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This concept paper outlines an approach and identifies issues related to the management of Water Census information and products. Collaborative planning with end-users will identify how to best place information and products generated into the hands of resource managers, relevant decision-makers, and their stakeholders. 
4.1 Information Integration and Management
Information management and integration for a program the magnitude of a National Water Census presents major technical and resource challenges. This section identifies key challenges and in some cases provides suggested approaches to address them. To maximize the utility of the information, the design and development of the Water Census must be closely coordinated with the Federal Advisory Committee on Water Information. Although it is beyond the scope of this document to detail the requirements of a cyberinfrastructure, it is worth noting that this initiative will require significant coordination of information and observational data, sophisticated and high-performance computing, large data storage capacity, and data management and communication services in a distributed network.  In any data management and delivery system deployment approach, the number of qualified human resources needed for system administration and application technical support as well as continued application research development is often severely underestimated, and would need to be evaluated in depth. 

4.1.1 Information/data types
Many types of surface water information/data/model results will be used for assessments including; stream flow, stage, storage, precipitation, evaporation, water use, water quality (data and predictions), and water quantity and quality standards for drinking and ecosystems.  Key groundwater information/data to be used includes groundwater levels, aquifer hydraulic properties, well discharge, groundwater use and quality.  
In addition to water-centric data, ecological measures and predictions will be used to validate water quantity and quality assessments.  Fish species status and trends data made available from multiple state and federal agencies and non-governmental organizations and macroinvertebrate species data available through NWIS and also by the EPA will help serve this need. It should be noted that ecological data are not always available for sites having data describing hydrologic alteration, consequently, the capacity to serve ecological data simultaneously with hydrologic data will be limited by the disparate and disaggregated nature of ecological data. This situation is changing, however, and the National Water Quality Assessment (NAWQA) program is currently developing a flexible data base (called BioData) that will have the capacity to integrate data from many sources (USGS, EPA, NPS, FWS, NOAA, USDA) and act as a retrieval hub (called BioShare) to publically serve ecological data. The Water Census should organize its databases and tools in anticipation of leveraging the use of such data bases to provide stakeholders with greater connectivity between hydrologic and ecological data and thus, greater opportunities for the development of predictive flow-ecology response models.
4.1.2 Inventory of key information/data sources
An exhaustive evaluation of potential information and data sources (including models) will be conducted during the initial stages of the program. The USGS has already conducted extensive research and made necessary contacts with local agencies for identifying data to be used to estimate water-use data as part of the effort to prepare the Estimated Use of Water in the United States report series.  A description of local data sources and how the data were used can be found in the State documentation files that are associated with the Estimated Use of Water in the United States 2005 report.  A combination of both local data sources and national data sources will be used to carry out the Water Census. The following is a representative list of national information/data sources to be utilized:

Dun & Bradstreet (proprietary source): Data on Business (# of employees, industry classification, etc.)

U.S. Army Corps of Engineers: National Inventory of Dams, Institute for Water Resources Main Model; 	Municipal and Industrial Needs Water Use Forecasting, water-use coefficients.

U.S. Department of Agriculture: Agriculture Census data, Economic Research Service data, Farm and
	Ranch Irrigation Survey, Census of Aquaculture, Livestock inventory data.

U.S. Department of Energy: Energy Information Administration Data Files, Annual Steam-Electric Plant
	Operation and Design Data.

U.S. Department of Commerce: Bureau of the Census population estimates.

U.S. Environmental Protection Agency: Safe Drinking Water Information System (SDWIS), Permit 
	Compliance System (PCS) from the National Pollutant Discharge Elimination System (NPDES),
	STORET Data Warehouse.

U.S. Geological Survey: National Water Information System (NWIS), Mining and quarrying trends and
	 mineral industry surveys, National Hydrography Dataset (NHD), and hydrologic models. 

4.1.3 Linking of key information/data sources 
Infrastructure needs will be known after use cases for the Water Census information management and delivery system are identified. Infrastructure needed to support a system that enables real-time environmental observation and forecasting, which would require the deployment of a cyberinfrastructure, is much different than the infrastructure needed to support a data delivery mechanism for one-stop data shopping. Once available data have been identified and datasets collected or cataloged, each source dataset needs to be evaluated to identify common data fields where linkages can be drawn, or crosswalks can be developed between datasets to meet the requirements for analysis and display.  Integration of real-time observations and measurements will require a higher level of evaluation to ensure its delivery is not misleading when displayed with data of different time-scales. 
4.1.4 Establishing consistent identifiers  
Duplicate sites and duplicate data are major difficulties when aggregating data from various federal, state, and local databases.  Over the years the same site may be visited by multiple agencies and established in each agency's database using a different identification system.  In addition, it was often standard practice to load data from one agency's database to another agency's database to facilitate internal data needs.  These issues are often times discovered and resolved at the local researcher level; however, the discoveries are not always reported and made available to other researchers.  The discovery and reconciliation process are often repeated over and over again, greatly reducing scientific efficiency and potentially affecting the integrity of results.  As data discovery and delivery moves to a more distributed model utilizing web services, duplicate sites and data issues will only escalate.
This initiative will develop guidance and products that facilitate rapid reconciliation, data aggregation and overall scientific efficiency.  Examples of such products would be "also known as" lists for duplicate sites and descriptions / tips of known issues when aggregating databases. Computerized routines to automate common reconciliation steps will also be developed to facilitate data consumption and utilization by researchers.  In some instances where manual reconciliation may be required to assure result consistency, this initiative would produce staged data where known issues are resolved in advance then made widely available to researchers.
4.1.5 Development of seamless national data layers
An essential element in building and utilizing a national water census database is standardization.  One aspect of standardization is the seamlessness of the data such that the data of the nation can be treated as one unit.  This is true of both the horizontal and vertical aspects of the data.  This is achieved by using data standards, interoperability standards between vertical layers of data, and an integration process to unite the data.  The result is a seamless dataset that then allows uniformity in analysis and modeling conclusions, an effort that will be consistent with the USGS National Map protocols and goals.
4.1.6 Integration of water census data with NHD reach indexing
Locations for all surface water information will be referenced to the National Hydrography Dataset (NHD).  This accomplishes three major objectives: (1) It provides a universal frame of reference for spatial locations, (2) it allows the easy sharing of information across agencies, and (3) it permits the analysis of how the data is related, taking advantage of upstream/downstream cause and effect relationships.  A highly effective means to record and analyze the data is by using reach indexing that essentially gives the data an “address” on the nation’s surface water network similar to the address of a house on a street. Water-use data are network based where it is possible to follow a drop of water from the source, treatment, to place of use, to treatment, back to the natural system. The NHD framework will be enhanced to provide additional feature types to support the integration of water-use, man-made, networks. This will allow scientists the ability to combine the NHD with water-use networks. 

4.1.7 Long term data management and maintenance
Water Census data will be managed and maintained to preserve all data while making it accessible for current and future generations. Long term data management and maintenance is difficult and expensive because of the dynamic nature of information. Following are some principles and practices that will be used to minimize cost and maximize effectiveness:
1. Adherence to open standards and meta data documentation to enable a broad range of tools to be used
2. Whenever possible leave source data in its native location and access it through web services and XML.(for example, the QWDX Model now being utilized/supported by EPA)
3. Communicate with all stakeholders on a regular basis about future needs and changes.

4.1.8 Information security 
The Department of Interior's (DOI) Information Technology (IT) Strategic Plan FY2007-FY2012 states that the number one top IT priority is security and privacy. To ensure that users know and understand security responsibilities, an Installation IT Security Officer will be appointed to handle security matters related to the IT resources managed under the water census program.  All DOI and USGS security policies, guidelines, and best practices will be followed to ensure the IT security. Data compiled will come from a variety of Federal, State, and commercial sources. The original data could contain information in an “identifiable form”1 which would require protection under the Privacy Act. The water census is not intended to be a system of records; therefore, the identification information of individuals cannot be stored on the water census servers. Separate from IT Security, an individual should be designated to manage Personally Identifiable Information (PII) needs.  The PII manager would decide what is and isn’t PII, keep up with the latest rules, and decides who does and doesn’t get access to PII.
A preliminary Privacy Impact Assessment (PIA) will be conducted to ensure that the data sources used and archived on Water Census servers do not contain information in an identifiable form. The process used to conduct the preliminary PIA is documented in the DOI Privacy Impact Assessment and Guide, March 1, 2004. To safeguard the release of sensitive data related to Homeland Security, site specific locations referring to public drinking water supplies cannot be released to any individuals or organizations outside the Federal Government other than to cooperators; all requests for this type of information need to be redirected to the utility or agency responsible for the drinking water supply such as local, state, or tribal water authorities. In addition, site based data that is considered sensitive cannot be served on public web servers. If cooperators require access to the site based data, then the web site would require authentication to ensure that only valid cooperators can access the data. In some cases it may be possible to aggregate sensitive data and then present the aggregate form for display or include the data in reports that are posted on a public web site.

 1 “Identifiable Form” - Information in an IT system or online collection: (i) that directly identifies an individual (e.g., name, address, social security number or other identifying number or code, telephone number, email address, etc.) or (ii) by which an agency intends to identify specific individuals in conjunction with other data elements, i.e., indirect identification. (These data elements may include a combination of gender, race, birth date, geographic indicator, and other descriptors).
4.2 Products
It will be the goal of the USGS to provide timely products at scales defined by end users in forms that can be easily used by resource managers.  Following are considerations for each of the key product types; data, hydrologic and ecologic assessment tools, and reports.
4.2.1 Water Census Data Delivery
National GIS Interface: Standard operating procedures for data providers will be developed to implement a system that will ease the challenges of data integration at the national level.  Establishing metadata standards is also necessary to manage a data exchange system with cataloging, query, and retrieval capabilities.  Establishing multiple portals both public and internal will require establishing a protected network with various permission levels to access and manage the information and data.
Meta data produced for data products: Federal Geographic Data Committee (FGDC)-compliant searchable metadata will be made available for all Water Census data products.  A national catalog of Water Census data will be developed to provide information for discovering, assessing, and accessing water census data sets. The Water Census national catalog will consist of three levels of data objects, national scale conglomerate data resources, distinct geospatially-oriented databases, and where possible feature / sample level metadata.

Web based Map Serving of data and model results: The use of web map applications by the USGS is already fairly widespread.  Most of the more recent map viewers allow visualization of sampling or monitoring locations on some type of digital map base, plus display and/or download of data records from selected sites.  A cursory survey of map viewers show a mix of commercial off the shelf software (COTS), free commercial software, open source software, and home grown software.  It is now very common to find individual applications built with a mix of technologies that includes both open source and COTS. To supplement visualization of and access to data, there exist many new options (both open source and COTS) for performing robust analysis or modeling of the data and displaying the results via a web map viewer interface.  Previously, it was standard for an analytic function (e.g., statistics for a small watershed) to be performed by a single dedicated server application. Now, analytic functions can be modularized and made accessible to many remote applications over the internet. This capability will be particularly useful for those who wish to consume the output of a web analytic function and feed the results into their own application. A thorough and ongoing review of the various available open source and commercial GIS web application components will be conducted. There will also undoubtedly be different categories of applications, differentiated both by scale (e.g. national, regional, and local) and by technical focus (water quality, water availability, watershed analysis, flood-risk assessment, etc.) The review must consider the requirements for each of these categories of applications against the variety of open source and COTS components available to determine the ideal architecture. This is rapidly changing technology area that will have to have more detailed analysis when the project is ready for it. As this point (November 2009) we recommend considering visually delivering  data and model results directly from a database to a map something link this example: http://infotrek.er.usgs.gov/warp/. 
Web services delivery of data and model results: Any data hosted primarily by the Water Census project will be made available through web services. At a minimum the team will provide services for the following types of queries: (1) Site results – locations where data of various types have been collected; (2) Domain values - retrieves choice lists for web-service arguments; and (3) Data result retrievals.
4.2.2 Hydrologic/Ecologic Assessment Tools 
The ability of the USGS to integrate hydrologic, geologic, chemical, geographic, and biological data into new science-based management tools and models at multiple scales provides important new opportunities to translate the best interdisciplinary science into useful approaches and usable information to address important water availability/use management issues.  Following is a limited summary of hydrologic and ecologic assessment tool products expected from the Water Census. More detailed information on tools and models and their applications is provided in the concept papers for Human Water Use, Ecological Water Use, and Water Availability Indicators.
Models: To achieve the objectives of the Water Census a wide variety of models will be used. Watershed models provide insight into the routing of water through a catchment, simulate watershed processes, and can be used to assess the hydrologic and water-quality effects of land-use change, climate change, and water control structures. Groundwater models and coupled groundwater-surface water models provide a means to simulate groundwater flow and transport and the interactions between surface water and groundwater. Ecological models provide a means to scientifically assess a wide variety of habitat management issues related to water availability and quality. Land use change models are used to assess the impacts of human activities on a watershed. Integration of the various models will provide a means to better understand the complex relationships between human activities, ecological communities, and the availability and quality of water in a hydrologic system. The connection of models developed as part of the Water Census with climate models will be considered as detailed plans are developed. 
Statistical Analysis Tools: A variety of statistical techniques will be used to extract information from large data sets and to distinguish between variations caused by real effects as opposed to those resulting from random chance. Statistical analysis will also provide a means to summarize information in a way that helps resource managers make decisions where variability obscures the answers.
Repository to archive models: The Water Census model archive will contain comprehensive model documentation, input files, source code, code version, output files, and output analysis approaches. Archiving Water Census data and models will provide the ability to reproduce results and perform additional analyses while saving the cost of redundant data collection activities. Archived models will provide the methodological detail of numerical modeling studies to recreate published modeling results, enabling the synthesis of results across modeling studies and the investigation of new hypotheses. In addition, archived models will allow determination of uncertainties for comparison with results from other models. 
Scenario development: Future hydrologic/ecologic assessment tools will require scenario-building and multiple-scale visualization tools to communicate knowledge about the complex interactions between competing water demands and hydrologic/ecologic responses, to make sense of the large uncertainties involved in anticipated future climate change impacts and other drivers of change and hydrologic/ecologic responses to those drivers, and to synthesize the large amounts of available information within a framework that explicitly recognizes this complexity and uncertainty. Effectively dealing with multiple competing water demands requires quantitative methods to compare options and assess the tradeoffs among them. With adequate tools to model these complex uncertain systems, decision-makers will be able to assess consequences of specific policies and decisions within appropriate scenarios. The integrated, science-based tools that we envision can be used to inform local, State, and Federal decisions by helping stakeholders visualize the effects of alternative futures on valued ecological and socioeconomic endpoints. Ultimately, the wealth of information made possible by sophisticated national-scale linked-databases and associated forecasts will require interpretation within a conceptual framework based on scenarios that can be understood by decisionmakers and their stakeholders.

4.2.3  Reports
Work plans for national scale efforts and initial focus area studies will be prepared during the first year of the program. Work plans for later focus area studies will be prepared in the year prior to the initiation of the work on those studies. Products from national scale efforts will be primarily web-based information and tools, however, national topical reports may be prepared periodically. Every 3-5 years, a separate national synthesis report will present a synthesis of earlier topical reports. The scope of the synthesis reports will become more comprehensive as the number of national topical reports increases. Focus area studies will generate multiple scientific investigation reports for each focus area. Enabling legislation requires a report to Congress not later than December 31, 2012, (and every 5 years thereafter) that includes the following:
1. The current availability of water resources in the United States,
2. Significant trends affecting water availability, including documented or projected   impacts as a result of global climate change,
3. The withdrawal and use of surface water and groundwater by various sectors, 
4. Significant trends relating to each water use sector, including significant changes in water use due to the development of new energy supplies,
5. Significant water use conflicts or shortages that have occurred or are occurring,
6. Each factor that has caused, or is causing, a conflict or shortage.
	



