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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, 2000


        
              
                Dynamics of nutrient cycling and related benthic nutrient and oxygen fluxes during a spring phytoplankton bloom in South San Francisco Bay (USA)

              
          

    

    
      Benthic oxygen uptake and nutrient releases of N, P and Si were measured weekly at 2 sites in South San Francisco Bay around the 1996 spring bloom. Exchanges across the sediment-water interface were estimated from whole core incubations performed in the laboratory at in situ temperature and in dark. Fluxes changed significantly on a weekly time scale. Over a period of 15 wk the fluxes of dissolved
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                Spatial and temporal variability of picocyanobacteria Synechococcus sp. in San Francisco Bay

              
          

    

    
      We collected samples monthly, from April to August 1998, to measure the abundance of autotrophic picoplankton in San Francisco Bay. Samples taken along a 160-km transect showed that picocyanobacteria (Synechococcus sp.) was a persistent component of the San Francisco Bay phytoplankton in all the estuarine habitats, from freshwater to seawater and during all months of the spring-summer transition.
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                The relative importance of light and nutrient limitation of phytoplankton growth: A simple index of coastal ecosystem sensitivity to nutrient enrichment

              
          

    

    
      Anthropogenic nutrient enrichment of the coastal zone is now a well-established fact. However, there is still uncertainty about the mechanisms through which nutrient enrichment can disrupt biological communities and ecosystem processes in the coastal zone. For example, while some estuaries exhibit classic symptoms of acute eutrophication, including enhanced production of algal biomass, other nutri
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                Processes governing phytoplankton blooms in estuaries. I: The local production-loss balance

              
          

    

    
      The formation and spatial distribution of phytoplankton blooms in estuaries are controlled by (1) local mechanisms, which determine the production-loss balance for a water column at a particular spatial location (i.e. control if a bloom is possible), and (2) transport-related mechanisms, which govern biomass distribution (i.e. control if and where a bloom actually occurs). In this study, the first
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                Processes governing phytoplankton blooms in estuaries. II: The role of horizontal transport

              
          

    

    
      The development and distribution of phytoplankton blooms in estuaries are functions of both local conditions (i.e. the production-loss balance for a water column at a particular spatial location) and large-scale horizontal transport. In this study, the second of a 2-paper series, we use a depth-averaged hydrodynamic-biological model to identify transport-related mechanisms impacting phytoplankton
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                Changes in production and respiration during a spring phytoplankton bloom in San Francisco Bay, California, USA: Implications for net ecosystem metabolism

              
          

    

    
      We present results of an intensive sampling program designed to measure weekly changes in ecosystem respiration (oxygen consumption in the water column and sediments) around the 1996 spring bloom in South San Francisco Bay, California, USA. Measurements were made at a shallow site (2 m, where mean photic depth was 60% of the water column height) and a deep site (15 m, mean photic depth was only 20

  



        
    
    

    

      Authors

    
      J.M. Caffrey, J. E. Cloern, C. Grenz

  




    

      By

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

  



  





    
    
            January 1, 1998


        
              
                Does the Sverdrup critical depth model explain bloom dynamics in estuaries?

              
          

    

    
      In this paper we use numerical models of coupled biological-hydrodynamic processes to search for general principles of bloom regulation in estuarine waters. We address three questions: what are the dynamics of stratification in coastal systems as influenced by variable freshwater input and tidal stirring? How does phytoplankton growth respond to these dynamics? Can the classical Sverdrup Critical
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                Metal uptake by phytoplankton during a bloom in South San Francisco Bay: Implications for metal cycling in estuaries

              
          

    

    
      The 1994 spring phytoplankton bloom in South San Francisco Bay caused substantial reductions in concentrations of dissolved Cd, Ni, and Zn, but not Cu. We estimate that the equivalent of ~60% of the total annual input of Cd, Ni, and Zn from local waste‐water treatment plants is cycled through the phytoplankton in South Bay. The results suggest that processes that affect phytoplankton bloom frequen
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                The design of sampling transects for characterizing water quality in estuaries

              
          

    

    
      The high spatial variability of estuaries poses a challenge for characterizing estuarine water quality. This problem was examined by conducting monthly high-resolution transects for several water quality variables (chlorophyll a, suspended particulate matter and salinity) in San Francisco Bay (California, U.S.A.). Using these data, six different ways of choosing station locations along a transect,
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                Phytoplankton bloom dynamics in coastal ecosystems: A review with some general lessons from sustained investigation of San Francisco Bay, California

              
          

    

    
      Phytoplankton blooms are prominent features of biological variability in shallow coastal ecosystems such as estuaries, lagoons, bays, and tidal rivers. Long-term observation and research in San Francisco Bay illustrates some patterns of phytoplankton spatial and temporal variability and the underlying mechanisms of this variability. Blooms are events of rapid production and accumulation of phytopl
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                An empirical model of the phytoplankton chlorophyll : carbon ratio-the conversion factor between productivity and growth rate

              
          

    

    
      We present an empirical model that describes the ratio of phytoplankton chlorophyll a to carbon, Chl: C, as a function of temperature, daily irradiance, and nutrient-limited growth rate. Our model is based on 219 published measurements of algal cultures exposed to light-limited or nutrient-limited growth conditions. We illustrate an approach for using this estimator of Chl: C to calculate phytopla
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                A comparison of two nitrification inhibitors used to measure nitrification rates in estuarine sediments

              
          

    

    
      Nitrification rates were measured using intact sediment cores from South San Francisco Bay and two different nitrification inhibitors: acetylene and methyl fluoride. Sediment oxygen consumption and ammonium and nitrate fluxes were also measured in these cores. Four experiments were conducted in the spring, and one in the fall of 1993. There was no significant difference in nitrification rates meas
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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, 2000


        
              
                Dynamics of nutrient cycling and related benthic nutrient and oxygen fluxes during a spring phytoplankton bloom in South San Francisco Bay (USA)

              
          

    

    
      Benthic oxygen uptake and nutrient releases of N, P and Si were measured weekly at 2 sites in South San Francisco Bay around the 1996 spring bloom. Exchanges across the sediment-water interface were estimated from whole core incubations performed in the laboratory at in situ temperature and in dark. Fluxes changed significantly on a weekly time scale. Over a period of 15 wk the fluxes of dissolved
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                Spatial and temporal variability of picocyanobacteria Synechococcus sp. in San Francisco Bay

              
          

    

    
      We collected samples monthly, from April to August 1998, to measure the abundance of autotrophic picoplankton in San Francisco Bay. Samples taken along a 160-km transect showed that picocyanobacteria (Synechococcus sp.) was a persistent component of the San Francisco Bay phytoplankton in all the estuarine habitats, from freshwater to seawater and during all months of the spring-summer transition.
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                The relative importance of light and nutrient limitation of phytoplankton growth: A simple index of coastal ecosystem sensitivity to nutrient enrichment

              
          

    

    
      Anthropogenic nutrient enrichment of the coastal zone is now a well-established fact. However, there is still uncertainty about the mechanisms through which nutrient enrichment can disrupt biological communities and ecosystem processes in the coastal zone. For example, while some estuaries exhibit classic symptoms of acute eutrophication, including enhanced production of algal biomass, other nutri
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                Processes governing phytoplankton blooms in estuaries. I: The local production-loss balance

              
          

    

    
      The formation and spatial distribution of phytoplankton blooms in estuaries are controlled by (1) local mechanisms, which determine the production-loss balance for a water column at a particular spatial location (i.e. control if a bloom is possible), and (2) transport-related mechanisms, which govern biomass distribution (i.e. control if and where a bloom actually occurs). In this study, the first
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                Processes governing phytoplankton blooms in estuaries. II: The role of horizontal transport

              
          

    

    
      The development and distribution of phytoplankton blooms in estuaries are functions of both local conditions (i.e. the production-loss balance for a water column at a particular spatial location) and large-scale horizontal transport. In this study, the second of a 2-paper series, we use a depth-averaged hydrodynamic-biological model to identify transport-related mechanisms impacting phytoplankton
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                Changes in production and respiration during a spring phytoplankton bloom in San Francisco Bay, California, USA: Implications for net ecosystem metabolism

              
          

    

    
      We present results of an intensive sampling program designed to measure weekly changes in ecosystem respiration (oxygen consumption in the water column and sediments) around the 1996 spring bloom in South San Francisco Bay, California, USA. Measurements were made at a shallow site (2 m, where mean photic depth was 60% of the water column height) and a deep site (15 m, mean photic depth was only 20
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      In this paper we use numerical models of coupled biological-hydrodynamic processes to search for general principles of bloom regulation in estuarine waters. We address three questions: what are the dynamics of stratification in coastal systems as influenced by variable freshwater input and tidal stirring? How does phytoplankton growth respond to these dynamics? Can the classical Sverdrup Critical
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                Metal uptake by phytoplankton during a bloom in South San Francisco Bay: Implications for metal cycling in estuaries

              
          

    

    
      The 1994 spring phytoplankton bloom in South San Francisco Bay caused substantial reductions in concentrations of dissolved Cd, Ni, and Zn, but not Cu. We estimate that the equivalent of ~60% of the total annual input of Cd, Ni, and Zn from local waste‐water treatment plants is cycled through the phytoplankton in South Bay. The results suggest that processes that affect phytoplankton bloom frequen
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      The high spatial variability of estuaries poses a challenge for characterizing estuarine water quality. This problem was examined by conducting monthly high-resolution transects for several water quality variables (chlorophyll a, suspended particulate matter and salinity) in San Francisco Bay (California, U.S.A.). Using these data, six different ways of choosing station locations along a transect,
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                Phytoplankton bloom dynamics in coastal ecosystems: A review with some general lessons from sustained investigation of San Francisco Bay, California

              
          

    

    
      Phytoplankton blooms are prominent features of biological variability in shallow coastal ecosystems such as estuaries, lagoons, bays, and tidal rivers. Long-term observation and research in San Francisco Bay illustrates some patterns of phytoplankton spatial and temporal variability and the underlying mechanisms of this variability. Blooms are events of rapid production and accumulation of phytopl
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      We present an empirical model that describes the ratio of phytoplankton chlorophyll a to carbon, Chl: C, as a function of temperature, daily irradiance, and nutrient-limited growth rate. Our model is based on 219 published measurements of algal cultures exposed to light-limited or nutrient-limited growth conditions. We illustrate an approach for using this estimator of Chl: C to calculate phytopla
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      Nitrification rates were measured using intact sediment cores from South San Francisco Bay and two different nitrification inhibitors: acetylene and methyl fluoride. Sediment oxygen consumption and ammonium and nitrate fluxes were also measured in these cores. Four experiments were conducted in the spring, and one in the fall of 1993. There was no significant difference in nitrification rates meas
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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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