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      Since 1969, the U.S. Geological Survey has maintained a research project in the San Francisco Bay-Delta system to measure and understand how estuarine systems and tidal river deltas function and change in response to hydro-climatic variability and human activities.


  



  



  
            
          

    
      Project Overview

Estuaries are the interface of rivers, ocean, atmosphere, and dense human settlement. As such, their variability is driven by a large array of natural and anthropogenic forces. This website describes the long-term research and observation project in the San Francisco Bay-Delta that serves to measure and understand changes in water quality due to these forces.

For the past five decades, the USGS has conducted ship-based measurements of water quality along a 145-kilometer-deep water transect that spans the length of the entire system from ocean to inland delta. We sample the full salinity gradient on monthly cruises aboard the R/V Peterson and historically on the R/V Polaris. Read more about where and when we collect measurements.

We measure the basic elements of water quality that define the sustainability of the Bay as habitat for fish and organisms of the lower trophic levels. Using both oceanographic sensors and discrete water collection, we measure salinity, temperature, light extinction coefficient, chlorophyll-a, dissolved oxygen, suspended particulate matter, nitrate, nitrite, ammonium, silicate, and phosphate. Take a closer look at what we measure and how our measurements are made.

 

Data availability

Access the Water Quality of San Francisco Bay Data Query to download measurements from 1969 to our most recent cruise.  

These publicly available data are used to measure, model, and understand how estuaries function as transitional ecosystems between land and sea where seawater and freshwater meet. We provide examples of the diversity of applications of these data used in many different disciplines that range from tidal circulation and transport processes and sediment-water nutrient exchange, to phytoplankton productivity and responses to climate variability.

Data visualizations for each cruise will be added to this site in the near future.

 

Science Communications

	Patterns and Processes of Change Where Rivers Meet Oceans: presentation by James Cloern for Moss Landing Marine Laboratories, 2021.
	Chasing the Spring Phytoplankton Bloom: presentation by  Tara Schraga at the Exploratorium museum, 2021.
	USGS R/V Polaris Retires: We reflect on what she taught us: poster, 2016.
	How is San Francisco Bay Doing?: presentation by James Cloern for the USGS Public Lecture Series, 2011.
	Four Decades of Water Quality Research in San Francisco Bay: poster, 2009.
	Inside the Golden Gate: Part 1 and Part 2: NOVA television special, filmed aboard the R/V Polaris in 1976


 

Our Science in the News

	Feel Like the SF Bay Used to Be Bluer? You're Not Imagining It:  KQED Podcast and Article, 2019.
	Public radio KALW show, 2016.
	Bay Belle Retires; Catamaran Carries On. Estuary News, 2016.
	Monitoring San Francisco Bay water critical for future. ABC13 News, 2014.
	San Francisco Bay waters are becoming clearer, but that may mean threats from algal growth. San Jose Mercury News, 2013.
	Climate change may transform California's Bay Area.  Scientific American, 2011.


 

Agencies Supporting the Program of Water-Quality Data Collection and Dissemination

	U.S. Geological Survey Water Resources Division (2017 to present), National Research Program (until 2017)
	U.S. Geological Survey San Francisco Bay Priority Landscapes Program
	U.S. Geological Survey California Water Science Center
	San Francisco Estuary Institute: The Regional Monitoring Program
	San Francisco Estuary Institute: San Francisco Bay Nutrient Management Strategy


This work complements the Interagency Ecological Program for the San Francisco Bay/Delta Ecosystem.
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      Below are other science pages associated with the Water Quality of San Francisco Bay project.
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      Directly measured parameter data (depth, chlorophyll-a, dissolved oxygen, suspended particulate matter, extinction coefficient, salinity, temperature, nutrients) are available from the locations below:
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      Below are multimedia items associated with the Water Quality of San Francisco Bay project.
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      Below are publications associated with the Water Quality of San Francisco Bay project.
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                Projected evolution of California's San Francisco bay-delta-river system in a century of climate change

              
          

    

    
      Background: Accumulating evidence shows that the planet is warming as a response to human emissions of greenhouse gases. Strategies of adaptation to climate change will require quantitative projections of how altered regional patterns of temperature, precipitation and sea level could cascade to provoke local impacts such as modified water supplies, increasing risks of coastal flooding, and growing
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                Biological communities in San Francisco Bay track large‐scale climate forcing over the North Pacific

              
          

    

    
      Long‐term observations show that fish and plankton populations in the ocean fluctuate in synchrony with large‐scale climate patterns, but similar evidence is lacking for estuaries because of shorter observational records. Marine fish and invertebrates have been sampled in San Francisco Bay since 1980 and exhibit large, unexplained population changes including record‐high abundances of common speci
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                Patterns and scales of phytoplankton variability in estuarine: Coastal ecosystems

              
          

    

    
      Phytoplankton variability is a primary driver of chemical and biological dynamics in the coastal zone because it directly affects water quality, biogeochemical cycling of reactive elements, and food supply to consumer organisms. Much has been learned about patterns of phytoplankton variability within individual ecosystems, but patterns have not been compared across the diversity of ecosystem types
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                The annual cycles of phytoplankton biomass

              
          

    

    
      Terrestrial plants are powerful climate sentinels because their annual cycles of growth, reproduction and senescence are finely tuned to the annual climate cycle having a period of one year. Consistency in the seasonal phasing of terrestrial plant activity provides a relatively low-noise background from which phenological shifts can be detected and attributed to climate change. Here, we ask whethe
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                Hydrodynamic control of phytoplankton loss to the benthos in an estuarine environment

              
          

    

    
      Field experiments were undertaken to measure the influence of hydrodynamics on the removal of phytoplankton by benthic grazers in Suisun Slough, North San Francisco Bay. Chlorophyll a concentration boundary layers were found over beds inhabited by the active suspension feeders Corbula amurensis and Corophium alienense and the passive suspension feeders Marenzellaria viridis and Laonome sp. Benthic
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                Shallow water processes govern system-wide phytoplankton bloom dynamics: A modeling study

              
          

    

    
      A pseudo-two-dimensional numerical model of estuarine phytoplankton growth and consumption, vertical turbulent mixing, and idealized cross-estuary transport was developed and applied to South San Francisco Bay. This estuary has two bathymetrically distinct habitat types (deep channel, shallow shoal) and associated differences in local net rates of phytoplankton growth and consumption, as well as d
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                Calibration of an estuarine sediment transport model to sediment fluxes as an intermediate step for simulation of geomorphic evolution

              
          

    

    
      Modeling geomorphic evolution in estuaries is necessary to model the fate of legacy contaminants in the bed sediment and the effect of climate change, watershed alterations, sea level rise, construction projects, and restoration efforts. Coupled hydrodynamic and sediment transport models used for this purpose typically are calibrated to water level, currents, and/or suspended-sediment concentratio
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                Primary production and carrying capacity of former salt ponds after reconnection to San Francisco Bay

              
          

    

    
      Over 6,110 ha of the commercial production salt ponds surrounding South San Francisco Bay, CA, have been decommissioned and reconnected to the bay, most as part of the largest wetlands restoration program in the western United States. These open water ponds are critical habitat for millions of birds annually and restoration program managers must determine the appropriate balance between retention

  



        
    
    

    

      Authors

    
      Julien Thébault, Tara Schraga, James E. Cloern, Eric G. Dunlavey

  




    

      By

    
      Water Resources Mission Area, Ecosystems Mission Area, Toxic Substances Hydrology, Environmental Health Program, California Water Science Center

  



  





    
    
            January 1, 2008


        
              
                Complex seasonal patterns of primary producers at the land-sea interface

              
          

    

    
      Seasonal fluctuations of plant biomass and photosynthesis are key features of the Earth system because they drive variability of atmospheric CO2, water and nutrient cycling, and food supply to consumers. There is no inventory of phytoplankton seasonal cycles in nearshore coastal ecosystems where forcings from ocean, land and atmosphere intersect. We compiled time series of phytoplankton biomass (c
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                Shallow water processes govern system-wide phytoplankton bloom dynamics: A field study

              
          

    

    
      Prior studies of the phytoplankton dynamics in South San Francisco Bay, California, USA have hypothesized that bivalve filter-feeders are responsible for the limited phytoplankton blooms in the system. This study was designed to examine the effects of benthic grazing and light attenuation on this shallow, turbid, and nutrient replete system. We found that grazing by shallow water bivalves was impo
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                A cold phase of the East Pacific triggers new phytoplankton blooms in San Francisco Bay

              
          

    

    
      Ecological observations sustained over decades often reveal abrupt changes in biological communities that signal altered ecosystem states. We report a large shift in the biological communities of San Francisco Bay, first detected as increasing phytoplankton biomass and occurrences of new seasonal blooms that began in 1999. This phytoplankton increase is paradoxical because it occurred in an era of
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                Phosphate oxygen isotope ratios as a tracer for sources and cycling of phosphate in North San Francisco Bay, California

              
          

    

    
      [1] A seasonal analysis assesing variations in the oxygen isotopic composition of dissolved inorganic phosphate (DIP) was conducted in the San Francisco Bay estuarine system, California. Isotopic fractionation of oxygen in DIP (exchange of oxygen between phosphate and environmental water) at surface water temperatures occurs only as a result of enzyme‐mediated, biological reactions. Accordingly, i
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      Directly measured parameter data (depth, chlorophyll-a, dissolved oxygen, suspended particulate matter, extinction coefficient, salinity, temperature, nutrients) are available from the locations below:
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      Since 1969, the U.S. Geological Survey has maintained a research project in the San Francisco Bay-Delta system to measure and understand how estuarine systems and tidal river deltas function and change in response to hydro-climatic variability and human activities.


  



  



  
            
          

    
      Project Overview

Estuaries are the interface of rivers, ocean, atmosphere, and dense human settlement. As such, their variability is driven by a large array of natural and anthropogenic forces. This website describes the long-term research and observation project in the San Francisco Bay-Delta that serves to measure and understand changes in water quality due to these forces.

For the past five decades, the USGS has conducted ship-based measurements of water quality along a 145-kilometer-deep water transect that spans the length of the entire system from ocean to inland delta. We sample the full salinity gradient on monthly cruises aboard the R/V Peterson and historically on the R/V Polaris. Read more about where and when we collect measurements.

We measure the basic elements of water quality that define the sustainability of the Bay as habitat for fish and organisms of the lower trophic levels. Using both oceanographic sensors and discrete water collection, we measure salinity, temperature, light extinction coefficient, chlorophyll-a, dissolved oxygen, suspended particulate matter, nitrate, nitrite, ammonium, silicate, and phosphate. Take a closer look at what we measure and how our measurements are made.

 

Data availability

Access the Water Quality of San Francisco Bay Data Query to download measurements from 1969 to our most recent cruise.  

These publicly available data are used to measure, model, and understand how estuaries function as transitional ecosystems between land and sea where seawater and freshwater meet. We provide examples of the diversity of applications of these data used in many different disciplines that range from tidal circulation and transport processes and sediment-water nutrient exchange, to phytoplankton productivity and responses to climate variability.

Data visualizations for each cruise will be added to this site in the near future.

 

Science Communications

	Patterns and Processes of Change Where Rivers Meet Oceans: presentation by James Cloern for Moss Landing Marine Laboratories, 2021.
	Chasing the Spring Phytoplankton Bloom: presentation by  Tara Schraga at the Exploratorium museum, 2021.
	USGS R/V Polaris Retires: We reflect on what she taught us: poster, 2016.
	How is San Francisco Bay Doing?: presentation by James Cloern for the USGS Public Lecture Series, 2011.
	Four Decades of Water Quality Research in San Francisco Bay: poster, 2009.
	Inside the Golden Gate: Part 1 and Part 2: NOVA television special, filmed aboard the R/V Polaris in 1976


 

Our Science in the News

	Feel Like the SF Bay Used to Be Bluer? You're Not Imagining It:  KQED Podcast and Article, 2019.
	Public radio KALW show, 2016.
	Bay Belle Retires; Catamaran Carries On. Estuary News, 2016.
	Monitoring San Francisco Bay water critical for future. ABC13 News, 2014.
	San Francisco Bay waters are becoming clearer, but that may mean threats from algal growth. San Jose Mercury News, 2013.
	Climate change may transform California's Bay Area.  Scientific American, 2011.


 

Agencies Supporting the Program of Water-Quality Data Collection and Dissemination

	U.S. Geological Survey Water Resources Division (2017 to present), National Research Program (until 2017)
	U.S. Geological Survey San Francisco Bay Priority Landscapes Program
	U.S. Geological Survey California Water Science Center
	San Francisco Estuary Institute: The Regional Monitoring Program
	San Francisco Estuary Institute: San Francisco Bay Nutrient Management Strategy


This work complements the Interagency Ecological Program for the San Francisco Bay/Delta Ecosystem.
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      Below are other science pages associated with the Water Quality of San Francisco Bay project.
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      Directly measured parameter data (depth, chlorophyll-a, dissolved oxygen, suspended particulate matter, extinction coefficient, salinity, temperature, nutrients) are available from the locations below:
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      Below are multimedia items associated with the Water Quality of San Francisco Bay project.
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      Below are publications associated with the Water Quality of San Francisco Bay project.
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            January 1, 2011


        
              
                Projected evolution of California's San Francisco bay-delta-river system in a century of climate change

              
          

    

    
      Background: Accumulating evidence shows that the planet is warming as a response to human emissions of greenhouse gases. Strategies of adaptation to climate change will require quantitative projections of how altered regional patterns of temperature, precipitation and sea level could cascade to provoke local impacts such as modified water supplies, increasing risks of coastal flooding, and growing
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                Biological communities in San Francisco Bay track large‐scale climate forcing over the North Pacific

              
          

    

    
      Long‐term observations show that fish and plankton populations in the ocean fluctuate in synchrony with large‐scale climate patterns, but similar evidence is lacking for estuaries because of shorter observational records. Marine fish and invertebrates have been sampled in San Francisco Bay since 1980 and exhibit large, unexplained population changes including record‐high abundances of common speci
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                Patterns and scales of phytoplankton variability in estuarine: Coastal ecosystems

              
          

    

    
      Phytoplankton variability is a primary driver of chemical and biological dynamics in the coastal zone because it directly affects water quality, biogeochemical cycling of reactive elements, and food supply to consumer organisms. Much has been learned about patterns of phytoplankton variability within individual ecosystems, but patterns have not been compared across the diversity of ecosystem types
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                The annual cycles of phytoplankton biomass

              
          

    

    
      Terrestrial plants are powerful climate sentinels because their annual cycles of growth, reproduction and senescence are finely tuned to the annual climate cycle having a period of one year. Consistency in the seasonal phasing of terrestrial plant activity provides a relatively low-noise background from which phenological shifts can be detected and attributed to climate change. Here, we ask whethe
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                Hydrodynamic control of phytoplankton loss to the benthos in an estuarine environment

              
          

    

    
      Field experiments were undertaken to measure the influence of hydrodynamics on the removal of phytoplankton by benthic grazers in Suisun Slough, North San Francisco Bay. Chlorophyll a concentration boundary layers were found over beds inhabited by the active suspension feeders Corbula amurensis and Corophium alienense and the passive suspension feeders Marenzellaria viridis and Laonome sp. Benthic
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                Shallow water processes govern system-wide phytoplankton bloom dynamics: A modeling study

              
          

    

    
      A pseudo-two-dimensional numerical model of estuarine phytoplankton growth and consumption, vertical turbulent mixing, and idealized cross-estuary transport was developed and applied to South San Francisco Bay. This estuary has two bathymetrically distinct habitat types (deep channel, shallow shoal) and associated differences in local net rates of phytoplankton growth and consumption, as well as d
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                Calibration of an estuarine sediment transport model to sediment fluxes as an intermediate step for simulation of geomorphic evolution

              
          

    

    
      Modeling geomorphic evolution in estuaries is necessary to model the fate of legacy contaminants in the bed sediment and the effect of climate change, watershed alterations, sea level rise, construction projects, and restoration efforts. Coupled hydrodynamic and sediment transport models used for this purpose typically are calibrated to water level, currents, and/or suspended-sediment concentratio
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                Primary production and carrying capacity of former salt ponds after reconnection to San Francisco Bay

              
          

    

    
      Over 6,110 ha of the commercial production salt ponds surrounding South San Francisco Bay, CA, have been decommissioned and reconnected to the bay, most as part of the largest wetlands restoration program in the western United States. These open water ponds are critical habitat for millions of birds annually and restoration program managers must determine the appropriate balance between retention
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                Complex seasonal patterns of primary producers at the land-sea interface

              
          

    

    
      Seasonal fluctuations of plant biomass and photosynthesis are key features of the Earth system because they drive variability of atmospheric CO2, water and nutrient cycling, and food supply to consumers. There is no inventory of phytoplankton seasonal cycles in nearshore coastal ecosystems where forcings from ocean, land and atmosphere intersect. We compiled time series of phytoplankton biomass (c
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                Shallow water processes govern system-wide phytoplankton bloom dynamics: A field study

              
          

    

    
      Prior studies of the phytoplankton dynamics in South San Francisco Bay, California, USA have hypothesized that bivalve filter-feeders are responsible for the limited phytoplankton blooms in the system. This study was designed to examine the effects of benthic grazing and light attenuation on this shallow, turbid, and nutrient replete system. We found that grazing by shallow water bivalves was impo

  



        
    
    

    

      Authors

    
      J.K. Thompson, Jeffrey R. Koseff, Stephen G. Monismith, L.V. Lucas

  




    
  





    
    
            January 1, 2007


        
              
                A cold phase of the East Pacific triggers new phytoplankton blooms in San Francisco Bay

              
          

    

    
      Ecological observations sustained over decades often reveal abrupt changes in biological communities that signal altered ecosystem states. We report a large shift in the biological communities of San Francisco Bay, first detected as increasing phytoplankton biomass and occurrences of new seasonal blooms that began in 1999. This phytoplankton increase is paradoxical because it occurred in an era of
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                Phosphate oxygen isotope ratios as a tracer for sources and cycling of phosphate in North San Francisco Bay, California

              
          

    

    
      [1] A seasonal analysis assesing variations in the oxygen isotopic composition of dissolved inorganic phosphate (DIP) was conducted in the San Francisco Bay estuarine system, California. Isotopic fractionation of oxygen in DIP (exchange of oxygen between phosphate and environmental water) at surface water temperatures occurs only as a result of enzyme‐mediated, biological reactions. Accordingly, i
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      Directly measured parameter data (depth, chlorophyll-a, dissolved oxygen, suspended particulate matter, extinction coefficient, salinity, temperature, nutrients) are available from the locations below:
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