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Outline

 What is the ionosphere?

« Electrodynamics of the ionosphere
o Equatorial electrojet current

o Gravity current

e Pressure-gradient current
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What is the ionosphere? N
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lonospheric currents P N
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Electrodynamics of the ionosphere P N
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The Equatorial Electrojet 2
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Observations of the equatorial
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The gravity current PF N
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Observations of gravity and pressure gradient currents //A

High altitude (Swarm) Low altitude (CHAMP)

Swarm B, Wed Feb 5 04:46:35 2014, LT = 19:58, altitude =500.8 km 1 CHAMP, Sat May 22 04:43:05 2010, LT = 19:39, altitude = 287.9 km l Ia E
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G/P currents: seasonal structure N

Solar maximum Solar minimum
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Time changes in the geomagnetic
field lI-b: Sq and equatorial
electrojet fields
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Outline

1. Sq and equatorial electrojet fields:
observations

2. Sq and equatorial electrojet fields: modeling



“Sq”: solar daily variation on quiet days

(tri-hourly) Kp < 10
Boulder (BOU) based on 1-minute variation dota (daily) Ap =2

2016-01-30
‘ . : , ‘

20843.50

-93.08

47331.22

52254.02

06 08 12 15 18 21

Universcl Time (Hour)
@INTERMAGN ET



Latitude

80

(Forbes, RGSP, 1981; Tarpley, JATP, 1973; Matsushita & Maeda, JGR, 1965)

* Sq fields vary with latitude and seasons

* They are generated by two vortex-like current

systems, one in each hemisphere
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* Sq fields also vary with solar cycle

Sunspot number S,
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Equatorial electrojet along the dip equator
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High latitude ionospheric fields

CHAMBON LA FORET (CLF) DUMONT D'URVILLE (DRV)
Hourly mean values: Z component (nT), 2008 Hourly mean values: Z component (nT), 2008
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£\ AURORAL

FIELD ALIGNED ELECTROJET
CURRENTS COUPLED <~
TO MAGNETOSPHERE

Polar Cap Currents

EQUATORIAL __ _ »&
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LT=121t0 15

Magnetic satellites measure the
Sqg and EEJ fields above the E-
region of the ionosphere

Multi-satellite constellations
such as Swarm can make
simultaneous measurements at
different local times



Outline

1. Sq and equatorial electrojet fields:
observations

2. Sq and equatorial electrojet fields: modeling



Early modeling studies
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Satellite-based models

Q matrix (induction)

a<r<at+h: /\

m — N n m n
Vn 517(t ’ tn]ut9 r) - ')1 { }1517 S/1517 l(t, tll]th’ r) _I_ €l1S]7 S]? Sp, e(t7 tfnut ’ r)}

Continuity relationship (B,)

r > a+th:
(VY (0 T 1) = R[S, 4 (€71, 170,00 s 1))

n, m: degree and order

a n+1 | .
Spspills tout, ¥) = d (—) P (cos 6y) s, p: seasonal and diurnal
r wavenumbers
X eXp l(n1¢d + a)SSt + a)pptmut) g, E', L: model complex
7\ N coefficients
mn m
Sns[) e(t7 tl]]ut7 r) —d (_) Pn (COS Qd)
a (Sabaka et al, GJI, 2002;

X eXpi(meoyq + wsst + w, ptmut) Chulliat et al., EPS 2013)
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The Comprehensive Model

Tucson observatory for 1967
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MAR 21 JUN 21

DEC 21

 CM3 ionospheric E-region equivalent current function (external field only)
* A 20 kA current flows between the contours

(Sabaka et al., GJI, 2002)
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Swarm-based model

* DIFI-2015b ionospheric E-region
equivalent current function

(external field only) SEASON =0.25, UT = 0

* A 13.1 kA current flows e e
between the contours P =

* 3D mantle conductivity model:
2D surface shell + 1D profile
underneath
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(Chulliat et al., AGU, 2015; Manoj et al., EPS, 2006) 16



Self-assessment questions

How does the AX (northward) component of the Sq+EEJ field vary
with latitude?

What are the approximate latitudes of the northern and southern
foci of the Sq current system?

How does the equatorial electrojet vary with season?
How does the Sq field vary with solar activity?

Assuming the (primary) Sqg+EEJ field is generated by a thin current
sheet at 110 km altitude, how is the (primary) field at satellite
altitude related to the (primary) field at ground?
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