Project Summary 

Intellectual Merit. Watershed characterization requires well-planned sampling to track simultaneous time-variable fluxes and flowpaths of water, nutrients, sediments, and energy.  In this research project legacy hydrologic, meteorologic and water quality data from the Santa Fe basin in the Suwannee river watershed will be assembled into a web-accessible digital watershed.  These data, together with predictions from physically-based hydrologic models, will be used to develop a probabilistic algorithm to predict surface water stage and flux throughout the Santa Fe river basin and evaluate the accuracy of these predictions.   Information on prediction uncertainty will be used to design a spatial network of new conductivity-temperature-depth (CTD) sensors to improve the predictions.  The adequacy of the assembled data and the utility of the optimal estimation algorithm will be evaluated by comparing resulting predictions with observations of surface water stage and flux from the newly deployed CTD sondes.
In addition, off-the-shelf optical and cadmium reduction continuous nitrate sensors will be tested for background interferences with the high DOC Santa Fe surface water.  The best performing sensor for Santa Fe conditions will be selected and calibration algorithms for the selected sensor will be developed. The nitrate sensors will then be linked with the CTD sondes into a single sensor package which will transmit high frequency data via cell-phone technology to a central university computer. These sensor packages will be deployed at selected locations in the Santa Fe watershed and will provide the high-frequency data required to develop improved local relationships among flow, stage, conductivity and nitrate. This new knowledge will lay the groundwork for developing a general methodology to augment continuous measurement of nitrate with correlated surrogates (i.e., in this case flow and conductivity) to decrease the density of sensors needed to accurately predict the nitrate in the system over space and time.  Furthermore, the data will also lay the groundwork for developing improved understanding of the chemical and physical controls of nitrate and water fluxes through watersheds required to address science questions that cannot be answered with current data sampling and monitoring programs. 
Broader Impacts.  Development of the network design algorithm and deployment of the sensor network represent a good initial test at a small scale of how to develop cost-effective water and environmental research networks.  The communication ports will be configured for testing of any newly developed or off-the-shelf sensors, and outside users will be welcome to test instrumentation at these sites.  The probabilistic algorithms to be developed as part of the work will be sufficiently generic that they will be useful for planning sensor deployments for a variety of variables in any watershed.  Human resources will be impacted through support of two PhD-level graduate students.  Data collected and collated for the work will be archived in a web-accessible geodatabase to be made available to non-local researchers.  

Differences from Original Project Scope:
In the original 3-year $697K proposal we proposed to pursue four objectives which addressed the design and deployment of sensor arrays and cyberinfrastructure for watershed observatories, as well as the analysis of the new sensor data to answer important science questions regarding the transport and transformation of NO3 in the Santa Fe watershed. These objectives were:

1. Evaluate the probabilistic spatiotemporal relationships among existing data including flow, nitrate concentration, conductivity, rainfall, and other hydrogeospatial data (such as underlying geology, topography, density of surface stream network, density riparian wetlands, density agricultural land use, etc.) using information theory approaches.  Develop an algorithm to use existing data to predict the flux of water and NO3 through surface waters of the Santa Fe watershed in space and time.  Evaluate the accuracy of the prediction and design an augmented sensor network to improve prediction. Use new continuous sensor data to evaluate predictions and estimated prediction accuracy. 

2. Deploy continuous NO3 and conductivity/temperature/depth (CTD) sensors throughout watershed at locations determined by algorithm developed in Objective 1.  Link data collection in real-time to controlling computers at the University of Florida through current telecommunications capability in the region. 

3. Use new continuous sensor data to improve understanding of controlling NO transport and transformation processes through hydrograph separation techniques, end-member mixing models, and simple physically-based conceptual models.  Develop improved watershed conceptual model to use as the basis for future WASH123 numerical model implementation.

4. Develop a web-accessible geodatabase of federal, state and project data for access by regional stakeholders, local and non-local researchers, and for use in AP Environmental Science high school classes, college level Hydrologic and Environmental Science courses, and an interactive exhibit in the Florida Museum of Natural History on the University of Florida campus.

In response to the proposed cutback to a 2-year $360K project, as well as reviewers concerns about the reliability of the proposed nitrate sensors, the possible interference of DOC in nitrate measurements, and the need to incorporate physical knowledge and physically based modeling into the data mining algorithm, we propose the following modified objectives:

1) Develop a  probabilistic estimation framework focused on predicting surface water stage and flow rate along the Santa Fe stream network using existing hydrogeospatial and time series data as well as predictions from simplified deterministic physical models (such as HSPF or HEC) that use inputs such as meterological records, land use and local topography.  The spatially explicit measures of uncertainty in stage and flow rate obtained from the algorithm will be used to guide placement of new in situ CTD sondes to most efficiently reduce overall flow uncertainty.  Different sensor placement configurations will be examined to validate findings.  

2) Test off-the-shelf high resolution optical and cadmium nitrate sensors for background interferences in the high DOC Santa Fe River water.  Select best performing instrumentation and develop calibration algorithms for the sensor. Determine the best techniques for installation of stationary field sampling of nitrate (and ancillary components) through time, construct communication packages, develop communication protocols and deploy the chosen nitrate sensors along with CTD sondes at selected locations in the watershed.

3)Analyze new sensor data to develop improved local relationships among flow, stage, conductivity and nitrate.  Using stage/flow predicted from algorithm developed in 1)  and relationships developed from new nitrate sensor data for preliminary predictions of  nitrate flux along the stream network.
 

4) Develop a web-accessible geodatabase of federal, state and project data for access by regional stakeholders, local and non-local researchers.  Participate in CUAHSI-CLEANER project meetings and workshops to exchange knowledge gained and lessons learned with other test-bed groups.
 

In follow-on proposals to NSF and other state and national funding agencies funds will be requested to continue the collection of high resolution data from the deployed sensors, add new sensors to the network, address science questions related to processes that regulate nitrate delivery and attenuation across hydrologic regimes, extend the probabilistic algorithm to estimate and forecast  both water and nitrate flux in real time along the Santa Fe stream network, and develop an improved watershed conceptual model to use as the basis for future WASH123 numerical model implementation.

