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Abstract:

High Accuracy Reference Networks have been, or are being, established in a large number of states.
These networks consist of stations spaced at 25 to 100 km intervals, whose positions relative to the
NADB83 reference coordinate system and to one another are known with much higher accuracy than
is the case with the existing network. These upgrades to the National Geodetic Reference system are
being undertaken to meet expressed user needs for greater accessibility and higher accuracy in the
horizontal reference network in the era of the Global Positioning System {GPS). The increased use
of kinematic and pseudo-kinematic GPS field methods and fixed, automated reference stations,
which lend themselves to direct GPS positioning relative to a single reference network site, as well
as three dimensional positioning, will make High Accuracy Reference Networks increasingly
important in the future. The National Geodetic Survey is working closely with surveyors in states to
provide the fundamental coordinate system, to support survey planning, observations, and data
reduction, and to integrate the High Accuracy Reference Networks and the existing network to
assure compatibility. The establishment of a High Accuracy Reference Network throughout the
United States in the next few years seems inevitable. The question to be answered is how to achieve

this result as rapidly and efficiently as possible.

Introduction:

The surveying profession is currently in the midst of a revolution brought about by Global

Positioning system (GPS) measurement technology and the power of the Personal Computer (PC).
This revolution is placing into the hands of the surveyor here-to-fore unattainable capabilities. Many
state, county, and private surveyors, using commercial GPS receivers, can perform surveys
extending over tens of kilometers with accuracies better than those achievable by a geodetic research
organization using specialized equipment only a few years ago. Also, using their PC and

commercially available software, these surveyors cannow perform data reductions, coordinate
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transformations, and relatively large scale adjustments. In addition to providing increased
capabilities, GPS and PCs have greatly reduced the cost of many types of surveys. Coincident with
this increase in capability and reduction in cost, the increasing implementation of Geographic and
Land Information Systems (GIS/LIS} and the use of positions to define land parcel boundaries have
led to increased requirements for surveying. The conjunction of increased capabilities and increased
requirements is leading to a substantial increase in the number of closely spaced horizontal reference

stations being established and the accuracy of their positioning.

As might be expected, the revolutionary changes being experienced by the surveyor are having a
substantial effecton the requirements being placed on the National Geodetic Reference System
(NGRS), including the reference network of monumented stations. One important impact is the need
for stations that are easily accessible (drive to stations) and have no obstructions which impede use
by GPS. Another impact is the desire for greater accuracy for the NGRS reference network station
positions. These impacts have led a broad spectrum of users to request upgrades in the NGRS
reference networks in their states. These requests have already led to establishment of a High
Accuracy Reference Network (HARN) in a number of states, with many more in progress or

planned.

This paper has three objectives: (1) to explain what a HARN is; (2) to define why a HARN is
needed; and (3) to describe the current status and future plans for GPS establishment of a nationwide
HARN.

What is a High Accuracy Reference Network?

In order to clearly understand what a High Accuracy Reference Network (HARN) is (and what it is
not), it is worthwhile to specify what a National Geodetic Reference System, of which the HARN is
a part, is and how it is used. In particular, it is important to specify how GPS has modified the nature
of the NGRS.

A NGRS is a set of parameters allowing measurements of horizontal positions and heights from
different surveys to be related to one another in a consistent way with satisfactory accuracy.
Conventional surveying techniques dictate that horizontal and vertical coordinates be determined

almost independent of one another, resulting in independent horizontal

and vertical reference systems. The conventional horizontal reference system has three components:
a reference coordinate system, a reference ellipsoid, and a reference network of stations whose
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positions relative to nearby stations are known with a well defined proportional accuracy, but whose
positions relative to the reference coordinate system are less well defined. The coordinate system
and ellipsoid, taken together, are commonly referred to as a datum. The vertical reference system for
leveled heights has two components: a reference equipotential surface, the geoid, whose geometry
relative to a coordinate system has been, here-to-fore, ill defined, and a network of bench marks
whose heights relative to the equipotential surface, called orthometric heights, are known to a high
level of accuracy, but whose horizontal positions are, in most cases, known only approximately by

scaling from a map.

With the advent of GPS, it is possible to have a single reference system for both horizontal and
vertical positions. A satisfactory NGRS in the GPS era consists of five components: a reference
coordinate system, which is as nearly as possible geocentric; a reference ellipsoid; a set of
monumented points whose three dimensional positions relative to nearby points and to the chosen
coordinate system are known with high accuracies; a set of positions for GPS satellites as a function
of time; and a reference geoid whose heights relative to the reference ellipsoid are known with a well

defined accuracy.

Surveyors generally use the NGRS reference network stations for three purposes: (1) to permit
station positions they derive from their survey to be related to a common coordinate system, and thus
related to positions for points derived by others; (2) to serve as a means of evaluating the accuracy of
their survey and detecting blunders; and (3) to improve their overall survey results by holding fixed
the more accurate positions of the reference network stations included in the survey when

performing adjustments.

With the above background in mind, we will now address the question of what a HARN is. A high
accuracy reference network (HARN) is a set of stations, usually with 25 to 100 km station spacing,
whose horizontal positions, relative to one another and to the NAD83 reference coordinate system,
are known with very high accuracy. Figure 1 shows the HARN established in California.

Nominally, the horizontal accuracies for stations of a HARN are given as 8 mm + 1:1,000,000, B
Order as defined by the Federal Geodetic Control Committee. However, GPS is not a proportional
accuracy system and 8 mm+ 1:1,000,000 does not express the true accuracy of the station positions.
A non-rigorous, but more correct, description of HARN accuracy is to say that differential horizontal
positions of stations no more than 100 to 200 km apart will be accurate atthe 1 to 3 cm level, while

the absolute horizontal accuracy relative to the NAD83 coordinate system will be no worse than 10



to 15 cm. Vertical positions can be expected to be differentially accurate to 3to 7 cm locally and no
worse than 20 cm relative to the reference coordinate system.

Because there can be misunderstandings, it is worth discussing the relationship between the HARN
and NADS83. To do this we must distinguish between NAD83 itself (i.e., the datum consisting of a
coordinate system and an ellipsoid) and the NADB83 reference network, consisting of a set of
monumented stations across the nation and their assigned coordinates. The horizontal coordinates
derived for the HARN stations by NGS are NAD83 coordinates; that is, they are relative to the
NADB83 reference coordinate system with latitudes and longitudes computed using the NAD83
reference ellipsoid. Where a station that was part of the original NAD83 reference network is
included in the HARN, a new position will be obtained for the station. This does not mean that a
new datum , i.e., a new coordinate system and/or ellipsoid has been introduced. The stations'
latitudes and longitudes will change because a more accurate horizontal position relative to the
NADS]J coordinate system has been obtained. In essence, the objective of a HARN is to remove to
the maximum extent possible the remaining distortion in the positions assigned to NAD83 reference

network stations.

Currently, HARNSs are being established on a state by state basis. When a HARN is established in a
state, numerous ties are made to stations of the existing NAD83 reference network. The more
accurate HARN station positions are then held fixed and a complete readjustment of previously
existing observations (conventional and GPS) are performed to provide upgraded positions for all
previously established horizontal reference network stations in the state that are not contained in the
HARN. The result is a set of more accurate, internally consistent coordinates for all horizontal
reference network stations in the state.

From the above discussion, two of the misconceptions concerning a HARN can be put to rest.

e The establishment of a HARN does not imply the abandonment of the NAD83 coordinate

system and reference ellipsoid, i.e., a new datum has not been established.

e The establishment of a HARN does not imply abandonment of the existing NGRS reference

network; it does imply improved NAD83 coordinates for the stations of the existing network.

Another misconception which should be addressed at this point is the idea that the establishment of a
HARN, with its station spacing of 25 to 100 km, amounts to a decision that a denser spacing of
reference stations is not needed. In fact, the establishment of a HARN makes no statement
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whatsoever about the density of monumented reference stations that might be required for various
applications. What the HARN does do is make the establishment of a denser network, if one is

desired, easier and cheaper to establish with more accurate results.

Why Have a High Accuracy Reference Network (HARN)?

Some of the reasons for the establishment of a HARN are clear and obvious. Others require a more
in depth look at characteristics of GPS surveying and how these characteristics will impact surveying

over the next few years and beyond.

If one talks to those who were instrumental in establishing a HARN for their state and those who are

using it for GPS surveying, two points are brought up almost universally.

1. The existing NGRS reference station network was difficult to use with GPS because of (a) a
sparsity of stations, (b) difficulty in accessing many existing stations, and (c) unsuitability of
many existing stations for Use by GPS because of obstructions. The GPS surveyors wanted a
reasonably spaced network of easily accessible, drive-to stations that were free of any

obstructions which might prevent or degrade GPS observations.

2. The NAD83 positions of existing NGRS stations were often of lesser accuracy than the GPS
survey being performed, leading to problems when performing constrained adjustments. The
GPS surveyors wanted reference network positions that were of sufficient accuracy that they
did not introduce substantially greater distortions in constrained adjustments than were
present in free adjustments of their GPS data.

The above concerns were raised because of real, practical considerations. The lack of readily
accessible and usable reference stations made reconnaissance more difficult and costly. In some
cases it was simply impossible to find sufficient usable and accessible stations in a survey area. The
use of pack stations might be required, or establishment of an offset mark for use with GPS, an
undesirable approach from both an accuracy and cost viewpoint. Because of accuracy concerns with
NGRS positions, more existing stations than otherwise might be necessary were used; the objective
being to identify any bad position for an existing station and reject that station in the final
constrained adjustment. The level of error in NADS83 positions in existing reference network stations
also added to the effort required to perform adjustment and analysis of a survey. Numerous

adjustments were often required to determine which existing network station{s) had unsatisfactory



positions and to be certain the problem was with existing network station positions and not with the

current survey.

Even when the errors in the existing network were not sufficiently large to prevent the meeting of
specifications for a survey they were troublesome to a surveyor. There is something inherently
disturbing in attaining a high level of accuracy in one's work and then being told one must degrade
the work to make it fit into the reference system network, even though it is known that the reference
network, not the survey, is the source of the error. It was also time consuming and troublesome to
resolve problems arising when positions for points common to two new surveys disagreed because

each survey was constrained to different existing NGRS points.

If one combines the need for additional reference stations with the desire for higher accuracy, the

establishment of a HARN is a natural consequence.

Although the above discussion indicates in a broad way why the desire for a HARN arose, it is by no
means the whole story. Aswe move further into the GPS era, the existence of HARNSs will be
increasingly important for effective use of GPS. To understand this, we must first digress to discuss
the characteristics of GPS surveying, how these differ from conventional surveying, and their

impacts.
The important attributes of GPS surveying which differentiate it from conventional surveying are:

e GPS removes the need for line-of-sight between stations and causes ground station network

geometry to no longer have the importance it had with conventional surveying.

e GPS permits direct high accuracy differential positioning between stations tens of kilometers
apart.

e GPS eliminates the need to deal with local vertical coordinate systems in deriving horizontal
positions.

e GPS provides the ability to perform three dimensional positioning using the same

measurement.

The impact of these attributes on GPS surveyors and the users of their results are:

e The competent GPS surveyor can obtain observations capable of providing differential

station position accuracies in the 2 to 10 cm range with relative ease.



e With the advent of PCs and commercially available software, the competent GP'S surveyor
can reduce and adjust the data to obtain final positions accurate to 2 to 10 cm.

e The GPS surveyor cantie asurvey to stations tens of kilometers away with high accuracy at
reasonable cost.

e The lowered costs associated with GPS surveying allow the ultimate users of survey
information to obtain more stations and request higher accuracy than was previously
possible. This is important since it encourages users to upgrade their surveys so they can

serve multiple purposes.

Let us now ask two questions: How will the reference network evolve? and How will GPS survey
methods change? The evolution of reference networks over the remainder of this decade seems
reasonably clear and is presaged by what is already underway. The major trends relative to reference
networks are:

e Inmany areas, particularly developed areas, a denser reference network will appear with
stations spaced at 1 to 6 mile intervals.

e The accuracy of the positioning of stations will be at the few centimeter level.

e A combined horizontal and vertical reference network will become a reality.

e Surveying and navigation will become inter-related through the use of common base stations.

Also GPS field methods will change. The two changes in GPS field methods are:

e Increased use of kinematic and pseudo-kinematic (rapid static) field procedures.

e Increased use of unmanned, base station receivers to work with field receivers.

With the above discussion as background, we are in a position to address the question of why a
HARN is increasingly important to effective use of GPS in the near term future. Up to the present,
the bulk of GPS surveying has involved static positioning and network observing schemes similar to
those used in conventional surveying; but this is already in the process of changing. As we move
toward the full satellite constellation, kinematic and pseudo-kinematic methods are being
increasingly used because of the potential for increased productivity and, therefore, lower cost per
station. Also, permanent automated reference stations are coming into increasing use in static,

kinematic, and pseudo-kinematic GPS surveying because they result in reduced personnel and travel



costs. Static positioning using an automated reference station and kinematic and pseudo-kinematic
positioning methods, with or without an automated reference station, have a common characteristic.
They lend themselves to what | term “direct positioning,” i.e., positioning of a new station by direct
determination of its differential position relative to a single known station, with redundancy obtained
by multiple determinations of the chosen differential position. The known station can, and often will,

be tens of kilometers distant from the station being positioned.

Because of the fundamental importance of network geometry in conventional surveying, its relative
unimportance in GPS surveying may seem surprising. However, the reason for this difference is
straightforward. With conventional horizontal control surveying, observations of geometric
quantities are observations of angles and distances made between ground stations. With GPS
surveying, while the result obtained from a set of measurements is the vector between two ground
stations, the actual geometric measurements used to derive the vector are between ground stations
and satellites. As a result, the more important geometry in GPS positioning accuracy is ground

station- satellite geometry, not ground station-ground station geometry.

Obviously, the use of GPS for positioning does not negate the need to evaluate the accuracy of
position determinations and detect systematic errors and blunders. With direct positioning using
GPS, evaluation of random measurement error is accomplished by multiple occupations of the new
stations being positioned and, therefore, multiple determinations of the differential vector being used
to position a new station. However, detection of blunders and systematic errors caused by such
factors as error in the base station position and in antenna height corrections must be tested for by
occupation of one or more reference stations of known position by the roving receiver. Clearly, such
a blunder detection test can be made only to the level of accuracy with which the base station-
reference network station differential position is known. If the base station-reference network station
separation were 30 km, for example, and the reference network were First-Order one could not, with
any certainty, detect systematic survey errors of 30 cm or less, since errors as large as 30 cm could
be present in the differential reference network positions. This amounts to saying that in many cases
the present reference network cannot serve as a meaningful blunder detector for the most cost

effective methods of GPS surveying now coming to the fore.

Another important consideration relative to reference network accuracy is that we are rapidly
moving to the time when GPS will be used to provide height information as well as horizontal

information. For this purpose new, relatively dense, high accuracy GPS reference networks are



essential. To be meaningful for vertical applications, these networks must, of necessity, be accurate
vertically at the few centimeter level. To achieve this level of vertical accuracy equal or greater
horizontal accuracy will be obtained. It is thus certain that reference networks will be established in
the next few years, using GPS, which are capable of providing very high horizontal accuracies.
Without HARNS in place there will be no way to take full advantage of the accuracy of the

horizontal information arising from these surveys.

Where Do We Stand in Establishing HARNSs?

Figure 2 shows the current status in the establishment of HARNSs. Over a third of the states have, or
are in the process of establishing, a HARN. By the end of 1992 over half of the land area of the
United States will have a HARN in place. Substantial use of GPS in surveying is less than 5 years
old. Itis truly amazing how rapidly the upgrading of reference networks through the establishment
of HARNS has proceeded, particularly given the built-in delays associated with the budgeting
process of government entities and the need to reach a consensus relative to a new technology. This
section of the paper explores how this tremendous effort has come about and the role played by the

National Geodetic Survey (NGS) at the national level.

The impetus for the upgrading of the existing reference networks through the establishment of
HARNSs has been very much user generated. In state after state, users of the new GPS technology
identified deficiencies in the existing horizontal reference network, and initiated efforts to establish
HARNSs in order to alleviate these deficiencies. Often these efforts have been focused by the
establishment of GPS users groups, whose membership encompassed a broad spectrum of users.
Three examples of users groups are those in the states of Florida, Washington, and New Mexico. In
Florida the GPS users group was initially an ad hoc group but later became a formal practice section
of the Florida Society of Professional Land Surveyors. In New Mexico the establishment of a HARN
is the primary project of the GPS committee of the New Mexico Geographic Council, an advisory
board to the Governor. In Washington the users group was associated with the state surveyors
organization. The broad participation in these groups is illustrated by the current membership of the
New Mexico GPS Committee which includes representatives from three state agencies (State
Highway and Transportation Department, Bureau of Mines and Mineral Resources, State Engineers
Office), Federal agencies (NGS, U.S. Forest Service, Bureau of Land Management, U.S. Geological
Survey), the City of Albuquerque, and five private surveying firms.



In other states the primary impetus for a statewide HARN has come from asingle organization. For
example, in California the primary impetus for a HARN has come from the California Department of
Transportation (Caltran). However, this does not mean that other groups are not involved. Even
before observations for a HARN began, survey organizations in seven counties, the City of Los
Angeles, and the Los Angeles Water Authority had already indicated the desire to integrate local
high accuracy reference networks they were establishing into the California HARN. In Tennessee
where the Department of Transportation was primarily responsible for the establishment of the first
statewide HARN, every major city having a GPS reference network established to support LIS/GIS
activities has tied to the Tennessee HARN.

NGS has participated in the establishment of statewide HARNS in response to requests from state
groups for support. The objective of NGS in cooperating with state groups is to assist users in
meeting their requirements for upgrading their existing state horizontal reference networks while
maintaining the integrity and consistency of the network on a nationwide basis. The activities being
undertaken by NGS in cooperation with state groups can be summarized as follows:

a. Provide a nationwide high accuracy framework;

b. Participate in planning, observation, and data reduction related to the GPS surveys used to
establish the HARN;

c. Adjust the resulting vectors to produce high accuracy NAD83 coordinates for the HARN
stations;

d. Readjust pre-existing conventional and other GPS observations in the state while holding the

HARN station positions fixed to produce a compatible statewide reference network.

Because HARNSs are established on a state-by-state basis, it is important to assure compatibility
between states as new HARNSs are added. To provide this assurance, NGS has implemented the
definition of the NAD83 coordinate system at the few centimeter level and provided a means of
accessing it at that level nationwide. The coordinate system definition was accomplished by using
NADBS3 positions of Very Long Baseline Interferometry (VLBI) stations derived in the original
NAD83 reference network adjustment. The differential positions of these VLBI stations (based on
analysis of incoming signals from radio stars) are known atthe 1to 3 cm level. Thus they define the
NADS83 coordinate system to the same level. To provide access within each state to the defined
coordinate system, GPS reduction methods involving correction of satellite orbits, simultaneous with
estimation of station positions, are used to compute positions of 3 to 6 stations in each state. These
10



stations, known as A Order stations, by being differentially positioned relative to the VLBI stations
have positions relative to the NAD83 coordinate system atthe 5 cm or better level. When
performing a final adjustment of the HARN network in a state, these A Order stations are held fixed,
thus assuring accurate relation of the HARN station positions to the NAD83 coordinate system.

Figure 3 shows the current Order A station network in the United States.

To some degree NGS has participated in HARN implementation in all of the states which have
established HARNSs. However, the amount of NGS participation has varied widely in the observation
and reduction phases of HARN development. For example, in Florida NGS performed all
observations and data reduction for the B Order HARN network. In Wisconsin observations and
reductions of the B Order HARN network were performed by a contractor to the state, with NGS
only performing quality checks. As ownership of GPS receivers have become more widespread,
observations have been performed jointly by state and NGS field teams, as was the case in

California. One can anticipate all of these modes of operation continuing in the future.

To assure consistency and proper relation to a common coordinate system, NGS is performing all
final computations of positions of A Order stations and final adjustment of the B Order HARN

networks in each state.

There are distortions in the existing NADB83 reference network relative to the NADS83 coordination
systems. These distortions are usually atthe few decimeter level, but have occasionally been found
to locally be as large as 1.5 meters. Since the HARN's level of distortion relative to the NAD83
coordinate system is a few centimeters, the discrepancy between HARN and published NAD83
coordinates is of the same order of magnitude as the distortions in the published values. These
discrepancies prevent the use of HARN reference stations with their high accuracy NAD83
coordinates in conjunction with the remainder of the existing reference network stations having
lesser accuracy NAD83 coordinates. To reintroduce compatibility, while atthe same time improving
the accuracy of the positions of the remainder of the existing network stations, NGS is undertaking
complete readjustments of all previously existing observations in a state. These readjustments hold
fixed the previously derived HARN station positions, resulting, not only in bringing about
compatibility, but also in improving the accuracy of the positioning of the existing network stations

relative to the NADS83 coordinate system.

A Look Ahead
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Over the next few years one can foresee an acceleration in the establishment of statewide HARNS
until all, or nearly all, of the United States is covered. This acceleration will occur for several
reasons. As use of GPS becomes more widespread and the direct positioning procedures come into
more common use, there will be an increased recognition of the value of and need for a HARN.
Adding to this increased recognition of the value of a HARN will be increasing awareness of the
positive experiences of surveyors in states already having HARNS. Also, as more state organizations
acquire GPS receivers they will be able to participate in the observation phase of the HARN
establishment, thus reducing costs. Given that in a relatively short time frame (<5 years) almost all
of the country will be covered by HARNS, there is much to be said for completing the process as
rapidly as possible. Completing the entire upgrade process as soon as possible will minimize the
need to make special adjustments at state boundaries. More importantly it will allow counties, cities,
etc. to position their more dense reference networks relative to the HARNS initially, removing the

need to change coordinates at a later time.

Thus far the question of station spacing for HARNS has been considered entirely in the context of
horizontal positioning. However, we should now begin to consider the question of how HARNS
might serve vertical reference network needs. This question will need to be addressed from two
directions. The first direction is the determination of how accurately orthometric heights can be
determined from GPS using various observation procedures (static, kinematic and pseudo-kinematic)
after taking into account the accuracy of the available geoid height information for converting GPS
derived ellipsoid heights to orthometric heights. Improvements in satellite orbits and computations
of tropospheric refraction corrections give real promise for substantial improvement in GPS derived
ellipsoid heights in the next few years. Also, NGS has underway a vigorous program aimed at
improving geoid height determinations. Taken together, these two factors provide real promise of the
ability to determine orthometric heights at the 3.0to 6.0 cm (0.1 to 0.2 ft.) level. This is less
accuracy than can be provided by leveling, except where extremely large distances are involved.
However, it is not clear as to how many requirements for orthometric heights exceed 3.0 cm (0.1 ft.),

given varying station separations (1, 5, 10, ... km). This question needs to be carefully addressed.

In the longer time frame, 5 years and beyond, the question of the density of HARN stations needed is
a matter that is currently debated. As noted, rather dense reference networks are being established in
some counties and cities. This is done with the view of making control available to surveyors using
conventional surveying equipment. Some argue that by the end of the decade even 25 to 50 km

spacing of the HARNS will not be needed; everyone will operate from automated base stations
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located perhaps 200 km apart. The question of how dense a monumented network will be required a
decade or more from now is far from certain. What is certain is that the final decision will be based
on economics, i.e., what is the cheapest way for users to meet their requirements? It is too early in
the development of GPS to say what the capabilities will be a decade from now, and thus to answer
the economic question. However, it is difficult at present to imagine that monumented stations at
densities at least as great as those provided by statewide HARNS will not be required in the
foreseeable future. Even if a 200 km spacing base station network were to come into common use,
the need to ensure the integrity of local positioning would still exist. Thus, the statewide HARNS that
are being established should play an important reference system role into the next decade regardless

of how GPS technology evolves.
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Figure 1
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HIGH ACCURACY REFERENCE NETWORK
FOR

ARKANSAS

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Arkansas. Consisting of 101 stations, 32 new and 69
existing National Spatial Reference System (NSRS) control stations spaced at approximately 50
kilometer (31 mile) intervals, the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN). Project implementation
and coordination were directed by NGS, in cooperation with the Arkansas Geological Survey Land
Survey Division, Arkansas Highway Transportation Department, Petit Jean Technical College,
University of Arkansas at Little Rock, Arkansas Society of Professional Surveyors and the Little Rock
Air Force Base. Field operations were conducted between March and April, 1997, using Ashtech Z-XIl,
Leica SR299 and SR399, Topcon Turbo SII and Trimble 4000SSE and 4000SSlI, dual frequency Global
Positioning System (GPS) receivers. Most observations far exceeded the 1:1,000,000 proportional
accuracy required for the B-Order adjustment.

Fiducial stations used in the GPS adjustment included Continuously Operating Reference Stations
(CORYS) and existing FBN stations in Louisiana, Mississippi, Missouri, Oklahoma, Tennessee and
Texas. To ensure the integrity of the NSRS, all existing horizontal control in Arkansas will be readjusted
to provide consistency betweenthe HARN and the existing horizontal network. The state-wide
readjustment will extend into the bordering states to the extent necessary to maintain consistency of the
NSRS. Until the completion of the state-wide readjustment, HARN stations will be designated as
"SPECIAL STATUS" on NGS data sheets to indicate their positional differences with the existing lower
order NSRS stations. Given the current back log of other HARN state-wide readjustments, the Arkansas
readjustment could require as much as 2 years to complete. The new coordinate values are referredto as
North American Datum of 1983 (NAD 83), Adjustment of 1997, and are designated NAD 83 (1997).
This designation is necessary to distinguish between the original NAD 83 Adjustment of 1986, or NAD
83 (1986). Coordinate values, including State Plane Coordinates or Universal Transverse Mercator Grid
should be properly labeled to eliminate confusion. Positional changes due to the network improvement
vary across the State, but are generally less than 0.50 meter (1.6 feet).

Orthometric heights for the HARN were determined by occupying 27 bench marks and 15 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVO 88). NAD 83 ellipsoidal heights were determined by holding the values published for 2 CORS
and 33 existing A and B-Order quality stations in and around the State. Accuracy of ellipsoidal heights
determined by these observations vary, and are sometimes less than third-order. Orthometric heights are
generally considered to be equivalent to those obtained by conventional vertical angle observations (0.1
meter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.



Lower order coordinate information (e.g. cadastral survey, photogrammetry, GIS data) can be
transformed from NAD 83 (1986) to NAD 83 (1997) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the Arkansas adjustment (ARHPGN.LAS and
ARHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/-0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242 and the NGS Internet
Home Page at http://www.ngs.noaa.gov. Requests for data should be referenced by the survey project
identifier GPS1133. These data will also appear on the next edition of the NGS South Central CD-ROM
scheduled for release in March, 1998.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or E-mail
daved@ngs.noaa.gov, Kit Carson, Surveys Division Arkansas Highway Transportation Department,
telephone (501) 569-2343 or E-mail dkce0O35@ahtd.state.ar.us, or Paul Walla, P.L.S., Arkansas HARN
CBN Coordinator telephone (501) 756-2772. NGS is working with the Arkansas Society of Professional
Surveyors to schedule a technical seminar in the near future to discuss the aspects of the HARN
development and implementation.



HIGH ACCURACY REFERENCE NETWORK
FOR

ILLINOIS

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks

(FBN/CBN) for Illinois. Consisting of 242 stations, 90 new and 152 existing National Spatial Reference
System (NSRS) control stations spaced at approximately 30 kilometer (23 mile) intervals, the network
was observed to A and B-Order accuracy standards (5 mm + 1:10,000,000 and 8 mm + 1:1,000,000) as
defined by the Federal Geodetic Control Subcommittee. This network is often referred to as the High
Accuracy Reference Network (HARN). Project implementation and coordination were directed by NGS,
in cooperation with the Illinois Department of Transportation

(ILDOT). Additional support was also provided by Indiana University, and the Indiana, lowa, and
Wisconsin Departments of Transportation, and the Missouri Department of Natural Resources. Field
operations were conducted between June and July 1997, using Trimble 4000SSE, 4000SSI, Ashtech Z-
Xll, Ashtech Z-XI113 and Leica SR399 dual frequency Global Positioning System (GPS) receivers. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the Continuously Operating Reference
Station (CORS) network, and existing FBN stations in Indiana, lowa, Kentucky, Missouri and
Wisconsin, all existing horizontal control in the State will be readjusted to provide consistency between
the HARN and the existing horizontal network. The readjustment will extend into the bordering states to
the extent necessary to maintain consistency of the NSRS. Until the completion of the state-wide
readjustment, HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to
indicate their positional differences with the existing lower order NSRS stations. Given the current back
log of other HARN state-wide readjustments, the Illinois readjustment could require as much as 2 years
to complete. The new coordinate values are referred to as North American Datum of 1983 (NAD 83),
Adjustment of 1997, and are designated NAD 83 (1997). This designation is necessary to distinguish
between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values, including
State Plane Co-ordinates or Universal Transverse Mercator Grid should be properly labeled to eliminate
confusion. Positional changes due to the network improvement vary across the State, but are generally
less than 0.6 meter (2.0 feet). Positions and published for all HARN stations.

Orthometric heights for the HARN were determined by occupying 113 bench marks and 21 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 4
Continuously Operating Reference Stations (CORS) and 55 existing A and B-Order quality stations in
and around the State. Accuracy of ellipsoidal heights determined by these observations vary, and are
sometimes less than third-order. Orthometric heights are generally considered to be equivalent to those
obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry, GIS data) can be
transformed from NAD 83 (1986) to NAD 83 (1997) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the Illinois adjustment (ILHPGN.LAS and
ILHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/-0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242 and the NGS Internet
Home Page at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Ron Brewer, NGS lllinois Geodetic Advisor, telephone (217) 524-4890, E-mail
rikibl@aol.com, or Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or
E-mail daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

INDIANA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Indiana. Consisting of 169 stations, 26 new and 143
existing National Spatial Reference System (NSRS) control stations spaced at approximately 30
kilometer (23 mile) intervals, the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN). Project implementation
and coordination were directed by NGS, in cooperation with the Highway Extension and Research
Project for Indiana Counties and Cities (HERPICC) and Schneider Engineering/Plumb Tuckett &
Associates as the :-IERPICC GPS consultants, the Indiana Department of Transportation, Indiana
University and the Indiana Society of Professional Land Surveyors. Additional GPS network
connections were also provided by the Departments of Transportation for Illinois and Ohio. Field
operations were conducted between August and September 1997, using Ashtech Z-XII, Lecia SR299,
SR399, and Trimble 4000SSE and 4000SSI dual frequency Global Positioning System (GPS) receivers.
Most observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order
adjustment. Adjustment of these data completes the national HARN program for all 50 states, the
District of Columbia, American Samoa, Guam, Puerto Rico and the Virgin Islands, begun in 1987 by
NGS.

In addition to adjusting the GPS data to fiducial stations of the Continuously Operating Reference
Stations (CORS) network and existing FBN stations in Indiana, Illinois, Kentucky, Michigan, Ohio and
Wisconsin, all existing horizontal control in the State will be readjusted to provide consistency between
the HARN and the existing horizontal network. The readjustment will extend into the bordering states to
the extent necessary to maintain consistency of the NSRS. Until the completion of the state-wide
readjustment, HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to
indicate their positional differences with the existing lower order NSRS stations. Given the current
backlog of other HARN statewide readjustments, the Indiana readjustment could require as much as 2
years to complete. The new coordinate values are referred to as North American Datum of 1983 (NAD
83), Adjustment of 1997, and are designated NAD 83 (1997). This designation is necessary to
distinguish between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values,
including State Plane Coordinates or Universal Transverse Mercator Grid should be properly labeled to
eliminate confusion. Positional changes due to the network improvement vary across the State, but are
generally less than 0.5 meter (1.6 feet). Positions and velocities relative to the International Earth
Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also eventually be published for all
HARN stations.

Orthornetric heights for the HARN were determined by occupying 12 stations with previously

determined heights by GPS and 92 bench marks referenced to the North American Vertical Datum of
1988 (NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 4
CORS and 31 existing A and B-Order quality stations in and around the State. Accuracy of ellipsoidal



heights determined by these observations vary, and are sometimes less than third-order. Orthornetric
heights are generally considered to be equivalent to those obtained by conventional vertical angle
observations (0.1 rneter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, Photograrnrnetry, GIS data) can be
transformed from NAD 83 (1986) to NAD 83 (1997) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the Indiana adjustment (INHPGN.LAS and
INHPGN.LOS). The transformation grids will be developed by NGS following the statewide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/- 0.06 feet) across the State. Updated coordinate information and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242 and the NGS Internet
Horne Page at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or emalil
daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

IOWA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for lowa. Consisting of 182 stations, 64 new and 118 existing
National Spatial Reference System (NSRS) control stations spaced at approximately 30 kilometer (23
mile) intervals, the network was observed to A and B-Order accuracy standards (5 mm + 1:10,000,000
and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This network is
often referred to as the High Accuracy Reference Network (HARN). Project implementation and
coordination were directed by NGS, in cooperation with the lowa Department of Transportation
(IADQOT). Field operations were conducted between December 1996 and February 1997, by NGS and
IADOT surveyors using Trimble 4000SSE and Ashtech Z-12, dual frequency Global Positioning System
(GPS) receivers. Most observations far exceeded the 1:1,000,000 proportional accuracy required for the
B-Order adjustment.

Fiducial stations used in the GPS adjustment included existing FBN stations in Illinois, Minnesota,
Missouri and South Dakota. To ensure the integrity of the NSRS, all existing horizontal control in the
State will be readjusted to provide consistency between the HARN and the horizontal network. The
readjustment will extend into the bordering states to the extent necessary to maintain consistency of the
NSRS. Until the completion of the state-wide readjustment, HARN stations will be designated as
"SPECIAL STATUS" on NGS data sheets to indicate their positional differences with the existing lower
order NSRS stations. Given the current back log of other HARN state-wide readjustments, the lowa
readjustment could require as much as 2 years to complete. The new coordinate values are referred to as
North American Datum of 1983 (NAD 83), Adjustment of 1996, and are designated NAD 83 (1996).
This designation is necessary to distinguish between the original NAD 83 Adjustment of 1986, or NAD
83 (1986). Coordinate values, including State Plane Coordinates or Universal Transverse Mercator Grid
should be properly labeled to eliminate confusion. Positional changes due to the network improvement
vary across the State, but are generally less than 0.5 meter (1.6 feet). Positions and velocities relative to
the International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also be
published for all HARN stations.

Orthometric heights for the HARN were determined by occupying 65 bench marks and 15 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 1
Continuously Operating Reference Station (CORS) and 42 existing A and B-Order quality stations in
and around the State. Accuracy of ellipsoidal heights determined by these observations vary, and are
sometimes less than third-order. Orthometric heights are generally considered to be equivalent to those
obtained by conventional vertical angle observations (0.1 meter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry, GIS data) can be



transformed from NAD 83 (1986) to NAD 83 (1996) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the lowa adjustment (IAHPGN.LAS and
IAHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter+/-0.02
meter (0.20 +/-0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301)713-3242 and the NGS web site at
http//www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or emall
daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

KANSAS

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Kansas. Consisting of 120 stations, 19 new and 101
existing National Spatial Reference System (NSRS) control stations spaced at approximately 70
kilometer (44 mile) intervals, the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN). Field operations were
conducted between April, and June 1997, under the direction of NGS in cooperation with the Kansas
Department of Transportation (KSDOT), Kansas State University, Environmental Protection Agency,
Garden City Engineering Office, CP Engineers, the Boeing Company, Colorado Department of
Transportation, Nebraska Department of Roads and the Missouri Department of Natural Resources.
Observations were made using Ashtech Z-XII, Sokkia GSR2200 and Trimble 4000SSE, 4000SSl,
4000SST, 4400, dual frequency Global Positioning System (GPS) receivers. Most observations far
exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the International GPS and Geodynamics
Service (IGS), and existing FBN stations in Colorado, Missouri, Nebraska, and Oklahoma all existing
horizontal control in the State will be readjusted to provide consistency between the HARN and the
existing horizontal network. The readjustment will extend into the bordering states to the extent
necessary to maintain consistency of the NSRS. Until the completion of the state-wide readjustment,
HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to indicate their
positional differences with the existing lower order NSRS stations. Given the current back log of other
HARN state-wide readjustments, the Kansas readjustment could require as much as 2 years to complete.
The new coordinate values are referred to as North American Datum of 1983 (NAO 83), Adjustment of
1997, and are designated NAO 83 (1997). This designation is necessary to distinguish between the
original NAO 83 Adjustment of 1986, or NAO 83 (1986). Coordinate values, including State Plane
Coordinates or Universal Transverse Mercator Grid should be properly labeled to eliminate confusion.
Positional changes due to the network improvement vary across the State, but are generally less than 0.3
meter (1.0 foot). Positions and velocities relative to the International Earth Rotation Service (IERS)
Terrestrial Reference Frame (ITRF) will also be published for all HARN stations.

Orthometric heights for the HARN were determined by occupying 62 bench marks and 6 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVO 88). NAO 83 ellipsoidal heights were determined by holding the values published for 6
Continuously Operating Reference Stations (CORS) and 31 existing stations with published ellipsoidal
heights in and around the State. The accuracy of ellipsoidal heights determined by these observations
vary, and are sometimes less than third-order. Orthometric heights are generally considered to be
equivalent to those obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked™) for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry, GIS data) can be
transformed from NAO 83 (1986} to NAO 83 (1997) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the Kansas adjustment (KSHPGN.LAS and
KSHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/- 0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242 and the NGS web page
at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Monroe Rivers, NGS Kansas Geodetic Advisor, telephone (913) 296-6835, E-mail
mrivers@wizard.dot.state.ks.us, or Dave Doyle, NGS Observation and Analysis Division, telephone
(301) 713-3178, or E-mail daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

MICHIGAN

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
and Cooperative Base Networks (FBN/CBN) for Michigan. Consisting of 119 stations, 40 new, and 79
existing horizontal and vertical control stations spaced at approximately 30 kilometer (19 mile) intervals
(Diagram), the network was observed to A and B-Order accuracy standards (5 mm + 1:10,000,000 and 8
mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This network is often
referred to as the Michigan High Accuracy Reference Network (HARN).

Project implementation and coordination were directed by NGS, with the assistance of the Michigan
Department of Commerce (MIDOC). Field operations were conducted between October, 1994 and
February, 1995, by NGS/MIDOC surveyors using Trimble 4000SSE 4000SST, and Ashtech LD-XII and
MD-XII dual frequency GPS receivers. Additional assistance for GPS observations was also provided

by the Minnesota Department of Transportation (Trimble 4000 SSE), Ohio Department of
Transportation (Ashtech MD-XII), Orchard, Hiltz & McCliment, Inc. of Livonia, Ml (Ashtech Z-12),
and Wade-Trim, Inc. of Flint, MI (Trimble 4000SSE). Most observations far exceeded the 1:1,000,000
proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the NGS Eastern Strain Network,
International GPS and Geodynamics Service (IGS), Very Long Baseline Interferometry (VLBI) stations,
and existing FBN/CBN stations in lowa, Minnesota, Ohio, and Wisconsin, all existing horizontal control
in the State will be readjusted to provide consistency between the FBN/CBN and the existing horizontal
network. The readjustment will extend into the bordering states to the extent required to maintain
consistency of the National Spatial Reference System (NSRS). Until the completion of the state-wide
readjustment, HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to
indicate their positional differences with the existing lower order NSRS stations. Given the current back
log of other HARN state-wide readjustments, the Michigan readjustment could require as much as 2
years to complete. The new coordinate values are referred to as North American Datum of 1983 (NAD
83), Adjustment of 1994, and are designated NAD 83 (1994). This designation is necessary to
distinguish between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values
should be properly labeled to eliminate confusion. Positional changes due to the network improvement
vary across the State, but are generally less than 0.8 meter (2.6 feet). Positions and velocities relative to
the International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also pe
published for all FBN/CBN stations.

Orthometric heights for FBN/CBN stations were determined by occupying 74 published bench marks
referenced to the North American Vertical Datum of 1988 (NAVD 88). Ellipsoidal heights were
determined by holding the values published for 15 existing A-Order quality stations in and around the
State. Accuracy of ellipsoidal heights determined by these observations vary, and are sometimes less
than third-order. Orthometric heights are considered to be equivalent to those obtained by conventional
vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in the NSRS, should be readjusted from original observations to maintain consistency with
NSRS. Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed
from NAD 83 (1986) to NAD 83 (1994) using version 2.10 of the NADCON software supplied by NGS,
with special transformation grids for the Michigan adjustment (MIHPGN.LAS and MIHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301) 713-3242, the NGS Electronic Bulletin Board Service at
(301) 713-4181/4182, or the NGS web site at http://www.ngs.noaa.gov.

Questions concerning the FBN/CBN and state-wide readjustment, or coordinate transformations should
be directed to Ron Ramsey, NGS Michigan Geodetic Advisor at (517) 377-1510, or email
ramseyr@state.mi.us, or Dave Doyle, NGS Observation and Analysis Division at (301) 713-3178, or
email daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

NEBRASKA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Nebraska. Consisting of 220 stations, 103 new and 117
existing National Spatial Reference System control stations spaced at approximately 40 kilometer (25
mile) intervals (Diagram), the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referredto as the High Accuracy Reference Network (HARN).

Project implementation and coordination were directed by NGS, with the assistance of the Nebraska
Department of Roads (NEDR). Field operations were conducted between September and November,
1995, by NGS/NEDR surveyors using Trimble 4000SST and 4000SSE dual frequency Global
Positioning System (GPS) receivers. Additional co-observations for the CBN were also provided by the
United States Forest Service, Lancaster County Engineering Department, and the Colorado Department
of Transportation. Most observations far exceeded the 1:1,000,000 proportional accuracy required for
the B-Order adjustment. In addition to adjusting the GPS data to fiducial stations of the International
GPS and Geodynamics Service (IGS), and existing A-Order FBN stations in Colorado, Kansas,
Minnesota, Missouri, South Dakota and Wyoming, all existing horizontal control in the State will be
readjusted to provide consistency between the HARN and the existing horizontal network.

The readjustment will extend into the bordering states to the extent necessary to maintain consistency of
the National Spatial Reference System (NSRS). Until the completion of the state-wide readjustment,
HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to indicate their
positional differences with the existing lower order NSRS stations. Given the current back log of other
HARN state-wide readjustments, the Nebraska readjustment could require as much as 2 years to
complete. The new coordinate values are referred to as North American Datum of 1983 (NAD 83),
Adjustment of 1995, and are designated NAD 83 (1995). This designation is necessary to distinguish
between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values should be
properly labeled to eliminate confusion. Positional changes due to the network improvement vary across
the State, but are generally less than 0.50 meter (1.6 feet). Positions and velocities relative to the
International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also be published
for all HARN stations.

Orthometric heights for the HARN were determined by occupying 82 bench marks and 4 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 8 existing
A-Order quality stations in and around the State. Accuracy of ellipsoidal heights determined by these
observations vary, and are sometimes less than third-order. Orthometric heights are considered to be
equivalent to those obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed from
NAD 83 (1986) to NAD 83 (1995) using version 2.10 of the NADCON software supplied by NGS, with
special transformation grids for the Nebraska adjustment (NEHPGN.LAS and NEHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301) 713-3242, the NGS Electronic Bulletin Board Service at
(301) 713-4181/4182, and the NGS World Wide Web site at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Jerry Odum, NGS Nebraska Geodetic Advisor, telephone (402) 479-4379, or email
dor30003@vmhost.cdp.state.ne.us, or Dave Doyle, NGS Observation and Analysis Division, telephone

(301) 713-3178, or email daved@ngs.noaa.gov.

Also send to: Nebraska GIS Steering Committee Newsletter, James W. Merchant, Conservation and
Survey Division, University of Nebraska-Lincoln, 113 Nebraska Hall, Lincoln, NE 68588-0517, (402)
472-2410 Professional Surveyors Association of Nebraska, Mr. Ron Way, Douglass County Engineers
Office, 15505 West Maple Rd., Omaha, NE 68116, (402) 444-6479.



HIGH ACCURACY REFERENCE NETWORK
FOR

NORTHDAKOTA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
Network (FBN) and Area Navigation Approach (ANA) airports survey programs for North Dakota.
Consisting of 68 stations, 24 new and 44 existing National Spatial Reference System (NSRS) control
stations spaced at approximately 70 kilometer (44 mile) intervals, the network was observed to A and B-
Order accuracy standards (5 mm +

1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN).

Field operations were conducted between October and November, 1996, by NGS surveyors, using
Trimble 4000SSE and 4000SSlI, dual frequency Global Positioning System (GPS) receivers. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

Fiducial stations used in the GPS adjustment included existing FBN stations in Minnesota, Montana and
South Dakota. To ensure the integrity of the NSRS, all existing horizontal control in the State will be
readjusted to provide consistency between the HARN and the existing horizontal network. The
readjustment will extend into the bordering states to the extent necessary to maintain consistency of the
NSRS. Until the completion of the state-wide readjustment, HARN stations will be designated as

"SPECIAL STATUS" on NGS data sheets to indicate their positional differences with the existing lower
order NSRS stations. Given the current back log of other HARN state-wide readjustments, the North
Dakota readjustment could require as much as 2 years to complete. The new coordinate values are
referred to as North American Datum of 1983 (NAD 83), Adjustment of 1996, and are designated NAD
83 (1996). This designation is necessary to distinguish between the original NAD 83 Adjustment of
1986, or NAD 83 (1986). Coordinate values should be properly labeled to eliminate confusion.
Positional changes due to the network improvement vary across the State, but are generally less than 0.5
meter (1.6 feet). Positions and velocities relative to the International Earth Rotation Service (IERS}
Terrestrial Reference Frame (ITRF) will also be published for all HARN stations.

Orthometric heights for the HARN were determined by occupying 28 bench marks and 1 station with
previously determined height by GPS. referenced to the North American Vertical Datum of 1988
(NAVO 88). NAO 83 ellipsoidal heights were determined by holding the values published for 7 existing
A-Order quality stations in and around the State. Accuracy of ellipsoidal heights determined by these
observations vary, and are sometimes less than third-order. Orthometric heights are generally considered
to be equivalent to those obtained by conventional vertical angle observations (0.1 meter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral surveys, photogrammetry, geographic information



systems) can be transformed from NAO 83 (1986) to NAO 83 (1996) using version 2.10 of the
NAOCON software supplied by NGS, with special transformation grids for the North Dakota
adjustment (i.e. NDHPGN.LAS and NDHPGN.LOS). The transformation grids will be developed by
NGS following the state-wide readjustment, and should provide transformation values accurate to an
average of 0.06 meter+/-0.02 meter (0.20 +/-0.06 feet) across the State. Updated coordinate information,
and the NADCON software can be obtained from the NGS Information Services Section at (301) 713-
3242 and the NGS Internet Home Page at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or emall
daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

OHIO

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Ohio. Consisting of 244 stations, 151 new and 93 existing
National Spatial Reference System (NSRS) control stations spaced at approximately 30 kilometer (23
mile) intervals (Diagram), the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN).

Project implementation and coordination were directed by NGS, with the assistance of the Ohio
Department of Transportation (OHDOT). Field operations were conducted between September and
November, 1995, by NGS/OHDOT surveyors using Trimble 4000SST and 4000SSE, Ashtech Z XII3,
and Leica CR333 dual frequency Global Positioning System (GPS) receivers. Additional co-
observations for the CBN were also provided by the Franklin County Engineers office. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the International GPS and Geodynamics
Service (IGS), and existing FBN stations in Indiana, Kentucky, Michigan, Pennsylvania, and West
Virginia all existing horizontal control in the State will be readjusted to provide consistency between the
HARN and the existing horizontal network. The readjustment will extend into the bordering states to the
extent necessary to maintain consistency of the NSRS. Until the completion of the state-wide
readjustment, HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to
indicate their positional differences with the existing lower order NSRS stations. Given the current back
log of other HARN state-wide readjustments, the Ohio readjustment could require as much as 2 years to
complete. The new coordinate values are referred to as North American Datum of 1983 (NAD 83),
Adjustment of 1995, and are designated NAD 83 (1995). This designation is necessary to distinguish
between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values should be
properly labeled to eliminate confusion. Positional changes due to the network improvement vary across
the State, but are generally less than 0.40 meter (1.3 feet). Positions and velocities relative to the
International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also be published
for all HARN stations.

Orthometric heights for the HARN were determined by occupying 51 bench marks and 7 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 3
Continuously Operating Reference Stations (CORS) and 6 existing A-Order quality stations in and
around the State. Accuracy of ellipsoidal heights determined by these observations vary, and are
sometimes less than third-order. Orthometric heights are generally considered to be equivalent to those
obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed from
NAD 83 (1986) to NAD 83 (1995) using version 2.10 of the NADCON software supplied by NGS, with
special transformation grids for the Ohio adjustment (OHHPGN.LAS and OHHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301) 713-3242, the NGS Electronic Bulletin Board Service at
(301) 713-4181/4182, and the NGS web site at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to David Conner, NGS Ohio Geodetic Advisor, telephone (614) 292-1619, or emalil
conner@cfm.ohio-state.edu, or Dave Doyle, NGS Observation and Analysis Division, telephone (301)

713-3178, or email daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

OKLAHOMA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
Network/Cooperative Base Network (FBN/CBN) for Oklahoma. Consisting of 129 stations, 55 new and
74 existing horizontal and vertical control stations spaced at approximately 50 kilometer (30 mile)
intervals (Diagram), the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN).

Project implementation and coordination were directed by NGS, with the assistance of the Oklahoma
Department of Transportation (OKDOT). Field operations were conducted between June and
September, 1993, by NGS/OKDOT surveyors using Trimble 4000SST and Ashtech LM-XI1 OC dual
frequency GPS receivers. Most observations far exceeded the 1:1,000,000 proportional accuracy
required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the NGS Eastern Strain Network,
International GPS and Geodynamics Service (IGS), Very Long Baseline Interferometry (VLBI) stations,
and existing FBN/CBN stations in Colorado, New Mexico and Texas, all existing horizontal control in
the State has been readjusted to provide consistency betweenthe FBN/CBN and the existing horizontal
network. The readjustment extended into the bordering states to the extent required to maintain
consistency of the National Spatial Reference System (NSRS). The new coordinate values are referred
to as North American Datum of 1983 (NAD 83), Adjustment of 1993, and are designated NAD 83
(1993). This designation is necessary to distinguish between the original NAD 83 Adjustment of 1986,
or NAD 83 (1986). Coordinate values should be properly labeled to eliminate confusion. Positional
changes due to the network improvement vary across the State, but are generally less than 1 meter (3.2
feet).

Orthometric heights for FBN/CBN stations were determined by occupying 36 published bench marks
and 4 stations with previously determined heights by GPS referenced to the North American Vertical
Datum of 1988 (NAVD 88). Orthometric heights are considered to be equivalent to those obtained by
conventional vertical angle observations (0.1 meter/0.3 feet). Ellipsoidal heights related to NAD 83 were
also determined for all HARN stations. Accuracy of ellipsoidal heights vary, and are sometimes less
than third-order.

All GPS surveys performed prior to this readjustment, and not submitted to NGS ("Blue Booked")
should be readjusted from original observations to maintain consistency with NSRS. Lower order
coordinate information (e.g. cadastral survey, photogrammetry) can be transformed from NAD 83
(1986) to NAD 83 (1993) using version 2.10 of the NADCON software supplied by NGS, with special
transformation grids for the Oklahoma adjustment (OKHPGN.LAS and OKHPGN.LQOS). The
transformation grids are being tested by NGS and should provide transformation values accurate to an
average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet) across the State. These grids should be



available by early summer, 1995. Updated coordinate information, and the NADCON software can be
obtained from the NGS Information Services Branch at (301) 713-3242, or from the NGS Bulletin
Board Service at (301) 713-4181/4182.

Questions concerning the FBN/CBN and state-wide readjustment or coordinate transformations should
be directed to Dave Doyle, NGS Observation and Analysis Division at (301) 713-3178.



HIGH ACCURACY REFERENCE NETWORK
FOR

SOUTH DAKOTA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN), and Area Navigation Approach (ANA) airport surveys for
South Dakota. Consisting of 328 stations, 192 new and 136 existing National Spatial Reference System
(NSRS) control stations spaced at approximately 40 kilometer (25 mile) intervals, the network was
observed to A and B-Order accuracy standards (5 mm + 1:10,000,000 and 8 mm + 1:1,000,000) as
defined by the Federal Geodetic Control Subcommittee. This network is often referred to as the High
Accuracy Reference Network (HARN). Project implementation and coordination were directed by NGS,
in coordination with the South Dakota Department of Transportation, Sioux Falls South Dakota
Engineering Office, U.S. Forest Service, Montana Department of Transportation, and the Nebraska
Department of Roads. Field operations were conducted between May and October, 1996, using Trimble
4000SSE, 4000SSI, and 4000SST dual-frequency Global Positioning System (GPS) receivers. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

Adjustment of the GPS data was constrained to existing FBN stations in Minnesota, Montana, Nebraska,
and Wyoming. In addition, all existing lower-order horizontal control in the State will be readjusted to
provide consistency between the HARN and the existing horizontal network. The readjustment will
extend into the bordering states to the extent necessary to maintain consistency of the NSRS. Until the
completion of the state-wide readjustment, HARN stations will be designated as "SPECIAL STATUS"
on NGS data sheets to indicate their positional differences with the existing lower order NSRS stations.
Given the current back log of other HARN state-wide readjustments, the South Dakota readjustment
could require as much as 2 years to complete. The new coordinate values are referred to as North
American Datum of 1983 (NAO 83), Adjustment of 1996, and are designated NAO 83 (1996). This
designation is necessary to distinguish between the original NAO 83 Adjustment of 1986, or NAO 83
(1986), and should be applied to the coordinate values of all surveys connected to the HARN or ANA
control stations. Positional changes due to the network improvement vary across the State, but are
generally less than 0.6 meter (2.0 feet). Positions and velocities relative to the International Earth
Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also be published for all HARN
stations.

Orthometric heights for the HARN were determined by occupying 96 stations with previously
determined heights by leveling or GPS, and referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 37
existing NSRS stations in and around the State. Accuracies of ellipsoidal and orthometric heights
determined by these observations vary, but are generally better than 5 cm.

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked™) for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed from
NAD 83 (1986) to NAD 83 (1996) using version 2.10 of the NADCON software supplied by NGS, with



special transformation grids for the South Dakota adjustment (SDHPGN.LAS and SDHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter+/-0.02 meter (0.20 +/-0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301)713-3242 and the NGS web page at
http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or E-malil
daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

UTAH

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
and Cooperative Base Networks (FBN/CBN) for Utah. Consisting of 126 stations, 58 new, and 68
existing horizontal and vertical control stations spaced at approximately 50 kilometer (31 mile) intervals,
the network was observed to A and B-Order horizontal accuracy standards (5 mm + 1:10,000,000 and 8
mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This network is often
referred to as the Utah High Accuracy Reference Network (HARN).

Field operations were conducted between August and November, 1994, by NGS, using Trimble
40000SSE dual-frequency GPS receivers. Co-observations for the CBN were provided by Salt Lake,
Uintah, Utah, and Washington Counties, as well as Clark County, Nevada, and the University of Utah in
Salt Lake City. A connection was also completed to the Federal Aviation Administrations' (FAA) Wide
Area Augmentation System (WAAS) GPS site in Salt Lake City. In addition, B-order control points
were established at 25 airports in support of the FAAs' Area Navigation Approach (ANA) program. The
data from the ANA program will allow the FAA to develop GPS approaches for air navigation. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the International GPS and Geodynamics
Service (IGS), and existing FBN/CBN stations in Arizona, Colorado, Idaho and Nevada, all existing
horizontal control in the State will be readjusted to provide consistency between the FBN/CBN and the
existing horizontal network. The readjustment will extend into the bordering states to the extent
necessary to maintain consistency of the National Spatial Reference System (NSRS). Until the
completion of the state-wide readjustment, HARN stations will be designated as "SPECIAL STATUS"
on NGS data sheets to indicate their positional differences with the existing lower order NSRS stations.
Given the current back log of other HARN state-wide readjustments, the Utah readjustment could
require as much as 2 years to complete. The new coordinate values are referred to as North American
Datum of 1983 (NAD 83), Adjustment of 1994, and are designated NAD 83 (1994). This designation is
necessary to distinguish between the original NAD 83 Adjustment of 1986, or NAD 83 (1986).
Coordinate values should be properly labeled to eliminate confusion. Positional changes due to the
network improvement vary across the State, but are generally less than 0.7 meter (2.3 feet). Positions
and velocities relative to the International Earth Rotation Service (IERS) Terrestrial Reference Frame
(ITRF) will also be published for all FBN/CBN stations.

Orthometric heights for the FBN/CBN were determined by occupying 40 bench marks and 5 stations
with previously determined heights by GPS referencedto the North American Vertical Datum of 1988
(NAVD 88). Ellipsoidal heights were determined by holding the values published for 6 existing A-Order
quality stations in and around the State. Accuracy of ellipsoidal heights determined by these
observations vary, and are sometimes less than third-order. Orthometric heights are considered to be
equivalent to those obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed from
NAD 83 (1986) to NAD 83 (1994) using version 2.10 of the NADCON software supplied by NGS, with
special transformation grids for the Utah adjustment (UTHPGN.LAS and UTHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301) 713-3242, the NGS Electronic Bulletin Board Service at
(301) 713-4181/4182, and the NGS web site at http://www.ngs.noaa.gov.

Questions concerning the FBN/CBN, state-wide readjustment, or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division at (301) 713-3178, or email
daved@dancer.ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

WEST VIRGINIA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
Network (FBN) for West Virginia. Consisting of 31 stations, 8 new, and 23 existing horizontal and
vertical control stations spaced at approximately 100 kilometer (60 mile) intervals, the network was
observed to A and B-Order accuracy standards (5 mm + 1:10,000,000 and 8 mm + 1:1,000,000) as
defined by the Federal Geodetic Control Subcommittee. This network is often referred to as the West
Virginia High Accuracy Reference Network (HARN).

Field operations were conducted between July and August, 1995, by NGS surveyors using Trimble
4000SSE dual frequency GPS receivers. Additional assistance for GPS observations was also provided
by the Ohio Department of Transportation, Franklin County, Ohio, Engineers Office, and ADR Geodetic
Services of Pittsburg, Pennsylvania. Most observations far exceeded the 1:1,000,000 proportional
accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the International GPS and Geodynamics
Service (IGS), and existing FBN/CBN stations in Kentucky, Maryland, Ohio, Pennsylvania, and
Virginia, all existing horizontal control in the State will be readjusted to provide consistency between
the HARN and the existing horizontal network. The readjustment will extend into the bordering states to
the extent required to maintain consistency of the National Spatial Reference System (NSRS). Until the
completion of the state-wide readjustment, HARN stations will be designated as "SPECIAL STATUS"
on NGS data sheets to indicate their positional differences with the existing lower order NSRS stations.
Given the current back log of other HARN state-wide readjustments, the West Virginia readjustment
could require as much as 2 years to complete. The new coordinate values are referred to as North
American Datum of 1983 (NAD 83), Adjustment of 1995, and are designated NAD 83 (1995). This
designation is necessary to distinguish betweenthe original NAD 83 Adjustment of 1986, or NAD 83
(1986). Coordinate values should be properly labeled to eliminate confusion. Positional changes due to
the network improvement vary across the State, but are generally less than 0.6 meter (2.0 feet). Positions
and velocities relative to the International Earth Rotation Service (IERS) Terrestrial Reference Frame
(ITRF) will also be published.

Orthometric heights for FBN stations were determined by occupying 11 published bench marks
referenced to the North American Vertical Datum of 1988 (NAVD 88). NAD 83 ellipsoidal heights were
determined by holding the values published for 6 existing A-Order quality stations in and around the
State. Accuracy of ellipsoidal heights determined by these observations vary, and are sometimes less
than third-order. Orthometric heights are considered to be equivalent to those obtained by conventional
vertical angle observations (0.1 meter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked™) for
inclusion in the NSRS, should be readjusted from original observations to maintain consistency with
NSRS. Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed



from NAD 83 (1986) to NAD 83 (1995) using version 2.10 of the NADCON software supplied by NGS,
with special transformation grids for the West Virginia adjustment (WVHPGN.LAS and
WVHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/- 0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242, the NGS Electronic
Bulletin Board Service at (301) 713-4181/4182, or the NGS web site at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment, or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division at (301) 713-3178, or email
daved@dancer.ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

ARKANSAS

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Arkansas. Consisting of 101 stations, 32 new and 69
existing National Spatial Reference System (NSRS) control stations spaced at approximately 50
kilometer (31 mile) intervals, the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN). Project implementation
and coordination were directed by NGS, in cooperation with the Arkansas Geological Survey Land
Survey Division, Arkansas Highway Transportation Department, Petit Jean Technical College,
University of Arkansas at Little Rock, Arkansas Society of Professional Surveyors and the Little Rock
Air Force Base. Field operations were conducted between March and April, 1997, using Ashtech Z-XIl,
Leica SR299 and SR399, Topcon Turbo SII and Trimble 4000SSE and 4000SSlI, dual frequency Global
Positioning System (GPS) receivers. Most observations far exceeded the 1:1,000,000 proportional
accuracy required for the B-Order adjustment.

Fiducial stations used in the GPS adjustment included Continuously Operating Reference Stations
(CORYS) and existing FBN stations in Louisiana, Mississippi, Missouri, Oklahoma, Tennessee and
Texas. To ensure the integrity of the NSRS, all existing horizontal control in Arkansas will be readjusted
to provide consistency betweenthe HARN and the existing horizontal network. The state-wide
readjustment will extend into the bordering states to the extent necessary to maintain consistency of the
NSRS. Until the completion of the state-wide readjustment, HARN stations will be designated as
"SPECIAL STATUS" on NGS data sheets to indicate their positional differences with the existing lower
order NSRS stations. Given the current back log of other HARN state-wide readjustments, the Arkansas
readjustment could require as much as 2 years to complete. The new coordinate values are referredto as
North American Datum of 1983 (NAD 83), Adjustment of 1997, and are designated NAD 83 (1997).
This designation is necessary to distinguish between the original NAD 83 Adjustment of 1986, or NAD
83 (1986). Coordinate values, including State Plane Coordinates or Universal Transverse Mercator Grid
should be properly labeled to eliminate confusion. Positional changes due to the network improvement
vary across the State, but are generally less than 0.50 meter (1.6 feet).

Orthometric heights for the HARN were determined by occupying 27 bench marks and 15 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVO 88). NAD 83 ellipsoidal heights were determined by holding the values published for 2 CORS
and 33 existing A and B-Order quality stations in and around the State. Accuracy of ellipsoidal heights
determined by these observations vary, and are sometimes less than third-order. Orthometric heights are
generally considered to be equivalent to those obtained by conventional vertical angle observations (0.1
meter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.



Lower order coordinate information (e.g. cadastral survey, photogrammetry, GIS data) can be
transformed from NAD 83 (1986) to NAD 83 (1997) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the Arkansas adjustment (ARHPGN.LAS and
ARHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/-0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242 and the NGS Internet
Home Page at http://www.ngs.noaa.gov. Requests for data should be referenced by the survey project
identifier GPS1133. These data will also appear on the next edition of the NGS South Central CD-ROM
scheduled for release in March, 1998.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or E-mail
daved@ngs.noaa.gov, Kit Carson, Surveys Division Arkansas Highway Transportation Department,
telephone (501) 569-2343 or E-mail dkce0O35@ahtd.state.ar.us, or Paul Walla, P.L.S., Arkansas HARN
CBN Coordinator telephone (501) 756-2772. NGS is working with the Arkansas Society of Professional
Surveyors to schedule a technical seminar in the near future to discuss the aspects of the HARN
development and implementation.



HIGH ACCURACY REFERENCE NETWORK
FOR

ILLINOIS

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks

(FBN/CBN) for Illinois. Consisting of 242 stations, 90 new and 152 existing National Spatial Reference
System (NSRS) control stations spaced at approximately 30 kilometer (23 mile) intervals, the network
was observed to A and B-Order accuracy standards (5 mm + 1:10,000,000 and 8 mm + 1:1,000,000) as
defined by the Federal Geodetic Control Subcommittee. This network is often referred to as the High
Accuracy Reference Network (HARN). Project implementation and coordination were directed by NGS,
in cooperation with the Illinois Department of Transportation

(ILDOT). Additional support was also provided by Indiana University, and the Indiana, lowa, and
Wisconsin Departments of Transportation, and the Missouri Department of Natural Resources. Field
operations were conducted between June and July 1997, using Trimble 4000SSE, 4000SSI, Ashtech Z-
Xll, Ashtech Z-XI113 and Leica SR399 dual frequency Global Positioning System (GPS) receivers. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the Continuously Operating Reference
Station (CORS) network, and existing FBN stations in Indiana, lowa, Kentucky, Missouri and
Wisconsin, all existing horizontal control in the State will be readjusted to provide consistency between
the HARN and the existing horizontal network. The readjustment will extend into the bordering states to
the extent necessary to maintain consistency of the NSRS. Until the completion of the state-wide
readjustment, HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to
indicate their positional differences with the existing lower order NSRS stations. Given the current back
log of other HARN state-wide readjustments, the Illinois readjustment could require as much as 2 years
to complete. The new coordinate values are referred to as North American Datum of 1983 (NAD 83),
Adjustment of 1997, and are designated NAD 83 (1997). This designation is necessary to distinguish
between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values, including
State Plane Co-ordinates or Universal Transverse Mercator Grid should be properly labeled to eliminate
confusion. Positional changes due to the network improvement vary across the State, but are generally
less than 0.6 meter (2.0 feet). Positions and published for all HARN stations.

Orthometric heights for the HARN were determined by occupying 113 bench marks and 21 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 4
Continuously Operating Reference Stations (CORS) and 55 existing A and B-Order quality stations in
and around the State. Accuracy of ellipsoidal heights determined by these observations vary, and are
sometimes less than third-order. Orthometric heights are generally considered to be equivalent to those
obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry, GIS data) can be
transformed from NAD 83 (1986) to NAD 83 (1997) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the Illinois adjustment (ILHPGN.LAS and
ILHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/-0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242 and the NGS Internet
Home Page at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Ron Brewer, NGS lllinois Geodetic Advisor, telephone (217) 524-4890, E-mail
rikibl@aol.com, or Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or
E-mail daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

INDIANA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Indiana. Consisting of 169 stations, 26 new and 143
existing National Spatial Reference System (NSRS) control stations spaced at approximately 30
kilometer (23 mile) intervals, the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN). Project implementation
and coordination were directed by NGS, in cooperation with the Highway Extension and Research
Project for Indiana Counties and Cities (HERPICC) and Schneider Engineering/Plumb Tuckett &
Associates as the :-IERPICC GPS consultants, the Indiana Department of Transportation, Indiana
University and the Indiana Society of Professional Land Surveyors. Additional GPS network
connections were also provided by the Departments of Transportation for Illinois and Ohio. Field
operations were conducted between August and September 1997, using Ashtech Z-XII, Lecia SR299,
SR399, and Trimble 4000SSE and 4000SSI dual frequency Global Positioning System (GPS) receivers.
Most observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order
adjustment. Adjustment of these data completes the national HARN program for all 50 states, the
District of Columbia, American Samoa, Guam, Puerto Rico and the Virgin Islands, begun in 1987 by
NGS.

In addition to adjusting the GPS data to fiducial stations of the Continuously Operating Reference
Stations (CORS) network and existing FBN stations in Indiana, Illinois, Kentucky, Michigan, Ohio and
Wisconsin, all existing horizontal control in the State will be readjusted to provide consistency between
the HARN and the existing horizontal network. The readjustment will extend into the bordering states to
the extent necessary to maintain consistency of the NSRS. Until the completion of the state-wide
readjustment, HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to
indicate their positional differences with the existing lower order NSRS stations. Given the current
backlog of other HARN statewide readjustments, the Indiana readjustment could require as much as 2
years to complete. The new coordinate values are referred to as North American Datum of 1983 (NAD
83), Adjustment of 1997, and are designated NAD 83 (1997). This designation is necessary to
distinguish between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values,
including State Plane Coordinates or Universal Transverse Mercator Grid should be properly labeled to
eliminate confusion. Positional changes due to the network improvement vary across the State, but are
generally less than 0.5 meter (1.6 feet). Positions and velocities relative to the International Earth
Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also eventually be published for all
HARN stations.

Orthornetric heights for the HARN were determined by occupying 12 stations with previously

determined heights by GPS and 92 bench marks referenced to the North American Vertical Datum of
1988 (NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 4
CORS and 31 existing A and B-Order quality stations in and around the State. Accuracy of ellipsoidal



heights determined by these observations vary, and are sometimes less than third-order. Orthornetric
heights are generally considered to be equivalent to those obtained by conventional vertical angle
observations (0.1 rneter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, Photograrnrnetry, GIS data) can be
transformed from NAD 83 (1986) to NAD 83 (1997) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the Indiana adjustment (INHPGN.LAS and
INHPGN.LOS). The transformation grids will be developed by NGS following the statewide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/- 0.06 feet) across the State. Updated coordinate information and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242 and the NGS Internet
Horne Page at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or emalil
daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

IOWA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for lowa. Consisting of 182 stations, 64 new and 118 existing
National Spatial Reference System (NSRS) control stations spaced at approximately 30 kilometer (23
mile) intervals, the network was observed to A and B-Order accuracy standards (5 mm + 1:10,000,000
and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This network is
often referred to as the High Accuracy Reference Network (HARN). Project implementation and
coordination were directed by NGS, in cooperation with the lowa Department of Transportation
(IADQOT). Field operations were conducted between December 1996 and February 1997, by NGS and
IADOT surveyors using Trimble 4000SSE and Ashtech Z-12, dual frequency Global Positioning System
(GPS) receivers. Most observations far exceeded the 1:1,000,000 proportional accuracy required for the
B-Order adjustment.

Fiducial stations used in the GPS adjustment included existing FBN stations in Illinois, Minnesota,
Missouri and South Dakota. To ensure the integrity of the NSRS, all existing horizontal control in the
State will be readjusted to provide consistency between the HARN and the horizontal network. The
readjustment will extend into the bordering states to the extent necessary to maintain consistency of the
NSRS. Until the completion of the state-wide readjustment, HARN stations will be designated as
"SPECIAL STATUS" on NGS data sheets to indicate their positional differences with the existing lower
order NSRS stations. Given the current back log of other HARN state-wide readjustments, the lowa
readjustment could require as much as 2 years to complete. The new coordinate values are referred to as
North American Datum of 1983 (NAD 83), Adjustment of 1996, and are designated NAD 83 (1996).
This designation is necessary to distinguish between the original NAD 83 Adjustment of 1986, or NAD
83 (1986). Coordinate values, including State Plane Coordinates or Universal Transverse Mercator Grid
should be properly labeled to eliminate confusion. Positional changes due to the network improvement
vary across the State, but are generally less than 0.5 meter (1.6 feet). Positions and velocities relative to
the International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also be
published for all HARN stations.

Orthometric heights for the HARN were determined by occupying 65 bench marks and 15 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 1
Continuously Operating Reference Station (CORS) and 42 existing A and B-Order quality stations in
and around the State. Accuracy of ellipsoidal heights determined by these observations vary, and are
sometimes less than third-order. Orthometric heights are generally considered to be equivalent to those
obtained by conventional vertical angle observations (0.1 meter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry, GIS data) can be



transformed from NAD 83 (1986) to NAD 83 (1996) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the lowa adjustment (IAHPGN.LAS and
IAHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter+/-0.02
meter (0.20 +/-0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301)713-3242 and the NGS web site at
http//www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or emall
daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

KANSAS

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Kansas. Consisting of 120 stations, 19 new and 101
existing National Spatial Reference System (NSRS) control stations spaced at approximately 70
kilometer (44 mile) intervals, the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN). Field operations were
conducted between April, and June 1997, under the direction of NGS in cooperation with the Kansas
Department of Transportation (KSDOT), Kansas State University, Environmental Protection Agency,
Garden City Engineering Office, CP Engineers, the Boeing Company, Colorado Department of
Transportation, Nebraska Department of Roads and the Missouri Department of Natural Resources.
Observations were made using Ashtech Z-XII, Sokkia GSR2200 and Trimble 4000SSE, 4000SSl,
4000SST, 4400, dual frequency Global Positioning System (GPS) receivers. Most observations far
exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the International GPS and Geodynamics
Service (IGS), and existing FBN stations in Colorado, Missouri, Nebraska, and Oklahoma all existing
horizontal control in the State will be readjusted to provide consistency between the HARN and the
existing horizontal network. The readjustment will extend into the bordering states to the extent
necessary to maintain consistency of the NSRS. Until the completion of the state-wide readjustment,
HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to indicate their
positional differences with the existing lower order NSRS stations. Given the current back log of other
HARN state-wide readjustments, the Kansas readjustment could require as much as 2 years to complete.
The new coordinate values are referred to as North American Datum of 1983 (NAO 83), Adjustment of
1997, and are designated NAO 83 (1997). This designation is necessary to distinguish between the
original NAO 83 Adjustment of 1986, or NAO 83 (1986). Coordinate values, including State Plane
Coordinates or Universal Transverse Mercator Grid should be properly labeled to eliminate confusion.
Positional changes due to the network improvement vary across the State, but are generally less than 0.3
meter (1.0 foot). Positions and velocities relative to the International Earth Rotation Service (IERS)
Terrestrial Reference Frame (ITRF) will also be published for all HARN stations.

Orthometric heights for the HARN were determined by occupying 62 bench marks and 6 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVO 88). NAO 83 ellipsoidal heights were determined by holding the values published for 6
Continuously Operating Reference Stations (CORS) and 31 existing stations with published ellipsoidal
heights in and around the State. The accuracy of ellipsoidal heights determined by these observations
vary, and are sometimes less than third-order. Orthometric heights are generally considered to be
equivalent to those obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked™) for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry, GIS data) can be
transformed from NAO 83 (1986} to NAO 83 (1997) using version 2.10 of the NADCON software
supplied by NGS, with special transformation grids for the Kansas adjustment (KSHPGN.LAS and
KSHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/- 0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242 and the NGS web page
at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Monroe Rivers, NGS Kansas Geodetic Advisor, telephone (913) 296-6835, E-mail
mrivers@wizard.dot.state.ks.us, or Dave Doyle, NGS Observation and Analysis Division, telephone
(301) 713-3178, or E-mail daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

MICHIGAN

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
and Cooperative Base Networks (FBN/CBN) for Michigan. Consisting of 119 stations, 40 new, and 79
existing horizontal and vertical control stations spaced at approximately 30 kilometer (19 mile) intervals
(Diagram), the network was observed to A and B-Order accuracy standards (5 mm + 1:10,000,000 and 8
mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This network is often
referred to as the Michigan High Accuracy Reference Network (HARN).

Project implementation and coordination were directed by NGS, with the assistance of the Michigan
Department of Commerce (MIDOC). Field operations were conducted between October, 1994 and
February, 1995, by NGS/MIDOC surveyors using Trimble 4000SSE 4000SST, and Ashtech LD-XII and
MD-XII dual frequency GPS receivers. Additional assistance for GPS observations was also provided

by the Minnesota Department of Transportation (Trimble 4000 SSE), Ohio Department of
Transportation (Ashtech MD-XII), Orchard, Hiltz & McCliment, Inc. of Livonia, Ml (Ashtech Z-12),
and Wade-Trim, Inc. of Flint, MI (Trimble 4000SSE). Most observations far exceeded the 1:1,000,000
proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the NGS Eastern Strain Network,
International GPS and Geodynamics Service (IGS), Very Long Baseline Interferometry (VLBI) stations,
and existing FBN/CBN stations in lowa, Minnesota, Ohio, and Wisconsin, all existing horizontal control
in the State will be readjusted to provide consistency between the FBN/CBN and the existing horizontal
network. The readjustment will extend into the bordering states to the extent required to maintain
consistency of the National Spatial Reference System (NSRS). Until the completion of the state-wide
readjustment, HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to
indicate their positional differences with the existing lower order NSRS stations. Given the current back
log of other HARN state-wide readjustments, the Michigan readjustment could require as much as 2
years to complete. The new coordinate values are referred to as North American Datum of 1983 (NAD
83), Adjustment of 1994, and are designated NAD 83 (1994). This designation is necessary to
distinguish between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values
should be properly labeled to eliminate confusion. Positional changes due to the network improvement
vary across the State, but are generally less than 0.8 meter (2.6 feet). Positions and velocities relative to
the International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also pe
published for all FBN/CBN stations.

Orthometric heights for FBN/CBN stations were determined by occupying 74 published bench marks
referenced to the North American Vertical Datum of 1988 (NAVD 88). Ellipsoidal heights were
determined by holding the values published for 15 existing A-Order quality stations in and around the
State. Accuracy of ellipsoidal heights determined by these observations vary, and are sometimes less
than third-order. Orthometric heights are considered to be equivalent to those obtained by conventional
vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in the NSRS, should be readjusted from original observations to maintain consistency with
NSRS. Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed
from NAD 83 (1986) to NAD 83 (1994) using version 2.10 of the NADCON software supplied by NGS,
with special transformation grids for the Michigan adjustment (MIHPGN.LAS and MIHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301) 713-3242, the NGS Electronic Bulletin Board Service at
(301) 713-4181/4182, or the NGS web site at http://www.ngs.noaa.gov.

Questions concerning the FBN/CBN and state-wide readjustment, or coordinate transformations should
be directed to Ron Ramsey, NGS Michigan Geodetic Advisor at (517) 377-1510, or email
ramseyr@state.mi.us, or Dave Doyle, NGS Observation and Analysis Division at (301) 713-3178, or
email daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

NEBRASKA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Nebraska. Consisting of 220 stations, 103 new and 117
existing National Spatial Reference System control stations spaced at approximately 40 kilometer (25
mile) intervals (Diagram), the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referredto as the High Accuracy Reference Network (HARN).

Project implementation and coordination were directed by NGS, with the assistance of the Nebraska
Department of Roads (NEDR). Field operations were conducted between September and November,
1995, by NGS/NEDR surveyors using Trimble 4000SST and 4000SSE dual frequency Global
Positioning System (GPS) receivers. Additional co-observations for the CBN were also provided by the
United States Forest Service, Lancaster County Engineering Department, and the Colorado Department
of Transportation. Most observations far exceeded the 1:1,000,000 proportional accuracy required for
the B-Order adjustment. In addition to adjusting the GPS data to fiducial stations of the International
GPS and Geodynamics Service (IGS), and existing A-Order FBN stations in Colorado, Kansas,
Minnesota, Missouri, South Dakota and Wyoming, all existing horizontal control in the State will be
readjusted to provide consistency between the HARN and the existing horizontal network.

The readjustment will extend into the bordering states to the extent necessary to maintain consistency of
the National Spatial Reference System (NSRS). Until the completion of the state-wide readjustment,
HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to indicate their
positional differences with the existing lower order NSRS stations. Given the current back log of other
HARN state-wide readjustments, the Nebraska readjustment could require as much as 2 years to
complete. The new coordinate values are referred to as North American Datum of 1983 (NAD 83),
Adjustment of 1995, and are designated NAD 83 (1995). This designation is necessary to distinguish
between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values should be
properly labeled to eliminate confusion. Positional changes due to the network improvement vary across
the State, but are generally less than 0.50 meter (1.6 feet). Positions and velocities relative to the
International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also be published
for all HARN stations.

Orthometric heights for the HARN were determined by occupying 82 bench marks and 4 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 8 existing
A-Order quality stations in and around the State. Accuracy of ellipsoidal heights determined by these
observations vary, and are sometimes less than third-order. Orthometric heights are considered to be
equivalent to those obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed from
NAD 83 (1986) to NAD 83 (1995) using version 2.10 of the NADCON software supplied by NGS, with
special transformation grids for the Nebraska adjustment (NEHPGN.LAS and NEHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301) 713-3242, the NGS Electronic Bulletin Board Service at
(301) 713-4181/4182, and the NGS World Wide Web site at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Jerry Odum, NGS Nebraska Geodetic Advisor, telephone (402) 479-4379, or email
dor30003@vmhost.cdp.state.ne.us, or Dave Doyle, NGS Observation and Analysis Division, telephone

(301) 713-3178, or email daved@ngs.noaa.gov.

Also send to: Nebraska GIS Steering Committee Newsletter, James W. Merchant, Conservation and
Survey Division, University of Nebraska-Lincoln, 113 Nebraska Hall, Lincoln, NE 68588-0517, (402)
472-2410 Professional Surveyors Association of Nebraska, Mr. Ron Way, Douglass County Engineers
Office, 15505 West Maple Rd., Omaha, NE 68116, (402) 444-6479.



HIGH ACCURACY REFERENCE NETWORK
FOR

NORTHDAKOTA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
Network (FBN) and Area Navigation Approach (ANA) airports survey programs for North Dakota.
Consisting of 68 stations, 24 new and 44 existing National Spatial Reference System (NSRS) control
stations spaced at approximately 70 kilometer (44 mile) intervals, the network was observed to A and B-
Order accuracy standards (5 mm +

1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN).

Field operations were conducted between October and November, 1996, by NGS surveyors, using
Trimble 4000SSE and 4000SSlI, dual frequency Global Positioning System (GPS) receivers. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

Fiducial stations used in the GPS adjustment included existing FBN stations in Minnesota, Montana and
South Dakota. To ensure the integrity of the NSRS, all existing horizontal control in the State will be
readjusted to provide consistency between the HARN and the existing horizontal network. The
readjustment will extend into the bordering states to the extent necessary to maintain consistency of the
NSRS. Until the completion of the state-wide readjustment, HARN stations will be designated as

"SPECIAL STATUS" on NGS data sheets to indicate their positional differences with the existing lower
order NSRS stations. Given the current back log of other HARN state-wide readjustments, the North
Dakota readjustment could require as much as 2 years to complete. The new coordinate values are
referred to as North American Datum of 1983 (NAD 83), Adjustment of 1996, and are designated NAD
83 (1996). This designation is necessary to distinguish between the original NAD 83 Adjustment of
1986, or NAD 83 (1986). Coordinate values should be properly labeled to eliminate confusion.
Positional changes due to the network improvement vary across the State, but are generally less than 0.5
meter (1.6 feet). Positions and velocities relative to the International Earth Rotation Service (IERS}
Terrestrial Reference Frame (ITRF) will also be published for all HARN stations.

Orthometric heights for the HARN were determined by occupying 28 bench marks and 1 station with
previously determined height by GPS. referenced to the North American Vertical Datum of 1988
(NAVO 88). NAO 83 ellipsoidal heights were determined by holding the values published for 7 existing
A-Order quality stations in and around the State. Accuracy of ellipsoidal heights determined by these
observations vary, and are sometimes less than third-order. Orthometric heights are generally considered
to be equivalent to those obtained by conventional vertical angle observations (0.1 meter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral surveys, photogrammetry, geographic information



systems) can be transformed from NAO 83 (1986) to NAO 83 (1996) using version 2.10 of the
NAOCON software supplied by NGS, with special transformation grids for the North Dakota
adjustment (i.e. NDHPGN.LAS and NDHPGN.LOS). The transformation grids will be developed by
NGS following the state-wide readjustment, and should provide transformation values accurate to an
average of 0.06 meter+/-0.02 meter (0.20 +/-0.06 feet) across the State. Updated coordinate information,
and the NADCON software can be obtained from the NGS Information Services Section at (301) 713-
3242 and the NGS Internet Home Page at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or emall
daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

OHIO

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN) for Ohio. Consisting of 244 stations, 151 new and 93 existing
National Spatial Reference System (NSRS) control stations spaced at approximately 30 kilometer (23
mile) intervals (Diagram), the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN).

Project implementation and coordination were directed by NGS, with the assistance of the Ohio
Department of Transportation (OHDOT). Field operations were conducted between September and
November, 1995, by NGS/OHDOT surveyors using Trimble 4000SST and 4000SSE, Ashtech Z XII3,
and Leica CR333 dual frequency Global Positioning System (GPS) receivers. Additional co-
observations for the CBN were also provided by the Franklin County Engineers office. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the International GPS and Geodynamics
Service (IGS), and existing FBN stations in Indiana, Kentucky, Michigan, Pennsylvania, and West
Virginia all existing horizontal control in the State will be readjusted to provide consistency between the
HARN and the existing horizontal network. The readjustment will extend into the bordering states to the
extent necessary to maintain consistency of the NSRS. Until the completion of the state-wide
readjustment, HARN stations will be designated as "SPECIAL STATUS" on NGS data sheets to
indicate their positional differences with the existing lower order NSRS stations. Given the current back
log of other HARN state-wide readjustments, the Ohio readjustment could require as much as 2 years to
complete. The new coordinate values are referred to as North American Datum of 1983 (NAD 83),
Adjustment of 1995, and are designated NAD 83 (1995). This designation is necessary to distinguish
between the original NAD 83 Adjustment of 1986, or NAD 83 (1986). Coordinate values should be
properly labeled to eliminate confusion. Positional changes due to the network improvement vary across
the State, but are generally less than 0.40 meter (1.3 feet). Positions and velocities relative to the
International Earth Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also be published
for all HARN stations.

Orthometric heights for the HARN were determined by occupying 51 bench marks and 7 stations with
previously determined heights by GPS, referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 3
Continuously Operating Reference Stations (CORS) and 6 existing A-Order quality stations in and
around the State. Accuracy of ellipsoidal heights determined by these observations vary, and are
sometimes less than third-order. Orthometric heights are generally considered to be equivalent to those
obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed from
NAD 83 (1986) to NAD 83 (1995) using version 2.10 of the NADCON software supplied by NGS, with
special transformation grids for the Ohio adjustment (OHHPGN.LAS and OHHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301) 713-3242, the NGS Electronic Bulletin Board Service at
(301) 713-4181/4182, and the NGS web site at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to David Conner, NGS Ohio Geodetic Advisor, telephone (614) 292-1619, or emalil
conner@cfm.ohio-state.edu, or Dave Doyle, NGS Observation and Analysis Division, telephone (301)

713-3178, or email daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

OKLAHOMA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
Network/Cooperative Base Network (FBN/CBN) for Oklahoma. Consisting of 129 stations, 55 new and
74 existing horizontal and vertical control stations spaced at approximately 50 kilometer (30 mile)
intervals (Diagram), the network was observed to A and B-Order accuracy standards (5 mm +
1:10,000,000 and 8 mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This
network is often referred to as the High Accuracy Reference Network (HARN).

Project implementation and coordination were directed by NGS, with the assistance of the Oklahoma
Department of Transportation (OKDOT). Field operations were conducted between June and
September, 1993, by NGS/OKDOT surveyors using Trimble 4000SST and Ashtech LM-XI1 OC dual
frequency GPS receivers. Most observations far exceeded the 1:1,000,000 proportional accuracy
required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the NGS Eastern Strain Network,
International GPS and Geodynamics Service (IGS), Very Long Baseline Interferometry (VLBI) stations,
and existing FBN/CBN stations in Colorado, New Mexico and Texas, all existing horizontal control in
the State has been readjusted to provide consistency betweenthe FBN/CBN and the existing horizontal
network. The readjustment extended into the bordering states to the extent required to maintain
consistency of the National Spatial Reference System (NSRS). The new coordinate values are referred
to as North American Datum of 1983 (NAD 83), Adjustment of 1993, and are designated NAD 83
(1993). This designation is necessary to distinguish between the original NAD 83 Adjustment of 1986,
or NAD 83 (1986). Coordinate values should be properly labeled to eliminate confusion. Positional
changes due to the network improvement vary across the State, but are generally less than 1 meter (3.2
feet).

Orthometric heights for FBN/CBN stations were determined by occupying 36 published bench marks
and 4 stations with previously determined heights by GPS referenced to the North American Vertical
Datum of 1988 (NAVD 88). Orthometric heights are considered to be equivalent to those obtained by
conventional vertical angle observations (0.1 meter/0.3 feet). Ellipsoidal heights related to NAD 83 were
also determined for all HARN stations. Accuracy of ellipsoidal heights vary, and are sometimes less
than third-order.

All GPS surveys performed prior to this readjustment, and not submitted to NGS ("Blue Booked")
should be readjusted from original observations to maintain consistency with NSRS. Lower order
coordinate information (e.g. cadastral survey, photogrammetry) can be transformed from NAD 83
(1986) to NAD 83 (1993) using version 2.10 of the NADCON software supplied by NGS, with special
transformation grids for the Oklahoma adjustment (OKHPGN.LAS and OKHPGN.LQOS). The
transformation grids are being tested by NGS and should provide transformation values accurate to an
average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet) across the State. These grids should be



available by early summer, 1995. Updated coordinate information, and the NADCON software can be
obtained from the NGS Information Services Branch at (301) 713-3242, or from the NGS Bulletin
Board Service at (301) 713-4181/4182.

Questions concerning the FBN/CBN and state-wide readjustment or coordinate transformations should
be directed to Dave Doyle, NGS Observation and Analysis Division at (301) 713-3178.



HIGH ACCURACY REFERENCE NETWORK
FOR

SOUTH DAKOTA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal and
Cooperative Base Networks (FBN/CBN), and Area Navigation Approach (ANA) airport surveys for
South Dakota. Consisting of 328 stations, 192 new and 136 existing National Spatial Reference System
(NSRS) control stations spaced at approximately 40 kilometer (25 mile) intervals, the network was
observed to A and B-Order accuracy standards (5 mm + 1:10,000,000 and 8 mm + 1:1,000,000) as
defined by the Federal Geodetic Control Subcommittee. This network is often referred to as the High
Accuracy Reference Network (HARN). Project implementation and coordination were directed by NGS,
in coordination with the South Dakota Department of Transportation, Sioux Falls South Dakota
Engineering Office, U.S. Forest Service, Montana Department of Transportation, and the Nebraska
Department of Roads. Field operations were conducted between May and October, 1996, using Trimble
4000SSE, 4000SSI, and 4000SST dual-frequency Global Positioning System (GPS) receivers. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

Adjustment of the GPS data was constrained to existing FBN stations in Minnesota, Montana, Nebraska,
and Wyoming. In addition, all existing lower-order horizontal control in the State will be readjusted to
provide consistency between the HARN and the existing horizontal network. The readjustment will
extend into the bordering states to the extent necessary to maintain consistency of the NSRS. Until the
completion of the state-wide readjustment, HARN stations will be designated as "SPECIAL STATUS"
on NGS data sheets to indicate their positional differences with the existing lower order NSRS stations.
Given the current back log of other HARN state-wide readjustments, the South Dakota readjustment
could require as much as 2 years to complete. The new coordinate values are referred to as North
American Datum of 1983 (NAO 83), Adjustment of 1996, and are designated NAO 83 (1996). This
designation is necessary to distinguish between the original NAO 83 Adjustment of 1986, or NAO 83
(1986), and should be applied to the coordinate values of all surveys connected to the HARN or ANA
control stations. Positional changes due to the network improvement vary across the State, but are
generally less than 0.6 meter (2.0 feet). Positions and velocities relative to the International Earth
Rotation Service (IERS) Terrestrial Reference Frame (ITRF) will also be published for all HARN
stations.

Orthometric heights for the HARN were determined by occupying 96 stations with previously
determined heights by leveling or GPS, and referenced to the North American Vertical Datum of 1988
(NAVD 88). NAD 83 ellipsoidal heights were determined by holding the values published for 37
existing NSRS stations in and around the State. Accuracies of ellipsoidal and orthometric heights
determined by these observations vary, but are generally better than 5 cm.

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked™) for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed from
NAD 83 (1986) to NAD 83 (1996) using version 2.10 of the NADCON software supplied by NGS, with



special transformation grids for the South Dakota adjustment (SDHPGN.LAS and SDHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter+/-0.02 meter (0.20 +/-0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301)713-3242 and the NGS web page at
http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division, telephone (301) 713-3178, or E-malil
daved@ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

UTAH

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
and Cooperative Base Networks (FBN/CBN) for Utah. Consisting of 126 stations, 58 new, and 68
existing horizontal and vertical control stations spaced at approximately 50 kilometer (31 mile) intervals,
the network was observed to A and B-Order horizontal accuracy standards (5 mm + 1:10,000,000 and 8
mm + 1:1,000,000) as defined by the Federal Geodetic Control Subcommittee. This network is often
referred to as the Utah High Accuracy Reference Network (HARN).

Field operations were conducted between August and November, 1994, by NGS, using Trimble
40000SSE dual-frequency GPS receivers. Co-observations for the CBN were provided by Salt Lake,
Uintah, Utah, and Washington Counties, as well as Clark County, Nevada, and the University of Utah in
Salt Lake City. A connection was also completed to the Federal Aviation Administrations' (FAA) Wide
Area Augmentation System (WAAS) GPS site in Salt Lake City. In addition, B-order control points
were established at 25 airports in support of the FAAs' Area Navigation Approach (ANA) program. The
data from the ANA program will allow the FAA to develop GPS approaches for air navigation. Most
observations far exceeded the 1:1,000,000 proportional accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the International GPS and Geodynamics
Service (IGS), and existing FBN/CBN stations in Arizona, Colorado, Idaho and Nevada, all existing
horizontal control in the State will be readjusted to provide consistency between the FBN/CBN and the
existing horizontal network. The readjustment will extend into the bordering states to the extent
necessary to maintain consistency of the National Spatial Reference System (NSRS). Until the
completion of the state-wide readjustment, HARN stations will be designated as "SPECIAL STATUS"
on NGS data sheets to indicate their positional differences with the existing lower order NSRS stations.
Given the current back log of other HARN state-wide readjustments, the Utah readjustment could
require as much as 2 years to complete. The new coordinate values are referred to as North American
Datum of 1983 (NAD 83), Adjustment of 1994, and are designated NAD 83 (1994). This designation is
necessary to distinguish between the original NAD 83 Adjustment of 1986, or NAD 83 (1986).
Coordinate values should be properly labeled to eliminate confusion. Positional changes due to the
network improvement vary across the State, but are generally less than 0.7 meter (2.3 feet). Positions
and velocities relative to the International Earth Rotation Service (IERS) Terrestrial Reference Frame
(ITRF) will also be published for all FBN/CBN stations.

Orthometric heights for the FBN/CBN were determined by occupying 40 bench marks and 5 stations
with previously determined heights by GPS referencedto the North American Vertical Datum of 1988
(NAVD 88). Ellipsoidal heights were determined by holding the values published for 6 existing A-Order
quality stations in and around the State. Accuracy of ellipsoidal heights determined by these
observations vary, and are sometimes less than third-order. Orthometric heights are considered to be
equivalent to those obtained by conventional vertical angle observations (0.1 meter/0.3 feet).



All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked") for
inclusion in NSRS, should be readjusted from original observations to maintain consistency with NSRS.
Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed from
NAD 83 (1986) to NAD 83 (1994) using version 2.10 of the NADCON software supplied by NGS, with
special transformation grids for the Utah adjustment (UTHPGN.LAS and UTHPGN.LOS). The
transformation grids will be developed by NGS following the state-wide readjustment, and should
provide transformation values accurate to an average of 0.06 meter +/- 0.02 meter (0.20 +/- 0.06 feet)
across the State. Updated coordinate information, and the NADCON software can be obtained from the
NGS Information Services Section at (301) 713-3242, the NGS Electronic Bulletin Board Service at
(301) 713-4181/4182, and the NGS web site at http://www.ngs.noaa.gov.

Questions concerning the FBN/CBN, state-wide readjustment, or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division at (301) 713-3178, or email
daved@dancer.ngs.noaa.gov.



HIGH ACCURACY REFERENCE NETWORK
FOR

WEST VIRGINIA

David R. Doyle
Senior Geodesist
National Geodetic Survey

The National Geodetic Survey (NGS) has recently completed the final adjustment of the Federal Base
Network (FBN) for West Virginia. Consisting of 31 stations, 8 new, and 23 existing horizontal and
vertical control stations spaced at approximately 100 kilometer (60 mile) intervals, the network was
observed to A and B-Order accuracy standards (5 mm + 1:10,000,000 and 8 mm + 1:1,000,000) as
defined by the Federal Geodetic Control Subcommittee. This network is often referred to as the West
Virginia High Accuracy Reference Network (HARN).

Field operations were conducted between July and August, 1995, by NGS surveyors using Trimble
4000SSE dual frequency GPS receivers. Additional assistance for GPS observations was also provided
by the Ohio Department of Transportation, Franklin County, Ohio, Engineers Office, and ADR Geodetic
Services of Pittsburg, Pennsylvania. Most observations far exceeded the 1:1,000,000 proportional
accuracy required for the B-Order adjustment.

In addition to adjusting the GPS data to fiducial stations of the International GPS and Geodynamics
Service (IGS), and existing FBN/CBN stations in Kentucky, Maryland, Ohio, Pennsylvania, and
Virginia, all existing horizontal control in the State will be readjusted to provide consistency between
the HARN and the existing horizontal network. The readjustment will extend into the bordering states to
the extent required to maintain consistency of the National Spatial Reference System (NSRS). Until the
completion of the state-wide readjustment, HARN stations will be designated as "SPECIAL STATUS"
on NGS data sheets to indicate their positional differences with the existing lower order NSRS stations.
Given the current back log of other HARN state-wide readjustments, the West Virginia readjustment
could require as much as 2 years to complete. The new coordinate values are referred to as North
American Datum of 1983 (NAD 83), Adjustment of 1995, and are designated NAD 83 (1995). This
designation is necessary to distinguish betweenthe original NAD 83 Adjustment of 1986, or NAD 83
(1986). Coordinate values should be properly labeled to eliminate confusion. Positional changes due to
the network improvement vary across the State, but are generally less than 0.6 meter (2.0 feet). Positions
and velocities relative to the International Earth Rotation Service (IERS) Terrestrial Reference Frame
(ITRF) will also be published.

Orthometric heights for FBN stations were determined by occupying 11 published bench marks
referenced to the North American Vertical Datum of 1988 (NAVD 88). NAD 83 ellipsoidal heights were
determined by holding the values published for 6 existing A-Order quality stations in and around the
State. Accuracy of ellipsoidal heights determined by these observations vary, and are sometimes less
than third-order. Orthometric heights are considered to be equivalent to those obtained by conventional
vertical angle observations (0.1 meter/0.3 feet).

All GPS surveys performed prior to the HARN, and not submitted to NGS ("Blue Booked™) for
inclusion in the NSRS, should be readjusted from original observations to maintain consistency with
NSRS. Lower order coordinate information (e.g. cadastral survey, photogrammetry,) can be transformed



from NAD 83 (1986) to NAD 83 (1995) using version 2.10 of the NADCON software supplied by NGS,
with special transformation grids for the West Virginia adjustment (WVHPGN.LAS and
WVHPGN.LOS). The transformation grids will be developed by NGS following the state-wide
readjustment, and should provide transformation values accurate to an average of 0.06 meter +/- 0.02
meter (0.20 +/- 0.06 feet) across the State. Updated coordinate information, and the NADCON software
can be obtained from the NGS Information Services Section at (301) 713-3242, the NGS Electronic
Bulletin Board Service at (301) 713-4181/4182, or the NGS web site at http://www.ngs.noaa.gov.

Questions concerning the HARN and state-wide readjustment, or coordinate transformations should be
directed to Dave Doyle, NGS Observation and Analysis Division at (301) 713-3178, or email
daved@dancer.ngs.noaa.gov.
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