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Introduction PDCs

Pyroclastic Density Currents

- Gravity-driven multiphase mixtures of hot particles (pyroclasts, lithics and gas) generated
by collapsing eruptive collumns or volcanic domes.

- Several numerical models have been developed in order to assess the associated hazards.

Figure 1. Numerical models used to assess the inundation area of PDCs (Ogburn and Calder, 2017).
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Introduction PDCs: Numerical models

Pyroclastic Density Currents: Numerical models

Roche et al. (2013) classified PDCs numerical models in four types:
(a) Kinetic models.
(b) Discrete elements models.
(c) Depth-averaged models.
(d) Multi-phase models.
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Introduction PDCs: Kinetic models

Pyroclastic Density Currents: Kinetic models

- Kinetic models are based on the calculation of the kinetic energy in the flow front as a
function of the distance traveled by the PDC.

Energy cone model Box model

H H

Figure 2. Function H of kinetic models.
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Introduction PDCs: Energy cone model

Pyroclastic Density Currents: Energy cone model
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Figure 3. Example of application of the energy cone model.
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Introduction PDCs: Energy cone model

Pyroclastic Density Currents: Energy cone model
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Figure 4. Example of application of the energy cone model.
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Introduction PDCs: Energy cone model

Branching formulation

Mantle slope of
the energy cones: tan(Φ) Pl0
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Figure 5. Example of application of the energy cone model.
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Branching formulation

Branching formulation

Mantle slope of
the energy cones: tan(Φ) Pl0
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Figure 5. Application of the energy cone model.
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Branching formulation

Branching formulation

Mantle slope of
the energy cones: tan(Φ) Pl0
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Figure 6. Function of horizontal distance.

(a) Vent position of energy cones.
(b) Mantle slope of energy cones.
(c) Apex height of energy cones.
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Branching formulation

Branching formulation

Mantle slope of
the energy cones: tan(Φ) Pl0
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Figure 6. Function of horizontal distance.

(a) Vent position of energy cones.

Pm = (xv +d(θm )·cos(θm ), yv +d(θm )·sin(θm )) (1)
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Branching formulation

Branching formulation

Mantle slope of
the energy cones: tan(Φ) Pl0
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Figure 6. Function of horizontal distance.

(b) Mantle slope of energy cones.
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Branching formulation

Branching formulation

Mantle slope of
the energy cones: tan(Φ) Pl0
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Figure 6. Function of horizontal distance.

(c) Apex height of energy cones.

Er (θo ,θm ) ∝ (d(θm )−d(θo )) · tan(φ) (2)
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Branching formulation

Branching formulation

Mantle slope of
the energy cones: tan(Φ) Pl0
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Figure 6. Function of horizontal distance.

(c) Apex height of energy cones.

Hm = 1

2π

∫ θ2

θ1

(d(θm )−d(θo )) · tan(φ)dθ (3)
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Branching formulation

Branching formulation

Mantle slope of
the energy cones: tan(Φ) Pl0
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Figure 7. Branching formulation.
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Branching formulation

Branching formulation
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Figure 8. Structure of branching formulation.
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Branching formulation

Branching formulation: Example

Figure 9. Branching formulation applied to Chaiten volcano (lmax = 1).
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Branching formulation

Branching formulation: Example

Figure 9. Branching formulation applied to Chaiten volcano (lmax = 2).
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Branching formulation

Branching formulation: Example

Figure 9. Branching formulation applied to Chaiten volcano (lmax = 3).
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Branching formulation

Branching formulation: Example

Figure 9. Branching formulation applied to Chaiten volcano (lmax = 5).
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Branching formulation

Branching formulation: Example

Figure 9. Branching formulation applied to Chaiten volcano (lmax =∞).
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Branching formulation

Branching formulation: Example
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Figure 10. Branching formulation applied to Chaiten volcano (lmax =∞).

Conferenza Rittmann 2020 Session S14 Branching models 21 / 35



Branching formulation

Branching formulation: Probabilistic approach
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Figure 11. Branching formulation applied to Chaiten volcano.
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Branching formulation

Branching formulation: Probabilistic approach
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Figure 12. Branching formulation applied to Chaiten volcano.
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Branching formulation

Branching formulation: Probabilistic approach
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Figure 13. Branching and traditional formulation applied to Chaiten volcano.
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Branching formulation

Branching formulation: Probabilistic approach
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Figure 14. Branching and traditional formulation applied to Chaiten volcano.
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Branching formulation

Branching formulation: Comparison with IMEX_SfloW2D

(a) IMEX_SfloW2D (b) Branching energy cone model
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Figure 15. Branching formulation and IMEX_SfloW2D applied to Chaiten volcano.
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Branching formulation

Branching formulation: Peteroa volcano

Figure 16. Branching formulation applied to Peteroa volcano.
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Branching formulation

Branching formulation: Fuego volcano

Figure 17. Branching formulation applied to Fuego volcano.
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Branching formulation

Branching formulation: Teide volcano

Figure 18. Branching formulation applied to Teide volcano.
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Branching formulation

Branching formulation: Citlaltepetl volcano

Figure 19. Branching formulation applied to Citlaltepetl volcano.
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Branching formulation

Branching formulation: Vesuvius volcano

Figure 20. Branching formulation applied to Vesuvius volcano.
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Branching formulation

Branching formulation (Box model): Vesuvius volcano

Figure 21. Branching formulation (box model) applied to Vesuvius volcano.

Conferenza Rittmann 2020 Session S14 Branching models 32 / 35



Concluding remarks

Concluding remarks

(a) We present a new strategy that allows improving kinetic models in order to consider flow
channelization processes.

(b) Two widely used kinetic models were modified by applying this strategy. They are cur-
rently available in github (http://www.github.com/AlvaroAravena/ECMapProb for the en-
ergy cone model, and http://www.github.com/AlvaroAravena/BoxMapProb for the box
model), including a user-friendly interface.

(c) We tested these branching formulations by comparing their results with those derived from
the traditional formulations, with other numerical models, and with the area invaded during
specific case studies.

(d) We show the capability of this strategy of improving the accuracy of kinetic models without
adding new, unconstrained input parameters.
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Concluding remarks

Gracias
Grazie

Thank you
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