
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/


Ag ri c ült ure H o n d boo k N o.  431 

f lANNING NATUtAL 
RESOURCE DEYELOPM^^^^^^^ 

us. DEPARTMENT OF AGRIGUi^TyR^^^ RESEARCH SERVICE 



ABSTRACT 

This guide describes and illustrates principles for making rational deci- 
sions on the scope, content, and scale of natural resource development 
programs. Its five main parts correspond to distinguishable phases of ac= 
tual resource planning. The first part outlines some concepts and proce- 
dures for selecting feasible components of development programs. The 
second part presents a suggested criterion for identifying an initial array 
of feasible project proposals. Methods are then explained for formulating 
preliminary single-purpose or multipurpose programs. Concluding sec= 
tions reexamine the preliminary programs for further possibilities of inte- 
grating program purposes and show how a recommended ^^finaF' program 
might influence the income and other economic accounts of an economic 
system. 

The guide is introductory in nature, although some terminology and 
examples are technical v/hen accuracy requires it= Its main purpose is to 
help public officials and others v/ho do no actual planning, but who make 
important decisions regarding projects, better understand and judge the 
comparative mierits of development programs. 

Keywords: Systèmes analysis, cost-benefi_t analysis, economic evalua- 
tion, resource development, economic planning, evaluation, 
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FOREWORD 

Research efforts in the Economic Research 
Service have been intensified and broadened in 
recent years in support of public programs de- 
signed to improve the management of land and 
water resources. These efforts are directed 
toward a twofold objective: (1) to clarify and 
sharpen conceptual and procedural issues re- 
lating to the impact and effectiveness of public 
investments; and (2) to assist in the develop- 
ment of systematic approaches to planning and 
evaluation. The present study on planning 
methodology is intended to contribute toward 
the achievement of both objectives, especially 
the latter one. The report reflects one of sever- 
al possible perspectives and emphasizes cer- 
tain technical aspects of the larger problem of 
resource management. 

This report was prepared under special ar- 
rangements within ERS that enable a research- 
er to undertake a short-term assignment and 
devote uninterrupted time to the development 
of new concepts or new methodology to improve 
understanding of selected economic phenomena 
and the decisionmaking process for resource 
allocation.. The author recognized the need for 
a document that illustrates how economic prin- 

ciples can be applied to the planning process 
for natural resource investment decisions. The 
report is primarily intended for the reader who 
is concerned with how resource development 
plans are formulated but who can be better 
served by an introductory guide rather than a 
more detailed or more technical treatise or 
planning manual. This document presents 
steps that can be followed in appraising the 
scope, content, and scale of resource develop- 
ment projects. It is not intended to be a compre- 
hensive report of all aspects of or approaches 
to the complex planning process. 

At the time this guide was prepared, new 
principles and standards for multiobjective 
planning were being proposed for adoption by 
the Water Resources Council. The principles 
and standards, if adopted, will go far in pre- 
scribing both the purposes and the methods for 
future water resource planning by Federal 
agencies. Concepts and approaches suggested 
in this guide, along with results of studies now 
underway in ERS, will be helpful in the estab- 
lishment of new agency procedures in imple- 
menting the multiobjective planning approach. 

^^M^í¿^ çé^^t^tf-^ 

LINLEYE.JUERS 
Deputy Administratoi' 

Economic Research Service 
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SUMMARY 

Basic economic concepts and principles can 
be applied in evaluating and deciding on the 
scope, content, and scale of natural resource 
development programs. To show how these 
principles can be applied, this guide follows 
step-by-step phases of actual resource plan- 
ning. The analysis shows how priorities are 
assigned to preliminary development projects 
or components according to their feasibility, 
based on tangible benefits; environmental or 
other kinds of intangible benefits, including 
social values; or other considerations. The ap- 
plication of a suggested criterion for identify- 
ing an array of feasible project proposals is 
described. The hypothetical example given in- 

eludes an irrigation project, a flood^control lev- 
ee, and an urban water supply project. Bevel- 
opment of the final project is planned according 
to the amount of money available. Methods are 
given for the formulation of single-purpose and 
multipurpose programas. 

Finally, preliminary programs are examined 
to see if objectives can be combined. The exam- 
ple shows how the irrigation project mentioned 
above could also be used for flood control, at a 
one-third saving in cost and for 75 percent 
more in net benefits. Concluding parts of the 
guide describe how projects can influence the 
total economy of the area for v/hich they are 
planned and also the national economy. 



PLANNING NATURAL RESOURCE DEVELOPMENT 
An Introductory Guide 

by 
George A. Pavelis^ 

Economic Research Service 

BACKGROUND 

This guide illustrates some basic concepts 
and principles for making rational decisions on 
the scope, content, and scale of natural re- 
source development programs. The guide fol- 
lows step-by-step phases of actual resource 
planning. These phases include: (1) deciding on 
the concepts and procedures for identifying 
alternative components of development pro- 
grams; (2) identifying through cost-benefit 
analysis or other methods an initial array of 
feasible project proposals; (3) formulating pre- 
liminary programs and ranking projects ac- 
cording to their prospects for achieving net 
benefits, considering environmental or other 
intangible costs or benefits; and (4) formulat- 
ing revised programs as individual purposes or 
projects carried to a scale equalizing their 
marginal benefits and costs, again with consid- 
eration for intangibles. Phases 3 and 4 use 
examples for varying levels of capital availa- 
bility. 

The guide includes a number of numerical 
examples, but no econometric models. Such 
models have their uses in planning, but the 
objective of this guide is to present the ele- 
ments of planning in an introductory form. Its 
primary intended audience is legislators or 
public officials who may do no actual planning 
but who must often approve or disapprove poli- 
cy decisions on competing development propos- 
als. Such persons cannot be expected to become 
familiar with complex models using advanced 
mathematical programming, input-output, and 
simulation methods. Nor can they use official 

policy documents as a totally adequate basis 
for evaluating the comparative merits of the 
many different proposals they must act upon. 

A related audience might be the interested 
citizens and organizations who frequently ask 
legislators and public officials to intercede for 
them and for their ideas .about development 
proposals that can affect them. In these cir- 
cumstances, where some persons will have to 
compromise, this guide may be useful in ex- 
plaining resource planning in a way that shows 
planning itself to be a series of compromises 
and a process of identifying and balancing al- 
ternatives. All concerned—legislators, policy- 
making officials, and interested citizens—then 
could more readily evaluate alternatives and 
their own ideas, using somewhat the same 
thought processes and steps that trained plan- 
ners might use. 

In addition, aspiring planning specialists 
may find that this guide can serve as an intro- 
ductory text, particularly the relatively more 
complex and detailed parts on specific proce- 
dures that refine the planning process. 

^ The author appreciates the suggestions and contribu- 
tions of the following people: Emery N. Castle of Oregon 
State University, Milton L. Holloway of the Texas Water 
Development Board, Burl P. Long of the Virginia Polytech- 
nic institute and State University, J. Dean Jansma of 
Pennsylvania State University, and Stanley F. Miller of 
the IRI Research Institute in New York. The assistance of 
many U.S. Department of Agriculture employees is also 
gratefully acknowledged. 



FEASIBLE COMPONENTS OF PROJECTS AND PROGRAMS 

SOME INITIAL CONSIDERATIONS 

A first step in planning is to specify the geo= 
graphic area intended to benefit from develop- 
ment. Resource development potentials in the 
area can then be examined as possible sources 
of benefits. This should be done before specific 
project proposals are advanced. Planners 
should not assume that development problems 
can be solved entirely or that potentials can be 
exploited fully. Solution of all problems would 
be possible only if the wisdom, skill, capital, 
and other resources required were limitless and 
without cost in the sense of having no alterna- 
tive productive uses. Since this is never the 
case, an important next step in planning is to 
determine the range of development proposals 
that show promise of being socially feasible; 
that is, that are expected to result in benefits 
exceeding the costs involved. While the problem 
of identifying alternatives may involve consid- 
érable subjectivity and uncertainty, this does 
not mean that such identification and subse- 
quent other choices cannot be rational. Also, 
economic science does not require that re- 
sources always be allocated in a strict mone- 
tary context. 

Another early essential in planning is to 
specify the context—local, regional, or nation- 
al—in which analysis and decisionmaking v/ill 
be done. If decisions are to be made with nation- 
al considerations taken into account, a nation- 
al viewpoint is required for adequate specifica- 
tion of the data or relationships among the 
data, even if the ultimate decision allows pure- 
ly local development. Similarly, if decisions are 
to be made on local considerations only, local 
data and relationships will suffice for proper 
evaluation. But broader regional or national 
consequences may be assessed here also, espe- 
cially if useful in resolving situations where 
evaluations of local consequences are indeci- 
sive. 

Whether particular projects should be evalu-^ 
ated in a national context can also depend on 
particular local situations, current social 
priorities, and the availability of techniques 
for linking local or regional economaes to the 
national econom.y. Unless the project is a major 
one or deals with particularly pressing nation- 
al policy problems like poverty and serious 
unemployment, it is probably ''economic'' and 
therefore relatively safe not to attempt a na- 
tional level of analysis. 

With the planning area, the level for plan-- 
ning and decisionmaking, and the range of de- 
velopment possibilities identified, development 
proposals can come from any disciplines in- 
volved in preplanning investigations or subse- 
quent planning efforts. Disciplines may include 
engineering, natural sciences, law, social work, 
and political science. 

Following these preliminary steps, the eco- 
nomics of each proposal need to be evaluated 
against the overall objectives of a development 
program, and within a common set of feasibili- 
ty criteria. These criteria are reviewed at some 
length later in this report because they deter= 
mine the array of specific proposals surviving 
the test of social feasibility. While feasibihty 
in terms of economic efficiency may appear to 
be stressed in the discussion, efficiency consid== 
erations can be a guide to considering other 
dimensions of social justification, such as the 
provision of services having intangible, envi- 
ronmental, or other nonrnarket values. 

PROGRAM OBJECTIVES AND FEASIBILI- 
TY TESTS 

The im.portance of planning objectives in 
examining feasibility is shown by briefly con- 
sidering resource development and develop- 
ment planning in an economic context. A basic 
goal underlying natural resource development 
is to improve the welfare of the members of a 



society that depends on or can productively 
employ those resources (along with labor, capi- 
tal resources, and management skill) in in» 
creasing the aggregate flow of goods and serv- 
ices available for distribution among the mem- 
bers of that society. (See Ciriacy-Wantrup 
(27¿i) and Smith (28)02 

The aggregate flov^ or output of goods and 
services for an economic system consists of 
expenditures for current personal consump- 
tion, production of new or replacement capital 
goods, current governmental purchases of 
goods and services, and net domestic receipts 
for the goods and services exported to other 
economic systems. The total income or expendi- 
ture flow is the "gross national product^' if a 
nation^s economy is under study. For a particu- 
lar project area^ the aggregate income flow is 
called the "gross area product." 

The net national or area product is the gross 
product reduced by a capital consumption or 
depreciation allowance to cover both normal 
and adverse wear and tear on the existing stock 
of land, buildings, durable equipment^ and oth- 
er physical capital assets. The net product is 
thus the proportion of the gross product theo- 
retically available for present consumption 
without depletion of the capital stock. The net 
product can be broken down to national or area 
income (all income earned for productive serv- 
ice) and personal income as the national or 
area income actually received by individuals. 
Personal income is received as wages and sala- 
ries for services rendered, rental income^ per- 
sonal interest income, corporate dividends, and 
proprietary profits. 

While information on these various items can 
be compiled or at least visualized on a national, 
State, regional, or local basis, the most rele- 
vant and practical measure for analyzing the 
changing pressure of demand on the available 
resources of an economic system is the gross 
economic product for the system or area under 
study. (See Smith (28, p. 375).) If the gross eco- 
nomic product or income, adjusted to remove 
value changes due simply to changing prices, is 
observed to increase from one period to anoth- 
er, then ^^reaP' economic growth can be said to 

Italic numbers in parentheses refer to items in Select- 
ed References on Natural Resource Planning, p. 23. 

occur. The rate of growth is the observed per- 
centage increase in the ^^reaF* gross economic 
product. How this increased real product is 
actually distributed among the population and 
whether average per capita real income shows 
an increase are undoubtedly important too. 
But to avoid confusion between individual wel- 
fare, social progress, and the successful func- 
tioning of an economic system, it is best to limit 
the criterion for economic growth to an abso- 
lute increase in real gross economic product, 
and to employ other indicators for assessing 
v>^elf are and social progress. 

The economic essence of natural resource 
development is the trading of current consump- 
tion of goods and services for a greater amount 
of prospective future consumption, by divert- 
ing or investing some past or current income 
toward increasing the productive capacity of 
natural resources. Such investment can either 
compete with or complement investment for 
increasing the employment and productive 
capacity of labor and other resources of a so- 
ciety. Further, a particular investment in re- 
source development has competing resource 
investments. The task in planning is to weigh 
and combine all the feasible investment alter- 
natives in formulating a preferred develop- 
ment program. The program need not be limited 
to an economic growth objective. In fact, it 
might be designed only to alter the mix of goods 
and services flow^ing from natural resource use. 

In this guide, the economic cost of each devel- 
opment proposal is considered to be the invest- 
ment required to undertake and maintain it. 
The economic return or total benefit is the gain 
in real gross product obtained over the life of 
the proposed development. The net return or 
benefit is the difference between them. If that 
return is positive, the proposal is considered 
economically feasible. 

In a general way, net benefit also indicates 
the desirability of a proposal as opposed to its 
alternatives, particularly those involving simi- 
lar amounts of investment. Since, by definition, 
present consumption is being forgone for pro- 
spective future consumption, all comparisons 
use the '^present'' as the time of planning and 
the presumed decision point. This is done by 
appropriately discounting future benefits and 
costs for risk and time preference (20), 



Feasible resource development programs 
help maximize the present value of the real net 
output of goods and services emanating from 
the employment of natural resources for the 
area studied. Present value is future value dis- 
counted. 

Some development proposals may have to 
compete with others on the basis of having a 
qualitative or environmental kind of benefit, 
but not the quantitative or market-determined 
kind of benefit ordinarily reflected in conven- 
tional economic accounts. So net contributions 
are defined here for: type A proposals, which 
have quantitative monetary importance and 
therefore qualitative importance in terms of 
benefits and costs; type B proposals, which 
have only qualitative importance; and type AB 
proposals^ which have independent quantita- 
tive and qualitative benefits. Other types, 
based on various qualitative and quantitative 
mixtures of benefits and costs, can also be im- 
agined. 

Type A proposals: Monetary net benefits are 
net contributions toward resource development 
and growth. Capitalized net benefits are com- 
puted as the excess of capitalized total benefits 
over capitalized total costs. Benefits and costs 
of all types would be discounted for future ac- 
crual and summed to present values. It is as- 
sumed that benefits are being obtained at mini- 
mum cost. Irrigation and drainage proposals 
typically are in this category, as are proposals 
for industrial water development or for reorg- 
anizing agricultural land use primarily to in- 
crease net farm income. 

Type B proposals: Net contributions are 
qualitative net benefits because, even with 
computable or quantifiable costs, benefits are 
nonpecuniary or not completely expressible in 
monetary terms. Quantitative benefits may be 
described in nonmonetary terms, such as poten- 
tial visitor-days of recreation made available 
in a recreation or water-supply proposal. For 
proposals of this type, net benefits are pre- 
sumed to exist if the scope and costs of the pro- 
posals are reasonably in line with indicators of 
projected demands for the services to be made 
available and, further, if there is no cheaper 
feasible method of providing the services. Pro- 
posals for municipal water supply and waste 
treatment could be placed in this category. So 

could proposals aimed at general environmen- 
tal improvement. 

Compound or type AB proposals: For pro- 
posals having both computable monetary and 
nonpecuniary benefits, net benefits remain 
qualitative. The test for overall feasibility is 
similar to that for type B. Benefits are pre- 
sumed to exist if either of these two primary 
conditions holds: (a) computable monetary 
benefits are sufficient to cover combined mone- 
tary costs; or (b) while computable monetary 
benefits are insufficient to cover costs, the 
scope and costs of the proposals are reasona- 
bly in line with projected demands for the goods 
and services made available. Before determin- 
ing whether conditions (a) or (b) are met, how- 
ever, costs unequivocally assignable to each 
class of benefits should be assigned, so that one 
can determine whether condition (a) may be met 
for one or more features or purposes of the 
proposal. It is expected that there are no feasi- 
ble cheaper means of obtaining all benefits, 
monetary or otherwise. 

An example of a type AB proposal would be a 
reservoir jointly serving a recreation purpose 
(boating) and an esthetic purpose (viewing 
natural beauty). Boating services may be sala- 
ble to a select class of users, but for various 
reasons, access to scenic benefits are nonsala- 
ble and diffused among many users. The two 
elements that make this a mixed proposal are 
the intangible scenic benefits and the joint ob- 
tainment of boating and scenic benefits. The 
latter suggests that attempted allocations of 
costs to each class of benefits would be arbi- 
trary. 

ALTERNATIVE FEASIBILITY TESTS 

FeasibiUty tests are unavoidably technical. 
The benefit-cost ratio is most widely used for 
resource development evaluations. Its use and 
interpretation are described in the appendix. 

Other feasibility tests may also be applied, 
but the results of all depend on such variables 
as the length of time into the future contem- 
plated and the discount and interest rates used. 
Carlson (2), James and Lee (14), and Lutz and 
Lutz (20) describe the basic economics used in 
developing and applying various feasibility 
criteria. 



Another economic tool, the internal rate of 
return, is useful as a subcriterion for allocat- 
ing funds among feasible proposals or for de- 

termining the marginal  efficiency  of capital 
used for development activities. 

APPLYING THE FEASIBILITY CRITERION 

This section shows how the feasibihty crite- 
rion would be applied in practice. However, the 
fairly complicated formulas that could be used 
and that could be necessary in evaluating spe- 
cific resource development proposals are con- 
sidered unnecessary here. Basic conceptual 
problems and feasibihty computations for a 
hypothetical irrigation project are outlined 
first. Feasibility and minimized cost can then 
be determined simultaneously. 

CONCEPTUAL PROBLEMS 

An irrigation project is a complex engineer- 
ing and agricultural undertaking, with social 
and economic complexities too. For, as people 
organize for the project, as resources are put 
into it, and as its products emerge to enter 
marketing, processing, and distribution chan- 
nels, economic effects may occur for both con- 
sumption and production in local, regional, na- 
tional, and perhaps even international econom- 
ies. 

Various efforts have been made to classify 
the different economic effects of irrigation. In 
his review of research on irrigation in the High 
Plains of Texas, for example, Osborn (25) dis- 
cusses and estimates irrigation benefits under 
four categories: (1) Primary benefits to farm 
operators; (2) secondary benefits to processors 
of agricultural products; (3) benefits to busi- 
nesses that supply resources to the farmer— 
called^^tertiary for farm inputs^^; and (4) bene- 
fits to wholesale and retail sectors—called ^^ter- 
tiary for consumption.^^ An earlier research 
study by Kimball and Castle, for the North 
Unit Deschutes Irrigation Project in Oregon 
(16), considered secondary benefits to include 
what Osborn describes as tertiary under his 
categories 3 and 4, Other public policy or ^^ex- 
tra-market'' benefits may include settlement 
opportunities provided by a project, reduction 
of unemployment, general enhancement of pro- 
ject areas as places to live, and stabilization of 

local economies made erratic by drought and 
other natural hazards. 

Components of irrigation and other resource 
development benefits and costs are not easily 
measured. If it were simple to determine them, 
one would expect uniformity in the estimating 
procedures employed by various analysts and 
development agencies. This uniformity does not 
exist, but substantial progress has been made 
in recent years as concepts of evaluation have 
been examined more thoroughly. At least a doz- 
en of the references listed on pages 23 and 24 
(indicated by *) deal with evaluation concepts 
and techniques. 

TESTING FOR FEASIBILITY 

The basic criterion for feasibility is that cap- 
italized net benefits be positive. While applica- 
ble most safely to proposals where all costs and 
benefits can be expressed in monetary terms, 
the notion of capitalized net benefits and its 
related computational formulas is useful for 
conceptually weighing all quantitative and 
qualitative elements of benefits or costs. The 
minimum requirement that quantifiable bene- 
fits be evaluated means, for an irrigation pro- 
posal, that capitalized total benefits are the 
present value of the increased agricultural or 
other economic product stemming from irriga- 
tion. This includes all secondary and tertiary 
additions of output in various sectors of the 
economic system corresponding to the area 
affected. All increases of gross economic 
product are counted on a value-added basis. 
That is, the gross product increase for a partic- 
ular farm or other business unit is limited to 
the excess of increased sales over increased 
purchases of goods and services from other 
business units. This not only ensures against 
duplicate counting of benefits, but also encour- 
ages a full reckoning of benefits among interde- 
pendent economic units or sectors. The in- 
creased gross product for each economic unit, 



while figured with regard to its own character- 
istic enterprises, comes down to the algebraic 
sum of changes in its payments for the produc- 
tion factors it employs directly. The payments 
are disbursed as either wages^ rent, interest^ or 
profits. 

The algebraic sum of such changes in pay- 
ments for all economic units affected by a pro- 
posed project gives total benefits B—to be 
compared with initial and discounted future 
required cost C, C includes both the primary 
investment in project facilities and any antici- 
pated subsequent investment induced by the 
availability of the facilities. The equation for 
net benefits N is simply N = B - C, with B/C the 
aggregate benefit-cost ratio or income/invest- 
ment multiplier. 

Capitalized benefits, costs, and net benefits 
can be reduced to annual averages, and the 
above equation for N is transformed by amor- 
tizing each term, using the same evaluation 
period and interest rate used to capitalize bene- 
fits. The value of the ratio B/C would be the 
same. The ratio is an average measure of the 
rate of return on capital investment and, under 
some conditions, is useful for planning when 
investment funds are limited to quantities be- 
low that permitting equalization of marginal 
benefits and costs. See the appendix for a more 
complete theoretical discussion of average and 
marginal benefit-cost ratios. 

FEASIBILITY AND MINIMUM COSTS 

In requiring the existence of net benefits for 
economic feasibility, it was assumed that costs 
oí achieving the estimated level of total bene- 
fits were a minimum. If costs C are minimized 
for a given am_ount of total benefits B, then net 
benefits N as the difference between these 
amounts will be a maximum, as will be the ratio 
B/C. Probabilities for a project's surviving the 
test of feasibility are considerably enhanced if 
this guideline is observed in conceiving and 
formulating development proposals. 

But what level of total benefits should be the 
goal, and how can the costs of achieving these 
benefits be minimized? In some cases, minimum 
desired population increases are set as benefit 
targets, or the investment capital available for 
development is specified—at least approxi- 
mately. Seldom are both known, however. Even 

where they are, possibilities may exist for ex- 
ceeding the specified benefit targets, the tar- 
gets may be set too high, or the capital funding 
outlook may change. 

Economic theory and engineering economy 
provide a framework for determining optimum 
investment levels and resulting benefits within 
the same planning framiework. Main elements 
of the framework are total benefits (usually 
increasing at a decreasing rate) expressed as a 
function of the capacity of a system or design. 
Total costs are likewise expressed in terms of 
capacity, but usually increase both relatively 
and absolutely. The optimum design capacity is 
that at which total costs are increasing incre- 
mentally (marginally) at the same rate at 
which benefits are decreasing incrementally. If 
this balance of opposing rates is achieved, then 
net benefits are a maximum, costs are a mini- 
mum with respect to the optimum amount of 
total benefits, and total benefits are a maximum 
with respect to the optimum cost and capacity. 
A numerical example best illustrates these 
points. It also shows a solution to the problem 
of selecting among alternative means to accom- 
plish a single purpose. 

The single purpose is irrigation, and the re- 
quired v/ater can be obtained at two dam sites, 
X and y. Total design capacity is Q and design 
capacities at each site are designated by the 
particular numerical values given x and y. For 
particular valuation studies, capacity may 
need to be converted to water yield equivalents, 
but for simplicity, this analysis considers ca- 
pacity and yield to have a 1:1 relation and to be 
analytically synonymous. 

The following relations between design ca- 
pacities (x or y) and total costs in present-value 
terms of each structure (C^ or C^) are then pos- 
tulated here. Capacities are in thousands of 
acre-feet; costs are in millions of dollars. 

C, 3 X + x^andCy = -2 1.5 y2 

(1.1, 1.2) 

The incremental costs of storage in each re- 
servoir are the first partial derivatives of the 
cost-capacity relations: 

C^, = 8 + 2  X  and C -2  + 3y. 
(2.1,2.2) 



C^ and C^ can be set equal to each other to 
show how capacity in one reservoir can be 
Unked to capacity in the other to achieve total 
capacity at the least cost. This will give 

y (X) = (5 + 2  X) /3. (3) 

Equation 3 shows optimum capacity in reser= 
voir y as a function of capacity in reservoir x. 
To know the latter^ one needs to know the bene- 
fits or value of the water stored in both reser- 
voirs. The gross value of the water is assumed 
to be independent of where it is stored^ and its 
average and marginal values per unit dechne 
with the quantity used. That is^ water would go 
first to the highest-valued crops or would be 
reserved for critical periods within the irriga- 
tion season^ and so on down the line. Let us 
suppose that the average per unit benefit P of 
the stored water Q followed the equation 

Pq = 11™ 0.5 Q. (4) 

The total value of the water, B, would be the 
product of P   and Q, or 

B = 11 Q - 0.5 Q^, with B in millions, of dol- 
lars, present value. (5) 

The total cost of the water is, of course, the 
capitalized cost of storage in reservoir x plus 
the capitalized cost of storage in reservoir y. 
Gne already knows from equation 3 the guiding 
relation between storing in reservoir y in terms 
of storing in reservoir x. It is also known that 
Q as total storage must be equal to x 4- y. So x 
is expressed in terms of Q as 

X - (3 Q/5)^1. (6) 

An expression for total cost C of the two-re- 
servoir system in terms of total capacity Q can 
now be derived from equations 1, 3, and 6: 

C = 0.6 Q2 + Q - 2.50. (for C ^ 0,Q 2.22) 

(7) 

The last steps are to determine optimum to- 
tal capacity combined in the two reservoirs, 
divide this between the two reservoirs so as to 
minimize storage costs, and then compute the 
benefits, costs, and net benefits for the com- 

plete system and for each reservoir individual- 
ly. The simplest way to apply the condition 
that incremental total costs of storage be bal= 
anced with incremental total benefits is to set 
down the net benefit formula, differentiate it, 
force incremental net benefits to zero, and solve 
for the corresponding value of Q. The appropri- 
ate relations in this case are: 

N = B - C = 2.50 -f 10 Q -- 1.10 Q^ , for net 

benefits, (8) 

N' = 10 - 2.20 Q, for marginal net benefits, 

and so (9) 

Q = an optimum of about 4,540 acre-feet of 

storage for N' to be zero. 

The optimum allocation of this total storage 
to reservoir x is determined from equation 6— 
1,720 acre-feet. The remaining 2,820 acre-feet 
would be in reservoir y, computed from the 
known value for x and equation 3. Costs of each 
structure are estimated'by substituting these 
optimum X and y values into equation 1. Like- 
wise, benefits of storage in each structure are 
proportional to the capacity in each and the 
benefit function equation 5, 

The solution to this problem is summarized in 
table 1. With an optimum total combined capac- 
ity for the two reservoirs of 4,540 acre-feet, 
total optimum benefits in present value are 
$39.64 million, minimum and optimum costs in 
present values are $14.37 million, and combined 
present-value net benefits are a maximum—of 
$25.27 million. Note especially that the total 
and individual benefit-cost ratios dift*er. This is 
not surprising, because dam x is more expen- 
sive. It entered the system because incremental 
storage costs in reservoir y v/ere reaching lev- 
els exceeding initial incremental costs of stor- 
ing at least some of the v/ater in reservoir x. 
The important ratio to equalize is that relating 
marginal benefits to costs in each reservoir, 
which can be taken down to unity if costs can 
be invested without limit. Incremental costs 
and benefits at the point of solution in this 
problem are $6.44 million, obtained by differen- 
tiating either equation 5 or equation 7 and then 
solving for B' and C, inserting for Q the opti- 
mum amount (4,540 acre-feet) of total storage. 
The value of $6.44 million for incremental bene- 



fits and costs thus obtained should equal those 
computed separately for each reservoir by di- 
rectly substituting the optimum x or y capaci- 
ties (1,720 and 2,820 acre-feet) into equations 
2.1 and 2.2. 

Use of this approach to formulating develop- 
ment projects depends on the availability of 
two types of relationships: (a) cost-capacity 
functions as expressed in equation 1; and (b) a 
benefit function as expressed in equation 4. 
Cost-capacity functions can be developed by 
engineers, computing the costs of various ca- 
pacities provided by a given type of reservoir 

site and fitting a mathematical function to the 
pairs of calculations. Adaptations of repre- 
sentative empirical functions developed else- 
where may be useful for this purpose, too. 

Total, average, and incremental benefit func- 
tions can, within the limits of available data, 
be developed by economists. The procedure is to 
rank crops that could be feasibly grown in de- 
creasing order of the marginal returns to wa- 
ter used for each crop, relating the joint mar- 
ginal returns from irrigating various crop 
combinations to specific quantities of available 
stored water. A general notion of the probable 

Table 1.-Combining reservoirs to maximize single-purpose net benefits 

Reservoir 
and item 

Capacity Total 
benefits 

Total 
costs 

Net 
benefits 

Benefit-cost 
ratios 

Symbols 

X   . . . x Bx Cx Nx Bv/Cv 

y  . . . y By Cy Ny By/Cy 

x&y Q B c N 

Marginal relations   . . ao B'=aB/3Q c'=ac/aQ N'=aN/aQ aB/9C 

optimum values 
1,000 

acre-feet 

1.72 

2.82 

'                                         hñU    ^^1 

X   ... 15.05 

24.59 

8.14 

6.23 

6.91 

18.36 

1.84 

y   . . . 3.94 

X &y 4.54 39.64 14.37 25.27 2.75 

Marginal relations* "0 6.44 6.44 0.00 1.00 

^ optimum marginal vafues for reservoirs x and y are both also $6.44 million. 



. physical limit to storage, plus knowledge of the 
crop economy of the area to be irrigated, will 
indicate how extensive and how detailed these 
studies should be for specific crops. 

Perhaps the limiting supply of available 
water would not accommodate any but the most 
highly valued crop, meaning that returns at 
the margin from irrigating this one crop were 
higher than those at the margin for any other 
crop, over the entire range of limiting storage. 
The aggregate benefit function would be ob- 
tained more easily in this case. Declines in av- 
erage and thus incremental values per unit 
would be associated with declining incremental 
(marginal) productivity of the water if used for 
the one crop, in possible combination with low- 
er unit prices for the crop as production in- 
creased. 

THE ARRAY OF FEASIBLE PROJECT PRO- 
POSALS 

As indicated previously, this phase of eco- 
nomic evaluations would end with a listing of 
conservation treatment, irrigation, or other 
proposals that had survived f easibihty evalua- 
tions. Such proposals could be offered as com- 
ponents of multipurpose development pro- 
grams. A hypothetical three-element array of 
proposals is given in table 2, It includes the 
two-dam irrigation project just discussed,  a 

flood-control levee, and an urban water supply 
project using ground water. 

A more thorough and applied evaluation of 
an irrigation project is given by Hogg and Lar- 
sen (IÖ, 11) in their study of the Molokai water 
diversion project in Hawaii. ^ Anderson and 
Maass (1) made comparable analytical studies. 

The three-element array of project proposals 
given in table 2 is only a simplified example of 
real-life resource planning. For example, the 
U.S. Study Commission for the Southeast River 
Basins (6, 33) outlined 150 project proposals 
for eight basins that included, either separate- 
ly or jointly, at least 10 kinds of resource devel- 
opment, such as municipal-industrial water 
supply, navigation, irrigation, drainage, recre- 
ation, and pollution abatement. Many consider- 
ations are involved in combining such propos- 
als into recommendable total programs. In the 
next section, some of these considerations are 
discussed with regard to the three proposals in 
table 2. 

Hogg and Larsen used a price-parametric program- 
ming model for allocating given supplies of land of varying 
productivities to the production of various commodities, 
with reference to downward-sloping market demand as well 
as resource productivity functions. Anderson and Maass 
tested, through simulation models, alternative strategies 
for allocating limited irrigation water supplies to obtain 
economies of joint management, simplicity, least cost, bene- 
fit maximization, or other objectives. 

Table 2.-Econom!caily feasible development proposals 

Feasible proposals 
Investment 

costs 
C 

Capitalized 
benefits 

B 

Net 
benefits 

N 

Benefit-cost 
ratio 
B/C 

2-dam irrigation system.... 
Flood-control levee*  
Urban supply wells. ...... 

Mil. del 

14.37 
37.15 

M 5.00 

Mil. del. 

39.64 
52.38 

Mil. del. 

25.27 
15.23 
e) 

2.75 
1.41 

* In this case, capitalized costs could also include capitalized replacement, operation, and maintenance cost, since 

feasibility is being evaluated independently of benefits. 

^Adequate domestic water supply for a specified population. In such systems, it is sometimes proposed to measure 
capitalized benefits by the cost of the next more costly system providing the same services. If the assumption m this guide 
that costs be minimized for design levels of services provided is honored, the introduction of an alternative-cost measure 

for capitalized benefits is redundant and leaves undetermined the true economic value of water supply services to urban 

consumers. 



PRELIMINARY COMBINATIONS OF PROJECTS IN PROGRAMS 

Given the planning framework and principles 
outlined so far, the procedure of program for- 
mulation is fairly clear. Examine all feasible 
development proposals, determine any interre= 
lations between them and their corresponding 
benefits and costs, and then combine them into 
a program of projects aimed at maximizing the 
net benefits of development. In the introducto- 
ry section, net benefi^ts were defined somewhat 
differently for proposals involving monetary 
versus qualitative benefits. The formulation 
process must recognize these distinctions, for 
they become compellingly evident when feasi- 
ble proposals are examined together. 

It was also noted previously that an optimum 
program is the best package of feasible activi- 
ties that can be recommended, within resource 
and economic limitations not under the control 
of planners. An important limitation is the 
amount of investment capital actually availa- 
ble for implementing programs. While some 
recommended programs offer very good pros- 
pects for contributing to economic develop- 
ment, these may not be the only programs to 
offer substantial economic and social returns. 
Therefore, priorities must be attached to var- 
ious components within a program, so that the 
best or most urgent components can compete 
for limited investment funds if the entire pro- 
gram cannot be financed. 

The remainder of this section offers more 
definite guidelines on formulating optimum 
resource development programs—by outlining 
the elements of comprehensive planning, sug- 
gesting how net benefits can be maximized, con- 
sidering a dual-purpose proposal as the sim- 
plest case of multipurpose planning, and pro- 
posing a priority-ranking procedure. 

RULES FOR PROGRAM FORMULATION 

In planning multipurpose resource develop- 
ment, programs that show promise of produc- 
ing maximum net tangible benefits are often 
the aim. Such a maximum is not an all-impor- 
tant choice indicator, however. Cases where 
environmental or other kinds of intangible 
benefits or costs may be considered important 

enough to permit investment have already been 
discussed. But formulating a program with 
both considerations in mind requires a set of 
rules. References (15), (17), and (24) reflect con- 
tinuing governmental and academic concern 
with developing such rules. While yet still 
unofficial, the U.S. Water Resources Council 
principles and standards cited in reference (S4) 
consolidate various pubUc, academic, and gov- 
ernmental viewpoints concerning multiobjec- 
tive and miultidimensional planning. 

Several important evaluation rules or stand- 
ards are given official U.S. sanction and are 
reflected in current agency practices (32, pp. 7- 
8). In a "ollowing section, they are discussed as 
applying to the proposals presented in table 2. 
The rules are: 

Rule 1—Content of plans. ^*Comprehen- 
sive plans shall be formulated initially to 
include all units and purposes which satis- 
fy these criteria in quantitative economic 
terms: (a) Tangible benefits exceed project 
economic costs; (b) each separable unit or 
purpose provides benefits at least equal to 
its costs; (c) the scope of development is 
such as to provide the maximum net bene- 
fits; and (d) there is no more economical 
means, evaluated on a comparable basis, 
of accomiplishing the same purpose or pur- 
poses which would be precluded from devel- 
opment if the plan were undertaken.'^ 

Rule 2—Optimum scope, "Net benefits 
are maximized when the scope of develop- 
ment is extended to the point where the 
benefits added by the last incremental of 
scale (i.e., an increment of size of a unit, an 
individual purpose in a multipurpose plan, 
or a unit in a comprehensive plan) are 
equal to the costs of adding that increment 
of scale.... Reports shall indicate the 
scale of development that would result 
from application of the foregoing criteria 
considering tangible benefits and project 
economic costs expressed in comparable 
terms. This will provide a baseline from 
which the effect of considering intangibles 
can be judged.'' 
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Rule 3—Qualitative considerations, '^Re- 
ports and plans shall also indicate the ex- 
tent to which departures from that scale of 
development (in rule 2) are proposed in 
order to take into account intangibles or 
other considerations warranting a modifi- 
cation in scale not reflected in the tangible 
benefits and project economic costs/' 

APPLICATION   OF   RULES   TO   SPECIFIC 
STUDIES 

The rules above, while perfectly useful, are 
not listed in the source report in the same se- 
quence in which they would seem to best ap- 
plied in actual practice, which is unfortunate. 
For example, rule 3 suggests that the optimum 
"economic^^ scale of a program be set before 
intangible (including environmental) consider- 
ations are introduced. But if intangibles are 
expected to significantly influence decisions^ 
they are best stated at the outset as side condi- 
tions that need to be met in formulating a rec- 
ommended total program. One of the examples 
in table 2 of a feasible development proposal-- 
for urban wells—involves intangibles of the 
form referred to in rule 3. 

Rule 2 refers to an optimum economic scope 
of development as a baseline from which the 
effect of considering intangibles can be judged. 
But the scope of development depends on the 
capital available. If alternative programs are 
being planned to be in accord with different 
amounts of capital, planners are faced with the 
problem of a shifting baseline. 

I recommend the use of these rules in specific 
situations, except that I also recommend that 
the hard costs of the intangible proposals be 
considered benchmarks. Planners can ascribe 
minimum benefits to these proposals in accord- 
ance with the tangible benefits willingly for- 
gone in entailing the corresponding costs. As is 
shown beloWj benefits forgone are a function of 
the capital being allocated. Accordingly, the 
minimum economic values ascribed to environ- 
mental or other intangible considerations will 
be lower as the range of opportunities for accu- 
mulating tangible benefits is wider. In other 
wordsj the values will be higher if the intangi-= 
ble is chosen when funds are limited. How these 
considerations would operate in formulating 
optimum multipurpose programs for the three 

proposals of table 2 is shown next. The basic 
data for the analysis are in the first section of 
tables. 

PRELIMINARY      MULTIPURPOSE      PRO- 
GRAMS 

Assume that estimates of the amount of capi- 
tal available for three increasingly costly pro- 
grams have been obtained: Program X = |15 
million, program Y = $29,37 million, and pro- 
gram Z = $66.52 million. These amounts are 
underscored in table 3. Note that |15 million 
could finance either the urban wells or the two 
irrigation reservoirs. For obtaining tangible 
benefits, the obvious choice is irrigation, but 
the urban residents would not have adequate 
water. Health and humanitarian considera- 
tions urge that the first $15 million should go 
toward installing the urban water supply wells 
and related  distribution facilities. 

Note that the benefits attributed to program 
X are $39.64 million, viewed as the returns 
on essentially the same amount of money in= 
vested in the two-dam irrigation system. The 
project community5 in selecting the urban 
wellSj gives them a gross social value compara- 
ble to at least the tangible returns fromi irriga- 
tion, which was the best alternative not chosen. 
Theoretical net benefits are valued at $24.64 
million at least, and the benefit-cost ratio is at 
least 2.64—roughly the same as if the invest- 
ment funds had gone toward irrigation develop- 
ment. Program X would be recommended if $15 
million in capital were available and it could be 
justified on the grounds described. Summary 
data are in the final column of table 3. 

The analytical picture changes if the availa- 
ble capital is about double the amount permit- 
ting only the urban wells. For example, the 
$29.37 million in total capital shown for pro- 
gram Y in table 3 would finance both the urban 
wells and the irrigation project. The minim.um 
value of the wells would not remain at $39.64 
million, because the benefits of irrigation were 
not being sacrifiiced. But proportional flood- 
control benefits in the amount of $21.15 million 
would still be sacrificed and^ in this case^ would 
be an implicit subjective measure of the mini- 
mum value of the urban  wells.  Program Y 
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would be recommendable for $29.37 million of 
investment capital and justified as having an 
overall benefit-cost ratio of at least 2.06, Total 
benefits would be at least $60.79 million and net 
benefits at least the equivalent of $31.42 mil- 
lion. The amount divides into $25.27 million in 
objectively  measured  irrigation net  benefits 

and $6.15  million in subjectively valued net 
benefits of the urban wells. 

The picture changes again if enough capital 
—$66.52 million—could be made available to 
finance all three proposals. Program Z ex- 
hausts remaining alternatives for investments 
in the project area yielding tangible benefits. 

Table 3.-Preliminary optimum multipurpose development programs 

(All data in million dollars) 

Items and 

programs 

Urban 

supply 

wells 

2-dam 

irrigation 

system 

Flood- 

control 

levee 

Program 

totals 

Basic data, from table 2 

I nvestment costs 15.00 

Capitalized benefits (M 

Net benefits -— 

B/C ratio   

14.37 

39.64 

25.27 

2.75 

37.15 

52.38 

15.23 

1.41 

Program X, urban supply wells only 

Investment costs 15.00 
Capitalized benefits 2 39.64+ 
Net benefits 24.64+ 
B/C ratio 2.64+ 

15.00 

39.64+ 

24.64+ 

2.64+ 

Program Y, urban wells plus irrigation system 

Investment 15.00 
Capitalized benefits ^21.15+ 
Net benefits 6.15+ 
B/C ratio 1.41 + 

14;37 

39.64 

25.27 

2.75 

29.37 

60.79+ 

31.42+ 

2,06+ 

Program Z, urban wells plus irrigation and flood control 

Investment costs 15.00 
Capitalized benefits "* 15.00+ 
Net benefits 0.00+ 
B/C ratio 1.00+ 

14.37 

39.64 

25,27 
2.75 

37.15 

52.38 

15.23 

1.41 

66.52 

107.02+ 

40.50+ 

1.60+ 

* Adequate domestic water for a specified population. This is also an element added to all subsequent monetary estimates of 
capitalized benefits of the water supply. 

^ Assumed to be at least the capitalized benefits of the foregone irrigation system. All plus signs indicate that the amounts tab- 
ulated are minimums and do not include additional subjective values. 

^Assumed to be at least the capitalized benefits of the forgone flood control levee if built to a scale involving $15 million in 
cost, presuming a B/C ratio of at least 1.41 still held. 

'*Assumed to be at least the value of the investment if all alternative profitable investments are already being undertaken. 
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But what is the implicit minimum subjective 
value of the urban supply wells in this event? 
In approving the wells as one component of the 
program, the project community and lenders 
would be giving them a value at least equal to 
their cost. If a less costly alternative for meet- 
ing water requirements in fact existed, but had 
been overlooked or was ignored, this valuation 
procedure would tend to overstate the real val- 
ue of the wells. 

With capital adequate to finance all identified 
feasible project measures, program Z would be 
recommended. It includes the three projects or 
purposes of urban water supply, irrigation, 
and flood control. Summary data in the final 
column of table 3 indicate that, for a total in- 
put or capitalized cost of $66.52 million, at 
least $15 million of benefits of meeting urban 
water needs would result, along with $39.64 
million of irrigation benefits and $52.38 million 
of flood control benefits. Total benefits would be 
at least the equivalent of $107.02 million. Net 
benefits would be at least the equivalent of 
$40.50 million in total socioeconomic terms. 

A special question on this procedure for for- 
mulating preliminary multipurpose programs 
concerns the rationale for the minimum values 
imputed to the urban wells declining from 
$39.64 million under program X to $15 million 
under program Z. A brief and admittedly par- 
tial answer is that the value placed by any pro- 
ject community on an item consumed or a serv- 
ice used is reflected implicitly by the value of 
other goods and services desired but not avail- 
able, or perhaps desired but not preferred. A 
relatively poor society presumably has many 
unmet desires for goods and services. In giving 
first choice to a service fulfilling intangible 
economic desires (the urban wells), the society 
places on that service a relatively high value 
measured by the visible tangible returns will- 
ingly forgone. A comparatively wealthy socie- 
ty presumably is already undertaking many 
productive investments. Its decision to pro- 
vide a service fulfilling intangible economic 
desires draws resources away from relatively 

low-yielding alternative investments. The'serv- 
ice thus tends to be valued at the minimum in 
line with the returns on such investments. This 
may help explain the difficulties of getting an 
affluent society to agree on an appropriate lev- 
el of investment to devote to qualitative im- 
provements in its physical environment, on the 
competing investments that should be sacri- 
ficed, and on who should undertake and manage 
activities for the improvement of everyone's 
environment. 

If the question is examined from the opposite 
direction—that is, in terms of the activities a 
society would be willing to discontinue to re- 
tain or obtain an intangible service—a mea- 
sure of maximum imputed value might be ob- 
tained. With specific studies of these matters, 
analysts might converge on the true value of 
an intangible service to a society at a particu- 
lar time, given the society^s preference struc- 
ture and range of alternative want-satisfying 
social and economic activities. 

The treatment of program formulation in 
this section admittedly has been sketchy, but it 
illustrates some elementary principles involved 
in shaping programs from feasible project 
components. Some more advanced applications 
include Dorf man's review (4) of simulation and 
analytic approaches to water resource plan- 
ning in the Harvard Water Program, the relat- 
ed simulation studies of Hufschmidt and Fier- 
ing (13) on the Lehigh basin in Pennsylvania^ 
and the simulation study by Halter and Miller 
(9) of the Calapooia tributary of the Willa- 
mette River in Oregon, in which irrigation, 
drainage, and flood-control objectives were 
evaluated jointly. Further, Miller and HoIIo- 
way (24) and also Castle (3) have demonstrated 
some particular ways for simultaneously eval- 
uating these kinds of income-producing objec- 
tives against objectives for regional develop- 
ment, environmental improvement, and other 
considerations with which the Water Resources 
Council is concerned in implementing mul- 
tiobjective resource planning. 

ADDITIONAL PLANNING CONSIDERATIONS 
To this point, programs X, Y, and Z have 

been formulated in hne with assumptions con- 
cerning  permissible  expenditures.  The basic 
optimizing rule was that independent feasible 
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single-purpose proposals be raríked in the or- 
der in which they added to net benefits, giving 
first consideration^ as in program X, to the in- 
tangible benefits of the urban wells. Program Y 
was dual-purpose, including both the urban 
wells and irrigation. Program Z was multipur- 
pose, adding a flood-control levee as a third 
purpose. The three purposes were regarded as 
mutually exclusive choices, however, and possi- 
bilities for obtaining additional net benefits by 
designing functionally dependent systems (one 
element depending on another to complete its 
role) for urban water supply, irrigation, flood 
control, or other purposes were not searched 
out. This section will show how to examine such 
possibilities, 

INTEGRATING PURPOSES AND FACIL!^ 
TIES 

Functional dependence was involved earlier > 
in reduced form in designing an irrigation sys- 
tem using dam x and dam y. Similar situations 
could arise for preliminary programs X, Y, and 
Z as they are given further review. For exam= 
pie, aggregate net benefits in program Z are 
estimated as at least $40,50 million in table 3. 
These are the combined net returns from build- 
ing the irrigation reservoirs and the flood-con- 
trol levee. The combined cost of the tw^o reser- 
voirs and the levee, if they were built independ- 
ently is estimated at $51.52 million {$14J7mih 
hon + $37.15 million). Could the same or per- 
haps even a smaller investment yield more net 
benefits from, irrigation and flood control if 
these two purposes could be served by using the 
same two dams included for irrigation in pro- 
gram Z, rather than both the dams and the lev- 
ee? In other words, is the levee really neces- 
sary, because its benefit-cost ratio of L41 (ta- 
ble 3) is considerably under the ratios for the 
dams? Shouldn't the two reservoirs also be 
used for flood control? 

These are legitimate questions. Answering 
them requires that knowledge of the functional 
relation between reservoir capacity and flood- 
control benefits be considered in the context 
previously shown for irrigation. In the earlier 
case, there were two design unknowns—irriga= 
tion capacity in dam x (denoted now as L) and 
irrigation capacity in dam y (I ), both in thou- 
sands of acre-feet. Corresponding flood-control 

capacities in the two dams would be F^ and F^, 
also in thousands of acre-feet. Combined capac- 
ities would be I^ + F^ for dam x, ly 4- F^ for dam 
y, I + I for irrigation, and F;„ + F^^ for flood 
control. ''Borrowing from the problem m the 
earher section (see equations 1,1 and 1.2), the 
reservoir total cost functions C^ or C^ (in mil- 
Uons of dollars) can be rewritten as follows: 

C, = 3(I^ + FJ + (I^ + F/,and 

~2(Iy + Fp + L5(Iy + Fy)-, 

(10) 

(11) 

Similarly, a total benefilt function for irriga= 
tion B- in millions of dollars can be rewritten 
from equation 5 as 

(12) Bi- iia, + V^oj(i^ + i/, 
Assume next that flood control benefits B. in 

millions of dollars as a function of reservoir 
capacity can be expressed as 

B, = 22 (F^ + FJ - (F^ + F )2 ^ (13) 

By comparing B. and B£, it can be determined 
that at least some of any capacity will be allo- 
cated to flood control, as maximium marginal 
benefits of allocating storage capacity to flood 
control ($22 million) are twice those allocated 
to irrigation ($11 million). This determination 
can be made by taking the first derivative of B- 
and B| and assuming the capacities I and F to 
be zero. By also looking at C^ and C^^, it can be 
seen that dam y will be favored—at least ini- 
tially—because its minimum, marginal costs 
are $5 million lower than those for dam x. 

The remaining design problem is to maximize 
net benefits for this two-purpose/two-dam sys- 
tem by, given the cost and benefit functions, 
optimally allocating capacity in each dam to 
each purpose, without exceeding the total cost 
hmitation of $5L52 million. 

In solving for the unknowns, I^, I,^, F^, and 
F one would first proceed as if the particular 
cost hmit may not prevent carrying each pur- 
pose and structure to the point where aggre- 
gate net benefits are a maximum. If costs of 
doing so do not exceed the hmit, the solutions 
are sufficient and the analysis need not be car- 
ried further. Should they exceed the limit, the 
analysis would have to be structured a Uttle 
differently, but it need not be illustrated here. 
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The total cost function C in the simpler pro- 
cedure is: 

C = C^ + C   . or equations 10 and 11 

expanded. (14) 

The aggregate benefit function B is similarly: 

B = B| + Bp or equations 12 and 13 

expanded. (15) 

Aggregate net benefits N are then summarized 

as: 

N = B - C - (Bj + Bp " (C^ + Cp ,        (16) 

By expanding and then reconsolidating equa- 
tions 10 to 13, aggregate net benefits N in 
terms of the four capacity unknowns or re- 
quired solutions to the problem come down to: 

N=8I^+13 1^-1.5 I^2_i^I^_2l/ + 

19 F +24F„-2F2 _2F F^-2.5F2- 

2I,F^-3IyFy. (17) 

Optimum values for the capacity unknowns 
are determined by partially differentiating 
equation 17 with respect to each, forcing 
these partial derivatives to zero, and using 
equation 3 as the criterion for dividing capaci- 
ties X and y between I and F. The resulting sys- 
tem of reduced simultaneous equations and 
solutions is: 

Equation system 

(18.1)   3I^ + Iy + 2F^ 

Solutions in 
capacity units 

I   = 0.73 

(18.2) I^ + 4Iy + 3Fy =  13 ly = 0.49 

(18.3) 2 I^ + 4 F^ + 2 F^^ = 19 F^ = 2.66 

(18.4) 3Iy + 2F^ + 5Fy = 24 F^ - 3.44 

(3) 3(Iy + Fp-2(I^ + Fp = 5 

IMPLICATIONS FOR REVISING PLANS 

The above overall answer to the design prob- 
lem is summarized in table 4. It is about as one 
would expect, given the benefit-cost equations 
characterizing each purpose and reservoir. The 
cost data in table 4 are computed by direct sub- 
stitution of optimum values for I^, I , F^, and 
F into expanded equation 14. Gross benefit es- 
timates result from similar substitutions into 
expanded equation 15. Net benefits through the 
system are the difference between these sets of 
estimates. Irrigation and flood-control benefits 
are allocated between reservoirs x and y in 
proportion to their respective irrigation and 
flood-control capacities. This is consistent with 
equations 12 and 13. Similarly, the costs of re- 
servoirs X and y are prorated to irrigation and 
flood-control purposes proportionally in rela- 
tion to their demands for v/ater storage. This is 
consistent with equations 10 and 11. An arith- 
metic check on net benefits can be made by sub- 
stituting all optimum capacities directly into 
equation 17. 

Aggregate net benefits in table 4 are a maxi- 
mum of $72.72 million, obtained primarily but 
not exclusively from flood control. Net flood- 
control benefits in reservoir y are considerably 
higher than those in reservoir x. Note how total 
costs and total benefits associated with flood- 
control storage differ between the two reser- 
voirs. A nominal amount of irrigation storage 
would be provided, primarily in reservoir x. The 
total integrated system has a benefit-cost ratio 
of 2.97, ranging from 1.67 for irrigation stor- 
age in reservoir x to 4.03 for flood-control stor- 
age in reservoir y. The overall ratios for the 
two major purposes are 1.98 for irrigation and 
3.17 for flood control. By reservoirs, they range 
from 2.32 for x to 3.88 for y. 

The solution is also consistent with the cost 
limit imposed, because the $36.96 million cost of 
this integrated system is well under the $51.52 
million cost for the levee and reservoirs. In 
summary, in an integrated system of reservoirs 
which eliminates the levee, total benefits are 
$109,68 million, total costs are $36J6 million, 
and aggregate net benefits are $72.72 million. 
The last-named exceed those for the irrigation 
reservoirs and the flood-control levee as sepa- 
rate facilities by $32.22 million, or by about 75 
percent, and with a one-third saving in cost. 
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Table 4.—Combining alternative reservoirs to maximize dual-purpose net benefits 

Reservoir and purpose 

Units of 

storage 

capacity 

Total 

benefits 

Total 

costs 

Net 

benefits 

Benefit- 

cost ratio 

x: 

Irrigation 

1,000 

acre-feet 
- - Mil. doL --- 

0.73 7.61 4.55 3.06 1.67 

Flood control 2.66 42.68 17.11 25.57 2.49 

Subtotal 3.39 50.29 21.66 28.63 2.32 

y: 
irrigation 0.49 5.07 1.84 3.23 2.75 

Flood control 3.44 54.32 13.46 40.86 4.03 

Subtotal 3.93 59.39 15,31 44.09 3.88 

x&y: 

Irrigation 1.22 12.68 6.39 6.29 1.98 

Flood control 6.10 97.00 30.57 66.43 3.17 

Total 7.32 109.68 36.96 72.72 2.97 

MODIFIED MULTIPURPOSE PROGRAMS 

ANOTHER LOOK AT THE OPTIONS 

In modifying the revised multipurpose devel- 
opment programs, and using the three levels of 
costs allocated in preliminary programs X, Y, 
andZ, at least five feasible options exist. Their 
basic benefit-cost data are given in the first 
block of table 5. Option I (the wells for urban 
water supply costing $15 million) and option II 
(the two-dam irrigation water storage system 
costing $14.37 million) are carried over from 
table 3. The ñood-protection levee of table 3 is 
dropped in favor of option IIL Option III is a 
flood-control system, also costing $14.37 mil- 
lion, and using the same reservoirs as the irri- 
gation system for which it is a possible substi- 
tute. Option IV represents an expansion of op- 
tion III for an additional outlay of $15 million 
—the same outlay required to install the wells 
for urban water supply. The benefits and costs 
of option IV are incremental. They are readily 
approximated from equations 7, 10, 11, and 13, 
(Similar calculations using equations 7, 10, 11, 
12, and 13 show that incurring about the same 
costs ($14.37 million) for an optimum limited 
irrigation and flood control system theoretical- 
ly would produce about the same net benefits 

but would imply a negative quantity of irriga- 
tion storage.) Finally, option V represents the 
optimum integrated two-dam system for irriga- 
tion and flood control derived in the foregoing 
section and detailed in table 4. 

As in the preliminary program planning, op- 
tion I is assumed to have first priority, despite 
its inherent benefits not being quantifiable in 
terms of money. Its minimum total benefits are 
regarded as the maximum inherent benefits 
willingly forgone by not selecting other options 
costing about the same. 

Taking the same hypothetical expenditure 
levels for preliminary program X ($15 million), 
program Y ($29.37 million), program Z ($66.52 
million), revised programs based on the options 
of table 5 are summarized below. 

Program XX.—With expenditure hmited to 
$15 million, resource development would be lim- 
ited to option I, the urban wells. The minimum 
value of the wells would be regarded as at least 
$79.14 million—the returns forgone by not 
building the two-dam flood-control system (op- 
tion III) as the most "profitable'' option fi- 
nanced by an equivalent cost. The feasible but 
less profitable irrigation system, costing the 
same and using the same two dams (option II), 
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Table 5.—Revised optimum multipurpose development programs 
(All data in million dollars) 

Items 
and 

programs 

Urban 
supply 
wells- 

option 
I 

2-dam 
irrigation 
system- 

option 

2-dam 
flood- 
control 

system— 

option 
III 

Partial 
flood- 
control 

expansion 

option 
IV 

Integrated 
irrigation 
and flood 
control- 

option 
V 

Program 
totals 

Basic data on remaining or new feasible options 

Costs 15.00 14.37 14.37 15.00 36.96 
Benefits {') 39.64 79.14 20.25 109.68 
Net benefits ^ _. 25.27 64.77 5.25 72.72 
B/C ratio   2.75 5.50 1.35 2.97 

Program XX, urban supply wells only, option III forgone 

Costs 15.00 
Benefits ^79.14+ 
Net benefits 64.77+ 
B/C ratio 5.27 

15.00 
^79.14+ 

64.77+ 
5.27+ 

Program YY, wells and 2-dam flood control, option IV forgone 

Costs 15.00 
Benefits 20.25+ 
Net benefits 5.25+ 
B/C ratio 1.35+ 

14.37 
79.14 
64.77 

5.50 

29.37 
99.39+ 
70.02+ 

3.38+ 

Program ZZ, wells and irrigation/flood-control system 

Costs 15.00 (6.39) (30.57) 
Benefits 15.00+ (12.68) (97.00) 
Net benefits 0.00+ (6.29) (66.43) 
B/C ratio 1.00+ (1.98) (3.17) 

36.96 
109.68 
72.72 

2.97 

^51.96 
124.68+ 
72.72+ 

2.39+ 

* Adequate domestic water supply for a specified population. 
^Pius signs are explained in footnote 2 of table 3. 

^Gross availability actually $66.52 million as in program Z, table 3. 

Í   ) indicates optimum distributions to irrigation and flood control within the integrated system. Distributions between the two 

dams are shown in table 4. 
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while a viable alternative, can be ruled out of 
consideration. Subjective net benefits ascribed 
to program XX would be regarded as at least 
the equivalent of objective net benefits of 
164.77 million, while the subjective benefit^-cost 
ratio would be at least 5.27. Note that program 
XX in table 5 would have the same visible fea- 
tures as program X in table 3, but it is charac- 
terized quite differently in economic terms. 

Program YY.—V/ith possible expenditure 
raised to $29 J7 million, resource development 
could include both the wells for urban water 
supply (option I) and the basic two-dam flood- 
control system (option III), The minimumx value 
of the wells v/ould be regarded as at least 
120.25 million, the returns forgone by not put- 
ting the money used for the wells into building 
larger flood-control reserviors (option IV), The 
selection of option III completely rules out the 
substitute option IL Subjective net benefits of 
program YY are $70,02 million, and the corre= 
spending benefit-cost ratio is at least 3.38. 
Program YY (table 5) and program Y (table 3) 
are similar only with respect to cost. 

Program ZZ.—li an expenditure of $66.52 
million were possible, resource development 
would include the wells for urban water supply 
costing $15 million (option I), and an integrated 
irrigation and flood-control reservoir system 
costing $36,96 million (option V), for a total 
cost of $51.96 million. The $14.56-million sur^ 
plus could be available for financing activities 
not described in table 5, because a program 
involving options I and V forecloses options II, 
III, and IV, 

To again summarize, the minim.um. benefits of 
the urban wells in program ZZ are regarded as 
equivalent to at least their $15 million cost. 
Total program benefits are considered subjec- 
tively equivalent to at least $124.68 million, 
while net benefits are similarly at least $72.72 
million and the benefit-cost ratio is 2J9. In 
short, ZZ would be a program for planners to 
actually recommend if a $51.96-milIion expendi- 
ture were possible. It takes full advantage of 
the development opportunities described in 
table 5 and more or less culminates the develop- 
ment planning process as discussed in this re- 
port. Principal questions remaining concern 
the manner in which a recommended plan like 
program ZZ would fit into the general economy 
of the development area. 

PROGRAM   ZZ   AND   AREA   ECONOMIC 
ACCOUNTS 

The introductory sections of this guide indi- 
cated that the gross economic product of an 
economic system could be considered the sum of 
expenditures by consum.ers for goods and serv- 
ices, expenditures for new capital investment 
in the form, of fixed physical assets or increased 
inventories of goods, expenditures by govern- 
ment for goods and services, and net receipts 
for goods and services produced within the sys- 
tem under study but purchased by other sys- 
tems (net exports). Of equal importance are the 
relations between increases in real gross prod- 
uct (economic growth), increases or decreases 
in the rate of unemployment, and the various 
components of personal income or returns to 
factors of production. 

Table 6 shov/s in a purely hypothetical way 
how program ZZ might change some principal 
items reported in the U.S. system of national 
income accounts over the period of the pro= 
gram's existence (31), Fooled estimates are 
given for the irrigation and ñood-control com- 
ponents of option V in the program; that is, 
the estimates are net for the two purposes. 

The first set of figures in table 6 indicates 
how planning information=-=like capitalized 
costs, total benefits, net benefits, and benefit- 
cost ratios as used in foregoing sections of this 
guide—can logically be interpreted within the 
framework of a system of area or national eco- 
nomic accounts. Total program benefi.ts are the 
analog of gross area (or gross national) prod- 
uct, while capitalized investment costs are the 
analog of gross domestic investment. The ratio 
B/C as our mailtiplier shows the rise in equiUb- 
rium gross product per unit increase in invest- 
ment. The magnitude of the multiplier and thus 
of program benefits depends basically on the 
spending habits of consumers and will increase 
according to the fraction of personal income 
that is spent for consumer goods and services. 
Note that the benefit-cost ratio or income mul- 
tipUer is a result of the analysis and is not a 
previously decided measure for estimating ben- 
efits. 

Because the urban wells are incorporated in 
program ZZ on a subjective priority basis and 
are considered to have a service value at least 
equal to their hard costs, the plus signs are 
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Table 6.—Changes in principal area accounts associated with program ZZ 

(All data in million constant doliarsi 

Principal planning and economic account items 

Option V" 

irrigation 

and flood 

control 

Totals 

for 

program 

ZZ 

Relations of basic planning data in table 5 to area economic accounts 

Capitalized costs, C = domestic investment, I 

Tota! benefits, B = gross area product, GAP 

Net benefits, N = net area product, NAP 

Benefit-cost ratio, B/C - income multiplier 

15=00 

M 5.00+ 

0.00+ 

1.00+ 

36.96 51.96 
109.68 M 24.68+ 
72.72 72.72+ 

2.97 2.39+ 

Types of personal income changes and derivation of gross area product 

Wages and salaries 8.00 

Corporate dividends 1.25 

Rental income 0.00 

Interest income, @ 5 percent of I above 0.75 

Proprietary profits, farm and nonfarm 0.00 

Business transfer payments to persons or households 0.00 

6.54 

=1.25 

2.07 

1.85 

49.36 

4.15 

14.54 

0.00 

2,07 

2.60 

49.36 

4.15 

Total personal income before personal taxes 

Total area income^ 

Net area product, NAP above^ 

Add:  Capital depreciation, I above 

Gross area product, GAP above 

Change in area rate of unemployment 

10.00 

10.00 

0.00 

15.00 

15.00 

62.72 

58.57 

72.72 

36.96 

109.68 

72.72 

68.57 

72.72 

51.96 

124.68 
(reduced to 4.6% from 5.3%) 

Components of increase in gross area product (expenditure basis) 

Personal consumption expenditures 

Gross domestic investment expenditures 

Government purchases of goods and services 

Net export balance for area 

0.00 

15.00 

0.00 

0.00 

48.54 

36.96 

12.08 

12.10 

48.54 

51.96 

12.08 

12.10 

^ Plus signs are explained in footnote 2 of table 3, 

^ Would be less than personal income by such items as the amount of transfer payments by the government to persons, net 
interest paid by government and consumers, and business transfer payments. Would exceed personal income by the amount of corpo- 
rate profits. Adjustments are calculated algebraically with due regard to increases or decreases for any item entering the calculations. 

*ts less than area income by amount of such items as business subsidies from government. Is greater than area income by 
amount of surplus of government-operated enterprises, sales and other indirect business taxes, and business transfer payments. These 
adjustments are also calculated algebraically. 



Table 7.—Changes in subsidiary economic accounts associated with program ZZ 

{A!! data in miliion constant dollars) 

Subsidiary economic accounts and items 
Option I- 

urban 
wells 

Option V- Totals 
irrigation for 
and flood program 
control ZZ 

Accounting of personal income disposition 

Total personal income, before personal taxes 
Personal income and other personal tax payments 
Disposable personal income, Y^ 
Personal consumption expenditures, @ 0.9 Y^j 
Personal saving, @ 0=1 Y^j 

10.00 
10.00 
0.00 
0.00 
0.00 

62.72 
8.78 

53.94 
48.54 

5.40 

72.72 
18.78 
53.94 
48.54 

5.40 

Government accounts 

Total government receipts 
Personal income and other personal taxes 
Corporate income taxes 
Sales and other indirect business taxes 

10.00 
10.00 
0.00 
0.00 

8.78 
8.78 
0.00 
0.00 

18.78 
18.78 
0.00 
0.00 

Total government expenditures 

Business subsidies 
Transfer payments to persons 
Social insurance benefits 
Government purchases of goods and services 

Government surplus or deficit 

10.00 

10.00 
0.00 
0.00 
0.00 

0.00 

2.08 

-10.00 
0.00 
0.00 

12.08 

6.70 

12.08 

0.00 
0.00 
0.00 

12.08 

6.70 

Gross saving and investment identity for area 

Gross saving and gross investment 

Total personal and business saving 

Personal saving 
Business saving 

Undistributed profits and other adjustments 
Capital depreciation allowances 

Government surplus or deficit 

Area domestic investment 
Fixed investment 
inventory change 

Area investment outside area (net exports) 

15.00 

15,00 

0.00 
15.00 
0.00 

15.00 

0.00 

15.00 
15.00 
0.00 
0.00 

49.06 

42.36 

5.40 
36.96 

0.00 
36.96 

6.70 

36.96 
36.96 
0.00 

12.10 

64.06 

57.36 

5.40 
51.96 
0.00 

51.96 

6.70 

51.96 
51.96 
0.00 

12.10 
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retained in table 6 on the pertinent total bene- 
fits, net benefits, and benefit-cost ratios. This 
poses no problem of consistency with national 
economic accounts as presently constructed, 
because such accounts do not yet include pecu- 
niary values for the services flowing fjom 
roads, hospitals, schools, and many other pub- 
lic investments. 

Suppose the urban wells were installed by 
the business sector, which in turn would be 
subsidized by government for all operating 
costs and for a competitive rate of interest re- 
turn on the capital investment. Government 
would recover the subsidy from, consumers via 
personal taxes. Under this arrangement, table 
6 indicates that the water supply wells would 
yield personal income of $10 million over their 
period of usability and so would contribute 
$10 million to area income but, because of 
their being subsidized, would not add to net 
area product. They would add to gross area 
product, however, by the investment of $15 mil- 
lion required to install them. Note also that the 
wells would not cause a net increase in consum- 
er expenditures, because the added $10 million 
in personal income distributed to employees of 
the operator or received as dividends or inter- 
est would merely offset a corresponding in- 
crease in personal taxes. So, on balance, total 
disposable personal income, and thus personal 
consumption, would show no net change. 

The irrigation and flood-control components 
of program ZZ could be undertaken in a con- 
text typical of the present U.S. economy, in- 
volving some elements of subsidy perhaps, but 
in the main, influencing all four components of 
gross area product. 

In a general economic accounting or global 
sense, program ZZ could be summed up from 
table 6 as increasing consumer expenditures by 
$48.54 million, investment expenditures by 
$51.96 million, government purchases of goods 
and services by $12.08 million, and net exports 

by $12.10 million, for an aggregate increase of 
$124.68 million in gross area product. The ag- 
gregate increase also can be broken down into 
a capital depreciation allowance of $51.96 mil- 
lion (to oñ'set ultimate exhaustion of the invest- 
ment) and a residual net area product increase 
of $72.72 million. Along with this net increase 
would occur a net change in area income of 
$68.57 million and a net change in personal in- 
come of $72.72 million. The increase of $4.15 
million in business transfer payments to house- 
holds is why the increase in area income is less 
than the increase in personal income. Included 
in table 6 is a hypothetical employment effect 
of program ZZ, computed to be a decrease in 
the rate of area unemployment from 5,3 per- 
cent without the program to 4.6 percent with 
the program. However, there is no reason why 
a resource development program that advanta- 
geously increases gross area product might not 
also cause an undesirable increase in the unem- 
ployment rate. Thus employment policy can 
effectively and justifiably impose criteria for 
economic and social justification of resource 
development apart from its gross area product 
and income effects. 

Some final hypothetical statistics on pro- 
gram ZZ are given in table 7, which shows 
changes in subsidiary economic accounts in- 
duced by the program over its period of exist- 
ence. Items include disposition of personal in- 
come, a skeletal government balance sheet of 
receipts and expenditures, and a balancing-out 
of gross saving and investment for the area's 
economic system. Again, the objective in pre- 
senting such illustrative data is to show how 
the formulation of an optimum multipurpose 
resource development program can affect the 
different components of area income and ex- 
penditures in positive, negative, or neutral 
ways, even while maximizing prospective in- 
creases in real gross product and thereby con- 
tributing to economic growth. 

A CONCLUDING ASSESSMENT 

The expository nature of this guide and the A  distinctive  characteristic  of  the  proce- 
hypothetical development alternatives evalu- 
ated do not require overall analytical conclu- 
sions. However, a few closing comments on con- 
tent and limitations are in order. 

dures is that economic efficiency is not regarded 
as an exclusive or necessarily superior guide 
for making planning decisions. Its importance 
is still recognized, however, especially for mak- 
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iiig consistent comparisons of both market and 
extra-market benefits or costs of development 
alternatives. 

As a first limitation, the guide admittedly 
gives minor treatment to some important theo- 
retical aspects of resource planning, especially 
those involving the interdependency of various 
kinds of qualitative benefits, locational disso= 
ciations of costs and benefits, and interperson- 
al or interfirm welfare dissociations. While this 
omission is not regarded as critical to the 
objective of describing the planning process 
itself5 the utility of welfare economics princi- 
ples for resolving problems of benefit-cost dis- 
sociation in resource development should not 
be overlooked. Krutilla (18), Maass {21), and 
Timmons (29) have treated these problems in 
somewhat dissimilar but instructive ways. 

Another limitation is in the few types of de= 
velopm.ent activities or purposes for which 
numerical examples of benefits and costs were 
given. While the stress was on principles for 
properly comparing alternatives, one should 
keep in mind that different purposes can pose 
practical difi'erences that need to be well under- 
stood before particular principles are applied. 

The guide does not fully relate theory and 
practice in linking alternative resource devel- 
opment proposals to the behavior of economies 
where development programs would operate. 
Perhaps the most critical procedural step in 
optimizing resource development in an area- 
accounts or macroeconomics fram.ework is to 
properly relate variations in the possible phys- 
ical scale of each development alternative to 
changes in the subsidiary elements of m.acroae- 
counts. These include personal income, tax ha- 
bilities, savings, and other elements that affect 

such major components of gross economic prod- 
uct as consumption, investment, government 
purchases, and export-import activity. Tables 
6 and 7 do this hypothetically and partially for 
program ZZ. In practice, similar information 
should be incorporated into benefit functions 
related to system capacity, as in equations 12 
and 13. Other measures of physical scope can 
be used too, like acres of land improved for rec- 
reational purposes. 

The need to improve our natural environment 
is a principal reason for including the urban 
wells as a development option evaluated in an 
^opportunity cost' or indirect manner. Munici- 
pal water supply service and water quality 
improvem.ent not only involve a similar kind of 
reasoning on intangible factors, but also are 
closely related in a physical and technological 
sense. Moreover, ground water development 
versus surface water development and treat- 
ment is, in many parts of the world, still the 
essential choice to make in obtaining adequate 
water of acceptable quality. Although the 
study recognized and discussed environmental 
protection issues in a cursory manner, a more 
thorough treatment was beyond its intended 
scope. Long's research in Pennsylvania is an 
example of a substantial theoretical and ap= 
plied effort to analyze resource enhancement in 
an environmental perspective encompassing 
both entrepreneurial and social interests (19). 

V/hile the guide takes a somewhat simplistic 
approach to balancing the qualitative and 
quantitative features of development alterna- 
tives and is technically incomplete, it does illus- 
trate some of the important concepts and tech- 
niques that guide planning work. 
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APPENDIX: INTERPRETING AND USING THE BENEFIT-COST RATIO 

This appendix shows in diagrammatic form 
the meaning of the benefit-cost ratio tradition- 
ally used as a feasibihty indicator in resource 
development. Its proper interpretation and use 
are discussed with reference to five kinds of 
cases or planning situations that are likely to 
be encountered, 

GENERAL CONCEPTS 

The benefit-cost ratio commonly used in re- 
source planning can be defined as total capital- 
ized benefits divided by total capitalized cost. 
Capitalized costs and benefits can be expressed 
either as discounted (present-value) or recur- 
ring (annual) amounts. Program, project, and 
activity costs include expenditures for the use 
of productive factors employed in realizing 
benefits. Such expenditures can be considered 
as values forgone by not incurring thern for 
other economic activities. Land, labor^ capital^ 
and management are principal classes of pro- 
ductive factors usually involved. In general, all 
construction, operation, and maintenance ex- 
penses can be associated with one or another of 
these classes of factors. Outlays may take the 
form of purchase prices or rent for land, 
wages for labor, and capital or interest on cap- 
ital 

Monetary benefits represent market or im- 
puted values of goods or services rendered, 
employing the productive factors mentioned 
above. Benefits are computed by multiplying 
physical quantities of goods or services, such 
as kilowatt-hours of electric power or acre-feet 
of storage capacity in reservoirs, by their esti- 
mated unit values. The unit value of power is 
usually taken as its selling price or miarketable 
value per kilowatt-hour. The unit value of stor- 
age capacity, however, depends on the particu- 
lar purposes for which the capacity is utilized; 

that is, whether it is used for, say, recreation, 
flood control, or irrigation. 

The benefit-cost ratio can be calculated at 
any level of aggregation. It can refer to pro- 
grams or projects in total, project activities, 
individual beneficiaries or participants, or pro- 
ject subareas. The main requirement in this 
regard is that costs and benefits be accurately 
associated. Net benefits are total capitalized 
or annualized benefits less total capitalized or 
annualized costs. Consequently, the ratio of 
net benefits over total costs (or dollars of 
^'profit'' for each dollar invested) is computed 
by subtracting 1.00 from the corresponding 
gross ratio of benefits over costs, and a value 
greater than zero is taken to justify the ex- 
penditure, How^ever, the gross ratio is almost 
alw^ays the one presented and discussed in eval- 
uation reports, and a value for it of unity is 
commonly regarded as the threshold value of 
justification. A recognition that development 
activities, projects, or programs can each have 
a varying scale is essential in interpreting the 
subsequent discussion. 

RESTRICTIONS ON INÍERPRETATION 

By definition, the benefit-cost ratio is an av- 
erage relation. Average relations are properly 
used in allocating scarce resources (including 
money) if they are synonymous with marginal 
relations. Therefore, the benefi.t^cost ratio as 
usually computed in resource evaluations is an 
appropriate criterion for deciding how to allo- 
cate resources to a project, provided it satisfies 
the following condition, called condition X: The 
ratio does not change with the amount of money 
represented by the total costs assigned to a par- 
ticular program, project, or activity. 

Conditivn X satisfied. In figure 1, there is a 
straight-line relation betw-een total costs and 
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total benefits. Slopes of the three benefit lines, 
A, B, and C, do not change with costs^ so they 
denote ratios of marginal changes in benefits to 
marginal changes in cost as well as ratios of 
total benefits divided by total costs. 

Condition X not satisfied. In figure 2, there is 
no straight line relation between total costs 
and total benefits (see line I) Line II, as the 
marginal benefit-cost ratio and the plotted 
slope of line I, changes as costs change and so 
is not the same as average benefit or the con- 
ventionally figured benefit=cost ratio. The lat-^ 
ter is shov/n as line III. Marginal and average 
relations (lines II and III) coincide at one point 
in figure 2—where costs total q dollars. At this 
point, the benefit-cost ratio is a maximum, but 
net benefits are definitely not maximum. The 
case sho¥/n in figure 2 can be expected much 
more frequently than the case in figure 1. 

USEFULNESS OF THE RATIO 

Figures 1 and 2 show how the benefit-cost 
ratio can be used as an efficiency standard if 
condition X is met or is not met. A good rule to 
follow is to determine what the same cost will 
do in different programs, projects, or activities, 
without assuming, however, that such compari- 
sons will remain valid if costs are either in- 
creased or decreased. The essential point is 
that proper use of the benefit-cost ratio in in- 
curring costs or appraising projects, while still 
based on the relation between costs and bene= 
fits, allows for any changes in the relation as 
costs are changed. Some different uses are ex= 
plained next. They depend on whether the gross 
benefit-cost relationship is linear or not, 

LINEAR FUNCTIONS 

Three possible cases are described, based on 
constant magnitudes of the function slope. 

Case A: If the benefit-cost ratio is less than 
unity, money will be lost whatever benefits are 
received, and losses will increase proportion- 
ately with costs. Refer to line A in figure 1, 
where tan Ö < 1. A broad decision rule here 
would be that, unless more-than-compensating 
net intangible values can be realized, no ex- 
penditure is justified. 

Case B: If the benefit-cost ratio is equal to 
unity, net benefits will be zero regardless of the 

total benefits received. Refer to line B in figure 
1, where tan 0 = 1. The decision rule here is that 
the expenditure is a matter of indifference un- 
less the existence of associated net intangible 
values or net intangible losses is established, 
and the decision is modified accordingly. 

CaseC: If thebenefit-cost ratio exceeds unity, 
net benefits will increase proportionately Vv^ith 
cost. Refer to line C in figure 1, where tan 6 > 1. 
The broad decision rule in this case is that ex- 
penditure is limited only by more lucrative ah 
ternatives and the cost that could be incurred. 
However, associated intangible benefi.ts and 
costs should be considered here too, as the ex- 
istence of associated net intangible losses con- 
sidered significant by decisionmakers could 
qualify judgments as to the desirability of the 
activity. 

NONLINEAR FUNCTIONS 

Determining justified cost if the benefit-cost 
function is not linear, or if the benefit=cost ra- 
tio is not constant, depends on whether the 
scale of only one alternative (case D) or the 
scales of more than one alternative (case E) are 
being considered. Associated intangible values 
or losses may be involved in either event and 
could modify the decisions implied. 

Case D: If the appropriate scale of only one 
project or activity is under consideration, the 
economic rule is to incur costs to the point 
where added total cost is equal to added total 
benefit obtained. Expected overall net benefi.ts 
are maximumized by doing so. In figure 3, the 
optimum cost to incur is shown as q^ dollars. 
The amount q^ is identified by drawing a tan- 
gent to the total benefits function that paral- 
lels the total cost function, and by then drop- 
ping a perpendicular to the horizontal or cost 
axis from the tangency point. The total cost 
function will be at 45 degrees from the horizon» 
tal, as in figure 3, if the horizontal and vertical 
axes are marked off in the same way. 

Case E: If the appropriate scales of a series of 
projects are under consideration, the general 
rule is that net benefits will be maximized if 
costs are incurred among the projects so that 
marginal net benefits are the same in all pro- 
jects undertaken, and would not be greater if 
the equivalent cost were to be devoted to any 
omitted project. The rule fits situations where 
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SCHEMATIC BENEFIT - COST RELATIONS 
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resources may be sufficient to undertake each 
project at scale qg in figure 3, thus getting max- 
imum net benefits in each one by pushing its 
marginal net benefits to zero. But the rule also 
recognizes that^ owing to capital, engineerings 
or perhaps political or institutional con- 
straints, it may not be possible to incur the 
cost that would push to zero the rate of in- 
crease in net benefits for an entire series of 
projects. 

The general rule for case E can be validated 
from basic economic theory. The Carlson and 
Lutz textbooks {2, 20) are excellent for this 
purpose. The procedure is also covered by 

many other authors, often under the theory of 
price discrimination. For example, figure 4 il= 
lustrâtes a practical planning problem of dis- 
criminately deciding the optimum total and 
separable capacities of a dual-purpose reser- 
voir designed to serve irrigation (i) and in- 
dustrial water demands (m). The curves B. and 
B^^ in figure 4 denote gross benefi.ts obtained by 
storing water for each purpose in relation to 
respective separable allocations of any total 
capacity that might be planned. Incremental 
benefits for each purpose are the derivatives of 
their respective gross benefits andaré denoted 
by Bj and B;^^ in the lower section of the dia- 
gram. Total incremental benefits B' stemming 

from either or both purposes are synonymous 
with Bj'^^ at capacities under S^. Thereafter, B^ 
is composited from B| and B^ by horizontal 
adding. The total benefit curve B^ in the upper 
section is not the sum of B. and B.. It is the 
compound integral of B^. Total cost as related 
to total capacity is given by C^ and m.arginal 
cost is C^, Corresponding aggregate net bene= 
fits as tota! benefits less costs are N^. 

Aggregate net benefits N^ in figure 4 would be 
maximized if S^ units of total storage were 
planned, with S- units allocated to irrigation 
and B^^ units to industrial purposes. At these 
optimal capacities, incremental costs of stor- 
age are shown (in the lower section) to be equal 
to incremental total benefits as well as to incre- 
mental benefits for each purpose. Optimal posi- 
tions on total benefit and cost functions are 
indicated by the small circles in the upper sec- 
tion of the figure. These denote points at which 
slopes of tangents to the functions would be 
equal, according to the condition 
C^ = B^ = BV= B^^. If this condition holds, then 
N^ = Nj = Ñ', which means that marginal net 
benefits in tne aggregate N| are identical to 
marginal net benefits from irrigation water 
storage N^ and also from industrial water stor- 
age Nj'^^. This is consistent with the rule first 
outlined for case E. 
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