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Transport in the Coupled Solar Wind - Geospace System 
Seen From a High-Latitude Vantage Point

The Greenland Space Science Symposium, to be held 4-9 May 2007 in Kangerlussuaq, 
Greenland, will strive to advance our understanding of solar-terrestrial interaction by 
focusing on old and new observations from very high latitudes, as well as related theory, 
modeling, and numerical simulations. The meeting will provide opportunity for 
presentations from, and coordination between, existing and planned networks of ground-
based instruments and space probes. Modeling results indicating specific needs for 
additional data acquisition to address scientific issues and/or to validate models are also 
particularly relevant.

Greenland was selected as the symposium location to celebrate the rich history of 
Greenland as a base for scientific instruments providing a window into the geospace system. 
The symposium is planned as part of the International Polar Year 2007-2008.
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Outline of today’s talk
Ø Previous works before our study.

Ø Geomag. features of Syowa – Iceland conjugate pair

Ø Brief review of our conjugate auroral studies so far

☆　Conjugacy in MSP (Meridian Scanning Photometer) data

☆ Morphology using ATV (All-sky TV) data

☆ Conjugacy of Pulsating aurora

Ø Summary



by Natsuo Sato

Conjugate Observation
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Geomagnetic mapping

Conjugate Stations 

Alaska
New Zealand



Previous Study during IGY period

All-sky camera data on March 13, 1958 　(DeWitt, JGR, 1962)
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Conjugate auroral study using the data during IGY period

Belon et al., JGR, 1969

Syowa – Iceland 
conjugate All-sky data 

during IGY period

6 nights



Belon et al., JGR, 1969

Previous Study using the Jet Aircraft Flight
between Alaska – New Zealand during 1967～1971 (18 flights)

along 256º MM



Previous Study using the Jet Aircraft Flight

Stenbaek-Nielsen et al., JGR, 1972

Pulsating 
Aurora

Small
WTS

Motion of Conjugate Points during Substorm



Stenbaek-Nielsen et al., JGR, 1972

Time difference (～5 min) of the breakup start

Previous Study using the Jet Aircraft Flight



Stenbaek-Nielsen et al., JGR, 1973

Intensity difference  N > S  (x ～ 1.3)

Previous Study using the Jet Aircraft Flight



Difference in B at conjugate points and Auroral Occurrence

Stenbaek-Nielsen et al., JGR, 1973



Theoretical Estimate of the Intensity Ratio

Stenbaek-Nielsen et al., JGR, 1973

for Strong diffusion & Isotropic flux If there is potential difference



Syowa-Iceland Conjugate Observation

² 1977～1978 :  First campaign 
IMS (International Magnetosphere Study) period 
Only summer time;  Husafell ～ Syowa

² From 1984 : Continuous observation
Collaboration with Iceland University
Husafell, Isafjordur, Tjornes

～ Syowa, Mizuho, Molodezhnaya 
Instruments:

Fluxgate, Induction, Riometer, VLF, All-sky camera,
All-sky TV, Scanning photometer (Hβ, 5577), 
Fixed photometers (zenith, N30º, S30º)



Syowa-Iceland Conjugate Observation
Station distribution in 1984



Conjugate Stations
Husafell Tjornes

Syowa



Block diagram of the Iceland system in 1984
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Geomagnetic mapping

Conjugate Stations 



SuperDARN radar in both hemispheres

Syowa

Iceland



Imaging Riometer network

Yamagishi et al.,APUAR, 2000



Secular variation of the conjugate point of Syowa

Ono, Memoirs of NIPR, 48, 1987
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Secular variation of the magnetic field

Ono, Memoirs of NIPR, 48, 1987
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Seasonal & Daily variation of the conjugate point of Syowa

Ono (Memoirs of NIPR, 48, 1987)
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Activity dependence of the Daily variation

Fujita et al. (Antarc.Rec, 42, 1998)at 90 km using Tsyganenko (1989)

June, 1992
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All-Sky Image and Geomagnetic mesh
at 120 km altitude

TJORNES SYOWA

at 23:23:00 UT on Sep. 26, 2003
Magnetic zenith



Difference in FOV on Geomagnetic plane

TJORNES SYOWA

at 120km at 23:23:00 UT on Sep. 26, 2003  (elevation > 10ﾟ)

x 1.4

x 1.0



Difference in B & ∇B



Syowa-Iceland Conjugate Study

Published refereed papers : 136

u Magnetic Pulsation : 38
u ELF/VLF wave : 26
u Aurora : 23
u Project report, introduction : 13
u SuperDARN : 13
u Magnetic DC variation : 7
u Imaging Riometer (IRIO) : 7
u Balloon : 5
u CNA : 2
u Satellite : 2



Conjugacy in MSP data
Pre-breakup Breakup Post-Breakup

Makita et al. (Memoirs of NIPR,18, 1981)

Similar as a whole.
However, small scale variation is frequently different.

557.7 nm



Recovery Phase During positive ΔH

Makita et al. (Memoirs of NIPR,18, 1981)

557.7 nm

Non-conjugacy in MSP data



Comparison between Proton and Electron aurora

Hβ

Sato et al. (GRL,13, 1986)

At the breakup phase, Hβ at HUS is higher than at SYO.

557.7 nm (OI)



Comparison between Proton and Electron aurora
Hβ

Sato et al. (GRL,13, 1986)

During expansion phase, poleward Hβ is enhanced.
Equatorward Hβ is diminished within the pulsating auroral region.

557.7 nm (OI)



Non-conjugacy in MSP does not mean real non-conjugacy
Sato et al. (Memoir of NIPR,48, 1987)

Longitudinal displacement of the westward drifting N-S aurora

HUS

SYO



MSP and Magnetic variation

Sato et al. 
(Memoir of NIPR,48, 1987)

Pi2, Pi1B, Pi1C,
Westward electrojet,
Counter electrojet

All are very similar, 
and well correspond 
to auroral variation



Morphology Study using ATV (All-sky TV) data

Fujii et al. (Memoir of NIPR,48, 1987)

Large scale similar, Small scale dissimilar
HUS: homogeneous,  SYO: ray structure & curls

Before onset



Similarity and Dissimilarity

Fujii et al. (Memoir of NIPR,48, 1987)

Eastward motion similar,  Vortex (fold) scale dissimilar : HUS > SYO
& Longitudinal displacement

After onset



Conjugacy and Non-conjugacy of small breakup
Sato et al. (JGR, 103, 1998)

Non-conjugate auroral breakup. Breakup started earlier at Syowa..... 

HUS

SYO

HUS

SYO

Sep. 12, 1988

But ... seems a little subjective ... ?



Non-conjugate breakup ?
Sato et al. (JGR, 103, 1998)

HUS

SYO

If A’ is this part, 
conclusion becomes 
different.......

and, breakup time 
definition is a little 
delicate problem .......

HUS ?SYO ?

?



Conjugacy of small breakup

Sato et al. (JGR, 103, 1998)

Latitudinal scale is different, larger than the difference in B & ∇B

HUS

SYO

HUS

SYO

Sep. 12, 1988 Geographic coordinate



Large longitudinal displacement

Minatoya et al. (JGG, 48, 1996)

Large displacement : ～1 hr
During recovery phase of large substorm

Asuka Syowa Husafell



Large longitudinal displacement
Minatoya et al. (JGG, 48, 1996)



Large longitudinal displacement
Minatoya et al. (JGG, 48, 1996)



Large longitudinal displacement

Minatoya et al. 
(JGG, 48, 1996)

Keogram

Asuka

Syowa

Husafell

Sep. 10, 1991



Longitudinal displacement depending on the IMF clock angle 
Østgaard et al. (JGR, 2004)

IMF By < 0, Bz < 0



Longitudinal displacement depending on the IMF clock angle 

X

X

tail view

IMF By > 0

IMF By < 0
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Large longitudinal displacement due to IMF ?

Østgaard et al. (JGR, 2004)

for 1 hr
θc = 261 deg

Observed displacement is larger 
than the clock angle effect.



September 26, 2003 event :
The best conjugate event in the 22 year history

Iceland (Tjornes) SYOWA
Sato et al. (GRL, 32, 2005)



Finding one-to-one correspondence
Tracing temporal variation of conjugate location



Tracing temporal variation of conjugate location of Syowa

Sato et al. (GRL, 32, 2005)

Clear displacement appears during recovery phase.
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Conjugacy of Pulsating Aurora

Fujii et al. (GRL, 14, 1987)

Patchy Type



Conjugacy of Pulsating Aurora

Fujii et al. 
(GRL, 14, 1987)

Patchy Type

Appears almost 
simultaneously 

in phase



Conjugacy of Pulsating Aurora

Fujii et al. (GRL, 14, 1987)

Expansion Type



Conjugacy of Pulsating Aurora

Fujii et al. (GRL, 14, 1987)

Expansion Type

Often appears almost  out of phase



Conjugacy of Pulsating Aurora Minatoya et al. (JGG, 47, 1995)

HUS

SYO

Correlation is poor in every aspect ;
spatial pattern, periodicity, period

Mean Intensity Deviation Periodicity Period



Conjugacy of Pulsating Aurora Minatoya et al. (JGG, 47, 1995)

HUS

SYO

Correlation is poor in every aspect ;
spatial pattern, periodicity, period

Mean Intensity Deviation Periodicity Period



Conjugacy of Pulsating Aurora Sato et al. (GRL, 25, 1998)

HUS

SYO

Overall variations are similar.
But, correspondence of each patch is unclear.

Standard deviation



Conjugacy of Pulsating Aurora

Sato et al.
(GRL, 25, 1998)

HUS

SYO

Even if the patch shape and type are similar, period is different.

Period



Conjugacy of Pulsating Aurora Watanabe et al. 
(GRL, 2007, submitted)

Event on Sep. 26, 2003

Overall structure is 
displaced longitudinally 

about 3.6 deg.

TJR

SYO



Conjugacy of Pulsating Aurora

Watanabe et al. 
(GRL, 2007, submitted)

Shape & location are similar.
Sometimes high periodicity differently appears.

Sep. 26, 2003
Auto-correlation coefficient

TJR SYO



Conjugacy of Pulsating Aurora

Watanabe et al. 
(GRL, 2007, submitted)

Shape is similar, but period is different. 
Some appear only one hemisphere.

Sep. 26, 2003
Period

TJR SYO



Summary
Ø Large scale conjugate, small scale non-conjugate, 

is frequently observed.

Ø Large longitudinal displacement beyond the clock 
angle effect, is observed during recovery phase.

Ø Latitudinal scale difference beyond the difference in 
B and ∇B, is observed at a small breakup.

Ø As for the pulsating aurora, even if the shape and 
type are similar, other features (periodicity, period) 
are frequently dissimilar. 
Sometimes, patch appears only one hemisphere.



Summary
Ø Such dissimilarity or non-conjugacy should be 

caused by some processes between the equatorial 
plane and ionosphere.

Difference in E|| ? 
Difference in Field-Aligned Current intensity ?
Where is the source region for the pulsating auroral
modulation ?

Ø To solve these problems, simultaneous multi-point 
observation along a same field line is essential.
But .....


