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The aim of this work

• We present HyLands, a hybrid landscape evolution model, to better 
understand interactions between landslide-derived sediment and river 
incision. 

• The hybrid nature of the model lies in its capacity to simulate both 
erosion and deposition at any place in the landscape due to fluvial 
bedrock incision, sediment transport and rapid, stochastic mass 
wasting through landsliding. 



Structure of this slideshow

• Implementation

• Demonstration

• Application



HyLands: Implementation

The fluvial component

• Fluvial sediment transport and 
bedrock incision are calculated using 
the recently developed Stream Power 
with Alluvium Conservation and 
Entrainment (SPACE) model. 

• Therefore, rivers in HyLands can 
dynamically transition from 
detachment-limited to transport-
limited, and from bedrock to bedrock-
alluvial to fully alluviated states.

cfr: Shobe et al. 2017: 
https://doi.org/10.5194/gmd-10-4577-2017

https://doi.org/10.5194/gmd-10-4577-2017


HyLands: Implementation

The landslide component

• Erosion and sediment production 
by landsliding is calculated using a 
Mohr-Coulomb stability analysis

cfr: Densmore et al. 1998: 
https://doi.org/10.1029/98JB00510

• Landslide-derived sediment is 
routed and deposited using a 
multiple flow direction, non-linear 
deposition method

cfr: Carretier et al. 2016: 
https://doi.org/10.5194/esurf-4-237-2016

https://doi.org/10.1029/98JB00510
https://doi.org/10.5194/esurf-4-237-2016


HyLands: Implementation

The fluvial component The landslide component



HyLands: Implementation
Landslide produced sediment routed in 3D



HyLands: Implementation
And no, this is not QBert

https://youtu.be/HKIbhaQfs-A?t=1441

https://youtu.be/HKIbhaQfs-A?t=1441


HyLands: Implementation
Landslide produced sediment routed in 3D



• Stage I:  To steady state

• Stage II: 100-year period of intense landslide activity imposed on the 
steady state landscape

• Stage III:  Back to steady state

HyLands: Demonstration



HyLands: Demonstration
Stage I:  To steady state



HyLands: Demonstration
Stage I:  To steady state



HyLands: Demonstration
Stage I:  To steady state



HyLands: Demonstration
Stage II: 100 years of intense landslide activity



HyLands: Demonstration
Stage II: 100 years of intense landslide activity



HyLands: Demonstration
Stage II: 100 years of intense landslide activity



HyLands: Demonstration
Stage III: Back to steady state
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Stage III: Back to steady state



HyLands: Demonstration
Stage III: Back to steady state



HyLands: Demonstration
Stage III: Back to steady state



HyLands: Demonstration
Stage III: Back to steady state



HyLands: Demonstration
Stage III: Back to steady state



HyLands: Demonstration
An overview
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An overview



HyLands: Demonstration
An overview



• Stage I: https://doi.org/10.5446/45970

• Stage II: https://doi.org/10.5446/45971

• Stage III: https://doi.org/10.5446/45972

HyLands: Demonstration
The movie

https://doi.org/10.5446/45970
https://doi.org/10.5446/45971
https://doi.org/10.5446/45972


HyLands: Application
Applying HyLands to the Namche Barwa-Gyala
Peri massif



HyLands: Application
Namche Barwa-Gyala Peri massif



HyLands: Application
Namche Barwa-Gyala Peri massif



• Namche Barwa-Gyala Peri massif: https://doi.org/10.5446/45973

HyLands: Application
The movie

https://doi.org/10.5446/45973


HyLands: Application
Namche Barwa-Gyala Peri massif



HyLands: Application
Namche Barwa-Gyala Peri massif



HyLands: potential applications

• HyLands provides a unique toolbox to explicitly simulate the 
interaction between fluvial dynamics and landslide triggering.

• HyLands can be used as an experimental environment to test how 
landslides influence landscape response to external perturbations.

• HyLands can be used to evaluate the response time of a landscape to 
a landslide event and to understand the timescales over which 
landslide-derived sediments are exported from the landscape.

@BenjaminCa

https://twitter.com/BenjaminCa

