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Abstract

Field measurements of resistance to flow are analyzed for 739 rivers vegetated with grass (281
channels), shrubs (150 channels) and trees (308 channels). The measured distribution of Manning roughness
coefficients ranges from 0.015~0.250 for grass, 0.016~0.250 for shrubs, 0.018 ~0.310 for trees. Significant
trends are obtained between Darcy-Weisbach (or Manning roughness coefficients) and flow discharge,
friction slope, and relative submergence. The regression equations for Darcy-Weisbach and Manning
roughness coefficients in vegetated rivers are: f,,,=0436Q "*®, [,  =3.3055"" and n,,6 =0.061Q ",

Ny = 01445019 V=5.3(n/dyy)"/** \JghS,, /8/f (= V/u.)=5.75log(5h/d,,), respectively. These semi-empirical

relationships should be useful for hydraulic engineering practice.

Keywords : vegetated rivers, roughness coefficients, relative submergence, roughness coefficient relation—
ships, semi-empirical relationships
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Table 2. Manning’s Roughness Coefficients for Vegetation by Chow (1959)

Manning’s n
Description
Minimum Normal Maximum
Grass 0.025~0.030 0.030~0.035 0.035~0.050
Shrub 0.035~0.070 0.050~0.100 0.070~0.160
Trees 0.030~0.11 0.040~0.150 0.050~0.200
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(b) View of reach looking upstream

Fig. 1. Photographs of Waipaoa River at Kanakanaia in New Zealand (Hicks and Mason, 1998)

(a) View of upstream toward left bank

(b) View of upstream toward right bank

Fig. 2. Photographs of Chenango River near Chenango Forks, N.Y. (Coon, 1998)

Table 3. Field Measured Data for Vegetated Rivers Used in This Study

Type Data | Flow discharge | Friction slope |Median diameter | Average velocity Flow depth
no. Q (m®/s) S (=) ds, (mm) v (m/s) h (m)
Grass 281 0.01~750.48 0.00007~0.0179 0.33~304.8 0.06~3.66 0.16~3.96
Shrub 150 0.38~542 0.00001 ~0.034 16~893 0.10~3.64 0.16~3.96
Tree 308 0.02~3,220.00 0.0001 ~0.0405 0.17~397 0.07~5.11 0.10~9.17
Total 739 0.01~3,220.00 | 0.00001~0.0405 0.17~893 0.06~5.11 0.10~3.96
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Table 4. Detailed Data for Vegetated Rivers in Table 3

o ) Grass Shrub Tree
property S Data no.| Distribution |Data no.| Distribution |Data no.| Distribution
Q=50 213 0.01~49.56 123 0.33~42.3 157 0.02~49.87
Flow 50< Q< 500 62 50.41 ~447.46 25 50.6~413 127 50.98~448
discharge | 500< Q< 1,000 6 563~750.48 2 527 ~542 12 511~962
Q (m?/s) 1,000< Q - - - - 12 1,059~3,220
Total 281 0.01 ~750.48 150 0.33~542 308 0.02~3,220
5,<0.0001 42 ]0.00007~0.00048| 19 | 0.0001~0.00039 | 24 | 0.0001~0.00035
Friction [0.0001<8,<0.001| 76 | 0.0005~0.00099 | 6  |0.00043~0.00091| 80  |0.00041~0.00099
;j"(ﬁi‘; 0.001<5,<0.005| 91 | 0.001~0.00488 | 31 | 0.00102~0.003 | 80 0.01~0.00298
0.005 <, 72 1000511~0.0179 | 94 | 0.00391~0.0340 | 124 | 0.003~0.0405
Total 281 | 0.00007~0.0179 | 150 | 0.0001~0.034 | 308 | 0.0001~0.0405
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Table 5. Summary of Box-Whisker Plot for Darcy-Weisbach's s and fQ1/4/Sf1/3 in Vegetated Rivers

A = @ . Quartile (percentile)
Items | Name | Number Min, | Max. |Median| Mean | _ E . F B/A | D/C | F/E
First (25th) | Third (75th)
Grass 281 0.016 6.121 | 0.097 0.271 0.065 0.245 38256 2.79 | 3.77
Shrub 150 0.015 | 12910 | 0.155 0.581 0.078 0.39 860.67| 3.75 | 5.00
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Table 6. Summary of Box—Whisker Plot for Manning’s » and nc,)l/g/sfl/G in Vegetated Rivers
Quartile(percentile)
Items | Name | Number 2 = C D B/A | D/C | F/E
ems ame WIBEL | \in, Max. |Median| Mean ) E ) F
First (25th) | Third (75th)
Grass 281 0.015 | 0.250 | 0.034 | 0.046 0.029 0.055 1667 | 135 | 1.90
Shrub 150 0.016 | 0.250 | 0.042 | 0.058 0.031 0.064 1563 | 138 | 2.06
n Tree 308 0.018 | 0.310 | 0.037 | 0.047 0.031 0.037 1722\ 127 | 1.19
Total 739 0.015 | 0.310 | 0.037 | 0.049 0.031 0.055 20.67 | 132 | 1.77
Average 0.02 0.28 0.04 0.05 0.03 0.05 1755] 133 | 1.73
Grass 281 0.05 1.67 0.157 | 0.178 0.126 0.200 3340 | 113 | 159
ot Shrub 150 0.077 | 0.69 0172 | 0.195 0.125 0.214 89| 113 | 1.71
nS”f/G Tree 308 0.066 | 0.622 | 0.185 | 0.196 0.148 0.223 942 | 106 | 151
! Total 739 0.05 1.67 0.173 | 0.189 0.13 0.212 3340 | 1.09 | 163
Average 0.06 1.16 0.17 0.19 0.13 0.21 2130 | 1.10 | 161
= R V =53(h/ds0)"%(gh$9'? : This stady
————————— V = 5(h/dsg)Y%(ghS)'? : Manning-Strickler
V/u:=5.75 log(2h/dzp) : Practical purposes
—_— — — V/u:=5.75 log(12.2h/d ) : Hydraulically rough boundaries
———————— - V/us=5.75log(5h/dso) : This study
1739 data
+  grass = it
& shrub 4 '______’__;__--'_,'_':---"‘":_.: _
; *  free . -
-
3 10'— -
2 - - '
% :..-",."67{
E [
E 1/ 7
£ ’
= / ,/
10% - 1
= ]{ *®
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Relative submergence h/dso
Fig. 9. Analysis of Manning—Strickler and Relative Submergence in Vegetated Rivers
Table 7. Summary of Darcy-Weisbach and Manning Roughness Coefficients in Vegetated Rivers
Roughness coefficients
Name Number Manning n Darcy-Weisbach f
Min. Average Max. Min. Average Max.
Grass 281 0.015 0.046 0.250 0.016 0.097 6.121
Shrub 150 0.016 0.058 0.250 0.015 0.155 12.910
Tree 308 0.018 0.047 0.310 0.030 0.102 21.462
Total 739 0.015 0.049 0.310 0.015 0.109 21.462
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Table 8. Summary of Box-Whisker Plot for the Coefficients and Parameters in Vegetated Rivers

Darcy-Weisbach Manning
1/4 ) o1/3 1/8/ o1/6
Name f fQ/S; n nQ""/S;

Mean | Third (75th) | Mean | Third (75th) Mean | Third (75th) | Mean | Third (75th)
/Median | /First (25th) | /Median | /First (25th) | /Median |/First (25th) | /Median | /First (25th)

Grass 2.79 3.77 1.39 2.19 1.35 1.90 1.13 1.59

Shrub 3.75 5.00 2.06 3.08 1.38 2.06 1.13 1.71

Tree 4.25 3.09 1.32 2.00 1.27 1.19 1.06 1.51

Average 3.6 3.9 1.6 2.4 1.3 1.7 1.1 1.6

Table 9. Comparisons with between This Study and Chow(1959) and Julien(2002) in Manning’'s »

Manning roughness coefficients
Name Minimum Average Maximum
This study Chow Julien | This study Chow Julien | This study Chow Julien
Grass 0.015 0.025~0.030 0.046 0.030~0.035 0.250 0.035~0.050
Shrub 0.016 0.035~0.070 | 0.03 0.058 0.050~0.100 | 0.05 0.250 0.070~0.160 | 0.07
Tree 0.018 0.030~0.11 0.047 0.040~0.150 0.310 0.050~0.200
146 BEKEREERE



(1959) #tel =LA vebta, Hirghke Al 497} v)5e
e #e Yehon, Ak 2 At Bt £
L S 2= Ao R UETh o5 Flho] Alo)

= A& Chow (1959) 2] Manning Z%=A15E 1950
AFe] A5E FHOR 3 ghola, E A 19604
FE 1990 ] G ele 2R E A e o] wlio] o
2] 71 SHel A BEA o] 2olr A 42 9] Wi

(L o

H
o
ol

o,
ofr
S5
7
2

sk Aot}

18] 31 Manning-Strickler 3712} ddl<=1] h/dy,

o] Ag== 5Rt} ofgF 2 53, A 161U o 2

1/83%) V="53(h/dy)"**\/ghS, & fr=E A, )
/Lll

o
z

| h/dyy ok AR V/wo ti BAA e g =

Q1 799k el or AR AA 219 AHn S5

3 7S 2= VB/f (= V/u.) =5.75log(5h/dy,) &2 Fr

TE e, ol A2 5 ARl f-83 288

A& Fow Aderh

4. 4 E

=
I
o
it
-
ox
i,

7397 A Ask

A E o] &3 &

Weisbach ¥ Manning %%
AA, A Zdeulel] oigh dek
sl thg ) 2 AES o
1) Darcy-Weishach Z=A152] 7% 2817 =% A=
= 0016~6.121, 15071 ¥ A5+ 0.015~12.910,
3037 aE AFE= 0.030~21.462, 73971 HA] A=
M= 0015~12462% LFEFsTE Manning %7
9] A9 2817 =2 A5+ 0.015~0.250, 15071
= 25 0.016~0.250, 30871 & #HEE 0.018~
0.310, 73971 A AgeA = 0.015~0.3102-= 1}
2374=8
el v AL EE 2EAG BAARe Heke
& AL fLpey =0436Q7 "%, £, =3.305977
S Manning %A1 A4Sy, =0.061Q 1,
Ny peg = 0144 SP19E 242 s Qle
3) Manning-Strickler #1212 71&717} 1/61.0F 22 1/
83 28 V=53(h/dy)"*\/ghS; 2 FE=AL,
gl ARl oh Ak Sicnlel] ik WAL g B

- 71
Q1 sk elsH 0w AR A 2419 Aurt $5

2

~

454 H29% 20124 24

4

ra
r
o
=2
R
rir
g
g

§
e

S
2
tlo
o
oo
__oé
2L
il
lo,

HEds A et 24 Darcy-Weisbach}
Manning®] Z=Al #3299 A<} g3t w)7)

W B o] 74539 01 Darcy-Weishach®] %
SAGY vl SE Manning®] 74§15t W54
S Ath= Flo] RIS AelAE MEA]
2h2 Manning®] =AU v7fdsE &8sk
o] felg Aow Aot

2 A7E AR FATE ATHA S 7% 5
FrebEretu] A FYson, o|g A3
P
T

A
e

Abood, MM, Yusuf, B., Mohammed, T.A., and Ghazali,
AH. (2006). “Manning roughness coefficient for
grass-lined channel.” Suranaree J. Sci. Tech, Vol. 13,
No. 4, pp. 317-330.

Annable, W.K. (1996). Database of morphologic char—
acteristics of watercourse in Southern Ontario,
Ontario, Ministry of Natural Resources, 212.

Arcement, G.J., and Schneider, V.R. (1984). Guide for
selecting Manning'’s roughness coefficients for natural
channels and flood plains, USGS, Water—supply Paper
2339, USGS.

ASCE(American Society of Civil Engineers, Task Force
on Friction Factors)(1963). “Friction factors in open
channels.” J. Hydraul Div,, Vol. 89, No. 2, pp. 97-143.

Barnes, HH. (1967). Roughness characteristics of natural
channels, USGS Water-Supply, Paper 1849, Washington,
213.

Bray, D.I. (1979). “Estimating average velocity in gravel—
bed rivers.” J. Hydraul Div., Vol. 106, No. 9, pp. 1103~
1122.

Chen, L. (2010). “Theoretical analyses for interaction
between vegetation bending and flow.” Conference

147



Proc., Division of Hydrologic Sciences, Desert Research
Institute, pp. 1443-1450.

Chen, CL. (1976). “Flow resistance in broad shallow
grassed channels.” J. Hydraul Div,, Vol. 102, No. 3,
pp. 307-322.

Chézy, A. (1769). Developed and verified by experiments
made on an earthen channel, the Courpalet Canal, and
on the Seine River.

Chow, V.T. (1939). Open—channel hydraulics, McGraw-
Hill, New York.

Coon, W.F. (1998). Estimation of roughness coefficients
for natural stream channels with vegetated banks,
USGS, Water Supply Paper 2441, Prepared in coope—
ration with the New York State Department of
Transportation, 133.

Cowan, W.L. (1936). “Estimating hydraulic roughness
coefficients.” Agric. Eng., Vol. 37, No. 7, pp. 473-475.

Darcy, H. (1857). “Recherches expérimentales relatives
an mouvemwnt de l'eau dans les tuyaux.” Mallet-
Bachelier, Paris, 268 and atlas(in French).

Engelund, F. (1966). “Hydraulic resistance of alluvial
streams.” J. Hydraul Div., Vol. 92, No. 2, pp. 315-326.

Freeman, G.E., Copeland, R.R., and Rahmeyer, W.]J.
(1998). “Field determination of Manning’s n values for
shrubs and woody vegetation.” Proc. of the Wetlands
Engineering River Restoration Conterence, ASCE,
Denver, Colorado.

Gillen, D.F. (1996). Determination of roughness coeffi-
cients for streams in west-central Florida: Tampa, FL,
USGS, Open-File report OFR-96-226, 93.

Hicks, D.M,, and Mason, P.D. (1998). Roughness charac—
teristics of New Zealand rivers, National Institute of
Water and Atmospheric Research Ltd, New Zealand,
329.

Jarrett, R.D. (1985). Determination of roughness coeffi—
cients for streams in Colorado, USGS, WRI Report 85—
4004, 4.

Jeffrey, T.R., Anne, F.L., and Heidi, M.N. (2010). “Effects
of added vegetation on sand bar stability and stream
hydrodynamics.” J. Hydraul Eng., Vol. 136, No. 12,
pp. 994-1002.

Jobson, HE., and Froehlich, D.C. (1988). Basic hydraulic
principles of open—channel flow, USGS, Open-File

148

Report 88-707, 150.

Julien, P.Y. (2002). River mechanics, Cambridge
University Press.

Julien, P.Y. (2010). Erosion and sedimentation, 2nd
edition, Cambridge University Press.

Kadlec, R. (1990). “Overland flow in wetlands: Vegeta—
tion resistance.” J. Hydraul Eng., Vol. 116, No. 5, pp.
691-706.

Lang, S., Ladson, A., Anderson, B., and Rutherford, I.
(2004). An Australian handbook of stream roughness
coefficients, Stream roughness, Four case studies
from Victoria, AJWR, 28.

Lee, J.S. (2010), River engineering and design, SRP(in
Korean).

Manning, R. (1839). “On the flow of water in open
channels and pipes.” Trans, Inst of Civil Engrs. of
Ireland, Dublin, Ireland, Vol. 20, pp. 161-166.

Michael, F., David, C., and Hoaglin, BI. (1989). “Some
implementations of the boxplot.” 7he American
Statistician, Vol. 43, No. 1, pp. 50-%4.

Nikora, V., Larned, S., Nikora, N., Debnath, K., Cooper,
G., and Reid, M. (2008). “Hydraulic resistance due to
aquatic vegetation in small streams: Field study.” J.
Hydraul Eng., Vol. 134, No. 9, pp. 1326-1332.

Pasche, E., and Rouve, G. (1985). “Overbank flow with
vegetatively roughed flood plains.” J. Hydraulic Engr.,
Vol. 111, No. 9, pp. 1262-1278.

Phillips, J.V., and Ingersoll, T.L. (1998). Verification of
roughness coefficients for selected natural and
constructed stream channels in Arizona, USGS,
Professional Paper 1534, 77.

Ree, W.O., and Grow, F.R. (1977). Friction factors for
vegetated waterways of small slope, Agricultural
Research Service, ARS-S-151, 56.

Rouse, H. (1965). “Critical analysis of open—-channel
resistance.” J. Hydraul Div,, Vol. 91, No. 4, pp. 1-25.

Rousseeuw, P.J., Ruts, L, and Tukey, J.W. (1999). “The
bagplot: A bivariate oxplot.” The American Statistician,
Vol. 53, No. 4, pp. 382-387.

Sauer, V.B. (1990). USGS, written communication.

Schneider, V.R., Board, J.W., Colson, BE., and Lee, F.N.
(1977). Computation of backwater and discharge at
width constrictions of heavily vegetated flood plains,

BEKEREERE



USGS, Water-Resources Investigations 76-129, 64.
Soong, D.T., Halfar, T.M,, and Prater, C.D. (2009).
Estimating Manning’s roughness coefficients for
natural and man-made streams in Illinois, U.S.
Department of the Interior, U.S. Geological Survey.
Tukey, J.W. (1977). Exploratory data analysis, Addison—
Wesley.

White, WR., Paris, E., Bettess, R., and Wang, S. (1987).
“Frictional characteristics of alluvial streams in the
lower and upper regimes.” Proc, Institute of Civil
Engineers (London), Vol. 83, No. Part 2, pp. 6385-700.

Weisbach, J. (1845). “Lehrbuch der ingenieur-und mas—

454 H29% 20124 24

chinen-mechanik.” 1, Theoretische Mechanik, Vieweg
und Sohn, Braunschweig, 535 (in German).

Wuy, F.C., Shen, HW., and Chou, Y.J. (1999). “Variation
of roughness coefficients for unsubmerged and
submerged vegetation.” /. Hydraul Eng., Vol. 125, No.
9, pp. 934-942.

Yen, B.C. (2002). “Open channel flow resistance.” J.
Hydraul Eng., Vol. 128, No. 1, pp. 20-39.

s 11111 A4 2011.10.04
)

=
G782k 2011.11.10/12.01 | AJARESE: 2011.12.01

149



