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OUTLINES

WHY MAGNETIC INDICES ?
THE CONCEPT OF MAGNETIC INDICES
— Kindex, SR
USE OF MAGNETIC INDICES FOR GEOPHYSICS STUDIES
Kp(ap)/ Km (am)
— to select quiet days
— to approach solar wind components
Aa index
— signature of the 2 components of the solar magnetic field
— long term variation of solar activity
— physics of solar-geomagnetism activity
Storm Dst index
Auroral indices AU and AL

— Electrodynamics high-low latitudes coupling
* To select some simple case of disturbance dynamo




WHY MAGNETIC INDICES:
TO APPROACH A COMPLEX REALITY

MAGNETIC INDICES ARE PROXIES
MAGNETIC INDICES ARE COMPLEMENTARY




EARTH ‘S MAGNETIC FIELD

B=Bp + Ba Be + BI

main aimantation external induction

INTERNAL SOURCES
EXTERNAL SOURCES




B =Bp + Ba+ Be + Bi
Bp = main field
(30000-60000NT)
Ba = magnetization of the rocks in the Lithosphere
(~ 10-20 nT)
Be = external field related to lonosphere and magnetosphere
(10nT to 2000nT)
Bi = induced field generated by the external field Be , (Kamide and Brekke,
1975)
(% of Be)

The disturbed D variation is the sum of the effects of the various electric
current systems (Cole, 1966)

D =DCF + DR + DT + DI + DG
DCF : magnetic disturbance due to the Chapman Ferraro current
(~qq nT to 30 nT)
DR : magnetic disturbance due to the ring current
(~qgqnT to ~ 600NnT)
DT : magnetic disturbance due to the Tail currents
(~gqq nT to 20 nT)
DI : magnetic disturbance due to the ionospheric disturbed electric current
(~qq nT to 2000 nT)
DG : magnetic disturbance due to electric currents flowing in the ground
related to external electric current systems (~30 %)




MAGNETIC INDICES

!

Transient variations of the Earth’s Magnetic field

TRANSIENT VARIATIONS

([ ABp ~+ ABa ~ O]

AB ~ A(Be +Bi) [Bi ~ % Be]
External sources

regular/quiet + irregular/disturbed

D = D (Magnetosphere) + D (lonosphere) + D induction
DCF+DT+DR + DI + DG




MAGNETOSPHERE
DCF + DT + DR

Interplanetary T Tt
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Low latitude dayside
IONOSPHERE DI
DI = DP2 + Dy,

Auroral

1 Auroral electrojets

Middle latitudes

Sq/Sk

Equatorial latitudes

A\ 4

Equatorial electrojet
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THE CONCEPT OF MAGNETIC INDICES

K INDEX / Sk

- Derivation Meaning and Use of geomagnetic indices, Mayaud 1980
- A guide to geomagnetic indices derived from Earth surface data,
Menvielle et al, 2008




The K index estimates a disturbance
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Figure from Mayaud, 1980

“An individual K index is an integer in the range 0 to 9 corresponding to a class

that contains the largest range of geomagnetic disturbances in the two horizontal
components during a 3-hour UT interval. The limits of these classes at a particular
observatory are defined with the intent of producing a geomagnetic disturbance
characterisation that does not depend significantly on the location of a sub-auroral,
mid- or low- latitude observatory. K indices are assigned to successive
3-hour UT intervals (0-3 hr, 3-6 hr, ..., 21-24 hr UT) giving eight K indices per UT day.
K indices can be hand-scaled from magnetograms by an experienced observer,

or computer derived using one of the four algorithms that are acknowledged

by IAGA. (Menvielle et al., 2008)”




K index weak => maghnetic quiet day
Sir dominates / radiation

K index large => magnetic disturbed day
Disturbance dominates / solar wind

Magnetic indices based on index K
Kp Ap
Km Am
Aa




Kp (ap)/Km (am)/aa

FIRST USE OF MAGNETIC INDICES
TO SELECT MAGNETIC QUIET DAYS

= > physical processes related to solar radiations
are dominant

except for quiet days after big storms
lonospheric disturbance dynamo




Stations used for the Kp (ap) and Km(am)
Quiet magnetic activity
am/ap< 20nT=> quiet day ; am/ap <13 nT => very quiet day
with all the Km/Kp < 2+

23 observatories

12 in the northern hemisphere
9in the southern hemisphere
Ky and Kqg

12 observatories
9 in the northern hemisphere
2 in the southern hemisphere

Aaindiceis based on the K index of 2 antipodale stations




H (nT)

HnT)

(Hano1 — Vietnam) from "2”‘ to 28% August 2005

Study on the regular
lonospheric dynamo
at the origin of the S

The selection of days
IS essential for all
Studies in GEOPHYSICS

DelaX (nT)

Deta X (nT)

2009

Pham Thi Thu et al.,

H component observed at Phu Thuy/Vietnam

Solar cycle variations




Kp (ap) /Km (am)/aa

SECOND USE OF MAGNETIC INDICES

TO APPROACH SOLAR WIND
COMPONENTS (B, V)
for example




Use of magnetic index as proxy of solar wind parameters
Data averaged over 1 year
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Figure 4. Annual mean values of 4p and the product BV are plotied for the period 1963 to 1998, Vertical dashed lines represent
the solar polar field reversal epochs. The long-term trend in the BV data is highlighted by the dashed line.

Ahluwalia, JGR, Vol; 105, n°A12, 27481-27487, 2000



Kp (ap)/Km (am)/aa

THIRD USE O F MAGNETIC INDICES

to study

-SOLAR ACTIVITY and GEOMAGNETISM
- LONG TERM VARIATION OF THE SUN
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aa index
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Quattara et al., Annales Geophysicae 2009

Long term variation
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aa index and solar wind-phenomena
B poloidal (91.5%) g toroidal/sunspots (8.5%)

Classification de Legrand et Simon

B00 [T T T T T T Annales Geophysicae 1989

1. Slow solar wind (v<450km/s ) are
originating from the neutral sheet
-> magnetic quiet days

T i T T T

700

6500 [—
I 2. High speed solar wind streams
-> recurrent activity -> periodicity
27d

600 |-

Solar wind speed (km.s?) |, q)

3. Coronal Mass Ejection CME

00

-> strong magnetic storms with SSC

Indices aa in nt (Svalgaard, 1977)
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. T e T 4. Fluctuating solar wind

Distance from the neutral sheet (degré) -> ﬂ uctu a“ n g act | V|ty

Svalgaard, 1977




Pixels of the magnetic index Aa
solar rotation 27days (+ 5 days)

White ->aa <10nT
blue ->aa>=10nT

Yellow-> aa >= 20nT
Green ->aa>=30nT

orange ->aa>=40nT
light red ->aa >=60nT
dark red ->aa>=100nT
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Dst AU and AL

FOURTH USE O F MAGNETIC INDICES

to study
- Magnetic storms
- lonospheric electric currents

- Electrodynamics between high and low
latitudes




Dst — STORM index <-> Ring Current DR
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Partial ring current

Cummings, JGR, 1966

Fukushima and Kamide, 1973




Dst index 4mmmssdp symmetric part
of thering current

Y7

“Dst is computed using 1-minute values from four low latitude observatories

The locations of which are sufficiently distant from the auroral and equatorial
electrojets to inhibit noise from these two sources.

Local Dst values are computed at each “Dst” observatory at one instant in time.
Contributions to H from the background field (non-transient field of core and crustal
origin) and the solar regular daily variation Sg are first subtracted from the observed
value of H. The local Dst value is deduced from the so-obtained residual D

through normalization to the dipole equator. For each 1-hour UT interval,

the Dst index is the average of the local Dst hourly mean values at the four “Dst”
observatories.” (Menvielle et al., 2008).




() SYM +ASY
. Dst

New indices SYM and ASY
SYM (1) < Dst (1h)

SYM




Auroral indices

Auroral electrojets

0 199?1"'02:‘28 AE(?) (Real T|n1E) ~ WDC for Geomagnetism, Kyolo

(nT)
AU °°° - ‘;/.Eastward electrojet—dayside 12

AL -s500

\ 6
-1000 I M ! ! I I — —1 —1 5
Westward electrojet - nightside a
-1500 I I ! I ! I I ! I I ! ! I 3
2

- 20004, 06 12 18 24



AU, AL
auroral electrojets

“The H magnetograms from the “AE” stations are superimposed: the upper
envelope defines the AU index, and the lower envelope defines the AL index;
AE = (AU+AL) / 2 and A0 = (AU-AL) / 2. From 2005 onwards,

the AE indices are calculated from data from up to 12 sites in the northern
auroral zone. AE is expressed in units of nT” (Menvielle et al., 2008)




LE HUY AND AMORY-MAZAUDIER: BRIEF REFORT AR

AR

lonospheric disturbance dynamo

No auroral activity after a storm
Criteriato select days to analyse

the effect of a storm on
atmosphere and ionospheric

dynamo
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Magnetic signature of the lonospheric disturbance dynamo
Le Huy and Amory-Mazaudier, 2005

Figure 9.
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CONCLUSION

 Magnetic indices are
- Continuously computed
- Avalaible on the web

- Essential to
- Classify days
- To define the geophysical contexy
- To approach physical parameters
- etc....
TRANS DISCIPLINARY TOOLS




