Conceptual Plan for National Indicators
Water Census

I. Objective of the Water Census
The USGS Water Census has three distinct objectives, which mainly follow mandates in the SECURE Water Act (P.L. 111-11). The first is to provide a nationally consistent set of indicators that reflect each status and trend relating to the availability of water resources in the United States. This objective includes substantial work on improving our knowledge of water use throughout the United States. The second objective is to provide information and tools that allow users to better understand the flow requirements for ecological purposes. And the third objective is to report on areas of significant competition over water resources and the factors that have led to the competition. For the purposes of this paper, we will primarily be focused on explaining our conceptual design for the first objective. 
II. Delivering the Components of a Water Budget
We begin our work on water availability through the use of a water budget. Water budgets are a way of accounting for the inputs, outputs, withdrawals, and changes in amount of water in each component of the water cycle. By quantifying the various components of a watershed’s water budget, we take the first steps in assessing water availability. The water budget equation is:

P + Qswin + Qgwin = ET + (Ssw + (Ssnow + (Sgw + Qgwout + RO + Qbf
Where P is precipitation; Qswin  is surface water flow into the watershed; Qgwin  is groundwater flow into the watershed; ET is all evapotranspiration; (Ssw  is change in surface water storage;  (Ssnow  is change in snow and ice storage;  (Sgw  is change in groundwater storage;  Qgwout  is groundwater flow out of the watershed;  RO is surface runoff ; and  Qbf   is baseflow out of the watershed. This equation is written for an undisturbed watershed, absent of any human withdrawals or return flows. If human water withdrawals or return flows are present, they can either be accounted by adding additional terms on either side of the equation (Qsw-humanin, Qgw-humanin, Qsw-humanout, Qgw-humanout) or by including human water transfers in the appropriate existing terms. By measuring or estimating the amount of water for each of these terms over time for the watersheds across the nation, we can provide the user with the capability to calculate a water budget for their area of interest. The water budget equation can become as detailed as the user requires by adding separate terms for various losses (.e.g. consumptive uses), watershed processes (e.g. recharge or infiltration) and other components of the hydrologic cycle (e.g. the unsaturated zone).
III. Spatial and Temporal Scale of the Analysis

The size of watershed area for which the water budget is calculated and the time period which it is calculated over are of primary importance to the user. Using too large of a watershed area can mask water availability problems that become very apparent at the smaller scale. Conversely, a water budget for a small watershed may not provide the regional or national picture of water availability that the user desires. Temporal scale, or the time period over which the water budget is calculated, is also of primary importance to the user. Water budgets may theoretically be calculated over any time period. However, most water budgets are calculated on a time step as short as a month, ranging up to a year. Annual water budgets are useful for many water availability analyses, but may mask issues related to seasonality of flows, climate, and water use variability throughout the year– all critical issues to water resource managers and the environment. In order to capture seasonal variations, it is often desirable to conduct the water budget on a monthly basis, which can be aggregated up to an annual budget. The most significant limiting factor is access to accurate data on a monthly basis.
A. The Hydrologic Unit Code System

The United States is divided and sub-divided into successively smaller hydrologic units which are classified into six levels: regions, sub-regions, accounting units, cataloging units, etc. The hydrologic units are arranged within each other, from the smallest (12-digit HUCs) to the largest (regions). Each hydrologic unit is identified by a unique hydrologic unit code (HUC) consisting of two to twelve digits based on the six levels of classification in the hydrologic unit system. This coding system provides an orderly way to classify watersheds for the purpose of water availability analysis and it will be used by the Water Census.
B. Spatial Scale
For purposes of the Water Census, the long-term objective will be to provide measured or estimated information for all relevant water budget terms at the HUC 12-digit scale. This information may then be aggregated up to the HUC 10-, 8-, 6-, 4-, and 2-digit scales. The USGS will strive to provide water budget information down to the HUC 12-digit scale. Because measured information is generally more readily available at the larger scales and there is less uncertainty associated with those measurements when compared to the estimated values at the smaller-scale. For that reason, estimated values at the smaller-scale HUCs will be constrained to agree with measured values at the larger scales.
C. Temporal Scale

For purposes of the Water Census, the long-term objective will be to provide measured or estimated information for all relevant water budget terms on a monthly basis. Some components of the water budget have a continuous time series of data, such as streamflow information from a surface water gaging station. Others have a daily time record, such as gridded precipitation coverages from the National Weather Service. Other components of the water budget, such as reported water withdrawals and discharges, are only available on a monthly basis in most states. For water budget purposes, we must use the longer, monthly time step in the calculations. Otherwise, we would be introducing significant uncertainty by disaggregating the monthly withdrawal and discharge information into daily values. Therefore, monthly water budgets will be the temporal scale used by the Water Census until better data is available. In some states, annual water use data reporting is the best that is available at the present time. The USGS will be working with those states that only report annual water use data to improve the frequency of data collection and to develop technically defensible methods for disaggregating historical annual data.
Outside of the water budget analysis, there are other uses of continuous time series data and daily records that will be of use to Water Census users. This includes measured or estimated streamflow information from gaged and ungaged areas for ecological flow analysis, interpretation of water quality information; daily precipitation and evapotranspiration records for climate analysis and flood studies; daily changes in surface storage for water supply management; etc. The Water Census will provide, where available, coverages of these hydrologic indicators on a daily basis for those other uses.

IV. Surface Water Indicators

In general, for the Water Census, the USGS will use its streamgaging network, qualified flow records provided from other sources, coverages of basin characteristics and its statistical and deterministic modeling tools to provide an estimated daily hydrograph for all ungaged areas in the country. Because of the coverage of streamgages, the period of record, and the number of streamgages free of significant flow regulation, the accuracy of flow estimation will vary significantly from one part of the nation to another. To provide a graphical illustration of this concept, the USGS is preparing the following visual display. We are depicting the US divided into its 2264 eight-digit HUCs, which are also known as “Cataloging Units”. For each Cataloging Unit, we will graphically show if there is a streamgage within the unit, if it gages a significant portion of the outflow of the unit, if it has 30 or more years of record, and a qualitative depiction of the degree of flow regulation of the gage. Cataloging Units with multiple gages will be distinguished. To further explain, Cataloging Units with multiple streamgages, with more than 30 years of record, with a small degree of flow regulation, and with a significant amount of the outflow of the unit gaged, will receive the highest graphical representation. Cataloging Units with no streamgage will receive the lowest graphical representation. This analysis will provide a means of discussing the accuracy of flow estimation procedures throughout the nation. We can currently predict that areas of the nation, like Alaska with its low density of streamgages, will have a greater degree of uncertainty associated with estimated streamflow for ungaged areas.
For estimates in ungaged areas the USGS will be conducting testing of various flow estimation models to determine the most accurate and efficient methods for these estimated. Our currently state of knowledge has USGS recommending the use of the Sustainable Yield Estimator for developing the nationwide coverages. This is subject to further analysis. The Sustainable Yield Estimator is a statistical method which maximizes use of current record from watersheds with similar physical characteristics.
Where we are able to provide measured or estimated daily hydrographs, with definable and acceptable level of uncertainty, the USGS will produce gridded, area-referenced coverages of baseflow, runoff, and total flow. From this gridded coverage, the user will be able to develop the surface flow-in and baseflow- and runoff-out values for the water budget equation, for their watershed of interest. Streamflow statistics presently available through StreamSTATS will also be provided. 
V. Precipitation and Evapotranspiration Indicators

Precipitation record will largely be obtained from data available from the National Weather Service.  Monthly precipitation and air-temperature data will be obtained from the U.S. Historical Climatology Network (HCN) dataset that was developed and is maintained at the National Climatic Data Center. The Water Census will work with the National Weather Service to see if it is possible to provide gridded daily coverages of precipitation in the future. If not, monthly precipitation data or disaggregated monthly precip. data will have to be used in the water budget analysis. 
Evapotranspiration record will be obtained from discrete measurements and from ET networks currently in operation and from historical water budget analysis. Evapotranspiration estimates will be provided on a monthly basis in a gridded format for the nation. Methods for developing better evapotranspiration estimated data will be explored in cooperation with the National Weather Service.
VI. Storage in Lakes, Reservoirs, Snowfields, and Glaciers
The Water Census will explore data sources to provide measurements of storage of water in man-made lakes and reservoirs. Not all man-made lakes and reservoirs measure and report volume or water level information, but many of the larger systems do. For water budget analysis, the change in storage is the factor that is most often sought and, from a water availability perspective, users usually want to know the trends in storage over the long-term. The Water Census will work with the Army Corps of Engineers, the Tennessee Valley Authority, and the Bureau of Reclamation to provide time series data on water in storage in lakes and reservoirs that those agencies control. Other information on man-made lakes and reservoirs will be basin-specific. It is assumed that water stored in natural lakes, where the lake level is not artificially maintained, are negligible to the water budget equation. 
Information on snowfields in the Western United States will be obtained through the SNOTEL network coordinated by the USDA’s Natural Resources Conservation Service. The products provided by SNOTEL include maps on month-to-date and year-to-date precipitation, which can be introduced as a change in snow storage factor in the water budget. In the Eastern US, the USGS will work with the National Weather Service and the relevant States who run snow surveys to provide information on the status of water in storage in snowpack. Glaciers in the western US mountain regions, and in Alaska, will be treated as a special case. Changes in storage in glaciers will be reported at the outflow of the glacier, as that information is available from the National Weather Service.
VII. Groundwater Systems
Aquifer systems are complex, three-dimensional geologic features which move and store water recharged from the land surface. They cover great distances, often do not conform to surface water divides, and may obtain most of their recharge at locations quite remote from where the water discharges to a stream, estuary, or well. As USGS has stated previously, because of these complexities, we propose that groundwater systems be incorporated into the water budget analysis once that have been studied under the Survey’s Regional Groundwater Availability Studies in the Groundwater Resources Program. These studies will provide the information related to seasonal and long-term changes in storage and recharge, relative to the watershed of interest. 
For areas of the nation that have not yet been investigated by a Regional Groundwater Availability Study, different methods will have to be used for the estimates. If there is a groundwater observation well network in the watershed, the Census will have access to data showing the trend in groundwater storage. Coupling this information with water use data withdrawn from groundwater sources can provide an estimate of the terms for the water budget equation. One of the challenges of the final implementation plan for the Water Census will be to develop a method for estimating groundwater terms for the water budget equation where there is no groundwater study. These methods will be documented and used to develop groundwater estimates for the Water Census.
VIII. Human Water Use Indicators
Improved national databases of human water use information will be one of the most essential outcomes of the Water Census. This will be a significant focus of approximately one-third of the resources of the Initiative. Our primary objective will be to better characterize how humans move, use, consume, and dispose of the water they withdraw, divert, or retain AND integrate that information with flows in the environment. Through this integrated approach, we will hope to describe how human use of water and natural flows influence one-another. This requires that we understand the sources from which water is withdrawn, the demand that the water is used to satisfy, the transport of the water to the demand location, the amount of water that is “consumed” in satisfying the demand, and the return flows to the environment. Each of these steps has a strong geospatial component – we need to know which watersheds are losing flows, which are gaining flows and the net exchange.
A. Water Use Sectors

Our examination of water use will include the eight current sectors of water use in the USGS National Water Use Information Program (NWUIP): Public Supply, Domestic Self-Supply, Irrigation, Livestock, Industrial Self-Supply, Aquaculture, Mining, and Thermoelectric Power Generation Cooling Water. Three of these sectors (Public Supply, Irrigation, and Thermoelectric) represent 91% of the water withdrawn in the nation. However, there are other sectors of water use not currently included in these eight that must be picked up. They are: Commercial Self-Supplied, Wastewater Dilution, Hydroelectric Power Generation, Navigation uses, Recreational uses. The latter three are all largely instream uses. The USGS will devote resources to characterize or better characterize all of these water use sectors. 
B. Other Database Sources
An important aspect of developing better water use information is the integration of water use data from other federal, state, and regional agencies and commercial sources. These databases are essential to the success of the water use estimation effort. In many cases, these are the primary sources of water use data. Because States have the primary role in water supply planning and management, they are the collectors of water use data. State water allocation programs serve as the first source of information for many water use sectors. Because there are fifty states and multiple regional or multistate agencies involved in water allocation regulation, and there is no federal standards for water use data collection and there is little consistency in the way this data is collected. However, there are a number of federal water use databases and surveys that collect information that is of great importance to water use estimation. The US Department of Agriculture’s Census of Agriculture and Farm and Ranch Irrigation Surveys are excellent examples of this. Other federal databases include:
· US Environmental Protection Agency’s SDWIS and PCS databases for public supply withdrawals and permitted wastewater and stormwater discharges, respectively.

· US Department of Energy – Energy Information Administration databases for electric power generating plant water use.
· US Census Bureau’s various databases

· LANDSAT Infrared Imaging for development of irrigated cropland water use information.

Additionally, there are commercial databases that provide significant national information on water use, such as the Dunn and Bradstreet Credit Reports which provide useful information on commercial and industrial water use. 

The significance of this discussion on water use data sources and available databases is to provide background for how and why the USGS will prioritize various water use sectors for better characterization.

C. Use of modeling and statistical designs in water use estimation

Please see pages 86 -114 of Estimating Water Use in the United States: A New Paradigm for the National Water-Use Information Program;  National Research Council, National Academy Press, 2002 (available at http://www.nap.edu/catalog.php?record_id=10484 ) for a compete discussion of stratified random sampling and regression modeling techniques to estimate water use.  It is the intent of the Water Census to make full use of these techniques in our improvements of water use estimation. In particular, for the sectors of Public Supply and Domestic Self-Supply, modeling techniques that relate land use characteristics and water use appear to be particularly promising and will be further tested in our work.

D. Location Information

In order to integrate water use data with natural flow data, we must have accurate location data for the point of withdrawal, the source that the water is withdrawn from, the location of the demand, and the eventual return flow to the environment. The ability to capture this location information varies greatly from one water use sector to the next. Certain sectors generally withdraw their water locally and return the water locally. These sectors include: Aquaculture, Mining, and Thermoelectric Power Generation Cooling Water. Other sectors may transfer water over long distances from withdrawal, to demand, and to return flow. These may include: Public Supply, Domestic Self-Supply, Irrigation, Livestock, and Industrial Self-Supply. In the sectors of Public Supply, the transfers largely take place through the public water supply and wastewater treatment and discharge systems. In the Domestic Self-Supply, and Industrial Self-Supply, the transfers largely take place through only the wastewater treatment and discharge systems. In the sectors of Irrigation and Livestock, the transfers are largely through irrigation districts. 
Within the USGS NWUIP, our initial efforts will be to improve the location information for the following sectors: Public Supply, Irrigation, and Thermoelectric. For Public Supply, this will initially focus are improved information through the SDWIS and PCS databases. For Irrigation, USGS is working with the USDA, States and irrigation districts to improve the location information. For the Thermoelectric sector, good location data already exists. Once we have improved the location information for these three critical sectors, we will move on to Domestic Self-Supply, Livestock, Industrial Self-Supply, Mining and Aquaculture. All location information will be tied to the National Hydrography Dataset + so that the information can be accurately geospatially referenced and aggregated upstream and downstream. This is vital to integrating water use data with natural flow information.
E. Consumptive Use Information

The NWUIP defines “consumptive use” as the part of water withdrawn that is evaporated, transpired, incorporated into products or crops, consumed by humans or livestock, or otherwise removed from the immediate water environment.  For purposes of the Water Census, we will use the same definition, with the following caveats. Consumptive use will not include the natural evapotranspiration that we calculate for a watershed. It will also not include water that we define as transferred from one watershed to another. 

Consumptive use is the factor that many water supply managers want to gear their management strategies towards, yet there is a lack of available data in this area. What data does exist is very sporadic and out of date. The Water Census will make a substantial investment in expanding our knowledge of consumptive uses. One additional note here is that monthly water use data is vital to analyzing consumptive uses. In a recent pilot water availability study on the Great Lakes Basin, only three out of eight states within the basin collected monthly data of sufficient quality to use in the analysis. This will be a hurdle to overcome and the Water Census will use its state water use grant program to encourage all states to collect monthly water use data.
Again, initial Water Census efforts will concentrate on the three largest water use sectors: Public Supply, Irrigation, and Thermoelectric. Efforts are already underway to significantly improve our understanding of consumptive use in the Thermoelectric sector, although we readily acknowledge that consumptive uses for once-through cooling systems are far less in magnitude than those in the Irrigation and Public Supply Sectors. Our second priority will be to improve consumptive use information for Irrigation. This effort will be coordinated with the USDA and will largely rely on remote sensing data to improve the estimation. Third, we will work to develop a consumptive use profile for each of the roughly 55,000 public supply systems in the nation. This effort will be coordinated with the USEPA, ASDWA, AWWA, and AMWA. The product from each of these efforts will be to produce a monthly estimate of consumptive use that can be input to a gridded national coverage for water budget analysis.
Once our estimates of consumptive use in the Public Supply, Irrigation, and Thermoelectric sectors have been improved, the Water Census will move on to other water use sectors for work. Mining, Self-supplied Industrial and Commercial will likely be the next sectors selected for improvement.

F. Interbasin Transfers

Historically, USGS published reports on significant interbasin transfers of water at the HUC six-digit scale. The last published reports on this information were conducted in the late 1980’s. The USGS will, as part of the Water Census, map and maintain a database of all interbasin water transfers that are greater than 100,000 gallons per day, at the HUC eight-digit scale. The database will contain location information on the withdrawal points and, to the extent possible, the return flow points of the transfer and the monthly flows. This database will be resurveyed every ten years for accuracy and updates.

G. Integrating Water Use Information with Water Budgets and StreamSTATS

Although water use information has its own inherent value, its real power comes with the ability to integrate water use information with natural flows in the environment to assess the influence on one to the other. Within the Water Census it is our goal to accomplish this integration. It is our objective to serve estimated water use information, on a monthly basis, with our other hydrologic indicators. It is also our objective to serve this information so that it can be accurately located geospatially and incorporated in the water budget analysis. In some cases, such as public supply intakes and wells and permitted wastewater treatment plant discharges, it is our objective to provide point information and monthly flow values. In other cases, such as consumptive use information for irrigation, a gridded product with monthly estimates is more probable. The final objective is to supply estimated water use data that can be incorporated into the water budget analysis at the scales that the user selects. When a user selects a watershed, water use information upstream of the point of interest will be available to use and in the water budget analysis. This process is currently being piloted in the StreamSTATS application. 
IX. On-Line Information Delivery and Analysis Tool
The final objective we want to discuss is the development of an on-line, web-based tool for the water budgets. We envision that this tool will look similar to the StreamSTATS application. The user would bring up a webpage, click on a segment of a river or stream, and the system will automatically delineate the watershed of interest above that point. We would likely constrain this tool so that a user can not select a watershed smaller than a 12-digit HUC unit. (Generally, HUC 12-digit units are less than 10 square miles in area in the eastern US.) Once the watershed is delineated, the system would bring up the water budget equation, with all of its relevant terms displayed. Then the system would provide access to the current and historical databases of the various terms in the equation. [Precipitation, inflows to the watershed, evapotranspiration, changes in storage, groundwater outflow from the watershed, surface runoff and baseflow, and estimates of all relevant water use withdrawals and consumptive uses.] The web tool would allow the user to access information and construct a water budget that ranges from a single month to multiple years. The user will be able to export and save their water budget to their own directory. We will look for suggestions from the ad hoc committee on other capabilities that should be built into the on-line tool.
