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Figure 1. A schematic and cross sections of a hypothetical reach of a channel and flood plain showing subdivisions 
used in assigning n values. 

Benson and Dalrymple (1967) apply to conditions that are 
close to average, whereas Chow's (1959) base values are 
for the smoothest reach attainable for a given bed material. 

Barnes (1967) cataloged verified n values for stable 
channels having roughness coefficients ranging from 0.024 
to 0.075. In addition to a description of the cross section, 

bed material, and flow conditions during the measurement, 
color photographs of the channels were provided. 

A sand channel is defined as a channel in which the 
bed has an unlimited supply of sand. By definition, sand 
ranges in grain size from 0.062 to 2 mm. Resistance to flow 
varies greatly in sand channels because the bed material 
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Table 1. Base values of Manning's n 
[Modified from Aldridge and Garrett. 1973. table I; - . no datal 

Base n value 

Bed 
material 

Median size of 
bed material 

(in millimeters) 

Sand channels 

Straight 
uniform 
channell 

Sand' .................. 0.2 0.012 
.3 .017 
.4 .020 
.5 .022 
.6 .023 
.8 .025 

1.0 .026 
Stable channels and flood plains 

Concrete ............. .. 0.012-0.018 
Rock cut. ............ .. 
Finn soil ............ , .. 
Coarse sand .. ....... .. . 
Fine gravel . ........... . 
Gravel ................ . 
Coarse gravel . ....... . . . 
Cobble .. .............. . 
Boulder ............ . .. . 

1- 2 

2-Q4 

64-256 
>256 

I Benson and OaJrymple (1967). 
:2 For indicated material; Chow (1959). 

0.025-0.032 
0.026-0.035 

0.028-0.035 

0.030-0.050 
0.040-0.070 

Smooth 
channel2 

0.011 
.025 
.020 

.024 

.026 

3 Only for upper regime flow where grain roughness is predominant. 

moves easily and takes on different configurations or bed 
forms. Bed form is a function of velocity of flow, grain 
size, bed shear, and temperature. The flows that produce 
the bed forms are classified as lower regime flow and upper 
regime flow, according to the relation between depth and 
discharge (fig. 2). The lower regime flow occurs during low 
discharges, and the upper regime flow occurs during high 
discharges. An unstable discontinuity, called a transitional 
zone. appears between the two regimes in the depth to 
discharge relation (fig. 3). In lower regime flow , the bed 
may have a plane surface and no movement of sediment, or 
the bed may be deformed and have small uniform waves or 
large irregular saw-toothed waves formed by sediment 
moving downstream. The smaller waves are known as 
ripples, and the larger waves are known as dunes. In upper 
regime flow, the bed may have a plane surface and sediment 
movement or long, smooth sand waves that are in phase 
with the surface waves. These waves are known as standing 
waves and antidunes. Bed forms on dry beds are remnants 
of the bed forms that existed during receding flows and may 
not represent flood stages. 

The flow regime is governed by the size of the bed 
materials and the stream power, which is a measure of 
energy transfer. Stream power (SP) is computed by the 
formula: 

SP=62RSY (4) 

where 
62 = specific weight of water, in pounds per cubic foot, 
R = hydraulic radius, in feet. 

Sw=water-surface slope, in feet per foot, and 
V= mean velocity, in feet per second. 

The values in table I for sand channels are for upper 
regime flows and are based on extensive laboratory and 
field data obtained by the U. S. Geological Survey. When 
using these values, a check must be made to ensure that the 
stream power is large enough to produce upper regime flow 
(fig. 2). Although the base n values given in table I for 
stable channels are from verification studies, the values 
have a wide range because the effects of bed roughness arc 
extremely difficult to separate from the effects of other 
roughness factors. The choice of n values selected from 
table I will be influenced by personal judgment and 
experience. The n values for lower and transitional-regime 
flows are much larger generally than the values given in 
table I for upper regime flow . Simons, Li, and Associates 
(1982) give a range of n values commonly found for 
different bed forms. 

The n value for a sand channel is assigned for upper 
regime flow by using table I, which shows the relation 
between median grain size and the n value. The flow regime 
is checked by computing the velocity and stream power that 
correspond to the assigned n value. The computed stream 
power is compared with the value that is necessary to cause 
upper regime flow (see fig. 2, from Simons and Richard
son, 1966, fig. 28). If the computed stream power is not 
large enough to produce upper regime flow (an indication of 
lower regime or transitional-zone flow), a reliable value of 
n cannot be assigned. The evaluation of n is complicated by 
bed-form drag. Different equations are needed to describe 
the bed forms. The total n value for lower and transitional
regime flows can vary greatly and depends on the bed fornos 
present at a particular time. Figure 3 illustrates how the total 
resistance in a channel varies for different bed forms. 

Limerinos (1970) related n to hydraulic radius and 
particle size on the basis of samples from I I stream 
channels having bed material ranging from small gravel to 
medium-sized boulders. Particles have three dimensions
length, width, and thickness-and are oriented so that 
length and width are parallel to the plane of the streambed. 
Limerinos related n to minimum diameter (thickness) and to 
intermediate diameter (width). His equation using interme
diate diameter appears to be the most useful because this 
dimension is the most easy to measure in the field and to 
estimate from photographs. 

The equation for n using intennediate diameter is 

(0.0926) R'f6 n 
1.16+2.0 log (d:) (5) 
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PHOTOGRAPHS OF FLOOD PLAINS 

The following series of photographs (figs. 6-20) 
represenL<; densely vegetated flood plains for which rough
ness coefrlcients have been verified. The coefficients for 
these sites were determined as a part of a study on 
computation of backwater and discharge at width constric
tions of heavily vegetated flood plains (Schneider and 
others. 1977). By using these photographs for comparison 
with other field situations, n values can then be used to 
verify n values computed by other methods . 

Information appearing with the photographs includes 
n value determined for the area, date of flood. date 
photograph was taken, and depth of flow on the flood plain. 
A description of the flood plain includes values of vegeta
tion density, effective drag coefficient, and base roughness. 

Several reports present photographs of channels for 
which roughness coefficients are known that would be 
helpful in determining roughness values of other area ... 

Barnes (1967) presented photographs of natural. stable 
channels having known n values ranging from 0.023 to 
0.075: a few flood plains were included in the report. 

Ree and Crow (1977) conducted experiments to 
determine friction factors for earthen channels planted with 
certain crops and grasses. The values that were determined 
may be used to help estimate the roughness of flood plains 
planted with the type of vegetal ion lL~d in their experi
ments. Photographs and brief descriptions of the vegetation 
are given. and a tabulation of the hydraulic elcmcnlS is 
included. 

Aldridge and Garren (1973) presented photographs of 
selected Arizona channels and flood plain .. having known 
roughness coefficients. Included with the photographs are 
descriptions of channel geometry and the roughness factors 
involved in assigning an n value for the site. 

Chow (1959) presented photographs of a number of 
typical channels. accompanied by brief descriptions of the 
channel conditions and the corresponding 1/ values . 

Computed roughness coeffkienl: Manning's n-O.1O 
Date of flood: February 21. 1974 
Date of photograph: February 13. 1979 
Depth of flow on flood plain: 2.6 ft 

Description cJ flood plain: The vegetation eX the flood plain is primarily trees. 
including oak. gum. and pine. The base is finn soil and has slighl surface 
irregularities. Obstructiorul are negligible (a few downed trees and limbs). 
Ground cover and vines are negligible. Ve8d=0.0067. and C .. =12.0. The 

se1ected values are nbEO.025. ",= 0.005. "3=0.005. and no".0.03.5. 

Figure 6. Cypress Creek near Downsville, La. (Arcement. Colson, and Ming, 1979a, HA-603, cross section 3). 
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Computed roughness coeffic ient: Manning's n= O. 11 

Date or flood: March 18 , 1973 

Date of photogra,...: February 14, 1979 

Depth of flow on flood plain: 3 .6 n 
Description of flood plain: The vegetation of the flood plain is primarily large, 
tall trees, including oak, gum. ironwood, and pine. The base is firm soil and 

is smooth. Obstructions are few , and ground cover and undergrowth are 

sparse. VeS.,"'0.0067. and C. -= 8.8. The selected values are n/o K'O.mo, 

n, ""O.OO2. n,=0.003. and 110=0.025. 

Figure 7. Bayou de l outrc ncar Farmervi lle , lao (Schneide r and others, 1977, (;rOS~ St:ction 2). 



Computed roughness coefficient: Manning's 1'1 ""0.11 
Date of flood : March 18, 1973 

Date or Jilotograph: February 14. 1979 
Depth of flow on flood plain: 3.7 ft 

Description of flood plain: The vegelation of the flood plain is primarily large. 

taU trees, including oak. gum. and ironwood. The base is finn soil and has 

slight surface irregularilies and obstructions caused by downed trees and 

limbs. Ground. cover and undergrowth are negligible. V~gd""0.0075. and 
C. --7.7 . The selected values are 1'1,,=0.020. 1'11 ""0.002, 1'13""O.O()3. and 
1'10=0.025. 

f'rgure 8. Bayou de loutre near Farmerville, La. (Schneider and others, 19n, cross section 3). 



Computed roughness coefficient: Manning's " S O. I I 
Date of flood: March 18 , 1973 

Date of photograph: February 14, 1979 
Depth of flow on flood plain: 3.7 ft 

Description of flood plain: The vegetalion of the flood plain is primarily trees, 

including oak, gum, ironwood, and pine. The base is finn soil and h .... slight 

suTface irregularities and obstructions caused by downed trees and limbs. 
Ground cover and undergrowth are negligible. Veg.,=o.oon. and C.= 8.0. 
The selected values are 11&""'0 .020, 11. "'0.002, ,,)=0.003. and "0"'0.02.5 . 

Figure 9. Bayou de loulrc near Farmerville, La. (Schneide r and other!, 19n, c ross section 3). 



ComPUled roughness coefficient Manning's n- O. I I 
Dale of flood : February 22, 197J 

Date of photograph: AprilS, J979 
Depth of flow on flood plain: 3.0 fl 

Descriptioo of flood plain: The vegetation of the flood plain is primarily trees, 
including oak, gum, and iroowood. The base is silty soil and has sligh! sUiface 
irrqularities. Obstruclions are few, and some flood debris is present. Ground 
cover is shan weeds and grass. and undergrowth is minimal. Veg.lz O.oon. 
and C. "" 10.2. The selected values are n/lo - O.020, nl ""O.OO2, n,,' - O.OOS. and 

"0=0.027. 

FIgUre 10. Coldwater River near Red Banks, Miss. (Colson, Arcement, and Ming, 1979, HA.-593, cross sectton 2). 
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Computed roughness coefficienl: Manning's n = O. 11 

Date of flood; February 22, 1971 

Date of photograph:" April !5 . 1979 
Deplh of flow on flood plain: 3.0 fi 

Description of flood plain: The vegetation of the flood plain is primarily trees. 

including oak. gum, and ironwood. The base is silty soil and has slight surface 
irregularities. Few obstructions and some flood debris are present. Ground 
cover is short weeds and grass. and undergrowth is minimal. V~g.t''''O.OO9O. 

and C." S.6. The seleclcd values are "b""O.02O. "1 "'0 .003. 1I,.' :::O.OO!5 . itnd 
1'10=0.028. 

Figure 11. Coldw-ater River near Red Banks. Miss. (Colson, Arcement, and Ming, 1979, HA-593, cross section 2). 



Computed roughness coefficient: Manning 's """0. 12 

Dale of flood : April 12. 1969 

Date of photograph: March 28. 1979 

Depth of flow on flood pla in: 4 .0 ft 

Description of flood plain: The vegetlUion of the flood plain is primarily trees, 

including oak, gum, ironwood. and many small diameter trees (0. 1 to 0 .2 fl) . 

The base is finn soil and has slight surface irregularities. Obstructions are 

negligib~ . Ground cover and undergrowth are negligibk. Veg.,= 0.Q082 . and 

C. - 7.6. 1ne selected values are " 1>- 0 .025 and "0""0.025. 

Figure 12. Yockanookany River near Thomastown, Miss. (Colson, MinH, and Arcemenl, 1979a, HA-599, cross section 5) . 
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Computed roughness coefficient: Manning's " ""0. 12 

Date of flood: Apri l 12, 1969 

Date of phoIograph: March 28, 1979 

Depch of flow 00 flood plain: 4.0 ft 
Description of flood plain: The ,'egetation of the flood plain is primarily trees, 

including oak, gum. ironwood, and many small diameter trees (0. 1 to 0.2 ft). 
The base is finn soil and ha.~ slight surface irregularities. Obstructions are 
negligible (II. few downed trees and limbs). Ground CO\'ef and undergrowth are 

negligible . VeB.r=0.OO82, and C. = 7.6. The selected valucs are rI,. ""O.()2j 

and n.o=O.025. 

figure 13. Yockanookany River near Thomastown, Miss., SOO ft east of area shown in figure 12 (Colson, Ming, and 
Arcp.menl, 19"N<1, HA-5QQ, cross section 5). 



Computed roughness coeffICient: Manning's n""'0.13 
Date or flood: December 7, 1971 
Date or photograph: April 10, 1979 
~ of now on flood plain: 3.2 rt 

Description of flood plain: The vegetatioo or the t1000 plain is a mixture or 
large and small trees, including oak, gum, and ironwood. The base is firm soil 
and has minot" surface irregularities and some rises. Obstructions are negligi-
b}e (some exposed roots and small trees). Ground cover and undergrowth are 
negligible. Veg,i"'0.0087, and C. "" II .S. The selected values are n.=O.02S, 
n. ""'O.OO3, n)- O.OO2, and 110""'0.030. 

Figure 14. Flagon Bayou near libuse, lao (Arcement, Colson, and Ming, 1979b, HA-604, cross section 4), 
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ComPUled roughness coefficient: Manning's " =0.14 
Date of flood: December" 21. 1972 
Date of phocograph: March 13, 1979 

Depth of flow on flood ",ain: 2.9 fl 

Description of flood plain: The vegetation of lhe flood plain is a mixture of 

large and small trees. including oak, gum. and ironwood. The base i!ii finn soil 
and has minCX" surface irregularilie1! caused by riser; and depressions. Ob;lruc* 

lions are mioor (downed trees and limb; and a buildup of debris). Ground 

~ is negl igibk, and the small amounl ofuNkrgrowlh is made up ofsmall 

trees and vines. V~g,,=O.OO805, and C. "" l o5.6. The selected values are 
n,,"'O.02.5, n, ,,,O.OO.5, n, -.:O.OIo5, n .. '''''O.OO.5. and 110=0.0.50. 

figure 15. Pea Creek near l ouisville. Ala. (Ming. Colson, and Arcement, 1979. HA-608. cross section 5). 



Comput~ roughness coefficient: Manning's n"'O. 14 
Date of flood: December 21. 1972 
Date of photograph: March 13, 1979 
.Deplh of flow on flood plain: 2.8 ft 

Description of flood plain: 1be vegetation of the flood plain is large and small 

trees, including oak. gum, and ironwood. TIle base is finn soil and has minor 
surface irregularities caused by rises and dernssions. Obstructions are minor 
(downed trees and limbs and a buildup of debris). Ground cover is negligible. 
and the small amount of undergrowth is made up of small trees and vines. 

VeSd=O.OI02 . and C.= 15.6. 1be selected values are "b=O.025, "1 =0.005. 

")"'"0.01:5. " .. '=0.00:5. and no=O.05O. 

Figure 16. Pea Creek near louisville, Ala. (Ming. Colson. and Arcement, 1979, H~, cross section 4). 
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ComPUled roughness ooefflC;enl: Manning's 11 - 0. 15 
Dale o f flood: December 7, 1971 
Date of photograph: April 12, 1979 
Deplh or flow 00 flood plain: 4. 1 fI 

Description of flood plain: The vegetalion of the food plain is large and small 

trees. including 00, gum, and ironwood . 1be base is finn soil and has mirier 
surface irregularities caused by rises and depressions. Ob&IrucIions art 

negligible (some eqKl6Cd (1)()(S). Ground cover is negligible, and undergrowth 

is minimal . VIt84""0.0067. and C .. = 14.4. The sekded values art IIb""O.025, 

III = 0.003, /1)=0.002. and "0=0.030. 

F;gure 17. Tenm ile Creek near Elizabeth, La. (Arcement, Colson, and Ming, 1979c, HA-606, cross section 3). 
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Com puted roughness roefficicm: Manning's n::O. 18 

Dale of flood: March 23. 1973 

Date of photograph: Apri l II . 1979 

Depch of flow 00 flood plain: S.O ft 
Description of flood plain: The vegeutioo of the flood plain is large trees. 

including oaIc. gum, iron .... 'OOd. and pine. The base is fi rm soil and has 

rroderale surface irregularities caused by rises and depressions. ObstructtooS 

~ negligible (a few vines). Ground cover and undergrowth are negligible, 

Vl!'8dz O.0084. and C.=J3.3. The selected valucs are nb =O.025, n, ""O.OO8. 

nl~O,OO2. and "o= O.03S. 

Figure 18. Sixmile Creek near Sugartown, lao (Schneider and Others, 1977, cross section n. 
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Computed roughness coefficient: Manning's 11 - 0 .20 
Date of flood; March 3. 197 1 
Date of pho&ograph: March 29. 1979 

Depth of flow on flood plain: 2.9 ft 
DcKription of flood plain: The vegetation of the flood pla;n is a mixture of 
large and small trees, including oak. gum, and ironwood. The base is finn soil 
and hI. .. minor surface irregularities. Obstruc:tioos are minor. Ground rover is 
medium. and the large amount of undergrowth includes vines and palmettos. 
VItB.,=-0 .0 11 5. and C. - n .7. The selected values are n,, '"'O.02S. n, " 0.005. 
n)= O.OIO. n;=0.015, and "0=0.055. 

F'tgure 19. Thompson Creek nea r Clara, Miss. (Colson, Ming. and Arcement , 1979b, HA-S97, cross section 9). 
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Compuled roughness coefficient Manning's 11::::0.20 
Date of flood: Man:h 3 , 1971 
Date of phoIograph: March 29, 1979 

Dcplh ol flow 00 flood plain: 2.9 ft 
Description of flood plain: The YCgCtation or the flood plain is luge and small 

trees, including oak, gum, and ironwood. Thc base is fmn soil and has minor 
swface irregularities. Obstructions arc minor (some downed trees and limbs). 

Ground cover is medium, and the large amoonl of undergrowth includes vines 
and palmellos. V,rg~""O .01I.5 , and c. - 22. 7. 1be selected values arc 

11. = 0.025, ~::::0.OO5, 113= 0.010, .,.' = 0.015, and 110= 0.0.55. 

~ 20. Thompson Creek near Clara, Miss., 500 it east of area shown in fIgUre 19 (Colson, Ming. and Arcement, 197'9b. 
HA-597, aoss section 9). 
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PROCEDURES FOR ASSIGNING n VALUES 

When determining n values for a cross section, parts 
of the procedure apply only to roughness of channels , and 
other pans apply to roughness of flood plains, 

The procedure involves a series of decisions that are 
based on the interaction of roughness factors. A flow chart 
(fig . 21) illustrates the steps in the procedure (see Steps for 
Assigning n values). A form (fig . 22) is provided to help in 
the computation of the n values. After using the procedure 
a few times. the user may wish to combine steps or to 
change the order of the steps. Experienced personnel may 
perform the entire operation mentally. but the inexperienced 
user may find the fonn in fi gure 22 useful. Steps 3 through 
13 apply to channel roughness, and steps 14 through 23 
apply to flood-plain roughness. The procedure is adapted 
from the report by Aldridge and Garrett (1973) but is 
extended to include assigning n values for flood plains . 

Steps for Assigning n Values 

Reach Subdivision (Steps 1 and 2) 

I . Determine the extent of stream reach to which the 
roughness factor will apply. Although n may be applied to 
an individual cross section that is typical of a reach. the 
roughness in the reach that encompasses the sectton must be 
taken into account . When two or more cross sections are 
being considered. the reach that applies to anyone section 
is considered to extend halfway to the next section . For 
example. in figure I . the n value for cross section I 
represents the roughness in reach A. and the n value for 
cross section 2 represents the roughness in reach 8. If the 
roughness is not uniform throughout the reach being con
sidered, " should be assigned for average conditions . 

2. If the roughness is nOl uniform across the width of 
the cross section, determine where subdivision of the cross 
section should occur. Detennine whether subdivision 
between channel and flood plain is necessary and whether 
subdivis ion of the channel or flood plain is also necessary . 
If the roughness is not unifonn across the width of the 
channel, determine whether a base n should be assigned to 
the entire channel cross section or whether a composite n 
should be derived by weighting values for individual 
segments of the channel having different amounts of rough
ness (see steps 4-10) . When the base value is assigned to 
the entire channel . the channel constitutes the one segment 
being considered, and steps 5. 8. 9, alld 10 do not apply . 

OJamel Roughness (Steps 3-13) 

3. Detennine the channel type-stable channel. sand 
channel , or a combination-and whether the conditions are 

representative of those that may exist during the design 
event being considered. Look especially for evidence of bed 

movement and excessive amounts of bank scour. If the 
conditions do not appear to be the same as those that will 

exist during the flow event. attempt to visualize the condi
tions thai will occur. To estimate the possible range in " 
values, compare the channel with other channels for which 
n values have been verified or assigned by experienced 
personnel (see photographs in Barnes. 1967). 

4 . Detennine the factors that cause roughness and 
how each is to be taken into account. Some factors may be 
predom inant in a particular segment of the channel . or the:y 
may affect the entire cross section equally. The manner in 
which each factor is handled depends on how it combines 
with other factors. A gently sloping bank may constitute a 
separate segment of the cross section. whereas a vertical 
bank may add roughness either to the adjacent segment or to 
the entire channel. Obstructions. such as debris. may be 
concentrated in one segment of the channel. Isolated boul
ders should be considered as obstructions, but if boulders 
are scattered over the entire reach. consider them in 
determining the median particle size of the: bed material. 
Vegetation growing in a distinct segment of the channel 
may be assigned an n value of irs own, whereas roughness 
caused by vegetation growing only along steep banks or 
scattered on 'the channel bottom will be accounted for by 

means of an adjustment factor that can be applied to either 
a segment of the channel or to the entire cross section. If a 
composite II is being derived from segments. the user 
should continue with step 5; otherwise step 5 should be 
omitted . 

5. Divide the: channel width into segments according 
to roughness. If distinct , parallel banks of material of 
different particle sizes or of different roughness are present, 
defini ng the contact between the types of material is fairly 
easy (see fig . I , cross section 2). The dividing line between 
any two segments should parallel the flow lines in the 
stream and should be located so as to represent the average 
contact between types of material. The dividing line muSt 
extend through the entire reach. as defined in step I . 
although one of the types of bed material may not be present 
throughout the reach. If a segment contains more than one 
type of roughness. use an average size of bed material. 
Where sand is mixed with gravel. cobbles, and boulders 
throughout a channel. dividing the main channel is imprac
tical. 

6. Determine the type of material that occupies and 
bounds each segment of channel and compute the median 
particle size in each segment by using either method A or 8 
(below) . If the Limerinos equation (eq. 5) is used. the size 
corresponding to the 84th percentile should be used in the 
computation. 

A. If the particles can be separated by screening 
according to size, small samples of tbe bed material are 






















