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INTRODUCTION
• Global Ionospheric Maps (GIM-TEC) are one of the most important sources of 2-D

global imaging of ionosphere and plasmasphere.
• GIM-TEC are provided by various Data Analysis Centers with a one- to two-day

delay such as
• Jet Propulsion Laboratory (JPL) 1 h maps (jplr) with 1-day delay,
• Rapid Universitat Politècnica de Catalunya (UPC)-IonSAT maps (uqrg) with a 15-minute

cadence with a 2-day delay,
• Center for Orbit Determination in Europe (CODE) 1-day predicted c1pg.

• Consequently, one or two day delays in prediction cause significant errors in GIM-
TEC forecasts for the real-time services.

• One exception is uadg which is produced by UPC-IonSAT in quasi-real time with a
15-minute cadence and a 2-hour UT delay.

• We propose a method W-model for artificially updating GIM-TEC hour by hour,
based on the rotation of the W-index map from the preceding hour by 15 degrees
westward.

• The accuracy of TEC forecasting with W-model is compared with uadg, uqrg, jplr,
c1pg, and the relevant GIM-W index maps. 3



W and Wp Indices (1)
• W-index is a logarithmic indicator of ionospheric and plasmaspheric

disturbance. It can be applied to any ionospheric parameter.

• DNmF2 = log(Nm/Nm*(27 d median))

• Gulyaeva, T.L.,, I. Stanislawska, Derivation of a planetary ionospheric storm index. Annales Geophysicae, 26, N.9, 2645-
2648, www.ann-geophys.net/26/2645/2008/, 2008. DOI:10.5194/angeo-26-2645-2008.
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W and Wp Indices (2)

• DTEC=log(TEC/MTEC(15 d median)) Deviation from the quiet median
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W and Wp Indices (3)
• W-index computed from GIM for 26 March-3 April 2001
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T.L. Gulyaeva, F. Arikan, M. Hernandez-Pajares, I. Stanislawska, GIM-TEC adaptive ionospheric weather assessment and 
forecast system, Journal of Atmospheric and Solar-Terrestrial Physics, Vol 102, 2013, 329-340, 
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W and Wp Indices (4)
• The planetary Wp index depicts 

contributions of perturbation at a global 
scale: 
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• Wp is the latitude averaged span 
between extremes δWj at each 
latitude. The weight   

explains the latitude-longitude 
extent of the areas of the greatest 
positive index 

W max=max(W max j ),

and the least negative value

W min=min(W min j ). 

• Count k represents the number of 
the extreme positive and negative 
index values on a map.



W and Wp Indices (5)
• WU index-- global 

intensity of TEC 
enhancement, 

• WL index - global 
intensity of TEC 
depletion, 

• global WE = WU - WL.

• Wp and WE indices 

follow the geomagnetic 
disturbance very well.

• High Correlation with 
Dst index
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W-model 

• W-model is produced hour by hour by the rotation of the W-index map 
from the preceding hour UT by 15 degrees westward.

• GIM-MTEC : -15 day running median produced for 0, 1,…, 23 UT from 
GIMs observed on 15 preceding days.

• GIM-W-TEC at each grid point

• Coefficients for the W-model values:
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RESULTS (1)
• Model-data comparisons 

of global maps of W-
index (top panel) and 

• GIM-TEC (bottom) for 
quiet day (24 Dec 2024, 
20:00 UT, Kp = 1.7): 

• (a) W-obs;

• (b) W-model, obtained 
by rotation W-obs at 
19:00 UT. 

• (c) uqrg TEC-obs;

• (d) W-TEC (TEC-model), 
obtained from -15 d TEC-
median at 20:00 UT and 
W-model (b). 10



RESULTS (2)
• Global Electron Content (GEC) produced 

from global maps on 10-13 May 2024
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• Temporal variation of ionospheric WU, 
WL, WE and Wp indices and Dst

• Dst = -412 nT, Hpo = 10.7
May 10, 2024- May 13, 2024 

Superstorm



RESULTS (3)
• RMSE calculated between uqrg

and GIM-TEC (jplr, uadg, 1h W-
model and 1 day c1pg forecast) 
during 36 quiet and storm days: 
10-13.05.2024,  31.12.2024, 
1-31.01.2025.

• RMSE increases with magnitude of 
geomagnetic disturbance and Hpo 
index (1h equivalent to Kp). 

• W-model results outperform 
• uadg at high Hpo and 
• c1pg in all cases.

• Number of data points used for 
RMSE calculation. 12



CONCLUSIONS AND FUTURE DIRECTIONS
• A novel method, W-model, is proposed for artificially updating GIM-TEC

maps hour by hour, based on the rotation of the W-index map from the
preceding hour by a westward rotation of 15 degrees.

• The performance of the method is demonstrated by comparisons of Global
Electron Content (GEC) from observed GIM-TEC with model results during
superstorm in May 2024 and intense storm in January 2025.

• RMSE of GIM-W-TEC relative to those of uqrg
• outperform uadg at high geomagnetic activity and

• it is less than those of c1pg results in all cases.

• 1 h W-model in this presentation is produced with uqrg.

• In the future, it would be best to apply W-model to quasi-real time uadg hour
by hour since uadg has 15-minute cadence and a 2-hour UT delay.
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Thank you
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