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lithologically diverse numerous faultlines

Motivation

• Tectonically 
most active
regions

• High-
magnitude 
earthquakes

• Loss of life 
and 
livelihoods

• High erosion
rates



N.Kakar

High levels of erosion

downstream lead to 

knickpoints, landslides 

etc.

(Turmel, Locat, Parker, 2012)
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Research Questions

• Which of the major knickpoints along the 
Kokcha River are transient and stable?

• Which of the stable knickpoints are due to 
lithological and faultline changes?

• How does normalized steepness index (ksn) 
respond after knickpoints



Datasets and Tools

• Digital elevation model

• Lithological map

• Fault maps including 

Quaternary fault 

database

• TopoToolbox

• Matlab

• ArcGIS

• Google earth
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Preprocessing

General assumption: Water always flows 
downstream. Therefore, all derived channel 
networks are based on slope.

Schwanghardt (2010)



Preprocessing



Lithology

83 different lithologies

Afghanistan Geological 

Survey and updated by 

Doebrich et al. from the 

US Geological Survey 

(2006)



Knickpoints

knickpoints are part of a river or channel where there is a 
sharp change in channel slope.

They reflect conditions and processes caused by erosion, 
glaciation, fault movements or variance in lithology.

wmblogs.wm.edu

https://wmblogs.wm.edu/cmbail/the-longhill-drainage-ditch-when-knickpoints-move/
https://wmblogs.wm.edu/cmbail/the-longhill-drainage-ditch-when-knickpoints-move/
https://wmblogs.wm.edu/cmbail/the-longhill-drainage-ditch-when-knickpoints-move/


Kokcha - Network

• Highest peaks over 6500m

• Kokcha River shows a 

dendritic drainage pattern

Drainage area ~22367.692 km2



Longitudinal Profile

• Longitudinal

river profile was 

extracted

• The minimum 

drainage area 

was considered: 

100,000 pixels 



Longitudinal Profile

• Knickpointfinder

• Adjusts a strictly 

concave upward 

profile to the 

actual profile and 

repeats

• Highest = 318m
• Lowest = 50m

(Schwanghardt, 2019)



Knickpoints vs 
Lithology

• Transient = 37

• Stable = 125 

• 94 within 1000m

of lithology

• 31 within 500m

of faults

• 28 stable both



Examples



Steepness Index (ks)
Steepness index (ks) describes the normalized slope over drainage 
area (θ) = concavity index

Simple stream power law



Steepness Index (ks)
Assuming ks is constant, the relation between slope and area is 
described by θ.

Kokcha basin indicates a 
very extreme pattern



Normalized Steepness Index (ksn)

Ksn correlates with 
uplift rates



Normalized Steepness Index (ksn)

Therefore,

We can use ksn to 
estimate erosion/rock 
uplift rate 

(Kirby and Whipple, 2012)



Limitations

• The ALOS DEM, 12.5 m resolution, was upsampled

from 30m

• Lithological map is more than 50 years old and 

available only at a 1:250,000 scale (Doebrich et al., 

2006)

• Flow routing algorithms – memory limitations

• Filling the DEM
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Conclusion and outlook

• The majority of knickpoints in the Kokcha’s
drainage system are stable.

• They are correlated with changes in lithology, 
faults, or both.

• ksn extracted from DEM is a good proxy for 
uplift or erosion.

• Could detect landslides?

• Adding precipitation data to extract stream 
power?
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Thank you!
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