


























1464 X. GARClA et at 

Period; 640.00 s 

115 

I 0 
.:1·115 

·230 ..... �.�.�,�.�.�.�.�,�~�.�.�.�.�.�,�~�-�.�.�,�-�~�.�.�.�.�.�,�~�-�-�,�-�-�.�.�,�.�.�.�.�,�r�"�'�"�"�.�.�,�.�.�.�.�,�-�r�-�-�r�-�-�'� 

�2�4�5�~�-�'�-�~�~�~�~�~�~�~ �\ �-�L�~�~�~�~�-�-�~�~�~�~�~�~�~� 

�~� 0 �>�\�-�-�-�.�.�.�.�,�.�.�~ �\ �~� . ..L-.,.J \. ·,t· ... �·�~�. �I�~ �· �.�.�.�1� ' t('r""" 1.( . ...-.- t 
�~ �·�2 �4�5 �·� J ill' 1I 

�'�4�9�0�~�-�'�-�-�"�"�"�r�"�'�"�"�"�"�"�"�-�r�-�-�~�"�"�"�-�r�-�_�~�"�"�"�"�~�"�"�"�~�~�~� 
�M�O�~�~�~�~�~�~�~ �~�~�~�~�~�~�-�7�~�~�~�~�~�~� 

TI I 

• 

. 

• 

�~ �m�1�I� 
-

I , I ' , 

Local Time (days) - September 1994 

a 

Fig. 10. Same as Fig. 6 for station TH0403, the block coherence t hresholding for this sta.tion is 0.900. 

nighttime auroral event, with overestimates of the impedances. Most of the nonrobust responses 
are biased relative to the robust estimate, and underscores the manner in which nonrohust meth­
ods failed in all cases, including using all of the daytime data. The erratic behaviour of the 
nonrobust estimate is due to temporal variability in the location and iutel1:sity of the ele(;trojet, 
and cannot be explained by unsophisticated source models. In particular. note that contrary 
to the predictions from oversimpLified SOllice fie ld models which always yield underestimates of 
the correct response in the presence of elect.rojets (e.g., Price, 1962; Osipova et al., 1989), the 
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Fig. 10. (continued). 
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effect of ionospheric and magnetospheric activity is. in reality, both complex and unpredictable. 
For example, the onsets of substorm are always accompanied by overestimates in the response 
functions. 

4.12 Site TH040:J 
Resuills from processing station 403 are shown to demonstrate that robust methods can fail 

in the presence of a large amount of contaminated data. This should not to be surprising; robust 
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methods operate by detecting values which are anomalous relative to the bulk of the sample, and 
are inherently incnpable of detecting contaminated data which exceed half of the total sample. In 
cases like this , it is necessary to edit the time series manually prior to robust processing so that the 
time series will be less extensively affected from the start. The response functions corresponding 
to robust processing of the entire and daytime da.ta set and nonrobust processing of the entire 
and nighttime data set, analogous to Fig. 4 for station TH0400, are plotted in Fig. 8. Note the 
effect of the aurora on the nonrobust responses which are badly biased relative to the robust 
daytime results at periods over a few tens of seconds. As with TH0400, it is clear that the 
nighttime auroral intervals dominate the result when the entire data set is processed. Robust 
processing corrects t his and appears to drive the result for the entire data set towards that for the 
uncontaminated dayt ime interval. In fact , the improvement &om robust processing is profound 
at first glance, and appears to be more extensive t han for TH0400; this is especially evident in 
the smoothness of the robust Zxy and Zyy responses relative to their nonrobust counterparts. 

However, the standardized differences shown in Fig. 9 portray a somewhat different story. 
The differences between the robust results for the entire anti daytime data. are significa.nt a.t many 
more periods than expected for Gaussian data. This is more apparent for station TH0403 than for 
TH0400 because the error estimates are notably smaller for this site, and hence sma11er differences 
have greater sig nificance. For many periods the difference between the entire and daytime robust 
estimates is larger than 5 standard errors, suggesting that this station is more strongly affected 
by the aurora. For the robust estimates of the nighttime data, tbe differences are also biggPJ" for 
this station. One possible reason for the differences in behaviour between the two stations is the 
difference in the local geological structure which results in the MT impedance tensor for station 
TH0403 contai.ning more significant amplitudes in the diagonal estimates compared to station 
TH0400. The combination of 3D source effects and 3D distorting or geological structures may 
be the reason for the robust processing failure for station TH0403. 

Figure 10 shows the t.ime series at station TH0403 coded to show those sections which are 
rejected by either coherence thresholding or robust weighting at a period of 640 s, as for TH0400 
in Fig. 6. The robust weighting rejects mainly the energetic nigbt sections, but also affects the 
day data in some instances. Note that for 27 September only daytime data around local midday 
have been accepted, and large amounts of daytime data have been rejected. Comparison of Figs. 6 
and 10 shows that t he electric field data from station TH0403 is much more strongly influenced 
by the aurora, and hence the robust algorit hm has a more difficult time distinguishing normal 
from anomalous intervals. 

5. Conclusions 

From processing data from two sites that are hea.vily influenced by a.uroral effects, four 
conclusions can be drawn: 

· T he effects of nonuniform sources can strongly bias the response tensor and hence distort 
geological interpretations unless measures are taken to eliminate its effects. As shown in this 
paper, a robust processing method can deal with bias from non-uniform source fields provided 
that data contaminated by source field effect s do not dominate t he sample. 

Nonrobust processing of data from the aurorol zone fails to remove intervals that arc 
obviously contaminated by source field effects even a fter data editing. 

· Robust procedures need a reasonable ratio of oontaminated/ unoontaminated data (typically 
40-50% or less) to yield reliable results. However, in the presence of a large amount of contami­
nated data, robust procedures can still succeed with assistance from data editing to remove the 
most obviously contaminated intervals. 

· Although o ur examination of the effects of source fields on the magnetotelluric responses 
has only been precursory, we can conclude tha.t the effects of time-varying ionospheric and mag-



Robust Processing of Aurora.l MT Data 1467 

netospheric sources on the MT responses is both complex and unpredictable. 
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