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1 Introduction

The World Magnetic Model (WMM) predicts the magnetic declination at specific
latitudes and longitudes for specific dates. The original implementation of the WMM in
C from the United States Geological Survey (USGS), was re-implemented in Java by Jim
Mauroff and Mike Ross at the Target Generation Facility (TGF) at the FAA Technical
Center. To verify the accuracy of these implementations of the WMM, a program,
TestWMM, was written that compared the magnetic declinations predicted by both C and
java implementations of the WMM with data reported for 19,720 airports by the National
Flight Data Center (NFDC).

The tests show that the C and Java implementations give nearly identical results, but
these results disagree substantially with the magnetic declination data reported in the
NFDC data set.

The purpose of this paper is to explain whether this disagreement is due to a problem
with the WMM model or with the accuracy of the NFDC magnetic declination data.

The conclusion is that the problem lies with the NFDC data and that the output of WMM
algorithms is suitable for use in TGF simulations.

2 Magnetic Declination and the World Magnetic Models

Magnetic declination is the difference between true North and the direction of the local
magnetic field (horizontal component) at a given location. Also called variation, this
difference changes over time because the location of the magnetic poles is changing.

The causes for this change are not completely understood, so mathematical models of the
earth’s magnetic field are re-calibrated every 5 years.

The Defense Mapping Agency (DMA) produces the WMM (World Magnetic Model)
Series of Models'. These models are updated every 5 years on January 1* of years
divisible by 5, e.g., 1980, 1985, 1990, 1995, 2000 by the U.S. Naval Oceanographic
Office in cooperation with the British Geological Survey (BGS). The models are based
on Geomagnetic Survey measurements from aircraft, satellite, and geomagnetic
observatories

The WMM models are composed of two parts: a Main Field Model, which is valid at the
base epoch of the current model, and a Secular Variation Model, which accounts for
changes in magnetic declination based the movement of the magnetic poles during the
epoch.

The WMM models compute the geomagnetic field potential at a location, elevation, and
date by summing spherical harmonic factors with coefficients appropriate to the epoch

' See http://www.seaspace.com/service/support/TeraScan_Docs/doc/man5/magnetic_model.html



year of the model. The coefficients represent a best fit of field measurements of magnetic
field readings to the spherical harmonic equations modeling geomagnetic field.

The coefficient files include spherical harmonic coefficients up to degree and order 12,
which experience has shown, describes magnetic field potential due to movement of the
Earth’s core (long wavelength spatial magnetic fluctuations), also called the Main Field.
If the coefficients included higher order (than 12) values, the model would also account
for the more minor sources of magnetic field potential from the Earth’s mantle and crust
(intermediate and short wavelength spatial magnetic fluctuations). Specifically, the
WMM model does not account for isolated anomalies in magnetic declination due to iron
deposits, etc., and cannot predict nonsecular temporal fluctuations of geomagnetic field
due to changes in the magnetosphere or ionosphere.

In general, the accuracy of the WMM is estimated to be < 0.5 degrees as long as the
location is further than 15 degrees latitude from the poles.

The sets of geomagnetic coefficient representing the main field for a particular epoch are
issued every 5 years and are called the International Geomagnetic Reference Field
(IGRF)%. If a previous IGRF is modified using new data not available at the time of its
production, the result is called a Definitive Geomagnetic Reference Field (DGRF).

The WMM program (geomag) converts the location inputs from geodetic coordinates
(latitude, longitude, altitude) to spherical coordinates (r, 0, ¢). It then computes
unnormalized associated Legendre polynomials and derivatives via recursion relations
using coefficient data for the epoch year. In the spherical coordinate space, the model
accumulates terms from the spherical harmonic expansions to compute the magnetic field
potential for the translated location and elevation. The Secular Change model assumes a
linear (1* degree approximation) rate of change and applies an offset to the magnetic
field potential based on input date. Finally, the program rotates the magnetic field
components from spherical back to geodetic coordinates.

3 TestWMM

TestWMM is a java program that reads a large file of airport information from the NFDC
and compares the reported magnetic declination with that computed using WMM
algorithms. The NFDC data describes 19,720 airports by airport ID, latitude, longitude,
altitude, and reported magnetic declination.

TestWMM computes the magnetic declination for each airport by supplying the latitude,
longitude, altitude, and date to a sub-program. The differences between reported and
computed magnetic declinations are squared, totaled, etc., to compute a standard
deviation between the two sets of magnetic declination data.

2 See http://www.ngdc.noaa.gov/IAGA/wg8/igrf.html




Using NFDC data for June 13, 2002, the standard deviation between reported and
computed magnetic deviation is 0.732.

The NFDC issues a CD of a variety of Aviation Data every 56 days and so gives the
impression that the data, including magnetic declination, is re-measured every 56 days.

The large size of the standard deviation is the specific reason for concern about using the
WMM algorithms for TGF simulations.

4 Analysis

4.1 Best Fitin Time

On the suspicion that the NFDC data might not all be current, the TestWMM code was
slightly modified (“MyTestWMM”) to compare the 6/13/2002 NFDC magnetic
declination data to computed magnetic declination for earlier dates. If the NFDC data is
current, one would expect that this experiment would produce larger standard deviations.

However, magnetic declinations predicted by the WMM algorithm for earlier dates were
better fits to the NFDC magnetic declination data of 6/13/2002. In fact, they were
uniformly better (lower standard deviation) as dates were reduced. Summary outputs of
MyTestWMM in Appendix A show that this improvement continues for trials back to
1/13/1990.

4.2 Specific Airports with High Variation

The output of TestWMM was sorted to identify the airports with the highest variation
between the reported NFDC magnetic declination and the computed magnetic
declination. A large number of airports at the top of this sorted data are in Alaska with a
scattershot of other locations Pennsylvania, Illinois, Florida, and Wisconsin. The lack of
any systematic geographic pattern in these other airports suggest that the problem is in
the NFDC data; if instead, there were many airports in the Pacific Northwest (close to
Alaska), and fewer as distance increased from Alaska, the WMM model might have
come under greater suspicion.

To test this theory further, an independent source of magnetic declination data was
needed.

The Internet site www.airnav.com reports airport latitude, longitude and magnetic
declination, with a note documenting when the magnetic declination was measured. This
permitted a comparison with computed magnetic declination using on-line WMM models
at the USGS site, gldpsp.cr.usgs.gov/geomag/geomagAWT.html. There is very good
agreement between the reported magnetic declination and computed magnetic declination
when the year of the reported data is used in the WMM models.



gldpsp.cr.usgs.gov/geomag/geomagAWT.html
http://www.airnav.com/

However, when the WMM models computed magnetic declination for 6/13/2002 at the
locations of the airports in the www.airnav.com sites, the results were different than the
reported magnetic declination, in just the same magnitude and direction from that
discovered in TestWMM trials.

For Alaskan airports, this difference in magnetic declination between 2002 and 1985 is as
much as 4 degrees. (The www.airnav.com site reports magnetic declination of many
Alaska airports for the year 1985).

4.3 New and older NFDC data

To further test the hypothesis that NFDC data was out of date, a data set of NFDC data
for 12/30/1999 was compared to the NFDC data for 6/13/2002. One germane fact
emerged: the precision of the magnetic declination data was limited to degrees only,
whereas the magnetic declination computed by WMM algorithms has a much higher
precision. For example, a typical NFDC magnetic declination is 11.0 or —8.0, whereas
the WMM algorithms produces a magnetic declination like —12.313046270139704.

The two sets of data had 18,167 locations in common and of these, 133 airports reported
different magnetic declinations for the two dates. The magnitude of the differences were
mostly 1 degree, but 33 of the 133 airports had differences larger than 1, 6 had
differences larger than 6, and 2 had differences of 10 degrees!

Incidentally, the two NFDC data sets also showed that 1332 airports changed IDs
between 12/20/1999 and 6/13/2002.

The WMM model was run to see how large the change “should” be for the 19,720
airports of the 6/13/2002 NFDC data. In other words, the model was run with the
6/13/2002 date and again with the date 1/13/2000 and the magnetic declinations for each
airport compared. The largest magnitude of change was less than 0.3 degrees for any
airport.

The magnetic declination values from the WMM model were rounded to the nearest
integer and results compared between the 6/13/2002 and 1/13/2000 trials. With this
rounding of magnetic declination, 4,810 of the 19,720 airports changed magnetic
declination values, all by 1.

This suggests that if measurements were actually made for the 18,167 airports on
12/30/1999 and again on 6/13/2002, there should be many more reported changes than
the 133 airports that actually changed in the data. This, and the fact that for 33 airports,
the reported change in magnetic declination was greater than 1, suggests that the NFDC
data does not actually represent a re-measurement of magnetic declination every time a
new data set is issued.


http://www.airnav.com/
http://www.navair.com/

The analysis of the NFDC data for 12/30/1999 and 6/13/2002 concludes that the reported
magnetic declination data changes too slowly for it to represent actual measurements at
airports on the respective dates, and that the data includes a small incidence of clerical

€ITOor1S.

5 NFDC Magnetic Declination Epoch Year

A closer examination of the airport information file, apt.txt, on a FAA National Airspace
System Resource Aeronautical Data CD, showed that the data includes a “magnetic
declination epoch year” field after the “magnetic variation” field. The magnetic
declination (variation) in the NFDC data is qualified by a year in which the data was
measured. The airport information file from the CD of April 18, 2002, has the following

distribution of epoch years:
1965
1975
1980
1984
1985
1986
1987
1990
1995
1999
2000

31
15
353
64
13848
87

1
1997
2084
1
791

This substantiates the hypothesis that the NFDC data is older than suggested by the
release date of the distribution CD and that a substantial number of measurements of

magnetic declination were made in 1985.

6 Conclusion

The disagreement between the results of the WMM algorithm and the magnetic
declination reported by the NFDC is the result of the NFDC data being out of date.

This is demonstrated by the fact that the agreement between NFDC magnetic declination
for an airport and the that computed by the WMM algorithm improves for increasingly
older dates — see Appendix A. Further, the very small number of changes in reported
magnetic declination between the 6/13/2002 NFDC data set and the 12/30/1999 NFDC
data set suggests that values from one set are often carried forward into the next data set.

Furthermore, the WMM algorithm produces magnetic declination values that do agree
with values at www.airnav.com, which provides a basis for trusting the WMM



http://www.airnav.com/

algorithms. In particular, comparisons of values from Alaska airports, where magnetic
declination changes significantly with time, provides a strong basis for confidence in the
WMM algorithms.



Appendix A: Results of “Best fit in Time”
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