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Table 3. Values of A, B, R in equation (2) and foF2 (LT; F10,7)         Tbilisi    June

F(10,7) F(10.7)
70 100 130 150 180 210 250 70 100 130 150 180 210 250

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
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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MsaTburis efeqti, klimatis cvlileba da 

grZelvadiani tendenciebi ionosferoSi 

 

daskvna 

 

SemuSavebulia ionosferoSi grZelvadiani tenden-

ciis Seswavlis axali meTodi. arsebuli absoluturi 

da fardobiTi meTodebi ver asaxaven realur suraTs. 
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Cveni meTodiT analizisaTvisM gamoyenebulia mosko-

vis, Tbilisisa da vanimos monacemebi. am SemTxvevaSi 

grZelvadiani tendencia ar daikvirveba. naCvenebia, 

rom mzis aqtivobis efeqturoba izrdeba zenituri 

kuTxis SemcirebasTan erTad, aRwevs ra maqsimums 

SuadRisas. D areSi radiotalRebis STanTqmis, foE da 
foF2 monacemebis analiziT naCvenebia, rom mzis 

aqtivobis roli mcirdeba simaRlis SemcirebasTan 

erTad F aredan D aremde, rac eTanxmeba sxva mkvle-

varTa azrs. naCvenebia, agreTve, rom mzis aqtivobis 

roli mudmiv zenitur kuTxeze ( χcos = 0.2) izrdeba ga-
nedis SemcirebasTan erTad. saWiroa sxvadasxva ga-

nedisa da grZedis monacemTa analizi, raTa gamo-

mJRavndes grZelvadiani tendencia, romelic ar aris 

gamowveuli mzis aqtivobiT (Tu igi arsebobs). 
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ABSTRACT. The new method to study long-term trends in 
the ionosphere is worked out. Existing absolute and relative 
methods do not describe real aspect of trends. Data of Moscow, 
Tbilisi and Vanimo are used to analyze revealing long-term trends 
by our method, but this is not observed in these data. It is shown 
that Solar activity in the ionosphere increases with decrease of the 
Sun’s zenith angle and reaches its maximum at noon. The analysis 
of data on the radio wave absorption in the D region, foE and foF2 
indicate that the role of solar activity decreases with decreasing 
altitude from the F-region down to D-region, that agrees with 
opinion of several investigators. In addition the role of solar 
activity at constant zenith angle ( 0.2•cos = ) increases with 
decreasing latitude. It is necessary to analysis data of another 
latitude and longitude to reveal long term trend (if it exists), which 
is not caused by solar activity. 

1. INTRODUCTION

Man’s expanding activities reached the level at which their effect 
is global in nature. The natural systems, i.e. the atmosphere, land and
sea as well as life on this planet, are being disturbed. It is well-known 
that some natural trace gases in the atmosphere, such as carbon 
dioxide (CO2), nitrous oxide (N2O), methane (CH4) and tropospheric 
ozone (O3), have been increasing during the last century. In addition, 
other gases are being emitted that are not naturally part of the global 
ecosystem, notably chlorofluoro-carbons. These trace gases absorb 
and emit radiation and are thus able to influence the Earth’s climate. 
They will be referred to as greenhouse gases.

The reason for concern about climatic effects is the so-called 
“greenhouse effect” of CO2.
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While CO2 is transparent to incoming short wave radiation from the 
Sun, it absorbs outgoing long wave radiation and re-emits this energy 
in all directions. Therefore, an increase of the atmospheric CO2
concentration leads to a warming of the Earth’s surface and lower 
atmosphere. In addition, it is becoming increasingly clear that a 
number of other greenhouse gases in the atmosphere similarly affect
the radiation budget. Their concentrations are also changing as a result 
of natural and human causes. Since increased concentrations of CO2, 
as well as of those other greenhouse gases, all lead to a warming of the 
Earth’s surface and lower atmosphere, the estimated climatic effects 
and further impacts (e.g. on sea level and agriculture) must be 
considered as a result of combined effect of these potential origins of 
the warming [1].

The long-term continuous increase of greenhouse gas 
concentration in the atmosphere and other anthropogenic influences 
represent serious threat for human civilization. Therefore, it is 
necessary to determine the long-term trends and changes in the 
atmosphere–ionosphere system. The observed long-term trends in the 
20th century might be, however, influenced by contribution of the 
Sun’s origin, and the process of determination of anthropogenic trends 
from observational data may be “spoilt” by the 11-year solar cycle.  
As for the possible solar and geomagnetic activity responsibility for 
part of the observed long-term trends, the two main conclusions are as 
follows: 1. The role of solar and geomagnetic activity in the observed 
long-term trends decreases with decreasing altitude from the F-region 
ionosphere down to the troposphere; 2. In the 20th century the role of 
solar and geomagnetic activity in the observed long-term 
trends/changes was decreasing from its beginning towards its end [2].

More pronounced trends have been observed in the middle and 
upper atmosphere and ionosphere. There is a tendency to attribute 
these trends solely to the increasing concentration of greenhouse gases 
in the atmosphere. However, the observed long-term trends in the 
ionosphere and atmosphere cannot be explained solely by the 
greenhouse effect. The considerable increase of geomagnetic activity 
in the 20th century and the increase of solar activity in its first half 
contribute to trends observed in the 20th century. The existence of the 
strong 11-year solar cycle can result in the incorrect determination of 
trends from shorter data series. 
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The calculation of trends and estimates of long-term changes of 
anthropogenic origin may be affected by solar and geomagnetic 
activity basically in two ways: 1. Inappropriate selection of data 
and/or missing measures to correct for medium-term 
solar/geomagnetic activity variations, which makes the calculation of 
trends vulnerable to a substantial effect of the 11-year solar cycle. 2. 
Long-term changes of solar and geomagnetic activity, which 
contribute to long-term trends.

Long-term changes of solar activity and/or geomagnetic activity 
may play an important role in the observed long-term trends, 
particularly in the ionized component of the atmosphere, in the 
ionosphere [2].

The data on the radio wave absorption in the D region indicate to 
some systematic trends which may be considered as a manifestation of 
a temperature decrease around the mesopause. Analysis of rocket 
measurements of the electron concentration in the D region reveals 
strong enough positive trend in the upper D region. Several groups 
claimed positive trends of the E-layer critical frequency, foE. Also 
negative trends of the ratio of two principal ions in the E region 
([NO+]/[O2

+]) were found. These trends of three independently 
registered parameters may be interpreted as an indication to the 
existence of pronounced trends of dynamical processes at altitudes of 
the D and E regions. In many publications trends of the F2-layer 
parameters have been considered. Trends in both, the critical 
frequency foF2 and maximum height hmF2, were found. It was also 
found that the foF2 trends depend strongly on geomagnetic latitude 
and geomagnetic activity. This fact makes it possible to assume that 
the trends are not a consequence of the «greenhouse” cooling of the 
upper atmosphere (as has been numerously suggested) but manifest 
secular changes of geomagnetic activity, which influences F2-layer 
parameters though ionospheric storms. Trends in ionospheric storm 
number and intensity have also been claimed. However, even if trends 
of a geomagnetic origin input considerably into the observed long-
term changes of foF2 and hmF2, there still may be a 
«nongeomagnetic” component in these changes manifesting 
«greenhouse” (or other anthropogenic) trends. The question is still 
open [3].
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As follows from review, it is necessary to exclusion the influence 
of solar and geomagnetic activity from experimental data for find out 
of long-term trends, i.e. it is necessary to consideration long-term 
changes of parameter at constant activity.

Studies of the long-term changes (trends) in the parameters of the 
upper atmosphere and ionosphere became very popular during the 
recent years [2,4].

There are two different approaches (absolute and relative) to the 
search of long-term trends. It must be said, that neither absolute nor 
relative can give real nature of trends. For example, if Bremer [5] had 
used the formula •X = Xth  - Xexp in place of  •X = Xexp - Xth, he 
would have obtained opposite nature: in place of positive trend he 
would have received negative one and vice versa. Furthermore there 
takes place a big error when average X obtains yearly value; therefore 
it is necessary to point out a root-mean-square-error (•) at figure. 
Probably, long-term changes get within error; therefore there is no 
point in spicing about trends. Some advantages of this method were 
noted by Danilov [4]. In the same place must be noted that Ruiping 
Ma [6] does not select the best method for revealing semiannual 
variations, when averages foF2 during 8h-19h LT period. For this 
period average χcos changes very considerably within a seasons (for 
Chung-Li average χcos is twice more in summer than in winter). It 
will be better, if Ruiping Ma take out foF2( χcos = const). 

Critical frequency of layers E and F2 depends on the sun’s zenith 
angle and activity, and so it is necessary to calculate the parameter at 
constant zenith angle (for example χcos =0.2) and the same activity.

The calculation foE at constant zenith angle is possible by well-
known formula foE = (foE)o χncos . It is necessary to point out, that as 
the Earth is spherical χcos must be changed by Chapman’s function 

at sunrise and sunset ( χ • 750). The experiment shows that diurnal 
variation of foE will be better described by second degree polynomial 
foE = k + bt + at˜ (t = LT), from which it is easy to calculate 
foE( χcos = const) (if we have before calculated t ( χcos = const)) 
and time of relaxation – shift of noon maximum of foE to evening 
hours [7]. The foE( χcos = const) has seasonal variations of so-called 
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winter anomaly [8], therefore it is necessary to compute • when 
calculating average yearly value.

It is possible to calculate foF2( χcos = const) by method of 
Tukhashvili [9] (see appendix).

2. EXPERIMENTAL RESULTS

The data necessary for these investigations were extracted from 
World Data Center (WDC1, Chilton, UK), specifically, foE and foF2 
(Juliusruh, •=54.6° N and Tbilisi, •=41.7° N) and data of 
radiowave’s absorption (Neustrelitz, •=53.5° N, method A3 (G. 
Entzian, private communication) and Tbilisi, method A1) were used.

Behavior of coefficient B in equation y = A + B*F10.7 (1) ( where 
y = foE or foF2) are investigated. As seems from (1) B defines rate of 
critical frequency/electron concentration change with increasing of 
sun’s activity. It is found that B increases with decrease of the sun’s 
zenith angle and reaches its peak in the noon.

Fig.1 shows that the role of solar activity decreases with 
decreasing altitude from the F-region down to the D-region: B 
decreases from F-region to the E region from 0.034 to 0.006 (Tbilisi) 
and from 0.018 to 0.0065 (Juliusruh). Correlation coefficient R 
between line and experimental points decreases from 0.96 (F region) 
to 0.79 (D region) by data of Tbilisi and 0.92 (F region) to 0.39 (D 
region) by data Juliusruh and Neustrelitz.
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Fig.1 Dependence noon values of critical frequencies of E and F2 
layers and radio wave absorption (L) at activity of the Sun   
by data of Tbilisi and Juliusruh for June

Parameters of ionosphere depend on the sun’s zenith angle as well 
as on the activity, therefore it is necessary make use of parameters at 
constant zenith angle and activity for calculation of trends.

Fig.2 shows the results obtained by analysis of data of the 
following points: Moscow (˜ = 55.50 •=37.300), Tbilisi (˜ = 42.50; • 
= 44.80) and Vanimo (˜ = -2.70; • = 141.30). Y = A + B*F10.7 (1) is 
equation, from which model values of parameters were obtained; Y = 
foE(foF2) and F10.7 is solar 10.7 cm radio flux. In Table 1 values of 
coefficients A and B are given. Experimental points coincide with 
model one within error and so the long-term trend is not observed by 
those data.
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Table1

Values of coefficients A and B in equation (1)
Station foE foF2

A B A B
Moscow 1.96 0.0032 2.62 0.034
Tbilisi 1.88 0.0042 2.74 0.036
Vanimo 4.50 0.041

The analysis of data indicates that the role of solar activity 
decreases with decreasing altitude from F-region down to E-region (B
in (1) decreases from 0.034 to 0.0032 by data of Moscow and from 
0.036 to 0.0042 by Tbilisi; see Table 1). This agrees with the opinion 
of several investigators [2]. On the other hand B increases with 
decreasing latitude from 0.034 (Moscow) to 0.041 (Vanimo) by foF2 
and from 0.0032 (Moscow) to 0.0042 (Tbilisi) by foE (foE data of 
Vanimo was not enough). 

It is possible to reveal foE and foF2 long-term trends, which are not 
caused by solar activity (if it exists) by analyzing data for another 
latitude and longitude.
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Fig.2. Long-term changes of model values (black points) and 
experimental ones (white area of circle) of foE and foF2 at 
 χcos = 0.2. Long-term trends are not observed these data –
experimental points coincide with model ones within error.
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APPENDIX

About calculation of model value: foE, Table 2.

A and B coefficients in formula (1) had been calculated for every 
hour. R – coefficient of correlation between experimental points and 
line (1). By A and B foE was calculated for different activities: 
F10.7=70; 150; 250. For every activity there are given equations, 
obtained by the second degree polynomial fit foE = k + bt + at2 (2) (t 
= LT), with suitable R. tm and te are times when χcos =0.2 morning 
and evening accordingly. foE( χcos = 0.2) calculated by equation (2) 
are given in the end of the Table 2.

A and B coefficients were calculated for yearly average values of 
foE( χcos =0.2). It is possible to calculate model values of 
foE( χcos = 0.2) by formula (1) by determined  A and B.

Experimental values of foE( χcos =0.2) were calculated by 
formula (2) for every month for given year and then yearly average 
value with suitable • was calculated.

Table 3 was made analogically to Table 2. tm = 5.67 i.e. 5h< tm<6h. 
Let us assume that foF2 changes linearly during 5h - 6h interval. Using 
the formula of dividing segment line into given ratio, it follows:
foF2(tm)=F1(tm)=(F1(5h)+Im*F1(6h))/(1+Im) when foF2( χcos =0.2)=
foF2(tm)= F1(tm) and Im=( tm-INT(tm))/(INT(tm+1)- tm). Evening value 
foF2( χcos = 0.2) = F2(te) was calculated analogically.
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Table 2.  Values of A, B, R in equation (2) and foE(LT; F10.7) 
Tbilisi, June

F10.7
tm te 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+at^2 R
foE(70) =-85.46434+69.43147* t-2.87063* t^2 0.9999
foE(150) =-91.03963+78.19231*t-3.2296*t^2 0.9999
foE(250) =-104.39767+90.23147*t-3.71911*t^2 0.9999

foE( 0.2•cos = )
morn. 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
even.

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


