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EXECUTIVE SUMMARY

_ This study provides a review of technical literature A
concerning the width of riparian buffer strips needed to protect
water quality and maintain other important values provided by -
riparian ecosystems. This literature review was conducted at the
request of the Vermont Department. of Environmental Conservation.

The available technical literature suggests that fairly
narrow buffer strips (i.e < 30 m) can adequately provide many
riparian functions. Shade provided by trees in narrow . (10-20 m
wide) buffers generally appears adequate to control the
temperature of small streams. Under most circumstances 20 to
30 m wide buffers appear adeguate to remove suspended sediments
from surface flows, unless the surface drainage within the
buffer is channelized. Narrow (20 m) buffers may also
significantly reduce nitrogen levels in surface runoff and
groundwater. Although riparian ecosystems and other wetlands can
act as phosphorus sinks, there is jinsufficient information
available to evaluate the long-term ability of riparian buffer
strips.to retain phosphorus. Relatively wide buffers are
probably required to provide sufficient habitat for riparian
wildlife and plants, and to serve as travel corridors for
riparian and upland species. :

Although fixed buffer widths are sometimes suggested in the
literature, appropriate buffer widths vary on a case by case
basis with site topography, existing riparian zone development,

water quality protection goals, and regional planning ‘
objectives. Several recently developed approaches for
determining buffer strip width on a case by case basis are
‘presented. :

There appears to be insufficient information available in.
the literature to.formulate a matrix which completely relates
appropriate buffer strip width to strean characteristics, upland
land use, and riparian functions. Although this approach might
be useful from a regulatory standpoint, most values in the
matrix would heavily reflect professional judgment, rather than
sound data provided in the literature. -
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INTRODUCTION

. STUDY AUTHORITY

This study was conducted by the New England Division of the
U.S. Army Corps of Engineers at the request of the Vermont
Department of Environmental Conservation. Authority for the
study is contained in Section 22 of Public Law 93-251, as
amended ("Planning Assistance to States"”). The Section 22
. program authorizes the Corps to assist the states in preparation

of plans fox the development, utilization, and conservation of
water resources.

STUDY PURPOSE AND SCOPE

, This study provides a review of technical literature
" concerning the width of riparian buffer strips needed to protect
- water quality and maintain other important values provided by
riparian ecosystems. The study was requested by the Vermont
D.E.C to aid the agency in formulating technically sound
guidelines for buffer strip width. In particular, the D.E.C.
expressed an interest in developing a 'matrix" which relates
needed buffer strip width to strean characteristics, upland land
use, and riparian functions. This literature review was ‘
conducted, in part, to determine if sufficient technical data
were available to develop such a matrix. The report also ‘
describes several other approaches developed to determine buffer
strip width, and provides an extensive bibliography concerning
riparian buffer strips and related literature. '

RIPARIAN BUFFER STRIPS

Riparian ecosystems are transitional zones (ecotones)
situated between aquatic and upland ecosystems (Mitsch and
Gosselink, 1986). Although characteristics of these ecosystems
vary widely (Brinson et al., 1981), those along rivers and ‘
streams are often fairly narrow and vulnerable to disruption by
development. It is generally accepted that undeveloped riparian
habitat should be left along streams and rivers to protect water
quality and maintain other important riparian functions (see
" Table 1). These areas are generally referred to as “buffer
strips". Other commonly used related terms include buffer zones,
streamside management zones, greenwvays, and filter strips.

Although the importance of riparian buffer strips is well
accepted, there is less agreement as to how wide buffers must be
in order to function effectively. In part, disagreement stems
from the variable nature of riparian zones and associated
aquatic ecosystems. Furthermore, puffer width required varies
with the functional value of the riparian ecosysten one wishes
to protect. Finally, economic interests are frequently at odds
with environmental concerns during the formulation of riparian
zone management policies. : B



TABLE 1: Functional Vales of Riparian Buffer Strips

- mu.._....——q-m.———————um“————ﬂmp——_—_-.‘m—-———mm—-—--—c—.m‘-m--

Water Quality Protection
. Temperature

Shade and cover provided by riparian vegetation
can moderate water temperature in small {(low
orger) streams.

Sediments and Other Contaminants

Buffer strips filter sediments and other
contaminants (e.g. pesticides, heavy netals) fron
surface flow. Buffer strips also prevent erosion
in riparian areas and preclude development which
could lead to increased contaminant loading.

Nutrients (Nitrogen and Phosphorus)

Buffer strips reduce nutrient inputs into streams
by: 1) filtering sediment bound nutrients from
surface flow, 2) removing nutrients from
groundwater via uptake in vegetation and by
denitrification, and 3) preciuding development

which could increase nutrient loading (i.e. septic
systems) . 4 : :

Haintenénce of Streamflow
Buffer strips can store water and help maintain
stream base flow (and water quality) during low
flow periods. o .
Streambank and Streambed Stability

'Streambank Erqsion

Roots of streamside vegetation can stabilize
streambanks and reduce streambank erosion.

Streambed.Erosign

Buffer sirips can reduce runoff and streambed
‘scour caused by excessive flows.



TABLE 1: continued
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Enhancement of Fish and Wildlife Resources

 Habitat for wWildlife and Vegetation

Buffer strips can provide productive habitat for
numerous plants and animals. Riparian buffers can
also provide "corridors" which facilitate movement
ofwildlife between habitat "islands" in otherwise
developed areas. ' '

Protection of Habitat for Fish and Other Aquatic Life

Riparian buffers can moderate stream temperature,
and improve water quality by reducing loading of
sediments, contaminents, and nutrients. Snags.
derived from riparian areas provide important

., habitat for fish and aguatic invertebrates.
Riparian buffers can minimize disruption of agquatic -
communities by maintaining streamflow during low ‘
flow periods and by minimizing bed erosion
associated with flood events.

Maintainance of Aquatic Food Webs

 Litter provided by riparian vegétation prdviﬁes the
principal energy source for aquatic food webs in
small streams. ‘

'Social and Economic Benefits

Flood Control

Riparian buffers can store water and reduce peak
runoff during storm events. B

Aesthetics

Buffer strips can provide a visually appealing
greenbelt® in otherwise developed areas. Buffers.
can also screen water based recreationists from
upland development. ' '

Recreation

Buffer strips can provide opportunities for hiking o
trails, nature study, fishing, hunting, and other
recreational activities. o

uw-n-——mﬂnmm———“ana-”—--—m--n—m“mmﬁwnmm——énm—ﬁumﬂ——nﬂmmm——-ﬂ”u——m-u——u

Aadapted'from'Cook College Dept. of Environmental Resources
(CCDER), 1989 b. . o :

™



PREVIOUS STUDIES

A number of other studies have reviewed the literature
concerning buffer strips and related riparian zorne management
~issues. Among the most useful are recent reviews by Brown et al.

(1987), Budd et al. (1987), Cook College Department of

Environmental Resources (CCDER 1989 a,b), Jones et al. (1988), .

Rodgers et al. (1988), Kuenzler (1989), Howard and Allen (1989),
and IEP (1980). : ' R

INFLUENCE OF BUFFER STRIP WIDTH ON RIPARIAN FUNCTIONS

. WATER QUALITY PROTECTION .
Stream Temperature

Riparian vegetation is one of the most important factors
controlling water tempeérature in small streams. Cover provided
by riparian vegetation reduces warming by direct solar
radiation, and insulates streams during winter months. A well
developed riparian zone also stores water which, when gradually
released through subsurface flow, can maintain stream flow and -
keep water temperatures low. :

The importance of shading by riparian vegetation on stream
temperature is strongly dependent on stream size. In small,
heavily shaded streams, removal of riparian vegetation can '’
dramatically increase stream temperature, particularly during
summer low flow periods (Brazier and Brown, 1973; Burton and :
Likens, 1973: Karr and Schlosser, 1977; Feller, 1981). In large
streams or rivers, where vegetation shades only a small fraction
of the stream surface, riparian buffers have an insignificant -
effect on water temperature.

Numerous studies have found that forest clearcutting without
buffer strips can greatly increase the temperature of small
- streams. These impacts c¢an usually be ameliorated by leaving

fairly narrow (10-20 m) wide buffer strips.

At the Hubbard Brook Experimental Forest in New Hampshire, a
10 m strip of vegetation was very effective in buffering R
" temperature in a small (average width = 2.9 m) mountain stream
(Burton and Likens, 1973). Wide fluctuations in stream ,
temperature between buffered and unbuffered sections of the:
stream were noted. ' : : '

*: Data is generally presented in metric units. In instances
where original data was reported in English units, the values
are presented in metric units with original English units in
parenthesis. Note that 1 meter (m) equals 3.28 feet, and

1 hectare (ha) equals 2.47 acres. '



Aubertin and Patric (1974) found that a 10 to 20 m wide
‘buffer strip was sufficient to maintain normal stream
temperature in a clearcut West Virginia watershed. The strip was

effective despite selective removal of large trees from the
buffer. ' '

In North Carolina a 12 m (40 ft) wide buffer strip was
.sufficient to prevent excessive temperature changes in a small °
mountain stream following clearcutting (see Corbett et al.,
1978) . The study noted a substantial drop in stream temperature
immediately after the stream entered the buffered area, possibly
due to an influx of cool groundwater. B

Lynch and Corbett (1990) found that a 31 m (100 ft) wide
selectively cut buffer strip was effective in preventing high
stream temperature in a clearcut Pennsylvania watershed. Slight
(< ca. 3°F) increases in stream temperature following
clearcutting were attributed to input from an unbuffered .
intermittent channel that discharged into the main stream.

In a study of small mountain streams in Oregon, Brazier and
Brown (1973) found that 9 m (30 ft) wide buffers were adequate
for stream temperature control. Angular canopy density of buffer
strips (a measure of shading) was well correlated with stream
temperature control following clearcutting. Maximum shading
ability was provided by a 25 m (80 ft) wide buffer strip. Data
collected for similar Oregon streams by Steinblums et al. (1984)
indicate that somewhat wider buffer strips are necessary to
achieve maximum shading.

Hopmans et al. (1987) found that a 30 m wide buffer strip
was effective in preventing stream temperatures increase
following clearcutting of an Australian Eucalyptus forest.

Hewlett and Fortson (1982) found that a 7 m (20 ft) wide
wind damaged buffer strip failed to prevent a large increase in
stream temperature following clearcutting of a small Georgia
Piedmont ‘watershed. Increased stream temperature. may have
resulted from warming of shallow groundwater in exposed clearcut.
areas. Subsequent modelling studies by Woodall (1985) suggested
that a -narrow streamside buffer strip might not entirely prevent-
stream temperature increase following clearcutting if
horizontally flowing groundwater is within 4 m of the land. o
surface. Woodall recommended that buffer strip design take into

account protection of sensitive groundwater zones, and pointed .

out the need for simple field techniques to identify these
areas. o

' Barton and Taylor (1985) examined the effect of buffer stfip{-

width and length on water temperature in small (mostly < 8 m
wide) streams from agricultural areas in southern Ontario,
Canada. A multiple regression equation relating maximum weekly
stream temperature to buffer strip length and width explained 90
percent of the variation in water temperature between sites. The .



relatlonshlp between stream temperature and buffer strip wldth
and length is illustrated in Figure 1. Unlike previous studies,
these results suggests that fairly wide buffer strips are
necessary to maintain low stream temperatures. The authors
suggest that their flndlngs may be an artifact of how buffer
strip width was measured in the study, or may reflect the
influence of groundwater warming.

'gusgended Sediments

Rlparlan areas influence stream suspended sediment levels in
several ways. Vegetatlve cover in riparian areas reduces
potential soil erosion and filters sediment transpcrted in
surface flow from uplands. Roots of riparian vegetation bind
streambanks and reduce erosion. Pools created by snags can trap
substantial amounts of sediment, at least temporarily. Finally,
extensive rlparlan areas indirectly reduce sediment transport by -
moderating stream discharge and bed scour durlng flood events..

The following discussion focuses on the ablllty-of.buffer
strips to filter sediments from surface flow originating in
adjacent uplands. There is general agreement from both :
experimental and field studies that fairly narrow buffers can
protect streams from excessive sediment loadlnq, provided that

slopes are not extreme, and surface flow is not channellzed
within the buffer.

Buffer strip wldth required to filter sediments from surface'
flow depends on many factors. These include: 1) the desired
efficiency of suspended sediment removal; 2) the hydraulic
loading rate to the buffer (i.e volume of surface runoff
entering the buffer per unit time and area of buffer);

3) erodibility of land surface areas upslope of the buffer,

~and 4) the slope, infiltration rate, and surface characterlstlcshi‘ﬁe

‘w1th1n the buffer. In general, sediment removal efficiency
increases with infiltration rate, decreased slope, and increased

density of obstructions (i.e. leaf litter, vegetation) wlthxn
the buffer. S

Several complex sediment transport models which can predlct
buffer strip width necessary to provide a given level of
sediment retention are available. Wong and McCuen (1981)
prov1de a model which relates sediment trapping effxc;ency to a’
variety of factors, including flow velocity, Manning’s "n" :
coefficient (a measure of surface roughness), flow depth, buffer
strip siope, particle settling velocity, and the spatial ’
arrangement of vegetation. Curves were developed which relate
buffer efficiency (Ty) with the width and slope of the buffer,
runoff ‘velocity, and surface roughness (Figure 2). The model
suggests that under many conditions, substantial sediment
retention can occur within narrow (< 60 m, 200 ft wide) buffer
strips.
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Relgtionship Between Stream Temperture ond Buffer
Strip Length ond Width in Southern Ontario Streams
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Figure 2: Graphical Representation of the Wong and McCuen (1981}
: ‘Sediment Retention Model
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