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Abstract: The procurement and production of energy have become a significant issue for energy needs, especially in 
industrial processes and household usage. The increase in urban activities and the industry has increased the energy 
needs in urban areas. Many researchers focus on the issues of conservation, sustainability, and energy saving. Solar 
energy and sunshine duration present a solution for sustainable development. This paper introduces the analysis of 
ground-based observations for sunshine duration and other related meteorological variables, i.e., climate elements and 
air quality index. Daily data of meteorological variables were examined to determine the changes in sunshine duration, 
a proxy variable essentially used to estimate solar radiation and plan air quality management systems in urban regions 
with other environmental factors. The analysis was performed using statistical methodologies. Utilizing multivariate 
statistical technique, which involves Principal Component Analysis (PCA as a pattern recognition method), the analysis 
of sunshine duration was carried out for Erzurum city in Turkey using variables in the atmospheric environment. PCA 
analysis with orthogonal rotations, i.e., Varimax, Quartimax, and Equamax, presented similar results. In annual and 
seasonal periods, duration of sunshine is negatively associated with precipitation. Furthermore, in winter, sunshine 
duration varies significantly with atmospheric pressure positively; in spring, with cloud cover negatively; in summer, 
with cloud cover, relative humidity, and minimum air temperature negatively. Additionally, the duration of sunshine on 
the previous day is significantly related to the air quality index.  
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1. Introduction 

Environmental factors such as urban air quality and climate have been handled in recent years in various 
applications, especially in planning urban life areas. Climate is an essential element for human life and all 
survivals on Earth. The Industrial Revolution, especially anthropogenic activities such as burning fossil fuels, 
caused climate change. Climate change threatens human life and the planet in many ways and various regions.  

In recent years, the increase in the rate of development of technology, rapid population growth, and the 
associated increase in production have accelerated the depletion of non-renewable energy sources. 
Consumption of fossil resources has serious consequences for nature and inflicts damage. Therefore, it is an 
urgent obligation and necessity to give up the usage of traditional energy sources based on fossil fuels. The 
use of fossil fuels causes global warming and acid rain. Carbon dioxide, sulfur compounds, lead, and other 
toxic chemical compounds are emitted into the atmosphere. Against this, countries have increased their efforts 
to use alternative energy sources. 

The studies and investments in renewable energy have increased worldwide due to climate change and its 
related environmental problems, scarcity of energy resources, increasing population, and increasing energy 
demand based on economic growth (Kandirmaz et al. 2014, Mirzabe et al. 2022). The main energy source is 
the sun, which humans and all living things need for their lives. Solar radiation is in the form of radiant energy 
transmitted from the sun to the land surface. In addition, solar radiation considerably affects the climate of 
a particular region (Kaiser & Qian 2002, Zheng et al. 2008). Solar energy, one of the renewable energy sources, 
is inexhaustible and unlimited. Defining the information on solar radiation and related sunshine duration values 
is needed for sustainable life and development in various regions. Sunshine duration has a significant role in 
climate formation and is linked to the survival and development of all living things, such as humans, animals, 
and plants (Ghanghermeh et al. 2022). Because of a crucial input weather element, sunshine duration is utilized 
in many applications such as power plants planning, vegetation, agriculture, tourism, architecture, building 
design, photovoltaic, and thermal systems. Sunshine duration is considered a good representative of solar 
radiation (Xia 2010). It is especially an important parameter for estimating the solar radiation where solar 
radiation measurement cannot be made or data is missing (Adhikari et al. 2013). Sunshine duration is 
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associated with solar radiation using the Angstrom-Prescott formula (Almorox and Hontoria, 2004). Sunshine 
duration (or bright sunshine hours) is determined as the daily sum of the times of direct solar radiation exceeding 
the threshold value of 120 W/m2 defined by the World Meteorological Organization (Hassan et al. 2021).  

Sunshine duration is a significant atmospheric factor involving studies on different subjects and disciplines 
such as agriculture (Brown 2013), climate change (Matuszko & Węglarczyk 2015), and solar radiation 
(Almorox & Hontoria 2004, Hassan et al. 2021, Kaba et al. 2018). Sunshine duration varies depending on time 
and region (Karume et al. 2007). Sunshine duration can influence many physical and chemical processes in 
any region. Furthermore, the climate of regions can be characterized by utilizing the sunshine duration 
parameter, e.g., tourism and health issues (WMO 2008). 

Furthermore, there are also studies on the effects of atmospheric parameters such as sunshine duration and 
other meteorological elements on environmental factors and human health in urban areas (Chang et al. 2022, 
Cui et al. 2021, Gu et al. 2019, Jiang et al. 2022, Li et al., 2022, Wang et al. 2021, Yan et al. 2022, Kandirmaz 
& Kaba 2014). Further, a short duration of sunshine may increase depression risk (Ji et al., 2023). In addition, 
sunshine duration is related to psychological elements, mortality by exposure to sunshine, and circadian 
rhythms (Fu & Wang 2023). Sunshine duration interacts with other climate elements, e.g., precipitation, 
relative humidity, etc., and atmospheric pollutants.  

Sunshine duration in a given location adheres to some parameters involving geographical factors such as 
elevation, longitude, and latitude; astronomical factors, e.g., hour angle, declination angle; meteorological 
factors, e.g. cloud, precipitation; and physical parameters such as atmospheric components e.g., particulate 
matter, carbon dioxide, sulfur dioxide, dinitrogenous. Therefore, the change in sunshine duration has been 
examined due to the abovementioned factors. Many researchers have centered at the associations between 
sunshine duration and the other atmospheric variables such as spatiotemporal analysis (Tang et al. 2022), 
geographical distribution (Pashiardis et al. 2023), atmospheric circulation (Bartoszek & Matuszko 2021), 
global warming (Sanchez-Lorenzo et al. 2009), climatic trends (Marin et al. 2014), evapotranspiration (Allen 
et al. 1998), aerosol optical depth (Sanchez-Romero et al. 2016), ultraviolet radiation (Baker-Bloker 1980), 
relative humidity and precipitation (Goni et al. 2019), cloud cover (Bartoszek et al. 2020, Kandirmaz 2006, 
Matuszko 2012), temperature (van den Besselaar et al. 2015), wind (Yang et al. 2009). Moreover, atmospheric 
circulation conditions, such as thermohaline circulation in the North Atlantic, significantly affect sunshine 
duration variability (Marsz et al. 2022).  

Climate change caused the increase in temperature via greenhouse gases originating from anthropogenic 
emissions in urban regions. Anthropogenic activities may cause changes in the duration of sunshine (Tang et al. 
2022). Additionally, because of urbanization, anthropogenic activities lead to changes in land cover and land 
use in urban areas, which means an increase in reconstruction instead of vegetation area. The urban structures, 
e.g., buildings, asphalt, and concrete structures absorb solar energy during the day and emit it at night, thus 
preventing the cooling of the atmosphere and surface in urban areas. The reduction in sunshine duration in 
urban regions has bigger values than rural regions, expressing the effect of urbanization on sunshine duration 
(Zongxing et al. 2012). Sunshine duration is related to wind speed, relative humidity, precipitation, cloud cover, 
and solar radiation with high correlation (Zongxing et al. 2012). Clouds have the highest impact on regulating 
the radiation incoming to the surface of Earth (Sanchez-Lorenzo et al. 2009). Furthermore, cloud types can be 
a driving factor for variability in sunshine duration, such that an increase in low cloud opacity may be the main 
driver of a decrease in sunshine duration (Li et al. 2011). Similarly, high clouds are transparent compared to 
medium and low clouds (Josefsson & Landelius 2000) and do not lead to attenuation in sunshine hours.  

Moreover, the emission of air pollutants is one of the main drivers in decreasing solar radiation (Qian et al. 
2007). There is a linkage between solar radiation and anthropogenic aerosols (Kaiser & Qian 2002, Zheng 
et al. 2008, Yang et al. 2009, Qian et al. 2007). Further, clouds and aerosols interact differently (Ramanathan 
et al. 2011). Air pollutants and Air Pollution Index (or Air Quality Index) are linked to sunshine duration and 
lead to variations in its magnitude (Wang et al. 2012). 

The present study aims to reveal the interactions and variations of sunshine duration with other atmospheric 
elements and the air quality index. There is a lack of studies on the analysis of sunshine duration with PCA. 
This is the first attempt to use the PCA concept for sunshine duration analysis in Erzurum. Pattern recognition 
methods have generally been used in climatological and related studies. 
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2. Materials and Methods 

This study utilizes a five-year dataset of sunshine duration, other meteorological variables, and air quality 
index. Daily data of maximum temperature (TMX), minimum temperature (TMN), sunshine duration (DSR), 
precipitation (PCP), pressure (PRS), cloud cover (CLC), relative humidity (RLH), wind speed (WDS), 
evaporation (EVN) were provided from meteorological station belonging to National Meteorological Service 
in Erzurum during 2019-2023. Air pollutants data for the air quality index were obtained from the Ministry of 
Environment, Urbanism, and Climate Change (MOEUC 2024).  

Erzurum is a settlement in the country's northeast region, far from the sea and surrounded by high mountains 
to the south, north, and east (41.16°E and 39.55°N). The altitude above sea level of the province is 1859 m. 
A continental climate prevails in Erzurum, which is one of the highest and coldest provinces. Winters are 
generally very cold and snowy; summers are very hot and dry. The annual minimum, maximum, and average 
temperatures for long-term meteorological data are -0.5°C, 12°C, 5.8°C. The annual average values of sunshine 
duration, wind speed, relative humidity, number of rainy days, and precipitation are 7 h, 2.7 m/s, 63.3%, 121.6, 
629.3 mm, respectively. The prevailing winds are in the West-SouthWest direction in winter, whereas East-
NorthEast in summer. Air pollution in Erzurum is caused by the long and cold winter season due to fuels that 
are burned for heating purposes. In addition, the city's topography is surrounded by mountains, and the 
meteorological structure makes dilution of these pollutants difficult. Further, the fact that some residential 
areas are in the prevailing wind direction means that pollutants are carried to the city center and cause increased 
air pollution. 

Before performing the exploratory analysis, two statistical tests were conducted to determine whether the 
meteorological variables are homogeneous. Parametric and non-parametric statistical tests, such as One-Way 
ANOVA and the Kruskal-Wallis test, were applied on the dataset to analyze the homogeneity situation. 
Following the homogeneity analysis, the exploratory analysis was used to evaluate the interactions in variables. 
An exploratory analysis was carried out to detect possible excesses and explore joint patterns when assessing 
meteorological elements. This purpose was accomplished utilizing the PCA tool. One of the statistical analysis 
programs, Statistical Package for Social Science (SPSS), was used to examine the homogeneity status and 
pattern recognition analysis. 

The method of PCA is applied to unite subgroups together to define the significant climate variables in the 
present study, which are the most effective. Less prominent variables from the entire dataset are removed during 
the course of the analysis. The principal components are computed by sequencing in a way that the first principal 
component describes the highest rate of changeability in the data. The second principal component describes the 
highest rate of changeability that was not described by the first principal component (Pires et al. 2008). 

This method builds new unrelated orthogonal variables named as principal components that cover the best 
part of the original variance. The principal components are linear compositions of the input variables. To 
simplify the explication of the principal components, the varimax rotation was implemented to maximize their 
approach to the original input parameters (Richman 1986). The standardized scores of each principal 
component are computed by the formula shown in Equation 1: 

𝑠௠௝ ൌ 𝑣ଵ௠𝑧ଵ௝ ൅ 𝑣ଶ௠𝑧ଶ௝ ൅ ⋯൅ 𝑣௞௠𝑧௞௝  (1) 

where 𝑘  is the explanatory variables' number, 𝑚  is the number of principal component, 𝑗  is the number of 
measurements (1,2,3,,….,n)., 𝑧 and 𝑣 show the standardized value, and the standardized weight, respectively, 
for associated measurements and variables. 

Before assessing the statistical analysis, relative value of sunshine duration (RDSR) or otherwise relative 
sunshine duration (has value 0 to1) is computed by formula S/So, where S is the observed value of DSR while 
So (also called as daylength) is the maximum value of DSR. Equations 2 to 4 are utilized for estimating day 
length. 

In Soneye (Soneye 2021), the solar declination angle can be calculated as follows,  

𝛿 ൌ 23.45 ∗ 𝑠𝑖𝑛 ൬
ଷ଺଴

ଷ଺ହ
ሺ284 ൅ 𝑛ௗሻ൰  (2) 

In addition, the average sunrise hour angle (in degrees), ωs is calculated by Equation (2), 

𝜔௦ ൌ 𝑐𝑜𝑠ିଵሺെ𝑡𝑎𝑛𝛿𝑡𝑎𝑛𝜑ሻ  (3) 
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In the paper written by Mustafa et al. (Mustafa et al. 2022), day length, S0 is calculated by the formula 
given below, 

𝑆଴ ൌ ቀ ଶ
ଵହ
ቁ𝜔௦   (4) 

where δ is the solar declination angle (in degrees), φ is the latitude of the location, 𝑛ௗ  is the year's day 
beginning from January 1st.  

Following the completeness of the computation of the relative value of sunshine duration, the air quality 
index was calculated. Sunshine duration is associated with other meteorological variables. Similarly, air 
pollutants are also related to these meteorological elements such as cloud cover, solar radiation, wind speed, 
and air temperature via the Pasquill–Gifford–Turner protocol. Due to its indirect effect, the Air Quality Index 
calculated by air pollutants was also included in this analysis study, considering that it may be related 
to sunshine duration. Air Quality Index (AQI), which is used to characterize the air quality in any location,  
is a parameter utilized by the authorities of air quality management in cities. National air quality index (AQI) 
is calculated for 5 main pollutants such as ozone (O3), particulate matter (PM10), carbon monoxide (CO), 
sulphur dioxide (SO2), nitrogen dioxide (NO2) shown in Table 1 which constructed depending on Turkish 
National Ambient Air Quality Standards. 

AQI is calculated using a sub-index formula presented by the United States Environmental Protection 
Agency (USEPA) based on the criteria for air pollutants' concentrations (Eqn. 5). 

𝐼௣ ൌ  ቂ
ሺூಹ೔ିூಽ೚ሻ

ሺ஻௉ಹ೔ି஻௉ಽ೚ሻ
ቃ  ൫𝐶௣ െ 𝐵𝑃௅௢൯ ൅  𝐼௅௢  (5) 

where Cp is the actual concentration for pth pollutant, Ip describes the air quality index for pth pollutant, ILo and 
IHi is in order of the sub index value that corresponds to BPLo and to BPHi, BPLo and BPHi is the breakpoint 
which is lesser than or equal to Cp and the breakpoint which is larger than or equal to Cp. 

 
Table 1. Breakpoints of air pollutants for the air quality index (AQI) (CDR 2020) 

Breakpoints 

O3 (µg/m3) 
(8-hour) 

PM10 (µg/m3)  
(24 hour) 

CO (µg/m3)     
(8 hour) 

SO2 (µg/m3)  
(1 hour) 

NO2 (µg/m3)  
(1 hour) 

AQI Category Index 

0-120 0-50 0-5500 0-100 0-100 0-50 Good 

121-160 51-100 5501-10000 101-250 101-200 51-100 Moderate 

161-180B 101-260 10001-16000L 251-500 201-500 101-150 Sensitive 

181-240U 261-400 16001-24000 501-850 501-1000 151-200 Unhealthy 

241-700 401-520 24001-32000 851-1100 1001-2000 201-300 Very unhealthy 

>701 >521 >32001 >1101 >2001 301-500 Hazardous 

L: Limit value, B: Information threshold, U: Warning threshold 
 

After calculating the air quality index for the five pollutants, the one with the biggest value is determined 
as the daily AQI. 

3. Results and Discussion 

The changes in sunshine duration and interactions with meteorological variables were investigated using 
a pattern recognition method, PCA, on annual and seasonal times during 2019-2023. Three rotation methods, 
such as Varimax, Quartimax, and Equamax which provide high component loadings, have been used in factor 
analysis. For the annual term, findings of PCA with varimax rotation were represented in Figure 1 and Tables 
2-3. The eigenvalues describing most of the aggregate variation of components used in the PCA method are 
presented as a scree plot in Figure 1. As mentioned in the scree plot, ten principal components have been 
generated, but four of them have been chosen because their eigenvalues were greater than 1. 
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Fig. 1. Scree plot 
 

An eigenvalue greater than 1 is generally considered statistically significant for principal components 
(Yidana et al. 2008). Table 2 shows four principal components with eigenvalues above 1 that were extracted 
via PCA over an annual period. After the varimax rotation, the first principal component (TMN, TMX, EVN) 
explained the 20.893% variance in the data while the second (CLC, AQI, RLH), third (PCP, RDSR), and fourth 
(WDS, PRS) explained 20.827%, 18.626%, and 17.786%, respectively.  
 
Table 2. Total variance explained 

Component 
Initial Eigenvalues Extraction Sums of Squared 

Loadings 
Rotation Sums of Squared 

Loadings 

Total % of 
Variance 

Cumulative 
% Total % of 

Variance 
Cumulative 

% Total % of 
Variance 

Cumulative 
% 

1 3.045 30.449 30.449 3.045 30.449 30.449 2.089 20.893 20.893 
2 2.037 20.37 50.819 2.037 20.370 50.819 2.083 20.827 41.720 
3 1.592 15.923 66.741 1.592 15.923 66.741 1.863 18.626 60.346 
4 1.139 11.39 78.132 1.139 11.390 78.132 1.779 17.786 78.132 
5 0.817 8.171 86.303             
6 0.584 5.844 92.147             
7 0.336 3.357 95.504             
8 0.176 1.757 97.261             
9 0.153 1.532 98.793             

10 0.121 1.207 100             
 

According to Table 3, all input variables were grouped into four principal components. All statistically 
significant variables in each component were indicated in bold. It can be seen that the relative value of sunshine 
duration increases due to a significant decrease in precipitation. In addition, a high decrease in wind speed is 
related to a moderate increase in pressure; there is an increasing trend in cloud cover, air quality index, and 
relative humidity; a high increase in minimum temperature is related to a moderate increase in maximum 
temperature and evaporation. 
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Table 3. Rotated component matrix 

Variable 
Component 

1 2 3 4 

TMN 0.927 -0.056 -0.153 -0.022 

TMX 0.771 -0.376 0.386 -0.004 

EVN 0.657 -0.047 0.379 -0.232 

CLC -0.115 0.766 -0.245 -0.071 

AQI -0.349 0.758 0.347 -0.126 

RLH 0.002 0.697 -0.016 0.45 

PCP -0.122 -0.078 -0.824 0.354 

RDSR 0.096 -0.095 0.769 0.322 

WDS 0.203 0.118 0.149 -0.872 

PRS 0.064 0.509 0.269 0.716 

 
Furthermore, to evaluate the relations on a seasonal basis, the factor loadings after varimax rotation for winter, 

spring, summer, and fall were also obtained using the PCA technique through the daily data of 2019-2023. These 
relations based on PCA were demonstrated in Table 4 (a-d). For visual presentation, a three-dimensional plot 
for components was also indicated in Figure 2 for winter.  
 

 

Fig. 2. 3D plot of components in rotated space 
 

Since winter evaporation data are unavailable, they were not included in the analysis. In winter three 
principal components were obtained which explained 29.041% (CLC, AQI, TMX, RLH), 25.166% (PRS, PRP, 
RDSR), 23.409% (WDS, TMN) of total variance 77.615%. According to a second principal component, RDSR 
varies with increasing pressure and decreasing precipitation. For spring, five principal components with 
cumulative variance 81.023% have occurred with partial variances 20.460% (CLC, RDSR, PRP), 17.448% 
(TMN, TMX), 15.098% (WDS), 15.097% (PRS, RLH), 12.920% (AQI, EVN) respectively. For the first 
principal component, a high decrease in RDSR is related to an increase in cloud cover highly and precipitation 
moderately. In summer, four principal components with variances 30.465% (CLC, TMN, PRP, RLH, RDSR), 
23.265% (EVN, TMX), 15.632% (PRS, WDS), 11.582% (AQI) were selected as statistically significant with 
total variance 80.944% in data. The first principal component shows the interaction that a moderate decrease 
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in RDSR is linked to a high increase in cloud cover, minimum temperature, precipitation, and a moderate 
increase in relative humidity. In fall, four principal components were obtained with partial variances 22.891% 
(RDSR, PRP), 21.260% (TMX, PRS, RLH, WDS), 14.231% (AQI, TMN), 13.791% (EVN, CLC) of total 
variance 72.173% in data. For this season, precipitation is responsible for a change in RDSR. A high increase 
in precipitation leads to a high decrease in RSDR.  
 
Table 4. Rotated component matrix for seasonal terms with Varimax rotation 

(a) Winter (b) Spring 

Variable 
Component 

Variable 
Component 

1 2 3 1 2 3 4 5 

CLC 0.881 -0.344 0.180 CLC 0.772 0.129 0.108 0.175 0.053 

AQI 0.827 0.293 -0.153 RDSR -0.755 0.332 -0.029 -0.056 0.174 

TMX -0.662 0.270 0.457 PRP 0.673 0.245 -0.484 -0.248 0.262 

RLH 0.584 -0.135 -0.427 TMN 0.253 0.897 0.241 -0.017 -0.057 

PRS 0.081 0.908 -0.117 TMX -0.270 0.849 -0.222 0.062 -0.099 

PRP 0.105 -0.777 -0.277 WDS 0.067 0.043 0.890 -0.072 0.054 

RDSR -0.528 0.724 -0.016 PRS -0.119 0.095 -0.288 0.848 0.149 

WDS 0.064 -0.077 0.943 RLH 0.323 -0.059 0.239 0.811 -0.019 

TMN -0.272 0.110 0.825 AQI -0.173 -0.134 0.191 0.157 0.836 

EVN No observation data EVN -0.371 -0.002 0.432 0.058 -0.673 

Eigenvalue 2.614 2.265 2.107 Eigenvalue 2.046 1.745 1.510 1.509 1.292 

% of Variance 29.041 25.166 23.409 % of Variance 20.460 17.448 15.098 15.097 12.920 

Cumulative % 29.041 54.206 77.615 Cumulative % 20.460 37.907 53.005 68.103 81.023 

 

(c) Summer (d) Fall 

Variable 
Component 

Variable 
Component 

1 2 3 4 1 2 3 4 

CLC 0.843 -0.301 0.016 -0.208 RDSR -0.874 0.047 -0.076 0.033 

TMN 0.823 0.304 0.371 0.036 PRP 0.810 -0.065 -0.220 0.195 

PRP 0.770 -0.539 -0.012 -0.014 TMX -0.064 -0.778 -0.120 0.232 

RLH 0.720 -0.312 0.144 0.017 PRS -0.533 0.712 -0.017 0.118 

RDSR -0.670 0.070 0.511 -0.328 RLH 0.410 0.681 -0.049 0.300 

EVN -0.133 0.890 -0.190 -0.030 WDS 0.202 -0.654 0.269 0.115 

TMX -0.193 0.856 0.158 0.036 AQI 0.079 0.060 0.911 -0.166 

PRS 0.108 0.019 0.894 0.164 TMN 0.365 0.286 -0.664 -0.255 

WDS -0.172 0.474 -0.530 0.219 EVN -0.043 -0.137 -0.065 0.842 

AQI -0.026 0.025 0.055 0.964 CLC 0.480 0.105 0.073 0.607 

Eigenvalue 3.046 2.327 1.563 1.158 Eigenvalue 2.289 2.126 1.423 1.379 

% of Variance 30.465 23.265 15.632 11.582 % of Variance 22.891 21.260 14.231 13.791 

Cumulative % 30.465 53.730 69.362 80.944 Cumulative % 22.891 44.151 58.382 72.173 

 
Moreover, the relative value of sunshine duration for the previous day was included as an input variable to 

the analysis. The attempt to enclose the RDSRp revealed different relations for RDSR. In annual terms, a high 
increase in RDSR is related to a moderate decrease in air quality index, a high decrease in precipitation, and 
a high increase in wind speed. RDSRp is related to cloud cover for the previous day. In winter, a moderate 
decrease in RDSRp is related to a high increase in AQI. In contrast, as expected, RDSR has a high increasing 
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trend with increasing pressure and a moderate decrease in precipitation and cloudiness. In spring, RDSR varied 
moderately due to high precipitation and increased cloud cover, whereas a moderate decrease in evaporation. 
Besides, RDSRp decreased moderately with a significant increase in minimum and maximum temperatures. 
In summer, a moderate decrease in RDSR occurred with the high increase in cloud cover, minimum 
temperature, precipitation, and moderate increase in relative humidity. It was seen that a significant increase 
in RDSRp was accompanied by a significant decrease in AQI. In the fall, RSDR variability has shown a high 
decrease because of a high increase in precipitation. RDSRp has changed moderately due to cloud cover and 
evaporation.  

Furthermore, after the varimax rotation, the other orthogonal rotation methods, Equamax and Quartimax, 
were also used in the analysis. Orthogonal rotations with Kaiser Normalization maximize aggregate loadings 
of component variances. Equamax rotation is a kind of Varimax rotation, ensuring the factors' simplification. 
Quartimax rotation also provides the simplification of variables.  

Table 5 shows the annual rotated component loadings after Quartimax and Equamax rotations. Both 
methods demonstrate that relative sunshine duration is highly related to precipitation, but inversely in the 
annual term. Air quality index, cloudiness, and relative humidity are positively associated with each other. 
Similar relations have occurred between the three variables, i.e., evaporation and maximum and minimum air 
temperatures at moderate and high levels. However, a decrease in wind speed is related to an increase in 
atmospheric pressure to a high degree. 

The results of seasonal terms for the Quartimax rotation are presented in Table 6. For winter, a decrease in 
maximum air temperature is associated with increased cloud cover, air quality index and relative humidity in 
moderate and high levels (occurred as the first component). An increase in sunshine duration is consistent with 
increased atmospheric pressure and decreased precipitation. Additionally, wind speed and minimum air 
temperature are highly positively correlated with each other. A decrease in sunshine duration in spring is related 
to increased cloud cover and precipitation. Also, an increased air quality index is highly related to decreased 
evaporation. In summer, a decrease in sunshine duration is related to cloud cover, precipitation, minimum 
temperature, and relative humidity (in the first principal component). Evaporation and maximum air 
temperature are positively related. Atmospheric pressure is negatively associated with wind speed. In the fall, 
the duration of sunshine is related to precipitation to a high degree (in the 1st principal component). 
Furthermore, the increment in atmospheric pressure and relative humidity is associated with the decrement in 
wind speed and maximum air temperature (in 2nd principal component). The air quality index is inversely 
related to minimum air temperature (in the 3rd principal component), whereas cloud cover and evaporation 
have a positive relation (in the 4th principal component). 

 
Table 5. Rotated component matrix for annual term with Quartimax and Equamax rotations 

(a) Quartimax (b) Equamax 

Variable 
Component 

Variable 
Component 

1 2 3 4 1 2 3 4 
CLC 0.75 -0.124 -0.266 -0.128 TMN 0.927 -0.058 -0.149 -0.023 
AQI 0.746 -0.355 0.324 -0.213 TMX 0.767 -0.385 0.385 -0.009 
RLH 0.737 0.005 -0.007 0.382 EVN 0.658 -0.041 0.390 -0.215 
TMN -0.054 0.926 -0.159 -0.018 CLC -0.109 0.774 -0.234 -0.029 
TMX -0.361 0.776 0.389 0.001 AQI -0.345 0.762 0.359 -0.065 
EVN -0.057 0.658 0.362 -0.255 RLH 0.001 0.665 -0.024 0.496 
PCP -0.06 -0.123 -0.801 0.408 PCP -0.122 -0.090 -0.838 0.317 

RDSR -0.048 0.105 0.787 0.283 RDSR 0.089 -0.128 0.756 0.343 
WDS 0.039 0.193 0.096 -0.888 WDS 0.211 0.174 0.183 -0.854 
PRS 0.581 0.068 0.295 0.647 PRS 0.059 0.455 0.249 0.758 

Eigenvalue 2.14 2.10 1.84 1.73 Eigenvalue 2.08 2.04 1.88 1.82 

% of Variance 21.43 21.02 18.40 17.28 % of Variance 20.82 20.36 18.76 18.20 

Cumulative % 21.43 42.45 60.86 78.13 Cumulative % 20.82 41.18 59.94 78.13 
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Table 6. Rotated component matrix for seasonal terms with Quartimax rotation 

(a) Winter (b) Spring 

Variable 
Component 

Variable 
Component 

1 2 3 1 2 3 4 5 

CLC 0.878 -0.301 0.256 CLC 0.774 0,125 0.113 0.171 0.038 

AQI 0.822 0.330 -0.087 RDSR -0.749 0,335 -0.037 -0.053 0.190 

TMX -0.709 0.242 0.398 PRP 0.682 0,242 -0.483 -0.251 0.238 

RLH 0.623 -0.111 -0.376 TMN 0.254 0,895 0.245 -0.019 -0.059 

PRS 0.048 0.910 -0.120 TMX -0.267 0,851 -0.221 0.063 -0.096 

PRP 0.163 -0.773 -0.259 WDS 0.063 0,041 0.890 -0.073 0.066 

RDSR -0.557 0.698 -0.068 PRS -0.109 0,096 -0.290 0.848 0.150 

WDS -0.011 -0.067 0.946 RLH 0.324 -0,061 0.242 0.810 -0.019 

TMN -0.345 0.103 0.798 AQI -0.155 -0,133 0.177 0.155 0.843 

EVN No observation data EVN -0.388 -0.001 0.440 0.061 -0.658 

Eigenvalue 2.797 2.199 1.990 Eigenvalue 2.056 1.745 1.515 1.508 1.278 

% of Variance 31.080 24.428 22.107 % of Variance 20.563 17.450 15.155 15.079 12.776 

Cumulative % 31.080 55.508 77.615 Cumulative % 20.563 38.013 53.168 68.247 81.023 

 

(c) Summer (d) Fall 

Variable 
Component 

Variable 
Component 

1 2 3 4 1 2 3 4 

CLC 0.868 -0.226 0.001 -0.203 RDSR -0.869 0.063 -0.091 0.073 

PRP 0.815 -0.467 -0.028 -0.007 PRP 0.820 -0.073 -0.208 0.157 

TMN 0.799 0.377 0.356 0.036 TMX -0.064 -0.774 -0.143 0.233 

RLH 0.748 -0.246 0.129 0.022 PRS -0.515 0.721 -0.008 0.143 

RDSR -0.663 0.004 0.526 -0.326 RLH 0.436 0.675 -0.025 0.282 

EVN -0.216 0.874 -0.184 -0.042 WDS 0.191 -0.665 0.254 0.106 

TMX -0.266 0.836 0.164 0.026 AQI 0.056 0.035 0.914 -0.166 

PRS 0.122 0.030 0.890 0.171 TMN 0.369 0.297 -0.648 -0.274 

WDS -0.225 0.460 -0.527 0.208 EVN -0.006 -0.136 -0.073 0.842 

AQI -0.029 0.034 0.048 0.964 CLC 0.507 0.094 0.082 0.585 

Eigenvalue 3.239 2.148 1.554 1.153 Eigenvalue 2.322 2.142 1.405 1.349 

% of Variance 32.391 21.480 15.544 11.529 % of Variance 23.216 21.420 14.046 13.491 

Cumulative % 32.391 53.871 69.415 80.944 Cumulative % 23.216 44.636 58.682 72.173 

 
Table 7 shows seasonal relations for meteorological variables obtained after the Equamax rotation method. 

In winter, cloudiness, air quality index, and relative humidity are related positively, but negatively, with 
maximum air temperature. Increase in relative sunshine duration is consistent with an increase in atmospheric 
pressure and a decrease in precipitation. Furthermore, wind speed and minimum air temperature are positively 
associated with each other. For spring, a decrease in relative sunshine duration is related to increased cloudiness 
and precipitation, as expected. An increase in the air quality index is related to decreased evaporation. 
Additionally, both air temperatures are highly correlated; similarly, atmospheric pressure and relative humidity 
are positively related at a high level. In summer, a decrease in sunshine duration is associated with increased 
cloudiness, relative humidity, precipitation, and minimum air temperature. Maximum air temperature and 
evaporation are related to in high degree. Additionally, an increase in atmospheric pressure is related to 
a decrease in wind speed. In the fall, an increase in precipitation is responsible for the decrease in the duration 
of sunshine. Cloudiness is associated with evaporation positively. Furthermore, the air quality index is 
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negatively related to minimum air temperature. Also, increased atmospheric pressure and relative humidity are 
related to decreased maximum air temperature and wind speed. 
 
Table 7. Rotated component matrix for seasonal terms with Equamax rotation 

(a) Winter (b) Spring 

Variable 
Component 

Variable 
Component 

1 2 3 1 2 3 4 5 

CLC 0.881 -0.354 0.159 CLC 0.767 0.140 0.178 0.100 0.085 

AQI 0.827 0.284 -0.170 RDSR -0.767 0.319 -0.056 -0.016 0.140 

TMX -0.649 0.276 0.472 PRP 0.650 0.252 -0.243 -0.484 0.311 

RLH 0.572 -0.141 -0.440 TMN 0.245 0.902 -0.016 0.233 -0.049 

PRS 0.088 0.907 -0.116 TMX -0.281 0.845 0.061 -0.225 -0.102 

PRP 0.090 -0.777 -0.281 PRS -0.133 0.090 0.849 -0.282 0.145 

RDSR -0.520 0.730 -0.003 RLH 0.325 -0.055 0.812 0.234 -0.018 

WDS 0.084 -0.080 0.941 WDS 0.076 0.047 -0.071 0.891 0.030 

TMN -0.253 0.110 0.831 AQI -0.208 -0.140 0.164 0.220 0.818 

EVN No observation data EVN -0.333 -0.003 0.051 0.414 -0.704 

Eigenvalue 2.565 2.281 2.140 Eigenvalue 2.023 1.745 1.513 1.497 1.324 

% of Variance 28.501 25.341 23.774 % of Variance 20.232 17.449 15.128 14.973 13.241 

Cumulative % 28.501 53.842 77.615 Cumulative % 20.232 37.681 52.809 67.782 81.023 
 

(c) Summer (d) Fall 

Variable 
Component 

Variable 
Component 

1 2 3 4 1 2 3 4 

CLC 0.830 -0.328 0.044 -0.216 RDSR -0.877 0.028 -0.060 -0.007 

TMN 0.824 0.279 0.389 0.037 PRP 0.796 -0.057 -0.233 0.233 

PRP 0.749 -0.567 0.020 -0.027 TMX -0.062 -0.783 -0.095 0.228 

RLH 0.703 -0.336 0.170 0.007 PRS -0.552 0.701 -0.027 0.094 

RDSR -0.681 0.111 0.487 -0.330 RLH 0.382 0.686 -0.076 0.320 

EVN -0.093 0.891 -0.210 -0.009 WDS 0.213 -0.642 0.284 0.122 

TMX -0.164 0.865 0.137 0.052 AQI 0.103 0.088 0.906 -0.166 

PRS 0.084 0.029 0.897 0.156 TMN 0.358 0.273 -0.680 -0.235 

WDS -0.139 0.465 -0.541 0.233 EVN -0.081 -0.142 -0.057 0.839 

AQI -0.025 0.007 0.063 0.964 CLC 0.451 0.115 0.064 0.628 

Eigenvalue 2.950 2.392 1.585 1.168 Eigenvalue 2.252 2.108 1.445 1.413 

% of Variance 29.496 23.922 15.850 11.675 % of Variance 22.518 21.077 14.447 14.131 

Cumulative % 29.496 53.418 69.269 80.944 Cumulative % 22.518 43.596 58.042 72.173 

 
Sunshine duration is influenced by atmospheric and geographical parameters such as cloud cover and types, 

humidity, atmospheric aerosols, and additionally a terrain's aspect and slope, respectively (Reddy 1974, Robaa 
2008, Xiaochen et al. 2015). Sunshine duration is associated with precipitation, wind speed, relative humidity, 
and air temperature (Abdelwahed & Snyder 2015, Kaba et al. 2017, Umoh et al. 2013, Yin 1999, Yang et al. 
2009). 

This study examines the influences of individual parameters, such as air quality index and meteorological 
variables on relative sunshine duration, also known as the percentage of sunshine duration. Additionally, the 
relations among all utilized variables have been evaluated. Because all meteorological parameters interact with 
each other in the atmospheric environment (Zateroglu 2021). For instance, the amount of atmospheric aerosols 
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in the atmosphere affects the amount of clouds. Furthermore, air pollutant concentrations in urban regions 
influence meteorological factors, e.g., relative humidity, precipitation, and air temperature (Emberlin & Norris-
Hill 1996). Moreover, Clasius-Clapeyron represents the variation in humidity with temperature. So, according 
to this equation, relative humidity is influenced by air temperature. Further, the Pasquill–Gifford–Turner 
protocol expresses the relation between the concentrations of air pollutants and vertical air temperature, wind 
speed, cloud cover, and solar radiation (solar radiation is closely related to sunshine duration). According to 
this scheme, in stable conditions of the atmosphere, the amount of air pollution is highly associated with those 
meteorological variables mentioned above (Zateroglu 2022). 

Principal Component Analysis, including components in rotated space, scree plot, and component loading 
plot with orthogonal rotations, has ensured the relations in the highest degree between the variables in each 
component. Three orthogonal rotation methods, i.e., Varimax, Quartimax, and Equamax, presented similar 
results. 

According to the results in the present study, duration of sunshine is adversely linked to relative humidity 
and precipitation (Goni et al. 2019). Sunshine duration is significantly related to cloud cover (Bartoszek et al. 
2020, Kaba et al. 2024, Matuszko 2012). Further, it is positively related to wind speed and temperature, 
whereas negatively to humidity and precipitation (Tang et al. 2022). Sunshine duration and air temperature 
have similar variations unlike cloud cover and relative humidity (Marin et al. 2014). Moreover, the variation 
in sunshine duration is associated with air quality index related to air pollution, as anthropogenic activities 
caused climate change (Tang et al. 2022). 

4. Conclusion 

The interest in alternative energy sources is growing because fossil resources will be depleted rapidly with 
increasing need, and cause severe damage to nature. The most important renewable energy source is solar 
energy. Sunshine duration, associated with air quality index and other atmospheric parameters, is a significant 
element in predicting the amount of solar radiation. This study aimed to investigate the variability of sunshine 
duration with other climate variables and air quality index and to reveal their relations. The pattern recognition 
method accepts inputs of pressure, evaporation, wind speed, precipitation, relative humidity, cloud cover, 
relative value of sunshine duration in the current and previous days, air quality index, and minimum and 
maximum temperatures. Annual analysis demonstrates that sunshine duration is highly affected by 
precipitation inversely. According to seasonal variations, sunshine duration changes substantially with pressure 
positively and with precipitation negatively in winter; cloud cover and precipitation negatively in spring; cloud 
cover, precipitation, relative humidity, and minimum air temperature negatively in summer; precipitation 
negatively in fall.  

According to the findings presented in this study, it can be concluded that the PCA-based method performed 
well in determining the links between sunshine duration and the meteorological variables mentioned above. 
This result can be applied to sunshine duration forecasting that may be addressed in future works in the studied 
area or a relevant site of a forecasting operation in each given urban area. Additionally, the relations between 
the meteorological variables, i.e., climate elements and air quality index, can be used in making precautionary 
regulations and planning to improve the climate scenarios and the environmental protection policies in urban 
regions. Furthermore, it is recommended that these relations be investigated using alternative methods such as 
multi-criteria decision methods. 
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