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The Scope of Natural
Resource Economics

• 1.  Natural resource economics is the study of
environments from which resources used in
economic activity are extracted.  Examples
include agricultural production, exhaustible
resource mineral extraction, renewable
resource extraction such as forestry and
fishing.

• 2.  Natural resource economics also includes
the amenity value of wildlife, as in parkland
and recreational forests.

• 3. All natural resource decisions are governed
by the legal environment in which such
resources are produced and consumed.

• 4.  In turn, the legal environment, and the
technology by which natural resources are
consumed, also shapes the pricing of natural
resource use.

• 5. Beyond the legal environment and the state
of technology that affect the level of prices,
natural resource decisions also are governed
by the underlying laws of thermodynamics.



The Scope of Natural
Resource Economics - 1

• 1. The first law states the constancy of matter and
energy in the universe, a principle first enunciated
by Lord Thompson in the late 18th century.

• 2.  The second law defines the efficiency of any
energy conversion process:  E = 1 - T1/T2, where
T1 is the ambient temperature and T2 is the
combustion temperature of any engine.

• 3.  Together these two laws also define the
concept of entropy, which is a measure of disorder
in any given environment.  Typically, for any given
economic process, one looks for low entropy
choices as they appear to have the lowest
transactions costs, after which one moves to
higher entropy forms of energy consumption.

• 4.  Fossil and nuclear fuels tend to have relatively
low levels of entropy, while renewable resources
such as wind and solar, tend to have higher levels.
Unless offset by technological innovations, higher
entropy levels generally have deterred more
widespread commercial applications.



The Scope of Natural
Resource Economics - 2

• 1.  Market prices may reflect an imperfect guide to the
economic value of natural resources, in which case,
corrective, or shadow, prices, may be needed to
achieve a given level of efficiency.

• 2.  Determining the economic value of natural
resources requires not only an understanding of the
laws of thermodynamics, but also how market forces
achieve a given level of efficiency.

• 3.  Economic efficiency has a fairly precise set of
norms in economic theory, but for any given degree of
economic efficiency, it may not correspond to some
level of environmental efficiency.

• 4.  Environmental efficiency refers to the ability of
natural environments to make the most productive use
of natural processes.  From this we have the notion of
the carrying capacity of an environment, and the
notion of environmental sustainability.

• 5. The challenge for economics is to find pricing
solutions to natural resources that are consistent with
environmental sustainability.

• 6.  Such pricing solutions typically arise in the context
of economic models.  However, traditional economic
models often overlook how the consequences of
economic activity bear directly on the environment.



The Scope of Natural
Resource Economics - 3

• 1.  Natural resource models inevitably raise normative
questions regarding the present and the future, in particular
the choice of an appropriate rate of discount for a given level
of investment in which the natural environment is affected.

• 2.  Beyond environmental and economic models is the larger
question of global climate change - the extent to which is is
taking place, the extent to which it is affected by human
intervention, and whether global climate change is irreversible
or part of some larger geophysical cycle.

• 3.  Recent studies such as the IPCC’s Stern Report, place
emphasis on the role of irreversibility on climate change, and
on the normative value of undertaking action now to avoid
irreversible losses in the future.

• 4.  The foundation of IPCC studies builds on climate change
observations on which forecasting models have been derived.
What many such forecasting models have ignored is the role
of pricing, in particular the pricing of energy and natural
resources in shaping any particular scenario.

• 5.  At a macroeconomic level, policy choices involving the
environment require the continued accumulation of natural
scientific evidence and its integration with economic
forecasting models that can provide a consistent basis from
which coherent public policies can be derived.

• 6.  Economists have relied on a variety of welfare policy
criteria to evaluate any particular approach to natural
resources and the environment.  These criteria include:  the
Pareto criterion, the Kaldor criterion, the Samuelson criterion,
and the Rawlsian criterion, among others.



The Scope of Natural
Resource Economics - 4

• 1.  Nothing better illustrates the welfare question
than the choice of evaluation criteria in capital
budgeting decisions.

• 2.  Investments typically are evaluated on the
basis of three inter-related criteria:  the Net
Present Value (NPV), the Internal Rate of Return
(IRR), and the Benefit-Cost ratio (BCR).

• 3.  The NPV criterion derives from the application
of an exogenous selected discount rate,
presumably at the opportunity cost of capital, to
derive the economic value of an investment.

• 4. However, there is no clear correlation between
the level of investment required and the NPV
such that a clear ranking of superior investments
is not obvious.

• 5.  Correspondingly, the IRR is that rate of
discount that reduces the NPV of an investment
to zero and is determined endogenously from a
given schedule of costs and benefits from a
project.  It does permit a rank ordering of
investments, from which an economy’s aggregate
marginal efficiency of investment (MEI) function
can be derived.



The Scope of Natural
Resource Economics - 5

• 1.  The difficulty with the IRR criterion is that where
there is more than one change in the algebraic sign of
an investment’s cash flow, multiple solutions can be
derived.  This is known as polynomial ambiguity.

• 2.  Selecting which IRR as acceptable depends
whether the opportunity cost lies above or below all
possible solutions, or lies in between.  Ambiguity arises
when the opportunity cost lies in between multiple IRR
values.

• 3.  The Benefit-Cost ratio (B/C ratio) is simply the
present discounted value of benefits divided by the
present discounted value of costs.  As long as the NPV
is positive, the B/C ratio will be superior to one, but
which in general will be inferior to the IRR.  Adoption of
the IRR for a project reduces the B/C ratio to unity, the
limit value of acceptability of a project.

• 4.  Given the laws of thermodynamics, any capital
budgeting decision and ranking will be upwardly biased
in terms of acceptability.  The challenge for natural
resource economics is to incorporate external effects
into the valuation of capital budgeting investments,
from which policy judgments may be formed, using
established welfare criteria by public policymakers.



The Scope of Natural
Resource Economics - 6

• 1.  All natural resource decisions are affected by
underlying perceptions and valuations regarding the
level of risk.  Risk can take many forms - economic,
political, financial, and environmental.  Deterministic
decisions that ignore the level of risk will produce
biased outcomes that may not be either economically
or environmentally sustainable.

• 2.  Risk is considered to be measurable, based on past
observed forms of behavior.  However, in some cases,
one does not have objective metrics of the level of risk,
in which case, uncertainty, or subjective estimates of
risk, will be used.  The question is whether subjective
measures are consistent in and through time, as new
information becomes available.  The relevance of
uncertainty to natural resource decisions is particularly
significant in the case of irreversibility of decisions, as
in whether global warming can be contained, and which
in turn invokes normative value judgments about the
future.



Natural Resource and
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Natural Resource and
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