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Corotating Interaction Regions (CIRS)

®The corotating interaction regions
(CIRs) are produced when high-
speed solar wind streams originating
from solar coronal holes interact with
slow-speed solar winds.

®CIRs induce recurrent geomagnetic
activity and perturb the ionosphere
and thermosphere on a global scale
as a result of energy and momentum
deposition.

®Most of the geomagnetic activity
induced by CIRs was minor to
moderate.

®The geomagnetic activity did not
return to their prestorm level for
several days

800

Dst(nT) Bz (nT)
(=]

AE (nT)
(]
(=]
(=]

i
|||||||||l_|||||||||||_|_|||||||||||||||||||HHHHHIHHHIHIHIH

=
s

it e
pilli i
Ml
I!!!!lIIIIIIIIlII_I|IIIIIIIU!|||||I||||||lIIIIII' ||||.||||III||IIIII|||||l||||||u|_|_|||||!||||||||!III|
iy I e
[ESeant]
il

il i . o
i"::H::::::::::H::!!!!;!!!!!:::::!!!!!!!I!i!: ..... L T ||iiiiTTﬁiiiIIiiiiiIIIIIIII=llIIIIIIII!!!I!!!!!!!!!!!m!!!!!iiﬁii
I . ﬂme A i i IM|

Q"lWHWM"mmmmmmmmmmmmmmmwmmwﬂmmim

-!I||||||IIIIIIIIIIIII_I!|||||!L... _

T
il
e e e '
| Tm T i
i I _....IIIIlIII“|_I_Il_I“III"||ll||||||||III|III||||||||||IIII||||II||II||||||IIIIIIlIIlII||IIIIIII|I||||||||lIImI|||I||ln|||||l|||-IIII||m-.!!!!!!
S A A RS e et i

= ety
e e g!"lllé“_""“l_'!lﬂill
il T S

-
i il e

Day
Superposed epoch results of solar wind speed, IMF Bz, Dst,

AE and ap indicies for 79 CIR events from 2004-2009.
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Nssc Low latitudes(Mlat: 10°-22°)

60°W-90°W MLAT:12°N-22°N  CIRs:26 60°W-90°W MLAT:12°N-22°N  CIRs:24

60 E

40} CIR start time 22-2 LT @@ || . ClRstarttime 10-14 LT ) |
. 20} I l | North
= i .
g o == 1 T America
< 20t 1t ]

-40

-40-32-24-16 -8 0 8 16 24 32 40 48 56 64 72 80 88 96 104112 -40-32-24-16 -8 0 8 16 24 32 40 48 56 64 72 80 88 96 104112

60°W-90°W MLAT:7°S-17°S CIRs:26 60°W-90°W MLAT:7°S5-17°S CIRs:24
60 - T
ol CIR staff time 22-2LT | © || . CIRstart time 10-14 LT @ |
South

~ 20} {1 -I-_ | )
= ‘
= il i e s America
= 1
© 207 i 1 11 ]

40} '

-60 : —— — : - - : : :

40-32-24-16 -8 0 8 16 24 32 40 48 56 64 72 80 88 96 104112  -40-32-24-16 -8 0 8 16 24 32 40 48 56 64 72 80 88 96 104112
120°E-150°E MLAT:12°N-23°N  CIRs:26 120°E—150°E MLAT:12°N-23°N ClRs:25

60 — — - - _

40l IR start time 22-2 LT © | CIR start time 10-14 LT " |
- | : | ; | Asia
9
- i |
< 20t 1

40} 5

-40-32-24-16 -8 0 8 16 24 32 40 48 56 64 72 80 88 96 104112 -40-32-24-16 -8 0 8 16 24 32 40 48 56 64 72 80 88 96 104112
Delay hours Delay hours

Chen, Y., etal, JGR, 2015.

) 2 .o B K (A B E oL
¥EH 3 M spnssppmaa




Mlat:60-70°N

Mlat:50-60°N

Mlat:40-50°N

Mlat:10-20°N

Mlat:-5-5°N

DayO=day CIR started

Jcocurrence ClCocurrence Cccurrence Clcocurrence

Clccurrence

n
=

=
=

i
=

150
100

a0

140
100

a0

140

100

a0

140

100

CHAMP Ne difference ——Daytime(8:00-18:00LT)

Day0-2

Day0-1

Day

DayO+1

Day0+2

Day0+3

ANe(%)

ANe(%o)

ANe(%0o)

ANe(%0o)

ANe(%o)

MlatE0-70°N
twio days before CIR one day before CIR CIR start day one day after CIR Two days after CIR Three days after CIR
] ] i
Europe
T T T I i
il J}ﬂ-n o ILn ' b n illl.[l.nl.— bk Lnn; il I].:-
-160  -80 1] g0 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160
Mlat:50-60%M
e I] i h Jl 'R J] il_i] _rl A il ii_l] - W ala II h
-160 -80 1] B0 160 -160 -80 1] a0 160 -160 -80 1] a0 160 -160 -80 1] a0 160 -160 -80 1] a0 160 -160 -80 1] a0 160
hilat:40-50°1
a I] n 1 h 1 ' L. I] kl.s II_[I . | II el
-160  -80 1] g0 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160
Mlat10-20°N
-160  -80 1] g0 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160 -160  -80 1] 80 160
hilat-5-5°M
ﬂ [} | - JL I] . JL II_A] - Ik 'i ol a I] d
-160 -80 1] B0 160 -160 -80 1] a0 160 -160 -80 1] a0 160 -160 -80 1] a0 160 -160 -80 1] 80 160 -160 -80 1] 80 160
ANe(%) ANe(%) ANe(%) ANe(%) ANe(%) ANe(%)

ANe(%0o)

ANe(%)=(Ne-Ne_median)*100/Ne_medain




Nsse Motivation

* What is the ionospheric temporal and spatial changes over
the course of a CIR event?

e Can i1onospheric physical model reproduce the variations
during a CIR event?

 lonospheric structure are controlled by several externally
mechanism, such as penetration of electron field, neutral
wind and composition. It is difficult to distinguish the
effects of one forcing from another.

e The comparison of the model and observation can help to
Interpret the ionopsheric change during a CIR event.
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Nssec
@ Global ground GPS TEC, obtained from the Madrigal

database at the MIT Haystack Observatory
Data € JPLTEC map

€ Electron density, from the Challenging Minisatellite
Payload (CHAMP) Planar Langmuir Probe (PLP)
observations

€ TIEGCM: Solves momentum, energy, and mass
continuity for neutrals and ions, as well as neutral wind
dynamo.

€ Input Fields: Solar flux, auroral precipitation, high
latitude convection electric field

€ Output Fields: Electron density,Neutrals,Electric Field

Model
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The CIR induced geomagnetic storm on April 4, 2005
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®Solar wind speed reaches 700 = |
km/s on 5 April, then decreases mmw
slowly.

®Bz begin to oscillate after the .
CIR occurred, the minimum is -
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Nsse. . .
Electron density observation
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®The electron density has a
strong positive storm effect
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geomagnetic  storm.  This :
positive  storm  response 0
corresponds well to the solar 20
wind condition when IMF Bz

Is southward.
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® The positive storm effect at

low latitudes lasts for more =0

than 4 days. 40
®A decreased Ne region 50
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he comparison of observation and simulation
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TIEGCM- NmF2, O/N2, Vertical drift, Neutral wind
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Latitude

®(0O/N2 decreased at high
latitude, and the decrease
moves to lower latitude after
April 4, which is consistent
with the negative response of
Ne at high latitude.
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® O/N2 ratio indicates
significant enhancement at _ Vertical drf
middle to low latitude, very -
consistent with the 1,
enhancement of electron };m
density. _ UD Zonal Wind
®The vertical drift and neutral - ,
wind showed storm-time »

effect at high latitude.
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Nssec.
GUVI O/N2

2005.04.02 2005.04.03 2005.04.04

® The decrease of O/N2 is
significant on April 4
and this decrease moves
to lower latitude on
April 5 and continues
for several days. This
verifies the composition
change causing negative
response at middle to
high latitude.

O®At middle to low
latitude, there is a slight
enhancement of O/N2
after April 4, significant

Geo latitude

Geo latitude
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The observation and simulation for TEC
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MADRIGAL-TEC
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Nsse. The GPS-TEC and simulation for
TEC,O/N2,V_EXB

®TEC from observation
and model result show a
positive effect followed
by a negative response
at high latitude.

®The vertical drift
senhance obviously on
April 4.

®the negative is related to
the decrease of O/N2

Blue: Outputs from

TIEGCM
Red: observation from
Madrigal TEC
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62.5°N,135°E

High latitude- Asian Sector

50

57.5°N,0°E

50

High latitude- European Sector

s M ey A o °%
- N L (Y Y #f
A S o o \\\\f\\\ e —————j}©° \\\N?\\\ o ﬂllm
e {e I e 1T o N ﬂ”m
\m H @ o 1@ r L] A @ .W N _H.—.._—..__.__
A N o e r——F%——"—1e 94 r——pB e -.—“ =
4w w l‘ 4w 4w v 4w % O ﬁul—%
3 lo ol § e lo le o 8 =
R S o o 4 © [ 1°© \\\\w\\ =] e a E‘Hh_-_
ko {e e e {e M {e & &= N w
3 lo o lo lo ER= A,Im < e
e e ) o ——Lt-———e F——F£f——o \\\\W\\ oh .n — O ﬂl
& 12 e 1€ 12 E o 4] Y— p—
.% K] o v 4o 1w d o m .m O _E..
8 e [}
m——-——— 0o =1 Illmlll| o F-——F4~—o IIIIVI| o a nrb S *l
[+ ¢ 1€ 1€ L 1€ ¢ 12 S @©
5 S D B i e O O S
sV S IR S SO ) 0 O A 20 O an = N
e 1@ @ 1@ © ) e m - ©
) deo © 1o ® © b
g A O m
Rt SRS o o IIIIAIIII o F-——H--—o IIINVIII o [ [¢D] pr
- ﬁ {e e le e ) e O = o
.:4u” ) o _ 1@ L] \ @ d e e
g [<F} <8} <
gegeg gggec gennee a-oca ggegeg P > D
H.mn__ v na3aL o3l noay Om._.ﬁ_. ZNOP ¥ 8 m. w. c ”m m
S/WD YUp [edAHsA a ) wv
e 8 =
o E o E , — o o N
- v oe e w e e A“ {e m wm O
\M. J o o | 4 @ w 4 o y h
\..n/u_\\ -———— o o \\\AA\\\\ o ———F¢-—o ———HK———o E a W
w ©
e e G © @ 1€ Y= D
* | | w | A | o o m
\nn/u_\\ ———— o o \\\;\\\\ [ = -0 %o % M O
~ 12 1€ 1€ @ 1€ > n &
o wn
\%. 1 o 4 o v 4 o @ - M 1 @ -.“ W e
S A e (@) S
—1—f-——-—— o o % ——0 o \\\\V\\ o ﬂ.Ia h e
o e 12 e et je — n >
.m @ {w AV { @ o - MV e _ -MU gb % Lﬂwv
s R it I =1 e e ———r¢1° —— —eh O
he {e e w je | et M e <~ — n_n.v n_n.U
o le D 4= -
E 1® 1 1 = £ £ 5 8 x
r—a-—F-—c 1o - ————e -———-F — o Illlv o +=— -MU ) — a
- {e je | 1o | je | e —=ec O 5 o
< © 1 W
.m ) { o H@ T 1o q@ r 1@ .—ﬂl.au (¥p] e
1510 SR s ---+-Io R L. W O c »n ©
A w @0 w0 w s E e a e S
\“ 1= 1= 1= 1= [ 1= S . S " —
2) e ol Y e VB ( - Fc@Bgg
BN G |||#|||I Lo e o LN | b} o A O -
e {e e Je e | w 1@ <= a N O c
\W ﬁ ) 4w v 4w f @ A 4w T | - -m T
__mn._ v na noay Um_E_ ZNoP NS5

S/WID YL [BIIUSA




Middle latitudes

42.5"N0°E

European Sector

Asian Sector
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Low latitudes

7.5°N,100°W
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Summary

* The 1onosphere has a positive response from high to low latitude during the
CIR event occurred on April 4, 2005. At high latitude, after the positive
response, there is a negative effect lasted for about 2 days. At low latitude,
the positive effect can last for 2-4 days.

 The TIEGCM can well reproduce the storm-time positive and negative effect
In daytime, while it underestimates the magnitude of TEC enhancement.

« The model and observation verify O/N2 decrease causing the negative
response at middle and high latitude. The model output indicates the electric
field is one of the reason for the positive response at middle to high latitude.

o At low latitude region, the electric field and composition (O/N2) changes
jointly responsible for the positive response during 1-2 days after the
geomagnetic storm started. The long-duration (>2 day) positive effect during
the recovery time at low latitude is related to the O/N2 enhancement.
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Thanks for your attention!
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