Effects of Relief on Headwater Catchment Landscapes
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1. Introduction: How the physical nature of headwater catchment varies with diverse relief conditions?

I'm a Headwater
Catchment!

Fig 1. Contrasting headwater catchments with rounded hilly landscape
in a low-relief area versus with sharp ridges and steep linear slopes ina

high-relief area.
(1993).
2. Study Area
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= Research Questions

primarily
composed of hillslopes, valley heads,
and colluvial valleys, are vital source

1. How valley head locations, often
approximated as channel head
positions, vary with relief?

2. How does relief influence the
lower boundary of headwater
catchment, defined by the onset
of the dominance of fluvial

Fig 2. Geomorphological units within a headwater catchment
(bottom) and a sketch (top) that illustrates the valley head zone
where channels typically initiate. Modified from Dietrich and Dunne
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Fig 3. Schematic diagram for valley head location (top) and
conflicting debate on the relationship between relief and
valley head source area (bottom)

3. Methods
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Fig 5. Maps of the study area. (A) Topographic map of the Korean Peninsula; (B) geological and

(C) topographic maps of the study area (.., the Seo River catchment) which spans a wide range of

relief

4. Results

» To extract topographic features

Fig 6. Selected subcatchment maps for
valley head analysis (top) and for finding
the extent of headwater catchment (bottom)

Fig 7. Verification of the locations of the valley heads i

map derived from a 0.25-m-resolution DEM:

subc9B. (A) A valley head identified from a field survey.
(B) Locations of valley heads displayed on a hillshade
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Fig 4. Transition from colluvial channels to fluvial channels

in slope-area relationship (top) and downstream changes of

hydrologic, geomorphic, and biological processes (bottom).

Shaded area indicates ranges of each parameter. Modified

from Gomi et al. (2002)
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Fig 8. Symbolic 3D models for the ten Geomorphons
landform units. The 3D model within the red box
exhibits a typical valley morphology. The “valley” unit is
used for valley head extraction.
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in Fig 9. Delineation of headwater catchment extent based
on the slope-area scaling relationship.
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Landlab components used in
simulations: LinearDiffuser,
StreamPowerEroder, and

BedrockLandslider

Fig 10. Schematic diagram for
the calculation of the index of
(sediment) connectivity (IC),
which measures the degree of
linkage between sediment
sources and downstream areas
by integrating upslope
contributing factors and
downslope barriers. From
Cavalli et al. (2013)
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Fig 11. Simulation for the development of headwater catchment using Landlab to
corroborate our findings.

* 4.1.Valley head location and Relief
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Fig 12. The relationship between valley head locations and topographic relief

* 4.2, Headwater catchment extent and Relief
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Fig 13. The relationship between the headwater catchment area and topographic relief.
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Fig 14. Relationship of relief with the connectivity of valley head-upper surrounding hillslopes.
The above scatter plot demonstrating the positive correlation between the sediment
connectivity index (IC) and relief.

5. Conclusion: Relief controls

on headwater catchment landscapes
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Fig 15. Simulated valley networks using Landlab
including BedrockLandslider, LinearDiffuser, and
958 StreamPowerEroder modules to simulate
shallow landslides, soil creep, and fluvial erosion,
respectively. (A) A high-relief area (elevation range
of 0-558 m) with larger source areas and lower
drainage density. (B) A low-relief area (elevation
range of 0-321 m) with smaller source areas and
higher drainage density. (C) Box plots for the source
areas in the high- and low-relief areas. (D) Box plots
for the hillslope lengths in the high- and low-relief
areas. (E) Properties related to valley head locations
inlow- and high-relief areas resulting from the
Landlab simulations.

» Relief controls on the
effectiveness of valley
head infilling

> Relief controls on the
runout distance a debris
flow travels from its
initial point
Fig 16. Comparison of areas affected by landslides
and debris flows between high- and low-relief areas.
The scatter plot in the upper left illustrates that the
extent of headwater catchments increases with
topographic relief. The two maps show potential
landslide erosion and deposition zones in low- and
high-relief areas, respectively.
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Fig 17. Schematic diagram of headwater catchment landscapes across high- and low-relief areas
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