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ABSTRACT

For twenty years, King County, Washington, has implemented progressively more demanding
sructura and non-structura Strategiesin an attempt to protect aguetic resources and declining
sdmon populations from the cumulative effects of urbanization. This history holds lessons for
planners, engineers, and resource managers throughout other urbanizing regions. Detention ponds,
even with increasingly redtrictive designs, have gill proven inadequeate to prevent channel erosion.
Codtly structurd retrofits of urbanized watersheds can mitigate certain problems, such as flooding
or erosion, but cannot restore the predevel opment flow regime or habitat conditions. Widespread
conversion of forest to pasture or grassin rurd areas, generdly unregulated by most jurisdictions,
degrades aguatic systems even when watershed imperviousness remains low. Preservation of
aguatic resources in developing areas will require integrated mitigation, which must include
impervious- surface limits, forest-retention policies, sormwater detention, riparianbuffer
maintenance, and protection of wetlands and unstable dopes. New management goals are needed
for those watersheds whose existing development precludes significant ecosystem recovery; the
same goals cannot be achieved in both developed and undevel oped watersheds.
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INTRODUCTION

For decades, watershed urbanization has been known to harm aguatic systems. Although the
problem has long been articulated, solutions have proven eusive because of the complexity of the
problem, the evolution of gill-imperfect andyticd tools, and socio-economic forces with different
and often incompatible interests. King County, Washington, has been a recognized leader in the
effort to analyze and to reduce the consequences of urban development, but evenin thisjurisdiction
the path toward aguatic resource protection has been marked by well-intentioned but ultimately
mistaken approaches, compromises with other agency gods that thwart complete success, and
imperfect implementation of adopted policies and plans. This experience demongtrates the
difficulty of meeting urban and suburban water-quality and aguatic-resource protection goasin the
face of competing socid priorities and variable palitical resolve on environmenta issues that
require sustained, long-term strategies to achieve progress.

King County provides a useful case study for resource managers in urbanizing regions across
the country. 1t covers about 5600 square kilometers with a population of 1.7 million people, the
twelfth most populous county in the United States. 1ts western boundary is Puget Sound and its
eastern boundary isthe crest of the Cascade Range; it contains dl or most of three mgor river
basins, two large naturd lakes, and numerous smal rivers and streams (Figure 1). The streams and
lakes support dl species of anadromous Pacific sdimon and resident trout. Land usesinclude
urban, indugtrid, suburban, agriculture, rurd, commercia timber production, and Nationa Forest.
Cities include Sesttle, Belevue, Renton, and Redmond; population growth has been explosive over
the lagt twenty years.

**FIGURE 1**

Recent Endangered Species Act (ESA) listings of Puget Sound chinook and bull trout, and the
potential for more sdmonid listings, have brought new scrutiny to al aspects of watershed
protection and urbanization-mitigation efforts in King County and the surrounding region. Such
increased atention is forcing a better articulation of the gods, the means, and the judtification for
mitigating the effects of urban development. It dso has highlighted the failure of most sormwater
mitigation efforts, not only in the Pacific Northwest but also across the country, where well-
publicized successes are overshadowed by progressive degradation of once-hedthy stream systems.
This degradation has continued, despite sincere but ineffectud efforts via structurd “Best
Management Practices’ (BMP's), particularly detention ponds, buffer regulations, and rurd zoning.

Our purpose hereisto diagnose what has gone wrong with these structurd and regulatory
gpproaches, so that others can think more creatively and productively about potentialy more
successful gtrategies, and to suggest preliminary solutions of our own. Our gpproach has four
eements

1. Toreview someempirica relationships between watershed conditions and stream conditions;

2. Toreview the history of surface-water management in King County asit relates to the andysis
and mitigation of urban development;

3. Toevauaethe bassfor regulaing watershed land use, rather than building sructura BMP's,
to minimize the downstream consequences of urbanization; and



4. To recommend an integrated stormwater management strategy based on King County’s
experience of the past decade.

We have no panaceas, however; if the problems were easy they would have been solved many
years ago.

This paper focuses on changes in runoff and stream flow because they are ubiquitousin
urbanizing basins and often cause dramatic changes in flooding, erosion, sediment transport, and
ultimately channdl morphology. Hydrologic change aso influences the whole range of
environmenta features that affect aguatic biota—flow regime, aguatic habitat structure, water
qudity, bictic interactions, and food sources (Karr, 1991). Y et runoff and stream-flow regime,
while important, are by no means the only drivers of aquatic health. Consequently, t here should be
no illuson that just addressing hydrologic conditions will necessarily “fix” or “protect” an urban
sream.

Modifications of the land surface during urbanization produce changes in both the magnitude
and the type of runoff processes. In the Pacific Northwest, the fundamenta hydrologic effect of
urban development isthe loss of water storage in the soil column. This may occur because the ol
is compacted or siripped during the course of development, or because impervious surfaces convert
what was once subsurface runoff to Horton overland flow. In ether Stuation, the precipitation
over asmdl watershed reaches the stream channd with atypica delay of just afew minutes,
instead of what had been alag of hours, days, or even weeks. The result isadramatic changein
flow patternsin the downstream channel, with the largest flood peaks doubled or more and more
frequent storm discharges increased by as much asten-fold (Figure 2).

**FIGURE 2**

EMPIRICAL RELATIONSHIPSBETWEEN WATERSHED CONDITIONSAND
STREAM CONDITIONS

Correlations between watershed development and aquatic- system conditions have been
investigated for over two decades. Klein (1979) published the first such study, where he reported a
rapid decline in biotic diversity where watershed imperviousness exceeded 10 percent. Steedman
(1988) believed that his data showed the consequences of both impervious cover and forest cover
on indream biologica conditions. Later sudies, mainly unpublished but covering alarge number
of methods and researchers, were compiled by Schueler (1994). Since that time, additiona work
on this subject has been done by avariety of Pacific Northwest researchers, including May (1996),
Booth and Jackson (1997), and Morley (2000) (figures 3, 4, and 5).

**FIGURE 3**

**FIGURE 4**

**FIGURE 5**



These data have severd overd| implications

“Imperviousness,” dthough an imperfect measure of human influence, is clearly associated
with stream-system decline. A wide range of stream conditions, however, can be associated
with any given level of imperviousness, particularly a lower levels of development.

“Thresholds of effect,” articulated in some of the earlier literature (e.g., Klein, 1979; Booth and
Reindt, 1993) exig largely as a function of measurement (im)precigon, not an intringc
characterigtic of the system being measured. Crude evauation tools require that large changes
accrue before they can be detected, but lower levels of development may ill have
consequences that can be reveded by other, more senstive methods. In particular, biologicd
indicators (e.g., Figure 5) demongtrate a continuum of effects, not a threshold response,
resulting from human disturbance.

MITIGATION OF NEW DEVELOPMENT—THE KING COUNTY, WASHINGTON
EXPERIENCE

Hydrologic Mitigation through Structural Means

As a consequence of the urbaninduced runoff changes that cause flooding, erosion, and
habitat damage, jurisdictions have long required some degree of sormwater mitigation for new
developments. The most common approach has been to reduce flows through the use of detention
ponds, which are intended to capture and detain stormwater runoff from developed areas. These
ponds can be designed to either of two levels of performance, depending on the desired baance
between achieving downstream protection and the cost of providing that protection. A peak
standard, the classic (and least costly) god of detention facilities, seeksto maintain
postdevel opment pesak discharges a their predevelopment levels. Even if thisgod is successfully
achieved the aggregate duration that such flows occupy the channel must increase because the
overdl volume of runoff is gregter.

In contrast, aduration standard seeks to maintain the postdevelopment duration of awide
range of peak discharges at predevelopment levels. Yet unless runoff isinfiltrated, the total volume
of runoff mugt till increase in the postdeve opment condition; thus durations cannot be maiched
for al discharges because this* excess’ water must also bereleased. Duration standards seek to
avoid potentia disruption to the downstream channels by choosing a“threshold discharge,” below
which sediment transport in the receiving channd is presumed not to occur and so postdevel opment
flow durations can be increased without concern.  This choice can be made by ste-specific, but
rather expensve, analyss based on stream hydraulics and sediment sze (Buffington and
Montgomery, 1997) or can be applied asa“generic’ standard based on predevel opment discharges.

Thefirg efforts at runoff mitigation sought to reduce pesk flows, reflecting the traditiona
focus on flood reduction. Wl over one hundred years ago, the fundamentd predicting equation of
runoff used in these early mitigation efforts was developed (Mulvany, 1851). The Rationd Runoff
Formulareaed the runoff rate to the smple product of the rate of rainfal, the basin area, and the
runoff coefficient, anumber equd to the fraction of the rain faling on abasin that presumably
contributes to the flood peak. This formulawas used by King County in the Pacific Northwest
region’sfirg surface-water design manua (King County, 1979). Unfortunately, it tended to



overestimate predevelopment flows, which led to the congtruction of grosdy undersized detention
ponds that had little or no benefit in preventing downstream flooding (Booth and Jackson, 1997).
Ponds designed with the Rational method had such high release rates that they rarely backed up
water during storms.

The subsequent edition of King County’s design manua (King County, 1990b) substituted the
Soil Conservation Service's (SCS) curve-number methodology for the Rational equation. Thiswas
adramatic, and codtly, change on severd fronts: 1) it nominaly alowed for closer matching of
watershed conditions by the modding, 2) it generdly yielded arequirement for larger detention
ponds, and 3) it necessitated Sgnificant additiond training in hydrologic-modding killsfor local
enginears doing drainage-design work. Although it was an improvement over the Rational method,
the SCS method il contained fundamenta flaws that resulted in detention ponds that did not meet
desired performance criteria. In this method, runoff from individua 24-hour design sorm events
was used to test and adjust pond designs, and ponds were assumed to be empty at the beginning of
agorm. Yet thisisrardy the case during (commonly sequential) wet-season stsorms. SCS curve-
number hydrology aso commonly overestimated pre-development flows, a tendency sometimes
exacerbated by design engineers who manipulated the time of concentration and curve number to
reduce the size of the pond on their client’ s behaf. Furthermore, the SCS methodology was till a
“peak standard” that ignored any problems associated with increased flow durations. Continuous
flow modeling revedled that the ponds designed with the SCS method would not achieve the stated
protection goas (Barker et al., 1991). Although convincing the land developers and their engineers
of these problems has proven difficult, the county’s 1998 verson of the Design Manud did
incorporate aregiondly calibrated continuous flow model for desgning sormweter facilities (King
County, 1998; Jackson et al., 2001).

The practice of seeking duration control for new developments was introduced through King
County’ s Basn Planning Program in the late 1980's. The god of this tandard is to match pre-and
post-development flow durations for dl discharges above a chosen threshold. Hydrologic andlyss
using amore advanced (abeit Htill imperfect) hydrologic mode, HSPF (Hydrologic Simulation
Program-Fortran; Bickndll et al., 1997), could predict the detention needed to achieve this goal
(Jackson et al., 2001).

From the outset, this approach has been controversia for severa reasons:
The required ponds are larger, often dramaticaly o, than required by previous desgn methods.

The method requires the sdlection of a threshold discharge below which durations will be
alowed to increase dramaticaly, but how to choose that discharge is not immediatdy obvious
or without dispute.

The andytic tool (HSPF) used to establish the standard is not as widely used as the Rationd or

SCS method, and so appeared less trangparently jutifiable to many practitioners. For example,
as part of the Bear Creek Basin Plan (King County, 1990d) a surrogate approach that involved
an intentiond “misapplication” of the SCS method was proposed to achieve the same objective
without requiring the ability to run HSPF.

Few (and initidly, no) ponds were actudly constructed under this stlandard, and so empirica
evidence for their effectiveness (or lack thereof) is sparse.

Despite these shortcomings, these standards reflected the best understanding of hydrologic



conditions in urban streams and S0 have been part of Basin Plan recommended detention standards
in King County since the early 1990's (and incorporated into more recent updates [1998] of the
desgn manud). Yet severd issuesremain unanswered, even with the current status of
implementation.

“Threshold” discharge: Asnoted above, there is a presumed threshold discharge below which
there are “no effects’ of flow-duration increase. This may be defensible, at best, with regard to
sediment transport in gravel-bed streams. A true “threshold of no effects’ is certainly not
correct for sediment transport in sand-bedded streams (uncommon but not unknown in the
region); some bed material moves at dmost any discharge. In addition, there has been no
evauation of any other effects (either physicd or biologica) of extended low-flow durations.

Point discharge: These analysesignore the consequences of converting what was once
gpatidly distributed subsurface runoff into a point discharge a a surface-water outfall, because
there are no analytic tools to assess those consequences. Field examples, however, demondtrate
that the consequences of point discharges can include localy severe erosion and disruption of
riparian vegetation and instream habitat (e.g., Booth, 1990).

Groundwater: Any andyssof flow duraionswill not address changes to groundwater
recharge or discharge, because no constructed detention ponds, even the largest designed under
this sandard, can dday wintertime rainfal sufficiently for it to become summertime runoff.

Y et exactly this magnitude of delay does occur under predevelopment conditions, because far
more of the precipitation is stored as groundwater.

| ndividual storm hydrographs: The flow-duration design, by definition, assures thet the
fractiond time of a given discharge' s exceedence remains unchanged over an extended climate
record (nearly 50 years, in the case of King County), but there is no attempt (or ability) to
congtruct detention ponds that match durations for specific storm events or even an entire stcorm
season.  Thus the aggregat e flow-duration spectrum may be unchanged, but the timing and
brevity of any single sorm hydrograph may be quite different from the undisturbed condition.

Des Moines Creek, asmdl urban system, demondrates the difficulties of accomplishing
hydrologic restoration in an urban stream. Since the 1940’ s, widespread conversion of forests
and pastures has occurred to accommodate Sesttle- Tacoma International Airport and other
commercia and residential uses. Within the creek’s 14-kn? watershed, total impervious area
was raised to approximeately 50 percent, wetlands were filled, some of the stream headwaters
were piped, and sorm runoff to the remaining natural drainage system was discharged with
minima detention. As aresult, increased magnitude, frequency, and duration of peak flows
raised flow velocities, destabilized the stream channdl, eroded spawning gravels, degraded fish
habitat, and caused flooding of park facilities near the mouth of the stream. Additiondly,
summer base flows and water quality declined in the creek.

By the 1990's, the public and loca government resolved to develop and implement a
basin plan to solve these problems and restore the creek; however, the chalenges faced by the
technical and policy teams were formidable (Des Moines Creek Basin Committee, 1997). Any
solution to existing problems needed to accommodate additiond future development within the
watershed, projected to raise total impervious area from 50 percent to 65 percent of the total
drainage area, and to have a cost that was acceptable to the participating jurisdictions.




Hydrologic modding was used to evauate feasible combinations of on-ste detention
ponds, regiona flow bypasses, and regiona detention ponds to reduce storm-flow energy in the
creek. For $6 million, covering arange of feasible options, very large reductions in flows and
flow energy compared to 1990’ s conditions could be achieved. Y et none of these options could
restore storm flows to pristine conditions. The preferred dternative combined peak control
with onSte detention ponds, regional detention, and a preexisting pipeline to bypass pesk
gormwater flows. This aternative provides dramatic flow-duration improvement over current
conditions (Figure 6a), but daily flows in the stream do not even begin to gpproximate pristine
conditions, despite a capita cost of nearly $5000 per watershed hectare (dlmost $2000/acre)
(Figure 6b).

**FIGURE 6a**

**FIGURE 6b**

Hydrologic Restoration through Watershed Planning

Redlizing that on-dte drainage controls done were insufficient to achieve the gods of either
sormwater management or resource protection, King County initiated an interdisciplinary
watershed planning program in the mid 1980's, with the god of solving and preverting flooding,
water-quality, and habitat problems within the rapidly-urbanizing western part of the county. This
“basin planning process’ involved a two- step approach:

1. A detalled assessment of basin conditions that included inventories of point and non-point
pollution sources, characterization of channd habitat and fish communities, mapping
exiging and anticipated land uses, identifying and characterizing flooding and channd
erosion problems, and modeing stream flows under various development scenarios using
HSPF.

2. Deveopment of solutions that combined congtructed projects, drainage and zoning
regulations, and public educeation programs.

One finding of the early plans was that aquatic resources had been degraded by low-density
rurd development (e.g., one dwelling unit per five acres; King County, 1990a,d). Although this
densty of development generdly did not create much imperviousness, the amount of forest
clearing to create large lawns, pastures, or hobby farms could easily reach 60 percent of the
landscape, with sgnificant effects on watershed flow regime. Furthermore, many rura landowners
were inclined to “manage’ the streams on their property. This might include riparian forest
clearing, removing woody debris from the channel, and hardening stream banks to protect property.
Rura zoning, in and of itself, does not necessarily protect agquatic resources.

Thefallure of smple land-use controls (i.e. zoning) to protect aquatic resources led to the need
for objective criterion for “acceptable” hydrologic performance that might protect stream channels.
This “stream+-protection” criterion was taken directly from previous empirica assessments of
channd stability and bank erosion, which in turn had been generated from observations made in the
late 1980's and early 1990’ s while working on the past and current basin plans (and subsequently
published in Booth and Jackson, 1997) (Figure 7). These data showed that two linked thresholds



gpparently marked atrangtion of the visible channd form from “stable’ to “ungtable’ (see aso
Henshaw and Booth, 2000). One was the measure discussed previoudy: where effective
impervious areain the contributing watershed had exceeded 10 percent, readily observed physica
degradation of the channd was ubiquitous. The other was based on hydrologic anayses of those
same contributing watersheds: dmost without exception, the same observed trangtion from

“gtable’ to “ungtable’ channels was marked by the equality of the 10-year forested (i.e.
predevelopment) discharge (Q1o-for) and the 2-year urbanized discharge (Qz-urban). There was, and
is, no theoretica basisfor these particular outcomes—they are Smply empirica results, remarkable
in their consstency across western Washington and quite possibly recognizable in other regions of
the country aswell (Schueler, 1994).

**FIGURE 7**

Although these data compose arobust set of observations, spanning awide variety of streams
with remarkably consstent results, they aso carry two limitations. Firg, the absence of observed
ingtability does not guarantee an absence of any effects. The second limitation is more vexing:
these data were collected on watersheds without much, if any, effective sormwater detention. Had
larger and more effective ponds been present, would the observed impacts been reduced? Recent
investigations by Maxted and Shaver (1999) suggest virtualy no improvement in stream conditions
from typica detention ponds. Even if they could be designed to be hydrologicaly effective, ponds
cannot avoid other key problems such as disruption of storm flow patterns, increased winter storm
volumes, or declining base flows.

Notwithstanding these limitations (i.e. potentially unrecognized degradation and potentialy
effective detention ponds), the Issaquah Creek Basin Plan (King County, 1994) used the
“threshold” criteriafor stream-channe stability suggested by Figure 7 to evaduate the likely
consequences of mode predictions of postdevelopment runoff conditions. Theseiinitia
assessments, presuming bas nwide application of the mitigation tools that were then * accepted
practice’ (i.e. exemption of rura-zoned devel opments from detention requirements, and SCS-based
hydrologic designs for the rest), produced results that were inconsstent with the gods of the basin
plan—to protect aquatic habitat and to resolve existing and potentia future flooding problems. The
empirica hydrologic criterion for channd ingtability (Q2-urban > Q10-for) Was exceeded pervasively
throughout the watershed under all future development scenarios.

As aconsequence of these results, the Issaquah plan evaluated a variety of aternative rurd
development scenarios (Appendix G of King County, 1994). The anayses found that with 65
percent forest retention in anominal 5-acre zone (i.e. 20 houses per 100 acres, but clustered on the
non-forested 35 percent of the land area), the criterion of keeping the 2-year developed discharge
bel ow the 10-year forested discharge could be just met on glacid till soils (the most common type
in King County). Greater amounts of cleared land resulted in 2-year developed discharges that
exceeded 10-year forested discharges, even though the amount of effective impervious areawas
well under 10 percent. The analysis noted that development on highly pervious glacid outwash
soils (the other, but much less common, soil type used for hydrologic modeling) failed the criterion
a virtudly any leve of forest retention, because o little runoff occurs there naturally that amost
any amount of imperviousness produces proportiondly large peak-flow increases. The analyss
aso found that in rurd aress, forest clearing and conversion to suburban vegetation (mainly lawvns)



was far more significant in determining peek discharge increases than the smdll increasesin
impervious areatypicd of low-dengity development (Figure 8). Asaresult, forest retention has
been adopted as an dternative to detention for rura plats and short platsin the latest update to the
Stormwater Design Manud.

**FIGURE 8**

THE BASISFOR REGULATING IMPERVIOUS AREA AND CLEARING

In the reslm of physicd channedl conditions, the data collected from field observations have
congstently shown remarkably clear trendsin aquatic-system degradation. In thisregion,
approximately 10 percent effective impervious areain awatershed typicaly yieds demongtrable
degradation, some aspects of which are surdly irreversible. Although early observations were not
senditive enough to show significant degradation at even lower levels of urban development, the
basin plans of the early 1990 s recognized that such damage was dmost certainly occurring. More
recently, biological data (e.g., Morley, 2000) have demonstrated the anticipated consequences at
these lower levels of human disturbances.

Less empirica data have been collected on the direct correlation between forest cover and
stream conditions than for watershed imperviousness and stream conditions. In generd, the
“evidence’ has been based on the observed corrdation of channd ingability to the modded
hydrologic condition of Q2-urban > Q1o-for, COupled with hydrologic anayses that have explored the
relationship between forest-cover reduction and peak-flow increases. The firgt such andyses, for
the Issagquah Creek Basin Plan, made a variety of assumptions about “typicd” watershed
characterigtics in that basin and found that 65 percent forest cover with 4 percent effective
impervious area closdaly gpproached the condition of Qo.-yrban = Q10-for. USiNg More generdized
model parameters and arange of effective impervious areas typicd of rura areas, 65 percent forest
cover isaplausble, but by no means definitive, vaue for meeting the presumed “ Sability
criterion” of Qu-urban < Q10-for N rurd-zoned watersheds on moderately (5%-15%) doping till soils
(Figure9). The andyss summarized in Figure 9 assumes no on-Site detention facilities are present
because they are often technicdly (and paliticaly) infeasible in low-density rurd areas. Other soils
(particularly more infiltrative ones) may yield much greater hydrologic response with even lesser
amounts of clearing.

**FIGURE 9**

Hydrologicd andyses suggest that maintaining forest cover is more important than limiting
impervious-area percentages, at least @ rurd resdentid dengities where zoning effectively limits
the range of EIA between 2 and 6 percent of the gross development area. Absent clearing
limitations, however, forest cover will range between 5 and about 85 percent. Consequently, even
if both types of land-cover control (i.e. forest retention and EIA limitation) are critical to protect
stream conditions, current land-use practices suggest that mandating retention of forest cover isthe
more pressing regulatory need in rurd areas. Degraded watersheds, with less than 10 percent EIA
and less than 65 percent forest cover, are common (“cleared rurd™); in contrast, we have found no



watersheds with more than 10 percent EIA that have aso retained at least 65 percent forest cover
(“forested urban”) (Figure 10).

**FIGURE 10**

The gpparent corre ations between stream stability and both impervious-area and forest-cover
percentages present a quandary for watershed managers. On the one hand, these correlations point
to atangible, defensible criteria for achieving a specific management objective, namely “stable
sream channdls.” On the other hand, this objective, however worthy, still dlows the posshility of
serious and sgnificant aguatic-system degradation—and as development is dlowed to approach
these clearing and imperviousness criteria, degradation is virtualy guaranteed. The thresholds
implied by these data are smply the “wrong” type on which to base genuine resource protection.
They do not separate a condition of “no impact” from that of “some impact;” instead, they separate
the condition of “someimpact” from that of “gross and easily perceived impact.” Hydrologicaly
and biologicdly, there are no truly negligible amounts of clearing or watershed imperviousness
(Morley, 2000), even though our perception of, and our tolerance for, many of the associated
changes in downstream channedl's gppear to undergo ardatively abrupt trangtion. Almost every
increment of cleared land, and of congtructed pavement, is likely to result in some degree of
resource degradation or loss. The decison of how much is*acceptable’ is thus as much a socia
decison as ahydrologic one.

These conditions aso emphasize the need to develop new approaches to mitigate the
consequences of watershed urbanization on streams. If urban and suburban watersheds cannot
hydrologicaly mimic forested ones, no matter how large their associated detention ponds, then
reducing the coverage of effective impervious area or the extent of urban development itsdf isan
inescapable consequence of the present desire to “restore” urban watercourses. If those necessary
reductions run counter to other, even more pressing socid goas, most notably those to
accommodate additiona population growth, then our gods for aguatic- resource conservation need
to be modified in urban areas. By not acknowledging the need for such trade-offs, opportunities to
discover the most rationa and effective Strategy for protecting the condition of once-naturd aguatic
systems continue to be lost.

CONCLUSIONSAND MANAGEMENT IMPLICATIONS

Land development that eiminates hydrologicaly mature forest cover and undisturbed soil can
result in Sgnificant changes to urban stream flow regimes and, in turn, to the physicd sability of
dream channels. These changes are manifested in dtered stream flow patterns with higher
volumes of storm flow, leading to accelerated channel eroson and habitat smplification. Even
with stormwater detention ponds, seasond and stormflow patterns are substantiadly different from
those to which native biota have adapted. These hydrologic changes cannot be completely
mitigated with structural measures. Although factors other than hydrologic change (e.g., water
chemidtry, riparian buffers) can undoubtedly affect the magnitude of urban impacts, the breadth of
the exigting data suggest that improvementsin these other factors can never fully mitigate the
hydrologic consequences of overly intense urban development. Under typicd rurd land uses, the
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magnitude of observed forest- cover |osses affects watershed flow regime as much as, or more than,
associated increases in impervious area

The gods of sormwater detention have become progressively more ambitious as the
consequences of urban-dtered flow regime have become better recognized and understood. Even
the largest detention ponds, however, are limited in their ability to mitigate dl aspects of
hydrologic change. Twenty years of empirica datadisplay agood correlation between readily
observed damage to channels and modeled changes in flow regime that correspond to loss of about
one-third of the forest cover in a*“typicd” western Washington watershed. A smilar degree of
observed damage a so corrdlates to alevel of watershed effective imperviousness (EIA) of about
ten percent.

Field observations and hydrologic modeling showed that the watershed plans of the early- to
mid-1990's could only hope to meet plan-<tipulated gods for resource protection by imposing
clearing and impervious-arearedtrictions. The most commonly chosen thresholds, maximum 10
percent EIA and minimum 65 percent forest cover, mark an observed transition in the downstream
channels from minimally to severdly degraded stream conditions. At lower levels of human
disturbance, aquatic-system damage may range from dight to severe but is nearly everywhere
recogni zable with appropriate monitoring tools. Not every watershed responds equaly to agiven
level of human disturbance, but some degree of measurable resource degradation can be seen at
virtudly any level of urban development. The gpparent “threshold” of observed stream-channd
gability has no corrdative in measured biologica conditions; for any given watershed, additiona
development tends to produce additional aquatic-system degradation. However, these impervious
and forest-retention percentages have proven to be attractive regulatory thresholds and are being
advocated by the Nationa Marine Fisheries Service as necessary conditions for mandated
protection of rura areas under the Endangered Species Act.

Development that minimizes the damage to aguatic resources cannot rely on structurd BMP's,
because there is no evidence that they can mitigate any but the most egregious consequences of
urbanization. Instead, control of watershed land-cover changes, including limitsto both
imperviousness and clearing, must be incorporated (see dso Horner and May, 1999). We
anticipate needing all of the following eements to maintain the possibility of effective protection:

clustered developments that protect haf or more of the forest cover, particularly in headwater
areas and around streams and wetlands to maintain intact riparian buffers,

amaximum of 20% total impervious area, and subgtantidly less effective impervious area
through the widespread reinfiltration of stormwater (Konrad and Burges, 2001);

on-gte detention, redigticadly designed to control flow durations (not just pesks);

riparian buffer and wetland protection zones that minimize road and utility crossngs aswell as
overd| clearing; and

no construction on steep or unstable dopes.

Past experience suggests that each of these factorsisimportant. However, we still lack
empirica data on the response of aquatic resources to such “well-designed” developments.
Therefore, these recommendations are based only on extrgpolations, modd results, and judgement;
they are tentative at best. Where development has dready occurred, these conditions clearly
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cannot be met and different management objectives are inescgpable: many, perhapsdl, sreamsin
already-urban areas cannot be truly protected or restored, and a significant degree of probably
irreversible stream degradation is unavoidable in these settings.

We can recognize why streams nominally protected under past drainage regulaions have
experienced severe degradation, we can articulate the kinds of development styles and Strategies
that should minimize new examples of degraded streams, and we can recognize the role of
watershed land-cover regulation in minimizing the consequences of new devel opment; but we
cannot find any basis to expect that the full range of hydrologica and ecologica conditions can be
replaced in a now-degraded urban channdl. The key tasks facing watershed managers, and the
public that can support or impede their efforts, are therefore (1) to identify those watersheds where
exigting low urbanization, and associated high-quality stream conditions, warrant the kinds of
development conditions that may protect much of the existing qudity of these systems, and (2) to
develop anew set of management godss for those watersheds whose surrounding devel opment
precludes sgnificant ecosystem recovery. Following the same strategy in all watersheds,
developed and undeveloped dike, smply makes no sense.
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FIGURE CAPTIONS

Figure 1. Location of King County, Washington; stippled areas cover the mgor cities of Sesttle
and Tacoma. The most intense urban and suburban development in the map arealis occurring in the
region between Puget Sound and the Snoquamie River.

Figure 2. Oneyear's measured discharges for a suburban (Klahanie) and an undevel oped (Novelty
Hill) watershed, normaized by basin area (data from Burges et al., 1998).

Figure 3. Observed fish habitat qudity as afunction of effective impervious areaiin the
contributing watershed, based on more than 80 individually inventoried channgl segmentsin south
King County (from Booth and Jackson, 1997; data from King County 1990a,c). "EXCELLENT"
reaches show little or no habitat degradation; "GOOD" reaches show some damage to habitat but
gill maintain good biologicad function; and "DEGRADED" reaches contain aguetic habitat that has
been dearly and extensively damaged, typically from bank erosion, channel incison, and
Sedimentation.

Figure 4. Reationship between riparian vegetation and instream conditions, usng the same Stes
and criteriaasfor Figure 3. A rdatively intact riparian corridor is clearly necessary, but not
sufficient, for high qudity habitat.

Figure 5. Compilation of biologica data on Puget Lowland watersheds, reported by Kleindl
(1995), May (1996), and Morley (2000). The pattern of progressive decline with increasing
imperviousness in the upstream watershed is evident only in the upper bound of the data, a
moderate to high levels of imperviousness. Significant degradation can occur a any levd of
human disturbance (at least as measured by impervious cover).

Figure 6a. HSPF-modeed flow-duration curve for Des Moines creek, displaying dramatic

improvement in future flow durations relaive to current. Anadys's assumes projected land-use

changes and construction of proposed detention ponds and bypass pipeline (from Des Moines
Basn Committee, 1997).

Figure 6b. One month’s hydrographs for Des Moines Creek: current flows, predevelopment (i.e.
forested) flows, and those under the anticipated future (mitigated) dternative. Note that although
the flow-duration curves (Figure 6a) suggest thet the future dternative is about mid-way between
current and predevelopment conditions, the future hydrograph shows flashy discharge and low base
flows much more like current (urban) conditions than those of predevelopment time.

Figure 7. Observed stable ("O") and ungtable ("X") channels, plotted by percent effective
impervious area (EIA) in the upstream watershed (horizonta scae) and ratio of modeled 10-year
forested and 2-year urbanized (i.e. current) discharges (vertical scae). “ Stable channds’

consstently meet the gpparent thresholds of ether {EIA £ 10 percent} or { Q2-urban £ Q10-for}, €XCEPL
for the few catchments containing large lakes (from Booth and Jackson, 1997).

Figure 8. HSPF-modeled increases in 2-year and 100-year discharges that result from forest
converson on moderately doping glacid till soils. Four percent (effective) imperviousness, a
typicd vaue for arural resdentia dengty of 20 houses per 100 acres, shows particularly
sgnificant hydrologic changes only when accompanied by forest clearing.

Figure 9. Conditions of forest cover and impervious areain an HSPF-mode ed watershed, with
moderate dopes and till soils, rdative to the channd-tability criterion Qu-yrban = Q10-for- Therange
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of effective impervious aress (EIA = 3-5%) reflects variation in rurd land cover conditions; the
“zone of uncertain channel gability” reflects uncertainty in the hydrologic parameters

Figure 10. Land cover datafrom individud subcatchments within five King County watersheds,
compiled from basin plan land-cover data (King County, 1990c,e, 1991). At [165-percent forest
retention, effective impervious area (EIA) is£ 10% in dl cases, yet with EIA < 10%, substantia
clearing is still commonly observed.
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Biological Integrity of Puget L owland Streams
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