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Cover PhotoView looking southwest dhe Hoh River near the Hoh Rain Forest Center. Image created from
gridded grouneclassified LIDAR points colored by elevation partially overlaid with the LIDAR point cloud with RGB
values assigned with 2011 NAIP imagery.
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INTRODUCTION

View of theHoh Riveon the Olympic
Peninsula showing the glacial fed river
and forested hillslopes in the distance.

In December 2011WSI(Watershed Sciences, Inas contracted byhe PugetSoundLiDAR
Consortiumand the Hoh Tribéo collect Light Detection and Ranging (LiDAR) fiatthe Hoh River
Watershed on the Olympic Peninsula of northwest Washindbata were collected to aithe Hoh
Tribein assessing the topographic agdophysical propertiesf the study area to supporatural
resource and watershed management programs.

Thisreport accompanies theecond delivery ofiDARJatacovering the upper watersheand
documensdata acquisitiorprocedures processing methods, dmesults of alaccuracy assessmemnt
Delivery 1 encompassed the lower watershed and was delivered June 29 P26fE2t specifics are
shown inTablel, the project extentcan be seen ifrigurel, and a complete list afontracted
deliverablescan be found irrable2.

Tablel: Acquisition dates, acreages, and data types collected onttuh Riversite

Contracted

Project Site Acres Buffered Acres  Acquisition Dates Delivery Date Data Type

4/14-15/2012

Loy =87 115,290 4/17/2013 6/29/2012
(Delivery 1)
4/19-21/2013
10/6-7/2012
167,037 10/10/2012 LIDAR
3/31/2013
Lpperhich 56,662 8/30/2013
(Delivery 2) 4/1/2013
6/29-30/2013
712412013
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Slypici Eilonl #ang

56,662 Acres
115,290 Acres

Figurel: Location map of théHoh Riversite in northwest Washington
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Table2: Products delivered td?SRC and the Hoh Triba the Hoh Riversite

Hoh RiverProducts

Projection:Washington State Plane South

Horizontal Datum: NAD831091 HARN
Vertical Datum: NAVD88 (GEOIB)0

Units: U.S. Survey Feet

LASv 1.2
1 All Returns
LAS Files ASCII Text Filés.txt)
1 All Returns
1 Ground Returns

3.0-foot ESRI Grids
1 Bare Earth Model
1 HydroflattenedBare Earth Model
9 Highest Hit Model

Rasters
I Vegetation Model
1 Normalized Vegetation Model
1.5foot GeoTiffs
1 Intensity Images
Shapefiles*(.shp)
I Site Boundary
I LiDAR Index
1 DEM/DSM Index
1 2-foot contours
N I Hydrolines
I Stream Network
9 Building& BuildingFootprints
I RTK Ground Checkpoints

1 BasestatiorLocations
ASClIText Files*(txt)
1 Smooth Best Estimaf€rajectory (SBETS)
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ACQUISITION

WSI Cessna Caravan

Planning

In preparation for data collection, WSI reviesviine project area usingsoogle Earthand fightlines

were developedusinga combination of specialized softwar€areful planning by acquisition staff

entailed adapting the pulse rate, flight altitude, scan angle, and ground speed to ensure complete
coverageofhe[ A5! w &0GdzReé FNBIF i GKS GFNBSG LRAYyld RSyaal
pulses/square foot)Efforts are taken to optimize flight paths by minimizing flight times while meeting

all accuracy specifications.

Factorssuch asatellite constellation availabilitand weathemwindowsmust be considereduring the
planning stageAny weather hazardsr conditions affecting the flight were continuously monitored due
to their potentialimpact on the daily success of airborne and ground operationsddition, a variety of
logisticalconsiderations requiré review includingprivate property accesqotential air space

restrictions and availability of company resources (both staff and equipment)

LiDAR acquisition for the Holatershed was conducted duringo snowgzonditions, with emphasis on
leaf-off at lower elevations where possible. In order to compith these conditions, WSI acquired the
project in phases. Beginning in April of 2012, WSI acquired all low elevation areas up to the snow line
(Delivery 1) WSI visited the project site four more timggough July2013, collecting data in areas that
met acquisition conditions untdomplete coverage was obtained
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Ground Survey

Ground survey datare used to geospatiallgorrectthe aircraft positional
coordinate dateandto performquality assuance checks on final LIDAR
data.Ground surveys, including monumentation and ground check poi
are conducted to support the airborne acquisition process.

Monumentation

Thespatial configuration ofround surveynonumentsprovided redundant control within 13 nautical
miles of the missio areas for LIDAR flightglonuments were also used for collection abgnd control
points using RTK survey techniqsseRTKbelow).

Monumentlocationswere selectedvith consideration fossatellite visibility, fied crew safety, and

optimal location folRTK coverag&VSiutilized on existing monument (USDOT_MINNIE)estdblished

6 new monumentdor the Hoh Riveproject (Table3, Figure2). New monumentation was set using

p K iy @ rebar topped withstamped2" aluminumcaps { L Q& LINRFS&&aA 2yt -f | YR & dz
Brown WA PLS# 46328).&ersaw and certifiethe establishment of all monuments.

Table3: Monuments established for thédoh Riveracquisition.Coordinates are on the AD83(1991

HARN datum
Monument ID Latitude Longitude Ellipsoid (meters)
HOH_01 47 43 01.50646 124 17 15.30733 145.674
HOH_02 47 45 50.77400 124 06 40.56007 211.126
HOH_03 47 46 13.43625 124 20 12.49422 120.927
HOH_04 47 48 25.10124 124 06 04.72567 103.347
HOH_05 47 50 58.31806 124 17 06.70564 161.811
HOH_06 47 48 29.88648 -123 59 30.05375 194.895
USDOT_MINNIE 47 49 00.34169 -124 09 45.51533 61.924

*Used only for RTK during the upper watershed acquisition.

To correct the continuous onboard measurements of the aircraft position recorded throughout the
missions, WSI concurrently conducted multiple static Global Navigation Satellite System (GNSS) ground
surveys (1 Hz recording frequency) over each monument. After the airborne survey, the static GPS data
were triangulated with nearby Continuously OperagtiReference Stations (CORS) using the Online
Positioning User Service (OPUSr precise positioningMultiple independent sessions over the same
monument were processed to confirm antenna height measurements and to refine position accuracy.

1 OPUS is a free service provided by the National Geodetic Survey to process corrected monument positions.
http://www.ngs.noaa.gov/OPUS
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Monuments vere established according to the national standard for geodetic control networks, as
specified in the Federal Geographic Data CommiflgeDClseospatial Positidng Aacuracy Standards

for geodetic etworks? This standard provides guidelines for clasaifan of monument qualityat the

95% confidence intervals a basis for comparing the quality @ie control network to anotherThe
monument rating for this project can be seenTiable4.

Table4: Federal Geographic Data Committee monument rating

Direction Rating

St Deg 0.060 m
St Dev;: 0.050 m

For theHohRiver Basin LIDAR projettte monumentpositions contributed no more than 5 coi
horizontal and vertical error to the final RTK and LiDAR positions, with 95% confidence.

RTKSurveys

For thereal time kinenatic (RTK check point data collection, Brimble R7 base unit wag®sitioned at a
nearbymonument to broadcast a kinematic correction to a rovirgnbleR8GNSS receiveAll RTK
YSIF&dzZNBYSyidia 6SNB YIRS RdzZNAYy3a LISNA2RA dvithiaK | t 2&A
least six satellitem view ofthe stationary and roving receiv® When collectindRTK data, theover

would recorddata whilestationary br five seconds, then calculatiee pseudorange positionsingat

least three onesecond epochdRelative erros for the position must b&ess than 1.5m horizontal and

2.0 cm veticalin order to be acceptedSeeTable5 for Trimble unit specifications.

RTK positions were collected paved roads and othdrard surface locations such as gravel or stable
dirt roads that also had good satellite visibiliRTK measurements were not taken on highly reflective
surfaces such as center line stripes or lane markings on hagl$o the increased noise seen in the

laser returns over these surfacekhe distribution of RTK points depended on ground access constraints
and may not be equitably distributed throughout the study area. Sgare2 for the distribution of RTK

in this project.

Table5: Trimble equipment identification

Receiver Model Antenna OPUS Antenna IC Use
Trimble R7 GNS Zephyr GNSS Geodetic Model TRM57971.00 Static
Trimble R8 Integrated Antenna R8 Model: TRM_R8_ GNSS RTK

2 Federal Geographic Data Committee, Geosp®&iisitioning Accuracy Standar@SDESTBR007.21998). Part2: Standards for
Geodetic NetworksTable 2.1 page2-3. http://www.fgdc.gov/standards/project/ FGD&tandards
projects/accuracy/part2/chapter2
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Figure2: Basestatiorand RTK checkpoint location map
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