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Executive Summary

In contrast to the long history of tsunami hazard assessment on the US West coast and Hawaii,
tsunami hazard assessment along the eastern US coastline is still in its infancy, in part due to the
lack of historical tsunami records and the uncertainty regarding the magnitude and return periods
of potential large-scale events (e.g., transoceanic tsunamis caused by a large Lisbon 1755 type
earthquake in the Azores-Gibraltar convergence zone, a large earthquake in the Caribbean
subduction zone in the Puerto Rico trench (PRT) or near Leeward Islands, or a flank collapse of
the Cumbre Vieja Volcano (CVV) in the Canary Islands). Moreover, considerable geologic and
some historical evidence (e.g., the 1929 Grand Bank landslide tsunami, and the Currituck slide
site off North Carolina and Virginia) suggests that the most significant tsunami hazard in this
region may arise from Submarine Mass Failures (SMF) triggered on the continental slope by
moderate seismic activity (as low as Mw = 6 to the maximum expected in the region Mw = 7.5);
such tsunamigenic landslides can potentially cause concentrated coastal damage affecting specific
communities (Grilli et al., 2009, 2014; ten Brink et al., 2014).
In FY10-12, we began the process of hazard analysis and inundation map development for the U.
S. East Coast. Simulating tsunami sources from the PRT, CVV and Azores-Gibraltar convergence
zone (Grilli et al., 2010; Abadie et al., 2012; Harris et al., 2012, Tehranirad et al., 2015; Grilli and
Grilli, 2013a,b,c), together with a number of relevant near-field SMFs (Grilli et al., 2014), we
concentrated on developing tsunami inundation maps (maximum envelope) for continuous coastal
areas located North of Ocean City, MD (Tehranirad et al., 2014) to Cape Cod, MA, plus Myrtle
Beach, SC (excluding major bays or estuaries such as Chesapeake Bay, Delaware Bay, Hudson
River, Long Island Sound and Narragansett Bay). In FY13, we extended the range of this
mapping effort southward to include the communities of Virginia Beach, VA, Savannah, GA, and
Miami Beach, FL. Work done in this area will eventually provide detailed tsunami hazard
mapping inputs for a number of the larger east coast coastal communities, and the overall
modeling effort should provide an indication of possible additional communities needing

attention as well as a sufficient background for providing guidance on determining hazard levels
for non-modeled communities. In the current FY14, we are addressing several important issues
as part of a set of three prioritized tasks:
(i) We are doing an investigation of dynamic tidal effects on tsunami behavior. Several high
population locations on the East Coast are located in regions, which are strongly affected by
estuarine tidal flows, with prominent examples being New York, NY and Norfolk, VA. Both of
these areas have been modeled as part of FY10-12 or FY13 work, but these investigations do not
take into account any potential effects of the tidal conditions Based on this work, we will assess
whether a combined tide-tsunami scenario could be treated as a simple linear combination of tide
and tsunami, or whether there are significant nonlinearities in the superposition that potentially
lead to more hazardous conditions than would be expected from linear superposition alone.
(ii) Having so far modeled landslide tsunamis as resulting from extreme Currituck SMF proxies,
we are further refining our set of sources used for east coast modeling, mainly by (1) extending
the suite of candidate continental margin SMF sources to include a broader set of cases from the
geological record, (2) performing a broader range of simulations for the CVV volcanic cone
collapse based on events which are less extreme than the presently utilized 450 km3 slide volume,
and (3) examine the role of our modeling approach in determining the hazard associated with
each event. We will use this broader range of source conditions as a basis for starting to
reexamine several of the most-impacted communities identified in FY10-12 and FY13 work, with
the goal of redoing more detailed mapping. This effort is coordinated with a multi-state group led
by California, which is starting to work towards the development of improved capabilities in the
area of landslide-generated tsunamis, both modeling and model benchmarking.
(iii) We started conducting a comparison of our previously developed inundation lines with
published FEMA hurricane flood maps for selected areas we have directly modeled. The goal is
to determine whether there is sufficient agreement between the two families of results to allow
using the FEMA maps as proxies in areas where tsunami inundation maps have not yet been
developed. Work to date on this task shows positive results, which has to two potential
outcomes: first, where we find an agreement between the map products, the urgency for
producing independent tsunami hazard maps in these communities can be reduced (particularly
those believed to be less affected) and these local communities can start making determinations
on hazard conditions and evacuation strategies based on the more familiar FEMA products.
Secondly, a positive outcome allows us to use FEMA products as the fundamental resource for
providing guidance in areas, which are not likely to be covered by a detailed NHTMP modeling
effort. We have also approached this problem by comparing low-resolution model predictions
offshore, which are available for the entire coastline, to high resolution inundation results
onshore, which are available for our areas mapped in FY10-13. Development of guidance based
on these approaches is pending and will be closely coordinated with the Gulf States, who will be
working with the same basic information.
In FY15, we are proposing 3 tasks, which are either new (Task 1) or continuations/completion of
earlier efforts (Tasks 2 and 3). Specifically:
In Task 1, we would organize and conduct a tsunamigenic landslide model benchmarking and
validation workshop in the summer 2016, on behalf of NTHMP/MMS and on the model of earlier
NTHMP model benchmarking workshop (Galveston, 2011; Portland, 2015). The expected
outcome would be a set of community accepted benchmark tests for validating models for
landslide tsunami generation. We would develop extensive workshop documentation and a webbased repository for benchmark data, model results and workshop documentation. An external
evaluator would be brought in to review the proposed benchmarks, workshop plans, and outcome,
and provide a neutral opinion as of the stated performance of the various models being
benchmarked and validated.

In Task 2, continuing our FY14 effort, we would further refine and extend the set of potential
SMF sources along the Atlantic margin, and apply new source modeling techniques for tsunami
activity in the North Atlantic. As part of an established URI/USGS collaboration, we would
integrate USGS’s latest field information on SMF sources in our work, and site, characterize and
parameterize new relevant extreme SMF sources in our geographic area (including the Florida
straight; Chaytor et al., 2014). We would then conduct screening simulations with the newer SMF
tsunami generation models developed (Ma et al., 2013, 2015; Kirby et al., 2014). Results of these
simulations would be compared to the SMF proxy approach used so far to develop inundation
maps. On this basis, we would extend the number and distribution of size of our SMF sources in
order to obtain a more nuanced set of input to hazard mapping results, particularly near the
northern and southern edges of our study area. We would in parallel continue to examine the role
of the modeling approach (i.e., solid slide, debris flow, heavy fluid flow,…) in determining the
tsunami hazard associated with each event. Finally, completing work initiated in FY14, we will
perform a broader range of simulations for the CVV flank collapse, based on events, which are
less extreme than the presently utilized extreme 450 km3 slide volume.
As part of this task, we would also collaborate in the initial phase of a multistate project on
“Improving tsunami warning for landslide tsunamis” proposed by California. The task also aligns
with Task 1, which will lead to new benchmarks for SMF tsunami models.
In Task 3, as there is a vast area of the coastline to cover, we would continue our current FY14
effort of assessing tsunami hazard for unmodeled East Coast sites. We would be collecting
additional FEMA flooding maps and comparing those to our existing modeling effort. We would
continue applying the testing method developed during FY14 to objectively compare the FEMA
and NTHMP maps and infer information for the unmodeled areas. We will further be carrying
out a study of how east coast continental geometry contributes an overall control on the
alongshore distribution of tsunami wave height, rendering predicted inundation levels potentially
insensitive to exact nature and location of tsunami source events.
Similar to our earlier work during FY 10-12, FY13 and FY14, modeling in this project will be
carried out using a set of models developed at the University of Delaware, including
FUNWAVE-TVD, a Boussinesq model for tsunami propagation and inundation simulations, in
Cartesian or spherical coordinates (Shi et al., 2012a; Kirby et al., 2013) and NHWAVE, a RANS
three-dimensional, sigma-coordinate model for simulating fully non-hydrostatic short wave
response to large scale ground motion (Ma et al., 2012, 2013, 2015; Kirby et al, 2014).
FUNWAVE and NHWAVE are open source, publically available models, which have been
benchmarked according to NTHMP standards (Tehranirad et al, 2011, 2012; Shi et al, 2012b) for
use in NTHMP-sponsored work. Both codes are efficiently parallelized using MPI and use a oneway coupling methodology, allowing for large scale computations of tsunami propagation and
coastal impact to be performed in a series of nested grids of increasingly finer resolution. Both
models deal with breaking dissipation via a TVD algorithm and also implement bottom friction.
As in previous work, we will use NHWAVE to compute the initial tsunami waves generated from
SMF sources (both translational slides and rotational slumps) and, once the tsunamigenic part of
the SMF is complete, we will continue simulating tsunami propagation in FUNWAVE. While we
have been so far only considering rigid SMFs in our work, which are believed to yield worst case
scenario SMF tsunamis, the most recent version of NHWAVE makes it possible to simulate
deforming slides (Ma et al., 2013, 2015; Kirby et al, 2014). We will begin to assemble a set of
model results based on deforming slide calculations, pending anticipated parallel efforts towards
benchmarking the codes for NTHMP work. The modeling work to date provides a reasonably
comprehensive coverage of tsunami impact along the US Northeast coast, as indicated in Figure
1. More work would need to be done to provide complete coverage of the Southeast, beyond the

level of coverage in the present effort.
The three tasks indicated here are primarily intended to support the MMS outcome “Tsunami
hazard assessment that supports informed decision making in tsunami-threatened communities.”
Tasks 1 and 2 address the MMS strategy to “Develop new tsunami hazard products to assist the
maritime community and meet emergency management and other NTHMP customer
requirements”. Task 3 addresses the specific MMS strategy to “Develop expected inundation
limits for communities which are not provided with high resolution inundation maps”.

Background
The proposing team of Kirby and Shi (UD), and S. Grilli and A. Grilli (URI) has been
conducting NTHMP-funded work starting in FY10 (A. Grilli since FY12) and continuing
to the present. Work to date has been entirely in the area of modeling inundation
resulting from potential coseismic, submarine mass failure (SMF) and volcanic cone
failure events, in support of the goal of developing tsunami inundation maps for coastal
communities. FY10-12 project work centered on development of an initial set of tsunami
sources and high resolution mapping of DEMs stretching from Ocean City, MD to Cape
Cod. FY13 work was aimed at additional modeling of regions further to the south,
including Virginia Beach VA, Savannah, GA, and Myrtle Beach, SC using existing
sources, and Miami FL and vicinity using a SMF source based on the West Bahama
Banks (Mulder et al., 2012). This last study leverages a collaboration with U. Miami,
who have performed the initial analysis and modeling of the source. FY14 involves a
continuation of the mapping effort, with the development of extreme SMF proxy sources.
New work is also being conducted to: (i) estimate tsunami inundation risk and magnitude
in the not-yet-mapped areas, based on FEMA maps developed for storm surge; (ii) study
and model tsunami-tide interactions in estuaries and harbors with strong tidally-induced
flow (e.g., Chesapeake Bay, Hudson River, New York Harbor), and evaluate how this
affects tsunami inundation. Project work on sources has been documented in a series of
reports
and
peer-reviewed
papers,
which
are
available
at
http://www.udel.edu/kirby/nthmp.html. Inundation reports and map products for FY1012 work are in draft stage and will be distributed to stakeholders for evaluation shortly.
These reports provide guidance on accessing modeling results, stored as raster based data
sets in ArcGIS format. Tabulated results include inundation limits, inundation depths,
maximum velocities and maximum momentum fluxes for initially dry areas, and
maximum elevation, velocity and vorticity for initially submerged areas.
The PIs have extensive experience in tsunami model development and application to
ocean scale propagation, SMF generation mechanisms, and inundation modeling. Kirby
and Grilli developed the first fully-nonlinear Boussinesq model, and this theory served as
the basis for the first open source, publically available version of such a model,
FUNWAVE (Wei et al., 1995). FUNWAVE has recently been extensively revised in
order to improve its accuracy in performing simulations of tsunami runup and inundation
(Shi et al., 2012a), and it has been extended to include a spherical coordinate system,
with Coriolis effects, for use at ocean scale (Kirby et al., 2013). The model has been fully
documented and benchmarked (Shi et al., 2011; Tehranirad et al., 2011) according to

NTHMP standards (Synolakis et al, 2007; Horrillo et al., 2014). The PIs have also been
instrumentally involved in the development of methods for performing simulations of
either solid or deforming submarine mass failures (SMF) using Navier-Stokes solvers,
with either high resolution VOF modeling (Abadie et al., 2010, 2012), or a more
efficient, lower resolution surface and terrain following model (Ma et al., 2012, 2013).
This latter model, NHWAVE, has been used for SMF simulations in the FY10-12, FY13
and FY14 work, and has been benchmarked for NTHMP use (Tehranirad et al., 2012)
using a solid slide. The model has recently been extended to include granular slide
modeling (Ma et al, 2015) and has been tested against multiple data sets for subaerial
slide configurations. The PIs have made a number of significant contributions to the
understanding of wave generation by SMFs, and the group has carried out highly accurate
simulations of near and far-field response to seismic tsunami events including the 2004
Indian Ocean event (Grilli et al, 2007; Ioualalen et al, 2007) and the 2011 Tohoku event
(Grilli et al, 2013; Kirby et al, 2013; Tappin et al, 2014).

In this box, provide the title of each task, listed in order of priority.
The tasks listed should reflect priorities for sustainment of current activity and
participation in NTHMP supported projects and should be consistent with the
NTHMP Strategic Plan.
Explain carefully how this new grant will not overlap or duplicate any work under
current NOAA grants which, with no-cost extensions, could overlap in time periods
for execution.
Task 1: Tsunamigenic Landslide Modeling Benchmark Development, Validation
Workshop and Workshop Documentation
Subtask 1: Establish community accepted benchmark tests for validating models for
landslide tsunami generation.
Subtask 2: Organize and conduct a model validation workshop.
Subtask 3: Develop workshop documentation and a web-based repository for benchmark
data, model results and workshop documentation.
This is an entirely new task that does not overlap with any other existing activity funded
by NTHMP.
Task 2: Refinement and extension of potential SMF sources and source modeling
techniques for tsunami activity in the North Atlantic
Subtask 1: Collaborate with USGS to include latest field information on SMF sources,
and site, characterize and parameterize new relevant extreme SMF sources in our

geographic area (including the Florida straight). Conduct screening simulations with the
newer SMF tsunami generation models developed. Compare results of these simulations
to the SMF proxy approach used so far to develop inundation maps.
Subtask 2: Based on results of Subtask 1, extend the number and distribution of size of
our SMF sources in order to obtain a more nuanced set of input to hazard mapping
results, particularly near the northern and southern edges of our study area.
Subtask 3: Examine the role of the modeling approach (i.e., solid slide, debris flow,
heavy fluid flow,…) in determining the tsunami hazard associated with each event.
Subtask 4: Perform a broader range of simulations for the CVV flank collapse, based on
events which are less extreme than the presently utilized extreme 450 km3 slide volume.
While this work is a continuation of earlier work initiated in FY10-12, and continued in
FY13 and FY14, each of these proposed subtasks is distinct from work undertaken in
earlier work funded by NTHMP.
As part of Task 3, we would also take part in the initial phase of a multistate project on
“Improving tsunami warning for landslide tsunamis” proposed by California. This
priority also aligns with Task 2 on detection and early warning of SMF tsunamis. Finally,
the priority also ties up with Task 1, which will lead to new benchmarks for SMF tsunami
models.
Task 3: Tsunami Hazard Assessement for Unmodeled East Coast Sites
Subtask 1: We will continue collecting FEMA flooding maps and comparing those to our
existing modeling effort. We will continue applying the testing method developed during
FY14 to objectively compare the FEMA and NTHMP maps and infer information for the
unmodeled areas.
Subtask 2: We will carry out a thorough analysis of the degree to which the east coast’s
broad continental shelf controls the spatial distribution of tsunami hazard.
Work under this priority continues work initiated during FY14, with an additional focus
on analyzing the effect of the east coast’s broad continental shelf on controlling regional
tsunami hazards.
Work in Task 1 will lead to new landslide tsunami model benchmarks and establish the
relevance and accuracy of existing models, which is a requirement of the NTHMP
Strategic Plan.
Work in Task 2 will address important shortcomings of our work to date for the modeling
of landslide tsunamis (i.e., only solid underwater slides and proxy-SMFs where
considered), by including more relevant field-based information and using models that
better simulate the physics of complex SMFs (e.g., deforming, fluid-like, debris,..). Also,

east coast tsunami hazard is currently dominated by the extreme CVV flank collapse,
which may be unrealistic and have a very long return period. The new proposed work
will revisit and refine this important source scenario.
Work in Task 3 will indicate whether existing model results will be sufficient for
providing guidance for hazard assessment for the remainder of the coast that is not
modeled yet at a high resolution, or whether there are additional areas that are likely to be
in need of high resolution modeling.

Task Project Narratives
Task 1: Tsunamigenic Landslide Modeling Benchmark Development, Validation
Workshop and Workshop Documentation
In its FY2009 Strategic Plan, the NTHMP required that all numerical tsunami inundation
models be verified as accurate and consistent through a model benchmarking
workshop/process. This was completed in FY2011, but only for seismic tsunami sources
and in a limited manner for idealized solid underwater landslides. Recent work by various
NTHMP states/areas, however, has shown that landslide tsunami hazard may be
dominant along significant parts of the US coastline, as compared to hazards from other
tsunamigenic sources.
• Along the US east coast, a large volcanic subaerial landslide tsunami on La Palma
(Canary Islands) is the dominant, albeit long return period, tsunami source (Abadie et
al., 2012; Harris et al., 2012, Tehranirad et al., 2015). Many large underwater landslide
scars, some a few 10Ka old, have been mapped by USGS (ten Brink, et al., 2008,
2014) along the continental shelf slope and Atlantic Margin; more recent USGS work
(Chaytor et al., 2014) also shows large potential landslides in the Florida straight.
Earlier work has shown that many of these landslides would have been strongly
tsunamigenic (Grilli et al., 2009, 2014a). In 1929, in this broad geographic area and
oceanic margin, a large landslide tsunami was actually triggered off of the Grand
Banks by a M7.1 local earthquake (Fine et al., 2005).
•

In the Gulf of Mexico, the majority of the tsunami inundation mapping work that is
being done as part of NTHMP is based on a few major underwater landslide sources
(also mapped by USGS; ten Brink, et al., 2008) (Horrillo, et al., 2013).

•

In California, Oregon and Washington states, while both local and far-field seismic
sources likely dominate tsunami hazard, many large historical landslides have been
mapped which were likely to be strongly tsunamigenic. Notable examples in
California include the Goleta slide off of Santa Barbara (Greene et al., 2006) and the
Big Sur slide in the Monterey Canyon (Greene and Ward, 2003). Recent work on the
Tohoku 2011 tsunami (e.g., Tappin et al., 2014) indicates that very large megathrust
earthquakes (such as anticipated in the future for the Cascadia subduction zone), may
also trigger very large landslides which could contribute significant additional wave

activity in addition to the co-seismic tsunami. Hence, their study, siting and modeling
should be done ahead of time, in preparation for such large seismic events.
•

In Alaska, numerous landslides, both underwater and subaerial, have been triggered
by large earthquakes (e.g., the M9.2 1964 event) and artesian flows, and have caused
tsunamis with significant local runup and inundation. In this region, the most notable
such event is the Lituya Bay 1958 subaerial slide that triggered a tsunami in a narrow
fjord, causing over 500 m runup on the other side of the fjord (Fritz et al., 2001, 2009;
Weiss et al., 2009).

•

In Hawaii, larger landslides associated with volcano flank motion and collapse have
occurred (e.g., Kalapana 1975; Day et al., 2005) causing significant runup. Such
events will continue to occur in the future as a result of the continuous build up and
weathering of volcanoes.

•

In Puerto Rico, a number of large historical landslide tsunami events have been
mapped by USGS and modeled (e.g., in the Mona passage; Lopez-Venegas et al.,
2008).

In past years, there has been considerable model development and benchmarking activity
for seismically induced tsunamis, in particular within the auspice of NTHMP (e.g., the
Galveston benchmarking workshop for tsunami elevations in 2011, NTHMP, 2012;
Horrillo et al. (2013) as well as the upcoming Portland workshop for tsunami velocities in
2015). For landslide tsunamis, however, both the model development and benchmarking
efforts have been lagging. In 2003, the east coast NTHMP PIs were co-organizers of a
NSF sponsored landslide tsunami workshop in Hawaii, and a similar follow-up workshop
took place on Catalina island in 2006. Since then, to our knowledge, no similarly large
and comprehensive benchmarking workshops have been organized. In 2011, following
the NTHMP model benchmarking workshop, J. Horrillo organized a landslide tsunami
workshop devoted to a review of the state-of-the-art in modeling. Later that year, the
USGS Woods Hole group (U. ten Brink, J. Chaytor, and E. Geist) organized a similar
workshop, during which the state-of-the-art in field work, geology, PTHA, and landslide
tsunami modeling were reviewed.
A decade ago, investigators were satisfied with modeling solid block landslides (e.g.,
Grilli et al., 1999, 2002, 2005; Lynett and Liu, 2003; Watts et al., 2003, 2005; Liu et al.,
2005) and benchmarking experiments were developed for those and used for tsunami
model benchmarking (in particular as part of the Galveston workshop; Enet and Grilli,
2007). More recently developed models simulate deformable slides and solve both more
complete sets of equations (dispersive, non-hydrostatic, Navier-Stokes) and consider
subaerial or submarine slides as heavy fluids (e.g., Abadie et al., 2010, 2012; Horrillo et
al., 2014), flows induced by sediment concentration (Ma et al., 2013), or granular flow
layers (Ma et al., 2015). A number of recent laboratory experiments have modeled
tsunamis generated by subaerial landslides made of gravel (Fritz et al., 2004; Heller and
Hager, 2012; Mohammed and Fritz, 2012) or glass beads (Viroulet et al., 2014), but, to
our knowledge, there are no experimental benchmark data for deforming underwater
landslides that are initiated underwater, but some relevant experiments are in preparation
to this effect.

Following discussions at a recent meeting, the NTHMP MMS subcommittee
recommended that a landslide tsunami model benchmarking workshop be organized in
the near future. In response to this recommendation, this proposal seeks funding from
NTHMP to conduct such a workshop, on the model of the one organized in Galveston in
2011 and the upcoming workshop in Portland in 2015. To help with preparing the
workshop scientific program, a small committee led by the two PIs will be formed in
large part composed of NTHMP-MMS members. The committee will meet during
upcoming MMS meetings and conduct conference calls to identify an agenda for the
workshop and select a set of relevant landslide tsunami benchmarks (analytical,
numerical, experimental, field). While these are not yet determined, recent experiments
with granular/glass bead flows for subaerial landslide will be likely experimental
benchmark candidates; the 1998 Papua New Guinea landslide tsunami (Tappin et al.,
2008) could also serve as a field benchmark candidate. Some solid block underwater
landslide experiments could also serve as benchmarks. A workshop webpage will be
built, as a receptacle for the benchmark information and data, as well as other practical
information regarding the workshop. The committee will help select a workshop date to
coincide with an NTHMP meeting. To allow for enough preparation time and also for
some ongoing experiments to be completed, the targeted date for the workshop is summer
2016, preceding or following the regular NTHMP/MMS summer meeting.
Once the workshop date is set, the benchmarking data will be posted a few months ahead
of time, and, at the same time, potential participants will be invited to attend the
workshop and given information on how to access the data. These participants will be in
part NTHMP modelers and investigators (about 10), together with a group of selected
experts and graduate students (about 15). Participants will be invited to simulate as many
benchmarks as possible (with a minimum set to warrant financial support to attend the
workshop), using their own model, and results will be compared during the workshop,
and discrepancies with the benchmarking data discussed.
Although this may be more difficult to do than for seismic tsunamis, participants will be
asked to attempt to reach a consensus at the end of the workshop, on both acceptable
modeling approaches (and associated models) for various types of landslide tsunamis and
acceptable levels of discrepancies with various types of benchmarking data.
Finally, the scientific committee will prepare a workshop proceedings and a manuscript
for publication in a peer-reviewed journal based on the workshop findings (as done for
the Galveston workshop; Horrillo et al., 2014).
In order to provide an independent assessment of benchmark development and model
evaluation, we will engage an outside reviewer to evaluate all stages of the process
above. This step is provided for in the budget as an unspecified contract, with the external
reviewer to be chosen early in the process in order to allow him or her to take part in
every stage of the process. The bulk of benchmark development, organization of the
workshop, and reporting of results will be handled by the proposing team.
List all NTHMP Strategic Plan Outcome and Strategies that this task addresses.
1. Tsunami hazard assessment that supports informed decision making in tsunamithreatened communities (MMS)
a. Continue to ensure all models funded by NTHMP meet the NOAA
standards for inundation models as defined in NOAA-NTHMP (2012a)
(MMS)

b. Ensure models used for NTHMP-funded work is shared (MMS)
Date of expected
completion

•

5/17

•
•
•

Develop and document a set of benchmark tests for
landslide tsunami models
Conduct a model validation workshop to test the accuracy of
models available to the NTHMP community
Assess the shortcomings of existing modeling approaches in
relation to observational data
Document results in the form of a report and a summary
paper, and develop a web site to provide open access to
results and benchmark data.

Task 1 Total Cost: $88,531

Task 2: Refinement and extension of potential SMF sources and source modeling
techniques for tsunami activity in the North Atlantic:
Sources used in initial mapping efforts for the East Coast consisted of far-field seismic
sources (Puerto Rico, Grilli et al., 2010, Grilli and Grilli, 2013c; Azores-Gibraltar
convergence, zone, Grilli and Grilli, 2013a), a far-field subaerial source (flank collapse of
the Cumbre Vieja Volcano, CVV; Abadie et al., 2012; Harris et al., 2012, Tehranirad et al.,
2015) and several near-field SMF sources on the US continental margin, in the form of
Currituck slide proxies (Grilli et al., 2015). To date, FY10-14 work, mainly confined to
the Northeast, has used a family of Currituck-like sources as SMF proxies with various
source locations dictated by the presence of an adequate sediment supply to support the
size of the event (Grilli et al., 2015). FY13 work further to the south utilized a Cape
Fear-like slide proxy with a probable maximum size. In FY14 we are modeling an
additional event located on the West Bahamas Bank carbonate platform.
All our NTHMP-related slide modeling to date has been based on a solid slide model
developed in house by Ma et al (2012) and benchmarked against a solid slide experiment
by Enet and Grilli (2007). The assumption that all underwater landslides behave as a
single solid mass may not be applicable to all types of realistic slides, and may also
strongly overestimate landslide tsunami risk (this effect of slide deformation in reducing
tsunami amplitude was already pointed by Grilli and Watts, 2005). Consequently, in this
task, we would like to put in effort to:
1. Extend the number and distribution of size of our slide sources in order to obtain a
more nuanced set of input to hazard mapping results, particularly near the
northern and southern edges of our study area,
2. Examine the role of the modeling approach (i.e., solid slide, debris flow, or heavy
fluid flow) in determining the tsunami hazard associated with each event.
3. Perform a broader range of simulations for the CVV flank collapse based on
events which are less extreme than the presently utilized extreme 450 km3 slide

volume (Abadie et al., 2012).
The USGS Woods Hole group has recently been conducting field work to better map and
parameterize SMF sources along the Atlantic margin, including the Florida straight (ten
Brink et al., 2014; Chaytor et al., 2014). The URI investigator and his colleagues have a
cooperative agreement with the USGS Woods Hole group and prior contacts indicate that
they (in particular Dr. Chaytor) are interested in doing collaborative work as part of this
task, and are willing to share their most recent SMF source information with us. On this
basis, in FY15, we will identify, site and parameterize relevant SMF sources, and
estimate their failure mode (i.e, slide/slump, rigid/debris flow,…) in order to define the
most relevant modeling strategy. This could include some limited slope stability analyses.
Based on the new field data we will perform screening SMF tsunami generation
simulations, first assuming rigid slumps as in prior work with NHWAVE, and then using
the latest NHWAVE implementations (Ma et al., 2013, 2015) which model slides either
as dense suspensions or granular flows. We will thus quantify how using the most
relevant model adapted to the SMF type and mechanism (i.e., solid or not very
deformable for slumps, deforming for slides, and even debris flows) affects tsunami
generation. Results will be compared to the earlier proxies we simulated, and relevant
new worse case scenarios will be selected for further modeling. It should be noted that
this methodology also applies and can inform similar work that needs to be performed in
other states (e.g., California) and also is relevant for preparing the SMF benchmarking
workshop (Task 1); hence, there are numerous synergies here (see below). More
specifically, for each of the SMF sources considered here, we propose to perform
simulations for both solid slides, and using a slide model based on a depth-integrated,
deformable slide layer lying below the usual NHWAVE perfect fluid layer (Kirby et al.,
2014; Ma et al., 2015). The purpose of this work is to determine whether solid slide
modeling provides an overly conservative view of resulting tsunami events, as discussed
further below. The results for the increased range of SMF events, and for the choice of
deforming vs. solid slides, would be used to re-examine the hazard mapping results for
two heavily impacted communities, to be determined later.
As part of this task, we would also take part in the initial phase of a multistate project
“Improving tsunami warning for landslide tsunamis” proposed by California. Landslide
tsunamis play a dominant role in the hazard estimates for the East Coast, and we are
concerned both with the warning technology (with warning times being much smaller for
SMF tsunamis) and with the impact of choice of modeling technique on the resulting size
of modeled events. In particular, we would like to provide a comparison of events for our
chosen sources (as well as other sources of generic nature or in specific geographic
locations) based on using solid translating slides vs. arbitrarily deforming slides. Results
in hand from other related projects indicate that simulations based on solid, non
deforming slides can be dramatically over-conservative. There is also a need for
establishing benchmark tests for the deformable slide cases, as this modeling approach
plays a strong part in several state and region NTHMP modeling efforts; this is work also
needed as part of the proposed landslide tsunami benchmarking workshop (Task 1).
Echoing the description of a multi-state effort proposed through the State of California’s
NTHMP FY14 proposal, we would coordinate with CA and additional partners to:

o Evaluate and improve the criteria used by the Tsunami Warning Centers for
minor-moderate earthquake and landslide sources. This warning criteria issue is a
major concern along the highly populated, central and southern California
coastlines. California is working closely with Alaska, Puerto Rico, and the East
and Gulf Coast states, which face a similar hazard, to develop tsunamigenic
landslide benchmarks and hold a model validation workshop by 2016 (see Priority
1).
Work with other entities (besides USGS) to evaluate appropriate locations for undersea
landslide investigations to compare with the above analysis and use toward eventual
WCS recommendation of protocol development by the tsunami warning centers; these
other entities include states/territories with similar local source issues: Alaska, Puerto
Rico, East Coast, and Gulf Coast. Part of this analysis will also lead to the creation of
new benchmarks for tsunamigenic landslide modeling through the NTHMP and
ultimately to a model benchmark workshop.
List all NTHMP Strategic Plan Outcome and Strategies that this task addresses.
1. Tsunami hazard assessment to support informed decision making in tsunamithreatened communities (MMS)
a. Develop inundation maps for all communities with high tsunami hazard as
defined by state tsunami programs MMS)
b. Develop expected inundation limits for communities, which are not
provided with high-resolution inundation maps. (MMS)
Date of expected
completion
8/16

•

•

•

•

•

Based on recent USGS field work, site, characterize and
parameterize new relevant extreme SMF sources in the
Atlantic margin.
Based on simulations using newer SMF tsunami generation
models, evaluate the relevance and update the SMF proxy
approach used so far to develop inundation maps.
Extend the number and distribution of size of SMF sources
in order to obtain a more nuanced set of input to hazard
mapping results, particularly near the northern and southern
edges of our study area.
Establish the role of the modeling approach (i.e., solid slide,
debris flow, heavy fluid flow,…) in determining the tsunami
hazard associated with each event.
Obtain a broader range of simulations for the CVV flank
collapse, based on events which are less extreme than the
presently utilized extreme 450 km3 slide volume.

Task 2 Total Cost: $135,484

Task 3: Tsunami Hazard Assessment for Unmodeled East Coast Sites:
The U.S. East and Gulf Coasts are frequently impacted by large storm systems such as
tropical cyclones and Nor’easters, and as a result there has been extensive effort made to
develop probabilistic inundation maps for storm-driven coastal flooding. These maps
cover the same areas under consideration in NTHMP modeling and mapping efforts, and
are already extensively developed for the entire region, with extensive efforts either
ongoing or recently completed to update the modeling database and resulting maps in
several FEMA regions. (These studies have also been the source for high resolution
DEM’s in several areas not covered by the NGDC tsunami DEM’s, such as New York
City and adjacent areas in New Jersey and Long Island (NY)). FEMA flooding maps will
be collected for the entire East Coast and then systematically compared to existing
NTHMP modeling efforts. The task is expected to not be entirely straightforward, as
estuaries and other types of embayments can be resonators of low frequency storm surge
responses, leading to increasing surge with distance from ocean entrances, whereas they
typically serve as filters for tsunami motions, attenuating the tsunami signal over these
same distances. Our strategy would likely be to examine the correspondence between
FEMA and NTHMP results on directly exposed ocean shorelines, and then account for
likely tsunami attenuation effects further up rivers or estuaries using medium resolution
modeling.
In addition, geometric features of shelf geometry are known to lead to focusing effects in
incident tsunami waves, leading to alongshore variations in tsunami response that are not
likely to be mirrored by surge responses to traveling storm systems. To address this, we
will examine the correspondence between low resolution model results offshore and
detailed model results onshore in mapped areas in order to provide an additional baseline
for unmapped areas.
In order to provide a test of the resulting methodology, we will use a training set and test
set approach. Guidelines will be developed based on a set of about 50% of our total set
of modeled DEM’s (the training set), and then the guidelines will be applied to the
remaining set of modeled DEM’s and compared to model results there (the test set). In
the event that the test produces accurate results (as indicated by a to-be-determined
criterion), the methodology will then be suggested for use as the regular NTHMP
guidance for hazard determination in unmodeled East Coast areas. A “learning machine
algorithm” approach could be evaluated to help identifying similar patterns in both types
of maps and defining a relevant criterion to do so.
We will coordinate closely with the Gulf Coast region in developing the methodology, as
that region has undergone the same detailed analysis for hurricane storm surge and is
affected by similar types of potential tsunami events. No formal multi-state proposal
exists on this topic to date.
List all NTHMP Strategic Plan Outcome and Strategies that this task addresses.

1. Tsunami hazard assessment to support informed decision making in tsunamithreatened communities (MMS)
a. Develop expected inundation limits for communities, which are not
provided with high-resolution inundation maps. (MMS)
Date of expected
completion

•

8/16
•

An extended comparison of FEMA flooding maps with our
existing modeling effort, to objectively compare the FEMA
and NTHMP maps and infer information for the unmodeled
areas.
Additional assessment of controls on general coastal hazards
resulting from continental shelf geometry for the US East
Coast

Task 3 Total Cost: $24,330

COLLABORATION AND SYNERGIES
1. Collaboration is defined as two or more grantees working on the same project in their
respective states. Collaboration does not include merely sharing resources or
information with each other. This section of the Project Narrative is about jointlyfunded NTHMP grant activities shared among one or more NTHMP grant partners.
If there are no jointly-funded shared priorities/tasks with another NTHMP Grantee,
then check this box and leave the rest of this page blank:
___ No jointly-funded priorities or tasks with any other NTHMP Grantee.
2. List any tasks within any priorities above that will be directly worked on
collaboratively with any other NTHMP grantee. State the priority and task number
from your grant as well as the name of the other NTHMP grantee and its specific
priority and task number for this same activity. For this activity to count as being
collaborative, your Priority/Task must also appear on your collaborative partner’s
FY15 NTHMP Grant Narrative in this same space.
This grant
Task #
Task 3
subtask 1
Task 2
subtask 3

Grant partner name
& Task #
Gulf of Mexico
Task 3
California (multistate) Task 6

Short description of collaborative task/priority
Using FEMA and state flooding and storm surge maps as
surrogates for NTHMP inundation maps
Assess effect of modeling approach on hazard prediction for
landslide sources

3. Describe with whom and how you will work collaboratively on the
priority(ies)/task(s) listed in the table above.

We will work with Juan Horrillo’s group at TAMUG to develop the methodology for
using FEMA flood map products or individual states’ storm surge evacuation maps as a
means for providing guidance for tsunami inundation and evacuation planning in areas
lacking hi-resolution NTHMP modeling. (Work continuing from FY14).
We will work with the California group and other potential multi-state partners on
determining the effect of landslide model choice on the resulting estimates of tsunami
hazard for a variety of source configurations. Landslide models can be based on a wide
variety of assumed physical behavior. UD and URI are heavily involved in the
development of these models, and assessing the effect of model choice on our own East
Coast results is a crucial activity for us. We would like to extend this to settings, which
are of interest to California and other states, and can carry out the computational work as
part of our own effort.

Summary of Task Plan
FY14 Milestone Schedule (September 1, 2015 – August 31, 2017)
Task

Key Milestone

Expected
Month/Year
of Completion

Requested
Funding

Task 1: Tsunamigenic Landslide Modeling Benchmark Development, Validation
Workshop and Workshop Documentation
Establish community accepted
benchmark tests for validating
models for landslide tsunami
generation
Organize and conduct model
validation workshop
Develop workshop
documentation and web-based
repository

Final choice of suite of
benchmarks for workshop use

2/16

Workshop conducted in
conjunction with summer MMS
meeting
Publication of workshop report,
launch of website

8/16
5/17

Subtotal Task 1:

$88,531

Task 2: Refinement and extension of potential SMF sources and source modeling
techniques for tsunami activity in the North Atlantic
Collaborate with USGS to
include latest information on
SMF sources
Extend number and distribution
of sizes of SMF sources to
obtain a more nuanced set of
input to hazard mapping results
Examine role of modeling
approach in determining
tsunami hazard
Perform a broader range of
simulations for CVV flank
collapse

12/15
3/16

6/17
8/16
Subtotal Task 2:

$135,483

Task 3: Tsunami Hazard Assessment for Unmodeled East Coast Sites
Continue work comparing
FEMA flood zone maps and
state storm evacuation maps to
NTHMP inundation maps
(work in conjunction with Gulf
of Mexico)
Evaluate degree to which
continental shelf reduces
dependence on source location
for east coast hazards

8/16

8/16

Subtotal Task 3:
Total FY2014 Grant Request:

Grand Total of Award Request: $248,344

$24,330
$248,344
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1. Editorial service including Associate Editor, Journal of Engineering Mechanics (1994-1995), Editor,
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3.
4.

5.
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Geophysical Research – Oceans (2003-2006) and Editor-in-Chief, Journal of Geophysical
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Member, Board of Directors, American Institute of Physics (2011-2013).
Lead developer of a number of widely used public domain models for surface wave processes,
including the surface wave transformation programs REF/DIF and FUNWAVE, the nearshore
community model NearCoM for wave-driven circulation, and the recently developed surface and
terrain following nonhydrostatic model NHWAVE.
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CIEG 672 Ocean wave mechanics, CIEG 872 Advanced ocean wave mechanics (textbook under
development), CIEG 681 Ocean wave spectra (textbook under development), and CIEG 684
Introduction to nearshore modeling techniques (new course)
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Abdolali (2014- )
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Richard Gilbert (MS; McLaren Inc., NY), Philippe Guyenne (PhD; U. of Delaware, DE), Jeff
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Figure 1. Northeast US DEM coverage for FY10-12 (Ocean City, MD; Atlantic City, NJ,
Northern New Jersey, New York City and Western Long Island, Montauk (Eastern Long
Island) and Martha’s Vinyard/Nantucket) and FY13 (Virginia Beach). All DEM’s are
NGDC Tsunami DEM’s except for Northern New Jersey, New York and Western Long
Island, which are derived from FEMA Region 2 DEM’s.
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