
 

MCS and Camas Prairie Airborne LiDAR Survey 2025-2026 Snow Season 

Boise, Idaho Airborne LiDAR Survey at Mores 
Creek Summit and Camas Prairie 

2025-2026 Snow Season 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prepared by the Cryosphere Geophysics and Remote Sensing Group, a collaboration 
between the Cold Regions Research and Engineering Lab and the Boise State University 

Geosciences Department.  

 

 



 

MCS and Camas Prairie Airborne LiDAR Survey 2025-2026 Snow Season 

 

Contents 
Contents ........................................................................................................................................................ 2 

Mission Overview .......................................................................................................................................... 3 

Study Area ..................................................................................................................................................... 4 

Mission description ....................................................................................................................................... 5 

Deliverables ................................................................................................................................................... 6 

System Parameters ....................................................................................................................................... 6 

Airborne Lidar Scanner ............................................................................................................................. 6 

Inertial Measurement Unit ....................................................................................................................... 6 

GNSS Control ............................................................................................................................................. 7 

Reference DEM ............................................................................................................................................. 8 

NV5 Geospatial Collection ........................................................................................................................ 8 

2026 Update ............................................................................................................................................. 9 

Processing Workflow .................................................................................................................................... 9 

ALS Data .................................................................................................................................................... 9 

Post-processing with Ice-Road-Copters .................................................................................................... 9 

Data Processing Summary ...................................................................................................................... 10 

Appendix ..................................................................................................................................................... 12 

 
 

 

 
 

 

 

 

 

 

 



 

MCS and Camas Prairie Airborne LiDAR Survey 2025-2026 Snow Season 

Mission Overview 
Between 2021 and 2026, the Cold Regions Research and Engineering Laboratory (CRREL) and the Boise 
State University Geosciences Department, Cryosphere Geophysics and Remote Sensing Group 
(CryoGARS) completed 29 airborne LiDAR collections to measure snow depth in the headwaters of the 
Mores Creek basin (Mores Creek Summit, or MCS) in the Boise Mountains of southwest Idaho. This 
report details collection efforts throughout the 2025-2026 winter.  Camas Prairie (Camas) was added as 
an additional study area to capture snow depth in topographically simple rangeland terrain in the 2025-
2026 season. This data supports several military and civilian snow projects, and data products are 
designed to allow time series analyses of snowpack properties across sub-seasonal to interannual 
changes.  

During the 2025-2026 season, surveys were scheduled to coincide as closely as possible with overpasses 
of the recently launched NASA and Indian Space Agency Synthetic Aperture Radar (NISAR) satellite to 
provide a validation dataset for satellite-derived measurements. The MCS domain was surveyed 12 
times but given the low snowpack of this season, a 50 km2 domain over Camas was only surveyed once 
in 2026. Snow as Camas was intermittent and shallow on the survey date, so this dataset was not 
published but is available upon request.  

● Collection Dates: 

o Mores Creek Summit 
▪ December 3, 2025; December 13, 2025; December 20, 2025; January 10, 2026; 

January 26, 2026; January 31, 2026; February 7, 2026; February 22, 2026; 
February 26, 2026; March 3,2026; March 15, 2026; April 4th, 2026 

o Camas Prairie 
▪ February 23, 2026 

● Sensors: CRREL RaLiPod (Radar-LiDAR Pod) 
o Riegl VQ-580iis Airborne Laser Scanner 
o Applanix AP60 Inertial Measurement Unit 
o Antcom G5ANT-42AT1 Antenna 

● Point of contact: 
o Thomas Van Der Weide (ThomasVanDerWeide@boisestate.edu) 
o Siobhan Ciafone (siobhan.m.ciafone@erdc.dren.mil) 

● Aircraft: Robinson R66 Helicopter (Tail # N166FS)  
● Spatial reference system: WGS84 / UTM Zone 11N (EPSG: 32611) 

o Height: WGS84 Ellipsoid 
o Units: meters 

 
 

mailto:thomasvanderweide@boisestate.edu
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Study Area 
Mores Creek Summit is 40-kilometers northeast of Boise, ID in the Boise Mountains. Topography at MCS 
is rugged and complex, with approximately 1,000 meters of topographic relief (Figure 1).  The site is 
characterized by moderate slopes (20-40 degrees), with deeply incised ravines between opposing 
slopes. The domain is primarily forested, and the northeastern portion of the domain was burned in the 
Pioneer Fire of 2016. The Mores Creek Summit SNOTEL sits within the domain  at 1,800 meters and the 
Freeman weather station, owned and operated by the CryoGARS group, offers higher elevation weather 
data and terrestrial LiDAR at 2,400 meters. Mores Creek flows into Lucky Peak Reservoir, the most 
downstream of an in-series reservoir system that supports agriculture in Idaho’s Treasure Valley.  MCS is 
typically snow covered from November through May.  

Camas Prairie ranges from roughly 1,500 - 1,700 meters. This high elevation prairie is primarily privately 
owned rangeland composed of sagebrush and grasses with typical peak snow depths ranging from 0.4 – 
1.2 m. A trihedral corner reflector was established within the Camas domain for NISAR calibration.  

 

Figure 1- (Left) The MCS LiDAR domain (black polygon) is in the headwaters of the Mores Creek Watershed. The Mores Creek 
Summit SNOTEL and the Freeman weather station fall within the domain. MCS is densely forested and was partially burned by 
the Pioneer Fire of 2016. (Top right) Though the Camas Prairie LiDAR domain is at a similar elevation as MCS, this rangeland site 
is topographically simpler. (Bottom right) MCS and Camas are both within 100 km of Boise and characterize the variability in 
seasonally snow-covered watersheds that flow to the Snake River Plain. 

https://wcc.sc.egov.usda.gov/nwcc/site?sitenum=637
https://viewer.synopticdata.com/graph/now/10500/BSU01;air_temp,snow_depth#map=12.52/43.93772/-115.67356
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Mission description 
The nose-mounted RaLiPod system (figure 2), mounted on a Robinson R66 helicopter, consists of a 
REIGL VQ580ii-s laser scanner equipped with an Applanix AP60 Inertial Measurement Unit (IMU) and an 
Antcom G5ANT-42AT1 antenna. The antenna extends off the nose of the helicopter to reduce aircraft 
interference with the GPS signal. The aircraft is owned and operated by Silverhawk Aviation Academy, 
based out of Caldwell, Idaho.  

A nominal mission consists of: 

1. 5-minute ground-based initialization period. 
2. Main data acquisition over survey domain as weather and fuel allow. 
3. Boresight calibration, which consists of several passes in different directions over an 

approximately 2 km2 region. The same domain was flown at the end of each flight and was 
selected to contain linear and planar features that span the compass rose. 

4. 2-minute ground-based static-alignment before aircraft shutdown. 

Most missions are paired with ground-based data collection. Ground-based measurements include snow 
pits, depth transects, and sled and unmanned aerial vehicle mounted radar acquisitions.  

 

Figure 2 - CRREL’s nose-mounted RaLiPod system installed on a Robinson R66 helicopter. All sensors are located inside the pod, 
with control systems located within the passenger compartment for in-flight operations. 

 
Nominal Survey flight height was 900 meters above ground with a 1200 kHz pulse repetition rate. Target 
flight speed was 45 knots over MCS and 60 knots over Camas Prairie, as the low vegetation and simple 
topography of Camas warrants a lower target point density to achieve similar density ground returns.  
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Deliverables 
The following deliverables are available for each survey*: 

● Point Clouds**: 
o LAZ v 1.4, all unclassified returns 

▪ MCS_YYYYMMDD_PC_#.laz 
● 0.5-Meter Rasters: 

o Digital terrain model: ground points 
▪ MCS_YYYYMMDD_DTM.tif 

o Digital surface model: surface points 
▪ MCS_YYYYMMDD_DSM.tif 

o Canopy height model: found by subtracting reference map from DSM 
▪ MCS_YYYYMMDD_CHM.tif 

o Snow depth: found by subtracting reference map from DTM 
▪ MCS_YYYYMMDD_SNOWDEPTH.tif 

 

*Due to weather constraints, the April 4 MCS collection was constrained to a region without cloud cover. 
DEMs for this collection may contain data gaps that are not present in other collections. 

** Point clouds and raw data files are preserved at BSU and CRREL. Anyone interested in accessing raw 
data can contact POCs listed in Overview. 

System Parameters 
Airborne Lidar Scanner 
Table 1 - Specifications of the Riegl VQ-580ii-s laser scanner. 

Riegl VQ-580ii-s Airborne Laser Scanner 

Parameter Specification 

Laser Wavelength 1052 nm 

Accuracy 20 mm 

Precision 20 mm 

Pulse Repetition Rate 300 kHz to 2000 kHz 

Scan Angle 75° 

Beam Divergence 0.28 mrad 
 

Inertial Measurement Unit 
Table 2 - Specifications of the Applanix AP60 inertial measurement unit. 

Applanix AP60 Inertial Measurement Unit 

Parameter Specification 

Embedded GNSS L1/L2, GPS, GLONASS, BeiDou, Galileo, QZSS, SBAS, L-Band 

Weight 2.6 kg 

Size 179mm x 126mm x 127mm 

Output refreshing rate 200 Hz 

Time tagging PPS output 

Heading accuracy (PPK) Up to 0.005o 
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Roll and pitch accuracy (PPK) Up to 0.0025o 

Horizontal Accuracy (PPK) Typically <0.05 m 

Vertical Accuracy (PPK) Typically <0.10 m 

 
GNSS Control 
Three semi-permanent GNSS base stations were used during trajectory processing (figure 3). Pilot Peak 
and Treeline were installed in 2022 while the Camas base station was installed in 2025. All three base 
stations consist of Septentrio PolaRx5 receivers and Trimble Zephyr 3 Geodetic antennas. These stations 
are owned and maintained by the CryoGARS group. Positions for all base stations were resolved by 
processing several 24-hour observation periods using the NOAA Online Positioning User Service (OPUS; 
https://geodesy.noaa.gov/OPUS/) and averaging solutions to obtain the positions given in Table 1. The 
standard deviation among daily solutions was less than 5 mm, suggesting these mounts are stable 
enough to be used as reference data for these campaigns.  

 

Table 3 - Permanent base station coordinates (EPSG: 32611). 

Reference System: ITRF2014 

Station 
ID 

Latitude Longitude Ellipsoid Height 
(m) 

Northing (m) Easting (m) Antenna Height 
(m) 

Pilot Peak 43 57 34.240834 -115 41 10.21179 2449.604 4842269.634 659244.7581 3.12 

Treeline 43 43 48.8307973 -116 8 24.812824 1601.180273 4868214.451 605408.5431 3.0 

Camas 43 17 59.2977066 -115 18 1.838445 1634.613 4795503.222 637475.610 5.0 
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Figure 3. MCS survey trajectories are resolved with the Pilot Peak Base Station, and boresight trajectories are resolved with the 
Treeline Base Station. Camas Prairie survey trajectories are resolved with the Camas Base Station. The Robinson 66 Helicopter is 
chartered out of Silverhawk Aviation Academy in Caldwell, Idaho. The boresight calibration survey is between the MCS domain 
and Silverhawk.  

 

Reference DEM 
NV5 Geospatial Collection 
NV5 Geospatial was contracted by Boise State University to collect LiDAR data as part of NASA’s 2020-
2021 SnowEx Program. Mores Creek Summit study area was surveyed with a Riegl VQ-1560ii sensor on 
September 17, 2021, as a part of this effort. The resulting 0.5-meter resolution bare-earth map served as 
the reference DEM for all collections prior to the 2025-2026 season. NV5 snow-on collections were 
completed on February 9, 2020, and March 15, 2021. NV5 bare earth, snow depth, and vegetation 
height products can be found here. 
 

https://nsidc.org/data/snex20_qsi_dem/versions/1
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2026 Update 
This update corrects a small offset between the previously used reference DEM and the NV5 point 
cloud. The revised DEM was modified from the SnowEx 2021 bare-earth digital elevation model, which 
was downloaded from NSIDC at dataset SNEX20_QSI_DEM. The source raster was provided in 
EPSG:6340 and reprojected to EPSG:32611 using a GDALWARP 3D transformation. This revised DEM was 
used as the reference surface starting in December 2025 and for all subsequent data products. 

Processing Workflow  
ALS Data 

1. Download laser scanner data and GNSS/INS data from the scanning system 
2. Download base station data from the GNSS receivers 
3. Post-process the GNSS/INS trajectory against the base station receivables to determine a 

Smoothed Best Estimate of Trajectory (SBET) 
● Software/application: Applanix POSPac software 

4. Post-process the laser scanner data against the SBET to create a point cloud 
● Software/application: Riegl RiPROCESS software suite 

5. Using planar features in the boresight survey, iteratively adjust sensor orientation parameters 
(roll, pitch, yaw) to improve the alignment between overlapping data. The orientation solution 
found during boresight alignment is applied to all AOI records. 

● Software/application: Riegl RiPROCESS software suite 
6. Minimize offsets between scan data overlap using a least squares solution  

● Software/application: Riegl RiPROCESS software suite, RiPPRECISION tool 
7. Export the point cloud from the post processing software into a deliverable file format for all 

collection records 
● Software/application: Riegl RiPROCESS software suite 

 
 

Post-processing with Ice-Road-Copters  
The ice-road-copter suite (https://github.com/SnowEx/ice-road-copters) leverages Point Data 
Abstraction Library (PDAL) and NASA’s Ames Stereo Pipeline (ASP) to create four DEM deliverables - (1) 
digital surface model (all surface points), (2) digital terrain model (all ground points), (3) snow depth 
model (the difference between the digital terrain model and reference DEM), and (4) a canopy height 
model (the difference between the digital surface model and reference DEM). A summary of point cloud 
processing via ice-road-copter can be found at the URL linked above.  

 

https://github.com/SnowEx/ice-road-copters
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Data Processing Summary 
Each survey requires post-processing to generate a georegistered point cloud.  

The GNSS lever arm offsets were automatically calculated in Applanix POSPac using only the 
recommended trajectory (seconds along the trajectory that are within 40-kilometers of a base station). 
These solutions were reviewed and reprocessed as needed until the solution was stable and then 
applied to the entire corresponding survey trajectory. Table 4 shows a summary of these results while 
Table 8 shows that these solutions were reasonably consistent throughout the season.  

Table 4. Summary of calculated GNSS lever arm solutions from each survey in the 2025-2026 winter season. Units are 
reported in meters. 

Lever Arm Solutions 

Parameter n Mean SD Min Max Range 
X lever arm 11 0.8905 0.0068 0.8770 0.9010 0.0240 
Y lever arm 11 0.0921 0.0052 0.0800 0.0970 0.0170 
Z lever arm 11 -0.1465 0.0060 -0.1570 -0.1390 0.0180 

 

The scanner orientation (boresight) corrections were determined using the Scan Angle Adjustment tool 
in Riegl’s RiProcess software. Roll, pitch, and yaw were iteratively adjusted on the boresight flight lines 
using automatically selected tie planes until this solution stabilized and resulted in an estimated 
Standard Deviation of less than 0.05 meters (Table 5). 

Table 5. Summary of the scanner orientation parameters as calculated using the Scan Angle Adjustment tool for each survey 
throughout the 2025-2026 winter season. Units are reported in degrees. 

Boresight Scan Angle Adjustment 

Parameter n Mean SD Min Max Range 
Roll 11 0.1206 0.0022 0.1155 0.1228 0.0074 

Pitch 11 -0.1088 0.0017 -0.1111 -0.1052 0.0058 
Yaw 11 0.2540 0.0058 0.2471 0.2655 0.0184 

 
Next, a routine named RiPRECISION was executed to refine flight strip alignment. Least-squares 
optimization in overlapping regions of flight strips is achieved by adjusting the roll, pitch, and yaw of the 
aircraft trajectory. The RiPrecision trajectory adjustment was only calculated and applied to the AOI 
flight lines while the boresight lines were left out. 

Table 6. Summary of the RiPrecision adjustments for each survey throughout the 2025-2026 winter season. Units are 
reported in degrees. 

RiPrecision Trajectory Adjustment 

Parameter n Mean SD Min Max Range 
Roll 11 0.0179 0.0065 0.0110 0.0341 0.0231 

Pitch 11 0.0367 0.0057 0.0308 0.0463 0.0155 
Yaw 11 0.0177 0.0055 0.0107 0.0310 0.0203 

 11 0.0500 0.0078 0.0395 0.0648 0.0253 
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These corrected point clouds were then exported and post-processed using the ice-road-copters python 
workflow which includes a co-registration step. IRC uses ASP to align each surveyed point cloud with the 
reference DEM. Ice-road-copters leverages the plowed road that cuts through each study site as a 
monument in place of ground control points.  

Table 7. Summary of the point cloud translation distance to align with the reference DEM for each survey in the 2025-2026 
winter season.  

ASP Translation Vector 

Parameter n Mean SD Min Max Range 

ASP X (m) 11 0.3244 0.0690 0.1744 0.4385 0.2641 

ASP Y (m) 11 -0.0439 0.0303 -0.0804 0.0271 0.1076 

ASP Z (m) 11 0.1766 0.0380 0.1057 0.2409 0.1352 
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Appendix 

 

Table 8. Overview of the calculated processing parameters that are estimated for each survey. Applanix PosPAC (X,Y,Z) is 
used to find the lever arm correction and Ames Stereo Pipeline (ASP) is used to calculate a translation vector that best aligns 
the latest survey point cloud with the reference DEM. 

Date X (m) Y (m) Z (m) ASP_X (m) ASP_Y (m) ASP_Z (m) 

20251203 0.894 0.096 -0.149 0.337 -0.080 0.200 

20251213 0.889 0.097 -0.146 0.174 -0.070 0.106 

20251220 0.893 0.092 -0.140 0.246 -0.016 0.154 

20260110 0.886 0.097 -0.147 0.320 -0.039 0.241 

20260126 0.9 0.089 -0.157 0.314 -0.044 0.216 

20260131 0.877 0.095 -0.155 0.311 -0.037 0.135 

20260207 0.894 0.090 -0.149 0.353 -0.051 0.198 

20260222 0.887 0.08 -0.142 0.363 0.027 0.166 

20260226 0.887 0.087 -0.139 0.332 -0.040 0.182 

20260303 0.888 0.095 -0.147 0.438 -0.077 0.184 

20260315 0.901 0.095 -0.140 0.380 -0.056 0.161 

 

 

Table 9. Overview of the processing parameters calculated in RiPROCESS using Scan Angle Adjustment (Roll, Pitch, Yaw) and 
RiPrecision for each survey. 

Date Roll (°) Pitch(°) Yaw(°) 
Along 
Track 

Mean (m) 

Cross Track 
Mean (m) 

Height 
Mean (m) 

Total 
Positional 
Deviation 

(m) 

20251203 0.12256 -0.10878 0.25139 0.018 0.031 0.016 0.045 

20251213 0.11854 -0.11105 0.2471 0.011 0.031 0.016 0.040 

20251220 0.12284 -0.10929 0.25888 0.013 0.031 0.013 0.040 

20260110 0.1213 -0.10991 0.25331 0.019 0.038 0.024 0.052 

20260126 0.12282 -0.10997 0.25995 0.016 0.046 0.018 0.059 

20260131 0.11915 -0.10993 0.24748 0.016 0.038 0.017 0.049 

20260207 0.12041 -0.10902 0.25025 0.034 0.039 0.019 0.065 

20260222 0.12219 -0.1063 0.25729 0.013 0.045 0.011 0.050 

20260226 0.12125 -0.10942 0.24962 0.015 0.040 0.015 0.050 

20260303 0.11984 -0.10825 0.26546 0.016 0.031 0.015 0.044 

20260315 0.11547 -0.10521 0.25278 0.024 0.034 0.031 0.057 

 

 

 

 

 

 


