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EXECUTIVE SUMMARY

This LIDAR project consisted of several separate LIDAR datasets flown by Merrick &
Company between March 2007 and January 2008. The LIiDAR data covered
approximately 3029 sg. miles and encompassed Holmes, Jackson, and Gadsden
Counties and part of Washington, Calhoun, and Liberty Counties. An additional dataset
was flown and processed by Sanborn which covers the southern half of Washington
County, the southwestern portion of Jackson County, and the eastern portion of Calhoun
County. This data is being processed by Sanborn and will be reviewed at a later date.

Merrick provided the vertical accuracy of these data and Dewberry verified the results
using the survey data they provided. Dewberry also performed a quality assessment of
these data including a completeness check and a qualitative review to ensure accuracy.

First, based on the survey checkpoint data provided by Merrick, the elevation meets the
accuracy required for this project. It should be noted that the methodology to assess
accuracy does not explicitly comply with FEMA guidelines but does comply and surpass
the NSSDA on which the FEMA specifications are based. Additionally a partial NDEP
methodology was utilized again indicating good results. All methods yielded accuracies
to support the generation of 2 foot contours.

Secondly, Dewberry inventoried the files and inspected 100% of the data at a macro
level. No remote sensing data void was found and the data are free of major systematic
errors. The cleanliness of the bare earth model was assessed on 30% of the tiles at the
micro | evel and exhibits good quality a
were found (poor penetration, potential divots, and artifacts) but are not representative of
the majority of the data.

In essence, these LIDAR datasets produced by Merrick are of good quality and meet the
needs of NWFWMD. This report will detail the QAQC process performed by Dewberry
for each dataset as well as discuss how the datasets fit together.
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1 Introduction

LiDAR technology data gives access to precise elevation measurements at a very high
resolution resulting in a detailed definition o
role is to provide an independent verification of this data using a vertical accuracy

assessment, a completeness validation of the LIDAR mass points, and a qualitative

review of the derived bare earth surface.

First, the quantitative analysis addresses the quality of the data based on absolute
accuracy of a limited collection of discrete checkpoint survey measurements. Typically
LiDAR accuracy is assessed using FEMA Flood Hazard Mapping Program, Guidelines
and Specifications for Flood Hazard Mapping Partners Appendix A: Guidance for Aerial
Mapping and Surveying methodology that tests a minimum of 20 checkpoints for each
land cover representative of the floodplain. However the current number of checkpoints
and attributes does not meet this standard so a modified National Digital Elevation
Model (NDEP) approach was utilized to assess accuracy. The NDEP methodology has
an advantage over the FEMA methodology as it assumes that the errors do not follow a
normal distribution where as the FEMA method does assume a normal distribution.
Errors typically do not follow a normal distribution particularly in areas of vegetation
where the LIDAR might not penetrate to the ground. Again since we did not have the
land cover type we assessed the data based on the consolidated vertical accuracy.

To compute the accuracy, the checkpoints z-values are compared to z-values computed
at the same horizontal locations from an elevation model generated from the bare-earth
LiDAR. For this project, Merrick assessed the vertical accuracy of each dataset and
Dewberry reviewed their results using the survey data they provided. Based on NSSDA
and NDEP methodology, the specifications outlined for this project are as follows:

e Consolidated RMSE of 18.5 cm (0.61 ft.) for the equivalent of 2 ft. contours

e Consolidated Vertical Accuracy of 36.3 cm (1.19 ft.) at the 95% confidence level

(18.5 cm x 1.9600)

Second, the completeness verification is conducted at a project scale (files are
considered as the entities). It consists of a file inventory and a validation of data format
conformity (tiling scheme), projection, georeference specifications, and elevation ranges.
Based on our understanding of the scope of work for this project, NWFWMD required
that all deliverables include and adhere to the following specifications:
Projection: UTM Zone 16 North, NAD83
Vertical Datum: NAVD88
Units: horizontal in meters, vertical in US Survey Feet.
ASPRS LAS mass point files
0 Classes 2 (bare earth) and 5 (canopy)
0 Intensity
e LAS header information
0 Flightline information
0 Return values
e Bare earth ESRI DEMs
o 46 cell size
o0 Correctly projected
e ESRI 3D Masspoint shapefiles
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e FGDC compliant metadata

Dewberry also generates statistical information from each LAS file and imports it into a
database. The statistics include the number of points for each return as well as the
minimum, maximum, and mean elevation for each class. This process allows us to
statistically review 100% of the data to identify any gross outliers.

It should be noted that all of the LIDAR datasets submitted by Merrick were delivered in
the FDEM (Florida Department of Emergency Management) tile scheme. This tile
scheme was originally created in State Plane Florida North (orthogonal) but for this
project it was reprojected to UTM 16N (see Figure 22). As a consequence, the tile shape
used to divide the dataset is rotated as compared to the state plane coordinate tile
scheme. It should be noted that even though the extent shapes (or bounding rectangle in
UTM) created from the LAS files will seem to have an overlap, the LIDAR points actually
do not overlap. However, the DEM rasters have to be orthogonal in UTM, as a
consequence, adjacent DEMs will overlap with the pixels being duplicated between 2
adjacent DEMs, as illustrated in Figure 2. We verified that the overlapping section
matches between adjacent DEMs and the differences were within the excepted

-

Figure 21 Tiling scheme illustration. The blue is the FDEM tiling scheme while the hatched tile is
the extents of the LIDAR data that was delivered. The rotated offset is a result of reprojecting the
tile scheme from State Plane to UTM.
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Figure 31 Tiling scheme illustration for LAS files and DEM rasters.

The metadata for the LAS is acceptable, but does not fully meet the FDGC
requirements. For each area of the errors were different. The Large Area has no errors
and is fully compliant with FDGC standards. The remaining three areas have several
issues including but not limited to detailed entity and attribute citations, horizontal
accuracy value, publication date, and extraneous point of contact information. Since this
information is not critical (the horizontal accuracy was not formerly to be assessed), we
believe that the metadata contains enough details to be used.

Finally, to fully address the data for overall accuracy and quality, a qualitative review of
the data is conducted. As no automatic method exists yet, Dewberry performs a manual
visualization process based on the knowledge of our analysts. This includes creating
pseudo-image products such as 3-dimensional models. By creating multiple images and
using overlay techniques, not only can potential errors be found, but we can also find
where the data meets and exceeds expectations.

Within this Quality Assurance/Quality Control process, three fundamental questions are
addressed:
e Did the LIDAR system perform to specifications?
e Was the data complete?
¢ Did the ground classification process yield desirable results for the intended
bare-earth terrain product?

The primary goal of this qualitative review is to assess the continuity and level of
cleanliness of the bare earth product. To ensure its conformance to support the intended
final product the LIDAR data is assessed according to the following acceptance criteria:
Ui The point density should be homogeneous, correctly supported by flightline
overlap and sufficient to meet the user needs.
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U Correct classification of ground points (no manmade structures and vegetation
remains, no gap except over water bodies),

U Correct definition of ground surface model, especially within stream channels (no
aggressive classification, no over-smoothing, no inconsistency in the post-
processing),

U No obvious anomalies due to sensor malfunction or systematic processing
artifact is present (data holidays, spikes, divots, ridges between tiles,
cornrowse) .

The visual inspection performed by experienced Dewberry analysts is done on bare-
earth digital elevation models (bare-earth DEM) that are created from the LIiDAR points.
The mass points are first gridded based on the point spacing. Then a triangulated
irregular network (TIN) is built based on this gridded DEM and displayed as a 3D
surface. A shaded relief effect is applied which enhances 3D rendering. The software
used for visualization allows the user to navigate, zoom and rotate models and to display
elevation information with an adaptive color coding in order to better identify anomalies.

One of the variables established when creating the models is the threshold for missing
data. For each individual triangle, the point density information is stored; if it meets the
threshold, the corresponding surface will be displayed in green, if not it will be displayed
in red (see Figure 4).

Figure 41 Ground model with density information (red means no data).

The first step of our qualitative workflow is to verify the point distribution by
systematically loading 10% of the tiles as mass points colored by class or by flightline.
This particular type of display helps us visualize and better understand the scan pattern,
the flight line orientation and coverage and gives an additional confirmation that all
classes are present and seem to logically represent the terrain.

The second step is to verify data completeness and continuity using the bare-earth
surface model with density information, displayed at a macro level. If, during this macro
review of the ground models, we find potential artifacts or large voids, we use the digital
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surface model based on the full point cloud including vegetation and buildings to help us
better pinpoint the extent and the cause of the issue. Moreover, the intensity information
stored in the LIDAR data can be visualized over this surface model, helping in
interpretation of the terrain.

Finally, in case the analyst suspects a systematic errors relating to data collection, a
visualization of the 3D raw mass points is performed, rather than visualizing as a
surface.

The process of importing, comparing and analyzing these two later types of models
(DSM with intensity and raw mass point), along with cross section extraction, surface
measurements, density evaluation, constitutes our micro level of review. For this project,
Dewberry reviewed 100% of the data at a decimated level (5x the ground sampling
distance, all classes) and 30% of the data at the micro level (ground models). The most
common anomalies that were found are described below.

Potential divots

Di vots may be caused by one orthegounéduringtbewd poi nt s
classification process, producing what looks like a hole in the terrain. Most of the

potential divots are found in areas of dense vegetation where classification becomes

difficult. Potential divots can also be found in residential areas where LIDAR pulses can

bounce off of certain surfaces (house wall) and take longer to return to the sensor, thus

returning a lower elevation.

Poor penetration

Another problem that we often found was patches of sparse data. In areas of dense
vegetation, the LIDAR pulse may not penetrate the canopy all the way to the ground.
This results in fewer ground points during the ground classification process.
Nevertheless, in flat areas, an acceptable 3D model can be built from these few points.
However, the smoothness of the surface is often of less quality since low understory
vegetation that completely blocks the pulse may be classified as ground resulting in a
rather noisy surface.

Cornrows

An additional anomaly that was found was the presence of cornrows. There are several
reasons as to why this happens but in this case it seems as though adjacent scanlines
are slightly offset from each other. This produces a high-to-low furrow effect resembling
crops in a field however in these datasets they are only noticeable due to the high
resolution of the LIDAR points. Although this phenomenon is found frequently throughout
the dataset, the differences in elevation are not large enough to have a significant effect
on any anticipated modeling.

Vegetation artifacts

Another classification issue that was discovered was the presence of potential
vegetation artifacts. Although it is conceivable that the soil exhibits natural small relief,
we believe that they are vegetation remains. These artifacts are limited in height and
appear as noise in the bare earth model.

9 7/17/2008
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2 Jackson Blue LIDAR QAQC Review

The Jackson Blue project area is approximately 183 sq miles and covers a northeastern
section of Jackson County, Florida. This dataset was acquired and processed by Merrick
in March of 2007.

2.1 Vertical Accuracy Assessment

The field survey was conducted and prepared by Allen Nobles & Associates for Merrick
in May 2007. A total of 19 checkpoints were captured throughout the project area; these
points are listed in Appendix A1 JacksonBlue Checkpoints. In the LAS metadata Merrick
states that the RMSE of the checkpoints was 0.26 ft. and the Consolidated Vertical
Accuracy was 0.51 ft. In order to verify these calculations as well as derive other useful
statistics, Dewberry performed an additional accuracy check utilizing the survey
checkpoints as provided by Merrick.

Figure 5 shows the distribution of the checkpoints throughout Jackson Blue LiDAR
extents. Although there was no land cover information for the individual checkpoints, a
review of the survey photos revealed that most of the points were taken in rural areas of
flat terrain.

Alabama )
L -

Jackson
County

Georgia

® Jackson Blue Survey Checkpoints
I:l Jacksan Blue Tile Extents

0051 2 Miles
Ly 11|

Figure 51 Check Points for Merrick Survey.

Table 1 and Table 2 - Dewberry RMSE Report.Error! Reference source not found.
show the complete results of the Jackson Blue data set run through the Dewberry RMSE
process. Without official land cover data for the GPS points, the bare earth RMSE could
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not be precisely defined. Despite this, the consolidated RMSE and CVA well exceed the
specifications for 2 ft. contours. The Dewberry values matched Me r r i ¢ k Otewithire s ul t s
a fraction of an inch.

RMSE (ft) | std

100 % of Spec=0.61 | Mean Median Dev # of Min Max

Totals ft (ft) (ft) Skew (ft) Points (ft) (ft)
Consolidated 0.253 -0.052 | -0.011 | -0.384 | 0.254 19 -0.516 | 0.36
Table 17 Dewberry RMSE Report.

FVA CVA
Fundamental | Consolidated SVA
Vertical Vertical Supplemental
Accuracy Accuracy Vertical
(RMSEz x (95th Accuracy (95th
Land Cover 1.9600) Percentile) Percentile)
Category # of Points Spec=1.195 ft | Spec=1.195ft | Target=1.195 ft
Consolidated 19 0.492

Table 2 - Dewberry RMSE Report.
Table 3 illustrates the distribution of the elevation differences between the LIDAR data

and the surveyed points. The points are evenly dispersed around 0 indicating a normal
distribution.

0.5

0.3 /
0.0 - /"'_'/./

o1 14 3 5 9 11 13 15 17 19

Feet

-0.2

-0.3

-0.4

-0.5 A

-0.6

Sorted Data Checkpoints

Table 3 - Sorted checkpoint errors for 19 survey points.
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Dewberryds review of the wvertical accu
confirms Merrickos statement t hat t he
according to NSSDA specifications. Although Dewberry was provided with a
minimal amount of checkpoints, the data tested well enough to be considered
usable for NWFWMDOG6s needs.

2.2 Completeness of LIDAR Variables

A total of 204 LAS tiles and 204 DEM rasters in ArcGIS GRID format were delivered by
Merrick for the entire project overlapping all the required area (Figure 6). Dewberry
verified that the data is in the correct projection and each LAS file includes the following
information:
e XYZ coordinates
¢ Intensity
e Return number, number of returns, GPS time
e Classification
o Class?2
o Class5

It seems as though all non-ground points were thrown into class 5. Based on our
knowledge of the specifications for this project this is incorrect and only canopy points
should have been included in this class.

Alabama

Georgia

Jackson
County

Gadsden

County
5 Miles

Only 78 masspoint shapefiles were delivered compared to the 2004 LAS and DEM tiles.
Also missing was the flightline information which is usually stored in the Source ID field.
This information aids in the quality assurance process by identifying where the overlap

[77] Jackson Blue LIDAR Tile Extents
I:l Jackson Blue Tile Scheme
I

Figure 6 - Delivered LiDAR tiles and extents.
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between flightlines is located in case there is an offset between flightlines. Figure 7
shows two LIDAR tiles classified by Source ID. The tile on the left is classified by Source
ID and shows distinct flightlines. The Jackson Blue tile on the right is also classified by
Source ID although the flightline information is clearly missing.

Figure 7 - LAS files classified by Source ID. File in left image displays the LiDAR points by
flightline, this information is missing in Jackson Blue LiDAR tile on right.

2.2.1 Statistical analysis of tile content

Each tile was queried to extract the number of LIDAR points and all tiles are within the
anticipated size range.

Alabama

Georgia

Jackson
County

|

Number of Points

B 1z39557 - 1607228
[ 1807227 - 1855291
[ | 1es5282 - 2144728

[ 2144230 - 2485082
I 2435083 - 3032424
Mean: 2008883 points

Gadsden

County
5 Miles
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Soees

To first identify incorrect elevations, the z-minimum and z-maximum values for the
ground class were reviewed. With maximum values between 113 and 196 ft, no
noticeable anomalies were identified. Figure 9 shows the spatial distribution of these
elevations. The green tiles in the eastern area of the dataset correspond with a swampy
drainage area that can be seen in the image of the decimated ground points in Figure
11. Considering the anticipated swampy terrain of this area, the images of the spatial
distribution of the highest and lowest elevations seem to correlate with one another.

Alabama

Georgia

Jackson
County

]

Z Max, Class 2
I 11279 13000
[ 130,01 - 14500
[ 114501 - 18000
[ 160,01 - 17500
| RIESIECREH

Mean: 145 B4 feet
T

Gadsden

County
B Miles
| IS . R E—

Figure 9 - Tiles classified by highest elevation in feet, class 2.

Alabama

Georgia

Jackson
County

1

Z Min, Class 2

I 5221 - 80.00

[ 5001 - 9500

[ ]9501-10500

[ 105.01 - 12000 et

B 1001 - 13964 (E
Mean: 9977 feet B Miles

Gadsden

Figure 10 - Tiles classified by lowest elevation in feet, class 2.
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Figure 11 - Decimated image of all Jackson Blue LiDAR tiles. This illustration allows us to quickly
ensure that the minimum and maximum elevation values make sense.

2.3 Qualitative Assessment

Our Qualitative review was to perform a macro visual inspection of all the tiles and to
inspect a minimum of 30% at a micro level of detail. Additionally we reviewed 10% of the
data for the scanning and flightline consistency. The Jackson Blue data proved to be of
good quality and no significant voids or anomalies were found. There were a few minor
issues discovered with are outlined in the text and images below.

Divots
Divots were found throughout the dataset although most were found in areas of dense
vegetation. Figure 12 displays a typical example of the type of divots that we found.
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Figure 12 i Tile 32588.The bare earth image on the left depicts a possible divot and cross
section. The full point cloud image on the right shows that this divot is located in dense
vegetation.

A couple of these divots appear to be legitimate upon finding corresponding imagery
where these fAhol ess0l3 &l4. Akthoughi cbrisidered dernngon fore
these types of sensors, these anomalies should be re-examined based upon the scale of
analysis performed on the area in question. While these divots will not have a significant
effect on the overall quality of the data, they could affect small scale analysis.

=2k
Nothng [ iaasnderi | 20 M [T0080 [cmone
2z M [o0aa7 [ 200

Figure 131 Tile 32043. Ground LIiDAR Image displaying a possible divot of almost 18 feet.
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Figure 14 - Google image of possible divot shown above. From this image the low points seem to
be legitimate as this is a true ground formation.

Poor penetration

Another problem that we often found was patches of sparse data. This is illustrated in
Figures 15-17. Figure 15 is a density image of tile 36902 where red indicates missing
data and green indicates dense data. Figure 16 is a full point cloud image of the same
area showing dense vegetation. The image in Figure 17 displays bare earth where the
LiDAR did not get to the ground and vegetation was left in.

Figure 1571 Tile 36902 Figure 16 i Tile 36902
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Figure 17 1 Tile 36902

Cornrows

Although this phenomenon is found frequently throughout the dataset, the differences in
elevation are not large enough to have a significant effect on any anticipated modeling.
Figures 18 and 19 display examples of cornrows found in the data.

BER]

7 Tnimsazess | 2o [ 614330 [32044.qu <] | _ Configue Samples |
Export Samples

X G759917604 || 22 M [2156e0 [32043an =] [l e

DeltaZ -40.1290

Figure 18 1 Tile 32043. Bare earth image of edge of scanline and corresponding cornrows.
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Figure 1971 Tile 32043. Ground points showing the edge of the scanline.
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3 Apalachicola LIDAR QAQC Review

This LIiDAR dataset covered approximately 209 sg. miles and covers the Apalachicola
River basin through Jackson, Gadsden, Calhoun, and Liberty Counties in Florida. The
data were acquired and processed by Merrick & Company in March of 2007.

3.1 Vertical Accuracy Assessment

The field survey was conducted and prepared by Allen Nobles & Associates for Merrick
in May 2007. A total of 11 checkpoints were collected throughout the project area
(Appendix C i Apalachicola Checkpoints). In the LAS metadata Merrick states that the
data exceeds the NSSDA vertical accuracy specification of 1.2 ft. In order to verify this
as well as derive other useful statistics, Dewberry performed an additional accuracy
check utilizing the survey checkpoints as provided by Merrick. Figure 5 shows the
distribution of the checkpoints throughout Jackson Blue LiDAR extents.

Georgia AL é
— GA
b
l.' I

Jackson

Washington
County

Gadsden
Cournty

Calhoun

Bay
County

Wakulla
County
Gulf
ﬁ_ﬁ County
@ Apalachicola Survey Checkpoints
l:l Apalachicola Tile Extents
- v

S

Figure 20 1 Check Points for Merrick Survey of the Apalachicola River basin.

Tables 4 and 5 show the complete results of the Apalachicola data set run through the
Dewberry RMSE process. The survey report did not include land cover information or
images of the point locations so the calculations were completed based on consolidated
values. The results proved to be well within the specified RMSE and CVA.
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Table 4 - Dewberry RMSE Report.

RMSE (ft) Std

100 % of Spec=0.61 | Mean Median Dev # of Min Max
Totals (ft) (ft) Skew (ft) Points (ft) (ft)

Consolidated 0.209 -0.111 | -0.098 | -0.591 [ 0.186 11 -0.423 | 0.123

Table 5 - Dewberry RMSE Report.

FVA CVA
Fundamental | Consolidated SVA
Vertical Vertical Supplemental
Accuracy Accuracy Vertical
(RMSEz x (95th Accuracy (95th
Land Cover 1.9600) Percentile) Percentile)
Category # of Points Spec=1.195 ft | Spec=1.195ft | Target=1.195 ft
Consolidated 11 0.413

Error! Reference source not found. 6 illustrates the distribution of the elevation
differences between the LIDAR data and the surveyed points. The elevation deltas
center around -0.1 ft. which indicates a slight negative bias in the LIiDAR data.

0.2

0.1

0.0

-0.1

Feet

-0.2

-0.3

-0.4

-0.5

Sorted Data Checkpoints

Table 6 - Sorted checkpoint errors for 11 points.

Although there are not enough checkpoints to explicitly state that the
Apalachicola LiDAR data meets NSSDA specifications, Dewberry believes that it is
good data based on the excellent statistics shown above.
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3.2 Completeness of LIDAR Variables

A total of 233 LAS tiles, 233 DEM rasters in ArcGIS GRID format, and 233 masspoint
shapefiles were delivered by Merrick for the entire project overlapping all the required

area (Figure 21). Dewberry verified that the data is in the correct projection and each
LAS file includes the following information:

XYZ Coordinates
Intensity
Return number, number of returns, GPS time
Classification
o Class?2
o Classb5

As with the Jackson Blue data, class 5 included all non-ground points instead of only
canopy and is in error. Also missing was the flightline data.

Georgia " Q
GA
Jackson 7J E
County
Washingt Er
ashington
County H?‘ﬁ "z
?J Gadsden
County
i
e
Calhoun
County
Bay i 2l
County
|
Errtr )
Liberty
q‘% 7‘§ 4 County
A
|2,
|25 7|
’;ﬁ" Wakulla
b County
Gulf é;
County %,4
o
it Val éﬁ
@ Apalachicola LIDAR Tile Extents .
l:l Apalachicola Tile Extents fi

Figure 21 - Delivered LiDAR tiles i extent of the LAS files.

3.2.1 Statistical Analysis of Tile Content

Each tile was queried to extract the number of LIDAR points and all tiles are within the
anticipated size range.
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!
Jackson

Washington County
County

Georgia

Gadsden

Calhoun
County

Bay
County

B

Wakulla
County

Number of Points
I 024353 - 2299960
E [ 2299961 - 2859708

[ | 2958708- 2519888 cfﬁ'.'fty
[ 3519663 - 4797277
I <7o7278- 5121413

Mean: 2946421 points !
T %

0 25 5Miles g

Figure 22 - Number of points per tile.

To first identify incorrect elevations, the z-minimum and z-maximum values for the
ground class were reviewed. The spatial distributions of these elevations are shown in
Figures 23 and 24. Tile number 59046 includes a point with an elevation of -14.47 feet.
Upon further investigation of this tile, it was revealed that this point is located in water
which frequently causes erroneous return vales. Merrick should have removed this point
during the processing stage. No other significant anomalies were identified. Considering
that the Apalachicola River drains into the Gulf of Mexico, the images of the spatial
distribution of the highest and lowest elevations seem to correlate with one another.
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Figure 23 - Tiles classified by highest elevation in feet, class 2.
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Figure 24 - Tiles classified by lowest elevation in feet, class 2.
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Figure 25 - Decimated image of all Apalachicola tiles. This illustration allows us to quickly ensure
that the maximum and minimum values make sense.

3.3 Qualitative Assessment

Our Qualitative review was to perform a macro visual inspection of all the tiles and to
inspect a minimum of 30% at a micro level of detail. Additionally we reviewed 10% of the
data for the scanning and flightline consistency. The Apalachicola data proved to be of
good quality. Generally speaking no voids or significant anomalies were found although
Dewberry did find a few minor errors which are explained below.
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Divots

There were very few divots seen in the data the most noticeable of which occurred in
urban areas where the points are more likely to bounce off of hard surfaces. Figure 26
illustrates an example of this.
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Figure 26 7 Residential area of tile 38543. The low point is approximately 6 feet below the
surrounding LIiDAR points.

Vegetation Artifacts/Noisy Data

There were a couple areas where the vegetation removal process was not completely
successful. We did not consider this to be a significant issue considering it was not
widespread as well as the fact that the dense, swampy terrain makes classification
difficult in some areas.
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Figure 27 1 Tile 42853. Left image is full point cloud of tile showing the dense vegetation. Right
image is the same tile showing ground points. The changes in vegetation density make
classification difficult.

Poor Penetration

Patches of sparse data were also found. The images in Figure 28 are a typical example
of this problem in the Apalachicola dataset although this can be expected due to the
swampy terrain.

Figure 281 Tile 57428. Left image is full point cloud representation, right is density image. The
red in the density image indicates areas of no data.
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4 Gadsden LIiDAR QAQC Review

The Gadsden project area is approximately 535 square miles in Gadsden County,
Florida. The dataset was acquired and processed by Merrick in September of 2007.

4.1 Vertical Accuracy Assessment

The field survey was conducted and prepared by Gustin, Cothern, & Tucker, Inc. in
September and October 2007 for Merrick. A total of 45 points were captured throughout
the project area; these points are listed in Appendix E T Gadsden Checkpoints. In the
LAS metadata Merrick states that the LIDAR data exceeds the NSSDA specification of
1.2 feet. In order to verify this value, Dewberry performed an additional accuracy check
utilizing the survey checkpoints as provided by Merrick. Figure 39 shows the distribution
of the checkpoints throughout the Gadsden LIDAR extents.

AL
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Ghdsden
- ount o)
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Liberty —
= County = eI
5 5
< Gadsden Survey Checkpoints
|:| Gadsden Tile Extents 0 25 4 Miles
L | |

Figure 29 - Checkpoints for survey of Gadsden LiDAR data.

Tables 7 and 8 show the complete results of the Apalachicola dataset run through the
Dewberry RMSE process. The Gadsden survey data was missing land cover information

so the calculations were completed based on consolidated values aswell. Mer r i c k 6 s
results were confirmed and the data meets specifications.
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Table 7 - Dewberry RMSE Report.

Std
100 % of . .
Tota:)ls RMSE (ft) Mean Median Dev #of  Min Max
Spec=0.61ft (ft) | Skew (ft) Points (ft)  (ft)
Consolidated 0.257 -0.022 -0.050 -0.365 | 0.259 45 -0.690 | 0.510
Table 8 - Dewberry RMSE Report.
FVA CVA
: SVA
Fundamental Consolidated
Land Cover . Vertical Vertical Supplemental
# of Points Vertical Accuracy
Category Accuracy Accuracy (95th (95th Percentile)
(RMSEz x 1.9600) Percentile) Tarqet=1.195 ft
Spec=1.195 ft Spec=1.195 ft get=L. '
Consolidated 45 0.500

Table 9 illustrates the distribution of the elevation differences between the LIDAR data

and the surveyed points. The elevation deltas are centered on around zero which
indicates a normal error distribution.

Table 9 - Sorted elevation errors for 45 survey checkpoints.
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Gadsden LiDAR data meets accuracy standards according to NSSDA
specifications.
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4.2 Completeness of LIDAR Variables

A total of 597 LAS files and 597 DEM rasters in ArcGIS GRID format as well as 597
masspoint shapefiles were delivered by Merrick for the project. The extents of the LIiDAR
tiles are illustrated in Figure 31. The area without data in the northwestern part of the
county is covered by the Apalachicola LIiDAR dataset. The tiles on the eastern boundary
of the county are located in water (as shown by the decimated point image in Figure 31)
and were not delivered.
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T

Figure 30 - Delivered LiDAR tiles - extent of LAS files.
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Figure 31 - Decimated point image of Gadsden LiDAR data. Note the Ochlockonee River along
the eastern boundary of the county.

Dewberry verified that the data is in the correct projection and each LAS file includes the
following information:
¢ Intensity
e Return Number, number of returns, GPS time
e Classification
o Class 1 for unclassified
o Class 2 for ground
o Class 9 for water
These classes do not conform to the NWFWMD specifications which called for class 2
for ground and class 5 for canopy.
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4.2.1 Statistical Analysis of Tile Content

Each tile was queried to extract the number of LIiDAR points and no noticeable errors
were found.
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Figure 32 - Number of points per tile.

To first identify incorrect elevations, the z-minimum and z-maximum values for the
ground class were reviewed. The spatial distributions of these elevations are shown in
Figures 33 and 34. With maximum values between 83 and 334 ft, no noticeable
anomalies were identified.
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Figure 33 - Tiles classified by highest elevation in feet, class 2.
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Figure 34 - Tiles classified by lowest elevation, class2.

33

7/17/2008



# Dewberry LIDAR QAQC Report

Soees

Figure 35 - Decimated image of all the Gadsden tiles.

4.3 Qualitative Assessment

Our Qualitative review was to perform a macro visual inspection of all the tiles and to
inspect a minimum of 30% at a micro level of detail. Additionally we reviewed 10% of the
data for scanning and flightline consistency. The Gadsden data proved to be of good
guality and no major errors were found. There were some minor anomalies discovered
which are outlined in the text and images below.

Poor Penetration

As seen in the decimated image of the Gadsden LIDAR data in Figure 36, the terrain in
Gadsden County is extremely swampy and includes a lot of water. As a result, the
LiDAR data had a hard time penetrating to the ground. The images in Figures 37-39 are
representative of the many areas of poor penetration that were see throughout this
dataset.
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L

Figure 36 1 Tile 42870. Full point cloud intensity image of densely vegetated stream channel.

Figure 37 1 Ground density image of same area. The red indicates areas of no data where the
LiDAR was unable to penetrate the vegetation.
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Figure 38 1 Tiles 40730 and 40731. Top image is full point cloud intensity. Bottom is ground
density image. Very few points penetrated here.

Misclassification

There were a few instances where the parameters used to classify the data produced
erroneous results. This can happen in locations where the density of the terrain varies
within a relatively small area. Figure 39 displays an example of this. The area within the
white circle was removed from the ground class although it looks like these points were

in fact the ground.
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Figure 391 Tile 41270. Left image is full point cloud with intensity. Right image is ground density
and shows a gap in the data created during the classification process.

Artifacts and Noisy Data

During the review of the Gadsden LIDAR data many instances were found where
vegetation or buildings were left in. The building artifacts (Figure 40) seemed to be
rather isolated incidents while the vegetation artifacts proved to be rather rampant
throughout the dataset.

Figure 401 Tile 42881. Left is ground image where remnants of buildings are visible. Right image
is full point cloud.

Figure 41 displays an area where the vegetation removal process was not fully
successful resulting in noisy data.
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bl

Figure 417 Tile 45568. Left is ground image with vegetation left in. Right is full point cloud image
with intensity.
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5 Large Area LIDAR QAQC Review

This LIDAR dataset covered approximately 2102 square miles and includes all of

Holmes County, and parts of Washington, Jackson, Calhoun, and Liberty Counties in

an arbitrary name
between the other LIDAR datasets collected for this project that included some of these
counties. The data were acquired and processed by Merrick & Company from November

FIl ori da. AiLar ge

2007 to January 2008.

Ar

eaod was

5.1 Vertical Accuracy Assessment

The field survey was conducted and prepared by Allen Nobles & Associates for Merrick.
A total of 176 GPS checkpoints were collected throughout the project area (Appendix G
I Large Area Checkpoints). In the LAS metadata Merrick states that the data exceeds
the NSSDA vertical accuracy specification of 1.2 feet. In order to verify this as well as
derive other useful statistics, Dewberry performed an additional accuracy check utilizing
the survey checkpoints as provided by Merrick. Figure 42 shows the distribution of the
checkpoints throughout the Large Area LiDAR extents.
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Figure 42 - Checkpoints for Merrick survey of Large Area.

Tables 10 and 11 show the complete results of the Large Area dataset run through
Dewberry6s RMSE process.
consolidated values. The results proved to be well within the specified RMSE and CVA.

These

cal

cul ati ons
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Table 10 7 Dewberry RMSE report.

Std
Dev

(ft)

100 % of

Totals Medien

(ft)

Mean

(ft)

RMSE (ft)
Spec=0.61ft

# of
Points

Min
(ft)

Max

(ft)

Skew

Consolidated 0.486 -0.052 -0.110 0.287 | 0.485 176 -1.250 | 1.310
Table 11 - Dewberry RMSE report.
FVA CVA
Fundamental Consolidated Supspl\érﬁental
Land Cover # of Points Vertical Vertical Vertical Accuracy
Category Accuracy Accuracy (95th ;
; (95th Percentile)
(RMSEz x 1.9600) Percentile) Target=1.195 ft
Spec=1.195 ft Spec=1.195 ft get==. :
Consolidated 176 0.980

Table 12 illustrates the distribution of the elevation differences between the LIDAR data
and the surveyed points. The elevation deltas are centered around zero which indicates
a normal error distribution.
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Table 12 - Sorted elevation errors for 176 survey checkpoints.
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5.2 Completeness of LIDAR Variables

A total of 2344 LAS tiles, 2344 DEM rasters in ArcGIS GRID format, and 2344
masspoint shapefiles were delivered by Merrick for the entire project overlapping all the
required area (Figure 43). Dewberry verified that the data is in the correct projection and
each LAS file includes the following information:

e XYZ Coordinates
Intensity
Return number, number of returns, GPS time
Flightlines
Classification

o Class 1 for unclassified

o Class 2 for ground
These classes are also incorrect according to NWFWMD specifications of class 2 for
ground points and class 5 for canopy.
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Figure 43 - Delivered LiDAR tiles - extent of LAS files.
5.2.1 Statistical Analysis of Tile Content

Each tile was queried to extract the number of LIDAR points and all tiles are within the
anticipated size range.
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Figure 441 Number of points per tile.

The first identify incorrect elevations, the z-minimum and z-maximum values for the
ground class were reviewed. The spatial distributions of these elevations are shown in
Figures 45 and 46. No noticeable anomalies were identified.
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Figure 451 Tiles classified by highest elevation in feet, class 2.
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Figure 46 - Tiles classified by lowest elevation in feet, class 2.
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5.3 Qualitative Assessment

Our gualitative review was to perform a macro visual inspection of all the tiles and to
inspect a minimum of 30% at a micro level of detail. Additionally we reviewed 10% of the
data for the scanning and flightline consistency. The Large Area LIiDAR data proved to
be of good quality. No major errors were found although there were a few minor issues
discovered which are outlined below.

Poor Penetration
Large patches of sparse data were found. Figure 47 below displays a typical example of
this problem in the Large Area dataset.

Figure 47 1 Tile 34598. Left image is full point cloud image showing lots of vegetation. Right is
ground density image showing areas of sparse data.

Misclassification

There were a few areas of missing ground points that seem to be the result of
aggressive editing during the classification process. Figures 48 and 49 display missing
patches of data within a small field. These points should not have been removed from
the ground class.
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e

Figure 481 Tile 27671. Left image shows area of missing data in red. Right image is full point
cloud with intensity.
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Figure 491 Tile 29859. Top left ground density image with missing data in red. Top right full point
cloud intensity (exaggeration x2) shows small field surrounded by trees. Bottom image is cross
section showing a flat area where the data much jump across missing points.
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6 Edgematching Between Datasets

As the four datasets were flown at different times and processed separately, it was
important to take a look at the edges of each dataset to ensure that they could be
effectively merged if needed. There will always be a slight difference between adjoining
datasets as different parameters are used to process and classify data based on the
type of terrain as well as ground conditions at the time of acquisition. In order to check
this Dewberry examined 15 areas where two separate datasets met. Figure 50 shows
the location of these areas in context with the LIDAR datasets extents.
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Figure 50 - Areas outlined in red were examined for potential edgematching issues.

Generally speaking, the difference between the datasets was minimal although there are
a few things to be aware of when using the data across dataset lines. The biggest
differences were seen between the Apalachicola data and the Large Area data and
Apalachicola and Gadsden data. As discovered during the quality assessment, the
Apalachicola data exhibited much better LIDAR penetration than the Large Area data
and the Gadsden data. This could be a result of the time of year that each dataset was
flown. The Apalachicola data was captured in March, while the other two datasets were
captured in late autumn when it appears that the water levels were higher.

Figure 51 below displays an example of the penetration differences between the
Gadsden data and Apalachicola data. As evidenced by the red, the Gadsden LIDAR had
a tougher time penetrating to the ground than the Apalachicola.
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Figure 5171 Tiles 40701 and 40161. Visible change in penetration across dataset lines.

Figure 52 displays another example of the differences between the Gadsden and
Apalachicola. There is a visible contrast between the noise level of the Apalachicola data
(on the left side of each image) and the Gadsden data.

Figure 52 1 Tiles 38004 and 38005. Contrast between noisy Gadsden data on right and cleaner
Apalachicola data on left.

Figure 53 displays a negligible offset between the Large Area data and the Apalachicola
data. Although a slight offset is clearly visible, the actual elevation difference is less than
1 foot.
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Figure 53 1 Tiles 55802 and 55803. Left image is ground surface model with visible edge
between Large Area LIDAR data and Apalachicola LIDAR data. Cross-section on right shows that
this is approximately a 1 foot difference.

The following image displays an area along the edge of the Jackson Blue and Large
Area data. Although the changes in density are visible between datasets, a cross section
drawn along the road illustrates that the transition is in fact smooth.
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Figure 54 1 Tiles 36907 and 36908. Top left is density image, right is ground surface model. The
edge of each dataset is visible in both images although the cross-section does not show a
difference in elevation.
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7 Conclusion

Overall the data are of good quality. The processing performed exceptionally well given
the low relief and swampy terrain. No major issues were found in this data that make it
unusable and most issues have minimal impact. Although there is a visible difference
between the smaller datasets that were flown in the spring (Jackson Blue and
Apalachicola) and the larger datasets (Large Area and Gadsden), this can be expected
due to temporal changes as well as terrain differences. These data meet NSSDA
standards for vertical accuracy and are sufficient to meet the needs of the Northwest
Florida Water Management District.

50 7/17/2008



# Dewberry

LIDAR QAQC Report

Appendix A1 JacksonBlue Checkpoints

pointNo X Y
201 675295.90 3431568.22 154.20
202 675520.91 3426369.56 141.10
203 680013.64 3427152.84 152.43
204 682002.11 3431654.32 143.70
205 684223.45 3428507.93 129.02
206 674753.64 3419821.95 136.57
207 671647.00 3416623.31 131.62
208 676936.81 3416667.66 124.30
209 688551.60 3418637.02 117.33
210 682150.29 3420265.28 125.61
211 682323.37 3415363.00 123.92
212 673441.99 3408821.01 166.90
213 673731.65 3399989.47 94.65
214 680724.28 3402032.16 156.29
215 687990.02 3401745.64 154.21
216 690379.43 3407307.92 92.91
217 681408.34 3408379.19 133.61
218 685736.70 3410999.24 109.50
219 690030.90 3412357.69 102.90
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Appendix B i JacksonBlue Screenshots
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Appendix Ci Apalachicola Checkpoints

pointNo X Y
501 702505.17 3398345.17 97.80
502 707291.59 3395426.08 157.66
503 700015.35 3391210.37 76.02
504 689069.79 3379495.63 74.08
505 688087.99 3369444.53 64.78
506 694404.31 3368358.74 166.25
507 690305.84 3355212.87 54.77
508 680808.17 3354937.81 78.54
509 686842.82 3344101.82 51.37
511 686936.13 3327652.36 28.25
512 683393.83 3361855.09 69.82
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Appendix DT Apalachicola Screenshots
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# Dewberry

LIDAR QAQC Report

Appendix ET Gadsden Checkpoints

pointNo easting northing elevation
CP439-GC | 752702.05 | 3393789.92 229.56
CP408-GC | 711734.81 | 3373758.48 189.21
CP427-GC | 745350.23 | 3399620.32 179.82
CP410-GC | 719716.76 | 3367698.30 142.59
CP415-GC | 732521.69 | 3369756.54 83.79
CP401-GC | 709579.16 | 3394401.59 275.59
CP412-GC | 722445.03 | 3364104.25 90.98
CP420-GC | 750944.64 | 3378553.25 95.18
CP426-GC | 751120.13 | 3398164.66 269.29
CP424-GC | 758201.25 | 3393494.75 120.21
CP421-GC | 750733.79 | 3383589.09 86.02
CP434-GC | 714590.05 | 3386777.03 269.75
CP430-GC | 725383.55 | 3398946.04 283.00
CP406-GC | 703165.07 | 3379270.75 250.13
CP432-GC | 713775.77 | 3399603.51 275.75
CP431-GC | 719356.07 | 3400846.68 274.84
CP440-GC | 738652.13 | 3391258.62 254.43
CP416-GC | 728559.48 | 3367909.96 90.06
CP414-GC | 725690.80 | 3365973.96 87.07
CP413-GC | 725386.55 | 3363555.10 58.50
CP437-GC | 745729.19 | 3390179.39 242.19
CP438-GC | 742232.46 | 3380804.50 201.51
CP435-GC | 725630.25 | 3392435.19 286.42
CP417-GC | 735397.58 | 3372244.23 105.64
CP445-GC | 733467.66 | 3378667.58 216.17
CP423-GC | 755521.82 | 3390132.83 138.88
CP422-GC | 753319.08 | 3386092.98 133.66
CP419-GC | 749355.15 | 3373690.27 103.77
CP411-GC | 722264.83 | 3367072.70 144.59
CP409-GC | 711834.76 | 3372095.74 173.49
CP418-GC | 742519.03 | 3372974.10 123.95
CP407-GC | 708946.26 | 3378200.62 201.31
CP433-GC | 727085.01 | 3382616.31 239.89
CP443-GC | 726516.35 | 3373455.29 198.06
CP404-GC | 702254.42 | 3390748.72 143.21
CP436-GC | 720230.18 | 3377869.88 268.83
CP428-GC | 737919.17 | 3399345.00 292.62
CP402-GC | 704941.34 | 3393927.04 178.58
CP405-GC | 701489.82 | 3386843.30 243.80
CP403-GC | 709469.84 | 3400289.09 148.95
CP429-GC | 732618.85 | 3399520.32 281.92
CP425-GC | 757092.58 | 3396997.01 137.63
CP442-GC | 706390.75 | 3386209.82 289.04
CP444-GC | 733289.11 | 3386271.72 236.09
CP441-GC | 717232.39 | 3393795.86 257.41
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# Dewberry LIDAR QAQC Report

Appendix Fi Gadsden Screenshots
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