
Ionospheric Response to Intense 

Interplanetary shocks

Ionospheric Response to Intense 

Interplanetary shocks

Q.-G. Zong
Institute of Space Physics and Applied Technology, Peking University

Center for Atmospheric Research, University of Massachusetts Lowell

I. Galkin, B. Reinisch, and P. Song 

 Center for Atmospheric Research, University of Massachusetts Lowell

Q.-G. Zong
Institute of Space Physics and Applied Technology, Peking University

Center for Atmospheric Research, University of Massachusetts Lowell

I. Galkin, B. Reinisch, and P. Song 

 Center for Atmospheric Research, University of Massachusetts Lowell





“It should be noted that what is actually observed in the

solar wind as well as in the magnetosphere and ionosphere

is not the electric field E, but the plasma bulk flow velocity

V. The electric field is in most cases inferred by the use of

the MHD approximation E = V  x  B. 

The description in terms of E rather than V is, however, traditional 

and possesses some mathematical and conceptual advantages. For this 

reason, we refer to the electric field in this paper. It has been argued 

by Vasyliunas [2001, 2005a, 2005b] that in strictly physical terms, 

E is merely a consequence of V, the latter being determined by the 

stress acting on the plasma.”

Tsurutani et al, JGR 2008

Penetration Electric Field Issues



Energy input from Solar Wind Ram Pressure --

Tsurutani and Gonzalez, 1995

The amount of solar wind energy input into the 

magnetosphere/ ionosphere has been estimated to be

0.1 to 0.4% of the solar wind ram 

energy,

that is 1.0-6.3 x 10^20 erg/s

[Tsurutani and Gonzalez], 1995, Borovsky and Steinberg 

[2006] 



(1)  IEF direct penetration  -- Huang et al, 2002-2008
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Data during 2001 to 2008

Interplanetary electric field (IEF) data, ACE

Equatorial ionospheric electric field (EEF) data

Jicamarca Unattended Long-term 

Investigations of the Ionosphere 

and Atmosphere (JULIA) radar, Peru

(1)  IEF direct penetration  -- Penetration Characteristics of 

the Interplanetary Electric Field to the Day-time Equatorial Ionosphere



(2) IEF via Reconnection Dungey et al, 1964----



Wei et al, GRL 2008

(3) IEF via Reconnection Dungey et al, 1964----



Nopper and Carovillano, GRL,1978

The Currents Produced by M-I Coupling
(3) Nopper and Carovillano' Polar-Equatorial Coupling



(4) IEF penetration from polar to equator Kikuchi et al, 

1979-2008

Kikuchi et al, Nature, 1978
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Kikuchi et al, JGR 1996

the zeroth-order TM mode

Propagating along the Earth-

ionosphere cavity 

approximately at the speed 

Of light 

[Kikuchi, 1979, 1996]

(4) IEF penetration from polar to equator Kikuchi et al, 

1979-2008



IMF

Solar Wind

Nov. 7, 

2004

(5) Our Understanding: Timing the shock front propagation



Zong et al, 2008

(5) Our Understanding: Timing the shock front propagation
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Plasma drift velocity driven by solar wind pressure impulse

(5) Our Understanding: Field Line Resonance

Yang et al, 2008

Zhang et al, 2008



Zong et al, 2008

(5) Our Understanding: 

Σ Ey =-∫ E(t)



ULF Poloidal Mode Electric Field

2004



(5) Our Understanding: 

Su et al, 2005



Observations

• Motivation

---- dayside aurora

---- shock aurora

---- Interplanetary Shock 

• Jan 21, 2005 (1710UT), 

Dst=- 101 nT  

• Nov. 7, 2004 (1828UT)

Dst=-373 nT



2. Global Ionosphere Response
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1. Equatorial Ionosphere Response
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Summary 

• Equatorial ionospheric 
response
--- 1. quick response

--- 2. rapid uplift (~ 66.7 m/s)

--- 3. shrinkage  (~ 42m/s)

--- 4.  TEC sudden dropout 

(The TEC is dropped   from 72 TEC unit to 20 TEC unit,

then  recover to 68 TEC unit in about 2 hours)

• Midlatitude ionospheric 
response

--- 1. Longitude effect 

--- 2. Latitude effect


