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Abstract : In this study, a software module to predict the effectiveness of vegetation buffer strip
(VBS) has been developed for using with Chemicals, Agricultural Management and Erosion Losses
(CAMEL), a distributed watershed model. Most basic functions for the VBS module are same as
CAMEL except functions newly developed to implement sedimentation enhancement by vegetation
and level spreaders. For verification of the VBS module, sensitivity analyses for length, roughness,
soil and vegetation type of VBS were carried out using a test grid cell. The surface discharge of
sediment are highly sensitive to the roughness coefficient of VBS. The removal efficiencies of VBS
for the surface discharges of sediment and TP are generally high regardless of environment changes.
The surface discharges of TOC and TN are highly sensitive to the length and soil of VBS. The
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removal efficiencies of VBS for the surface discharges of TOC and TN are generally lower than those

of sediment and TP. The newly developed VBS module reasonably simulates the removal

efficiencies of surface discharges that vary according to the environment changes. It is expected that

this VBS module can be used for evaluating the effectiveness of VBS-based best management

practices to be applied to reduce pollution discharges from various non-point sources.

Keywords : Watershed model CAMEL, Vegetation buffer strip, Sensitivity analysis
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Non-Urban Cell

Urban Cell

Figure 1. watershed representations in a distributed watershed model CAMEL (Koo, 2010)

Table 1. A short descriptions of the main modules of CAMEL (Koo, 2010)

Modules Descriptions
- Surface and subsurface processes integrated
- Energy balance (soil and water temperature)
Hydrological cycle - Some hydraulic features common in Korean taken into account (e.g. paddy fields, reservoirs, weirs
and stream banks)
- Sewage collection and overflows (CSOs and SSOs)
- Four particle size classes: clay, silt, fine sand and coarse sand
Sediment transport - Suspended load and bed load
- Pollutants build-up and wash-off, street cleaning
Carbon cycle -BOD, DO, DOC, POC and CO, simulated for soil and water
Nitrogen cycle - DON, PON, DIN (NO;, NH,) and PIN simulated for soil and water
Phosphorus cycle - DOP, POP, DIP (PO,) and PIP simulated for soil and water
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Figure 2. The representation of a VBS cell in the model
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Table 2. Scenarios for sensitivity analysis of the VBS module
Scenarios Contents number
A Length Sm, 10 m, 15 m, 20 m, 30 m, 35 m, 40 m 7
B Roughness | Surface 0.15,0.2,0.25,0.3,0.35. 0.4 p
coefficient |  Rill 0.10, 0.14, 0.18, 0.20, 0.25, 0.28(70% of roughness coefficient of surface)
C Soil Sandy clay loam, Sandy loam, Silt loam, Clay loam, Silty clay loam, Clay
D Crop Alfalfa, switch grass, bermuda grass, tall fescue
Table 3. Hydraulic properties of soil textures applied to the model
. Total Porosity Water retained at | Water retained at Residual water | Saturated hyqraulic
Soil Texture (/) -333 kP}a -15030 k}Pa COI}lteI;t conductivity
(m*/m’) (m*/m?) (m*/m’) (m/day)
SCL(Sandy clay loam) 0.398 0.330 0.255 0.148 0.072
SL (Sandy loam) 0.453 0.207 0.095 0.041 0.523
ZL (Silt loam) 0.501 0.330 0.133 0.015 0.163
CL (Clay loam) 0.464 0.318 0.197 0.075 0.048
ZCL(Silty clay loam) 0.471 0.366 0.208 0.040 0.048
C (Clay) 0475 0.396 0272 0.090 0.014
Table 4. Seasonal variations in vegetation heights and root depths applied to the model
01/01 03/15 05/01 08/15 11/15 12/15
e VH' | RD" | VH R.D VH RD VH R.D VH RD VH | RD
tall fescue 0.5 0.8 0.8 1.1 1.0 13 12 L5 0.8 1.1 0.6 0.9
alfalfa 0.3 3.0 0.6 6.0 0.8 8.0 1.0 9.0 0.6 6.0 0.5 5.0
switch grass 0.5 1.0 12 2.5 1.5 2.8 1.8 3.1 1.2 2.5 1.0 2.0
bermuda grass 0.1 0.2 0.2 0.3 0.3 0.4 0.4 0.6 0.2 0.3 0.15 | 025
a Vegetation height (m)
b Crop root depth (m)
Station: AN T WA 02 YL ol 5~ 40 me) DI VAR 24T
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Figure 3. Yearly surface runoff and runoff ratio simulated for various VBS lengths
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Figure 4. Yearly surface sediment discharge and removal efficiency simulated for various VBS lengths
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Figure 9. Yearly surface sediment discharge and removal efficiency for various VBS roughness

>3
o O
o ©

TOC Load (kg/yr)
N » {2
o O
o O

grassland  0.15
(0.1)

o

Manning's N

(a) TOC discharge

L 10
gos8
£ 0.6
go
T 04
]
-3

0.0

0.15 0.25 035 04
Manmng sN
(b) Removal efficiency

Figure 10. Yearly surface TOC discharge and removal efficiency for various VBS roughness
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Figure 11. Yearly surface TN load and removal efficiency for various VBS roughness
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Figure 12. Yearly surface TP load and removal efficiency for various VBS roughness
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Figure 13. Yearly surface runoff and runoff ratio for various VBS soil types
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Figure 14. Yearly surface sediment discharge and removal efficiency for various VBS soil types
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Figure 15. Yearly surface TOC discharge and removal efficiency for various VBS soil types
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Figure 16. Yearly surface TN discharge and removal efficiency for various VBS soil types
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Figure 17. Yearly surface TP discharge and removal efficiency for various VBS soil types
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Figure 18. Yearly surface runoff and runoff ratio for various VBS vegetation types
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Figure 19. Yearly surface sediment discharge and removal efficiency for various VBS vegetation types
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Figure 20. Yearly surface TOC discharge and removal efficiency for various VBS vegetation types
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Figure 21. Yearly surface TN discharge and removal efficiency for various VBS vegetation types
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Figure 22. Yearly surface TP discharge and removal efficiency for various VBS vegetation types
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