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1. SHIMADA Kojiro (2025) Development of a method for measuring isoprene generated by 
photodegradation of "plant grime". National Taiwan University,  invited lecture (National 
Taiwan University) (April).  
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4. Boudouma, A., M. Imai, E. Mauduit, C. Fournier, A. Lecacheux, L. Lamy, C. A. Higgins, and T. Clarke, Statistical 

characteristics of the Jovian S-bursts from Juno-supporting LWA and NDA radio observatories (Poster), American 

Geophysical Union Fall Meeting, SM13E-2033, New Orleans, Louisiana, December 15-19, 2025. 

 

(2) Publications 

1. Imai, M., T. Ono, and K. Imai, Compact Low-Frequency Radio Observatory LWA-Niyodo in Japan, in Planetary, 

Solar and Heliospheric Radio Emissions X, edited by L. Lamy, C. K. Louis, G. Fischer, D. Morosan, and P. Zarka, 

OSU Pythéas/AMU, Observatoire de Paris, Preprint, doi:10.25935/prex-mz59, 2026. 

A paper led by A. Boudouma is currently in preparation. 
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The second task is the consideration of the potential of SDSU to de sign and propose modifications 

for the development of ADSU in the following years. The updated version of SDSU has a module 

structure, and I found that it was easy to incorporate new modules (e.g., airborne FOV simulator) to 

the current system. Therefore, I conclude that it does not require substantial effort to develop 

ADSU from the updated version of ADSU. In addition, I  gave a presentation at the ISEE Airborne 

Seminar and CICR Colloquium on August 4, 2025 , as the third task . I disseminated the utility of  

airborne remote sensing in cold cloud research and funding mechanisms in support of the national 

airborne research facilities in the U.S.  There w ere fruitful discussions about the possibility of 

airborne remote sensing for observation -driven cloud microph ysics research.  
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Figure 1. Photo with (left) Otsuka sensei and (right) Huixin sensei 

 

 
Figure 2. Some impressive sceneries in Nagoya University 
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Improvement of Space Weather Forecast by Combining ISEE/IPS Observations 
and Numerical Simulations 

Nariaki Nitta (Lockheed Martin Advanced Technology Center) 

 

Purpose 
For space weather predictions, advanced numerical models are routinely used. But they are not 
perfect. Our main questions are:  

- what are the key aspects in the numerical simulations that could be further improved?  
- what is the sensitivity of the predicted CME arrival time on various adjustable parameters in 

numerical simulations?  
- can IPS observations help us optimize those parameters?     

 

Methods 
We simulated two CMEs, using two models, SUSANOO and AWSoM.  The former is major 
improvement over Enlil, which is widely used by space weather prediction agencies all over the 
world, because of its inclusion of the CME magnetic field structures.  But its drawback is the use 
of the empirical relationship, known as the Wang-Sheeley-Arge (WSA) model, from the Sun to 25 
Rs (Rs is the solar radius), to drastically reduce the computational time.  AWSoM, on the other 
hand, simulates the background solar wind based on the photospheric magnetic field (no WSA), but 
computationally very expensive.       
 
One event was a clear CME associated with an X-class flare, and its arrival time was easily 
reproduced.  Accordingly, most of our effort was given to the second event, which was stealthy as 
it started but responsible for a major geomagnetic storm.  We found simulating this event (August 
20, 2018) was extremely challenging. 
 
In SUSANOO, we looked for the initial CME speed at 25 Rs and the magnetic flux that best 
reproduce the locations of strong IPS signals (as an indicator for density enhancement). These were 
outside the ranges that were customarily used.  For example, the assumed CME speed, which was 
higher than that observed close to the Sun, was extremely low, and the magnetic flux, which was 
higher than that expected for this event (below the A-class), included the lowest value.  In AWSoM, 
the weak CME sometimes disappeared due to numerical diffusion, which was alleviated by finer 
simulation meshes. 
 
Initially, we were not sure the IPS signals represent the density enhancement due to the CME. After 
a careful analysis, however, we isolated at least a handful pulsars that were not heavily affected by 
radio frequency interference, indicating IPS observations are still useful for events that start 
extremely weak near the Sun.   
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Title of the Project: Investigating the role of solar �ares and coronal mass ejections in disrupting Earth’s mag-
netosphere and ionosphere using coupled radiation- MHD and kinetic model

Principal Investigator Name (Af�liation): Gopal Hazra (Department of Physics, IIT Kanpur)

The aim of our project is to understand the effect of stellar �ares and coronal mass ejections (CMEs) on the
upper atmosphere of the Earth using a self-consistent radiation MHD model that was developed in our group
[2, 3]. In the last one year, we have implemented the time-accurate modelling of the �ares and coronal mass
ejections on the upper atmosphere of planets. The detailed work related to the project performed so far has
been described below:

Purpose:For decades, it has been understood that solar �ares and coronal mass ejections (CMEs) are the main
drivers of Earth’s upper atmosphere, mostly by disturbing the magnetosphere and ionosphere. Generally most
of the efforts to investigate how a �are affects the Earth’s upper atmosphere were based on empirical models.
We perform here to study the effects of �ares and CMEs on the magnetosphere and ionosphere, simultaneously
with self-consistent ionization calculation due to �are radiation using a 3D radiation MHD model [2]. So far,
we have only estimated the mass-loss due to �ares and CMEs, but eventually our plan is to couple our model
with a more detailed atmospheric model to estimate more localized effect.

The stellar radiation in the X-ray and UV parts of the spectra increases tremendously during a �are, re-
sulting in a huge enhancement in the ionization and associated photo-heating of the upper atmosphere, which
enormously affects the ionosphere and corresponding inner magnetosphere and thermosphere. The CMEs, on
the other hand, due to the enhancement of the density of solar wind particles compared to the quiescent solar
wind, exert additional pressure on Earth’s magnetosphere. This additional pressure compresses the dayside
magnetosphere and suppresses the magnetopause towards the surface.

Methods: To achieve our objectives, I have used my recently developed self-consistent 3D radiation driven
MHD model using BATSRUS framework [2, 3] in the rotating frame of the planet, keeping the planet in
the center of the simulation box. Planet-centered simulations are very important because one can increase
the resolution around the planet suf�ciently to capture many physical processes, including shocks and charge
exchange during the interaction of stellar out�ow with planetary out�ow. Also, another novelty in our model is
the implementation of self-consistent radiative transfer and ionization balance.

The stellar wind, stellar �ares, and CMEs have been injected from the left boundary of the simulation box
where the star resides. We explicitly do not put the star in our simulation box to avoid the computational cost.
The enhanced stellar radiation during �ares has been directly incorporated into the radiative transfer equation
and energy equation. The CMEs have been modeled as dense and hot stellar wind with an enhanced mass-loss
rate compared to the quiescent stellar wind.

Since the �ares around the Sun and Sun-like star occurs on different time-scales [e.g.,4] from minutes to
hours, we have considered three �are cases for our study as shown in the left panel of �gure1 with different
rising and decay phases. Also we have assumed that the total XUV radiation follows the same time-scale as the
observed X-ray for the �are [1]. The rise-time and decay time of the �are has been modelled using an empirical
log-normal distribution, so that we can controlled the �are time-scale. For the CME we considered three cases
with different magnetic �eld embedded in them.

Results: While calculating mass-loss from our simulated Earth-like planet, we �nd out that not all �ares will
have signi�cant impact on the upper atmosphere of the planet (see right panel of �gure1). The mass loss-rate
calculated from night-side, day-side, south pole and all sides show that the �are with short time scale does not
enhance the mass-loss rate whereas if the �are exist for long time-scale, the mass-loss in increased signi�cantly.
The reason is quite stright forward but not recognized so far as the time-accurate simulations were not done
in understanding these aspects. If the �are time -scale is smaller than the ionoisation time scale of the upper
atmosphere, the �are does get enough time to deposit its energy and as a result, the �are does not enhance the
mass-loss rate from the planet. On the otherhand, long duration �ares has enough time to ionose the upper
atmosphere resulting in enhanced mass-loss rate from the planet.

While calculating the impact of CME on the upper atmosphere, we found out that the CME with embedded
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Figure 1: Left Panel: Three �are cases considered in our model (a) Controlled �are - the standard �are
frequently occurs in the Sun (shown in black dashed line), (b) Short-time scale �are with sharp rise time
(shown in red dashed line) and (c) �ares with long decay time (shown in blue dashed line). Right Panel: The
mass-loss from the planet due to different �are-con�garation considered in our model. The black dashed line,
blue dashed line and solid dark-red line show the mass loss for the controlled �are, long �are and short �are
respectively. The four panels in the right �gure show mass-loss from different sides of the planet.

magnetic �eld opposite to the dipolar magnetosphere of the Earth has signi�cant effect in removing the mass-
loss from the planet. So far, we have successfully modelled the structure of CME and �ares in our model more
realistically than before. However, quantifying their effect on the Earth’s upper atmosphere has been done only
in terms estimating mass-loss from the planet. While this is a good measure to understand effect of solar �are
and CMEs on the planet, it does not connect with the localized measurement and observations from the upper
atmosphere of Earth. Our immediate next step is to connect the enhanced mass-loss rate with the observations
of the total electron count in the upper atmosphere of the Earth. After that we should connect our model with
thermospheric model to understand the localised effect of �are and CMEs.

During this project, we have successfully modeled the upper atmosphere of planet Earth by incorporating a
realistic time distribution of �ares and a realistic con�guration of CMEs. We �nd that not all �ares will have a
signi�cant effect on the upper atmosphere. However, to understand their effect and compare with observations,
we need to couple with lower atmospheric model which is under development. Overall, in the next few months
we will be able to quantify the effect of �ares and CMEs not only in terms of mass-loss rate but also by mesur-
ing TEC and ring current in the ionosphere. We beleive that our new approach of coupling the radiation MHD
model with a comprehensive (CRCM) model and Ridley’s ionospheric model would be very bene�cial for the
space-weather community and we should continue the effort to build the coupled model.

Period of stay and list of publications: Last year, PI could not get a suitable time to visit ISEE, Nagoya, but
he started the project and obtained some signi�cant results. PI will start to write up the new results about the
effect of �ares on the upper atmosphere of Earth as described in this report.
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High resolution analysis of the depositional ages from coastal sediments after the Last Glacial Maximum 
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A study on rare gas scintillators  
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Water storage and runoff processes in a mountainous headwater catchment dominated by snow cover: 
Runoff observations and stable isotope analysis>'  
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Evaluation of tritium - free background water for tritium measurement  
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Study on the severe storm formation during the pre - monsoon period  

in the Northeast of the Indian Subcontinent.  
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