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1. Overview  

 
Watershed Sciences, Inc. (WSI) collect ed Light Detection and Ranging (LiDAR) data on the Hoh 
River watershed survey area for the Puget Sound LiDAR Consortium and the Hoh Tribe 
Department of Natural Resources.  Due to spring snow on the ground WSI was unable to 
acquire data for the complete survey during the initial flights in April and will return to finish 
acquisition at a later date.  Delivery 1 of the survey area was collected on April 14 th, 15th, 
17th, 19th, 20th and 21st. This report documents the data acquisition, processing methods, 
accuracy assessment, and deliverables  for the first 115,661 acres of out of  the final requested 
area of 167,037 acres. The requested area was expanded to include as much of the coastal 
environment as possible as well as a 100m buffer to ensure complete coverage and adequate 
point densities around survey area boundaries .  The Delivery 1 data will be integrated with 
the final acquisition data in a final delivery at a  later date.    
 
Figure 1 .   Hoh River watershed area of interest, Washington. 
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2. Acquisition  

2.1 Airborne Survey ð Instrumentation and Methods  

 

The LiDAR survey utilized both a Leica ALS60 and a Leica ALS50-II sensor in a Cessna Caravan 
208B.   Depending on acquisition day, weather , and terrain, t he Leica systems were set to 
acquire 105,000 laser pulses per second (i.e. 105 kHz pulse rate) and flown at 900 meters 
above ground level (AGL), capturing a scan angle of ±14o from nadir.   These settings were 

developed to yield points with an average native pulse density of ²8 pulses per square meter 
over terrestrial surfaces.  It is not uncommon for some  types of surfaces (e.g. dense 
vegetation or water) to return fewer pulses than the laser originally em itted.  These 
discrepancies between ônativeõ and ôdeliveredõ density will vary depending on terrain, land 
cover, and the prevalence of water bodies.  
 

 
The Cessna Caravan is a stable platform, ideal for flying slow and low for high density projects.  The 
Leica ALS50-II sensor head installed in the Caravan is shown on the left.  

 
All areas were surveyed with an opposing flight line side -lap of Ó60% (Ó100% overlap) to 
reduce laser shadowing and increase surface laser painting.  The Leica laser systems allow  up 
to four range measurements (returns) per pulse, and a ll discernible  laser returns were  
processed for the output dataset.  
 
To accurately solve for laser point position (geographic coordinates x, y, z), the positional 
coordinates of the airborne sensor and the attitude of the aircraft were recorded continuously 
throughout the LiDAR data collection mission.  Aircraft position was measured twice per 
second (2 Hz) by an onboard differential GPS unit.  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/sensor position 
and attitude data are indexed by GPS time.  
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2.2 Ground Survey ð Instrumentation and Methods  

 

During the LiDAR survey, static 
(1 Hz recording frequency) 
ground surveys were conducted 
over set monuments.  
Monument coordinates are 
provided in Table 2  and shown 
in Figure 2.  After the airborne  
survey, the static GPS data are 
processed using triangulation 
with Continuously Operating 
Reference Stations  (CORS) and 
checked using the Online Positioning User Service (OPUS1) to quantify daily variance.  Multiple 
sessions are processed over the same monument to confirm antenna height measurements 
and reported position accuracy.   
 

Indexed by time, these GPS data are used to correct the continuous onboard measurements of 
aircraft position recorded throughout the mission.  Control monuments were located within 
13 nautical miles of the survey area. 
 

2.2.1 Instrumentation   

For this delivery area, the Trimble GNSS receivers used are listed in Table 1.   A Trimble 
model R8 GNSS unit was used for collecting check points using real time kinematic (RTK) 
survey techniques.  For RTK data, the collector begins recor ding after remaining stationary 
for 5 seconds then calculating the pseudo range position from at least three epochs with the 
relative error under 1.5cm horizontal and 2cm vertical. All GPS measurements are made with 
dual frequency L1-L2 receivers with carr ier-phase correction.  
 

 Table 1 .  GPS and GNSS Receivers used in the Hoh River Watershed ground survey. 

Receiver Model  Antenna  OPUS Antenna ID Use 

Trimble R7 GNSS 
Zephyr GNSS Geodetic 

Model 2 
TRM57971.00 Static 

 

2.2. 2 Monumentation   

Watershed Sciences established five  new monuments for the Hoh 
River watershed survey area.   The Watershed Sciencesõ 
monumentation was implemented  with 5/8ó x 30ó rebar topped 
with a metal cap stamped with the project ID and year.  Monuments 
selected were found to have good visibility and optimal location to 

support a LiDAR acquisition fligh t . Chris Yotter-Brown (WA-PLS 
#46328) Watershed Sciencesõ staff surveyor provided professional 
supervision and oversight to all survey aspects of  this project.   

                                                 
1 Online Positioning User Service (OPUS) is run by the National Geodetic Survey to process corrected monument positions. 

Trimble GPS equipment in the Hoh River Watershed survey area. 
















































