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Article 1: 

Arase (ERG) Launch  
Yoshizumi Miyoshi 
ISEE, Nagoya University, Nagoya, Japan 
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Figure 1. ERG project team. 

especially, whistler mode chorus waves. The 
project consists of the satellite observation 
team, the ground-based network observation 
team, and integrated-data analysis/simulation 
team (Figure 1) [1]. 

T he satellite was launched on December 20 2016 as shown in Figure 2. The satel-

lite has been nicknamed, ñArase (№╠∑)ò  

T he ERG (Exploration of energization and Radiation in Geospace) project is 

a Japanese geospace exploration project. 

The project focuses on relativistic electron 

acceleration mechanisms of Van Allen 

radiation belt and dynamics of space 
storms in the context of the cross-energy 

coupling via wave-particle interactions,  
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Figure 2. Arase launch at 20:00JST on December, 20, 2016. (Photograph by Dr. S. Matsuda of ISEE/Nagoya University).  

Figure 3. Appearance and Science Instruments of the Arase satellite.  

for the following reasons, (1) ERG starts a new journey to 

Van Allen radiation belts, located in the Earth's inner 

magnetosphere, where energetic charged particles are 

trapped. "ARASE", a Japanese word for a river raging 

with rough white water is a fitting description for the jour-

ney that lies ahead of ERG. (2) After Arase River, which 

runs Kimotsuki, Kagoshima, where JAXA's Uchinoura 

Space Center is located. Arase River has a local folktale 

of bird's beautiful singing. Since ERG observes "chorus", 

it conveys the significance well. The Arase satellite is sun-

aligned spin stabilized with 7.5rpm. The apogee altitude is 

about 6 Re and the perigee altitude is higher than ~300 

km. The inclination angle will be 31deg. 

T he comprehensive observations for plasma/particles, fields and waves near the magnetic equator are im-

portant for understanding the cross energy coupling for 

relativistic electron accelerations and dynamics of space 

storms [1]. Various instruments for plasma/particles, and 

field/waves are installed in the satellite as shown in Figure 

3. The energy range of four electron sensors (LEP-e, MEP

-e, HEP, XEP) cover from 17 eV to ~20 MeV and two ion 

sensors (LEP-i, MEP-i) cover from 10 eV/q to 180 keV/q 

with mass discrimination. Two field instruments (PWE/

MGF) observes wide frequency range for both electric 

fields (DC ï 10 MHz) and magnetic fields (DC ï 100 

kHz). After the launch, Arase has listened to beautiful  
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chorus sounds from wave-burst mode observations 

[http://www.kanazawa-u.ac.jp/wp-content/

uploads/2017/03/chorus8.wav]. Besides these conven-

tional measurements, a newly developed wave-particle 

interaction analyser (WPIA) has been installed, which 

measures direct energy conversion process between par-

ticles and waves. These data will be archived as CDF 

files and opened to the public after the necessary calibra-

tion As the integrated data anlysis, SPEDAS[2] can be 

used for the data analysis and ERG plug-in tools are 

available through the ERG Science Center [http://

ergsc.isee.nagoya-u.ac.jp/]. Moreover, Arase satellite 

provides quasi-real time space weather data that includes 

high energy electrons from HEP and XEP, and magnetic 

field from MGF. While these data are not well calibrated, 

the data will be useful to monitor current space weather 

condition. The Arase space weather data can be looked at 

JAXA/SEES [http://sees.tksc.jaxa.jp/fw_e/dfw/SEES/

English/Top/top_e.shtml]. 

T he ground-based observations, magnetometer, VLF 

antenna, optical imagers, riometers, standard radio 

wave receivers are installed at several stations in the 

world. Moreover, the ERG project has collaborated with 

Van Allen Probes, THEMIS, Cluster, and EISCAT, Su-

perDARN and other satellite missions and ground based 

observations. Multi-point observations are realized 

through the international partnership, which are essential 

for comprehensive understanding of geospace and radia-

tion belts. 

T he first observation campaign between Arase and ground-based observations is going from the end of 

March to April, 2017, and several geospace storms oc-

curred during the period. This campaign observation has 

also been regarded as a campaign of ñVarSITI/

SPeCIMENò, and several international collaborations 

have been established. We ERG team hope that the ERG 

project contributes to scientific achievements of VarSITI 

and look forward to great collaborations with VarSITI 

projects. 

Project Manager: I. Shinohara (JAXA), Project Scientist: 

Y. Miyoshi (Nagoya Univ), Mission Manager: T. Ta-

kashima, LEP-e Project Manager and Project Engineer: S-

Y. Wang(ASIAA), Y. Kazama (ASIAA), LEP-i PI: K. 

Asamura (JAXA), MEP-e PI: S. Kasahara (U. Tokyo), S. 

Yokota (JAXA), MEP-i PI: S. Yokota (JAXA), S. Kasa-

hara (U. Tokyo), HEP PI: T. Mitani (JAXA), XEP PI: N. 

Higashio (JAXA) PWE PI: Y. Kasahara (Kanazawa 

Univ), PWE Co-PI: Y. Kasaba (Tohoku Univ), S. Yagi-

tani (Kanazawa Univ), H. Kojima (Kyoto Univ), MGF PI: 

A. Matsuoka (JAXA), S-WPIA PI: H. Kojima(Kyoto 

Univ), S-WPIA Co-PI: Y. Katoh (Tohoku Univ), Ground-

based observation PI: K. Shiokawa (Nagoya Univ), Simu-

lation/Integrated Study PI: K. Seki (U. Tokyo). 
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Article 2: 

Digitization of 29,296 Drawings of Sunspots on the Solar Disk 

made at the Zürich Observatory since 1883 

Leif Svalgaard 

Stanford University, Stanford, CA, USA  

A n accurate and agreed upon record of solar activity is important for a space-faring World increasingly 

dependent on an understanding and reliable forecasting of 

the activity on many time scales. Several workshops have 

been held by the solar physics community over the past 

several years [Clette et al., 2016] with the goal of recon-

ciling the various sunspot series and producing a vetted 

and agreed upon series that can form the bedrock for stud-

ies of solar activity and its effects throughout the entire 

solar system. Understanding the past is key to predicting 

the future. Much effort is therefore expended on retriev-

ing and digitizing sunspot records from centuries past. A 

series of systematic sunspot drawings at the Z¿rich Ob-

servatory started on 21 December 1883, sheet Nr.1 by 

Alfred Wolfer and ended on 27 December 1995, sheet Nr. 

29,296 by Hans Ulrich Keller. Figure 1 shows an example  
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Figure 1. Drawing of the solar disk made 3rd April 1894. Sunspot groups are numbered and individual spots in 

each group are designated by letters (with a short description). It is easy to count the number of groups. The 

quality of the drawings (and of the digital copies) is considerately better than the reproduction here.  
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Figure 2. The annual mean Number of Groups on the Solar Disk from the reconstruction by Svalgaard & Schatten 

[2016] (blue diamonds with confidence interval), from the Observatory Reports of the number of groups observed 

(green triangles), from the observer Herbert Luft [2013], and from the count of groups on the Z¿rich Drawings (pink 

squares).  

of a drawing with the observerôs count of sunspots and 

sunspot groups. The drawings are in the process of being 

digitized and scientifically processed. To date, the digiti-

zation is complete up through the year 1937, with the rest 

hopefully finished this year (ETH, 2017). I here report on 

the progress so far. The observations were made with a 16

-cm refractor fabricated by the optical firm Kern in Aar-

au, Switzerland. After the closure of the Z¿rich Observa-

tory, the telescope was disassembled. It is now in Aarau 

again, and awaits renovation. This later point is important 

because it will allow us to replicate the observations by 

modern observers. 

F igure 2 shows the annual mean Number of Groups on the Solar Disk from the count of groups on the Z¿rich 

Drawings (pink squares) compared to several other recon-

structions. The various sources agree closely giving us 

confidence that the we are zeroing in on a robust dataset 

for the period covered and that the remaining drawings 

(1938-1995) will be useful in settling an issue about the 

effect of weighting of the sunspot counts apparently intro-

duced around 1947 by the Z¿rich observers [Svalgaard et 

al., 2017]. 

This (and ongoing) research is supported by a grant from 

SCOSTEP/VarSITI. 
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Determining global ionospheric conductivity 
in the satellite and data assimilation age 

Highlight on Young Scientists 1: 

Ryan McGranaghan1, 2 
1Cooperative Programs for the Advancement of Earth System Science (CPAESS), 

University Corporation for Atmospheric Research (UCAR), Boulder, CO, USA 
2NASA Jet Propulsion Laboratory, Pasadena, CA, USA  

U pper atmospheric conductivity is a fundamen-tal, but unmeasured, link between the iono-

sphere and magnetosphere. Despite highly dynamic 

nonlinear behavior, models of the magnetosphere-

ionosphere (M-I) system generally specify conduc-

tivity with simple empirical relations [1] and as a 

height-integrated quantity (e.g. conductance).  

U sing a data set of ~100 million precipitating particle spectra from Defense Meteorological 

Satellite Program (DMSP) satellites, a model of 

upper atmospheric electron transport [2], and mod-

ern computational methods, we have estimated the 

fundamental modes of variability of ionospheric 

conductance (figure 1) [3] and fully three-

dimensional conductivity [4]. These fundamental 

modes, captured as empirical orthogonal functions 

(EOFs), provide new insight into M-I coupling.  

W ith these EOFs we created a data-driven, op-

timally constrained solution for estimating 

global conductance patterns and demonstrated that 

the new global distributions produce better agree-

ment between ground- and space-based data (figure 

2) [5]. Therefore, this work is capable of enhancing 

consistency in the diverse M-I observational system, 

and the benefit is particularly pronounced during 

periods of active geomagnetic conditions. Our 

method also produces fully height-specific conduc-

tivity distributions, enabling robust three-

dimensional investigation of upper atmospheric 

electrodynamics.  
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Figure 1.  EOF results for the Hall and Pedersen conductances. Mean and first four EOFs for (aïe) Hall and (fïj) Peder-

sen conductances, in magnetic coordinates. The low-latitude limit on all polar plots is 50Á and dashed lines are plotted at 

10Á increments up to 80Á. The solid black curves indicate the boundaries of observational support. The first four EOFs 

capture 52.9% and 50.1% of the total variation for the Hall and Pedersen conductances, respectively. EOFs 5ï8 describe 

an additional 10% for each conductance. Figure derived from [3].  

wȅŀƴ    
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Figure 2. Temporal dependence of observation-prediction median absolute deviations (MADs) using (b) 

AMPERE magnetic perturbation observations to predict SuperDARN plasma drift observations (ȹBќV) 

for 30 November, 2011. For these comparisons AMPERE magnetic perturbation measurements were used 

to estimate a global magnetic potential distribution at each time step. One of two global conductance mod-

els was then applied: 1) optimally interpolated conductances [5] (M2016, blue trace in b); or 2) empirical 

conductances estimated from the Robinson formulas [1] (Empirical, red trace in b) to estimate global elec-

tric potential distributions. Finally, SuperDARN plasma drifts were predicted and compared to test each 

conductance model. Below the figure total MADs over the entire day are given, showing ~50% prediction 

improvement using the M2016 conductance model. (a) The Borovsky solar wind coupling function (black 

trace, left y axis) and AE index (green trace, right y axis) over the same period. Figure derived from [5].  

A fter the completion of my Ph.D. I was delight-ed to join the Ionospheric and Remote Sensing 

Group at the NASA Jet Propulsion Laboratory in 

January 2017, where I continue to pursue under-

standing in the M-I system. I am energized by the 

prospect of a ónew frontierô in space science re-

search, characterized by the union of physics-based 

understanding with new data-driven techniques and 

computational tools. 
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Observing solar wind related climate effects  
in the Northern Hemisphere winter

Highlight on Young Scientists 2: 

Ville Maliniemi 

ReSoLVE Centre of Excellence, Space Climate Research Unit, University of Oulu,  

Oulu, Finland   ±ƛƭƭŜ aŀƭƛƴƛŜƳƛ 

S olar wind feeds energy to the magnetosphere and accelerates energetic particles, which can 

precipitate into the atmosphere. These particles are 

able to penetrate to middle atmosphere and create 

ozone destroying compounds. Ozone depletion oc-

curs in the high latitudes during winter. This leads 

to dynamical alteration of polar vortex in the strato-

sphere, which is also connected to the tropospheric 

circulation. Thus, precipitating particles can influ-

ence winter climate in the Northern Hemisphere.  

Our results show statistically significant relation 

between precipitating particle activity and measure-

ments of surface temperature or sea-level pressure 

(SLP) in winter [Maliniemi et al., 2013; 2014; 2016; 

Roy et al., 2016]. We have used satellite measure-

ments of precipitating electrons, geomagnetic activi-

ty and sunspots to confirm this. Predominantly posi-

tive values of the NAO (North Atlantic Oscillation) 

index are observed during the declining phase of the 

sunspot cycle, when the high speed solar wind 

streams are more frequent and precipitating particle/

geomagnetic activity increases. Figure 1 shows the 

winter SLP variability related to the aa index of 

global geomagnetic activity. This relation is ob-

tained since the latter half of the 19th century. In 

addition, this relation is modulated by the strato-

spheric quasi-biennial oscillation (QBO). During the 

easterly QBO phase relation between geomagnetic 

activity and NAO is substantially stronger than dur-

ing westerly QBO phase (Figure 2). 
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Figure 1. Regression coefficient of aa index for SLP in winter (Dec/Jan) during 1868-2014. Map shows the 

variation in SLP (hPa) related to one standard deviation increase in aa index. White lines represent the p-

value of 0.05. 


