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INTRODUCTION
The U.S. Geological Survey (USGS) was mandated in the SECURE Water Act to establish a “national water availability and use assessment program”.  The USGS Water Availability and Use Science Program (WAUSP) supports the National Water Census (NWC) projects as part of the Department of the Interior WaterSMART initiative to achieve a sustainable water strategy to meet the Nation’s water demands.  The overarching purpose of WaterSMART is to develop data and tools needed by water resource managers to meet challenges imposed by aging infrastructure, population growth, groundwater depletion, impaired water quality, and meeting water needs for human and environmental uses.  The aim is also to advance the science needed by stakeholders to assess ecological outcomes of management actions that change streamflow regimes.
The objective of the NWC is to place technical information and tools in the hands of stakeholders so that they can make decisions on water availability.  The USGS is to focus on the technical aspects of providing this information.  The main questions that the NWC attempts to address are (1) does the nation have enough fresh water to meet the current needs of human and ecological demands, and (2) is there enough fresh water to meet the future demands?  An accurate “water budget” can aid in providing pertinent information on water availability and in identifying areas where further study or work needs to be done.  The long-term goal of the NWC is to provide stakeholders with a nationwide database that would contain information about each piece of the water budget such as precipitation, evapotranspiration, storage, runoff, baseflow, surface water, groundwater, ecological needs, water withdrawals and returns.
[bookmark: _Toc305743205]USGS Water Science Centers in Oklahoma, Texas, Arkansas, and Louisiana propose to conduct a study of water use and availability for the Red River Basin that would improve estimates of water use and investigate trends in water resources with potential climate change and increased water withdrawals using MODFLOW and PRMS models. The project will facilitate better management of water resources for use by humans and to maintain water quality and ecological flows in this basin. Water-use and modeling specialists at these water science centers will evaluate water use and availability in collaboration with the Bureau of Reclamation, the U.S. Army Corps of Engineers, the U.S. Fish and Wildlife Service, state water-management, environmental, and wildlife-management agencies, Tribes with jurisdictional areas in the basin, water suppliers, recreation and tourism advocacy groups such as the Lake Texoma Association and the Oklahoma Tourism and Recreation Department, and agricultural producers.
[bookmark: _Toc434227200]BACKGROUND
The Red River Basin is an area of about 93,200 square miles with a population of about 4.3 million people. The basin is characterized by flat agricultural land and is relatively arid, with annual precipitation ranging from less than 30 inches in the western headwaters to 50 inches at the confluence with the Mississippi River. 
The Red River basin comprises 74 HUC-8s (fig. 1), 4,371 HUC-12s, and all or parts of 155 counties, including 33 in Arkansas, 31 in Louisiana, 2 in New Mexico, 35 in Oklahoma, and 54 in Texas.  There are 473 individual HUC-8/county combinations in the basin.
[image: ]
Eight-digit hydrologic units (shown in red) in the Red River basin in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas.
Total estimated water use in the four principal states of the Red River Basin in 2010 was nearly 3,800 Mgal/d. Texas was the largest withdrawer of groundwater, at about 950 Mgal/d, with most of that water being withdrawn for irrigation, which also was prominent in groundwater withdrawals in the other states. Louisiana was the largest withdrawer of surface water, with most of that water being withdrawn for power generation (fig. 2).
[image: ]
Groundwater and surface-water use in the four states in the Red River Basin, 2010.
Concerns and conflicts about water in the Red River Basin have been increasing because of: (a) increasing needs for freshwater in the rapidly growing Dallas-Ft. Worth, Texas area, (b) ongoing severe drought in Texas and Oklahoma, and (c) increases in water use for power generation and other purposes. The Red River Compact (Public Law 92-500, 33 USG, 33 U.S.C., sections 1251 et seq.) describes that in Reach I of the basin (39,700 square miles upstream from Denison Dam on Lake Texoma), Texas is apportioned 60% and Oklahoma is apportioned 40% of annual flow of 7 tributaries of the river. The storage of Lake Texoma is apportioned into equal shares of 200,000 acre feet to each of those states. In Reach II (downstream of Lake Texoma to the Arkansas-Louisiana border), Oklahoma is apportioned water from all intrastate streams flowing to the Red River between Lake Texoma and Arkansas. To obtain part of its apportioned water under this compact, the Tarrant Regional Water District, which serves the Fort Worth area, asserted a right to withdraw water from tributaries of the Red River in Oklahoma. Oklahoma denied that claim and won the case of Tarrant Regional Water District vs. Herrmann in the U.S. Supreme Court in 2013. The Chickasaw and Choctaw Nations have been in litigation against the State of Oklahoma to limit exports of surface water from 22 counties in southeastern Oklahoma to Oklahoma City. Many tribes in Oklahoma are developing Tribal water management plans based on present and likely future water needs, with goals of preserving water levels in lakes and ecological flows in streams (Red River Compact Commission, 2013).
Oklahoma State Senate Resolution #32 (2014) requested that the USGS conduct a comprehensive water-resource assessment of the entire Red River Basin to characterize the quantity of groundwater and surface water as a basis for making decisions about sustainable water use and to predict amounts of freshwater likely to be available in the basin during future conditions. In addition to helping to provide information about those issues, this project will complement evaluation of the effects of climate change on streamflow being conducted by the Chickasaw and Choctaw Nations in cooperation with the South Central Climate Science Center, and the U.S. Bureau of Reclamation’s ongoing work to characterize water availability in southwest Oklahoma. Results of this proposed project also could be of interest to numerous other Federal, Tribal, State, and local agencies, private organizations, and stakeholders with interests in the water resources of this basin.
[bookmark: _Toc305743206][bookmark: _Toc434227201]SCOPE OF WORK
As part of the NWC, the USGS will perform a Focused Area Study for the Red River Basin in Texas, Oklahoma, Arkansas, and Louisiana.  The USGS will work collaboratively with stakeholders to comprehensively assess water budgets and water availability under current hydrologic, climatic, land-use, and water-demand conditions; potential climatic scenarios; and possible land-use changes.  
Data sources and data-management procedures will be documented and updated in an on-line data-management plan posted to ScienceBase. Data sources will include, but will not be limited to: (1) streamflow and groundwater-level data from the USGS NWIS database and other sources such as OWRB recording wells, (2) geologic information from USGS and State agency reports, (3) ecological data from the MARIS database and agency sources, (4) water-use data from the USGS AWUDS and SWUDS databases and state and local sources, (5) water-use data from State agencies and water producers, including field verification of selected withdrawals, (6) land-use data to estimate irrigation withdrawals, and (7) other hydrologic data as needed
[bookmark: _Toc305743207][bookmark: _Toc434227202]OBJECTIVES
The NWC has three main objectives:  
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.
To achieve the objectives of the NWC; the RRFAS teams propose the following.
· Refinement and enhancement of water withdrawal estimates to provide a more detailed picture of water use in the basin.
· Development of a groundwater flow model to quantify groundwater-surface water interactions and likely effects of increased withdrawals upstream of the Denison Dam on Lake Texoma.
· Construction of a rainfall-runoff model to simulate streamflow and compute daily water balances for each hydrologic response unit within the basin.
· Summary of available fish community data for portions of the basin within Oklahoma and Texas.
Together, these components are intended to improve the quality and accessibility of information on water availability for humans and ecosystems in the Red River basin, and to advance technical water assessment capabilities.  
[bookmark: _Toc305743208][bookmark: _Toc434227203]METHODS AND APPROACH
To achieve the aforementioned objectives, this project has been divided into four teams with subject matter experts to lead each team:
(1) Water Use Team – John Lovelace
(2) Groundwater Team – Derek Ryter
(3) Surface Water Team – Rheannon Hart
(4) Environmental Flows Team – Shannon Brewer
Teams will work closely with one another to promote sharing of data and direct connectivity between tasks.  Kristine Blickenstaff will be the project lead and is responsible for coordination between the team leads. 
The methods and approach for each individual Team are discussed below.
[bookmark: _Toc305743209][bookmark: _Toc434227204]Water Use
[bookmark: _Toc434227205]Water Use Introduction
Water supplies to the Dallas-Fort Worth area of Texas have been stressed due to recent population and economic growth, and an extended drought.  The Red River Basin is a large potential source of water to the area.  Sources of water in the basin include the Red River, its tributaries, associated reservoirs, and groundwater in alluvial and bedrock aquifers.  Provisions in the Red River Compact apportion water from major tributaries and the Lake Texoma Reservoir between Oklahoma and Texas.
Large withdrawals of water from the Red River Basin could decrease available water for current users, change salinity, and reduce streamflow in the Red River.  Withdrawals from freshwater tributaries could increase salinity in the river, which would impair use of water for irrigation, public water supplies, and other purposes.  Increased withdrawals could reduce the availability of water in the basin for present and likely future needs, and affect lake levels, ecological flows, and downstream navigation.
Documentation of surface-water and groundwater withdrawals within the Red River basin are needed by water planners, managers, and stakeholders as a basis for decisions about sustainable water use and to predict amounts of freshwater likely to be available in the basin during future conditions.
The Red River basin includes 174,000 square miles across Arkansas, Louisiana, New Mexico, Oklahoma, and Texas.  The Red River basin comprises 74 HUC-8s, 4,371 HUC-12s, and all or parts of 155 counties, including 33 in Arkansas, 31 in Louisiana, 2 in New Mexico, 35 in Oklahoma, and 54 in Texas.  There are 473 individual HUC-8/county combinations in the basin.
[bookmark: _Toc434227206][bookmark: _Toc305743220]Water Use Objectives
1. Estimation and compilation of water-withdrawals by drainage basins delineated by 8-digit hydrologic unit codes (HUCs).
2. Estimation of withdrawals from the Red River alluvial and Seymour aquifers in areas of Oklahoma and Texas above the Denison Dam on Lake Texoma from 1995-2014 to support groundwater modeling efforts.
3. Estimation of surface-water withdrawals from 1980-2014 to support surface-water modeling efforts.
4. Estimation or enhancement of irrigation withdrawals using GIS-based crop-cover data.
5. Estimation of inter-basin water transfers.
6. Estimation of consumptive use of water withdrawn in the basin.
7. Estimation of withdrawals, returns, and other data for selected categories of use that were optional for the 2010 national water-use compilation.
[bookmark: _Toc434227207]Water Use Methods
Objective 1 
Estimates of water withdrawals during 2015 for each HUC-8 in the Red River basin are needed to understand water budgets within these sub-basins.  Water-withdrawal data generally are stored in State agency or USGS water-use databases (SWUDS) in each WSC (table 1).  However, the format and availability of the data vary.  Withdrawal data could be available by well or intake, facility, or county.  Some of these data may include HUC-8 or aquifer designations.  In addition, county-level withdrawal estimates for each state documented in Maupin and others (2014) are stored in the USGS Aggregate Water Use Data System (AWUDS).
[image: ]
Available withdrawal data for 2015 (table 1) will be compiled by water-use personnel in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas.  Available data will be evaluated and separated into site-specific and aggregate data sets, which will be treated differently.  Site-specific data are generally expected to be available for the public supply, industrial, mining, and power generation categories. It is expected that only county-level aggregate data will be available for the irrigation, aquaculture, livestock, and rural domestic categories for most of the states.
Site-specific groundwater withdrawals will be assigned a local aquifer code based on well construction data or hydrogeologic information.  Site-specific surface-water and groundwater withdrawals will be assigned HUC-12 designations.  Site-specific withdrawal data will be imported into a GIS and merged with a HUC-12 polygon feature class using the ArcInfo Identity command.  The resulting feature class will include all of the attributes of the point data and a HUC-12 code.  This new feature class will be exported to a DBF file, which can be imported into Excel (or Access).  The data for each site-specific category will then be subtotaled by HUC-8.  The compiled site-specific data will be stored in SWUDS.  The resulting HUC-8 data will be stored in AWUDS.
County-level aggregate withdrawal data will be disaggregated to HUC-8 based on the area of each HUC-8 within the county.  When possible, GIS data such as a recent population census, the 2011 National Land Cover (NCLD), and the 2014 Cropland Data Layer (CDL) feature classes will be used to further delineate and refine areas where agriculture, rangeland, or rural-domestic populations predominate.  Polygons from county, HUC-8, and other GIS datasets will be merged to create one or more polygon feature classes with county, HUC-8, and category-specific attributes.  The resulting feature class(s) will be exported to a DBF file, which will be imported into Excel (or Access).
The percentages of each use-category-specific HUC-8 area within each county will be determined by dividing the HUC-8 area (in square meters) within the county by the total county area (in square meters).  The resulting percentages of HUC-8 area per county area will be multiplied by county withdrawal totals for each use category and source-type (GW or SW) determine withdrawals within each county and HUC-8 combination, which will then be subtotaled by HUC-8.  The resulting HUC-8 data will be stored in AWUDS.
The primary product of Objective 1 is the 2015 water-use data compiled by HUC-8 in AWUDS.  Secondary products will include selected site-specific data in SWUDS and GIS feature classes of 2015 water-use data in the Red River Basin.  Discussion of data sources, methods, and results for each category of use will be documented in a USGS Scientific Investigations Report.
Objective 2 
Site-specific withdrawals from the Red River alluvial and Seymour aquifers during 1995-2014 are needed for input to a computer model of groundwater flow in the Red River basin.  The extent of the model includes a portion of the basin that extends from the Denison Dam on Lake Texoma upstream to the approximate point where the Red River ceases to form the boundary between Oklahoma and Texas.  Maps showing the extent of the Red River alluvial and Seymour aquifers and the portions of each that fall within the groundwater model domain are shown on figures 3 and 4.  Withdrawal data will only be compiled for the portions of the aquifers that fall within the groundwater model domain.  Methods for compiling the site-specific withdrawals from the Red River alluvial and Seymour aquifers in Oklahoma and Texas differ depending on data sources and availability.  
For Oklahoma, site-specific withdrawals for facilities withdrawing water from the Red River alluvial aquifer have already been compiled (Derek Ryter, U.S. Geological Survey, oral commun., 2015).
For Texas, facility-specific withdrawals for public suppliers, industries, and other water-using entities within the study area will be obtained from the Texas Water Development Board and disaggregated into site-specific withdrawals from the Red River alluvial and Seymour aquifers using water-well construction information.  Withdrawals for irrigation and categories of use that are only available as county aggregates will be disaggregated and assigned to wells using water-well construction data and other ancillary information.  Resulting site-specific withdrawals will be stored in SWUDS and provided to the Red River Basin focus-area study ground-water modeling team.
Personnel – Natalie Houston will compile 1995-2014 withdrawals from the Red River and Seymour aquifers in Texas.  Natalie will provide the data to the groundwater modeler, Derek Ryter, and to Pierre Sargent, who will enter the data into a Red River Basin water-use database and, when practical, upload the data to AWUDS.
The primary products of Objective 2 are site-specific groundwater withdrawal data for 1995-2014 from the Red River and Seymour aquifers in selected areas of Texas stored in SWUDS, and an input dataset for the groundwater flow model.  A description of data sources, methods, and results will be included in a USGS Scientific Investigations Report documenting the groundwater flow model.
[image: ]Approximate location of Denison Dam on Lake Texoma
Portions of Red River alluvial aquifer within the groundwater model area

Extent of the Red River alluvial aquifer along the North Fork Red and Red Rivers in Oklahoma and Texas (Ryder, 1996).


[image: ][bookmark: _GoBack]Approximate location of Denison Dam on Lake Texoma
Portions of the Seymour aquifer within the groundwater model area

Extent of the Seymour aquifer in Oklahoma and Texas (Ryder, 1996).
Objective 3
Withdrawals from surface-water bodies in the Red River basin during 1980-2014 are required as input to a computer model of streamflow in the Red River basin.  As model input, the withdrawals can be site specific or aggregated to the 12-digit hydrologic units (HUC-12) (fig. 5).  The sources and availability of existing data differ in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas.

[image: ]

Twelve-digit hydrologic units (shown in red) in the Red River basin in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas.
When possible, annual site-specific withdrawals will be compiled.  It is anticipated that there could be data gaps of one or more years for some sites.  When possible, withdrawals during data gaps will be estimated based on 1985 withdrawal rates and available ancillary data, such as changes in populations or well-construction dates that could indicate changes in withdrawal rates.  In other cases, missing withdrawals will be estimated linearly between known withdrawals. Availability of site-specific withdrawal data for each category is shown in table 1.
Surface-water withdrawals for categories of use including irrigation, livestock, and aquaculture generally are only available as estimates aggregated at the county level for the 5-year national water-use compilations.  For some of the compilations, these data also are available at the HUC-8 level.  County and HUC-8 aggregate totals from 5-year compilations will be disaggregated to HUC-12s using methods similar to those described in Objective 1 methods.
The primary products of Objective 3 are site-specific and aggregate surface-water withdrawal data for 1980-2014 stored in SWUDS, and an input dataset for the surface-water flow model.  Data aggregated to the HUC-8 level also will be uploaded to AWUDS.  A discussion of data sources, methods, and resulting withdrawal estimates will be included in a USGS Scientific Investigations Report documenting the surface-water flow model.
Objective 4
Estimates of water withdrawals for irrigation during 2015 for each HUC-8 in the Red River basin are needed to understand water budgets within these sub-basins.  In the past, water withdrawals for irrigation were often estimated by the USGS based on county-level crop acreage and application rates for each crop type.  GIS data will be used to more accurately determine withdrawal rates and locations of irrigation within the basin.
An indirect method for estimating irrigation withdrawals (IIWEM) at the State level was documented in Dickens and others (2011).  The method uses 3 components, including: 1) irrigated acreage for each crop; 2) the consumptive use requirement for each crop; and 3) the potential water loss that occurs while irrigating.
W = (A x C) / L
where:
W is irrigation withdrawals, in acre-feet;
A is irrigated acreage of each crop:
C is a consumptive-water requirement for each crop, in feet; and
L is total potential water losses, in decimal fraction.
The IIWEM, using GIS feature classes for the required input data, will be used to estimate 2015 irrigation withdrawals and consumptive use within each county and HUC-8 in the study area.  The IIWEM withdrawal estimates will be compared to irrigation estimates from the 2015 water-use compilation.  Irrigated acres of each crop in each county will be compiled from site-specific water-use data, State agricultural agencies, or the USDA National Agricultural Statistics Service (NASS).  The NASS Cropland Data Layer (CDL) for 2015 will be used as the primary source of crop location information.  The acreage of each crop in each county and HUC-8 will be determined by overlaying and merging county and HUC-8 GIS feature classes with the CDL.
Evapotranspiration rates representing the consumptive-use water requirement will be determined using remote-sensing methods such as those described in Senay and others (2013) and Singh and others (2014).  (Note:  See Objective 6 of this document for a more detailed description of the planned methods for estimation of evapotranspiration rates in irrigated areas of the Red River basin.)  Rates of potential water losses while irrigating for each crop will be obtained from Howell (2003) and other sources documented in Dickens and others (2011).  Additional information on crop acreages and irrigation practices may be obtained from Dickens and others (2011), the NASS 2012 Census of Agriculture, the 2013 Farm and Ranch Irrigation Survey, and through discussions with State and local agricultural experts.  The IIWEM calculation will be applied using ArcInfo to determine the withdrawals in acre-feet for each crop type in each county/HUC-8 combination.
Reported or estimated 2015 groundwater and surface-water irrigation withdrawals and irrigated acres in each county within the study area will be obtained from AWUDS and compared to the input and results of the IIWEM model.  Results of the comparison and methods, results, and results of the comparison will be included in a USGS Scientific Investigations Report.
Objective 5 
The location and rate of inter-basin water transfers is needed to understand water budgets within the basins and also as input to hydrologic models.  Interbasin transfers in the eastern and western U.S. in 1982 were documented by Mooty and Jeffcoat (1986) and Petsch (1985).  Data on interbasin transfers within, into, or out of the Red River basin that are listed in these reports will be updated.  Data on new transfers established since 1982 will be obtained from various sources including Federal, State, and local agencies, the Red River Compact Administration, and Indian tribes.  A geospatial data layer of hydrologic features, NHDPlus, also will be analyzed to identify inter-basin transfer of water.  The NHDPlus dataset includes line features representing artificial waterways, canals, ditches, connectors, and pipelines.  These line features will be merged with a HUC-8 polygon feature class to identify water features that have the potential to transfer water into or out of the Red River basin, across HUC-4 boundaries, or across HUC-8 basin boundaries.  The water features identified by the GIS analysis will be provided to water-use specialists in each state, who will attempt to investigate, confirm, and quantify water transfers.  Water-body names, latitudes, and longitudes of points of origin and delivery points will be documented.  Because availability of interbasin transfer data isn’t currently known, no thresholds on minimum transfer rates that will be investigated have been established, but may be determined during the study.  Data resulting from these investigations will be compiled and documented in a Scientific Investigations Report.
Objective 6
The rates of water consumption by various uses as well as the rates and location of return flows is needed to understand water budgets and for input to hydrologic models.  A portion of the water withdrawn from groundwater and surface-water sources for various uses is evaporated, transpired, incorporated into products or crops, or consumed by humans or livestock, and is removed from the immediate environment.  However, the other portion of the water withdrawn is returned to the environment and could be available for further use.
Site-specific discharges and return flows by public supply, industrial, and mining facilities during 2015 may be available from USGS or State water-use databases, or from the EPA’s National Pollutant Discharge Elimination System (NPDES) or Permit Compliance System (PCS) databases.  Selected State agencies with responsibilities for water withdrawals and discharges by facilities in the study area also will be contacted for data and information. When available, site-specific discharges and return flows will be obtained and subtracted from site-specific withdrawals to determine consumptive use rates.
For the public-supply category, water deliveries to other public suppliers and to non-domestic users, which will be estimated for Objective 7, will be subtracted from the withdrawals prior to subtracting discharges and calculating consumptive use.  For the industrial and mining categories, deliveries from public suppliers will be self-supplied withdrawals prior to subtracting discharges and calculating consumptive use.
When site-specific data are not available, coefficients will be used to estimate consumptive use rates for the public supply, industrial, and mining categories.  Site-specific discharges and return flows in the study area will be analyzed in an attempt to develop consumptive-use coefficients for these use categories.  Literature from other sources, such those cited in Schaffer and Runkle (2007), also will be researched for information on consumptive-use rates and compared to coefficients derived from local data to ensure reasonable rates are used.  Water consumption rates at thermoelectric plants in the Red River basin will be obtained from Diehl and Harris (2014), which included consumptive use rates for all thermoelectric plants in the U.S.
Consumptive use of water for irrigation will be based on estimated evapotranspiration (ET) rates during 2015 in irrigated areas of the basin.  ET rates during 2015 will be estimated for the entire basin by Gabriel Senay and James Verdin, USGS EROS, using Landsat data (fig. 6) and remote sensing modeling techniques documented in Senay and others (2013), which were used to document ET for a similar study in the Colorado River basin (Singh and others, 2014).  The method can result in annual, monthly, or seasonal raster feature classes of ET rates.
Irrigated areas of the basin will be delineated from the USDA Cropland Data Layer (CDL) for 2015 or the National Land Cover Database (NLCD) for 2011 using GIS (ArcInfo).  Irrigated areas from the 2015 CDL were converted to feature classes and provided to each WSC by Saeid Tadayon, AzWSC, for the 2015 national water use compilation.  The raster feature classes of ET rates across the basin will be “clipped” using irrigated areas to produce maps and data representing consumptive use for irrigation.  The resulting estimates will also be used as input to further refine estimates of irrigation withdrawals discussed in Objective 4.
The primary products of Objective 6 are site-specific rates of consumptive use and return flow for various uses stored in SWUDS.  Site-specific and aggregate estimates will be combined for each HUC-8 and stored in AWUDS.  Secondary products will be GIS feature classes of irrigated acres and ET rates.  Data sources, methods, and resulting withdrawal estimates will be documented in a USGS Scientific Investigations Report.
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Landsat scenes at 100-meter resolution for the Red River basin study area. 
Objective 7
Estimated withdrawals for selected water-use data elements that are non-mandatory for the 2015 national water-use compilation will be compiled at the HUC-8 level after research and consultation with project personnel in each state to determine sources and availability of existing data and/or methods of data estimation.  For the 2015 compilation, water-use personnel are required to compile county-level data for 40 water-use data elements that included fresh groundwater and surface-water withdrawals and various other associated data for 15 water-use categories.  Fifty-six additional data elements associated with the water-use categories are non-mandatory, but can be compiled at the discretion of the Water Science Centers.  The non-mandatory elements are shown in figure 7 and listed below, along with brief indications of whether existing data are likely to be available or the data could be estimated.  Specific data sources and methods for estimating data for selected non-mandatory elements included in the study will be documented in the final report.  When possible, site-specific data will be compiled and aggregated to the HUC-8 level. Site-specific data will be stored in SWUDS and data aggregated to HUC-8 will be stored in AWUDS.  In some cases, the data may be available by county or more easily estimated by county, then disaggregated to HUC-8.  In these cases, the county-level and HUC-8 data will be stored in AWUDS.
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Mandatory and non-mandatory water-use data elements from the 2010 national water-use compilation.
For the public supply category, estimated populations served from surface-water sources and populations served from groundwater sources are expected to be available from State or WSC water-use databases, from State agencies that regulate public suppliers, or from the EPA Safe Drinking Water Information System (SDWIS).  The numbers of public supply facilities located in the Red River basin also are expected to be available.  Sources of information on reclaimed wastewater used for public supply in the basin currently are unknown and will have to be investigated in each state.
For the commercial category, fresh surface-water and groundwater withdrawals by self-supplied facilities are expected to be available from State or WSC water-use databases.  Deliveries to commercial facilities from public suppliers may be available from State or WSC water-use databases or could possibly be estimated using coefficients derived from an analysis of public suppliers that have reported these data.  A set of coefficients could be developed to represent average percent of total deliveries that are provided to commercial establishments for a range of withdrawal-based sizes of public suppliers.  Consumptive use of freshwater by self-supplied commercial facilities will be generated during the study using the same methods as those described in Objective 6 to document consumptive use by public supply, industrial, and mining facilities.  Sources of information on reclaimed wastewater used at commercial facilities in the basin currently are unknown and will have to be investigated in each state.
Water consumption rates for self-supplied domestic withdrawals and domestic deliveries from public suppliers will be researched.  These data likely will be estimated using coefficients and methods such as those described in Shaffer and Runkle (2007).
Deliveries from public suppliers to industrial facilities in each HUC-8 may be available from State or WSC water-use databases.  Consumptive use of freshwater and saline water is expected to be generated during the study using methods described in Objective 6.  The numbers of industrial facilities will be obtained from State or WSC water-use databases, State regulatory agencies, or the Hoover directory database of manufacturers.
Deliveries from public suppliers to once-through cooled and closed-loop cooled thermoelectric plants may be available from State or WSC water-use databases.  Water consumption rates at each type of thermoelectric plant will be obtained from Diehl and Harris (2014), as indicated in Objective 6.  The numbers of thermoelectric plants will be obtained from State or WSC water-use databases, State regulatory agencies, or the Energy Information Administration.  Sources of information on reclaimed wastewater used at thermoelectric plants in the basin currently are unknown and will have to be investigated in each state.
Consumptive use rates of fresh and saline water at mining operations will be generated during the study as indicated in Objective 6.  Sources of information on reclaimed wastewater used at mines in the basin currently are unknown and will have to be investigated in each state.
Consumptive use rates of freshwater by livestock will likely be estimated using methods described in Shaffer and Runkle (2007).
Withdrawals of saline surface-water and groundwater for aquaculture in the Red River Basin will be researched.  Rates of withdrawal for aquaculture operations using saline water will likely be estimated using methods described in Lovelace (2009).  Fresh and saline water consumption rates for aquaculture will be researched.  These data will likely be estimated using coefficients and methods such as those described in Shaffer and Runkle (2007).
Total surface-water and groundwater withdrawals for irrigation will be broken out by crop irrigation and watering golf courses using methods described in Objective 4.  Sources of data to estimate conveyance losses for total irrigation, crop irrigation, and gold-course watering currently are unknown and will be researched in each state.  Sources of data and methods to estimate crop and golf-course acres irrigated by sprinkler, micro, and surface irrigation systems currently also are unknown and will be researched.  Consumptive use of water for crop irrigation will be estimated for Objective 6.  Consumptive use of water for total irrigation and golf courses probably will be estimated using coefficients and methods such as those described in Shaffer and Runkle (2007).
Rates of surface water use at instream and offstream hydroelectric power plants are expected to available from State or WSC water-use databases, the EIA, or from individual facilities in the Red River basin.  The numbers of each type of these facilities and the power generated at them, in gigawatts, is expected to available from the Energy Information Administration (EIA).
The number of wastewater treatment facilities in each HUC-8 is expected to be available from State agencies regulating discharges, or from the EPA’s National Pollutant Discharge Elimination System (NPDES) and/or Permit Compliance System (PCS) databases.  Rates of wastewater returns from public facilities may also be available from these sources.  Rates of use of reclaimed treated wastewater may be able to be calculated or estimated from the reclaimed wastewater data compiled for the categories of use indicated in figure 6.
Products – Site-specific and aggregate 2015 water-use data for non-mandatory data elements stored in a Red River Basin water-use database and HUC-8 data in AWUDS.  A discussion of data sources, methods, and resulting estimates will be included in a USGS Scientific Investigations Report.
The primary products of Objective 7 are various site-specific water-use data, as indicated in figure 6, stored in SWUDS, and the data aggregated by HUC-8 stored in AWUDS.  Data sources, methods, and resulting estimates will be documented in a USGS Scientific Investigations Report.
[bookmark: _Toc434227208]Water Use Personnel
John Lovelace from the LA WSC will be the water use lead and point of contact for this task. Mr. Lovelace will coordinate with other members of the RRFAS and state agencies. Other team members include hydrologists Jeffrey Cordova (NM WSC), Pierre Sargent (LA WSC), Aaron Pugh (AR WSC), Shana Mashburn (OK WSC), and Natalie Houston (TX WSC). 
[bookmark: _Toc434227209]Water Use Deliverables
Water-use and ancillary data and results that are compiled or estimated during the study will primarily be stored in SWUDS and AWUDS.  Data that cannot be stored in either SWUDS or AWUDS will be made available to the public through the USGS ScienceBase-Catalog data portal (https://www.sciencebase.gov/catalog/).  Specific products expected to results from each objective of the study are discussed in more details in the previous sections and summarized in table 2 at the end of this document.  The methods used during the study and a summary of results will be documented in a USGS Scientific Investigations Report.
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[bookmark: _Toc434227210]Groundwater
[bookmark: _Toc434227211]Groundwater Introduction
Groundwater resources in hydraulic connection with the Red River above Lake Texoma are limited to alluvial aquifers composed of valley-bottom alluvium and older Quaternary-age terrace deposits. This task of the Red River Focus Area Study (RRFAS) is an investigation of the groundwater system of the principal aquifers in the upper Red River Basin to determine the flow between groundwater and surface water, and how the system responds to changes in precipitation related to drought periods and changing groundwater use in aquifers connected to streams in the surface-water system. This study will use existing hydrological and water-use data, and numerical groundwater-flow models to construct one or more models of the integrated surface and groundwater system of alluvial aquifers in the upper Red River Basin.
[bookmark: _Toc434227212]Groundwater Objectives
Analyzing and modeling the groundwater system of the principal alluvial aquifers in the upper Red River basin, in particular the connection between groundwater and surface water, and estimating effects of water use or drought on groundwater resources, the effects on groundwater flow to and from streams, and how this affects available surface water and ecological flow in the upper Red River Basin. This will be done by constructing and calibrating one or more numerical groundwater models for alluvial aquifers that are hydraulically connected to major streams in the upper Red River Basin.
[bookmark: _Toc434227213]Groundwater Methods
The study area is defined as the Red River Basin upstream from Lake Texoma, which impounds streamflow from the Red River where it forms the border between Oklahoma and Texas westward into the Texas panhandle and western Oklahoma (fig. 8). Principal aquifers are defined as those that are directly connected to the streams and depending on the season or location provide base flow to the stream or receive infiltration of streamflow. Alluvial aquifers were chosen because they are the primary source for base flow to streams in the upper Red River Basin, and they are affected by precipitation that provides recharge. 
The hydrogeological characteristics these aquifers influence streamflow by providing base flow during dry periods, with water withdrawal from the aquifers potentially causing streamflow depletion. Periods of hydrologic drought and climate change also affects available water in these aquifers. Thus, the principal surficial aquifers are an important component of the hydrologic system of the upper Red River Basin. It is anticipated that the aquifers studied in this task will be limited to those shown on figure 8. The active area of groundwater model model(s) will be approximately coincident with the aquifers in figure 8, although isolated parts of the Seymour aquifer in Texas may not be included.
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Map of the Red River Basin and principal alluvial aquifers upstream of Lake Texoma that may be included in the Groundwater Task. Boundaries of aquifers in Oklahoma from the Oklahoma Water Resources Board (2012), and the extents of the Seymour aquifer from Ewing and others (2004).
The groundwater task will construct one or more models to achieve the model objectives. The extents of models will coincide closely with the aquifer extents shown in figure 8. If multiple aquifers are connected and affect each other they may be combined into one model. Aquifers that could be combined include the Seymour aquifer, Salt Fork Red River aquifer, and Red River alluvial aquifer. Combining aquifers will simplify predictive model analyses.
This investigation will use published hydrologic data and numerical groundwater-flow models as the foundations of one or more integrated hydrologic models for the principal aquifers in the upper Red River Basin. If aquifers are not hydraulically and physically connected, they will be analyzed separately. The Red River alluvial aquifer-Seymour aquifer will probably be combined with the Salt Fork and North Fork of the Red River. The Washita River will be analyzed using a separate model. Most of the models will be able to use existing published models with hydraulic parameters and the flow system that have been calibrated and defined. 
For aquifers that do not have ongoing or complete studies, or where ongoing projects have not yet constructed models or completed data collection tasks, this task will include collecting existing data and constructing a model for the objectives of this study. For the case of the Red River alluvial aquifer in Oklahoma, part of this task will include compilation of additional data to integrate with the Texas GAM model of the Seymour aquifer.
Water-use data will be compiled by a separate task of the RRFS and will need to be modified or expanded in scope for this task. For example, water-use data may not be compiled by other tasks for a long enough time period and additional years may be needed for a transient model in this task. However, most of this data may be available from ongoing or completed studies in the basin or be available from state agencies.
The groundwater task will also be coordinated closely with the surface-water and ecological flow tasks. The groundwater model(s) will be designed to analyze streamflow with respect to ecological flows required by the target fish species being studied. Characteristics of such flows can include the seasonality and the effects of drought, climate change, and water use on streamflow, and how changes in streamflow can affect water availability and ecological flow.
The Precipitation-Runoff Modeling System (PRMS) (Markstrom and others, 2015) runoff model developed for this project will provide model inputs to the numerical groundwater-flow model(s) in this task. Model inputs from PRMS will include streamflow entering the model, surface recharge, and estimates of base flow. Because the groundwater model will, however, require a longer time period for calibration and simulation of periods of variable precipitation than the runoff model, and the runoff model will need to be run over a period as long as a decade to generate groundwater-flow model inputs.
The numerical groundwater-flow model will be run to forecast water availability in the upper Red River Basin and support water-management decisions. The model will be capable of simulating conditions under different water-use or management scenarios to support water-management decisions. Models and results will be published as described in the “Work Plan” section.
Streams and lakes in models will be simulated using the Streamflow Routing version 2 (SFR2) (Niswonger and Prudic, 2005) and Lake (Merritt and Konikow, 2000) packages. These two packages work together, routing water between lakes and streams, and simulating surface water-groundwater interactions through stream channels and lake beds. Both packages maintain the surface-water stage by stress period and calculate interactions with the aquifer based on the groundwater head in the aquifer relative to the stream or lake stage. Flow between surface-water and groundwater is controlled by the hydraulic conductivities of the aquifer and stream or lake bed. The SFR2 package also routes water through stream reaches and allows water to be input to reaches to simulate inflow from outside the model or diversions to surface-water demands. 
Landscape processes will be simulated using one or more of several packages and processes available to simulate surface recharge and plant consumptive use. The Recharge Package (Harbaugh and others, 2000) may be used to simulate precipitation-related recharge. The Evapotranspiration Package (Harbaugh and others, 2000) may be used to simulated plant consumptive use. If agricultural land use is prevalent or detailed plant consumptive use is required the Farm Process version 2 (Schmid and others, 2006) will be used. Agricultural water use from water diversions or irrigation wells can be simulated using the Farm Process, and if non-agricultural wells are also responsible for substantial water use, the Well Package (Harbaugh, 2000) will be used. If the Farm Process is not used, all well pumping will be simulated with the Well Package.
Completed and Ongoing Groundwater Studies 
[bookmark: _Toc193785446]Most of the principal aquifers in the upper Red River Basin have existing groundwater studies and models, are currently being studied, or will be studied starting in 2016. These studies will enable leveraging of existing data sets and reports for most of the basin. The aquifers shown on figure 8 that may be included in this study are listed in table 3 with the dates when the last investigation was performed or is planned to be performed and completed, and source for published information on the aquifer. 
Table 3. Principal alluvial aquifers in the upper Red River Basin and the status of hydrogeologic
investigations, Oklahoma and Texas.
	Aquifer
	Project years
	Publication

	Seymour aquifer
	2004
	Ewing and others (2004)

	North Fork of Red River aquifer
	2013-2015
	Kent (1980)

	Salt Fork of Red River aquifer
	2015-2018
	Fabian (1986)

	Upper Washita aquifer
	2015-2018
	Kent and others (1984)

	Lower Washita aquifer
	2016-2019
	Oklahoma Water Resources Board (2012)

	Red River alluvial aquifer
	Not scheduled
	Oklahoma Water Resources Board (2012)



Oklahoma aquifer studies 
A hydrogeologic study of the North Fork of the Red River is scheduled to be completed by the USGS Oklahoma Water Science Center (OK WSC) in federal fiscal year (FFY) 2016. That study will have collected hydrologic data and produce a calibrated groundwater model by late FFY 2016. The Salt Fork of the Red River is being studied by the OK WSC and is on a similar schedule as the North Form of the Red River.  A study of the upper Washita River alluvial aquifer started in FFY 2015, and will collect some hydrologic data and model data sets in FFY 2016; the model for the upper Washita River is not scheduled to be completed until 2017. A study of the lower Washita River alluvial aquifer will begin in calendar year 2016 and the model produced for that study is scheduled to be published in FFY 2020.
Texas aquifer studies 
Groundwater studies for water management conducted by the state of Texas include Groundwater Availability Models, which are numerical groundwater-flow models for all principal aquifers in that state. Those models include transient simulations with predictive simulations to forecast effects of water use on water resources. One such model was developed for the Seymour Aquifer including the alluvium along the Red River above Lake Texoma. The part of the Red River alluvial aquifer north of the Red River in Oklahoma was not included in the Texas GAM study and is not scheduled to be studied by the OK WSC or the OWRB in other studies.
[bookmark: _Toc434227214]Groundwater Personnel
Derek Ryter from the Oklahoma Water Science Center (OK WSC) will be the Groundwater lead and point of contact for this task. Mr. Ryter will be the lead modeler and coordinate with other members of the RRFAS and state agencies. Hydrologists Jerrod Smith, Shana Mashburn, and John Ellis, also at the OK WSC and working on groundwater studies in the Oklahoma parts of the upper Red River Basin and will contribute to the task. 
[bookmark: _Toc434227215]Groundwater Deliverables
The groundwater model and results that are compiled during the study will archived according to USGS policy.  The methods used during the study and a summary of results will be documented in a USGS Scientific Investigations Report.
[bookmark: _Toc434227216][bookmark: _Toc305743222]Surface-water 
[bookmark: _Toc434227217]Surface-water Introduction
Water availability for all needed uses – societal, recreational, and environmental – has become a concern with changing climate and land use. Understanding the changes in the distribution and quantity of, and demand for, water resources in response to climate variability and change is essential to planning for, and adapting to, future climatic conditions (Lins and others, 2010). However, to be able to plan for future conditions, it is critical that land-, water-, and cultural-resource managers understand the limitations and uncertainties associated with the characterization of these changes when making management decisions. Water availability in every watershed can be affected differently dependent on its unique set of characteristics – precipitation, hydrologic, topographic, biologic, land-use, and geologic – that affect sources and how it flows through the system. To accomplish the task of developing robust, useful simulations of hydrology across a broad range of landscape and climatic characteristics in the Red River basin, a multi-model approach will be used to address the goals of the NWC. A monthly water balance model, as well as a statistical daily streamflow model will be used to constrain the calibration of a daily time step Precipitation Runoff Modeling System (PRMS; Leavesley and others, 1983; Markstrom and others, 2008, 2015) hydrologic model for all watersheds in the Red River basin. The data products from these models will include flow characteristics – magnitude, timing, duration, rate of change, and frequency – for a range of configurations (current and future climate and landscape) which can be used to inform management decisions.
[bookmark: _Toc434227218]Surface-water Objectives
PRMS
The Precipitation Runoff Modeling System (PRMS) team will construct a daily time-step PRMS model (Markstrom and others, 2008, 2015) of streamflow for all of the Red River Basin, which would augment an ongoing project with the Gulf Coastal Plains and Ozarks (GCPO) Lower Conservation Cooperative (LCC) for reaches downstream of Lake Texoma. Therefore, about half of the model that would be needed for this project (lower half) has been built through the GCPO LCC initiative and a framework and starting parameter set have been developed for the upper half of the modeled area (above Lake Texoma) (figure 9).
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The area being modeled by the Precipitation Runoff Modeling System. The area above Lake Texoma is being calibrated through this initiative and the area below Lake Texoma is being calibrated through the GCPO LCC initiative.
The objectives of this initiative are as follows:
· Build and calibrate a PRMS daily time-step watershed model for the entire Red River Watershed incorporating current climate, water use, and dynamic land use
· Loosely couple the PRMS watershed model to the groundwater model
· Provide a range of hydrologic characteristics to meet the needs of stakeholders and to support the Eco Flows work
[bookmark: _Toc434227219]Surface-water Methods
PRMS is a deterministic, distributed-parameter, physical process-based model used to simulate and evaluate the effects of various combinations of precipitation, climate, land use, soils, geology, and topography on basin response that would be used to estimate rainfall-runoff relations in the Red River Basin (Markstrom and others, 2008). PRMS can be used to compute daily water balances using climatic inputs of precipitation and maximum and minimum temperature applied to each hydrologic response unit (HRU) on a daily basis. HRUs are based on the nationwide Geospatial Fabric (Viger and Bock, 2014), developed from the NHDPlus feature dataset. The NHDPlus feature dataset is a geo-spatial, hydrologic framework that incorporates the National Hydrography Dataset (NHD), the National Elevation Dataset (NED), and the Watershed Boundary Dataset (WBD). 
The PRMS model for the majority of the Red River Basin below Denison Dam on Lake Texoma is being calibrated on a daily time step through an initiative with the GCPO LCC. Additionally, for the area above Denison Dam on Lake Texoma, a PRMS model has been developed using default parameters as part of the Geospatial Fabric. Therefore, rainfall-runoff models of the entire Red River Basin using the existing PRMS models have been developed. The main focus of this modeling would be to calibrate the area above Denison Dam on Lake Texoma to a daily time step. This calibration may require some recalibration of the GCPO LCC daily model below Denison Dam on Lake Texoma. Additionally, more up-to-date meteorological data will be added to the GCPO LCC daily model in order to extend the simulation period through 2015. The potential recalibration of the GCPO LCC model and the calibration of the model above Denison Dam on Lake Texoma will be constrained by the already calibrated and available Monthly Water Balance Model, as well as a statistically based model for gaged and ungaged areas within the Red River Basin. Applications of statistical models, while perhaps sufficient for characterizing current conditions, cannot incorporate changes in landscape or climate for projections and assume stationarity (Milly and others, 2008). The statistically based model for gaged and ungaged areas are using the QPPQ method (Archfield and others, 2009) and a drainage area ratio method (Will Farmer, U.S. Geological Survey, oral commun., 2015). The Monthly Water Balance Model analyzes the allocation of water among various components of the hydrologic system using a monthly accounting procedure based on the methodology originally presented by Thornthwaite (1948; McCabe and Markstrom, 2007). So, using both statistically-based and physical process-based modeling approaches will be more robust than using only one of these methods for quantifying the regions hydrologic signature.
Current Conditions Climate Data
The PRMS models will use climate data from the USGS Geo Data Portal (http://cida.usgs.gov/gdp/) as forcings for the model calibration period. Maximum and minimum daily air temperature and daily precipitation totals are required to run PRMS models. PRMS simulates solar radiation (SR) and evapotranspiration (ET) in the absence of measured data. If measured SR and ET data are available for the basin and time period of interest, these can be used in the PRMS models as well.
Climate and Land Cover Projections
Global climate models (GCMs) have been downscaled through the year 2100 and are available on the USGS GeoData Portal (http://cida.usgs.gov/projects.html). Projections of urbanization, vegetation, and water use will also be available in the basin and incorporated in simulations of projected water budgets. As part of the GCPO LCC model, dynamic land-use parameter sets for every year going back to 1938 were developed (http://landcover-modeling.cr.usgs.gov/index.php). These similar data sets will be used in the PRMS model as part of this initiative for the entire simulation period.
Modeling in the Red River Basin
A suite of PRMS hydrologic models was developed in the lower Red River basin as part of the GCPO LCC. A coarse resolution model of the entire basin (with spatial units ranging from 0.02 to 1103 mi2 and averaging 34 mi2) was developed to provide historical and projected streamflows in the GCPO LCC. These models were developed to provide natural flows throughout the basin. 
The PRMS models were developed using several geographic information system (GIS) datasets including a 30 meter (98.5 feet) digital elevation model (DEM), the National Landcover Dataset 2001 (NLCD 2001), the STATSGO and SSURGO soils databases (Viger, 2014), maps of near-surface permeability compiled by Gleeson and others (2011), and hydrographs of USGS stream gages.  These models were calibrated with Luca (Hay and Umemoto, 2006) which uses the Shuffled Complex Evolution (SCE; Duan and others, 1992, 1993, 1994) global search algorithm to optimize model parameters.  
Over the past few years, new climate data sets and model outputs have become available to scientists and managers including measured station data, dynamically downscaled climate simulations from general circulation models, and statistically downscaled general circulation model simulations. The USGS Geo Data Portal provides scientists and environmental resource managers’ access to these climate data sets that might otherwise be difficult to incorporate into environmental studies. The planned research for the Red River Basin will use the Geo Data Portal to retrieve the “best available” climate data sets for use as inputs to the model, similar to what was used for the GCPO LCC. Since new climate data sets are continually becoming available, the general circulation models for various emissions scenarios available on the Geo Data Portal may be superseded by improved simulations. Land cover projections will also be incorporated using “best available” sources. Additionally, PRMS recently has been upgraded to dynamically alter certain parameters through time, for example, parameters based on land use and the ability to incorporate consumptive use. Furthermore, by providing historical simulations of basin hydrology, resource managers are given critical information to assess scenarios related to impacts of conversion and loss of natural systems.
The existing coarse resolution model hydrologic response units (HRUs) will be overlain by the HUC 12-digit spatial scale for reporting of water-budget components as directed by the NWC Conceptual Plans for National Indicators and Ecological Flow Science.  PRMS will initially be used to provide simulations of “baseline hydrographs” which are comparable to “natural/unimpaired” streamflows. Using these baseline hydrographs, the various sectors of water use (municipal, industrial, agricultural, etc.) will be incorporated in the models to provide simulations of actual streamflows throughout the basin. Additionally, if a finer resolution model is necessary in a particular part of the region, then a fine resolution model could be nested into the existing Geospatial Fabric model, without expending the resources of developing a fine resolution model for the entire Red River Basin. 
Model calibration
The surface water model will initially be calibrated for natural flows to provide “baseline hydrographs” and then will be calibrated for a period of time including all or parts of the years, 1995, 2000, 2005, 2010, and 2015 using the as much available surface water withdrawal and some streamflow data. This calibration will use the Luca software that was used to calibrate the original suite of GCPO LCC PRMS models and there are data from 174 gages operating in the basin since 1980 that can be used for calibration.
The following list of tasks will be completed as part of modeling in in the Red River Basin:
1. Task 1. Calibrate the PRMS model for natural flows.  The PRMS model will be calibrated for natural flows to provide “baseline conditions” for Red River streams. 
1. Task 2. Incorporate water use. Water use will be incorporated into current and future simulations of streamflow throughout the Red River Basin using data contained in the Site Specific Water Use Data System (SWUDS).
1. Task 3. Link PRMS with MODFLOW. PRMS will be linked with MODFLOW in the upper portions of the Red River basin to better simulate the water budget.  PRMS will provide recharge data to the MODFLOW model.
1. Task 4. Provide team members PRMS simulations streamflow conditions. Team members will be provided simulations of current streamflow conditions in the Red River basin outside of the MODFLOW domain. Simulations of hydrology for historical climate and land cover will be analyzed and classified for streamflow characteristics of quantity, timing, frequency, and rate of change of flows over time.
1. Task 5. Document model development. The linking with MODFLOW and simulations of current streamflows throughout the Red River basin will be documented and published.
[bookmark: _Toc434227220]Surface-water Personnel
Rheannon Hart from the AR WSC will be the task lead for surface water and point of contact for this task.  Ms. Hart will be the lead modeler and coordinate with other members of the RRFAS and state agencies.  Lauren Hay and Will Farmer will provide support.
[bookmark: _Toc434227221]Surface-water Deliverables
· Daily time step statistically-based and physical process-based hydrologic models for the Red River Basin using Geospatial Fabric spatial units.
· Classification metrics of streamflow in the Red River Basin to describe rate of change, duration, magnitude, timing, frequency, and other statistics requested by cooperators.
· A USGS Scientific Investigations Report (SIR) that documents the soft linked PRMS and MODFLOW models and the simulation of current and projected water budgets in the Red River basin.

[bookmark: _Toc434227222]Ecological Flows
[bookmark: _Toc434227223]Ecological Flows Introduction
Future changes in climate and population growth will amplify stress on global water resources (Duda and El-Ashry 2000; Sheffield and Wood 2008; Vörösmarty and others 2010) making environmental flows an important component of management strategies. Environmental flows represent a legal mechanism that is used to balance honoring existing water uses, meeting the needs of future uses, and maintaining aquatic ecosystems and other non-use values. Though the legal framework varies geographically, environmental flows are defined as flows necessary to sustain aquatic ecosystems and the ‘human livelihoods and well-being that depend on these ecosystems’ (Brisbane Declaration 2007). The seemingly simple question of how much water should be left in an aquatic system is often difficult to address due to a lack of spatial and temporal coverage of flow data and an understanding of how altered flow actually affect the ecological integrity of river systems.  Using modeled flow data, we can link flow alteration to changes in the fish assemblage over time (e.g., how different levels of flow alteration relate to different assemblage patterns). 
Lotic-dwelling fishes are declining at an alarming rate due to changes in the abiotic structure of streams. Globally, riverine ecosystems are among the most imperiled and as human populations continue to increase so does the pressure on this limited resource. Jelks et al. (2008) estimated that 39% of the freshwater fishes in North America are imperiled, due to flow alteration, invasive species, habitat fragmentation, and habitat degradation. However, the greatest threat to riverine systems is the storage of water via dams and reservoirs. Tharme (2003) indicated that only 2% of the rivers in the United States are still free flowing and unaffected by dams. Alteration of a rivers flow regime is the primary factor influencing the loss of fish species biodiversity and abundance (Poff et al. 1997; Bunn and Arthington 2002). 	
The consensus among the ecological science community is that the natural flow regime (NFR), i.e. the dynamic quantity, timing, and variation of natural stream flows, sustains the ecological integrity of river systems (Poff et al. 1997; Bunn and Arthington 2002).  Streamflow is considered the ‘master variable’ driving ecological processes in stream ecosystems (Power et al. 1995). Discharge patterns determine both taxonomical and functional community structure (Poff and Allan 1995; Bunn and Arthington 2002; Bêche et al. 2006). The timing, magnitude, and variation in streamflows shape energy transfer longitudinally (e.g., River Continuun Concept, Vannote et al. 1980), laterally (e.g., Flood Pulse Concept, Junk et al. 1989) and vertically (e.g. Hyporheic Corridor Concept, Stanford and Ward 1993). Accordingly, hydrologic alterations induce changes in river function and process, resulting in altered ecological communities (Carlisle et al. 2011; Taylor et al. 2014); hence, a great deal of effort has been devoted to determining environmental flows for protection or improvement.
Defining key elements of the NFR to improve downstream river communities is among the most pivotal concerns of environmental flow science (Richter et al., 1996; Poff et al. 2010).  Understanding the ecological needs of the aquatic community and using that information to implement environmental flows for regulated rivers is a complex process, plagued by the unique operational, socio-economic, physicochemical, morphologic, and ecological context of each and every dam or withdrawal (McCartney 2009). Furthermore, if reinstating regulated rivers back to a natural condition is not a viable alternative due to socioeconomic demands, then defining the key elements of the flow regime requires stakeholders to define both ecological and hydrologic targets, as opposed to relying on the NFR as the sole target.  This creates a fundamental problem for the discipline of environmental flow science, since the NFR has served as the baseline, or point of reference, in guiding many flow rehabilitation or restoration efforts (Richter et al., 1996; Poff et al. 2010). This certainly is not to suggest that the NFR is an unsuitable endpoint, but that determining environmental flows will require balancing the NFR with stakeholder values, strategically-identified goals, and operational feasibility. 
[bookmark: _Toc434227224]Ecological Flows Objectives
How alterations to natural flow regimes have affected biota drives a large portion of contemporary research in stream ecology. However, the underlying mechanisms responsible for changes in local warmwater stream fish assemblages remain poorly understood. In addition, there is a high degree of uncertainty in long-term predictions of the distribution and abundance of warmwater fishes over coarse spatial scales. We propose a trait-based approach using random forests (RF) to:
(1) Determine how alterations to the NFR have changed the functional diversity of Red River fish assemblages, 
(2) Examine how functional traits explain local fish assemblages in the Red River basin, and 
(3) Develop groups based on functional and ecological traits to provide a basis for comparison of ecosystem dynamics in the Red River to other river basins. 
Meador and Carlisle (2012) used RF modeling to predict hydrologic variability based on fish traits. However, the authors qualified general habitat use (e.g. substrate) as a trait and provide little insight into how functional or ecological traits explain the relationship between hydrology and the occurrence of stream fish species. Our approach will link fish traits to the stream environment, thereby identifying underlying mechanisms responsible for adaptive responses of species and better elucidating complex scale-dependent ecological processes.
[bookmark: _Toc434227225]Ecological Flows Methods
Existing fish assemblage data associated with the Red River and major tributaries will be summarized from a variety of sources. Participants from each state agency will assist in collection of available fisheries data.  Information about sampling methods, gear, and effort will be obtained and data resulting from the most systematic methods will be used (i.e., standardized samples) to evaluate flow alteration. Fish-collection records from multiple agencies and databases will be compiled into a centralized location, georeferenced, quality controlled for accuracy, and matched to grid cells of the PRMS model. Biological metrics will be developed at the assemblage, guild, and trait levels and be related to flow alteration between historic and recent conditions.  Our focus will be on fish traits because of the overall importance of fish traits in ecology. Traits will be obtained from an existing database of more than 100 traits (http://www.fishtraits.info/search/attr/) and then a final set of traits will be chosen based on 1) completeness of the dataset (i.e., do we know enough about the species feeding groups), 2) assemblage membership to different guilds, and 3) correlations among traits. We will also include a subset of analyses that focus solely on reproductive guilds and biodiversity indices given there prevalent use in the literature (see distinction between trait and guild below). 
Species traits have proved a useful vehicle in ecology for identifying trends within and among species assemblages (Statzner et al. 2001). A species trait is a morphological, physiological, or life-history characteristic measurable on an individual (Violle et al. 2007). The use of “functional” traits has become increasingly prevalent in the recent scientific literature; however, how researchers defined functional is often vague despite its importance to framing meaningful trait-based research questions. A functional trait may refer to a trait that improves the fitness of a species (Violle et al. 2007) or a trait that a species possesses that provides a necessary ecosystem function (Frimpong and Angermeier 2010).
Broad-scale applications of traits for freshwater fish conservation have been limited (Olden et al. 2010) and stream fish ecologists, in particular, have failed to realize the full potential of trait-based research (Frimpong and Angermeier 2010). Guilds differ from functional trait groups since they make no explicit reference to the ecosystem role of member species and often describe the habitat use of a species rather than their traits (e.g. Balon 1978; Welcomme et al. 2006). Functional groups have the potential to transcend the guild concept by developing groups of species based on their role in the ecosystem, thus establishing a meaningful basis of comparison for stream fish assemblages both within and among river basins and providing insight into the relationship between functional and ecological traits. Functional traits can also be used for indices (e.g. Rao’s Q) that assess biodiversity and may be an improvement over traditional measures (e.g. Shannon-Weiner index). For example, Stuart-Smith et al. (2013) found that the functional trait diversity in coral reef fishes was higher in areas of lower species richness. In other words, species-rich coral reef fish assemblages comprised many species that “were doing the same thing” in terms of ecosystem function, whereas each species played a bigger role in ecosystem function in assemblages with less species. Despite the potential of functional diversity indices for improving long-term monitoring (Villéger et al. 2008), we were unable find any published studies that employed the approach to warmwater stream fishes in North America. Conceptual advancements are essential to advancing trait-based research in stream ecology; however, the successful application of species traits will also require the use of nontraditional statistical methods that can identify trends in large, complex datasets.
Traits will be combined using hierarchical clustering.  Fish species will be clustered using the unweighted paired group with arithmetic means linkage method based on chord distance. Chord distance is essentially a standardized Euclidian distance method (Legendre and Gallagher 2001; Austen et al. 2014) and puts differently-scaled variables on equal footing (McCune & Grace 2002). Bootstrapping may be used to minimize standard error (SE) associated with AU p-values to identify significant clusters if it is found to accommodate both continuous and categorical traits.  
After trait groups are established, the relative abundance of different groups will be calculated at available PRMS grid locations and matched to associated flow metrics. The AR Water Science Center will calculate a suite of ecological flow statistics using Eflow Stats (https://github.com/USGS-R/EflowStats). This statistics package has a convenient R interface and includes seven statistics related to the fundamental properties of daily streamflow (Archfield et al. 2014). The flow statistics will be reduced to a reasonable level by examining correlations among the flow metrics (Spearman’s rank) and professional judgment (i.e., ability to interpret flow metrics and the ecology of the trait assemblage). The resulting dataset will serve as the foundation for the final statistical analyses. 
We will use random forests to examine the response of flow alteration relative to each trait group. Random Forests has been shown to perform well under a variety of applications (e.g., Kehoe et al. 2012; Stuart-Smith et al. 2013; Van Beijma et al. 2014). Random Forests (RF) is a powerful machine-learning technique that uses an algorithm to construct an ensemble of decision trees (Breiman 2001). RF is superior to traditional decision trees by (1) correcting for a tendency to over fit data by constructing trees that are a bootstrapped sample of the variables and (2) minimizing classification error rate by using “out of the bag” data to test the accuracy of the training set. RF has consistently outperformed other statistical approaches for both predictive modeling (e.g. Prasad et al. 2006; He et al. 2010) and classification (Shi and Horvath 2006, Cutler et al. 2007). A primary advantage of RF for ecological applications is accommodating “messy” datasets (e.g. mixed variable types, skewed distributions, correlations, and complex interactions; Shi and Horvath 2006). RF has proved effective in predicting local stream fish assemblages based on environmental variables (He et al. 2010; Bae et al. 2011). Furthermore, RF models have demonstrated the ability to make accurate predictions outside the range of the dataset (Prasad et al. 2006), thus providing a promising approach to predict the long-term response of ecological communities to altered flow regimes.
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	Personnel
	 

	Shannon Brewer
	Project lead; work with post doc and other personnel throughout duration of project to gather biological data, analyze, and describe flow-ecology relations; ensure communication with other group leads

	Un-named post doc
	Build databases of samples; link to hydrologic metrics; complete statistical analyses with PI

	Jim Burroughs 
	Assist with obtaining existing sampling data from OK

	Brent Bristow
	Assist with obtaining existing sampling data from region (USFWS)

	Jeff Quinn 
	Assist with obtaining existing sampling data from AR

	Robby Maxwell
	Assist with obtaining existing sampling data from LA

	Steve Magnolia
	Assist with obtaining existing sampling data from TX



[bookmark: _Toc434227227]Ecological Flows Deliverables
· Database of collated fish-sampling efforts across the region (TX, OK, AR, and LA)
· Completed analyses of flow-ecology relationships using traits and some specific individuals if desired by stakeholders
· 1-2 journal articles resulting from Objectives 1-3
[bookmark: _Toc305743255][bookmark: _Toc434227228]INFORMATION INTERCHANGE AND COMMUNICATIONS 
Although there are four Teams working simultaneously on different technical aspects of the Red River Basin Focus Area Study, the work of each team is closely related.  The Water Use information needs to be provided to the modeling teams for their numerical models, and the numerical models will be used to evaluate environmental flows. It is necessary for all teams to work closely to develop a water budget, as well as provide streamflow information to the Environmental Flows Teams.  It is critical that the data and output produced by each team are formatted in a manner that can be utilized by other teams.  
Timely data and information exchange will occur throughout the length of the project.  Monthly conference calls and quarterly meetings will be scheduled for the Teams to provide progress updates and open up for question and answers.  Written progress reports will be provided annually.  In addition to the formal calls and meetings, each scientist will be communicating one-on-one with others to assure that data needs are being met according to objectives of each team.
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	FY 16
	FY 17
	FY 18

	Water Use
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	2010 Withdrawals by HUC-8
	X
	X
	X
	X
	X
	X
	 
	 
	
	
	
	 

	GW Withdrawals from the Red River and Seymour Aquifers, 1995-2014
	X
	X
	X
	X
	 
	
	
	 
	
	
	 
	 

	SW withdrawals, 1980-2014
	X
	X
	X
	X
	 
	
	
	 
	
	
	
	

	2010 irrigation
	 
	X
	X
	X
	X
	
	
	 
	
	
	
	

	Interbasin transfers
	X
	
	
	 
	 
	
	
	 
	
	
	
	

	Consumptive use - PS, IN, MI
	 
	
	X
	X
	X
	X
	
	 
	
	
	
	

	Consumptive use - PG
	 
	X
	
	 
	 
	
	
	 
	
	
	
	

	Consumptive use - IR
	X
	X
	X
	X
	 
	
	
	 
	
	
	
	

	Non-mandatory use categories
	 
	
	X
	X
	X
	X
	
	 
	
	
	
	

	Products
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Report Writing
	 
	
	
	 
	X
	X
	X
	X
	X
	X
	
	

	Report reviews and final publication
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	X
	X

	 
	FY 16
	FY 17
	FY 18

	Ground Water Modeling
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Background research
	X
	X
	
	 
	
	
	
	
	 
	
	
	

	Data and model compilation
	X
	X
	X
	X
	
	
	
	
	 
	
	
	

	Aquifer review
	X
	X
	X
	X
	
	
	
	
	 
	
	
	

	Augment water-use data sets
	 
	
	
	X
	X
	X
	X
	
	 
	
	
	

	Augment runoff-model inputs
	 
	
	
	X
	X
	X
	X
	
	 
	
	
	

	Construct model
	 
	
	
	X
	X
	X
	X
	
	 
	
	
	

	Calibrate steady-state model
	 
	
	
	 
	
	X
	X
	X
	 
	
	
	

	Calibrate and run transient model
	 
	
	
	 
	
	
	X
	X
	X
	
	
	

	Build and run predictive scenarios
	 
	
	
	 
	
	
	
	X
	X
	X
	
	

	Products
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Report Writing
	 
	
	
	 
	
	
	
	X
	X
	X
	X
	X

	Report reviews and final publication
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	X
	X

	 
	FY 16
	FY 17
	FY 18

	Surface-Water/Groundwater Modeling
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	PRMS –Setup and Calibration Procedure
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Refine PRMS model to HUC 12-digit spatial scale
	X
	X
	
	 
	 
	
	
	 
	
	
	 
	 

	Calibrate PRMS model for natural flows (baseline conditions)
	 
	X
	X
	X
	X
	
	
	 
	
	
	 
	 

	Link PRMS with MODFLOW for the upper Red River
	 
	
	X
	X
	X
	X
	X
	 
	
	
	 
	 

	Incorporate water use data from SWUDS into PRMS model
	 
	
	
	X
	X
	X
	X
	
	 
	
	 
	 

	Provide current conditions results to team
	 
	
	
	 
	X
	X
	X
	X
	 
	
	 
	 

	Products
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Report Writing
	 
	
	
	 
	
	
	
	X
	X
	X
	X
	X

	Report reviews and final publication
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	X
	X

	 
	FY 16
	FY 17
	FY 18

	Ecological Flows
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Summarize existing fish assemblage data
	X
	X
	X
	X
	 
	
	
	 
	
	
	
	

	Obtain existing fish traits and final trait selection
	 
	
	X
	X
	X
	X
	
	 
	
	
	
	

	Analysis of reproductive guilds and biodiversity indices
	 
	
	
	 
	X
	X
	X
	 
	
	
	
	

	Trait combination using hierarchical clustering
	 
	
	
	
	 
	X
	X
	X
	
	
	
	

	Group abundance by PRMS grid location
	 
	
	
	
	 
	
	X
	X
	X
	
	
	

	Statistical analysis of relation of traits to flow regime 
	 
	
	
	 
	 
	
	
	X
	X
	X
	
	

	Products
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Report Writing
	 
	
	
	 
	 
	
	
	X
	X
	X
	X
	X

	Report reviews and final publication
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	X
	X



[bookmark: _Toc434227230][bookmark: _Toc305743263]BUDGET
	Water Use
	FY 16
	FY 17
	FY 18

	2010 Withdrawals by HUC-8
	 $      60,000 
	 $      45,000 
	 

	GW Withdrawals from the Red River and Seymour Aquifers, 1995-2014
	 $      55,000 
	 $        6,200 
	 

	SW withdrawals, 1980-2015
	 $      82,000 
	
	 

	Irrigation
	 $      55,100 
	 $      10,400 
	 

	Interbasin transfers
	 $      12,000 
	
	 

	Consumptive use 
	 $      65,000 
	 $      35,000 
	 

	Non-mandatory use categories
	 $      36,000 
	 $      15,400 
	 

	Total 
	 $    365,100 
	 $    112,000 
	 $             -   

	Ground Water Modeling
	FY 16
	FY 17
	FY 18

	Background research
	 $        5,000 
	
	 

	Data and model compilation
	 $      26,000 
	 $      76,000 
	 

	Augment water-use data sets
	 $      10,500 
	 $      14,000 
	 

	Construct model
	 
	 $      76,000 
	 $      36,000 

	Calibrate steady-state model
	 
	 
	 $      23,400 

	Calibrate and run transient model
	 
	 
	 $      22,300 

	Simulations
	 
	
	 $      21,300 

	Total 
	 $      41,500 
	 $    166,000 
	 $    103,000 

	Surface-Water/Groundwater Modeling
	FY 16
	FY 17
	FY 18

	Refine PRMS model to HUC 12-digit spatial scale
	 $      42,000 
	 $      72,000 
	 

	Calibrate PRMS model for natural flows (baseline conditions)
	 
	 $      36,000 
	 

	Link PRMS with MODFLOW for the upper Red River
	 
	 $      52,000 
	 $    105,000 

	Incorporate water use data from SWUDS into PRMS model
	 
	 $      12,000 
	 $      26,000 

	Simulations
	 
	
	 $      36,000 

	Total 
	 $      42,000 
	 $    172,000 
	 $    167,000 

	Ecological Flows
	FY 16
	FY 17
	FY 18

	Flow-ecology relationships
	 $      51,400 
	 $      50,000 
	 $      25,000 

	Temperature*
	 $      51,000 
	 $      72,000 
	 

	SNTemp –Climate Change Predictions*
	 
	
	 $      15,000 

	Total 
	 $      51,400 
	 $      50,000 
	 $      25,000 

	Products
	FY 16
	FY 17
	FY 18

	Report Writing
	 $             -   
	 $             -   
	 $    145,000 

	Report reviews and final publication
	 $             -   
	 $             -   
	 $      60,000 

	Total
	 $        500,000 
	 $        500,000 
	 $        500,000 

	*Not funded through NWS
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	[bookmark: _Toc244939499][bookmark: _Toc434227234]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	2006 version of the 1:100K National Hydrography Dataset (NHD)—basin scale

	Data Product Formats 
	ESRI shapefiles and grids

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be visually inspected for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration. 

	Source
	http://www.horizon-systems.com/nhdplus/NHDPlusV1_data.php

	Data Processing and Workflows 
	Data download and aggregation to GeoSpatial Fabric modeling units.

	Backup and Version Control Strategy
	Handled by Horizon Systems Corporation

	Volume Storage
	110 GB

	Data Security and Access Control
	Open access

	Restrictions
	None

	Fees
	None

	Citation
	http://www.horizon-systems.com/NHDPlus/NHDPlusV1_documentation.php

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227235]
Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	National Land Cover Database 2001 (NLCD2001)—basin scale

	Data Product Formats 
	GIS raster files

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration. 

	Source
	http://www.mrlc.gov/nlcd2001.php

	Data Processing and Workflows 
	Data download and converted to PRMS model parameters

	Backup and Version Control Strategy
	Handled by Multi-Resolution Land Characteristics Consortium (MRLC)

	Volume Storage
	50 GB

	Data Security and Access Control
	Open access

	Restrictions
	None

	Fees
	None

	Citation
	Homer, C., Dewitz, J., Fry, J., Coan, M., Hossain, N., Larson, C., Herold, N., McKerrow, A., VanDriel, J.N., and Wickham, J. 2007. Completion of the 2001 National Land Cover Database for the Conterminous United States. Photogrammetric Engineering and Remote Sensing, Vol. 73, No. 4, pp 337-341.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227236]
Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	State Soil Geographic version 2 (STATSGO2) dataset—basin scale

	Data Product Formats 
	ESRI shapefile

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://datagateway.nrcs.usda.gov/Catalog/ProductDescription/GSMCLIP.html 

	Data Processing and Workflows 
	Data download and conversion to model parameters

	Backup and Version Control Strategy
	Handled by United States Department of Agriculture National Resources Conservation Service (NRCS)

	Volume Storage
	350 MB

	Data Security and Access Control
	Must set up user account for access

	Restrictions
	None

	Fees
	None

	Citation
	http://datagateway.nrcs.usda.gov/GDGHome.aspx 

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227237]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Gleeson permeability maps: Near surface permeability map of southeastern United States—basin scale

	Data Product Formats 
	GIS raster

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration. 

	Source
	Direct communication with lead author, Tom Gleeson

	Data Processing and Workflows 
	Data download and conversion to PRMS model parameters

	Backup and Version Control Strategy
	Handled by dataset developer, Tom Gleeson

	Volume Storage
	630 MB

	Data Security and Access Control
	Must contact dataset developer, Tom Gleeson

	Restrictions
	Use with permission from dataset developer, Tom Gleeson

	Fees
	None

	Citation
	Gleeson, T., Smith, L., Moosdorf, N., Hartmann, J., Durr, H.H., Manning, A.H., van Beek, L.P.H., and Jellinek, A.M., 2011, Mapping permeability over the surface of the Earth:  Geophysical Research Letters, v. 38, L. 02401, 6 p.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227238]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	USGS Streamflow data (National Water Information System)—regional 

	Data Product Formats 
	ASCII files

	Quality Assurance Plan 
	Data will be visually inspected and formatted. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://waterdata.usgs.gov/nwis 

	Data Processing and Workflows 
	Data downloaded and assembled into model input files

	Backup and Version Control Strategy
	Handled by USGS National Water Information System

	Volume Storage
	10’s of GB

	Data Security and Access Control
	Open access

	Restrictions
	None

	Fees
	None

	Citation
	http://waterdata.usgs.gov/nwis 

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227239]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	GAGES-II: Geospatial Attributes of Gages for Evaluating Streamflow

	Data Product Formats 
	ESRI shapefiles, tables, excel, word, and csv files

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Spatial and tabular queries will be conducted to ensure the validity and accuracy of the data represented. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://water.usgs.gov/GIS/metadata/usgswrd/XML/gagesII_Sept2011.xml 

	Data Processing and Workflows 
	Data downloaded and assembled into model input files

	Backup and Version Control Strategy
	Handled by dataset developer, James Falcone, USGS VA WSC

	Volume Storage
	340 MB

	Data Security and Access Control
	Open access

	Restrictions
	None

	Fees
	None

	Citation
	http://water.usgs.gov/GIS/metadata/usgswrd/XML/gagesII_Sept2011.xml 

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227240]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Historical Solar Radiation Data—10 km grid spacing

	Data Product Formats 
	USGS has reformatted this data into a single NetCDF file and hosts it on a THREDDS server.

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	Originally downloaded from National Renewable Energy Laboratory (http://www.nrel.gov/gis/data_solar.html).  Now available on internal USGS THREDDS server (http://igskahhwvsmows.cr.usgs.gov:8080/thredds/sr.html?dataset=sr)

	Data Processing and Workflows 
	USGS has reformatted this data into NetCDF files from original GIS shapefiles.  This is downloaded and assembled into model input files using the USGS Geo Data Portal.

	Backup and Version Control Strategy
	Can always be recreated from original NREL data.  NetCDF files are currently stored on USGS Central Region internal web server.

	Volume Storage
	6.8 MB

	Data Security and Access Control
	Internal USGS web server

	Restrictions
	None

	Fees
	None

	Citation
	According to NREL, they want to be cited as: “This map was created by the National Renewable Energy Laboratory for the U.S. Department of Energy.”  

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227241]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Historical Pan Evaporation Data for the United States

	Data Product Formats 
	USGS has reformatted this data into a single NetCDF file and hosts in on a THREDDS server. This is downloaded and assembled into model input files using the USGS GeoData Portal.

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	Originally published on paper contour maps (see report below). This has been subsequently digitized by the NWS (same citation).  

	Data Processing and Workflows 
	Data downloaded and extrapolated to gridded coverage of conterminous United States

	Backup and Version Control Strategy
	Can always be recreated from original NWS data. NetCDF files are currently stored on USGS Central Region internal web server.

	Volume Storage
	3.4 MB

	Data Security and Access Control
	Internal USGS web server.  Could be moved to USGS public web server with no problem.

	Restrictions
	None

	Fees
	None

	Citation
	Farnsworth, R.K., and Thompson, E.S., 1982, Mean monthly, seasonal, and annual pan evaporation for the United States: National Oceanic and Atmospheric Administration Technical Report, NWS 34, 82p.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227242]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Daymet Historical Climate Data

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://daymet.ornl.gov/dataaccess 

	Data Processing and Workflows 
	Data downloaded from USGS GeoData Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by Oak Ridge National Laboratory

	Volume Storage
	4 TB

	Data Security and Access Control
	Available on internal USGS web server.

	Restrictions
	None

	Fees
	None

	Citation
	Thornton, PE, MM Thornton, BW Mayer, N Wilhelmi, Y Wei, RB Cook 2012. Daymet: Daily surface weather on a 1 km grid for North America, 1980 - 2008. Acquired online (http://daymet.ornl.gov/) on 1/9/2014 from Oak Ridge National Laboratory Distributed Active Archive Center, Oak Ridge, Tennessee, U.S.A. doi:10.3334/ORNLDAAC/Daymet_V2.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227243]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Maurer and others Historical Climate Data

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://cida.usgs.gov/gdp/ 

	Data Processing and Workflows 
	Data downloaded from USGS GeoData Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by USGS GeoData Portal

	Volume Storage
	35 GB

	Data Security and Access Control
	Available on the USGS GeoData Portal

	Restrictions
	None

	Fees
	None

	Citation
	Maurer, E.P., Wood, A.W., Adam, J.C., Lettenmaier, D.P., and Nijssen, B., 2002, A long-term hydrologically-based data set of land surface fluxes for the conterminous United States: Journal of Climate, v. 15(22), p. 3237-3251.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227244]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Parameter-elevation Regressions on Independent Slopes Model (PRISM) Monthly Climate Data for the Continental United States

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://cida.usgs.gov/gdp/ 

	Data Processing and Workflows 
	Data downloaded from USGS GeoData Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by PRISM Climate Group, Oregon State University

	Volume Storage
	2.6 GB

	Data Security and Access Control
	Available on the USGS GeoData Portal

	Restrictions
	None

	Fees
	None

	Citation
	Daly, C., Neilson, R.P., and Phillips, D.L., 1994, A statistical-topographic model for mapping climatological precipitation over mountainous terrain: Journal of Applied Meteorology, v. 33, February, p. 140–158.
Daly, C., Taylor, G.H., and Gibson, W.P., 1997, The PRISM approach to mapping precipitation and temperature: Preprints, 10th Conference on Applied Climatology, Reno, NV, American Meteorological Society, p. 10–12.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227245]Data Input – Existing Data [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	USGS Dynamical Downscaled Regional Climate

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://cida.usgs.gov/gdp/ 

	Data Processing and Workflows 
	Data downloaded from USGS GeoData Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by USGS GeoData Portal

	Volume Storage
	Several 100 GB

	Data Security and Access Control
	Available on the USGS GeoData Portal

	Restrictions
	None

	Fees
	None

	Citation
	Hostetler, S.W., Alder, J.R., and Allan, A.M., 2011, Dynamically downscaled climate simulations over North America: Methods, evaluation, and supporting documentation for users: U.S. Geological Survey Open-File Report 2011-1238, 64 p.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc244939501][bookmark: _Toc434227246]Software and Other Needs [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 



	[bookmark: _Toc434227247]Software and Other Needs [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Python: Scripting language

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://www.python.org 



	[bookmark: _Toc434227248]Software and Other Needs [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	R: Scripting language

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://www.r-project.org 





	[bookmark: _Toc434227249]Software and Other Needs [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	USGS Precipitation Runoff Modeling System: Daily time step physically-based watershed modeling software

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://wwwbrr.cr.usgs.gov/projects/SW_MoWS/PRMS.html 



	[bookmark: _Toc434227250]Software and Other Needs [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Thornthwaite Monthly Water Balance Model: Monthly water balance process simulation modeling software

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://wwwbrr.cr.usgs.gov/projects/SW_MoWS/Thornthwaite.html 



	[bookmark: _Toc434227251]Software and Other Needs [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Downsizer: Streamflow and climate data mining and formatting software program

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://wwwbrr.cr.usgs.gov/projects/SW_MoWS/Downsizer.html 



	[bookmark: _Toc434227252]Software and Other Needs [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Lumen: Hydrologic model visualization software for PRMS models

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	Currently in beta-version, no published documentation yet. 



	[bookmark: _Toc434227253]Software and Other Needs [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	LUCA: Hydrologic model calibration software for PRMS models

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://wwwbrr.cr.usgs.gov/projects/SW_MoWS/LUCA.html 



	[bookmark: _Toc244939502][bookmark: _Toc434227254]Data Outputs – Project Deliverables [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	PRMS generated daily time series of simulated streamflow

	Data Management Resources
	The project will provide a total of $30,000 for data management for FY 16/17. This includes data storage, data organization support, integration, and presentation through the ScienceBase platform.

	Data Product Formats 
	Final products will be time series model output in NetCDF format.

	Data Processing and Workflows 
	Sets of time series streamflow simulations will be geo-referenced to stream segments and hydrologic response units in the study area which will be available for download and used to develop streamflow characterizations and statistics.

	Quality Assurance Plan 
	Assessment procedures will be in place to ensure that data acquisition and data processing methods are appropriate for achieving desired data output.   

	Formal Metadata Standard Used
	CF Metadata Convention (http://cfconventions.org)

	Volume Storage
	The final volume (source, interim, and final datasets, metadata, and processing scripts) will comprise less than 5TB.

	Backup and Version Control Strategy
	The project uses ScienceBase for storage, replication, backup, and archive. This includes both interim and final products.

	Repository: ScienceBase 
	https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	Prior to completion of the project, only USGS staff or collaborators have access to the data. The USGS requires review and approval of a publication or data series prior to wider distribution.

	Restrictions
	None once published.

	Digital Object Identifiers
	The USGS Library provides DOI/Links for project products.

	Citation
	The USGS Library provides citation information

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227255]Data Outputs – Project Deliverables [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Thornthwaite Monthly Water Balance Model generated monthly time series of simulated streamflow

	Data Management Resources
	The project will provide a total of $30,000 for data management for FY 16/17. This includes data storage, data organization support, integration, and presentation through the ScienceBase platform.

	Data Product Formats 
	Final products will be time series model output in NetCDF format.

	Data Processing and Workflows 
	Sets of time series streamflow simulations will be geo-referenced to stream segments and hydrologic response units in the study area which will be available for download and used to develop streamflow characterizations and statistics.

	Quality Assurance Plan 
	Assessment procedures will be in place to ensure that data acquisition and data processing methods are appropriate for achieving desired data output.   

	Formal Metadata Standard Used
	CF Metadata Convention (http://cfconventions.org)

	Volume Storage
	The final volume (source, interim, and final datasets, metadata, and processing scripts) will comprise less than 5TB.

	Backup and Version Control Strategy
	The project uses ScienceBase for storage, replication, backup, and archive. This includes both interim and final products.

	Repository: ScienceBase 
	https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	Prior to completion of the project, only USGS staff or collaborators have access to the data. The USGS requires review and approval of a publication or data series prior to wider distribution.

	Restrictions
	None once published.

	Digital Object Identifiers
	The USGS Library provides DOI/Links for project products.

	Citation
	The USGS Library provides citation information

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227256]Data Outputs – Project Deliverables [Precipitation Runoff Modeling System (PRMS) for the Red River Focal Area Study]

	Description
	Streamflow characterization database

	Data Management Resources
	The project will provide a total of $30,000 for data management for FY 16/17. This includes data storage, data organization support, integration, and presentation through the ScienceBase platform.

	Data Product Formats 
	Final products will be time series model output in NetCDF format.

	Data Processing and Workflows 
	Sets of statistics and metrics computed from statistical and process-based (daily and monthly) streamflow simulations will be geo-referenced to stream segments and hydrologic response units in the study area which will be available for download and used to develop streamflow characterizations and statistics.

	Quality Assurance Plan 
	Assessment procedures will be in place to ensure that data acquisition and data processing methods are appropriate for achieving desired data output.   

	Formal Metadata Standard Used
	CF Metadata Convention (http://cfconventions.org)

	Volume Storage
	The final volume (source, interim, and final datasets, metadata, and processing scripts) will comprise less than 5TB.

	Backup and Version Control Strategy
	The project uses ScienceBase for storage, replication, backup, and archive. This includes both interim and final products.

	Repository: ScienceBase 
	https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	Prior to completion of the project, only USGS staff or collaborators have access to the data. The USGS requires review and approval of a publication or data series prior to wider distribution.

	Restrictions
	None once published.

	Digital Object Identifiers
	The USGS Library provides DOI/Links for project products.

	Citation
	The USGS Library provides citation information

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664










	[bookmark: _Toc434227257]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	2006 version of the 1:100K National Hydrography Dataset (NHD)—basin scale

	Data Product Formats 
	ESRI shapefiles and grids

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be visually inspected for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration. Extents and snapping tolerances will be set with grids to ensure proper alignment with other grid data layers.

	Source
	http://www.horizon-systems.com/nhdplus/NHDPlusV1_data.php

	Data Processing and Workflows 
	Data download and aggregation to GeoSpatial Fabric modeling units.

	Backup and Version Control Strategy
	Handled by Horizon Systems Corporation

	Volume Storage
	110 GB

	Data Security and Access Control
	Open access

	Restrictions
	None

	Fees
	None

	Citation
	http://www.horizon-systems.com/NHDPlus/NHDPlusV1_documentation.php

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227258]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	USGS National Elevation Dataset (NED)—basin scale

	Data Product Formats 
	ESRI grids

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://nationalmap.gov/elevation.html

	Data Processing and Workflows 
	Data download and aggregation to GeoSpatial Fabric modeling units.

	Backup and Version Control Strategy
	Handled by The National Map

	Volume Storage
	110 GB

	Data Security and Access Control
	Open access

	Restrictions
	None

	Fees
	None

	Citation
	http://ned.usgs.gov/downloads.html

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664




	[bookmark: _Toc434227259]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	National Land Cover Database 2001 (NLCD2001)—basin scale

	Data Product Formats 
	GIS raster files

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration. Extents and snapping tolerances will be set with grids to ensure proper alignment with other raster data layers.

	Source
	http://www.mrlc.gov/nlcd2001.php

	Data Processing and Workflows 
	Data download and converted to PRMS model parameters

	Backup and Version Control Strategy
	Handled by Multi-Resolution Land Characteristics Consortium (MRLC)

	Volume Storage
	50 GB

	Data Security and Access Control
	Open access

	Restrictions
	None

	Fees
	None

	Citation
	Homer, C., Dewitz, J., Fry, J., Coan, M., Hossain, N., Larson, C., Herold, N., McKerrow, A., VanDriel, J.N., and Wickham, J. 2007. Completion of the 2001 National Land Cover Database for the Conterminous United States. Photogrammetric Engineering and Remote Sensing, Vol. 73, No. 4, pp 337-341.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227260]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	USGS water temperature data (National Water Information System)—regional 

	Data Product Formats 
	ASCII files

	Quality Assurance Plan 
	Data will be visually inspected and formatted. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://waterdata.usgs.gov/nwis 

	Data Processing and Workflows 
	Data downloaded and assembled into model input files

	Backup and Version Control Strategy
	Handled by USGS National Water Information System

	Volume Storage
	10’s of GB

	Data Security and Access Control
	Open access

	Restrictions
	None

	Fees
	None

	Citation
	http://waterdata.usgs.gov/nwis 

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227261]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Historical Solar Radiation Data—10 km grid spacing

	Data Product Formats 
	USGS has reformatted this data into a single NetCDF file and hosts it on a THREDDS server.

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	Originally downloaded from National Renewable Energy Laboratory (http://www.nrel.gov/gis/data_solar.html).  Now available on internal USGS THREDDS server (http://igskahhwvsmows.cr.usgs.gov:8080/thredds/sr.html?dataset=sr)

	Data Processing and Workflows 
	USGS has reformatted this data into NetCDF files from original GIS shapefiles.  This is downloaded and assembled into model input files using the USGS Geo Data Portal.

	Backup and Version Control Strategy
	Can always be recreated from original NREL data.  NetCDF files are currently stored on USGS Central Region internal web server.

	Volume Storage
	6.8 MB

	Data Security and Access Control
	Internal USGS web server

	Restrictions
	None

	Fees
	None

	Citation
	According to NREL, they want to be cited as: “This map was created by the National Renewable Energy Laboratory for the U.S. Department of Energy.”  

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227262]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Historical Pan Evaporation Data for the United States

	Data Product Formats 
	USGS has reformatted this data into a single NetCDF file and hosts in on a THREDDS server. This is downloaded and assembled into model input files using the USGS GeoData Portal.

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	Originally published on paper contour maps (see report below). This has been subsequently digitized by the NWS (same citation).  

	Data Processing and Workflows 
	Data downloaded and extrapolated to gridded coverage of conterminous United States

	Backup and Version Control Strategy
	Can always be recreated from original NWS data. NetCDF files are currently stored on USGS Central Region internal web server.

	Volume Storage
	3.4 MB

	Data Security and Access Control
	Internal USGS web server.  Could be moved to USGS public web server with no problem.

	Restrictions
	None

	Fees
	None

	Citation
	Farnsworth, R.K., and Thompson, E.S., 1982, Mean monthly, seasonal, and annual pan evaporation for the United States: National Oceanic and Atmospheric Administration Technical Report, NWS 34, 82p.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227263]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Daymet Historical Climate Data

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://daymet.ornl.gov/dataaccess 

	Data Processing and Workflows 
	Data downloaded from USGS GeoData Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by Oak Ridge National Laboratory

	Volume Storage
	4 TB

	Data Security and Access Control
	Available on internal USGS web server.

	Restrictions
	None

	Fees
	None

	Citation
	Thornton, PE, MM Thornton, BW Mayer, N Wilhelmi, Y Wei, RB Cook 2012. Daymet: Daily surface weather on a 1 km grid for North America, 1980 - 2008. Acquired online (http://daymet.ornl.gov/) on 1/9/2014 from Oak Ridge National Laboratory Distributed Active Archive Center, Oak Ridge, Tennessee, U.S.A. doi:10.3334/ORNLDAAC/Daymet_V2.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227264]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Cloud Cover Data: The NCEP-DOE Reanalysis 2 project is using a state-of-the-art analysis/forecast system to perform data assimilation using past data from 1979 through the previous year. A large subset of this data is available from PSD in its original 4 times daily format and as daily averages.

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html

	Data Processing and Workflows 
	Data downloaded from Earth System Research Laboratory Physical Sciences Division Data Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by Earth System Research Laboratory Physical Sciences Division

	Volume Storage
	4 TB

	Data Security and Access Control
	Available on internal USGS web server.

	Restrictions
	None

	Fees
	None

	Citation
	NCEP-DEO AMIP-II Reanalysis (R-2): M. Kanamitsu, W. Ebisuzaki, J. Woollen, S-K Yang, J.J. Hnilo, M. Fiorino, and G. L. Potter. 1631-1643, Nov 2002, Bul. of the Atmos. Met. Soc.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664




	[bookmark: _Toc434227265]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Maurer and others Historical Climate Data

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://cida.usgs.gov/gdp/ 

	Data Processing and Workflows 
	Data downloaded from USGS GeoData Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by USGS GeoData Portal

	Volume Storage
	35 GB

	Data Security and Access Control
	Available on the USGS GeoData Portal

	Restrictions
	None

	Fees
	None

	Citation
	Maurer, E.P., Wood, A.W., Adam, J.C., Lettenmaier, D.P., and Nijssen, B., 2002, A long-term hydrologically-based data set of land surface fluxes for the conterminous United States: Journal of Climate, v. 15(22), p. 3237-3251.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227266]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Parameter-elevation Regressions on Independent Slopes Model (PRISM) Monthly Climate Data for the Continental United States

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://cida.usgs.gov/gdp/ 

	Data Processing and Workflows 
	Data downloaded from USGS GeoData Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by PRISM Climate Group, Oregon State University

	Volume Storage
	2.6 GB

	Data Security and Access Control
	Available on the USGS GeoData Portal

	Restrictions
	None

	Fees
	None

	Citation
	Daly, C., Neilson, R.P., and Phillips, D.L., 1994, A statistical-topographic model for mapping climatological precipitation over mountainous terrain: Journal of Applied Meteorology, v. 33, February, p. 140–158.
Daly, C., Taylor, G.H., and Gibson, W.P., 1997, The PRISM approach to mapping precipitation and temperature: Preprints, 10th Conference on Applied Climatology, Reno, NV, American Meteorological Society, p. 10–12.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227267]Data Input – Existing Data [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	USGS Dynamical Downscaled Regional Climate

	Data Product Formats 
	NetCDF

	Quality Assurance Plan 
	Each dataset quality will be managed by the providing agency, but will be spot checked for accuracy once loaded into a geospatial environment. Any obvious errors will be removed and not used for model building or calibration.

	Source
	http://cida.usgs.gov/gdp/ 

	Data Processing and Workflows 
	Data downloaded from USGS GeoData Portal and reformatted into model input files

	Backup and Version Control Strategy
	Handled by USGS GeoData Portal

	Volume Storage
	Several 100 GB

	Data Security and Access Control
	Available on the USGS GeoData Portal

	Restrictions
	None

	Fees
	None

	Citation
	Hostetler, S.W., Alder, J.R., and Allan, A.M., 2011, Dynamically downscaled climate simulations over North America: Methods, evaluation, and supporting documentation for users: U.S. Geological Survey Open-File Report 2011-1238, 64 p.

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664





	[bookmark: _Toc434227268]Software and Other Needs [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 



	[bookmark: _Toc434227269]Software and Other Needs [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Python: Scripting language

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://www.python.org 



	[bookmark: _Toc434227270]Software and Other Needs [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	R: Scripting language

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://www.r-project.org 




	[bookmark: _Toc434227271]Software and Other Needs [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	USGS Precipitation Runoff Modeling System: Daily time step physically-based watershed modeling software

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://wwwbrr.cr.usgs.gov/projects/SW_MoWS/PRMS.html 



	[bookmark: _Toc434227272]Software and Other Needs [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Downsizer: Streamflow and climate data mining and formatting software program

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://wwwbrr.cr.usgs.gov/projects/SW_MoWS/Downsizer.html 



	[bookmark: _Toc434227273]Software and Other Needs [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	Lumen: Hydrologic model visualization software for PRMS models

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	Currently in beta-version, no published documentation yet. 




	[bookmark: _Toc434227274]Software and Other Needs [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	LUCA: Hydrologic model calibration software for PRMS models

	Restrictions
	Open source software

	Fees
	None

	Source/Link
	http://wwwbrr.cr.usgs.gov/projects/SW_MoWS/LUCA.html 



	[bookmark: _Toc434227275]
Data Outputs – Project Deliverables [Red River Focal Area Study Stream Network Temperature Model (SNTEMP)]

	Description
	SNTemp generated daily time series of simulated streamflow

	Data Management Resources
	The project will provide a total of $10,000 for data management for FY 16/17. This includes data storage, data organization support, integration, and presentation through the ScienceBase platform.

	Data Product Formats 
	Final products will be time series model output in NetCDF format.

	Data Processing and Workflows 
	Sets of time series streamflow simulations will be geo-referenced to stream segments and hydrologic response units in the study area which will be available for download and used to develop streamflow characterizations and statistics.

	Quality Assurance Plan 
	Assessment procedures will be in place to ensure that data acquisition and data processing methods are appropriate for achieving desired data output.   

	Formal Metadata Standard Used
	CF Metadata Convention (http://cfconventions.org)

	Volume Storage
	The final volume (source, interim, and final datasets, metadata, and processing scripts) will comprise less than 5TB.

	Backup and Version Control Strategy
	The project uses ScienceBase for storage, replication, backup, and archive. This includes both interim and final products.

	Repository: ScienceBase 
	https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	Prior to completion of the project, only USGS staff or collaborators have access to the data. The USGS requires review and approval of a publication or data series prior to wider distribution.

	Restrictions
	None once published.

	Digital Object Identifiers
	The USGS Library provides DOI/Links for project products.

	Citation
	The USGS Library provides citation information

	Contact
	Rheannon Hart, rmhart@usgs.gov, 501-228-3664



	[bookmark: _Toc434227276]Data Input – Existing Data [Evaluating changes in fish assemblages of the Red River via flow alteration – Fish assemblage data]

	Description
	Existing fish assemblage data will be obtained from state and federal agencies and from MARIS via backtracking to the original source to ensure data accuracy

	Data Product Formats 
	Tab delimited ASCII files 

	Quality Assurance Plan 
	In many cases, quality control is handled by the agencies but we will review all data and georeferenced locations where needed.  Data with obvious discrepancies (references outside of identified location or with unreasonable efforts, etc) will be omitted from the final data set.  

	Source
	Data will be obtained from state agencies in OK, AR, LA, and TX and the USFWS and EPA. Only data collected in a systematic way will be retained. 

	Data Processing and Workflows 
	Fish data will be aligned with hydrology model grid cells to identify spatial and temporal coverage. Biodiversity metrics will be calculated and fish traits will be assigned to assemblage data to avoid use of purely taxonomic relationships. 

	Backup and Version Control Strategy
	Once data are summarized, they will be backed up to removable hard drives (at least one time every two weeks).  

	Volume Storage
	50MB

	Data Security and Access Control
	Data will be stored on a Windows computer hard drive with user login.

	Restrictions
	None

	Fees
	None

	Citation
	None

	Contact
	Shannon Brewer, shannon.brewer@okstate.edu, 405-744-9841



	[bookmark: _Toc434227277]Data Input – Existing Data [Evaluating changes in fish assemblages of the Red River via flow alteration – Fish trait data]

	Description
	Select existing fish trait information will be extracted from a database and assigned to the appropriate fishes

	Data Product Formats 
	MS Excel file 

	Quality Assurance Plan 
	We will review all data, particularly since they are averaged traits (across US) and assign measured or updated traits as appropriate (these will be identified within the database).  

	Source
	Data will be obtained from http://www.fishtraits.info/search/attr/

	Data Processing and Workflows 
	Fish traits will be assigned to taxomonic identifiers and then kept within an Excel file. The file will be copied and pasted before any modifications occur. 

	Backup and Version Control Strategy
	Once data are summarized, they will be backed up to removable hard drives (after completion of trait assignments).  

	Volume Storage
	20MB

	Data Security and Access Control
	Data will be stored on a Windows computer hard drive with user login.

	Restrictions
	None

	Fees
	None

	Citation
	None

	Contact
	Shannon Brewer, shannon.brewer@okstate.edu, 405-744-9841



	[bookmark: _Toc244939500][bookmark: _Toc434227278]Data Input – New Data [Evaluating changes in fish assemblages of the Red River via flow alteration – trait groups]

	Description
	Trait groups developed using existing data  

	Data Management Resources
	30% of budget 

	Data Product Formats 
	TIFF file of final groups 

	Data Processing and Workflows 
	Traits will be assigned to assemblage data and then analyzed for relevant trait combinations. 

	Protocols and Standards
	Data will be analyzed using random forests to create clusters or combinations of ecologically-relevant traits- final groupings will be summarized in a figure showing group assignment and group strength.

	Quality Assurance Plan 
	Data entry will be checked by proofreading.  Data analyses will be checked for accuracy by two people. 

	Formal Metadata Standard Used
	FGDC-CSDGM

	Volume Storage
	30MB

	Backup and Version Control Strategy
	Data will be backed up to external hard drives every two weeks as the analyses progress.

	Repository: ScienceBase 
	BioData

	Data Security and Access Control
	Data will be housed digitally on computer hard drive secured with Windows login

	Restrictions
	None

	Digital Object Identifiers
	None

	Contact
	Shannon Brewer, shannon.brewer@okstate.edu, 405-744-9841

	[bookmark: _Toc434227279]Software and Other Needs [Evaluating changes in fish assemblages of the Red River via flow alteration]

	Description
	None 

	Restrictions
	None

	Fees
	None

	Source/Link
	None



	[bookmark: _Toc434227280]Data Outputs – Project Deliverables [Evaluating changes in fish assemblages of the Red River via flow alteration – Statistical analyses of flow-ecology relationships]

	Description
	Statistical analyses and interpretation of flow-ecology relationships  

	Data Management Resources
	50% of total budget 

	Data Product Formats 
	TIFF file of final figures and MS Word doc of interpretation

	Data Processing and Workflows 
	Data will be analyzed using random forests to create clusters or combinations of ecologically-relevant traits- final groupings will be summarized in a figure showing group assignment and group strength.

	Quality Assurance Plan 
	Input data will be evaluated for quality assurance (see Data Input sections). 

	Formal Metadata Standard Used
	FGDC-CSDGM

	Volume Storage
	20MB

	Backup and Version Control Strategy
	Data will be backed up to removable hard drive weekly

	Repository: ScienceBase 
	BioData

	Data Security and Access Control
	Data will be housed digitally on computer hard drive secured with Windows login

	Restrictions
	None

	Digital Object Identifiers
	None

	Citation
	Citation to a journal article; Reference and PDF (when available) will be provided at the end of the project.

	Contact
	Shannon Brewer, shannon.brewer@okstate.edu, 405-744-9841



	[bookmark: _Toc434227281]Data Input – Existing Data [Temperature regime and fishes – USGS Current Water Data and Oklahoma Mesonet Weather Data]

	Description
	Hydrologic data (hourly discharge [in Red River] or water level [in Lake Texoma]) from 2007 to the present will be used as input to the WASP model. 15-minute precipitation, air temperature wind speed, relative humidity, and incoming solar radiation from 2007 to present will be obtained from the Oklahoma Mesonet (http://www.mesonet.org) at stations along the Red River and near Lake Texoma.

	Data Product Formats 
	Tab delimited ASCII files 

	Quality Assurance Plan 
	Quality assurance is handled by the USGS and Oklahoma Mesonet

	Source
	Data are accessible from http://waterdata.usgs.gov/nwis/rt and from www.mesonet.org 

	Data Processing and Workflows 
	Tab delimited files on flow and water levels will be processed for input into the Water Quality Analysis Simulation Program (WASP)

	Backup and Version Control Strategy
	All data and model simulations will be copied to removable hard drives. All data and  model simulations will be copied quarterly (should be a one-day process)

	Volume Storage
	30MB

	Data Security and Access Control
	Data will be stored on a Windows computer hard drive with user login.

	Restrictions
	None

	Fees
	None

	Citation
	http://waterdata.usgs.gov/nwis/rt and http://www.mesonet.org 

	Contact
	USGS, 1-888-275-8747; Oklahoma Mesonet, 1-405-325-2541



	[bookmark: _Toc434227282]Data Input – New Data [Temperature regime and fishes – seepage analyses]

	Description
	Seepage analyses will be collected using an Acoustic Doppler Current Profiler (ADCP) along stretches of the Red River at baseflow to determine stream and shallow groundwater interactions.  

	Data Management Resources
	15% of budget 

	Data Product Formats 
	Excel spreadsheet 

	Data Processing and Workflows 
	Step 1.  Identify transects along the river both upstream and downstream of incoming tributaries. 
Step 2.  Perform ADCP measurements at three different baseflow levels in the Red River at all identified transects.
Step 3. Process data to determine velocity and discharge at each transect. Determine differences in discharge along stream reaches with no observed tributary inflows to determine groundwater contribution to streamflow.

	Protocols and Standards
	Seepage runs will be performed following USGS protocols (for an example, see Healy, 2004 at http://pubs.usgs.gov/of/2004/1387/) 

	Quality Assurance Plan 
	Data entry will be checked by proofreading.  Outlier data (>2 standard deviations from the mean) will be re-measured to ensure they are accurate.

	Formal Metadata Standard Used
	FGDC-CSDGM

	Volume Storage
	30MB

	Backup and Version Control Strategy
	Data will be backed up to external hard drives weekly following data collection and processing activities.

	Repository: ScienceBase 
	BioData

	Data Security and Access Control
	Data will be housed digitally on computer hard drive secured with Windows login

	Restrictions
	None

	Digital Object Identifiers
	None

	Contact
	Garey Fox, garey.fox@okstate.edu, 405-744-5616; Shannon Brewer, Shannon.brewer@okstate.edu, 405-744-9841



	[bookmark: _Toc434227283]Data Input – New Data [Temperature regime and fishes – fish collection]

	Description
	Fish assemblage description at 10-15 sites   

	Data Management Resources
	40% of budget 

	Data Product Formats 
	Excel spreadsheet 

	Data Processing and Workflows 
	Identify sample locations using seepage locations and also several sites where SNTEMP reveals temperature regime shifts within the basin; sample fishes using a variety of gears at each location; summarize data using catch-per-effort at each site

	Protocols and Standards
	Standardized sampling will be performed using American Fisheries Society guidelines (Bonar et a. 2009) 

	Quality Assurance Plan 
	Data entry will be checked by proofreading.  

	Formal Metadata Standard Used
	FGDC-CSDGM

	Volume Storage
	30MB

	Backup and Version Control Strategy
	Data will be backed up to external hard drives weekly following data collection and processing activities.

	Repository: ScienceBase 
	BioData

	Data Security and Access Control
	Data will be housed digitally on computer hard drive secured with Windows login

	Restrictions
	None

	Digital Object Identifiers
	None

	Contact
	Shannon Brewer, Shannon.brewer@okstate.edu, 405-744-9841


	
	

	[bookmark: _Toc434227284]Software and Other Needs [Temperature regime and fishes]

	Description
	Water Quality Analysis Simulation Program (WASP): WASP (Water Quality Analysis Simulation Program) is a dynamic compartment-modeling program for aquatic systems, including both the water column and the underlying benthos. The time-varying processes of advection, dispersion, point and diffuse mass loading, and boundary exchange are represented in the basic program. The WASP Temperature Module can be used to predict water column temperature based upon atmospheric conditions and heat exchange between the surface, subsurface and benthic layers of the water body. 

In the WASP Temperature Module, surface heat exchange is computed as:
Hn = Hs + Ha + He + Hc - (Hsr + Har + Hbr)		
where Hn = the net rate of heat exchange across the water surface, W/m2; Hs = incident short wave solar radiation, W/m2; Ha = incident long wave radiation, W/m2; Hsr = reflected short wave solar radiation, W/m2; Har = reflected long wave radiation, W/m2; Hbr = back radiation from the water surface, W/m2; He = evaporative heat loss, W/m2; and Hc = heat conduction, W/m2.

	Restrictions
	None

	Fees
	None

	Source/Link
	http://www.epa.gov/athens/wwqtsc/html/wasp.html 



	[bookmark: _Toc434227285]Software and Other Needs [Temperature regime and fishes]

	Description
	Program R or SAS will be used for data analyses.  SAS is available through OSU for use by faculty and R is freely available at the link below. 

	Restrictions
	None

	Fees
	None

	Source/Link
	https://www.r-project.org/



	[bookmark: _Toc434227286]Data Outputs – Project Deliverables [Temperature regime and fishes – model simulations]

	Description
	Model simulations of hourly stream temperatures along the modeled reach of the Red River

	Data Management Resources
	15% of total budget 

	Data Product Formats 
	Excel spreadsheet and Word documents

	Data Processing and Workflows 
	Step 1.  Calibrate the WASP model to stream temperatures using data from 2007-2010 using USGS flow data and Oklahoma Mesonet data with calibration focused on the degree of interaction between the stream and groundwater
Step 2.  Validate the WASP model to stream temperatures using data from 2010-present using USGS flow data and Oklahoma Mesonet data.
Step 3.   Utilize the calibrated and validated WASP model to predict stream temperatures under various flow and weather scenarios.

	Quality Assurance Plan 
	Input data will be evaluated for quality assurance (see Data Input sections). 

	Formal Metadata Standard Used
	FGDC-CSDGM

	Volume Storage
	20MB

	Backup and Version Control Strategy
	Data will be backed up to removable hard drive weekly

	Repository: ScienceBase 
	BioData

	Data Security and Access Control
	Data will be housed digitally on computer hard drive secured with Windows login

	Restrictions
	None

	Digital Object Identifiers
	None

	Citation
	Citation to a journal article; Reference an d PDF (when available) will be provided at the end of the project.

	Contact
	Garey Fox, garey.fox@okstate.edu, 405-744-5616 ; Shannon Brewer, Shannon.brewer@okstate.edu, 405-744-9841



	[bookmark: _Toc434227287]Data Outputs – Project Deliverables [Temperature regime and fishes – model simulations]

	Description
	Statistical analyses of relationship between assemblage data and temperature regimes

	Data Management Resources
	30% of total budget 

	Data Product Formats 
	Excel spreadsheet and Word documents

	Data Processing and Workflows 
	Temperature data and fish assemblage data will be combined into a MS Excel spreadsheet prior to analyses.  Data will be analyzed using multivariate techniques (CCA) to examine the relationship between fishes and temperature metrics.  Temperature metrics will be derived from temp models and will also be summarized in MS Excel format prior to analyses. 

	Quality Assurance Plan 
	Input data will be evaluated for quality assurance (see Data Input sections). 

	Formal Metadata Standard Used
	FGDC-CSDGM

	Volume Storage
	30MB

	Backup and Version Control Strategy
	Data will be backed up to removable hard drive weekly

	Repository: ScienceBase 
	BioData

	Data Security and Access Control
	Data will be housed digitally on computer hard drive secured with Windows login

	Restrictions
	None

	Digital Object Identifiers
	None

	Citation
	Citation to a journal article; Reference and PDF (when available) will be provided at the end of the project.

	Contact
	Shannon Brewer, Shannon.brewer@okstate.edu, 405-744-9841



	[bookmark: _Toc434227288]Data Input – Existing Data [Water Use and Availability Assessment of the Red River Basin – Aggregated Water Use Data System (AWUDS)]

	Description
	Water withdrawals in the Red River basin, which includes portions of Arkansas, Louisiana, New Mexico, Oklahoma, and Texas, will be compiled or estimated using a variety of data sources and estimation techniques.  One such source of existing water-use data that will be used is the USGS Aggregated Water Use Data System (AWUDS).

	Data Product Formats 
	Not applicable

	Quality Assurance Plan 
	Not applicable 

	Source
	USGS Aggregated Water Use Data System (AWUDS)

	Data Processing and Workflows 
	County-level AWUDS data will be manipulated in a variety of ways, including conversion to HUC-8 data using GIS methods.

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.

	Volume Storage
	10 MB

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. Only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Fees
	None.

	Citation
	http://waterdata.usgs.gov/nwis/wu

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211


	[bookmark: _Toc434227289]Data Input – New Data [Water Use and Availability Assessment of the Red River Basin – 
2010 Withdrawals by 8-digit hydrologic unit code (HUC-8)]

	Description
	Water withdrawals during 2010 for each HUC-8 in the Red River basin will be compiled or calculated from existing water-use data.  The data span 5 states, including Arkansas, Louisiana, New Mexico, Oklahoma, and Texas. The sources of the existing water-use data, which may be site-specific or aggregated by county, include USGS and State water-use databases.

	Data Management Resources
	$72,001

	Data Product Formats 
	USGS water-use database (AWUDS); Red River Basin water-use database; GIS feature class or geodatabase

	Data Processing and Workflows 
	Available withdrawal data for 2010 will be compiled by water-use personnel in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas.  In some WSCs, including Texas and Oklahoma, it is expected that water-use personnel will have to obtain data from one or more state agencies.  Withdrawal data will be evaluated and separated into site-specific and aggregate data sets, which will be treated differently.  An initial assumption is that site-specific data will be available for the public supply, industrial, mining, and power generation categories, and that only county-level aggregate data will be available for irrigation, aquaculture, livestock, and rural domestic categories for most states.

a. Site-specific data
i. Site-specific (point) withdrawal data will be imported into a GIS and merged with a HUC-8 polygon coverage using the ArcGIS Identity command.  The resulting coverage will include all of the attributes of the point data and a HUC-8 code.
ii. This new coverage will be exported to a DBF file, which can be imported into Excel (or Access).  The data for each site-specific category will then be subtotaled by HUC-8.
iii. The resulting HUC-8 data will be uploaded to AWUDS.
b. Aggregate data
i. County-level aggregate withdrawal data will be disaggregated to HUC-8 based on the area of each HUC-8 within the county.  When possible, GIS data such as the 2011 National Land Cover (NCLD) or the 2014 Cropland Data Layer (CDL) coverages will be merged used to further delineate and refine areas where agriculture, rangeland, or rural-domestic populations predominate.
ii. Polygons from county, HUC-8, and other GIS datasets will be merged to create one or more polygon coverages with county, HUC-8, and category-specific attributes.  The resulting coverage(s) will be exported to a DBF file, which will be imported into Excel (or Access).
iii. The percentages of each use-category-specific HUC-8 area within each county will be determined by dividing the HUC-8 area (in square meters) within the county by the total county area (in square meters).
iv. The resulting percentages of HUC-8 area per county area will be multiplied by county withdrawal totals for each use category and source-type (GW or SW) determine withdrawals within each county and HUC-8 combination, which will then be subtotaled by HUC-8.

	Protocols and Standards
	No protocols or standards exist for the compilation of these data.

	Quality Assurance Plan 
	USGS water-use personnel in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas, will compile 2010 site-specific and aggregate data for their state.  Pierre Sargent (Louisiana), with assistance from a student, will obtain and compile the results from each State into a Red River Basin water-use database and enter them into a GIS for aggregation to the HUC-8 level.  He will then upload the resulting HUC-8 data to AWUDS.  The HUC-8 water-use totals for each category in each state will be compared to category totals for county-level water-use estimates from AWUDS for the counties in each state that are wholly or partially within the basin in each State as a QA check and to ensure reasonable consistency and comparability between the 2 sets of estimates.

	Formal Metadata Standard Used
	FGDC Content Standard for Digital Geospatial Metadata

	Volume Storage
	Probably less than 1 MB

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.  Eventually, data will be uploaded to the USGS AWUDS database and to ScienceBase, which are regularly backed up.  Version control, incorporating new or revised data, will be achieved through data aging.

	Repository: ScienceBase 
	AWUDS is part of NWIS
https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. None of the data will be available to public until the data and report(s) are approved and a data archive is made available. Until that time, only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Digital Object Identifiers
	To be determined.

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211



	[bookmark: _Toc434227290]Software and Other Needs [Water Use and Availability Assessment of the Red River Basin – 2010 Withdrawals by 8-digit hydrologic unit code (HUC-8)]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 


	[bookmark: _Toc434227291]Data Input – New Data [Water Use and Availability Assessment of the Red River Basin – Withdrawals from the Red River alluvial and Seymour aquifers, 1995-2014]

	Description
	Site-specific water withdrawals from the Red River alluvial and Seymour aquifers in Texas during 1995-2014 will be compiled.  

	Data Management Resources
	$38,625

	Data Product Formats 
	USGS water-use database (AWUDS); Red River Basin water-use database

	Data Processing and Workflows 
	Facility-specific withdrawals for public suppliers, industries, and other water-using entities within the study area will be obtained from the Texas Water Development Board and disaggregated into site-specific withdrawals from the Red River alluvial and Seymour aquifers using water-well construction information.  Withdrawals for irrigation and categories of use that are only available as county aggregates will be disaggregated and assigned to wells using water-well construction data and other ancillary information.

	Protocols and Standards
	No protocols or standards exist for the compilation of these data.

	Quality Assurance Plan 
	USGS water-use personnel in Texas, will compile the data.  Pierre Sargent (Louisiana), with assistance from a student, will obtain and load the results into a Red River Basin water-use database and enter them into a GIS for aggregation to the county level.  Estimated withdrawals from the Red River and Seymour aquifers for each category of use in each county will be compared to total groundwater withdrawals for each category of use in each county during 1995, 2000, 2005, and 2010 from AWUDS to ensure that the withdrawals from the 2 aquifers don’t exceed total groundwater withdrawals for any category in each county.

	Formal Metadata Standard Used
	FGDC Content Standard for Digital Geospatial Metadata

	Volume Storage
	Probably less than 1 MB

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.  Eventually, data will be uploaded to the USGS AWUDS database and to ScienceBase, which are regularly backed up.  Version control, incorporating new or revised data, will be achieved through data aging.

	Repository: ScienceBase 
	AWUDS is part of NWIS
https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. None of the data will be available to public until the data and report(s) are approved and a data archive is made available. Until that time, only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Digital Object Identifiers
	To be determined.

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211




	[bookmark: _Toc434227292]Software and Other Needs [Water Use and Availability Assessment of the Red River Basin – 
Withdrawals from the Red River alluvial and Seymour aquifers, 1995-2014)]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 






	[bookmark: _Toc434227293]Data Input – New Data [Water Use and Availability Assessment of the Red River Basin – Withdrawals from surface-water bodies in the Red River basin, 1980-2014]

	Description
	Site-specific water withdrawals from surface-water bodies in the Red River basin in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas during 1980-2014 will be compiled.  

	Data Management Resources
	$131,722

	Data Product Formats 
	USGS water-use database (AWUDS); Red River Basin water-use database

	Data Processing and Workflows 
	The sources and availability of existing data differ in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas.
a. Site-specific withdrawals – When possible, annual site-specific withdrawals will be compiled.  It is anticipated that there could be data gaps of one or more years for some sites.  In those cases, missing withdrawals generally will be estimated linearly between known withdrawals.
i. Arkansas – Annual site-specific withdrawals from surface-water bodies will be retrieved from the Arkansas Water-Use Database System, which has been used to store water-withdrawal data since 1985.  Withdrawals during 1980-84 will be estimated based on 1985 withdrawal rates and available ancillary data, such as changes in populations or well-construction dates, that could indicate changes in withdrawal rates.
ii. Louisiana – Site-specific withdrawals compiled on a 5-year basis from public-supply, industrial, and thermoelectric facilities will be retrieved from the Louisiana WSC water-use database.  Site-specific withdrawals compiled annually from major users (facilities that typically withdraw more than 1 Mgal/d [million gallon per day]), also will be retrieved and compiled.
iii. New Mexico – Site-specific withdrawals will be obtained from the New Mexico Office of the State Engineer.
iv. Oklahoma – Site-specific withdrawals will be obtained from the Oklahoma Water Resources Board.
v. Texas - Site-specific withdrawals will be obtained from the Texas Water Resources Board and, if needed, the Texas Railroad Commission.
b. Aggregate withdrawals – Surface-water withdrawals for categories of use including irrigation, livestock, and aquaculture, generally are only available as estimates aggregated at the county level for the 5-year national water-use compilations.  For some of the compilations, these data also are available at the HUC-8 level.
i. County and HUC-8 aggregate totals from 5-year compilations will be disaggregated to HUC-12s using methods similar to those described in part I.c.ii. of this document.

Site-specific and aggregated withdrawals will be stored in a Red River Basin water-use database (Access or Excel) and provided to the Red River Basin focus-area study surface-water modeling team.

	Protocols and Standards
	No protocols or standards exist for the compilation of these data.

	Quality Assurance Plan 
	USGS water-use personnel in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas, will compile 2010 site-specific and aggregate data for their state.  Pierre Sargent (Louisiana), with assistance from a student, will obtain and compile the results from each State into a Red River Basin water-use database and enter them into a GIS for aggregation to the county level.  Estimated surface-water withdrawals for each category of use in each county will be compared to total surface-water withdrawals for each category of use in each county during 1995, 2000, 2005, and 2010 from AWUDS to ensure that the withdrawals from the 2 aquifers don’t exceed total surface-water withdrawals for any category in each county.

	Formal Metadata Standard Used
	FGDC Content Standard for Digital Geospatial Metadata

	Volume Storage
	Probably less than 1 MB

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.  Eventually, data will be uploaded to the USGS AWUDS database and to ScienceBase, which are regularly backed up.  Version control, incorporating new or revised data, will be achieved through data aging.

	Repository: ScienceBase 
	AWUDS is part of NWIS
https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. None of the data will be available to public until the data and report(s) are approved and a data archive is made available. Until that time, only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Digital Object Identifiers
	To be determined.

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211



	[bookmark: _Toc434227294]Software and Other Needs [Water Use and Availability Assessment of the Red River Basin – 
Withdrawals from surface-water bodies in the Red River basin, 1980-2014]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 



	[bookmark: _Toc434227295]Data Input – Existing Data [Water Use and Availability Assessment of the Red River Basin – National Agricultural Statistics Service Cropland Data Layer (CDL) for 2010]

	Description
	GIS data, including the National Agricultural Statistics Service Cropland Data Layer (CDL) for 2010, will be used to more accurately determine withdrawal rates and locations of irrigation within the Red River basin in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas during 2010.  

	Data Product Formats 
	Not applicable

	Quality Assurance Plan 
	Not applicable 

	Source
	National Agricultural Statistics Service Cropland Data Layer (CDL)

	Data Processing and Workflows 
	The 2010 CDL will be used as the primary source of crop location information in a GIS process to improve estimates of irrigation withdrawals.  The acreage of each crop in each county and HUC-8 will be determined by overlaying and merging county and HUC-8 GIS coverages with the 2010 CDL.

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.

	Volume Storage
	1.4 GB

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. Only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Fees
	None.

	Citation
	ftp://ftp.nass.usda.gov/download/res/2010_30m_cdls.zip

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211


	[bookmark: _Toc434227296]Data Input – New Data [Water Use and Availability Assessment of the Red River Basin – Enhancement of irrigation withdrawals using GIS-based crop-cover data]

	Description
	GIS data will be used to more accurately determine withdrawal rates and locations of irrigation within the Red River basin in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas during 2010.  

	Data Management Resources
	$61,045

	Data Product Formats 
	USGS water-use database (AWUDS); Red River Basin water-use database; GIS coverage or geodatabase

	Data Processing and Workflows 
	An indirect method for estimating irrigation withdrawals (IIWEM) at the State level was documented in Dickens and others (2011).  The method uses 3 components, including: 1) irrigated acreage for each crop; 2) the consumptive use requirement for each crop; and 3) the potential water loss that occurs while irrigating.
W = (A x C) / L
where:
W is irrigation withdrawals, in acre-feet;
A is irrigated acreage of each crop:
C is a consumptive-water requirement for each crop, in feet; and
L is total potential water losses, in decimal fraction.
The IIWEM, using GIS coverages for the required input data, will be used to estimate 2010 irrigation withdrawals and consumptive use within each county and HUC-8 in the study area.  The IIWEM withdrawal estimates will be compared to irrigation estimates from the 2010 water-use compilation.
Irrigated acres of each crop in each county will be compiled from site-specific water-use data, State agricultural agencies, or the USDA National Agricultural Statistics Service (NASS).
The NASS Cropland Data Layer (CDL) for 2010 will be used as the primary source of crop location information.  The acreage of each crop in each county and HUC-8 will be determined by overlaying and merging county and HUC-8 GIS coverages with the CDL.
Evapotranspiration rates representing the consumptive-use water requirement will be determined using remote-sensing methods such as those described in Senay and others (2013) and Singh and others (2014).  (Note:  See part VI.c. of this document for a more detailed description of the planned methods for estimation of evapotranspiration rates in irrigated areas of the Red River basin.)
Rates of potential water losses while irrigating for each crop will be obtained from Howell (2003) and other sources documented in Dickens and others (2011).
Additional information on crop acreages and irrigation practices may be obtained from Dickens and others (2011), the NASS 2012 Census of Agriculture, the 2013 Farm and Ranch Irrigation Survey, and through discussions with State and local agricultural experts.
The IIWEM calculation will be applied using ArcGIS to determine the withdrawals in acre-feet for each crop type in each county/HUC-8 combination.

	Protocols and Standards
	No protocols or standards exist for the compilation of these data.

	Quality Assurance Plan 
	Reported or estimated 2010 groundwater and surface-water irrigation withdrawals and irrigated acres in each county within the study area will be obtained from AWUDS and compared to the input and results of the IIWEM model.  

	Formal Metadata Standard Used
	FGDC Content Standard for Digital Geospatial Metadata

	Volume Storage
	1 to 10 MB

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.  Eventually, data will be uploaded to the USGS AWUDS database and to ScienceBase, which are regularly backed up.  Version control, incorporating new or revised data, will be achieved through data aging.

	Repository: ScienceBase 
	AWUDS is part of NWIS
https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. None of the data will be available to public until the data and report(s) are approved and a data archive is made available. Until that time, only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Digital Object Identifiers
	To be determined.

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211





	[bookmark: _Toc434227297]Software and Other Needs [Water Use and Availability Assessment of the Red River Basin – Enhancement of irrigation withdrawals using GIS-based crop-cover data]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 

	[bookmark: _Toc434227298]
Data Input – New Data [Water Use and Availability Assessment of the Red River Basin – Documentation of Inter-basin Water Transfers]

	Description
	The locations and rates of inter-basin water transfers in Red River basin in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas during 2010 will be documented. 

	Data Management Resources
	$37,149

	Data Product Formats 
	USGS water-use database (AWUDS); Red River Basin water-use database; GIS coverage or geodatabase

	Data Processing and Workflows 
	Data on inter-basin transfers will be obtained from various sources including Federal, State, and local agencies, the Red River Compact Administration, and Indian tribes, and compiled into a single data set.  A geospatial data layer of hydrologic features, NHDPlus, also will be analyzed to identify inter-basin transfer of water.  The NHDPlus dataset includes line features representing artificial waterways, canals, ditches, connectors, and pipelines.  These line features will be merged with a HUC-8 polygon coverage to identify water features that have the potential to transfer water across basin boundaries.  The water features identified by the GIS analysis will be provided to water-use specialists in each state, who will attempt to investigate, confirm, and quantify water transfers.

	Protocols and Standards
	No protocols or standards exist for the compilation of these data.

	Quality Assurance Plan 
	Reported data will be spot-checked against the original data sources by the compilers.

	Formal Metadata Standard Used
	FGDC Content Standard for Digital Geospatial Metadata

	Volume Storage
	Less than 1 MB

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.  Eventually, data will be uploaded to the USGS AWUDS database and to ScienceBase, which are regularly backed up.  Version control, incorporating new or revised data, will be achieved through data aging.

	Repository: ScienceBase 
	AWUDS is part of NWIS
https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. None of the data will be available to public until the data and report(s) are approved and a data archive is made available. Until that time, only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Digital Object Identifiers
	To be determined.

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211




	[bookmark: _Toc434227299]Software and Other Needs [Water Use and Availability Assessment of the Red River Basin – Documentation of Inter-basin Water Transfers]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 





	[bookmark: _Toc434227300]Data Input – Existing Data [Water Use and Availability Assessment of the Red River Basin – National Land Cover Database (NCLD) for 2011]

	Description
	GIS data, including the National Land Cover Database (NCLD) for 2011, will be used to estimate evapotranspiration rates in irrigated areas of the Red River basin in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas during 2010.  

	Data Product Formats 
	Not applicable

	Quality Assurance Plan 
	Not applicable 

	Source
	National Agricultural Statistics Service Cropland Data Layer (CDL)

	Data Processing and Workflows 
	Irrigated areas of the basin will be delineated from the USDA Cropland Data Layer (CDL) for 2010 or the National Land Cover Database (NCLD) for 2011 using a GIS (ArcGIS).

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.

	Volume Storage
	1.1 GB

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. Only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Fees
	None.

	Citation
	http://gisdata.usgs.gov/TDDS/DownloadFile.php?TYPE=nlcd2011&FNAME=nlcd_2011_landcover_2011_edition_2014_10_10.zip

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211


	[bookmark: _Toc434227301]Data Input – New Data [Water Use and Availability Assessment of the Red River Basin – Estimation of Consumptive Use of Water]

	Description
	The rates of water consumption by various uses as well as the rates and location of return flows in the Red River basin in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas during 2010 will be documented. 

	Data Management Resources
	$95,132

	Data Product Formats 
	USGS water-use database (AWUDS); Red River Basin water-use database; GIS coverages or geodatabase

	Data Processing and Workflows 
	a. Public supply, industrial, and mining
i. Site-specific discharges and return flows by public suppliers, industries, and mining operations in 2010 may be available from USGS or State water-use databases, or from the EPA’s National Pollutant Discharge Elimination System (NPDES) or Permit Compliance System (PCS) databases.  Selected State agencies with responsibilities for water withdrawals and discharges by facilities in the study area also will be contacted for data and information. When available, site-specific discharges and return flows will be obtained and subtracted from site-specific withdrawals to determine consumptive use rates.
ii. When site-specific data are unavailable, coefficients will be used to estimate consumptive use rates for the public supply, industrial, and mining categories will be researched and USGS water-use specialists in each State in the study area will be contacted and consulted.  Literature from other sources, such those cited in Schaffer and Runkle (2007), also will be researched for information on consumptive-use rates for the public supply, industrial, and mining categories.
iii. Data will be compiled by HUC-8 and stored in a Red River Basin water-use database (Access or Excel) and uploaded to AWUDS.
b. Thermoelectric – Water consumption by thermoelectric plants in the U.S. in 2010 was estimated by Diehl and Harris (2014).  These published consumption rates for plants in the study area will be stored in a Red River Basin water-use database (Access or Excel) and uploaded to AWUDS.
c. Irrigation – Consumptive use of water for irrigation will be estimated based on estimated evapotranspiration (ET) rates during 2010 in irrigated areas of the basin.
i. ET rates during 2010 will be estimated for the entire basin by Gabriel Senay and James Verdin, USGS EROS, using Landsat data (fig. 4) and remote sensing modeling techniques documented in Senay and others (2013) and used to document ET for a similar study in the Colorado River Basin (Singh and others, 2014).  The method can result in annual, monthly, or seasonal raster coverages of ET rates.
ii. Irrigated areas of the basin will be delineated from the USDA Cropland Data Layer (CDL) for 2010 or the National Land Cover Database (NCLD) for 2011 using a GIS (ArcGIS).  Irrigated areas from the 2010 CDL were converted to coverages and provided to each WSC by Saeid Tadayon, AzWSC, for the 2010 national water use compilation.
iii. The raster coverages of ET rates across the basin will be “clipped” to irrigated areas to produce maps and data representing consumptive use for irrigation.
iv. The resulting estimates will be compiled by HUC-8 and stored in a Red River Basin water-use database (Access or Excel) and uploaded to AWUDS.  The data also will be used as input to further refine estimates of irrigation withdrawals discussed in section IV of this document.

	Protocols and Standards
	No protocols or standards exist for the compilation of these data.

	Quality Assurance Plan 
	Estimated rates of ET will be compared to estimated withdrawal rates for irrigation in each HUC to ensure that rates of ET did not exceed rates of withdrawal.

	Formal Metadata Standard Used
	FGDC Content Standard for Digital Geospatial Metadata

	Volume Storage
	1 to 10 MB

	Backup and Version Control Strategy
	During compilation, data will be stored on USGS computers and periodically backed up to network servers.  Eventually, data will be uploaded to the USGS AWUDS database and to ScienceBase, which are regularly backed up.  Version control, incorporating new or revised data, will be achieved through data aging.

	Repository: ScienceBase 
	AWUDS is part of NWIS
https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. None of the data will be available to public until the data and report(s) are approved and a data archive is made available. Until that time, only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Digital Object Identifiers
	To be determined.

	Contact
	Gabriel Senay, senay@usgs.gov, 605-594-2758; Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211



	[bookmark: _Toc434227302]Software and Other Needs [Water Use and Availability Assessment of the Red River Basin – Estimation of Consumptive Use of Water]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 





	[bookmark: _Toc434227303]Data Input – New Data [Water Use and Availability Assessment of the Red River Basin – Estimated withdrawals for selected non-mandatory water-use categories]

	Description
	Selected data for 15 water-use categories that were non-mandatory for the 2010 USGS National Water-Use compilation will be compiled at the HUC-8 level for areas of Arkansas, Louisiana, New Mexico, Oklahoma, and Texas that lie within the Red River basin.

	Data Management Resources
	$110,385 

	Data Product Formats 
	USGS water-use database (AWUDS); Red River Basin water-use database

	Data Processing and Workflows 
	Available withdrawal data for 2010 will be compiled by water-use personnel in Arkansas, Louisiana, New Mexico, Oklahoma, and Texas.  In some WSCs, including Texas and Oklahoma, it is expected that water-use personnel will have to obtain data from one or more state agencies.  Withdrawal data will be evaluated and separated into site-specific and aggregate data sets, which will be treated differently.  An initial assumption is that site-specific data will be available for the public supply, industrial, mining, and power generation categories, and that only county-level aggregate data will be available for irrigation, aquaculture, livestock, and rural domestic categories for most states.
a.	Public supply
i.	Population served by groundwater – These data are probably available from State or WSC water-use databases or from State agencies that regulate public suppliers.
ii.	Population served by surface water – These data are probably available from State or WSC water-use databases or from State agencies that regulate public suppliers.
iii.	Number of facilities – These data are probably available from State or WSC water-use databases or from State agencies that regulate public suppliers.
iv.	Returned wastewater – These data are expected to be generated during the study using methods described in section VI.a. of this document.
b.	Commercial
i.	Groundwater withdrawals, fresh – These data are probably available from State or WSC water-use databases.
ii.	Surface-water withdrawals, fresh – These data are probably available from State or WSC water-use databases.
iii.	Deliveries from public supply – These data may be available from State or WSC water-use databases or could possibly be estimated using coefficients derived from an analysis of public supplies what have reported these data.  A set of coefficients could be developed to represent average percent of total deliveries that are provided to commercial establishments for a range of withdrawal-based sizes of public suppliers.
iv.	Consumptive use, fresh – These data are expected to be generated during the study using methods described in section VI.a. of this document.
v.	Reclaimed wastewater – The availability of these data and methods of estimation currently are unknown.
c.	Domestic
i.	Consumptive use, fresh – Water consumption rates for domestic use will be researched.  These data will likely be estimated using coefficients and methods such as those described in Shaffer and Runkle (2007).
d.	Industrial
i.	Deliveries from public supply – These data may be available from State or WSC water-use databases.
ii.	Consumptive use, fresh – These data are expected to be generated during the study using methods described in section VI.a. of this document.
iii.	Consumptive use, saline – These data are expected to be generated during the study using methods described in section VI.a. of this document.
iv.	Number of facilities – These data are probably available from State or WSC water-use databases or from State agencies that regulate public suppliers.
e.	Thermoelectric – once-through
i.	Deliveries from public supply – These data are probably available from State or WSC water-use databases.
ii.	Consumptive use, fresh – These data will be generated during the study using methods described in part VI.b. of this document.
iii.	Consumptive use, saline – These data will be generated during the study using methods described in part VI.b. of this document.
iv.	Number of facilities – These data will be generated during the study using methods described in part VI.b. of this document.
v.	Reclaimed wastewater – The availability of these data and methods of estimation currently are unknown.
f.	Thermoelectric – closed-loop
i.	Deliveries from public supply – These data are probably available from State or WSC water-use databases.
ii.	Consumptive use, fresh – These data will be generated during the study using methods described in part VI.b. of this document.
iii.	Consumptive use, saline – These data will be generated during the study using methods described in part VI.b. of this document.
iv.	Number of facilities – These data will be generated during the study using methods described in part VI.b. of this document.
v.	Reclaimed wastewater – The availability of these data and methods of estimation currently are unknown.
g.	Mining
i.	Consumptive use, fresh – These data are expected to be generated during the study using methods described in section VI.a. of this document.
ii.	Consumptive use, saline – These data are expected to be generated during the study using methods described in section VI.a. of this document.
iii.	Reclaimed wastewater – The availability of these data currently is unknown.
h.	Livestock
i.	Consumptive use, fresh – These data will likely be estimated using methods described in Shaffer and Runkle (2007).
i.	Aquaculture
i.	Groundwater withdrawals, saline – Use of saline water for aquaculture in the Red River Basin will be researched.  Rates of withdrawal for aquaculture operations using saline water will likely be estimated using methods described in Lovelace (2009).
ii.	Surface-water withdrawals, saline – Use of saline water for aquaculture in the Red River Basin will be researched.  Rates of withdrawal for aquaculture operations using saline water will likely be estimated using methods described in Lovelace (2009).
iii.	Consumptive use, fresh – Water consumption rates for aquaculture will be researched.  These data will likely be estimated using coefficients and methods such as those described in Shaffer and Runkle (2007).
iv.	Consumptive use, saline – Water consumption rates for aquaculture will be researched.  These data will likely be estimated using coefficients and methods such as those described in Shaffer and Runkle (2007).
j.	Irrigation, total
i.	Consumptive use, fresh – These data will be generated during the study using methods described in part VI.c. of this document.
ii.	Conveyance loss – These data will be generated during the study using methods described in part VI.c. of this document.
k.	Crop irrigation
i.	Groundwater withdrawals, fresh – These data will be generated during the study using methods described in part IV. of this document.
ii.	Surface-water withdrawals, fresh – These data will be generated during the study using methods described in part IV. of this document.
iii.	Acres irrigated, sprinkler – These data will probably be generated during the study using methods described in part IV. of this document.
iv.	Acres irrigated, micro – These data will probably be generated during the study using methods described in part IV. of this document.
v.	Acres irrigated, surface – These data will probably be generated during the study using methods described in part IV. of this document.
l.	Golf-course irrigation
i.	Groundwater withdrawals, fresh – These data may be available from State or WSC water-use databases.
ii.	Surface-water withdrawals, fresh – These data may be available from State or WSC water-use databases.
iii.	Consumptive use, fresh – These data likely could be estimated using coefficients and methods such as those described in Shaffer and Runkle (2007).
iv.	Conveyance loss – The availability of these data and methods of estimation currently are unknown.
v.	Acres irrigated, sprinkler – The availability of these data and methods of estimation currently are unknown.
vi.	Acres irrigated, micro – The availability of these data and methods of estimation currently are unknown.
vii.	Acres irrigated, surface – The availability of these data and methods of estimation currently are unknown.
m.	Hydroelectric, instream
i.	Instream water use – These data are expected to available from State or WSC water-use databases, the Energy Information Administration (EIA), or from individual facilities.
ii.	Power generated (gigawatts) – These data are expected to available from the Energy Information Administration (EIA).
iii.	Facilities – These data are expected to available from the Energy Information Administration (EIA).
n.	Hydroelectric, offstream
i.	Surface-water withdrawals, fresh – These data are expected to available from State or WSC water-use databases, the Energy Information Administration (EIA), or from individual facilities.
ii.	Power generated (gigawatts) – These data are expected to available from the Energy Information Administration (EIA).
iii.	Facilities – These data are expected to available from the Energy Information Administration (EIA).
o.	Wastewater treatment
i.	Number of facilities – These data may be available from State agencies regulating discharges, or from the EPA’s National Pollutant Discharge Elimination System (NPDES) or Permit Compliance System (PCS) databases.
ii.	Wastewater returns, public facilities – These data may be available from State agencies regulating discharges, or from the EPA’s National Pollutant Discharge Elimination System (NPDES) or Permit Compliance System (PCS) databases.
iii.	Reclaimed wastewater – The availability of these data and methods of estimation currently are unknown.

	Protocols and Standards
	No protocols or standards exist for the compilation of these data.

	Quality Assurance Plan 
	When possible, reported data will be spot-checked against the original data sources by the compilers.  For some data elements, county or HUC-8 totals may be chacked against totals from other categories for verification and to ensure that subtotals do not exceed totals.  Element-specific QA methods will likely be identified and implemented during data collection or estimation, and compilation.

	Formal Metadata Standard Used
	FGDC Content Standard for Digital Geospatial Metadata

	Volume Storage
	1 to 10 MB

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.  Eventually, data will be uploaded to the USGS AWUDS database and to ScienceBase, which are regularly backed up.  Version control, incorporating new or revised data, will be achieved through data aging.

	Repository: ScienceBase 
	AWUDS is part of NWIS
https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. None of the data will be available to public until the data and report(s) are approved and a data archive is made available. Until that time, only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Digital Object Identifiers
	To be determined.

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211



	[bookmark: _Toc434227304]Software and Other Needs [Water Use and Availability Assessment of the Red River Basin – 
Estimated withdrawals for selected non-mandatory water-use categories]

	Description
	ArcGIS: Geographic Information Software for data processing

	Restrictions
	Proprietary/license software

	Fees
	USGS provides ArcGIS to USGS staff under an enterprise license agreement. All spatial processing can be effected using open source geospatial tools.

	Source/Link
	http://www.esri.com 




	[bookmark: _Toc434227305]Data Outputs – Project Deliverables [Water Use and Availability Assessment of the Red River Basin – Water Withdrawals and Use in the Red River Basin]

	Description
	Selected water withdrawals and use data for various categories of use will be compiled at site-specific, county, or HUC-8 levels for portions of Arkansas, Louisiana, New Mexico, Oklahoma, and Texas that lie within the Red River basin.  Most of the data will be for 2010, but also will include withdrawals from groundwater sources during 1995–2014 and withdrawals from surface-water sources during 1980–2014.

	Data Management Resources
	$38,000 

	Data Product Formats 
	Access database; USGS AWUDS database

	Data Processing and Workflows 
	Data will be through a large number of processes that are documented in the attached “Data Input” forms.

	Quality Assurance Plan 
	Data quality controlled and assured though a large number of processes that are documented in the attached “Data Input” forms.

	Formal Metadata Standard Used
	FGDC Content Standard for Digital Geospatial Metadata

	Volume Storage
	10 to 20 MB

	Backup and Version Control Strategy
	During compilation, data will be stored on a USGS computer and periodically backed up to a network server.  Version control, incorporating new or revised data, will be achieved through data aging.

	Repository: ScienceBase 
	AWUDS is part of NWIS
https://www.sciencebase.gov/catalog/

	Data Security and Access Control
	All data will reside on USGS network computers and will be secured by the network protocols. None of the data will be available to public until the data and report(s) are approved and a data archive is made available. Until that time, only project personnel involved in compilation of the data will have access to the project data files.

	Restrictions
	None.

	Digital Object Identifiers
	To be determined.

	Citation
	To be determined.

	Contact
	Pierre Sargent, psargent@usgs.gov, 225-298-5481 ext. 3211




	[bookmark: _Toc434227306]Data Input – Existing Data, Red River Focus Area Study: Seymour Aquifer

	Description
	These are the published data sets for the Seymour aquifer in Texas.

	Data Product Formats 
	MODFLOW text files, DXF and SHP Geospatial data sets, MDB and text tabular data, MODFLOW executable files, and descriptive text files.

	Quality Assurance Plan 
	NA

	Source
	Texas Water Development Board

	Data Processing and Workflows 
	Data will be extracted from the static data sets and integrated into the RRFAS model

	Backup and Version Control Strategy
	These are static data sets and no version control is necessary.

	Volume Storage
	15-20 GB

	Data Security and Access Control
	These are public-domain data sets and thus access is not controlled. However, this is static and no modification of the data is allowed.

	Restrictions
	Any data containing personally identifiable information will be secured.

	Fees
	NA

	Citation
	Ewing, J. E., Jones, T. L., Pickens, J. F., Chastain-Howley, A., Dean, K. E., and Spear, A. A., 2004, Final Report: Groundwater Availability Model for the Seymour Aquifer, Report to the Texas Water Development Board, 433 p.

	Contact
	David Thorkildsen email: David.Thorkildsen@twdb.texas.gov; Shirley Wade (Hydrogeologist), phone: (512) 936-0883, email: shirley.wade@twdb.texas.gov; Roberto Anaya (Hydrogeologist), phone: (512) 463-6115, email: roberto.anaya@twdb.texas.gov, or Cindy Ridgeway (GAM Mgr., Hydrogeologist), phone: (512) 936-2386, email: cindy.ridgeway@twdb.texas.gov.






	[bookmark: _Toc434227307]Data Input – Existing Data, Red River Focus Area Study: National Water Information System (NWIS)

	Description
	Water-level and streamflow data downloaded from the National Water Information System

	Data Product Formats 
	Tabular data as text files (RDB and TXT)

	Quality Assurance Plan 
	Quality control will be focused on derived data sets produced from downloaded NWIS data. 

	Source
	National Water Information System, http://waterdata.usgs.gov/nwis

	Data Processing and Workflows 
	These will be static data that will be used to produce derived data sets that are in the proper units for the hydrologic analysis

	Backup and Version Control Strategy
	These data will be stored in the native files and a project geodatabase repository. Metadata will be stored with the data sets.

	Volume Storage
	20 MB

	Data Security and Access Control
	Original data will not be changed.

	Restrictions
	Any data containing personally identifiable information will be secured.

	Fees
	NA

	Citation
	NA

	Contact
	NA






	[bookmark: _Toc434227308]Data Input – Existing Data, Red River Focus Area Study: Oklahoma Water Resources Board (OWRB)

	Description
	Water-level, water-use, aquifer boundary, well lithologic log, and streamflow data transferred from the OWRB. These data will include the Upper and Lower Washita aquifers, the North Fork and Salt Fork of the Red River, and the Red River alluvial aquifer.

	Data Product Formats 
	Tabular and geospatial data: MDB, DBF, SHP

	Quality Assurance Plan 
	All OWRB data will be checked for quality and consistency.

	Source
	OWRB

	Data Processing and Workflows 
	These will be compiled, checked, and placed in the project GIS repository with metadata. Data will be extracted for hydrogeologic analysis and derived data sets.

	Backup and Version Control Strategy
	Original data sets will be stored in the native files and a project geodatabase repository. Metadata will be stored with the data sets.

	Volume Storage
	20 MB

	Data Security and Access Control
	Original data will be changed as necessary during QA/QC process. Finalized data sets will be secured.

	Restrictions
	Any data containing personally identifiable information will be secured.

	Fees
	NA

	Citation
	http://www.owrb.ok.gov/maps/PMG/owrbdata_GW.html

	Contact
	NA






	[bookmark: _Toc434227309]Data Input – Existing Data, Red River Focus Area Study: Texas Water Development Board (TWDB)

	Description
	Water-level, water-use, well-construction, lithologic log, and streamflow data transferred from the TWDB. These data will include the Upper and Lower Washita aquifers, the North Fork and Salt Fork of the Red River, and the Red River alluvial aquifer.

	Data Product Formats 
	Tabular text and MDB files, and SHP geospatial files 

	Quality Assurance Plan 
	All TWDB data will be checked for quality and consistency, and redundancy or disagreement with data from NWIS.

	Source
	TWDB

	Data Processing and Workflows 
	These will be compiled, checked, and placed in the project GIS repository with metadata. Data will be extracted for hydrogeologic analysis and derived data sets. Derived data sets for models will be stored in 

	Backup and Version Control Strategy
	Original data sets will be stored in the native files and a project geodatabase repository. Metadata will be stored with the data sets.

	Volume Storage
	100 MB

	Data Security and Access Control
	Original data will be changed as necessary during QA/QC process. Finalized data sets will be secured.

	Restrictions
	Any data containing personally identifiable information will be secured.

	Fees
	NA

	Citation
	http://www.twdb.texas.gov/groundwater/data/gwdbrpt.asp

	Contact
	NA





	[bookmark: _Toc434227310]Data Input – New Data, Red River Focus Area Study: Red River alluvial aquifer: Derived Data Sets

	Description
	Geospatial and tabular data sets to delineate the extents and describe the hydrogeology and surface-water connection with aquifers in the Upper Red River Basin above Lake Texoma. These data sets will be derived from or digitized using existing data acquired from the NWIS, OWRB, or TWDB.

	Data Management Resources
	15 percent of project budget 

	Data Product Formats 
	Database tables, shape files, and geodatabase feature classes

	Data Processing and Workflows 
	New data sets and feature classes will be produced from existing data sets. These data sets will be used to construct the model grids and define model hydraulic properties and inputs. This will include converting all data values to the units used in the model and projecting all data as necessary to the project spatial reference. 

	Protocols and Standards
	No new data will be collected from the field or remotely sensed.

	Quality Assurance Plan 
	The quality assurance plan will consist of checking all calculations used to convert data values and changes in data spatial reference. Standard unit conversions will be used and checked. 

	Formal Metadata Standard Used
	Metadata will be in ESRI XML format for both geospatial and tabular data.

	Volume Storage
	500 MB

	Backup and Version Control Strategy
	The derived data will be stored on the project network with regular network backup. Versions of the data sets will be date-stamped in the file name. Intermediate data sets will not be stored or backed up after project is completed.

	Repository: ScienceBase 
	TBD

	Data Security and Access Control
	Final data sets will be secured on the project network in the model archive in USGS Office of Groundwater standard format.

	Restrictions
	None

	Digital Object Identifiers
	TBD

	Contact
	Derek Ryter, dryter@usgs.gov



	[bookmark: _Toc434227311]Software and Other Needs, Red River Focus Area Study, Groundwater Task

	Description
	No software is anticipated to be needed beyond that already used by the USGS (ArcGIS and MS Office). 

	Restrictions
	NA

	Fees
	NA

	Source/Link
	NA



[bookmark: _Toc434227312]Appendix 2 – Temperature Modeling
This appendix contains work that is currently unfunded.  If funded this work will be completed by leveraging off the surface water modeling already being done for the RRFAS.  
Changing flow patterns alter many physicochemical components of streams. For example, the Missouri River below Fort Peck Dam is experiencing severe alteration to the flow regime (e.g., reduced high flow events, and increased baseflow), which is altering the natural sediment regime and causing bed elevations to increase (Bowen et al. 2003). Belmar et al. (2013) found that reduced mesohabitats, wider channels and a reduction in submerged macrophytes was related to reduced magnitudes and altered timing of seasonal flows in the Segura River Basin.  Reduced discharge in altered flow regimes can influence the width-depth ratio of rivers, decreasing their available habitat and biodiversity (Dewson et al. 2007). Reductions in groundwater inputs due to groundwater pumping can reduce the amount of nutrients entering the stream channel (Dahm et al. 2003). An altered flow regime from damming and groundwater pumping can reduce baseflow, which can increase daily maximum temperatures and alter seasonal temperature fluctuations (Cazaubon and Giudicelli 1999, Risely et al. 2010). Stream temperature increases could reduce dissolved oxygen and increase temperatures beyond the tolerable limits of stream fishes (Morrill et al. 2005).
Atmospheric temperature and precipitation patterns are expected to change due to climate and other landscape changes, thus affecting instream temperature regimes. Shading, the temperature of incoming water (e.g., precipitation, surface runoff, and groundwater), and heat exchange at the air-water interface are factors that control stream-water temperatures (Morrill et al. 2005).  Reductions in baseflow and riparian vegetation increase the amount of solar radiation entering streams and causes daily maximum temperature and diel fluctuations in temperature to increase (Allan 2004; Mayer 2012; Whitledge et al. 2006). Globally, atmospheric temperature has increased over 1°C in the last century and is expected to increase 1–3°C in the next century (Morrill et al. 2005). These predicted increases in air temperature are expected to increase stream temperatures in the southeastern U.S. by 2–3°C in the next 50 years (Van Vliet et al. 2013). Temporal variability of the natural thermal regimes (e.g., diel fluctuations, cumulative degree days, maximum and minimum temperatures) is important to maintain ecological stream processes (Maheu et al. 2015). Streams that have an altered flow regime will be more susceptible to increases in temperature from climate change (Kundzewicz et al. 2008; Morrill et al. 2005; Van Vliet et al., 2013).   These combined alterations are increasing stream temperatures and have the potential to disrupt the successful life history of fishes. 
Our ability to predict the effects of increased temperature on fishes is difficult because 1) the maximum temperature tolerance of many riverine species is unknown, and 2) spatial coverage of stream-temperature predictions is lacking. In order for species to persist with increases in stream temperature, they must either adapt or disperse to a region with a more tolerable temperature (Matthews and Zimmerman 1990).  The ability for many species to disperse to areas of thermal refuge is limited by damming (Fitzhugh and Richter 2004), and to changes in the function (i.e., substrate, water quality, and geology) of different streams (Hynes 1975). Also, east to west flowing streams that are common in the Great Plains prevents fish from dispersing to cooler temperatures in the north (Matthews and Zimmerman 1990).
[bookmark: _Toc434227313]SNTemp Introduction
Stream manipulation on water temperature can have a wide range of effects on aquatic ecosystems. These effects can range from lethally acute, to modification of behavioral cues, to chronic stresses, to reductions in overall water quality (Bartholow, 1995). Stream manipulation might include reservoir releases, irrigation diversions, riparian shading, and channel alteration (Bartholow, 2015). Therefore, stream temperature modeling is important to assess the effects of stream manipulation for management of ecological habitat. The Stream Network Temperature Model (SNTemp) was developed for aquatic biologists and engineers to provide such guidance in making sound management decisions. 
[bookmark: _Toc434227314]SNTemp Objectives
In order to get at the effects of in-stream temperature changes, the effects of climate and land use must first be evaluated at the watershed scale. The Precipitation Runoff Modeling System (PRMS) model is a modular, deterministic, distributed parameter, physical-process watershed model used to simulate and evaluate the effects of various combinations of precipitation, climate, and land use on watershed response (Markstrom and others, 2008). The daily stream temperature simulation of SNTemp has been completely coupled to the daily watershed hydrology model of PRMS (Markstrom, 2012).This means that once PRMS is calibrated, SNTemp can be executed with few additional, required inputs.
The objective of this initiative is as follows:
· Calibrate a SNTemp model that coincides with the PRMS daily time-step model for the entire Red River watershed
[bookmark: _Toc434227315]SNTemp Methods
SNTemp is described by Bartholow (2010) as a “mechanistic, one-dimensional heat transport model that predicts the daily mean and maximum water temperatures as a function of stream distance and environmental heat flux”. Within SNTemp, net heat flux, which includes the groundwater influx, is calculated as the sum of heat to or from long-wave atmospheric radiation, direct short-wave solar radiation, convection, conduction, evaporation, streamside vegetation (shading), streambed fluid friction, and the water's back radiation (Bartholow, 2010) (figure 10). Some of the features of SNTemp include the ability to be used for any size of watershed or any stream order and complexity, uses readily available data, and can fill and optionally smooth missing observed water temperature measurements (Bartholow, 2010). Some of the limitations include the inability to deal with rapidly fluctuating flows and turbulence is assumed to thoroughly mix the stream vertically and transversely (i.e., no microthermal distributions) (Bartholow, 2010).
[image: sntemp.bmp]
Heat flux and water components in a stream network modeled in SNTEMP (Bartholow, 2000).
Current Conditions Climate Data
The SNTemp model will use climate data from the USGS Geo Data Portal (http://cida.usgs.gov/gdp/) as forcings for the model calibration period. Maximum and minimum daily air temperature, relative humidity, and percent possible sunshine (cloud cover) are required to run the SNTemp model. SNTemp simulates solar radiation using the latitude of the stream reach and the time of year. Rounding out the meteorological components, a dust coefficient and ground reflectivity are required as calibration points.
Climate and Land Cover Projections
Global climate models (GCMs) have been downscaled through the year 2100 and are available on the USGS GeoData Portal (http://cida.usgs.gov/projects.html). Projections of land use and vegetation will also be available in the basin and incorporated in simulations of projected water temperatures. As part of the PRMS modeling effort, dynamic land-use parameter sets will be used for every year for the simulation period (http://landcover-modeling.cr.usgs.gov/index.php). 
Modeling in the Red River Basin
Currently there are not any SNTemp models for the Red River Basin. However, a coarse resolution PRMS model of the entire basin will be developed, as part of this study, to provide historical and projected streamflows in the Red River Basin. These models will be developed to provide natural flows throughout the basin. 
The SNTemp model will be developed at the same resolution as that of the PRMS model. Additionally, if a finer resolution model is necessary in a particular part of the region, then a fine resolution SNTemp model could be nested into the existing PRMS Geospatial Fabric model, without expending the resources of developing a fine resolution model for the entire Red River Basin.
Model calibration
Currently (May 2015), there are 40 gages with at least two years of continuous water temperature data (beginning in 1980) within the Red River Basin to be used as calibration points. Additionally, as part of the study, temperature probes will be placed in various reaches that lack continuous data collection. 

Task 1. Calibrate the PRMS model for natural flows
The PRMS model will be calibrated for natural flows to provide “baseline conditions” for Red River streams.

Task 2. Calibrate the SNTEMP model for natural flows
The SNTemp model will be calibrated at the same resolution to that of the PRMS model “baseline conditions” for Red River streams.

Task 3. Provide team members SNTEMP simulations 
Team members will be provided simulations of current water temperature conditions in the Red River basin within the PRMS domain.

Task 4. Document model development 
The linking with MODFLOW and simulations of current and future streamflows throughout the Red River basin will be documented and published.
[bookmark: _Toc434227316]SNTemp Personnel
Rheannon Hart from the AR WSC will be the task lead for SNTemp and point of contact for this task.  Ms. Hart will be the lead modeler and coordinate with other members of the RRFAS and state agencies.  Lauren Hay will provide support.
[bookmark: _Toc434227317]SNTemp Deliverables
· Daily time step SNTemp water temperature models for the whole Red River Basin using Geospatial Fabric spatial units.
A USGS Scientific Investigations Report (SIR) that documents the modelling and calibration of the SNTemp models and the simulation of current and projected water temperatures in the Red River basin.
[bookmark: _Toc434227318]Temperature Regimes and Fishes Methods
Understanding how stream temperature will be affected by landscape changes (i.e., altered discharge) will allow managers to better predict stream-habitat conditions and likely fish assemblage in the future.  Temperature modeling of streams can help determine the relationship between streams temperature and discharge (Krause 2002). 
The Stream Network Temperature Model Software (SNTEMP) is a one dimensional heat transfer model (Bartholow 1995).  The model predicts mean daily and maximum water temperature on a daily time step.  Whereas SNTEMP was developed to assist aquatic biologists in examining the effects of temperature changes on the aquatic biota, it suffers several shortcomings.  For example, the model cannot predict at finer temporal scales, it does not deal well with rapidly fluctuating flows (e.g., hydropower dams), and it does not account for patchiness in temperature distributions (Bartholow 1995).  However, models like SNTEMP are useful for coarse-scale applications because of the time and cost associated with more fine-scale models.  The advantages of other approaches include the incorporation of a groundwater component that may or may not be important in some regions. The Water Quality Analysis Simulation Program (WASP7) is a compartment-modeling program that examines water quality components including temperature. Although WASP7 does not explicitly address groundwater, it does allow point sources to be included in the model and groundwater temperature can be treated as a load (Zhou et al., Unpublished data).  Aquatic biota are affected by temperature stressors in a variety of ways but often exposure duration is key to understanding those stresses (not observed with a daily time step). By combining SNTEMP with WASP7 (with an incorporated groundwater source), we can examine 1) the relative importance of groundwater to temperatures at the reach scale in different portions of the basin, and 2) possible methods of calculating duration using data from both models.
Fish sampling 
Biotic responses to temperature regimes will be determined for streams in the Red River Basin. Study sites (10-15) will be selected to coincide with an existing project (several sites on the Kiamichi River) but will also include addition sites where the WASP model is developed and several sites where the SNTemp model was developed. The fish assemblages will be quantified by sampling fish using standardized fish-sampling protocols.  The protocol will use a variety of gears to dampen the bias of any one gear type: seines, electrofishing, gill nets and hoop nets. 
Each reach will be sampled using seines, electrofishing, gill nets, and hoop nets.  Kick seines will be used to sample fishes from very shallow waters (e.g., riffles or shallow shoals) and will follow methods described by Bonar et al. (2009).  We will use a Smith-root boat electrofisher to collect fishes in a variety of habitats where applicable.  Boat access to the study area is extremely limited so site selection will correspond with access but also include a variety of longitudinal locations where temperature modeling was completed. Boat electrofishing requires relatively shallow water (~0.5 m- 2 m), and is mainly used to target mid to upper water column, littoral species.  We will use two sizes of gillnets (to fish different depths) to capture fishes from a variety of macrohabitat types.  Gillnets will be deployed following methods of Hubert et al. (2012) mainly perpendicular to the channel in main channel habitats, channel borders, island tips, and the backs of wing-dams.  Gillnets will be set overnight and allowed to fish for 12 to 18 hours to include crepuscular and nocturnal movement.  Standard hoop net sets will be set following methods described by Bonar et al. (2009) and will be set for ~8-12 hours.  We will avoid the use of all nets during high-discharge events. 
The temperature data from the WASP model (described below) will be used to calculate the thermal regime at each site (on a daily time step).  Thermal regime will be described by the average, maximum, duration, and CV of temperature during the summer season at each site.  These metrics will be related to the temperature described using the more coarse-scale model (SNTEMP) to evaluate the usefulness of that model for examining ecological responses.  We anticipate the location of each evaluation (i.e., how stable the thermal pattern) will dictate how useful the coarse scale model will be in evaluating ecological responses. 
WASP Development
One site on the Kiamichi River is part of an existing project.  Two additional sites will be chosen.  We propose two additional sites be modeled using the Water Quality Analysis Simulation Program (WASP). We suggest the two sites be located at the lower Red River below Denison  Dam on Lake Texoma, and Glover River but will work with stakeholders in the basin to determine sites prior to model development. 
Hourly averaged weather data for 2013 will be obtained from the Oklahoma Mesonet for three nearby sites (Talihina, Clayton and Antlers), including air temperature, dew point, net solar radiation and wind speed. Flow data will be obtained from existing gages (e.g., Kiamichi, Clayton and Antlers, USGS gages 07335790 and 07336200, respectively) including hourly averaged gage height and flow rate data. River water temperature data were collected at four sites on the Kiamichi River via the Oklahoma Department of Wildlife Conservation. These data included hourly averaged temperature data from 4/1/2013 to 9/1/2013. Temperature loggers will be placed in the other river locations in 2015-2016 to capture data for model calibration. 
WASP (Water Quality Analysis Simulation Program) is a dynamic compartment-modeling program for aquatic systems, including both the water column and the underlying benthos. The time-varying processes of advection, dispersion, point and diffuse mass loading, and boundary exchange are represented in the basic program. The WASP Temperature Module can be used to predict water column temperature based upon atmospheric conditions and heat exchange between the surface, subsurface and benthic layers of the water body. We began using WASP to predict  temperature at four water temperature observation sites (Payne, Pine Spur, Robins and Indian HWY) based on weather data, flow data and boundary temperature data (i.e., the observed water temperature data at Payne and Indian HWY sites). 
In the WASP Temperature Module, surface heat exchange is computed as:
Hn = Hs + Ha + He + Hc - (Hsr + Har + Hbr)				(4)
Where:		
Hn = the net rate of heat exchange across the water surface, W/m2
Hs = incident short wave solar radiation, W/m2
Ha = incident long wave radiation, W/m2
Hsr = reflected short wave solar radiation, W/m2
Har = reflected long wave radiation, W/m2
Hbr = back radiation from the water surface, W/m2
He = evaporative heat loss, W/m2
Hc = heat conduction, W/m2
The simulation used a one-dimensional kinematic wave flow option. Based on the length of the river and location of observation sites, the Kiamichi River was divided into 44 segments with the length of 1 mile (1609 m). Other river segments will be delineated based on temperature and flow data, and an on-sight inspection. In the WASP model, flow velocity, depth and width will be calculated as an exponential function of flow rate, with their multipliers and exponents specified by user. After calibration, a set of multipliers and exponents will be developed to obtain a realistic flow dynamics based on gage data in the Kiamichi River: 
Velocity = 0.1*Q0.2				(5)
Depth = 2.5*Q0.35				(6)
Width = 4.0*Q0.45				(7)
[bookmark: _Toc434227319]Temperature Regimes and Fishes Deliverables
· Daily time step SNTemp water temperature models for the whole Red River Basin using Geospatial Fabric spatial units.
· A USGS Scientific Investigations Report (SIR) that documents the modelling and calibration of the SNTemp models and the simulation of current and projected water temperatures in the Red River basin.
· 1-2 journal articles resulting from the WASP modeling/calibration and evaluation of the effects of thermal regimes on fish assemblages.
[bookmark: _Toc434227320]Temperature Regimes and Fishes Schedule
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State

Source 

agency

Years of 

availability PS DO IN MI PG IR LV AQ

AR ANRC 1980, 1985-

2014

ss, annual ss, annual ss, 

annual

ss, annual ss, annualss, annual ss, 

annual

ss, 

annual

LA USGS 1980, 1985-

2014

ss, partial 

annual

agg, 5-year ss, 

partial 

annual

ss, 5-year ss, annualagg, 5-yearagg, 5-

year

agg, 5-

year

NM NMOSE1980-2010 ss, partial 

annual

agg, 5-year ss, 

partial 

annual

ss, partial 

annual

ss, partial 

annual

agg, 5-yearagg, 5-

year

agg, 5-

year

OK OWRB 1980-2014 ss, partial 

annual

agg, 5-year ss, 

partial 

annual

ss, partial 

annual

ss, partial 

annual

agg, 5-yearagg, 5-

year

agg, 5-

year

TX TWRB 1980, 1984-

2014

ss, annual agg, annualss, 

annual

agg, annual ss, annualagg, 

annual

agg, 

annual

agg, 

annual

"partial annual" indicates that annual withdrawal data are available for a portion of facilities in the category

"5-year" indicates that data are available from compilation efforts in years ending in "0" or "5."  At a minimum, 5-

year data generally are available for all categories

"annual" indicates that annual withdrawal data are available for the years indicated

Table 1.  Existing water-use data availablility in each state.  The data include reported or estimated groundwater 

and surface-water withdrawals.

"agg" indicates data were estimated in aggregate for county and river basin

"ss" indicates site-specific data are available
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Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data

Category of 

Use Data description Data units

Primary 

Data 

Source(s)

Where will data 

be stored? 

(AWUDS/SWUD

S/Other)

Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

1 AR, LA, 

NM, OK, 

TX 

Site-

specific 

(well/intake)

2015 PS, IN, MI, 

PG

Site-specific 

withdrawals including 

source surface-water 

body or aquifer, county, 

and HUC-12

Average annual 

withdrawal rates, in 

Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS, 

SWUDS 

SW model, GW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

1 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 DO, IR, LV, 

AQ

Withdrawals 

aggregated by source 

(SW or GW) and HUC-

8

Average annual 

withdrawal rates, in 

Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS SW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

2 portions 

of OK 

and TX

Site-

specific

1995-

2014

In Oklahoma - 

PS, DO, IN, 

MI, PG, IR, 

LV, AQ.  In 

Texas - PS, 

IN, MI, PG, 

IR, LV

Site-specific 

goundwater 

withdrawals assigned 

to aquifers (Red River 

Alluvium or Seymour) 

and HUC-12

Average annual 

withdrawal rates, in 

Mgald

OWRB 

and 

TWDB

SWUDS (Note: 

Because the 

compiled data 

will represent 

only the portions 

of the Red River 

alluvial and 

Seymour 

aquifers that 

underlie the study 

area, the data will 

not be entered 

into AWUDS.)

GW model  NEW DATA (L) Pierre Sargent 

(Louisiana), Derek Ryter 

and/or Shana Mashburn 

(Oklahoma), Natalie 

Houston (Texas)

3 AR, LA, 

NM, OK, 

TX 

Site-

specific

1980-

2014

PS, IN, MI, 

PG

Site-specific surface-

water withdrawals 

including source 

surface-water body or 

aquifer, county, and 

HUC-12

Average annual 

withdrawal rates, in 

Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS, 

SWUDS

SW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

3 AR, LA, 

NM, OK, 

TX 

HUC-8 1980-

2014

DO, IR, LV, 

AQ

Surface-water 

withdrawals 

aggregated by HUC-8

Average annual 

withdrawal rates, in 

Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS SW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task.

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data

Category of 

Use Data description Data units

Primary 

Data 

Source(s)

Where will data 

be stored? 

(AWUDS/SWUD

S/Other)

Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

4 AR, LA, 

NM, OK, 

TX 

HUC-8 2010 IR Withdrawals 

aggregated by source 

(GW or SW) and HUC-

8

Average annual 

withdrawal rates, in 

Mgald

NASS, 

AWUDS

AWUDS GW model, SW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

5 AR, LA, 

NM, OK, 

TX 

Site-

specific

2015 All Site-specific interbasin 

transfers including 

aggregated by source 

aquifer or surface-

water body, county, 

and HUC-12

Average annual 

transfer rates, in 

Mgal/d

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

RRCC

Excel SW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana),Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

6 AR, LA, 

NM, OK, 

TX 

Site-

specific

2015 PS, IN, MI, 

PG

Site-specific 

consumptive use and 

discharges including 

receiving body, county, 

and HUC-12

Average annual 

consumption and 

discharge rates, in 

Mgal/d

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

RRCC

AWUDS, 

SWUDS

SW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

6 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 DO, IR, LV, 

AQ

Consumptive use and 

discharges 

aggregated by county 

and HUC-8, and 

ancillary data (when 

used for estimation)

Average annual 

consumption and 

discharge rates, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ, 

USEPA 

AWUDS SW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PS Population served by 

public supply 

aggregated by water 

sources (SW or GW), 

county and HUC-8

Population ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PS Number of public 

suppliers aggregated 

by HUC-8

Number of facilities ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data

Category of 

Use Data description Data units

Primary 

Data 

Source(s)

Where will data 

be stored? 

(AWUDS/SWUD

S/Other)

Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

7 AR, LA, 

NM, OK, 

TX 

Site-

specific

2015 PS Use of reclaimed 

wastewater 

aggregated by HUC-

12

Use rate, in Mgal/d ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

Site-

specific 

(well/intake)

2015 CO Site-specific 

withdrawals including 

source surface-water 

body or aquifer, county, 

and HUC-12 and 

appropriate ancillary 

data, population 

served and power 

generated

Average annual 

withdrawal rates, in 

Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS, 

SWUDS 

SW model, GW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PS-COdel Deliveries aggregated 

by HUC-8

Average annual 

delivery rates, in Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 CO Consumptive use 

aggregated by HUC-8

Average annual 

consumption rate, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

Site-

specific

2015 CO Use of reclaimed 

wastewater 

aggregated by HUC-

12

Use rate, in Mgal/d ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 CO Consumptive use 

aggregated by HUC-8

Average annual 

consumption rate, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]


image12.emf
Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data

Category of 

Use Data description Data units

Primary 

Data 

Source(s)

Where will data 

be stored? 

(AWUDS/SWUD

S/Other)

Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PS-INdel Deliveries aggregated 

by HUC-8

Average annual 

delivery rates, in Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IN Consumptive use 

aggregated by water 

quality (fresh or saline) 

and HUC-8

Average annual 

consumption rate, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IN Number of industrial 

facilities aggregated 

HUC-8

Number of facilities ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PS-PGdel - 

once through

Deliveries aggregated 

by HUC-8

Average annual 

delivery rates, in Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - once 

through

Consumptive use 

aggregated by water 

quality (fresh or saline) 

and HUC-8

Average annual 

consumption rate, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - once 

through

Number of industrial 

facilities aggregated 

by HUC-8

Number of facilities ANRC, 

USGS, 

NMOSE, 

OWRB, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data

Category of 

Use Data description Data units

Primary 

Data 

Source(s)

Where will data 
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(AWUDS/SWUD

S/Other)

Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - once 

through

Consumptive use 

aggregated by HUC-8

Average annual 

consumption rate, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

Site-

specific

2015 PG - once 

through

Use of reclaimed 

wastewater by HUC-12

Use rate, in Mgal/d ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PS-PGdel - 

closed-loop

Deliveries aggregated 

by HUC-8

Average annual 

delivery rates, in Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - closed-

loop

Consumptive use 

aggregated by water 

quality (fresh or saline) 

and HUC-8

Average annual 

consumption rate, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - closed-

loop

Number of industrial 

facilities aggregated 

by HUC-8

Number of facilities ANRC, 

USGS, 

NMOSE, 

OWRB, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - closed-

loop

Consumptive use 

aggregated by HUC-8

Average annual 

consumption rate, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data

Category of 

Use Data description Data units

Primary 

Data 

Source(s)

Where will data 

be stored? 

(AWUDS/SWUD

S/Other)

Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

7 AR, LA, 

NM, OK, 

TX 

Site-

specific

2015 PG - closed-

loop

Use of reclaimed 

wastewater 

aggregated by HUC-

12

Use rate, in Mgal/d ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 MI Consumptive use 

aggregated by water 

quality (fresh or saline) 

and HUC-8

Average annual 

consumption rate, in 

Mgal/d

ADEQ, 

LDEQ, 

NMED, 

ODEQ,  

TCEQ

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

Site-

specific

2015 MI Use of reclaimed 

wastewater 

aggregated by HUC-

12

Use rate, in Mgal/d ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

USEPA 

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 LV Consumptive use 

aggregated by HUC-8

Average annual 

consumption rate, in 

Mgal/d

AWUDS, 

NASS, 

SIR 2007-

5197

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 AQ Saline withdrawals 

aggregated by source 

(SW or GW) and HUC-

8

Average annual 

withdrawal rates, in 

Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB, 

NASS

AWUDS SW model, GW model NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 AQ Consumptive use 

aggregated by quality 

(freshwater or saline), 

source (SW or GW), 

and HUC-8

Average annual 

consumption rate, in 

Mgal/d

AWUDS, 

NASS, 

SIR 2007-

5197

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data
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Use Data description Data units
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Data 
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Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - total Consumptive use 

aggregated by HUC-8

Average annual 

consumption rate, in 

Mgal/d

AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - total Conveyance loss 

aggregated by HUC-8

Average annual loss 

rate, in Mgal/d

AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

Site-

specific 

(well/intake)

2015 IR - crop 

irrigation

Withdrawals 

aggregated by source 

(SW or GW) and HUC-

12

Average annual 

withdrawal rates, in 

Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - crop 

irrigation

Consumptive use 

aggregated by HUC-8

Average annual 

consumption rate, in 

Mgal/d

AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - crop 

irrigation

Conveyance loss 

aggregated by HUC-8

Average annual loss 

rate, in Mgal/d

AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - crop 

irrigation

Acreage irrigated by 

sprinkler aggregated 

by HUC-8

Acres AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data

Category of 

Use Data description Data units

Primary 

Data 

Source(s)

Where will data 
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(AWUDS/SWUD

S/Other)

Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - crop 

irrigation

Acreage irrigated by 

micro-irrigation 

aggregated by HUC-8

Acres AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - crop 

irrigation

Acreage irrigated by 

surface irrigation 

aggregated by HUC-8

Acres AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

Site-

specific 

(well/intake)

2015 IR - golf-

course 

irrigation

Withdrawals 

aggregated by source 

(SW or GW) and HUC-

12

Average annual 

withdrawal rates, in 

Mgald

ANRC, 

USGS, 

NMOSE, 

OWRB, 

TWDB

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - golf-

course 

irrigation

Consumptive use 

aggregated by HUC-8

Average annual 

consumption rate, in 

Mgal/d

AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - golf-

course 

irrigation

Conveyance loss 

aggregated by HUC-8

Average annual loss 

rate, in Mgal/d

AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - golf-

course 

irrigation

Acreage irrigated by 

sprinkler aggregated 

by HUC-8

Acres AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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Water-Use 

Objective 

Number State(s)

Spatial 

Scale(s)

Year(s) 

of Data

Category of 

Use Data description Data units

Primary 

Data 

Source(s)

Where will data 

be stored? 

(AWUDS/SWUD

S/Other)

Linkage to other 

components and 

objectives Notes

Team Lead (L) and 

members

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - golf-

course 

irrigation

Acreage irrigated by 

micro-irrigation 

aggregated by HUC-8

Acres AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 IR - golf-

course 

irrigation

Acreage irrigated by 

surface irrigation 

aggregated by HUC-8

Acres AWUDS, 

NASS

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - 

instream

Instream water use, 

aggregated by HUC-8

Instream use, in Mgal/dAWUDS, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - 

instream

Power generation 

aggregated by HUC-8

Power generated, in 

gigawatt-hours

AWUDS, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - 

instream

Number of facilities 

aggregated by HUC-8

Number of facilites AWUDS, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - 

offstream

Offstream water use, 

aggregated by HUC-8

WithdrInstream use, in 

Mgal/d

AWUDS, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - 

offstream

Power generation 

aggregated by HUC-8

Power generated, in 

gigawatt-hours

AWUDS, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 PG - 

offstream

Number of facilities 

aggregated by HUC-8

Number of facilites AWUDS, 

EIA

AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 WW Number of facilities 

aggregated by HUC-8

Number of facilites USEPA AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 WW Wastewater returns 

aggregated by HUC-8

Average annual 

discharge rate, in 

Mgal/d

USEPA AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

7 AR, LA, 

NM, OK, 

TX 

HUC-8 2015 WW Use of reclaimed 

wastewater 

aggregated by HUC-8

Average annual use 

rate, in Mgal/d

USEPA AWUDS NEW DATA Aaron Pugh (Arkansas), 

(L) Pierre Sargent 

(Louisiana), Jeff Cordoba 

(New Mexico), Shana 

Mashburn (Oklahoma), 

and Natalie Houston 

(Texas)

Table 2.  Descriptions of water-use data products for each task – Continued

[Mgal/d, million gallons per day; HUC-8, eight-digiti hydrologic unit code; HUC-12, twelve-digit hydrologic unit code;  PS, Public supply, PS-xxdel; Public supply deliver to category use where xx may be domestic (DO), 

commercial (CO), industrial (IN), thermoelectric power (TE); CO, self-supplied commercial; DO, self-supply domestic; IN, self-supply industrial, LV, self-supply livestock; AQ, self-supply aquaculture; MI, self-supply mining, 

IR, irrigation; WW, wastewater returns (of which there are publicly owned [POTS] and industrial); ANRC, Arkansas Natural Resouces Commission; NMOSE, New Mexico Office of the State Engineer; OWRB, Oklahoma 

Water resources Board; TWRB; Texas Water Development Board; NASS, National Agricultural Statistics Service; RRCA, Red River Compact Commission; ADEQ, Arkansas Department of Environmental Quality; LDEQ, 

Louisiand Department of Environmental Quality; NMED, New Mexico Environment Department; ODEQ, Oklahoma Department of Environmental Quality; TCEQ, Texas Commission on Water Quality; USEPA, U.S. 

Envinronmental Protection Agency; EIA, Energy Information Administration; AWUDS, Aggregated Water Use Database System; SWUDS, Site-specific Water Use Database System]
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Figure 1. Locations of aquifers in the Red River basin above Lake Texoma that may be included in the Red River Focus Area Study.
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