
designers and plamners when there is a serious underlying lack of information about
the effects of rural development projects in different regions.
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The objective of the recommended evaluation procedure is to contribute more
information to the existing decision maldng process by identifying projects which
are likely to perform well under many cirocumstances and those which might be
expected to do poorly under a wide range of weights that policy makers might place
on these objectivess No single decision rule or procedure = however cosistent and
theoretically proper — can be the sole or even main criteria for making inveetment
decisions.

It ie unlikely that policy makers will be able to express the "weighte" that
they place on economic and sogial objectivese This meane that the economic planner
will have to fellow a procedure that uses a wide range of poessible weights giving
prepoenderant importance to one and then another objective or by giving similar
importance to two or more objeotives. The number of such poasibllities are large
and those that seem the most relevant ones will have 10 be worked out by plannerse.
For each set of possible weighte a ranking of the projest possibilities will be
obtained, and for several rankings (and set of weights) planners may begin a
process of choice and eliminations There often will be projects that are ranked
high for many of the weighted ranldngs — these projects can he ohosen with greaster
confidence as those contributing to 2 wide variety of economic and social objectives;
likewise, projecte that perform poorly (ranked low) for many alternative weights can
be eliminated with a greater degree of confidences Project D (Table 11) ranks
poorly and project E does well under a number of presented ciroumstances. Of course,
as new projects are discovered and designed these should be added and the procedure
repeated. Likewise, projects which are discarded at one time should constantly be
reviewed as a part of the procedure because they might rank higher at a later date.
Therefore, the essence of this system is to continuously evaluate and re-evaluate
a constantly chenging batch of project alternatives.

The procedure can be applied to oircumstances in which there are rural develop-
ment prejects containing hoth productive and social slements, ag in the rural develop—
ment programmes of Mexico and Colombias Thus, if rural development projects can be
appraised under criteria such as the cost~benefit ratio, employment-capital ratio,
and domestic resource cost ratio, one can proceed to apply alternative ranking weights
and point out the projecis that seem to perform especially well.

A gecond alternative would be tc use the procedure to weight the internal
rural development project elements. Suppose that there are projects A and B, each
with two major categories of investments - production development and sooial
infragtructure. If the productive activities can be appraised using the benefit-
cost ratio or the employment-capital ratio and the social activities can be evalu-
ated using a form of the benefit-cost ratio or, lacking data, a cost-effectiveness
ratio, then weights can be set on the importance of the productive and social inputs
of the project. If planners assume that the productive support benefits are of
primary importance and the mocial services are of secondary importance,they might
attach a relative weight to these two elements of (say) .75 for production effects
and .25 for social development effects. Thise would limit the extent to which any
one of the separate services of the project, productive or social, would overwhelm
the ranking of the projects



One can define a ranking:

RP = xX+88 (30a)
= x (BCR) + & (CER) and (30b)
X+ 8=1

to0 obtain a weighted average of its production and social development effects
wherein the production development effects (X) are represented by the benefit-cost
ratio (BCR) and the social development impact (S) is represented by the cost-
effectiveness ratio (CER)s Following the example of Table 12, there are two
projects A and B each with production amd social development components X and 5,
measured by the benefit-cost ratio and the copi—effectiveness ratios. Project A
has a bhenefit-cost ratio of 2.8 and project B a benefit-cost ratio of 1.9
Project A has a cost—effectiveness ratio (say) for an education subprogramme of
thirteen stuwlents per US$100 expended in the programme and project B seventeen
students trained per US$100 expended in the programmes The cardinal ranking is
obtained as in early examples as the ratio between the specific indicator and its
average such that the production effect of project A is 1419 = (2.8) / (2.35).
Finally, a weighted ranking is obtained under the assumption that the production
effects are weighted by the factor .75 and the social development effects by the
factor .25 While project A has a higher production effect than B and project B
a higher social development effect then A, project A ie preferred. In fact, not
wntil the social development weight is given a wvalue of 8 = +6 and the production
component a value of x = «4 are the projects egquzl in their overall rankings.

The implications of such calculations in these comparisons provide policy makers
with considerable additional information on the impacts of their decisions as well
as the importance that one or another component might play in an investment.

Table 12, Ranking of Projects with Production and Social Sub-projects

Production Social Cardinal Ranking Heighte& Ranking ¥
Component Compeonent _ p ﬁl
Project X = BOR S « CER xP + 58 (0.75 3 0s25)
A 2,80 13 1.19 0.87 1.11
Average 2.35 15

Y x= 0.75; s= 0,25
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e SENSITIVITY ANALYSIS

6.1 Present Procedures

Following the conduot of the initial social cost=benefit analysis a common technigque
is to incorporate effects of risk or umcertainty by preparing a detailed semsitivity analysis,
Thie sensitivity analysie treats the benefit—ocost ratic, the present value criterion or the
internal rate of return criterion under the assumption that there are systematic differences
in the important parameters making up the original caloulations.

There is considerable literatwre on alternative ways of incorporating risk and
wrcertainty into project evaluation, notably, Pouliquen (91) and Reutlinger (94). These
approachee emphagize estimates based upon either historical experience or technical
perception of the probability that the benefits, costs, prices, outputs and other technical
parameters will achieve the values that have been estimated under the initial certainty
approachs Thus, for example, it is suggested that one can obtain an estimate of the proba~
bility distribution of project inveetment coetse This can be combined with appropriate
probebility distributions for inputs and outputs of the projects and they all can be com-
bined into a probabilistic present value or benefit—cost oriisrion.

It is not the purpose of this section to present a detailed review of alternative
approaches to treating risk and uncertainty in project evaluation. While most project
evaluation menuals pay lip service to the importance of introeducing risk and wncertainty,
there are no widely used simple methodologies for introducing probability as an element of
the project cost and benefit calculations. While specific projects may have been evaluated
uwsing such techniques,thers is a considerable element of personal subjeotive judgement in
determining the probadbility distributions for each of the individual coet and benefit flows.
If a probability distribution is not lmown for every variable making up the net benefit
stream, then the risk analysiz is nesrly meaningless. Therefore, probability analymis cannot |
easily be introduced at a practical level of evaluation of rural development projects which
are composed of many sub=projects each with different technical, economic and social conse=
quences. While one can conoeive that probability estimates might be obtained for a simple
agricultural projeoct which produces, say, five or six commedities with a relatively well-
known technology, it would not seem possible to do the same for a project that has ten or
fifteen sub-projects each with a large variety of services and productse Therefore, in
the foreseeable future it will be necessary to proceed using rather eimple sensitivity
analyeis in which techniciane make arbitrary adjustments in the important variables of the
cost-benefit flows and check the response of the measures of project worth to these systema—
tic variations in relation to the chosen oriteria.

The current practice of international lending agencies as well as national planning
groups is to approach sensitivity analysis in a rather pragmatic, conservative and somewhat
arbitrary way. The sensitivity analysis usually proceeds along the following lines: firsi,
the cost and benefit flows of the project are obtained using the "best estimates" of the
individual technician in the field based upon recent historical experience; secondly, on
the cost side, systematic increasee are made in the invesiment and operating cosis by ten,
twenty and thirty percent over the project's life; thirdly, on the benefit side, variations
are made to reduce the product prices, yields or similar veriables by five, ten, fifteen,
and twenty percent over the life of the projeot; fourthly, the internal rate of return of
the project is recomputed for the alternative coegt and benefit flows constructed from the
percentage variations in the values indicated previously, showing thereby, variations in
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the internal rate of return or benefit-cost ratio of the projecte; fifthly, the internal
rates of return are compared to some cut—off rate and if all or most of the internal rates
of return, even under the more conservative cost and benefit variations, are acceptable
4he project is deemed viable.

Table 13 shows the simple sensitivity analysis used by external lending agencies in
computing internal rates of return for candidate projects. In this hypothetical case a
project has an initial outlay of US$100 in year O and a wmiform net benefit of W25 annually
over ten years and an internal rate of return of 21.4 percent without any adjustment in the
benefits or costss The rate of retwrn of the project is recalculated for operating and
investment costs which are expected to inorease by five, ten, fifteen and twenty percent,
respectively, and annual project henefits are expected to diminish by factors of five, ten,
fifteen and twenty percent. In the hypothetical example, the original rate of return is a
respectable 21 percent, but it diminishes rather rapidly as adjustments are made in the
benefits and coste of the project. Thus, if the project economist had underestimated invest-
ment and operating costs by five perceni and overesiimated project benefits by five percent,
the internal rate of return would be fully seven percentage points lesse It is rather easy
to anticipate that project rates of return will be highly sensitive to variations in the costs
and benefitse

Therefore, it is advisable that project evaluators undertake a more detailed cos® and
benefit sensitivity analysis than that just referred to. The preject henefit and cost flows
should be disaggregated into their most important components, inciuding the technical co-
efficients and the prices — bhoth shadow and market -~ used to obtain the real input and output
flowss Hence, it might cccur that a project’s profitability is insensitive to some of these
variables such aspthe price of labour or the price of foreign exchange and more sensitive to
other variables such as the rate of interest, the price of domestic inputs or the price of
skilled labour.

Table 13, Internal rate of return for percentage variations in costs
and benefitse (Initial investment I = 100; annuval benefits
B= 60; annual costs C = 35; +time period, 10 years.)

% ATC 3
% AB 0 +5 . +10 +15 +20
0 21.4 1749 14.5 2 11 8
=5 177 14.1 3 10.8 . Te5 4e3
~10 ' 13.7 1042 6e8 ' 32 0
—20 5.1 1!3 } il e =
% ATC = percentage increase in total costs {invesiment plus annual costs)e
% AB = percentage decrease in benefitse

=)

a negative internal rate of return.

]
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662 Qraphical Analyeis

Two approaches are recommended in obtaining estimates of the sensitivity of measures
of project worth to variations in the prices and technical parameters of a projects The
first is to take a rather simple graphical spproach as shown in McGaughey and Thorbecke (75),
using alternative values of the shadow exchange rate, the shadow ﬂage'raté and the project
discount rate and examining the variation in the benefit-—cost ratio to changes in these
variables. 4 hypothetical example is shown in FPigure 1, which depicts the benefit—cost ratio
for two interest rates, 10 percent and 15 percent; shedow exchange rate adjustments between
one times the domestic price cof foreigm exchange to twice the domestic price of foreign
exchange; and two wage rates Wy and W, This shows that the benefii—cost ratio at an interest
rate of 10 percent increases as the exchange rate is adjusted wpward from 1.0 to 1,5 to twice
its official valus. TLikewise, if a lower ghadow wage rate is used, the benefit-—cost function
shifts upward from the solid to the dashed line as depicted. Correspondingly, as the interest
rate is inoreased from 10 to 15 percent the benefit-cost curve drope substantially. At this
higher rate of interest, 15 percent, the shadow wage rate and exchange rate adjustments are
introduced and as the shadow exchange rate increases, the benefit—cost ratic increases and as
the shadow wage rate is reduced, the benefit=tcost function shifts upward but 4o a lesser
extent, displaying a "flatter" curve than at an interest rate of 10 percents. Of course, a
similar graphical presentation;y may be made for the net present value criterion, as well as
the internal rate of return criterion for similar variations in the wage rate, the foreign
exchange rate or any other wvariable of concern to the project analyste

Y The graphical relationship is likely to be nonlinears
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Figure 1, Sensitivity Analyeis, Bepefit-Cost ratio

Interest rdte _
i= 0,10 i= 0415
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Benefit—Cost
Ratio
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s = 1.0 145 2,0 1.5 240
Shadow exchange rate
Shadow wage rate adjustment; 'Hl e 3 WE R T
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6e3 Shadow Prioce Elasticity

A second sppreach is to wdertake a quantitative analysie of the sensitivity of an
investment indisator,two changes in the shadow price of labour, the shadow price of foreign
exchange and the rate of discount. The present example will utilize the benefit-cost ratio
(BCR) but the present value criterion can be as easily useds The BCR of any single project
may display differing degrees of variation $o changes in each of the above mentioned shadow
prices. Furthermore; project priorities may be altered substantially by changes in input
end output prices. Therefore, in chovsing an investment programme it is essential to examine
the shadow price epensitivity of each project, because if the benefit-cost ratios vary rather
wiformly for all projects, priorities among projects will not change, and if it ie found
that project priorities and individual project feasibility are insensitive fo, say,the wage
rate, & smaller proporiicn of data gathering resources and human talent can be used in
selecting this rate.

The benefitwcost ratio ie defined
BER = Py, (Bt) 4 PY, (ct), t= 0y 1y sdeeey n (31)

where B'b = Xt -G e = +the project benefits in year t measured in market prices,

Xt = gross output, year t

¢ |, = variable production operating costs, year {

Gt = It + Ot = total projeot costs in year %+ valued at market prices,

I, = investment cosisy
0 g investment operating and maintenance costs,
n = the final year of the project's useful economic life, and
i = the rate of interest.
The BCR of equation (31) is expressed in market prices, so that shadow price adjust—
ments are made by multiplying the corresponding benefits or costs by the ratio of the shadow

price of the input (ouiput) to the market price of the input {output)s Hence

B, = (fXF, - X, ) - (xCFx_t + 0B + CDN_, ) (32)

where { is the ratio of the shadow exchange rate to the official exchange rate and b is the
ratio of the shadow wage rate to the markst wage rate.
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Also,
X = fXF + XD ,
rt % % (33)
XF, = the market valus of (traded) exports and import
substitutes of the project, year t,
XDt = the value of domestic (nontraded) production
G .= fCF_, + BOB_ + CDN (34)
where, CF , = the traded component of the variable input costs
Cth = the labour component of the variable input costs, and
CDN = = the balance (domestic non-labour nontraded component)
of the veriable input costse
Furthermore,
c, = fIF, + bIB, + IDN, + O (35)

IF% = the foreign exchange (traded) compeonent of public
investment, year t

IBt = the labour component of public investment, and

IDN

4 the domestic non—labour nontraded investment costse

The values of the coefficients £ and b are assumed constant throughout the projectts
lifes To initiate the sensitivity analysis of the BCR, iimits are placed on the values of
the coefficients f and by, and the rate of interest, i, sco that (flfi f< f2)' (bl-g b < b2)
and (ilfi i< ig). It can be assumed that f = 1.0y i.eesy the lower bound for the foreign
exchange ad]justment is the official exchange rate, and by = O and b2 = 1 since labour is
likely to be overvalued at the market wage rate and, at the very limit, ite marginal produc-—
tivity is equal to Zeroc., A wide range of values for i may have to be introduced. The next
step is to systematically alter the values of f, b and i and to check the (shadow price)
sensitivity of the BOR of each project and the project priorities.

To obtain the desired measure of project sensitivity the concept of the shadow price
elasticity of the BCR is introduced. (Again, the concept can easily be extended to the next
present value criterion.) The present value of a project's benefits and costs can be viewed
as a function of the values of f; b and i. Thus ,

BOR; o = PV, (B) / BV, 0 (G )y t= 1y eeay T {36)

is the ratio of the present value of the benefits of equations (32) to the present value of
the costs of equation (35), for a given interest rate, i, shadow exchange rate adjustment f
and shadow wage rate adjustment bs
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The elasticity of the BCR %o a change in the foreign exchange rate is

E'f= 3 BCR - f
g f BCR

for a given i and b; and since

i t i %

it follows that

= | (38)

Thus, the elasticity of the BCR to changes in the foreign exchange costs and benefits of the
pro ject depends upon the value of the coefficient ¥ and the difference between (1) the ratio
of the present value of foreign exchange benefits %o the present value of total benefits and
(2) the ratio of the present value of foreign exchange costs to the present value of total
coestr.

The elasticity of the ECR to changes in the shadow wage costs of the project is
defined similarly, such that

E = 8 BOR , _b_ with f and i fixeds (39)
d b BCR

It can be shown that

e | PV, (caﬂ) ! 'P'Vi (IBt)—l
% PV, (B,) w, (c,) J (40)

such that the elasticity with respect to the shadow wage is determined by the level of b,
(1) the ratio of the present value of variable labour costs to the present value of benefits
and (2) the raiio of the present value of the labour component of the public investment
costs to the present wvalue of total costs.

Thirdly, the elasticity of the BCR to changes in the interest rate i is defined as

E,= OBCR . i for fixed £ and b (41)
d v BCR
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Specifically, it can be shown that

=

T ~(t+1) z ~(t+1)
E = =1 | t=0 By° tabl Lot

(42)

- v, (5,) - . (c,)

where d= (1 + i}

The selection of the interest rate is crucial for the feasibility of the capital
inteneive projects and the feasibility of labowr intensive projects is, of course, sensitive
to changes in the shadow wage.

Table 14. Shadow Price Elasticity of the BCR to Changes (A1) in i.

y £ | L) 2.5
Projects b 1.0 0e25
8 B

A 5-10% =112 ~1.06
10-15% ~1.63 ~l.44
B 5-10% - 97 - 93
10-15% -1,52 «1,26
g 5-10% -1,17 -1,11
10-15% -1.84 -1.54

D 5-10% —0.84 -0,80 .
10-15% ~1.15 ~-1.09

E 5-~10% —0¢95 —0.90 ]
10-15% ~1.20 -1.13

Y Based upon eleven irrigation projects cited in McGaughey and
Thorbecke (75) such that

A = a large capital intensive project

B = a medium-sized capital intensive project

C = medium—sized moderately capital intensive projects
D = small moderately capital intensive projects

E = small relatively labour intensive projects
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Table 15. Shedow Price Elagticity of the BCR to Changes
(af) in f, the Shadow Exchange Rate Adjustment

o 2,0

£ iy
1.9 I. 2,

Projects 6 >

b 0.75 0s5 0s25
i E
s

A 10 . 66 S #40
15 « T4 «55 42
B 10 =06 »02 ~. 09
15 15 «03 e 05
c 10 17 «08 «01
15 « 27 +15 « 05
D 10 51 46 241
15 +51 o 46 +40
] 10 «69 « 66 .62
15 «T1 67 «63

J See footnote Table 14.

Table 16, Shadow Price Elasticity of the BCOR %o Changes
(4b) in b, the Shadow Wage Rate Adjustment.

15 ~0450 -0, 34

1. 2.0 i

. y 5 5 5
Projects 0.75 0e5- 0y 25=
Bl et P 0e5,

i By

A 10 -0,43 =0,25 -0.13
1% -0.46 -0.27 -0,14

B 10 0,45 0,26 ~0.13
15 "‘005‘1 '-"0029 "0014
BC 10 —0'49 -—O. 28 "Oe 14
15 =0.57 ~0,31 ~0,15
—_D 10 -Ol 53 "‘00 33 -Oo 18
15 ~0.56 -0435 ~0,19
B 10 -0.45 =0:33 ~0:19
0420

_}’ See footnote Table 14,
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As seen in Tables 14, 15 and 16 a project's BCR is not wiformly sensitive to the
choice of shadow prices. The elasticity with respect to i, Ej, is greater than (negative)
one for most values of f and b; the BCR is inversely related to i. Furthermore, the
higher the rate of interest the greater is the sensitivity of the BCR to chahges in i,
Shadow wage and exchange rate adjusiments alter the elasticity but less than shifts to
higher rates of discounte. The foreign exchange rate adjustments is uniformly inelastic
except for a very high rate of interest at the market wage rate. Subsequent adjustments
in the wage and exchange rates reduce the elasticitye Finally, the BCR is positively
related to an increasing exchange rate. The elasticity of the BCR to reductions in the
shadow wage is likewise inelastic but highly wvariable ranging from Ep = = «57 to By = o 13
Reductions in the shadow wage rate increase the BCRe Y

For the projects in gquestion it can be concluded that (1) the BCR of any single
project is highly dependent upon the combined choice of the discount rate, the shadow wage
rate and the shadow exchange rate; (2) the greater is the adjustment in the latter two
rates the lower is the sensitivity of the BCR to each; and (3) as the interest rate is
increased its effect over the BCR is increased. The selection of the interest rate is
crucial for the feasibility of the capital intensive projects and the feasibiliiy of the
small labowr intensive projects is, of course, sengitive to changes in the shadow wage.

It is recognized that a major difficulty in project appraisal and ranking is the
choice of shadow prices to translate private invesiment choice into social benefit-cost
analysise To this end, the evaluntion of the sensitivity of an investment project's
feasibility and ranking may yield information which would permit planners to estimate with
less urgency the social opportunity cost of a project's input (output). It is suggested
that the shadow price elasticity of the benefit-cost ratio provides the desired measure of
sensitivity.

In particular, it may be fowmd that the benefit-cost ratio - or any other investment
criterion adopted — is relatively insensitive to changes in any one or more of the prices.
Among the projects referred to it was found that the BCR displayed varying degrees of
sensitivity to the shadow priceses The BCR's of the small labour intensive projects were
more sensitive to the shadow wage rate -~ although with an elasticity less than unitary -
than the medium-sized projectss The latter projects, as well as the one large capital
intensive project were more sensitive to the choice of the interest rate than the small
projectas All projects displayed similar (1ow) elasticities to the shadow exchange rate,
a somewhat unexpected result.

The methodology is general enough to be applicable to any alternative investment
criteria ~ the present value of net benefits, the internal rate of return - and to all
classes of invesiment projects. Both the project's feasibility and ranking among a set of
projects can be treated for any assigned limits of the shadow prices.

Y Elasticities are not computed as absolute values so that a negative elasticity reflects
an inverse relationship between the direction of the shadow price adjustment and the
BCR. In general, this is necessary since it is possible that the sign of the elasticity
may vary for a change in the assumed level of the remaining shadow prices which are held
constant while computing the own—elasticity.
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1. INTRODUCTION

This paper is designed to serve as a general guide to designing evaluations of the
distributional conseguences of forestry projects. A model for distributional evaluations
will be presented together with some tentative approaches to analysis. ¥Rach analyst will
need to adapt these recommendations to specific circumstances, since it is impossible to
prescribe an analysis model that will ke applicable to all situations. For one thing,
there is no reason to beliave that all decision-makers have the same set of distributional
goals and objectives. For another thing, expertise and data will vary with the situation.

* As one reads the literature on distributional analysis of forestry projects, it
becomes apparent, very gquickly, that a set of issues keeps reoccurring. These issues deal
with the analytic context within which distributional evaluations take places They deal
neither with why to do the analysis nor with how to do the analysis. Rather, they answer
the questicn: What oconcepis should the analyst consider when planning the analysis? It is
worthwhile to briefly but explicitly discuss some of these -—= the concept of situational
analysis first.

lal Situational Analvsis

It seems obvious, almost trivial, to assert that the type of distributional analysis
conducted should be dictated by the specifics of the situatione. What constitutes the situz -
tion? Nothing other than the wmique nature of the "decigion problem" — the decigion-
maker, the objectives, the alternatives, and the environmment within which the decision will
be made. The types of variables and the measurements taken on these veriables should be
determined for each individual decision problems To the extent that different decision
problems share many commci aspects — decision-maker objectives in particular —— the
analysis of distributionzl consequences can be appropriately similar. To the extent that
differences are found, analyses should also differ. In order to be relevent to a decision
maker, the analysis should be tailor-made to the specific situation.

While seemingly obvious, the importance of this concept has apparently escaped many
analysts. It basically means that there exists no single form of distributional analysis
that will have universal applicability. Why? Because the decision problems are not
universally identical. Can we expect situational differences o exist relative to distrivu—
tional analyses? TYes. Differences will exist whenever one encounters differences in
economic growth goals and economic development goals from one decision—maler to another.
There is no & priori reason to believe that distributional goals for one part of a country
will be the same as those for other parts, let alone one nation compared t¢ another. Tor
a distributional analysis to be responeive to the decision-maker's needs, it must be geared
to the specific situation.

1.2 Impacts, Adjustments and Geographical Scope

One major difference between efficiency analyses and analyses of distributional
consequences 1s the geographical scope of the analysis. Efficiency analyses do not typically
make conscious reference tc a geographical area of applicability, dealing exclusively with
the existence of costs and revenues, Distributional analyses normally make explicit rel ence
to geographical boundaries. It is important that both the analyst and decision-maker be
aware of the implications of geographical limitations.
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Whenever an analyst delineates a specific area of land ag appropriate for distribu-
tional assessments, this necessarily implies that areas outside the bhorders are analytically
irrelevant., A dichotomy exiets between the area of concern and the "rest of the world".

The area of concern is often termed the "impact area", This may consist of a local commmity
in Mexico, a multi—county area in Montana, a province in Canada, or an entire country. Typi-
cally done at an early stage in the analysis, this geographical delineation is critically
important because it necessarily conirols all subsequent analysis resultse Analysts should
probably give much more attention to the issue of boundaries. If boundaries are inappropri-
ately drawn, analysis results will also be inappropriate. This is so because many of the
tools used in analysis take on meaning in terms of the specific geographical area defined,

Beyond the question of geographical scope lies the issue of "impact". The language
used in many distributional assessments would refer to a forestry project as having an impact
on employment. Buf some analysts are extremely hesitant to accept the notion that a forestry
project will result in the increase of Y jobs or a decrease of Y wages — the employment and
wage impactse Why is this? The concern is that 2 redistribution of employment and wages,
rather than absolute gains and losses, will actually occur. Coneidering a specified area
only, one argument states that workers released from one activity will simply shift to another
line of worke This also can be reversede No net gain nor loss results, simply shift to
another line of work. Given this type of rationale, Waggener (1970) and the Consulting
Services Corporation (ca. 1969) prefer the use of the term "adjustment burdens" rather than
"impacts™« Whether the consequences of forestry projects are reflected in absolute change
or simply shifts is a matter lending itself to further analysis.

A final point should be made. Consider the argument stating that if employment
opportunities are created that cannot be filled by workers in the geographical area,
labour resources will migrate from another geographical area to fill the wvoid. The
gquestion is as before: Is there a net gein in local economic activity if one area gains
at the expense of another? A decision-maker charged with responsibility of stabilizing all
local areas should seriously consider the implications- of the dichotomy between "impact
area" and ""rest of world'.

1.3 Data Base Importance

It is difficult to overemphasize the importance of data base in analysis of the
distributional consequences of forestry projects, While almost any economic analysis
requires data, distributional analyses are particularly sensitive to the existing data
base — especially availability of secondary data. This is so because most of the analyti-
cal tools are quantitative in nature and gemerally rely on secondary datas What are
secondary data? These data normally consist of numerical information routinely collected
and disseminated by public agencies, such as the U,S. Bureau of the Census. Analysts
typically rely on secondary sources of data. It is simply too expensive to collect
original or primary data. Accordingly, many of the analytical tools discussed later
require data from secondary sources for their implementation. In absence of these data,
ability of an analyst to conduct an analysis of distributional consequences is seriously
impaired ~~ to the voint of infeasibility.
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A dilemma is now developing. On the one hand, distributional analyses ought to be
geared to the specific needs of a decision-maker. On the other hand, secondary data are
required for analytical tools. This guzrantees a problems The analyst may not be able to
evaluate certain distributional consequences that are important to the decision-maker.
This may be due to either the lack of an analytical tool or lack of needed data. Conse-
quently, analyses are often condusted only in those areas for which both tools and data
exist., Except for token freatment, other important consequences are omitied from the
analysise Most distributional analyses are partial anmlyses,; at best.

But the data base is important in other ways. Consider the ralationship between
available secondary data and definition of the impact area. Many analytical tools reguire
data that describe characteristics of industries within a particular gecgraphical houndary.
Some system must usually be devised by which firms are organized into industries to facili-
tate record keeping. In the United States, the Standard Industrial Classification (SIC)
system is the official taxonomic structure and numerical code used by most organizations
collecting industrial data (OMB, 1972). For example, SIC 242 is commonly understood as
referring to “sawmills and plamming mills",

One difficulty with heavy reliance on secondary data organized wnder any classifica-
tion system is that the system may not he appropriates For example,; the U.S. system has a
category for establishmenis engaged in production of sheep and goais (SIC 0214)e The
problem faced by the analyst concerned with these establishments from the standpoint of
the range livestock (as opposed to feedlot) is that the distinction simply cannot be made -
appropriate codes d0 not exist. 3But a more serious problem is that data based on some
classification systems can systematically bias analyses. For exampie, it is relatively
easy to make measurements on the timber~using industry wnder the United States’ Standard
Industrial Classification systems The system has directly applicable classifications,
But what if an economic activity gain in the timber-using industry is associated with a
loss in the outdoor recreation industry? No code exists for this latier indusiry. The
problem is that establishments constituting the outdoor recreation industry asre subsumed
in several (currently unspecified) industrisl sectors and therefore cannot be accurately
identified. Important decision—making information may be thereby lost.

Another diffioulty with heavy reliance on secondary data is the potential for
"information disclogure"s This may be a problem in some countries and not in others.
When present, data collecting agencies are legally prohibited from releasing data on a
particular claes of industry whereby doing so, some characteristice of a specific firm ig
revealed (for example, U.S. Code, 1939). Procedures are then established to preclude such
revelations. What do disclosure requirements have to do with distributional analysee?
This: in order to provide data and yet avoid disclosing information on individual firms,
one commen remedy is to expand the relevant geographical bowdaries. There is a much
better chance that data can be released on a specific industry for a multi-county area or
a state, as opposed to a single coumty. The agsregations then dictate houndaries of the
local area. There has been noticeable tendency for distribubtional assessments to focus on
the multi-county and state levels. Another way of aveiding disclosure problems is by
combining industries, instead of geographical areas, For example, sawnmills may be combined
with logging, furniture and paper into a wood products industry category. While detailed
geographical information may be available, detailed industry information is note It is,
therefore, entirely possible for the data base, and not the decision~maker, to specify both
the geographical boundaries and industrial categories used in anzlysis.
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One final aspect of the data base should be discusseds This is the problem where
some data available to analysts - particularly income and employment data - are based on
"covered employment. This term as used in the United States refers to workers covered by
some type of mmemployment insurance, either local or nationals Non—covered workers and
industries are not included in these data. In the case of the Uhited States, omissions
include self-employed loggers and others; farmers are almost totally excludeds An associated
problem is that definitions change. Definitions as to both industrial classes and “covered"
employment can change with time. This ie particularly troublesome when interpreting time
series datae What appears to be an increasse in wages over—time may simply be the result of
a change in data collection definitions resulting in more workers being counted; +the wages
always existed - now they are being recordeds While it is difficult to be aware of chenging
definitions, it is even more difficult to make appropriate adjustments in analysese.

There are undoubtedly other important data base considerationse. Those discussed are
illustrative, not exhaustives The analyst should understand that the results of analysis
are strongly dictated by the data usede Where inappropriate or incomplete, the analysis will
follow accordinglye The analyet should make every effort tc comprehend the data base and its
implications for the analysise.

The remainder of the disoussion is divided into seven major sectionse The next section
(2) discusses various evaluation models and recommends a general models Sections 3 through
7 discuss methods and techniques that can be used to evaluate each component of the recom=
mended models Examples of techniques and methods will be drawn from a variety of sources
available to the author in the United Statess This seems preferable to use of comprehensive
case studies, since most actual case stulies are not particularly comprehensives The dis=-
cussion of methods and techniques is not intended to be exhaustive, but rather to provide an
overview of the empirical state of the arte Several methods, such as input-output analysis,
are themselves the topic of books (see Miernyk, 1965)s Detailed treatment is simply beyond
the scope of this papere. Several topics are not discussed at all, most notably the goodness
or badness of equity implications and interporal (or intergenerational) considerations (see
Okum, 1975)e The topics are of great theoretioal, but not empirical, importances The model
recommended is general enough s0 that &t can be adapted to the specific data limitations
exiBting in many countries. The final section provides some concluding remarks,

24 DISTRIBUTIONAL CONSEQUENCES MODELS

Bvaluating the distributional consequences of alternative forestry projects is a
relatively recent addition to forestry plamming processese Admittedly, much evidence
exists that forestry programmes have evelved partly in response to concerns with commmity
stability and other non—effioiency aspects of commmity welfare (see Waggener 1966 and
1977)e But evalumations in this area generally have not been very formal nor explicite
Marty (1975) has recently called for explicit, comprehensive assessments of forestry
projects, including distributional consequences. Leven (1970) has recommended a general-
ized framework for distributional analysese. The following considers selected analysis
sodels directly applicable to forestry.
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2.1  Review of Literature V

Bentley (1968) was interested in analysis of policy alternatives with regard to U.S.
Forest Service timber saless Relevant policy alternatives included short-term sales, long-
term sales, purchaser quoia syetems and otherss These alternatives were evaluated in terms
of four aspects:

(1) Economic effloiency — in terme of maximization of net returns to the ‘treasury
from timber sales;

(ii) Economic progress — regarding long=term growth and development;

(iii) Eoonomio stability - in terms of employment instability and other social
problems;

(iv) Equity - referring %o barriers that distort the distribution of economic
oppertunity for reasons other than long-term efficiency.

The latter three iteme relate to the distributional consequences of the policy alterna—
tivess The alternatives were evaluated aml compsred: =a) o a standard and rated as below,
equal to, or above the standard, and b) to each other and an ordinal ranking was assigned
each alternative relative to the fowr arecas of evaluations Bentley's model was designed to
evaluate timber sale policy, not to serve as a general model of distributional consequencese

Zinn (1972) did attempt to develop a moré general models The objective was to develop
a means for analyzing the contribubions of forestfy 1o a region. Contributions included both
economic amd sooial dimensionse The forestry sector was defined to ineluvde a specific met of
important forest-=based and forest—oriented activities = those concerned with management, pro-
duction and distribution of woed and recreational resources. Over time this model was refined
to entail (Zimn, 1976):

(L) The amount of economic activity generated in the sector measured by employment;
ammual payroll and value added in produciion in the sector;
(1i) 'The productivity of the sector — value added per man/hour of production labour;

(1ii) The sector's direct effect on individual welfare in terms of wage rate, vace~
tion credits and pay, annual incomes, social security benefits, health inswrance;
working conditions and others;

(iv) The sector's effect on regional economic stability - turnover of enterprises,
permanency of employment, etce;

(v) The sector's effect on the geographic distribution of economic activity over
the regiocmnj

(vi) The sector's interactions with the public sector;
(vii) The sector's effect on the distribution of income in the region;

(viii) Characteristice and conditions of entrepreneurship in the sector including
legal structure of enterprises and the quality or performance of entrepreneur—
ship in the sector;

(ix) The sector's generation of external costs and environmental impacts$

(x) The secondary economic effects of the seotore

Y as mentioned, this review is limited to United States literature.
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While the model was originally intended to deal with the present contributions of forestry
to a region, it could serve as the basis for an analysis of distributional consequences of
forestry projectse. It is comprehensives

Convery(1973) attempted to develop a model for measuring local economic impacts of
forest management practices by the U.Se Forest Service in the southern part of the United
States. This model was to be: a) inexpensive, b) easy to implement, c) wmiversally appli-
cable, and d) intellectually defensibles Convery eventually focused on the following
effects:

(i) Income — where value added defined as value of gross output less cost of
material inputs was selected as a first measwre of income generated;

(ii) Employment = where man-years was used as the measure of employment quantity
and quality of employment was assayed by examining wage rates, seasonality
of employment, and physical work conditions;

(iii) Tax revenue — where the UsSe Forest Service revenue sharing programme with
local governments as "payments in lkind® were measured for each management
alternatives.

To further enhance application of this model, a computer programme wag writiten %o accomplish
the necessary calculations (Field and Convery, 1976)s This programme , BENEFIT, provides
forest planners with information after they enter appropriate data at local computer
terminals.

2,2 The Approach of This Paper

Recently, Schuster {1976b) developed a model to evaluate the distributional conse—
quences of alternative timber harvest schedulese This model calls for evaluation of
distributional consequences in the following areas: a) economic activity, b) individual
welfare, ¢} area squilibrium, and d) local government, The model was based on availa—
bility of methodology, availability of data, and a desire to promote more comprehensive
evaluationse The framework is applicable in evaluations of a wide range of forestry
projectsy not just scheduling of timber harveste As such, it is being used in a more
general way by the U,Se Forest Service (1977)s This model will be presented later,

A1] of the models discusged deal with major categories of distribufional consequence
= stability, employment and individual welfares These represent the areas of distributional
consequences with which the analyst will worke But these areas cannot be measured directly.
For example, we cannot directly measure "equity". Each ares must be defined in termes of
something that can be measurede And then the analyst must select a specific unit of measure—
mente Thus, before going on, we should adopt some common terms, not only to better communi-
cate, but also to indicate the several decisions an analyst must make when planning an
evaluations



o Tl es

A comprehensive analysis of a forestry project has several parts. For example,
one part may deal with envirommental consequences, another with disiributional consequences
and a third with efficiency. Call this the "type" of comseguence. What aspecis of each
"type" should be eveluated? The answer will be specified in terms of the "classes" of
consequences within the "Hype" that will be evaluated. In terms of earlier discussion,
stability and individual welfare would each be a class within the distributional conse-
quences "type". The anslyst must then define each class of consequences in terms of one
or more "indicators". Consider the class of distributional consequences dealing with
individual welfare. There exists several different indicators of welfare change -~ wage
rates, home ownership, and disposable income are but a few. Since conesquences asscciated
with any given class may be diverse, it seems appropriate to use several indicators. This
ie particularly important since the indicators need not give consistent signals. For example,
employment levels and value-added levels each may serve to indicate one aspect of the level
of econemic activity. It is perfectly reasonable to speculate that in some ocases value-
added may increase while employment level declines. Is economic activity going up or down?
Is it good or bad? Answers require major value judgments best left to the decision-maker,
not the analyst (Davis and Bentley, 1567)}. The analyst would be well advised to provide
both types of information to the decision-maker. One step remains: each indicator must
he measured or quantified. Some variable must actually be specified. For example, in the
case of employment level, the analyst may choose to use “annual avarege employment of the
'covered' labour force over sixteen years of age', or some other measuremeni variable.

Figure 1 shows the hierarchical natwre of the elements in any model to evaluate the
distributional consequences of forestry projects. It is less important for the reader to
accept the terms used in the hierarchy -~ types, classes, indicators - than to accept the
notion that a hierarchy exists. Thie is important because the relationship between the
analyst and the decision~maker varies along the hierarchy. What is the basis for identi-
fying "types" of analysis of forestry projects? The decision-maker's goal structure
defines the "types". What is the basis to determine "classes" of distributional conse-
quences? The decision-maker's goal structure also defines them. What is the basis for
identifying "indicators" of economic activity? The theoretical and empirical expertise
of the analyst mixes with the needs of the decision-maker to specify appropriate indicators.
Vhat is the basis for identifying measurement variables? Enter the analyst. ‘fhis area is
almost exclusively the domain of the analyet. But importantly, the relationship beiween
the analyst and the decision-maker i seen to wvary along the hierarchy. This approash to
anzlysis will help ensure maximum usefulness of the analysis in the decision process.

Other approaches based on providing decision-makers with information they "ought to know"
(determined exclusively by the analyst) will likely be found inappropriate and/or irrele—
vant. The analyst must function within the information needs of the decision-maker.

The remainder of this paper will proceed on the basis of a rather generalized model
of distributional analysis. Table 1 shows this model in terms of classes and indicators.
The ones shown may be applicable Yo many pituations, inapplicable to others. But the main
advantage of this format lies in its utility as & framework within whichk methods and
technigques can be discussed. In applying this model, the firet step involves definition of
the economic setting and taseline date to be used in sevaluating each claes of consequence.



Figure 1+

Hierarchy of elements in a distributional consequence model

Person~Years
of

Covered
Equipment

Employment
Level

Economic
Activity

Distributional
Consequences

Analysis
of
Forestry
Projects

Other
"Heasurement

Variables" for
Employment
Level

Other

"Indicators" |
- of Beonomic

Activity

Other
"Clasges" of
Distributional

Conseguences._

Other "Types"
of
Consequences

-zl -



T3

Table 1. Classes and Indicators of Distributional
Consequences for Use in BEvaluating
Alternative Forestry Projects

Class of Consequence Indicator of Area

Economic activity Employment
Payroll/Wages/Earnings
Value added
Sales

Individual. welfare Unemployment rate

Average wage rates
Income redistribution

Area equilibrium Economic diversity
Community adjustments

Tocal governmeni Intergovernmental payments
Cost to local government

3w THE ECONOKIC SETTING - BASELINE DATA

One of the most importani areas of information to provide a forestry decision-maker
is a description of the existing socio—economic environment in the geographical area of
concerne This could be considered the first step in any analysis of distributional conse~ |
quences of forestry projectss The goal of thiz effort should be to provide enough of the
right kinds of information to give the decision-maker a "feel" for the geographical area of
concern. The existing environment provides the setting within which the forestry project
will fwnmetions Without this knowledge, it would he difficult to gauge the desirability of
any proposed project which will change the environment.

But description of the economic setting is also essential to the analyst, for two
other reasons. First, since the distributional analysis should always be geared to economic
change resulting from the proposed projecty the status quo must be identified. The analyst
must assess the status of an economy "with" and "withouit" the effects of the proposed project.
Knowledge of the current situation will help the analyst make the "without" project assess—
ments The recommended "with" and "without"™ analysis may be contrasted to a "before" and
"after" analysis. They are not the samey the difference mainly being that economies are
constantly uwndergoing change, quite apart from forestry projects. A "before" situation
does not reflect this change. Assessment of an economy "without" the forestry project is
recognition that the effect of the project is the difference between two states of change, |
one with and one without the forestry project (Bell, 1976). Second, knowledge of the exist-
ing economic setting is essential to interpreting or understanding the implications - a
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distributional analysis. Too many distributional analyses are sterile, presented as facts
and figures only. Suppose an analysis determined that a forestry project would result in
employment of one hundred additional persons in the wood products industrye. The long—term
implications of additional employment in an srea of chronic mmemployment may be quite
different than in a more "healthy" economye

A question immediatély arises: what constitutes the geographical boundaries of the
‘project area?” The answer can be reasonably simple or very complicateds On the simple side,
just ask the decision-makers Two types of responses are likely. TFirst, the answer may be
given in terms of some combination of political umite (oounties, districts, states, provinces,
or regions). For some reason - possibly because of political pressure, possibly because of
a previcus study that delineated impact areas, possibly hecause of organization policy - the
decigion—-maker may bhe able to specify the area of concern. From the analyst's view, this
response is the easiest to handlee. Simply carry out the analysis for the specified area.

If the answer does not correspond to political boundaries — for exemple, watershed boundaries
- the analyst will likely encounter data problems. Data generally available for analysis are
compiled on the basis of political houndaries. Desirable or not, practical necessities of
analysis will likely compel & political boundary delineation of the project area.

Alternatively, the decision-maker might respond: "Do the analysis for the area that
is affected by the forestry project.” This means the analyst must do some preliminary work
before actual analysis can start. The analyst must somehow select a delineation for the
area, Two general approaches may be used: a) use existing, delineated boundaries, or b)
develop other relevant boundaries. Depending on availability of existing data, the analyst
may well Tind that someone has already identified aggregations of political wmits that are
homogeneous with respect to economic siructure. TFor example, the U.S, Department of Commerce
has delineated Standard Metropolitan Statistical Areas (SMSAs) and Bureau of Economic Analysis
(FEA) Economic Areas; the U.S. Water Resources Council has delineated Water Resources Regions
and Subregions. The analyst chould select one such region delineation system based on its
correspondence with the forestry project being evaluated and availability of subsequent
analysis data. Once a regional system is selected, the analyst simply identifies that region
containing the forestry project and then uses it in analysise.

While use of an existing system to delineate the area of concern has the distinct
advantage of expediency , it has a disadvaniage. The delineation may not be exactly appro-
priate - too big or too little in terms of the project being analyzed. The analyst may have
to delineate the boundaries. How? On the one hand, the analyst could conduct a rigorous,
special study to define the boundaries (for example, see Fox and Kunar, 1966; and Bouderville,
1966). But since this may well require more resources and time than available for most
project analyses, sophisticated approaches to identifying the region will not be discussed
further here. Rather, the analyst will probably adopt a less rigorous approachs Any number
of information sources may be usede Officials or colleagues may be consulted. Availability
of data may be assessed in relation to the project being considered. TFor example, if a
project that will eventually result in a timber harvest change is being considered, the
analyst may decide to restrict consideration to those political units (e.ge counties or
provinces) containing the sawmills that will process the harvested timber.

By one way or another, the analyst must determine the boundaries of the area to be
studieds It is this area then for which a description of the economic setting or environ-
ment will be developed.
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What economic aspects of the area should be described? There is no general answer,
only a recommendation. The analyst should describe those economic aspects that are: a)
important to the decision—-maker, b) necessary for the "without" part of the distributional
analysis, and ¢) useful to the analyst in interpreting other results of the analysis. Never—
theless, some generally applicable items can be identifieds The following list of socio-~
aeconomic characteristics was adapted from that used as the basis 1o develop an overview of
the population and economic activity in several planning areas of the UsS. Forest Service's
Northern Region (USFS, 1975):

Population

- levels over time

distribution by age, race and sex

change components including births and deaths
density and crowding

migration patterns

future projections

Employment

= levels by industry

-~ distribution by occupation

- opportunities

- labour force participation and umemployment

Income

per capita and family
distribution

cost of living
welfare statistics

Others

housing

family stability
freedom from crime
educational achievements
health of people

The listing above is illustrative onlye The analyst will have to add and subtract
from the ligt depending on the circumstance being evaluated. Obviously, not all of the
analyst's effort could be devoted to describing the existing situation, How much effort
should be devoted? Again, there is no general answer; +the analyst's judgement is required.
Presumably, this judgement will be based on the relationship between the cost of providing
additional information and the value of that additional information in decision-making.
Before considering the next topic, Table 2 presents an example outline of a rather compre-
sive déscription of an economic setting. Once an adequate description of the economic
setting has been developed, the remainder of the distributional analyisis can be pursued.



Table 2, Example: Outline of comprehensive description of economic setting
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Ay IMPACTS ON ECONOMIC ACTIVITY

Consider now the first clase of consequences shown in Table 2, Distributional conse-
gquencee of forestry projects can be measured and reflected in many wayse But the dominant
way — and typically the only way — is to show these consequences in terms of changes in the
level of economic activitye Note again that the analyet should be concerned with measuring
change resulting from (or attributable to) the projects The goal of this effort should be
to measure aggregate, net change in economic activitye The work "aggregate" is used because
a forestry project may regquire inputs from supporting economic sectors; concern is with all
sectorse The word "net" is used because any pvarticular forestry project may hawve negative
effecte on some other forestry or non-forestry sectorse The most obvious example of thig is
where forestry projects compete for a fixed budget; expansion of one aspect (e-g. recreation)
can only be done at the expense of restrioting another (eege timber)e In this event, the
analyst should identify the total net project effects as the sum of two parts, one positive
and the other negatives.

Measurement of changes in economic activity requires the analyst to have some know-
ledge of the wnderlying relationship between inputs and outpuis - the production function.
Pigure 2 shows that 2ll stages in a predustion activity require use of economic resources.
The typical economic efficiency analysie evaluates the relationship between the value of
inputs and outputs over time.;y This phase of the distributional analysis measures the
levels of economic activity associated with the production process,

What indicators of economic activity should the analyst consider? The possibilities
are many. But in practice only a few are used and, of these, only one or two may actuzally
be measureds The listing below shows the four commonly evaluwated indicabors of economic
activity,

{1) Employment levels — Changes in the level of total employment in various
industrial sectors should be determined on a full-time basis. That iz,
employment should be couched in terms of "person-years", Part—time and
seasonal employment must be converted to an annual equivalent. The analyst
must be aware of the distinction between "total" and "covered" employment,
If the distinction is great, the analysis results should be modified as
appropriate.

(ii) Payroll and wage levels - This generally refers to income of workers in the
local economy. Again, aggregate and sector data should be developed. The
analyst shouwld be aware of definitional problems. Depending om the data
source used, earnings, income, payroll and wages will likely be different
and have different clientele—based meaningss An important difference may
involve wages and sarnings. While "wages" often refers 4o payments to
employees, the term "earnings" additicnally inclwules payments to proprietors.

Ciii) Valvue added - On a local basis, this indicator of economic activity is
analogous to gross national product. It measures value or worth added to
a preduet by industrial activities. It is the total of all differences
btetween sales-receipts and costs of intermediate goodse As a meagsure of
total income generated, its biggest limitation for local area analysis is
that some of this income (profits and interest payments) may go to economic
units outside the local area (Convery, 1973).

_}rVSee Economic Analysis of Forestry Projects (EAFP), FAQ Forestry Paper No. 17+
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(iv) Sales levels — This amounts %o the value of gross cutput or aggregate retail
sales. It is part of the datz needed to make velue—added calculations. One
major difficulty with this indiecator is that it typically only registers
market transactions.

Which one or combination of these indicatorz should be evalusted? The empirical
literature certainly does not help answer the gquestion. All, either singly or in combina-
tions, can be found., Experience, however, suggeste that decision-makers can more eamily
comprehend changes in employment and wage levels, than valuve-added or sales. The analyst
should seriously consider use of more than one indicatore This is because changes in
econonmic activity need not be consistent between indicators. A forestry project may be
associated with an increase in wages and a decrease in employment. Both should be provided
to the decision-maker,

Figure 2. Hypothetical Production Process

Conversion
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1\ - 45_ | Z

Inputs Outputs

Y

Economic Resources

sss Land

e Labour
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»so Management Ability

4.1 Primary Impacts

Once the analyet seleots an indicator(s) of economic activity to evaluate, the next
step is to link the forestry project to a change in that economic activiiy. This task will
require the analyst to use either existing relationshlps or to develop needed relationships.
Skill, ingenuity, and imagination may be required. The analyst must first relate the
forestry project to changes in commodity outputse. The listing below shows some potential
output measuress In all cases, the oulput measure used should be: a) related to a tradition-
ally accepted wnit of output measurement and b) capable of being translated into one of the
indicators of economi¢ activity change discussed earliers

(1)  Timber ~ timber harvest change measured in board feet, cubic feet, cubits.,
oT cubic metres;
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(ii) Water — water yleld change ‘measured in acre-feet or cubic metres per
hectares

(iii) Recreation - recreation activity change measured in terms of the opportunity
to generate occasions, vieitor days, or recreation days;

(iv) Range — forage or range livestock production change measured in animal unit
months or grazing or animals produced;

(v) Wildlife — wildlife population change measured %in terms of population level
or population density.

Two illustrations of approaches to this problem may be useful. First, Ferguson and
Phillips (1975) estimated the effect on total sales associated with changing a recreation
area to a national parke Data indicated that the 1 562 000 visitor days of recreation in
1975 were associated with UB#58.6 million of expenditures by recreationistse They then
developed a series of projections for change in the level of recreation activiiy associated
with establishment of a national parks After accounting for normal growth, they identified
the levels of total sales in the region associated with each projection level., Second,
Johnson (1972) determined that there were approximately six wood producits workers per
million board feet of timber harvested in Montana. After adjusiments were made, it was
determined that a change of 100 million board feet in timber harvest would result in a
change of 500 jobs.

It should be clear from the above examples that one overriding assumption is usually
implied: 1linearity. It is usually assumed that the existing pattern of commodity output
relative to economic activity will determine the future level of economic activity. Tech—
nically speaking, constant returns to scale are assumed. If this assumption is realistic
with regard to the forestry project, resulis are meaningfuls. Otherwise, adjusiments must
be made.

Yorestry projects that result in changes in timber harvest level are so common that
further elaboration seems approoriate. A change in the level of timber harvest will have a
first—order effect on those industries that consume or process roundwoods These industries
are referred to alternatively as the timber-using industry, the wood-preducts industry, or
+the forest-products industry. - Whatever the term used, no standard definition or descriptiocn
existss Analysts appear to generally adopt one of two approaches: a) the narrower approach
vhich includes only processors of industrial roumiwood, and b) the broader approach which
includes secondary processors, such as furniture plants. For the purpose of most distribu—
tional analyses, the narrower approach is more practical since secondary processors do not
generally use forestry outputs directly and will eventually be included as part of "aggregate
impacts".

In general, measures for primary impact indicators regarding timber harvest take the
‘form of relationships involving employees or dellars of wages per million board feet of
timber cut in a particular area. In the example mentioned earlier, it wae estimaied that about
gix wood=products workers per million board feet or timber harvested were employed in Montana
(Johnson, 1972)s These measures are sometimes called consunption ratios. They can be made
more refined or sophisticated by taldng changes over time into consideration, and by taking
the geographical pattern of timber—origin and processor—destination into consideration.
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The first two refinements can be illustrated by work in the Pacific Northwest (Wall
and Osweld, 1975)s Figure 3 shows estimates of employment consumption ratios based on
time-series data. The equation resulting from fitting these data to some curve form is
used to estimate futwre ratios. For example, if an analyst desired the appropriate ratio
for target date 1975, that date would be entered into X" and the equation shown solved for
1,55 employees per million board feet; note: "X = (target date) — (1950)s As a second
refinement, the authors developed equations for several industrial classes; the multiplier
above is applicable only to the logging industry. Tor these types of ratios to be useful,
the analyst must be able to estimate the change in timber volume reaching, for example,
western Washington. Timber socurce is an open question.

Figure 3 — Average annual employment in logging (SIC 2411}
per million board feet of wood harvested in
Washington by state area, 1950~1570

Y WESTERN WASHINGTON

1 b ¥=3.105-0.0622x A=D.6

EMPLOYEES PER MILLION BOARD FEET

= re1.480-0.06 763 F=0.8f
(o]} 2 (R erT ) (N TN SO (e e O T [ S T e |
1950 18955 1560 1965 1870

Source: Well and Oswald, 1975
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How does one construct consumption ratios? The following is the procedure outlined
by Wall and Oswald (1975):

To develop ratios for use in predicting employment impacts of changing
material supplies, we need a historical base of employment and raw material
consumption data. Employment data are generally available from state employ—
ment security depariments. Raw material consumption data are offen difficult
to come by. We were able to get raw material consumption data for logging
and pulping. However, for lumber and plywood manufacture, we had to develop
consumption estimates based on historic production levels. We used recent
production—consumption ratios to develop the estimates of consumption for the
historic time meries. This process assumee sitatic utilization of raw material
and possibly could result in an understatement of raw material use and, conse-
quently, an overstatement of employment requirements in the early years of the
time series data. The effect of this possible bias is not lmown, but we feel
it ie nominal and does not substantially affect the relationships developed in
this papers

Since the technique of employment prediction through these ratios is
generally used to determine impacts of changes in resource supply, it should
be used for those industries whose operations in the area of concern will be
affected by resource supply changee in that area. These inclule the primaxry
resource oriented manufacturing processes: logging, lumber manufaoture, ply-
wood manufacture, and conversion of wood fiber into pulp and paper stock,
The ratios should not be used for typically secondary manufacturing industriesy
whose location is due to market, or other non-raw material considerations.

The factors that determine the level of labouwr input in the production
process tend to change over time in moet industries and most areas; consequently,
the ratio of employment to raw material consumption in the production process also
tends to change over time. If a trend can be identified for such ratios — that
is, if we can identify the direction and rate at which they change over time -
then we can extrapolate the identified trend into the future to predict employ-
ment required per wnit of raw material consumed in the production process.

This approach, of course, assumes that the aggregative effects of the changes
in the wnderlying factors which have resulted in the historical trend in
employment ~ consumption ratio(s) will continue into the future.

The employment—consumption ratios used in projecting employment levels
should, if poseible, be developed from data for the area of concern. For
instance, if projections are being made for a county, use of ratios developed
for large areas, such as the half-state areas presented later in this report,
could be quite inappropriate and misleading. In case of insufficient data in
a small area, ratios from a broader area can be used if it can be determined
that they are similar to those for the smaller area.
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Some of the curves, if extended for many years, will indicate an
employment—consumption ratio approaching or reaching zero employees per unit
of wood consumed., This is unrealistic. In such oases the curves should be
extrapolated for only short pericde into the fubwe. When extrapelations
for longer time periods are reqguired, the user must temper the curves based
on the best available evidence and expert opinion of what the employment—
wood consumption relationships will be like in the futwre.

Finally, any one of several curve forms may adequately fit the
historical trend data. The potential user is then facéd with making a
selection. Tt is often expedient to select the simplest form that ade-
quately defines the trend. But in this as well as other aspecte of
selection and use of ratio trends for projection of employment in the
forest products indusiries, considerable judgement is required for the
users

An alternative set of procedures has been outlined by Bell (1977)s These approaches follow,
one being quick and inexpensive and the other more costly and time consuming:

Using Published Data

Step 1. From the equations presented in Wall and Oswald (1975) for Oregon, we get
the following ratios for employees per million hoard feet.

Industry Ratio
Logging 1446
Sawmills & planning mills 3.49
Veneer and plywood 6u44

Step 2. Irom «ss Oregon or local forest data, we get the distribution of the
national forest harvests

Volume Percent
Industry (mm_bdsfte) of Total
Sawmill, planning
mills etc. 322 914 i
Veneer and plywood 96 089 (23)
Total 419 003 1Q0

Step 3. Assuming changes in harvest will be distributed to the mills in the same
proportion as the present harvest, we derive a combined employees per
million hoard-foot ratio:

1-46 + 0.77 x 3.49 +- 0.23 % 6.44 = 5.63
{logzing) (sawmills) (veneer) {ratio)

In some cases, employment for pulpmills may also be added if they absolutely
depend on the local residues from the veneer and sawmills for wood inpub.
Generally, they have alternative wood supplies so that pulp production and
thus employment will probably not change with ochanges in local harveste.



..

Using Original Data

Step 1. From a survey of individual mills, determine the average annual consumption
of wood and aversge annual employments Divide the number of employees by
the amoumt of wood used to get the average employment wood—consumption ratio
for each mill such as is shown in the fictitious example helow.

Firm Ratio
Average of eight local loggers 1.5
Silesia Milling Co. 3.0
Sidney Scrag Mill ?.1
Porter Veneer and Plywood, Ince 8.6

A bpetter procedure if the data can be obtained is to calculate the marginal
rather than the average employment-wood consumption ratios This could be
obtained by observing the effect on employment of year-to-year changes in
mill inputs, assuming no change in technology. Or it could be arrived at
by asking the mill operator how employment would change with a given change
in his wood supplye.

Step 2. Egtimate the proportion of increase or decrease in harvest going to each
mille This could be done on the bhasis of past harvest or it could reflect
mill bidding power cr the type of raw material involved. For the example,
we will assume a decrease in the number of large logs will prevail,

Paast harvest Anticipated harvest

Firm {percent) (percent)
Silesia Milling Co. 30 40
Sidney Scrag Mill 20 20
Porter Veneer and Plywood, Inc. 50 40

Step 3. Apply the same principles as in the previcus step 3.

1.5 + (0e4 x 3.0 + 0.2 x 2,1) + 0.4 x 8.6 6.6
(logging) (sawmills) (veneer) (ratio)

1§

The third modification takes the relationship between the origin and destination of
timber into accownt. Table 3 is based on official planning regions in Idaho (Schuster,
Koss and Godfrey, 1975). All timber—using industry employment is aggregated. The focus of
concern for the analyst is the location of timber harvest. For example, each million bhoard
feet of timber harvest in Region 1 was associated with 5.53 people employed in Region T,
0.31 in Region II, and no employ in the other regions — that is,; timber was not delivered
from Region I to Regions III-VI.

While several difficulties exist with use of consumption ratios, they do represent
about the best measures available to quantify primary economic activity impacts regarding
timber. The indicator used need not be employmente Any indicator — wages, employment, or
gales — for which data are available will works If the results are interpreted as relative
indications, rather than absolute ftruths, misuse will be minimized.
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Table 3. Timber harvest and employment in Idaho's timber-usinz industry,
by planning region, 1972

Region of 1972 ldaho State Planning Region of Timber Destination Total 1972
Timber Timber Region Region Region Region Region Region Direct
Harvest Harvest I Il IIT IV v Vi Employment

Region I 610,42 5,53 0,31 0. 00 0:00 0.00 0,00 34565

Region II 811,67 0.51 6.53 0.29 0.00 0.00 0,00 59950

(0.23)*

Region III 207.67 0,00 0.07 15,26 0.11 0.00 0.00 3,206

(11.95)  (0.06) (2,4508)

Region IV 13.43 0,00 0.00 0.05 1'7.08 0.00 0.00 230

(0.04)  (9.90) (133)

Region V 18,82 0.00 0.00 0,00 0.00 1.81 0.00 34

(0.74) (14)

Region VI 96.45 0.00 0.00 0.75 0,00 0.00 5,76 628

(0.59) (5.50) (587)

'Impmr'ts.B __93.72 5. 30 0,53 0.65 0.00 0.00 0.00 607
(0.51) —{594)

Totals 1,852,13 14,219°

(13,302)

a, Counties with employment but receiving no timber were excluded from calculations;
multipliers, where different, are shown in parentheses: these multipliers are similar
to county multipliers.

be Imports were estimated from unpublished data obtained in the Idaho Forest Industry Study.

ce Due to rounding errors, this total does not agree with the actual totals of 14,223 and
(13,305).

Source: Schuster, Koss and Godfrey, 1975.

This section will be concluded with an example (Table 4) that deals with calculation
of primary wage and employment impacts of a 10 million board feet decrease in timber harvest
in southwestern Oregon., Primary economic impacts are reflected in the logging, plywood and
sawmill industries,

Primary economic impacts should be calculated for every distinct aspect of the
forestry project and then combined into a total of primary impacts. Accomplishing this,
the question remains: What are the aggregate impacts of the foresiry project on economic
activity?
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Table 4. Example: Calculation of primary employment and wage impacts

Let 10 million board feet now be subtracted from the allowable cut of that portion of
the Umpqua in Douglas Countys The new level of allowable cut is 247.0 million board feet
annually. What are the probable economic impacts or adjustment burdens regarding Douglas
County? There will be impacts. The following will discuss these under the four major impact
classes described earlier.

Economic Activity. Given the state of economic activity in Douglas County, how will
a change in allowable cut be reflected? The first consideration involves the relationship
between allowable cut and actual cut. It seems clear from Table 25 that an allowable cut
reduction would be directly translated into lower actual cuts. Of the five indicators
recommended, two will not be evaluated., ©Since costs and gains regarding other outputs are
assumed to be constant, they will not be evaluateds Additionally, dats are not currently
available to adequately evaluate changes in value—added. To show the effect of timing on
impact evaluations, target years 1970 and 1976 will be used where useful.

How will the decrease of 10 million board feet of timber harvest be distributed among
the timber—using industries of Douglas County? GSales between the Forest Service and timber—
using industries (Darr and Fight, 1974) suggest the relationship belows If the harvest change
were allocated on the basis of percent

Industry Sales Percent Harvest (mmbi)
Logging us$ 425,152 4.1 -~ 0.41
Plywood 8,409,481 80.3 - 8,03
Sawmills 1 2687730 15,6 = 3.56

10,472, 367 100,0 -10.00

sales, the 10 million board feet would be distributed as above.

Cne way to determine primary impacts on employment and wages is to follow the method=-
ology outlined by Wall and Oswald (1975). The following shows the employment=consumption
ratios for the industries of comcern. These ratios are

Consumption ratio (¥)

Industry Bquation 1970 1976
Logeing Y =1,748 - 0,012 x  1.4900 1.4132
Plywood T =14,607T1 - 0.4969 x  4.6631 1.6817
Sawmills Y =17,832-0.2135 x  3.5620 2, 2810

expressed in terma of employment per million board feet. While the linear form expressing
ratios was used, log forms are also available. When the calculated ratios are applied to
timber volumes, the following employment and wage levels result., The 1970 wage changes were
based on prevailing industry wage rates (USDC, 1971). The 1976 wage levels used rates that
assumed the same proportionate increase occurring between 1970 and 1973 would occur to 1976,

Employment Waces
Industry 1970 1976 1970 1976
Logging - 0,61 - 0.58 - 4,410 - 54349
Plywood - 37.44 ~ 13,50 - 298,472 - 176,985
Sawmills = 5,56 ~- _3.56 - _43,268 - _41,367
= A6 7 1768 « 346,150 - 223,702

Source: Schuster, 1976b.
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442 Aggrepate Impacts — Kconomic Base Analysis

The consumption ratics just discussed speak only to levels of employment or wages
associated with primary consumers of timbers Will the effect on economic activity stop
with these primary processors? Frobably note What about other economic activity associated
with timber processing — the equipment dealers, food bought by woods workers and other
support activities? Income generated in the primary timber—using industry is spent and
re-gpent. Consequently, additional rounds of economic activiiy can be envisioned; these
can be lumped together and called "secondary" effectm. Aggregate change in economic activity
is the total of primary and secondary effects. Investigations of aggregate impacts on econo—
mic activity normally employ either ecomomic base or interindustry (input—output) analysis.
This section deals with economic base analysis, the following with input—output analysis,

Regional scientists have attempted to explain growth of an area in terms of its
"economic base'. Fundamental to this concept is the fact that, since local areas do not
print their own currency, money {lows into the area from outside, This normally occurs
when markeis outside the area demand and purchase goods and services produced internally.
Firms that export most of their output and thereby create an inflow of money to the area
are classified as "basic", These indusiries are "basic" to growth and development of an
area. They are often termed "export" because they serve markets oubtside the area. Figured
shows that the income flowing to an area is the result of selling geoods and services to
"export" markets. This income in turn partly goes to paying other local industries for
necessary goods and services. Sometimes these other local industries are lumped into a
class called "non-basic" and sometimes they are split into "non-basic" and "“support"
industries.. The output of "support" industries are inputs needed in the productive process
of the basic industries. PFor example, a fertilizer industry may provide a necessary input
to a timber growing industry that exporis its output. ILocal "support!" industries thereby
substitute for outside area suppliers. The "non-basic! industries (food stores, barber
shops) then provide the goods and services needed to maintain other aspects of the basic
industries. In all likelihcod, most industries lie along a continuum between completely
basic (all income received from outside the area)} to completely non-basic (all income
received from inside the area).

e should emphasize here that the source of income is important. It ie not necessary
for output to be exported, but rather for inoome to be importede In most cases, these con-
cepts will not be in conflict. In the case of recreatlion, however, the distinction is
important, for recreation commodities are often produced and consumed locally. This industry
ig "basic" then to the extent that recreationists from outside the region come to the region
and spend money earned from outside the regione In this ecircumstancey the income is effect-
ively imported but the output is not exported.



- 88 -

Figure 4. Role of basic industries in an area's economys
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Growth of an area's basic industry is associated with changes in income receipts
from outside areas. Changes in other activities (non—basic) are merely the result of overall
change in the basic industries. The multiple effect on economic activity is measured by the
"economic base multiplier" (Barkley and Allison, 1968)s The esgential concept underlying
any economic base multiplier is that increases in any exogenous variable {e.g. basic industry
income or employment) are magnified by other transactions that ocour within the area. The
area's income or employment is increased by a multiplied amount because of the re—spending
that occurs within the area as a result of income received from sales of goods and sgervices
produced in the area, but sold outside the area. Multiplier analysis then is relevant and
appropriate for analyzing impacts if, and only if, the industry being altered is part of the
area's economic base,

Calculation of an economic base multiplier (EBM) is relatively straightforward. Y
The economic base multiplier is applicable to any indicator of economic activity (employment,
wages, sales, etce) for which an appropriate data base existss The EBM is simply the ratio
of total economic activity to economic activity in the economic base. Consider an income
multiplier. If the proportion of total income re-spent in an area is "r", the total impact
of a change in export income in the area is:

2 3 4 n - ,
AY: (l+r+r +r +r +..,.+I‘)A YZB —(T:T)A YB

Y For an excellent discussion of multiplier interpretation, see Coppedge and Youmans (1970).
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where:
r = +the proportion of each dollar that is re-spent within
the region by residents { 0<{r<1 )
A YB = change in basic industry income
AY = ochange in area's income

n = gpending rownd

Let "r" be replaced by (Yﬁ/Y) where Y, is non-basic industry income (Yﬁ = Y- YB). The
eoonomic base multiplier +hen becomes :

EBM = _“k_*lmﬂ7-a
-7 /Y
AR )
) 1
g (YN_/(YN 4 YB))
Y
(Yﬁ b !ﬁ) %y
EBM =
Y/YB

The multiplier is applied:

AY=EBM (AYB)

If the economic base multiplier were calculated %o be 1465, then an income change of $1 000
in the basic industry would be associated with a $1 650 income change in the total area

($1 000 x 1.65)s OFf the $1 650 change, $1 000 is associated with the basic industry and
$650 with the non-basic industries.

The fundamental preblem in economic base analysis is determining which industries
constitute the economic base. Various approaches have been articulated by Hoover (l971)g
Convery (1973) and Tiebout {1962):

(1)

Definition — Examine each sector individuvally, and determine whether it is

bagic or non—basic. ¥For wery small economies this appreach can to =zome
extent be justified because most of the sectors will either export almost
all of their output or fulfill a clearly local supportive role., For a small,
rural area using this method, agriculture, mining and manufacturing would be
classified as basic, while all of the rest (including construction) would be
categorized as non-basic. However, even at this level there are some sectors
whioh are both basic and non—basicj as the economy gets larger these joint
sectors are more likely to be found.
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{ii) location Quotients — To separate the basic from the non-basic employment in
an industry, the use of a location quotient has been advocatede The employ-
ment identified with the portion of the coefficient greater than one is
clasgified as "“export", Implicit in this approach is the assumption that
local patterns of use and habits of consumpiion are the same as average
national onese. Iocations quotients will be discussed shortlys

(iii) Minimum Requirements — To overcome this latter problem, Ullmam et al (1971)
developed what they call a minimum requirements approache They take all of
the cities in a pariticular size class, and determine the proportion of the
total work force in each city employed in each sector of the economye The
lowest percentage for each sector from all the cities is designated as the
"minimum requirements” percentage for that sector for cities in this size
classs By regressing these minimum requirements (Y) against population (X},
parameters (a) and (b) can be determined for:

Y = a+Dd log &

The best estimate of total minimum employment reguirement {non-basic
employment) is given by this equation.

(iv) Direct Meagurement — Given suffioient funds, export industries can be measured
directly, Methods available fall into two groups: a) direct measurement of
commodity and dollar flows by means of various data sources and b) surveys
through interviews and questiommaires of consumers and firms.

Use of location quotients has received much attention in forestry circles, and
warrants further diecussion. Location quotients (sometimes called the coefficient of locali-
zation) are quantitative indexes based on a comparison of economic activity in the industrial
sectors of an area to a larger, regional or national systems The listing below ghows the
hypothetical percentage distribution of employment in industries for a local area and a2
larger area.

% %

Employment in Employment in Location
Industry Class Local Areaz Larger System Quotient
X .60 » 20 3,0
Y «30 +40 «T5
Z » 10 |40 . 25
Total 1,00 1.00

Location quotients are calculated by dividing an area's percentage for an industry by the
larger system's percentage for that industry. A location gquotient in excess of 1.0 is
normally accepted to identify an export or basic industrys The percentage distribution of
any economic activity (wages, employment, etce ) can be used to calculate location quwtients.,
Cnece calculated, the analyst may simply define basic industries 1o be those which have
values in excess of 1.0 for the location quotient. The logic in this approach is that once
specialization exigts, production predominately serves eXport markets.
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The analyst may use the dats above tc go to the next step. In the case of employ-
ment, estimate "excess employment®. Upon reflection, the lscation quotient will be found
to reflect an area'’s economic specialization. The overall degree of specialization may be
determined by subtracting the area’s percentage distribution of employment; by industry,
from that of the larger system. Where an area's percentage exceeds the larger system's
percentage, it is termed "excess'"; employment in that indusiry is in "excess" of naticnal
or regional requirements. In this svent, only that portion of economic activity associated
with the "excess! is included in the economic Gasee The listing below shows that excess
employment levels are calculated from the same data base as location gquotients.

% %
Employment in Employment in Employment in % Excess
Industry Class local Area Iocal Area Larger System Excess Bmp loymant
X 600 + 60 20 40 AQQ
e 300 + 30 40 —e 10 -
7 100 .10 .40 —e30 -
Total 1 000 1.00 1.00 .40

In the case of the location guotient, the percentages are divided while to caloulate excess,.
they are subtracted. Tais iatter approach argues that both internal and external markets
are served on a basis proportional to the degree of excess.

Opportunities to eritique and extend the several methods available to estimate size
of the economic base abound. Others have undertaken this effort (see Isserman, 1977:
Mathur and Rosen, 1974; and Tiebout, 1962).

Where does onhe obtain the data necessary to conduct an economic base analysie? The
snswer depends on the approach adoptede If an analyst had detailed knowledge of an areals
economy, the analyst could simply define, identify or otherwise list the basic industries.
However, this method is risky since it reliee on the analyst's impressions of realify; these
may not be correct. Alternatively, a specialized study of firms in an area could be con-—
ducted to determine the amount of export income associated with each firm. But even with
these approaches, the analyst will probably have to research secondary data sources to
determine levels of total economic activity. These secondary data sources are the primary
source of information for the location quotient; excess employment, and the minimum require-
ments approaches to defining the economic base.

Once the analyst determines a numerical value for the economic base multiplier,
accurate estimates of primary impacts become very important. Estimates of primary impacts
provide the driving force behind economic base multipliers - that i, if these primary
impact industries are part of the economic hase. To determine aggregate change, the analyst
multiplies the primary change by the multipliers Calculation of aggregate change is shown
in Table 5 that follows, for a2 complex forestry project. While the economic base approach
is reasenably common and inexpensive, a methodologically dissimilar approach to aggregate
impacts exists - input-—outpul analyses,



Table 5. Example: Calculation of aggregate impacts with economic base multipliers

THE IMPACT AREA

Using the criteria outlined earlier, the local impact area wes identified for the
Hiwassee Unit; Bradley, Polk, Monroe and McMinn Counties were included (see fig. 1).
Detailed ten year plans {1970-1980) dealing with population, the economy, land use, trans-
port systems and housing are available for Bradley end Polk counties (Tennessee State
Planning Commissioz, 1971a, 1971b), while plans are in preparation for the counties of
McMinn and Monroe.

The area is one with & record ¢of modest but coneistent economic growth centered
mainly around Cleveland, Tennessee, the "growth point" of the area. Growth in the manu-
facturing and mining expanding from 14548 in 1960 to 22291 in 1970 (Table 4). Median
family income in 1969 was $ 7101, 4.8 percent below the figure for the statey, while 18.25%
of all families were classified as being below the poverty level, compared with 18.2 percent
for the state (Bureau of the Census: General Social and Economic Characteristics).

Table 1, Employment in the Hiwassee Su&nggionL{ 1960 and 1970

Year Agric., For. Basic Manuf. Total  Non-basic Total Total

& Fisheries & Mining Noe Other basic
1960 3974 14548 19522 17658 36181 1.95
1970 2141 22291 24432 22409 46841 1491

1/ Counties Bradley, McMinn, Monroe and Polk.

Sources: (ensus of Population 1960: General Social and FEconomic Characteristics
Tennessee: Census of Population 1970 ibid.

IMPACTS MEASURED

The outputs of the Hiwassee unit are listed in Table B. Basic employment generated
by each of these alternatives must first be determined, and then the multiplier can be
applied to determine non-basic and total employment. Payroll and value added data per
employee can be derived and pplied to the employment estimates.

Table 2, Annual Quiputs from the Hiwassee Unit under each Menagement Alternative

Wood (MBF) Recreation (Visitor Days)gy
Mgt « Saw-— Pulp- Totall/ Developed Dispersed Hunting
Alt, logs wood value(s) Motor- Non
ized Motor.
Present 2786 1984 97587 7500 14214 10386 6150
1 2925 2084 102459 7875 1563% 10178 6460
2 2692 1917 94293 8250 15635 10905 6765
3 1388 988 48616 20010 16346 11425 6150
4 2773 1976 97135 8250 14924 10905 6460

l/ Using the average price received over the past 3 yesrs, 1970, 71, 72; 332.25/M.B.F.
for sawlogs and 33.9/M.B.F. for pulpwood.

g/ Visitor day means 12 hours of recreation use by one person.

Source: U.S.F.S. Southern Regional Office (1971b). Unit plan for Menagement of the
Hiwassee Unit, Cherokee National Forest, p. 27.



Table 5 {cont.d)
NON-BASIC AND TOTAIL IMPACTS

By applying the multiplier (1.91, from Table 1) total and non-basic employment can be
derived (Table 12 and Figure Za), Payroll per employee in the non-hasic sector is derived
as the state~wide weighted average of annual employee payrcll in the selected services,
construction, wholesale trade and retain trade sectors, and works out at $4453 for 1967 1/.
Kon-basic and total payrcll can now be displayed feor each alternative (Table 12and Fig. 2b).

Table 12, Basic Non-Basic and Total Employment (E) and Payroll (P) Generated
by each Management Alternative, Hiwassee Unit.

Alternative E Bagic V. A E Non—Bas%c - Total
No. 3 g No. 3 No. b
Present 91,6 453349 736254 83.4 371380 175.0 B24729
1 96.4 477474 784241 87.7 390528 184.1 868001
2 90.8 477935 715820 82.6 367818 173.4 815753
S, 63.3 303841 367780 57.6 256493 120.9 560334
4

91.4 451849 727426 83,2 370490 17446 822339

Source: Table 11,

Table 11. Total Basic Employment (E), Payroll (P) and Value Added (v.A.)l/
Cenerated by each Management Alternative, Hiwassee Unit

Alternative Management Wood
Harvesting Processing
E P EE P V.A. E P oAy
Now 2 No. $ $ Ho. b3 $
Present 10 70,000 16.3 59413 t13268 50 271956 622986
Alt, 1 10 70,000 17.1 62330 118828 53 289747 665413 |
Alt. 2 10 70,000 15.7 57226 109100 48 263604 606720
/T 2] 10 70,000 8.1 29524 56287 25 135978 311493
At. 4 10 70,000 16.2 59049 112573 49 267780 512853
Recreation Total
B 2 E |
No. E No. & &
Present 15.3 51980 91.6 453349 736254
Alt. 1 16.3 55397 96.4 477474 784241
Atw042 16.8 57105 90.8 447935 715820
A1t, 3 20,2 68339 63.3 303841 367780
Alt, 4 16,2 55020 91.4 451849 727426

1/ With the limitations noted in the text.

Sources: Tables 4, 5, 10

Source: Convery, 1973.



4.3 Aggregate Impacts — Input-Ouwbput Analysis

Input-output is one of the most powerful descriptive and analytical tools available
to the analyst evaluating distributional consequences of & forestry project. Alsc called
"“interindustry analysis', it belongs to the general family of M"activity analyses", which
also includes linear programming. The nature and degres of interdependence among producing
and consuming sectors of an economy is basic to input-output analysise Analysis of the
linkages between sectors in an economy is not new in economics, Quesnay and Walras under—
taldng such efforts over a century ago. Yet modern efforts dealing with input-output
analysis can be traced back only a few decades to the work of Wassily W. Leontief and
development of high spee2 electronic computers.

Input-output analysis can be used in two major ways to evaluate forestry projects.
First, it can determine the level of output in all industries of an economy that will be
just sufficient to satisfy total demand of forestry products. Second, it can be used to
assess the changes in output of various industries in an economy associated with a change
in supply of inputs from the forestry sectors These effarts can bve accomplished by means
of a set of multipliers, somewhat similar o the economic base multipliers previously
discussed., This section will briefly review input—-output analysis and its application to
forestry projects.

Input—output analysis is basically an accounting system that describes dollar or
volume flows of commodities between all smectors of an economy. Bach sector not only produces
goods and services consumed by other sectors but is also a consumer itself, purchasing goods
and services to be used in its production process. Data used to describe these linkages are
often based on empirical, statistical estimates — typically reflecting one point in time.
As such, input-output tables are only as good as the data upon which they are based. Although
often used to predict future economic structures, input—output is inherently a "static" model
representing a "snapshot" of an economy at a point in time.

The Input—Cutput Table - A complete input-output analysis basically develops and uses
three types of iables. The first table constructed can be called the Input-Output Table -
alternatively this can be called the "dollar flow" table or "transactions" table. This
table shows the flow of goods and services (measured either in volume or value) among
industrial sectors of the economy. TFigure 5 shows that each indusiry appears twice, once
as a producer of output and once as a consumer of input. The elements of each row show the
amount of a given industry's output that was used by every other sector to produce their
own output, and how much was bought by the final consumer. The rows show the distributionof
the output, the "market mix", for each industry, summing to total output. The elements of each
column show the pource of each industry's input of raw materials, semi-finished products and
services bought from various supplier industries. Columns show the pattern of input pur-
chases made by a given industrys With some exceptions (the primary input row, the final
demand colwnwn and the total output column), for every row there is a corresponding columne.
These rows and columns amount to an itemization of input and output of each designated pro-
ducing and consuming industry.
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Figure 5. Sample Input-Output Table
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Figure 5 shows a distinction between consuming industries {alsc called intermediate
demand industries) and final demand, similarly between processing industries and primary
inputs. When these distinctions are made the input-output model is termed "open'. If the
final demand and primary input sectors were incluled as producing and consuming industries
along with other industries, the model would be called '"closed", Since most analyses
concerning forestry are "open", the following discuseion will apply to the "open' model,
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What sectors are included in an input-output table? Hoover (1971) has identified
five major, fundamental sectors:

(i) Intermediate - private business activities within the region;

(ii) Households — individuals and families residing or employed in the
region;

(iii) Government — public authorities both within and outside the region;

(iv) Outside World — non-government activities and individuals outside
the region;

(v) Capital — the stock of private capital.

These sectors then form the rows and coluwms of an input-output table. Table 6 (adapted

from Hoover, 1971) provides a numerical illustration of a region's input-output table. As
can be seen, levels for total oulputs equal the levels for total inputs. Where do the
forestry sectors fit? They would be included in the get of intermediate sectors. The
underlying data base will ultimately dictate the degree of detail possible Some input—
output stulies are very aggregated such that all forestry activities are combined or even
subsumed (and consequently unidentifiable) in a general manufacturing sector. Alternatively,
gome studies use data sufficiently detailed so as to distinguish between logging, sawmills
and other relevant forestry sectors.

Direct Coefficients Table — The second type of table generated in an input—output
analysie is a table of direct coefficients (sometimes called a direct requirements table,
technical coefficients table, or a table of input coefficients) — Table 7 is an example.
This table is derived directly from the Input--Output Table. Each element of Table 7 is
constructed by dividing each column entry of the Input-Cutput Table (Table 6) by the corres—
ponding column total. Let each element in Table 7 be represented as "a', thent

i = ey fme By A G i Y e e oom)

where the levels of X are determined by rows and columns of the Input-Output Tables FEach
element of the Direct Coefficients Table correspends to the minimun amownt of input from
each producing sector (rows) in order to generate one unit of value (e.g. dollar) or output
in the purchasing sector (columns)s In this example, Industry D requires 19 cents worth of
input from Industry A, 12 cente from Industry B, 27 cents from Industry C and 19 cents from
iteelf in order to generate $1.00 worth of output. GConsequently, coefficiente in each
column equal 1.0 when summed. The sum of the coefficients in each row has no economic
meaning.



Table 6. Sample input—cutput table

B W SR IC. =H SAS I8 I N A S EL & S0, B S
; I a1 Demand Secters
Capital {(Gross
private
investment
Intermediate Sector, Households Government including
by Industry (Consumer Goods {Sales to Outside additions to Output
A B G D Sales in Region)  Government) (Exports) Inventories Totals
Intermediate A 300 400 100 500 1600 500 200 T00 4300
processing B 50 200 1000 300 100 2C0 100 300 2870
sector, by ¢ [1000 200 100 700 100 300 200 500 3100
industrys: D G 800 200 500 700 0 0 400 2600
Primary input
Supply sectors
Households
(Labour Services) 1900 300 1000 400
Government
{Public Services) 200 100 200 100
OQutside
(Imports) 200 300 300 ¢
Capital
(Capital consumpbion
and withdrawals from _
inventories) 650 550 200 100
Input Totals 4300 2850 3100 2600
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Tabhle 7. Sample Direct Coefficients Table

-
Processing ____ Purchasing Sector

Sector __A_ __li_ ._C_ _J.)_
A 07 14 «03 «19
B 01 07 32 el?2
D .00 28 « 07 «19
Primary Inputs «69 44 255 23
Total 1.00 1.00 1.00 1,00

4 Direct Coefficients Table can be immediately useful to the analyst of forestiry
projects. Assume the listing helow represents the direct coefficients of the sawmill sector.
Suppose the sawmill sector increased its sales of lumber outside the region by one million
dollarss In order to do this, it must increase purchases from the construction sector by
$600 (.0006 x $1 000 000), from the logging sector by $291 700, from the transportation
sector by $26 000, and so forth. The direct effect on other industry sectors can be thereby
determined. These direct effects get translated into employment and wages in these support
industries. Do the effects of increased lumber sg&les now stop with these industries? HNo.
In order to produce $291 700 of additional output, the logging sector must increase use of
its supply inputs. This generates another round of purchasing, which in turn generates
another rowmnd. The summation of all subsequent rounds of economic activity generated by
increased lumber sales is called "indirect effects".

Producing Furchasine Sectors
Sectors Sawmills Others
Construstion «0006 . 4488
Logeing « 2917 « 0000
Sawmills «0923 «0900
Transportation « 0260 «4212
Primary Inputs 5894 «0400
Total 1.0000 1. 0000

Direct and Indirect Coefficients Table — The aggregate or total effect (direct and
indirect) of a change in final demand for an industry sector is shown in a table of direct
and indirect coefficients — alternatively called total requirements table, direct and
indirect requirements table, total direct and indirect effects table, inverse coefficients
table and the Leontief inverse table.



Given the information provided in a Direct Coefficients Table, the analyst could
conceivably calculate the effect of each additional round of spending discussed above, and
then total all such caleculationss Fortunately, this labourous task can be accomplished much
more Bimply by use of matrix algebra. Development and use of this technigue is generally
attributed to Wassily W. Leontiefe Information contained in the original Inpul-Output Table
and the Direct Coefficients Table are used to implement this procedurs. Let "X" represent
the vector of total outputs and "Y' represent the vector of final demands (sunmed) for the
processing sectors shown in an Input-Output Tables Let "A" represent the matrix of coeffi-
cients for each processing sector showm in a Direct Coefficient Table. Total output can
then be expressed in matrix notation as:

¥ = AX+ Y

The listing below shows these metrixes using the data provided in Tables 6 and 7:

4 300 0]4 '03 919 4 300 !—3 OOE]'
2 850 ) .07 ,32 .12 2 850 1 300
3 100 = .07 .03 271 ‘3 sl 1 1oo|
2 .28 .0 . 2 600 100

2 R I

In matrix notation, the wvector of final demand (Y) can be expressed:

(I-A)x =Y

where I iz an identity matrixe. Thie system of numbers is shown in the 1isting bhelow:

1 000 .14 153 .13[ 4 300 3 000
0 100 . 07 32 .12 2 850 1 300
0 010 . 07 03 il 3 100 °© 1 100
0 001 28 .07 .19 {2 600 L1 100

Tn the language of input—output analysis, the expression {I-A) is called the Leontief Matrix,

Elements of the Direct and Indiiect Coefficients Table are defined by the elements
of the Leontief Inverse Matrix, (I-A)""+ This matrix is used to eolve for total output:

(I—A)_lY = X
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Table 8 shows the results of this matrix inversion process for the data described and as
shown in Tables 6 and 7. Table entries, excluding totals; correspend to the Leontief Inverse
Matrix. Bach entry in the table represents the total output, direct and indirect, required
from each of the processing sectors necessary for a one dollar increase in final demand of
the purchasing sector. The column total in the iable represents the combined effect. This
total is called either the "total output multiplier", or the "final demand multiplier", or
the "buziness multiplier®,

Table 8. Sample Direot and Indirect Coefficients Table

Purchasing Purchasing Sector

| Sector : A % B % IS
A 1.12 29 «16 «36
B . «13 1,23 44 -35
c « 30 .28 p b b7 «50
D ' .07 o45 «25 1.40
Total 1 1.62 2 25 2.02 2e &l

Ueing our earlier example of sawmills and lumber sales, the listing below illustrates the
direct and indirect coefficient for the sawmill sector.

Producing Purchaging Sector
Sector Sawmills QOthers
Construction 0012 1.095
Logging #3587 «000
Sawmills 1.1198 «250
Transportation 0367 .928
Total 1.5164 2.273

If sales of lumber outside the reglon were to increase by one million dollars, changes in
the value of output in producing sectors associated with this would eventually amount ot

$1 200 in the construction sector, $358 700 in the logging sector, $1 119 800 in the sawmill
gector, and $36 700 in the transportation sector. Summing all, the total increase in output
value would be $1 516 400. One useful way of visualizing this change (Coldman and Nakazawa,
1974) -is to disaggregate the total change into components:

Initial Initial Secondary
Total Multiplier Effect = Beonemic + Economic + Bconomic
Change Effect Effect

i}

s (8L 508 den) (31 000 000) + (8410 600) + (8105 800)
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Where: &) the initial change is due to the increased lumber sales; b) the initial economic
sffect represents the propertion of additionsl infermal inputs required by the sewmill sector
to satiefy the increased sales level (sum of direct coefficiente between sawmill sector and
producing sectors shown earlier (4106 = 1.0 ~ .5894) times the change in sales level); and
¢} all subsequent adjustments in the economy needed to satisfy increases in the internal
purchases by the sawmill sector.

Wege and Employment Impacts: In many instances, change may be more meaningfully
raflected in terms of employment, wages or earnings, The analyst may either modify original
matrix calculations or adopt a procedwre that wses final demand multipliers (FDM) and some
additional information. A raasonably straighiforward procedure has been recently outlined

(BEA-! 1977 )«

Consider the change in wages or earnings first. GCiven an Input-Output Table {such
as Table §), the anelyst can quickly idemtify gross output (GO) for a specific industry.
Vext, either wagee or earnings for the industry being analyzed must be determined, Since
wage or payroll data are more commonly available from secondary data sources than nre earn-
ings data, the following focuses on wages. Silimply calculate the wage/gross output ratio for
the indusiry in questicn (Ej = Wj/GOj). However, eince the total grose output change applies
to all industries, Ej cannot be applied to the total change. This expression must be modi-
fied before changs in total wages can be determined. The quantity "ej" must be caloulated
as follows?

oy = (1/@}13_)(}«:3_) + (1= l/FDMj)(E')

where FDM; is the rinal demand multiplier for industry Jj, By is as beforey and Ee is a
total wage/gross output ratio for the mation or region. The change in total wages can
then be calculsted:

4 Total Wages = (M'Go)ej = Amj(maj)(ma)

whera AFBj is the change in final demand for the industry in gquestion. In this case, the
wage multiplier iss
Wiy = FDM;(E;)

The wage multiplier could then be used zs was the FDM to assess the consequences of =&
change in final demand. If earnings are used instemd of wages, these dava simply replace
wage data in 2ll caleculations,
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Ueing the final demand multiplier for the sawmill sector {j) developed earlier;
the following illustrates a wage multiplier calculation:

1f ... FDM, = 15164

d

if s Ej = wages/gTOBs output = ,239

if e By = 43

‘them vee e, = (1/1,5164).239 + (1 - 1/1.5164).3

5 = |260

then .o WM, = 1.5164 (.260)
d - 3

ir e AFDJ = $1 000 000

then «.. pWages = QQFDJ)(WMj)

= 1 000 000 (.394)
= $394 000

Determination of employment change only requires lknowledge of the employment level
and the level of total wages for the region. These, again, can be obtained from secondary
data sources. Calculate the ratio of total employment/total wages (TE/TW). The change in
employment ig then calculated:

A Bmployment = A Wages (TE/TW)
JFor example, ueing the past illustration:

if  eee TE/M = w0001

$394 000 (.0001)

then »es A Fmployment
= 39,4

Forward and Baclward Linkages: The most common way of using input—oubput analysis
is to evaluate changes in any economy that result from increased sales in final demand. For
example, the analyst might increase final demand for outpuit of the sawmill sector and then
tract the inpacts this would have on other sectors as well as the economy in total. Because
this approach essentially works backward from final demand in a specific sector back into
the economy, these economic impacts are called "backward-linked". It is particularly useful
in analyzing situations including product market or demand forces. However, another situas—
tion can exist: supply medification. Waggener (1972) illustrates this points




If we assume that the level of timber harvesting is reduced within
a particular community, our traditional analysis will trazce the
consequences backward through the equipment supplier; the logging
contractor, the szle of gesoline %o the logging truwek drive, and
the related indirect consequences «.. Bubt is this the end?

There is certainly reason to believe thet it is not. As you
know, those logs weni someplace — perhaps to the mill on the

edge of town ... The change in timber supply in thie case
spills "forward" into the primary produsing sector ..., t%this
forward impact leads to substantially larger impacts than would
the backward effect considered above.

Woonomic impacts based on supply considerations are termed “forward-linked". Recognizing
the distincition between demand and supply constraints, Darr aad Fight (1974} calculated a
backward-linked multiplier of 1.88 and a forward-linked muliiplier of 7.53 for Forest
Service %timber sale activiiies in Douglas County, Oregon.

There are two general approachee that can be used to determine forward-linked =ffects,
The first involves manipulation of the Input-Output Table (Hoover, 1971}« Earlier, a table
of direct coefficients was calculated where each of the elements was defined:

aij = Xij/X"§

These could be termed "input coefficients” and were illustirated in Table 7. A similar
table mumt be constructed for the forward linkeges by calculating a set of coefficiente:

a*ij = Xij/Xi¢

where each element of the Input-Output Table ie divided by the row total. Using the data
provided earlier, Table 9 shows these forward or supply linked coefficients. This table
ghows the distribution of output for each of the processing sectors, the distribution of
sales. Sales provided by the processing sectors provide the locally supplied inputs to the
purchasing sectors. Excluiing the total and the coefficients found in the final demand
column, the elemente of the Table of Forward-Linked Coefficients form a matrix (A*) mimilar
to the matrix described earlier (A). As was done before, the elements of the forward-linked
multipliers are constructed:

{1 - a%)

These elements are shown in Table 10. Agsin, as before, the horizental sum of all coeffi-
cients is interpreted as the supply multiplier for a processing sector.



w T0Y =

Table 9, Sample Table of Forward-Linked Coefficients

. Processing Purchasing Sector Final
Sector 7 A B c D Demand Total
A 207 09 .02 212 , .70 1.00
B 1 .02 .07 .35 il e | W45 1.00
C «32 06 .03 23 036 1.00
D .00 31 .08 »19 ‘ W42 1,00

Table 10, Sample Table of Forward-Linked Multiplierd

Processing Purchasing Sector
Sector ) A B c D Total
A 1,12 «24 o 11 $22 1,69
B .02 1.53 .48 »32 2,35
c 41 032 1,18 42 2,32
i} «12 261 «11 1.40 2,24

An alternative approach doss not involve manipulation of any tables in the backward-
linked approach to input—output (GSC, ca 1969; EBEA, 1977)s The first and fundamental step
is to determine the relationship between a change in output of the supply industry (process-—
ing industry) and the associated change in final demand in that industry. This relationship
can be expressed: '

AFD) = pXi(1/aij)
where AFDj is the change in final demand in industry; asscciated with a change in output of

industry i, pXi is the output change of industry i, and Aij is as before. Given this level
of new export demand, the change in total grosg output can be calculated as before:

ATG0 = AFD3{FDM])

Please note: if the change in supply (AXi) is expected to result in changes in final demand
for several sectors, this process should be extended to these esctors.
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Indirect Versus Induced Effects: In the bveginning of this discussion of input-output
anslysis, a distinetion war made between "opan" and "closed" models. The distinction invelved
treatment of the final demand sector. 1If thie sactor were preseni, the model was termed
#opan'. In reality, the real issus is the degree of openness. The basic problem invelved
identification of seciors that are part of the producing escoremy (endogenous sectors) as
oppoeed to those outside the sconomy (exporit or exogenous sectors). These decisions will
affect the eniire anelysis and specifically the multipliers generated.

The nzture of any multipliers developed in an inpui-output analysis depends on how
the enalyst constructes tha flow of iransactions between sectors — the linkages. Treatment
of the household secior is pilvotal, since it can be hundled in different ways. One way is
to treat households only as primary suppliers of inputs and as demanders of final products —
not part ¢f the producing sconomy. In this case, increases in economic activity are due
golely to successive rounds of interindustry transections called "indirect" or "linked
effects® (C3C, ca 1969). Multipliers calculated under this convention are termed Type I.
Alternatively, if it seems more reasonable that increased economic activity leading to
increased household income will result in increased housshold expenditures within the region,
households should then be treated as part of the producing economy. Increases in economic
activity, in this case, zre not only due to interindustry transactions of private business
(indirzct effecte), but also to households respending income - called "induced effects".
Multipliers calculated on the basie of indirect and induced effects are termed Type II.
Since Type II additionally includes induced effects, these muitipliers must be larger than
Type I counterparts. When Type II multipliers are developed, the household sector is
simply included in all matrix calculations which would be expanded to the esxtent of one
row and one column,.

Uses of Tonpubt-Output Analyses: Host input-output studies avallable for use in
forestry emphasize large zeographical areas, such as & state, province or region of a
couwitry. This geographiocal orienitation may be inappropriately large. The analyst can
elther use existing studies, ignore input-output as a tool, or build a2 more appropriate
model. Several inpubt-culput studies in forestry have been specifically designed for a
county or group of counties such as in Hew Mexico (Drake et al, 1973), Idahc {Herbst, 1972),
Minnesota (Hughes, 19?0), California (Fowler, 1974). But because input-output is a very
expensive form of study, many analyste rely on existing data to develop models. All other
things being equal, the larger the geographical scope, the more sxpensive the study, and
hence the greater tendency to use existing data. To illusitraie, & multi-county input-output
study in Idsho (Herbst, 1972) relied on an overall Idaho study {Rafsnider and Kunin, 1971a)
which in $urn was based on an earlier natiomal study (USDC, 1969). On the other hand, a
Minnesota study (Hughes, 197C) and a multi-county ares stuwly in Indisna (Eeimer, 1969)
invoelved colleoction of primary data. In local economic impact analysis the most useful
type of inpui-ouiput study would probably encompass a one- to three-~cownty area for which
data were specifically collected.

While use of existing data halps to avoid the expense of collacting primery data,
another problem surfaces: the technical coefficients found in an input-ouftput study per-
taining tc a lerge geographical area may be inappropriate for intermal areas. The assump-
tiong necessary to apply bread studies to small areas way ©e prohibitive. Generslly, the
assumption that the game pattern of linkages that exisits for the larger ares ezpplies to the
emaller one is dubious. Coefficlients from the large area must, therefore; be transfocrme’
or otherwise made applicable to the smaller area. The problems and prospects of making
needed transformations have been discussed elsewhere (Youmans and Stoevener, ca 1973Y:
Rafsnider and Kumin, 1971a).
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Input—output studies in forestry have besn developed for two distinct purposes:
a) to primarily develop a set of multipliers and b) to analyze the net comsequences of a
specified real change in an economys These need not be mutually exclusive. The problem
faced by most analysts is thet existing studies may not be perfectly applicable ¢ the
situation being analyzed. VWhat can be done? The data in an Input-Output Table certainly
cannot be used because they are applicable only to a different specific situation. But the.
linkages between industry sectors shown in the other tables mey be useful, to the extent
that economies are similar. If two economies are similar, their coefficients would also be
gimilar. Multipliers may also be similar. For example, twc studies found an income muiti-—
plier of about 1.7 for the sawmill and planning mill sector of Idaho (Rafsnider and Kunin,
1971b) and the South (Kaiser and Dutrow, 1971). The difficulty faced by analysts attempting
to uge previous studies is that detail and computational capabilities available to the
original authors may not be available to the analysis. Published multipliers may be the
only ueable information.

Disocugsion of input-output analysis will be concluded with 2 final remark and an
example (Table 11) of applying backward linkages to a forestry project. The comment first.
Most input—ocutput analyses begin with an initial change in supply or final demand. They
end with a measurement of aggregate ohange either in terms of total groes output, wages or
earnings, or employment. The analysis that stops at this point is ignoring a major advan—
tage of input-output analysis. For not only should the analyst be concerned with primary
and aggregate impacte, but also with the distribution of these impacts s well. The
analysis should disaggregate the aggregate impacts back to the industry sectors from which
they came. If employment is to increase by 100, identify the industry sectors which will
comprise this change - 50 in the forest products industry, 30 in the comstruction industry,
and so forth. Data available in various tables will allow this to be done. And finally,
even if the analyst does not have the computing capability to determine the direct coeffi-
cient or to invert a matrix, the original Input-Output Table at least desoribes a pattern
of industry linkage. At minimum, this information can bhe used to identify and describe
sectors likely to be affected by a forestry project.
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Table 11. Example: Calcuiation of dggregate impacts with backward linked input--outru%
multipliers

Backward Linkage Effects '
$ 10,000 change in value of output of the Forest Products Sector { 11} exported
from the region

ATGC = change in total gross output of all industries due to change in demand
for exported output of industry j

ATE = change in totzl earnings in the region due t0 change in demand for
exported output of industry j

ZXDEj = change in demend for exported output of industry j
Mj = regional multiplier for industry j
ej = factor for converting a change in gross output to & change in earnings
ahj = household coefficient for indusiry j, representing sales of households
(1abour) to industry j
E. = national earnings/grosa output ratic = , 3008
Given: ADEj = 10,000 From Figure 2: My = 1. 556
E. = .3008 oy = .0890
Change in total gross output: (TGO =Z1DEJ(M3}
= 10,000(1,556)
= 15,560

(1/M3) (any) + (i-1/M3) (E.)
(1/1.556)(.0890) + (1=1/1.,556}{.3008)
.0572 + ,1075

Change in earnings: Step 1 - e

It

= 1647
Step 2 - ATE = AT60(e ;)
= 15,560(,1647)
= 2562.48
Change in total employment:
f = regional employment/earnings ratio

A

13

change in total employment in the region due to change in demand
for the exported output of industry j

Step 1 = f = total employment in the region
total earnings in the region

520,800/3,744,900,000
00014

ATE(r)

2662, 48(.00014}

.36

Step 2 - A

Source: Hall, 1977
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S IMPACTS ON INDIVIDUAL WELFARE

The second mejor component of the distributional consequence model being developed
involves assesements of likely adjustments in the economic welfare of individuals living
in the local area. Basically, these assessments involve measurements on the "quality of
economic life" — as opposed to the "quantity of cconomic life", The concept of economic
welfare has and continues to successfully evade economic theoreticians. The following,
therefore, is not tc be initerpreted as a comprehemsive and cohesive treatment of individual
welfare, Rather, the impect indicators recommended were selected on the basis of their
presumed relevancy and feasibility to be measured. Much of the information needed to
meagure these indicators comes from the earlier discussion of aggregate changes in economic
activity. Three indicators are recommended. Adjustments in unemployment rates will be
considered first,

5.1 Unemployment Rates

Unemployment rate refers to the percentage of the total labour force that ie unem—
ployed, as determined by some standard or definition. A distinction is normally made
between unemployed individuals actively seeking employment and those not actively seeking
employment. Unemployment rates usually refer only to those actively seeking employment.
Note also, the magnitude of this rate is a function of the definition of the labour force.
This definition often refers to the concept of "covered workers" discussed earlier and
some age limitation — for example, individuals older than sixteen years of age. This indi-
cator ghonld be viewed as an aggregate measure of individusl welfare, reflecting the ability
of people to find and secure gainful employment.

The analyst should interpret changes in unemployment rates in a national or regional,
as well as local, context. Mainbaining proper perspective is importants Consider an
expected unemployment rate increase for a local area. A depressed national or regionel
economy may stimulate further increases in this rate while national or regional expansion
may serve to mitigate or offset any negative effecis. What about the trend toward inoreas—
ing the number of females and multiple job holders in the labour force? The analyst
concerned with "heads of household" might temper unemployment rate assessments. The point
is that both the composition and context of unemployment are important and need to be
defined in each case.

It is difficult to =assess, a priori, whether a forestry project will give rise to a
net increase or decrease in wnemployment in a locality. For example, it is not altogether
clear that an inecrease in timber harvest will result in a net decrease in unemployment.
One aspect of this involves the issue of industrial capacity. Briefly, if the forest
products industry has excess capacity — under-utilization of existing labour and capital
resources —, more timber Yo be processed may not give rise to any change in employment
and hence have no effect on unemployment rates. Another aspect of this issue involves
the notien that industries may be thought of as being complementary or substitute, rela—
tive to labour market activity. A positive (or negative) impact on the forest-based
industry would have a parallel impact on a complementary industry. The impact would be
reverse in the case of substitute industries; a2 loss for one is a gain for the other.
Examples of substitute industries might include sawmills versus plywood mills while com—
plementary industries might be sawmills and transportation. The net effect on unemploy-
ment rates is a function of the mix of these industries in a2 local area. This point is
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illustrated in the listing belew {Rafsnider and Kunin, 1971%). Changes in employment levels
result from changes in t#imber harveste The exsci amount of change and the specific industrial
sectors indicated are not important. What is important is that while & decresse in timber
harvest activity will have s negative impact on the Forestry and Fishery Producis seotor,
tending to increase uwmemployment rates, it hes a positive effect on the other sectors. Simi-
larly, while the net impact of the harvest increase was +5.95 person-y=ars, it could have

been negative, depanding on linkages between industries.

Forestry Forestry
Sector Decrease Increase
Forest and Fishery Products -1.78961 T.15122
Agricultural, Foresiry
and Fishery Services 08546 - »34042
Forest, Jresenhouse and
Hursery Products +01673 - 06472
Meat, Animal and Misec.
Livestock Preducis «20049 - 279595
Total -1.48690 5+95013

Any aszessment of the change in wmemployment rate must begin with measurement of
employment impacts. Assuming the analyst has information on the lahour force and unemploy—
ment levels in the local area, the net change in the area's employmeni could then bhe used
to estimate the new wemployment rate. This procedure, of course, requires the assumption
that new employment opportunities would be filled by the existing unemployed labour force.
There are problems with this assumption, inclwiding the possibility that "full employment?
already existse

The opposite situation, that of an employment decrease, poses a different problem.
What assumpfion should be made relative to where displaced workers will sventually gzo?
Consider the case where discouwraging unemployment rates were already projected for an area —
Douglas County, Oregon, in this example (Schuster, 1976b)s. How would a changed level of
employment affect these rates? The answer depends on what happens to the displaced workesrs.
For example, assume that a forestry project would decrease employment by Tl employees in
1970 and 32 in 1976. The listing below shows that if the displaced workers canmot find
employment in Douglas County, two choices exist: remain unemployed or leave the cowmnty.
As shown, in either situwation, little change in unemployment rate could be expected. The
modest consequences in 1976 result from the high wmemployment rate already projected for

Douglas County and from overall technological advance — fewer timber industry workers per
unit of fimber processed.

1970 1976
Characteristic Stay Leave Stay Leave
Labour force (without) 28 B60 28 860 29 670 29 670
Unemployed 2 290 2 250 5 230 5 230
e« Rate T49% 7+9% 17.6% 17.6%
Unemployed chahge Tl Tk 32 32
Labour force {(with) 28 860 28 785 29670 29 638
Unemployed 2 361 2 290 5 262 5 230
.+ Rate 8,2% 7-9% 17.1% 17.6%

Change in rate 3.8% 0.0% 0.6% 0.0%
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Analysis of the affects of foresitry projects on tmemployment retes usually stops ai
this point — with calculations of an expected unemployment rate., Bub should it? Again,
the loss of employment opporitumnity is particularly troublesomes Pub in its simplest form,
the question is: What happens to forest indusiry workers when ihey are permenently dis-
placed from a current job through production cutbacks or plant/bperation closure? Schuster
(19762) has argued that what happens to displaced workers can be conoeptually linked to
adaptability and mobility. Adeptability is the key. The ability of displaced workers to
find employment is but one aspect or measure of their overall adaption to a new environment —
this can be termed employment adaptability. What determines the employment adaptability of
an individual worker? Probably three things: the worker's relevancy, flexibility and
circumstance.

Relevancy refers to the techmical or machine aspects of the
worker in terms of job performance. The worker is a part in
a machine, a factor in a production process. Foous is on
the quality and interchangeability of this part, its age and
efficiency.

Flexibility refers to the sociopsychological makeup of the
worker that gives rise to an inherent propensity toward
employment mobility. Mobility can take the form of both
geographical and occupational or industrial mobility.

Ciroumstance refers to the overall socioceconomic environment
within which the worker must function. The worker's economic
independence, family status and expectations regarding the
fubure are important aspects of the decision context.

Clearly, this model is incomplete and lacks specificity. For example, it is obvious that
an interaction term is needed = as circumstance changes, propensity toward mobility may
follow. But it is fruitful to separate these elements; conceptually each can have an
independent effect on adaptability.

Very little empirical evidence can be presented to indicate the adaptability of foreast
industry workers to job displacement - a substantial empirical literature does not exist.
Much work needs to be done. However, one of the best single sources of data on this point
is the work being done by Stevens (1976) on displaced workers. The studied workers that
were displaced by mill closure were generally either resmployed or not looking for work,
Figure 6 shows the pattern of employment adaptation for workers associated with three mill
closures. At the time of data colleotion, about 81 percent of those locking for work were
rehired; 89 percent stayed in the community; and 35 percent of the reemployed lef} the
forest industry. These adjustments in employment took time. Workers at several mills
stulied average 10-15 weeks of unemployment. At one mill almost half of the workers were
immediately reemployed by other mills., Please note, these conclusione are not being pre-
gented as universally applicable results. Rather, they are intended to illustrate that
initial calculations on tmemployment rates need to be further analyzed. Otherwise, the
anglyst may leave the decision-maker with a false impression of unemployment impacts.
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Figure 6, Adaption o olosures by sample of 72 workers, Oregon.

Stayed in community,
in= 38) "

Mill
Closures

‘Source: Stevens, 1976,

A concluling comment on wmemployment rates esems appropriate. Unemployment rate
assessments are based on data aggregates, But are the data too aggregated? Steven's work
would suggest so, through the concept of the dual labour force. In the process of conduct-
ing a state-wide survey of Oregon forest industry workers, Stevens (1976) identified a
labour force almost two-thirds larger than that estimated in cemsus datae ( about 68 000),
Termed a "dual labowr force", it conmisted of about 65 COO "core” workers and 45 000
"peripheral" workers, Their charecteristice are totally different. Core workers consti-
tuted the permenent, non-mobile labour force — older, less educated, averaging over thirteen
years employment with the forest industry. By contrast, the peripheral labour force is
highly mobile and workers averaged only slightly more than two years of employment., Gallaway
(1967) mekes substantially the same point regerding hired agrioultural workers; after the
forty-year age class, oub-migration stops and, in fact, 2 low level of in-migration was found.
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The upshot of the dual labowr force is that:

a) The burden of labour force reductions will be borne by the peripheral
labour force which will 1likely face reduced job prospects because of
the history of changing jobs.

b) The core labour force is relatively secure and the seniority of this
group will enhance reemployment prospects in the forest indusiry.

One reasonable conclusion is that stratification of the forest industry labour force inte
Hgora" and "peripheral" workers is & eensible way to reduce variation and increase impact

assessment capabilities.

A related problem concerns the scope of research presently available on employment
adaptability. Thie research is largely limited to normal fluctuations in the economy of
the forest industry. The existing information base would, therefore, allow speculation on
consequences of modest changes in forest industry employment. But many are troubled by the
prospects of major work force reductions which may lie in the future and would certainly
affect the "core” in addition to just the "peripheral" labour force. While seniority would
make them more adaptable, age, education and other characteristics would tend toward wnadapt-+
ability. If the employment impact were to cover a region — say the Pacific Northwest - the
plcture gets bleak for these are workers characterized by non-mobility. The point is that
the data base simply will not support a credible assessment of massive employment impacts.

5.2 Average Wage Rates

Changes in average wage rates prevailing in a local area is another indicator recom—
mended to assess individual welfare impacts. These impacts become somewhat difficult to
measure because of problems in determining overall wage rates in the future. Wage rates
can be expressed either on an hourly or annual basis. As before, data needed to make these
determinations come largely from evaluations of aggregate changes in economic activity.

Determination of wage change has already been discussed. But remember, any particular
change in aggregate wages need not be associated with an analogous change in wage rates.
The average wage rate that will prevail in a local area after a project is implemented will
depend on: =a) the way employment gets restructured in industries and b) the prevailing
wage rates in those industries. Assume, for example, that a management activity change
elicits no net change in employment, but internal adjustments occur. If these adjusiments
are in favour of high-paying industries, the area's average wage rate will likely go up.
If the adjustments are in the opposite direction, the converse will be true. The analyst
should make an effort to identify these shifts., If a quantitative assessment of shifte is
impossible, a qualitative judgement of probable conseguences should be made.

The differential effeot on wage rates resulting from a shift of employment from one
industry to another was recently illuminated by Polzin and Schweitzer (1975) ~ although for |
guite a different purpose. They were evaluating the economic importance of {the fourism
industry versus the wood products industiry in Montana. Their data indicated that while
annual wages and salaries in the wood products indusiry averaged about $8 300 in 1971,
wages and salaries in the tourism industry generally averaged less than belf that amount.
Given that relationship, any employment shift from the high-paying industry to the lower-
paying industry will result in a lowering of average wage rates.



Ability of the analyst $o accurately measure a chenge in aversge wage rats is almost
exclusively & function of the daita base used. Two situations may exist. On the cne hand,
the analyst may base assessments on sggregate change and aggregate data. Assume that toial
wages in an area were $101 160 C0C witheut initiation of a foremitry preoject, and $100 649 122
with the forestry project. 'The listing below shows that if the "without” average wage raie
were used to determine the "with" employment level, no change in sverage wage rate can be
identified.

Characteristic Without With

Payroll $101 160 000 £100 649 122
Employment 16 045 15 963
Average Wage Rate §6 305 36 305

The reason for this is that only aggregate chenges were involved. That is, workerse lef%

the employed labour force at "aversge" wage rates. Unless the change in employment is
associated with differentials in wage rates, no change in average wege rete will he detected.
This result will occur when either sconomic base or input-output analysis uses proportional
or linear relationships to assess wage and employment impacts.

However, changes in wage rates can be detected if the anslyst can segregate wage or
employment changes inte indusirial categories, Consider the data in the listing below.
The "with" column of wages wea calculated on the basis of the "withoul" wage rates together
with the "with" distribution of employment. Obvicugly; any employment shift toward the
higher paying industries is shown, resulting in a four percent average wage rate increase,
Does the analyst need to use the "without” wage rates s a basis to determine the "with"?
No. The "with" rates may be projected on the basis of time series data. Indeed, %o use
the "without" wage rates requiree the major assumption of siable wage relationships,

Without , With
Industry Wage Rate fmployment Wages ¥ezze Rate
(miilion)
Forest Industry § 8 000 40 000 % 320 $ 8 000
Other #1 6 000 35 000 210 6 000
Other #2 10 000 25 000 250 _10 000
Composite £ 7 500 100 000 $ 700 $ 7 800

The analyst should make every effort to ensure that average wage rate deoterminations
are as realistic as poesible. All other things equal, changes in theee rates will affect
the amount of purchasing power available to individuals in the area, The disoussion ahove
was coushed in terms of average annual wages. As hefore, earnings could be used instead of
wages. Similarly, other measures could be used. For example, the analyst may rather con-
vert income levels to a per capiia basie or income per household., TFinal decisicns should
congider the information needs of the decision-maker.



5I06) Income Re—distribution

Change in income distribution ig the final indicator of individual welfare that will
be considered. There are several ways this issue could be addressed (Waggener, 1976a).
One is to desecribe the types of workers and individuals in terms of smocial characteristics
and industrial affiliations. There tend to be "winners" and "losers" as a result of a new
project; income is being re-distributed in favour of some and away from others. It may be
valuable for a decision-maker to lknow if an already disadvantaged segment of the local area
will be aided or further disadvantaged. These types of evaluations may have to be qualita-—
tive and subjective. Research is currently umderway to lmprove kmowledge in these areas
(Stevens, 1975; YoungDay, 1975).

Input-cutput analyses can also be used to identify distributional effects in a manner
less analytical than discussed earlier. Sectors of the economy most likely to be imvolved
in a change in aggregate economic activity can be identified. Any of the tables resulting
from an input-output stuly could be used, depending on the analyst's purpose. Congider the
cage of the Input-Output Table; it shows dollar flows from producing to comsuming gectors,
and vice versa. The listing below shows the patiern of sales and expenditures for sawmills
in Sullivan County, Pennsylvania (Gamble, 1967). Changes in the sawmill industry would have
initial or first-round repercussions for those sectors shown, probably related to the magni-
tude of the percentages. If knowledge of subsequent repercussions were desired, the table
of inverse coefficients would be more useful. Using input-ocutput analysis in this manner
is particularly helpful when the analyst has tables available but lacks the facilities (e.g.
computer capability) to evaluate the specific project change in question.

% %

Sector Purchases Sales
Agrioulture 0.8 0.4
Sawmills 4.7 4.7
Construction 0.0 0.7
Gas stations 1.6 0.0
Non-profit personal servicesg 3.3 0.0
State A Teb 0.0
Labour 21,7 0.0
Proprietary income 2445 0.0
Other internal 3.3 0.1
External to county 32,5 94.0
100.0 100.0

On the other hand, an operational input-cutpui analysis can be used $o actually
measure certain types of disiributional effects. The Consulting Services Corporation
(ca 1969) conducted several evaluations for the Public Land Law Review Commission. One
case study involved predicting the impact on employment that would result from a 50 percent

increase in carrying capacity of range lands on the upper main stem of the Colorads River
oy 1980:
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Employment % Output

_Lhange __Change

Range livestock 1 892 32.01

Dairy =51 ~32.69

Food & field crops =121 =30.75

Other retail 97 0.61

Rentalz & finance 32 1,33
Housshold 116 -
Other 151 -

Total 1 916 1.25

While persons in the range livestock and household sectors would be the prime bemeficiaries
of this policy change, those in the dairy together with focd and field crops sectors would
be disadvantaged. 3But again, to make these distributional assessments the analyst must
have computational capability that is often not available.

Input-output anslysis can be used in a slightly different way. Darr and Fight (1973)
computed an index of dependency for each sector relative to all forest-orisnted sectors.
This index was based or both direot and indirect effects. The listing below shows the five
most significant non-government sectors expeoted to be made relatively worse-off and rela-
tively better—off. While no sector is expected to be made absolutely better—off, sectors
with the smallest negative impact are, in a relative sense, better-off, On balance, income
will be redistributed in favour of visitors, horticulfure and livestook interestis and away
from the timber-using industries, househclds, and aulomotive sales and services intereste.

Sectors

Relativelyr worse—off Household
Automotive sales and services
Financial services
Retail and wholesale trade
Construstion

Relativeiy better—off Visitors
' ' Hortioulture
Livestock
Other manufacturing
Commerceial fishing

Another less personmal indicator of inoccme distribution inwvolves a measure cof inocome
inequality among claesess. Conventicnally, this means applying the oonsept of a Lorenz
Curve to the prodlem of quantifying income equalitye. PFigure 7 illustrates these ocwrves
for gelected Montana counties and for the etate as a whole in 1970. Data are normally
available in the Census of Population to define a curve for & local area at some point in
times The analyst muet estimate a new ocurve to determine the effect of a change in manage-
ment activity on income equalitye. This may, again, be a subjective assessment. No
eystematio prooedure is knowm that would facilitate this effort,
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Figure 7 — Graph of cumulative income distribution
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However, it may be useful t0 indicate the general direction of suwh an analyeis.
The data below (USDC, 1973) show the change in income distribution resulting from 80 workers
being displaced:

Income Before Change ) | After Change
Class Families ;A = Pamilies % b
<$1 000 593 2.8 2.8 603 342
1-1 999 786 4.1 6.9
2-2 999 916 4.8 11,7
3-3 999 902 4e7 16.4
5-5 999 1 Tea 6e3 275
6-6 999 1 400 T4 34.9 1364 Te2
=7 999 1768 9.4 44.3 1744 042
8-8 999 1 623 845 5248
9-9 999 1499 Te9 60,7
10=-11 999 2 496 13,1 7348
12-14 999 2/ 359 12.4 86,2
15-24 999 2 146 113 9745
25-49 999 435 263 99.8
50 000+ 38 0.2 10040

Total 19 017 19 017
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Forty-fouwr workers were digplaced from the timber—using indusiry where average incomes liz
in the $7 000 to $7 999 class, while the remeining 36 workers were withdrasm at county
average wage levels (USDC,; 1971). Only the seotors changed are chown. A mzjor assumption
is thet each employee represents one femily wnite %These dabta could be plotted on a grarh
such as Figure 7 ghown sarlier. It is clzar that if theee data were caleunlated and ploited.
the new curve would show less income equalitys. While this change is admibitedly slight {due
to the specifics of thie prcblem), the principle ie more general and warrants consideration.

6. IMPACTS ON ECONOMIC EQUILIBRIUM

Introduction of a new forestry project or activity may have an impact on economic
equilibrium or stability of the local aress Stability refers to the ability of the areca
to meintain its economic viability over time. I1 may ssem difficult 4o separate indicalors
of eguilibrium or stability from economie activity. An example may help clarify the dip-
tinction. The Western U. Se is dotted with ghost towns - the ramains of once thriving
mining communitisse. One couid imagine decisions favouwring mining years age thed ranked
high on indicators of economic activity - income and employment of the time. But in terms
of maintaining area eguilibrium, these decisions may, in reirospect, be julged as somewhat
laclkdnge Stability considerations add a long-~range time element to impect analysise Two
broad indicators of future community stability seem worthy of note.

6ol Economic Divereity

A fundemental axiom in the field of ecclogy is that the more diverse the ccosystem,
the more stable it is. The analogy oan be made to community equilibwrium/etability and
economic diversity. Ecosysiem diversity insulates and enswres permanence ¢f the sywtem
against natural catastrophy. So it is with economic systemse. After the gold and silver
were extracted, many communities were laft without an economic bases The collapse of
mining signaliled the demise of the commmity, and ghost towns resulted.

The existence of "ghosi towns™ dramatizes the fact that econowolc processas are
seriously jeopardized in an wnstable enviromment. The most useful measure of economic
divergity seems to be the distribution of economic activity emong sectors. Distribution
of employment would serve as an indicator. A management alternative would be judged to
promote stability if it enhanced diversity as measured by a more egqual distribution of
employment among seotorss By this measure, fo make a timber—oriented community more timber-
dependent would not be desirablee Clearly, if carried to an extreme, this indicator may bes
incompatible with economic base theorys Diversity would temd tc discowrage further special-
ization; development of export or bagic industries would not be emphasized. Therefore,
ares growth would be diminished.

Consider an example of one possible approach to a diversity oalculation. Upon
reflection, it will be discovered that diversity has a statistical counterpart - variance.
A system of numbers thai are all very similar will have relaiive low variance. ©Since
gimilarity (a more equal distribution) is suggestive of more diversity, it follows that
relatively lower variance levels will be associated with relatively more diversity, and
hence stabilitys The analyst may conolude that the standard expression for statistical
variance might bs a useful expression of a diversity index.
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2 L oF) 2
T o= E:(XJ, X) = Diversity Index
N

Given the data in the listing below, the diversity index for the status que is caloulated

to be about 139, Alternative 1 to be 1 667 and Alternative 2 as 50. On the basis of these
caloulations, Alternative 2 would be found to be the most diversified and hence most stables
Clearly, the above expression for variance emphasized deviation from & mean, more than
would eome other measures. The analyst should adopt some measure of diversitye. It need

not correspond to the variance expression shown above.

Expected Employment

Sector Status Quo Alde 1 Alt, 2
A 25 25 35
B 25 25 35
(c 50 75 50
100 125 120

Another approach te economic diversity deals with industrial location. How will
decisions today affect long-range expansion or contraction of industrial activity? The
environment created for indusitrial location in the local area will certainly affect com—
munity equilibriuwm and stability.

The body of literasture existing in the area of industrial location is wide=ranging
{see Hoover, 1948; Mueller and Morgan, 1962). While much more resirictive, the literature
concerning foresi-based industries is still impressives Moet of these studies address the
question of which factors (taxes, land prices, etcs) influence the deoision of a firm to
locate in a particular area (e.g. Hagenstein, 1964). Availability of woody raw material,
labouwr and ‘transportation is often most important in timber indusiry locatlon decisionse
McKillan (1965) provides a reasonable Bynopsis:

If an industry is resource oriented, it must place prime
importance on raw materials. 1If the manufactured product
embodlies high labour cosis or highly skilled labour, labour
market conditions occupy & position of prime importance. No
plant can justify ite existence without a place to sell ite
outputs Therefore, markets must rank highe But these are not
determinants of a particular location. Instead, they are pre-
requisites to operaticns Transportation may also fall into
this category of prerequisites. (emphasis added)

While communities can do little about raw materials, markets, population and certain forms
of transportation, public land managing agencies ocan certainly affect one — raw materials.
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There are two imporiant implications of forest management decisions on induetrial
locations PMirst, these decisions need not affect locetion of all resouwrce—criented activ-
ities in the zame ways Civen = resowrce base and scme eapacity to produwe outpuis, a
decision against one resource output may 2t the same time be & deoision in favour of another

— to inorsase timber aveilability may discourage inmdustrial locetion of recreation industries.

The conseguence is wmsvoidabls. As a corollary, since merny factors other than timber raw
material affect industrial location, timber managewent declsions may not be sufficient to
oreate or maintain a desirable environment for industrial location. The second implication
relates to the conoept of "comparative advantage™s Assume a situation involving only cne
resourge~criented industry, a timber-based industry. Assume further that a comparative
advaniage exipts for this indusiry due to availabllity of wood raw materials. A decision
40 restrict thie availability could have negative location consequences by eliminating the
major {and possibly the only) resson firms loscate in that particular areas The point is
that major forest management deoisions connet aveid long-range industrial location implica—~
tions.

6e2 Commuaity A4 justments

It ie important for the decision~maker %o realize that & major decision on forest
mansgement projects mey inextricably alter a commumitys The decision may lead to a
fundamental change in the economic fabrie of a local areas While commmities may always
be in 2 constant state of changs, radical acceleration or departure from irends mey have
a strong impact on local eguilibrivme The analyst should asttempt to sssese the implica—
tions of a foresiry project in terms of adjustments in commmity lifestyle, socizl
disorganization and local walues.

lifegtyles ~ Lifestyle ie the "way of living® chosen by individuels, groups and
communitise. HNorz specificmlly, lifestyle is a composite of various elements resulting
from the interaciion of human helngs with their physical and social environmenise Included
in thege elements are use of time and attitule toward, and methods of interacting with other
people and with the physical environmente Idfestyle is defined by the way these elements
combines Some consider lifestyle analysis to be aynonymous with mocisl impact amsessments
{Holden, 1975).

lifestyles are also a reflection of the way peonle meet thelr physiological and
peychological needss People engage In activities they value; +those who enjoy outdoor
activity may be concerned aboult the effeots of rescurce allocation decisions on national
foreet recreation. Those who make their living from mining, lumbering or srazing are
likely to oppose deoisions that remove land from these usese Conflist of lifestyle, and
hence land use, im Iinevitables The potentlial conflict resulting from resource allocation
decisicns ie largely one of local versus reglonal and national interests, as well as group
versus groups 1t is important to wmderstand that the needs apd desires of local pecple are
usvally different from those of oubmiderse. While oumieldere venture to the local area to
meet oertain needs,; locals meet almost all needs in this area. As outsiders demand
increase, lifestyles of the local population can bscome threatened.

In an overview of social impact aessessment, Gale (1977) describes lifestyle measiure-
ment as follows:



- 120 -

The term 'ways of 1life' or 'lifesiyle' represents
a way of characterizing a cluster of specific social
variables. Use of this social impact category is a good
way to avoid a variable-by-variable description of different
groups within a community. Summaries such as 'the lLifesiyle
of those expected to move into the area under the action
alternative ege' reflect a gathering together of a number of
variables.

There is no 'standard set' of five or ten variables
uged consistently to describe a way of life or lifestyle.
In identifying lifesiyles; the focus is on those three or
four variables or components which, in a particuwlar situs~
tion,; best characterize the relatively distinct way in which
a certain group of people go about their daily activitiese

'Distinet' is a key word in understanding lifestyles
gnd in assessing impaots on theme For identifiable life-
styles to exist, it is not necespary for two groups to
differ in almost every aspect of their daily lives. More
typically, different lifestyles emerge as an increasing
number of characteristics differ, although some common
elements will remzine

Lifestyle impact anelysis is still in iis infancy. Wolf (ca 1974) terms the current
state of the art as "explosive" and prediots "orders—of-magnitude" improvement in the near
future. Present efforts seem to focus on desoriptive analysis - often termed ethnographic
stulies (ISR, 1974)s Predictive analyses are not commonplace and the analyst of adjust—
ments in commmity lifestyle must often rely on informed judgements. TFortumately,
significant recent work by Gale (1975) and Freeman (ca 1976) are adding to the set of tools
and concepts needed to make these assescments.

Social Disorganization — The disorganization of a local area's social fabric together
with lifestyle adjustments are primarily concerns of sociologists. Nevertheless, both
strongly influence community longeviity. It is difficult to imagine economic stability in
the absence of mocial stabilitye Social disorganization refers to stress, to the point of
severance, placed on the internal linkages that bind institutions together.

Social scientists group & wide variety of elements under the heading of social
disorganization. The theme common to these elements is disruption of normal social process—
ese For example, consider the possible increase in the wmemployment rate discussed earlier,
Social disruptions and turmoil associated with massive unemployment are obvious. Further,

a type of multiplier effect might exist, entailing additional stresses on community support
facilities, family stability and overall moralee. Major forest management decisions can
lead to social disruption by changing the political power structure and reordering the
economic structure of the local ares.
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Iooal Values = One of the wmest siriking fezturee of local econemic impact studies is
the cavalier way in which some apalyets designate “good? impacts and "bad” impacts. Nore
employment is "betier” than lesss Increasecs in the level of economic activity are ¥gvode
These “values" are implied in many analysess. The analyst should reaiize that impact indica-
tors must be viewed as neuirals Implying goodness or badness is a valus judgement. Analysts,
rrobably inadvertently; have fallen into the trap of making value judgemenis about indicators,

Since the foous of most social impact analyses is the local arses, it seems rsasonable
that the local people should make value judgements. Commmities differ. The values shared
by pecple in one area may not be gharsd by those in anothers A “gense cof community” may be
at iesues The way people in & local area see themselves and their commmity should be con=
sidered. Take a small, ruwral, conservative, close-knit commmity in the Southwestern U.S.
This community might react very differently to the prospect of 50 new jobs which might be
filled by “outsiders" than would a larger metropolitan ares. Simply stated, “goodness® or
"padness" of indicator measwrements should be eveluated, nmot assumed.

Te IMPACTS ON LOCAL GOVERNMENT

The final area of distributional consequence considered invelves the relaticnship
between the foresiry project and governmental entities located in the local areas HMany of
the distributional comsequences already disoussed will eventually affect the looal govern—
mente Those considered now are of more direct conseguences. Of the many ways a change in
forest management activities could affect these governments, fiscal impacte - hoth revenues
and expenditures — are of prime importance. Since there is no wniformity as te either the
nature of these figcal impacts nor the analysis that would be appropriats, the following
discussion will provide an ovarview of the typee of issues with which the annlyst must deal,
Two general indicator areas will be considered.

Tel Intergovernmental Payments

The relationship between different levels of government {federal, regional, local)
will vary not only as a function of the nation in question, but alsc as a function of
specific governmental wmits and agencies within 2 social economyes The principle of inter-
governmental paymente (transfers) has been a long established practioe. Some of these
paymente are the result of specifio policy actions designed %o accomplish some social pur—
poses Some just happen. They are the natwral result of governmant exercise of its pro-
prietary power. The analyst should make a careful assessment of these vonsegquences. This
will necessarily involve a detailed analysis of the specific circumstance being evaluated.
Three general typeg of intergovernmental payments may be found.

Reyenue Sharing Payments — Whils the concept of one level of government (fed.eral or
state) sharing its revenues with a lower level (state or local) has been the subject of
recently increased political interest in some countries, it has existed for a long time.
For example, the practice of sharing revenuss from the sale of public lands in the United
States began in 1802 when the UsS, Congress provided that the state of Chio would receive
three percent of the net procseds of the revenues from the sale of public lands in the
state (EBS, 1970)e Possibly the first form of revenue sharing in the United States that
remains in effect today originated in 1908 with a law requiring that 25 percent of the net
receipts genersied by national foreeis be reiwrned to countries in which the foresis are
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located (UsSo. Code, 1908)s Other acts heve been passed for lands administered by other
sgenciess The legisletive history of these acts reflects that payments to state and local
governments were intended as compensation by the federal government, since the lands in
question were not available for purpose of local property taxation (PLLRC, 1970). To
measure impacts on local govermment associated with a system of payments—in-lieu-of-=taxes,
the analyet must first evaluate existing policy - bhoth statutory and adminisirative. Com—
pleting this, the analysis can proceed.

Consider an extremely simplified example of the types of calculations that ought to
be made when a forestry project on a U.S. national forest will alter the level of money
receiptse The increased receipts may be possibly due to a forestry project that increases
receipts from grazing permits because of increased forage available on forest lands. In
reality, actual payments to the counties would be determined by the provisions of the 1908
law previously discussed as modified by the 1976 Forest Management Act (U.s. Code, 1976a)
and as supplemented by the In-Lieu Tex Act of 1976 (U«.S. Code, 1976b)e But let us ignore
these details and work through the outline of a typical analysise Assume that annual graz—
ing receipts were to increase from $400 000 to $600 000. The other parameters of this
example are ghown in the following listing:

« Change in receipis = $200 00O
« Payment basis - 25% of receipis
» Change in payments $50 000
» Distribution of national forest land - County A: 80%
- County B: 20%
« Current county revenues ~ County A: $ 5 000 000
- County B: $10 000 000
» Use of payments = Schools and roads

Given these data, payments to County A would decrease by $40 000 (80% x $50 000) and assum—
ing no other change in revenue structure, the new level of revenues to the county would be
99 percent of the old ((#4 960 000/5 000 000) x 100). Knowledge of the existing budget for
schools and roads could then be used to assess the impact of receipt reduction on these
budget itemsa

In practice,; measurement of ohanges in payments—in=lieu-of=taxes is a very easily
measured consequence of a forestry project. At least this is so in the United Statess
The reason for this is that the data needed to accomplish the analysis are readily available
in public records. But the analyst should be aware of two problem areas. The first deals
with identifying the change in receiptse. The word "net" seems appropriate to highlight the
fact that a change in one area of management may be associated with & change in some other
areas For example, an increase in grazing receipts may be associated with a decrease in
receipts due to timber harveste The analyst should consider the relationship between these
changess They may or may not be offsetting. The second problem deals with estimating the
revenue change associated with the forestry projects One common approach is to use pro-
portions. If timber harvest is to decreasme by 50 percent, revenues to the county will
degrease accordinglye. An alternative procedure is %o vary the timber harvest level and
then calculate revenue changes onthe basisof average stumpage price received over the past
several yearse Depending on the particular location, either of these methods may be ex-
tremely risky. An analysigs of UsSe Forest Service revenues in Montana over the 1960-7T3
pericd found a correlation coefficient of 0.29 between value and volume of timbercut, while
a correlation of 0.97 was found between value and adjusted stumpage price (Schuster, 1976b).
This suggests that the prudent analyst should seriously investigate the price element in
timber revenue determinatione.
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In-Kind Paymente — The second type of intergovernmental payment concerns the contri-
tubion made by public agencies that tend to relieve local government of a financial burdens
For example, development of a state cempground may diminigh or eliminate the need for a
county to develep a park system. No money is iransferred; coneegquently, the cost savings
incurred by the local government sre termed payments “in-kind" by the public agencys The
key to determinirg the magnituds of these payments is identifying those activities assumed
by ‘the public egency that would normally be accomplished by the local governmenis There is
no wmiform egreement as to the list of these activities. The analyst must rely on the advicge
and consultation of the decision-maker and officialse in local government.

Quantification of in-kind payments is not an exact process. The problem ig one of
data availability. Only a very few studies have been done to determine the levels of in-
kind paymente; study resulis are generally applicable to state and multistate areas only.
Table 12 shows selected resulis of some of these studiess If evaluwation of in-kind payments
ig to proceed, the analymt is forced to rely on aggregate levels of payments per acres. Data
reflecting a stratification of payments relative to type of management activity are pre—
ferred over aggregates. In this way, payments associated with timber management could be
applied to programme changes in that areas In-kind payments should bs converted %o the
same base as the management programme. That is, if timber harvest is Yo be modified; the
payments should be expressed in an acceptable wnit - dollars per hoard foote This procedure
implies a siriet proportionality that likely does not existe TYet, the data base does not
allow a more refined analysise

Other Payments = A final ares of intergovernmental payments involves secondary pay-
monts, payments asscciated with other governmentel programmes. local govermments often
receive funds from other government levels on some type of formula or matching basis. If
a change -in management activity affects the formulza, receipte will be altereds For example.
a local government may receive aid for education from the state on a student enrolment
basise If manngement activiiy leads to umemployment, out-migration of population and with—
drawal of children from the locel school system, a loss of state school funds is likely.

Of course, the reverse could slso result from an opposite change in management activity.
And finally, when a management activity affects economic activity, it will likely also
affeot taxes collected by the local governmente. This change in revenue will change the
availability of local matching fumds and project fumds (eege UsSe Bureau of Cutdoor Recrea—
tion funds for commumity recreation projects)s Measuwring this impact indicator would
require analysis of a specific local government and its progrsmme involvement.

Ts2 Cogt to looal Jovernment

A controversy exists in certain areas of the couniry relative to the financial
support relationship between loczl government and public agencies,Shannon (1975) reports
that "meny comnty commisgioners believe that cownty maintenance costs inourred as & direct
result of management motivities on national foreste are far larger and are far more stable
than the financial support received directly by county government from the national forests.™
There @re probably many ways in which the mere presence of a major land management agency
results in costs to local government. For example, because timber harvest activities
-require use of heavy logging trucks, county roads must be built and maintained to a higher
standard than otherwise necessarye Unfortunately, identification of these cost items is
largely at the speoulative stages Since few comprehensive snalyses of this topic (ees,
1970) have been done, generalized assessment of these cogte is well beyond the state of
the art.
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Table 12, Estimated Forest Service Comtributions In-Kind per
Acre, by Type, FY 1962 and 1952

1962
Fire Forest Road, Trail 1962 1952
Region Control Highways and Other Total Total
( cents ) 7

Northern 3.5 18.4 4e1 2640 15.7
Rocky Mountain 1.9 17.5 1.5 20.9 1l.9

| Southwestern 1.5 15.9 4.0 2l.4 21.3
Intermountain 2¢5 12.1 3.5 18.1 15.2
California 85.4 24,4 | 28.4 138.2 5446
Pacific Northwest 2443 28,7 8.1 61.1 34.6
Eastern 6e4 17.3 5¢9 | 2946 19.9
Southern 10.3 16.8 : 648 L 33.9 23.1
North Central 11.2 14.5 18.6 4443 23.8

| All Regions 1647 18.7 841 4345 -

Source: U.S. Forest Service, 1965

Another aspect to local government costs should be considered: transaction costs.

These are the added costs that must be borne by local government during the period during
which adjustments in the local area are made — the transition pericd. For example, addi-
tional pressures may be placed on community service agencies as a result of additional
employment. Pressures may be placed on local schocls or law enforcements units because

of accelerated social disorganization. Because understanding of these transaction costs,
especially regarding forest management activity, is totally undeveloped, no known measures
exist {0 evaluate this indicator.

8. CONCLUDING REMARKS

Evaluation of the distributional consequences of foresiry projects is an important
component in an overall assessmen’ of the desirability of one project relative to another.
But it is not the only component and there iB nc reason to believe it the most important
component. Clearly, many other consequences are also important, including economic effi-
ciency consequences and environmental qualiiy consequencess The role and importance of
distributional consequences in selectiug between alternative forestry projecte is a funotion
of the decision-maker's goals and objectives. These not only provide the context for dis-
tributional analyses, but they also specify the comtent of the analysise Since goals and
objectives vary, this paper has adopted a rather neutral position and simply attempted to
provide & general overview for analysis. It outlined some considerations, issues, problems.
and methodologies that often will bhe encountered in a distributional analysis.
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Distributional analyses call for a high degree of ingenuwity and adaptability on the
part of the analyst. This is partly due to the fact that, at least conceptually, each
analysis is different, tailor—made to the specifioc circumstance being evaluateds While the
range of iteme to be evaluated in a distributional analyeis ie almost limitless, the impacts
evaluated must be limited for very practical reasons of time and money. The analyst must
translate the information needs of the decision-meker into operational analyses, Upon com-
pletion of the analysis, the resulte must be translated again intc information for decision-
makings This ie not simply the problem of commumicatione It is also & problem of interpre-
tation. Initial study results must be interpreted and evaluated with the context of the
gocial and economis structure of the local economy in mind. The response to a given met of
distributional consequences will vary from one economy to another. Local areas differ.
Their internal linkages, strustures, and value systems defy generalization {Dickerman and
Butzer, 1975)s This sharply reduces the analymt's ability to extrapolate knowledge of the
distributional coneequences of forestry projects from one area to another. BEach analysis

mist start anew.

The other major faoctor ocalling for ingenuity and adaptability from the analyst is
that the state of analytical capability is sadly deficient. Although peveral sophisticated
techniques exist, they are only applicable to a relatively small set of consequences. And
even for these, the needed data base might not exiet. Analytical toole to aszese some of
the other consequences remain either wndeveloped or underdevelopeds The aualyet must adapt
to these ciroumstencess Alternative data sources may need fo be discovered. Major assump-
tione may need to be made. The project analyset may find it necessary 4o call upon ths
talents of political scientiste, sooiclogisis and other social soientisis to enhance the
quality of the distributional analysis. Ability to recognize deficiensies in data, defi-
ciences in analytioal ocapabilities, and deficiencies in personal expertise will probably
increase with experiences Ability to effectively deal with these deficiencies will depend

on the analyst's ingenuity and adaptability.

Over time, the gquality of distributlionel analyses will likely improve. Better data
will become availables Analytical techniques will be developed and refined. Analysei
expertise will improve. The process takes times Hopefully, this paper represente a
positive part of that processe
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1. INTRCDUCTION

Meost forestry projecis involve implications in terme of changes in water quality
and/or quantity. Thus, economic analyses of most forestry projects should include explicit
consideration of watershed related impacts and of potential activities to achieve accept-
able watershed protection standards. In some cases the major objectives of a project may
be water related and constitute the reason why the project is being considered and proposed,
In other cases, weter related concerns may merely enter the project analysis in the form
of congiraints on other project activities. In either case, the economic analyst should
have something o say about water related impactis in his analysis.

The above is not to say that the same objectives and/or congtrainte apply in all
situations. Thus, for example, project objectives will vary widely with climatic and
landform conditions aB well as other factors. Appendix I presents a schematic overview of
objectives which tend to dominate in different climatic regions.

Economic analyses of watershed projects are no different in principle or concept
than analyses of any other type of projeoct. Thus the general concepts and guidelines
presented in FAO's Economic Analysis of Forestry Projects }/ (EAFP) are valid for wabershed
related projects. However, some analybical issues and empirical problems are particulariy
important for such Projecis. Some of these issues and problems relate to economic factors,
and they are the main subject of this paper. Others relate primarily to technical factors
and their trestment is properly the task of hydrologistse, engineers and other technical
gpecialists. Thus, we do mot discuss them further here, other than in terms of how the
economist can interact with these other specialists in determining what physical input-
output information is needed in order to carry out an economic analysis. The basic point
ig that the physical relationships must be quantified before an economic analysis can be
carried out. Thus, the present discussion proceeds under the assumption that such informa-
tion can be generated. Given the fact that the lack of such information is in practice
the major bottleneck encountered in most watershed project appraisals,it may seem that this
assumption is made to avoid a major problem. In fact, it is made to emphasi=ze the point
that the economist cannot solve the information and data problems associated with water—
shed projects. What he can do is to (a) suggest a systematic approach to identi{xing

direct and indirect negative and positive impacts associated with a project and {b) point
out what information and data are needed for him to be able to value these various impacts,
The remainder of this discussion explores these two questions within the overall framework
for project analysis set out in EAFP,

The specific pointe selected for further discussion are the following: j?
p Consideration of alternative means for achieving goals

24 Determination of project scope and context

¥ PAO Forestry Paper No. 17

fy The fact that these are the only six points listed does not mean that they are the
only ones of concern to the analyst of a watershed related projecte ¥For a more
aystematio discuseion of the entire range of issues encountered, the reader is
referred to EAFP,
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3. Identifying costs for watershed projects
4 Identifying benefits for watershed projects
Be Treatment of benefits and costs in multiple purpose projects

6. Presenting cost and benefit information in an appropriate form.

In order to provide common empirical reference points during the discussion of each
of these, two case stuly analyses of projects involving watershed considerations are summar—
ized in Section 2. These two examples are then referred to in Section 3, which provides a
discugsion of the eix points listed above. The reader who merely wants an overview of the
issues can skip Section 2 (the cases) and go directly to Section 3,

Finally, in order to illustrate the types of empirical infoermation that are required
and examples of watershed related project analyses that are already available, a summary of
gome of the relevant documentation on this subject available from the United States is
presented in Section 4. This section also illusirates a number of the general points dis-
cussed in Section 3.

2 EXAMPLES

The first of the examples is an economic analysis of alternative logging systems.
The objective of the analysis is to find that system that maximizes net revenue subject to
constraint on maximum allowable pediment discharge. It is an example of an econcmic
analysis to provide information for an operational decision where water related concerns
are entered as a constraint.

The second example illustrates in summary form an economic analysis of a major
watershed project designed to reduce the rate of sedimentation in a reservoir, thereby
extending the useful life of the reservoir and producing additional downstream benefits.
The project also involves geveral other elements, incluiing wood production in combination
with watershed protection, pasture improvement and general improvemeni of upsiream agricul-
ture.



- 137 -

Example No. 1: Watershed Considerations as a Constraint in a Project

The growing worldwide concern for the environment makes this type of problem
and this example relevant.

A 20 ha wood lot is to be harvested. The lot ocoupies land along a river
with an average slope of 20-30%. A clearcut will not be allowed by regulatory agencies
in order to prevent erosion and decrease resuliing sediment flows. For this reason a
selective cut will be made. However, it is anticipated that with standard logging
techniques about 4 tons of sediment per hectare will enter the river the first year
after the harvest. This amount of sediment is considered unaccepizble by authorities
and they will not issue the harvesting permit unless measures are taken to reduce sediment
to no more than 2 tons per hectare. Thus, the forest manager must {ind an alternative
that will reduce sedimentation of the river hy at least 2 tons/ha/yr at the lowest cost
possible, i.e. he is searching for the least cost alternative for logging the area that

will meet the constraint.
Harvestable volume on the woodlot is 300 m3/ha which can be sold for $1O/m3e

If all 20 ha had been harvested using standard methods,it is estimated that the
following coste and returns would have obtained:

Returns: 300 m-/ha x $10/m> x 20 ha equals $60,000

Costs: labour: 1 000 man hours x $2.00/hr equals $2 000
tractor: 250 hours x $25/hour equals 6 250
1oading/transport: 120 hours x 820/hr equals 2 400
total cost: $10 650

Net revenue: $60 000 minus $10 650 equals $49 350

However, as mentioned the standard method is not acceptable because of the high
gsediment discharge associated with it Two alternatives aTe proposed that would meet the
maximum discharge restriction.

The first feasible alternative consists of leaving a 25 m wide buffer strip
(no cutting) along the river. The woodlot has a shoreline of 1 600 m, therefore,
cutting would be reduced to a total of 16 ha instead of 20 ha, This means a2 loss of
4 ha of timber or 300 m3 x 4 ha x $10/m3 which equals $12,000 of revenue foregone. This
is considered a cost for this alternative. It is assumed that other costs would be reduced
by 20 percent since only 16 ha could be harvested. Thus, costs other than revenue foregone
would decrease to $8 520 (20 percent less than $10 650). Total cost of this alternative
would be $20 520 ($8 520 plus $12 000),

The second alternative which meets the sediment discharge requirements consists of
establishment of 40 m filter sirip in which ne machines are allowed. All commercial
timber (i,e,, 300 m per ha) on this 6.4 ha filter strip can be cut but must be winched
out at a higher cost, On the 6.4 ha of the filter sirip costs are estimated to be $8 094,
For the remaining 13.6 ha costs will drop to an estimated $7 242 to reflect reduction in
area logged. Thus, tolal cost of this altermative will be 315 335,
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Agsuming that these are the only two alternaiives considered that meet the
sediment discharge restriction, we would choose the lowest cost alternative or the
filter strip approach. Revenue would be $60 000 as before and cost would be $15 336,
for a net return of $44 664, which compares with a net reiurn of $39 480 in the buffer
strip alternatives The information generated in this analysis further indicates that
the cogt of the sediment discharge restriction would be 349 350 minus $44 664 or $4 686,

Example No, 23 Economic Analysis of a Matershed Pr_ote,ctiqn ang, Man.agement Projectj/

Background on Project

Project Title:

Watershed protection for the Sierra Reservoir,

Project situation:

Some years ago a reservoir was build along the Sierra river to provide storage of
water for downstream use Suring periods of low flow. Downstream uses include irrigation
on some 9 500 ha and domegtic waler use by the local population. It has been found after
five years of operation that the reservoir is silting in at a much faster rate than
initially anticipated, thus reducing effective capacity and ability to meet water require~
ments downstream. Siltation is occurring at a rate of 4 million m3 per year. Present
reserveir capacity is down to 100 million m3. At the present rate of silitation, it will
only be four years before capacity is reduced to a point where it can no longer meet
estimated water requirements of downstream users. (Domestic water use is increasing at a
rate of about 6.19 percent per year, while irrigation use is fairly constant.)

Project goal:

To prevent the reduction (or loes) of water related downstream benefits, 2/ the
project would extend the effective capacity and life of the reservoir by reducing the
rate of siltation from 4 million m3/yr to 1 million m3/yr. 3/

Project points of view

(a) Downstream users of water have a direct interest in maintaining
the capacity of the reservoir so. that they can continue to receive
water during the dry periods when river flow is inadequate to meet
requirements;

(b) Upstream users of the land which would be affected by the various

'~ conservation measures proposed for the project are interested in
how such measures would affect them. If effects are negative, some
form of compensation may be included in the project planj

(¢) The nation at large is concerned with increased crop consumption,
improved welfare of domestic water users, and losses or gaina incurred
by upatream land users.

The point of view adopted in the analysis is primarily that of the nation,
although the other two viewpoints are also considered,

1/ Adapted from a project in the Andean foothills of a South American country.

g/ The benefits that would be lost without the project include crop values and health
and satisfaction associated with domestic water use,

;/ Since there was apparently ne problem of flood damage with or without the project,
flood prevention was not included as a goal. It could be added in as a goal and
treated in exactly the same way, if it was a problem.
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Identification and Valuation of Project Cogta

To accomplish the project goal, the following project components have been proposed
in the technical design and analysiss

(1) Establish protection forest on the most critical areas where no other
activity should take place because of slope or critical nature of soil
protection.

(2) Establish protection/production forests on areas that need Permanent
protection but which are less critical so that some forest utilization
can take place on a controlled basis.

(3) Build terraces on some of the most critical areas with very unstable soils,

(4) Manage and maintain pasture lands on a rotation, based en their carrying
capacity and ability to regenerate. This will primarily involve control
and policing activities together with technical assistance.

(5) Establish forest management on existing natural forest areas. This

' would include control on harvest and other activities, watershed
protection inputs into access road establishment, inventory and other
information gathering activities.

(6) Establish an overall watershed management and administration unit within

) the regional governmenit to supervise and control implementation of an
integrated wWatershed management programme for the whole watershed, including
the above elements. Include extension services for local farmers,

In the project documentation, appropriate technology, input requirements and timing
for each of the projeot components were analysed. Based on an initial survey of the total
watershed of 17 500 ha, the scale of each of the project components was determined, as
shown in Table 1. Average input requirements per ha were estimated and applied to the
total areas to arrive at total labour, equipment, and other input requirements. These input
requirements fogether with unit value estimates were then used by the economist in valuing
the project costs, which are summarized on lines 4 through 8 of Table 4.

In developing economic values for inputs, only unskilled labour was shadow priced.
Other inputs were valued in the economic analysis at their financial or market price values.

A project period of 26 years was considered appropriate, considering the relevant
social discount rate of 12 percent. 1/

j/ For discussion of choice of project period (mee EAFP).
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Table 1

Areas assgciated with each project component

Component Hectares
Protection plantings 760
Protection/production plantings 870
Terraces 320
Pasture use control 3 850
Natural forest management - 3 160
Watershed planning & Adm, (17 500) Y

l/ Including the parts of the watershed not requiring direct actionas
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Identification of benefits

Reservoir demand (i.e. the demand on water from the reservoir which would not be
available without it) 1/ 1s estimated at 86 million m3 in the first year (year 0) of the
praject as shown on the first line of colwms 5 or 6 of Table 2. The capacity of the
reservoir is 100 million m3 at present (start of project) and is decreasing by about
4 million m3 per year due to siltation. (See Col. 2 of Table 2, Thus, in about four
years from the present the estimated capacity of the reservoir without the project would
just be equal to demand. From then on, the reservoir would not meet the requirments for
water from it,

¥With the project, it is estimated that the rate of miltation can be reduced to
about 1 million m3 per year. Thus, the reservoir will be able to meet requirements for
a longer period of time, although eventually, even with the project, demand for water will
outstﬁip the capacity of the reservoir. (This will occur in year 10. Compare Cols. 3
and6-

A first reaction might be to use the difference between the without and with project
capacities as shown in Cel. 4 as a measure of benefits. However, this would overstate
benefits, since even without the project, the reservoir could satisfy demand for four more
years. With or without the project, the benefits would be the same during those first four
years and, thus, the benefits due to the project would be zero during that period (years
0-3). For the next six years (years 4-9) capacity with the project would still be above
demand. Thus, with the project, the benefits due to the project for this period would be
the difference between estimated demand and supply without the project, or the demand
deficit which would start to be felt in year 4 if the project were not undertaken. (This
is the difference between row items in Cols. 5 and 6)s In year 10 demand would start to
outstrip supply even with the project. Thus, from year 10 and on to the end of the project,
the appropriate benefit figures would be the differences in capacity with and without the
project (i.e. the difference between cols. 2 and 3). Using the above approach, the
increased water use due to the project is identified and shown for each year in Col. 7
of Table 2.

The figures shown in Colas. 5 and 6 are groes figures whioh include evaporation
from the reservoir. Since the evaporation would be approximately the same with and

without the project, there is no need to adjust the figures shown in Cols. 7« They represent
net increases in effective water use.

In addition to the direct benefits associated with increased reservoir capacity,
there will be some timber related benefits from the combined production/protection
rlantings. Based on experience elsewhere, these are expected to be as shown in Table 3,
In years & through 10 there will be some minor thinning volumes available and in years
17 through 21 there will be final harvest volumes available.

In addition 1o the water and timber related benefits, the following indirect
benefits were identified but not quantified in the study:

(2) Eventual increases in livestock production due to regulation of
grazing on watershed lands. (At present, many of the pastures are
marginal due to overgrazing). The project would restore these lands.

(b) Aesthetic values will increase as the land is rehabilitated,

1/ i.e., release of water in dry season 1o meet requirements during that period. It
does not include the water used that would have been available without the
regervoir, i.e., the requiremenis which would hawve been met from normal
precipitation and river flow without it.



Table 2 - Watershed Project: Identification of Water Benefits

(millions of m3/yr)
(6)

(n (2 (3) (4) (5) : (1)
Reserveir Capacity Difference Reservoir Use Difference
without with with & with—- without with in use with &
Year project pro ject out project project 1/ project2/without 3/
0 100 100 0 86.0 86.0 0 1/ Constrained by demand for
1 96 99 3 86.4 86.4 0 water during first 4 years then
2 g2 98 6 86.8 86.8 0 constrained by capacity as
3 88 97 g 87.2 B7.2 0 demand outstrips supply
4 84 96 12 84 87.7 o
5 80 95 15 80 88,2 8.2 2/ Constrained by demand for
6 16 94 18 76 88.7 12,7 first 10 years then constrained
T T2 93 21 T2 89.2 172 by capacity as demand outstrips
8 68 92 24 68 89.8 22,8 capacity even with the project
g 64 91 27 64 90.4 26.4
10 60 90 30 60 90 30,0 :_3/ This is the measure due to
i 56 89 33 56 89 33 the project, il.e. the difference
12 52 88 36 52 88 36 in use with and without the
13 48 87 £ 48 87 39 pro ject
14 44 86 42 44 86 42
15 40 85 45 40 85 45
16 36 84 48 36 84 48
17 32 83 51 32 83 51
18 28 82 54 28 82 54
19 24 81 51 24 81 57
20 20 80 60 20 80 60
21 16 79 63 16 79 63
22 12 78 66 12 78 66
23 8 71 69 8 71 69
24 4 76 72 4 76 T2
25 0 (5 5 0 15 15



Table 3 - Inputs and Qutputs ~ Production Forest Component

0 1 2 3 4 5 6 7 8 9 10 11=16 17 18 19 20 21

Ha planted

Thinning harvest
ha

m3/ha

'I‘ota]..m3

Final Harvest
ha

m3/ha

Total m3(1ooo)

174 174 174 174 174 74 14 4 14 14

174 174 174 174 174
20 20 20 20 20

3480 3480 3480 3480 3480

174 174 174 174 174
5826 . 525 525 P23 O&
91.3 913 91.3 91.3 91.3

s (GPE e



{(c) Access roads required for protection and other watershed management
activities will permit faster and cheaper access by farmers to markets
and increased mobility for extension personnel so they can reach more
farmers.

(d) The project is expected to result in an increase in water quality in
addition to guantity. A reduction in suspended loads carried over
the reservoir dam will decrease the need for maintenance on individual.
irrigation ingtallations.

Valuation of benefits

Based on ptudies of crop increases made possible by irrigation, it was estimated
that irrigation water flowing out of the reservoir would return a net of P2 per m3 of
water 1/. Since (1) the major portion of the water is used for irrigation, (2) there was
no feasible way of placing a value on the water used for domestic purposes, and (3) there
is no feasible way of allocating the increased water made possible by the project to
irrigation and domestic use, it was decided to value the domestic water at the rate used
for irrigation, namely P2 per m3. This was recognized to be a conservative estimate.
Using this value per m3 and the water increase figures in Col. 7 of Table 2. the corres-
ponding annual water related benefits from the project were determined as shown in row 1
of Table 4.

The wood production benefits were valued at P290 per m3 on the stump. This value
was a parity price based on the value of imported wood. g/ The parity price was adjusted
down by 10 percent to reflect the lower quality of project wood. Total wood production
benefits are shown on line 2 of Table 4.

Other benefits were not valued due to inadequate dat® or to the inappropriateness
of attempting to quantify values, e.g., for the amthetic benefits.

Comparing costs and benefits

As indicated on line 9 of Table 4, there is a net cost involved in the project
for the first four years, after which the value flow turns positive and increasee steadily
over the life of the project. Using a rate of discount of 12 percent, we arrive at a
Net Present Worth (NPW) for the project of some P292 million. 3/ The rate of return (EROR)
of the project would be well in excess of 50 percent.

The high returns to this project can be explained quite easily. Since the reservoir
was already in place and its cost represented "sunk costs", they were not included in the
analysis of the project. Thus, the small amount of additional expenditure required for the
watershed protection activities (the project) were compared with the returns which actually
include the total incremental benefits from the reservoir. Obviously, if one were analySing
a new reservoir project, the situation would be quite different, since the substantial
expenditure for the reservoir would have to be added into the cost stream for the project,
while the benefits would remain approximately the same.

Y i.esy after subtracting from final crop value all costs back to the reservoir, e.g.,
farming costs, marketing, water distribution, etce., but execluding any sunk costs.

The approach used to derive such parity values is desoribed in EAFP.

_}/ The rate of discount was given tc the project planners by the national planning office
and representa the rate used for evaluating all public projects in the countrye.



Table 4 -Value Flow Table

(millions of pesos)

g 138 3 @4 SHeBH Ly T8 B Wl R, a2lh-oBy @ GRelgs' Wie -G8l B9 . 200 Vg 8z 23 Al 15
BENEFITS
1 Irrigation &
domestic use O O O 0 T4 6.4 25.4 .4 45.6 52,8 60 66 72 78 B84 90 96 102 108 114 120 126 132 138 144 150
2 HWood produc-~
tion 1.0 R0 D 1.0 1.0 26 26 26 26 26
3 Total 6 0 0 O T.4 16.4 26.4 35.4 46.6 53.8 61 66 T2 T8 B84 90 96 128 134 140 6 152 132 138 44 150
COSTS
4 Planiing pro- 3
teotion forest 3.4 4.5 1.1
5 Planting pro-
duction forest 1.3 1.6 1.6 1.6 1.6 0.3 1ed 1.6 .6 16 1.6 0.3
6 Terrace con-
gstruction 0.8
T Management 5
costs 1/ 1.0 1,0 1.0 1.0 1.01.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1,0 1.0 1,01.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.¢
Total 6.5 To1 3.7 2.6 2.6 1.3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1,0 1.0 2.3 2.6 2,6 ‘2.6 2.6 1.3 1.0 1,0 1,0
‘9 NET BENEFIT
(COST) (645 Tl 3.7 2,6)4.8 15,1 25.4 34.4 45.6 52.8 60 65 TV TT 83 B9 95 125.4 131.4 137.4 143.4 149.4 130.7 337 143 149
10 Present Value )
at 124 (6.5 6.3 2,9 1.8)3.0 12,9 12,9 15.6 18.4 19.0 19,3 18,7 18,2 17.6 17 16.3 15,5 18.3 17.1 35.9 149 13.8 10.8 10.1 9.4 8.8

1% WPW at 12%

NPW at 124

P292 million

1/ including proteciion and extension services, maintenance and administration

- &1 -
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3. DISCUSSION OF ISSUES

The two examples presented are representative of the typee of economic analysis one
encounters for watershed related projects. The following discussion outlines some of the
major issues which arise concerning these sxamples and points to watch when applying the
guidelines presented in BAFP to watershed related projects.

el Considering Altermative Mesans for Achievingz Project CGoals

Cne of the basic points made in EAFP ia that project planners should explore alter—
native means for achieving given project geals. If only one alternative is presented to
the decision-maker, his only decision is whether ¢ accept or reject it. On the other hand,
if information is presented which permits him to look at a range of alternative means for
achieving a2 goal, then he can more thoroughly consider and weigh the implications of differ—
ent courses of action.

In Example 1 two alternatives to the standard logging approach were considered
explicitly in the analysis. If other known alternatives had been available then they should
also have been considered. In this case, the objective was to find the lowest cost alterna—
tive that met the maximum allowable sediment discharge resiriction or constraint. Thus, one
should note that costs and benefits for the standard logging approach were used only as a
basis for comparison since it was, by definiticn, an unacceptable alternative due to the fact
that it did not meet the comstraint. Thus, actually only two alternatives were compared,
the buffer strip one and the filter strip ones If others had been available (technically
defined), they could very easily be included in the analysis.

The appraisal did not consider alternatives in the case of Example 2. However, there
appear %o be two which might have been considered. The first is the use of dredging at some
future date to maintain reservoir capacity equal to demand. The second is the expansion of
the reservolr to increase capacity so it can meet demand even when siltation occurs. In
addition, the report on which this example is based did not discusse alternative technologies
and scales for project components, nor did it go into the relative advantages of alternative
timings of project activities to more efficiently achieve the goal of the project. Finally,
although esome of the project components were separable in terms of cosis, the analysts 4id
not have information on which to base a separation in terme of benefits. Thus, components
vwere analysed separately and it was not possible to evaluate alternative combinations of
project activities to find a more efficient overall solution for meeting the goals.

Based on the information available to the authors, it is difficult to state whether.
in fact, additional alternatives were exploraed in the early stages of designing the project
described in Example 2. However, the point i0 be emphasized here is that alternatives should
be considered and that there should be an economics input at the early stage of project iden—
tification and formulation of aliernatives. In other words, if possible, project planners
should avoid discarding alternatives at an early stage on purely technical grounds. What
may appear to be an inferior alternative to the technical expert may not be so from an eco-
nomic point of view, given relative factor costs existing in the couniry in question.

Initial - albeit rough — cconomic calculations can be extremely useful in terms of judging
ghg initial set of alternatives and limiting them to those which will be studied in greater
etail.

3.2 Determining Project Scope and Context

A major guestion facing project planners is what to include and what not fo include
within the scope of a given project,.

From a practical point of view, it boils down to a question of where to cut off the
endless chain of effects or impacie associated with a given project. The theoretical answer
1s: "Inclwle 21l the impacts." The practical answer is: "Include all those impacts which
you can identify and which appear to be large enough relative to the direct and immediate
impacts to make a difference in the cost and benefit flows." The objective of a project
evaluation is to generate the information needed t0 make a sound decision as to whether or
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nst the projest has benefite exceeding costz and, if B0, whether the henefite exceed the
costs by 2 large enougb margin o make it worthwhile te commit scarce resources to the
project rather than to some alternative uses If the direct benefite 2ssociated with a
project are large snough relative to ecosis to make the project worth wdertaking from an
economic point of view, then spending a large amount of effort and funds on further analysis
of ail the variocus indirect impacts will not be worthwhile. However, if the projesct is
marginally unacceptabvle, then there is 2 much stronger case for detailed analysis of indirect
impacts, Fo general guidelines can be put forth here on how to determine the appropriate
cutsff for considering indirect impacts. That will depend on each project sitwation, the
mowledge of the projeci planners and gtaff specialists, the cost and time involved in
generating information on indirect impacts, and the objectives of the institution sponsoring
the analysis.

In the case of Example 1, the Bcops was very narrow, mainly due to ithe fact that
the project involved a very small area and probably had insignificant indirect impacts.
The exampls illustrates well the type of brief, uncomplicated analysis associated with
operaticnal decisions, Onoe this particular gitustion had been analysed and the best
logging method chosen {the lowsst cost method thai met the constraint) it is likely that that
method was accepted and used for other similar logging situations without further analysis,
i.e., this zimple analysis served as the besis for developing an operational guideline for
logging that =says: "In situations of river side logging, a filter strip system is the cheap—
est alternative logging system which meets the specified maximum allowable sedimeni discharge
constraint,”

In the case of Bxample 2, the project secope included the major impact zlements, with
the exception that there was no consideration given to how the project would affect the
farmers upstream on the watershed lands who would have to change their operations due to
conversion of land to forest or due to curtasilment of grazing on critical watershed lands.
Similarly, there was no quantifative analysis of the posiiive impacte on farm economies
assgociated with the improved road network and the increased mebility and availability of
extension services. Ideally, these should have been included in the =nalysis, and one would
erpect — even without havin g information on the project background and area - that it would
have been poseible to provide mome more explicit treatment of these impacts.

The question of project scope is closely related to other aspects of project defini~
tion: (1) project points of view, and {2) cost and benefit identification.

Concerning project poinis of wview, Example ] can be identified with two: the logging
operator (or company involved with logging the area), and the public point of view concerning
gediment discharge. In this case, the public point of view has been exXpressed in terms of
the maximum allowable disocharge regulation and thus does not need to receive further con-
gideration in the analyais.i/ The logging operator or company peint of view (assuming thai
thia is a privete entity involved) is really the point of view from which the analysis is
carried out, i.e., the gquestion im: "What iz the minimum cost we have o incur t¢ achieve
the constraint?' If +he public sector is doing the logging, the gquestion remains the szame
from an econcmic efficiency point of view.

Example 2 is somewhat more complex in terms of poinis of view. As stated in the text,
there a2re three pointa of view identified, namely the downstream water users, the upatream
land users and the national point of wview which incorporates the other two points of view
within an overall objective functione. g/ The downstream users' point of view defines the
scope of the project at thatend: +the project should be defined broadly enough 1o include
the necessary downsiream costs to ashieve the benefits accruing to the dowmstrsam users,

1/ Unless, of course, the analyst is also asked o look explicitly at the costs and
benefits associated with different levels of sedimentation. This, howaver, is a
geparate question.

g/ As mentioned in EAFP this objective function relates to project impact of aggregate
consumpiion.
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On the other hand, the upstream land users' point of view defines the socope of the project
at that end: the project should be defined broadly enocugh to include those costs and
benefits for that group that occur because of the project. As mentioned earlier, there
did not appear to be adequate consideration given to this point of view and the aamscciated
costs and benefits.

Consideration of points of view helps the analyst in identifying the appropriate
scope and in identifying relevant coste and benefits for use in the economic, financial
and social analysis of the project. The following two sections discuse cost and benefit
identification in terms of economic efficiency analysis,

33 Tdentifying Coats

One can specify three main categories of costs involved in watershed projecis.
These ares:

Structures and work costs: These include coste of dams, gully plugs, construction
of contour furrows or terraces, channel construction or improvement, road relocation,
retainer walls, etc., and maintenance of these structures and facilities.

Vegetation manipulation coste: These mainly include costs of removal of vegetation
and planting and management costs associated with the establishment of new vegetation.

Value of outputs foregone: Even eroded or deteriorated lands may be producing
values throuwh grazing,; subsistence farming,; etce. These activities may have to be cur-

tailed for a peried of time in order to restore land to some higher level of productivity.
The value of such production foregone should bhe included as a project oost. In the case
of a protection project, timber harvested per unit area may be reduced due to the intro-
duction of buffer strips along rivers, streams, roads, etc. Selective harvest may have to
be imposed on steep hillsides which may in turn reduce the present value of harvests. This
reduction is a cost.

The first two categories of coste are quite obvious, and both examples in Seciion 2
treated these in an adequate fashion. The third category - value of outputs foregone - is
also relevant to both cases. In Example 1, it can be noted that the analyst itreated the
value of timber foregone through creation of a buffer sirip ‘as & cost. He could also have
merely reduced the total benefit figure by this amoumt, thus treating this value foregone
in terms of benefits. Either way would have produced the same result, since the objective
wags to arrive at the alternative with the highest net return.

In the second example, there were values of outputs foregone from changes in land
use that should have been considered but were not, as explained in the previcus section.
This supports the point made earlier that project scope points of view and cost and benefit.
identification are closely interrelated. Since the upstream land users' point of view was
not adequately defined,the analyst dlso missed identifying explicitly changes in value of
output associated with upstream land use due to restriction of grazing on eome lands and
shift in land use from agriculture to forestry on other lands.

In identifying costs (or project inputs) it is essential that the "with and without"
test be applied. 3Basically, this neans that the analyst asks and answers the following ques-
tion: "What would the situation likely be without the project over the period of years con-
sidered for the project and what would the situation likely be with the project?®™ Only the
difference should be attributed to the project. This approach applies to both costs and
benefitas (inputs and outputs)s The particular point to emphasize here is that the "with"
and "without' project comparison is no’ the same as the "“hefore" and "after" project com—
parison for most types of watershed projects. It is likely that the situstion as it exiets
before the project is introduced,would change over the life of the project; and it is
necessary to estimate how the situation would develop over time without the project, since
only the difference between costs and benefits without and with the project can be attributed
to the project.

For example, in the case of costs, one might be tempted to include as part of a
larger watershed improvement project the maintenance costs for a road system that is being
affected by erosion processes as a coste But, assume that the road is essential to the
communications of the region in question and, regardless of whether or not the project is
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undertaken, the road would have to be maintained and kept open for the region. Thus, ihe
road maintenance would be wndertaken with or without the broader watershed improvemsat
project. In this cass, the coste of read mainienance showld not be includsd s a project
cost. 1If, with the project, the rosd maintemance gosts can be reduced; then thie redusiion

in costs should be included as & benelit due to the project.

Similarly, zssume that the present level of use of = given land arsa will have te
be curtailed as parit of an overall wetershed protection project. As mentionsd above, ihe
value foregone due to this reduction in use should be #rested as 2 cost:. But suppose that
use of the land would hawe incresszed over time withont the project. Then the analyet will
have +to emtimate what that increase in use would have bsen in order ito arvrive at correct
estimates of the costs, due to impact of ithe project on use of the given zrez of land.

3.4 Identifying Benefitg

Similar arguments stated azbove apply to benefits. For example, sver time, withoud
the proposed watershed project, soil conditions might deteriorate, srosion might inorease,
etc, The analyst has to make sure that theze chenges are taksn inmto zaccount. Pigure 1§
illustrates a typicsl situation. As noted, at time 0, production iz at level X. Without
the project, conditions would detericrate until in yesr n production would have decreased
to Yo With the project, it is estimated that production will increase to Z. The point %o
note here is that both Z minus X and X minus Y are legitimate benefiits to be atiributed o
the projecte Thus, the analyst will not only need to estimate the increase in production
which will be possible (i.e. Z~X), but he will a2iso have to maks an sstinmate of the losses
which will be avoided (i-eu %-Y). Example 2 illustraites this point.

Application of the Mwith and without" test alse brings out snother point related 4o
benefit identification and valmtion (whioh is also illusirated by Exammple 2). The point
is that merely becguse a projest changes some physical dimension in a positive waey, this
does not necessarily mean that there is a benefit involved. In Example 2; the project
starts immediately to reduce the level of siltation in the Sierra reservoir and thereby
increases the affective capacity of the reservoir. However, sven without the project the
level of capacity of the reservoir ie in excess of demand and will continue io be so for
the next 4 years {ses Table 2). Applying the "with and without" test, the analywt can
see that consumption of water (the relevant benefit parameter) will remain the same with
or without the project for this period (see Cols, 5 and 6, Table 2). Thus, ths benefiis
{losses avoided) due to the project will be zmero during the first four years, or wtil the
capacity of the reservoir without the project wouvld have fallen belew requirements for waler.
This point applies more broadly to many different types of watershed projectsz.

The above point relates to the fact that in an economic efficiency analysis, benefits
have 10 be measured in terms of human consumption. Thus, for axample; the hydrciogist may
provide an estimate of tons or cubio metres of soil loss that can be avoided by wmdertaking
a given project. But this information is not enough fer an economic analysis. In order to
value the benefits from the project; such losses svoided have to be {ranmsiated into a
schedule of crop or other consumption losses avoided. Thus, agrioultural experts have to
come up with a relationship between =soil loss and crop production or soil loss and preduc—
tion of some other consumption item. This consumption loss can then bs valued and used as
the benefit in the economic efficiency analysis.

Mogt hydrology projects are undertaken by the public sector, the main reason being
that "water" is seldom sold in the market place. While farmeras using irrigation are often
required io pay some amomnt for water they use, and households and industries often pay a
nominal fee for domestic and industrial water, in gencral water is not priced in the merket
in the traditional sense. / Thus, measures of willingness to pay for water, which are the
appropriate measure of the value of benefits in an economic analyeis, are seldom awvailable
(see BAFP, Chapters 2 and 5)s Similarly, many of the inpubs required for hydrology projects
are often not priced in the market. Thus, it becomes necessary ito estimasie shadow prices
for such non-market priced benefits and costs. We mention this issue here; since it is
important in the economic analysis of watershed projects. However, the process of shadow
pricing is rather complicated and is discussed elsewhere. The reader is referred to detailed
treatment of the subject in BEAFP and in & recent work done for the Organization for Economic
Cooperation and Development.

_y T.e., water prices are administratively set and not determined on the basis of the inter-
action of supply and demand.

2/ See OECD (1979)
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3.5 Treatunent of Benefits and Cosis in Multiple Purpoge Projecis

A point worth mentioning hers is the need to use care and caution in identifying
costs and benefits aseociated with multiple purpose prejects which include a watershed
management element. For example, in some cases, trees planted on denuded lands as part
of a watershed protection or restoration project will also be managed for controlled
harvest for fuel or other proeducts. In such cases, hoth types of benefits will have to
be included in the analysis. 1/ Proper allocation of tree planting costs to the watershed.
benefits and the wood output benefits is difficult. If timber production is the main
objective of the project with watershed protection or restoration as a secondary purpose,
then one practical approach would be to allocate the basic costs to the timber objective.
Any additional costs of vegetation managemeni to achieve the constraint or watershed
objective would be alloscated to the watershed component of the project. Similarly, in
the case of logging . road vredesigm 1o meet certain watershed constraints or objectives,
the equivalent of the minimum road cost to get the timber out would be attributed to the
timber element, while the additional costs associated with higher standards to meet the
watershed objectives would be allocated to the watershed element.

In the case of a primary purpose watershed project, the cost of tree planting or
other activities would be associated with the primary purpose and benefits, while timber
benefits would be treated as secondary benefits. As mentioned earlier, it is important in
such cases to remember to subtract any secondary costs associated with the timber production
up to the point of valuation of the timber (e.g., stumpage level, delivered log level,etc.).

3.6 Timing of Costs and Bemefits

Most watershed projecte tend to be longer term projecis in the sense that the inputs
occur over a considerable period of time and the benefits accrue over an even longer period
of time. Further, benefits and costs are constantly changing over iime.

A main problem is to develop a gsound estimate of the timing of the benefits,
Restoration projects generally take time to implement. PFull productivity is restored
slowly in moat cases. For example, if trees are planted on a deteriorated watershed, the
full protective effect on ercsion conirol will take some time to achieve.

In order to keep track of the project assumptions regarding the build-up to project
benefita and costs over time, it is essential to use appropriate physical flow tables and,
ultimately, properly designed value flow tables. (Such tables are shown as Tables 3 and

4 in Example 2 in this paper.)

3.7 Treatment of Uncertainty

Watershed related projects are particularly subject to great uncertainty in terms
of the values of costs and benefits used. Thua, it is important that project appraisals
include explicit treatment of uncertainty. Neither of the two examples presented earlier
did so, and ihat is perhaps a typical situvation found in most economic appraisals.

There are some simple techniques, such as sensitivity analysis and break-even
analysis, which can be applied rather easily and cheaply in most cases. Basically,
sensitivity analysis involves varying assumptions concerning the values of key parameters
and then testing the sensitivity of the chosen measures of project worth to such changes.
A breakeven anzalysis is aimed at identifying valuee of key parameters which would switch
the profitability of a project from acceptable to unacceptable levels.

1/ 0f course, any associated coste involved in harvest will have to be subtracted, if
roadsgide value for the harvesi is used inatead of stumpage value.
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e REVIEW OF UNITED STATES LITERATURE

The previous section provided a general view of some of the main problems to
watch for in carrying out an economic analyais of a major purpose watershed project
or a project which includes water related considerations as constraints. In the present
section, a brief review is provided of some of the most relevant work done in the
United States dealing with watershed project economics.

The nead for watershed management practices developed in the United States
largely because of erosion, sedimentation, and flooding which resulted from (a) over—
grazing of western rangelands, (b) uncontrolled wild fires and (c) careless logging
operations {Balley and Croft, 1937: Trimble and Weitzman, 1953; Haupt, 1959; Rice
et al., 1963; Packer and Christensen, 1964; and Packer, 1967)s Thue early watershed
management practices were synonymous with protection and restoration (Packer and Laycock,
1969)., The protective influence of vegetation on the processes of erosion, flooding
and sedimentation has been recognized for some time. The effects of vegetation and
land management activities on water yield, on the other hand, has been a subject of
considerable misunderstanding. Early thinking on this matter suggested that because
dense forested watersheds were headwater areas of most flowlng etreams and rivers, such
forest cover was easential to the production of water (Satterlund, 1972). Experimental
evidence has suggeated juat the opposite, Forest vegetation consumes large quantities
of water by means of transpiration. This results in a leosa of water to soil moisture
and streamflow. The inference from such knowladge is that forest harvesting or
vegetation removal in general will tend to increase water yield. This stimulated water-
shed remearch throughout the United States (Hoover, 1944; Dortignac, 1965; Hibbert, 1965).
The possibilities of watershed management directed towards increasing water yields had
important implications t¢ land management in the water-poor regions of the United States.

Regardless of whether goals of watarshed management are to protect or to increase
the water reaource, or both, the first step in economic analyseis is to determine dis-
tinctive production functions for various management practices (Lloyd, 1969). Several
examples of physical relationshipe or production functions are discussed below in terms
of the following broad management goals: (1) watershed protection and (2) watershed
reatoration and water yield improvement.

4.1 Watershed Protection

Vegetation protects soil from the snergy of raindrop impact, minimizes overland
flow, and along with the s8o0il=binding benefits of root systems on steep slopes, reduces
erosion, sedimentation and nutrient losses from watersheds (Satterlund, 1972; UNESCO),
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1972)., Conversely, substantial removal of vegetation by fires, shifting cultivetion
(agricultural expansion), timber harvesting, grazing, road construction, or urbanization,
can increase soil disturbance resulting in scil and nutrient losses from the watersahed,
sedimentation of downstream receiving waters, and more frequent occurrence of flocds.
Packer and Laycock ('1965) summarized impacts of a variety of land uses and indicated
that the density of plant and litter cover were the most important faciors affectiing
80il erogion and overland flow on range lands. In forestry, poor construction of logging
roads and improper skidding practices can be major causes of erosion and gedimentation.

Because of the undesirable conbequences of livestock overgrazing, overpopulations
of wildlife, poor road construotion, improper skidding practices, exteasive wildfires,
exceassive recreation use and related activities, land management agencies have developed
guidelines to minimize adversse impacts. In some cases, such guidelinee are imposed by
law. Limited cause-—and-effect relationshipse and hydrologic information are usually
available to establish these guidelines for a specific area. Typically such guidelines
are based on experiments from a few intensively ptudied watersheds. Such guidelines
usually result in regulations concerning the maximum slope and lecation for logging roads,
rules for building roads in proximity to water courses, and requirements for the
maintenance of buffer strips of vegetation along water courses to reduce sedimentation
of streams {Lantz, 1971; U.S. Department of Interior, 1970). In some cases (e.&., Korea)
land use laws establish maximum slopes on which land clearing can take placea.

4.2 Erosion, Sedimentation and Fleooding

Erosion and sediment control methods used in eastern and western areas of the
United States have been evaluated by Thromnson (1973). Cost data were applied to theoret-
ically predicted soil losses. Over 25 control methods were examined. The principal cost
elements consisted of labour, equipment and materials. Costs per cubic yard of soil
retained by conmservation methods were compared with coste of several methods of gediment
removal in stream channels and reservoira, Annual cost figures were based on control
effectiveness and economic life of each project. Sediment removal was in general Ffound
to be more costly than erosion control. Associated cests such as fisheries habitat damage
and losa of site productivity would be important but were not quantified here. In order
to identify both direct and indirect costs associated with watershed maintenance or
regtoration projects, specific examples or case studies will be discussed.

The annual fire-flocd phenomens in southern California illustrates the importance
of maintaining deep-rooted vegetation, in this instance chaparral, on steep mountainous
slopes. Frequent fires in the chaparral watersheds above the densely populated areas
result in severe flooding and erosion (Rice et al.,, 1963; Corbett and Rice, 1966;
Packer and Laycock, 1969}. The adverse economic consequences of such fires have been
used to justify extensive contour-furrowing and contour-trenching and seeding to minimize
runoff and erosion and to speed up the reestablishment of a vegetative vower. Such
mechanical or structural scolutions, although costly, are often the only effective means
to rehabilitate severely ercded, steep-sloped watersheds. The costs associated with fire
‘prevention and other management should be measured against lomses of watershed productivity,
costs of pedimentation and losses of life and propesrty in addition to rsclamation costs.
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Overgrazing of high elevation watersheds in northern Utah caused substantial mud-
glides and debris-laden floods that resulted in substantial losses of property and life
(Bailey and Croft, 1937; Bailey and Copelund, 1961). These watersheds were subsequently
contour trenched and revegetated. Considerable success was achieved in containing erosion
and to a certain extent; in reducing flash floods. In this example, as with the fire-floed
problem in southern California, the benefits derived from proper watershed management can—
not be entirely quantified in economic terme. For example, values of human lives saved
and wildlife habitat and esthetics damage avoided, cannot readily be quantified.

In some inagtances natural levels of erogion and sedimentation are excessive and
cannot be controlled with watershed maintenance or restoration projects. Such was the case
in southeastern Utah where comnsiderable contour furrowing, gully plug emplacement and range
reseeding had little impact on erosion and sedimentation (Workman and Keith, 1975). The
area had been overgrazed in the past, but the extremely high levels of natural or geologic
erosion minimized the impacts of rehabilitation efforts. The purpose of this project was
to establish a more dense vegetative cover to reduce sedimentation of the lower Golorado
River and thereby extend the life of Lake Powell and Glen Canyon Dams. Benefits in terms
of a reduction in municipal water treatmeni costs downetream of the project were also
evaluated. The project costs averaged U3}5.45 to U3$13.31 per acre and had project lives
of from 7 to 10 years which resulted in only an 11 percent reduction in sedimentation.
Workman and Keith (1975) looked at minimum possible project costs and compared them with
maximum possible henefits to provide the project with "every conceivable benefit of the
doubt." In this analysis the benefits consisted of (a) avoidance of water treatment costs
of downstream communities with an estimated maximum annual value of US$49 030, and (b) the
extended flow of goods and services associated with the extension of the lives of Lake
Powell and Glen Canyon Dam, which included irrigation water, electricity, flood control,
and Tecreation, The total maximum annual value of benefits was US$48 749 030. A benefit
cost ratio was then calculated using a 7 percent discount rate to aggregate future benefits
in present value terms. The present valuea of henefits in the absence of erosion control
for 200 years was then subtracted from the present value with erosion control. This maxi-
mum present value of benefits was then divided by the cost of treating the entire 1 280 000
acres of frail watersheds. A benefit-cost ratio of 0,12 resulted. Thus, restoration treat—
ments on these frail desert soils in the Upper Colorado River Basin would only return US$0.12
for every $1 spent on treatment.

Green (1971) investigated economic impacte of grazing on erosion and sedimentation in
Herms of site deterioration as well as effects on the life of a downstream regervoir in north
central Utah. The Joes Valley Remervoir, a USE7.5 million project with 62 500 acre—fi.
storage capacity was designed for 8 500 acre-ft. of dead storage for sedimentation. With
an expected life of 100 years, the project was designed to handle sedimentation rates of
about 85 acre-ft. per year on the average, Natural levels of sediment production (approx—
imately 22 acre-ft./year) were determined along with livestock carrying capacity-sediment
production relationships. Reduced grazing levels of 500 animal unit months (AUM's) and
associated range management practices without rehabilitation measures such as furrowing
resulied in reductions of 5 acre-ft. of sediment per year. The removal of 5 acre-ft. of
gediment from the reservoir would cost US$6 630 to US$19 890 which more than compensated
for losses of receipts from grazing of 500 AUM's on federal forest lands, The cos$s of
contour furrowing levels needed to reduce sedimentation for an BO-year period were also
developed and contrasted to costs of grazing level reductione.
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The costs of site deterioration caused by several different logging systems were
compared recently by Klock (1976) in the Pacific Northwest. Unit cost figures for different
logging systems were considered essential to quantify effects on reduced site productivity
as well as effects on sedimentation, water quality in terms of domestic, irrigation and
egthetic values, fisheries habitat, and need for control structures and associated seeding
of distrubed sites. Costs, although indirect, "... should be added to the direct operational
costs when systems of log removal for a particular forest site are evaluated" (Xlock, 1976)1/

Onsite damages of forest lands were estimated in terms of the fertilizer or nutrient
replacement needed to maintain productivity. The following approximation for productivity
damage assessment (PDA) was suggested:

PDA = Area x Erosion depth x (% total N) x A x B

Timber Volume Assessed

L

where: % total N = percent total nutrient, such as nitrogen in the soil

A = fertilizer conversion rate in pounds of N per pound
of fertilizer
B = cost in dollars of fertilizer per pound per acre.

Such data as inches of m0il lose (erosion) per activity, biomass productivity estimates,
and soil nutrient make-up, essential to such an analysis would probably be limited in

most field situations. One could hardly argue with this approach conceptually, however,

in terms of evaluating the effects of erosion on forage or timber productivity because of
the long time period required for natural processes to replenish essential plant nutrients,

Downstream damages congidered by Klock consisted of (a) detrimental effects on
salmon spawning stream beds and (b) costs of sediment removal from channels by dredging.
Excessive sedimentation not only affects fish directly but also covers spawning beds which
may reduce salmon and steelhead reproduction (Brown, 1974). The value of salmon spawning
streams ranged from USE10 000 per acre in Lost Creek, Oregon to as much as US$3.0 million
per acre on the Fraser River in British Columbia (Klock, 1976). Costs of sediment removal
on the other hand ranged from US$0.25 to US$18.30 per cubic yard depending on method and
placement requirements for dredge spoils (see Table %) . A method of assessing sediment
cogts per thousand koard feed of merchantable timber was suggested as follows:

Sediment cost = Area x Sediment Depth x Removal Cost
Timber Volume Assessed (MBF)

When considering only yarding effects, Klock estimated that one inch of soil loss created
a sedimentation assessment of US§62,53/1000 bd. ft. of saw logs in one case. This estimate
of sedimentation did not even consider road construction which could result in even higher
levels. A summary of Klock's resulis is presented in Table 5,

A closely related and often mentioned benefit of watershed management in addition
to those previously described, is flood controcl. The beneficial influence of vegetative
cover, particularly a dense forest cover on overland flow and flooding has been discussed
in some detail by Lull and Reinhart (1972) for the castern United States. In order to
quantify such benefits for an economic analysis, a flood damage-frequency analysis before
and after removal of vegetative cover by some land use practice should be considered, as
accomplished in flood control project evaluations. However, unless large land areas are
drastically affected, say by wildfires or extensive clearcuts, the discharge-frequency
relationship would show little effect. Even if 30 percent or more of a watershed is

1/ Swanson and McCallum (1969) in a similar study evaluated soil losses from agricultural
watersheds in terms of agricultural output—yield reductions.
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denuded, the effect on flooding frequency would be expected to be more pronounced for
annual maximum peak flows and have little influence on the large destructive floods of
100~year recurrence interval or greater. Hollis (1975) indicated that paving 20 percent
of a watershed increased the probability of only small floods of a return period of 10
yearg or less, but that paving 30 perceni could result in a substantial increase in floods
with a 100=year return period. Therefore, the percentage of the watershed disturbed is

a critical factor in éstimating effects on flooding potential,

Harr, et al. (1975) found that road construction and poorly designed drainage
systems significantly increased peak streamflow when 12 percent or more of watersheds
were affected in the Oregon Coast Range. With proper culvert design and bridges in head-
water areas, peak flows were not affected. Road construction guidelines as described by
Trimble (1959) and USDI (1970) are typically established ito reduce erosion and sedimentation
which in turn minimizea flooding potential. The cogts of higher yoad standards can be
compared to erosion reduction benefits.

A factor that has been observed, yet is difficult to quantify, is the channel
constriction process associated with accelerated erosion and sedimentation. Not only does
gediment tend to accumulate and diminish the capacity of a channel to transmit flow, but
there is a tendency for sediment and debris to build up and form small "detention'" dams
within a siream system. Such a debris-~dam system ias perpetuated by several "average" flow
years. The consequence of both factors is that when a less frequent but more intense storm
and resultant stream discharge occurs, either (1) flood waters escape the sediment filled
channel much more quickly than before or (2) the buildup and wash out phenomena of a cascade
of sediment and debris dams may accelerate the velocity, increase the total discharge over
a shorter time interval, and increase the debris-carrying capacity of the stream. The
consequences are greater damages downstream., Therefore, the erosion and sedimentation
factors may be important in flood damage from wildland watersheds just as the "quick
response” direct runoff which occurs from a denuded watershed.

443 Water Quality Considerations

In order to ascertain the benefits of watershed managment practices for the purpose
of maintaining a high gquality water yield, the value of such high quality water has to be
estimated. One approach may be to consider the environmental impacts of water pollution
from land management practices. Unger et al. (1973) considered environmenial impacts of
water pollution in terms of health, esthetics, and production. The economic consequences
of water pollution under the health category include medical service demands, loss of man
hours because of illness, human life lost, or the costs of making water supplies safe for
human consumption. Impacts on esthetics may be reflected in terms of private property
devaluation, alterations of recreation opportunities or social values of "quality of life'.
Other economic conseguences include changes in industrial water ireatment costs, changes
in types of industries and employment, regional and area dislocations, input costs, income
redistribution and final product prices., Jordening and Allwood (1973) also considered both
on-gsite and off-site costs of water pollution. Costs of water pollution werse considered
in terms of opportunity costs, damage costs and reduced efficiency of productivity or
increased production costs. The cosis of water pollution were then schematically compared
40 the costs of water pollution control as illustrated in Figure 2,

For industrial and municipal water quality evaluations the sources of pollutants,
technology of water treatment, and coste are easier to evaluste than the "non-point"
"sources of pollutants from activities on wildland watersheds. Although most previous
research has focused on memagement impacts on erosion and sedimentation, several studies
have indicated significant impacts of land use activities on stream temperatures and
nutrient levels of receiving waters. (These effects are included in the water "quality"
category). Such studies have resulted in the establishment of management guidelines.
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"Buffer atrips! or sirecamside vegetation of a specified width have become requirements in
timber harvesting operations to minimize impacts on stream temperature as well as sedi-
mentation. Brown and Krygier (1970) reported that removal of streamside vegetation can
raise water temperatures above acceptable levels for the survival of malmon and steelhead
trout. Maintaining buffer strips along stream channels involves a pollution abatement
coat equal to the value of timber withdrawm from harvest and any increased costs of harveste.
Dykatra and Froehlich (1976) evaluated stream proteotion eosts in Oregon and found that
maintaining buffer strips 55 and 150 feet wide along stream channels resulted in timber
volume foregene of O to 6 and 6 to 17 percent, respectively. Buffer strip requirements
for protecting water quality may result in a significantly larger land base requirement to
produce a given volume of timber. Such costs need to be compared with the benefits before
deciding on regulations.

Dykstra and Froehlich (1976) also contrasted costs of removing debris from channels
following timber harvesting operations with buffer strip costs. The removal of debris
from channels following harvesting was reported to coat from $100 to $500 per 100 feet of
channel, depending on the siream gradient, width and quantity of debris. Such coste repre~
gent "cogts of pollution” in Figure 2,

/|
Total
Costs
+ Cost of Pollution
of Abatement
Pollution

Cost of Pollution
4

affe wi/

Poor (Low) Good (High)

Water Quality Characteristics (Value)

Total Cost Determination for Pollution Control
(From Jordening and Allwood, 1973)
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Table 5

Some cost estimates of tree removal per 1 000 board feet of merchantable lumber
for meveral yerding systems used in the fire-affected study ares

-
e Erosion Direct cost 1/ Indirect assessment Total
Productivity | Sedimentation| "cost®
Inches - o o omm o= =D01larEe - = = = =~ e Tz e
Tractor, slopes 0-30% 0,20 34.85 3.30 12.50 50.65
Tractor, slopea 30-50% .80 34.85 10,60 50,00 95.45
Tractor (over smow),
slopes O-40% .08 38,60 150 5000 45.10
Cable skidding 1,50 35.00 17.00 93,80 145.80
Skyline (Wyssen) <04 52,73 .80 Z.52 56405
Helicopter 04 74.98 +80 2.52 78.30

Cost figures are for timber delivered at the mill for each yarding method used in the
study ares end were provided by Pack~River Lumber Compeny, Peshastin, Wash.

Source: Klock, 1976

4.4 Water Yield Improvement

Since the 1928 study at Wagon Wheel Gap, Colorado which indicated that cutting
forests can increase streamflow (Bates and Henry, 1928), considerable research has been
conducted throughout the United 3tates to quantify the water yield response to vegetation
removal for various climatic regimes and vegetation types. BEarly emphasis was on increasing
water yields by vegetation management in water-poor regions of the country such as Arizona
(Barr, 1956). The potential for increasing water yield by vegetation management was also
of interest in the eastern United States where water shortage problems often occur during
certain times of the year. 3Several studies focusing on water yield increases have been
conducted in the East (Hewlett and Hibbert, 1961; Reinhart, et al., 1963; Lull and Reinhart
1967). Water yield results from vegetation manipulation studies on experimental watersheds
throughout the United States have been summarized by Dortignac, (1965), Hibbert (1965),
Hoover {1969), and Packer and Laycock (1969). The results of intensive research in the
central and southern Rocky Mountains by the U.S. Forest Service concerming the potential
of water yield increases in all major vegetation types have been documented in a series of
"gtatus-of—our-knowledge" reports (Hibbert et als, 1974; Ffolliott, 1974; Ffolliott and
Thorud, 1'974; Rich and Thompson, 1974; BakéF: 19753 Ffolliott and Thorud, 1975; Leaf,
1975a and 1975b; Orr, 1975; Sturges, 1975; and Springfield, 1976). A good information
base has thus been established in the Rocky Mountain region which should provide insight
into physical relationships and responses to management schemes to allow for economic
evaluations of various product-mix alternatives.

Most of the above mentioned studies indicated that reductions in forest vegetation
or conversion from deep-rooted species to grass vegetation resulted in increased water
yields. Reforestation decreased water yields. Xnowledge of water yield responses for all
vegetation types and climatic regions has not been determined; however, rough estimates of
water yield response can be estimated from previous studies. As Satterlund (1972} indicates
a question which needs Yo be answered before management practices become implemented is
"“what balance between water and other goods and services is desirable?"
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In order to answer such & question, estimates of multiple-use production relationship,
including supplementary, complementary and competitive relationships need to be identified
and costs and benefits determined for each alternative.

When wildland watersheds are to be managed with. increased water yield as a goal, it
is egsential that water yield responses be evaluated in a multiple use frameworks. Such an
analysis is needed for economic studies because costs and benefits of management schemes
cannot be determined if the physical responses (production functiOns) of such management
are not known. As pointed out by Clawson (1974), compatible and incompatible uses of land
must be identified and tradeoffs cquantified. For example, when the output of one product
is increased what effect does it have on other outputs or services. Some of the more
recent investigations have attempted to quantify such relationships.

O'Connell and Brown (1972) developed production functions for ponderosa pine water—
gheds in north-central Arizona by evaluating effects of different levels of strip-cutting
on water yield (acre—ft.) wood (bd. ft.), herbage (Lb), and sediment production in tons,
The results are summarized in Table 6,

Ffolliott and Thorud (1975) provided an extensive and detailed summary of water
yield improvements for the following vegetation zones in Arizona: alpine, mixed conifer,
aspen, ponderosa pine, pinyon-juniper, chaparral, grassland, desert shrub, and riparian
association, The mixed conifer, ponderosa pine and chaperral vegetation zones were con-
sidered to provide the greatest opportunities for water yield increases. Twelve alternatives
for state~wide water yield improvement were contrasted. Two of these alternatives are
shown in Table 7 for illusiration3 For each vegetation zone, water yield improvement
opportunities as a result of various levels of clearing were examined. In addition, timing
and peakedness of streamflow, ercmsion and sedimentation, water quality indicators, timber,
herbage (forage)}, fish and wildlife, and recreation opportunities were also considered
vhere appropriate. Thus the basic production function elements needed for a product mix
evaluation and economic analysis were presented for each vegetation zone.

Even in vegetation zones where water yiela (quantity) improvement opporfunities do
not exist, the management decision should consider impacts on water quality, regimen and
soil erosion. Table 8 indicates in general how various land-use or management activities
may affect water yield characteristics. Obviously many assumptions are implied, but it
may be useful in an initial assessment of components of a multiple product mix for any
given area. For economic analysis, however, such relationships need to be quantified both
in terms of physical response and in economic value.

Satterlund (1972) discussed earlier work by Worley and Miller (1969) in which only
two products, timber and water, were evaluated with the goal of increasing water yield
without decreasing timber yield. The product-product relationship for various management
alternatives is ghown in Table 9. 1wo outputs, timber and water were contrasted. The
basis of selecting the management alternative was that first the alternative must be
better in at least some aspect with no reduction in the other. Alternatives 6 and 7 are
thus best., The decision to implement & versus T depends on whether the value of water
is worth US#5.50 per acre-ft. ( (US$3.50-4.50) 4+ (0.40-0.22 acre-ft.) ).
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Table 6

Bstimates of Average Annual Production of Different Levels of Strip
Cutting of Ponderosa Pine in Arizona

Production Percent Strip Cut
(Avg, Annual Inc. Per Acre) 33 60 100 (clearcut)
Water (ac. ft.) 0,08 0,12 0,16
Wood (bd, ft.) 160 116 36
Herbage (1b.) 150 225 825
Sediment (tons) 0.07 0.04 0,02

Production is average annual increase per acre over the existing management
level for a 90-year period.

Source: O!'Connell and Brown, 1372

Table 7

Alternative Water Yield Tmprovement Schemes by Vegetation Manipulation

s Mixed conifers - convert 1/3 = 8 2713 ao. ft./year
Ponderosa pine — clear 1/3 - 342 999 ac, ft./year
Chaparral - convert 40% B 251 289 ac. ft./year

Total = 602 561 ac. ft./year

2. Mixed conifers -~ convert 2/3 < 41 370 ac, ft./year
Ponderosa pine — clear 2/3 = 685 997 ac. ft./year
Chaparral - convert 604 - 502 577 ac, ft./year

Total = 7 229 949 ac.-fé./year

) Source: Ffolliott and Thorud, 1975



Table 8

Relative effects of watershed activities on water yield characteristics

Water Yield and Related Characteristics

Watershed Management Water Quality Indicators

Expected responses: + = increase,-—

a decrease, 7

and Related Land Use Quantity of Soil Less Dissolved Sedi- Disease Org. Flooding Timing of
Activities Water Yield Erosion Temp., Oxygzen Nutr, ment & Colifirm Opp. ~ Streamflow
Grazing * % 0 = ¥ ¥ 4 " o
Timber culting:
Thinning + + % % T ¥ @ ¥+ + (2)
Clearing + + h 7 ? T 0 # + i
Road construction F o ? ? + + 0 +(?) + E}
Herbicide applications + 2 +('P) ? @ @ o) a + !
5. Fire + 4 + - £ + 0 ¥ +
6, Reeoreation use +(?) -
T. Conversion from trees or
brush to grass ? + 4
8. Conversion from grags tb
brush or trees = -
9, Urbanization. + H
questionable effect; and "O" indicates no effect expected,
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Table 9

Relationships between water yield and timber yield for selected management
alternatives,

Anmmual Yield Per Acre

1%
24
3
4.
5e
6.

Te.

Management Alternative Timber ($)  Water (Acre-ft,)
Harvest only, clearcut 35 0420
Harvest only, shelterwood 3.7 0.18
Commercial thinning, clearcut 440 0.22
Commercial thinning, shelterwcod 4.5 0,20
Pre~commercial thinning, clearcut 4.0 0.24
Pre-commercial thinning, shelterwood 4.5 0,22

Convert moist sites to grasa and pre-
commercial thinmning, clearcut remaining

timber...

3.5

Ibid, shelterwood 3.8

Source:

0.40

0.32

Worley and Miller, 1969, as presented by Satterlund, 1972
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Reallstlc evaluations of management alternatives for increasing water yield on wild-
land watersheds should involve a multiple—product analysis far more complex than the pre-
ceeding examples. Brown (1976) illustrated a procedure for analyzing multiple-product
alternatives (Figure 3). As discussed by 0'Connell {1971), to properly model the economics
of management of multiple resources: (1) value and cost data should be determined by sound
methodology, (2) local, regional and nationeal impacts should be evaluated on the basis of
income, employment, social and political criteria, (3) negative and positive effects on
market and non-market outputs should be included, (4) marginal and incremental analysis
should be used throughout, (5) a series of benefit—cost ratios should be determined for
each alternative, and (6) “an economic optimum mix is obtained when the marginal rate of
gubstitution is equal to the inverse ratio of the prices." A detailed economic analysis
of the B.4 million acre Salt=Verde watershed in central Arigzona was conducted with the
above factors in mind (Brown, O'Connell and Hibbert, 1974; O'Connell,1974).

Figure 3, Alternative Analysie Procedure

71. i I
! { I
STEP 1 | STER 2 STEP 3 ! STEP &
1 i i t
f | ' &
e I {
' )
S 1 fost g
, model ) -
T TR i |-
ietds
xe in dellar
e b terms
1 -
P‘.’]f‘;wd } Valuation !
LG :'node] v
R —
Water
e - yields (=
Formulation ! ) 2 1 l Presentation
of forest ) i ' of
iznagement |— Respopse | F?;}!g: - : Tradeoff ' comparisons
alterna- 1 models 1 & analysis r— between
i ! T T =
Fiaed e ____: 1 Ecanomic 1——-{ i —:_ ': altermatives
1 Other | | ! base or ¢ e gt i el
yEs i dnput- | and income
Augmentation 1 output 1
ofgrr —T‘ 1 models effects
inventories | EP J
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| Wiladife
effects
Esthutics
J effects
Othar
— | effacts

E inputs or outputs

———=

Source: Brown, 1976 "} models
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The purpose of {the Salt-~Verde study was to determine the economic feasibility of
converting chaparral vegetation to grass in order to increase water yield and forage
production for livestock, and to reduce the costs of fire-fighting (Brown, O'Connell and
Hibbert, 1974). Costs of several methods of conversion were determined. Primary costs
and benefits estimated over a 50-year period were expressed as present value (PV):

50
PV = Y/El+i)t
t=1
where: Yf: cost or benefit in year t
i = discount rate (6 7/8 percent as recommended by U.S. Water

Resources Council, 1973)
t = time in years

Present management was then contrasted to the various alternative impacts on water
runoff, forage production, fires, recreation, soil losses, wildlife and estheticsz. Each
of these products was evaluated as follows:

ae In the estimation of runoff increases, evapotranspiration and
transmission losses which occur before increased water could reach
downstream reservoirs were considered (such losses are difficult to
quantify and are seldom evaluated in water yield studies). Values

of increased water yields were considered for (a) the increased
period of streamflow for livestock and wildlife, (b) additional water
for hydroelectric power generation downstream and (c) additional water
for irrigation.

b. Forage production was valued in terms of increased carrying capacities.
for livestocke

¢. The benefits derived from lower fire-fighting costs were calculated by
subtracting costs after conversion from costa before conversion where costs

were estimated by:
i = NP

where: C.1= annual fire-fighting costs for each area;

¥.= average annual number of fires for each areaj

k = U.Ss Forest Service fire classes, A, B, C, D and E

Pk= average proportion of fires in size class k for all areas

¢, = average suppression cost of a class k fire for chaparral or
grags fires.

d. The effects of chaparral conversion on recreation were estimated in terms

of impacts on "iravel time and distance from population centres, vehicle
acceseibility and recreational opportunities"s Improved recreational oppor—

tunities increased quantity and duration of streamflow at downetream riparian
reéereation sités, increased access 1o ponderdsa pine areas for foot ¥raffic,
and improved hiking and rock hunting conditions wers estimated for conversion
practicese The values of such benefite, however, were not presented.
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e, Wildlife habitat was considered to be improved if conversion was
limited to extremely dense stands, if no more than 50 percent of a
stand was converted and if converted portions were in small openings
spread throughout the stand. Again dollar values were not attached
to such benefits.

f« The effects of different conversion methods and patterns were
evaluated on esthetics but were not quantified.

Brown, 0’Connell and Hibbert (1974) looked at conversion alternatives for 139 areas
from both the benefit—cost ration (B/C? approach and the benefit-cost difference (B-C)

which gives a measure of net benefits. Because of the recognized uncertainties in

estimated changes in water yield, forage production, and incidence of wildfires, benefit

cost analyses were performed using "...the lowest reasonable estimates of the above benefits,!
The results of their analysis are summarized in Table 10. Problems with such benefit-cost

or net benefit analysis are encountered when dollar values cannot be attached to some of

the benefits or costs.
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Table 10

Average annual impacts (before conversion minus after conversion)
for chaparral areas with B/C greater than one.

Alternative I Alternative 1 Alternative IT
Impacis (best estimate) (low estimate)

Value Determined impa,c‘ts/a.cre-

Water {acre-ft, off-site) 0.21 0.23 0.26
Forage (AUM) 0,22 0.06 0.24
Fire ($) 0.34 0,09 0440

Economic effects (annuity)y

Gross Return (%) 4449 3.34 5.18
Cost (%) 1.98 1.95 3.37
Net Return (%) 2.51 1.39 T.87

Neon~Value Determined impacts
(long term average impacts)

Recreation some areas +; other no effect

Soil Q0 or + with proper mgt., negative with
improper mgt.

Wildlife habitat + with proper mgh., negative with improper mgt.

Esthetics + ar negative

] Ammuity = PV i (l—i)t/(1+i)t—1

Source: Brown, et. al., 1974
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S CONCLIISIONS AND RECOMMENDATIONS

The present paper presents an overview of some special problems associated with
economic analyses of watershed projecis. No attempt iz made to provide systematic,
detailed guidelines for project snalysias, since these are covered in FAQ's Economic
Analysis of Forestry Projects (EAFP). The paper presents some examples and casSe studies
of economic analyses of waiershed projects and provides insights into how the analyst can
congider watershed elements when they are imposed as constraints on projects that have
other goals (e.8+, wood production). The paper algo surveys experience from the United
States related to watershed project cost and benefit identification, valvation and
comparisons,

A question remains: What lessons and conclusions can be drawn in terms of how
the economist can work more effectively with hydrologisis, foresters, agromisis and other
technical specizlists in attempting to provids improved analyses of watershed projects?
Based on the discussion in this paper and a review of a number of watershed project
appraisals it would appear that following points are relevant in amswering this question:

(1) In general, it would appear that the weakest link — or the major problem — in
carrying cws an appraisal of a watershed project relates to the identification and
quantification of the physical input—output relationships and the costs and benefiis
involved. Once costs and benefits have leen appropriately identified and guantified in
physical terms, there do not appear to be any special problems involved in valuing them
and comparing them in terms of the measures of project worth commonly used. With regard

to this point, it would appear — as is indicated in a review of U.3. exXperience -~ that
there are a lot more data available on input—ouiput relatlonships than is generally thought
and used in projects. The problem is that very little has been done to bring this informa-
tion together in a practiced form that cen be used by the genersl project planner. Thus
there is a need to spend a lot more time and effort in developing comparative studies and
translating highly technical information into practical guidelines that can be used by
project planners.

Wa fully recognize that the technical specialist and researcher may argue that sach
case is a different one and that it is impossible to transfer the experience from one
situation to another situation. While we agree that there is seldom a sgituation where
experience from one project fits perfectly the conditions for another preoject, we slsc
suggest that most analysts are dealing with averages and orders of magnitude in their
attempts to analyze new projects, particularly in developing countries.

(2) Lconomists and the other teohnical specialists have to interact at all stages

in the project planning process, for the economist cannot carry out an economic analysis
unless he has the basic physical input—output information on which to base his analysis,

The economizt has to make known at an early stage his information needs, If he does not,
then he can rightly be criticized. However if he has made his needs known and the appropri-
ate information is not made awvailable, then the primary responsibility for generating the
needed information lies squarely on the shoulders of the hydrologist and other technical
specialists, This is not within the economist's area of competence. His main responsibil-
ity starts when the appropriate information has been generated. We siress the word
"appropriate” since in a number of cases it has been observed that a great deal of information
has been accumulated for a project, but it is pot the right information for the purposes of
quantifying and valuing costs and benefits. Thus, for example, it is not enough 1o have
information on average per ha. soil losses under various conditions. The agronomist and
soil experts must make a spscific link betwsen =soil loss and crop loss,; for benefits in this
case have to be specified in terms of consumpiion losses avoided. We do not "consume" soil,
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we consume the producis grown on it. In order to value such product losses avoided through
implementation of a watershed project, we will need to link soil loss o crop production
changess The same agrument holds for other types of relationships. Previous examples in
this paper illustrated this point for several types of watershed projects.

With the above in mind, we strongly recommend that if an economic analysis is to
be carried out for a watershed project then the economist should be included in the planning
process at an early stage so he can make his information needs known. It may well be that
the information he needs cannot readily be generated with available time and funde. In
such cases, it will not be possible to carry out an economic analysis that considers both
costs and benefits. Rather, the economist will have fo stick to a cost—effectiveness
analysis or some other types of partial analysis, O0Or, at the extreme, he will have to
state that an economic analysis is not possible, given the present state of knowledge and
data availability. However, at this point we should siress again that, in many cases,
more information is available than is generally thought and used. It would be well worth-—
while to spend some time and effort on bringing together such information in a readily
understood and accessible fashion.

In the present paper we have attempted to review some of the technical and econecmic
elements involved in watershed project planning. There are & number of detailed references
which provide insights into specific aspects of watershed project planning, mzinly from the
technical point of view. These are cited in the paper and included in the list of references.
A more thorough integration of the available technical information with the economist's

approach to project analysis ie needed.
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APPENDIX 1

WATERSHED MANAGEMENT OBJECYIVES RELEVANY FOR DIFFERENY CLIMALIC REGIONS

ihe following table presents a general view of the variety of watershed
management objectives which may be relevant for different climatic regions. Obviously,
there are exceptions te such a generalized ranking. But it does indicate some general
considerations. Specific site characteristics and other factors such as proximity to
population centers and level of economic development may in some situations reorder the
watershed management priorities listed. For example in a "mid-latitude mixed forest
with abundant rainfall and water supplies, the management of municipal watersheds for
maintaining or perhaps increasing the quantity of water yield to satisfy the demands
of an increasing population may be a major objective. Conversely, the goal of
increasing the quantity of water in many desert ecosystems may be unrealistic from a
watershed management viewpoint because of the lack of opportunities to do so,



SUGGESTED IMPORTANCE OF WATERSHED MANAGEMENT OBTECTIVES FOR DIFFERENT CLIMATE - VEGETATION
REGIMES OF THE WORLD.

Typical WATERSHED MANACENENT OBJECTIVES 2/

_ Annual Drainage Minimize Improve Minimize
1/ Precipitation Increase  Reduce of Erosion & Water Wind
Climate (cm) Comments Quantity Flooding Wetlands Sedimentation Quality Erosion
Boreal Forest 25 to 75 6 months below 3 2 1 3 2 4
freezing

Mig-Latitude 50 to 200 hot summers 2 2 3 1 2 4
Mixed Forest cold winters
Mid-Latitude Coastal 40 to 500 mild, humid high 3 2 4 1 2 4
Evergreen Forest winter precip.
Mediterranean 40 1o 90 warm, dry sum 1 - 4 2 3 3
Serub Woodland mers wet winters
Mid-Latitude Steppe 25 40 85  wet, hot summers 3 2 4 1 2 2 '

cold winters L

: ;/ bl
Desert 0 to 25 evapotrangpin- 2 2 4 2 3 2 i
ation exceeds precipe.
Tropical Rain and 165 to 760 rainfall evenly 4 P4 3 1 3 4
Semi-deciduous Forests distributed, warm,wet
Tropical Savanna and 75 to 130 pronounced wet 2 2 4 1 2 3
Thorn Scrub Woodland and dry periods
Mountain
- Precipitation limiting in generally an 1 2 4 2 2 4
adjacent areas variable inerease in

- Precipitation abundant precip. with 3 2 4 1 2 4

ariable :
W L elevation

-_y As classified by Rumney (1968); Polar ice cap and tundra climates were not considered in.this analysig.

g/ Objectives: l=Primary; 2-Secondary; 3=Usually not of major importance; 4=Little or no importance. It should be noted
that such objectives are highly dependent upon individual watershed characteristios inoluding topography, slopes and
goils and other factors such as land uvse, population and level of economic development.

:}/ Although the goal of inoreasing water supplies in desert areas is of top priority, watershed management opportunities
for increasing water yield and extremely limited and, therefore, not considered a primary objective of management,
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Definitions
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Pinancial Internal Rate of Return
Net Present Worth

Present Value
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1s INTRODUCTION

Forestry projects nearly always involve a number of years between the time when the
first project invesiment is made and when final outpuis (benefita) from the project occur.
Usual practice in appraising such projects iz to caloulate some measure(s) of project worth
that take time inte account. The most common measures calculated inolude the ned” present
worth (NPW) and the internal rate of return (ROR)s Both these measures are discussed in
Chapter 9 of Eoonomic Analysis of Forestry Projects Y, in terme of both financial and
economic analyses.

The purpose of the present paper is to explore in more technical detail solutions
to some common problems encountered in using discounting and compounding formulas and pro-
cedures.

Specifically, the following three gquestions are dealt with in some detail:

(1) How should years or time intervals be defined and designated in project
analyses? What mistakes commonly ocour when years (time intervals) are
improperly defined, and how can the common errors be avoided?

(1i) How should inflation be treated and how can we best ireat situations where
both growth rates and discount rates have to be treated simultaneously
(eegs s real prices for timber mey be increasing at 3 percent per year and
we are using a 10 percent discount rate to calculate present values for a
particular investment analysis)?

(iii) Finally, we touch on the question of the importance of wncertainty concerning
future values (costs, prices, physical magnitudes) depending on a) the
period to which the uncertainty refers and b) the discount rate used for
present value calculations, or the estimated internal rate of return of
the project,

2o PROPER DESIGNATION AND TREATMENT OF TIME INTERVALS

Conventional investment analysis is oarried out on an annual basis, with rates of
return expregsed im percent per annum on a compound basise Costs and benefits which ocour
at any time duwring a given year are presumed to occur at a single point in time, conven—
tionally, at the beginning of the year. A year can be defined to begin on any date, i.e.,
January 1, April 1, June 15, etcs Often in forestry a "year™ begins on the day of planting
or some other initial investment activity. It is only by convention that a perliod of one
year generally is chosen as the time interval for investment analysis. It would be equally
valid (and perhaps slightly more accurate) to choose a shorter period, such as one quarter
or one monthe However, it is wnlikely that the added complexity would be justified, except
perhaps for short-term projecte at extremely high discount rates. Cash flow tables normally
also are constructed on an annual basis, as is illustrated by Table 1, for a ome hectare
fuelwood plantation in Korea. _2/

J/ FAO Forestry Paper No.l7, FAO, Rome, 1979, hereafter referred to as EAFP,
T L] T ?

_2/ See Case Study Noe 2, in Economio Analysis of Forestry Projects: Case Studies. FAO
Forestry Paper No., 17, Supps 1, FAO, Rome, 1979.




Table 1 - Korea Fuelwood

Cash Flow Analysis

=S by sk &l =Uinge S By el 2 T EARE # - BT by o e 3 S g S S
4] 1 2 3 4 5 13 7 B 9 10 11 152 13 14 15 16 17 18 19 20
[1] BENEFITS {(fuelwood} - - - 6.5 13.0 26.0 52.0 65.0 $5.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 55.0 65.0 65.0 65.0 1625.0
[2z] cosTs
[3] Establlshment 130.0 - - - - - = - - - - - = = - - - = - - -
-
[4] Supervision 2.4 2.4 2.4 2.4 2.4 x4 2, a4 24 A T4 2& 24 24 T4 2.4 24 2u6 el =
[5}] Mise. {(tools, ete.) 7,5 - - = - - - = - - - - - - - - - = - -
[61 Harvesting - - - 1.9 3.7 7.5 15.0 18,7 _18.7 8.7 18.7 1B.7 18.7 1.7 18.7 18.7 138.7 18.7 18.7 1B.7 937.5
[7]1 Total Cost 139.9 2.4 2.4 4.3 {0 L) <1 O P o % e s T i 1 TN ST 5 10 O 1 O 5 0 L ol 20 W e | s [ ) L S 1 Lo ) S0 B 5 7 1
[B} NET BENEFIT{cost){139.9) (2.4) (2.4) 2.2 6.9 16,1 34.6 43.9 43.9 43,9 43.9 43,9 43,9 43,9 43.9 43.9 43,9 43.9 43.9 43.9 6B7.5

~ 081 -
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2.1 Designating Years in Project Analysis

There is no single convention regarding the designation of year numbers in investment
analysis. Consequently, some confusion arises in practice, which often leads to errors in
analysise In the case of forest plantation projects, the age of the stand of trees (the.
number of years since plenting) has often been used as the basis for numbering years when
planting occurs in the initial investment years. Thus, the initial invesiment year would be
labeled '"zero". In such cases the oash flow table year designation and the age of the
plantation would coimcide, Often site preparation or other costs attributable to a new
plantation occur one or more years before planting., Thus, using year designations corres—
ponding to the age of the plantation would involve the use of negative years {for investment
costs ocouring one or more years before planting). While such designation would not affect
the results of the analysis, it could lead fo wnnecessary confusion among persons reviewing
the work. The convention recommended here is to designate years according to the age of
the initial investment outlay for $the project, with year "zero" as the "first" year of the
inveetment project. In general terms, "year n" is the (n+1)th year" in any analysise

In many cases the project analyst does not "write wp" the appraisal report. Insfead,
another pergon "back in the office” is assigned the task. Therefore, confusion over the
designation of years is often not exclusively confined 4o those who read the appraisal
report, but rather it surfaces within the appraieal report due to inconsistency in the
designation of years by two or more individuals who work on the appraiszl.

In the Korea fuelwood project (Table 1) the beginning of year zero corresponds to
the date of planting, since no investments took place prior to the year of plantings
Therefore, the age of trees removed at final harvest is 20,

The calculation of the net present worth (NPW) of a project is made easier by
designating the first year of the investment (project) as year zero. Since NPW ie normally ‘
expressed in terms of the first year (the "present" in terms of the project decision), the
year number automatically corresponds to the number of years for which the net bemefits
(costs) need to be disoounted. FBach net benefit (cost) in Table 1 can be multiplied by

the discount factor, _fi'liﬁ' ¢ where (1) equals the annual interest (discount) rate and
+i

(n) equals the year number shown in the column heading) to obtain the present value for

each net benefit (cost) entry. The NPW of the Xorea project (the sum of each year's net

present value) at a 10 percent discount rate equals W170.0 thousand. V

2.2 Treating Equal Annual or Periodic Costs and Benefits

When a net benefit (cost) occurs annually or on a regular periodic basis for a
sequence of years, the use of formulas to caloulate the present value of such benefits or
costs greatly simplifies the determination of the NPW, since the number of calculations is
reduced. Table 2 summarizes the formulas needed to calculate the present and fuiture values
of annuwal and periodic "payments". g/ The formulas in Table 2 are labeled based on the

YV see EAFP, Chapter 9, for further discussion of NFW calculations.

g/ By convention these formulas are titled '"payment™ formulas. The word "payment" describes
a sequence of iwo or more equal gosts or bemefits whioch occur annually or periodicallye
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apsumption that interest rates are expressed and compounded on an annual basise An amount
of time other than one year could be used. The periodic formulas assume that two or more
years (or other specified equal lengths of time) separate paymentse The derivations of
the formulas in Table 2 are presented in Appendix 1. The application of the present value
formulas ig illustrated below, using the Korea example.

243 "End of Year" vs. "Bgminning of Year" Designations

"Ind of year" desigmations imply that annual payments start one year from the present
and that periodic payments start one period from the present. This ie equivalent to saying
that annual (periodic) payments start at the beginning of the second year (period).

"Beginning of year" designations imply that annual (periodic) payments begin immedi—
ately and at the beginming of each successive year (period)e

In both cases, in terms of discounting or compounding, the beginning of dne year
(period) is considered equivalent to the end of the previous year (periocd).

The only significance of destinguishing between "end" and "beginning" of year pay-
ments relates to the Tirst year (period) of an annuel (periodic) series of payments. HMore
specifically, it is only of concern when the analyst uses one of the formulas for present
value of an annual (periodic) series of paymentes However, use of these formulas is
common in forestry projects (e.ge, calculating soil expectation values, present value of
annual taxes, protection ocosts, eto.) so the difference is worth noting and is explained
in more detail below._y

Quite often one encounters investment analyses where the first year is labeled
“"year 1" and the velues (net benefite or coste) for that year are discounted back one year
to arrive at NFW., The implioit mssumption in such cases is that the analyst is uwsing an
"end of year'" approach, i.e., assuming that any payment in a given year cccurs at the end
of that year. As explained above, we prefer to use the beginning of year assumption in
assigning costs and benefits. Thus, we label the first year as "0" and do not discount the
net benefit or cost value ocourring during that year. Either approach can be used and will
provide sorrect results, so long as the assumption is appropriately stated. It is 2 simple
metter to adjust from one to the others

Y A common mistake in forestry is to estimate an annual land rental equivalent (A)
of a given land value (V) by applying the formula A = V(i) where i equals the
discount rate. In this case the assumption underlying the formula is that rental
payments etart one year from the present (ie.cey end of first year or beginning of
second year). In reality, rental payments would start at the beginning of the first
year, and the appropriate formula would be A = V(i)/(lii). Cther common mistakes
have been identified. Appropriate ireatment of annual and pericdic series are dis-
cuesed in the following paragraphs.



Table 2 - Annual and Periqdig Paymen; Forumulas

Payments Begin Ope Year {or Perlod) From Present

Payments Begiun lmmediately

=R
i nn

rate of interest (discount) in decimal form
number of years or periods until last payment

number of years betwéen periodic payments

Finite Rumber of Peyments Liufinite Humbet of Poyments Finite Number of Payments Iofinite Nuwbet of Payuents
A2 ¢3) f N 4}
- n
_ DISCOUSTED ANNUAL (ALY =) 1 g (USR] 0™ pa L] o [
PAYMENT FACTOR a g —3
MENT PAC . L{1+1) 1 1(1+8)" 1(140)" i 1
n
+ -
COMPOUSDED ANNUAL BUALE " g T AL ()t - ¥ (enth J
* PAYMEKT PACTOR 1 - —_— n.a.
i 1
-
1
ot
i(+" Vel
ANNUAL GABTTAL S0 J
RECOVERY FACTUR a0 - 1 n.a. n.a 1
_ ATSUAL SINKING B -
FUSD FACTOR = P [+
.1 (ntl}e _ t
DISCOUNTED PERIODIC (1+1) o 1 B R (L+1) 1 (1+1)
PATMENT FACTOR )™ [aen® - @] T (1t [(1+1)‘ 3 ;] et -1
14
COMPOUNDED PERLODIC SIhD =1 L (i e 5y
* PAYMENT FACTOR pr T ; —_— w.m
)t -1
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264 Using "End of Year" Annual Paymenl Formulas

The NPW for the Xorea project cash flow (Table 1) as derived above was obtained by
discommting each year's net benefit (cost)s A much easier method is to apply the finite
discounted annual payment factor for a payment beginning in one year (row 1, colum 1 of
Table 2) to the year 1-2 net costs and the year T=19 net benefites These discounted values
are expressed in terms of the year prior to the start of the net benefits (costs), iseey
years O and 6, respeotively. The discownted wvalue of net benefits for years 7-19 must be
further discounted for 6 years to arrive at present value. The other 6 individual net
benefits (costs) are discounted individually as befores Caloulations are shown in Table 3.
Step by step explanations of the procedures used in Table 3 are presented in Appendix 5.

245 Using "Beginning of Year" Annual.Payment Formulas

Another equally valid way to calculate the above NPW would be to use the finite
discounted annual payment factor for a "beginning of year™ payment (row 1y colum 3 of
Table 3) for the same two sequences of annual paymentse This method is shown in Table 4.
Only columme 3 and 4 have changed from Table 3., The discounted values shown in colum 4
of Table 4 are expressed in terms of the year in which the payments begin, not in terms of
one year before the paymenis begin, ms was the case in Table 3. Each method {Table 3 or
Table 4) gives the same NPW, and it does not matter which method is used. However, it i=s
obviously necessary to distinguish between the two methods, One of the common errors in
financial or economic analysis of forestry projects is the failure to make swoh a distinc—
tion, which often leads to the use of the wrong number of years for discounting.

The dietinction between the two desigmations can be put in another way. When using
Yend of year" designations, the present value of a series of annual payments starting in
Year ntl will be expressed in terms of present value in year n. When using "beginning of
year" designations, the present value of a geries of annual payments starting in year n+l
will be expressed in terms of present wvalue in year n+l.

2.6 Using "Periodic" Payment Formulas

To illustrate the use of periodic payment formulas, another example can be used.
The cash flow is presented as Table 5. Two pets of periodic net payments occur. Net
benefits of 90.2 occur seven times from year 6 through year 18 at regular intervals of
two years, and net costs of 244 ocour nine times from year 3 through year 19, also at
intervals of two years._y As in the case of annual payments, periodic payments can be
defined as beginning in one period after the base year of discount, or as beginning imme—
diately. The method of caloulating NPW assuming payments beginning "nexi™ period (end of
period" payments) is illustrated in Table & using the formula from row 5, columm 1 of
Table 2, g/ The other equally correct method is to use the discounted periodic payment
factor for a payment beginning immediately ("beginning of period" paymente)e This method
of calculating NPW, using the formula from row 5, column 3 of Table 2, is shown in Table T

Y/ To be consistent with the annual cost treatment in the Korea cash flow above, net costs
for years 1.2 are treated as annual costs, and net costs for alternate years between
3-19 are treated as periodic costss

The procedures used in Table 6 are similar to the procedures used in Table 3, which are
more fully described in Appendix 4.



Tables

Discounted Value of Annual Payment Expressed
in Terms of the Year Prior to the First Payment

Year or (cost) Year Value (Year 0}
b, & ol [3) [4) [5]
1] 0 (139.9) (139.900)
12} 1-2 ¢ 2.8) 0 (4165  ( 4.165)
£31 3 2.2 1.653
L41 4 6.9 4.713
5] 5 16.1 9.997
[6] 6 4.6 19.531
7] 7-19 43.9 6 a8t  76.024
{81 20 687.5 102,192
Net Present yorrh (NPW) = 170.0
—

3 and 4 - Two Methods of Calculating Net Present

L4

Worth (NPW) for Korea Fuelwood Project

Table 3

(i=10%)
Discounted Value of
Ner Benefir Annual Payment

Pregent Worth

This valve of 311.837 can be added to the year 6 net
benefit of 34.6. The regsult (346,437) can then be
discounted 6 years to get 195,555, This method will

pave one calculation.

Table 4

Piscounted Value of Annual Payment Expressed
in Terms of the Year in Which Payment Begins

(1=10%)
Discounted Value of
Net Beneflit Annual Payment Present yaren

Year or {cost) Year Value (Year 0]
n [2] [3] [4] [5]
1) 0 (139,9) £119.900)
(2] -1-2 ( 2.4) i 4.582 t 4.165) ’
- , o
(3} 3 )ar) 1.653 i
[4] 5 5.9 4.713 i
[51 $ 16.1 9,997
16} 6 14.6 19.531
(71 7-19 43,9 ¥ . 3sa.021 176.024
{81° 20 687.5 102,192

Bet Present Worth (NPW} = 170.0



Table 5 - Mythopia Cash Flow Apalysis

Eg S 22 S 42 2 22 a4 e - YEARS & & B ® F = B o @ om o= s & 7
i) & 2 3 5 3 (-— 8 9 10 11 12 13 14 15 16 17 ig 19 20

{1] BENEFITS (fuelwood) = = = = | 32,5 - 130.0 - 130.0 = 130.0 - 130,0 -~ 130.0 = 130.0 = 130.0 = 1625.0

(7] cosTS £

{3] Estabtlishment 130.0 - - - ‘J - = - - - L = - = = = = =

[4} Supervision 2.4 2.6 2.6 2.4 B4 2.4 ABL LA DA 24 2.4 2.6 2.4 Kb & Tuh LG b A =

[5) Miasc. (tools, etc.) S - - - - - - - — - = 21 = - = = - = = = -

[6] Harvestinp - = - = 9.4 = 37.4 -~ 7.4 - 37,4 - 3%.4 = 37.4 - 37.4 - 37.4 - 937.5

[71 Toral Cost 139.9 2.4 2,4 2,4 11.8 2.4 39.8 2.4 39.82.4 39,8 2.4 39.8 2.4 39.8 2.4 39.8 2.4 39.8 2.4 937.5

[8] NWET BENEFIT (cost) (139.9) (2.4) (2.43(2.,4) 20.7(2.4) 90.2(2.4) 90.2(2.4) 90.2f£2.4) 90.2 (2.4) 90.2 (2.4) 90.2 (2.4) 90.2 {2.4) 687.5

Tables. 6and 7

Discounted Value of Annual/Periodic Payment
Expresgsed in Terms of Year Prior to First Pay.

1/

Met Benefit

Two Methods of Calculating Net Present

Worth (NPW) for Mythopia Project

Table 6

(i=10%)

Discounted Value of

Annual/Perlodic Fay. Present Worth

Year— or {coak) Year Value (Year 0)

(1l [2] (3] [4] [5]
f) 0 (139.9) {139.900)
[21 1-2 ( 2.4) 0 (d;lﬁS) ( 4.165)
(2] 3-19 (p) ( 2:4) i (9.373} { 8.521)
14] ) 0.7 14.138
(5] 6-18 (p). 90.2 4, 316,417 216.317
[5] 20 - 687.5 102,192

Het Present yorth (NPW) = 180.7612/

Y The letter "p" following a group of yesrs rafers to a periodic

payment occurring every two years.

¢4 The NPV under this harvest assumption is greater Chan under
the orlginal assumption due te earlier harvesting.

Discounted Value of Annual/Periodic Payment
Expressed in Terms of Year in Which Pay. Begins

L)
[2)
13]
[4]
(5]
{61

Table 7

(i=10%)

Discounted Value of

- 98T =

Net Bepefit Annual/Periodic Pay. Present Worth

Yearlj or (cost) Year Value {Year 0}
[i} [2] (31 [5] i5]
0 {139.9} {139.909) ;
12 & 2.4) a1 {4.582) ( 4.16%)
5-19 () ¢ 2.4) (11.341), ( 8.521)
4 20.7 14,138
6-18 (p¥ 90.2 182.86% 216.117
20 6B7.5 102,192, .
Net Present Worth (NPW) = 180,761
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2eT Expressing Benefits and Costs in Annual Terms

For some projects it is useful to exprees a single payment ag an equivalent sequence
of annual paymentes at some specified discount rate, esgs, an investment cost which is annual-
ized over the life of the investment, ¥For example, in many forest industry projects output
is reletively constant for a sequence of yearss To determine whether the project is justi-
fied, annual benefits can be compared with annual coets (inocluding anmnualized fixed costs)e
Also, for such industrial projects it is useful to know in any given year what the average
cost of production is (including interest on and depreciation of fixed assets).

Multiple paymenis can also be expressed in anmmual terms. TFor example, if harvest
benefits occurred in years 15, 25, and 30, they could be expressed in annual terme over the
entire rotation. To do so, one must first calculate the present value of these harvest
benefits, and then "annualize" that single value, applying the same discount rate used to
calculate the present value. Another example of annualizing a group of coets and benefits
is illustrated by the calculation of goil rent, First, the soil expectation value (the
NFW of a project over an infinite period, excluding land cost) is calculated, and then soil
rent is defined as the annual equivalent of the soil expectation value,

Very often the anmual capital recovery factor is used to determine the amount of
equal installments (beginning in one year) necessary to repay a loan granted "today'. (See
"Preatment of loans", below)s In the case of a loan it makes no sense to begin repaying
the loan immediately zince it would serve only to reduce the amowmt of the loan granted.
The convention of using this annual capital recovery factor (which assumes payments to
begin in one year) applies also to cases where single payments of equity capital are annu—
alized (see Appendix 1, page 3, footnote 1).

The conventional method of annualizing a payment is to use the annual capital
recovery factor (row 3, column 1 of Table 2)s By multiplying the single payment by this
factor, the "eguivalent" sequence of annual "end of year" payments is determined. For
example, in the Korea cash flow table (Table 1) it is evident that the "establishment"
and "miscellaneous" costs of W137.5 all occur in year zZeroe At a 10 percent discount rate
this eingle cost is equivalent to an annual cost (years 1-20) of W1l6.2, using the annual
capital recovery factor.

2.8 Treatment of Loans

Often a financial investment analysis will include a loan. In a FTinancial cash
flow table, the loan amounts received are itreated as receipts and the loan amounts plus
interest repaid are treated as disbursementss The loan is treated exactly like any other
receipt or disbursement. In many cases, the examct loan schedule is not detailed in the
information given the analyst. Instead, the loan disbursement schedule ig given together
with the loan rate of interest, then the repayment schedule ig defined only by the number
of years of no repayments (grace period), if any, the mmber of years of repayment of
interest (sometimes in precaloulated amounts), and the number of equal installments of
repayment of capital and interest in the final years of the loanes The analyst must then
make a detailed schedule from the information given._y When making a loan schedule, the
analyst needs to define carefully the year numberse. Otherwise, it is likely that the loan
schedule will contain errorse (This is a common source of error in the projects reviewed,)

¥ oOften the "grace period" of a loan refers 0 the nmumber of years during which no
principal is repaid (interest may or may not be repaid during this "“grace" period).
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A case study of Fhilippine smallholder forestry providee an example of a loan die-
bursement and repayment schedule, inoluding a grace period on repayments Table 8 reproduces
the cash flow schedule from this project for an individual smallholder who receives a loan
of 1 500 pesos for each of the first four years of the project,y Line 1 in Table 8 shows
the loan as a receipt by the smallholder, He has a three year grace period beyond year 3
before he starts repaying interest and principals Then he pays off the interest on the
first 7 years during the 8th and 9th years of the projeot and finally repays the remaining
balance (principal plus current interest) in 6 equal installments (caloulated using the
capital recovery factor, described above) during the 10th %o the 15th years.

Table 9 shows the calculations necessary to determine the schedule of repayments,
considering the grace period and using a 12 percent intereet rate. When there is no grace
period, one oan merely use the capital recovery formula shown in Table 9 to determine the
appropriate equal annual repayments.

A useful method to check on the acouracy of the loan schedule ig to caloulate the
loan's "internal rate of return" (ROR). g/ The ROR for the loan must equal the loan rate
of interest if the schedule was done correctly. Altermatively, the NPW of the loan ocan he
calculated using the loan rate of interest as the discownt rate. The NPW must then equal
zeros Such a check will detect most computational errors and most errors in timing,
However, if timing of the entire schedule is incorrect, (but the timing and calculating
within the schedule are correct) this check will not detect the error. Therefore, it is
necessary to make sure that the actual loan starting date, ending date and the numbers of
disbursements and repayments are correcte.

e DEVELOPMENT OF COMPOSITE DISCOUNT RATES

Most investment analyses are oonducted using real values rather than current (nominal)
values, which include general price inflation. Dieoount rates used and intermal rates of
return caleulated are real rates. Rates of return on alternative investments, such as bank
accounte and bonds, are commonly glven in current terms (they include effects of general
price inflation) and therefore, are not directly comparable with real rates of return cal-
culated for projects or alternative investments. E/ The rate of discount (i) used in the
compound and discount formulas (Table 2) can be defined as either a current rate (v) or a
real rate (r). The formulas in these tables are used in the same manner regardless of the
assumption made. However, it is important to ensure that if a current rate is chosen all
values entered into the cash flow are cwrrent values, and if a real rate is chosen, all
cash flow values are real values,

Y Case Study No. 1 in FAO Foresiry Paper No. 17, Supp, 1

Ey The loan's ROR is calculated by equating the present value of loan disbursements with
the present value of loan receipts. At one discount rate (the loan's ROR) such an
equality will hold.

;/ Increasing general price inflation reduces the real rate of return earned/paid on "fixed
yield" investments (i.e.y loans, bank accounts, bonds, etce). The real rate of return on
such investments varies inversely to the rate of inflation. See H. Gregersen, "Effect
of Inflation on Evaluation of Forestry Investmente." Journal of Forestry, Vole 73, No.9,

PPs 570=572, 1975.
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TABLE 8  Financial Cash Flow, 10 ha. Plantation

Philippine Smallholder Plantation Project
{value in constant pesos)

Cash Receipts
1. Bank loens 1500 1500 1500 1500 = = = 13 = = g 1 = | = =

2. Sales = = 5523 6174 6174 5810 5810 74 7438 BOAG 5174 6174 6174 5174 6174
Total 1500 1500 1500 1599 - - - 5523 5174 5174  £310 6810 7434 7434 8046 6174 G174 6174 5174  6i74
Cash Disbursements
3. Land preparation 580 550 590 530 = = =

4, Purchase seedlings 139 130 139 130 - - - - - = . a3 = o = P i o =
5. Lining/Dig/Plant 300 300 300 300 = - - - - - i 5 - 2 _ - = o
6. Replanting 138 130 130 130 - - - - = e : : o . X = = = - =
7. Fertilizing 300 309 300 300 = L = - - - = - = = = 3 e = = =
8. Weeding 550 550 550 550 = = . 275 275 275 275 275 275 275 275 275 275 275 275 275
9. Singling T - - - = = - » 100 100 100 100 100 100 100 100 100 100 100 100
10. Crops/Livestock = = - - - - = = = i ¥ = = =3 - - g = -
Total 2000 2000 2000 2009 = - - 275 375 375 375 375 375 375 375 375 375 375 375 3715

Loan Payments

1T. Accum. interest - = = = . - & 3200 3050 - = = > L = 3 - .- - -
12. Princ. & interest £ = - = o = a _ = 1459 1459 1459 1459 1459 1459 i = = = =
Total - - = — = = - 3200 3050 1459 1459 1459 1459 1459 1459 = 35 - -

Cash Balance After ;
Loan Payments {5003 (5007 (500) (5007 = _ - = 2048 2749 4340 5976 L9786 5600 5600 6212 5799 5799 5799 5799 7
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Table 9

Derivation of Farmer Loan Repayments

Loan Interest Due At | »
Year Amount End of Year 7 (Beginning of year 8)
0. P 1,500 P 1816
j P 1,500 P 1461
2 P 1,500 P e
3 P 1,500 P .860
Total - P 5280
Tnterest due beginning year 7 F 5,280
Amount paid in year 7 P 3,200 .
Remaining interest due P 2,080
Principal outstanding (4x$1 500) P 6,000
Total loan cutstanding - P 8,080
One vear's interest 12% P 970
Total interest due 3/ in year 8 F 3,050

The annual repayments of the loan. for years 9 — 14 (line 11, Table 5)
are derived as follows:.

o ]
'-12§1.12!

(1.12)6-1‘

.
1

P 6,000

P 6,000 (0.2432) = P 1459

e factor in parentheses is called the "capital recovery multiplier",
and is given as follows: -

The value of this multiplier can be found in most tabi;; of dompound and
discount factors.

;l/ Assuming 2 ha planted per year at a total annual cost equal to P 2000 (Table 2)

- 75 percent of this amounti, or P 1500, is covered by the Bank loan.

g/: Arbitrarily set at this level in order to keep 1nterest payments in years 7

and 8 approx1mately equal.
3/ P 2080 plus P 970,
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3s1  Using Current (Nominal) Values (is€., Including‘Inflatian)

When & project is being implemented, what is actually paid for inputs and received
for outputs is in current price terms, Therefore, general price inflation must somehow be
concidered in the appraisal in order to determine the actual cash flow. Thus, whether or
not the project analysis is carried out on a current or real value basis, current values
must be taken into account for budgeting pruposes. When the analysis is expreseed in cur—
rent value terms, each entry in the cash flow table can be used directly for buigeting
prupoges.s However, it is a simple matier to adjust a real value cash flow to a current
value cash flow and vice versa.

To convert real values and real discount rates to current terms, it is first necessary
to estimate a general rate of price inflation for the project yearse Since individual pro-
Jects are usually too small to significantly affect the level of general price inflation,
the expected inflation rate can be estimated independently of the project-_y The current
values of inputs and cutpute for any given year (y) can then be determined by multiplying
the real values by (1+f)y, with f equal to the estimated average annual inflation rate. 3/

If one wishes to combine the real value discount rate (r) with the inflation rate
(f), then one can calculate a current value discount rate (v) as being equal to:
(1+r) (1+r)=1) This rate, v, would be used if prices were expressed in current value
' Vy
termg.

3.2 Using Real Values {i.es, Net of Inflation)

It is generally much easier to define (i) (the discount rate to be used) as a real
rate (r) and also express each cost and benefit in real terms. The numbers entered into
the cash flow table will be more easily determined, since no inflation factors need to be
estimated. This eliminates a major potential source of error in cash flow tables; it makes
expected real price increases more clearly visible, and the use of annual and pericdic pay—
ment formulas will be greatly simplified. Also, real values in the cash flow table will
probably be more meaningful to the decision-makers Because of theee reagons, it is recom-
mended here that analyses be carried out in real value termse Once the "real"™ cash flow is
determined, the appropriate contingencies for inflation can be determined and allocated for
budgetary pruposes.

Y over the long term, however, rates of inflation are difficult to estimate and are subject
to a high degree of error. The analyst must recognize the limitation on the estimated
rate(s). Also, the rates of inflation often vary between the domestic economy and the
offshore (exporting) cowntries, which means that two or more rates of inflation must be
estimated.

3/ The wvalue (f) is an average rate of inflation. If the rate of inflation is expected to
vary from year to year, it would be more accurate to discount each yearly value by
dividing by:

(1+r)y((1+f0) % (1+6;) x (H4£,) X o o o X (1+f )

where (f5) equals the rate of inflation during year 0, (f]) equals the rate of
inflation during year 1, etcs, and (y) equals the given year.
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Whether current or real values are used, the analyst needs to establish a frame of
reference for comparisons. A real value frame of reference is preferable, since it is
easier to comprehend._Y

In summary, the analyst can use either real or current valuesz in his analysis. The
results of the analysis will be the same, so long as he conesistently uses the same basis
throughout the analysis. For the reasone given above, we recommend working with real valuesj
The results can be converted easily io current value terms.

3.3 Introducing "Real" Value Rates of Growth or Decline

Many prices of inputs and outputs will not remain at their year zero levels, even in
real termse If real price inoreases are expected, esge, for stumpage prices, then each real
price observed in year zero must be multiplied by (1+gp)n, where (gp) equals the estimated
average ammual growth rate in the price and (n) equals the number of years since year zeros
If real prices are expected to decline, then (gp) would be negative. Usually expeoted price
growth rates are expressed in average annual terms, even though rates actually fiuctuate
from year to year. It is very seldom that such fluctuations can be predicted in advance.
Therefore, only expected annual averages of (gp) are used.

Sometimes constant relative quantity changes are expected to occure The real value
of a cost or bemefit in year (n) would be (a(l+g )n(1+gﬁ)n), where (a) equals the present
price times quantity of the input or output, (gpg and (n) are defined as above, and (g_)
equals the average annual guantity growth rate. In such cases a composite growth rate (g)
can be defined which eguals ((1+gp)(1+gq)-1). This composite (g) is simpler to use. g/

All further references to the real growth rate, (g), unless otherwise stated, refer to this
type of composite rates If (g) has only one component, say (gp), the other component (g's)
can be defined as being equal to zero. 1In that sense, (g) is always a composite of component

(g's).

The compounded and discounted annual and periodic payment formulas shown in Table 2
can be restated under the assumption that composite growth rates existe Table 10 liste
these revised formulas. The derivation of the formulas is presented in Appendix 2, The
first four rows of Table 10 are relevant when the discount rate (i) is greater than the

growth rate (g)« In that event,a composite discount rate (d) equals 51+i; -1, In other
i+g

words, the overall effect of compounding at a rate (g) and discounting at a rate (i) (where

i»g) is a discount effect equal to a rate (d)s The bottom four rows of Table 10 restate

the factors listed in the top four rows for the case where the discount rate (i) is less

than the growth rate (g)s In that event, a composite compound rate (c) equals (i+g) -1,
(1+i)

Y 1t is sometimes argued that current rates of interest, such as rates on savings accounts
or government bonds, should be used as frames of reference (i.e., as alternative rates
of return). This may be true in the short term, when the inflation rate is likely to
remain unchanged. However, for long term projects such as in forestry, this will likely
lead to confusion and may result in poor decisions.

2 A composite (g) can be composed of any number of separate component (g*s).



Table 10 - Annual and Periodic Payment Formulas, Assuming the Payments Increase at an Annual Rate ()

Paments Begin One Year {or Paeriod) From Fresent

Finite Number of Payments

Infinite Number of Payments

Paymencs Begin Immedlptely.

Finite Number of Paymeats

Infinite Number of Paywenta

{1 {2) = Kb} (&)
DISCOUNTED ANNUAL () - 1 1 ()™ o) 14d
1. PAFHZ?};:?CTOE a0+ (14g) a{L+g) aq4dy” d
B 1
COMPOUNDED ANNUAL (1eg)" [i1+‘}n i %] (1+g)" [}1+d)n+1 ¢ Ej} |
Z. PAYMENT FACTOR g [ ~ n.4.
(i3g) L 5 i
+
DISCOUNTED PERTODIC ()™ - 1 = () H0E (1)
3. P“Y“E§I>:?CT°“ g ™ [0 - 1] gt [yt - 1] ()t [i1+d):-— 1] ST R
{n-1 t
COMPOUNTED PERLODIC (g [‘“‘d)nt z 1] = ()" [("‘”(“ﬂ)t = II '
b ND ) - Y 8 n.a:
&, PAYMENT FACTOR t = Y 5
)t -1 i)t -1
(13g) i (1) (1+d) N
i |
6 14) L _
DISCOUNTED ANNUAL R0~ = Lie) i o5
5. PAYMENT FACTOR
(1¢e) e(l+1} e] &)
B = n il
COMPOUNDED ANNUAL (epy™? [‘“‘“’n - 1 o (1+1) E1+c) i 1] 4
§. PAVMENT FACTOR 5 His s = g
(1<g) L3 L.
-~ nt ()t
= L+c) &l
DISCOUSTED PERIODIC diach L ) { . —
7. PAYMENT FACTOR P ee 3 e i e T
(1<g) L
[ (a1t nt at (L)t
(1+1) (l+e) - 1 (1+1) {14c} -1
COMPOUNDED PEREODIC [ ] 1= I: ] =

8, PAYMENT PACTOR
(1<¢g)

()t - 1

c-= composite compound rate

oo
mn

composite discount rate
annual growth rate of payment

(__‘H-cJt “ 1

i = rate of interest (discount) in decimal form

(=
non

number of years or periods until last payment
number of years between periodic payments

*
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In other words, the overall effect of compownding at a rate (g) and dipoounting at a rate
(1) (where i<g), is a compound effect equal to a rate (c). Depending upon the relationship
between (i) and (g), either a (c) or a (d) is ocalculated and used in the appropriate formula
shown in Table 10s Actually, it is not mathematically necessary to define a separate {(c)
for the case where i{g since a negative (d) could be used in place of (c). However, it is
more meaningful and useful to deal with positive rates defining a net effect of (i) and (g)
as either a compound effect or & dimcount effects

3.4 Using Composite Discownt Formulas for Annual Payments

The use of the discount formulas found in Table 10 ig demonstrated using the two
alternate cash flows presented earlier, the Korea fuelwood case (Table 1) and the Mythopia
example (Table 5)s Table 1l is a modification of the Korea fuelwood analysis. Two of the
original assumptions were changed. Tirst, the real price of fuelwood was assumed to in—
crease by 2 percent annually beginning in the first year. BSecond, the real wage of silvi-
cultural labour was assumed to rise by 4 percent annually, also beginning in the first year.

The entries in the net benefit (cost) row of Table 11 have no consistent annual or
periodic pattern, wmlike the net benefit (oost) row of Table 1. It appears, then, that the
NFW would be best determined by discounting each yearly entry back to year zero. However,
an easier method exists. Table 12 illustrates the use of the annual payment factor, when
the payment begins "“next yearV, under the assumption of growth rates. The procedures used
here are similar to the procedures used in Table 3, which are explained in Appendix 5,

Each net benefit (cost) from Table 11 for years 0=20, except for years T=19, is entered in
colunmm 3 as & net benefit (cost)s In Table 12 the net benefits for years 7-19 have been
gplit up into their three individual benefit and cost components, shown in rows T-9.

Column 4 shows the base year (year 7) value of each components. Fuelwood benefits are com—
pounded at 2 percent annually, supervision cost is not compounded, and harvesting cost is
compounded at 4 percent amnually, as indicated by column 5. The composite discount rate
(4) for each component is shown in column 6 Each single payment (rows 1, 3, 4, 5, 6 and
10} is discounted to year zero at a 10 percent discount rate (i=10%) and entered into
colum 9. Bach sequence of asnnual payments (rows 2y Ty 8 and 9) is discounted back to the
yoar before the payment begins (the year is shown in column 7 and the discounted value in
that year is shown in column 8)s TFor the two annual payments without growth rates, the
previously explained formula from Table 2 (row 1, column 1) was used (with i=10%). For

the other two annual payments (the ones which include growth rates), the formula from row
1, column 1 of Table 10 was used (where (d) equals the value in column 6)s These discounted
values are further discounted to year zero (using i = 10%), and the resulting present value
is indicated in column 9 of Table 12. The sum of all of these present values equals the
NPW, which is W148.4.

The NPW of the Korea fuelwood cash flow (Table 11) was calculated in Table 12 using
the "growth" discounted annual payment formula which assumes that payments begin in one
year (row 1, column 1 of Table 10)e An equally valid alternative is to use the “growth"
discounted annual payment formula which assumee that payments begin immediately (row 1,
column 3 of Table 10)s This was done in Table 13 for the same cash flow (from Table 11).
The only difference between Table 13 and Table 12 is that the discounted values of the four
annual payments (rows 2, 7, 8 and 9) are expressed in terms of the base year instead of one
year earlier. Therefore, only columns 7 and 8 differ between the itwo tablese These dis-
counted values are further discounted to year zero (using i = 10%), and the resulting
present valuee are entered into column 9. Fach entry in column 9 of Table 13 isyof course,
identical to the corresponding entry in celumn 9 of Table 12,
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The above may seem very complex and cumbersomes. However, in practice, the modifica-
tions suggested reduce the complexity of the calculations needed to arrive at useable con-
ceptually correct results, particulerly when one is dealing with a fairly long project
periods

345 Using Compogite Discount Formulas for Periodic Paymentis

The use of discounted periodic payment formulas which assume growth rates can be
demonstrated by using the cash flow exhibited in Table 14, which is a modification of the
Mythopia oash flow (Table 5), used earlier to illusirate the use of periodic payment formue
lass The same two growth rates asgumed in Table 11 are also assumed in this case: the
real price of fuslwood increases by 2 percent anmually, beginning in the first year, and
the real wage of eilvicultural labour rises by 4 percent annually, alse beginning in the
first year.

The NFW of the Table 14 cash flow is caloulated by separate methods in Table 15 and
Table 16, which are constructed in the pame format as Tables 12 and 13 discussed above.
Each net benefit (cost) from Table 14 ie either entered as a net bemefit (cost) in colum
3 of each table, or is broken down into component benefits and costs which are individually
entered in column 4._}’ In Table 15 the discounted values of the annual and periodic pay-
ments are expressed in terms of the year or period prior to the start of the payments {the
years shown in column 7)e The discounted values of the periodic payments of Table 15 were
calculeted using the formula from row 3, column 1 of Table 10. In Table 16 the discounted
values of the annual and periodic payments are expressed in terms of the year in which the
payments begin (the years shown in colum 7 of Table 16). The discownted values of the
periodic payments of Table 16 were oaloulated using the formula from row 3, colum 3 of
Table 10+ The entries in column 9 of each itable are the present values of the numbers in
colume 3 or 8, These present values are, of course, the same in both tables since each
table only illustrates a different method to calculate the same NPW,

In ceses where one or more growth rates exceed the discount rate, the discounted
annual and periodic payment faotors from rows 5 and 7 of Table 10 would be applied in the
game manner as described abovee In such ceses a composite compound rate (¢} would be cal-
culated instead of a composite discount rate (d)e The same procedures and format used in
Tables 12, 134 15 and 16 conld still be used.

_}’ In the cases where growth rates apply to these individual benefite and costs,
the base year amount is entered into columm 4.
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Table 1l - Korea Fuelwood Cash Flow Analysis, Assuming Benefits Increase by Two Percent

Annually and Harvesting Costs Increase by Four Percent Annually
£

T S ER O - el R e s " = = YATN R = =W w o= - g = %,

) i 2 3 b 55, i Dale ] 0, o e ol e e A6 . LR, Bl a0
[1] BENEFITS (Fusluwoed) - = —  fu9 141 28.7 M6 74.7 76.7 77.7 79.7 B0.8 Br.4 B4l B5.% B7.5 B9.2 91.0 Y2.8 94.7 2414.7
121 costs
[3] Establishient 1809 e 3 E e = = b - ES ~ =
[4] Supervisien 2on e B BE 204 28 208 TF WA s A4 24 A4 A& 24 R4 A 2d 2 24
[5] Misc. {twols, erg.} F.5° - - - - - - - - - - - - - - - - - - - -
[6} Harvescing = = - 24, 4.3 °,1 9.0 24.6 25.6 16,6 27.7 28.8 29.9 31.1 32.4 33.7 35.0 36.4 37.9 39.4 2054.2
[7) Toral Cosc 139.9 2.4 2.4 4% 6.7 11.5 21,4 27,0 38.0 29.0 30.1 31.2 32.3 33,5 34.6 36.1 37.4 3.8 40.3. 41.3 2954.2
(8] NEU BESEFEP (cost) (129.9) (2.8)(2.4) 7,4 7.4 17.2 37.7 47.7 48,2 4R,7_49.1 49.6_50.% 50.6 51,0 51.4 5l.8 52.7 52,5 55.6 362.5

g

Table 12 - Calculation of Net Present Worth (NPW) for Korea Fuelwood Project_ When the Disc.
Value of Annual Payment is Expressed in Terms of the Year Prior to First Payment

Ci =10%)
Individual Benefit or (Cost)

Discounted Value of:

Net Benefit Base Year Annual Growth Composite Discount Annual Payment _ - Present Worth'
Item __¥eat or {cost) Amoynt Rate (%) Rate (%) Year Value (Year 0)
1] (21 ST a1 (51 [6] (7 181 19}
{1] Net Cost 0 (139.9) {139.900)
[2] wet Cost 1% T 2.4 a ( 4.165) { 4.165)
{3] Het Beaefic 3 2.4 1.803
[a] 1;;3; Benefit % 74 #* 5.054
151 Net Benmefir 5 178 10.680
(6} Het Benefit v 6 47,7 20.998
[7] Fuelwood BeneEir 7-19 74.7 ki 7.843 & 583.863 329.575
- [8] ; Superviston Cast 7-19 €2.4) o a.a. [} { 17.048) { 9.623)
[9] Rarvesting Cost 7-1% (24.6) 5.769. & ( 212.252) {119.811)
[20] et Benefit SoM= ot e w6245 el E = A= ' 53833
Net Present Worth (NPW) = 148.4
gl
Table 13 - Calculation of Net Present Worth (NPW) for Korea Fuelwood Project_ When the Disc.
‘ Value of Anndal Payment is Expressed in Terms of the Year in Which Payment Begins
(i=10%) :
Individual Benefic oc (Fust) T )
Net Benefit Base Year Anmual Growth Composite Discount Annual Payment Present Worth
Item Year or (cost) Amounte Rare {2) Rate (%) Year Value (Year 1)
[1] (2 (3] [4] [5] (6] 7] (8] (91
1] Het Cost a (£39.9) (139.00%)
[2] Wet Cost 13 (2.0 B (4.582) { «.165)
[3] Het Benefit & Z.4 1.803
{4) et Benefit 7.4 5.054
[5] HNet Beneflt 5 172 10.680
(6] Ner Bemefit % T 20.998
[7] Fuelwood BensElt 7-19 74.7 A 7.843 7 642,249 329.575
[8] Supecvislen Cost 7-19- { 2.9) 0] & ot 7 (18.753) { 9.623)
[9] Harvesting Caat 7-19 (24.8) 5 5.760 7 {233.477) (119.811)
{10 Bet: Bene{it 20 b —— _ 53.833-

1/ Assuming benefits increase by 2% aynually and

Net Present Worth (NPW) = 148.4

harvesting costs increase by 4% annually



Table 14 - Mythopia Cash Flow Analysis, Assuming Benefits Increase by Two

g

Percent Annually and Harvesting Costs by Four Percent Annually

= = R e B = = = - - 2 = YEAR- - SRS R S RS SRS S S R =
0 1 2 3 4 6 7 8 9 10 11 123 13 14 15 16 17 18 1% 2g____¢
[1] BEMEFITS (fuelwoud) - - - = _ 93 1464 - 3823, - 1385 - 4.9 - N71.5 - 173.5 - 185.7 - 2414.7
[2] cCoOsTs
[31 Establishmenc 130.0 = = = = = = - = = = = &= | = = = = e
T4l Supervision 24 L4 24 24 2 oM o ozl asel BNl R o OG0 2N 2m  OF b s
[5] Misc. (tools, ete.) 7.5 - - = < - = = = = = = E 3 £ o < - -
[6] Harvestirg - = 5 - 11,0 g5 U EY Wonew® N 55.4 - 59,9 = 647 ~  70.0 = 5.8 - 20%54.2
[7] Total Cast 135.8 28 2.4 2.4 13.4 49,7 2EN 5306 . 2. 57.8 2.4 52. 2.b 67.1 2.4 2.4 2.4 78.2 2.4 2054.2
[8) HET BENEFIT (coest)(139.9) (2.4) (2.&! (2.4) 21.8 (2.6) 96.7 (2.4) 98.7 (2.4} 100.7 (2.4) 102.6 (2,4} 104.4 (2.4) 106.1 {2.4) 107.5 (2.4) 361.5

2/

Table 15 - Calculation of Net Present Worth (NPW) for Mythopia Project When Discounted Value
of Annual/Periodic Payment is Expressed in Terms of Year Prior to First

Payment

(i=10%)

Individual Benefit or {Cost)

Diacopunted Value ol

s oy tet Benefit Dage Yesr Annual Growth Composite Piacouht Annual/Periodic Paywent Present Worih
B tem Fears or (Cost) Amount Rate {Z) Rate {3) - Year Value {Year 0}
[1] (2] [3] f4] 157 16§ 7 8] . [9]
[L] ¥Net Cost 0 {139.9) (139,961
[2] Supervision Cost 1-19 (2.4) 0 n.a 0 (20075} { 20.076)
[3] Fuelwsod Benefit & 35.2 24.042
[4] Harvesting Cnst 4 (11.0) { 7.513)
{5] Fuelwood Benefit g-18 (p) 1464 2 7.843 & 563.277 384.726
[6] Harvesting Cost 6-13 (p) (a7.3) 4 5.769 & ¢200.397) {136.824)
[7] Net Benefit 20 62.5% 53.833
Net Present. Worth (NPW) = 15B.2
2/

Table 16 - Calculation of Net Present Worth (NPW) for Mythopia Project When the Discounted
Value of Annual/Periodic Payment is Expressed in Terms of Year in Which Pay. Begins

‘Net Benefft

(1i=10%)
Individual Bencfic or (Cost)

Base Year

Annual Growth Composite Discount

Digcounted Value of

Present Worth

o Icem ’s‘ear—l—! o (Cost} Amount Rate (Z) Rate (%) %"YUP—MM%E {Year O)
[11 {2] 131 3] (5] [6] 7} (83 [9)
[1] et Cost 0 (139.9) (139.900)
[2] Supervision Cost  1-1% (2.4) o n.a (22.083) { 20.076)
[3] Fuelwood Benefit 5 35.2 24,042
[4] Hervesting Camt 1 (11.0) ‘ ( 7.513)
[5)] Fuelwood Banefit 6-18 (p} 146.4 4 7.843 & 6B1.565 384,726
16] Harvesting Cost  4-18 (p) €67.3) 4 57769 6 (202.481) (136.874)
[7] Ket Bengfit 20 36245 53,833

Net Preaznt Wocth (nPW) = 158.2

1/ "(p)" refers to periodic payment eccurring every two years

2/ Assuming benefits increase by 2% annually and harvesting costs increase by 4% annually
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4 UNCERTAINTY AND TIME CONSIDERATIONS V

A usual point made about wncertainty (and risk) is that the fuwrther into the future
a given event occurs the more uncertain is that event. For example, in projecting future
stumpage prices, we can be fairly confident that an estimate of next year's price will be
reasonably accurate unless totally unforeseen major events ocouwr to disrupt trends. Such
events are also less likely in a shorter periode We camnot be nearly as confident about
stumpage price estimates 30 years from nowe The same holds for final or intermediate
product prices and for costse

However, at the same time, errors in far future estimates are less important in NPW
or ROR calculations than errors in near future aestimates. The degree of importance depends
on a) the discount rate used in NPW calculatiens, b) the projeot's implied ROR, and c) the
period of years between the present and the year to whioh the estimste applies.

For example, assume an estimated stumpage priee for pine of S30/m3 some 40 years
from now. A 20 peroent error would put the range between $24 and $36 per m3, or $6 on
either side of the best estimate. However, in present valus terms, discounting at 10 per—
cent, the range would appear as follows: ‘

Low Best _ ___ MHigh

$0.53/u° $0.66/n° $0.80/n°

In other words, looked a% in present walue terms, the spread between high and low
estimates is only 3$0.80 - $0,53 or 30.27/m3, as compared to $12,00/m> in future or current
value terms. (The difference, of course, is still 20 percent.)} What looks like a large
difference in absolute terms 40 years from now is a relatively small absolute difference
in PV {terms.

But now, suppose we had a faster growing plantation and we estimated a stumpage
price of 320/m3 some 15 years from nows The present value, at 10 percent, would be
$4.79/m3 and the range with a 20 percent error would be from $3.83 = §5.75 per w3 or 2
spread of 51-92/m3 in PV terme between high and low.

In this case, holding the discount rate constant, we can see that a given absolute
(or percentage) error in an estimate is more important, in PV terms, the closer it occurs
to the present. g/ Conversely, using a higher discount rate reduces the importance of an
error in estimate of a value that ococurs at a given time in the future.

In sum, on the one hand, uncertainty concerning estimates of future velues tends %o
increase the further into the future we go. On the other hand, the further into the future
a given value or event ocours, the less we have fo be concerned about reducing the uncer—
tainty surrounding the estimate of that valus or event, because its impact on NPW or ROR
will be less.

;V See EAFP, Chapter 10, which deals with treatment of risk and uncertainty in project
planning. Here we merely want to relate the subject to time considerations.

5/ Obviously, if the error ie estimated for year zero prices, the PV of the error will
™ be the same as its current value.
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Appowndix 1

Treatment of Annual and Perlodic Phaynents

Geomebrie seriua

Compounded and discounted anbival and periodic payment facctors, capital recovery factora, snd sinking fund factora are all derived
from the expression for the sum of m geomatric seriea. For any pon~zerc real numbera; [n) and (k) and for non-nogative integers,

{¥)and(n), the following sexizes 1s demoted:

n
E A =4k oW W wih b kT bl e g o®
)+
Then KE o s r s g praTr My a e Py L
y=0 -
j: | ]
‘Therefore: Z a7 - x Z ak¥|= a - nlgn+1
y-O J y=0
: o .
Z ok’ [(1-k) = a1-£"y B}
¥mo

= ' orHl
(L. Y axf -a|1F 3

y=0 .

Using the same uwotations above but excluding che first term of the:series, the following series is denoted:

n
Z I T ol T S S

l_Kni-l
-3g = 1
yy
=
A s
I-K
o I~ o
@ E 27 Ty pRli
= | T )

Determinatfon of present value factors and future value facrors for'annuél payments bepinning "next yeatr™

The discounted annual payment factor can be derfved from either equation 1 or equation 2, depemding upon when the annual payment
beging., Most Cexts refer to the second case, i.e., payments beginning "next year” and continuing for a tocal of n years. There-
fore, thig is che case derived below (from equation 2). Once that faector has been determined, it i much easler co derfve che
firgr case (when the payment begins "this year" and continues for n more years) by uging the case 2 factor rarher than equation 1.

Lat: = annual payment begloning next year and continuing for a total of n years

nuzber of amnual payments ‘_ﬁaisa equals the number of years until the laat payment)

= rate of interest {discount)

% o D om

® any given yearv

vl
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- rer— .

[} | ! l
.= ce o Ry
Then, the series, l+i (1"'1)2 - PR TINES LY (1+i)" , equals the presant valua-of an anoual payment (@} racoivednnut

ysar and cootinuing for.n years, -Subsu.l‘.'d\‘.i.nx m ‘tor K inm squacion 2, che following equation results:

n Al . i ;
Z dlim E G -3

vl (1+1)7 Ty 1+u

nimeratar and : a
+
denominater by (1+1.)“+1 (l+1)n 15 (J.+1)

Mulciplying the  ° (1+11“H [(1«»1) E (lﬂn

Q)™ -
0" (141-1)

3 — L
5 (a® - 1 DISCOUNTED ANNUAL
(3 E 2 S | ARSeE S EAYMENT PACTOR
s+’ 1(1+{) (payment otarcing "next year')

yel

The Future value {in year n) of an annual paymenkt (a} received pext year snd continuing for-a total of n-years la derived from
equation 3 as follows;

a(1#)? = a4 a(lH) + a(l+1)2+ Y 6L = LA P a(1+1)““2 + a().+1)“'1

iM

n
LI | ALy -1 (+"

1(1H)°
o=L wy® - 1 COMPOUND ANNUAL
X4) E FCTTTL AN L. ul § PAYMENT PACTOR )
=5 i (payment starting "next yea¥)

Determinntion of 2560 alue I: g and Ful alue factors for anpusl pavments beginnios his yea
Using equation 3, the case 1 facror (the present value of an annual payment beginning this year and continulug for a more years)
18 derfved as follows: i

Tat: a =« annual payment beglanimg this year and coantinuing for n more years
- n = pumber of yeara wtil last payment {there are otl payments)
i = rate of intereat (discount)
y = any glven year
s
n
Then: E T -t . o R
' ()7 (+1)  (1H) (141)7 (10"
. e - Lt o1 DISCOUNTED ANNUAL
(5a) E p e PAYMENT FAGIOR (Form a) \
= (1+2) 1(1+i) {payment starting “this year")
= 1(1+0" + aan”
1(1+1)"
T 5 :
R LIV L VIER Y
11463
-- [l DISCOUHTED ANNUAL
¢5b) S a , e ) I PAYMENT FACTOR {Form b)
f=p (L) 110" (paymenl starting "this year!')
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Bquatlon 34 ia generally casler Lo pemember (especially o cvelation tu equation 3).  And whew.using un electronle calenlator which
aueomitloul by glves on the "next year" (equition 3) form, equatlon 5a 19 easier to vser Bowever, cquackon 5h iy vanlor co use
with an electronle caleulator which dowsn't automatlcally do compowiding and dlgcout lug, !

As before the compounded factor can be easily derived from the digscounted factor. The future value {in year n) of an annusl
paymanl (a) recelved this yeiar and continuilng for o mors yeare ia derived from equacions 33 and 5b as follows:

n
Z a(+)? = ok aH) b a4 e E +afi)? 4 oo +a1+)" Y repren® ]
=0 5 t
3 ?; . Sy ‘
n - ¥
eafi e S 1] g0
1(1+1) i i
k i
& =
, ) n COMPOUNDED ANNUAL
(68 a(1+1)’ =3 (1+1)“ + () - 1 PAYMENT FACTOR (Form a)
i
v=0 {paywent starting "'this year')
Using eguation 3h:
Lr lakian. 2
P TeL Sl § Py
101+) =
2 _(1+i)u+l . COMPOUNDED ANNUAL
{6b} Z a1+1)Y = a - PATMENT FACTOR (Form b)
v=0 (payment etarting "this yesr")

dg was the case with eguation 5a, it may again be easier to remember aquation 6a since it 18 composed of the sum of the future
value of an annual payment beginning next year (and continuing for & total of n years) and the future value of a single payment
made this year. Howevar, ecuatiom 6b 1s as simple or simpler to use with electronlc calculators.

- ~ »
[
Apnual capital recovery facrors and sioking fund factors .
Two other useful factors can be derived frow preceding equationa. The capital recovery factor (equation 7) is the inverse of the
discownted annual payment factor (vhen payment starts 'mext vear"), equetiom 3. The sinkingliund factor (equation 8) is the in-
verse of the compounded acuual payment factor (when payment starts "next year"), equation 4.~
. |
’ n ANNUAL CAPITAL
&5 a = E e Ll KECOVERY FACTOR
141 +1 -1
<t an)’ | aen )
g2l 3 ANNUAL’ SINKING
{8) & = E a(1+1)” - FUND FACTOR
v=0 (1+1) " =« 1
Datermination of present value factora and future value factors for periodic payments beginning “"mext period"
Compound and discoucted periodic payment factors can also be derived from equarion 2. The present value of a periodic (every t
years) payment (a) is derived below.
o .
Ler: a = periodic payment beglnnicg In t. years and continuing every t years for a total of n periods
t = time interval between periocds
n = number. of periédic payments (nt equals the numbér of years until the last paymeng).
i = rate of annual interest (discount)
¢ = any given period (yt equals any given year in which a payment occurs}

a a a a a
R P A3 =, = _a_
Then the series, {1+1) + (L+1)°" «+ (1+1) i ROREY, (l+i)yt B (1+1)nt, equels the preseat value of & perlodic paymemt.
Substituting a composite periodic discount rate (p) equal re the rate of discount per perjod rather than per year, the same stepa
can be followed as were followed in the derivation of equation 3.

1/

= C_-'lpit-:l recovery and sinking fund Facvors ave genetally not meaningful in practical applications when paymunts bepin Mthite
Year. However, they ave Lpeoretically as wesnlogluol w8 eguatdons 7 aud B (uerived buelow), and way fweve dome praclloai uwe
88 well. Thes: faceora would be the reciprocals of equuttons Sb and 6b, respectlvely. ’

#

T e ———— R k1

iz,

B
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Pirse p in-dafined: 9w 145 - 1 (1) « 1DE

Tnen, aubstitucing (i+p) = (H-i)t, the awrlea,

et et LR et LR T
(T4} ()" (L4p) () )",

is cbtained, which 18 In the ssme form as thae discount annual payment- factor eeries. Therefore, equation 3 can be dexived as-

phown earlicr, but this time ueing p instesd of 41,

B

a L
R plip)”

Substiriting, p = (+0% = 1, and (1#0)° = (1+p)

Mmae M e

n
t DISCOUNTED PERIODIC
E . ™ -
{9} 7t = [ o :I PAYMENT FACTOR )
5o (1+1) (1+1) (I+1) = 1 {payment starting in t yeais)

The future value (in year nr} of a periedic payment {a) received in the next pecisd
for a total of o periods 18 derived from equation 5 as follows:

ST = wealEd ™ 5O 5w P

L

(in & years) and continuing: every t years

v rmlaedy T L gy S e

E
(42 e |
= a L - (140"
(1+1) {1H)y -1

i 2l ot COMPOUNDRD PERIODIC
by

T {10 ati+1)”% = a Ei)—-i-l—l- PAYMENT FACTOR

Py () - 1 (payment atarting 1o t yeara)

+ Datermination of present value factors and future value facters for periodiec payments beginning "thic year"

Using equation 9, the present value of a pericdic peyment begiuning this year and contiouing every t years for n mora peripds is

derived as follows:

Let: a = periodic payment beginning this year and continuing every t years for n more periods |
& = tima interval between periods
n = number of periodic payments after first payment (there are mhi payments and ot equale the number pf years until she
last payment) 1 I
1 = rate of annzal ineerest (discount) |
¥ = any given period (¥t equala any given year in which 2 payment becurs)
=]
a a a a - I
Then E a+ + 2 + L e oo 2
VE t : 2t 3t
= (1+1) (141} (141)’ (3+1) 3 (11:1)": T (
- ¥
r £
E 1 - "™t g
. yt nt £ z
v=0 (1+1) {1+1) B1+1) - q

(14037 [oe® = ) iyt <0
(+0" [aen)® - 4

Al T
@™ foent -
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.
i (e (B840 _ DISCOUNTED PERKODIS
(9333 Z 10 = S PAYMENT FACTOR
sy ()" Joed® -1 {payment staccing "this yeac")
y=0 3

Again, s befora the compounded fsctor can ba eamily detived from the discounted fscter. The future yalue {in .year nt) of’a
psciodic payment (a) rteceived this ysar und contiguing every t years for n mors-periods is.derived from-equation ll:as follows:

n
Z s+ 5w At F @D 4 e e - e e R
=i %:\‘ZWI]{

s 4 (atrt) _ ;

= 1+:t e .:‘ 1 {_H_“nt
(1+L) [(1+1) E f_]
A ‘
{nrhe) . COMPOUNDED PERIODIC
an Z NETTISAREAN B il S PAYMZNT FPACTOR

o (1) -1 (paymant atarting "this year™y

Periodic capieal recovery factors and sinking fund factors

4o v 4 a(lb)

Theoretically, pericdic capital recovery factors and periodic sinmking fund Factors arTe possible. They would be derived ‘apalogously
to equations 7 and B from equations 9 and 10, respectively. Hobever, in practice they are-not in general use.

Determi.ﬁatinn of "infinite" facrors

When annual or perfodi¢ payments continue for an infinite perded (or for a sufficiently long finite period such that the "next"
paynent has no measurable present value) the equations for present values of such payments become much simplified. Four

equations described in the preceding paragraphs can be simplified, equations 3, 5b, 9 end 11.

y=1

a T asn™ - 1 1 FINLTE
(3} ; B BRI s aaarl W = o DISCOUNTED ANNUAL
(1+1) 1{2+1) i {1+1) PAYMENT FACTOR

1 1
When n=% e, the secend term (Xlﬂ.) ) appraaches zero, leaving [i].

(payment starting "mext year™)

e - .
i i INFINITE i
(13) y e DISCOUNTED ANNUAL
T (1) 1 PATMENT PACTOR
&z {payment atarting 'mext year")
' s
a .
wl FINITE
{1+ = 14 il L
56) § 3 - o[ L2E0 —u—l I | i M DISCOUNTED ANNUAL
(+1) 1(1+) 1 1(1+1) PAYMENT FACTOR
- {payment atartiog "th¢ yedr™)

5 1 1+1|
When ¢y oo, the gecend term |:i(1+i) approaches zero, leaving [ 1

) T = INFINITE
a ok i, DISCOUNTED ANNUAL
(143 Z PR = P s AFY) n PATMENT FACTOR
y=0 H (payment srarting "this year')
a5 s
©) > - el TR e, L el A F
— (1)t ()" |:(1-i-1)t L 1] a+nt -1 (1+£)"F E:u-i)t = 1]

5 15 i
When.n — o°, the second term Elﬂ)nt E””t 3 J] approaches zero, leaving (1+:I.)t L

nm o INFINITE
s) a _— 1 : DISCOUNTED PERIODIC
D (l_'_t))’l‘- (1+:|.)t -1 PAYMENT FACTOR
F=1 {payment starting in t years):
= (ne+e} [- 3
(11) § a o {1+1) el (144} - iy
the W7 0™ Join® - 1 u|£1+ut -1 @+ [ - 1]

- EU L | L ~p— "
When n-3 e=, Ehe sacond term | o0 E('“n: § J:_J1 approachea yern, leaving [ .t u .
= t THEINITE
(16) a PO A L1 DISEOUNTED Frrfontc
e oy nlTRIITE E et -l PAYMENT FACTOR
ymi} )

(payment starting "this year'™)

FINITE -
DISCOUNTED PERIQDIC
PAYMENT FACTOR
{payment statting in £
t years)

FINITE
DISCOUNTLED PERLIODIC
PAYMENT FACTOR
(payment mrarcing "thig
yoar")
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Appandix 2

Treatment of Annual and Perlodic Paymenis When Paymanis Grow A:mun:lly

Dttcmin;tion of prepant valus fmcrora and future valua fmctors for annual paymencts beginaing "next year!

The usual czse for a meriea representing the present valus of: annual payments begloning "next year!" and continuing for a

total of n years is: i
n .
® o I02 + I T = e ol A i
Z a+)’ (+? a+)¥ )" .
yal .
vhers, a = gnnual payment beginoing next year and contioulng for a torsl of n years.,

B = nuwber of annual payments {also equals the number of years until the last payment)

i = rate of inrevest (diacowmt) '

¥ = any given year
However, this only represents the special case (perhaps the most common case) when (a) remains conmtant. Often an annual
payzent (beginning "next year”) would incresse at an annual rate (g), such that the following seguence would res‘ult.g-l'

a, a(+), a ()%, . .. e, L L L, g™

The present value of all {n) payments 1s represented by the following series:

a o, atm o ae? , Ik am)™t L TE “.(“'3)“-1

av)  an? (1+1)3 (1+4)7 a+y"
Factoring out i » the serles becomes:
L+g
" a 1+ ’ a 1+ 2 a 1+g 2 a l+g ¥ a 1+g n
N e e (22 S - e o &S i [N S -
1+g 1+ l4g 1+ 1+g 1+ 1+g 1+ 17 1

Three possible relationships exist between(f)and{g)

1. If 1>g, then a composite discount rata (d) ean be defined.

a
2, If i = g, then a direct summing of terms is possible, and the present value of the payments becomes; n [1-!-3]
while the future value of the paymente becomes; n [ﬁ (1+1)ﬂ.
3. If 1<g, then a composite compound rate {(c) can he deflned.

1) 1
The composite discount rate (d) equals: (l+g) T
1

Substituting&mg into the above series for %&—] , the following séries results;:

a 1 a i a 1 a 1 a 1

E— — | + |— T 7] s s ==mlilEartiles — e+ | — —_—

1+g (1+d) 1+g (1+d) 14 (1+d) Lig (1+d)7 1+g (14+dy"
This series is in che same form as the geries used to develop equation 3 in Appendix 1 . 1Instead of annual payment (a}
and discount rate (1)}, there 18 annual payment[Ii—g] and composite discount rate (d). Therefore, the following equation

(analogous to equation 3 in Appendix 1) for rhe present value of a string of annual paymenta can be derived:

n
ra - i
[14»3] a ()™ -1 ‘
(1+d)Y +g | A+
y=1

= See Appendix 1, puage 2 5
2/  The rate {g) could also represent an annual decrease tn (a)}. In that cake () would be negative, IL tvwo or more

groweh rates affected {a), (u) would e a compoalte of all srowth riataes.
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[1+3] (14)
——— L] a f—— > x )
sy’ d(1+4)7 (1+5) DISCOUNTED ANWUAL . PAYMENT: FA. TOR

(payment beging "next. yoar")
The future value equafion 1z derived from aquation A as follows:
a1l

a=3

2" T et)T = ae)™ L 4 el ™ (1+n + all+g) @+, . e mn" * g

¢ aQ+) (0™ 4 al1ay™

™M

-1 ¥ n-1 t
-1 allg)™ T (141) a .
A+~ -
3 - atir) " e - 4 . ; vy | 207 :
(l'i‘.g)y d(1#+d) {L+g ]
=0 - = e y=0
& = o AT T & -
.
(1+1}" [(M)“ -1:|
- ~a Ja = :lu+g)
(14g)" i o
L n-1 n -
(5) Z a(l)™ ! ()7 w g | (1B [ '1-] 1>g
=0 d 1 COMPOURDED AMWUAL PAYMENT FACTOR-
(payment begins "mext year")
The composite compound rate (c) equals {+g) 1 .l’
{1+1) *
Substituting (l+e) into the oyiginal series for [—iz%—] s the following series reaulta:

©

& a 2 _a_ P2 i ¥ 8 o
[lst (l+c} + [1+g ] (L+ey™  + [l+g (el +m 0 = @ [1+s] (e)? + . . L+ [l+8 (1+c)

This series 1is in the same form as the series used to develop equations Ha and 6b 1in Appendixl 'Smstituting{ 3 for

l+g)
(a), and (d) for (1) , except that che first term is "missing” .= Ky
wvalue of a string of annual payments beginning next year is derived.

. . n

a a ol

el S e sl (L¥e) =1
Z[lﬂ] (ot [ﬂ] [ b

y=l
& ()™ o1 o
e (l+g)
’ p [(l+c) [ave)® -1]]
¢ (l+g) _J

L2 [ae® —1]]
e (1+g)

]
@

— (I‘H?)y DISCOUNTED ANNUAL PAYMENT FACTOR
1+p, ‘ e (1 1) {payment hegins 'next year")

n
[a |:(1+c> =3 L<g

y=1

i/ Tt ia nnt mathemistleally meressary to define a separate compoesite compound rate (c). The cemposlite discount rate (€N

ls pufficfent LF one fa wllling to work with negatlve d'a la such cases. However, in pracelec 1c is more meanbeglol

te work with pos{riv comprund and dircount ratus.

2/ The series develuped Itere is a present vatoe of an annuan] payment whieh prowa” by a higher rate than the diacont

rate.  IMweveture, Lthe present valne ol vach suecenive yent's pavmenr logreanes, This rosulety In a series ol the

Mame furm ag the serles rgpretsnt log tho comporadad snme ] paysnt (agine wheo o= 03

Therefore, using equation 6b from Appendix 1, the present
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The future-value form of equarion € s derived in the munner of equacion B, uslapg the some. deries, repented helow:

n~t - = = 3 S
Z & (WYl ey 2 at™ 4 ag+n)™T (14D ;a(l.ﬂt)n R I e TP Lo ol JPCUULS AU
- a-1
- P« al+g) (I41) + a(l+i)
) 1+e)® -1 o
Z a(l_'_g)n-l (lﬂ)y . ﬂ[c(1+i) {1+d)
N RS AN
= (T+s)
L -»
3 o .
aie)™ I-m-n“'l [cer® -]
®) PR - aL c ] COMPGUNDED ANWUAL PAYMENT FACTOR
Y=0 (payment begina "next year™)

Determination of preseat value facerorg and future value factors forx Wimiw'

The ugual case for & aeries represeating the present value of somual payments begioning "this yeax" ant contiouing for n

nm:e' years is: L

o

E a a a » a
- Y, 4= 2 LR R . iy =9 e
()Y (14)  (1+) )’ (141}
where, = anpual paywent beginning this year and comtinuing for n more ly'ears

w puober of years until last payment (there are m+l 'paymenl:s)
= rate of interest (discount)

b T U I ]

= any given yeoar

However, sguin this only rcepresents the spéclal case when {s) remains constant. Wwhen (a) increases at 8 rate (g) each ¥ear, |

the following sequence resulta! 2
s, a(lg), (i), ..., aQe), . La(ee)®

The present value of all (u+l} payments is represented by the following series:

(1+g) + a I-(1+g)2 +. . .4 a (1+g)7 ey g ENA (14%)“
(1+1) L(m)" a+1)” T aey®

a+a

Ag before, three pesaible relationshipa exist between (1) and {g).
1. 1If £% g, then a composite discount rate (d) can be defined. |
2, If 4=g, then a direct surning of terms i1e possible, and the present value of the payments becowmes a{mt+l), while
the future value of the payments becomes a(n+1) (1+°, ‘
3. 1f 1<g, then a compusite compound rate {c) ¢an be defined.

1/ Sae Appendix 1, page 2.
2/ The rate (g) could also represent an annual decrease {a {a).. In that case (g) would be negative. If two o mgre |

growth rates affected (a), (g) would be 8 composite of all growth rates. |
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(1+1)

Again, the compusite discount rate {d) eduals: =]
{1+g)
Substituting |:(1+d)] into the above series for [lﬂ.] , the following series teaults:
a+ -:‘—+“2‘+...4_-' e =
(L) (L+d) (1+a)Y (1+d)

This seriea is in the same form as the series used to develop equatiom 5b in Appendix 1, except that (d') has replaced (1),
Therefore, the following equatien (analogous to equation 5b in Appendix 1} for the present value of & string of annual pay-

ments can be derived:

‘n

: a ™ i>g
e - a e
s n DISCOUNTED ANNUAL PAYMENT FACTOR
(1+d) - d(1+d) (payment starting “this year'™)

The future velue equation is derived from equation E as follows:

a(1+)™ T ()Y = a(+m” + s (1) + a2 4, L L F e T +
s allr ) (1T 4 aqen)®

=

a(leg® (147 ) S
- — | aw
(e’ | d (1)

(4" [cm)"*1 . ]

ag) 1+t - *
4 ()"

E R EI (g T (g

’-(111)1: [(1+d)n+1 ,"]]
= =

n

d 1+1 :

(1+g)
5 o [ o+l ]-’ i>g

all+p) (1Y = g B A8 COMPOUNDED ANNUAL PAYMENT FACTOR
{payment starting “this year"
=3 . d

The composite compound rate {c) again equals (i+g) ]| = 4

{(14+)

I+g
Substituting (1+c) into the origioal series (p. 3 of this asppendix) for I:—-—}... the following smeries results:
1+

a+allve) +all+edd ¢, s altre) +o ., allke)”

This series g in the same form as the series used to develop equations 6a and &b in Appendix I. (subatituting "c" for

it T el Therefore, using equatfon éb from Appendix f , the present value of e string of amnnual payments beginning

this year K can he derived.

2 e+l
(I4<) -1 i<g
a(l+ey a af—- DISCOUNTED ANNUAL PAYMENT FACTOR
3 {payment begins "thia year"
=i}

1/ See footnote 1, p2 of this appandix.
2/ See Eootnote 2, p2 of this appendix.
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The future value form of equation G ts derived in Ehe, manner of equatdon F, using the same gerles, repeated below:

Z all+ed™Y (141y? = a0+)" + 2™ (140 + alitn)™ 2 ()% 4L, b oa ()T )Y+ L
=0 b Al )™ 4 aa)®
n - ¥
o ¥ o+l
a{l+g) " (L+1) s (i+e) ;1_ Q+19°
y=0 (148 U
8 all+p™ -(l-u)“ Terte) ™t -1]
e .. L i<y
(l4e) -L c COMPOUNDED ANNUAL PAYMENT FACTOR
ye0 (payment begins "this year")

Annual capital rtecovery factors and sinking fund factors

Cepital recovery factors and sinking fund factors generally do not consider growth fates. TheyY are only affected by the
interest rate (1), the number of payments {n), and the total amount of current or future principal to be repaid or accumu~
lated. It is true that (1) might either be defined to be. a Teal rate or a rate which includes an expectation of the average
rate of inflation over the period. If (1) is defined as a real rate, the real value of each period’s payment (&) would have
te be mulriplied by an inflation factor (C‘PIlel’Io)‘y. to get the nominal value which would then equalize the teal value of
each payment. If (1) 1s defined te tnclude inflacdon, each perlod’s payment (a) would be equal in pominal terms, bur each
successive payment would decline {n real value. In such a case, & real rate of discount could be used with & negative (g)
used to represenc the amnual decline in the value of (a) (which would be defined in nominal - not real-terms). Then (g)
could be used in the meoner described in this appendix. Capital recovery factors and sinking Fund factors which include (g)
would be the reciprocals of the discounted annual payment factors and the compmded annual payment Factors, respectiv«:iy-
{applying the same conditions as do these equations, namely, the "1:g" relationship and the year in which payment 'begin.s)'.
However, when one 1s not working ia real wvalue terms, using a negarive (g) to represent the annusl decline in real value
caysed by inflation is much more difficult than defining (1) to include inflatien and weing the simpler equations developed
in Appendix 1. 2/

Determination of present vaiue factors and furure value Factors for periodic payments beginning "next period”

The usual case for a series representing the present value of periodic payments beginning im t years and continuing
every c years for a total of n periods is: 3

n
a a a & a
- + " oy oy e e——— + ———
2 g 1 13
(14+0)7 )t en?t (¥t (14"
Y=1
where, a = periodic payment beginning in t years and continuing every t years for a total of n periods’

t = time interval between periods
o = npumber of periodic payments (nt equals number of years until last payment)
i = rate of annual interest (discouat)

¥ = any given Period {yt equals any given year in which a payment occurs)

However, this only represents the special cose when {(a} remalns-constane. When (a)} increases at a rate {g) each year

the following sequence resultsiﬁ

—"

Corngumer price index for year (y)} divided by consumer price index for year zere,

Irs =
™

I£: rereal rate of interear and f= fnflatlon rate, (14t} {14f)-1=1, the compaaite rate of interest which {ncludes
inflarion. Defining a negative {g), g=—f/(1+f), 1a unnecessary and more complicaced vo apply.

3/ See Appendix 1, page 3.
4/ The vate (g} could algo represcnt an annual decrease In {a). In that case (g) would he nepstlve. If two or more

growth rated affested (o), (g) would be a compusite of all growth rates,
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w a4, ™ L sae Y L aamBY

The present value of all (n) paymenta 18 represented by the following serles:

{o=1)¢t
t 2t = (r-1)t a{l+g) ‘
a - alive) + ol + . 4 s _l(1+3) B v =l : )
asnt  an®t ()3t (144) 7" (et
T
Factoring out (1+g)t , the series becomes:
a A1 [ a2 Hugl?® T a Jlegl® 2 T g™ s ] [g]™
e =, Hle—il ==l ®ers s5le=x || 5 s=iE=
(14g) 1 [L+i (1) ¥ (142 () S| 1+ -+ |1 (4"} {1vt
“&hree possible relatimhipl exist between (1) and (g). X
1. If i>g, then a composite discount rate (d) can be defined. e
2. If i = g, then a direct summing of terms ia possible, and the prewent value .of the payments hecuuesj n[(l_‘*s)t:l
a -

while rhe future value of the payments becomes;
: a+*
3 Tf1<g, then a composite compound rate (c) can be defined.

(1+)"F

1+1
The composite discount rate {d) equals [(1+g)

Substituting(l*_d)J into the above seriles for hl-igj] , the following series results:

=1

a 1 r -3 1 a 1 a 1 a 1
t et e 2|t £ ) 5% prene i | e e M | t
(1+g) (1+2) 'i“g) (D2 | ) ST L (1+g) (1+d)Y (1) " | (zraf™

The composite diacount rate (d) 1s im annual terms. To facilitate the simplification of the above series, it 15 useful
To define a periodic composite diacount rare, p = (l+d) "

Then, substituting (l+p) = (ltd)r‘, the Following series results:

[ a [ 1 s [ 1 a 1 I—u rl [a [—1

+ + ) ! ikl By i
law® | (o] [anf] [am?] [awf] [ww? (@f] |aw? Lot [am®

a a

has replaced
(1+g} 1t+g

(p) has replaced {d ) Therefore, the following equation {analagous to equation A) for the present value of a atring of

periodic payments can be derived:

and

‘Thie series is in the same form as the serles used to develop equation A, except that

o - T
a
é “_(1+g)‘] [= " -
- t n
y=1 (I.'P)y (1+B) P(l‘ﬂ))

Substituting, p = (1+d}" -1, and (L+d}¥ = (149}

o ®

a

o eyt B a ()™ -

Ly} ——
Z (1+d) 7t (1+g)t (1+dy™" [{1+d)‘ _1]
n i>g

o DISCOUNTED PERIODIC PAYMENT FACTOR

{1+d} -1 {payment atarting in t years)
t -
{1+g)

ST - Uy (1+g) Q4™ [(ra)® -1
()Yt i

The Futwre value (in year nt) of a "prowing’ perfodic payment recelved in the next period ({n t yesrs) and continning

svary(m years for g tolal af(n)perivds is derlved Lram vquallon § as tollowse:
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- A
Z a1 TPIEOYT  e D  ai PTR et k et TR L st YDy Y
ey : +alla eI e e
n-1 —
a(ueg) U (rgyYe (1) -1 .
vE =3 £ nt t (1+1)™
& Lo’ Lo+t )™ [(e)® 1]
-
("t |“(1+1i)“t —1]
n=1 ey -
Z a(ueg) U gt - J 0™ .
@se) =t [ow®
y=i {1+3)
L B |
’ (143) (1)t [(l-l-d)nt _i] i1 g
{n-1)t ¥t = 2
W afieg) T4 - e = COMPOUNDED PERIODIC PAYMENT FACTOR

{payment atarting in t years)

INTE

The composite compound rate {¢} equsals (1+g) _]] .‘]—'/
(1+1)

1+g
Substituting (1+c) into the originel serdes (p.6 of this appendix) for [——| , the following series results:
1+

a

a
t}(1-:_-@"“ taleak [ =—_ (1+e)™E

(2+g) (1+g)

g el e 2t
o B L gl G ¥
(1+g) (1+g) (1+g)

eyt e 7L Lk l:

The composite compound rate (c) is in annusl terma. To facilitate the simplification of the above serles, it is
useful to define a periodie composite compound rate, p = (l+c)r' -1

Then, substituting (lep) = (1+|:)t. the following series results:

a a 2 a 3 a a j
— .} () + | (Lp)” + g (S DR —[Ew? £ .o |——| @™
(A4g) (1-+g) (1+g) (1+g) (L+g)

- a T a
This series is in the same form as the serles used to develop equation-C, except ::ha::[(1+g) t] has replaced I_l+g] and
(p) has replaced (c) ’Iherelfore, the following equation (amilagous to equation C} for the future value of a scring of

periodic payments can be derived:

N .
a a W fom® 1] °
== sl ===,
=) (1+g) {1+g) P ;

Subatituting, pe(l+c)~1, and (l+c)® = (l+p)

o
$ [ T - ot
I +o o B ile—m——e— g =
a+)" | ()" [(+0)® -]
y=1
-
- s [(“’B) J [(14-.:)“‘ -I_[
(1+) © 7
) ® [arer® -1

—

1} See footnote.l, page2of this appendlx.
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o R (1+e)™F -1 1¢g
%— (r+e)¥* ol T € _ DISCOUNTED PERIOBIC PAYMENT FACTOR
Z (l+s)t] (1+1) [“ﬂ) -I-l (paynent starcting 10 t years)
y=1

The future value form of equation K is derived in the manner of equatiou J, using the same scries, repeated below;

Nt

.(-Iﬂ)(n-y—l)t ¥ - .(Hg)(n-l)t + -(1+s)(“'2):(l+i)t 'y a(1+g.)\(“" (1+i)2='1- ‘ol

™A

aig) TYRE QT b L L s () Sy D 4 ey (LT

n-1

(n-1)¢ ye Q)™ -1
z A R e e ot ™
e’ arn® lare® -1
y=0
nl e
(n-1)¢ nt
a Qeg) =D A {1+ [(1+°) "'ﬂ COMPOUNDED PERIODIC PAYMENT FACTOR
T e v 8 (14+e)® -1 l (poyment starcing in t years)
prery (1+e)

Determination of present value factors and future value facrors for periodic payments berinoing "rhis year

The usual case for a seriesrepresenting the present value of perfodic payment beginning this year and contimuing evéry

(t) years for (n) more perloda is:‘y

=
a a a a a
—_— - 8+ —— * — e — L, —
(Yt (1+0)° ()" (1r1)'* (1)
y=0

where, a = periodic payment beginning this year and continuing every t years for o more perleds,
t =-tipe interval between perilods
o = number of periodic payments after first payment (there are n+l payments and nt equals the
number of years until the last payment)
i1 = rate of anaual iInterest (discount)

y = any given period (yt equals any given year in which & payment occurs)

However, this again only represents the special case when {a) remaine conastant. When (s} increases at a rate (g) each

year, the following sequence results =3I

8, a(+)t, aQ)E, . L L, (et L L L atee™

The pregeat velue of all (n+l} paymente i3 represented by the following serles:

1+g ; l+g 2t i 1+g ye . l+g s
a+a = A == + & 9.5 +-8 —_— + = g | g ] g
1+ L+i 1+ 1+

An before, three possible relaticnships exist between (1) and (g)
1. If i3 g, then a composite discount rate {d} can be defined.
2. If 1 = g, then a direct summing of terms s possible, end the present vaolue of the payments becomes aln+l),
while the furure value of the payments becomes a(n+1)(1*i)“t.
3. 1If i¢ g, then a composite compound rate {¢) can be defined.

1/ See Appendix 1, page 4.
2/ The mnte (g) could also represeat nn annual decrease In (a). Ta that case (g) would be negacive. If two' Qr maTe

growth rates alfected (), {3} would he a composite of all #rowth rates.




-~ 212 -

'(iﬂj

Again, the compoeite discount rate (d) equals: -1

(l+g}

1
. l+g
SubstiFuring lélhi)] inte the above aeries for [—-] , the following series results:

1+
S AN e o L
i+t et (+)YE (244)2F

As before the compoaite diacount rate (d)} is in annusl terma. To facilitate the simplification of the above seriea,

it is useful to define a periodic composite discount rate, p = (l"'Vd)t -1.

Then, substituting (l+p) = (1+d)t, the following serles results:

A i a a a
J = WE—=c ¥ 1ard == %W ==
(1+p) a+°, (14 (14p)

This series is in the sazme form as che. series vaed co develop equation E, exceptr that (p) has replaced (a). Therefore,
the following equation (analagous to equation E) for the present value of a string of periodic payments can be derived:

i

z a (™ 1
L. it 2 dlics B
(p)” pllsp)”

y=0

Sybacituting, p = I’l-t-d)i -1, and ('l+d)‘t = (1+p}

n

s (py PRIE i2x
{M) et =3 =0 T DISCOUNTED PERIODIC PAYMENT FACTOR
{1+d)” (14+d) [(1+d) —l:l . (payment starting "this year')
y=0

)

The' future value equation is derived from equation M as follows:

n

E a ()T (ray¥E - aip)™ 4 ap) TV unt 4 e @D ey, |
sy +a) T E Tt s s et ) OV 4 g™t
o (n+l)c
W a(1+) F(1n)”" = o CERD) =\ L
T ™ [t -g
y=0
9
(1+:L)n= I:u_'_d)(n+l)t _]] ]
[ X —
nt vt (1+0)™* -
E a(l+)™" (1+d) ~ g — [md)t ”1J
(1+2)
y=0 - .
L ()" [(1+cn(“*'”t -Z[ ivg
Y a(l+g)"" (14+a)7" - a PPy COMPOUNDED PERIODIC PAYMENT FACTOR
Z. = (payment atarting "this year™)
y=0
(1+g) ]
The composite rompound racte (c) again equals —_— =1] .=
(141)

1/ See footnote 1, n 20f this appendix.
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lig
Substituting {L+c) Lntw the origloal series (p8of thig appendix) for |- [, cthe following series results:
1+4
s+ aflte)® + 214028 4 L L Lo alre)? L L, e alea)t
As befora, the composite compound rate (c¢) 1s in onoual terms. To facilitate the simplificatiom of thé above scries, {1

ia uaeful to define a periodic composite compound rate. p = (1+c)" -1.
Then, substiuting (i4p) = (1+1:)t. the following sevius results:
BT iy RIS o DRI 4. & & SRR

Thia scties is in the same form as the serles used to develep equation G, except that (p) has replaced (¢), Therefore, the

following equation (analagous to equation G) for the present value of a etring of perlodic payments beginning this year can
be derived:

p e
n

Z o ™ -y,
al+p) e
P

y=0
Substituting, p = (1+¢)" -1, and (1+e}" = (1tp)

n . (L) (o1}t 1 idg
3(1“))’ - a A e ST DISCOUNTED PERIODIL PAYMENT FACTOR
(0} (Q+c) ™ -1 {payment starting "this year"}
y=0

The future value form of equation O is derived in the wmanner of equation N, using the same series, Tepeated below:

.
z TR e 20+ e T (et 4 e TVE 4T & L L L 4 e Qe (w2t 5yt
E v oo g S U 4 e ™
x
o R
Ay TE (T v ™ ¢ et TUT () 4 a0 4 L L L gl TE
e QHITE & | . |+ a@)® (40) LR 4 ppant
|
{n+llc
& 1 z,
E atup™ )’ - o = Gl [P 1
¥t (1tc) ™ -1
= I
0
nt [ {o+l)e _
a(l4g)"t <y 1 lil""’ ;_I s ,
v | (ee)?t (I4e}” -1 COMPOUNDED PERIODIC PAYMENT FACTOR

A : {payment starting “this year™)

Periodic capital recovery factors and sinking fund factors

Theoretically, periodic capital recovery factora and perliodic sinking fund factors are possible (see Appendix 1, page.5),
Hovever, neither factor generally considers growth ratea (see papge § of this appendix). If some application of periodic
capital recovery factors or sinking fund factors (which include an annual growth rate) exists, the present value and future
value formulas for pericdic payments {which include on annual growch rate) can he lnverted and used in the manner
described in appendix 1.

Determination of "infinice"” factora

When anapal or perdodie poyments {whiel include an anoual growth rate -3 ) continue for an Infinite perlod {or for a
sufficiently long {inite pariod much that the “next” payment has nn measoreshle present value) some of the ecquations for
present valucs of such Paymenty become much sinpll(led. Only eases where (5@ can he almptifled, ainra when 1 £ g
the present values of Ruccedsive poyment$ do not decrvase.  Four equiations described in thls appendix can he almpllfLed,

equationa A, E, L, snd M.
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n

Z [L] Uy e i 1
(.A) 1+g =8 | ge1edy® (1+g) : d(1+g) N d(1+d)" (L+g)

y=i =
(1+a)”

13p ¢ INFINTTE

DISCUOUNTED ANNUAL BAYMENT FACTOR
{payment hegins "next year"

1 1
when'n ~»od , the gecond term e ‘approaches zero, leaving
d{1+d) " (1+g) d{1+g) &
Therefore:
nweo
&
_ e 1 .
Q@ Itg - S L 1>g : INFINETE
v d(L+g) u DISCOUNTED ANNUAL PAYMENT FACTOR.
(14d) {payment begins "nexr year"}
n
& Q™ -y 1. ML i>g ¢ PINITE
(e R = e J—
(E) vy’ 4 (eay® a 4 41+ DESCOUNTED ANNUAL PAYMENT FACTOR
y=0 (peyment begins "this yeag')}
1. 1+d4
When n —y=, the second term E—— approaches zero, leaving: —=
. d(1+d) d
Therefore:
n:es
a 1+d
®) —— g *® a == i>g ! INFINITE
T (I g DISCOUNTED ANNUAL PAYMENT FACTOR
(payment begins "this year")
] -
a . .
i E \‘ ] (1+d)"E -1 1 i ¥ ! ;>g : FINITE
(1+g) _ - = DISCOUNTED PERIODIC PAYMENT FACT{
1 == 2 ¥ (148) S (1) F [(1+d)‘ 'B_I (1) ¢ [(1+a)“ -1 () & Q)BT E___1+a)‘ -1 {payment srarting in (t) years)

(1+a)¥*

1 approaches zero, leaving

When n—ews , the second term,
()" e+ [(1e)® 1)

Therefore:

=l
=

X
(148} " [eey® -]

12§ © INEINITE

DISCOUNTED PERODIC PAYMENT FACTOR
(payment starting in t yeara)

i 1>g FINITE

) ()" ) ,
I aray¥t - () [‘“"”t '1]
a (e Y ()

() ({':';,yt TR ™ [aen® -1:‘- ()" -1 (a+)™t
y=0

appreaches zera, leaving

When m=? ae; Lhe second term

1
1+a)"t Eud]‘ 1]

The refaore:

a

[&9]

N

(L+a)YE

o
I
=

t '] DISCOUNTED PERIODIC PAYMENT FACTCR
[(1+d) -1 (payment starting ""this year")

(Led} "

L L

i1>p: INFINITE

BISCOUINTED PERTONIN PAYMENT (FACTOR
{payment starting “this year™)
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Apvendix 3

Application of Electronic Calculators to Solutions of Discounting Problems

Several types of electronic caloulators can automatically calculate the present value
of a series of annual or periodic payments. Some electronic calculators also have the option
of selecting either the end of year (column 1 of Table 2) factors or the beginning of year
(column 3 of Table 3) factors-_y For those caleulators which only specify the end of year
factors, one can caloculate the beginning of year factors by adding in the value of the flrst
payment. E/ For example, the case illustrated in Table 4 applied the factor for the present
value of an annual payment beginning immediatelys. The discounted value of net benefits for
years Tw19 (W43.9 annually) was determined using a caloulator to calculate the discounted
value of a sequence of anmual payments of W43.9 which began in year 8 and continued through
year 19. The discounted value of these 12 annual payments (at a 10 percent discount rate)
was automatically calculated to be W299.l. 'The value of net benefits for year seven was
added (W299.1) + (W43.9) to give a total discounted value {in year 7) of W343.0.

To derive discounted and compounded values of pericdic payments using electronic cal-
culators, one first needs to caloulate a periodic discount rate (p) equal to: ({1+i)t-1),
where (1) equals the annual discownt rate and (t) equals the period between paymentse Then.
the periodic payments can be treated as annual payments on the caleulator, using (p) instead
of (i)s To caloculate beginning of period and end of period payments, the same steps need +to
be followed as were described above for annual payments.

The use of a periodic discount rate oan be illustrated by using the periodic net
benefit (6f W90.2) from Table T« The periodic discount rate equals 21 percent ((1.10)2-1),
and 6 periodic payments occur after year 6., The discounted value of the 6 payments (using
the 21 percent discount rate) equals W292.7. Adding the value {in year 6} of the first
payment (W292.7 + W90.2), the fotal discounted value equals W382.9, as shown in Table 7.

A few of the annual payment formulas in Table 10 olosely resenble theirihon-growthq
counterparts in Table 2, By substituting (d) or (c) for (i), and in some cases by further
maltiplying by an additional factor, electronic calculators with financial functions can he
used to quickly calculate discounted or compounded valuess However, for most of the formue
las in Table 10, the adjusiments necessary to "fit'" the formulas into the electronic calou—
lator's format are more time consuming than directly caloulating the formula through multi-
plication of its componets.

¥ Table numbers refer to tables in the texte

3/ The "end of a given year" is equal to the "beginning of the following year" in this
~ terminology, i.e.y on a calendar year basis, 31 Dece, 11:59 pems, 1976 equals 1 Jane,
00:01 Sellie y 1977.
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Appandix :

Calculation of Net Present Worth (NPW) in Table 3

The caloulation of the net preeent worth (NPW) for the Korea cash flow (Ta.'ble 1)
is demonstrated in Table 3. J Eight single years or annual seriee of years which have
different net bemefits (coste) are identified in the eight rows of Table 3. Column 1 of
Table 3 liste each year or annual series of years, and column 2 shows the net benefits
and costs from Table 1. These two columns contain all of the information found in row 8
of Table l. Colums 3 and 4 of Table 3 identify the initial years of discount and the
discounted values, respectively, for the two eeries of annual payments (rowa 2 and 7).
Sinoe Table 3 illustrates the use of the "end of year" annual payment formula, each
initial year of disoount equale the year prior to the start of the annual series. The
discounted values in colwm 4 are determined by using the "end of year" annual payment
formula (from row 1, column 1 of Table 2) and a discount rate of 10 percemt. Column 5
of Table 3 indicates the present value (year 0) of each mingle payment and series of
anmual payments. The present values of the 6 single peyments in Table 3 (rows 1, 3, 4,
5, 6 and 8) equal the values in column 2 discounted at 10 percent for the number of years
indicated in column 1, The prement values of the 2 series of annual payments (rows 2 and
7) equal the values in column 4 discounted at 10 percent for the number of years indicated
in column 3, The final step is to add all of the 8 present values in column 5 to get the
net present worth (NPW), equal to W170.0.

Y Tavles referred to in this appendix are text tables.



