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MOL
She is an elementary school
student who loves science.
She's a person who gets 
carried away easily.

MIRUBO

Dr. RYUHO KATAOKA

Dr. YOSHIZUMI MIYOSHI

He is a state-of-the-art
dog-shaped robot.
He loves grilled meat.

Is it true that space has weather? the Sun, which we thought was always 
the same, is actually changing at a dizzying pace, sometimes going quiet 
and other times exploding. When the "solar wind," which is made of 
plasma emitted from the Sun, causes a "magnetic storm" on the Earth, 
electrical facilities on the ground may break down or suffer serious 
damage. In order to know this in advance and prevent damage, research 
and efforts in "space weather forecasting," in which solar activity is 
observed to predict upcoming phenomena, are spreading around the 
world. Let's learn about "space weather" with MIRUBO, MOL, and the 
researchers (SENSEI) in this MANGA!
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I’m MIRUBO.

a robot

with the

 technology 

of the future.

Hmm?

Ugh!

This is 

an institute!

I'm here today

to FIND

an interesting

story. What's wrong

with you?

MIRUBO?

He suddenly

 stopped 

moving!

As I predicted,

he had

a breakdown.

This is probably 

due to 

magnetic storm.

I’m MOL,

an elementary 

school student 

who loves

science.

MIRUBO!!

Oh
You come

to us!

sensei!!

Dr. RYUHO KATAOKA sensei



-�-

From our eyes, 
the sun looks 

the same anytime
we look at it.

However, 
it is not

constant.

-�-

The sun is 
emitting particles of

 such high energy
 that they are 
spreading out 
into the space

around it.

And it's 
raining down

 on our planet
 all the time. ......

Sometimes
when solar activity is

particularly high,
it can blow in 

as a strong storm.

Earth's magnetic field lines
are being swept back
by the solar wind.

magnetic
storm?

WHat’s that?

It's in the news now,
and  everyone is

confused  about it.

I’ve just
learned
this is

magnetic
storm!

The solar wind
 is causing

a magnetic storm.

As you know, 
the sun is

an active star
with tremendous

energy!

power and computers
have been 

affected by it.

It is even explosive
when viewed through

UV and X-rays.



In 1989, 

an accident occurred

 in Canada

 that shut down

 the power grid.

It was pretty big, 

and it was going to

 affect the whole society.

Oh?

Why?

That's what

got me too.

Ah, yes!

I see! 

I wasn't

 even born yet

 at that time.

This is because

 the power grid 

and computer equipmen

t did not exist

 in that period 

as it does today.

This kind of damage

 did not happen

50 or 100 years ago.

So,

the great explosion

 of the sun

 has come to

 cause great damage

 to our society.

Rough geomagnetic field

 causes abnormal

electric currents

 on the ground.

And that can destroy

power Grid

 and cause machinery

 to malfunction.



In particular, 

the event of "damage to satellites" is 

a "space disaster" that has occurred

 over the past few years to decades

 as humans have expanded

 into space!

In some situations,

 such as transportation

 and medical care,

 disasters can

 immediately affect 

human lives.

If we could use the

 "space weather forecast" 

to know that

a particularly strong

magnetic storm is coming,

just as we know 

from the weather forecast

that a windstorm

or storm is coming.

It may 

lessen the damage, 

as in, 

"It's dangerous, 

so let's not 

go outside for a while."

As humans travel 

to the moon and Mars 

in the coming years, 

it will become

 increasingly important

to prevent damage

from such disasters!



So, 

how do you

 figure out

 how and when 

magnetic storms

 occur?

The Japanese satellite

 "Arase" 

was launched in 2016 

to understand

 high-energy particles

 flowing to Earth from space.

It continues

 to observe

 in the "Van Allen Belt,"

 a region that

 encircles the Earth.

it looks like a donut!

Geospace satellite “Arase”

The area is full of radiation,

 which is normally 

a very harsh environment

for observation equipment,

BUT IT IS WORKING VERY HARD

and sending us data!

The sun is known 

to increase 

and decrease

 in activity

in an 11-year cycle

It will reach

 its maximum 

in 2024-2025, 

so this is

a very active period.

Dr. YOSHIZUMI MIYOSHI SENSEI



We can observe

 the magnetic

 storms

 that are

 happening

 right now.

Such records 

have been found

 in ancient

 documents.

In the old days,

 when people saw

 the mountains

 turning red, 

they might have been 

scared thinking

 it must be a fire...

People tend to think

that research on auroras 

and other phenomena is

 something that only science

 and engineering people do,

but we are also

 collaborating 

with researchers 

in the field of

historical record

to find out 

what happened and when!

However, it was said. 

People saw auroras

 in places where

 they would not normally see them

 when geomagnetic anomalies

 occurred. ......

Oh

That’s

true

What 

magnetic storms 

have occurred 

in Earth's history

 up to the present?

It is 

very difficult

 to know this

In the time of

 our ancestors, 

there was

 no equipment 

to make

 observations.



High-energy particles
 blasting out from

 the sun are 
spreading throughou

 the solar system. If THE RESEACHERS could
send satellites

not only to Earth
but also to other planets

to observe them 
at their respective locations

If they can do this,
we will be able to understand 

more about the activity of the sun
and the flow of particles, 

and they will be able to predict
what kind of winds and storms

will blow in this space.

Research teams 
from around 

the world
are embarking on 

a series of 
investigations!
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Meteological satellites, 

positioning satellites, etc have worked 
an important role for the space weather.



Okay,

I got it.

I'll have to

 keep an eye 

on the space

weather forecast

 too.

Link to UNITED NATIONS Office for Outer Space Affairs
https://www.unoosa.org/oosa/en/ourwork/topics/space-weather.html

In the future,

our society will be

more and more vulnerable

to disasters from space,

as we will have 

even more electric power

and information devices! "Space weather forecasting"

must enable

"Space disaster prevention"

and "Disaster mitigation."

More and more

countries are

tackling

this problem!

Some may think 

that this is none of 

their business...

but many parts of

society are affected

by space weather!

I hope that people 

who have never heard of

space weather will learn

about it and think about

how we are living together

 in space,

 living with a star

called Sun.

Discussions on 

space weather are

 underway at 

the United Nations.

https://www.unoosa.org/oosa/en/ourwork/topics/space-weather.html


Phew

that was

a tough one

this time.

I had no idea

that

solar changes

were  happening

 all the time.

And

 I had't even known

 there are probes

 that kept 

looking at it.

I hope that 

as research

 progresses,

 we will be able

 to learn more

 about

 space weather!

great!

To avoid

 another breakdown

I started watchin

the space weather

forecast daily!

Now

I am 

at ease!

I didn't think

 a solar explosion 

would destroy

my supercomputer.



MOL: Sensei, what is space 
weather forecasting? Does it 
mean rain and wind in space...!

S E N S E I :  S p a c e  w e a t h e r  
forecast ing means that  we 
observe solar activity and solar 
wind conditions to predict what 
will happen, and thereby predict 
and inform you of the effects
on  t h e  e l e c t r o m a g n e t i c
environment on the Earth and on
commun ica t ion  and  power
grids....

MOL: Is solar activity relevant?

SENSE I :  T h e  e n e r g y  a n d  
materials emitted from the Sun 
create the weather around the 
Sun. You may have heard of 
solar flares or coronal mass 
ejections.

MIRUBO: I know what they are! 
(Mmmm, that's a tough one! 
Let's sneak out and search for it 
on my super smartphone...!)

SENSEI: The electromagnetic 
environment on the Earth can be 
a ffec t ed  b y  " p l a sma "  a nd  
"magnetic fields" emitted from 
the Sun. Especially when solar 
activity is intense, the effects 
are often significant.

MOL: By influence, you mean 
something bad happens, right?

SENSEI: For example, a strong 
magnet ic  s to rm  can  affec t  
communications equipment and 
power facilities, and can also 
in ter fere w i th  sate l l i te  and 
spacecraft operations.

MIRUBO: That's a big problem! I 
wish you'd tell me before that 
happens, man!

MOL: How do you know that a 
magnetic storm is about to hit? 
What methods do you use to find 
out?

S E N S E I :  O b s e r v a t i o n a l  
instruments are used to observe 
solar activity such as solar flares 
and coronal mass ejections, and 
ground-based instruments and 
space satel l i tes are used to 
observe the magnetic field and 
plasma around the Earth. Based 
on these observat ion data,
numer i ca l  s imu la t i ons  and
ana lyses are  conducted to
forecast space weather.

MIRUBO: So if we observe and 
find changes, we can tell that 
"the Sun has exploded, and a 
storm is coming...! That's a big 
help!

SENSEI: We live in an era where 
h uma n s  a r e  i n c r e a s i n g l y  
expanding into space. People 
will need this much more than 
b e f o r e .  S p a c e  w e a t h e r  
forecasting is useful in a wide 
range of applications, such as 
protecting the infrastructure that 
is essential to modern society, 
i n c l u d i n g  s a t e l l i t e  
communications, GPS, and the 
power grid, as well as providing 
safety  measures  for  space 
navigation and space travel.

S E N S E I :  S p a c e  w e a t h e r  
f o r ecas t i ng  a l so  makes  i t  
possible to predict weather 
c h anges  c au sed  b y  s o l a r  
activity.

MOL: So you can tell from the 
space weather forecast that a 
magnetic storm is coming and 
that there will be a great aurora 
borealis! This could be good for 
people who definitely want to 
see the Northern Lights when 
they travel. I would hate to go on 
a trip and not be able to see 
them...



M I R U B O :  I  h a v e  a  
state-of-the-art supercomputer 
in my head, and I don't want it to 
fail due to a magnetic storm... 
How can I get access to the 
space weather forecast?

SENSEI: Even ordinary people 
can easily check space weather 
forecasts via the Internet or 
smartphone apps! In addition, 
some countries and regions 
have their own organizations 
that publ ish space weather 
forecasts.

MOL: Wow! Is that so! I thought 
it was something you had to be 
an expert to see. And, well...I 
hate to say this, but are space 
weather forecasts accurate...?

SENSEI: Well, yes... Current 
space weather forecasting has 
l imi tat ions in  accuracy and
prediction period. Also, there
are  s t i l l  many unknowns in
predicting solar activity. It is
hoped that the development of
more advanced observation and
analysis techniques will enable
more accurate space weather
forecast ing in the future.. . .  
Tha t ' s  the  way  i t  i s  a t  t he  
moment.

MOL: I see..! So space weather 
forecast ing wi l l  cont inue to 
evolve...?

SENSEI: Space weather on the 
Moon and Mars wi l l  become 
more and more important as the 
area of human activity expands 
in the future.

MIRUBO: I'm rooting for it to get 
better in the future!

SENSEI: Please take a look at 
the news about space weather 
forecast when it is available!

This is the site of an information 
distribution service specializing in 
space weather forecasts, operated by 
the Space Environment Research 
Laboratory, Electromagnetic Wave 
Research Institute, National Institute of 
Information and Communicat ions 
Technology (NICT).
https://swc.nict.go.jp/en/

This is an information site by the U.S. 
National Oceanic and Atmospheric 
Administration's (NOAA) Research 
Laboratory and the Weather Prediction 
Center (SWPC).
https://www.swpc.noaa.gov/

I took a look at NICT's 
space weather forecast
on my smartphone!

On the page,
I can see data of sunspots
on the surface of the Sun, 

prominence,
and flare (corona) conditions 

on the Sun's surface.

Other various values
and graphs such as the 

number of sunspots, solar 
flares, and changes in the 
geomagnetic field can

also be seen.

https://swc.nict.go.jp/en/
https://www.swpc.noaa.gov/


This is a research introduction Manga series started in 2002. 
You can learn about the study of the Sun - Earth with Sensei, Mirubo and Mol.

Science manga artist, born in 1975. Graduated from the 
Department of Physics, Faculty of Science, University of 
the Ryukyus, with a B.A. (Science). M.A. (Education) in 
English Education, Graduate School of Education, Chiba 
University. Her representative works include "GoGo! 
MIRUBO" (Kodomo no Kagaku), "Fantastic R&D" (Nikkan 
Kogyo Shimbun), "Lerning Earth Science with MIRUBO" 
(NASA), "International Science Olympiad Manga" (Japan 
Sc i ence  and  Techno l ogy  Agency ) .  She  i s  a  
representative of "Science Manga Studio," a PR for 
research business.

The studio produces manga introducing 
research in all fields of science and humanities, 
cover art for academic journals, and provides 
illustrations explaining the results of research 
inst i tut ions' presentat ions. Through the 
production of these works, the studio fosters 
young science illustrators.

parsely918, Kamito Sumi, Ms.Shell, Milli, and 
Mochiduki Ami from Science Manga Studio.

The Institute for Space‒Earth Environmental Research (ISEE), 
Nagoya University, Japan, was launched in October 2015 by 
merging three institutes of Nagoya University: the Solar Terrestrial 
Environment Laboratory, the Center for Hydrospheric Atmospheric 
Research, and the Center for Chronological Research. The mission 
of the ISEE is to clarify the mechanisms and mutual relationships of 
the Earth, the Sun, and cosmic space, treating them as a seamless 
system and to benefit humanity by resolving issues in the global 
environment and contr ibut ing to the advances of  space 
exploration. https://www.isee.nagoya-u.ac.jp/en/

Scientific Committee on Solar‒Terrestrial Physics (SCOSTEP) is one of 
the Affiliated Bodies of the International Science Coucil (ISC) and is a 
permanent observer at the United Nations Committee on the Peaceful 
Uses of Outer Space (UNCOPUOS).  SCOSTEP promotes ISC’ s 
mission to strengthen international science for the benefit of society, 
by running long-term (4-5 years) international interdisciplinary 
scientific programs of solar terrestrial physics. SCOSTEP promotes 
capacity building and outreach activities on the Sun-Earth System and 
how it affects life and society. https://scostep.org/

The PBASE Program is an international joint research project to 
contr ibute to safe and secure space ut i l izat ion by further  
internationalizing and upgrading geospace change research and 
prediction using large-scale observation facilities for geospace (space 
around the Earth) and upper atmosphere. By involving young 
researchers and graduate students in this research, the project aims 
to foster researchers and engineers who will play central roles in 
future geospace research and development. This booklet is produced 
with the support of the PBASE program (JSPS Grant-in-Aid for 
Scientific Research and International Leading Research: 22K21345). 
https://www.isee.nagoya-u.ac.jp/dimr/PBASE/en/

PDFs are distributed free of charge. In addition to the English version, Japanese and
other foreign language versions are also available.

ISEE MIRUBO SEARCHhttps://www.isee.nagoya-u.ac.jp/en/outreach.html

https://www.isee.nagoya-u.ac.jp/en/
https://www.isee.nagoya-u.ac.jp/dimr/PBASE/en/
https://scostep.org/
https://www.isee.nagoya-u.ac.jp/en/outreach.html
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