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Abstract: Thermal radiation is the process in which energy, in the form of electromagnetic radiation, is
released from a heated surface in all directions and moves at the speed of light straight to its site of absorption.
It doesn't need a medium to deliver it. The wavelengths of thermal radiation span from the shortest ultraviolet
rays to the longest infrared rays through the visible light spectrum. The temperature of the emitting surface
controls the radiant energy's distribution and intensity within this range. According to the Stefan-Boltzmann
law, a surface's total radiant heat energy is proportional to the fourth power of its absolute temperature. In
addition to surface net solar radiation (SNSR) and surface net solar radiation clear sky (SNSR clear sky) for
noon, as well as surface net thermal radiation (SNR) and surface net thermal radiation clear sky (SNTR clear
sky) for two times (00;00 am and 12:00 pm), data are collected by latent heat (LH), sensible heat (SH), and
satellites recorded by the European Centre for Medium-Range Weather Forecasts Two latitudes (29.55 -
37.225) north of the equator and two longitudes (38.455 - 48.548) east of the Corniche line are covered by
the 2021 over Iraq stations selection. The examination of the daily means of LH, SH, SNSR, SNSR clear sky,
SNTR, and SNTR clear sky has been our focus otherwise. Spearman's test results demonstrated that, for all
stations chosen in Iraq, there is a substantial correlation between thermal radiation types (SNTR clear sky,
SNTR, and STRD) and latent heat and sensible heat, and that this correlation is positive for 2021. According
to the test findings in Table 1, the Emadiyah station (SH & SNTR) at noon had the highest correlation
coefficient in the Spearman's test (0.9), although the correlation coefficient for this station was the lowest
across several stations.

Keywords: LH, SH, SNSR, SNSR clear sky, SNTR and SNTR clear sky, Iraq.

INTRODUCTION

When particles in matter move thermally, they emit electromagnetic radiation, which is known as
thermal radiation. Thermal radiation travels through matter and vacuum as an electromagnetic
wave. The temperature of matter tends to increase when it absorbs thermal radiation [1](2].
Thermal radiation is emitted by any matter that has a temperature higher than absolute zero. A
material's electrical, molecular, and lattice oscillations all contribute to the energy output Charge-
acceleration or dipole oscillation transform kinetic energy into electromagnetism [3][4][5]. The
infrared (IR) spectrum contains the majority of the emission at ambient temperature [6](7].
Together with conduction and convection, thermal radiation is one of the basic processes of heat
transmission [8][9]. Thermal radiation is the main way that heat is transferred from the Sun to the
Earth. The sky appears to be blue because of the partial absorption and dispersion of this energy in
the atmosphere. A large portion of the Sun's energy travels to the surface via the atmosphere, where
it is either reflected or absorbed [10] [11] [12]. Things or occurrences that are often invisible to the
human eye can be detected via thermal radiation. By detecting infrared light, thermographic
cameras provide an image [13] [14]. These pictures can show a scene's temperature gradient and are
frequently used to find objects that are hotter than their surroundings [15] [16] [17]. Because of
their body temperature, infrared pictures can be utilized to find people or animals in low-light, dark
environments [18] [19]. Thermal radiation also includes cosmic microwave background radiation
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(20] [21]. Thermal radiation in idealized systems is analyzed using the concept of blackbody
radiation [22]. If a radiation object satisfies the physical requirements of a black body in
thermodynamic equilibrium, then this model is applicable [23] [24]. Planck's law links the radiative
heat flux from a body to its temperature and characterizes the spectrum of blackbody radiation [25].
The radiant intensity is determined by the Stefan-Boltzmann law, while the most likely frequency
of the emitted radiation is determined by Wien’s displacement law [26]. Quantum electrodynamics
(QED) can be used to explain emission and absorption in situations when blackbody radiation is
not a reliable approximation [27]. Electromagnetic waves emitted by any matter with a temperature
higher than absolute zero are known as thermal radiation. The transformation of thermal energy
into electromagnetic energy is reflected in thermal radiation [28]. The kinetic energy of atoms and
molecules moving randomly within matter is known as thermal energy. It exists at a temperature
that is not zero in all matter. Protons and electrons, which are charged particles, make up these
atoms and molecules. Dipole oscillation and charge acceleration are the outcomes of the kinetic
interactions between matter particles [29]. This causes linked electric and magnetic fields to be
generated electrodynamic ally, which releases photons and radiates energy outside the body. In a
vacuum, visible light and other electromagnetic waves will continue to propagate indefinitely [30].
Kirchhoff's law [31] states that the temperature and spectral emissivity of the surface from which
thermal radiation is originating are two of the parameters that determine its characteristics. The
radiation's characteristic spectrum is a continuous spectrum of photon energies rather than a single
frequency, making it non-monochromatic. A black body is defined as one in which the radiating
body and its surface are in thermodynamic equilibrium and the surface has complete absorptivity at
all wavelengths [32]. Additionally, a black body emits perfectly. Black-body radiation is the radiation
produced by such ideal emitters. The emissivity of a body is the ratio of its emission to that of a
black body; hence, the emissivity of a black body is 1. All bodies' emissivity, reflectivity, and
absorbtivity depend on the radiation's wavelength. Since absorptivity and emissivity are identical at
equilibrium for any given wavelength due to reciprocity, a good absorber is inevitably a good
emitter, and a poor absorber is a poor emitter [33]. The electromagnetic radiation's wavelength
distribution is influenced by temperature [34]. Planck's law describes the power distribution that a
black body generates at different frequencies [35]. There is a frequency fmax at which the power
released reaches its maximum at any given temperature. The peak frequency fmax is related to the
absolute temperature T of the black body, as indicated by Wien's displacement law and the fact that
the frequency is inversely proportional to the wavelength [36][37].

With a temperature of about 6000 K, the sun's photosphere mostly produces radiation in the
(human-)visible range of the electromagnetic spectrum [38](39]. Light that reaches the surface is
either absorbed or reflected by the Earth's atmosphere, which is partially transparent to visible light
[40][41]). With a spectral peak at fmax, the absorbed radiation is released from the Earth's surface,
simulating the behavior of a black body at 300 K. The atmosphere is mostly opaque at these lower
frequencies, absorbing or scattering radiation from the Earth's surface. The majority of this
radiation is absorbed and subsequently re-emitted by atmospheric gases, however around 10% of it
escapes into space. The planetary greenhouse effect, which contributes to global warming and
climate change in general, is caused by the atmosphere's spectral selectivity. It also plays a crucial
role in maintaining climate stability when the atmosphere's composition and characteristics remain
constant [42].
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Figure 1. Solar radiation disturbance [43].

Atoms and molecules in matter move randomly, producing thermal radiation. Electromagnetic
radiation is produced when charged protons and electrons move [44]. The ability of an object to
emit energy as thermal radiation is known as its emissivity. The theoretical extremes of a perfect
emitter (blackbody radiator = 1) and a perfect reflector (= 0) are used to quantify the emissivity of
heat radiation [45]. Human skin typically has an emissivity of 0.97 or 0.98, which is comparable to
the emissivity of ice (0.97), and humans emit large amounts of infrared light [46]. This is because
skin contains a lot of water. Thus, variations in skin thermal radiation can be measured clinically
using infrared thermal imaging cameras [47].

The origin of solar radiation

In the Sun's interior, hydrogen nuclei fuse and transform into helium through nuclear fusion
events [48]. This reaction releases a lot of energy that travels into the sun's interior and stays there
for a while, increasing in wavelength until it reaches the sun's surface [49]. We are reached by this
light [50]. The thermal energy required for life on Earth is supplied by the sun [51][52]. Because of
our distance from the sun, which is approximately 150 million kilometers, the average temperature
on Earth is around 14 degrees Celsius, which is a perfect temperature for life [53][54].

Types of solar rays

In Figure 2, the Scientists distinguish three types of rays that make up solar radiation, which
include [55]:

1. 1. Infrared rays, also known as thermal rays, are invisible and are thought to make about
50% of all sun radiation. They are crucial to every action and have a wavelength between
0.75 and 4.0 microns (1/1000 of a millimeter). Through the window, sunlight filtered in.

2. 2. The rays of light that are referred to as visible are actually invisible. For instance, the
sun's rays, also known as visible light, enter the cosmos without our awareness but light up
the transparent material environment where they are scattered, like our atmosphere, or
reflected from it, like the moon's surface. The key to lighting the atmosphere is scattering.
Knowing that light can be broken down into its constituent elements using a glass prism,
daylight is thought to consist of 37% light rays, which have a wavelength between 0.40 and
0.74 microns. During the summer, the intensity of light rays on Earth's surface increases at
noon. summertime.
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3. Invisible ultraviolet rays, often known as "vital rays," are thought to make up 13% of all
solar radiation. Their wavelength ranges from
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Figure 2. Solar and thermal radiation regions [55].

MATERIAL AND METHODS

Study stations and location:

The city of Iraq is the study area. Since 2021 covers two latitudes (29.55°-37.225°) north of the
equator and two longitudes (38.455°-48.548°) east of the Corniche line, it is an important year to
choose. The daily mean of LH, SH, SNSR, SNSR clear sky, SNTR, and SNTR clear sky for the year

2021 over Iraq were obtained from the European Center for Medium-range Weather Forecasts. as

displayed in Figure 3 and Table 1.

Table 1. The meteorological station used in the study [55].

Station Longitude (degrees) Latitude (degree) Elevation (m)

Rutba 40.28 33.03 222
Emadiyah 43.30 37.05 1236

Basrah 47.78 30.52 2
Baghdad 44.4 333 32
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Figure 3. Iraq maps.
Analysis of the behavior of the daily mean of latent and sensible heat over Iraq

Figure 4 shows the daily mean of LH and SH for two times, 00:00 am and 12:00 pm, over Iraq for
2021. The largest amount of LH occurred in Kerbela and a smaller amount in Rutba stations at
00:00 am The largest amount of LH occurred in Emadiyah and a smaller amount in Basrah
stations at noon. The largest amount of SH occurred in Hella and a smaller amount in Emadiyah
stations at 00:00 am The largest amount of LH occurred in Kerbela and a smaller amount in
Emadiyah stations at noon.

This is due to atmospheric and astronomical factors, climatic changes, and the nature of the
surface, which contributes to the increase of latent and sensible heat in this region.
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mean of thermal heat over Iraq

Figure 4 shows the daily mean of SNTR, SNTR clear sky, and STRD for two times, 00:00 am and
12:00 pm, over Iraq for 2021. The largest amount of SNTR occurred on Ramadi and a smaller
amount on Emadiyah stations at 00:00 am The largest amount of SNTR occurred on Samawa and
a smaller amount on Emadiyah stations at noon. The largest amount of SNTR clear sky occurred
on Nasiriya, and a smaller amount on Emadiyah stations for 00:00 am The largest amount of
SNTR clear sky occurred on Nasiriya and a smaller amount on Emadiyah stations for noon. The
largest amount of STRD occurred on Amara and a smaller amount on Emadiyah stations for 00:00
am the largest amount of STRD occurred on Amara and a smaller amount on Emadiyah stations
for noon. This is because thermal radiation is present during the day and night when it is emitted
as a result of the absorption of solar radiation by the Earth’s surface, or as a result of the
components of the atmosphere, which represent clouds, gases, and aerosols, absorbing solar
radiation and then emitting thermal radiation during the day and night.
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Figure 4. Analysis of the daily mean of latent and sensible heat over Iraq for the year 2021.
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Analysis of the behavior of the daily mean of solar radiation over Iraq

Figure 5 shows the daily mean of SNSR, SNSR clear sky, and TOA ISR for noon over Iraq for
2021. The largest amount of SNSR occurred on Kerbela and a smaller amount on Basrah stations
for 12:00 pm The largest amount of SNSR in clear sky occurred on Dukcan and a smaller amount
on Anah stations for noon. The largest amount of TOA ISR occurred on Rutba and a smaller
amount on Dukcan stations at noon. This is because solar radiation is present during the day when
it travels through the atmosphere and is subjected to scattering, absorption, and reflection due to
the components of the atmosphere, which are clouds and gases. A large portion of aerosols and
solar radiation is reflected off the Earth's surface.
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Figure 5. Analysis of the daily mean of solar heat over Iraq for the year 2021.

Analysis of the behavior of the daily mean temperature over Iraq

Figure 6 displays the average daily temperature over Iraq in 2021 at two different hours, 0:00 am
and 12:00 pm. At midday, the highest temperature was recorded in Basrah and the lowest in
Emadiyah stations, while the highest temperature was recorded in Nasiriya and the lowest in
Emadiyah stations. This is due to the temperature being higher during the day than at night, and
the southern regions are hotter than the northern regions. This is due to solar radiation, the angle
of incidence of radiation, and the nature of the region.
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Figure 6. Analysis of the daily mean of temperature over Iraq for 2021.
The Relationship Between thermal radiation types with (latent heat and sensible heat)

In Figures 7 and 8, For all stations chosen in Iraq, the Spearman's test results demonstrated
a substantial association between thermal radiation types (SNTR clear sky, SNTR, and STRD) and
latent heat and sensible heat, with a positive relationship for 2021. According to the test results in
Table 1, the Emadiyah station (SH and SNTR) at noon had the highest correlation coefficient in
the Spearman's test (0.9), although the correlation coefficient for this station was the lowest across
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numerous stations. It was determined that there is a weak but inverse relationship between thermal
radiation and sensible heat and latent heat. Latent and sensible heat will increase through
atmospheric components including clouds, gases, and aerosols when thermal radiation in the
atmosphere rises.
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Figure 7. The relationship between the daily mean of latent heat and (SNTR clear sky, SNTR, and
STRD) of Iraqi Stations: (a) Emadiyah, (b) Baghdad, (c) Rutba, and (d) Basra for two times, 00:00
am and 12:00 pm.
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Figure 8. The relationship between the daily mean of sensible heat and (SNTR clear sky, SNTR,
and STRD) of Iraqi Stations: (a) Emadiyah, (b) Baghdad, (c) Rutba, and (d) Basra for two times,
00:00 am and 12:00 pm.
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Table 2: The relationship between LH and SH with the types of thermal radiation at the time

(00:00 am and 12:00 pm) for the year 2021 over the Iraqi stations.

Hour Spearman rho Linear regression Simple
. (LH and '
Aotot.geo time SNTR Correlation degree P-value Igerpfe;.atloﬁ.of
:00 am CLEAR) e relationship
Emadiyah 0.2 Low inverse correlation 0.0026 Linear relation
Baghdad 0.7 High positive correlation 0.2621 Linear relation
) _ Non-Linear
Rutba 0.06 Very low inverse correlation 0.2621 )
relation
. . Non-Linear
Basrah 0.03 Very Low positive correlation 0.5440 .
relation
. (LH and .
Altzt.lc;g time SNTR Correlation degree P-value I'?};cerpfe:‘atlorﬁ‘of
:00 pm CLEAR) e relationship
. . . Non-Linear
Emadiyah 0.03 Very Low inverse correlation 0.5592 )
relation
Baghdad 0.5 Medium inverse correlation 0.001 Linear relation
Rutba 0.5 Medium inverse correlation 0.001 Linear relation
Basrah 0.4 Medium inverse correlation 0.001 Linear relation
At the time (LH and C lation d Poval Interpretation of
00:00 am SNTR) orrelation degree value the relationship
Emadiyah 0.5 Medium inverse correlation 0.001 Linear relation
Baghdad 0.5 Medium positive correlation 0.001 Linear relation
Rutba 0.2 Low inverse correlation 0.0007 Linear relation
Basrah 0.2 Low inverse correlation 0.0057 Linear relation
At the time (LH and ) Interpretation of
12:00 pm SNTR) Correlation degree Pvalue | elationship
, ) ) Non-Linear
Emadiyah -0.04 Very Low inverse correlation 0.3730 )
relation
Baghdad 0.4 Medium inverse correlation 0.001 Linear relation
Rutba 0.5 Medium inverse correlation 0.001 Linear relation
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Basrah 0.4 Medium inverse correlation 0.001 Linear relation
At the time (LH and ) Interpretation of
00:00 am STRD) Correlation degree Pvalue the relationship
. . . Non-Linear
Emadiyah .05 Very Low inverse correlation 0.3792 .
relation
Baghdad 0.42 Medium positive correlation 0.001 Linear relation
Rutba .10 Very low inverse correlation 0.0483 Linear relation
) ) Non-Linear
Basrah 0.07 Very Low inverse correlation 0.169 i
relation
At the time (LH and ) Interpretation of
12:00 pm STRD) Correlation degree Pvalue the relationship
. . . Non-Linear
Emadiyah -0.064 Very Low inverse correlation 0.21 ,
relation
Baghdad -0.39 Medium inverse correlation 0.001 Linear relation
Rutba 0.22 Low inverse correlation 0.001 Linear relation
Basrah -0.39 Medium inverse correlation 0.37 Linear relation
) (SH and .
P:)totol(l); t;ze SNTR Correlation degree P-value I;[::‘z;z:?;:;d
‘ CLEAR) P
Emadiyah .25 Low positive correlation 0.001 Linear relation
Baghdad 0.72 Medium positive correlation 0.001 Linear relation
Rutba 0.44 Low positive correlation 0.001 Linear relation
Basrah 0.80 Low positive correlation 0.001 Linear relation
) (SH and 5
Altzt.}(;g t1$e SNTR Correlation degree P-value I:;eipfe::t:lorﬁ;)f
:00 p CLEAR) e relationship
- . . Non-Linear
Emadiyah 0.02 Very low positive correlation 0.6690 .
relation
Baghdad 0.27 Low positive correlation 0.001 Linear relation
Rutba 0.02 Very Low positive correlation 0.7020 Linear relation
Basrah 0.25 Low positive correlation 0.001 Linear relation
At the time (SH and ) Interpretation of
00:00 am SNTR) Correlation degree Pvalue the relationship
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Emadiyah 0.12 Low positive correlation 0.001 Linear relation
Baghdad 0.53 Medium positive correlation 0.001 Linear relation
Rutba 0.41 Medium positive correlation 0.001 Linear relation
Basrah 0.72 High positive correlation 0.001 Linear relation
Altztfoleo t;r;e (S;I,;E;l Correlation degree P-value Igfii;::;:;ﬁigf
Emadiyah 0.9 Very High positive correlation 0.001 Linear relation
Baghdad 0.80 High positive correlation 0.001 Linear relation
Rutba 0.73 High positive correlation 0.001 Linear relation
Basrah 0.71 High positive correlation 0.001 Linear relation
Ul I R
Emadiyah 0.0014 Very positive correlation 0.9794 NonfL.inear
relation
Baghdad 0.4 Medium positive correlation 0.001 Linear relation
Rutba 0.0276 Very low positive correlation | 0.5993 Non-Linear
relation
Basrah 0.2577 Low positive correlation 0.001 Linear relation
Ul I R
Emadiyah 0.7 High positive correlation 0.001 Linear relation
Baghdad 0.6 Medium positive correlation 0.001 Linear relation
Rutba 0.41 Medium positive correlation 0.001 Linear relation
Basrah 0.50 Medium positive correlation 0.001 Linear relation
CONCLUSIONS

e The largest amount of LH occurred in Kerbela and a smaller amount on Rutba stations at
00:00 am The largest amount of LH occurred in Emadiyah and a smaller amount on
Basrah stations at noon. The largest amount of SH occurred in Hella and a smaller amount
in Emadiyah stations at 00:00 am, the largest amount of LH occurred in Kerbela and a

smaller amount in Emadiyah stations at noon.

e The largest amount of SNTR occurred on Ramadi and a smaller amount on Emadiyah
stations at 00:00 am The largest amount of SNTR occurred on Samawa and a smaller
amount on Emadiyah stations at noon. The largest amount of SNTR clear sky occurred in
Nasiriya, and a smaller amount in Emadiyah stations at 00:00 am, and the largest amount
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of SNTR clear sky occurred in Nasiriya and a smaller amount in Emadiyah stations at
noon. The largest amount of STRD occurred on Amara and a smaller amount in
Emadiyah stations at 00:00 am, the largest amount of STRD occurred on Amara and a
smaller amount in Emadiyah stations at noon.

The largest amount of temperature occurred in Nasiriya and the least amount in Emadiyah
stations, while at noon, the largest amount of temperature occurred in Basrah and a
smaller amount in Emadiyah stations.

For all stations chosen in Iraq, the Spearman's test results demonstrated a substantial
association between thermal radiation types (SNTR clear sky, SNTR, and STRD) and
latent heat and sensible heat, with a positive relationship for 2021. According to the test
findings in Table 1, the Emadiyah station (SH, SNTR) at midday had the highest
correlation coefficient in the Spearman's test (0.9), whereas numerous other stations had
the lowest correlation coefficient value.
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