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interval gives negligible error. Using the formula of dividing segment 
line into given ratio, gives: 
 

foF2(tm) = F1 = (F1(5h) + Im ⋅ F1(6h))/(1 + Im), 
 
where Im = ( tm -INT(tm))/(INT(tm +1)- tm). Evening value foF2( cosχ = 
0.2) = F2 was calculated analogically. 

Values of foF2( cosχ = 0.2) = (F1 + F2)/2 will be defined for every 
month and then yearly average values for several activities will be 
calculated. It is possible to describe this data by line foF2( cosχ = 0.2) 
= th thA B+ ⋅ F10.7 and calculate thA  and thB , that enables to calculate 
model values of foF2( cosχ = 0.2 for any activity.  

Experimental values of foF2( cosχ = 0.2) will be found for each 
month every year by using mt  and  as it was described above. Then 
yearly average value will be evaluated with corresponding σ.  

et

Fig.1 shows the results obtained by analysis of the following data: 
Moscow (φ = 55.50; λ = 37.300 1958-1990), Tbilisi (φ = 42.50; λ = 
44.80, 1964-1986) and Vanimo (φ = - 2.70; λ = 141.30 1967-1990). 
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Fig.1. Long-term changes of model values (black circles) and  
           experimental ones (white circles) of foE and foF2 at cosχ =  
           0.2. Long-term trends are not revealed by this data -           
           estimation errors of the experimental points cover the model  
           ones 
 

odel values of both foF2(M cosχ = 0.2) and foE( cosχ = 0.2) are 
ca ental 
v  
th he 
m
with corresponding 
fall within the error limits of the model points and so the long-term 
tr ore 

lculated for the activity, which corresponds to their experim
alues. Fig.1 shows, that the parameters depend on the sun’s activity –
ey reach their maximum in the period of an active sun and t
inimum – in the period of a quiet sun. Experimental values are given 

σ. As it is obvious from Fig.1, experimental points 

ends were not observed by these data. Fig.2 shows m clearly that 
the long-term trends are not observed by these data. Dependence 
between theoretical (model) and experimental values of parameters 
(foE or foF2 at cosχ = 0.2) are described by equation: Y = A + B⋅X 
where X is the model value and Y – the experimental one. A = 0 and B 
= 1 in the ideal case, when the model value is equal to the 
experimental one. As it is seen from Fig.2, difference between ideal 
and experimental values of A and B is negligible – A ≈ 0 and B ≈ 1 
within the error limits. Correlation coefficients are high (R > 0.97) 
too. It follows that conclusion by [4] about long-term trends being 
observed by data of Moscow and Tbilisi is erroneous. Values of A and 
B coefficients in (3) are given in Table 3.  
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Fig.2. Dependence between theoretical(model) and experimental  
          values of foE and foF2 at cosχ = 0.2. R is correlation  
          coefficient between Y = A + B⋅X  line and experimental  
          points. 
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Table3.     
     

s of coefficients A and B in equation (2) Value
Station foE foF2 

 A B A B 
Moscow 1.96 0.0032 2.62 0.034 
Tbilisi 1.88 
Vanimo 

0.0042 2.74 0.036 
4.50 0.041   

 
The data  decreases 

with decrease of an altitude from the F- down to the E-region (B 
decreases fro  0.034 0032 -region) by data of 
Moscow  0.036 to 0.0042 by those of Tbilisi). This agrees 
with the  of s  inv s [  the hand, B 
increase creas  0.034 (Moscow) to 0.041 
(Vanimo) (  E-
reg

ecreases with decrease of an 
 F- down to E-region  

 at constant zenith angle (

 analysis indicates that the role of solar activity

m (F-region) to 0.  (E
 and from
 opinion everal

e f latitude
estigator 2]. On  other 

s with de
F-region) and 0.0032 (Moscow) to 0.0042 (Tbilisi,

 o  from

ion). (foE data of Vanimo were not enough).  
Revealing of foE and foF2 long-term trends (if those exist), which 

are not caused by activity of the sun, is possible by analyzing data for 
several latitudes and longitudes.  
 

CONCLUSIONS 
 

1. A new method of investigation of long-term trends in the 
ionosphere is introduced. Using of ionosphere parameters 
at constant zenith angle and same activity makes the long-
term trends independent of the solar activity.  

2. The role of solar activity d
altitude from

3. The role of solar activity cosχ = 

4. 

isi [4]. The 

0.2) increases with decrease of latitude.  
Result, obtained by this method, opposes a statement 
about the long-term trends of foE and foF2 parameters 
being observed by data of Moscow and Tbil
analysis of data by this method for several latitudes and 
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longitudes asserts or disclaims (that is more pro e) 
existence of the long-term trends in the ionosphere.    

babl
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q. tuxaSvili, v. yandaSvili, j. mdinaraZe, 

k. oTaraSvili, m. miminoSvili 

grZelvadiani tendenciebi ionosferoSi 

(meTodi da zogierTi Sedegi) 

   

 

SemuSavebulia ionosferoSi grZelvadiani tenden-

ciebis kvlevis axali meTodi. Mmudmivi zenituri kuT-

xis da aqti gamoyeneba 

elvadian tendencias aTavisuflebs mzis aqtivo-

bisa da zenituri kuTxis cvlilebis gavlenisagan. am 

TodiT miRebuli Sedegi ewinaaRmdegeba im mtkice-

bas

 

  
daskvna 

vobis Sesabamisi parametrebis 

grZ

me

, TiTqos moskovisa da Tbilisis monacemebiT dai-

kvirveba foE da foF2 parametrebis grZelvadiani tenden-

cia. sxvadasxva ganedebis da grZedebis monacemebis 

analizi daadasturebs an uaryofs (rac ufro mosa-

lodnelia) im grZelvadiani tendenciis arsebobas, 

romelic ar aris gamowveuli mzis aqtivobiT.  

 

 172


	Tbilisi State University


121Tukhashvili.pdf
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ABSTRACT. A new method of investigation of long-term 
trends in the ionosphere is introduced. Using of ionosphere 
parameters at constant zenith angle and same activity makes the 
long-term trends independent of the solar activity and zenith 
angle. This method opposes a statement about long-term trends of 
foE and foF2 parameters observed by data of Moscow and Tbilisi. 
The analysis of data by this method for several latitudes and 
longitudes asserts or disclaims (that is more probable) existence of 
the long-term trends not caused by the solar activity in the 
ionosphere.    

 
1. INTRODUCTION 

 
Studies of long-term trends of the parameters of upper atmosphere 

and ionosphere became very popular during recent years [1,2]. There 
are two different approaches (absolute and relative) to investigation of 
long-term trends. Absolute values of foF2 and hmF2 trends are looked 
for in the absolute method. The principal formulae are given in [3]. 
The theoretical (model) value of the parameter X (it may be foF2, 
hmF2, foF1 etc.) is obtained as a result of the data regression in terms 
of a solar activity index [3]: 
 

X(th) = A + B R 
or 
 

X(th) = A + B R + C R2. 
 
The author tried also to include into the regression the magnetic 
activity index                                       
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X(th) = A + BR + C Ap 
 
but found no significant effect in the trends. 

Then the difference between the observed X(exp) and modeled 
X(th) values is found: 

 
∆X = X(exp) - X(th) 

 
The ∆X values were then presented versus the years considered: 
 

∆X = a + bY, 
 
where Y is a year, and the slope b was taken as an absolute trend (in 
MHz per year for foF2 and in km per year for hmF2). 

Having analyzed the data of 31 ionospheric stations in the 
European region, there were obtained  foF2 trends of various signs and 
values [4]. It was detected no dependence of the trends on latitude, but 
some longitudinal effect, the trends to the west from λ = 30 E being 
mostly negative and the trends to the west from λ = 30 E being mostly 
positive.  

Unfortunately, the absolute method of trend determination applied 
by [4] has some disadvantages which may cause negative results on 
the  foF2 and  hmF2 trends finally obtained [1] 

[5,6] proposed a method of long-term trend determination 
different from that used by other authors.  

The principal formula is: 
 

δX = [X(obs) - X (mod)]/X(mod), 
 
where X stands for foF2 or hmF2 and the third-degree polynomial in 
terms of the sunspot number R is used as a model. 

It must be mentioned that neither of them allow finding the real 
character of trends. Furthermore, error of estimation of yearly average 
of X is rather considerable. Therefore, it is necessary to display every 
point of the plot with its root-mean-square-error (σ). If long-term 
changes of the parameters fall within the error limits, revealing of 
trends is not possible. It should be also pointed out that selection of 
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the method in work [7] in order to reveal semiannual variations of 
average of foF2 within 08:00-19:00 LT was not quite accurate. 
Average of cosχ  for this period of day changes very considerably by 
seasons (within those hours average of cosχ  is twice as much during 
summer than during winter in Chung-Li). It would be better, if 
Ruiping Ma used F2( cosχ = const).  

 
2. EXPERIMENTAL RESULTS 
 
The data necessary for these investigations were extracted from 

World Data Center WDC1, Chilton, UK. Data of different latitudes 
are used. 

Critical frequencies of E and F2 (foE and foF2) layers depend on 
the zenith angle and activity of the sun. So, it is necessary to calculate 
the parameters at constant zenith angle (for example cosχ = 0.2) and 
for the same activity. 

The calculation of foE at constant zenith angle is possible by 
means of a well-known formula      

 
 foE = (foE)o cosn χ               (1)   

 
It is necessary to point out that as the Earth is spherical, 

cosχ must be replaced by Chapman’s function at sunrise and sunset 

( ). Experiments show that second degree polynomial  075χ ≤
 

                          foE = k + bt + at²                          (2)   
   
(t = LT) describes diurnal variation of foE better than (1). It is easy to 
calculate foE( cosχ = const) (if we have calculated t ( cosχ = const) in 
advance) and relaxation time  – shift of noon maximum of foE towards 
evening hours [8]. The foE( cosχ = const) is characterized by seasonal 
variations – so-called winter anomaly [9,10]. Therefore, it is necessary 
to compute σ when calculating average yearly value of X. In Table 1, 

and are points, when comt et sχ = 0.2 in the morning and in  
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  Table 1.             
         
 Values of A, B, R in equation (2) and foE(LT; F10.7)  
      Tbilisi  June   
              F10.7 

mt  et  LT     A   B   R 70 150 250 
                 foE(LT; F10.7) 
5.7 18 7 226.74 0.47 0.91 2.60 2.98 3.45 
  8 250.11 0.52 0.94 2.86 3.28 3.79 
  9 267.80 0.56 0.92 3.07 3.51 4.07 
  10 281.23 0.58 0.88 3.22 3.68 4.26 
  11 289.53 0.59 0.86 3.31 3.78 4.38 
  12 292.29 0.60 0.85 3.34 3.82 4.43 
  13 290.23 0.60 0.85 3.32 3.80 4.40 
  14 282.86 0.59 0.87 3.24 3.71 4.30 
  15 270.13 0.57 0.90 3.10 3.55 4.12 
  16 253.02 0.54 0.93 2.91 3.33 3.87 
  17 230.43 0.50 0.94 2.65 3.05 3.55 
foE = k + bt + at2   R 
foE(70) = - 85.46434 + 69.43147⋅t -2.87063⋅t2             0.9999 
foE(150) = - 91.03963 + 78.19231⋅t - 3.2296⋅t2               0.9999 
foE(250) = - 104.39767 + 90.23147⋅t - 3.71911⋅t2           0.9999 
         
    foE( cosχ = 0.2)   
    morning                   average 
      E1 (E1+E2)/2 
     k     b   a F10.7    
  -85 69.431 -2.9 70 2.17  2.20 
  -91 78.192 -3.2 150 2.50  2.54 
  -104 90.231 -3.7 250 2.89  2.95 
      evening  
      E2   
  -85 69.431 -2.9 70 2.24   
  -91 78.192 -3.2 150 2.58   
    -104 90.231 -3.7 250 3.01     
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the evening correspondingly. Data of Tbilisi (June 1964-86) are used. 
Hourly data from 7 h till 17 h were interpreted by formula 

                                 y = A + B⋅F10.7                                        (3) 
(y = foE,  F10.7 is the solar radio flux at 10.7 cm in units 10-22 W⋅m-2) 
and A and B were calculated. There are given correlation coefficient R 
between line (3) and experimental points in the Table. foE(LT)  
calculated by coefficients A and B for several  F10.7 (F10.7 =70; 150 
and 250) are given in the last three columns. Diurnal variations of foE 
are described by second-degree polynomial (2) and corresponding 
equation with correlation coefficient R between curve (2) and 
experimental points are also given in Table. Substitution of  and mt et  

for t gives afternoon values (E1) and forenoon values (E2) of   
foE( cosχ = 0.2) correspondingly. There are given the values of 
foE( cosχ = 0.2) = (E1 + E2)/2  for June at each activity in the Table. 
It will be calculated for the rest of the months analogically. After that, 
early mean value of foE( cosχ = 0.2) for several activities will be 
calculated and the line foE( cosχ = 0.2) = thA + thB ⋅F10.7 will be 
drawn through the points corresponding the calculated early mean 
values of foE( cosχ = 0.2). Definite thA  and thB  enable to calculate 
model values of  foE( cosχ = 0.2) for any activity.  

Experimental values of foE( cosχ = 0.2) of every month for given 
year were calculated by formula (2) and then its yearly average with 
corresponding σ was evaluated.  

Calculation of foF2( cosχ = const) is possible by method of [11] 
(see Table 2). As in the previous case, Tbilisi data of June 1964-86 
are used here. It is drawn a line according (3) through the points that 
correspond to hourly data of June for every year and calculated A and 
B coefficients with correlation coefficients R given in the Table 3. 
Values of foF2(LT) calculated by A and B (formula (3)) for several 
F10.7 are given in Table too. and mt et  are points, when cosχ = 0.2 
in the morning and in the evening correspondingly. = 5.67 follows  

5

mt
h < tm < 6h ; Assumption, that foF2 changes linearly within 5h – 6h  
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Table 2.                                     
      Values of A, B, R in equation (2) and foF2(LT; F10.7)         
            Tbilisi June                     
              

     

  F(10.7) F(10.7)

      70
 

10
0 

13
0 

15
0 

18
0 

21
0 

25
0 

70
 

10
0 

 

13
0 

 

15
0 

 

18
0 

 

21
0 

 

25
0 

 
    LT A B R foF2(LT; F10.7) 

  
              

tm=  5.67 0 27 0.27 0.94 46 54 63 68 76 85 96
te=  18.33 1           

             

            
                 

                    
           

           
            
                 

25 0.28 0.94 45 53 61 67 75 83 95

Im= 2.00 2 20 0.3 0.96 41 50 59 65 74 83 95

Ie= 
 

0.50
 

3 16 0.31 0.95 38 47 56 63 72 81 93
4 14 0.31 0.97 35 44 54 60 69 78 90 F1
5 20 0.28 0.95 40 48 57 62 71 79 91 45

 
54
 

62
 

68
 

76
 

85
 

96
   6 28 0.28 0.94 48 56 65 71 79 88 99

 7 32 0.29 0.94 52 61 70 76 84 93 105 
8 34 0.29 0.95 55 64 73 78 87 96 108 
9 32 0.33 0.96 55 65 75 82 92 102 115 
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Table 2 (To be cont.)                
      Values of A, B, R in equation (2) and foF2(LT; F10.7)
      

        
          Tbilisi June 

            
      

     

  F(10.7) F(10.7) 

70
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0 

70
 

 

10
0 

 

13
0 

 

15
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18
0 
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0 

 

25
0 

 LT A B R foF2(LT; F10.7) 
  10 36 0.32 0.94 59 68 78 84 93 103 115         (F1 + F2)/2 
              
         
                
                
                 
                
                 
               
                
          
                 
                 

11 36 0.33 0.94 60 70 80 86 96 106 119 52
 

60
 

  68
 

73
 

81
 

89
 

99
 12 36 0.34 0.96 60 70 80 87 97 107 121 

13 33 0.36 0.96 58 69 80 87 98 109 123 
14 31 0.36 0.95 56 67 78 85 96 106 121 
15 31 0.34 0.97 54 64 75 81 91 101 115 
16 29 0.33 0.97 52 62 72 78 88 98 111 
17 31 0.3 0.96 52 61 70 76 85 94 106 
18 34 0.28 0.95 54 62 70 76 84 93 104 F2
19 39 0.26 0.95 57 65 73 79 86 94 105 59

 
66
 

74
 

78
 

86
 

93
 

102
 20 49 0.19 0.87 63 68 74 78 84 89 97

21 44 0.22 0.91 59 66 73 77 84 90 99
22 43 0.21 0.93 57 63 69 74 80 86 94

    23 36 0.23 0.92 52 59 66 70 77 84 93               
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