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Abstract— It is said that ionosphere plays a vital role on electromagnetic waves (3 to 30 MHz) transmitted from ground station and after 
striking ionosphere reaching receiving station. Reflection and refraction of waves from ionosphere is dependent upon incident angle of 
transmitted wave, altitude from which it is returned, season, temporal variations due to solar radiations, sunspots and geomagnetic field 
deviation. In this communication the F  layer data recorded at Pakistan Space & Upper Atmosphere Rsearch Commission (SUPARCO) 
Islamabad Ionosphere Station (SIIS) for the year 2005 has been considered. These data have been used to compute refractive index for 
hourly observed ordinary wave frequency in the range of (3.04 to 8.29 MHz). The geographic position of SIIS is latitude 33.75 °N and 
longitude 72.87 °E. To get insight parametric relationship, exploratory data analysis has been performed. The estimation of parametric 
variability is modeled using standard technique; data distribution, trend, regression and stochastic analysis. This study helps us in 
predicting and forcasting sky wave propagation for this region.  

Index Terms— Critical Frequency, Exploratory data analysis, Plasma, Sky wave propagation, Sunspot dynamics, Temporal variations, 
Total electron count.  

——————————      —————————— 
 

1 INTRODUCTION                                                                     

HE existence of ionosphere as electronically conducting 
region had been postulated earlier in1883. The ionos-
phere exists in the altitude of 70 to 600 Km above the sea 

level. It contains free electrons and ions produced by solar 
ionizing radiation. Ionosphere regions are designated as C, D, 
E and F, described by degree of ionization dependent on 
strength of solar radiations. The most important ionizing 
agents are ultrav iolet, α, γ radiation from the sun, cosmic 
rays and meteors [1]. In the presence of magnetic field, the the 
ionosphere is a doubly refracting medium and two modes of 
propagation exist; ordinary and extraordinary [2]. The effect 
of variation in the magnetic field was explained in 1902. The 
ionosphere tends to be straitified, rather than regular, in its 
distribution. The layers show electron density peaks, the ioni-
zation is the greatest in the summer and day time, least in the 
winter and night. The sunspot, a standard index of solar ac-
tivity has direct influence on the radio flux density of ionos-
phere [3]. In 1924 Appleton, Barnett, Breit and Tuve measured 
the height of the ionosphere reflecting layers. F  region study 
was carried out during 1972 to 1975 with the help of NASA-
AEROS and AEROS B satellites [4]. The ionosphere is a region 
having refractive index lesser than unity computed with re-
spect of critical frequency of radio wave. In this study for ob-
lique sounding observed critical frequency for the year 2005 
over Islamabad region has been used to examine the parame-
ters of interest to present analysis, regression, correlation, 
modeling and forecasting to obtain results and conclusions.       
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2 THE  LAYER     
The F layer extends 100 Km to 300 Km and is maintained 

during day and night. In the daytime, the F region is bifur-
cated into F  and F layers. The F layer is the region extending 
at altitudes ranging from 150 Km to 210 Km which presents a 
regular stratification at mid latitudes. The total electron con-
centration (TEC) in F layer is greater than F layer because of 
smaller electron loss. In F layer the typical value of electron 
concentration are 5 ∗ 10  electron m⁄ in the night and 
20 ∗ 10  e m⁄ during sun shine and is heavily infuenced by a) 
neutral winds, b) diffusion and c) by different other dynamic 
affects [4].  

 
3 METHODOLOGY      

Recorded critical frequency (f ) of F layer using DGS-256 
(Transmitter-Receiver equipment) at SIIS has been used to 
compute electron density (N ) and refractive index (μ) by im-
plementing mathematical relationships. To get insight know-
ledge of variability of computed parameters, exploratory data 
analysis has been performed. This analysis has provided com-
plete behaviour of graphical representation of univariate and 
bivariate modes. The stochastic approach has been utilized to 
detect the dynamics of data. Smoothing is performed using 
exponential technique. All these analysis have been performed 
using Statistica and Minitab software tools.     

 
In our case the peak value of electron density is calculated 

with respect to measured ordinary wave frequency with the 
help of expression in Eq-1&2 [1,3 & 5].  

 
        f  = √80.8N    9 N            (1) 
N  = 1.24 ∗ 10 f MHz)   e/cm       (2) 
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The computed electron concentration minimum and 
maximum values are between 1.1384 ∗ 10 ⁄  and 
8.5166 ∗ 10  ⁄ with mean of 3.464 ∗ 10 having standard 
deviation of 8.787∗ 10 . 

  

3.1   Mechanisum of Refraction in Ionosphere 
 The ionosphere consists of weakly amd strongly plasma. 

A vertically launched wave can be reflected and an oblique 
waves are progressively bent away from the vertical. The 
amount of refraction depends on three factors, i) the density 
of ionozation of the layer, ii) the frequency of the radio wave, 
and iii) the angle at which the wave enters the layer. Total 
refraction occurs when the collision frequency of the ionos-
phere is less than the radio frequency and if the electron den-
sity in the ionosphere is great enough. The velocity of an elec-
tromagnettic wave in vacumn is equal to velocity of light (c) 
but in ionosphere medium it is given by u c μ⁄  where (μ) is 
the refractive index of ionosphere medium rather than prop-
erty of wave. In the simplified form refractive index men-
tioned in Eq-3 of ionosphere is given by Appleton-Hartee 
expression [1, 4 & 5].  

μ = 1 – 
 
  
     

  
        

   (3) 

 
The X, Y and Z are magnetoionic parameters defined as: 

where,         X = 
 

ε ω
  

  

Y  = 
 

ω
 = Y cosφ  and  Y  = 

 

ω
 = Y sinφ 

 
Where  is the angle between the propagation direction and 
the geomagnetic field; then ω    ω  cosφ and ω ω  sinφ, 
in the simplest case, when there are no collisions (  = 0) and 
the magnetic field is neglected (Y = Y  = 0) the Eq-3 is mod-
ified as mentioned in Eq-4 [4&5]. 
  

                μ  = 1 X 1  ω  / ω  
                          1 N e  / ε mω      (4) 

 
If the magnetic field is included, the refractive index be-

come double valued. The two waves are called the characte-
ristic waves the upper sign giving the so-called ordinary 
wave, and the lower sign the estraordinary wave. When colli-
sions are significant (   0  the refractive index is complex. 
The ionosphere is a non magnetic medium the expression (5) 
explaines the dielectric constant (k):  

 
μ  = c / u  = μ  ε / μ  and ε   ε /ε  = k   (5) 

 
In our case the variation in the computed values of refrac-

tive index is 0.9525 to 0.9485 with mean of 0.9501 and a least 
standard deviation of 0.0005 subject to bending of EM wave 
in F layer which finally helps in establishing long distance 
communication. It is observed that signals above the critical 
angle penetrate the ionosphere layers while below this angle 
the wave returns to earth. The critical angle for radio wave 

depends on electron density of ionosphere layer and wave 
length of the signal. As the frequency of a radio wave is in-
creased, the critical angle must be reduced for refraction to 
occur. The maximum useful frequency is related to inclination 
angle and and critical frequency both, expressed in Eq-6.  

 
        f   = f  Sec i       (6) 

 

4 EXPLORATORY DATA   APPROACH 
This approach relies heavily on graphical techniques i.e. 

ploting of histogram for representation of distribution with 
single and bivariate quantitative variable. In our study, the 
sampling distribution of critical frequency and refractive index 
is witnessed in histogram plots shown in Figs-1&2. The distri-
butions are symmetrical and tend to present Gaussian normal 
distribution for sample values, S=185. The variability in ionos-
phere chemistry due to change in solar radiation, N  is sub-
ject to change in (μ) has been investigated.  

 

 
Fig-1: Histogram of observed critical frequency 

 

 
Fig-2: Histogram of computed refractive index 

 

4.1   Regression Analysis 
   The scatter plots are useful diagonostic tool to investigate 
association between two variables. The computed parameters 
assocition with linear fit have been presented in scatter plots 
of Fig-3&4 [9]. The relationship between refractive index and 
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critical frequency show a strong negative correlation with R = 
95.5% having two outliers, a straight line with intercept of 
0.9537 and slope equals to 0.0007, relieve fits through the 
computed values. This is translated as for decreasing values 
of refractive index with increaseng critical frequency as 
shown in Fig-3. The regression line equationnis is given in Eq-
7. 

μ 0.9537 0.0007f        (7) 

 
Fig-3: Scatter plot of refractive index and critical frequency  

 
The regression between (N ) and (μ  is an approximate li-

near relationship but it reveals a negative correlation statistic-
al condition, R = 89.9% referred to as hetero-scedasticity i.e. 
non-constant variation in data points [6]. the presence of out-
liers is due to either measurement error or recording equip-
ment malfunctioning. The regression linear equationis: 
  

N  = 1.73 ∗ 10  –1.82 ∗ 10 μ    (8) 

 
Fig-4: Regression between refractive index and electron con-
centration 
 
The Pearson’s correlation summary is presented in the Table-
1.  
 

4.2   Stochastic Aspects  
   The time domain approach of time series analysis sug-

gests correlation between adjacent points in time is best inves-
tigated in terms of a dependence of the current value on the 
past values. It also focuses on modeling some future value of 
a time series as parameteric function of the current and pre-
vious values [7, 8 &11]. In this communication seasonal pat-
tern with periodic behavior of variation in refractive index 
against time with linear rising trend and forecast are shown 
in Fig-5, represents increase and decrease of data in the F  
layer over Pakistan region.  

 
Fig-5: Time series plot of refractive index 

 

4.3   Smoothing  
         It has been observed that non-stationarity presented in time 
series plots are removed by differencing the data or by fitting 
some type of trend curve [9]. The time series plots indicate a ris-
ing trend for refractive index under investigation. A visual in-
spection of these plots illustrate that a simple linear fit is suffu-
cient to remove the trend but the variance (amplitude) is still 
varying with time. The residual plots along with actual time se-
ries and smoothed series for fitting with linear trend curve is 
shown [9].  
  

 The smoothing coefficient (α) explains degree of smoothing 
and how responsive the model is to fluctuation in the data sets 
for computed parameter.  
 

F  = α Y  + (1 - α ) F         (9) 
0  α 1       for  t 0 

 
The smoothing coefficient of refractive index is α = 0.18 for min-
imum mean percentage error (MPE) and mean absolute percen-
tage error (MAPE) with least residual as shown in Fig-6. The 
summary of errors is mentioned in Table-2.  
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Table-2: Summary of errors of refractive index 
 
 
 
 
 
 
 

 
Fig-6: Refractive index – Actual and Exponential Smooting 
values   
 
The residual analysis determined by single exponential 
smoothing shows a sufficienctly high degree of correlation 
and a stable model. The Bootstrapping forecast technique 
explained in Eq-10 is used to forecast the parameter under 
study [9].  

F   = F  +α  X F  ) = F  + α (e  )      (10) 
 
The forecast values with single exponential smoothing for (μ) 
are computed in Eq-11 using model Eq-10.  
 

   F  = (0.18) Y + (0.82) F    (11) 
                                  = 0.950202 
 
4.3   Model Strategies 
 
    There are many methods used to model and forecast time 
series. The most commonly used model fitting include Box-
Jenkins (1976-1996) ARIMA models to handle time-correlated 
modling and forecasting. A general ARIMA (p,d,q) model 
defines auroregression order, difference and moving average 
respectively. Autoregression process is a stochastic difference 
equation, a mathematical modle in which the current value of 
a series is linearly related to its past values, plus an additive 
stochastic shock [9&10].  
 
       To estimate, the impact of solar radiation on refractive 
index of F layer, an autoregressive of order {AR (1)} general 
model as given in expression (12). A developed stochastic 
model for ionosphere layer is used to estimate the refractive 

index over Islamabad region.  
X   = φ  X  + ε      (12) 

ε : Source of randomness and is called white noise. 
φ : Autoregressive Coefficient  
The general model AR (1,0,0) for refractive index, estimates of 
autoregressive coefficient is 0.99995.   
 
4.4   Forecasting  
        In the time series of Fig-7 follow a repeating pattern, X  is 
highly correlated with X . To creat time series model 
such that the error between the predicted value of the varia-
ble and the actual value is as small as possible [8]. The model 
use lag values of refractive index and used as predictor varia-
ble. The refractive index forecast values are represented in 
Table-3. 

 
Fig-7: Forecasting graph of refractive index 

 
Table-3: Forecasting values of refractive index 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
       An autocorrelation is the correlation between the target 
variable, refractive index and its lag values. Correlation val-
ues range from -1 to +1 show that two variables move togeth-
er perfectly. In the presentation the estimated correlation be-
tween  observation and the  observation on the Y-
axis vs the lag number on the X-axis [9&10]. On examining 
autocorrelation illustrated in Fig-8 the highest autocorrelation 
is + 0.582 which occurs with a lag 1. Hence we desire to be 
sure to include lag values up to 1 when building the model. 
The second column of the autocorrelation indicates positive 
significant autocorrelations occurred for lag 1 to 15. The sta-
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tistical significance (Q statistical) is mentioned on the right 
hand side.  
 

 
Fig-8: Autocorrelation function of refractive index 

 
       The partial autocorrelation is autocorrelation of time se-
ries observations separated by a lag of k time units with the 
effects of the intervening observations disqualified [9]. The 
partial autocorrelation plot shown in Fig-9 witness statistical 
significance for 1 to 3 & 8 and all other lags are within 95% 
confidence interval bands.  

 

 
Fig-9: Partial autocorrelation function of refractive index 
 

5     RESULTS and CONCLUSION  
The presence of ionosphere and change in its characteris-

tics with time has been inspected a potential source for high 
frequency wave propagation. This communication has re-
vealed physical behavior of ionosphere at Pakistan region. 
The results determined the values mentioned in the tables 
and visible from the graphical interpretations. 
 
      The exploratory data analysis has been performed and the 
models have been developed for predicting & forecasting the 

inospheric conditions mentioned above. This has provided a 
comprehensive behavior of the process. It has been argued 
that this methodology adapted for providing suitable judge-
ment for the measure values of crtical frequency to compute 
refractive index. The computed values of parameters are 
found reasonably accurate. It is deen that the ARIMA (1) is 
found suitable for predicting and forecasting for ionosphere 
parameter under study.   
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