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Abstract

This study deals with the comparison of Theoretical Sunshine Hours
(TSH) and Actual Sunshine Hours (ASH) in different meteorological
stations in Irag, and its relation to climatic factors (Maximum Air
Temperature, Relative Humidity and Wind Speed), during the period
between 1979 and 2019. The results indicate that the lowest monthly
value of theoretical sunshine hours (TSH) was obtained at Mosul Station
for the month of December with a value of 9.57 hours and the lowest
monthly value for actual sunshine hours (ASH) was obtained at Mosul
Station for the month of January with a value of 4.5 hours. The maximum
monthly value of theoretical sunshine hours (TSH) at Mosul station for
the month of June was obtained as 14.43 hours, and the maximum
monthly value of actual sunshine hours (ASH) at Rutba station for July
was obtained as 12.4 hours. The average annual values of theoretical
sunshine hours (TSH) ranged between 11.77 hours - 12.15 hours, while
the average annual values of actual sunshine hours (ASH) ranged
between 8.19 hours - 9.19 hours. Simple regression equations were
reached at the various study stations between theoretical and actual
hours of sunshine and different climatic factors.

1. Introduction:

impact on the development of the solar system [2].

Solar energy is environmentally friendly and can be used
almost anywhere on earth, whereas fossil fuels are only avail-
able in limited places in the world. In addition to the above
advantages, solar energy is available and will never be affected
by price changes associated with the oil market. Solar radia-
tion can be used as solar radiation or photoelectric radiation
[1].

Solar radiation is the energy source for the movement of
the Earth’s atmosphere and the cause of all physical phenom-
ena in the atmosphere. Solar radiation is now also the main
energy source for the Earth’s ecosystem and has a significant
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View of the increasing depletion of fossil fuels and in-
creasing environmental pollution, the use of renewable energy
is becoming increasingly important. Therefore, the research
and utilization of solar radiation must be expanded [3]

Accurate measurement and clear understanding of the
spatial and temporal changes in solar radiation are of great
significance for meteorology, hydrology and ecological pro-
cesses, photosynthesis, agricultural and industrial production,
and energy development and utilization [4].

Sunlight is one of the most important components of life
on Earth. Year-round, the sun’s rays warm land and oceans,
are a direct factor in photosynthesis, drive the water cycle, and
ultimately become the primary driver of Earth’s weather and
climate. Sunlight is a combination of light and radiant heat
from the sun. In addition, it is directly related to solar energy
resources, which is very important as a means to mitigate cli-
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mate change and achieve greenhouse gas emission reduction
goals [5].

Sunshine hours are one of the most important parameters
for meteorological measurements and play an active role in
determining solar radiation data. Furthermore, solar duration
is the most effective parameter due to its relationship with
global solar radiation, relative humidity, and other climate
variables [6].

Sunshine duration refers to the time the ground is exposed
to direct sunlight (that is, sunlight that reaches the surface of
the earth directly from the sun). Sun duration is the period
of time during which direct sunlight exceeds a threshold of
120 (W/m?). This value corresponds to the amount of solar
radiation shortly after sunrise or shortly before sunset under
cloud-free conditions. It is determined by comparing the du-
ration of sunlight recorded by the Campbell-Stokes sunlogger
with actual direct sunlight [7].

The solar radiation over the region of Iraq was studied by
Faleh et. al. 2014 and calculated. Empirical models for the
Estimation of Global Solar Radiation depending on Sunshine
Hours on Horizontal Surface in Various Cities of Iraq were
produced (Baghdad, Rutba and Nassiria. The results show a
good agreement between estimated and measured values [8].

Solar radiation was studied over the Iraqi country land by
Gheidaa 2017, The best sun duration hours regions (maximum
hours) in Iraq were estimated the metrological measured data
of average monthly mean sunshine duration hours at a period
(1983-2005) is used mean that the south west of Iraq is the
favor place to establish solar cells farms [9].

The global solar radiation for the locations of fourteen
Iraqi metrological stations was studied by Mertah et.al. 2019
and calculated. depending on sunshine duration measure-
ments of these stations. This study showed that it is possible
to calculate the values of extraterrestrial radiation (Ho) and
global solar radiation (H) by means of the geographical loca-
tion (latitude) and sunshine duration data [10].

Jawdet 2019, investigated the relation between the solar
radiation and air temperature in the different locations of
Kirkuk governorate (Latitude: 35.47°N, Longitude: 44.39°E)
by calculation the correlation coefficient this indicates that
the increasing in solar radiation leads to increase the values
of air temperature, and the decreasing in solar radiation leads
to decrease the values of air temperature [11].

Jawdet 2021, studied the effect of the amount of clouds on
the number of actual hours of Sunshine in selected stations in
Iraq, namely (Mosul Station, Baghdad Station, Basra Station),
using data the amount of clouds and the number of actual
hours of Sunshine for a period of (31 years) for the period
extending from (1980 - 2010), The results indicated that there
is a strong inverse correlation between both variables in The
three study stations, and this indicates that with the increase
in the amount of clouds the number of hours of actual hours

of Sunshine decreases, and vice versa [12].

This study aimed to comparison of Theoretical Sunshine
Hours (TSH) and Actual Sunshine Hours (ASH) in different
meteorological stations in Iraq, and its relation to climatic
factors (Maximum Air Temperature, Relative Humidity and
Wind Speed), during the period between 1979 and 2019 and
calculating the correlation coefficient between the variables
to show the nature of their relationship to each other.

2. Theoretical Formulations:

The Theoretical Sunshine Hours (TSH) are given by the fol-
lowing equation [13]:

2W
15

TSH = (1

Where W, represent sunset hour angle, is given by the
following equation:
W, = cos™ ! (—tan¢.tand) 2)

Where ¢ represent the latitude, and represent solar decli-
nation angle is given by the following equation:

284+n

8 = 23.455in [360( 365

)] 3)

Where represent the day number of the year, as shown
below in Table 1:

Table 1. The day number of the year [13].

month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
n 17 47 75 105 135 162 198 228 258 288 318 344

3. Study Area and Data Used:

The mean monthly values of Theoretical Sunshine Hours
(TSH) were calculated by equ.land Actual Sunshine Hours
(ASH) were obtained from Iraqi meteorological stations from
1979 until 2019 using 10 stations well distributed in Iraq.
Table 2 shows the geographical coordinators of the different
stations in Iraq.

4. Results and Discussion:

4.1 Temporal Variation of TSH and ASH:
4.1.1 Monthly Mean:
Table 3 shows the mean monthly calculated values of (TSH)

and measured values of (ASH) in different stations in Iraq
during the period (1979-2019).
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Table 2. Geographical coordinators of the different stations
[14].

NO. Station Latitude (°) Longitude (°)  Altitude (m)
1 Mosul 36 43 223
2 Kirkuk 35 44 331
3 Kanaqin 34 45 202
4 Baghdad 33 44 32
5 Rutba 33 40 631
6 Hai 32 46 17
7 Nagaf 31 44 53
8 Diwaniya 31 44 20
9 Nasiryah 31 46 5
10 Basra 30 47 2

Table 3 shows that during Winter months (December ,Jan-
uary and February) ,the maximum calculated values of TSH
were obtained in Basra station with the values of 10.03 h ,
10.23 and 10.94 h respectively, and the maximum measured
values of ASH were obtained in Basra in December and Febru-
ary with the values of 6.7 h, 7.7 h, and in Rutba in January
with the value of 6.6 h, while the minimum calculated values
of TSH were obtained in Mosul in December and January
with the values of 9.57 h, 9.83 h, and in Kirkuk in February
with the value of 10.7 h, and the minimum measured values
of ASH were obtained in Mosul station with the values of 4.6
h, 4.5 h and 5, 6 h respectively.

The lowest TSH and ASH values occurred in January,
February and December, as these months are being character-
ized by high concentration of clouds in addition to that the
angle of incidence of the solar radiation in these months is
considered low.

In the months of Spring (March, April and May), the Table
3 shows that the maximum calculated values of TSH were
obtained in Basra, Baghdad and Mosul with the values 11.81 h,
12.87 h and 13.93 h respectively, and the maximum measured
values of ASH were obtained in Rutba station with the values
of 8.3. h and 8.9 h in March and April and in Rutba and
Baghdad with the value 10.1 h in May, while the minimum
calculated values of TSH were obtained in Mosul in March
and May with the values of 11.76 h, 12.76 h and in Basra
station in April with the value 13.57 h, and the minimum
measured values of ASH were obtained in Mosul, Kanaqin
and Nasiriyah stations with the values of 6.8.6 h, 7.8 h and
9.16 h respectively.

The maximum calculated values of TSH during summer
months (June, July and August) were obtained in Mosul sta-
tion with the values 14.43 h,14.21 h and 13.35 h respectively,
and the maximum measured values of ASH were obtained
in Rutba station with the values of 12.3. h, 12.4 h and 10.7

h respectively, while the minimum calculated values of TSH
were obtained in Basra station with the values of 13.98 h,
13.79 h and 13.1 h respectively, and the minimum measured
values of ASH were obtained in Nasiriyah station with the
values of 9.6 h, 9.9 h and 10.1 h respectively.

The highest values of TSH and ASH occurred most fre-
quently between June and July. These months typically tend
to have less cloud cover in the sky.

In the months of Autumn (September, October and Novem-
ber), the Table 3 shows that the maximum calculated values
TSH were obtained in Mosul, Baghdad and Basra with the
values 12.22 h,11.22 h and 10.42 h respectively, and the max-
imum measured values of ASH were obtained Basra station
with the values of 10.4 h, 8.9 h and 7.6 h respectively, while
the minimum calculated values of TSH were obtained in Mo-
sul, Diwaniya and Basra stations with the values of 12.18 h,
11.05 and 10.08 h respectively, and the minimum measured
values of ASH were obtained in Mosul, Baghdad and Kanaqin
stations with the values of 8.9 h, 7.9 h and 6.3 h respectively,
and this result is consistent with the results of reference [8, 9].

4.1.2 Seasonally Mean:

Table 4 shows the mean seasonally values of calculated
values of TSH and measured values of ASH in all the studied
Iraqi stations during the period (1979- 2019).

The maximum mean seasonal values of calculated val-
ues of TSH were obtained in Mosul station in the seasons
of Spring and Summer with the values of 12.87 h, 13.99 h
respectively and in Basra station in the seasons of Winter
and Autumn with the values of 10.92 h, 11.27 h respectively,
and the maximum measured values of ASH were obtained
in Basra station in Winter with value of 7.53 h and in Rutba
station in the seasons of Spring and Summer with the values
of 9.1 h and 12.13 respectively and in Hai station in Autumn
with the value of 9.1 h.

The minimum seasonal values of calculated values of TSH
were obtained in Mosul station in Winter with the value of
10.03 h, and in Basra station in Spring and Summer with
values of 12.71 h and 13.62 h and in Nagaf station in Autumn
with the values of 7.91 h, and the minimum measured values
of ASH were obtained in Mosul station in Winter with the
value of 4.9 h, and in Kanagqin station in Spring with the value
of 7.93 h and in Nasiriya station in Summer with the value
of 9.86 h, and in Baghdad and Kanagqin stations in Autumn
with the value of 8.13 h, and this result is consistent with the
results of reference [8, 9].

4.1.3 Annually Mean:

Table 4 shows the mean annual values of calculated values
of TSH and measured values of ASH in different stations.
The maximum mean annual value of calculated values of TSH
were obtained in Basra station with a value of 12.15 h, and
the maximum mean annual value of ASH was obtained in
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Table 3. Mean values of TSH and ASH in different stations in Iraq during the period (1979-2019).

NO. Month  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Station

1 Mosul TSH 9.83 107 11.76 1293 1393 1443 1421 1335 1222 11.05 10.06 9.57
ASH 4.5 5.6 6.8 7.9 9.5 12.1 122 115 10.4 8.2 6.3 4.6

2 Kirkuk TSH 9.89 107 11.77 1291 13.87 1436 14.14 1331 1221 11.08 10.11 9.64
ASH 54 6.3 7.3 7.9 9.4 11.3 112 113 102 8.2 6.7 5.5

3 Kanaqin TSH 9.9 1074 1177 1291 13.87 1436 14.14 1331 1221 11.08 10.12 9.65
ASH 5.6 6.4 6.9 7.8 9.1 11.1 11.1 10.8 9.8 7.9 6.7 54

4 Baghdad  TSH 998 1079 11.78 12.87 13.79 1426 14.05 1325 1222 11.12 102 9.75
ASH 6.2 7.3 7.9 8.8 10.1 12.1 119 11.6 8.9 8.3 7.2 6.2

5 Rutba TSH 1006 10.84 11.79 12.83 13.72 14.17 1397 13.12 12.19 11.15 1027 9.84
ASH 6.6 7.4 83 8.9 10.1 12.3 124 117 102 8.6 7.5 6.3

6 Hai TSH 1008 10.85 11.79 12.82 13.7 14.14 1395 13.19 12.19 11.16 1029 9.86
ASH 6.5 7.5 7.9 8.5 9.8 11.6  11.6 115 10.2 9.5 7.6 6.6

7 Nagaf TSH 10.15 10.89 11.8 128 13.65 14.07 1388 13.15 12.19 11.19 1035 9.93
ASH 6.4 7.2 7.9 8.5 9.3 11.3 11.5 11.1 10.1 8.4 7.3 6.2

8 Diwaniya TSH 10.16 109 11.8 1279 13.63 14.05 13.86 13.14 12.18 11.19 1036 9.95
ASH 6.2 7.2 7.9 8.4 9.4 11.6 11.6 11.3  10.2 8.5 7.4 6.5

9 Nasiryah TSH 10.16 109 11.8 12,79 13.63 14.06 13.87 13.14 12.18 11.19 1035 9.95
ASH 6.5 7.4 8.1 8.3 9.1 9.6 9.9 10.1 9.8 8.6 7.3 6.4

10 Basra TSH 1023 1094 11.81 1276 13.57 1398 13.79 13.1 12.18 11.22 1042 10.03
ASH 6.5 7.7 8.2 8.5 9.7 11.5 112 111 10.4 8.9 7.6 6.7

(Rutba) station with a value of 9.19 h, while the minimum
mean annual value of calculated values of TSH were obtained
in Nagaf station with a value of 11.17 h, and the minimum
mean annual value of ASH was obtained in Mosul station
with a value of 8.19 h.

4.2 Spatial Variation of TSH and ASH:

Figure 1 and 2 show the spatial variation of the mean
monthly values of TSH and ASH in all the studied Iraqi sta-
tions during the period (1979- 2019). From the figures, we
can select three different parts:

The First Part: represents the north part of Iraq (Mosul
and Kirkuk). The values of calculated values of TSH in this
part ranged between 9.57 h — 10.7 h in Winter months, 11.76
h — 13.39 h in Spring months, 13.31 h — 14.43 h in Summer
months and 10.06 h — 12.22 h in Autumn months, respectively,
while the values of measured values of ASH ranged between
4.5 h— 6.3 h in Winter months, 6.8 h — 9.5 h in Spring months,
11.2 h — 12.2 h in Summer months and 6.3 h — 10.4 h in
Autumn months, respectively.

The Second Part: represents the middle part of Iraq
(Kanagqin, Baghdad, Rutba, Hai). The values of calculated
values of (TSH) in this part ranged between 9.65 h — 10.08 h
in Winter months, 11.77 h -13.87 h in Spring months, 13.12 h
—14.36 h in summer months and 10.12 h -12.22 h in Autumn

months, respectively, while the values of measured values of
(ASH) ranged between 5.4 h — 7.5 h in Winter months, 6.9 h —
10.1 h in Spring months, 10.8 h — 12.4 h in summer months
and 6.7 h — 10.2 h in Autumn months, respectively.

The Third Part: represents the south part of Iraq and in-
volves (Nagaf, Diwaniya, Nasiriya and Basra) stations. The
values of calculated values of (TSH) in this part ranged be-
tween 9.93 h — 10.94 h in Winter months, 11.8 h -13.57 h
in Spring months, 13.10 h — 14.07 h in Summer months and
10.35 h— 12.19 h in Autumn months, respectively while the
values of measured values of (ASH) ranged between 6.2 h —
7.7 h in Winter months, 7.9 h — 9.7 h in Spring months, 9.6
h — 11.6 h in Summer months and 7.3 h— 10 .4 h in Autumn
months, respectively, and this result is consistent with the
results of reference [8, 9].

The reason for the difference between the calculated Val-
ues of TSH and ASH in Study Stations is the result of the
fact that the actual hours of Sunshine are affected by dusty
phenomena, the presence of clouds, fog, atmospheric pollu-
tants, and the percentage of water vapor in the atmosphere.
These factors work to absorb solar radiation and reflect it, so
the number of actual Sunshine hours is always less than the
number of theoretical Sunshine hours.

Figure 3 shows the spatial variation of TSH and ASH in
different stations. From the figure we can nearly see three
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Figure 1. Spatial variations of TSH and ASH values for Winter and Spring months.
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Figure 2. Same as Figure 1, for Summer and Autumn months.
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Figure 3. Spatial variations of TSH and ASH in the four seasons in Iraq.

Kirkuk J. Sci. Vol. 18, Iss. 4, p 10-31, 2023




A comparative study of the theoretical and actual sunshine hours... 17

Table 4. Mean seasonal and annual calculated values TSH
and ASH in different stations in Iraq during the period
(1979-2019).

NO. Season Winter Spring Summer Autumn. Annual Mean
Station
1 Mosul TSH 10.03 12.87 13.99 11.11 12
ASH 49 8.06 11.5 83 8.19
2 Kirkuk TSH 10.07  12.85 13.93 11.13 11.99
ASH 573 8.2 11.26 8.36 8.38
3 Kanaqin TSH 10.09 12.85 13.93 11.13 12
ASH 5.8 7.93 11 8.13 8.215
4 Baghdad TSH 10.77  12.81 13.85 11.18 12.15
ASH 7.13 8.93 11.86 8.13 9.01
5 Rutba TSH 1024 1278 13.75 11.20 11.99
ASH 6.76 9.1 12.13 8.76 9.19
6 Hai TSH 1026 12.77 13.76 11.21 12.00
ASH 6.86 8.73 11.56 9.1 9.06
7 Nagaf TSH 1032 1275 13.7 791 11.17
ASH 6.6 8.56 11.3 8.6 8.76
8 Diwaniya  TSH 10.33 12.74 13.68 11.24 12.00
ASH 6.63 8.56 11.5 8.7 8.85
9 Nasiryah TSH 10.33 12.74 13.69 11.24 12.00
ASH 6.76 8.5 9.86 8.56 8.42
10 Basra TSH 1092 1271 13.62 11.27 12.13
ASH 7.53 8.8 11.26 8.96 9.14

parts in all the seasons. The maximum value of calculated
values of TSH and measured values of ASH in different sta-
tions in all these seasons was obtained in Basra station, while
the minimum value calculated values of TSH and measured
values of ASH in all stations was obtained in Mosul station.

4.3 Correlations between TSH and ASH:

Study the correlations between mean monthly values of
TSH and ASH and mean monthly values of different climatic
factor Maximum Air Temperature, Relative Humidity and
Wind Speed,

4.3.1 Maximum Air Temperature:

Figures 4, 5 and 6, 7 show the linear regression equa-
tions and values of the correlation coefficient between mean
monthly values of TSH and ASH with Maximum Air Tem-
perature (MAT) respectively, where it is noted that there is a
strong positive correlation between the two variables, and this
result is consistent with the results of reference [10].

4.3.2 Relative Humidity:

Figures 8, 9 and 10, 11 show the linear regression equa-
tions and values of the correlation coefficient between mean
monthly values of TSH and ASH with Relative Humidity
respectively, where It is noted that there is a strong Nega-
tive correlation between the two variables, and this result is
consistent with the results of reference [10].

4.3.3 Wind Speed:
Figures 12, 13 and 14, 15 show the linear regression equa-
tions and values of the correlation coefficient between mean

monthly values of TSH and ASH with Wind Speed respec-
tively, where it is noted that there is a Positive correlation
between the two variables and this result is consistent with
the results of reference [10].

5. Conclusions

In this study, the spatial and temporal variation of compari-
son of TSH and ASH in different meteorological stations in
Iraq during the period (1979- 2019) were studied. The results
showed that:

1. TSH and ASH varies with the geographical location
and period of the year.

2. Spatial variation of TSH and ASH in Iraq shows that
Iraq can be divided into three parts: north, middle and
south.

3. The minimum monthly value of TSH was obtained in
Mosul station in December with value of 9.57 h and
the minimum monthly value of ASH was obtained in
Mosul station in January with value of 4.5 h.

4. The maximum monthly value of TSH was obtained
in Mosul station in June with value of 14.43 h and the
maximum monthly value of ASH was obtained in Rutba
station in July with value of 12.4 h.

5. The mean annual values of TSH ranged between 11.77
h — 12.15 h, while the mean annual values of ASH
ranged between 8.19 h —9.19 h.

6. Simple regression equations were found between mean
monthly values of TSH and ASH and mean monthly
values of different climatic factors (Maximum Air Tem-
perature, Relative Humidity and Wind Speed) in study
stations. These correlations gave (positive, negative and
positive) correlation coefficient between these variables
respectively.
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Figure 4. The simple linear regression equations and values of correlation coefficients between mean monthly values of TSH
and Maximum Air Temperature (MAT) in (a) Mosul, (b) Kirkuk, (c) Kanagqin, (d) Baghdad, (¢) Rutba.
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Figure 5. The simple linear regression equations and values of correlation coefficients between mean monthly values of TSH
and Maximum Air Temperature (MAT) in (a) Mosul, (b) Kirkuk, (c) Kanagqin, (d) Baghdad, (e) Rutba.
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Figure 6. The simple linear regression equations and values of correlation coefficients between mean monthly values of
ASH and Maximum Air Temperature (MAT) in (a) Mosul, (b) Kirkuk, (c) Kanagqin, (d) Baghdad, (e) Rutba.
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Figure 7. The simple linear regression equations and values of correlation coefficients between mean monthly values of
ASH and Maximum Air Temperature (MAT) in in (a) Hai, (b) Nagaf, (c) Diwanya, (d) Nasiryah, (e) Basra.
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Figure 8. The simple linear regression equations and values of correlation coefficients between mean monthly values of TSH
and Relative Humidity in (a) Mosul, (b) Kirkuk, (c) Kanaqin, (d) Baghdad, (e) Rutba.
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Figure 9. The simple linear regression equations and values of correlation coefficients between mean monthly values of TSH
and Relative Humidity in (a) Hai, (b) Nagaf, (c) Diwanya, (d) Nasiryah, (¢) Basra.
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Figure 10. The simple linear regression equations and values of correlation coefficients between mean monthly values of
ASH and Relative Humidity in (a) Mosul, (b) Kirkuk, (c) Kanagqin, (d) Baghdad, (¢) Rutba.
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Figure 11. The simple linear regression equations and values of correlation coefficients between mean monthly values of

ASH and Relative Humidity in (a) Hai, (b) Nagaf, (c) Diwanya, (d) Nasiryah, (e) Basra.
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Figure 12. The simple linear regression equations and values of correlation coefficients between mean monthly values of
TSH and Wind Speed in (a) Mosul, (b) Kirkuk, (c) Kanaqin, (d) Baghdad, (¢) Rutba.
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Figure 13. The simple linear regression equations and values of correlation coefficients between mean monthly values of
TSH and Wind Speed in (a) Hai, (b) Nagaf, (c) Diwanya, (d) Nasiryah, (e) Basra.
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Figure 14. The simple linear regression equations and values of correlation coefficients between mean monthly values of

ASH and Wind Speed in (a) Mosul, (b) Kirkuk, (c) Kanaqin, (d) Baghdad, (e) Rutba.
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Figure 15. The simple linear regression equations and values of correlation coefficients between mean monthly values of
ASH and Wind Speed in (a) Hai, (b) Nagaf, (c) Diwanya, (d) Nasiryah, (e) Basra.
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