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Abstract
This study presents the performance evaluation of International Reference Ionosphere extended to the
plasmasphere (IRI-Plas 2017) model from the Addis Ababa ionosonde station, Ethiopia ionospheric
parameters measurement with geographic latitude 9.00o N and longitude 38.70o E; geomagnetic latitude
0.16, geomagnetic longitude 110.44) in selected days of the year 2014. During comparison, hourly and
day-to-day variability of ionospheric parameters of the electron density pro�le, peak electron density
(NmF2), peak height (hmF2) and critical frequency (foF2) measurements are consider. In the evaluation
of the IRI-Plas 2017 model with the ionosonde data, the percentage deviation and the correlation
coe�cient (R) is used as the measure of the performance of the IRI-Plas 2017 model. The overall results,
show that the IRI-Plas 2017 model mostly overestimates in most altitudes and hours of electron density
measurements. The IRI-Plas 2017 model has a good agreement with the ionosonde electron density
measurement from 100 km to 200 km altitude and mostly during in between 0:00-06:00 UT and 12:00-
18:00 UT hours, while the model biases in other altitudes and hours with overestimate or underestimate in
the ionosonde electron density measurements. The IRI-Plas 2017 model has a good correlation during
after midnight and around midday hours with about ±2 percentage deviation from the ionosonde electron
density measurement. The model has high percentage deviation value of electron density measurements
mostly in between altitudes from 200 km to 450 km and during early nighttime and before midnight
hours. The IRI-Plas 2017 model measurements of the NmF2, hmF2 and foF2 mostly underestimates from
the ionosonde data during the night-time (18:00 UT- 06:00 UT) and overestimates during day-time (06:00
UT-18:00 UT). The IRI-Plas 2017 model measurement of the foF2 values are in a good agreement with the
ionosonde result than in hmF2 and NmF2 and the model measurement of the NmF2 values are
closer than hmF2. 

1. Introduction
The ionosphere is the fundamental area of space weather with its notably variable structure in both area
and time. The topside electron density is the most signi�cant for all empirical ionospheric models.
Nowadays, the pro�le-based empirical ionospheric models are required for the trans-ionospheric
radiowaves propagation duties, navigation and communication. The ionospheric parameters, such as
total electron content (TEC), electron density pro�le (Ne), maximum electron density (NmF2), maximum
ionization top of ionospheric layers (hmF2), critical layer frequency (foF2), electron and ion temperatures
are modeled in different models. The electron density pro�les and TEC computation results of IRI-Plas
across the European region are reviewed in depth (Maltseva et al. 2013; Zakharenkova et al. 2015) and an
equivalent evaluation is performed for the Indian region (Panda et al. 2015). The IRI-Plas model is
likewise in comparison with different ionospheric models (Okoh et al. 2018; Maltseva et al. 2015;
Cherniak and Zakharenkova 2016). Despite the fact, that there were a few inconsistencies with the
ionosonde data in all of the above-mentioned investigations, IRI-Plas is a highly powerful model in
describing the ionosphere in different locations during storm and quiet times.
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The International Reference Ionosphere (IRI) model is an empirical, deterministic and climatic model of
the ionosphere up to 2000 km in peak. Currently, IRI extended to Plasmasphere (IRI-Plas) model has been
evolved to extend the hobby region of IRI to the GPS orbital altitude of 20,000 km. The IRI and IRI-Plas
models offer ionospheric parameters such as total electron content, electron density pro�le, peak electron
density (NmF2), peak height (hmF2), critical frequency (foF2), electron and ion temperatures in line with
their height pro�les. In order to update the model to contemporary ionospheric situations, IRI-Plas can
input F2 layer critical frequency (foF2), maximum ionization height (hmF2) and total electron content
(TEC). The online IRI-Plas 2017 model has been developed to allow the ionospheric community to
execute many activities at different places, dates and times with an option of the foF2, hmF2 and TEC
inputs in a single user approach. The solar activity option is selected as sun spot number (SSN); the F-
peak model is selected as CCIR (international Radio Consultative Committee) and the foF2 storm model
option also can be chosen as ‘on’ (Sezen et al. 2018).

Currently, numerous studies made a number of detailed comparison of measured ionospheric parameters
with the IRI-Plas model. Maltseva etal. (2015) probed the effectiveness of the International Reference
Ionosphere extended to Plasmasphere model (IRI-Plas) and the Neustreliz Global Model (NGM) in
estimating VTEC in varied locations. They concluded that VTEC-NGM and VTEC-IRI-Plas generated better
results than VTEC-IRI at middle and high latitudes, and that the IRI-Plas model predicts better than NGM
during the winter months. Zakharenkova etal. (2015) compared the mid-latitude GPS station TEC
statistics to the IRI-2012 and IRI-Plas models TEC data. As a response, they concluded that the IRI-Plas
model overestimated TEC values, specially during low and medium solar activity years. Arikan et al.
(2015) reviewed the performance of IRI-Plas model maps through evaluating it with the Global
Ionospheric Maps (GIM) on a magnetically disturbed days. As a result of the study, they found that the
global distribution value of TEC was different due to the effects of geomagnetic disturbances. Adebiyi et
al. (2016) studied the diurnal and seasonal behavior of GPS-TEC for the year 2014 over 8 stations located
inside the Southern African equatorial and low-latitude regions and made a comparison with the
outcomes of the data derived from the IRI-2012 and IRI-Plas models. Their assessment tested that diurnal
and seasonal structures of modeled TEC follow pretty properly with the observed TEC in all stations and
on the same time the prediction errors exhibit latitudinal variations and seasonal trends. Cherniak et al.
(2016) analyzed the modeling accuracy of NeQuick2 and IRI-Plas models during intervals of quiet and
medium solar activity on a global scale. Zhang et al. (2017) handled a comparison study with the IRI-Plas
model by using Topside Ionospheric and Plasmaspheric Electron content (TPEC) data records obtained
from the podTEC measurements of the Precise Orbit Determination (POD) antenna on board the COSMIC
Low Earth Orbit (LEO) satellites monitoring GPS signals. Alçay et al. (2017) evaluated the TEC estimate
performance of the IRI-2012 and IRI-Plas models in different parts of the world and they found a strong
agreement between GPS-TEC and models TEC on quiet days. Sezen et al (2018) studied the IRI-Plas
model and offer some comparisons between IRI-Plas outputs and ionosonde measurements and they
concluded that the model values are closer to ionosonde results in foF2 than in hmF2. In a study by Okoh
et al. (2018), TEC obtained from the NeQuick and the IRI-Plas models are compared with the GPS-TEC
acquired from a single station and they have been observed that IRI-Plas model, without an external input
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overestimate GPS-TEC particularly for the duration of local daytime. Ezquer et al. (2018) compared the
TEC estimations of the NeQuick 2 and IRI-Plas models to GPS-derived TEC values over a low-latitude and
South American area and they found that, at low latitudes, IRI-Plas model had higher predictions, on the
other hand, at high latitudes, NeQuick model made higher predictions. Gordiyenko et al. (2018) have been
shown that the seasonal variations of the F-layer peak electron density (NmF2) measured at the Alma-Ata
and total electron content (TEC) values derived from the Global Ionospheric Maps (GIM) for the Alma-Ata
region have different trends. Additionally, they concluded that the daytime NmF2 values are more in
winter than in summer time, however the day-time GIM-TEC has more values in the summer time as
compared to those in winter season. Gordiyenko et al. (2019) made a comparison between IRI-Plas foF2
model and ionosonde foF2 measurement and they found that the IRI-Plas foF2 model are in a good
agreement with the ionosonde showing comparable structures, similar magnitudes re�ecting the winter
anomaly within the diurnal variations. They concluded that the IRI-Plas model shows a signi�cant
overestimation of the daylight hours GIM-TEC values for winter conditions in any respect locations of
Russian and Kazakhstan regions and during summer month, the IRI-Plas model demonstrates different
results showing a scienti�c underestimation or overestimation in high or low solar activity.

Since IRI-model provides the ionospheric parameters as much as 2000 km, it will not longer correctly
predict the the ionospheric parameters up to GPS satellites located in altitude of 20,200 km. It is critical to
extrapolate the ionosphere as much as the GPS satellite height of the IRI-model to overcome this
situation (Alçay et al. 2017). The IRI-Plas model provides many ionospheric parameters with an internet
interface presented with the aid of the IOBOLAB group at www.ionolab.org. The total electron content
(TEC), electron density pro�le (Ne), peak electron density (NmF2), peak height (hmF2), critical frequency
(foF2) are important parameters for the study of the ionosphere. The IRI-Plas 2017 model has measured
these important ionospheric parameters directly from it’s homepage.

In this study, we're going to present the performance evaluation of the IRI-Plas model of version 2017 with
Addis Ababa ionosonde station ionospheric parameters measurement of the electron density pro�le (Ne),
peak electron density (NmF2), peak height (hmF2) and critical frequency (foF2). Among the regions of the
ionosphere, the ionospheric F region has the highest electron density and as a result in�uences HF radio
waves within the most signi�cant way. The ionospheric parameters at the F layer has been always a
special interest for experimentally and in the theoretical modeling of the ionosphere formation (Kutiev et
al. 2013; Seyoum et al. 2019). The ionospheric parameters at the F region has been traditionally studied
through ionosonde observations (Davies 1990; Hunsucker 1991; Rawer 2013). The performance the IRI-
Plas model is not tested in a passable way in different areas of the world. Hence, it is important to study
the performance and capability of the latest version of the IRI-Plas 2017 model with the ionosonde
ionospheric parameters over Ethiopian region.

2. Methodology And Data
An ionosonde is a high frequency (HF) radar used for ionospheric observations and probing. The
ionosonde emits rapid radio energy pulses vertically into the ionosphere. These pulses are re�ected back
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in the direction of the ground and the ionosonde records the time delay between transmission and
reception of pulses as a measurement of the ionospheric re�ection height. Ionosonde recordings are
usually displayed graphically, as virtual height towards band of frequency, which is known as ionogram.
From an ionogram, essentially it's miles viable to measure the critical frequencies of every layer, the
virtual heights and additionally the electronic density pro�le can be derived as characteristic of the height.
In addition to this type of ionospheric parameters measurement ionospheric models are very important.
Among these ionospheric models the one that measure ionospheric parameters is International Reference
Ionosphere extended to Plasmasphere (IRI-Plas). The IRI-Plas model gives different geomagnetic and
solar proxy values to present the ionospheric variability. The output of on-line IRI-Plas is supplied as a
textual content report that may be copied or downloaded for further processing with a favored software
tool. The three required inputs are user described location, date and time. The online useful resource for
IRI-Plas 2017 model version can be found at web of the IONOLAB Ionospheric Research Laboratory,
Turkey http://ionolab.org.

2.1 Ionospheric Parameters Measurement from Ionosonde

The ionosonde is an instrument that measures ionization in the ionosphere and a very well established
instrument. Due to its relative low cost of installation and operations, a massive variety of these devices
are spread around the world to continuously screen the ionosphere (Hargreaves 1992). The ionosonde
data that is important to compute the relationship between electron density pro�le, foF2, NmF2 and hmF2
are obtained from Addis Ababa ionsonde station geographic latitude 9.00o N and longitude 38.70o E;
geomagnetic latitude 0.16, geomagnetic longitude 110.44) in selected days of the year 2014. The
ionosonde is connected to a computer that is used to gather, store and process ionograms in a digital
form. The ionosonde provides virtual re�ection height data as a function of sign frequency. The data
used for the present study are ionospheric parameters of the electron density pro�le, peak electron
density (NmF2), peak height (hmF2) and critical frequency (foF2) deduced from the ionograms and true
height inversions (Titheridge 1985; Reinisch and Huang 2001). The ionosonde data availability from
Addis Ababa station is quite limited and suffers from missing values. Therefore, in this study only three
months of days (May, June and July) with non missing data values are considered.

2.2 Ionospheric Parameters Measurement from IRI-Plas 2017 model

The international standardization organization recently, advocated the IRI model for the speci�cation of
ionosphere plasma densities and temperatures and indexed several plasmasphere models for extending
IRI to plasmaspheric altitudes. One of the empirical models that may offer ionospheric characteristics up
to GPS satellite orbital height of 20,200 km is International Ionosphere Extended to Plasmasphere (IRI-
Plas) model. The IRI-Plas model has been offered as a possible model for the IRI model's plasmasphere
extension (Gulyaeva and Bilitza 2012; Gulyaeva et al. 2002a, b, 2013; Endeshaw 2020). In this study,
electron density pro�le, peak electron density (NmF2), peak height (hmF2) and critical frequency (foF2)
values obtained from the IRI-Plas model are compared with ionosonde measurements. For the user
de�ned location, date and time offered at Online IRI-Plas service of IONOLAB group is available at
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www.ionolab.org ( Sezen et al., 2013; 2018). In this study the default option of the model is used for solar
activity and geomagnetic index values.

In the comparison of the IRI-Plas 2017 model data with the ionosonde data measurement, it is essential
to communicate the accuracy of the model measurement to understand how much error is associated
with the ionosonde data. The comparison of the measurement value by �nding out how much the model
deviate from the ionosonde data and this expression is known as percent error or percent deviation. The
percent deviation (% dev) between the IRI-Plas 2017 model and ionosonde ionospheric parameters data
have been determined by using the following equation:

% div =  × 100 (1)

where, % div, IonoParameters, IRI PlasParameters represents the percent deviation, ionospheric parameters
value for ionosonde and IRI-Plas 2017 model respectively.

Additionally, to evaluate the statistical measurement of the strength of the relationship between the
values of the data ionosonde and IRI-Plas 2017 model, the correlation coe�cient is used as the measure
of the performance of the model. The Pearson correlation coe�cient (R) between the ionosonde and IRI-
Plas 2017 model is given by the formula:

R =  (2)

Where, R- correlation coe�cient, n- number of data, I - ionospheric parameters of the ionosonde and M -
ionospheric parameters of the IRI-Plas 2017 model. The numerator is the co-variance and the
denominator is the product of the standard deviation between the data of the ionosonde and IRI-Plas
2017 model.

3. Results And Discussion
The Earth's ionosphere is a highly dynamic plasma medium that continues to attract the interest of
researchers and practitioners. Among these Earth's ionosphere parameters electron density pro�le, peak
electron density (NmF2), peak height (hmF2) and critical frequency (foF2) values obtained from the
ionosonde and IRI-Plas model measurements are taken into consideration in this study. Electron density
is calculated from the sum of the ion densities. As a result, electron density pro�les (EDPs) serve as a
valuable resource for researchers studying the structure and behavior of the ionosphere. From Figures 1-
4 below the comparison of ionosonde and IRI-Plas 2017 model measurements of the electron density
pro�les (EDP) are presented on different days of the year 2014. As shown in Figure 1a-1t, the IRI-Plas
2017 model shows a good correlation in most hours as compared to ionosonde electron density
measurement. The IRI-Plas 2017 model underestimates as shown in the Figure 1a, b, f, h and l and
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overestimates from the ionosonde measurement in the Figure 1c, d, e, g, h, i, j, k, m, o, p, q, r, s and t, but
underestimates in some hours about above 400 km altitude in the Figure 1c, e, i, o, p, q, r, s and t.

As shown in Figure 2, the plots b (06:00 UT), d (14:00 UT), h (15:00 UT), m (15:00 UT), p (3:00 UT) and r
(16:00 UT) indicate that a good agreement in the ionosonde measurement with slightly less
underestimate or overestimate. In plots of a, h, m and q the IRI-Plas 2017 model shows underestimation,
while in the plots of c, f, i, k, l, o and t shows overestimation in different hours of the ionosonde electron
density measurements. From Figure 3, the IRI-Plas 2017 model mostly overestimates in the plots of a, b, f,
h, i, j, l, m and t and underestimates in the plots of n, o, p and s with the electron density measurements.
The IRI-Plas 2017 model indicates the worst �t with the ionosode electron density measurement in the
plots of a, b, i, j, k, m and t and the model shows intermediate �t in the other plots of Figure 3. As shown in
Figure 4, the model indicates that a good agreement in the ionosonde measurement in the plots of b, c, d,
q, h, l and s; overestimates in the plot of a, e, i, k, l, n, r and t and underestimate in the plots of f, j, p and s
in the electron density pro�le measurement. Generally the IRI-Plas 2017 model has a good agreement
with the ionosode electron density measurement from 100 km to 200 km altitude and mostly during in
between 0:00 UT – 06:00 UT and 12:00 UT-18:00 UT hours, while the model biases in other altitudes and
hours with slightly less or more overestimate or underestimate in the ionosode electron density
measurement as shown in Figures 1, 2, 3 and 4.

Figure 5 shows, the altitudinal percentage deviation of the IRI-Plas 2017 model in selected days with
hourly variability of the electron density measurements. The deviation versus altitude bar graph indicates
that the IRI-Plas 2017 model underestimate, overestimate and correlate in altitude and time. The percent
deviation is the value of the difference divided by the observation value times 100. From the bar Figure,
the positive percentage deviation indicates that underestimation of the IRI-Plas 2017 model from the
ionosonde electron density measurements, while negative percentage deviation indicates overestimation
of the IRI-Plas 2017 model from the ionosonde measurements.

As shown from Figure 5, the IRI-Plas 2017 model in most hours overestimate the electron density
measurement as compared to ionosonde measurement in lower altitudes with slightly less percentage
deviations. The maximum percentage deviation (overestimation with -21%) was indicated on June 08
2014, 19:00 UT, this may be due to the week geomagnetic storm (starting to June 08 2014 at 7:00 UT
hour the Dst value decreases to -34 nT and attain the minimum value of -37 nT on June 08 2014 at 24:00
UT hour). In this study, we can’t see the detailed measurement of the IRI-Plas 2017 model performance
during other strong disturbed days due to the limited ionosonde data availability from Addis Ababa
station. The researchers may see the IRI-Plas 2017 model performance on the disturbed times on other
fully data available ionosonde stations. The model has a good correlation during after midnight (04:00
UT and 06:00 UT hours with around (-2.5 %, 0.5 %), (-2 %, 0.5 %) percentage deviation respectively) and
during around midday hours (11:00 UT and 12:00 UT hours with around ±1 percentage deviation). The
model has high percentage deviation value of electron density measurements mostly in between altitudes
from 200 km to 450 km and during early nighttime and before midnight hours with values -21% and 8%
for overestimation and underestimation respectively. The IRI-Plas 2017 model overestimates totally
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during June 17 2014 at 14:00 UT and mostly on June 09 2014 at 06:00 UT, June 19 2014 at 15:00 UT,
June 18 2014 at 16:00 UT, July 28 2014 at 17:00 UT, June 05 2014 at 18:00 UT, June 08 2014 at 19:00
UT, June 18 2014 at 21:00 UT, June 13 2014 at 21:00 UT and June 20 2014 at 22:00 UT hours. The model
underestimates mostly during days on June 07 2014 at 01:00 UT, May 30 2014 at 11:00 UT and May 30
2014 at 12:00 UT hours.

From Figures 6-12, the measurement of peak electron density (NmF2), peak height (hmF2) and critical
frequency (foF2) (upper panel), percentage deviation from bar graph (middle panel) and correlation
coe�cient (R) from scatter plot (bottom panel) of the IRI-Plas 2017 model and ionosonde measurements
are presented. The percentage deviation shows either overestimate or underestimate of the IRI-Plas 2017
model from the ionosonde measurements. The correlation coe�cient shows a relationship between the
IRI-Plas 2017 model and ionosonde measurements. The correlation coe�cient (R) is a statistical measure
of the magnitude and direction of the linear relationship between two measurements. A correlation of -1.0
implies that there is a perfect inverse correlation. A correlation value of 1.0 indicates that there is a perfect
positive relationship. Values of 0.0 or close to zero indicate a weak or non-existent linear relationship.
Linear regression analysis can be used to calculate the correlation coe�cient.

As shown in Figure 6, the IRI-Plas model underestimates the NmF2 measurement in between from 20:00
UT to 03:00 UT hours with maximum deviation about 3% and overestimates mostly in between 05:00 UT
and 20:00 UT hours with maximum deviation about -5%. From the scatter plot the correlation coe�cient
of the IRI-Plas model with the ionosonde measurement is (R= 0.45). From the hmF2 measurement of the
IRI-Plas model underestimates in between from 18:00 UT to 05:00 UT hours with maximum deviation
about 21% and overestimates mostly in between from 05:00 UT to 18:00 UT hours with maximum
deviation about -41%. And the scatter plot of the hmF2 measurement correlation coe�cient of the IRI-Plas
model with the ionosonde measurement is (R= -0.16). The IRI-Plas model measurement of the critical
frequency (foF2) shows a good agreement with the ionosonde measurement with maximum percentage
deviations of 0.25% (underestimate) and -55% (overestimate) and the correlation coe�cient is (R= 0.64).

As shown in Figures 7- 12, the IRI-Plas model underestimates the NmF2 measurement in between from
16:00 UT to 01:00 UT (Fig. 7), from 21:00 UT to 02:00 UT and partially in some hours (Fig. 8), from 23:00
UT to 05:00 UT with other �uctuations (Fig. 9), inconsistent �uctuation (Fig. 10), from 21:00 UT to 07:00
UT (Fig. 11) and from 20:00 UT to 02:00 UT (Fig. 12) hours with maximum deviation about 4%, 4%, 3%,
3% 3% and 3% respectively. And the model overestimates mostly in between from 05:00 UT to 20:00 UT
hours in most Figures with maximum deviation about -7% (Fig. 9) as shown in Figures 7-12. From the
scatter plots the correlation coe�cient of the IRI-Plas model with the ionosonde measurements are R=
0.58, 0.46, 0.51, 0.64, 0.35 and 0.39 on June 09, 10, 11, 13, 14 and 15 2014 (Figs. 7-12) respectively.

From the hmF2 measurement, the IRI-Plas model underestimates mostly in between from 15:00 UT to
05:00 UT hours with maximum deviation about 40% and overestimates mostly in between from 05:00 UT
to 15:00 UT hours with maximum deviation about -60% as shown in Figures 7-12. From the scatter plot of
the hmF2 measurement correlation coe�cient of the IRI-Plas model with the ionosonde measurements
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are R= -0.49, -0.27, -0.06, 0.07, 0.11 and -0.02 on June 09, 10, 11, 13, 14 and 15 2014 (Figs. 7-12)
respectively. The IRI-Plas model measurement of the critical frequency (foF2) shows a good agreement
with the ionosonde measurement in most hours. The IRI-Plas model overestimates mostly in between
from 07:00 UT to 15:00 UT (Figs. 7-12) with maximum percentage deviations -50% and inconsistent
�uctuation from other hours as shown in bar graphs (Figs. 7-12). From the scatter plots the correlation
coe�cient of the IRI-Plas model with the ionosonde critical frequency (foF2) measurements are R= 0.56,
0.36, 0.70, 0.82, 0.50 and 0.57 on June 09, 10, 11, 13, 14 and 15 2014 (Figs. 7-12) respectively.

Generally, from Figures 6-12 the IRI-Plas model NmF2 measurement has maximum positive percentage
deviation 4% (Figs. 7 and 8) and minimum negative percentage deviation -7% (Fig. 9). The model mostly
underestimate from 18:00 UT to 05:00 UT and overestimate from 05:00 UT to 17:00 UT in most Figures.
The maximum correlation coe�cient is (R= 0.64, Fig. 10) and minimum value (R= 0.35, Fig. 11). The IRI-
Plas model hmF2 measurement has maximum positive percentage deviation 40% (Figs. 6 and 7) and
minimum negative percentage deviation -60% (Fig. 12). The overestimation of the model is mostly from
05:00 UT to 15:00 UT in most Figures and underestimates mostly from 16:00 UT to 04:00 UT. The
maximum correlation coe�cient the model is (R= 0.11, Fig. 11) and minimum value (R= -0.49, Fig. 7). A
negative correlation coe�cient value demonstrates that the IRI-Plas 2017 model move in opposite
directions, with a positive increase in the model data resulting in a decrease in the ionosonde data. The
foF2 measurement of the IRI-Plas model has maximum positive percentage deviation 45% (Fig. 8) and
minimum negative percentage deviation is around -50%. The model mostly underestimate from 16:00 UT
to 06:00 UT and overestimate from 07:00 UT to 15:00 UT in most Figures. The maximum correlation
coe�cient is (R= 0.82, Fig. 10) and minimum value (R= 0.36, Fig. 8).

The overall result, shows that the IRI-Plas 2017 model measurement of the foF2 values are in a good
agreement with the ionosonde result than in hmF2 and NmF2. This is in agreement with the study by
Sezen et al (2018) and they found that the model values are closer to ionosonde results in foF2 than in
hmF2. Gordiyenko et al. (2019) found that the IRI-Plas model foF2 values are in a good agreement with
the ionosonde measurement of the foF2 value during the diurnal variations, which is in agreement with
the result of this study. And also the IRI-Plas 2017 model measurement of the NmF2 values are closer
than in measurement of the hmF2 as shown from Figures 6-12.

4. Conclusion
The ionospheric parameters, such as total electron content (TEC), electron density pro�le (Ne), maximum
electron density (NmF2), maximum ionization top of ionospheric layers (hmF2), critical layer frequency
(foF2), electron and ion temperatures are modeled in different models, which are the most signi�cant for
trans-ionospheric radiowaves propagation, navigation and communications. This study has considered
the determination of ionospheric parameters by using the IRI-Plas 2017 model performance comparison
on months of the year 2014 with the ionosonde data measurement. In the comparison of the IRI-Plas
2017 model with the  ionosonde data measurement the amount of error, the percent deviation and the
correlation coe�cient are used as the measure of the performance of the model. In most cases, the IRI-
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Plas 2017 model overestimates with measurement values. The model has best correction with the
measurement value in most days at around from 100 km to 200 km during the electron density
measurement. The IRI-Plas 2017 model agrees well with the ionosode electron density measurement
from 100 km to 200 km altitude and mostly between from 0:00 UT to 06:00 UT and from 12:00 UT to
18:00 UT hours, whereas the model prejudices in other altitudes and hours with slightly less or more
overestimation or underestimate in the ionosonde electron density measurement. The model has high
percentage deviation value of electron density measurements mostly in between altitudes from 200 km to
450 km and during early nighttime and before midnight hours with values -21% and 8% for
overestimation and underestimation respectively. The IRI-Plas 2017 model shows good correlation with
the ionosonde electron density data after midnight and around midday, with less percentage deviation.
The model has a large percentage deviation value for electron density observations at altitudes ranging
from 200 km to 450 km, as well as throughout the early evening and before midnight. The IRI-Plas 2017
model results of NmF2, hmF2, and foF2 are primarily underestimates from ionosonde data at night
(18:00 UT-06:00 UT) and overestimates during the day (06:00 UT-18:00 UT). The IRI-Plas 2017 model
measurements of foF2 values agree better with ionosonde results than hmF2 and NmF2, and the model
measurements of NmF2 values agree better than hmF2.
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Figure 1

Altitudinal variations of the electron density pro�le values obtained from ionosonde and IRI-Plas 2017
model on days of May and June 2014 months in different hours.
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Figure 2

Altitudinal variations of the electron density pro�le values obtained from ionosonde and IRI-Plas 2017
model on days of June 2014 in different hours.

Figure 3

Altitudinal variations of the electron density pro�le values obtained from ionosonde and IRI-Plas 2017
model on different hours of days June 2014.
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Figure 4

Altitudinal variations of the electron density pro�le values obtained from ionosonde and IRI-Plas 2017
model on days of June and July 2014 months in different hours.
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Figure 5

Hourly percentage deviation values of the IRI-Plas 2017 model from ionosonde electron density
measurements in different days of months (May, June and July) for different hours  

Figure 6

Hourly variability of peak electron density, NmF2 (left side), peak height, hmF2 (middle) and critical
frequencies, foF2 (right side) with their values of percentage deviation and correlation coe�cients (R) of
the IRI-Plas 2017 model from ionosonde measurements on June 06 2014 
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Figure 7

Hourly variability of peak electron density, NmF2 (left side), peak height, hmF2 (middle) and critical
frequencies, foF2 (right side) with their values of percentage deviation and correlation coe�cients (R) of
the IRI-Plas 2017 model from ionosonde measurements on June 09 2014

Figure 8
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Hourly variability of peak electron density, NmF2 (left side), peak height, hmF2 (middle) and critical
frequencies, foF2 (right side) with their values of percentage deviation and correlation coe�cients (R) of
the IRI-Plas 2017 model from ionosonde measurements on June 10 2014 

Figure 9

Hourly variability of peak electron density, NmF2 (left side), peak height, hmF2 (middle) and critical
frequencies, foF2 (right side) with their values of percentage deviation and correlation coe�cients (R) of
the IRI-Plas 2017 model from ionosonde measurements on June 11 2014

Figure 10
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Hourly variability of peak electron density, NmF2 (left side), peak height, hmF2 (middle) and critical
frequencies, foF2 (right side) with their values of percentage deviation (bar graph) and correlation
coe�cients (R) of the IRI-Plas 2017 model from ionosonde measurements on June 13 2014. 

Figure 11

Hourly variability of peak electron density, NmF2 (left side), peak height, hmF2 (middle) and critical
frequencies, foF2 (right side) with their values of percentage deviation and correlation coe�cients (R) of
the IRI-Plas 2017 model from ionosonde measurements on June 14 2014
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Figure 12

Hourly variability of peak electron density, NmF2 (left side), peak height, hmF2 (middle) and critical
frequencies, foF2 (right side) with their values of percentage deviation and correlation coe�cients (R) of
the IRI-Plas 2017 model from ionosonde measurements on June 15 2014 
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