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Abstract

273 snow sensors in the Intermountain West network were recording snow out of a total of 306
sensors. The locations of sensors that aren't recording snow (shown in yellow-in Figure 4, right map)
are lower elevation, southern latitude, and a few that are offline in other strategic locations. Overall,
SWE depths have increased at the highest elevations but decreased at the lower elevations and
snow extent has mostly decreased between April 1 and April 8.

Introduction

We are developing a real-time SWE estimation scheme based on historical SWE reconstructions
between 2000-2012, a real-time MODIS/MODSCAG image (Painter et al., 2009), and daily in-situ
SWE measurements for the Intermountain West (Molotch, 2009; Molotch and Margulis, 2008;
Molotch and Bales, 2006; Molotch and Bales, 2005; Molotch; et al., 2004; Guan et al., 2013; and
Schneider and Molotch, 2013). Real-time SWE can be released on a weekly basis during the
maximum snow accumulation/ablation period.
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Figure 2. April 8, 2011 spatial SWE shown for the
Upper Green, WY watershed.
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Figure 1. Location map showing hydrologic unit (HUC) 4 watersheds in black, focus watersheds in
orange, SNOTEL stations in cyan, and the Upper Colorado River basin in tan.
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Figure 3. SWE amounts for April 1, 2011 are shownon the left and for April 8, 2011 are shown on the
right. SWE depths have increased at the highest elevations but decreased at the lower elevations and
snow extent has mostly decreased in the intervening week between images.

Discussion

Figure 1 shows the model domain overlaid with the Colorado River Basin, watersheds, and SNOTEL
sensors: Figure 2 shows April 8, 2011 spatial SWE shown for the Upper Green, WY watershed.
Figure 3 shows SWE amounts for April 8, 2011 and for April 1, 2011. On April 8, 2011, snow depths
increased at the highest elevations. 306 snow sensors in the Intermountain West network were
operational and 273 were recording snow. For comparison in 2012, a very dry year, 306 were
operational and 243 recorded snow on April 8", and in 2008, a fairly average year, 270 were
operational and 252 recorded snow on April 8". Note the locations of sensors that aren't recording
snow (shown in yellow in Figure 4, right map) are lower elevation sensors, lower latitude, and a few
that are offline in other strategic locations, so calculations from sensors alone do not accurately
calculate SWE for each watershed. Figure 4 (left) shows the 12-year-modeled percent of average
SWE for April 8, 2011 for the snow-covered area and (right) is the mean 12-year-modeled percent of
average for April 8, 2011 shown as an average by watershed for all model pixels above 6000’
elevation. Note that spatial SWE watershed averages are much lower than those calculated using
SNOTEL snow sensors (see Table 1). Each snow sensor produces one SWE point value whereas
the spatial SWE allows for areal calculations, every square foot above 6000 elevation in the



watershed is used to calculate the spatial SWE mean. Table 1 shows mean spatial and SNOTEL
SWE and mean 12-year-modeled percent of average spatial and SNOTEL SWE for 4/8/2011, mean
spatial and SNOTEL SWE for 4/1/2011, change in spatial and SNOTEL SWE between 4/1/2011 and
4/8/2011 as summarized for each watershed above 6000’ elevation. Figure 5 is the graph that
corresponds to Table 1. Table 2 shows mean spatial and SNOTEL SWE and mean 12-year-modeled
percent of average spatial and SNOTEL SWE for 4/8/2011, mean spatial and SNOTEL SWE for
4/1/2011, change in spatial and SNOTEL SWE between 4/1/2011 and 4/8/2011, and area in square
miles for each 1000’ elevation band inside each focus watershed. Figure 6 is the graph that

corresponds to Table 2. .
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E for April 8, 2011 for the Intermountain West (shown on left) and by
atershed percentages are calculated for all model pixels above 6000’
elevation. SWE sno ors that had snow on April 8, 2011 are shown in black and sensors that
had no snow are shown in yellow.

Methods

Results for the date of April 8, 2011 are based on April 8, 2011 data from 306 in situ SWE
measurements distributed across the Intermountain West, one cloud-free Moderate Resolution
Imaging Spectroradiometer (MODIS)/Terra snow covered area daily cloud-free image which has been
processed using the MODIS Snow Cover And Grain size (MODSCAG) fractional snow covered area
algorithm program (Painter, et. al. 2009, snow.jpl.nasa.gov) and one reconstructed SWE image.




Relative to snow stations and the NWS SNODAS product, the spatial reconstructed SWE product
correlates strongly with full natural flow, especially late in the snowmelt season (Guan, et. al. 2013).
Table 1. All calculations are for elevations above 6000°. Shown are mean spatial and SNOTEL SWE
and mean percent of 12-year-modeled average spatial and SNOTEL SWE for 4/8/2011, mean spatial
and SNOTEL SWE for 4/1/2011, and change in spatial and SNOTEL SWE between 4/1/2011 and
4/8/2011 for each watershed.

4/8/11 % of Avg to Date

4/8/11 SWE (in)

4/1/11 SWE (in) 4/1-4/8 Change SWE (in)

Watershed Spatial SNOTEL Spatial SNOTEL Spatial SNOTEL Spatial SNOTEL
Bear 248.75 174.78 20.06 2847 | 2242 2724 -2.36 1.23
Big Horn 260.92 127.52 1227 1374 | 1216 12.89 0.1 0.85
Colorado Headwaters 163.46 140.55 1445 21.03 | 17.03 20.86 -2.58 0.17
Gunnison 133.43 130.75 9.66 19.26 | 12.28  19.51 -2.62 -0.25
Lower Green 258.39 156.44 8.82 18.83 9.84 19.63 -1.03 -0.80
North Platte 182.34 148.91 6.49 27.67 11.02 26.84 -4.53 0.84
Rio Grande Headwaters 71.98 88.38 3.17 8.72 4.34 9.12 -1.17 -0.39
|Rio Grande-Elephant Butte 67.31 60.77 0.27 4.23 0.39 4.40 -0.11 -0.17
San Juan 133.38 97.28 1.37 15.05 1.89 16.19 -0.52 -1.14
South Platte 143.74 136.84 2.91 16.43 4.24 16.35 -1.33 0.08
Upper Arkansas 135.81 82.00 2.70 7.87 2.81 7.97 -0.11 -0.10
|Upper Canadian 36.39 12.86 0.10 0.60 0.05 2.90 0.05 -2.30
Upper Colorado-Dirty Devil 285.32 146.57 2.30 12.03 2.35 12.75 -0.05 -0.72
Upper Colorado-Dolores 133.02 98.25 2.86 12.55 3.88 13.72 -1.02 -1.17
Upper Green 139.21 146.82 7.77 20.77 9.09 20.05 -1.33 0.73
Weber 250.32 158.24 2154 2924 | 2236 28.31 -0.82 0.93
White-Yampa 165.10 147.62 7.64 29.39 | 1060 28.77 -2.96 0.62
Figure 5. Graph that corresponds to Table 1 above.
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Table 2. Mean spatial and SNOTEL SWE and mean 12-year-modeled percent of average spatial and
SNOTEL SWE for 4/8/2011, mean spatial and SNOTEL SWE for 4/1/2011, change in spatial and
SNOTEL SWE between 4/1/2011 and 4/8/2011, and area in square miles for each elevation band
inside each focus watershed.

Watershed Elevation 4/8/11 % Avg to Date | 4/8/11 SWE (in) | 4/1/11 SWE (in) |4/1-4/8 Change SWE (in)| Area
Spatial SNOTEL | Spatial SNOTEL| Spatial SNOTEL| Spatial SNOTEL Sq Mi

CO Headwtrs  6000-7000' 31.64 N/A 0.19 N/A 1.39 N/A -1.21 N/A 1,732.4
7000-8000' 105.47 N/A 3.35 N/A 9.65 N/A -6.30 N/A 2,293.2

8000-9000' 167.09 15841 1246 1258 | 1752 13.72 -5.06 -1.14 3,108.4

9000-10,000' 158.79 14967 16.49 18.13 | 19.61 18.06 -3.13 0.06 2,237.1

10,000-11,000' 145.80 13482 22.08 26.57 | 2260 25.85 -0.53 0.72 2,300.9

11,000-12,000' 135.74 139.39 3440 2295 | 30.99 2243 3.40 0.53 1,150.5

12,000-13,000' 132.65 N/A 45.35 N/A 38.92 N/A 6.43 N/A 346.3

13,000+ 130.14 N/A 46.52 N/A 38.44 N/A 8.08 N/A 251

Upper Green  6000-7000' 7.38 N/A 0.09 N/A 0.43 N/A -0.34 N/A 11,164.6
7000-8000' 142.95 138.72 6.42 1460 | 10.37 14.20 -3.95 0.40 10,008.7

8000-9000' 170.08 1563.56 20.31 2322 | 2096 22.19 -0.65 1.03 2,482.9

9000-10,000' 156.07 14247 2668 1895 | 2457 18.72 2.1 0.23 1,230.6

10,000-11,000' 144 .59 125.31 3846 17.10 | 3341 16.25 5.06 0.85 926.1

11,000-12,000' 143.08 N/A 58.50 N/A 48.17 N/A 10.33 N/A 300.6

12,000-13,000' 141.38 N/A 66.25 N/A 53.30 N/A 12.95 N/A 50.9

13,000+ 132.84 N/A 80.91 N/A 63.99 N/A 16.91 N/A 1.7

Weber 6000-7000' 233.88 188.22 15.04 16.25 | 18.18 18.35 -3.14 -2.10 1,155.3
7000-8000' 207.29 156.95 23.34 3537 | 23.73 34.17 -0.40 1.20 1,039.4

8000-9000' 172.67 154.00 29.63 21.17 | 27.37 20.00 2.26 147 363.5

9000-10,000' 165.93 148.02 33.28 3555 | 28.88 33.15 4.40 2.40 124.6

10,000-11,000' 152.84 N/A 39.44 N/A 33.34 N/A 6.11 N/A 70.1

11,000+ 143.33 N/A 49.04 N/A 40.91 N/A 8.13 N/A 0.9




Figure 6. Graph that corresponds to Table 2 above.
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