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The high-latitude ionosphere is often highly turbulent and consists of significant electron density irregularities, 
which can be detrimental to the Global Navigation Satellite System (GNSS) services that rely on trans-ionospheric 
radio waves. For a more reliable use of GNSS applications, it is important to enable the forecasting of ionospheric 
irregularities and scintillations. To meet this specific challenge, we develop an empirical model for the Arctic 
ionosphere based on more than one solar cycle of data (2010–2021) of the rate of change of the total electron 
content index (ROTI) maps [1]. The model is simple and robust as it is only dependent on a few helio-geophysical 
indices that represent the main drivers/sources of ionospheric irregularities. Though it is simple, the model is able 
to reproduce all the statistical features of high-latitude ionospheric irregularities. The statistical data-model 
comparisons show satisfactory results with good correlations.  
 
We further implement the model into a real-time space weather forecasting service. In order to meet the scenario 
when certain helio-geophysical indices may be unavailable at times, we develop another three versions of ROTI 
model using different sets of helio-geophysical indices. The real-time space weather service works in three 
different scenarios: i) For the nowcast, we make use of the real-time solar wind data and Kp index. ii) For the 
short-time (< 1 hour) forecast, we use the real-time solar wind data and forecasted Kp index. iii) For the long-time 
(~3 hour) forecast, we use forecasted Kp index as input. Finally, we validate the nowcasted and forecasted ROTI 
maps using ground-based data from permanent GNSS networks. While the forecasted ROTI maps can reveal the 
general distribution of ROTI activity, there are also some limitations in the model that can be improved in the 
future.  
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