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There is an ongoing demand for services that can provide real-time assessment of the (global and local) geomagnetic 
activity. Such services depend largely on the reduction of solar, geomagnetic and ionospheric observations to generate 
activity indices. The presentation will review the most frequently used geomagnetic indices – definition, derivation, and 
the opportunities for their real time estimation. The focus however will be on the recently-developed nowcast system 
for local operational geomagnetic index K calculation (K-LOGIC). The system is based on a fully automated computer 
procedure for real-time digital magnetogram data acquisition, screening the dataset and removing the outliers, 
establishing the solar regular (Sr) variation of the geomagnetic field, calculating the K index, and issuing an alert if 
storm-level activity is indicated. This is a time-controlled (rather than event-driven) system delivering as regular output 
(time resolution set to 1 hour) the K value, the estimated quality flag, and eventually, an alert. The system is now 
operational at the RMI Geophysical Centre in Dourbes (50.1N, 4.6E).
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Geomagnetic Observatory - DourbesGeomagnetic Observatory - Dourbes

Dourbes

Brussels

• Geomagnetic observatory, by definition, is a place where 

the geomagnetic field vector is observed for an extended 

period of time (duration of at least 1 full year). 

• As only the natural geomagnetic field is of interest here, 

the observatory should be protected from artificial magnetic 

signals, and its surroundings and facilities should be 

amagnetic, that is, should not modify the direction or 

amplitude of the geomagnetic vector. 

• The sampling of the field should be 1/hour or faster, with 

1/minute the standard now.

Geofysisch Centrum van het KMI *  Centre de Physique du Globe de l'IRM

CPG Geomagnetic Observatory
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Geomagnetic field – components and measurementsGeomagnetic field – components and measurements

B – the total magnetic field intensity;

H – the horizontal vector component of the field intensity B;

X – the northward horizontal component of B;

Y - the eastward horizontal component of B;

Z – vertical component of B (positive when downward);

D – declination, the deviation of H from the northward horizontal 

direction (positive when eastward);

I – inclination (dip), the deviation of B from H (positive when downward).

B2 = X2+Y2+Z2 = H2+Z2

H2 = X2+Y2

H = B.cos(I)

X = H.cos(D)

Y = H.sin(D) = X.tan(D)

Z = B.sin(I) = H.tan(I)

D = arctan(Y/X)

I = arctan(Z/H) 

The geomagnetic field is a vector field 

which intensity B (alternatively, F – the 

magnetic field modulus) specified by any 

three of the following independent 

components: 

Magnetometer orientations:

• Cartesian: X , Y , Z

• Cylindrical: D , H , Z

• Spherical: D , I , F

Modeled image of Earth's magnetic field 

variations based on MAGSAT data (2004). 

Colour bar – positive and negative field areas. Declination (deg, East), IGRF 2000 

NASA/GSFC
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Geomagnetic activity - monitoring serviceGeomagnetic activity - monitoring service

Measurements:

• Variation of the field components about baseline 

values (Variometers, 2 systems currently in operation: 

fluxgate 3-axial and proton vector magnetometers). 

• Absolute measurements to establish the values of 

the baselines with adequate instrumentation (DIfluxes, 

proton magnetometers).

Precision:

• Time: 1 sec (w/ Optically pumped Potassium magnetometer) 

• Induction: 0.1 nT

• Declination: 0.001°

Requirements:

• Angular measurements: 1 sec of arc, should be 

referenced to the Vertical and to the geographic North 

• H deduced from the total field (B) and inclination (I)

Output: magnetogram (digital)

Instrumentation (Dourbes): 

• Fluxgate (3-axial) magnetometers

• Proton vector magnetometers

• Theodolite / DIflux magnetometers => absolute measurements of the declination (D) and inclination (I)

• Overhauser proton magnetometer => induction (B), for the total length measurements

• Optical pumping Potassium magnetometers, now used for calibration purposes only

Theodolite (Dourbes)Proton Magnetometer

H

D

Z

F

Dourbes

13-15 Feb 2009 
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very disturbed

Geomagnetic field variations – secular/transient, regular/irregularGeomagnetic field variations – secular/transient, regular/irregular

Source: Menvielle et al. (1991): Rev. Geophysics, 29(3), 415-432.

quiet

disturbed

CZT (51.5°S,51.9°E)

Source: Jacobs, J.A. (1987): Geomagnetism. Academic Press Ltd.
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Geomagnetic field measurements - DourbesGeomagnetic field measurements - Dourbes

Regular / non-disturbed field

H

D

Z

F

08-10 February 2009

30

quiet 
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Geomagnetic field measurements - DourbesGeomagnetic field measurements - Dourbes

Irregular / disturbed field

H

D

Z

F

13-15 February 2009

(a boundary case – minor geomagnetic storm)

80

disturbed 
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Geomagnetic field measurements - DourbesGeomagnetic field measurements - Dourbes

Irregular / severely-disturbed field

H

D

Z

F

07-11 November 2004

(severe geomagnetic storm)

400

very disturbed
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K index (local)K index (local)

Definition: 

• An individual K index characterizes the geomagnetic activity 

during a 3-hour interval (UT). It is based on the amplitude of the 

variations of the observed horizontal components after 

subtracting the solar regular (SR) variation of the day. 

• The K index is an integer between 0 and 9 corresponding to the 

larger of the 2 ranges measured in the horizontal components.

Limits of range classes (nT), Niemegk

Note: Main difficulty in the K-indices scaling lies in the 

identification of the SR curves

Purpose:

- Providing information on the geomagnetic activity level

(when analysing phenomena linked to this activity)

- Objective monitoring of the irregular variations at a location

K index determination

Source: Takahashi et al. (1995): J. Geophys. Res., 106(A10), 21017-21032. Source: Menvielle et al. (1995): Geophys. J. Int., 123, 866-886.
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K index estimation (the linear elimination method)K index estimation (the linear elimination method)

Source: Sucksdorff et al. (1991): Computer production of K-indices based on linear elimination. Geophysical Transactions, 36(3-4), 335-345.

Corrective estimate:

• n calculation using the preliminary K values

• SR curve produced by a fifth degree harmonic fit to the means 

Preliminary estimate:

• Preliminary K values determined: for each of the horizontal components’ variations (the difference 

between the component’s maximum and minimum within a predefined time period, e.g. 3 hours), K –

the larger of the 2 components’ estimates

• Calculation of the mean hourly values of K (all data inside the hour and m+n minutes on both 

sides of this hour): 

m depends on LT (0 for 06-18LT, 60 for 03-06LT and 18-21LT, 120 for 21-03LT), 

n depends on geomagnetic activity (n = K3.3 minutes, where K is the preliminary value)

• SR curve produced by a fifth degree harmonic fit to the means (middle points for each hour)
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K index (planetary)K index (planetary)

Kp network

Kp (3-hour) derivation scheme

Source: Menvielle et al. (1991): Rev. Geophysics, 29(3), 415-432.
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Geomagnetic activity – storm level scalesGeomagnetic activity – storm level scales
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ap , Ap , aa , AA  indicesap , Ap , aa , AA  indices

The 3-hourly ap (equivalent range) index is derived from the Kp index as follows: 

Source: NOAA
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ap , Ap , aa , AA  indicesap , Ap , aa , AA  indices

• Ap is defined as the earliest occurring maximum 24-hour value obtained by computing an 

8-point running average of successive 3-hour ap indices during a geomagnetic storm 

event without regard to the starting and ending times of the UT-day. 

• Ap is uniquely associated with a storm event. 

• Ap values provide a maximum disturbance measure useful to identify major geomagnetic 

storms chronologically (by date and start time) and by amplitude from largest to smallest. 

Source: NOAA
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ap , Ap , aa , AA  indicesap , Ap , aa , AA  indices

The aa index is a 3-hourly equivalent amplitude antipodal index. It is a simple global index 

of magnetic activity, produced in France, from the K indices of two nearly antipodal 

magnetic observatories in England and Australia. 

Source: NOAA

The AA index is a daily average index derived similarly to Ap. However, the AA index is 

derived from indices from only two magnetic observatories whereas Ap incorporates indices 

from more observatories. 
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Dst  indexDst  index

The Dst index gives the average (in longitude) 

depression of the horisontal component 

in low latitudes (due to the ring current), 
which is proportional to the total kinetic energy 

of the particles injected and trapped 

in the Van Allen (electron) belt.  
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Dst  indexDst  index

• The baseline for H is defined for each observatory in a manner that takes into account the secular 

variation. For each observatory, the annual mean values of H, calculated from the "five quietest day" 

for each month, form the database for the baseline. Final Dst values are determined after each 

calendar year.

• The average solar quiet daily variation (Sq) for each month is determined from the values of 

H(T) for the internationally selected five quietest days of the month. The 12 sets of the monthly 

average Sq , determined for the whole year, are expanded in a double Fourier series with local time, 

t, and month number, s, as two variables: 

• The disturbance variation (for each observatory):

• The Hourly Equatorial Dst Index (averaged disturbance variations):

• The deviation for H is defined as the difference between the observed and the base value:

2)( τττ CBAH base ++= epoch  reference  a  from years,in  time−τ

)()( THHTH baseobs −=∆ universal  time,−T

)()()( TSTHTD q−∆=

ϕcos/)()( TDTDst =
latitude  dipole  -  ϕ

∑∑ ++=
m n

nmmnq nsmtAstS )cos()cos(),( βα
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Dst  indexDst  index

Interpretation: 

The Dst index, which is regarded as a function of storm time, represents the axially 

symmetric disturbance magnetic field at the dipole equator on the Earth's surface. 

Major disturbances in Dst are negative, namely decreases in the geomagnetic field. 

These field decreases are produced mainly by the equatorial current system in the 

magnetosphere, usually referred to as the ring current. The neutral sheet current 

flowing across the magnetospheric tail makes a small contribution to the field 

decreases near the Earth. 

Positive variations in Dst are mostly caused by the compression of the magnetosphere 

from solar wind pressure increases. 

Dst advantages: 

• Dst is derived continuously as a function of UT and its variation will clearly indicate the 

occurrence of a magnetic storm - start, intensity, and duration. 

• Dst can be derived on an instantaneous basis.
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AE  indicesAE  indices

The Auroral Electrojet Index, AE, is designed (Davis and Sugiura, 1966) to provide a 

global, quantitative measure of the auroral zone magnetic activity produced by 

enhanced ionospheric currents flowing below and within the auroral oval. 

AE is the total range of deviation at an instant of time from quiet day values of the 
horizontal magnetic field (H) around the auroral oval. 

AU index – the upper envelope of the superposed plots

AL index – the lower envelope of the superposed plots

AE index = AU - AL

AO index = ( AU + AL ) / 2

Note: The number of stations used to derive the index is shown in the color scale on the right.
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AE  indexAE  index



Royal
Meteorological

Institute STCE

24

AE  indexAE  index

AE advantages:

• it can be derived on an instantaneous basis or from averages of variations computed 

over any selected interval

• it is a quantitative index which, in general, is directly related to the processes 

producing the observed magnetic variations
• its method of derivation is relatively simple, digital, and objective and is well suited 

to present computer processing techniques 

• it may be used to study either individual events of statistical aggregates

AE has been usefully employed, both qualitatively and quantitatively, as a correlative index 

in studies of substorm morphology, the behavior of communication satellites, radio 

propagation, radio scintillation, and the coupling between the interplanetary magnetic 

field and the earth's magnetosphere. 

AE disadvantages:

• the distribution of the observatories in operation is not uniform along the auroral 

zone

• a loss of only one station could lead to omission of significant disturbance events
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Nowcast – K index (challenges)Nowcast – K index (challenges)

Source: Sucksdorff et al. (1991): Computer production of K-indices based on linear elimination. Geophysical Transactions, 36(3-4), 335-345.

• Existing techniques not designed for real-time applications: gaps and outliers handled in 

post-processing mode, data required far beyond the UT interval for K

• Input data quality: raw magnetometer data may contain gaps and ‘bad’ records, i.e. outliers

• Determination of the SR (solar regular variation) curves: for example, if K=6, n should be 370 

minutes, i.e. more than 6 hours in future data needed
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Nowcast – K index (challenges)Nowcast – K index (challenges)

Max number of 

consequtive data 

points considered a 

single spike event set 

to 5 minutes.

Hard flag threshold for 

the max number of 

spikes set to 10.0%

The number of 

standard deviation 

from the local 

meanthe define a 

spike set to 2.50
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Nowcast (ground measurements) - DevelopmentsNowcast (ground measurements) - Developments

0 Nominal (highest quality), complete input dataset

1 Very Good, 100%(last 1h) & 95%(last 3h) data

2 Good, 95%(1h) & 75%(3h) data available

3 Good, 75%(1h) & 75%(3h) data available

4 Fair, 75%(1h) & 66%(3h) data available

5 Fair, 66%(1h) & 66%(3h) data available

6 Poor, 33%(1h) & 33%(3h) data available

7 Poor (lowest), <33%(1h) or <33%(3h) input data

8 No assessment (K=-1), last-hour data missing

9 No calculations performed (K=-1), technicalities
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K-LOGIC - Local Operational Geomagnetic Index K CalculationK-LOGIC - Local Operational Geomagnetic Index K Calculation

Motivation: 

• The enhanced geomagnetic activity and especially the geomagnetic storms often

lead to substantial ionospheric plasma fluctuations/disturbances among many other 

space weather effects.

• There is an ongoing demand for services that can provide real-time assessment of 

the (global and local) geomagnetic activity -- and being of importance to:

- exploration geophysics, 

- radio communications and precise position/navigation practices, 

- space weather research and modelling, etc.

Objective:

• To develop service/s that can promptly evaluate the current level of the local 

geomagnetic activity and to estimate in advance the activity index K.

Stankov et al. (2010): On the local operational geomagnetic index K calculation. 

Geophysical Research Abstracts, Vol.12, EGU2010-7228, EGU General Assembly, 2-7 May 2010,  Vienna.
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Nowcast (ground-based measurements)Nowcast (ground-based measurements)
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Nowcast (ground-based measurements)Nowcast (ground-based measurements)
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Nowcast (ground-based measurements)Nowcast (ground-based measurements)
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The concept is based on the assumption that the geomagnetic index K (also, Kp) can be presented as a 

delayed reaction of the auroral ionosphere to the solar wind-magnetosphere interaction. 

Andonov et al. (2004): Analogue model, relating Kp index to solar wind parameters. J. Atm. Terr. Physics, 66(11), 927-932.

Bzm – IMF Bz modified function

P – solar wind dynamic pressure

V – solar wind velocity

A proxy index Ksw proposed, correlated 

with the ground-based K (Kp) index

Kp

A new (space-based observ’s) algorithm for modelling & predicting the geomagnetic activity index

Nowcast & Forecast (space-based measurements)Nowcast & Forecast (space-based measurements)



Royal
Meteorological

Institute STCE

34

A new algorithm for modelling and predicting the geomagnetic activity index

Nowcast & Forecast (hybrid approach)Nowcast & Forecast (hybrid approach)

Note: The hybrid approach inherits the advantages of the space based concept with the robustness of the ground-based estimation of K

Source: Kutiev et al. (2009): Hybrid model for nowcasting and forecasting the K index J. Atm. Terr. Physics, 71, 589-596.

Kh(0) = Ksw(0) + Kmean + [Kgnd(0) - Ksw(0) - Kmean ] * exp(-1/6)

Kh(+τ) = Khmean + [ Kh(0) – Khmean ] * exp(-τ/13) 

Ksw = ao + a1Bzm + a2P + a3V + a4Bzm
2 + a5P

2(space-based) Nowcast �

(hybrid) Nowcast �

(hybrid) Forecast �

The space-based estimate (Ksw) uses Advanced 
Composition Explorer (ACE) satellite data  and 
an analogue model (MAK) relating the planetary 
geomagnetic index to solar wind parameters.

The ground-based estimate (Kgnd) uses 
magnetometer measurement data from the 
station in Dourbes to estimate the 
local geomagnetic index in real time.

Bzm – IMF Bz modified function

P – solar wind dynamic pressure

V – solar wind velocity
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Nowcast & Forecast (hybrid approach) - Algorithm Nowcast & Forecast (hybrid approach) - Algorithm 

0 Nominal (highest quality), complete input dataset

1 Very Good, 100%(last 1h) & 95%(last 3h) data available

2 Good, 95%(1h) & 75%(3h) data available

3 Good, 75%(1h) & 75%(3h) data available

4 Fair, 75%(1h) & 66%(3h) data available

5 Fair, 66%(1h) & 66%(3h) data available

6 Poor, 33%(1h) & 33%(3h) data available

7 Poor (lowest), <33%(1h) or <33%(3h) input data available

8 No quality assessment (K=-1), eg. last-hour data missing

9 No calculations performed (K=-1), technicalities
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K-LOGIC - Local Operational Geomagnetic Index K CalculationK-LOGIC - Local Operational Geomagnetic Index K Calculation

K index value

Quality Flag

Registration

Service Selection

Alert  (web based)

Date Selection

http://swans.meteo.be/geomagnetism

Service Output:

• K index value - data files (ASCII), plots

• Quality Flag (QF) – data acquisition and 

processing quality assessment

• Alerts – web (verbose & colour code), email

Service Type:

• Nowcast: update – every 60 min, latency less 

than 3 min after the hour mark

• Forecast: update – every 60 min, forecast time 

horizon – up to 6 hours ahead
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LIEDR – Local Ionospheric Electron Density ReconstructionLIEDR – Local Ionospheric Electron Density Reconstruction

Objective: 

Development of operational procedure for reconstruction of the local 

ionospheric electron density distribution on a real-time basis using GNSS 

and vertical incidence sounding measurements.

Developments – procedure and service:

Type – operational nowcast 

Output – ionospheric plasma density/frequency 

Altitude range – from 90 to 1100 km 

Time resolution – 15 min 

Latency – less then 3 min

Applications: 

Research, verification of ionospheric models, ionospheric tomography, etc.

Ionospheric plasma density specification in real time

Stankov et al. (2003): A new method for reconstruction of the vertical electron density distribution in the upper ionosphere and plasmasphere. 

Journal of Geophysical Research, 108(A5), 1164, doi:10.1029/2002JA009570.
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LIEDR – Local Ionospheric Electron Density ReconstructionLIEDR – Local Ionospheric Electron Density Reconstruction

Development: 

Type – operational nowcast, Output – ionospheric plasma density/frequency, Altitude range – from 90 

to 1100 km, Time resolution – 15 min, Latency – less then 3 min.

ionosphere storm

enhanced 
density

reduced 
density

Ionosphere Total 
Electron Content 
(TEC) 

Ionosphere Plasma 
Frequency 

Ionosphere Critical 
Frequencies 

(F2 layer - foF2 ,
E layer - foE) 

Ionosphere Peak 
Density 
(NmF2) 

Ionosphere peak 
density altitude 
(hmF2)

Ionospheric plasma density specification in real time

http://swans.meteo.be/ionosphere/liedr
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LIEDR – Local Ionospheric Electron Density ReconstructionLIEDR – Local Ionospheric Electron Density Reconstruction

http://swans.meteo.be/ionosphere/liedr
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SummarySummary

� Geomagnetic activity specification and availability - important for geomagnetic and 

ionospheric research 

� K-indices are relatively good representatives of large-scale ionospheric disturbances, 

particularly at middle latitudes

� However, the 3-hour time scale is much too large for the characteristic time of small-

scale ionospheric variations/phenomena

� Local K index derivation from magnetogram records is specific for each magnetic 

station (e.g. differences b/w stations in the limits of classes)

� Kp index is not the optimal index for geomagnetic storm description -- storm effects on 

technological systems depend predominantly on location, time, and system configuration

� Local K index specification, nowcast and forecast is crucial for high-end GNSS-

based applications. 
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OutlookOutlook

� Further work – to test various approaches for estimating the SR variations, implement if better

� Further work – to improve service integrity, research, tests, comparisons, validations 

(incl. determination of the extent of the geographic area to be serviced)

� Further work – to improve time resolution (5-15 min now considered optimal)

� Further work – to improve the alert system (flexibility, user specific, dissemination)

� New, local K estimation procedure w/ ground-based measurements implemented -- quality improved

� New, space-based measurements utilized for proxy K index specification -- implemented

� New, hybrid (ground & space based measurements) forecast technique developed -- implemented 

� New, Alerts - should be issued / based on high-quality K estimates only -- developed


