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Abstract

Episodic flooding along rivers and streams in the lowlands of Western Washington has
become a recurrent theme of recent years. Development practices that eliminate or
compromise natural systems capable of controlling runoff appear to be exacerbating flooding
problems in many areas. This highlights the importance of the remaining natural systems
capable of attenuating flood flows, particularly wetlands, in the region’s defenses against
increasingly destructive floods.

To economists the problem of protecting wetlands for the flood protection services they
provide is complicated by the “public goods’ character of wetlands. Although wetlands
provide diverse valued services to humans, the incentives that private property owners have to
protect wetlands may nevertheless remain low. Wetlands owners can neither easily capture
the social benefits that accrue when wetlands are protected nor produce those benefits
independent of the cooperation of many othersin pursuit of the same goals. Traditionally
government is looked to for wetlands protection as a resullt.

In this report we argue that economic valuation of wetlands' flood protection services can
provide a strong rationale for Western Washington communities to protect their remaining
wetlands. After describing the general economic rationale for pricing non-marketed natural
resource services like flood protection and outlining the approaches economists use to
establish such values, we show how the “aternative/substitute cost” method can be used to
produce a proxy for the value of the flood protection services that many wetlands currently
provide for “free.”

Weillustrate our argument by estimating the dollar-per-acre values of wetlands systems for
flood protection in two Western Washington communities currently experiencing frequent
flooding, Lynnwood and Renton. We do this viaavariant of the alternative/substitute cost
method. Cost estimates for engineered hydrologic enhancements to wetlands currently
providing flood protection are used to establish proxies for the value of the flood protection
these same wetlands currently provide. A smple “ratio analysis’ scheme is employed, making
the method easily transferable to other communities which, like Lynnwood and Renton, are
seeking ways to enhance the flood protection their remaining wetlands provide. The proxy
values we estimate are in the range of tens of thousands per acre in current dollars. The
analysis suggests that communities are likely to pay an increasingly high price for flood
protection if they alow their remaining natural systems capable of attenuating flood flows to
become further compromised in their ability to do so.
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Executive Summary

Attitudes toward wetlands have changed enormously over the past severa decades. Formerly
regarded as nuisances, wetlands are increasingly valued today for the wildlife they support and
the numerous other amenities they provide. Nevertheless, wholesale conversion of wetlands
to other uses occurred as settlement expanded across the nation, and wetlands continue to be
under development pressure in many areas.

Economic valuation, focused on services like flood control that wetlands provide for “free”
and which therefore are easily taken for granted, can strengthen the argument for wetlands
protection. It can illuminate the values that wetlands services have for society in the present
and help policy makers understand the consequences of present policies on the values
wetlands services are likely to have in the future. Providing such understanding is the ultimate
goal of thisreport. After reviewing approaches that resource economists use to measure
economic values for wetlands services which, like flood protection are not exchanged in
markets, we develop case studies built around the current flood-protection enhancement
efforts of two western Washington communities undergoing rapid growth (Lynnwood and
Renton).

More than half of the wetlands that once existed in western Washington have been lost. Often
the cause has been agricultural conversion, but today wetlands are increasingly at risk due to
urban and suburban development. Western Washington is now one of the fastest growing
regions of the country, and the remaining wetlands in rapidly developing areas are increasingly
valuable for the flood protection they can provide. At the same time, the increasing pace and
density of development is resulting in the natural wetlands systems that are capable of
absorbing urban runoff becoming ever more fragmented, even as the need for flood protection
grows ever more critical.

Recent episodes of serious flooding in the Puget Sound region raise the question of whether
wetlands are properly valued for the flood protection they can provide. Resource economists

marketplace where goods that are more easily bought and sold are exchanged. Lacking
appropriate price signas, private owners may not find it economically rational for them to
protect wetlands whose benefits pass freely beyond their boundaries and whose value to
society-as-a-whole will only be redlized if a great many individuals are equally committed to
the cause of wetlands protection.

Wetlands perform a number of functions of value to society, and focusing on any one, like
wetlands’ ability to attenuate storm flows, necessarily undercounts the total value that
wetlands have for the numerous other “services’ they also provide. Wetland values flow from
services as diverse as support for commercial fishing to support for recreational birdwatching
and the provision of open space. Simple cost-benefit comparisons of development vs.
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preservation projects must be done with caution, and research points increasingly to the
conclusion that, properly enumerated, the values associated with wetlands preservation do not
necessarily lose out to development values, even when both are reduced to dollars and cents.

Economic valuation is the process of establishing a price for a good or service. Economists
use market and non-market techniques to establish economic values, as well as proxy methods
which take the value of one good or service as an indirect measure of another less easily
guantified. The values economists try to capture with various measurement techniques
include “non-use” values, where the person experiencing the value doesn't actually comein
contact with the resource. For example, people attach value to the existence of wilderness
areas that they may well never visit.

Studies to date of the value of flood protection provided by wetlands have relied on proxy
techniques. The dominant approaches are the “ alternative/substitute cost” method and the
“damage costs avoided” approach. The Army Corps of Engineers used the damage costs
avoided approach in a much-cited study conducted in the 1970s in which flood profilesin two
Massachusetts rivers, one with extensive wetlands in its headwaters and the other with few
remaining wetlands, were compared. The study concluded that the loss of the wetlands in the
headwaters of the Charles River could lead to annual flood damages of over $17 million. The
result led the Corps to acquire and protect some 8,500 acres of wetlands in the Charles River
drainage. Unfortunately estimates made of the value of wetlands and other environmental
services vary widely and there is often no clear consensus among economists on the best way
to value a particular service.

In the cities of Lynnwood and Renton, extensive hydrologic studies have been done as part of
efforts to enhance the flood control services provided by existing wetlands within their
boundaries. In Lynnwood, the focus has been on Scriber Creek, which roughly bisects the
city asit wends its way southeasterly to flow into the city of Brier. The Scriber Creek
watershed is just 6.8 square miles in extent, but with extensive land clearing the creek has
become subject to flooding that periodically overtops local roadways, including the busy and
highly developed Highway 99. Just 2% of the land area within Lynnwood remainsin
wetlands, just over 100 acresin total.

Our economic analysis of the value of flood protection provided by wetlands associated with
Scriber Creek utilized data on projected changes in water flows that would result if specific
proposed engineered enhancements of the remaining wetlands, designed to further reduce
flood flows during storms, were put into place. We assumed that the willingness of the city to
pay the estimated costs of the proposed enhancements is an accurate reflection of the value to
Lynnwood' s residents of the current ability of the unaltered wetlands to perform the flood
flow reduction that is currently provided. This approach thus represents a variant of the
alternative/substitute cost method of natural resource valuation.

Ratios of the costs of the proposed hydrologic enhancements to the flood flow reduction
effect they would achieve, and of the existing wetlands acreage to the flood flow reduction it
presently achieves, were formed. These ratios were then combined mathematically to produce
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adollars-per-acre estimate of the value of flood protection currently provided by the wetlands.
We were able to develop two such estimates, one for the “whole system” hydrologic
enhancement proposa developed by consultants for the city, and one for hydrologic
enhancement only of the North Scriber wetland, a unique and highly efficient attenuator of
storm flows located high in the Scriber Creek watershed.

A similar approach was devel oped to estimate the value of existing wetlands in the East Side
Green River Watershed of Renton. The situation in the rapidly developing Renton Valley is
similar to Lynnwood' s though the approach the city is using to enhance the flood protection
capability of its wetlands is somewhat different. Because the Green River Interlocal
Agreement prevents the city from releasing flood flows to the Green River during the most
severe storm events, the city needs extensive flood storage if widespread flooding of the
Valey isto be prevented. Although numerous wetlands still exist in the Renton Valley, they
have become highly fragmented with many pieces effectively cut off from Springbrook Creek,
the Valey’s main flow conduit. The proposed enhancements to flood flow storage thus
involve conveyance of flood flows among wetlands in the Valley and mitigation projects to
enhance flood storage.

We used a proposal for hydrologic enhancement identified in a recent environmental impact
statement on the East Side Green River Watershed Project as the basis for estimating the
value of the existing wetlands in the Valley for flood storage. The proposal consists of a
package of flow conveyance improvements involving two existing Valley wetlands and alarge
wetlands mitigation project involving a third which has been filled. Ratios of the total cost of
the package proposal to the total acre-feet of storage it would add, and of the existing flood
storage to the number of wetlands acres that support it, were developed. These were
combined to develop an estimate of proxy value per acre of the existing wetlands in the Valley
for flood storage.

The results of the analysis we did of the Lynnwood and Renton systems gave similar values
which, when annualized to $/acref/year, are comparable to values found in the few other
economic studies that have been done of the value of wetlands for flood protection. We
produced three estimates of “whole system” wetlands value for flood protection, which range
from about $36,000/acre to about $51,000/acre. These values reflect both the current
efficiencies of wetlandsin their unaltered state to attenuate flood flows and the relatively high
cost of adding to this capacity, aresult of the degraded state of many remaining wetlands.
The analysis of the North Scriber Creek wetland’ s value for flood flow attenuation revealed
somewhat lower values, ranging from $8,000 to $12,000 per acre. Thislower valueis
consistent with expectations, based as it is on benefits that are more local in character and on
the relative cost efficiency with which additiona storage capacity can be added to this
particular wetland.

Interpretation and comparison of these results must be done with caution due to a number of
differences in the way calculations for the different systems were done and the assumptions
we've made that permit usto infer the value of existing wetlands for flood control from the
projected costs of enhancements to these same systems. The broader lesson of thisanaysisis
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that the per-acre value estimates appear to increase rapidly as the cost inefficiency of
enhancing the wetlands that remain aso increases. This happens as wetlands systems become
increasingly fragmented and degraded. This suggests that policies which permit wetlands to
disappear that are presently contributing little to mainstem flood protection, but which have
the potential to do so in the future, could lead to rapidly rising values for the remaining
wetlands for flood protection, as increasingly margina wetlands are called into service. At
some point the “next best” alternatives to enhanced flood protection will not involve wetlands
a al, and the purely engineered systems that might have to be built could prove very
expensive indeed. These results suggest that price-sensitive market signals do exist that
provide a strong economic rationale for communities in Western Washington to protect
wetlands today in order to avoid what are likely to be much higher costs of flood protection in
the future.

Inevitably, the actual implementation of the flood storage enhancement projects upon which
these cost estimates are based runs the risk of altering other wetlands values. Maximizing the
capacity of wetlands to store floodwaters may mean for example that the shrub-forest habitat
typica of many Western Washington wetlands gives way to a more open water environment.
Wildlife species that depend on the former will then be replaced to some degree by species
that benefit from the latter. Wetlands perform diverse services that benefit humans, and the
total economic value of wetlands depends on the full suite of valued services that wetlands
provide. Thus the values derived in this study are necessarily underestimates of total wetlands
value, as they focus on only a single wetlands function, flood and storm water control. The
proxy method for estimating wetland’ s value for flood protection depends upon the costs of
projects that, if implemented, would likely diminish at least some other wetlands val ues.
Attempting to enhance the ability of any natural resource system to provide services of value
to humans inevitably creates such tradeoffs. Economic analysis can help decision-makers
understand these tradeoffs and their implications for human values.
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Introduction
Changing Attitudes Towards Wetlands and Their Protection

The attitudes people have about wetlands have shifted enormously over the past severa
decades. At the time of the European migration, wetlands were regarded as nuisances --
barriers to travel and the expansion of settlement, and havens for dangerous predators and
dread diseases. In the mid-1800s these attitudes were enshrined in the Swamp Lands Acts,
which promoted the “reclamation” of wetlands viatheir conversion to agricultural and other
lands, through diking, filling and draining.

The effects of these policies on the Nation’s wetlands resources have been enormous. Recent
estimates are that 53% of all wetlands were lost between the 1780s and 1980s, with
agricultural conversion the chief reason (Meyer 1995). The pace of conversion accelerated
into the mid-20th Century, with about 11 million acres of wetlands eliminated during the 20-
year period ending in 1970.

The laws that promoted this conversion, largely through private action, stayed on the books
for generations, yielding only gradually in the second half of the century to new laws that
promoted a different set of values with respect to wetlands. Laws such as the Fish and
Wildlife Coordination Act of 1958 and the Coastal Zone Management and Federal Water
Pollution Control Acts, both passed in 1972, were designed to protect wetlands and the
benefits they provide to society, rather than promote their conversion to other uses. A key
concept in these laws is that of “mitigation” — if wetlands are to be atered for other uses,
then compensation must be provided, often in the form of physical improvements, for those
benefits that would be diminished as aresult of ateration of system function. With the
removal of incentives for drainage, coupled with mitigation requirements, the rate of wetlands
loss has now been cut significantly (Meyer 1995).

In effect, the permit systems for wetlands alteration that exist today under both state and
federal law recognize the values that formerly were those only of a minority of Americans —
native Americans who, in the case of tribes like the Seminoles, had long lived in intimate
association with the vast marshes and swamps of what was to become Florida, hunters and
trappers among whites like the “swamp Y ankees’ of the southern New England coast who
likewise learned to live by the providence that wetlands could provide, and early naturalists
and conservationists like William Bartram, John James Audubon and John Muir.

These latter individuals were in retrospect the vanguard of a new social movement. This
movement came to revere the richness of life in wetlands systems on aesthetic and scientific
grounds. In the broader society, natural resource values were largely defined by the use made
of resources in consumption. A pivotal moment came at the turn of the century when protest
against the use of feather plumes taken from egrets for use in the manufacture of ladies’ hats
led to the creation of the National Audubon Society. Thus was born a movement to protect
the wildlife of wetlands and other natural environments not for their commercia value but in
the name of values that do not easily trandlate into the currency of the market place.

The Economic Value of Wetlands page 7
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Wetlands Loss and Its Impacts
in Western Washington

Washington is arapidly growing state. In the state’s most populous county, King, population
increased by eight percent between 1990 and 1996, adding some 120,000 new residents.
Statewide, population is expected to increase by another 400,000 residents by the year 2000
(Washington OFM 1997). Consequent human ateration of developable land, wetlands
included, can thus be expected to continue to be significant. * Western Washington has been
particularly prone to losses of wetlands over time. Seventy percent of the tidally influenced
emergent wetlands in Puget Sound have been lost due to diking, dredging and filling, and
more than 50 percent have been lost if one includes the freshwater wetlands along maor river
COUrses.

An analysis conducted by the U.S. Geological Survey of historical wetland acreage of

11 estuaries in Puget Sound estimates that 100 percent of the Puyallup River, 99 percent of
the Duwamish River, and 96 percent of the Samish River wetlands have been lost (Bortleson
et a, 1980). Agricultura conversion was the primary reason for the loss of more than

90 percent of the wetlands originally found in the Skagit Valley, while commercial and
residential development was the primary cause of a similar loss for wetlandsin the
Green/Duwamish and Puyallup River basins (Washington DOE 1996). Estimates made by
Canning and Stevens (1989) suggest that current wetlands losses in Snohomish County are
about 15 wetland acres per month, or 180 acres per year. If thisfigureis projected to the rest
of the state, statewide losses for the eight counties with similar growth projections, including
projected losses for King and Pierce counties, would be 1,800 acres per year for these
urbanized counties (Canning and Stevens 1989).

Continued threats to wetlands in Western Washington come from filling for dredged spoil and
other solid waste disposal, road and highway construction, and commercial, residential and
industrial development (Canning and Stevens 1989). Urban development is rapidly extending
into areas containing much of the remaining wetlands resource base. One study found that at
athreshold value aslow as 5 to 8 percent total impervious surface in a watershed, significant
changes in wetlands and stream hydrology begin to occur (Horner et al. 1996). These
changes affect both physical habitat and biological characteristics of stream and wetland
systems, and the effects become more pronounced with increasing urbanization of the
watershed. Horner and his colleagues concluded that atered watershed hydrology was the
primary source of the changes in habitat and biological characteristics which they observed.

One of the primary impacts of wetland loss in the urbanized environments of Western
Washington relates to flood control. Wetlands play an important role in slowing and storing

Y Inthe City of Lynnwood's Comprehensive Plan for example, under future "full buildout" conditions forested land is

assumed to shrink to zero, pasture and devel opable open space to less than 100 acres, and wetlands holdings, now just
over 100 acres, are assumed to shrink an additional 14 percent (R.W. Beck 1989).
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floodwaters. Riverine wetlands and floodplains provide flat expanses where floodwaters are
able to spread out, thereby reducing both the height and velocity of flooding downstream.
Once the velocity of floodwaters is reduced, the water stored in these wetland areas will drain
more slowly back into the system. If the soil in awetland areais not fully saturated, the soil
itself will provide storage capacity during periods of flooding. Shallow depressions where
wetlands often form can hold standing water for weeks or months, contributing to the
recharge of groundwater aswell. Building structures or filling within floodways confines
flood flows to narrower channels and causes increased flood heights and rates. Studies have
shown that flood peaks may be as much as 80 percent higher in watersheds without wetlands
than in similar basins with large wetland areas (U.S. ACOE 1976).

In numerous places in Western Washington local flooding as a result of stream flashing during
heavy rain events has been on the increase in recent years. Such is the case with the Scriber
Creek watershed in Lynnwood, and the Springbrook Creek watershed in Renton, both of
which serve as case examplesin this study. But the same statement can be made about many
other river and stream systems in the developed lowlands west of the Cascades, some of
which, like Issaquah Creek, now experience very frequent flooding. Wetlands are increasingly
valuable for the flood protection they provide. Trandating this value into dollars and cents
can help non-specialists appreciate better the value to communities of the flood protection
services that wetlands provide for “free.” One goa of thisreport isto illustrate how this and
other wetlands values can be estimated. We aso develop the economic rationale for putting
dollar values on “non-market” services like flood protection that wetlands and other
environmental resources provide. This gives a context for using a proxy approach in which
prices set in markets where ordinary goods and services are exchanged are used to estimate
the economic value of the flood protection services currently being provided by Western
Washington’s wetlands. This method is used to develop estimates of per-acre values of
existing wetlands in the Scriber Creek and Springbrook Creek watersheds for the flood
control servicesthey currently provide. These estimates are developed in the latter sections of
this report.
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Economic Choices and Their Effect on
Wetlands Resources: A Brief Primer

To resource economists, wetlands loss is due in part to the fact that the value of the “services’
wetlands provide in their unmodified state is not properly accounted for in the marketplace.
Too many private individuals and firms make economic choices that affect the status of
wetlands on the basis of private calculations of costs and benefits that neglect or undercount
broader socia values. This happens quite naturally, as wetlands are “public goods’ and public
goods are not priced in the same way that ordinary goods and services are.

As with other environmental public goods like clean air and clean water, wetlands degradation
is“jointly produced” by the actions of agreat many individuas. Individual contributions to
degradation of the ability of wetlands systems to produce services of value to the broader
society (but for which nobody pays) are relatively small. This means the costs of wetlands
degradation to the individua will be small in comparison to what they represent to society as a
whole. On the other side of the equation, the fact that, generally speaking, nobody pays for
wetland services, valuable though they may be, looms equally large. The act of protecting
wetlands or reversing their degradation, when undertaken by private individuals, resultsin the
normal course of eventsin few or no monetary benefits to those individuals. The nature of
wetlands benefitsis such that they readily flow to al members of society, making their
“capture’ for the purpose of marketing impractical. Because private property owners can't
exclude others from enjoying many of the benefits they create, the benefits to the individua
who would undertake to protect wetlands are small in comparison to the benefits to society as
awhole. In sum, both the ability and the incentive for private individuals to protect or
enhance those wetlands values that accrue to society as awholeislow.

Traditionally, government regulation has been relied upon to provide the degree of wetlands
protection that is believed necessary. Otherwise, as aresult of the public goods character of
wetlands, the resources devoted to their protection will be less than they should be. Where
markets provide inaccurate price signals, economic science can still be used to establish values
for unpriced wetlands services. These values then provide indicators of appropriate levels of
socid (i.e., governmental) investment in wetlands protection.

In freely functioning economic systems, it’s the relative scarcity of the resources that go into
the production of tangible (and marketable) goods and services that largely determines what
producers produce, how much they produce, and what they can afford to sell it for. The
public and private resources that might be invested in wetlands protection and enhancement
are also scarce, and protecting wetlands through public investment might mean that some
development opportunities are foregone or other, equally worthy, environmental conservation
projects are not undertaken. Where wetlands are being enhanced to increase the level of
services they provide (for example, for flood protection, the primary focus of this study), a
variety of enhancement alternatives may exist. Trade-offs will exist for each wetlands
protection decision, just as they do for private investment decisions. The critical questions
include how much to invest in wetlands protection and enhancement and which projects to

The Economic Value of Wetlands page 11



implement. All wetlands are not created equal, particularly when their ability to provide the
specific services most desired by local communities are considered. So which wetlands to
protect or enhance, and how much to invest in the whole system of wetlands protection, are
guestions economic analysis can help answer, just asit can inform private-sector investment
decisions.
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Wetlands Services and Economic Valuation

Approaching resource management questions from an economic perspective leadsto aview
that environmental policies should be designed with an understanding of the benefits and costs
of proposed actions and their alternatives (involving trade-off decisions at the site, watershed
and/or regional scale). Many believe however that economic analysis will serve only to
illustrate the extent to which wetlands protection impairs economic activity. We believe that,
by providing a more complete picture of short- and long-term costs and benefits, information
concerning the economic value of wetlands strengthens the argument in favor of wetlands
protection. Estimating the monetary value of wetland services provides a means for
understanding how investments in the protection or enhancement of wetlands resources can
improve the welfare of society. Knowledge of wetlands resource values allows us to
recognize the costs (i.e., lost resource values) associated with wetlands development and the
long term benefits of wetlands protection.

Natural resource economists work to understand and organize information about the ways
that people value environmental resources like wetlands. Wetlands perform a number of
functions that provide services that people value. Some of these values are directly
measurable through market transactions, such as when commercia fishermen catch and sell
fish whose life cycles depend on wetlands, while others, like the value of wild birdsin
wetlands, may be only crudely captured through market exchanges (e.g., collective
expenditures by individuas in support of their birdwatching hobbies). The underlying
wetlands functional support in each case is about the same — the provision of areas suitable
for spawning or nesting, food supply, or refuge from predators, but the ways in which people
derive satisfaction from the resulting wetlands services are quite different. Research
conducted by natural and socia scientists has helped explicate the connections between
wetlands functions and services that people value. These connections are summarized in
Table 1.
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Table 1. Wetlands functions, related effects of functions, and corresponding
societal values (adapted from NRC 1995).

Function

Effects

Societal Value

Hydrologic
e Short-term surface
water storage

« Long-term surface water
storage

* Maintenance of high
water table

Biogeochemical

» Transformation, cycling
of elements

* Retention, removal of
dissolved substances

» Accumulation of peat

» Accumulation of
inorganic sediments

Habitat and Food Web
Support

* Maintenance of
characteristic plant
communities

* Maintenance of
characteristic energy
flow

* Reduced downstream
flood peaks

* Maintenance of base
flows, seasonal flow
distribution

* Maintenance of
hydrophytic community

* Maintenance of nutrient
stocks within wetlands

* Reduced transport of
nutrients downstream

* Retention of nutrients,

metals, other
substances

some nutrients

» Food, nesting, cover for
animals

» Support for populations
of vertebrates

* Reduced damage from
floodwaters

* Maintenance of fish habitat
during dry periods

* Maintenance of biodiversity

* Wood production
* Maintenance of water
quality

* Maintenance of water
quality

* Maintenance of water
quality

» Support for furbearers,
waterfowl

* Maintenance of biodiversity
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The economic framework for valuation of wetlands builds on the recognition that wetlands are
like other natural assets that yield aflow of goods and services considered valuable by society.
Table 2 reorganizes the information in Table 1 on the major goods and services provided by
wetlands into a format compatible with the way economists think about natural resource
services (i.e., as stocks and flows). Wetlands services are now divided into three major
classes based on the ways that they ultimately benefit society. Although some servicesfall

into more than one class, the division remains useful, because the different classes generaly

require different valuation approaches (Scodari 1994).

Table 2. Wetland services viewed as economic goods and services.
(adapted from Scodari 1994)

Intermediate Goods and
Services (serve as factors of
production for other goods)

Final Goods and Services
(produce consumer
satisfaction directly)

Future Goods and
Services (may fall
into any of the other
categories )

» Support of
commercial
fisheries (e.g.,
fish habitat,
aquatic food
chain support)

* Provision of
commercially
harvested
natural
resources (e.g.,
timber, peat,
small fur-
bearing
mammals)

» Water supply
and storage

» Assimilation of
wastes (e.qg., for
tertiary
treatment of
human wastes)

* Pollution
assimilation/
water
purification

* Flood Control

» Erosion
prevention

Consumptive
uses (e.g.,
fishing and
hunting

Non-
consumptive
uses (e.g.,
camping,
hiking, boating,
birdwatching

e Scenic value

» Existence
value

e Educational
value

Bequest value
Option value
Undiscovered goods
Future development

value (i.e., conversion
to other use)

In this framework “intermediate” goods and services are analogous to factors of production in
conventional production systems. They contribute to the production of final goodsin the
sense that, when combined with other factors of production (like labor and capital), they result
in other goods and services that create value through direct consumption. Fishery products,
where the fish depend on wetlands for all or part of their life cycles, are examples. The

The Economic Value of Wetlands

page 15



pollution assimilation, flood control and erosion prevention services that wetlands provide are
other important examples of intermediate goods and services. They allow other activities (like
development in areas prone to flooding) to go forward that would otherwise be impeded or
require costly engineering to provide the same level of protection that wetlands provide for
“free”

“Fina” goods are those that are directly consumed to satisfy human wants. They include
recreational values (like fishing) and the enjoyment of other amenities that wetlands can
provide (e.g., the viewing value of open space and the flora and fauna found in wetlands).
Some final services are less tangible and spill over into the category of “future” goods and
services. Theseinclude “option” and “bequest” values, which relate to how individualsin
society experience satisfaction from just knowing that wetlands continue to exist. Option
value relates to benefits that we ourselves might elect to enjoy in the future but choose to
forego today. For example, we may purchase wetlands property with the intention of future
retirement and the prospect of leisurely enjoyment of wetlands amenity values? Beguest value
relates to values future generations will derive from wetlands. Nevertheless, we derive value
in the present if we experience satisfaction from the idea that our heirs or future generations
will aso have wetlands to enjoy.

The inclusion of “future development vaue’ in the last column of Table 2 confronts directly the
most difficult question of dl for those who would make the case for wetlands protection on the
basis of their red, but for the most part unpriced, economic value in their undtered state. Should
development or “naturd system” values prevail when the two are placed into direct competition, as
they inevitably are when proposed development threatens wetlands resources? Economists have
severd answersto this question, none of them wholly satisfactory.

The problem is given an interesting conceptual treatment in arecent article by Clyde Kiker
and Gary Lynne (1997). Imagine an unaltered wetland as producing the stream of valued
services shown in Table 2 as the end products of an assembly line process. This assembly line
isdriven at its front end by the wetlands functions shown in Table 1. Now imagine that a
parcel within the wetland is developed. The development on that parcel givesriseto a
second, parallel assembly process that has as its end products a much different set of goods
and services whose vaues are readily measured in the market place. For example, the
development could be a shopping mall whose annual sales, employment, or profit from leases
provide the basis for measuring its economic value. Unfortunately however, the rise of this
second, market-driven assembly process involves human activity that disrupts the functions
upon which the wetland’ s “natural” assembly process has been depending, diminishing or even
eliminating completely the services (and hence the values) that the wetland had formerly
produced. What decision rule should we therefore adopt in deciding whether (or how) to let
the shopping mall development take place?

2 The State Wetlands Integration Strategy's (SWIS; Washington DOE 1994) " Economics of Wetlands Work Group Report”
(December 1994) references correspondence between the Island County Assessor's Office and County Commission
noting an increasingly wide disparity between assessed and market value for property in the county encumbered by
wetlands. The fact that such properties were regularly being sold at prices in the tens of thousands of dollars per acre
led the County Commission to reconsider the Assessor's practice of placing a nomina $400/acre assessed value on
wetlands acreage, based on its "unbuildability".

page 16 The Economic Value of Wetlands



One answer of course isto deal with the “how” question and try to prevent the detrimental
cross-linking of the two assembly processes from occurring. Thisis precisely what strict
siting regulations and mitigation requirements for devel opment affecting wetlands aim to do.
In the ideal, we can have both development and “no net loss’ of wetlands functional support
at the same time and the two streams of services to society can co-occur. In practice
however, this has proved very difficult to achieve.

A second, much different, answer to the question is ssimply to compare and weigh the value of
the two streams of benefits, one from nature, the other from private development. For
example resource economists Leonard Shabman and Sandra Batie declare, “1n most genera
terms, denial of a wetlands ateration permit requires an analysis documenting that the benefits
to human users of maintaining natural wetlands exceed the costs, measured as foregone
development values’ (Shabman and Batie 1988, quoted in Kiker and Lynne (1997)).

This position is not so radical asit first appearsif it is viewed in the context of the actua work
that led these economists to endorse this benefit-cost approach (Shabman et a. 1979). In
considering the value of Virginia s coastal wetlands for storm buffering versus their
development value for residential housing, these investigators found that development value
could not be shown to outweigh unequivocally the preservation value. Site development costs
were found to be considerably higher than they would be for land-fast sites, and as the
experience of recent years has shown, the damage to private property from coastal storms can
be considerable.

How to count damage-avoided as a benefit to wetlands preservation raises the larger question
of how precisely any of the non-market values associated with wetlands can be measured
(discussed in the next section). The cost of mitigation isincluded in development costs and
society increasingly demands wetlands mitigation. Most economists concede that for a variety
of reasons simple cost-benefit comparisons do not give a clear signal on what to do in the
preservation versus development debate (Kiker and Lynne 1997, Pearce and Turner 1990).
Shabman and Batie conclude, “a policy based on a benefit-cost balancing test for wetlands
permitting is technically impractical” (quoted in Kiker and Lynne 1997, p. 266).

As Kiker and Lynne point out, athird view is also possible, in which we ssimply accept what
the broad public support for social regulation of wetlands alteration seems to be signaling—
that the social value of the services wetlands provide in their unaltered state indeed outweighs
the value that accrues to society when wetlands are developed. In effect, the socia value of
preservation has been determined to outweigh the value associated with development by the
political dialogue in which we have been engaged over the past severa decades. These socidl
judgments are revealed by the degree of support that laws and regulations protecting wetlands
currently enjoy.

The case studies that accompany this report support amiddie view. They suggest that under
at least some conditions of wetlands scarcity and corresponding societal need for services that
wetlands formerly provided “for free,” price signals do exist that suggest relatively high and
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increasing societal willingness to pay for those services. Communities in Western Washington
that have experienced repeated flooding from surface runoff revea high willingness to invest
in the preservation and enhancement of their remaining wetlands' capacity to provide storm
water control.

This community willingness to pay provides atangible, but we believe generally unrecognized,
price signal regarding the value of those wetlands services which, in their absence, impose
direct and highly visible costs in the form of flood damage. Driven by the increasing scarcity
in the Puget Sound region of wetlands capable of providing natural flood control, the
economic value of wetlands flood control services appears to be on the rise.

This argument is devel oped through case examples which utilize an indirect (proxy) measure
of wetlands flood control value — community willingness to invest in engineered solutions to
enhance wetlands flood control ability. Many techniques are available for measuring the
economic value of wetlands services, as the next section illustrates.
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Economic Value Measurement Techniques

Economic “valuation” is the process of establishing a price for agood or service. Marketable
goods have the great advantage that markets establish prices through the process of buying
and selling. ® For environmental goods and services that are not exchanged in ordinary
markets, a variety of different valuation approaches may be required. A review of the
literature on wetlands valuation methodol ogies suggests that three major categories of
methods are relevant: market and non-market methods, and various proxy methods that
utilize cost information.

Non-market measurement techniques can be further divided according to whether they
measure use values (either for goods and services that are consumed or for goods and services
like birdwatching whose enjoyment does not involve “consumption” in the usua sense of the
term) or non-use values (where there is no actual contact or encounter with the resource).
The values associated with use are, generally speaking, revealed through the behavior of
individuals, while non-use values are such that economists tend to rely more on the stated
preferences of individuals, such as can be established through surveys. The use of proxy
methods to estimate the values of goods and services that do not easily lend themselvesto
estimation via other techniques requires justification of why the values so obtained represent
reasonable estimates of the value of the original services.

Economists may also use the results of previously completed resource valuation studies,
conducted via any of the methods above, provided there are enough similarities between cases
to justify the inference that values obtained in one case aso apply in another. This processis
known as benefits transfer. The variety of measurement techniques available to estimate
resource valuesisillustrated below.

Market Techniques: Measuring Use Values

Market Prices. Some wetlands services can be valued directly by using quantities and prices
identified in a competitive market. Market analysis, in conjunction with factor input or
productivity analysis, is useful in providing values in cases where wetlands services are priced
by the market. An example isthe production of salt hay in Spartina meadows, a practice once
prevalent in New England. However, the absence of direct markets for most wetlands
services hinders valuation based on market transactions.

3 The presence of market imperfections can mean however, that even market prices don't reflect the true costs of
production or actual benefits to consumers. For example, farm subsidies may encourage conversion of wetlands to crop
production, and, because of the subsidy, the price of the crops produced will not reflect what would otherwise be higher
costs of production, the result of the marginal quality of the lands being used to grow a portion of the crop.

The Economic Value of Wetlands page 19



Non-Market Techniques: Measuring Use Values

Factor Income. Some studies have linked wetland habitat provision to the production of
commercial or recreationa fisheries and used estimates of the value of these fisheriesto infer
the value of the supporting wetlands habitat (Lynne, Conroy & Prochaska 1981). Other
marketable goods, such as fresh water supply and waste treatment provided by wetlands, can
be analyzed smilarly.

Travel Cost. Consumer expenditures can provide price signals regarding the value of wetland
services, even though what is “bought” is not itself a product of the wetland. The travel cost
method is used to value such amenities as recreational opportunities through expenditures
incurred on visits to recreational areas. “Participation valuation” is arelated technique based
on unit-day or recreational day values. Fishing or hunting in wetlands are amenable to value
estimation viatravel cost studies.

Hedonic Pricing. The “hedonic” price of agood is, as the name suggests, a premium that
consumers are willing to pay as aresult of location-related, pleasure-enhancing attributes
associated with that good or service. The implication isthat asmilar commodity in adifferent
location wouldn't provide the same total value. The method is based on the observation that
real estate, when located on the waterfront, tends to command higher prices than does its
inland counterpart. A recognized difficulty in applying this method is the extraction of the
amenity-related component from the total price of the good (property). Statistical analysis of
housing prices in neighborhoods that are similar but for their proximity to the resources being
valued (e.g., wetlands) is used.

Non-Market Techniques: Measuring Use and/or Non-Use Values

Contingent Valuation. * The contingent valuation method relies on individuals stated
preferences, most often elicited in response to questions based on hypothetical situations.
Respondents may be asked to state their willingness to pay for natural resource protection or
for related goods and services such as arecreational experience. The validity of such surveys
depends on numerous factors related to survey design and execution, as well as on successin
avoiding strategic response and other biases. The validity of estimates of passive (or non-)
use valuesis very difficult to test, as there is no observable behavior upon which to base
estimates by aternative methods that utilize revealed preference information.

* The contingent valuation method (CVM) is used most frequently to measure a good or service's total value, which
includes both use and non-use value.
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Proxy Techniques: Measuring Values

Alternative/Substitute Cost. The alternative/substitute cost method (which we apply in our
case studies) can be used to estimate the value of particular wetlands services by calculating
the lowest cost provision of the same service by a*next best” aternative. Itsvalidity depends
on severa assumptions:

®  The substitute can provide a similar function as the natural wetland;
=  The aternative costed out is truly the least cost alternative; and

=  Thereis“willingnessto pay” evidence that per capita demand for the service would be the
same at the two different levels of cost (Pearce & Turner 1990).

Severa steps are involved in estimating value using this approach. Firgt, the level of
environmental serviceinitially provided must be estimated or measured. Second, the least
cost alternate supply mechanism must then be identified that provides the same or similar level
of service. Findly, in order to avoid overestimation of the social willingness to pay, evidence
must be gathered to indicate the public’' s demand for the aternate provision of service
(Scodari 1994). Thefirst two steps consider the supply of the wetland services; the third step
is needed to reflect the demand for that service, and its least-cost alternative. This appears to
be necessary to fully indicate the value of the service to society. The aternative/ substitute
cost method is analogous to the replacement cost method. The cost of a substitute for a given
service is determined through replacement of the service that occurs either on-site or off-site.

Damage Costs Avoided. The damage costs-avoided method assesses the value of wetlands
servicesin terms of the cost of the property damage that would occur if the services were lost
or absent (Pearce & Turner 1990, Scodari 1994). By their nature, some wetlands service
flows protect the value of property, for example by the prevention of erosion or flooding. As
with the previous method, an assessment of the service level is necessary to estimate the
impact of its absence or loss. Additionally, the level of resulting damage due to aloss of the
service must be estimated, and measured in financial terms.

Both these proxy methods are “project cost” related and thus do not directly measure
willingness to pay. As such they do not necessarily represent measures of societal welfare
(Anderson & Rockel 1991). In addition, these methods do not take into account individual or
socia preferences for wetland services, or individual behavior in the absence of those services
(Scodari 1994). For example, in the absence of flood protection provided by wetlands,
individuals downstream might well take individual action to prevent flood damage.
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Thus, when the flood does occur, the actual damage might well be less than the estimate made
on the basis of the vulnerability of development downstream when upstream wetlands are still
functioning to lessen flooding.”

Embodied Energy Analysis. This technique was devel oped by ecol ogists specifically to
“price” ecosystems on the basis of the potential contribution they make to the maintenance of
living systems, through the ecological support they provide for such economically useful
products as fish and wildlife (Gosselink, et a. 1974). Although the technique now has many
variants, basically the annual gross primary production per acre of an ecosystem, expressed in
equivalent units of energy, isthe “currency” in this approach. Units of energy production are
converted to dollars by using energy pricesin the U.S. or global economy. Economists have
many reservations with this approach, asit fails to satisfy important assumptions of the theory
of values (i.e., utility theory) upon which traditional economicsis based (Shabman and Batie
1978a,b, Odum 1978).

These economic measurement techniques vary considerably in the reliability of the value
estimates they generate for the different goods and services that wetlands provide (Table 3).
Each method has a number of practical and theoretical limitations that are not addressed in
thisreport. Additional questions, beyond the scope of this report, concern the specific data
needs and data handling techniques appropriate to each method. It is not uncommon for
estimates derived by different methods to differ considerably. Table 4 illustrates the range of
values obtained in several different studies that used different measurement techniques.
Values are expressed in the same units ($/acrelyear) and adjusted to the same base year.

® The SWIS study (Washington DOE 1994) describes a case along North Creek in Bothell where, in response to
recal culated maximum flood heights, the owners of two large office parks found it necessary to raise existing dikes that
protect the parks from flooding. Had wetlands and other natural landscapes upstream that formerly reduced flood flows
not been removed, the expenditures for raising these dikes presumably would not have been necessary. The costs to the
developers of raising the dikes could therefore be counted as "saved defensive expenditures’ in counting the value for
flood control of the now vanished upstream wetlands.
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Table 3. Valuation methodologies by classification of wetland goods and services
addressed.

Type of
Service

Intermediate Goods
and Services

Final Goods and Services

Future
Goods and
Services

Method

Commercial
Factors

Damage-
prevention
factors

Recreational
opportunities

Amenities

Market
Analysis

Factor
Income

Travel Cost
Hedonic
Pricing

Contingent
Valuation

Damage
Costs
Avoided

Alternative or
Substitute
Cost

Embodied
Energy

X

X
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Table 4. Estimates of wetland function values from various published studies.

Wetland Function

Value (1996%$)
$/acrelyear

Commercial Factors
Fish and Shellfish Habitat
Waterfowl Habitat
Mammal and Reptile Habitat
Water Supply

48°

253°

18°

8,184" : 24,504°

Damage Prevention Factors
Erosion, Wind, and Wave Barriers
Storm or Flood Control

67
289% 8,566"

Recreational Opportunities
Consumptive and Non-consumptive
Uses

9' 38; 115% 114% 12'

aBdll, 1989 - Factor Income

b Gupta and Foster, 1975 - Revealed Preference of Resource Man
¢ Farber and Costanza, 1987 - Factor Income

4 Gupta and Foster, 1975 - Replacement Cost

€ Thibodeau and Ostro, 1981 - Replacement Cost

" Farber, 1987 - Damage Cost Avoided

9 Gupta and Foster, 1975 - Damage Cost Avoided

" Thibodeau and Ostro, 1981 - Damage Cost Avoided

' Farber and Costanza, 1987 -Travel Cost

I Thibodeau and Ostro, 1981 - User Day Values

K Farber and Costanza, 1987 - Conti ngent Valuation

! Bergstrom, Stoll, Titre and Wright, 1990 - Contingent Valuation

agers (land acquisition decisions)
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Estimating the Economic Value
of Wetlands for Flood Protection

Generaly speaking, economic valuation has played alimited role in wetlands policy and
planning decisions. In the case of flood protection, a study conducted by the Army Corps of
Engineersin the 1970s is one outstanding exception to the rule. That study compared flood
volumes from a single flooding event (in 1955) that passed a comparable point on each of two
riversin eastern Massachusetts. Thefirst, the Charles, had extensive wetlands in its
headwaters, while the second, the Blackstone, was characterized by rapid run-off. Modeling
studies showed a significant lowering and desynchronization of the peak flood in the system
that had its wetlands intact. These differencesin flood volume were then used to estimate the
increase in property losses that would likely be associated with various percentage losses of
the Charles River wetlands.

The damages-avoided approach was then used to estimate the economic costs and benefits of
wetlands preservation in the Charles River basin (Thibodeau and Ostro 1981). It was
estimated that the loss of 8,442 acres of wetlands within the Charles River system would
result in annual flood damages of over $17 million. For this reason, the Corps elected to
preserve the wetlands rather than to construct extensive flood control structures. The Corps
set out to acquire some 8,500 acres of wetlands in the Charles River drainage, completing this
ambitious acquisition program in 1984.

A review of the literature suggests that proxy methods, specifically the damages-avoided and
alternative/substitute cost methods, are most readily applicable to estimating the economic
value of the flood protection service that wetlands provide. They appear to provide more
reliable estimates than other methods which do not rely on proxies. Projected changesin
hydrologic profiles downstream as a result of wetlands loss upstream form the basis for
estimating values by either of these proxy approaches.

Because some Western Washington communities have recently undertaken efforts to identify
ways to enhance the flood protection that their remaining wetlands provide, hydrologic studies
that provide the necessary information on downstream flood flows are now becoming
available. Thismakesit possibleto illustrate the application of the alternative-substitute cost
method to the estimation of values related to flood protection. Our case analyses are based on
the recent experiences of the cities of Lynnwood and Renton. We believe that, numerous
estimation problems not withstanding, these results underscore the economies that are
inherent in having wetlands available to lessen storm flows in the urbanized areas of Western
Washington.
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Case Example:
North Scriber Creek Wetlands
Lynnwood, Washington

The City of Lynnwood is a highly urbanized community located along the I-5 corridor in the
southwestern portion of Snohomish County (Fig. 1). The city contains 18 mgjor drainage
areas covering an area of approximately 7 square miles (R.W. Beck 1991). These drainage
basins feed several small creeks and ponds that exist within or pass through the city. Scriber
Creek, together with its two primary tributaries, Poplar Creek and Golde Creek, forms the
backbone of this drainage system, roughly bisecting the city in a north-south direction

(Fig. 2).

An estimate of current and projected future land use within the Scriber Creek watershed was
developed as part of the 1989 Scriber Creek Watershed Management Plan (R.W. Beck 1989).
Based on interpretation of 1985 aerial photos, the study found the dominant land use to be
medium density residential development (more than 40% of total acreage) followed by
commercial-industrial development (about 23%). The study aso found atotal of nearly
1000 acres in a combination of forest, pasture/open space, and wetlands, an area roughly
comparable to the areain commercia-industrial use. The 1996 holdings in the open-space
category are likely smaller, as extensive additional development has occurred in Lynnwood
over the past decade.

On the basis of then current comprehensive planning documents, the study also developed an
estimate of future land use. A combination of medium density and multi-family residential
development would occupy two-thirds of the watershed, and commercia-industria
development another quarter, in the scenario developed in the plan. To accommodate this
additional development, forested land would shrink to zero, and remaining pasture and open
space in the non-wetlands category would shrink to less than 100 acres. Wetlands acreage
would shrink more modestly, about 14% from its current size. Total open space including
wetlands would comprise just 6% of total areawithin the Scriber Creek watershed. Aswill be
seen below, these land-use changes have significant implications for future flooding potential
in the area.
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Figure 1. Scriber Creek Watershed (Source: R.W. Beck 1989.)
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Figure 2. Wetlands in the Scriber Creek Watershed (Source: R.W. Beck 1989.)
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Scriber Creek

Scriber Creek originates from drainage and groundwater just beyond the northeast corner of
the Lynnwood city limits, feeding the 23.7-acre North Scriber Creek wetland that is the focus
of this case study (adjacent to “9” in top left of Fig. 2) shortly after it crosses the city limits.
The creek then flows south, initially in close proximity to the heavily developed Highway 99
corridor, then, upon exiting Scriber Lake, in a southeasterly direction until it passes under 1-5
and into the city of Brier. The 20-acre Scriber Lake Park is a central amenity of the city, and
includes about 17 acres of mostly wooded wetlands.

The creek itself isjust 5.1 mileslong, emptying into Swamp Creek which in turn emptiesinto
the lower Sammamish River drainage of Lake Washington. Much of the creek is culverted,
though surface manifestations exist throughout its length. The Scriber Creek watershed is
approximately 6.8 square miles in extent, 4.2 square miles of which lie within the City of
Lynnwood. The creek’s normal flow rate is about 7 cfs (measured at the mouth). It currently
suffers both water quantity and water quality problems as aresult of locally generated
stormwater runoff, particularly from the Highway 99 corridor (City of Lynnwood 1995,
Wetland Environmental Permit Application).

Wetlands and Riparian Zones

The 1989 Scriber Creek Watershed Management Plan (R.W. Beck 1989) identifies
approximately 189 acres of wetlands within the Scriber Creek watershed, approximately 4%
of the watershed area. Within Lynnwood itself are about 107 acres of wetlands, representing
about 2% of the total land area within the city limits. Most of the wetland acreage within
Lynnwood is associated with Scriber Creek, and about 55% of the total is found in just three
individual wetlands. The largest of these is the approximately 24-acre North Scriber Creek
wetland.

Asnoted in Lynnwood’ s Comprehensive Plan, “most of the wetlands provide high hydrologic
vauesin terms of flood storage, low flow augmentation, and water quality improvement. In
addition, the wetlands provide vauable wildlife habitat in an increasingly urban environment.”
(RW. Beck 1991, Appendix D, p. 9).

These wetlands are undergoing degradation due to adjacent development or direct physical
intrusion. Considerable commercia and residential development has occurred adjacent to the
North Scriber Creek wetland in particular, there is extensive residential development at the
confluence of Golde and Scriber Creek where there are about 44 acres of wetlands, and a
20-acre wetland near the creek’ s junction with I-5 is being degraded by alarge dumping
operation nearby. Degradation is both affecting water quality and eroding the storm water
detention capability of the wetlands in the system. This contributes to a pattern of small-scale
intermittent flooding throughout the system, mostly involving the overtopping of roadways
where they cross Scriber Creek (R.W. Beck 1989).
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Proposed Stormwater Detention Enhancements in the Watershed

The 24-acre North Scriber Creek wetland is 