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ABSTRACT

This paper reports on the conclusions of a three year study ad
dressing public policies for managing Virginia's coastal wetlands. The
purposes and performance of institutions which manage wetlands is
examined. The paucity of appropriate data with which to impute economic
values for public management of wetlands is identified, and the impli
cations of this lack of data for public management is addressed. The
public goals which motivate Virginia wetlands boards, the Virginia
Marine Resource Commission and the Army Corps of Engineers are identi
fied. It is concluded that these institutions may all be characterized
as preservation oriented in their decision on whether to permit wetlands
alteration, but Justifications for permit decisions vary greatly among
these agencies. Finally, a new institution for wetlands management is
suggested as an alternative to the current permitting structure.

*****

The coastal and estuarine marshes of temperate North America have
attracted considerable research and public policy attention in recent
years. With approximately 200,000 acres of marsh legally defined as
tidal wetlands, Virginia has responded to concerns regarding wetlands
with a statewide management program for wetlands. The Virginia program
presently exists in addition to federal programs and numerous more gen
eral land use regulations [Mabbs-Zeno and Batie, forthcoming (a)].
This paper presents an overview of research done at Virginia Tech to
investigate the purposes and performance of institutions for managing
wetlands in Virginia. The public goals which motivated current insti
tutions are first examined. Performance and impact of those institu
tions is then evaluated in relation to both explicit and implicit goals
of legislators and administrators. Finally a new institution for wet
lands management Is suggested as an alternative which offers relatively
good performance on most parameters of importance.

The research at Virginia Tech has been supported by two consecutive
grants from the Federal Sea Grant Office of the National Oceanic and
Atmospheric Administration, U.S. Department of Commerce covering the
period from July 1, 1976 to January 31, 1980. The topics covered in
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this research effort have been titled "Alternative Management Strategies
for Virginia's Coastal Wetlands."

Virginia was selected as a case study which would provide insight
for other states' management programs. The project's findings, however,
are not intended to substitute for the political determination of the
"best" means of managing wetlands. Rather, the project is designed to
provide a decision framework and information base from which improved
management can be fashioned.

Objectives of Current Management Institutions

Net Benefit Criterion

The Virginia program for wetlands management derives from the 197 2
Virginia Wetlands Act which requires that a permit for wetlands alter
ation be obtained from a local government wetlands board before any
development can proceed. The local boards consist of five volunteer
citizens who receive technical and scientific advice from state agen
cies. The Virginia Marine Resources Commission (VMRC) administers the
program in cities or counties which have decided not to set up their own
board. The VMRC also reviews all local decisions and retains power to
reverse local board decisions. The fundamental criterion offered by the
Wetlands Act to guide permit allocation Is to balance the benefits of
preservation with the benefits of development. Specifically the
Virginia law states that a permit should be granted only if "...the
public and private benefit of the proposed activity exceeds the public
and private detriment..." [Va. Code Ann.].

Under Section 404 of the Federal Water Pollution Control Act Amend
ments of 1972, the Army Corps of Engineers also issues permits for wet
lands development. In consultation with the Environmental Protection
Agency and the Fish and Wildlife Service, the Corps grants permits if
analysis indicates "that the benefits of the proposed alteration out
weigh the damage to the wetlands resources and the proposed alteration
is necessary to realize those benefits" [42 F.R.].

The major problem which both the state and federal programs pur
ported to address at the time of their initiation was that wetlands were
not being used in a manner which took account of all forms of value wet
lands provide to society. It had been argued that coastal wetlands can
yield numerous valuable ecological services such as provision of fish
and bird habitat and assimilation of waste. These same tracts of land,
however, might instead be developed as residential, commercial or indus
trial sites. Before the permit programs were instituted, the decision
to develop wetlands was made by private individuals in response to the
price incentives of the land market. The appropriate time and place for
development was determined by the ability of owners to make a positive
return. Because property rights for many natural services were poorly
defined, however, there were no markets where wetlands owners could sell
ecological services to willing buyers. As a result the market alloca
tions did not consider such services as fish habitat even though they
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provide value to the public. The land use pattern generated by uncon
strained market institutions was thought to lead to more development of
wetlands than was socially efficient.

Unfortunately at the time the various laws were enacted, little
information was available to quantify the value of nonmarketed services
of wetlands. Without this information, it is not uncontestably clear
that the state program, the federal permit system or any other govern
ment intervention will be more efficient than the preexisting market in
allocating wetlands use to provide the greatest net benefit to society.
Because there was a lack of knowledge with respect to the magnitude of
the nonmarketed services and because such knowledge appeared to be im
portant for informed decision making, one of the objectives of the
Virginia Tech study was to identify, quantify and-value some nonmarket
and market services of natural coastal wetlands.

Valuing Services of Wetlands

The task of quantifying values of the services not valued by ordi
nary land markets has been approached by a variety of researchers with a
variety of methodologies in recent years. Values are typically
expressed in terms of the willingness of users to pay for services so
that the value of different services may be compared. Where a well
functioning market does not exist for a service, willingness to pay is
imputed from other forms of evidence. Interviews with users of the wet
lands service, market prices of substitute services, market prices of
services derived from wetlands services and other data have been used

[Sassone and Schaffer, 197 8].

Most researchers have sought to express the value of wetlands serv
ices through a single parameter, such as dollars, in order to reveal
what tradeoffs are produced by land use decisions. If services are so
measured, the value of ecological services lost when wetlands are devel
oped can be compared to the development values gained in order to esti
mate the net benefits of developing a wetlands area. Only limited pro
gress in monetary measurement of the value of nonmarketed services has
been made, however, because many, if not most, attempts to measure such
values have used inappropriate methodology.

The most typical analytical error appears to be the use of average
value of wetlands for decisions on acreage which is clearly not average.
When information is available to express the quality of a particular
site for providing services, it may have an important effect on the
estimate of value. More generally, the value of a unit of wetlands
should be expressed as the' value lost when that unit of wetlands is
destroyed; that is, the marginal value is not equal to the average loss
when all wetlands are destroyed. For example, if Virginia develops one
acre of wetlands, the number of migrating birds may be unchanged because
the birds are limited by some other factor in their environment. The
value of that acre of wetlands for migration habitat is zero. If all
wetlands in Virginia were destroyed, however, the bird population would
be drastically effected. Further, more than a simple multiplication of
the value of the first acre times the total number of acres is required
to represent total value of all wetlands. At some acreage of wetlands.
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the value of an additional acre of wetlands destruction for bird habitat

becomes positive and the value increases for each acre destroyed
thereafter.

Some studies have employed improper economic methodology by failing
to attribute value ultimately to the utility of individual people. For
example, energy has been treated as a source of value in studies of wet
lands even apart from its worth to people [Gosselink, et al., 1974].
The energy embodied in the biota of an ecosystem is not equivalent to
energy in a form readily usable to people such as refined gasoline.
Similarly, economic value cannot be attributed to wildlife habitat per
se, but must be related to the use man derives from wildlife, such as
hunting or viewing [Shabman and Batie, 1978].

Conceptual flaws are prevalent in the research attempting to mea
sure the value of wetlands services, but even the most theoretically
sound studies do not offer firm estimates of value. The ecological
foundations for economic analysis are not established well enough to
allow precise statements on value [Shabman and Batie, 1979]. The
research at Virginia Tech investigated several forms of value attributed
to wetlands and found that these values could not be unambiguously
imputed from the existing knowledge base. The role of wetlands in water
quality, for example, remains highly controversial [Park and Batie,
forthcoming]. The contribution of wetlands productivity to oyster pro
duction is not well established [Batie and Wilson]. Whether wetlands
provide any more erosion protection than fastlands is debatable [Owens,
1979]. Aesthetic value of wetlands may be positive or negative, depend
ing on the site and the viewer [Mabbs-Zeno and Batie, 1979].

The value of wetlands for development purposes has better documen
tation because more market Information is available. In the Virginia
Tech study, separate case studies of an urban and rural site in Virginia
indicated that development values for residential lots on wetlands are
not remarkably high (Shabman and Bertelsen, 1979; Mabbs-Zeno and Batie,
1979]. The Virginia Tech studies conclude that wetlands-use decisions
must be made under conditions dominated by uncertainty on preservation
values and that the decision process can be adjusted to reflect such
uncertainty [Shabman and Batie, 1979]. It is suggested that the burden
of proof in decisions to permit development should be placed on those
who wish to develop rather than on those who wish to preserve. Further,
a decision strategy based on limited availability of information has
been developed for wetlands development [Shabman, Batie and Mabbs-Zeno,
forthcoming].

There is a question whether the destruction of wetlands should also
be prevented on the basis that a decision to destroy wetlands cannot be
reversed in the future in contrast to a decision to preserve which can
be reversed. It can be argued that if present information is poor, the
irreversible decisions should generally be delayed until better informa
tion is found. However, the case for total irreversibility of develop
ment decisions may be overstated since substitute inputs may be found
for producing some of the services of wetlands. For example, while wet
lands appear to contribute to oyster harvest in the Chesapeake Bay,
there is a range of output over which changes in harvest technology or
property rights for oystering can substitute for lost wetlands acres
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[Batie and Wilson, 1978]. Additionally, altered natural wetlands may be
replaced by direct construction of new wetlands. In fact, there are
several cases where such marsh building activity has been successfully
accomplished [Garblsch, 1977]. The costs of building new wetlands or of
finding and employing wetlands substitutes are still speculative and may
be high. Thus, while the possibility of substitution for wetlands re
duces the Importance of uncertainty about preservation values, it is not
yet been documented well enough to entirely offset the recommendation
that preservation should be the basic use for wetlands against which
development must be proven worthwhile.

Other Criteria

Although the Virginia Wetlands Act and the directives of the fed
eral management programs cite comparison of preservation and development
values as the major decision criterion, several other considerations are
relevant and are suggested by law. While no constitutional challenges
to the Virginia Wetlands Act have emerged, some permitting practices now
being used may in the future be questioned with respect to constitution
ality and, specifically, equal treatment of like situations. With local
boards reflecting local value systems, different treatments of similar
wetlands proposals are common. Officials at VMRC and others have
expressed the opinion In interviews with the Virginia Tech researchers
that some treatments usurp more private decision making power than the
Wetlands Act intends. Perhaps, too, the wide variety of interpretations
shown by different wetlands boards attests to excessive vagueness in the
Act.

Wetlands board members have Indicated a sensitivity to constitu
tional and other broad legal questions. In interviews and surveys they
frequently expressed a desire for clearer decision guidelines
[Mabbs-Zeno and Batie, forthcoming (b)]. Before the courts remove all
ambiguity in guidelines and before scientific uncertainty about the
existence and scope of wetlands services is eliminated, however, society
will make permitting decisions with whatever information is available.

Performance of Current Institutions

The predominant characterization of Virginia's wetlands boards,
which derives from research on the six years of their existence, pre
sents the boards as highly individualistic in their perceptions of
appropriate action under the Wetlands Act. The City of Virginia Beach,
for example, has set up a formal procedure with strong technical, legal
and clerical support. In contrast, the adjacent City of Norfolk decided
to forego the formation of any board and to allow VMRC to handle wet
lands permits directly. At least one board has adopted the policy of
denying permits for any wetlands destruction over 100 square feet while
other boards regard such parcels as too small for public concern
[Mabbs-Zeno and Batie, forthcoming (a)]. Retaining the ability of local
jurisdictions to express local preferences was a powerful political pri
ority when the Wetlands Act was passed [Carriker, 1976], and the wide
spread popularity today of the Act owes much to this principle.
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The record of permit applications reveals very little of the mecha
nism through which local boards effect controls. Although only about
ten percent of formal permit applications have been denied and even
those are subject to VMRC review, most board members felt that the local
boards and the Wetlands Act had a major Impact on wetlands use.
Responses from seven rural counties indicated that between 50 and 80
percent of local board activity is spent with concerns of citizens who
never file a permit.

In spite of local differences, a large majority of board members
across the state do perceive their responsibility as essentially maxi
mizing net public and private benefit from wetlands use, and they gen
erally do attempt to make judgement within a framework that balances
values from preservation with those of development. Their efforts often
incorporate subtle insights into the value of proposals, but their over
all economic analysis lacks the sophistication necessary for scientif
ically valid use of all available Information [Mabbs-Zeno and Batie,
forthcoming (b)]. The state, through the Virginia Institute of Marine
Sciences (VIMS), has provided strong guidance on questions of environ
mental impact, but a lack of comparable technical aid on other ques
tions, such as development values, leaves the boards with information
focused mainly on preservation values. These informational shortcomings
have resulted in emphasis by local boards on the most conspicuous
values, on expert testimony from VIMS, and on local precedent.

Nevertheless, the boards are able to generate and utilize informa
tion which would be unavailable at higher levels of organization. They
possess relatively detailed knowledge on some aspects of land use value
which they obtain from permit applicants, local experience and personal
contacts. They also have information on feasible informal alternatives
to the denial of a permit.

The outcome of this informational set and, apparently, of the
board's desire to avoid unnecessary confrontation is an emphasis on pro
ject modification [Mabbs-Zeno and Batie, forthcoming (b)]. Wetlands
permit proposals are often changed in negotiation between landowner and
wetlands board so that their impact is minimal. This modification pro
cess may be the most effective aspect of the Virginia Wetlands Act, and
it demonstrates the special abilities of a local board format; however,
the amount of modification is difficult to document. Nevertheless it is
apparent that wetlands preservation benefits are usually heavily
weighted in the process relative to development values.

Impact of Current Institutions

Even though the Wetlands Act and other policies were set up to ac
count for public values which existing land markets did not consider,
the permit systems do not provide perfect social efficiency, even in
theory [Mabbs-Zeno and Park]. Permitting systems by the state and fed
eral governments represent a compromise among efficiency goals and the
considerations of administration and politics.
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The preservation orientation of most boards has been shown through
interviews and surveys [Mabbs-Zeno and Batie, forthcoming (a,b); Jones
and Lynch, 197 8]. Substantiating that finding is the record of permits
which shows only about 100 acres destroyed by permit since 1972 in the
state. There is conflicting evidence, however, indicating that local
boards may not be as effective in protecting wetlands as these statis
tics might suggest. Research which compared actual use of wetlands to
what would have occurred without the Wetlands Act suggests that develop
ment pressure on wetlands has been light and may not have destroyed sub
stantial acreage after 1972. Extrapolation of historical trends for
wetlands destruction to determine future trends is inappropriate because
modern development patterns in Virginia reflect changing locational in
centives. Most wetlands in the heavily urbanized Virginia Beach area
have already been developed so the remaining areas are small tracts with
questionable aesthetic value. The vast acreage of Virginia's eastern
peninsula, constituting over 60 percent of the state's coastal marsh,
remains untouched mainly because better sites on fastlands are available
for the slow growth in the area. A large portion of marshes on the bar
rier islands in that area are owned by a private conservation organiza
tion. Publicly owned land, which does not fall within the Wetlands Act,
includes at least 30 percent of Virginia's wetlands acreage [Niedzwiedz
and Batie, forthcoming].

Aside from the ownership and economic hindrances to development,
there are many overlapping land use regulations. Several counties
attribute the lack of development pressure on wetlands to state building
code requirements. Zoning, erosion ordinances, pollution regulation,
public purchase programs, tax incentives for open space and other insti
tutions contribute to a complex array of options and constraints facing
wetlands owners. Furthermore, the programs specific to wetlands, as
administered by the Army Corps of Engineers and by VMRC, are themselves
redundant. Although the decision criteria in these two agencies are
consistent, the permitting processes function independently. Either
agency can halt wetlands development, a fact -which has led to feelings
of impotence and frustration on the part of some local boards. Indeed,
some boards question why they should spend time and effort in deliber
ating the costs and merits of a proposal which the Corps or VMRC could
reject anyway.

A final consideration in assessing the contribution of current
institutions to wetlands management is enforcement power. The support
provided by city or county attorneys and local courts varies among
boards, but localities can cite a record of strict interpretation of
enforcement responsibilities by such institutions. In the prominent
example of land development by First Charter Land Corporation, over 100
acres of wetlands were destroyed without any permit. The corporation
pled guilty, but were fined only 4,500 dollars. The fine seems like
small incentive to obey laws protecting wetlands when quarter-acre lots
sold for 10,000 dollars.

Mabbs-Zeno



74

A New Management Alternative

As better information for quantifying values of wetlands is com
piled, a clearer image of "optimal" wetlands use emerges. The permit
ting system of state law now in place is not well designed for using
such information because it relies on untrained volunteers to make a
judgement on the value of each specific proposal [Mabbs-Zeno and Batie,
forthcoming (b)]. Similarly, the current institutions may fail to man
age wetlands according to their goals if increased development pressure
causes a courtroom test which further limits the programs. Even without
a court case, the state law may be unable to effectively confront in
creased development pressure since enforcement power is already dubious.
These potential problems with current management institutions, in addi
tion to their high administrative cost, suggest that an alternative
management strategy may be able to achieve the recognized goals more
effectively. An important component of the research at Virginia Tech
has been the search for ways to avoid present and future problems with
out losing the strengths of current institutions.

Structure of the Alternative

An alternative institution called single-resource transferable de
velopment rights has been constructed to offer one possible mechanism
for improved allocation of wetlands. The conceptual roots of this
institution lie in the idea of transferable development rights (TDR's).
TDR schemes involve separating ownership of the right to develop land
from ownership of other rights in land. The common notion that a land
owner can do anything with his or her land has been challenged by the
concept of land as a bundle of use rights or services, each of which may
separately be sold or regulated. Development uses, as distinct from
such uses as open space or wildlife habitat, are especially important
because they involve relatively permanent reductions in the land's
capacity for providing other services of social value.

The single-resource TDR restricts transfer of development rights
among one type of land—that of wetlands. The program operates by issu
ing development rights to current wetlands owners in some fixed propor
tion of acreage owned. The proportion is chosen according to an anal
ysis of current marginal public value of wetlands for development com
pared to preservation. For example, it may be decided that 180,000 of
the current 200,000 acres should be preserved. A ratio of one to ten
would then be chosen, such that a landowner with 150 acres of wetlands
would have 15 acres of development rights. If that landowner were to
develop or destroy more than 15 acres, he or she would have to obtain
rights from other holders. Presumably a market for development rights
would arise, so that the value of development rights becomes independent
of the land from which it originated and is, instead, a reflection of
the marginal private value of developing wetlands in the state. Modifi
cation of the basic program may be done to allow consideration of
regional differences in development value and ecological differences in
preservation value [Mabbs-Zeno and Park, 1979].
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Performance of New Alternative

In theory the single-resource TDR, like permitting systems, does
not provide perfect allocation according to the accepted goals. The
reasons for mlsallocation are different for the two alternatives, but no

data base currently exists for empirical comparison.

A potentially important contribution of the single-resource TDR
lies In its Incentive to create wetlands. Under conventional markets or

permitting incentives, wetlands are economically nonrenewable at the
range of wetlands acreage likely to exist in the near future. With
single-resource TDR's, newly created wetlands have a minimum value of
the market price for development rights across the state or region.
Artificial enhancement of ecological quality by private landowners is

also a possibility.

Speed and efficiency in administering wetlands allocation are both
Improved by TDR's. The current system takes several months on the aver
age to complete consideration of a permit. The cost of investigating
impacts and of holding a hearing can be greater than the value of the
wetlands. With TDR's the cost of information-gathering is largely ab
sorbed by the market, instead of the state, so the additional value ex
pected from Information is considered in the decision to seek further
information. The process costs no more than the participants are wil
ling to pay.

The administrative tasks which remain under a TDR program are rela
tively simple in design and may be further aided by recent experience
with permit programs. A detailed inventory of all wetlands in Virginia
is nearly complete. Local building inspectors and other officials are
already trained to recognize areas defined legally as wetlands. Exten
sive public analysis of each site is not required, only an assurance
that each development is backed by sufficient rights.

Political acceptance of TDR's is enhanced by the freedom it seems
to allow landowners. Market mechanisms are widely used already so their
pressures and incentives are commonly accepted. In addition TDR's re
lease landowners from the uncertainty inherent in a permitting system.
Any site may be developed if it is profitable enough. The system also
appears equitable because It recognizes current property rights, uncer
tain as they may currently be, by giving development rights initially to
landowners. Developers are likely to be supportive of TDR's because
their transactions costs are reduced and their planning process is
easier without permits. Conservationists may support TDR's because
TDR's guarantee the preservation of some minimum amount of acres, TDR's
encourage marsh creation and enhancement and because TDR's lower the
cost of preserving additional acres to the cost of development rights.

The political weak point of TDR's lies in general inexperience with
the TDR concept as a specific program. Numerous proposals have been
developed since Gerald Lloyd published the concept in 1961, but the
first TDR programs actually Instituted are less than ten years old.
Political processes in the U.S. are slow to accept a change perceived as
nonmarginal, so the existence of precedence is critical to political
feasibility. There are, however, several notions similar to TDR's which
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have h.-on used in Virginia to separate various rights In land, including
requirements for marsh creation to offset Illegal wetlands destruction
or highway construction through wetlands [Hundley].

On balance, TDR's are unfamiliar enough to most people that their
initiation und use are hampered. There are no particular enemies to the
use of TDR's, but neither is there a strong supporting constituency be
cause the public benefits are spread so widely. If the current system,
however, faces stronger pressure in the future and falters, TDR's may
emerge as more of a politically viable response.

Conclusions

Numerous land us«- controls have been Instituted in recent years to
provide Improved allocation of coastal wetlands. The dominant justifi
cation for federal and Virginia wetlands programs has been consideration
of services not normally traded in markets.

The ability of ecologlsts and economists to assess the value of
nonmarketed services is poor at present, yielding estimates with wide
variance and high uncertainty especially for natural services. The
search for values has included a full share of methodological errors but
a consensus has emerged indicating preservation services of wetlands are
generally less often valued than development services by conventional
markets.

The local boards set up by the Virginia Wetlands Act, VMRC, and the
Army Corps of Engineers may all be characterized as preservation
oriented in their decisions on whether to permit wetlands alteration.
Th« justifications for permit decisions vary greatly among these agen
cies in certain cases and local boards exhibit considerable ability to
reflect local values, but the tendency to preserve wetlands remains
widespread and Is consistent with research prescriptions. In addition,
local boards utilize various informal powers to protect wetlands through
modification or withdrawal of project proposals.

The various levels of wetlands permitting are substantially redun
dant and the elimination of any single permit review would probably have
little impact on wetlands uses. For most wetlands in Virginia there
appears to be little pressure for development today, so current insti
tutions may perforin differently If future economic conditions favor wet
lands destruction. The current institutions, however, have provided
valuable administrative and legal experience with wetlands management
and have encouraged scientific research.

A new management institution for wetlands has been suggested to
provide greater flexibility for landowners, lower administrative cost
and greater enforcement power under conditions of Increasing development
pressure. This plan, based on transferable development rights, needs
further research, but It builds upon recent experience and offers a
solution to problems expected to test current institutions soon.
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Regulatory Strategics and the Spatial

Distribution of Wetlands

Michael E. Penney'1

Abstract

A conceptual model illustrating the relationship between the
filling of wetlands and regulation is presented. The model demon
strates that the social costs and environmental quality resulting
from several types of regulatory programs can vary due to the spatial
distribution of wetlands. The model wetlands vary only in perimeter-
area ratio. For the wetland with the larger ratio, environmental
quality would suffer from a strategy intended to equalize the social
costs of regulation for wetlands with different ratios. A strategy
chosen to limit wetland areas losses and to equalize environmental
quality, will result in larger social costs of regulation in the
larger perimeter-area ratio wetland.

Introduction

Wetlands have long been viewed as wastelands suitable only
for conversion to house lots, marinas, roads, or other clearly
productive uses when the benefits of conversion were larger than the
costs. This rather narrow view led to the rapid disappearance of
wetlands in many areas of the United States. (1) The trend toward
rapid development of wetland resources is being countered by
regulatory programs as well as by purchase of wetland areas for
conservation purposes. These regulatory and conservation programs
have been heavily supported by the results of scientific studies
demonstrating the value of wetlands in their natural state. (2)
These programs and supporting studies have been heavily publicized
and the publicity has led to a measure of public acceptance of the
concepts of natural productivity and value. But, these concepts
are not fully embraced by interests wishing to develop wetlands.
Consequently, developmental interests are posing a serious challenge
to some regulatory programs. The challenge is based on claims that
regulatory programs inflate the natural '"values" of wetlands and
react slow'y, unevenly, and uncertainly to development proposals.
(3) The c'large that regulatory programs inflate the values of
wetlands could only be answered after the current controversy over
the proper methodology for wetlands valuation has been explored

''Executive Office of Environmental Affairs
Massachusetts Coastal Zone Management Prograr
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more thoroughly. (4) The charge that regulatory programs react
slowly, unevenly, and uncertainly to development proposals could
probably be more easily substantiated than assessing the monetary
values of wetlands. However, it is the intent of this paper to argue
that the options for improving the "evenness" and "certainty" of agency
decisionmaking would be severely limited given even "perfect" informa
tion about the developmental and natural values of wetlands.

This argument can be made more forcefully with reference to
simple models of the development process in wetlands and the
regulatory programs that could be designed to counter it. The
developmental model is based on the progressive filling of a wetland
by a number of developers who place a wide range of values on the
individual fill projects. The model regulatory program is designed
to use either standards or bargaining to counter development in the
wetland areas of the jurisdiction. It will be shown that the spatial
distribution of the wetland resources has implications for the distri
butions of the opportunity cost and wetland area loss under a given
regulatory strategy.

Wetland Development Model

Consider two wetland areas with many identical characteristics
such as natural values and desirability for development. The wetlands
have the same area, but one wetland has a perimeter that is twice
that of the other. (5) The perimeter of each wetland is bordered
by development sites occupying a constant length, e, along the
wetland-upland boundary. The number of development sites around the
short perimeter wetland can be determined by dividing the perimeter,
p, by e or p/e. The number of development sites around the other
wetland is 2p/e.

Developers proceed with their plans by filling into the wetland
various distances, d, after considering the costs of the project and
their affinity for filling wetlands. Each developer placed a certain
value, V, on the project and it is assumed that V and d each have
rectangular distributions and are linearly related over the range of
values, as shown in Figure I.

The value, V, accruing to each p/e developers can be termed the
consumer surplus. (6) If these values are arranged in declining
order, as shown in Figure 2, the area under the triangle VOp/e is the
total value of development around the wetland of perimeter p. The
area under triangle V02p/e is the total value of development around
the 2p perimeter wetland and is twice that of the p perimeter wetland,
as shown in Table 1.

Since the distance, e, filled along the wetland-upland boundary
is constant and the distance d filled into the wetland has a rectangular
distribution, the area filled is dp/2 in the p perimeter wetland and
dp in the 2p perimeter wetland. Both wetlands have the sane area and
if the percentage of wetlands filled is an indicator of environmental
quality, the long perimeter wetland will have lower environmental
quality. The following section of the paper will demonstrate that

Penney



81

a regulatory stragcgy can be chosen that will promote even environ
mental quality of the two wetland system or identical percentage
losses in consumer surplus. No simple regulatory strategy can
accomplish both ends.

Wetland Regulatory Model

Assume that the regulatory agency is charged with preventing a
loosely defined amount of wetlands development as well as with the
duty to treat each development proposal in an equal and systematic
way. The first charge could be carried out more easily by setting a
more definite goal, say a specific amount of the total wetland area
within the jurisdiction. The second charge, of systematic treatment
of development proposals, could be carried out by allowing each
developer to alter a standard amount of wetland area or by bargaining
systematically with each developer in order to limit wetland area
losses. (7) Given the previously described model of development,
the regulatory agency will clearly encounter problems in carrying out
its charges. If the agency attempts to limit the losses of wetland
area to the same percentage in each of the two model wetlands under
its jurisdiction, the losses in consumer surplus or developmental
value will be quite different. If the agency attempts to limit the
losses of consumer surplus to the same amounts in each wetland area,
the losses of wetland will be different.

Identical Losses of Wetland Area

With no regulation, development leads to alteration of dp/2
square feet of the p perimeter wetland and dp of the 2p perimeter
wetland. Let us assume that the agency, after careful consideration,
determines that a loss of only 3pd/8 square feet should be tolerated
in cither wetland. With the information presented in the model of
development in wetlands, the agency could examine the pattern of
development and determine that a standard allowing each developer to
alter d/2 feet into the wetland would lead to alteration of 3pd/8 square
feet in the p perimeter wetland, as shown in Table I. The agency could
attempt to use a standard of d/*i feet in the 2p wetland, but since
some developers alter less than that, less than 3pd/8 square feet would
be altered. A standard of 7d/32 will lead to the alteration of
approximately 3pd/8 square feet of wetlands, also shown in Table I.

Another option available to the agency concerns the decision to
limit the loss in wetland area by bargaining with each potential
developer. In this model, the agency knows that the fill in distances
range from zero to d feet and have a rectangular distribution. For
simplicity, we will treat bargaining only for the 2p wetland. Since
bargaining is to be systematic, it will result in a new, rcctangluar,
distribution of d values. The mid-point of that distribution will be
the average and the average d times the perimeter of the wetland will
be the total amount filled in under bargaining. For bargaining
leading to loss of 3pd/8 square feet, the maximum d will become 3d/8
and the mid-point will be 3(1/16-

The opportunity costs of regulation for each of the two standards
and for bargaining are shown in Table 1 and diagrammed in Figures 2,
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3, and k. As expected, the less stringent standard in the short
perimeter wetland leads to lower opportunity costs. Approximately
one quarter of the unregulated developmental value Is lost. The
average opportunity cost is also lower in the short perimeter wetland.
The more stringent standard in the long perimeter wetland leads to a
loss of five eights of the unregulated value and also a higher average
opportunity cost. Bargaining in the long perimeter wetland leads
to the same total lost opportunity cost as the stringent standard,
but the loss is distributed over all of the developers so that the
average opportunity cost is lower.

Proportionate Losses of Developmental Value

The regulatory agency may pursue a course that leads to some
restriction in both wetlands, but which results in losses of
developmental value in the long, 2p, perimeter wetland that are twice
the tosses in the short, p, perimeter wetland. This goal will lead
to the pattern of wetland area and developmental benefit losses shown
in Table 1 and diagrammed in Figures 2, 5 and 6.

The regulatory standard in each wetland is d/2 feet. This stand
ard leads to a loss of ipd/B square feet in the short perimeter wet
land and 6pd/8 square feet in the long perimeter wetland. The total
losses of developmental value in the 2p wetland are twice those of
the p wetland, but the average losses are the same.

The agency could also bargain systematically to ensure that the
losses of developmental value are proportionate. Focussing again on
the 2p wetland, a bargaining strategy will have to reduce the maximum
distance, d, filled into the wetland to 6d/8 to ensure that the total
loss is twice that of the value loss in the p wetland. This level of
bargaining results in the same changes in wetland area and develop
mental value as the d/2 standard in the 2p wetland. However, the
bargained losses arc spread over all developers and the average loss,
in this case. Is one half the average loss resulting from the standard.

Conclusions

Only a few of the problems facing the regulatory programs protect
ing wetlands can be accurately described in so brief a paper. The
problems chosen here are the concepts of certainty of outcome and
evenness of effect of regulatory decisionmaking. Certainty of outcore
implies that there is a systematic and well publicized process for
making decisions and that the process is capable of producing identical
decisions in identical situations. Evenness of effect implies that the
systematic process will produce a desired effect on either environmental
quality or on the distribution of costs due to regulation. A decision
making systen usina either standards or systematic bargaining rules has
been modelled as a way of promoting certianty of outcome. Set stand
ards or bargaining rules could speed up agency decisionmaking.

However, alteration standards would be difficult to develop for
activities that have environmental effects that are difficult to charac
terize or quantify. Further, neither alteration standards nor bargaining
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rules can promote even distribution of environmental quality and
opportunity costs at the same time. These differences in environ
mental quality and opportunity cost can most easily be seen by com
paring wetlands differing only in perimeter area ration. This com
parison shows, for example, that environmental quality would be
lower in a wetland with a larger porimctor-area ration if regulation
of development wore by a constant bulkhead lino standard. This type
of standard would also promote larger total opportunity costs to be
imposed on development around the larger porinetcr-aroa ratio wetland.

Other methods of controlling development in wetlands have been
suggested to solve some of the other problems that are related to
direct regulation. For instance, development in some wetlands could
be prevented by "selling" the rights to develop other wetland units.
However, setting the number of development rights required to achieve
a given level of environmental quality may prove to be a formidable
problem if the spatial characteristics and expected levels of develop
ment are not considered. It has also been proposed that property
taxes could be lowered for preserved wetlands or raised on developed
wetlands to promote preservation, tlo natter how carefully chosen,
a tax differential would exhibit many of the problems of standards,
as discussed above. For example, an identical tax for all wetland
units would result in those units with larger pcrineter-area ratios
being developed more intensively.

The main objective of this paper has been reached if the reader is
left with a clearer view of how set standards of specific bargaining
rules could play a part in removing some of the more commonly voiced
objections to the regulatory process. Unfortunately, use of standards
or bargaining appears to leave the agency with the difficult choice
of promoting even environmental quality or proportionate loss in
developmental benefits. The former would tend to set an implicit
price for wetlands that varied with the losses of developmental value.
The latter would tend to sot a constant implicit price, but allow
destruction of varying amounts of wetland at that price.
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Table 1

Economic and Environmental Implications of Different Regulatory Strategies

Strategy
Regulatory
Standard

Wetland

Perimeter

Wetland

Area Lost

Developmental
Values Lost

(Retained)

#of Developers
Affected by
Regulation

Average Loss
of Value

NO

REGULATION

NONE

NONE
P

2p

pd/2
pd

(pV/2e)
(pV/e)

p/e
2p/e

(8V/16)
(8V/16)

Identical

Losses of

Wetland

d/2

7d/32
BARGAINING*

P

2p
2p

3pd/8
3pd/8
3pd/8

2pV/16e
10pV/l6e
10pV/l6e

p/2e
25p/16e
2p/e

4V/16
6V/I6
5V/16

Proportionate
Losses of

Value

d/2
d/2

BARGAINING**

P

2p
2p

3pd/8
6pd/8
6pd/8

2pV/l6e
l»pV/l6e
4pV/16e

p/2e
p/e
2p/e

W16
4V/I6
2V/16

* Reduces the maximum d from d to 3d/8
** Reduces the maximum d from d to 6d/8

00
CTV
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Notes

1. See John Teal and Mildred Teal, Life and Death of the Salt Marsh,
(New York: Audubon/Ballantine, 1969) and Our Nation's Wetlands -
An Interagency Task Force Report, by Elinor Lander Horwitz,
(Washington, D.C.: Government Printing Office, 1978) for a
detailed treatment of attitudes toward wetlands and a modern

update.

2. A few of the controversial views on wetlands valuation are:

David A. Huettner, "Net Energy Analysis: An Economic Assessment
Science, Vol. 192 (1976): 101-104j

Howard T. Odum. "Principle of Environmental Energy Matching for
Estimating Potential Economic Value, A Rebuttal", Coastal Zone
Management Journal, Vol. 5, No. 3 (1979): 239-241;

Leonard A. Shabman, and Sandra S. Batie, "Economic Value of

Natural Coastal Wetlands: A Critique." Coastal Zone Management
Journal, Vol. 4, No.3 (1978): 231-247: and

Richard Walker, "Wetlands Preservation and Management on
Chesapeake Bay: The Role of Science in Natural Resource Policy",
Coastal Zone Management Journal, Vol. 1, No. 1 (1973): 75-102.

3. Fred Bosselman: Duane A. Feurer: and Charles L. Sieman. The

Permit Explosion, (Washington: Urban Land Institute, 1976),
review the myriad problems besetting regulatory agencies;

Richard B. Stewart, "The Reformation of American Administrative

Law", Harvard Law Review, Vol. 88, No. 8 (1975): 1669-1813,

reviews the legal and administrative standing of various agency
alternatives for decisionmaking; and

Dan K. Richardson, "The Cost of Environmental Protection:

Regulating Housing Development In the Coastal Zone" (New

Brunswick: Rutgers University Center for Urban Policy Research),
focusses on the social costs of regulation in the coastal zone.

4. One group of researchers feel that even if valuation or ranking
efforts succeed, the results would be used to the detriment of

wetlands protection. See:

Candace A. Oviatt; Scott W. Nixon; and Jonathan Garber.

"Variation and Evaluation of Salt Marshes," Environmental Manage
ment, Vol. 1, No. 5 (1977): 201-211.

5. The long perimeter wetland has a perimeter-area ratio that is
twice that of the short perimeter wetland.

M.E. Penney
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6. See E.J. Mishan: Cost-Benefit Analysis. Revised Edition, (New
York: Praeger Publishers, 1976). Ch. 39 for a similar treatment
of consumer surplus, and

Joseph S. Larson, ed. "Models for Assessment of Freshwater Wet
lands," Water Resources Research Center, Publication No. 32,
(Amherst: University of Massachusetts, 1976), for the use of
historical purchase data for estimating developmental and natural
values of wetlands.

7. Many regulatory programs purport to make decisions systematically,
but on a case-by-case basis, without documenting the decisionmaking
system. It is difficult to imagine a case-by-case, systematic
decisionmaking system that would promote both even environmental
quality and social cost.
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