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Abstract

Space exploration has shown that a more refined ellipsoid
model of the earth was needed.  That new model, WGS 84, has,
in turn, required a new datum for geographical coordinates,
known as NAD 83.  The FAA has been requiring NAD 83
coordinates since 1992, whereas the FCC still requires NAD 27
coordinates.  The differences between NAD 27 and NAD 83 are
explained, and conversion algorithms between the two datums
are discussed.

NEW ELLIPSOID MODEL OF THE EARTH

Broadcast Engineers are routinely required to use
geographical coordinates in their dealings with the
Federal Communications Commission (FCC) and with
the Federal Aviation Administration (FAA).  For years
there was only one datum for the United States, NAD 27.
NAD 27 stands for “North American Datum 1927”,
which is based on a model of the earth called the Clarke
Ellipsoid of 1866.  As a result of space exploration
beginning in the late 1960’s, it became clear that a center-
of-mass model of the earth would be more consistent with
satellite-based global positioning systems (“GPS”).

The improved ellipsoid model is know as the World
Geodetic System of 1984, or WGS 84.  Geographic
coordinates based on this earth model are referred to as
North American Datum 1983, or NAD 83.

While the Clarke Ellipsoid of 1866 was designed to fit
the shape of the contiguous United States, Canada, and
Alaska, WGS 84 is global in extent.  The primary
advantage of WGS 84 is that it facilitates the calculation
of geometric relationships on a global as well as a
continental scale.  WGS 84 is a geocentric ellipsoid,
indirectly employing the Earth’s center of mass.  In
contrast, the Clarke Ellipsoid of 1866 is based on a
coordinate pair centered on a station known as Meades
Ranch in Kansas.

For comparison purposes, the Clark Ellipsoid of 1866 has
an equatorial axis radius “a” of 6,378.206 kilometers, a
polar radius “b” of 6,356.584 kilometers, and an
ellipticity “f” of 1/294.98, where f = 1 - (b/a).  WGS 84
has an equatorial axis radius of 6,378.137 kilometers and
an ellipticity of 1/298.26.

LATITUDE AND LONGITUDE DIFFERENCES

As shown by Figure 1, the maximum latitude difference
for the contiguous U.S. between the two datums is
approximately 1.3 seconds, occurring in southern Florida.
As shown by Figure 2, the maximum longitude difference
for the contiguous U.S. between the two datums is
approximately 4.4 seconds.  The minimum shifts between
the two datums occur in the eastern third of the U.S., near
the state of Indiana.

MAP-BASED NAD 83 COORDINATES

Double-Sided Topographic Maps

A novel approach for allowing map users to derive NAD
83 coordinates was attempted by the United States
Geological Survey (USGS) in 1988:  several experimental
topographic maps were printed.  These maps had printing
on both sides of the sheet:  on one side was a traditional
topographic map, based on NAD 27, with integer-second
map edges; on the other side was the corresponding area,
based on NAD 83, and with non-integer-second map edges.

Figures 3A and 3B show examples of a standard
topographic map and one of the experimental maps.  In
Figure 3A, the lower right-hand map corner represents an
integer number of (NAD 27) seconds; in this case, 37° 52’
30” North, 122° 30’ 00” West.  However, for the NAD 83
version, the lower right-hand map corner represents a non-
integer number of (NAD 83) seconds:  37° 52’ 29.73”
North, 122° 20’ 03.90” West.
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Figure 1.  Map showing shifts in latitude between NAD 27 and NAD 83 for the contiguous United States.

Figure 2.  Map showing shifts in longitude between NAD 27 and NAD 83 for the contiguous United States.  Both maps
are from Reference [1].
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Thus, a user could graphically derive NAD 83 datum
coordinates directly from the topographic map; a
mathematical conversion was not required.

Of course, there are some drawbacks to this approach:  the
USGS would have to re-print approximately 55,000
topographic maps, and users who have difficulty
determining the latitude and longitude of a given point by
ratioing between bracketing integer tick marks would

have an even more daunting task by having to ratio
between bracketing non-integer tick marks.

It appears that this approach to deriving NAD 83
coordinates has “died,” either due to budgetary
limitations or, just perhaps, due to a senior government
official applying the “common sense” test, and
concluding that re-printing 55,000 double-s ided
topographic maps was not the way to go.

Figure 3A.  Standard USGS 7.5-minute series topograhic map, with integer-second lower right-hand corner coordinates.
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Figure 3B.  Experimental USGS 7.5-minute series NAD 83 topograhic map, with non-interger-second lower right-hand
corner coordinates.  From Reference [3].

CONVERSION ALGORITHMS

Fortunately, there is a more practical approach:  determine
the NAD 83 coordinates mathematically.  Given the
widespread availability of programmable calculators and
computers, conversion algorithms that would have been
impractical twenty or even ten years ago now are much
more attractive than a graphical (map-based) approach.

DMA Algorithm

The Defense Mapping Agency (DMA) has developed an
algorithm that converts NAD 27 coordinates to NAD 83
coordinates.  The advantage of this algorithm is that it
uses relatively simple 13th-order polynomials for the
transforms, and therefore is the sort of program that can
fit in a programmable calculator.  The disadvantages of the
DMA algorithm are that it is “one-way”, that is, it will
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only convert NAD 27 coordinates to NAD 83 coordinates,
it does not apply in Alaska or Hawaii, and the conversion
accuracy is “only” on the order of ±0.04 seconds for
latitude and ±0.06 seconds for longitude.  Figure 4A

shows the polynomial equations used by the DMA
algorithm.  Figure 4B shows a printout of the DMA
algorithm as implemented on the Hewlett Packard HP-41
series programmable calculator.

Figure 4A.  Polynomial equations used by DMA NAD 27 to NAD 83 conversion algorithm.
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Figure 4B.  HP-41 printout of DMA program.

NADCON Algorithm

The National Geodetic Survey (NGS) has developed an
algorithm known as the North American Datum
Conversion program, or NADCON.  This program is bi-
directional, meaning that it will convert NAD 83
coordinates to NAD 27 coordinates, as well and NAD 27
coordinates to NAD 83 coordinates.  It also applies in
Alaska, Hawaii, and Puerto Rico.  But, most importantly,
it is the conversion algorithm recommended by statute.
The Federal Register dated August 10, 1990, Volume 55,
Number 155, Page 32681, stated:

“The intent of this notice is to standardize a horizontal
datum transformation method when a mathematical
transformation is desired.  FGCC [Federal Geodetic
Control Committee] selected the method incorporated in
the software identified as NADCON.  It is not the intent

of the notice to declare when to use a datum
transformation or by what method but only to declare
that when a mathematical transformation is appropriate,
NADCON is recommended.”

Thus, while use of NADCON is not mandatory, use of
conversion algorithms other than NADCON may result
in a rounding error that will cause the results to be
inconsistent with those obtained by the FAA or by the
FCC, which do use NADCON.

NADCON uses a minimum-curvature approach to
transforming between the two datums, and requires three
reference files:  a large file for the contiguous United
States, and smaller files for Alaska and Hawaii.  By having
a separate set of polynomial coefficients for each 7.5-
minute topographic map, NADCON achieves an improved
conversion accuracy of approximately ±0.0003 seconds in
latitude and ±0.0005 seconds in longitude.  Because of the
size of these data files, programmable calculators are
unable to implement the program, but today’s personal
computers are certainly capable of loading the NADCON
data files.

NADCON currently sells for $98.00 and is available
from National Oceanic & Atmospheric Administration
(NOAA), NGS, N/CG174, 1315 East-West Highway,
Station 9202, Silver Spring, Maryland  20910-3282.
Telephone numbers are 301/713-3242 (voice), 301/713-
4172 (facsimile).  Hours are Monday-Friday, 7:00 AM to
4:30 PM, Eastern Time.  NGS accepts personal checks,
Visa, Mastercard, and American Express.

The NADCON software (Version 2.1) and data files are
provided on two 3.5-inch disks for IBM-compatible
personal computers with a math coprocessor chip.  The
source code can be re-compiled for use with other
computers.  A hard drive with at least 1.5 Mbytes of
RAM is recommended.

An example of a NADCON printout is given in Figure 5.
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Figure 5.  Sample NADCON printout.
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BUG IN NADCON PROGRAM

Users of the NADCON program should be aware of a
“bug” in the NADCON disks that existed between
approximately February 1994 and June 1994.  The problem
has now been rectified, so only users who purchased the
NADCON software between these dates need be
concerned.

The problem was discovered by Hammett & Edison in
April of this year.  We had alerted another engineering
firm operating in the Bay Area, C.S.I.
Telecommunications, to the existence of the NADCON
program.  Mr. Michael S. Newman, Vice President of
C.S.I., indicated he would immediately order the
NADCON program.  We requested that he provide us
with a copy of the program when it was received, so we
could compare it to our NADCON program, which had
been purchased in 1992.  We wanted to see if any changes
had been made, in which case would order the updated
version.

Our examination of the NADCON disks showed that the
NADCON program itself was still Version 2.1, but we
discovered that the data files were different.  The
differences all appeared to be due to data file corruption.
The “ALASKA.LOS” and “HAWAII.LAS” data files
both had single-bit errors, that is, one byte of the file had
one bit different than the corresponding byte in our 1992
NADCON disks.  The result in both cases was a numerical
value that was clearly wrong; that is, something like a
shift between the NAD 27 and NAD 83 datums of 1020

seconds!

The error in the “CONUS.LOS” data file was much more
subtle.  That file had a large contiguous section of data
near the middle of the file that was also different but not
obviously so, as was the case for the Alaska and Hawaii
data files.  What seems to have happened was that a chunk
of the original data was lost and was replaced by a chunk
from elsewhere is the same file, or maybe from one of the
other binary files.  Persons running the NADCON
program using this corrupted data file would get
reasonable looking, but wrong, answers.  For example, the
1992 data file showed shifts between the datums of about
plus 4 seconds, whereas the corrupted portion of the data
file showed shifts of about minus 2 seconds.  Anyone
running the NADCON program for the portion of the
U.S. covered by the corrupted data would get an answer
with about a 6-second error in the converted coordinates.

NADCON Users Should Check to See if They
Received Defective Disks or Ran NADCON for
an Affected Area of the U.S.

Figure 6 shows that area of the U.S. where the corrupted
data files applied.  Fortunately, we have been in contact
with staff at the NGS and found out that the problem was

traced to new computer hardware used to duplicate the
NADCON disks, and that the error was systematic; that
is, all NADCON disks sent out had the same data file
errors.  We have also learned that only about 15 defective
orders were sent out, and that corrected disks have now
been provided to all of the parties who had received the
defective disks.

However, the corrected disks sent to C.S.I.
Telecommunications showed up with only a simple
invoice referring to two enclosed replacement NADCON
disks, with no explanation of the reason for the
replacement.  So, if you are one of the 15 or so customers
who ordered the NADCON program from the NGS in
early 1994, or mysteriously received replacement disks in
June, you now know the reason.  You can also use the map
in Figure 6 to determine if you had used the NADCON
program to convert coordinates in the portion of the U.S.
where the defective data file existed, in which case you
would be well advised to re-calculate the NAD 83
coordinates.

NEW FAA FORM 7460-1

An updated version of FAA Form 7460-1, Notice of
Proposed Construction or Alteration, has been adopted by
the FAA.  This new form has blocks for both NAD 27
coordinates and NAD 83 coordinates.  The NAD 83
coordinate blocks are in the portion of the form marked
“For FAA Use Only”, meaning that the FAA will use
the NADCON program to convert the reported NAD 27
coordinates to NAD 83 coordinates.

Unfortunately, FAA staff appears to not understand the
difference between precision and accuracy.  As shown in
Figure 7, which was a filing recently submitted by
Hammett & Edison to the FAA, the tower coordinates
were reported only to the nearest second, but then logged
by the FAA staff to the nearest hundredth of a second
when converted to NAD 83 coordinates.  This runs the risk
that the proponent, or others, will then use NADCON to
derive the NAD 27 coordinates to the nearest hundredth of
a second, by taking the false precision NAD 83 coordinates
and running NADCON “backwards.”  Of course, such
NAD 27 coordinates would be bogus, because they would
have been  derived from NAD 27 coordinates that had been
rounded, or possibly truncated, to the nearest second.

So the author urges all users of the NADCON program to
avoid confusing precision with accuracy, and to realize
that just because coordinates in either datum might be
reported to the nearest tenth or hundredth of a second, to
take with a grain of salt whether the geographic location
of a tower is really known to that order of precision.
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NADCON error boundary

35° 30' N

34° 15' N

131° W 63° W

35° 45' N 35° 30' N

34° 30' N 34° 15' N

131° 00' W

126° 45' W

124° 15' W 63° 00' W

Figure 6.  Map showing portion of U.S. affected by the bad NADCON data block.

NAD 83 ELEVATIONS

An issue not yet addressed by the FCC is the difference in
ground elevations between the NAD 27 and NAD 83
datums.  The vertical datum associated with NAD 27 is
North American Vertical Datum 1929, or NAVD 29, and
the vertical datum associated with NAD 83 is North
American Vertical Datum 1988, or NAVD 88.  The
maximum difference in ground elevations between the
NAVD 29 and NAVD 88 datums for the contiguous U.S.
is only about 1.5 meters, but this is still enough cause 1 or
2 meter discrepancies in reported AMSL tower heights
between the FCC and FAA data bases.  Since even a
1-meter difference in a reported tower height can cause an
application to be delayed, and possibly even dismissed, this
is not a trivial additional complication.

As you might have guessed, there is an NGS program for
converting between NAVD 29 and NAVD 88 elevations,
called VERTCON.  However, the height issue will have

to await further negotiations between the FCC and FAA,
and may be the subject of a successor paper.
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Figure 7.  Example of new FAA Form 7640-1, as processed by FAA staff.
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