Broader Impacts (Dengler, Preuss, Ludwin, Petroff, Priest)

Introduction 

Tsunami sediment studies have the potential to impact many disciplines beyond those directly involved in paleotsunami investigations.  In this section we give an overview of broader impacts that the study of tsunami deposits can have on hazard reduction and science.  We define three areas of particular impact: 
Saving lives and reducing human suffering

Limiting economic losses

Understanding basic science 
Any discussion of broader impacts must begin with the potential users of tsunami information.
· Emergency managers. Emergency managers and planners are responsible for developing and implementing response plans for all hazards.  To adequately plan for and respond to tsunamis they need to understand the hazard, plan evacuation routes and procedures and develop an all-clear protocol.  In many communities emergency managers are also responsible for disseminating public information about hazards to the public.
· Land use planners. Planners in most coastal regions are required to address potential hazards through comprehensive planning, zoning, and building code enforcement.  Although tsunamis are not specifically addressed in most state’s land use planning guidance, they are indirectly included in requirements to address the best assessment of hazards and develop appropriate mitigation activities. 
· Decision makers and politicians.  Decision makers are responsible for adopting policy and enforcing existing regulations for hazards.  No reasonable local, regional, state or federal policy regarding tsunami hazards can be established without decision makers becoming informed of the hazard and reasonable mitigation options, and supporting implementation tools. 
· Businesses.  Coastal areas at tsunami risk are also important to the economy.  Meaningful mitigation requires the participation and cooperation of businesses in the coastal zone and those that depend on coastal industry.  There are a number of specific user communities at issue: 
- Coastal industry, ranging from small businesses that cater primarily to local residents and tourists to extremely large corporations including port facilities, transport and manufacturing interests with potential state or national economic impacts.
- Transient workers.  Some coastal businesses have unique workforce issues such as the large transient fishing and cannery market in Alaska. Most of these transient workers are not from coastal areas and many may be non-English speakers. 
- Insurance.  The insurance industry can promote tsunami planning and mitigation efforts through incentives such as premium rates. 
· Educators.  Institutionalizing tsunami awareness can be accomplished in part through establishing curriculum and awareness programs in schools.  The State of Oregon has mandated tsunami education programs in coastal public schools and Washington has developed a tsunami curriculum.
· Media.  Most people get their information about tsunamis from the media.  The media can both promote interest in tsunamis and perpetuate myths and errors through their coverage.  
· Scientists and engineers.  Tsunami information is used in a variety of scientific and engineering fields including hydrodynamic modeling, probabilistic hazard assessment, hazard mapping, and structural design.
· General public.  Anyone who lives in or travels to the coast needs a basic understanding of tsunami hazards and the appropriate response to natural tsunami warnings such as strong ground shaking and official tsunami warnings issued by the tsunami warning centers.

1) Saving lives and reducing human suffering
Issue:  One of the most important challenges to tsunami scientists is how they can apply their findings to reduce the casualties and suffering caused by a tsunami.

Because tsunamis are a rare event at any given coastal location and modern populations are highly mobile, there is little community memory of tsunamis.  Most communities have no written historic record of tsunamis, and few if any cultural traditions suggesting a history of these events.   Physical evidence of past tsunami events is often covered up by natural processes and human activity and, when present, it is not obvious to most people.  This lack of awareness for both coastal residents and personnel responsible for planning and responding to a tsunami event results in poor response to official or natural warnings and can put first responders at unnecessary risk.  Damage and casualties are exacerbated by the large transient tourist population that visits coastal areas and has a very poor understanding of tsunami hazards and warnings.  

Solutions:  The study of tsunami deposits combined with other aspects of tsunamis can address the issue of saving lives, reducing casualties, and reducing the trauma to a tsunami affected area in several key ways.
· Tsunami scientists can support the effort to educate the public about tsunami hazards and response with tools that can be used easily at the local level, both by local collaborators and by scientists doing outreach.  These educational tools can be developed locally as well as at the national and international level.  
It is essential to develop tools and materials with accurate and consistent information that respect and can be readily adapted to diverse cultural settings and audiences. 
· Hazard mapping and numerical modeling can be enhanced by the presence or absence of tsunami deposits. 
Tsunami deposits lend credibility to hazard maps and numerical models.
Mechanisms:  There are many pathways to achieving these goals.  Success lies in whether the educational tools and understanding of tsunami prone regions are transmitted successfully to the communities at risk.  To this end, the following tasks are recommended:
· The tsunami sediment community must work with and contribute findings to the tsunami hazard mapping efforts and tsunami modelers.  The presence or absence of deposits can validate or call into question inundation maps and models.
· Tsunami deposits give credibility to the tsunami hazard. Scientists should find, publicize and display tsunami deposits - in the context of other tsunami hazard and local traditional cultural information – and present these findings to local communities.  Deposits are often the only concrete evidence of a past tsunami.  Visual displays of deposit cross sections along with local legends and stories bring this hazard to life for people who are visual and oral learners.  This type of information is a valuable supplement to written materials and briefings. In addition, many cultures and traditions rely on oral traditions to transmit public awareness and tsunami deposits are a very good point to start discussions about tsunami hazards.
· The tsunami sediment community should make every effort to publicize research results and general tsunami information from all disciplines at a level that is interesting and understandable to the public.  Many advances in tsunami science have occurred in the last decade in the fields of geology, seismology, hydraulics and the study of human behavior.  Scientists need to release research results in a non-technical and compelling way and to assist the public in understanding the scientific process and inherent uncertainties in hazard assessment.  Public awareness of tsunami hazards would also benefit from an ongoing explanation of what the scientific community is doing to help communities at risk.
· A key mechanism to saving lives is to disseminate information as broadly as possible in tsunami-prone communities.  The best way to do this is to identify local collaborators to collect data and carry on outreach in the community.  These collaborators know their locality and area residents and can be very effective in carrying the message to people who are at risk from tsunamis. Collaboration can help to identify or create “local heroes”, respected people within the community with a strong commitment to hazard mitigation. Collaborators may come from many organizations including:

· 
· 
· 
· 
- Schools (University, Jr. College, K-12)

- Museums

- Tribes/indigenous populations

- Historical societies, Service & Professional Organizations

- Lodging/tourism industry

- Local & regional officials
- Public Agencies
The collaborators can work with individual tsunami scientists and can amplify and institutionalize the ability of scientists to inform the public.

2) Limiting economic losses

Issue: Land utilization practices can exacerbate or reduce tsunami exposure through  street and building location and layout and related site development activities such as drainage, as well as vegetation management.  

Multi-hazard comprehensive planning is a prerequisite to minimizing losses from coastal hazards including tsunami, hurricane, or severe storms.  Comprehensive multi-hazard planning is also the key to orderly recovery.   Clearly articulated goals must guide future development to desired locations, and building construction must comply with standards. By combining a variety of loss reduction methods, communities can improve the capabilities of coastal environments to withstand the unexpected pressures from nature and from humans.
Setbacks or other mitigation strategies within the coastal hazard zone must be defined based on scientifically based criteria.  Once these strategies are defined they must be adopted by policy and enforced.  For example, poorly built structures that do not comply with current codes and polices and which have been destroyed by tsunamis should be prevented from being rebuilt in the same areas or to the same poor standards.  These structures are not only more vulnerable to tsunamis, but to other coastal hazards and earthquake ground shaking as well.  While tsunami deposits do not give precise information on the full extent of inundation they do give definitive evidence that a tsunami (or a storm) has impacted a specific coastal area.  The geologic record of multiple deposits can also give an estimate of recurrence and therefore the probability of the next event.  It is incumbent upon land use decision makers to:
- Take into consideration vulnerability and risk

- Use the presence of deposits as one strategic component of the educational tool box

Solutions:  The physical evidence of past tsunamis from deposits can be an important input to land use planning decisions and can lead to sustainable development practices in tsunami-prone areas.
· Patterns of loss in past tsunamis indicate that multiple geological and atmospheric hazards tend to work hand in hand, thus reinforcing the risk of repetitive loss. This exposure shows why it is important to use predictable, science-based criteria when making decisions about coastal regions.  Tsunami deposits add merit to considerations of the implications of ecological disturbances.
· Tsunami deposits can be used to understand the patterns of tsunami related erosion and accretion that are prevalent in a given area.  These patterns can be useful to hazard planners both for evacuation prior to a tsunami and for disaster relief after an event.

Understanding such coastal processes will be important for transportation route planning and maintenance, as well as for establishing land use set backs or other mitigation strategies.  Such understanding will also be important for establishing priorities with respect to adopting new offshore practices, and reestablishing or moving development from damaged areas. 

Mechanisms:
· Minimize High Consequence Uses.  Schools, hospitals, and critical facilities such as fire stations represent the highest consequences for property and life loss.  These facilities should not be permitted in the high hazard zone.  If it is impossible to avoid such uses, mitigation of impact to the structures should be implemented either through tsunami-resistant construction or other strategies such as preplanned evacuation of personnel and equipment.  Officials in Sri Lanka estimate 30 hospitals and health care facilities were damaged or destroyed in the Indian Ocean tsunami, making health care facilities scarce for the nearly 20,000 individuals who were injured and for the normal health needs of the uninjured population. Some 176 schools were damaged or destroyed—although many children were spared because December 26 was a Sunday, and school was not in session. 

· Tsunami deposits should be used to inform planners and the public of possible landform changes that can occur during a tsunami.  Because of the rarity of these events, it is not always readily apparent what areas will erode and accrete during a tsunami.  Current tsunami models predict inundation but do not predict these sedimentary processes.  The understanding gained of historical erosion and deposition by the geologic sciences can be used to reduce casualties and assist in disaster response. 

· Consider tsunamis in offshore and littoral zone development practices that may reduce the buffering effect of coastal barriers such as sand dunes, forests, and coral reefs. In Sri Lanka anecdotal evidence strongly indicates a direct correlation between coral reef mining and focusing of tsunami energy onto the coast.  Tsunami waves in the same region appear to have driven inland with greater force in the areas where sand dunes had been graded or mangroves removed. 

· Research on the role of mangroves and other potential vegetation buffers is needed.  In some places such as Tamil Nadu, mangroves were reported to have functioned as a protective buffer.  In others such as Papua New Guinea, they have been very destructive: brittle mangroves killed many people.  Vegetation buffers should be analyzed in terms of tree species and characteristics, the geologic characteristics of the site that influence root growth, and the characteristics of tsunamis likely to impact the area.  Research resources should be invested in understanding how non-structural tools such as vegetation management and topographic roughness can be used to absorb wave energy without creating dangerous floating debris.
· 

· Consider how tsunamis may cause long-term changes to the coastal ecosystem. Tsunami erosion can have significant impacts in beach elevation, lagoons, bay and river morphology and man made canals. The reduced protection from the beach areas means energy from future storm- and cyclone-generated waves will have impacts farther inland.  New openings may be created because of scouring, while others can be closed off by sediment transport.  Tsunamis may significantly impact the near shore environment and alter tidal ecosystems.  In areas near the earthquake that generates a tsunami coastal uplift or subsidence can drastically alter the shoreline and inland penetration of saltwater into estuaries for decades after the earthquake.
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3) Understanding science

Issue:  Tsunami deposits can contribute to other fields such as sedimentation, seismology, plate tectonics and ecology.  Tsunami deposits must be accurately identified and not confused with similar, non-tsunamigenic deposits.
Tsunami deposit studies can be expected to provide valuable information to further scientific knowledge in many areas, including sediment transport, earthquake and tsunami hazard estimation, determination of fault rupture, ecologic restoration, and studies of how the earth’s outer layers deform.

Tsunamis are large-scale and complex physical phenomena.  The deposits left vary over space.  Co-seismic and post-seismic deformation may uplift or depress land areas, deposits will be reworked over time, and the deposits cross geographic, political, and cultural boundaries.  It is not always easy to identify paleotsunami deposits and misidentification can lead to faulty interpretations and risk estimates.


Solution: The collaboration of researchers from broad interdisciplinary backgrounds will lead to improved understanding of sedimentation and coastal depositional environments and development of criteria for the recognition of tsunami deposits.  The many disciplines involved will promote cooperation, often international, and the field-work will provide numerous training opportunities for future scientists.

Studies of the tsunami deposits will:

· Improve collaboration between scientists in different disciplines.  Study of tsunami deposits requires cooperation and communication between scientific disciplines. 

· Build international science partnerships. The logistics of tsunami deposit studies promote international collaboration.

· Train a new generation of scientists. The geographic scope and variety of studies undertaken offer field and laboratory research and training opportunities for students both from developed nations and from areas local to the tsunami event. 

· Enhance basic scientific knowledge. – Some examples: 

- Geologic deposits can provide constraints on the extent and orientation of tsunamigenic earthquake rupture. They can be used as ground-truth testing of hydrodynamic tsunami models, which can be refined and verified by comparing modeled to observed tsunami effects.
- Recurrence interval estimates of tsunamigenic earthquakes will be improved by a better record of paleotsunamis.

- Co-seismic land level changes affect deposition and preservation of deposits and are likely to be clarified through geodetic measurements taken in conjunction with depositional studies. 

- Short-term post-seismic land level changes resulting from visco-elastic rebound can also be characterized by depositional studies and can provide information on the deformation behavior of Earth in response to stress (rheology). 

- Tsunami deposits will contribute to knowledge of general sediment transport processes.  For example, the December 2004 Indian Ocean event provides a unique opportunity for understanding the transport and sorting of sand. A tsunami picks up and transports sediment from many independent sources. It may be possible to explore the source-dependence of sediment transport and sorting.  Also, because tsunamis are so narrow, rarely penetrating more than a few kilometers inland, they provide a view into the “first step” of a sorting process that often proceeds at near steady-state in river systems. In the fluvial case it is hard to identify sorting because what is on the bed, what is eroded, and what is deposited are almost the same sizes, making it hard to identify sorting signal. However, because tsunamis are transient, the sorting signal is stronger and it is possible to gain a better understanding of sediment transport and sorting by analyzing deposits.

- Characterization of tsunami deposits will reduce misidentification of sedimentary deposits.  A better understanding of tsunami deposits will help differentiate them from storm deposits and deposits from other coastal processes.
- Methods of hazardous materials/groundwater pollution confinement and amelioration can be tested and studied in conjunction with tsunami deposit studies.

- Floral and faunal post-tsunami recolonization interact with tsunami deposits. Study of recolonization may be useful for environmental restoration projects elsewhere.

- Knowledge of tsunami deposits can help interpret and enhance understanding of cultural traditions.
· 
· 
· 
Conclusion 

The study of tsunami deposits has the potential to benefit many people both inside and outside the scientific community.  Outside the scientific community, the evidence of tsunamis provided by deposits can be used to help in hazard planning and in public education.  Paleotsunami studies can save lives by showing people the effects of tsunamis using the persistent and tangible evidence of sedimentation.  These investigations can also reduce suffering and economic loss by identifying specific threats and possible mitigation strategies at particular coastal locations.  Inside the scientific community the study of tsunami deposits can advance the state of science in general by improving interdisciplinary collaborations and clarifying important areas of earth science.  These studies have a broad range of impact, from extremely practical applications to basic scientific exploration.
