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.  Scope of Surveying and Mapping Activities

Definition. The term “surveying and mapping,” used in these instructions, is
restricted to measurement of the earth's surface; layout and measurement of
project facilities; and the preparation of maps. This Part 368 presents the
administrative instructions for the surveying and mapping activities of the Bureau
of Reclamation (Reclamation).

Classification of Surveys. The surveying and mapping activities performed by
or for Reclamation may be classed as control, topographic, planimetric, cadastral,
route, structure, photogrammetric, hydrographic, and sedimentation surveys.
These activities are common to the general field of surveying and mapping and
are defined in standard surveying textbooks and manuals.

A. Intensity of Survey

Order of Survey. The intensity of survey is associated with the standards
required for the level of work being performed. Standards guiding the
performance of surveys have been established by the Federal Geodetic Control
Committee by which surveys are classified as first-, second-, third-, and fourth-
order surveys. This classification supersedes all recent editions of most standard
textbooks.

Planning Surveys. Planning activities are divided into Project Investigation and
Advance Planning grade investigations.

* Project investigations and reconnaissance surveys are rapid or critical
inspections of the potential features of a project. Fourth order or even
lower-grade surveys are usually performed for these investigations.

» Advance planning surveys are to obtain basic data for designs and
estimates. Third- order surveys are usually performed for these
investigations.

Preconstruction Surveys. These surveys are made preparatory to construction of
the project. They are the basis for preparation of final designs and specifications.
Second- and third-order surveys are the usual standards for this work, the higher
standards being required for establishing primary project controls. There are
exceptions for precise structural work such as bridges and tunnels for which
surveys of first or second order may be required. The primary controls
established during preconstruction surveys may be used during the construction
period.
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Construction Surveys. These surveys are performed in connection with any
construction operations, including “as-built” surveys of structures. Second- and
third-order surveys are the usual standards for this work with the exception of
unusual features requiring higher standards.

Post-Construction Surveys. These surveys are made to record the behavior of
structures following completion of construction. They are also made to record
changes in stream channels and reservoirs caused by construction and operation
of the project. These surveys establish a base for future sedimentation surveys
and may also be used in legal actions. The performance grade of these surveys
varies with the fineness of measurements to be recorded. Specific instructions for
each type of survey may be found in Reclamation Instructions (RI) Series 550,
Surveying and Mapping Techniques and Standards.
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.  Responsibilities and Coordination

A. National Mapping Program

Introduction. Several agencies of the Federal Government are responsible for
conducting standard surveys within the area of Reclamation activity. Other
surveys have and are being performed for special purposes.

Cadastral Surveys. Cadastral surveys are for the purpose of making an official
register of the quantity and ownership of real estate. The cadastral survey of
public lands has been conducted by the Federal Government under the public land
laws of the United States (U.S.). Public land surveys were made beginning with
the territory northwest of the Ohio River. Texas is not subject to the Federal
public land laws. The survey of lands is under the jurisdiction of the Bureau of
Land Management (BLM). Detailed information on cadastral surveys may be
obtained from the Manual of Instructions for the Survey of Public Lands of the
United States, 2009 is the current version published by BLM.

Primary Horizontal and Vertical Control. A network of primary horizontal
and vertical control has been established by the National Geodetic Survey (NGS),
an agency of the Department of Commerce. Adjustment and extensions to the
network are in continual progress. The NGS should be consulted for the latest
information on adjustments and control available. The U.S. Geological Survey
(USGS) establishes additional control as required in its topographic mapping
program.

Topographic Mapping. A systematic program of topographic mapping is
conducted by the Geological Survey. Maps of various types and scales are
published by the Survey.

Aerial Photography. Extensive aerial photographic coverage has been acquired
by the Department of Agriculture (USDA). The Farm Service Agency (FSA),
Natural Resources Conservation Service (NRCS), and U.S. Forest Service (Forest
Service) have covered most of the agricultural and forest areas of the Western
States with vertical stereoscopic aerial photographs (beginning 1950s) and digital
orthoimagery (beginning 2003). In addition, the National Agriculture Imagery
Program (NAIP), administered by the FSA through the USDA Aerial
Photography Field Office (APFO) in Salt Lake City, Utah, acquires aerial
imagery during the agricultural growing seasons in the continental U.S.

The USGS has acquired considerable aerial photography and light detection and
ranging (LIDAR) data in connection with its topographic mapping work. Other
federal agencies that acquire aerial photography include the BLM, National
Geospatial-Intelligence Agency (NGA), U.S. Army Corps of Engineers
(USACE), NGS. Private aerial mapping and satellite imagery companies are also
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an excellent source of aerial photography and imagery. The EROS Data Center,
USGS, 10th and Dakota Avenue, Sioux Falls South Dakota, 57198, maintains
records of aerial photographic coverage, based upon reports received from

Federal and State agencies and commercial concerns. Many of these entities offer
on-line web based search engines that facilitate the locating and ordering of aerial
photography and related imagery for any project area.

.Navigation and Aeronautical Charts. The National Oceanic and Atmospheric
Administration compiles and publishes navigation charts of navigable streams,
lakes, bays, and ocean waters in or appurtenant to the U.S. and its possessions.
This agency also compiles and prints sectional aeronautical charts of the U.S. and
its possessions.

B. Coordination with Other Agencies

Policy. The Office of Management and Budget (OMB, formerly Bureau of the
Budget) has issued Circular No. A-16 and exhibits describing the responsibilities
of Federal agencies with respect to coordination of the Federal surveying and
mapping activities financed in whole or in part by Federal funds. (See appendix
B.) Itis the policy of Reclamation to recognize the responsibilities of and to
cooperate with Government mapping and surveying agencies in accordance with
OMB Circular No. A-16 Revised (2002-2010). Where a specific responsibility of
another agency is recognized, coordination is necessary. To accomplish this
coordination, it is essential that all Reclamation offices present their program of
mapping and survey needs as far in advance as possible. This will include needs
for high order accuracy horizontal and vertical control, cadastral surveys, and
large-scale area mapping. Reclamation’s Technical Service Center (TSC) in
Denver, Colorado, shall be the coordinating office for Reclamation.

National Geodetic Survey (NGS). Reclamation Regional Directors should
present any program for extensive control requirements of first or second order
accuracy to TSC as early as possible. These requirements should be discussed
with the NGS at the National level. If it fits into the National Control Program or
if funds and personnel are or can be made available, the Survey may perform the
work without cost to Reclamation. Otherwise it is possible arrangements can be
made with the NGS to perform the work on a reimbursement basis.

Bureau of Land Management (BLM). Any survey or resurvey of public lands
shall be approved or performed by BLM. Requests for such work shall be cleared
through Reclamation’s Regional Office. Informal contacts with regional or State
offices of BLM may indicate the possibility of arranging for assistance before a
formal request to Reclamation’s Regional Office is made.
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Entry for Surveys. Prior to entry on private lands to make surveys, the manager
in charge shall secure permission of the owner. Where permission is refused
because of impending damages, it may be possible to negotiate a contract for
entry. When entry is refused and cannot be negotiated, bridging by
aerotriangulation may be specified, or action may be taken through condemnation
proceedings in a Federal Court to obtain entry. The Secretary of the Department
of the Interior will initiate condemnation proceedings through the Department of
Justice upon request of Reclamation’s Commissioner (Commissioner).
Reclamation’s Regional Director is responsible for ensuring that the right of entry
is adequately covered in all contract work. They may elect either to make the
right of entry a responsibility of the contractor or include it as a provision in the
contract, or to secure the right of entry for the contractor.

* Indian Reservation Lands. Reclamation’s Regional Director shall
request permission for entry on Indian Reservation lands from the
Tribal Council through the Superintendent, Bureau of Indian Affairs
(BIA). If permission is refused, the Commissioner may appeal the
decision to the BIA.

* Other Lands Controlled by the Department of the Interior. The
Commissioner will request permission from the Secretary of the
Department of the Interior for entry to National Parks, National
Monuments, Wildlife Refuges, Wilderness Areas, and National
Recreational Areas.

* Lands Controlled by Other Agencies. Permission for entry to lands
controlled by other Federal, State, or local agencies should be arranged
by Reclamation’s Regional Director or his representatives.

* Military Areas. There may be specific areas within or adjoining the
general area to be covered by aerial photography that are restricted for
military or other reasons. Reclamation’s Regional Director is
responsible for elimination of these areas from the survey or for
enforcing limitations that may be imposed upon use of the data.

C. Initiation of Surveys

Existing Surveys and Maps. One of the first steps in a new investigation is an
inventory and assembly of existing surveys, maps, and aerial photography. The
USGS Earth Explorer and USDA Geospatial Data Gateway websites are a basic
source for this information. Outlined below is a list of data that may be available
and where it may be obtained.
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Table 1.—General Base Maps (scale, 1:125,000 to 1:1,000,000)

State maps

USGS, BLM, State engineer, or other agency

County maps

County engineer or surveyor, private cartographic firms, State
Highway Department

Aeronautical charts

Department of Commerce

Transportation map

Bureau of Public Roads, State or County Highway Departments

Indian Reservations

BIA Tribal Council

Forest maps

Forest Service

Sectional maps

National Parks Service, USGS

Soils maps

NGA

Land plats

NRCS, State Land Office, BBLM, County Recorder or Assessor,
private engineering or cartographic firms, abstractors

Table 2.—General Topographic Maps (scale 1:24,000 to 1:250,000)

Quadrangle series

USGS (including National Geospatial-Intelligence Agency and
Forest Service)

Special areas - scale 1:12,000 to 1:25,000

Indian Reservation

BIA

National forests

Forest Service

Timber areas

Forestry or lumber firms

Table 3.— Special Topographic Maps (scale 1:1,200 to 1:48,000)

River plan-profiles

Geological Survey, USACE

NGS

NGS

Reservoir and dam sites and
conduit lines (filing maps)

USACE, State engineers

Hydropower sites

Federal Power Commission, Forest Service, USGS

Table 4.— Detailed Planimetric Maps (scale 1:7,920 to 1:250,000)

Forest areas

Forest Service, State Forestry Service

Land plats

BLM, county records

Aerial photographs and
mosaics

USGS, Forest Service, NRCS, Farm Service Agency, USACE,
BLM NGA, State and local governments, lumber companies,
photogrammetric firms

Vertical and horizontal control
data

NGS, USGS, USACE, State Highway Departments, county
engineer
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Bureau of Reclamation Surveys. Initiation of surveys as planned and issuance
of instructions for carrying out surveying and mapping operations is the
responsibility of the office having direct supervision of the survey party, subject
only to the limitations outlined herein and as additionally prescribed by
Reclamation’s Regional Director and Reclamation’s Commissioner. Detailed
instructions for submission of design data are contained in RI 133, and specific
practices concerning accuracy and coverage for various stages and kinds of work
are presented in RI 550. Specific, rather than general, surveying and mapping
requirements for unusual project features may be requested by Reclamation’s
Denver Office, Denver, Colorado. Reclamation’s Regional Director will be
advised in these instances.

Record of Survey Monument. Each Reclamation’s Regional and Area Office
performing field surveys involving the establishment of permanently monumented
horizontal control points or benchmarks shall prepare and maintain a file of
individual sheet descriptions of each such monument. Such descriptions shall be
on material suitable for reproduction with available equipment, by the Regional or
Area Office maintaining the record of survey monuments.

General. Planning investigations are either project investigation or advance
planning evaluations of a potential water resource development Project
investigations are rapid and inexpensive, with considerable reliance on experience
and judgment. Advance planning investigations are in sufficient detail to produce
a reliable plan and estimate. Field surveys should be conducted commensurate
with objectives and requirements of the planning investigations. The intensity
and accuracy of surveys are associated with the specific requirements of the
different features. General requirements for consideration in resource planning
are given in R1 110; land classification requirements are given in Rl 115 and RI
510; and design data requirements are listed in Rl 133. Surveying and mapping
techniques and standards are discussed in R1 550.

The first step in any planning investigation is to secure all the necessary existing
available data. Field surveys are then programmed to augment existing survey
data in meeting the investigation requirements.

Project Investigations and Reconnaissance Surveys. Project investigations are
synonymous with and similar to reconnaissance surveys described in surveying
text books, RI 368, RI1 510, R1 550, and standards established by the USGS, NGS,
other Federal agencies, State agencies, and professional societies. In the interest
of national and international communication uniformity, reconnaissance will be
retained in Reclamation terminology and R1 from a surveying, mapping, and
photogrammetry aspect. These surveys are rapid reconnaissance or even a critical
inspection of an area. Every effort should be made to use existing survey data
before conducting field surveys. When field surveys are necessary, fourth order
or even lower grade accuracy is the usual performance standard. Toe technical
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adequacy of project investigation reports is the responsibility of the Reclamation
Regional Director; hence, they and their staff will establish the performance
standards.

* Reservoirs. Accurate determination of reconnaissance reservoir
capacities is not required. Existing quadrangle maps with a contour
interval not more than one-fourth to one-fifth of the reservoir depth is
adequate. If surveys are required, photogrammetric plotting from
existing photos and reconnaissance control should be considered for
large or inaccessible areas.

» Storage Dams. Storage dams may be estimated from reservoir survey
data or quadrangle maps for large structures. A check profile along
the axis is desirable. Irregular spillway or foundation conditions and
thin arch dams will usually require sketch topography with
supplementary control.

» Diversion Dams. Diversion damsites may be adequately defined with
a profile. When major flood channels or long earth embankments with
off-channel spillways are anticipated, sketch topography should be
taken. Data on maximum flood stage or downstream channel
conditions may be required.
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lll.  Planning Surveys

General. Planning investigations are either project investigation or advance
planning evaluations of a potential water resource development project
investigations are rapid and inexpensive, with considerable reliance on experience
and judgment. Advance planning investigations are in sufficient detail to produce
a reliable plan and estimate. Field surveys should be conducted commensurate
with objectives and requirements of the planning investigations.

The intensity and accuracy of surveys are associated with the specific
requirements of the different features. General requirements for consideration in
resource planning are given in RI 110; land classification requirements are given
in RI 115 and RI 510; and design data requirements are listed in RI 133.
Surveying and mapping techniques and standards are discussed in RI 550.

The first step in any planning investigation is to secure all the necessary existing
available data. Field surveys are then programmed to augment existing survey
data in meeting the investigation requirements.

Project Investigations and Reconnaissance Surveys. Project investigations are
synonymous with and similar to reconnaissance surveys described in surveying
text books, RI 368, R1 510, RI 550, and standards established by the USGS,
NGS, other Federal agencies, State agencies, and professional societies. In the
interest of national and international communication uniformity, reconnaissance
will be retained in Reclamation terminology and RI from a surveying, mapping,
and photogrammetry aspect. These surveys are rapid reconnaissance or even a
critical inspection of an area. Every effort should be made to use existing survey
data before conducting field surveys. When field surveys are necessary, fourth
order or even lower grade accuracy is the usual performance standard. Toe
technical adequacy of project investigation reports is the responsibility of the
Reclamation Regional Director; hence, they and their staff will establish the
performance standards.

* Reservoirs. Accurate determination of reconnaissance reservoir
capacities is not required. Existing quadrangle maps with a contour
interval not more than one-fourth to one-fifth of the reservoir depth is
adequate. If surveys are required, photogrammetric plotting from
existing photos and reconnaissance control should be considered for
large or inaccessible areas.

» Storage Dams. Storage dams may be estimated from reservoir survey
data or quadrangle maps for large structures. A check profile along
the axis is desirable. Irregular spillway or foundation conditions and
thin arch dams will usually require sketch topography with
supplementary control.
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» Diversion Dams. Diversion damsites may be adequately defined with
a profile. When major flood channels or long earth embankments with
off-channel spillways are anticipated, sketch topography should be
taken. Data on maximum flood stage or downstream channel
conditions may be required.

* Tunnels. Information required for tunnel sites includes approximate
portal positions, definition of thin cover areas, and general area
topography. A flagged field location will be necessary to permit
geologic inspection. Profile or sketch topography will be required for
locating portals in areas with relatively flat slopes.

» Main Supply Canals. Reconnaissance canal design and estimates can
usually be prepared from contour maps. Plan-in-hand field inspection
may reveal undulating topographic areas where large error can be
expected, and it may be advisable to supplement the topographic data
with a profile. If contour maps are not available, a profile should be
obtained. It is wise to have an experienced canal designer accompany
the survey crew to direct the profile alignment to the proper hydraulic
gradient and appropriate curvature, locate and define major structures,
and define right-of-way problems. A limited number of cross sections
should be taken to define severe cross-slope reaches. Aerial
photographs can be used to good advantage with the profile survey.

* Lateral Distribution Systems. Lateral distribution system estimates
can usually be made from layouts using contour maps. The layout
should be appraised by a critical field inspection. If adequate
topographic maps are not available, estimates developed for selected
sample areas may be projected for a total cost. Sample area layouts
should be based upon profile surveys.

» Other Route Surveys. Roads, railroads, and transmission lines are
given only reconnaissance field inspections, with appropriate notes on
items controlling cost and location. General maps or aerial
photographs are usually used for the field inspection.

» Service Areas. Service areas may be delineated on existing maps or
photographs. A limited amount of surveying may be required to
establish control points or approximate photograph scales.

Advance Planning Surveys. Surveys performed for advance planning
investigations are for land classification, location and design data, and right-of-
way estimates. Land classification mapping requirements are outlined in RI 115
and R1 510. Route surveying and mapping requirements for obtaining design data
are outlined in RI 133 and in R1 550. Design data for specialized or unusual cases
should be discussed with representatives of the Denver Office. Special surveying

10
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and mapping requirements should be outlined in these discussions. Surveys
required for computing tailwater curves, backwater conditions, and river profiles
are outlined in the Guide for Computing Water Surface Profiles, a manual
available from the Denver Office.

Reservoir topography required for design data is outlined in Rl 133. The area-
capacity data developed from the reservoir topography will be used in hydrologic
studies and, in most cases, will be the data used for reservoir operation until the
reservoir is resurveyed. Hydrologic and operation purposes require an area-
capacity curve accurate to within 10 percent. In addition to these requirements,
reservoir surveys should anticipate the data that may be needed for recreation and
fish and wildlife development. See RI 211 for land acquisition policies.

11
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V. Preconstruction Surveys

General. Design data surveys as used herein refer to the surveys performed
during the period of investigations immediately preceding construction and
subsequent to appropriation of funds for construction. The major purpose of these
surveys is to obtain data for preparation of specification designs. Surveys may
also be required as a basis of securing right-of-way. Design data requirements are
outlined in RI 133. It may be noted by comparing these requirements that project
investigation survey data may be used for some features. Controls established in
the performance of these surveys will be used during the construction period.
Coordination with other agencies, as outlined in R1 368.2, is required in
conducting these surveys.

Control Surveys. A primary project control network will be established at this
time that will be used for all subsequent project needs. The primary control
should be established to at least second order standards. Some projects may
include special features such as tunnels and long, low-gradient canals that may
require greater accuracy. Basic control extending from the primary network will
be established to the standards required for the individual feature served. Control
points established should be permanent, accessible, and well documented. The
control will conform to the requirements of the OMB Circular A-16, tied to the
National network, and comply with the latest standards as published by the
Federal Geodetic Control Committee. The control should be established to
provide a uniform reference to the overall project and envision potential project
expansion. In almost any case, the control should be taken from that used for
existing regional surveys. The NGS base with the latest adjustment will usually
meet these requirements. In addition to making use of existing data, survey
evidence presented in legal actions is more acceptable to the courts if it conforms
to the accepted regional control.

12
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V. Construction Surveys

General. The term *“construction surveys” includes all types of surveying which
are performed for construction activities. Construction surveys are intended to
furnish guidance to the construction forces to assure that the work is in physical
compliance with the designs. The standards and limiting accuracies will vary
with the type of construction. Measurements to the nearest 30 millimeters may be
sufficient for earth embankments, but the setting of major hydraulic or electrical
machinery may require readings to within 25 micrometers. (See RI 555 and 556).

The following paragraphs discuss the responsibilities of Reclamation personnel in
performing construction surveys and briefly mention some of the various types of
construction surveys.

Responsibilities. Reclamation specifications generally provide that the
Government will establish a primary control system, a stationed centerline,
benchmarks, and/or principal control points for commencement of the work. It is
usual procedure for the Government to make initial cross sections, profiles, and
preconstruction surveys for contract record purposes of the structure site and
borrow areas. It is also usual procedure for the Government to make final surveys
of the completed work for payment and as-built records. If these surveys are
provided by other than Government forces such as a professional service contract
or contractor forces, a Government-qualified survey inspector will be assigned to
provide quality assurance of the work.

All other surveys and layout will be performed by the contractor unless specified
to be performed by the Government.

Surveys for installation of major mechanical, hydraulic, and electrical equipment
will be performed by contractor's forces under the guidance, when necessary, of
the manufacturer's representative. The contractor will make the necessary surveys
for estimating monthly progress payments, if required by specifications.

The survey parties perform Reclamation construction surveys, work under the
general direction of the construction engineer or a delegated responsible officer.
The survey chiefs must be familiar with all details of the work for which the
surveys are required. They must devise and carry out procedures necessary to
accomplish the required surveys. They must diligently avoid errors which would
result in redoing portions of the work and cause claims against the Government.
The obligations of the survey chiefs include, so far as their jurisdiction applies,
assuring that the surveys are accurate and sufficient to permit construction work
of the quality required by Reclamation specifications.

Control Surveys. “Control surveys for construction” refers generally to an
extension of the primary project control system so that references for both vertical

13
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and horizontal measurement will be available near the site of the work. The
establishment of the primary and extended basic control is discussed in Rl 368.4.2
and in RI 553. The basic control surveys for construction will vary with the type
of structure and the local terrain. Extension of the primary control system to basic
control near the construction site should be performed with at least third order
accuracy. All primary control points established for construction purposes should
be made a part of the national network, although conversion to local datum may
be necessary for high elevation work. (See RI 553.)

Excavation Surveys. Excavation activities will vary from surface skimming to
excavation of deep pits and open cuts. The Government may establish stationed
centerline and control and may cross section the area for the basis of payment.
(However, some roads are built on a per mile unit basis, and excavation is not
measured.) Original ground cross sections or grids may be established either by
ground surveys or by photogrammetric methods based upon third order basic
control surveys or better and aerial photography of a scale and quality to provide
comparable accuracy. These surveys should be made in advance of the start of
the construction and must not hold up the contractor's operations. A requirement
for notification by the contractor of the need for surveys and the responsibility of
the Government in obtaining them are usually included in the specifications. If
there are different types of excavation which vary in unit price, surveys should be
made to provide a basis for payment. Intermediate stage surveys for progress
payments shall be made by methods which may be agreed upon between
contracting officer and contractor, but in case of dispute, shall be performed as for
final payment purposes; photogrammetric methods are preferably used to provide
an essentially instantaneous and permanent record of conditions existing at the
time of dispute. Laser beam methods may be used for operational control during
construction. Final cross sections may be taken by Government forces or by
professional services photogrammetric contract as a basis for payment. Stationing
and performance standards should be consistent with the original surveys for this
purpose.

Embankment Surveys. Surveys for placing embankment are similar to those
made in connection with open-cut excavation. There is little difference in the
basic surveying operations.

Tunnel Surveys. Aside from certain specialized procedures and the accuracy
required, there are no basic differences between surveys underground and those
on the surface of the earth.

Special instruments have been developed to facilitate and speed the work. Also,

some differences in procedure have been developed which are described in any
recognized handbook or text on surveying.
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Shaft Surveys. Excavation of shafts is basically the same operation as tunnel
excavation.

Reclamation specifications normally include “Excavation in tunnels and shafts”
as a pay item with one unit price. The basic difference between shaft surveys and
tunnel surveys is due to the alignment being in a vertical rather than a horizontal
plane. Differences in elevation are usually determined by vertical chaining rather
than direct leveling. Projection of alignment must be accomplished by use of a
mining transit, plumb-bob, or other means rather than by a regular transit. Aside
from this difference, all instructions for tunnel work can be applied to
construction control surveys in the excavation of shafts.

Structure Surveys. Structures built by Reclamation vary from simple lateral
drops and turnouts to extremely complex concrete dams and powerhouses. The
amount of surveying needed during the construction of any given structure will
depend on its size and complexity. Basic surveys made during construction are
primarily an extension of the primary control surveys, since in the final analysis,
survey work is the furnishing of control so far as construction activities are
concerned. In the case of a small lateral structure, an extension of the control grid
to establish a reference point convenient to the structure site and an extension of
the vertical control system to furnish elevation at the same point, will probably be
all that is required in the way of construction surveys. Construction surveyors
will transfer line and grade from the reference point to the structure with
sufficient accuracy for all practical purposes. For more complex structures,
considerably more surveying must be done and a higher degree of accuracy must
be attained.

Other Surveys. Other construction survey work includes providing line, grade,
and other required points for construction jobs such as railroads, highways, canal
lines, distribution and drainage systems, power and telephone lines, and
campsites. No unusual problems are normally encountered on these types of
surveys, the procedures being similar to those which are followed in making
preconstruction surveys for the same features.

Machinery Installation Surveys. Surveys for gate, valve, and machinery
installations differ from other construction surveying operations only in the
precision required. The setting of major hydraulic or electrical equipment will
require measurements to the nearest 25 micrometers, and certain modifications of
ordinary surveying techniques are necessary to accomplish this accuracy. During
the construction of wheel-pits and generator foundations, design dimensions can
be used in locating the embedded anchor bolts, etc. Where possible, design
dimensions should be supplemented by shop dimensions furnished by the
manufacturer. It may be necessary to use measurements from the equipment,
since discrepancies have been found between shop drawings and the equipment
delivered. The setting of gates and valves usually does not require the same
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degree of accuracy described for heavy machinery and can be done from local
benchmarks by normal surveying methods provided sufficient care is taken.

Special Construction Surveys. In addition to the standardized types of surveys
previously discussed, there are special surveys to fit conditions peculiar to a
particular project. Because of this variety, it is impossible to predict what surveys
will be needed and the performance to fulfill requirements. Such problems must
be solved by ingeniously adopting standard procedures. A problem which may
occur on a project is that of river sounding. River cross sections and plans may be
required for channel alterations associated with dam, siphon, and river
rectification construction. The complexity of this operation will depend on the
size of the river and the swiftness of the current. These surveys may require
special equipment and methods associated with hydrographic surveying.

Reservoir sedimentation ranges and river channel degradation and aggradation
ranges are also established, when necessary, during the construction stage.
Administrative procedures for these surveys are discussed in Rl 368.7. Technical
requirements and procedures are discussed in Rl 550. The limiting accuracies for
any special survey are dictated by the purpose of the survey. If these
requirements are met, the particular procedures used to solve the problem are less
important.
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VI. Post-Construction Surveys

General. Post-construction surveys consist primarily of surveys to determine and
record the behavior of a structure and the physical changes caused by resource
development. These data are not only valuable design information, but may be
basic evidence in legal actions. Reservoir sedimentation, reservoir delta, and
channel surveys are discussed in Rl 368.7. Survey instructions for establishing
and maintaining a groundwater observation network are contained in RI 550,
Surveying and Mapping Techniques and Standards. These surveys may be made
periodically over a long period of time. It is important that all survey notes be
well documented and stored in permanent and accessible archives.

Surveys for Structural Behavior. Surveys for structural behavior are performed
to determine what distortion, deflection, or other movement takes place in the
structure. Special instructions, outlining procedures and survey performance
standards, will be issued by the Denver Office for each structure to be surveyed.
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VII. Special Surveys

General. This chapter discusses the aspects of some special types of surveys
which Reclamation personnel are often required to perform. The list of surveys
herein discussed is not intended to be complete. Many other types of surveys will
be needed from time to time under special circumstances. However, it is believed
that no unusual administrative procedures will be required which are not
discussed herein. If so, they can be determined by special correspondence.
Contract surveys are discussed in R1 368.8.

A. Cadastral Surveys

Definition. Cadastral surveys are surveys relating to the establishment of land
boundaries and subdivisions made to create or define limitations of titles.

Sources of Information. The Director of the BLM is the custodian of the records
of the original land surveys. Copies of all plats, notes, and other data may be
secured from this agency. State land offices, county clerks, recorders, surveyors,
engineers, assessors, landowners, and court records may provide useful
information. It has frequently been found necessary to search the court records to
determine the actual ownership of a property. Errors by the clerk and recorder
have made the regular transcribed records inaccurate. It is usually advisable to
consult the actual filed deed rather than depend on the transcribed records.

Township and Section Surveys. Reclamation often has a requirement to retrace
or reestablish township and section lines. Officially established and recognized
township and section corners must be located on the ground before such lines can
be retraced or reestablished.

* Surveys by BLM. When a general survey is required, BLM shall be
requested to perform the survey. Requests for cadastral resurveys
shall be made through the Reclamation Regional Director. These
resurveys should be limited to reestablishment of the corners and the
area necessary to meet requirements of the project development and
settlement responsibilities under Reclamation Law and Departmental
Orders. When such requests are made, arrangements shall also be
made for appropriate reimbursement to BLM for the cost of the
survey. Regional or project forces are permitted to restore township
and section corners on scattered townships and section corners that
need to be restored when BLM authorizes Reclamation to perform the
actual survey work. BLM will provide the necessary instructions,
guidance, and official approval of the records in these cases.
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* Land Surveys by Reclamation. The authority of Reclamation to
execute cadastral surveys is limited to such instances whereby BLM
has authorized specific actual survey work and provided the necessary
instructions, guidance, and official approval of the project. Some
projects have had specific authority delegated by Congress in the
enabling legislation to perform said resurveys. Resurveys authorized
in the Columbia Basin Project Act of March 19, 1943, are an example.

o Withdrawn Lands. Reclamation has been given specific authority to
conduct cadastral surveys on certain public lands withdrawn for
Reclamation purposes, but these surveys must still be conducted using
BLM instructions and approval.

0 Private Lands. After title has passed from the U.S. to an individual
(patented lands), and a boundary dispute arises, final determination in the
matter of fixing the position of the disputed land boundary rests with the
local courts of competent jurisdiction. (See Manual of Surveying
Instructions, BLM, 2009 edition, paragraphs 6-7.)

Reclamation's authority to survey private lands either by contract or by
Government forces is the same as any private landholder. If property
boundary surveys are required for right-of-way or land rights purposes,
they may be performed by a licensed surveyor registered by the State.
This would require the preparation of a plat of the survey to be sealed
and signed by the surveyor and filed with the appropriate county
official. These surveys, performed on lands between Reclamation and
owners of private lands, are intended to be in harmony with the local
court decisions in suits involving boundary disputes.

= Disputes. Where court action of trespass on Federal lands is
involved, BLM or a surveyor authorized by BLM must be engaged
to perform any surveys on behalf of the U.S. and defend the U.S.
interests in court.

= Public Land Survey System (PLSS). Record of the PLSS,
approved by BLM, is the only record recognized by the Judicial
System in disputes of Federal vs. private landowners. (See Pappas
vs. U.S))

» Laws and Regulations. These surveys, and maps showing the results,
must conform to existing laws and regulations. The law requires that
the original comers or markers not be disturbed. Even when
discrepancies are found in the original surveys, the original corners or
markers remain fixed as the legal boundaries. In some States, original
land grants were made to individuals by former sovereignties other
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than the U.S. Surveys were seldom made originally, and the boundary
descriptions are vague. Surveys to establish or reestablish these land
boundaries are quire involved and may require a search of records and
court decisions.

Maps. Accurate maps or plats are required for Reclamation work. Resurveys
and further subdivision are often required for procurement of rights-of-way or
purchase of property. The resulting maps must show land boundaries and
ownership as required by BLM regulations and conform to all previously
registered or recorded maps. Maps of townsites or camps should be made with
the same accuracy, as they may later form the basis for subdivision and private
ownership.

Relations with Landowners. Land surveyors, in order to get access to and
information about property, must be extremely careful, diplomatic, and
considerate in their relations with landowners. Boundary disputes and water
rights are extremely important to most landowners, and landowners may not
permit access to surveyors or allow survey of their land. Legal action may be
required to gain access.

Subdivision of Sections. The rules for subdivision of sections are established by
laws governing the surveys of public lands. When advice of BLM is needed, the
letter of inquiry to Reclamation’s Office of the Commissioner should, in every
instance, contain a description of the particular tract or comer, with reference to
township, range, and section. The inquiry should include a diagram showing the
condition found, with distances shown.

Supplemental Survey Plats. Whenever supplemental surveys are needed to
subdivide farm units or other land areas, BLM will perform or delegate the work,
and proper instructions will be provided.

Townsite Survey. The term “townsite survey” in public land surveying practice
is applied to the marking of lines and corners within one or more regular units of
the township subdivision by which the land is divided into blocks, streets, and

alleys as a basis for the disposal of title in parcels known as village or town lots.

For additional information, refer to Townsite Surveys, in the BLM Manual of
Surveying Instructions, latest edition.

B. Farm-Unit Plats

General Requirements. Before lands on Reclamation projects can be opened for

entry and settlement, it is necessary (under the laws governing the administration
of such lands) that the plats which legally describe the farm units be prepared,
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approved, and filed by BLM. The plat should include one township and should
show the lands open to irrigation, public and private. Section and subdivision
lines should extend only as far as necessary. The portion of the township not
embracing irrigable lands should be left blank. These plats are photolithographed
and copies are filed in BLM, local land offices, and appropriate Reclamation
office. They form the official record to which homestead-entry and water-right
applications, if required, must be made to conform.

C. Sedimentation Surveys

Purpose. The purpose of a reservoir sedimentation survey is to obtain data on the
changes in the stream channel caused by construction of a dam and to obtain
information on current reservoir storage capacity and the quantity and distribution
of the sediment accumulations in the reservoir. Owing to the accumulation of
sediment above the dam and the release of relatively clear water below the dam,
changes in the stream channel are likely to occur at considerable distances both
upstream and downstream.

Types of Sedimentation Surveys. Sedimentation surveys may be divided into
two types. The first type is a base sedimentation survey normally made prior to
completion of a new dam and before storage of water has begun. The second type
may be either the resurvey of a reservoir or the survey of an operating reservoir
on which no base sedimentation survey was originally made.

Responsibility and Costs. The Reclamation Regional Director is responsible for
adequate estimates, programs, and budget requests for funds required for
sedimentation surveys. Permanent sedimentation ranges and markers should be
established during the initial survey, the cost of which will normally be charged to
project construction cost. The cost of the resurveys, as required at regular
intervals, will normally be a part of the operation and maintenance costs of the
project.

Records. The Reclamation Deputy Commissioner of Operations is responsible
for technical review of sedimentation surveys proposed or made by the
Reclamation Regional Directors and for making recommendations relative to
those surveys. Copies of all data obtained from sedimentation surveys should be
furnished to the Reclamation Deputy Commissioner of Operations (96-00000).
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VIIl. Contract Surveying and Mapping

General. Reclamation may contract for Surveying and Mapping Services under
the existing laws and regulations pertaining to Reclamation authority. These
services are to be acquired pursuant to Federal Acquisition Regulation Subpart
36.6 (48 CFR 36.6), Department of the Interior Acquisition Regulation Subpart
1436.3 (48 CFR 1436.6) and the Reclamation Acquisition Regulations.
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IX. Aerial Photography and Photogrammetric
Mapping

Introduction. Photogrammetric mapping is the process of preparing maps from
photographs of the earth's surface. Detail shown on maps prepared either from
aerial photography or ground methods may not satisfy all purposes. Photographs
record surficial detail, and photo interpretation will depend upon the objective.
Hence, photography may have value in addition to that for map preparation. A
vertical aerial exposure is not a map but merely a perspective view from the
exposure point. Special equipment and processes are needed to develop true
maps from such exposures. This chapter sets forth guiding policies and
procedures governing photogrammetric mapping and aerial photography for
Reclamation requirements.

General Types of Aerial Photography. The uses, procedures, and equipment
for aerial photography are in a rapidly developing stage. Performance
specifications for different types of aerial photography are also changing with
development of new equipment and procedures.

Programs for aerial photography should be prepared only after investigation of the
latest techniques and costs. This information may be obtained through
consultation with the USGS, practicing photogrammetrists, the American Society
of Photogrammetry and Remote Sensing, and the Denver Office. Outlined below
are the general types of aerial photographs and their uses which are discussed in
more detail in RI 558.

» Aerial photographs for photogrammetric mapping taken at specified
time and flying height with special metric cameras of precision or
calibrated-type lens magazine combination, which are manufactured to
certain standards for use with stereoscopic plotting instruments. These
photographs combined with ground control are used in preparation of
topographic maps. Traditional large-format (9”x9” exposure frame),
film based, metric aerial cameras are quickly becoming a thing of the
past. Although some entities maintain large-format metric aerial
cameras that still deliver high-quality aerial photography, 9”x9” aerial
film is no longer manufactured in the quantities it once was, and some
film types are no longer available. A majority of commercial aerial
survey-mapping companies have already made the transition to an
entirely digital image capture, processing and production system for
photogrammetric based topographic mapping projects. In fact,
because of the decline in use of analog aerial mapping cameras and the
transition to digital aerial cameras; the USGS will be closing its
Optical Science Laboratory that does large-format analog aerial
camera calibrations by March 31, 2017.
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Large-format digital aerial cameras designed for use in either a
helicopter or a single/multi-engine fixed-wing aircraft are primarily
used for topographic mapping projects today (2016). These digital
imaging systems typically have integrated global positioning system
and inertial measurement unit components and associated software
capabilities that augment the photogrammetric workflow process.
And, depending on the application and accuracy requirements, these
digital camera systems can significantly reduce the amount of
surveyed ground control targets/panels needed for a topographic
mapping project, as compared to an analog-aerial film based project.
Panchromatic, red-green-blue (RGB), and near-infrared wavelength
bands are typically captured by these digital cameras/sensors. Digital
camera specifications vary by manufacturer; depending on the
application and associated accuracy requirements various lenses are
available, flying heights during image capture are generally higher
when compared to an analog camera, image swath widths vary
between camera systems depending on project specifications, and bit
depths of the imagery can range from 8 to 16-bit.

Unmanned aerial systems (UAS) and associated photogrammetric
software have shown promise in recent years to deliver high-resolution
and high-accuracy geospatial data products, such as orthoimagery and
digital surface models (DSM), especially for smaller project areas, in a
timely and cost-effective manner. Keep in mind that if true bare-earth
elevation data (digital elevation model (DEM) or digital terrain model
(DTM)) is a desired product, additional photogrammetric processing
and editing in a stereo-viewing environment will likely be required.
Reclamation is in the early stages (2016) of investigating the utility of
UAS platforms for our potential applications. Currently there are three
basic types of small UAS (weighing under 55 pounds) commercially
available; a fixed-wing version, a single-blade helicopter type, and a
multi-rotor (typically 4 or more blades) type of UAS platform.
Currently (2016) small UAS operations are restricted to a maximum
altitude of 400-feet above ground level or remain within 400-feet of a
structure, although an exemption may be requested. The number and
type of sensors and digital cameras available for UAS platforms
continue to expand. For small UAS; there are a variety of digital
camera options, from smaller point-and-shoot types to heavier
professional grade digital single-lens reflex (DSLR) or industrial-type
digital cameras are available. Multi-spectral (multiple spectral bands),
hyperspectral (hundreds of spectral bands), thermal-infrared, and
LiDAR sensors are available for some small UAS platforms,
depending on your project requirements. Sub-inch level or better
pixel/GSD resolution imagery can be acquired using a UAS,
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depending on your project requirements. Current costs for a small
UAS, range from under $1,000 to several hundred thousand dollars.

» Satellite imagery. For some applications and projects, such as those at
the preliminary, appraisal, or feasibility levels, satellite imagery might
fulfill some planimetric and topographic data needs if other suitable
data sources do not currently exist. Some current (2016) commercial
high-resolution satellites are capable of delivering at least
panchromatic imagery (black & white) at up to a 0.31-meter
(~12-inch) spatial resolution. There are commercial satellites with
20 or more sensor bands, at varying spatial resolutions for acquiring
remote sensing data. Once again, although these satellite data products
may not meet the needs for engineering design level projects, they may
be sufficient for preliminary, appraisal, and feasibility level projects or
other scientific applications for Reclamation.

» Other sources for imagery, topographic, elevation, and planimetric
data. Radar, interferometric synthetic aperture radar (IFSAR), and
LiDAR sensors; either terrestrial, mobile (motor vehicle, boat,
underwater robotic or unmanned vehicle), UAS, helicopter, fixed-wing
aircraft, or satellite based platforms can be used to acquire and produce
elevation and imagery data products, and perhaps derive some
planimetric data sets. Some of these sensors and platforms may not be
able to deliver engineering design level data, but can perhaps meet the
needs for preliminary, appraisal, feasibility level projects or scientific
applications. Radar and LiDAR sensors can not only deliver elevation
data, but can also derive imagery type data in the form of intensity
images (black & white) that may be suitable for some applications.
Through the processes of either Radargrammetry or LIDARgrammetry
and related software, breakline data can be derived that would be
useful in a DTM type of dataset.

Existing Aerial Photography. Almost the entire U.S., portions of Alaska being
the main exception, has been covered by either aerial photography or satellite
imagery, by commercial Geospatial related companies or government agencies.
The EROS Data Center, USGS, 47914 252nd Street, Sioux Falls, South Dakota,
57198, maintains records of aerial photographic coverage (see Rl 368.2.5), the
USGS Earth Explorer website is a portal for searching and accessing their aerial
photography and satellite imagery holdings. The USDA, FSA, APFO, 2222 West
2300 South, Salt Lake City, Utah 84119, manages both the NAIP and the USDA
aerial photography archive that dates back to the 1950s. The NRCS Geospatial
Data Gateway is a website that offers access-download to some of their imagery
and geospatial data holdings. The USDA-APFO offers Imagery Catalogs through
their website to search and order from their extensive aerial photography
holdings. The BLM currently maintains an extensive aerial photography archive,
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primarily of the 17 Western States, at their National Operations Center in
Building 50 on the Denver Federal Center (access via their GeoCommunicator
website), Denver, Colorado. The U.S. National Archives and Records
Administration, Aerial Photographs Team-Cartographic and Architectural
Reference Section (NWCS-Cartographic), in the Washington, D.C. area,
maintains an extensive collection of pre-World War Il (pre-1945) aerial
photography. Several universities; such as the University of New Mexico-
Albuquerque, and the University of California-Santa Barbara have extensive
historic aerial photography holdings, and also have an online-website access
portal to these holdings. Commercial aerial survey-mapping companies can also
have an extensive historic aerial photography archive, topographic and
planimetric data, as can commercial satellite imagery companies. Many larger
U.S. cities and counties, through their engineering-survey-mapping- geographic
information system (GIS)-computer aided design (CAD) departments, can also be
an excellent source of current or historic aerial photography, topographic, or
planimetric data, and should be contacted if a Reclamation project includes their
jurisdiction.

Contracts and Specifications. The following subparagraphs discuss the
administrative aspects which must be considered for the acquisition and
performance of aerial photography and mapping by private contractors.

* Procedure. The procedure to be followed in contracting for
photogrammetric surveys is outlined in the Federal Acquisition
Regulation Subpart 36.6 (48 CFR 36.6), Department of the Interior
Acquisition Regulations Subpart 1436.3 (48 CFR 1436.6), and the
Reclamation Acquisitions Regulations.

» Typically at least one Reclamation Region, currently (2016) the Upper
Colorado (UC) Region, maintains an Architect-Engineering (A-E),
indefinite delivery/indefinite quantity (IDIQ) type of contract for the
acquisition of Aerial Photography, Surveying, Mapping and related
Geospatial services. These A-E IDIQ contracts, when available,
typically exist for up to 5-years. The current UC Region contract is
available until September 15, 2021.

» Other Federal agencies, including Reclamation, can use the A-E IDIQ
contracts set up by either the USGS-Geospatial Product and Service
Contracts in Rolla, Missouri (MO), (currently 6 contract firms), or the
USACE Center of Expertise for Photogrammetric Mapping in St.
Louis, MO, (currently 10 contract firms) to acquire aerial photography
and related geospatial services. Both of these agencies do a
significantly higher volume of aerial photography-photogrammetry-
geospatial contracting than Reclamation on an annual basis, and are
well equipped to help meet other agencies aerial photography-
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geospatial acquisition needs for a minimal fee. In the past, frequently
citing the Economy Act, Reclamation entities have successfully used
these contracts to acquire geospatial related data. General Services
Administration schedule contractors are also available to Reclamation
offices for the acquisition of aerial photography and related geospatial
services.

The National Geospatial-Intelligence Agency (NGA) in the
Washington, D.C. area, via the USGS or other mechanisms, can be a
source of high-resolution commercial or other satellite imagery. Once
again, this imagery may not meet engineering design level project
needs, but it may be useful at the preliminary, appraisal, feasibility
project levels, or for scientific applications.

An excellent discussion on the evolution of map accuracy standards
and specifications can be found in the current version of the USACE
Engineering Manual, EM 1110-1-1000, Engineering Design,
Photogrammetric and LiDAR Mapping (April 30,2015). The USACE
has aligned their mapping accuracy standards with the American
Society for Photogrammetry and Remote Sensing (ASPRS) Positional
Accuracy Standards for Digital Geospatial Data (November 2014).
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X. Map Compilation and Cartography

References. Adequate maps are necessary for a clear presentation of a plan.
Requirements for maps for planning reports and hearings are given in Part 118.
Requirements for maps as part of design data are presented in Part 133. Drafting
instructions are given in Part 134 and its appendix A. Techniques and standards
for map preparation in relation to surveying and aerial photography are discussed
in Series 550.

If new aerial photography and digital elevation data are procured, in particular for
an engineering design level pipeline, canal, or corridor type project; it is advisable
to plan for the ground surveyed control (using aerial panels or targets) to cover the
entire swath width of the acquired aerial photography, to the most practical level
possible. Doing this may help ensure that enough aerial photography and ground
control data are available to cover minor project alignment changes, without
additional aerial photography or control data needing to be acquired. If bare-earth
mass point and breakline data, used to produce DTM and orthoimagery are
already a component of the project deliverables, it would also be advisable, if
practical, to have the contractor produce those data to the extent of the aerial
photography and ground control data.
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AGENCY RESPONSIBILITIES AND REPORTING REQUIREMENTS

8.
a.
b.
c.
d.
e.
9.
10.

What are the federal responsibilities?

What are the responsibilities and reporting requirements for federal agencies?

How does my agency report on spatial data assets within the budget and performance review process?
Who are the lead federal agencies for the NSDI data themes?

What are the responsibilities of lead federal agencies for the NSDI data themes?

What are the FGDC responsibilities?

How are differences among agencies settled?

How can | check that my agency is compliant with the latest NSDI requirements and standards?

Appendix A. Authorities

Appendix B. Federal Geographic Data Committee (FGDC) Members

Appendix C. History and Background of Circular A-16

Appendix D. Informative Definitions

Appendix E. National Spatial Data Infrastructure (NSDI) Data Themes, Definitions, and Lead Agencies

BACKGROUND

1.

What is the purpose of this Circular?

This revised Circular provides for improvements in coordination and use of spatial data. Spatial data refers
to information about places or geography, and has traditionally been shown on maps. This Circular
describes the effective and economical use and management of spatial data assets in the digital
environment for the benefit of the government and the nation. The Circular affirms and describes the
National Spatial Data Infrastructure (NSDI) as the technology, policies, standards, human resources, and
related activities necessary to acquire, process, distribute, use, maintain, and preserve spatial data. The
Circular describes the management and reporting requirements of Federal agencies in the acquisition,
maintenance, distribution, use, and preservation of spatial data by the Federal Government. The Circular
establishes the FGDC as the interagency coordinating body for NSDI-related activities, chaired by the
Secretary of the Interior with the Deputy Director for Management, Office of Management and Budget
(OMB) as Vice-Chair.

This revised Circular supersedes Circular No. A-16 dated October 19, 1990, and incorporates Executive
Order 12906. It will remain in effect until replaced pursuant to section 8.e.(j) of this Circular. A basic list of
authorities is included in Appendix A.

. What is the National Spatial Data Infrastructure (NSDI)?

. What is the vision for the NSDI?

The NSDI assures that spatial data from multiple sources (federal, state, local, and tribal governments,
academia, and the private sector) are available and easily integrated to enhance the understanding of our
physical and cultural world. The NSDI honors several key public values:

« Privacy and security of citizens' personal data and accuracy of statistical information on people, both in raw form
and in derived information products.

Access for all citizens to spatial data, information, and interpretive products, in accordance with OMB Circular A-
130.

Protection of proprietary interests related to licensed information and data.

Interoperability of federal information systems to enable the drawing of resources from multiple federal agencies
and their partners.

The NSDI supports and advances the building of a Global Spatial Data Infrastructure, consistent
with national security, national defense, national intelligence, and international trade requirements.
International compatibility is an important aspect of the NSDI. Federal agencies will develop their
international spatial data in compliance with international voluntary consensus standards, as
defined by Circular A-119.

. What are the components of the NSDI?

The components of the NSDI are data themes, metadata, the National Spatial Data Clearinghouse,
standards, and partnerships.

(1) What are data themes?
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Data themes are electronic records and coordinates for a topic or subject, such as elevation or vegetation.
This Circular requires the development, maintenance, and dissemination of a standard core set of digital
spatial information for the Nation that will serve as a foundation for users of geographic information. This
set of data consists of themes of national significance (see Appendix E). Themes providing the core, most
commonly used set of base data are known as framework data, specifically geodetic control,
orthoimagery, elevation and bathymetry, transportation, hydrography, cadastral, and governmental units.
Other themes of national significance are also an important part of the NSDI, and must be available to
share with others. Additional data themes may be added with the approval of the FGDC.

NSDI data themes developed with appropriate metadata, using FGDC standards and served through the
Clearinghouse, facilitate interoperability and information exchange across administrative boundaries.

(2) What are metadata?

Metadata are information about data and/or geospatial services, such as content, source, vintage, spatial
scale, accuracy, projection, responsible party, contact phone number, method of collection, and other
descriptions. Metadata are critical to document, preserve and protect agencies' spatial data assets.
Reliable metadata, structured in a standardized manner, are essential to ensuring that geospatial data are
used appropriately, and that any resulting analysis is credible. Metadata also can be used to facilitate the
search and access of data sets or geospatial services within a Clearinghouse or data library. All spatial
data collected or derived directly or indirectly using federal funds will have FGDC metadata.

(3) What is the National Spatial Data Clearinghouse?

The National Spatial Data Clearinghouse is an electronic service providing access to documented spatial
data and metadata from distributed data sources. These sources include a network of data producers,
managers, and users, linked through the Internet and other communications means, and accessible
through a common interface. All spatial data collected by federal agencies or their agents, as described in
section 5, will be made available through the Clearinghouse. Spatial data users will have access to the
NSDI through the National Spatial Data Clearinghouse.

(4) What are standards?

Standards are common and repeated rules, conditions, guidelines or characteristics for data, and related
processes, technology and organization. To broaden the global use of federal data and services,
international standards and protocols must be used. NSDI is made possible by the universal use of
standards and protocols for data development, documentation, exchange, and geospatial services.

(5) How are NSDI standards developed?

NSDI standards are developed and promulgated by the FGDC in accordance with OMB Circular A-119
using an established process determined by the FGDC with input from a broad range of data users and
providers. Specifically, the FGDC adopts national and international standards in lieu of federal standards
whenever possible and will restrict its standards development activities to areas of spatial data
standardization not covered by other voluntary standards consensus bodies, as defined by OMB Circular
A-119. Through active participation in voluntary consensus standards bodies, the FGDC works to link its
standardization activities to the work of those standards bodies and thereby create an integrated suite of
standards for the NSDI. No federal funds will be used directly or indirectly for the development of spatial
data not complying with NSDI standards, as specified by FGDC.

(6) What is the importance of collaborative partnerships?

Building an effective NSDI will require a well-coordinated effort among federal, tribal, state, local
government, and academic institutions, as well as a broad array of private sector geographic, statistical,
demographic, and other business information providers and users. Involving these stakeholders in the
development of the NSDI will aid in meeting the needs of end-users.

Federal agencies will promote and fully utilize partnerships that promote cost-effective data collection,
documentation, maintenance, distribution, and preservation strategies, and that leverage federal and other
resources. New collaborative efforts and partnerships are encouraged.

(7) What are the federal activities and technology that support the NSDI?

Federal agencies and the FGDC carry out the activities required to implement their responsibilities as
described in section 8 of this Circular. Agencies will provide or develop the required technology and
services required to enable and provide access to NSDI data and information. The OMB will work with
affected budget offices to provide appropriate resources in support of these activities.
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3. What are the benefits of the NSDI?

Spatial data is a national capital asset. The NSDI facilitates efficient collection, sharing, and dissemination
of spatial data among all levels of government institutions, as well as the public and private sectors, to
address issues affecting the Nation's physical, economic, and social well-being. A coordinated approach
for developing spatial data standards that apply to collecting, maintaining, distributing, using, and
preservation of data will improve the quality of federal spatial data and reduce the cost of derivative
products created by federal and non-federal users. Applications using spatial data that adhere to FGDC
standards enable cost effective public and private policy development, management, and operations.

Implementation of this Circular is essential to help federal agencies eliminate duplication, avoid redundant
expenditures, reduce resources spent on unfunded mandates, accelerate the development of electronic
government to meet the needs and expectations of citizens and agency programmatic mandates, and
improve the efficiency and effectiveness of public management.

Many applications are dependent upon accurate spatial data. The benefits of the NSDI for these
applications include creating a more secure Nation. Some examples include the analysis and
management of utility infrastructures, transportation, energy, emergency management and response,
natural resource management, weather and climate analysis, disaster recovery, homeland defense, law
enforcement, protection planning, public health and other civilian or military strategic issues. The seamless
spatial information needed for these applications can range from highly detailed local data, such as the
nature of specific hazardous material stored in a particular room of a single building, to the various data
needed for real-time projection of the probable effects of natural disasters.

4. What is the Federal Geographic Data Committee (FGDC)?

The FGDC is an interagency committee responsible for facilitating Circular A-16 related activities and
implementation of the NSDI.

a. What is the FGDC structure and membership?

The FGDC is chaired by the Secretary of the Department of the Interior, with the Deputy Director for
Management, OMB, serving as Vice-Chair. Chair and Vice-Chair may designate an individual to act in
their stead. All agencies responsible for spatial data themes are required to be members of the FGDC.
Departments or agencies that are members of the FGDC as of the date of this revision will continue as
members and are listed in Appendix B. Departments or agencies that are not members of the FGDC and
that have activities in geographic information or spatial data collection or use will become members by
requesting membership in writing to the Chair of the FGDC.

b. What are the FGDC procedures?

The FGDC will establish procedures and committee structures as are necessary and sufficient to carry out
interagency coordination and the implementation of the NSDI, in accordance with existing law, statute, and
policy. Departments may elect or be assigned the lead responsibility for certain subcommittees, working
groups or other committees, consistent with each Department's or agency's existing authority as described
in its mission (e.g., statutory authority or Public Law), or implied as part of its program responsibilities. The
current FGDC governing structure and bylaws are carried forward and remain in force under this Circular,
and may be modified according to existing procedures. The Department of the Interior will provide
administrative support to the FGDC.

POLICY

5. Does this Circular apply to my agency?

This Circular applies to your agency if it collects, produces, acquires, maintains, distributes, uses, or
preserves analog (e.g., paper maps) or digital spatial data to fulfill your mission, either directly or through a
relationship with other organizations. Such organizations include, but are not limited to, State and local
governments, tribes, academia, federal government business partners and contractors, and citizens.

6. What types of data activities does the Circular apply to?

a. All spatial data and geographic information systems activities - financed directly or indirectly, in whole or
in part, by federal funds.

b. As examples, this Circular applies to, but is not limited to: The National Mapping Program, the National
Spatial Reference System, the National Geologic Mapping Program, the National Wetlands Inventory, the
National Cooperative Soil Survey Program, the National Public Land Survey System, Geographic
Coordinate Database, the National Oceanic and Atmospheric Administration (NOAA) nautical charting and
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nautical data collection and information programs, the U.S. Army Corps of Engineers (USACE) inland
waterway charting program, the Offshore Minerals Program, the NASA's Earth Science Enterprise,
FEMA's Flood Plain Mapping program and other federal activities that involve national surveying,
mapping, remote sensing, spatially referenced statistical data, and Global Positioning System (GPS).
Additional spatial data programs may be added to this list at any time.

c. Any activities that result in the geospatial representation of international boundaries other than those of
the United States with Canada or Mexico, which are governed by international boundary commissions.

d. Any future federal spatial data programs or activities that may be established, except as noted in section 7
below.

7. What types of data activities are exempt from this Circular?

The following spatial data activities may be exempt from provisions within this Circular, as determined by
the appropriate official(s) noted below:

(1) Spatial data activities of tribal governments not paid for by federal funds, as specifically
determined by the tribal governments.

(2) Classified national security-related spatial data activities of the Department of Defense, unless
declassified by Executive Order 12951, as specifically determined by the Secretary of Defense; also
those activities of the Department of Energy, as specifically determined by the Secretary of Energy.

(3) Intelligence spatial data activities, as specifically determined by the Director of the Central
Intelligence Agency.

AGENCY RESPONSIBILITIES AND REPORTING REQUIREMENTS
8. What are the federal responsibilities?

a. What are the general federal agency responsibilities?

In order to use federal resources wisely, and to build the NSDI, all agencies that collect, use, or
disseminate geographic information and/or carry out related spatial data activities will, both internally and
through their activities involving partners, grants, and contracts:

(1) Prepare, maintain, publish, and implement a strategy for advancing geographic information and related
spatial data activities appropriate to their mission, in support of the NSDI Strategy. Annually report to OMB
on your achievements relative to you strategies, and include spatial data assets within Exhibit 300
submissions (see OMB Circular A-11, sec. 300).

(2) Collect, maintain, disseminate, and preserve spatial information such that the resulting data,
information, or products can be readily shared with other federal agencies and non-federal users, and
promote data integration between all sources. Ensure that data information products and other records
created in spatial data activities are included on agency record schedules that have been approved by the
National Archives and Records Administration. These activities will adhere to appropriate standards and
be conducted in accordance with existing regulations.

(3) Allocate agency resources to fulfill the responsibilities of effective spatial data collection, production,
and stewardship.

(4) Use FGDC data standards, FGDC Content Standards for Digital Geospatial Metadata, and other
appropriate standards, documenting spatial data with the relevant metadata, and making metadata
available online through a registered NSDI-compatible Clearinghouse node.

(5) Coordinate and work in partnership with federal, state, tribal and local government agencies, academia
and the private sector to efficiently and cost-effectively collect, integrate, maintain, disseminate, and
preserve spatial data, building upon local data wherever possible.

(6) Use spatial information to enhance electronic government initiatives, to make federal spatial
information and services more useful to citizens, to enhance operations, to support decisionmaking, and to
enhance reporting to the public and to the Congress.

(7) Protect personal privacy and maintain confidentiality fully consistent with federal policy and law.

(8) Support emergency response activities requiring spatial data in accordance with provisions of the
Stafford Act and other governing legislation.
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(9) Participate in determining, when applicable, whether data declassified pursuant to Executive Order
12951 can contribute to and become a part of the NSDI.

(10) Search all sources, including the National Spatial Data Clearinghouse, to determine if existing federal,
state, local or private data meets agency needs before expending funds for data collection.

(11) Appoint a contact to coordinate with lead agencies for collection, acquisition, maintenance, or
dissemination of the spatial data themes used by their organization.

b. How does my agency report spatial data assets within the budget and performance review process?

Before the obligation of funds, ensure that all expenditures for spatial data and related systems activities
financed directly or indirectly, in whole or in part, by federal funds are compliant with the standards and
provisions of the FGDC. All Information Technology systems which process spatial data should identify
planned investments for spatial data and compliance with FGDC standards within the Exhibit 300 capital
asset and business plan submission (see OMB Circular A-11, sec. 300).

c. What are the lead federal agencies for the NSDI data themes?

Certain federal agencies have lead responsibilities for coordinating the national coverage and stewardship
of specific spatial data themes. The data themes in the NSDI, their description, and the responsible lead
for each theme are listed in Appendix E. Lead agency responsibilities and new data themes may be added
or altered by recommendation of the FGDC and concurrence by the OMB.

d. What are the responsibilities of lead federal agencies for the NSDI data themes?

(1) Provide leadership and facilitate the development and implementation of needed FGDC standards,
especially a data content standard for each data theme. Agencies will assess existing standards, identify
anticipated or needed data standards, and develop a plan to originate and implement needed standards
with relevant community and international practices in accordance with OMB Circular A-119, consistent
with or included in the plan described in section 8.d.(2) below.

(2) Provide leadership and facilitate the development and implementation of a plan for nationwide
population of each data theme. Plans will include the development of partnership programs with States,
Tribes, academia, the private sector, other federal agencies, and localities that meet the needs of users,
address human and financial resource needs, identify needs for standards, metadata, and the
Clearinghouse, and advance a timetable for the development of NSDI data themes.

(3) Under section 8.a of this Circular, will prepare goals that support the NSDI strategy and, as needed,
collect and analyze information from users about their needs for spatial data, including these in strategies
related to their theme responsibilities.

(4) Administratively:

(a) Designate a point of contact within the lead agency who will be responsible for development,
maintenance, coordination, and dissemination of data using the National Spatial Data Clearinghouse;

(b) Provide a performance report, at least annually, that documents data theme activities and
implementation status, including progress toward goals identified in 8.d.(1), 8.d.(2) and 8.d.(3) above.

(c) Publish maps or comparable graphics online showing the current extent and status of the spatial
data themes for which they have the lead, and encourage all other sources of data for those same
themes to provide access to their data through the Clearinghouse. Leads will coordinate with those in
charge of the Clearinghouse and always use FGDC specified Web mapping conventions; and

(d) Identify and publish proven practices for the use and application of agency data sets.

e. What are the FGDC responsibilities and reporting requirements?

The FGDC leads and supports the NSDI strategy, spatial data policy development, management, and
operational decision making. The FGDC also aids geographic information system use, directs and
facilitates national implementation of the system of Framework Data and other themes in the NSDI,
implements the NSDI Clearinghouse, and advises federal and other spatial data users on their NSDI
implementation responsibilities.

The FGDC will:
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10.

(a) Prepare and maintain a strategic plan for the development and implementation of the NSDI.

(b) Serve as the lead federal executive body charged with the leadership, development, implementation,
and review of spatial data standards, the NSDI Clearinghouse network, and a plan for federal agencies
responsible for the NSDI Framework and other data themes to collect and provide broad access to spatial
data assets.

(c) Communicate with and foster communication among federal agencies and others concerning spatial
data technology development, transfer, and exchange.

(d) Promote and guide cooperation and coordination among federal, state, tribal and local government
agencies, academia and the private sector in the collection, production, sharing and use of spatial

information, the implementation of the NSDI, and the identification of proven practices.

(e) Coordinate with international organizations having an interest in the National or Global Spatial Data
Infrastructures.

(f) Provide and update at least annually:

(i) An online status summary for each data theme authored by the lead agencies, the FGDC, or other
subcommittees, working groups, and advisory committees.

(i) An online collection of periodic technical publications, management articles and reports related to
the NSDI.

(iii) An online FGDC membership directory, including current subcommittee and working group
memberships.

(g) Ensure consistency of the NSDI with national security, national defense, and emergency preparedness
program policies regarding data accessibility.

(h) Support the development of electronic government with spatial data.

(i) Support and promote the infrastructure of networks, systems, services, and standards that provide a
digital representation of the Earth to users for many applications.

(j) Through the Chair and Vice Chair, take actions where required to recommend appropriate additions,
revisions, or deletions to this Circular.

. How are differences settled among agencies?

Any major differences among agencies with respect to coordination or conduct of activities covered by this
Circular that cannot be resolved by the FGDC leadership will be referred in writing by the head of any
agency concerned to the Director of the OMB. Copies of such referrals will be provided to the Chair and
Vice Chair of the FGDC and to the heads of those agencies directly involved or affected by the outcome of
the decision.

How can | check that my agency is compliant with the latest NSDI requirements and standards?

The FGDC website (www.fgdc.gov) will serve as an up to date resource for reviewing the latest data
standards, the source for spatial data that is already collected, boilerplate procurement language, laws
and regulations regarding spatial data and information on the latest geospatial technologies.

Mitchell E. Daniels, Jr.
Director

Appendix A: Authorities

This Circular provides requirements and guidance for the management of data and federal information assets
that relate to geographic locations. The revised OMB Circular A-16 incorporates Executive Order 12906. A
basic list of authorities is listed below:

The Paperwork Reduction Act
The Government Paperwork Elimination Act of 1999
The Government Performance and Results Act of 1993

The Federal Records Act
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OMB Circular A-130 (on Management of Federal Information Resources)

OMB Circular A-119 (Federal Participation in the Development and Use of Voluntary Consensus
Standards and In Conformity Assessment Activities)

The Freedom of Information Act and the Electronic Freedom of Information Act Amendments of 1996

The Privacy Act
The Clinger-Cohen Act of 1996
The Stafford Act

Federal Acquisition Regulations

The National Technology Transfer and Advancement Act of 1995

Executive Order 12906 (Coordinating Geographic Data Acquisition and Access: The National Spatial
Data Infrastructure)

Executive Order 12951 (Release of Imagery Acquired by Space-Based National Intelligence
Reconnaissance Systems)

Rehabilitation Act, Sec. 508, Electronic and Information Technology, and

Other relevant statutes

The OMB may amend this list as new authorities are approved.

Appendix B: FGDC Member Agencies
FGDC Members (August 2002)

Department of Agriculture

Department of Commerce

Department of Defense

Department of Energy

Department of Health and Human Services
Department of Housing and Urban Development
Department of the Interior

Department of Justice

Department of State

Department of Transportation

Environmental Protection Agency

Federal Emergency Management Agency
General Services Administration

Library of Congress

National Archives and Records Administration
National Aeronautics and Space Administration
National Science Foundation

Tennessee Valley Authority

Appendix C: History and Background of Circular A-16

This Circular was originally issued in 1953, revised in 1967, and revised again in 1990. The Bureau of the
Budget (now the OMB) issued Circular No. A-16 on January 16, 1953. Appended to this Circular were
Exhibits, occasionally revised, that dealt with procedures for programming and coordinating of federal
Topographic Mapping Activities, National Atlas, Geodetic Control Surveys and International Boundaries.

The purpose of the 1953 Circular was "to insure (sic) that surveying and mapping activities may be directed
toward meeting the needs of federal and state agencies and the general public, and will be performed
expeditiously, without duplication of effort." The original Circular references Executive Order No. 9094, dated
March 10, 1942. This Executive Order directs the Director of the Bureau of the Budget to coordinate and
promote the improvement of surveying and mapping activities of the Government. Furthermore, it passes on
functions carried out by the Federal Board of Surveys and Maps, established by Executive Order No. 3206,
dated December 30, 1919. Thus, the OMB is directed to make recommendations to agencies and to the
President regarding the coordination of all governmental map making and surveying. Executive Order No.
3206 superseded an Executive Order, dated August 10, 1906, that granted advisory power to the United
States Geographic Board to review mapping projects to avoid duplication and to facilitate standardized
mapping.

A revised Circular A-16 was issued on May 6, 1967. The most significant change in this revision is the
addition of a new section on Responsibility for Coordination. This section outlines the responsibilities of three
federal departments (Department of the Interior (DOI), Department of Commerce (DOC) and Department of
State (DOS)). Both the original and the 1967 revision of the Circular focus on providing a guide for the
development of annual programs of the individual agencies and, through the Exhibits, established extensive
reporting requirements.
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A second revised Circular A-16 was issued on October 19, 1990. This revision expanded the Circular to
include not only surveying and mapping, but also the related spatial data activities. Specifically, it included
geographically referenced computer-readable (digital) data. In addition, the Exhibits are no longer referenced
and a short reporting requirements section is added.

The 2002 updated Circular calls for continued improvements in spatial data coordination and the use of
geographical data. Objectives for this revision are to reflect the changes that have taken place in geographic
information management and technology, and to clearly define agency and FGDC responsibilities. The
proposed revision displays an integrated infrastructure system approach to support multiple government
services and electronic government.

Appendix D: Informative Definitions

Analog: Of, relating to, or being a device in which data are represented by variable measurable physical
quantities. In this Circular, refers to "paper" maps.

Preserve: The process of saving and storing data or records. May also refer to the place where data or
information is kept.

Clearinghouse: A distributed network of data producers, managers, and users linked electronically, such as
over the Internet. Through the Clearinghouse, users can use a single interface to search and access
metadata and/or data for the themes they seek. The Clearinghouse includes the sites across the country
where the metadata and data are stored, usually at the site of the producer or intermediary.

Data: Factual information, especially information organized for analysis or used to reason or make decisions.
In Computer Science, numerical or other information represented in a form suitable for processing by
computer.

Data Theme: Electronic records and coordinates for a topic or subject, such as elevation, vegetation, or
hydrography. In this Circular, data theme refers to a Geographic Information System (GIS), or location-based
data theme.

Framework Data: Seven themes of geospatial data that are used by most GIS applications (geodetic control,
orthoimagery, elevation and bathymetry, transportation, hydrography, cadastral and governmental units).
These data include an encoding of the geographic extent of the features and a minimal number of attributes
needed to identify and describe the features.

Framework: The NSDI framework is an initiative to develop a readily available set of basic geographic data.
It includes the information, operational environment, and technology to provide access to these data, and the
institutional setting to sustain its development.

Geographic Information: Coordinate and attribute data for location-based features, usually in the categories
of point (e.g., a well), line (e.g., a road), polygon (e.g., a forest), cell (e.g., a raster-based "rectangle"), or
coordinates (e.g., the latitude-longitude of a point on the ground).

Geographic Information System: A computer system for the input, editing, storage, retrieval, analysis,
synthesis, and output of location-based information. GIS may refer to hardware and software, or include data.

Georeference: A set of datums by which the location of each point can be uniquely identified.

Geospatial Data: Information that identifies the geographic location and characteristics of natural or
constructed features and boundaries on the Earth. This information may be derived from, among other things,
remote sensing, mapping, and surveying technologies. Statistical data may be included in this definition at
the discretion of the collecting agency.

Geospatial Services: A collection of operations, accessible through an interface that allows a user to evoke
a behavior of value to the user.

Global Positioning System: A satellite-based system deployed to determine locations on the Earth's
surface. It is commonly used for surveying, mapping, and navigation on land and water.

Metadata: Information about data, such as content, source, vintage, accuracy, condition, projection,
responsible party, contact phone number, method of collection, and other characteristics or descriptions.

National Spatial Data Infrastructure: The technology, policies, standards, human resources, and related
activities necessary to acquire, process, distribute, use, maintain, and preserve spatial data (e.g., information
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and process discovery, publishing data, publishing symbol libraries, query filtering, data fusing, Earth
imaging, photogrammetry, location processing, and spatial analysis).

Proven Practices: Methods and activities that are "tried and true" including, but not limited to "best practice."

Spatial Data: Information that identifies the geographic location and characteristics of natural or constructed
features and boundaries on the Earth. This information may be derived from remote sensing, mapping,
charting, surveying technologies, GPS, or statistical data, among other sources.

Spatial Data Standards: Descriptions of objects, features, or other geographically located items that are
collected, automated, or affected by activities or functions of agencies, and may be structured in a model.

Standards: Documented agreements containing technical specifications or other precise criteria to be used
consistently as rules, guidelines, or definitions of characteristics to ensure that materials, products,
processes, or services are fit for their purposes.

Technology: The scientific method and material used to achieve a commercial or industrial objective. Jargon
for "software," "hardware," "protocol," or something technical in nature.

Appendix E: NSDI Data Themes, Definitions, and Lead Agencies
The lead federal agencies with responsibilities for NSDI spatial data themes are as follows:
Baseline (Maritime): Co-leaders: DOC, NOAA and DOI, Minerals Management Service (MMS)

Baseline represents the line from which maritime zones and limits are measured. Examples of these limits
include the territorial sea, contiguous zone, and exclusive economic zone. The spatial extent of the baseline
is defined as "ordinary low water," interpreted as mean lower low water, as depicted on National Ocean
Service nautical charts and/or appropriate supplemental information.

Biological Resources: DOI, U.S. Geological Survey (USGS)

This dataset includes data pertaining to or descriptive of (nonhuman) biological resources and their
distributions and habitats, including data at the suborganismal (genetics, physiology, anatomy, etc.),
organismal (subspecies, species, systematics), and ecological (populations, communities, ecosystems,
biomes, etc.) levels.

*Cadastral: DOI, Bureau of Land Management (BLM)

Cadastral data describe the geographic extent of past, current, and future right, title, and interest in real
property, and the framework to support the description of that geographic extent. The geographic extent
includes survey and description frameworks such as the Public Land Survey System, as well as parcel-by-
parcel surveys and descriptions.

*Cadastral (Offshore): DOI, MMS

Offshore Cadastre is the land management system used on the Outer Continental Shelf. It extends from the
baseline to the extent of United States jurisdiction. Existing coverage is currently limited to the conterminous
United States and portions of Alaska. Maximum extent of United States jurisdiction is not yet mathematically
calculated.

Climate: Co-leaders, Department of Agriculture (USDA), Natural Resources Conservation Service (NRCS)
and DOC, NOAA

Climate data describe the spatial and temporal characteristics of the Earth's atmosphere/hydrosphere/land
surface system. These data represent both model-generated and observed (either in situ or remotely sensed)
environmental information, which can be summarized to describe surface, near surface and atmospheric
conditions over a range of scales.

Cultural and Demographic Statistics: DOC, U.S. Census Bureau (USCB)

These geospatially referenced data describe the characteristics of people, the nature of the structures in
which they live and work, the economic and other activities they pursue, the facilities they use to support their
health, recreational and other needs, the environmental consequences of their presence, and the boundaries,

names and numeric codes of geographic entities used to report the information collected.

Cultural Resources: DOI, National Park Service
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The cultural resources theme includes historic places such as districts, sites, buildings, and structures of
significance in history, architecture, engineering, or culture. Cultural resources also encompass prehistoric
features as well as historic landscapes.

*Digital Ortho Imagery: DOI, USGS

This dataset contains georeferenced images of the Earth's surface, collected by a sensor in which image
object displacement has been removed for sensor distortions and orientation, and terrain relief. For very large
surface areas, an Earth curvature correction may be applied. Digital orthoimages encode the optical
electromagnetic spectrum as discrete values modeled in an array of georeferenced pixels. Digital
orthoimages have the geometric characteristics of a map, and image qualities of a photograph.

Earth Cover: DOI, USGS

The Earth Cover theme uses a hierarchical classification system based on observable form and structure, as
opposed to function or use. This system transitions from generalized to more specific and detailed class
divisions, and provides a framework within which multiple land cover and land use classification systems can
be cross-referenced. This system is applicable everywhere on the surface of the Earth. This theme differs
from the Vegetation and Wetlands themes, which provide additional detail.

*Elevation Bathymetric: Co-leaders: DOC, NOAA (U.S. waters outside channels) and US Army Corps of
Engineers (USACE) (inland waterways)

The bathymetric data for Inland and Intercoastal waterways is highly accurate bathymetric sounding
information collected to ensure that federal navigation channels are maintained to their authorized depths.
Bathymetric survey activities support the Nation's critical nautical charting program. This data is also used to
create Electronic Navigational Charts. The bathymetric sounding data supports the elevation layer of the
geospatial data framework.

*Elevation Terrestrial: DOI, USGS

This data contains georeferenced digital representations of terrestrial surfaces, natural or manmade, which
describe vertical position above or below a datum surface. Data may be encapsulated in an evenly spaced
grid (raster form) or randomly spaced (triangular irregular network, hypsography, single points). The elevation
points can have varying horizontal and vertical resolution and accuracy.

Buildings and Facilities: General Services Administration

The facility theme includes federal sites or entities with a geospatial location deliberately established for
designated activities; a facility database might describe a factory, military base, college, hospital, power plant,
fishery, national park, office building, space command center, or prison. Facility data is submitted from
several agencies, since there is no one party responsible for all the facilities in the Nation, and facilities
encompass a broad spectrum of activities. The FGDC promotes standardizing on database structures and
schemas to the extent practical.

Federal Land Ownership Status: DOI, BLM

Federal land ownership status includes the establishment and maintenance of a system for the storage and
dissemination of information describing all title, estate or interest of the federal government in a parcel of real
and mineral property. The ownership status system is the portrayal of title for all such federal estates or
interests in land.

Flood Hazards: Federal Emergency Management Agency

National Flood Insurance Program has prepared flood hazard data for approximately 18,000 communities.
The primary information prepared for these communities is for the 1 percent annual chance (100-year) flood,
and includes documentation of the boundaries and elevations of that flood.

*Geodetic Control: DOC, NOAA

Geodetic control provides a common reference system for establishing coordinates for all geographic data.
All NSDI framework data and users' applications data require geodetic control to accurately register spatial
data. The National Spatial Reference System is the fundamental geodetic control for the United States.

Geographic Names: DOI, USGS

This dataset contains data or information on geographic place names deemed official for federal use by the
U.S. Board on Geographic Names as pursuant to Public Law 80-242. Geographic Names information
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includes both the official place name (current, historical, and aliases) and locative direct (i.e., geographic
coordinates) and indirect (i.e., State and County where place is located) geospatial identifiers and
categorized as populated places, schools, reservoirs, parks, streams, valleys, and ridges.

Geologic: DOI, USGS

The geologic spatial data theme includes all geologic mapping information and related geoscience spatial
data (including associated geophysical, geochemical, geochronologic, and paleontologic data) that can
contribute to the National Geologic Map Database as pursuant to Public Law 106-148.

*Governmental Units: DOC, USCB

These data describe, by a consistent set of rules and semantic definitions, the official boundary of federal,
state, local, and tribal governments as reported/certified to the U.S. Census Bureau by responsible officials of
each government for purposes of reporting the Nation's official statistics.

Housing: Department of Housing and Urban Development (HUD)

HUD's database maintains geographic data on homeownership rates, including many attributes such as HUD
revitalization zones, location of various forms of housing assistance, first-time homebuyers, underserved
areas, and race. Data standards have not yet been formalized.

*Hydrography: DOI, USGS

This data theme includes surface water features such as lakes, ponds, streams and rivers, canals, oceans,
and coastlines. Each hydrography feature is assigned a permanent feature identification code (Environmental
Protection Agency Reach Code) and may also be identified by a feature name. Spatial positions of features
are encoded as centerlines and polygons. Also encoded is network connectivity and direction of flow.
International Boundaries: Department of State

International boundary data include both textual information to describe, and GIS digital cartographic data to
depict, both land and maritime international boundaries, other lines of separation, limits, zones,
enclaves/exclaves and special areas between States and dependencies.

Law Enforcement Statistics: Department of Justice

Law enforcement statistics describe the occurrence of events (including incidences, offenses and arrests)
geospatially located, related to ordinance and statutory violations and the individuals involved in those
occurrences. Also included are data related to deployment of law enforcement resources and performance
measures.

Marine Boundaries: Co-leaders: DOC, NOAA and DOI, MMS

Marine boundaries depict offshore waters and seabeds over which the United States has sovereignty and
jurisdiction.

Offshore Minerals: DOI, MMS

Offshore minerals include minerals occurring in submerged lands. Examples of marine minerals include oil,
gas, sulfur, gold, sand and gravel, and manganese.

Outer Continental Shelf Submerged Lands: DOI, MMS

This data includes lands covered by water at any stage of the tide, as distinguished from tidelands, which are
attached to the mainland or an island and cover and uncover with the tide. Tidelands presuppose a high-
water line as the upper boundary; whereas submerged lands do not.

Public Health: Department of Health and Human Services

Public health themes relate to the protection, improvement and promotion of the health and safety of all
people. For example, public health databases include spatial data on mortality and natality events, infectious
and notifiable diseases, incident cancer cases, behavioral risk factor and tuberculosis surveillance,

hazardous substance releases and health effects, hospital statistics and other similar data.

Public Land Conveyance (patent) Records: DOI, BLM
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Public land conveyance data are the records that describe all past, current, and future, right, title, and interest
in real property. This is a system of storage, retrieval and dissemination of documents describing the right,
title, and interest of a parcel.

Shoreline: DOC, NOAA

Shorelines represent the intersection of the land with the water surface. The shoreline shown on NOAA
Charts represents the line of contact between the land and a selected water elevation. In areas affected by
tidal fluctuations, this line of contact is the mean high water line.

Soils: USDA, NRCS

Soil data consist of georeferenced digital map data and associated tabular attribute data. The map data
describe the spatial distribution of the various soils that cover the Earth's surface. The attribute data describe
the proportionate extent of the various soils as well as the physical and chemical characteristics of those
soils. The physical and chemical properties are based on observed and measured values, as well as model-
generated values. Also included are model-generated assessments of the suitability or limitations of the soils
to various land uses.

*Transportation: Department of Transportation, Bureau of Transportation Statistics

Transportation data are used to model the geographic locations, interconnectedness, and characteristics of
the transportation system within the United States. The transportation system includes both physical and non-
physical components representing all modes of travel that allow the movement of goods and people between
locations.

Transportation (Marine): USACE

The Navigation Channel Framework consists of highly accurate dimensions (geographic coordinates for
channel sides, centerlines, wideners, turning basins, and River Mile Markers) for every federal navigation
channel maintained by USACE. The Navigation Framework will provide the basis for the marine
transportation theme of the geospatial data framework.

Vegetation: USDA, U.S. Forest Service

Vegetation data describe a collection of plants or plant communities with distinguishable characteristics that
occupy an area of interest. Existing vegetation covers or is visible at or above the land or water surface and
does not include abiotic factors that tend to describe potential vegetation.

Watershed Boundaries: Co-leaders: DOI, USGS and USDA, NRCS

This data theme encodes hydrologic, watershed boundaries into topographically defined sets of drainage
areas, organized in a nested hierarchy by size, and based on a standard hydrologic unit coding system.

Wetlands: DOI, Fish and Wildlife Service
The wetlands data layer provides the classification, location, and extent of wetlands and deepwater habitats.
There is no attempt to define the proprietary limits or jurisdictional wetland boundaries of any federal, state, or

local agencies.

Lead Agency responsibilities and new data themes may be added or altered by recommendation of the
FGDC and concurrence by the OMB.

* Indicates framework theme
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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON, D.C. 20503

November 10, 2010

M-11-03
MEMORANDUM TO HEADS OF EXECUTIVE DEPARTMENTS AND AGENCIES

FROM: Vivek Kundra NMasas  [<and™
Federal Chief Information Officer

SUBJECT: Issuance of OMB Circular A-16 Supplemental Guidance

Data-management, and particularly geospatial data-management, is one of the essential
components for addressing the management of the business of government and for supporting the
effective and economical use of tax dollars. It is, however, susceptible to constant renewal,
information quality, and information management challenges. A portfolio-centric model cures the
single agency, stovepipe model by applying consistent policy, improved organization, better
governance, and understanding of the public to deliver outstanding results.

The Office of Management and Budget (OMB) Circular A-16, “Coordination of
Geographic Information and Related Spatial Data Activities,” provides for improvements in the
coordination and use of spatial data, and describes effective and economical use and management
of spatial data assets in the digital environment for the benefit of the Federal Government and the
Nation. This Supplemental Guidance document further defines and clarifies selected elements of
OMB Circular A-16 to facilitate the adoption and implementation of a coordinated and effective
Federal geospatial asset management capability that will improve support of mission-critical
business requirements of the Federal Government and its stakeholders.

This updated guidance is effective for agencies to use immediately through coordination
with the Federal Geographic Data Committee. Please contact egov@omb.eop.gov and have the
term “A-16 Supplemental” in the subject line of the email if you have any questions regarding
this guidance.

Attachment
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1. Introduction

1.1. Background and Purpose
The Office of Management and Budget (OMB) Circular A-16, “Coordination of Geographic Information
and Related Spatial Data Activities” (revised 2002)!, provides for improvements in the coordination and
use of spatial data, and describes effective and economical use and management of spatial data assets in
the digital environment for the benefit of the government and the Nation. This Supplemental Guidance
document further defines and clarifies selected elements of OMB Circular A-16 to facilitate the adoption
and implementation of a coordinated and effective Federal geospatial asset management capability that
will improve support of mission-critical business requirements of the Federal Government and its
stakeholders. Its primary focus is on geospatial data as a capital asset. It provides the foundation for a
portfolio management approach to a National Geospatial Data Asset INGDA) Portfolio comprised of
National Geospatial Data Asset Themes (NGDA Themes) and their associated National Geospatial Data
Asset Datasets INGDA Datasets)?. NGDA Themes are synonymous with OMB Circular A-16 Themes?.
The balance of this Supplemental Guidance speaks to NGDA Portfolio management in the context of
the NGDA Themes and their associated NGDA Datasets and sets forth a systematic process whereby
both within-theme and crosscutting portfolio management enables direct performance toward a shared

enterprise-wide “target state” that optimizes the value of the NGDA Portfolio.

Data management and particularly geospatial data management is one of the essential components for
addressing the management of the business of government and for supporting the effective and
economical use of tax dollars. It is, however, susceptible to constant renewal, information quality, and

information management challenges. A portfolio-centric model cures the single agency stovepipe model

! The complete text of OMB Circular A-16 (2002) can be found at betp:/ /www.whitehouse.gov/ omb/ cirentars/ a016/a016 _rev.html
2 A NGDA Dataset is defined as a geospatial dataset that has been designated as such by the FGDC Steering Committee and
meets at least one of the following criteria: Supports mission goals of multiple federal agencies; statutorily mandated; Supports
Presidential priorities as expressed by Executive Order or by OMB.

3 An A-16 Theme is defined as representations of conceptual topics describing digital spatial information for the Nation. Themes
contain associated datasets (with attribute records and coordinates) that are documented, verifiable, and officially designated to
meet recognized standards. A theme contains one or more datasets of geographic information to be used in common and from
which other datasets can be derived. Themes are listed in OMB Circular A-16.
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by applying consistent policy, improved organization, better governance, and understanding of the

electorate to deliver outstanding results.

Portfolio management is the process of tracking, maintaining, expanding, and aligning assets to address
and solve the business needs of an enterprise. Portfolio management approaches include a number of
components:

o Strategic portfolio planning;

e Coordinated development and resource pooling;

o Established goals and performance measures, indicating the benefits of each asset investment,
and how it contributes to the overarching goals (patticularly completion/renewal) of the
portfolio;

e Investment selection criteria; and

e Processes for reviewing the health of, and return on, asset investments that inform investment
decisions, redistribution of resources, management of issues and mitigation of risks to the

pottfolio.

Each NGDA Theme consists of a related group of NGDA Datasets selected from a larger, constantly
changing universe of geospatial datasets because they meet the inclusion criteria for the NGDA Theme.
The overall assets involved include geospatial data, funding, infrastructure, hardware, software, personnel,
applications, services, and products*. Portfolio management provides a systematic way to manage overall
assets. In this Supplemental Guidance, only data assets are specifically addressed. Hardware and software
funding is tracked in parallel processes under the Capital Planning and Investment Control (CPIC)
process developed in Clinger-Cohen. Awareness of this hardware and software funding is relevant to the

data asset management process but is not directly involved in it.

As governance of Federal geospatial assets matures toward administration of Federal geospatial assets as a
cross-cutting portfolio, the roles and responsibilities for managing assets beyond data will in many
instances require closer ties between agency managers. These include geospatial program managers,
agency Chief Information Officers (CIO) and Chief Financial Officers (CFO), and the managers of the
Federal geospatial portfolio through the Federal Geographic Data Committee (FGDC). These
relationships will particularly be needed to identify geospatial data, capabilities, services, and tools that
should be elevated from a program level to a Federal level for resourcing and management because they

can better serve as a valuable Federal-wide geospatial asset. The resourcing, management, and

* The geospatial portfolio includes establishing the resources for platform, geospatial data and applications management. The
Supplemental Guidance links all portfolio elements to geospatial data assets.
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maintenance of these assets at a Federal level, e.g. cross-agency funding for a shared service, or
designation of a single program as the lead for a specific capability, will be a result of, and become a part

of, the overall geospatial portfolio management process.

1.2. Guidance, Goals, and Authority

This guidance further defines the elements, roles, responsibilities, management processes and investment
strategies needed for systematic and effective execution of the Federal agency responsibilities, referenced
in OMB Circular A—16, via implementation of the NGDA Portfolio, the principal component of the full
Federal geospatial portfolio. It establishes the framework for lifecycle-based NGDA Dataset
management, interagency NGDA Theme management, and government-wide NGDA Portfolio
management. It specifies and incorporates reporting processes intended to increase transparency of the
development and maintenance of NGDA Datasets. It also establishes a “collaborative investment
process” whereby peer review and consultation regarding the NDGA Themes and their associated
NGDA Datasets are conducted annually and whereby recommended interagency priorities are provided
to OMB to inform the budget process. This Supplemental Guidance was developed by the FGDC under
authority granted to it by Executive Order 12906 and OMB Circular A-16. While this Supplemental
Guidance expands upon and clarifies some of the language and responsibilities contained in OMB
Circular A—106, it is a supportive document that does not alter the current language of OMB Circular A—
16. Note that OMB Circular A—16 Appendix A includes a list of other authorities that “provide
requirements or guidance pertaining to management of data and Federal information assets related to

geographic locations...OMB may amend the list [of authorities] as new authorities are approved.”>

1.3. Why the guidance is needed

Issues affecting both citizens and mission-critical government functions are often place-based or location-
specific. The Supplemental Guidance is needed to link interagency portfolios, portfolio enhancement,
reuse, and programmatic benefit to Department/Agency missions and the larger stakeholder community.
To support mission-critical functions, the Federal Government makes large investments in acquiring and
developing geospatial data. Historically these investments were largely uncoordinated and often lacked
transparency, and sometimes resulted in data deficiencies, lack of standardization, inefficient use of
resources, lack of interoperability, or inability to share data. The enterprise-wide adoption and execution
of these practices not only foster improved operating efficiencies in Federal and partner programs but

also include reporting that supports government transparency.

5 Language taken directly from OMB Circular A—16 Appendix A (Revised 2002) available at
http:/ /www.whitehouse.gov/omb/rewtite/Citrculars/a016/a016_rev.html
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1.4. Who should use the guidance
This guidance is primarily directed to Federal agencies designated by OMB as Theme Lead Agencies®
who work with their partners to develop, maintain, and manage NGDA Themes and their associated

NGDA Datasets. It has received broad Federal, stakeholder, and OMB review.

Fully implementing this guidance across all agencies will take a number of years, as agencies shift
resources to address a more robust management of NGDA Themes and NGDA Datasets. In the sense
that at promulgation it represents a future scenatio of operations, this guidance recommends that all
involved entities take steps to develop and annually execute plans and report to the FGDC Steering
Committee on their progress in implementing this guidance. The FGDC Steering Committee will
annually recommend government-wide steps for achievement of the portfolio management approach, will
annually report the NGDA Portfolio status to agency CFOs and CIOs and OMB, and will ensure that
appropriate resources are identified in the agency budget requests to OMB. The FGDC Secretariat will
consult with agencies to support definition and development of their agency-specific roles,

responsibilities, and obligations through education and use of standards.

1.5. Non-Federal stakeholders

The development of NGDA Datasets often results from partnerships involving multiple levels of
government. Therefore NGDA Theme Leads and NGDA Dataset Managers need to be informed of the
requirements and activities of the State, Tribal, and local levels of government, especially since in
aggregate these other levels of government annually acquire more geospatial data than does the Federal

Government.

While coordination between government and non-government organizations is an ongoing aspect of
geospatial data collection, management and sharing, the FGDC structure also includes an official body
that represents non-Federal constituents. The National Geospatial Advisory Committee INGAC) was
established under the Federal Advisory Committee Act (FACA) and is sponsored by the U.S. Department
of the Interior, the FGDC Chair. The NGAC is an advisory body that provides advice and
recommendations on Federal geospatial policy and management issues and serves as a forum to convey
views and priorities representative of the broad geospatial community. Consultation with such

stakeholders allows the FGDC to consider the implications of its recommendations for the overall

¢ The definition for the term Theme Lead Agency can be found in the Lexicon of Geospatial Terminology found on the FGDC
web site (www.fgdc.gov)
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National Spatial Data Infrastructure (NSDI)7, rather than just the Federal portion of the NSDI, and to

consider intergovernmental priorities, views, and initiatives in its portfolio management process.

1.6. Organization of the guidance
Sections 2 through 5 of this Supplemental Guidance describe the framework for NGDA Portfolio
management. The information covered in these sections includes:
e Section 2: Flements of the National Geospatial Data Asset Portfolio—what the NGDA
Portfolio contains

NGDA Datasets are organized into NGDA Themes that make up the NGDA Portfolio.

NGDA Porttfolio elements and relationships are defined and described in this section.

o Section 3: Portfolio Management of National Geospatial Data Assets—how the NGDA
Portfolio is managed

Portfolio management processes are described from both a long-term and an annual perspective,
and a future portfolio management approach is articulated.

e Section 4: Roles and Responsibilities Pursuant to OMB Circular A-16 Section 8—who manages
the NGDA Portfolio

Roles and responsibilities related to OMB Circular A—16 are defined for Federal agencies
involved in geospatial activities. This section clarifies leadership and stewardship roles to
minimize or eliminate confusion, facilitate communication and partnering between Federal
agencies and other stakeholders, and enhance NGDA Portfolio management accountability and
transparency.

e Section 5: National Geospatial Data Asset Portfolio Investment Strategy—setting priorities for

the NGDA Portfolio

The section describes a recommended priority setting process for the NGDA Portfolio at many
levels of government. The FGDC Steering Committee makes recommendations of high level
NGDA Portfolio-wide priorities based on key Federal mission needs, Presidential priorities,
Congressional mandates, and FGDC planning processes. All of these have implications for each
NGDA Theme and its associated NGDA Datasets.

e Appendix A: Glossary of Acronyms

This Appendix provides a list of acronyms used throughout this Supplemental Guidance.

7'The definition for the term National Spatial Data Infrastructure can be found in the Lexicon of Geospatial Terminology found
on the FGDC web site (www.fgdc.gov)
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Additional Supplemental Guidance Reference Materials have been developed to further inform and assist

with the implementation of this guidance. The materials listed here were developed in tandem with the

Supplemental Guidance document. These materials, and any future reference materials, are available on

the FGDC website: http://www.fgdc.gov/policvandplanning/a-16

Reference Material: FGDC Structure and Federal Agency and Bureau Representation, available

at: http://www.fgdc.gov/policyandplanning/a-16

The FGDC is an interagency committee responsible for facilitating OMB Circular A-16 related
activities and implementation of the NSDI. The FGDC is chaired by the Secretary of the
Interior, with the Deputy Director for Management, OMB serving as Vice-Chair. All agencies
responsible for NGDA Themes (as designated in OMB Circular A-16 Appendix E) are required
to be members of the FGDC.

Reference Document: Process for adjusting OMB Circular A—16 Appendix E: NSDI Geospatial
Data Theme Principles, available at: http://www.fgdc.gov/policyvandplanning/a-16

NSDI geospatial data theme principles define the characteristics of NGDA Themes and serve as
guidelines for inclusion of a NGDA Theme in OMB Circular A—16 Appendix E. These

principles are a precursor to establishing a predictable and repeatable process for designation and
management of NGDA Themes under the authority of OMB Circular A—16 and listed in OMB
Circular A-10.

Reference Material: Lexicon of Geospatial Terminology, available at:
http://www.fgdc.gov/policvandplanning/a-16

The Lexicon of Geospatial Terminology provides a common set of geospatially-related terms and
concepts to encourage consistent use of terminology and to promote a clearer understanding of
the commonly used terms.

Reference Document: Stages of the Geospatial Data Lifecycle pursuant to OMB Circular A-16

Sections 8(e)(d) , 8(e)(f), and 8(e)(g), available at: http://www.fgdc.gov/policyandplanning/a-16

This document describes the Geospatial Data Lifecycle stages that NGDA Dataset Managers

should employ when developing, managing, and reporting on NGDA Datasets under the
auspices of OMB Circular A—16. The matrix establishes a framework of standard terminology
and processes for seven Geospatial Data Lifecycle stages.

Reference Document: Key Roles and Responsibilities, available at:

http://www.fgde.gov/policvandplanning/a-16
This document describes the key roles and responsibilities of each party to NGDA Portfolio

management in detail.
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2. Elements of the National Geospatial Data
Asset Portfolio

2.1. NGDA Portfolio

The NGDA Portfolio is envisioned as a group of NGDA Themes, each of which is comprised of related
NGDA Datasets selected from a much larger and continually changing universe of geospatial datasets
(Figure 1). There are a large number of Federal geospatial datasets that, to varying degtees, are useful to
Federal agencies, their business partners, stakeholders, and the public. Only a select subset of these will
rise to the significance required for NGDA Dataset designation as recommended by the relevant NGDA
Theme Lead, concurred on by the FGDC Coordination Group, and designated by the FGDC Steering
Committee. The number of NGDA Themes in the NGDA Portfolio should remain relatively stable once
defined, but the number and character of the NGDA Datasets comprising each NGDA Theme may

change over time in response to geospatial and other business drivers.

Figure 1. Structure of the NGDA Portfolio

. NGDA

NGDA Theme
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NGDA
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Dataset
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Universe of geospatial data

The National Geospatial Data Asset (NGDA) Portfolio consists of agroup of NGDA Themes each of which is
comprised of NGDA Datasets that are selected from a larger and continually changing universe of geospatial
datasets because they meet the inclusion criteria.
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2.2.  NGDA Theme
A NGDA Theme (synonymous with “A-16 Theme”) is an organizational construct under which multiple
related NGDA Datasets are logically grouped and managed as a unit. The NSDI geospatial data theme

principles summarized below and described in more detail in Reference Document: Process for adjusting

OMB Circular A-16 Appendix E: NSDI Geospatial Data Theme Principles provide guidance on selecting

the geospatial themes that fall under the purview of OMB Circular A—16.

o Principle 1: Themes are logical groupings of related national capital assets serving the needs of
citizens, readily discoverable, and accessible to anyone.

o Principle 2: Themes are national in scope and are created and managed in response to well-
defined spatial data requirements that are common across multiple Federal agencies and other
organizations.

e Principle 3: Themes reflect legislated mandates, clearly defined directives, or core spatial
reference datasets.

e  Principle 4: Themes promote cohesive and collaborative development, maintenance, and
evolution of multiple related datasets across Federal, State, Tribal, and local governments and the
private or nonprofit sectors.

e Principle 5: Themes focus on the spatial representation of natural and manmade assets that are

important to the Nation, including boundaries (jurisdictional, legal, and analytical).

The FGDC community will use these principles to establish, modify, and maintain the list of NGDA
Themes that comprise the NGDA Portfolio.

2.3. NGDA Datasets
Geospatial datasets will be routinely inventoried and recommended for inclusion in the NGDA Portfolio
when merited. The inventory process is considered a collaborative responsibility of NGDA Theme Leads
and Thematic Committees. For approval by the FGDC Steering Committee as an NGDA Dataset, a
geospatial dataset must meet at least one of the following criteria:

e Used by multiple agencies or with agency partners such as State, Tribal and local governments;

o Applied to achieve Presidential priorities as expressed by OMB;

e Required to meet shared mission goals of multiple Federal agencies; or

e Expressly required by statutory mandate.

To ensure quality and usability of NGDA Datasets by a broad range of agencies and programs, the data
must be:

e Discoverable — published and available;
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Reliable — coordinated by a recognized national steward;

Consistent — supported by defined schema, standards and understood content definitions to
ensure their integrity (including conformance with FGDC Standards as applicable);

Current and applicable — maintained regularly and adaptable to current needs; and

Resourced — established and recognized as an enterprise investment.
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3. Porttolio Management of National
Geospatial Data Assets

3.1. Portfolio Management

This section of the guidance describes a governance process for portfolio management of NGDA
Themes and their associated NGDA Datasets. The portfolio management approach includes both a
multi-year dimension premised on continual improvements and annual reporting on implementation
progress. NGDA Datasets are essential to support agency mission and program needs, satisfy a multi-

agency or stakeholder requirement and in simple words meet business-driven requirements.

NGDA Portfolio management consists of the inventory, selection, organization, management, evaluation,
monitoring, and setting of Federal geospatial dataset priorities to ensure that NGDA Datasets are
available to support the mission needs of the Federal Government and its partners, as determined by
Federal agencies and their partners and as recommended to OMB. The activity flow within each stage of

the NGDA Portfolio management process is shown in Figure 2.
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Figure 2. NGDA Portfolio Management Process

|

Identify &
Evaluate :
Inventory Ly Select YES Manage |—> executeinter-
. agency
Monitor AN
priorities
2
o 2
z _— $

Non-NGDAenter “The Cloud”
agency-specific
datamanagement | Send to
process |
GOS Data.gov

S O

3.2. Inventory

Inventory — identify existing geospatial datasets that may be considered National Geospatial Data Assets (NGDAs)
Select - determine if the datasets are NGDA Datasets and if they should become part of the NGDA Portfolio

Manage — develop and manage NGDA Datasets per the OMB Circular A-16 Supplemental Guidance

. Evaluate/monitor — manage NGDA Datasets according to NGDA Theme plan, milestones and performance measures
. Identify and execute — develop NGDA Theme and NGDA Dataset developmentand funding and priorities

To identify geospatial datasets that comprise the NGDA Portfolio universe, the FGDC Steering

Committee must know what geospatial data exist and how they support the business requirements of the

Federal Government and its partners. Datasets compare to each other in characteristics such as

definition, content, quality, application, and validity. Obtaining this information requires a recurring

inventory and selection process. This initial inventory activity will be conducted to create a baseline

portfolio, which will be routinely maintained on at least an annual basis. NGDA Theme Leads will work
with their respective Thematic Committees and other appropriate communities of interest to constantly
identify and evaluate geospatial datasets that are candidates for consideration as NGDA Datasets within

the NGDA Theme. NGDA Theme Leads, the FGDC Coordination Group, or the FGDC Steering

Committee can annually create, update or replace (delete) themes and/or datasets through the

collaborative review process — OMB must be informed upon the addition or deletion of NGDA Themes

accepted by the FGDC Steering Committee.
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3.3. Select
NGDA Theme Leads will recommend datasets for inclusion under their data themes to the FGDC
Coordination Group. The FGDC Coordination Group will work with communities of interest to
determine which geospatial datasets should be part of the NGDA Portfolio under each NGDA Theme.
The Coordination Group will present recommendations based on their determinations on NGDA
Dataset candidates to the FGDC Steering Committee annually. Determinations by the FGDC
Coordination Group will be based on the following high-level criteria:

e Used by multiple agencies and partners;

e Applied to achieve Presidential priorities as expressed by OMB;

e Required to meet shared mission goals of multiple Federal agencies; or

e  Expressly required by statutory mandates.

The FGDC Coordination Group will recommend to the FGDC Steering Committee candidate NGDA
Themes and NGDA Datasets (with NGDA Theme assignments) for inclusion in the NGDA Portfolio.
After the initial update of the NGDA Themes and their associated NGDA Datasets is complete, the
selection process will primarily apply to addition, change, or deletion of datasets. NGDA Themes and
their associated datasets have already changed on a limited basis within the span of OMB Circular A-16,
and will surely continue to do so. Agencies are required to establish the proposal for a new NGDA
Theme and/or a new NGDA Dataset therein. The FGDC Steering Committee reviews proposals for

acceptance or rejection as part of the annual NGDA Portfolio management process.

3.4. Manage
The “manage” phase of portfolio management consists of activities at both the NGDA Theme and
NGDA Dataset levels. Activities for this phase of portfolio management include:
e Aninitial baseline assessment of the state and maturity of each NGDA Dataset within the
NGDA Portfolio.
e Annual development of an NGDA Theme Report that covers the status of each associated
NGDA Dataset. The NGDA Theme Report will also address those areas where NGDA
Datasets need to be developed and/or managed jointly to ensure that they can be used most

effectively to support mission goals and objectives and that they are developed in a manner that

is most cost effective by minimizing duplicate development and leveraging resources. An annual

NGDA Porttfolio Summary will roll up this information in support of continuously improving

the quality and value of the NGDA Datasets.
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e NGDA Theme Leads will periodically present NGDA Theme status based on NGDA Theme
and NGDA Dataset Reports to the FGDC Coordination Group to address status, plans, and

resources.

3.4.1. NGDA Dataset Management
NGDA Dataset Managers should use the Geospatial Data Lifecycle (Reference Document: Stages of the
Geospatial Data Lifecycle pursuant to OMB Circular A-16 Sections 8(e)(d) , 8(e)(f), and 8(e)(2)) to plan,

develop, maintain, evolve, and archive the NGDA Dataset(s) for which they are responsible. Figure 3
summarizes the Geospatial Data Lifecycle stages: Define Inventory/Evaluate, Obtain, Access, Maintain,
Use/Evaluate, and Archive. Business requirements drive recommended management practices in each
stage. The expected outcomes of adopting this lifecycle management framework include:
o Better understanding of the current maturity of NGDA Datasets;
o Identification of management practices that NGDA Dataset Managers use to develop NGDA
Datasets;
e Provision of timely and high-quality geospatial data to support business processes and operations;
e Creation of stronger partnerships and coordination across all levels of government (and when
appropriate, the private sector) to increase cost efficiency and return on investment;
o Improved strategies for completing and maintaining the NGDA Themes and their associated
NGDA Datasets to enhance services to citizens; and

o Improved efficiencies in addressing Federal and national priorities.

NGDA Dataset Managers should evaluate their NGDA Dataset(s) against the Geospatial Data Lifecycle
stages in order to report on their maturity and status. They should also report on how they are
conforming to the NGDA Dataset Managers’ responsibilities, expended resources (dollars and full time
equivalent [FTE]) staff), and other performance measures concurred upon by the FGDC Steering
Committee. If funding information is not currently available, NGDA Dataset Managers should work with
their agency leadership to develop means of tracking this financial information. The NGDA Dataset
Manager will annually submit an NGDA Dataset Report to the relevant NGDA Theme Lead and will
assist with incorporation of that information into a comprehensive annual NGDA Theme Report. The
NGDA Theme Report will be submitted to the FGDC Secretariat for analysis by the FGDC
Coordination Group and development of a NGDA Portfolio Summary. Based on their analysis the
FGDC Coordination Group will make annual recommendations to the FGDC Steering Committee on

NGDA Portfolio actions.
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Figure 3. The Geospatial Data Lifecycle
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Stage 1. Define: Characterization of data requirements based upon business-driven user needs.

Stage 2. Inventory/Evaluate: The creation and publication of a detailed list of data assets and data gaps
(both internal and external) as they relate to business-driven user needs.

Stage 3. Obtain: Identify the mechanism(s) for the collection, purchase, conversion, transformation,
sharing, exchanging, or creation of geospatial data that were selected to meet the business needs

Stage 4. Access: Making data produced known and retrievable to the community through
documentation and discovery mechanisms so the users can meet their business requirements.

Stage 5. Maintain: Ongoing processes and procedures for data operation and maintenance to ensure
that the data continue to meet business requirements.

Stage 6. Use/Evaluate: The ongoing assessment, validation, and potential enhancement of data to meet
user needs and business requirements.

Stage 7. Archive: Required retention of data and the data’s retirement into long-term storage.
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3.4.2. NGDA Theme Management

Figure 4 depicts a standard process for NGDA Theme management and evaluation. NGDA Theme
Leads should comprehensively coordinate with their NGDA Dataset Managers to provide overall
management for the NGDA Datasets associated with the NGDA Theme. This will ensure that their
NGDA Datasets effectively support the business processes reliant on them and that they are produced in
the most cost effective manner. Coordination and integration of NGDA Dataset management will
frequently occur across agencies, making interagency coordination a key responsibility of the NGDA
Theme Lead. NGDA Theme Leads will also coordinate with other NGDA Theme Leads to ensure that
NGDA Datasets applicable to more than one NGDA Theme are effectively co-developed. The FGDC

Secretariat will facilitate these coordination activities.

The baseline and subsequent annual NGDA Dataset Reports comprise a key foundational element of the
NGDA Theme Lead’s ability to collaborate with the NGDA Dataset Managers associated with the
NGDA Theme, and to identify and execute common practices and shared services across NGDA

Datasets within the NGDA Theme.

Figure 4. Standard Process for NGDA Theme Management
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3.5. Evaluate/Monitor

Completion, maintenance, and evolution of the NGDA Portfolio will require the governance and
organizational structures described in this Supplemental Guidance to be in-place. As noted eatrlier, the
NGDA Dataset Managers will annually submit NGDA Dataset Reports to their relevant NGDA Theme
Leads and will assist with incorporation of that information into a comprehensive annual NGDA Theme
Report. NGDA Theme Leads will develop NGDA Theme Reports that capture plans for, milestones
for, and progress in establishing the necessary organizational structures and resources. Theme Lead
Agencies will submit NGDA Theme Reports to the FGDC Secretariat for summarization, and to the
FGDC Coordination Group for analysis and development of a NGDA Portfolio Summary. Based on this
analysis the FGDC Coordination Group will make annual recommendations to the Steering Committee

on NGDA Portfolio actions.

3.6. Identify and Execute Interagency Priorities

A key goal of NGDA Portfolio management is to enable the FGDC Steering Committee to make
informed decisions on setting both short- and long-term priorities on NGDA Themes and NGDA
Datasets as well as cross-agency collaboration targets for NGDA Dataset development and funding,.
Portfolio-wide metrics will provide a comprehensive picture of the NGDA Portfolio allowing better
enterprise-level decision-making than is possible under the current decision process. Under the current
process where decisions are made without the benefit of inter-agency discussions, decisions are often
“stove-piped”’® and made with insufficient information in terms of the benefits and risks associated with
multiple investment paths. Under the new process, NGDA Theme Leads and the FGDC Coordination
Group are responsible for identifying collaboration opportunities. This more inclusive process is one of

the advantages of NGDA Portfolio management.

NGDA Theme Leads and members of the FGDC Coordination Group have roles in identifying and
recommending NGDA Dataset development priorities to the FGDC Steering Committee; the FGDC
Steering Commiittee, in turn, assesses them and makes/shares the recommendations with agency CFOs
and CIOs and OMB. NGDA Theme Leads will periodically make presentations to both the FGDC
Coordination Group and FGDC Steering Committee providing updates on NGDA Theme requirements
as determined by their Thematic Committees and communities of interest, as incorporated in the annual

NGDA Theme Report, or as requested by agency or FGDC leadership.

8 "Stove-piped - to develop, or be developed, in an isolated environment; to solve narrow goals or meet specific needs in a way

not readily compatible with other systems." (http://www.doubletongued.org/index.php/dictionary/stove pipe/)
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The FGDC Coordination Group will use NGDA Theme Lead presentations in conjunction with
performance metrics contained in or derived from the annual NGDA Theme Reports to make annual
recommendations on cross-agency NGDA Theme and NGDA Dataset development and investment to
the FGDC Steering Committee. The FGDC Steering Committee will be responsible for 1) assessing the
recommendations in the context of overall FGDC strategic goals and objectives; 2) coming to
concurrence on cross-agency NGDA Dataset development and funding priorities; and 3) presenting these
recommendations to agency CFOs and OMB. Linkages between NGDA Theme planning, annual
NGDA Theme progress reporting, and setting cross-agency funding priorities are portrayed in Figure 5.

Budget activities remain under the purview of the agencies and OMB.

Figure 5. Relationship of the NGDA Theme planning, reporting, and budget advisory

processes
m Official FGDC Steering Budget
= Committee-Approved Requestto
© Portfolio Summary OomB

A

Recommend Portfolio

Approve NGDA Priorities and NGDA

o
E o
o2
o=
(] E Theme Plans Theme Budget
8 Q Recommendations
o0
T T A
S Provide Repcomfmllend
E= recommendations on Analyze NGDA ortiolio
8 g S NGDA Theme Plans/ Theme Reports — Priorities
0T 2 Portfolio Summary (Portfolio
LsO Summary)
o
2 A
) Draft NGDA Annual NGDA Develop Budget
< a 3 nnua Request reflecting
8 % -53 Theme Plans Theme Reports —3  FGDC Steering
z IE - Committee

T T Recommendations

Stakeholder Input

NGDA Dataset Transmit(_:opy of
Manager/Stakeholder Fundlng.
T Input Recommendations to
Agency CFO's
NGDA Dataset
Reports
Q1 Q2 Q3

PLANNING PROCESS REPORTING PROCESS BUDGET PROCESS

B-33



4. Roles and Responsibilities Pursuant to
OMB Circular A—16 Section 8

4.1. Purpose of Roles and Responsibilities Framework

This section of the Supplemental Guidance defines the roles and responsibilities of Federal agencies as
they implement OMB Circular A-16. Implementation of OMB Circular A-16 via these roles and
responsibilities will help ensure that the Nation has a rich collection of NGDA Themes and NGDA
Datasets that are accessible to Federal, State, Tribal, and local agencies and their clients to support their

business needs, requirements, and priorities. Reference Document: Key Roles and Responsibilities defines

in greater detail what is expected of participants in the NGDA Portfolio management process. As the

NGDA Portfolio management process matures, Reference Document: Key Roles and Responsibilities

will be updated as needed.

Successful management of the NGDA Portfolio requires coordination across a wide variety of
organizations, each of which has specific roles to fulfill. Some of these roles and responsibilities involve
management across NGDA Themes that helps maximize potential return on investment and identifies
and reduces any overlap that currently exists. OMB Circular A—16 implementation promotes overall

NGDA Porttfolio management and leverages the Federal Enterprise Architecture.

Implementing the framework:

o Tacilitates proactive execution of business and implementation strategies for each NGDA Theme
and its associated NGDA Datasets;

e Helps NGDA Theme Leads and NGDA Dataset Managers identify, develop, quantify, allocate,
and sustain the resources necessary to develop the NGDA Themes and NGDA Datasets for
which they are responsible;

e Enables a range of people with business requirements for NGDA Datasets to be involved in
every component of the NGDA Portfolio management process to ensure business requirements

are satisfied;
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e Ensures people involved in making management decisions about NGDA Themes and associated
NGDA Datasets are fully apprised of implications for the NGDA Portfolio; and
e Helps ensure that NGDA Themes and NGDA Datasets meet OMB Circular A—16 and FGDC

goals, objectives, and milestones.

4.2. Implementation of the Roles and Responsibilities Framework

The roles and responsibilities contained in this Supplemental Guidance describe activities needed for
successful NGDA Portfolio management. All agencies are encouraged to make these roles and
responsibilities operational, especially those agencies that have NGDA Theme Lead responsibilities. It is
important to note that these roles are generic, particularly in the case of a Theme Lead Agency and its
stakeholders. NGDA Theme Leads will work with their communities of interest and members of their
Thematic Committees to customize the NGDA Portfolio management process in ways that meet the
specific needs of their stakeholders. To accommodate the planning needs and timelines of agencies,
NGDA Theme Leads and, by extension, the associated NGDA Dataset Managers should submit,
through an initial NGDA Dataset and/or NGDA Theme to the FGDC Sectetatiat for development of a
NGDA Portfolio Summary. The FGDC Steering Committee will annually submit to OMB the Portfolio
Summary that includes the performance of each Theme Lead Agency in meeting its roles and

responsibilities.

4.3. Roles and Responsibilities

A Federal agency may perform multiple functions and serve multiple roles related to NGDA Portfolio
management. It may, for example, have leadership responsibility for one or more NGDA Theme, or be
in a non-leadership role for a NGDA Theme but contribute NGDA Datasets to a NGDA Theme.
Likewise it may not be leading or contributing to an NGDA Dataset, but may still have a programmatic
interest associated with a NGDA Theme or NGDA Dataset. Whatever the case, any agency or individual
with a role described in OMB Circular A-16 or this Supplemental Guidance is accountable to their

SAOGI, the FGDC Steering Committee, and ultimately OMB for fulfilling their responsibilities.

Roles Specific to NGDA Theme Management
o Executive NGDA Theme Champion — A member of the Senior Executive Service or a senior
level individual designated by a Theme Lead Agency’s SAOGI, who advocates for, raises
awareness of, and promotes the implementation of a NGDA Theme and its NGDA Datasets.
An Executive NGDA Theme Champion provides recommendations to, and advises the SAOGI

on, important matters relative to the NGDA Theme’s role in the NGDA Portfolio.
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e NGDA Theme Lead — Individuals who provide interdepartmental leadership and coordination
at the NGDA Theme level. They work with component NGDA Dataset Managers to develop
standards and provide guidance. The NGDA Theme Lead, or designee, chairs the NGDA
Theme’s Thematic Committee and manages the annual process of providing NGDA Dataset
collaboration and funding recommendations to the FGDC Steering Committee for those NGDA
Datasets within their NGDA Theme. Additionally, the NGDA Theme Lead reports to the
Executive NGDA Theme Champion and the FGDC Coordination Group on the NGDA
Theme’s activities and investments (both current and planned).

¢ NGDA Dataset Manager — Individuals who provide coordination and standards for NGDA
Datasets at a national level. NGDA Dataset Managers provide information to their NGDA
Theme Lead for management and reporting.

¢ Data Steward — Data Stewards manage that part of a NGDA Dataset that their organization
contributes to a seamless national dataset. They work with the NDGA Dataset Managers in
providing coordination support, implementing needed changes to data, informing and
cooperating with stakeholders, performing field work, ensuring data standards are followed, and
performing data maintenance. Data Stewards are often not Federal employees, coming from

other levels of government, academia, or the private sector.

The responsibility assignment matrix, or RACI matrix, (Table 1) describes the roles and responsibilities of
the entities involved in NGDA Portfolio management. The matrix is simplest to follow by starting with
the responsible party. For example, under Inventory — NGDA Dataset Managers, Data Stewards, and
stakeholders are responsible for creation and update to NGDA Datasets whereas NGDA Theme Leads

are accountable for coordination, review, and reporting on the inventory.

The RACI matrix is composed of the four key responsibility areas as follows:

Responsible (R) - the person or entity assigned to do the work including core work elements such as
managing, executing, controlling, and implementing. Other work elements include prioritizing,
evaluating, and directing.

Accountable (A) - the person or entity who makes decisions about and who has ultimate ownership of
the work including core work elements such as deciding, approving, prioritizing, allocating, evaluating, or
directing.

Consult (C) - the person or entity conferred with before a decision can be made or an action can be
taken. This responsibility also includes facilitation and core work elements such as prioritizing. Other

work elements will be done in consultation with persons or entities that are “accountable” and
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“responsible”, and may include functions such as approving, evaluating, or directing. This is usually a

two-way communication.

Inform (I) - the person or entity that must be made aware that a decision or action is pending or has

been taken. This is usually a one-way communication.

Facilitate (F) — the person who assists, coordinates, directs, or guides people or entities in various stages

of the NGDA Portfolio management approach (added for the F this guidance).

Table 1. RACI Matrix

Selection and

Manage (Portfolio,

Identify and Execute

Subcommittees

Inventor Evaluate/Monitor L
Y Theme Placement Theme and Dataset) Interagency Priorities

OMB Consult Inform Accountable

FGDC EC Inform Inform

FGDC SC Accountable Accounta.lble Accountqble Responsible
(portfolio) (portfolio)

FGDC CG Inform Responsible Inform Inform, Consult Responsible

[REIBS . Consult Facilitate Facilitate Facilitate

Secretariat

Executl.ve Inform, Consult Inform, Consult (theme) Accountable Accountable

Champion (theme)

FGDC WG Consult Consult Consult

FGDC Consult Responsible Inform Consult

Accountable

Accountable

Responsible

Theme Lead Inform Responsible

(theme) (theme) (theme) P
Dataset Accountable Accountable Responsible

(dataset), Facilitate
Manager (dataset) (dataset)

Responsible
Data Steward Responsible Responsible Responsible
Stakeholders Responsible Responsible Responsible Consult
NGAC Advisor
< C. SRIESTRY Consult Consult Consult

Committee
Theme
Community of Consult Inform Consult
Interest
ClOC Inform
CFOC Inform
Key:

Responsible - an entity or person assigned to do the work

Accountable - an entity or person who makes the final decision and has ultimate ownership

Consult - an entity or person who must be conferred with before a decision or action can be taken

Inform - an entity or person who must be made aware that a decision or action is pending or has been taken

Facilitate - an entity or person who coordinates, directs, or guides activities or people

Due to the complexity of managing NDGA Datasets, multiple “accountable” designations may exist but

will in each instance be specific to the NGDA Portfolio, NGDA Theme, or NGDA Dataset. In the

RACI matrix, roles have been assigned to the lowest possible person or entity in the hierarchy. For each

task, at least one person or entity must be “responsible”, but again, due to the complexity of NGDA

Portfolio management and the need for coordination among multiple people or entities, there may be
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more than one responsible party associated with each stage of the portfolio management process. For

“consulted,” only those persons or entities that must be always consulted are indicated. Consultations

with persons or entities not included in this matrix may also occur, but are not always required. Detailed

roles and responsibilities associated with each component of the NGDA Portfolio management process

are contained in Reference Document: Roles and Responsibilities.

Descriptions and typical tasks for each person or entity involved in NGDA Portfolio management are

listed in Table 2.

Table 2. Stakeholder Summary

Entity
1. OMB

Members

OMB Deputy Director for Management, or his
designee, is co-chair of the FGDC Steering
Committee

Role

a. Maintain OMB Circular A-16 and its
appendices

b. Consider NGDA Theme and NGDA
Dataset funding recommendations of the
FGDC Steering Committee

c. Budget Examiners participate at
appropriate point with support from E-
Gov Office

2. FGDC Executive
Committee

A subgroup of members of the FGDC Steering
Committee appointed by the Chair, whose
agencies produce or use geospatial data or
technology. The FGDC Executive Committee is

chaired by the FGDC Steering Committee Chair.

Advise the FGDC Steering Committee and
establish agendas for FGDC Steering
Committee meetings

3. FGDC Steering
Committee

SAOGiIs, designated by their agencies pursuant
to OMB Memorandum 06-079 or agency officials
as specified in the FGDC Steering Committee
Charter10

a. Provide NGDA community leadership

b. Represent Federal agencies on the
FGDC Steering Committee

c. Oversee agency NGDA Portfolio
investments

d. Provide funding recommendations by
NGDA Theme and associated NGDA
Datasets to OMB, the CIO Council, and
the agency CFO community

4. FGDC Coordination
Group

Representatives from Federal agencies as
specified in the FGDC Coordination Group
Charter1t

a. Formulate recommendations by
consensus on the NGDA Portfolio
Summary for NGDA Portfolio
management

b. Advise the FGDC Steering Committee

c. Increase awareness of efforts associated
with OMB Circular A-16 implementation
and portfolio management and foster
partnerships at all levels of government
to leverage efforts and reduce
development and investment

9 Memorandum available at http://www.whitehouse.gov/omb/memoranda/fy2006/m06-07.pdf
10 Charter available at http://www.fgdc.gov/patticipation/ steering-committee/ steeting-committee-charter.pdf
articipation/coordination-grou

11 Charter available at http:

coordination-group-charter
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Entity

Members

Role
redundancies

5. FGDC Thematic
Committees

FGDC member agency representatives and
FGDC-recognized stakeholder groups who have
common interests that cross-cut or affect several
NGDA Themes

a. Advise NGDA Theme Leads and
associated NGDA Dataset Managers

b. Respond to guidance from the FGDC
Steering Committee by updating NGDA
Theme -specific collaboration or funding
recommendations for NGDA Datasets
within each NGDA Theme, for
consideration by the FGDC Steering
Committee

6. FGDC working groups

Representatives from Federal agencies and
FGDC-recognized stakeholder groups who have
common interests that cross-cut or affect two or
more NGDA Themes

Produce cross-NGDA Theme and cross-
NGDA Dataset development and
management guidance and procedures

7. FGDC Secretariat

Executive and support staff that support the
FGDC and its interagency substructure and
working groups

a. Assist agency NGDA Theme Leads and
NGDA Dataset Managers

b.  Support the FGDC Steering Committee

Support the FGDC Coordination Group

d. Facilitate portfolio management activities
with other FGDC activities and
government initiatives

o

8. Theme Lead Agency

Federal agencies identified in OMB Circular A-
16 Appendix E, to lead the coordination of a
NGDA Theme

a. Oversee the development,
implementation, and maintenance of
NGDA Themes and associated NGDA
Datasets, including chairing Thematic
Committee meetings to develop funding
recommendations for NGDA Datasets
within the NGDA Theme and reflected in
the annual NGDA Theme Report

b.  Provide Executive NGDA Theme
Champion12

c.  Appoint NGDA Theme Lead!3

d. Designate and/or work with NGDA
Dataset Manager4

e. Designate and/or work with Data
steward15

9. Stakeholder
Community

a. Members can come from Federal, State,
Tribal, or local governments as well as the
private or nonprofit sectors or academia (may
vary from theme to theme)

a. Serve as Data steward as designated
. Are data end users
c. Are data producers

d. NGAC composed of representatives from
Federal, State, Tribal, and local governments
and the private sector, the nonprofit sector,
and academia

Provides advice and recommendations to
FGDC Chair

12 The definition of this term can be found in the Lexicon of Geospatial Terminology located on the FGDC web site

(www.fgdc.gov)

13 The definition of this term can be found in the Lexicon of Geospatial Terminology located on the FGDC web site

(www.fgdc.gov)

14 The definition for this term can be found in the Lexicon of Geospatial Terminology located on the FGDC web site

(www.fgdc.gov)

15 The definition for this term can be found in the Lexicon of Geospatial Terminology located on the FGDC web site

(www.fgdc.gov)
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Members

e. General users who may or may not have a Data end users16
relationship with a Federal agency

16 The definition for this term can be found in the Lexicon of Geospatial Terminology located on the FGDC web site
(www.fgdc.gov)
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5. National Geospatial Data Asset Portfolio
Investment Strategy

This guidance establishes an investment analysis and collaboration process integral to strategic
management of the NGDA Portfolio. It provides a mechanism for annual peer review and consultation
to inform both potential partner agencies and OMB as to the completeness, value of, and priorities for
the NGDA Themes and their associated NGDA Datasets. By conducting such an annual investment
review, the geospatial community will increase its effectiveness by better aligning its activities with other

Federal investment processes and investments.

Two primary results arise from this approach: (1) partnering opportunities for investment collaboration
are jointly identified and considered, providing the opportunity to align resources and improve mission
delivery, and (2) on a timely basis during the annual budget process, OMB and the interagency CFO
community are informed by government-wide geospatial experts about opportunities for improved
geospatial resource alignment. This model is consistent with the CPIC process, which addresses other

components of the geospatial portfolio (specifically hardware and software).

The planning, reporting, and budget processes form the basis for establishing interagency partnerships
and provide linkages to the broader Federal agency budget process. This Supplemental Guidance
establishes an 'investment collaboration process' whetreby peer review and consultation for NDGA
Themes and associated NGDA Datasets is conducted annually and whereby suggested interagency
priorities are provided to Agency CFOs and OMB to inform the budget process. Budget activities remain
under the purview of agencies and OMB. Budget information regarding NGDA Dataset investment
informs the budget process and may inform prioritization--or funding adequacy-- where relevant. Agency
SAOGIs and Executive NGDA Theme Champions update NGDA Theme Leads and NGDA Dataset

Managers on final resource disposition to complete the process.
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5.1 Benefits

Conducting an annual investment review process increases the geospatial community’s effectiveness by
focusing investment and development efforts on those assets that are most critical for supporting
missions and output goals and by integrating its activities into other Federal investment processes. The
players traditionally active in the Federal agency budget formation process, most notably the agency CFO
community, rarely have expertise in geospatial management or issues. At the same time, those with
significant geospatial expertise rarely have a distinct role in the budget process. The fact that much
Federal geospatial spending is subsumed unidentifiably within other program budgets, and therefore
opaque to the CFO community, is one reason for this disconnect. The FGDC will work with OMB,
NGDA Theme Leads, and NGDA Dataset Managers using the FGDC governance structure to lay out an
aggressive but achievable process whereby funding levels for the NGDA Datasets become known over
time. Achieving the transparency contemplated by this guidance will empower the FGDC to address
broad long-term geospatial policy issues that are presently unresolved, facilitate annual initiatives, explore
priorities across and within NGDA Themes, and enable all involved parties to assess the completeness
and quality of management of individual NGDA Datasets. While the long-term NGDA Portfolio
management activities described in Sections 3 and 4 of this Supplemental Guidance are evolving, the
annual Federal budget process provides a shorter-term opportunity to begin improved management of,

and priority setting for, the NGDA Portfolio.

5.2 The Process

The FGDC Steering Committee annually establishes a NGDA Portfolio Summary inclusive of funding
recommendations and shares it with agency CFOs and OMB E-Gov and Resource Management Offices.
This advice is timed so that it may be considered in routine agency budget formulation and operational
plan development processes. Budget recommendations of the FGDC Steering Committee align with the
budget formulation process of agency program managers and the CFO community to facilitate a
government-wide perspective on NGDA Portfolio funding priorities (OMB Circular A-16, 2002; page 0)..
Note: a publicly releasable geospatial Portfolio Summary will be included in the FGDC Annual Report.

The steps in the NGDA Portfolio investment review, submission, and approval process, as shown in

Figure 6, are described below.
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The process begins with NGDA Dataset Managers who develop annual NGDA Dataset Reports
including current level of completion, prior year (PY) and current year (CY) spending amounts,
NGDA Dataset Manager self-scoring and reporting using the Geospatial Data Lifecycle stages
maturity model, and other information as required in FGDC reporting guidance. Upon approval by
their agency SAOGI, the report is provided to the NGDA Theme Lead, who then collaborates with
all NGDA Theme-related dataset managers (including those of possibly relevant non-NGDA
Datasets) to identify opportunities for integration, collaboration, improved efficiency, or
improvements such as greater completeness, accuracy, or precision across the NGDA Theme. (mid-
February, after release of the President’s Budget; Step 1A).

NGDA Theme Leads develop NGDA Theme Reports, compiling their NGDA Dataset Reports and
other information including potential opportunities for cross-agency collaboration, performance
improvement, investment opportunities, and other information as required in FGDC reporting
guidance. When developing NGDA Dataset BY funding recommendations, NGDA Theme Leads
should take into account non-Federal sources of funding for the NGDA Datasets and the NGDA
Dataset’s significance in meeting the needs of both Federal and non-Federal levels of government.
The FGDC Secretariat compiles NGDA Theme Reports into a NGDA Portfolio Summary for the
FGDC Cootdination Group. The FGDC Cootdination Group develops recommendations aligned
with the NSDI Strategic Plan and Presidential priorities, and informed by NGDA Theme Reports,
NGDA Dataset Reports, and other relevant information. The FGDC Coordination Group presents
the Portfolio Summary including their recommendations on BY spending amounts organized by
NGDA Dataset (mid-February, at the same time as Step 1A and Step 1B).

The FGDC Steering Committee concurs or recommends BY funding by NGDA Theme based on
the Portfolio Summary, funding levels in the budget that were just released, NGDA Theme Lead
recommendations, and any shifts in Presidential priorities not yet conveyed by the FGDC reporting
guidance (mid-March; Step 2).

The FGDC Steering Committee communicates its BY funding recommendations for NGDA
Themes and their component NGDA Datasets, plus any corresponding performance
recommendations, to OMB, the relevant members of the CFO community, Executive NGDA
Theme Champions, and the NGDA Theme Leads via the Executive NGDA Theme Champions.
Agency CIOs should also be informed to ensure alignment with the agency’s CPIC process (late
April; Step 3).

Agency CFOs, in consultation with the SAOGIs and Executive NGDA Theme Champions within
their agencies, develop and submit agency budget requests reconciling the FGDC recommendations

and agency subcomponent budget requests. Agency budget requests should reflect suggested FGDC
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investment collaboration status. Agency CIOs should be consulted to ensure alignment with respect
to the agency’s CPIC process (May-September; Step 4).

¢ OMB RMOs review FGDC Steering Committee recommendations and agency budget requests to
determine consistency and funding by NGDA Dataset. In aggregate, OMB’s individual NGDA
Dataset funding decisions produce NGDA Theme level funding for the BY (October- November;
Step 5).

e Agencies and OMB RMOs collaborate to resolve Passback and appeals to finalize the President’s
Budget (December; Step 0).

o OMB publishes the President’s Budget (February; Step 7).

e The Steering Committee racks up the resolved agency appeals by collecting information from OMB
RMOs by NGDA Dataset, and then organizes agency-specific information by NGDA Theme and
communicates that information to the FGDC Coordination Group (mid-Februaty; Step 8).

e The FGDC Coordination Group updates the Portfolio Summary to reflect recommended funding
and performance by NGDA Dataset and informs NGDA Theme Leads and NGDA Dataset
Managers of OMB decisions (mid-February; Step 9).

e NGDA Theme Leads update the NGDA Theme Reports to reflect the final budget decisions in the
recently released President’s Budget (late-February; Step 10).

5.3 Staged Process Implementation

All NGDA Datasets across all NGDA Themes will be involved in the NGDA Portfolio management
process. In year one, the FGDC Steering Committee will indicate to OMB how and when the FGDC
plans to progressively stage implementation of this portfolio budget recommendation process. In
subsequent years, the FGDC Steering Committee will report to OMB on progress toward implementing
the NGDA Portfolio management process and outcomes. Completion of two activities is critical before
an enterprise NGDA Portfolio management process can be fully implemented. These are 1) the
designation and active leadership of NGDA Theme Leads and associated NGDA Dataset Managers and
2) the documentation and availability of financial information for NGDA Datasets within a particular

NGDA Theme.

Documenting and making financial information available presents a more complex challenge for some
agencies than others. This is because the desired degree of transparency and accountability may depend
on modest refinements to agency financial management and budget systems that would allow for NGDA
Dataset spending to be identified within the larger budget structures. It may therefore be necessary to

gradually increase over a period of years the number of NGDA Datasets within a particular NGDA
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Theme that are capable of being fully included in this process. This is because achievement of the desired
degree of transparency and accountability may depend on modest refinements to agency financial
management and budget systems that would allow for NGDA Dataset spending to be individually
identified within the larger budget structures. However, the FGDC need not wait until relevant financial
information is available for all NGDA Datasets within a NGDA Theme before beginning to apply this
process to that NGDA Theme. This process can begin when the FGDC determines it has the necessary
financial information for a critical mass of NGDA Datasets associated with an NGDA Theme needed to

derive value from the process.

The FGDC will coordinate with OMB and the agency CFO/CIO community to ensure a consistent
approach to providing the required level of resolution of financial information for NGDA Datasets,
recognizing that some agencies may require more time in order to satisfy the reporting requirements.
This process will enable the FGDC Steering Committee to make informed decisions on setting both
short- and long-term priorities on NGDA Themes and NGDA Datasets as well as cross-agency
collaboration targets for NGDA Dataset development and funding. This collaborative process serves as

an important component in the foundation of portfolio management in fulfillment of OMB Circular A-

16.
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Acronyms

Acronym Definition

BY Budget Year (in reference to the Federal Budget Process)
CFO Chief Financial Officer

Clo Chief Information Officer

CIO Council Chief Information Officers Council

CPIC Capital Planning and Investment Control

CY Current Year (in reference to the Federal Budget process)
eGOV E-Government Initiative

FACA Federal Advisory Committee Act

FGDC Federal Geographic Data Committee

FTE Full-time equivalent

NGAC National Geospatial Advisory Committee

NGDA National Geospatial Data Asset

NSDI National Spatial Data Infrastructure

OMB Office of Management and Budget

PY Prior Year (in reference to the Federal Budget)

RMO Resource Management Office

SAQGI Senior Agency Official for Geospatial Information
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757 DM 1

1.1 Purpose. This chapter provides background and scope for the succeeding chapters of this
part that prescribe policy, responsibility, coordinating arrangements, and procedures for
Departmental administration of its own surveying and mapping activities and its assigned
responsibilities for coordinating Federal surveying and mapping activities.

1.2 Background.

A.  Office of Management and Budget Circular A-16. In 1953 the Bureau of the
Budget, now the Office of Management and Budget (OMB), issued Circular A-16 to improve
programing and coordination of mapping and geodetic surveying activity in the Federal
Government. This Circular established procedures and responsibilities for Federal surveying and
mapping activities directed toward meeting the needs of Federal and State agencies and the

public, and set forth OMB=s responsibility for programing and coordination
of surveying and mapping.

Circular A-16 was revised in May 1967, assigning to the Departments
of the Interior, Commerce, and State, certain responsibilities for
the coordination of surveying and mapping activities (see Appendix
1). The Secretary delegated to the Geological Survey the
responsibilities assigned to the Department of the Interior.
Following the procedures set forth in the revised Circular, the
Geological Survey established a system for coordinating the
participation of Federal agencies in matters relating to the National
Mapping Program. The National Oceanic and Atmospheric
Administration (NOAA) established an interagency Federal Geodetic
Control Committee (FGCC) to coordinate geodetic surveying
activities.

B. Federal Interagency Coordinating Committee on Digital
Cartography (FICCDC). Coordination of digital cartographic
activities of Federal agencies was assigned to the Department of
the Interior through the April 4, 1983, memorandum from the Director,




Office of Management and Budget. The FICCDC was established to
coordinate the collection and use of digital cartographic base data
within the Federal Government. The Geological Survey has the
responsibility for this coordination activity under its statutory
authority to conduct the National Mapping Program.

C. Interagency Cadastral Coordination Council (ICCC). The
Secretary of the Interior, by letter dated April 9, 1980, to the
Honorable Sidney R. Yates, Chairman, Subcommittee on Interior and
Related Agencies, Committee on Appropriations, 96" Congress,
established the ICCC to coordinate Federal cadastral surveying
activities. The Bureau of Land Management has the responsibility
for this coordination as a part of its cadastral surveying activities
and statutory authority.

D. Federal Mapping Task Force (FMTF) Report, July 1973). This
OMB report documented the findings of a comprehensive study of the
civil agency mapping and surveying programs, related activities,
and supporting research and development activities. The report made
significant recommendations for Federal mapping, charting, and
geodesy program improvements and organizational changes.
Subsequently, the Department has taken positive action toward
increasing responsiveness to national mapping requirements and
toward improving coordination in surveying and mapping activities.

1.3 Scope. In order to implement the Department=s position on
Federal mapping and surveying policy and programs coordination,
systems have been developed for coordination and program planning
both within the Department of the Interior and with other agencies
as described in paragraph 1.2. 1In addition, the Department
coordinates its cadastral, engineering, geodetic, and cartographic
surveying activities through lead agency assignments; has
established the National Mapping Program (defined in 757 DM 3) to
meet base mapping needs of the Department, other agencies and the
general public; has developed the National Cartographic Information
Center to provide a central information system for all users including
the general public on aerial photography, surveying, mapping, and
related data; and coordinates its mapping and surveying research
and development. The Department=s policies and programs for
implementing each of these areas are explained in 757 DM 2 (Surveying)
and 757 DM 3 (Mapping) .
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TO THE HEADS OF EXECUTIVE DEPARTMENTS AND ESTABLISHMENTS

SUBJECT: Coordination of surveying and mapping activities

1. Purpose. This revised Circular describes the responsibilities

of Federal Agencies with respect to coordination of the Federal

surveying and mapping activities described in paragraph 2, below.
It rescinds and replaces Circular No. A-16, dated January 16, 1953.
Exhibits A, B, C, and D to that Circular will remain in effect until

replaced pursuant to paragraph 4 of this Circular.

2. Coverage. The coordinating procedures established by this
Circular extend to all surveying and mapping activities financed
in whole or in part by Federal funds which:

a. Can contribute to the National Topographic Map Series of
the United States and outlying areas of sovereignty and jurisdiction,
the National Atlas of the United States of America, the National
Networks of Geodetic Control, or such other national geodetic control
and topographic mapping programs as may be established; or

b. Result in cartographic representation of international
boundaries other than those of the United States with Canada and
Mexico.

Surveying and mapping activities conducted or supported by a Federal
agency to meet specific program needs of the agency which are not
met by the national surveying and mapping programs specified in
paragraph 2A above and which cannot practicably or economically
contribute to the national programs are excluded from coverage.
Determination of the surveying and mapping activities which are
required to meet program needs is the responsibility of the program
agency. However, evaluation of the potential contribution of those
activities to a national surveying or mapping program should be made
by such agency in consultation, or pursuant to a general agreement,
with the responsible agency as described below.

3. Responsibility for coordination.

a. The Department of the Interior is responsible for the
National Topographic Map Series of the United States and outlying
areas of sovereignty and jurisdiction and for the National Atlas
of the United States of America. It also operates theMap Information
Office, which collects and furnishes to potential users information
concerning aerial photography, topographic mapping, and survey data
available from Federal agencies for general use, and the sources
from which they may be obtained.

In carrying out these functions the Department exercises
Government-wide leadership in assuring coordinated planning and
execution of its national topographic mapping, National Atlas, and
map information activities and the cartographic activities of other
Federal agencies related thereto, including activities financed in
whole or in part by such agencies to the end that:



(1) The topographic mapping, National Atlas, and map
information needs of Government agencies and the public at large
are met in the most expeditious and economical manner possible with
available resources;

(2) All mapping activities financed in whole or in part by
Federal funds contribute to the national topographic mapping program
when it is practicable and economical to do so; and

(3) RAerial photography, topographic mapping, and survey data
produced by Federal agencies are conveniently accessible for use
in meeting the cartographic needs of other Federal agencies and
federally assisted programs.

The Department will also arrange through periodic meetings or other
appropriate means, for an exchange of information among Federal
agencies concerning technological developments in civilian agencies
with respect to cartographic activities.

b. The Department of Commerce is responsible for the National
Networks of Geodetic Control and publishes status maps of geodetic
control which meet the standards for inclusion in the national
networks.

In carrying out this function the Department exercises
Government-wide leadership in assuring coordinated planning and
execution of its national geodetic control surveys and the related
survey activities of Federal agencies, including activities financed
in whole or in part by such agencies, to the end that:

(1) The geodetic control needs of Government agencies and
the public at large are met in the most expeditious and economical
manner possible with available resources; and

(2) All surveying activities financed in whole or in part
by Federal funds contribute to the National Networks of Geodetic
Control when it is practicable and economical to do so.

c. The Department of State exercises Government-wide leadership
to assure that cartographic representatives of international
boundaries, other than those of the United States with Canada or
Mexico, by all Federal agencies are consistent and conform to United
States foreign policy.

4. Establishment of coordinating mechanisms. FEach agency named
in paragraph 3 above will, in consultation with other Federal agencies
concerned, establish such standards, procedures, interagency
agreements, and other mechanisms as are necessary to carry out its
Government-wide coordinating responsibilities and to replace, where
required, Exhibit A, B, C, or D of this Circular.

5. Responsibilities of other Federal agencies. FEach Federal agency
is responsible for (a) cooperating as requested in the development




of appropriate coordinating mechanisms; (b) supplying necessary
information to the coordinating agency concerning its cartographic
requirements, programs, activities, and products; and (c) conducting
its surveying, mapping, and product distribution activities in a
manner which provides effective Government-wide coordination and
efficient service to the general public.

6. Differences among agencies. Any major differences which cannot
be resolved through consultation among agencies with respect to the
coordination of cartographic activities covered by this Circular
may be referred by the head of any agency concerned to the Director
of the Bureau of the Budget.

PHILLIP S. HUGHES
Acting Director
*

11/29/88 #3552
Replaces 11/29/88 #2821
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2.1 Purpose. This chapter prescribes policy, responsibility, coordination, and procedures for
geodetic, cartographic, and cadastral surveys performed by the bureaus and offices of the
Department.

2.2 Definitions. For the purpose of this chapter, the following definitions apply:

A.  Geodetic Surveying. Includes first-, second-, and third-order horizontal and vertical
control surveys by precise measurement of distances, angles, and elevation differences; satellite
surveys to determine relative and absolute position including elevation difference derived through
geoid studies; gravimetric surveys; astronomic observations for latitude, longitude, and azimuth,;
and computations for latitude, longitude, and azimuth; and computations and adjustments of the
field observations.

B.  Cartographic Surveying. Includes photoidentification and establishment of field
control as needed for specific mapping projects, and the extension of control by photogrammetric
aerotriangulation.

C.  Cadastral Surveying (Public Lands). Consists of the creation and reestablishment of
public land boundaries, the subdivision of these areas and the determination of the amount of area
within such surveys; the preparation of the official plat and written record of these surveys to be
used in describing lands for patents, leases, or retention for Federal management purposes.
Includes the preparation of protracted Federal boundaries over unsurveyed lands and offshore
areas on the Outer Continental Shelf. Refer also to 757 DM 2.3C, Public Land Survey System
and 2.3D, the Offshore Protraction Survey Program.

2.3 National Programs.

A.  The National Geodetic Control Networks (NGCN). The NGCN are the
responsibility of the National Geodetic Survey Division, Charting and Geodetic Services, National
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Ocean Service, NOAA, Department of Commerce, and consist of monumented and described
first- and second-order vertical and horizontal geodetic network stations. The vertical network
provides accurate elevations, and the horizontal network provides accurate geographic positions.
Those networks consist of:

(1) Net Control. The basic frameworks of first-order lines and control.

(2) Area Control. Lines and stations, generally second-order, but also including
third-order, that fill in where high density of control is needed.

Note: The networks are not complete, and monuments are subject to attrition. In an effort to
support completion and maintenance of the NGCN, OMB directed, through Circular A-16, that
Federal agencies should plan their surveys so as to assist in the establishment, densification, and
maintenance of the NGCN whenever practical and economical. The Federal Mapping Task
Force on Mapping, Charting, Geodesy and Surveying, in its report of July 1973, reaffirmed this
charge, and the Department of the Interior has agreed.

B.  National Mapping Program (NMP). The NMP is the responsibility of the Geological
Survey, as defined in 757 DM 3. It includes those activities necessary to make available a family
of maps and basic map data. Cartographic surveying, which is one of those activities, is required,
along with geodetic surveying, to assure that the basic maps and map data meet horizontal and
vertical accuracy standards as promulgated by the Bureau of the Budget in 1941, revised 1943
and 1947. These accuracy standards appear as Appendix 1 to this chapter. The monuments
established under the Public Land Survey System and their data values are used to supplement the
geodetic control required in the NMP.

C.  Public Land Survey System (PLSS). The PLSS is the responsibility of the Bureau of
Land Management (BLM) and is the official system for establishing, reestablishing, and describing
the boundaries of the public lands of the United States. The system was authorized by the Land
Ordinance of 1785 and includes the creation of land boundaries following a prescribed rectangular
pattern, the establishment of monuments in/on the ground, and the preparation of a narrative and
graphic record of the survey which, upon official acceptance and approval, becomes a quasi-legal
document and enters the public domain. These records are then used in two general areas of
local and national importance: they form the basis of and become a part of the patents issued
when public lands pass out of Federal ownership; and they form the basis for the overall
administration and management of the lands retained in Federal ownership. Modern needs create
a demand for more explicit data in these survey records, and sophisticated instruments and
methods are used in establishing the survey grid on the ground. The Bureau of Land
Management has the authority to survey all Federal interest lands, trust territories, and Indian

lands (see 1973 edition, AManual of Surveying Instructions....,@ published
by BLM). The legal responsibility of the Department and Bureau of
Land Management for physical corner positions ends when all land
and mineral rights controlled by the corner positions pass from
Federal ownership.

However, under certain conditions, specified in the United States
Code, BLM can resurvey 1n private land areas. Geographic positions



of certain land corners continue as a Federal concern insofar as
they relate to the responsibilities of the National Mapping Program
(see 757 DM 3) and to other public and Federal automated mapping
needs. The BIM Public Land Survey System (PLSS) is the foundation
for all legal land parcel descriptions in the public land States,
whether Federal, State, local, or private. The BLM Geographic
Coordinate Data Base (GCDB) 1is derived from the PLSS and provides
the mechanism for graphic representation of legal parcels and the
registration of land records and resources information to a common
geographic coordinate reference.

D. The Offshore Protraction Survey Program. The grid
protraction and determination of offshore boundaries on the Outer
Continental Shelf are required for management of the Federal offshore
mineral leasing program. The Minerals Management Service (MMS) is
responsible for the preparation of the official graphic record of
such protracted areas, Supplemental Official Block Diagrams, Outer
Continental Shelf Official Protraction Diagrams and Leasing Maps.

2.4 Policy Guidelines.

A. The Department is committed to support the development and
maintenance of the NGCN, the accomplishment of cartographic surveys
in support of the NMP, and is bound by statute to carry out andmaintain
the PLSS.

B. Geodetic control surveys will be connected to NGCN and will
be documented and monumented to Federal Geodetic Coordinating
Committees (FGCC) standards wherever practical. These standards
are titled, AStandards and Specifications for Geodetic Control
Networks, @ Department of Commerce, 1984.

C. Geographic positions of PLSS corners will be established
by direct ties or by calculation to aid in computer and graphic use
of PLSS data.

D. The limits and delineation of the boundaries of the Outer
Continental Shelf for natural resource administration, management,
and development purposes will be determined by the MMS, following
statutory and judicial guidelines.

2.5 Geodetic Surveying.

A. Policy. Departmental geodetic surveys will, where
practical, contribute to the development and maintenance of the NGCN
as well as the control needs of other Interior and national programs.

Bureaus with significant survey programs will:

(1) Determine the status of the NGCN in projected areas.
If NGCN control is deficient, Bureau plans will be augmented to
improve NGCN status if practical.

(2) Connect all second- and third-order surveys to NGCN.



(3) Monument and describe according to Federal Geodetic
Control Committee (FGCC) standards.

B. Responsibilities.

(1) Lead Bureau. The Geological Survey (GS) will provide
the Department representative to the FGCC and will coordinate the
Department=s geodetic survey requirements in cooperation with
bureaus and offices and with FGCC. The BLM is, however, a member
of the FGCC for cadastral survey matters. Geological Survey will
also make Departmental geodetic data available through the National
Cartographic Information Center (NCIC) until it is available from
the National Geodetic Survey Division (NGSD), at which time the
responsibility will be assumed by the National Geodetic Survey
Information Center (NGSIC) of NGSD.

(2) Other BRureaus and Offices. Other Interior bureaus and
offices will cooperate and coordinate with the Geological Survey
in planning and establishing geodetic surveys, and will furnish all
new geodetic data to GS for transmittal to NGSD.

(3) National Geodetic Survey Division (NGSD), Charting and
Geodetic Services (C&GS), National Ocean Service, NOAA, Department
of Commerce. NGSD has agreed to store, retrieve, and distribute
geodetic data provided to them in accordance with FGCC standards.

C. Coordination. Bureaus and offices should use one or both
of the following approaches:

(1) Long-range Planning. Bureaus and offices should
determine the status of NGCN control for planning, with Geological
Survey assistance if necessary. They should then review survey plans
with GS to determine what modifications might be practical to
contribute to NGCN or other control survey needs.

(2) Isolated Surveys. Bureaus and offices should evaluate
surveys that do not fit 757 DM 2.5C(1), Long-range Planning, to
determine whether they contribute to NGCN. Planning should include
consultations with GS on the best procedures to follow.

D. Funding. Wherever feasible, bureaus andofficeswill absorb
extra costs required to execute geodetic surveys to NGCN standards,
including monumentation. If funding is not available, the bureau
or office and GS will develop plans and means for appropriate action.

2.6 Cartographic Surveying.

A. Policy. Cartographic surveys will be conducted in such a
way as to contribute to the overall control requirements of the
Department as well as to the NGCN wherever practical. Surveys of
third-order accuracy or better, performed as part of a cartographic
project, are geodetic surveys and will be treated as stated in 757



DM 2.5, Geodetic Surveying.

B. Responsibilities.
(1) Lead Bureau. The Geological Survey is the lead bureau
for coordination of the Department=s cartographic surveys.

(2) Other BRureaus and Offices. Other Interior bureaus and
offices will cooperate and coordinate with GS in establishing
cartographic surveys.

C. Coordination. Bureaus and offices should request the
current status of control from the GS for planning, then review their
plans with GS to determine what modifications, if any, are necessary
to meet NGCN requirements, increase area control coverage, other
otherwise meet Departmental survey needs.

2.7 Cadastral Surveying.

A. Policy. Departmental cadastral surveying will follow the
Manual of Instructions for the Survey of the Public Lands of the
United States (1973 edition), and its amendments and supplements
published by BRIM.

B. Responsibilities.

(1) Lead Bureau. The Bureau of Land Management is
responsible for the administration, coordination, and execution of

the PLSS. This includes the establishment and maintenance of a
system for the storage and dissemination of survey data for use by
local and national realty, land title, and mapping interests. BIM

is developing an automated Geographic Coordinate Data Base (GCDB)
of all corner positions established or reestablished under, or
directly related to, the PLSS. BLM is the custodian of the official
U.S. public land survey records and maintains public information
centers in these states which still have active cadastral survey
programs and in Washington, D.C. BIM is responsible for establishing
a direct line of cadastral survey data communication to the
Department=s National Mapping Program (GS) on a continuing basis
(see 757 DM 2.3B, National Mapping Program).

(a) BLM responsibilities include the segregation by
survey of valid private rights acquired from a variety of public
land laws including the general mining laws.

(b) BLM is also authorized (43 USC 773) to perform PLSS
surveys for other Federal departments and agencies, State and local
Governments, and certain private interests.

(2) Minerals Management Service is responsible for
determining the Federal offshore boundaries on the Outer Continental
Shelf for minerals management purposes.

(3) All Interior bureaus and offices will coordinate their



cadastral surveying needs with BLM. They will report to BLM all
actions taken which serve to change the official PLSS records. The
Bureau of Reclamation has specific authority to conduct cadastral
surveys on certain public lands withdrawn for reclamation purposes
under BLM instructions and with BLM approval. BIM is specifically
required to execute cadastral surveys for the Bureau of Indian Affairs
on Indian reservations.

C. Coordination. All bureaus and offices shall submit their
requirements for cadastral surveys to BLM with adequate lead time
for program implementation. BLM working through the ICCC will
determine the appropriate action necessary to satisfy the needs of
each request. This may include the use of existing survey data or
original surveys or resurveys by BIM. In those cases where BLM
authorizes other agencies to perform the actual survey work, BLM
will provide the necessary instructions, guidance, and official
approval of the records. The records of such surveys will then also
enter the public domain.

D. New (original) cadastral surveys requested by the Interior
bureaus and other Federal agencies will normally be funded by BILM.
Most resurveys required by non-BLM agencies will require
reimbursement to BLM.

2.8 General Coordination. In accordance with responsibilities
assigned in this Chapter, GS and BLM will:

A. Coordinate surveying needs of bureaus and offices for
geodetic or cartographic and cadastral surveys, respectively.

B. Assist other bureaus and offices in long-range planning for
surveys.

C. Provide technical guidance and assistance, as appropriate,
where needed to attain Departmental objectives.
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UNITED STATES NATIONAL MAP ACCURACY STANDARDS

With a view to the utmost economy and expedition in producing maps
which fulfill not only the broad needs for standard or principal
maps, but also the reasonable particular needs of individual
agencies, standards of accuracy for published maps are defined as
follows:

1. Horizontal accuracy. For maps on publication scales larger than
1:20,000, not more than 10 percent of the points tested shall be
in error by more than 1/30 inch, measured on the publication scale;




for maps on publication scales of 1:20,000 or smaller, 1/50 inch.

These limits of accuracy shall apply in all cases to positions of
well defined points only. AWell defined@ points are those that are
easily visible or recoverable on the ground, such as the following:
monuments or markers, such as bench marks, property boundary
monuments; intersections of roads, railroads, etc.; corners of large
buildings or structures (or center points of small buildings); etc.

In general what is Awell defined@ will also be determined by what
is plottable on the scale of the map within 1/100 inch. Thus while
the intersection of two road or property lines meeting at right
angles, would come within a sensible interpretation, identification
of the intersection of such lines meeting at an acute angle would
obviously not be practicable with 1/100 inch. Similarly, features
not identifiable upon the ground within close limits are not to be
considered as test points within the limits quoted, even though their
positions may be scaled closely upon the map. In this class would
come timber lines, soil boundaries, etc.

2. Vertical accuracy, as applied to contour maps on all publication
scales, shall be such that not more than 10 percent of the elevations
tested shall be in error more than one-half the contour interval.

In checking elevations taken from the map, the apparent vertical
error may be decreased by assuming a horizontal displacement within
the permissible horizontal error for a map of that scale.

3. The accuracy of any map may be tested by comparing the positions
of points whose locations or elevations are shown upon 1t with
corresponding positions as determined by surveys of higher accuracy.
Tests shall be made by the producing agency, which shall also
determine which of its maps are to be tested, and the extent of such
testing.

4. Published maps meeting these accuracy requirements shall note
this fact in their legends, as follows: AThis map complies with
national map accuracy standards.@

5. Published maps whose errors exceed those aforestated shall omit
from their legends all mention of standard accuracy.

6. When a published map is a considerable enlargement of a map
drawing (Amanuscript@) or of a published map, that fact shall be
stated in the legend. For example, AThis map i1s an enlargement of
a 1:20,000 scale map drawing,@ or AThis map is an enlargement of
a 1:24,000 scale published map.@

7. To facilitate ready interchange and use of basic information
for map construction among all Federal mapmaking agencies, manuscript
maps and published maps, wherever economically feasible and
consistent with the uses to which the map is to be put, shall conform
to latitude and longitude boundaries, being 15 minutes of latitude
and longitude, or 7 1/2 minutes, or 3 3/4 minutes in size.

*
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757 DM 3

3.1 Purpose. This chapter prescribes policy, responsibility, coordinating arrangements, and
procedures for Departmental administration of mapping activities.

3.2 The National Mapping Program. In response to the findings and recommendations of
the Federal Mapping Task Force cited in 757 DM 1, the Department has modified, extended, and
renamed its National Topographic Program to serve better the basic cartographic data needs of
the country. This new program, the National Mapping Program, includes those activities
necessary to make available basic map data and a family of general-purpose maps. Certain of
these map data categories (such as roads, structures, topography, streams, lakes, and shorelines)
are identified as base map data categories. Other map data of public value may also be
incorporated into the National Mapping Program and will be identified as non-base categories.
The non-base categories will be developed and maintained by the responsible agencies and will be
made available under cooperative agreement for the preparation of maps and other forms of

cartographic display through the National Mapping Program=s coordination and
dissemination arrangements.

3.3 Definitions.

A. Cartography. The art and science of expressing graphically
or digitally by the use of maps, charts, or other displays, the known
physical features of the Earth or extraterrestrial bodies, usually
including the works of man and his varied activities.

B. Map. A spatial representation, usually on a plane surface,
at scale, of a part or a whole of the Earth=s physical features
(natural, artificial, or both), by the use of signs, symbols, or
numeric representation. Also, a similar representation of an
extraterrestrial body.

C. Mapping. The process of collecting and preparing data on
spatially relatable features for presentation in graphical or digital
form.



D. Base Map. A map showing selected fundamental information
for multipurpose use; a general-purpose map.

E. Digital Map Data. Numerical data representing
spatially-relatable physical features (natural, artificial, or both)
that can be used in computations, statistical analysis, and graphical
output.

F. Geographic Information System. A computer hardware and
software system designed to collect, manage, analyze, and display
spatially referenced data.

G. Base Map Data Category. A set of map data, at scale and
of a prescribed level of content, that is normally produced in

preparation of general-purpose maps. This set of basic map data
can be available as individual features such as roads, streams,
contours, etc., or in combinations. Base map data categories are:

(1) Reference systems B geographic and other coordinate
systems except the public land survey network.

(2) Hypsography - contours, slopes, and elevations.

(3) Hydrography B streams and rivers, lakes and ponds,
wetlands, reservoirs, and shorelines.

(4) Surface cover B woodland, orchards, vineyards, etc.
(general categories only).

(5) Non-vegetative features B surface features normally
designated by names or special symbols other than contour lines,
such as playas, dunes, and barren waste areas.

(6) Boundaries B portrayal of political jurisdictions,
national parks and forests, military reservations, etc. This
category shows the boundaries as established by the various concerned
agencies and jurisdictions and does not definitively set forth land
ownership or land use.

(7) Transportation systems - roads, railroads, trails,
canals, pipelines, transmission lines, bridges, tunnels, etc.

(8) Significant manmade structures such as buildings,
airports, dams, and other landmark structures or objects.

(9) Identification and portrayal of geodetic control, survey
monuments, and other survey markers.

(10) Geographic names.

(11) Orthophotographic imagery.
H. Non-base Map Data Category. A set of map data in graphical
or digital form on specific themes or topics (such as land use or
land ownership) that has general public value. These are generally




combined with one or more of the base map data categories.

3.4 Coverage. The provisions of this chapter apply to all base maps
and base map data categories and to those non-base map data categories
that have general use and can be developed economically under
cooperative agreement with the responsible agency. The provisions
of this Chapter may not apply to those maps (such as recreational
maps and statistical maps) that are essentially pictorial or
schematic.

3.5 Policy. The base mapping activities of the bureaus will be part
of the National Mapping Program through partnership arrangements
with the Geological Survey. To avoid duplication of effort, and
assure compatibility of data, mapping and map production processes
will be adapted when practical to use the categories available under
the National Mapping Programs. Bureaus will not independently
develop such categories.

3.6 Responsibilities.

A. Lead Agency. The Geological Survey is the lead agency for
the administration of the National Mapping Program. This includes
coordinating, planning, managing, compiling, defining, and approving
the National Mapping Program categories, and assuring the
availability of the resulting map data and materials to users.

B. Base Map Data Categories. The Geological Survey is
responsible for defining and maintaining the base map categories
of the National Mapping Program and will make these data available
in forms that contribute to their timely and effective use. 1In cases
where the base map category data is not available, the Geological
Survey and the requiring bureau or office shall determine the
developmental actions to be taken so that data will be available
and also incorporated into the basic files of the National Mapping
Program.

C. Non-base Map Data Categories. The agency which is
responsible for a data system that produces spatial data not included
in the base categories will generally develop and maintain these
non-base category data. Agencies will evaluate their data
collection systems in cooperation with the Geological Survey to
review the overall need for cartographic data that is or can be derived
from the agency data systems. When sufficient general need is
determined the category should be incorporated into the National
Mapping Program. Should the non-base category become a requirement
of the National Digital Cartographic Data Base, the agency
maintaining the non-base cartographic data is responsible for
modifying its processes for the data for compatibility with the
National Mapping Program standards. The responsible agency will
also establish, by agreement with the Geological Survey, the
arrangements for making the non-base category information available
through the National Mapping Program.




D. Map Printing. Each agency is responsible for the efficient
and economical printing of the maps it produces. 1In exercising this
responsibility the bureau or office will consider the map
reproduction capabilities of the Geological Survey and use them where

appropriate.
*
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FOREWORD

The goal of American Society for Photogrammetry and Remote Sens-
ing (ASPRS) is to advance the science of photogrammetry and remote
sensing; to educate individuals in the science of photogrammetry and
remote sensing; to foster the exchange of information pertaining to the
science of photogrammetry and remote sensing; to develop, place into
practice, and maintain standards and ethics applicable to aspects of the
science; to provide a means for the exchange of ideas among those in-
terested in the sciences; and to encourage, publish and distribute books,
periodicals, treatises, and other scholarly and practical works to further
the science of photogrammetry and remote sensing.

This standard was developed by the ASPRS Map Accuracy Stan-
dards Working Group, a joint committee under the Photogrammetric
Applications Division, Primary Data Acquisition Division, and Lidar
Division, which was formed for the purpose of reviewing and updating
ASPRS map accuracy standards to reflect current technologies. A sub-
committee of this group, consisting of Dr. Qassim Abdullah of Wool-
pert, Inc., Dr. David Maune of Dewberry Consultants, Doug Smith of
David C. Smith and Associates, Inc., and Hans Karl Heidemann of the
U.S. Geological Survey, was responsible for drafting the document.

ASPRS POSITIONAL ACCURACY STANDARDS
FOR DIGITAL GEOSPATIAL DATA

1. PURPOSE

The objective of the ASPRS Positional Accuracy Standards for Digital
Geospatial Data is to replace the existing ASPRS Accuracy Standards
for Large-Scale Maps (1990), and the ASPRS Guidelines, Vertical
Accuracy Reporting for Lidar Data (2004) to better address current
technologies.

This standard includes positional accuracy standards for digital
orthoimagery, digital planimetric data and digital elevation data. Accu-
racy classes, based on RMSE values, have been revised and upgraded
from the 1990 standard to address the higher accuracies achievable
with newer technologies. The standard also includes additional accura-
cy measures, such as orthoimagery seam lines, aerial triangulation ac-
curacy, lidar relative swath-to-swath accuracy, recommended minimum
Nominal Pulse Density (NPD), horizontal accuracy of elevation data,
delineation of low confidence areas for vertical data, and the required
number and spatial distribution of checkpoints based on project area.

1.1 Scope and Applicability

This standard addresses geo-location accuracies of geospatial products
and it is not intended to cover classification accuracy of thematic maps.
Further, the standard does not specify the best practices or methodolo-
gies needed to meet the accuracy thresholds stated herein. Specific
requirements for the testing methodologies are specified as are some
of the key elemental steps that are critical to the development of data
if they are to meet these standards. However, it is the responsibility of
the data provider to establish all final project design parameters, imple-
mentation steps and quality control procedures necessary to ensure the
data meets final accuracy requirements.

The standard is intended to be used by geospatial data providers
and users to specify the positional accuracy requirements for final
geospatial products.

1.2 Limitations

This standard is limited in scope to addressing accuracy thresholds and
testing methodologies for the most common mapping applications and
to meet immediate shortcomings in the outdated 1990 and 2004 stan-
dards referenced above. While the standard is intended to be technol-
ogy independent and broad based, there are several specific accuracy
assessment needs that were identified but are not addressed herein at
this time, including:
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1. Methodologies for accuracy assessment of linear features (as
opposed to well defined points);

2. Rigorous total propagated uncertainty (TPU) modeling (as op-
posed to — or in addition to — ground truthing against indepen-
dent data sources);

3. Robust statistics for data sets that do not meet the criteria for
normally distributed data and therefore cannot be rigorously
assessed using the statistical methods specified herein;

4. Image quality factors, such as edge definition and other charac-
teristics;

5. Robust assessment of checkpoint distribution and density;

6. Alternate methodologies to TIN interpolation for vertical ac-
curacy assessment.

This standard is intended to be the initial component upon which
future work can build. Additional supplemental standards or modules
should be pursued and added by subject matter experts in these fields
as they are developed and approved by the ASPRS.

At this time this standard does not reference existing international
standards. International standards could be addressed in future mod-
ules or versions of this standard if needed.

1.3 Structure and Format

The standard is structured as follows: The primary terms and definitions,
references, and requirements are stated within the main body of the
standard, according to the ASPRS standards template and without ex-
tensive explanation or justification. Detailed supporting guidelines and
background information are attached as Annexes A through D. Annex
A provides a background summary of other standards, specifications
and/or guidelines relevant to ASPRS but which do not satisfy current
requirements for digital geospatial data. Annex B provides accuracy/
quality examples and overall guidelines for implementing the standard.
Annex C provides guidelines for accuracy testing and reporting. Annex
D provides guidelines for statistical assessment and examples for com-
puting vertical accuracy in vegetated and non-vegetated terrain.

2. CONFORMANCE

No conformance requirements are established for this standard.
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5. TERMS AND DEFINITIONS

absolute accuracy — A measure that accounts for all systematic and
random errors in a data set.

accuracy — The closeness of an estimated value (for example, mea-
sured or computed) to a standard or accepted (true) value of a particular
quantity. Not to be confused with precision.

bias — A systematic error inherent in measurements due to some defi-
ciency in the measurement process or subsequent processing.

blunder — A mistake resulting from carelessness or negligence.

confidence level — The percentage of points within a data set that are
estimated to meet the stated accuracy; e.g., accuracy reported at the
95% confidence level means that 95% of the positions in the data set
will have an error with respect to true ground position that are equal to
or smaller than the reported accuracy value.

consolidated vertical accuracy (CVA) — Replaced by the term Veg-
etated Vertical Accuracy (VVA) in this standard, CVA is the term used
by the NDEP guidelines for vertical accuracy at the 95" percentile in
all land cover categories combined.

Sfundamental vertical accuracy (FVA) — Replaced by the term Non-veg-

etated Vertical Accuracy (NVA), in this standard, FVA is the term used
by the NDEP guidelines for vertical accuracy at the 95% confidence
level in open terrain only where errors should approximate a normal
error distribution.

ground sample distance (GSD) — The linear dimension of a sample
pixel’s footprint on the ground. Within this document GSD is used
when referring to the collection GSD of the raw image, assuming
near-vertical imagery. The actual GSD of each pixel is not uniform
throughout the raw image and varies significantly with terrain height
and other factors. Within this document, GSD is assumed to be the
value computed using the calibrated camera focal length and camera
height above average horizontal terrain.

horizontal accuracy — The horizontal (radial) component of the po-
sitional accuracy of a data set with respect to a horizontal datum, at a
specified confidence level.

inertial measurement unit (IMU) — The primary component of an INS.
Measures 3 components of acceleration and 3 components of rotation
using orthogonal triads of accelerometers and gyros.

inertial navigation system (INS) — A self-contained navigation system,
comprised of several subsystems: IMU, navigation computer, power
supply, interface, etc. Uses measured accelerations and rotations to
estimate velocity, position and orientation. An unaided INS loses ac-
curacy over time, due to gyro drift.

kurtosis —The measure of relative “peakedness” or flatness of a distri-
bution compared with a normally distributed data set. Positive kurtosis
indicates a relatively peaked distribution near the mean while negative
kurtosis indicates a flat distribution near the mean.

local accuracy — The uncertainty in the coordinates of points with
respect to coordinates of other directly connected, adjacent points at
the 95% confidence level.
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mean error — The average positional error in a set of values for one
dimension (X, y, or z); obtained by adding all errors in a single dimen-
sion together and then dividing by the total number of errors for that
dimension.

network accuracy — The uncertainty in the coordinates of mapped
points with respect to the geodetic datum at the 95% confidence level.

non-vegetated vertical accuracy (NVA) — The vertical accuracy at
the 95% confidence level in non-vegetated open terrain, where errors
should approximate a normal distribution.

percentile — A measure used in statistics indicating the value below
which a given percentage of observations in a group of observations
fall. For example, the 95th percentile is the value (or score) below
which 95 percent of the observations may be found. For accuracy test-
ing, percentile calculations are based on the absolute values of the er-
rors, as it is the magnitude of the errors, not the sign that is of concern.

pixel resolution or pixel size — As used within this document, pixel size
is the ground size of a pixel in a digital orthoimage, after all rectifica-
tions and resampling procedures.

positional error — The difference between data set coordinate values
and coordinate values from an independent source of higher accuracy
for identical points.

positional accuracy — The accuracy of the position of features, includ-
ing horizontal and vertical positions, with respect to horizontal and
vertical datums.

precision (vepeatability) — The closeness with which measurements
agree with each other, even though they may all contain a systematic
bias.

relative accuracy — A measure of variation in point-to-point accuracy
in a data set.

resolution — The smallest unit a sensor can detect or the smallest unit
an orthoimage depicts. The degree of fineness to which a measurement
can be made.

root-mean-square error (RMSE) — The square root of the average of
the set of squared differences between data set coordinate values and
coordinate values from an independent source of higher accuracy for
identical points.

skew — A measure of symmetry or asymmetry within a data set. Sym-
metric data will have skewness towards zero.

standard deviation — A measure of spread or dispersion of a sample of
errors around the sample mean error. It is a measure of precision, rather
than accuracy; the standard deviation does not account for uncorrected
systematic errors.

supplemental vertical accuracy (SVA) — Merged into the Vegetated
Vertical Accuracy (VVA) in this standard, SVA is the NDEP guidelines
term for reporting the vertical accuracy at the 95" percentile in each
separate land cover category where vertical errors may not follow a
normal error distribution.

systematic error — An error whose algebraic sign and, to some extent,
magnitude bears a fixed relation to some condition or set of conditions.
Systematic errors follow some fixed pattern and are introduced by data
collection procedures, processing or given datum.
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uncertainty (of measurement) — a parameter that characterizes the
dispersion of measured values, or the range in which the “true” value
most likely lies. It can also be defined as an estimate of the limits of
the error in a measurement (where “error” is defined as the difference
between the theoretically-unknowable “true” value of a parameter and
its measured value).Standard uncertainty refers to uncertainty ex-
pressed as a standard deviation.

vegetated vertical accuracy (VVA) — An estimate of the vertical accu-
racy, based on the 95" percentile, in vegetated terrain where errors do
not necessarily approximate a normal distribution.

vertical accuracy — The measure of the positional accuracy of a data
set with respect to a specified vertical datum, at a specified confidence
level or percentile.

For additional terms and more comprehensive definitions of the terms
above, reference is made to the Glossary of Mapping Sciences; Manual
of Photogrammetry, 6 edition; Digital Elevation Model Technologies
and Applications: The DEM Users Manual, 2™ edition, and/or the
Manual of Airborne Topographic Lidar, all published by ASPRS.

6. SYMBOLS, ABBREVIATED TERMS,
AND NOTATIONS

ACC,— the horizontal (radial) accuracy at the 95% confidence level
ACC, — the vertical linear accuracy at the 95% confidence level
ASPRS — American Society for Photogrammetry and Remote Sensing
CVA — Consolidated Vertical Accuracy

DEM - Digital Elevation Model

DTM - Digital Terrain Model

FVA — Fundamental Vertical Accuracy

GSD - Ground Sample Distance

GNSS - Global Navigation Satellite System

GPS — Global Positioning System

IMU — Inertial Measurement Unit

INS — Inertial Navigation System

NGPS — Nominal Ground Point Spacing

NPD — Nominal Pulse Density

NMAS — National Map Accuracy Standard

NPS — Nominal Pulse Spacing

NSSDA — National Standard for Spatial Data Accuracy

NVA — Non-vegetated Vertical Accuracy

RMSE, — the horizontal linear RMSE in the radial direction that in-
cludes both x- and y-coordinate errors.

RMSE, — the horizontal linear RMSE in the X direction (Easting)
RMSE, — the horizontal linear RMSE in the Y direction (Northing)
RMSE, — the vertical linear RMSE in the Z direction (Elevation)
RMSE — root-mean-square-error

RMSD, — root-mean-square-difference in elevation (z)

SVA — Supplemental Vertical Accuracy

TIN — Triangulated Irregular Network

VVA — Vegetated Vertical Accuracy

X — sample mean error, for x

s — sample standard deviation

7, — sample skewness

7, — sample kurtosis
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7. SPECIFIC REQUIREMENTS

This standard defines accuracy classes based on RMSE thresholds for
digital orthoimagery, digital planimetric data, and digital elevation data.
Testing is always recommended but may not be required for all data
sets; specific requirements must be addressed in the project specifications.

When testing is required, horizontal accuracy shall be tested by
comparing the planimetric coordinates of well-defined points in the
data set with coordinates determined from an independent source of
higher accuracy. Vertical accuracy shall be tested by comparing the
elevations of the surface represented by the data set with elevations
determined from an independent source of higher accuracy. This is
done by comparing the elevations of the checkpoints with elevations
interpolated from the data set at the same x/y coordinates. See Annex
C, Section C.11 for detailed guidance on interpolation methods.

All accuracies are assumed to be relative to the published datum
and ground control network used for the data set and as specified in
the metadata. Ground control and checkpoint accuracies and processes
should be established based on project requirements. Unless specified
to the contrary, it is expected that all ground control and checkpoints
should normally follow the guidelines for network accuracy as detailed
in the Geospatial Positioning Accuracy Standards, Part 2: Standards for
Geodetic Networks, Federal Geodetic Control Subcommittee, Federal
Geographic Data Committee (FGDC-STD-007.2-1998). When local
control is needed to meet specific accuracies or project needs, it must
be clearly identified both in the project specifications and the metadata.

7.1 Statistical Assessment of Horizontal and
Vertical Accuracies

Horizontal accuracy is to be assessed using root-mean-square-error
(RMSE) statistics in the horizontal plane, i.e., RMSE,, RMSE, and
RMSE.,. Vertical accuracy is to be assessed in the z dimension only. For
vertical accuracy testing, different methods are used in non-vegetated
terrain (where errors typically follow a normal distribution suitable for
RMSE statistical analyses) and vegetated terrain (where errors do not
necessarily follow a normal distribution). When errors cannot be rep-
resented by a normal distribution, the 95" percentile value more fairly
estimates accuracy at a 95% confidence level. For these reasons verti-
cal accuracy is to be assessed using RMSE_ statistics in non-vegetated
terrain and 95" percentile statistics in vegetated terrain. Elevation data
sets shall also be assessed for horizontal accuracy where possible, as
outlined in Section 7.5.

With the exception of vertical data in vegetated terrain, error thresh-
olds stated in this standard are presented in terms of the acceptable
RMSE value. Corresponding estimates of accuracy at the 95% confi-
dence level values are computed using National Standard for Spatial
Data Accuracy (NSSDA) methodologies according to the assumptions
and methods outlined in Annex D, Accuracy Statistics and Examples.

7.2 Assumptions Regarding Systematic
Errors and Acceptable Mean Error

With the exception of vertical data in vegetated terrain, the assessment
methods outlined in this standard, and in particular those related to
computing NSSDA 95% confidence level estimates, assume that the
data set errors are normally distributed and that any significant system-
atic errors or biases have been removed. It is the responsibility of the
data provider to test and verify that the data meet those requirements
including an evaluation of statistical parameters such as the kurtosis,
skew, and mean error, as well as removal of systematic errors or biases
in order to achieve an acceptable mean error prior to delivery.
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The exact specification of an acceptable value for mean error may
vary by project and should be negotiated between the data provider and
the client. As a general rule, these standards recommend that the mean
error be less than 25% of the specified RMSE value for the project. If a
larger mean error is negotiated as acceptable, this should be document-
ed in the metadata. In any case, mean errors that are greater than 25%
of the target RMSE, whether identified pre-delivery or post-delivery,
should be investigated to determine the cause of the error and to deter-
mine what actions, if any, should be taken. These findings should be
clearly documented in the metadata.

Where RMSE testing is performed, discrepancies between the x, y, or
z coordinates of the ground point check survey and the data set that ex-
ceed three times the specified RMSE error threshold shall be interpreted
as blunders and should be investigated and either corrected or explained
before the data is considered to meet this standard. Blunders may not be
discarded without proper investigation and explanation in the metadata.

7.3 Horizontal Accuracy Standards for
Geospatial Data

Table 7.1 specifies the primary horizontal accuracy standard for digital
data, including digital orthoimagery, digital planimetric data, and
scaled planimetric maps. This standard defines horizontal accuracy
classes in terms of their RMSE, and RMSE, values. While prior
ASPRS standards used numerical ranks for discrete accuracy classes
tied directly to map scale (i.e., Class 1, Class 2, etc.), many modern ap-
plications require more flexibility than these classes allowed. Further-
more, many applications of horizontal accuracy cannot be tied directly
to compilation scale, resolution of the source imagery, or final pixel
resolution.

A Scope of Work, for example, can specify that digital orthoimag-
ery, digital planimetric data, or scaled maps must be produced to meet
ASPRS Accuracy Standards for 7.5 cm RMSE, and RMSE, Horizontal
Accuracy Class.

Annex B includes extensive examples that relate accuracy classes of
this standard to their equivalent classes according to legacy standards.
RMSE and RMSE, recommendations for digital orthoimagery of vari-
ous pixel sizes are presented in Table B.5. Relationships to prior map
accuracy standards are presented in Table B.6. Table B.6 lists RMSE_
and RMSEy recommendations for digital planimetric data produced
from digital imagery at various GSDs and their equivalent map scales
according to the legacy standards of ASPRS 1990 and NMAS of 1947.
The recommended associations of RMSE_and RMSEy, pixel size, and
GSD that are presented in the above mentioned tables of Annex B are
based on current status of mapping technologies and best practices.
Such associations may change in the future as mapping technologies
continue to advance and evolve.

7.4 Vertical Accuracy Standards for
Elevation Data

Vertical accuracy is computed using RMSE statistics in non-vegetated
terrain and 95" percentile statistics in vegetated terrain. The naming
convention for each vertical accuracy class is directly associated with
the RMSE expected from the product. Table 7.2 provides the verti-
cal accuracy classes naming convention for any digital elevation data.
Horizontal accuracy requirements for elevation data are specified and
reported independent of the vertical accuracy requirements. Section 7.5
outlines the horizontal accuracy requirements for elevation data.
Annex B includes examples on typical vertical accuracy values for
digital elevation data and examples on relating the vertical accuracy of
this standard to the legacy map standards. Table B.7 of Annex B lists
10 common vertical accuracy classes and their corresponding accuracy
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TABLE 7.1 HORIZONTAL ACCURACY STANDARDS FOR GEOSPATIAL DATA

}iil:z:::;l AV L E ] Orthoimagery Mosaic
Class RMSE, and RMSE, (¢cm) | RMSE, (cm) | Horizontal Accuracy at 95% Confidence Level (cm) Seamline Mismatch (cm)
X-cm <X <1.414*X <2.448*X <2*X
TABLE 7.2 VERTICAL ACCURACY STANDARDS FOR DIGITAL ELEVATION DATA
Absolute Accuracy Relative Accuracy (where applicable)
Vertical
Accuracy RMSE. Non- NVA! at 95% VVA? at 950 Within-Swath Swath-to-Swath Swath-to-Swath
Class Veseta té A | Comtenee eyl (am)|| D e (em) Hard Surface Repeatability | Non-Vegetated Terrain | Non-Vegetated Terrain
g (Max Diff) (cm) (RMSD,) (cm) (Max Diff) (cm)
X-cm <X <1.96*X <3.00*X <0.60*X <0.80*X <1.60*X

values and other quality measures according to this standard. Table B.8
of Annex B provides the equivalent vertical accuracy measures for the
same ten classes according to the legacy standards of ASPRS 1990 and
NMAS of 1947. Table B.9 provides examples on vertical accuracy and
the recommended lidar points density for digital elevation data accord-
ing to the new ASPRS 2014 standard.

The Non-vegetated Vertical Accuracy at the 95% confidence level
in non-vegetated terrain (NVA) is approximated by multiplying the
accuracy value of the Vertical Accuracy Class (or RMSE,) by 1.9600.
This calculation includes survey checkpoints located in traditional open
terrain (bare soil, sand, rocks, and short grass) and urban terrain (as-
phalt and concrete surfaces). The NVA, based on an RMSE, multiplier,
should be used only in non-vegetated terrain where elevation errors
typically follow a normal error distribution. RMSE -based statistics
should not be used to estimate vertical accuracy in vegetated terrain or
where elevation errors often do not follow a normal distribution.

The Vegetated Vertical Accuracy at the 95% confidence level in
vegetated terrain (VVA) is computed as the 95™ percentile of the abso-
lute value of vertical errors in all vegetated land cover categories com-
bined, including tall weeds and crops, brush lands, and fully forested
areas. For all vertical accuracy classes, the VVA standard is 3.0 times
the accuracy value of the Vertical Accuracy Class.

Both the RMSE and 95™ percentile methodologies specified above
are currently widely accepted in standard practice and have been
proven to work well for typical elevation data sets derived from current
technologies. However, both methodologies have limitations, particu-
larly when the number of checkpoints is small. As more robust statisti-
cal methods are developed and accepted, they will be added as new
Annexes to supplement and/or supersede these existing methodologies.

7.5 Horizontal Accuracy Requirements for
Elevation Data

This standard specifies horizontal accuracy thresholds for two types of
digital elevation data with different horizontal accuracy requirements:

* Photogrammetric Elevation Data: For elevation data derived
using stereo photogrammetry, the horizontal accuracy equates
to the horizontal accuracy class that would apply to planimetric
data or digital orthoimagery produced from the same source
imagery, using the same aerial triangulation/INS solution.

e Lidar Elevation Data: Horizontal error in lidar derived eleva-
tion data is largely a function of positional error as derived
from the Global Navigation Satellite System (GNSS), attitude
(angular orientation) error (as derived from the INS) and flying
altitude; and can be estimated based on these parameters. The
following equation® provides an estimate for the horizontal ac-
curacy for the lidar-derived data set assuming that the position-
al accuracy of the GNSS, the attitude accuracy of the Inertial
Measurement Unit (IMU) and the flying altitude are known:

Lidar Horizontal Error (RMSEr ) =

tan(/MU error)

\/(GNSS positiomzlermr)2 +( 0.55894170

2
x flying altitude)

The above equation considers flying altitude (in meters), GNSS errors
(radial, in cm), IMU errors (in decimal degrees), and other factors such
as ranging and timing errors (which is estimated to be equal to 25% of
the orientation errors). In the above equation, the values for the “GNSS
positional error” and the “IMU error” can be derived from published
manufacturer specifications for both the GNSS receiver and the IMU.

If the desired horizontal accuracy figure for lidar data is agreed upon,
then the following equation can be used to estimate the flying altitude:

Flying Altitude=
0.55894170
tan(IMU error)

\/ (Lidar Horizontal Error (RMSE}'))2 — (GNSS positional error)*

Table B.10 can be used as a guide to estimate the horizontal errors
to be expected from lidar data at various flying altitudes, based on
estimated GNSS and IMU errors.

! Statistically, in non-vegetated terrain and elsewhere when elevation errors follow a normal distribution, 68.27% of errors are within one standard deviation (s) of
the mean error, 95.45% of errors are within (2 * s) of the mean error, and 99.73% of errors are within (3 * s) of the mean error. The equation (1.9600 * s) is used
to approximate the maximum error either side of the mean that applies to 95% of the values. Standard deviations do not account for systematic errors in the data

set that remain in the mean error. Because the mean error rarely equals zero, this must be accounted for. Based on empirical results, if the mean error is small, the
sample size sufficiently large and the data is normally distributed, 1.9600 * RMSE, is often used as a simplified approximation to compute the NVA at a 95% confi-
dence level. This approximation tends to overestimate the error range as the mean error increases. A precise estimate requires a more robust statistical computation
based on the standard deviation and mean error. ASPRS encourages standard deviation, mean error, skew, kurtosis and RMSE to all be computed in error analyses in
order to more fully evaluate the magnitude and distribution of the estimated error.

2 VVA standards do not apply to areas previously defined as low confidence areas and delineated with a low confidence polygon (see Appendix C). If VVA accuracy
is required for the full data set, supplemental field survey data may be required within low confidence areas where VVA accuracies cannot be achieved by the remote
sensing method being used for the primary data set.

3 The method presented here is one approach; there are other methods for estimating the horizontal accuracy of lidar data sets, which are not presented herein
(Abdullah, Q., 2014, unpublished data).
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Guidelines for testing the horizontal accuracy of elevation data sets
derived from lidar are outlined in Annex C.

Horizontal accuracies at the 95% confidence level, using NSSDA
reporting methods for either “produced to meet” or “tested to meet”
specifications should be reported for all elevation data sets.

For technologies or project requirements other than as specified
above for photogrammetry and airborne lidar, appropriate horizontal
accuracies should be negotiated between the data provider and the cli-
ent. Specific error thresholds, accuracy thresholds or methods for test-
ing will depend on the technology used and project design. The data
provider has the responsibility to establish appropriate methodologies,
applicable to the technologies used, to verify that horizontal accuracies
meet the stated project requirements.

7.6 Low Confidence Areas for Elevation Data

If the VVA standard cannot be met, low confidence area polygons shall
be developed and explained in the metadata. For elevation data derived
from imagery, the low confidence areas would include vegetated areas
where the ground is not visible in stereo. For elevation data derived
from lidar, the low confidence areas would include dense cornfields,
mangrove or similar impenetrable vegetation. The low confidence

area polygons are the digital equivalent to using dashed contours in
past standards and practice. Annex C, Accuracy Testing and Reporting
Guidelines, outlines specific guidelines for implementing low confi-
dence area polygons.

7.7 Accuracy Requirements for Aerial
Triangulation and INS-based Sensor
Orientation of Digital Imagery

The quality and accuracy of the aerial triangulation (if performed) and/
or the Inertial Navigation System-based (INS-based) sensor orienta-
tions (if used for direct orientation of the camera) play a key role in
determining the final accuracy of imagery derived mapping products.

For photogrammetric data sets, the aerial triangulation and/or INS-
based direct orientation accuracies must be of higher accuracy than is
needed for the final, derived products.

For INS-based direct orientation, image orientation angles quality
shall be evaluated by comparing checkpoint coordinates read from the
imagery (using stereo photogrammetric measurements or other appro-
priate method) to the coordinates of the checkpoint as determined from
higher accuracy source data .

Aerial triangulation accuracies shall be evaluated using one of the
following methods:

1. By comparing the values of the coordinates of the checkpoints
as computed in the aerial triangulation solution to the coordi-
nates of the checkpoints as determined from higher accuracy
source data;

2. By comparing the values of the coordinates read from the
imagery (using stereo photogrammetric measurements or other
appropriate method) to the coordinates of the checkpoint as
determined from higher accuracy source data.

For projects providing deliverables that are only required to meet
accuracies in x and y (orthoimagery or two-dimensional vector data),
aerial triangulation errors in z have a smaller impact on the horizontal
error budget than errors in x and y. In such cases, the aerial triangula-
tion requirements for RMSE can be relaxed. For this reason the stan-
dard recognizes two different criteria for aerial triangulation accuracy:

* Accuracy of aerial triangulation designed for digital planimetric
data (orthoimagery and/or digital planimetric map) only:
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RMSE, 1, of RMSE, ,;, = % * RMSE, ,,,, or RMSE
RMSE, 1, = RMSE,,,,, or RMSE

Note: The exact contribution of aerial triangulation errors in z
to the overall horizontal error budget for the products depends
on ground point location in the image and other factors. The
relationship stated here for an RMSE, (AT) of twice the allow-
able RMSE in x or y is a conservative estimate that accom-
modates the typical range of common camera geometries and
provides allowance for many other factors that impact the
horizontal error budget.

e Accuracy of aerial triangulation designed for elevation data, or
planimetric data (orthoimagery and/or digital planimetric map)
and elevation data production:

RMSE, 1), RMSE, ) or RMSE, ;) = /2 * RMSE ),
RMSE, 0 RMSE, 5.

y(Map)

sovapy OF Orthoimagery

Annex B, Data Accuracy and Quality Examples, provides practical
examples of these requirements.

7.8 Accuracy Requirements for Ground
Control Used for Aerial Triangulation

Ground control points used for aerial triangulation should have higher
accuracy than the expected accuracy of derived products according to
the following two categories:
» Accuracy of ground control designed for planimetric data (or-
thoimagery and/or digital planimetric map)production only:

RMSE, or RMSE, = 1/4 * RMSE,,,, or RMSE ..,

RMSE, = 1/2 * RMSE, ;,,, or RMSE, ;)
» Accuracy of ground control designed for elevation data, or
planimetric data and elevation data production:

RMSE,, RMSE, or RMSE = 1/4 * RMSE, ,,.,, RMSE, .., or
RMSE, o)

Annex B, Data Accuracy and Quality Examples, provides practical
examples of these requirements.

7.9 Checkpoint Accuracy and Placement
Requirements

The independent source of higher accuracy for checkpoints shall be
at least three times more accurate than the required accuracy of the
geospatial data set being tested.

Horizontal checkpoints shall be established shall be established at
well-defined points. A well-defined point represents a feature for which
the horizontal position can be measured to a high degree of accuracy
and position with respect to the geodetic datum. For the purpose of ac-
curacy testing, well-defined points must be easily visible or identifiable
on the ground, on the independent source of higher accuracy, and on
the product itself. For testing orthoimagery, well-defined points shall
not be selected on features elevated with respect to the elevation model
used to rectify the imagery.

Unlike horizontal checkpoints, vertical checkpoints are not necessar-
ily required to be clearly defined or readily identifiable point features.

Vertical checkpoints shall be established at locations that minimize
interpolation errors when comparing elevations interpolated from the
data set to the elevations of the checkpoints. Vertical checkpoints shall
be surveyed on flat or uniformly-sloped open terrain and with slopes
of 10% or less and should avoid vertical artifacts or abrupt changes in
elevation.
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7.10 Checkpoint Density and Distribution

When testing is to be performed, the distribution of the checkpoints
will be project specific and must be determined by mutual agreement
between the data provider and the end user. In no case shall an NVA,
digital orthoimagery accuracy or planimetric data accuracy be based
on less than 20 checkpoints.

A methodology to provide quantitative characterization and speci-
fication of the spatial distribution of checkpoints across the project
extents, accounting for land cover type and project shape, is both
realistic and necessary. But until such a methodology is developed and
accepted, checkpoint density and distribution will be based primarily
on empirical results and simplified area based methods.

Annex C, Accuracy Testing and Reporting Guidelines, provides
details on the recommended checkpoint density and distribution. The
requirements in Annex C may be superseded and updated as newer
methods for determining the appropriate distribution of checkpoints
are established and approved.

7.11 Relative Accuracy of Lidar and IFSAR
Data

Relative accuracy assessment characterizes the internal geometric quality
of an elevation data set without regard to surveyed ground control. The
assessment includes two aspects of data quality: within-swath accuracy
(smooth surface repeatability), and swath-to-swath accuracy. Within-
swath accuracy is usually only associated with lidar collections. The re-
quirements for relative accuracy are more stringent than those for absolute
accuracy. Acceptable limits for relative accuracy are stated in Table 7.2.

For lidar collections, within-swath relative accuracy is a measure
of the repeatability of the system when detecting flat, hard surfaces.
Within-swath relative accuracy also indicates the internal stability of
the instrument. Within-swath accuracy is evaluated against single
swath data by differencing two raster elevation surfaces generated from
the minimum and maximum point elevations in each cell (pixel), taken
over small test areas of relatively flat, hard surfaces. The raster cell size
should be twice the NPS of the lidar data. Suitable test areas will have
produced only single return lidar points and will not include abrupt
changes in reflectivity (e.g., large paint stripes, shifts between black
asphalt and white concrete, etc.), as these may induce elevation shifts
that could skew the assessment. The use of a difference test normalizes
for the actual elevation changes in the surfaces. Acceptable thresholds
for each accuracy class are based on the maximum difference between
minimum and maximum values within each pixel.

For lidar and IFSAR collections, relative accuracy between swaths
(swath-to-swath) in overlap areas is a measure of the quality of the
system calibration/bore-sighting and airborne GNSS trajectories.

Swath-to-swath relative accuracy is assessed by comparing the el-
evations of overlapping swaths. As with within-swath accuracy assess-
ment, the comparisons are performed in areas producing only single
return lidar points. Elevations are extracted at checkpoint locations
from each of the overlapping swaths and computing the root-mean-
square-difference (RMSD,) of the residuals. Because neither swath
represents an independent source of higher accuracy, as used in RMSE,
calculations, the comparison is made using the RMS differences
rather than RMS errors. Alternatively, the so called “delta-z” raster file
representing the differences in elevations can be generated from the
subtraction of the two raster files created for each swath over the entire
surface and it can be used to calculate the RMSD,. This approach has

the advantages of a more comprehensive assessment, and provides the
user with a visual representation of the error distribution.

Annex C, Accuracy Testing and Reporting Guidelines, outlines
specific criteria for selecting checkpoint locations for swath-to-swath
accuracies. The requirements in the annex may be superseded and up-
dated as newer methods for determining the swath-to-swath accuracies
are established and approved.

7.12 Reporting

Horizontal and vertical accuracies shall be reported in terms of compli-
ance with the RMSE thresholds and other quality and accuracy criteria
outlined in this standard. In addition to the reporting stated below,
ASPRS endorses and encourages additional reporting statements stat-
ing the estimated accuracy at a 95% confidence level in accordance
with the FGDC NSSDA standard referenced in Section 3. Formulas for
relating the RMSE thresholds in this standard to the NSSDA standard
are provided in Annexes B and D.

If testing is performed, accuracy statements should specify that the
data are “tested to meet” the stated accuracy.

If testing is not performed, accuracy statements should specify that
the data are “produced to meet” the stated accuracy. This “produced to
meet” statement is equivalent to the “compiled to meet” statement used
by prior standards when referring to cartographic maps. The “produced
to meet” method is appropriate for mature or established technologies
where established procedures for project design, quality control and
the evaluation of relative and absolute accuracies compared to ground
control have been shown to produce repeatable and reliable results.
Detailed specifications for testing and reporting to meet these require-
ments are outlined in Annex C.

The horizontal accuracy of digital orthoimagery, planimetric data,
and elevation data sets shall be documented in the metadata in one of
the following manners:

* “This data set was tested to meet ASPRS Positional Accuracy
Standards for Digital Geospatial Data (2014) fora _ (cm)
RMSE, / RMSE, Horizontal Accuracy Class. Actual positional
accuracy was found to be RMSE, = (cm) and RMSE, =

__cm which equates to Positional Horizontal Accuracy = +/-
_at95% confidence level.”*
*  “This data set was produced to meet ASPRS Positional Ac-
curacy Standards for Digital Geospatial Data (2014) for a
___ (cm) RMSE, / RMSE, Horizontal Accuracy Class which
equates to Positional Horizontal Accuracy =+/-  cmata
95% confidence level.”?

The vertical accuracy of elevation data sets shall be documented in the
metadata in one of the following manners:

» “This data set was tested to meet ASPRS Positional Accuracy
Standards for Digital Geospatial Data (2014) fora  (cm)
RMSE, Vertical Accuracy Class. Actual NVA accuracy was
found to be RMSE, = cm, equatingto +/- _ cm at 95%
confidence level. Actual VVA accuracy was found to be +/-
cm at the 95" percentile.”

« “This data set was produced to meet ASPRS Positional Accu-
racy Standards for Digital Geospatial Data (2014) fora _ cm
RMSE, Vertical Accuracy Class equating to NVA=+/-__ cm at
95% confidence level and VVA =+/-__ cm at the 95™ percentile’

4 “Tested to meet” is to be used only if the data accuracies were verified by testing against independent check points of higher accuracy.

5 “Produced to meet” should be used by the data provider to assert that the data meets the specified accuracies, based on established processes that produce known
results, but that independent testing against check points of higher accuracy was not performed.
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ANNEX A - BACKGROUND AND JUSTIFICATIONS (INFORMATIVE)

A.1 LEGACY STANDARDS AND

GUIDELINES

Accuracy standards for geospatial data have broad applications nation-
ally and/or internationally, whereas specifications provide technical
requirements/acceptance criteria that a geospatial product must con-
form to in order to be considered acceptable for a specific intended use.
Guidelines provide recommendations for acquiring, processing and/or
analyzing geospatial data, normally intended to promote consistency
and industry best practices.

The following is a summary of standards, specifications and guide-
lines relevant to ASPRS but which do not fully satisfy current require-
ments for accuracy standards for digital geospatial data:

e The National Map Accuracy Standard (NMAS) of 1947 estab-
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lished horizontal accuracy thresholds for the Circular Map Ac-
curacy Standard (CMAS) as a function of map scale, and vertical
accuracy thresholds for the Vertical Map Accuracy Standard
(VMADS) as a function of contour interval - both reported at the
90% confidence level. Because NMAS accuracy thresholds are a
function of the map scale and/or contour interval of a printed map,
they are inappropriate for digital geospatial data where scale and
contour interval are changed with a push of a button while not
changing the underlying horizontal and/or vertical accuracy.

The ASPRS 1990 Accuracy Standards for Large-Scale Maps es-
tablished horizontal and vertical accuracy thresholds in terms of
RMSE values in X, Y, and Z at ground scale. However, because
the RMSE thresholds for Class 1, Class 2, and Class 3 products
pertain to printed maps with published map scales and contour
intervals, these ASPRS standards from 1990 are similarly inap-
propriate for digital geospatial data.

The National Standard for Spatial Data Accuracy (NSSDA),
published by the Federal Geographic Data Committee (FGDC) in
1998, was developed to report accuracy of digital geospatial data
at the 95% confidence level as a function of RMSE values in X,
Y, and Z at ground scale, unconstrained by map scale or contour
interval. The NSSDA states, “The reporting standard in the hori-
zontal component is the radius of a circle of uncertainty, such that
the true or theoretical location of the point falls within that circle
95% of the time. The reporting standard in the vertical compo-
nent is a linear uncertainty value, such that the true or theoretical
location of the point falls within +/- of that linear uncertainty
value 95% of the time. The reporting accuracy standard should
be defined in metric (International System of Units, SI) units.
However, accuracy will be reported in English units (inches and
feet) where point coordinates or elevations are reported in Eng-
lish units. The NSSDA uses root-mean-square error (RMSE) to
estimate positional accuracy. Accuracy reported at the 95% con-
fidence level means that 95% of the positions in the data set will
have an error with respect to true ground position that is equal

to or smaller than the reported accuracy value.” The NSSDA
does not define threshold accuracy values, stating “Agencies are
encouraged to establish thresholds for their product specifications
and applications and for contracting purposes.” In its Appendix
3-A, the NSSDA provides equations for converting RMSE values
in X, Y, and Z into horizontal and vertical accuracies at the 95%
confidence levels. The NSSDA assumes normal error distribu-
tions with systematic errors eliminated as best as possible.

The National Digital Elevation Program (NDEP) published the
NDEP Guidelines for Digital Elevation Data in 2004, recogniz-
ing that lidar errors of Digital Terrain Models (DTMs) do not
necessarily follow a normal distribution in vegetated terrain.
The NDEP developed Fundamental Vertical Accuracy (FVA),
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Supplemental Vertical Accuracy (SVA) and Consolidated Verti-
cal Accuracy (CVA). The FVA is computed in non-vegetated,
open terrain only, based on the NSSDA’s RMSE, * 1.9600
because elevation errors in open terrain do tend to follow a nor-
mal distribution, especially with a large number of checkpoints.
SVA is computed in individual land cover categories, and CVA
is computed in all land cover categories combined - both based
on 95" percentile errors (instead of RMSE multipliers) because
errors in DTMs in other land cover categories, especially
vegetated/forested areas, do not necessarily follow a normal
distribution. The NDEP Guidelines, while establishing alterna-
tive procedures for testing and reporting the vertical accuracy
of elevation data sets when errors are not normally distributed,
also do not provide accuracy thresholds or quality levels.

The ASPRS Guidelines: Vertical Accuracy Reporting for Lidar
Data, published in 2004, essentially endorsed the NDEP Guide-
lines, to include FVA, SVA, and CVA reporting. Similarly, the
ASPRS 2004 Guidelines, while endorsing the NDEP Guide-
lines when elevation errors are not normally distributed, also do
not provide accuracy thresholds or quality levels.

Between 1998 and 2010, the Federal Emergency Management
Agency (FEMA) published Guidelines and Specifications for
Flood Hazard Mapping Partners that included RMSE, thresholds
and requirements for testing and reporting the vertical accuracy
separately for all major land cover categories within floodplains
being mapped for the National Flood Insurance Program (NFIP).
With its Procedure Memorandum No. 61 - Standards for Lidar
and Other High Quality Digital Topography, dated 27 September
2010, FEMA endorsed the USGS Draft Lidar Base Specifica-
tions V13, relevant to floodplain mapping in areas of highest
flood risk only, with poorer accuracy and point density in areas
of lesser flood risks. USGS’ draft V13 specification subsequently
became the USGS Lidar Base Specification V1.0 specification
summarized below. FEMA’s Guidelines and Procedures only
address requirements for flood risk mapping and do not represent
accuracy standards that are universally applicable.

In 2012, USGS published its Lidar Base Specification, Version
1.0, which is based on RMSE, of 12.5 cm in open terrain and
elevation post spacing no greater than 1 to 2 meters. FVA, SVA,
and CVA values are also specified. This document is not a
standard but a specification for lidar data used to populate the
National Elevation Dataset (NED) at 1/9™ arc-second post spac-
ing (~3 meters) for gridded Digital Elevation Models (DEMs).
In 2012, USGS also published the final report of the National
Enhanced Elevation Assessment (NEEA), which considered
five Quality Levels of enhanced elevation data to satisfy nation-
wide requirements; each Quality Level having different RMSE,
and point density thresholds. With support from the National
Geospatial Advisory Committee (NGAC), USGS subsequently
developed its new 3D Elevation Program (3DEP) based on
lidar Quality Level 2 data with 1' equivalent contour accuracy
(RMSE, <10 c¢m) and point density of 2 points per square meter
for all states except Alaska in which IFSAR Quality Level 5
data are specified with RMSE between 1 and 2 meters and
with 5 meter post spacing. The 3DEP lidar data are expected to
be high resolution data capable of supporting DEMs at 1 meter
resolution. The 3DEP Quality Level 2 and Quality Level 5
products are expected to become industry standards for digital
elevation data, respectively replacing the older elevation data
from the USGS’ National Elevation Dataset.

In 2014, the latest USGS Lidar Base Specification Version 1.2
was published to accommodate lidar Quality Levels 0, 1, 2 and 3.
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A.2 NEW STANDARD FOR A NEW ERA

The current standard was developed in response to the pressing need
of the GIS and mapping community for a new standard that embraces
the digital nature of current geospatial technologies. The following are
some of the justifications for the development of the new standard:

» Legacy map accuracy standards, such as the ASPRS 1990 stan-
dard and the NMAS of 1947, are outdated. Many of the data
acquisition and mapping technologies that these standards were
based on are no longer used. More recent advances in mapping
technologies can now produce better quality and higher accu-
racy geospatial products and maps. New standards are needed
to reflect these advances.

» Legacy map accuracy standards were designed to deal with
plotted or drawn maps as the only medium to represent geo-
spatial data. The concept of hardcopy map scale dominated
the mapping industry for decades. Digital mapping products
need different measures (besides scale) that are suitable for the
digital medium that users now utilize.

» Within the past two decades (during the transition period
between the hardcopy and softcopy mapping environments),
most standard measures for relating GSD and map scale to
the final mapping accuracy were inherited from photogram-
metric practices using scanned film. New mapping processes
and methodologies have become much more sophisticated
with advances in technology and advances in our knowledge
of mapping processes and mathematical modeling. Mapping
accuracy can no longer be associated with the camera geometry
and flying altitude alone. Many other factors now influence the
accuracy of geospatial mapping products. Such factors include
the quality of camera calibration parameters, quality and size
of a Charged Coupled Device (CCD) used in the digital camera
CCD array, amount of imagery overlap, quality of parallax
determination or photo measurements, quality of the GPS sig-
nal, quality and density of ground control, quality of the aerial
triangulation solution, capability of the processing software to
handle GPS drift and shift and camera self-calibration, and the
digital terrain model used for the production of orthoimagery.
These factors can vary widely from project to project, depend-
ing on the sensor used and specific methodology. For these
reasons, existing accuracy measures based on map scale, film
scale, GSD, c-factor, and scanning resolution no longer apply
to current geospatial mapping practices.

 Elevation products from the new technologies and active sen-
sors such as lidar and IFSAR are not considered by the legacy
mapping standards. New accuracy standards are needed to ad-
dress elevation products derived from these technologies.

A.2.1 Mapping Practices During the Film-
based Era

Since the early history of photogrammetric mapping, film was the only
medium to record an aerial photographic session. During that period,
film scale, film-to-map enlargement ratio, and c-factor were used to de-
fine final map scale and map accuracy. A film-to-map enlargement ratio
value of 6 and a c-factor value of 1800 to 2000 were widely accepted
and used during this early stage of photogrammetric mapping. C-factor
is used to determine the flying height based on the desired contour
interval from the following formula:

_ flying altitude
c-factor = Zohtour interval

Values in Table A.1 were historically utilized by the mapping com-
munity for photogrammetric mapping from film.

TaBLE A.1. CoMMON PHOTOGRAPHY SCALES USING
CAMERA WITH 9" FILM FORMAT AND 6" LENS

Film 17=300" | 17=600" | 17=1200" | 1" =2400" | 1" =3333'
Scale 1:3,600 1:7,200 1:14,400 | 1:28,800 | 1:40,000
Flying 1,800"/ 3,600"/ 7,200"/ 14,400"/ | 20,000"/
Altitude | 550 m 1,LI00m | 2,200m | 4400m | 6,100m
Map 1"7=50" | 17=100" | 17=200" | 17=400" | 1”=1000'
Scale 1:600 1:1,200 1:2,400 1:4,800 1:12,000

A.2.2 Mapping Practices During the Softcopy
Photogrammetry Era

When the softcopy photogrammetric mapping approach was first
introduced to the mapping industry in the early 1990s, large format
film scanners were used to convert the aerial film to digital imagery.
The mapping community needed guidelines for relating the scanning
resolution of the film to the supported map scale and contour interval
used by legacy standards to specify map accuracies. Table A.2 relates
the resulting GSD of the scanned film and the supported map scale and
contour interval derived from film-based cameras at different flying al-
titudes. Table A.2 assumes a scan resolution of 21 microns as that was
in common use for many years. The values in Table A.2 are derived
based on the commonly used film-to-map enlargement ratio of 6 and a
c-factor of 1800. Such values were endorsed and widely used by both
map users and data providers during and after the transition period
from film to the softcopy environment.

TABLE A.2 RELATIONSHIP BETWEEN FILM SCALE AND DERIVED MAP SCALE

Common Photography Scales (with 9” film format camera and 6” lens)

Distance (GSD) of Scan

o0 =]
17 = 300’ 1" = 600’ 1" = 1200’ 1" = 2400’ £2 2
Photo Scale EZE
1:3,600 1:7,200 1:14,400 1:28,800 58
-4
Flying Altitude 1,800' /550 m | 3,600/ 1,100 m | 7,200’/ 2,200 m | 14,400’ / 4,400 m
Approximate Ground Sampling | »5/ /7 5 o | 0.50/0.15 m 1.0'/0.3 m 2.0'/0.6 m 21

Supported Map/Orthoimagery Scales and Contour Intervals

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING

GSD 3"/7.5cm 6" /15 cm 1.0"/30 cm 2.0"/ 60 cm
C.L 1.0'/30 cm 2.0/ 60 cm 4'/12m 8'/24m
1"=50" 1"=100 1"=200 1" =400
Map Scale
1:600 1:1,200 1:2,400 1:4,800
F-11
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A.2.3 Mapping Practices during the Digital
Sensors Photogrammetry Era

Since first introduced to the mapping community in 2000, digital large
format metric mapping cameras have become the main aerial imagery
acquisition system utilized for geospatial mapping. The latest genera-
tion of digital metric mapping cameras have enhanced optics quality,
extended radiometric resolution through a higher dynamic range, finer
CCD resolution, rigid body construction, and precise electronics. These
new camera technologies, coupled with advances in the airborne GPS
and mathematical modeling performed by current photogrammetric
processing software, make it possible to extend the limits on the flying
altitude and still achieve higher quality mapping products, of equal or
greater accuracy, than what could be achieved with older technologies.
Many of the rules that have influenced photogrammetric practices
for the last six or seven decades (such as those outlined in Sections

A.2.1 and A.2.2 above) are based on the capabilities of outdated tech-
nologies and techniques. For instance, standard guidelines like using a
film-to-map enlargement ratio value of 6 and a c-factor between 1,800
to 2,000 are based on the limitations of optical-mechanical photogram-
metric plotters and aerial film resolution. These legacy rules no longer
apply to mapping processes utilizing digital mapping cameras and
current technologies.

Unfortunately, due to a lack of clear guidelines, outdated practices
and guidelines from previous eras are commonly misapplied to newer
technologies. The majority of users and data providers still utilize
the figures given in Table A.2 for associating the imagery GSD to
a supported map scale and associated accuracy, even though these
associations are based on scanned film and do not apply to current
digital sensors. New relationships between imagery GSD and product
accuracy are needed to account for the full range factors that influence
the accuracy of mapping products derived from digital sensors.

ANNEX B — DATA ACCURACY AND QUALITY EXAMPLES (NORMATIVE)

B.1 AERIAL TRIANGULATION AND
GROUND CONTROL ACCURACY
EXAMPLES

Sections 7.7 and 7.8 describe the accuracy requirements for aerial
triangulation, IMU, and ground control points relative to product ac-
curacies. These requirements differ depending on whether the products
include elevation data. Tables B.1 and B.2 provide an example of how
these requirements are applied in practice for a typical product with
RMSE, and RMSE, of 50 cm.

TABLE B.1 AERIAL TRIANGULATION AND GROUND CONTROL ACCURACY
REQUIREMENTS, ORTHOIMAGERY AND/OR PLANIMETRIC DATA ONLY

Product Accuracy A/T Accuracy Gr?:ilfaocl;tml
(RMSE,, RMSE,)
(cm) RMSE, and RMSE, RMSE, and RMSE,
RMSE, (¢cm) (cm) RMSE;, (cm) (cm)
50 25 50 12.5 25

TaBLE B.2 AERIAL TRIANGULATION AND GROUND CONTROL ACCURACY RE-
QUIREMENTS, ORTHOIMAGERY AND/OR PLANIMETRIC DATA AND ELEVATION DATA

Ground Control
Product Accuracy A/T Accuracy Accuracy
(RMSE,, RMSE,)
(cm) RMSE, and | RMSE, | RMSE,and | RMSE,
RMSE;, (cm) (cm) RMSE, (cm) (cm)
50 25 25 12.5 12.5

B.2 DIGITAL ORTHOIMAGERY
HORIZONTAL ACCURACY CLASSES

This standard does not associate product accuracy with the GSD of the

source imagery, pixel size of the orthoimagery, or map scale for scaled maps.
The relationship between the recommended RMSE and RMSE|

accuracy class and the orthoimagery pixel size varies depending on

the imaging sensor characteristics and the specific mapping processes

used. The appropriate horizontal accuracy class must be negotiated

and agreed upon between the end user and the data provider, based on

specific project needs and design criteria. This section provides some

general guidance to assist in making that decision.
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Example tables are provided to show the following: The general appli-
cation of the standard as outlined in Section 7.3 (Table B.3); a cross refer-
ence to typical past associations between pixel size, map scale and the
1990 ASPRS legacy standard (Table B.4); and, typical values associated
with different levels of accuracy using current technologies (Table B.S).

Table B.3 presents examples of 24 horizontal accuracy classes and
associated quality criteria as related to orthoimagery according to the
formula and general requirements stated in Section 7.3.

As outlined in Annex A, in the transition between hardcopy and
softcopy mapping environments, users and the mapping community
established generally accepted associations between orthoimagery pixel
size, final map scale and the ASPRS 1990 map accuracy classes. These
associations are based primarily on relationships for scanned film, older
technologies and legacy standards. While they may not directly apply
to digital geospatial data produced with newer technologies, these prac-
tices have been in widespread use for many years and many existing
data sets are based on these associations. As such, it is useful to have a
cross reference relating these legacy specifications to their correspond-
ing RMSE, and RMSE, accuracy classes in the new standard.

Table B.4 lists the most common associations that have been estab-
lished (based on users interpretation and past technologies) to relate
orthoimagery pixel size to map scale and the ASPRS 1990 legacy
standard map accuracy classes.

Given current sensor and processing technologies for large and
medium format metric cameras, an orthoimagery accuracy of 1-pixel
RMSE, and RMSE, is considered achievable, assuming proper project
design and best practices implementation. This level of accuracy is more
stringent by a factor of two than orthoimagery accuracies typically asso-
ciated with the ASPRS 1990 Class 1 accuracies presented in Table B.4.

Achieving the highest level of accuracy requires specialized consid-
eration related to sensor type, ground control density, ground control
accuracies, and overall project design. In many cases, this results in
higher cost. As such, the highest achievable accuracies may not be
appropriate for all projects. Many geospatial mapping projects require
high resolution and high quality imagery, but do not require the highest
level of positional accuracy. This fact is particularly true for update or
similar projects where the intent is to upgrade the image resolution, but
still leverage existing elevation model data and ground control data
that may originally have been developed to a lower accuracy standard.

Table B.5 provides a general guideline to determine the appropri-
ate orthoimagery accuracy class for three different levels of geospatial
accuracy. Values listed as “Highest accuracy work™ specify an RMSE,
and RMSE, accuracy class of 1-pixel (or better) and are considered to
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TaBLE B.3 CoMMON HORIZONTAL ACCURACY CLASSES
ACCORDING TO THE NEW STANDARD®

TaBLE B.4 EXAMPLES ON HORIZONTAL ACCURACY FOR DIGITAL
ORTHOIMAGERY INTERPRETED FROM ASPRS 1990 LEGACY STANDARD

Orthoimage Horizontal
Horizontal Accuracy Mosaic Seamline Accuracy at
Class RMSE, RMSE, Maximum the 95% Confidence
and RMSE, (cm) (cm) Mismatch (cm) Level (cm)
0.63 0.9 1.3 1.5
1.25 1.8 2.5 3.1
2.50 35 5.0 6.1
5.00 7.1 10.0 12.2
7.50 10.6 15.0 18.4
10.00 14.1 20.0 24.5
12.50 17.7 25.0 30.6
15.00 21.2 30.0 36.7
17.50 24.7 35.0 42.8
20.00 28.3 40.0 49.0
22.50 31.8 45.0 55.1
25.00 35.4 50.0 61.2
27.50 389 55.0 67.3
30.00 42.4 60.0 73.4
45.00 63.6 90.0 110.1
60.00 84.9 120.0 146.9
75.00 106.1 150.0 183.6
100.00 141.4 200.0 244.8
150.00 212.1 300.0 367.2
200.00 282.8 400.0 489.5
250.00 353.6 500.0 611.9
300.00 4243 600.0 734.3
500.00 707.1 1000.0 1223.9
1000.00 1414.2 2000.0 2447.7

reflect the highest tier accuracy for the specified resolution given cur-
rent technologies. This accuracy class is appropriate when geospatial
accuracies are of higher importance and when the higher accuracies are
supported by sufficient sensor, ground control and digital terrain model
accuracies. Values listed as “Standard Mapping and GIS work” specify
a 2-pixel RMSE_and RMSE  accuracy class. This accuracy is appro-
priate for a standard level of hlgh quality and high accuracy geospatial
mapping applications. It is equivalent to ASPRS 1990 Class 1 accura-
cies, as interpreted by users as industry standard and presented in Table
B.4. This level of accuracy is typical of a large majority of existing
projects designed to legacy standards. RMSE, and RMSE, accuracies
of 3 or more pixels would be considered appropriate for “visualization
and less accurate work” when higher accuracies are not needed.

Users should be aware that the use of the symbol > in Table B.5
is intended to infer that users can specify larger threshold values for
RMSE, and RMSE,. The symbol < in Table B.5 indicates that users
can specify lower thresholds at such time as they may be supported by
current or future technologies.

The orthoimagery pixel sizes and associated RMSE, and RMSE,
accuracy classes presented in Table B.5 are largely based on experi-
ence with current sensor technologies and primarily apply to large
and medium format metric cameras. The table is only provided as a
guideline for users during the transition period to the new standard.
These associations may change in the future as mapping technologies
continue to advance and evolve.

Associated Horizontal
Accuracy According to
ASPRS Legacy ASPRS 1990 Standard
Common 1990 RMSE, and
Orthoimagery | Associated | Accuracy | RMSE, and RMSE, in
Pixel Sizes Map Scale Class RMSE;, (cm) | terms of pixels
1 1.3 2-pixels
0.625 cm 1:50 2 2.5 4-pixels
3 3.8 6-pixels
1 2.5 2-pixels
1.25 cm 1:100 2 5.0 4-pixels
3 7.5 6-pixels
1 5.0 2-pixels
2.5cm 1:200 2 10.0 4-pixels
3 15.0 6-pixels
1 10.0 2-pixels
Scm 1:400 2 20.0 4-pixels
3 30.0 6-pixels
1 15.0 2-pixels
7.5 cm 1:600 2 30.0 4-pixels
3 45.0 6-pixels
1 30.0 2-pixels
15 cm 1:1,200 2 60.0 4-pixels
3 90.0 6-pixels
1 60.0 2-pixels
30 cm 1:2,400 2 120.0 4-pixels
3 180.0 6-pixels
1 120.0 2-pixels
60 cm 1:4,800 2 240.0 4-pixels
3 360.0 6-pixels
1 200.0 2-pixels
1 meter 1:12,000 2 400.0 4-pixels
3 600.0 6-pixels
1 400.0 2-pixels
2 meter 1:24,000 2 800.0 4-pixels
3 1,200.0 6-pixels
1 1,000.0 2-pixels
5 meter 1:60,000 2 2,000.0 4-pixels
3 3,000.0 6-pixels

It should be noted that in Tables B.4 and B.5, it is the pixel size of
the final digital orthoimagery that is used to associate the horizontal ac-
curacy class, not the Ground Sample Distance (GSD) of the raw image.
When producing digital orthoimagery, the GSD as acquired by the sensor
(and as computed at mean average terrain) should not be more than 95%
of the final orthoimage pixel size. In extremely steep terrain, additional
consideration may need to be given to the variation of the GSD across
low lying areas in order to ensure that the variation in GSD across the
entire image does not significantly exceed the target pixel size.

¢ For tables B.3 through B.8, values were rounded to the nearest mm after full calculations were performed with all decimal places.
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TABLE B.5 DiGITAL ORTHOIMAGERY ACCURACY EXAMPLES FOR CURRENT LARGE AND MEDIUM FORMAT METRIC CAMERAS

Common Orthoimagery | Recommended Horizontal Accuracy | Orthoimage RMSE, and RMSE,
Pixel Sizes Class RMSE, and RMSE, (cm) in terms of pixels Recommended use’
<13 <I-pixel Highest accuracy work
1.25 cm 2.5 2-pixels Standard Mapping and GIS work
>3.8 >3-pixels Visualization and less accurate work
25 <I-pixel Highest accuracy work
2.5 cm 5.0 2-pixels Standard Mapping and GIS work
>7.5 >3-pixels Visualization and less accurate work
<5.0 <I-pixel Highest accuracy work
Scm 10.0 2-pixels Standard Mapping and GIS work
>15.0 >3-pixels Visualization and less accurate work
<75 <lI-pixel Highest accuracy work
7.5 cm 15.0 2-pixels Standard Mapping and GIS work
>22.5 >3-pixels Visualization and less accurate work
<15.0 <I-pixel Highest accuracy work
15 cm 30.0 2-pixels Standard Mapping and GIS work
>45.0 >3-pixels Visualization and less accurate work
<30.0 <lI-pixel Highest accuracy work
30 cm 60.0 2-pixels Standard Mapping and GIS work
>90.0 >3-pixels Visualization and less accurate work
<60.0 <l-pixel Highest accuracy work
60 cm 120.0 2-pixels Standard Mapping and GIS work
>180.0 >3-pixels Visualization and less accurate work
<100.0 <I-pixel Highest accuracy work
1 meter 200.0 2-pixels Standard Mapping and GIS work
>300.0 >3-pixels Visualization and less accurate work
<200.0 <I1-pixel Highest accuracy work
2 meter 400.0 2-pixels Standard Mapping and GIS work
>600.0 >3-pixels Visualization and less accurate work
<500.0 <I-pixel Highest accuracy work
S meter 1,000.0 2-pixels Standard Mapping and GIS work
>1,500.0 >3-pixels Visualization and less accurate work

B.3 DIGITAL PLANIMETRIC DATA
HORIZONTAL ACCURACY CLASSES

Table B.6 presents 24 common horizontal accuracy classes for digital
planimetric data, approximate GSD of source imagery for high ac-
curacy planimetric data, and equivalent map scales per legacy NMAS
and ASPRS 1990 accuracy standards. In Table B.6, the values for the
approximate GSD of source imagery only apply to imagery derived
from common large and medium format metric cameras. The range of
the approximate GSD of source imagery is only provided as a general
recommendation, based on the current state of sensor technologies and
mapping practices. Different ranges may be considered in the future de-

pending on future advances of such technologies and mapping practices.

B.4 DIGITAL ELEVATION DATA
VERTICAL ACCURACY CLASSES

Table B.7 provides vertical accuracy examples and other quality
criteria for ten common vertical accuracy classes. Table B.8 compares
the ten vertical accuracy classes with contours intervals from legacy
ASPRS 1990 and NMAS 1947 standards. Table B.9 provides ten verti-
cal accuracy classes with the recommended lidar point density suitable
for each of them.

7 “Highest accuracy work™ in Table B.5 refers only to the highest level of achievable accuracies relative to that specific resolution; it does not indicate “highest
accuracy work” in any general sense. The final choice of both image resolution and final product accuracy class depends on specific project requirements and is the
sole responsibility of the end user; this should be negotiated with the data provider and agreed upon in advance.
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TaBLE B.6 HorizoNTAL AccuracY/QuaLiTy ExampLES FOR HiGH AccurAcY DIGITAL PLANIMETRIC DATA

ASPRS 2014 Equivalent to map scale in
Horizontal Accuracy Horizontal Accuracy Approximate GSD
Class RMSE, and at the 95% Confidence | of Source Imagery ASPRS 1990 ASPRS 1990 Equivalent to map
RMSE, (cm) RMSE, (cm) Level (cm) (cm) Class 1 Class 2 scale in NMAS
0.63 0.9 1.5 0.31t0 0.63 1:25 1:12.5 1:16
1.25 1.8 3.1 0.63 to 1.25 1:50 1:25 1:32
2.5 35 6.1 1.25t02.5 1:100 1:50 1:63
5.0 7.1 12.2 2.5t05.0 1:200 1:100 1:127
7.5 10.6 18.4 3.8t07.5 1:300 1:150 1:190
10.0 14.1 24.5 5.0 to 10.0 1:400 1:200 1:253
12.5 17.7 30.6 6.3 t012.5 1:500 1:250 1:317
15.0 21.2 36.7 7.5t0 15.0 1:600 1:300 1:380
17.5 24.7 42.8 8.8t017.5 1:700 1:350 1:444
20.0 28.3 49.0 10.0 to 20.0 1:800 1:400 1:507
22.5 31.8 55.1 11.3t022.5 1:900 1:450 1:570
25.0 35.4 61.2 12.5t0 25.0 1:1000 1:500 1:634
27.5 38.9 67.3 13.8 to 27.5 1:1100 1:550 1:697
30.0 42.4 73.4 15.0 to 30.0 1:1200 1:600 1:760
45.0 63.6 110.1 22.5t045.0 1:1800 1:900 1:1,141
60.0 84.9 146.9 30.0 to 60.0 1:2400 1:1200 1:1,521
75.0 106.1 183.6 37.5t075.0 1:3000 1:1500 1:1,901
100.0 141.4 244.8 50.0 to 100.0 1:4000 1:2000 1:2,535
150.0 212.1 367.2 75.0 to 150.0 1:6000 1:3000 1:3,802
200.0 282.8 489.5 100.0 to 200.0 1:8,000 1:4000 1:5,069
250.0 353.6 611.9 125.0 to 250.0 1:10,000 1:5000 1:6,337
300.0 4243 734.3 150.0 to 300.0 1:12,000 1:6000 1:7,604
500.0 707.1 1223.9 250.0 to 500.0 1:20,000 1:10000 1:21,122
1000.0 1414.2 2447.7 500.0 to 1000.0 1:40000 1:20000 1:42,244
TaBLE B.7 VERTICAL ACCURACY/QUALITY EXAMPLES FOR DIGITAL ELEVATION DATA
Absolute Accuracy Relative Accuracy (where applicable)
Vertical Within-Swath Swath-to-Swath
Accuracy RMSEz NVA at 95% VVA at 95th Hard Surface Repeatability | Swath-to-Swath Non-Veg Non-Veg Terrain
Class Non-Vegetated | Confidence Level Percentile (Max Diff) Terrain (RMSDz) (Max Diff)
(cm) (cm) (cm) (cm) (cm) (cm)
I-cm 1.0 2.0 3 0.6 0.8 1.6
2.5-cm 2.5 4.9 7.5 1.5 2 4
5-cm 5.0 9.8 15 3 4 8
10-cm 10.0 19.6 30 6 8 16
15-cm 15.0 29.4 45 9 12 24
20-cm 20.0 39.2 60 12 16 32
33.3-cm 333 65.3 100 20 26.7 53.3
66.7-cm 66.7 130.7 200 40 53.3 106.7
100-cm 100.0 196.0 300 60 80 160
333.3-cm 333.3 653.3 1000 200 266.7 5333
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TABLE B.8 VERTICAL ACCURACY OF THE NEW ASPRS 2014 STANDARD
COMPARED WITH LEGACY STANDARDS

Equivalent
Equivalent Class 2 Equivalent
Vertical Class 1 contour contour contour
Accuracy RMSE, interval per interval per interval
Class Non-Vegetated | ASPRS 1990 | ASPRS 1990 | per NMAS
(cm) (cm) (cm) (cm)
l-cm 1.0 3.0 1.5 3.29
2.5-cm 2.5 7.5 3.8 8.22
5-cm 5.0 15.0 7.5 16.45
10-cm 10.0 30.0 15.0 32.90
15-cm 15.0 45.0 22.5 49.35
20-cm 20.0 60.0 30.0 65.80
33.3-cm 333 99.9 50.0 109.55
66.7-cm 66.7 200.1 100.1 219.43
100-cm 100.0 300.0 150.0 328.98
333.3-cm 3333 999.9 500.0 1096.49

TABLE B.9 EXAMPLES ON VERTICAL ACCURACY AND RECOMMENDED LIDAR
PoINT DENSITY FOR DIGITAL ELEVATION DATA ACCORDING TO THE NEW
ASPRS 2014 STANDARD

Absolute Accuracy
Vertical RMSE, NVA Recommended
Accuracy Non- at 95% Minimum Recommended
Class Vegetated | Confidence NPD? Maximum
(cm) Level (cm) (pls/m?) NPS? (m)
I-cm 1.0 2.0 >20 <0.22
2.5-cm 2.5 4.9 16 0.25
5-cm 5.0 9.8 8 0.35
10-cm 10.0 19.6 2 0.71
15-cm 15.0 29.4 1 1.0
20-cm 20.0 39.2 0.5 1.4
33.3-cm 333 65.3 0.25 2.0
66.7-cm 66.7 130.7 0.1 32
100-cm 100.0 196.0 0.05 4.5
333.3-cm 333.3 653.3 0.01 10.0

8 Nominal Pulse Density (NPD) and Nominal Pulse Spacing (NPS) are geo-
metrically inverse methods to measure the pulse density or spacing of a lidar
collection. NPD is a ratio of the number of points to the area in which they are
contained, and is typically expressed as pulses per square meter (ppsm or pls/
m?). NPS is a linear measure of the typical distance between points, and is most
often expressed in meters. Although either expression can be used for any data
set, NPD is usually used for lidar collections with NPS <1, and NPS is used

for those with NPS >1. Both measures are based on all 1* (or last)-return lidar
point data as these return types each reflect the number of pulses. Conversion
between NPD and NPS is accomplished using the equation NPS = 1/~NPD and
NPD = 1/NPS?. Although typical point densities are listed for specified vertical
accuracies, users may select higher or lower point densities to best fit project
requirements and complexity of surfaces to be modeled.
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B.5 CONVERTING ASPRS 2014
ACCURACY VALUES TO LEGACY
ASPRS 1990 ACCURACY VALUES

In this section easy methods and examples will be provided for users
who are faced with the issue of relating the standard (ASPRS 2014) to
the legacy ASPRS 1990 Accuracy Standards for Large-Scale Maps. A
major advantage of the new standard is it indicates accuracy based on
RMSE at the ground scale. Although both the new 2014 standard and
the legacy ASPRS map standard of 1990 are using the same measure
of RMSE, they are different on the concept of representing the ac-
curacy classes. The legacy ASPRS map standard of 1990 uses Class 1
for higher accuracy and Classes 2 and 3 for data with lower accuracy
while the new 2014 standard refers to the map accuracy by the value
of RMSE without limiting it to any class. The following examples il-
lustrate the procedures users can follow to relate horizontal and vertical
accuracies values between the new ASPRS standard of 2014 and the
legacy ASPRS 1990 Accuracy Standards for Large-Scale Maps.

Example 1: Converting the Horizontal Accuracy of a Map or
Orthoimagery from the New 2014 Standard to the Legacy ASPRS
Map Standard of 1990.

Given a map or orthoimagery with an accuracy of RMSE, = RMSE,
=15 cm according to new 2014 standard, compute the equivalent ac-
curacy and map scale according to the legacy ASPRS map standard of
1990, for the given map or orthoimagery.

Solution:

1. Because both standards utilize the same RMSE measure, then
the accuracy of the map according to the legacy ASPRS map
standard of 1990 is RMSE, = RMSE, = 15 cm

2. To find the equivalent map scale according to the legacy
ASPRS map standard of 1990, follow the following steps:

a. Multiply the RMSE, and RMSE, value in centimeters by 40
to compute the map scale factor (MSF) for a Class 1 map,
therefore:

MSF =15 (cm) x 40 = 600
b. The map scale according to the legacy ASPRS map standard
of 1990 is equal to:
i. Scale = 1:MSF or 1:600 Class 1;
ii. The accuracy value of RMSE = RMSE, = 15 c¢m is also
equivalent to Class 2 accuracy for a map with a scale of
1:300.

Example 2: Converting the Vertical Accuracy of an Elevation Da-
taset from the New Standard to the Legacy ASPRS Map Standard
of 1990.

Given an elevation data set with a vertical accuracy of RMSE = 10
cm according to the new standard, compute the equivalent contour
interval according to the legacy ASPRS map standard of 1990, for the
given dataset.

Solution:
The legacy ASPRS map standard of 1990 states that:

“The limiting rms error in elevation is set by the standard at one-third
the indicated contour interval for well-defined points only. Spot heights
shall be shown on the map within a limiting rms error of one-sixth of
the contour interval.”

1. Because both standards utilize the same RMSE measure to
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express the vertical accuracy, then the accuracy of the elevation
dataset according to the legacy ASPRS map standard of 1990 is
also equal to the given RMSE, = 10 cm

2. Using the legacy ASPRS map standard of 1990 accuracy mea-
sure of RMSE, = 1/3 x contour interval (CI), the equivalent
contour interval is computed according to the legacy ASPRS
map standard of 1990 using the following formula:

CI=3 x RMSE, =3 x 10 cm = 30 cm with Class 1,
or CI =15 cm with Class 2 accuracy

However, if the user is interested in evaluating the spot height
requirement according to the ASPRS 1990 standard, then the
results will differ from the one obtained above. The accuracy
for spot heights is required to be twice the accuracy of the con-
tours (one-sixth versus one-third for the contours) or:

For a 30 cm CI, the required spot height accuracy, RMSE, = 1/6
x30cm=5cm

Since our data is RMSE, = 10 cm, it would only support Class
2 accuracy spot elevations for this contour interval.

B.6 CONVERTING ASPRS 2014
ACCURACY VALUES TO LEGACY
NMAS 1947 ACCURACY VALUES

In this section easy methods and examples will be provided for users
who are faced with the issue of relating the new standard (ASPRS 2014)
to the legacy National Map Accuracy Standard (NMAS) of 1947. In re-
gard to the horizontal accuracy measure, the NMAS of 1947 states that:

“Horizontal Accuracy: For maps on publication scales larger than
1:20,000, not more than 10 percent of the points tested shall be in
error by more than 1/30 inch, measured on the publication scale; for
maps on publication scales of 1:20,000 or smaller, 1/50 inch.” This
is known as the Circular Map Accuracy Standard (CMAS) or Circular
Error at the 90% confidence level (CE90).

Therefore, the standard uses two accuracy measures based on the map
scale with the figure of “1/30 inch” for map scales larger than 1:20,000
and “1/50 inch” for maps with a scale of 1:20,000 or smaller. As for
the vertical accuracy measure, the standard states:

“Vertical Accuracy, as applied to contour maps on all publication
scales, shall be such that not more than 10 percent of the elevations
tested shall be in error more than one-half the contour interval.” This
is known as the Vertical Map Accuracy Standard (VMAS) or Linear
Error at the 90% confidence level (LE90).

The following examples illustrate the procedures users can follow
to relate horizontal and vertical accuracy values between the new
ASPRS standard of 2014 and the legacy National Map Accuracy Stan-
dard (NMAS) of 1947.

Example 3: Converting the horizontal accuracy of a map or
orthoimagery from the new ASPRS 2014 standard to the legacy
National Map Accuracy Standard (NMAS) of 1947.

Given a map or orthoimagery with an accuracy of RMSE, = RMSE, =
15 cm according to the new 2014 standard, compute the equivalent ac-
curacy and map scale according to the legacy National Map Accuracy
Standard (NMAS) of 1947, for the given map or orthoimagery.
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Solution:

1. Because the accuracy figure of RMSE, = RMSE, = 15 cm is
relatively small, it is safe to assume that such accuracy value is
derived for a map with a scale larger than 1:20,000. Therefore,
we can use the factor “1/30 inch.”

Use the formula CMAS (CE90) = 2.1460 x RMSE, = 2.1460
x RMSE,
CE90 =2.1460 x 15 cm=32.19 cm
2. Convert the CE90 to feet
32.19 cm = 1.0561 foot
3. Use the NMAS accuracy relation of CE90 = 1/30 inch on the
map, compute the map scale

CE90 = 1/30 x (ground distance covered by an inch of the
map), or ground distance covered by an inch of the map =
CE90 x 30 =1.0561 foot x 30 =31.68 feet
4. The equivalent map scale according to NMAS is equal to 1" =
31.68 or 1:380

Example 4: Converting the vertical accuracy of an elevation data-
set from the new ASPRS 2014 standard to the legacy National Map
Accuracy Standard (NMAS) of 1947.

Given an elevation data set with a vertical accuracy of RMSE, = 10

cm according to the new ASPRS 2014 standard, compute the equiva-
lent contour interval according to the legacy National Map Accuracy
Standard (NMAS) of 1947, for the given dataset.

Solution:
As mentioned earlier, the legacy ASPRS map standard of 1990 states that:

“Vertical Accuracy, as applied to contour maps on all publication
scales, shall be such that not more than 10 percent of the elevations
tested shall be in error more than one-half the contour interval.”

Use the following formula to compute the 90% vertical error:
1. VMAS (LE90) = 1.6449 x RMSE, = 1.6449 x 10 cm = 16.449 cm
2. Compute the contour interval (CI) using the following criteria
set by the NMAS standard:

VMAS (LE90) = 1/2 CI, or
CI=2xLE90=2x%16.449 cm=32.9 cm

B.7 EXPRESSING THE ASPRS 2014
ACCURACY VALUES ACCORDING TO
THE FGDC NATIONAL STANDARD FOR
SPATIAL DATA ACCURACY (NSSDA)

In this section easy methods and examples will be provided for users

who are faced with the issue of relating the new standard (ASPRS 2014)
to the FGDC National Standard for Spatial Data Accuracy (NSSDA).

Example 5: Converting the horizontal accuracy of a map or
orthoimagery from the new 2014 standard to the FGDC National
Standard for Spatial Data Accuracy (NSSDA)

Given a map or orthoimagery with an accuracy of RMSE, = RMSE, =
15 cm according to new 2014 standard, express the equivalent accuracy
according to the FGDC National Standard for Spatial Data Accuracy
(NSSDA), for the given map or orthoimagery.
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Solution:
According to NSSDA, the horizontal positional accuracy is estimated
at 95% confidence level from the following formula:

Accuracy at 95% or Accuracy, = 2.4477 x RMSE_=2.4477 x RMSEy

If we assume that:

RMSE, =RMSE, and RMSE, = ,[RMSE? + RMSE?, then

RMSE, = 2RMSE_ = [2RMSE,’ = 1.4142 x RMSE, = 1.4142 »

RMSE, =1.4142 x15=21.21 cm

also

RMSE,
RMSE, or RMSE, = 14142
Then,

T

1.4142

Accuracy,= 2.4477 ( ): 1.7308(RMSE,) = 1.7308(21.21 cm)

=36.71 cm

Example 6: Converting the vertical accuracy of an elevation
dataset from the new ASPRS 2014 standard to the FGDC National
Standard for Spatial Data Accuracy (NSSDA)

Given an elevation data set with a vertical accuracy of RMSE, = 10
cm according to the new ASPRS 2014 standard, express the equivalent
accuracy according to the FGDC National Standard for Spatial Data
Accuracy (NSSDA), for the given dataset.

Solution:
According to NSSDA, the vertical accuracy of an elevation dataset is
estimated at 95% confidence level according to the following formula:

Vertical Accuracy at 95% Confidence Level = 1.9600(RMSE,) =
1.9600(10) = 19.6 cm

B.8 HORIZONTAL ACCURACY
EXAMPLES FOR LIDAR DATA

As described in Section 7.5, the horizontal errors in lidar data are
largely a function of GNSS positional error, INS angular error, and fly-
ing altitude. Therefore for a given project, if the radial horizontal po-
sitional error of the GNSS is assumed to be equal to 0.11314 m (based
on 0.08 m in either X or Y), and the IMU error is 0.00427 degree in
roll, pitch, and heading, the following table can be used to estimate the
horizontal accuracy of lidar derived elevation data.

Table B.10 provides estimated horizontal errors, in terms of RMSE,
in lidar elevation data as computed by the equation in section 7.5 for
different flying altitudes above mean terrain.

Different lidar systems in the market have different specifications
for the GNSS and IMU and therefore, the values in Table B.10 should
be modified according to the equation in section 7.5.
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TaBLE B.10 ExpecTED HORIZONTAL ERRORS (RMSE,) FOR LIDAR DATA IN
TERMS OF FLYING ALTITUDE

Altitude Positional RMSE, Altitude Positional RMSE,
(m) (cm) (m) (cm)
500 13.1 3,000 41.6
1,000 17.5 3,500 48.0
1,500 23.0 4,000 54.5
2,000 29.0 4,500 61.1
2,500 352 5,000 67.6

B.9 ELEVATION DATA ACCURACY
VERSUS ELEVATION DATA QUALITY

In aerial photography and photogrammetry, the accuracy of the individ-
ual points in a data set is largely dependent on the scale and resolution
of the source imagery. Larger scale imagery, flown at a lower altitude,
produces smaller GSDs and higher measurement accuracies (both ver-
tical and horizontal). Users have quite naturally come to equate higher
density imagery (smaller GSD or smaller pixel sizes) with higher ac-
curacies and higher quality.

In airborne topographic lidar, this is not entirely the case. For many
typical lidar collections, the maximum accuracy attainable, theoretical-
ly, is now limited by physical error budgets of the different components
of the lidar system such as laser ranging, the GNSS, the IMU, and
the encoder systems. Increasing the density of points does not change
those factors. Beyond the physical error budget limitations, all data
must also be properly controlled, calibrated, boresighted, and pro-
cessed. Errors introduced during any of these steps will affect the ac-
curacy of the data, regardless of how dense the data are. That said, high
density lidar data are usually of higher quality than low density data,
and the increased quality can manifest as apparently higher accuracy.

In order to accurately represent a complex surface, denser data are
necessary to capture the surface details for accurate mapping of small
linear features such as curbs and micro drainage features, for example.
The use of denser data for complex surface representation does not
make the individual lidar measurements any more accurate, but does
improve the accuracy of the derived surface at locations between the
lidar measurements (as each reach between points is shorter).

In vegetated areas, where many lidar pulses are fully reflected
before reaching the ground, a higher density data set tends to be more
accurate because more points will penetrate through vegetation to the
ground. More ground points will result in less interpolation between
points and improved surface definition because more characteristics of
the actual ground surface are being measured, not interpolated. The use
of more ground points is more critical in variable or complex surfaces,
such as mountainous terrain, where generalized interpolation between
points would not accurately model all of the changes in the surface.

Increased density may not improve the accuracy in flat, open terrain
where interpolation between points would still adequately represent the
ground surface. However, in areas where denser data may not be nec-
essary to improve the vertical accuracy of data, a higher density data
set may still improve the quality of the data by adding additional detail
to the final surface model, by better detection of edges for breaklines,
and by increasing the confidence of the relative accuracy in swath
overlap areas through the reduction of interpolation existing within
the data set. When lidar intensity is to be used in product derivation or
algorithms, high collection density is always useful.
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ANNEX C - ACCURACY TESTING AND REPORTING GUIDELINES (NORMATIVE)

When errors are normally distributed, accuracy testing can be per-
formed with RMSE values, standard deviations, mean errors, maxi-
mum and minimum errors, and unit-less skew and kurtosis values.
When errors are not normally distributed, alternative methods must be
used. If the number of test points (checkpoints) is sufficient, testing
and reporting can be performed using 95" percentile errors. A percen-
tile rank is the percentage of errors that fall at or below a given value.
Errors are visualized with histograms that show the pattern of errors
relative to a normal error distribution.

The ability of RMSE, 95" percentile, or any other statistic to esti-
mate accuracy at the 95% confidence level is largely dependent on the
number and accuracy of the checkpoints used to test the accuracy of a
data set being evaluated. Whereas100 or more is a desirable number of
checkpoints, that number of checkpoints may be impractical and unaf-
fordable for many projects, especially small project areas.

C.1 CHECKPOINT REQUIREMENTS

Both the total number of points and spatial distribution of checkpoints
play an important role in the accuracy evaluation of any geospatial
data. Prior guidelines and accuracy standards typically specify the
required number of checkpoints and, in some cases, the land-cover
types, but defining and/or characterizing the spatial distribution of the
points was not required. While characterizing the point distribution is
not a simple process and no practical method is available at this time,
characterizing the point distribution by some measure and, conse-
quently, providing a quality number is undoubtedly both realistic and
necessary. ASPRS encourages research into this topic, peer reviewed,
and published in Photogrammetric Engineering & Remote Sensing for
public testing and comment.

Until a quantitative characterization and specification of the spatial
distribution of checkpoints across a project is developed, more general
methods of determining an appropriate checkpoint distribution must be
implemented. In the interim, this Annex provides general recommenda-
tions and guidelines related to the number of checkpoints, distribution
across land cover types, and spatial distribution.

C.2 NUMBER OF CHECKPOINTS
REQUIRED

Table C.1 lists ASPRS recommendations for the number of checkpoints
to be used for vertical and horizontal accuracy testing of elevation data
sets and for horizontal accuracy testing of digital orthoimagery and
planimetric data sets.

Using metric units, ASPRS recommends 100 static vertical
checkpoints for the first 2,500 square kilometer area within the project,
which provides a statistically defensible number of samples on which
to base a valid vertical accuracy assessment.

For horizontal testing of areas >2500 km?, clients should determine
the number of additional horizontal checkpoints, if any, based on crite-
ria such as resolution of imagery and extent of urbanization.

For vertical testing of areas >2,500 km?, add five additional vertical
checkpoints for each additional 500 km? area. Each additional set of
five vertical checkpoints for 500 km? would include three checkpoints
for NVA and two for VVA. The recommended number and distribution
of NVA and VVA checkpoints may vary depending on the importance
of different land cover categories and client requirements.

C.3 DISTRIBUTION OF VERTICAL
CHECKPOINTS ACROSS LAND
COVER TYPES

In contrast to the recommendations in Table C.1, both the 2003 and the
current FEMA guidelines reference the five general land cover types,
and specify a minimum of 20 checkpoints in each of three to five land
cover categories as they exist within the project area, for a total of 60
to 100 checkpoints. Under the current FEMA guidelines, this quantity
applies to each 5,180 square kilometer (2000 square mile) area, or
partial area, within the project.

ASPRS recognizes that some project areas are primarily non-veg-
etated, whereas other areas are primarily vegetated. For these reasons,
the distribution of checkpoints can vary based on the general propor-
tion of vegetated and non-vegetated area in the project. Checkpoints
should be distributed generally proportionally among the various
vegetated land cover types in the project.

TaBLE C.1 RECOMMENDED NUMBER OF CHECKPOINTS BASED ON AREA

Horizontal Accuracy Testing of
Orthoimagery and Planimetrics Vertical and Horizontal Accuracy Testing of Elevation Data sets
Project Area Total Number of Static 2D/3D Checkpoints Number of Static 3D Number of Static 3D Total Number of Static
(Square Kilometers) (clearly-defined points) Checkpoints in NVA® Checkpoints in VVA 3D Checkpoints
<500 20 20 5 25
501-750 25 20 10 30

751-1000 30 25 15 40
1001-1250 35 30 20 50
1251-1500 40 35 25 60
1501-1750 45 40 30 70
1751-2000 50 45 35 80
2001-2250 55 50 40 90
2251-2500 60 55 45 100

Although vertical check points are normally not well defined, where feasible, the horizontal accuracy of lidar data sets should be tested by surveying approximately
half of all NVA check points at the ends of paint stripes or other point features that are visible and can be measured on lidar intensity returns.
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C.4 NSSDA METHODOLOGY FOR

l CHECKPOINT DISTRIBUTION

(HORIZONTAL AND VERTICAL
TESTING)

The NSSDA offers a method that can be applied to projects that are
generally rectangular in shape and are largely non-vegetated. These
methods do not apply to the irregular shapes of many projects or to
most vegetated land cover types. The NSSDA specifies the following:

“Due to the diversity of user requirements for digital
geospatial data and maps, it is not realistic to include
statements in this standard that specify the spatial
distribution of checkpoints. Data and/or map producers
must determine checkpoint locations.

Checkpoints may be distributed more densely in the
vicinity of important features and more sparsely in areas
that are of little or no interest. When data exist for only

a portion of the data set, confine test points to that area.
When the distribution of error is likely to be nonrandom,
it may be desirable to locate checkpoints to correspond to
the error distribution.

For a data set covering a rectangular area that is believed
to have uniform positional accuracy, checkpoints may be
distributed so that points are spaced at intervals of at least
10% of the diagonal distance across the data set and at
least 20% of the points are located in each quadrant of the
data set. (FGDC, 1998)”1°

ASPRS recommends that, where appropriate and to the highest
degree possible, the NSSDA method be applied to the project and
incorporated land cover type areas. In some areas, access restrictions
may prevent the desired spatial distribution of checkpoints across land
cover types; difficult terrain and transportation limitations may make
some land cover type areas practically inaccessible. Where it is not
geometrically or practically applicable to strictly apply the NSSDA
method, data vendors should use their best professional judgment to
apply the spirit of that method in selecting locations for checkpoints.

Clearly, the recommendations in Sections C.1 through C.3 offer a
good deal of discretion in the location and distribution of checkpoints,
and this is intentional. It would not be worthwhile to locate 50 veg-
etated checkpoints in a fully urbanized county such as Orange County,
California; 80 non-vegetated checkpoints might be more appropriate.
Likewise, projects in areas that are overwhelmingly forested with only
a few small towns might support only 20 non-vegetated checkpoints.
The general location and distribution of checkpoints should be dis-
cussed between and agreed upon by the vendor and customer as part of
the project plan.

C.5 VERTICAL CHECKPOINT
ACCURACY

Vertical checkpoints need not be clearly-defined point features. Kin-
ematic checkpoints (surveyed from a moving platform), which are
less accurate than static checkpoints, can be used in any quantity as
supplemental data, but the core accuracy assessment must be based on
static surveys, consistent with NOAA Technical Memorandum NOS

NGS-58, Guidelines for Establishing GPS-Derived Ellipsoid Heights
(Standards: 2 cm and 5 cm), or equivalent. NGS-58 establishes ellip-
soid height accuracies of 5 cm at the 95% confidence level for network
accuracies relative to the geodetic network, as well as ellipsoid height
accuracies of 2 cm and 5 cm at the 95% confidence level for accuracies
relative to local control.

As with horizontal accuracy testing, vertical checkpoints should be
three times more accurate than the required accuracy of the elevation
data set being tested.

C.6 TESTING AND REPORTING OF
HORIZONTAL ACCURACIES

When errors are normally distributed and the mean is small, ASPRS
endorses the NSSDA procedures for testing and reporting the hori-
zontal accuracy of digital geospatial data. The NSSDA methodology
applies to most digital orthoimagery and planimetric data sets where
systematic errors and bias have been appropriately removed. Accuracy
statistics and examples are outlined in more detail in Annex D.

Elevation data sets do not always contain the type of well-defined
points that are required for horizontal testing to NSSDA specifications.
Specific methods for testing and verifying horizontal accuracies of
elevation data sets depend on technology used and project design.

For horizontal accuracy testing of lidar data sets, at least half of the
NVA vertical checkpoints should be located at the ends of paint stripes
or other point features visible on the lidar intensity image, allowing
them to double as horizontal checkpoints. The ends of paint stripes
on concrete or asphalt surfaces are normally visible on lidar inten-
sity images, as are 90-degree corners of different reflectivity, e.g., a
sidewalk corner adjoining a grass surface. The data provider has the
responsibility to establish appropriate methodologies, applicable to the
technologies used, to verify that horizontal accuracies meet the stated
requirements.

The specific testing methodology used should be identified in the
metadata.

C.7 TESTING AND REPORTING OF
VERTICAL ACCURACIES

For testing and reporting the vertical accuracy of digital elevation data,
ASPRS endorses the NDEP Guidelines for Digital Elevation Data,
with slight modifications from FVA, SVA, and CVA procedures. This
ASPRS standard reports the Non-vegetated Vertical Accuracy (NVA)
at the 95% confidence level in all non-vegetated land cover categories
combined and reports the Vegetated Vertical Accuracy (VVA) at the
95™ percentile in all vegetated land cover categories combined.

If the vertical errors are normally distributed, the sample size suffi-
ciently large, and the mean error is sufficiently small, ASPRS endorses
NSSDA and NDEP methodologies for approximating vertical accura-
cies at the 95% confidence level, which applies to NVA checkpoints in
all open terrain (bare soil, sand, rocks, and short grass) as well as urban
terrain (asphalt and concrete surfaces) land cover categories.

In contrast, VVA is computed by using the 95" percentile of the
absolute value of all elevation errors in all vegetated land cover cat-
egories combined, to include tall weeds and crops, brush lands, and
lightly-to fully-forested land cover categories. By testing and report-
ing the VVA separate from the NVA, ASPRS draws a clear distinction
between non-vegetated terrain where errors typically follow a normal

19 Federal Geographic Data Committee. (1998). FGDC-STD-007.3-1998, Geospatial Positioning Accuracy Standards, Part 3: National Standard for Spatial Data
Accuracy, FGDC, c¢/o U.S. Geological Survey, www.fgdc.fgdc.gov/standards/documents/standards/accuracy/chapter3
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distribution suitable for RMSE statistical analyses, and vegetated ter-
rain where errors do not necessarily follow a normal distribution and

where the 95™ percentile value more fairly estimates vertical accuracy
at a 95% confidence level.

C.8 LOW CONFIDENCE AREAS

For stereo-compiled elevation data sets, photogrammetrists should
capture two-dimensional closed polygons for “low confidence areas”
where the bare-earth DTM may not meet the overall data accuracy
requirements. Because photogrammetrists cannot see the ground in
stereo beneath dense vegetation, in deep shadows or where the imagery
is otherwise obscured, reliable data cannot be collected in those areas.
Traditionally, contours within these obscured areas would be published
as dashed contour lines. A compiler should make the determination as
to whether the data being digitized is within NVA and VVA accuracies
or not; areas not delineated by an obscure area polygon are presumed
to meet accuracy standards. The extent of photogrammetrically derived
obscure area polygons and any assumptions regarding how NVA and
VVA accuracies apply to the photogrammetric data set must be clearly
documented in the metadata.

Low confidence areas also occur with lidar and IFSAR where heavy
vegetation causes poor penetration of the lidar pulse or radar signal.
Although costs will be slightly higher, ASPRS recommends that “low
confidence areas” for lidar be required and delivered as two-dimen-
sional (2D) polygons based on the following four criteria:

1. Nominal ground point density (NGPD);

2. Cell size for the raster analysis;

3. Search radius to determine average ground point densities; and

4. Minimum size area appropriate to aggregate ground point den-
sities and show a generalized low confidence area (minimum
mapping unit).

This approach describes a raster-based analysis where the raster cell
size is equal to the Search Radius listed for each Vertical Data Accuracy
Class. Raster results are to be converted into polygons for delivery.

This section describes possible methods for the collection or de-
lineation of low confidence areas in elevation data sets being created
using two common paradigms. Other methodologies currently exist,
and additional techniques will certainly emerge in the future. The data
producer may use any method they deem suitable provided the detailed
technique is clearly documented in the metadata.

Table C.2 lists the values for the above low confidence area criteria
that apply to each vertical accuracy class.

Low confidence criteria and the values in Table C.2 are based on
the following assumptions:

* Ground Point Density: Areas with ground point densities less
than or equal to ¥4 of the recommended nominal pulse density
(pulse per square meter) or twice the nominal pulse spacing are
candidates for Low Confidence Areas. For example: a specifi-
cation requires an NPS of 1 meter (or an NPD of 1 ppsm) but
the elevation data in some areas resulted in a nominal ground
point density of 0.25 point per square meter (nominal ground
point spacing of 2 meters). Such areas are good candidate for
“low confidence” areas.

¢ Raster Analysis Cell Size: Because the analysis of ground
point density will most likely be raster based, the cell size at
which the analysis will be performed needs to be specified. The
recommendation is that the cell size equals the search radius.

e Search Radius for Computing Point Densities: Because point
data are being assessed, an area must be specified in order to
compute the average point density within this area. The stan-
dards recommend a search area with a radius equal to 3 * NPS
(not the Low Confidence NGPS). This distance is small enough
to allow good definition of low density areas while not being so
small as to cause the project to look worse than it really is.

e Minimum Size for Low Confidence Polygons: The arcas
computed with low densities should be aggregated together.
Unless specifically requested by clients, structures/buildings
and water should be removed from the aggregated low density
polygons as these features are not true Low Confidence.

Aggregated polygons greater than or equal to the stated minimum
size as provided in Table C.2 should be kept and defined as Low
Confidence Polygons. In certain cases, too small an area will “checker
board” the Low Confidence Areas; in other cases too large an area will
not adequately define Low Confidence Area polygons. These determi-
nations should be a function of the topography, land cover, and final
use of the maps.

Acres should be used as the unit of measurement for the Low
Confidence Area polygons as many agencies (USGS, NOAA, USACE,
etc.) use acres as the mapping unit for required polygon collection.
Approximate square meter equivalents are provided for those whose
work is exclusively in the metric system. Smoothing algorithms could
be applied to the Low Confidence Polygons, if desired.

TaBLE C.2 Low CONFIDENCE AREAS

Recommended Project Recommended Low Confidence | Search Radius and Cell | Low Confidence Polygons
Vertical Min NPD (pls/m?) Min NGPD (pts/m?) Size for Computing Min Area
Accuracy Class (Max NPS (m)) (Max NGPS (m)) NGPD (m) (acres (m?))
I-cm 20(0.22) 5(0.45) 0.67 0.5 (2,000)
2.5-cm 16 (0.25) 4 (0.50) 0.75 1 (4,000)
5-cm 8(0.35) 2(0.71) 1.06 2 (8,000)
10-cm 2(0.71) 0.5 (1.41) 2.12 5 (20,000)
15-cm 1(1.0) 0.25 (2.0) 3.00 5(20,000)
20-cm 0.5(1.4) 0.125 (2.8) 4.24 5(20,000)
33.3-cm 0.25 (2.0) 0.0625 (4.0) 6.0 10 (40,000)
66.7-cm 0.1 (3.2) 0.025 (6.3) 9.5 15 (60,000)
100-cm 0.05 (4.5) 0.0125 (8.9) 13.4 20 (80,000)
333.3-cm 0.01 (10.0) 0.0025 (20.0) 30.0 25 (100,000)
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There are two distinctly different types of low confidence areas:
 The first types of low confidence areas are identified by the

data producer - in advance - where passable identification of
the bare earth is expected to be unlikely or impossible. These
are areas where no control or checkpoints should be located
and where contours, if produced, should be dashed. They are
exempt from accuracy assessment. Mangroves, swamps, and
inundated wetland marshes are prime candidates for such
advance delineation.

» The second types of low confidence areas are valid VVA areas,
normally forests that should also be depicted with dashed con-
tours, but where checkpoints should be surveyed and accuracy
assessment should be performed. Such low confidence areas
are delineated subsequent to classification and would usually be
identifiable by the notably reduced density of bare-earth points.

Providing Low Confidence Area polygons allows lidar data providers
to protect themselves from unusable/unfair checkpoints in swamps and

protects the customer from data providers who might try to alter their data.

If reliable elevation data in low confidence areas is critical to a
project, it is common practice to supplement the remote sensing data
with field surveys.

C.9 ERRONEOUS CHECKPOINTS

Occasionally, a checkpoint may be erroneous or inappropriate for use
at no fault of the lidar survey. Such a point may be removed from the
accuracy assessment calculation:
« if it is demonstrated, with pictures and descriptions, that the
checkpoint was improperly located, such as when a verti-
cal checkpoint is on steep terrain or within a few meters of a
significant breakline that redefines the slope of the area being
interpolated surrounding the checkpoint;

e ifit is demonstrated and documented that the topography has
changed significantly between the time the elevation data were
acquired and the time the checkpoint was surveyed; or

« if (a) the point is included in the survey and accuracy reports,
but not the assessment calculation, with pictures and descrip-
tions; (b) reasonable efforts to correct the discrepancy are
documented, e.g., rechecked airborne GNSS and IMU data, re-
checked point classifications in the area, rechecked the ground
checkpoints; and (c) a defensible explanation is provided in the
accuracy report for discarding the point.

* An explanation that the error exceeds three times the standard
deviation (>3 *s) is NOT a defensible explanation.

C.10 RELATIVE ACCURACY
COMPARISON POINT LOCATION AND
CRITERIA FOR LIDAR SWATH-TO-
SWATH ACCURACY ASSESSMENT

To the greatest degree possible, relative accuracy testing locations
should meet the following criteria:
1. include all overlap areas (sidelap, endlap, and crossflights);
2. be evenly distributed throughout the full width and length of
each overlap area;
3. be located in non-vegetated areas (clear and open terrain and
urban areas);
4. be at least 3 meters away from any vertical artifact or abrupt
change in elevation;
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5. be on uniform slopes; and,

6. be within the geometrically reliable portion of both swaths
(excluding the extreme edge points of the swaths). For lidar
sensors with zigzag scanning patterns from oscillating mirrors,
the geometrically reliable portion excludes about 5% (2.5 %
on either side); lidar sensors with circular or elliptical scanning
patterns are generally reliable throughout.

While the RMSD, value may be calculated from a set of specific
test location points, the Maximum Difference requirement is not lim-
ited to these locations; it applies to all locations within the entire data
set that meet the above criteria.

C.11 INTERPOLATION OF ELEVATION
REPRESENTED SURFACE FOR
CHECKPOINT COMPARISONS

The represented surface of an elevation data set is normally a TIN
(Plate C.1) or a raster DEM (Plate C.1).

Vertical accuracy testing is accomplished by comparing the eleva-
tion of the represented surface of the elevation data set to elevations of
checkpoints at the horizontal (x/y) coordinates of the checkpoints. The
data set surface is most commonly represented by a TIN or raster DEM.

Vertical accuracy of point-based elevation datasets should be tested
by creating a TIN from the point based elevation dataset and compar-
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