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      Estuarine processes, hazards, and ecosystems describes several interdisciplinary projects that aim to quantify and understand estuarine processes through observations and numerical modeling. Both the spatial and temporal scales of these mechanisms are important, and therefore require modern instrumentation and state-of-the-art hydrodynamic models. These projects are led from the U.S. Geological Survey's Woods Hole Coastal and Marine Science Center, but are collaborative projects that include participation from other U.S. Geological Survey offices, other federal and state agencies, and academic institutions.
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      At the U.S. Geological Survey's Woods Hole Coastal and Marine Science Center we undertake interdisciplinary projects that aim to quantify and understand estuarine processes through observations and numerical modeling.
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      A collection of hydrodynamic model simulations, their inputs, outputs by USGS Woods Hole Coastal and Marine Science Center. For more information on the Coupled Ocean Atmospheric Wave Sediment Transport (COAWST) modeling system.
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      Estuarine processes, hazards, and ecosystems describes several interdisciplinary projects that aim to quantify and understand estuarine processes through observations and numerical modeling.
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      Estuaries are dynamic environments where complex interactions between the atmosphere, ocean, watershed, ecosystems, and human infrastructure take place. They serve as valuable ecological habitat and provide numerous ecosystem services and recreational opportunities. However, they are modified by physical processes such as storms and sea-level rise, while anthropogenic impacts such as nutrient loading threaten ecosystem function within estuaries. This project collects basic observational data on these processes, develops numerical models of the processes, and applies the models to understand the past, present, and future states of estuaries.

Measuring parameters such as water velocity, salinity, sediment concentration, dissolved oxygen and other constituents in watersheds, tidal wetlands, estuaries, and coasts is critical for evaluating the socioeconomic and ecological function of those regions. Technological advances have made it possible to autonomously measure these parameters over timescales of weeks to months. These measurements are necessary to evaluate three-dimensional numerical models that can represent the spatial and temporal complexity of these parameters. Once the models adequately represent relevant aspects of the physical system, they can be used to evaluate possible future scenarios including sea-level rise, streamflow changes, land-use modifications, and geomorphic evolution.
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This time-lapse video shows lateral erosion of a salt marsh in the Grand Bay National Estuarine Research Reserve, part of an embayment near the city of Pascagoula, Mississippi, on the US Gulf coast. Wave action over the course of 6.5 months led to about 1.5 meters of erosion. Researchers from the USGS Woods Hole Coastal and Marine Science Center are studying the influence of wave attack and sediment supply on wetland vulnerability and ecosystem services. Learn more about estuaries research at the USGS by visiting the Estuarine Processes, Hazards, and Ecosystems project web page at https://woodshole.er.usgs.gov/project-pages/estuaries




  



      



  



        
    
  


      
      
Study Area
[image: Map Thumbnail]




    

    
        
          


    
      Contacts

  



      

    
      
  
        
            
Woods Hole Coastal and Marine Science Center

          
      

  
              

    
      384 Woods Hole Rd.

Woods Hole, MA 02543

United States


  




      Phone

    
      508-548-8700

          
 
     


 





      Fax

    
      508-457-2310

  



      





  




    
      
  
        
            
Neil Kamal Ganju, PhD

          
      

  
              

    
        
                  


    
      Research Oceanographer

  


 
            

    
      Woods Hole Coastal and Marine Science Center

  



      



  




      Email

    
      nganju@usgs.gov

  




      

      Phone

    
      508-457-2252

  



  


      





      
  
        
            
Alfredo Aretxabaleta , PhD

          
      

  
              

    
        
                  


    
      Oceanographer

  


 
            

    
      Woods Hole Coastal and Marine Science Center

  



      



  




      Email

    
      aaretxabaleta@usgs.gov

  




      

      Phone

    
      508-457-2204

  



  


      





      
  
        
            
Zafer  Defne, PhD

          
      

  
              

    
        
                  


    
       Oceanographer

  


 
            

    
      Woods Hole Coastal and Marine Science Center

  



      



  




      Email

    
      zdefne@usgs.gov

  




      

      Phone

    
      508-457-2254

  



  


      





      
  
        
            
Sandra M Brosnahan

          
      

  
              

    
        
                  


    
      Physical Scientist

  


 
            

    
      Woods Hole Coastal and Marine Science Center

  



      



  




      Email

    
      sbrosnahan@usgs.gov

  




      

      Phone

    
      508-457-2265

  



  


      





      
  
        
            Richard P Signell, Ph.D. (Former Employee)
          
      

  
              

    
        
                  


    
      Oceanographer

  


 
            

    
      Woods Hole Coastal and Marine Science Center

  



      



  



      
      





      
  
        
            
Steven E Suttles

          
      

  
              

    
        
                  


    
      Mechanical Engineer

  


 
            

    
      Woods Hole Coastal and Marine Science Center

  



      



  




      Email

    
      ssuttles@usgs.gov

  




      

      Phone

    
      508-457-2228

  



  


      





      
  
        
            
John Warner, PhD

          
      

  
              

    
        
                  


    
      Oceanographer

  


 
            

    
      Woods Hole Coastal and Marine Science Center

  



      



  




      Email

    
      jcwarner@usgs.gov

  




      

      Phone

    
      508-457-2237

  



  


      





      
  
        
            
Kate Ackerman

          
      

  
              

    
        
                  


    
      Geologist

  


 
            

    
      Woods Hole Coastal and Marine Science Center

  



      



  




      Email

    
      kackerman@usgs.gov

  




      

      Phone

    
      508-457-2331

  



  


      





  



      



  














    
    Explore Search

    	Nutrient, Sediment, and Flow
	Risks to Coastal Habitats
	Aerial Imaging and Mapping
	Barrier Islands
	Benthic Habitat
	Biologic Ecosystems
	Coastal Change Forecasts
	Coastal Processes
	Coastal Vulnerability Assessments
	Coastal Wetlands
	Estuaries
	Habitat Restoration
	Modeling
	Oceanographic Studies
	Sea-Level Rise
	Sea-Level Rise/Climate Change
	Storm Impacts
	Coastal and Marine Hazards
	Coastal Change
	Floods
	Hurricanes and Extreme Storms
	Barrier Islands
	Benthic Habitats
	Climate Change Impacts
	Coastal Erosion
	Forecasts and Models
	Sand and Gravel Resources
	Sediment Transport
	Sea-Level Rise
	Storm Impacts
	Wetlands
	Coastal Change
	Coastal Hazards
	Coastal Hydrology
	Coasts
	Ecosystem
	Embayment
	Estuary
	Modeling
	Sea-Level Rise
	Tidal Water
	Wetland
	Coastal Habitats and Waterbirds
	Coastal Ecosystem Science
	Ocean/Marine Ecosystem Science
	Coastal Change
	Hazards
	Hazards
	Coastal Change
	Coastal Ecosystems
	Ocean Ecosystems
	Understanding Coastal Change
	Coastal Hydrology  and Storm Surge
	Environmental Quality  and Contaminants
	Coastal Ecosystem Impacts
	Coastal Hazards and Habitat Change
	Estuaries and  Embayments
	Stream Water Quality and Resources
	Algal Blooms
	Analysis and Processing
	Coastal Evolution
	Coastal Restoration
	Coastal Vulnerability
	Geophysical Mapping
	Sediment Transport
	Wetland Habitats
	Coastal Evolution
	Coastal Restoration
	Coastal Vulnerability Assessments
	Ecosystem Health
	Exclusive Economic Zone (EEZ)
	Geology
	Climate
	Coasts
	Geology
	Information Systems
	Maps and Mapping
	Methods and Analyses
	Minerals
	Natural Hazards
	Ocean
	Science Technology
	estuaries
	coasts
	coastal hazards
	storm surge
	estuary
	marshes
	oceanographic modeling
	numerical modeling
	coastal ecosystems
	coastal wetlands
	environmental health
	ecological habitat

View All 
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                Estuarine Processes Model Development

              
          

    

    
        We are developing new routines within the COAWST model framework to represent coupled bio-physical processes in estuarine and coastal regions. These include routines for marsh vulnerability to waves, estuarine biogeochemistry, and feedbacks between aquatic vegetation and hydrodynamics.
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      Natural Hazards Mission Area, Coastal and Marine Hazards and Resources Program, Woods Hole Coastal and Marine Science Center, Hurricane Sandy, USGS Science in Long Island Sound and its Watershed
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        We are developing new routines within the COAWST model framework to represent coupled bio-physical processes in estuarine and coastal regions. These include routines for marsh vulnerability to waves, estuarine biogeochemistry, and feedbacks between aquatic vegetation and hydrodynamics.
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                Morphologic changes from sound-side inundation of North Core Banks, NC during Hurricane Dorian

              
          

    

    
      Morphologic changes from sound-side inundation of North Core Banks, Cape Lookout National Seashore, North Carolina, during Hurricane Dorian
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      Morphologic changes from sound-side inundation of North Core Banks, Cape Lookout National Seashore, North Carolina, during Hurricane Dorian
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                Estuarine Processes, Hazards, and Ecosystems-Study Sites

              
          

    

    
        Estuaries are dynamic environments where complex interactions between the atmosphere, ocean, watershed, ecosystems, and human infrastructure take place. They serve as valuable ecological habitat and provide numerous ecosystem services and recreational opportunities. However, they are modified by physical processes such as storms and sea-level rise, while anthropogenic impacts such as nutrient...
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        Estuarine Processes, Hazards, and Ecosystems-Study Sites


    

  

  
    

    
        Estuaries are dynamic environments where complex interactions between the atmosphere, ocean, watershed, ecosystems, and human infrastructure take place. They serve as valuable ecological habitat and provide numerous ecosystem services and recreational opportunities. However, they are modified by physical processes such as storms and sea-level rise, while anthropogenic impacts such as nutrient...
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                Estuarine Processes Eutrophication

              
          

    

    
        Increased loadings of nutrients to estuaries have altered ecosystem function by encouraging growth of phytoplankton and macroalgae while inducing large swings in dissolved oxygen and threatening the sustainability of seagrass meadows. We are measuring and modeling these processes to understand the future trajectory of estuarine ecosystems.
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        Estuarine Processes Eutrophication


    

  

  
    

    
        Increased loadings of nutrients to estuaries have altered ecosystem function by encouraging growth of phytoplankton and macroalgae while inducing large swings in dissolved oxygen and threatening the sustainability of seagrass meadows. We are measuring and modeling these processes to understand the future trajectory of estuarine ecosystems.
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                Estuarine Processes Coastal Hazards

              
          

    

    
        Extreme tides and coastal storms transfer high water levels to estuaries through natural and managed entrances. The size of the transfer depends on the duration of the event and the geomorphology of the estuary. We use observational data and modeling scenarios to understand and spatially map this transfer at our study sites.



  



        
    
    
    

      By

    
      Woods Hole Coastal and Marine Science Center, USGS Science in Long Island Sound and its Watershed

  



  








  


  
    link
    
        March 5, 2018



        Estuarine Processes Coastal Hazards


    

  

  
    

    
        Extreme tides and coastal storms transfer high water levels to estuaries through natural and managed entrances. The size of the transfer depends on the duration of the event and the geomorphology of the estuary. We use observational data and modeling scenarios to understand and spatially map this transfer at our study sites.
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                Estuarine Processes Tidal Wetlands

              
          

    

    
        Tidal wetlands are an important geomorphic and ecological feature of the coastal zone. Our projects deal with the physical forcings that affect wetland stability over event-to-annual timescales, including wave attack, sediment supply, and sea-level rise.
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        Tidal wetlands are an important geomorphic and ecological feature of the coastal zone. Our projects deal with the physical forcings that affect wetland stability over event-to-annual timescales, including wave attack, sediment supply, and sea-level rise.
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                Estuarine Processes Geomorphic Change

              
          

    

    
        Changes to the geomorphic structure of estuaries impact hydrodynamics, ecosystem function, and navigation. We are implementing new methods of observing and modeling these changes using innovative field and computational approaches.
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        Changes to the geomorphic structure of estuaries impact hydrodynamics, ecosystem function, and navigation. We are implementing new methods of observing and modeling these changes using innovative field and computational approaches.
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      Below are data releases associated with the Estuarine Processes, Hazards, and Ecosystems project.
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                Geospatial characterization of salt marshes in Chesapeake Bay

              
          

    

    
      This data release contains coastal wetland synthesis products for Chesapeake Bay. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and tidal range are calculated for smaller units delineated from a digital elevation model, providing the spatial variability of physical factors that influence wetland health. The U.S. Geological Survey has been expanding natio
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      This U.S. Geological Survey data release provides data on spatial variations in tidal datums, tidal range, and nuisance flooding in Chesapeake Bay and Delaware Bay. Tidal datums are standard elevations that are defined based on average tidal water levels. Datums are used as references to measure local water levels and to delineate regions in coastal environments. Nuisance flooding refers to the sp
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      The COAWST (Coupled Ocean-Atmosphere-Wave-Sediment Transport) modeling framework was extended to add two key processes that affect marshes, erosion due to lateral wave thrust (LWT) and vertical accretion due to biomass productivity. The testing of the combined effects of integrating these two processes was done by modeling marsh complexes within Forsythe National Wildlife Refuge and the Barnegat B
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            October 27, 2021


        
              
                Unvegetated to vegetated marsh ratio in Assateague Island National Seashore and Chincoteague Bay, Maryland and Virginia

              
          

    

    
      Unvegetated to vegetated marsh ratio (UVVR) in the Assateague Island National Seashore and Chincoteague Bay is computed based on conceptual marsh units defined by Defne and Ganju (2018). UVVR was calculated based on U.S. Department of Agriculture National Agriculture Imagery Program (NAIP) 1-meter resolution imagery. Through scientific efforts initiated with the Hurricane Sandy Science Plan, the U
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                Geospatial Characterization of Salt Marshes for Massachusetts

              
          

    

    
      This data release contains coastal wetland synthesis products for Massachusetts. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and tidal range are calculated for smaller units delineated from a digital elevation model, providing the spatial variability of physical factors that influence wetland health. The U.S. Geological Survey has been expanding nation
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                Wave thrust values at point locations along the shorelines of Massachusetts and Rhode Island

              
          

    

    
      This product provides spatial variations in wave thrust along shorelines in Massachusetts and Rhode Island. Natural features of relevance along the State coast are salt marshes. In recent times, marshes have been eroding primarily through lateral erosion. Wave thrust represents a metric of wave attack acting on marsh edges. The wave thrust is calculated as the vertical integral of the dynamic pres
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                Wave thrust values at point locations along the shorelines of Chesapeake Bay, Maryland and Virginia

              
          

    

    
      This product provides spatial variations in wave thrust along shorelines in the Chesapeake Bay. Natural features of relevance along the Bay coast are salt marshes. In recent times, marshes have been eroding primarily through lateral erosion. Wave thrust represents a metric of wave attack acting on marsh edges. The wave thrust is calculated as the vertical integral of the dynamic pressure of waves.
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                Coastal wetlands of the Blackwater region, Chesapeake Bay, Maryland

              
          

    

    
      This data release contains coastal wetland synthesis products for the geographic region of Blackwater, Chesapeake Bay, Maryland. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and others, are calculated for smaller units delineated from a digital elevation model, providing the spatial variability of physical factors that influence wetland health. The U.S.
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                Coastal wetlands of Hudson Valley and New York City, New York

              
          

    

    
      This data release contains coastal wetland synthesis products for the geographic region of Hudson Valley and New York City, New York. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and mean tidal range, are calculated for smaller units delineated from a Digital Elevation Model, providing the spatial variability of physical factors that influence wetland h
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                Coastal wetlands of north shore Long Island, New York

              
          

    

    
      This data release contains coastal wetland synthesis products for the geographic region of north shore Long Island, New York. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and mean tidal range, are calculated for smaller units delineated from a Digital Elevation Model, providing the spatial variability of physical factors that influence wetland health. T
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                Slope Values Across Marsh-Forest Boundary in Chesapeake Bay Region, USA

              
          

    

    
      The marsh-forest boundary in the Chesapeake Bay was determined by geoprocessing high-resolution (1 square meter) land use and land cover data sets. Perpendicular transects were cast at standard intervals (30 meters) along the boundary within a GIS by repurposing the Digital Shoreline Analysis System (DSAS) Version 5.0, an ArcGIS extension developed by the U.S. Geological Survey. Average and maximu
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                Coastal wetlands of eastern Long Island, New York (ver. 2.0, March 2024)

              
          

    

    
      This data release contains coastal wetland synthesis products for the geographic region of eastern Long Island, New York, including the north and south forks, Gardiners Island, and Fishers Island. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and mean tidal range, are calculated for smaller units delineated from a Digital Elevation Model, providing the s
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      Neil Ganju (standing) and Patrick Dickhudt preparing an oceanographic platform to measure wetland sediment transport in Forsythe NWR, New Jersey
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      Inundated marsh at Forsythe National Wildlife Refuge, New Jersey.
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      Inundated marsh at Forsythe National Wildlife Refuge, New Jersey.
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      Flood tidal shoal at Barnegat Inlet, New Jersey (courtesy USGS EROS NAIP orthophotography)
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      Flood tidal shoal at Barnegat Inlet, New Jersey (courtesy USGS EROS NAIP orthophotography)
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      Measuring seagrass biomass in Chincoteague Bay, Maryland to constrain numerical models.
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      Measuring seagrass biomass in Chincoteague Bay, Maryland to constrain numerical models.
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      Storm induced erosion of marsh shorelines can provide significant quantities of sediment to the bay altering the deposition patterns.
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      Storm induced erosion of marsh shorelines can provide significant quantities of sediment to the bay altering the deposition patterns.
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      Surface sediments will be analyzed for various physical parameters that will be used as initial conditions in hydrodynamic and sediment transport models.
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      Surface sediments will be analyzed for various physical parameters that will be used as initial conditions in hydrodynamic and sediment transport models.
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      Box-cores provide a relatively undistributed look into the recent past to help better understand the processes contributing to sediment deposition and erosion.
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      Box-cores provide a relatively undistributed look into the recent past to help better understand the processes contributing to sediment deposition and erosion.
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      Visualization of hydrodynamics around seagrass patch.
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      Visualization of hydrodynamics around seagrass patch.
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      Satellite image of Hurricane Sandy (courtesy NASA GOES http://weather.msfc.nasa.gov/GOES/)
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      Satellite image of Hurricane Sandy (courtesy NASA GOES http://weather.msfc.nasa.gov/GOES/)
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      Macroalgae, seagrass, and litter in West Falmouth Harbor, MA
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            March 16, 2022


        
              
                Modeling the dynamics of salt marsh development in coastal land reclamation

              
          

    

    
      The valuable ecosystem services of salt marshes are spurring marsh restoration projects around the world. However, it is difficult to determine the final vegetated area based on physical drivers. Herein, we use a 3D fully coupled vegetation-hydrodynamic-morphological modeling system (COAWST), to simulate the final vegetation cover and the timescale to reach it under various forcing conditions. Mar
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                How much marsh restoration is enough to deliver wave attenuation coastal protection benefits?

              
          

    

    
      As coastal communities grow more vulnerable to sea-level rise and increased storminess, communities have turned to nature-based solutions to bolster coastal resilience and protection. Marshes have significant wave attenuation properties and can play an important role in coastal protection for many communities. Many restoration projects seek to maximize this ecosystem service but how much marsh res
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            May 17, 2021


        
              
                Quantifying slopes as a driver of forest to marsh conversion using geospatial techniques: Application to Chesapeake Bay coastal-plain, USA

              
          

    

    
      Coastal salt marshes, which provide valuable ecosystem services such as flood mitigation and carbon sequestration, are threatened by rising sea level. In response, these ecosystems migrate landward, converting available upland into salt marsh. In the coastal-plain surrounding Chesapeake Bay, United States, conversion of coastal forest to salt marsh is well-documented and may offset salt marsh loss
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                Development of a submerged aquatic vegetation growth model in the Coupled Ocean–Atmosphere–Wave–Sediment Transport (COAWST v3.4) model

              
          

    

    
      The coupled biophysical interactions between submerged aquatic vegetation (SAV), hydrodynamics (currents and waves), sediment dynamics, and nutrient cycling have long been of interest in estuarine environments. Recent observational studies have addressed feedbacks between SAV meadows and their role in modifying current velocity, sedimentation, and nutrient cycling. To represent these dynamic proce
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            October 21, 2020


        
              
                Simulated estuary-wide response of seagrass (Zostera marina) to future scenarios of temperature and sea level

              
          

    

    
      Seagrass communities are a vital component of estuarine ecosystems, but are threatened by projected sea level rise (SLR) and temperature increases with climate change. To understand these potential effects, we developed a spatially explicit model that represents seagrass (Zostera marina) habitat and estuary-wide productivity for Barnegat Bay-Little Egg Harbor (BB-LEH) in New Jersey, United States.
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                Dynamics of marsh-derived sediments in lagoon-type estuaries

              
          

    

    
      Salt marshes are valuable ecosystems that must trap sediments and accrete in order to counteract the deleterious effect of sea‐level rise. Previous studies have shown that the capacity of marshes to build up vertically depends on both autogenous and exogenous processes including eco‐geomorphic feedbacks and sediment supply from in‐land and coastal ocean. There have been numerous efforts to quantif
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                Sediment delivery to marsh platforms minimized by source decoupling and flux convergence

              
          

    

    
      Sediment supply is a primary factor in determining marsh response to sea level rise and is typically approximated through high‐resolution measurements of suspended sediment concentrations (SSCs) from adjacent tidal channels. However, understanding sediment transport across the marsh itself remains limited by discontinuous measurements of SSC over individual tidal cycles. Here, we use an array of o
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                Sediment budget estimates for a highly impacted embayment with extensive wetland loss

              
          

    

    
      External sediment supply is an important control on wetland morphology and vulnerability to storms, sea-level rise, and land use change. Constraining sediment supply and net budgets is difficult due to multiple timescales of variability in hydrodynamic forcing and suspended-sediment concentrations, as well as the fundamental limitations of measurement and modeling technologies. We used two indepen

  



        
    
    

    

      Authors

    
      Robert Chant, David K. Ralston, Neil K. Ganju, Casia Pianca, Amy Simonson, Richard Cartwright

  




    

      By

    
      Woods Hole Coastal and Marine Science Center

  



  





    
    
            June 10, 2020


        
              
                A non-linear relationship between marsh size and sediment trapping capacity compromises salt marshes’ resilience to sea-level rise

              
          

    

    
      Global assessments predict the impact of sea-level rise on salt marshes with present-day levels of sediment supply from rivers and the coastal ocean. However, these assessments do not consider that variations in marsh extent and the related reconfiguration of intertidal area affect local sediment dynamics, ultimately controlling the fate of the marshes themselves. We conducted a meta-analysis of s
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                Sediment transport in a restored, river-influenced Pacific Northwest estuary

              
          

    

    
      Predicting the success of future investments in coastal and estuarine ecosystem restorations is limited by scarce data quantifying sediment budgets and transport processes of prior restorations. This study provides detailed analyses of the hydrodynamics and sediment fluxes of a recently restored U.S. Pacific Northwest estuary, a 61 ha former agricultural area near the mouth of the Stillaguamish Ri
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                Spatiotemporal variability of light attenuation and net ecosystem metabolism in a back-barrier estuary

              
          

    

    
      Quantifying system-wide biogeochemical dynamics and ecosystem metabolism in estuaries is often attempted using a long-term continuous record at a single site or short-term records at multiple sites due to sampling limitations that preclude long-term monitoring. However, differences in the dominant primary producer at a given location (e.g., phytoplankton versus benthic producers) control diel vari
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                Determining the drivers of suspended sediment dynamics in tidal marsh-influenced estuaries using high-resolution ocean color remote sensing

              
          

    

    
      Sediment budgets are a critical metric to assess coastal marsh vulnerability to sea-level rise and declining riverine sediment inputs. However, calculating accurate sediment budgets is challenging in tidal marsh-influenced estuaries where suspended sediment concentrations (SSC) typically vary on scales of hours and meters, and where SSC dynamics are driven by a complex and often site-specific inte
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      Below are data releases associated with this project.
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                National UVVR Map

              
          

    

    
      This map shows the unvegetated and vegetated area of coastal wetlands and adjacent land (inland and shorelines) for the Conterminous United States computed from 2014-2018 Landsat imagery at ~30 meter horizontal resolution.  
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                U.S. Geological Survey Oceanographic Time-Series Data Collection

              
          

    

    
      Oceanographic time-series measurements made by the U.S. Geological Survey between 1975 and the present as part of research programs. The data were collected to address specific research questions and were primarily collected over durations less than a year, using stationary platforms, with sensors near the sea floor. These data have been used to study of ocean dynamics and to validate ocean models
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      Estuarine processes, hazards, and ecosystems describes several interdisciplinary projects that aim to quantify and understand estuarine processes through observations and numerical modeling. Both the spatial and temporal scales of these mechanisms are important, and therefore require modern instrumentation and state-of-the-art hydrodynamic models. These projects are led from the U.S. Geological Survey's Woods Hole Coastal and Marine Science Center, but are collaborative projects that include participation from other U.S. Geological Survey offices, other federal and state agencies, and academic institutions.


  



  



  
          
      
          
          


    
      Coastal Wetland Synthesis Products
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      At the U.S. Geological Survey's Woods Hole Coastal and Marine Science Center we undertake interdisciplinary projects that aim to quantify and understand estuarine processes through observations and numerical modeling.
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      Hydrodynamic Model Simulations
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      A collection of hydrodynamic model simulations, their inputs, outputs by USGS Woods Hole Coastal and Marine Science Center. For more information on the Coupled Ocean Atmospheric Wave Sediment Transport (COAWST) modeling system.


  



      

    
      Download data

  



      


      


          
      
          
          


    
      Research 

  



      

    
      Estuarine processes, hazards, and ecosystems describes several interdisciplinary projects that aim to quantify and understand estuarine processes through observations and numerical modeling.
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      Estuaries are dynamic environments where complex interactions between the atmosphere, ocean, watershed, ecosystems, and human infrastructure take place. They serve as valuable ecological habitat and provide numerous ecosystem services and recreational opportunities. However, they are modified by physical processes such as storms and sea-level rise, while anthropogenic impacts such as nutrient loading threaten ecosystem function within estuaries. This project collects basic observational data on these processes, develops numerical models of the processes, and applies the models to understand the past, present, and future states of estuaries.

Measuring parameters such as water velocity, salinity, sediment concentration, dissolved oxygen and other constituents in watersheds, tidal wetlands, estuaries, and coasts is critical for evaluating the socioeconomic and ecological function of those regions. Technological advances have made it possible to autonomously measure these parameters over timescales of weeks to months. These measurements are necessary to evaluate three-dimensional numerical models that can represent the spatial and temporal complexity of these parameters. Once the models adequately represent relevant aspects of the physical system, they can be used to evaluate possible future scenarios including sea-level rise, streamflow changes, land-use modifications, and geomorphic evolution.
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    Video Transcript
    

  



              
        Sources/Usage: Public Domain. View Media Details
      

          


This time-lapse video shows lateral erosion of a salt marsh in the Grand Bay National Estuarine Research Reserve, part of an embayment near the city of Pascagoula, Mississippi, on the US Gulf coast. Wave action over the course of 6.5 months led to about 1.5 meters of erosion. Researchers from the USGS Woods Hole Coastal and Marine Science Center are studying the influence of wave attack and sediment supply on wetland vulnerability and ecosystem services. Learn more about estuaries research at the USGS by visiting the Estuarine Processes, Hazards, and Ecosystems project web page at https://woodshole.er.usgs.gov/project-pages/estuaries
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      Below are other science projects associated with this project.
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                Estuarine Processes Model Development

              
          

    

    
        We are developing new routines within the COAWST model framework to represent coupled bio-physical processes in estuarine and coastal regions. These include routines for marsh vulnerability to waves, estuarine biogeochemistry, and feedbacks between aquatic vegetation and hydrodynamics.
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        We are developing new routines within the COAWST model framework to represent coupled bio-physical processes in estuarine and coastal regions. These include routines for marsh vulnerability to waves, estuarine biogeochemistry, and feedbacks between aquatic vegetation and hydrodynamics.
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                Morphologic changes from sound-side inundation of North Core Banks, NC during Hurricane Dorian

              
          

    

    
      Morphologic changes from sound-side inundation of North Core Banks, Cape Lookout National Seashore, North Carolina, during Hurricane Dorian
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      Morphologic changes from sound-side inundation of North Core Banks, Cape Lookout National Seashore, North Carolina, during Hurricane Dorian
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                Estuarine Processes, Hazards, and Ecosystems-Study Sites

              
          

    

    
        Estuaries are dynamic environments where complex interactions between the atmosphere, ocean, watershed, ecosystems, and human infrastructure take place. They serve as valuable ecological habitat and provide numerous ecosystem services and recreational opportunities. However, they are modified by physical processes such as storms and sea-level rise, while anthropogenic impacts such as nutrient...
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        Estuaries are dynamic environments where complex interactions between the atmosphere, ocean, watershed, ecosystems, and human infrastructure take place. They serve as valuable ecological habitat and provide numerous ecosystem services and recreational opportunities. However, they are modified by physical processes such as storms and sea-level rise, while anthropogenic impacts such as nutrient...
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                Estuarine Processes Eutrophication

              
          

    

    
        Increased loadings of nutrients to estuaries have altered ecosystem function by encouraging growth of phytoplankton and macroalgae while inducing large swings in dissolved oxygen and threatening the sustainability of seagrass meadows. We are measuring and modeling these processes to understand the future trajectory of estuarine ecosystems.
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        Estuarine Processes Eutrophication


    

  

  
    

    
        Increased loadings of nutrients to estuaries have altered ecosystem function by encouraging growth of phytoplankton and macroalgae while inducing large swings in dissolved oxygen and threatening the sustainability of seagrass meadows. We are measuring and modeling these processes to understand the future trajectory of estuarine ecosystems.
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                Estuarine Processes Coastal Hazards

              
          

    

    
        Extreme tides and coastal storms transfer high water levels to estuaries through natural and managed entrances. The size of the transfer depends on the duration of the event and the geomorphology of the estuary. We use observational data and modeling scenarios to understand and spatially map this transfer at our study sites.
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        Estuarine Processes Coastal Hazards


    

  

  
    

    
        Extreme tides and coastal storms transfer high water levels to estuaries through natural and managed entrances. The size of the transfer depends on the duration of the event and the geomorphology of the estuary. We use observational data and modeling scenarios to understand and spatially map this transfer at our study sites.
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                Estuarine Processes Tidal Wetlands

              
          

    

    
        Tidal wetlands are an important geomorphic and ecological feature of the coastal zone. Our projects deal with the physical forcings that affect wetland stability over event-to-annual timescales, including wave attack, sediment supply, and sea-level rise.
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        Tidal wetlands are an important geomorphic and ecological feature of the coastal zone. Our projects deal with the physical forcings that affect wetland stability over event-to-annual timescales, including wave attack, sediment supply, and sea-level rise.



  



    Learn More
  







    

      
              
          link
              

    
        [image: Simulation model for geomorphic change]




  



              
          

    
      March 5, 2018


    
              
                Estuarine Processes Geomorphic Change

              
          

    

    
        Changes to the geomorphic structure of estuaries impact hydrodynamics, ecosystem function, and navigation. We are implementing new methods of observing and modeling these changes using innovative field and computational approaches.
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        Changes to the geomorphic structure of estuaries impact hydrodynamics, ecosystem function, and navigation. We are implementing new methods of observing and modeling these changes using innovative field and computational approaches.
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      Below are data releases associated with the Estuarine Processes, Hazards, and Ecosystems project.
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                Geospatial characterization of salt marshes in Chesapeake Bay

              
          

    

    
      This data release contains coastal wetland synthesis products for Chesapeake Bay. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and tidal range are calculated for smaller units delineated from a digital elevation model, providing the spatial variability of physical factors that influence wetland health. The U.S. Geological Survey has been expanding natio
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                Tidal Datums, Tidal Range, and Nuisance Flooding Levels for Chesapeake Bay and Delaware Bay

              
          

    

    
      This U.S. Geological Survey data release provides data on spatial variations in tidal datums, tidal range, and nuisance flooding in Chesapeake Bay and Delaware Bay. Tidal datums are standard elevations that are defined based on average tidal water levels. Datums are used as references to measure local water levels and to delineate regions in coastal environments. Nuisance flooding refers to the sp
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                COAWST model of Barnegat Bay creeks to demonstrate marsh dynamics

              
          

    

    
      The COAWST (Coupled Ocean-Atmosphere-Wave-Sediment Transport) modeling framework was extended to add two key processes that affect marshes, erosion due to lateral wave thrust (LWT) and vertical accretion due to biomass productivity. The testing of the combined effects of integrating these two processes was done by modeling marsh complexes within Forsythe National Wildlife Refuge and the Barnegat B
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                Unvegetated to vegetated marsh ratio in Assateague Island National Seashore and Chincoteague Bay, Maryland and Virginia

              
          

    

    
      Unvegetated to vegetated marsh ratio (UVVR) in the Assateague Island National Seashore and Chincoteague Bay is computed based on conceptual marsh units defined by Defne and Ganju (2018). UVVR was calculated based on U.S. Department of Agriculture National Agriculture Imagery Program (NAIP) 1-meter resolution imagery. Through scientific efforts initiated with the Hurricane Sandy Science Plan, the U
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                Geospatial Characterization of Salt Marshes for Massachusetts

              
          

    

    
      This data release contains coastal wetland synthesis products for Massachusetts. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and tidal range are calculated for smaller units delineated from a digital elevation model, providing the spatial variability of physical factors that influence wetland health. The U.S. Geological Survey has been expanding nation
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                Wave thrust values at point locations along the shorelines of Massachusetts and Rhode Island

              
          

    

    
      This product provides spatial variations in wave thrust along shorelines in Massachusetts and Rhode Island. Natural features of relevance along the State coast are salt marshes. In recent times, marshes have been eroding primarily through lateral erosion. Wave thrust represents a metric of wave attack acting on marsh edges. The wave thrust is calculated as the vertical integral of the dynamic pres
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                Wave thrust values at point locations along the shorelines of Chesapeake Bay, Maryland and Virginia

              
          

    

    
      This product provides spatial variations in wave thrust along shorelines in the Chesapeake Bay. Natural features of relevance along the Bay coast are salt marshes. In recent times, marshes have been eroding primarily through lateral erosion. Wave thrust represents a metric of wave attack acting on marsh edges. The wave thrust is calculated as the vertical integral of the dynamic pressure of waves.
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                Coastal wetlands of the Blackwater region, Chesapeake Bay, Maryland

              
          

    

    
      This data release contains coastal wetland synthesis products for the geographic region of Blackwater, Chesapeake Bay, Maryland. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and others, are calculated for smaller units delineated from a digital elevation model, providing the spatial variability of physical factors that influence wetland health. The U.S.
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                Coastal wetlands of Hudson Valley and New York City, New York

              
          

    

    
      This data release contains coastal wetland synthesis products for the geographic region of Hudson Valley and New York City, New York. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and mean tidal range, are calculated for smaller units delineated from a Digital Elevation Model, providing the spatial variability of physical factors that influence wetland h
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                Coastal wetlands of north shore Long Island, New York

              
          

    

    
      This data release contains coastal wetland synthesis products for the geographic region of north shore Long Island, New York. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and mean tidal range, are calculated for smaller units delineated from a Digital Elevation Model, providing the spatial variability of physical factors that influence wetland health. T
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                Slope Values Across Marsh-Forest Boundary in Chesapeake Bay Region, USA

              
          

    

    
      The marsh-forest boundary in the Chesapeake Bay was determined by geoprocessing high-resolution (1 square meter) land use and land cover data sets. Perpendicular transects were cast at standard intervals (30 meters) along the boundary within a GIS by repurposing the Digital Shoreline Analysis System (DSAS) Version 5.0, an ArcGIS extension developed by the U.S. Geological Survey. Average and maximu
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                Coastal wetlands of eastern Long Island, New York (ver. 2.0, March 2024)

              
          

    

    
      This data release contains coastal wetland synthesis products for the geographic region of eastern Long Island, New York, including the north and south forks, Gardiners Island, and Fishers Island. Metrics for resiliency, including unvegetated to vegetated ratio (UVVR), marsh elevation, and mean tidal range, are calculated for smaller units delineated from a Digital Elevation Model, providing the s
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      Below are multimedia items associated with this project.
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  Preparing oceanographic platform in Forsythe NWR, NJ


    
      Neil Ganju (standing) and Patrick Dickhudt preparing an oceanographic platform to measure wetland sediment transport in Forsythe NWR, New Jersey
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      Neil Ganju (standing) and Patrick Dickhudt preparing an oceanographic platform to measure wetland sediment transport in Forsythe NWR, New Jersey
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  Inundated Marsh


    
      Inundated marsh at Forsythe National Wildlife Refuge, New Jersey.
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      Inundated marsh at Forsythe National Wildlife Refuge, New Jersey.
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Flood tidal shoal
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  Flood tidal shoal


    
      Flood tidal shoal at Barnegat Inlet, New Jersey (courtesy USGS EROS NAIP orthophotography)
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      Flood tidal shoal at Barnegat Inlet, New Jersey (courtesy USGS EROS NAIP orthophotography)
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      Measuring seagrass biomass in Chincoteague Bay, Maryland to constrain numerical models.
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      Measuring seagrass biomass in Chincoteague Bay, Maryland to constrain numerical models.
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  Storm erosion at Chincoteague Bay, MD


    
      Storm induced erosion of marsh shorelines can provide significant quantities of sediment to the bay altering the deposition patterns.
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      Storm induced erosion of marsh shorelines can provide significant quantities of sediment to the bay altering the deposition patterns.
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      Surface sediments will be analyzed for various physical parameters that will be used as initial conditions in hydrodynamic and sediment transport models.
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      Surface sediments will be analyzed for various physical parameters that will be used as initial conditions in hydrodynamic and sediment transport models.
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      Box-cores provide a relatively undistributed look into the recent past to help better understand the processes contributing to sediment deposition and erosion.
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      Box-cores provide a relatively undistributed look into the recent past to help better understand the processes contributing to sediment deposition and erosion.
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Hydrodynamic Model

link

  Hydrodynamic Model


    
      Visualization of hydrodynamics around seagrass patch.
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      Visualization of hydrodynamics around seagrass patch.
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  Eye of the storm!


    
      Satellite image of Hurricane Sandy (courtesy NASA GOES http://weather.msfc.nasa.gov/GOES/)
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      Satellite image of Hurricane Sandy (courtesy NASA GOES http://weather.msfc.nasa.gov/GOES/)
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      Macroalgae, seagrass, and litter in West Falmouth Harbor, MA
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            March 16, 2022


        
              
                Modeling the dynamics of salt marsh development in coastal land reclamation

              
          

    

    
      The valuable ecosystem services of salt marshes are spurring marsh restoration projects around the world. However, it is difficult to determine the final vegetated area based on physical drivers. Herein, we use a 3D fully coupled vegetation-hydrodynamic-morphological modeling system (COAWST), to simulate the final vegetation cover and the timescale to reach it under various forcing conditions. Mar
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                How much marsh restoration is enough to deliver wave attenuation coastal protection benefits?

              
          

    

    
      As coastal communities grow more vulnerable to sea-level rise and increased storminess, communities have turned to nature-based solutions to bolster coastal resilience and protection. Marshes have significant wave attenuation properties and can play an important role in coastal protection for many communities. Many restoration projects seek to maximize this ecosystem service but how much marsh res
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                Quantifying slopes as a driver of forest to marsh conversion using geospatial techniques: Application to Chesapeake Bay coastal-plain, USA

              
          

    

    
      Coastal salt marshes, which provide valuable ecosystem services such as flood mitigation and carbon sequestration, are threatened by rising sea level. In response, these ecosystems migrate landward, converting available upland into salt marsh. In the coastal-plain surrounding Chesapeake Bay, United States, conversion of coastal forest to salt marsh is well-documented and may offset salt marsh loss
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                Development of a submerged aquatic vegetation growth model in the Coupled Ocean–Atmosphere–Wave–Sediment Transport (COAWST v3.4) model

              
          

    

    
      The coupled biophysical interactions between submerged aquatic vegetation (SAV), hydrodynamics (currents and waves), sediment dynamics, and nutrient cycling have long been of interest in estuarine environments. Recent observational studies have addressed feedbacks between SAV meadows and their role in modifying current velocity, sedimentation, and nutrient cycling. To represent these dynamic proce
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                Simulated estuary-wide response of seagrass (Zostera marina) to future scenarios of temperature and sea level

              
          

    

    
      Seagrass communities are a vital component of estuarine ecosystems, but are threatened by projected sea level rise (SLR) and temperature increases with climate change. To understand these potential effects, we developed a spatially explicit model that represents seagrass (Zostera marina) habitat and estuary-wide productivity for Barnegat Bay-Little Egg Harbor (BB-LEH) in New Jersey, United States.
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                Dynamics of marsh-derived sediments in lagoon-type estuaries

              
          

    

    
      Salt marshes are valuable ecosystems that must trap sediments and accrete in order to counteract the deleterious effect of sea‐level rise. Previous studies have shown that the capacity of marshes to build up vertically depends on both autogenous and exogenous processes including eco‐geomorphic feedbacks and sediment supply from in‐land and coastal ocean. There have been numerous efforts to quantif
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                Sediment delivery to marsh platforms minimized by source decoupling and flux convergence

              
          

    

    
      Sediment supply is a primary factor in determining marsh response to sea level rise and is typically approximated through high‐resolution measurements of suspended sediment concentrations (SSCs) from adjacent tidal channels. However, understanding sediment transport across the marsh itself remains limited by discontinuous measurements of SSC over individual tidal cycles. Here, we use an array of o
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                Sediment budget estimates for a highly impacted embayment with extensive wetland loss

              
          

    

    
      External sediment supply is an important control on wetland morphology and vulnerability to storms, sea-level rise, and land use change. Constraining sediment supply and net budgets is difficult due to multiple timescales of variability in hydrodynamic forcing and suspended-sediment concentrations, as well as the fundamental limitations of measurement and modeling technologies. We used two indepen
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                A non-linear relationship between marsh size and sediment trapping capacity compromises salt marshes’ resilience to sea-level rise

              
          

    

    
      Global assessments predict the impact of sea-level rise on salt marshes with present-day levels of sediment supply from rivers and the coastal ocean. However, these assessments do not consider that variations in marsh extent and the related reconfiguration of intertidal area affect local sediment dynamics, ultimately controlling the fate of the marshes themselves. We conducted a meta-analysis of s
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                Sediment transport in a restored, river-influenced Pacific Northwest estuary

              
          

    

    
      Predicting the success of future investments in coastal and estuarine ecosystem restorations is limited by scarce data quantifying sediment budgets and transport processes of prior restorations. This study provides detailed analyses of the hydrodynamics and sediment fluxes of a recently restored U.S. Pacific Northwest estuary, a 61 ha former agricultural area near the mouth of the Stillaguamish Ri
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                Spatiotemporal variability of light attenuation and net ecosystem metabolism in a back-barrier estuary

              
          

    

    
      Quantifying system-wide biogeochemical dynamics and ecosystem metabolism in estuaries is often attempted using a long-term continuous record at a single site or short-term records at multiple sites due to sampling limitations that preclude long-term monitoring. However, differences in the dominant primary producer at a given location (e.g., phytoplankton versus benthic producers) control diel vari
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                Determining the drivers of suspended sediment dynamics in tidal marsh-influenced estuaries using high-resolution ocean color remote sensing

              
          

    

    
      Sediment budgets are a critical metric to assess coastal marsh vulnerability to sea-level rise and declining riverine sediment inputs. However, calculating accurate sediment budgets is challenging in tidal marsh-influenced estuaries where suspended sediment concentrations (SSC) typically vary on scales of hours and meters, and where SSC dynamics are driven by a complex and often site-specific inte
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                National UVVR Map

              
          

    

    
      This map shows the unvegetated and vegetated area of coastal wetlands and adjacent land (inland and shorelines) for the Conterminous United States computed from 2014-2018 Landsat imagery at ~30 meter horizontal resolution.  
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                U.S. Geological Survey Oceanographic Time-Series Data Collection

              
          

    

    
      Oceanographic time-series measurements made by the U.S. Geological Survey between 1975 and the present as part of research programs. The data were collected to address specific research questions and were primarily collected over durations less than a year, using stationary platforms, with sensors near the sea floor. These data have been used to study of ocean dynamics and to validate ocean models
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