Statement of Work  

Acquisition of LIDAR Data in Support of NASA Research involving LIDAR Point Density and Hydrologic and Hydraulic (H&H) Modeling Sensitivity for Flood Mapping in North Carolina 

1.0  Background

NASA seeks sources of Light Detection and Ranging (LIDAR) digital elevation data and related products to support current research in NASA’s Earth Science Applications Directorate, Science and Applications Division, with the Federal Emergency Management Agency (FEMA) and the State of North Carolina.  The objective of this Statement of Work is to acquire bare-earth digital topographic data and intensity returns of three sites in North Carolina using airborne Light Detection and Ranging (LIDAR), to support research concerning the effect of LIDAR point spacing/density on the characterization of topographic variation and its effect on hydrologic and hydraulic (H&H) modeling results for improved floodplain mapping.  

This Statement of Work provides a description of the digital elevation data development work to be performed, the required completion dates, and the specific deliverables.  There are three study areas in the State of North Carolina, which are depicted on Figure 1.  Attachment A is an ArcView shape file of the three study areas.  Attachment B is the quality plan currently expected to be used for quality assessment of the LIDAR data and deliverables for this work.  It is the same document being used by the North Carolina Cooperating Technical State (NC CTS) Flood Mapping Program (FMP), “Issue Paper 37: Quality Control of LIDAR Elevation Data in North Carolina,” issued 11/21/02 by the NC CTS Flood Mapping Program.  Attachment C is a document describing various methods for breakline generation:  “Issue Paper 19: Handling of Surface-Water Features for the Printed Digital Flood Insurance Rate Map (FIRM) and the Digital FIRM Database,” also developed and used by the North Carolina Cooperating Technical State Flood Mapping Program.        
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Figure 1.  Study areas.


2.0  Requirements

A series of flights should be flown in order to produce various nominal point spacing of the raw LIDAR data equal to 1, 3, 5, and 7 meters, prior to removal of points for bare-earth processing.  Each flight will be flown at different altitudes, scan angles, and pulse rates appropriate to produce the required point density and accuracy.  The LIDAR data must be collected with a multiple return system in order to produce first, last and intermediate returns.  LIDAR intensity returns should also be recorded for post-processing of LIDAR data as well as potential feature extraction.      

Following post processing for removal of vegetation and man-made artifacts, the last return bare-earth data should satisfy a vertical root-mean-square error (RMSE) accuracy standard of 18.5 cm.  Although the goal is to achieve a RMSE of 18.5 cm, it is understood that the lesser dense data sets (i.e., 7 meters) may not support spot elevations interpolated from the triangular irregular network that achieve the required RMSE, unless the checkpoint is close to a TIN vertex.  However, a "best effort" of achieving this goal is expected.  In open terrain (bare earth and low grass), the data must be equivalent to 2 ft contours having a Fundamental Vertical Accuracy of 1.2 ft (36.3 cm) or better at the 95% confidence level, computed by multiplying the vertical RMSE (RMSEz) by 1.9600.  Vertical accuracy of 1.2 ft (36.3 cm) at the 95% confidence level is equivalent to vertical RMSE of 0.6 ft (18.5 cm) when errors follow a normal distribution, as they should in open terrain.  In all land cover categories combined, the data must have a Consolidated Vertical Accuracy of 1.6 ft (49.0 cm) or better at the 95% confidence level, computed by the 95th percentile method endorsed in 2002 by the National Digital Elevation Program (NDEP).  The horizontal (radial) accuracy is to meet or exceed 5.68 ft (1.73 meters) at the 95% confidence level, i.e., horizontal RMSE (RMSEr) of 1 meter.  Independent Quality Control (QC), LIDAR accuracy assessment, error assessment, and final problem resolution will be performed in accordance with "Issue Paper 37, Quality Control of Light Detection and Ranging (LIDAR) Elevation Data in North Carolina for Phase II of the NCFMP," dated 11/21/02 (Attachment B).  

Variably spaced, bare-earth digital topographic data in ASCII point file format will be used to establish a Triangulated Irregular Network (TIN) which will include selected breaklines to be used for hydraulic modeling.  Imagery (either flown concurrently with the LIDAR data or using existing digital orthophotos) will be used for breakline generation.  

All dataset z-values, for Tasks 4.01 through 4.05, are to be orthometric heights processed with NGS' latest geoid model, using the NAVD 88 vertical datum, with horizontal coordinates produced to the NAD 83 horizontal datum, 1995 HARN adjustment, and using the North Carolina State Plane Coordinate System (SPCS).  All units are in U.S. Survey Feet to two decimal places (0.01 ft). 
3.0  Scope

NASA requests LIDAR data providers to submit a written technical and business proposal in response to this project description.  The written technical proposal submittal shall detail the planned approach and schedule for the tasks described in the Statement of Work and shall demonstrate the contractor's understanding of the requirements. The business proposal submittal shall consist of a detailed cost breakdown by task of the estimated number of labor hours and costs, other direct costs, subcontracts, and indirect costs, necessary to complete the effort.  The detailed cost breakdown should be detailed enough to allow a thorough review of the proposed level of effort.

The contractor’s proposal shall include, at a minimum, the following items:

· Overview and description of instruments and systems, including capability for providing return intensity data

· Description of data acquisition methods and processes

· Description of calibration approach/methods

· Description of data processing methods, including return classification, and TIN and breakline generation procedures

· Description of quality assurance methods/procedures employed to ensure data will meet the technical specifications

· Description of similar projects that the contractor has performed

· Data rights/licensing provisions

· Separately for each study area, provide a cost breakdown per data product delivered

· Schedule for acquiring and processing the data

· Price per square mile or price per square kilometer for each product meeting or exceeding the specifications defined in tasks below

NASA seeks to purchase LIDAR data products that meet or exceed the specifications listed in the tasks as outlined below.  The contractor may propose any products that meet or exceed the specifications.  The contractor shall also provide a license to use that data which meets NASA minimum data rights requirements, and information that is required for NASA to validate that the data provided meets the specifications.  
The minimum data rights acceptable to NASA are as follows:

· NASA will reserve the right to publicly distribute the delivered data.

· NASA will not commercially exploit property for which the U.S. Government holds a license.

· The contractor may retain the right to produce and sell value-added products derived from the data delivered to NASA.

· In general, NASA will reserve the right to distribute data to researchers affiliated with the NASA Earth Science Enterprise (ESE).  The NASA ESE affiliated research community is interpreted to include researchers, both public and private, who are employed by NASA, or who are conducting research with NASA under contract, grant, MOU, or other formal agreement.

· ESE data products derived from purchased data sets will have no restrictions on access and distribution outside the ESE program, provided that the original raw data was transformed in a substantive manner and cannot be extracted.

· Any deviations or modifications to contract data rights will be negotiated within individual delivery orders.

If the above definitions are unacceptable, the contractor may define alternative approaches to data rights in this proposal.

4.0  Tasks and Deliverables

The Statement of Work for this purchase order includes the following set of tasks and deliverables.

4.01  LIDAR Data Acquisition 

Task 4.01 encompasses the acquisition of multiple-return (first, last, and intermediate returns) variably-spaced LIDAR mass points including intensity returns.  Each flight will be flown to produce the nominal point spacing of 1, 3, 5, and 7 meters, prior to removal of points for bare-earth processing.  Flight parameters will be optimized in order to produce the point spacing required and thereby minimize excessive laser footprint spot size and incidence angle.

The raw LIDAR data will be processed with airborne GPS (ABGPS) at one second epochs or less in conjunction with inertial measurement unit (IMU) data (minimum 50 Hz), calibration, and other data, to yield 3-D coordinates (Eastings, Northings, and z-values) of the mass points for subsequent processing into bare-earth data in Task 4.02.  The data collection process shall include identification of all LIDAR returns.  Task 4.01 will include a daily flight calibration check before and/or after each mission to verify LIDAR system integrity.  The calibration shall include establishment of a test course at each airport used for data acquisition flights.  The test course shall be suitable for both vertical and horizontal calibration checks of the LIDAR system.  Data are to be collected over this course before or after each flight.  A minimum of one flight line including one cross flight will be required for the limited flight calibrations for each data acquisition, sufficient to validate the LIDAR data and detect systematic errors for system calibration.  All calibration data shall be processed within 48 hours, prior to site data processing, to ensure the total LIDAR system for each study site is functioning correctly and systematic errors have been identified without delay.  Calibration results shall be documented in the final report. 

The contractor will have the flexibility of developing a flight plan to create the necessary point density to meet the posting and accuracy requirements specified above and minimize the occurrence of data voids or gaps in the datasets.  However, overlap in flight lines to meet the initial nadir posting density target of 1 x 1 m is not permissible.  The parameters for collection shall be as close as possible to one (1) meter post/point density spacing at nadir (created from a single overflight of the area) in the along track and across track directions relative to the flight line.  If instrument limitations preclude acquisition at 1 x 1 m post density spacing at nadir, the contractor shall submit the finest nadir post spacing that is achievable by their sensor in both along and across track directions.  The technical proposal to this Statement of Work will include proposed system calibration procedures and the key flight plan parameters to be used (e.g., altitude, swath width, airspeed, sidelap, spot size, average point spacing, pulse repetition frequency, scan frequency, etc.) and will include rationale for acquisition of optional imagery, if applicable.  Also, explanations of how the post-processing was performed on the raw data and how error mitigation was accomplished will be included in the final report.

The initial deliverable for Task 4.01 consists of e-mailed reports to Gary Thompson at the North Carolina Geodetic Survey (Gary.Thompson@ncmail.net) and Dr. Bruce A. Davis at the NASA Stennis Space Center (Bruce.A.Davis@nasa.gov), reporting the establishment of calibration test range(s), results of the total LIDAR system daily calibration checks, completion of LIDAR data acquisition, and initial assessment of the completeness and usability of the elevation and intensity data.  The timing of the deliverable will be determined during an initial kickoff meeting between vendor and customers.

The final deliverable for Task 4.01 consists of intensity returns and variably spaced mass points (all returns, or point cloud data) on DVD-ROMs in ASCII format, divided into manageable tiles with FGDC-compliant metadata for each of the required post spacing/densities for each of the three study areas.  The tiling scheme shall be documented using a GIS polygon, or similar, coverage or shapefile.  The file structure should consist of an ASCII (comma delimited) data record for each detected laser return corresponding to the required post spacing/density, or a file structure proposed by the vendor and agreed to by NASA.  Each line shall be terminated with a new line or carriage-return character.  The data as structured, to include cross-flights, will assist in resolving mismatches between data from overlapping flight lines.  

Each line of the ASCII point file should contain the following information for each detected laser return:  

· platform (e.g., aircraft) GPS time stamp uniquely identifying date and time of laser pulse

· X coordinate (i.e., easting)

· Y coordinate (i.e., northing)

· Z orthometric (NAVD 88) height/elevation of the return in U.S. Survey Feet to two decimal places, derived using the National Geodetic Survey Geoid Model Geoid99 

· unique numeric code that designates the flight line that provided the acquisition of that return 

· the total number of returns for that pulse 

· the return number per pulse (1 or 2 for a first and last return system, or 1 through n for a multiple return system where n is the maximum number of returns) 

· classification of the return or point into 4 categories (“bare-earth,” “vegetation,” “structure,” and “blunder”).  Blunders are anomalous returns (i.e., noise) above or below the point cloud defined by the ground (or bare-earth), vegetation, and structure returns.  

· method of classification of point (i.e., automated, manual, other)

· LIDAR reflected “intensity” of the laser pulse returns associated with the point

Coordinates are NC SPCS, NAD 83 horizontal datum, 1995 HARN adjustment, NAVD 88 vertical datum, with all units in U.S. Survey Feet to two decimal places.  All elevations are to be orthometric heights computed from NGS' latest geoid model.  

4.02  Generation of Bare-Earth ASCII Files   

Task 4.02 requires the post processing of the LIDAR data and production of the bare-earth ASCII point file of X, Y, Z coordinates.  The term "bare-earth" refers to digital elevation data of the ground, free from vegetation, buildings and other man-made structures.  The contractor is to perform automated and manual post processing of the raw LIDAR data to remove laser points that impinged on bridges, buildings, dense non-penetrated vegetation, and other features that do not represent the bare earth.   Elevations on bridge decks will be saved to a separate bridge file.  The bare-earth processing also includes removal of visible artifacts when the bare-earth mass points are viewed in 3-D perspective, but not over-smoothed to the point where significant stream channel geometry is lost.  Post-processing algorithms and procedures will be consistent so that edge joins are nearly invisible, except for variations in point spacing in overlap areas and between different sensors.  The contractor will then produce, for each of the required post spacing/densities for each of the three study areas, a bare-earth ASCII point file of orthometric heights (using NGS' latest geoid model) with horizontal (x,y) coordinates produced to the NAD 83 horizontal datum, 1995 HARN adjustment, and vertical coordinates (z-values) produced to the NAVD 88 vertical datum.  North Carolina State Plane coordinates will be used, and all horizontal and vertical coordinates will be in U.S. Survey Feet to two decimal places.  The technical proposal to this Statement of Work should outline the procedures to be used in post-processing the LIDAR data to produce the ASCII point file. 

The deliverable for Task 4.02 consists of bare-earth mass points on CD-ROMs or DVD-ROMs, with variably spaced orthometric heights in ASCII point file format, in manageable tiles, including header files of field names and FGDC-compliant metadata.  Each line of the ASCII point file from Task 4.02 should contain the X, Y, and Z coordinates of a single return followed by a numeric code that designates the flight line that provided the acquisition of that return.  Values on a line shall be comma delimited, and the line shall be terminated with a new line or carriage-return character.  This file is needed as input for Task 4.03.  The data as structured, to include cross-flights, will assist in resolving mismatches between data from overlapping flight lines.  
4.03  Generation of TIN and Breaklines     

Task 4.03 requires the creation of a TIN (ESRI TIN format) from the bare-earth mass points to include supplemental breaklines (ESRI breakline coverage or shapefile as 3-D points, lines, or polygons) that form additional TIN edges.  For the breaklines, the contractor will use one of the methods for surface-water/breakline delineation described in Issue Paper 19: Handling of Surface-Water Features for the Printed Digital Flood Insurance Rate Map (FIRM) and the Digital FIRM Database (Attachment C).  One method involves the use of available or acquired imagery to establish edge of water lines and/or approximate location of breaklines at the tops and bottoms of major stream banks to enable hydraulic modeling of the stream channel geometry.  Single-line streams can be digitized using both the imagery and a TIN of the bare-earth LIDAR data.  The streamlines are then used as “breaklines” in the final TIN construction.  It is important that the streamline delineated from the 1 m posting data TIN is not used in the final construction of the 7 m posting TIN, but that the streamline delineated from the 7 m posting bare-earth data TIN is used in the final construction of the 7 m posting TIN.  The technical proposal to this Statement of Work will outline the breakline delineation method, the procedures to be used for generation of the TINs, and rationale explaining when breaklines are needed and when they are not needed.  All z-values will be orthometric heights.

Successful completion of Task 4.03 is contingent on acceptance of the TIN by a technical team selected by NASA.  Before this TIN is accepted for hydraulic modeling, its horizontal and vertical accuracy will be independently determined by the technical team to determine if accuracy standards have been satisfied and to ensure the data are suitable for hydraulic modeling.  The Quality Control (QC) procedures explained in Issue Paper 37 (Attachment B) and described in Section 4.08 (“Quality Assurance/Standards”) will be followed by the technical team for the assessment, with input provided by the LIDAR contractor.  This QC assessment may dictate the contractor’s reprocessing of LIDAR data and/or supplemental data acquisition for resubmission of data for Task 4.03.

Task 4.03 has two deliverables of orthometric height data – TINs and breaklines – for each of the post spacings/densities for each of the three study sites.  The TIN deliverables will be in ESRI TIN format and delivered on CD-ROMs or DVD-ROMs, using manageable tiles with 200 ft over-edges.  FGDC-compliant metadata will be included.  This dataset will be in ESRI TIN format because ArcINFO is commonly used for semi-automated hydraulic modeling.  Coordinates are NC SPCS, NAD 83 horizontal datum, 1995 HARN adjustment, NAVD 88 vertical datum, with all units in U.S. Survey Feet to two decimal places.    

The breakline deliverables may be 3-D points, lines, or polygons (for lakes).  Breakline points along the tops and bottoms of major stream banks, if any, will have the X, Y, and Z coordinates followed by “U” or “L” codes that designate the upper or lower breaklines for the stream bank; and breakline points along the edge of water bodies will have the X, Y, and Z coordinates followed by a “W” code to designate the edge of a water body.  The breaklines will be delivered as shapefiles (.shp) on CD-ROMs or DVD-ROMs, formatted into manageable tiles, including FGDC-compliant metadata.  Coordinates are NC SPCS, NAD 83 horizontal datum, 1995 HARN adjustment, NAVD 88 vertical datum, with all units in U.S. Survey Feet to two decimal places.  
4.04  Intensity Images

Task 4.04 requires the generation of first return intensity images for all corresponding LIDAR collection. Methodology to ensure a normalized product from the intensity measurements shall be included in the technical proposal to ensure a homogeneous consistency between tiles.  Image manipulation and bit rate for the data products shall also be outlined in the proposal.  
The Task 4.04 intensity image deliverable will be geoTIFF images delivered on DVD-ROMs, formatted in manageable tiles, and FGDC-compliant metadata.  Coordinates are NC SPCS, NAD 83 horizontal datum with 1995 HARN adjustment.
4.05  Ortho-Photography Acquisition 

Task 4.05 encompasses the acquisition of supplemental ortho-photography.  Photography should be collected concurrent (at the same moment) as the LIDAR data are collected.  However, if existing photography is available from the USGS or another survey that could be used to produce accurate and efficient products that meet the needs specified in this Statement of Work, the vendor is requested to supply the source, scale, and acquisition date of the photography in the technical proposal.  The photography should cover the entire area of the flight lines and have sufficient forward overlap without gap (stereoscopic coverage is not required.)  The photography shall be orthorectified to a spatial resolution of 0.5 x 0.5 meters and shall be horizontally accurate to 1 meter.

The final deliverable for Task 4.05 consists of ortho-photography on DVD-ROMs provided by the contractor, in geoTIFF format, in manageable tiles, including FGDC-compliant metadata.  Coordinates are NC SPCS, NAD 83 horizontal datum, 1995 HARN adjustment, NAVD 88 vertical datum, with all units in U.S. Survey Feet to two decimal places.  

4.06  Metadata

Since all of the digital topographic data for Tasks 4.01 through 4.05 will be archived for dissemination to the public, metadata will be produced, consistent with current FGDC Metadata Standards.  The data will be site-specific to the degree that some geographic areas differ from other sites/areas because of different or multiple sensors, different processing algorithms, flight altitudes, or other major variables that do not impact all sites/areas equally.   

The metadata deliverables are embedded in Tasks 4.01 through 4.05 above.  

4.07  Preparation of Project Report

Task 4.07 requires the preparation of a report that outlines and documents the quality factors associated with all positional data and documents all project/mission information, including calibration and processing procedures.  

The contractor shall provide three hardcopies and one digital copy of the required report.  The report deliverable shall consist of:

· Maps and ArcView shapefiles of all flight lines, proposed and flown, including cross-flights, with times, dates, directions, and representation of the flight-line number codes used in the X, Y, Z data sets 

· Map and ArcView shapefile of all re-flight lines including times, dates and directions

· One file per aircraft flight (with an ASCII, fixed-length, formatted data record for each GPS epoch, or a file structure proposed by the vendor and agreed to by NASA) containing the aircraft GPS flight trajectory consisting of the following for GPS epoch:

· Platform (e.g., aircraft) GPS time stamp uniquely identifying date and time of the epoch,

· X, Y horizontal location of the trajectory in U. S. Survey Feet referenced to the NC State Plane Coordinate System, NAD 83, 1995 HARN adjustment,

· the estimated root mean square (RMS) error.

· A detailed description of all flight and mission parameters in either map, graphical or tabular format, which will include, flight numbering, flight lines, flight times (start and end time of flight lines including dates flown), flight direction or heading, flight altitude, airspeed, scan angle, scan rate, laser pulse rates, weather conditions, other important flight and equipment parameters, and any additional information specified for the LIDAR vendor in Issue Paper 37 (Attachment B).  

· A detailed description of the ground reference stations (e.g., location, source coordinates, time of day, etc.) used to reference the GPS-guided LIDAR system

· A detailed description of the GPS quality, as outlined in Issue Paper 37, which will include PDOP, quality factors, number of satellites and any other information that support the GPS quality, provided in either graphical or tabular format

· A description of Inertial Measurement Unit (IMU) quality factors, in either graphical or tabular format

· A description of each flight day's weather and atmospheric conditions

· A detailed description of how the geoid was applied to the data (i.e., every point, area, aircraft trajectory, etc.)

· A description of any ancillary information used to adjust the positional data of either the GPS flight trajectory, IMU or laser ranges, or to adjust the computed trajectory or LIDAR point data whether modeled or a systematic mathematical process (i.e., least squares adjustment, Airborne GPS bias, etc.)

· A description of the system that allows the reader to understand the principles of navigation and data collection that were employed    

· A description or explanation of instrument/system calibration procedures.  In the report, the contractor must provide evidence that the total LIDAR system was routinely calibrated for the purpose of identifying and correcting systematic errors without delay.  This report must explain how horizontal and vertical calibration was checked or revalidated daily during the duration of the data acquisition phase by using the test course and cross-flights.  

· A description and explanation of the classification and interpolation algorithms/methods used to generate the deliverables or products described in each task.  This includes a description of the post-processing procedures used to generate:

· classification of each return or point to bare earth, vegetation, structure, or blunder   

· the bare-earth ASCII point files

· the TINs and supplemental breaklines   
· the procedures used to mitigate error

· A summary of difficulties encountered and steps taken to resolve discrepancies  
4.08  Quality Assurance/Standards     

The project objectives include assessing the accuracy of the resulting TIN while varying posting density.  It is expected that the accuracy will increase with denser postings.  NASA will perform an independent quality assessment for the data products delivered to determine if technical specifications have been met.  The quality assurance evaluation will include integrity checks of the files, conformance to file format requirements, and visual inspection of the bare-earth TIN and different surfaces such as the first return surface, in order to identify defects.  In addition, specific tests will be applied to determine if the technical specifications have been met, differentiating between un-vegetated and vegetated regions.  In un-vegetated regions data density and absolute accuracy of the bare-earth surface will be tested by comparison to independent ground control points (GCPs) using methods described below and in Issue Paper 37 (Attachment B).  In un-vegetated regions data density, data overlap, and reproducibility of the laser returns from overlapping flight swaths may be evaluated.  

The following two points briefly describe the standards for the data and how quality assessment will be performed:

· A bare-earth ASCII point file represents variably-spaced LIDAR reflections from the ground and not from vegetation canopy or structures.  The bare-earth ASCII point file from Task 4.02, and the resultant TIN from Task 4.03, should have a Fundamental Vertical Accuracy of 1.2 ft (36.3 cm) or better at the 95% confidence level in open terrain, after correction of systematic errors, computed by multiplying the vertical RMSEz by 1.9600.  This is equivalent to a vertical RMSE of 0.6 ft (18.5 cm) or less in open terrain, equivalent to 2 foot contours that satisfy National Map Accuracy Standards.  In all land cover categories combined, the bare-earth dataset must have a Consolidated Vertical Accuracy of 1.6 ft (49.0 cm) or better at the 95% confidence level, computed by the 95th percentile method endorsed in 2002 by the NDEP.  Outliers larger than the 95th percentile errors will be reported by the technical team for each land cover category; investigations will be conducted for all outliers larger than 6.6 ft (2 meters), and case-by-case determinations will be made regarding the seriousness of these outliers.  (Potentially, such large discrepancies could be caused by errors in the processed LIDAR data or by blunders in the surveyed checkpoints).  The horizontal accuracy is to meet or exceed 5.68 ft (1.73 m) at the 95% confidence level, i.e., RMSEr = 1 meter or less.   

· To check the vertical accuracy of the TIN in accordance with Issue Paper 37 (Attachment B), the technical team will perform independent accuracy assessments of the bare-earth TIN for each site by selecting and collecting ground surveyed elevation reference data at a minimum of 20 check points in each of five land cover categories that predominate within the floodplain being studied.  Those five categories include: (a) open terrain (bare earth and low grass), (b) weeds and crops, (c) scrub, (d) forests, and (e) built-up areas.  Nominally, 40 check points per study site will be surveyed in forested areas.  Check points will be selected on terrain that is flat or of uniform slope (not exceeding 15 degrees) for 5 meters in all directions, avoiding check points that are near breaklines with changing slope.  Check points will be surveyed by combinations of GPS and conventional surveys as necessary to establish check points in the interior of forested areas.  Consistent with NDEP standards, TIN linear interpolation will be used to compare surveyed elevations of checkpoints in all land cover categories with interpolated elevations from surrounding TIN points.  No points will be discarded from RMSE calculations in open terrain for computation of Fundamental Vertical Accuracy, or for 95th percentile error calculations used for computation of Consolidated Vertical Accuracy.  Urban area checkpoints, that are visible on LIDAR intensity images, may be used to test the horizontal accuracy of the LIDAR data at the 95% confidence level, consistent with NSSDA procedures.  If RMSE values exceed 18.5 cm, an assessment will be made by the technical team to determine if the data are usable for their intended purpose, or if additional steps are necessary to produce an acceptable dataset.

5.0 Schedule

The tasks described under this Statement of Work will be for three (3) study sites in North Carolina:  a selected section of Middle Creek, McAlpine Creek, and the North Fork of the French Broad River.  The locations are shown in Figure 1 and included in an ArcView shapefile in Attachment A.  

5.01  Period of Performance

In order to optimize collection of returns from the ground, LIDAR data are to be acquired during leaf-off (after deciduous leaves have fallen) and favorable weather conditions for the purpose of producing bare-earth mass points and TINs.  Data should not be acquired during flooding conditions or with snow other than a light dusting; low water conditions are highly desirable but not mandatory.   All LIDAR data are to be acquired during the winter 2002 - 2003 flying season.  The flights shall be completed as soon as possible.  All products/deliverables and the final report must be delivered to NASA no more than 150 days following successful completion of data acquisition.  

5.02  Submissions

Five (5) copies each of the technical and business proposals should be submitted via overnight express, U. S. mail, courier, or hand delivered to:

Acquisition Management Office/BA31

NASA Stennis Space Center

Building 1100 

Stennis Space Center, MS 39529-6000

All questions regarding this Statement of Work should be directed to Dr. Bruce Davis at (228) 688-1921 or Bruce.A.Davis@nasa.gov. 

6.0 Selection Criteria

The Contractor selection will be made based on technical qualifications and approach as well as overall project cost.  Rating criteria will include:

· Project cost

· Schedule to acquire and process the data

· Meeting or exceeding the deliverable requirements

· Quality of the data calibration, acquisition, processing, classification, and gridding approaches and their suitability for mapping topographically varied, densely vegetated landscapes

· Relevant past performance/experience of the proposing firm in similar projects

Name					Area (sq. miles, sq. km)                    . 


1.  North Fork French Broad River		3.1160 sq. miles,  8.0703 sq. km 


2.  McAlpine Creek			8.4063 sq. miles,  21.7718 sq. km 


3.  Middle Creek				5.1737 sq. miles,  13.3995 sq. km 
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