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EXTENDED ABSTRACT 

 

Snowpack in the Sierra Nevada is important storage of winter precipitation, which provides snowmelt to 

support California’s water supply during dry seasons. In mountainous areas, snow cover shows large temporal and 

spatial variability and sensitive to changes in precipitation (rainfall or snowfall) and temperature. To determine the 

phase of precipitation, which is essential information in runoff forecasting and water resources management, one 

method is to derive the rain-snow transition elevations during storm events. This study evaluates a ground-based 

method to obtain rain-snow transition elevation with measurements from strategically designed Wireless Sensor 

Network (WSN) in the American River and Feather River basins (Figure 1). 

 
Figure 1.  Location of wireless sensor networks in the American River and Feather River basins.  

 

The WSNs capture the spatial and temporal variability of snow depth, air temperature, and relative 

humidity across 1510-2723 m elevation in the American River basin and 1697-2277 m elevation in the Feather 

River basin. The WSN in the American River basin has 14 sensor clusters and each cluster has 10 sensor nodes. The 

WSN in the Feather River basin has 4 clusters and each cluster has 12 nodes. We used a dewpoint temperature (Td) 

thresholds method to determine the precipitation phase (Marks et al., 2013; Zhang et al., 2017). The hourly dewpoint 

temperature at each node was calculated by measured air temperature and relative humidity. After establishing a 

linear regression between dewpoint temperature and elevation, we derive the rain-snow transition elevation where Td 

is between – 1 and + 1 °C. 
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In this study, ground observations and snow-level products from the California Data Exchange Center 

(CDEC), National Oceanic and Atmospheric Administration (NOAA), and National Aeronautics and Space 

Administration (NASA) were used for comparisons. Measurements of precipitation (P) and Snow Water Equivalent 

(SWE) were from three operational stations (Figure 1), which were acquired from CDEC (http://cdec.water.ca.gov). 

Data from two Frequency-Modulated Continuous-Wave (FMCW) radars (White et al., 2010), which detect snow 

level for each basin; were acquired from NOAA’s Earth Systems Research Laboratory (http://www.esrl.noaa.gov). 

Integrated water Vapor Transport (IVT) at basin outlets was obtained from the Modern-Era Retrospective analysis 

for Research and Applications, Version 2 (MERRA-2, produced by NASA’s Global Modeling and Assimilation 

Office, https://gmao.gsfc.nasa.gov, Gelaro et al., 2017). 

 

We analyzed 52 storm events for the American River basin during Water Year (WY) 2014-2017, and 

storms were selected based on a 2-cm precipitation accumulation threshold. For example, the December 18-

December 24, 2015 storm event, shows snow level from the WSN and correlates well with radar-detected snow 

level during the storm (Figure 2a). The Td lapse rate varies, while coefficient of determination (r2) of the linear 

 
Figure 2.  Characteristics of a storm event in December 2015. (a) rain-snow transition elevation (shaded area: zone 

of Td = ± 1 ºC window, red line: elevation of Td = 0 ºC) and radar snow level (green dot), blue lines denote elevation 

coverage (1510-2723 m) of the WSN clusters, (b) hourly Td lapse rate from the regression, (c) r2 of the regression, 

(d) air temperature at highest (2723 m) and lowest (1510 m) WSN node, (e) daily average snow depth from the 

WSN clusters, red solid lines denote higher elevation clusters and black dashed lines for lower clusters, (f) daily 

precipitation from rain gauge (solid line) and daily change of SWE from snow pillow (dashes line, value larger than 

0 means increase of SWE, and vice versa) from three CDEC operational sites, (g) daily estimated snowfall from 

each WSN node, and (h) hourly difference between air and dewpoint temperature.  
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regression between dewpoint temperature and elevation is high (0.83) when snowfall occurs. Surface air temperature 

is close to the dewpoint temperature when precipitation falls, and air temperature has similar pattern to snow level 

(correlation coefficient r = 0.95), which indicates that snow levels are primarily controlled by air temperature (Ta) 

since clouds near the mountain surface maintain high saturation levels during the storm event. Comparing the 

ground observations, the derived rain-snow transition elevation agrees with the temporal and spatial changes of 

WSN-measured snow depth accumulation and corresponding calculated snowfall. In addition, the measurements of 

P and SWE from CDEC stations are consistent with WSN observations and support WSN rain-snow transition 

elevations, for which both WSN and CDEC measured snow increase in sites in higher elevations while decrease of 

snow due to rain-on-snow in lower sites when the snow level moved up on December 21, 2015. 

 

Comparing the WSN-based snow level at elevation of Td = 0 ºC and the radar snow level for the American 

River basins (Figure 3a), the WSN snow level agrees well with radar-detected snow level (r = 0.82), which falls in 

the ± 1 °C transition zone, ± 204 m elevation about 52% of the time. The WSN tends to show a lower snow level 

than radar when snow level is high in elevation, and vice versa, giving the best-fit slope >1. For the American River 

results, average Td lapse rate during periods of snowfall is -4.9 ºC km-1 with a standard deviation of 1.1 ºC km-1. 

Therefore, the rain-snow transition elevation spans 333-526 m using the ± 1 °C Td window, which is comparable to 

the melting layer thickness of 500 m (White et al., 2002). Figure 3b also demonstrates that the snow level from only 

4 WSN clusters in the Feather River basin shows reasonable agreement to radar snow level (r = 0.84).  

 
Figure 3.  WSN snow level versus radar snow level during November to April storm events: (a) the American River 

basin for WY 2014-2017 and (b) the Feather River basin for WY 2017-2018. The red line is a regression line using 

the Td = 0 ºC elevation; and boundaries of the shaded area are regression lines using Td = ±1 ºC elevation. 

 

For the 52 storm events (Figure 4), the event-averaged snow level is positively related to basin-averaged 

surface air temperature (r = 0.58). The snow level spans 1250-2250 m in the American River basin, which also has a 

positive relation to the IVT intensity at the Folsom dam. By classifying the storms as Atmospheric River (AR) or 

Non-AR related based on the moisture fluxes (IVT) from the MERRA-2 dataset, results indicate that AR-related 

storm events tend to show a higher snow level than non-AR related events (p value of one-way ANOVA is 0.09). 

Although AR-related events are associated with more intensive precipitation (p = 0.12), basin-averaged snow depth 

increments between Non-AR and AR events show no statistically significant difference (p = 0.88). This may result 

from anomalously warm conditions coming with landfalling wintertime AR leads to higher snow levels (Neiman et 

al., 2008).  

47



 

 
Figure 4.  Snow level verse basin-averaged air temperature and mean IVT intensity at Folsom dam for storm events 

in the American river basin WY 2014-2017. Marker size represents basin-averaged daily snow depth increment in 

events. 

 

Overall, basin-scale WSNs can estimate the rain-snow transition elevation during storm events, which are 

verified by spatial ground-based measurements of snow accumulation. The rain-snow transition elevation changes 

during storm events and tends to be higher in AR-related events. Intra-storm rain-snow elevation patterns from WSN 

has the potential to provide a critical water management tool for runoff forecasting during storm events.  
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