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INTRODUCTION 

In December 2019, Quantum Spatial (QSI) was contracted by ATA Aerospace (ATA), the National 
Aeronautics and Space Administration (NASA) and Boise State University (BSU) to collect Light Detection 
and Ranging (lidar) data and hyperspectral imagery in the winter of 2020 for the SnowEx program sites 
in Colorado and Idaho. The goal of the SnowEx program is to support snow remote sensing research 
while assessing the viability of various remote sensing technologies. Data were acquired during a time 
window where the landscape was covered in winter snowpack to aid BSU in association with NASA in 
assessing the snow water equivalence (SWE) within study areas. 

This report accompanies the delivered lidar data and hyperspectral imagery, and documents contract 
specifications, data acquisition procedures, processing methods, and analysis of the final dataset 
including lidar accuracy and density. Acquisition dates and acreage are shown in Table 1, a complete list 
of contracted deliverables provided to BSU is shown in Table 2, and the project extent is shown in Figure 
1. 

Table 1: Acquisition dates, acreage, and data types collected on the SnowEx 2020 site 

Project Site 
Contracted 

Acres 
Buffered 

Acres 
Acquisition Dates Data Type 

SnowEx 2020, 
Colorado and 

Idaho 
612,904 626,550 

02/01/2020, 02/02/2020, 
02/09/2020, 02/10/20, 
02/11/2020, 02/13/20, 

02/14/2020, 02/18/2020, 
02/19/2020, 02/20/2020 

NIR - Lidar 

VNIR Imaging Spectroscopy 

 

 

 

This photo taken by QSI acquisition 
staff shows a view of one of the 
SnowEx 2020 sites in Idaho. 
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Deliverable Products 

Table 2: Products delivered to BSU for the SnowEx 2020 Colorado and Idaho Sites 

SnowEx 2020 Snow-On Lidar Products 

Projection: UTM Zone 11 North , UTM Zone 12 North, UTM Zone 13 North 

Horizontal Datum: NAD83 (2011) 

Vertical Datum: NAVD88 (GEOID12B) 

Units: Meters 

Points 

LAS v 1.2 

¶ All Classified Returns 

¶ Raw Swaths as Pulsewaves 

Lidar Rasters 

0.5 Meter ESRI Grids (all Idaho AOIs, Grand Mesa, CO & Fraser Creek, CO) 

¶ Bare Earth Digital Elevation Model (DEM) 

¶ Highest Hit Digital Surface Model (DSM) 

0.5 Meter GeoTiffs (all Idaho AOIs, Grand Mesa, CO & Fraser Creek, CO) 

¶ Normalized Intensity Images 

3.0 Meter ESRI Grids (East River, CO) 

¶ Bare Earth Digital Elevation Model (DEM) 

¶ Highest Hit Digital Surface Model (DSM) 

3.0 Meter GeoTiffs (East River, CO) 

¶ Normalized Intensity Images 

Vectors 

Shapefiles (* .shp) 

¶ Area of Interest 

¶ Lidar Tile Index 

¶ Flight lines 

¶ Smoothed Best Estimate Trajectory (SBETs) 

¶ Areas of Potential Cloud Interference 

Hyperspectral Imagery 

0.5 Meter ENVI Standard BIP Format (all Idaho AOIs, Grand Mesa, CO & Fraser 
Creek, CO) 

¶ Orthorectified Radiance Flight lines (.pix) 

3 Meter ENVI Standard BIP Format (East River, CO) 

¶ Orthorectified Radiance Flight lines (.pix) 
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Figure 1: Location map of the SnowEx 2020 Banner Summit site in Idaho 
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Figure 2: Location map of the SnowEx 2020 Dry Creek site in Idaho 
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Figure 3: Location map of the SnowEx 2020 Mores Creek site in Idaho 
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Figure 4: Location map of the SnowEx 2020 Reynolds Creek site in Idaho 
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Figure 5: Location map of the SnowEx 2020 Grand Mesa site in Colorado 
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Figure 6: Location map of the SnowEx Frasier site in Colorado 
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Figure 7: Location map of the SnowEx East River site in Colorado
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ACQUISITION 

Planning 

In preparation for data collection, QSI reviewed the project area and developed a specialized flight plan 
to ensure complete coverage of the SnowEx 2020 lidar study area at the target point density of 
җнл.0 points/m2 for the Fraser, Grand Mesa, Banner Summit, Mores Creek, Fry Creek and Reynolds 
Creek project areas. The East River project area was acquired at a target point density of җ1.0 points/m2. 
Acquisition parameters including orientation relative to terrain, flight altitude, pulse rate, scan angle, 
and ground speed were adapted to optimize flight paths and flight times while meeting all contract 
specifications.   

Factors such as satellite constellation availability and weather windows must be considered during the 
planning stage. Any weather hazards or conditions affecting the flight were continuously monitored due 
to their potential impact on the daily success of airborne and ground operations. In addition, logistical 
considerations including private property access and potential air space restrictions were reviewed. All 
flights were conducted during snow on conditions within the project areas to support the research goals 
being pursued with the acquired data. 
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Airborne Survey - Lidar 
The lidar survey was accomplished using a Riegl VQ-1560i system mounted in a Beechcraft King Air. 

Table 3 summarizes the settings used to yield an average pulse density of ²20 pulses/m2 over the 
SnowEx Fraser, Grand Mesa, Dry Creek, Mores Creek, Reynolds Creek and Banner Summit project areas 

and  ²1 pulses/m2 for the East River project area. The Riegl laser system can record unlimited range 
measurements (returns) per pulse. It is not uncommon for some types of surfaces (e.g., dense 
vegetation or water) to return fewer pulses to the lidar sensor than the laser originally emitted. The 
discrepancy between first return and overall delivered density will vary depending on terrain, land 
cover, and the prevalence of water bodies. All discernible laser returns were processed for the output 
dataset. 

Table 3: Lidar specifications and survey settings 

Lidar Survey Settings & Specifications 

AOI 
Fraser, Grand Mesa, Banner 
Summit, Dry Creek, Reynolds 

Creek, Mores Creek 
East River 

Acquisition Dates 02/01/2020 ς 02/19/2020 02/14/2020 & 02/20/2020 

Aircraft Used Beechcraft King Air  Beechcraft King Air  

Sensor Riegl Riegl 

Laser VQ-1560i VQ-1560i 

Maximum Returns 15 15 

Resolution/Density Average 20 pulses/m
2
 Average 1.0 pulses/m

2
 

Nominal Pulse Spacing 0.22 1.0 

Survey Altitude (AGL) 1,578 m 6,096 m 

Survey speed 125 knots 190 knots 

Field of View руΦрх 58.5х 

Mirror Scan Rate 153 Lines Per Second 37 Lines Per Second 

Target Pulse Rate 1,000 kHz 150 kHz 

Pulse Length 3 ns 3 ns 

Laser Pulse Footprint Diameter 28 cm 38 cm 

Central Wavelength 1064 nm 1064 nm 

Pulse Mode Multiple Times Around (MTA) Multiple Times Around (MTA) 

Beam Divergence 0.18 mrad 0.18 mrad 

Swath Width 1767.4 m 2,350 m 

Swath Overlap 60% 60% 

Intensity 16-bit 16-bit 

Accuracy RMSEZ (Non-±ŜƎŜǘŀǘŜŘύ Җнр ŎƳ  RMSEZ (Non-±ŜƎŜǘŀǘŜŘύ Җнр ŎƳ 
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All areas were surveyed with an opposing flight line side-ƭŀǇ ƻŦ җрл҈ όҗмлл҈ ƻǾŜǊƭŀǇύ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŘǳŎŜ 
laser shadowing and increase surface laser painting. To accurately solve for laser point position 
(geographic coordinates x, y and z), the positional coordinates of the airborne sensor and the attitude of 
the aircraft were recorded continuously throughout the lidar data collection mission. Position of the 
aircraft was measured twice per second (2 Hz) by an onboard differential GPS unit, and aircraft attitude 
was measured 200 times per second (200 Hz) as pitch, roll and yaw (heading) from an onboard inertial 
measurement unit (IMU). To allow for post-processing correction and calibration, aircraft and sensor 
position and attitude data are indexed by GPS time. 

 

This photo taken by QSI acquisition staff shows the snow pack 
within one of the SnowEx 2020 areas of interest. 
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VNIR Imaging Spectroscopy 

Visible to near infrared (VNIR) hyperspectral imagery was acquired from a Cessna 208 Caravan. In order 
to ensure consistent illumination, QSI only acquired data when skies were clear over the areas of 
interest and the solar elevation anƎƭŜ ǿŀǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ол ŘŜƎǊŜŜǎ ŀōƻǾŜ ǘƘŜ ƘƻǊƛȊƻƴ όҒмллл ǘƻ мслл 
PDT). Compared to traditional broadband multispectral (3 or 4 band) imagery surveys, QSI utilized a 
narrow-band hyperspectral imaging spectrometer which recorded reflected energy from 400 to 1000 
nm across 72 narrow bands. 

Table 4Υ /ŀƳŜǊŀ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ 

Itres CASI 1500h 

Sensor Type VNIR Pushbroom Sensor 

Sensor Array Scientific CMOS 

Wavelength Range (nm) 380-1050 

Across ς Track Pixels 1500 

FOV плх 

Targeted AGL 1,578 m 

Resolution (VNIR) 0.5 m 

Spectral Bands (VNIR) 72 

Horizontal Accuracy (VNIR) +/- 3 pixels (1.5m) 
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Ground Survey 
Ground control surveys, including monumentation, aerial targets, and ground survey points (GSPs) were 
conducted to support the airborne acquisition. Ground control data were used to geospatially correct 
the aircraft positional coordinate data and to perform quality assurance checks on final lidar data and 
hyperspectral imagery products. 

Base Stations 

Base stations were utilized for collection of ground survey points using real time kinematic 
(RTK) survey techniques. RTK positioning is a relative-positioning method that improves the accuracy 
of GPS signals, which enhances the precision of location data obtained from satellite-based systems; 
because RTK positioning allows one to obtain centimeter-level positioning in real time, it remains the 
procedure of choice for applications that demand high-precision mapping. 

Base Station locations were selected with consideration for satellite visibility, field crew safety, and 
optimal location for GSP coverage. QSI utilized six existing permanent active CORS stations and 
established one permanent survey monument for the SnowEx 2020 lidar project (Table 5, Figure 8).  
Q{LΩǎ ǇǊƻŦŜǎǎƛƻƴŀƭ ƭŀƴŘ ǎǳǊǾŜȅƻǊΣ Steven J. Hyde (IDPLS#L-10235, COPLS#PLSC0038558) oversaw and 
certified the occupation of all monuments. 

Table 5: Base Station positions for the SnowEx 2020 acquisition. Coordinates are on the NAD83 (2011) 
datum, epoch 2010.00 

Base Station ID Network Latitude Longitude Ellipsoid (meters) 

SNOWEX20_RTK_01B LJR 44° 19' 19.40353" -115° 14' 03.53681" 2099.277 

GC01 MESA COUNTY 38° 32' 42.43685" -106° 55' 42.18974" 2343.08 

MC01 MESA COUNTY 39° 05' 28.39169" -108° 31' 41.26997" 1438.003 

MC02 MESA COUNTY 39° 00' 52.89684" -108° 29' 24.11206" 1491.258 

MC07 MESA COUNTY 39° 19' 03.98036" -108° 12' 46.31299" 1489.015 

MC08 MESA COUNTY 39° 14' 08.55922" -107° 58' 39.51405" 1835.775 

TOCB MESA COUNTY 38° 52' 15.28871" -106° 58' 55.31892" 2709.019 

COWI SMARTNET 39° 55' 01.76819" -105° 47' 09.99273" 2683.303 

IDBO SMARTNET 43° 36' 42.02397" -116° 19' 06.81563" 800.697 

IDHD SMARTNET 43° 54' 31.07778" -116° 12' 07.01624" 786.922 

IDNR SMARTNET 43° 12' 19.58301" -116° 45' 00.40227" 1191.547 
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QSI utilized static Global Navigation Satellite System (GNSS) data collected at 1 Hz recording frequency 
for each base station. During post-processing, the static GNSS data were triangulated with nearby 
Continuously Operating Reference Stations (CORS) using the Online Positioning User Service (OPUS1) for 
precise positioning.  Multiple independent sessions over the same monument were processed to 
confirm antenna height measurements and to refine position accuracy. 

Monuments were established according to the national standard for geodetic control networks, as 
specified in the Federal Geographic Data Committee (FGDC) Geospatial Positioning Accuracy Standards 
for geodetic networks.2 This standard provides guidelines for classification of monument quality at the 
95% confidence interval as a basis for comparing the quality of one control network to another. The 
monument rating for this project is shown in Table 6. 

Table 6: Federal Geographic Data Committee monument rating for network accuracy 

Direction Rating 

1.96 *  St Dev NE: 0.050 m 

1.96 *  St Dev z: 0.050 m 

For the SnowEx 2020 Lidar project, the monument coordinates contributed no more than 5.6 cm of 
positional error to the geolocation of the final ground survey points and lidar, with 95% confidence. 

Ground Survey Points (GSPs) 

Ground survey points were collected using real time kinematic (RTK) survey techniques. For RTK surveys, 
a roving receiver receives corrections from a nearby base station or Real-Time Network (RTN) via radio 
or cellular network, enabling rapid collection of points with relative errors less than 1.5 cm horizontal 
and 2.0 cm vertical. All GSP measurements were made during periods with a Position Dilution of 
tǊŜŎƛǎƛƻƴ όt5htύ ƻŦ Җ оΦл ǿƛǘƘ ŀǘ ƭŜŀǎǘ ǎƛȄ ǎŀǘŜƭƭƛǘŜǎ ƛƴ ǾƛŜǿ ƻŦ ǘƘŜ ǎǘŀǘƛƻƴŀǊȅ ŀƴŘ ǊƻǾƛƴƎ ǊŜŎŜƛǾŜǊǎΦ See 
Table 7 for Trimble unit specifications. 

GSPs were collected in areas where good satellite visibility was achieved on paved roads and other hard 
surfaces such as gravel or packed dirt roads. GSP measurements were not taken on highly reflective 
surfaces such as center line stripes or lane markings on roads due to the increased noise seen in the 
laser returns over these surfaces. GSPs were collected within as many flight lines as possible; however, 
the distribution of GSPs depended on ground access constraints and monument locations and may not 
be equitably distributed throughout the study area (Figure 8-11). 

Table 7: QSI ground survey equipment identification 

Receiver Model Antenna OPUS Antenna ID Use 

Trimble R8 Integrated Antenna TRM_R8_GNSS Static / Rover 

 
                                                           

1
 OPUS is a free service provided by the National Geodetic Survey to process corrected monument positions. 

http://www.ngs.noaa.gov/OPUS. 

2
 Federal Geographic Data Committee, Geospatial Positioning Accuracy Standards (FGDC-STD-007.2-1998). Part 2: Standards for Geodetic 

Networks, Table 2.1, page 2-3. http://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part2/chapter2 

http://www.ngs.noaa.gov/OPUS
http://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part2/chapter2
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Figure 8: Ground survey location map, UTM 11  
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Figure 9: Ground survey location map, UTM 12 
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Figure 10: Ground survey location map, UTM 13 
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PROCESSING 

Lidar Data 

Upon completion of data acquisition, QSI processing staff initiated a suite of automated and manual 
techniques to process the data into the requested deliverables. Processing tasks included GPS control 
computations, smoothed best estimate trajectory (SBET) calculations, kinematic corrections, calculation 
of laser point position, sensor and data calibration for optimal relative and absolute accuracy, and lidar 
point classification (Table 8). Processing methodologies were tailored for the landscape. Brief 
descriptions of these tasks are shown in Table 9. 

Table 8: ASPRS LAS classification standards applied to the SnowEx 2020 dataset 

Classification 
Number 

Classification Name Classification Description 

1 Default/Unclassified 
Laser returns that are not included in the ground class, composed of 
vegetation and anthropogenic features 

2 Ground 
Laser returns that are determined to be ground using automated and 
manual cleaning algorithms  

7 Noise 
Laser returns that are often associated with birds, scattering from 
reflective surfaces, or artificial points below the ground surface 

129 Edge Clip/Overlap 
Laser returns at the outer edges of flight lines that are geometrically 
unreliable 

 

 

This image shows a view of the 
East River area of interest in 
Colorado. The image was 
created from the lidar bare 
earth model overlaid with the 
above ground point cloud and 
colored by orthoimagery.  
















































































































