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ABSTRACT: The current realization of the North American Datum of 1983 (NAD 83) is defined in terms
of a Helmert transformation from the International Terrestrial Reference Frame of 2000 (ITRF00). The
parameters of this transformation were chosen, in part, so that horizontal NAD 83 velocities would be
zero on average for points interior to the North American tectonic plate. Unfortunately, islands located
in the Pacific Ocean move horizontally by as much as several centimeters per year relative to the North
American plate. To address this motion, this document introduces two new spatial reference frames in terms
of transformations from ITRFOO, one frame for regions located on the Pacific tectonic plate (Hawaiian
Islands, Marshall Islands, American Samoa) and one for regions located on the Mariana tectonic plate
(Guam, Rota, Saipan). For each frame, points located interior to the corresponding tectonic plate are to
have little or no horizontal velocity relative to this frame. The Pacific-plate-fixed frame is to be desig-
nated as NAD 83 (PACP00) and the Mariana-plate-fixed frame as NAD 83 (MARPOO). These frames are
defined so that their positional coordinates are consistent with corresponding positional coordinates of
the current NAD 83 realization for an epoch date of 14 AUG 1993.

Introduction

n 1986, NOAAis National Geodetic Survey

(NGS) adopted the first realization of the

North American Datum of 1983, which is
customarily denoted NAD 83 (1986). In particu-
lar, NGS published an internally consistent set of
geodetic latitudes and longitudes for more than
200,000 reference stations located in the United
States and its territories (Schwarz 1989). NGS
has since published several newer realizations of
NAD 83 to keep pace with positioning technol-
ogy (Snay and Soler 2000). The latest realization,
denoted here as NAD 83 (CORS96), is based on
the 3D positional coordinates (latitude, longitude,
and ellipsoidal height) and the 3D velocities for
several hundred reference stations contained in
the National Continuously Operating Reference
Station (CORS) network. Each CORS is a per-
manent ground-based station that collects dual-
frequency Global Positioning System (GPS) data
around the clock, day after day.

When a CORS first becomes operational, NGS
computes its positional coordinates relative to
the then current realization of the International
Terrestrial Reference Frame (ITRF). The current
realization as of December 2001 is denoted either
as ITRF2000 or ITRFOO. Moreover, NGS verifies
these ITRF positional coordinates dailyii using a
24-hour span of recent GPS datafi to ensure that
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these coordinates are consistent with correspond-
ing ITRF coordinates for other reference stations
around the world. The ITRF coordinates of a
CORS are updated if they are found to be incon-
sistent by more than 1 cm horizontally or 2 cm
vertically.

To obtain corresponding NAD 83 (CORS96)
positional coordinates for a CORS, NGS has
adopted a Helmert (similarity) transformationfi as
defined laterfi for each of the latest ITRF realiza-
tions, namely for ITRF96, ITRF97, and ITRFOO.
The Helmert transformation from ITRF96 to
NAD 83 (CORS96), denoted ITRF96 A NAD 83
(CORS96), was defined so that the transformed
ITRF96 latitudes and longitudes of 12 very-long-
baseline-interferometry (VLBI) stations located
in North America would best approximate their
corresponding NAD 83 (1986) latitudes and lon-
gitudes in a least squares sense (Craymer et al.
2000). Hence, NAD 83 (CORS96) latitudes and
longitudes agree on average with corresponding
NAD 83 (1986) latitudes and longitudes. However,
the actual latitude or longitude for a particular ref-
erence station generally differs in value between
these two realizations of NAD 83, sometimes in
excess of one meter.

The Helmert transformation for converting
coordinates from ITRF97 to NAD 83 (CORS96),
denoted ITRF97 A NAD 83 (CORS96), was set
equal to the composite transformation:

ITRF97 A ITRF96 A NAD 83 (CORS96)

where ITRF97 A ITRF96 represents the Helmert
transformation adopted by the International GPS
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Service for converting ITRF97 coordinates to
ITRF96 coordinates. Similarly, as discussed by
Soler and Snay (2003), the Helmert transforma-
tion for converting coordinates from ITRFOO to
NAD 83 (CORS96), denoted ITRFOO A NAD 83
(CORS96), was set equal to the composite trans-
formation:

ITRFOO A ITRF97 A ITRF96 A NAD 83 (CORS96)

where ITRFOO A ITRF97 represents the Helmert
transformation adopted by the International Earth
Rotation Service (IERS) for converting ITRFOO
coordinates to ITRF97 coordinates. Thus, in all
cases, transformed ITRF latitudes and longitudes
for the CORS are consistent 6on average6 with the
NAD 83 (1986) realization. Moreover, because the
CORS network currently forms the foundation for
the National Spatial Reference System (NSRS),
NAD 83 (CORS96) latitudes and longitudes of all
NSRS reference stations are essentially defined in
terms of a transformation from a current realiza-
tion of ITRF.

With any ITRF realization, the positional coor-
dinates of a point change with time because of
crustal motion, especially that associated with
plate tectonics. The rate of this change exceeds 9
mm/yr everywhere throughout the United States.
So that NAD 83 users will not have to cope with
ever changing coordinates, NGS incorporated
numerical parameters from a plate tectonic
model into the transformation ITRF96 A NAD
83 (1986) (Craymer et al. 2000). Accordingly,
points located within the interior of the North
American tectonic plate (Figure 1) experience
little or no motion relative to NAD 83 (CORS96).
Such is not the case for points located on other
tectonic plates (e.g., Hawaii, Guam, and American
Samoa) or within a few hundred kilometers of the
North American plate boundary (e.g., California,
Oregon, Washington, and Alaska). For example,
Honolulu, HI, moves northwestward about 80
mm/yr relative to NAD 83 (CORS96). Hence, this
document introduces two new spatial reference
framesfi one for the Pacific tectonic plate to be
called NAD 83 (PACPO00) and one for the Mariana
tectonic plate to be called NAD 83 (MARPOO)A so
that users of these frames do not have to cope with
changing positional coordinates for those posi-
tioning applications that are confined to the inte-
rior of one of these tectonic plates. Each of these
two frames is defined in terms of a transformation
from ITRFOO. Unfortunately, the crustal motion
occurring near the North American plate bound-
ary is so complex that no single reference frame
can be defined to dremoveé this motion. NAD 83

users thus need to cope with changing coordinates
at points located within a few hundred kilometers
of this boundary. To help these users, NGS has
developed the HTDP (horizontal time-dependent
positioning) software (Snay 1999).

In the summer of 1993, NGS conducted an
extensive GPS survey to determine positional
coordinates for points on numerous islands in
the Pacific Ocean. The computational process
was performed so that the resulting positional
coordinates for these points would be oconsis-
tenté with adopted NAD 83 (HARN) positional
coordinates for eight VLBI stations located on
the North American plate at an epoch date of 14
AUG 1993 (= 1993.62) (Frakes 1994). The unof-
ficial name NAD 83 (HARN) has been introduced
here to represent the specific realization of NAD
83, which was current when the positional coordi-
nates of these Pacific reference stations were first
computed. The results of those computations are
used here to determine the seven parameters for
transforming I'TRFOO positional coordinates at an
epoch date of 1993.62 to both NAD 83 (PACPO00)
and NAD 83 (MARPO0O0) coordinates at this same
epoch date. Thus, at this epoch date, these two
reference frames will have positional coordinates
that are consistent with NAD 83 (HARN) posi-
tional coordinates. In addition, computed ITRF0O0
velocities for points on several Pacific plate islands
will be used to define the seven additional param-
eters needed to transform ITRFOO positional
coordinates at an arbitrary epoch date, denoted
t, to corresponding NAD 83 (PACPQO0) positional
coordinates at t. Finally, the velocity of a point on
Guam will be used to define the seven additional
parameters needed to transform ITRFOO posi-
tional coordinates at t to corresponding NAD 83
(MARPOO) positional coordinates at t.

Transforming Positional
Coordinates

Let X(Y) oz + YOnaogs » @Nd 2(),,0e; denote the
NAD 83 positional coordinates for a point at time
t as expressed in a 3D cartesian Earth-centered,
Earth-fixed coordinate system. These coordinates
are expressed as a function of time to reflect the
reality of the crustal motion associated with plate
tectonics, land subsidence, volcanic activity, post-
glacial rebound, etc. Similarly, let X(t),;q » Y1), e
» 2(1) 1 denote the ITRFxx positional coordinates
for this same point at time t and for some appro-
priate value of xx. The given ITRFxx coordinates
are related to their corresponding NAD 83 coordi-
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