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9.4 hours for both indices. For 20 of the 21 largest storms 
during solar cycle 21, this procedure leads to correlation 
coefficients greater than 0.8. 

2. There is a linear relationship between the AEw (or ALw) 
and Dst during intervals of low AEw' 

3. During disturbed (storm time) intervals of large AEw, the 
relationship between Dst and AEw (or ALw) can be either linear 
or exponential. In examples for which it is linear, the slope is 
steeper than for quiet intervals (compare conclusion 2). 

4. Under both quiet and disturbed conditions, the function 
relating Dst to AEw (or ALw) varies from one time interval to 
the next. This suggests that an additional controlling 
parameter needs to be identified and included in the correlation. 
During nonstorm conditions, this hypothesized additional 
parameter can cause the slope of the linear relationship to vary 
by factors of 4 to 5. 

Conclusion 4 implies that no unique functional relationship 
exists simultaneously for AE(IMF) and Dst (IMF). However, 
by using the indices AEw or ALw defined by weighted averages 
of AE and AL over the recent past, the Dst can be predicted with 
correlation coefficients better than 0.75 under all conditions. 
From an applications standpoint, the A indices are always 
available in close to real time. The present work shows that a 
real time forecast of Dst is thus possible. Moreover, because 
the prediction of Dst entails an integration of such available 
parameters over the "recent past," the method offers a 
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Figure 9. Dependence of Dst on (a) AEw and (b) ALw' The 
relationships given by (1) and (2) are thick and the 
relationships for individual storms 1-21 are thin lines. 

o potential for a few hours' forecast capability. Work is 
ongoing in this area, as well as on the search for an additional 
physical parameter that seems to control the Dst response 
functions (compare conclusion 4). 

This result would be consistent with that inferred by Lanzerotti 
et al. [1978], who showed that fluctuations associated with 
magnetospheric transport increase exponentially with Kp. A 
similar conclusion was reached by Mozer [1971]. 

A final comment on procedure used to predict Dst from the A 
indices is in order. The hourly A indices are assumed to 
represent a directly driven process, hence they are readily shut 
down by changes in the IMF. For this reason they should not 
show a long decay time. In contrast, the ring current builds up 
over many hours but decays over several days (see Figure 1). 
Our weighting algorithm (see appendix) has only one time 
constant, yet very good correlation between Aw and Dst is 
obtained through all phases of a storm. This is contrary to the 
simple consideration of what should happen during the 
recovery phase of a large storm. As the "driving force" is 
reduced or even goes away, auroral electrojets should show 
only a nondriven "unloading" response unrelated to ring 
current decay. However, the correlation we have obtained 
would suggest a strong coupling to the auroral current system 
even in the second and third days of the recovery phase. 

Conclusions 

The conclusions that can be drawn from this study are 
summarized as follows: 

1. Both the hourly AE and AL indices, when weighted and 
summed over the recent past. generate new indices AEw and AL", 
that correlate very well with the Dst index. The weighting 
function that describes the recent past has a time constant of 

Appendix 

The auroral I-hour indices, A E, AL, AU, and A 0 are 
considered primarily as "directly driven," in that impulse 
current components occur on faster timescales and hence do 
not make a significant contribution to these hourly auroral 
indices. The directly driven convection electric field is also 
responsible for build up of the ring current and consequently 
the ring current index Dst. However, the ring current takes 
many hours to build up and so is better viewed as a 
"summation" of directly driven activity over the recent past. 
Unfortunately, the explicit form of the appropriate summation 
is unknown. Davis and Parthasarathy [1967] summed the 10 
prior hourly AE values to produce a parameter that varied with 
Dst. Kamide and Fukushima [1971] scaled the prior AE values 
by an exponential weighting function and then added these 
scaled values to produce a parameter that represented the Dst 
variation. More recently, Wrenn [1989] compared the 3-hour 
A p index to D s t by summing preceding A p values with a 
weighting factor that diminished toward earlier times. Both 
Kamide and Fukushima [1971] and Wrenn [1989] apply a 
weighting that decreases with time into the past. Thus both 
methods can be characterized by an effective time constant. [n 

this work we have followed the procedure described by Wrenn \ 
[1987] to develop a summed weighted index AEw(t) from the 
hourly AE(t): 

AEw(t) = (l-w) AE(t) + wAEw(t-l) (AI) 

The weighting parameter w is selected so as to specify the 
degree of ignificance given to past AE values. A value of w ;:: 
o would make the new index identical to AE(t), whereas a value 
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of I would generate an index totally independent of the present 
value of AE(t). In this nomenclature t is the time in hours , and 
so AEw (t - 1 refers to the AE .... value 1 hour earlier. Equation 
(Al) can also be expressed as a summation of all earlier AE(t) 

values: 
a 

AE (t)=(l-w) 1: wnAE(t-n) 
w n=O 

(A2) 

This form makes it readily evident that older values of A E 
receive progressively smaller weighting (i.e., the w n factor 
decreases with n since 0 < w <1). This weighting term in (A2) 
has an effective time constant. 

't = 1 hour 
fn(1/ w) 

(A3) 

Values of 1'range from less than an hour for w < lie = 0.368 
(which is not particularly relevant to our study) to 1'values 
greater than 1 hour for w > 0.368, that is, l' = 1.96, 9.5, and 
24.5 hours, respectively, for w = 0.6, 0.9, and 0.96. The time 
constant l' specifies the "lag" time by which the weighting 
factor w" in (A2) has decreased by a factor of e. 

In this study we have applied (A2) to the entire time series 
of AE(t), AL(t), AV(t), and AO(t) from 1978 to 1986 so as to 
construct new time series called AEw(t), ALw(t), A V wet), and 
AOw(t) for a specified value of w. For this study the optimal 
effective time constants l' were found to be less than 24 hours. 
Thus the error introduceq in (A2) by not going back to times 
prior to 1978 is negligible except for the first few days in 
1978. 
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