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The Architecture of Urban Stream Buffers

eadwater streams comprise as much as 75%

of the total stream and river mileage in the

contiguous United States (Leopold et al.,
1964). These critical headwater streams are often se-
verely degraded by theurbani zation process(Schueler,
1995). As a conseguence, many communities have
adopted stream buffer requirements as one element of
an overall urban watershed protection strategy. Up to
now, buffer requirementshavebeenrelatively simplis-
tic—the"“ design” of astream buffer often consistsof no
morethandrawingalineof uniformwidthonasiteplan.
AsHeraty (1993) notes, buffersdesignedinthismanner
oftenbecomeinvisibleto contractors, property owners,
and even local governments. Asaresult, many stream
buffersfail to perform their intended function, and are
subject to disturbance and encroachment.

A buffer network acts as the “right-of-way” for a
stream and functions as an integral part of the stream
ecosystem. Stream buffers add to the quality of the
stream and the community in many diverse ways, as
summarizedinTablel. Inmany regions, thesebenefits
aremultipliedwhenthestreamsidezoneisinaforested
condition. While the benefits of urban stream buffers
are impressive, their capability to remove pollutants
borne in urban stormwater should not be overstated.
Although communities frequently cite pollutant re-
moval asthekey benefit when justifying the establish-
ment of stream buffers in urbanizing areas (Heraty,

1993), their capability to remove pollutants in urban
stormwater isfairly limited. Thisisasurprising conclu-
sion given the moderate to excellent sediment and
nutrientsremoval reported for forested buffersinrural
areas (Desbonnet et al., 1994) Much of the pollutant
removal observed in rural and agricultural buffers ap-
pearstobeduetorelatively slow transport of pollutants
across the buffer in sheetflow or under it in shallow
groundwater. In both cases, thisrelatively low move-
ment promotes greater removal by soils, roots, and
microbes.

Ideal buffer conditions are rarely encountered in
urban watersheds. In urban watersheds rainfall israp-
idly converted into concentrated flow. Onceflow con-
centrates, it forms a channel that effectively short-
circuitsabuffer. Unfortunately, stormwater flowsquickly
concentrate within ashort distancein urban areas. Itis
doubtful, for exampl e, whether sheetflow conditioncan
be maintained over adistance of 150 feet for pervious
areasand 75feet for imperviousareas(Figure1). Con-
sequently, as much as 90% of the surface runoff gener-
ated in an urban watershed concentrates before it
reachesthe buffer, and ultimately crossesit in an open
channel or an enclosed stormdrain pipe. As a result,
some kind of structural stormwater practice is often
needed to remove pollutants from runoff before they
enter the stream.

Figure 1: Watershed Geometry and the Concentration of Flow: The Overland Flow Path to the Stream
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Table 1: Twenty Benefits of Urban Stream Buffers

(f) =Benefit Amplified by or Requires Forest Cover
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20.

Reduces watershed imperviousness by 5%. An average buffer width of 100 feet protects up to
5% of watershed area from future development.

Distances areas of impervious cover from the stream. More room is made available for
placement of stormwater practices, and septic system performance is improved. (f)

Reduces small drainage problems and complaints. When properties are located too close to
a stream, residents are likely to experience and complain about backyard flooding, standing
water, and bank erosion. A buffer greatly reduces complaints.

Stream “right of way” allows for lateral movement. Most stream channels shift or widen over
time; a buffer protects both the stream and nearby properties.

Effective flood control. Other, expensive flood controls not necessary if buffer includes the
100-yr floodplain.

Protection from streambank erosion. Tree roots consolidate the soils of floodplain and
stream banks, reducing the potential for severe bank erosion. (f)

Increases property values. Homebuyers perceive buffers as attractive amenities to the
community. 90% of buffer administrators feel buffers have a neutral or positive impact on
property values. (f)

Increased pollutant removal. Buffers can provide effective pollutant removal for development
located within 150 feet of the buffer boundary, when designed properly.

Foundation for present or future greenways. Linear nature of the buffer provides for con-
nected open space, allowing pedestrians and bikes to move more efficiently through a commu-

nity. (f)

Provides food and habitat for wildlife. Leaf litter is the base food source for many stream
ecosystems; forests also provides woody debris that creates cover and habitat structure for
aquatic insects and fish. (f)

Mitigates stream warming. Shading by the forest canopy prevents further stream warming in
urban watersheds. (f)

Protection of associated wetlands. A wide stream buffer can include riverine and palustrine
wetlands that are frequently found along the stream corridor.

Prevent disturbance to steep slopes. Removing construction activity from these sensitive
areas is the best way to prevent severe rates of soil erosion. (f)

Preserves important terrestrial habitat. Riparian corridors are important transition zones, rich
in species. A mile of stream buffer can provide 25-40 acres of habitat area. (f)

Corridors for conservation. Unbroken stream buffers provide “highways” for migration of plant
and animal populations. (f)

Essential habitat for amphibians. Amphibians require both aquatic and terrestrial habitats and
are dependent on riparian environments to complete their life cycle. (f)

Fewer barriers to fish migration. Chances for migrating fish are improved when stream
crossings are prevented or carefully planned.

Discourages excessive storm drain enclosures/channel hardening. Can protect headwater
streams from extensive modification.

Provides space for stormwater ponds. When properly placed, structural stormwater prac-
tices within the buffer can be an ideal location for stormwater practices that remove pollutants
and control flows from urban areas.

Allowance for future restoration. Even a modest buffer provides space and access for future
stream restoration, bank stabilization, or reforestation.




Theability of aparticular buffertoactually realizeits
many benefitsdependson how well thebufferisplanned
or designed. Inthisarticle, we present amore detailed
schemefor stream buffer design, drawn from field re-
search and local experience across the country. The
suggested urban stream buffer criteriaare based on 10
practical performancecriteriathat govern how abuffer
will besized, delineated, managed, and crossed (Table
2). In addition, the buffer design contains several pro-
visionsto respect the property rights of adjacent land-
owners.

Criterial: Minimum Total Buffer Width

Most local buffer criteriaare composed of asingle
requirement that thebuffer beafixed and uniformwidth
from the stream channel. Urban stream buffers range
from 20 to 200 feet in width on each side of the stream
according to anational survey of 36 local buffer pro-
grams, with amedian of 100 feet (Heraty, 1993). Most
jurisdictionsarrivedat their buffer width requirement by
borrowing other state and local criteria, local experi-
ence, and, finally, through political compromiseduring
thebuffer adoption process. Most communitiesrequire
that thebuffer fully incorporateal | landswithinthe 100-
year floodplain, and othersmay extend thebuffer topick
up adjacent wetlands, steep slopes or critical habitat
areas.

Ingeneral, aminimum basewidth of at least 100feet
isrecommended to provideadequate stream protection.
In most regions of the country, thisrequirement trans-
latesto abuffer that isperhapsthreetofivematuretrees
wide on each side of the channel.

Criteria2: Three-ZoneBuffer System

Effectiveurbanstreambuffersaredividedintothree
lateral zones:. streamside, middle core, and outer zone.
Each zone performs a different function, and has a
different width, vegetative target and management
scheme, asfollows:

* The streamside zone protects the physical and
ecological integrity of thestream ecosystem. The
vegetativetargetismatureriparianforest that can
provide shade, leaf litter, woody debris and ero-
sion protectiontothestream. Theminimumwidth
is 25 feet from each stream bank—about the dis-
tance of one or two mature trees from the
streambank. Land useis highly restricted and is
limited to stormwater channels, footpaths, and a
few utility or roadway crossings.

¢ Themiddlezoneextendsfromtheoutward bound-
ary of the streamside zone, and varies in width,
depending on stream order, the extent of the 100-
year floodplain, adjacent steep slopes and
protected wetland areas. Itsfunctions areto pro-
tect key components of the stream and provide

Table 2: Nuts and Bolts of an Urban Stream Buffer

= Minimum total width of 100 feet, including floodplain

m Zone-specific goals and restrictions for the outer, middle, and

streamside zones

larger streams

aries of the buffer

limited

prescribed

tion

m Buffer education and enforcement are needed to protect buffer
integrity

m Buffer administration should be flexible and fair to landowners

m  Adopt a vegetative target based on predevelopment plant community

m  Expand the width of the middle zone to pick up wetlands,slopes and

m  Use clear and measurable criteria to delineate the origin and bound-

m  The number and conditions for stream and buffer crossings should be

m  The use of buffer for stormwater runoff treatment should be carefully

m  Buffer boundaries should be visible before, during, and after construc-

further distance between upland devel opment
andthestream. Thevegetativetarget for thiszone
is also mature forest, but some clearing may be
allowedfor stormwater management, access, and
recreational uses. A wider range of activitiesand
usesareallowedwithinthiszone, e.g., recreation,
bike paths, and stormwater practices. The mini-
mumwidth of themiddlecoreisabout 50 feet, but
it is often expanded based on stream order, slope
or the presence of critical habitats.

* Theouter zoneisthebuffer’ sbuffer, anadditional
25-foot setback from the outward edge of the
middlezonetothenearest permanent structure. In
most instances, it is aresidential backyard. The
vegetativetarget for the outer zoneisusually turf
or lawn, although the property owner is encour-
aged to plant trees and shrubs, and thusincrease
the total width of the buffer. Very few uses are
restricted in this zone. Indeed, gardening, com-
post piles, yard wastes, and other common
residential activitiesarepromotedwithinthezone.
Theonly major restrictionsare no septic systems
and no new permanent structures.

Criteria3: Predevelopment VegetativeTar get

The ultimate vegetative target for the streamside
and middlezoneof most urban stream buffersshouldbe
specified asthepredevel opment riparian plant commu-
nity—usually mature forest. Notable exceptions in-
clude prairie streams of the Midwest, or arroyos of the
arid West, that may have agrass or shrub cover in the




riparian zone. In general, thetarget should be based on
the natural vegetative community present intheflood-
plain, asdetermined from referenceriparian zones.

A vegetativetarget hasseveral management impli-
cations. First, if the streamside zone does not currently
meet its vegetative target, it should be managed to
ultimately achieveit. For exampl e, agrassy areashould
beallowedtogrowintoaforest overtime. Insomecases,
active reforestation may be necessary to speed up the
successional process. Second, a vegetative target im-
pliesthat the buffer will contain mostly native species
adapted to thefloodplain. Thus, non-nativeor invasive
tree, shrub and vine species should be avoided when
revegetating the buffer. Removal of exotic shrubsand
vines(e.g. multifloraroseor honeysuckle) that areoften
preval ent along the buffer edge should be encouraged.

Criteria4.Buffer Expansionand Contraction

Many communitiesrequirethat theminimumwidth
of the buffer be expanded under certain conditions.
Thus, whilethestreamsideand outer zonesof thebuffer
arefixed, thewidth of themiddlezonemay vary. Specifi-
caly, the average width of the middle zone can be
expanded to include:

¢ Thefull extent of the 100-year floodplain
¢ All undevelopable steep slopes (> 25%)

* Steepslopes(fiveto 25% slope, at four additional
feet of dlopeper 1%increment of slopeabove5%)

¢ Adjacent delineated wetlands or critical habitats

Themiddlezoneal so expandsto protect streams of
higher order or quality in adownstream direction. For
example, thewidth of themiddlezonemay increasefrom
75feet (for first- and second-order streams) to 100 feet
(forthird- andfourth-order streams) andasmuchas 125
feet for fifth- or higher order streamg/rivers. Thewidth
of the buffer can also be contracted in some circum-
stancesto accommodate unusual or historical develop-
ment patterns, shall ow | ots, stream crossings, or storm-
water ponds (see Criteria10).

Criteriab: Buffer Delineation

Threekey decisionsmust bemadewhendelineating
the boundaries of abuffer. At what mapping scalewill
streams be defined? Where does the stream begin and
the buffer end? And from what point should the inner
edge of the buffer be measured?

The mapping unit. The traditional mapping scale
used to define the stream network are the bluelines
presenton USGS7.5minutequadranglemaps(linch=
2,000 feet). It should be kept in mind that bluelinesare
only afirst approximation for delineating streams, as
thisscaledoesnot alwaysreveal al first order perennial
streams or intermittent channels in the landscape or

precisely mark the transition between the two. Conse-
guently, the actual location of the stream channel can
only be confirmed inthefield

Theoriginof afirstorder streamisawaysamatter
of contention. Asapractical rule, theoriginof thestream
can be defined as the point where intermittent stream
forms adistinct channel, asindicated by the presence
of an unvegetated streambed and high water marks.
Other regionsdefinetheorigin of astream astheupper
limit of running water during the wettest season of the
year. Problems are frequently encountered when the
stream network hasbeen extensively modified by prior
agricultural drainage practices.

Theinner edgeof thebuffer canbedefinedfromthe
centerline of small first- or second-order streams. The
accuracy of thismethod isquestionablein higher order
streamswithwider channels. Thus, theinner edgeof the
buffer ismeasured from thetop of each streambank for
third and higher order streams.

Criteria 6. Buffer Crossings

Two major goals of astream buffer network areto
maintain an unbroken corridor of riparian forest and
mai ntai nthe upstream and downstream passage of fish
inthe stream channel. From apractical standpoint, itis
not always possible to meet both goals everywhere
along the stream buffer network. Some provision must
bemadefor linear formsof devel opment that must cross
the stream or the buffer (Figure 2), such as roads,
bridges, fairways, underground utilities, enclosed storm
drainsor outfall channels.

It is still possible to minimize the impact to the
continuity of the buffer network and fish passage.
Performance criteria should specifically describe the
conditionsunder which the stream or itsbufferscan be
crossed. Some performance criteriacould include:

¢ Crossingwidth. Minimumwidthtoallowfor main-
tenance access.

¢ Crossingangle. Direct right anglesare preferred
over oblique crossing angles, since they require
less clearing in the buffer.

* Crossing frequency. Only one road crossing is
allowed within each subdivision, and no more
than one fairway crossing is allowed for every
1,000feet of buffer.

* Crossing elevation. All direct outfall channels
should discharge at the invert elevation of the
stream. Underground utility and pipe crossings
should be located at least three feet below the
streaminvert, so that future channel erosion does
not expose them, creating unintentional fish bar-
riers. All roadway crossings and culverts should
be capabl e of passing theultimate 100-year flood




Figure 2: Crossing the Stream Buffer: Guidance on Minimizing Disruption to the Stream

Network
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event. Bridges should be used in lieu of culverts
when crossingsrequirea72inch or greater diam-
eter pipe. The use of corrugated metal pipe for
small stream crossingsshould beavoided, asthey
tend to create fish barriers. The use of dab, arch
or box culvertsaremuchbetter alternatives. Where
possible, the culvert should be “bottomless’ to
ensure passage of water during dry weather peri-
ods(i.e., thenatural channel bottom should not be
hardened or otherwise encased).

Criteria7: Stormwater Runoff

Buffers can be an important component of the
stormwater treatment system at a development site.
They cannot, however, treat all the stormwater runoff
generated within awatershed (generally, abuffer sys-
tem can only treat runoff from less than 10% of the
contributingwatershedtothestream). Therefore, some
kind of structural stormwater practicemust beinstalled
to treat the quantity and quality and stormwater runoff
from the remaining 90% of the watershed. More often
than not, themost desirablelocation for thepracticesis
within or adjacent to the stream buffer. Thefollowing
guidance is recommended for integrating stormwater
practices into the buffer.

A. The Use of Buffersfor Sormwater Treatment

Theouter and middlezoneof thestream buffer may
be used as acombination grass/forest filter strip under
very limitedcircumstances(Figure3). For example,if the
buffer cannot treat more than 75 feet of overland flow
from impervious areas and 150 feet of pervious areas
(backyards or rooftop runoff discharged to the back-
yard), thedesigner should computethemaximumrunoff
velocity for both the six-month and two-year storm
designs from each contributing overland flow path,
based on the slope, soil, and vegetative cover present.
If the computation indicates that velocities will be
erosiveunder either condition (greater than 3fpsfor six-
month storm, 5 fpsfor two-year storm), the allowable
length of contributing flow should be reduced.

When the buffer receives flow directly from an
imperviousarea, the designer should include curb cuts
or spacers so that runoff can be spread evenly over the
filter strip. Thefilter strip should belocated threeto six
inchesbel ow the pavement surfaceto prevent sediment
deposits from blocking inflow to the filter strip. A
narrow stone layer at the pavements edge often works
wl.

The stream buffer can only be accepted asastorm-
water filtering system if basic maintenance can be
assured, such as routine mowing of the grassfilter and
annual removal of accumulated sediments at the edge
of theimperviousareasandthegrassfilter. Anenforce-
ablemaintenanceagreement that allowsfor publicmain-
tenance inspection is also helpful.

B. Location of Sormwater Pondsand WetlandsWithin
the Buffer

A particularly difficult management issueinvolves
the location of stormwater ponds and wetlands in
relation to the buffer. Should they belocated inside or
outside of the buffer? If they are allowed within the
buffer, where exactly should they be put? Some of the
possible options are outlined in Figure 3.

A number of good arguments can be made for
locating pondsand wetlandswithin thebuffer or onthe
streamitself. Constructing pondson or near thestream,
for example, affordstreatment of the greatest possible
drainagearea, making construction easier and cheaper.
Second, ponds and wetlands require the dry weather
flow of astream to maintain water levels and prevent
nuisance conditions. Lastly, ponds and wetlands add
agreater diversity of habitat types and structure, and
can add to thetotal buffer width in some cases. Onthe
other hand, placing apond or wetland in the buffer can
createenvironmental problems, includingthelocalized
clearing of trees, thesacrificeof stream channelsabove
thestormwater practice, the creation of abarrier tofish
migration, modification of existingwetlands, and stream
warming.

L ocating pondsand wetlandsinbufferswill always
beabalancingact. Giventheeffectivenessof stormwa-
ter ponds and wetlands in removing pollutants, it is
generally not advisableto completely prohibit their use
within the buffer. It does make sense, however, to
choose pond and wetland sites carefully. In this re-
spect, it is useful to consider possible performance
criteriathat restrict the use of ponds or wetlands:

¢ A maximumcontributingarea(e.g. 100 acres)
* Thefirst 500 feet of stream channel

¢ Clearingof thestreamsidebuffer zoneonly forthe
outflow channel (if the pond is discharging from
the middle zoneinto the stream)

e Off-linelocationswithinthemiddleor outer zone
of the buffer

¢ Use ponds only to manage stormwater quantity
within the buffer

Criteria8: BuffersDuringPlan Reviewand
Congtruction

The limits and uses of the stream buffer system
should bewell defined during each stage of the devel-
opment process—frominitial planreview through con-
struction. The following steps are helpful during the
planning stage:

* Requirethat the buffer be delineated on prelimi-
nary and final concept plans

¢ Verifythestreamdelineationinthefield
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¢ Check that buffer expansions are computed and
mapped properly

¢ Check suitability of use of buffer for stormwater
treatment

¢ Ensure that the other stormwater practices are
properly integrated in the buffer

¢ Examineany buffer crossingsfor problems

Stream buffersarevulnerabletodisturbanceduring
construction. Steps to prevent encroachment during
this stage include:

¢ Mark buffer limitson all plans used during con-
struction (i.e., clearing and grading plans, and
erosion and sediment control plans)

¢ Conduct apreconstruction stakeout of buffersto
definelimit of disturbance

¢ Mark the limit of disturbance with silt or snow
fence barriers, and signs to prevent the entry of
construction equipment and stockpiling

* Familiarize contractors with the limit of distur-
bance during a preconstruction walk-through

Criteria9: Buffer Education and Enfor cement

Future integrity of the buffer system requires a
strong education and enforcement program. Two pri-
mary goals are to make the buffer “visible” to the
community, andto encouragegreater buffer awareness
and stewardship among adjacent residents. There are
several simple steps that can accomplish these goals:

¢ Markthebuffer boundarieswith permanent signs
that describe allowable uses

* Educate buffer owners about the benefits and
uses of the buffer with pamphlets, streamwalks
and meetings with homeowners associations

¢ Ensurethat new ownersarefully informed about
buffer limits/'useswhen property issold or trans-
ferred

* Engageresidentsinabuffer stewardship program
that includes reforestation and backyard
“bufferscaping” programs

¢ Conductannual bufferwalksto check onencroach-
ment

The underlying theme of education is that most
encroachment problems reflect ignorance rather than
contempt for the buffer system. The awareness and
education measuresareintended toincreasetherecog-
nition of the buffer withinthe community. Not all resi-
dents, however, will respond to this effort, and some
kind of limited enforcement program may benecessary
(Schueler, 1994). Thisusually involvesaseriesof cor-
rection noticesand sitevisits, with civil finesused asa
lastresortif complianceisnot forthcoming. Somebuffer

ordinanceshaveafurther enforcement option, whereby
the full cost of buffer restoration is charged as a prop-
erty lien(Schueler, 1994). A fair andfull appeal sprocess
should accompany any such enforcement action.

Criterial0: Buffer Flexibility

Inmost regionsof thecountry, a100-foot buffer will
take about 5% of the total land area in any given
watershed out of production (Schueler, 1995). While
this congtitutes arelatively modest land reserve at the
watershed scale, it can be a significant hardship for a
landowner whose property is adjacent to a stream.
Many communities are legitimately concerned that
stream buffer requirements could represent an uncom-
pensated taking of private property. These concerns
can beeliminated if acommunity incorporates several
simplemeasuresto ensurefairnessandflexibility when
administeringitsbuffer program. Asageneral rule, the
intent of thebuffer programisto modify thelocation of
developmentinrelationtothestreambut notitsoverall
intensity. Some flexible measures in the buffer ordi-
nance includethefollowing.

Maintaining Buffers in Private Ownership

Buffer ordinances that retain property in private
ownership generally are considered by the courts to
avoid thetakingsissue, as buffers provide compelling
publicsafety, welfareand theenvironmental benefitsto
thecommunity (Table 1) that justify partial restrictions
on land use. Most buffer programs meet the “rough
proportionality” test recently advanced by the Su-
preme Court for local land use regulation (Hornbach,
1993). Indeed streambuffersaregenerally perceivedto
have aneutral or positiveimpact on adjacent property
value. Thekey pointisthat thereservation of thebuffer
cannot takeaway all economically beneficial useforthe
property. Four techniques—buffer averaging, density
compensation, conservation easements, and vari-
ances—can ensure that the interests of the property
owners are protected.

Buffer Averaging

Inthisscheme, acommunity providessomeflexibil-
ity in the width of the buffer. The basic concept isto
permit the buffer to become narrower at some points
alongthestream (e.g., toallow for anexisting structure
or to recover alost lot), aslong asthe average width of
the buffer meetsthe minimum requirement. Ingeneral,
buffer narrowing is limited, such that the streamside
zoneisnot disturbed, and no new structuresareal lowed
within the 100-year floodplain (if thisisagreater dis-
tance).

Density Compensation

This scheme grants a developer a credit for addi-
tional density elsewhere on the site, in compensation
for devel opableland that hasbeenlost dueto the buffer




requirement. Devel opablelandisdefined astheportion
of buffer arearemaining after the 100-year floodplain,
wetland, and steep slope areas have been subtracted.
Creditsaregranted when morethan 5% of developable
landisconsumed, usingthescaleshowninTable2. The
density creditisaccommodated at thedevelopment site
by allowing greater flexibility in setbacks, frontage
distancesor minimum|ot sizesto squeezein“lostlots.”
Cluster development also allows the developer to re-
cover | otsthat aretaken out of productionduetobuffers
and other requirements. Theintent of stream buffersis
to modify thelocation but not theintensity of develop-
ment. Buffer averaging, density compensation, and
variancescanall minimizetheimpact onproperty own-
ers.

Conservation Easements

Landowners should be afforded the option of pro-
tecting landswithin the buffer by means of aperpetual
conservation easement. The easement conditions the
use of the buffer, and can be donated to aland trust as
a charitable contribution that can reduce an owner’s
income tax burden. Alternatively, the conservation
easement can be donated to a local government, in
exchangefor areduction or elimination of property tax
on the parcel.

Variances

The buffer ordinance should have provisions that
enable a existing property owner to be granted avari-
ance or waiver, if the owner can demonstrate severe
economic hardship or unique circumstances make it
impossible to meet some or al of the buffer require-
ments. The owner should a so have accessto adefined
appeals process should the request for a variance be
denied.

Summary

Urban stream buffersareanintegral element of any
local stream protection program. By adopting some of
these rather simple performancecriteria, communities
canmaketheir stream buffersmorethanjustalineona
map. Better design and planning al so ensure that com-
munitiesrealizethefull environmental and social ben-
efits of stream buffers.
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