
Filtering the hydrograph through sediment transport & channel geometry
Colin B. Phillips1, Kimberly M. Hill 1,2, Chris Paola 1,3, Douglas J. Jerolmack4 

1St. Anthony Falls Lab., 2Civil, Environmental, and Geo- Engineering, 3Earth Sciences, Univ. of Minnesota. 
4Earth and Environmental Science, Univ. of Pennsylvania. colinbphillips@gmail.com

0 100 200 300 400 500 600
time (s)

Mass (kg)

qs (kg/s)

U*/U*c

0 100 200 300 400 500 600 700
time (s)

Mass (kg)

qs (kg/s)

U*/U*c

0

2

4

6

8

10

12

14

16

0.00

0.02

0.04

0.06

0.08

0.10

0.12

q s
(k

g/
s)

m
as

s 
(k

g)

0 100 200 300 400 500 600
time (s)

U
*/
U
*c

Mass (kg)

qs (kg/s)

U*/U*c

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

n=241
Q*=2.8T*

100 101 102 103

Q
*

T*

101

102

103

D S

h=hbf
ts tf

U*c

time (t)

de
pt

h 
(h

)

U*=  ghS

S
h

ts tf
U*c

time (t)

de
pt

h 
(h

)

τ*c

q*=3.61(τ*-τ*c)
3/2

n=37609

Shields stress (τ*)

D
im

en
si

on
le

ss
 s

ed
im

en
t f

lu
x 

(q
*)

Dimensionless integrated Forcing & FluxLaboratory flume experiments on flow transience and bed load sediment transport

Hydrograph sequence (1/8)
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Hydrograph Channel

Bulk transport law & threshold of motion 

Conclusion A - Long timescale approximation 

Conclusion B - Transient floods may be approximated by steady flow with equal T*.
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1) Unsteady and steady discharge
2) Constant sediment feed per run 
3) Ratio of Qsin /Qsout kept constant
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Example floods

Complex transport phenomena occurs at timescales within floods.

τ*=ρU*
2/(ρs-ρ)gD q*=qb/sqrt(RgD

3)

Flood shape and sequence of secondary importance.

Linear scaling between impulse and total flux

Reduce variable hydrograph to a fixed-magnitude steady 
flood event with an intermittency factor.

Field site locations Hydrographs and statistical scaling of Discharge and Shear velocity

Field site measurements
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Distributions of discharge and shear velocity for all fields sites. Shear velocity distributions collapse to a single 
functional form when scaled by the mean shear velocity above the threshold of motion, while discharge does not.
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Sediment discharge
(sediment supply, water discharge) 

Q >> Q bf

Q = Q bf

h=hbf

h>hbf

h=hbf

103

Discharge (m3s-1), Shear velocity (ms-1)

100

10-2 10-1 100 101 102

10-2

10-4

10-6

10-5

10-3

10-1

1-
C

D
F

e-x

-2

, U*cQc

Time (days)
0 10 20 30 40 50 600.01

0.1

1

10

100

Q
/Q

c,
 U

*/
U

*c

Discharge
Shear velocity

10/22/2003 12/21/2003

0 0.4 0.8

1

10

Locations of 186 USGS stream gages analyzed in this study. Field sites span a wide variety of climatic, 
lithologic, and tectonic regimes. Each field site has 10 years of 15 minute instantaneous discharge data, with 
channel slope, grain size, and channel geometry measured in the field.

Partial hydrograph for the Mameyes River 
showing the variation between discharge 
and shear velocity.

Distributions of discharge and shear 
velocity. Channel geometry filters one 
into the other.

Channel adjustment changes 
distribution of stress but not 
discharge (width adjustment 
shown here).


