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ABSTRACT: Riverine tree management is crucial in realizing a balance between flood control and ecological preservation,
which requires an accurate assessment of the impact of trees on river water elevations. In this study, eight different formulas
for evaluating vegetation roughness considering the drag force acting on trees, were reviewed, and the characteristics and
applicability of these methods were evaluated from a practical engineering perspective. The study compared the
characteristics of vegetation roughness measurement methods for calculated roughness coefficients at different water
depths and analyzed factors such as effects of tree canopy width, tree density and diameter, and tree stiffness coefficient, and
water level estimation results. A comparison of roughness coefficients at the same water depths revealed that the Kouwen
and Fathi-Moghadam formulas and the Fischenich formula yield excessive drag coefficients compared to other formulas.
Factors such as channel geometry, tree diameter, and tree density showed varying trends depending on the formula but did
not exhibit excessive outliers. Formulas considering the tree stiffness coefficient, such as the Freeman et al.'s formula and the
Whittaker et al.’s formula, showed significant variations in drag coefficients depending on the stiffness coefficient. When
applied to small- and medium-sized virtual rivers in South Korea using the drag coefficient results from the eight formulas, the
results indicated a maximum increase in water level of approximately 0.2 to 0.4 meters. Based on this review, it was concluded
that the Baptist et al., Huthoff et al., Cheng, Luhar, and Nepf's formulas, which exhibit similar characteristics and low input data
uncertainties, are suitable for practical engineering applications.

KEYWORDS: Canopy width, Riverine tree, Tree density, Tree stiffness, Vegetation roughness method
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Fig 1. Vertical velocity distribution by vegetation effect (Baptist et al. 2007).
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Table 1. Variables and parameters used in vegetation roughness methods
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Fig. 4. Manning’s n with tree density and diameter for selected methods.
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Table 2. Manning n for the test channel
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Fig. 8. Water surface elevations of the test channel at

No. 15.

Max. Manning’s n
Methods Manning n at 6 m depth
Depth (m) Manning n
@® Freeman et al. (2000) 1.0 0.073 0.043
® Kouwen and Fathi-Moghadam (2000) 6.0 0.324 0.084
® Fischenich (2000) 1.9 0.120 0.324
@ Baptist et al. (2007) 1.2 0.061 0.045
® Huthoff et al. (2007) 1.8 0.069 0.054
® Cheng (2011) 1.9 0.076 0.063
@ Luhar and Nepf (2013) 6.0 0.075 0.075
Whittaker et al. (2015) 1.1 0.073 0.059




D.H. Lee and D.S. Rhee / Ecol.

Table 3. Comparison of water elevation differences for
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the test channel

Methods Max. water elevation (m) Water elevation difference (m)

@® Freeman et al. (2000) 7.45 +0.19

® Kouwen and Fathi-Moghadam (2000) 7.71 +0.45

® Fischenich (2000) 7.62 +0.36

@ Baptist et al. (2007) 7.43 +0.17

® Huthoff et al. (2007) 7.50 +0.24

® Cheng (2011) 7.53 +0.27

® Luhar and Nepf (2013) 7.53 +0.27

Whittaker et al. (2015) 7.51 +0.25
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