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Criteria for public policy management of natural resources derive from
the basic framework of welfare economics.  As we have seen, social
welfare maximization proceeds on the initial framework of Pareto
optimality. We state these conditions, and from which we then examine
various conditions under which market failure arises.
The standard approach for correcting for market failure is the use of
Pigouvian taxes and subsidies.  We elaborate here on the general
framework of Pareto optimality and then proceed to examine how
Pigouvian taxes and subsidies function in the presence of various levels
of transactions costs and in consideration of established welfare
criteria.

Static Pareto Optimality in Consumption
The standard static conditions for a Pareto optimal condition in
consumption proceed on the basis of constrained utility maximization.
For a two-good economy, Q1 and Q2, with two-consumers, we have the
following initial conditions.  First we state the utility functions of the two
consumers:

(Eq.1) U1(q11,q12) and U2(q21,q22),

           where (q11 + q21 = q1) and (q12+q22=q2).

We now state the static constrained optimization of the consumer:

(Eq.2)

First order conditions require that the pairwise marginal utilities of each
good in consumption be equal to zero, which establishes the the
marginal rate of substitution (MRS) for each consumer is equal for a
given distribution of income:

(Eq.3)
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We can illustrate the Pareto consumption social welfare conditions in
terms of a standard Edgeworth diagram, shown below. Each consumer
maximizes utility along a consumption contract curve CC, with one
starting a point O and the other at point O’.  For a given distribution of
income, an equilibrium is established where each consumer has
maximized the pairwise marginal utilities for each good, and which is
equivalent to a tangency intersection, such as at point M or N.  At such
a point, the ratio of pairwise marginal utilities will be equal to the relative
prices of the two goods.

Static Pareto Optimality in Production
Pareto optimality also requires that firms achieve an equilibrium in profit
maximization through a similar constrained optimization problem.  For
producers, Pareto optimality requires that the output of each level of
each consumer good be at a maximum, given the output levels of all
other consumer goods.

To do so requires that each firm achieve both technical and allocative
efficiency, that is, the least costly way of producing a given level of
output and the optimal level of output in which marginal revenue equals
marginal cost.  Assuming a competitive market structure, this means
that in a steady-state equilibrium, firms enjoy only normal profits, that is,
they earn zero economic profits.  As we will demonstrate, in this static
framework in equilibrium, the marginal rate of substitution among inputs
will be equalized for all firms and will be equal to the ratio of their
respective factor prices.



For two producers using two inputs to produce two goods, we can
state the respective production functions as:

(Eq.4)

The static Lagrangian problem can now be stated as maximization of
the output of good 1 subject to the constraint that the output of good
2 is at the predetermined profit-maximizing level.  To do so we state:

(Eq.5)

First order conditions require that the respective partials be set to
zero and that the pairwise ratios of marginal inputs for each producer
be equal to the factor price ratio:

(Eq.6)

While we could restate the static Lagrangian conditions for both
consumption and production, we now turn to the use of public policy
alternatives in the presence of market failure.  We first concentrate
on static corrective measures.

Consider two firms in a competitive environment in which external
effects are present.  We state their respective cost functions as:

(Eq.7)
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Firm 1 receives external benefits while firm 2 receives external costs, thus
producing differential profits and rates of return.

For Pareto optimality, consider now a joint profit function from the two
firms, which can be defined as:

(Eq.8)

Solving yields the following:

q1 = 40
q2 = 40           and π = 400π1-40π2 = 360

While joint profit exceeds individual profits maximization, achieving a
Pareto optimal outcome will require a transfer of profits from firm 1 to firm
2.  Redistribution of any amount greater than 57.5 but less than 110 from
firm 1 to firm 2 will leave each firm better off than under individual
maximization. The table below summarizes these boundary conditions.

Under a Coase (1960) style redistribution, if transactions costs are small,
firms may achieve a joint gain under voluntary redistribution.  Yet any
positive transaction cost borne by the original external beneficiary
reduces its incentive to engage in voluntary redistribution of profits, as the
table below illustrates for a $.01 per dollar of profit redistributed. The
result is that Pivouvian taxes and subsidies may be an alternative, but as
we shall note, efficiency and equity considerations may also reduce
prospective social welfare.
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Consider now a social marginal cost (SMC) cost function for firm 1 that
receives a positive external benefit.  A social marginal cost function embodies
the private and external costs within a profit-maximizing framework. Since
from our example, the first firm enjoys a positive externality at the expense of
the first firm, only the first firm’s cost function is affected, and whose
coefficient changes from .20 to .25, as noted below in the profit maximizing
solution:

(Eq.9)

the solution then can be inserted into the respective private marginal cost
functions to determine the Pareto optimal tax and subsidy level:

(Eq.10)

Whether or not this represents an improvement in social welfare depends on
the welfare effects of the net tax to society, which in this case constitutes the
difference between the subsidy and the tax, or $6.00.  We now take up this
question in terms of tax criteria.
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from the preceding social marginal cost conditions

into these equations yields a tax of $2.00 and a subsidy of $8.00

Regardless of the type, taxes affect behavior, they affect the level of revenue
generated (as in funding the creation of pure and quasi-public goods and in
macroeconomic stabilization), and in most instances, they are likely to have
some effect on the distribution of income.  Governments may impose taxes to
produce any combination of these outcomes, but not always with consistency
or transparency as to the mechanisms adopted.

Economists generally focus on a set of basic principles regarding the
adoption of any tax:  1. Simplicity of administration and collection; 2.
Efficiency versus effectiveness; 3. and fairness (based on some external
social definition).  Adoption of a “good” tax that embodies all of these
principles often is difficult to accomplish, even in a transparent environment,
largely because institutions may not exist or operate in such a fashion as to
be able to implement these principles in practice.



Governments often select activities, assets,or types of income as objects of
taxation based on the ease with which a tax can be imposed and collected.
In many developing economies, the formal sector is relatively small and so a
broad based income tax often generates a small amount of income in
comparison to other types of taxes.  Taxes on trade,  particularly imports, are
fairly easy to impose, even if they can produce large distorting consequences
on the efficiency of the economy.  Taxes on trade, as in the application of a
Value Added Tax (VAT), sales tax, or excise tax, also are widely used, even
though they may again produce large distortions in economic efficiency.

Simplicity of implementation and collection of taxes produces one definition
that is widely, but mistakenly, used to define an efficient fiscal system,
namely, how much must a government agency spend to collect a given
amount of tax.  One can rank order tax categories on the basis of how much
effort is spent to receive a given dollar’s worth of revenue.  The only problem
with this administrative definition is that it ignores the effects of taxation of
producer and consumer behavior.

In terms of behavior, sometimes governments impose taxes to affect
behavior.  Examples include excise and/or sales taxes on gasoline, tobacco,
and alcohol consumption, where the stated goal is to reduce consumption by
some targeted amount.  In this case, the evaluative reference point is not
administrative efficiency, nor even economic efficiency, but simply whether
the tax accomplished some broader social goal. In terms of natural
resources, taxes on energy consumption fall into this category, and we will
examine them in terms of both behavioral and efficiency perspectives.

Let us now examine the efficiency of taxation.  Much of our perspective on
the efficiency of taxation derives from the original insights put forth by
Ramsay (1927), and which have been refined since.  Ramsey’s contribution
was to utilize social welfare metrics to take into account the level of taxes
collection, the distribution of the burden of taxes, as well as the deadweight
loss in social welfare arising from a given tax.  From this perspective we have
the notion of the excess burden of taxation, which is simply the ratio of the
deadweight social welfare loss to the level of tax revenues collected.  Using
an analogy from statistics, if the excess burden of taxation exceeds five
percent, we can say that this is significant, and in terms of a strict ordering o
efficiency rankings, classify various taxes in terms of whether they are
acceptable on efficiency grounds.



Consider basic market conditions for a given good.  In the absence of
taxation, a market equilibrium will provide information on the clearing price
(Pe), quantity (Q1), total revenue, as well as in the initial level of total social
welfare, shown below in the figure as the triangular area, abc.
Government now chooses to impose an excise tax, whose unit value is equal
to the vertical segment, de.  This reduces the market equilibrium quantity to
Q2, increases the market price to P2, and generates tax revenues equal to the
rectangle PsP2ed.
The deadweight social welfare loss from the imposition of the tax is measured
as the triangle, bde.  As to the efficiency of the tax, it is measured as the
excess burden(EBT), which is defined as the ratio of the deadweight social
welfare loss (DSWL) to the level of tax revenues collected (TXREV).  Based
on our preceding generalization, if the excess burden is less than five
percent, the tax is acceptable on efficiency grounds.  However, an excise tax
may not be an effective tax in that the resulting market equilibrium quantity,
Q2, may be higher than some targeted level of consumption, in which case an
additional tax may be imposed, but at the expense of our Ramsey efficiency
limit value.



Our tax framework also can be used to examine one perspective on fairness,
namely, what proportion of the tax is borne by consumers and what
proportion is borne by producers. In our figure, the tax revenue rectangle
above the pre-tax market equilibrium price defines the proportion of the tax
borne by consumers while the area below the pre-tax market equilibrium
defines the proportion borne by producers.  We do not presume to impose an
a priori definition of fairness, but most would agree that a tax borne equally
would satisfy at least one definition of fairness.
It turns out that the absolute values of the slopes of the respective inverse
demand and supply equations provide a short-hand way to derive the burden
of a tax.  If the slopes are equal, the burden is borne equally by producers
and consumers.  If not, then the steeper is the slope of the demand curve
relative to the supply curve, the larger will be the burden borne by
consumers, and vice versa, accordingly.

Let us illustrate the above with a simple example.
Consider the following two market condition equations:

Pd = 58.0 - 2.00Qd

Ps = 2.00 + 4.00Qs

Qe = 9.33; Pe = $39.33; TR = $367.11; εd = 2.11

                  ITSW = $261.33

Now consider an excise tax valued at $5.09 per unit.  Our preceding
framework is now altered as follows:

Pd = 58.0 - 2.00Qd

Ps = 2.00 + 5.09 + 4.00Qs

Qe = 8.49; Pe = $41.03; TR = $348.14; εd = 2.42

TXREV = $43.19; DSWL = $2.16; EBT = 5.0 percent

If we consider efficiency as the dominant criterion, then the tax is acceptable.
As to the fairness of the tax between producers and consumers, two-thirds is
borne by producers while one third is borne by consumers.



There is another way of looking at the fairness of taxation, namely, in terms of
the effect of taxation on the distribution of income.  Moreoever, when we look
at the distribution of income, we also can take into consideration not just the
efficiency properties of a tax but also the effects of tax collections on the
distribution of income before any redistribution occurs, and also on the effects
of tax revenues redistributed to individuals after they have been collected.

Consider a case of pure income distribution in which there are three
individuals, whose income and marginal utility of income functions are given
above.  Now consider the initial levels of total social welfare prior to the
imposition of a tax.  Next, consider the imposition of a flat-rate proportional
tax at 10 percent, and derive the level of taxes collected, and the adjustments
to personal income.  Next, if the proceeds of tax revenues are redistributed
(costlessly) to taxpayers on an equal per capita basis, derive the net income
after tax redistribution, and finally recompute the post-tax distribution levels of
total utility and social welfare.  For all of the stages, also compute the
corresponding Gini index of inequality, using the Champernowne proxy of I =
1 - g/x, where g = the geometric mean, and x is the arithmetic mean.

Based on these steps, now demonstrate on the basis of income changes
alone whether the tax system upholds or violates the Pareto, Kaldor, and
Rawlsian criteria.  Finally, if social welfare is measured in terms of total utility
alone, indicate whether the tax system upholds or violates the Pareto, Kaldor,
and Rawlsian criteria.



In this example, our Gini inequality coefficient initially is set at 0.1429, and
because a proportional tax is used, there is no intermediate effect on the
distribution of income.  However, using the equal per capita distribution rule,
the post-tax redistribution level of inequality falls to 0.1141.  In terms of social
welfare, the levels are 1187.20 initially, 1061.68 after collection of taxes but
before redistribution, and finally 1280.36 after redistribution.  Thus, based on
the declining marginal utility of income (as reflected in the exponents of the
income functions), a more egalitarian distribution of income can be achieved
with an increase in total social welfare.  Whether this holds true more
generally, however, depends on whether the exponents of the income utility
functions vary directly or inversely with the level of income.

As to our welfare criteria, using money metrics alone, the post-tax
redistribution of income does not fulfill the Pareto criterion, nor does it fulfill
the Kaldor criterion, but it does satisfy the Rawlsian criterion.  If we use utility
functions as our social welfare metric, the tax redistribution sytem fails the
Pareto criterion, but satisfies the Kaldor and Rawlsian criterion.

What do the exponents in our utility function tell us about income
redistributive measures?  Essentially they provide a metric by which we can
derive the marginal utility of money income.  If there is an inverse relationship
between the exponents and the level of income, then we have a declining
marginal utility of income, in which case a more egalitarian redistribution
policy may increase the level of social welfare.  There are ways of estimating
this relationship, e.g. charitable giving behavior across income levels,
permitting a more direct assessment of whether purely voluntary acts of
redistribution are more or less likely to improve social welfare than some form
of government taxation and spending.



One additional consideration in the use of taxation and spending to affect
social welfare is the level of poverty.  Many developing economies have
significant shares of the population that may be near or below some defined
level of poverty. Where natural resource externalities are concerned, the use
of taxes and subsidies to achieve economic efficiency may or may not have
adverse effects on the level of poverty and on the level of income inequality.
Ultimately, the level of clearly defined property rights has a critical bearing on
efforts to use public sector taxes and subsidies, or even private contractual
arrangements of the Coasian variety, to achieve a sustainable use of natural
resources.  To address this question requires that we examine the economic
value of institutions, which is the focus of the next session, along with
applications of natural resource evaluation examples.


