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The newly revised sunspot number, SSN2, since July 1, 2015 [1] presents a 

potential source of increased errors of the ionospheric models [2] which were built 

using the predecessor SSN1 index. In order to adapt the International Reference 

Ionosphere and Plasmasphere (IRI-Plas) model to re-calibration of the sunspot 

numbers, eight new options of the solar and ionospheric proxies of solar activity are 

incorporated into the IRI-Plas code for a period from 1948 to 2020 [3-4]: (1) the basic 

time series of sunspot number, SSN1; (2) renewed time series of sunspot number, 

SSN2; (3) the solar radio flux F10.7; (4) composite Magnesium II core-to-wing Mg 

II doublet (h and k ions of 279.56 and 280.27 nm); (5) the composite Lyman- time 

series based on measurements from multiple instruments and models to construct a 

long time series history of the bright solar H I 121.6 nm emission; (6) the ionosphere 

total electron content TECgn-noon based index; (7) global electron content in the 

ionosphere and plasmasphere, GEC; (8) the effective global ionospheric index IG, 

derived from foF2 critical frequency measured by the ionosonde network. The 

updated IRI-Plas model with the above solar and ionospheric proxy indices are 

provided at http://ftp.izmiran.ru/pub/izmiran/SPIM/ and http://www.ionolab.org/. 

The solar radio flux (F10.7 index) is entered by IRI-Plas code in all solar 

proxy options either alone or combined with any other solar activity (SA) input 

option. All indices are smoothed with 12-month window centered on given month 

(using 6 preceding month’s data and 6 following month’s data) for each month from 

1948 to 2018 including their prediction for 2018-2020. All indices except for F10.7 

are scaled to level of SSN1 base index on which global original maps of the 

ionosphere F2 layer peak parameters are based [5]. In particular, the renewed 

series of sunspot numbers is reduced to the base index of sunspot numbers with the 

formula (1) [2]: 

 

SSN112 = 0.7×SSN212                                                   (1) 

 

Scaling coefficients for the other indices of solar and ionospheric activity are deduced 

from their regression dependencies on SSN1 [4]. 

12-month smoothing the SA indices centered on given month is ceased 6 

months prior to current time so there is a need for predicting the selected indices for 6 
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months ahead for the real time model application or for the longer period of time with 

the model predictions for the future. To avoid this shortcoming of the model, one 

should apply the short-term effective proxy indices of SA [6-9], based on daily 

measurements of the source indices. In order the short-term proxy of SA could be 

used with the ionospheric model the daily index for the current day should be 

available. 

The regression relation (2) of the daily value of the base SSN1d index with the 

daily SSN2d index is deduced with their measurements from July, 2008, to May, 2015 

(Fig. 1) for the solar cycles SC23 and SC24 [10]: 

 

SSN1d =                            (2) 

 

 

 
 

Fig. 1 

 

Calculation of the daily index, SSN1d, with formula (2) is produced daily at the 

Ionospheric Weather site (http://www.izmiran.ru/ionosphere/weather/) in the 

Table “Indices kp and ap and current forecast”. In the penultimate column of the 

Table the SSN1d index is produced with Eqn. (2). In the last column F10.7 index is 

provided from (ftp://ftp.geolab.nrcan.gc.ca/data/solar_flux/daily_flux_values/). 

Starting from July, 2015, the production of the basic daily SA index SSN1 is 

ceased (Fig. 2, gray area), replaced by production of SSN2 at 

(http://www.sidc.be/silso/datafiles/). The measured SSN2d during SC23 and SC24 

are plotted in Fig. 2 (the red lines), the measured SSN1d before July, 2015 (the green 

lines), and model results of SSN1d with Eqn. (2) from July, 2015, up to present time 

(the blue lines, gray area).  

http://www.izmiran.ru/ionosphere/weather/
ftp://ftp.geolab.nrcan.gc.ca/data/solar_flux/daily_flux_values/
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Fig. 2 

 

The integral indices F10.7(), SSN1(), TECgn() and so on are proposed [8-9] 

for driving the ionospheric model, which present accumulation of history of the daily 

index for the preceding 27 days (a solar rotation) with the exponential smoothing [7]. 

Implementation of the short-term integral indices of the type of SSN1(), F10.7(), 

TECgn() instead of prediction of SSN112, F10.712, TECgn12 for monitoring the 

current state of the ionosphere requires further validation of the model accuracy with 

the ionospheric data. 

 
Литература 

1. Clette, F. et al. // Space Sci. Rev., 2014, V.186, Is. 1, pp. 35–103. 

2. Gulyaeva T.L. // Solar-Terr. Phys. 2016. V. 2, Is.3, pp. 59-68 (in Russian). 

3. Gulyaeva, T. et al. // Int. J. Sci. Eng. Applied Sci. 2017. V. 3, Is. 5, pp. 144-150. 

4.  Gulyaeva, T.L. et al. // J. Atmos. Solar-Terr. Phys. 2018. V.172, pp. 122-128, 

https://doi.org/10.1016/j.jastp.2018.03.025, 2018. 

5. CCIR // CCIR Atlas of ionospheric characteristics. Comité Consultatif International des 

Radiocommunications, 1966. 

6. Maruyama, T. // J. Geophys. Res. 2010. V.115, A04306, DOI:10.1029/2009JA014890. 

7. Wrenn, G.L. // J. Geophys. Res. 1987. V. 92, pp. 10125-10129.  

8. Shubin, V. // Geomagn. Aeronomy. 2017.  V. 57, Is. 4, pp. 450-462 (in Russian). 

9. Gulyaeva, T.L., Gulyaev, R.A.// J. Atmos. Solar-Terr. Phys. 2018. V.179, pp. 165-173, 

https://doi.org/10.1016/j.jastp.2018.07.007, 2018. 

10. Gulyaeva, T.L. // Solar and Solar-Terr. Phys.-2017, 2017. Proc. GAO-RAS, pp. 127-130 (in 

Russian). 

 


