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Abstract

:

This research aims to comprehensively examine the clearness index (KT), total ozone column (TOC), and ultraviolet A (UVA) and ultraviolet B radiation (UVB) over Lumbini, Nepal (27°28’ N, 83°16’ E, and 150 m above sea level) throughout the 11 years of solar cycle 24 (2008 to 2018). The Lumbini, a highly polluted region, is important in advancing the identification and analysis of TOC variations across regions with similar geographical and climatic attributes. Data from the Ozone Monitoring Instrument (OMI) of the EOS-AURA satellite of NASA were used to analyze the daily, monthly, seasonal, and annual trends in the clearness index (KT), ultraviolet A (UVA), ultraviolet B (UVB), and TOC from the Comprehensive Environmental Data Archive (CEDA). The study found that the yearly averages for KT, TOC, UVA, and UVB were 0.55 ± 0.13, 272 ± 14 DU, 12.61 ± 3.50 W/m2, and 0.32 ± 0.11 W/m2, respectively. These values provide insights into the long-term variations in atmospheric parameters at Lumbini. The study also applied the continuous wavelet transform (CWT) to analyze KT, TOC, UVA, and UVB temporal variations. The power density peak of 35,000 DU2 in the TOC was observed from the end of 2010 to the end of 2011, within 8.5 years, underscoring the significance of analyzing TOC dynamics over extended durations to understand atmospheric behavior comprehensively.
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1. Introduction


The sun emits electromagnetic waves from 100 nm to 400 nm, with UV radiation categorized into UVC (wavelength range: 100 nm to 280 nm), UVB (wavelength range: 280 nm to 315 nm), and UVA (wavelength range: 315 nm to 400 nm) [1,2]. These different types of radiation have varying effects on human health, with shorter wavelengths posing higher risks [3]. The importance of understanding UV radiation lies in its impact on human health, particularly as shorter wavelengths have lower penetration capability through the skin [4]. Atmospheric ozone, with the chemical formula O3, protects Earth’s surface from UV radiation. Previous studies have presented the intricate mechanisms involved in ozone formation and breakdown, emphasizing the role of atmospheric processes that protect our planet [5,6]. Approximately 90% of atmospheric O3 is concentrated within the stratosphere, serving as a critical shield against harmful ultraviolet radiation. O3 effectively absorbs all UVC radiation and a significant portion of UVB, permitting a substantial fraction of UVA radiation to reach the Earth’s surface, where UVA is less biologically damaging than UVC and UVB [1,2,6,7,8,9,10,11,12].



Solar UV radiation induces chemical transformations in the troposphere, leading to beneficial and harmful consequences. Photochemical smog, formed by urban pollutant gases exposed to UV radiation, causes millions of premature deaths globally. Conversely, UV radiation improves air quality by generating hydroxyl radicals that remove various gases relevant to stratospheric ozone, climate, and air quality [13,14]. The interconnected effects of stratospheric O3 depletion, UV radiation, and climate change are evaluated regarding air quality, carbon sinks, ecosystems, human health, and materials. Tropospheric O3 significantly impacts the atmosphere’s radiative budget and oxidation capacity [15]. Black carbon and tropospheric O3, both short-lived climate forces, negatively affect global and regional air quality and contribute to climate change [16,17,18]. The evolution of terrestrial plant life is linked to the development of the O3 layer as an external UV screen. The O3 layer’s depletion, particularly over Antarctica, is attributed to manufactured CFCs, resulting in the formation of the “O3 hole” [19,20]. The role of nitrogen oxides in catalytic reactions is also critical for atmospheric ozone balance emphasizes the importance of understanding and mitigating anthropogenic impacts on the O3 layer [21]. The increased temperature in the lower troposphere and higher concentrations of NO and NOX contribute to chain reactions that play a significant role in atmospheric processes [22,23]. Photochemical production of O3 in the troposphere is variable and depends on the NOx concentration, which is influenced by factors like methane and other hydrocarbons. Additionally, previous studies also suggest that region-specific analyses are necessary to understand ozone dynamics in different latitudinal zones, as O3 distribution is influenced by atmospheric dynamics, geographical location, and climatic variables in a complex manner [24].



Utilizing a wavelet analysis technique on KT, TOC, UVA, and UVB variables provide valuable insights into both their frequency and time-based variations. This analysis method breaks down the time-series data into components that reveal patterns, frequencies, and trends that may not be immediately apparent in the raw data. Studies have shown that this approach can help to uncover important information that would otherwise remain hidden [25,26,27].



Monitoring O3 dynamics is essential as O3 plays a vital role in shielding the Earth from harmful UV radiation. Changes in the ozone layer can have implications for human health, ecosystem well-being, and climate. The interplay between ozone, UV radiation, and solar cycles contributes to our understanding of climate change dynamics. Changes in solar activity and their impact on atmospheric components can have cascading effects on climate patterns, emphasizing the need to study and comprehend these relationships for accurate climate modeling and prediction.




2. Methodology


2.1. Site Description


Nepal is a landlocked country in Southwest Asia, known for its mountainous terrain. It spans latitudes from 26.36° N to 30.45° N and longitudes from 80.06° E to 88.2° E, exhibiting diverse topography. With elevations ranging from 60 m to 8848 m, the country covers a vertical span of 200 km from south to north and extends around 800 km from east to west. Nepal is located between India and China, both large industrial countries. Industrial activities in these neighboring countries can significantly impact the O3 levels in the atmosphere, leading to depletion over the region [28,29,30,31]. Therefore, conducting a detailed study of atmospheric concentrations is important to understanding and mitigating the potential effects of industrial activities on O3 levels in Nepal.



Lumbini is located near the northern edge of the central Indo-Gangetic Plain (IGP), a region with high levels of air pollution load. As a result, Lumbini is heavily impacted by air pollution transported from the IGP region [28,29,32]. Several pollutants, including NOx and volatile organic compounds (VOCs), known as O3 precursors, are released around Lumbini, and studies in different regions have shown that when these substances react in sunlight, they undergo photochemical reactions that produce ozone. These reactions are particularly prevalent in densely populated urban and industrial areas with high emission levels [23,31,33]. Figure 1 shows the location of the Lumbini region on a map of Nepal [34]. The average annual maximum temperature in Lumbini is 31.8 °C, while the average annual minimum temperature is 18.7 °C. The region receives an average of 1369.5 mm of rainfall [35].




2.2. Data Analysis and Data Analytic Tools


Data on the daily TOC spanning solar cycle 24 (2008 to 2018) were obtained from Ceda Archive [36]. At the same time, daily data for the KT, UVA, and UVB were acquired from NASA’s data access viewer at the Power project [37]. The dataset utilized in this study is structured on a 1-degree geographic grid, encompassing an area spanning approximately 100 km by 100 km. The data analysis and graphical representation were conducted using open-source Python 3.7 software on the Anaconda 3 platform (Jupyter Notebook) for calculation and plotting [38]. KT is a measure of the ratio of terrestrial solar radiation (Hg) on the ground to extraterrestrial solar radiation (H0) in Earth’s outer atmosphere. The statistical parameters used to present the results were the mean (    x  ¯    ± standard deviation (σ), with the standard error (SE) being used as the error bar in the graphs. The coefficient of variation (CV) was used as a metric to evaluate the data’s variability. To gain a deeper understanding of the atmospheric parameters being studied, we employed statistical tools as defined in [39] such as quartiles (Q1, Q2, Q3), skewness (γ1), and kurtosis (γ2) to scrutinize the distribution of KT, TOC, UVA, and UVB. These comprehensive analyses help to identify the variability and distribution characteristics of these parameters [39].



The daily mean of the TOC can also be analyzed to observe seasonal variation by using Fourier series [40].


    y   s   =   a   0   +   a   1   c o s ⁡ (   2 π   365     n   d   ) +   b   1   s i n ⁡ (   2 π   365     n   d   )  



(1)




where     n   d     is the number of the day of the year, a0 is the offset, and the amplitude of the seasonal component is      a   1   2   +   b   1   2         .



In this study, we used four seasons: pre-monsoon (March–May), monsoon (June–September), post-monsoon (October–November), and winter (December–February). The coefficient of relative variation (CRV) is given by,


    C R V   i   =     x   i   m a x   −   x   i   m i n       x   i   m e a n     × 100  



(2)




where ximax, ximin, and ximean denote the maximum, minimum, and mean of data in ith day, respectively.



The continuous wavelet transform (CWT) is a tool for analyzing localized variations in energy within a time series by dividing into wavelets. The continuous wavelet transform of function f(t) is cross-correlation with a function ψ ((t − b)/a) [40,41].


  W ( a , b ) =   1   √ a    ∫  f ( t ) ψ × (   t − b   a   ) d t    



(3)







Here, the asterisk is a complex conjugate. “a” represents the dilation and contraction of the wavelet, and “b” is the translation in time t. The Morlet wavelet consisting of function ψ(t) [42]


  ψ ( t ) =   1     π   1 / 4       e   i ω t     e   −   t   2   / 2    



(4)




where ω represents the dimensionless frequency. |W (a, b)|2 represents the wavelet power spectrum (WPS). The average wavelet power (also known as the global wavelet power spectrum (GWS)) is the average variation in the whole time series on every scale [43].


  G W S =  ∫    | W ( a , b ) |   2   d t    



(5)









3. Results and Discussion


Daily data for the TOC KT, UVA, and UVB were used for analyzing monthly, seasonal, and annual variations. Figure 2, Figure 3, Figure 4, Figure 5, Figure 6, Figure 7, Figure 8 and Figure 9 are presented for this analysis of atmospheric O3 and UV radiation on solar cycle 24 over Lumbini, Nepal. Furthermore, the variations in the dataset were analyzed using the wavelet transform technique, presenting the temporal dynamics of atmospheric parameters illustrated in Figure 9.



Figure 2a and Figure 3a show the daily variation and histogram of the clearness index (KT), respectively. The peak value of 0.79 was observed on 10 April 2017, while the minimum value of 0.06 was recorded on 21 June 2016. Based on 11 years of data, the average clearness index was determined to be 0.55 ± 0.13. Key statistical measures were identified as follows: Q1 was 0.48, Q2 was 0.59, and Q3 was 0.66. The data distribution in the study shows a skewness of −0.91 and a kurtosis of 0.44. These values suggest that the distribution was negatively skewed and deviated from Gaussian normality. Out of the 4015 days studied, 1211 days had a clearness index between 0.6 and 0.7. Also, 309 days were classified as cloudy (KT < 0.34), while 1241 days were categorized as clear (KT > 0.65). The graphs from Figure 2b and Figure 3b show the daily changes and histograms of the TOC. On 4 February 2010, the TOC reached its highest value of 331 DU, while its lowest of 220 DU was recorded on 17 December 2018. The average TOC over the 11 years was determined to be 272 ± 14 DU. The distribution’s first quartile, second quartile, and third quartile were identified as 263 DU, 271 DU, and 281 DU, respectively. The distribution of the TOC was positively tailed, deviating from Gaussian normality, with a skewness of 0.10 and kurtosis of 0.42. It was observed that out of the 4015 days in the study period, 2204 days’ worth of TOC values fell within the range of 260 DU to 280 DU.



Figure 2c and Figure 3c display the daily variation and histogram of ultraviolet A (UVA), respectively. On 9 June 2010, UVA reached a maximum value of 20.79 W/m2, and it reached a minimum of 2.31 W/m2 on 9 January 2012. The average UVA value for the 11 years was 12.61 ± 3.50 W/m2. The key statistical measures, including the first, second, and third quartiles, were identified as 9.87 W/m2, 12.88 W/m2, and 15.27 W/m2, respectively. The distribution of UVA was negatively skewed, with a skewness of −0.17 and a kurtosis of −0.64. This indicates a negatively tailed distribution that deviates from Gaussian normality. Notably, during the study period, 846 days recorded UVA values between 14 W/m2 and 16 W/m2. These analyses provide insights into daily, monthly, and annual variations in clearness index, total ozone column, and UVA. Figure 2d and Figure 3d present the daily variation and corresponding histogram of ultraviolet B (UVB), respectively. The highest recorded UVB value was 0.57 W/m2 on 14 July 2009, while the lowest value of 0.04 W/m2 was recorded on 9 February 2010. Over the 11-year study period, the average UVB rate was calculated to be 0.32 ± 0.11 W/m2. Key statistical measures were identified with the first, second, and third quartiles at 0.22 W/m2, 0.33 W/m2, and 0.41 W/m2. The distribution of UVB had a skewness of −0.10 and kurtosis of −1.00. The distribution was negatively tailed and was not Gaussian. Notably, 1204 days during the study period featured UVB values falling within the range of 0.3 W/m2 to 0.4 W/m2.



In Figure 3a, the negative skewness in the clearness index distribution indicates that more than 50 percent of the observed data points have values below the peak value of 0.6. This indicates a gradual decrease in atmospheric pollutants associated with improved air quality and increased atmospheric clarity. Factors contributing to this gradual decrease in pollutants may include reduced emissions from anthropogenic sources (e.g., industrial activities, vehicular emissions) and natural processes (e.g., dispersion, precipitation). Like the clearness index, the negative skewness observed in the distributions of UVA and UVB radiation indicates a similar trend of decreasing atmospheric pollutants. Reduced levels of atmospheric pollutants allow ultraviolet radiation from the sun to penetrate more deeply, leading to higher UVA and UVB radiation levels reaching the Earth’s surface. The positively skewed tail observed in the TOC distribution indicates a greater prevalence of higher TOC values. This positive skewness is attributed to the combined effect of tropospheric and stratospheric ozone. Stratospheric ozone, which is naturally occurring and primarily located in the stratosphere, contributes to higher TOC values. The distribution of the total ozone column (TOC) is skewed towards higher values due to the dominance of stratospheric ozone, with most days showing TOC measurements above 260 Dobson.



Figure 4 presents the annual and monthly variations in KT, TOC, UVA, and UVB. Figure 4a illustrates the annual variation in the KT, where the yearly average of the maximum KT value during the 11-year study period is 0.58 ± 0.14 in 2009, with 154 clear days. The monthly average of the maximum KT occurs in November at 0.64 ± 0.09, featuring 192 clear days. Conversely, the annual average of the minimum KT value is found to be 0.54 ± 0.13 in 2015, with 74 clear days, and the monthly average of the minimum is 0.43 ± 0.11 in July, with no clear days.



Figure 4b presents the annual variation in the TOC. Over the 11-year study period, the yearly average of the maximum TOC value is 280 ± 14 DU in 2015, and the monthly average of the maximum occurs in April at 289 ± 7 DU. The annual average of the minimum TOC value is 267 ± 12 DU in 2008, with the monthly average of the minimum at 257 ± 8 DU in December. Figure 4c depicts the annual UVA variation. The annual average of the maximum UVA value is 13.15 ± 3.51 W/m2 in 2009, and the monthly average occurs in April at 15.92 ± 2.57 W/m2. The yearly average of the minimum UVA value is 12.17 ± 3.36 W/m2 in 2016, with the monthly average of the minimum at 8.29 ± 1.26 W/m2 in December.



Similarly, Figure 4d illustrates the annual variation in UVB. The yearly average of the maximum UVB value is 0.33 ± 0.11 W/m2 in 2009, with the monthly average of the maximum at 0.42 ± 0.07 W/m2 in May. The annual average of the minimum UVB value is 0.30 ± 0.10 W/m2 in 2015, with the monthly average of the minimum at 0.16 ± 0.02 W/m2 in December. These comprehensive analyses provide valuable insights into atmospheric parameters’ annual and monthly dynamics.



Figure 5 illustrates the seasonal changes in the KT, TOC, UVA, and UVB. The seasonal variation in KT is shown in Figure 5a. The maximum value of 0.62 ± 0.10 was recorded during the post-monsoon period (October and November), while the minimum value of 0.46 ± 0.12 was during the monsoon season (June, July, August, and September). This season, Nepal experiences the highest rainfall during the monsoon season, positively impacting the cleanliness of the atmosphere due to rain.



Looking at Figure 5b, we can see the seasonal changes in the TOC. The highest and lowest values recorded were 279 ± 10 DU during the pre-monsoon period (March, April, May) and 263 ± 6 DU during the post-monsoon period, respectively. Figure 5c shows the seasonal variation in UVA, with the highest and lowest values being 15.37 ± 2.52 W/m2 during the pre-monsoon period and 9.45 ± 2.86 W/m2 during the winter months (December, January, February), respectively. Finally, Figure 5d displays the seasonal variation in UVB, where the highest and lowest values recorded are 0.39 ± 0.07 W/m2 during the pre-monsoon period and 0.19 ± 0.04 W/m2 during the winter months, respectively.



Few previous studies present analysis of the TOC across various regions in Nepal, utilizing short-term datasets to gauge atmospheric ozone levels. In Kathmandu (27.72° N, 85.32° E, 1350 m), the observed average TOC from October 2004 to April 2016 was 268 DU [44]. Similarly, in Pokhara (28.22° N, 83.32° E, 850 m), observations from October 2008 to December 2010 indicated a TOC of 274.3 DU, whereas Biratnagar (26.45° N, 87.27° E, 72 m) exhibited a slightly higher average of 285.5 DU. In contrast, data from Jumla (29.28° N, 82.16° E, 2300 m) recorded between 2008 and 2014 showed an average TOC of 271.8 ± 14.1 DU [45,46]. Extending this body of work, our longitudinal study in Lumbini over eleven years (2008–2018) revealed a TOC of 279 ± 10 DU, underscoring the distinctive spatial variations in ozone concentration across different locales. This comparison suggests that proximity may not heavily influence TOC variations on a regional scale, despite non-simultaneous observations.



Figure 6 presents the Fourier series representations of the KT, TOC, UVA, and UVB. For the KT, the offset (ao) was determined as 0.55, with an amplitude of the seasonal component (     a   1   2   +   b   1   2     ) measuring 0.08. The offset and amplitude of the seasonal component of the TOC were 272 DU and 10 DU, respectively. During the pre-monsoon season, Lumbini experiences high temperatures. Changes in temperature gradients can influence wind patterns, affecting the transport of ozone-rich air masses and the overall ozone concentration. It is essential to understand the atmospheric chemistry of Lumbini, which is situated north of the Indo-Gangetic Plain. This region might have been affected by long-range transport of air pollution in this time, such as the transport of ozone-depleting substances (ODSs), as well as their precursor pollutants like nitrogen oxides (NOx) [23]. However, due to the lack of data on atmospheric chemical components, this study has yet to present data that connect lower observations of the TOC on days ranging from 110 to about 150 DOY.



The offset and amplitude of the seasonal component of UVA are 12.6 W/m2 and 3.0 W/m2, respectively. The offset and amplitude of the seasonal component of UVB are 0.32 W/m2 and 0.11 W/m2, respectively. The result shows that the seasonal variation in UVB is about 33%, in UVA is about 24%, and in clearness index is about 14%, whereas the seasonal variation in the TOC is only 4%. Previous studies have also indicated that the total amount of ozone in the atmosphere generally increases with latitude and is also affected by the season [32]. Also, the solar cycle plays a fundamental role in the variation in ozone concentrations [47].



Figure 7 illustrates the coefficient of relative variation (CRV) for KT, TOC, UVA, and UVB. The maximum CRV value for the clearness index was observed at 160% on the 200th day of the year, attributed to a 50% coefficient of variance (CV) with large variation in the clearness index on that day.



The minimum CRV value was recorded at 13% on the 296th day of the year, associated with a 4% CV. There was a small variation in the clearness index on that day. The maximum value of CRV of the TOC was found to be 36% on the 35th day of the year due to a 9% CV, and the minimum value was 4% on the 286th day of the year due to the 1% CV. The maximum value of CRV of UVA was found to be 143% on the 200th day of the year due to the 44% CV, and the minimum value was 19% on the 69th day of the year due to the 9% CV. The maximum value of CRV of UVB was 144% on the 200th day of the year due to the 46% CV, and the minimum value was 14% on the 67th day of the year due to the 4% CV.



Figure 8 shows the variation in the TOC with KT, UVA, and UVB. Here, the correlation coefficient (r) was used to find the relation between two variables. There was no significant effect of the clearness index on the TOC, but there was a positive effect of UVA and UVB on the TOC. Lumbini, a nearby place in the IGP region, experiences changes in seasonal aerosol levels. Studies have shown that aerosol levels are highest during the post-monsoon and pre-monsoon periods, followed by winter, while the lowest levels occur during the monsoon season [48]. However, cloud cover is highest during the monsoon (June to September) and lowest during the pre- and post-monsoon [49]. As shown in Figure 8a, the KT parameter with a minimum in summer and higher values during the pre- and post-monsoon indicate that it is strongly affected by clouds rather than by air quality.



In Figure 9, the continuous wavelet transform (CWT) of the KT, TOC, UVA, and UVB is presented. Figure 9a shows the wavelet power spectrum (WPS) and Global wavelet power spectrum GWS of the KT. A power density of KT greater than 2.4 was recorded from mid-2009 to 2011 in an 8.5-year period. This is also shown in the global wavelet spectrum (GWS). From 2011 to 2018, the power density of KT is observed greater than 1.0 in that 8.5-year period and with closer to 2.0 from the end of 2016 to the end of 2017, respectively. Figure 9b shows the WPS and GWS of the TOC. The power density of the TOC recorded from the end of 2010 to the end of 2011 was about 35,000 DU2. This is also shown in the GWS. From mid-2017 to the start of 2018, the power density of the TOC was between 30,000 and 35,000 DU2 in the 8.5-year period. Figure 9c shows the WPS and GWS of UVA. The power density of UVA recorded from 2010 to 2012 and 2014 to the end of 2015 was greater than 2800 (W/m)2. This is also shown in the GWS. Figure 9d shows the WPS and GWS of UVB. A power density of UVB greater than 4.6 (W/m)2 was recorded from 2010 to mid-2012 and mid-2014 to mid-2015 over an 8.5-year period. This periodicity demonstrates the complex interplay the broader atmospheric processes.




4. Conclusions


The comprehensive analysis of KT, TOC, UVA, and UVB over Lumbini, Nepal, provides valuable insights into the dynamics of solar radiation and climatic variations in the region. The observed patterns contribute to understanding the significance of seasonal variations in KT, TOC, UVA, and UVB levels and highlight the influence of meteorological factors such as the monsoon season on atmospheric composition and radiation levels in an 8.5-year period.



The study revealed distinct patterns of KT that varied daily, monthly, and seasonally, providing vital information on the frequency of clear, cloudy, and partially clear days. Seasonal changes in clearness index levels indicate the impact of the monsoon and post-monsoon seasons on solar radiation levels, as evidenced by seasonal variations, and the post-monsoon months of October and November exhibited the highest KT values (0.62 ± 0.10), while the monsoon months of June, July, August, and September showed the lowest values (0.40 ± 0.12). The TOC showed variations over time, with a peak of 331 DU in 2010 and a minimum of 220 DU in 2018. The results also revealed that the TOC values were higher during the pre-monsoon season (March, April, and May) at an average of 279 ± 10 DU, while lower values were observed during the post-monsoon period. Thus, the total ozone content displayed annual and seasonal variations, with notable extremes in maximum and minimum levels. The study highlighted the significant contribution of the pre-monsoon period to elevated TOC levels. A comprehensive comparison of the chemical components of air pollution data and other climatic conditions related to the ozone interaction that will enhance our further understanding with a clear picture of a sudden decrease over a few days in the pre-monsoon season, particularly on days 110 to 150 of the year, to identify the factors responsible for the lower levels of TOC during these days.



Seasonal variations in UVA and UVB levels provide valuable insights into the impact of various seasons on ultraviolet radiation exposure, which can be observed from the daily variation in UVA, which ranged from 2.31 to 20.79 W/m2, with notable occurrences of UVA between 14 W/m2 and 16 W/m2 for 846 days. Seasonal patterns indicated higher UVA and UVB values in the pre-monsoon and lower ones in winter. Fourier series analysis highlighted an offset of 12.6 W/m2 and an amplitude of 3.0 W/m2 for UVA, an offset of 0.32 W/m2, and an amplitude of 0.11 W/m2 for UVB. The Fourier series analysis of the clearness index, TOC, UVA, and UVB provides a mathematical framework to discern the seasonal components, offering essential parameters such as offset and amplitude. These analytical outcomes contribute to a refined understanding of cyclic patterns and trends within the studied atmospheric variables.
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Figure 1. Map of Nepal and Lumbini. 
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Figure 2. Daily variation in parameters: (a) clearness index, (b) TOC, (c) UVA, and (d) UVB. 
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Figure 3. Histogram of parameters: (a) histogram of clearness index, (b) histogram of TOC, (c) histogram of UVA, and (d) histogram of UVB. 
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Figure 4. Monthly and annual variation in parameters: (a) KT, (b) TOC (c) UVA, and (d) UVB. 
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Figure 5. Seasonal variation in parameters (a) KT, (b) TOC, (c) UVA, and (d) UVB. 
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Figure 6. Fourier series of parameters: (a) clearness index, (b) TOC, (c) UVA, and (d) UVB. 
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Figure 7. CRV of parameters: (a) clearness index, (b) TOC, (c) UVA, and (d) UVB. 
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Figure 8. (a) Variation in clearness index and TOC. (b) Variation in UVA and TOC. (c) Variation in UVB and TOC. 
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Figure 9. The continuous wavelet transform (CWT) parameters. (a) KT. (b) TOC. (c) UVA. (d) UVB. 
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