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Abstract.   

   The Polar UVI instrument can quantitatively determine important 

magnetospheric descriptors, notably including substorm onset time, and 

global auroral output.  Previous research has related the input variables of 

the magnetospheric system – namely solar w ind parameters – to various 

output variables.  However a complex system such as the magnetosphere 

includes, in addition to inputs and outputs, state variables.  Polar cap flux 

and magnetotail stretching are two such that can be estimated from the 

DMSP series satellites. 

   We herein determine that both polar cap flux, F c, and the magnetotail 

stretching index, b2i, do correlate well w ith 40 minute averages of 

nightside auroral power observed by UVI.  There were a total of n=638 

distinct 40 minute intervals w ithin which b2i, F c, and nightside auroral 

power could be determined.  The correlations with premidnight auroral 

power were r=0.72 for F c, and r=–0.76 for b2i.  The multiple correlation 

coefficient of these two variables with nightside auroral power was 0.81.  

These sample correlations are far better than the sample correlations of 

solar w ind input variables to nightside auroral power.  Thus accurate 

space weather forecasting can demonstrably benefit greatly by monitoring 

current magnetospheric state variables (nowcasting), rather than 

attempting to reproduce output variables solely from solar w ind inputs. 

   Attempts to predict substorm onsets were less successful.  A lthough the 

average polar cap flux prior to onset is larger than normal, the difference is 

not large enough to have significant predictive capability.  Specifically, 

polar cap flux averaged 404 ± 133 MWb and 422±148 MWb for the entire 

years of 1996 and 1997 respectively, while the polar cap flux at the time of 

substorm onset averaged 455±143 MWb. 
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1.  Introduction 

 

   There has been almost three decades of research using satellite based 

auroral images, from Anger and Lui  [1973] to present.  Heretofore the 

emphasis has been upon morphology, and deservedly so.  New aspects of 

global morphology continue to be discovered, such as the midnight auroral 

discontinuity [Chua et al., 1999].  However physical science is at its core 

quantitative, and understanding the magnetospheric system more fully 

requires quantitative tools. 

   The Polar UVI instrument is just such a tool because of its powerful 

capability to study the quantitative aspects of solar w ind-magnetosphere 

coupling.  In particular, global auroral luminosity and substorm onset 

times are both key magnetospheric system responses, and can readily be 

determined from UVI observations.  For example UVI has been used to 

determine the quantitative auroral output as a function of solar w ind input 

variables [Liou et al., 1998], and to determine the quantitative relationship 

between solar w ind ultraviolet flux and auroral luminosity [Shue et al., 

2000]. 

   As in other dynamic systems, magnetosphere-ionosphere-solar w ind 

coupling involves input variables, output variables, and state variables.  

One clear example of a magnetospheric state variable is the polar cap size.  

The bundle of open magnetic field lines which thread the magnetotail lobes 

provides the free energy source for explosive substorm release, although 

more steady conversion of magnetic energy into particle energization also 

occurs.  A second state variable characterizing the magnetosphere is the 

extent of magnetotail stretching.  Collectively these two variables can 
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parameterize the state of the magnetosphere’s magnetic field, at least in a 

simple model such as the source model [Schulz and McNab, 1987]. 

   Both of these variables can be determined from low-altitude satellite 

particle precipitation data.  Specifically we use data from the Defense 

Meteorological Satellite Program (DMSP) series of satellites.  That polar 

cap size can be thus monitored is probably more evident than for 

magnetotail stretching.  In fact the latter is operationally easier to monitor, 

from the equatorward cutoff of ion precipitation of several keV and above 

[Sergeev et al., 1993; Newell et al., 1998].  It is actually the polar cap size 

which requires considerable care, both in interpreting the particle data 

[e.g., Newell et al., 1996] and in fitting the data to polar cap boundary.  

Investigation has demonstrated that the uncertainties in using single point 

measurements (i.e., one satellite encounter w ith the auroral oval) to 

estimate polar cap area has very large uncertainties, specifically s  = 33% 

[Sotirelis et al., 1998].  Thus a multi-point fit is used instead in this paper to 

find polar cap area, thereby greatly reducing the uncertainty. 

   The purposes of the present paper include:  (i)  Determining the physical 

relationships, if any, between polar cap size, magnetotail stretching, and 

one specific magnetospheric output variable, namely global auroral power 

dissipation; and  (ii)  Investigating whether certain values of b2i and polar 

cap size indicate likely substorm onset.  Indirectly, the results help us to 

verify the geophysical usefulness of the DMSP-based magnetospheric state 

monitoring system.  To be useful, these state variables should have a 

higher correlation to nightside auroral power dissipation than does the 

solar w ind input. 

 

2.  Data and Techniques 
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   In section 2.1 we describe how the power dissipation associated with 

nightside auroral luminosity was determined from Polar UVI global 

auroral images.  In section 2.2, we describe how the two magnetospheric 

state variables studied here were determined from the DMSP SSJ/ 4 particle 

data set. 

 

2.1  The Polar UVI  Data Set (Global  auroral  power and substorm onsets) 

 

   The Polar UVI ultraviolet imager has been previously described by Torr 

et al. [1995].  UVI is a narrow-angle (8o circular field of view) w ith a large 

aperture (f/ 2.9).  A despun system allows UVI to monitor the northern 

hemisphere auroral oval continuously for approximately 9 hours out of 

each 18 hour orbital period, during which approximately 2400 images are 

collected.  Auroral power data in this paper are calculated from the LBHL 

(Lyman-Birge-Hopfield Long filter centered around 170 nm.  It measures 

molecular nitrogen lines, and is relatively insensitive to the actual energy 

of precipitation, responding instead to total electron energy flux.  Polar 

UVI has a spatial resolution of 0.04o per pixel, which corresponds to about 

40 km at apogee, although platform wobble can considerably degrade this 

resolution. 

   A large list of substorm onsets from March 30, 1996 through April 1998 

was compiled from the Polar UVI data set, as described in Liou et al. [1999].  

Global auroral power for the same period was computed for each LBH-L 

image of the oval, according to the techniques presented by Liou et al. 

[1998], based in turn on the work of Germany et al. [1997] and Strickland et 
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al. [1993].  Section 2.3 gives an example in which these two state variables 

and one output variable are determined. 

 

2.2  The DM SP SSJ/4 Particle data set and two magnetospheric state 

variables 

 

   A ll examples presented here are from the SSJ/ 4 instrument on the DMSP 

series satellites (F11 through F13). A ll are in nearly-circular sun-

synchronous polar orbits at about 835 km altitude.  The SSJ/ 4 instrumental 

package included onboard measures electrons and ions from 32 eV to 30 

keV in 20 logarithmically spaced steps [Hardy et al., 1984].  Separate low 

and high energy heads measure from 32 eV to 1 keV and from 1 keV to 30 

keV with 0.098 seconds dwell time per energy channel (thus a complete 

spectrum is calculated in 1 second).  These electrostatic analyzers have a 

DE/ E of approximately 10%. 

   DMSP satellites are all three axis stabilized such that the detector 

apertures are always orientated towards local zenith.  At the latitudes of 

interest to the present research, this means that only particles well w ithin 

the loss cone are observed. 

   The shape of the oval is determined using two DMSP satellites whenever 

possible, to improve accuracy.  Of course using more than one satellite also 

means poorer time resolution, and the auroral oval can move between 

satellite encounters.  The average and maximal speed of the auroral oval 

determined by comparing two satellites crossing the same location (local 

time) at differing universal times is 0.1o/ minute and 0.2o/ minute.  For 

DMSP, the best solution was to use two satellites to locate the oval 

position, unless more than one hour elapsed between the two satellite 
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crossings.  These tradeoffs are discussed by Sotirelis et al. [1998].  The actual 

boundary shapes are taken from the JHU/ APL boundary-oriented 

precipitation model [Sotirelis and Newell, 2000]. 

   Details on identifying the poleward boundary of the oval can be found in 

Sotirelis et al. [1998].  A brief explanation is in order here though.  On the 

dayside, the furthest equatorward encounter w ith a region considered 

open �  the cusp, the mantle, the polar rain, an open LLBL signature, or an 

empty polar cap �  locates the open/ closed boundary.  On the nightside, the 

b6 boundary is used [Newell et al., 1996], that is, the poleward extent of any 

non-polar rain precipitation clearly above the DMSP SSJ/ 4 noise levels.  

Identifying the open-closed boundary still remains somewhat controversial 

and at times problematic [e.g., Gussenhoven and Mullen, 1989; Lyons et al., 

1996].  We believe our identifications are as good as practical given present 

uncertainties in the science, but there is undoubtedly room for 

improvement, both in the identification algorithms and in the underlying 

science upon which they are based. 

   The second magnetospheric state variable investigated here is b2i, a 

proxy for the ion isotropy boundary and a measure of magnetotail 

stretching.  The ion isotropy boundary (IB) is now theoretically and 

observationally established as the location whereat the ion gyroradius 

becomes a significant fraction of the radius of curvature of magnetotail 

field lines.  It was introduced by Sergeev et al. [1993], as the culmination of a 

long line of research into proton scattering and precipitation [Lyons and 

Speiser, 1982; Sergeev et al., 1983].  The isotropy boundary is the low-altitude 

demarcation between regions of adiabatic and chaotic motion of protons in 

the equatorial magnetosphere.  The latter is a region of isotropic ion 

precipitation.  As the IB is controlled solely by the magnetic field in the 
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current sheet, the IB position reflects changes in the equatorial magnetic 

field in the near tail and can be used to monitor these changes. The basic 

physics are extremely simple:  as long as the ion gyroradius is an 

appreciable fraction of the radius of curvature of the magnetic field line, 

pitch angle scattering will occur.  Newell et al. [1996] argued that the 

latitude of the ion precipitating energy flux maximum (b2i), which 

generally occurs near the equatorward edge of the main nightside oval, 

should be associated with the ion isotropy boundary. 

   This suggestion has now been amply verified.  First, direct measurements 

of the isotropy boundary from NOAA data with simultaneous DMSP data 

showed excellent agreement between these boundaries [Newell et al., 1998].  

Secondly, the DMSP-determined b2i is highly correlated (r=0.84) w ith the 

magnetotail stretching angle as observed by GOES.  The lower the latitude 

of b2i, the more stretched the magnetotail is. 

   The relationship between the high-energy ion precipitation cutoff, b2i, a 

measure of magnetotail stretching, and Kp is linear.  The correlation 

between the two indices is fairly good, considering that one is an 

instantaneous measure while the other is a three hour average [Wing, 

unpublished manucript, 2000]. 

   Our system for monitoring these two magnetospheric state variables (b2i 

and F c) using DMSP data and following the above principles is publicly 

available at http:/ / sd-www.jhuapl.edu/ Aurora.  The values of b2i 

reported here are all measured in degrees MLAT (based on the altitude 

adjusted corrected geomagnetic coordinate system), and are normalized to 

midnight according to the formula given by Newell et al. [1998]. 

 

2.3  Example 



 9

 

   Plate 1 shows a UVI image from December 7, 1996.  The auroral 

configuration is that of a horse-collar aurora [Hones et al., 1989], indicating 

relatively quiet magnetic conditions.  Transpolar sun-aligned arcs can be 

observed along both flanks of the horse-collar shaped polar cap. 

   The auroral power calculated from this image is 15 gigawatts 

postmidnight and 25 gigawatts premidnight.  The total nightside power of 

40 gigawatts is at moderate, rather than particularly quiet levels. 

   Figure 1 illustrates an example of the auroral oval boundaries as 

determined from two DMSP satellites.  Figure 1 corresponds to the same 

time period as Plate 1, namely around 2323 UT on December 7, 1996.  The 

magnetic flux at ionospheric level inside the oval was integrated to 

calculate the polar cap flux, F c.  For this example, F c  = 370 megaWebers, 

indicative of a contracted polar cap.  This is consistent w ith the horse collar 

auroral configuration observed with Polar UVI.  The b2i index, which is 

highly correlated with magnetotail stretching, was measured to be 64.0o 

MLAT (b2i is measured in altitude adjusted corrected geomagnetic 

coordinates).  This value of b2i indicates moderate conditions (the value of 

Kp statistically corresponding to b2i=64.0o MLAT is Kp=2.3).  Both the 

Polar UVI observations and the DMSP observations indicate that the polar 

cap is relatively contracted, and yet nightside auroral activity is moderate, 

rather than particularly quiet. 

 

3.  Substorm Onsets versus b2i  and Polar Cap Size 

 

3.1  Polar Cap size and Substorm onset 
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   Before the polar cap size behavior around substorm onset can be 

interpreted, it is necessary to have a good idea of what is typical for this 

parameter.  A lthough there have been a few studies about oval boundary 

motion at given local times [e.g., Makita et al., 1983], we believe that these 

results are the first to report the statistical distribution of polar cap flux.  

The results should therefore be of inherent interest. 

   Figure 2 presents F c distributions for 1992 (an active year) and for 1997 (a 

comparatively quiet year).  Beyond illustrating the typical range of polar 

cap flux, an advantage of showing the distribution for 1997 is that the 

majority of the Polar UVI substorm onset data base lies w ithin this year. 

   Polar cap size does not have a normal distribution; rather it evinces a 

pronounced skew, w ith a much more gradual drop off at high polar cap 

fluxes (active times) than for small polar cap sizes.  It is comparatively rare 

to observe a polar cap flux below 300 megawebers, which is only modestly 

below the mode (most common) value.  By contrast, polar cap fluxes 50% 

greater than the mode are still fairly common in 1992 (the active year).  The 

reason for this asymmetry is that the polar cap only loses open magnetic 

flux slowly during quiet times, hence rarely drops to very low values 

[Newell et al., 1997].  At very small polar cap flux levels (below, say, 100 

MWb), there is probably some difficulty in accurately measuring the size �  

for example, it requires the DMSP satellites to reach high magnetic 

latitudes, which is not always the case. 

   Table I lists the mean polar cap flux for a number of years.  With these 

normalized distributions in mind, it is possible to examine the distribution 

of polar cap flux around substorm onset time.  Because of the coarseness of 

the polar cap flux measurements, we used the mean value of the northern 

and southern hemisphere oval sizes over a one hour interval centered on 
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substorm onset time.  Because at least two DMSP satellite crossings are 

required to accurately determine polar cap flux, it is not practical to 

compare polar cap flux before and after onset.  Instead we are restricted to 

comparing the distribution of polar cap flux for � 30 minutes around the 

onset to typical polar cap distributions.  Such an approach is justified 

because recent research has shown only relatively modest changes in polar 

cap size at the time of substorm onset [e.g., Brittnacher et al., 1999].  In fact, 

the apparent poleward motion of the auroral oval after onset in some 

earlier work is often due to the brightening of pre-existing plasma sheet 

population up to the threshold of the imager, especially in the midnight-

dawn region [Kauristie et al., 2000]. 

   Figure 3 shows the distribution of F c around onset.  The mean value, 

455� 143 megawebers, is only modestly higher than the averages for 1996 

and 1997 (404� 133 and 422� 148 megawebers respectively), the years 

wherein the substorm onsets studied reside.  Given the large standard 

deviations associated with polar cap flux, this difference is only of minor 

significance for forecasting purposes. 

 

3.2  M agnetotai l  Stretching Index (b2i ) and Substorm Onset 

 

   Again we start by presenting the distribution of b2i for two typical years, 

one relatively active (1992) and one relatively quiet (1997).  Figure 4 shows 

these two distributions.  For 1992, <b2i> = 63.8 � 2.9o MLAT, while for 1997, 

<b2i> = 65.4 �  2.3 o MLAT.  (A ll b2i values are normalized to midnight, 

according to the equation presented by Newell et al.  [1998a]).  A lower 

latitude for b2i implies a more stretched magnetotail, and thus more active 

times. 
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   Recall that b2i is measured whenever one of the DMSP satellites passes 

through the nightside oval.  Since only a single satellite determination is 

required, higher time resolution exists w ith b2i than with F c.  Therefore we 

are able to compare b2i before and after onset.  We use a twenty five 

minute window (full w idth) prior to and after the onset time for the 

“ before”  and “ after”  measurements.  Figure 5 illustrates the distribution of 

the magnetotail stretching index prior to and subsequent to a substorm 

onset. 

   The average value of b2i in the 25 minutes prior to onset is 65.2� 1.7o 

MLAT, while the average value in the 25 minutes after onset is 64.9� 3.5o 

MLAT.  Again, as was the case for F c, one clearly cannot predict precise 

onset times from b2i alone. 

 

3.3  Summary of  Substorm Predictive Capabi l i ties 

 

   The polar cap flux averages slightly higher around substorm onset time 

(455 megawebers) than was typical as a whole for the years we studied 

(1996 and 1997, w ith <F c> = 404 and 422 MWb respectively).  The 

difference is not large enough for practical forecasting.  Likewise, the 

magnetotail stretching index was only insignificantly different before and 

after onset.  Thus it does not appear possible to use these parameters to 

predict the imminent onset of a substorm. 

   We believe that the fairly small changes in polar cap size around onset 

does not reflect the coarse resolution of our data set, but the actual 

geophysical situation.  Other studies have suggested that polar cap area 

does not change abruptly at onset [e.g., Brittnacher et al., 1999].  Indeed, 

such changes as do appear in the luminous oval position are partly because 
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pre-existing plasma sheet particles become more energized after onset 

[Kauristie et al., 2000], particularly in the postmidnight region where the 

poleward portion of the oval can be weak.  Our study thus is in line with 

the majority of previous evidence that polar cap flux is only weakly 

affected by onset. 

   It is still possible that some particular combination of state variables �  say 

a highly stretched magnetotail coupled with an insufficiently large polar 

cap, to choose a concrete example �  might imply onset.  Preliminary work 

along these lines does not seem promising.  The relationship between b2i 

and F c is linear and quite similar for the entire year of 1997 and for the 

subset of times near onset. 

 

4.  Global  Auroral  Power versus b2i   and polar cap size 

 

   We now turn to an aspect of the magnetospheric-ionospheric system for 

which b2i and F c prove to have far better predictive capability, namely 

predicting global auroral power dissipation.  Here, instead of trying to 

predict the precise substorm onset time, b2i and F c are used to predict total 

auroral power dissipation averaged over 40 minutes.  Auroral power has 

long been regarded as one of the major magnetospheric output variables 

[e.g., Perrault and Akasofu, 1978].  Certainly one expects that candidate state 

variables should have some meaningful correlation with the output 

variables. 

   References to the techniques and procedures used in calculating the Polar 

UVI auroral power dissipation database are given in Section 2.1.  Because 

often only a portion of the oval is imaged, restricting the data used to those 

cases where the entire oval is imaged would limit statistics.  Instead we 
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broke the auroral power up into sectors, and calculated nightside power 

separately for premidnight and postmidnight.  This greatly improved the 

number of matching cases (b2i, polar cap size, and auroral power all 

available).  The results proved essentially identical for correlations 

premidnight and postmidnight.  Fewer cases exist w ith substantial dayside 

oval coverage, and auroral power is far lower on the dayside.  Thus only 

nightside auroral power dissipation is considered here. 

   The Polar UVI image data has much better time resolution (~1 minute) 

than does the polar cap flux or b2i data set.  Therefore 40 minute averages 

were used for the UVI image data.  A total of n=638 distinct data point 

triplets (for which auroral power, b2i, and polar cap flux were all 

determined) were used for the statistics described in this section. 

 

4.1  Polar UVI  Observed Auroral  Power Dissipation versus DM SP 

Determined Polar Cap Size 

 

   Figure 6 shows the results of correlating polar cap flux (from DMSP 

boundaries) w ith premidnight auroral power (from the UVI imager).  The 

correlation is fairly good, namely r=0.72.  (Points along the y=0 axis in 

Figures 6 and 7 represent instances of no data within a bin.  Since all 

correlations reported are with the original sample population, not w ith the 

averages, these cases of no data are not included in the fits.)  Notice that at 

higher values of F c, auroral power consistently exceeds the linear fit shown 

on the figure.  In fact, we confirmed that the correlation is actually better 

between F c

2 and auroral power than is a linear fit w ith F c.  Specifically, a fit 

to the polar cap flux squared improves the correlation coefficient to r=0.74.  
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In this latter case however, observed auroral power for the highest values 

of polar cap flux actually lies below the correlation fit line. 

   The reason for the non-linearity is not clear. Some speculation that the 

energy released in a substorm is proportional to the polar cap area squared 

does exist in the literature [Lewis, 1993], but it could hardly be said to have 

been demonstrated.  A lso, much auroral power is not attributable to 

explosive release.  Total auroral power output probably is directly 

correlated with total magnetic energy stored in the magnetotail, namely 

~BT

2A T, but it is not obvious how this latter quantity relates to ionospheric 

observations. 

   The magnetic energy associated with the open polar cap area (A ion) at 

ionospheric levels is straightforward, namely, Bion

2A ion = BionF c.  This does 

not necessarily predict the energy in the magnetotail.  The magnetic flux, 

F c, which is BionA ion, is constant between the ionosphere and magnetotail.  

A las Bion

2A ion is not. 

  Perhaps the non-linearity is a numerical accident, but the same surplus of 

auroral power above the linear fit at high values of F c is observed 

postmidnight as well (not shown). 

 

 

4.2  Polar UVI  Observed Auroral  Power Dissipation versus b2i  

 

   Figure 7(a) shows the correlation between b2i and premidnight auroral 

power.  The correlation is excellent, namely r=-0.76 (the correlation is 

negative because lower latitudes for b2i implies a more stretched 

magnetotail).  The relationship between b2i and auroral power is linear.  

Again, the correlations reported here are sample correlations; thus the 
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curve fit is to the original data, and not w ith the plotted mean in each bin.  

The points along the y=0 axis are bins with no data, and so of course do not 

form part of the fit or sample correlations. 

   Postmidnight auroral power is largely due to drifting high-energy 

plasma sheet electrons (diffuse aurora); while premidnight auroral power 

is largely due to discrete aurora.  One might expect on a priori grounds for 

discrete aurora to be more closely related to magnetotail stretching (since 

discrete aurora involve strong Birkeland currents).  This is not the case in 

our data set.  Figure 7(b) is a plot of b2i versus postmidnight auroral 

power; here the correlation is actually slightly higher (r=-0.77).  However 

both the discrete (premidnight) and diffuse (postmidnight) auroral power 

correlate approximately equally well w ith magnetotail stretching. 

 

5.  Discussion and Summary 

 

The Polar UVI (ultraviolet imager) instrument provides unprecedentedly 

accurate global monitoring of key aspects of magnetospheric dynamics.  

Specifically, a key output variable of the magnetospheric system, namely 

global auroral power, is readily determined (or, allowing for field-of-view 

restrictions, at least the nightside oval where most of the dissipation occurs 

can be often tracked, and somewhat less often the dayside as well).  

Likewise the explosive release of stored magnetotail lobe magnetic field 

energy called substorms can be timed with Polar UVI w ith unusually good 

accuracy [Liou et al., 1999].  (Other global imaging systems such as the x-ray 

imager Pixie on Polar may provide even better temporal resolution). 

   Characterizing the magnetospheric system requires input variables (the 

solar w ind), output variables (including auroral power, measured by UVI), 
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and state variables, including polar cap flux, F c, and the proxy index for 

magnetotail stretching (b2i).  The two particular state variables studied 

here, which are determined from the particle detectors on board the DMSP 

series of satellites (Defense Meteorological Satellite Program), do not 

provide much predictive power in determining the precise time of a 

substorm onset.  Part of this is likely due to the coarse time resolution at 

which they were determined (~1 hour for oval position, and about 30 

minutes for b2i). 

   Our results still make it clear that substorms occur under a variety of 

magnetospheric conditions.  As expected, more substorm onsets occur 

when the polar cap size is larger than when it is smaller, but the difference 

is not sufficient to be predictive. 

   The Polar UVI determined nightside auroral luminosity, when averaged 

over 40 minutes, is much better predicted by F c, and b2i than by any 

combination of solar w ind variables.  The sample-population correlations 

of premidnight auroral luminosity w ith F c and b2i are 0.72 and � 0.76 

respectively (for a data base consisting of n=638 independent observations 

of all three quantities in 1997).  These results are very encouraging.  Each 

state variable alone accounts for more than half the variance in auroral 

luminosity (r2 > 0.5).  A multiple regression improves the correlation, to 

0.81, meaning that collectively these two variables account for 2/ 3 (r2 = 

0.66) of the variance in nightside auroral power. 

   Interestingly the cross correlation between b2i and F c is lower (r=-0.66) 

than that between either of these two variables and auroral luminosity. 

   There has been a long debate in the community between what fraction of 

the magnetospheric output is directly driven by solar w ind input, and 

what fraction is released in explosive loading and unloading mechanisms.  
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At times the magnetosphere appears to be a completely driven system 

[e.g., Shue et al., 2000b], but this is obviously often not the case.  Our results 

may seem to support the directly driven model, but in fact they do not. 

   The present results do demonstrate that the majority of nightside auroral 

luminosity variance can be predicted by knowing either the size of the 

polar cap, or how stretched the magnetotail is.  Notice however that 

predicting auroral luminosity from monitoring magnetospheric state 

variables is quite distinct from predicting luminosity from monitoring solar 

w ind input.  It is the latter condition that implies a directly driven state.  

Indeed, the sample correlation between nightside luminosity as observed 

by Polar UVI and solar w ind input [Liou et al., 1998] is far lower (typically 

0.4 to at most 0.6, depending on the combination of input variables used 

and the fitting functions).  Thus no combination of solar w ind input 

variables produced a predictive capability of better than about 1/ 3 of the 

nightside auroral power variance.  (The IMF comparisons of Liou et al. 

[1998] were done using IMP-8 data suitably lagged to minimize the 

possibility of the monitored solar w ind differing from that actually 

encountering the Earth, but this discrepancy can still occasionally happen, 

adversely impacting the IMF correlations). 

   By contrast, a simple linear correlation of b2i and F c accounts for 2/ 3 of 

nightside power variance.  It is thus reasonable to expect that a space 

weather system which includes the type of nowcasting available from 

analyzing the DMSP particle data set can predict magnetospheric behavior 

much better than does a system relying on solar w ind inputs alone. 

   Doubtless other state variables for the magnetosphere also exist.  But the 

fact that auroral luminosity can be substantially predicted from b2i and F c 
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clearly suggests that these variables do indeed characterize the state of the 

magnetosphere, at least in substantial part. 
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 1984 1992 1993 1994 1995 1996 1997 1998 

Flux 

MWb 

489 
� 155 

510 
� 193 

485 
� 166 

488 
� 163 

427 
� 155 

404.4 
� 133 

422�  

148 

464 
� 169 

b2i 

MLAT 

64.3o 
� 2.2 o 

63.8 o 
� 2.9 o 

64.3 o 
� 2.6 o 

64.1 o 
� 2.8 o 

65.0 o 
� 2.3 o 

65.5 o 
� 1.8 o 

65.4 o 
� 2.3 o 

64.7 o 
� 2.7 o 

 

 

Table I. Yearly average values for polar cap flux and magnetotail stretching 

index.  Larger polar cap fluxes and lower latitudes for b2i both indicate 

more active years. 
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Plate Caption 

 

Plate 1.  Polar UVI image on Dec 7, 1996, at 2320 UT.  Auroral intensity, as 

measured through the LBH-L filter used here, is proportional to total 

precipitating electron energy flux.  
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Figure Captions 

 

Figure 1.  A multi-point fit to the auroral oval, from the DMSP F12 and F13 

satellites. 

 

Figure 2. Distributions of polar cap flux, F c, for (a) 1992 (an active year) 

and (b) 1997 (a quiet year).  Notice the asymmetry, w ith a clear large-polar 

cap size tail. 

 

Figure 3.  The distribution of F c around onset.  The mean (455� 143 MWb) 

is somewhat higher average for 1996 and 1997. 

 

Figure 4.  The distribution of b2i for (a) 1992, an active year; and (b) 1997, a 

quiet year. 

 

Figure 5.  The distribution of the magnetotail stretching index (a) prior to 

and (b) subsequent to a substorm onset. 

 

Figure 6.  Correlation of polar cap flux w ith premidnight auroral power.  

Bins with no data are plotted as zeros but not included in the fit (which is 

to the original sample population). 

 

Figure 7.  (a)  Premidnight auroral power versus b2i.  (b)  Postmidnight 

auroral power versus b2i. 
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