
�����
���	
���
�	����������

����
���������	

����
��������	�

� 
�������	

��!" 
���#�
�$%���

&
����

'(
)����*�

+,-./  0123 4563��7 89
:;<=>?@ABCDEFGH4G2I;JK
LMNOPQR

S

TU$V WXY23 Z[\]73��^ _9` ZabMRcAdefghiEFMQRjk l

mnop qr23 s3� 9`
tuvwgxyz{|}~��������A
�D|}�IM����

�d��

�a��

�����$�����	���$�	�
���
�$�
��	
�
���������$����
���^�

���
�$�
��	
�$�������	
��	���
)�����
���

�� ¡�¢A£¤¥¦§J��L¨4A©ª«�
¬IMQRM��

®

¯°u±  0123 23^\]3��7 _9`
²G³́µ��¶Mg·M¸g¹º»¼½¾¿ÀÁ
ÂÃÄÅMÆ3{ÇÈÉMÊË

Ì

ÍÎÏÐ  0123
ÑÒ�$ÓÔÕÖ��×Á
¢�Øs3��7

_9`
Ùy�Ú��ÛÜÝÞ�Þß�à�����MÚ��M
�Á	~
�¬zZ���M���

S�

2�±� o�23 23^�3��^ 89
Ý����O���¼g���¹�Ra�����
��	��Á�;JKLM�¨

S�

Í���
��J�=>73>
�¡	�

|}73��� 
����
¬I�=À��;�Á��ABCD¾��
�����M�¶É

S�

���� :W23
23^s3��7
�Ü
���	2I��×Á
¢�

9`

 �!"�#D+$%&'()*+,��-)
*+,
.Y�)*+,
�Ü/0�M12A
�D3Ü
4Ü
5Ü2I�a6�M��78
M9

S®

Í:;<
=>?@2A
BC����	�$%��D�	
E	��������F

?@\]GHIAJ
B�
���$��$K�������
�	�$)���L�
�
M�	��������	F

8s9`
B�������	�
���������F

:;<=>
��	N@M4cO�3{�P×
JMQ¡¿Æ

�d��

RÍS� :T23 |}~��� 89
|}~OI;U����VWM�ÜPOPXY
M��ZM[�\]M��

SÌ

F1^_ :W23 23^s3��7 89
W`ABCDabc�-���Z�d�����¼
g�e�¿f��ghijk��Ml¶

��

mR:n :W23 23^s3��7 _9`
op+qÛÜcÞrÝs�àtuvk�wxyVWMz
{��¨

��

+|±} ~Ï��23 �3� ��9`
|}~��P�§�fg;����ÒcM��xy
{��

�d��

Í?n� ��23 3���^ _9`
��J«|}~I/0A�CgrÝÞ)*+Mtu
�v�ÉÊË

��

�Î�� �>\]���
\]{���×Á¢�
*�{����

��
Z��!��������A�D�`e>P�
¿����M�Æ

�®

n°$Ç ��23 s�3� 9`
;��R�+�ABCDW����
��
QRM��

�Ì

�$� �U23 9 3� 9`
¡¢¹O�I£3{Z�¤É¥¦R#D>¾>
QÁJ�ÁQRA§D�¨©l��

l�

$$$$$$$$$$$$$$$$$$�d��7¸qÀPª«!¿JM¬® °̄̄°µ�A±�
$$$$$$$$$$$$$$$$$$�d �̄7¸qÀPª«!¿JM¬®Í²
$$$$$$$$$$$$$$$$$$$$$$$³ °̄̄°µ�A±�f´fg!"µ¶·¸¹u

���
� µ °̄̄°µº»¼½�



�����
���	
���
�	����������

����
���������	

����
��������	�

� 
�������	

��!" 
���#�
�$%���

&
����

'(
)����*�

+,-. /012
12342��5$67
8952:;

<=
>?@ABCDEFGHIJKLMNOP1Q
C1QRSCTU

VW

XYZ[ \]2^12
\]2��5_]`ab
2cabde2c

f=g
hihjklmnlkonlpABCDhqr
FstK�MN��

uvwx

yz{| 1}~Q��12 �2���4�25 f=g
��2��������d������C��
�������@����� ¡¢

uvwx

£¤¥¦ §¨12 42� =g
©ª«¬®��K¯°�±pAB²³´µ¶C
1Q·>?�e¸¹ºC»´¼�C½¾��

V¿

ÀÁ$ÂÃÄÄÄÄÄ ÅÆ12
42��3_67895
2�£

f=g
ÇÈw6�QÉ�CÊ7ËÌe_ÍÎÏÐK�MN
��

VÑ

ÒÓÔ1  ÕÖ12 ab2��5 f=g
×ØÙ×hHÚÛÜÝH�C l HÞFßàK�
N�Û�¡Q�2C�¸

V�

���� ~Q��12 123	
4�2��5 <=
lq��K°N�Hq�_1Q�C�2k�
�lF½¾�®�����P1Q��

V�

¸��� ����� ��Ø×���$�'� <=
¬��hK�N�DEFGH����Ce¸
	Ú���C4ß

¿W


�$�
	
_k����
��$��±6��
�

��=�� Ï���� �Hq��n���C�±~Y ¿¿

�Ó�� ~Q��12 123	
4�2��5 =g
��hihK°N�Ø��~��½¾���� 
1!"#C~QË $%&ÏÐK�MN��

¿Ñ



��������	
������������������
���� �!"�#$"�%&�'(�!")�( �* ! �+"',""

�%(&�,('-�"�")%.%��� '#"�"/! &��%"-+-�%&" #"%�-�%(#"� *%( �"

012345678�9:�;<9=>?@

A B C D E F G H E I J K L � M N O I P QR S �  T U � V W F X Y Z [ � \] ^

� _ ` abc � � 	 d P Qe f g h � R S �  A h i j � C k l � m n A C k l O R S �

 � V W F o p q [ P d � \R S �  T U � V W j QA T r s t � C u v w x y z � �

E � m n � � O � { | } ~ � � � � � E v Q  � � � � � q [ J � �5 � � E � � : �

� � @� � � � � I P � � � � � � � � � � I Q� � � � � � � � � � � O N � � � P

d �5 �'(�#�+"%�"�!� "¡b¢£@\¤ � U5 D � ¥ � V W ¦ � A T § Z ¢�¡&� U @� V W O �

¨ � © ª « ¬ � } j QR S �  h � 	 
 �  h � z ® � ¯ ° v ± ² �  ³ O � � K L i

X � \´ � © ª « ¬ � } � µ ¶ ¦ � ¤ � U � · E j Q�  V W � ¸ ¥ K L O I P K [ �

J ¹5 �º»»("%�"�!� "¡bb£@Q¤ � U � · u � ¼ ¹ � ½ � � ¾ Z § � I P 	 ¿ À O F Á ½ i

X � \

´ À i Â = > i j Qt c � Ã w Ä � � � m n ¤ � U Å �  � w x � Æ Ç F G È � � �

� � � � � � � 	 d P Q �  É� � É� � � � � � � ] z W ¾ � Ê n À O � Ë Ì O ¦ � \

Í Î Ì � j Q¤ � U � · u � ¼ ¹ � ½ � O � � � w : Ï : Ð Ñ Ò e Ó � Ô Õ � ¾ Z § �

¦ � J ¹ � Q Ö × Ø Ù � � 	 
 � ¤ � U � � � : � � � � � ½ � � Ú Û I J \

� � � � � � ���--Ü�+�"Ý�$5 �Ý@ 	 Þ ß à!.%%  5 à�@ � ¡« ¬ � 5 Ö × Ø Ù � @ � Ú

Û � L O I Q�Ýi j ¡b¢�c �Q£Q�� Qà�i j �� � � � 	 
 � � � Þ  V W · � p � I

J \Â � � = > ¥ � � � � V W · O A C 	 Þ ß A T � � O � � � � � � � � � � � � �

I Q ���5 �(/� /"����"�(/º )%"�+-�%&� º���-����$-�# �(��/���@ i � � ¦ � � � � I J \ �

« ¬ � � � L o p � � � � � � I QA C � � � 	 
 � � ¬ } O � � L o p � � � �  d

P V W · � � � ¤ � U � � ¨ : V W � � ¦ � � × � � � � � � I Qc � � � � � � O ´

� ½ � � � � I J \

¡N � � � « ¬ � � � � I J �b��b&� h � 	 d P Q à�i j 	 
 · � � � � F � � ¿ Q

� A � � A C 	 
 � � ¬ } � � � ¿ V W · F 	 
 · Þ   _ � � � � ! " F X � J5 #

j $ % @\´ � J ¹ Q� h � � � � A & v � � � ' d � Þ � � (

) ¦ � * ½ F X � À O F + § � J \

V W � © ª , Ê � ¼ ¹ � ½ � O I P ¤ � U Ó � { | } ~ � - . O / � E { | } ~ �

� Ô Õ � 0 � J ¹ Q1 ��%,�#2 � }5 3('4#"%�"�!� "¡bbb� 5 @� à$��º /",�/�'(5 à�,�/�'(@

� 6 Ë I J 5 # ¢@ \ à�,�/�'(j A T � � � � � 5 V W 7 8 @ � T I Q

V W ¥ � � 9 	 
 : � � � � 7 ; � Þ  ¼ < � \© ª , Ê � m d ´ � = j Æ > I 7 8 Ì

� V W F , � À O F ? q [ J5 # ¢@\À [ j Q� � @ " � A M � 2 � } �  � O B �  Q

V W U C � Æ > � m d T U � D E Ð U � � I P F Ñ  � U � � 8 F Æ > I QV W U G Î

� Ï H I 8 F � � ¿ � � J ¹ O J K Z [ J \ L � V W � � j  � w x O à�,�/�'(F M N

O / � � ? I J F Q �Ýi j t c �  � w x P Q � Þ Z R V W 7 8 F S d y z F T J [ Q

_ U V W � � 2 � � 7 ; F 0 Z [ J 5 # ¡@ \ M @ Q � X Z + ¦ #�

,�/�'(j QbX Y k O bX Y Q � Q´ [ Z [ � � C � � = � � ¦ � A T r C u5 Â = > i j

�/&� A C @� � = i [ ¹ Z [ Q= F 0 q d \ 5 A T � � � ] Ï 7 ; F � � d5 ^!%#%"%�"

�!� "¡bb¡� 5 @À O � ) _ ¦ � \�Ýi j V W ¥ � � #�,�/�'(F ¡bc � � + J  Ç ` ! " �

? I 5 # a@ Q � a � � � ¯ b � m n ] Ï 7 ; F G È i X � J \ � ¨ ¥ � � #�,�/�'(j M

c � � d � Þ � ] Ï 7 ; � T I Q ac � e Z [ � F à�i ´ � ! " F 0 Z [ J \ M @ �Ýi

j � a � � � Æ > � Þ � ] Ï 7 ; F > +  Q f g � h i ¦ � ! " � X � J 5 # j@ \

Â � L A h i ¢��bc k § Z l ¿ A C k l O ¤ � U � m n � � I QÂ � � = > j Q¡bbb

o



� � � � � � � � 	 
 � �  � � � � � � � ��������������� !"#��$%��&���������� !"'( ) *
+ , -  . / 0 1 2 3 4 � 5 6 7  8 9 � : ; 2 < = / > ?; � @ A B CD E F G H �

I J � K L + M � CN O P Q B R : ) S T U Q B F V W X < = Y Z � Q R : ?[ \ 
 ]

^ F _  ` : K L � � a � b%�c��������� !"#( 2 d e C � � f g < h i Y : j k ) R : ?�

�

l , - m nC, - o � p q r s �tuCv p w

x y z{|� m } ~!��� Q � 0 � � � (� � � ?

� � B n����tu!�~� �B ������%�Q C ��"��( ?

#�"���"���"�'�"� ` � � � , - �� '� � (

< � � / � = Y ? �

� � � , - m� �   I ¡ ¢ ( . W Y : ��

����%�2 v p w x y z{|� £ "2 ¤ ¥ ( ? �

�

�

¦ , - � ` � * @ o § � &�����%�� � ¨ �

I ? �

�

©ª* @ o § � &�����%�2 � � p « m � � � ?

� � p « m B ¬  ® � 	  � Z ¯ V G ° ± ²

³ ´ µ �  � ¶ : " �·� � � ¸ �

¹ º » ¼ ½ ¾ �

b%�c���������� !"#��¿�%À��Á��&����|Â�&Ã���"·'��""#�" ��Ä%�Å"!�"!"#���Ã�%Æ���Â�� !"#�!"�!!"��

b�%Ç&��������� !!!��Á%����¿�%Ã��ÆÂÈ�� ���"##� ~���Ä%�Å"!�"!�!�"!��'·�!!!'·��#'���

��������������� !"#���&���É��|������·#��� #~�� �~��Ä%�Å"!�"!! ��%���# '��

$��&���������� !! ��u�����u&�������u�Æ�&��Ê�Ë��··��"�!�"����Ä%�Å"!�"!�!�"~ ·!�·!� !!"�" !!·�"#��

$%��&���������� !"'��uÃ�����Ì%���Í����� #~�� '~�·!'��Ä%�Å"!�"!"#����Ã��%����� !"��""�! ~��

Î%��&�È��������� !"���b�%Ã�%Ë���&��Ë�"~��~ ���~·"·��Ä%�Å"!�~"'��ÀÃ�"~�~ ��� !"���

ÏÂÐÐ���������� !!���b�%Ï���&����~����!"��"���Ä%�Å"!�"#�"�b~�!�!���

�

¹ Ñ A Ò Ó ¾ �

$%��&���u���ÔÂ����t���Õ�È�����t���Í�Ö��%×��t�|�Å�u�����&Ã�Ë��Ë%&������&Ë���%&�%��ËÐ�������&��ÃÈ�

��ÐÖ�Ë��&�����Â��%��Ë��%&�Æ������%Ë�Å�Ç����&Ã�ËÆ��&Ã��&Ä�Ç����&Ã��Ð�Ð�&��u������&�¿�%ÆÂÈË�����

Ø&�%&�����������&Ã�� !"'�" �"!��

Ù



�

�������	
�����������

����������������� !���"����!�� �#!���� ���� #�$�����

�

%&�'()*+,-.�/012-3456�

�

7 8  � � � - 9 ( :�������� ��;�<������ !��=!! ����� �>�:<=6

? @� ��A B� C�D EFG HI @JK LMN O ��� PQR

S T� UVD WX@ YZ [?\ ]^� �_ `abbb�c[ RS def g

h ij� Ok� lm nop ?@ �� �dq rs� tu Ghv wxN

� yz{ @� �� �PQ D�� ab| }b~L �N� [v ��� wJG

h RST D�� �{ ��l RST ?r s.q rs. c� �� ��t

u��f�k{_abb�c[���g@�g�i�@�������

� �D� _�� �� ��� z{� �[ �hi j�O k� l�� ���

v L�� w�w J� ik{ @�� �� �� ���  ¡ ¢�� �AB

(£Lv¤N¥�6�¦��§¨©pª��g««¬h(��##;®�̄ �����

�;°±�²ba³6l�

 �� ��t u?´ µO �¶� tu· iI ¸¹� @º� [? »¼½

¾ ¿·z k�À ÁO ��Â �Ã£ LÄ ¥dÅ Æ�{ zh lYZ �yz

{ ¨ÇÈ dÉO ÂÊ ·Ok {zh Ë7 [?@ ÌfÍ � ��d ÎÏ�

� ��Ð Ñ�Â ÒD ÓÔ{ y�@ º� ��D ��G h� ·dÕ Xpg

{ zhl ��d k{ �� ��� �D PQÖ ×[O I� ��� Ø� ¨

ÙÚ{���{zIÛÁ�dÂÜ�l�

Ý Þ@ rs ��� ß� à�G h�� �� �.� �L� �� 	�?

��
���¿���¾¿dc�Ghl�̄ ��������;°�²ba}�?¾¿�

¿ �� �L£ L�Q (� ��� ��Q ½���!�Q 6Dt �� @�� �

��¾¿dÒ�¡����¿(�����¿6·��¡����¿(�

� ��� ¿6d �� �@�  �¾ �� �¨� [¬h �· D©p ª��

�l¾¿�MN���?v���wJDek�²bb��|²ba²�����

[ ,�O �§? �I @P� §�i h� �01 ��� ?� ��g Oªk

� l�Ö �@º �� ��	 ��� ik {�  �I� � ��� �.¿

01d�§�@¾¿�MN���d�§��
��?��[�Ozl�

q rs �� ��ß �à �Gh vwx N[ ?@� �@¾ ¿� �½

� ��� ��d �� §�{ y�@ �� �AB �ik {� ��� ��O

� §dÂ Ü{z h
 ��d ¬hl º� [�7 8�Ë 34 ?@ ���

D �PÖ ×[O I¿ �Rc ªp¨ �Ô @�� �� �� AB� C�E

F Dez @¿� �� L£L D�z � ��� ��� �� «z{ ��G

h�·D
�·Ghl�

�

3 4¸ ��� ?@ L! �� ��� ß� �[� �·¾ ¿� tud

" I¸¹ �{z hv wxN .#w $% &'· º�( )� [¬h l*+

d ,�� ��P RS Tªp �P- L� D./ �@ �� ��� ��D

0 1�� l�� @3 4¸� ��� c� Gh¾ ¿�2 3D ��Ð Ñ4�

5 �. �½2 �67 @� �89 -L� O: ªp; H@ a�³b� �� <Å

�g�=>�?·@A�@BCDE�[�¾¿�F§GHDEF��l�

� �@ ID� ¾¿ª p¿ £wJ NDK .@ Z�� LM� @N OP,

Q



��������	
�������������������������������������� 

!"#�$�%&'�()*�+,-./0123435634378�9�3437889�

343788:;01<=>��?�

@ A� 	BC DEF GH FIJ 6%K LF MNI J;< OP QRS

TUV6OPQ+WXYZ[;�\]^%_V��?�

` abc d() 6:e fgF :e h;�\ i#	 jK� kl mno p

Aq�?�

8�W r s t u v < w x 2 � � y z G H { | W } , r X < ~ � � � �

F�������?��%���mn�
5���������������8��<�

= � � � � W } t 3����������5������������9��8:�� � � � 	

����%	�%2"i�� ¡%¢£IJ�FH¤¥Y¦§¨§

<©ª�?«.r�¬§t��®¯}§¨��°�±�<Wrsta²

³ x C ´ µ F ³ x � � ¶ � · ¸ � � ¹ F < º � ¶ 2 � # u & » ¡

y z G H { | < ¼ � l ½ 3�������¾33
< ¿ A À 	 8Á��e Â Ã A F

8��X,ÄÅ�¬§t�FyzGH{|FÆÇ<p�?

��È r É Ê % v � { | l ½ B C F Ë Ì Í 8±�% � � Î " # Ï F ^ Ð <

_Ñ�2ÒÓ	ÔÕÖ×£�MNl½BCoØÙÚÛe�ÜÝ�Þ

ß�#"½Ò2oà"�@q�?��	ÒFmn2��yzGH{

|�2<wO�	BCFÞß2yzGHF��<_Ñ#"�?

:�BCF+,-./012343501<{¯��mn	+,-./01

o	"BC�
34378�01¹	�	�C%��2�01F��o

w��	01F���Æ�¹���#"�?��	�§W�t�

+ % � � M N l ½ B C � 
 + , - . / 0 1 2 34378�0 1 o  � 2

¹	�	%KL�®CoB¼�#"½Ò2o��@q�?�§W�

t � + D E F B C F + , - . / 0 1 � 
 � � � Õ o à ¼ @ q � �

ª	%KL�®CF��o���	DeF�CF��o���#"

½��	ok
@q�?��	�§W�t�+%��MN�¡"B

CF+,-./01F���Æ�ÃA
	DeF�CF��o@

�¡i#�]	%KL�®CF��o�Ö�¡i#"½��	oà

¼@q�?

��O P Q R S T U V � \ i # B C D E F % K L F I J < _ V � � m

n	�§W�t�+%��MNl½BCDE�
%¢ÃA%K��

6Í8���F�@;�Ã�#	%KLFMN>o�"Ò2o�AÃ2

¡i�?��	�§W�t�+%��MN�¡"BC�
	%¢D

��%KL
�¡�	%K���F�	%KLo�>�MN�#"

½Ò2o�Ãi�?

` ab cd( )F� �� \]	 ��� »y zGH ��� �l ½Wr

s t�È rÉÊ �� ��v Fyz GH �Î" #	Ï F³  Æ� �wl

½!"	<%���#2BC��ÃA�AÃ��Ö�?�

� $% &Fy zGH 
³ �Æ� 'F� (	 o	Ã i�� �	 )*1

v �+, H¤- �� .@q �yz GH 
³� Æ�' F� (	o )�	

! "�/ ½Ò2 o� AÃ2 ¡i� ?� �yz GHF {| v
0 123

A q#" �¹F \] ¹4� 	56 D� �7Õ Ö×£ �8 Aq½ Ò2o

� Ãi� ?yz GH {|v 9:; �F BCF <=� Õ< _Ñ� mn 	

>



� ��� ��� �	 
�� �� �� ��� ��� �� ��
 ��
��� !"
� �# $% &' () *� +,+-./)*0 12 � 34 56 78 9: ;

$ <=� ��� 5< >?� @AB C� �D	 
�� #B E5< >?F
G �#H IJ �� �� ���  ! K#L M�� �5 678 9:;
$ <=� ��	 
� �NO �P< Q� R<> ST� �U �5 < >?
V2���	
 W�X
��YZR[ !

\]̂_̀ _"ab"cd_]"eb"efghdi]jfk"c"lb"m_n_o]i"p"c"_iq"rshthghk"u"u"
vwxy" zd{]̀ _{]fi" f|" {sh" ohd]qhi}h" {]̀ h" f|" thò _|ofd{"
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PI David Tsiklauri ( ) 
ABSTRACT. The ability to predict the occurrence of solar flares in advance is important to humankind due 
to the potential damage they can cause to Earth’s environment and infrastructure. It has been shown in 
Kusano et al. (2012) that a small-scale active region (AR) with its flux reversed relative to the potential 
component of the overlying field appearing near the polarity inversion line (PIL) is sufficient to effectively 
trigger a solar flare. In this study we perform further 3D magnetohydrodynamic simulations to study the 
effect that the motion of these small-scale AR on the effectiveness of flare triggering. The effect of two 
small-scale ARs colliding is also simulated. The results indicate that the strength of the triggered flare is 
dependent on how much of the overlying field is disrupted by the AR. Motion along the PIL can 
dramatically increase the strength of the flare increasing the peak Kinetic Energy (KE) more than threefold 
in the most extreme case simulated. Motion across the PIL or rotation of the AR however are seen to detract 
from the strength from the strength of the flare. Colliding AR also produce a much stronger flare as the flares 
triggered by each individual AR coalesce. These results show that significantly stronger flares can result 
from having multiple such AR or simply from the motion of such an AR along the PIL of a sheared 
overlying field.

The main findings of pioneering work by Kusano et al. (2012) were systematically surveying the 
nonlinear dynamics caused by a wide variety of magnetic structures in terms of three-dimensional 
magnetohydrodynamic simulations. As a result, they determined that two different types of small magnetic 
structures favor the onset of solar eruptions. These structures, which should appear near the magnetic PIL, 
include magnetic fluxes reversed to the potential component or the non-potential component of major field 
on the PIL. The central finding of Kusano et al. (2012) was their Fig. 2, where they considered maximum 

-scale 

most favorable conditions for the solar flares. In this work we consider the most favorable condition for the 
solar flares as in Kusano et al. (2012), but now in addition we impose linearly polarized oscillation on the 
emerging small-scale AR. We study the effect of amplitude and frequency variation of linearly polarized 
oscillations of single, emerging ARs and collision of two emerging ARs on solar flare efficiency. Our 
motivation is two-fold:

(i) We would like to investigate how oscillations in the AR, both linear and torsional, might affect the
previous results of Kusano et al. (2012). Such oscillations can come from a Alfv/’en waves travelling along 
the emerging magnetic flux tube that extends from solar corona down to below photosphere. 

(ii) Sunspots are known to collide/coalesce. Hence we would like to study how this affects the amount
of energy released during the flare modelled by emerging and at the same time colliding, small-scale fields 
interacting with an overlaying, pre-
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We find that movement of the small-scale AR along the PIL increases the strength of the flare triggered 
whilst movement of the AR away from the PIL decreases the flare strength, as illustrated in above figures. 
Torsional motion seems to have little effect on the flares although sustained rotation that moves the AR too 

Finally collisions lead to more energetic flares due to both the movement of the individual AR and the 
coalescence of the flares triggered by each emerging AR.

periods of stay in ISEE 
C. Boocock, 6-24 May, 2019; D. Tsiklauri, 17-24 August, 2019
list of publications
C. Boocock, K. Kusano, and D. Tsiklauri, “The Effects of Oscillations and Collisions of Emerging Active
Regions on the Triggering of Solar Flares” Submitted to ApJ
Conferences: results will be presented at the next UK Roy. Astron Soc. National Astronomy meeting 2020
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Project Title: EUV, UV & X-ray Solar Irradiance Variability and their Impacts on 
Earth’s Climate & Space Weather 

Principal Investigator Name (Affiliation) 
Dr. R. Kariyappa 

Former Professor, Indian Institute of Astrophysics 
Bangalore 560034, India 

This research work was carried out in collaboration with Shinsuke Imada (ISEE/Nagoya University), 

Kanya Kusano (ISEE/ Nagoya University), H.N. Adithya (PhD student, YIESPL/IIA), Joe Zender 

(ESA/ESTEC), L. Dame (CNRS/LATMOS), G. Giono (KTH), Mark Weber (CFA/Harvard), and E.E. 

DeLuca (CFA/Harvard).  
This project was supported by ISEE/Nagoya University under ISEE International Joint Research Program. 

My period of stay in ISEE was from 16 June to 18 July 2019. I appreciate the generous support and 

hospitality that I received during this period, and the warm disposition of staff and students I worked and 

stayed at ISEE. Particularly I am very thankful to Dr. Kanya Kusano (Director) and Dr. Shinsuke Imada 

for their constant support and for a productive discussion which lead to many interesting and important 

results. 
Project Summary: 
The Sun is the primary source of energy responsible for governing both the weather and climate of Earth. 

For that reason alone, one would expect that changes in the amount and type of energy Earth received 

from the Sun could alter weather and climate on the Earth. The variations in the EUV, UV & X-ray 

irradiance are produced by surface manifestation of solar magnetic activity. Considering the variations in 

the solar EUV, UV & X-ray flux may cause significant changes in the Earths climate, understanding the 

physical origin of EUV, UV & X-ray irradiance changes is an extremely important issue in Solar and 

Space Physics and in Solar Terrestrial Physics.   
Recently we have worked on PROBA2/SWAP & SDO/AIA spatially resolved full-disk images to 

understand the EUV & UV solar irradiance variability measured using PROBA2/LYRA instrument and 

published a large number of research papers. During my visit to ISEE under this program, we had a long 

discussion on Solar X-ray irradiance and decided to work on Hinode/XRT full-disk spatially resolved soft 

X-ray images to understand total solar X-ray flux variations measured by GOES (1-8 A). For the first

time we have analysed the XRT full-disk X-ray images to segment the different coronal features. We have

developed an algorithm in Python to analyse the XRT images for the period from 2007 to 2012 in two

filters namely, Al mesh and Ti poly and segmented automatically the different coronal features such as
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Active Regions (ARs), Coronal Holes (CHs), Background (BGs) and X-ray Bright Points (XBPs). We 

have estimated the total intensity of all these features and of the full-disk and compared with total solar 

X-ray flux measured in 1-8 A from GOES instrument and with solar cycle. It is found that all the coronal

soft X-ray features are well correlated with GOES X-ray flux variations and with the sunspot numbers.

We found that the active regions are more responsible for solar X-ray irradiance variations compared to

other features. In addition the number of XBPs appears to be anti-correlated with the solar activity, but

need to be confirmed with further studies. The time series of all the features will contribute to total solar

X-ray irrdaince variability and shown that the variations in integrated solar X-ray flux (GOES 1-8A) can

be explained by spatially resolved and segmented full-disk soft X-ray images (Hinode/XRT).

Scientific Background:
Since the radiative output of the Sun is one of the main driving forces of the terrestrial atmosphere and

climate system, the study of solar energy raises is of increasing interest. Although the long-term change in

total solar irradiance (the solar energy flux integrated over the entire spectrum) is considered to be one of

the major natural forces of the Earths climate system, the study of extreme ultraviolet (EUV) and

ultraviolet (UV) and X-ray irradiance variability is equally important in solar physics and in solar

terrestrial atmosphere. Indeed, EUV irradiance is the main energy input for the Earths upper atmosphere

with important effects on the ionosphere and thermosphere.  The solar EUV and UV & X-ray fluxes thus

play a major role in Solar-Terrestrial relationships. Understanding their variability is thus an important

issue for space weather and climate applications. Understanding the EUV and UV & X-ray irradiance

variability from spatially resolved intensity and magnetic field observations of the Sun from Space and

Ground based Missions is an important issue in space weather and climate applications.

In the recent years we made a detailed studies to understand the EUV & UV solar irradiance from

spatially resolved full-disk intensity and magnetic field images observed by PROBA2/SWAP, SDO/AIA 

Figure 1: Segmented solar X-ray images obtained with Hinode/XRT in Ti poly (left image) and Al mesh 
(right image) filters on 13-01-2008 
and SDO/HMI instruments.  We determined the contribution of the different features and the role of  
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magnetic field to EUV & UV irradiance variability. In the present project we proposed to use 

Hinode/XRT full disk X-ray images for the period from 2007 to 2012 and segregate the different features 

(such as active regions, coronal holes, background and x-ray bright points) of the solar corona. Finally 

and combinedly to determine the role of UV, EUV & X-ray irradiance variations on Earth’s Climate & 

Space Weather. 
Observational Data and Image analysis: 
We have used full-disk spatially resolved X-ray images for the period 2007 - 2012 observed by 

Hinode/XRT instrument simultaneously in two filters: Ti poly and Al mesh filters. A segmentation 

algorithm has been developed in Python to segment automatically the different coronal features (such as 

active regions - ARs, coronal holes - CHs, background regions - BG and X-ray bright points - XBPs) 

based on intensity criteria and their morphology and sizes of the features. We derived the total intensity of 

all the segmented features for the entire period and estimated their contributions to total full-disk intensity 

and to total solar X-ray flux measured in 1-8 A using GOES. 
The preliminary results of these analysis are presented in this report. 
Preliminary Results: 
For the first time the full-disk soft X-ray images obtained from Hinode/XRT have been analysed & 

compared with GOES (1-8A) total X-ray irradiance. We have segmented the different coronal X- ray 

magnetic features (ARs, BGs, XBPs & CHs) to understand their intensity variations. We derived the total 

intensity of individual features and the full disk intensity values in the two filters (Ti poly & Al mesh). We 

found that all the features show intensity variations as a function of solar magnetic cycle (sunspot 

numbers). In addition to intensity values of all the features, we have identified and counted automatically 

the X-ray bright points over the entire disk for the whole period from 2007 to 2012. We found that there is 

an indication of anti-correlation of total number of XBPs with solar cycle, need to be confirmed with 

detailed studies. 
Variations in the quantities resulting from the segmentation, namely the integrated intensity of 

Ars/CHs/QS/FD regions, are compared with the GOES 1-8A Solar X-ray irradiance variations. We found 

that the X-ray full-disk intensity over ARs/CHs/QS/FD is well correlated with the GOES Solar X-ray (1-8 
A) irradiance variations. We observed that all the coronal features will contribute significantly to total 

solar X ray irradiance. We noticed that sophisticated feature identification and segmentation tools are 

important in providing more insights into the role of various coronal features in both the short- and long-

term changes in the solar X-ray irradiance. The spatially resolved and segmented full-disk X-ray images 

(XRT) will help to explain fully the total solar X-ray flux variations, measured Sun as a Star (by GOES). 
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Figure 2: Variation of total intensity of the full-disk solar X-ray image observed in Ti poly (top left) & 
Al mesh (top right) filters, GOES (1-8 A) total solar X-ray flux (bottom left panel) and for comparison

Sunspot Numbers (bottom right panel) for the period: 2007 to 2012.

Importance of this project and Future Work: 
The importance of this project is to understand the physical mechanism of the variability of solar EUV, 

UV & X-ray irradiance, segment the various features, the contribution of different magnetic features, and 

to determine the impacts of EUV, UV & X-ray irradiance on Earth’s Climate and Space Weather. 

Particularly the Hinode/XRT full-disk images have not been used earlier to study the solar X-ray 

irradiance variability. So it is important to use them to explain the solar X-ray flux variability. This 

research effort will lead to the PhD thesis work of Mr. H.N. Adithya. 
(i) Since we have observations at least in two filters (Ti poly and Al mesh) simultaneously and their 
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corresponding temperature response curves, we plan to derive the temperature of different coronal 

features and for the full-disk and to study the temperature variations associated with the features and 

finally to derive the temperature maps of the full solar corona; 
(ii) We plan to compare the full-disk segmented intensity images with SDO/HMI full-disk magnetograms 

to determine the magnetic field of all the features; 
(iii) This research effort will help to determine the role of magnetic field in the solar X-ray irradiance 

variability, similar to the work done recently by us on the role magnetic field in EUV & UV irradiance 

variations; 
(iv) Construction of intensity field, magnetic field and temperature maps of the full-disk solar corona; 
(v) Estimation of the impacts of EUV, UV & X-ray irradiance on Earth’s Climate and space weather; 
(vi) This research effort will be a part of the PhD thesis of Mr. H.N. Adithya. 
Seminar: 
I gave a seminar on ”Coronal & Photospheric Magnetic Features from Spatially Resolved Images to 

Understand EUV & UV Solar Irradiance Variability & their impacts on Earth’s Climate and Space 

Weather” on June 26, 2019 at ISEE. 
Visited NAOJ: 
I visited National Astronomical Observatory of Japan (NAOJ), Mitaka from June 30 to July 04, 2019 on 

the invitation of Dr. Tetsuya Watanabe for a scientific discussion with the faculty members of Solar 

Physics Division on solar X-ray irradiance, and given a seminar on EUV & UV Solar Irradiance. 
Papers presented at the International Conferences/Symposium/Meetings: 
(i) Adithya, H.N., Kariyappa, R., Shinsuke, Imada, Kanya Kusano, Zender, J.J., Dame, L., Giono, G., 

Mark Weber, and Deluca, E.E., ”Solar X-ray Irradiance Variability & its Impacts on Earth’s Climate &

Space Weather - Preliminary Results, presented at the PSTEP4/2ISEE International Symposium held on 

January 28 - 30, 2019, ISEE/Nagoya University, Nagoya, Japan - presented by R. Kariyappa. 
(ii) Adithya, H.N., Kariyappa, R., Shinsuke, Imada, Kanya Kusano, Zender, J.J., Dame, L., Giono, G., 

Mark Weber, and Deluca, E.E., Solar X-ray Irradiance Variability from Spatially Resolved Full-Disk 

Images from Hinode/XRT, presented at 5th Asia Pacific Solar Physics, February 3-7, 2020, Pune, India - 

presented by H. N. Adithya. 
Publications - in progress: 
(i) Adithya, H.N., Kariyappa, R., Shinsuke, Imada, Kanya Kusano, Zender, J.J., Dame, L., Giono, G., 

Mark Weber, and Deluca, E.E.: 2020, Contribution of Coronal Magnetic Features to Total Solar X-ray 

Irradiance Variability, in preparation. 
(ii) van der Zwaard, R., Bergmann, M., Zender, J.J., Kariyappa, R., Giono, G. and Dame, L.: 2020, 

Segmentation of coronal features to understand the solar EUV and UV irradiance variability III. Inclusion 

and Analysis of Bright points, A&A, under review. 
(iii) Giono, G., Zender, J.J., Kariyappa, R., and Dame, L.: 2020, Understanding the long-term 
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periodicities seen in the EUV/UV solar irradiance, Daily segmentation of EUV/UV images over a 7-years 

period to investigate irradiance periodicities from days to month, To be Submitted to A&A. 
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Project Title: Prompt penetration of convection/overshielding electric 
fields during the onset of substorms

Tulasiram Sudarsanam
Associate Professor  

Indian Institute of Geomagnetism, India 

Purpose 
The main purpose of this project work is to investigate the Prompt Penetration Electric Fields during the 

onset of substorms and its impact on the equatorial and low-latitude ionosphere.  Further, it is also 

proposed to investigate the MLT dependence on the eastward/westward polarity of PPEF during the 

substorms. 

Method 
A multi-observational approach is adopted in this investigation.  The ground based magnetometer 

observations from Indian, Japanese and Brazilian sectors have been analyzed to study the equatorial 

electrojet variations during the onset of substorms.  A novel selection criteria have been defined to 

automatically detect the onset of isolated substorms from long term observations of Wp-index, AU/AL 

indices using a computer program.  The substorm selection criteria includes (i) A sharp increase in 

Wp-index (magnitude nT @ nT/min) from a quiescent pre-epoch state (standard deviation of 

nT), (ii) A simultaneous decrease in AL (magnitude - nT), (iii) The background 

solar wind conditions must be steady i.e., peak-to-peak changes in IEFy mV/m and standard 

deviation of dynamic pre

substorm onset.  The criterion (i) and (ii) detects the onset of a substorm while criterion (iii) ensures 

the steady background SW conditions.  Hence, the observed changes in the EEJ can be chiefly 

considered as PPEFs in response to the onset of substorms. Further, the SuperDARN HF radar and ground 

based GPS-TEC observations have also been considered to investigate the low-latitude ionospheric 

response to the PPEFs induced due to the onset of substorms. Both the case study and the statistical 

investigations have been made.  Salient results are briefly summarized hereunder.      

Summary of results 
 during 

the St. Patrick’ th investigated to study the PPEF effects at 

low-latitudes.  The equatorial electrojet (EEJ) exhibited a substantial increase indicating strong 

eastward PPEF with the onset of substorm. Further, enhanced westward electrojet currents have also 

been observed on the night side (Japanese sector).  The strong eastward PPEF during this event has 

caused the equatorial super fountain and rapid redistribution of low-latitude plasma into symmetric EIA 

observations indicates that the reconfiguration of convection cells in the southern high latitudes during 

this event and the resultant enhancement of convection electric field led to this eastward (westward) 

PPEF on day (night) side ]. 

A statistical study is further carried out to investigate the polarity of PPEF during the onset of isolated 
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-

sector and Wp index measurements from ISEE.  s detected using a 

computer program based on the above selection criteria have been analyzed to investigate the EEJ 

response and its MLT dependency.  While most of the isolated substorms (68 cases) do not cause 

significant disturbances in the EEJ 

-

local distribution of EEJ disturbances.  It can be seen from these figures that the westward EEJ 

– LT.  However, the eastward EEJ 

the factors responsible for the dawn-to-noon sector preference of westward EEJ response is currently 

underway     

  

      

 

 

 

 

 

 

Visit to ISEE 
rd – th Feb 

the above joint research investigations along with the host professor Prof. K. 

Shiokawa and his group at ISEE, Nagoya University under ISEE international joint research program – 

  Additional collaborative investigations are also carried out on the solar wind density control on 

the PPEF and Dilatory and downward development of shorter scale irregularities in the plasma bubbles 

during the this visit. 

List of Publications 
S. Tulasi Ram, B. Nilam, N. Balan, Q. Zhang, K. Shiokawa, D. Chakrabarty, Z. Xing, K. Venkatesh, B.   
Veenadhari and A. Yoshikawa, Three different episodes of prompt equatorial electric field 
perturbations under steady southward IMF Bz during St. Patrick’s day storm, J. Geophys. Res. Space 
Physics  

S. Tulasi Ram, B. Nilam, K. Shiokawa, M. Nose, The prompt penetration electric fields during the 
 

B. Nilam, S. Tulasi Ram, K. Shiokawa, N. Balan and Q. Zhang, The solar wind density control on the 
 

S. Tulasi Ram, K. K. Ajith, T. Yokoyama, M. Yamamoto, K. Hozumi, K. Shiokawa, Y. Otsuka and G. Li, 
Dilatory and downward development of 3-meter scale irregularities in the Funnel-like region of a 
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Project Title Testing diagnosing of the coronal magnetic field from 
solar radio observations

Baolin Tan  
(National Astronomical Observatories of Chinese Academy of Sciences) 

Under the support of this joint project, we use the multi-wavelengths observations, including 
radio observations of MUSER, NoRH, and IPRT/AMATRAS, and EUV imaging observations 
of AIA/SDO to diagnose the nonthermal processes and precursors of solar flares and investigate 
the related energy release and particle acceleration. We published 3 collaborative papers in ApJ,
and our results are in following: 
(1) We demonstrated 3 types of solar fast-drifting radio bursts (FDRBs), including type III pair 

bursts, narrowband stochastic spike bursts, and spike-like bursts. Although all of them have 
fast frequency-drifting rates, but they are intrinsically different from each other in frequency 
bandwidth, drifting rate, and statistical distribution which are possibly generated from 
different accelerating mechanisms. The type III pair bursts may be triggered by high-energy 
electron beams accelerated by the flaring magnetic reconnection, spike bursts are produced 
by the energetic electrons accelerated by a termination shock wave triggered by the fast 
reconnecting plasma outflows impacting the flaring loop top, and the spike-like bursts are 
possibly generated by nonthermal electrons accelerated by moving magnetic reconnection 
triggered by interaction between CME and the background magnetic fields.  

(2) We study a solar eruptive prominence associated to a flare/CME event by microwave and 
EUV observations. The evolution can be divided into three phases: slow rise, fast expansion, 
and ejection. In the slow-rise phase, the prominence continuously twists with a patch of 
bright emission appearing around the top. When one leg interacts with the local small-size 
loops, the fast expansion is initiated and the flare takes place. The prominence grows 
rapidly accompanying with a series of localized bright points. These localized bright 
structures, first appearing at the top and then scattering in the entire prominence structure, 
are co-spatial with EUV bright threads, fibers, or spots in both high- and low-temperature 
passbands. They display significant temporal variations on the scale of 3-5 s in the 
microwave observations. This behavior could be interpreted in the frame of the small-scale 
and short-term process of energy releases in the twisted magnetic structure.

(3) From the analysis of radio images observed by MUSER at frequencies of 1.2-2.0 GHz for 
the first time, microwave images by the NoRH, UV and EUV images by AIA/SDO, and a 
magnetogram by HMI/SDO, we found three different QPPs in a solar flare: UV-QPPs with 
a period of  4 min at 1600 Å images near the center of the active region lasting from the 
preflare phase to the impulsive phase; EUV-QPPs with a period of about 3 min along the 
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circular ribbon during the preflare phase; and radio QPPs with a period of about 2 min at 
frequencies of 1.2-2.0 GHz around the flaring source region during the impulsive phase. We 
suggest that the 4 min UV-QPPs should be modulated by the sunspot oscillations, and the 3 
min EUV-QPPs are closely related to the 2 min radio-QPPs for their source regions 
connected by a group of coronal loops. We propose that the intermittent magnetic 
reconnecting downward and upward plasmoids may be the possible trigger of both the 
preflare 3 min EUV-QPPs and the impulsive 2 min radio-QPPs. The possible mechanism is 
LRC-oscillation, which is associated with the current-carrying coronal loops, and the 
existence of preflare QPPs may be a possible precursor to solar flares.

Periods of stay in ISEE: Prof Baolin Tan and Dr. Chengming Tan visited and stayed in ISEE 
from 2019 October 25 ttill November 6. 

List of publication:
(1) Tan B.L., Chen Nai-hwa, Yang Ya-hui, Tan C.M., Masuda S., Chen X.Y., Misawa H., Solar 

Fast Drifting Radio Bursts in an X1.3 Flare on 2014 April 25, 2019, ApJ, 885:90 
(2) Chen X.Y., Yan Y.H., Tan B.L., Huang J., Wang W., Chen L.J, Zhang Y., Tan C.M., Liu D.H., 

Masuda S., Quasi-periodic pulsations before and during a solar flare in AR 12242, ApJ, 
2019, 878 78 

(3) Huang J., Tan B.L., Masuda S., Cheng X., Susanta B., and Melnikov V.F., The localized 
microwave and EUV bright structures in the eruptive prominence, 2019, ApJ, 874, 176 

We also presented several reports in international scientific conferences:
(1) Tan Baolin, Solar radio spectral fine structures and diagnostics of non-thermal processes

(Oral presentation), CESRA2019, Potsdam, Germany, 2019 July 8-13 
(2) Tan Baolin, Radio Precursor of Solar Flares (Oral presentation), ISEE seminar, Nagoya 

University, Japan, 2019 October 30 
(3) Tan Baolin, Introduction of Solar Radio Research in NAOC (Oral presentation), ISEE 

Seminar, Nagoya University, Japan, 2019 October 29. 
(4) Tan, Baolin, Radio Precursors of Solar Flares (Oral presentation), Russian conference of 

solar physics in 2019, Saint Petersberg, Russia, 2019, October 9 
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Variability in satellite-derived surface chlorophyll-a, Ekman transport 
and sea surface temperature in the Banda Sea

Iskhaq Iskandar
University of Sriwijaya, Indonesia 

Background 
The Banda Sea, bordered by the Southern Molucca islands (i.e. Seram, Sula and Buru 

Islands) on the north and Nusa Tenggara Islands Chain on the south, Sulawesi Island on the 
west and Papua Island on the east, is located on the route of Indonesian Throughflow (ITF). The 
ITF transports water masses into the Banda Sea through the Makassar Strait/Flores Sea in the 
west and the Molucca Strait on the North with major transport is coming from the Makassar 
Strait (Gordon and Fine, 1996). There two outflow channels of ITF from the Banda Sea, namely 
the Ombai Strait and the Timor Passage. The ITF plays an important role on the global ocean 
and climate circulation (Lee et al., 2002) and ecosystem dynamics (Iskandar et al., 2010). Using 
coupled bio-physical model, Iskandar et al. (2010) demonstrated that the ITF provides nutrient 
reach-water that sustained surface chlorophyll-a bloom in the southern Java during the positive 
Indian Ocean Dipole (IOD). 

Purpose
This study is designed to evaluate the seasonal and interannual variation of physical and 

biological ocean parameters in the ITF region, in particular in the Banda Sea and its surrounding 
seas.

Data and Methods
The chl-a concentration data were obtained from the Moderate Resolution Imaging 

Spectroradiometer (MODIS) on board of the Terra and Aqua satellites. Monthly data at 9 km 
spatial resolution from January 2003 until December 2015 were downloaded from the Ocean 
Colour web site (http://globcolour.info).  

The SST dataset were derived from the daily Optimum Interpolation Sea Surface 
Temperature (OI-SST) of the NOAA. The data cover a period of January 2003 to December 
2015. Monthly averages were calculated from these daily fields. The spatial resolution of the
SST data is 0.25°×0.25°. In order to evaluate the dynamical forcing underlying surface chl-a
variation in this area, surface wind data obtained from the ECMWF ERA5 reanalysis were used 
to calculate the Ekman transport. The data cover a period from January 2003 to December 2015
having horizontal resolution of 0.25°.  

We examine their temporal means and seasonal cycles. We, then, removed the seasonal 
cycles to analyze at the nonseasonal variability. The nonseasonal variability is, in turn, divided 
into interannual and intra-annual timescales.  

Results

Our analysis on the spatial temporal variability of physical and biological ocean parameters 
in the Banda Sea is still in progress. However, during our analysis, we found another interesting 
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result from the western part of the ITF, namely in the Karimata Strait, which connects the South 
China Sea and the internal Indonesian seas through the Java Sea.

Monthly climatological fields of the surface chl-a in the Karimata Strait during the northwest 
monsoon (December – March) until the spring monsoon-break (April – May) are presented in 
Figure 1 (left). Interestingly, the observed high chl-a concentration in the Karimata Strait during 
the northwest monsoon shows opposite situation with that observed along the western coast of 
Sumatra and along the southern coast of Java, which shows a low chl-a concentration during 
this season. It may suggest different mechanism underlying the chl-a bloom in the Karimata 
Strait. This high chl-a concentration during the northwest monsoon season could not be 
explained solely by the wind dynamics. As previously suggested, the enhancement of surface 
chl-a within the Indonesian seas (e.g. the Karimata Strait, the Java Sea and the Banda Sea) 
during the northwest monsoon season could be related to the increased of precipitation thus 
river discharge into the coastal region. High precipitation was observed (mainly over the land) 
from December until April (Figure 1, right). In particular, the highest precipitation was observed 
over the Sumatera in December and January co-occurred with the observed high chl-a
concentration in the Karimata Srait. We hypothesize that the increase of precipitation may cause 
an increase of allochthonous nutrient from the land through the several river discharges in the 
eastern coast of Sumatra. 

Figure 1. Monthly climatology of surface chl-a (left; mg/m-3) and precipitation (right; mm/hr) in the 
Karimata Strait during the northwest monsoon season (December – March) until the spring 
monsoon-break (April – May). 

Period of stay in ISEE
1. Qurnia Wulan Sari : 5 – 14 November, 2019 
2. Iskhaq Iskandar : 2 – 8 February, 2020. 

List of Publication
Based on this study, we are still working to finalize a manuscript: 

Seasonal and Interannual Variations of Surface Chlorophyll-a Variations in the Karimata 
Strait (to be submitted to IEEE Journal of Selected Topic in Applied Earth Observations and 
Remote Sensing)
Authors: Iskhaq Iskandar, Qurnia W. Sari, Eko Siswanto and Joji Ishizaka

64



Detection and modeling of green Noctiluca bloom in the Gulf of Thailand using 
satellite ocean color

Anukul Buranapratheprat (Burapha University) 

Background 
Harmful algal blooms (HABs) in the upper Gulf of Thailand (UGoT) are frequently caused by green 

Noctiluca scintillans, a dinoflagellate containing a symbiotic green alga named Pedinomonas noctilucae. The 
intensive bloom potentially causes massive fish mortality due to rapidly reducing oxygen in the water column 
and causes tourist disruption due to dirty seawater and foul odor. In this study, the differences in the apparent 
colors and pigment composition between green Noctiluca and other HABs (e.g., Ceratium furca and diatoms) 
are used to develop an algorithm for identifying the green Noctiluca bloom using ocean color remote sensing 
techniques and studied on its variability. 

Purposes
1. To develop an algorithm to identify green Noctiluca blooms based on satellite ocean color data,
2. To investigate its variability in the relationship with the dynamical processes.

Methods
In situ bio-optical data and phytoplankton pigment compositions collected at the sea surface in wet 

and dry seasons between 2017 and 2018 were used to develop the algorithm. Phytoplankton community 
composition was estimated by the CHEMTAX program based on HPLC phytoplankton pigments. Each in situ
remote sensing reflectance ( ) spectrum (320 nm – 950 nm) is identified as the blooming type by comparing 
it with the percentage of phytoplankton composition of the same survey station. The identified   was
normalized by 547 to reveal the specific spectral characteristics of plankton groups. A cluster analysis 
was performed to classify the normalized into related phytoplankton groups. 

The HABs algorithm was applied to satellite data to identify the location of green Noctiluca blooms. 
The satellite was verified with in situ to assess accuracy. The blooming area was then validated with 
the reported HABs occurrence in UGoT. The satellite green-Noctiluca bloom images were then compared with 
the simulated surface circulation using Princeton Ocean Model (POM) to explain the variability of green 
Noctiluca blooming in the same period. 

Results
Eight classes of phytoplankton were derived by HPLC-CHEMTAX (i.e., dinoflagellates, cryptophytes, 

prymnesiophytes, chrysophytes, chlorophytes in exponential stage, chlorophytes in stationary stage, 
cyanobacteria, and diatoms (Figure 1a). Green Noctiluca was classified in chlorophytes_1 (exponential phase) 
and chlorophytes_2 (stationary phase). The phytoplankton composition of each survey station comparing to in 
situ (Figure 1b) and the 547 normalized (Figure 1c) could classify the data into five groups,
including 1) green Noctiluca blooms, 2) Ceratium furca blooms, and 3) diatoms blooms, and 4) mixed species, 
and 5) non-bloom waters.

We firstly focused on the MODIS wavelengths. Using cluster analysis of the normalized 547 and 667 showed five clusters of water types (Figure 1d). The cluster of green Noctiluca blooms 
was within 0.5 of the both normalized . The one of C. furca was within 0.5 of the normalized 488
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and over 0.5 of the normalized 667. Diatoms were between 0.5 and 1 and between 0 and 0.5 of the 
normalized 488 and 667, respectively. Mixed species was also between 0.5 and 1 of the normalized 488 and over 0.5 of the normalized 667. Also, the non-bloom cluster was over 1 of the normalized 488.

The incompatibility between the satellite and in situ appeared in the normalized 667. The 
satellite data, thus, was improved the accuracy (Figure 2b). Then, the criteria of five clusters were applied 
to the satellite MODIS data (Figure 2d). The satellite image on July 17th, 2016 showed the broad area of green 
Noctiluca bloom in the east of UGoT. It was consistent with the dark greenish area on Landsat 8 RGB image
(Fig. 2c and 2d) and with the report of green Noctiluca bloom at the eastern coast. This indicated that the 
algorithm could apply to investigate the location of green Noctiluca blooms using MODIS data in UGoT. The 
algorithm would be applied to other modern satellites such as VIIRS and GCOM-C in future works.

Simulated depth-averaged circulation 
in August 2019 (Figure 3a) is used to 
explain the occurrence of green Noctiluca
bloom during the field observation on 
August 5-6, 2019. The accumulation of  
Noctiluca cell was found in the east of 
UGoT (red circle) because of river water 
advection following seasonal circulation. 

The development of convergence in that area may also play a significant role in plankton cell accumulation. 
The blooming patchiness was expected to move to the east coast at the end of this month as shown in Figure 
3b.
Periods of stay in ISEE: It has been canceled due to COVID19 outbreak. 
List of publications: none 

 
Figure 2 MODIS verifications (a-b) and the MODIS
HABs image validated by comparing with the reported 
Noctiluca bloom (c) and the expected area of green Noctiluca
bloom on Landsat 8 on July 17th, 2016 (d). 

Figure 1 Results of each step of the HABs algorithm 
development.

Figure 3 Simulated depth-averaged circulation comparing with 
the MODIS HABs classification in August 2019

66



Investigation of the relationship between nighttime electrified medium 
scale traveling ionospheric disturbances and middle latitude spread F

Viswanathan Lakshmi Narayanan  
(UiT The Arctic University of Norway) 

Purpose
It is currently believed that the spread F in middle latitudes are caused by nighttime 

electrified medium scale traveling ionospheric disturbances (EMSTIDs). However, it is noted in 
the earlier works that spread F does not occur whenever EMSTIDs occur. We proposed to 
investigate the relationship between nighttime EMSTIDs and middle latitude spread F in detail.
Meanwhile, the affiliation of the Principal Investigator has changed and as a consequence, 
additional research is done on the mesospheric dynamics and its role in altering sodium densities. 
This latter work has led to interesting preliminary results that are submitted for the forthcoming 
EGU General Assembly meeting as given in the publications section. 

Methods
We approach the problem of relationship between EMSTIDs and spread F with the help 

of GPS TEC data and ionosonde measurements over Japan with plans to utilize airglow imaging 
observations at a later stage. We selected the summer months of recent solar maximum year of 
2014. This is done to have a few days without EMSTIDs so that we can also identify whether 
spread F forms when there is no EMSTIDs. If we select solar minimum year, it is likely that 
spread F and EMSTIDs will form every day making the discrimination difficult. However, being 
a weak solar maximum year, almost every night has EMSTID signature in summer 2014. We
studied the GPS TEC data around the ionosonde measurement sites of Wakkanai (45.16oN, 
141.75oE geographic; 38.46oN quasi dipole), Kokubunji (35.71oN, 139.49oE geographic; 28.72oN
quasi dipole), Yamagawa 31.20oN, 130.62oE geographic; 24.54oN quasi dipole) and Okinawa 
(26.68oN, 128.15oE geographic; 20.01oN quasi dipole) during May to August 2014. The standard 
deviation of detrended TEC and average of ROTI indices are made for a region of 300 square 
kilometer centered at the ionosonde sites. The existence of spread F and sporadic E are noticed 
from respective ionosonde measurements. An enhancement in the standard deviation of detrended
TEC (dTEC) indicates existence of EMSTIDs.

Results
Earlier works have shown that spread F occurs only for part of the time when there are 

EMSTIDs. Our results confirm the earlier findings in that the observed spread F events almost 
always occur when there is some presence of EMSTIDs. However, on rare instances spread F 
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occurs without corresponding existence of EMSTIDs. Couple of examples are shown in the 
Figure below. Among the variety of parameters checked, the figure shows the standard deviation 
of dTEC as indication for existence of EMSTIDs along with the blue stars representing spread F.
Note that there is spread F without noticeable EMSTID activity over Wakkanai on 3 May (left 
image) and Yamagawa on 24 July 2014 (right image). The other stations have spread F with
reasonable EMSTIDs. Another general trend we noticed is that the amplitude of the EMSTID 
perturbations during existence of spread F is relatively higher when the latitude of the observation 
location is lower. This is seen often with higher amplitude EMSTIDs over Yamagawa and 
Kokubunji compared to those over Wakkanai. We identify that high spatio-temporal resolution 
data is required from middle latitude E and F region ionosphere to comprehensively understand
the processes linking the EMSTIDs and spread F formation.  

Figure 1. TEC parameters, spread F and 
sporadic E occurrences on 3 May and 24 July 2014 

Period of stay in ISEE
Viswanathan Lakshmi Narayanan stayed in ISEE, Nagoya University between 10 

December 2019 and 15 January 2020 to carry out the abovementioned works. Part of the work is 
completed before the visit and remaining is being continued till now.  

List of publications
V. L. Narayanan, S. Nozawa, I. Mann, S. Oyama, K. Shiokawa, Y. Otsuka, N. Saito, Mesospheric 
fronts in airglow images and the variation of the bottomside sodium layer densities measured by 
a sodium lidar at Tromsø, Norway, submitted to the EGU General Assembly 2020.
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The NoRH/RHESSI flare catalogue: statistical paper and planning for 
the future

Säm Krucker, FHNW & UC Berkeley 

Solar flares give us a unique opportunity to make spatially resolved observations to study 

magnetic energy release and particle acceleration in space plasmas. The most direct diagnostics 

of electron acceleration are provided through radio and hard X-ray observations where we 

observe synchrotron emissions in the GHz range and non-thermal bremsstrahlung emissions 

above typically 10 keV. Observations at these two different wavelength ranges are highly 

complementary as synchrotron emission heavily depends on the magnetic field along which the 

electrons spiral, while bremsstrahlung is weighted by the ambient density where the electrons 

suffer collisions. The two leading solar dedicated observatories of the past decades are the 

Nobeyama Radioheliograph (NoRH) and the Reuven Ramaty High Energy Solar Spectroscopic 

Imager (RHESSI). Both observatories apply indirect imaging techniques heavily relying on 

sophisticated imaging reconstruction algorithms to achieve the best possible results. 

During my research stay at University of Nagoya as visiting professor in May through July 2018, 

I compiled a list of jointly observed large flares establishing the NoRH/RHESSI large flare 

catalogue. The catalogue contains statistical results on peak flux, time evolution, and imaging. 

With the RHESSI mission now being decommissioned, this set of events is the final catalogue 

and contains the best available data on jointly observed flares in microwaves and hard X-rays 

for years to come.  

During my research stay from October 21 through November 21, 2019, we completed the 

following tasks: 

1) We wrote a paper containing the main statistical results obtained so far. The papers main

finding is the correlation plot between radio and hard X-ray peak flux that extends over 4 orders

of magnitude, corroborating that a single accelerator produces both, the microwave and hard

X-ray emitting electrons (see Figure 1). By restricting the correlation to flares with the same

source geometry, we showed that the correlation further improves. We got positive feedback

from the referee, and the paper will be accepted by end of March 2020.

2) We analyzed the strong event within our sample (Feb 25, 2014) with a peak flux above 20k

SFU for which the standard imaging approach fails with a new approach. The event is

included in the statistical paper mentioned above.

3) We made plans for future collaborative effort between UCB, FHNW, and ISEE to further
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exploit the unique set of events selected in the NoRH/RHESSI catalogue. This includes the 

analysis of common events seen with the SUZAKU/WAM instruments, and the search for 

the smallest non-thermal flares with peak fluxes at 17 GHz below 1 sfu seen by NoRH. 

List of publication: 

• Krucker, Masuda, & White, 2020, Astrophysical Journal, under review 

Figure 1: Correlation plot between the 17 GHz peak flux and the 50-100 keV peak count rate. Top 

panel show the factor of deviation from the fit. Note the linear correlation over more than 4 orders of 

magnitude with an averaged scatter of about a factor of 2.  

�
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Energetics of Arctic Stratospheric and Mesospheric Coupling Due to Small-scale Gravity Waves 
 

Kim Nielsen (Utah Valley University) 
 
Comment: The COVID-19 pandemic overlapped the period of this project and put some restrictions on 
the progress of the project as well as presenting the work at conferences. We will pursue the remaining 
part of the project and publications as soon as the COVID-19 restrictions allow. Specifically, this limited 
the effort involving the airglow image analysis. 
 
Background 
Small-scale gravity waves play a major role in energy transfer throughout the atmosphere and near-
space environment, and therefore are essential to include on both weather and climate model studies. 
However, due to their small structure, they are difficult to implement into these models. Instead, they 
are often parameterized through an ensemble effect of energy transfer, with the assumption that the 
energy transported from the source is deposited at the wave breaking level. This assumption is 
questionable as we know from observations that energy may be dissipated at various altitude levels as 
the waves propagate through the atmospheric layers. This intermittent energy and momentum 
transport are not well documented in the literature. 
 
Objectives 

1. Investigate the energetics of gravity waves in the Arctic upper mesosphere and lower 
thermosphere (MLT) utilizing the derived temperature and winds from the Na lidar situated at 
Tromsoe, Norway.  

2. Extend the data product capability of the Na lidar system to include its Rayleigh signal in the 
stratosphere for exploration of stratospheric gravity wave analyses.  

3. Combine coincident lidar and airglow imaging to explore the vertical and horizontal 
characteristics of energy/momentum transfer in the MLT region by individual gravity waves. 

 
Methodology 
The Na lidar data used in this study to date included profiles obtained over the period January 2013 – 
February 2019, and was categorized into three quality tags: low, medium, high, based on the duration 
of nightly measurements (high: 6> hours and no intermittent data gaps). Extracting wave information 
from lidar signals have been done in numerous studies utilization a wide range of processing options. 
According to Ehard et al., (2015) the recommended method to extract gravity wave information from 
lidar profiles is to utilize spectral filtering method with a Butterworth filter.  
 
To prepare the lidar data for proper signal processing, the data was mirrored to resemble a periodic 
signal prior spectral analysis. To assess the energy content in the wave field, a Butterworth filter was 
applied to extract the wave components of interest, the nightly background temperature and natural 
frequency profiles were determined, and the gravity wave potential energy density was calculated as a 
function of altitude. The wavelet/S-transform analysis was applied to the data to assess the variability 
of the wave field as a function of period and altitude. 
 
Results 
Our objectives are restricted to wave fields exhibiting periods on the scale of a few hours and down to 
a few minutes as well as limited in vertical wavelength by the altitude range covered by the lidar but 
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also the minimum vertical resolution of an airglow imaging systems. One can filter in time or spatial 
domain (or in principle in both). The recommendation by Ehard et al., (2015)  is spatial filtering, which 
we also confirmed in our analysis. Following the methodology outlined above, Figure 1 shows a case 
study profile of the potential energy density as a function of altitude. 

 
The accumulative potential energy density typically 
observed in the Na lidar data varies between ~600-900 J/kg, 
which is within the range reported by other studies. We 
observe from the figure that the potential energy density 
exhibits variability across the altitude range, and it is this 
variability we are seeking to quantify. Typically, we see a 
decrease most likely due to wave breaking and dissipation in 
the altitude range 85-90 km with a subsequent increase 
suggesting 1) that the wave field did not experience wave 
breaking but rather underwent intermittent energy transfer, 
or 2) the wave field experienced wave breaking and 
secondary waves formed which propagated the energy 

upward. Further analysis is needed to evaluate these scenarios. 
 
Figure 2 shows an example result of the wavelet analysis revealing the spectral characteristics of the 
wave field (power spectral density as a function of wavelength and altitude). This result suggest the 
majority of the wave power is contained in the gravity waves with small vertical wavelength  (2-4 km), 
and there is suggestive evidence of wave generation of a 4 km vertical wavelength signal near 94 km, 
suggesting possibility (2) above (secondary wave generation) plays a role in the observed energy 
transfer. 

 
In addition to Na resonance scattering signals, the 
Na lidar observations have been accumulating 
Rayleigh scattering signals in the major 
atmospheric particles, such as N2 and O2, from the 
stratosphere to the mesosphere. The Rayleigh 
scattering signals can be used for getting 
temperature data in the height range. Thus, such 
temperature data would provide important 

information on the coupling of upward propagating 
atmospheric waves into upper mesosphere and lower 
thermosphere. During the current project, we have 

developed a software to derive temperature data from the Rayleigh scattering signals. After the brief 
validation on the calculated temperature data, we have processed data covering the period between 
2011 to 2019. The obtained long-term temperature data would be expected to advance our 
understanding of the vertical coupling in the polar atmosphere thorough the atmospheric waves.
 
Periods of Stay in ISEE   January 6 – 26, 2020 
 
List of Publications     None 

Figure 1: Example potential energy density 
profile for a wave field observed on January 
9th, 2014. 

Figure 2: Wavelet power spectral density as a 
function of altitude (horizontal axis) and vertical 
wavelength (vertical axis).  
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Tomographic study of galactic cosmic anisotropy in near-Earth space 
by Multi-directional cosmic ray observatory

P. K. Mahanty (Tata Institute of Fundamental Research, India)

The propagation of galactic cosmic rays (GCRs) through the heliosphere and especially their 
interaction with the interplanetary magnetic field in the inner heliosphere impacts the space 
weather. The significance of characterizing the GCR propagation is self-evident, since it can 
provide a practical capability of forecasting effects of space weather that have implications for 
the successful operation of technological infrastructure on Earth and in space. There is an active 
ongoing participation of several Japanese scientists in the GRAPES-3 experiment located in 
Ooty, India which contains the world's largest (560 m2) muon telescope that detects GeV muons 
produced by the interaction of cosmic rays in the atmosphere. Its observations enable to monitor 
the electromagnetic environment of the near Earth space through detection of tiny changes in 
the cosmic ray intensity variation even in a short timescale of minutes. The GRAPES-3 has 
recorded an uninterrupted 20-year data base of muon intensity with the highest sensitivity 
covering solar cycles 23 and 24. The space weather studies through the diffusion of high-energy 
GCRs are extremely valuable since they serve as a probe of relatively larger scale structures in 
the interplanetary space and provide information complementary to that obtained from the 
low-energy measurements using space-based probes and neutron monitors. The ISEE 
international joint research program had supported the visit of two scientists from TIFR, India to 
Nagoya during October 2016. During the visit, the work on the measurement of radial diffusion 
coefficient of GCRs in the heliosphere using the GRAPES-3 muon data from the period 2000 to 
2005 obtained from two independent methods (i) the correlated variations of solar wind velocity 
and GCR flux (Kojima et al., Physical Review D 91, 121303(R) (2015)) and (ii) the GCR radial 
density gradient from Swinson flow (Kojima et al. Astroparticle physics 62 (2015) 21)) were 
extensively discussed. It was found that the radial diffusion coefficient from the two 
independent methods yielded a similar value of ~1019 m2 s-1 at 1 AU, characterizing the diffusion 
of GCRs at 77 GV. From this value of radial diffusion coefficient, the mean free path length for 
parallel diffusion was estimated to be 1.2 AU at 77 GV. These results led to a publication in a 
peer reviewed journal (Kojima et al., Phys. Rev. D 98 (2018)). This work has been further 
extended to examine the dependence of these parameters on the solar activity based on the 
sunspot number. With the support of the ISEE international joint research program for 
2019-2020, two team members from TIFR, Mumbai including the PI of this project and Prof. 
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S.K. Gupta visited Nagoya during the period of 16 February to 7 March 2020 to discuss the 
analysis and preparation of a paper on these results. A brief summary of the activities performed 
during the visit is described below.

Profs. H. Kojima, S. Shibata, A. Oshima, Y. Muraki, S. Kawakami, Y. Hayashi, S.K. Gupta, and 
Dr. P.K. Mohanty met at the Chubu University and had very extensive discussion over the work 
carried out by Prof. H. Kojima on the relation between the cosmic ray density gradient and the 
sunspot number. Similar analysis as performed for the two papers mentioned above were 
extended to 17 years of GRAPES-3 data for the period from 2000 to 2016. The cosmic ray 
intensity variation with solar wind velocity was found to have a strong anti-correlation with the 
sunspot number. A strong linear correlation between GCR density gradient and sunspot number 
was observed. Several new ideas emerged during the discussion. Writing of a manuscript on this 
work to publish it in a peer reviewed journal was started during the visit. The finalization of the 
paper was expected during the visit of Profs. H. Kojima, S. Shibata and S. Kawakami to TIFR, 
Mumbai later in March 2020 which unfortunately had to be cancelled due to the Covid-19 
outbreak.

A seminar was delivered by Prof. S.K. Gupta at the Nagoya University on 25 March 2020 with 
the title “Study of Cosmic Rays by GRAPES-3: A powerful messenger in the universe”. The 
seminar discussed about the result of the transient weakening of Earth’s magnetic shield by the 
GRAPES-3 muon telescope and its potential for accurate prediction of arrival of solar storms. 
The measurement of the record break potential during thunderstorm using the GRAPES-3 muon 
data was also highlighted. It was attended by several faculty members of the ISEE. Although 
many of them do not work in cosmic rays, however the topic was a common interest to several 
members and led to fruitful discussions.   

Members including Profs. H. Kojima, A. Oshima, S. Kawakami, Y. Hayashi, S.K. Gupta, Y. 
Nakamura and Drs. P.K. Mohanty, K. Yamazaki and T. Nonaka visited the Akeno Observatory 
in the Yamanashi prefecture during 1-3 March 2020. Prof. K Tanaka from Hiroshima joined the 
discussion through Skype. It was a rare opportunity to have a meeting of so many members at 
one place. A very fruitful discussion occurred to analyse the GRAPES-3 muon data as well as 
the Akeno muon telescope data. A discussion occurred to upgrade the Akeno muon telescope 
which operates 3 modules similar to GRAPES-3.     

In summary, the visit was very productive though it had to be shortened by a week due to the 
pandemic. The PI and the team members are thankful to the support of the ISEE.
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Imaging meter-scale density irregularities associated with midlatitude 
TIDs

Hiroatsu Sato (DLR) 

Purpose
The objective of this ISEE International Joint Research Program is to understand small 
scale density structures down to meter scale associated with midlatitude Traveling 
Ionospheric Disturbances (TIDs) by using L-band spaceborne Synthetic Aperture Radar 
(SAR) and GNSS observations.  TIDs are wave-like plasma density perturbations 
propagating in the ionosphere.  Night time TIDs, often observed at middle latitude, can 
have typical scale sizes of several hundreds of kilometers and wavelength of a few 
hundreds of kilometers. It is reported that the 3-m scale field-aligned irregularities in F 
region simultaneously with night time TIDs. We aimed to experimentally better 
understand the small scale structure of TID. 

Method
The propagation of TIDs can be efficiently monitored by two-dimensional total electron 
content (TEC) maps from ground GPS/GNSS receiver network.  In addition, 
low-frequency synthetic aperture radar (SAR) systems have been suggested to achieve 
the mapping of small- scale ionospheric TEC distributions at a finer resolution than do 
GPS/GNSS measurements. Therefore we have used simultaneous observation of 
MSTID over Japan by using data from GEONET GNSS data and ALOS/ALOS-2 SAR 
systems. 

Results
When an event of night time MSTID over Japan was observed by GEONET TEC on 
2019-08-20, ALOS 2 acquired ground SAR images from Chiba to Niigata area. The 
perturbation component of GNSS TEC modulation is approximately 0.5 TECU.  From 
the quad pol SAR data, we have estimated Faraday rotation of SAR signals originated 
from ionsopheric propagation and converted it to SAR-TEC map over approximately 
50x400 km swath. Our preliminary analysis shows that 0.5 TEC modulations are also 
found in SAR TEC when mapped to F region altitudes near TID wave front. We will 
further investigate this observation with intention to achieve km scale TEC mapping as 
a continuation of the research project and we aim at a scientific publication this year.. 
Figure 1 shows GEONET TEC and SAR observation of the MSTID event. 
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FFigure 1 (a) GENET TEC observation of MSITD on 2019-08-20. (b) TEC perturbation near SAR 

observation frame at groudn and projection at 330 km altitude. (c) Estimated SAR TEC. 

Research stay at ISEE
I have stayed at ISEE between October-November 2019 and January – March 2020. During 
these stays, I have participated SGEPSS in Kumamoto and PSTEPS symposium in Nagoya. I 
was also given an opportunity to hold a seminar for ISEE Division for Ionospheric and
Magnetospheric Research where I enjoyed fruitful discussion with the lab members. 
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VarSITI Summarizing Workshop

Kazuo Shiokawa (Center for International Collaborative Research (CICR), Institute for 
Space-Earth Environmental Research (ISEE), Nagoya University, Japan) 
Katya Georgieva (Space Research and Technology Institute (SRTI), Bulgarian Academy 
of Sciences, Bulgaria) 

VarSITI Summarizing Workshop was held as an ISEE/CICR international workshop in 
ISEE, Nagoya University on November 11-15, 2019.  This workshop was designed to 
summarize the 5-year scientific achievements of the SCOSTEP’s VarSITI (Variability of 
the Sun and Its Terrestrial Impact) program (http://www.varsiti.org/) of 2014-2018.  Ten 
scientists (project co-leaders and working group leaders of VarSITI) were joined from 
Bulgaria, Canada, China, Croatia, Japan, New Zealand, and USA, and draft of five 
review papers were written.  These review papers will be submitted to Progress in 
Earth and Planetary Science (PEPS) for the special issue of VarSITI.   

During this workshop, Nat Gopalswamy, the former SCOSTEP President, presented 
glass plaques to Ms. Mai Asakura, Newsletter secretary of CICR/ISEE for recognition of 
5-year editorial support of VarSITI Newsletter, and to Mr. Mitko Danov of SRTI,
Bulgaria, for recognition of 5-year support of VarSITI website operation.

Participants of the VarSITI Summarizing Workshop 
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International workshop on decadal challenges
in Asian monsoon process studies

Toru Terao (Kagawa University)

[Purpose] 
Our objective of the workshop is to discuss about the publication of a review paper titled as "Decadal 
Challenges in Asian Monsoon Process Studies" from the Bulletin of the American Meteorological Society.
This paper aims to clarify the challenge of the hydroclimate science in upcoming decade for two practical
foci, the convincing and useful climate projection and S2S scale prediction of the Asian monsoon system. 
Here the Asian monsoon system includes all seasons including winter, and all Asiatic countries which are 
under the influence of the monsoon climate. These challenges correspond to that for the Asian Precipitation 
Experiment (AsiaPEX) which is the successor of the MAHASRI project. AsiaPEX is now under planning as 
a prospect RHP (Regional Hydroclimatological Project) under GEWEX framework.

[Period and Place]
We hosted a workshop entitled ‘International Workshop on Decadal Challenges in Asian Monsoon Process 
Studies’ in 2-5 September 2020 in Nagoya University. International and Japanese researchers (25 in total,
from 7 countries (China, India, Japan, Korea, Nepal, Netherland, USA, including 1 remote) participated in. 

[Results]
In this workshop, we clarified the key challenges that have to be addressed for above foci during the next 
decade. We discussed strategic research targets for the understanding of the Asian monsoon process to 
accomplish convincing climate projection and S2S scale prediction. Under this discussion, we suggested the 
plan for the process studies, modelling initiatives, and coordinate observation projects.  
Two major topics, extremes and climate reconstruction, that are well-timed for upcoming decade, were
discussed in detail. Extremes are already becoming a hot topic for adaptation to the climate change. It is 
expected to be exacerbated in near future because of the global warming, although the detection and 
prediction of the nature of extreme events are very challenging still now. This workshop suggested the key 
point to understand the mechanisms and to transfer knowledge to the public. Climate reconstruction has 
become a hot topic because of recent advancement of data rescue, and their utilization. So much undigitized 
data still exist in different places and media. Data rescue activity should be accelerated. Recent activities for 
climate reconstruction by reanalysis technology foster potential usability of rescued data. This workshop 
proposed some areas to be addressed using rescued data to reconstruct recent 200-year climate change.
Based on this discussion, we further concluded the expected abstract of the review paper. The abstract will be 
submitted very soon in this April. 
In this paper, we will describe the overall significance of AsiaPEX project, which will attract global monsoon 
and hydroclimatolgical research community. It will present the societal impact of the AsiaPEX project such 
as disaster mitigation and SDGs (sustainable development goals) under the changing climate. It will further 
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discuss about the scientific challenges of the AsiaPEX project which are largely relevant to diverse 
hydroclimatological condition, complex topography, nonlinear land-atmosphere and multiscale interactions 
inherent to Asian hydroclimate system. Key issues and questions in the AsiaPEX will be stated clearly.

[Planned Publications] 
Terao, T. and co-authors: AsiaPEX: Challenges and Prospects in Asian Precipitation Processes. Bulletin of 
American Meteorological Society.
Das, S. and co-authors: AsiaPEX South Asia: Precipitation and Hydrological Processes over the South Asian 
Land Mass. International Journal of Climatology. 
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Quantitative determination of Ti concentration in quartz giving crystallization process of quartz: 
An examples of Kurobegawa and Okueyama granitic plutons 
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[1] "Full particle-in-cell simulation of the interaction between two plasmas for 
laboratory experiments on the generation of magnetized collisionless shocks with 
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Nishimura, N., Marubashi, K., Tokumaru, M., Comparison of cylindrical flux rope model fittings 
with different boundary pitch-angle treatments, Solar Phys (2019) 294:49, doi: 
10.1007/s11207-019-1435-5. 

Nishimura, N., Marubashi, K., Tokumaru, M., Comparison of toroidal flux rope model fittings 
with different boundary pitch-angle treatments, Solar Phys (2020) 295:40, doi: 
10.1007/s11207-020-01607-1 

 
    Nada Al-Haddad  

GS JpGU2019 2019 5 29 . 
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Study of particle acceleration processes in the flare observed on September 2017 
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 Astrophys. J. Letters 846:L9, 2017 ‘Time-varying heliospheric distance to the  
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Impact of Arctic sea ice reduction on precipitation over Northern Eurasia in the climate model
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Tatebe, H., et al., 2019: Description and basic evaluation of simulated mean state, internal variability, and 
climate sensitivity in MIROC6. Geosci. Model Dev., 112: 2727–2765, https://doi.org/10.5194/gmd-12-2727-
2019 

Mizuta, R., et al, 2017: Over 5,000 Years of Ensemble Future Climate Simulations by 60-km Global and 20-km 
Regional Atmospheric Models. Bull. Amer. Meteor. Soc., 98, 1383–1398, https://doi.org/10.1175/BAMS-D-16-
0099.1 

Willmott, C. J. & Matsuura K., 2001: Terrestrial Air Temperature and Precipitation: Monthly and Annual 
Time Series (1950 - 1999), http://climate.geog.udel.edu/~climate/html_pages/README.ghcn_ts2.html. 

 
 

Abe, M. et al., 2020: Features of spatial pattern in trend of summer precipitation over Northern Eurasia after 
1950 in ensemble members of MIROC6 historical simulation, ISAR6 online meeting, March 18-April 10 2020. 

Kanamori et al. 2020: Long-term in summer precipitation associated with the global warming over Siberia in a 
large ensemble of GCM simulations, ISAR6 online meeting, March 18-April 10 2020. 
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Spatiotemporal variability of bio-optical properties in the Seto-Inland Sea, Japan

  
 

Three field observations during summer 2010 were carried out to measure the inherent and apparent 
optical properties of the western Seto-Inland Sea, Japan (Figure 1). The properties measured included 
chlorophyll-a concentration (Chl-a, mg m-3), phytoplankton absorption coefficient at 440 nm (aph440, m-1),
gelbtoff absorption coefficient at 440 nm (ag440, m-1), total suspended matter (TSM, g l-1), and 
hyperspectral remote sensing reflectance (Rrs, sr-1). Besides optical properties, sea surface salinity (SSS) 
was also measured. To investigate Rrs spectral shape association with phytoplankton groups, especially 
harmful algal bloom (HAB) responsible phytoplankton, the number of dinoflagellate Karenia mikimotoi
was counted. The first observation was conducted in July 2010 when diatoms flourished, the second was 
in August 2010 when dinoflagellate K. mikimotoi density was high in the Beppu Bay. The third 
observation was carried out in September 2010 when there was no phytoplankton bloom. 

Figure 1. Location of stations at which in situ inherent and 
apparent optical property, SSS, and K. mikimotoi cell number
data were collected. Red circles, blue squares, and green 
triangles are observation stations respectively for July 2010, 
August 2010, and September 2010.  

Phytoplankton Chl-a was highly correlated with aph (r = 
0.97), whereas ag showed a strong correlation with surface 
salinity (r = 0.88) (Figure 2). The highest Chl-a measured 
during diatom bloom and during K. mikimotoi high density 
was 14.3 mg m-3 and 5 mg m-3, respectively. In the blue 
spectral domain, aph in diatom bloom waters was about three 
times higher than that in waters with high density of K.
mikimotoi. Strong aph440 – Chl-a correlation allows Chl-a to be 
retrieved semi-analytically. River plume is also possible to be 

tracked from ocean color observation due to strong SSS – ag440 inverse correlation.

Figure 2. (Left) Scatter plot of aph440 against
Chl-a. (Right) Scatter plot of SSS against 
ag440. Red circles, blue squares, and green 
triangles are data respectively for July 2010, 
August 2010, and September 2010. Variable 
vs variable correlation coefficient for each 
cruise was also mentioned.  

In situ Rrs measured during diatom bloom and K. mikimotoi high density showed different spectral 
shapes, particularly in the slope of Rrs between the blue (440 nm) and the green (550 nm) bands. The 
blue-green spectral slopes during diatom bloom were much steeper than that during the high density of K. 
mikimotoi (Figure 3). For HAB detection algorithm development, more in situ Rrs data are required to 
generate hyperspectral libraries of phytoplankton groups and other types of waters in the Seto-Inland Sea.
The flatter Rrs spectral slope during K. mikimotoi bloom previously reported based on satellite ocean 
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color data only in the Seto-inland Sea, Japan (Siswanto et al., 2013) but also in the European coastal 
waters (Kurekin et al., 2014). It is thus worth investigating, with more datasets, whether such a spectral 
shape difference can be used universally to distinguish K. mikimotoi bloom from diatom bloom. 

Figure 3. (Left) Rrs spectral 
variation collected in July 2010. 
(Right) Same as (left) but that 
collected in August 2010. Rrs of 
waters with high diatom (red 
lines) has a steep slope between 
blue and green bands. The spectral 
slopes of Rrs during high K.
mikimotoi cell numbers are flatter 
(red lines) than those during high 
diatom concentration.    
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Analysis of MMS spacecraft data based on the frame of two-fluid equations
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極冠パッチに伴う磁場擾乱の観測的研究

Observational study of magnetic field variation associated with polar cap patches

細川 敬祐 (電気通信大学大学院情報理工学研究科)

★ 研究の概要

2005 年 1 月より，極冠域に位置するカナダのレゾリュートベイ (磁気緯度 82.9 度) におい
て，多波長高感度全天イメージャ (Optical Mesosphere Thermosphere Imagers: OMTIs)
を用いた夜間大気光観測を実施している．今年度もこれまでと同様の観測を実施したが，
CCD カメラにノイズが入る問題が発生していることが明らかになり，今後，現地に渡航し
て，対策を講じる必要性が生じている．レゾリュートベイでの観測に加える形で，2011 年
冬季より，京都大学/電気通信大学がノルウェーのスバールバル諸島で運用している全天大気
光イメージャとの広域同時観測を実施し，極冠パッチや極冠オーロラの広域イメージングに
取り組んでいる．スバールバルの全天大気光イメージャについても，ネットワーク経由での
遠隔操作により，冬季の連続観測が問題なく実施できている．今年度は，冬至近くの期間
に，557.7 nm と 630.0 nm の観測を短い間隔で繰り返す撮像モードを用いた観測を行い，
欧州非干渉散乱レーダーとの同時観測を実施した．特に，2020 年 1 月の昼間側の観測で
は，557.7 nm の画像中に昼間側の脈動オーロラが多く捉えられており，現在，その発生特
性について解析を進め JpGUで発表を行うべく準備をしている．また，スバールバルでは，
安価な小型カメラによる観測が国立局地研究所の小川泰信准教授が行なっており，大型の大
気光カメラとのデータの比較を行なった結果を，Earth Planets and Space 誌に論文として
発表した．2015 年 10 月からは，レゾリュートベイのさらに北に位置するイウレカ（磁気
緯度 89 度）において新規の大気光イメージャ観測を開始している．2017 年 12 月にファン
の故障に伴って冷却性能が低下し，光学観測ができない状態になったため，修理のためにカ
メラを日本に積み戻す作業を行い，メーカーによるファンの交換作業を実施したうえで，
2019 年 10 月から観測を再開している．観測再開後は，良好なデータを取得することがで
きている．上述のように，レゾリュートベイとイウレカでの観測に関して機器のトラブルが
あったものの，少なくとも 2 シーズンについては，北米域の 2 地点（レゾリュートベイ，
イウレカ）とヨーロッパ域（スバールバル）の 1 地点の計 3 地点からの極冠域電離圏大気
光計測を実施することができており，これらの光学観測機器によって観測された極冠パッチ
の内部を Swarm 衛星が飛翔した際に得られた磁場変動の解析を進めてきている．
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★ 研究成果 

イウレカにおける観測を新たに始めたことで，極冠パッチ近傍の微細な電流が作り出す磁場
変動の解析を行うことが可能になった．イウレカ，レゾリュートベイにおいて，南向きの 
IMF のときに観測された極冠パッチについて，上空を飛翔する Swarm 衛星搭載の磁力計と
の同時観測事例を解析し，パッチの外縁部における磁場変動を確認した．予備的な検討で
は，1) 極冠パッチの外縁部に大きなプラズマ密度の勾配が存在するために流れる反磁性電流
が作り出す磁場変動，2) 極冠パッチ内部の電気伝導度上昇に伴う分極がパッチの外縁部に
流す沿磁力線電流によって作られる磁場変動，のいずれかが確認できることを予想していた
が，現時点では，外縁部において系統的に有意な振幅をもつ磁場変動を検出するには至って
いない．上記の研究と並行して，イウレカにおいて得られた 3 年分のデータを用いて，極冠
パッチの輝度値の UT に対する依存性を調べたところ，イウレカのローカルタイムが夜の時
間帯には，輝度値が小さい極冠パッチが多く発生するのに対して，昼側では極冠パッチの発
生数は少ないが輝度値が高いものが多いことがわかった．また，イウレカでは，惑星間空間
磁場（Interplanetary Magnetic Field: IMF) の東西成分（By 成分）が正の時に，極冠パッ
チが約 2 倍の頻度で発生していることも明らかになった．これは，IMF By が正の時には，
夕方側の高い電子密度領域からプラズマを輸送するような極域対流パターンが形成されてい
ることによって説明できると考えられる．この仮説の正当性を，SuperDARN レーダーの
データを統計的に解析することによって検証した．これらの結果は，極冠パッチの生成が，
日照域の空間分布と極域対流の構造の双方に依存していることを強く示唆する．この結果は
SuperDARN Workshop で報告されたあと，論文としてまとめられ，Polar Science 誌に投
稿されている．これらに加え，これまでの極冠域での極冠パッチ，極冠オーロラの研究をま
とめる形で 2 篇のレビュー論文を筆頭著者として執筆し，Space Science Review 誌に掲載
された．これらの論文は，International Space Science Institute (ISSI) で取りまとめが行
われている「Auroral Physics」というレビュー書籍として出版される予定である． 
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小スケール大気重力波に伴う温度・風速変動の観測的評価 
Observational evaluation of temperature and wind perturbations 

associated with small-scale gravity waves 

鈴木臣　愛知大学・地域政策学部 

名古屋大学宇宙地球環境研究所がTromsø(69.6°N, 19.2°E)において運用しているNaライダー
は，オーロラ活動に伴う超高層大気の温度変化の空間構造や極域の超高層大気波動観測に用
いられている．観測は冬季に限られるものの，数時間～十数時間の周期を持つ大気波動を検
出しており，超高層大気波動の伝播に伴う温度変動を高い精度で観測することに成功している
（Nozawa et al., 2014, JGR）．さらに同ライダーは2012年から，天頂を含む5方向ビームで
の観測（高度100 km における東西南北方向のビーム間隔は58 km あるいは 22 km）を実施
して，より狭い空間構造の変動を捉えることができるようになった． 
本研究では，より短周期・小スケール（周期1時間以下，波長数十km）の大気重力波の伝播
を5方向ライダー観測から観測的に明らかにすることを目的とする．大気重力波は中間圏・下
部熱圏（MLT: 80～120 km）で砕波して運んできた運動量を解放することで局所的あるいは
全球的な温度場・風系場の形成に貢献している．特に，小スケール・短周期の大気重力波は，
より多くの運動量を輸送すると指摘されており（Fritts and Vincent, 1987, JAS; Nastorm 
and Fritts, 1992, JAS），超高層大気への力学的インパクトも大きいと考えられるが，観測研
究が限られているのが現状である．超高層大気の小スケール大気重力波の観測研究では主に大
気光イメージング観測が使われているが，本研究では，大気光では観測することができない波
動の伝播にともなう温度，風速変動を捉えることができるため，超高層大気への影響をより
定量的に評価することが可能となる． 
　初年度の2019年度は，2018年1月20日に大気光で観測された大気重力波構造（水平波長 
37 km, 位相速度 85 m/s, 周期7分）をライダー温度データから抽出することを試みた．大気
光観測視野内において，1分分解能のライダー観測では5方向すべてのビームで大気光観測と同
程度（周期7分程度）の温度変動を捉えることに成功した．また，ライダーの鉛直方向ビーム
で得られた鉛直風速変動と，大気光観測で得られた大気重力波のパラメータおよびライダーに
よる水平風速場から重力波の線形理論を用いて算出された鉛直風速変動を比較した結果，変
動振幅はほぼ同程度であり，その時間変化も類似していた．これらの結果から，大気光とライ
ダーで観測された大気重力波は同一のものであることが示唆される．しかしながら，5方向の
ライダーデータのみから位相速度，水平波長を同定することは今回観測された波動のスケール
とライダービームのジオメトリから困難であった．今後は，大気光とライダーの同時観測から
水平波長 70-80 km 程度の大気重力波イベントを探し，ライダー観測のみから小スケール大
気重力波の同定とパラメタリゼーションを試みる． 

成果発表： 
Suzuki, S., and S. Nozawa, Observational evaluation of temperature and wind 
perturbations associated with small-scale gravity waves, SGEPSS 2019, 熊本, 2019年10
月24日. 
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E l u c i d a t i o n  o f  m a g m a  o r i g i n  o f  L a m p r o p h y r e  d i ye s  b y  w h o l e  r o c k  
c h e m i c a l  c o m p o s i t i o n  a n d  m i n e r a l  c h e m i c a l  c o m p o s i t i o n  a n a l y s i s

( )
Mg Suzuki and Shiraki (1980)
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4 0 k V 7 0 m A 4 0 k V 9 5 m A

( 2 0 0 4 ) ( 2 0 1 6 )
E P M A (

J X A - 8 8 0 0 R ) 1 5 k V , 1 2 n A

NS
1m

( 1)
20–30 cm 

(KSN05-1) (KSN05-2a, KSN05-2b, KSN05-3)

SiO2 53–55 wt.%
( 1) MgO (4–6 wt.%), Cr (51–157 ppm), Ni (14–51 ppm)

Cr#[=Cr/(Cr + Al)]
Mg#[=Mg/(Mg+Fe2+)] 0.40–0.82 0.25–0.65

Si < 6.25 apfu SiO2

TiO2 3 wt.% Suziki and Shiraki (1980)

 Suzuki and Shiraki (1980) H2O
 (2000) 

MgO (6.9–8.5
wt%), Cr (180–422 ppm) Ni (89–109 ppm) Suzuki and 
Shiraki (1980) 

 80–70 Ma K-Ar 
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Sample KSN02a KSN05-1 KSN05-2a KSN05-2b KSN05-3
Major elements 40kV, 70mA
wt.%
SiO2 47.8 55.3 54.7 53.8 53.0
TiO2 2.93 0.98 1.01 1.00 0.95
Al2O3 12.8 18.4 18.6 18.3 17.0
Fe2O3* 14.4 6.63 6.19 6.95 7.51
MnO 0.21 0.12 0.12 0.14 0.14
MgO 4.87 3.91 4.01 4.59 6.21
CaO 8.94 7.40 7.43 7.61 7.79
Na2O 3.45 3.12 3.07 2.91 2.62
K2O 2.26 1.77 2.09 2.01 1.94
P2O5 0.41 0.30 0.31 0.31 0.29
Total 98.1 97.9 97.5 97.6 97.5
*: total iron as Fe2O3

Trace elements 40kV, 95mA
ppm
As n.d. n.d. n.d. n.d. 1
Ba 556 630 750 649 511
Co 54 28 26 30 36
Cr 126 51 52 76 157
Cu n.d. 27 n.d. n.d. 19
Nb 22 n.d. n.d. n.d. n.d.
Ni 39 14 17 22 51
Pb 4 6 7 4 6
Rb 21 58 68 65 60
S n.d. n.d. n.d. n.d. n.d.
Sr 198 440 445 421 392
Th 5 8 9 9 8
V 310 163 162 169 181
Y 36 24 25 24 23
Zn 123 62 69 69 77
Zr 164 132 130 121 115

, 2004, X XRF-1800 
. , 20, 79–91. 

, 2000, 5 1 ). 
, 126p.

Suzuki, K. and Shiraki, K., 1980, Chromite-bearing spessartites from Kasuga-mura, Japan, an
their bearing on possible mantle origin andesite. Contrib. Mineral. Petrol., 71, 313–322. 

, 2016, X
(1) . , 1, 66–71. 
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5  09:20-09:40 M1
Poleward motion of the inverted-V

accompanying downward field-aligned current 

5  09:40-10:00 M1 toroidal top hat

5  10:00-10:20 D1

5  10:20-10:40 B4
)

5  10:40-11:00 M1

6  09:00-09:20 M2
HEP

6  09:20-09:40 M2
Excitation of storm time Pc5 ULF waves by ring 

current ions based on the drift kinetic simulation

6  09:40-10:00 M1

6  10:00-10:20 D1

6  10:20-10:40 M2

6  10:40-11:00 M2 TEC SuperDARN
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http://acg.isee.nagoya-u.ac.jp/mtg/NUWSAgenda_web.pdf 
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7 16
The 7th Asian (16th Korea-Japan) Workshop on Ocean Color 

1. Workshop Overview 
The Asian marine environments, which are surrounded by populous countries and highly sensitive to

climate variabilities have been experiencing significant changes, and thereby the marine ecosystems are
likely to be highly vulnerable to both climate changes and human activities. Marine environment and
ecosystem monitoring are therefore one of the urgent needs for evidence-based policy making; climate
change adaptation and mitigation. The Earth observations by satellite remote sensing, especially ocean
color remote sensing, provide valuable method to cope with the problem of marine ecosystem changes
over a large spatiotemporal scale.

A forum named Korea-Japan Workshop on Ocean Color (KJWOC) to promote ocean color remote
sensing application in the Asian region had been carried out since 2003. In the recent years we named 
KJWOC also as the Asian Workshop on Ocean Color (AWOC) due to increasing participants from the 
Asian countries. Last workshop (the 7th AWOC / 16th KJWOC) was hosted by Burapha University 
(Thailand), co-organized by the Japan Agency for Marine-Earth Science and Technology (JAMSTEC), and 
Institute for Space-Earth Environmental Research (ISEE), Nagoya University.

Group photo of the 7th AWOC / 16th KJWOC taken in front of workshop venue (Central Laboratory 
Building), Burapha University, Thailand. 

2. Participant/Presenter Number
The 7th AWOC / 16th KJWOC which was held in Burapha University, Thailand from 11 to 14

December 2019 was attended by more than 60 participants (see group photo above) from the countries of
Thailand, Indonesia, India, Korea, Japan, and China. The workshop delivered 41 presentations, 30 for oral 
and 11 for poster presentations. Oral presentation was divided into 8 sessions covering various topics of 
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operational ocean color remote sensing, ocean color data validation and retrieval, atmospheric correction, 
and ocean color observation application for coastal water monitoring, climate change impact assessment. 

Several photos taken during opening ceromony, oral presentation, and poster presentation sessions. 

3. Workshop Topics and Outputs
Within the eight oral sessions and poster session the 7th AWOC / 16th KJWOC covered wide scope of 

ocean color studies/applications. Among the presentation topics are; red tide/HAB observation/detection in 
the coastal waters; fisheries resources and environmental changes; global and regional ocean color 
missions; ocean color algorithm development and cal/val; atmospheric correction for ocean color 
observations; primary production changes in the marginal seas/coastal waters; impacts of terrigenous 
materials on the marine ecosystem through the atmosphere-ocean-land interactions, and teleconnection to 
global climate changes, etc. Besides as an effective international scientific forum wherein the discussion, 
information/data exchange/sharing can be conducted, bilateral, multilateral research collaborations can 
also be promoted/strengthened in the future.  
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脈動オーロラ研究集会
The Pulsating Aurora Meeting

細川 敬祐 (電気通信大学大学院情報理工学研究科)

★ 研究集会の目的と概要

脈動オーロラ（Pulsating Aurora，以下 PsA と略する）は，オーロラサブストーム現象の
回復相において，朝側のローカルタイム領域に必ず出現する普遍的な現象である．PsA およ
びそれに伴う磁気圏・電離圏の変動を研究することは「地球近傍の宇宙空間におけるプラズ
マ波動の特性」や「高エネルギー粒子の降下に伴う地球大気の変動」の理解に繋がるという
点において普遍的な意義を持っている．しかし，その形状の多様性，時間変化の複雑さ，地
上・衛星同時観測の困難さなどから，脈動の時間変動を引き起こすプロセスや，構造の形
態・時間発展を決定する要因などに関して，未だに十分な理解を得るには至っていない．本
研究集会は，PsA およびそれに関連する宇宙空間プラズマの諸現象についての地上観測・衛
星観測・数値シミュレーション研究に関する講演を広く募集し，それぞれの研究成果の発表
を通じて PsA に関する深い理解を共有することを目的として開催してきた．後述するが，
本研究集会の参加者を母体とする研究グループが，科研費基盤研究 (S) に応募し，H27 年度
から 5 ヵ年の計画で採択されている．研究集会では，この科研費による PsA 研究プロジェ
クトによって行われてきた地上観測に関連する成果や，衛星・地上・数値シミュレーション
を融合した形で行なわれようとしている PsA 研究の方向性に関して意見交換を行った．特
に，今年度は，ロシアの Polar Geophysical Institute から，脈動オーロラおよび関連する
磁気圏プラズマ波動を専門とする Andrei Demekov 博士，Boris Kozelov 博士を招待し，
脈動オーロラの多様な形態を決定する要因に関する議論を行なった．加えて，今後のロシア
西部の光学観測と日本が運用する北欧の全天カメラネットワークの共同観測に関する議論も
行うことができた．また，今年度は，2020 年 12 月に打ち上げが予定されている脈動オー
ロラをターゲットとした NASA のロケット実験（LAMP 実験）の詳細なサイエンスター
ゲットの把握，打ち上げ条件や地上サポート観測の体制の整備についても，その戦略を集中
的に議論した．

★ 参加者と講演の内容

計 30 名の参加者があり，例年テーマとして掲げている「脈動オーロラの時間変動を作り出
す要因」や「脈動オーロラ発生時の相対論的高エネルギー電子降下」に関する発表が行われ
た．また，今年度は，「EMIC 波動と関連して発生するプロトンオーロラやそれに伴う高エ
ネルギー電子の降下減少」に関する講演も行われ，計 19 件の研究発表を通じて，活発な議
論が行われた．また，それらの発表に加えて，以下のようなトピックについて時間を設けて
ディスカッションを行った．
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- ロケット実験に関する議論（LAMP） 
- 基本的な課題のまとめ（現状整理） 
- 未解決課題の解決ストラテジー 
- 新たな課題の抽出，脈動オーロラ関連研究の新しい展開 
- 今後の地上観測の維持発展に関する戦略 

★ 成果 

今回で 8 度目の開催となる本研究集会を継続することによって，衛星観測・ロケット観測・
地上観測・シミュレーションなどの少しずつ異なるバックグラウンドを持つ研究者が密に意
見交換をすることができる PsA 研究コミュニティを形成し，維持することができている．
このような流れに端を発して，本申請者（細川，三好）が，2014 年の AOGS において脈動
オーロラのセッションを企画し，国内外から多くの参加者を得ることができた．さらに 
2015 年には，Journal of Geophysical Research 誌に「Pulsating Aurora and Related 
Magnetospheric Phenomena」というタイトルの Special Issue を組み，計 14 件の PsA 
に関する論文が出版された．また，本研究集会の参加者を母体として研究グループを組織
し，科研費基盤研究 (S) に申請を行い，平成 27 年度から 5 年間の期間について採択されて
いる（名古屋大学，藤井良一特任教授代表）． 

 平成 28 年度からは，International Space Science Institute (ISSI) のチームとして 
PsA の研究チームが採択（Leader: 三好，Co-Leader: 細川）され，2016年 6 月，2018 年 
7月の 2 度にわたってチームミーティングが開催されるに至っている．あらせ衛星打ち上げ
後の最初の衛星・地上キャンペーン観測（2017年3月）では，本研究集会での議論をベース
にコンジャンクション観測の計画が練られ，複数の良好な観測事例を得ることができた．こ
れらの同時観測事例のいくつかについては，Nature 系のオープンアクセスジャーナルであ
る Nature Communications (Ozaki et al., 2019) や Scientific Reports (Hosokawa et al., 
2020) に成果が掲載されている． 

 また，本研究集会での議論が発端となって計画・提案されてきた PsA 観測ロケット
が NASA の複数のロケットプログラムによって採択され，2019 年 1 月に 1 機が
（Rocksat-XN 実験）ノルウェーのアンドーヤから打ち上げられ，2020 年 12 月にはアラス
カのポーカーフラットから打ち上げられることになっている．これらのロケット実験に搭載
する機器は PARM というパッケージとして構成されており，将来的にシリーズ化して，他の
ロケット実験に搭載することも念頭に置かれている．このように，2 度にわたるロケット実
験機会が得られたことは，本研究集会によってロケットによって行うべきサイエンスを検討
してきた結果であると考えている．このような国際学会でのセッション開催や，学術雑誌に
おける特集号の企画，大型研究資金の獲得は，本研究集会を継続的に開催することによって
初めて実現したものであると考えている．また，研究集会において，あらせ衛星（ERG）と
地上ネットワークの連携による PsA のキャンペーン観測について詳しい打ち合わせを行っ
たことで，打ち上げ後に，衛星・地上キャンペーン観測をスムーズに行うことができたと考
えている．今後は，この研究集会を母体として構成されるグループで，基盤 (S) の後継とな
る大型外部資金の獲得を目指していく予定である．
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The 21st Symposium on Planetary Science
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Workshop for  the  p lasma par t ic le  observat ions  by ERG
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Study on planetary magnetosphere derived from Mercury exploration 

 

Parker Solar Probe Solar Orbiter
2020

3
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Solar Terrestrial Environment Researches to be performed during solar cycle 25 

 

November 7:

13:35-13:55     Y. Miyoshi, Introduction & Heliospheric System Observatory toward Solar Cycle 25

13:55-14:35     G. Murakami, (Tutorial) Contribution of the BepiColombo mission to inner heliospheric 

science

14:35-15:15     Y. Narita (Tutorial), Introduction to Solar Orbiter mission

15:30-16:10 K. Munakata (Tutorial), High energy cosmic rays and the heliosphere

16:10-16:50 M. Oka (Tutorial), Solar Energetic Particles

16:50-17:10 T. Shimizu, What Contributions Can be Made with Recent Solar Observations for the inner 

heliosphere investigations?

17:10-17:30 K. Shibasaki, Solar wind acceleration by Kelvin force

November 8.

09:00-09:40 A. Matsuoka (Tutorial), MHD and whistler waves at the interplanetary shock and their 
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contribution to the solar wind heating

09:40-10:10 D. Shiota (Tutorial), MHD modeling of Inner heliosphere for space weather forecast

10:30-11:10    NourEddine Raouafi (Tutorial), Parker Solar Probe: First Results After Three Solar 

Encounters and Outlook

11:10-11:50    M. Shoda (Tutorial),  Some predictions for Parker Solar Probe from direct numerical 

simulation of the fast solar wind

13:00-13:40   M. Tokumaru (Tutorial), Key issues on the solar wind from exploration of the inner 

heliosphere in Cycle 25

13:40-14:20   T. Imamura (Tutorial), Radio occultation observations of the solar corona using spacecraft

14:20-15:00   S. Imada(Tutorial), Science Objectives of Solar-C 

15:20-15:40   R. Kataoka, Solar protons and radiation exposure at Mars

15:40-16:20   K. Iwai (Tutorial), Next generation heliospheric observation instrument: design of the new 

radio telescope for the IPS observations

16:20-16:40   S. Miyake, MHD-SDE hybrid simulation of the

cosmic-ray modulation (Gm7)
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MTI  
9  10  HW401 

 
15:00-15:20 SuperDARN/mid-latitude SuperDARN - past, present and future 

 ISEE SuperDARN Pis 
15:20-15:40 -HF Doppler - 

 ISEE  
15:40-16:00 Relationship between the large TEC fluctuation and ionospheric echoes 

observed by the SuperDARN radars in the auroral zone and midlatitudes 
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during a geomagnetic storm 
 ISEE William 

Bristow J. Michael Ruohoniemi Simon G. Shepherd  
 

9  11  
NICT  

10:20-10:40 Intermediate layer  3 
 

 
10:40-11:00 

 
 ISEE

 
11:00-11:20 Variations of CNA (cosmic noise absorption) by EEP (energetic electron 

precipitation) and changes of the auroral morphology 
(  ISEE)

Tero Raita 
11:20-11:40  GNSS-TEC 

 
(  ISEE)  

 11:40-13:00) 
 

 Kornyanat NICT  
13:00-13:40 [Invited] What radars are teaching us about small scale ionospheric 

irregularities and why should we care? 
J.-P. St-Maurice ISEE/Nagoya Univ.  

13:40-14:00 Case study on plasma blobs concurrently observed with bubbles in the 
Asian Oceanian sector 

Zheng Wang Kyushu Univ. , Huixin Liu 
14:00-14:20 Utilizing 4D-var technique to image South African regional ionosphere 

Nicholas Ssessanga RISH/Kyoto Univ. , Yong Ha Kim, Mamoru 
Yamamoto, John Bosco Habarulema 

14:20-14:40 What have we done to link ionospheric research to radio propagation users? 
Kornyanat Hozumi NICT , Hiroyuki Nakata, Susumu Saito, Takashi 

Maruyama, Ryo Kakao, Takuya Tsugawa, and Mamoru Ishii 
14:40-15:00 Influence of Atmospheric Tides on the occurrence of Counter Electrojet 
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Dupinder Singh Kyushu Univ.  
9  12  

 
10:00-10:40 [Invited] Comparative study for upper atmosphere between Earth and 

Mars (and Venus) 
 

10:40-11:00  Joule  
 

11:00-11:20 ISS-IMAP/VISI 
 

 
11:20-11:40 IMAP/VISI  MSTID  

Chia-Hung Chen  
 

 
  90cm  90cm  

9  11  15:00-17:00  
MTI  

P01  8  

 
P02  

Kim Nielsen 
P03 Es  Fe/Fe+  

 
P04  

NICT  
P05 The variation of F2-peak due to CO2 increase: experiment with GAIA model 

Huixin Liu  
P06  PANSY 

 
 

P07 
 
 ISEE
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P08 Sodium layer observations over Tibet and Beijing, China 

Yuan Xia ISEE/Nagoya Univ. , Satonori Nozawa, Sakiho Maeda, Guotao Yang, 
Xuewu Cheng, Faquan Li, Jihong Wang, Yong Yang, Xin Lin 

 

 

P 09   

 

273



 

 

1

8

2
6

5

5
1

4

1

2

1

274



S u p e r D A R N
Japanese SuperDARN meeting: present and future 

 

 
 

SuperDARN 2019
6 3-7 5 (

) SuperDARN 2019 Workshop
( )
17 2015

SuperDARN
SuperDARN 2019 Workshop 12

78
48 30  

10 SuperDARN(Super Dual Auroral Radar Network)
37

19 34 2006 11 2014 10
- HF (SuperDARN Hokkaido East radar)

13 (
: 43 ) - SuperDARN

31 3  
SuperDARN

A. Polar Cap Phenomena. B. 
Multi-Scale Electromagnetic Coupling. C. MTI. D. Inner Magnetosphere. E. Plasma Flow and 
Convection. F. Solar Effect on HF propagation. SuperDARN

A.D.M. Walker memorial session  
2019 3 SuperDARN

SuperDARN historical review
4 SuperDARN

 
SuperDARN

3
 ( )  
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 (* ) 

Latest Project Session  

  Mamoru Ishii (NICT) 
NICT Research and Operation for Space 
Weather 

Multi--Scale Electromagnetic Coupling  

* Akimasa Yoshikawa (Kyushu Univ.) 
MAGDAS project: Research for global and local 
electromagnetic coupling from polar to 
equatorial ionosphere 

  

Shin-ichiro Oyama (ISEE, Nagoya U) , Anita 
Aikio , Mark G. Conde, Heikki Vanhamäki, 
Ilkka Virtanen, Thomas Ulich, Lassi Roininen, 
Pekka Verronen, Takeshi Sakanoi 

Spatial distribution of the polar thermospheric 
wind acceleration and importance of the 2D 
measurement 

* 

Yoshimasa Tanaka (NIPR), Takanori 
Nishiyama, Akira Kadokura, Mitsunori Ozaki, 
Mitsunori Ozaki, Yoshizumi Miyoshi, Kazuo 
Shiokawa, Shin-Ichiro Oyama, Ryuho Kataoka, 
Masaki Tsutsumi, Koji Nishimura, Kaoru Sato, 
Yoshiya Kasahara, Atsuki Kumamoto, 
Fuminori Tsuchiya, Mizuki Fukizawa, Mitsuru 
Hikishima, Shoya Matsuda, Ayako Matsuoka, 
Iku Shinohara, Masahito Nosé, Tsutomu 
Nagatsuma, Manabu Shinohara, Akiko 
Fujimoto, Mariko Teramoto, Reiko Nomura, 
Akira Sessai Yukimatu, Keisuke Hosokawa, 
Masafumi Shoji, Ralph Latteck 

Simultaneous observation of magnetospheric 
plasma waves and PMWE observed by Arase 
satellite and MST radars 

Review and Tutorial Talk  
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N. Nishitani (ISEE, Nagoya Univ.), J.M. 
Ruohoniemi, M. Lester, J.B.H. Baker, A.V. 
Koustov, S.G. Shepherd, G. Chisham, T. Hori, 
E.G. Thomas, R.A. Makarevich, A. 
Marchaudon, P. Ponomarenko, J.A. Wild, S.E. 
Milan, W.A. Bristow, J. Devlin, E. Miller , R.A. 
Greenwald, T. Ogawa, T. Kikuchi 

Mid-latitude SuperDARN Review Paper 

MMTI  

* 
Kazuo Shiokawa (ISEE, Nagoya Univ.), The 
PWING team 

Ground-based multi-point network observation 
of the inner magnetosphere at subauroral 
latitudes by the PWING project 

IInner Magnetosphere  

  
T. Hori (ISEE, Nagoya Univ.), N. Nishitani, A. 
S. Yukimatu, T. Nagatsuma, K. Hosokawa, H. 
Kawano, M. Watanabe, Y. Miyoshi, I. Shinohara 

Special-time observations for SuperDARN-
Arase satellite conjunction 

*  

Y. Miyoshi (Nagoya Univ.) , I. Shinohara, T. 
Takashima, K. Asamura, S-Y. Wang, Y. Kazama, 
S. Kasahara, S. Yokota, T. Miatni, N. Higashi, Y. 
Kasahara, Y. Kasaba, S. Yagitani, A. Matsuoka, 
H. Kojima, Y. Katoh, K. Shiokawa, K. Seki, T. 
Hori, M. Shoji, S. Kurita, C-W. Jun, M. 
Teramoto, S. Matsuda, M.T.F. Chang, the ERG 
project group 

Geospace Explorations by the ERG/Arase 
project 

  
Hideaki Kawano (Kyushu Univ.), Akira Sessai 
Yukimatu, Nozomu Nishitani, Yoshimasa 
Tanaka, Satoko Saita, Tomoaki Hori 

Amplitude-ratio and the cross-phase methods to 
automatically identify FLR in the SuperDARN 
VLOS data 

PPlasma Flow and Convection  

  
Shinya Nakano (The Institute of Statistical 
Mathematics), Tomoaki Hori, Kanako Seki, 
Nozomu Nishitani 

Modeling of ionospheric convection pattern with 
SuperDARN data using localized vector-valued 
basis 

HHistorical Review  

  

Natsuo Sato (NIPR), Tadahiko Ogawa, Hisao 
Yamagishi, Akira Sessai Yukimatu, Nozomu 
Nishitani, Takashi Kikuchi, Kenro Nozaki, 
Tsutomu Nagatsuma 

History and Progress of Japanese SuperDARN 
Project 

SStoorm Time Disturbances  

  Takuya Sori (Nagoya Univ.), Atsuki Shinbori, Relationship between the large TEC fluctuation 
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Yuichi Otsuka, Takuya Tsugawa, Michi 
Nishioka, William Bristow, J. Michael 
Ruohoniemi, Simon G. Shepherd, Nozomu 
Nishitani 

and ionospheric echoes observed by the 
SuperDARN radars in the auroral zone and 
midlatitudes during a geomagnetic storm 

  

Atsuki Shinbori (Nagoya Univ.), Yuichi Otsuka, 
Takuya Sori, Takuya Tsugawa, Michi Nishioka, 
William Bristow, J. Michael Ruohoniemi, Simon 
G. Shepherd, Nozomu Nishitani 

Temporal and spatial evolutions of storm-time 
ionospheric disturbances in the low and 
midlatitudes as seen in the GNSS-TEC and 
SuperDARN radar observations 

  

DData Processing and Analysis  

  

Yuka Kadowaki (PEDSC), Akira Sessai 
Yukimatu, Tsutomu Nagatsuma, Nozomu 
Nishitani, Tomoaki Hori, Keisuke Hosokawa, 
Masakazu Watanabe, Hideaki Kawano, Kaori 
Sakaguchi, Aoi Nakamizo 

Current Status of SuperDARN JAPAN 
database and website 

IInner Magnetosphere  

  
Kento Oya (ISEE, Nagoya Univ.), Nozomu 
Nishitani, Tomoaki Hori 

Occurrence characteristics and geomagnetic 
activity dependence of SAPS observed by the 
SuperDARN Hokkaido East and West HF 
Radars 

  
S. Saito (NICT), Y. Miyoshi, S. Matsuda, S. 
Kurita, Y. Kasahara, A. Kumamoto, F. Tsuchiya, 
A. Matsuoka 

Origin of fast fluctuation of energetic electron 
precipitation: Data-driven simulations using 
the ERG plasma wave observations 

  N. Nishitani (ISEE, Nagoya Univ.), T. Hori 
Multiscape Coupling of Sub-auroral 
Polarization Streams Observed by the 
SuperDARN Hokkaido East / West radars 

  
T. Hori (ISEE, Nagoya Univ.), N. Nishitani, S. 
Nakano, K. Seki, J. M. Ruohoniemi, S. G. 
Shepherd, K. Keika, M. Teramoto, A. Ieda 

SECS reconstruction of ionospheric flow map 
from SuperDARN observations on St. Patricks 
day 2015 storm 

MMagnetospheric Physics  

  

Kiyoka Murase (SOKENDAI), Ryuho Kataoka, 
Yoshizumi Miyoshi, Hervert Akihito Uchida, 
Yoko Fukuda, Yusuke Ebihara, Donald 
Hampton 

Sporadic appearance of 10-ms-order flashing 
variation in flickering aurora 

  
Sota Nanjo (The University of Electro-
Communications), Yuta Hozumi, Keisuke 
Hosokawa 

Fine-scale visualization of aurora in a wide area 
using color digital camera images from the 
International Space Station 
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Yasubumi Kubota (NICT), Aoi Nakamizo, Kaori 
Sakaguchi, Mitsue Den, Yuki Kubo, Tsutomu 
Nagatsuma, Takashi Tanaka 

Real-time magnetosphere simulator for space 
weather using REProduce Plasma Universe 
code 

  
Keisuke Hosokawa (University of Electro-
Communications), Michitaro Nagata, Kazuo 
Shiokawa, Yuichi Otsuka 

IMF By dependence of polar cap patch 
occurrence: statistics using airglow data from 
Eureka, Canada in comparison with 
SuperDARN convection patterns 

  Aoi Nakamizo (NICT), Akimasa Yoshikawa 
Deformation of Ionospheric Potential Pattern 
by Ionospheric Hall Polarization 

PPlasma Flows and Convection  

  
Masakazu Watanabe (Kyushu Univ.), Shigeru 
Fujita, Takashi Tanaka 

Origin of the twin reverse convection cells for 
northward interplanetary magnetic field 
periods 

WWave Propagation and its Characteristics  

  

Keisuke Hosokawa (University of Electro-
Communications), Hiroyuki Nakata, Kumiko 
Hashimoto, Ichiro Tomizawa, Jun Sakai, 
Takashi Kikuchi, Kenro Nozaki 

A network of HF Doppler sounding systems in 
Japan: possible collaboration with SuperDARN 

  
Takuya Tsugawa (NICT) , Michi Nishioka, 
Hideo Maeno, Takumi Kondo, Mamoru Ishii, 
Jong-Yeon Yun, Young-Sil Kwak 

Collaborative ionosheric observations using 
VIPIRs in Japan and Korea 

  
Y. Hamaguti (ISEE, Nagoya Univ.), N. 
Nishitani, T. Hori 

Receiving the SuperDARN Hokkaido East HF 
radar signal at a remote station using the USRP 

  Akira Sessai Yukimatu (NIPR) 
Reassessment of SuperDARN/SENSU near-
range echoes 

 
Workshop

( )  
 

( ) SuperDARN - HF
 

http://cicr.isee.nagoya-u.ac.jp/hokkaido/indexj.html 
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WS

 

WS PhoENiX
PhoENiX 

FOXSI-3 X  

WS PhoENiX Si

X

X  

 

 
1  - 20  ( ) 

13:00-13:15 :  
13:15-13:45 :   (NAOJ) PhoENiX  
13:45-14:15 :   (NAOJ) X  
14:15-14:35 :  
14:35-15:05 :    (UCB) RHESSI  
15:05-15:35 :   ( )  X  G  
15:35-16:05 :   ( ) MAXI-NICER RS CVn

 
16:05-16:25 :  
16:25-16:55 :   ( )  
16:55-17:25 :   (JAXA) X

 
 - 21  ( ) 

10:00-10:30 :   (JAXA) CMOS  
10:30-11:00 :   (NIFS) Study of helium-like argon spectra in LHD  
11:00-11:15 :  
11:15-11:45 :   ( ) X  
11:45-12:15 :   ( )  
12:15-13:30 :  
13:30-14:00 :   (JAXA) PhoENiX  
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14:00-14:30 :   ( ) PhoENiX
 

14:30-15:00 :   ( ) PhoENiX
 

15:00-15:20 :  
15:20-17:00 :  
17:00-17:15 :  

 
( / )  

  ( ) 
  ( ) 
  ( ) 
  ( ) 
  ( ) 
  ( ) 
  ( ) 
  ( ) 
  ( ) 
  ( ) 

 
     (JAXA)  

  ( )  
   ( )   ( ) 

 
 

 (ISEE) 
 (KMI) 

JAXA  
(A) 
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1.

2. JAXA

3. JAXA

JAXA
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4.

5. JAXA DoerResearch

6. DoerResearch

7.

Walter Strapp Lyle Lilie Tom Bond 

8.

9.

10.

2020
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SuperDARN Workshop 2019 

 

 
 
 

SuperDARN Workshop 2019 2019 6 3-7 5
( )

( ) SuperDARN

SuperDARN Workshop
2018 Workshop 2019 12

Workshop
78 48 30  

SuperDARN
( 23 13

) NICT
King Salmon 140 180 60 80

 

SuperDARN
SuperDARN

historical review SuperDARN

Working Group

SuperDARN

SuperDARN
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PProgram

Workshop 

This workshop is supported by National Institute of Communications Technology, National Institute of Polar Research, Institute for Space-Earth Environmental Research, and Inoue Foundation for science. 
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2019 1 STE *1 2019 9 9~10

 
*1 MTI

 
 

    
   

   
 

22  
 

 
MTI

19
ZOOM  
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IUGONET
http://www.iugonet.org 405 ISEE

 

 

STE MTI
3 13 MU

 

 

 

9 12 Interactive Data Language 
(IDL) IDL SPEDAS

24 PC
IDL Harris Geospatial

IDL

SPEDAS

 

9 13 31
12 13 1
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9
11  

 IUGONET
http://www.iugonet.org/workshop/20190912  
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2 13 14

12
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1997
20

ISEE NDACC
TCCON( )

 

 

1 2 /

GCOS GEOSS

VLF/LF
 

(FTIR)

ISEE
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8

The 8th East Asia Accelerator Mass Spectrometry Symposium (EA-AMS 8)

14C -10 10Be -129
129I

2

2019 12 3 6

8 EA-AMS 8 Space 

and earth environmental Science New facility and status report AMS development / Technical 

development/Heavy nuclides General AMS application / Carbon-14 age calibration and archeological 

application 4 4 34

10Be 26Al 10Be

42

EA-AMS 8

8 33 7 1 3

4 3 2 1 2

115

Space and 

earth environmental Science I, II, III A.J.T. Jull Evidence 

for solar-flare and other cosmic-ray events in the 14C record in tree ring and in the other records

I. Planyusuhkina

W. 

Zhou A long time-scale record of East Asian monsoon rainfall from Chinese loess 10Be

12

New facility and status report 13

304



14

AMS development / Technical development / Heavy nuclides 5

General AMS application / Carbon-14 age calibration and archeological application

ANSTO D. Fink Constraining the Age of Aboriginal rock art using 

cosmogenic Be-10 and Al-26 dating of rock shelter collapse in the Kimberley region, Australia

Fink 2 20

Fink

Hongtao Shen (Guangxi Normal University, China) 

Weijian Zhou (Institute of Earth Environment, Chinese Academy of Sciences, China) 

Junghun Park (Korea Institute of Geoscience and Mineral Resources, Korea)

Wan Hong (Korea Institute of Geoscience and Mineral Resources, Korea)

Gwan-Ho Lee (Korea Institute of Science and Technology, Korea)

Hong-Chun Li (Department of Geosciences, National Taiwan University, Taiwan)

Quan Hua (Australian Nuclear Science and Technology Organisation (ANSTO), Australia)

David Fink (Australian Nuclear Science and Technology Organisation (ANSTO), Australia)

Timothy Jull (University of Arizona, USA and ICER, Institute for Nuclear Research, Debrecen) 

Agenda & Abstract 85 pp. 2019 12 2

Proceedings of The 8th East Asia Accelerator Mass Spectrometry Symposium and The 22nd Japan Accelerator 

Mass Spectrometry Symposium 124 pp. 2020 3 31
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Observa t ion  p lann ing  o f  w ave-par t ic le  in terac t ions  in
the  inner  magnetosphere  b y th e  ERG miss ion
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2019

N e t w o r k  f o r  t h e  D e t e c t i o n  o f  A t m o s p h e r i c  C o m p o s i t i o n  C h a n g e

2019 10 17 18
NDACC

NDACC
32 52

 

C O N T R A I L

A D - N e t
M A X - D O A S

N D A C C
G O S A T G O S

A T 2 S M I L E S S M I L E S - 2
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NDACC Science Workshop
17 October, 2019 
9:30a Welcome – Chiho Watanabe (President, NIES)
9:40a Workshop Overview – Hideaki Nakajima (NIES)
9:45a A Renewed Impetus for Expanding Global Trace-Gas Measurement Networks – R. Weissv(SIO) 

and R. Prinn (MIT)
10:00a The TROPOMI Validation Campaign (TROLIX’19) – K. Kreher (BK Scientific)
10:15a The Total Carbon Column Observing Network – Activities Operated by Japanese Organizations 

and Satellite Data Validation with TCCON – I. Morino (NIES)
10:30a The Latest Status of the GOSAT and GOSAT-2 Projects – T. Matsunaga (NIES)
10:45a Ground-Based Greenhouse Gas Observations by NIES – Y. Terao (NIES)
11:00a The CONTRAIL Commercial Airline Measurements of Atmospheric Trace Gases –T. Umezawa 

(NIES)
11:15a Lidar Research at MRI – T. Sakai (MRI, JMA)
11:30a Group Photo, Immediately Followed by Lunch
2:30p Aerosol and Cloud Observations Using a Network of Ground-Based Lidars (AD-Net) –T. 

Nishizawa (NIES)
2:45p An Introduction to the Aerological Observatory and Meteorological Instrument Center –R. Niimi 

(Aerological Observatory, JMA)
3:00p Balloon Sounding Activities in Japan: SOWER, and Contributions to SHADOZ and GRUAN– 

M. Fujiwara (Hokkaido University)
3:15p A Proposal for Satellite Observation of the Whole Atmosphere: The Superconducting 

Submillimeter-Wave Limb Emission Sounder (SMILES-2) – M. Shiotani (RISH, Kyoto
University)

3:30p UV-Vis Multi-Axis / Direct-Sun (MAX DOAS) Observations around Japan and on Research
Vessels – Y. Kanaya (JAMSTEC)

3:45p Research Activity and Instrument Development for Microwave Measurements at Nagoya
University – A. Mizuno (ISEE, Nagoya University)

4:00p Long-Term Monitoring of Tropospheric and Stratospheric Trace Gases Using Ground-Based
FTIRs in Japan – T. Nagahama (ISEE, Nagoya University)

18 October, 2019
Tour of NIES, including the FTIR (I. Morino), Lidar (T. Nishazawa), GOSAT (T. Matsunaga), and
UV-B (T. Nakajima). Possible site visit to the Meteorological Research Institute (MRI) and the
Japanese Meteorological Administration (JMA) Aerological Observatory (Tateno)

1:30p Bus departs from the Okura Frontier Hotel Epochal
1:45p Arrive at NIES – 16-2 Onogawa, Tsukuba, Ibaraki, 305-8506 Japan
1:45p Tour of the FTIR (H. Nakajima), Lidar (Y. Jin), and GOSAT (T. Matsunaga; tentative)
2:45p  Bus departs from NIES
2:50p Arrive at MRI – 1-1 Nagamine, Tsukuba, Ibaraki, 305-0052 Japan
2:50p Tour of MRI, including the Aerosol, Water Vapor, and Ozone Lidar (Sakai, Nagai)
3:30p Transfer to the Aerological Observatory
3:30p Tour of the Aerological Observatory, including the Dobson, Meteorological Instrument

Verification Center, and Observation Field (Narita, Abo, Mori, Niimi, Ueno)
5:00p Bus departs from the Aerological Observatory
5:15p Return to the Okura Frontier Hotel Epochal
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PSTEP 
PSTEP 

PSTEP  ( GIC  ) 
 PSTEP 

PSTEP 
 

Zoom Web 
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 11 18  13:30 17:30 
  

  a) HF              
  b)  Ship of Opportunity    
  c)                           

                     
 

  a)                          
  b)                           

 11 19  9:30 12:00 
  

 
 /  Synspective  
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World Data System (WDS) FAIR
 (Findable, Accessible, Interoperable, Reusable) 

FAIR

WDS WDS 29
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C o n f e r e n c e  o n  M a g n e t o s p h e r e  o f  t h e  O u t e r  P l a n e t s 2 0 1 9 ( M O P  2 0 1 9 )
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2020 1 28  30  4 P
STEP PSTEP-4 ISEE 

ISEE-2
PSTEP

100 
 

PSTEP A01  A04

48 59 
WEB http://www.pstep.jp/news/20200127.html

 

A01 A01 
AI 

Onsager Talaat 
Gonzalez-Esparza Andries 
A01 
 

A02 A02 

Leka 
Berger Martinez Pillet A02 

 

A03 A03 
GIC 

Fuller-Rowell  Knipp Huba Love  ( ) Horne ( 
) Connors ( ) A03 GI

C 
 

A04 A04 
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Chatzistergos Marsh Spiegl  ( 
) 

Zhou 

 

5 

 

Earth, Planets and Space (EPS) S
pecial Issue Solar-Terrestrial Environment Prediction: Toward the Synergy of Sci
ence and Forecasting Operation of Space Weather and Space Climate  

4 30 
https://earth-planets-space.spring

eropen.com/pstep  

ISEE Award

 IPS 
ISEE Award 

B. V. Jac
kson  Global H
eliosphericRemote Sensing: A Brie
f Recent History   

 

PSTEP-4 ISEE-2  
 

ISEE Award(  )  
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particle-in-cell

10

particle-in-cell Xeon

OpenMP reduction

reduction  
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Umeda, T., Paradigm shift in program structure of particle-in-cell simulations, In: 
Parallel Computing: Technology Trends, Advances in Parallel Computing, Vol.36, 
pp.455-463, 2020. ( ) 
Nakamura, T. K. M., T. Umeda, R. Nakamura, H. S. Fu, and M Oka, Disturbance of 
the front region of magnetic reconnection outflow jets due to the lower-hybrid drift 
instability, Physical Review Letters, Vol.123, No.23, 235101 (6pp.), 2019. (

) 
Yamazaki, R., A. Shinoda, T. Umeda, and S. Matsukiyo, Mach number and plasma 
beta dependence of the ion temperature perpendicular to the external magnetic 
field in the transition region of perpendicular collisionless shocks, AIP Advances, 
Vol.9, No.12, 125010 (4pp.), 2019. ( ) 
Umeda, T., Multi-step Boris rotation schemes for Lorentz force equation of charged 
particles, Computer Physics Communications, Vol.237, pp.37-41, 2019. ( ) 

 , PIC , 172
, , 2019 12 . (

) 
Umeda, T., Paradigm shift in program structure of particle-in-cell simulations, 
International Conference on Parallel Computing (ParCo2019), Prague, Czech, 
September 2019. ( )  
Umeda, T., R. Yamazaki, and Y. Ohira, Full particle-in-cell simulation of the 
interaction between two plasmas for laboratory experiments on the generation of 
magnetized collisionless shocks with high-power lasers, 15th symposium of 
Interrelationship between Plasma Experiments in the Laboratory and in Space 
(IPELS), Tokyo, Japan, September 2019. ( )  
Umeda, T., and T. K. M. Nakamura, Electromagnetic linear dispersion relation for 
plasma with a drift across magnetic field, Asia Oceania Geosciences Society (AOGS) 
16th Annual Meeting, Singapore, July 2019. ( ) 
Umeda, T., Self-reformation of rippled perpendicular collisionless shocks: Full 
particle simulations, 14th International Conference on Numerical Modeling of 
Space Plasma Flows (ASTRONUM 2019), Paris, France, July 2019. ( )  

 ,  , Electromagnetic linear dispersion relation for plasma with a 
drift across magnetic field, 2019 , , 2019
5 . ( ) 
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2013 HISAKI

Juno 2016 7
HISAKI

Galileo

 

MHD 10
 

HISAKI

 

HISAKI Juno
Juno Juno

AGU
 

 

 

(Invited) Kimura et al., Recent updates on the Hisaki observations for Jupiter's 
magnetosphere and Io's atmosphere, AGU Fall Meeting 2019. 

K. Fukazawa, T. Kimura, T. Tokunaga, S. Nakano, Application of Machine Learning to 
magnetospheric physics and preparation of training data for global magnetospheric 
configuration and physics, AGU Fall Meeting 2019. 
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M H D s i m u l a t i o n o f m u l t i - s o l a r c yc l e v a r i a t i o n  b a s e d o n I P S v e l o c i t
y  d a t a

CME 

IPS(interplanetary scintillation) 
MHD

IPS MHD

LOFAR IPS
2016 10 LOFAR

IPS
MHD-IPS LOFAR 

( )  (
AU AU) MHD ( ) ( )

( ) IPS LOFAR IPS 
( ) IPS LOFAR 2016

10  
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 200 km 

 20 km 
 2000 km 

2 km 

 
 

 
 CReSS (Cloud-Resolving Storm Simulator) 2018  6 

 30  8  17 
2wy-nest  1 km 1K 

 5 km 5K 
1K  5K 1wy-nest  1K  5K 

Off-nest Kuo 
 

 
 

 2wy-nest 1wy-nest  1 

 8  17 6  30 1

15 LST  59 mm 
h-1 1a 2wy-nest 

 1b 1wy-nest  Off-nest  1c, 1d  
5K 2wy-nest  1wy-nest  100 km 

Off-nest  1wy-nest  1K  1wy-nest 
 10 hPa 

2wy-nest 
1wy-nest 
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 CReSS 

 
 

 
1.  ,  ,  ,  , 

2018  6  30 . 
, , 2019  09  27 . 

 
 1: 8  17  15 LST  ( ; dBZ)  ( ; m) (a) 

(b)  (d)  CReSS  2wy-nest, 1wy-nest, Off-nest  1K 
    

 
2: 8  17  (a) CReSS (b) 

(a)  1K 
 5K  
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E x p l o r i n g h e l i o p a u s e  f l u c t u a t i o n s  i n  a s s o c i a t i o n  w i t h  p l a s m a  d e n s i t y  s t r u c t u r e s

 

heliopause; HP
2012 1 2018 2

HP HP
HP

ENA IBEX HP
ENA P

UI ENA HP
 

 

 
HP 2

HP H
P PUI

outer heliosheath; OHS
0.005 0.2

xy 1024 2048

0.8 5 2
”IBEX ” ENA HP

PUI OHS 0.01% P
UI 10

xy x
x HP y

 

 

t =500 p-1 xy PUI
(x, y) ~ (160, 270) PUI
HP y ~ 270 y < 270 OHS y > 270

PUI y
IBEX ENA emission

x~60 emission 2
PUI =cos PUI

0

PUI  
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IBEX ENA ”IBEX ” ENA
HP OHS PUI HP

PUI
PUI  

PUI ENA
IBEX

~0
PUI IBEX

ENA
 

 

 
1. Structural variations in the pickup ion density associated with magnetic reconnection at 

the heliopause 2019 2019 5  
2. Tsubouchi, Ken, Properties of the heliopause fluctuations embedded in the pickup ion density profiles, 

American Geophysical Union 2019 Fall meeting, San Francisco, December 2019 
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2. MHD
 2019,  (2019 10 ) 

3.    
2019   
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 1  

333



Buho HOSHINO, Yuki SOFUE, Yuta DEMURA, Tsedendamba PUREVSUREN, M
orine KURIBAYASHI, Kenji BABA, Enkhtuvshin ZOLJARGAL, Katsuro HAGIWA
RA, Jun NODA, Keiichi KAWANO, Olaf KARTHAUS, Kenji KAI Detection of dry
 lake beds formation and estimate of environmental regime shift in semi-arid regi
on 28(5) 109-113  2018   

Kuribayashi Morine, Kawano Keiichi, Demura Yuta, BABA KENJI, SOFUE YUKI,
 PUREVSUREN TSEDENDAMBA, MATSUMOTO TAMAKI, HAGIWARA KATUR
O, KARTHAUS OLAF, KAI KENJI, HOSHINO BUHO Imaging of micro-organism
s on topsoil particles collected from different landscape in the Gobi Desert E3S 
Web Conferences 99 2019  

Purevsuren Tsedendamba, Jugder Dulam, Kenji Baba, Katsuro Hagiwara, Jun No
da, Kei Kawai, Ganzorig Sumiya, Christopher McCarthy, Kenji Kai, Buho Hoshin
o Northeast Asian Dust Transport: A Case Study of a Dust Storm Event from 28
March to 2 April 2012 2019  

Sofue Yuki, Hoshino Buho, Demura Yuta, Kai Kenji, Baba Kenji, Nduati Eunice, 
Kondoh Akihiko, Sternberg Troy Satellite Monitoring of Vegetation Response to P
recipitation and Dust Storm Outbreaks in Gobi Desert Regions LAND 7(1) 2018
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2017 9 12673 9 6 X9.3
24

X9.3 2
(Vemareddy 2019) Inoue et al. (2018)

3
X9.3 M

X9.3 2
M  

 

Solar Dynamics Observatory (SDO; Pesnell et al. 2012) 
/ Helioseismic and Magnetic Imager (HMI; Scherrer et al. 2012) 

 (Inoue et al. 2014) 9
4 9 6 SDO / At
mospheric Imaging Assembly (AIA; Lemen et al. 2012) 1600 M

 

 

 (1) 9 4 3 A, B, C ( 1) A X9.3
(2) B 2 9 4 UT12:00

(3) M AIA1600 B
 

 

(1) X9.3 2  
( (3)-1) (2) (3) M B

M 9 4 UT20:30 M5.5
AIA1600

2 ( (2)-1, (3)-2)  

 

Inoue, S., Magara, T., Pandey, V., S. et al. 2014, The Astrophysical Journal 
Inoue, S., Shiota, D., Bamba, Y., et al. 2018, The Astrophysical Journal 
Lemen, J. R., Title, A. M., Akin, D. J., et al. 2012, Solar Physics 
Pesnell, W. D., Thompson, B. J., & Chamberlin, P. C. 2012, Solar Physics 
Scherrer, P. H., Schou, J., Bush, R. I., et al. 2012, Solar Physics 
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Vemareddy, P. 2019, The Astrophysical Journal 

 

(1)  
1. : Yamasaki, D., Inoue, S., Nagata, S., & Ichimoto, K. 

 : “Nonlinear force-free field modeling of the flare-productive  
         magnetic field observed in the solar active region 12673” 
   : The Astrophysical Journal ( ) 

(2)  
1. : Yamasaki, D., Inoue, S., Nagata, S., & Ichimoto, K. 
   : “Nonlinear force-free field modeling of the flare-productive  
         magnetic field observed in the solar active region 12673” (poster) 
   : The 4th PSTEP International Symposium, Nagoya, 2020 Jan. 

( 3 )  
1. :  
   : 12673  

  ( ) 
   : 2019 2019 9  
2. :  
   : 12673  

 II  ( ) 
   : 2020 2020 3  

 
1. AIA 1600 , (a) M5.5 , (b) 

, (c) , (d) 
A, B, C .  
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2. M5.5 , , 
, A, B, C, 

. (a) M5.5 , (b) M5.5 .  
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/

AM
OC: Atlantic Meridional Overturning Circulation

10

AMOC

LOVECLIM
EMIC Earth-System Model of Intermediate Complexi

ty
Eckart (1958) Vallis (2006) UNESC

O 1000 LOVECLIM
CLIO
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GrADS Grid Analysis and Display System PD
EF

3

10

CLIO

GrADS  
 
do jj = 1, 57    
do ii = 1, 120   
   lon = (ii-1)*3.0e0+1.5     射影先の経度 
   lat = (jj-1)*3.0e0-79.5e0   射影先の緯度 
   mindist = 400.0d0 
   do j = 1, 641  モデル歪座標の10倍細分グリッド（射影元緯度グリッド） 
   do i = 1, 1200 モデル歪座標の10倍細分グリッド（射影元経度グリッド）    
 ci = int(1 + (i-1)*0.1)  モデル歪座標グリッド  
      cj = int(1 + (j-1)*0.1)  モデル歪座標グリッド  
      a = (i-1)*0.1-int((i-1)*0.1) 隣接するモデル歪座標グリッドとの端数 
      b = (j-1)*0.1-int((j-1)*0.1) 隣接するモデル歪座標グリッドとの端数 
      clon = mtlon(ci,cj)*(1.0-a)*(1.0-b) + mtlon(ci+1,cj)*a*(1.0-b) + &  射影元の経度 
             mtlon(ci,cj+1)*(1.0-a)*b + mtlon(ci+1,cj+1)*a*b 
      clat = mtlat(ci,cj)*(1.0-a)*(1.0-b) + mtlat(ci+1,cj)*a*(1.0-b) + &  射影元の緯度 
             mtlat(ci,cj+1)*(1.0-a)*b + mtlat(ci+1,cj+1)*a*b 
      crot = murot(ci,cj)*(1.0-a)*(1.0-b) + murot(ci+1,cj)*a*(1.0-b) + & 射影元の北極向き 
             murot(ci,cj+1)*(1.0-a)*b + murot(ci+1,cj+1)*a*b 
      dist = min((clon-lon)**2+(clat-lat)**2, & 
                 (clon-lon-360.0d0)**2+(clat-lat)**2)  射影先と射影元の距離 
      if (dist < mindist) then 
         mindist = dist 
         gi(ii,jj) = 1 + (i-1)*0.1e0   射影元のモデル歪座標グリッド 
         gj(ii,jj) = 1 + (j-1)*0.1e0   射影元のモデル歪座標グリッド 
         gr(ii,jj) = crot 
         gd(ii,jj) = mindist 
      endif 
      if(gi(ii,jj) == 120.0e0) then 
         gi(ii,jj) = 119.9999e0 
      endif 
   enddo 
   enddo 
enddo 
enddo  
 
open(unit=20, file='dclio-xpyp.pdef', form='unformatted', status='replace', action='write', 
access='direct', recl=120*57, iostat=err) 
 
write(20,rec=1,iostat=err) gi 
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write(20,rec=2,iostat=err) gj 
write(20,rec=3,iostat=err) gr 
write(20,rec=4,iostat=err) gd 

GrADS

PDEF 120 65 bilin stream binary-big ^dclio-xpyp.pdef 

340



 
 

DSMC Direct Simulation Monte Carlo
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