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National Water Census
Flow Estimation – 2016 Workplan

In FY2016, we will begin the implementation phase of the Water Census flow estimation project.  During FY2015, the flow estimation team set up preliminary statistical and PRMS models for the conterminous U.S. Work is ongoing to create statistical models for HUC-2 regions outside the conterminous U.S.  The performance of the statistical and PRMS models showed similar spatial patterns, with considerably better results in humid parts of the country than in arid and semi-arid areas.  These results and the status of the modeling work suggest four main thrusts to the work planned for the year:
1. QPPQ Regional Implementation
2. Evaluation of National PRMS model results and model improvements
3. Research for Arid and Semi-Arid Areas
4. Trends in low and high streamflow
This workplan is somewhat incomplete, pending completion of the National Implementation Plan for Daily Streamflow Information, which will be completed for internal use in September 2015.  The implementation plan will expand on some of the details for the first three work items.
QPPQ Regional Implementation
Based on the results of preliminary national modeling work, we expect that QPPQ (flow duration transfer) will provide a reasonable first approximation of ungaged, daily streamflow values in the Eastern half of the U.S.  In densely gaged areas near the Pacific coast that exhibit high correlation between streamgages, QPPQ is also expected to perform well.  The preliminary QPPQ models will be refined in these areas and results prepared for inclusion in the Water Census data portal during FY2016 and FY2017.
QPPQ may also be suitable for use in Alaska, Hawaii, and Puerto Rico.  This will be assessed early in the fiscal year.  Our intuition is that for parts of Alaska there is a dense and well-correlated network that will facilitate QPPQ modeling. However, there are also vast ungaged areas of Alaska that will continue to pose a problem.  In Hawaii and possibly Puerto Rico, distinct differences in precipitation, streamflow, and the availability of gages on the windward and leeward side of the islands may pose a problem.
In FY2016, we will consider whether the 2-digit HUC regions are the best organizing units for the analysis or if alternative subregions need to be defined in select areas. With additional hands-on analysis, the QPPQ implementations will be refined to include more careful consideration of the model parameterization.  Local hydrologists will be brought in to assist with this work.  Uncertainty estimates have been explored in the Southeast study domain, but need to be extended to other HUC regions and refined.
The National Implementation Plan for the flow estimation component of the National Water Census will include more details on which HUCs will be implemented with QPPQ models and how input from local hydrologists will be utilized.  The implementation plan will also include a proposed timeline for this work.  
William Farmer will coordinate this work, with significant contributions by Stacey Archfield (NRP-ER) and Tom Over (IL WSC).  We will also be working closely with Dave Blodgett to determine a strategy for making the estimated time series available on the data portal with maximum flexibility for future updates.
Tasks:
1. Assess QPPQ suitability for non-CONUS HUC-2 regions (may be completed in FY2015).
2. Refine regional QPPQ models for HUC-2 regions identified in the National Implementation Plan as suitable for QPPQ.  Refinements may include:
a. Local hydrologist input
b. Establishing sub-regions
c. Supervised selection of explanatory variables
3. Publish R functions and scripts for the analysis to USGS repository.
4. Develop uncertainty models for each region.
5. Work with CIDA to publish model results to data portal.
PRMS: analysis of national model results
Model results for several different versions of PRMS have been created for the nation.   They include:
1. Improved parameters for CONUS
i. Replace default values for groundwater flow coefficient (gwflow_coef) with spatially distributed values based on regressions developed by Bjerklie and others.
ii. Replace default values for snow depletion curves (snarea_curve) with spatially distributed values based on work done by Risley and others.
2. Regionalization of auto-calibration and incorporation of ancillary datasets beyond measured streamflow (Being tested with 1,700+ gaged watersheds across CONUS)
i. Calib1 – calibration to measured streamflow (same as always)
ii. Calib2 – calibration to measured streamflow with estimated error bounds based on rating of streamflow field measurements
iii. Calib3 – calibration to measured streamflow with error bounds and AET/SWE from remotely-sensed data and Monthly Water Balance Model (with error bounds)

iv. Calib4 - calibration to measured streamflow with error bounds and AET from remotely-sensed data and Monthly Water Balance Model (MWBM) (with error bounds)
v. Calib5 - calibration to measured streamflow with error bounds and SWE from remotely-sensed data and Monthly Water Balance Model (with error bounds)
vi. Calib6 – same as Calib 3 but with different objective function  
vii. Calib7 – calibration of water balance to MWBM instead of measured streamflow and AET/SWE from remotely-sensed data (with error bounds)
viii. Calib8 - calibration of water balance to MWBM, flow timing to measured streamflow, and AET/SWE from remotely-sensed data (with error bounds)
ix. Calib9 – has not been done yet, but will be similar to Calib8 with statistical time series replacing measured streamflow
These results have not yet been carefully analyzed and an assessment of the improvements in streamflow simulations obtained by adding various model improvements and/or by adding  constraints through ancillary datasets will be completed in fiscal year 2016.
Some of the model evaluation techniques used in the Southeast area and Iowa  model comparison studies can be used for the PRMS results, but to the extent possible, additional model fluxes or states will be assessed as well.  For example, are the ET estimates from PRMS reasonable?  ET is also a special case in that it is another element of the water budget that the Water Census is estimating.  We will continue to explore possibilities for utilizing and improving estimates of ET by collaborating with Gabriel Senay and his group.
The MOWS group will be primarily responsible for this work, with substantial work conducted under Lauren Hay’s direction by Jeff Tracey, CA WSC and John Risley, OR WSC.  William Farmer conducted model evaluation in the Southeast and Iowa and will also be involved in this task.
Tasks
1. Establish evaluation criteria and additional code, as needed
2. Assess the different PRMS versions
3. Explore ET integration with SSEBOP model results further.
Continued Testing and Development of Methods in Arid and Semi-Arid U.S.
In the arid and semi-arid west and central plains of the U.S., research to improve simulation results will continue.  In these areas, streamflow estimates were poor, as initially assessed using the automated model runs.  
The influence of the gage network, heterogeneity of processes and landscapes, and inability to successfully model specific processes such as losing reaches will all be examined as possible reasons for the poor model performance.  The results of this analysis will be used to suggest improved modeling strategies for arid and semi-arid regions.
William Farmer will coordinate this work between the statistical hydrologists that have been working on Water Census and the MOWS group.
Tasks
1. Try to understand causes of poor model performance through detailed analysis of results in those regions.
2. Develop methods to deal with causes of poor model performance.
Trends
The Secure Water Act mandates an assessment of trends in river flows and water availability.  We will begin to put resources towards this activity in FY2016, leveraging resources from ongoing projects with NRP and EPA.
Previous studies of trends in low flows for the U.S. have focused on changes in statistics like the 1-day minimum flow or the 7-day minimum flow.  EPA recently provided funding for USGS to do an analysis of low flow events, defined more broadly as the magnitude, frequency, and duration of flows below specified thresholds.  These additional dimensions to the definition of low flow allows more thorough analysis of how the character of low flows may be changing.  
In addition to the traditional Kendall Tau and Sen Slope estimators for trends, code is being developed to do a Regional Kendall analysis. This analysis accounts for spatial correlation in data in a pre-defined region.  By combining the regional analysis with traditional site-by-site analysis of trends, we hope to better understand the drivers behind these trends.  Are observed trends consistent with observed precipitation?  Do trends differ in urban vs. agricultural vs forested landscapes?
For the low flow trends analysis, funding from Water Census will allow additional involvement by Stacey Archfield (NRP-ER).  Bob Hirsch (NRP-ER) will be contributing his time at no cost to Water Census or EPA.  Brandon Fleming of MD WSC will be funded by EPA.
A parallel analysis of changes in floods across the United States will also be undertaken in FY2016.  Most work on peak flow trends have only focused on trends in the annual maximum flood, defined as the largest observed flood in each year of available streamflow data. These studies ignore the possibility that the frequency of within-year floods may have increased. Initial results in FY2015 have shown that for reference-quality streamgages there have been significant increases in the frequency of mid-size floods (floods with a recurrence of approximately 2 events per year) in the northeast and northwest United States and relatively few trends in the magnitude, duration and volume of these events across the United States. In FY2016 and with support from the NWC, we plan to expand the peak flow trend analysis.
Low Flow Tasks
1. Assess trends in low flow for a pilot region – Chesapeake Bay watershed.
2. Look for possible drivers of change – urbanization, irrigated agriculture, climate change, other?
3. Write paper on results
4. Possible: Extend analysis nationally.  
Peak Flow Tasks
1. Contrast changes in magnitude, frequency, duration, and volume of flood events at reference gages with changes observed at regulated streamgages.
2. Examine changes in the timing of flood events.
General tasks
1. Publish R functions (with documentation) to USGS repository.
2. Develop new hypotheses tests for change detection.
This work item will be coordinated by Stacey Archfield.  Overall, her involvement will be funded partly by Water Census and partly by NRP-ER.  Bob Hirsch’s time will be contributed by NRP-ER.  Funds from EPA will be used for Brandon Fleming’s time. 
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