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Topographic metrics and bedrock channels 
Outline of this lecture 
 Topographic metrics 
 Fluvial scaling and slope-area relationships 
 Channel steepness sensitivity to rock uplift 
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Topographic Metrics 

 Many Topographic metrics have been proposed.  We’ll 
examine the three most common 
– Channel Steepness Index 
– Hillslope Gradients 
– Local Relief at Various Scales 
– Chi (Bodo lecture) 

 What are the relationships among these? 
 Which are most useful for gaging the influence of tectonics on 

topography? 

--K. X Whipple 
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80-90% Relief is on Bedrock Channels 

--K. X Whipple 
Blue lines: drainage area > 1km2 



• Empirical data for well-adjusted fluvial systems around the 
globe yield the following scaling: 
 

    S = ksA-θ 
 

Fluvial Scaling – Empirical Data 

• Linear relationship between log(S) and log(A) 
• ks is the channel steepness; θ is the concavity 

--K. X Whipple 



Flint’s Law: Mixed Bedrock-Alluvial Stream (Appalachians, VA) 

--K. X Whipple 



Flint’s Law: Mixed Bedrock-Alluvial Stream (Appalachians, VA) 

S = ksA-θ 

colluvial 
reach ks -θ 

--K. X Whipple 

ks is a general morphometric index: 
No dependence on basin shape 



Duvall, Kirby, and Burbank, 2004, JGR-ES 

θ = m/n 

ks 

S = ksA-θ 

--K. X Whipple 

Concavity (θ) 
invariant with U 

Steepness  (Ks) 
varies with U 

U = Rock Uplift Rate 



Siwalik Hills, Nepal --K. X Whipple 



--K. X Whipple 



Bakeya Transect 

Bagmati Transect 

Data from Lave and Avouac, 2000, JGR 

--K. X Whipple 



Siwalik Hills Anticline  
Himalaya Foreland, Nepal 

Strike-Parallel: Uniform Uplift Along Stream 

--K. X Whipple 



Strike-Parallel: Normal, uniform concavity 

Strike-Parallel: Steepness varies with U 

14 mm/yr 

7 mm/yr 

--K. X Whipple 



Siwalik Hills, Nepal 

--K. X Whipple 

Steepness  (Ks) 
varies with U 



Tectonic Geomorphology of the San Gabriel Mountains http://qfaults.cr.usgs.gov 
http://earthquake.usgs.gov/anss/  

http://qfaults.cr.usgs.gov/
http://earthquake.usgs.gov/anss/


Active Faults 
Thickness = Most Recent Known 

Slip 

Shaded Relief with Color = Elevation 

--K. X Whipple srtm_bigtujunga30m_utm11.tif 



Beware: Many authors use “hillslope relief” and “local 
relief” (measured over up to 5km radius) as 

interchangeable --K. X Whipple 



Local Relief (r = 2.5km) 

--K. X Whipple 

Streams by Normalized Steepness Index 

Note: abrupt steepness breaks across active 
faults, no break where inactive/slow 





The old way. Now we 
use TopoToolbox! 
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Channel steepness considerations 

“By evaluating slope-area regressions using a reference concavity 
index (θref), one can determine a normalized steepness index 
(ksn) that allows effective comparison of profiles of streams with 
greatly varying drainage area” (Wobus, et al., 2006)  
 
Stream-power family of incision models  
 
(E is erosion rate, K is a generalized rate constant, A is drainage 
area, and S is local slope) 

Kirby and Whipple, 2012 
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Channel steepness considerations 

At steady state, by definition the channel erosion rate is equal to 
the uplift rate of rock (E = U), and the steady-state channel 
gradient(Se)  is 
 
predicts θ ~ ½, consistent with observations for well-graded 
channels with uniform K and U (0.4 < θ < 0.6) 
 
And thus we assume, Ksn ~ Up (rock uplift rate) all other things 
(like climate, vegetation, and rock resistance to erosion, [that is 
K], being roughly equal) 
 

Recall: 

Kirby and Whipple, 2012 
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It is only a metric, 
don’t apply it blindly! 

Kirby and Whipple, 2012 
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Kirby and Whipple, 2012 
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Transient channel response and knickpoints 

Kirby and Whipple, 2012 

Migrating boundaries between 
downstream region adjusting to new 
forcing (e.g., baselevel drop) and 
upstream region adjusted to prior state 
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Interpretation of transient profiles 

Kirby and Whipple, 2012 
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Saline Valley, California example 

Kirby and Whipple, 2012 

Implies 
change in 
fault throw 
rate 
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