
WP4: Verifying the kinematic properties of STEREO/HI CMEs 
against in-situ CME observations and coronal sources 

In-situ comparison

University of Helsinki (Emilia Kilpua and Alexey Isavnin)

The goal of Task 4.2 is  to construct a comprehensive catalogue of 
ICMEs measured in-situ and to  list their key parameters and the results of 

modeling based on in-situ data. 

Relevant HELCTATS catalogs:  DATACAT and ICMECAT

All data to be made available until end of 2015 



 DATACAT
•  In-situ data of plasma and magnetic fields starting from January 2007.  All in same format 
    IDL sav.-files 
•  Venus Express, MESSENGER, Ulysses (UNIGRAZ),  STEREIO, WIND (UH)	  

 ICMECAT
•  Clear ICMEs and magnetic flux ropes (MFR) (MESSENGER and VEX more strict as based 

only on magnetic field measurement)
•  Around 1 AU (Wind, STEREO): 435 ICMEs 
•  Inner heliosphere (MESSENGER, VEX): 167 ICMEs 	  
!

Spacecraft$ Provider$ Number$ of$
ICMEs$

Start$time$ End$time$

Wind$$$$$$$$$$ T.$NievesWChinchilla$ 135$ Jan$2007$$$$$ Dec$2013$

STEREOWA$ L.$Jian$ 167$ Jan$2007$ Jun$2014$

STEREOWB$ L.$Jian$ 133$ Jan$2007$ Dec$2013$

VEX$

$

S.$Good$ 81$ Jan$2007$ Dec$2013$

MESSENGER$

$

S.$Good$

R.$Winslow$

33$$

61$

Jan$2007$

May$2011$

May$2012$

Sep$2014$

Compared!to!the!annual!report,$the$new$list$by$Winslow$et$al.$(2015)$has$been$added$which$consists$
of$ 61$ ICMEs$ observed$ at$ Mercury$ after$ orbit$ insertion,$ with$ 10$ events$ overlapping$ between$ the$
Winslow$and$Good$lists,$thus$86$unique$ICMEs$observed$by$MESSENGER$remain.$$

A$ shock$ list$ was$ provided$ by$ V.$ Krupar$ (IMPERIAL)$ for$Wind.$ From$ Jan$ 2007$ to$ Jul$ 2015,$ the$ list$
contains$shock$times,$shock$angles$and$before$/$after$magnetic$ field$and$solar$wind$speed$for$383!
events.!

Another$shock$database$also$available$at$UH$http://ipshocks.fi$Both$are$very$useful$for$comparison$
to$WP3$results$if$no$ICME$is$present.$

In!summary,$435$ICMEs$were$observed$close$to$1$AU$(Wind,$STEREOWA,$STEREOWB),$plus$167$events$
in$ the$ inner$ heliosphere$ by$VEX$ and$MESSENGER.$Only$ events$ after$ January$ 2007$ are$ counted$ so$
they$overlap$with$the$HI$catalogue$from$WP2/3.$In!total,!!602!events!are!currently!in!the!ICMECAT.!
Once$ the$ full$ data$ are$ available$ until$ end$ of$ 2015,$ this$ number$ can$ be$ expected$ to$ rise$ to$
approximately$650$events.$$

!!

WP4!TASK!4.3 Assessing!the!validity!of!the!HI!modelling!(TASK!LEAD:!UNIGRAZ)!

In$this$task$we$will$validate$the$modeling$methods$used$in$WP3$to$extract$CME$parameters$from$HI$
with$multipoint$in#situ$data.$Since!the!annual!report!progress!has!been!made!on!CME!case!studies!
using!the!preliminary!HICAT!and!ICMECATs:!$

Source!position!vs.!CME!propagation!direction:!

The$paper!Möstl!et!al.!(2015,!Nat.!Comm.)$has$been$published$about$a$major$false$alarm$for$a$CME$
on$January$7$2014.$A$synthesis$of$data$from$7$spacecraft$(as$used$in$this$WP)$has$shown$that$a$CME$
may$ erupt$ in$ a$ direction$ that$ is$ about$ 40°$ different$ in$ heliospheric$ longitude$ compared$ to$ the$
position$ of$ the$ source$ region.$ A$ follow$ up$ paper$ by$Mays! et! al.! (2015,! ApJ,! in! press)$ has$ further$
confirmed$ this$ with$ ensemble$ numerical$ simulations,$ and$ showed$ that$ the$ 3D$ orientation$ of$ the$
CME$was$also$favourable$in$missing$the$Earth,$even$though$the$CME$source$on$the$Sun$was$perfectly$
aimed$at$Earth.$

Multipoint!studies!of!ICMEs!with!spacecraft!lineups:!

Figure!1!shows$an$example$of$an$ICME$detection$that$is$contained$in$ICMECAT,$taken$from$Good!et!

602	  ICMEs	  	  

Where we are now

Shocks	  
e.g.,	  UH	  Heliospheric	  shock	  	  
database	  



Comparison of Nieves and Chinchilla (N-C) and Lan Jian (L-J) lists (WIND)

Line	   Source	   structure	  

blue	  solid	   L-‐J	   ICME	  

blue	  dashed	   L-‐J	   Obstacle	  (start)	  

red	  solid	   N-‐C	   ICME	  

red	  dashed	   N-‐C	   Obstacle	  	  

N-C list 
ICME (solid)
Start: shock or sheath signatures
End: Reverse shock or end of magnetic obstacle
Magnetic Obstacle (dashed)
Characterized as flux rope (FR, rotation), flux rope like 
(FRL, partial rotation), Ejecta (no rotation)

L-J list
ICME (solid)
Start: Based on various signatures (Pt)
End: Based on various signatures (Pt)
Magnetic Obstacle (dashed)
End time same as for ICME. Start 

N-C: FR     L-J: Group 1 (centrally crossed)
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Line	   Source	   structure	  

blue	  solid	   L-‐J	   ICME	  

blue	  dashed	   L-‐J	   Obstacle	  (start)	  

red	  solid	   N-‐C	   ICME	  

red	  dashed	   N-‐C	   Obstacle	  	  

N-C list 
ICME (solid)
Start: shock or sheath signatures
End: Reverse shock or end of magnetic obstacle)
Magnetic Obstacle (dashed)
Characterized as flux rope (FR, rotation), flux rope like 
(FRL, partial rotation), Ejecta (no rotation)

L-J list
ICME (solid)
Start: Based on various signatures (Pt)
End: Based on various signatures (Pt)
Magnetic Obstacle (dashed)
End time same as for ICME. Start 

N-C: MC     L-J: no group

è magnetic obstacle times for MVA and input to GS
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Comparison of Nieves and Chinchilla (N-C) and Lan Jian (L-J) lists (WIND)

è ICME – obstacle start times: Sheath values



Line	   Source	   structure	  

blue	  solid	   L-‐J	   ICME	  

blue	  dashed	   L-‐J	   Obstacle	  (start)	  

red	  solid	   N-‐C	   ICME	  

red	  dashed	   N-‐C	   Obstacle	  	  

N-C: FR     L-J: Group 1 (centrally crossed)

Details: Kilpua et al., 2013: http://adsabs.harvard.edu/abs/2013AnGeo..31.1251K
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Comparison of Nieves and Chinchilla (N-C) and Lan Jian (L-J) lists (WIND)

-‐  OrientaQon	  
-‐  Helicity	  
-‐  Closes	  approach	  
	  	  	  	  	  	  distance	  
-‐  (V,	  B,np	  max	  etc.)	  
	  	  	  	  	  	  automated	  



Line	   Source	   structure	  

blue	  solid	   L-‐J	   ICME	  

blue	  dashed	   L-‐J	   Obstacle	  (start)	  

red	  solid	   N-‐C	   ICME	  

red	  dashed	   N-‐C	   Obstacle	  	  

N-C: FRL L-J: Group 3 (edge encounter)
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HI-‐CAT	  manual	  (STFC)	  WP2.1	  
2007-‐2011	  &	  2013	  
1350	  CMEs	  
Poor,	  fair,	  good	  

HI-‐CAT	  automated	  (ROB)	  WP2.2	  
2007-‐2011	  &	  2013	  
CACTus	  

COR2	  CME	  database	  WP	  2.3	  (UGOE)	  
2007-‐2011	  
1071	  CMEs	  
Best-‐of-‐List:	  214	  	  

HI-‐HIT	  catalog	  (STFC)	  WP3.1	  
Geometrically	  modeled	  CMEs	  	  
(fixed	  pi,	  expanding	  circle,	  self-‐similar)	  
622	  CMEs	  (odd	  numbered	  years)	  
400	  predicted	  arrivals	  	  (Mercury.	  Venus,	  	  
Saturn,	  Mars,	  Earth)	  

HI-‐COR2	  CAT	  (UGOE)	  WP2.3	  &	  WP3.2	  
2007-‐2011	  
109	  events	  (WP2.3)	  
96	  modeled	  by	  GCS+self	  similar	  (WP3.2)	  
(including	  total	  mass	  variaQons)	  

LOW-‐CAT	  	  (UGOE)	  WP3.3	  
2007-‐2011	  
XXX	  events	  
low	  coronal	  signatures	  	  

ICME-‐CAT	  (Graz,	  UH)	  WP4.2	  
2007-‐2013	  
602	  events	  
Only	  clear	  events	  
L1.	  STEREO,	  Messenger,	  Venus,	  Ulysses	  

HI-‐CIR-‐CAT	  catalog	  (UPS)	  WP5.1	  
STEREO-‐A	  2007-‐2014	  	  
Arrival	  Qmes	  Mercury,	  Venus,	  	  
Mars,	  Earth,	  Saturn	  
XXX	  events	  
Low	  coronal	  signatures	  	  

SimulaTon-‐CAT	  (UPS,	  GMU)	  WP6	  
CIR	  and	  CME	  simulaQon	  results	  

Type	  II-‐CAT	  (IMPERIAL)	  WP7	  
Type	  II	  related	  HI-‐CMEs	  

STERERO:	  UCLA	  list,	  L-‐J.	  
L1:	  	  NASA,	  N-‐C	  list	  
VEX/MESSENGER:	  IMPERIAL,	  S.G.	  	  
Shocks:	  UH	  IP	  shock	  Database	  

WP4.3	  

ARR-‐CAT	  WP4	  
ICMEs	  that	  should	  arrive	  Earth/other	  SC	  
2007-‐2013	  
267	  events	  (Earth)	  

LINK-‐CAT	  


