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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A

minimum of 60 checkpoints is again recommended,

with up to 100 points preferred. For the Clark County project, five major

ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass, tall
grass, brush, and woods). A total of 527 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Clark County project was carried out in accordance with the two methods
mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error distribution
and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories may not
follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that may
exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 527 0.559

Hard Surface 426 0.553 0.562
Short Grass 21 0.470
Tall Grass 40 0.464
Brush 20 0.620
Woods 20 0.402
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The digital vertical data for the Clark County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.553 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.559 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.559ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)

Profile 1.182
Profile 0.56
Profile 0.563
Profile 0.564
Brush 0.565
Profile 0.575
Brush 0.584
Profile 0.588
Profile 0.598

Tall Grass 0.599
Profile 0.6
Profile 0.613 Four of the errors were larger
Profile 0.617 than the CVA standard (1.19ft)
Profile 0.628 which permits up to 5% of the
Profile 0.629 checkpoints, 26 out of 527, to
Profile 0.657 be larger than 1.19 ft.
Profile 0.661
Profile 0.682
Profile 0.687
Profile 0.69
Profile 0.696
Profile 0.711
Profile 0.756
Profile 1.202
Brush 1.3
Profile 1.309
Profile 1.385

Compared with the 1.19 ft SVA target values, SVA tested 0.562 ft at the 95% confidence level on hard surfaces; 0.470
ft in short grass; 0.464 ft in tall grass; 0.620 ft in brush; and 0.402 ft in woods ground cover categories, based on the
95" Percentile
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Four of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, by Ground Cover Category
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated [ 0.282 -0.045 -0.050 0.941 0.278 527 -0.711 1.385
Hard Surface | 0.282 -0.071 -0.083 1.026 0.274 426 -0.711 1.385
Short Grass 0.221 -0.016 -0.032 0.450 0.226 21 -0.470 0.541
Tall Grass 0.240 0.038 0.061 -0.346 0.241 40 -0.599 0.507

Brush 0.407 0.186 0.141 1.363 0.372 20 -0.424 1.300
Woods 0.241 0.061 0.054 -0.526 0.239 20 -0.471 0.398

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.

-1.20-1.00-080-0.60-040-020 000 0Z0 040 060 080 1.00
Elevation Differences (feet)

Elevation Difference Histogram

1.20 Mo-e

Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Clark County, verify that the digital vertical data provided by AERO-METRIC is well
suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.282 x 1.9600 = 0.553 ft

Per NDEP/ASPRS guidelines: 95 percentile (CVA) = 95% confidence level
=0.559 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Clay County project, five major
ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass, tall
grass, brush, and woods). A total of 531 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Clay County project was carried out in accordance with the two methods
mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error distribution
and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories may not
follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that may
exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 531 0.661

Hard Surface 427 0.555 0.589
Short Grass 20 0.618
Tall Grass 44 0.912
Brush 20 0.882
Woods 20 0.732
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The digital vertical data for the Clay County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.555 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.661 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors

may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.661ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)

Woods 0.665
Profile 0.683
Profile 0.685

Tall Grass 0.686

Tall Grass 0.689
Profile 0.693
Brush 0.699
Profile 0.701
Woods 0.702
Profile 0.704
Woods 0.714
Profile 0.715 One of the errors were larger
Profile 0.725 than the CVA standard (1.19ft)
Woods 0.726 which permits up to 5% of the
Profile 0.739 checkpoints, 26 out of 531, to
Brush 0.741 be larger than 1.19 ft.
Profile 0.758
Profile 0.771

Short Grass 0.794

Tall Grass 0.852
Woods 0.854
Brush 0.864

Tall Grass 0.892

Tall Grass 0.916

Tall Grass 0.922

Tall Grass 0.987
Brush 1.229

Compared with the 1.19 ft SVA target values, SVA tested 0.589 ft at the 95% confidence level on hard surfaces; 0.618
ft in short grass; 0.912 ft in tall grass; 0.882 ft in brush; and 0.732 ft in woods ground cover categories, based on the
95" Percentile
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. one of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE. by Ground Cover Category
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated [ 0.322 0.163 0.159 0.282 0.277 531 -0.618 1.229
Hard Surface | 0.283 0.125 0.131 0.008 0.254 427 -0.618 0.771
Short Grass 0.325 0.225 0.225 0.628 0.241 20 -0.123 0.794
Tall Grass 0.459 0.349 0.323 0.372 0.302 44 -0.252 0.987

Brush 0.500 0.337 0.290 0.473 0.379 20 -0.265 1.229
Woods 0.461 0.322 0.341 -0.130 0.338 20 -0.212 0.854

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Clay County, verify that the digital vertical data provided by AERO-METRIC is well
suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.283 x 1.9600 = 0.555 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.661 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Macon County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 529 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Macon County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 529 0.469

Hard Surface 429 0.416 0.436
Short Grass 20 0.320
Tall Grass 40 0.561
Brush 20 0.594
Woods 20 0.559
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The digital vertical data for the Macon County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.416 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.469 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.469ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)
Woods 0.469
Profile 0.47
Brush 0.471
Profile 0.476
Brush 0.481
Brush 0.483
Profile 0.49
Profile 0.497
Woods 0.499
Profile 0.502
Woods 0.517
Building 0.525 Zero of the errors were larger
Profile 0.531 than the CVA standard (1.19ft)
Profile 0.537 which permits up to 5% of the
Woods 0.54 checkpoints, 26 out of 529, to
Profile 0.555 be larger than 1.19 ft.
Profile 0.557
Tall Grass 0.559
Profile 0.567
Profile 0.583
Tall Grass 0.592
Brush 0.594
Tall Grass 0.599
Brush 0.602
Building 0.624
Profile 0.683
Woods 0.915

Compared with the 1.19 ft SVA target values, SVA tested 0.436 ft at the 95% confidence level on hard surfaces; 0.320
ft in short grass; 0.561 ft in tall grass; 0.594 ft in brush; and 0.559 ft in woods ground cover categories, based on the
95™ Percentile.
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category
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Hard Surface Short Grass Tall Grass Brush Woods

Ground Cover Category

Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

0.45
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category () ) ) Skew ) Points (1) (1)
Consolidated [ 0.232 -0.031 -0.046 0.304 0.230 529 -0.683 0.915
Hard Surface | 0.212 -0.069 -0.076 -0.085 0.201 429 -0.683 0.525
Short Grass 0.181 -0.045 -0.079 0.664 0.180 20 -0.318 0.355
Tall Grass 0.302 0.158 0.191 -0.336 0.261 40 -0.397 0.599

Brush 0.352 0.238 0.278 -0.896 0.267 20 -0.483 0.602
Woods 0.341 0.145 0.095 0.566 0.317 20 -0.469 | 0915

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.

-1.20-1.00-030-062-C40-020 0.00 022 040 0.6C 080 1.00 1.20 Mors
Elevation Differences (feet)

H - e o H
melciieeril

Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Macon County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.212 x 1.9600 = 0.416 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.469 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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State of Illinios
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Moultrie County, IL

Vertical Accuracy Assessment Report

AERO-METRIC, INC.
4020 Technology Parkway

Sheboygan, WI 53083

AERO-METRIC Project No. 1-101107.01

Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Moultrie County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 523 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Moultrie County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 523 0.490

Hard Surface 423 0.467 0.449
Short Grass 20 0.533
Tall Grass 40 0.467
Brush 20 0.731
Woods 20 0.695
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The digital vertical data for the Moultrie County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.467 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.490 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.490ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)

Profile 0.002
Brush 0.021

Short Grass 0.028
Profile 0.05
Profile 0.066
Profile 0.086
Brush 0.088
Profile 0.092

Short Grass 0.118
Profile 0.161

Tall Grass 0.242
Profile 0.274 Zero of the errors were larger
Profile 0.35 than the CVA standard (1.19ft)
Profile 0.409 which permits up to 5% of the
Profile 0414 checkpoints, 26 out of 523, to
Profile 0.42 be larger than 1.19 ft.
Profile 043
Woods 0.496
Profile 0.502

Tall Grass 0.525
Woods 0.592

Building 0.598
Brush 0.64
Woods 0.683
Woods 0.695
Woods 0.7
Building 0.801

Compared with the 1.19 ft SVA target values, SVA tested 0.449 ft at the 95% confidence level on hard surfaces; 0.533
ft in short grass; 0.467 ft in tall grass; 0.731 ft in brush; and 0.695 ft in woods ground cover categories, based on the
95™ Percentile.
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, by Ground Cover Category
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated | 0.250 0.013 -0.015 0.642 0.250 523 -0.626 1.047
Hard Surface | 0.238 -0.010 -0.032 0.523 0.238 423 -0.626 0.919
Short Grass 0.230 0.020 0.017 1.284 0.235 20 -0.339 0.640
Tall Grass 0.251 0.135 0.123 0.263 0.214 40 -0.292 0.723

Brush 0.364 0.142 0.042 1.029 0.343 20 -0.457 1.047
Woods 0.347 0.135 0.025 0.670 0.328 20 -0.377 0.700

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface
computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis
that fell within the 0.20 ft ranges shown along the horizontal axis.

-1.20-1.00-0.80-0.60-0.40-020 0.00 0.20 0.40 0.60 0.80 1.00 1.20 More
Elevation Differences (feet)

Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Moultrie County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.238 x 1.9600 = 0.467 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.490 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Richland County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 548 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Richland County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 548 0.643

Hard Surface 443 0.574 0.620
Short Grass 21 0.563
Tall Grass 42 0.677
Brush 21 0.733
Woods 21 0.658
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The digital vertical data for the Richland County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.574 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.643 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.643ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)

Profile 0.644

Tall Grass 0.646
Profile 0.656
Woods 0.658
Profile 0.667

Tall Grass 0.679
Profile 0.681
Profile 0.695
Profile 0.699
Profile 0.702
Profile 0.725
Profile 0.73 One of the errors were larger
Brush 0.733 than the CVA standard (1.19ft)
Profile 0.761 which permits up to 5% of the
Profile 0.776 checkpoints, 27 out of 548, to
Brush 0.786 be larger than 1.19 ft.
Profile 0.788
Profile 0.804
Profile 0.807
Profile 0.831
Profile 0.859
Profile 0.864
Profile 0.908

Tall Grass 0.921
Profile 0.988
Woods 0.992
Profile 1.014

Tall Grass 1.196

Compared with the 1.19 ft SVA target values, SVA tested 0.620 ft at the 95% confidence level on hard surfaces; 0.563
ft in short grass; 0.677 ft in tall grass; 0.733 ft in brush; and 0.658 ft in woods ground cover categories, based on the
95™ Percentile.
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. One of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover

categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE; by Ground Cover Category
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.40
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Ground Cover Category

Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated [ 0.315 -0.007 0.024 -0.267 0.315 548 -1.014 1.196
Hard Surface | 0.293 -0.046 -0.005 -0.675 0.290 443 -1.014 0.725
Short Grass 0.324 -0.037 0.097 -0.346 0.330 21 -0.628 0.538
Tall Grass 0.420 0.212 0.166 0.059 0.367 42 -0.646 1.196

Brush 0.382 0.171 0.196 0.051 0.350 21 -0.363 0.786
Woods 0.415 0.222 0.250 -0.305 0.359 21 -0.634 0.992

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.

-1.20-1.00-080-060-040-0200.00 0.20 040 0.60 0.80 1.00 1.20 Mors
Elevation Differences (feet)

Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Richland County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.293 x 1.9600 = 0.574 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.643 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A

minimum of 60 checkpoints is again recommended

, with up to 100 points preferred. For the Shelby County project, five

major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 532 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the

Shelby County project was carried out in accordance with the two

methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error

distribution and the newer second method (defined

by NDEP and ASPRS) assumes that errors in some land cover categories

may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that

may exist in the five ground cover categories: hard

surface, short grass, tall grass, brush, and woods. The following table

summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 532 0.504

Hard Surface 430 0.481 0.527
Short Grass 21 0.408
Tall Grass 40 0.452
Brush 20 0.499
Woods 21 0.387
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The digital vertical data for the Shelby County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.481 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.504 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.504ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)

Tall Grass 0.515
Profile 0.523
Profile 0.53
Profile 0.532
Profile 0.533
Profile 0.535
Profile 0.537
Profile 0.538
Profile 0.541
Profile 0.544

Tall Grass 0.55
Profile 0.55 Zero of the errors were larger
Profile 0.574 than the CVA standard (1.19ft)
Brush' 0.575 which permits up to 5% of the
Profile 0.577 checkpoints, 26 out of 532, to
Profile 0.578 be larger than 1.19 ft.
Profile 0.589
Profile 0.601
Profile 0.608
Profile 0.62
Profile 0.664

Building 0.677
Woods 0.712

Building 0.755
Profile 0.788
Profile 0.825

Building 0.942

Compared with the 1.19 ft SVA target values, SVA tested 0.527 ft at the 95% confidence level on hard surfaces; 0.408
ft in short grass; 0.452 ft in tall grass; 0.499 ft in brush; and 0.387 ft in woods ground cover categories, based on the
95™ Percentile.
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

045
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated [ 0.245 -0.096 -0.102 -0.007 0.225 532 -0.942 0.712
Hard Surface | 0.245 -0.129 -0.123 -0.267 0.209 430 -0.942 0.608
Short Grass 0.225 -0.102 -0.144 0.622 0.206 21 -0.445 0.380
Tall Grass 0.233 0.055 0.093 0.210 0.229 40 -0.351 0.550

Brush 0.273 0.133 0.121 -0.721 0.245 20 -0.495 0.575
Woods 0.243 0.067 0.110 0.429 0.239 21 -0.387 0.712

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.

=1.20-1.00-0.80-060-040-020 000 020 040 060 080 1.00 120 More
Elevation Differences (feet)

Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Shelby County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.245 x 1.9600 = 0.481 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.504 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Wabash County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 519 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Wabash County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 526 0.468

Hard Surface 426 0.386 0.406
Short Grass 20 0.341
Tall Grass 40 0.593
Brush 20 0.965
Woods 20 0.690
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The digital vertical data for the Wabash County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.386 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.468 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors

may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.468f).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)
Building 0.307
Short Grass 0.327
Building 0.328
Woods 0.335
Woods 0.341
Woods 0.353
Brush 0.358
Profile 0.368
Profile 0.389
Tall Grass 0.408
?Zﬁ g;zz: 83 ;471 Zero of the errors were larger
: than the CV A standard (1.19ft)
Profile 0.425 which permits up to 5% of the
Brush 0.457 checkpoints, 26 out of 19, to
Tall Grass 0.460 be larger than 1.19 ft.
Profile 0.466
Woods 0.540
Profile 0.548
Profile 0.549
Brush 0.583
Woods 0.619
Brush 0.642
Tall Grass 0.647
Brush 0.654
Woods 0.741
Building 0.806

Compared with the 1.19 ft SVA target values, SVA tested 0.406 ft at the 95% confidence level on hard surfaces; 0.341
ft in short grass; 0.593 ft in tall grass; 0.965 ft in brush; and 0.690 ft in woods ground cover categories, based on the
95™ Percentile.
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category

1.10
1.00
0.90
_0.80
S 0.70
£0.60
o
$ 0.50
& 0.40
(=]
0.30
0.20
0.10
0.00

Hard Surface Short Grass Tall Grass Brush Woods

Ground Cover Category

Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, by Ground Cover Category

0.50
045

040
0.35
0.30
025
0.20
015
0.10

RMSE, (t)

0.05

0.00

Hard Short Grass  Tall Grass Brush Woods

Surface Ground Cover Category

Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated | 0.236 0.071 0.058 0.289 0.226 519 -1.274 1.060
Hard Surface | 0.197 0.039 0.040 -0.311 0.193 419 -1.274 1.060
Short Grass 0.164 0.071 0.065 0.366 0.152 20 -0.183 0.385
Tall Grass 0.290 0.145 0.133 0.515 0.254 40 -0.302 0.806

Brush 0.484 0.387 0.340 0.616 0.299 20 -0.048 0.994
Woods 0.420 0.271 0.386 -0.914 0.329 20 -0.502 0.741

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.

-1.20-1.00-080-060-040-020 0.00 0.20 040 060 0.30 1.00 1.20 More
Elevation Differences (feet)

Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Wabash County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.197 x 1.9600 = 0.386 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.468 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Vertical Accuracy Assessment Report

AERO-METRIC, INC.
4020 Technology Parkway

Sheboygan, WI 53083

AERO-METRIC Project No. 1-101107.01

Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Wayne County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 526 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Wayne County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)

Page 1 of 8






aerometric
LiDAR Processing

PHOTOGRAMMETRIC & GIS SERVICES AERO-METRIC, INCORPORATED

Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 526 0.594

Hard Surface 426 0.446 0.375
Short Grass 20 0.357
Tall Grass 40 0.694
Brush 20 0.991
Woods 20 0.854
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The digital vertical data for the Wayne County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.446 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.594 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.594ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)
Woods 0.599
Brush 0.604
Tall Grass 0.613
Profile 0.617
Tall Grass 0.622
Tall Grass 0.625
Woods 0.651
Tall Grass 0.655
Profile 0.663
Tall Grass 0.679
Tall Grass 0.694
Tall Grass 0.695 One of the errors were larger
Woods 0.725 than the CVA standard (1.19ft)
Tall Grass 0.73 which permits up to 5% of the
Brush 0.761 checkpoints, 26 out of 532, to
Brush 0.82 be larger than 1.19 ft.
Brush 0.824
Brush 0.834
Woods 0.846
Brush 0.886
Brush 0.921
Brush 0.986
Woods 1.012
Profile 1.057
Brush 1.08
Building 1.108
Building 1.795

Compared with the 1.19 ft SVA target values, SVA tested 0.375 ft at the 95% confidence level on hard surfaces; 0.357
ft in short grass; 0.694 ft in tall grass; 0.991 ft in brush; and 0.854 ft in woods ground cover categories, based on the
95™ Percentile.

Page 3 of §





aerometric

LiDAR Processing

PHOTOGRAMMETRIC & GIS SERVICES

AERO-METRIC, INCORPORATED

Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. One of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the

checkpoints could be outside the 1.19 ft criteria.
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, by Ground Cover Category
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Surface
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Figure 3 — RMSE, statistics by Ground Cover Category
Page 5 of 8





aerometric

LiDAR Processing

PHOTOGRAMMETRIC & GIS SERVICES

AERO-METRIC, INCORPORATED

Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated [ 0.285 0.139 0.119 1.151 0.249 526 -0.834 1.795
Hard Surface | 0.228 0.101 0.085 1.880 0.204 426 -0.390 1.795
Short Grass 0.200 0.124 0.123 -0.207 0.160 20 -0.145 0.366
Tall Grass 0.407 0.330 0.294 0.021 0.242 40 -0.103 0.730

Brush 0.627 0.439 0.455 -0.966 0.460 20 -0.834 1.080
Woods 0.512 0.282 0.371 -0.843 0.438 20 -0.725 1.012

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.

-1.20-1.00-0.60-0.60-040-020 0.00 0.20 040 060 080 1.00 1.20 More
Elevation Differences (feet)

Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Wayne County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.228 x 1.9600 = 0.446 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.594 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A

minimum of 60 checkpoints is again recommended,

with up to 100 points preferred. For the Coles County project, five

major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 533 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Coles County project was carried out in accordance with the two methods
mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error distribution
and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories may not
follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that may
exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 533 0.469

Hard Surface 433 0.467 0.447
Short Grass 20 0.341
Tall Grass 40 0.711
Brush 20 0.604
Woods 20 0.493
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The digital vertical data for the Coles County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.467 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.469 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.469ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)

Tall Grass 0.476

Profile 0.476

Profile 0.478

Woods 0.486

Profile 0.487

Building 0.488

Brush 0.492

Profile 0.503

Profile 0.506

El)"gcl)lﬁ grass 005;} Zero of the errors were larger

: than the CVA standard (1.19ft)

Tall Grass 0.526 which permits up to 5% of the
Tall Grass 0.527 checkpoints, 26 out of 533, to
Profile 0.577 | pe larger than 1.19 ft.

Profile 0.577

Tall Grass 0.584

Tall Grass 0.591

Profile 0.593

Brush 0.596

Woods 0.633

Tall Grass 0.7

Brush 0.764

Building 0.888

Tall Grass 0.929

Tall Grass 1.026

Compared with the 1.19 ft SVA target values, SVA tested 0.447 ft at the 95% confidence level on hard surfaces; 0.341
ft in short grass; 0.711 ft in tall grass; 0.604 ft in brush; and 0.493 ft in woods ground cover categories, based on the
95" Percentile
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures
The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

Page 5 of 8





aerometric

LiDAR Processing

PHOTOGRAMMETRIC & GIS SERVICES

AERO-METRIC, INCORPORATED

RMSE, (ft)

0.45
0.10
0.325

W25
0.20
015
Al
0.05
0.00

RMSE, by Ground Cover Category

Brush Wocds

Tall Grass
Ground Cover Category

Hard
Surfaco

Short Grass

Figure 3 — RMSE, statistics by Ground Cover Category

Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v (v
Consolidated [ 0.252 -0.092 -0.106 0.733 0.235 533 -0.888 1.026
Hard Surface | 0.238 -0.140 -0.145 0.065 0.193 433 -0.888 0.398
Short Grass 0.162 0.021 0.027 0.027 0.165 20 -0.343 0.341
Tall Grass 0.359 0.182 0.105 0.847 0.313 40 -0.347 1.026

Brush 0.343 0.207 0.244 -0.132 0.280 20 -0.409 0.764
Woods 0.250 0.000 -0.046 -0.231 0.257 20 -0.633 0.486

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands

Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Coles County, verify that the digital vertical data provided by AERO-METRIC is well
suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.238 x 1.9600 = 0.467 ft

Per NDEP/ASPRS guidelines: 95" percentile (CVA) = 95% confidence level
=0.469 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Crawford County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 526 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Crawford County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 526 0.369

Hard Surface 426 0.410 0.380
Short Grass 20 0.258
Tall Grass 40 0.387
Brush 20 0.428
Woods 20 0.452
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The digital vertical data for the Crawford County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.467 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.469 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.469ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)

Profile 0.396

Profile 0.411

Woods 0.415

Profile 0.42

Brush 0.422

Profile 0.426

Profile 0.427

Woods 0.445

Profile 0.445

Woods 0.448

ggg}z gjgg Zero of the errors were larger

- than the CVA standard (1.19ft)

Tall Grass 0.474 which permits up to 5% of the
Profile 0.488 checkpoints, 26 out of 526, to
Profile 0.492 be larger than 1.19 ft.

Woods 0.525

Building 0.529

Profile 0.533

Brush 0.535

Building 0.554

Profile 0.595

Profile 0.63

Building 0.677

Building 0.819

Building 0.895

Profile 0.921

Building 1.042

Compared with the 1.19 ft SVA target values, SVA tested 0.380 ft at the 95% confidence level on hard surfaces; 0.258
ft in short grass; 0.387 ft in tall grass; 0.428 ft in brush; and 0.452 ft in woods ground cover categories, based on the
95™ Percentile
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures
The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, by Ground Cover Category

RMSE, (ft)

Hard Short Grass  Tall Grass Brush Woods

S Ground Cover Category

Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated [ 0.213 0.003 -0.007 0.653 0.213 526 -0.554 1.042
Hard Surface | 0.209 -0.010 -0.019 0.925 0.209 426 -0.554 1.042
Short Grass 0.161 -0.045 -0.031 -0.029 0.159 20 -0.321 0.236
Tall Grass 0.220 0.130 0.167 -0.643 0.179 40 -0.303 0.474

Brush 0.260 0.117 0.154 -0.166 0.239 20 -0.320 0.535
Woods 0.276 -0.030 -0.030 -0.144 0.282 20 -0.525 0.448

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface
computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis
that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Crawford County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.209 x 1.9600 = 0.380 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.396 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Cumberland County project,
five major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short
grass, tall grass, brush, and woods). A total of 525 checkpoints were collected over the entire project area including building

and profile points.

Aero-Metric’s vertical accuracy assessment for the Cumberland County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 525 0.454

Hard Surface 424 0.472 0.453
Short Grass 20 0.400
Tall Grass 40 0.456
Brush 21 0.474
Woods 20 0.515
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The digital vertical data for the Cumberland County meets all mandatory and target specifications as per the
following vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.472 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.454 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.454ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)
Profile 0.46
Profile 0.468
Brush 0.474
Building 0.483
Profile 0.489
Building 0.493
Profile 0.504
Woods 0.505
Profile 0.508
Woods 0.512
Profile 0.514 One of the errors were larger
Tall Grass 0.517 than the CVA standard (1.19ft)
Profile 0.535 which permits up to 5% of the
Profile 0.539 checkpoints, 26 out of 525, to
Profile 0.543 be larger than 1.19 ft.
Profile 0.558
Profile 0.576
Woods 0.578
Profile 0.578
Profile 0.582
Profile 0.623
Profile 0.64
Brush 0.665
Building 0.665
Tall Grass 0.799
Building 1.208

Compared with the 1.19 ft SVA target values, SVA tested 0.453 ft at the 95% confidence level on hard surfaces; 0.400
ft in short grass; 0.456 ft in tall grass; 0.474 ft in brush; and 0.515 ft in woods ground cover categories, based on the
95" Percentile
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. One of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, by Ground Cover Category

0.5C
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0.4C
0.2g
0.2c
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0.2cC
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Ground Cover Category

Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated | 0.246 -0.070 -0.081 0.417 0.237 525 -0.665 1.208
Hard Surface | 0.241 -0.097 -0.102 0.366 0.221 424 -0.665 1.208
Short Grass 0.198 -0.067 -0.040 -0.390 0.192 20 -0.443 0.213
Tall Grass 0.277 0.059 0.031 0.464 0.274 40 -0.453 0.799

Brush 0.278 0.167 0.158 0.125 0.229 21 -0.286 0.665
Woods 0.301 0.009 0.031 -0.112 0.308 20 -0.578 0.512

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface
computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis
that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Cumberland County, verify that the digital vertical data provided by AERO-METRIC
is well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.241 x 1.9600 = 0.472 ft

Per NDEP/ASPRS guidelines: 95 percentile (CVA) = 95% confidence level
=0.454 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004

Page 8 of 8






aerometric

LiDAR Processing

PHOTOGRAMMETRIC & GIS SERVICES

AERO-METRIC, INCORPORATED

State of Illinios

Department of Transportation

Edwards County, IL

Vertical Accuracy Assessment Report

AERO-METRIC, INC.
4020 Technology Parkway

Sheboygan, WI 53083

AERO-METRIC Project No. 1-101107.01

Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Edwards County, within District
7 project, five major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface,
short grass, tall grass, brush, and woods). A total of 520 checkpoints were collected over the entire project area including

building and profile points.

Aero-Metric’s vertical accuracy assessment for the Edwards County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 520 0.344

Hard Surface 419 0.392 0.363
Short Grass 20 0.346
Tall Grass 41 0.697
Brush 20 0.674
Woods 20 0.507
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The digital vertical data for the Edwards County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.392 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.344 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.91ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)
Hard Surface 0.505

Tall Grass 1.437

Tall Grass 0.719

Tall Grass 0.697

Tall Grass 0.584

Tall Grass 0.508

Tall Grass 0.49
Brush 0.9
Brush 0.662
Brush 0.632
Brush 0.606 One of the errors were larger
Brush 0.538 than the CVA standard (1.19ft)
Woods 0.711 which permits up to 5% of the
Woods 0.496 checkpoints, 26 out of 520, to
Woods 0.491 be larger than 1.19 ft.
Woods 0.488
Profile 0.693
Profile 0.6
Profile 0.602
Profile 0.608
Profile 0.533
Profile 0.513
Profile 0.513

Building 0.754

Building 1.015

Building 1.066

Compared with the 1.19 ft SVA target values, SVA tested 0.363 ft at the 95% confidence level on hard surfaces; 0.346
ft in short grass; 0.697 ft in tall grass; 0.674 ft in brush; and 0.507 ft in woods ground cover categories, based on the
95™ Percentile
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Twenty-

two of the checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5%
of the checkpoints could be outside the 1.19 ft criteria.
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category () ) ) Skew ) Points (1) (1)
Consolidated [ 0.231 0.034 0.039 0.371 0.229 520 -1.066 1.437
Hard Surface | 0.200 0.008 0.016 0.039 0.182 419 -0.608 0.693
Short Grass 0.190 0.072 0.073 -0.459 0.180 20 -0.341 0.450
Tall Grass 0.354 0.143 0.103 1.479 0.328 41 -0.584 1.437

Brush 0.377 0.272 0.168 0.921 0.267 20 -0.020 | 0.900
Woods 0.345 0.142 0.128 -0.092 0.322 20 -0.392 0.711

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Edwards County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.200 x 1.9600 = 0.392 ft

Per NDEP/ASPRS guidelines: 95 percentile (CVA) = 95% confidence level
=0.363 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Effingham County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 534 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Effingham County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 534 0.541

Hard Surface 433 0.499 0.505
Short Grass 20 0.303
Tall Grass 41 0.579
Brush 20 0.660
Woods 20 0.599
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The digital vertical data for the Effingham County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.499 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.541 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.541ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)

Tall Grass 0.547
Profile 0.547
Profile 0.549
Profile 0.553

Tall Grass 0.554

Tall Grass 0.555
Profile 0.555
Profile 0.561

Tall Grass 0.579

Building 0.579

Ta]?lrésr};ss 822 ; Zero of the errors were larger

. than the CVA standard (1.19ft)

Profile 0.584 which permits up to 5% of the
Profile 0.586 checkpoints, 26 out of 534, to
Brush 0.595 be larger than 1.19 ft.
Woods 0.598
Profile 0.616
Profile 0.617
Woods 0.623

Tall Grass 0.628
Brush 0.643
Profile 0.669

Building 0.676
Profile 0.68
Profile 0.749
Profile 0.749
Brush 0.975

Compared with the 1.19 ft SVA target values, SVA tested 0.505 ft at the 95% confidence level on hard surfaces; 0.303
ft in short grass; 0.579 ft in tall grass; 0.660 ft in brush; and 0.599 ft in woods ground cover categories, based on the
95™ Percentile

Page 3 of §





aerometric
LiDAR Processing

PHOTOGRAMMETRIC & GIS SERVICES AERO-METRIC, INCORPORATED

Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, by Ground Cover Category

RMSE, (ft)

Woods

Hard ShortGrass  Tall Grass Brush
Slriizee Ground Cover Category

Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated | 0.264 -0.091 -0.103 0.364 0.248 534 -0.749 0.975
Hard Surface | 0.255 -0.126 -0.125 0.055 0.222 433 -0.749 0.676
Short Grass 0.156 0.019 0.038 -0.354 0.159 20 -0.336 0.301
Tall Grass 0.319 0.130 0.095 -0.149 0.295 41 -0.555 0.628

Brush 0.373 0.099 0.089 0.412 0.369 20 -0.581 0.975
Woods 0.279 -0.094 -0.095 0.565 0.269 20 -0.598 0.623

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Effingham County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.255 x 1.9600 = 0.499 ft

Per NDEP/ASPRS guidelines: 95 percentile (CVA) = 95% confidence level
=0.541 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Fayette County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 605 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Fayette County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 605 0.466

Hard Surface 504 0.421 0.404
Short Grass 21 0.522
Tall Grass 40 0.619
Brush 20 0.503
Woods 20 0.470
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The digital vertical data for the Fayette County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.421 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.466 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.466ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)
Woods 0.469
Brush 0.469
Profile 0.47
Profile 0.47
Profile 0.476
Profile 0.483
Profile 0.485
Brush 0.49
Woods 0.491
Profile 0.496
Brush 0.5
Tall Grass 0.505
Sl]?;l;tl(glrlagss 82 ;; Zero of the errors were larger
- than the CVA standard (1.19ft)
Profile 0.524 which permits up to 5% of the
Tall Grass 0.546 checkpoints, 26 out of 605, to
Brush 0.564 be larger than 1.19 ft.
Profile 0.588
Tall Grass 0.617
Profile 0.618
Short Grass 0.619
Profile 0.648
Tall Grass 0.652
Profile 0.656
Profile 0.664
Profile 0.665
Tall Grass 0.672
Profile 0.723
Profile 0.726
Building 0.795
Profile 0.825

Compared with the 1.19 ft SVA target values, SVA tested 0.404 ft at the 95% confidence level on hard surfaces; 0.522
ft in short grass; 0.619 ft in tall grass; 0.503 ft in brush; and 0.470 ft in woods ground cover categories, based on the
95™ Percentile
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category

1.10
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_0.80
S 0.70
£0.60
o
$ 0.50
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(=]
0.30
0.20
0.10
0.00

Hard Surface Short Grass Tall Grass Brush Woods

Ground Cover Category

Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, by Ground Cover Category
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category () ) ) Skew ) Points (1) (1)
Consolidated [ 0.225 -0.017 -0.026 0.103 0.225 605 -0.795 0.825
Hard Surface | 0.215 -0.036 -0.038 0.061 0.212 504 -0.795 0.825
Short Grass 0.254 0.045 0.102 0.014 0.256 21 -0.522 0.619
Tall Grass 0.272 0.060 0.058 -0.108 0.268 40 -0.617 0.672

Brush 0.307 0.116 0.089 -0.523 0.292 20 -0.564 | 0.500
Woods 0.245 0.090 0.084 -0.097 0.234 20 -0.356 | 0.491

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Fayette County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.215x 1.9600 = 0.421 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.466 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines

implement the NSSDA standards and recommend t

he survey of a minimum of 20 checkpoints per ground cover category

representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital

Elevation Program (NDEP)® and the American Soc

iety for Photogrammetry and Remote Sensing (ASPRS)* provide an

alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A

minimum of 60 checkpoints is again recommended

, with up to 100 points preferred. For the Jasper County project, five

major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 615 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the
mentioned above. The first method (defined by NS

Jasper County project was carried out in accordance with the two methods
SDA and FEMA) assumes all errors follow a normal error distribution

and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories may not
follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that may
exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 615 0.489

Hard Surface 512 0.471 0.461
Short Grass 21 0.458
Tall Grass 40 0.371
Brush 21 0.490
Woods 21 1.32
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The digital vertical data for the Jasper County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.471 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.489 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.489ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)
Brush 0.49
Profile 0.496
Profile 0.5
Profile 0.505
Profile 0.51
Profile 0.515
Profile 0.517
Profile 0.523
Profile 0.525
Profile 0.534
Profile 0.537
Profile 0.543
ggggz 8;2 ; Three of the errors were larger
: than the CVA standard (1.19ft)
Profile 0.576 which permits up to 5% of the
Profile 0.583 checkpoints, 30 out of 615, to
Profile 0.587 be larger than 1.19 ft.
Short Grass 0.59

Building 0.615
Woods 0.621
Profile 0.63
Woods 0.694
Woods 0.695
Brush 0.748
Profile 0.774
Profile 0.907

Building 1.038
Profile 1.12
Woods 1.321

Building 1.324
Woods 1.476
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Compared with the 1.19 ft SVA target values, SVA tested 0.461 ft at the 95% confidence level on hard surfaces; 0.458
ft in short grass; 0.371 ft in tall grass; 0.490 ft in brush; and 1.321 ft in woods ground cover categories, based on the
95™ Percentile. Only the Woods categorie exceed the target value (1.19 ft). This is probably due to the leafy conditions. It
is harder for the LiDAR pulses to reach the ground and also harder for the surveyor using GPS to measure the ground in leafy
conditions.

Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Three of
the checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the
checkpoints could be outside the 1.19 ft criteria.

95th Percentile by Ground Cover Category
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, (ft)

Whiaoc s

Tzll Grass Brush
Ground Cover Category

Herd Skart Grass
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated [ 0.260 -0.055 -0.036 -0.810 0.255 615 -1.476 0.774
Hard Surface | 0.240 -0.066 -0.045 -0.503 0.231 512 -1.324 0.774
Short Grass 0.242 -0.119 -0.101 -0.578 0.217 21 -0.590 0.212
Tall Grass 0.202 0.054 0.044 -0.079 0.198 40 -0.420 0.477

Brush 0.286 0.180 0.133 0.527 0.228 21 -0.296 0.748
Woods 0.598 -0.172 -0.120 -0.829 0.587 21 -1.476 0.694

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface

computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis

that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Jasper County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.240 x 1.9600 = 0.471 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.489 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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Background

The National Standard for Spatial Data Accuracy (NSSDA)' defines guidelines for testing and reporting the accuracy of
digital geospatial data. The NSSDA makes the assumption that all errors follow a normal error distribution where Root-
Mean-Square-Error (RMSE) procedures apply. The Federal Emergency Management Agency (FEMA)? guidelines
implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category
representative of the area being tested. A minimum of three categories (60 checkpoints) is required. The National Digital
Elevation Program (NDEP)® and the American Society for Photogrammetry and Remote Sensing (ASPRS)* provide an
alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a
normal error distribution. The ASPRS guidelines are directly referenced to the assessment of LIDAR digital data. A
minimum of 60 checkpoints is again recommended, with up to 100 points preferred. For the Lawrence County project, five
major ground cover categories were defined by Aero-Metric as representative of the project area (hard surface, short grass,
tall grass, brush, and woods). A total of 545 checkpoints were collected over the entire project area including building and

profile points.

Aero-Metric’s vertical accuracy assessment for the Lawrence County project was carried out in accordance with the two
methods mentioned above. The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error
distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories
may not follow a normal error distribution. Comparing the two methods helps determine the amount of systematic errors that
may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods. The following table
summarizes the criteria used to evaluate the vertical data. Criteria highlighted in yellow refer to the NSSDA and FEMA
guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.

Table 1 -- DTM Acceptance Criteria

Criteria

Acceptable Value

RMSE,= NSSDA vertical accuracy statistic at
68% confidence level (1.0 x RMSE,)

0.60 ft for all ground cover categories combined

Accuracy,= NSSDA vertical accuracy statistic at
the 95% confidence level (1.96 x RMSE,)

1.19 ft (RMSE, x 1.9600) for all ground cover categories
combined

Fundamental Vertical Accuracy (FVA) in open
terrain only = 95% confidence level

1.19 ft (RMSE, x 1.9600) for open terrain only

Supplemental Vertical Accuracy (SVA) in
individual ground cover categories = 95%
confidence level

1.19 ft (based on 95" percentile per category; this is a target value
only, not mandatory)

Consolidated Vertical Accuracy (CVA) in all
ground cover categories combined = 95%
confidence level

1.19 ft (based on combined 95" percentile)
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Aero-Metric tested the digital vertical data using the following steps:

1. American Survey ground survey personnel collected and processed GPS data for each of the ground cover
checkpoints. These points were distributed throughout ground cover category areas within the project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan. The
program creates a TIN surface from the digital vertical data and computes vertical differences between the surface
and the surveyed checkpoints. An output file records the vertical differences and associated statistics.

3. The results were analyzed by Aero-Metric to assess the quality of the data. Various accuracy parameters as defined
by the NDEP and ASPRS guidelines were used in the review process. Also, the overall descriptive statistics of each
dataset were computed to assess any tendencies or inconsistencies. The following tables, graphs, and figures
illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing

The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and
Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines. FVA determines how well the
digital data was collected in open terrain type ground cover where all errors are presumed to be random. The SVA
determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.
The CVA determines the overall accuracy of all the ground categories combined as one test.

FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category. The digital data in
this category is most likely to represent the actual ground surface and the random errors will follow a normal error
distribution. The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the
actual ground. With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical
root mean square error (RMSE,) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines. As
shown in Table 1, the FVA for this project (2 ft contours) is 1.19 ft.

CVA is calculated with all the checkpoints in all the ground cover categories combined. There is a possibility that the digital
vertical data may yield errors that do not follow a normal distribution. CVA at the 95% confidence level equals the 95™
percentile error for all checkpoints in all ground cover categories combined. The CVA produces a listing of the 5% outliers
that are larger than the 95™ percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately. There again is a possibility that the digital vertical data may
yield errors that do not follow a normal error distribution. Systematic errors per ground cover category are identified. For
each category, the SVA at the 95% confidence level equals the 95™ percentile error for all checkpoints in each individual
ground cover category. The individual SVA statistics are used to analyze the data based on each of the ground cover
categories.

Table 2 summarizes the vertical accuracy by Fundamental, Consolidated, and Supplemental methods:

Table 2 — FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

o CVA SVA

Ground Cover # o f Fu;if£i7tal Consolidated Supplemental

Category Points . .
accuracy Spec = | Vertical accuracy | Vertical accuracy
1.19 ft Spec =1.19 ft Spec =1.19 ft
Total Combined 545 0.615

Hard Surface 442 0.504 0.545
Short Grass 22 0.540
Tall Grass 40 0.708
Brush 20 0.710
Woods 21 0.758
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The digital vertical data for the Lawrence County meets all mandatory and target specifications as per the following
vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.504 ft at the 95% confidence level on the hard surfaces
ground cover category, based on RMSE, x 1.9600. The NSSDA specifies that vertical accuracy at the 95% confidence
level equals RMSE, x 1.9600; the NDEP and ASPRS stat that this method is valid only when random errors follow a normal
error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.615 ft at the 95% confidence level on the hard surfaces,
short grass, tall grass, brush, and woods ground cover categories combined, based on the 95 Percentile. NDEP and
ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95" percentile when random errors
may not follow a normal error distribution, as in vegetated or obstructed areas. Table 3 lists the 5% outliers larger than the
95™ percentile (0.615ft).

Table 3 — 5% Outliers Larger than 95™ Percentile

Ground Cover Category Elev. Diff (ft)
Tall Grass 0.618
Profile 0.62
Short Grass 0.628
Profile 0.635
Profile 0.65
Profile 0.662
Tall Grass 0.684
Woods 0.686
Brush 0.695
Profile 0.696
Tall Grass 0.705
Profile 0.707
Profile 0.713 | Zero of the errors were larger
Building 0.726 | than the CVA standard (1.19ft)
W‘?O‘_’S 0.798 | \which permits up to 5% of the
Building 0.765 checkpoints, 26 out of 545, to
Tall Grass 460 be larger than 1.19 ft
Profile 0.775 ) ’
Profile 0.786
Profile 0.804
Profile 0.805
Building 0.807
Profile 0.815
Profile 0.856
Woods 0.857
Brush 0.998
Tall Grass 1.032
Building 1.053

Compared with the 1.19 ft SVA target values, SVA tested 0.545 ft at the 95% confidence level on hard surfaces; 0.540
ft in short grass; 0.708 ft in tall grass; 0.710 ft in brush; and 0.758 ft in woods ground cover categories, based on the
95™ Percentile.
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Figure 1 illustrates the SVA by specific ground cover category. Figure 2 illustrates the magnitude of the differences between
the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest. Zero of the
checkpoints are beyond the 1.19 ft criteria shown in figure 2. This exceeds the 95% requirement, where up to 5% of the

checkpoints could be outside the 1.19 ft criteria.
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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Figure 2 — Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive

Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow
a normal error distribution. Future changes to these guidelines are expected to follow those of the NDEP and ASPRS. In
order to comply with FEMA’s current requirements, RMSE, and other statistics were computed in all five ground cover
categories, individually and combined. These statistics are shown in Figures 3 and 4 and Table 4 below.

Figure 3 shows the RMSEz values as calculated for each ground cover category separately.

RMSE, (ft)
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RMSE, by Ground Cover Category
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Short Grass Brush
Ground Cover Category
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Figure 3 — RMSE, statistics by Ground Cover Category
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Table 4 — Overall Descriptive Statistics by Ground Cover Category

Land Cover | RMSEz | Mean | Median Std Dev # of Min Max
Category ) ) ) Skew ) Points (v v
Consolidated [ 0.281 0.074 0.087 -0.445 0.272 545 -1.053 1.032
Hard Surface | 0.257 0.043 0.070 -0.914 0.254 442 -1.053 0.786
Short Grass 0.266 0.077 0.085 0.099 0.261 22 -0.436 0.628
Tall Grass 0.377 0.246 0.204 0.424 0.289 40 -0.403 1.032

Brush 0.404 0.271 0.237 0.337 0.308 20 -0.360 0.998
Woods 0.404 0.209 0.218 -0.472 0.354 21 -0.686 0.857

Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface
computed from the digital vertical data. The histogram shows the number of occurrences (frequency) along the vertical axis
that fell within the 0.20 ft ranges shown along the horizontal axis.
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Figure 4 — Histogram of Elevation Discrepancies within 0.2 ft bands
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Summary and Conclusions

The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines,
when applied to the Lawrence County, verify that the digital vertical data provided by AERO-METRIC is
well suited for the production of 2 ft contours.

Per NSSDA/FEMA guidelines: RMSE, x 1.9600 = 95% confidence level
0.257 x 1.9600 = 0.504 ft

Per NDEP/ASPRS guidelines: 95™ percentile (CVA) = 95% confidence level
=0.615 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the
generation of 2 ft contours.
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" Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by
the Federal Geographic Data Committee (FGDC), 1998

* Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping
Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003

* Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May
2004

* ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry
and Remote Sensing (ASPRS), May 2004
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