Article 47

Feature article from Watershed Protection Techniques. 3(2): 647-656

The Benefits of Better Site Design
In Commercial Development

odern commercial development is domi-
M nated by the parking lot. Indeed, asmuch as
half of the entire surface area of atypical
officepark or shopping center isdevotedtoparking. No
onehas ever stepped up to claim that they invented the
parking lot, and their reluctanceis understandabl e: the
parking lot isaprime habitat for the car and not much
else.

From an environmenta standpoint, parking lots
rank among the most harmful land uses in any water-
shed. Parking lots not only collect pollutants that are
deposited from the atmosphere, but also accumulate
pollutantsthat leak, drip or wear off cars. Researchers
have found that parking | ot runoff can have extremely
high concentrations of nutrients, trace metals and hy-
drocarbons. Parking lotsalsoinfluencethelocal air and
streamtemperatures. |nthe summer months, pavement
temperaturescan exceed 120 degreesFahrenheit, which
inturnincreaseslocd air temperaturesfiveto 10degrees
compared to a shaded forest. Parking lots can also
exacerbate smog problems, asparked carsemit greater
levels of smog precursors under extreme heat island
conditions (Scott et al., 1999).

Perhapsthegreatest environmental impact of park-
inglotsishydrological innature. Simply put, thereisno
other kind of surfacein awatershed that producesmore
runoff anddeliversitfaster thanaparkinglot. Whenthis
runoff is discharged into a headwater stream, its great
erosive power steadily degrades the quality of down-
stream habitats, unless exceptionally sophisticated
stormwater practicesareinstalled.

Isit possibleto design abetter parking lot? At first
glance, there seemsto belittle opportunity to incorpo-
rate better site design into parking lots. However, the
better site design techniques described earlier in this
issue suggest akey design strategy: work toincremen-
tally shrink the surface area of the parking lots and
then use the space saved to integrate functional land-
scaping and better stormwater treatment within the
parkinglot. Throughaseriesof relatively minor design
adjustments, it is possibleto reduce the surface area of
parking lots by fiveto 20%. These design adjustments
includecurbing excessparking, incrementally reducing
parking demand ratios, providing creditsfor masstran-
sit, shrinking stall sizes, narrowing drive aides, and
using grid paversfor spillover parking areas.

Inthisarticle, we examine some of the benefits of
employing better site design asthey apply to commer-
cial development. Aswiththeresidential redesign, this
analysisal sousesthe Simplified UrbanNutrient Output
Model (SUNOM) tocompareactual commercial devel-
opment sites constructed in the 1990s with the same
sitesredesigned utilizing better site design techniques.
Thetwo commercia developmentsanalyzedincludea
retail shopping center and acommercial office park.

Our fairly conservative approach to parking lot
redesignisintended to reflect realistic opportunitiesin
a suburban setting. For example, we did not utilize
shared parking, porous pavement, or structured park-
ing in any of the redesigns, although each of these
techniquesisvery effective. Nor didwereducethebasic
footprint or size of the buildings in either scenario,
although smaller “boxes’ may well have been more
appropriatefor the zoning. Instead, our basic approach
was to make a series of relatively modest changesin
parking lot design to shrink parking lot area, and then
implement better landscaping and stormwater treat-
ment measures within the saved space.

This article reports on the potential benefits of
parking lot redesignintermsof reduced runoff, pollut-
ant export and development costs. It also reviews the
initial experienceof communitiesthat areexperimenting
with new and innovative parking lot designs, and con-
cludeswith someimplicationsfor boththeengineer and
watershed manager.
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Redesign of theOld Far m Shopping Center

The undeveloped Old Farm shopping center, lo-
cated inthe City of Frederick, Maryland, was primarily
meadow, with someshrubby forest and afew farmbuild-
ings. Bordered by twomajor arterial roadsand served by
existing public water and sewer, the site was a prime
candidatefor commercial development (Figurel).

Construction of the shopping center site parcel
commencedin1992. The9.3acresiteisatypical suburban
“strip” shopping center withtwolargeretail stores, other
retail space, agasstation and adrive-in bank (Figure 2).
In terms of surface cover, the shopping center devoted
50% of itstotal areafor parking, ascomparedto 16%for
the actual footprint of theretail buildings. Another 24%
of the surfaceareawas devoted to landscaping or storm-
water treatment. Less than 10% natural cover was re-
tained on the site, and part of the project encroached on
the 100-year floodplain and thestream buffer. Theentire
site was mass graded during construction. The basic
layout was designed to accommodate the car, with gen-
erousparking located infront of the stores. Theparking
lot design provided 5.2 full-size stalls per 1,000 square
feet (sf) of retail space, which exceeded the already
generous local parking requirement of five spaces per
1,000 sf. According to the most recent national parking
research, only 4.0 to 4.5 spaces are needed to serve
shopping centers(ULI, 1999).

Figure 1: Predevelopment Conditions at the Old Farm Shopping Center Site

Thestormwater treatment systemat Old Farmcon-
sisted of aninfiltration basinlocated near therear of the
shopping center that captured runoff fromabout athird
of the site, and three oil grit separators that provide
sometreatment for theremai ning two-thirdsof thesite.
After discharging from the oil/grit separators, runoff
traveled through aseries of storm drainsthat extended
along theroad and eventually discharged to the stream
(albeit without detention of any kind). It should be
noted that recent performance monitoring has shown
that oil grit separatorshavelittleor nopollutant removal
capability (seearticles119and 120).

The Redesigned Old Farm Shopping Center

The Old Farm shopping center was redesigned
using a “U-shaped” layout that maintained the same
amount of grossfloor area, but sharply reduced the site
area devoted to parking (Figure 3). The new design
reduced walking distances, encouraged pedestrian use,
and created amoreintimateshopping experience. Park-
ing dropped from 50% of the total site areato 38%,
primarily because the parking demand ratio was re-
ducedfrom 5.2 spacesto 4.4 spacesper 1,000 sf of retail
area.

The rationale for the lower parking demand was
justifiedintwoways. First, noextraparking spaceswere
allowed beyondthoserequired by thelocality. Second,
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Figure 2. The Conventional Design of the Old Farm Shopping Center
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Figure 3: The Innovative Design of the Old Farm Shopping Center
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Table 1: Hydrology of the Old Farm Shopping Center Case Study

Devzrli-ped Conventiir;?l Parking Innovative Parking Lot
Runoff no practice 245 20.6
(incheslyr) practices 2.6 181 o1
Infiltration no practice 118 2.7 3.4
(inches/yr) Practices 9.1 8.9

theexisting parking demand ratiowasreduced by about
15%toreflect actual parking demand moreaccurately.
Asaresult, thetotal number of parking spacesdropped
from 343t0 291. In addition, 17% of the parking stalls
weredesigned for compact cars, whichrequireslightly
smaller stalls than standard full-sized spaces. Taken
together, these changes eliminated slightly more than
oneacreof parking area, which provided enough space
to design amoreeffectivelandscaping and stormwater
treatment system.

Several parking lotislandswereincreased in size
and convertedinto bioretention areastotreat stormwar
ter. Other elementsof thestormwater treatment system
included asandfilter, aninfiltration trench, and afilter
strip. Furthermore, 25% of theentire parking areawas
designated for “spillover parking,” and grid pavers
wereused rather thannormal pavingmaterials. Thegrid
pavers helped store the first few tenths of an inch of
rainfall that would haveotherwiserun off theparkinglot
(ICPI,2000). Lastly, theredesign enabled reforestation
and greater protection of the buffer along the stream
that runsalong the edge of the property. Asaresult, the
proportion of natural cover at thesite climbed from 7%
to 19% as aresult of the parking lot redesign.

Comparative Hydrology at the Old Farm Shopping
Center

Asexpected, the construction of theoriginal shop-
ping center dramatically changed the hydrology of the
site(Tablel). Theincreaseinimperviouscover from1%
tomorethan 70% increased annual runoff volumeby a
factor of nine. Theinfiltration basinusedintheoriginal
design hel ped put somerunoff back intotheground, but
even so, annual runoff wasseventimesgreater thanthe
pre-development condition. The redesigned parking
lot, by virtueof itslower imperviouscover andimproved
stormwater practices, produced about 20% less runoff
than the original design. Nevertheless, the stormwater
practicesat theredesigned parking ot were not ableto
match the pre-development hydrol ogy.

ComparativeNutrient Output fromtheOld Farm Shop-
ping Center

The conversion of the meadow into a shopping
center greatly increased nutrient export from the site;
the SUNOM model indicated that annual phosphorus
and nitrogen export would increase tenfold as aresult
of thedevel opment (seeFigure4). Nutrient export from
the shopping center was dominated by stormwater
runoff, as the model indicated that stormwater runoff
contributed about 95% of the annual nutrient export
fromthesite. Nutrientloadswerenot greatly reduced by
the infiltration basin or oil/grit separators that were
installed at theconventional parkinglot. Nutrient export
wasstill projectedtobeeightto 10timeshigher thanpre-
development conditions, even after these stormwater
treatment practiceswereinstalled.

In contrast, the redesigned parking lot sharply
reduced nutrient export (Figure 4). In fact, the rede-
signed parking lot without stormwater practices pro-
duced about the samenutrient load asthe conventional
parking lot with stormwater practices. This reduction
wasadirect result of thelower impervious cover asso-
ciated with theredesigned parking lot. When the rede-
signed parking ot was combined with more sophisti-
cated stormwater practices(i.e., bioretention, sand fil-
ter, infiltration trench andfilter strip), thetotal nutrient
exportwashalf that of theconventional parkinglotwith
stormwater practices. Itisinterestingtonote, however,
that thisload wasstill about fivetimeshigher than that
produced by the meadow prior to devel opment.

Comparative Cost to Develop the Old Farm
Shopping Center

Thecost to devel optheredesigned parking lot was
marginally lower than the cost for the conventional
parking lot — about 5%. Considerable cost savings
wererealized duetolesspaving, shorter sidewalks, and
fewer curbsand gutters, but these savingswerelargely
offset by added costs for improved stormwater prac-
tices, landscaping and grid pavers. Overall, the esti-
mated cost to build the conventiona parking lot was
$782,500, comparedto$746,270for theredesigned park-
ing lot. The extent of potential cost savings depends
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heavily on the level of sophistication of the original
stormwater treatment system. Inthiscase, theunsophis-
ticated stormwater practices used in the conventional
parking designwerefairly inexpensive, but wereal sonot
effectivein removing nutrients.

Summary

Figure5summarizestheredesignanalysisof theOld
Farm Shopping Center. The redesigned parking lot re-
sulted in lessimpervious cover, stormwater runoff, and
nutrient export for adightly lower devel opment cost than
the conventional design.
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Figure 6: Predevelopment Conditions at the 270 Corporate Office Park Site

Redesigningthe270 Cor porateOfficePark

The second case study involved the redesign of a
typical suburban office park. The 12.8 acre parcel is
locatedin Germantown, Marylandinthemildly sloping
terrain of the Piedmont (Figure6). Theexisting cover at
the site was almost entirely meadow, except for afew
trees and an old farm pond that bisected the property
boundary. No wetlands or other sensitive natural fea-
tures were evident on the site. The site was zoned for
officedevel opment, and existinginfrastructuremadeit
an attractive candidate for development. An existing
network of public water and sewer, electric, gas, and
other utilitiesran along the frontage of alarge arterial
road.

The layout of the conventional suburban office
park designisdepictedinFigure?. Theprojectincluded
apair of five-story officebuildings, surrounded by asea
of parking. Over half (52%) of the surface cover at the
officepark wasdevotedto parking, ascomparedtoonly
11%for actual footprint of the office building. Most of
the remainder of the site was utilized for landscaping,
stormwater treatment or turf. Only 2% of the natural
cover wasretainedonthesite, and nearly al of theparcel
was mass graded during construction.

Aswith many suburban office parks, the location
of the building and parking were primarily oriented
towardthecar. Theparkinglotwassizedusingaparking
demandratioof 3.1 spacesper 1,000sf of building, which
dightly exceeded theminimum parking requirementsof
thelocality. Asaresult, theparkinglot created roomfor
745 standard stalls, along with 33 larger stallsfor vans
and disabled access. The parking bays also featured
roomy aisles between the stalls (24 feet wide). The
design wasintended to provide some amenitiesfor the
officeworkers, including ashort path system between
buildings, an ornamental stormwater pond, and some
landscaping in required setbacks and parking islands.

Theconventional designfeaturedtheclassic*pipe
andpond” approachto stormwater management. Park-
inglot runoff wasinitially collected by acurband gutter
system that sent runoff into underground storm drain
pipesthat, inturn, dischargedinto two very small wet
ponds. Each pond served roughly half of the site and
was expected to have areasonably good capability to
remove nutrients.
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Figure 8: The Innovative Design of the 270 Corporate Office Park
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The Redesigned 270 Corporate Office Park

The redesigned site employed a number of tech-
niquesto minimizeimperviouscover andimprovestorm-
water treatment (Figure 8). The office park featured the
same amount of office space, but the two office towers
were situated closer to the road to shorten utility exten-
sions, and pedestrian access to a bus stop was provided
to encourage the use of public transportation.

The key strategy employed in the redesign was to
incrementally reducethe size of the parking lot, and this
wasachievedinfiveways. First, noexcessparking spaces
were allowed over those required by the local parking
demandratio. Second, thelocal parkingdemandratiowas
reduced by 8% to reflect actual parking demand. Third,
the parking demand ratio wasreduced by another 10%to
reflect the proximity to the bus stop. Fourth, the size of
approximately 20%of all parking stall swasdownsizedto
accommodatecompact cars. Lastly, driveaisesinmany
parkingbayswerereducedfrom24feetinwidthto20fest.
Combined, these measures reduced thetotal parking lot
area by nearly 30%, or about two acres. Once again, the
savings in paving gave the designer more room to inte-
grate landscaping with more effective stormwater treat-
ment.

For example, larger landscaping islands were in-
stalled in the parking lot to plant shade trees, and some
of theseareaswereal so convertedinto bioretention areas
totreat stormwater. A dry swalewasused totreat storm-
water within alandscaped setback areain another part of
thesite. About 15% of thelot wasdesignated for spillover
parking, and grid paverswere used to attenuate runoff in
thisarea. Thebasic stormwater management goal wasto
attenuate, treat, or recharge as much runoff from smaller
storms as possible in the parking lot itself. Runoff from
larger stormswastreated in awet detention pond near the
outlet of the property.

Asaresult of theredesign, roughly 14% of theoffice
park waseither retainedinnatural land cover or reforested
(compared to 2% under the conventional design). This

green space, combined with the water features and a

walking path, created a more tranquil environment for
officeworkers. Overall, thetotal imperviousareaassoci-
atedwiththeredesigned officepark dropped from 68%to
53%.

Comparative Hydrol ogy for the 270 Cor por ate Center
Office Park

Thehydrological story wasmuch thesamefor the
270 Corporate Center asfor the shopping center. Con-
struction of the conventional design sharply increased
annual runoff volumesanddecreasedinfiltration (Table
2). Runoff did not increase as much in the redesigned
parkinglot, primarily becauseitsimperviouscover was
muchlower. Annual runoff volumeswere21%]lowerin
the redesigned parking lot compared to the conven-
tional design, andinfiltrationvolumeswere42%higher.
Despite these improvements, the redesigned parking
lot wasunableto mimicthehydrol ogic conditionsprior
to devel opment.

Nutrient Output at the 270 Corporate Center Office
Park

As expected, the conversion of the meadow into
anofficepark greatly increased nutrient export. Annual
phosphorusand nitrogen export increased roughly ten-
fold, accordingtotheSUNOM model (Figure9). Aswith
the shopping center, stormwater runoff was found to
generate about 95% of the annual nutrient export from
the site. The two wet ponds were reasonably effective
in removing nutrients at the conventional office park,
but till resulted in nutrient export that was seven to
eighttimeshigher than pre-devel opment conditions. In
contrast, the redesigned parking lot sharply reduced
nutrient export (Figure 9). The combination of lower
impervious cover and more effective stormwater prac-
ticesreduced nutrient export by about 40 to 50%, when
compared to the conventional parking lot design with
stormwater practices.

Table 2: Hydrology of the 270 Corporate Office Park Case Study

. Pre- Conventional . .
Hydrologic Factor Developed Parking Lot Redesigned Parking Lot
R unoff (inches/yr) 2.7 23.9 18.9
Infiltration (inches/yr) 11.8 2.6 3.7

Note: no change in the annual volume of runoff or infiltration was calculated as a result of the stormwater
practices installed at either the conventional or redesigned parking lot.
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Comparative Cost to Develop the 270 Corporate
Office Park

Thecost to devel op the redesigned office park
was approximately the same asthe cost to develop
the conventional office park, although the compo-
nent costsweresomewhat different. L esswasspent
on paving, sidewalks and utility pipes, but these
savings were largely offset by higher costs for
improved stormwater treatment practi ces, |landscap-
ing, grid pavers and curiously, curbs and gutters
(thehigher cost for thislastitemwasduetothewider
parking islands used for bioretention areas). Over-
all, the estimated cost to build the conventiona
parkinglot was$948,900, compared to $921,200for
the redesigned parking lot.

Overall Summary: OfficePark Redesign

Theredesigned parkinglot at the270 Corporate
OfficePark resultedinlessimperviouscover, storm-
water runoff, and nutrient export for about thesame
development cost as the conventional design. The
resultsaresummarizedin Figure 10.

TheLimitsand Potential of ParkingL ot Redesign

To our knowledge, no one has yet tried to
guantify the potential economicand environmental
benefitsof better parkinglot designat new commer-
cial developments. This initial analysis provides
compelling evidence that better site design is an
important, if not indispensable, tool for managing
the quantity and quality of stormwater runoff from
parking lots.

In each of the case studies, the redesigned
parkinglot resultedinlessimperviouscover, storm-
water runoff, and nutrient export for about thesame
or even dightly lower cost than the conventional
design. Taken together, better site design tech-
niguesreducedimperviouscover by atleast 15%in
each case. While thisis an impressive reduction,
about half of each siteremainedimperviousafter the
redesign. Perhaps the most critical benefit of each
redesignwasthat it created moreroomtolocatemore
effective stormwater treatment practices. When
smdller parkinglotswerecombinedwith better storm-
water practices, the resulting nutrient export was
almost half that of a conventional parking lot.

In each case study, the critical ingredient was
an incremental reduction in the local parking de-
mand ratio. Without this capability to shrink the
surface area devoted to parking, designers have
littleability to devisethe more sophisti cated storm-
water treatment and landscaping systems that can
hel pmitigatetheimpact of theparkinglot. Therefore,
the first and most important step in implementing
better sitedesignfor commercial developmentsisto
reducelocal parking demandratios, evenif only by

Figure 9: Annual Nitrogen and Phosphorus Load
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five or ten percent. For many communities, however,
thismodest step may seem like aterrifying leap, possi-
bly off acliff.

Developers, bankers, retailersand driversall have
ashared interest in abundant and convenient parking,
and it is hard to convince them that any attempt to
downsize parking lots, however modest, will not work
against thisgoal. Thiskind of thinking is quite under-
standable. Most people can easily recall therare situ-
ation where parking was hard to find, but the more
common situation where parkingisplentiful generally
escapes our everyday notice.

Small wonder, then, that so many communities
arepronetoinertiawhen it comesto changing parking
codes. Perhapsthe only way watershed advocates can
overcome thisinertiais to document the existence of
excess parking capacity in each community. Indeed, it
isarather simple step for volunteersto count cars and
photograph empty stalls during peak times at similar
commercia land uses to demonstrate how generous
local parking requirementsactually are.

A small but growing list of communities are now
experimentingwiththeir parking standardsand parking
lot designs, including citieslike Scarborough, Ontario;
Oakland, CA; Olympia, WA; Sacramento, CA; Bellevue,
WA; Davis, CA and Prince George' sCounty, MD. Each
community has worked in different ways to redesign
their parking lots, and many of their successful experi-
encesarerecountedin Better SteDesign: AHandbook
for Changing Development Rulesin Your Community
(CWP,19983).

Given the prevalence of parking lotsin our urban
landscape and the environmental harm they cause, we
needtofundamentally changetheway that parkinglots
aresized and designed. The modest ideas presentedin
thisarticlearemerely aninitial stepinthisdirection. A
wide range of professions collectively influence the
formand function of parkinglots, including engineers,
hydrologists, landscape architects, urban foresters,
soil scientists, devel opers, leasing agents, planreview-
ers, transportation researchersand many, many others.
Working together, these groups can move us closer
toward the goal of atruly sustainable parking lot, i.e.,
onethat not only providescar habitat, but al so prevents
damageto other habitats, aswell. - JAZ
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