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Presentation Overview 

•  Setting the stage 

•  Evidence-based guidelines 
–  Why was the tool developed? 

•  How to use the Guide 
–  Structure of the guide 
–  Using the references 
–  Designing for multiple functions 
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Objectives and Outcomes 

•  Provide%an%awareness%of%evidence3based%
guidelines%for%buffers%

•  Develop%a%basic%comfort%level%in%using%these%

guidelines%as%a%design%aid%

•  Build%interest%in%designing%for%mul?ple%

func?ons%where%appropriate%%

%

Setting the stage 

What%is%a%buffer?%%%

Areas&or&strips&of&land&maintained&in&permanent&
vegeta2on&to&provide&ecological,&economic&and/
or&social&benefits.&&

%
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What%are%other%similar%terms%do%we%use%in%

addi?on%to%the%word%“buffer”?%%%

%

Terminology 

•  Buffers%
•  Corridors%
•  Greenways%
•  Filter%strips%
•  Grassed%waterways%
• Windbreaks%

•  Hedgerows%
•  Shelterbelts%
•  Field%margins%

•  Living%fences%
•  Set3aside%strips%
•  SMZ%



9/12/12%

4%

Buffer Functions 

•  Habitat%%
•  Source%
•  Sink%
•  Filter%
•  Conduit%
•  Barrier%

1.  How%many%of%you%have%planned,%

designed%and/or%implemented%a%

buffer%type%of%project?%%

2.  What%type%of%func?ons%did%you%

design%for?%%%

%
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Function =  
Structure + Location 

•  Landscape%SeUng%

•  Site%Loca?on%%

•  Configura?on%%

•  Horizontal%Structure%

•  Ver?cal%Structure%

•  Plant%Community%

Sources of Information 

•  Personal%experience%

•  Colleagues,%experts,%land%owners%

•  Grey%literature%%%

•  Scien?fic%literature%
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Where%did%you%go%for%informa?on%on%

designing%and%managing%buffers?%%%

%

Evidence-based Information 
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Challenges with Evidence-
based Information 

•  Accessible%

•  Understandable%%%

•  Relevancy%

•  Not%synthesized%

Conservation Buffer Guide 

Synthesized%and%dis?lled%

research%results%from%over%

1,400%publica?ons%

%

Over%80%evidence3based%

design%guidelines%

%

Na?onwide%

%

Audience%

%

%
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Resource Issues Covered 

! Improve%air%&%water%quality%

! Protect%soil%
! Enhance%habitat%
! Enhance%economic%produc?vity%

! Provide%recrea?on%opportuni?es%
! Beau?fy%the%landscape%
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Edge Effects 
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Guide 
Structure 

35#Func(ons#

Function Table 
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Function Table 

35#Func(ons#

Protection & 
Safety 



9/12/12%

12%

Protection & 
Safety 

Protection & 
Safety 
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Protection & 
Safety 
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Additional 
Guidelines 
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How%many%of%you%would%like%to%access%

the%original%scien?fic%literature?%%%

%

www.bufferguidelines.net/

Over 1,400 References 
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References as a Resource 

Google Scholar 
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 Tool Uses 

! Communica?on%

! Reference%source%
! Single%func?on%design%

Designing for multiple 
functions 
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How To Use This Guide 

1.  Identify resource issues of concern 

2.  Select the desired buffer functions for each 
issue 

3.  Use the guidelines and other information 
that address the desired functions 

4.  Prepare design plan  

Along&with&other&informa2on&

Identify Issues & Objectives 

1.  Enhance%a%cold3water%fishery%

2.  Minimize%loss%of%property%
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Desired Objectives#

Objectives Buffer Functions Guidelines to Consider 

Enhance cold-water fishery by a 
10% increase in annual production 

Reduce loss of streamside property 
by 25% 

What%type%of%buffer%func?ons%will%help%

achieve%the%desired%objec?ves?%%

%%

%
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Objectives Buffer Functions Guidelines to Consider 

Enhance cold-water fishery by a 
10% increase in annual production 

Shade stream to maintain 
temperature 

Reduce loss of streamside property 
by 25% 

Reduce bank erosion 

Desired Buffer Functions#

Guidelines to Consider#

Objectives Buffer Functions Guidelines to Consider 

Enhance cold-water fishery by a 
10% increase in annual production 

Shade stream to maintain 
temperature 2.6, 2.11, 2.12, 1.1., 3.2, 6.5, 7.3 

Reduce loss of streamside property 
by 25% 

Reduce bank erosion 1.1, 1.4, 1.6, 1.17, 1.18, 1.22, 1.24, 
2.9, 2.11 
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Design 
Element Shade stream to maintain temperature Reduce bank erosion 

Summary of 
effectiveness 

  

  

Landscape 
setting 

  

  

Site location 
and layout 

  

  

Vegetation 
characteristics 

  

  

Height      

Design 
Element Shade stream to maintain temperature Reduce bank erosion 

Width 

  

  

Density 

  

  

Length 

  

  

Other 
considerations 
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Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Summary of  
 effectiveness 

Buffers can help maintain cooler water temperatures in 
small streams if the vegetation provides adequate shade 
on the water surface; removal of riparian vegetation often 
results in summer temperature increases from 5 to 11o 
C.  

  

 Landscape 
 setting 

More effective on small streams. To moderate 
temperatures in a larger stream, buffer the network of 
headwater streams feeding into the larger stream. 
Buffers are more effective in watersheds that have a 
higher percentage of overall vegetative cover.   

  

 Site location  
 and layout 

More effective near the water's edge and along west and 
south streambanks. Shade appears to moderate 
temperatures more effectively in streams with a higher 
width to depth ratio. Shading effectiveness decreases as 
stream width increases.   

  

 Vegetation 
 characteristics 

A buffer with overstory, mid-story, and understory plants 
may provide the most effective shade. Narrow streams 
(< 8 ft) may become effectively shaded due to unassisted 
regrowth.  Fast growing species will provide the quickest 
shade. 

  

 Height  
Taller vegetation consisting of large trees will provide 
more shade.  Unmowed or ungrazed tall grass buffers 
may provide adequate shade on streams less than 8 ft 
wide. 
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Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Width 

Recommended widths typically range from 30 to 100 ft 
on both sides of the stream although a 100 ft width offers 
a significantly higher probability of effectiveness.  The 
final width should respond to landscape and site 
conditions. 

  

 Density 
Canopy closure should be > 60% to provide sufficient 
shade. Harvesting vegetation in the buffer seems to 
greatly diminish the shade effectiveness on stream 
temperature modification. 

  

 Length 

The rate of temperature drop once an open stream flows 
into a well-shaded buffer typically ranges from 1.5 to 5o 
C within the first 1/2 mile.  Studies indicate temperature 
equilibrium will likely be reached within 1/2 mi on small 
streams. 

  

 Other  
 considerations 

Buffers retained after timber harvest may require wider 
buffers due to susceptibility to windthrow.  Groundwater 
inflow may affect stream temperatures more than buffer 
shade.  

  

Other Information#

USDA PLANTS Database 

Soil Survey 
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Other Information#

Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Summary of  
 effectiveness 

Buffers can help maintain cooler water temperatures in 
small streams if the vegetation provides adequate shade 
on the water surface; removal of riparian vegetation often 
results in summer temperature increases from 5 to 11o 
C.  

Can substantially increase bank stability and reduce 
excessive bank erosion compared to streambanks 
without vegetation.  In some situations, the forces 
causing bank erosion may be greater than the 
protective capabilities of vegetation.  

 Landscape 
 setting 

More effective on small streams. To moderate 
temperatures in a larger stream, buffer the network of 
headwater streams feeding into the larger stream. 
Buffers are more effective in watersheds that have a 
higher percentage of overall vegetative cover.   

Buffers will be more effective on smaller streams 
with low discharge, particularly with small peak flood 
events, and along relatively stable streams.  Buffers 
will be less effective in watersheds with increasing 
runoff (e.g., increasing impervious cover, 
channelization).  

 Site location 
 and layout 

More effective near the water's edge and along west and 
south streambanks. Shade appears to moderate 
temperatures more effectively in streams with a higher 
width to depth ratio. Shading effectiveness decreases as 
stream width increases.   

Locate buffers on both sides of stream; stabilizing 
just one side can accelerate erosion on the other 
side. Streambanks with higher silt/clay content may 
hinder root density, leading to higher erosion rates. 
Streams with banks greater than 3 ft will be more 
difficult to stabilize. 

 Vegetation 
 characteristics 

A buffer with overstory, mid-story, and understory plants 
may provide the most effective shade. Narrow streams 
(< 8 ft) may become effectively shaded due to unassisted 
regrowth.  Fast growing species will provide the quickest 
shade. 

Deep-rooted vegetation is best suited for reinforcing 
banks against mass failure while herbaceous 
species with fibrous root systems provide better 
protection against bank scour. Root strength 
diminishes after 1.5 ft of soil depth for herbaceous 
plants and 3 ft for trees & shrubs.  

 Height  
Taller vegetation consisting of large trees will provide 
more shade.  Unmowed or ungrazed tall grass buffers 
may provide adequate shade on streams less than 8 ft 
wide. 

On high, steep banks, large trees may increase 
mass failure by adding weight to the bank and 
creating toppling leverage.   Dense shading from tall 
species can suppress understory growth leading to 
unprotected areas that are susceptible to erosion. 
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Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Width 

Recommended widths typically range from 30 to 100 ft 
on both sides of the stream although a 100 ft width offers 
a significantly higher probability of effectiveness.  The 
final width should respond to landscape and site 
conditions. 

Buffer width should increase as banks become 
higher and less stable. Include additional width to 
allow for erosion while the vegetation matures to 
the point to be effective.   

 Density 
Canopy closure should be > 60% to provide sufficient 
shade. Harvesting vegetation in the buffer seems to 
greatly diminish the shade effectiveness on stream 
temperature modification. 

Dense vegetation decreases flow velocities, 
reduces bank scour and can trap suspended 
sediment to rebuild the bank. High root density 
increases soil shear strength.Root density 
diminishes quickly beyond a plant's dripline so 
overlap plantings to acieve a dense root matrix. 

 Length 

The rate of temperature drop once an open stream flows 
into a well-shaded buffer typically ranges from 1.5 to 5o 
C within the first 1/2 mile.  Studies indicate temperature 
equilibrium will likely be reached within 1/2 mi on small 
streams. 

The buffer length should probably extend the full 
length of the excessively eroding bank area and the 
ends should tie into stable sections of the bank. 

 Other  
 considerations 

Buffers retained after timber harvest may require wider 
buffers due to susceptibility to windthrow.  Groundwater 
inflow may affect stream temperatures more than buffer 
shade.  

In many cases, stabilization of the toe of the bank 
and other bioengineering techniques may be 
required. Reducing runoff and flood magnitude in a 
watershed is often necessary 

Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Summary of 
 effectiveness 

Buffers can help maintain cooler water temperatures in 
small streams if the vegetation provides adequate shade 
on the water surface; removal of riparian vegetation often 
results in summer temperature increases from 5 to 11o 
C.  

Can substantially increase bank stability and reduce 
excessive bank erosion compared to streambanks 
without vegetation.  In some situations, the forces 
causing bank erosion may be greater than the 
protective capabilities of vegetation.  

 Landscape 
 setting 

More effective on small streams. To moderate 
temperatures in a larger stream, buffer the network of 
headwater streams feeding into the larger stream. 
Buffers are more effective in watersheds that have a 
higher percentage of overall vegetative cover.   

Buffers will be more effective on smaller streams 
with low discharge, particularly with small peak flood 
events, and along relatively stable streams.  Buffers 
will be less effective in watersheds with increasing 
runoff (e.g., increasing impervious cover, 
channelization).  

 Site location 
 and layout 

More effective near the water's edge and along west and 
south streambanks. Shade appears to moderate 
temperatures more effectively in streams with a higher 
width to depth ratio. Shading effectiveness decreases as 
stream width increases.   

Locate buffers on both sides of stream; stabilizing 
just one side can accelerate erosion on the other 
side. Streambanks with higher silt/clay content may 
hinder root density, leading to higher erosion rates. 
Streams with banks greater than 3 ft will be more 
difficult to stabilize. 

 Vegetation 
 characteristics 

A buffer with overstory, mid-story, and understory plants 
may provide the most effective shade. Narrow streams 
(< 8 ft) may become effectively shaded due to unassisted 
regrowth.  Fast growing species will provide the quickest 
shade. 

Deep-rooted vegetation is best suited for reinforcing 
banks against mass failure while herbaceous 
species with fibrous root systems provide better 
protection against bank scour. Root strength 
diminishes after 1.5 ft of soil depth for herbaceous 
plants and 3 ft for trees & shrubs.  

 Height  
Taller vegetation consisting of large trees will provide 
more shade.  Unmowed or ungrazed tall grass buffers 
may provide adequate shade on streams less than 8 ft 
wide. 

On high, steep banks, large trees may increase 
mass failure by adding weight to the bank and 
creating toppling leverage.   Dense shading from tall 
species can suppress understory growth leading to 
unprotected areas that are susceptible to erosion. 
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Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Summary of  
 effectiveness 

Buffers can help maintain cooler water temperatures in 
small streams if the vegetation provides adequate shade 
on the water surface; removal of riparian vegetation often 
results in summer temperature increases from 5 to 11o 
C.  

Can substantially increase bank stability and reduce 
excessive bank erosion compared to streambanks 
without vegetation.  In some situations, the forces 
causing bank erosion may be greater than the 
protective capabilities of vegetation.  

 Landscape 
 setting 

More effective on small streams. To moderate 
temperatures in a larger stream, buffer the network of 
headwater streams feeding into the larger stream. 
Buffers are more effective in watersheds that have a 
higher percentage of overall vegetative cover.   

Buffers will be more effective on smaller streams 
with low discharge, particularly with small peak flood 
events, and along relatively stable streams.  Buffers 
will be less effective in watersheds with increasing 
runoff (e.g., increasing impervious cover, 
channelization).  

 Site location 
 and layout 

More effective near the water's edge and along west and 
south streambanks. Shade appears to moderate 
temperatures more effectively in streams with a higher 
width to depth ratio. Shading effectiveness decreases as 
stream width increases.   

Locate buffers on both sides of stream; stabilizing 
just one side can accelerate erosion on the other 
side. Streambanks with higher silt/clay content may 
hinder root density, leading to higher erosion rates. 
Streams with banks greater than 3 ft will be more 
difficult to stabilize. 

 Vegetation 
 characteristics 

A buffer with overstory, mid-story, and understory plants 
may provide the most effective shade. Narrow streams 
(< 8 ft) may become effectively shaded due to unassisted 
regrowth.  Fast growing species will provide the quickest 
shade. 

Deep-rooted vegetation is best suited for reinforcing 
banks against mass failure while herbaceous 
species with fibrous root systems provide better 
protection against bank scour. Root strength 
diminishes after 1.5 ft of soil depth for herbaceous 
plants and 3 ft for trees & shrubs.  

 Height  
Taller vegetation consisting of large trees will provide 
more shade.  Unmowed or ungrazed tall grass buffers 
may provide adequate shade on streams less than 8 ft 
wide. 

On high, steep banks, large trees may increase 
mass failure by adding weight to the bank and 
creating toppling leverage.   Dense shading from tall 
species can suppress understory growth leading to 
unprotected areas that are susceptible to erosion. 

11.%

Buffers will be more effective on smaller streams with low discharge, 
particularly with small peak flood events, and along relatively stable streams. 

1. Similar Design Criteria 

Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Summary of 
 effectiveness 

Buffers can help maintain cooler water temperatures in 
small streams if the vegetation provides adequate shade 
on the water surface; removal of riparian vegetation often 
results in summer temperature increases from 5 to 11o 
C.  

Can substantially increase bank stability and reduce 
excessive bank erosion compared to streambanks 
without vegetation.  In some situations, the forces 
causing bank erosion may be greater than the 
protective capabilities of vegetation.  

 Landscape 
 setting 

More effective on small streams. To moderate 
temperatures in a larger stream, buffer the network of 
headwater streams feeding into the larger stream. 
Buffers are more effective in watersheds that have a 
higher percentage of overall vegetative cover.   

Buffers will be more effective on smaller streams 
with low discharge, particularly with small peak flood 
events, and along relatively stable streams.  Buffers 
will be less effective in watersheds with increasing 
runoff (e.g., increasing impervious cover, 
channelization).  

 Site location 
 and layout 

More effective near the water's edge and along west and 
south streambanks. Shade appears to moderate 
temperatures more effectively in streams with a higher 
width to depth ratio. Shading effectiveness decreases as 
stream width increases.   

Locate buffers on both sides of stream; stabilizing 
just one side can accelerate erosion on the other 
side. Streambanks with higher silt/clay content may 
hinder root density, leading to higher erosion rates. 
Streams with banks greater than 3 ft will be more 
difficult to stabilize. 

 Vegetation 
 characteristics 

A buffer with overstory, mid-story, and understory plants 
may provide the most effective shade. Narrow streams 
(< 8 ft) may become effectively shaded due to unassisted 
regrowth.  Fast growing species will provide the quickest 
shade. 

Deep-rooted vegetation is best suited for reinforcing 
banks against mass failure while herbaceous 
species with fibrous root systems provide better 
protection against bank scour. Root strength 
diminishes after 1.5 ft of soil depth for herbaceous 
plants and 3 ft for trees & shrubs.  

 Height  
Taller vegetation consisting of large trees will provide 
more shade.  Unmowed or ungrazed tall grass buffers 
may provide adequate shade on streams less than 8 ft 
wide. 

On high, steep banks, large trees may increase 
mass failure by adding weight to the bank and 
creating toppling leverage.   Dense shading from tall 
species can suppress understory growth leading to 
unprotected areas that are susceptible to erosion. 
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Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Summary of 
 effectiveness 

Buffers can help maintain cooler water temperatures in 
small streams if the vegetation provides adequate shade 
on the water surface; removal of riparian vegetation often 
results in summer temperature increases from 5 to 11o 
C.  

Can substantially increase bank stability and reduce 
excessive bank erosion compared to streambanks 
without vegetation.  In some situations, the forces 
causing bank erosion may be greater than the 
protective capabilities of vegetation.  

 Landscape  
 setting 

More effective on small streams. To moderate 
temperatures in a larger stream, buffer the network of 
headwater streams feeding into the larger stream. 
Buffers are more effective in watersheds that have a 
higher percentage of overall vegetative cover.   

Buffers will be more effective on smaller streams 
with low discharge, particularly with small peak flood 
events, and along relatively stable streams.  Buffers 
will be less effective in watersheds with increasing 
runoff (e.g., increasing impervious cover, 
channelization).  

 Site location 
 and layout 

More effective near the water's edge and along west and 
south streambanks. Shade appears to moderate 
temperatures more effectively in streams with a higher 
width to depth ratio. Shading effectiveness decreases as 
stream width increases.   

Locate buffers on both sides of stream; stabilizing 
just one side can accelerate erosion on the other 
side. Streambanks with higher silt/clay content may 
hinder root density, leading to higher erosion rates. 
Streams with banks greater than 3 ft will be more 
difficult to stabilize. 

 Vegetation 
 characteristics 

A buffer with overstory, mid-story, and understory plants 
may provide the most effective shade. Narrow streams 
(< 8 ft) may become effectively shaded due to unassisted 
regrowth.  Fast growing species will provide the quickest 
shade. 

Deep-rooted vegetation is best suited for reinforcing 
banks against mass failure while herbaceous 
species with fibrous root systems provide better 
protection against bank scour. Root strength 
diminishes after 1.5 ft of soil depth for herbaceous 
plants and 3 ft for trees & shrubs.  

 Height  
Taller vegetation consisting of large trees will provide 
more shade.  Unmowed or ungrazed tall grass buffers 
may provide adequate shade on streams less than 8 ft 
wide. 

On high, steep banks, large trees may increase 
mass failure by adding weight to the bank and 
creating toppling leverage.   Dense shading from tall 
species can suppress understory growth leading to 
unprotected areas that are susceptible to erosion. 

Vegetative shading is more effective near the water's edge and along west and south streambanks. Shade 
appears to moderate temperatures more effectively in streams with a higher width to depth ratio. Shading 
effectiveness decreases as stream width increases. Locate buffers on both sides of stream; stabilizing just 
one side can accelerate erosion on the other side. Streambanks with higher silt/clay content may hinder 
root density, leading to higher erosion rates. Streams with banks greater than 3 ft will be more difficult to 
stabilize. 

2. Different criteria but compatible 

Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Width 

Recommended widths typically range from 30 to 100 ft 
on both sides of the stream although a 100 ft width offers 
a significantly higher probability of effectiveness.  The 
final width should respond to landscape and site 
conditions. 

Buffer width should increase as banks become 
higher and less stable. Include additional width to 
allow for erosion while the vegetation matures to 
the point to be effective.   

 Density 
Canopy closure should be > 60% to provide sufficient 
shade. Harvesting vegetation in the buffer seems to 
greatly diminish the shade effectiveness on stream 
temperature modification. 

Dense vegetation decreases flow velocities, 
reduces bank scour and can trap suspended 
sediment to rebuild the bank. High root density 
increases soil shear strength.Root density 
diminishes quickly beyond a plant's dripline so 
overlap plantings to acieve a dense root matrix. 

 Length 

The rate of temperature drop once an open stream flows 
into a well-shaded buffer typically ranges from 1.5 to 5o 
C within the first 1/2 mile.  Studies indicate temperature 
equilibrium will likely be reached within 1/2 mi on small 
streams. 

The buffer length should probably extend the full 
length of the excessively eroding bank area and the 
ends should tie into stable sections of the bank. 

 Other  
 considerations 

Buffers retained after timber harvest may require wider 
buffers due to susceptibility to windthrow.  Groundwater 
inflow may affect stream temperatures more than buffer 
shade.  

In many cases, stabilization of the toe of the bank 
and other bioengineering techniques may be 
required. Reducing runoff and flood magnitude in a 
watershed is often necessary 



9/12/12%

28%

What%criteria%do%you%go%with%one%has%a%

higher%requirement?%%%

%

Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Width 

Recommended widths typically range from 30 to 100 ft 
on both sides of the stream although a 100 ft width offers 
a significantly higher probability of effectiveness.  The 
final width should respond to landscape and site 
conditions. 

Buffer width should increase as banks become 
higher and less stable. Include additional width to 
allow for erosion while the vegetation matures to 
the point to be effective.   

 Density 
Canopy closure should be > 60% to provide sufficient 
shade. Harvesting vegetation in the buffer seems to 
greatly diminish the shade effectiveness on stream 
temperature modification. 

Dense vegetation decreases flow velocities, 
reduces bank scour and can trap suspended 
sediment to rebuild the bank. High root density 
increases soil shear strength.Root density 
diminishes quickly beyond a plant's dripline so 
overlap plantings to acieve a dense root matrix. 

 Length 

The rate of temperature drop once an open stream flows 
into a well-shaded buffer typically ranges from 1.5 to 5o 
C within the first 1/2 mile.  Studies indicate temperature 
equilibrium will likely be reached within 1/2 mi on small 
streams. 

The buffer length should probably extend the full 
length of the excessively eroding bank area and the 
ends should tie into stable sections of the bank. 

 Other  
 considerations 

Buffers retained after timber harvest may require wider 
buffers due to susceptibility to windthrow.  Groundwater 
inflow may affect stream temperatures more than buffer 
shade.  

In many cases, stabilization of the toe of the bank 
and other bioengineering techniques may be 
required. Reducing runoff and flood magnitude in a 
watershed is often necessary 

Recommended widths typically range from 30 to 100 ft on both sides of the stream 
although a 100 ft width offers a significantly higher probability of effectiveness. 

3. Stricter design criteria 
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Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Summary of 
 effectiveness 

Buffers can help maintain cooler water temperatures in 
small streams if the vegetation provides adequate shade 
on the water surface; removal of riparian vegetation often 
results in summer temperature increases from 5 to 11o 
C.  

Can substantially increase bank stability and reduce 
excessive bank erosion compared to streambanks 
without vegetation.  In some situations, the forces 
causing bank erosion may be greater than the 
protective capabilities of vegetation.  

 Landscape 
 setting 

More effective on small streams. To moderate 
temperatures in a larger stream, buffer the network of 
headwater streams feeding into the larger stream. 
Buffers are more effective in watersheds that have a 
higher percentage of overall vegetative cover.   

Buffers will be more effective on smaller streams 
with low discharge, particularly with small peak flood 
events, and along relatively stable streams.  Buffers 
will be less effective in watersheds with increasing 
runoff (e.g., increasing impervious cover, 
channelization).  

 Site location 
 and layout 

More effective near the water's edge and along west and 
south streambanks. Shade appears to moderate 
temperatures more effectively in streams with a higher 
width to depth ratio. Shading effectiveness decreases as 
stream width increases.   

Locate buffers on both sides of stream; stabilizing 
just one side can accelerate erosion on the other 
side. Streambanks with higher silt/clay content may 
hinder root density, leading to higher erosion rates. 
Streams with banks greater than 3 ft will be more 
difficult to stabilize. 

 Vegetation 
 characteristics 

A buffer with overstory, mid-story, and understory plants 
may provide the most effective shade. Narrow streams 
(< 8 ft) may become effectively shaded due to unassisted 
regrowth.  Fast growing species will provide the quickest 
shade. 

Deep-rooted vegetation is best suited for reinforcing 
banks against mass failure while herbaceous 
species with fibrous root systems provide better 
protection against bank scour. Root strength 
diminishes after 1.5 ft of soil depth for herbaceous 
plants and 3 ft for trees & shrubs.  

 Height  
Taller vegetation consisting of large trees will provide 
more shade.  Unmowed or ungrazed tall grass buffers 
may provide adequate shade on streams less than 8 ft 
wide. 

On high, steep banks, large trees may increase 
mass failure by adding weight to the bank and 
creating toppling leverage.   Dense shading from tall 
species can suppress understory growth leading to 
unprotected areas that are susceptible to erosion. 

Design 
Element Shade stream to maintain temperature Reduce bank erosion 

 Summary of 
 effectiveness 

Buffers can help maintain cooler water temperatures in 
small streams if the vegetation provides adequate shade 
on the water surface; removal of riparian vegetation often 
results in summer temperature increases from 5 to 11o 
C.  

Can substantially increase bank stability and reduce 
excessive bank erosion compared to streambanks 
without vegetation.  In some situations, the forces 
causing bank erosion may be greater than the 
protective capabilities of vegetation.  

 Landscape 
 setting 

More effective on small streams. To moderate 
temperatures in a larger stream, buffer the network of 
headwater streams feeding into the larger stream. 
Buffers are more effective in watersheds that have a 
higher percentage of overall vegetative cover.   

Buffers will be more effective on smaller streams 
with low discharge, particularly with small peak flood 
events, and along relatively stable streams.  Buffers 
will be less effective in watersheds with increasing 
runoff (e.g., increasing impervious cover, 
channelization).  

 Site location 
 and layout 

More effective near the water's edge and along west and 
south streambanks. Shade appears to moderate 
temperatures more effectively in streams with a higher 
width to depth ratio. Shading effectiveness decreases as 
stream width increases.   

Locate buffers on both sides of stream; stabilizing 
just one side can accelerate erosion on the other 
side. Streambanks with higher silt/clay content may 
hinder root density, leading to higher erosion rates. 
Streams with banks greater than 3 ft will be more 
difficult to stabilize. 

 Vegetation 
 characteristics 

A buffer with overstory, mid-story, and understory plants 
may provide the most effective shade. Narrow streams 
(< 8 ft) may become effectively shaded due to unassisted 
regrowth.  Fast growing species will provide the quickest 
shade. 

Deep-rooted vegetation is best suited for reinforcing 
banks against mass failure while herbaceous 
species with fibrous root systems provide better 
protection against bank scour. Root strength 
diminishes after 1.5 ft of soil depth for herbaceous 
plants and 3 ft for trees & shrubs.  

 Height  
Taller vegetation consisting of large trees will provide 
more shade.  Unmowed or ungrazed tall grass buffers 
may provide adequate shade on streams less than 8 ft 
wide. 

On high, steep banks, large trees may increase 
mass failure by adding weight to the bank and 
creating toppling leverage.   Dense shading from tall 
species can suppress understory growth leading to 
unprotected areas that are susceptible to erosion. 

Taller vegetation consisting of trees will provide more shade but avoid trees in areas most 
vulnerable to mass failure.  Select and maintain appropriate over-story species that will not 
suppress understory growth leading to unprotected areas susceptible to erosion. 

4. Compromise 



9/12/12%

30%

Incompatible functions#

Gary Bentrup 
Res. Landscape Planner 

gbentrup@fs.fed.us 
402-437-5178 x4018 

 
 

www.unl.edu/nac 
 
 


