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Accounting Prices
Shudow Prices

Duc t> the "fundamental disequilibria" that exist
in"underceveloped couptries, morket pricés would
diverge wicdely froun oppecrtunity cost.sl. To corrcct
thic, the uce of ccecownting prices which would be
cqucl or closer to omvortumity costs arc suggestoc’.z.
Accounting rriccs ..re defined ws pricec that w.uld
be estublished in the nmurkets if the norkets were
in equilibrium, Alco, vhen cquilibrium io achleved
the opportunity coct of cach foctor would equcl

its margiacl procductivity., The nrkets cre act

in equilibriun duc to dinperfectione ond lock of
conplinentary neuns of procuction. A, Q-:.y'un3
defines ceccounting pricec of facturs "ac the volues
of the norgincl productivity of foectors when o
gelection of tcchiniquce hes been node which provides

the rmoxinum poosible volume of utput given the

avail bility of rcoources, the pattera of fincl

1 cec opportunity coot

’ 2 Tinbergen, J. The Decien of Develupnint, (Bealtinore 1958)

Chenery, H,B & Lretcchuer, ,5., "Rec.urce Allocction for
Econoaic Oevelopnent, Sconouctrica, Oct. 1956

3.Qayun, A., Thcory & Policy of Accouating Prices
(Ansterc. 11, 19690)
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Accounting Priccs (contd,)

dcmond .nd technological possibilitics of procduction",
For thc practical comput.tion of cccounting prices

no gcncrally cccepted method has so far bcen prcocribed
or tricd, In thc litcraturc conccrning thc subject

various mcthods of itcr.tions hove been suggested

whcrcby planacrs might start with onc sct of shadow
priccs, €o 211 the cxecerciscs with rcspeet to them
:nd thun in vicw of the actual rcsults ask oncc again

whether the shadow priccs chooen werce in fact right.
If a0t gcome mothod of successive opproximation con

be followed witil we rcuch a sct of coacistent

optimal shcodow priccs. Also, onc of the colutions

of ¢ lincar programming problcm - the dual golution

is said to contain o~ sct of cata f~2r shadow priccs
for cvery limited rcoource and cvery product
figuring in thc problem. Howcver, the practical
valuc of these svggestions for usc in wndcerdeveloped

countrice ig limitecd,

Shadow Pricc of ILcbor

Thc nerket pricc of lobor in uncderdevcloped countrics
can be concidered t be cbove the cquilibrium rotc

duc to the cxisteacc of wicdcsprcad uncmployment and
widceremployment, Yct the cotiaction of the accounting

pricc of this foctor is difiicult bcecauce of the
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great varicty of ckills .nd typcs of lcbor ;¢ tho

rcgion.l immobility of lzbor, Therc con .lgo be
¢ diffcrence in the opportunity cost of lobor ia
industry ond cgriculturc, Ixictcncc of uncuployment
is not sufficicnt rcoson to consiccr the accounting

pricc to be cqual to zcro unlecs the wiemploycd

o}

cover cvery type cad olzill,

Shadow Pricc of Forcign Exchonge

By forcign cxchange rate ic mcant the price puid

in donecutic cuvrrciacy for o unit orf foreign curr.ncy.

I vnderdeveloped cowitrics this rotc is 1lilcly

to be kept ¢ovm through government poli, y. If rescurces
13 ~rc to be optimally cllocated . better viluation

ig ncecescury. Although problemgs of hetcrogeucity

docg not aricc in the casc of o siuCow pricc for

forcign cxchongc, problems will cricc cduc to the

voricd uses to which foreign exchonge is put.

The toriif structurc will alco contributc to this

difficulty.

Shadew Rotc of Intcrcot

Fiscal wnd monctary policics in wadcrdeveloped
economics tend to kcep the m.rket rote of intcrcest
below thc cquilibrium ratc. The problem of o shadow

ratc of intercct is intertwined with thce bigger
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question of a sociclly desirable rate of diccount.
(uce clso Time Horizon)

Accouwnting Prices for thc Qutput

Ordincrily, the use of chadow pricces is to hclp

determinc cn optimal investment progrom, whore
pricing the scarce factors is of crucicl inportonce,
Logic..lly, hewever, chadow pricco arc cqually
applicable to tuc pricing of output, ~lthough

i+ should bc notcd that this could lead to

~buces of the accounting price concept which

dcnger is leos in the cose of factoru,




Activity Anclycis
Lincar Progromning

//' Activity Anclysic ic a preccedurc for caclyzing ony
cconomic tronsforition in ternic of clementory waits
cclled activities, An getivity ic defined herce oo
o procecs of tronmcf ridng fixed nroportions of inputs
of gools on!l servicen into fixcd proportions of
of outputc.

As itc thecorceticcl contribution, activity cnalycic
hoo lcd to the regtatenient in o goucercl forn of the

cl-soical theory of production cnd of the rclationg

‘ betwecen procuctive cfficicney ond priccs, I
. practical uscs, it provides the nathonoticel l

tcchnique of lincor progrorcing which lcads to

optincl solutions to problens of rc.ourec cllocation,

Congistceney between cvoiloble rcesowrsecs, internctivity

b Ceurnds 110 outputs ic setisficd in cuch o nedcel,
It cheould be noted that linc.r prograrming ic only
. onc porticular forn of ~etivity analysis, o form
which ic well cuited to auncrical calculations.
Tincar Progroin:ing problens ¢ ncern thensclves

with 1hce c¢fficicnt usc or alleoection of liniter resources

rcoources to neet decired objcetives. These lindited
arc cutoanious clenents (token oo given) nd they

arc cclled restrictions or constraints. Mothenotically

!
\‘. ————— ————— ——
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it woull bc rcpreseanted by o set of simultonceous

linecr equations of the fornm

CaX] + 8oX2 0 eeee st hgXy resesseetInXn = Op
where aj's arc lmown cocefficicats and xj's arc unkinown
variobles. Thesc ciimlt-meous linear cquations ”
represeat the conditions of the problcr: (or cpccifies

he linear conctroints - in developnent progranis,

thet the fonont for commoditicu «nd fuctors chould
not cxcced their supnlics). The number of unkmowvm
variables would cxceed the number of cquations oud
trerciore the syston is underdeternined, UnCerdeternined
gystens of cquations hove o number of solutions,
Tincor progromiing deale with nonnegotive solutions

to wiccerdcternined syciens of linccr cquotiong, ‘
The solutions for the unkmovm voriables (xj's

waich sotisfy the basic conCitiong rcpresentcd by

the linceor cquations ond the nommegotivity cuadition

are colled féceible solutioms, In order to cclceet

one gcolution fron the nunber of feccible solutions
rore conditions arc introduccd, Thic ic donce by .
specifying the overriling objective of the problen
- cgoin in the lincor fornm. Thio ic cullec the
Objcetive Fuaction
CeBe CIX] + C2X2 seessssasst CjX3 Foeeese? CnXp

where csi's ore cocfficients ond xj's ore
“ctivit§ lcvels.
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It may be required that the objecetive function is
to be waxinized (e.g., National Incone, Enployncnt)

or nininized (c.g. use of o rescurce such oo capital),

3

A solution tlihot ecticfiec the linear caoastiraintc,
the nonncgotivity criterion anc the objective function

15 called on QOptinun Coliution or Prugranl,

Lincar progrouidig oroble. come ia poirs, e can
solve it for the cetivity levels thoat give the
degired objective, Thic is the sclution to the
Pri:cl Problei. The prinal problen hog o cowrterpart
which ig inplicit in the cquation gysten il ig

~1le@ the Ducl Troblem., Solution to the Dual

Prcblen givece us the priccs ncecasary to .chieve

the (ccired objective, Rccource cllucotion mnd
pricing are two acpects of the cane problon cnd
cince lincoar progroruing solves the cllocation
problcn it should solve the pricing problci: zlso,
An inportont objection to linecr progrowiing
approcch ic that it ic rectricted to the solution
of problcng iavolving lincor constraints .aé o
lincar objcetive fuaction, A Lincor objecctive
function 1aplico o fixced sct of rclative weights

and in cnses where our valucs are gophisticated

cnough to rcquire nodification of theoe rel-tive
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weights depending on the exc.ct cnounts of the different
typcs of benefitc or costs involved, thc objcetive
function can no longer be linear, ond the cxeccreise

is no longer one of lincar prograriing. /¢ sihell

have to use non-linccr prograuming ncthods to wolve
such problenc,

Lincer progroviing ic otill of linmitec anplication

with rceopeet to underCeveleped cowatries cuc to

lack of data wegnoding nroduction relations and

eonpuicr canteity.




Altcrnotive Cost

Opportunity Cost
Tronsfer Cost

Altcernative cooct of producing o good is dcefined as
the coct of attrocting factors of preduction fron
being used in the productiog,o{/othor goods tn the
procuction of thc good in quection. This cdefinition
ctcie froul the princiylce that the coct of producing
anytning ic the value of the alterantive, or the
opnortuiity, thot is saocerificed, Opportunity costs
arc ioplicit in procduction costsol,

Opportunity cnst concept i copplied to the three
gpceianlly inportent resourccs, viz: lobor foree,
capital ond foreign exchonge, The opportunity cost
of lebor in couwtrics with large uncnployrient or
underenployncnt, ic very low or even zero, according
to this principle, beccause it is poscible to increase
labor input in onc activity without a corrcsponding
deciine in ~ny other cctivity., There are other reasons
too for thc narket price of lobor to be higher thon
its opportunity cost e.gtotutory iiininun wagces,
collcetive bargaining eomtrocts cte. The niarket
cost of capital, the rote of intcrest ic nanipulated
by the nonctary authority ond affccted by fiscal policy

1 see accowting pricces




-0 =
and therefore” Zonerally lower than the opportunity

cost oud hence does not reflecet its relative sacarcity.
Thus the lobor cost is overvalued and capital coot

is undervalued, In the ceose of foreign exchange

both overvaluation and uadervoluction con occur,

There i no procticel proccdure of determining

the precise opportunity cont of lebor, capital

or forcign cxchaige, There orc possibilitics to
corrcct cxicting priccs upwerds or dovmwards in 2

very rough ond arbitroery woy by the use of cecournting

or shnGov prices,
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Arrow Dicgran Network

I: Plann inplceuentetion ciagran, if activitics are
represceinted by full lined arrows, and cvents by
circles or rcctangles, we coil chow the poth of |
plon inplencntation, Circles ot the teil ond head
of ~n arrow inticate the counciiccrient eveat cnd the
end ovent repcetively for any particulor cetivity.
The iaplenientation of an industrial projcct or
progrexn 1o thus repreuented by o nctwork of arrows
and circles appropriately leié out to chow the |
c-neurrcnt or scquentinl interdependence between
nctivitics, Such ¢ di~gran ic called Arrow Diagran
Networlse The dicgran coii be usced to identify cvery

singlc cctivity in the nétwork uniquely by rcferring

t5 a begiming eveat ~ud an end eveat,
Thic is a variation of Pcrtl used by the U,S Departnent
of Defenscce,

Critical Peth in Arrow Disgron Network

This 1o dcfincd ns the longest path which indentifico
the eritical activitics and events that c.ontrol
succesoful comnletion of the project for nornal
octivity durations, The nctwork can bc cuntracted

to chortest overall projcct duration ot lowest

1 ocec Pert ¢
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possible inercasc in direct cost, working fronm the
critical to subcritical paths in turn by ucing the
ra;id durationc ~nd their corresponding dircct cocte,
By including all incdircct costs in above, the
optimun overcll projcet duration which gives the
ninimn totol projeet cost can be determincd,
A renllocation of othcr rcoourccc in nen, nachines
end naterials in ordcr to improve the allocation of
rcoources zlready coansiderced will give us the

liastcr Plan Nctwork for preject inplencntation,

Activity, aggrcriatc

Inplencnting an inductrial projcct plem ealls for
the execution of ceveral differcat types of jobo

or nctivitics., Activiticc can be clacscificd into
concurrcnt cctivitics and sequenticl activiticso
(coning ofter cther activitice have beun partially
or wholly cnpleted). This cctivity intcerdepenceice
i booed on the naturc of the activities ~nd the
extent cnd nanner of their furthcr breakdown into
inéivicual work packogces. The work breckdown
gtructurc depcids largcly on the level of
recpoasibility at which the inplencntation-planning
procceoss is being ¢ noicdered ocnd concducted. nt o

given level of responsibility, related work packages

et e t——
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nay be aggregated And astigned to difforent individuals
ninking then recpeinoibvle for its_execution., Thus

on aggregsate sctivity(or cinply .ctivity) ic

conposed of several work packages at a givea level

of responcibility in plan iaplenentation, An

activity nust hove a beginning and an end,  In the
casc of 211 intcricdiate activities, the cornicncenent
f any activity depends on the c-nnletion of one

or nore prcceccing activitics., The conpletion of

a prececding activity is called ~n g¢vent or nilcgtong,

An event ond its preccding activiticc can be gaid

to cnotrain the activiticc that cuccceced that cvent,

Inplenentation Gap

While riuch work has been done on the fornulation

of optiial, feasible and counsistent developnent

plans, little h~s been donc wiih regard to iniplceunientation
of plens, Nu cohesive i pleuertation theory is found
for an annlytical treatnent of the various aspects

of nanggerical problens involved in plon inplenentation,
Dynaiic plan execution is the indispcensable link

between plon targets ond the realities of cttaining

then, This g#2p between the Plan -nd its execution,
between plommers cnd its cxecators, is terncd the

Iplenentation Gap.
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Average Invectniiut Efficiency Cocefficicnt

is uced in cert~in ceatraliscd econonics (cl.g.Hungary).
Thiv ic 2 necasurce which indicatec the average lobor
and capital requirencnt to increase production by

onc wait,

To conpute the coefficicnt:

Firct, the cverage cilount of invectaunt requircd

(over the ceonouy) for relerce of one unit of labor

is calculated. Let thic bec repreccnted by bg.
Ncxt the accescory investient requirenent cf o
naterizl input worth onc ninnctary unit is calculated
(represeited by by). by ic in cffect the capital
intencity of production, The¢ trtal invcotnent
requirciicnt £4r expanding producti.n by onc

neteyy unit i the lobor input »f bg and the
capital input of by,

Henee (bg + by) iaput in iwicy units = 1 woncy unit
of outnut/ annun

The inverce 1/b ig cnlled the Average
Investiiat Efilglcnc§ cocfficient oand is rcnrc.,oated

by ﬁ o This i = kcy figure which chovg the average
¢ffeet of invectents on the cxponsion of procduction.
Itc volue ic affccted by notural ~ud teclmological
eonditions ~lrcady exicting, the internnotional

progrecs of tecchnology end ite achicvenents,

(74
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the org-niz-tim of procuction cal fact ro
affecting the utilization of cotabliched production

copaeity, objectives of the notional ccononic plen,

the quality of econordce ond techuical plrnning

of the individusl iuvestnent project, the extent

of general arploynent ciid the rate of the

natural growth of populztioi,

#oce ~loo Efficiency Indicator of Labor Relcosing
Invecetiicnts and

Efficicney Indicator of Production
Ex onding Investuontc
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There are two veari-onts for the dice-unted cash flow

r.ictho¢
(i) The¢ Internal Rate ¢f Return

(ii) Nct Prccent Value
The Internal Rotce of Retum

This is algso referrcd to as the Intcrest Rate

'o 'C!
L'} L)

+ Return, the ¥ 1d, the Invectors Mcthod, Rote

Returi, ond the Morginol Efficicacy of Canitel

The interacl rate of retum (/9 ) on a project

iz obtaincd by the colution to the £rllowing

equation:
_ i Bt 47 Ct = 0
=0 (14 p)°

where By = tho benefits anticizated to aceruc
in ycar t of 2 projcet'c life

C{ = costs anticipated to be incurred in year t

Y length of 1lifc of the projcct

L]

p Cocts arc defined to iuclude capital outlays, labor,
naterials, cncrgy and trancport costs, and naintenonce
and repnir expenditurcs. Coots do not include
dcpreciation ch~rges or cetucl or inputed intercot
charges, =~ the intern:l roate of rcturn itself
rcflects the inpliecit "net intcrect yield" of the

projcct, and in this cence allows for the deprcciation

cf the project's coot,




The calculation of this rate involves o cerics of
trial and error iterations whereby thoe anclyst
seeks to dctermine the rotc of discount () that
reduces a particular ctrean of coch inflows cad
cutflows t: zero., The rote of diccount that exactly
beloancec cach inflows and outflows is the internal
ratc of rcturn of on investnent project, This rate
reprecents the highest rate of intercoct on investor
could afford to poy without losing noncy, if all
funds to finoance the investicnt were borrowed ond
the loan, principal, and cecruccd intcrest were
repaid by application of the cash prccecds

Drawbacks of thc Intcrn~l Rate of Return

(1) Orgenization's cout of copital - the highest
intcrest rote au investor could afford, hed he
borrowed 2all caprital, ic very hard to decterninc,
Therefore, in nroctice there reucine no nininun

cut off rate cgainct which proposed investients

cal be tested,

(ii) the trial 21d crror itcrctions nccessary for
deternining the intcrnal rate of rcturn are tine-
concuning and tirccone in the cases of projects

with conplex cagh flow patterns and for organizations

having to process nore than a few projectsc at a tinc,




-19 -

The Net Prescent Value

of a project is found by diccounting at o prcdetcrnined
interest rote or diccownt rate 2ll future net cosh
flows eriging fron the project. Thic prcdeterinined
rate nornclly should reflcet the cnterpricsc's own
exnected inveotnent opportunity roatec. In coses of

. nationsligced firmg, the opportunity rate oclceted
is usually that of the ceconony ac a whole, The
decision rule in this variant ig that if the nct
precent value rcoulting fron thic calculation is
greater thon zero, then o projcct chould be accepted
2o it inplicc a ratc of return above the firn's or

country®s nornol invcctnent opportunity rate,

Anong the advantages of thic procedure cre (i) there
is no nccd for o notion of organizotion's cost of
capital, The idea of oprortunity rate is faniliar
to nost business nien, ond (ii) it aveidos the trial
oné error itcrations rcquired to find the Intcrnal

Rotce of Rectum,
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Capital Output Ratio
Rate of Cor-ital Turnover
Capital Cocfficicat

The Copital Output Ratio (C/0) reprecents the

anount of adcitional investuent required to produce
an additionol wnit of output. It ic a ratio between
the nwibcr of uniitc of Capital required (C) to
procuce onc unit of Output (0). Sonetines its
rceippocal io considered - the Pruduct to Capital
Ratio,

An overal Ceapital Output R-tio can be used for
cutincting capital requdircuents f£ar the whole econony.
It is usually cotinated ac based on post perfornance
of thc eccnony but should alco nakce allowances for
expectcd chonges, Capitel Output ratio' ic also
c-nputed for differcnt ccetors as well as different
projecto.

# ccc aloo Pactor Intenouity Criteriea




-
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Cormercial Profitability

#,r the firn in the privete scetor, financed by
rick or equity capital, the priac objzctive
theoretically is "t: naxirise" thce loag run
cornings to the presciat ordiiacry or equity
shorenolders. Actuclly the bihovier »f conponics

. ' todzay seen to opproxinate to what hco been referred
t) oo "ootisficing" behovior - neaning "a quict lifec,
the enjvoymont of public cotcenr cad pewer, 2
reluctance to cxperiicat, o rcluctonce o changc
and orgmlizaticn"l. However, the diverscnce fron
~rofit naxinising bchavior is ornller, the greoter
the prescurce sn profits (throuch competiticn ctC.)
and the greater the inportonce in the c:upray of
o gpecialict function for creating acuid cvaluating
tecanicnl and narket possibilitica.
Criterin of Comncreial Profitability iacluce:
The Pay=-buck Period, Rete of Return on Copital

and the Digcounted Coch low Mcthod,

1 Carter & Willions, "Invegtuent in TInnovation"(London 1953)
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Cungsuncrs Surplus

There ic o gop between the total utility derived

by the consuner fron the purchase of a quantity of
a rood and the toial norket valuc that he pays in
cxchange £or it. Thic gap i ealled the Conguners
Surplus, waich thc conguner gets becausc he cbtaing
nore utility than the valuc he foregoec for it,

The law -Ff divindiching rergdnal utility can be ucced

t> chow how thigu curpluc ariccs, the law gtates that
the ecarlicr wiits of 2 good give pore utility to the
conswacr than the later waits,  Yet ho pays the
senie price for each unit of the good. Therefore

hc obtaing the extro utility on the carlicr wnite,
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Denend ~ad Supply Functiong or Schedules

Onc variable is o function of ciiother voricble if

oile wagnitude ic related to another nagnitude in cuch
~ woy thot fHr each value of the lotter therc
cerresponds o unigue value of the forncr, When we
gsay thoat quantity denanded or supplied ic o funetion
of pricc we nean that for cvery price there is o
corrcoronding quantity thoat will be dananded and
swplicd,

Meyer & Cclel cxnrceses the Supply an? Denand
Punctisng norc spceifically for each tiune intcrvel

of the totel plonming period as follows:

D=Ff (P, T, X, Y, 0N, 000.0004)
S=f (P, T, % Y,80N,000p0000)
where
D & S arc quantitiec dencided end supplicd
P = Price of Trauisnort Scrvicces
T = Ti.ce intcrvel
K = ccot of gyoten copacity
Y = c.nounicr incone
a N = growth in populction

Herc tinc interval ic gspecificd ag one year ond the leagth

of thc planning period ob ut the cane as the eccnonic life

of the systen., A different denond curve for each tine intcrval
ig congidercd, each being o nonotonienlly deercosing function
of capacity in e~ch time interval, Supply functionus arc

peoitive linecr fuacti-ns ~f copacity.

1 Meyer & Cole - "Capitol Budgeting & Pricing Techniques"




Econonic Mnhdelg

An econonic 173el 1o cin orgonized set of releationships
th~t desceribes the funetining of ~a ec.nonie cntity,
whether it te a houscehoid, o single indactry or o
national eccamy, wnder o cct of sinplyfying ccounptisng,
A1l econonic reaccaing ic based on odels (including
hypothetical nodels) tut in incdustricl plonning,
rnodels which can be fiven quantitative £ are

nore inportent, The dotnr ond wclationships rcquired
for constructing o nocCel are usunlly either bdaoed

on the past cxpericnce of the cconony c.nceried

or borrowed fron ceononico concicercd toy be sufficiently
siniler, Reforc using such nodcls for Dleonning
purnoscs it is necessery cither to adept certoin
specific aucunptions with respeet tc the country's
future or t~ adjust the hictorical rclotionships

to cllow for prospeetive chonses,

Ec-nnuic nodels can be applicd to the deternination
of econonic policics in two wayc: In the firut casc,
it 2oy be uscd to deteruine the effcets of o
particular set of cconoiric neagures, for exomple,

of investiient in certein scetors. The ncosures

ané other data arc t-kcn as given, and the nodel is

usecd to tracec their effects throuchout the econony.
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This type of :20cls arc crlled projection riocels.,

In the seec né cace, o certein sct of cbjeelives 1s
speeificd, svch s o given risce in inecne or
enployncat or o given recuction of o balance of
poyuents deficit, and the nodel is usced ty Ceternine
the unst approprinte pelicy uensvres to achicve
these objectives, Such a nedel is called o

deeision odel or policy ncdcl,

Three tynes cf nofels ~re used in developuent
pro¢raviings

(1) Amprcgoate odels which opply to the catire

ceenorly and decl with production, coasunptiuon,
investrnent ond the like o5 single agoiegates.
Such nocdcls arc uscd to dcterniiie pousible growth
ratcs in nationsl inconce; the divigion of the
natiomal product anong consunption (public ond
privetc), investuicut ond cxports, the required
voluze of dnnicstic soviags, inports anc forcig
fineneiol coossistaicce ncecedfed tc carry out a given
DI ETA)e -

(ii) Scctor ::ocels which opply t- individual sectors,

Scetor niodels arc uscd to determine lovels of procduction
and eonsunpticn by cenonic seetors
and to c¢xnHlore clternative precuction poscibilitices

within incdividual productive braiches,




- 26 -

(1ii)Intcr-industry ri~dcls, which arc concerned

with thc reletionships of productive sectors of

an econocny with cach cther, and cech of these scctors
with other cntitics of the econcny. These nocels
cerve to deternine the denand f£or interiiediatce products
and capital gecods (ineluding inports), ond their
solution provides f.r a ruituclly cousictent sct of
prcduction lcvels by ccononic sectors, caé iniports

for thc wholc econcuy. The poattern of transactions
between incuetries and other najeor sectors of the
ceononiy - the internsl structurce of the cconony

is disployed in the input-sutput toblce Fron the

input-cutput toble on input-cocrficicnt matrix

is derived by »btzining the ratic between cach
input to an industry -né the total output of the
industry.




Efficicncy Incicator cof Ti-bor Rclensing Iavestneats

I the calculaticn of cfficiency of investicats

in Huagery, iavestneants are divided inte two groups:
(i) Lebor rcleasing investient - investrnient corried
cut in existing procduction processcs in order to
recucc the input of live aond stored-up labor while
keeping volune of producti.n wichiigeé, Investront
here is not cined ot reising procductivity.

(ii) Pr-Cucticn cxponding iuvestoent - investnent
rincd -t cxponsion of production ~nd through this,
the inecrcnsc of noti-ncl inconcs It is nossible

this type of investuent noy clso rcleose lobor.

In bsth thesce types of investucats, the cfficielcy
cnefficicnt is o refincneat cover the syntictic
f rmula for ncosuring the cffectiveness of investnent
in ceutrnlised ce-nonies (nenticned clsewhere).

The Efficici:cy Indicator of L:abor Roleosing Investnents

at the plant levcl is given by

_ result . M1 - Mo
~input B

where B =z anount investced

the comual wages beforce investnent

l._‘
]

= thc anual weges after investneat

=
N
!

tiic amucl saving in wagces

=
i
'
e
-~
N
]
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On the National Ec-ucnic level this indicator is

&lven by.
01 - 02

g
where 01 - 02 =
Al b 4’t2 =

bkt

B (Al - .[12) by

tlic annual value of rceduction
achicved in procduction costs (noney tcrms)

the rcduction of thc noterical
requircnent of production

the average accessory investrent
requirenent of the naterials
(the cverage c~pital requircnent
of the product

cnount investcd
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Efficicney Incicator of Procduction Expnnding Investnents

As ggedinst lobor rele~sing type of investnents there

are investncnts nincd ot procuctivity cxpansion and
inecrecase in National Inccue., Efficiency of investuent
here is neosurcd by the ratio of net cxponsion in
procuction to the cost incurrec by it nmeasurcd in

texrns of basic investunent and labor releasing investnent,

The incicator for plant level is given by

result T -
D epmmm——— T o oocco-ooooooo(l)
input KRN

whcre T = increasce in gross output

A = cost of natericl charccter:
naterinls, power ~nd tronsportation cost

T « A = velue of amuel nct production

B = ~nmount of basic iavestucnt

Bg = anount of lobor releosing investnents
Represcenting the avernge efficiency of the labor
rclcosing investicnts in the National Econony in

o certoin riod by r

thce lobor forece to be secured
iin the period wnder exeanination
through labor releasing investnients

thc anount to be invested in ordex
t- rcleasc labor in the period
under exonination

where Ms

v o)
]
]

And bg thc reeiprocal of r, i.c. the investnent anount

needed for soving one nonctary unit of anmual woges
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is given by

b = 1 = 8
i M
8

If M/ycrr »f noncy weges is to be scwved it can be
achicved by M.bg of investnent

S =
o B, = M. b,

where M = cnnucl cnount of woges ncccessary for
the operation

Thercfore foriula (1) can be rewritten
T « A
B+ M,b

(3
8

On the national level the indicator is

g = )
B+ M.bgq» ey + A.b8
whcere T= the procuction valuc showing the
result

B = the ~nount of bosic investrnent

M.bg: the anount of investnient nccessexy
to assure the 1lecbor supply of basic
investucnt

A = annmael velue of 2ll noterioals uscd

by = the average accessory investnent
requirencnt of the natericls
(the average capital requircient
of the products
A.bk = the investicnt requirencnt of the plants
producing thc¢ noterial necded for the
oreratim of basic investucnt
A.b, = the anount of lebor releosing investuents
’ assuring thce lobor supply for the
accessory investients securing the
neteriel requirencnts

g
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Elnuticity of Denond

m

S ~

e

i acasure of the reshongs

denende® t- o change in uni

iviness of quentity

t price of the coru.odity.

alfred Marshall who introduced thic ¢ ncept into

ecrnonic theory stotes that

"the elosticity cor

responsiveness of denand in a norkct is rreat or

snall ecccording as the riwat cennnced ioncrense

3

mach cor littlc for o given fall in wrice, ond d¢ininishes
much or 1littlce £o» o piven risc in prico"l. The
usuel fornmelo for the clacticity eocfficient
AQ , AP
E = T P
wicre A Q = choage ia quontity denrnded
AT = chonge in nrice
Q = orginsl quantity
P = urigcincl price
Sonetiiaes this cogfficicat ic referred to as the

pricc clesticity of deaend
effcets of chouyres in recl
pricc chonpes) ~nd cffcects
councaitics.,

If the ccefficicat of elast
dinand is clngtic ané it ia
total outlay on the product

-
L

in price wn? the total outl

dcercase ~fter a price rice

i it tokes inte account
inc:ine (as o rcsult of

ST subgstitution between

icity is grcoter thaa one,

plics thot the consuncrs
incrcases after o fall

ay on the prouduct would

If thc coefficicnt is

1 Alfrcc Marshell, Principlcs of Econcuics, 8th Edu.,
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less than oae, deil n¢ is inclestic and the consequence
of a pricc £211 would bc o £2l11 in the total crount
expcnded on the product, A witory elasticity, when
thc coefficient is cqual to onc, is o case for which
total cxnenditure o a product rencins wnchenged

in the face of ¢ price chonge,
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Export Efficicney Indicctor

is uscd in certrin centraliscd econonivs with o viow
to reducing the donestic input of the "yield" of a
uiit of forciim exchaygc,

The scleetion of the export articlcs to be procuced
with the cxisting productive capacitics, with due
regard to marketing possibilitics, relics upon the

"Export Efficicncy Incicater" - G,

input . 0 = A4q in éonestic currency
G ® Tesmit T - Ljp in forcign currency

where O = the production cost in donestic currcncy
Ail = the pricc of inport naterials used fer
production i1 donceatic currency

T = thc export price of the preduct in forcign
currcncy
Ai2 = thc price of inport noterials used for
production in forcign currcncy
Thus'G' shows thc cost in doncstic currency for
the "yicld" of once wnit of foreign exchange. The
snaller the valuce of the indicator, the higher the
cconcniic efficiency of producing the procuct with

existing capacitics,
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Factor Intensity Criteria

This principle of investucent cvéluation is derived
fron the classical principle of comparative advantage
in international speciclisation and tradc, Since
uncerdeveloped countrics arc narked by relative
capital scoarcity (rclative to other factors: labor
and raw natcrials) they are ~dvised to specialise

in iteus that require less cayital per unit of output
and to depend on other countrics for goods requiring
m&re capital inputl.

The "ninimua capital-output ratio" criterion can

be justified only uwnder scvere restrictive cssunptions:
(i) Ca;ital is the only scarce res.urcc in thc cconony
or the rclative abundonce of other factors noke
capital the crucial factor in determining cost
differences, (ii) Each investnent alternative produccs
sane output or marketlprices uscd to neasure and
conpare differcnt outputs correctly indicate social
values, ~nd (iii) assunption of constont costs in
production,

4 related critcrion which hrs attracted attention

in nodern tirnics is the canital intensity criterion.,

Here we neasure the rotio of Capitel to Labor. This

criterion is derived fron the Heckscher«0Ohlin version

1 N.S.Buchanan, Internotional Investment & Donmestic Welfare

(N.Y. 1945)




- 35 =
of comparative advantage principle in internotioncl
specialisction, Assuning ideatical production functions
in all countries and if undcrdeveloped countrics
have low capital-labor ratios, then such countrics
have a conparative cdvantage in production of goods
with low capital-labor ratios. The nain difference
between capital-output ratio ~nd capital-labor ratio
is that the former nssunes labor has zero opportunity
cost whilc the latter relaxes the assunption to saying
that undcrdeveloped countrics have o lower capital-
labor ratio than developed countries,

Both these criteria fail to take into zaccount the
existencc of other factors of production (such as
natural ressurces) which will be consicerably untapped

in underdeveloped cowntries,
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Incomnensurcbles & Intangiblces

Project cvaluatiori critceric used o.fe selcdon ncat

and precise, There will te consic¢crations which

have an inportant becaring on the dosirabil.ity of

o projcet but which cannot be recadily included in

the evaluation criteria for various reasons, When

such considerations can be given a quantitative

forn, but involve a dimension other than noncy

end cannot be coinverted into noney terns (flow)

in o neaningful way, thcy are cclled "incouncnsurables',
If they cannot hc put intc ony neaningful quentitative
foru, such considerations are "intangibles", The test
of o plonner is whether he can turn an intangible into
on incommensurable or a nioney flow, ond an incormensurable
into a noney flow,

The two inportant :.;.spects of handling incommensurables
and intaacibles cre (1) to be able to estinate the
effect of a propoeed project with respcet to such
considerations -nd (ii) to sonchow or other give the
proper weight to each consideration,

When it is difficult to convert z foctor t) noney cost,
a high estinate cnd a low estinate nay be used in
naking decisions,




Inferior Good

is defined as o good whosc cinawiption declines

when inccne riscs os it is substituted by goods

of hicher nrices cor converscly wheose ccaswiption
rises when incone cdeclines as it is substituted

for higher priced goods. The nanc docs not indicate
that the good is of inferior quality. A stock exarple

of 1n1er1>r good is narcarince,

Infra-Structurc, Sccial and Eeononice
Social Overhead Caonitel

There are certain types of basic investnent projects
which nust precede other norial investnent acctivity
in order to provide thce nceessary clinate for the
lotter to cone about, Powcr, transport, education,
connunications end others can be included in this
category, Their scrvices arc indirectly procuctive
and becone available after long gestation poriods,
Investnents in thcse basic nceds constitute the
socicl and econonic infrea-structurc of thc cconony.
Quick-yielding, directly productive investinents always
follow then,

The najor problen foced in project evaluation in this
typc of investnent is that their valuc cannot be
asscsscd by the nonctary returns directly accruing

t5> thcil,
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Intcrlependency

(1) Demond Intcrdevendeney

The deunnd for the output of one project depends
upon which other projects are carricd out,

(11) Cost Intcrdcpendency

The cost of cie or nore inputs of onc project Cepcncs
uzon which othcr projects ore carricd out, This typec
of intcrdencndency is closcly rclated to the first
type, since whnt is a denand for onc project is

a cost for cnothcr,

(1ii) Interdepencence duc to external ccononies ond

disecononles
Intercependency cdue to cxterncl cconortices rcferred
to here is technological intcrdepsendency. These
cover intcrdependencics arising fron a direcct
relntionship between the output of onc project
.nd the output of another,
Interdependcney duc to cxternal disccononies indicate
incrcasing social costs,

(iv) Conditional Interdcendency

In this coatcgery, onc project nust b wcdertalen as
a condition for wnccrtaking another.

(v) Blocking Tuterdcpendency

In this case, undcrtcking one project precludes

undertaking anothcr.
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Iinkage Effccts

L given change in thc production originating in cne
industry is likely to be felt by direet and indircet |
likks throwsh a nunber of other industries, | There |
will be o differcnce in the direction anc intensity
of the intcr-connections and nany incéircet cffects
are likely to be negligible for practical purposes; 1‘
but sonc are inportant enough to be token into account, !
The indircet effccts ercatcd by the change of the
anount and/or structure of inputs arc called

backward linkage cffccts. The changes of outputs

ereate the so callcd forward linkoge cffcets,
resulting in new or incrcosed production hased

on the supply of scric new product,




—
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Margincl Growth Contribution

The conflict between the Socinl Morginnl Procductivity
criterieon objective o>f naxinising incomc at the
present tinc and the Marginel Per Capita Leinvestuent
Quotient critcrion objective of noxivisation of

per carita cutput or average inccne ot sonce future
point in tine, has bcen reconciled Dy 0.Ecksteinl

in his Marginal Growth Contribution criterion,
Eckstcin specifies the social objective to be tle
nrxivdisction of the present value of the future
consuniption strcanm. If a discount rate close to zero
or equel to zero is used, this objcetive would
apnrroxinate the future incinic objective, wherecos

with 2 high discount ratc of future consumption

we obtain maximisation of current income. Eckstein
also assumes 2 different sovings ratio for each
project. From thesc premises he derives the

Marginal Growth Contributicn formula, The formula

hos two tcrms - the first, an efficiency term,

which measures the project's direct contribution

to consunption (prescnt value of the consumption

strcam) and the second, a growth term, which

1 O,Eckstcin, "Investiicnt Critcria for Econonic Developnent
a1d the theory of Intertenporal Welfore Econonics",
Quertcrly Journcl of Beononics, Feb. 1957
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measurcs the predent value of the future consumption
stream made possiblec by the increascd growth of
capital.

The results obtained by the use of Marginal Growth
Contribution criterion depends on the ratc of discount
applicable to future consumption.

Eckstein suggests the use of fiscal measurcs to

obtain an income distribution capable of yielding
sufficient savings rather than thec selection of

projects based on the reinvestient quotient criterion.

3 S e e . . '
J ]
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Merginel Per Capita Reinvestment Quoticnt

The proponents of this criterion W.Galenson and
H.Lcibenstcin1 are not in agreemcnt with the
Kchn-Chenery Social Marginal Productivityzapproach.
They feel that the social morginal productivity
criterion becrmes incdequate with the assumption

of o sncial welfore function in which the objective
is to maximisc per capita output or average income
at a predetcrmined future time rather thon to
nexinisc o discounted stream of income over time,
If so, then "the corrcet critericn for allocating
investment must bc to choose for each unit of
investment that altcrnotive that will give cach
werker greater productive powcr thein cny other
alternative. To cchicve this it is nccessary to
naxinisc (a) the cmount of copital per werker and
(b) thc quality of thc labor force"3.

Maximisation of Capital Labor ratio has to be

done at the cxpensc »f crmsumption in underdeveloped
countrics since voluntary savings nnd fiscal policy

to obtain forced sovings ore not so readily available

1,3 V.Galeason & H,Leibenstein, "Investment Criteriq,

Productivity and Economic Development", Quartcrly
Journzl of Economics, Lugust 1955

2 sec Social Marginal Productivity
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herc, Of the two components of incnme from a projcet,
profits and wages, prefits are likely to provide
more savings. Thercfore the nost productive project
which maxinises per capita income at somc appointed
futurc time will bc the one with the highcst profit
per unit of capital : .invested, Followiag this line
of argument the authors gn on to prove that even
though in th¢ short run labor intensive techniques
nay be preferablc, there can be considerable doubt
cbout its velidity as a general proposition,
Thercfore they advocate the ocdoption of projeccts
with the highest capital lobor ratio,

This is a recveraanl of the factur intensity criteria,
This implies an cssumptisn about the production
functions namely that incrcasing canital inteasity
will raisc the average returns to capital. This is
not o justifinble conclusion, Also, the cuthors have
token the consunmption of the unemploycd workers as
equcl to zero which is not warrnited, A distinction
has to bc made betwcen the cmount of reinvestment
per worker ond reinvestment of capitel previously

enploycd,
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Marginel Productivity of Fanctors of Production

Morginal productivity of a factor of producticn 1is
the addition~l product or cutput added by the use
of an extra unit of thaot factor with the other
foetors held constant, Under cquilibrium the
morginal productivity of a factor would equ~l its
cpportwiity cost, *

Mcrginel Productivity of lskor is the valuc ndded

t5 output by the use of on addition:l unit of labor

while 1ond, copital and tcchnology remein constont,

Morginal Procuctivity of Capital

Conceptually the sbove definition for foctors of
production holds-good here too. However, o distinction
has to be mede between the private morginel productivity
of capitzl ond the Social Margincl Productivity of
Capit:-.ll. Private norgincl productivity is token

to be approximatcly equal to thc warket roate of

return on investnent, Socicl narginal productivity

iu harcer to estimate as it should reflect the

socinl ratc of discount which is determinced by the
socinal time preference betwcen current values and

future values,

1 sec Social Marginal Productivity




Marginal Utility

is dcfined as the additional utility dcrived by

o consuner fron the use of one extra unit of o good,
It con be shown that the morgincl utility derived
from cach ~dditicnal unit of = good is snaller than
the nargin~l utility of cach former unit., This

principle is cubodicd in the law of "dininishing

norzinal utility",

The cbove priuciple is uscd to show how o c.nsuner
arrives at the equilibrium position between his
consunption nceds, A raticnal consuncr night be
expected to rank ~1) the possible woys he could spend his
noncy inconc according to the sntisfaction they
yielded and would do this by proceeding cown this
heirarchical ordering uwntil 211 his funds were
exhnusted, Assuning thet cvery procduct cen be
¢ nsuned in precisely the desired anouwnts, the
rotional consuncr would spend on every procuct until
the narginal utility fron the last unit of moacy
spent -n each product is cquel to the merginel utility
derived fpron thc last unit of money incone spent
on every other product - othcrwisc he could ncke
hinsclf better off by transferring funds fron o
product yicléing low satisfeoction to onc supplying

greater sntisfaction,




Nationnl Econonic Profitability

Since market cvoluation grossly violates notlons

of social welfare, there hos te be scnc other criteria
for deternining a projcct's desirability.

Vhot is usually suggested to find nationcl ceonomie
profitobility is to start with morket cvoluation of
costs -~nd bcacfits, and conpute the "present volue!
of each projecct at thc narket ratc of intercst.

We cen then systematically "correct" the sct of
narkct prices by bringing in thosc factors thot

the narkct docs not reflect, e.g. "extornel cffects";
considerati ns of incquality of inconc distribution,
thc weights to be attachcd tr the welfarc cof future
generations, The correction will 2lso include

the norket interest rote and therefore the bnsis

of the prescnt value ccleulation, Thus nodified

the commercial profitability figurcs will give sonc
indication of our notions of socizl dcesirability,

The usc of "shadow priccs" is suggested to achieve
the cbove goals,

Most of the critcria suggested such as thc Netional
Produect criterion (Tinbergen), Socicl Mergincl Productivity
(Kahn & Cheuery), Marginal Per Capita Reinvestnent
Quotient (Galcnson & Leibenstein), Marginal Growth
Contribution (Eckstein) incorporate one o™ morc of

thc above considerations,




- 47 -

Nation2l Gross Rate of Réturn

is the anmmunl roetc at which the projeet gencrates
velue oddced for each unit of output, Even if
there is ne markcetablce procduet or scrvice, the

product or scrvice would still have a value

Value Adced
nvestinc..

Noational Gross Rote =
This rote of retum consiccrs that o scverely
liniting foctor in newly developing cowntrics

is the capital avoilable per capita, If this
sc~rcity exists it con be argucd -
that » socicty that invests so as to nexinisc

value ~dded per unit of investricnt will noxinisc
inconc over tine. The nation~l gross ratc »f rcturn
counts valuc added wi thout regard to who in the
ceonony receives the incone or what is done with

the incomce genernted,
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Nationzl Product or Consunption critcrion

in project evaluction is calculcoted bascd on the
project's dircet, indirect and scc:oncory contributions
to totol output, 2all values to be computed in

2

"accounting prices"l. inbergen ~lso decseribes

this as the Nntionnl Welforce Tcecst., Dircet contributions

ore significant in conplérentary activities, Exauples
ore troasportation and power plonts. Indirect
cnsequeilces are contributions to welfare (national
procduct or ccusunption) tc be saticipated in the nhsence
of additional chmages in total notional incone.

E.g. Lnd reclanation and nore jute growing as o

cmscquelce, Sceondary conscquences ¢ nsist ¢f chonges
in procuction which are thc ccnsequence of chaages
in nationcl ine e, both in the short —nd long run,

connected with the ncw prcduction,

1 sec accounting prices
2 Tinbergen, J., Design of Developrent (B-altiiore, 1958)
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0pen Econony

An cconony is scid to hove an open character when
the cetunl ond potenticl scorcity of notural resturces
2né conditions nake it inpossible to utilisce the
existing ond expected copocities in the long run
on the basis of dx:cstic ressurces clone ts the
fullest coxtent,

hus the hasic choracteristic of the open econony
is that o large poxrt of national incone crises in
foreign trade both on the export ~nd iuport side,
During thosc steges of developrient when the unced
for capitel iuteusive goods are high this is
cspecinlly npplicoble, The inport nceds of the

ccoony are sucdenly rising to o quelitatively

new lcvel, Thercfore in such an open cconony where

o certain high level of industrial develownent

has bcen achieved the inplenentation of ~ny long tern
progran is o function of the increasing cxport obility
of thc econoiy. Sound cdevelopricnt strategy hos to
toke into cccount the cunuletive cffects that one
unit inercase or decrecsc in export produces rmch
nore thon onc unit fluctuction in national incone,

in coployment ond in the stoadard of living,
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Sincce the inercase of ncotional incomic and ennloynent
~nd consuaptirn cre fuictions of the cconony's cxport
cbility, the nost inportont criterion for project
cvaluction is thc cxpected nct foreism cxchail;¢
eanrnings of o project or of thce nntional cconnly o8

o whole in thce long run.

Optianlity

M™ec nest widely usced motion of optinnlity in

cernonics is the so called "pParctal Optinclity".

A Porcton inprovenent iandicates situcticnal change
such that sonc pecple (at least onc pers n) gain

~nd a0body loscs, This cdefinition lcads to the
c-nelusion that o ceonouic situctiol is optinel

if 1o Porcton iiprovercats ore pessible ateorting

fron such a position, This is o very weank sciise

of on optiiw: becruse such 201 optinuwi cal be ~chicved
cven whenl s nie penple are very poor whilc c¢thers are
very rich, provided the wikapincess of the poor

couot be recducclé cxcelt by reducing the heppliiess

of thc rich. Thus Perct-n -ptinelity scys ncthing
rbout Cistributicn ond is consistent with any cegrec
of incquality of incore distribution,

The Parcton conept of optinelity is soncthing thet is
ncecesscry for welfare nexinisotion but not sufficicat,
This nccesscry conciticn shoulc not be crifused with

the sufficicncy condition,
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The optinelity of the purfeetly competitive norket
nechanisn hes been proved, within the ronge of certoin
gpceific assunpticns, by using the notion of Porctan
optinality, The spccific acsswantions erc = perfeetly
corpetitive nnrkets, o cxterninl effeets, nc saturation
of woats, So that if projeets ore evelunted ot frec
norket pricces @ people act like conpetitive decision
uits, it will bhe assurcd that we arrive ot o situction
such thot no pers n coul be ade Letter >ff without
rneking s-neonc c¢lsc worec »ff. This hes led to
ic¢entifying rerket profitnability with cconondce
sownccss,

The assunptions of perfcet uorket = cs;ceizlly that

of thce ecopital nnrket is crroneous, I 1nbor surplus
econoitics where thic inrgincl procuct of 1lobor is

zero is never reflcetel in the narket, No exterial
cffects is also o for-fetcheld asswiption, Parcton
optiiiclity assunptions nlso ¢ not cousidcr the cffcet
of o progrom on future gencrations, Fianlly, stoppiing
with Porcton optinelity inplics ignering distributional
questi-ns in which ceonouie plonners crc clearly

intcecrested,




Parancters, tcchuicel end econonie

Statistically o porereter is defincd as ocny characteristic
of o popwlation, In econonic nodcls in perticular
those ~ttributcs of varicbles which ore given,
rother then thosc deteriiined inside the nolel, noy
be caolled paroncters,
Technicel and ccononic poraacters of facters ond product
will influchce the production costs, technical quelity,
technology os well s investuient expenscs, expected
orices, norketing obility ete. of the product.

Poy-back Period

Poy-off Pcriod
Caopitel Recovery Period

In projcet evoluaticn ot the firir level this criteric
coir be used, The poy-back period is defined os the
length of tinc required for the streon of cash flows
of an investiicit (gross carnings) to equel the originel
cnsh outlay,

Its principel adv-oatnge is its singlicity in both
cunecept aud celeulotion, Also, it concentrntes o the
earnings in the necxr future, which cre nore valucble
a1 cert-in thon carnings in the distent future, The
disadvrntages of this ncthol cre (1) it does not teoke
into cccount the tine pettern of corninge within the
payback period, ~md (ii) it does not neasure the

profitability of the project,
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PERT
Progron Eveluation Review Technique

is o technique for plomming ond progran contrel,
using o nictoricl re)rescitation of 21l cctions

that nust be trken, mad o anclytical procedure

for prelicting Perf roonce tine and cvalucting
uncertainity for the progracce The esscitinl clencnts
of o« Pert ploa core

(i) lctivitics

The c¢ffort require? to proceced fron onc cvent to
cnother, It is 1easured i ters of clapsed tire,
(11) Eveat

“ L dcfinoble peint in tince where sone ccetion has been

couplceted or storted; the bouwiwory between two or

nore activities,
(iii) Netwcrk
A graphic prescutotion of the individuol cvents ond
cctivitics and thedir interrclationships, of which
o project is corposcd (see Arrow Deagron Network),
(iv) Tinc Estinctes

. This is thc cstinoted tine required
for ~ceonplishnient of on activity., Thece cstinctes
arc uscd to dctecrnine both proboble tire onéd degrece of

wcertainity.




(o) Optinistic Tine
The optinistic tine is the tine which will be roquired

to corplete an cetivity if everything thot ccir go
siioothly docs go snoothly, The optinistic tinc is
expceted to occur one per cent of the tiue,

(b)Pecssiuistic Tiie

The nessinistic tinc is the tinc which will be rcquircd
tc conplete on cctivity if everything thot e go
wrons ¢rce go wr.ng, The pessinistic tine is cxpected
tc occur onc per ccat of the tine.

(¢) Mcst likely Tine

The nost likely tine, is thc tine which is (bascd on
previous cxpericnce) actunlly anticipated to be
required for completion »f cctivity,

#/sce olso Critical Poath in Lrrow Diogran Network,




Price Discrinination

In generel price discrinination ncons thoat o fim
cherges two or nore prices for the smac procuct.

Pricc discrinincticn is possible by firns in 211

icrket situations, cther thon purc conpetition,

Price discrininntion is designcd to ~piropricte

o1l or proxrt of the conswiers surplus to the pruduaccer,
In industricl ploming, price discrimination is
advoeated for capitel Ludgeting, when the best

single pricc feoils to geacrate ciisueh revenue

osver the ploning period to provide o totel greater
then the present cost, Three genercl types of

pricing schencs arc suggested i1 o atterpt tc retrieve
riore revenue, o1l involving £ rs of price diserininotions:

(2) Cycliccl Pricce Discrindu~tion

applicable te situaticns in which very sharp seos ual,
doily or othcr vorictisas oceur in the rate ot which
the scrviec or product is consuncd, such discri :ination
often being o ncans of ancliorating the high ceosts

ond other problens cssceinted with verxry intcensive

neck usce or Ceuauics

(b) Interconsuncr Pricc Discriiziuction

wherein different price levels for different categorics
of custorwrs arc cstablishced within ony singlc tine
intcrvel, but the various levels reinin constent for
the s¢ differcat consuncr groups over oad betweenr tine

intervels throughout the plonning period; and

’
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(c) Intertcnporal Pricc Discrirmination

in which thcere is only one price chorged in ony tince
iaterval, but that price noy chanzge over tine within
the thtal plaming period,

Programming Criteria for Projcet Evoluction

This is esscutinlly o geireral cquilibriun solution to
the prohlcen »f projecet selcetion, Inn 1ts nost
claberate ol sophisticoted formn the costs and
retuvrns of «2ll feasible prjects, the aveiloblce
factor supplics, ~nd "correct" priccs for at lcos
fincl outputs ~re 211 fed into on elcetronic conputer,
The conputer thea tries vorious conibin~tions of
arojects coleculeoting whether or not cneh conbination
uscs cll tho resources ruad whet its total finnl value
is., PFinclly, the coiputer chooses thot conbination
which hos the nexiow velue of the fincl outputs,
Conceptunlly, this is the idecl projcet cvoluation
criteric, Storting with oveilcoble resurces cnd

thc valuaticns on finel outputs, it procceds dircetly
to the goel of noxinising the total vnlue of final
outsut, Projeet interrclotions are consldered and
cssuning the "correct" priccs arc used for the finel
product, it would sclect thosc projcets which acctunlly

do noxinise the finrl velue and goin in socinl utility,
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However, the proctical uec of this criteric 1s 1i.dtcd
duz to the nuiber of possible conibinctions to be
evelunted, the lack of cllegecly neorrect"priccs ond
other dote in ur.éerdeveloped cowitrics,

Linear Progranning attempts 1o gin;1ify the opyroach
clpost to the point of toking owey its conceptucl
veliaity end no procticcl usd hns yct been ncde of

this cither,




Rate of Return on Capitel
Book Rate of Return

voriants: Lveroge Return cn Investnent

Book Mcthod
Ensincers lethod

The rete of return on capitel is defined aos the
rotio of profit t- copitels There orc uinor
varicti~-ns betwecen the differcnt c-necepts whosc

titlcs ~re nontioned above.”

Averose Peturn cn Investiicat is the overcge incune
fr i1 o projeet expresscd oe o percentoge of copital
outleye

I the DBaok lcthod, the cxpected or 'nortalt profit

o8 o perceutage of the pvernsc canrital cinployed over

the 1ifc of the projeet is consicerec.

In the Eagincers licthod, the ¢xpeeted or 'nornoel!
profit os - perceantage of the initi~1l capital enployed
is thc criterion,

The rein disrdventoges of the rate of return o copitel
nethod orc (i) difficultics with regerd to definition
of profit, cspecinlly the ¢ifficulty of defining
nornal profit wherc profit noy not be constant over

the yeors, ond (ii) the cdifficulty L,f defining copital
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outloy wherc investnent nllowances core givenn cnd where

working ccpital firns o large proportion of the
capitel invested, end (1ii) the tinme pattern of
ine.ne fron investneut is not consicered - allowaice
is not nede for the fact that the same sun of noncy
tonorrow is worth lcss thon it is todoy.

# gce rlso Bouacfits - Cost Retio

Rote of Return to the Entrepreneucr

If in private entcrprisc, the neoin risk is token
by the entreprencucr who borrows noncy fron o bonk
or ~btains o loan clscwherc, this rote of rcturn
bebanes ne~aingful. If o project gees well, one
woull ex cet on enmtrepreucucr to get on ~ttractive
return on his investncnt, If the pr.jeet ocs poorly
the cntreprencuer ¢:.cs hadly. Ia o scnsc, this
rate is thc urrpin for crror for for thosc who lend
t5 thc ontreprisc. The greater this norgin the
greater tho cntrepreacuer's risk, The inputs of
the finoneiosl flow arc investient funds which cxre
sunplicd by hinsclf, The outputs are deyrceiztion
ané profit of thc entire enter;rise, less requirced

criortizetion poynients.




Sensitivity Conputetions

(1) On _the scctoral level

In o scctoral linear progrorxming nodel, when the
optimn pro/rrn has alrecdy been conputed, conputation
of tunulative cffects induced by ocny of the chonges
in vorious foctors of the nndel is casy. The sbjeet
of scasitivity crooutaticns is to nieosure tho

effeets c~uscd by cheiges of onc or cnother factor
for the sectoral progran as a whole, For cxonple

by chxising ¢ nstruction expensecs we are ~ble to

sce thc c¢ffceet of this change on the wholce investucnt
ectivity of thc scetor, norecover changes in output,
experts, iports ctec, con also be eonsidered,

(ii) on the notincl cconoiy level

The ohjeet of naticonsl lovel scisitivity conputations
is to necsure the cunulotive cffects of o chonge

in any factor on other fectors., We woull like to

know £or ex 1plc the effcet of o deereosc of investnent
fwils on cousunption, cxport or on sccotral callecation
of investients, l-bor ete., . L _
ond sc.sitivity conputations can provide it cosily

if the nocel oid the optimun size of varicus activities

arc already deterndred,




r

- 61 -

Sacizl Morcinecl Procductivity Criterion (SMP)

ieBJKehul in cn article he wrote in 1951 nroposcd
the rulc of sceinl nargin~l procductivity os o gulde
to sclection of investrient activitics, H.B.Chcnory2
has attenpted to five quentit~tive fron €5 the
SMP princinle by applying it to o nuaber of enpirical
situaticius in Grecce, Turkey, Portuvgel ond Soutlkrn
Itely., Inperfeetions in the norkcet nechanisn in
underdcveloped ¢ untries cause private voluce ~xnd
privete cost to diverge froo socinl wvelue ~nd social
cnst, Therefore in allocating investiont rescurces,
the critcrion to bhe follewed is "the totel ncet

c. ntributicon of the norsincl wait t- aational
product on? net rerely thot portiocin of the

¢ ntribution (or its c: sts) which i~y cecrue to

the privete invcstor"3. Falleo ing this stateneat
henery hos formulnated o ncosurc ~f SHUP by using
sirple rulcs of thunb such ns bl nce of payncits
cffect, capitol intensity cte, He hos node usc of

data likcly to be ~wvailrble in o developliy; ecioly.

1 Kchn, a.B., "Investiccat Criteric in Develoypieat Drogrons

Querterly Journnl of De-noiics, Fch,51

2,3 Chenery H.B., "The ‘pplic~tion of Investuent Criterin”

Qurrterly Journal of Eccnondcs, Febl53
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Chenery's SMP formulc is:

X+E-1 L+ M 0
P = ek - TS . § (B + B2)

where SIP = averarc ~mucl increncnt in Naticncl Tncome
(ylus lLolotice of poynent cquivaleat) fron
the uerciicl wnit of investmcnt in o
civen usc

=
"

inercricit to capital (investicat)

% = inercnscd porket valuc of ovtput (after
~1lowi:.s f£r subsicics cad protecticii)

E = acded volue of output Juc t5 externcl ccononics

Mi= cost of inported nntericls

=
"

Lobor cost

=t
')
H

cost Hf Aonestic uaterinls

o
L]

Overhead cost

nercinel rate of substitutioin between
Notion~l ine nic ~x@ balrnece of poynients cffect

H
]

By= cffcct of instnllation »f iavest et on
brl nece of poyuciats

conbincd mirtizetion ~nd interest rate on
currc.t borroving

o §
u

Bp = cffcet of opcratiion on beloanee of poynients
Divicing the sceicl nnrginnl product into
(2) valuc ~dded in donestic ceccnony per wilt of

investicnt
}T{ where V = X + E = My

(b) totol operating cost pur wait of investnot
C where C = L+ Mg + O

ol (¢) belnece of poyients preaiwl per unit of investaent

Br wi.cre B = (2By + B2)
X
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the forrula £or SMP can be shortcned to

- C Br
T * ¥

A V-C Br
= \K) ‘—""v—'""') + X

SMP is thus Tound to5 be thac srofuct of the nereentase

SHP =

=<

of soci~l valuc over cost (.‘7.1'%—(-‘—> oné rote of
coyitel turi cver (%);_zlus the balence of poynicats
preaiu,

Bven il this approach con be criticized o the
grounds that roaking of {.vestient projeets in this
qesner is o rigi? ~ud aechmice cyproach, the
c.neentuel and anelyticcl uscfuliess of the ccneept
ns to be recoguiscd, The SMP criterion pr.vides us
with o necasurc of project scleetionr in teras of o

consistent o dcfeidshle set of wvalues,

Main criticisns of the SIP ~mpreach includc (1) thet

thc critcriom does not consiter the specific nultiplier
cffect of investient on futurc jine o levels, (2) it
igaores chonges in the quelity of thc factors of
sroducticn such as lohor forco waich is o ciascoucilce
.of currcat investient patterns, ~nd (3) thot this
critcrion is lcss genernl thon the over-cll progrouidng
~pproach, bccause it is H-~scd on o portinl cquilibriun

ennlysis thot is only valiad for rclatively sncll chonges

in the econonic structure.
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Surplus Rete of Rcturn

The scvings fron the ineonc gencreted f£ron o project
crup1ot be crntrolled ~dequately for f{:west.went pmrposes
in auy cconony (cxeeps ceitralised cconcies). Since

ovingss oxre o 1i:dting foetor oa cc -nczde growth,

he surplus rote of return will hove e ¢ nsicereds '
The iavesticnt iuputs of ~ projeect arc in cffecct ;

surplus (o congwiytion) rescurces th~t orc nicde
avoil-oblc to the wrojeet during the investent

period, TO the oxtent thot tho project roacrates

1 rge sur.luscs 537, it nckes it nossible tH engose
in cdditionnl projocts, Thcref rc we hove 0 c-usider
‘ the quec stizil n~t whot rote arce rcinvestible fund s

geaerated by the pr-ject fir coch wiit of surilus

nade nv~ileble to the aroject?! The snswer to this
qucsticn is the sur-lus rote of return, This rote
is conputed os the aiffercice between ttcl scles
volue of the Dr: joct cad the cost »f purchoscd
inputs (r~w Anterinle, power cte and 1-hor costs).
hc surylus is token tc be cquivelent 1o wrofits,
Ceprccictici, jpntcrest prymcnts ~10 trxes, It 18
viewce from the puint of nctioncl ccnnoly rothcr
then the cnterprisc, mhe coswiption 1s th~t 2ll
such surpluscs will be uscl for furthcr javestient

whilc wege ond arlory poywent will bc spent catirely

on ¢comswiption. (sec nle0 Mergincl Per Canita Reinvest=
nent Quoticat).
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Synthctic Indgx of Econonic Effcetivencss of Investint

In order to cheek clteruntive forus of investient
fr-m the point »f view ~f "conporative cfficiency”

in centrolised econonies synthetic formwloe hove been
Ic‘.cvclopcd.

On the sect rel level o for single plonts, the

tosls of iuvestent eveluation is -rocticelly reduced
t, the choice of ocuce out of vari us invest .cent
veriants bringing about cquivelent productive effects,

If the preblent is thus sinplificed, thc issuc which

!
st We rerordcd as nu essenticl in the evaluoticon !
. of cc.ouondic offcetivencss of investient is a choice
‘ st the proper level of teelmique of o given investnent

or-jeet, Ltteapts to quentify the Ciffcerencces aiong

clternstive vorients fron tiunt point of vicw have
bnobled loying ¢owa the basic cad siple forn of
synthetic index of ccononic cffectivencess of investiont,
Mrny ccononists storting fren o stotencat of scarcity
of conitol, bose the “eocffieicnt of ceificicncey" on

> the reote »f substitution betweenn the sdditioncl
investiacnt outleys ~nd evetucl Qeerccse of operating
costs, .8 the l-otter coii be rcduccd to 1-bor, this

rate of substitution might be treoted cos the individual

nerpinal rote of substitution between lobor od

o _
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investiient, This single assuapticn of a two factoxr
srofuction function connol be justificd cxcept in
rere coses (viz, post-war rcemctructicn period
vhen labor was the most scriosus bottleneck) as there
are other bottlenecks which cannot be igaored (CoCo
ow oterinls and intermedinte roods) when techniques
ape selected, Theroforc stondnrd aetholniogics
reeymiend the use ~f other yordsticks 2ls  in
thi¢ choicennking process besides the usc T o
synthctic incex. Referencc herc is -icinly to the
use of indices in physicnl terns - tcchno=-cconoriic
indices, such as input of fuel, power and other
natericl per unit of output, out-ut per wait OF
equipnent cte.
Given below is o synthctic formula derived fron
ca;ital-1nbor substitution, Asswring two Ciffcrent
vorients of o~n invest.cnt pro jeet where prcduction
of ecch voriont is thce sones

(1) I; € I, where I, ~ad Ip are investrniont outlays

of the respective verionts being
conparct

(41) 612 C2 where Cp md Cp are thoe amuel operating
ccsts of thesc vorionts (nodnly
representing labor costs)

~nd denoting T = Period of Recouprient of acditioncl

1vestient outley (aarginel rote of
substitution hetwecn copital and labor),




- 67 =

E = reciprocnl of T (coefficient of conporative
effcetivencss of copitel iavestuent),

both T aud E orc deternined by compering the eandidate

varicits cs followse

192 =

p o211
C1 - C2

O S I
T Ip = I

For thc obligatory evoluati-n formwle, the iwccessity
of usiny thc sceicl acrzinsl recoupient period is
ocknowlecdgeds Thus for additionel investiciat costs
the following inequelity is cccepted as o condition
of effectiveness

I, -1,

+
C1 _02 < T '000000000000000(2)

whcere T+is the soci~l nerginel rate of
substitution

The econoniic neaning of formula (2) is that additionel
investiient cannst be accepted unless recoupnent tokes
Place by sufficient ec:nonies in operating costs,
becouse in other scctors or branches of the cconony
the sone investuent outlay neoy bring ~bout better

cconoriic results, Formmule (2) con be cxpanded to
2+ I
T+ 2 < .IT}. + Cl

or Ip 4 *C2 L I + T%Cy
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In geuneral the nost effcetive usc of capital is
~chicved By sclk cting o projeet I; such thet

I3 e
- + C is the lowest ooy o given set of
l [J

slternatives, More gencerclly, for the purposc of

conporison oncapy ~lterictives rcesulting in differcmt *
levels of amucl output, the eveluntion foraulen

cal be cxpressed o8

Io + C

= o uininun,

1
s

P
where P incdientes annucl production. Inn cowitrics
where - wnifo rn standord veolue for T caists, it hes
becnn cstoblished in linits of five tc six yeors (for
Fuyeary five, Poland six),

The basic synthetie £7rrmule has been gracually -

developed further in the verious centraliscd cconcindces

by toking iats ccecount cifferences ocnoag investrnent
vorionts with reg~rd to different potterms of
gestotion ~nd fruition: (i) extent of irmwobilizotion -
tie uwp or freeze, -f investioent during construction,
(ii) length of period of exploitation, and

(iii) tic shope of production costs during the

period of exploitction, In couwntrics with inporton
forecign trade scetors (such ~s Czechoslovekin. Eost
Geriiany, Huigery ~ad Polond) cxport prenotion

and inport substitution cspects are now incluced

in thc symthetic formule,
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Tine Horizcn

The problcu »f Tine Horizon in ecunonde ploming is
the problcex of deteriviing the soci~lly desirsble
rete of discount, It is o problen of cstinating

at the Legiming of pl-n period the volue of the
bencfits that hos to be achieved ot thce cnd of the
end of the _lonning period,

In the private sector, the prevailing rierket rote

of intcrest is cccepted cs the desirablce rate of
discrunt because of its corrcspondence to two
negnituces, 1'irst, it is supposed to represent

the tine preference of the nenhbers of society,
expressing the relotive weights to be attached

to prescat consunption conpared to futwe consunption,
Sec-ndly, it is supposed to cxpress the productivity
of Urivete eaprital investient c1d this represents
the opuortunity cost of public scctor projects,
Plomers on the actionel level, however, camuiot
accept the unrket rate for purposes of project evaluation
due to the existeince of iaperfecti-ns ond ~lseo
bececuse the prefercnces of future generations are
expected to be reflected in theix choice of Aiscount
rote,

Despite the fact that a lot of dlscussion is being

conducted on this subject, no convenient rulcs of

thunb cre prescribed,




Total Outley Curves

Net Outlay curves
Couposite Net Outlay Curves

The deisnd curves can also be ccnsicered total outlay
curves since we can obtain total outl~y (expenditure)
on the product by consuners ot any poiant on the curve
by miltiplying the quentity by rrice.

Defining; Denand and Supply as functigna of price

of transport services, tine interval, cost of

systea cajacity, cunsuzer incone, crowth in population
and other siniler variables, the "uet outlay curve"l
for every tine interval is obtaincd by subtracting
the supply fron the denmd functions for each tine
interval. These represent derived denond curves

for ecch focility itself ofter supply and operating
costs cxC costs other thon systen uée have been
subtrocted ~1¢ ore thus net effective cdenonds for

the facility's capacity. The linear ageregation

of the net outlay curves gives the conposite

net outlsy curve.

1 Meyer, J.R & Cole, L.H., "Capital Budgeting end Pricing
Techniques"
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Tronsforantion Curve
Production Possibility Cwrve

are curves that show the rate of substitution between
two Coods or two types of goods produced in o society
civen the availnbilities of the factors of production
and the levels of technique,

It illustrates the basic problen of econonics, viz.
the need for optirun allocaticn of linited resources
betwoen various needs of society.

Yeotors

Rt

In elenentary algebra we are concerned with expressiOns
which take roal nunerical volues, The expressions

nay be constants or variable taking velues fron the
systen of renl nunbers, .dvanced algebra is not so

| confined, It is able to hondle systens other than

rezl nunbers, e.g. conplex nunbers, It can c_leal with
not only'nagnitudes' such ns length or width, but also
"vectors" such as force or velocity which have "nagnitude"
’ and"direction". Higher nlgebra cuncerns itself with

gets or groups of elenents rather than single volues

o8 18 the case with elenentary algebra,
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Vectors (contd.)

In o two Cinensional plane we represent o .
point by o pair of nunbers which we call coordinates,
(a1, 2p). This could be oolled n two dinensional veotors
If we have an n-dimeneional space, o point P in such
o space would have n coordinates and it would be
called an n-dineneioncl vector. in 1;-diuensiona1
vector "o" 4s sinply an ordered list of n nuabers
(or aon n-tuple bf donponents) ond it is written

2 = (B, By sesccesselinecercsedy)
What is inportant in vectors is the ordering of

nunbers. Yectors con be written as colwm vectors
P al
[ o2

a3
\ ;
\:
e [
n
In linear programning vectors are used to represent

activities - coalled actiﬁty vertors which would include
both output ond inpute of the activity., The operations

or row vectors (2), coeesecsean)

that can be perfommed on vectors lend facility

to the solution of linear prograuing problens,
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