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Static Optimization and
Market Failure

• 1.  Firms that pursue economic efficiency
through profit maximization pursue technical
and allocative efficiency in a simultaneous
fashion

• 2.  Technical efficiency is the least costly
way of producing a given output, I.e., setting
to equality the respective ratios of marginal
products to their corresponding input prices

• 3.  Allocative efficiency follows the classic
marginal rule - MC=MC

• 4.  Once economic efficiency of the firm has
been achieved, one can then derive four
corresponding financial ratios.

• 5.  These ratios are the rate of return on
sales, the rate of return on equity, the rate of
return on invested capital, and the rate of
return on assets.  These ratios serve as
proxy measures to determine whether firms
should enter or leave a market.



Static Optimization and
Market Failure - 1

• 1.  Once a firm has achieved
economic efficiency, this may not
constitute an industry steady-state
solution

• 2.  Achieving a steady-state
economic solution requires that the
number of firms in an industry each
earn no economic profits, i.e. they
earn only normal profits equal to the
opportunity cost of capital.

• 3.  However, even if an industry
generates a steady-state economic
solution, it may not conform to an
environmentally sustainable solution.

• 1.  Environmental sustainability
requires that the stock of natural
capital be maintained for future
generations.



Static Optimization and
Market Failure - 2

• 1.  As natural resources in general, and
energy resources in particular, are part
of any production process, firms that
may achieve technical efficiency are
likely to do so in the presence of
external costs.

• 2.  The basis for external costs in any
production process is determined by the
laws of thermodynamics, in particular,
the second law, which stipulates that
any production process is governed by
differences in ambient and combustion
temperature.

• 3.  Natural science points to the role of
carrying capacity in the determination of
any any environmentally sustainable
process.  This may permit the emission
of some byproducts  of energy
transformation into the atmosphere, but
for which the environment has some
degree of recovery capacity



Static Optimization
and Market Failure - 3

• 1.  Environmental sustainability is defined by
biophysical processes and may be a
nonlinear function of the level of economic
activity.

• 2.  Given that market prices do not alone
incorporate the external costs on the
environment, the challenge is to find a way
to set prices that balances economic
efficiency with environmental sustainability.

• 3.  Market pollution permits, and cap-and-
trade systems, represent one approach to
achieving a balance between economic
efficiency and environmental sustainability.
Setting the price of tradeable pollution
permits derives from an underlying
environmental carrying capacity function that
embodies the biophysical capacity of a
given habitat to absorb the byproducts of
any given energy transformation.



Static Optimization
and Market Failure - 4

• Sources of Market Failure
• 1. Incomplete markets
• (Pareto conditionality):

– a. complete markets with well defined
property rights

– b. competitive markets under
utility/profit maximization and cost
minimization conditions

– c. perfect information on prices at all
levels

– d. zero transactions costs
• 2. Externalities (Arrow 1969,

Mishan, Coase 1960)
» a. positive
» b. negative



Static Optimization
and Market Failure - 5

• Sources of Market Failure, contd.
• 3. Non-exclusion (Hardin,

1968)
a. common property
b.open access

• 4. Non-rival consumption
(MSC=0)
• Pure public goods (Samuelson,

1954)
• 5. Non-convexities
• Polynomial ambiguity
• 6. Asymmetric information

– a. moral hazard
– b.adverse selection



 Linkages Between the
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Elements of Environmental
Science



Elements of Environmental
Science - 2



Elements of Environmental
Science - 3



Environmental Biodiversity



Environmental Biodiversity - 2
Measuring Biodiversity

Rates of natural growth vary across species and as a function of
spatial density.  We can derive an index of relative biodiversity
through use of logistic equations for individual species and from
which we can then construct an index of relative biodiversity
(IRB), as shown below:


