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DP2 TYPE ELECTRIC FIELD FLUCTUATIONS OBSERVED BY FM-CW HF RADAR NETWORK
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Konebanus DP2 wnabriwodanuce u 6viiu cmamucmuyecku HPOAHATUZUPOBAHbI HA OCHOBE OAHHBIX
padapa na cmanyusx PTK (Tlapamynxa) u SAS (Cacazypu) u macnumnvix oannsix ¢ cemu MAGDAS/CPMN.
Coomuowenue amaumyo konebanutl d1ekmpuyeckozo noias DP2 na wnounou cmopowne, nabaooaemou Ha
cmanyusx PTK u SAS, k konebanusm maznumno2o nojs, HaOM00AeMblX HA OHEBHOU CMOPOHE IKeamopd,
cocmasnsiem 0,107 mB/m/mT u 0,030 mB/m/nT, coomeemcmeenno. Amnaumyoa KoneOAHUU INEKMPULECKOSO
nonsi DP2 ymenvwanace ¢ ymenvuienuem wupomsl 6 uorocepe ma HOuHOU cmopoHe. B nabrooaemvix
COOLIMUAX COOMHOWEHUE AMNIUMYObl KONeOAHUI INeKMpUieckoeo noisi Ha 26 2padycax eeoMacHumuoll
wupomsl K amniumyoe Ha 46 epadycax 6winio
npumepno 1/4. Hcnonvzys Oanuvie H0O8020
paoapa MNL, maxoe owce conocmasnerue
b6ydem  pacuupeHo 00  IKEAMOPUATLHOU oof 5
obnacmu.

DP2 type geomagnetic fluctuations

are characterized by quasi-periodic variations
with time scales of about 30 minutes to several
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hours, and appear coherently in high latitudes a0k
and the dayside dip equator [Nishida, 1968a].

Southward turnings of the interplanetary -6of
magnetic field are main cause of DP2 i

fluctuations [Nishida, 1968a, Sibeck et al.,  * o & 10 & 20 3
1998]. Therefore, DP2 type geomagnetic

. . . - ! Figure 1. FM-CW HF radars are located at the mid-latitude
fluctuations are associated with field aligned d

currents between the magnetosphere and the station PTK, Russia, the low latitude station SAS, Japan, and the
polar ionosphere. Field aligned currents impose near equatorial station MNL, Philippine. Geomagnetic latitude

a dawn-to-dusk and/or a dusk-to-dawn electric @€ 46, 26, and 6 degrees, respectively.
fields on the polar ionosphere. These electric

fields penetrate instantaneously to the middle, Vertical component
low, and equatorial ionosphere and cause east- E of B dri
. . . . x B
west electric field fluctuations in both the
dayside and the nightside ionosphere. It shows
E  Rastward

an energy transfer process from the
magnetosphere to the low-latitude ionosphere
through the polar region.

In order to observe ionospheric electric field
variations even in the nighttime, the direct
observation of the ionosphere by the HF radar is North
needed. The FM-CW (Frequency Modulated
Continuous Wave) HF radar chain has been
developed along the 210 magnetic meridian  Figure 2. The FM-CW HF radar observes the vertical drift
(Figure 1). Our first radar was installed at velocity of the reflecting layer in the ionosphere by using the
Sasaguri (Geomagnetic Latitude = 26), Japan in  Doppler shift of the received wave frequency. When the
2002. The second radar was installed at eastward electric field is imposed in the ionosphere,

Paratunka (Geomagnetic ~Latitude = 46), jonospheric plasma moves north upward by E x B drift. It
Kamchatka, Russia in 2006. And the third radar  c4,ses upward motion of the ionosphere.
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was installed at Manila (Geomagnetic Latitude
= 6), Philippine in 2009. The MAGDAS FM-
CW radar network covered widely from 6 to 46
degrees geomagnetic latitudes.

The FM-CW HF radar is a kind of the
ionosonde. The radar transmits high frequency
wave to the ionosphere and observes the
Doppler shift of the received wave frequency
which is reflected by the F region ionosphere
(Figure 2). The magnitude of the Doppler shift
of the received wave frequency corresponds to
the vertical drift velocity of the reflecting layer
in the ionosphere. The ionospheric plasma is
moving by the E x B drift, where B is the local
ambient magnetic field. The east-west electric
field becomes a possible source of the vertical
drift of the ionospheric plasma in the low
latitude ionosphere. According to this feature of
the low latitude ionosphere, the FM-CW HF

radar can observe east-west electric field
fluctuations.

Our FM-CW HF radar observes ionospheric
fluctuations continuously. Observed data is
processed automatically at the station.
Processed data is sent in real time to the data
server of Space Environment Research Center,
Kyushu University through the internet.
Detailed information of the radar network is
shown on the SERC web page at the following
address.

http://denji102.geo.kyushu-
u.ac.jp/radar/radar.html

As the first example of observational results
of FM-CW radar, DP2 events occurred on April
1, 2007 are shown in Figure 3. The FM-CW
radar at Sasaguri station was not in operation
during this period. Then the electric field data
observed by the Paratunka radar is only shown
in this figure. DP2 type magnetic fluctuations

were observed clearly in the H component of
magnetic data at the dip equator station Ancon
(ANC), Peru in the dayside hemisphere during
this period. The amplitude enhancement of DP2
fluctuations was also seen at ANC. The positive
intensification of DP2 fluctuations at ANC
implies that the eastward electric field is
imposed into the dayside equatorial ionosphere.
DP2 type fluctuations of the electric field in the
F region ionosphere were observed by the FM-
CW radar at PTK located in the nightside. Peak
to peak amplitudes of electric field fluctuations
were about 4 mv/m.

DP2 fluctuations of magnetic H component
at dayside equator ANC and westward electric
field at nightside mid latitudes PTK were well
correlated. It seems that the dawn to dusk
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Figure 3. The magnetic H component at ANC, and the westward
ionospheric electric field at PTK. DP2 type fluctuations were
coherently seen.
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Figure 4. Scatter plot of DP2 amplitude at PTK in the
nightside and those at ANC in the dayside.
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Figure 5. The magnetic H component at ANC, and the
westward ionospheric electric field at SAS. DP2 type
fluctuations were coherently seen.
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electric field was imposed at both dayside equator and nightside mid latitudes.
Amplitude of magnetic fluctuations observed

at ANC and electric field fluctuations observed 10

at PTK were compared. For example, observed mv/m

amplitudes of the DP2 fluctuation around 1400

in Figure 3 are 33nT at ANC, and 5.0 mV/m at 8|

PTK, respectively. Figure 4 shows the scatter

plot of DP2 amplitudes of the ionospheric

electric field at PTK in the nightside and those 6

of magnetic field variation at ANC in the

dayside. 32 DP2 events were observed both at SAS

ANC and PTK simultaneously, by using 4

observed data from 2006 to 2008. Mean .

amplitude ratio of the electric field fluctuations .

at PTK is 0.107 mV/m to 1.0 nT of magnetic

amplitude at ANC. [ .
Similar DP2 type fluctuations of the

westward electric  field in the F region

ionosphere and the magnetic field H component 0

on the ground were observed at the low latitude

station Sasaguri (SAS, geomagnetic latitude =

26 degrees) and at the equatorial station ANC, _ i _ o

respectively, on May 6, 2003 (Figure 5). SAS Figure 6. Scatter plot of DP2 amplitude at SAS in the nightside

and ANC were located in the nightside and the ~and those at ANC in the dayside.
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dayside, respectively, during this period. Peak to

peak amplitudes of electric field fluctuations at mV/me-nT
SAS are about 2 mV/m in this event. As the 1.0
previous event, DP2 fluctuations of the
magnetic H component at dayside equator ANC
and the westward electric field at nightside low
latitudes were well correlated.

Amplitudes of magnetic  fluctuations
observed at ANC and electric field fluctuations
observed at SAS were compared. For example,
observed amplitudes of DP2 fluctuations around ,
1800 in Figure 5 are 69 nT at ANC, and 2.9 SAS/ANC ,'
mV/m at SAS, respectively. Figure 6 shows the ¢
scatter plot of DP2 amplitudes at SAS in the
nightside and those at ANC in the dayside. 6
DP2 events were observed both at ANC and 0.01 . , . , , , , ,
SAS simultaneously, by using observed data 0 10 20 30 40 50 60 70 80 80
from 2003 to 2005 and 2007 to 2008. Due to G.M. Latitude
smaller amplitude of electric field fluctuations
at SAS, the number of detectable DP2 events in
this station pair became small. It is not enough
to discuss statistically the amplitude ratio
between SAS and ANC. However, mean
amplitude ratio of the electric field fluctuations at SAS is estimated from these data about 0.030 mV/mto 1.0 nT
of magnetic amplitude at ANC. It seems that the amplitude of electric field fluctuations at SAS is smaller than
those at PTK.

DP2 fluctuations were observed and were statistically analyzed by using the FM-CW radar data at PTK and
SAS stations and the magnetic data observed ANC by the MAGDAS/CPMN network. The amplitude ratio of
DP2 type electric field fluctuations in the nightside observed by the FM-CW radar at PTK and SAS to magnetic
field fluctuations observed at the dayside equator ANC are 0.107 mV/m nT and 0.030 mV/m nT, respectively.
The amplitude of DP 2 electric field fluctuations decreased with decreasing latitude in the nightside ionosphere.
From these observed events, amplitude ratio of electric field fluctuations in the ionosphere at 26 degrees
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Figure 7. The amplitude ratio of DP2 fluctuations between PTK
and ANC and that between SAS and ANC were shown as a
function of geomagnetic latitude.
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geomagnetic latitude to those at 46 degrees was estimated about 0.28. This ratio means the attenuation of the
electric field from 46° to 24° geomagnetic latitude in the nightside.

Kikuchi et al. [1978] estimated the geometrical attenuation of penetration electric field from polar region to
the equator with decreasing latitude. Our observational result of attenuation of DP2 electric field amplitude in
the nightside is comparable to their result.

In May, 2009, the third FM-CW radar was installed at near equatorial station at Manila, Philippine. By using
this new radar data, similar comparison of amplitude attenuation will be extended to the equatorial region.
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Mbl npogoounu cmandapmuvie usMepeHusi cpeovl 2eoKocmoca Ha wupomax Jlanbheeo Bocmoka
Poccuu u Anonuu ¢ 2007 200a ucnonv3ys namopamuvie Kamepvl C8eHeHUs ammocgepvl U UHOYKYUOHHBIX
Macnumomempog 8 compyonuswecmege ¢ Uncmumymom Kocmogusuueckux Hccreoosanuii u Pacnpocmpanenus
Paouoeonn, Jlarenesocmounoe Omoenenue Poccutickoti Axademuu Hayx. C nomowpio Habmiodenuil ¢
nonyyenuem uzoopaxcenull ceeuenuss ammocpepuol Ha 630 HM, 8 HOUHOE BPEMSL HACTO PE2UCMPUPYIOMCS CPEOHe
macuimabuvle  nepemewaiowuecs — uonocepuvie  gosmywenus  (MSTIDS).  MSTIDsS 6  ocrosnom
PACNPOCMPAHSIOMCSL 8 10JICHOM Hanpasienuu Hao Anonuetl, 6 mo epems xax nao Hanvnem Bocmoxom Poccuu
nexomopwvle MSTIDS pacnpocmpansiiomesi 8 cegepHoOM HANPABNIEHUU, YKA3bIBAs. HA MO, YMO HANPAGIeHUe
PACNpOCmpaneHusi umeem wupomuyio pasuuyy. MHOyKyuonnble MacHUmomMempobl UsMEPSIOM 2e0MACHUMHbLE
nyrvcayuu  Pcl, xomopvle pacmpocmpauaiomcss OH  GblCOKUX WUPOM K HUBKUM, MEHss napamempbl
noxsipusayuu. B omom npedcmasnenuu mvi 0aem 0630p dMuUX HEOAGHUX pPe3yAbMAaAmos, NOJYUEHHbIX Om
Habmooenuii wa Janvnem Bocmoxe Poccuu u 6 Anonui..

1. Introduction

In order to measure ionospheric/atmospheric disturbances and geomagnetic pulsations in the longitudes of
Far-East Asia, we have newly installed two all-sky airglow imagers and two induction magnetometers at
Stecolny near Magadan (MGD, 60.05N, 150.73E, November 4, 2008-) and Paratunka (PTK, 52.97N, 158.25E,
August 17, 2007-). The stations are shown in Figure 1. The circles indicate the field-of-view of the airglow
imagers (r=500 km). The induction magnetometers were installed at MGD, PTK, Moshiri (MSR, 44.37N,
142.27E, July 14, 2007-), and Sata (STA, 31.02N, 130.68E, September 5, 2007-). MGD and PTK are in the
field-of-view of the SuperDARN Hokkaido radar which is located at Rikubetsu (RIK, 43.5N, 143.8E).
From these observations, several new results were obtained. In this presentation, we show some results
regarding the medium-scale traveling ionospheric disturbances (MSTIDs) and Pc1 geomagnetic pulsations.



