LiDAR for Gilmer County, WV
Why LiDAR

Canaan Valley Institute is frequently asked by community groups to assist with issues related to flooding.  This assistance sometimes involves hydrologic and hydraulic (H/H) studies of stream systems in a digital environment such as HEC-GeoRAS with much analysis also being performed in standard desktop GIS such as ESRI’s ArcView/ArcINFO and AutoCAD software packages.  Key to these investigations is the availability of high-resolution elevation data that may be used to model cross-sections of the waterway as well as surrounding lands that must be assessed for flood storage capacity.  Traditionally this level of accuracy could only be produced by intensive survey with a total station or through detailed photogrametric work.
The increasing availability of LiDAR data service providers has improved the possibilities for obtaining this high-resolution elevation data.  Of particular benefit is the ability for this technology to capture a wide geographic coverage while minimizing cost.  CVI now routinely couples its total station field survey with LiDAR to produce the best possible H/H modeling results.
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LiDAR provides the base input for determining water depths in a modeled flood event (blue).  The LiDAR elevation data is also used in this example to demonstrate topographic relief through a hillshade effect of the familiar 7.5’ USGS Quadrangle.  The combination of these data sets in a GIS help community members better understand the model results.
Obtaining LiDAR for Gilmer County, WV

Through extensive outreach to community groups CVI determined that one particular need in Gilmer County (and the Little Kanawha Subbasin) is improved floodplain mapping.  Fundamental to this type of mapping is the collection of the best-available elevation data, LiDAR.  Community focus on stream channels and adjacent land forms that constrain or accommodate high flow events drove CVI to target LiDAR acquisition on the low-lying portions of the county.  Community review of this first-cut led to the extension of the target area to include specific problem areas.  
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The figure on the left demonstrates the extent of the targeted area (orange) within the Little Kanawha subbasin (purple).  Note that this area extended well beyond the political boundary of Gilmer County, but the system above the Burnsville Dam was not included.  On the right is a figure demonstrating the extent of the data tiles (tan) that were delivered by the LiDAR contractor.

The target area was conveyed then to the LiDAR contractor, Airborne 1 Corporation.  The sinuous nature and extent of the target area was reviewed by Airborne 1 who developed a flight plan to minimize cost and to ensure full coverage of the target area.  Upon inspection of the flight plan and irregular shape of the target area, Airborne 1 determined that their process of flying parallel flight lines would necessitate data capture throughout the maximum extent of the target.  This being the case, data was therefore delivered for the full extent which included the low-lying areas as well as the slopes and ridges in between.  
The contract with Airborne 1 was designed to ensure that the geographic scope of the target area was amply covered by the data acquisition process.  The contract was written to also ensure that the data captured would be equivalent to a contour interval of 2-feet.

Standard Resolution – Vertical accuracy of 95% at 1.2’ (36cm) and 90% at 1.0’ (30cm), horizontal accuracy of 1.5’ (46cm), 1 sigma.  This meets or exceeds FEMA guidelines for 2’ c.i. mapping.

In addition, the contract limited the temporal scope of the data capture to take place during leaf-off conditions.  This consideration was included to ensure that the LiDAR would best characterize the bare earth surface without undue masking from deciduous vegetation that might otherwise reduce the number of LiDAR last returns.
Data capture took place between March 25 and April 7, 2004.  Airborne 1 bore the responsibility for in-air data capture as well as for the maintenance of two ground base stations (see A1_Lidar Mapping Report.pdf and A1_Lidar Mapping Report - Addendum v1.pdf).  Airborne 1 also completed a QA/QC review of the data using a high-accuracy GPS to capture 1,091 ground control points for comparison with the LiDAR-derived data (see QAQC_A1_ControlPoints.xls).

The Airborne 1 Deliverable

Prior to delivery of the data to CVI, Airborne 1 post-processed the LiDAR and checked its quality against their GPS ground control points.  The QA/QC process identified that 95% of the LiDAR points fall within +/- 0.20m when checked against the control data.  Airborne 1 divided the LiDAR points into two sets of data.  The LiDAR points are really composed of four separate numbers (X-coordinate, Y-coordinate, Z-measurement, and an Intensity (I) measurement).  Each LiDAR point has all four numbers but some points represent a bare earth measurement (last return) and other points represent features such as vegetation or structures (first return).  Dividing these points up accordingly was a requirement of the Airborne 1 contract which enables CVI and other end users to more quickly generate bare earth surfaces for use in H/H analysis.

CVI received 4,346 text files separated into first return (.FST) and last return (.LST) LiDAR points.  The text files each contain data for a tile area (1km X 1km) .  This data was delivered on a series of DVDs and totals more than 58GB.  As a text file the data is of limited use to desktop GIS and modeling applications.  The sheer number of individual files also makes the use of this delivered “raw data” awkward.
The Canaan Valley Institute Deliverable to FEMA and Gilmer County/Little Kanwaha Watershed Associations

To improve the utility of the raw data from Airborne 1 CVI created a custom tiling schema and developed a set of routines to convert the LiDAR points from text files into formats that were more useful in desktop GIS applications.  Preliminary products created from the LiDAR demonstrated that file size limits were an obstacle to constructing larger data sets.  Trial and error helped CVI logically define the size of a new tiling schema for the data that better supports modeling and display needs.  This schema uses rectangular tiles that are approximately 1/16 of a 7.5’ USGS Quadrangle.  This schema accommodates a widely recognized tiling system, but also balances the need to keep file size reduced to avoid software and system limitations.
The preliminary products created by CVI from the raw data included DEM and Hillshade grids as well as TINs in ESRI format.  The products were generated for specific sites within the target area and provided to community members in Gilmer County for review.  Consultation with CVI’s hydrologist, Gilmer County outreach lead, and GIS staff concluded in the decision to convert the raw data LiDAR points into a set of three bare earth products that would support the basic modeling, analysis, and display functions being requested by community members in Gilmer County.  These products include a 1-meter DEM grid, 1-meter Hillshade grid, and a set of Mass Points in ArcInfo coverage format.  The rationale for this decision revolved around questions of utility and repeatability.  It was determined that Hillshade grids were being most heavily used because they best visually demonstrate relief and the nuances in terrain to a lay person.  DEM grids provide a data set that may be used to query and analyze changes in elevation within a digital environment.  And Mass Points serve as a common denominator for developing surface representations (whether grid or TIN) at various resolutions and within various parameters dependent on the specific intended purpose (be it either flood modeling or map composition).
ArcINFO AML was used to process the raw data into the aforementioned data products on a tile by tile basis.  It is important to note that the gridded data products (DEMs and Hillshades) include a 100-meter data buffer.  This buffer was created to ensure sufficient overlap between tiles to promote seamless merging and mosaicking of the data.  These data products total approximately 80GB in size.
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Above is a figure demonstrating how the CVI tile schema for the LiDAR data nests within the existing 7.5’ USGS Quadrangles.  The blue tiles contain complete edge-to-edge coverage of LiDAR points.  The green tiles do not have complete edge-to-edge coverage.  Dashed lines are the 7.5’ Quad boundaries.
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The above figures are focused on the same portion of the Millstone, WV 7.5’ USGS Quadrangle.  The size of this particular area is equivalent to 1/3 of a square mile.  Graphic 1 demonstrates the level of detail that one would see at this scale on a 7.5’ Quadrangle.  The other graphics represent samples of the products created by CVI from the raw LiDAR data. Graphic 2 is a 1-meter Hillshade that is intended to be used as a backdrop to other data as well as for general reference.  Graphic 3 is a 1-meter DEM which provides a continuous gridded surface of elevation (z) values.  Graphic 4 is a sample of the Mass Points coverage (There are 158,644 points represented in this example which makes the distinction of individual points impossible at this scale.).  All three products have been processed to either ESRI GRID or COVERAGE format to allow for easier integration with desktop mapping applications.
QA of the CVI Product

Processing of the raw data into ESRI-format products made possible a full inspection of the data.  Data was visually inspected by CVI staff on a tile-by-tile basis to determine if data gaps or irregularities existed.  This consistency check was used to validate the AML process as well as to establish a sense for overall completeness and density of the data delivered by Airborne 1.  Values between adjacent overlapping tiles were also randomly checked to assure a seamless transition between tiles.  
A spreadsheet was developed to record the QA results (see QA_CVI_LiDAR_Tiles.xls).  Tiles without edge-to-edge LiDAR coverage were noted and data gaps were also recorded along with a comment to denote the supposed reason for the data gap.  The low-lying areas associated with the original target area were captured completely without data gaps.  An irregular edge along the outside of the total data extent created some gaps along the edge that manifested themselves in the hillshade and DEM grids as anomalous angular areas of uniform value.  These gaps at the edge of the data (tiles without edge-to-edge coverage) are acceptable.  
Other data gaps were mostly small and seem to, in many instances, be the result of surface mining activity.  It is supposed that new highwalls and associated impoundments created by mining resulted in some removal of LiDAR points from the bare earth data provided by Airborne 1.  This removal is a function of the automated post-processing software used by Airborne 1 which in the past has shown that steep vertical features of a large but undertermined magnitude may be erroneously excluded from the bare earth subset of points.  Since these phenomena are few in nature and spatially beyond the focus of the target area they do not have a deleterious effect on the utility of the data for its intended purpose.  The LiDAR points that were erroneously removed may be included from the subset of extracted (first return) points should the need arise.  The LiDAR contractor has been notified of this issue and the metadata for the data products produced by CVI carries a caveat concerning these gaps.
It should be noted that water features are correctly manifested in a fashion similar to the above data gaps (angular areas of uniform value).   This results because LiDAR points on water features are automatically removed from the bare earth subset during post-processing.  The ArcINFO AML generates a TIN surface from the bare earth LiDAR point subset.  The TIN interpolation calculates large triangular areas across these gaps and the TIN is then converted to a gridded DEM surface which maintains the areas as angular areas of uniform value.
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Figure illustrating the Hillshade product created by CVI from the LiDAR points.  This is tile 36.  Note the irregular data boundary on the east side of the tile.  This tile does not have edge-to-edge coverage.  Note also the 100-meter data overlap especially apparent on the north, west, and south of the tile.  An interior data gap exists in the southeast (green circle).  The gap does not affect the original target area (cross-hatched) and may be the result of mining activity.
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This figure shows the same data gap (displayed above) in more detail.  The aerial image from 1996 shows evidence of old strip mining at this site which may indicate that the reason for the data gap is more recent mining activity.  The gap in Mass Points is probably due to the existence of an impoundment or other major earth disturbance that caused LiDAR points to be automatically extracted in post-processing.
Packaging of the LiDAR Products
While CVI has been successful in the use of the data products derived from the LiDAR data, it is the ultimate goal of the acquisition and conversion process to make the data available (and useful) to FEMA and the stakeholders in Gilmer County.  Obvious hurdles exist in the delivery of the data products.  These include issues related to file size, file format, and documentation/education.  

As stated earlier, the raw data from Airborne 1 and the products created by CVI constitute large data sets.  The combination of these into a deliverable necessitates a medium that can handle up to 140GB.  CVI selected to distribute the full data set on 1 portable hard drive.  The drive has a 160GB capacity and can be connected to a computer using USB 2.0 or a Firewire connection.  This solution simplifies delivery by relying on only one piece of media rather than dozens of DVD discs.  It also allows the recipient the latitude to easily store and access the data without impinging on what is sometimes scarce server space.
Access to the data is also highly improved by having the data delivered in a file format that can be used by common software packages.  The decision to convert the raw data text files from Airborne 1 into ESRI-format data sets was predicated on the data requests from stakeholders in Gilmer County as well as on the institutional needs of CVI who have been responsible for filling those requests.  The capacity to use this data within the county does exist at Glenville State College.  The college has a GIS lab and uses ESRI software including the Spatial Analyst grid extension.  The original raw data text files are also included in this package as some other users may prefer this more open format to the proprietary ESRI-format.
Education has been a key component of the Gilmer County CTP grant.  Of particular relevance is the intensive outreach provided by CVI to community members within Gilmer County.  This outreach has included many discussions about floodplain mapping, elevation data, and the technical requirements related to LiDAR and total station survey.  The education efforts of CVI staff have created an air of expectation within the county whose residents are eager to have access to this state-of-the-art elevation data.  The data is delivered with FGDC compliant metadata as well as other documents related to data quality and utility.  This set of documentation is purposed to help continue to educate data users about the usefulness and accuracy of the data sets.
