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DATA ANALYSIS 
 
 

This report documents the vertical accuracy of the LIDAR data as compared to the 
surveyed ground truth data for the Professional Management and LiDAR Data 
Collection and Processing Services project, Block 8.  Fundamental Vertical Accuracy, 
Supplemental Vertical Accuracies and the Consolidated Vertical Accuracy have been 
calculated based on the appropriate land cover classes, and are shown in the following 
sections. 
 
Data analysis was accomplished by comparing ground truth checkpoints with LIDAR 
points from the edited data set, which were within 3 feet horizontally from the ground 
truth points.  Note that the edited LIDAR points are simply a subset of the raw LIDAR 
points.  The points that fell above the ground surface on vegetation canopies, buildings, 
or other obstructions were removed from the data set.  Comparisons were also made 
between the survey points and the LIDAR derived terrain surface.  These comparisons 
provide an additional verification of the LIDAR data against the survey data. 
 
The survey data was collected in accordance with the FEMA FLOOD HAZARD 
MAPPING PROGRAM, GUIDELINES AND SPECIFICATIONS FOR FLOOD HAZARD 
MAPPING PARTNERS, APPENDIX A. 
 
Ground truth data was collected for each of the following land cover categories: 
 

1. Bare-earth and low grass 
2. Brush lands and low trees 
3. Forested areas fully covered by trees 
4. Urban areas 

 
The accuracy assessment was performed using a standard method to compute the root 
mean square error (RMSE) based on a comparison of ground control points (GCP) and 
filtered LiDAR data points. Filtered LiDAR data has had vegetation and cultural features 
removed and by analysis represents bare-earth elevations. . The RMSE figure was 
used to compute the vertical National Standard for Spatial Data Accuracy (NSSDA). 
Ground control was established by 3001, Inc. A spatial proximity analysis was used to 
select edited LiDAR data points contiguous to the relevant GCPs. A search radius 
decision rule is applied with consideration of terrain complexity, cumulative error and 
adequate sample size. Cumulative error results from the errors inherent in the various 
sources of horizontal measurement. These sources include the airborne GPS, GCPs 
and the uncertainty of the accuracy of the LiDAR data points. This accuracy is achieved 
prior to the sub-sampling that occurs through integration with the inertial measurement 
unit (IMU) positions that are recorded. It is unclear at this time whether the initial 
accuracy is maintained. The horizontal accuracy of the GCPs is estimated to be in the 
range of approximately 1 to 1.6 inches. Finally, sample size was considered. The 
specification for the National Standard for Spatial Data Accuracy is a minimum of 20 
points to conduct a statistically significant accuracy evaluation (Minnesota Planning, 
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1999, Positional Accuracy Handbook, Minnesota Planning Land Management 
Information Center, St. Paul, Minnesota., p.3). Most statistical texts indicate that a 
minimum of 30 sample points provide a reasonable Approximation of a normal 
distribution. The intent of the NSSDA is to reflect the geographic area of interest and the 
distribution of error in the data set (Federal Geographic Data Committee, 1998, 
Geospatial National Standard for Spatial Data Accuracy, Federal Geographic Data 
Committee Secretariat, Reston, Virginia, p.3-4). Additional steps were taken to ensure 
the vertical accuracy of the LiDAR data including: Step 1: Precision Bore sighting 
(Check Edge-matching) Step 2: Compare the LiDAR data to the Field Survey (Field 
survey is to FEMA specifications and more stringent internal specifications) Step 3: 
Automated Filtering Step 4: Manual Editing (Quality Control) Step 5: 3-D digitizing and 
photogrammetric compilation of hydrographic breaklines. Data analysis was 
accomplished by comparing ground truth checkpoints with LIDAR points from the edited 
data set, which were within 3 feet horizontally from the ground truth points. Note that the 
edited LIDAR points are simply a subset of the raw LIDAR points. The points that fell 
above the ground surface on vegetation canopies, buildings, or other obstructions were 
removed from the data set. Comparisons were also made between the survey points 
and the LIDAR derived terrain surface. These comparisons provide an additional 
verification of the LIDAR data against the survey data. The survey data was collected in 
accordance with the FEMA FLOOD HAZARD MAPPING PROGRAM, GUIDELINES 
AND SPECIFICATIONS FOR FLOOD HAZARD MAPPING PARTNERS, APPENDIX A.
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FUNDAMENTAL VERTICAL ACCURACY 
 
 

The Fundamental Vertical Accuracy is calculated using the bare-earth and low grass 
land class.  A comparison of these values indicated a Vertical Root Mean Square Error 
(RMSEz) of 0.16 feet, which equates to a Vertical Accuracy of 0.31 feet at the 95 
percent confidence level.  Descriptive statistics and a histogram of the vertical error 
distribution are shown below. 
 
 

Bare-earth & Low Grass (ft) 

RMSEz 0.16 
Mean -0.05 
Standard Error 0.01 
Median -0.07 
Mode -0.19 
Standard Deviation 0.15 
Sample Variance 0.02 
Kurtosis -0.05 
Skewness 0.57 
Range 0.68 
Minimum -0.34 
Maximum 0.34 
Count 246 
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Forested Areas
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Brush & Low Trees
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SUPPLEMENTAL VERTICAL ACCURACIES 
 

The Supplemental Vertical Accuracies are calculated using each of the land cover 
classes, except for the bare-earth and low grass land class.  The remaining land cover 
classes that are used for comparisons are brush lands and low trees, forested areas fully 
covered by trees, and urban areas.  The RMSEz values and Vertical Accuracies are 
shown with each respective land class, along with histograms of vertical error distribution. 
 

Brush Lands and Low Trees 
 
This set includes only those points that were collected in areas of brush lands and low 
trees.  The resulting RMSEz is 0.14 feet, which equates to a Vertical Accuracy of 0.27 
feet at the 95 percent confidence level.   
 

 

 

Forested Areas 
 
This set includes only those points that were collected in forested areas fully covered by 
trees.  The resulting RMSEz is 0.17 feet, which equates to a Vertical Accuracy of 0.33 
feet at the 95 percent confidence level.  
 

Forested Areas (ft) 

RMSEz 0.17 
Mean 0.13 
Standard Error 0.02 
Median 0.13 
Mode 0.11 
Standard Deviation 0.11 
Sample Variance 0.01 
Kurtosis 0.07 
Skewness -0.46 
Range 0.46 
Minimum -0.15 
Maximum 0.31 
Count 36 

Brush & Low Trees (ft) 
RMSEz 0.14 
Mean -0.03 
Standard Error 0.02 
Median -0.04 
Mode -0.10 
Standard Deviation 0.13 
Sample Variance 0.02 
Kurtosis -0.45 
Skewness 0.35 
Range 0.58 
Minimum -0.28 
Maximum 0.30 
Count 73 
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Urban
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Urban Areas 
 

This set includes only those points that were collected in areas of urban land cover.  
The resulting RMSEz is 0.15 feet, which equates to a Vertical Accuracy of 0.29 feet at 
the 95 percent confidence level. 
 
 

Urban (ft) 
RMSEz 0.15 
Mean 0.06 
Standard Error 0.01 
Median 0.06 
Mode 0.04 
Standard Deviation 0.13 
Sample Variance 0.02 
Kurtosis -0.72 
Skewness 0.03 
Range 0.56 
Minimum -0.22 
Maximum 0.34 
Count 219 
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All Land Classes
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CONSOLIDATED VERTICAL ACCURACY 
 
 

The Consolidated Vertical Accuracy is calculated using all land cover classes.  The 
result of these comparisons of these values indicated a Vertical Root Mean Square 
Error (RMSEz) of 0.15 feet, which equates to Vertical Accuracy of 0.29 feet at the 95 
percent confidence level.  Descriptive statistics and a histogram of the vertical error 
distribution for all comparisons are shown below. 
 
 

 

 
 
 

All Land Classes (ft) 
RMSEz 0.15 
Mean 0.01 
Standard Error 0.01 
Median 0.00 
Mode 0.06 
Standard Deviation 0.15 
Sample Variance 0.02 
Kurtosis -0.67 
Skewness 0.15 
Range 0.68 
Minimum -0.34 
Maximum 0.34 
Count 574 
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