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Geomagnetic Storms during Sep. 12-13, 2014

= 2 strong flares

* 09/08 23:12 M4.6 (N14E31)
® 09/11 23h UT : Kp=5, Dst=-20 nT e 09/1017:21 X1.6 (N11EO5)

* 09/12 21h UT : Kp=7, Dst=-75 nT = Proton event
KASI Dst prediction (1 hr) o 09/11 02:40 126 pfu

= Two Geomagnetic Storms
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1. KASI Prediction and Service

Solar and Space weather group
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North Polar Route monitoring

T Atten.[dB],
e 5 20140910_0000 at 8.83 MHz
proton predict 20140912 0850 . 0




2. Effects

Solar and Space weather group
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Ground observation at BOH (L = 1.35)

Fluxgate and Mageto-Impedence magnetometer

BOH MI Magnetometer
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Multipoint observations in the
magnetosphere
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RBSP/MagEIS observation
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Geographic Latitude (°)

Global Thermosphere/lonosphere
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KASI VHF ionosphere observations
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3. Cause

Solar and Space weather group



Empirical model for forecast of Y .

d

geoeffective-CMEs’ using Solar Dat & \_ﬂ

O Empirical storm prediction model (Kim et al., 2010, JGR)
= \We derived the empirical storm prediction formulas by using CME parameters.
v" Direction parameter has the best correlation with the storm strength.

v" Since the source locations of geoeffective CMEs are asymmetrical in
longitude, we consider West 15° offset.

v" We divide CMEs into two groups according to their magnetic field
orientation.

Dst (nT) = 160.87 - 32.94 x L - 195.08 x V - 329.40 x D (South)
Dst (nT) = 52.47 - 44.58 x L - 44.84 x V - 205.18 x D (North)

(1 Forecast Evaluation

= Model prediction gives us the PODy, PODn, FAR, and CSI as 0.93, 0.50, 0.26,
and 0.70, respectively.



Web-based empirical Model

* Inputs
— CME time, AW, and F/B
— CME source location, magnetic field orientation
— CME propagation speed and direction (D)

» QOutputs (forecast)
— Storm time and Storm strength (Dst)
— Probability of storm

"= Shock Propagation Model - S=2i7 B=eA| S

@ http://sos kasi.re.kr/center/shock_gui.php

| lojereiz

CME Initial Speed (0 ~ 2000)

Calculate

L Sl C 2 http://sos kasire kr/al/gsp_input aspx
B B - @@ v HOKP v G £70) v @~ Civ

| Azt

Kim et al. 2007
Transit Time (Hour) 4.86

Arrival Time (Date/Time) 014-09-12 14:27
Golpalswamy et al. 2001
Transit Time (Flous) 2664530480827
Arrival Time (Date/Time) 2014-09-11 20:14
Shock Propagation Model
@ Use custom start/stop times O Usze latest times 120
Start | 2014 Vv |U‘3 V| 08 V| (O Use specific event start/stop times _ I I
200311107 ~ 2003/11/07 [ Gopalswamy et al, 2001
Stop [2014 v|[09 v|[12 V| 2003/11/01 ~ 2003/11/07 M £ 100} o ]
-y
£
»| CME List =
@
[ [ oseime [ a0 [valoa | soecd [ o] mime | mow | oo |
I
(=]
%
*| Forecast Input
Start Time STy Speed F/B Location DIFEEITT MFO Action 0 560 10I00 15I00 2000
Width Parameter o -
[014091101736 | [380 | [1600 | [Fromt  v|[N15EO2 | [085 | 240D Initial CME speed [km/s] 20

-



CME speed: CMEs during Sep. 8711, 2014

= LASCO/C2, C3 and CME lists
e Cactus

to | ded| pa | da | w | dv | minv| maxv
2014/09/12 23:12| 02 | 17%) 01s| 0398 0049 0332Z| 0488
20140912 20:00| 01 | 05&) 0O10] 0710] 0111| O&54| 0519
20140912 19:24| 06 | 144) 3&0| 0B44| 0555| 0176| 1838
2014/08/12 18:48| 04 | 024) 0ZZ| 0411] 01&3| 018&| 0762
2014/058/10 15:13] 01 | 349| 04B) 0332] 0050] 0342] 0411
2014/09/10 18:48| 01 | 2Z63) 024| 1le03| 0442| 0831| 1834
2014/09/10 18:00| 04 | 049 360| 0637| 0237| 020€| 1302
2014/08/10 17:48] 02 | 318| 050] 0473] 0131] 0225) 0762
2014/09/10 01:48| 02 | Z29%) 044 0355| 0082 0223| 049%
2014/09/09 16:36| 01 | 038 010| 0351 006%| 0332| 0480

I

I

I

I

I

I

I

I

2014/03/09 02:01] 01 3468| 006] O0l42| 001%| 0108| 0158
2014/09/09 00:58] 01 04&| 030 0OB37| 0372 0450 1627
2014/09/0% 00:16| 01 09E| 006| 08/58| 0625 0284 1781
2014/08,/09 00:16] 01 118 046 O0717] 0310] O0266] 14504
2014/05/09 00:16| 03 326| 350 0715) 0e22| 01%0| 1384
2014/09/08 1€:13| 01 ZBE| 030 03Z0| 0057 0233 0372
2014709/08 0%:24) 01 0ae| 014 03%1| 0073 02e0| 0OL06&
2014/09/08 02:24] 01 079 012 0538 0020 0529 0577

From Cactus
: 2014/09/09 CME speed ~ 900 km/s
:2014/09/10 CME speed ~ 1600 km/s

= 2 strong flares
* 09/08 23:12 M4.6 (N14E31)
 09/1017:21 X1.6 (N11E05)




Source Location and Magnetic field direction (AR 12158)
: HMI magnetogram and AlA 304

SDO_HMI 17:29:50  SDO_AIA304 17:30:09

._'_'?1
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Strong chromospheric emission
(near footpoint)
- Eastern part of active region

- Southward -direction

Figure 1. Field orientation of (a) the CFR and (b) the FFF model [Pevisov and Canfield, 2001]. Circles 22



© Geomagnetic Storm Forecasts (M4.6 flare)

= 2014/09/09 00:16 CME " Forecast
e V~900km/s Expected arrival: 09/11 05 ~ 11h UT

* D=0.49 Expected Dst = -64 nT (if N=-46nT)
Arrival: 09/11 ~ 23h UT
Dst =-20nT

C2 | CJ _
2014 /09/09 00-48-25 2014/09 /09 015559



< Geomagnetic Storm Forecasts (X1.6 flare)
= 2014/09/10 17:36 CME = Forecast
* V~1600 km/s e Expected arrival: 09/12 11~17h UT
* D=0.65 Expected Dst =-174 nT (if N=-104nT)
Minor Storm: 09/12, 16h UT
Dst=-75nT

G2 .
2014./09/10 18:24:05 - 4/09/10 19:30:07


http://spaceweather.gmu.edu/seeds/dailymkmovie.php?cme=20140910

" Two CMEs (?) erupted by the X1.6 flare

AIA 193: 09/10 18:22

. e - 25
C3:2014/09/10 18:54:06 C3:2014/09/10 19:42:06
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~ @ Magnetic field in the source region (AR 12158)
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Helicity Injection through the Local Regions
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Estimation of Field Line Direction from Helicity
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Geomagnetic Storm Forecasts

= 2014/09/10 17:36 CME = Forecast
* V~1100 km/s e Expected arrival: 09/12 11 ~ 09/13 00h UT
- D=0.81 * Expected Dst =-127nT
* M = North e Storm: 09/12 ~ 16h UT

e Dst=-75nT (13 Oh)

1000 km/s

1100 km/s

Wk

06




glsormay
T Summary

e Cause

- There were two geomagnetic storms on Sep. 11t and
Sep. 12t | 2014.

- The first weak storm was driven by the CME related to
M4.6 flare and the second minor storms was driven by one
of the CMEs related to X1.6 flare.

- The second storm was not strong because it was caused
by the fast CME originated from the eastern part of the AR
12158 with northward magnetic field.

e Effect

- Electron flux in radiation belt increases in low energy
channel while decreases in High energy channel (VAP
observation)

- Electron and proton precipitation were observed by
POES satellite

- TEC and O/N2 show a decrease in the polar region.

Kf\Sl 32|




Thank you

www.kasi.re.kr
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