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magnetic activity indices:
estimates of ground magnetic activity
to quantify idealized physical processes

geomagnetic latitude

International Service of Geomagnetic Indices

ISGI is the service of the International Association of Geomagnetism
and Aeronomy (IAGA) for derivation, validation, dissemination and
stewardship of geomagnetic indices and lists of remarkable events
endorsed by IAGA.
ISGI is the reference service in charge of the diffusion of all the IAGA
Bulletins relating to geomagnetic indices.

6 ISGI-Collaborating-Institutes.
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magnetic activity indices:
estimates of ground magnetic activity
to quantify idealized physical processes

geomagnetic latitude

International Service of Geomagnetic Indices

Characterisation of a magnetic event at ground

Ø Intensity
- maximum of PC, AE, aa, am, Kp
- minimum of Dst

Ø Duration
start: determined in case of a 'shock’,

or using the solar wind parameters in L1;
end: return to the level that prevailed before the event,

but not simultaneous for each magnetic index....
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magnetic activity indices:
estimates of ground magnetic activity
to quantify idealized physical processes

geomagnetic latitude

International Service of Geomagnetic Indices

North: 1975 - ..
South: 1995 - ...

provisional 1990 - …

1868 - ... 

1959 - ... 

1932 - ... 

1957 - ...

Polar
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Equatorial

Sub-Auroral
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Dst - "Disturbance storm-time"
Unit: nT
Time resolution: 1-hour (UT) interval

è To monitor the axis-symmetric magnetic signature of
magnetosphere currents, including mainly the ring
current, the tail currents and also the magnetopause
Chapman-Ferraro current.

In each station, for the horizontal field (H) corrected from core, crust &
solar regular daily variation, before being normalized to the dipole equator.

ASY/SYM (from 1981 onwards)
6 groups of stations
Unit: nT
Time resolution: minute values 

SYM-H – Intensity of the axi-symmetric currents 
mostly Chapman-Ferraro magnetopause and Ring currents 

ASY-H – non axi-symmetric current flows (partial ring current) 

è Dst and SYM-H mostly capture the magnetic signature of the 
Ring Current, but are sensitive to other magnetosphere currents

33 / 13 / 13

M. Menvielle and A. Marchaudon
ESWW2

Dst, SYM-H and ASY-H indices
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Dst: 4 stations – SYM-/ASY-H: 6 groups
! large scale resolution in longitude (120 to 160°)
! axi-symmetric currents contain part of the partial ring current
! Dst and SYM-H mostly capture the magnetic signature of the
Ring Current, but are sensitive to other magnetosphere currents

Derived from 4 low 
latitude stations

Sugiura (1964)



AE - ”Auroral Electrojet" Derived from 12 observatories 
in the Northern auroral zone

Unit: nT
Time resolution: minute values

è To monitor the magnetic signature of the eastward
and westward auroral electrojets in the Northern
hemisphere

Milan et al. (2017) 
Red upwards

blue downwards

scale ±1 μAm−2

The magnetograms of the
horizontal components from
the AE stations are
superimposed.

AU = upper envelope
AL = lower envelope
AE = (AU - AL)
AO = (AU + AL)/2

Davis & Sugiura (1966)



PC - ”Polar Cap"
Unit: mV /m
Time resolution: minute values

è To monitor the geomagnetic activity over
the polar caps caused by changes in the
interplanetary magnetic field (IMF) and
solar wind, driven by the geoeffective
interplanetary electric field irrespective of
time, season and solar cycle

Derived from 2 polar cap 
stations.

The optimum angle, u, and the propagation delay, s,
between the reference location for the solar wind data and the
location for related effects at the polar cap are both estimated
from searching the optimum correlation between EM and
DFPROJ (e.g., Stauning, 2016). The correlation coefficient is
usually around 0.75 and the delay from Bow Shock Nose
(BSN) to the polar cap is close to 20 min. regardless of the
observatory positions in their daily rotation.

The calibration constants, the slope, a, and the intercept, b,
are found by linear regression between samples of DFPROJ and
EM for each moment of the day and year using an extended
epoch of past data (Stauning et al., 2006; Troshichev et al.,
2006; Stauning, 2016). The regression parameters and the opti-
mum angle values are tabulated throughout the year at 1-min
resolution. They are kept invariant over years.

During conditions where the IMF BZ component is negative
or small, the forward convection (DP2) patterns prevail and
generate positive DFPROJ values. The slope parameter (a) is
positive and the intercept term (b) is relatively small. Hence,
the PC index values (cf. Eq. (3)) are mostly positive. During
positive (northward) IMF BZ (NBZ) conditions, reverse convec-
tion patterns (DP3) may emerge and generate negative
DFPROJ values which, in turn, may generate negative PC index
values.

The PCC indices are derived from the mean of non-negative
values of the PCN and PCS indices:

PCC ¼ ðPCN if > 0 or else 0þ PCS if > 0 or else 0Þ=2:
ð4Þ

Thus, the PCC index values are always non-negative like the
merging electric field, EM, used for the calibration of the indi-
vidual polar cap indices. The rationale behind this formulation
builds on a critical assessment of the consequences of negative
index values. At negative PC index values in both hemispheres,
the global magnetic activity goes low like the PCC index
values. A positive PC index in one hemisphere indicates unipo-
lar solar wind energy entry and generation of global magnetic
disturbances in agreement with the positive PCC index values
even if the PC index for the other hemisphere is dominatingly
negative.

It should be noted that the calculations of PCN and PCS
index values applied here differ from the IAGA-recommended
methods with respect to the handling of reverse convection
samples and reference level construction. This issue is discussed
in Section 7.

3 Occurrences of negative PCN and PCS
index values

The occurrences of negative values of the projected mag-
netic disturbances (reverse convection) and their adverse effects
on calculations of index calibration parameters were discussed
in Stauning (2013a, 2015). Figure 1 displays an example of
negative PCN values.

Note in Figure 1 the strongly negative values of PCN
following the abrupt IMF turning northward to make
BZ % +4 nT shortly after 15 UT close to local noon (16 UT
at Qaanaaq) while the PCS indices are close to zero at this time.

In this case the mean of PCN and PCS would still be negative
and quite large. During the interval of northward BZ (NBZ)
conditions with positive IMF BZ values and small EM values,
the PCC index values remain close to zero during the episode
of strongly negative PCN and small PCS values. Such events
occur most frequently during local midday hours in the summer
season.

The daily and seasonal variations in negative PC index
values associated with negative values, DFPROJ < &50 nT, of
the projected horizontal disturbance vector (cf. Eq. (3)) associ-
ated with reverse convection conditions, are illustrated in
Figures 2a and 2b. The &50 nT DFPROJ level corresponds to
a PC index value of around &1 mV/m.

The differences between the two polar cap observatories are
evident in Figures 2a and 2b. Figure 2a shows that the reverse
convection conditions mainly occur at around 16 UT for
Qaanaaq, which is close to local noon whether in geomagnetic
or geographic time. For Vostok, geomagnetic and geographic
noon are more separated, which generates the double-peak
structure in the daily variation. For the yearly variation both
observatories display clear local summer maxima. The total
reverse convection intensities are significantly different for the
two observatories. The reverse convection intensities summed
over the years 1997–2009 amounts to &2.2 ' 105 nT hours
for Qaanaaq and &0.74 ' 105 nT hours for Vostok as noted
in the diagrams of Figure 2 (Stauning, 2015). This difference
has a significant impact on the symmetry of index scaling
parameters and index values for the two unipolar PC indices.

With forward convection cases with positive values,
DFPROJ > 50 nT, of the projected horizontal disturbance vector
during the same span of years (1997–2009), the total convection
intensities amount to around 2.5 ' 106 nT hours for both
observatories (Stauning, 2015). Thus, on the average, reverse
convection intensities are around 10% of the forward
convection integrated intensities for Qaanaaq and only 3% for
Vostok. For both observatories, the relative amounts of reverse
convection cases are significantly higher at midday in the
summer season compared to different local hours and seasons.
For Qaanaaq the peak reverse convection intensities
(cf. Figs. 2a and 2b) are around 4 ' 103 nT hours/h during
summer daytime conditions while the forward convection at

Fig. 1. Upper field: IMF BY (red line), IMF BZ (black, dots). Lower
field: PCN (blue line), PCS (red), PCC (magenta, dots), and EM

values (black) during 17 June 2015.

P. Stauning: J. Space Weather Space Clim. 2021, 11, 19
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The PC index is deduced from the deviations in the
horizontal H and D magnetic field components from the
quiet level at two polar cap stations (Thule and Vostok
for respectively the PCN and PCS).
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magnetic activity indices:
estimates of ground magnetic activity
to quantify idealized physical processes

geomagnetic latitude

International Service of Geomagnetic Indices

North: 1975 - ..
South: 1995 - ...

provisional 1990 - …

1868 - ... 

1959 - ... 

1932 - ... 

1957 - ...

Sub-Auroral



magnetic field variations at PAF 

K indices at a station
• substract the regular daily variation

è △X = X – XSR  and △Y = Y – YSR 

• determine range of irregular variations during 3hUT period
è max(△X, △Y) 

• rank ranges according to limit of classes defined for the station 
è K index
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ISGI (2014)
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K indices at a station
• substract the regular daily variation

è △X = X – XSR  and △Y = Y – YSR 

• determine range of irregular variations during 3hUT period
è max(△X, △Y) 

• rank ranges according to limit of classes defined for the station 
è K index
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K=9 Lower Limit



K9LL definition

NGK ΘCGM = 50°
d = 19°
Lo          = 500 nT
s         = L/Lo = 1  

PAF ΘCGM = -58.48°
d = 10.52°
L         = 750 nT
s         = L/Lo = 1.5

Range Indices (K, R, Q) 3 5 

prevent one from obtaining a reasonable assimila- 
tion of the distributions. Which latitude 
parameter and which law A(6) are to be chosen? 

The corrected geomagnetic coordinate system 
[Hakura, 19651 has proved its superiority in 
organizing auroral phenomena. However, if this 
is true at the latitudes of the primary sources of 
the auroral variations (the auroral zone), there is 
no reason to think that at lower latitudes the in- 
tensity of the auroral variations are still well 
organized in this system. The distance to the 
auroral zone will be the best parameter because 
this distance is not constant along a given cor- 
rected latitude line. Thus at subauroral latitudes 
the angular distance to the auroral zone must be 
retained as the latitude parameter 6. The auroral 
zone itself is defined by the latitude 69" in the cor- 
rected geomagnetic coordinate system. (See in 
Table 12 how the parameter 6 is not equal to the 
difference of the corrected geomagnetic mag- 
nitudes 69" - X.) 

A 9-year sample of K indices, scaled at a chain 
of European stations, is used to determine the law 
A(6). The indices of each station are converted 
into midclass ranges, and this operation is not 
biased by more or less erroneous choices of the 
scales at each observatory (suppose, however, that 
the error made does not go above 20%). Crosses 
in Figure 14 indicate the average range A observed 
at the observatories (the circle corresponds to a 

partial extrapolation and is not used), and the law 
A(6) is fitted by least squares through these 
values. Any heterogeneity caused by abnormally 
induced effects has some chance of being 
eliminated. The reference value A(60) is computed 
from the equation of this curve for 6, = 19", and 
L(60) is taken to be equal to 500. 

This is the method used for estimating what 
would be the correct scale at an am observatory 
(see section 5.2.1). Let us note that Niemegk gets 
a value L = 502 with it. It was also the method 
used in recent years when a new observatory 
consulted the Working Group on Geophysical 
Indices; in that case the L(6) value is rounded to 
the nearest 50 y .  

What are the limitations of the method? It was 
conceived [Mayaud, 19681 for the subauroral and 
mid-latitude band (included approximately be- 
tween the two lines drawn on the curve of Figure 
14). We would say that at lower latitudes a con- 
stant L = 300 can be chosen. At higher latitudes 
the law A(6) is not well determined and the for- 
mula cannot be used, but the corrected 
geomagnetic latitude becomes again a suitable 
parameter. Thus around 60°, 65", and 70°, L 
values of 1000, 1500, and 2000 are probably ap- 
propriate; they should decrease again inside the 
polar caps. Finally, at no latitude is there a limita- 
tion in the use of the K if one agrees that they 
always have to be converted into their midclass 

Fig. 14. Curve a is the latitude variation of the average 3-h range of the geomagnetic activity (crosses 
indicate the experimental points to which the curve is fitted). Curve L displays the latitude variations of 
the lower limit for K = 9, as derived from the preceding curve (see section 5.2.1 for a discussion of the 
curves L '  and L "). The latitude parameter 9. used in the abscissae is equal to 50" + 6. The two bars 
drawn across curve a indicate the approximate upper border of the subauroral latitude band and the ap- 
proximate lower border of the mid-latitude band [after Mayaud, 19681. 
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corrected geomagnetic latitude

L values are determined directly by the 
distance to a nominal oval auroral 
(corrected geomagnetic latitude ΘCGM = 69°)

Each station: (X, Y) mag. Field variations (nT) è max(△X, △Y)  ranges (nT) è K Mayaud (1980)
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• Variations of measured magnetic field
• determination of K indices
• converted back in mid-class amplitude aK values 
• scaled to take into account 

(i) station changes along time
(ii) “local induction effects”

• averaged aa

!

Conversion table K to amplitude for aa 
Mid-class amplitudes for L9 = 500 nT (L9 being the K=9 lower limit) 

K amplitude (nT) 

0 2.3 
1 7.3 
2 15 
3 30 
4 55 
5 95 
6 160 
7 265 
8 415 
9 667 

 

Mayaud, P. N. (1980) - Derivation, meaning, and use of geomagnetic 
indices, Geophys. Monogr. Ser., 22. AGU, Washington, DC. 

 

  Mayaud, Berthelier & Menvielle

aa geomagnetic index Derived from 
2 antipodal stations

Unit: nT
Time resolution: 3-hourly range index

è To measure the amplitude of global geomagnetic
activity normalized to geomagnetic latitude ±50 over
the longest possible time period

Mayaud (1971)



• Variations of measured magnetic field
• determination of K indices
• converted back in mid-class amplitude aK values 
• scaled to take into account 

(i) station changes along time
(ii) “local induction effects”

• averaged aa
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Conversion table K to amplitude for aa 
Mid-class amplitudes for L9 = 500 nT (L9 being the K=9 lower limit) 

K amplitude (nT) 

0 2.3 
1 7.3 
2 15 
3 30 
4 55 
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6 160 
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8 415 
9 667 
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  Mayaud, Berthelier & Menvielle

aa geomagnetic index Derived from 
2 antipodal stations

Unit: nT
Time resolution: 3-hourly range index

è To measure the amplitude of global geomagnetic
activity normalized to geomagnetic latitude ±50 over
the longest possible time period

Known drawbacks:
• secular variation of K indices
• 10 h LT difference

• [low spatial and temporal resolutions]

Mayaud (1971)



Lockwood et al. (2018a, 2018b)
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è Agreement between the northern and southern
hemisphere indices has been improved, in many aspects:
The equinoctial time-of-day/time-of-year pattern in the aaH index
matches that in am (& appears in the aaHN & aaHS)
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am geomagnetic index Derived from 
5 groups in NH 

and 4 groups in SH
Unit: nT
Time resolution: 3-hourly range index

è To provide a characterization of global geomagnetic
activity using a large set of stations representing all
longitudes and possible hemispheric discrepancies

ISGI$–$2014$(isgi@unistra.fr)$____________________________________________________________Page$1/2
$ $ $

!
Determination!of!longitude!weighting!factors!(LWF)!for!am!calculation!

!
(Notations)used)in)the)present)document)are)the)same)as)in)Mayaud)(1980))for)the)convenience)of)the)reader.))
)
Main!references:""
Mayaud," P." N." (1980)" 2" Derivation," meaning," and" use" of" geomagnetic" indices," Geophys." Monogr." Ser.," 22." AGU,"

Washington,"DC."
Mayaud,"P."N.,"and"M."Menvielle"(1980)"2"A"report"on"Km"observatories"visit,"IAGA"Bull.,"32i,"1132135,"IUGG,"Paris.""
)
Computation*principles:*
• For" each" observatory" of" the" am" network," the" angular" distance" δ" between" the" observatory"

position"and"the"closest"point"P"of"the"auroral"zone"(identified"to"±69°"corrected"geomagnetic"

latitude" at! epoch! 1965)" is" determined" [using" native" P.N." Mayaud’s" program" for"

homogeneity]."The"corrected"geomagnetic"longitude"ϕ"of"that"point"P"is"obtained.""

• The"mean"longitude"Λ)of"each"sector"is"calculated"and"rounded"to"nearest"5°."

• The"width"ΔΛ"of"the"longitude"band,"demarcated"by"the"longitude"of"the"two"groups"located"on"

each"side,"allowed"to"extract"the"longitude"weighting"factor"λ"for"each"sector:"λ"="ΔΛ"/"720."

"

!

!

!

• In each longitude sector, averaged K indices
(converted into amplitude using mid-class
amplitudes)

• In each hemisphere, average with regards to extents
of the longitude sector

è hemispheric indices an (North) and as (South
è am = (an + as) / 2.

Mayaud (1968)
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Unit: nT
Time resolution: 3-hourly range index

è To provide a characterization of global geomagnetic
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• In each longitude sector, averaged K indices
(converted into amplitude using mid-class
amplitudes)

• In each hemisphere, average with regards to extents
of the longitude sector

è hemispheric indices an (North) and as (South
è am = (an + as) / 2.

• secular variation of K indices ? è averages by sector of
longitude and then by hemisphere completely mitigate
this problem

• low spatial resolution

• [low temporal resolution]

Mayaud (1968)



03-09 MLT 09-15 MLT 15-21 MLT 21-03 MLT 

Chambodut et al.(2013)

Noon

Dawn

Midnight

Dusk

as K-derived MLT-sector indices

• based on am network 
• from 1959 onwards (over ~6 solar cycles)
• time resolution: 3-hour (UT) interval
• calculated for 4 fixed sectors in MLT 
(enhanced spatial resolution compared to am)



Kp geomagnetic index Derived from 
11 northern and 

2 southern stations
Unit: K index
Time resolution: 3-hourly range index

To characterize the intensity of geomagnetic activity on a
planetary scale (however because of the historical context at
the time of its creation, the Kp network is heavily weighted
towards Europe and Northern America).

Winter solstice Equinoxes Summer solstice
Jan., Feb., Nov. and Dec. Mar., Apr., Sep. and Oct. May, Jun., Jul. and Aug.

Example: standardisation tables of Meanook obs. (MEA)

Kp is the arithmetic mean of the
standardised K-indices for the 13
observatories.

The standardisation is carried out using
standardisation tables (for each
observatory) defined by Bartels (1949).

These tables aim to eliminate UT and
seasonal variations in geomagnetic
disturbances.

Bartels (1949)



Kp geomagnetic index Derived from 
11 northern and 

2 southern stations
Unit: K index
Time resolution: 3-hourly range index

To characterize the intensity of geomagnetic activity on a
planetary scale (however because of the historical context at
the time of its creation, the Kp network is heavily weighted
towards Europe and Northern America).

Winter solstice Equinoxes Summer solstice
Jan., Feb., Nov. and Dec. Mar., Apr., Sep. and Oct. May, Jun., Jul. and Aug.

Example: standardisation tables of Meanook obs. (MEA)

Kp is the arithmetic mean of the
standardised K-indices for the 13
observatories.

The standardisation is carried out using
standardisation tables (for each
observatory) defined by Bartels (1949).

These tables aim to eliminate UT and
seasonal variations in geomagnetic
disturbances.

• low temporal resolution

• [secular variation of K indices and frozen standardisation tables]
• [low spatial resolution]

Bartels (1949)



Hpo geomagnetic index

Yamazaki et al. (2022)
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Table 1. Lower limits of H30, H60 and K for the Niemegk observatory.

Index 0 1 2 3 4 5 6 7 8 9

H30 (nT) 0 2.16 4.46 8.89 17.9 33.9 65.7 119 190 267
H60 (nT) 0 2.97 6.11 12.1 24.3 44.7 82.7 144 218 337
K (nT) 0 5.00 10.0 20.0 40.0 70.0 120 200 330 500

and subsequent day. The quiet curve is obtained for the northward X and eastward Y113

components of the geomagnetic field, and subtracted from the corresponding data, which114

leaves geomagnetic disturbance.115

2.2 Evaluation of the magnitude of geomagnetic disturbance116

The magnitude of geomagnetic disturbance is evaluated for every 30-minute inter-117

val for Hp30 and 60-minute interval for Hp60. For a given time interval, the range of ge-118

omagnetic disturbance (i.e., maximum minus minimum value) is compared with the max-119

imum absolute value of geomagnetic disturbance, and the larger value of the two is adopted120

as the magnitude of geomagnetic disturbance. This contrasts with the derivation pro-121

cedure for Kp, which always uses the range of geomagnetic disturbance. We found that122

this modification of the procedure improves the compatibility between Hpo and Kp. The123

magnitude of geomagnetic disturbance is obtained for the X and Y components, and the124

larger value is used in the next step.125

2.3 Evaluation of H30 and H60 indices126

H30 and H60 indices are analogous to K indices for Kp, and are collectively called127

H herein. For the evaluation of K, an observatory-specific table is used for converting128

the magnitude of geomagnetic disturbance (in nT) to an integer K value (0–9). An ex-129

ample of the conversion table for the Niemegk observatory can be found in Table 1. New130

tables have been created for each observatory that convert the magnitude of geomag-131

netic disturbance to an H value (0–9). This was done, for each observatory, by gener-132

ating a conversion table for H in such a manner that the frequency distribution of H is133

as similar as possible to the frequency distribution of K. The construction of the con-134

version tables for H is based on the geomagnetic data during 1995–2017, which were all135

the available data when the construction of Hpo was initiated. The conversion table for136

H30 and H60 for Niemegk is presented in Table 1. Furthermore, extended conversion ta-137

bles are produced in order to allow H to go beyond 9. In the extended conversion tables,138

the maximum value of H is unlimited. The lower limit for H=10 is given by the lower139

limit of H=9 multiplied by a factor of 1.35. The lower limit of H=11 is given by the lower140

limit of H=10 multiplied by a factor of 1.30, and the lower limit of H=12 is given by the141

lower limit of H=11 multiplied by a factor of 1.20. For values of H greater than 12, the142

multiplication factor will be always 1.20, so that H can be defined no matter how large143

the magnitude of geomagnetic disturbance is. These multiplication factors were deter-144

mined on a trial-and-error basis so that the behavior of the final Hpo index above 9o will145

be compatible with those of other open-ended indices (see Section 3).146

2.4 Evaluation of Hp30 and Hp60 indices147

H indices are converted to standardized Hs indices using the same method for con-148

verting K to Ks. The conversion tables can be found in the Supporting Information of149

Matzka et al. (2021a). The conversion of H to Hs minimizes the influence of seasonal and150

UT biases. Finally, the average of the 13 Hs indices is converted into Hpo values in units151

–4–

• based on Kp network 
• from 1995 onwards
• time resolution: 30 minutes and 1 hour

Exact same scheme as the Kp derivation, only the definition of H 
class lower limits are adapted to get open-ended indices

10 11 12 13 etc

360 469 562 675 ...
455 591 710 852 ...

x 1.35      x 1.30     x 1.20 x 1.20 x 1.20      etc
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Figure 6. Variations over CGM longitude ! of the magnetic activity of all subauroral stations used in the "15 network, after rescaling at 50∘ CGM latitude through
the correction factor cor. Two different intervals are displayed for the (top row) Northern and (bottom row) Southern Hemispheres: (left column) 14 December
2006 and (right column) 15 December 2006. The black curves correspond to cubic B-spline fittings associated with all the stations, and the two dashed curves
correspond to the pointwise confidence interval also derived using the B-spline expression. The horizontal red lines represent the mean magnetic activity over
the whole hemisphere, and the two dashed lines are the mean confidence interval.

Figure 6 presents examples of this spline fitting procedure for two 15 min intervals in December 2006 and
for both hemispheres. On each panel of this figure, the blue crosses correspond to the corrected ΔH15 values
of each station, the continuous black curve corresponds to the smoothed cubic spline "15(!) function,
and the dashed curves correspond to the upper and lower limits of the estimated confidence interval. For
both intervals, one can observe that the "15(!) functions have similar shapes in the Northern and Southern
Hemispheres, with minimum values around 100∘ CGM longitude on 14 December 21:15 UT and 200∘ CGM
longitude on 15 December 18:15 UT, despite the fairly large confidence interval obtained in the Southern
Hemisphere on 14 December 2006 (Figure 6, bottom left).

3.3. Hemispheric !15 Index Calculation
For each 15 min interval, the hemispheric "15N and "15S indices are obtained by averaging over the longitude.
A planetary index "15 is also obtained as the mean value of the two hemispheric indices (i.e.,

(
"15N + "15S

)
∕2).

The "15(!) functions represent accurately the variation of the magnetic activity along with longitude at
subauroral latitudes. One may argue that, in this case, the use of cubic spline appears complicated, while a
simple mean would nearly give the same hemispheric value. This last point is not entirely accurate, because
the observatories are not evenly distributed in longitude and because this distribution will change from one
year to the other. The use of spline prior to calculation of a hemispheric mean allows to mitigate the influence
of stations distribution along with longitude and not to overestimate, in the computation of the planetary
"15 index, the geomagnetic activity in regions where the density of observatories is large (as in Europe) com-
pared to that in regions where this density is low (e.g., Pacific Ocean). The use of cubic spline allows to switch
from a discrete, unevenly distributed space up to a continuous regular one.

In the following sections, we chose to remain focused on the statistical study of hemispheric and planetary
indices and to compare them with the am ones. We have used the indices over the 2000–2009 period where
the new "15 indices are computed with a sufficient number of observatories in both hemispheres.

4. Statistical Characterization of !15 Indices
4.1. Characterization of !15 Indices Over a Solar Cycle
In this subsection, we present the statistical distribution of magnetic activity values recorded by the "15

indices by using probability distribution function (PDF). Figure 7 (first panel) presents the PDF of northern and
southern hemispheric "15N and "15S indices over the 2000–2009 period. Bins of 0.25 nT are used up to 20 nT;
above this value, the number of samples drops significantly and all higher activity values have been gathered
in a unique bin. These PDF values show a strongly asymmetric distribution with a maximum position around
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Figure 5. Geographic distribution of the 48 magnetic observatories of the !15 network. The light gray curves present
the corrected magnetic longitudes 55∘, 35∘, −29∘ , and −55∘ , in 2000.

as a lower limit. In the Southern Hemisphere, we added the few stations situated between −29∘ and −35∘ in
order to obtain a better distribution of the stations in longitude.

Therefore, the network used for our new !15 indices will be defined every year, so as to include for a given
year all the stations of the INTERMAGNET network [Kerridge, 2001] located between 35∘ and 55∘ north and
south absolute CGM latitudes, plus a few ones located between 29∘ and 35∘ in the Southern Hemisphere.
Table 1 gives a list of these stations, with the indication of the years between 1996 and 2009 for which
they have been used. Figure 5 shows the corresponding distribution of magnetic observatories (all years).
The number of stations tends to increase with time from 20 stations in the Northern Hemisphere and 6 in the
Southern Hemisphere for year 1996, to a maximum of, respectively, 35 and 13 stations for year 2007. Over the
14 year period, a mean of 38 stations (28 over the Northern Hemisphere and 10 over the Southern Hemisphere)
have been used. It has to be noted that we chose to use only stations that provided INTERMAGNET magnetic
data over more than four consecutive years over the period 1996–2009. KIV (Kiev, Ukraine) in the Northern
Hemisphere and KMH (Keetmanshoop, Namibia) and TDC (Tristan Da Cunha, UK) in the Southern Hemisphere
became part of the INTERMAGNET Network in 2009. Moreover, GCK (Grocka, Serbia) data were only available
in 2005 and 2007–2009 and PAG (Panagjurishte, Bulgaria) data in 2007–2009. Consequently, the data of these
five observatories have not been used here. They will, however, be included in future calculation of definitive
values of the !15 indices.

3.2. Hemispheric Fitting in Longitude
The corrected ΔH15 values are a set of discrete points distributed over the whole longitude range in each
hemisphere. In order to get for each 15 min interval a smooth representation of the variation with longitude
of the magnetic activity at ±50∘ CGM latitude, a nonparametric adjustment by smoothing cubic splines of
the corrected ΔH15 is applied independently for each hemisphere (labeled N and S) along CGM longitude ".
Two continuous scalar functions !15N(") and !15S(") are obtained. The spline fitting is performed according
to an algorithm described by Silverman [1985]. It includes a cross-validation estimate of the balance between
fitting and smoothing. A 95% pointwise probability confidence interval #!, based upon a Bayesian approach,
is also derived using the B-spline expression of the set of cubic splines.
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Figure 1. (top to bottom) X , ΔX , Y , ΔY , and ΔH15 variations for seven consecutive days, from noon 26 December 2001
to noon 2 January 2002, at the Canberra (CNB, Australia) magnetic observatory. The red curves superimposed on
X and Y correspond to the SR quiet curves calculated and removed to obtain ΔX and ΔY .

2.3. Fifteen-Minute !H Calculation in Each Observatory
After the calculation of the reference zero level curve, the magnetic variations in each horizontal components
(X, Y) are obtained for each minute t:

{
ΔX(t) = X(t) − SRX

(t),
ΔY(t) = Y(t) − SRY

(t).

TheΔX andΔY values in nanotesla are then directly used for the determination ofΔH and its arithmetic mean
over 15 min ΔH15.

ΔH(t) =
√

(ΔX(t))2 + (ΔY(t))2,

ΔH15(t) =
1

15

15∑
i=1

ΔH(t + i − 8).

We thus obtained the series of ΔH15 values for each magnetic observatory. Figure 1 shows the ΔX , ΔY ,
and ΔH15 variations for seven consecutive days (from 26 December 2001 to 2 January 2002) at the CNB
(Canberra, Australia) magnetic observatory. One may see that 30 December is a magnetically disturbed day,
while 27 and 28 December are quiet ones.

2.4. Latitudinal Correction
To characterize magnetic activity at subauroral latitudes, our new indices have to represent magnetic activity
at ±50∘ corrected geomagnetic (CGM) latitude, as already proposed for historical indices by Bartels [1949]

CHAMBODUT ET AL. NEW !15 HEMISPHERIC GEOMAGNETIC INDICES 9946

Development of new indices

an example: a indices
• based on adaptative network 
• from 1991 onwards (over > 2 solar cycles)
• time resolution: 15 minutes

Chambodut et al.(2015)

Ønot K-derived but 
based on:



Development of new indices

an example: 
a indices



IAGA-endorsed geomagnetic activity indices constitute unique data series of tremendous
importance for all our understanding of the Earth system.

BUT IAGA-endorsed geomagnetic Indices were developed during other time, under
specific societal and technological conditions.

IAGA-endorsed geomagnetic Indices were developed to fit a purpose.
(There are index criteria for endorsement of indices by IAGA and a strict process to follow.)

Nowadays there are two aspects of development among the research group federated
around ISGI:
• to expose possible mitigations of historical indices' drawbacks
• to develop new, high spatial and temporal resolution, geomagnetic activity indices

Take home message and conclusion





Seasonal and diurnal variation of am 
Ø maximum close to the equinoxes;
Ø minimum close to solstices (around 

06:00 UT for December solstice and 
18:00 UT for June solstice);

Ø complex pattern of Earth’s magnetic 
activity clearly identified in statistical 
studies of planetary indices such as am.

ØAxial effect
• varying heliographic latitude λ of the Earth along the course 

of a year
• displays seasonal but not diurnal variations

ØRussell-McPherron effect
• varying angle θ of the Earth’s dipole in the plane 

perpendicular to the Earth-Sun line
• displays seasonal and diurnal variations

ØEquinoctial effect
• varying the magnetic colatitude ψ of the subsolar point
• reproduce very well the complex seasonal/diurnal pattern 

of Earth’s magnetic activity

possible effects ?  : 

From O’Brien and McPherron, 2002
U

T

days


