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The History and the Present Shape of Kakioka Magnetic Observatory
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MINAMOTO, Yasuhiro*
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Routine Geomagnetic observations in Japan were conducted by the Central Meteorological Observatory (CMO) in Tokyo fromn
1883 during the 1st International Polar Year (1882-1883). Because of deteriorations of observation conditions, CMO relocate
the geomagnetic observatory to Kakioka in Ibaraki prefecture, about 75 km northeast of Tokyo in 1913. Therefore, Kakioka
Magnetic Observatory (KMO) has the 100th anniversary of the foundation in January 2013.

Unfortunately all the written records stored at CMO before the Kanto Earthquake of 1923 and the geomagnetic records fromn
January of 1917 to August 1923 were lost by the fire caused by the earthquake. Since the last century KMO has conducted seve
major and minor developments of magnetic observation instruments.

In 1950, KMO developed a new observation instrument that incorporated a temperature compensation function and achieved
remarkable improvement in variation observation accuracy, which replaced the conventional observation instrument. For absolu
observation instruments, KMO developed the A-56 universal magnetometer in 1956.

In 1965, KMO installed the MO-P vector proton magnetometer to drastically enhance the quality of its absolute observation,
probably making it world class at the time.

In 1976, the Kakioka automatic standard magnetometer (KASMMER) was installed. KASMMER allowed KMO to provide
observation data values with a one-minute resolution. Furthermore highest time resolution data of KMO has been changed int
three seconds in 1985 and one-second in 1987.

Today, KMO conducts variation observations with a high-sensitivity tri-axial fluxgate magnetometer, which outputs 0.1 second
values. Although the fluxgate magnetometer is equipped with a monitoring device that checks inclination and temperature, th
annual temperature variation is kept withinC3 and the inclination variation is also kept stable. While, magnetic disturbances
generated by artificial sources are one of the most serious obstacles to maintain geomagnetic observations at Kakioka. Site
Kakioka is surrounded by residential land and farm, artificial disturbances such as those generated by vehicles, buildings, oth
magnetic bodies or construction work can affect observations. In order to deal with artificial disturbances, an advanced monitorin
system has worked at Kakioka since 2008.
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Application of realtime geomagnetic field data at World Data Center for Geomagnetism,
Kyoto
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IData Analysis Center for Geomagnetism and Space Magnetism, Graduate School of Science, Kyoto Uni.

World Data Center for Geomagnetism, Kyoto (WDC Kyoto), which is operated by Data Analysis Center for Geomagnetism
and Space Magnetism, Kyoto University, has been providing a leading data service for over 30 years. With the help of recen
advances in computing, WDC Kyoto started to collect 1-min geomagnetic field data in quasi-realtime via the GMS satellite/the
Internet from 1993. Kakioka magnetic observatory is one of the earliest observatories that transfer data in quasi-realtime. A
present, even 1-sec geomagnetic field data are delivered from some observatories to WDC Kyoto with a few minute delay vi
the Internet. Such collected data are mainly used (1) to display geomagnetic field variations in realtime (i.e., to display realtime
magnetograms), (2) to compute the realtime Dst and AE indices, and (3) to automatically detect a specific phenomenon relate
to substorms in realtime. These 3 products are available from the web page of WDC Kyoto (http://wdc.kugi.kyoto-u.ac.jp). In
this talk, we will introduce the logistics of realtime data handling at WDC Kyoto and discuss its future perspective.
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Geomagnetic Sudden Commencement (SC) analyzed by using data of Kakioka Geoma

netic Observatory
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Application of high-time resolution geomagnetic data to diagnosis of neutral atmospheric

waves in the upper atmosphere
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Geomagnetic detection of the sectorial solar magnetic field and the historical peculiarity

of minimum 23-24

Jeffrey Love*, E. Joshua Riglér Sarah E. Gibsoh
LOVE, Jeffrey*, E. Joshua Riglér Sarah E. Gibson

LUSGS Geomagnetism PrografiNCAR High Altitutde Observatory
1USGS Geomagnetism PrografiNCAR High Altitutde Observatory

Analysis is made of the geomagnetic-activity aa index covering solar cycle 11 to the beginning of 24, 1868-2011. Autocorre-
lation shows 27.0-d recurrent geomagnetic activity that is well-known to be prominent during solar-cycle minima; some minima
also exhibit a smaller amount of 13.5-d recurrence. Previous work has shown that the recent solar minimum 23-24 exhibited 9.
and 6.7-d recurrence in geomagnetic and heliospheric data, but those recurrence intervals were not prominently present duril
the preceeding minima 21-22 and 22-23. Using annual-averages and solar-cycle averages of autocorrelations of the historic
aa data, we put these observations into a long-term perspective: none of the 12 minima preceeding 23-24 exhibited promine
9.0 and 6.7-d aa recurrence. We show that the detection of these recurrence intervals can be traced to an unusual combinatior
sectorial spherical-harmonic structure in the solar magnetic field and anomalously low sunspot number. We speculate that 9.0 ai
6.7-d recurrence is related to transient large-scale, low-latitude organization of the solar dynamo, such as seen in some numeri
simulations.

O OO OO : Geomagnetism, Magnetic observatory, Recurrent geomagnetic activity, Solar-terrestrial interaction, Solar wind, So-
lar dynamo
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Numerical Conversion of Analog Magnetograms to High-resolution Geomagnetic Digital

Data
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Space weather studies based on m bservations and simulations
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Ground magnetometer observations provide us with information about current systems in the magnetosphere and ionosphe
during SC, PC, DP2, substorms and storms. The current circuit is composed of ionospheric currents, field-aligned currents, rin
currents and so on. Combining the magnetometer data with model calculations, we may be able to identify the currents responsik
for the ground magnetic perturbations and physical processes of the generation and transmission of the currents. Kakioka al
Memambetsu are properly located for the study of the current systems developed during storm and substorms. Kakioka is f
from the polar ionosphere and out of the equatorial region, which provides disturbances due to the magnetopause current and ri
current. Memambetsu is located only 10 degs poleward of Kakioka, but the magnetic disturbances are well under influence of th
ionospheric currents extending from the polar ionosphere and of the field-aligned currents. Furthermore, when we combine the:
stations with high latitude and equatorial stations, we obtain more realistic current systems in the magnetosphere and ionosphe
Magnetosphere-ionosphere current systems deduced from magnetometer data and simulations will be presented for several sp
weather events at the meeting.
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Long-term geomagnetic field observation at Syowa Station in Antarctica since 1966
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International key comparison of magnetic flux density standards in geomagnetic range
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!Korea Research Institute of Standards and Science (KR¥8S), Mendeleyev Institute for Metrology(VNIIM)
!Korea Research Institute of Standards and Science (KR¥8S), Mendeleyev Institute for Metrology(VNIIM)

Taking into consideration Resolution 4 of the 21-st CGPM(Confrence Gnrale des Poids et Mesures) concerning the need to us
Sl units in studies of Earth resources, the environment, human well-being and related issues and the fact that the Global Netwo
of Magnetic Observatories has presently a worst case accuracy level of a few nanoteslas and that it is necessary to obtain
accuracy at the level of 0.1 nT we would like to ask for you support in organizing within the a key comparison of magnetic flux
density (MFD) standards in the Earth Magnetic Field(EMF, Geomagnetic) range between 20 micro-tesla and 100 micro-tesla.

The result of this comparison will allow to assess and to implement the S| units based MFD standard in order to carry out
calibration of the scalar magnetometers belonging to Magnetic Observatories with the use of the definition standards, and i
order to obtain the corrections and to determine the measurement uncertainties for each magnetometer. This corrective acti
could increase the accuracy, if the stability of the instruments is higher than the correction. Also, the magnetic observatories the
carry out the tests of magnetometric instruments will obtain ISO9001 certification for their test sites.

We are asking for your support in organizing and running the comparison campaign with 4 to 6 participating countries of the
APMP(Asia-Pacific Metrology Program) region and we expect also participation in this comparison not only of the National
Metrology Institutes (NMI), but also the Geomagnetic Observatories.

0O 0000 : key comparison, magnetic flux density, geomagnetic
Keywords: key comparison, magnetic flux density, geomagnetic
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Automatic Magnetic Observatories with AUTODIF

Jean Rassdi
RASSON, Jealt

Hnstitut Royal Meteorologique de Belgigu@jone
Hnstitut Royal Meteorologique de Belgigu@one

This talk will focus on the automated magnetic observatory and the instrumentation which could be of use there. The mair
obstacle remaining for automatic operation is the absolute determination of the magnetic Declination and Inclination, which the
AUTODIF is able to perform and where up to now a human observer has to manipulate a nonmagnetic theodolite.

We will elaborate on:

- why are automatic observations useful?

- what could be the configuration of an automatic observatory (buildings, land requirements...)?
- description,

- performance and

- commercial availablity of the AUTODIF

- seamless intergration of magnetic variometer, proton magnetometer and AUTODIF

O O 0O 0O 0O : Geomagnetism, Observatory, Absolute observations, Automatic observations
Keywords: Geomagnetism, Observatory, Absolute observations, Automatic observations
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As to the landmark architectures in the Kakioka Magnetic Observatory
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Reevaluate of the baseline value in the early years of "KAKIOKA”
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Kakioka observatory data contribution to paleomagnetism
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Vigorous paleomagnetic measurements on natural volcanic rocks have revealed fascinating features of the geomagnetic fiel
for example, present-day field may be about twice the time average for the last 5 Myr (Yamamoto and Tsunakawa, 2005); fielc
intensity was reduced to be about 10 percent of the present-day field during the last geomagnetic reversal (e.g. Mochizuki et a
2011). They are deduced from thermoremanent magnetization (TRM) of the volcanic rocks, which is acquired when the rocks
form.

Neel (1949, 1955) established a theoretical basis for TRM on non-interacting uniaxial single domain (SD) magnetic grain
assemblages. For the assemblages, it is demonstrated that (1) TRM direction is parallel to the ambient geomagnetic field and tt
(2) TRM intensity is in linear proportion to the ambient geomagnetic field. It is expected that paleomagnetic measurements or
volcanic rocks allow us to deduce not only the direction but also the intensity of the past geomagnetic field.

However, we have known that majority of natural volcanic rocks more or less suffer from non-ideality: for example, they
contain interacting and/or large magnetic grains. To test how reliable paleomagnetic results from volcanic rocks are, we hav
been working on paleomagnetic measurements on Japanese historical lavas. Historical lavas are ideal ‘standard‘ materials beca
they formed when the IGRF (international geomagnetic reference field) model was effective: that is, we know the ‘answers'. The
ambient geomagnetic fields at the timing of the lava emplacements can be calculated by the IGRF model, particularly based ¢
the Kakioka observatory data.

So far, we have obtained systematic results from the 1914 and 1946 Sakurajima lavas (Yamamoto and Hoshi, 2008) and tt
1986 Izu-Oshima lava (Mochizuki et al., 2004). About the paleointensity (past intensity of the geomagnetic field) estimations, we
applied the two different methods of Coe-Thellier (Thellier and Thellier, 1959; Coe, 1967) and Tsunakawa-Shaw (Shaw, 1974
Tsunakawa and Shaw, 1994; Yamamoto et al., 2003). These results indicate that (1) paleomagnetic directions can be deduc
within the error (standard deviation) of few degrees and that (2) paleointensities can be estimated within the error of about 1(
percent. However, old volcanic rocks usually have been weathered and it makes paleointensity experiments often more difficul

One hundred years of geomagnetic observations at Kakioka have enabled such assessment of the reliability for paleomagne

measurements on natural volcanic rocks. The observations at Kakioka contributes not only to geomagnetic study after the 20
century but also to paleomagnetic study back to millions years.
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Magnetic observatory data - unique input for probing the Earth’s mantle
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'Earthquake Research Institute, University of Tokyo

Geomagnetic fluctuations originating in the exterior of the Earth are the cause of electromagnetic induction phenomena in it
interior. Using the relation between inducing (external) and induced (internal) field variations over periods ranging from several
hundred sec and longer, we can infer the electrical conductivity distribution within the Earth’s mantle. The field penetration depth
(or the skin depth) approximately controls the depth of investigation. Electrical conductivity of materials composing the Earth’s
mantle highly depends on temperature, abundance of conducting materials such as fluids or melts, content of hydrogen in t
lattice of minerals. Since these physical conditions are known to control the dynamic property, the knowledge of conductivity
distribution is useful for understanding the deep mantle dynamics.

In the past, such a study began with an estimation of the mean value of the mantle conductivity. Then a number of attempt
have been made to obtain one-dimensional profile of the mantle conductivity as a function of depth. Recently, efforts have bee
carried out to image the heterogeneous mantle conductivity in three-dimensions by inverting data from a number of magneti
observatories or observation stations. This presentation shows an overview of scientific results obtained in the past and the curre
status and possible future perspectives. Especially, it is emphasized that exploring down to the bottom of the lower mantle is sti
a difficult task, even when analyzing long time series provided by a few "one-century old” magnetic observatories in the world,
as Kakioka celebrates nowadays.
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Keywords: magnetic observatory, structure of the Earth, electrical conductivity, geomagnetic field variations, mantle
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The Earth’s magnetic field: Where do we stand? Where do we go?

Mandea Mioar*
MANDEA, Mioaral*

LCNES, FRANCE
LCNES, FRANCE

The Earth’s magnetic field is by far the best documented magnetic field of all known planets. The convergence of many differen
approaches has led to considerable progress in our understanding of the geomagnetic field characteristics and properties. 1
usefulness of magnetic field charts for navigation has led to the compilation of the longest series of quantitative measurements
the history of science. One of them is provided by the Kakioka observatory, unique series in this part of the Globe, able to bring
information about the temporal variations of the geomagnetic field. More recently, the Earth’s magnetic field have been measure
in much more details than was previously possible, by a few very successful space missions.

Here, an attempt is given for an overview of the current status in terms of observing, interpreting and understanding the
behavior of the magnetic field produced within the Earth's core. Ground-base and satellite data are brought in, and the wa
they can be used to derive the temporal evolution of the core field is discussed. Interpretation of this behavior from very shor
timescales (less than one year) to those covered by direct measurements (a few centuries) is exposed. Finally, a status-of-the:
of the Swarm mission, scheduled for launch in 2012, is given. The three spacecraft will provide the most detailed data yet or
the geomagnetic field of the Earth and its temporal evolution, giving new insights into improving our knowledge of the Earth’s
interior and climate.

O O O 0O 0O : geomagnetic field, magnetic observatory, satellite observation, Earth’s core, climate
Keywords: geomagnetic field, magnetic observatory, satellite observation, Earth’s core, climate
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1. Introduction Localized geomagnetic secular changes have been reported in the eastern Hokkaido, previously by repes
surveys, and more recently, by continuous recording (e.g., Oshima et al., 1994; Nishida et al., 2004; Hashimoto et al., 2010
In relation to a strong magnetic anomaly and along the southern coast of this area, Nishida et al. (2004) discussed the piez
magnetic field due to stress accumulation by plate subduction. To elucidate the nature of such 'anomalous’ secular changes
the total field, we started geomagnetic three-component absolute measurements.

2. Evaluation of the orientation effect Firstly, we evaluated the so-called orientation effect in the simple differential total
field, which arises from the locality of magnetic inclination and declination at each station. The reference station that both we anc
previous studies used for the simple differential total field is Memambetsu magnetic observatory of Japan Meteorological Agenc
(MMB), which is 50 to 100 km away from our stations. Our absolute measurements revealed that the magnetic orientations a
some stations were considerably (1 to 2 degrees) deviated from the one at MMB, and thus, this effect should not be neglected
discussion of long-term changes.

3. Effect of global-scale changedVhile correcting the orientation effect, we assessed an effect of global-scale secular changes
by using the IGRF-11 model. We calculated secular changes in the total field at our stations and MMB from the IGRF model.
Significant secular trend was found to remain in the differential field. As a result, considerable part of the observed field car
be explained by this component. So the global change seems to contribute much to regional-scale secular changes in east
Hokkaido. Deviated fields from the global-related secular term showed better agreement with the predicted piezo-magnetic fiel
which was previously proposed by Nishida et al. (2004). However, it is still uncertain that the residual field is significant or not,
as well as its origin. A mega-earthquake which will take place at the plate boundary in this region may be an opportunity to
examine directly whether the deviated secular changes are of pezo-magnetic origin or not.
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Magnetic fields generated by the tsunami from 2011 Tohoku earthquake were observed at the magnetic station on Chichijim
(Hamano et al. 2011). The tsunami signal was evident in vertical component of the magnetic field as quasi-periodic signals witt
periods of about 20 minutes lasting more than several hours. Comparison with the sea level change recorded at Chichijima tic
station indicates that the waveforms are very similar in each other and the amplitude of the first wave of about 1.5 nT in magneti
field corresponds to the tsunami height of about 1 m. It is to be noted that the starting time of the magnetic variation is at 6:55
UTC, whereas the arrival time of the sea level change is at 7:15 UTC. This 20 minutes difference can be attributed to the delay c
the tsunami signals at the tide station due to the shallow water area surrounding the tide station, whereas the magnetic field ser
the electric current system outside the Chichijima, which is induced in the sea water by the motional induction effects due to
tsunami flows. Distribution of the induced electric currents calculated from the humerical simulation of the tsunami propagation
suggests that the electric currents flowing in the surrounding area extending about 100 km from Chichijima are responsible fo
the magnetic fields observed at Chichijima (Tatehata and Hamano, 2011).

At Chichijima, many tsunami arrivals have been reported, in which 18 tsunamis are recorded since 2000 by the tide gauge. W
examined the tsunami-induced magnetic fields for these tsunami events by comparing 1-second interval geomagnetic field da
sets and the tide gauge data sets with 15-seconds interval. The comparison shows that tsunami-induced magnetic fields are evid
corresponding to the tsunamis from 7 earthquakes besides the 2011 Tohoku earthquake. These are 2010 Chichijima-kinkai, 20
Chile, 2009 Iryan-jaya, 2007 and 2006 Kuril islands, 2004 Tokai-oki, and 2003 Tokachi-oki earthquakes. The result suggest:
that tsunamis with the maximum amplitudes greater than 30 cm in Chichijima tide gauge accompany observable magnetic fiel
variations unless external magnetic field disturbances are too large. The conversion factor from the sea level change to tt
magnetic field is roughly "1 nT/m at Chichijima. Close comparison of the waveforms of the sea level change and the magnetic
fields indicates that arrival direction of the tsunamis affect the waveforms of the magnetic field variations. In case the tsunami:
arrives from north-east or north-west direction, the waveforms of the first several hours of magnetic field variation resemble with
the sea level change and the magnetic field variation starts earlier than the tsunami arrival time recorded at the tide gauge |
about a few tens of minutes. On the other hand, waveforms of the magnetic field variations of tsunamis arriving from south or
south-east direction, are different from that of the sea level change. This difference may suggests that the electric current syste
induced by tsunami flows, which is responsible for the magnetic field observed on Chichijima, depends on the arrival direction
of the tsunamis.
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There have been accumulated a lot of evidence on electromagnetic phenomena associated with earthquakes (EQs), whi
might be promising for short-term EQ prediction. There include the lithospheric effect (geoelectric variation, geomagnetic vari-
ation, ULF emissions, etc.), atmospheric effects and ionospheric effects (VLF/LF propagation anomalies of lower ionospheric
perturbation, F lay anomaly etc.)

In this talk we pay particular attention to the ULF (ultra-low-frequency) geomagnetic variations associated with EQs. We first
show the famous three ULF events (Spitak, Loma Prieta, Guam EQs) and you can understand the typical temporal evolution c
ULF magnetic variations in relation to an EQ. Then, we present some statistical results based on the world-wide observatior
Finally, we propose what to do in this particular field in order to better understand the characteristics of seismo-ULF emissions.
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A passive ground-based observation of ULF (ultra low frequency) geomagnetic signatures is considered to be the most promi:
ing method for seismo-magnetic phenomena study due to deeper skin depth. In order to clarify the earthquake-related UL
magnetic phenomena, a geomagnetic network has been installed in Japan and plenty of data associated with moderate-la
earthquakes have been accumulated. In this study, we have analyzed geomagnetic data observed during the past decade in K:
area, Japan.

First, the ULF magnetic signals at frequency 0.01Hz have been investigated. We have applied wavelet transform analysis t
the 1Hz sampling data observed at three magnetic observatories in Boso Peninsula and 1zu Peninsula. The signature at 0.01
frequency band has been revealed and daily average energy has been computed. In order to minimum artificial noise, we on
use the midnight time data (LT 1:00-4:00). And to remove influences of global magnetic perturbations, we have developed an
other method to obtain reliable background based on principal component analysis (PCA). Three standard geomagnetic statio
(Memambetsu, Kakioka, and Kanoya) operated by the Japan Meteorological Agency have been selected as reference static
and PCA method has been applied to the yearly energy variation of the 0.01Hz signals at the three stations. The first princip:
component which contains more than 95% energy is considered to be global background.

After comparing the results at the stations with global background, it is found that there are several local energy enhancemen
which only appear in Boso or Izu area. Especially for the case studies of the 2000 Izu Island earthquake swarm and the 20C
Boso M6.1 earthquake, significant anomalous behaviors have been detected in Z components.

Finally, we have applied superposed epoch analysis to the above results and make a statistical study. The statistical results he
indicated that before an earthquake there are clearly larger probabilities of anomalies than that after the earthquake. For I1zu are
three weeks and few days before statistical value of anomalies is significant; for Boso region, around ten and few days before
is significant. Based on these results, we conclude that magnetic observations are important for geophysical study and may ha
potential advantages in short-term earthquake prediction.

O 00 0 O: Seismo-Magnetic Phenomena, superposed epoch analysis, ULF magnetic phenomena, short-term earthquake pi
diction
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First, The time variation of the amplitude of geomagnetic Sq field was examined for each month in a long period of more than
75 years at Kakioka. It was found that the amplitude is strongly controlled by the solar activity, and the difference between solai
cycles including their fine structures reflected in the Sq amplitude, but the seasonal variation of the amplitude in response to th
solar activity cannot be simply explained by the conductivity effect. Although most of the effect of solar activity on the ampli-
tude can be explained by the variation of the ionospheric conductivity. Next, long-term variation, including seasonal and local
time variations, of the atmospheric potential gradient (PG) was investigated. PG was observed in all seasons to have decreas
steadily since 1980, but the decrease was accelerated after 1997. On the other hand, seasonal variation of winter maximum w
found through the period probably caused by the regional conductivity variation.

These long term variation is possible by the continuous geoelectromagnetic data of good quality such as provided by Kakiok:
magnetic observatory. Furthermore, continuous observation is important for the effect of a sporadic event such as the 2011 o
the Pacific coast of Tohoku Earthquake.
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Utilization of the 100-year data of Kakioka Magnetic Observatory may open many new fields of geomagnetism researches
Among these, the long-term change of the geomagnetic conductivity anomaly (CA) transfer functions deserves to be analyze
because it may tell us important information about relationship between the geomagnetic change and the crustal activity incluc
ing earthquakes [Yanagihara, 1972].

The preliminary report about the long-term changes in CA transfer functions at Kakioka and other two geomagnetic observa
tories operated by Japan Meteorological Agency was presented in the Fall Meeting of SGEPSS. In the report, long-term tendenc
of decreasing Au at Kakioka obtained in the 1976-1988 data [Fujita, 1990] is still continuing, but the rate of decrease become:
smaller in the period of 1976-2011. In addition, no remarkable changes in CA transfer functions were detected before the 201
Off the Pacific Coast of Tohoku Earthquake. This fact casts a doubt about the remarkable changes of the CA transfer function
at Kakioka before and after the 1923 Kanto Earthquake [Yanagihara, 1972].

In spite of the negative report about relation between changes in CA transfer functions and occurrence of a large earthquake,
seems theoretically reasonable that crustal changes yield a certain variation in the CA transfer function. Thus, it is important t
study how much the CA transfer function changes due to crustal changes. To tackle this problem by using geomagnetic data, w
need to discriminate between changes of the CA transfer functions from the magnetospheric and ionospheric currents and fro
crustal changes by using a multi-point and long-term data. For this purpose, data from Kakioka, Memambetsu and Kanoya ar
idealized sets of data.

In the report, we will present seasonal variations of CA transfer functions and relation between the CA transfer functions anc
several factors like amplitude of disturbances. It is our target to obtain the change of the CA transfer functions derived solely
from the crustal changes.

Acknowledgments: Data used in this study was provided by Kakioka Magnetic Observatory.
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