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PROJECT SUMMARY 

Introduction 
In August 2018, Quantum Spatial (QSI) was contracted by the National Oceanic and Atmospheric 
AdministrationΩǎ (NOAA) National Geodetic Survey (NGS) Remote Sensing Division (RSD) Coastal 
Mapping Program (CMP), to collect topobathymetric Light Detection and Ranging (Lidar) data and digital 
imagery in the winter of 2018 into early 2019 for the NOAA Hurricane Irma site on the coast of Florida 
(Contract No. EA-133C-14-CQ-0007). Data were collected to aid NOAA in assessing the topobathymetric 
surface of the near-shore and intertidal zones of the study area to support mapping and updating the 
national shoreline. 

The topobathymetric LiDAR dataset was divided, processed, and delivered in five separate deliveries, 
while shoreline mapping products were processed in seven separate deliveries according to Geographic 
Cell delineations provided by NOAA. Quantum Spatial provided all Digital Imagery in one delivery 
package. This report provides a comprehensive summary of the delivered topobathymetric LiDAR, digital 
imagery dataset, and shoreline compilation products. Documented herein are contract specifications, 
data acquisition procedures, processing methods, and accuracy results. Acquisition dates and acreage 
are shown in Table 1, a complete list of contracted deliverables provided to NOAA is shown in Table 2, 
and the project extent is shown in Figure 1.  

Table 1: Acquisition dates, acreage, and data types collected for the NOAA Hurricane Irma project 

Project Site 
Contracted 

Acres 
Square 
Miles 

Acquisition Dates Data Type 

NOAA Hurricane Irma 
Supplemental Mapping, 

Florida Keys 
1,366,060 2,135 

11/20/2018 - 03/23/2019 Topobathymetric LiDAR 

01/08/2019 ς 05/20/2019 
4 Band Digital Imagery 

(RGB-NIR) 

 

This photo taken by QSI acquisition 
staff shows a scenic view of the NOAA 
Hurricane Irma site in Florida. 
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Survey Area 

The Hurricane Irma Supplemental project area was contracted to cover approximately 2,135 square 
miles in the state of Florida, along the Gulf Coast of the United States. The Hurricane Irma area of 
interest stretched from Miami, Florida to the Key West Islands, and covered more than 1.3 million acres 
of United States shoreline. Quantum Spatial conducted all LiDAR acquisition of the project area between 
November 20th, 2018 and March 23rd, 2019. All digital imagery acquisition was conducted between 
January 8th, 2019 and May 20th, 2019 by Quantum SpatialΩǎ ƛƳŀƎŜǊȅ ǎǳōŎƻƴǘǊŀŎǘƻǊΣ DŜƻƳƴƛΦ  

 
Figure 1: Location map of the NOAA Hurricane Irma site in Florida 
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Project Team 

Quantum Spatial served as the prime contractor for the Hurricane Irma project and completed all LiDAR 
acquisition and processing including lidar extraction, calibration and refraction, and editing. QSI 
generated all Digital Elevation Models (DEM), raster layers, and LiDAR-derived void polygons from 
processed LiDAR data. Additionally, QSI collected all independent checkpoints to be used in assessing 
vertical accuracy.  

A subcontractor to Quantum Spatial, Geomni, acquired all digital imagery; however, all imagery 
processing and supplemental ground survey collection to support the imagery production was 
ŎƻƳǇƭŜǘŜŘ ōȅ v{LΩǎ [ŜȄƛƴƎǘƻƴ ƻŦŦƛŎŜΦ 

NGS derived the initial shoreline files from the final delivered topobathymetric LiDAR data, and provided 
them to QSI for editing and attribution. All shoreline editing and deliverables were completed by 
vǳŀƴǘǳƳ {ǇŀǘƛŀƭΩǎ St. Petersburg office.  

Deliverable Products 

Table 2: Products delivered to NOAA for the NOAA Hurricane Irma, Florida Keys site 

NOAA Hurricane Irma, Florida Keys Topobathymetric LiDAR Products 

Classified LAS Projection: UTM Zone 17 North 

Horizontal Datum: NAD83 (2011) 

Vertical Datum: GRS80 Ellipsoidal Heights 

Units: Meters 

DEM Projection: UTM Zone 17 North 

Horizontal Datum: NAD83 (2011) 

Vertical Datum: NAVD88 (Geoid12B) 

Units: Meters 

LiDAR 

LAS v 1.4, Point Format 6 

¶ All Classified Returns, with Depth Bias Correction and Intensity 
Normalization for Depth  

Raster Models 

1 Meter ERDAS Imagine Files (*.img)  

¶ Clipped Topobathymetric Bare Earth Digital Elevation Model (DEM) 

¶ Interpolated Topobathymetric Bare Earth Digital Elevation Model (DEM) 

¶ Topobathymetric Standard Deviation 

1 Meter GeoTiffs 

¶ DZ Orthos 

TPU Products 

1 Meter ERDAS Imagine Files (*.img) 

¶ Total Propagated Uncertainty Raster Model (Highest Hit methodology) 

LAS v 1.4, Point Format 6 (*.las) 

¶ Total Propagated Uncertainty Extrabyte embedded LAS file 

TPU Metadata File (*.json) 

¶ Total Propagated Uncertainty values and parameters 
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NOAA Hurricane Irma, Florida Keys Topobathymetric LiDAR Products 

Digital Imagery 
¶ 6 inch Tiled Orthomosaic GeoTiffs (*.tif) 

¶ Raw Image Frames with Socet Set SUP files and camera calibrations. 

Shoreline Mapping 

Shapefiles (*.shp) 

¶ Segmented Mean High Water Shoreline 

¶ Segmented Mean Lower Low Water Shoreline 

Vectors 

Shapefiles (*.shp) 

¶ Area of Interest 

¶ LiDAR Tile Index 

¶ DEM Tile Index 

¶ Bathymetric Void Shape 

¶ Flightline Shapefile 

¶ Flight Date Coverage Polygon 

Reports 

¶ Ground Survey Report (NOAA Florida Keys Ground Survey 
Report_Rev3.pdf) 

¶ Check Point Location Photos (NOAA FK Form 76-53.zip) 

¶ LiDAR QC Reports per Delivery 
(NOAA_Florida_Keys_Delivery1_Cover_Letter.docx - 
NOAA_Florida_Keys_Delivery5_Cover_Letter.docx) 

¶ Final Compiled Report of Survey 

¶ FGDC Compliant Metadata 

¶ Airborne Collection Log and Lift Extents/Coverage 

¶ Airborne Navigation and Kinematic GPS Reports 

¶ Aerotriangulation Report 
(FL_1806_NOAA_Florida_Keys_Topobathy_AT_Report.doc) 

¶ Airborne Positioning and Orientation Reports 

¶ Boresight Calibration Report 

¶ Camera Calibration Reports 

¶ EED 

¶ Photographic Flight Reports & Flightline Maps 

¶ Tabulation of Aerial Photography 

¶ Shoreline Mapping Project Completion Reports (A-G) 
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LiDAR Deliverables 

Final topobathymetric LiDAR deliverables for the Hurricane Irma, Florida Keys project area were the final 
classified and tiled LiDAR returns, DZ ortho raster models, Standard Deviation raster models, 
topobathymetric bare earth DEMs, Total Propagated Uncertainty (TPU), and supplemental shapefiles 
including bathymetric void polygons and flightline swaths. QSI also provided several intermittent 
deliverables to NOAA in order to ensure project quality, consistency, and transparency in processing 
throughout the project. These additional intermittent deliverables included Quick-look LiDAR coverage 
maps in GeoTIFF format to display bathymetric LiDAR collection results. NOAA reviewed all QuickLook 
reports and approved each area for data processing or flagged each area to re-fly. RiProcess projects 
were also provided along with SBETs for each LiDAR collection mission to ensure that NOAA is provided 
with all raw topobathymetric data.  

Final topobathymetric data was provided in 500 x 500 meter tiles, in five delivery blocks (Figure 1). All 
associated shapefiles delineating tile grids were provided to NOAA in Blocks, and as a final 
comprehensive tile index for the Florida Keys project area. Final LiDAR DZ Orthos were created in order 
to evaluate the line to line relative accuracy of the LiDAR data, and were delivered to NOAA in GeoTIFF 
format as well. Finally, project metadata in .xml format were delivered with all final LiDAR data and 
derived deliverables.  

DEM Deliverables 

After the final LiDAR data were accepted by NOAA, QSI processed the final classified point cloud into the 
contracted DEM deliverables. First, data were converted from ellipsoid heights to orthometric heights 
prior to DEM generation so that all final tiled DEMs include orthometric heights from Vertical Datum 
NAVD88, Geoid 12B, meters.  

QSI provided two sets of tiled DEMs to NOAA: one with void polygons enforced so that areas lacking 
ōŀǘƘȅƳŜǘǊƛŎ ōƻǘǘƻƳ ǊŜǘǳǊƴǎ ŀǊŜ ǎŜǘ ǘƻ άƴƻ ŘŀǘŀέΣ ŀƴŘ ƻƴŜ ǿƛǘƘ ǾƻƛŘ ŀǊŜŀǎ ƛƴǘŜǊǇƻƭŀǘŜŘΦ !ƭƭ 59aǎ ǿŜǊŜ 
delivered in ERDAS Imagine (*.img) format with a 1 meter cell size, tiled in a 5,000 x 5,000 meter grid. 
Void polygons used in DEM generation were provided in addition to a confidence layer. The confidence 
layer reports the standard deviation (in meters) of all ground and bathymetric bottom return points 
within each 1 meter cell, provided in ERDAS Imagine (*.img) format with a 1 meter pixel resolution, tiled 
in 500 x 500 meter grid.  

Imagery Deliverables 

QSI provided NOAA with all acquired image frames to be viewed in both stereo as well as mosaic format. 
All appropriate imagery orientation and calibration information was provided along with image frames, 
including Socet Set SUP files and a center point shapefile. Metadata were delivered in .xml format for 
both stereo imagery and orthomosaics.  

The collected 4-band (RGB/NIR) digital imagery was processed with 3000 x 3000 meter tile delineation, 
and mosaicked in GeoTIFF format. In total, 964 final orthomosaics were provided in the deliverable 
coordinate system: Projection: UTM Zone 17 North, Horizontal Datum: NAD83 (2011) epoch 2010.00, 
meters. For detailed processing information, please reference documentation provided with the 
imagery delivery, which includes: Aerotriangulation Report, Airborne Positioning and Orientation 
Report, Boresight Calibration Report, Camera Calibration Reports, EED, Flightline Maps, Ground Control 
Report, Photographic Flight Reports, and Tabulation of Aerial Photography. 



 

Page 6 

Technical Data Report ς Hurricane Irma Topobathymetric-Shoreline Mapping  

Shoreline Deliverables 

NOAA supplied QSI with LiDAR derived Mean High Water (MWH) and Mean Lower-Low Water (MLLW) 
shorelines to be segmented, edited, and attributed. In addition, QSI was responsible for compiling any 
shoreline features that were unable to be extracted from the LiDAR. These features were compiled 
photogrammetrically using stereo imagery flown specifically for this project. 

QSI received and mapped the shoreline from NOAA in seven processing blocks between Miami Beach 
and Mooney Harbor Key, Florida. Each processing block was identified with a Geographic Cell number 
and included all bays, inlets, and islands within 2000 feet of the coastline. 

 
Figure 2: A scenic photo of the Florida Coastline taken by the Quantum Spatial Field Operations Team 
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ACQUISITION 

Sensor Selection: the Riegl VQ-880-G Series 

The Riegl VQ-880-G series were selected as the hydrographic airborne laser scanners for the NOAA 
Hurricane Irma project based on fulfillment of several considerations deemed necessary for effective 
mapping of the project site. A higher combined pulse rate (up to 550 kHz), higher scanning speed, small 
laser footprint, and wide field of view allow for seamless collection of high-resolution data of both 
topographic and bathymetric surfaces. A short laser pulse length allows for discrimination of underwater 
surface expression in shallow water. Sensor specifications and settings for the NOAA Hurricane Irma 
acquisition are displayed in Table 3. 

Planning 

In preparation for data collection, QSI reviewed the project 
area and developed a specialized flight plan to ensure 
complete coverage of the NOAA Hurricane Irma LiDAR study 
area at the target point density ƻŦ җ2.0 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.  

v{LΩǎ ŀŎǉǳƛǎƛǘƛƻƴ ǘŜŀƳ ŎƻƴǎƛŘŜǊŜŘ ǎŜǾŜǊŀƭ environmental 
conditions during the planning stage in order to target the 
best possible windows for capturing bathymetric bottom 
returns. Water clarity was monitored using several water 
quality stations, in addition to handheld Hach turbidity meters 
operated by QSI ground operations professionals (Figure 3).  

 

 

This photo shows a view of the Florida 
YŜȅǎ ǇǊƻƧŜŎǘ ŀǊŜŀ ǘŀƪŜƴ ŦǊƻƳ v{LΩǎ 
Cessna Caravan. 

Figure 3: Hach Turbidity Meter 
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Flights over shoreline areas were planned during optimal conditions with low wind and wave conditions 
whenever possible, and within 20% of the Mean Range of tide around Mean Lower Low Water (MLLW) 
as contractually specified. Quantum Spatial acquisition teams carefully monitored NOAA tide stations at 
Biscayne Bay (8723214), Florida Bay (8723970), and Key West (8724580) to ensure acquisition 
requirements were met or exceeded.1 Utilized stations are indicated with a blue dot in Figure 4 below. 
Quantum Spatial acquisition managers oversaw all logistical considerations including private property 
access and coordination of NOTAMs prior to flights. 

 

Figure 4: NOAA Tide Station Map 

  

                                                           

1
 NOAA Tides and Currents: https://tidesandcurrents.noaa.gov/map/  

https://tidesandcurrents.noaa.gov/map/


 

Page 9 

Technical Data Report ς Hurricane Irma Topobathymetric-Shoreline Mapping  

Airborne LiDAR Survey 
The LiDAR survey was accomplished using a Riegl VQ-880-G green laser system (or equivalent) mounted 
in a Cessna Caravan. The Riegl VQ-880-G uses a green wavelength (┐=532 nm) laser that is capable of 
collecting high resolution vegetation and topography data, as well as penetrating the water surface with 
minimal spectral absorption by water. The Riegl VQ-880-G also contains an integrated NIR laser (┐=1064 
nm) that aids in water surface modeling for refraction purposes.  The recorded waveform enables range 
measurements for all discernible targets for a given 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 summarizes the settings used to yield an average first return  

pulse density of ² 2 pulses/m2 over the NOAA Hurricane Irma project area. 

Table 3: LiDAR specifications and survey settings 

LiDAR Survey Settings & Specifications 

Acquisition Dates 11/20/2018 - 03/23/2019 11/20/2018 - 03/23/2019 

Aircraft Used Cessna Caravan Cessna Caravan 

Sensor Riegl Riegl 

Laser VQ-880-G, GII, or GH VQ-880-G-IR 

Maximum Returns  15 (LAS 1.4 Format) 15 (LAS 1.4 Format) 

Resolution/Density To exceed 2 pulses/m
2
 To exceed 2 pulses/m

2
 

Nominal Pulse Spacing 0.71 m 0.71 m 

Survey Altitude (AGL) 400 m 400 m 

Survey speed 140 knots 140 knots 

Field of View плх плх 

Mirror Scan Rate 80 revolutions per second Uniform Point Spacing 

Target Pulse Rate 245 kHz 245 kHz 

Pulse Length 1.5 ns 3 ns 

Laser Pulse Footprint Diameter 28 cm 8 cm 

Central Wavelength 532 nm 1064 nm 

Pulse Mode MTA (multiple times around) MTA (multiple times around) 

Beam Divergence 0.7 mrad 0.2 mrad 

Swath Width 291 m 291 m 

Swath Overlap 30% 30% 

Intensity 16-bit 16-bit 

Accuracy RMSEZ Җ мр ŎƳ  RMSEZ Җ мр ŎƳ  

All areas were surveyed with an opposing flight line side-ƭŀǇ ƻŦ җ30҈ όҗ60% overlap) in order to reduce 
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 
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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. 

Airborne Collection Logs & Coverage Reports 

QSI provided daily airborne collection logs to NOAA throughout the acquisition process in the form of a 
daily ōƭƻƎ ŀƴŘ ŀŎǉǳƛǎƛǘƛƻƴ ǘǊŀŎƪŜǊ ǳǇŘŀǘŜ ƻƴ v{LΩǎ ǘǊŀŎƪƛƴƎ ǇƭŀǘŦƻǊƳ Lƴ{L¢9. Information included in each 
report detail the collection date, tide window and conditions, lines collected, coverage, and operator 
notes (Figure 5).  

  Figure 5: Airborne acquisition status reporting via inSITE  




















































































