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Background

•
 

Agricultural non-point source pollution is the leading 
source of surface water degradation.

•
 

Agricultural best management practices (BMPs) can 
reduce pollutant runoff. 

•
 

Vegetated buffers (VB) are the most studied and widely 
used BMPs.



Vegetated buffers

Main functions:
•

 
Slow runoff 

•
 

Increase infiltration
•

 
Trap pollutants



Background
•

 

AG non-point source pollution is the leading source of surface water 
degradation.

•

 

Agricultural best management practices (BMPs) can reduce 
pollutant runoff.

•

 

Vegetated buffers (VB) are the most studied and widely used BMPs.

•
 

Field or plot experiments provide valuable quantitative 
results but are too specific and inconsistent.

•
 

Understanding the removal efficacies and key design 
factors of VB is essential to successful implementation. 



Objectives

(1)
 

aggregate data from many studies on the 
mitigation efficacies of vegetated buffers 

(2) quantify the relationships between 
pollutant removal efficacy and buffer 
design factors 



Materials and methods



Literature review 
•

 
Online libraries, databases, governmental reports 

•
 

A total of 73 studies reviewed 
•

 
Record detailed information on author, year, location, 
buffer width, slope, area to source ratio, pollutant type, 
soil type, vegetation type etc.

Paper source Location Width (m)

Nitrogen

Efficacy 
(%)

Inflow
(mg)

Out
flow
(mg)

Loss
(mg) Form

Dillaha,1988 Virginia 4.6 50.6 686.4 338.8 347.6 N

Dillaha,1988 Virginia 4.6 59.0 928.0 380.4 547.6 N

Dillaha,1988 Virginia 9.1 65.5 686.4 236.6 449.8 N

Lee,2000
…..

Iowa 7.1 61.1 1.3 0.8 0.4 Nitrate



Theoretical framework: buffer width

Removal efficacy:
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The probability that any given amount of pollutant will be removed by the buffer 
is constant for a given distance traveled through the buffer.
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Theoretical framework: buffer slope

•
 

x is the slope of the buffer in percent 
•

 
Y is the pollutant removal efficacy

•
 
,    ,     ,      are parameters estimated using a non-

 linear algorithm
•

 
Sc is the slope where the relationship between buffer 
slope and sediment removal efficacy changes 
drastically from positive to negative
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Vegetation and soil type
•

 
vegetation type was classed as either grasses, 
trees, or a mixture of grasses and trees. 

•
 

soil type was categorized by how well the soil 
drains.  

•
 

Soil drainage types were classified as well 
drained, moderately drained, and poorly drained.

•
 

Dummy variables were used in the analysis to 
indicate vegetation and soil drainage type



Statistical analysis 

•
 

Boxplots
 

to examine the distribution of the efficacy values. 
•

 
Non-linear regression analysis on pollutant removal efficacy 
vs. buffer width

•
 

Segmented linear regression on pollutant removal efficacy vs. 
slope

•
 

Statistical diagnostics were used to determine whether the 
residuals met the statistical analysis assumptions (e.g. 
normality and constant variance). 



Results



Distribution of pollutant removal efficacy 

Boxplot

 

of pollutant removal efficacy values. 

Presenter
Presentation Notes
The lower and upper boundary of the box indicates the 25th and 75th percentile, respectively. A line within the box marks the median.  Error bars above and below the box indicate the 90th and 10th percentiles. The hollow circles represent observations that are not within the range of the 10th to 90th percentile. 




Efficacy vs. Buffer width



Parameter estimates

Pollutant 
Y = K * (1-e-bx) Estimate of  K Estimate of b

N R2 P SEa K SEb P b SEc P

Sediment 81 0.373 <0.001 11.44 90.9 1.96 <0.001 0.446 0.047 <0.001

Pesticide 52 0.597 <0.001 18.30 93.2 5.86 <0.001 0.215 0.045 <0.001

Total N 61 0.437 <0.001 15.94 92.0 6.40 <0.001 0.160 0.028 <0.001

Total P 52 0.352 <0.001 17.18 89.5 7.47 <0.001 0.157 0.033 <0.001

a Residual standard deviation of regression model.
b Standard error of the estimate of K.
c Standard error of the estimate of b.



Efficacy vs. slope
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Sediment Nitrogen Phosphorus Pesticide
Buffer
width Exponential Exponential Exponential Exponential 

Vegetation Grasses / trees > mixed grass 
and trees†

Trees > grasses / 
mixed grasses 
and trees

Trees > grasses / 
mixed grasses 
and trees

Not significant

Soil
drainage 
type

Not significant Not significant Not significant Not available

Slope Positive when slope ≤

 

10% 
Negative when slope > 10% Not available Not available Not available

Full model

(a)

 

Slope ≤

 

10% ; mixed grasses 
and trees 

(b)

 

Slope ≤

 

10% ; grasses / trees 
only: 

(c)

 

Slope > 10% ; mixed grasses 
and trees

(d)

 

Slope > 10% ; grasses / trees 
only

(a)

 

Mixed grasses 
and trees / 
grasses only

(b)

 

(b) Trees only

(a)

 

Mixed grasses 
and trees / 
grasses only

(b)

 

(b) Trees only

Statistics
R2

 

=  0.654    N = 81   

P < 0.001

R2

 

=  0.492    N = 61 

P < 0.001

R2

 

=  0.475    N = 52 

P < 0.001

R2

 

=  0.597    N 
= 49 

P < 0.001
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Model Prediction
Predicted removal 

efficacy (%)
Buffer width = 5m 10m 20m 30m

Sediment

(a) Slope = 5% ; mixed grass and trees 67 76 78 78
(b) Slope = 5% ; grass / trees only 82 91 93 93
(c) Slope = 10% ; mixed grass and trees 77 86 88 88
(d) Slope = 10% ; grass / trees only 92 100† 100 100
(e) Slope = 15% ; mixed grass and trees 58 67 68 68
(f) Slope = 15% ; grass / trees only 73 81 83 83

Nitrogen
(a) Mixed grass and trees / grass only 49 71 91 98
(b) Trees only 63 85 100 100

Phosphorus
(a) Mixed grass and trees / grass only 51 69 97 100
(b) Trees only 80 98 100 100

Pesticide 62 83 92 93

†

 

If predicted values exceed 100, the value of 100 was assigned instead.  



Discussion 



Interpretation of K and b

K < 100 implies that vegetated buffers would remove less 
than 100% of pollutants from runoff. Why ? 

•
 
Variance of data statistical estimates of K are 
statistical mean 

•
 
Unexplained mechanisms by the simplified model

e.g. additional nutrients may be released from  
vegetation in a buffer

•
 
Chemical partitioning between the water and sediment 
column potentially column maintains pollutant residues 
in water as long as the amount of runoff water is not 
zero. 

)1( wbeKY ⋅−−⋅= 1000 ≤< K

Presenter
Presentation Notes
(Chaubey et al., 1995), and this may cause nutrient mass outflow to be higher than our theoretical model can predict because it assumes no new pollutant is added within the buffer.
 regardless of the distance traveled through a buffer





Sediment Removal

•
 

VBs
 

are effective
•

 
8-12% slope is ideal

•
 

20m buffer remove > 88% sediment
•

 
> 20 m does not increase removal efficacy 
significantly

•
 

Width, slope and vegetation together explained 
65% of total variance

•
 

Unexplained variations could due to: flow, 
particle size 

Presenter
Presentation Notes
A vegetated buffer with around 9% slope is ideal for sediment removal. A slight slope (≤ 9%) of the buffer zone may facilitate runoff flow and encourage laminar flow over the buffer. In contrast, increased steepness (> 9%) could increase the flow velocity of the runoff water, reducing residence time of runoff water and therefore reducing sediment trapping efficacy. 



N and P Removal

•
 

20 m buffer removes about 90% and 97% of N 
and P from runoff 

•
 

Buffer width and vegetation explain about 50% of 
variation in N removal efficacy and 48% of 
variation in P removal efficacy 

•
 

Buffers composed of trees generally remove 
more N, P from runoff than those with grasses 

•
 

No significant effect associated with soil type 
•

 
Other important factors: slope, subsurface 
hydrology, subsurface biogeochemistry.

Presenter
Presentation Notes
A vegetated buffer with around 9% slope is ideal for sediment removal. A slight slope (≤ 9%) of the buffer zone may facilitate runoff flow and encourage laminar flow over the buffer. In contrast, increased steepness (> 9%) could increase the flow velocity of the runoff water, reducing residence time of runoff water and therefore reducing sediment trapping efficacy. 

Denitrification rates are often greatest when the ground water table is near the surface and when microbially-labile carbon and nitrate-N are in good supply (Groffman et al, 2002, Desimone and Howes, 1996, Bradeley et al, 1992). The presence of oxygen is often the controlling factor for nitrate removal since denitrification is an anaerobic process and excess oxygen may inhibit the reaction. 
McFarland et al. (2004) found that coastal Bermudagrass was more effective in trapping P than sorghum or wheat. 



Pesticide Removal
•

 
VBs

 
are effective with a capacity of 93.2%  

•
 

30m buffer remove ~93% pesticides

•
 

> 20 m does not increase removal efficacy 
significantly

•
 

Studies mainly on herbicides koc

 

= (100, 1000)

•
 

Hydrophobic pesticides (e.g. Pyrethroids) could 
be removed at higher efficacy 

•
 

Width alone explain ~50% of the variations

•
 

Other important factors: slope, Koc

Presenter
Presentation Notes
A vegetated buffer with around 9% slope is ideal for sediment removal. A slight slope (≤ 9%) of the buffer zone may facilitate runoff flow and encourage laminar flow over the buffer. In contrast, increased steepness (> 9%) could increase the flow velocity of the runoff water, reducing residence time of runoff water and therefore reducing sediment trapping efficacy. 



Model uncertainties

•
 

Oversimplified theoretical model

•
 

Implementation settings and management scenarios of 
surveyed studies vary

•
 

Lack of information on slope for N, P and pesticide 
removal

•
 

Optimum buffer width for field implementation may vary 
from the model prediction



Conclusions

•
 

Vegetated buffers are effective in removing agricultural 
non-point source pollution

•
 

The relationship between removal efficacy and buffer 
width could be quantified in the model 

•
 

Buffer width, slope and vegetation type are important 
design factors for mitigation efficacy

•
 

Slope between 8-12% is optimal for sediment removal

•
 

Further studies are needed to include other possible 
factors such as sediment particle size and pesticide 
properties.

)1( wbeKY ⋅−−⋅= 1000 ≤< K
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Effects of slope

•
 

Buffer slope varied from 2% to as high as 16% 

•
 

Sediment removal efficacy increases as slopes 
increase from 0 to 10%. Buffers steeper than 
10% become less effective with increasing slope 

•
 

that with 95% confidence, a slope between 8.14 
and 11.72% is optimum for removing sediments 
by vegetated buffers. 

Presenter
Presentation Notes
A vegetated buffer with around 9% slope is ideal for sediment removal. A slight slope (≤ 10%) of the buffer zone may facilitate runoff flow and encourage laminar flow over the buffer. In contrast, increased steepness (> 10%) could increase the flow velocity of the runoff water, reducing residence time of runoff water and therefore reducing sediment trapping efficacy. The fit to our aggregated data suggests 
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