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 Climatological 3D model through empirical formulas 
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N(h) model with free parameters 

1) NmF2 

2) hmF2 
3) NmF1 
4) B0 
5) B1 
6) D1 

 Adaptive Ionospheric Profiler (AIP) 
applied by Autoscala 

 12 free parameters 

7) NmE 
8) hmE 
9) hvE 
10) dhvE 
11) dNvE 
12) ymE 

F region 

E region 



Climatological 3D model 

IRI 

Bradley and 
Dudeney (1973) 

Mahajan et al. (1997) 

Davies, 1990 
Titheridge, 2000 

foE 

ymE=15 km 

hmE=110 km 

Reinisch e 
Huang (2000) 

Jones et al. 
(1969) 

Bradley and 
Dudeney (1973) 

IRI 
DuCharme and 

Petrie (1973) 

B0 = B0(NmF2, NmE, hmF2, hmE, dhvE) 
B1=3 

foF2 foF1 

c dependent variation 



Real-time 3D model 
 Climatological 

parameter 
Pibase Pi= Pibase+Pi 

variation Pi 

Actual 
value 

• foF2 
 Parameters varied 

• hmF2 

• dhvE 

• B0 

fixed variation ranges 

different day/night 
variation ranges 

variation in a growing 
around of B0base] 

 Minimazion 
of RMSD 

• foF2 

• hmF2 

• dhvE 

• B0 

𝑅𝑀𝑆𝐷 =
 𝑓𝑝[𝑖𝑜𝑛𝑜𝑠] ℎ

𝑖 − 𝑓𝑝[𝑚𝑜𝑑𝑒𝑙] ℎ
𝑖 2𝑁𝑡𝑜𝑡

𝑖=1

𝑁𝑡𝑜𝑡
 



 March 27, 2015 at 12:45 LT 

 from Rome and Gibilmanna data  

Products 

 foF1  foF2 

 fp at fixed altitude 



 fp at fixed latitude  fp at fixed longitude 



Model validation 

 Test period: 
June 26, 2013 – July 4, 2013 

 Test: 

adaptation to data from 
Rome and Gibilmanna 

comparison against data from 
San Vito dei Normanni 

+ 

• DPS-4 ionosondes 

• ARTIST  

• AIS-INGV ionosonde 

• Autoscala 

Kp=6+ 

Moderate 
Geomagnetic Storm 



Results 
 Nighttime averaged values  Daytime averaged values 

% adapted 

quiet 95.65 

disturbed 88.70 

daytime 91.82 

nighttime 91.75 

all 91.79 

% adapted 

quiet 98.44 

disturbed 96.47 

daytime 97.18 

nighttime 97.44 

all 97.32 

 using all 
available 

fp(h) 

 using only 
validated 

fp(h) 



 fp(h) profiles at 
San Vito dei Normanni 

Good 
accuracy 

Poor 
accuracy 



Quiet days 
Disturbed 

days 



Daytime hours  

Nighttime 
hours  



Conclusions 
 The regional adaptive and assimilative 3D ionospheric model proposed 

demonstrates an ability to adapt to the ionospheric conditions observed 
at a given moment 

 RMSDRome and Gibilmanna  

 RMSDSan Vito 

adaptability 

accuracy for modeling  fp 

• indipendent of 
geomagnetic conditions 

• slightly better during daytime 

• slightly better in geomagnetically 
quiet conditions  

• somewhat better during daytime 

 Quite good degree of adaptability 0.1 MHz (URSI standard) 

 The percentages of success of the adjustment procedure for each different data 
class  are higher when we consider only validated profiles 

capability of the model of 
rejecting the low quality profiles 

under all conditions the model is 
able to fit more frequently correct 

profiles than incorrect ones 



Thank you 
for your attention! 



foF2 [MHz] hmF2 [km] dhvE (night) [km] dhvE (day) [km] 

min -4.0 -150 10 -7.5 

max 4.0 150 105 40.0 

step 0.1 15 5 2.5 

# values 81 21 20 20 

# combinations 34020 34020 

B0
[n] = (-1)n+1 ∙ n ∙ 0.05%  ∙ B0[base] n = 0, … N 

 
(until the algorithm is able to adapt the profile) 

B0 = B0
[N] 


