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There are more dayside crossings than nightside due to the orbital path 
of Geotail. Its orbit is mainly equatorial, and its apogee covers all 
magnetic local times in the course of a year. 

Solar cycle in�uences on the shape and location of the Earth’s magnetopause
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The location of the magnetopause is governed by a combination of 
internal magnetospheric and external solar wind parameters. While the 
dependence on upstream solar wind dynamic pressure, Pdyn, and 
direction of the interplanetary magnetic �eld (IMF) BZ component have 
been the subject of many studies, few have characterised the in�uence of 
internal parameters. 

We employ an automated routine to identify magnetopause crossings 
made by the Geotail spacecraft over almost two solar cycles. A total of 
8561 crossings are found where upstream solar wind data are available. 

To investigate how the magnetopause location changes with solar cycle, 
we �rst �nd out how it varies with the upstream Pdyn; the main driver of 
magnetopause motion. This is done by �tting the Shue et al. [1997] 
function to our dataset and allows us to predict where the 
magnetopause should be based on Pdyn. We then explore how its shape 
and location varies over a solar cycle and other parameters.

The automated routine identi�es magnetopause crossings based on 
magnetic �eld and plasma measurements from the Geotail spacecraft. 

It is applied to 20 years of data (1996 - 2015) and 8561 magnetopause 
crossings are identi�ed with corresponding upstream solar wind data 
from the OMNI dataset. Below are the complete set of crossing locations: 
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Figure 1. Complete set of detected magnetopause 
crossings in the X-Y, X-Z, Y-Z and X-ρ planes. The 
coordinates have been aberrated to correct for the 
motion of the Earth around the Sun.
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3. Solar cycle dependence

6. Conclusions

4. Finding the dependence on solar wind dynamic pressure

The function de�ned by Shue et al. 
[1997] describes the shape and 
location of the magnetopause and is 
derived from in situ spacecraft data. 
It is given by r = r0 ( 2 / [1 + cosθ ] )α , 
where r0 is the magnetopause 
stando� distance and α is the level 
of �aring in the magnetotail. 

We separate our crossings into 1 
nPa Pdyn bins and �t the Shue et al. 
function to each set. 

r0 and α are calculated as follows: 
 
                   r0 = 10.89 Pdyn 

             α = 0.59 - 0.008 Pdyn 
As solar wind pressure increases, 
the magnetopause stando� 
distance moves closer to the 
planet and the magnetotail 
compresses. This can be clearly 
seen at the two solar maxima. 

During solar minimum, the 
magnetopause in�ates. 

It is clear however, there are other 
factors causing magnetopause 
motion. 
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Figure 3. 12 month sliding average sunspot numbers are calculated from the 
WDC-SILSO database, and 12 month sliding average BT, |VX| and Pdyn are 
calculated from the OMNI dataset. Red (grey) indicates results from this study 
(Shue et al. [1998] study). 
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Figure 2. The above two plots show all of the crossings identi�ed in 2000 and 2009 colour coded with solar wind dynamic pressure 
(from the OMNI dataset). Plotted on top are a model bow shock (Peredo et al., 1995) and model magnetopause (Shue et al., 1998) 
which are based on the average solar wind conditions for the crossings in each year.

At solar maximum we see higher solar wind dynamic pressures and the magnetopause is located 
closer to Earth. The solar minimum in 2009 was much deeper than previous solar minima. We see 
low dynamic pressures and an in�ated magnetosphere. 

The predicted magnetopause location is calculated for each crossing, based on Pdyn.  
The distance between the actual crossing location and this expected location is 
presented below in the Figures 4a-d, along with the corresponding IMF BZ, the dayside 
reconnection rate, φD, the SYM-H ring current index, and the open �ux content 
(measured by auroral images), respectively. The crosses and error bars indicate the 
median and interquartile ranges for each row.
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Figure 4a. We observe a 
compression of the day-
side magnetopause when 
the IMF BZ is directed 
southwards. The nightside 
magnetopause is much 
more varied in compari-
son.  

Figure 4b. As the dayside 
reconnection rate, φD, in-
creases, i.e. more magnet-
ic �ux is being eroded, the 
dayside magnetopause 
moves closer to the 
planet. 

Figure 4c. During dis-
turbed times when SYM-H 
decreases, we see a slight 
compression of the day-
side magnetopause and 
an in�ation of the night-
side magnetopause. We 
believe this can be attrib-
uted to an enhanced ring 
current. 

Figure 4d. The IMAGE sat-
ellite was in operation for 
a much shorter period 
than Geotail and hence 
we have fewer crossings. 
When there is more open 
�ux in the magneto-
sphere, the dayside mag-
netopause is eroded. The 
nightside magnetopause, 
however, is expanded.   

a.

b.

c.

d.

Pdyn plays a vital role in ordering the magnetopause shape and location. This study 
shows that during periods of strong (weak) Pdyn, the magnetopause is compressed 
(in�ated) at both the dayside and nightside, unlike previous studies.
The erosion of the dayside magnetopause during periods of southward IMF BZ is 
clearly seen in both Figures 4a and 4b. In comparison, the nightside magnetopause 
is much more malleable.
During geomagnetic storms the ring current becomes enhanced and the perturbed 
magnetic �eld outside the ring current acts to in�ate the magnetopause. This is 
visible in Figure 4c.
Figure 4d shows that as the amount of open �ux in the magnetosphere increases, 
the dayside magnetopause erodes and the nightside magnetopause expands. 
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5. Dependence on other parameters

2. Magnetopause crossing detection
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