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ASO Processing Report 

NASA SnowEx: Reynolds Creek, ID  

 
 

 

 
 

 

 

 

Figure 1 - February 
18-19, 2020 snow 
depth 

 

 

 

This document provides an overview of relevant in-situ data to support airborne survey 
operations for NASA SnowEx 2020 as provided by Airborne Snow Observatory Inc. 
(ASO). https://www.airbornesnowobservatories.com  

 
 
Airborne survey date: February 18-19, 
2020  
 
Data processed by: ASO Inc. 
Delivery Date: May 2021   
 
Version: 0  
 
Data collected by: QSI 
Raw data delivery date: January 2021  
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Data acquisition, provision, and processing notes 

• Quantitative albedo retrieval is not possible for the Feb 19, 2020 (flight 2) due to 
overhead cloud (above the plane), which reduces the solar irradiance in a 
spatially variable and unquantifiable way (Figure A1). For this reason, no albedo 
data are available for this flight.  

• The target area covered only the upper portion of Reynolds Creek (Figure 2), 
likely due to minimal snow cover in the remainder of the basin. 

• The flight survey contractor provided the lidar point cloud data with both surveys 
(February 18 and 19) fused together into tiles, such that ASO could not 
implement the usual relative registration corrections on a per-flight basis. Though 
this merging procedure may be typical for more conventional topographic lidar 
surveys, it is unadvisable for snow surface elevation mapping due to the 
potential for rapid change in snow depth even on consecutive days due to melt, 
settlement, or wind redistribution. Station data suggests that this may introduce 
uncertainties into the snow depth values on the order of 2-3 cm. 

• Furthermore, the race-track flight pattern resulted in interleaving of retrievals from 
February 18 and February 19 in the middle portion of the survey area. As such, 
snow depths in these overlapping areas are effectively an average snow depth 
from these two dates, and the albedo retrievals would show inconsistencies 
between lines due to the alternating illumination/solar geometry between the 
flight lines from different dates.  

• The CASI coverage in upper elevations in the southern edge of the survey area is 
incomplete due to insufficient overlap between lines. This issue does not affect 
the lidar retrieval due to the wider FOV of the laser scanner, but it does 
negatively affect the spectrometer products. 

 

Figure 2 – Map of the existing snow-free data from the ASO archives (shaded DEM) with the SnowEx 2020 flight lines overlaid  
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Summary of Background Conditions 

The airborne surveys were 
conducted over two days on 
February 18 and 19.  Despite 
being in winter, the surface air 
temperatures were hovering 
around the melting point and 
had been doing so since early 
February at the Reynolds Creek 
SNOTEL station (ID: 2029, 5,600 ft, 
Figure 3).  

The daily snow depths at 
Reynolds Creek were relatively 
shallow (< 0.5 m), and the 
airborne survey was conducted 
immediately after a snowfall 
event that deposited over 15 
cm of snow during February 8-
16. Interestingly, while the snow 
density and snow depth data 
reflect fresh snow during this 
time the SWE data does not 
show an increase. This brings 
uncertainty to the snow density 
estimate from the sensor. 

Snow density constraint 

SnowEx field collections 
In-situ field data within the Reynolds Creek domain were unavailable at the time of 
processing.  

Snow course measurements 
There are no USDA-NRCS monthly snow course locations within the Reynolds Creek 
survey area. There are several located over the ridge to the south of Reynolds that were 
collected roughly two weeks prior to and after the airborne survey. The snowfall that fell 
2 days prior to the survey had a notable impact on the bulk snow density (Figure 3). As 
such, applying a densification rate to adjust the late January snow course 
measurements to the airborne survey dates (February 18-19) will not be useful. Instead, 
we will apply a fresh snow densification rate of +11 kg/m3/day (based on fresh snow 
densification at SNOTEL 2029 from Feb 19 – March 3, Figure A2) to adjust March snow 
course measurements for estimates on the airborne survey dates.   

From 4 snow course locations near the Reynolds Creek area, the estimated mean bulk 
density for February 18-19 from the snow course observations is 196 ± 37 kg/m3. This 
value is consistent with that observed at the Reynolds Creek SNOTEL but given the 
uncertainty in such an approach, the fresh snowfall, and the remoteness of these snow 
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Figure 3 - Daily meteorological conditions at Reynolds Creek (SNOTEL 2029) 
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course locations from the survey area; we have very limited confidence in these values 
for constraining snow densities on February 18-19. 

A summary table and plot of the Snow Course data is provided at the end of the 
report.  

Sensor measurements 
There is only one SNOTEL sensor in or near Reynolds Creek. The bulk snow density from 
this location on the dates of acquisition was 202 kg/m3. This estimate is consistent with 
the uncertain extrapolations from the snow course measurements despite the 
uncertainty in the SWE timeseries (Figure 3).  

There is no strong correlation between in-situ measurements (course and sensor) and 
elevation. A summary table and plot of the SNOTEL data is provided at the end of the 
report.  

Snow density refinement 
The mean modeled snow density from the M3Works iSnobal model on February 18 over 
the airborne survey area was 280 kg/m3, which is much higher than the values 
indicated by the in-situ network (despite the questionable suitability of the available 
measurements for estimating density) after fresh snowfall. We scaled the modeled 
densities to remove the bias whilst maintaining the small-scale density patterns 
estimated by the model (Figure 4). The resulting mean density after adjustment is 230 
kg/m3. 

 
Figure 4 – Distribution of modeled (yellow) and adjusted (blue) snow densities with elevation. The markers shown are in-situ 
measurements from the snow course and SNOTEL sites. 

 

It is important to recognize that all of the in-situ measurements currently available for 
the Reynolds Creek collection are unreliable, but with additional in-situ measurements 
the snow density estimates may be improved. The SnowEx community may prefer to 
specify custom snow density estimates for conversion of snow depth to SWE if further 
field measurements are available.  We encourage this activity and recognize that the 
SWE estimates provided are one within a set of many possibilities. 
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Evaluation of ASO snow depth measurements 
At robust comparison zones over known bare areas, such as the roads, the difference 
between snow-on and snow-off flights showed a mean bias of -10.3 cm and an 
uncertainty spread of 3.0 cm. These vertical biases result from uncertainties in the 
atmospheric conditions and the entire lidar processing chain (GPS, aircraft attitude, 
etc.).  In the georectification step, these vertical biases have been removed, leaving 
the uncertainty in snow depth equal to 3.0 cm at the 3m spatial resolution, and < 1 cm 
at the 50 m spatial resolution. As noted above, the interlaced flight lines from different 
dates, provided in merged tiles, effectively averages the snow depths between dates 
in the area of overlap between flights. It is possible that snow depth uncertainties in the 
overlap area are greater than elsewhere. 

The areal coverage of the flight data does not include the location of the Reynolds 
Creek SNOTEL site, precluding its use for verification of lidar snow depth retrievals. 

Albedo 
Broadband albedo is the total solar reflectivity of a surface, such as snow in this case.  
The vast majority of solar input comes in the wavelength range 400-2500 nm, largely 
eliminated in the ultraviolet (< 400 nm) by ozone absorption and infrared (> 2500 nm) by 
water vapor absorption.  However, the QSI and the ASO Inc. spectrometers are both 
ITRES CASI-1500h, which are silicon spectrometers that measure from 380-1050 nm.  ASO 
selected this spectrometer because the critical variation in snow spectral albedo from 
grain size and radiative forcing by light absorbing particles occurs in these wavelengths 
and broadband albedo can be extrapolated from these measurements (Painter et al., 
2016). 

QSI acquired data over Reynolds Creek with two flights – 2/18/2020 and 2/19/2020. We 
provide albedo for the 2/18 but not for 2/19 due to inadequate solar geometry with the 
late flight timing on 2/19. 
 
For those data with sufficient solar irradiance in the 2/18, the snow albedos averaged 
80.0 % with standard deviation of 3.3 %. 
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Appendix 
Summary of conditions during the airborne survey for albedo retrieval  

 
 
 
 
Figure A1- Spectral reflectance spectrum from 
February 2, 2020 acquisition by QSI over snow with 
wavelength ranges highlighted that are used for 
radiative forcing by light absorbing particles (LAP) 
and grain size, respectively.  This figure shows the 
severe calibration issues in these wavelengths that 
inhibit reliable  

 
 
 
 

Summary of field measurements  
Snow density estimates from the snow course network  

 
 

 

 



 

 7 

 
Figure A2 - Snow density timeseries produced from SNOTEL 2029 depth and SWE measurements (solid black). Precipitation 
events are shown (dashed black lines), along with airborne survey dates (red) and the densification rate between February 19 
(airborne survey dates) to March 2 (snow course measurement dates) in blue. 

 
Snow density estimates from the snow pillow network  

  February 18, 2020 

Site Elev.(ft) 
Density 
(kg/m3) 

Depth 
(m) 

SWE 
(m) 

2029 Reynolds Ck 5,600 202 0.43 0.087 
 

 

References 
Painter, T. H., et al., The Airborne Snow Observatory: scanning lidar and imaging spectrometer fusion for 

mapping snow water equivalent and snow albedo (2016), Remote Sensing of Environment, 
10.1016/j.rse.2016.06.018. 

100

150

200

250

300

350

400

450
Bu

lk
 s

no
w

 d
en

si
ty

 (k
g/

m
3)

Dec−01 Dec−29 Jan−26 Feb−23 Mar−22 Apr−19

Ai
rb

or
ne

 s
ur

ve
y 

da
te

s
15

.4
 c

m

11 kg/m3/day

Figure A3 - In-situ estimates for 
February 18, 2020 from the 
snow course measurements 
(red) and the sensor (black) 
with elevation 

 


