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The Importance of Imperviousness

oftenlacksaunifyingthemeto guidetheefforts

of its many participants—planners, engineers,
landscapearchitects, scientists, andlocal officials. The
lack of acommon theme has often made it difficult to
achieve a consistent result at either the individua
development site or cumulatively, at the watershed
scale.

Inthisarticleaunifyingthemeisproposed based on
aphysically defined unit: imperviousness. | mpervious-
ness hereis defined as the sum of roads, parking lots,
sidewalks, rooftops, and other impermeabl esurfacesof
the urban landscape. This variable can be easily mea
sured at all scalesof development, asthe percentage of
areathat is not “green.”

Imperviousnessisavery useful indicator withwhich
to measuretheimpactsof land devel opment on aquatic
systems. Reviewed hereisthe scientific evidence that
relates imperviousness to specific changes in the hy-
drology, habitat structure, water quality and biodiversity
of aguatic systems. This research, conducted in many
geographicareas, concentratingonmany different vari-
ables, and employing widely different methods, has
yieldedasurprisingly similar conclusion: streamdegra-
dationoccursat relatively low level sof imperviousness
(~10%). Mostimportantly, imperviousnessisoneof the
few variablesthat canbeexplicitly quantified, managed
and controlled at each stage of land development. The
remainder of thisarticledetail stherel ationshi p between
imperviousness and stream quality.

T heemergingfield of urbanwatershed protection

TheComponentsof | mperviousness

I mperviousness represents the imprint of land de-
velopment on the landscape. It is composed of two
primary components: therooftopsunder whichwelive,
work and shop, and thetransport system (roads, drive-
ways, and parking | ots) that we useto get from oneroof
to another. As it happens, the transport component
now often exceeds the rooftop component in terms of
total impervious area created. For example,
transport-rel atedimperviousnesscomprised 63to 70%
of total impervious cover at the sitein 11 residential,
multifamily and commercia areaswhereit had actually
been measured (City of Olympia, 1994b). Thisphenom-
enon is observed most often in suburban areas and
reflectstherecent ascendancy of theautomobileinboth
our culture and landscape. The sharp increasesin per

capita vehicle ownership, trips taken, and miles trav-
elled haveforcedlocal plannerstoincreasetherelative
sizeof thetransport component of imperviousnessover
the last two decades.

Traditional zoning has strongly emphasized and
regulated the first component (rooftops) and largely
neglected the transport component. While the rooftop
component is largely fixed in zoning, the transport
component is not. As an example, nearly al zoning
codes set the maximum density for an area, based on
dwelling units or rooftops. Thus, in agiven area, no
morethanonesinglefamily homecanbelocatedoneach
acre of land, and so forth.

Thus, awiderangeinimperviouscover isoftenseen
forthesamezoning category. For example, impervious
areaassoci atedwithmediumdensity singlefamily homes
can range from 20% to nearly 50%, depending on the
layout of streetsand parking. Thissuggeststhat signifi-
cant opportunitiesexist to reducethe share of impervi-
ousness from the transport component.

I mper viousnessand Runoff

Therelationship between imperviousnessand run-
off may bewidely understood, but itisnot alwaysfully
appreciated. Figure Lillustratestheincreaseinthesite
runoff coefficient asaresult of siteimpervious cover,
developed from over 40 runoff monitoring sitesacross
the nation. The runoff coefficient ranges from zero to
oneand expressesthefraction of rainfall volumethatis
actually convertedinto stormrunoff volume. Ascanbe
seen, the runoff coefficient closely tracks percent im-
pervious cover, except at low levels where soils and
dopefactorsbecomemoreimportant. Inpractical terms,
this means that the total runoff volume for a one-acre
parking lot (Rv =0.95) isabout 16 timesthat produced
by an undevel oped meadow (Rv = 0.06).

To put thisin more understandabl eterms, consider
therunoff fromaone-inchrainstorm (see Table1). The
total runoff from aone-acre meadow would fill astan-
dard size office to adepth of about two feet (218 cubic
feet). By way of comparison, if that same acre was
completely paved, a one-inch rainstorm would com-
pletely fill your office, aswell asthetwonexttoit. The
peak discharge, velocity and time of concentration of
stormwater runoff also exhibit astriking increase after
ameadow isreplaced by aparking lot (Table 1).
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