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Abstract. A multi-agency project is occurring in Iowa to obtain LiDAR coverage for the entire state. 
While LiDAR provides an immense amount of elevation data, it is important to determine the 
appropriate use of that data for engineering projects.  

The data quality can be affected by canopy, ground cover, and other factors. The type of engineering 
project determines what quality of data is needed for planning purposes and for final design 
purposes.   

Natural Resources Conservation Service (NRCS) engineering staff have utilized survey grade GPS, 
total stations, and CADD software to evaluate what uses are appropriate for LiDAR data in the 
planning and design of engineering practices.  

The processing involved using the National Geodetic Survey OPUS tool for providing corrected GPS 
coordinates and elevations of the ground survey. CADD software was utilized to create a surface 
model from the raw LiDAR data. The ground surveyed points were then placed into CADD and then 
elevations were extracted from the LiDAR surface at the same location of the surveyed points for 
evaluation of elevation differences.  

Comparisons of the ground survey to the LiDAR data have produced results ranging from errors that 
have required the vendor to reprocess a portion of the data, to errors averaging less than ¼ foot. 
Results will be presented showing whether LiDAR data from this project should be used for planning 
purposes only, or if all or portions of the data can be used for final designing of varying types of 
conservation engineering projects. 
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Introduction 
The Natural Resources Conservation Service (NRCS) works in conjunction with local 
conservation districts to provide technical assistance to landowners, farmers, communities, 
groups and other agencies to help them protect and conserve the natural resources including 
soil, water and wildlife habitat. This technical assistance ranges from conservation planning to 
engineering design and construction. 

From the perspective of conservation engineering work, elevations of the ground surface are 
important for accurate planning and design of solutions which address the site specific resource 
concerns. Light Detection and Ranging (LiDAR) is a tool that provides more efficient 
conservation assistance by offering improved elevation data as compared to other existing 
elevation information.  

Due to the identified value of elevation data available from LiDAR, a state-wide Iowa LiDAR 
acquisition project is underway. This project involves funding from the Iowa Department of 
Transportation, Iowa Department of Agriculture and Land Stewardship, Iowa Department of 
Natural Resources, and the Natural Resources Conservation Service. 

Specifications were utilized in identifying the data quality for the project. Presently LiDAR data 
for 75% of the state has been delivered and is being distributed at no cost to users. Now that 
data is available the question being asked is: 

 “What is the appropriate use of LiDAR for conservation engineering projects?”  

In order to address this question adequately, items that need to be considered would include: 
• Specifications of the LiDAR accuracy 

• Real accuracy of the data received 

• Elevation accuracy needed for various conservation engineering work 

• Understanding what LiDAR cannot do 

Specifications of the Iowa LiDAR Acquisition 
Two categories were used for the LiDAR specifications in Iowa. LiDAR data for about 80% of 
the state will meet a “Standard LiDAR” specification while the remaining 20% will meet a “FEMA 
Compliant” specification, with details as shown in Table 1. 

The Root Mean Square Error (RMSE) of vertical accuracy can be compared to confidence 
levels of points (NDEP, 2004, Part 1.5.1.1). The bare earth RMSEz of 18.5 cm (0.61’) for both 
the Standard and FEMA Compliant categories of the Iowa LiDAR can be also expressed that 
95% of the time that the points will have an error of less than 36.3 cm (1.19’).  This is also equal 
to a 90% confidence value that points will have an error of less than 30.5 cm (1’), which is able 
to support an equivalent contour interval of 2’. 

The vegetated RMSEz of 37 cm provides a 95% confidence of errors less that 72.6 cm (2.38’), a 
90% confidence error level of less than 61 cm (2’), and an equivalent contour interval of 4’.    
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Table 1. Iowa LiDAR data specifications.  

 Standard LiDAR FEMA Compliant LiDAR 

Average Point Spacing 1.4 meters (4.6’) 1.4 meters (4.6’) 

Vertical Accuracy 

- Bare earth, RMSEz 

- Vegetation, RMSEz   

 

18.5 cm (0.61’) 

37 cm (1.21’) 

 

18.5 cm (0.61’) 

37 cm (1.21’) 

Horizontal Accuracy, RMSEr 1.0 meter (3.3’) 1.0 meter (3.3’) 

Breaklines None None 

Filtering removal Automatic Only Automatic & Manual 

Artifact removal 89% 90% 

Outlier removal 90% 95% 

Vegetation removal 90% 95% 

Building removal 95% 98% 

Other  Field Verification  

 

Determining the Real Accuracy of the Data  

Bare Earth Surfaces 

In order to build a confidence level in the use of the Iowa LiDAR data, the NRCS and 
sponsoring partners have collected survey data using GPS for comparison to the LiDAR. The 
main focus has been on the Fundamental Vertical Accuracy, which involves sampling bare earth 
positions where vegetation or other objects have not obstructed the LiDAR data gathering 
process.  

Many of the GPS datasets consist of points taken on roadways and other non-vegetated 
surfaces. In order to reduce the effect of horizontal accuracy errors, the points gathered were 
located at least 5’ away from the shoulders of the roads. When possible, a cross section of the 
roadway was surveyed to help verify the horizontal accuracy. Real Time Kinematic (RTK) GPS 
procedures were utilized, including elevation adjustment from the National Geodetic Survey 
(NGS) OPUS system and corrections from the Iowa Real Time Network (IaRTN) statewide GPS 
network. 

This process deviates from the NDEP recommendations in that the checkpoint accuracy is at 
least 3 times more accurate than the dataset being evaluated, and in that RTK procedures are 
acceptable if surveyed twice. These surveying methods do match the real surveying methods 
anticipated for use for the on-site survey work in conservation engineering. 

Since these datasets are being used for building a confidence level rather than for rejection of 
data, it was felt appropriate to use a survey level of accuracy typical to the normal engineering 
work. This approach makes it more feasible to reach the goal of evaluating 2 sets of points in 
each of the 185 blocks of LiDAR data. It also allows more points to be collected at each 
location. 
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Vegetated Surfaces 

The vegetated or Supplemental Vertical Accuracy of the LiDAR data would typically include an 
evaluation based on land cover categories specified in the LiDAR acquisition contract.  The 
Iowa project did not state any breakout of vegetation land covers. Examples of land cover 
categories from LiDAR data in North Carolina (NCFMP. 2005. Issue 50) include:  

a) Open terrain (bare earth) 

b) High grass, weeds, crops 

c) Brush land and low trees 

d) Fully forested 

e) Urban areas 

Conservation engineering projects in Iowa would typically include surfaces that fall into the first 
4 of these categories.  

The surveys used to help evaluate the vegetative surface accuracy have included GPS 
topographic surveys using the same equipment and elevation adjustment as for the bare earth 
evaluations. 

An additional challenge involves categorizing the surface. Was the field bare earth or crop at the 
time of LiDAR collection? Was the high grass flattened by snow cover before the LiDAR 
collection? Since the GPS surveying is being done independently from the LiDAR collection, it is 
sometimes not possible to answer these questions.  

Data Comparison Process 

After collection of the GPS survey, the process for comparing the survey to the LiDAR is: 

a) Prepare or convert LiDAR into same projection & datum as GPS survey. 

b) Import GPS point data into CAD 

c) Create a surface model from the LiDAR data only 

d) Make a copy of the GPS points and apply the extracted elevation of the LiDAR surface 

e) Export both the original and the copied points  

f) Group points by land cover category if possible 

g) Evaluate elevation differences and run statistical analysis of vertical accuracy 

A horizontal evaluation is more subjective, but can be verified by comparing LiDAR contours to 
geo-referenced images and by comparing GPS surveyed cross sections to LiDAR cross 
sections at the same location. 

Data Comparison Results 

Early checks of LiDAR involved comparing complete site surveys to LiDAR. These GPS surveys 
were being carried out as the normal survey process for projects to be designed. Table 2 
summarizes results from some of those surveys. 
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Table 2. Complete site GPS surveys – Elevation Data comparisons (Ft).  
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Oen
Crops, grass, 
woods 6.73 13.20 6.73 6.70 5.29 0.32 1143 5.30 11.50

Eshelman
Grass, corn 
stalks 6.52 12.78 6.50 6.60 0.60 0.50 2639 3.70 11.90

Parmer Roads, fields 0.29 0.57 0.23 0.23 -1.80 0.18 948 -1.67 1.44

Mueller
Crop, open 
pasture 0.49 0.96 -0.35 -0.37 -6.40 0.34 914 -7.06 2.96

Watkins
Crop, deep 
ravine 0.49 0.95 0.36 0.31 2.76 0.32 1019 -2.37 4.18

Jang
Corn, Hay, 
Roads 1.41 2.76 1.33 1.38 -0.11 0.45 871 -0.51 2.57

Tait
Mown hay, Tall 
grass, Roads 0.32 0.62 0.27 0.27 -0.08 0.18 1145 -0.84 1.05

Standley Pasture 0.25 0.50 0.01 0.10 -1.30 0.25 1145 -2.40 0.90
Allamakee 
South All Points 0.30 0.58 0.06 0.09 -1.54 0.29 7039 -3.16 2.46

Roads 0.30 0.59 -0.13 -0.09 -1.35 0.27 1776 -1.86 0.68
Tall Grass, crop 
field 0.28 0.56 0.17 0.16 0.97 0.23 5188 -2.15 2.41

 
The Oen & the Eshelman surveys showed large differences compared to LiDAR that resulted in 
the vendor reviewing their data. The vendor determined that an equipment height had been 
applied erroneously, and they provided corrected LiDAR data in a region due to that error. That 
situation raised the issue of quality assurance and quality control. A review of the contract 
requirements led the sponsoring partners to identify the need for the partners to carry out an 
independent survey and evaluation in order to ensure that the value of their LiDAR product 
would be realized. 

 

Most of the recent efforts have been focusing on bare earth comparisons in order to identify any 
easily correctable errors. These surveys were done on roads using shots away from grade 
breaks. Table 3 provides a sample of some of those results. 
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Table 3. Bare Earth (Road) GPS surveys – Elevation Data comparisons (Ft).  
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Ridgeway Roads 0.32 0.63 -0.23 -0.26 0.90 0.22 34 -0.72 0.36
Franklin Twp Roads 0.23 0.46 -0.03 -0.04 1.18 0.23 148 -0.78 1.31
Castalia Roads 0.23 0.44 0.15 0.20 -1.04 0.19 5 -0.15 0.34
Aurora Roads 0.31 0.61 0.08 0.04 0.54 0.30 203 -0.52 0.87
Jackson Jct Roads 0.33 0.64 -0.26 -0.33 0.48 0.20 38 -0.58 0.26
Westgate Roads 0.30 0.58 -0.22 -0.23 0.06 0.20 41 -0.58 0.19
Clermont Roads 0.42 0.83 0.39 0.32 0.27 0.18 5 0.18 0.61
Woden Roads 0.55 1.09 -0.45 -0.42 -0.43 0.33 153 -1.34 0.26
Finchford Roads 0.31 0.61 0.08 0.04 0.54 0.30 203 -0.52 0.87
Audubon Roads 0.26 0.51 -0.18 -0.15 -5.11 0.19 273 -1.92 0.08
Plymouth E Roads 0.60 1.17 0.46 0.56 -0.71 0.38 726 -0.72 1.30

 
A significant majority of the bare earth evaluations are showing RMSEz values that are well 
within the specified value of 0.6’. The direction of the average difference is not predictable.  

A visual review of the LiDAR contours created at all locations compared to geo-referenced 
images indicates that the horizontal alignment is reasonable. Some of the LiDAR based 
surfaces have contours that bounce back and forth but still have RMSEz values that are 
acceptable.  

Types of Projects 
Varying types of conservation engineering projects have differing needs for accuracy. Several of 
Iowa’s more common project types are considered here. 

Dams 

Storage sizing for floodwater detention dams has been performed using 4’ interval contour 
maps developed from Kelsh plotting methods. These dams normally have a vegetated auxiliary 
spillway to safely handle larger storms without causing damage. Determining the extent of the 
temporary and permanent flood pools in relation to property boundaries is critical for the 
feasibility of projects. Earthwork quantities are used as payment items and are typically 
developed based on either a survey along the proposed centerline of dam or a survey of the 
entire footprint of the proposed dam.  

Waterways 

Waterways designed on steeper grades with small drainage areas can be designed using a very 
limited amount of survey since the size required might not change until the grade changes 
significantly. Construction methods allow the waterway to be built to fit the landscape without a 
tight control on elevation. 

Waterways which control flows from larger drainage areas and with flat grades can involve a 
higher level of design and construction accuracy. In some situations, if the planned and 
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constructed waterway elevation is off by 0.6’ or even less, the amount of earthwork balance can 
cause a significant problem. Construction methods might include GPS or laser controlled 
operations. 

Wetlands 

Wetland enhancement projects may consist of excavation for micro-enhancement of the 
topography. Final elevations of the excavations might not be critical.  

Wetland development projects are similar to dams but need a smaller contour interval to 
understand the area of impact more closely. They also have vegetated auxiliary spillways to 
safely control larger flows and will have permanent and temporary flood pool levels to evaluate 
in relation to property boundaries.  

Terraces 

Terraces are typically designed to store runoff from a 10 year frequency rainfall events plus 10 
years of sediment accumulation. They typically do not have a vegetated spillway for handling 
overflows. In many cases nearly 50% of the storage volume is contained in the top 0.5’ of 
elevation. Underground outlet tile systems are used in conjunction with terraces and rely on 
grade determination for sizing. Adequate depth of cover over the tile is also important during 
construction.   

 Animal Waste Management 

Sediment basins and storage facilities need to be designed to fit in with elevations of the 
adjoining feedlot or buildings to provide proper transfer of material. Farmstead areas can be 
relatively congested so an accurate fit of the new components into the site is important. 

 

These projects have a range of needs related to elevation. Some store water and some convey 
water. Some are very concerned about elevation and some are very concerned about grade. 
Both design sensitivity and construction tolerances are factors in determining the final accuracy 
required. 

Limitations of LiDAR 
LiDAR provides a very large amount of data, but has limitations especially when a site feature 
needs to be identified. Items encountered in conservation engineering projects which need 
identification include: 

• Geological features (e.g. bedrock outcroppings) 

• Fences 

• Buried utility markers, power poles 

• Wells 

• Culvert inlet and outlets 

• Tile intakes and outets 

• Road right of way 

• Fences 
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• Property line boundaries and elevations 

• Stream bottom elevations (below a water surface) 

• Building features 

• Features specific to the conservation problem being addressed 

These survey points will need to be collected in the field by surveyors. 

 LiDAR is based on a random pattern of collection and may obtain points at locations that might 
not ideally model the ground surface. For example, when surveying a gully, a person will take 
survey shots at the true bottom of the gully and at changes in slope along the landscape. 
LiDAR, however, may collect a portion of the points in the true bottom of the gully and the 
remaining points offset to the sides enough to give an inaccurate reflection of the bottom grade 
of the gully. The points themselves may be not necessarily incorrect but the lack of ability to 
know where to take the important shots can result in a slight misrepresentation of the true 
surface. 

LiDAR data is snapshot of the elevations on one day in time and any changes to a site due to 
erosion or construction activities may need to be reflected with a field survey. 

 

Conclusion 
• Evaluation of the Iowa LiDAR data has shown that the bare earth vertical accuracy of 

18.5 cm (0.6’) is being met on a consistent basis. 

• The use of Iowa LiDAR data for providing planning estimates for dams, terraces, 
waterways, waste management and wetlands is a significant improvement over current 
options.  

• Determining final storage design elevations for dams using this LiDAR data is 
appropriate, as it shows higher accuracy than previously utilized Kelsh maps.  

• The elevation shift from LiDAR to GPS surveyed is not a consistent amount or direction.  

• Field survey is required to identify & locate many features which are not able to be 
labeled by LiDAR. 

• Field survey is needed to determine elevations at property boundaries. 

While considering bare earth and vegetated conditions, additional evaluation should be done to 
determine whether this LiDAR data can be used for: 

• final design for storage of terraces  

• elevation placement of large waterways 

• earthwork quantity calculations for dams 

 Additional evaluation should include development of steps which will help the users carry out a 
good implementation plan for site specific quality verification and correlation and for 
establishment of construction control points.   
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