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CHAPTER I 

INTRODUCTION 

The Problem 

In April 1972 the General Assembly of Virginia passed the Vir- 

ginia Wetlands Act, declaring it to be the public policy of the Com- 

monwealth of Virginia to preserve the coastal wetlands of Virginia 

and to accommodate necessary economic development in a manner consis— 

tent with wetlands preservation. 

.In addition to general policy and standards to apply to deci- 

sions regarding wetlands, the Act provides a zoning ordinance which 

localities must adopt in order to exercise authority over local wet- 

lands. The wetlands zoning ordinance provides that any proposed 

alteration of wetlands requires a permit from a local wetlands board. 

If localities fail to adopt the required ordinance, all activities in- 

volving wetlands alteration require a permit from the Virginia Marine 

Resources Commission (VMRC). 

The Virginia wetlands program is based on the premise that wet- 

lands constitute an irreplaceable natural resource essential to 

existing ecological systems, and this premise is reflected in the 

standards pertaining to the use and development of wetlands:



(1) Wetlands of primary ecological significance shall not 
be altered so that the ecological systems in the wet- 
lands are unreasonably disturbed; 

(2) Development in Tidewater Virginia, to the maximum ex- 
tent possible, shall be concentrated in wetlands of 
lesser ecological significance, in wetlands which 
have been irreversibly disturbed before July 1, 1972, 

and in argas of Tidewater Virginia apart from the 

wetlands. 

Wetlands contribute to fisheries propagation. The vegetation 

of marshes in the tidal reaches of Virginia enters the food web of 

marine species in the Chesapeake Bay. Scientists estimate that 90 

percent of all fish landed in Virginia waters depend upon marshes for 

2 Wetlands have their existance at some time during their life cycle. 

also been credited with other beneficial natural functions, such as 

providing cover for certain waterfowl and fur-bearing mammals. 

Marshes serve as buffers against the effects of storm tides, retard 

shore erosion, and help prevent saltwater intrusion into inland 

freshwater aquifers. 

About 95 percent of Virginia wetlands are in private ownership. 

Because wetland owners cannot appropriate the benefits derived from 

ecological services of wetlands, these benefits do not enter the 

decision calculus of private land use decision-makers. Decisions to 

dredge, fill and develop marshlands are not constrained by the cost 

  

l 
Va. Code Ann., sec. 62.1 - 13.1 et seq. (1973) (Supp. 1976). 

“Marvin L. Wass and Thomas D. Wright, Coastal Wetlands of Vir- 
ginia, Special Report in Applied Marine Science and Ocean Engineer- 

ing, No. 10 (Gloucester Point, Virginia: Virginia Institute of 

Marine Science, 1969), abstract, p. vii.



of the ecological benefits that will be foregone if the wetlands are 

altered. 

The wetland market can be characterized as having elements of 

market failure. The Virginia Wetlands Act is a response to this per- 

ceived market failure and can be considered an attempt to provide 

consideration of the ecological values accruing to society from wet- 

lands in their natural state. 

Like other land use legislation, the Virginia Wetlands Act 

represents a form of institutional change. Institutions in this case 

refer to sets of decision rules, created through the political proc- 

ess, which control resource allocation decisions. The institutianal 

arrangements prior to implementation of the Virginia Wetlands Act 

were characterized by private ownership of most wetlands acreages. 

Disposition of wetlands acreages was subject to the allocative func- 

tions of real estate markets, and decisions concerning use were left 

primarily to private owner-decision-makers. 

A question with important policy implications is why a change 

was advocated in Virginia's wetlands institutions. Like other pro- 

posals for institutitional change, the Virginia Wetlands Act was 

passed in response to dissatisfaction with the performance of exist- 

ing land use institutions. Market failure in the allocation of eco- 

logical services of wetlands can be demonstrated. Yet markets have 

always failed to consider ecological values of wetlands. Demonstra- 

tion of market failure does not explain why wetlands legislation 

passed in 1972 rather than at some other time,



A better understanding of why change is demanded in institu- 

tions for resource allocation is important to people who are ulti- 

mately responsible for deciding whether institutions should be 

changed by political process and, if so, what type of change is war- 

ranted. 

To determine why demand for institutional change occurs re- 

quires an approach to institutions which treats them as endogenous to 

the larger, social, political, and economic system. Such an approach 

requires a larger concept of the economic domain than that adhered to 

be neoclassical economists. It suggests the need for a general 

theory of institutional change. 

The Schultz Hypothesis 
  

Schultz, recognizing the importance of understanding how and 

why institutions change, proposed a theory which treats institutions 

as variables which respond to the dynamics of economic growth. 

Schultz defines an institution as a behavioral rule pertaining to 

social, political, and economic behavior. Although he recognizes 

that not all institutional changes can be treated as a response to 

economic growth, he asserts that a large and important set can be 

treated analytically in this manner. 

Schultz introduces two concepts which are essential to his view 

of institutional change: a) the economic value of the function per- 

formed by an institution, and b) the concept of economic equilibrium 

  

3 
T. W. Schultz, "Institutions and the Rising Economic Value of 

Man,'' American Journal of Agricultural Economics, L (December 1968), 
pp. 1113-1122.



with respect to services of institutions.” If each institutition is 

necessary to the provision of some service, and if there is demand 

for the service, it is therefore within the province of economic 

theory to approach the determination of the economic value of each 

service by supply-demand analysis. Placing this supply-demand ap- 

proach into an equilibrium framework requires the key assumption that 

the economy reaches an equilibrium with respect to the economic ser- 

vices of institutions when rates of return represented by these and | 

other services reach equality. 

In Schultz' view, consequences of the modern economic growth 

process includes all manner of disequilibria, including disequilib- 

rium in the supply and demand of economic services provided by in-~ 

stitutions.” It is this disequilibrium which stimulates pressure 

for institutional change. 

Among the institutions that render services to the economy, 

Schultz lists those that establish the framework for the production 

and distribution of public goods.° “Normally private markets fail to 

produce public goods because the non-exclusion and nonappropriability 

  

4 
Ibid., pp. 1116-1117. 

-Tbid., p. 1117. 

rbid., p. 1114.



implied by the Samuelsonian definition would discourage production 

by profit maximizing resource owners. 

Extending Schultz' view, much environmental legislation over 

the past few years represents institutional change to assure provi- 

sion of valued, though unmarketable, amenities and services of nat- 

ural environments. The timing of the institutional change, given 

failure of existing arrangements to provide for environmental ser- 

vices, is explainable in terms of increases in the value of benefits 

from environmental amenities relative to the value of those develop- 

ment uses of natural environments which are favored by private mar- 

ket allocation but which destroy the ecological productivity of nat- 

ural environments. As benefits from natural environments begin to 

exceed benefits from development activities, incentive exists to ad- 

vocate changes in institutions so that the higher preservation bene- 

fits can be captured, 

It is significant for Schultz' view of institutional change 

that institutions created or changed by political decisions have cer- 

tain characteristics of a Samuelsonian public good. Assume, as 

Schultz does, that institutional change is sought because it will 

benefit all or some portion of the population. Assume further that 

the probability that a given institutional change will be made is 

proportional to the time and resources expended in lobbying for 

  

‘paul A. Samuelson, 'The Pure Theory of Public Expenditure," 
Review of Economics and Statistics, XXXVI (November 1954), pp. 387- 

389. 
 



change. However, once the institutional change has been implement- 

ed, its benefits and costs will accrue to members of the population 

without particular reference to the expenditures made by individuals 

in behalf of lobbying efforts. Thus, an individual in a group organ- 

ized for the purpose of lobbying for institutional change cannot be 

expected to believe that his own failure to cooperate would substan- 

tially jeopardize his prospects of enjoying the fruits of institu- 

tional change.® Only when the expected benefits to each individual 

are quite high relative to personal costs of lobbying for institu- 

tional change would individuals be expected to forego an opportunity 

for a "free ride" and taken an initiative in lobbying for the insti- 

tutional change. This implies that the social benefits to be cap- 

tured by institutional change must exceed the benefits from existing 

arrangements by a substantial amount before active pressures for 

change will be applied. 

A complete empirical verification of Schultz' hypothesis con- 

cerning demand for institutional change would be a vast and expen- 

sive task, given the complexities of institutional interaction and 

the difficulty of acquiring sufficient relevant data. However, the 

case of the Virginia Wetlands Act offers an excellent opportunity to 

explore the view that institutional change in that instance occurred 

in response to the dynamics of economic growth. 

  

Svancur Olson, Jr. The Logic of Collective Action: Public 

Goods and the Theory of Groups (Cambridge: Harvard University 

Press, 1965), pp. 9-13. 

  

 



Objectives 

It is the purpose of this study to develop further insight in- 

to how and why institutions change, with particular reference to 

change in Virginia's wetlands institutions, 

The following general research objectives will be pursued: 

1. to identify the sources of value imputed to unaltered 
ecologically productive wetlands, 

2. to identify sources of value imputed to wetlands 
altered for development purposes, and 

3. to estimate rates of increase over time in preser- 
vation values and development values imputed to 

wetlands. 

Hypothesis 

A strong hypothesis, in the case of the Virginia Wetlands Act, 

would be that preservation values of wetlands, recognized by insti- 

tutional change, grew to exceed the value of benefits imputed to wet- 

lands in development. A test of this hypothesis would require mea- 

surement of actual levels of preservation values, a task which would 

require resources in excess of those available for this study. 

This study addresses the hypothesis that institutional change, 

in the case of the Virginia Wetlands Act, was associated with an in- 

crease in the perceived value of social benefits from wetlands pres- 

ervation, relative to the value of social benefits from those 

development uses of wetlands which destroy their ecological produc- 

tivity.



Contents 

Chapter II presents a more detailed discussion of economic in- 

stitutions and decisionmaking for institutional change. The Schultz 

hypothesis as it relates to the Virginia wetlands example will be 

refined, and research objectives will be specified in greater detail. 

Chapter III develops a theoretical framework, based upon eco- 

nomic rent theory, for defining and measuring rents attributable to 

wetlands as residential sites, Land value comparisons employing re- 

gression analysis will be used to derive a measure of the annual rate 

of increase in market-imputed values to wetlands in development. 

Chapter IV examines several sources of value imputed to un- 

altered, ecologically productive wetlands. Estimates are made of 

the annual rate of increase in the value of benefits imputed to wet- 

lands from recreational sport fishing and from commercial food fish. 

Chapter V will report conclusions, and discuss their implica- 

tions for explaining institutional change and for public policy. 

Limitations of the analysis and of the implications will also be pre- 

sented, along with several suggestions for further research,



CHAPTER II 

INSTITUTIONAL CHANGE: THE CASE OF 
VIRGINIA'S WETLANDS LEGISLATION 

It has been argued that changes in the economy make new demands 

on institutions over time.! Accordingly, some forms of institutional 

change may represent a response to shifting demand for the services 

provided by institutions. If institutions change in response to eco- 

nomic change, economic theory can play a role in explaining sources 

of demand for institutional change and the timing of pressures for 

institutional change. This chapter explores theoretical and concep- 

tual considerations underlying these assertions, examines their rele- 

vance for institutional change in the administration of wetlands re- 

sources, and refines a hypothesis concerning the causes of change in 

Virginia's wetlands institutions. 

Toward an Overview of Political and Economic 

Institutions and Their Interrelatedness 
  

  

An attempt to understand and assess institutions and institu- 

tional change, to articulate a problem setting suggesting research 

opportunities relative to institutional change, requires a clear and 

unambiguous concept of institutions and of relations among 

  

Le W. Schultz, "Institutions and the Rising Economic Value of 
Man," American Journal of Agricultural Economics, L (December 1968), 

p. 1113. 
  

10 -



institutions. A purpose of this section is to develop a perspective 

on the relationships between political decision institutions and in- 

stitutions for resource allocation. 

Institutions Defined 
  

Institutions are variously defined, John R. Commons defined in- 

stitutions as "collective action in restraint, liberation and expan- 

sion of individual action.” Institutions defined in terms of rules 

indicate what: 

".,.individuals must or must not do (compulsion 
of duty), what they may do without interference 
from other individuals (permission or liberty), 
what they can do with the aid of collective 
power (capacity or right), and what they cannot 
expect the collective power to do in their be~ 

half (incapacity or exposure) .'"3 

  

Wantrup imputes a purpose to institutions when he defines them 

as social decision systems that provide "...decision rules for ad- 

justing and accommodating over time, conflicting demands (using the 

word in its more general sense) from different interest groups in a 

» 4 society. 

Schmid defines institutions as "...sets of ordered relation- 

ships among people which define their rights, exposure to the 

  

2 John R. Commons, Institutional Economics (New York: The 

MacMillan Company, 1934), p. 73. 

3 John R. Commons, Legal Foundations of Capitalism (New York, 
The MacMillan Company, 1924), p. 6. 

46 V. Ciriacy-Wantrup, "Natural Resources in Economic Growth: 

The Role of Institutions and Policies," American Journal of Agricul- 

tural Economics, LI (December 1969), p. 1319. 

  

  

 



rights of others, privileges, and responsibilities."” Schmid's defi- 

nition is consistent with the other two and will not be elaborated 

further. 

Schultz defines an institution as a behavioral rule; pertaining 

to social, political, and economic behavior. © He offers, as examples, 

rules that govern marriage and divorce, rules embodied in constitu- 

tions that prescribe the allocation and use of political power, and 

rules that establish market capitalism or specify government alloca- 

tions of resources and distribution of income. 

Economic Institutions and Property Rights 
  

Rules that establish market capitalism, or specify government 

allocation of resources and of income, define economic institutions. 

More generally economic institutions and conceptualized as social 

decision systems which provide decision rules both for the use of re- 

sources and for the distribution of the income stream derived from 

such use. 

Although variously defined, property rights describe the rela- 

tion among people, often with respect to the use of goods or services 

but more generally with respect to the expectations one individual 

  

Pa, Allan Schmid, "Analytical Institutional Economics: Chal- 
lenging Problems in the Economics of Resources for a New Environ- 

ment," American Journal of Agricultural Economics, LIV (December, 
1972), p. 893. 
  

Oschultz, op. cit., p. 1114. 

‘Wantrup, op. cit., p. 1320.
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8 Among other things, may reasonably hold in his dealings with others. 

property rights designate who may appropriate benefits derived from a 

particular resource or other property object, terms under which a 

property object may be used, and under which rights to it may be 

transferred, 

For purposes of providing analytical perspective, reference can 

be made to the concept of a "“non-attenuated structure of rights." 

This structure of rights has the following characteristics.” 

(a) the set of rights is completely specified. That 

is, relationships, entitlements, restrictions, and 

obligations are specified for all transactors and 

transactions and with respect to all possible prop- 

erty objects, (resources or goods and services de- 

rived from them), 

(b) exclusive rights must be specified, so that all re- 

wards and penalties accruing from an action accrue 

to the actor, 

(c) the set of rights must be enforceable and enforced, 

and 

(d) rights must be transferable. 

  

H. Demsetz, “Toward a Theory of Property Rights," American 
Economic Review, LVII (May, 1967), pp. 347-359, reprinted in Eirik 
G. Furobotn and Svetozar Pejovich, The Economics of Property Rights, 
(Cambridge, Mass.: Ballinger Publishing Company, 1974), p. 31. 

  

alan Randall, "Property Rights and Social Microeconomics," 
Natural Resources Journal, XV (October, 1975), p. 733. 
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The institutional structure based upon a non-attenuated system 

of rights is consistent with, and necessary for, the concept of per- 

fect markets. Although the perfect market is an analytical "ideal" 

form of economic organization, it is probably the most thoroughly 

modeled and best understood theoretical form of economic organization 

studied by economists. 

Given the assumption of a non-attenuated structure of rights 

and certain other assumptions defining competitive conditions, wel- 

fare theorists have logically extended neoclassical microeconomics to 

show a correspondence between competitive equilibrium and Pareto ef- 

ficiency. 

This concept of efficiency generated by perfect competition in 

the institutional context of non-attenuated property rights provides 

useful point of reference in later discussion. Specifically, it can 

be shown that the political process, through which institutions 

change, may respond to criteria other than that of efficiency. In 

addition, the unique nature of some resources or environmental ameni- 

ties may preclude specification of a non-attenuated structure of 

rights in them, thus creating problems for their efficient alloca- 

tion. 

Political Decisionmaking For Change in Economic Institutions 
  

Definitions of institutions have been cited which treat them as 

sets of behavioral rules. Economic institutions and the structure 

and conduct of economic organization are conditioned by the



definition and distribution of property rights. Market economies re- 

ly generally upon private ownership and exchange of property. Per- 

fect markets rely on a non-attenuated structure of rights. The con- 

cept of economic efficiency is defined on the performance of perfectly 

competitive markets. Therefore, decisions concerning property rights 

have important welfare implications. 

Rights are defined and enforced by government. Government ul- 

timately performs in accordance with behavioral rules embodied by 

political institutions. Therefore, institutions controlling resource 

allocation can change through the political process which, in turn, 

is controlled by political institutions. A heirarchy of decision in- 

stitutions exists. 

Wantrup's attempts to conceptualize problems in water research 

can be extended to decisions concerning the use of natural resour- 

ces,10 

From the standpoint of decision theory, institutions for re- 

source allocation may be regarded as sets of decision rules ina 

multi-stage decision process. In this process, a sequence of deci- 

sions extends over time and space in an "open' system (or perhaps a 

closed system of tremendous complexity). The system in the control 

of which decision rules are sought is partly natural, environmental- 

ecological; within which human-oriented activities of production, 

consumption, and exchange occur. Decision rules are wanted which 

  

100. V. Ciriacy-Wantrup, "Water Policy and Economic Opti- 
mizing: Some Conceptual Problems in Water Research," American 
Economic Review, LVII (May, 1967), pp. 179-189. 
 



resolve conflicts among users, between private users and government, 

among government users, and between "nature" and human uses. 

To find decision rules for an integrated resources system, we 

may differentiate (at least) three levels of decisionmaking, called 

"the hierarchy of decision levels." 

On the first level, the lowest, the decisionmaking process re- 

lated directly to the control of inputs, outputs, and other quantita- 

tive characteristics of the resource system. The operating sectors 

are both private and public, and both may accommodate or condition 

the operations of nature. Decision rules for this level specify maxi- 

mization of an objective function under constraints imposed by insti-~ 

tutions, technology, and resource availability, achieved by satis- 

fying necessary and sufficient conditions as represented by the cal- 

culus of variations. Dissatisfaction with either the allocation or 

the distribution of resources, or of the goods in the production of 

which they are used, is sufficient to motivate efforts to change the 

institutions or rules to which private (or public) lower level deci- 

Sionmaking has been subjected. Such rule changes are made at the 

second level of this decisionmaking hierarchy. 

Decisionmaking at the second level controls the institutional 

framework of the decision process at the first level. Decision- 

making. at this second level is by political process and cannot be re- 

lied upon to solve ad hoc the many technical difficulties of quanti- 

tative optimizing. Social decisionmaking at the second level treats 

as variables those institutions which serve as constraints at the
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first level. The purpose of decisionmaking on the second level is not 

to control directly inputs, outputs, and other quantitative character- 

istics of resource use patterns nor to obtain a path of quantitative 

welfare optima at various points in time under projected conditions 

for these points. 

Under the constitutional organization of the United States, the 

second level of decisionmaking occurs within the legislative, judi- 

cial and executive branches of government. Within the second level 

of decisionmaking are hierarchies of authority -- federal, state and 

local. The powers of the respective branches tend to be residual 

powers -- those not pre-empted at higher levels. 

The third decision level is represented by the constitutional 

i It was adopted almost 200 years organization of the United States. 

ago, complete with prescribed procedures for altering its provisions. 

It created the legislative, executive, and judicial branches and pre- 

scribed their duties, responsibilities, and prerogatives. It also 

defined the distinctions between local, state, and federal levels 

within each branch, specifying which powers are retained at the 

federal level and which are delegated to lower levels. The constitu- 

tion also contains a list of rights retained by individuals which may 

not be usurped by government and which serve as constraints on govern- 

ment activities. 

The constitutional organization of the United States, with its 

emphasis on individual liberties, no doubt conditions the nature of 

  

llipid., p. 183.
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decisions made by the various authorized units of government with re- 

spect to institutional arrangements for the allocation of resources. 

Specifically, there is presumption in favor of market allocation. 

In the Wantrup categories of decisionmaking, problems in re- 

source use can be viewed as resulting in efforts by citizenry to in- 

voke the powers and processes at the second level of decisionmaking 

to affect changes in rules by which lower level decisions are made, 

in such a manner as to satisfy needs or wants not currently satis- 

fied. 

Institutional Response to Economic Change 

The Wantrup hierarchy of decision levels are useful for the in- 

sights they provide into the relationships among political decisions, 

institutional change, economic organization, and resource allocation. 

They are not sufficient, however, as explanations for why change is 

wanted in established institutions. They do not identify dynamic 

factors in the political and economic systems which generate political 

pressures for institutional change. They do not aid in predicting 

when pressure for institutional change will evolve nor in which sec- 

tors of the economy the pressures will be most intense. 

It was noted in Chapter I that Schultz, recognizing the impor- 

tance of understanding how and why institutions change, proposed a 

theory which treats institutions as variables which respond to the 

dynamics of economic growth. !2 Schultz recognized that not all 

examples of institutional change can be treated thus, but he asserted 

  

secchultz, op. cit., pp. 1113-1122.



19 - 

that a large and important set can be treated analytically in this 

manner. 

Two concepts are essential to Schultz' view of institutional 

change: a) the economic value of the function performed by an insti- 

tution, and b) the concept of economic equilibrium with respect to 

institutions. +? If each institution is necessary to the provision of 

some service, and if there is demand for the service, it is therefore 

within the province of economic theory to approach the determination 

of the economic value of each service by supply-demand analysis. 

Placing this supply-demand approach into an equilibrium framework re- 

quires the key assumption that the economy reaches an equilibrium with 

respect to the economic services of institutions when rates of return 

represented by these and other services reach equality. 

In Schultz' view, consequences of the modern economic growth 

process include all manner of disequilibria, including disequilibrium 

in the supply and demand of economic services provided by institu- 

tions. !4 

In this context it must be remembered that the political process 

of decisionmaking for institutional change is not costless. While 

political lobbyists or decision-makers may disregard the consequence 

of their decisions for others, they cannot ignore the costs to them- 

selves of lobbying or the political costs of an unpopular decision. 

  

13 
Ibid., p. 1116. 

14 
Ibid., p. 1117.



It is this costliness of decisionmaking for institutional change which 

lends an added measure of plausibility to the concept of an equilib- 

rium with respect to the services of institutions. 

Given the cost of collective action for institutional change, 

sufficient incentive must exist to overcome the political inertia be- 

hind existing institutional arrangements if change is to occur. It 

is this assertion which underlies Schultz’ hypothesis that the dynam-~ 

ics of economic growth are responsible for disequilibrium in the sup- 

ply and demand of services provided by institutions. 

A further consideration lending plausibility to the Schultz 

hypothesis stems from the "public good" nature of institutional 

change. If lobbying efforts are successful in promoting institutional 

change, the additional social benefits made possible by institutional 

change are typically available without reference to individual con- 

tributions to the lobbying efforts. 

The implication is that the benefits made possible by institu- 

tional change, accruing equally to all individuals, must be suffi- 

cient in magnitude that any one individual would be willing to bear 

a major share of lobbying costs in order to assure availability of 

those benefits to himself, even though he may expect most other non- 

excludible beneficiaries to “free ride.'' Given that the aggregate 

demand for public goods is the vertical summation of individual de- 

mand curves, total social benefits from institutional change will 

probably be quite large compared to social benefits from arrangements 

existing before institutional change occurs.
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In terms of Schultz' hypothesis, the public goods nature of in- 

stitutional change will require a substantial difference between so- 

cial returns to institutional change and that to existing institutions 

before concerted lobbying for change will be forthcoming. 

This study presents the changes in Virginia's wetlands institu- 

tions as a problem setting in which to explore research opportunities 

suggested by Schultz with respect to institutional change. 

Ecological Services, Market Failures, and Incentives for 
Institutional Change: The Wetlands of Virginia 
  

  

This section is devoted to a description of institutional change 

in the case of the Virginia Wetlands Act, identifying services asso- 

ciated with the change, services associated with pre-existing arrange- 

ments, the role of perceptions in popular evaluation of benefits and 

costs, and a restatement of the Schultz hypothesis. 

Ecological Services of Wetlands 
  

Scientific evidence indicates that vegetation found in tidal 

salt marshes is an essential component of the food-web of which 

marine species sought by commercial fishermen are a part and upon 

which they are dependent. More specifically, an estimated 90% of all 

fish landed in Virginia waters depend upon marshes for their exis- 

tence at some time during their life cycles. /5 Vegetation from tidal 

marshes in decayed form, is fed upon by microscopic organisms which, 

in turn, become food for larger organisms until finally fish are 

  

1 oGeorge M. Dowes and Claiborne Jones, "Virginia Wetlands Law," 
Impact, Richmond, Va., The Council on the Environment, (September, 

1975), p. l.



feeding on small plants and animals which are visible to the naked 

eye. Marsh vegetation also provides shelter for juvenile fishes and 

are known to be productive fish-spawning and nursery grounds. 

Tidal marshes aid in maintaining water quality by filtering out 

sediment from upland sources. /® Clairity of water, which marshlands 

contribute to, is essential to many forms of marine life. 

Salt marsh vegetation had a dense root structure which binds 

soil and peat, protecting shorelines from erosion. Salt marsh root 

systems produce peat, which functions like a giant sponge. This 

quality enables marshes to absorb large amounts of water quickly and 

release it slowly, thereby reducing the effects of coastal flooding 

caused by storms or unusually high tides.+’ 

Marsh vegetation is a protective habitat for a variety of marsh- 

dwelling birds and other animals. Of importance to sport fowlers is 

the use of wetlands by migratory geese and ducks in the winter months. 

Competing Uses for Wetlands 
  

In addition to their productivity as part of the natural ecolo- 

gy, some wetlands in Virginia have economic value as sites for water- 

front development. Such commercial or residential uses of wetlands 

areas tend to be destructive of their ecological productivity, 

  

Orn ia, 
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involving, as they often do, dredging, filling, and draining of areas 

with marsh vegetation. 

A 1969 study!® reported that 4,026 acres of wetlands, or 1.2% 

of Virginia's total wetlands had been lost as waterfowl habitat be- 

tween 1954 and 1969 due to encroachment by human activities. In 

1969, tidal wetlands in Virginia were estimated at 319,614 acres. 

Ecologically productive wetlands were being lost at an increasing rate 

over time, with only 106.7 acres per year being lost in the 1955-59 

period, as compared to 451 acres per year in 1965-69.1° 

Channelization accounted for 47% of wetland acreage loss. Resi- 

dential development accounted for 27% of the loss, industry for 172, 

with roads, docks and marinas, and other causes accounting for the 

remaining gz, 70 

Market Failure in Ecological Services of Wetlands 
  

In an earlier section it was noted that a system of perfectly 

competitive markets, predicted on a "non-attenuated" structure of 

property rights, would function in such a manner as to allocate re- 

sources to their highest-valued use. In reality, of course, the 

specification and enforcement of property rights cannot always be 

  

8 pairfax Healy Settle, Survey and Analysis of Changes Effected 
by Man on Tidal Wetlands of Virginia, 1955-1969 (Masters thesis, Vir- 
ginia Polytechnic Institute and State University, Department of Wild- 

life Management, December, 1969), p. 13. 

oT bid., p. 23. 

20rbid., p. 23.
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"non-attenuated."' This is especially true in the case of the ecologi- 

cal services rendered by tidal wetlands. 

Because of the nature of wetlands (and to some extent, land in 

general) activities on one parcel of land enter the utility or produc- 

tion functions of those residing elsewhere; directly, rather than 

through markets. In particular, the ecological services of tidal mar- 

shes as the source of food and as spawning grounds for marine species 

serve as inputs in the natural production of commercially valuable 

edible sport fish. The owner of wetlands, by choosing not to destroy 

marshes in favor of some incompatible use of the site, has assured a 

continuing flow of ecological services from the marsh which benefit 

sports and commercial fishermen who may live miles away. 

This physical interdependency of tidal marshland with other 

parts of the environment gives rise to certain public goods aspects 

of wetlands.** Generally speaking, the role of salt marshes in the 

marine food web is essential to maintenance of commercially valuable 

marine species. Benefits derived from salt marshes which are avail- 

able for one fisherman are equally available to any and all fishermen 

who care to fish. (Of course, over-fishing can reduce fish popula- 

tions, so that the availability of benefits dimishes beyond some 

point.) The owners of tidal marshlands cannot appropriate the 

  

al eecall that jointness in supply characterizes Samuelson's 

public good, Once produced, any given unit of the good can be made 

equally available to alf, and consumption by one individual does not 

limit or reduce consumption by any other. Paul A. Samuelson, "The 
Pure Theory of Public Expenditure,'' Review of Economics and Statis- 
tics, XXXVI (November 1954), pp. 387-389.



benefits to fishermen that accrue from the preservation of ecologi- 

cally productive marshes. 

Normally, it would be expected that private markets would fail 

to produce public goods because the non-exclusion and non-appropri- 

ability implied by the Samuelsonian definition would discourage pro- 

duction by profit maximizing entrepreneurs. In the case of wetlands, 

the fact that these ecological services are available at all stems 

from the fact of their natural origin. These services of wetlands 

continue to flow until or unless demand for alternative uses of the 

marsh site is sufficient to justify alteration of the site for some 

conventional commercial use. Wetlands owners cannot appropriate com- 

pensation from beneficiaries for "producing" ecological services 

necessary for the fisheries industry. Therefore, they will assure 

the continued production of these services only if their own prefer- 

ences justify it, or if ecological benefits are produced as a coin- 

cidential by-product of other commercial activity on the land. 

Failure of markets to assure continued "production" of the eco- 

logical services of tidal wetlands would be inconsequential if there 

were no competing demands for wetlands acreages. However, evidence 

has been sited of wetlands destruction to accommodate commercial and 

residential uses of the wetlands sites. 

Even the existence of incompatible competing uses of wetlands 

would be of minor importance if the effects of wetlands destruction 

  

22 cottle, Op. cit., p. 23.



were easily reversible. However, once wetlands are drained and filled 

in, they cannot be replaced in the short run. Technology cannot yet 

duplicate complex ecological systems, at least not at costs support- 

able by the current value of commercial products derived from them. 

Uncertainty as to the exact nature of biological linkages which would 

clarify what acreage and location of marshland is necessary to sustain 

a given population level of marine species, coupled with the possi- 

bility that wetlands destruction may result in the extinction of some 

biological species, with the consequent loss of biological informa- 

tion entailed, are arguments for wetlands preservation. 

The Schultz Hypothesis Restated 
  

Failure of markets to account for ecological benefits of marsh- 

lands, even given competing uses for them and the practical irrever- 

sibility of their destruction, still does not explain the pressures 

which were brought to bear for institutional change to assure wetlands 

protection. Private markets have never accounted for the ecological 

benefits of wetlands. That institutional change should occur in 1972 

instead of at some other time could be attributable to dynamic inter- 

relationships which have increased the perceived important of eco- 

logically productive wetlands to some politically influential seg- 

ment of the population. In terms of Schultz' hypothesis, it could 

be asserted that perceived benefits from preservation are increas- 

ing over time relative to perceived benefits from development of 

wetlands.
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The Schultz hypothesis can be formalized by borrowing notation 

used by Krutilla and Cicchetti in their Hell's Canyon study.-> Con- 

sider the annual benefits over time from a given asset, say an acre 

of wetlands.<* 

t 
b, = by (1 + a) 

t 

where: 

b. = benefit in year t, 
t 

dS = benefit in the base year, and 

a = the annual rate of change in b. 

If the demand for the service of wetlands is increasing over 

time, given a fixed, non-augmentable supply of wetlands, then a is 

greater than zero. If q > O, then BF > bos 

The annual benefit will change over time as indicated in the 

diagram of Figure l. 

The Schultz hypothesis can be restated in terms of the relative 

values for a for preservation uses of wetlands as compared to de- 

velopment uses of wetlands: 

where: 

  

23 John V. Krutilla and Charles J. Cicchetti, "Evaluating Bene- 
fits of Environmental Resources with Special Application to the 

Hell's Canyon," Natural Resources Journal, XII (January, 1972), pp. 
4-8. 

24 
Ibid., p. 10. The value of service consumed per unit of time 

is measured by the area under the demand schedule. When the facility 
providing the service is a reusable, non-depreciating asset, such as 

an undisturbed natural environment, the value of benefits is the area 
under the demand curve for each period time the area is used.



  

b = ay © b, a + %) 

  

t 

Figure 1. Time Pattern of Annual Benefits Derived from an Acre 

of Wetlands.



o = the annual rate of change in the value of ecological 

benefits of wetlands, and 

= the annual rate of change in the value of develop- 
ment uses of wetlands. 

“d 

This hypothesis is illustrated graphically in Figure 2. The 

hypothesis asserts that because o, is greater than & perceived a 

benefits to society from the wetlands ecology have been increasing 

more rapidly than net social benefits attributable to wetlands as 

sites for development. At some time, probably before 1972, benefits 

from preservation began to exceed benefits from development. 

Existing institutional arrangements failed to permit appropriation of 

these greater benefits. Thus, incentives existed for political ac- 

tivities designed to assure institutional change to protect wetlands 

from further destruction. 

In the context of this hypothesis, the public good nature of 

the services provided by ecologically productive wetlands assures 

the public good nature of benefits from institutional change in this 

instance. It is significant that preservation of natural environ- 

ments entails all of the problems of organizing for the provision of 

public goods. Potential purchasers of options can be expected to 

bide time in the expectation that others will meet the necessary 

costs, thus eliminating cost to themselves. Since the existence or 

provision of environmental services for one individual renders them 

equally available, without excludability, to others; a collective ef- 

fort to provide for environmental preservation may fail for lack of 

support. Provision of environmental amenities, because of jointness 

in supply and nonexcludability, suffers from free rider problems,
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Figure 2. Hypothesis: Time Rate of Change in Preservation 

Benefits (% ), Exceeds Time Rate of Change in 
Development? Benefits (2), and: bP = benefits from 
preservation, base eribd; bP = benefits from pres- 

ervation, year t; = benefits from development, 

base period; and by = benefits from development, 

year t.



Instead of striving for private negotiation to assure preser- 

vation of natural environments, collective action may consist of ef- 

forts to induce governments to take action favored by the lobbying 

group. In this manner, private collectives can divest themselves of 

the transactions cost which would otherwise result from efforts to 

reach agreement among numerous landowners and numerous non-owners in 

the resolution of conflicts over the use of natural environments, 

However, as was discussed in an earlier section, lobbying ef- 

forts are themselves costly. Benefits made possible by legislation 

protecting wetlands are available without reference to individual 

contributions to the lobbying efforts. 

In terms of Schultz' hypothesis, the public goods nature of 

benefits from institutional ‘change will require a substantial dif- 

ference between the social return to preservation and that to de- 

velopment before concerned lobbying for protective legislation will 

be forthcoming. 

Importance of Public Perceptions 
  

Schultz' hypothesis would suggest that the social rate of re- 

turn attributable to wetlands ecology has increased at a faster rate 

than has the social rate of return to wetlands as sites for develop- 

ment, and that, for a politically influential portion of the popula- 

tion, the expected benefits flowing from wetlands given institutional 

change (the Virginia Wetlands Act) exceed expected benefits from 

development uses.
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It is not sufficient, nor is it even strictly necessary, that 

actual benefits from preservation increase more rapidly (or exceed) 

actual social benefits from development. It is necessary and suffi-~ 

cient that a politically influential portion of the electorate per- 

ceive that benefits to be captured through institutional change ex- 

ceed benefits to be realized through development uses of wetlands. 

Some indication of the nature of public perceptions of ecologi- 

cal versus development benefits can be gained by reviewing trans- 

cripts of public hearings held in four localities throughout Virginia 

during October 1971, by the Virginia Wetlands Study Commission prior 

to drafting of legislation.-> Although proponents of protective 

legislation did not speak with one voice, there was consistency in 

the perceptions of proponents regarding sources of ecological bene- 

fits of wetlands and in the sense of urgency with which the need for 

protective legislation was expressed. 

Repeated reference was made to the importance of salt marshes 

to recreational fish as well as to the commercial fishery.° Objec- 

jection was voiced to "Venice type of development" each of which 

"cuts the productive potential of the marshes, and if enough of these 

areas are developed, the fishing that attracts many will be greatly 

dimished, not only for these people, but for the rest of the public." 

  

Copies of the transcripts, and of letters and documents in- 

cluded in the record, are available on microfilm from the Division of 
Statutory Research and Drafting Studies, Virginia Advisory Legisla- 

tive Council and Select Committee, Virginia State Library, Division 

of Records Management, Richmond, Virginia. 

2Oc6e, for example, a letter of October 10, 1971 to the Wet- 
lands Study Commission from Ira M. Gabrielson.



Another example of this view is as follows: 

"the dependence of commercial and sport fishing on 
wetlands is dramatically - and tragically - illus- 

trated by the decline in fish catches that has ac- 

commpanied the_rapid destruction of wetlands in 

recent years. Between 1955 and 1965, the catch 

of estuarine dependent fish off the Atlantic and 

Gulf states has dropped from 393 million pounds to 
291 million. In the last five years of that 

period, commercial catches of eighteen Atlantic 

species declined by as much as 50%. The importance 

of these figures to Virginia's economy is pointed 
up by the fact that nearly 95% of the state's 
total annual catch of fish, commercial and sport, 

are estuarine dependent." 

In addition to the belief that the values of commercial and 

sport fisheries are dependent on wetlands acreages, the conviction 

was expressed that failure to enact protective legislation would re- 

sult in rapid and extensive destruction of marshes. The tradition 

of private wetlands ownership and allocation... 

"...caused such things as the irreversible de- 

struction of 20% og Virginia's wetlands and 50% 
of Connecticuts'" 

"I feel that [a] zoning solution will be forced 
upon us in any event, in a context of desperate 

reaction to crises..." 

"The swamps' use [under zoning] could be mostly 
classified to remain as it is. Otherwise its 
character as we know it, will continue to become 
altered and will eventually disappear." 

In other testimony, an Interim Report on Wetlands by the Vir- 

ginia Institute of Marine Science, 1969 was sited: 

  

21 october 8, 1971, Statement to the Virginia Wetlands Study 

Commission on Behalf of the Audubon Naturalist Society of the Central 

Atlantic States, by William A. Houston. 

28, etter to Russell M. Carneal, Chairman, Wetlands Study Com- 

mission, from Thomas M. Rowe, December 3, 1971.
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If measures were not taken soon: 

"there exists a strong possibility that a unique 

resource which would be held beyond price or any 
economic means of reckoning by future generations 9 

will be lost to the Commonwealth and its people." 

The opinion was voiced at one hearing, by a candidate for the 

State Senate, that in the next twenty to thirty years all the wet- 

lands of Virginia would be destroyed unless some legislative action 

was taken at once. 

If these examples of public testimony are taken as representa- 

tive of the perceptions of proponents of protective wetlands legisla- 

tion, several implications seems clear: 

9) 

9) 

3) 

4) 

Proponents of wetlands legislation felt that 

social benefits lost through development uses 

destructive of wetlands exceeded benefits to 

society from development. 

Proponents of wetlands protection attached the 
same high value to every acre of wetlands, with- 

out perceiving the possible low value of margi- 
nal acres. 

Wetlands ecology was implicitly credited with the 

total value of commercial and sport fisheries. 

Wetlands left undisturbed would continue to be 

productive indefinitely, with a high probability 

that their value would increase with time, 

  

29 
October 8, 1971, Statement by Ted Pankowski, Co-Chairman of 

the Wetlands Committee for the Conservation Council of Virginia, be- 

fore the Wetlands Study Commission, Arlington County Courthouse. 

30 
October 13, 1971, Minutes of the Virginia Wetlands Study 

Commission, Arlington County Courthouse, p. 6.
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5) Without legislative intervention, all ecological 
values of wetlands would eventually be lost for- 

ever. 

Again, however, a relevant question would be to inquire why 

members of the public were willing to lobby for protective legisla- 

tion in 1972 rather than at some earlier or later period, To the ex- 

tent that perceived benefits from alternative uses of wetlands are 

based upon actual benefits, then a measure of actual benefits would 

serve as information with which to test the hypothesis of Figure 2. 

If other values are generally perceived to be valid indicators of | 

relative benefits, then relevant measures for the test of the 

hypothesis would be based upon those values perceived to be valid. 

  

The Problem for Empirical Research 

The Virginia Wetlands Act is an example of a change in a land 

use institution, The change occurred through second-level decisions 

in the political arena. Prior to the change, wetlands were allo- 

cated to alternative uses through first-level decisions of private 

landowners. However, some of the ecological services of the wet- 

lands are characterized by certain aspects of public goods, making 

it impossible for non-attenuated property rights to be vested in 

them. The result was failure of markets to force consideration of 

the ecological value of undisturbed wetlands in private decisions to 

develop wetlands. That is, there was market failure in the alloca- 

tion of ecological services of wetlands.



However, there has always been market failure in the ecological 

services of wetlands. A problem for research is to determine why 

change occurred when it did. 

The approach to institutional change represented by the inter- 

pretation of Schultz’ hypothesis presented in this chapter has intui- 

tive appeal. If it is correct, it will help explain both the timing 

and the intent of activities directed toward institutional change. 

A problem for empirical research is to estimate or approximate 

values for Ol» Oy? bs and bP. Measures of these values would reveal 

whether or not benefits from preservation of wetlands increased in 

value over time at a faster rate than benefits from development uses 

of wetlands, so that in some year benefits from preservation of wet- 

lands began to exceed benefits from development of wetlands, creating 

an incentive to lobby for institutional change to capture the larger 

preservation benefits. 

Unfortunately, resources required to estimate levels of bene- 

fits attributable to preservation of wetlands would exceed those 

available for this study. Therefore, this study will estimate values 

for om and &, to test the weaker, although related, hypothesis that 
d 

O, was greater than a, with respect to the value of benefits derived 

from Virginia's wetlands. The weaker hypothesis must hold true in 

order for the stronger hypothesis to be accepted in the case of in- 

stitutional change represented by the Virginia Wetlands Act of 1972. 

Chapter III presents a theoretical framework for identifying a 

measure of the value of wetlands in development uses and a basis for 

calculating the time rate of change in annual rents attributable to



wetlands in development as an approximation of ge. The last part of 

Chapter III presents results of an attempt to empirically estimate 

Oe Chapter IV presents theoretical and empirical findings relevant 

to the estimation of 0 the time rate of change in benefits imputed 

to ecological productivity of wetlands. 

Chapter V presents an overall summary of findings, and a dis- 

cussion of conclusions and implications to be inferred from those 

findings.



CHAPTER III 

CHANGING VALUES FOR DEVELOPMENT 

USES OF WETLANDS 

Introduction 

Observed development activities on coastal wetlands in Virginia 

indicate that most development demand for wetlands is derived from the 

demand for waterfront residential sites. The practice of draining and 

filling marshes, and of dredging channels through marshes to achieve 

open water access to adjacent upland residential sites indicates that 

the development alternative for wetlands is based upon the demand for 

site advantages of waterfront or channelfront location, and is not 

related to such factors as the type or density of vegetation to be 

found on the site. 

This chapter comprises a study which seeks to measure changes in 

the benefits from residential uses of wetlands. A measure of the 

value of a characteristic of certain land parcels is needed. The mar- 

ket value of such characteristics as channelfront location cannot be 

observed directly because the characteristics, like land itself, are 

distinct from capital and labor insofar as they are immobile. A char- 

acteristic of land cannot be moved in order to capture a higher market 

value. The characteristic may be attributed only with that portion of 

value in production or consumption which remains after payments are 

made to non-land factors necessary to capture or use the site 
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characteristic, and to other characteristics of the land which con- 

tribute to its productivity. 

In competitive land markets we would expect sellers to accept no 

less and buyers to pay no more than the expected present value, in 

dollar terms, of annual rents over the productive life of the parcel 

of land in its intended use. A measure of the market value of a par- 

ticular characteristic, then, would be the difference between the 

market price of a parcel possessing the characteristic and another 

parcel not possessing the characteristic, all other factors being 

equal. 

If market price differentials attributable to amenities asso- 

ciated with channelfront location in Virginia's wetlands can be iso- 

lated, and if changes in this differential are observed over time, 

then a measure of the time range of change in benefits attributable 

to development of wetlands can be computed. The measurement of such 

differentials in land values, if they exist, is the objective of the 

study reported in this chapter. 

Determinants of Land Prices 
  

This section presents a graphic illustration of the relationship 

between land rents and price determination for residential property. 

This illustration will facilitate conceptualization of expected prop- 

erty value differentials resulting from situation of a residential 

site on a channel instead of away from the water.
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Land Rent and the Market Value of Land 
  

Assume that capital, measured in dollars per year, is the only 

nonland input and that it is being combined with a parcel of land of a 

known fixed size. Assume that the variable input, capital, exhibits 

declining marginal productivity, so that the total physical product 

increases at a decreasing rate. (See Figure 3, a and b.)t 

The value of the marginal product (VMP) represents the return in 

cents per year to marginal dollars of capital investment. Therefore, 

values on the vertical axis of Figure3, c, are expressed as percent- 

ages. The VMP curve is equivalent to a marginal efficiency of capital 

schedule. Points on the schedule represent the marginal rate of re- 

turn, r, of capital applied to a parcel of land of a fixed size. 

Since the vertical axis represents percentages, the area under 

the VMP curve corresponds to a fraction of the money sum shown on the 

horizontal. Thus, the VMP curve can be used to show changes in money 

returns, with total returns per time period represented by the area 

under the VMP curve from the origin to the point on the horizontal 

axis corresponding to the units of capital applied to the fixed acre- 

age of land in the production process. 

The marginal rate of return to capital is comparable to the mar- 

ket rate of interest. If the market rate of interest (i) is taken to 

be the cost per dollar of capital, then i is the marginal factor cost 

of capital (MFC, )- 

  

l actually, Figure 3 depicts a production relationship wherein. the 
marginal productivity of capital is declining and eventually becomes 

negative. This is assumed for the ease of exposition which results 
from having a marginal productivity curve which intersects both axes.
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Units of Physical Product 

TP TP 

  
Units of capital, K, in $ 
Applied to Fixed Acreage 

a. Relationship of Total physical Product, TP, to the level of Cap- 

ital, in Dollar Units Per Time Period, Applied to a Parcel of 
Land of Fixed Size. 

Units of Physical Product 
fn 

MP 

  ? 
Units of Capital, K, in $ 

Applied to Fixed Acreage 

b. Relationship of Marginal Physical Product, MP, to the Level of 

Capital, in Dollar Units Per Time Period, Applied to a Parcel of 

Land of Fixed Size. 

Al 
c. Equilibrium of Value of Marginal Product 

(VMP) With Marginal Factor Cost of Capi- 
tal (MFC;) 

r — MFC. = j k i   

  — ‘ 

0 k Units of Capital, K, in $ 
Applied to Fixed Acreage 

Figure 3. Derivation of Marginal Rates of Return Per Time Period to 
Capital Applied to a Fixed Acreage of land, all Other In- 

puts Held Constant.



42 - 

At the level of capital, K, (see Figure 3, c), the marginal fac- 

tor cost, MFC, equals the value of the marginal product VMP. Since 

MFC, is equivalent to the market rate of interest, i, and since points 

on the VMP curve are equivalent to the marginal rates of return to 

capital, r, then i = r at the equilibrium level of investment, K}> of 

capital in dollars per time period applied to a parcel of land of 

fixed size. That this equality is an equilibrium is demonstrated in 

paragraphs to follow. 

Assume a market rate of interest equal to i_, (Figure 4). The 1? 

profit maximizing level of capital investment on the given parcel of 

land is OK, - That is, the profit maximizing level of capital invest- 

ment on the parcel of land is that level at which VMP in percentages 

equals the market rate of interest. At levels of investment less than 

OK) > such as OK,; the rate of return per dollar invested, Los is 

greater than the market rate of interest, ij> signaling higher levels 

of investment. At levels of investment greater than OK, the rate of 

return per dollar of capital invested is less than the opportunity 

cost of capital. In this case a lower level of capital investment is 

indicated. 

At OK,» total returns per time period on the given land parcel 

are OABK, - Of this total, area Oi, BK) represents the cost of adjusted 

capital, and the triangle i,AB is the residual return to the fixed 

factor, land. This residual is the land rent per time period. The 

present value of the annual amounts of 1, AB is the maximum market 

price the parcel of land would command if it were undeveloped. Upon
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Units of Capital in 

Dollars, Applied to 

a Fixed Acreage 

Figure 4. Optimal Level of Investment and Land Rent.



development, the present value of annual amounts of OABK, is market 

price. 

Therefore land rent, and hence sale price, is dependent upon 

forces in the capital market which determine interest rates and upon 

forces in the product markets which affect prices of the final product 

thereby shifting the VMP curve. Technological change which alters the 

marginal productivity of capital will shift the production function 

and thus the VMP curve. 

Residential Sites and Land Rent 
  

The theory of land rent as discussed in the preceding section 

implies that the market price of land depends upon the expected flow 

of net revenues from the land, since land buyers consider financial 

gain as their motive for buying land. 

In choosing a residential site, the profit motive is not the 

only factor affecting the potential homeowner's selection of a partic- 

ular site. Such factors as neighborhood amenities and certain physi- 

cal characteristics of the property all contribute to the residential 

site purchaser's attained level of utility. When the land-purchase 

decision is motivated by profit, it is a production decision with the 

determinants of profit easily converted to monetary costs and returns 

and reflected in the VMP schedule discussed above. However, the cost 

and return framework may have a different interpretation in the case of 

residential location choice, with the demand schedule for residential 

land development being perceived as a marginal product schedule.



Lancaster's "new approach to consumer theory" suggests a way to 

demonstrate correspondence between the two concepts.” In Lancaster's 

framework, goods are not the direct objects of utility. Instead, it 

is the attributes or characteristics associated with goods which are 

the objects of utility. Characteristics may be objectively assigned 

to goods and then subjectively ranked by the individual consumers. As 

in traditional consumer theory, the consumer attempts to maximize 

utility given his unique preference ordering over all vectors of char- 

acteristics, and given costs and his income. In this sense, the de- 

mand for goods is derived from the demand for their characteristics. 

The implications for residential site selection is that the demand for 

a particular housing site is a function of the set of utility-creating 

characteristics of the site. Consumption is a production process in 

which goods are entered as inputs and costs, and out of which charac- 

teristics emerge as outputs and returns. One of these characteristics 

may be waterfront residential situation. 

To capture the site characteristics, a residence and perhaps 

certain other improvements must be available at the site. The cost 

of the improvements represents a type of capital outlay necessary to 

capture the site characteristics. The difference between the "return" 

on capital improvements and total purchase price of a residential site 

  

2 kelvin J. Lancaster, "A New Approach to Consumer Theory," 

Journal of Political Economy, LXXIV (April 1966), and Demetrios 

Damianos and Leonard A. Shabman, Land Prices in Flood Hazard Areas: 

Applying Methods of Land Value Analysis, Bulletin 95 (Blacksburg, 
Virginia: Virginia Water Resources Research Center, April 1976), p. 

15. 
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will represent the "rent" earned by the bundle of characteristics of 

the. land itself. 

The concepts are analogous to those related in Figure 3. The 

application of capital to land as a residential site produces "resi- 

dential services" as its total product. Diminishing, although posi- 

tive, marginal product of residential services is an intuitively ac- 

ceptable concept and would be subject to empirical measurement if 

residential utility could be observed and directly measured. Finally, 

a VMP curve for residential services would relate per dollar rates of 

return to alternative levels of capital improvements. Given this con- 

cept of the production of residential services, the utility-based 

rents to various residential sites can be compared. In particular, 

rent differentials attributable to amenities associated with water- 

front situations may be hypothesized. 

Site Amenities and Rent Differentials 
  

Consider the application of capital as improvements to capture 

site characteristics of a residential plot of given size. The plot 

itself is characterized by its surface characteristics, proximity to 

schools, stores, place of employment,climate conditions and other fac- 

tors. In a manner quite analogous to that illustrated in Figure 3, 

application of capital to the land parcel produces a utility-based 

residential service with total product, marginal product and VMP 

MP and VMP curves, shown as TP 1? 1? L? in Figure 5, a, b, and c, respec- 

tively. Although it cannot be measured directly, the residential
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pe of Residental Services 
4 

TP, 

TP) 

    Units of Capital, K, in $ Applied to 
Fixed Acreage 

a. Total Product of "Residential Services" from Capital Applied to 

an Inside Residential Site (TP,) and Capital Applied to Channel- 
front Residential Site, (TP, )s ceteris paribus. 

  

Units of Residential Services    
b. Marginal Product of ''Residential Ser- 

vices" from Capital Applied to an Inside 
Residential Site (MP, ) and Capital Ap- 
plied to Channelfront Situation Site 
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: > 
0 Units of Capital, K, in $ Applied to 

Fixed Acreage 
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0. ky, ky Units of Capital, K, ih $ Applied to 
Fixed Acreage 

c. Value of Marginal Residential Product from Capital Applied to an 

Inside Residential Site (VMP,) and Capital Applied to a Channel- 

front Residential Site (VMP,, ; ceteris paribus. 
  

Figure 5. Effects of Channelfront Situation on Returns to Capital 

Applied to Residential Sites Per Time Period, all Other 

Inputs Held Constant.



site-owner's decision to invest amount OK, in site improvements (Fig- 

ure 5, c) implies that the VMP in per dollar rates associated with 

that level of investment just equals the market rate of interest. The 

present value of the dollar amount represented by OABK, per time 
1 

period for the expected life of the residence will be the market value 

of the site plus improvements. The present value of amount O;,BK, per 
l 

time period over the expected life of the residence is the return to 

the investment in improvements. Amount iAB is the rent attributable 

to the site with its complement of characteristics. 

Consider a residential site comparable in all respects to the 

one just examined, with the exception that it is located on a channel 

dredged through a marsh, granting boat access to open water from the 

residential site. A prospective residential site purchaser recog- 

nizes this added characteristic of the site as an extra amenity. Con- 

ceptually, the waterfront location acts as a shifter of the TP curve 

(assuming both site purchasers have identical tastes) from TP, to 
1 

TP. For every dollar spent on capital improvements, a greater total 

level of site amenities is captured on the channelfront lot than on 

the inside lot. The difference between TPO and TP, attributable to 

the waterfront situation of the second parcel is strictly analogous 

to the difference in production functions between fertile acreages and 

less fertile acreages in agricultural production. 

The difference between TP. and TP, is reflected as a shift from 
1 

MP, to MP. in Figure 5, b, and, thus a-shift from VMP, to VMP 5 in Fig- 

ure 5, c. For a given market rate of interest i, the upward shift in



the VMP suggests a higher level of capital investment in improvements 

for capturing site amenities, from OK, to OK 1 2 For a given level of 

investment in improvements, the utility-based per-dollar rate of re- 

turn will be higher for the channelfront site. (Additional investment 

in improvements may consist of boat docks and bulkheads needed to cap- 

ture the channelfront amenity in addition to investment needed to cap- 

ture other site amenities common to both sites). 

The shift to the right in VMP curves between the inside residen- 

tial site and the waterfront site (all other characteristics being 

identical) results in a greater expected market price for the site- 

plus-improvements. Of this increase in market price, the present 

value of amount K, BCK, per time period (over the life of the improve- 

ments) is attributable to increased investments in improvements. The 

present value of amount AD CB per time period represents rents imputed 

to the amenities associated with channelfront situation, since the 

site characteristics are otherwise identical. 

To summarize, the market price of a channelfront residential 

site plus improvements is expected to be: 

T ODCKy 
P= y — 

t=1 (1+i) 
where: 

PL. market price of channelfront residence, 

ODCK, = annual returns to site plus improvements, 

iy = the market rate. of interest (as well as the rate 
of return to capital applied to channelfront 

site at level K)



T expected life of the residence, and 

t = year. 

Similarly, the expected market price of a residential site iden- 

tical in every respect to the channelfront site except for channel- 

front situation, plus improvements, will be: 

T OABK 
P,= 2 _ + 

t=1 (1+i)* 

where: 

PL = market price of an inside residence (as opposed 
to channelfront residence), 

OABK. = annual returns to the site plus improvements, 

4) = market rate of interest (as well as the rate of 

return to capital applied to an inside site at 
level k)> 

kK = level of investment in improvements, in dollars, 

T = expected life of the residence, and 

Ct year. 

The difference in expected market price between the two residen- 

ces is therefore equal to: 

ODCK, - OABK, 

P= y —_— 
L (1 + it t ft 

m
w
H
 

In order to identify the difference in site rents attributable 

to the channelfront location, it is necessary to first subtract re- 

turns turns to capital from total returns in each situation. Differ- 

ence in market value attributable to channelfront situation is given. 

by:



(ODCK, - OiCK,) - (OABK, - OiBK, ) 

  

T 

t= 1 (1 + ijt 

This computation leaves the present value of ADCB per time 

period as the market valuation of the amenity associated with channel- 

front location. 

Rent Differentials and Demand for Waterfront Sites: Change Over Time 
  

The preceding section demonstrated the conceptual relationship 

between channelfront situation and residential site rents, represent- 

ing the effect of channelfront amenities as a shift in the function 

relating total "production" of residential services to the applica- 

tion of capital improvements (TP, to TP, in Figure 5, a). Fora 

given, implicit, market determined dollar valuation per unit of resi- 

dential services, the effect of channelfront situation was a shift to 

the right in the VMP curve for capital improvements applied to capture 

the site amenities, as compared to the VMP curve for an otherwise 

identical inside site. 

The implication of Lancaster's theory for residential land 

prices is that the demand for the services of reisential housing loca- 

tion is a function of a set of characteristics which creat net utili- 

ty, of which the amenities of channelfront situation is one. It is 

conceivable that the demand for a particular amenity or site charac- 

teristic could change over time, independently or in addition to 

changes in demand for residential services in general. 

Conceptually, a change in demand for residential services im- 

plies a change in the implicit dollar valuation per unit of



residential services, given constant supply conditions. Therefore, 

an increase in the general demand for residential services would re- 

sult in a shift to the right of the VMP curve shown in Figure 3, c, 

all other factors being equal. 

If, in addition to a general increase in demand for residential 

services, there is an increase over time in the demand for channel- 

front amenities, the result would be an even greater shift to the 

right in the VMP curve for channelfront properties than for inside 

properties. This effect over time would cause an increase in the site 

rent differential between channelfront and inside residential sites. 

The time rate of change in values represented by the area ABCD 

(Figure 5, c) would be a measure of the time rate of change in bene- 

fits per unit of wetlands imputed to development uses of wetlands. 

This time rate of change in benefits per acre of wetlands would be 

computed as the value, Og > which satisfies the following equation: 

, _ t 
ABCD | = (1 + a? (ABCD | ) 

Oo 

. t 
which resembles: b. = (1 +4,) b 

t d oO 

where: 

4 = time rate of change in annual rent per acre 

of developed wetlands, 

ABCD, = annual rent per acre imputed to channelfront 
situation, current period, th» and 

ABCD | = rent per acre imputed to channelfront situa- 
O tion, initial year to.
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Given values for ABCD, , ABCD. » and t, q may be found under a 

Oo 

financial table for compound interest. 

The value of ABCD for a given time period may be derived from 

the market price differential between channelfront and inside resi- 

dential sites for that time period, all other things being equal. 

Recall that market price of residential property is the discounted 

value of the flow of expected annually recurring rents. The differ- 

ential between channelfront and inside residential market prices is 

also a discounted present value, as was demonstrated in the preceding 

section. 

To compute ABCD for a given year, given the market price dif- 

ferential for that year, the values for i (market rate of interest) 

and T (expected useful life of the property) must be known. It must 

also be assumed that buyers and sellers of residential properties 

expect the annual return to the channelfront amenity in year t +n 

(n < T) to be equal to the return in year t. That is, residential 

land buyers and seilers expect the annual value ABCD to be a con- 

stant over time when they compute the expected present value of the 

channelfront amenity. 

That portion of the market price of a residential site attribu- 

table to channelfront location may be represented as: 

ABCD. 

oO 
T 

PL =k 
t=1 (1 +1) 

  

3S ee: Standard Mathematical Tables, (20th Edition, Cleveland: 

The Chemical Rubber Co., 1972), pp. 635-642. 
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where: 

P = portion of market price attributable to 

t channelfront amenities in time the 

T = expected life of the residence, 

value of the waterfront amenity in the 

O year t, and 

> es,
 oO oO
 

ct 

It 

market rate of interest in current year. H.
 lk 

The above expression may be solved for ABCD . » given Po » T, 
Oo t 

oO 
and i, giving: 

i 
ABCD = —————_ P 

t c 4 ycT 
oO 1- (1 +i) ty 

Similarly, the value of ABCD in time period t may be computed 

if Py in time period t is known, given the appropriate value for i 

in time period t. 

Having, in this manner, computed ABCD and ABCD it is pos- 

oO 

sible to compute @,, using the financial tables for compound interest. 

Empirical Measurement of Rent Differentials 

Empirical analysis to measure effects of certain characteris- 

tics of land on sale price can be accomplished through the use of re- 

gression analysis. Generally, a sample of land market transactions 

is drawn and the importance of factors influencing sale price of the 

land parcels is determined through use of a general estimation model 

of the following form: 

  

By using a financial table for “Annuity Whose Present Value Is 

1," the factor by which to multiply a present value in order to dis- 

cover the annually recurring value can be found. See: f[bid., pp. 

651-658,



P=b +b,X, +... +tbkX 
oO lil nn 

where P is the land sale price, and Ky aeee ek are selected explana- 

tory variables of sale price, such as size of parcel, value of im- 

provements, susceptibility to flooding, or other relevant variables. 

The regression coefficients, Dooreee Dis are direct measures of the 

importance of each variable in explaining land sale price. 

A variation of the simple regression technique is the land sale 

comparison method which examines the difference in sale prices of 

land parcels that are comparable along all dimensions except the 

characteristic for which a measure of market price effects is wanted. 

For example, ina study of agricultural land values in relation 

to the effects of flood hazard, a land value comparison method was 

employed which examined the difference in sale price of land parcels 

that are comparable along all dimensions except level of flood haz- 

ard. The differences in prices were then attributed to the exist- 

ence of flood hazard.> After theoretically determined explanatory 

variables were identified, a multiple regression was used to esti- 

mate the influence of the variables on flood-free land sale prices. 

Thus, the coefficients for the resulting regression equations were 

considered free of any discounting for flood hazard since the flood 

hazard was non-existent for the selected land sale. Then, using the 

  

Robert F. Boxley, The Relationship Between Land Values and 

Flood Risk in the Wabash River Basin, Institute for Water Resources 

Report 69-4 (Washington, D.C.: Economic Research Service, United 

States Department of Agriculture, 1969), p. 99.



regression coefficients derived from the analysis of flood-free land 

sales, and mean values of the explanatory variables for parcels sub- 

ject to flood hazard, an average sale price for flood-hazard land was 

predicted. The assertion was that in the absence of flood hazard, 

the average sale price of land subject to flood hazard would be in- 

fluenced by the explanatory variables in the same way as the flood- 

free parcels. By subtracting the actual flood-hazard average price 

from the predicted average price, the difference attributable to 

flood hazard was determined. Applications of the land comparison 

technique isolated the effects of both flood damages and structural 

protection works on agricultural land values. 

In a similar study, the land value comparison technique, de- 

scribed above in reference to agricultural land, was applied to resi- 

dential sites. An economic theory of land rents was developed which 

suggested that flood damages, and policies to deal with flood dam- 

ages, affect the present value of expected annual rents of purchasers 

of flood-prone lands. Therefore, the sale price of land will be ex- 

pected to reflect the level of flood hazard.° Results of the land 

comparison technique were generally consistent with the hypothesis 

that land sale price is negatively related to the potential of flood 

damage, and that erection of structural flood control measures en- 

hances land prices. 

  

Snemetrios Damianos and Leonard A. Shabman, Land Prices in Flood 

Hazard Areas: Applying Methods of Land Value Analysis, Bulletin 95 
(Blacksburg, Virginia: Water Resources Research Center, Virginia 

Polytechnic Institute and State University, 1976). 

 



The significance of findings in the studies mentioned is that 

land market prices do reflect differences in characteristics of land 

parcels, and the land value comparison technique successfully identi- 

fied these differences on residential as well as on agricultural 

tracts of land. The conclusion to be drawn, then, is that statisti- 

cal analysis of land market sales values may identify imputed values 

of channelfront amenities reflected in residential land prices and 

provide an indication of the time rate of change in these values. 

Procedures 

Discussion in the preceding section suggests that amenities of 

channelfront situation will affect the present value of implicit ex- 

pected annual rents of purchasers of channelfront residential sites. 

Therefore, the sale price of land will reflect the market valuation 

of channelfront amenities. 

Based upon that discussion, the following hypotheses concerning 

development values were developed: 

l. The average sale price of residential sites on 

channels dredged through marshes is greater than 

the average sale price of non-waterfront residen- 

tial sites, all other factors being equal. 

2. The annual rent attributable to channelfront 

situation has increased over time. 

To test these hypotheses, the land comparison technique will 

be used. This approach examines the difference in sale price of 

lands that are comparable along all dimensions except channelfront



situation. By asserting that, in the absence of amenities or dis- 

amenities associated with channelfront situation, the influence of 

identified determinants of the sale price of both channelfront and 

inside Lots would be the same, a technique for dealing with noncom- 

parability of land parcels is derived. A multiple regression model 

is applied to inside lot sales values and relevant explanatory vari- 

ables. A mean sale price for channelfront land is then predicted 

using the regression coefficients derived from the analysis of inside 

lots. By subtracting the predicted channelfront average price from 

the actual average price, the difference attributable to channelfront 

amenities is estimated. 

An example of the land comparison method is shown in Table l. 

Lines 1 and 2 show the average sale price of channelfront and inside 

lots. In line 3, the unadjusted difference of -$2,000 shows the re- 

sult of the combined effects of all factors which influence sale 

price, such as lot size and value of improvements, in addition to 

situation with respect to a channel. Line 4 shows the predicted or 

estimated price of channelfront lots based upon regression analysis 

of inside lots. With a predicted price of $1,500 and an observed 

price of $4,000, the difference in price attributable to the ameni- 

ties of channelfront situation is shown on line 5. 

To determine whether this price differential has increased over 

time, observations on sale price of channelfront and inside proper- 

ties will be made over a twenty-year period. Results of land value 

comparison based upon channelfront land prices in early time periods 

may then be compared with results in later time periods for evidence
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Table 1. An Example of the Darivatton of the Price Difference 

Attributable to Channelfront Situation Using Lan’? Value 

Comparison. 

Item Gollars) 

1. Average Price of Channelfront Parcels $4,000 

2. Average Price of Inside Parcels 6, 000 

3. Unadjusted Difference -2,000 

4. Predicted Price of Channelfront Lots 1,500 

5. Difference Due to Channelfront Situation 2,500 
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of change in the market valuation of waterfront residential amenities 

over time. 

The land comparison technique was first applied to the problem 

of measuring market valuation of flood hazards by comparing flood- 

plain with non-flood-plain land prices. Some studies have used a 0-1 

dummy variable in multiple regression analysis to identify an average 

differential between flood-plain and non-flood-plain locations of 

property.’ This is accomplished by assigning a value of O to all 

observations on flood plains and a value of 1 on all observations on 

non-flood-plain properties. 

As a supplement to the land comparison approach, this study 

will also employ a O-1 dummy variable in an attempt to identify an 

average market price differential for the time period and sample area 

under observation, 

Selection of Explanatory Variables 
  

In earlier sections, a theoretical framework was developed for 

explaining market price differentials among residential parcels, 

based upon the notion of rent differentials according to differences 

in site characteristics. Site characteristics can be classified into 

  

"naward Greenburg, Charles L. Leven, and Alan Schlottman, Analy- 

sis of Theories and Methods for Estimating Benefits of Protecting Ur- 

ban Flood Plains, (St. Louis, Missouri: Institute for Urban and 

Regional Studies, Washington University, 1974). 
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five major headings: 1) accessability, 2) topography, 3) historical 

factors, 4) improvements, and 5) site amenities. 

Residential lots selected for analysis in this study were se- 

lected in such a manner that accessibility to such things as commer- 

cial centers, parks and highways was approximately the same for all 

lots. Similarly, lots were selected which are essentially uniform in 

topography. Therefore, these characteristics were not included in 

the regression analysis. 

Historical factors include changes in the general price level, 

tax levels and market demand and supply influences. The effects of 

inflation and general economic conditions on residential land prices 

are assumed to be well represented by the consumer price index for 

housing. Since observations on market land prices are in time series 

as well as in cross section, a variable was included which took the 

value of the consumer price index for housing associated with the 

year in which each observation was made. 

Improvements on lots are an important source of variation in 

sales price among lots. The real estate appraiser's value of improve- 

ments on the land parcel was used as a general measure of such differ- 

ences. Site amenities are qualitative factors that cannot be easily 

quantified. Lot size, income, average age of structures and racial 

composition can affect the sale price of a land parcel. For this 

  

Bsee, for example, William J. Stull, "Community Environment, 
Zoning, and the Market Value of Single-Family Homes," Journal of Law 

and Economics, XVIII, No. 2 (1975), pp. 535-558.



study, observations from four separate subdivisions were included in 

the data base. Average lot size differed between subdivisions, but 

did not differ appreciably within subdivisions. One model was esti- 

mated which employed lot size as an explanatory variable. Since it 

appeared that the lot size variable was serving as a proxy for gene- 

ral amenity differences between subdivisions, the lot size variables 

was replaced by a set of QO-1 dummy variables to allow for differences 

in over-all price levels among subdivisions. By design, the one site 

amenity for which lots were not homogeneous was channelfront situ- 

ation, This site characteristic was the object of analysis in land 

value comparisons. 

Although a number of characteristics which affect sale price 

have been identified, not all of them will appear in the regression 

equations used in this study. Sale price will be expressed as a 

function of the appraised value of improvements, the consumer price 

index number for housing, and size of lot. Another equation will be 

estimated in which lot size as a variable will be replaced with a 0-1 

dummy variable to capture general price level differences among sub- 

divisions, All other characteristics that may influence sale price, 

besides channelfront situation, are controlled for through sampling 

from homogeneous case study areas, 

Selection of Area of Investigation 

The case study areas selected for investigation were four sub- 

divisions in Virginia Beach, The Virginia Beach area was selected 

from among other localities containing salt marsh acreage because the
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residential demand for waterfront lots has been greater there than in 

any other locality in Virginia. Residential development during the 

past two decades has grown at a rapid rate in the areas surrounding 

Broad Bay, Linkhorn Bay, and Lynnhaven Bay, all of which communicate 

with the Chesapeake Bay. 

The four subdivisions from which observations were drawn were 

Lynnhaven Colony at the entrance to Broad Bay, Birdneck Point on Link- 

horn Bay, Bay Cliff on Mill Dam Creek (off Broad Bay), and the Pine 

Tree Branch area off the Eastern Branch of the Elizabeth River. Each 

subdivision surrounds inlets or coves with some lots situated on 

dredged channels, and with similar, "inside," lots nearby. Observa- 

tions were drawn from four subdivisions to guard against the possi- 

bility of selecting any one subdivision completely atypical of water 

and channelfront development in Virginia Beach. 

Data on land sale prices, appraised value of improvements, size 

of the lot, location of the lot with respect to subdivision, situa- 

tion of the lot with respect to channelfront or inside designation, 

and date of sale were gathered using real estate appraisal and tax- 

ation records, along with subdivision plat maps made available by the 

Office of Real Estate Appraisers for the City of Virginia Beach. A 

total of 292 observations were obtained from four subdivisions for 

the period 1955-1975. Of this total, 124 observations were on inside 

lots.
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Empirical Analysis 
  

This section reports the findings of the empirical analysis. 

The first two equations were designed to test the hypothesis that 

channelfront lots sold for a higher average price, taken over all 

twenty years and all four subdivisions, than did inside lots. This 

was achieved by use of a dummy variable assigned a value of 1 for all 

channelfront observations and 0 for all inside observations. 

The second two equations were estimated for use with the land 

comparison technique. They are applied first to estimation of the 

average price differential over all observations, between channel front 

and inside lots, and are then applied to the task of identifying 

changes over time in the channelfront inside price differential. 

Average Differential, Measured by Dummy Variable 

Equation 1 was of the following form with results as indicated: - 

Y = - 21525 + 0.549X, + 2825X, + 305.9%. +... (1) 

t = 16.18 t = 2.10 t = 9,71 

a = 0.001 a= 0.05 a= 0,001 

coe FT 5584.7X, + 9684 .1X,. + 2923. 0X, 

t = 2.65 t = 2.43 t = 1.47 

0.010 a 0.015 a = 0.15 a " 

R= ./4 (multiple correlation coefficient corrected 
for degrees of freedom) 

n = 292 (number of observations) 

D.W. = 1.76 (Durbin Watson statistic) 

where:
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Y = nominal sale price of residential parcels, 

x, = appraised value of improvements at time of sale, 

X, = dummy variable assigned value of 1 for channel- 

front observation, 

x, = consumer price index for housing, 1967 = 100, 

Xx), = dummy variable assigned value of 1 for all Pine 

Tree Branch observations, 

x, = dummy variable assigned value of 1 for all Bay 

Cliff observations, and 

Xe = dummy variable assigned value of 1 for all Bird 

Neck Point observations, 

The relatively high R indicates that the equation accounts for 

much of the variation in sale price of residential parcels. 

All coefficients are significant at the 5% level except that for 

the dummy variable representing market price differentials attribu- 

table to situation of the parcel in Bird Neck Point. (Dummy vari- 

ables Xs Xe and Xe were included to identify differences in general 

real estate price levels among subdivisions. ) 

The value of 2825 for x, is interpreted to mean that, on the 

average, channelfront lots sold for $2825 dollars more than did in- 

Side lots, over all observations and all time periods. This result 

lends support to the hypothesis that the real estate market imputs a 

positive value to the waterfront amenity, frequently created by dredg- 

ing channels through marshes at the tips of coves in tidal areas of 

Virginia. 

Equation 2 is similar in intent to Equation 1, in that it uses 

a dummy variable to identify an average differential between channel- 

front and inside residential site prices, The difference between the
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two equations is that the second includes lot size as a variable and 

eliminates dummy variables for different subdivisions. Results using 

Equation 2 are as follows: 

Y = - 19377 + 0.96X) + 2003X,, + 203.9%, + 284.7%, (2) 

t = 34.94 t = 2.47 t = 12.50 t = 4.52 

a = 0.001 a = 0.015 a = 0,001 a = 0.001 

R? = .90 

n = 292 

DW. = 1.93 

where: 

Y = nominal sale price of residential parcels, 

x, = appraised value of improvements at the time of 

sale, 

X, = dummy variable assigned a value of 1 for channel- 

front observations, 

x, = consumer price index for housing, 1967 = 100, and 

Xx, = lot size in thousands of square feet. 

This model specification producers a higher R- value than does 

Equation l. All coefficients are highly significant and of the ex- 

pected sign. 

The coefficient for X, suggests that the market price of chan- 

nelfront lots, on the average, exceeded that for inside lots by the 

amount of $2003. Although somewhat less than the value derived using 

Equation 1, the sign and magnitude of this coefficient also lends 

support to the hypothesis that real estate markets imputed a value to 

channelfront amenities,
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Average Differential by Land Value Comparison 

Equations 3 and 4 were estimated for use with the land value 

comparison technique. Coefficients for both equations were estimated 

by subjecting 124 observations on transactions involving inside par- 

cels over the 25-year study period and over four subdivisions, In 

these equations there is no need for a dummy variable to distinguish 

inside from channelfront lots. The difference between Equation 3 and 

Equation 4 is the use of dummy variables to identify differences in 

price levels among subdivisions in Equation 3. Equation 4 uses lot 

size as a possible source of differences in sale value, not only with- 

in, but between subdivisions. 

Equation 3 was of the following form with results as shown: © 

Y = - 11880 + 0.99X, + 155.0X, + 6467X, + 3038X,, (3) 

t = 26.22 t=4,49 t= 3.06 t = 1.67 

a = 0,001 a= 0.00 a= 0.01 a4= 0.1 

R° = .92 

n = 124 

D.W. = 2.02 

where: 

Y = nominal sale price of residential parcels, 

Xx, = appraised value of improvements at time of sale, 

X, = consumer price index for housing, 1967 = 100, 

X, = dummy variable with value of 1 for all Bay Cliff 
observations, and
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Xx) = dummy variable with, value of 1 for all Bird Neck 

Point observations. 

Again, a high R indicates that the equation accounts for much 

of the variability in sale value among inside (non-channelfront) lots. 

All coefficients are statistically significant. The coefficients for 

dummy variables representing Bay Cliff and Bird Neck Point observa- 

tions suggest that the over all average price of inside residential 

properties in these subdivisions averaged $6467 and $3038 more, re- 

spectively, than the average price of inside properties in the Lynn- 

haven Colony and Pinetree Branch areas. Equation 4 suggests that 

part of the average differential among subdivisions is attributable 

to lot size differences, but other factors may account for part of the 

difference. The use of dummy variables to represent different subdi- 

visions was designed to identify affects of such factors upon price 

levels before application of the equation to the land comparison 

technique, 

Using Equation 3, the land comparison technique was employed to 

isolate the land price difference which stemmed from the channelfront 

inside location difference. For all sales the estimated difference 

due to channelfront situation was $2311, or an 11% premium in the 

land price due to channelfront location (see Table 2). This differ- 

ence may be compared to the value of $2825 estimated by Equation 1 

using a dummy variable for waterfront situation, and the value of 

$2003 estimated by Equation 2. 

  

2A dummy variable representing Pinetree Branch observations was 

discarded when the coefficient was not significant, and the coeffi- 
cients were estimated again.



  

  

  

Table 2. Comparison of Average Lot Values for Channelfront and In- 

side Lots, Using Equation 3. 

Ttem (dollars) 

1. Average Price, 168 Channelfront Lots $23,259 

2. Average Price, 124 Inside Lots 27,305 

3. Unadjusted Difference -4,046 

4. Estimated Price of Channelfront Lots 20,948 

5. Difference Due to Channelfront Amenity 2,311 
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Equation 4 was also estimated for use with land value compari- 

son. It differs from Equation 3 in that it includes lot size as a 

variable and does not use dummy variables to distinguish observations 

on different subdivisions. The primary reason for including Equation 

4 was to compare performance of an equation using the lot size vari- 

able with one using dummy variables, and to check for stability of 

coefficients for the other variables between the two equations, 

Equation 4 was of the following form with results as indicated: 

Y = - 19206 + 0.97X, + 202.6X, + 265X, (4) 

t = 26.24 t = 8.16 t = 2,69 

a = 0.001 a= 0.001 oa = 0.01 

Ro = .92 

n = 124 

D.W. = 2,04 

where: 

Y = nominal sale price of residential parcels, 

xy = appraised value of improvements in the year of 

sale, 

X, = consumer price index for housing, 1967 = 100, and 

xX, = lot size in thousands of square feet. 

Again, the R? value is high and all coefficients are statis- 

tically significant. 

Application of Equation 4 to the land comparison technique to 

isolate price differentials due to channelfront amenities gave an 

average difference over all observations of $1874 between channel- 

front prices and inside prices. This is a 9% premium attributable to



channelfront situation (see Table 3). Compare this with $2311 using 

Equation 3 and the land comparison technique, and with $2825 and $2003 

using the dummy variable in Equations 1 and 2. 

Changes in Market Price Differentials Over Time 

This section employed Equation 3 and 4 and the land comparison 

technique to determine whether or not the sample data contains evi- 

dence of a trend, over time, in the value implicitly imputed by real 

estate markets to channelfront amenities for residential sites. Re- 

sults using Equation 3 and Equation 4 are presented for purposes of 

comparison, 

The regression coefficients estimated using observations on in- 

side lots are applied to average values for the independent variables 

observed on sales of channelfront lots for each year, from 1955 to 

1975. The value predicted for the average sale price of channelfront 

lots in each year is subtracted from the observed average sale price 

of channelfront lots in the corresponding years. The differential 

computed in this manner is the discounted present value of the chan- 

nelfront amenity. 

In order to convert these discounted present values of channel- 

front amenities into corresponding recurring annual values, they may 

be treated as present values of annuities. Given the appropriate 

discount rate and the life of the annuity, the corresponding amount 

of the recurring annual net value can be computed using the appropri- 

ate financial table.° This value for each year can be interpreted 

  

10see financial table for "Annuity Whose Present Value Is 1," 
in Standard Mathematical Tables, op. cit., pp. 651-658. 
 



Table 3. Comparison of Average Lot Values for Channelfront and In- 

side Lots, Using Equation 4. 
  

  

  

Item Amount 

(dollars ) 

1. Average Price, 168 Channelfront Lots $23,259 

2. Average Price, 124 Inside Lots 27,305 

3. Umadjusted Difference 4,046 

4. Estimated Price of Channelfront Lots 21,385 

5. Difference Due to Channelfront Amenity 1,874 
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as the annual value imputed by the real estate market to channelfront 

amenities. 

Mortgage rates on new home mortgages, reported in the Federal 

Reserve Bulletin, would seem to represent the discount rate relevant 
  

for residential properties. It must be remembered, however, that the 

estimated present values of the channelfront amenity are net of ef- 

fects of inflation. 

For a given discounted present value, the higher the assumed 

rate at which the flow of annual benefits was discounted, the larger 

the annualized value will be. Therefore, if the estimated discounted 

present value is net of the effects of inflation, an assumed discount 

rate which has an inflation component "built in' will over-estimate 

annualized values. 

If mortgage rates on new home mortgages are used to compute an- 

nualized values, the assumption must be that no inflation component 

is included in the mortgage rate. If an inflation component is in- 

cluded in the mortgage rate, the annualized value will be over-esti- 

mated when applied to discounted present values which are net of in- 

flation. 

An alternative assumption is that observed increases in mort- 

gage rates over time reflect adjustments to allow for inflation in 

housing prices. If estimated discounted present values are net of 

effects of inflation (1967 = 100), then a constant mortgage rate 

equal to that observed for 1967 is the appropriate rate upon which 

to compute annualized values for all years.
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Estimated market prices for channelfront amenities were annual- 

ized subject to each of the above assumptions for purposes of compari-~ 

son. The first assumption probably causes over-estimation of the 

average annual rate of increase in the real value of benefits imputed 

to channelfront residential situation. The second assumption prob- 

ably yields a conservation estimate. 

The average life of the channelfront amenity was assumed to be 

equivalent to the average term of a residential real estate mortgage, 

or approximately 25 years. + 

The land value comparison technique was conducted, first using 

Equations 3 and then Equation 4. A market price differential (dis- 

counted present value) and corresponding annual value were computed 

for each year. These results are summarized in Tables 4 and 5, for 

Equations 3 and 4, respectively. Column 1 in each table shows the 

year, from 1955 through 1975. Column 2 indicates the number of chan- 

nelfront observations used in computing annual average values. Col- 

umn 3 contains the differentials computed by the land value compari- 

son technique for each year. Column 4 shows the mortgage rates, over 

time, used to compute annual values corresponding to the net present 

value of Column 3, given the assumption that mortgage rates do not 

reflect an allowance for inflation. Column 5 contains the computed 

annual values based upon this assumption, Column 6 presents five- 

year averages of these values. Column 7 contains the computed annual 

  

Mortgage rates and maturity ages of average residential real 

estate loans are reported in a table headed "Terms and Yields on New 
Home Mortgages," in the Federal Reserve Bulletin. 
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values based upon the assumption that increases in mortgage rates 

over time reflect allowances for inflation. The mortgage rate for 

1967 is used to annualize the estimated differentials for all years, 

1955 through 1975. Column 8 presents five-year averages of these 

values. 

Examination of values through time in column 3, column 5, or 

column 7 of either table shows considerable variability in values im- 

puted to the channelfront amenity. No single, obvious, explanation 

for this variability is apparent. However, it was considered that 

the relatively small number of channelfront observations for each 

year (column 2) makes application of the land comparison technique 

highly susceptible to the effects of individual observations which 

diverge from the normal or mean values over a four or five-year 

period. For this reason, annual values for the channelfront amenity 

were recomputed on the basis of five-year averages. These values are 

plotted against time, for Equation 3 in Figures 6 and 7, and for 

Equation 4 in Figures 8 and 9. 

The results represented in Figures 6 and 7 suggest that the 

market price imputed to the amenities of channelfront situation, on 

the basis of annual rent per residential site, have increased over 

time at an increasing rate. The rate of increase represented in Fig- 

ure 6 is greater than that shown in Figure 7, reflecting the differ- 

ence in assumption concerning the appropriate rate at which real 

present values should be annualized. 

Figures 8 and 9 show no general increase or decrease in the 

average annual price imputed to channelfront amenities, except in the



A
n
n
u
a
l
 

Va
lu
e 

(
D
o
l
l
a
r
s
)
 

400. 

300 

200 

100   

3) 
  

176 
  

122 
  

104 
  

                
  ~

~
 

55-59 60-64 65-69 70-75 Time 

Figure 6, Average Annual Value Per Lot of Channelfront 

Amenity, Using Equation 3, Assumption A and Land 

Value Comparison, 1955-1975.
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Figure 7. Average Annual Value Per Lot of Channelfront Amenity, 

Using Equation 3, Assumption B, and Land Value Com- 

parison, 1955-1975.
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Figure 8. Average Annual Value Per Lot of Channel front 
Amenity, Using Equation 4, Assumption A, and 

Land Value Comparison, 1955-1975.
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Figure 9. Average Annual Value Per Lot of Channelfront Ameni- 

ty, Using Equation 4, Assumption B and Land Value 
Comparison, 1955-1975,



most recent time period where a rather dramatic increase is observed. 

The results in Figures 8 and 9 differ from those in Figures 6 and 7 

because the regression equation used for land value comparison in 

Figures 8 and 9 used lot size as a variable which isolated differences 

in real estate price levels among subdivisions. Results in Figures 6 

and 7 were derived from a regression equation which employed dummy 

variables to isolate differences in real estate price levels among 

subdivisions. 

Since there was little variability in lot size within subdivi- 

sions, Equation 3 using dummy variables to isolate differences in 

real estate price levels among subdivisions is probably the better 

predictive equation of the two. 

For this reason, the results presented in Figures 6 and 7 are 

probably more representative of actual imputed amenity values than 

are those in Figures 8 and 9, 

Estimating and Interpreting a4 

  

To compute the time rate of change in the average annual value 

per lot of channelfront amenity, the results derived from Equation 3, 

presented in Figures 6 and 7 were used. 

Based upon results presented in Figure 6, annual values in- 

creased from an average of $104 per lot per year in the first period 

to $313 per lot in the final period, over 21 years, representing a 

300 percent increase. Consulting the financial table for compound 

interest, it is found that a 300 percent increase in value over 21
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years corresponds to an average annual rate of increase of 0.055 or 

5.5 percent. 

Results presented in Figure 7 indicate an increase from an aver- 

age of $113 per lot per year in the first period to an average of $272 

per lot per year in the final period, or an increase of 241 percent 

over 21 years. This represents an average annual increase of 0.0425 

or about 4.25 percent per year. 

These results can be interpreted as evidence that OG is equal 

to some value between 4.25 percent and 5.5 percent. This interpreta- 

tion is based upon several assertions: 

1. demand for wetlands in development is derived from 

the demand for open water access from residential 

sites, created by channeling and filling marshes, 

2. ameasure of the benefits attributable to wetlands 

in development is the market-imputed value of resi- 

dential amenities associated with situation ona 

channel, 

3. the value of channelfront amenities is equal to the 

difference in average price of channelfront proper- 

ties and otherwise identical inside or non-channel- 

front properties, and 

4, a measure of the time rate of change in the bene- 

fits of wetlands in development is the change over 

time in the market price differential between chan- 

nelfront and inside lots.



It must be further noted that the value of 4.25% to 5.5% per 

year represents the time rate of increase in average annual value of 

developed wetlands and is also approximately equal to the value of 

marginal wetlands acreages in development. This value for om does 

not pertain to all wetlands, since not all wetlands are developed or 

in demand for development uses. 

In contrast, those uses of wetlands from which preservation 

benefits are derived draw from the ecological productivity of wetlands 

generally, with specific location or parcel size of wetland acreage 

being of minor importance at the margin. 

These factors must be kept in mind when relating an estimated 

value for q in development to estimated values for q in preservation, 

One additional observation should be noted. There is evidence that 

the value for OG prior to 1970 was only about 3 percent per year, and 

that the value imputed to the channelfront amenity increased more 

rapidly in the later period than in the earlier period. One explana- 

tion could be that implementation of the Wetlands Act created the ex- 

pectation among owners of channelfront sites that future development 

of such sites would be curtailed. Expectation of future restrictions 

on the availability of channelfront sites might have resulted in a 

relatively large increase in the market-imputed value of the channel- 

front amenity in the latter period. 

Under these circumstances, the perceived value of OF for wet- 

lands as channelfront residential sites prior to the Act might have 

been only about 3 percent.



Summary 

This chapter presents a study which seeks to measure changes in 

the benefits from residential uses of wetlands. The market value of 

land, and of characteristics of land, is defined within the-context 

of an economic theory of land rent. A land value comparison tech- 

nique, employing regression analysis, was used to identify changes 

over time in the market-imputed value of amenities associated with 

situation of a residence on a channel, Data was acquired from sample 

subdivisions in Virginia Beach, Virginia, covering a 2l-year period. 

For the Virginia Beach case study, the average annual market-imputed 

value of channelfront situation per residential site increased from 

about $100 in 1955 to about $300 in 1975. This represents an average 

annual rate of growth of about 4.25 to 5.5 percent per year. Grant- 

ing the assertion that the market value of channelfront situation is 

a legitimate indicator of the value of wetlands in development, then 

a value of Ot, of between 4.25 and 5.5 percent is inferred from the 

results of this study. The annual values and the time rate of growth 

apply only to developed wetlands and not to each acre of undeveloped 

wetlands, These values may over-estimate those perceived prior to 

implementation of the Wetlands Act, since the estimated market imputed 

value of the channelfront amenity increased more rapidly in the final 

period than in earlier periods.



CHAPTER IV 

THE PRESERVATION ALTERNATIVE 

This chapter identifies sources of demand for the ecological 

services of wetlands. It seeks to identify variables which could be 

expected to shift the demand for wetlands, Using empirical data, 

time changes in variables which shift the demand for wetlands are 

measured. The implications of these changes for the perceived eco- 

logical value of wetlands are explored, using various assumed values 

for the parameters relating demand shifters to the demand for wet- 

lands, 

The first section of this chapter explores the relationship be- 

tween the demand for recreational sport fishing and the value of eco- 

logically productive wetlands. The: second section of this chapter 

examines implications of using shifts over time in the demand for 

seafood as a basis for perceived changes in the value of preserved 

wetlands, 

Sport Fishing and the Value 

of Wetlands 
  

The demand for ecological products of Virginia's wetlands is 

in part a derived demand. An important source of demand for wet- 

lands is the demand for marine species which, in turn, is derived 

from demand for sport fishing opportunities. 

-~ 86 -
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Demand for Wetlands as a Derived Demand 

Conceptual linkages between demand for sporting fishing oppor- 

tunities and the demand for ecologically productive wetlands can be 

clarified by treating fish for stocking marine fishing waters as 

though they were produced in the manner of cattle or hogs. In the 

discussion which follows, it is assumed that full appropriability 

and excludability obtain in the production and provision of fish 

with which to stock marine fishing waters, specification of produc- 

tion functions for marine species and full appropriation and exclud- 

ability apply with respect to inputs to that production function. 

Sport fishing in the Chesapeake Bay and adjoining bodies of 

water is a recreational experience from which participants derive 

utility. Part of the utility is derived from aesthetic appreciation 

of a boat ride in open waters. For a sport fisherman, an important 

component of the experience is catching and landing fish using a 

particular technique with a particular tackle. 

Sport fishing requires that waters be stocked with fish. If 

production and marketing of fish for stocking fishing waters were 

subject to full exclusion and appropriation, sport fishermen would 

be compelled to pay for having the water stocked. A fisherman's 

utility from sport fishing is in part a function of his success at 

catching fish. If there are too few fish in the water, his utility 

is reduced, If there are too many fish in the water, the sporting 

aspect of fishing is lost as it becomes too easy to land a fish. We 

assume that some range of fish population levels yield positive



utility for fishermen so that downward sloping individual and aggre- 

gate demand curves for fish-stock exist. 

If fish for stocking marine fishing waters were produced in the 

manner of cattle or hogs, we could posit an upward-sloping supply 

curve for game fish populations. 

An intersection between aggregate supply and demand curves for 

game fish populations would indicate the equilibrium game-fish popu- 

lation level, and the price paid per unit of population, all other 

factors being equal. (See Figure 10.) 

Figure 1 shows a hypothetical equilibrium at price Po say, per 

1000 fish, at quantity Qo between sport fishermen's aggregate de- 

mand curve and the aggregate supply curve of producers of fish 

stocks, 

Detritis, formed by decaying marsh vegetation is known to be 

an essential part of the food-web sustaining marine life. Marsh 

vegetation also harbors juvenile species until they are viable. 

Marshes, then, are inputs in a hypothetical production function for 

sport-fish stocks. 

Assuming declining marginal productivity of marsh acres per 

unit of game-fish stocks, we may construct the marginal value prod- 

uct curve (MVP) for marshes. This curve would represent the demand 

curve for marshes as a productive input. (See Figure 11.) 

Under competitive conditions, fixed supplies of marsh acreages 

would be allocated among alternative uses in such a manner that 

marginal value products of marsh acreages would be equal among uses,
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Figure 10. Market Equilibrium in a Hypothetical Fish-Stocking 
Industry.
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MVP       
Figure ll, 

s! Marsh Acreage 

Hypothetical MVP Curve for Marsh Acreages.



The purpose of the foregoing exercise is to illustrate, con- 

ceptually, the manner in which demand for ecological products of 

wetlands is derived from the demand for sport fishing experiences. 

Shifts in the Derived Demand for Wetlands 

In the preceding section the demand curve for ecologically 

productive wetlands was represented by its marginal value product 

curve as an input in an assumed marine species production function, 

In this sense, the demand for ecologically productive wetlands is 

derived from the demand for stocks of marine species. One important 

source of demand for marine species is that attributable to sport 

fishermen. 

A shift in the sport fishing demand for marine species, given 

a supply function which is less than completely elastic, will cause 

an increase in the price (again assuming marketability) for stocks 

of marine species. This increase in price will shift to the right 

the MVP curve for ecologically productive wetlands. 

To conceptualize changes in the demand for wetlands, we must 

understand changes in sport fishermen's demand for marine species. 
’ 

Economic theory tells us that a decrease in the price of a comple- 

mentary good or service causes a shift (increase) in the demand for 

the subject good or service. Complements to fish populations in 

the sport fishing experience include boats, fishing tackle, fuel, 

life jackets and related items. A relative decrease in the price 

of these items would shift the demand curve of sport fishermen for
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marine species to the right, and consequently the MVP curve of wet- 

lands. 

Sports fishing is a luxury activity and would be expected to 

have a positive income elasticity. As per capita real income in- 

creases over time, we would expect shifts to the right in demand 

curves for sport fish populations, and consequently in the MVP curve 

for wetlands. 

Changes in tastes and preferences can cause shifts in demand 

curves. As more individuals experience the aesthetics of sport 

fishing, they may demand more such experiences per time period, all 

other factors being equal. They may introduce friends to the experi- 

ence as well. The consequence would be a shift to the right in the 

demand for sport fish populations, and consequently for wetlands 

products. Population increases may also increase fishing demand. 

All of the factors mentioned above could have the effect of 

increasing the implicit demand for ecologically productive wetlands. 

Given an inelastic supply of wetlands, the consequence of these de- 

mand shifts is increased value of wetlands per acre. Figure 12 il- 

lustrates successive shifts in the MVP of wetlands from MVP to MVP 
1 

to MVP,, as income increases, population increases, tastes change in 9? 

favor of sport fishing, the price of complements decrease. 

If social benefits imputed to wetlands are measured as the area 

under the demand curve to the left of the supply curve, successive 

shifts in the MVP for wetlands causes increases in the net social 

benefits attributable to wetlands.
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Figure 12. Shifts in the Demand Curve for Wetlands Services.
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If the variables which shift the demand for ecologically pro- 

ductive wetlands are increasing at an increasing rate, then net so- 

cial benefits attributable to ecologically productive wetlands are 

increasing at an increasing rate. This is a partial restatement of 

the Schultz hypothesis. 

Measuring Shifts in Demand for Wetlands Services 

For purposes of exposition, full excludability and appropri- 

ability was assumed in the case of marine species for sport fishing 

and wetlands ecologies in a production function for marine species. 

In reality, marine species are largely open access resources, and 

the ecological productivity of wetlands has many of the character- 

istics of Samuelsonian public goods, 

For these reasons, direct estimation of demand (and supply) 

functions for marine species and/or wetlands productivity applying 

regression analysis to market data is impossible. However, estima- 

tion of demand for sport fishing experiences may be possible, using 

methods similar to those applied elsewhere in recreation studies. 

In this approach, the quantity measured on the horizontal axis 

is man/days of sport fishing activity. On the vertical axis is a 

proxy for the price of the sport fishing experience, composed of the 

average cost per sport fishing day, reflecting costs of transporta- 

tion to the launching site as well as costs of equipment and sup- 

plies used in the experience. (See Figure 13.) 

Given a demand curve DoD6? changes in the price of complements 

to fish populations in the sport fishing experience will result in
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Figure 13. Shifts in a Demand Curve for Sport Fishing.
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movement along the demand curve. Changes in tastes, income, and 

population would be expected to shift the demand curve for sport 

fishing from, say, DSP5 to DD, - 

Any movement to the right on this quantity axis represents a 

shift in the demand for ecological products of wetlands, i.e., in 

the MVP curve for the wetlands ecology. Therefore, to test the hypo- 

thesis that the demand for ecologically productive wetlands has been 

increasing, and at an increasing rate, one can estimate parameters 

in the demand function for recreational sport fishing, and measure 

the time trend in those variables which determine the demand for rec- 

reational sport fishing. Then, using a computational technique to 

be described later, the time rate of change in the area under the 

demand curves for sport fishing can be estimated. This value can 

serve as an approximation of the time rate of change in benefits to 

be imputed to the ecological products of wetlands. 

The Importance of Public Perceptions of Ecological Versus Development 
Values 

This chapter has as one of its primary purposes the identifi- 

cation of goods or services from which the implicit demand for eco- 

logically productive wetlands is derived. A second major purpose is 

to measure time rates of change in benefits to be imputed to the eco- 

logical productivity of wetlands. 

In foregoing sections, it has been asserted that the demand 

for recreational sport fishing in the Chesapeake Bay is a principle 

source of demand for ecological services of wetlands. It was im- 

plied that increases over time in the area under the demand curve
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for sport fishing would serve as a proxy for the time rate of change 

in benefits of wetlands services. 

These assertions imply that the area under the demand curve for 

sport fishing is a legitimate measure of total benefits to be imputed 

to wetlands. Rates of growth in this area, then, represent growth in 

the total value of all Virginia wetlands acreage, as well as of the 

average value of an acre of wetland. 

It is likely, as economic theory suggests, that some additional 

wetlands acreage could be destroyed from the standpoint of ecologi- 

cally productivity without appreciably affecting populations of ma- 

rine species. That is, the average value imputed to wetlands in 

preservation uses is probably far greater than marginal values over 

some fairly large range. 

It is also likely that some wetlands acreages in Virginia have 

far more ecological value than do others. Yet the analysis sug- 

gested in the previous section would not differentiate among wet- 

lands acreage, 

These limitations of the analysis would represent severe short- 

comings if the purpose of the study were to guide decisions concern- 

ing allocation of marginal wetlands acreages between preservation 

and development uses. Such is not the purpose of this study, Rather, 

the intent is to gain some approximation of the time rate of change 

in benefits attributable to preservation of wetlands as perceived by 

proponents of protective wetlands legislation. These values can then 

be compared to estimates of the time rate of change in benefits im- 

puted to development uses of wetlands.



Some indication of the nature of public perceptions of ecologi- 

cal versus development benefits was reflected in the review of trans- 

cripts of public hearings held prior to drafting of legislation (sum- 

marized briefly in Chapter II). Representative examples of public 

testimony suggest that wetlands were regarded to be essential to 

commercial and sport fisheries, and no emphasis was placed on the 

distinction between values of marginal acreages and average or total 

values, 

These public perceptions are interpreted as justification for 

using the time rate of change of total benefits from sport fishing 

in this analysis as a measure of the perceived time rate of change 

in values imputed to preserved wetlands. A measure of marginal eco- 

logical values of wetlands would be useful policy information, but 

would not likely reflect perceptions of proponents of wetlands pro- 

tection, Furthermore, a reliable measure of marginal values for 

wetlands in ecological productivity would be virtually impossible to 

establish, 

In the following sections, a procedure for computing the time 

rate of change in total benefits for sport fishing is presented. 

Drawing upon results of previous demand studies, estimates of these 

rates of change are computed in an effort to approximate a time rate 

of change in benefits attributable to Virginia wetlands in preserva- 

tion.
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Demand for Recreational Sport Fishing: Previous Studies 

Stoevener, et al., conducted a combined field survey and mail 

survey of 369 bottomfish angling parties, 120 salmon angling parties, 

and 69 clam digging parties at Yaquina Bay, Oregon in 1963 and 1964. 

They specified a demand model as: 

Q= £(, I, D) 

where: 

Q = quantity of angling effort, number of angler days 

per 10,000 population over 12 months, 

P = transfer costs per angler day, 

I = yearly family income of angler, 

D = round-trip distance from the angler's home to the 

fishery, and 

17 = squared value of family income. 

An exponential demand function was estimated for each fishery, 

applying multiple regression analysis to natural logarithms of the 

dependent variables. The distance variable was deleted because of 

multicollinearity with the price variable. 

Results were as follows: 

For the bottomfish fishery: 

Neale 2 

1nQ = 8.32341 - 0.68069P + 0.132741 - 0.012851 

(R? 0.92) (0.07366) (0.12744) (0.00743) 

  

tuerbert H. Stoevener, et al., Multidisciplinary Study of Water 

Quality Relationships: A Case Study of Yaquina Bay, Oregon, Special 

Report 348 (Corvallis, Oregon: Agricultural Experiment Station, 
Oregon State University, February 1972), pp. 6-11. 
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For the salmon fishery: 

InQ = 5.59954 - 0.69690P + 0.531531 - 0.022141" 

(Rk? = 0.95) (0.0577) (0.10448) (0, 00490) 

(standard errors) 

For clamming: 

1nQ 

(R? 

8.28347 - 1.17091P - 0.153301 

0.73) (0.45902) (0.17442) 

Those variables with the double asterisk have coefficients with 

high statistical significance. Coefficients are of the expected 

signs in all three cases. The equation for the salmon sport fishery 

is especially well-behaved, with highly significant coefficients and 

a high Ro value. The income elasticity for salmon angling was posi- 

tive (41.38), but negative income elasticities were estimated for 

bottomfishing (-0.24) and clam digging (-0.8).° Population growth 

and the secular increase in per capita income would both tend to 

shift the demand curve for the salmon fishery to the right. In the 

clam and bottomfish industries, however, the negative income effects 

would partially offset the increased demand brought about by popula- 

tion growth. 

Assuming no change in the price variable and allowing for pro- 

jected trends in population and per capita income, the total number 

of angler days in the salmon, bottomfish, and clam fisheries was 

  

*tbid., pp. LO-11.
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projected to increase by 59.6, 13.2 and 0.6 percent, respectively.” 

For the salmon fishery, the 59.6 percent increase over an eleven year 

period represents an annual growth rate of about 4.5 percent in the 

number of salmon angling days taken. 

Sport Fishing in the Chesapeake Bay: Calculating the Annual Rates 

of Increase in Total Benefits 

The research effort required to estimate a sport fishing demand 

equation for the Chesapeake Bay fisheries would exceed the resources 

available for this study. However, the study of demand for sport 

fishing opportunities in the Pacific Northwest have produced esti- 

mates of relationships between the number of angling days taken and 

income. Since angling days reported in that study was expressed as 

the number taken per unit of population, it can be inferred that 

sport fishing demand increases with population growth, all other fac- 

tors being equal. On the assumption that the demand relationships 

for Chesapeake Bay fishing resemble those for Yaquina Bay, estimates 

of the time rate of change in benefits attributable to the wetlands 

ecology may be obtained. 

Krutilla and Cicchetti suggest a technique for estimating the 

annual rate of change in benefits attributable to a natural environ- 

ment. Their technique is predicated on the assertion that the value 

of any quantity of service consumed per unit of time is measured by 

  

5Results were originally reported in Joe B. Stevens, "Recrea- 
tion Benefits from Water Pollution Control," Water Resources Re- 
search, II (1966), pp. 173-174.
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that area under the demand schedule. * When the facility providing 

the service is a reusable, non-depreciating asset, such as a natural 

environment protected against destruction or degradation, the value 

of the benefits is the area under the demand curve for each time 

period the natural area is used. 

The Krutilla and Cicchetti example dealt with recreational uses 

of Hells Canyon and the white water stream running through it. How- 

ever, their example is analogous to the cause of preservation bene- 

fits of wetlands expressed in terms of recreational sport fishing 

benefits which rely upon the productivity of wetlands. 

Growth in income and population over time is reflected in in- 

creases in demand for the recreational opportunity and thus, for the 

natural environment, other factors remaining equal. Since the supply 

of wetlands cannot be augmented, practically speaking, the annual 

value of the services would be expected to grow as the demand curve 

for recreational sports fishing, in conventional analysis, shifts 

outward in response to income and population growth. 

Shifts in a hypothetical demand curve for recreational sport 

fishing are illustrated in Figure 14. A simplifying assumption would 

be that the demand curve shifts out uniformly from the origin, but 

this assumption is modified to achieve greater realism. Taking 

  

+ ohn V. Krutilla and Charles J. Cicchetti, "Evaluating Bene- 
fits of Environmental Resources with Special Application to the Hells 
Canyon,'' Natural Resources Journal, XII (January 1972), pp. 9-13, 25- 
29. 

  

Ibid.
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Figure 14. Shifts in a Hypothetical Demand Curve for Recrea- 
tional Sport Fishing.
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available evidence on the growth in demand for recreational fishing, 

and the income elasticity for this type of activity, the shift in the 

demand function intercept of the price axis (ry) is related to the 

growth in real income. The shift along the horizontal axis is re- 

lated to the rate of growth at zero price (3), given income and popu- 

lation growth. The resulting shifts produce demand schedules with 

changing slopes as the area under the curve increases over time. 

In Figure l4, the hypothetical demand curve for recreational 

sport fishing in an initial period is Do D' ys As income and popula- 

tion increase, the demand curve shifts to D, D',. Further income and 
1 1 

population changes result in a shift to D, D', in yet a later period. 

Krutilla and Cicchetti present a computational model for deter- 

mining the time rate of growth in the area under the demand curve. 

Their approach may be adapted to the case of recreational sport fish- 

ing and changes over time in benefits attributable to ecologically 

productive wetlands. 

Let: 

bo = $1.00 of initial year's benefits, 

Po = initial vertical axis intercept, (See Figure 14), 

Q = initial horizontal axis intercept, 

D5 = initial year's demand schedule, 

ry = rate of growth in vertical component of demand 

curve shift, related to income growth, 

  

Oibid., pp. 25-29,
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d= rate of growth in quantity demanded for P = 0; 
i.e., horizontal component of demand shift at 

zero price, related to income and population 

change, 

Pe = vertical axis intercept in time period t, 

Q. = horizontal axis intercept in time period t, and 

be = total benefits in year t. 

then: 

t 
P =(1+r=)' P 

t y Oo 

Q. = (lL +a)” Q 
t oO 

b . P 
to Pe 

The parameter of interest to this study is the annual percent in- 

crease in benefits. This is derived as follows: 

_l 

BrP, 

_i t t => Gtr) [Q, G+ a)" 

Li t =57 PQ [qd + ry? (1 + 9)] 

but: 

_i 
T= 2% Qo 

therefore: 

t 
b =A +r a+r +4 

t y y 

t t 
—_ =(l+r d9+r +9 L (ltr o¢+r +9 
dt y y n § y y 

db. 

The annual percent change in benefits = at 

b_
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therefore: 

db, t 
a 7 Atratr +3) L, GQtroatry + a 

D (l+r o¢r + 9° 
y y 

L (ltr 3g9+r +293) 
n y y 

The rate of change in total benefits from recreational sport fishing 

is an indicator of the rate of change in benefits attributable to 

preservation of wetlands, os? given the perceived linkage. 

db, 
GO =——-=L (ltr o+t+r +439) 
pdt n y y 

b 
t 

Computation of a value for mn derived from changes in the area 

under the demand curve for recreational sport fishing requires esti- 

mates of r_ and 39, 
y 

Estimates of ry and 3, in turn, require estimates of coeffi- 

cients for variables in the demand function for recreational sport 

fishing, and data showing income and population growth relevant to 

the Chesapeake Bay fisheries. 

In an attempt to apply the Krutilla and Cicchetti computational 

technique to the estimation of % (annual rate of increase in preser- 

vation benefits of wetlands’) derived from Chesapeake Bay sport fish- 

ing, the demand equation estimated by Stevens’ in 1965 for the salmon 

fishery was adopted as representative of the demand for Chesapeake 

  

7 
Stevens, op. cit., pp. 173-174.



- 107 - 

Bay fisheries.© A data series showing the median income for families 

in the southern region of the United States by years, 1953 to 1974, 

(see Table 6) was compiled from census data. 

As indicated in Table 6, median family income increased from 

$6,107 to $11,230 per year between 1953 and 1974, so that the figure 

for 1974 is approximately 190% of that for 1953. This represents an 

average annual rate of increase in median income of about 37,.1° 

The demand equation to which the Krutilla and Cicchetti compu- 

11 
tational technique is applied is: 

InQ = 5.59954 - 0.69690InP = 0,53153inI - 0.022141n1* 

where: 

Q = number of fishing days taken per 10,000 population 

per year, 

P = average daily variable cost for fishing, 

  

54 linear, single-equation demand model for the salmon-steel- 

head sport fishery in Oregon was estimated and reported in: William 

G. Brown, Ajine Singh, and Emery N. Castle, An Economic Evaluation of 

the Oregon Salmon and Steelhead Sport Fishery, Technical Bulletin 78 

(Corvallis, Oregon: Agricultural Experiment Station, Oregon State 

University, September 1964), p. 39. It showed a positive correlation 
between average family income and the number of angling days taken, 

but could not be used in this study because the model included a dis- 

tance variable for which no data pertaining to Chesapeake Bay fishing 

is available. 

  

This region was selected because it includes the states sur- 

rounding the Chesapeake Bay and would encompass the area from which 

most Bay sport fishermen originate. Included are Delaware; Washing- 

ton, D.C.; Maryland, and Virginia. 

LO 
Rates of increase may be determined using financial tables 

for compound interest. See: Samuel M. Selby (ed.), Standard Mathe- 
matical Tables (20th ed.; Cleveland: The Chemical Rubber Company, 

1972), pp. 635-642. 

  

I stevens, Op. cit., p. 173.
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Table 6. Median Family Income, Southern Region, 1953 to 1974, in 

Constant (1974) Dollars. 
  

  

  

Median 

Year Family Index 
Income 1953 = 100 

1953 6,107 100 

1954 6,108 100 
1955 6,602 108 

1956 6,801 111 
1957 6,881 113 
1958 6,992 114 
1959 ~ 7,359 120 

1960 7,300 120 

1961 7,267 119 

1962 _ 7,534 123 
1963 8,059 132 
1964 8,463 139 
1965 8,767 144 
1966 9,620 158 
1967 9,946 163 
1968 10,467 171 
1969 10,903 179 
1970 10,861 178 
1971 10,934 179 
1972 11,396 187 
1973 11,793 193 
1974 11,230 184 
  

Source: Current Population Reports, Consumer Income, Series P-60, 

No, 101, Issued January 1976, U.S. Department of Commerce, 

Bureau of the Census.
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I 

12 

average family income, and 

average family income, squared. 

Given the demand equation, we can represent the initial hori- 

zontal intercept as: 

InQ, = 5.59954 + 0.531531nI, - 0.022141n1~ 

where: 

Qo = horizontal axis intercept in initial period, and 

Io and i = median family income and median family income, 

squared, in the initial period 

and InP. is assigned an arbitrarily small value greater than but 

approaching zero. 

Similarly, the expected horizontal axis intercept in the ter- 

minal year would be: 

Q. = 5.59954 + 0.531531nI | - 0,022141nt! 

where: 

Q. = intercept in terminal year, t, 

I = median family income in terminal year, t, and 

rf = median family income, squared, in terminal year, t. 

To estimate the average annual rate of increase in the level of 

the horizontal axis intercept, values for Qo and Qa. can be computed 

by plugging natural logarithms of values observed for median family 

income and median family income, squared, in 1953 and 1974 into the 

equation for Qo and Qe» respectively. Q, may then be expressed as a 

percentage of Qo: By consulting tables for compounding values, the 

average annual rate at which the horizontal axis intercept increased



~ 110 - 

in value over the 22 year period can be identified. This value cor- 

responds to ® in the Krutilla and Cicchetti computations, 

To estimate the average annual rate of change in the vertical 

axis intercept, given the demand equation, it is necessary to trans- 

2 
pose the equation and express InP as a function of InI, InI and 1nQ. 

_ 5.59954 0.53153 0.02214. 2 LnQ 
InP = - 9.69690 ~ 0.69690 1! + 0 69690 1"! ~=+ 9.69690 

- 8.03493 - .762381nI + 0.31771nI° + 1.434931nQ 

  

lnP 

The vertical axis intercept in the initial period is: 

InP, = - 8.03493 - .762381nI, + 0.031771nI~ 

and in the terminal period: 

InP. = - 8.03493 - 0.762381nI | + 0.031771nI~ 

where 1nQ is assigned an arbitrarily small value approaching zero. 

The average annual rate of change in the level of the vertical 

axis intercept, ry may be calculated in the same manner as was used 

for calculation of 3. 

Using the methods described in the foregoing paragraphs, the 

following results were obtained: 

9.846993 Q 1nQ = = 18890 
oO Oo 

InQ,. = 10.16763 Q. = 26000 

Q./Q0 = 1.38 

d= .0150 or 1-1/2% for n = 22 

InP = 6.0948 P = 450 
QO Oo 

InP. = 6.5549 Pe = 700 

PL/P, = 1.56 

ry = ,0200 or 2% for n = 22
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To account for the affects of population growth in the Chesa- 

peake Bay area on the total value of recreational sport fishing per 

year, the average annual rate of population growth must be added to 

the value for 9 based only on income changes. 

Census data indicates that the population of the United States 

increased from 151,326,000 to 203,212,000 between 1950 and 1970, a 

factor of 1.34. This is an average annual rate of population in- 

crease of 0.0150 or 1-1/2% per year. For the South Atlantic states, 

which include the Chesapeake Bay states, the population growth rate 

was higher. Increasing from 21,182,000 to 30,671,000, by a factor 

of 1.44, the South Atlantic states experienced an average annual 

population growth rate of 0.0175 or about 1-3/4% per year. 

Including the effects of population growth on the rate at which 

demand for recreational sport fishing increased, the value computed 

for 9 is increased by .0150 for a conservative estimate of the ef- 

fects of population growth, and by .0175 for a liberal estimate of 

the effects of population growth. Representing the rate of growth in 

the area under the demand curve as a and a to distinguish them, the 

following results are obtained. 

Following Krutilla and Cicchetti: 

5 =1n (1 + ry a+ ry + 9) 

SO°% 

Q Ul In [1 + (.02) (.015 + .015) + (.015 + .015)] 

In [1 + (0.02) (0.03) + .002 + 0.03] 

In (1.0506) 

a = ,049
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1 
This value for % implies that: 

b = (1 + .049)° b, 
t 

where: 

bo = benefits from sport fishing in base period, and 

bL = benefits from sport fishing in period t. 

Given a population growth rate of .0175, 

a = In [1 + (0.02) (0.015 + 0.0175) + (0.015 + 0.0175) + 0.02] 

= 1n [1 + (0.02) (0.0325) + (0.0325) + 0.02] 

= In [1.03315] 

a = £052)? 

This value for a implies that: 

b = (L +.0.052)* b 
t oO 

o
 i benefits from sport fishing in base period, and 

o
 It benefits from sport fishing in period t, 

Evaluation of the values for ar computed using the Krutilla and 

Cicchetti computational technique, and the equation estimated for the 

Yaquina Bay salmon sport fishing experience is difficult. The coef- 

ficients estimated in Yaquina Bay case were statistically signifi- 

cant. The population and income data applied to each in the exercise 

  

Stevens, using the equation reported in the foregoing exer- 

cise, predicted an increase of 59.6 percent in the number of annual 
salmon sport fishing days between 1965 and 1975, assuming a constant 
price during that period. See: Stevens, p. 173. This suggests that 

the number of sport fishing days taken was projected to increase at 

an average annual rate of about 4-1/4 percent. This implies a larger 

value for & than that reported for Chesapeake Bay sport fishing.
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of this chapter was relevant for Chesapeake Bay areas. By asserting 

that the demand structure for Chesapeake Bay sport fishing is similar 

to that of Yaquina Bay salmon sport fishing, it can be asserted that 

the average annual rate of change in total benefits from sport fish- 

ing lies within a possible range of from 0.049 to 0.052. 

In any case, it is probable, on the basis of previous recrea- 

tional demand studies and observed population and income trends, that 

the preservation benefits of wetlands derived from sport fishing have 

increased during the past 20 years. 

It should be noted that the measure of change in benefits from 

wetlands preservation derived from the Krutilla and Cicchetti 

approach represents change in total sport fishing benefits ultimately 

ascribed to wetlands. This figure is not a measure of marginal 

values or changes in the value of marginal units of wetlands. It is 

possible that several thousand acres of wetlands could be destroyed 

ecologically before any noticeable decline in populations of marine 

species were noted, 

Nevertheless, a measure of changes over time in the average 

value per acre of existing wetlands provides an indicator of the di- 

rection and magnitude of ecological values which may, in turn, be 

compared to comparable development values for wetlands. 

Commercial Fishing and Perceived 

Values for Wetlands 
  

  

In the first portion of this chapter, the theoretical relation- 

ships between ecologically productive wetlands and sport fishing were 

discussed. For reasons analogous to the sport fishing example, it
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can be argued that Virginia wetlands derive. a portion of their im- 

plicit value from the value of commercially harvested food fish of 

the Chesapeake Bay. 

At least 90% of the Virginia commercial fishery depends on 

marshland input services. /> The major dependent species are the 

oyster, hard clam, blue crab, alewive and menhaden, This dependence 

is based upon the relationship of marsh vegetation to the food web 

for marine species, and upon the role of marshes as nursery grounds 

or protective cover. 

Table 7 presents data on annual fish catch and total value of 

annual fish catch by Virginia watermen on the Chesapeake Bay. There 

is no clear trend in the dockside value of catch between 1960 and 

1971, nor is there a clear trend in total catch over the years. 

Catch per operating fisherman has been increasing as the number of 

operating watermen declines and new technology is adopted. Total fin 

and shell fish harvest averaged about 350 million pounds per year 

over the twelve-year period from 1960 to 1971. 

Value of Wetlands as Derived From the Value of Commercial Food Fish 

Although the dockside value of the commercial fin and shell 

fish harvest is a possible measure of the implicit value of Vir- 

ginia's wetlands acreage, it probably is not a measure which re- 

flects the perceptions of the Virginia voting population or of the 

  

1 Svarvin L. Wass and Thomas D, Wright, Coastal Wetlands of Vir- 

ginia, Special Report in Applied Marine Science and Ocean Engineer- 

ing, No. 10 (Gloucester Point, Virginia: Virginia Institute of 
Marine Science, 1969), abstract, p. vii. 
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proponents of institutional change. Consumer demand and shifts in 

consumer demand for seafood are, by definition, indicators of the 

level and change in relative values attached to seafood. To the ex- 

tent that the availability of seafood is perceived to be dependent 

on preservation of ecologically productive wetlands, rates of change 

in total value of seafood provide a plausible indicator of perceived 

growth in benefits dependent upon ecologically productive wetlands. 

In a study of the demand for fish and shellfish, Raunikar, et 

al., derived demand relations from an analysis of data reported by a 

panel of consumers in Atlanta, Georgia, on an annual basis over a 

five-year period. !* Demand (per capita and aggregate) is used 

throughout the Georgia study in reference to quantity of the com- 

modity to be taken by the consumer assuming the availability of sup- 

ply. This demand, or quantity to be taken, reflects the effects of 

specified explanatory factors which cause shifts (increases or de- 

creases) in demand and are based on 1965 relations. Specifically, 

estimates included the influence of household income, household age 

composition, and race on the demand for fish and shellfish. Regres- 

sion analysis on cross-section data produced coefficients represent- 

ing effects of these variables at a given, constant price level, on 

demand. 

  

lRobert Raunikar, J. C. Purcell and J. C. Elrod, Spatial and 

Temporal Aspects of the Demand for Food in the United States: V., 

Fish and Shellfish, Research Bulletin 92 (Athens, Georgia: College 
of Agriculture Experiment Stations, University of Georgia, June 1971); 
and J. C. Purcell and Robert Raunikar, Analysis of Demand for Fish and 

Shellfish (Atlanta, Georgia Consumer Panel), Research Bulletin 51 

(Athens, Georgia: College of Agriculture Experiment Stations, Univer- 

sity of Georgia, December 1968). 
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Given coefficients of the estimating equation just described, 

and using values of explanatory variables gathered from specified lo- 

calities and regions of the United States, the Georgia study made es- 

timates of fish and shellfish quantities demanded in 1965 on an ag- 

gregate and per capita basis by region. !> Using projected values of 

explanatory variables for 1980, values for per capita and aggregate 

fish and shellfish demand were projected for each locality for the 

year 1980, 

The results reported in the study by Rauniker, et al., may be 

interpreted in the manner illustrated by Figure 15. Price is assumed 

constant over time, and estimates are made of quantities demanded in 

each time period, based upon observed 1965 values of variables shift- 

ing the demand curve and projected 1980 values for the same vari- 

ables. Implicit in the analysis is a shift in the demand curve for 

seafood, from DOD, in 1965 to DD, in 1980, in response to changes 

in income, population, and racial mix of populations in the specified 

region under study during those time periods, Given some constant 

price level, P, quantity demanded increases from Q to Q 
1965 1980 duro 

ing the time period, 

Table 8 presents results of the study for the State of Vir- 

ginia, District of Columbia, and Maryland; three jurisdictions sur- 

rounding the Chesapeake Bay. Results for the United States are pre- 

sented as a basis for comparison. Of particular interest to the 

  

See: Raunikar, Purcell, and Elrod, Appendix A, Tables 1-3, 
pp. 22-26,
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Q Q 

21965 1980 

Figure 15, Estimated Demand for Fish and Shellfish, 1965 and 
Projections to 1980.
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100 

Table 8. Estimated Demand for Fish and Shellfish by Locality, 1965 

and Projections to 1980. 

Per Capita Aggregate 

hocality 1965 1980 1980 
Relative to Relative to 1965 Relative to 

U.S. Average 1965 1965 

Index Index Index 

(U.S. = 100) (1965 = 100) mil. lbs. (1965 = 100) 

Virginia 129 107 34.30 129 

District of 

Columbia 181 119 8.74 148 

Maryland 130 109 27.75 139 

United States 111 1,162.88 133 
  

Source: 

United States, V. 

Spatial and Temporal Aspects of the Demand for Food in the | 

Fish and Shellfish, by Robert 

Rauniker, J. C. Purcell, and J. C. Elrod, University of 

Georgia, College of Agriculture Experiment Stations, June 

1971, Research Bulletin 92, Appendix A, Tables 1-3.
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present study is the index of aggregate demand change for Virginia 

between 1965 and 1980. The index value of 129 indicates that the 

total annual quantity of fin fish and shell fish demanded in Virginia 

(at constant price) will increase by 29 percent between 1965 and 1980. 

If it is assumed that the horizontal axis intercept of the sea- 

food demand curve for Virginia increases in value over time at the 

same rate as the quantity demanded at constant price, then a value 

for 9 equal to .0175 may be inferred From the Georgia study. 

If it is further assumed that the vertical component of the de- 

mand shift is tied to the average annual increase in median family 

income, a value of 0.0300 for ry may be inferred from the results of 

the Georgia study. 

Applying the Krutilla‘and Cicchetti computational technique to 

these values for ry and 9, the following result is obtained: 

Ln [1 + (¢.0300) (.0175) + (.0300) + (.0175)] Ot = 

P 

= Ln (1.048025) 

% = 0.047 or 4.7% per year. 

It is likely that the assumptions concerning values of ry and 

9 Overestimate both components. At some positive price level, a 

given increase in quantity demanded represents a larger percentage 

change than the same nominal increase at zero price (refer to Figure 

15 for greater clarity). The rate of change in the vertical component 

of the demand shift will probably be somewhat less than the rate of 

growth in income, given a coefficient for income of less than 1 in 

the equation for the value of the vertical intercept.
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To allow for the possible over-estimation of r and 2? in the 

foregoing computation, O5 was computed for values of ry = .0250 and 

od = 0.0100. Oy corresponding to these values is 0.035. This value 

for oy is probably a conservative estimate. 

The Georgia study predicts an increase in aggregate seafood 

consumption from about 34 million pounds to about 44 million pounds 

between 1965 and 1980 for the State of Virginia. The projected quan- 

tity for 1980 represents only about 9 percent of the total fish and 

shellfish catch by Virginia watermen in the Chesapeake Bay for 1970 

alone. The projected increase in demand for seafood by Virginians 

between 1965 and 1980 will not necessarily tax available annual sup- 

plies of seafood. 

To summarize, results from the Georgia study of spatial and 

temporal aspects of the demand for fish and shellfish indicate an 

expected 29% increase in aggregate annual quantity of seafood de- 

manded in Virginia between 1965 and 1980, based on projected changes 

in family income, population, and racial mix in Virginia over time, 

and on an assumed constant price for seafood. The 29% increase in 

quantity of seafood demanded represents an average annual increase of 

about 1-3/4% per year over 16 years. Assuming 3 to equal this rate 

of change, and ry to equal the rate of change in median family in- 

come (0.0300), then the total area under the demand curve for seafood 

in Virginia would increase at a rate O = .047 per year. A conserva- 

tive estimate of O5 = .035 was computed, assuming ry = .0250 and 9 = 

0100.
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Other Sources of Preservation Benefits 
  

Sport fishing and seafood are two major sources of preservation 

benefits of wetlands. Wetlands are also credited with additional 

services of value to society. 

Salt marshes create peat beds which have the Capacity to absorb 

extra water and release it slowly after passage of a storm. This 

capacity of marshes aids in flood protection of coastal areas.-° In 

addition to buffering effects from storms and storm tides, salt 

marshes aid in erosion control and water flow stabilization.-! The 

peat beds of salt marshes may also aid in deterring intrusion of 

saltwater into freshwater aquifers. This attribute could be very inm- 

portant to peninsular areas surrounded by saltwater and subject to 

heavy use of freshwater supplies. 

As habitat for water fowl and certain fur-bearing species, wet- 

lands derive a certain value from sport fowling and fur trapping. 

Estimates of levels or trends in these values would be diffi- 

cult to acquire. However, mention of these values of ecologically 

productive wetlands is appropriate, if only to demonstrate the broad 

base upon which the ecological value of wetlands is based. 

Rate of Growth in Preservation Benefits From all Sources Combined 

Most of this chapter has been devoted to the problem of ap- 

proximating time rates of change in areas under demand curves for 

  

16, . A. Steers, "Coastal Changes," Future Environments of North 
America, Fraser F. Darling, ed. (Garden City, New York: The Natural 

History Press, 1966), pp. 539-551. 

IVyass and Wright, op. cit., p. 73.
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recreational sport fishing and for seafood in the Chesapeake Bay area 

and Virginia. The assertion is that these values correspond to those 

imputed by proponents of wetlands protection to the ecological pro- 

ductivity of wetlands. 

Values of Os were derived from changes in demand for sport 

fishing and for seafood. If wetlands are credited with the value of 

both, then the combined value for o will equal some value between 

o for seafood and O for sport fishing. There is no concise way to 

compute a value for O based upon time rates of change in combined 

sources of value for wetlands without some measure of the levels of 

benefits. Estimates generated by the study reported in this chapter 

indicate a combined vaiue for O between 0.035, the conservative es- 

timate based upon demand for seafood, and 0.052 based upon the demand 

for sport fishing. 

The technique employed in this chapter to approximate rates of 

change over time in values perceived to be attributable to preserved 

wetlands is admittedly imprecise. It requires strong assumptions 

about the nature of public perceptions, the relationship between 

relative perceived values and pressure for institutional change, and 

the relevance for the Chesapeake Bay of the sport fishing and sea- 

food demand studies cited. 

Nevertheless, the evidence strongly favors the conclusion that 

benefits popularly, and properly, imputed to wetlands in their nat- 

ural state have increased over time as income and population have 

increased in the Chesapeake Bay area.



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary 

The case of the Virginia Wetlands Act of 1972 was presented as 

a problem setting within which to explore the view that some insti- 

tutions provide economic services, and that pressures for institu- 

tional change are associated with changes in demand for these ser- 

vices. An advantage of using the Virginia wetlands problem as the 

subject of a case study is that it is representative of a larger 

class of problems dealing with the economics of natural environments. 

A general hypothesis to be tested in the case of the Virginia 

Wetlands Act was that institutional change to assure protection of 

ecologically productive wetlands was associated with increases in de- 

mand for those goods, services, and activities dependent in some way 

on the ecological services of wetlands. More specifically it was 

hypothesized that social benefits from preservation of wetlands have 

increased at a higher annual rate than social benefits from develop- 

ment uses of wetlands. 

Review of hearings records for Wetlands Boards in Virginia lo- 

calities indicate that development demand for wetlands in Virginia 

has been largely attributable to the demand for waterfront or chan- 

nelfront residential sites. A large percentage of residential 

- 124 -
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development activity on wetlands has occurred in the Virginia Beach 

area. 

This research used a case study approach to examine the influ- 

ence on residential land prices of waterfront situation of residen- 

tial sites achieved by channeling or filling salt marshland. The 

market value of land, as used in this study, was defined within the 

context of an economic theory of rent. A land value comparison tech- 

nique based upon multiple regression analysis was used to identify 

market price differentials attributable to waterfront amenities of 

marshlands as residential sites. Changes in this differential over 

time were taken as a measure of the time rate of increase in social 

benefits attributed to development uses of marshes. 

For purposes of comparison, estimates were made of the time 

rate of increase in social benefits attributable to preservation of 

wetlands. The ecological productivity of wetlands is considered to 

be essential to maintenance of some marine species in the Chesapeake 

Bay. A major source of demand for marine species is the recreational 

sport fishing industry. Using estimates generated by other studies 

of parameters for the demand for sport fishing, and time series ob- 

servations on variables which influence demand for sport fishing in 

the Chesapeake Bay, estimates were made of the time rate of change in 

the area under the demand curve for sport fishing. By attributing 

the value of sport fishing benefits to the ecological productivity of 

wetlands, one estimate was made of the time rate of change in social 

benefits attributable to ecological productivity of undeveloped wet- 

lands. Then, results of a previous study of consumer demand for



126 - 

seafood were employed in an attempt to estimate the time rate of 

change in the area under a demand curve for seafood in Virginia. 

This value was assumed to be a valid indicator of perceived values of 

the commercial fishery to be imputed to Virginia's wetlands. 

Results of these analyses indicate that the market-imputed 

value of channelfront situation, imputed to wetlands, increased from 

an average of $104 per lot per year in the initial period to $313 

per lot per year in the final period, according to one set of assump- 

tions and based on observations spanning the 21 years from 1955 to 

1975. Based on another set of assumptions, the average annual value 

of channelfront situation per lot increased from $113 in the first 

period to $272 in the final period. These estimates indicate an 

average annual increase in development benefits per lot ranging from 

4.25 percent to 5.5 percent. These values may overestimate values 

for o | perceived prior to 1970, since the price differential attribu- 

table to channelfront situation increased dramatically in the final 

period, 

Based on a previous demand study for saltwater sport fishing, 

and data series for values of variables assumed to shift demand for 

Chesapeake Bay sport fishing, values for the average annual rate of 

increase in total benefits of sport fishing ranged from 4.9 percent 

to 5.2 percent, depending upon which of two measures of population 

growth was used. 

Estimates of changes in the total benefits to be imputed to 

wetlands from seafood consumption in Virginia ranged from a
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conservative estimate of 3.5 percent to a liberal estimate of 4.7 

percent as the average annual rate of increase. 

In interpreting these results, it must be noted that values es- 

timated for the average annual rate of increase in development bene- 

fits, apply only to developed wetlands and not to all wetlands Oa 

in Virginia. The value computed for dg represents the annual rate 

of increase in the average development benefit per lot. 

On the other hand, values for a represent the average annual 

rate of change in total benefits to be imputed to wetlands in pres- 

ervation uses. The technique by which values for O were computed 

did not produce estimates of the base values (bo); to which % is 

applied. 

Given the political nature of decision-making for institutional 

change in this case, it is necessary only that a politically influ- 

ential portion of the electorate perceive that benefits to be cap- 

tured through institutional change exceed benefits from development 

of wetlands in order that an incent ive for lobbying exist. Measured 

benefits, or rates of change in benefits, are meaningful only if they 

condition perceptions. Testimony before the Virginia Wetlands Study 

Commission in October 1971, if taken to be representative of the per- 

ceptions of proponents of protective wetlands legislation, holds 

several implications: 

1. Proponents of wetlands legislation felt that social 

benefits lost through development uses destructive 
of wetlands exceeded benefits to society from de- 

velopment,
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2. Proponents of wetlands protection attached the same 
high value to every acre of wetlands, without per- 

ceiving the possible low value of marginal acres. 

3, Wetlands ecology was implicitly credited with the 

total value of commercial and sport fisheries. 

4. Wetlands left undisturbed would continue to be pro- 

ductive indefinitely, with a high probability that 
their value would increase with time. 

5. Without legislative intervention, all ecological 

values of wetlands would eventually be lost for- 

ever. 

Conclusion 

The hypothesis to be tested was that institutional change in 

the case of the Virginia Wetlands Act was associated with an in- 

crease in the perceived benefits associated with preserving wetlands 

relative to the benefits associated with development of wetlands. 

Values estimated for the time rate of change in preservation benefits 

oO and the time rate of change in development benefits (e) did not 

lead to the rejection of that hypothesis. Values imputed to unalter- 

ed wetlands from sport fishing benefits have increased at a rate 

equal to or greater than that associated with values of wetlands in 

development. The values computed for q, may overestimate those per- 
d 

1 
ceived prior to implementation of the Wetlands Act. If this is the 

case, then evidence in support of the hypothesis is strengthened. 

In addition to values derived from sport fishing, wetlands are 

credited with other benefits. Among these is the value imputed to 

commercial fisheries derived from the demand for seafood. Evidence 

  

t por reasons sited in Chapter III.
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presented in Chapter IV indicates growth in demand for seafood. 

Other benefits associated with unaltered wetlands include those from 

flood protection, shore erosion control, protection against salt- 

water encroachment into fresh water aquifers, and wildlife habitat, 

As residential, commercial, and recreational activities intensity in 

the coastal region, these values imputed to unaltered wetlands can 

be expected to increase, 

Also, given the practical irreversibility of wetlands altera- 

tions, it is appropriate to mention the likelihood that some propo- 

nents of wetlands legislation were attempting to satisfy their option 

demand for the benefits derived from unaltered wetlands. An economic 

justification for preservation is that many individuals are willing 

to pay, for example, to retain the option of eating seafood or going 

sport fishing at some future date, even though they have no current 

desire to engage in either activity. This option demand has legiti- 

mate economic value and could be properly included as a social bene- 

fit of preservation of natural areas. 

When the probable growth rates of these additional values are 

considered, the evidence in support of the hypothesis is further 

strengthened, 

Given the nature of political decision processes, it is suffi- 

cient to motivate lobbying efforts that citizens identify an oppor- 

tunity to increase preceived net social benefits by affecting insti- 

tutional change. This is especially true when citizens perceive an 

opportunity to increase their own welfare through institutional 

change. Testimony before the Virginia Wetlands Study Commission
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indicates that proponents of protective wetlands legislation con- 

sidered ecologically productive wetlands to be of increasing impor- 

tance to social welfare and of potentially large value to future 

generations. 

Evidence presented in this study is generally consistent with 

the hypothesis that perceived benefits from unaltered wetlands have 

increased at a faster rate than have benefits attributed to wetlands 

in development. 

Implications and Limitations 
  

The hypothesis concerning relationships between institutional 

change and dynamics of the economy holds implications of importance 

to those people responsible for deciding whether institutions should 

be changed and, if so, what type of change should be made. The sub- 

ject has been treated in this study in terms of political decisions 

to alter institutions for the allocation of natural resources. 

If it is demonstrated that shifts in demand for services pro- 

vided by institutions creates incentives for citizens to advocate 

change, policymakers will certainly find it easier to identify those 

changes in institutions which would satisfy the demand for services. 

Some capacity to predict the substance and the timing of pressure 

for institutional change could be derived from a fuller understanding 

of the function of certain institutions, and of their ability to ac- 

commodate economic change. 

This study addressed the hypothesis that benefits from preser- 

vation have increased at a faster rate than benefits from
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development of wetlands. A stronger hypothesis would be that bene- 

fits imputed to ecologically productive (undisturbed) wetlands have 

increased relative to benefits from development of wetlands, so that 

the level of benefits from preservation at some time prior to 1972 

grew to exceed the level of benefits from development. This strong- 

er hypothesis was not addressed in this thesis because resources re- 

quired to obtain credible measures of actual levels of benefits from 

preserving wetlands would have exceeded those available for this 

study. However, given the value of understanding the reasons for in- 

stitutional change, and given the results of this study, further re- 

search into the relationship between economic change and institu- 

tional change can be justified. 

There is reason to explore the relationship of economic growth 

to pressures for institutional change. However, other factors should 

not be neglected. In the specific case of the Virginia Wetlands Act, 

several factors undoubtedly combined to produce change. For exam- 

ple, a growing attentiveness, nationwide, to the importance of unmar- 

ketable and unpriced environmental amenities has been reflected in 

such federal legislation as the Coastal Zone Management Act. A 

general climate of greater emphasis on environmental and ecological 

protection and inducements of federal legislation probably tended to 

favor institutional change in Virginia. Whether this trend is asso- 

ciated with relative shifts in values of preservation versus develop- 

ment benefits is a question which invites return to the original 

hypothesis of this study.
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It must be recognized that the manner in which changes in rela- 

tive values affect demand for institutional change depends in part 

upon the incidence of change, or the distribution of effects, in re- 

lation to the locus of political power. This is true because of the 

political nature of decision-making for institutional change. 

The implications of distributional consequences can be illus- 

trated using the Virginia Wetlands Act. The Act requires that the 

ecological value of wetlands be weighed in all future decisions con- 

cerning the use of wetlands, The effects on income distribution of 

this requirement are not neutral. Those who enjoy sport fishing 

would expect to benefit from the legislation. In the long run, so 

could commercial fishermen and consumers of seafood, Current owners 

of channelfront residential sites might support legislation restrict- 

ing further development of wetlands, with the expectation that their 

channelfront property values would increase as a consequence. How- 

ever, owners of undeveloped wetlands may expect to lose the eventual 

development value of their acreages if further development of wet- 

lands is prohibited. Some localities may suffer a decline in reve- 

nues if bans on development erode the tax base. 

Given that the affects the Virginia Wetlands Act on expected 

income flows were not neutral, it is not surprising that support of 

the legislation was not unanimous. Non-unamity plus the public good 

nature of the benefits suggest that, in cases such as the wetlands 

legislation, benefits to be captured through institutional change 

must be substantial to induce cooperation among potential benefici- 

aries for a lobbying effort.
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Furthermore, the importance of the incidence of resulting bene- 

fits and costs emphasizes that there is nothing inherent in the proc- 

ess of institutional change that suggests a movement toward improved 

social efficiency. Specifically, government responds to the majority 

vote rather than to the vote of each individual separately. A voter 

may deliberately vote for activities which he would impose only on 

others, knowing that he can, himself, avoid the consequences. Simi- 

larly, political decisions for institutional change could benefit a 

majority to the detriment of a minority, without reference to changes 

in total social benefits. Therefore, nothing inherent in the demo- 

cratic process operates to guarantee that allocative decisions will 

be economically efficient or that they will necessarily tend to maxi- 

mize net social benefits. Unless the effects of institutional change 

are neutral with respect to the distribution of income flows, an op- 

portunity to increase net social benefits will not necessarily re- 

sult in unopposed lobbying for institutional change. 

Indeed, it is possible that institutional change to capture 

some set of benefits for a small, but powerful group could actually 

result in a decrease in net social benefits. Similarly, the exis- 

tence of an opportunity to increase net social benefits through in- 

stitutional change will not guarantee that such a change will occur. 

The outcome depends not only upon the existence of incentives for 

lobbying efforts, but also upon the distribution of incentives with 

respect to political power. 

This study has found support for the hypothesis that institu- 

tional change to account for the value of undisturbed wetlands was
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associated with a relative increase in those values as compared to 

values of wetlands in development. However, this result cannot prop- 

erly be interpreted as justification for the specific provisions of 

the Virginia Wetlands Act of 1972. Institutional change to assure 

that ecological values of wetlands would henceforth be weighed in 

land use decisions could have taken several different forms, each 

with different efficiency implications. 

For example, it may have taken the form of a development tax, 

imposing a tax on any development activity which would destroy marsh 

vegetation. If the tax were equal to the perceived value of eco- 

logical services of wetlands involved, then only those development 

activities with a higher value would be undertaken. This approach 

would be indirect in nature, leaving administration in the hands of 

local officials, and land use decisions in the hands of private land 

owners. 

On the other hand, provisions to assure consideration of eco- 

logical values of wetlands could have called for a ban on all ac- 

tivities destructive of marsh vegetation, enforced by a state agen- 

cy. Such an approach would represent centralized (state level) con- 

trol of resource allocation by direct methods. 

Another possibility might have been purchase of wetlands acre- 

ages to be protected, or of easements to restrict use of wetlands in 

such a manner as to assure continuation of those natural functions 

for which undisturbed wetlands are valued. 

Other forms of institutional arrangements are possible which 

would assure that ecological benefits of wetlands are represented in
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land use decisions. Some are direct and inflexible in their method 

of application. Some involve centralized decisionmaking by a state 

government bureaucracy. Others may allow local control of resource 

allocation. Still others may leave institutional arrangements un- 

altered, but work within existing land use institutions to change 

owernship patterns, 

No single approach, however, can be justified as superior to 

others even on the basis of clear evidence that total net social 

benefits attributable to undisturbed wetlands have grown to exceed 

benefits from wetlands in development. Justification of a particu- 

lar form of land use institution will require reference to such con- 

siderations as the advantages of local control versus state or fed- 

eral control, private ownership versus government ownership, direct 

regulation versus indirect measures, and so forth, 

If social efficiency, the maximization of net social benefits, 

is the goal of society, then some forms of resource institutions 

will perform better than others. It should be noted that attempts to 

implement proposals to assure social efficiency may be thwarted for 

at least two reasons. One is related to the nature of political 

choice, discussed earlier in this section. In political decision- 

making, the expected effects on the distribution of income flows may 

take precedence over efficiency questions. The second reason is 

that some goods and services which institutions are intended to pro- 

vide are characterized by certain public goods aspects. They cannot 

be marketed, so there are no market prices to guide allocation in an
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efficient manner. Such is the case with wetlands as part of the eco- 

logical system. 

Nothing in the provisions of the Virginia Wetlands Act assures 

that wetlands will hereafter be efficiently allocated between de- 

velopment and preservation. It legislates only that further develop- 

ment will be permitted only on wetlands of lesser ecological signifi- 

cance or on acreages not containing marsh vegetation. Such an ap- 

proach may result in greater efficiency than would have occurred in 

the absence of legislation, but the Act does not necessarily assure 

that marginal value of additional wetlands development equals the 

marginal value of wetlands preserved. 

For example, preserving all wetlands of primary ecological 

significance and developing only those of less significance suggests 

that there are no wetlands acres of primary ecological significance 

that would have higher social returns in development. This is quite 

doubtful, for the more acres preserved, the less socially valuable 

is another preserved acre. (assuming diminishing marginal productivity 

of wetlands is part of the ecological system). There is, no doubt, 

some wetlands acreage, the location of which so enhances its value in 

development, that it should be developed if social efficiency is used 

as a decision criterion. 

These comments do not impugn the validity of the hypothesis 

upon which this study focused. Rather they point up an additional 

relevant dimension of the process and performance of decisionmaking 

for institutional change.
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Several areas for further research are apparent. First, addi- 

tional studies similar to the one reported in this paper would be 

useful to verify and elaborate the relationship between specific 

instances of change in resource allocation institutions and changes 

in demand for those services which institutional change would favor. 

To the extent that such studies consistently show institutional re- 

sponse to economic change, the capability for predicting the timing 

and the source of pressures for change can be enhanced. 

Further research exploring relationships between the incidence 

of income effects, concentration of political power, and the choice 

of institutional arrangements for resource allocation would do much 

to aid in predicting the effects of information programs on institu- 

tional choice. 

Another promising avenue for further research would be explor- 

ation of the relationship between actual social benefits derived 

from resources in alternative uses and perceived social benefits in 

the same uses. Such information would make it possible to determine 

likely affects of educational programs on the choice of resource al- 

location institutions,



BIBL IOGRA PHY 

  

  

Allee, David J. "Discussion: Analytical Institutional Economics," 
American Journal of Agricultural Economics, LIV (December 

1972). 

d'Arge, Ralph C. ''Economic Policies, Environmental Problems, and 
Land Use," in Environment: A New Focus for Land-Use Planning, 
ed., Donald M. McAllister, (Washington, D.C.: National Science 

Foundation, October 1973°, Chapter 7, pp. 157-182. 

Barlow, Raleigh, Land Resource Economics: The Economics of Real 

Property (Second Edition, Englewood Cliffs, N.J.: Prentice- 

Hall, Inc., 1972). 

  

Barron, James C. "Relevance of Economic Research for Public Land 
Use Decisions," a paper presented at the Workshop on Economic 

Research for Land Use Planning, Western Agricultural Economics 

Regional Committee, Natural Resource Economics Committee, 

Seattle, December 16-18, 1974. 

Bator, Francis M. '"'The Simple Analytics of Welfare Maximization," 
American Economic Review (March 1957). 

Bergin, Thomas F. ''Price-Exclusionary Zoning: A Social Analysis," 

St. John's Law Review, 1LIIL, (October 1972). 
  

Beuscher, Jacob H. and Wright, Robert R., eds. Cases and Materials 

on Land Use, (St. Paul: West Publishing Company, 1969). 
  

Boxley, Robert F, ''The Relationship Between Land Values and Flood 
Risk in the Wabash River Basin,'' Institute for Water Resources 
Report 69-4, (Economic Research Service, United States Depart- 

ment of Agriculture, 1969). 

Bressler, Jr., Raymond, G. and King, Richard A. Markets Prices and 

Interregional Trade, (New York: John Wiley and Sons, Inc., 

1970). 

  

  

Brion, Denis J. "Virginia Natural Resources Law and the New Virginia 

Wetlands Act," Washington and Lee Law Review, Vol. XX (1973). 
  

- 138 -



- 139 - 

Bromley, Daniel W. "on Appraising Environmental Institutions: Com- 

ment,'' American Journal of Agricultural Economics, LVI (Novem- 

ber 1974), pp. 819-822. 

Buchanan, James M. "Individual Choice in Voting and the Market," 
Journal of Political Economy, LXII (August 1954). 

"Positive Economics, Welfare Economics, and Po- 
litical Economy,'' Journal of Law and Economics, (October 2, 
1959). 

  

. "Politics, Property, and the Law: An Alterna- 
tive Interpretation of Miller, et. al. v. Schoene," The Journal 
of Law and Economics, XV (October 1972). 

  

  

Burkhead, Jesse and Minor, Jerry. Public Expenditure (Chicago: 

Aldine-Atherton, 1971). 

Cho, Jae H. "Externalities and Land Economics," Land Economics, 
111L (February 1971). 

Ciriacy-Wantrup, S. V. "Water Policy and Economic Optimizing: Some 
Conceptual Problems in Water Research," American Economic Re- 

view, LVII (May 1967), pp. 179-189. 

- ‘Natural Resources in Economic Growth: The 

Role of Institutions and Policies,'' American Journal of Agri- 

cultural Economics, LI (December 1969). 

  

Coase, Ronald. "The Problem of Social Cost," Journal of Law and Eco- 
nomics (October 1960). 

Commons, John R. Legal Foundations of Capitalism (New York: The 

MacMillan Company, 1924). 

. Institutional Economics (New York: The MacMillan 

Company, 1934). 
  

Current Population Reports, Consumer Income, Series P-60, No. 101, 

Issued January 1976, U.S. Department of Commerce, Bureau of 
the Census. 

Damionos, Demetrios. The Influence of Flood Hazards Upon Residential 

Property Values, unpublished Ph.D. dissertation (Blacksburg, 
Virginia: Department of Agricultural Economics, Virginia Poly- 

technic Institute and State University, August 1975). 

 



140 - 

and Shabman, Leonard A. Land Prices in Flood 

Hazard Areas: Applying Methods of Land Value Analysis, Bulle- 
tin 95, (Blacksburg, Virginia: Virginia Water Resources 
Research Center, April 1976). 

  

Dawes, George M. and Jones, Claiborne. ‘Virginia Wetlands Law," 
Impact (Richmond, Virginia: The Council on the Environment, 

September 1975). 

Demsetz, H. ''Toward a Theory of Property Rights," American Economic 
Review, LVII (May 1967), pp. 347-359. 

  

Federal Reserve Bulletin. 

Ferguson, C. E. Microeconomic Theory, (Revised Edition; Homewood: 

Richard D. Irwin, Inc., 1969). 
  

Fishery Statistics of the United States. Statistical Digest No. 49- 

65, U.S. Department of Commerce, National Oceanic and Atmos- 

pheric Administration, National Marine Fisheries Service, U.S. 

Government Printing Office, Washington, D.C. 

  

Furubotn, Eirik G. and Pejovich, Svetozar. The Economics of Prop- 

erty Rights (Cambridge, Mass.: Ballinger Publishing Company, 
Company, 1974). 

Godwin, R. Kenneth and Shepard, W. Bruce. State Land Use Policies: 

Winners and Losers (Corvallis, Oregon: Department of Political 

Science, Oregon State University, November 1974). 
  

Goldberg, Victor P. ''Public Choice - Property Rights," Journal of 
Economic Issues, (September 1974).   

Greenburg, Edward, Leven, Charles L., and Schlottman, Alan. Analy- 

sis of Theories and Methods for Estimating Benefits of Pro- 

tecting Urban Flood Plains (St. Louis: Institute for Urban and 
Regional Studies, Washington University, 1974). 
  

Henderson, James M. and Quandt, Richard E. Microeconomic Theory: A 

Mathematical Approach (Second Edition, New York: McGraw-Hill 

Book Company, 1971). 

  

  

Jones, Claiborne. Local Environmental Management: A Case Study -- 

The Virginia Wetlands Act of 1972, unpublished Master's thesis 
(Department of Marine Science, College of William and Mary, 

Williamsburg, Virginia, 1976). 

  

  

Krutilla, John V. and Cicchetti, Charles J. "Evaluating Benefits of 
Environmental Resources with Special Application to Hell's Can- 

yon,'’ National Resources Journal (January 1972), pp. 4-8. 
 



141 - 

Lancaster, Kelvin J. "A New Approach to Consumer Theory," Journal of 
Political Economy (1966). 
  

Little, Joseph W. "Discussion: Analytical Institutional Economics," 
American Journal of Agricultural Economics, (December 1972). 

Mishan, E. J. "The Fatility of Pareto-Efficient Distributions," 
American Economic Review, LXII (December 1972). 
  

Olson, Mancur, Jr. The Logic of Collective Action (Cambridge: Har- 

vard University Press, 1965). 

Purcell, J. C. and Raunikar, Robert. Analysis of Demand for Fish and 

Shellfish: Atlanta, Georgia, Consumer Panel, Research Bulletin 
51 (Athens, Georgia: University of Georgia, College of Agri- 

culture Experiment Stations, December 1968). 

  

Randall, Alan. “Market Solutions to Externality Problems: Theory 
and Practice," American Journal of Agricultural Economics, 
(May 1972). 

- "On Appraising Environmental Institutions: Comment," 
(November 1974). 

"Property Rights and Social Microeconomics," Natural 
Resources Journal, XV (October 1975). 
  

Raunikar, Robert, Purcell, J. C., and Elrod, J. C. Spatial and 
Temporal Aspects of the Demand for Food in the United States 

v. Fish and Shellfish, Research Bulletin 92 (Athens: Univer- 
sity of Georgia, College of Agriculture Experiment Stations, 

June 1971). 

  

Ring, Alfred A. The Valuation of Real Estate (Englewood Cliffs, 
N.J.: Prentice-Hall, Inc., 1963). 
  

Ruttan, Vernon W. ‘Induced Technical and Institutional Change and 
the Future of Agriculture" (New York: The Agricultural De- 

velopment Council, Inc., December 1973). 

Samuels, Warren J. '"Interrelations Between Legal and Economic Proc- 
esses,'' The Journal of Law and Economics, XIV (October 1971). 
  

Samuelson, Paul A. "The Pure Theory of Public Expenditure," Review 

of Economics and Statistics, XXXIV (November 1954) pp. 387- 

389. 

Schmid, A. Allan, "Analytical Institutional Economics: Challenging 
Problems in the Economics of Resources for a New Environment," 

American Journal of Agricultural Economics, LIV (December 

1972), pp. 893-900. 
 



- 142 - 

  

Schultz, T. W. "Institutions and the Rising Economic Value of Man," 
American Journal of Agricultural Economics, L (No. 5), pp. 

1113-1122. 

Scitovsky, Tibor. Welfare and Competition (Revised Edition; Home- 

wood: Richard.D. Irwin, Inc., 1971). 
  

Seneca, Joseph J. and Taussig, Michael K. Environmental Economics 

(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1974). 

Settle, Fairfax Healy. Survey and Analysis of Changes Effected by 

Man on Tidal Wetlands of Virginia, 1955-1969, unpublished 

Master's thesis (Blacksburg, Virginia: Department of Wildlife 

Management, Virginia Polytechnic Institute and State Univer- 

sity, December 1969). 

  

Standard Mathematical Tables. Samuel M. Selby, Editor-In-Chief (20th 

Edition; Cleveland: The Chemical Rubber Company, 1972). 
  

Steers, J. A. ''Coastal Changes," Future Environments of North 
America, edited by Fraser F. Darling (Garden City, New York: 

The Natural History Press, 1966), pp. 539-551. 

Stevens, Joe B. ‘Recreation Benefits from Water Pollution Control," 
Water Resources Research, II (Number 2), 1966. 
  

Stoevener, Herbert H., Stevens, Joe B., Horton, Howard F., Sokolas- 

ki, Adam, Parrish, Loys P., and Castle, Emery N. Multi-Disci- 

plinary Study of Water Quality Relationships: A Case Study 

of Yaquina Bay, Oregon, Special Report 348 (Corvallis, Oregon: 

Agricultural Experiment Station, 1972). 

  

  

Stull, William J. "Community Environment, Zoning, and the Market 
Value of Single Family Homes," Journal of Law and Economics, 

XVIII (No. 2), pp. 535-558. 
  

Va. Code Ann., sec. 62.1 - 13.1 et seq. (1973) (Supp. 1976). 

Wass, Marvin L. and Wright, Thomas D. Coastal Wetlands of Virginia, 

Special Report in Applied Marine Science and Ocean Engineering, 
No. 10 (Gloucester Point, Virginia: Virginia Institute of 

Marine Science, 1969). 

 



VITA 

Roy Ronald Carriker was born in McCoupin County, Illinois on 

June 16, 1946. He graduated from Eastern Illinois University with a 

Bachelor. of Science degree in Sociology in June, 1968. He worked as 

a Disability Claims Examiner for the Federal Disability Program in 

Springfield, Illinois until January, 1970. In February, 1970 he was 

admitted to the graduate program in Agricultural Economics at the Uni- 

versity of Illinois at Urbana-Champaign. He completed the require- 

ments for the degree of Master of Science of Agricultural Economics in 

July, 1972. 

In September, 1972 he entered the graduate program in Agricul- 

tural Economics at Virginia Polytechnic Institute and State University. 

He studied under a Graduate Research Assistantship until April 1974, 

and served as a part-time instructor from April 1974 until May 1976. 

In November 1976 he completed requirements for the degree of Doctor 

of Philosophy in Agricultural Economics. He will begin employment as 

an Extension Economist for Rural and Natural Resource Development with 

the rank of Assistant Professor in the Department of Food and Resource 

Economics at the University of Florida in January, 1977. 

- 143 -
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(ABSTRACT ) 

The case of the Virginia Wetlands Act of 1972 is presented as 

a problem setting within which to explore the view that some institu- 

tions provide economic services, and that pressure for institutional 

change result from changes in demand for these services. 

A general hypothesis to be tested in the case of the Virginia 

Wetlands Act is that institutional change to assure protection of 

ecologically productive wetlands was associated with increases in 

demand for those goods, services, and activities dependent in some 

way on the ecological services of wetlands. More specifically, it 

is hypothesized that net social benefits from preservation of wet- 

lands have been increasing more rapidly than net social benefits from 

development uses of wetlands which destroy marsh vegetation. 

This research used a case study approach to examine the influ- 

ence on residential land prices of waterfront situation of residen- 

tial sites achieved by filling or draining salt-marshland. The mar- 

ket value of land, as used in this study, is defined within the con- 

text of an economic theory of rent. A land value comparison



technique based upon multiple regression analysis was used to identi- 

fy market price differentials attributable to waterfront amenities of 

marshlands as residential sites. Changes in this differential over 

time are taken as a measure of the time rate of increase in social 

benefits attributed to development uses of marshes. 

For purposes of comparison, estimates were made of the time 

rate of increase in social benefits attributable to preservation of 

wetlands. The ecological productivity of wetlands is essential to 

maintenance of marine species in the Chesapeake Bay. A major source 

of demand for marine species is the recreation sport fishing indus- 

try. Using estimates generated by other studies of parameters for 

the demand for sport fisheries, and time series observations on vari- 

ables which influence demand for sport fishing in the Chesapeake Bay, 

estimates were made of the time rate of change in social benefits 

attributable to ecological productivity of undeveloped wetlands. 

Other sources of value for undisturbed wetlands were also noted. 

The findings were generally consistent with the view that in- 

stitutional change in the case of the Virginia Wetlands Act was asso- 

ciated with an increase in the net social benefits associated with 

wetlands preservation, relative to benefits associated with develop- 

ment uses of wetlands.


