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Introduction

The SECURE Water Act (P.L. 111-11) passed in 2009: Section 9508 – Water Availability and Use Assessment – lists 6 primary reporting requirements: (1) to determine the current availability of water resources; (2) to assess the physical trends affecting this water availability (e.g. climate variability and change); (3) to quantify the withdrawal and use of surface water and groundwater; (4) to evaluate significant trends effecting current water use (especially energy development and ecological needs); (5) to identify significant conflicts and shortages related to water use; and (6) to describe the factors that influence these conflicts and shortages. The U.S. Geological Survey (USGS) National Water Census has three distinct objectives, which mainly follow mandates in the SECURE Water Act: (1) to provide a nationally consistent assessment of existing water resources and identify a set of indicators that reflect each status and trend relating to the availability of water resources in the United States; (2) to provide information and tools that allow users to better understand the distribution and current uses of water; and (3) to report on areas of significant competition over water resources and the factors that have led to the competition. The DOI WaterSMART (Sustain and Manage America’s Resources for Tomorrow) Program provides funding for the USGS to address the goals defined in the SECURE Water Act. Under WaterSMART, the Colorado River Basin is one of three Geographic Focus-Area Studies where the USGS will pilot a concerted effort to perform this Water Availability and Use Assessment as described in the SECURE Water Act.
Being the primary earth science agency for the US Government, the USGS is focused on the science of water availability – understanding and monitoring the hydrologic cycle and developing the National Water Census – rather than participating in development of the management policies that often dictate available supply and distribution. The various components of the hydrologic cycle; as well as the human influence on water movement, storage, and use; can be summed up in a “water budget’ at local, regional, or national scales. In that vein, the Colorado River Basin Focus-Area Study will concentrate on improving the understanding and quantification of the terms defined in a detailed water-budget for the region. The water-budget equation balances terms quantifying the inflows and outflows of water from the study area (precipitation, surface water, groundwater), the direct losses of water from within the study area (consumptive water use, evapotranspiration), and the resulting change in water storage in various compartments of the hydrologic system (snowpack, reservoirs, groundwater aquifers). Improved quantification of the components of a detailed water budget within a specific area can help illuminate the existing water stresses and deficits, evaluate the expected effect of trends on those stressors, and provide a foundation for effective water-resource and environmental planning and management (Healy and others, 2007). 
Two important water-budget components that are critical to understanding water supplies in the Colorado River Basin are water storage and loss in the mountain snowpack – particularly the sublimation component – and evapotranspiration from natural and cultivated land-cover. Despite their importance, snowpack water content and regional evapotranspiration (ET) variables are difficult to directly measure and are poorly quantified for the Colorado River Basin. An improved understanding of these “hydroclimatic variables” in the varied landscapes of the Colorado River Basin will improve our ability to calculate water budgets across the region. Developing a spatially explicit estimate of ET and snowpack water balances across the region will reduce the error in the water budget equation and allow more accurate calculation of other residual terms in the equation (e.g. consumptive use from agricultural irrigation, irrigation efficiency, surface-water return flows, or groundwater recharge). This information, and derivative products produced during this effort (e.g. land-cover distribution) also can be integrated into the assessments of water use and groundwater that are additional goals for the WaterSMART Colorado River Basin Focus-Area Study. The following sections describe the goals, objectives and tasks for the proposed assessment of these hydroclimatic variables within the Colorado River Basin Focus-Area Study.
A. Estimating snowpack water content and sublimation for the Colorado River Basin

Snow accumulation in higher elevation settings of the western United States (U.S.) is an integral component of the western regional water cycle providing water for drinking, irrigation, industry, energy production, and ecosystems.  In the mountains of the western U.S., seasonal snowpacks act as a large natural water-storage “reservoir” providing,  on average, 70 to 80% of annual surface-water runoff Doesken and Judson, 1996()
. In the upper Colorado river basin the percentage is even higher, with 85% of streamflow derived from melting snow Edwards and Redmond, 2005()
. The quantity of water stored in seasonal snowpacks is expressed as the snow water equivalent (SWE).  Springtime SWE is one of the most important inputs to hydrologic models used to forecast runoff in the western U.S. because it is the main source of water to streams during late spring and early summer Clark and Hay, 2004(; Slater and Clark, 2006)
.  Snowpack sublimation, which is analogous to evaporation from land surfaces or water bodies, represents an important, but poorly quantified, loss of water from the snowpack Hood et al., 1999()
.  Sublimation represents one of the major uncertainties in runoff forecast models, and is thought to be particularly important during drought years, when water is scarce.
Goals and Objectives

Primary Goal: Develop regional SWE and sublimation estimates for the Colorado River Basin (CRB) using moderate- and high-resolution gridded models and ground-based validation measurements to inform hydrologic modeling studies, water availability studies, and water use assessments. 

Objectives:
1. Estimate snowpack SWE and sublimation for the CRB based on NOAA’s moderate-resolution (1-km) SNOw Data ASsimilation (SNODAS) model; produce tabular summaries for each 8-digit HUC in the CRB at monthly, seasonal, and annual time scales for the period of record (2004 to present).

2. Estimate snowpack SWE and sublimation in select areas using a high-resolution (≤0.1 km) snowpack modeling system called SnowModel at monthly, seasonal, and annual time scales.  Compare results to those from SNODAS.  SnowModel study areas will be co-located with historical or ongoing ground-based measurements to allow model validation. 

3. Evaluate the accuracy of SNODAS and SnowModel results by comparing them to ground-based measurements of SWE and sublimation.  

4. Evaluate strengths and weaknesses of the moderate- and high-resolution snowpack models, and identify which would be most appropriate for estimating SWE and sublimation at various basin scales.

Tasks:
1. Assemble and quality check data sets required for estimating SWE and sublimation at the 8-digit HUC spatial scale in the Colorado River Basin based on SNODAS model output.  Required data sets include:

a. Hydrologic Unit Code (8-digit) vector data and accompanying hydrographic data (in conjunction with ET remote sensing project)

b. Gridded SNODAS SWE and sublimation estimates

2. Tabulate and synthesize SNODAS model output for 2004 to the present to produce monthly, seasonal, and annual gridded totals for estimated SWE and sublimation over the CRB at 8-digit HUC spatial scale.  Also produce summaries at 10- and 12-digit HUC scale for select areas where a high-resolution snowpack model will be run (see Objective 2)

3. Assemble and quality check geographic data sets needed to run SnowModel, including:

a. USGS National Land Cover Database (done as part of ET remote sensing project)

b. USGS 10- and 30-m digital elevation model (DEM)

c. Meteorological data and climate model data (eg., RUC2)

4. Run SnowModel for select areas to produce monthly, seasonal, and annual gridded estimates of SWE and sublimation.

a. Aggregate SnowModel output at 8-, 10-, and 12-digit HUC scales, and compare results to those from SNODAS for the areas of interest.

5. Conduct ground-based measurements of snowpack SWE and sublimation for model validation.

6. Measure climate variables in select high-elevation areas where data are sparse or non-existent; use those data to fill gaps in input data sets used by snowpack models to increase accuracy and reduce uncertainty of model estimates.

7. Compare SNODAS and SnowModel SWE estimates to those from ground-based measurements and from PRISM; evaluate model uncertainty.

8. Compare SNODAS and SnowModel sublimation estimates to those from ground-based measurements and to remotely sensed ET; evaluate model uncertainty.

9. Compare cumulative snowmelt runoff during April-July in gaged basins to modeled basin-averaged SWE and sublimation as an additional check on model results.

10. Produce GIS data layers of modeled SWE and sublimation at monthly, seasonal, and annual time scales and 8-digit HUC spatial scale for the CRB.

11. Evaluate strengths and weaknesses of snowpack modeling approaches, and synthesize results in a peer-reviewed paper that can guide West-wide and national scale application of snowpack modeling for WaterSMART.
Products:

1. Conclusions and recommendations for improving basin-scale SWE and sublimation estimates for the CRB.

2. GIS data layers of SWE and sublimation at monthly, seasonal, and annual time scales and 8-digit HUC spatial scale for use in hydrologic modeling studies, water availability studies, and water use assessments. 

3. Paper synthesizing results of evaluation of models for estimating SWE and sublimation in the CRB.
Timeline:
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Budget Estimate:
	Item
	
	2012
	
	2013
	
	2014

	Salary
	PP
	
	PP
	
	PP
	

	Research Hydrologist
	   3.0
	 $18,960 
	3.0
	 $18,960 
	10.5
	 $66,360 

	GIS Analyst
	2.0
	 $8,960 
	2.0
	 $8,960 
	3.0
	 $13,440 

	Hydrologic Technician
	6.5
	 $19,760 
	6.5
	 $19,760 
	6.0
	 $18,240 

	Equipment/Supplies
	
	 $10,000 
	
	 $10,000 
	
	 $5,000 

	Travel
	
	 $5,000 
	
	 $5,000 
	
	 $5,000 

	Publication Costs
	
	 $-   
	
	 $-   
	
	 $5,000 

	Indirect Costs
	
	 $36,981 
	
	 $36,981 
	
	 $66,694 

	
	
	
	
	
	
	

	Total Cost
	
	 $99,661 
	
	 $99,661 
	
	 $179,734 


B.  Estimating regional evapotranspiration in the Colorado River Basin

Evapotranspiration (ET) from irrigated croplands and native vegetation (e.g. riparian ecosystems) is a significant component of the water budget in the Western U.S.  Its quantification across the landscape is essential to Water Availability Studies, and Water Use Assessments require good ET figures for agricultural lands.   Remote sensing can provide useful answers at both scales.  Being spatially comprehensive, it has important advantages over statistical interpolation between flux towers and climate stations, or estimates made from indirect proxies, like consumption of electricity by irrigation pumps.  The WaterSMART Colorado River Basin Focus-Area Study provides the opportunity to prototype techniques before undertaking West-wide or national applications.

Goals and Objectives

Primary Goal: Develop estimates of evapotranspiration for the Colorado River Basin (CRB) at regional and field scales using remotely-sensed resources and ground-based verification measurements to inform Water Availability Studies and Water Use Assessments, respectively.  
Objectives:
5. Estimate ET across the full landscape of the CRB using MODIS 1-km Land Surface Temperature (LST) imagery at monthly and annual time scales for 2000 to present, with tabular summaries at the spatial scale of 8-digit Hydrologic Unit Codes (HUCs).

6. Estimate ET on irrigated lands in select areas using Landsat thermal infrared imagery at monthly and annual time scales for seasons representing water shortages due to drought, average conditions, and extra-abundant water availability.  Study areas will be chosen with a preference for places where there are interested cooperators with Reclamation, universities, state government, etc. 

Tasks:
12. Assemble and quality check geographic data sets providing context for ET modeling with remote sensing in the Colorado River Basin:

a. Hydrologic Unit Code (8-digit) vector data and accompanying hydrographic data, with comparison to other sources of basin boundaries and river networks

b. Irrigated lands GIS data from State governments

c. USDA NASS Cropland Data Layer

d. USGS National Land Cover Database

e. USGS MODIS Irrigated Agriculture Dataset (MIrAD)

13. Assemble and quality check observational data needed for ET estimation and validation of results, including:

a. Gridded climate data sets, including PRISM, GDAS, NLDAS, and Spatial CIMIS, as appropriate

b. Flux tower, lysimeter data, and stream gage data, and reports like the USBR Consumptive Uses & Losses Report series

c. Remote sensing ET data sets prepared by cooperators for selected sites in the CRB

14. Assemble 8-day MODIS LST time series for the full period of record (2000-2011) and apply the Simplified Surface Energy Balance (SSEB) model to produce monthly, seasonal, and annual gridded totals for estimated actual ET over the full CRB.

15. Assemble as much cloud-free Landsat imagery as possible over select areas of concentration of irrigated agriculture in the CRB for priority growing seasons representing drought, average conditions, and extra-abundant water availability.   Apply both the SSEB and the METRIC methods of ET estimation using consistent inputs to each.  Summarize results by month and growing season.

16. Compare and contrast results for irrigated croplands using METRIC and SSEB with Landsat imagery.  Compare these with coarse resolution MODIS SSEB results as well.  Compare and contrast results obtained by USGS EROS using the foregoing methods with those obtained by partners (universities, State government, Reclamation, etc.) for the same places and time frames.

17. Synthesize results into a set of conclusions and lessons learned that can guide West-wide and national scale application of ET remote sensing for WaterSMART.
Budget Estimate:
Labor costs will be covered by WaterSMART funds of the Geographic Analysis & Monitoring Program. Extra costs for the Colorado River Basin Focus-Area Study are estimated below:
[image: image1.emf]Item Cost

Project meeting attendance (3 travelers) 4,500 $    

Present results at scientific conference 1,500 $    

Publication costs 2,000 $    

Total direct cost 8,000 $    

Indirect cost at 44.8% 3,584 $    

Total cost 11,584 $  


