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Introduction

With the implementation of Phase Il of the National Pollutant
Discharge Elimination SysteiNPDES Stormwater regulations,

many municipalities are now developing new or updated regula-
tions to address water quality and receiving water protection.

and suggests an integrated and comprehensive approach to storm-
water management and regulation.

Effects of Urbanization on Receiving Waters

Traditional storm-water management focused on moving water

away from people, structures, and transportation systems as

quickly and efficiently as feasible. This was accomplished by cre-

ating conveyance networks of storm sewers, roof drains, and lined

channels that concentrated runoff flows for discharge to receiving

waters. Representative consequences of this traditional approach

to drainage include

e Increased runoff frequency, volume, and durati@®., in-
creased “work” to reshape streams

e Larger peak discharges and flow velocitiése., increased
stream-shaping energy

¢ Change in base flowdry weathey regime

Increased flooding risk

e Increased runoff temperature

e Loss of riparian zones and wetlands, with associated loss of
terrestrial and avian habitat

e Habitat damage and ecosystem disruption associated with
streambed and bank erosion leading to sediment and pollutant
transport, channel widening and instability, and destruction of
both aquatic and terrestrial physical habitats

e Introduction of new pollutant sources and types

¢ Increased contaminant transport and water quality degradation

« Production of potentially toxic concentrations of contaminants
in receiving waters and their long-term accumulation

These effects are highly site-specific and can vary substantially

from one watershed to another. With increasing frequency, these

adverse effects are being addressed by communities around the

United States by implementing various structural and nonstruc-

Among the many strategies that communities can consider are .
watershed-wide impervious area limits on new development. This lUral best management practic@MPs).
is a concept that has arisen for several reasdnsthe noting by
various authors of correlations between increases in impervious
area and the degradation of receiving wat€p3;the perceived
ease of application of such regulations from a planning perspec-
tive; and(3) the desire of communities to minimize the impacts of In the late 1970s and early 1980s, the National Urban Runoff
development. While the authors of this editorial agree that imper- Program(NURP), conducted by the United States Environmental
vious area is a useful indicator of the degree of urbanization in a Protection Agency(USEPA and the U.S. Geological Survey
watershed, we believe that the application of an impervious area(USGS, collected extensive hydrologic and water quality data
limitation as aregulatorymeasure is poor public policy that fails  from over two dozen cities around the United Statg$SEPA
to address the basic objective of using sound science and engi1983. A common finding of the NURP analyses and related
neering to identify and mitigate the impacts of urbanization and storm-water model development was the identification of “di-
storm-water runoff on receiving waters and the environment. rectly connected impervious area” as a major factor in determin-
This editorial summarizes representative impacts of urbaniza-ing effects of storm-water runoff. It was clear that impervious
tion on receiving waters, provides a brief history of the use of area could be related to changes in hydrolggy., increases in
imperviousness as an indicator, reviews some of the factors influ-peak flows, increases in duration and frequency of floods, changes
encing water quality in addition to imperviousness, identifies in base flowy and increases in contaminant concentrations and
some of the unintended consequences of impervious area limitsloads. As regulatory programs developed to address urban runoff,

History of Impervious Area as an Indicator
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such as the storm-water National Pollutant Discharge Elimination
System(NPDES regulations under the Federal Clean Water Act, °
there was a shift in management emphasis from storm-water con-
veyance to protection of receiving water ecosystems. At the sames

Proposed land use and potential pollutant sources
Historic land use and its impact on water qualityining,
agriculture, forestry, etg.

Site development plan

time, there was a new emphasis on watershed managemenRepresentative factors related to the receiving water include

(USEPA 1996, which requires a better sense of how physical, °
chemical, and ecological processes are integrated and how these
processes can be altered by land use change, such as urbanization

Upstream watershed characteristics, including size, slope, ge-
ology, soils, land uses, sediment yield, vegetation, runoff char-
acteristics, pollutant sources, and influences on physical,

effects on habita(USGS 2001

As watershed management programs developed, there was
also a need to identify indicators that would simplify the analysis «
of complex interactiongUSEPA 200]. A wide range of indica- .
tors has been identified, some applicable to aquatic ecosystemss Aquatic life
some specific to water quality, and others specific to types of lande Stream order
use chang@€USEPA 2003; Niemi and McDonald 20p4mpervi- Applying “one size fits all” impervious area limits to proposed
ous area has become one of the most commonly used indicatordand developments does not properly account for these and other
of land use change and urbanization. The utility of impervious factors. Considering the above, a site with low imperviousness
area as an indicator and as a tool for storm-water management hasould have poor water quality and significant receiving water im-
been the focus of numerous studig®rner et al. 2002; Schueler pacts(e.g., a farm stream through a cow pasture with highly ero-
2000; USGS 2001; Weber and Bannerman 2004s clear from sive Type C and D soils and upgradient feed )Jo@onversely, a
the history and present status of the investigations of impervioussite with relatively high impervious area could have good water
area that this parameter is an important indicator of land use quality and provide a high degree of receiving water protection
changes and a key factor in how watersheds respond to rainfall(e.g., a development using a wide array of structural and non-
(Hatt et al. 2004 structural BMPs, LID, and detention and runoff reduction prac-

Although impervious area is a technically sound and easy-to- tices that are properly designed and maintajned
useindicator of the degree of urbanization, the present state of
science finds substantial variability in the effects of impervious
area on receiving water quality and integrity. Impacts are highly ynintended Consequences of Impervious Area
location-specific and can differ significantly by region and even | imits
discrete stream channel reaches. This issue leaves much to be

resolved before impervious area can routinely be usedraara A direct connection can be made between impervious area limi-
agement or regulatory topbne resolution might involve impos-  tations and urban sprawfField et al. 2000; Schueler 20p@\reas

ing a percent impervious area limit in a watershed via a drainage sybject to urban sprawl typically suffer from a lack of integrated
ordinance and/or regulation. transportation and land-use planning, which leads to inefficient
systemgin terms of cost and functionalifyand elevated pollutant
loadings(National Commission on the Environment 1993; Tetra
Tech 1996; USEPA 1997 The Chesapeake Bay Foundation
(1997 identified the impacts of urban sprawl:

e Five to seven times more sediment and phosphorus than a

chemical, and biological conditions
Hydrology, local climate, and meteorology
Water chemistry

Geomorphology

Other Factors Influencing Water Quality
and Receiving Water Protection

The simplicity of an impervious area limit approach does not
account for the many complex factors that can have significant ¢
water quality and receiving water implications regardless of the
amount of impervious area on a sifallan 2004; Hatt et al. .
2004). Representative factors related to a proposed development
site include .
* The nature of proposed impervious areas and the extent toe
which runoff from these areas is managed and “disconnected” «
from other impervious areas; it is important to recognize that e

forest

Nearly twice as much sediment and nitrogen as compact de-
velopment

Four to five times as much land used per person compared
with 40 years ago

Twice as much road building as compact development

Three to four times as many automobile trips per day

Much more air pollution than compact development

Lower tax revenues in relation to the cost of providing infra-

“not all impervious areas are created equdledsoe 2002;
Hatt et al. 2004

» Runoff characteristic§frequency, magnitude, duration, vol-
ume, timing, eto.

» Soil characteristics to include permeability, hydrologic soil
group, erodibility, and runoff characteristics

e Slopes and site topography

* Wetland and water body buffer zone protection and preserva-

tion measures

structure
¢ Induced relocation of people from central cities and inner sub-
urbs
A developer faced with an impervious area limitation may simply
purchase more land, especially in newly developing areas where
land is readily available. Such an approach enables compliance
with the regulation but may do nothing to reduce receiving water
effects and the array of other environmental impacts. Although
the public benefits of dedicated open space in urban areas are

« Storm-water management strategy for development, including substantial, simply setting aside open space through low develop-

structural and nonstructural
(BMPs) and extent to which “low impact development’lD)
practices are used

» Natural water quality features of the site, including wetlands,
riparian areas, and lakes

best management practicesment densities and checked urban sprawl! will fail to accomplish

storm-water management objectives in the absence of a compre-
hensive management plan.

Impervious area limits result in the distribution of impervious
area and associated effects throughout the watershed, with in-
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creased connectivity of roads and other transportation systemsand possibly more significant environmental problems.

and in the end may actually lead to increases in directly connected  If municipalities are compelled to impose or consider impos-

impervious area. ing impervious area limits, the writers then urge to first conduct
comprehensive, watershed-specific receiving water and other en-
vironmental impact assessments. These types of assessments help

Comprehensive Storm-Water Management to define the total environmental and urban infrastructure conse-
quences and costs in order to provide at least some basis for the

Protection of a receiving stream requires a comprehensive ap-proposed limits on imperviousness.

proach to storm-water management that directly addresses the Appropriate site planning and design can mitigate many of the

causes of watershed impairment. The first step in an effectiveimpacts of urbanization. Protection or recovery of a receiving

management strategy is to clearly define goals of the program.water is dependent on developing a comprehensive approach that

This step is crucial in garnering public support, and it provides addresses the causal relationships between urban development

the basis for developing technological answers based on defen-and environmental impacts. Effective management and regulation

sible scientific principles. Storm-water management programs requires careful planning, application of advanced control mea-

that fail to clearly define objectives and/or develop approaches sures, and continued vigilance in terms of maintenance and moni-

based on sound science are recipes for failure and litigébebo toring, and a willingness to adapt and improve technology and

and Reese 2003; Field et al. 2000; USEPA 1997 management programs.

According to Richardg1995, “once ecosystem stresses are

understood, the impacts of alternative management scenarios can

be assessed and the design of engineering measures that Compl?{'eferences

ment or enhance ecosystem characteristics can then proceed.” Im-

pervious area |II’.n'ItS will not address actual stressor. reduction and Allan, J. D. (2004, “Landscapes and riverscapes: The influence of land

may lead to addition of new, more severe stressors in a watershed.

- . . . use on stream ecosystem#&hnu. Rev. Ecol. Eval. Syst. 20085,

Effective watershed management and site-planning strategies take 557 _5g4

advantage of a broad mixture of structural and nonstructural con- American Society of Civil Engineers and Water Environment Federation

trol methods which are implemented in accordance with sound  (ASCE/WER. (1999. “Urban runoff quality managementASCE

engineering and scientific guidance and criteria, and which are  Manual and Report on Engineering Practice No. 87 and WEF

regularly maintained, monitored and adjusted, as necessary. Com- Manual of Practice No. 23Reston, Va.

mon elements of a comprehensive approach identified by manyBledsoe, B. F(2002. “Relationships of stream responses to hydrologic

experts (ASCE/WEF 1998; Debo and Reese 2003; Prince changes.’Linking Stormwater BMP Designs and Performance to Re-

George’s County, Maryland 1999; Shaver 1998; Stahre and Urbo-  ceiving Water Impact MitigationB. R. Urbonas, ed., ASCE, Reston,

nas 1990; Tetra Tech 1996; Denver Urban Drainage and Flood Va.

Control District 1992; Urbonas and Roesner 1993; USEPA 1997; Chesapeake Bay Foundatiol997. Growth, sprawl, and the bay—

Hatt et al. 2004; Allan 2004include the following: simple facts about growth and land ygennapolis, Md.

« Source control of pollutants Debo, T. N., and Reese, A. (2003. Municipal Stormwater Manage-

« Utilizing runoff reduction and LID techniques ment 2nd Ed., Lewis Publishers, Boca Raton, Fla.
- Minimizing directly connected impervious area Denver Urban Drainage and Flood Control Distrid992. Urban storm
« Designing detention and retention facilities for small, fre- ~ drainage criteria manual, Volume 3—best management practices,

uently occurring eventéin addition to larger stormsto ad- stormwater quality Denver.
q y 9 . - ; g Field, R., Heaney, J. P., and Pitt, 000. Innovative urban wet-weather
dress adverse physical impacts to receiving streams

] . - : ) flow management systeni®chnomic, Lancaster, Pa.
* Using a “treatment train” approacultiple BMPs, in succes- ¢t B. E., Fletcher, T. D., Walsh, C. J., and Taylor, S(2004. “The

sion) influence of urban density and drainage infrastructure on concentra-
« Incorporating channel stabilization methods tions and loads of pollutants in small streamd.’Environ. Manage.
It is interesting to note that the NPDES Phase Il permit require- 34(1), 112-124.
ments set up the framework for comprehensive storm-water man-Horner, R., et al(2002. “Structural and non-structural BMPs for pro-
agement by addressing many of the issues discussed herein, yet tecting streams.Linking stormwater BMP designs and performance
do not require an impervious area limit. Indeed, at this time, few  to receiving water impact mitigatiorB. R. Urbonas, ed., ASCE, Re-
communities have adopted impervious area limits. This approach ston, Va.
would certainly not currently be considered a standard of practice National Commission on the Environmeii£993. Choosing a sustain-
for American municipalities. able future Island Press, Washington, D.C.
Niemi, G. J., and McDonald, M. K2004). “Application of ecological
indicators.” Annu. Rev. Ecol. Evol. Syst. 20035, 89-111.
Prince George's County, Maryland, Department of Environmental Re-
sources Programs and Planning Divisi¢h999. Low-impact devel-

| di . . t f urbanizati t opment design strategies—an integrated design appro&hnce
ncreaseda impervious area Is a symptom ot urbanization, not nec- George’s County, Md.

essarily the sole cause of receiving water and overall environmen-gicnargs, €(1995. “Integrated watershed analysis and study design.”
tal degradqtlon. The Issue Is not that'lmper\./lous area ?X'.StS; Stormwater Runoff and Receiving Systems Impact, Monitoring, and
rather, the issue is the arrangement of impervious area within &  assessmenEdwin Herricks, ed., Lewis, Boca Raton, Fla.

landscape and the potential for directly connected imperious areaschueler, T.(2000. “The importance of imperviousnessWatershed

to modify flow and enhance the transport of contaminants to the  Protection Techniquesl(3), 100-111.

receiving stream. Furthermore, by causing urban sprawl and di- Shaver, H. E(1999. “Institutional stormwater management issue3e-
verting attention from needed source controls and treatment sign of urban runoff quality controd.. Roesner, B. Urbonas, and M.
BMPs, an impervious area limit may actually create additional Sonnen, ed., ASCE, Reston, Va.

Conclusions

178 / JOURNAL OF ENVIRONMENTAL ENGINEERING © ASCE / FEBRUARY 2005



Stahre, P., and Urbonas, B. 990. Stormwater detention for drainage,
water quality, and CSO managemerRrentice Hall, Englewood
Cliffs, N.J.

Tetra Tech, Inc(1996. Green development literature search: summary
and benefits associated with alternative development approaEnes
vironmental Protection Agency, Washington, D.C.{www.
smartgrowth.ory

United States Environmental Protection AgeqtySEPA). (1983. “Re-
sults of the nationwide urban runoff progranNTIS PB84-185 52
Washington, D.C.

United States Environmental Protection Ageth5EPA). (1996. “Why
watersheds?EPA800-F-96-00 1Washington, D.C.

United States Environmental Protection AgetthSEPA). (1997). Insti-
tutional aspects of urban runoff management: A guide for program
development and implementatjowatershed Management Institute,
Inc., USEPA Region 5, Chicago.

United States Environmental Protection AgerthSEPA). (2001). “Pro-
tecting and restoring America’s watershedsPA840-00-00 1Wash-
ington, D.C.

United States Environmental Protection Ageth\SEPA). (2003. Index
of watershed indicators—an overvietwww.epa.gov/iwiy.

United States Geological SurvéySGS. (2001). “Land use change and
the physical habitat of streams: Review with emphasis on studies
within the U.S. Geological Survey Federal-State Cooperative Pro-
gram.” Circular 1175 Denver.

Urbonas, B. R., and Roesner, L. @993. “Hydrologic design for urban
drainage and flood control.Handbook of HydrologyD. R. Maid-
mont, ed., McGraw-Hill, New York.

Weber, D. N., and Bannerman, R004). “Relationship between imper-
vious surfaces within a watershed and measures of reproduction in
Fathead minnow&Pimephales promelas Hydrobiologig 525, 215—
228.

JOURNAL OF ENVIRONMENTAL ENGINEERING © ASCE / FEBRUARY 2005/ 179



