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In this project,the behavior of ionospheric parameters has been studied 

for the seasonal times of the years (2009 & 2014) of solar cycle 24.A 

mutual correlation formula between the ionospheric parameters, 

maximum usable frequency (MUF), optimum workable frequency 

(OWF) & lowest usable frequency (LUF) have been suggested for the 

communication links distributed over Middle East Region. The values 

of the MUF and OWF parameters were generated from the 

international communication HF model (ASAPS) for the Minimum 

and Maximum of solar cycle 24, While the LUF parameter was 

generated using the (REC533) international communication model. 

The tested correlation coefficients between these parameters showed a 

good correlation with each other. The suggested formula gave a good 
fitting between the present values and the generated data of the 

international model and the international recommended criterion 

(theoretical). 
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Introduction:- 
In the Earth's atmosphere, the ionosphere is the part of the Earth’s upper atmosphere that makes up less 

than one percent of the mass of the atmosphere above 50 km. It extends from about 50 km altitude to 

about 1000 km and more where it merges with near Earth space environment. The ionosphere contains 
charged particles due to intense UV radiations from the sun.In the day there may be four regions present 

called the D, E, F1 (lower) and F2 (upper) regions. At night the D, E and F1 regions become very much 

depleted of free electrons, leaving only the F2 region available for communications [1]. The Radio signals 
affects by the ionosphere in different ways depending on their frequencies. On frequencies below about 

30 MHz the ionosphere may act as an efficient reflector, allowing radio communication to distances of 

many thousands of kilometers [2]. Radio signals on frequencies above 30 MHz usually penetrate the 

ionosphere and, therefore, are useful for ground-to-space communications. High frequency (3 to 30 MHz) 
radio signals can propagate to a distant receiver. Figure (1), via the following methods [3]: Propagation is 

by ground, direct and sky wave.  
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Figure 1:- Types of HF propagation. 

 

The Ionospheric Communication Parameters:- 

The ionospheric parameters are defined as the best operation frequencies that are propagated through 

ionosphere, so these parameters can be defined as:- 

 

Maximum Usable Frequency (MUF) is the highest ionospheric frequency which can be used to 

maintain successful communication link only 50% of the time over a particular path under given 
ionospheric conditions between two sits. 

Optimum Working Frequency (OWF) is the optimum reliable frequency can be reflected from 
ionosphere layer that is worked only 90% for specific time [4]. 

Lowest Usable Frequency (LUF) is the lower frequency that allows reliable long-range HF radio 
communication between two points by ionospheric refraction that is worked only 10% of the days of the 

month at a given time of day on a specified path [5]. 

The above parameters are greatly changed with several factors like solar cycle, spatial and temporal scales 

that have strong influence on the state of the ionosphere layer. [6].  
 

The International Communication Model:- 

The dataset of the required ionospheric parameters over the Middle East region have been calculated 
using the REC533 and ASAPS international models. The REC533 propagation prediction model which 

used for estimating the reliability and compatibility between frequencies of about 3 - 30 MHz. This 

implementation represents one of the modern radio broadcasting versions of ITU. ASAPS model which 
considered as one of the most accurate and advanced HF sky wave propagation models allow the 

prediction of Sky Wave communication conditions in the HF radio spectrum or Short Wave Band (1 to 45 

MHz) that based on an Ionospheric model, developed by IPS Radio and Space Services of the Australian 

Bureau of Meteorology and ITU-R / CCIR models. 

 

Datasets Analysis:- 
The variation and behavior of the ionospheric parameters have been studied in order to get the mutual 

correlation between these parameters for the seasonal time of the years 2009 & 2014 of solar cycle 24 

between HF communication terminals that distributed over Middle East Zone. Baghdad city (44.42
o
E, 

33.32
o
N) has been select to represent a transmitter station while sixty-five locations that spread over 

Middle East Zone have been considered as a receiver station, as shown in figure (2). 
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Figure 2:- The location of a transmitter and receiver stations over Middle East zone. 

 

 

The datasets of the LUF ionospheric parameter have been determined using the REC533 international 

communication models, while the MUF and OWF parameters have been calculated using ASAPS 
international communication models. The monthly-observed sunspot number (SSN) for the years of 2009 

and 2014 which have been chosen to be the studied years, because these years represent the beginning and 

the peak of solar cycle 24. Figure (3) shows the values of the observed sunspot number for each month of 
the selected years of solar cycle 24. 
 

 

 
 

Figure 3:- Observed Sunspot Number of Solar Cycle 24 [7]. 

 

The geographical location coordinates (longitude and latitude), spherical geodesic parameters (path length 

- bearing transmitter to receiver (Tx to Rx) and bearing receiver to transmitter (Rx to Tx)) and distance for 

connection links over the Middle East Region have been calculated using a matlab program language 

illustrate in table (1). 
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Table 1:- The Geographical Location and Geodesic Parameters for all Receiver Station. 
 

 

 

 

 

 

 

 

 

 

 

 
 

The seasonal variation of the ionospheric parameter has been investigated for four seasons. Each season 

represents a seasonal months for a specific studied area. For Middle East zone the seasonal months classified 

according to the following table (1). 
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The seasonal variation of the ionospheric parameter has been investigated for four seasons. Each season 

represents a seasonal months for a specific studied area. For Middle East zone the seasonal months 

classified according to the following table (2). 
 

Table 2:- The classification season time. 
 

 Season Months 

1 Winter December – January – February 

2 Spring March – April – May 

3 Summer June – July – August 

4 Autumn September – October – November 

 
 

The seasonal variation of the ionospheric parameters has been performed for all selected receiver stations 

over the tested area. Figures (4) & (5) show the analytical result of the MUF, OWF and LUF parameters 

for seasonal time of the years 2009 and 2014. 
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Figure 4:- Seasonal variation of ionospheric parameters (MUF, LUF & OWF) for the year 2009. 

 
 

  
 

  
 

Figure 5:- Seasonal Variation of Ionospheric Parameters (MUF, LUF & OWF) for the year 2014. 
 

The goal of this research is to get a mutual correlation between the ionospheric parameters. In order to get 

these correlated relationships, an investigational study of the generated datasets has been conducted for 

the seasonal time of the two tested years. Table (3) show samples of the correlation coefficients (ao, a1, a2, 
a3& a4) and correlation parameter (R

2
) over the Middle East zone of the seasonal time of the year 2009. 
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Table 3:- Samples of the correlation coefficients and correlation parameter over the Middle East zone of the 

seasonal time of the year 2009. 
 

 
 

The statistical analysis has been applied on the calculated datasets to assess the nature of correlation 

between these parameters. The results of the statistical analysis showed that the correlation between the 

ionospheric parameters could be expressed as a polynomial relationship, so the suggested mutual 
correlation equation between the studied parameters can be presented by the following equation: 

 

Y =  ai x
in

i=0
     ……… (1) 

 

Y = a0 + a1x1 + a2x2 + a3x3 +⋯    ……… (2) 

 

Figures (6) and (7) present illustrative charts of correlation between MUF and OWF parameters for all 
seasons of the years 2009 and 2014. 
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Figure 6:- Samples of correlation test between MUF and OWF parameters for seasonal time of year 2009. 

 

  
 

  
 

Figure 7:- Samples of the correlation between the MUF and OWF parameters for Seasonal times of the year 2014. 

 

So, the suggested mutual correlation equations between (MUF, OWF and LUF), can be expressed by the 
following set of equations: 
 

MUF =  ai (𝐿𝑈𝐹)𝑖
𝑛

𝑖=0
     ……… (3a) 

 

OWF = ai (𝐿𝑈𝐹)𝑖
𝑛

𝑖=0
     ……… (3b) 
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The values of MUF and OWF parameter have been correlated with LUF parameter for all distributed 
receiver locations over the adopted area for the seasonal time of the years 2009 and 2014. Figures (8) and 

(9)show samples of seasonal correlation between MUF and OWF with LUF parameters. 
 

(MUF-LUF) 
 

  
 

  
 

(OWF-LUF) 
 

  
 

  
 

Figure 8:- Samples of the seasonal correlation between MUF, OWF with LUF parameters for the year 2009. 
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(OWF-LUF) 
 

  
 

  
 

Figure 9:- Samples of seasonal correlation between the MUF, OWF with LUF parameters for year 2014 
 

 

The comparison and mean square error (MSE) between the present value of MUF & OWF ionospheric 

parameter that have been calculated using the suggested mutual correlated equations with the predicted 
ionospheric values that have been generated using the international model (ASAPS) and theoretical 

values calculated depending on the international criterion equation (OWF = 0.85 x MUF) illustrate in 

table (4).  
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Table 4:- The Seasonal Theoretical, Predicted & Present value of the MUF, OWF parameters of adopted years. 
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Conclusion:- 
 

1. For the determination of bearing parameter, the first method showed more accurate values than the second 

one. 

2. The behavior of the ionospheric parameters for the seasonal times showed a variation in the values of these 

parameters for the two studied years, especially for the summer time, which may due to the impact of the 

solar activity (sunspot number) on the structure of the ionosphere layer (electron density). 

3. The mutual correlation between MUF & OWF is simple and can be represented by a simple mathematical 

relationship “linear regression equation”. 

4. The values calculated from the suggested mutual correlation equation gave a good fit with the other values 

generated from the international model and criterion. 

5. The correlation between MUF and OWF parameters achieved a percentage mutuality of 99% (correlated 

coefficient) that gave better correlated mutuality than the international recommended criterion (85%). 

6. The correlated relationship between (MUF & LUF), (OWF & LUF) is a polynomial which represented by a 

fourth order polynomial equation (Quartic Polynomial Equation). 

7. The datasets which have been generated from the suggested mutual correlation equation was closer to the 

values calculated from the international model than the values calculated depending on the international 

recommended criterion. 
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