
GEOWAVE

GEOWAVE simulates tsunami 
generation, propagation, and 
inundation using a 4th order 
fully nonlinear and fully disper-
sive Boussinesq wave model 
with multiple wave dissipation 
mechanisms, wave breaking, 
and dry land overflow. 

GEOWAVE provides a 
programming architecture to 
generate multiple tsunami 
sources with TOPICS and 
insert these tsunami sources at 
the appropriate time into a 
simulation run in a modified 
version of FUNWAVE. 

GEOWAVE has been 
distributed around the world  
to over 40 research groups in 
more than 10 nations as an 
open source community model 
under a GNU General Public 
License. It is one of the most 
validated and accurate tsunami 
models in the world. 
GEOWAVE 1.0 has been in 
continuous use since 2002, 
with an updated version 
GEOWAVE 1.1 issued 
in 2009.  
 

Five co-seismic tsunami source segments (left panel) and maximum surface elevation simulation  
results (right panel) for Thailand that accurately reproduce tsunami measurements and  

observations from the 2004 Indonesia event (Ioualalen et al., 2007).  

GEOWAVE produces tsunami 
hazard maps with a wide 
variety of outputs such as water 
depth, water velocity, water 
flux, wave breaking location, 
etc. as well as processed out-
puts such as sediment transport 
modes, forces on structures, 
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Risk assessment and loss estimates for a given tsunami scenario are based in part on local water  
depths from tsunami inundation, along a populated Southern California coastline (Grossi et al., 2008).  

Example of volcano-induced tsunami hazard: 
Catastrophic failure of Sitkin volcano would 

produce a transoceanic tsunami impacting much 
of the Pacific Basin. Model results created using 

Spherical Boussinesq simulation. 
 (Waythomas et al., 2009). 

floating object lateral 
displacements, boulder 
transport and emplacement, 
people and cars being swept 
away, etc. Scripts for Surfer  
and MATLAB software are 
available to plot these tsunami 
hazard maps. 



TOPICS

TOPICS produces 3D tsunami 
sources for tsunamis generated 
by earthquakes, subaerial 
landslides, rock slides, debris 
flows, pyroclastic flows, 
submarine slides, submarine 
slumps, and reef failures, 
among other available tsunami 
sources.

A 3D tsunami source comprises 
a free surface shape, as well as 
two horizontal water velocities 
for each grid point. Tsunami 
sources can be used as initial 
conditions, or introduced in the 
middle of a tsunami simulation, 
with timing appropriate for a 
given target seismic event. 

Multiple tsunami sources can 
be used in any tsunami 
simulation, the description of 
complex fault structures, the 
propagation of a fault rupture, 
or earthquake/landslide 
combinations. TOPICS can 
capture the full complexity of 
geological events. TOPICS also 
enables the user to design an 
incoming periodic wave train, 
or input an arbitrary tsunami 
source derived from outside of 
TOPICS. TOPICS is sufficiently 
flexible to enable any of its 
tsunami sources to be 
introduced into GEOWAVE 
at any time.

Four free surface snapshots of the 1953 Suva, Fiji tsunami generated  
by a reef failure just outside Suva harbor (Rahiman et al., 2007). 
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Sea floor representation and interpretation of an underwater mass flow  
with constrained motion and known tsunami impact (Greene et al., 2006). 



FUNWAVE

The wave propagation module 
in GEOWAVE is FUNWAVE, 
which is a phase-resolving, 
time-dependent Boussinesq 
model for ocean surface wave 
propagation. It is based on 
fully nonlinear and dispersive 
Boussinesq equations and takes 
into account wave breaking 
reflections from structures and 
bottom friction effects. 

FUNWAVE has been available 
as an open source community 
model under a GNU General 
Public License since before 
1998. FUNWAVE has more 
than 1400 registered users 
worldwide. 
 
 

Breaking wave eddy viscosity reproduces 
eyewitness observations at Papua New Guinea

(Tappin et al., 2007). 
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Instantaneous modeled surface elevation from 
GEOWAVE for a Pacific tsunami hazard.

Instantaneous water surface snapshot from curvilinear Boussinesq model used for wave-structure interactions.

FUNWAVE was adapted for 
tsunami simulations within 
GEOWAVE by modifying the 
traditional beach algorithms, 
handling topography in a 
standard manner, introducing 
sponge layers to simulate open 

boundaries, and based on 
numerous case studies, using  
a specific set of simulation 
parameters optimized for 
tsunami simulations.



Case Studies and Descriptions

Historical Case Studies
• �Alika 2, Hawaii, US, volcano 

flank collapse
• �Aniakchak, Alaska, US, 

pyroclastic flow
• �1755 Lisbon, Portugal, 		

triple point earthquake
• �1800s Mt. Augustine, Alaska, 

US, debris flows
• �1908 Messina Strait, Italy, 		

earthquake and landslide
• �1946 Unimak, Alaska, US, 		

earthquake and landslide
• �1953 Suva, Fiji, earthquake 

and reef failure
• �1960 Chile, massive 

earthquake
• �1975 Kalapana, Hawaii,  

US, earthquake and slump
• �1994 Skagway, Alaska,  

US, spontaneous slide
• �1998 Sissano, Papua  

New Guinea, earthquake  
and slump

• �1999 Vanuatu, 			 
earthquake and landslide
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Applications of GEOWAVE to tsunami case studies and scenarios around the world.

• �2003 Montserrat, West 
Indies, pyroclastic flows

• �2004 Indian Ocean, 			
massive earthquake

Unpublished GEOWAVE 
Studies
• �Alika 2, Hawaii
• 1755 Lisbon, Portugal
• 1883 Krakatau, Indonesia
• 1908 Messina Strait, Italy
• 1929 Grand Banks, Canada
• 1977 Sumbawa, Indonesia
• 1979 Kitimat, B.C., Canada
• 1994 Java, Indonesia

Tsunami Scenarios Studied
• �Santa Barbara Channel 

landslides
• �Aleutian Arc Islands 

landslides
• �Baker Lake, OR, debris flows
• �San Pedro Bay tsunami risk
• �Nicaraguan landslides
• �Cascadia landslides

Consulting with GEOWAVE
• �Offshore LNG structure, 

Woodside Energy, Ltd.
• �Offshore mooring structure, 

Woodside Energy, Ltd.
• �Onshore pier structure, 

Woodside Energy, Ltd.
• �Guam tsunami hazards, 

USGS, U.S. Navy
• �Pier 400, POLA, All 

American Pipelines, L. P.
• �Baraldsness and Nyhamn 

Rock Slides, NGI Report 
20001472-2

• �Geiranger and Tafjorden 
Rock Slides, NGI Report 
20011622-1
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