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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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                Phytoplankton growth rates in a light-limited environment, San Francisco Bay

              
          

    

    
      Phytoplankton cells reside in a turbulent medium partitioned into an upper photic zone that sustains photosynthesis, and a lower aphotic zone that does not. In estuaries, vertical mixing rates between these 2 zones can be rapid (< 1 generation time) because of tidal stirring and because the mixing depth is generally shallow. Moreover, the photic depth is characteristically shallow in estuaries bec
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                Turbidity as a control on phytoplankton biomass and productivity in estuaries

              
          

    

    
      In many coastal plain estuaries light attenuation by suspended sediments confines the photic zone to a small fraction of the water column, such that light limitation is a major control on phytoplankon production and turnover rate. For a variety of estuarine systems (e.g. San Francisco Bay, Puget Sound, Delaware Bay, Hudson River plume), photic-zone productivity can be estimated as a function of ph
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                The phytoplankton component of seston in San Francisco Bay

              
          

    

    
      Phytoplankton biomass (as carbon) was estimated from chlorophyll a concentrations (Chla) and a mean value for the ratio of phytoplankton carbon to chlorophyll a in San Francisco Bay. The ratio was determined as the slope of a Model II regression of POC' against (Chla), where POC' is total particulate organic carbon minus sediment-associated non-phytoplankton carbon. Samples from 30 fixed sites in
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                Biomass and productivity of three phytoplankton size classes in San Francisco Bay

              
          

    

    
      The 5-22 mu m size accounted for 40-50% of annual production in each embayment, but production by phytoplanton >22 mu m ranged from 26% in the S reach to 54% of total phytoplankton production in the landward embayment of the N reach. A productivity index is derived that predicts daily productivity for each size class as a function of ambient irradiance and integrated chlorophyll a in the photic zo
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                The modification of an estuary

              
          

    

    
      The San Francisco Bay estuary has been rapidly modified by human activity. Diking and filling of most of its wetlands have eliminated habitats for fish and waterfowl; the introduction of exotic species has transformed the composition of its aquatic communities; reduction of freshwater inflow by more than half has changed the dynamics of its plant and animal communities; and wastes have contaminate
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                Phytoplankton spatial distribution in south San Francisco Bay: mesoscale and small-scale variability

              
          

    

    
      Horizontal transects of surface salinity and in-vivo fluorescence indicate the existence of three distinct spatial regimes in South San Francisco Bay. A mid-Bay region of low phytoplankton biomass with little small-scale variance is bounded to the north and south by water masses having higher in-vivo fluorescence and enhanced small-scale variability. Autocorrelation analyses demonstrate that the l
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                Time scales and mechanisms of estuarine variability, a synthesis from studies of San Francisco Bay

              
          

    

    
      This review of the preceding papers suggests that temporal variability in San Francisco Bay can be characterized by four time scales (hours, days-weeks, months, years) and associated with at least four mechanisms (variations in freshwater inflow, tides, wind, and exchange with coastal waters). The best understood component of temporal variability is the annual cycle, which is most obviously influe
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                Benthic fluxes in San Francisco Bay

              
          

    

    
      Measurements of benthic fluxes have been made on four occasions between February 1980 and February 1981 at a channel station and a shoal station in South San Francisco Bay, using in situ flux chambers. On each occasion replicate measurements of easily measured substances such as radon, oxygen, ammonia, and silica showed a variability (??1??) of 30% or more over distances of a few meters to tens of
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                Temporal dynamics of estuarine phytoplankton: A case study of San Francisco Bay

              
          

    

    
      Detailed surveys throughout San Francisco Bay over an annual cycle (1980) show that seasonal variations of phytoplankton biomass, community composition, and productivity can differ markedly among estuarine habitat types. For example, in the river-dominated northern reach (Suisun Bay) phytoplankton seasonality is characterized by a prolonged summer bloom of netplanktonic diatoms that results from t
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                Remote sensing of tidal chlorophyll-a variations in estuaries

              
          

    

    
      Simultaneous acquisition of surface chlorophyll-a concentrations for 39 samples from boats and Daedalus 1260 Multispectral Scanner data from a U-2 aircraft was conducted in the northern reaches of San Francisco Bay on 28 August 1980. These data were used to develop regression models for predicting surface chlorophyll-a concentrations over the study area for ebb-tide (8.40 a.m. P.D.T. (Pacific Dayl
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      The two estuarine systems composing San Francisco Bay have distinct zooplankton communities and seasonal population dynamics. In the South Bay, a shallow lagoon-type estuary, the copepods Acartia spp. and Oithona davisae dominate. As in estuaries along the northeast coast of the U.S., there is a seasonal succession involving the replacement of a cold-season Acartia species (A. clausi s.l.) by a wa
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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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                Phytoplankton growth rates in a light-limited environment, San Francisco Bay

              
          

    

    
      Phytoplankton cells reside in a turbulent medium partitioned into an upper photic zone that sustains photosynthesis, and a lower aphotic zone that does not. In estuaries, vertical mixing rates between these 2 zones can be rapid (< 1 generation time) because of tidal stirring and because the mixing depth is generally shallow. Moreover, the photic depth is characteristically shallow in estuaries bec
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                Turbidity as a control on phytoplankton biomass and productivity in estuaries

              
          

    

    
      In many coastal plain estuaries light attenuation by suspended sediments confines the photic zone to a small fraction of the water column, such that light limitation is a major control on phytoplankon production and turnover rate. For a variety of estuarine systems (e.g. San Francisco Bay, Puget Sound, Delaware Bay, Hudson River plume), photic-zone productivity can be estimated as a function of ph
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                The phytoplankton component of seston in San Francisco Bay

              
          

    

    
      Phytoplankton biomass (as carbon) was estimated from chlorophyll a concentrations (Chla) and a mean value for the ratio of phytoplankton carbon to chlorophyll a in San Francisco Bay. The ratio was determined as the slope of a Model II regression of POC' against (Chla), where POC' is total particulate organic carbon minus sediment-associated non-phytoplankton carbon. Samples from 30 fixed sites in
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                Biomass and productivity of three phytoplankton size classes in San Francisco Bay

              
          

    

    
      The 5-22 mu m size accounted for 40-50% of annual production in each embayment, but production by phytoplanton >22 mu m ranged from 26% in the S reach to 54% of total phytoplankton production in the landward embayment of the N reach. A productivity index is derived that predicts daily productivity for each size class as a function of ambient irradiance and integrated chlorophyll a in the photic zo
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      The San Francisco Bay estuary has been rapidly modified by human activity. Diking and filling of most of its wetlands have eliminated habitats for fish and waterfowl; the introduction of exotic species has transformed the composition of its aquatic communities; reduction of freshwater inflow by more than half has changed the dynamics of its plant and animal communities; and wastes have contaminate
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                Phytoplankton spatial distribution in south San Francisco Bay: mesoscale and small-scale variability

              
          

    

    
      Horizontal transects of surface salinity and in-vivo fluorescence indicate the existence of three distinct spatial regimes in South San Francisco Bay. A mid-Bay region of low phytoplankton biomass with little small-scale variance is bounded to the north and south by water masses having higher in-vivo fluorescence and enhanced small-scale variability. Autocorrelation analyses demonstrate that the l
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                Time scales and mechanisms of estuarine variability, a synthesis from studies of San Francisco Bay

              
          

    

    
      This review of the preceding papers suggests that temporal variability in San Francisco Bay can be characterized by four time scales (hours, days-weeks, months, years) and associated with at least four mechanisms (variations in freshwater inflow, tides, wind, and exchange with coastal waters). The best understood component of temporal variability is the annual cycle, which is most obviously influe
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                Benthic fluxes in San Francisco Bay

              
          

    

    
      Measurements of benthic fluxes have been made on four occasions between February 1980 and February 1981 at a channel station and a shoal station in South San Francisco Bay, using in situ flux chambers. On each occasion replicate measurements of easily measured substances such as radon, oxygen, ammonia, and silica showed a variability (??1??) of 30% or more over distances of a few meters to tens of
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                Temporal dynamics of estuarine phytoplankton: A case study of San Francisco Bay

              
          

    

    
      Detailed surveys throughout San Francisco Bay over an annual cycle (1980) show that seasonal variations of phytoplankton biomass, community composition, and productivity can differ markedly among estuarine habitat types. For example, in the river-dominated northern reach (Suisun Bay) phytoplankton seasonality is characterized by a prolonged summer bloom of netplanktonic diatoms that results from t
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      Simultaneous acquisition of surface chlorophyll-a concentrations for 39 samples from boats and Daedalus 1260 Multispectral Scanner data from a U-2 aircraft was conducted in the northern reaches of San Francisco Bay on 28 August 1980. These data were used to develop regression models for predicting surface chlorophyll-a concentrations over the study area for ebb-tide (8.40 a.m. P.D.T. (Pacific Dayl
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                Seasonal cycles of zooplankton from San Francisco Bay

              
          

    

    
      The two estuarine systems composing San Francisco Bay have distinct zooplankton communities and seasonal population dynamics. In the South Bay, a shallow lagoon-type estuary, the copepods Acartia spp. and Oithona davisae dominate. As in estuaries along the northeast coast of the U.S., there is a seasonal succession involving the replacement of a cold-season Acartia species (A. clausi s.l.) by a wa
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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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