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Blanca Peak on the Sierra Blanca Massif in south-central Colorado. Photo: Wikimedia Commons, David Herrera.

EXECUTIVE SUMMARY

For water providers and others in the Rocky Mountain West who depend on the pulse of runoff from the
melting snowpack from April through July, snowpack monitoring is drought monitoring. A well-below-
average snowpack as measured by snow-water equivalent (SWE) is a harbinger of not only low water
supply but also other drought impacts, such as increased fire risk and below-normal summer soil moisture.
However, the snowpack is complex, varying tremendously over short distances and from year-to-year, and
changing rapidly during the season, especially in the spring. The in-situ snow-monitoring network—from
snow courses and SNOTEL sites—provides a robust snapshot of conditions in most years and most basins,
but may not capture large deviations from more typical patterns of snow accumulation and melt.

In summer and early fall 2015, the Western Water Assessment (WWA) organized and delivered three
all-day workshops intended to improve the usability of snowpack monitoring information in the Rocky
Mountain West, with a particular view to enhancing that monitoring with new technologies. The
workshops were in WestJordan, UT (August 11), Lander, WY (August 27), and Broomfield, CO (September
9). This effort was supported by “Coping with Drought” funding from the NOAA National Integrated
Drought Information System (NIDIS). The workshops brought together a total of 180 participants,
mainly representing a core user community of local, state, and federal water managers, along with other
stakeholders, researchers, and operational information providers.

The main workshop objectives were to:

e Help improve the usability and use of snowpack monitoring information for runoff forecasting,
drought early warning and planning, and other applications;

e Provide background information on snow hydrology and snow measurement;
e Describe operational snow-monitoring products and how they are used in runoff forecasts;
e Provide guidance for accessing and interpreting operational data;

e Introduce and demonstrate new snow-monitoring products using satellite and airborne sensors
being developed by WWA researchers and others; and

e Facilitate interaction and further conversation between stakeholders, researchers, and operational
data providers in NRCS and NOAA.
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The key partners for all three workshops were NIDIS, the NRCS Snow Survey offices covering the three
states, and the NOAA NWS Colorado Basin River Forecast Center (CBRFC). Presenters representing those
entities described the current state of drought monitoring and early warning in the region, operational
in-situ snowpack monitoring, and the operational seasonal runoff forecasts from both NRCS and NOAA.
Presenters from local and state water entities provided a view of how operational snowpack and runoff
information is currently being used. And a pre-workshop survey of participants rounded out the picture
of current use of this information. A repeated theme was how critical the SNOTEL-based monitoring
capacity is to managers, forecasters, and researchers.

NOAA CBRFC staff also described how CBRFC is piloting the use of satellite information to supplement
their picture of the snowpack from SNOTEL sites. This served as a bridge to the afternoon portion of
the workshops, which focused on emerging applications of remote-sensing technologies for snowpack
monitoring. Snow hydrologists on WWA’s research team (Jeff Deems and Noah Molotch) are involved
with two such efforts: NASA’s Airborne Snow Observatory (ASO) that measures snow depth at extremely
high resolution (~1 m) using LIDAR (laser) altimetry; and a wide-area SWE reconstruction product
based on 1-km satellite imagery from the NASA MODIS sensor. In both cases, the new products depend
on and complement the in-situ snow-monitoring network, but are not intended to replace it. In both
cases, there was high interest from participants in expansion of current pilot efforts in the western US,
mainly California, to additional basins in Utah, Wyoming, and Colorado.

Overall, the workshops were highly successful in bringing water managers and other stakeholders in
open dialogue with researchers and operational providers about snowpack monitoring. The participants
showed great willingness to learn from each other and help each other. From these discussions, and our
own observations, we synthesized these main findings from the workshops:

e The in-situ snowpack monitoring network (SNOTEL and snow course) is absolutely essential.
Reductions in capacity should be avoided and targeted additions would be welcome.

e The use of data products from the in-situ network could still be made more effective with additional
training and guidance.

e While the new remote-sensing products could bring substantial benefits to snowpack and drought
monitoring, there is no single, clear path to expanding the operational reach of these products across
the Rocky Mountain region.

The post-workshop evaluations indicate that participants consistently reported gains in knowledge
of snow hydrology and monitoring, and improved awareness of existing and emerging products. We
recognize that there will need to be many more conversations to work out the implementation of new
capabilities in a cost-effective manner.

WORKSHOP HOMEPAGES e

The homepages for three workshops, with links to the PowerPoint
presentations (as PDF files), participant lists, and state-specific
resources for snowpack monitoring and runoff forecasting:

Utah:
http://wwa.colorado.edu/events /workshops/UTsnow2015.html

Wyoming:
http://wwa.colorado.edu/events/workshops/WYsnow2015.html

Colorado:
http://wwa.colorado.edu/events /workshops/COsnow2015.html
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Figure 1. Participants at the Broomfield, Colorado snowpack workshop, September 9, 2015. Photo: Robin Strelow, CIRES.

1. WORKSHOP PARTICIPANTS

About 10 days prior to each workshop, we sent the registrants a link to a brief online survey with
12 questions. The objectives of the survey were to (1) ascertain the work responsibilities and basins
of interest of the participants, (2) assess their familiarity with and use of current snow-monitoring
and runoff-forecast products, (3) gage their self-reported knowledge of those products and the science
behind them, and (4) capture their personal objectives for the workshop, including specific questions
they wanted to see answered.

About 60% of the registrants completed the survey. Findings from the pre-surveys are integrated into
the description of the workshop participants below.

Overall, the participants in the workshops covered the range of entities (local, state, federal, tribal), job
responsibilities, and sectors that we had anticipated, though with less participation from agriculture
and recreation interests, and private-sector consultants, than we had desired.

UTAH

Of the 50 non-WWA participants at the West Jordan, UT, virtually all were with public entities: 20 with
Federal agencies (NOAA, NRCS, Reclamation, US Geological Survey, US Forest Service), 7 with state
agencies (all Utah), 15 with local entities (cities, counties, and water districts), 6 with universities.
Two participants were with private or non-profit entities. As expected, the Wasatch Front was strongly
represented, with few participants from outside of the Wasatch Front.

On the pre-workshop survey, about two-thirds of the participants identified their sector as “Water”, with
“Public Lands Management” a distant second, and “Ag or Ranching”, “Recreation”, and “Energy” receiving
a few responses each. On the pre-workshop survey, participants identified their roles as “Operations”,
“Research”, and “Management” most frequently, with “Planning”, “Policy” and “Education” also seeing
at least 9 responses. The basins for which participants said they had responsibility included all of the
drainages in northern and central Utah, including the Provo, Weber, Bear, Duschesne, and Six Creeks, as

well as the Green and Colorado basins; southern Utah’s basins were less well represented.
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Participants reported themselves to be frequent users of snowpack monitoring and runoff forecasts,
with most of them consulting key products from NRCS and NOAA at least monthly, especially SWE data
from the NRCS Utah Snow Survey. Participants used the runoff forecasts from NRCS and NOAA RFCs in
roughly equal numbers. Least-used were the WWA Intermountain West Climate Dashboard, the NIDIS
Upper Colorado Basin drought webinars, and the NOAA SNODAS snow analyses.

The vast majority of participants self-reported their working understanding of snow hydrology, and the
production, access, and use of snowpack information to be either “average” or “above-average”. To the
question, “How do you use snowpack information?”, the top three responses selected were the same as
in Wyoming and Colorado, though in a different order:

e To get a better sense of how the snowpack is evolving
e To anticipate likely runoff anomalies

e To anticipate other impacts to my resources of interest

WYOMING

The mix of participants at the Lander, WY workshop was similar to the Utah workshop. Nearly all of the
53 non-WWA participants were public employees: 15 with Federal agencies (NOAA, NRCS, Reclamation,
US Geological Survey, BLM, US Forest Service, US Fish & Wildlife Service), 8 with state agencies (all
Wyoming), 13 with local entities (cities, counties, and water districts), 8 with universities, and 5 with
tribal entities (all the Office of Tribal Water Engineer, Wind River Indian Reservation). Four participants
were with private or non-profit entities. An important difference from the other two workshops is that
the non-federal participants tended to represent much smaller entities than in Colorado and Utah,
which may speak to capacity to use new information. Wyoming is a much smaller state than the other
two, population-wise, and the workshop was held in a rural part of Wyoming.

On the pre-workshop survey, about half of the participants identified their sector as “Water”, with “Ag
or Ranching” and “Public Lands Management” the next two most frequent responses. Participants
identified their roles as “Operations”, “Planning”, “Management”, and “Education” most frequently, with
“Research” and “Policy” also seeing multiple responses. The basins for which participants said they had
responsibility had a local orientation, with the Bighorn and Wind being the most frequent responses,

and all other major Wyoming basins receiving at least a few responses.

Participants reported themselves to be frequent users of snowpack monitoring information, with
most of them consulting key products from SWE data from the NRCS Wyoming Snow Survey at least
monthly. Seasonal runoff forecasts from the NRCS were consulted much more often than those from the
NOAA RFCs, in contrast with the Utah participants. Seldom-used products included the CBRFC monthly
webinars, the WWA Intermountain West Climate Dashboard, the NIDIS Upper Colorado Basin drought
webinars, and the NOAA SNODAS snow analyses.

Most of the participants self-reported their working understanding of snow hydrology, and the
production, access, and use of snowpack information to be “average,” with many fewer indicating
“above-average” understanding than in the Utah or Colorado workshops. To the question, How do you
use snowpack information, the top three responses chosen were:

e To anticipate other impacts to my resources of interest
e To get a better sense of how the snowpack is evolving

e To anticipate likely runoff anomalies



Close-up shot of Kings Peak, Utah. Kings Peak is on the right, and Gunsight Pass is on the far left. Photo: Creative Commons, Hyrum K. Wright.

COLORADO

The mix of participants at the Broomfield, CO workshop was similar to the other two workshops, though
slightly more diverse in that “only” 59 of the 67 non-WWA participants were public employees: 17 with
Federal agencies (NOAA, NRCS, Reclamation, US Geological Survey, BLM), 5 with state agencies (Colorado
& Wyoming), 24 with local entities (cities, counties, and water districts), 12 with universities, and 1 with
a tribal entity (White Mountain Apache Tribe, AZ). Five participants were with private-sector entities,
and three with non-profits.

On the pre-workshop survey, about 75% of the participants identified their sector as “Water”, with
“Public Lands Management”, “Ag or Ranching”, and “Recreation” the next most frequent responses.
Participants identified their roles as “Operations”, “Planning”, and “Management”, most frequently, with
“Research” and “Education” just behind. The basins for which participants said they had responsibility
were tipped to those in the northern half of the state, with the South Platte and Colorado basins having

the most responses, though all major Colorado basins received multiple responses.

Participants reported themselves to be very frequent users of snowpack monitoring information, more
so than in Utah and Wyoming, with most of them consulting SWE data from the NRCS Colorado Snow
Survey at least weekly. Seasonal runoff forecasts from the NRCS and the NOAA RFCs were consulted
with roughly equal frequency, as in Utah. Among the lesser-used products, the NIDIS Upper Colorado
Basin drought webinars and the WWA Intermountain West Climate Dashboard were more frequently
consulted than by the Utah or Wyoming participants. CBRFC monthly webinars were used less than in
Utah, but more than in Wyoming, and the NOAA SNODAS snow analyses were used more than in the
other two states.

The self-reporting of participants’ working understanding of snow hydrology, and the production,
access, and use of snowpack information was very similar to Utah, with “average”, and “above-average”
responses predominating. To the question, “How do you use snowpack information?”, the top three
responses selected were the same as in Wyoming:

e To anticipate other impacts to my resources of interest
e To get a better sense of how the snowpack is evolving

e To anticipate likely runoff anomalies
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2. WORKSHOP PRESENTERS AND MAIN CONTENT

The sequence of the presentations and the content at all three workshops was very similar. The
presentations are summarized below, noting any elements unique to one of the workshops.

Each workshop began with the WWA moderator reviewing of the workshop objectives (listed in Overview,
above) and an overview of the day’s proceedings. This was followed by Elizabeth McNie presenting the
the results of the pre-workshop surveys, as described in the previous section on workshop participants.

NATIONAL INTEGRATED DROUGHT INFORMATION SYSTEM (NIDIS)

A NIDIS staffer gave an overview of the National Integrated Drought Information System, covering the
history, objectives, and implementation of NIDIS, emphasizing the Regional Drought Early Warning
Systems (RDEWS) and how they work with existing networks to build capacity for drought early
warning. In Wyoming, Chad McNutt (NIDIS) also gave an overview of the new Missouri Basin Regional
Drought Early Warning System.

UPPER COLORADO RIVER BASIN REGIONAL DROUGHT EARLY WARNING SYSTEM

A Colorado Climate Center staffer presented an overview of the Upper Colorado River Basin Regional
Drought Early Warning System (UCRB RDEWS) drought webinars and website, focusing on the snow-
monitoring information. Most of the information provided through the UCRB RDEWS covers all of Utah,
Wyoming, and Colorado, not just the portions of those states within the Upper Colorado River Basin.

MEASURING AND MODELING OUR SNOW-WATER RESOURCE

The core of the workshop’s technical content began with a presentation by WWA researchers Noah
Molotch and Jeff Deems called “Measuring and modeling our snow-water resource.” This first covered
the importance of snow hydrology in our region, and the processes of snow accumulation and snowmelt.
One misconception that was addressed is that warming temperatures melts snow in the spring, when
it is actually the increased solar radiation from higher sun angles and longer days that is the primary
driver of melt, with temperature playing a secondary role.

The presentation then covered operational snow monitoring, different approaches to snowmelt and
runoff modeling and forecasting, and runoff forecast error sources. It was explained that there are several
approaches to runoff modeling and forecasting, distinguished by the degree to which they explicitly
represent the underlying physical processes. The simpler statistical models (e.g., as used by NRCS) may
produce reasonably accurate forecasts in most years, but are more vulnerable to errors when there are
unusual weather and snowpack conditions.

The core presentation finished with an introduction to new spatially-explicit approaches to snowpack
monitoring using remote sensing. A key message was that remote sensing will not replace the in-situ
network; in fact, we may need more in-situ monitoring to help calibrate and cross-check with the
remotely-sensed monitoring products.

NRCS SNOW SURVEY: THE SNOTEL NETWORK AND RUNOFF FORECASTING

This was followed by staff from the NRCS Snow Survey offices describing in greater detail the primary
operational snowpack monitoring network, based on SNOTEL sites (Figure 2) and snow courses. In the
Utah workshop, Randy Julander, Utah Snow Survey Supervisor, walked through many of the snow and
water supply data products provided by the Utah Snow Survey. He described the Snow Survey’s role as
collecting data, and synthesizing the data into products, so they can then lead to a decision or action by
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Figure 2. The basic instrumentation at a SNOTEL (SNOwpack TELemetry) site. The 300+ SNOTEL sites across Utah, Wyoming, and Colorado form
the backbone of the in-situ snowpack monitoring capacity in the region. Image: Brian Domonkos, NRCS.

a user, minimizing risk and maximizing benefit. They try, through their suite of products, to ensure that
users can relate the information on current and forecasted conditions to their past operational decisions.
Julander concluded with “a short course” on the role of observations in runoff forecast accuracy and
uncertainty, pointing out that the uncertainty in streamflow observations is the ultimate constraint on
runoff forecast accuracy: “you cannot forecast any better than you can gage.”

In Wyoming and Colorado, Brian Domonkos, Colorado Snow Survey Supervisor, emphasized the new
national map-based tool for accessing NRCS snow data (Interactive Map v. 2.0; Figure 3), as well as the
state-specific products. He also covered several data-handling procedures, including quality assurance
and quality control (QA/QC) and the calculation of long-term medians, and the NRCS runoff forecasting
procedures.

USING SNOWPACK INFORMATION IN NOAA CBRFC’S RUNOFF FORECASTING

Next up, Stacie Bender from NOAA CBRFC described how snow-related data is incorporated into their
seasonal runoff and peak-flow forecasts, detailing the increasing use of remotely-sensed snow data
to complement observations from the NRCS network. She described CBRFC’s forecasting platform
and approach, how data is used from the SNOTEL observations, and the more recent use of NASA/Jet
Propulsion Lab (JPL)-provided MODIS (satellite) snow-covered-area product (MODSCAG) and a dust-
forcing product (MODDFRS) to make adjustments to the forecasts, resulting in improved accuracy in
most, but not all, cases. CBRFC is moving to more sophisticated and automated approaches to use these
new data sources, laying the groundwork for the use of other spatial snow products such as the ones
described in the workshops. She emphasized that even with the increasing use of remotely-sensed data,
their forecasts will remain reliant on the in-situ SNOTEL network.

SNOWPACK MONITORING FOR STREAMFLOW FORECASTING AND DROUGHT PLANNING 7
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WATER MANAGERS ON THEIR USE OF SNOW-MONITORING INFORMATION

Before moving onto those new products, at two of the three workshops we had water managers describe
their current use of operational snow-monitoring products such as the SNOTEL data and the NRCS and
NOAA RFC runoff forecasts. We felt that these ‘peer-to-peer’ presentations would help stimulate and
ground the later discussions of snow-monitoring products and their use.

At the Utah workshop, first Heather Patno from the Bureau of Reclamation’s Upper Colorado Regional
Office in Salt Lake City focused on the three BuRec operational models that ingest snowpack data and
how they are used in operational decisionmaking. She raised the need for better SNOTEL data from
the Wind River Range in Wyoming—a concern that re-emerged in the Wyoming workshop—and also
raised the important question of how resources should be allocated between expansion of the SNOTEL
network, versus supporting remotely-sensed snow products.

Tom Bruton of the Central Utah Water Conservancy walked through the snow and runoff products that
they use operationally, mainly from the NRCS Utah Snow Survey, to manage the complex Central Utah
Project. Through the winter and spring, they use a system model to project whether key reservoirs will
fill, based on current contents and the snowpack conditions.

At the Colorado Workshop, Bob Steger of Denver Water described how they analyze key data sources.
First, they make custom groupings of selected SNOTEL sites in their watersheds, to monitor SWE. Then,
they use the NRCS seasonal runoff forecasts as the basis for three probabilistic runoff projections:
one assuming climatological average weather from that point forward through the runoff season, one
assuming dry weather, and one assuming wet weather. Finally, they use the CBRFC ensemble runoff
forecasts in combination with historical analogs to get a better sense of when a given basin is likely to
have peak daily runoff, and also to manage Dillon Reservoir in high-flow years.




Grand Teton National Park, Wyoming. Photo: Creative Commons, Daniel Mayer.

The afternoon of all three workshops was focused on describing the emerging remote-sensing-based
products for snow monitoring, and discussing how their use could be most efficiently and effectively
scaled up from current pilot programs.

Workshop Wyoming Colorado
Location West Jordan Lander Broomfield
(Salt Lake City metro area) (Denver metro area)
Date August 11 August 27 September 9
Total Participants 53 48 77
WWA Moderator Tim Bardsley Jeff Lukas Jeff Lukas
WWA Presenters Noah Molotch (MODIS Noah Molotch (MODIS Noah Molotch (MODIS

product), Jeff Deems (ASO)

product), Jeff Deems (ASO)

product), Jeff Deems (ASO)

NIDIS Presenter

Alicia Marrs

Chad McNutt

Alicia Marrs

UCRB DEWS Presenter
(Colorado Climate Center)

Zach Schwalbe

Nolan Doesken

Nolan Doesken

NRCS Snow Survey Randy Julander (UT) Brian Domonkos (CO) Brian Domonkos (CO)
Presenter(s) Lee Hackleman (WY)
CBRFC presenter Stacie Bender Stacie Bender Stacie Bender

Water Agency Presenter(s)

Tom Bruton (Central Utah
WCD)
Heather Patno (Reclamation)

Matt Hoobler (WY State
Engineer's Office)

Bob Steger (Denver Water)
Joe Busto (CWCB)
Craig Cotten (CO DWR)

Other Researcher Presenter

David Gochis (NCAR)

Primary MODIS-product
demo area

Weber Basin

Upper Green Basin

Colorado Headwaters

Table 1. Summary of the three workshops and the workshop presentations.
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MODIS-BASED GRIDDED SWE PRODUCT

First, Noah Molotch (WWA; also affiliated with INSTAAR, C-WEST, and NASA/JPL) gave an overview
of his gridded SWE product based on MODIS satellite data (Figure 4). Since the MODIS instrument
doesn’t directly capture snow depth or water equivalent, the product ingeniously combines real-time
MODIS observations of snow-covered area, real-time SNOTEL observations, and gridded historical SWE
patterns (since 2000) that are reconstructed from MODIS snow-covered-area data, using an energy-
balance model to determine how much snow was present in a given gridcell through the melt season,
given the date it became snow-free. MODIS imagery is available daily, though the need for a cloud-
free image means that the gridded SWE product is most reliably offered at a weekly time-step. The
main advantages of this product are that it can cover a very large area, at 1-km resolution, at relatively
low cost, and performs better than unguided interpolation between SNOTEL sites, and performs much
better than extrapolation above and below the elevational band of SNOTEL sites. It can not, however,
match the accuracy of the ASO product.

Molotch described how the MODIS-based gridded SWE product has been validated through comparisons
with manual high-resolution SWE sampling in both the Sierra Nevada and in the Colorado Front Range,
and also with ASO (below) in the Tuolumne basin in California. He then walked through demo products,
emulating a real-time operational product, that his team produced specifically for each workshop,
highlighting local basins of interest (see Table 1) and the snowpack anomalies as they would have been
reported in real-time for April 2011 (a very wet winter) and April 2012 (a very dry winter). These demo
products were based on reports that have been produced weekly for the Sierra Nevada for the California
Department of Water Resources and its cooperators. The information in the Sierra Nevada reports is
used to adjust streamflow forecasts, providing valuable information for augmenting SNOTEL data.
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Figure 4. Example of MODIS-based Gridded SWE product, showing SWE in west-central Colorado for April 8, 2011, retrospectively
produced from the SNOTEL data and MODIS imagery available for that date. Credit: Leanne Lestak, Dominik Schneider, and Noah
Molotch.
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Figure 5. Example of SWE data from the Airborne Snow Observatory (ASO) plotted as a map for the Upper Uncompahgre Basin
in western Colorado, for April 30, 2015. The annotations at top indicate what percentage of the total SWE lies within different
elevation bands, and the annotations at bottom show that a large fraction of the total basin SWE lies above the highest SNOTEL
site (Red Mountain Pass). Credit: Jeff Deems, ASO, NASA/JPL.

AIRBORNE SNOW OBSERVATORY (ASO)

The second presentation on remote-sensing based products was by Jeff Deems (WWA; also affiliated
with NSIDC and NASA/JPL), described the NASA/JPL-funded Airborne Snow Observatory, known as
ASO. The ASO is a twin-turboprop aircraft carrying two primary instruments: (1) a scanning LiDAR
instrument that uses lasers to measure the height of the land or snow surface at 5-10-cm accuracy, at a
1.5-3-m resolution, and (2) an imaging spectrometer that measures the spectral characteristics of the
snow surface, specifically to retrieve snow albedo and grain size.

The LiDAR does not measure SWE directly, but by making a snow-free scan of the basin of interest in
late summer, and then differencing it from a winter-time scan, the snow depth can be measured to
5-cm accuracy (at 3-m resolution). Then snow density is estimated across the landscape from SWE and
snow depth measurements at SNOTEL sites and snow courses, fed into a snow-density model, with
depth times density equaling SWE (Figure 5). The spectrometer measurements of snow albedo can then
inform snowmelt and runoff rates that spring.

The advantage of ASO products is very high accuracy and resolution. The chief disadvantage is relatively
high cost per unit area, mainly reflecting the operating expense of the aircraft and also the intensive
processing needed given the huge data stream from the instruments. The data from each flight is
commonly processed within 24 hours. Deems described the current operational use of ASO in the Sierra
Nevada, showing multiple maps of the Tuolumne Basin through the late winters of 2014 and 2015, and
then how the ASO information was used to improve the inflow forecasts for San Francisco’s reservoirs.

SNOWPACK MONITORING FOR STREAMFLOW FORECASTING AND DROUGHT PLANNING
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WYOMING: ASO AND GROUND-PENETRATING RADAR

At the Wyoming workshop, the final presentation was by co-convenor Matt Hoobler from the Wyoming
State Engineer’s Office (WY SEO). Hoobler first outlined WY SEQ’s aspiration to deploy ASO in four
Wyoming mountain ranges. SEO has a draft agreement with NASA/JPL that if and when state funding
becomes available ($850K), five ASO flights would be conducted in the initial year: one snow-free to
establish ground elevations, and four during the snow season. Hoobler also described a successful
collaboration with NRCS and the University of Wyoming, using ground-penetrating radar (GPR) dragged
alongside manual snowcourses to measure snow density and SWE over long transects, supplementing
the point measurements from SNOTEL and snowcourses. Finally, Hoobler outlined an ongoing research
project by NCAR that has been using the new NCAR supercomputer near Cheyenne to assess the ability
of six different land-surface models to simulate the seasonal snowpack evolution in Wyoming, compared
with SNOTEL observations, and in the future, with ASO and GPR data. (As of late spring 2016, the State
had been unable to secure funding for ASO flights, but was pursuing a contract with CU-Boulder (Noah
Molotch) to provide the MODIS-based SWE estimates for the North Platte River Basin for the late winter
of 2016-2017.)

RIO GRANDE BASIN FORECASTING PROJECT

Atthe Colorado Workshop, the final presentation also described a successful collaboration of state water-
planning agencies and snow/hydrology researchers—in this case, the Colorado Water Conservation
Board (CWCB) and the Colorado Division of Water Resources (DWR), with NCAR, NASA, and NOAA. Craig
Cotten (DWR), Joe Busto (CWCB), and Dave Gochis (NCAR) laid out the complicated water management
considerations in the upper Rio Grande Basin, and the compelling need to improve water supply
forecasts. The Rio Grande Basin Forecasting Project deployed temporary weather stations, a weather
radar, and ASO flights to supplement the existing snowpack monitoring. The high-resolution, physics-
based WRF-Hydro model was used to capitalize on these new data inputs to produce runoff forecasts
to compare with the operational runoff forecasts. This effort has identified limitations of the SNOTEL
network for the upper Rio Grande, in which the critical high-elevation (>11,000") snowpack is not well
represented, reducing the accuracy of runoff forecasts.

3. WORKSHOP DISCUSSIONS AND Q&A

One key objective of the workshops was to provide a space for users of snowpack information to talk
with each other and with the operational information providers and snow researchers—about the data,
how they use it, and what needs for decision support are still unmet. In addition to Q&A time during and
immediately following each presentation, there were specific blocks set aside for group questions and
discussion in the morning and afternoon. The gist of the dialogue during these discussions is captured
in Appendix B, with the exclusion of questions about minor technical issues. In general, the content of
the discussions spoke to the participants’ keen interest in understanding the operational and emerging
snow-monitoring products, and improving their use of the products.

4. POST-WORKSHOP EVALUATIONS

At the conclusion of the workshops, the participants were given an evaluation form to fill out on site, to
capture what they had learned, and what worked and didn’t work for them in the workshops. Because
of attrition in the groups as people left the workshop early, especially in Utah, and some participants did
not complete the evaluation, the response rate ranged from ~25% (Utah) to ~50% (Wyoming). Thus,
the evaluations may not reflect a fully representative sample of the participants. Complete summaries
of the post-workshop evaluations are found in Appendix C.
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WHAT WAS THE MOST HELPFUL THING YOU LEARNED TODAY?

Over half of the respondents cited the new spatial products, 