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THE_ECONOMIC EVALUATTON OF INVESTMENT IN LARGE-SCALE

PROJECTS ~- AN ESSAY TO RECOIMELD PROCEDURES:

R.C, Jensen
Lincoln College

The task of assembling recommendations on the use of project
evaluation procedires has been: attempted previously, PFor example, the
"Green-Book" has laid a long-respected basis for evaluation work; more
recently documents from- the United States Senate have emerged as valuable
standard references. .

Discussions continue at academic levels on both theoreticel
aspects and the application of discounted flow techniques. 1In recent
years the limitations of discounted flow technigues have been recognised
and emphasised, and amid the volumes of literature on this subject there
hes not appeared, to my knowledge, a simple stotement of recommended
practices and standerds which will materially assist those whose interests
lie only in the empirical side of discounted flow techniques., Our
experience at Lincoln and the discussions of the Seminar recently completed
have forced a realisation of the difficulties facing many who are expected
to provide economic information on proposed projects. The diversity of
background of those whose duties include economic evaluation indicates that
few have been cxposed to "professional training” in discounted flow techniques.
and that they gain small comfort from books and professional journals,

Obviously the lack of a series of uncomplicated recommendations for
use at "grass~roots" level exists because it would be considered professionally
naive to publish them, even though & writer may have established them subject~
ively for his own work, In the interests of uniformity, I intend then to be
naive, to provide scme recommendations which I believe would not be frowned
upon too heavily by both respected practitioners and academics, and which
probably represent the consensus of informed opinion, No theoretical
Justification is offered in support, since this would presuppose familiarity

# This paper was prepared consequent: to,.and at the request. of, the.Seminar
on Project Eveluation., It contains some material already mentioned in
the papers esarlier in this book, and has benefited from the discussions
of the Water Resources, Land Development, and Forestry/Land Development
workshops of the Seminar. The contributions by the discussants of these
workshops is gratefully acknowledged, alsc the advice received by
Mr R,W.M, Johnson, Professor J.G. Yoho, Mr A.C, Norton, Mr A.C. Lewis and
Mr H.J. Plunkett on earlier drafts; all responsibility however lies with
with the author,
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with the theory by many who have not seen the literature, and would complicate
unnecessarily a paper which is meant to be free of academic complexities, I
fully realise that many may dicsagrec with some of my recommendations, but
svbmit this paper as sn inberim guideline, until a better one is produced.

Ard this will De welcome. In the meantime, the Agricultural Economics Research
Unit at Linceln College will be guided by these standerds for evaluation work
commenced in 13%63 and later.

The recommendations in this essay refer to the evaluation of large-
scale projects - defined for our purposes as projects initiated above the ‘
level of the firm; from irrigaticn projects to reservoirs and so on. The
wide range of projects which possibly fit into this category means that detail
is impossible in a paper of this nature. The essay considers primarily
evaluation procedures in the New Zealand agricultural scenel; and is limited
to established discounted flow techniques. A working knowledge of these
techniques is assumed.

The following topics are dealt with:

1, Objective of the. Investigation
2 Scope of the Project
3 Viewpoint
L. Terminology v ‘
5e - Representation of Benefits & Costs.
6o Period of Analysis
Te Discount Rate
& Index of Overssas Nxchange
9e Output Prices
10. - Sensitivity Analysis
1. Double=-counting
12, ~ Presentation of Results
13. Expected values
14, Re-appraisal
15, Investment & Financing
16, Policy Conclusions.
1. Objective of the Investigation

It is desirable that economic reports be preceded by a clear.
statement which provides perspective on the evalustion and the reason for
the study. = "his statement should specify the economic facts it is hoped
to demonstrate, end the particular decision-making situstion to which these
facts nre appropricte, e.g. - Somo reports sre prepared wriueril. os

1. It should be stressed that the application of discounted flow techniques
in "non-agricultural®: investment evaluation has been successfully
practiced for severael years. - This essay however, avoids discussion
of all but agricultural applications,
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methodological demonstratlons, others are emplrlcally oriented using
established methods; some are basically “"research" reports intended for
example to demonstrate desirable or undesirable directions of development,
others may be intended directly as guides to individual cash investment
decisions,

The specific aim of the project should be outlined.. For example,
one or more of the following may be intended:=-

(a) to provide information for an accept-reject. decls1on on
-a particular project,

’(b) to compare two or more alternatlve projects;

{e) to calculate the maximum investment advisable to achieve

specific benefits,

(a) to compare different rates or timing of investmeht,

The prime consideration for speclfylng the aim of the study should
be the question posed to the practitioner, remembering that discounted flow
technigues are reasonably flexible and that a slavish adherence to the "usual”
procedures of calculations may not produce results in a satisfactory form,
If possible the politicel end social framework within which the decision is
to be made should be outlined, as well as. the flexibility available to the
practitioner in termsa of the soale of the project,

2. Sgope of the Project

A precise description of the project(s) should be provided.
Physical boundaries should be defined along with sufficient technical
informetion to enlighten but not confuse the unlnltlated, Technical
information may be valusble to later workers in the same area, and if
this is likely, it 'is better retained in an appendix than lost to posterity.
Simple meps of project location and boundaries of influence could be
included., - It is important to signify the relative size of the project
and whether or not externslities are likely to be 1mportant and the
direction of their influence, even if their effect is not 1ncluded in
later calculations., Any technically limiting factors should be recognised.,

3. Viewpoint

Anglysis should define and state the viewpoint from which the
study is executéd,.

(a) Netional viewpoint. —~The effects of project establishment
should in the case of large~-scale projects, be traced as
far as possible throughout the economy, and will include benefits.
and costs accruing to the nation as a whole. These are usually
evaluated through effects on national income. In the case of
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large~-scale projects which involve overseas sales and Jurcha@uc
the netional V10qu1n+ should include con51derctlon of the not
effect of the prejeet for overseas exchange. = Adeguate
evalunticn of smeller prejects, e.g. Crainage schemes involving
o limited number of farmers can undouktedly be carried out {rom
the nationsl viewpoint without the inclusion of “spillover" or
cychanbe.bcncfiuuQ

(b) Reeional or District viéwpoints, These studies include
the effects of the project on. regional or district
populations and. local govermments,

{c) Industry viewpoint.  The effect on an industry, through
both pricing and productlon, of the establishment of a.

project,

(d) Individual viewpoint. The effect of a project on an
~individual firm, its operation and profltso'

_ Otb&r'V1eprLnts should be recognised if necessary. - Projects -
which could involve public money are correctly evalusted from the national
oint of view, Studies of farm development are useful from the naticnal
noint of wiaw only if some policy suggestions are possible and are given,

Tt will readily be recognised that some effects of a project may
b banefits from one point of view and costs from ancther, and vice veraa,,
Purther, soma nwolicy questions, 580 0 desirable level of public gubisdy,
Cwean frequently be answered only if evaluation is attempted from more than
one point of wiew,

: 2
lg z&rmanlOﬁf'v

%wnelnth are defined as the 1ncreases or gains in the value of’ goods and
services which result from conditions with the project, as compared to
conditions without the project. Benefits should be measured net of

indirect and direct costs, and include both tangible and 1ntang1ble benefits.
The ey ‘may ‘be classed as primary or secondary.

Tangible Benefits - those which can be expressed in money terms.

Intangible Benefits - those which are not fully measurable in
money terms, or may not be satisfactorily expressed in money terms, in
formel analysis.

Primary (or Direct) Benefits - the value of goods éhd services
directly resulting from the project less direct and indirect costs incurred
in realisation of the benefits,

2o The definitions of Benefits and Costs aro modified and condensed from
my earlier paper. (Paper L.)

4
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Secondary (or Indirect) Benefits and Spillovers - the increase
in the value of goods and services which indirectly result from the
project under the oconditions expected to occur with the project as
compared to those without the project, Secondary benefits and spillovers
are measured net of any costs which have to be incurred to realise them,

The simplest solution to the common imprecision of definition of
these terms is that spillovers should be acknowledged when a study takes
the national point.of view, and that secondary benefits occur locally and
should be recognised in studies when e local ‘or.regional viewpoint is-
taken,

Costs

Direct Costs ~ includes the value of goods &nd Services used in
constructing, operating and malntalnlng the project.  This category- of-
costs includes all other identifiable expenses, losses, liabilities and
indirect adverse effects connected with the project, whether or not.
compensation is involved, whether tangible or intangible. Costs of
investigation, both’ technlcal and economic, should be estimated and -
recorded separately as & cost of the decision meking process, but not
included in the analysis..

Indirect Costs - the velue of goods and services over and
above those included in direct costs needed to meke the immediate
products or servioes of the project available for use or sale.

Oyefﬁeas Exchange Benef'its & Costs

: The net requirement or contribution -of a project to overseas
éxchange is appropriate to evaluation of large projects in the New Zealand .
economy, Some index of the premium on overseas exchange (at f.0.b. prlces)
should be applied as a measure of the net social benefits or costs from
this source. These benefits could be both primary and secondary and both
tangible and 1ntang1b1eo

The terms benefits and costs should be seen as terms which
specifically include non-cash allowances, Where these are not included
in the study, the terms "benefits" and "costs" are inappropriate. At
least four situations, with specific terms describing the flows, can be’
dlstingulshed°u3

(a) Individual Viewpoint - Cash Flow Studies - where cash flows only
are considered, and the nat oash flows are required;

3°‘ Notation used is that Outlined in my earlier paper. _(Péper L)
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receipts or expected receipts

payments or expected payments
present value of recelpts
present value of payments

net present value (or privete net present value)
of project.

This case is similar in effect to the discounted cash flow (D.C.F.) method
commornly used by accountants.

{(v) Individual Viewpoint - Including Depreciation or Renewal Funds,

t

4]

oy other Non-Cash Allowances

.income or expected income

expenditure or expected expenditure

present velue (worth) of income

present value (worth) of expenditure

(privatsd net present value, or (private) present

wo of project .

~arge Scale Projects - Cash Flow Studies Expected cash flows

bj' = returns or expected returns
o, = costs or expected costs
vV = present value of returns
C = present value of costs
V-C = -(social) present worth or (social) present value
of project.
() Large Soale.Préjects— Including Non-Cash Allowances Both

primary and sécondary bénef'its are included, perhaps with some values
imputed or simulated, and with allowances for other factors such as
net requirement of overseas exchange:~.
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bj_ = benefits or expected benefits

cj = costs or expeoted costs

'V = present value of benefits

C. = "present value of costs

V-C = (social) present worth or project.

5, Representation of Benefits and Costs (Income, Expenditure, etc.)

Benefits and costs included in the calculations should be
¢learly listed and the method of calculatxon described - preferably in
reasonable detall in an appendix.

A1l foreseesble consequences of a project should be taken into
consideration, . . However; the limitations of our techniques demand that:
the benefits and costs be represented in money terms if they are to
enter an economic evaluation, The first problem then is to devise the
‘most - satisfactory way of representlng the various. claases of benefits
and costs in money terms. -

In large scale progects a broad spectrum of benefits exists -
from actual money benef'its to intangible benefits, Actual cash flows
prenent no problems of measurement, Similarly, intangibles, by
definition, cannot be included in the discount analysis.  4n indication
should be given however of the nature of the intangibles - whether
qualitative or quentitiative, political or socisl = and the section of
the community likely to be affected, Where the reason is not obvious
the classification of a benefit or cost as intangible should be justified
by listing the reasons for avoiding measurement..

Between these extremes are benefits which can-be represented
in money terms with varying degrees of accuracy, comrort and effort,

The synthesis of expected cash flows from both expected technical
coefficients (e.g. yields per acre) and expected price and cost figures, is
often necessary. The matter of forward estimates of prices for use in the
calculation of cash flows is considered later. Preceding papers will have
made it clear that smell variations in the megnitude .and sequence of cash
flows may have an slarming influence on the criteria developed for decision
wmaking., Every effort must be made to represent expected cash flows as
faithfully ‘and as objectively as possible. The following points might aid
in this objective:-

(a) Estimates of technical coefficients should aim et accuracy, and
the tendency to "play safe" by deliberately incorporating
conservative estimates should be avoided. = Most estimates of future




production, particularly in the loug term, are uncomfortably subjective;
using conservative Tigures does not eliminate or winimise errcr, -but
probably ensures its cxiglence. ‘

(b) Technical change is characteristic of the agricultural sector,
and thorefore its incorporation in the synthesis of cesh flows

is ‘highly desirable if the period of analysis is more than 5 or 10 years.
Discounted cash flows would normally compare the "with" and "without”
31tuat10ns, the "without" situation is often mistakenly assumed to be

"status quo" situstion, Technical change is an integral part of both
the "with" and "without" situations, . An estimate of the rate of .
technical change to be included in the analysis. could be cbtained from
national or area trernds etc.-

(c) Input Prices are constently changing, usually increasing, If
the decision maker is to be provided with a realistic: appraisal
of . an investment:situation the observed facts of unit price increases or
decreases should be included in the evaluation.  If output prices are
assumed to be constant, and unit input prices are increasing a "cost-
price squeeze" is thereby built into the flows in the same way as it
might well be expected to operate in redlity. Estimates of unit price
inereases are available for sowe types of farmlnga@

{4) Taxation ghould not be inoluded in studies undertaken from the
national V)prOJHt“ Mention should be made howsver; of the

likely effect of taxation on the behaviour of oveople affected by the

schema,  Both "before” and "after" tax figurcs should be presented for

.studies underteken from the individual. point of view. From_the regional
viewpoint taxation represents an important tranafer to or from the region.

(e) Depra:ciation presents a problem with no unigue solution. A
recommended. treatment, as & simple rule of thumb, of depre01at10n

and replacement costs is as follows = until the project becomes "established"

‘and the new"equilibrium! level of production is obtained, cash flows should

include net replacement costs for equipment at the termination of its

physical 1life. = After -this point the sinking fund formule should be used

to calculate an annual equivalent or annuity to represent net replacement

costs, This annuity is then accepted as the value of deprecistion., If

the development period is short, i.e, less than 5 years, the annuity should

be calculated for the whole period of analysis.

(£) Residual Values. - The suggested method of accounting for
depreciation in the calculation of flows aims at maintaining

the investment intact and in an efficient operatlng condition. . Residual

values can as a general rule be ignored, especially in longer term studlea,

and certainly when flows are discounted to infinity.

Lo e.g. (1) Meat & Wool Boards' Hoonomic Service Cumulative Cost Index.
(2) Input Price Index from B.P, Philpott, et al. "Estimates of Farm
Income & Froductivity in New Zealand 1924-65, A.E.R.U, Publ., No. 30.
(3) Index of Prices Paid by Dairy Farmers, Pnrmbﬁconomics Section of
New Zealand Dairy Board.




6. Period of Analysis

If a project is expected to continue for a certain specified
time period, obviously this period will dictate the period of analysis
and -the consequent calculation of cash flows. Many agricultural projects,
c.e. drainage and drrigotion channels ete., can have an unlimited life if -
royularly mainteined. Further, it weay not be possible to forecast at
what date structures become obsolete or redundant, . The recommended
procedure for permanent structures whose life cannot be estimated with
reasonable accuracy is:-

v§a% calculate cash flows for the development period
(b capitalise to infinity cash flows which ere expected
' beyond the new equilibriim p081t10n.’

The termination point of the development period may be difficult
to define due to very small changes in the flows, as the new equilibrium '
‘position is approached. As a further rule of thumb it will probably be
satisfactory to capitelise flows when successive cumulatlve present
values vary by as little as 5.0 = 75 per cent,

In long-term proaects, there is little difference: between the
-disoounted value of cash flows which terminate at infinity and at say
100 years. If, however, comparison is intended with projects of a -
similar_technioal"nature, which have been evaluated for a given number
of years, further results referring to the seme time period should be -
obtained.,

Te Discount Rate.

~ Amid all the discussion on discount rate, the ultimate decision’
is usually which rate to use, &s long as it is within about 5% to %, If
the recipients of benefits are specifically those who incurred the costs,
the cost-of-capital technique outlined elsewhere (Paper 4) would provide:
an appropriate discount rate,  In other cases, specifically where studies
are undertaken from the national point of view, the recommended discount.
rate is the next lowest one half of one per cent below the monthly average
of Government Security yields on outstanding long-term loans at the. end
of the previous financial year.  These are quoted in the Reserve Bank of
New Zesland Bulletin in the table "Share Prices and Interest Rates".

Poreign capital should be discounted at the rate of interest on

the most recent World Bank loans., This information is usually available
from Reserve Bank publications.

8. Index of Overseas Exchange

This index is meant to represent the degree of over- or under-
-valuation of the New Zealand currency. This index would very from time
to time as the economic position in New Zealand vis-a=-vis .the rest. of the
world varies, No suitable index can be recommended at this stage.
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Reference should be made to the Treasury Department or to the ReSCrVO Bank,
if an estimate of thig index is required,

9. “Qutput Prices

In historic studies the question of .output prices has a self-
evident solution, Inevitably actual prices are used, Only when special
aspects of historical studies are emphasised should actual output (and
input) price be deflated,

In forward looking studies there is no unique’ solutlon to the
dilemma facing those who require estimates of future prices, partlcularly
over several years, = Since both the maﬁnltude of the cash flows and their
sequence affect the usuel criteria, both aspects must be considered. The
disturbance due to output prlca fluctuations which def'ines the sequence
of fluct uations in cash flows is best overcome by the assumptlon of &
constant price level, If aveilable data show soime long term trend in
‘output prices and it can reasonably be expected to continue, this may
be included, - However, with our present state of knowledge any attempt
to forecast the fluctuations in various commodity prices would be umwise.

If we can accept the desirability of using a constant price
for forwari-looking studics, the next question is the level of the
constant price. Should the price be based on past, present, Optlmlstic
or pessimistic price levela?  Probably past prices are one of ‘the most
satisfactory indication of future price le vels; on this basis the
Tollowing ere sugpcstedis

() for short-term studies (i.c. less than 20 years),
output price levels should be the mean of the
previous five years' annual average levels:

(b) for long term studies, output price levels should
be the mean of the previous ten years’ annual
average 1evelsq

If these are not readlly avallable, the Govarnment Statistician's flgures
should suffice. If the above is adOpted there will be little variation
in prices between practitioners and between studies commenced in consecutive
years.

If relisble long-range projections of prices are available they
should of course be used., - If production erising from the project is
expected to ianlluence prices significantly, the prices with and without
the project could be averaged to obtain the ;rice incorporated in the
budgets. Ideally a range of prices should be used - this will be
discussed in Section 10,



10. Sensitivity Analysis

If assistance from a computer is available, practitioners should
feel obliged to explore thoroughly the behaviour of criteria over a
reasonable range of coefficient values., Recommended areas of analysis

are:

()

(v)

(e)

' The shape of the present value curve (Paper 7), will

indicate. the sensitivity of present ‘value to the

discount rate, and should be sxplored Over a range

of discount rates. Does eny small change in discount

rate materially affect present value? = If so; what is
' the characteristic of the budgeting which is respon31ble?
' Should this characteristic be removed or treated in a

dlfferent manner?

When comparing two or more projects present value
curves should be plotted to determine at which interest
rate, if any, the present values of the projects are
equal, If this occurs; is this discount rate significant
for any reason, and what is its reletion to. the respective
internal rates of return?

Simple computer programmes are availsble or can be

written to calculate. present values over a range of

interest rates. If this range is wide enough the
programme will readily show the internsl rate of return
(or if there are multiple internal rates of return).

The sensitivity of present value to output price levels
should invariably be explored. How does present value

change with reasonable changes in price levels? = At

what price level does present value become zero, and is
this a price which can be reasonebly expeoted to occur?
How far is this price from prevailihg price levels? . .
When .complementary products are produced, e.g. wool and.
lemb, the product prices should be. varled,s;multaneously,
and by similar percentages, to avoid unnecessary confusion
which of'ten adds nothifng to the general results., Prices
should be varied.at units of one .per ¢ent 40 allow
comparison with other studies.

The sensitivity of present value to doubtful or critical
coefficients.,  If the derivation of any coefficient has
been based on unsatisfactory evidence, or if the coefficient
is obviously critical to the study, a full exploration of -
its influence on present value should be undertaken, over

‘all reasonable ranges of its value. What percentage change

in present value occurs from a given percentage change in -
the coefficient? What porcentage chiange 1is necessary to
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force present value to zero? ~ Imput prices, rate of
investment, and technical coefficients should be
considered for sensitivity analysis.

11, Double-counting

Instances of double-counting have occured in overseas studies
where some primery benelits were counted twice, both as primary b&ﬂbfltu
and as spillovers. This has not, to date, occurred in New Zealand
studies., Benefits should be syatem&tlcally caleulated ard every care.
taken to ensure that no item appears in more than one category of.
benefit. A common point of confusion relates to the inclusion of.
increasses in land values and income increases., It is not valid to
impute to & project increases ‘in the capital Yalue of land which are
expected to result from increased income which has elready been included
in the flows. This would, in effect, be double~count1ng of -the effect
of incressed 1ncome,'31nce ‘lend values ere related to income-earning:
capacltya

12, Presehtation-of'Rpsults

The format of results and the crlterla developed will: depend
on the original. aim of the exercise.  Some general suggestions can
be made:-

(=) That the evsluation of a project is beat made in

' torms of present veluesy, as the nost weaunlngul
criterion, . For reasons outlined earlier in this
volume (Paper 7 partioularly) ‘the internal rate of
return has serious disadvantages compared with the
present value criterion, Present value,; however
reflects the size of the project, and gives an
unsatisfactory indication of -the efflclenty of
capital., The V/C ratio should be used in eonjunction.
with present value (V-C) if the efficiency or
product1v1ty of capital is required.

(b) Comparisons between two or more investments are.

' probably best made in terms of present value. ' Only
if the present value curves (i.e. present value
plotted ageinst discount rate) of each investment
are known not to. intersect at discount rates between
either internal rate of retwrn and a reasonable
upper limit of commonly used discount rates, can the
internal rate of return contribute a great deal to
interpretation of results.,

(o) Various medifications of the V/C ratio are often
useful, when particular aspects of the desirability
of the investment reguire further claboration.  Some
of these have been mentioned by Mr Johnson in Paper 9.
The V/C ratio refers to the ratio of gross benefits to
gross costs, end unless both of these have been calculated
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it should be specified that the ratio used is a
- modification of ‘the usual V/C ratic, -

(a) A statement of opinion on the likely magnitude and
effect of intangible benefits or spillover offects
should be included,

(e) That the values of V<G and V/C be specifically stated
in terms of the items included in the calculation, €els
brimary V-C and V/C = including primary benefits

only,

-Secondary VQC_aﬁd V/C - :inCiuding secondary benefits
' when caleulated,
Total V-C and V/C - -including all tangible

o ‘ primavy, secondary,

spillover and éxchange
beneflts@

(f) If variations in the scale of the progecu are possible,

results should include conclusions on the '35:st® scale
for implementation,

13, ' Ex;pec'ted- Values'

If estimatos of the probability distribution of possible (e.go
price) gituations are obtainable, the analysis will benefit from the
calculation of an expected value of the present velue,

1 ‘Re-appraisal

Reports should be prepared in a manner which facilitates
periodic re-appraisal if technical or economic conditions in the years
following the original report prove to be 51gn1f1cantly different from
those assumed in the originsl study. ~ Rapid changes in markets, or
production methods, could make re-appraisel desirsble,

15, Investment and Financing

Some practitioners, e.g. catchment board officers, must be
concerned both with the economic desirability, and the source of finance,
of & project, It is imperstive however that these two aspects remain
separate in the compilation of a report. Any project should be
recommended or rejected largely on its economic desirability, and not
whether it will appeal to those who may be required to vote for its
approvel, or whether or not it will meke & signif'icent difference to
the ourrent burden of rates,
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When both investment and financing aspects of a project have
to be considered, each aspect should be the subject of a separate report,
The investmént report will provide informjation on the economic desirability
of the project per se, and the financing report will give recommendations
on the source of finance,

16, Policy Conclusions

No investment study should be considered to be complete unless
accompanied by a statement expressing the author's views on the. appropriate
action which the decision maker should take, - Irrespective of whether the
study has been commissioned by ‘& government body or a local organlsatlon,
it is the duty of the practitioner to weigh all the tangible- evidence,
advise on this basis, and indicate the weight of intangibles associated
with a project. . He will be ideally and prominently placed in relatlon
to the project he has evaluated éand should advise the decision maker on’
the alternatives available and the steps he considers- apprapriate. '
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