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Airborne Gravity Assessment Methods

Two commonly used methods for assessing the quality of airborne gravity data are repeat line statistics and 
intersection  statistics.   The  two  methods  are  similar  in  that  they  measure  internal  consistency.   However,  
intersection  statistics  can  be  strongly  biased  by  the  effect  of  directional  filtering  (caused  by  the  different 
orientations of intersecting lines) at longer wavelengths.  In addition, both repeat lines and intersection statistics 
will be influenced by data flown outside the normal flight envelope, or by lines crossing at significantly different  
altitudes especially in areas with strong vertical gravity gradients.  The following examples illustrate these issues. 
All figures are located at the end of this document.

Pine Island Glacier 2009

Several  missions were flown by the DC8 over Pine Island glacier in 2009 creating an area with many line 
crossings.  Figure 1 shows the intersection mis-matches for the area using the 100 s full-wavelength line filtered 
data.  The three circle sizes represent mismatches of < 2, 2 to 5, and > 5  mGal going from smallest to largest 
size.  The gravity data here have been processed using standard gravity reduction methods (Eötvös, normal  
gravity field, and free air corrected).  Constant shift levelling corrections have also been applied to some lines  
where there were a sufficient number of intersections for computing a correction.  The levelling corrections are 
generally less than +/- 1 mGal.

During IceBridge flights, lines are often flown to meet the requirements of a particular instrument.  There are a  
number of lines where, in order to follow laser scanner tracks from previous years, the aircraft was manoeuvring 
constantly and flying zig-zag ground tracks.  While the AIRGrav system is highly tolerant of turbulence, height 
changes, and manoeuvring, sufficiently aggressive manoeuvring will inevitably degrade data quality.  To provide 
as much gravity data coverage as possible a number of these lines have been retained in IceBridge data sets.  
They  are  flagged  by  using  a  line  number  extension  >  .50  (ie,  a  line  numbered  1017.52  was  flown  with  
manoeuvring, while 1017.14 was within limits).  These lines should be removed before an assessment is made 
of AIRGrav system accuracy.  This is done in figure 2 below.  Many of the largest intersection differences have  
been eliminated.  Bear in mind that any other existing airborne gravity instrument would be unable to acquire 
any usable data under these conditions, and would be seriously impacted at much lower manoeuvring levels 
where the AIRGrav system is unaffected.

Figure 2 also gives some indication of the problem of directional filtering.  A cluster of the largest remaining 
intersection mis-matches occurs over the gravity high extending down from the top left portion of the grid toward 
the centre.

The effect of directional filtering can be simulated using gridded gravity data.  A gravity grid was created from the  
acquired  Pine  Island  data  and  filtered  using  a  relatively  short  6000 m  full-wavelength  grid  filter,  which 
approximates 40 seconds of  filtering at  150 m/s flight  speed.  The grid  was sampled along the line tracks. 
Obviously intersection differences computed on this line data sampled from the grid are 0.  A 100 s line filter was 
applied and intersection differences re-computed.  Intersections no longer match, with the largest differences 
occurring around strong anomalies presenting different shapes to lines flown in different  directions.  This is  
illustrated in figure 3, where the circles now represent intersection differences generated as described above 
simulating directional filtering mis-matches.  Note the presence of large mis-matches in the area of the same 
gravity high mentioned above.

Pine Island Glacier 2009 Intersection Statistics

To quantify these effects,  intersection statistics  were computed for  line data with  a range of  filters  applied.  



Results are shown in figure 4.  (Note that throughout this document results have been divided by √2 to convert 
from the error on a pair of lines to the error on an individual line).  In general, there is an exponential increase in  
intersection differences as the line filter gets shorter because the high frequency GPS noise dominates.  At  
longer  wavelengths  directional  filtering  mis-matches  increase,  becoming  the  dominant  source  of  error  and 
causing the curves to turn back upwards.

The magnitude of mis-matches decreases when switching from using all lines (blue curve) to a subset where  
lines with excessive manoeuvring are removed (red curve).  Also plotted are intersections with large (greater  
than +/- 30 m) flying height differences removed (green curve).  In the case of Pine Island, these had little impact  
on the overall statistics.  The dashed black line shows the simulated intersection mis-matches for progressively 
longer line filters caused by directional filtering created using the procedure described above.  Directional filtering 
effects clearly make up a significant portion of intersection mis-matches for the Pine Island area.  

Figure 5 shows histograms of intersection differences for the 100 s filter using all lines (top left), with excessive 
manoeuvring lines removed (top right), with large height differences removed (bottom left), and for the simulated 
directional  filtering  mis-matches  (bottom  right).   With  the  histogram  it  is  possible  to  see  that  removing 
intersections with large height differences did remove a few of the largest outliers (compare top right to bottom  
left histogram) even though the overall statistics changed very little.

DC8 2009-2010 Repeat Lines

A better indication of system performance in this instance can be provided by repeat lines.  The DC8 flew sea ice  
lines in 2009 that were repeated in 2010.  These lines were flown within the flight envelope of the AIRGrav 
system and are free from the complications presented by directional filtering.  Figures 6, 7, and 8 show profiles 
of the three repeated lines and histograms of the differences.  The noise levels calculated from the standard  
deviations are  0.48, 0.79, and 0.49 mGal.  The DC8 also flew a repeat line in the same flight during the 2010 
Greenland deployment.  This is shown in Figure 9 and the noise level was 0.30 mGal.  The 100 s line filter is 
used in all examples.  Constant offsets between the passes, which like levelling corrections are typically less 
than +/- 1 mGal, have been removed in the figures.

DC8 2010 Petermann Glacier Greenland

To  contrast  with  the  results  for  Pine  Island  glacier,  the  intersection  statistics  were  also  computed  for  the 
Petermann Glacier area of Greenland flown with the DC8 in 2010.  There were no excessive manoeuvring lines 
in the area and the geological signal was relatively subdued, reducing directional filtering effects.  This is shown  
in Figure 10.  Using a 100 s line filter, the error level is 0.62 mGal.

P-3 2010 Repeat Lines

There were 5 passes of a repeat line flown with the P-3 in 2010 during flights 25, 26, 29 (twice), and 30 on the 
approach to or departure from Thule.  These can be used to evaluate AIRGrav performance in the P-3 and are 
plotted in Figure 11.  The noise level computed from the repeat lines is 0.54 mGal using a 100 s filter, similar to 
the results for the AIRGrav system in the DC8.  

Summary

The high intersection statistics in some areas are due to factors other than system performance, the dominant  
one being directional filtering effects at long wavelengths.  Using repeat lines or intersections from areas where  
directional effects are small, the system performance is in the sub-mGal range as expected.  Achieving this level  
of accuracy is dependent on flight planning (straight lines, sufficient leads-ins after turns) that takes the gravity  
system into account.  



Figure 1: Intersection mis-matches for 100s full-wavelength line filtered data, all lines included.



Figure 2: Intersection mis-matches for 100s full-wavelength line filtered data, lines with excessive manoeuvring  
removed.



Figure 3: Simulated intersection mis-matches entirely from the directional filtering effect for 100s full-wavelength  
line filtered data..



Figure 4: Intersection statistics for a range of line filters.  DC8 flights over Pine Island glacier area.



Figure  5:  Pine  Island  intersection  differences  for  a  100 s  filter  using  all  lines  (top  left),  with  excessive  
manoeuvring lines removed (top right), with large height differences removed (bottom left), and for the simulated  
directional filtering mis-matches (bottom right).



Figure 6: DC8 Antarctic Sea Ice repeat line 1.



Figure 7: DC8 Antarctic Sea Ice repeat line 2.



Figure 8: DC8 Antarctic Sea Ice repeat line 3.



Figure 9: DC8 Arctic Sea Ice repeat line.



Figure 10: Intersection statistics for a range of line filters.  DC8 flights over Petermann glacier area.  (Note that in  
this particular case the blue and red curves are identical, so the blue curve can not be seen).



Figure 11: P-3 Greenland repeat line.


