
 
 

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. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


Part 2 

GIAN~! r OUN!JAT • r 

:AGRIC~U ~~.' L ' · · ' 
~!SRA RV 

PROCEEDINGS 
() 

MA\ 1969 

Agricultural Economics Seminar 

Compiled by 

HOWARD F. ROBINSON, Professor of Agricultural Economics 

FREDERIC A. WILLIAMS, Professor of Agricultural Economics 

Department of Agricultural Economicsj 

{ North Carolina Agricultural and Technical State University 
Greensboro 

February 1969 



THEORY AND STATISTICS IN NATURAL RESOURCE ECONOMICS* 

by 

Walter G. Miller 

Natural Resource Economics Division 
U. S. Economics Research Service** 

I. FOCUS OF DISCUSSION 

As this seminar is just one of a series on "The Use of Economic 
Theory and Related Statistical Tools in Analyzing Economic Problems", 
I would like to assume that we already have among us a general under­
standing of the terms "theory" and "statistics" as used in the title 
of today's topic. I would like to start on the premise that there are 
useful concepts and techniques in both theory and statistics that can 
be applied in the analysis and solution of the real-world problems in 
natural resource.economics. Our central objective is to look at some 
of these concepts and relate them to this branch of economics. 

Let us direct our attention on the following set of questions: 
What is the scope and content of natural resource economics? Of the 
economic theories and concepts that have evolved, which of these are 
relevant for studies in this field? And how are the theories and 
statistics related? 

In pursuing our search for answers to these questions we will not, 
of course, be able to do a complete job because of the time limitations 
and the complexity of the questions themselves. Each question could 
take several seminars of its own; we must therefore be satisfied with 
only an introductory treatment. 

I would like to proceed with our discussion organized in 3 main 
parts. In the first part, I would like to review the scope and content 
of natural resource economics as a branch of economics. In the second 
part, I shall go through a study, which I am working on at the moment, 
to illustrate the role of theo;ry as vividly as possible. In the third 
and last part, I shall indicate the theories and concepts that I have 
personally found useful as a researcher. 

Let us now consider the scope and content of resource economics. 

*Paper prepared for Seminar, North Carolina Agricultural and 
Technical State University, Greensboro, N. C., April 23, 1968. 

**The views expressed here are those of the author and do not 
necessarily represent those of the Natural Resource Economics 
Division or the U. S. Economic Research Service. 
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ll. SCOPE AND CONTENT OF NATURAL ECONOMICS 

Natural resource economics can be defined as a branch of applied 
economics. It serves as an umbrella for a wide range of st.udies per­
taining to the "primary11 natural resources of land, water, and minerals, 
as well as studies pertaining to such '' secondaryli natural resources as 
forest, range, wildlife and energy. These secondary resources are 
obviously related to the primary resources through biological and phy­
sical processes and often must be taken into account in analyzing 
problems of land or water use. The main point here is that within the 
field of resource economics we will find specialists in studies of 
land, water, energy, forest, fisheries and other related subjects. 

Emergence of Natural Resource Economics 

As a branch of applied economics, natural resource economics has 
become popular only within the past 10 or 15 years. Prior to this time 
most of the studies now in this field were conducted under the name of 
land or water economics. Land economics may however be regarded as the 
main antecedent to. natural resource economics. At one time, and per­
haps even today, there are some economists who probably would like to 
define land to include all natural resources -- soil, water, air, 
minerals and all other elements of the natural environment as well. 
But as things have evolved, problems that were once regarded as being 
in land economics are now more often put under the resource-economics 
umbrella. 

Substitution of the term natural resource economics for land eco­
nomics has however made no obvious difference in the substance of the 
studies covered. It still tends to create some confusion however, when 
one considers that many kinds of resources are used in the production of 
goods and services. It would be quite reasonable to suggest that 
practically all economic problems of production should be in natural 
resource economics, because these resources are always involved. The 
classification of problems in natural resources is essentially based 
upon focus and emphasis, even though the classification may be some­
times arbitrary. 

One justification for.natural resource economics as a branch of 
applied economics is that the task of dealing properly with the use 
and management of all resources and their implications in a complex 
economic system is simply too great for any individual. Division of 
labor along resource line is probably as good as any other division 
because resources have peculiar characteristics of their own. In the 
first place, natural resources can be distinguished from human resources 
as well as 11 cultural11 or capital resources. Among the natural resources 
themselves there are also criteria of classification. Such characteris­
tics of natural resources as their exhaustibility are of economic and 
social significance. In the rest of this discussion, we shall simply 
use the term resource economics, for short, to mean natural resource 
economics. 
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Risks of resource depletion or deterioration depend upon the 
resource characteristics. Accordingly> natural resources have been 
classified as 11 stock11 (or nonrenewable) ~nd as 11 £1ow11 (or renewable) 
resources. Stock resources are those whose quantities will not increase 
significantly over time, and are subject to exhaustion. These would 
include such resources as coal, oil, gas, stones, clay, soil of a given 
type and plant nutrients. As an example, it takes about 100 years for 
the formation of one inch of top soil, but this "increase11 will be 
insignificant if it is more than offset by a loss elsewhere of, say, 
one or two inches per acre per year because of erosion. Flow resources 
are those whose quantities become available over time -- day by day, 
and year after year. There are no given 11 stocks11 which can be exhausted 
in any one interval of time. These would include solar radiation, winds, 
rainfall, and scenic resources. Both the stock and flow types of re­
sources are vital but the differences suggest.the need for special 
treatment in economic analysis. For the stock resources, much of the 
attention has been centered on the problem of possible depletion. For 
the flow_resouces, the concern has been with deterioration in quality. 

The threats of resource depletion of deterioration may be said to 
be the chief reasons for the emergence of interest in resource economics. 
Thus we had a conservation movement beginning at the turn of this century. 
This movement has been reflected in programs such as those to avoid the 
exhaustion of the forest resources, and to minimize soil erosion. There 
has been also much concern about the possibility of depleting oU and 
gas resources. In addition, large public investments have been made to 
conserve and develop water in various parts of the country. 

Continuing interest in resource economics stems mainly from the 
specter of increi;i.sing scarcity of certain resources in relation to the 
mounting population needs, and to the increasing competition for these 
resources as a result of shifts in demand. If it were not for dramatic 
advance in technology, the pressures would possibly create resource 
shortages and greater social and economic problems. Advances in tech­
nology will not necessarily resolve all current and emerging problems 
however. We are continually faced for example with the need to re­
allocate land to meet geographic shifts in population and the expanding 
demand for land for some uses. 

Central Problems in Natural Resources Economics 

What are the real problems in resource economics? Problems in 
resource economics are identified in the same way as other problems for 
studies in the social sciences. Generally these can be identified in 
one or more of the following ways: (1) an expression of confusion, 
doubts, or uncertainty about a given situation either by individuals, 
groups, or government, (2) a gap between what is actually achieved and 
a specific goal, and (3) a deviation from an ideal or optimal situation 
as defined by theory. 1/ In less formal language, economic problems 

]./ The latter is more nearly a way of defining problems rather than 
identifying real problems. It may find its greatest usefulness in 
visualizing emerging problems. 
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arise because of insufficient information about given situations or 
relationships and give rise· to questions such as what is happening, 
or might happen? What should be done? Or, how should something be 
done to achieve some stated objective? Thus we are more often concerned 
with "means11 rather than "ends" •. 

Because our economic system is essentially one in which the re­
sources are allocated in production, distribution and exchange by the 
interactions of the decisions of individual economic units -- private 
and public -- in an i~terrelated network of markets, it is not always 
easy to identify problems that are clearly resource oriented~ For 
example a problem of regional under-development may depend upon the 
natural resources at hand but also upon other considerations; and might 
be said to be rather a problem in general economic development. Then, 
too, highway development may involve problems of land use and acquisi­
tion but may be regarded as a problem in transportation rather than land 
utilization. Several other examples on this point could be cited •. 
Thus it might be helpful to_ consider a problem in natural resource eco­
nomics to be one in which the ownership; management, allocation and 
development of a natural resource is critical from the viewpoint of 
production, income or general welfare .• 

From the production viewpoint, a resource economist for example, 
may be concerned with such questions as the allocation of land among 
its competing uses, or the allocation of water among the alternatives. 
One of the most pressing problems today in many parts of the country 
stems from the increasing pressure on good farmland for nonagricultural 
purposes.' This has been reflected in grave concern by people in such 
states as California and New Jersey where steps are being taken to halt 
the trends of urban encroachment. That land pf a given quality is a 
stock resource, subject to de~letion, seems to be the common basis for 
concern. 

Another example of a current problem related to natural resource 
and production stems from the use of coal, oil and gas resources. As 
stock resources they are als~ subject to depletion. Thus there is the 
need for constant surveillance over their allocation and development. 
In this context allocation is significant in two ways. First, these 
resources must be allocated among their alternative uses to achieve 
the highest level of efficiency possible in their utilization at any 
given time. Second, the rates of use must be so adjusted or regulated 
so that the available stocks will not be depleted Wider foreseen tech­
nological developments. We can refer to the latter instance as alloca­
tion of use over time to .maximize the production and income from these 
resources. 

· · From the income viewpoint• a resource economist may be concerned 
with rent or income to land, and how this is distributed among people. 
Be may also be interested j.n the income-effects of investments to de· 
velop the resources of a region. OWnership and other institutions re­
lated to. resources may serve as a means of determining 11who gets what" 
from resource utilization, development, or government programs affect­
ing these activities. Here the interests of resource economists will 
coincide with the interests of specialists in human resources. 
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From the general~welfare viewpoint, a resource economist--in 
addition to the questions relating to production and income indicated 
above-~may have special interest in the development and use of re­
sources with more far reaching and widely spread implications. This' 
would include questions relating to air or water pollution control or 
in recreational or aesthetic natural resources with widely diffused 
social effects in terms of either benefits or costs. 

Resource economists now tend to claim a distinction from other 
applied economists on the basis that in dealing with natural resource 
development emphasis must be placed on the well-being of groups rather 
than individuals and attempt must be made to take explicitly into 
account "benefits" and i1costs11 to whomsoever they may accrue. He must 
recognize, what has long been referred to in welfare economic theory 
as external economies or diseconomies and is currently more often re­
ferred to as 11 externalities11 • For example, the investments incurred 
to reduce erosion or flood-damages in one location, may have effects 
in another location where the land is owned by someone else. In such 
situations, decisions to invest may be negatively affected; but may be 
resolved within a framework of maximizing general welfare. 

·current .Studies in Natural Resource Economics 

Specific studies in natural resource economics·pertain .. -directly 
or indirectly--to problems involving ownership, management, allocation 
and development of resources in relation to either production, income 
or general welfare. These are essentially studies that contribute to 
an understanding and solution of the broader and more general problems 
in resource economics. 

In the Division that I work there are currently some 50 such con­
tributory studies, covering a wide range of specific subjects. In 
addition> there are another 50 studies of resource potentials. in speci·· ·· 
.fie river basins and watersheds. Thus, studies are being conducted on 
a subject-matter as well as regional basis, if we define a river basin 
as a region. 

For· administrative purposes, the studies on a subject-matter basis 
are divided among 4 branches namely: (1) Land Resources Branch, (2) 
Water Resources Branch (3) Environmental Economics Branch and (4) 
Resource Institutions Branch. All these branches are, however, con­
cerned with land and water resources with particular reference to 
agriculture. Other uses of land and water are necessarily considered, 

·however, to the extent that they are competitive to agriculture. The 
use of farmland for urban purposes or water for irrigation Y!· other 
purposes should serve as examples. 

The organization of "branches11 along the current lines can be 
.justified presumably on the basis of specialization and emphasis; even 
though the natural resources involved are mainly land and water. Work 
in "environmental economics" stresses the "quality11 aspects as opposed 
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to the depletion aspects of resources. They are more concerned with 
problems such as resource-based recreation, and water pollution. The 
work in "resource institutions" covers land tenure, water rights, land­
use regulations and programs and other institutions as variables re­
lating to both land and water, and as such, are more directly con­
cerned with ownership and management than with allocation and develop­
ment per!!.• 

The inherent characteristics of natural resources and the in­
stitutional framework within which they are used call for studies of 
an interdisciplinary or multidisciplinary nature. Thus some knowledge 
of soil science, or agronomy, for example, is necessary, in dealing 
with the relationships between land resources and production. Hydrology 
also become relevant. At the same time, some studies have to be pur­
sued within a legal-economic framework because of the institutional 
environment. Accordingly, few if any, studies in resource economics 
are "pure11 in the sense that they are conducted independently of con­
tributions from other physical, biological, or social sciences. 

Thus the staff of the Natural Resource Economics Division includes 
people trained as lawyers, geographers, urban planners as well as 
economists. 

The immediate objectives of each contributory study varies accord­
ing to the information sought, or vice versa. In every case however, 
a study is divided into two main phases -- a conceptual, or theoretical, 
phase and an empirical phase. 

In the conceptual phase, theory as needed is brought to bear. But 
because the "economic purity11 of the study will vary according to the 
immediate objectives, the need for economic theory will depend upon 
these objectives. For example, studies in land classification and 
inventory will need little or no formal economic theory, while studies ' 
to determine whether land is used efficiently will have great need for 
theory in its conceptual phase. 

In the empirical phase of the study, the need for statistics will 
also vary according to the type of information needed and the objectives. 
Studies such as those covering a number of observations either to ex-
p lain what is happening or to predict what might occur, will almost 
always have need for some type of statistics. Even some types of 
individual 11 case studies" may have need for statistics if we begin 
to count and evaluate attributes. Other conceptual analyses may find 
that such methods as budgeting or programming for 11 simulating" real 
relations may be applicable. Still, in some simulation models some of 
the basic ingredients may depend upon statistical data such as yields 
of specific crops either from records, surveys or controlled experiments. 
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III. APPLICATION OF ECONOMIC THEORY: AN EXAMPLE 

As economic theory is normally dry and apparently sterile, I 
shall try to illustrate its role in practice. I shall do this by 
reviewing a concrete case involving a study on which I am now working 
and in which theory is being applied. 

Before reviewing this study however, I believe it would be in 
order to restate the fundamental purposes of theory in economic re­
search. Theoretical analysis does at least 3 things: First, it helps 
in identifying the relevant variables and the units of measurement 
that should be considered in the empirical phase of the analysis. 
Second, it helps in specifying the type of relationships, for example, 
whether the production from a resource is subject to diminishing re­
turns or not. Third, it helps in selecting appropriate statistical 
techni~ues, for example, whether regressing analysis or some other 
techniques should be used. I would like for us to concentrate on 
these three uses of theory in research, in the study I am about to 
review. This study has been chosen because it has all the attributes 
to demonstrate these uses. Let us look into this study step-by-step. 

Essence of the Problem. 

The study stems from a problem in the production of electricity, 
and has been initiated because of doubts and uncertainty about what is 
going on and what the alternatives are. Although the study is directly 
concerned with the production of electricity, it is of interest to 
resource economists because it involves the utilization of our vital 
energy resources, the fossil fuels -- coal, oil and gas -- that are 
"stock" resources; and it carries with it implications for rural or 
regional development. 

In 1966, about 413 million tons of iicoal equivalents" were used up 
in steam electric generating plants; and this consumption is rising 
rapidly with expanding demand for electricity. Translated into dollars, 
this tonnage amounted to about 70 percent of the "variable cost" or 
producing electricity by steam (as compated to hydro-electric) plants. 
Preliminary estimates would suggest that considerable savings in fuel 
is possible. The saving in fuel could be allocated to other purposes, 
or saved (allocated over time) for use in future years and may reduce 
the depletion rate. 

One of our first jobs was to formulate a research model and we had 
to rely on theory to do that. 

The Theoretical Considerations: 

Preliminary evidence leads to the suspicion that if the average 
size of generating plants were to increase, greater efficienty in the 
use of these natural resources might be achieved. Between 1956 and 
1966 the average size of generating plants just about doubled, while 
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the variable costs per unit of power generated decreased considerably 
during the same period. Assuming that f.uel consumption per unit of 
output also declines as size increases, then greater efficiency in the 
use of fuel, and.other resources, is expected if plant size is in­
creased. Our immediate objective there.fore is to determine whether 
cost per unit of output does in fact depiine with expansion in plant 
size; and if it does, how Significant the decline is. 

Since we wete specifically concerned about costs, formal theory 
suggested that we should consider certain economic concepts of costs. 
After this consideration, we were convinced that we should develop a 
11model" involving long-run costs, As you might recall, long-run costs 
are those in which all the fl!lctors of production are treated as variable; 
there are,no fixed costs. The long-run average total unit cost is 
defined as an llenvelope curve11 touching the short-run average total unit 
costs as shown in Figure 1. This envelope curve is also referred to as 
a "planning function". It shows how the average total cost per unit 
of output will decr~ase, remain constant, or increase as the size of a 
plant is increased. Thus the basic concept we decide on was the 
11 planning function11 • 

Symbolically, we can define this cost as: 

in which, 

Ct = average total cost per kilowatt hour (kwh) per year 

Ci = investment .cost per kwh in annual equivalent 

C0 = operating cost per kwh per year 

~ = maintenance cost per kwh per year 

Cf = fuel cost per kwh per year 

As a mathematical (or statistical) function the costs could be 
expressed as: 

C = f(S) 
t 

(2) 

in which f(S) simply means 11 a function of S", with S referring to 
size of plant. Our central hypotheses to be tested are (1) that this 
function is declining as size is increasing, and (2) that the function 
will take the shape as shown in Figure 1. The forms of the function 
to be fitted are essentially: 

Ct= asb Pc, or (3) 

(4) 

in which "P11 refers to an index of output of plant capacity. 
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Economic theory has helped in deriving and formulating these 
hypotheses to be tested against observations of the real world. These 
hypotheses may be confirmed or refuted when compared with the facts. 
Perhaps we should at this point underscore the term hypotheses not only 
because these serve as guides but also because economists like to use 
the term. In general, hypoteheses in economic research are tentative 
statements of relationships among variables or elements of a problem. 
The main variables in this problem are costs and size of plants. 

Let us pause for a moment and try to relate the components of 
equation (1) with some other economic concepts. We will notice that C1 
is an approximation of the 1'£ixed cost11 component for short run cost 
curves in economic theory; and the sum of C0 , Cm and Cf would represent 
the "variable costs". In our present formulation, all the cost compo­
nents are treated as variables changing with size, and implicitly, with 
output. The formulation is also based upon the premise suggested by 
theory that resources related to these costs are 'icomplementaryn, that 
is, we won't be able to produce any electricity without a combination 
of resources. Whether the combination is good or bad is not an issue 
at the moment. It should suffice to recognize that the utilization of 
a resource cannot be analyzed in isolation because of complementarity 
of resources in production. 

\Choice of Statistical Techniques: 

Our next step is to choose the appropriate techniques for putting 
these hypotheses to the test. Because the hypotheses formulated have 
to do with functional relationships, we should immediately thing about 
the possibilities of regression analysis, as a statistical technique. 
Having decided that regression analysis is appropriate, we will go 
further to decide what the mathematical form of the function should be 
and the specific statistical tests to be used. It must be noted that 
other types of statistics could also be applied, but from the theoreti­
cal construct the regression seems to be most promising. 

The data (or facts) to use in fitting the regression can be ob­
tained from secondary sources such as records or from purposely de­
signed surveys of plants. Or, the functions can be fitted with en­
gineering data. The procedure and problems in fitting these functions 
are however out-of-scope for our present discussion. Let it suffice at 
the moment to recognize that this is where we will get the facts and 
observations of the real world to test our hypotheses as to w~ether 
they are true or false. 

A Recapitulation: 

The theoretical analysis has, I believe, served its three purposes 
indicated at the outset. These are: (1) identifying relevant variables 
which in this case were costs and size of plant; (2) specifying relation­
ships, which was that the cost per unit of output is a declining function 
of plant size; and (3) selecting appropriate statistical techniques 
which was regression analysis. The principal theoretical concept applied 
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was the "planning function" or long-run envelope cost curve, from .which 
were der1ved the hypotheses to be tested by applying the relevant sta­
tistics. Thus the theory has pointed toward hypotheses to be tested 
and the method of testing them. 

We must note, however, that the analysis in the present illustration 
will not be enough to give all the information needed to resolve the 
problem of allocation and efficiency in producing electricity or in 
conserving and developing our energy resources. Many simplifications 
have been made in the interest of clarity and brevity. In particular, 
economic determinations especially on the demand side will need to be 
evaluated along with the determinations on the production side. In 
addition the costs of transmission and distribution systems to reach 
various load centers and individual consumers must be taken into ac­
count; and the rate of utilization of plants may be a confounding factor 
i.f it is not controlled statistically. 

IV. RELEVANT ECONOMIC THEORY AND CONCEPTS 

We may now ask ourselves, what other economic theory or concept may 
be relevant for research in resource economics. Metaphorically, the set 
of theories available represents a "cafeteria" from which we can pick 
such concepts as the "planning function" as a tool to be applied in the 
analysis and solution of real problems. The various·theoties.reflected 
in the titles given to academic courses, books and journal articles 
are, however, quite frequently just "variation~ of the same theme11 , in 
which fundamental concepts or principles are the same. 

Resource economists have no general theory of their own, perhaps 
for an obvious reason. That is, resource economics as an applied branch 
of economics draws upon the concepts developed by the various 
"theoreticians" or 11 theorists11 • However,. a historical survey would 
show that·. some of the theories now applied in some resource economic 
studies have evolved as a result of concern by economists or social 
philosophers about contempol;'ary social PI'.Oblems of the real world. 

The rent theories, for example, which have d~rect applicability in 
resource economics, have evolved because of concern about the possibility 
of food shortages, and the sources and distribution of income. Location 
theories may also be attributed to people concerned with problems of the 
real world. Recent theories on income and employment which are rele­
vant in regional resource development studies have also evolved because 
of social concern about depression, stagnation, economic instability 
and so forth . 

For studies in resout"ce economics, one might be inclined to look 
first to the theories relating to "producers",· rather than 11 consumers11 , 

the forces affecting their behavior, how they behave, and the conse­
quences of their behavior with particular reference to the utilization 
of resources. The theories relating to "consumers" will of course be 
useful in many instances •. 
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The interdependency of behavior and decision in the various economic 
sectors makes it necessary to have at least some .familiarity with the 
theories relating to all resources, activities, and sectors of the eco­
nomic system. Among the theories that I believe the resource economist 
will most often find useful are those relating specifically to (1) 
production and costs, (2) investments and (3) welfare. How can these 
help? Let us consider each of these briefly •.. 

Production and Cost Theory 

The concept of a "planning function" referred to earlier, is de­
rived .. from the theory of production and cost. · But there are other use­
ful concepts in resource economics from production and cost theory. It 
also gives to us the fundamental concept of production function which 
describes the way in which output depends upon the quantity and quality 
of resources. This function along with prices of factors form the.under­
lying explanation for the shape and level of the planning function. The 
theory also gives decision criteria on the levels of production, the 
combination of productive factors, and the combination of products for 
efficient allocation of resources. Of these criteria, we should all be 
familiar with that of marginal cost equal marginal revenue in production. 
This criterion is often applied in resources-economics studies. 

Investment Theory 

Because resource conservation and development involves 11 time11 and 
large financial outlays, concepts in investment will be useful in many 
conceivable situations. This theory helps to provide principles and 
procedures for discounting returns and costs associated with production 
occurring at different dates. Another class of investment theory, in­
volving 11multipliern effects of investment, may be found applicable in 
studies of investments for resource development of a region, where in­
come and growth are paramount. 

Welfare Theory 

As the resources·economist is often concerned with the problems of 
iiexternalities11 (defined earlier), he will find some use directly or 
indirectly for welfare theory which stresses this phenomenon. It 
attempts to develop the concept of "social11 as compared to 11private11 

costs and benefits which-is useful in evaluating resource development 
and use. 

Other Relevant Theories· 

Choice of the foregoing .theories is personal and to an extent 
arbitrary. Other theories will also have much to contribute. It is 
assumed, however, that some of the other theories not yet mentioned 
would be considered as co-requisites for an appreciation of production, 
cost, investment, or welfare t;heory. 
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Of these, demand tbeoey may be singled out. The fundamental con;. 
cept of demand elasticity for example has wide applicability. The 
resource economist must frequently consider the derived demand for 
resources as raw materials, including changes in quantities of re­
sources demanded because of population, income or other changes. 
Estimation of demand is almost always a necessary first step in the 
analysis of resource allocation or development. 

Other relevant theories include those on rent, interest rates, 
taxation, inter-regional trade, income and employment. In short, all 
these theories will have something more or less to contribute but they 
must be known and put in the kit of tools for research. 

IV. HIGHLIGHTS 

1. Natural resource economics was referred to as an "umbrella11 for a 
wide range of studies pertaining to primary as well as secondary 
natural resources. Thus within this field there are specialists 
in economic studies relating to land, water, energy, forest, 
fisheries and other related subjects. 

2. , As a branch of applied economics, natural resource economics 
has become popular only within recent years. Land economics 
may be regarded as the main antecedent to it. 

3. A justification for natural resource economics as a field of studies 
is that the task of dealing properly with all resouces in a complex 
economic system is too great for any single person. Division of 
labor along resource lines is probably as good as any, because 
resources have some characteristics of their own. 

4. Natural resources have been classified in different ways. One 
classification is according to 11 stock11 (or non-renewability) as 
opposed to "flow" (or renewability). For stock resources, much 
of the attention has been centered on the possibilities of depletion; 
while for flow resource, attention has been centered on deterioration 
in quality. Economic issues stem from the use of both types of re­
sources. 

5. A problem in resource economics is one in which the ownership, 
management, allocation or development of a natural resource is 
critical from the viewpoint of either production, income or general 
welfare. 

6. Many contributory studies are under way for solution of these prob­
lems. The characteristics of natural resources and the institution~! 
framework within which they are used call for many studies that are, 
more or less, of an interdisciplinary or multidisciplinary nature. 
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7. The immediate objectives of each contributory study varies according 
to the information sought, or vice versa. The role of economic 
theory will depend upon these objectives, and the 11 economic purity" 
of the particular study. 

8. Each study, however, may be said to be conducted in 2 main phases 
a conceptual and an empirical phase. In the conceptual phase, 
economic theory as needed is brought to bear. In the empirical 
phase, the need for statistics will depend upon the type of infor­
mation sought. 

9. Theoretical analysis was said to serve at least 3 purposes: (1) 
Identifying relevant variables and units of measurement which were 
costs and size of plant in the illustration used; (2) Specifying 
a relationship, which was that cost per unit of output is a de· 
clining function of plant size; and (3) Selecting appropriate 
empirical techniques which was regression analysis in our illustra­
tion. 

10. The point was also made that the resource economist has no general 
theory of his own but draws extensively upon various concepts such 
as 11planning11 function developed by theoreticians. Many of the 
theories, such as those on rent now applied in studies of resource 
economics evolved however because of concern about contemporary 
social problems. 

11. Finally, it was implied that a resource economist will need to have 
in his kit of tools for research other concepts beside the planning 
function or rent. Concepts from theories relating to the behavior 
of producers was given personal priority; even though demand theory 
was also singled out for special comments. In essence, the theories 
that a resource economist should have as a minimum relate to produc­
tion and costs, investments, welfare and demand. Other theories 
were suggested as co-requisites or pre-requisites. 
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