manuscript submitted to Geophysical Journal International
[bookmark: _Hlk90644136]Performance and limits of a shallow-water model for landslide-generated tsunamis: from laboratory experiments to simulations of flank collapses at Montagne Pelée (Martinique) – Supplementary Material

P. Poulain1, A. Le Friant1, A. Mangeney1, S. Viroulet1,2, E. Fernandez-Nieto3, M. Castro Diaz4, M. Peruzzetto1,5, G. Grandjean5,, F. Bouchut6, R. Pedreros5, J-C. Komorowski1

1Université Paris Cité, Institut de Physique du Globe de Paris, CNRS, F-75005, Paris, France 2
2Institut de Mécanique des Fluides de Toulouse (IMFT) - Université de Toulouse, CNRS, 31400; Toulouse, France
3Dpto. Matematica Aplicada I, ETS Arquitectura - Universidad de Sevilla, Avda. Reina Mercedes S/N, 41012 Sevilla, Spain
4 Departamento de Analisis Matematico, Estadística e Investigación Operativa y Matemática Aplicada. Universidad de Malaga, Facultad de Ciencias, Campus Teatinos S/N, 29081 Málaga. Spain.
5BRGM (French Geological Survey), Orléans, France
6Laboratoire d’Analyse et de Mathématiques Appliquées (UMR 8050), CNRS, Univ. Gustave Eiffel, UPEC, F-77454, Marne-la-Vallée, France



[bookmark: bookmark=id.gjdgxs]
Appendix


[image: ]
Appendix Figure A1. Snapshot of three different experiments showing the time evolution of the granular collapse in dry (a-d), immersed (e-h) and dry flow entering water (i-l) configurations. The experiments are performed on a bed with a constant slope θ = 45° followed by a horizontal slope.
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Appendix Figure A2. a) Horizontal and b) vertical velocity of the avalanche front in the six experiments with beads of 4mm in diameter.
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Appendix Figure A3. Position of the hand-picked water free surface for the four experiments with immersed and dry flow entering water configurations and slopes of 35° and 45°. Free surface positions were represented every 0.1 s.
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Appendix Figure A4. Evolution of the free surface from the experiments and the hydrostatic and non-hydrostatic simulations at gauge 1 (a,e) and 2 (b,d) for 35° slope configurations with mf=0.1 and n=0.05. The dotted lines are the evolution of the free surface of hydrostatic simulations. The light-colored lines (blue and orange) are the evolution of the free surface of the non-hydrostatic simulation. The dark colored lines (blue and red) are the evolution of the free surface of the experiments. Simulation waves have been synched in time to the experiment. The time shift  is represented by the gray arrow.
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Appendix Figure A5. Evolution of the free surface from the experiments and the hydrostatic and non-hydrostatic simulations at gauge 1 (a,c) and 2 (b,d) for 45° slope configurations with mf = 0.1 m-1 and n = 0.05 m-1/3 s. The dotted lines are the evolution of the water free surface of hydrostatic simulations. The light-colored lines (blue and orange) are the evolution of the water free surface of the non-hydrostatic simulations. The dark colored lines (blue and red) are the evolution of the water free surface of the experiments. Simulation waves have been synched in time to the experiment. The time shift  is represented by the gray arrow.
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Appendix Figure A6. Comparison between experimental and numerical simulations of a granular collapse and potential generated water waves (non-hydrostatic) on a 45° slope in dry (a-d) (Experiment 4 in Table1), immersed (e-h) (Experiment 5 in Table1), and dry flow entering water configurations (i-l) (Experiment 6 in Table1) for beads of 4 mm in diameter. The thick light gray line around the blue line represents experimental error. The vertical dotted gray lines on (f,g,j,k) represent the separation between the range of values of kH for the generated waves in the area above the sloping bed and that in the area above the horizontal bed. 
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Appendix Figure A7. Empirical law for calibrating  as a function of slope angle to reduce the error made in the handling of the topography when using HySEA.  has been calibrated in HySEA to reproduce the deposit simulated with SHALTOP.
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Appendix Figure A8. Comparison between experimental and numerical simulations of a granular collapse on a 35° slope for immersed (a-c) (Experiment 2 in Table1) and dry flow entering water (d-e) (Experiment 3 in Table1) configurations. Both hydrostatic HySEA and non-hydrostatic HySEA simulations are presented. 
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Appendix Figure A9. Comparison between experimental and numerical simulations of a granular collapse on a 45° slope with immersed (a-c) and dry flow entering water (d-e) configurations (Experiments 5 and 6 in Table 1). Both hydrostatic HySEA and non-hydrostatic HySEA are presented.
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Appendix Figure A10. Comparison between experimental and numerical simulations of a dry granular collapse on 35° (a-c) and 45° (d-f) slope configurations with beads of 1.5mm in diameter (solid lines) (Experiment 7 and 8 in Table 1) and beads of 4 mm in diameter (dashed lines) (Experiments 1 and 4 in Table 1).
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Appendix Figure A11: Impact of the Manning parameter () on the evolution of the free surface from the experiments and simulations at gauges 1 (a,c,e,g) and 2 (b,d,f,h) for the non-hydrostatic HySEA simulations with a fitted friction coefficient. The blue lines are the evolution of the free surface of the experiments. The red, yellow, and purple lines are the evolution of the water free surface of the simulations depending on the value of n. All the curves essentially overlap. Simulation waves have been synched in time to the experiment. The time shift  is represented by the gray arrow.
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Appendix Figure A12. Dynamics of the granular flow simulated for the 1.8 km3 collapse (a-d) with the SHALTOP model and (e-h) with the HYSEA model. Simulations performed with the Pouliquen and Forterre friction law (Pouliquen & Forterre, 2002) and δ1 = 2°, δ2 = 12°, δ3 = 4°. Blue lines represent DAD3 (observed on the submarine flank of the volcano). Dashed white lines represent the result of the simulation conducted by Brunet et al. (2017).
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Appendix Figure A13. Dynamics of the granular flow simulated with HySEA for a 16.2 km3 flank collapse single event on Montagne Pelée, Martinique. The blue contour lines represent the extension of the bulge (giving the maximum runout distance of the previous older debris avalanches) (Brunet et al., 2017). The purple arrow represents the maximum thickness of the deposit.
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Appendix Figure A14. Dynamics of the simulated granular mass corresponding to the third sub-event (V = 0.6 km3) at different times, flowing on the deposits of the two former sub-events for the 1.8 km3 debris avalanche made of three successive sub-slide events over (a,c,e) an erodible or (b,d,f) a non-erodible (i.e. rigid)  deposit. In each case (erodible (e) and non-erodible (f)), the dashed yellow line corresponds to the deposits of the first 0.6 km3 sub-event and the green dotted line to the deposits of the second 0.6 km3 sub-event. The blue line corresponds to the observed 1.8 km3 debris avalanche deposit associated with the last flank collapse event. 
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Appendix Figure A15. Sea surface elevation calculated at the three gauges for two scenarios: a) 1.8 km3 collapse scenario made of three sub-events of 0.6 km3 each and b) 50 106 m3 collapse scenario. 
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Appendix Figure A16. Comparison between the sea surface elevation generated by the third sub-event (V = 0.6 km3) simulated with the HySEA non-hydrostatic code, with the presence of erodible or non-erodible previous deposits. The locations of the three gauges are indicated in Figure 11. 
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Appendix Figure A17. kH values (in radians) for the main tsunami wavelengths  simulated for the different collapse scenarios at the pilot site: wave wavelength a)  = 1 km, b)  = 15 km, and c)  = 30 km. The validity domains of the hydrostatic and non-hydrostatic models are represented above the color scale representing the kH values.
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Appendix Figure A18. Evolution of the sea surface elevation generated by the 1929 Dome scenario (V = 57106 m3) with the hydrostatic and non-hydrostatic HySEA code. 
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