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Allocative Implications of Comparisons
Between the Margimd Costs of Point and
Nonpoint Source Pollution Abatement

James S. Shortle

This paper examines the possible use of information on the relative marginal costs of
point and nortpoint source water pollution abatement to assess the efficiency implications
of shifting a greater portion of the burden for water quafity protection to nonpoint
sources. The inherent uncertain y about the effects of changes in resource allocation for
nonpoint pollution abatement on nonpoint pollution loads is recognized in the analysis.
This uncertainty is shown to result in significant limitations on the use of marginal cost
comparisons even when point and nonpoint pollutants are perfect substitutes.

Policies for improving surface water quality in
the U.S. have focused primarily on reducing
point source pollution. Nonpoint source pollu-
tion, although a major problem in many areas,
has remained largely unregulated [EPA
(1984); GAO]. The resulting lack of progress
towards national water quality goals has be-
come a leading environmental policy concern
and has motivated an interest in new initia-
tives for reducing nonpoint pollution [Bar-
rington et al.; Thomas; Savage]. In addition, it
has been argued that the relative costs of point
and nonpoint abatement are such that existing
levels of water quality protection, as well as
further water quality improvements, could in
many cases be achieved more efficiently by a
greater reliance on nonpoint abatement [e.g.,
Elmore, Jaksch, and Downing; National
Commission on Water Quality].

This paper examines the possible use of irt-
forrnation on the relative marginal costs of
point and nonpoint source pollution abatement
to assess the efficiency implications of shifting
more of the burden for water pollution control
to nonpoint sources. This matter is of practical
as well as theoretical interest given the sub-
stantial imbalance in the current allocation,
strong criticisms of the efficiency and effec-
tiveness of U.S. water quality programs, and
the apparent consensus that substantially
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more is known about the costs than the bene-
fits of pollution abatement.

The analysis is based on a highly abstract
examination of the characteristics of an allocat-
ion of resources for point and nonpoint
source pollution control which attains a given
pollution control target at least-cost. The pol-
lution control target is defined in such a man-
ner that failure to attain it at least-cost implies
that an efficiency gain can be obtained by a
reallocation of resources for point and non-
point source control.

The conceptual framework developed for
the analysis incorporates two key aspects of
nonpoint source pollution which have sig-
nificant implications for the use of information
on the relative costs of point and nonpoint
source abatement. One characteristic is that
nonpoint pollution, which is largely a conse-
quence of runoff from cropland and urban
areas, is inherently stochastic. For example,
weather plays a key causal role. Second, the
diffuse nature of nonpoint pollution makes ac-
curate monitoring on a continuous and wide-
spread basis impractical.

Cost-Effective Control

Assume that a given water quality problem is
caused by point source (PS) discharges and
nonpoint source (NPS) runoff, The PS dis-
charges are taken to be non stochastic and
readily observable. Conversely, the NPS run-
off is stochastic and cannot be accurately mon-
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itored at reasonable cost. * The allocation
problem is to minimize the cost of achieving a
target related to the levels of the pollutants
from the two sources.

Among other things, a solution to this
cost-minimization problem requires a frame-
work for relating changes in resource alloca-
tion for NPS control to the level of NPS pollu-
tion. Such a framework may be provided by a
probabilistic model of nonpoint pollution
which relates expectations of nonpoint load-
ings to observations of land use, weather, soil
characteristics, and other relevant data. Such
models have been developed and research to
improve the state-of-the-art continues [e ,g.,
Decoursey; EPA (1976, 1979)], While a prob-
abilistic model cannot provide a perfect substi-
tute for accurate direct monitoring, it can
serve as an important tool for managing the
uncertainty about nonpoint loadings and,
therefore, as an important tool for making de-
cisions about the allocation of abatement
among sources. Questions related to the exis-
tence and identification of a socially preferred
model, although of interest, are not addressed
here,

The following treatment is adapted from a
recent paper by Shortle and Dunn, Let z ~be
the true but unobservable flow of the NPS
pollutant. According to the preferred model,

(1) Prob [z, s Z*l] =
Prob [g(x, w, A) s Z*l]

where g(. ) is an NPS loading function, x is an
observable measure of NPS “pollution abate-
ment effort,” w represents weather conditions
which play a causal role in NPS pollution, and
Arepresents unknown parameters of the load-
ing function.2 The loading function is taken to
be twice continuously differentiable, decreas-
ing in x (i.e., dg/dx = gX < O), and does not
exhibit increasing marginal returns to NPS
pollution abatement (i.e., 3zg/dxz = gXXz 0).3
The latter assumption, along with other con-

1Point source discharges are also stochastic and difficult to
monitor accurately in some cases. Treating them as such would
not alter the principle results of this analysis. However, as a
matter of degree and for the purposes of contrast, it is reasonable
to view point source discharges as nonstochastic and readily moni-
torable.

2 The use of an index of NPS pollution abatement effort sim-
plifies the analysis considerably and facilitates focusing on the
issues at hand. The existence of such an index is not, however,
essential to the analysis since the principle results could be de-
rived with a more complicated model of NPS abatement.

3 A1though nonincreasing marginal returns are characterized by
a negative second-order derivative in familiar instances, it requires
gyx z O in this context.

vexity assumptions, are adopted to imply a
situation in which the marginal costs of PS
abatement and expected NPS abatement are
increasing while the expected marginal bene-
fits of PS and NPS abatement are decreasing.
It is recognized that this situation may not
characterize each instance.

Ex ante uncertainty about the level of NPS
pollution for a given level of abatement effort
due to uncertainty about forthcoming weather
is incorporated by treating w as a random
variable. Uncertainty about the level of NPS
pollution for a given level of abatement effort
due to imperfect knowledge of the physical
and chemical processes influencing what
transpires after the weather has occurred is
incorporated by treating A as a random vari-
able. This latter uncertain y, along with the
impracticality of accurate monitoring, pre-
clude knowing the level of NPS pollution for
given weather conditions and NPS abatement
effort.

Let f(w, A) be the joint density function for
w and A. Using this density function and g(’),
the expected level of Z1 for a given level of
NPS abatement effort prior to observing the
weather is

(2) /-L1(X) = ~~g(x, W, A) f(w, A)dwdA.

Similarly, the expected level of Z1for a given
level of NPS abatement effort after observing
the weather is

(3) /.L,(X, W,) = jg(x, W,, A) f(w,, A)dA

where WOdenotes the realized value of w. Of
these two conditional expectations, the first is
of particular interest from a planning perspec-
tive since decisions about resource allocation
for NPS controi (e.g., land use) must be made
prior to observing the weather.

Given this probabilistic framework for relat-
ing changes in resource allocation for NPS
control to the level of NPS pollution, the next
step in the development of the least-cost pollu-
tion control problem is the specification of the
target that is to be achieved at least-cost. In
more conventional treatments of cost-effec-
tive pollution abatement, the target is often
taken to be a specified level of the pollutant
flow [e.g., Baumol and Oates]. However, the
monitoring problem and the stochastic nature
of NPS pollution make such a target impracti-
cal. A variety of alternative types of prob-
abilistic targets can be imagined. For example,
the target may involve an upper bound on the
expected level of the NPS flow or an upper
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bound on the probability of the flow exceeding
a specified level [e.g., Beavis and Walker].

Since the objective of this analysis is to
learn what can be said about the efficiency
implications of a reallocation of abatement be-
tween point and nonpoint sources based solely
on comparisons of their relative marginal
costs, the target must be such that failure to
achieve it at least-cost implies that an
efficiency gain, or more appropriately, an ex
ante efficiency gain, can be obtained by such a
reallocation. The only target which can meet
this criterion is an expected water quality
damage cost target, where the expectation is
taken prior to observing the weather since that
is the time when decisions about NPS abate-
ment effort must be made. Accordingly, such
a target is adopted for the moment. Considera-
tion is subsequently given to whether the rela-
tionship that is established to exist between
the abatement marginal costs in the least-cost
solution, or progress towards this relationship,
can be obtained without knowledge of the
damage cost function,

Let D(z = z, + Zz) be the water quality
darnage cost function where z, is the level of
PS discharges. This specification assumes that
the PS and NPS pollutants are perfect substi-
tutes. The implications of relaxing this as-
sumption will be noted below. The damage
cost function is taken to be twice continuously
differentiable, increasing, and convex in z.

Using (1), the expected damage cost for a
given level of PS abatement and NPS abate-
ment effort prior to observing the weather is

(4) E[D[g(x, W, A) + (22 – y)]]

where iz is the level of PS discharges that
would prevail in the absence of public inter-
vention for pollution control and y is the level
of PS abatement relative to & i.e., y = 22 –
Z2.The assumptions made about the NPS load-
ing function and the damage cost function
imply that the expected damage cost is de-
creasing and convex in NPS abatement effort
and PS abatement.

Using (4), the rate of substitution between
PS abatement and NPS abatement effort re-
quired to maintain a target expected damage
cost level, say ~D, may be expressed as

(5) dy E[D’gX
~ ~ = E[D’] ‘

tional NPS abatement effort while the de-
nominator is the expected marginal damage
cost due to a reduction in PS abatement. Since
the expected product of two random variables
is equal to the product of their means plus
their covariance, the numerator of (5), prior to
observing the weather, may also be written as

(6) E[D’]/.A; = COV(D’ , gX).

It follows that (5) can also be written

(7)

where

(8) k=l+
COV(D’ , gX) > ~ ~

E[D’]~; “

The term p; in (7) is the expected reduction
in NPS pollution at the margin due to an in-
crease in NPS pollution abatement effort. As
such, IA; gives the rate at which NPS abate-
ment effort may be substituted for PS abate-
ment to maintain a given expected value of the
total pollution load. Accordingly, (7) implies
that the rate at which NPS abatement effort
may be substituted for PS abatement to main-
tain an expected damage cost target is propor-
tional to the rate at which NPS abatement
effort may be substituted for PS abatement to
maintain a given expected pollution load.

It is evident from (8) that the factor of pro-
portionality (k) between these two rates of
substitution depends upon the sign of the
covariance between the marginal damage cost
and the marginal effect of NPS abatement ef-
fort on NPS pollution (i.e., COV(D’, gX) in
(8)). The assumption that D“ > 0 obviously
implies that CO V(D’, Zl) >0 and from this it
follows that the sign of COV(D’, gX) is the
same as that of COV(Z1, gX), It can be demon-
strated that 2COV(Z1, g,) = dVAR(zl)/dX
(e.g., see Just and Pope). Hence, if the vari-
ance of NPS pollution increases (decreases)
with the level of NPS abatement effort, then
COV(D’, g,) is positive (negative) and the fac-
tor k is smaller (greater) than unity. This
means that the rate of substitution of NPS
abatement effort for PS abatement that will
m“kttain an expected damage cost target is
smaller (greater) in absolute value than the
rate of substitution that will maintain a given

The numerator of(5) is the expected reduction
in the damage cost at the margin due to addi-

4 Where D’ >0 and g, <0, the signs of (5), and therefore, (7)
and (1) are negative. Given that K’, <0 in (7), it folfows that k >0.
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expected pollution load if the pollution vari-
ance increases (decreases) with the level of
N PS abatement effort. Which of these pos-
sibilities is the case is an empirical issue which
is not addressed here. Instead, both are con-
sidered.

The cost of NPS abatement effort is ex-
pressed as Cl(x) and the cost PS abatement is
expressed as Cz(y). Both cost functions are
assumed to be twice continuously differentia-
ble, increasing, and convex. Using the sum of
these cost functions, the rate of substitution
between PS abatement and NPS abatement
effort required to maintain a given total con-
trol cost, say TC, is expressed as

YI

(9) dy –c;—— .
iii ~– c: ,.

The numerator of (9) is the marginal cost of
additional NPS abatement effort while the de-
nominator is the marginal cost of PS abate-
ment.

An ex ante cost-effective allocation of PS
abatement and NPS abatement effort for a
target of the type assumed here is now for-
mally defined as a solution to a problem having
the following structure:

Min C,(x) + C,(y)
x,Y

subject to

E[D[g(x, W, ~) + (~z – Y)]] s ED
xLy 20
ED given.

An interior solution to this problem is charac-
terized by an equality of the two rates of sub-
stitution defined by (7) and (9), i.e.,

(lo)

Such a solution is illustrated graphically in
Figure 1 where the curves which are con-
cave to the origin are combinations of x and y
which maintain given total abatement cost
levels and the curves which are convex to the
origin are combinations of x and y which main-
tain given expected damage cost levels.
Abatement costs are greater but expected

5 The result can be derived from the Kuhn-Tucker conditions
for the cost-minimization problem. Given that the constant qual-
ification is satisfied, the Kuhn-Tucker conditions are necessary
and sufficient under the assumptions made about the forms of the
objective and constraint functions,

xfJ co xl
Figure 1. Least-Cost Allocation of Point and
Nonpoint Source Abatement Effort

damage costs are lower for allocations to the
northeast of the origin. If the curve DODOrep-
resents the combinations of x and y which
provide the given expected damage cost
target, ~, then the least-cost allocation of PS
abatement and NPS abatement effort is (xO,
YO)at point F, where the curve dodo is tangent
to the iso-abatement cost curve COCO.Alterna-
tively, if the curve dldl represents the combi-
nations of x and y which provide the target
expected damage cost target, then the least-
cost allocation is (xl, yl) at point G, where the
curve dldl is tangent to the iso-abatement
cost curve clcl.

Implications of Abatement Cost Comparisons

With the exception of the boundary cases, an
economic imbalance between PS abatement
and NPS abatement effort may be defined to
exist whenever (10) does not hold since it
would be possible to reallocate resources to
obtain an expected efficiency gain. The gain
may be the result of reducing the total costs of
pollution abatement while maintaining the
existing expected damage cost level (e.g., a
reallocation from A to F in Figure One); re-
ducing the expected damage cost level while
maintaining the existing abatement cost level
(e.g., a reallocation from A to G); or reducing
the costs of abatement while also decreasing
the expected damage cost (e.g., a move from
A to a point on the curve FG, where FG is a
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locus of combinations of NPS abatement ef-
fort and PS abatement which satisfy (10)).
Note, . however, that a balanced allocation
(i.e., one which solves the above cost-mini-
mization problem) does not imply either ex
ante or ex post efficiency. For example,
neither F nor G necessarily minimizes either
the expected or realized sum of abatement and
damage costs. On the other hand, it can be
shown that an ex ante efficient allocation (i.e,,
an allocation which minimizes the expected
damage cost plus the cost of abatement) im-
plies a balanced allocation as defined here,
Hence, with the exception of the boundary
cases, an ex ante efficient allocation will sat-
isfy (10).

The purpose of the discussion that follows is
to examine two questions: ( 1) Can compari-
sons of the marginal abatement costs be used
to identify a balanced allocation without prior
knowledge of the damage cost function? (2) If
not, can such comparisons be used to improve
the allocation in some situations?

To address these questions, it is useful to
rearrange (10) to obtain

(11)
–C!

= kCj,
v;

The term –Cj/~~ on the left-hand side of ( 11)
may be interpreted as the marginal cost of
expected NPS abatement. As noted above, the
factor k is smaller (greater) than unity if the
variance of NPS pollution increases (de-
creases) with NPS abatement effort. Hence,
(11) implies that the marginal cost of PS
abatement will be more (less) than the margin-
al cost of expected NPS abatement in a bal-
anced allocation if the variance increases (de-
creases) with the level of abatement effort.

Now consider the first question posed
above. Specifically, can comparisons of the
marginal abatement costs be used to identify a
balanced allocation without prior knowledge
of the damage cost function? Since the factor k
depends upon the numerical values of E[D’]
and COVID’, gX], the answer to this question
is negative. The logic behind this conclusion is
straight-forward. Because NPS pollution is
stochastic, the effect of NPS pollution abate-
ment effort is to alter the distribution of a
random variable, i.e., NPS loadings, rather
than to provide a precise level of abatement.
Accordingly, achieving a balanced allocation
requires changes in resource allocation which
provide an equally preferred distribution at a
lower abatement cost, a preferred distribution

at the same abatement cost, or a combination
of an improvement in the distribution along
with an abatement cost reduction. The factor
determining whether a given distribution is
preferred to another is the damage cost func-
tion. Hence, without knowledge of the damage
cost function, it is not possible to identify a
balanced allocation.

Now consider the second question. Spe-
cifically, can comparisons of the marginal
abatement costs be used to improve the alloca-
tion in some situations? To address this ques-
tion, suppose that the variance of NPS pollu-
tion increases with the level of abatement ef-
fort. In this case, (11) along with the conclu-
sion that O < k < 1 imply a set of allocations
which are unambiguously imbalance (i. e.,
those for which –C~/~[ z C;) and another set
which are candidates for being balanced (i. e.,
those for which –C~/K~ < CL). The impossibil-
ity of identifying a balanced allocation on the
basis of marginal cost comparisons noted
above implies that the relative efficiency of
allocations in the candidate set (i. e., the set for
which – Cj/p~ < Cj) cannot be evaluated with-
out knowledge of the damage cost function.
However, where –C~/Kj and C: are, respec-
tively, increasing functions of NPS abatement
effort and PS abatement, then –C~/~~ > C;
means that an expected efficiency gain can be
obtained by substituting PS abatement for
NPS abatement effort. A similar analysis
could be conducted for the case in which the
variance decreases with the level of abatement
effort, the difference being that the two sets of
allocations and the direction of efficiency im-
proving substitutions within the unambigu-
ously imbalance set would be reversed.
Hence, marginal cost comparisons can be
used to improve the efficiency of the allocation
when they indicate an allocation which is un-
ambiguously imbalance.

It must be noted that if the pollutants are not
perfect substitutes, then the relationship be-
tween the marginal abatement costs in a bal-
anced allocation will not be as established
here. Whether – C~/p~ is greater or lesser
than C: in a balanced allocation when the
pollutants are not perfect substitutes is am-
biguous without knowledge of the damage cost
function, This could be demonstrated by sub-
stituting a damage cost function of the form
H(z,, z?) # D(z = z, + Zt) for the latter of
these functions in the previous analysis of the
characteristics of a least-cost allocation. It fol-
lows that neither balanced nor imbalance al-
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locations can be indicated by marginal cost
comparisons and, therefore, that the allocative
implications of marginal abatement cost com-
parisons are nil when the pollutants are not
perfect or near perfect substitutes.

A final point worth noting is that the forego-
ing analysis does not imply that knowledge of
the costs of PS and NPS abatement cannot be
used to achieve any exogenously determined
pollution control objective at least-cost. As
noted above, targets for pollution control
which recognize the uncertainties about non-
point source pollution loads can take a variety
of forms. As long as the target is related to the
levels of PS abatement and NPS abatement
effort, knowledge of the control costs can be
used to identify a least-cost solution. How-
ever, reallocations which achieve any feasible
target need not represent expected efficiency
gains and could result in an expected
efficiency loss.

Concluding Comments

An examination of the possible use of informa-
tion on the relative marginal costs of point
source and nonpoint source water pollution
abatement to assess the efficiency implications
of shifting more of the burden for water pollu-
tion control to nonpoint sources is presented
in this paper. The inherent uncertainty about
the effects of changes in resource allocation
for nonpoint abatement on nonpoint pollution
loads is recognized explicitly in the analysis.
The analysis is focused specifically on the pos-
sibility of using marginal cost comparisons to
achieve a balanced allocation of abatement be-
tween point and nonpoint sources. Such an
allocation is defined as one in which the total
costs of abatement are minimized subject to an
upper bound on the expected environmental
damage costs of point and nonpoint source
pollution. Although a balanced allocation does
not imply an ex ante efficient allocation, an
imbalance allocation implies that an expected
efficiency gain can be obtained by a realloca-
tion of abatement between the sources.

Although some of the specific results of this
analysis are contingent upon the underlying
assumptions, there are two which are quite
general. First, the conclusion that the marginal
costs of point source and expected nonpoint
source abatement wiil differ in a balanced al-
location when the pollutants are perfect sub-
stitutes is due to the uncertain effect of re-

source allocation on nonpoint pollution loads.
Since this uncertainty is a general characteris-
tic of nonpoint pollution, this conclusion is
also general. Second, whether the pollutants
are perfect substitutes or not, the exact numer-
ical relationship between the marginal costs of
point source and expected nonpoint source
abatement in a balanced allocation cannot be
determined without a well-defined damage
cost function.

These two results imply that balanced allo-
cations cannot be inferred from marginal cost
comparisons alone in any case. Moreover, if
the pollutants are not perfect substitutes, then
the entire relationship between the marginal
costs as well as their exact numerical relation-
ships in balanced allocations will be ambigu-
ous without a well-defined damage cost func-
tion, It follows that the allocative implications
of marginal cost comparisons are nil when the
pollutants are not perfect substitutes.

If the pollutants are perfect substitutes, then
limited progress towards a balanced allocation
may be inferred from marginal cost compari-
sons when such comparisons indicate an un-
ambiguously imbalance allocation, This is il-
lustrated by the formal analysis presented
above, which is limited to the case in which
the pollutants are perfect substitutes, the mar-
ginal costs of point and expected nonpoint
source abatement are increasing, the variance
of NPS pollution increases with the level of
NPS abatement effort, and the expected mar-
ginal benefits of point and nonpoint source
abatement are decreasing, In this case, the
marginal cost of point source abatement ex-
ceeds the marginal cost of expected nonpoint
source abatement in a balanced allocation.
Accordingly, given that the marginal costs are
increasing, an expected efficiency gain can be
obtained by substituting point source abate-
ment for nonpoint source abatement whenever
the marginal cost of expected nonpoint source
abatement exceeds the marginal cost of point
source abatement. However, if the marginal
cost of point source abatement exceeds that of
expected nonpoint source abatement, then the
direction of the substitutions required to
achieve a balanced allocation cannot be in-
ferred on the basis of marginal cost compari-
sons alone. Alternatively, the condition in
which allocations can be identified as unam-
biguously imbalance and the direction of the
efficiency-improving substitutions will be re-
versed if the variance decreases with the level
of abatement effort.
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The specific implications of alternative rela-
tive magnitudes of the marginal costs of point
and expected nonpoint source abatement
noted above are contingent upon several as-
sumptions adopted for the analysis. These as-
sumptions may not characterize each case.
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