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Disclaimer 

This technical documentation has been prepared by Her Majesty the Queen in right of 

Ontario as represented by the Ministry of Natural Resources and Forestry (the 

“Ministry”). No warranties or representations, express or implied, statutory or otherwise 

shall apply or are being made by the Ministry with respect to the documentation, its 

accuracy or its completeness. In no event will the Ministry be liable or responsible for 

any lost profits, loss of revenue or earnings, claims by third parties or for any economic, 

indirect, special, incidental, consequential or exemplary damage resulting from any 

errors, inaccuracies or omissions in this documentation; and in no event will the 

Ministry’s liability for any such errors, inaccuracies or omissions on any particular claim, 

proceeding or action, exceed the actual consideration paid by the claimant involved to 

the Ministry for the materials to which this instructional documentation relates. Save and 

except for the liability expressly provided for above, the Ministry shall have no 

obligation, duty or liability whatsoever in contract, tort or otherwise, including any liability 

or negligence. The limitations, exclusions and disclaimers expressed above shall apply 

irrespective of the nature of any cause of action, demand or action, including but not 

limited to breach of contract, negligence, strict liability, tort or any other legal theory, and 

shall survive any fundamental breach or breaches. 

Cette publication spécialisée n’est disponible qu’en anglais. 

Copyright 

Normally, a document such as this would be labelled as “© Queen’s Printer for Ontario”.  

However, the majority of this document is copied (with modifications) from “Lidar base 

specification (ver. 1.2, November 2014): U.S. Geological Survey Techniques and 

Methods, book 11, chap. B4”, which is in the public domain; thus, it is not appropriate in 

this case to claim copyright. 

Additional Information 

For more information about this document, please contact the Spatial Data 

Infrastructure Unit of the Ministry of Natural Resources and Forestry at sdi@ontario.ca.

mailto:sdi@ontario.ca
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The purpose of this specification document is to act as a template for specifications 

attached to Lidar acquisition projects in Ontario.  As a template, multiple options are 

provided and it is up to the user to select and modify sections of this document as 
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1. Introduction 

The purpose of this specification document is to act as a template for specifications 

attached to Lidar acquisition projects in Ontario.   As a template, multiple options are 

provided and it is up to the user to select and modify sections of this document as 

required for their own project. 

This document is based on the “Lidar Base Specification” 1, version 1.2, published by 

the U.S. Geological Survey (USGS) for their National Geospatial Program and we 

gratefully acknowledge their permitting of this use.  There are significant advantages to 

this approach, including leveraging of the extensive expertise and experience that went 

into their specification, and enhancing compatibility of lidar products, which is important 

both for vendors and for data sharing in multi-jurisdictional environments. 

Unless otherwise noted, the text of this document largely copies that of the USGS 

document.  Major exceptions are as follows: 

1. References to US programs and non-metric measurements have been removed. 

2. The USGS document defines four “Quality Levels” with related resolution and 

accuracy parameters.  The latest version of the ASPRS “Positional Accuracy 

Standards for Digital Geospatial Data” (Nov. 2014) moves instead to a definition 

of “Vertical Accuracy Class”.  This document adopts the ASPRS approach, with 

minor modifications. 

3. Datums and Coordinate Reference Systems have been changed to the current 

official Ontario standards. 

4. The Glossary and the Metadata Template and Example are not included. (A 

separate Ontario Elevation Glossary is expected to be released in the same 

timeframe as this document). 

                                                      
1 Heidemann, Hans Karl, 2014, Lidar base specification (ver. 1.2, November 2014): U.S. 
Geological Survey Techniques and Methods, book 11, chap. B4, 67 p. with appendixes, 
http://dx.doi.org/10.3133/tm11B4. 
ISSN 2328-7055 

http://dx.doi.org/10.3133/tm11B4
http://dx.doi.org/10.3133/tm11B4
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Unlike some earlier lidar data procurement specifications, which largely focus on the 

products derived from lidar point cloud data such as the bare-earth digital elevation 

model (DEM), this specification places particular emphasis on the handling of the 

source lidar point cloud data. These specifications are intended to ensure that the 

complete source dataset remains intact and viable to support the wide variety of DEM 

and non-DEM science and mapping applications that can benefit from lidar technology. 

The source dataset includes the data, metadata, descriptive documentation, quality 

information, and ancillary data – collected in accordance with the minimum parameters 

described within this specification. 

Finally, two ASPRS documents, “Positional Accuracy Standards for Digital Geospatial 

Data” and “LAS Specification version 1.4” are referenced throughout this document.  It 

is recommended that users of this document obtain current copies of these companion 

documents. (See the References section for links).
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2. Collection 

2.1 Vertical Accuracy Class 

All data collection shall meet or exceed the requirements of Vertical Accuracy Class 
X-cm, as defined in Table 1, below. 

Table 1: Vertical Accuracy Class Specifications 

Vertical Accuracy Class X-cm Units 

Absolute Accuracy – 
RMSEz  (non-vegetated) ≤ X cm 

Absolute Accuracy – 
NVA at 95-percent confidence level ≤ 1.96*X cm 

Absolute Accuracy – 
VVA at 95th percentile ≤ 2.94*X cm 

Relative Accuracy (where applicable) – 
Smooth surface repeatability 
Within-Swath Hard Surface Repeatability (Max Diff) 

≤ 0.60*X cm 

Relative Accuracy (where applicable) – 
Swath overlap difference, RMSDZ  
Swath-to-Swath Non-Vegetated Terrain 

≤ 0.80*X cm 

Relative Accuracy (where applicable) – 
Swath overlap difference, maximum 
Swath-to-Swath Non-Vegetated Terrain (Max Diff) 

≤ 1.60*X cm 

Aggregate nominal pulse spacing (ANPS) ≤ 7.0*X cm 

Aggregate nominal pulse density (ANPD) ≥ 200/(X)2 pls/m2 

Cell Size (Ground Sample Distance in deliverables) ≤ 6*X cm 

Note:  The value X in this table and in the class name will be replaced by a number 

representing the desired class.  For example, “Vertical Accuracy Class 5-cm” will have a 

non-vegetated absolute accuracy of ≤ 5 cm RMSE, etc. 

Dependent on the local terrain and land cover conditions in a project (e.g. high relief), 

the ANPS specification in Table 1 may be reduced to ≤ 3.5*X and the Cell Size may be 

reduced to ≤ 3*X.  This will also increase the ANPD by a factor of 4. 
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2.2 Recommendations for Flood Risk Assessment 

Different applications for elevation data will require the use of different vertical accuracy 

classes.  One application of significant interest is flood risk assessment, where 

guidelines have been developed (Mapcon, 2009) to assign vertical accuracy classes 

based primarily on population density. Four levels were defined, as follows: 

 Level 1 - Densely populated urban areas within the Regulated Flood Line or 

areas with very high flood or other land form based risk are governed by 

Provincial Regulations and require detailed information for land use planning and 

emergency management. These areas should be mapped using the 5-cm 

Vertical Accuracy Class. 

 Level 2 - Densely to moderately populated urban areas that may or may not fall 

within the Regulated Flood Line likely may require less detail, but are critical to 

many potential funding partners for a wide variety of business needs. These 

areas should be mapped using the 10-cm Vertical Accuracy Class. 

 Level 3 - Moderately to sparsely populated areas that are primarily surrounded 

by agricultural and/or forested lands. These areas should be mapped using the 

25-cm Vertical Accuracy Class. 

 Level 4 - Sparsely populated rural areas or areas with very low flood or other 

land form based risk. These areas should be mapped using the 50-cm Vertical 

Accuracy Class. 

2.3 Collection Area 

The defined project area (DPA) shall be buffered by a minimum of 100 meters (m) to 

create a buffered project area (BPA). Data collection is required for the full extent of the 

BPA. In order for all products to be consistent to the edge of the DPA, all products shall 

be generated to the full extent of the BPA. Because data and products are generated for 

the complete BPA, they shall also be delivered to the customer. Data and products in 

the buffer (the area between the DPA and the BPA) will not be tested for any quality 

requirement. Control points may be located in the buffer; check points shall not be 

located in the buffered area. 
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2.4 Multiple Discrete Returns 

Deriving and delivering multiple discrete returns is required in all data collection efforts. 

Data collection shall be capable of at least three returns per pulse. Full waveform 

collection is acceptable and will be promoted; however, full waveform data are regarded 

as supplemental information. 

2.5 Intensity Values 

Intensity values are required for each multiple discrete return. The values recorded in 

the LAS files shall be normalized to 16 bit, as described in the LAS Specification version 

1.4 (ASPRS, 2011). 

2.6 Nominal Pulse Spacing 

The term nominal pulse spacing (NPS) has been in use across the lidar industry since 

its beginnings; the counterpart term, nominal pulse density (NPD), came into use when 

collection densities began to fall below 1 pls/m2. These terms were used by instrument 

manufacturers and data producers to describe instrument performance and collection 

targets and, in these contexts, the terms almost always refer to single swath, first return 

only collection. For much of the history of lidar use, most collections were planned and 

executed as single-coverage flight missions: thus, these terms also were used by data 

consumers, whose interests are naturally focused on the net result of a collection. Thus, 

the terms NPS and NPD could be used by the entire community without 

misunderstanding. 

The trend towards achieving the specified “NPS” for a project through multiple passes, 

overlap greater than 50 percent, multi-channel instruments, and multiple instruments on 

a single collection platform has expanded the industry’s options and flexibility in 

designing lidar collection missions. Complexity and confusion have also been added to 

assessment and reporting standards. The net pulse density of a collection may be 

several times greater than the planned density of a single swath. The terms “NPS” and 

“NPD” can have quite different meanings to different members of the lidar community. 
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In this specification, the terms NPS and NPD will continue to reference single 

instrument, single swath, first return only lidar point data. Maintaining this terminology 

provides a consistent and understandable metric for communication regarding data 

collection. 

Multiple channels of data from a single instrument are regarded as a single swath. In 

this sense, a single instrument is regarded as one in which both channels meet the 

following criteria: 

 They share fundamental hardware components of the system, such as global 

positioning system (GPS), Inertial Measurement Unit (IMU), laser, mirror or 

prism, and detector assembly,  

 They share a common calibration or bore-sighting procedure and solution, and  

 They are designed and intended to operate as a single-sensor unit. 

Assessment and reporting of the NPS is made against single swath, single instrument, 

first return only data, including only the geometrically usable part of the swath (typically 

the center 95 percent) and excluding acceptable data voids. The NPS can be predicted 

using flight planning software, or empirically calculated by delineating a 1 square 

kilometer (km2) (or greater) polygon that is representative of the overall pulse density of 

the swath. The NPS is the square root of the average area per point (the area of the 

polygon divided by the number of points it contains). These two techniques will produce 

slightly different values. The NPS is largely regarded as a mission design and planning 

metric.  

Higher net densities of lidar point measurements are being achieved more often by 

using multiple coverages, creating a need for a separate new term to prevent confusion 

with NPS and NPD. This specification will use the terms aggregate nominal pulse 

spacing (ANPS) and aggregate nominal pulse density (ANPD) to describe the net 

overall pulse spacing and density, respectively. On projects designed to achieve the 

ANPS through a single coverage, ANPS and NPS are equal.  
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Like NPS, ANPS includes only the geometrically usable part of the swaths (typically the 

center 95 percent), excludes acceptable data voids, and can be empirically calculated 

using the method described above for NPS. Conversion between ANPS and ANPD is 

the same as for NPS and NPD. ANPS is the metric of a lidar dataset for users. 

2.7 Data Voids 

Data voids, in lidar, are gaps in the point cloud coverage, caused by surface 

absorbance or refraction of the lidar pulse (or both absorbance and refraction 

simultaneously), instrument or processing anomalies or failure, obstruction of the lidar 

pulse, or improper collection because of flight plans. A data void is considered to be any 

area greater than or equal to 4(ANPS2), which is measured using first returns only. Data 

voids within a single swath are not acceptable, except in the following circumstances: 

 Where caused by water bodies, 

 Where caused by areas of low near infrared (NIR) reflectivity, such as asphalt or 

composition roofing, or 

 Where appropriately filled in by another swath. 

For projects designed to achieve the required ANPS through multiple coverage, the 

entire BPA shall be covered with the designed number of swaths. Areas meeting the 

size threshold defined above for single coverage that are not covered by the designed 

number of swaths are data voids. For example, consider a project designed to achieve 

a minimum required ANPD of 2 pls/m2, using an NPD of 1.2 pls/m2 and 55 percent 

overlap. During preprocessing, the outer edges of the swaths are determined to be 

geometrically unreliable, those points are tagged as “Withheld”, and the usable width of 

the swath is narrowed. In addition, normal variations in flight stability and the resulting 

undulations in the linearity of the swath edges then leave areas between the overlaps 

where the surface is covered by only one swath. Because the design of the project is for 

double coverage, the areas covered by only one swath exceed the size limits defined 

above and are regarded as data voids. The project will be rejected unless these areas 

are later augmented with fill-in swaths. 
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2.8 Spatial Distribution and Regularity 

The spatial distribution of geometrically usable points will be uniform and regular. 

Although lidar instruments do not produce regularly gridded points, collections shall be 

planned and executed to produce an aggregate first return point cloud that approaches 

a regular lattice of points, rather than a collection of widely spaced, high-density profiles 

of the terrain. The regularity of the point pattern and density throughout the dataset is 

important and will be assessed by using the following steps: 

 Generating a density grid from the data with cell sizes equal to twice the design 

ANPS and a radius equal to the design ANPS.  

 Ensuring at least 90 percent of the cells in the grid contain at least one lidar 

point. 

 Using individual (single) swaths, with only the first return points located within the 

geometrically usable center part (typically 95 percent) of each swath. 

 Excluding acceptable data voids previously identified in this specification. 

The process described in this section relates only to regular and uniform point 

distribution. Lower passing thresholds for this requirement may be allowed in areas of 

substantial relief where maintaining a regular and uniform point distribution is 

impractical. 

2.9 Collection Conditions 

Conditions for collection of lidar data will follow these guidelines: 

 Atmospheric conditions shall be smoke, cloud and fog free between the aircraft 

and ground during all collection operations. 

 Ground conditions shall be snow free. Very light, un-drifted snow may be 

acceptable in special cases, with prior approval. 

 Ground conditions shall be free of extensive flooding or any other type of 

inundation. 

 Shorelines and water-courses will be free of significant ice buildup. 
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Although leaf-off vegetation conditions are preferred, many factors beyond human 

control may affect dormant conditions at the time of any collection, therefore, this 

specification only requires that penetration to the ground be adequate to produce an 

accurate and reliable bare-earth surface for the prescribed vertical accuracy. 
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3. Data Processing and Handling 

3.1 The ASPRS LAS File Format 

All processing will be carried out with the understanding that all point deliverables are 

required to be fully compliant with ASPRS LAS Specification, version 1.4, using Point 

Data Record Format 6, 7, 8, 9 or 10. Data producers are encouraged to review the LAS 

Specification version 1.4 in detail (ASPRS, 2011). 

3.2 Time of Global Positioning System Data 

The time of global positioning system (GPS) data shall be recorded as Adjusted GPS 

Time, at a precision sufficient to allow unique timestamps for each pulse. Adjusted GPS 

Time is defined to be Standard (or satellite) GPS time minus 109. The encoding tag in 

the LAS header shall be properly set. See the LAS Specification version 1.4 for 

additional information (ASPRS, 2011). 

3.3 Datums 

All horizontal map data will be based upon the NAD83 Reference System using the 

Canadian Spatial Referencing System (CSRS) realization, 2010 epoch.  Information 

regarding the officially approved NAD83-CSRS coordinate values for Ontario is 

available from the provincial geodetic control database known as COSINE 

(http://www.giscoeapp.lrc.gov.on.ca/cosineONT/Index.html?site=cosine&viewer=Ontario

Viewer&locale=en-US). 

The vertical datum to be used for all deliverables shall be mean sea level as established 

by the Geodetic Survey of Canada (Canadian Geodetic Vertical Datum CGVD28 - 1978 

Version). 

The Geoid model to be used will be the Canadian Gravimetric Geoid 2000 (CGG2000) 

along with the height transfer software HTv2.0 which relates GPS derived (ellipsoidal 

heights) to orthometric heights (heights above mean sea level). 

http://www.giscoeapp.lrc.gov.on.ca/cosineONT/Index.html?site=cosine&viewer=OntarioViewer&locale=en-US
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Note: The Geodetic Survey of Canada has replaced CGVD28 with the new vertical 

datum CGVD2013. The geoid model CGG2013 will allow the transformation from the 

observed ellipsoidal heights to CGVD2013 heights. At this time Ontario has not moved 

to the new datum but when this change occurs, all acquisitions will be required to use 

CGVD2013 and CGG2013. 

3.4 Coordinate Reference System 

The horizontal projection and datum for all data delivered will be 6-degree Universal 

Transverse Mercator (UTM) Projection grid coordinates on NAD83 - CSRS (2010 

epoch). 

Each project shall be processed and delivered in a single UTM zone, except in cases 

where a project area covers multiple UTM zones such that processing in a single UTM 

zone would introduce unacceptable distortions in part of the project area. In such cases, 

the project area is to be split into subareas appropriate for each UTM zone. Each 

subarea shall be processed and delivered as a separate subproject. All requirements for 

a single project will apply to each subproject, notably the inclusion of the required buffer 

area and delivery of DPA and BPA boundaries. These boundaries are required to 

ensure that the datasets can subsequently be merged without introducing duplicate 

points. The DPA boundaries of adjacent subareas shall have topologically coincident 

boundaries along their common borders. 

3.5 Swath Identification 

At the time of its creation and prior to any further processing, each swath shall be 

assigned a unique File Source Identification (ID), and each point within the swath shall 

be assigned a Point Source ID equal to the File Source ID. The Point Source ID on 

each point will be persisted unchanged throughout all processing and delivery. See the 

LAS Specification version 1.4 (ASPRS, 2011).  



 

21 
 

3.6 Point Families 

Point families (multiple return “children” of a single “parent” pulse) will be maintained 

throughout all processing before tiling. Multiple returns from a given pulse will be stored 

in sequential (collected) order. 

3.7 Swath Size and Segmentation 

The widespread adoption of 64-bit operating systems in mainstream computing (most 

notably Windows-7, 64-bit or newer operating systems) has obviated the earlier need 

for 2 GB limits on swath file sizes. Unless otherwise required by the data producer, lidar 

swaths may be of any file size supported within a 64-bit computing system. In cases 

where segmentation of the swaths is required by the data producer, the following 

requirements apply: 

 Subswath segments of a given original swath will be of comparable size. 

 Each subswath shall retain the File Source ID of the original complete swath.  

 Points within each subswath shall retain the Point Source ID of the original 

complete swath. 

 Each subswath file shall be named identically to the original complete swath, with 

the addition of an ordered alphabetic suffix to the name (“-a,” “-b,” …, “-n”). The 

order of the named subswaths shall be consistent with the collection order of the 

points (“-a” will be the first subswath; “-n” will be the last subswath). 

 Point families will be maintained intact within each subswath. 

 Subswaths will be broken at the edge of the scan line. 

3.8 Scope of Collection 

All collected swaths shall be delivered as part of the Raw Data Deliverable, including, 

calibration swaths and cross-ties. All collected returns within each swath shall also be 

delivered. No points are to be deleted from the swath LAS files. Exceptions to this rule 

are the extraneous data outside of the BPA (such as aircraft turns, transit between the 

collection area and airport, and transit between fill-in areas). These points may be 
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permanently removed from swaths. Swaths that are being completely discarded by the 

vendor and re-flown do not need to be delivered. 

3.9 Positional Accuracy Validation 

Before classification of and development of derivative products from the point cloud, the 

absolute and relative vertical accuracy of the point cloud shall be verified. A detailed 

report of the validation processes used shall be delivered. 

3.9.1 Relative Vertical Accuracy 

Relative vertical accuracy refers to the internal geometric quality of a lidar dataset, 

without regard to surveyed ground control. Two primary factors need to be considered 

in lidar data vertical accuracy: 

 Smooth surface repeatability (intra-swath), and 

 Overlap consistency (inter-swath). 

In ideal theoretical conditions, smooth surface repeatability is a measure of variations 

documented on a surface that would be expected to be flat and without variation. Users 

of lidar technology commonly refer to these variations as “noise.” Single-swath data will 

be assessed using only single returns in non-vegetated areas. Repeatability will be 

evaluated by measuring departures from planarity of single returns from hard planar 

surfaces, normalizing for actual variation in the surface elevation. Repeatability of only 

single returns will then be assessed at multiple locations within hard surfaced areas (for 

example, parking lots or large rooftops). 

Each sample area will be evaluated using a signed difference raster (maximum 

elevation − minimum elevation) at a cell size equal to twice the ANPS, rounded up to 

the next integer. Sample areas will be approximately 50 square meters (m2). The 

maximum acceptable variations within sample areas are listed in Table 1, above.  

Isolated noise is expected within the sample areas and will be disregarded. 
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Overlap consistency is a measure of geometric alignment of two overlapping swaths; 

the principles used with swaths can be applied to overlapping lifts and projects as well. 

Overlap consistency is the fundamental measure of the quality of the calibration or bore-

sight adjustment of the data from each lift, and is of particular importance as the match 

between the swaths of a single lift is a strong indicator of the overall geometric quality of 

the data, establishing the quality and accuracy limits of all downstream data and 

products. 

Overlap consistency will be assessed at multiple locations within overlap in non-

vegetated areas of only single returns. The overlap areas that will be tested are those 

between the following: 

 Adjacent, overlapping parallel swaths within a project, 

 Cross-tie swaths and the intersecting project swaths, and 

 Adjacent, overlapping lifts. 

Each overlap area will be evaluated using a signed difference raster with a cell size 

equal to twice the ANPS, rounded up to the next integer. The difference rasters will be 

visually examined using a bi-color ramp from the negative acceptable limit to the 

positive acceptable limit. Although isolated excursions beyond the limits are expected 

and accepted, differences in the overlaps shall not exceed the limits listed in Table 1 for 

the information that is being collected.  

The difference rasters will be statistically summarized to verify that root mean square 

difference in z (RMSDz) values do not exceed the limits set forth in the Table 1 for of 

information that is being collected. Consideration will be given for the effect of the 

expected isolated excursions over limits. 

3.9.2 Check Points 

The Positional Accuracy Standards for Digital Geospatial Data (ASPRS, 2014) ties the 

required number of check points for vertical accuracy assessment to the areal extent of 

the project. Data producers are encouraged to carefully review the new and revised 

requirements in that document. 
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Check points for NVA assessments shall be surveyed in clear, open areas (which 

typically produce only single lidar returns), devoid of vegetation and other vertical 

artifacts (such as boulders, large riser pipes, and vehicles). Ground that has been 

plowed (agriculture) or otherwise disturbed is not acceptable. The same check points 

may be used for NVA assessment of the point cloud and DEM. 

Check points for VVA assessments shall be surveyed in vegetated areas (typically 

characterized by multiple return lidar). Although the nature of vegetated areas makes 

absolute definition of a suitable test area difficult, these areas will meet the 

requirements below. 

Suitable areas for check point survey are defined as having a minimum homogeneous 

area of (ANPSx5)2, with less than one-third of the required RMSEz deviation from a low-

slope (less than 10 degrees) plane. In land covers other than forested and dense urban, 

the tested point will have no obstructions above 45 degrees over the horizon (to 

improve GPS reception and maximize lidar point collection). Check points will not be 

surveyed in areas of extremely high NIR absorption (fresh asphalt, wet soil, or tar), or in 

areas that are near abrupt changes in NIR reflectivity (asphalt pavement with runway 

stripes or white beach sand adjacent to water) because these abrupt changes usually 

cause unnatural vertical shifts in lidar elevation measurements. All tested locations will 

be photographed showing the position of the survey tripod and the ground condition of 

the surrounding area. Additionally, control points used in the calibration process for data 

acquisition shall not be used as check points. Check points shall be an independent set 

of points used for the sole purpose of assessing the vertical accuracy of the project. 

As stated in the Positional Accuracy Standards for Digital Geospatial Data (ASPRS, 

2014), it is unrealistic to prescribe detailed requirements for check point locations, as 

many unpredictable factors will affect field operations and decisions, and the data 

producer must often have the freedom to use their best professional judgment. The 

quantity and location of check points shall meet the following requirements, unless 

alternative criteria are approved in advance: 
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1. The ASPRS-recommended total number of check points for a given project size 

shall be met.  

2. The ASPRS-recommended distribution of the total number of check points 

between NVA and VVA assessments shall be met.  

3. Check points within each assessment type (NVA and VVA) will be well-

distributed across the entire project area. See the glossary at the end of this 

specification for a definition of “well-distributed.” 

4. Within each assessment type, check points will be distributed among all 

constituent land cover types in approximate proportion to the areas of those land 

cover types (American Society for Photogrammetry and Remote Sensing, 2014). 

3.9.3 Absolute Vertical Accuracy 

Absolute vertical accuracy of the lidar data and the derived DEM will be assessed and 

reported in accordance with the Positional Accuracy Standards for Digital Geospatial 

Data (ASPRS, 2014). Two broad land cover types shall be assessed: vegetated and 

non-vegetated.  

Three absolute accuracy values shall be assessed and reported: NVA for the point 

cloud, NVA for the DEM, and VVA for the DEM. The minimum NVA and VVA 

requirements for all data, using the ASPRS methodology, are listed in Table 1, above. 

Both the NVA and VVA required values shall be met. For projects dominated by dense 

forests, higher VVA values may be accepted. 

The unclassified point cloud shall meet the required NVA before further classification 

and processing. The NVA for the point cloud is assessed by comparing check points 

surveyed in clear, open, non-vegetated areas (which typically produce only single lidar 

returns) to a triangulated irregular network (TIN) constructed from the single return lidar 

points in those areas. The NVA and VVA for the DEM are assessed by comparing 

check points to the final bare-earth surface. 
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The minimum required thresholds for absolute and relative accuracy may be increased 

when any of the following items are met: 

 A demonstrable and substantial increase in cost is needed to obtain this 

accuracy. 

 An alternate specification is needed to conform to previously contracted phases 

of a single larger overall collection effort such as for multiyear collections. 

 It is agreed by all parties that the use of an alternate specification is reasonable 

and in the best interest of all stakeholders. 

3.10 Use of the LAS Withheld Flag 

Outliers, blunders, noise points, geometrically unreliable points near the extreme edge 

of the swath, and other points the data producer deems unusable are to be identified 

using the “Withheld” flag, as defined in the LAS Specification version 1.4 (ASPRS, 

2011). 

The “Withheld” flag is primarily used to denote points identified during preprocessing or 

through automated post processing routines as geometrically unusable. 

Noise points subsequently identified during manual classification and quality 

assurance/quality control (QA/QC) are typically assigned the appropriate standard LAS 

classification values for noise – Class 7 is used for Low Noise and Class 18 is used for 

High Noise. 

3.11 Use of the LAS Overlap Flag 

The LAS Specification version 1.4 (ASPRS, 2011) includes a new overlap flag. Although 

strictly speaking, the term “overlap” means all lidar points lying within any overlapping 

areas of two or more swaths, the flag is intended to identify overage points, which are 

only a subset of overlap points. Having overage points identified allows for their easy 

exclusion from subsequent processes where the increased density and elevation 

variability they introduce is unwanted (for example, DEM generation).  
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Overage points had commonly been identified using Class 12, precluding other valuable 

classification (for example, bare earth, water).  However, the overlap flag provides a 

discrete method to identify overage points while preserving the ability to classify the 

points in the normal way. 

Overage points shall only be identified using the LAS overlap flag in all point cloud 

deliverables. 

3.12 Point Cloud Classification Codes 

Table 2 lists the basic classification codes that will be applied to the lidar point cloud 

data. Additional classes exist and may be required on specific projects.  Raw point 

cloud data will not be classified. 

Table 2: Point cloud classification scheme 

Class Code Description 

0 Unprocessed 

1 Processed, but unclassified 

2 Bare earth 

7 Low noise 

9 Water 

10 Ignored ground (near a breakline) 

17 Bridge decks 

18 High noise 
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3.13 Classification Levels 

These classification levels are adapted from, and consistent with, the “Canadian 

Airborne LiDAR Acquisition Guideline”, published by Natural Resources Canada in May, 

2014. 

Level 0: No classification 

No classification is performed on the LiDAR point cloud. This is considered to be 

below the minimum level of processing required for delivery of LiDAR data, but 

may be desired for specific projects. 

Level 1: Ground / Non-Ground classification 

This is the bare minimum level of classification and involves classifying the points 

as either ground (class 2) or not ground (class 1).  

Level 2: Standard Classification 

Fully or semi-automated, batch processing of the point cloud data into the 

following classes: ground, vegetation, buildings/structures, low/high points and 

noise, and water. At this level, some of these classes such as water might be 

derived with the assistance of masking or other semi-automated techniques. 

Level 3: Ground Surface Improvement 

Level 2 classified data is further enhanced, using automated and manual 

methods, by the removal of significant anomalies which remain in the ground 

class. Typically, this editing will re-classify points into the vegetated classes or 

the water class. 

Level 4: Ground Correction 

Significant and highly supervised (often manual or semi-automated) effort is 

generally required for this level to ensure that only actual ground points are 

assigned to class 2. Typically, this editing will both remove and add points to the 

ground, vegetation and water classes derived using the automated algorithms. 
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Full manual line scan editing of batch output may be required in highly complex 

environments. 

Features which may require special attention include water and areas where the 

ground surface may be obscured including: densely vegetated water courses, 

rainforest, dense coastal vegetation or grass, rocky outcrops/boulders, 

contour/levee banks, wood/rubbish piles and islands. 

Level 5: Detailed Classification and Correction 

This class requires a detailed classification and correction of all specified 

classes. This may include all or a subset of classes listed in section 4.7.1. When 

specified, each class must achieve the required classification accuracy. 

Development of a hydrologically conditioned DEM will generally require a higher 

level of editing to remove man-made structures such as buildings, bridges and 

culverts. 

Typically, classification to Levels 4 and 5 would only be undertaken to meet highly 

specific project requirements (such as hydrological modelling or flood line mapping) 

over localised areas which typically make up a small proportion of the total survey area 

such as vegetation along water courses. 

3.14 Classification Accuracy 

Following classification processing, no non-withheld points will remain in Class 0.  

Points remaining in Class 1 that should be classified in any other required class are 

subject to these accuracy requirements and will be counted towards the percentage 

thresholds. 

Classification accuracy should be tested by comparing known ground control points to 

classified results, to determine the percentage of points that are correctly classified.  

The following classification accuracies should be achieved: 

 Classification accuracy is required to be at least 95% for classification levels 1 

and 2.  At least 40 points should be tested. 
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 Classification accuracy is required to be at least 98% for classification level 3.  At 

least 100 points should be tested. 

 Classification accuracy is required to be at least 99% for classification levels 4 

and 5.  At least 200 points should be tested. 

These requirements may be relaxed to accommodate collections in areas where 

classification is particularly difficult. 

3.15 Classification Consistency 

Point classification is to be consistent across the entire project. Noticeable variations in 

the character, texture, or quality of the classification between tiles, swaths, lifts, or other 

non-natural divisions will be cause for rejection of the entire deliverable. 

3.16 Tiling Scheme 

A single non-overlapping project tiling scheme will be established and agreed upon 

before collection. This scheme will be used for all tiled deliverables: 

 The tiling scheme shall use the same coordinate reference system and units as 

the data. 

 Unless otherwise specified, tiles will be 1 km2 in size. 

 The tile size shall be an integer multiple of the cell size for raster deliverables. 

 The tiles shall be indexed in x and y to an integer multiple of the x and y 

dimensions of the tile. 

 The tiled deliverables shall edge-match seamlessly and without gaps. 

 The tiled deliverables shall conform to the project tiling scheme without added 

overlap. 
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4. Digital Elevation Model Hydro-Flattening 

Hydro-flattening pertains only to the creation of derived DEMs (refer to Appendix 2, 

“Hydro-Flattening Reference” for more information on hydro-flattening). No geometric 

changes are to be made to the originally computed lidar points. Breaklines developed 

for use in hydro-flattening may be used to support classification of the point data.  

Bare-earth lidar points that are near the breaklines shall be classified as “Ignored 

Ground” (class value equal to 10) and excluded from the DEM generation process. This 

process prevents unnatural surface artifacts from being created between mass points 

and breakline vertices. The proximity threshold for reclassification as “Ignored Ground” 

is at the discretion of the data producer, but in general will not exceed the ANPS.  

The goal with hydro-flattening is not to provide accurately mapped, geographically 

corrected water-surface elevations – it is to produce topographic DEMs that, with 

respect to water surfaces, resemble DEMs derived from traditional photogrammetric 

methods, and to the degree practical are free of unnatural triangulation effects and have 

a smooth water surface. 

The requirements for hydro-flattening are listed below. These requirements also define 

the minimum features for which breaklines shall be collected and delivered. 

1. Inland ponds and lakes: 

 Water bodies of 8,000 m2 or greater surface area at the time of collection shall be 

flattened. 

 Flattened water bodies shall present a flat and level water surface (a single 

elevation for every bank vertex defining the water body’s perimeter). 

 The entire water-surface edge shall be at or below the immediately surrounding 

terrain (the presence of floating water bodies will be cause for rejection of the 

deliverable). 

 Long impoundments – such as reservoirs, inlets, and fjords, whose water-surface 

elevations decrease with downstream travel – shall be treated as streams or 

rivers. 
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2. Inland streams and rivers: 

 Streams and rivers of a 30-m nominal width shall be flattened. 

 Streams or rivers whose width varies above and below 30 meters will not be 

broken into multiple segments but will be flattened as a whole if a significant 

portion of the stream or river has attained a nominal 30-m width. 

 Flattened streams and rivers shall present a flat and level water surface bank-to-

bank (perpendicular to the apparent flow centerline). 

 Flattened streams and rivers shall present a gradient downhill water surface, 

following the immediately surrounding terrain. 

 In cases of sharp turns of rapidly moving water, where the natural water surface 

is notably not level bank-to-bank, the water surface will be represented as it 

exists while maintaining an aesthetic cartographic appearance. 

 The entire water-surface edge shall be at or below the immediately surrounding 

terrain. 

 Stream channels shall break at culvert locations leaving the roadway over the 

culvert intact. 

 Bridges in all their forms shall be removed from the DEM. 

 Streams shall be continuous at bridge locations. 

 When the identification of a structure as a bridge or culvert cannot be made 

definitively, the feature shall be regarded as a culvert. 

3. Non-tidal boundary waters: 

 Boundary waters, regardless of size, shall be represented only as an edge or 

edges within the project; collection does not include the opposite shore. 

 The entire water-surface edge shall be at or below the immediately surrounding 

terrain. 

 The water-surface elevation will be consistent throughout the project. 

 The water surface shall be flat and level, as appropriate for the type of water 

body (level for lakes, a gradient for streams and rivers).
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 Any unusual changes in the water-surface elevation during the course of the 

collection (such as increased upstream dam discharge) shall be documented in 

the project metadata. 

 In the event of an unusual change in water-surface elevation, the water body 

shall be handled as described in “4. Tidal Waters” (below). 

4. Tidal waters: 
Tidal water bodies are defined as any water body that is affected by tidal variations, 

including oceans, seas, gulfs, bays, inlets, salt marshes, and large lakes. Tidal 

variations during data collection or between different data collections will result in lateral 

and vertical discontinuities along shorelines. In order to represent as much ground as 

the collected data permits, lidar ground points shall not be removed for the sake of 

adjusting a shoreline inland to match another shoreline. Likewise, adjusting a shoreline 

outland will create an equally unacceptable area of unmeasured land in the DEM. It is 

recommended that, to the highest degree practical, collections be planned to minimize 

tidal differences at the land-water interface. In addition to meeting the requirements for 

inland water bodies listed in “1. Inland ponds and lakes” and “2. Inland streams and 

rivers,” above, as appropriate, the treatment of tidal water bodies shall also meet the 

following requirements: 

 Within each water body, the water surface shall be flat and level for each 

different water-surface elevation. 

 Vertical discontinuities within a water body resulting from tidal variations during 

the collection are considered normal and shall be retained in the final DEM. 

 Horizontal discontinuities along the shoreline of a water body resulting from tidal 

variations during the collection are considered normal and shall be retained in the 

final DEM. 

Long tidal water bodies that also exhibit downhill flow (such as a fjord) can present 

unusual challenges. For projects located in coastal areas, cooperating partners may 

impose additional requirements for tidal coordination. 

5. Islands: 

 Permanent islands 4,000 m2 or larger shall be delineated within all water bodies.
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4.1 Single-Line Streams or Additional Breaklines 

Cooperating partners may require collection and integration of breaklines representing 

single-line streams, rivers, culverts, and other features within their lidar projects. 

Although it is not a requirement that these breaklines to be collected or integrated into 

the DEMs, if such breaklines are collected and incorporated, the following requirements 

must be met:  

 All vertices along single-line stream breaklines shall be at or below the 

immediately surrounding terrain.  

 Breaklines representing single-line streams, culverts, or other hydrographic 

features shall not be used to introduce hydrologic flow paths through road 

crossings (culverts), dams, or other similar topographic features. 

 All additional breaklines developed for the project shall be delivered. 

 The final DEM shall be a hydro-flattened (not hydro-enforced) topographic DEM 

(refer to Appendix 2, “Hydro-Flattening Reference” for more information on 

hydro-enforcement). 
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5. Deliverables 

5.1 Intellectual Property 

Unless otherwise agreed, all deliverables will become the exclusive intellectual property 

of Her Majesty the Queen in right of Ontario. 

Any intellectual or other property provided by the Province of Ontario to support the 

collection, production and dissemination of these deliverables will remain the exclusive 

intellectual property of Her Majesty the Queen in right of Ontario.  Such property may 

not be used for any purpose and must be returned or destroyed at the conclusion of the 

project. 

5.2 Metadata 

The term “metadata” refers to all descriptive information about the project, and 

metadata includes text reports, graphics, and georeferenced index files.  Metadata 

deliverables shall include the following: 

 A collection report detailing mission planning and flight logs. 

 A survey report detailing the collection of all ground control, including the 

following: 

 Control points used to calibrate and process the lidar and derivative data. 

 Check points used to validate the lidar point data or any derivative 

product. 

 A written report on the accuracy of all input control used including its date 

of creation/acquisition and who it was created by (and if it was originally 

done for another project or client). 

 A processing report detailing calibration, classification, and product generation 

procedures including methodology used for breakline collection and hydro-

flattening. See the section “Digital Elevation Model Hydro-Flattening” and 

Appendix 2, “Hydro-Flattening Reference” for more information on hydro-

flattening. 
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 A QA/QC report, detailing procedures for analysis, accuracy assessment and 

validation of the following: 

 Point data (absolute vertical accuracy [NVA], relative vertical accuracy). 

 Bare-earth surface (absolute vertical accuracy [NVA and VVA]). 

 Other optional deliverables as appropriate. 

 A georeferenced, digital spatial representation of the detailed extents of each 

delivered dataset. 

 The extents shall be those of the actual lidar source or derived product 

data, exclusive of TIN artifacts or raster void areas. 

 A union of tile boundaries or minimum bounding rectangles is not 

acceptable. 

 For the point clouds, no line segment in the boundary will be further than 

the four times the ANPS from the nearest lidar point. 

 ESRI polygon geodatabase is required. 

 Product metadata (XML format metadata). 

 Metadata files for individual data files are acceptable but not required. 

 One XML file is required for each of the following datasets: 

 The Overall Project – Describing the project boundary, the intent of 

the project, the types of data collected as part of the project, the 

various deliverables for the project, and other project-wide 

information. 

 Each Lift – Describing the extents of the lift, the swaths included in 

the lift, locations of GPS base stations and control for the lift, 

preprocessing and calibration details for the lift, adjustment and 

fitting processes applied to the lift in relation to other lifts, and other 

lift-specific information. 

 Each deliverable product group –  

 Classified point data. 

 Bare-earth DEMs. 

 Breaklines. 

 Any other datasets delivered (digital surface models [DSM], 

intensity images, height above ground surfaces, and others). 
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Metadata will be produced in XML format, compliant with the rules of GOITS 72 (v2), 

which can be accessed at GOITS 72 (v2). (https://www.ontario.ca/document/go-its-72-

geospatial-metadata-standard) 

5.3 Ground Control 

All ground and check control points collected to correct and/or test the Lidar data will be 

included as deliverables.  The following data will be included: 

 References sketches for every control point are to be provided in PDF format 

containing but not limited to: 

 Latitude and Longitude in decimal degrees, 

 Orthometric Elevation, 

 UTM Zone, Easting and Northing, 

 Sketch and Description of feature and surroundings, 

 Date of establishment, 

 The source of Geodetic control, and 

 A unique identifier for point. 

Points collected using a different projection or datum other than specified are to be 

indicated, both original and converted values must be provided.  

 Georeferenced index files (GIS readable) of all control points used in the 

acquisition shall include: 

 Orthometric height of each point for Z values, 

 Separate files for each UTM zone that is part of the acquisition for each 

Phase, 

 Attributes for Latitude, Longitude, UTM zone, orthometric height, Easting, 

Northing, Date of capture, Unique ID for each point (matching that used in 

reference sketch and files names), description of point. 

  

https://www.ontario.ca/document/go-its-72-geospatial-metadata-standard
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 Photographs of GCP Location 

 A minimum of 3 digital photographs of each control point captured, clearly 

showing surrounding features, and the setup of surveying equipment 

during the capture of the point. 

 Photos will be named using a combination of the unique ID of the control 

point, and the rough compass direction of the photograph view (i.e.; GCP-

1245-SW.jpg). 

 Photos may be provided in either TIFF or JPEG format, should be no less 

than 2MP. 

5.4 Full Waveform 

If full waveform data are recorded during collection, the waveform packets shall be 

delivered. LAS Specification version 1.4 deliverables including waveform data shall use 

external auxiliary files with the extension .wdp to store waveform packet data. See the 

LAS Specification version 1.4 for additional information (ASPRS, 2011). 

5.5 Classification Point Cloud 

 Delivery of a classified point cloud is a requirement for lidar projects, unless 

specifically exempted. Classified point cloud deliverables shall include or conform 

to the following procedures and specifications: 

 All project swaths, returns, and collected points, fully calibrated, adjusted to 

ground, and classified tiles delivered in LAS file format. See the LAS 

Specification version 1.4 (ASPRS, 2011) for additional information. Project 

swaths exclude calibration swaths, cross-ties, and other swaths not used and not 

intended to be used, in product generation. 

 With the agreement of all parties, LAS files may be compressed as LAZ files for 

delivery using the laszip algorithm (http://www.laszip.org/). 

 Data must be fully compliant LAS Specification version 1.4 Point Data Record 

Format 6, 7, 8, 9 or 10. 

 If collected, waveform data in external auxiliary files with the extension .wdp. See 

the LAS Specification version 1.4 (ASPRS, 2011) for additional information. 

http://www.laszip.org/
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 Correct and properly formatted geo-reference information as Open Geospatial 

Consortium (OGC) well known text (WKT) in all LAS file headers. 

 GPS times recorded as Adjusted GPS Time at a precision sufficient to allow 

unique timestamps for each pulse. 

 Intensity values, normalized to 16-bit. See the LAS Specification version 1.4 

(ASPRS, 2011) for additional information. 

 Tiled delivery, without overlap, as specified in section 3.16. 

 Classification to Level 1, at a minimum (see section 3.13). 

 A report on the assessed relative vertical accuracy of the raw point cloud 

(smooth surface repeatability and overlap consistency). Relative vertical 

accuracy requirements are listed in table 1. Raw swath point cloud data shall 

meet the required accuracy levels before point cloud classification and derivative 

product generation. 

 A report of the assessed absolute vertical accuracy (NVA only) of the 

unclassified lidar point data in accordance with the guidelines set forth in the 

Positional Accuracy Standards for Digital Geospatial Data (ASPRS, 2014). 

Absolute vertical accuracy requirements using the ASPRS methodology for the 

raw point cloud are listed in table 1. Raw swath point cloud data shall meet the 

required accuracy levels before point cloud classification and derivative product 

generation. 

5.6 Raw Point Cloud 

Delivery of the raw point cloud will not normally be required, except in cases when the 

classified point cloud is not delivered. Raw point cloud deliverables shall include or 

conform to the following procedures and specifications: 

 All collected points, fully calibrated, georeferenced, and adjusted to ground, 

organized and delivered in their original swaths, one LAS file per swath, one 

swath per file.  See the LAS Specification version 1.4 (ASPRS, 2011) for 

additional information. 

 All other specifications listed for Classified Point Cloud (section 5.5) will be met. 
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5.7 Bare-Earth Surface – Raster Digital Terrain Model (DTM) 

In most cases, delivery of a hydro-flattened bare-earth DTM is required. Specific 

projects may be exempt from some or all these requirements. Bare-earth surface 

deliverables shall include or conform to the following procedures and specifications: 

 Bare-earth DTM, generated to the limits of the BPA. 

 Raster product with cell size (Ground Sample Distance) as shown in the table 1. 

 An industry-standard, GIS-compatible, 32-bit floating point raster format (TIFF is 

preferred). 

 Georeferencing information in or accompanying each raster file. 

 Tiled delivery, without overlap, as specified in section 3.16. 

 Tiles with no edge artifacts or mismatch. A quilted appearance in the overall DTM 

surface will be cause for rejection of the entire deliverable, whether the rejection 

is caused by differences in processing quality or character among tiles, swaths, 

lifts, or other non-natural divisions. 

 Void areas (for example, areas outside the BPA but within the project tiling 

scheme) coded using a unique “NODATA” value. This value will be identified in 

the appropriate location within the raster file header or external support files (for 

example, .aux). 

 Hydro-flattening as outlined in the section “Digital Elevation Model Hydro-

Flattening.” Depressions (sinks), whether natural or man-made, are not to be 

filled (as in hydro-conditioning and hydro-enforcement). The methodology used 

for hydro-flattening is at the discretion of the data producer (refer to Appendix 2, 

“Hydro-Flattening Reference” for more information on hydro-flattening). 

 Bridges removed from the surface (refer to the glossary for the definition of a 

bridge). 

 Road or other travel ways over culverts intact in the surface (refer to the glossary 

for the definition of a bridge). 

 QA/QC analysis materials for the absolute vertical accuracy assessment. 
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 A report on the assessed absolute vertical accuracy (NVA and VVA) of the bare-

earth surface in accordance with the guidelines set forth in the Positional 

Accuracy Standards for Digital Geospatial Data (ASPRS, 2014). Absolute vertical 

accuracy requirements using the ASPRS methodology for the bare-earth DEM 

are listed in Table 1, above. 

5.8 Raster Digital Surface Model (DSM) 

In some cases, delivery of a DSM will be required. DSM deliverables shall include or 

conform to the following procedures and specifications: 

 Constructed from the highest return within each grid cell, including ground 

returns where there are no other features above them. 

 The DSM should be corrected against the DTM to ensure that no heights in the 

DSM are lower than the DTM for a same location (differences between 

interpolation procedures can result in differences less than a few centimetres, 

these should be corrected to 0). 

 Generated to the limits of the BPA. 

 Raster product with cell size (Ground Sample Distance) as shown in the table 1. 

 An industry-standard, GIS-compatible, 32-bit floating point raster format (TIFF is 

preferred). 

 Georeferencing information in or accompanying each raster file. 

 Tiled delivery, without overlap, as specified in section 3.16. 

 Tiles with no edge artifacts or mismatch. A quilted appearance in the overall 

DSM surface will be cause for rejection of the entire deliverable, whether the 

rejection is caused by differences in processing quality or character among tiles, 

swaths, lifts, or other non-natural divisions. 

 Void areas (for example, areas outside the BPA but within the project tiling 

scheme) coded using a unique “NODATA” value. This value will be identified in 

the appropriate location within the raster file header or external support files (for 

example, .aux). 
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5.9 Breaklines 

In most cases, delivery of the breaklines representing all hydro-flattened features in a 

project, regardless of the method used for hydro-flattening, is required. Specific projects 

may be exempt from these requirements. Breakline deliverables shall include or 

conform to the following procedures and specifications: 

 Breaklines developed to the limit of the BPA. 

 Breaklines delivered in file geodatabase format, as PolylineZ and PolygonZ 

feature classes, as appropriate to the type of feature represented and the 

methodology used by the data producer. 

 Breaklines in the same coordinate reference system and units (horizontal and 

vertical) as the lidar point delivery. 

 Properly formatted and accurate georeferenced information for each feature 

class, stored in that format’s standard file system location. 

Breaklines may optionally also be required for other non-hydrologic features, such as 

roads, bridges and buildings. 

Breakline delivery may be in a single layer or in tiles, at the discretion of the data 

producer. In the case of tiled deliveries, all features shall edge-match exactly across tile 

boundaries in both the horizontal (x, y) and vertical (z) spatial dimensions. Delivered 

data shall be sufficient to effectively re-create the delivered DEMs using the lidar points 

and breaklines without substantial editing. 
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Appendix 1. Common Data Upgrades 

Appendix 1 contains a partial list of common upgrades, which is neither comprehensive 

nor exclusive. 

 Independent third-party quality assurance/quality control (QA/QC) by another 

contractor.  

 Full waveform collection and delivery.  

 Co-acquired imagery (may include R, G, B, IR and/or pan bands). 

 Additional environmental constraints: 

 Tidal coordination, flood stages, crop or plant growth cycles. 

 Shorelines corrected for tidal variations within a collection. 

 Canopy Height Model: 

 The Canopy Height Model (CHM) is defined as the difference between the 

DSM and the DEM. 

 Intensity images (8-bit gray scale, tiled): 

 Interpolation based on first returns. 

 Interpolation based on all-returns, summed. 

 Detailed classification (additional classes): 

 Class 3: Low vegetation. 

 Class 4: Medium vegetation (use for single vegetation class). 

 Class 5: High vegetation. 

 Class 6: Buildings, other man-made structures. 

 Class n: Additional classes or features as agreed upon in advance. 

 Hydrologically enforced (Hydro-Enforced) digital elevation models (DEM) as an 

additional deliverable. 

 Hydrologically conditioned (Hydro-Conditioned) DEMs as an additional 

deliverable. 

 Breaklines (PolylineZ and PolygonZ) for additional hydrographic and topographic 

features: 

 Narrower double-line streams and rivers. 

 Single-line streams and rivers. 
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 Smaller ponds. 

 Culverts and other drainage structures. 

 Retaining walls. 

 Hydrologic areas, for example swamp or marsh. 

 Appropriate integration of additional features into delivered DEMs.  

 Extracted buildings (PolygonZ): 

 Footprints with maximum elevation or height above ground as an attribute.  

 Other products as defined by requirements and agreed upon before a funding 

commitment. 
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Appendix 2. Hydro-Flattening Reference 

The subject of variations of lidar-based digital elevation models (DEM) is somewhat new 

and substantial diversity exists in the understanding of the topic across the industry. The 

information presented in this appendix is not meant to supplant other reference 

materials and should not be considered authoritative beyond the scope of this 

document. 

Hydro-flattening is the process of creating a lidar-derived DEM in which water surfaces 

appear and behave as they would in traditional topographic DEMs created from 

photogrammetric digital terrain models (DTMs). A hydro-flattened DEM is a topographic 

DEM and should not be confused with hydro-enforced or hydro-conditioned DEMs, 

which are hydrologic surfaces. 

A traditional topographic DEM represents the actual ground surface, and hydrologic 

features are handled in established ways. Roadways crossing drainages passing 

through culverts remain in the surface model because they are part of the landscape 

(the culvert beneath the road is the manmade feature). Bridges, manmade structures 

above the landscape, are removed. 

For many years, the source data for topographic raster DEMs were mass points and 

breaklines (collectively referred to as a DTM) compiled through photogrammetric 

compilation from stereographic aerial imagery. The DTM is converted into a triangulated 

irregular network (TIN) surface from which a raster DEM could be generated. 

Photogrammetric DTMs inherently contain breaklines that clearly define the edges of 

water bodies, coastlines, and single- and double-line stream and rivers. These 

breaklines force the derived DEM to appear, and contours to behave, in specific ways: 

water surfaces appear flat, roadways are continuous when on the ground, and rivers are 

continuous under bridge locations; contours follow water body banks and cross streams 

are perpendicular to the centerline. 

Note: DEMs developed solely for orthophoto production may include bridges, because 

their presence prevents distortion in the image and reduces the amount of post 

processing for corrections of the final orthophotos. These are special use DEMs and are 

not relevant to this specification. 
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Traditional topographic DEMs present a variety of problems while representing and 

running hydrologic and hydraulic (H&H) models that are now solved through 

modification of the DEM surface. The DEM Users’ Manual (Maune, 2007) provides the 

following definitions related to the adjustment of DEM surfaces for hydrologic analyses: 

Hydrologically Conditioned (Hydro-Conditioned) Processing of a DEM or TIN 

so that the flow of water is continuous across the entire terrain surface, including 

the removal of all spurious sinks or pits. Whereas “hydrologically-enforced” is 

relevant to drainage features that are generally mapped, “hydrologically-

conditioned” is relevant to the entire land surface and is done so that water flow 

is continuous across the surface, whether that flow is in a stream channel or not. 

The purpose for continuous flow is so that relations/links among 

basins/catchments can be known for large areas. 

Hydrologically Enforced (Hydro-Enforced) Processing of mapped water 

bodies so that lakes and reservoirs are level and so that streams flow downhill. 

For example, a DEM, TIN or topographic contour dataset with elevations 

removed from the tops of selected drainage structures (bridges and culverts) so 

as to depict the terrain under those structures. Hydro-enforcement enables 

hydrologic and hydraulic (H&H) models to depict water flowing under these 

structures, rather than appearing in the computer model to be dammed by them 

because of road deck elevations higher than the water levels. Hydro-enforced 

TINs also use breaklines along shorelines and stream centerlines, for example, 

where these breaklines form the edges of TIN triangles along the alignment of 

drainage features. Shore breaklines for streams would be 3-D breaklines with 

elevations that decrease as the stream flows downstream; however, shore 

breaklines for lakes or reservoirs would have the same elevation for the entire 

shoreline if the water surface is known or assumed to be level throughout. See 

also the definition for “hydrologically-conditioned” that has a slightly different 

meaning. 

Hydro-enforcement and hydro-conditioning are important and useful modifications of the 

traditional topographic DEM, but they produce hydrologic surfaces that are 

fundamentally different at a functional level. Hydrologic surfaces are identical to 
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topographic surfaces in many respects but they differ significantly in specific ways. In a 

topographic DEM, roadways over culverts are included in the surface as part of the 

landscape. From a hydrologic perspective however, these roadways create artificial 

impediments (digital dams) to the drainages and introduce sinks (un-drained areas) into 

the landscape. Similarly, topographic DEMs obviously cannot reflect the drainage routes 

provided by underground storm water systems; hence, topographic DEM surfaces will 

invariably include other sinks. For topographic mapping, sinks are of no consequence – 

it is actually desirable to know their locations – but they can introduce errors into 

hydrologic modeling results. 

Unlike the DTM, lidar data consists solely of mass points; breaklines are not 

automatically created during lidar data collection. Although as mass points, lidar is 

substantially denser than a photogrammetric DTM, it by itself remains limited in its 

ability to precisely define the boundaries or locations of distinct linear features such as 

water bodies, streams, and rivers. The lack of breaklines in the intermediate TIN data 

structure causes triangulation to occur across water bodies, producing a water surface 

filled with irregular, unnatural, and visually unappealing triangulation artifacts. These 

artifacts are then carried into the derived DEM, and ultimately into contours, producing 

an unacceptable representation. 

To achieve the same character and appearance of a traditional topographic DEM (or to 

develop a hydrologically enforced DEM) from lidar source data, breaklines must be 

developed separately using other techniques. These breaklines are then integrated with 

lidar points as a complete DTM, or used to modify a DEM previously generated without 

breaklines. 

Hydrologic DEMs usually require flattened water surfaces as well, hence the breaklines 

required for hydro-flattening the topographic DEM can be equally useful for all DEM 

types well. Additional breaklines (and lidar point classifications) are needed to efficiently 

generate hydro-enforced DEMs. If properly attributed, breaklines for all DEM treatments 

can be stored in a single set of feature classes. The use of breaklines is the 

predominant method used for hydro-flattening, though other techniques may exist. 
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