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1. Substorm Onset Models  
 

I think the substorm is a release process of the energy stored in the magnetotail 
during the growth phase as a magnetic flux into the near-Earth dipolar-field region.  
During the growth phase, the magnetotail is highly compressed in GSM-Z direction by 
the dayside reconnection associated with southward Bz.  Then the pressure balance in 
the tail in GSM-X direction will become as Figure 1.   
 

 
Figure 1.  Pressure balance in GSM-X direction during the growth phase.   
 
As indicated by this equation of motion, the plasma motion in X-direction is caused 
when this balance is broken.   
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There seems to be two major models to break this pressure balance.  One is the 
near-Earth neutral line (NENL) model, which is shown in Figure 2.  

 
Figure 2. Formation of near-Earth neutral line.  
 
The recoonection at the near-Earth neutral line causes additional tension force, which 
accelerates plasma Earthward.  The accelerated plasma flow carries reconnected 
magnetic flux into the dipolar field region, where the flow is braked (e.g., Shiokawa et 
al., JGR, p.4491, 1998).  Flux pileup will occur around the braking region in the 
near-Earth tail (e.g., Baumjohann et al., JGR, p.24995, 1999).   
 
 
 
 
 
 
 
 
 
 
 
 



The other way to break the growth phase pressure balance is to reduce the pressure 
gradient force first in the inner magnetosphere, as shown in Figure 3.   

 
Figure 3. Basic concept of near-Earth onset models.  The pressure is first reduced in 
the inner magnetosphere.  This reduction causes Earthward plasma flow by the 
tension force.  This process propagates tailward, and when it reaches to 20-30Re, 
reconnection is initiated.   
 
In this model, the balance is broken when the plasma (or magnetic) pressure is reduced 
in the near-Earth tail (<10Re) by various reasons, such as current disruption (e.g., Lui 
JGR, p.1849, 1991), magnetic drift of particles during northward turning of IMF (e.g., 
Lyons, JGR, p.19069, 1995), and auroral brightening (Haerendel, ICS-1, p.417, 1992).   
 

I think most people agree that during the expansion phase, the NENL is formed in 
the region of 20-30 Re.  However, the processes at the first few minutes are still 
controversial.  One reason is that there has been no systematic (long-term) observation 
of plasma flow and magnetic and electric fields in the near-Earth tail region at X<10Re.   
 
 
 
 
 



2. A multiple Pi2 and multiple initial brightening event observed at Kotzebue, Alaska  
 

This event was observed at Koztebue (KOT), Alaska (66.9N, 197.4E, magnetic 
latitude = 64.5) on September 12, 1994.  A rough description of the event was presented 
by Shiokawa et al. (J. Geomag. Geoelectr., 48, 1407—1419, 1996).  The points extracted 
from this events are as follows.   
 
1) Multiple Pi 2 pulsations (at least 5 wave packets) occurred around a major onset of a 

substorm.  
2) Each Pi 2 wave packet has good correspondence to each small-scale auroral 

brightening and poleward motion.  Onset timming contains an ambiguity of at 
least one wave cycle.   Satellite UV images, such as those obtained by POLAR UVI 
may miss such faint variations of auroral luminosity.   

3) There are no corresponding luminosity oscillations associated with high-latitude Pi 2 
pulsation.  This result may be not consistent with the Pi 2 generation model by 
substorm field-aligned current oscillation.  

4) At the auroral initial brightening, a broad longitudinal extent (>1000 km) was 
brightened from east to west within 30s, giving a longitudinal extent (>1.4 MLT) 
and a velocity (800km/s at 10 Re) of onset process in the tail.   

 
 
Figure 1.  North-south cross section of auroral motion (Keogram) obtained at Kotzebue, 
and some high- and low-latitude magnetograms obtained at magnetic meridian of 
Alaska (KOT and EWA) and Japan (others).   
 
 
Figure 2.  30-sec resolution all-sky images of aurora obtained at Koztebue Alaska on 
September 12, 1994.  Upward is to the north and leftside is to the east.   
 
 
Figure 2 (continued)  
 
Figure 3.  Comparison between auroral intensity variation and Pi 2 pulsations.  The 
auroral intensity is obtained by integrating the counts of the all-sky auroral images 
shown in Figure 2 (30-s resolution).   
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