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ABSTRACT 

USING PUBLIC SURVEYS TO EVALUATE THE UTILITY OF LIDAR DATA FOR 

FLOOD PLANE DETERMINATION 

Thomas Marotta, M.S. 

George Mason University, 2017 

Thesis Director: Dr. Matthew Rice 

 

It is important to collect spatially relevant and evenly distributed elevations to 

correct for geospatial accuracy in Digital Elevation Models (DEMs). This is typically 

done by collecting ground truth data out in the field. The problem with conducting a field 

survey is the process of collecting the data. Visiting a location to collect elevations data is 

time consuming and can be difficult in areas with extreme terrain. Alternatively, this 

project proposes that it is possible to create a database of survey elevations based on the 

work others have already completed based on data that has been made publicly available. 

This paper reviews the vertical accuracy of elevation data that is submitted to the Federal 

Emergency Management Agency (FEMA) through the Letter Of Map Change (LOMC) 

application. The goal being to use completed surveys in lieu of collecting ground truths in 

the field. The vertical accuracy of the surveyed locations will be tested against a Light 

Detection and Ranging (LiDAR) elevation model. The result of the analysis shows that 
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the surveyed elevations are within about a foot of the LiDAR elevations. This research 

demonstrates the FEMA published elevations could be used for future analysis since they 

are found to be consistent with higher resolution data sources as determined by regression 

analysis. 
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1. INTRODUCTION 

Federal agencies such as the United States Geological Survey (USGS) and 

National Oceanic Atmospheric Administration (NOAA) produce LiDAR data and DEMs 

for the public to use free of charge. There are also state level organizations such as the 

Virginia Geographic Information Network that produce elevation data and high-

resolution digital aerial photos. However, these municipal, county, and state-level groups 

will often charge a fee to access their data, which leads to conflict (Rice 2005). The 

availability of high resolution LiDAR data can vary depending on the location within the 

United States. This leaves researchers in a difficult situation to use whatever data is 

publicly available on the federal level or to purchase better quality data from vendors that 

do collect the data.  

1.1 Availability of DEMs 

When there is no LiDAR data available for a select area then other types of 

Digital Elevation Models (DEMs) can be used in its place. Publicly available DEM 

products can be found online for most locations throughout the United States. Federal 

agencies such USGS will publish this elevation data on their website free of charge. 

These will however come at a lower spatial resolution when compared to LiDAR data. 

These DEMs will have elevations that are collected by satellites or by planes for large 

areas of land. This can mean the resolution of these DEMs can be quite coarse due to the 
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vast amount of space that data is collected for. There are some areas that have DEMs 

available at a spatial resolution of up to 1 meter or better. In their work, Maune (2007) 

and Shortridge et al. (2017) discuss uncertainty that occur with DEMs. The error that can 

occur within a DEM can be difficult to characterize. 

Currently there are a few choices available for elevation data that are made 

publicly available from USGS. These datasets vary in the ways they are collected, the 

spatial resolution, and their availability. Depending on where the study area is will dictate 

what products will be used. As seen in Table 1 below the highest resolution DEMs 

publicly accessible on the USGS website are the 1/9 Arc-second, 1-Meter, and LiDAR 

data. These have a spatial resolution of about 3 meters or higher. Many areas along the 

coast and in the mid-west of the United States have this type of data. Unfortunately there 

are more rural areas of the county which only have data with 5 to 10 meter DEMs 

available. Some areas within Alaska can have DEMs with a spatial resolution of 30 

meters or higher. This can significantly affect research in these areas since the spatial 

resolution is not high enough to provide information about small changes in elevation 

necessary to complete detailed analysis. 
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 Table 1 Spatial Resolution of USGS DEMs 

 

The expected error that can occur within an elevation dataset can vary depending 

on the type of product it is. With the USGS National Elevation Dataset there is a global 

vertical error of 2.44 meters with the DEM products (Gesch, 2002). The error with these 

elevations is high compared to the LiDAR data which has much lower error. There is an 

expected error from 0.17 meters to 0.26 meters with LiDAR datasets (Hodgson 

Brenahan, 2004). The variation in the LiDAR data depends on the type of land use and 

land cover there is. In Table 1 the orange line represents the LiDAR error compared to 

the red line which represents the National Elevation Dataset error. 

Due to the high quality of the LiDAR data there are programs being implemented 

to increase the availability across the United States. The USGS 3D Elevation Program 

seeks to add high quality LiDAR elevation data to many areas of the United States that do 

not have some available. The program allows groups to contribute money towards the 
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collection of LiDAR in an area. This will allow for LiDAR to be gathered across the 

country on a scheduled basis. Many areas of the US, including Northern Virginia, now 

have high quality LiDAR data available. Other areas of the United States do not have 

access to LiDAR. The elevation data that does exist in these areas varies in resolution and 

quality. Some places have data available from 30 meter data to 5 meter data. Over time 

there will be greater access to LiDAR data from programs such as this one. However, this 

program will take many years to collect the necessary funds and to collect the LiDAR 

data. In the interim the best available data needs to be utilized in order to complete 

analysis. 

1.2 FEMA Application Process 

Similar to the 3D Elevation Program that USGS has implemented FEMA also has 

a cost sharing program to develop flood maps. The Flood Insurance Rate Maps (FIRMs) 

are the official source of flood zone information that is used for the flood insurance 

purposes. The local community at the city or county level will work with FEMA to 

develop new FIRMs for an area. The maps will identify the 100, 500, and the above 500 

year floodplains on the FIRM. The FIRM is used to check if a property will be required 

to carry a flood insurance policy. A building with a federally backed loan or mortgage 

that lies within the FEMA calculated 100 year floodplain will be required to purchase 

flood insurance. 

One possible source of elevation data is the elevations that are submitted to 

FEMA through an application process called the LOMC. This is a review completed by 

FEMA where any interested party may submit data to prove a structure is elevated 
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outside of the 100 year floodplain. The elevation information that is being submitted is 

completed by licensed engineers or land surveyors. A successful applicant will be able to 

waive the flood insurance requirement if the application reflects the building is safe from 

the 100 year floodplain. The end result of this process is a determination document 

provided by FEMA to the applicant. The document is also made publicly available online 

for anyone to download. This document will be the source of data that is reviewed for 

this project.  

The elevations that are being referenced in this study are from a FEMA LOMC 

application process. There are millions of applications that are processed across the 

country to assess if flood insurance would be required for a property. As part of the 

review elevation data is utilized to compare the elevations of a building to the FEMA 

calculated 100 year floodplain. These elevations are collected by licensed professional 

using surveying equipment. These elevations are then made publicly available on the 

FEMA website as a reference to the application that was submitted. The elevations within 

the final documents could be used as a potential source of data that has not been utilized 

before. 

Flood insurance is required for buildings that have a federally backed loan or 

mortgage that and are located within the FEMA calculated 100 year floodplain. This 

flood zone information is made public on the Flood Insurance Rate Maps (FIRMs). Flood 

insurance can cost thousands of dollars every year and can have an impact on potential 

real estate transactions. Many homeowners cannot afford added cost of insurance or seek 

to avoid the impact it has on the valuation of the property. A house located within the 



6 

 

high-risk flood zone that is required to carry $100,000 worth of flood insurance coverage 

can pay an annual premium of $1,255 (Federal Emergency Management Agency, 

October 2007). Other factors such as if the home was located in a coastal high-risk flood 

zone or if the home is not elevated high enough can raise the cost of flood insurance. 

Often a party that is required to pay for flood insurance will submit the LOMC 

application to see if they qualify to be removed from the high-risk flood zone. This 

incentive to submit elevation data is why the LOMC database has reached millions of 

data points and will continue to rise over the years to come.  

There is an associated height with the 100 year flood plain called the Base Flood 

Elevation (BFE). The BFE is created based on hydrological and topographical 

information. These studies are completed based on many flooding sources across the 

county. The engineering studies completed by FEMA to create flood maps will include 

these BFE heights. This hydraulic backup data is referenced as part of the LOMC 

application process. There are graphs charting the elevations of the floodplains and there 

are also notes about the flood maps of what the BFE value is. When a LOMC application 

is submitted to FEMA then the BFE value is what the building elevations are measured 

against. 

 Several factors go into calculating a BFE for a location. There are a few 

measurements that can be input into the FEMA software called Quick-2 to generate a 

BFE. This is a program is made available by FEMA for the purposes of floodplain 

management. The parts of the BFE calculation include the cubic feet per second of the 

water flow and maximum carrying capacity (Federal Emergency Management Agency, 
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1995). These factors can be put into the software to generate the BFE for an area. This 

process is typically reserved for areas without an established BFE but provides some 

insight as to the methods used to create one for a finished FEMA product. 

1.3 LOMC Determinations 

The measurements that are used in the LOMC process in reference to the 

applicant’s property are the Lowest Adjacent Grade (LAG) next to the structure. This is 

an elevation taken where the lowest external portion of the structure meets the grading of 

the ground (Federal Emergency Management Agency, December 2016). For the 

application process the LAG needs to be at or above the BFE for a removal outcome. 

Many applications that are submitted are required to submit this information in order to 

consider the property above the high-risk flood zone. The elevation data is needed unless 

the structure is clearly outside the 100 year floodplain as indicated on the FIRM. The 

LAG measurement is important for this project because it is a known elevation on the 

Earth’s surface.  
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 Figure 1 Lowest Adjacent Grade (LAG) (Source: FEMA MT-1 Technical Guidance) 

 

The LAG is measured by a land surveyor or engineer who is licensed to submit 

elevation data. These professionals often use an engineer’s level on a tripod and a 

leveling rod to measure the elevations around the structure. They will reference the 

closest benchmarks to the property in order to record the vertical elevation of the house 

(Federal Emergency Management Agency, July 2016). The most common type of 

benchmarks referenced for surveys are the ones maintained by the National Geodetic 

Survey (NGS). There can also be benchmarks maintained by other Federal Agencies and 

local communities that can be referenced for surveying purposes. The locations are 

highly accurate with respect to positional and vertical accuracy. Through the accuracy of 

both depends on the ground control points used, and the error in angular and distances 

measured.  A best case for vertical accuracy is consistent with third order ground control 

points are plus or minus 5cm (DiBiase et al. 2009).  This allows surveyors to find the 
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elevation of an unknown point by referencing an accurate known point. These standard 

practices of collecting field survey data are implemented when collecting elevations for 

the LOMC process. 

The precision required by FEMA for submitting elevation data is to have recorded 

measurements to the tenth of a foot. Elevation data is submitted on a FEMA form called 

the Elevation Certificate where they will list their credentials and their seal. These 

Elevation Certificates are the supporting documents used in the LOMC process (Federal 

Emergency Management Agency, April 2017). Part of the submittal of an Elevation 

Certificate is to include elevations that match the same datum of the current effective 

flood maps for the community. If an Elevation Certificate is submitted in another datum 

it will be converted to match the one of the current effective flood map for the 

community. The software that is used to convert between two datums is Vertical Datum 

Conversion Program (VERTCON).  This allows all elevations to be both accurate and 

referencing the same information.  
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Figure 2 Elevation Certificate 

 

Supporting information is submitted with the LOMC to confirm the location of 

the property. For every application there will be either a subdivision plat map or a tax 

assessor’s map submitted to confirm how the land is recorded with the local community 

(Federal Emergency Management Agency, July 2016). The maps will not only confirm 

the location of the property but are also used to manually compare the boundaries of the 

property or buildings to the FEMA flood maps. This is how a case reviewer will be able 

to assure the location being reviewed is correct and that the position of the buildings 

compared to the flood maps are also correct. This documentation is an essential part of 

the application process to make certain where the location of the building being geocoded 

lies.  

When FEMA has completed their review of the LOMC request a PDF document 

is made publicly available with the results. The FEMA website where these documents 
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are located on is the Map Service Center at msc.fema.gov (Federal Emergency 

Management Agency, September 2017). Most of the LOMC determinations completed 

from 1970 forward are included on this website. The mapped locations of LOMC and 

LOMA determinations are also made available publicly through an Esri ArcGIS map 

layer that can be viewed through ArcGIS online. Over the past decades there have been 

millions of documents added to this database. Even when a document has been 

superseded by a new map study the previously effective documents will remain available 

on the website as a historic product. These PDF documents will however list the 

elevations and the datum the measurements were taken in. Using the historic products 

may require a conversion between vertical datums. For this project this will not be 

necessary. 

 

 

Figure 3 LOMC Determination Document 
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The order of magnitude associated with the point data has changed over the last 

couple years. Historically the positional precision of the latitude and longitude was poor 

and was only recorded up to three decimal places or the thousandth decimal place. When 

viewing maps on the FEMA website these points appear to be randomly placed. The 

value of the third decimal of the coordinate system is the equivalent to being off by up to 

100 meters. As of January of 2016 the positional precision was increased to six decimal 

places or the millionth decimal place. The value of the sixth decimal point of the 

coordinate system is the equivalent to being off by about a tenth of a meter. For this 

project only the points with the higher spatial precision will be kept to reduce the amount 

of positional error. 

It may be possible to use the surveys that FEMA makes publicly available as a 

source of elevations. Within each LOMC determination document there is both a 

horizontal and vertical measurement for a building. If the LAG measurement has similar 

elevations to what is found by LiDAR data, then the LOMC data could be used in future 

research. Since the surveys are completed by licensed professionals the two sources of 

elevations should be fairly close. The appeal of the LOMC data would be the abundance 

of millions of data points and the accessibility since this is free to anyone interested in the 

data. 

To avoid errors in converting between datums FEMA requires all elevations 

submitted for the LOMC process match the datum of the current effective map. Currently 

data for Lucas County Ohio is recorded in the horizontal datum is North American 

Datum of 1983 (NAD83) and the vertical datum is North American Vertical Datum of 
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1988 (NAVD88). Traditionally the federal government adopted the National Geodetic 

Vertical Datum of 1929 (NGVD29) (Federal Emergency Management Agency, 2007). 

This vertical datum was historically used for all LOMC applications and was included 

with the flood mapping data. Now all elevations either produced by FEMA or that are 

submitted for review should reflect the adoption of NAVD88. This is a superior vertical 

datum than NGVD29 and is more accurate. 

1.4 Problem Statements 

Statement 1: The LOMC requests contain valuable surveyed elevation data points 

that are coming from the public and are not currently being utilized for purposes other 

than determinations about flood insurance. The determination documents contain high 

quality elevation measurements. This thesis proposes a method for their use.  

Statement 2: Are LOMC elevation values consistent with underlying LiDAR data 

which will eventually be used throughout the United States?   

Statement 3: Given the relatively high quality, can LOMC elevation values be 

used to add additional information to elevation datasets? 

1.5 Organization 

This thesis will be organized into six chapters which include an introduction, 

literature review, methods, results, limitations, and a conclusion. The introduction chapter 

discusses the background of the study and the overall questions regarding this research. 

The literature review chapter will cover other works regarding errors within DEMs and 

the use of GCPs in as a source of elevation data. The methods chapter will provide a 

review of the calculations and the analysis that will be completed based upon the two 
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elevation datasets. The results chapter will examine the final outcomes of the analysis for 

this research. The limitations chapter will discuss some of the challenges with the 

research and the limitations associated with using the surveyed data. The conclusion 

chapter will provide an overview of the relationship between the LiDAR elevations and 

the LOMC elevations. Within the conclusions chapter there will also be commentary 

about future work that could be completed using the surveyed elevation data in other 

research.  
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2. LITERATURE REVIEW 

The LOMC determination documents that FEMA makes available through their 

website can potentially be referenced as a source of elevation data. Since there are 

millions of determinations that are available across the country there could be enough 

data to be used for research purposes. There is an incentive for parties to submit the 

LOMC application to avoid the cost of flood insurance. The cost of flood insurance can 

be a financial hardship as well as impact real estate sales. This will continue to contribute 

to the total of LOMC applications that are submitted every year. This will increase the 

availability of the elevation data over time.  

The LOMC process is a review of elevation data that is prepared by licensed 

professionals. With the elevations being submitted to FEMA coming from licensed 

professionals the vertical accuracy could potentially be quite high. Surveying equipment 

is capable of making measurements below a foot of vertical accuracy. The measurement 

that is being used by FEMA for the LOMC application is the LAG or the lowest external 

portion of the building that meets the natural grading of the ground. The LAG will be 

compared to the FEMA calculated BFE or the height of the 100 year floodplain. If the 

LAG is at or above the BFE then FEMA considers the structure outside the high-risk 

flood zone. 
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2.1 Errors in Digital Terrain Models 

In general, errors in DEMs come from a variety of sources and are corrected in 

several different of ways. Brown (2017) characterized the accuracy of imagery and 

DEMs using a Rational Polynomial Coefficient (RPC) sensor model. Rice (1998) corrects 

positional errors in digital elevation data through visualization-based rubber sheeting. 

Errors included with lower resolution DEMs can affect the results of a study for an area. 

The results of terrain or hydraulic analysis for a section of a DEM can be impacted by 

relatively small errors comparted to the size of an entire DEM. The overall error of a 30 

meter DEM can remain within an acceptable threshold, but the error can be much higher 

locally (Holmes, 2000). This meaning the spatial accuracy of an entire DEM might be 

quite high, but a small portion of the DEM could have a much lower accuracy. Some 

DEMs can cover thousands of square miles, while a study area will typically only cover a 

small fraction of the same space. Drastic changes can occur in terrain or small deviations 

in a small select area that may not be incorporated into a lower resolution elevation 

models. Gesch et al. (2002) cite a global vertical accuracy figure for the National 

Elevation Dataset (NED) as 2.44 meters, with additional variation between locations and 

datasets. Shortidge (2006) determined that vertical error in digital elevation data is often 

correlated with land cover and vegetation. 

One method to test the quality of an elevation dataset is to reference ground 

conditions in a survey. Licensed surveyors or engineers are able to visit a location with 

standard surveying instruments or in some cases Global Positioning System (GPS) based 

equipment to collect the geographical coordinates and elevations of ground conditions. 
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The magnitude of the errors in a DEM can be found with surveyed points collected in the 

field (Mukherjee, 2013). Having ground truth measurement can be useful to test the 

geospatial accuracy of a DEM. The elevations collected by a sensor can be compared to 

the ground conditions. The surveyed elevations in this scenario are taken as the true 

measurements where the elevations within the model are testing against them. These 

ground truths will help identify areas in the model where the sensor was not able to pick 

up quality data. 

To account for the elevations of trees, buildings, or other objects on top of the 

Earth it is possible to run an algorithm to try and adjust the values of these elevations 

within the model. Methods can be used to remove the elevations of vegetation and leave 

only the ground elevations when developing a DRM with LiDAR data (Mongus, 2014). 

These methods rely on some of the data making it through the tree canopy to hit the 

ground. This is very efficient and can result in highly accurate DTM. However, dense 

forests and urban areas may not produce enough ground elevations to work. In these 

situations it would be helpful to have elevation data collected from the ground in the form 

of a field survey. 

There are many uses for a DEM to conduct topographic analysis. This is a study 

of the elevations of the surface of the Earth. This type of model is referred to as a Digital 

Terrain Models (DTM). The challenge of recreating the surface of the Earth is there are 

buildings and trees blocking it. These features need to be removed in order to accurately 

portray the characteristic of the land. Surface elevations are higher due to vegetation and 

this effect is not uniform (Jarihani, 2015). It is important to differentiate between the 
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elevations of the ground and the elevations of things sitting on top of the ground when 

developing a DTM.  

2.2 Use of Ground Control Points for Accuracy Assessment 

Considering the type of data that was obtained for this project the most beneficial 

use would be to reference the elevations in urban environments. Urban areas can pose a 

problem for collecting GCPs so it is ideal to use information that is already established. A 

similar project was conducted to correct for LiDAR based Digital Elevation Models 

(DEMs) with GCPs in an urban area and it was found the accuracy was sub-meter for 

vertical elevations (Pourali, 2014). Highly accurate elevations for known points can be 

used to confirm the vertical accuracy of LiDAR data. This concept of using established 

elevations will be utilized in this research. Urban areas will likely yield the best 

distribution and quantity of points. Since each elevation point is attached to a building or 

house then it would make sense densely populated areas will yield the best results for this 

project.   

Various types of land cover and terrain can affect the elevations returned with 

LiDAR data. Open fields and areas with no tree cover are able to pick up the elevations 

of the ground with LiDAR. Places with steep terrain and dense land cover do not have the 

same type of vertical accuracy as open terrain (Liu, 2011). The use of GCPs can assist 

with confirming the elevations of the ground in the LiDAR data that is collected. 

Specifically GCPs can improve accuracy when there is feedback from vegetation and 

buildings in the study area. Using existing elevation data can be beneficial to going out 

into the field and collecting additional information. With highly accurate positional and 
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vertical data existing survey data should be usable for research purposes. It is 

economically viable and scientifically relevant to use available survey data for accuracy 

assessment. 

Factors such as time, energy, and money can influence the number of GCPs that 

will be used for a study. It is can be difficult to anticipate how many points of data to 

collect. It is also unrealistic to misjudge the amount that are needed and have to revisit 

the study area. The number of GCPs that are collected can affect the accuracy of the 

image that is being referenced. As the number of GCPs increases so too does the 

horizontal and vertical accuracy increase as well (Agüera-Vega, 2017). A major variable 

in collecting GCPs is the appropriate amount needed for analysis. In this paper the 

number of GCPs will be in the hundreds for some neighborhoods and thousands for the 

entire county. 

While the presence of numerous GCPs can be useful for improving error carefully 

selected points can also be beneficial. By selecting highly accurate points instead of 

points that may contain errors the amount of error can be reduced. Additional GCPs that 

are collected will not improve results if the positional accuracy of equipment is variable 

(Tonkin, 2016). This might be one of the more challenging aspects of this review. 

Finding the necessary amount of GCPs a licensed professional would need to collect to 

provide accurate data is difficult to know in advance. The quality of the instruments that 

are used to collect elevations can vary from surveyors who are self-employed to 

surveyors who work for nationally recognized companies. More importantly, the 

methodology employed, and use of other high-quality ground control within the 
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surveying process can greatly impact the quality of the derived GCPs provided by the 

surveyor to FEMA. 



21 

 

3. METHODS 

The National Flood Insurance Program (NFIP) was founded in 1968 making flood 

insurance available for property owners. The NFIP is also tasked with identifying areas at 

risk of flooding. The areas found to be affected by the 100 floodplain are mapped on 

FIRMs. These maps are developed using hydrological and topographical information. 

The type of data that is used varies from community to community. For the most part 

high water marks, DEMs, water velocity, and storm surge are the types of features that 

are incorporated into the FIRMs. 

With the need for accurate elevations on the Earth it can be beneficial to conduct 

a study to reference surveyed locations. These elevation points are taken and are also 

referenced with a Global Positioning System (GPS) to show where the elevations were 

taken. These points are often referred to as Ground Control Points (GCPs) which are 

spatially accurate points. Using data that has already been studied in the field can save 

time and energy. If the elevation data submitted to FEMA is able to obtain a similar 

accuracy to high resolution LiDAR data then the point data could be used for studies 

without having to collecting elevations in the field. There are millions of elevations 

available across the United States and often dense clusters in urban areas. Every year 

thousands of applications are also being added to the database with more elevations that 
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can be referenced. Having access to the amount of known locations on the Earth could 

save time spent collecting markers in the field. 

3.1 Letter of Map Change Process 

The LOMC determination documents will contain the data that will be used for 

this research. The LOMC determinations are available as a batch download directly from 

the FEMA website in a PDF format. The LAG will be taken from the document to utilize 

the elevations that were prepared. 

There is GIS data FEMA makes publicly available with the locations of the 

LOMC locations but it does not contain the elevation information. There is a shapefile 

which FEMA makes available with the locations of the LOMC documents called the 

LOMC Point data. While the elevations are included with the LOMC determination 

document they are not included within the georeferenced data that is included with the 

shapefile. Part of this is to avoid having the LOMC Point data include null values. The 

shapefile includes the case number, address/location, and coordinates of the points. There 

are three scenarios that occur with the elevations. The first is the elevations are not 

required at all and FEMA confirms the property in question is not inside an area of high-

risk. The second is that the elevations of the building are taken which yields the LAG. 

The third is that the elevations of the land are taken for the lowest lot elevation. Rather 

than include a dataset with many null values for the elevation measurements the data is 

kept simply about the location. 

The locations of the LOMCs are also georeferenced in a database with the 

horizontal coordinates of the building in question. A country-wide LOMC Point data file 
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is made publicly available for all of the georeferenced applications that have been 

completed. For more recent applications a case analyst reviews the LOMC application 

and will place a marker over the location of the structure. The software that is used shows 

satellite imagery and the marker is typically placed on the roof of the building. The 

information from this process is stored in a database with all of the other georeferenced 

marks and LOMC applications. The website where this information is made available is 

known as the Mapping Information Platform. The LOMC Point data shapefile is updated 

on a nightly basis and is pulled directly from the database. As more applications are 

submitted to FEMA more data will be included with the LOMC Point data shapefile over 

time. 

There is a clarification within the LOMA metadata file included within the 

LOMA point data zip file about the point data. While the supporting documentation will 

confirm the location of the building in question there is no formal guidance from FEMA 

as to the accuracy standards that are required. It is up to the internal policy of the 

contracting company who is reviewing the LOMC case details to set these standards. This 

means there are no set standards but it is common practice to register the location on the 

top of a building’s roof. The location of the point data could certainly affect the results of 

this project. If the point is off by several feet from where the elevation is taken then this 

can affect the final results.  

3.2 Distribution and Nature of LOMC Data 

The elevations being review for this project are tied to buildings that are included 

within the FEMA designated 100 year floodplain. The flood insurance requirement 
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applies to a building located in the 100 year floodplain that has a federally backed loan or 

mortgage. Due to these conditions the location of the LOMC determinations will not have 

a uniform spatial pattern. Some neighborhoods will have determinations for each house 

along the street. This will cause the locations of the elevations to fit the pattern of the 

subdivision layout. Others economic factors can have an impact as to the location of the 

elevations as well. Some areas will have middle to upper class family households that 

will be financially secure to afford a survey and so submit elevations for review. Lower 

class areas in a community may not have the means to hire a licensed professional which 

can impact the location of where the applications are filed. 

Certain places around the country will have a higher prevalence of LOMC 

elevation data than others. Places along the coast or in the great lakes will have a larger 

presence of high-risk flood zones due to the risk of flooding from storms. This in turn 

affects the likelihood someone will apply for the LOMC application process. 

Communities in Florida, Louisiana, and Texas will see a much higher count in LOMC 

determinations than places located inland within the United States. Depending on how 

much of an area is classified as a 100 year floodplain can affect the presence of LOMC 

determinations. 

3.3 Experimental Approach 

To utilize the two datasets the LOMC determination documents will be paired up 

with the LOMC Point data based on their case numbers. To accomplish this, each of the 

LOMC determination documents will be converted into a text file. A text file is more 

accessible than a PDF document and can be easily imported to Microsoft Excel and other 
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software packages. Combining the two sources of data will provide both the vertical and 

horizontal information for each structure in one file. From here it will be possible to 

compare the elevations of the LOMC point data to the DEM elevations based upon their 

coordinates. 

Using existing elevation data can be beneficial compared to going out into the 

field and collecting additional information. With highly accurate positional and vertical 

data existing survey data should be usable for research purposes. It can be economically 

viable and scientifically relevant to use available survey data for accuracy assessment 

(Liu, 2011). All of the information used for this research is publicly available from the 

United States government. The data that is being utilized do not require any fees 

associated with obtaining these items. While a licensed surveyor is paid to collect the 

elevation data of these homes there is no cost from FEMA to retrieve this information 

from their website. In this sense, the data is crowd sourced, due to its public origins, 

being contributed to FEMA from the public for assessment of flood mapping 

categorization.  The data is collected by the government and distributed for free, but was 

measured by surveyors contracted by members of the public.   This sort of hybrid 

geocrowdsourcing process, where authoritative and public data are mixed, is discussed in 

detailed technical reports by Rice et al. (2012, 2013, 2014, 2015), and implemented in 

geocrowdsourcing testbeds discussed by Qin et al. (2016), M. Rice (2011), and R. Rice 

(2016).  Similar to the thesis research presented here, data generated by the public 

through crowdsourcing can be used in augmenting traditional sources of authoritative 

data.   
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3.4 Study Area 

The location being reviewed for this study is Lucas County Ohio. The reason for 

selecting a county in Ohio is due to the population size, the prevalence of LOMC 

applications, and the availability of LiDAR data. The population of Lucas County is 

432,488 residences according to the 2016 Census projections. This makes the community 

the sixth largest county in the state of Ohio. There are also several major cities which lie 

within the county boundaries. The major city within this area is Toledo. This city 

contributes the most to the large population in this area. Since the LOMC process 

references buildings there will be a higher presence of applications when there are more 

people in the area.  

The reason for studying the community on a county level is to increase the 

amount of relevant data that is available for this project. Most of the FEMA data is 

published either on the state, county, or city level. Often cities will have too few points to 

use. Spatially the LOMC data can be densely packed in select neighborhoods within the 

city. The lack of quantity and evenly distributed data makes it difficult to find a study 

area at the city level. The LOMC data at the state level almost always have empty patches 

because some communities do not have GIS data for their flood maps. There is no 

requirement by FEMA that requires communities to update their maps. The mapping 

updates are initiated by the community to request new maps be generated. This causes 

some areas of the country to have maps as far back as the 1970s and 1980s. Not having 

complete datasets makes researching on the state level tough. The need to balance the 
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number of LOMC data and the availability of the geocoding the point data is why the 

county level data is preferred for this study. 

The dates of the flood maps for Lucas Count Ohio vary depending on the region. 

The current effective dates of the flood maps in the Toledo area are 03/16/2016. The 

effective maps for the unincorporated areas of Lucas County are dated for 08/16/2011. 

The term unincorporated meaning this particular area is part of the county but is not part 

of a city. There is currently no study under way to produce new maps for this area. When 

new maps are produced it is important for future work. A new set of Flood Insurance 

Rate Maps will have the effect of causing citizens to submit more LOMC applications. 

This is due to lending institutions and insurance agents checking the new flood maps to 

see if their clients lie within a newly mapped high-risk flood zone. If someone is included 

in an area of risk they will notify the client about the need for flood insurance and often 

the LOMC process to be removed from the area of risk. 

The study area of Lucas County has unique topography. The land within Lucas 

County slopes from the high lands in west to the low lying areas to the east. The lowest 

part of the county is near the beaches of Lake Erie. The two main flooding sources for 

this area are Lake Erie and the Maumee River. The LOMC data that was gathered for this 

community also reflects the variation in elevation. The lowest elevation that was 

collected lies at 579.0 feet. This comes from the city of Toledo north eastern portion of 

Lucas County right near Lake Erie. The highest elevation that was collected is 679.1 feet. 

This measurement comes from suburbs of Toledo near the western border of Lucas 

County. 
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 Figure 4 Lucas County Imagery (Source: Google Earth) 

  

Much of the land cover within Lucas County is human development and forest 

areas. These features may not be beneficial with the accuracy analysis of the LOMC data 

points with much of the ground being blocked by objects. There are more factors which 

would contribute to error in topography data in this region. Some of the contributing 

factors to error in LiDAR data can be dense tree cover, buildings, and other objects which 

sit on top of the Earth. These things can block the bath of the laser to the ground and 

register points not on the land. One of the features which could be an issue is the high 

presence of buildings and trees within the community. Some of the topography data 

might not be able to pick up the small changes in elevation with all of the development in 

the city of Toledo. This could particularly be an issue with the eastern most portions of 
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Lucas County which contains a large population center that lives and works near Lake 

Erie. 

There are LOMC documents publicly available from FEMA in the form of batch 

files. This download occurs straight from the FEMA Map Service Center website as a zip 

file. There are a total of 1,343 PDF documents available to download for Lucas County. 

Not all of these documents will be used for analysis because some of them are for entire 

subdivisions or lots of land. These LOMCs will not have precise positional information 

because the coordinates do not represent a single spot on the Earth but a general area. For 

this study the documents available since January 2016 are a total of 97 LOMC 

documents. These documents were last pulled for this research on 10/17/2017 from the 

FEMA website.  

  

  

 Figure 5 Distribution of LOMC Data for Lucas County 
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As seen in Figure 3 the data for Lucas County is spread out over a much larger 

area. There are a total of 32 data points near the city of Sylvania area. This is the largest 

number of points in a single area for the dataset. This accounts for about 33% of the total 

points collected. Another large cluster of points was 23 in the city of Holland area. This is 

the second largest amount of points that was collected for this project. This area accounts 

for about 24% of the total of data that was acquired for this project. Together these two 

cities make up for about 57% of the total data available for Lucas County that is used for 

this project. These two cities are also located in the higher elevation of the county in the 

west. 

The reason for so many LOMC points to be located in this area is because of the 

large population sizes of the cities. The city of Sylvania has a population of about 19,000 

people and the city of Holland has a population of about 2,000 according to the Census 

Bureau 2016 projections. As seen in Figure 3 the distribution of the data points it appears 

as though the majority of the LOMC applications were completed for areas in the suburbs 

of the county. This is in contrast to the relatively few points near the City of Toledo. It 

also seems as though there are few applications completed near the shores of Lake Erie. 

The data points appear as though they are mostly located in the western part of Lucas 

County. 

Since this research project has 97 LOMC points available across Lucas County 

the density is low for the entire area. The total square miles across the whole county are 

596 mi2. This means there are only about 0.16 LOMC points per square mile for the 

subject area. Most of the population within the community lives in the Toledo area in the 
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northeastern portion of the county. The basis for the LOMC process is to submit the 

elevations of a building. If fewer people live in the western areas of the county there will 

be fewer data points available to work with. 

3.5 Distribution of LOMC Data 

To further understand the quality of the LOMC data for Lucas County it is 

important to evaluate the distribution of the dataset. To find the distribution of the LOMC 

data it is helpful to start out start by finding the descriptive statistics behind the dataset. 

The surveyed elevations have a mean of 620.6 feet, a median of 629.5, and a mode of 

578.4. These mean and median values appear fairly close to each other, while the mode is 

quite far off from them. This is important because a normally distributed dataset will 

have all three values equal to each other. This is an indication that the LOMC data for 

Lucas County are not completely evenly distributed across all of the values. This is an 

indication the data is slightly skewed towards the lower values than towards the higher 

values. 

Knowing the distribution of a dataset is important for hypothesis testing. This can 

indicate whether the dataset contains biases towards certain values. A normally 

distributed dataset will exhibit a graph which looks like a bell curve shape. This indicates 

the summed values trend towards the mean. The formula in the equation 1 below shows 

how each value for the LOMC data will be processed under the Normal Density 

Function. The information being input into the equation is the LOMC data values, mean, 

and standard deviation of the dataset. The end result will be listed as a value simply 

referred to as the distribution.  
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Equation 1 Normal Density Function 

    

Running the LOMC elevations through the Kurtosis formula will indicate if the 

data is skewed near the extreme values. This is often referred to as the left tail and the 

right tail of the graph. Particularly this equation will detect if there are outliers that lean 

the graph towards the lower numbers or the higher numbers. The kurtosis calculation 

shows on the graph with positive values as having a high peak and the negative values 

will appear flatter (Brown, 1997). A value of zero will mean the data is normally 

distributed without over or under representing the extreme values. The result of this 

equation returns a value of -0.579. The negative value suggests there are fewer outliers or 

extreme values towards the two ends of the graph. This can also be seen in Figure 4 

where the data does not flatten out on either tail. The tails appear to slope directly down 

and then they do not level out near the zero value. This means there are fewer extreme 

elevations on the low and high end. 
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 Figure 6 Distribution of the LOMC Elevations 

 

The level of symmetry within the dataset can be determined by running the 

skewness formula. This value refers to the amount of symmetry that a dataset has. This is 

with respect to the two tails being similar around the mean value of the dataset. Positive 

values indicate the distribution is right leaning and negative values will indicate the graph 

is left leaning. The value of zero indicates the data is perfectly symmetrical between the 

left and right sides of the graph (Kim, 2013). The ideal data set should have a value near 

zero so the values are not biased towards the higher or lower numbers. The result of this 

test returns a value of -0.196. This is indicated in Figure 4 which shows the graph is 

slightly skewed to the left. The left tail of the graph is slightly longer than the tail on the 

right side. Since the value returned is close to zero this means the graph is fairly evenly 

distributed but still left skewed. It is expected there would be few extreme elevations for 
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the area. The elevations of the terrain will naturally vary but many of the buildings being 

studied are in the same city area. 

3.6 LiDAR Data 

The information that will be used to assess the accuracy of the LOMC elevations 

will be LiDAR data. This is a remote sensing tool which uses lasers to take measurements 

of the Earth’s surface to record elevations and the GPS location. This provides highly 

accurate elevations and locations of where the measurements were taken. This process 

utilizes an active sensor which sends out the laser energy which hit the surface of the 

Earth. Then the sensor records the reflected pulses that return to the instrument. The data 

that is collected can then be used to make high spatial resolution data. Particularly the 

elevation data collected can be used to analyze changes in topography. For this project 

the LiDAR data will be used as the ground truth. This source of information will be 

useful to compare the highly accurate measurements to the ground surveys that are 

submitted to FEMA. 

The LiDAR data that is used for this project is available through the National Map 

tool on the USGS website. Particularly the data set being used is the USGS Lidar Point 

Cloud data collected by USGS (United States Geological Survey, 2017). This data is part 

of the 3D Elevation Program to collect and produce LiDAR data for the entire United 

States (Usery 2013, Arundel et al. 2015). This will eventually be achieved by combining 

resources within the federal government and other partners from the local community 

where the data is being collected. These groups can donate resources they have to the 

program to obtain LiDAR data for an area. Over time there will be highly accurate 
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elevation data for all states. This will result in better DEMs and products such as the 

FEMA flood maps that rely on this type of data.  

 

  

 Figure 7 Tiled LiDAR DEM Data 

 

The horizontal datum the LiDAR data is NAD83 and the vertical datum is 

NAVD88. The datum for the LiDAR data is the same as the LOMC Point data are in. As 

mentioned previously the federal government has adopted these horizontal and vertical 

datums as the new standard for mapping products. The goal of this is to maintain 

consistency between the many branches of the federal government and to allow more 

compatibility with the data that is published. Having both sources of information in the 

same datum is useful for this analysis and saves the steps involved with converting 

between datums.  
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The vertical accuracy of LiDAR data can vary depending on the source of the 

data. Since the LiDAR information used for this project is from USGS they do abide by 

the industry standards that are set by ASPRS. There are different sources that can cause 

errors within the elevations that are collected. The amount of error can be affected by the 

land cover, type of vegetation, and slope of the land (Hodgson, 2004, Shortridge 2006). 

These are factors that disrupt the signal that is emitted by the sensor and the signals that 

return. Multiple hits can be registered as well. A tree is an example of a feature on the 

ground which can return many hits on the signal’s path to hitting the ground and then 

returning to the sensor. When the branches of the tree are hit going down and then back 

up there are opportunities for these elevations to be recorded. 

To find the corresponding LiDAR elevations to compare to the LOMC Point data 

there are unique tools built into ArcGIS that can be utilized. When the point data and 

LiDAR data are both loaded into the ArcGIS there is a feature within the spatial analysis 

tool box has a feature called “Extract Values to Points” that will be used for analysis. 

This feature will use the location of the points in the LOMC point shapefile and compare 

them to the elevations within the LiDAR raster file. For this project the LiDAR DEM is 

already in a raster format which is able to be input into this tool. Each cell within the 

LiDAR DEM has an associated elevation height. Since the LOMC Point dataset is 

already included in a point shapefile this information is already in the format that is 

needed to run this tool. 

With both datasets in the same horizontal and vertical datums they can be input 

into ArcGIS for analysis. The way the values are extracted is based on the horizontal 
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location of the point data. The cell the point is located in will be used to find the LiDAR 

elevation. Each one of the points will be used to pull the associated values until all of 

them have an elevation value. This is a useful tool that is able to quickly grab the values 

of the LiDAR elevation data while using the exact coordinates of where the LOMC is 

located. Once both the LOMC survey elevation data and the LiDAR elevations are 

acquired for each of the points then the statistical analysis can be done. This analysis will 

look for the difference between the two sources of elevations to find what their 

relationship is. 

3.7 Root Mean Square Error and Mean Absolute Error 

The relationship between LOMC data and the LiDAR elevation data can be found 

by completing linear regression analysis of the two datasets. This calculation will 

compare the dependent variable and the independent variable. The goal of this process is 

to see what the influence of changing the independent variable has on dependent variable 

(Zou, 2003). In this study the independent variable will be the LiDAR elevation data. 

This is because the LiDAR elevation data is considered the ground truth and its variation 

will not be reliant on the other data. The dependent variable will then be considered the 

LOMC elevation data. This is because this data is the subject of the research. The 

accuracy of the survey elevations relies on what is considered the actual ground 

elevations.  

The linear regression is a type of analysis which can compare the influences of the 

two datasets. This is a method to compare one predicted variable to an expected variable. 

The relationship between the two variables is described by a straight line or line of best 



38 

 

fit. The first step in calculating the linear regression is to plot these points in a scatter 

plot. Then the value of the correlation coefficient is obtained which will range from 

negative one to positive one. This equation will show the strength of the relationship 

between the two values.  

The formula to calculate the difference between the LiDAR elevation data and the 

LOMC Point data is the Root Mean Square Error (RMSE). The RMSE will show how 

much variance there is between two values (Pourali, 2014). While comparing the GCPs 

elevations to those of the DEM there will be a difference between the heights. To 

calculate what the difference is between the two elevation data sets the RMSE equation 

will be utilized. To accomplish measure the difference in the values the LOMC elevation 

will be measured against the LiDAR elevations. 

 

√
∑ (𝑦1 − 𝑦0)2𝑛

𝑖=1

𝑛
 

Equation 2 Root Mean Square Error 

 

The main component of the RMSE formula is the residual value. The residual can 

also be referred to as the vertical distance a point is off of the regression line. A positive 

value for the residual means the point lies above the regression line. A negative value for 

the residual means the point lies below the regression line. A zero value for the residual 

means the point sits right on top of the regression line. The value of the RMSE formula 

represents the standard deviation of the residual. A standard deviation shows how much 

variation there is with the data values. This means the RMSE will show how much 
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variation there is between the elevations of the survey data and the elevation of the 

LiDAR data. The results of this analysis will show how dispersed these values are on the 

regression line. 

Ultimately the goal of this project is to assess error which is a useful application 

of regression analysis. The distance each point is from the regression line is considered 

error. The closer a point lies to the regression line the less error there is. The farther from 

the regression line a point lies the greater the error is. This is the value that the RMSE 

formula will calculate. The difference between the expected and predicted values will be 

squared. Then each point will be added, divided by the total number of values, and then it 

will be square rooted. Since the values are square rooted then each value in the dataset 

will not be weighted the same with this function. The ideal returned value returned by 

RMSE would be a number close to zero. Meaning the lower the value of the RMSE then 

the lower the amount of error there is. 

The RMSE is a valuable tool for this project as it will indicate how close the 

observed points are to the predicted values. The reason for using this method as opposed 

to other calculations is due to its ability to assess a dataset. Errors within a model are 

often normally distributed which the RMSE is a superior measurement (Chai, 2014). In 

this study the dataset appears to be normally distributed. Based on the look of distribution 

of the data on Figure 4, skewness, and kurtosis tests the data is normally distributed. The 

RMSE will be a useful tool for this project to show how similar the LOMC elevations are 

to the LiDAR elevations.  
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One of the limitations of the RMSE formula is that outliers can have a large effect 

on the final results. Even a few extreme values will have a big impact on the outcome of 

the analysis. In the event there are outliers within the dataset other formulas could be 

used to measure the distance of the residuals off of the regression line. For instance the 

Mean Absolute Error (MAE) can be used to limit the effect of outliers on the analysis of 

the data. Taking the average of the values will cause the magnitude of the outliers to have 

a less effect on the final calculations (Willmott, 2005). The MAE formula calculates the 

average distance of the residuals off of the regression line. This equation does not take 

into account the direction of which the errors are occurring. Meaning it does not matter if 

the values are above or below the regression line. The reason why the sign of the values 

does not matter is due to the fact the absolute value of the distance is taken. This makes 

the difference between positive and never negative. 

 

∑ |𝑦1 − 𝑦0|𝑛
𝑖=1

𝑛
 

Equation 3 Mean Absolute Error 

 

The main component of the MAE formula is that it takes the average of the 

residual values. This is important since the significance of any outliers will be reduced 

based on the number of values in the dataset. Each of the points in the dataset will carry 

the same amount of weight as each other. If there are few extreme values they will be 

accounted for if there are a large number of values within the dataset. Meaning if there 

are few outliers then they will be weighed down by the total amount of points. The more 
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points included within the analysis the less the impact extreme values will have on the 

final results. The ideal result of the MAE equation is to have a value of zero. This would 

mean the average distance of the residuals is equal to the regression line. Meaning there 

is no variation between the two values. 

The MAE formula results will be used alongside the RMSE formula to make sure 

any outliers do not drastically alter the final results of this research. Both equations are 

commonly used to assess the amount of error that is included within a dataset. The two 

equations will also account for any negative values that may appear from subtracting the 

two elevations. This means the outcomes will both be values that are from zero to 

infinity. Once the equations are run the RMSE value will always be equal to or larger 

than the MAE value. Since RMSE will be sensitive to extreme values it will be useful to 

understand how these outliers will impact the overall analysis of the dataset. The MAE 

formula will be useful to find what the average value of the errors regardless of the 

presence of extreme values in the dataset. 

3.8 Building Footprints 

Another part of analysis that will be conducted will be to test various elevations 

around the footprint for a handful of structures. The goal of this testing will be to find an 

alternative to finding a more accurate latitude and longitude coordinates for the LAG 

measurement. Additionally this will check to see of the surrounding elevations remain 

consistent. This process could be used to confirm where on the building the LAG 

measurement is located. A total of 5 properties will be reviewed in random places within 

Lucas County for this analysis. 
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To run the analysis of the footprint of the buildings several positions will be 

selected along the border of the structure. All four corners of the building and a point in 

between these points will be placed. This will provide a total of eight measurements 

along the outside of the structure. Once these points are selected they will be run through 

the Add Surface Information tool. This is an option within the 3D Analyst Tools within 

the Arc Toolbox. This tool can be used to find elevation data for points. The tool will use 

the coordinate information of the eight points to find the elevations based upon the 

LiDAR data. The calculations are based upon point data being compared to an elevation 

model. 

 

 

 Figure 8 Footprint of the Structure 

 

The location of the pin for the LOMC determination may not be in the spot the 

elevation was taken. As mentioned earlier the LOMC case analysts will often geocode the 
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location of the building by selecting a spot on the roof. Typically the center of the roof is 

selected as the area that will be included with the determination document. The LAG 

measurement will not be located in this area. The LAG will be along the external portion 

of the building and can be several feet away from the area that is recorded. As seen in 

Figure 6 the red dots are the measurements along the outside of the building and the 

yellow dot is where the building is geocoded. The analysis will look at how each of the 

eight measurements compare to the one that is included with the LOMC determination 

document.  
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4. RESULTS 

The outcomes of the calculations described above are as follows. There is one 

outlier within the data that is off by quite a lot. The difference between the LiDAR 

elevation and the surveyed elevations is 18.15 feet. This brings the calculations off by 

quite a lot. In order to not provide any sort of bias to the dataset the calculations will be 

run twice. The calculations will be run once with the outlier included and once again with 

it excluded from the analysis. Running the analysis twice will provide results of the 

database as it is made available and as well as an assessment of the overall vertical 

accuracy of the surveyed elevations. 

4.1 Regression Results 

The equation of R-squared measures the percentage of the variation that can be 

explained by the linear model. Meaning this equation will measure how close the points 

are to the regression line. When a value is returned that is close to 0% will mean that 

none of the variability can be explained by the model. When a value is returned that is a 

number that is close to100 % will mean all of the variation can be explained by the 

model. The results of running this regression analysis returned an R-squared value of 

99.34 %.  Running the R-squared equation again without the outlier returns a value of 

99.82%. This value means almost all of the values will appear on the regression line or 
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near it. This value also means the model will account for almost all of the variability that 

occurs.  

The regression analysis for this project resulted in a high correlation between the 

LOMC elevation data and the LiDAR elevation data. This was done by completing a 

hypothesis tests with the P-value. The result of running the P-value test returns a value of 

1.7703E-105.  When running the P-value test again without the outlier it provides an 

outcome of 8.5415E-131. The ideal value returned from the P-value test is as close to 

zero as possible. Since the returned values are less than 0.0001 it can be said that there is 

a highly statistically significant relationship between the two elevation datasets. In this 

situation the null hypothesis will be rejected.  
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 Table 2 Graph of the Regression Line 

  

  

 Table 3 Graph of the Regression Line without the Outlier 

 

As seen in the two graphs above in Table 2 and Table 3 the elevations can be seen 

as highly correlated. The black line on both graphs is the line of best fit. This line is also 

referred to as the trend line. This trend represents the points on the graph that are equally 
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above and below the line shown. Most of the points on the graph appear near or on the 

trend line or extremely close to it. As seen in Table 2 the outlier is way off of the trend 

line. As mentioned before this value is the one that is about twenty feet off of the trend 

line. Then in Table 3 without the outlier the rest of the points appear to all be much closer 

to the trend line. Without the outlier the points seem to bunch together with minimal 

variation. 

4.2 RMSE and MAE Results 

The result of the RMSE calculations reflects the same variation seen in the 

regression analysis. The outcome of running the RMSE equation produces a value of 2.16 

feet. When running the equation without the outlier the value returned is 1.13 feet. These 

values represent the standard deviation of the residuals from the trend line. As discussed 

earlier the RMSE is affected by outliers. This is due to each value being squared, 

summed, and then square rooted. When the distance is extremely large it will bring up the 

standard deviation value quite a bit. In this situation the outlier brought the RMSE up an 

additional foot.  

What can be found by comparing the LiDAR data to the LOMC elevations is that 

they are very close. The results of the MAE formula provided an outcome of 0.913 feet. 

Running the calculation without the outlier provides an outcome of 0.733 feet. The value 

that is returned when running the MAE formula represents the average vertical distance 

of each of the values is off of the regression line. The fact both of the equations returned 

values about a foot of variation means there is not a lot of variation between the two 

datasets. 
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The LOMC data seems to underrepresent the ground conditions when compared 

to the LiDAR elevations. Of the 97 LOMC elevation reviewed for analysis there were 62 

below the LiDAR elevations compared to the 35 that were above. This means the LOMC 

elevations tend to be slightly below the LiDAR elevations. This result was unexpected as 

there is an incentive for the licensed professionals to round up even slightly to benefit 

their client’s application submittal for the LOMC review. This does not appear to be 

happening with the elevation data that is being sent in to FEMA. With the elevation data 

that was reviewed a total of 74 out of the 97 points were under a foot from each other. 

The vast majority of the LOMC elevations submitted are very close to what was collected 

with the USGS LiDAR data that is available for this area. This shows the LOMC data can 

potentially be used for further research. 

4.3 Footprint Results 

The results of the footprint analysis show the LAG derived directly from the 

LiDAR data are consistent with the locations of the surveyed elevations. With the LOMC 

data and the LiDAR elevations being highly correlated and close in value it makes sense 

the footprint will reflect this relationship. Of the measurements that were taken around 

the outside of the building the elevations had a variation of a few tenths of a foot off from 

what was observed with the LOMC determination documents. Even though the position 

of the geocoded buildings may be off by a few feet the elevations appear to be consistent 

with the ones surrounding the structure. 
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 Table 4 Footprint Measurements 

 

As can be seen in Table 4 the 8 elevations taken around the building are 

consistent with the surveyed elevations. The measurements that are indicated in yellow 

are the lowest elevations that were measured based on the footprint of the structure. The 

three different measurements that are included in the table are the eight points taken of 

the footprint of the building based on the LiDAR data, the LAG from the determination 

document, and the LiDAR elevation based upon the coordinates included within the 

determination document. Of the three measurements there is a difference between them 

of a few tenths of a foot.  

 

Point 16-05-3781A 17-05-0125A 17-05-0176A 16-05-5996A 17-05-0409A

1 637.38 636.47 578.26 578.79 580.65

2 636.90 636.62 578.43 578.62 580.61

3 636.64 636.74 578.45 578.81 579.72

4 637.28 636.77 578.43 579.10 579.89

5 636.75 636.68 578.26 578.81 580.59

6 637.03 636.74 578.38 578.75 580.57

7 637.08 636.58 578.63 578.91 579.85

8 637.01 636.88 578.38 578.85 580.13

LAG 636.8 636.4 578.4 578.9 579.9

Geocoded 636.7 636.6 578.5 579.0 580.1
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 Figure 9 LAG Measurements 

 

The difference between the elevations coming from the footprint of the building 

and the LOMC determination document are very close. As seen in Table 5 the elevations 

are only off by 0.2, 0.1, 0.1, 0.3, and 0.2 feet. Should the option be available to digitize 

the footprint of the structure or should it be available this method could be utilized to 

confirm the LAG measurement. It may be more beneficial to utilize the coordinates 

within the LOMC determinations than to digitize the footprint of the building. However if 

there are GIS files available from the County or City then using the footprint of the 

buildings could be used more efficiently. 
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 Figure 10 Footprint of Case 16-05-3781A 

 

Looking closer at an example of elevations that were obtained by using the 

footprint of the structure it can be noted that the elevations are very close. The greatest 

variation that can be seen is the difference of 0.8 feet. From the LAG measurement is less 

than a half foot from any of these measurements that were taken from the footprint of the 

building. Since there is enough separation from each of the points around the building it 

does seem that the lowest elevation that is observed is the same as the LAG measurement 

provided with the LOMC determination.  

The two measurements seen in figure 8 at points 3 and 5 were quite close to each 

other. These marks were only a few feet apart from each other. This is the reason why the 

elevations are so close together. The elevations of these points only differ by a tenth of a 

foot from each other. This could complicate which one of the two should be used to 

identify where the LAG is located. If the measurements come close or equal to each other 
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then additional research would be needed to identify more closely where the Lag 

measurement would lie. 
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5. LIMITATIONS 

Perhaps the biggest questions revolving around the use of the LOMC elevation 

data is the positional accuracy of the geocoded points. Due to the thousands of people 

identifying the location of these applications everyday there will certainly be varying 

amounts of error with this type of data. The analyst who reviews the LOMC application 

and place the points are working on the guidance of the contracting company. Since there 

is no accuracy standards set by FEMA there is ultimately no requirement for the analyst 

to maintain a quality geocoded position. Further analysis could be done to assess the 

horizontal accuracy of the LOMC placement. 

Although there was analysis completed to identify where the LAG measurement 

was taken if the data was used without additional research then it remains unknown. 

Additionally with the footprint of the structure it can still be inconclusive where the 

elevation lies on the building if the structure is on flat land. Often a building will be 

constructed with a concrete slab or fill dirt to make the land level. If the elevations 

surrounding the building are level then the additional measurements would all be roughly 

the same heights. 

The LOMC point data information is provided as a courtesy to the general public 

so the determination document appears in the general area of where a property lies. To 

this point the goal of this project was to assess the error of elevations. It is important to 
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keep in mind this data is essentially crowdsourced. This is because this project revolves 

around a large volume of data that contains errors that are not uniform. The people 

involved with the application process who geocode the locations and complete the 

surveys have various skill levels.  

The review completed for the footprint of the buildings could also include certain 

biases. There are many building types that would result in a different LAG measurement. 

A building with a walkout basement would have a LAG several feet below other parts of 

the structure. Another consideration to make is that the LAG measurement is either taken 

against the building or something attached to the building. A porch or stairs would affect 

the location of the LAG measurement and so the method of using the footprint of the 

building. 

Another limitation of this research is the erroneous elevations that can appear 

within the survey data. In this project there was one point in particular that threw some of 

the results off. This point was off by almost twenty feet from the expected value that was 

seen in the LiDAR data. While the vast majority of the surveyed elevations were close to 

the LiDAR elevations the presence of outliers will have a big impact on the calculations 

that were run. The RMSE function is particularly susceptible to outliers and they will 

distort the final outcome.  

It is important to note this research was completed in regards to the data for Lucas 

County in Ohio. The findings may not be representative of other areas of the country. As 

mentioned earlier there is data available for most areas within the United States. The 

surveys submitted through the LOMC process could represent a different amount of error 
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than what was found with the subject area. The sample size might not represent the global 

error with the surveyed elevations. The surveys could be completed by nationally 

recognized corporations or local individuals and this could affect the amount of error 

recorded with the elevations. 

With the surveys being completed by many different licensed professionals the 

quality of the elevation data can vary. It speaks to the level of skill that the majority of 

surveyors have that they are getting the measurements within about a foot of what 

LiDAR can come up with. A few surveyors reported elevations within several feet of 

what the expected value of the heights should be. This is another consideration that 

would need to be taken into account. When extreme elevations are reported outside they 

are likely reported elevations for the general area. It may be worthwhile to exclude these 

elevations in other forms of research with the LOMC data. 

Depending on the project or application of LOMC data the quantity of the 

elevation data may be a more important consideration than absolute quality. There should 

not be an expectation of reaching a specific higher accuracy standard. Rather to utilize 

this dataset of millions of elevation points. This has been shown in this thesis to have a 

quality equal to LiDAR (average error of 17-26 cm) and in many cases likely 

approaching the 5 cm level of level three ground control quality with survey data. The 

use of volunteered geographic information or crowdsourced information can fill the void 

for areas that are missing data (Goetz, 2013). While the area studied in this project has 

LiDAR data there are many places in the United States where it is not publicly available. 
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If older DEMs were to be used it could be useful to incorporate the LOMC data to adjust 

for the errors in the elevations. 

Keeping the LOMC data in the context of crowd sourced information is important 

for future work. While there is no interaction between the users and the analyst in regards 

to the elevation data, the LOMC application is a process that has a large number of 

people contributing to the development of the dataset. There is an incentive for both the 

applicants to supply the elevation data to avoid flood insurance and the analyst hired to 

review the LOMC submittals to continue adding to the volume of applications. The 

variation in the quality of the geocoding and elevation surveys does fit the same sort of 

issues involved with crowdsourcing data. On the other hand the majority of the elevations 

are consistent with LiDAR elevations. A process to remove extreme values from the 

dataset would be needed in future work. 
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6. CONCLUSIONS 

From the calculations that were run within this project it can be concluded the 

surveyed elevations and the LiDAR elevations are heavily correlated. With the changes 

in the LiDAR elevation data there is a similar change within the surveyed elevations. The 

results show a very strong relationship between the two elevations. Additionally the 

average difference between the two elevations is about one foot. This means the surveyed 

elevations are vertically fairly accurate. In the absence of better quality data such as 

LiDAR the LOMC elevation data could be used. The abundance and the presence of the 

LOMC being completed in every major population center in the United States make it a 

potential reliable source of elevation data. 

For instance the surveyed elevations could be used to adjust DEM for areas with 

coarse data. Locations that have a resolution of one meter or greater could benefit from 

surveyed elevation points in the study area. It appears as though the elevations submitted 

for the LOMC process are spatially accurate as LiDAR data. There are LOMC 

determination documents for all major cities and populated areas of the United States. On 

the other hand there is currently a lack of LiDAR data for certain areas of the country 

such as the western parts. There are millions of LOMC determinations that are published 

by FEMA. These are all available now as a public source of elevations through their 

website for free. 



58 

 

Another conclusion that can be made about the two datasets is that demonstrating 

a very strong agreement and high correlation with the elevation values. An argument can 

be made that the surveyed elevations and LiDAR elevations are providing the same 

information. On a technical level there are reasons why the various sources of elevations 

show disagreement. Ultimately if elevations are obtained from reputable sources they 

should come up with fairly close results. With each survey required for the millions of 

LOMC applications a licensed professional is needs to visit a site and take the time to 

record elevations. This is a tremendous cost of time and energy for the professionals that 

are at the expense of a homeowner. Since the local and federal government agencies are 

already collecting LiDAR data it could be beneficial to all parties involved to potentially 

use these elevations in place of a traditional survey of the property. There are fewer 

sources of the LiDAR data but it is continuing to expand in availability. 

The LOMC process is a way for FEMA to prove a structure or property is 

elevated out of the flood prone areas. The source of the elevation data does not have to be 

from a traditional field survey. The specific requirement from FEMA for elevation data is 

that it has to be certified elevations if submitted for the LOMC application process. Some 

areas around the county such as Hennepin County in Minnesota are currently able to 

submit LiDAR data for the LOMC application process. The details of how the data is 

collected, flight pattern, and the ground elevations are produced by Hennepin County. 

This information is then provided to their citizens when they submit their request to 

FEMA.  
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The future of the LOMC process looks as though it could rely more heavily on 

LiDAR data. There are many accredited sources of LiDAR data that can be utilized, such 

as the local communities or federal agencies such as the USGS. As long as these groups 

are willing to share this data with FEMA there is no real reason this data should not be 

utilized. The quality of the LiDAR data can be assessed more easily than checking each 

of the surveyed elevations that are submitted. Limiting the amount of human error in the 

LOMC process will help assure FEMA that buildings being removed from high-risk 

flood zones are actually safe from flooding. The quality of LiDAR elevations has been 

well established but as seen in this project the quality of the surveys being submitted can 

vary quite drastically in the same county. 

The method of taking measurements around the footprint of the building does 

appear to be able to identify the approximate location of the LAG. If it was necessary to 

find the exact latitude and longitude of the LAG measurement then using the footprint of 

the building could be utilized. This would require geocoding several spots along the 

outside of the building. As demonstrated in this thesis it would be effective at finding 

where the elevation is located. As seen with the example footprint if the measurements 

are close in proximity to each other then it may be difficult to decide where the 

coordinates should be taken from between the two points that are being reviewed. 

Using the footprint of the structure could also be implemented by FEMA. The 

lowest elevation that is taken surrounding the building is consistent with the LAG 

measurement that is submitted through the LOMC application. These elevations are off 

by a few tenths of a foot. This is another confirmation that LiDAR data can be utilized 
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through the LOMC process. This is another way to analyze whether or not a building is 

elevated outside of the 100 year floodplain. 

6.1 Future Considerations 

The LiDAR data that was used for this project came from a DEM straight from 

USGS. In future work it may be helpful to have access to the LiDAR point cloud to 

complete analysis. This type of product is available from the local community and as well 

as from federal agencies such as USGS. This type of data would allow for further 

customization with some of the tools that are available for LiDAR data processing. 

Rather than using a completed product for a DEM in an area, it could be helpful to use 

the LiDAR point cloud to derive the elevation model for a new study. This way certain 

features on top of the surface of the Earth could be accounted for and not be included 

within the analysis. 

A LiDAR point cloud dataset is stored as a LAS file. The LAS file is an industry 

standard file format defined by the American Society of Photogrammetry and Remote 

Sensing (ASPRS). There are recommendations put out by ASPRS on how to collect 

LiDAR data and assess the quality of the elevation data. There are publications 

highlighting the methods to quantify the error within a dataset as well as the geometric 

quality (American Society for Photogrammetry and Remote Sensing, 2016). This is the 

data processing approach provided by ASPRS for LiDAR elevations collected. These are 

standards for LiDAR data that is collected from a sensor up in the air. This is from a top 

down view of the study location. 
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The LAS file is a file format tailored to store three dimensional data as x, y, z 

features. The x and y fields represent the latitude and longitude coordinates. The z field 

represents the vertical elevations. Having three dimensional data is valuable in providing 

highly accurate positions and elevations in the same source. This is a style of data 

organization can be read by most geospatial analysis tools such as ArcGIS and other 

similar packages. When LiDAR data happens to be available for an area of interest it can 

be imported easily into ArcGIS for analysis. This is why LiDAR is growing in popularity 

because it is highly accurate and able to be imported into software that is already widely 

used. 

When the LiDAR data is collected there are millions of data points that can be 

obtained and assembled into a three dimensional point cloud. Having multiple datasets of 

LiDAR elevations can result in files up to a gigabyte in size (Boehm, 2014). The large 

volume of data points included with a LiDAR dataset there will contain enough highly 

accurate locations to compare to the LOMC elevation data. The concentration of points 

allows for finer detail of the elevation changes that occur. 

The points collected with the LiDAR data can represent different features of the 

Earth. Each recorded point can be identified as either an object on top of the Earth or the 

ground. One of the options within ArcGIS is the LAS Dataset tool bars which will filter 

the elevation data based on this criteria. The LiDAR dataset can display the values that 

are registered on the ground or not on the ground. This will be important to utilize since 

the subject of this project is to compare the LAG a measurement on the Earth to LiDAR 

data points that are on the ground. 
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To conduct further analysis of the footprint of the building it could be helpful to 

use the GIS files from the community that have the digital locations of all the buildings in 

the area. This would allow for all the structures in an area to be assessed at once. Having 

access to the GIS files would expedite the process of identifying the LAG measurement. 

The shapefile of the building can be run in comparison to the elevations in the LiDAR 

data that has already been acquired. 

The analysis of the footprint of the structure was completed by selecting points by 

hand. The points around the outside five structures were picked manually. Further 

research could be done to automate the process of finding the LAG measurement on the 

buildings. Being able to run a script a code to analyze data for whole city or county 

would greatly expand this research. 
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