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Executive Summary

The world's population continues to migrate toward the coasts despite the fact that the capacity for coastal environments to sustain this growth is highly uncertain. Further complicating the problem is fact that climate modelers warn that global warming could result in an increase in the rate of sea level rise and increased storm frequency and magnitude.  However, it is unlikely that long-term (decadal and longer) planning for coastal development will take place until the scientific community is able to forecast coastal change at such time scales. To do so will require a coordinated multidisciplinary scientific program. A number of international and national government agencies and panels have called for such a program, and some disciplines have already outlined critical areas of coastal research. The coastal community recently met at Rice University in Houston, Texas to develop a focused research plan aimed at forecasting coastal change over the next two centuries. The workshop participants concluded that quantitative models for coastal change will rely heavily on hindcasting and that these models must incorporate information about geologic frameworks of coastal settings, decimeter-scale sea-level effects on coasts, and long-term climate, anthropogenic, biogeochemical and sedimentary transport processes. These studies should include a broad spectrum of coastal settings. There is a declining number of coastal sedimentologists being trained and a lack of infrastructure needed for a major research effort aimed at coastal forecasting. This situation is not likely to change without a sustained commitment to coastal research by the National Science Foundation.



Introduction

The U.S. coastal zone is one of the nation's greatest environmental and economic assets. The population in U.S. coastal counties currently exceeds 141 million people (U.S. Bureau of the Census, 1998). These coastal counties account for only 17% of the U.S. landmass; thus, over half of the U.S. population lives in less than one-fifth of its total area, and this trend is expected to continue. Globally, the figures in these categories are similar. Over 50% (some 3.2 billion people) of the population live along a coastline today, but this figure is expected to rise to 75% by 2025 [1]. Human encroachment on the coastal zone has profoundly impacted coastal environments, but the impacts are likely to increase as the effects of global warming (e.g. increased rates of sea-level rise) begin to be felt.

Almost half of coastal wetlands have been destroyed this century, due in large part to human encroachment. Frequent hurricane landings along the eastern seaboard have resulted in the virtual destruction of the Grand Banks. Rates of coastal erosion along the Gulf coast have increased over the past few decades. Are these changes due to human influence or are they part of a natural cycle? Will the trend of increasing coastal change accelerate?  Most scientists agree that coastal changes will be even more profound in future decades and centuries as the rate of sea-level rise accelerates and the impacts of global warming on coastal climates and oceanographic dynamics increases [2,3]. They also agree that the scientific community is ill prepared to forecast these changes or their impacts. Until scientist are able to forecast coastal change with some level of confidence, there is little hope that serious long-term coastal planning and management will occur.


The endangered health of coastal environments is a focal point for federal and local policy development. A recent study by the National Research Council (NRC) concluded that the dynamic interface between the solid Earth and its fluid envelopes, which they call the "Critical Zone", should be a focus area in Earth Science research [4]. Research in near-shore environments was recognized as a key element of this research.  Other scientific panels, such as the International Geosphere-Biosphere Program (IGBP) core projects on Past Global Changes (PAGES) and Land-Ocean Interactions in the Coastal Zone (LOICZ) and the Subcommittee on U.S.  Coastal Ocean Science (SUSCOS) also have recognized the need for multidisciplinary coastal research. The general consensus of the PAGES-LOICZ workshop participants was that our ability to forecast coastal environmental change needs immediate focus and improvement [2]. The SUSCOS report concluded that these predictive capabilities should encompass both the short-term and long-term and that research should focus on developing methods for assessing the impacts of natural and anthropogenic changes on coastal environments [5]. That panel also argued that "the most important research efforts in the U.S. coastal ocean will be those that better define the interdependence of the physical, biological, and chemical processes, and improve predictability of the entire system". Several disciplinary groups have moved forward in defining specific research directions [6,7,8].


Workshop Results

If we are to succeed at forecasting coastal change during the 21st century and beyond, quantitative models that relate coastal response to various forcing mechanisms operating at different time scales must be developed.  The U.S. coastal geology community is making progress toward improving our understanding of the dynamics of sedimentation within the littoral zone [9]and at defining future research needs [10]. Likewise, the international Quaternary geology community has made good progress toward coordinating research projects aimed at examining the stratigraphic record of coastal change, through the International Geological Correlation Program [IGCP Projects 367 and 437]. But, the number of U.S. scientist participating in these workshops and their published results has been small by comparison to other countries. The US coastal sedimentology community has been slow in organizing itself and adopting a specific research plan for the future [11]. To help remedy this problem, a National Science Foundation (NSF) sponsored workshop was held during November 2-4, 2000 at the Rice University campus in Houston, Texas (Appendix 1). The theme of the workshop was forecasting coastal change during the current millennium.  Weeks before the workshop, participants were asked to think about the following questions.

… What has been the nature of coastal change during the last few thousand years and how do we apply this information to coastal forecasting?
… What are the primary long-term (century-scale) forcing agents in coastal change (sea-level rise, subsidence, storm events, oceanographic events, biological events, anthropogenic impacts), what is their influence, and are they predictable?
… What are the primary obstacles to forecasting coastal change and how can the vulnerability of coastal systems to future forcing mechanisms be assessed?
… What inherent characteristics of a coastal environment make it more or less vulnerable to some forcing mechanism?
… Is the coastal geology community ready to meet the challenge?
… What resources are needed?
… What should be done to improve public education?

Workshop participants quickly reached consensus on a number of important issues.

1. Coastal change occurs in response to natural processes that operate across a wide range of spatial and temporal scales.

2. The shoreline exists in a non-steady state of dynamic equilibrium with incident energies that are, today, largely unpredictable.


3. Our ability to forecast coastal changes remains imprecise. This is due mainly to a lack of understanding of the geologic framework of coastal systems, and the impacts and interactions of changes in relative sea level, climate, and biogeochemical, hydrogeophysical, and anthropogenic processes on coastal evolution.


Workshop members further recognized three broad areas where research is needed.

1. Quantifying coastal change - Determine how coastal systems respond (change in height to width ratios, landward retreat rates, submergence rates, sediment budget variations) to quantifiable forcing mechanism changes in relative sea-level rise and climate, and associated biogeochemical, hydrogeophysical, and anthropogenic processes (Fig. 1).


2. Developing hindcasting ability - Investigate how coastal systems evolved to their present state so that coastal forecasting models can be tested by hindcasting.


3. Creating more accurate coastal change models - Develop numerical models with the ability to unify and integrate observational databases as well as improve prediction of unobserved phenomena and future patterns.

Coastal forecasting should be carried out at decadal to centennial time scales emphasizing geomorphic and environmental changes. For example, future locations of shorelines, wetlands, bay margins, tidal inlets etc. should be reconstructed by these models. Model uncertainty must be quantified to determine applicability at various time scales so that the results are suitable for predicting future impacts on ecosystems and human inhabitants. 


A lack of understanding how, why, and when coastal systems took on their present day morphology is greatly limiting our ability to develop predictive models of morphodynamic variability through time. Many aspects of coastal change are poorly understood, largely because fundamental knowledge of many of the coastal change-forcing mechanisms is limited to
sparse observations of modern variability (historical coastal monitoring).  To close this knowledge gap, workshop participants identified five areas where coordinated multidisciplinary research is needed. These focus on the principle agents of coastal change. These include:

1. Geologic Framework - Antecedent topography, coastal erosion resistance, offshore sand resources, and geomorphology of coasts all control how coastal systems evolve [10,11]. Investigating the geologic framework of coastal systems also yields important information about how these systems evolved in the past, including rates of change. This information is
crucial for testing coastal forecast models.


2. Relative Sea-Level change - Participants in a recent PAGES-LOICS workshop in Honolulu, Hawaii concluded that " sea level records are inadequate as control data for the numerical prediction of future centennial sea-level trends forced by global warming"[2]. They suggested
that research should focus on the last few thousand years, which is when the modern coastal systems evolved, and that researchers should strive to achieve accuracy in the range of 0.5 to 1.0 meters. This is the range of sea-level variability expected over the next few centuries [12]. Changes of sea level of a few decimeters will profoundly change low gradient coasts. Geoidal patterns and local tectonic processes can govern the position of sea level on a regional scale. Thus, regional synthesis and correlation of local relative Holocene sea-level histories is critical. This is fundamental to separating the individual roles of forebulge collapse, neotectonics, and
climate effects along the U.S. and global coastlines. Isolating these signals will enhance our ability to forecast specific impacts of future sea-level variability.


3. Climate Change-Precipitation variations governing sediment source and flux, long-term shifts in sea surface temperatures, storm frequency variations, and decimeter-scale sea-level fluctuations are all related to climate change [2]. Just how climate change will influence coastal and ocean currents, tidal energy, and wave regime, and therefore the impact on coasts is not at the stage of predictability [6]. Greater emphasis on past climate changes and their impact on coasts is needed.


4. Anthropogenic Processes - Sediment impoundment, source and production decreases, sediment flux restrictions, natural energy modifications, and carbonate production changes due to reef degradation can all lead to fundamental shifts in natural sedimentary systems. More research is
needed to assess the long-term impacts of human encroachment on the coastal zone.


5. Biogeochemical Processes -Geochemical flux through the water column and sedimentary substrates and the uptake, diagenesis, sequestration, and release of biogeochemically active chemical constituents occur at highly variable time scales. Just how these biogeochemical processes vary with changing coastal geomorphology and hydrology is poorly understood.
Coastal forecasting should account for these changes and their impacts.


4. Sediment Flux - Ultimately, sediment flux with the coastal zone determines the response of a coastal system to various forcing agents. Significant progress has been made, and coordinated research in this field continues [9]. Coastal forecasting models must incorporate information
about sediment flux within the coastal zone.


Focus Areas


To truly understand how different coastal systems respond to forcing mechanisms, a variety of end-member type coastal environments need to be examined and compared. An important strategic tool should be the integration of multidisciplinary teams of investigators working in specific coastal cells with the use of models and field experiments utilizing specific observational, mapping and drilling technologies. Data extracted from each type of coastal system should be integrated into coastal forecasting models. Research efforts need to be focused in the following
coastal settings:

1. Glaciated coasts
2. River-dominated coasts
3. Barrier coasts
4. Bluffs
5. Estuaries
6. Carbonate shorelines
7. Mainland beaches

Is the Coastal Sedimentology Community Ready to Meet the Challenge?

Although a number of federal and state agencies currently fund coastal research, a significant amount of this work focuses on environmental quality, coastal habitat conservation, use of living and non-living resources, national defense and coastal erosion [5,13,14].  These programs represent a first line of defense against changes that are already occurring within the Critical Zone. But relatively little money or effort is going toward preparing for those changes that will impact coasts in the year 2100 and beyond. The National Science Foundation is the most likely agency to fund multidisciplinary studies aimed at long-range prediction of coastal change. However, interdisciplinary research is not easily funded within the current NSF-EAR program structure [15]. NSF programmatic areas typically stop at the shoreline. The marine aspects are
funded through NSF-OCE and coastal projects must compete for funding from NSF-EAR.
Because funding for coastal research has shifted more toward immediate needs, young scientists in the field have found it more lucrative to follow this avenue of research than compete for the limited NSF funds available for coastal research. Likewise, many "old timers" in the field have grown frustrated and moved on to other research topics. The result has been a decline in the number of new PhD's in coastal geology. Indeed, the number of universities with coastal research programs focusing on basic science problems has declined. So, as the appeal for more coastal research is being made, there is a declining number of young scientist to answer the challenge. The only way to remedy the problem is through improved coordination of the coastal research community and a sustained funding program.


Facilities


A variety of new instrumentation has come along in recent years that will enhance coastal research. Workshop participants unanimously agreed that the most effective use of these resources would occur through the creation of equipment pools. This would keep research costs down, encourage collaborative research, and ensure all equipment is properly maintained. Equipment that should be part of the pool includes: 

Shallow seismic -including state of the art chirp and boomer systems.

Swath bathymetry and digital side-scan sonars - including processing facilities.
Core acquisition -conventional shallow coring plus drill rigs capable of obtaining continuous core up to 40 meters in length, both onshore and offshore.
Coastal research vessels

Airborne LIDAR systems for beach profiling and study of coastal storm impact and recovery processes

Education

Improving public education on coastal processes, evolution, and issues should be a requirement for any researcher studying coastal areas.  Communities located in coastal areas are often forced to make important management decisions concerning coastal erosion, wetland loss, pollution, zoning, etc. Without the basic understanding of coastal dynamics, all too often the consequences of such decisions are catastrophic. Coastal forecasting models will greatly help federal and state legislators, managers, as well as the local coastal communities make better decisions.  The most effective way to disseminate critical information on coastal dynamics to the public, managers, and politicians is to:


1. Involve middle and high school educators - Educators can bring research results and coastal issues into the classroom by participating in an aspect of the research, developing new curriculum, and producing Web-based products.


2. Involve volunteers - Provide avenues where volunteers can participate in the research. This will aid in public education and increase sensitivity to coastal issues.


3. Community education - Research results should be reported in public popular venues, such as local newspapers and magazines.  

What Next?

Workshop participants recognized the need for better communication between scientists with a common interest in coastal change. A logical next step is to organize a Chapman-type conference that would bring together scientists who share this research interest.
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