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Investment Planning

A Proposed Goal Programming Approach

Why Goal Programming

Investment evaluation is characterized by multiple
objectives. This is true at the national level as much as at
the sectoral or project level. The problem usually encounter-
ed is how to incorporate those multiple, often conflicting,

goals in the process of evaluation.

Several approaches to investment evaluation have pro-
posed to consolidate the multiple objectives into a single
aggregate criterion for evaluation. They did so by introducing
the concept of a numéraire. One of the objectives, usually the
one considered the most important, is chosen as a numéraire, and
is assigned a weight of unity. Other objectives would be ex-
pressed in terms of this numéraire. The choice of the numéraire
differs from one approach to another. The UNIDO Guidelines (2),
suggests aggregate consumption as the numéraire. The ratidna]e
given is that since welfare is the ultimate goal of development,
welfare could best be measured by the increase in the net présent
aggregate consumption. Thus, the impact of an investment project

on welfare could be measured in terms of its addition to aggregate



consumption. Aggregate consumption is defined as the net out-

put which is "the goods and services made available to the economy
that would not have been available in the absence §f the project"
(2, PP. 40-41). This net output is valued at the_cdﬁsumers,
"willingness to pay" and is discounted to the preseﬁt. The dis-
counting is carriedout using a social rate of discount which re-
flects the decline rate of the value of future consumption in re-

lation to present consumption.

Other objectives are expressed in terﬁs of this unit con;
sumption, i.e. assigned a weight or a shadow price. Therefore, the
part of net output directed to investment is considered as indirect
consumption benefits and is va]ue& at the shadow price of invest-
ment and addéd to direct consumption benefits to obtain the aggre-

gate consumption benefits of a project. (1, P.3).

The shadow price of investment is the present value of the
additional consumption that a unit of investment would generate
(2, P.150). 1In a similar manner,; the employment objective would be
considered through the shadow priceAOf labor (skilled and unskilled),
and the balance of payement objective wohld be considered through

the shadow price of foreign exchange.



The evaluation process would then proceed using these shadow priﬁes.
instead of market prices to evaluate output, inputs and net output

of a particular investment project. Adding up the net aggregate con-
sumption benefits using these prices would provide the evaluator, hence

the decision maker with a single criterion for evaluation.

The OECD approach (8 and 9), on the other hand, takes as a
numéraire "the net present investment benefits in the hands of the
government measured in foreign exchange, converted into domestic
currency at the official exchange rate and discounted to present’ value
(B3Pl

Therefore, both investment and consumption streams resulting
from an investment nroject, in any given time period, are all .onverted

in terms of the numéraire, a unit of investment, and summed up., Our
concern here is to find the value of consumption in terms of invest-
ment i.e. the cost of consumption with regard to the regard to the re-

lated loss in available investwent funds (3.5-P114).

Both the UNIDO and OECD approaches need, in order to compose
the aggregate criterion, to assign numerical weights to different aspects
of development in terms of the chosen numéraire. Those weights should

reflect in part the political value judgement based on prevailing



conditions, social objectives and available resoﬁrces. Therefore,
these weights will produce what could be called national parameters
which will be true only for those particular cohdiiions, objectives,
and resources. As soon as they change, which will happen as a re-
sult of the implementation of the investment plan, the weights should
pe changed eccordingly. This complicated task would require abundant
data and highly qualified personnel. Thus, the attempt to assign
weights-as precise as the figures may be-is an ambitions and respon-
sible exercise which is the expression of pofitical value judgements
in numerical terms and should be carried out by highly competenf and
well informed people. Even the most competent top pOlicy‘makers, as
a rule, in practice refrain from being too explicit in formulating
national objectives and particularly in assigning numerieal weights to
those objectives.‘ It could_not, therefore, be expeeted to be valid

for the developing countries (14, P.22).

If the aggregate Criterion is, on practical grounds, rejected
as a basis for investment evaluation, what could be considered as a

viable and practical alternative?

The author of this paper advocates fhe use}of the UNIDO-IDCAS

Manual approach (14). In addition to personal bias, being one of its



authors, it is my belief that this manual does overcome some of the
problems encountered in applying the above mentioned approaches. In
additioﬁ. the UNIDO-IDCAS, Manual was designed to fit the conditions,
stage of development, and information availability in the Arab coun=.

tries.

The UNIDO-IDCAS Manual recommends the use of a set of criteria
for assessing the contribution of an investment project on the achieve-

ment of tne different national development objectives.

1) Value added is adopted as a proxy measure for national
welfare wnich is the ultimate goal of any development or investment
plan. The contribution of an investment project in the making of na-

tional income could be measured by its net value added.

2) The number of jobs created by the investment project is
a measure of its employment effect. This could be further classified
into skilled and unskilled labor, Also, the sum of direct and indirect

employment would make the total employment effect of a project.

3) The distribution of the generated value added among differ-

ent income groups or among different regions has been a matter of



increasing cbncern>in'eva1uating development programs. This could
be measured by the ratio to the total value added of the value add-

ed going to the speéific income group or the particular region.

4) The effect of an investment project dn the country's
foreign exchange position would be particularly of importance if the
) given country has a foreign-exchangé problem. According to the déta
available, the net foreign exchange effect could be assessed throth
finding the balance of payment effect of a project, or the import

substitution effect of a project.

5) If the project being evaluated is export oriented, 1t‘
would be important to measure its international competitiveness to
make sure that its products are exportable. This is achieved throﬁgh
the comparison of the inputs of domestic resources for the production
of the exported items with the benefits that would be received from

exports.

For the simulaneous consideration of these multiple objectives
in the evaluation of investment projects, the UNIDO-IDCAS Manual pro-
poses to consider one of these objectives as the basic criterion and

others as additional indices.



The distinction patween which is the basic criterion and
which are the additional indices is left optional to be decided upon

in line with national objectives and prevailling conditions.

The purpose of this study is to propose an alternative
approach to accomodate the multiple objectives for evaluation with-
out the need to combine them in one complex criterion. Goal progra-
mming is an operations research technique especially designed to deal
with multiple, sometimes conflicting objectives (4, P.1). In contrast
to linear programming which considers only a single objective, qoal pro-
gramming is a multiple objective, decision model. f{loreover, goal pro-
gramming is more flexible than linear programming in that it “~es not
fail to yield a feasible solution in cases when the constraints are not
absolutely binding which often occurs. In such cases, linear programming
renders the solution as infeasible. Since goal programming deals with

multiple objectives, priorities will have to be assigned to each objective

or set of objectives.

II. Objectives and Priorities of the Proposed ilodel.

In using goal programming the evaluator recoqnizes that:

(a) There are more than one objective (b) Not all objectives can be optimized



but the goal pProgramming scheme aflows US to go as close as

possible to the satlsfactlon of these objectives (c) There 1s no
distinction between objectives and constraints except that what are
considered as absolutely binding constraints should be given higher
(First) priority as objectives so that they are completely satlsf1ed
(if at all possible). While nonabsolute constraints will be treated

as lower priority objectives.

Goal programmlng will work for m1n1m121ng the deviation of
these lower order objectives from their prespec1f1ed level without
Jeopard121ng the achievement of the higher priorlty obJectlves. There-
fore, goal Programming seeks the satisfaction of obJect1ves in their
priority order, meaning that higher priority objectives could be achiev-

ed at the expense of lower priority ones but not the other way around.

In app1y1ng the goal programming approach to investment p]anning
nere, we shall assume that the social obJect1ves and pr10r1t1es had
already been used in allocating total nat1onal 1nvgstments among various
sectors. We stand now in the second or third phase of planning concerned
with distributing the investment (local and foreign) allocated to some
industrial sector among its component subsectors whiCh’are: )

(a) Food industries, (b) beverages, and (c) tobacco.



The objectives of the goal programming are channeled down

from the national objectives indicated in the five year plan 1981-82-

1986/87. On the subsectors level, they are considered as follows?

First: The total amount of investment to be allocated is

& 265 million in local currency and £ 236 in foreign currency.

us use X1 x2, and X3

Let

to indicat the decision variables reflecting

the amount, in million, of output in the three subsectors of food

industries, beverages, and tobacco respectively. The local invest-

ment objective could be expressed in the equation:

. 207 X] + .087x2 + .257x3 + nI-P] = 265 (1)

The x's coefficients reflect Tocal investment output ratio

in the three subsectops respectively, n; and P] indicate negative

and positive deviations from the target. Likewise, the foreign in-

vestment objective could be expressed in the form:

+188x + .086x, + .185x, + n, - P, = 236 (2)
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‘The x's coefficients in equation (2) represent foreign in-
vestment / output ratios for the three subsectors. n, and pz'in-
dicate negative and positive deviations from the foreign investment
target. Since equations (1) and (2) reflect resources limitation,
they represent absolute objectives that have to be met and thus must

be a551gned top prior1ty level.

Second: Demand estimates for the purpose of new investment
evaluation is usually more difficult than for goihg concerns and it
covers much longer span of time (12, P.1). It'is believed that within.
the span of the current five year plan, and within the 1hvestment
limitations, all expected output will be highly demanded in the
domestic market. This is an indieation'thet no upper limits on output

.need to be inforced.

Third:‘.The current plan indicates a priority given to replace-
ment and renovation investment. Since a break down of relevant data

between new projects and ‘replacement projects was not available, it is
suggested that after allocation of investment among subsectors is made,
priority within each subsector could be given to replacement projects.

‘Fourth: The contribution of this industrial sector to:thevna-‘

tional welfare is measured by the generated value added. This is
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assigned second priority level. 1In goal pProgramming absolute
maximization of an objective is not allowable (4, P.14). This
objective is assigned "a reasonable" lower bound to be achieved br
nearly achieved via the investment plan. Instead of optimizing an
objective, the Purpose in goal Programming is to minimize the de-
viations from the prespecified objective. Within the above limita-
tions on local and foreign investment and considering the value add-
ed/investment ratio in each subsector, we belijeve that a value of
&350 million is a reasoneble lower bound on value added. Using the

estimated value added output ratios, the value added function is:

.]SX] + .36}'(2 * .]])(3 15 I'I3 = p3 = 350 (3)

Fifth: Impact on employment is an important aspect of in-
vestment planning especially when unemployient or underemployment
charactrizes the economy. Employment is desired as an objective in
itself and for its effects on other objectives of development such
as value added and income redistribution (new employment opportﬁni-
ties channel new incomes to the poorer segments of the society, there-
fore contributes to income redistribution target (5.7P.5) However,
higner employment might have an adverse effect on investment since

most wage income would be spent on consumption (11, PG).
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Employment objective will bé meésuked-by the nuhber of
created jobs, per unit of output. Within the']fmitdtions of the
given investments and considering the outpus/labor Eatio in thé
given subsectors, a targeted lower bound on the emp]oyment objec-
tive is set at 90000. Using -the number of job oppértunities per
million pounds of output, the employment objective is expressed in

the form:

76x) * 26x, + 18x3 + ng = P, = 90000 ()

§j§£ﬂi The generation of inﬁome reflects the effeciency
aspect in investment planning. The aspect of equity will have to be
examined through the evaluation of the distribution of the generated'
income. Here, the wage'income is‘used as a measnre of income goingnto
tne poorer segment of the socfety and is used as a measure of how
equitiole tie distribution is. A lower bound of & 210 million(60% of
the targeted Tower bound on value added) is set on this objective.

Equation (5) expresses this objective:

0%y + 15%, + .04x3 + Ng=pg = 210 (5)

Seventh: Though important, no information in the required

details, was available about the suggested investments effects on the
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balance of payment. Therefore, this aspect was not considered in

the model. According to the previous discussion, the first priority
level (pr)] is assigned to the investment objective functions (1) and
(2). Since these objectives are not to be exceeded, the objective

will be to minimize the positive deviations P71 and Po. Priority levels
(pr 12, (pr)3, and (p,)4 are assigned to functions (3),(4) and (5)
respectively. They are all given equal weights. Since, the objectives of
these functions represent lower bounds, the deviation variables to be

minimized are N3s Ny, and ng. The resulting achievement function is

in the form:

minimize (p1+p2) N3s Ng, ng (6)

—

Subject to the Preceding objective functions (1) to =(5).

IIT. Implementation of tne ilodel.

We next proceed to find the "best" investment plan, in terms of
achieving the Prespecified multiple objectives. It is more convenient
to use the condensed tableay of Tinear goal programming 1in whlch the
identity matrix is eliminated, To start with the initial tableau, de-

fine its elements as follows (4, PP.40-44). Headings:

(pr)k = the kth priority level,



