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Abstract: In this study, analysis of the times series clear sky global 

horizontal irradiance dataset for application in photovoltaic (PV) 

system design is presented. Specifically, the Clear Sky Global 

Horizontal Irradiance (CKGHI) dataset spanning from 2003 to 

2023 for Akwa Ibom State University, Obio Akpa campus, located 

at latitude and longitude 4.964487 and 7.759773, is considered. 

The data is retrieved from the National Aeronautics and Space 

Administration (NASA) Data Access Viewer (DAV) online 

platform for meteorological data. The case study of the 21-year 

daily CKGHI dataset has 7670 daily data records with a daily 

mean value of 6.2549 kW-hr/m2/day and a 0.4961 standard 

deviation, and all the 40 potential outliers identified occurred in 

the values below the lower fence of 4.8, and the outliers ranged 

from 3.996 to 4.76. The results showed that as the time span for 

the moving average increases from 3, 5, 7 and up to 365 days, the 

lower boundary value for outliers increases, whereas the upper 

boundary values decrease. The two values tend towards the mean 

daily value of the entire dataset, which is about 6.2549. In all, the 

results showed that with the use of moving average and outlier 

determination, it is possible to develop heuristic mechanisms that 

can be used to select a suitable solar radiation value for sizing a 

solar power system so that the desired loss of load specification 

can be achieved for the given days of power autonomy.  
 

Keywords: Descriptive statistics, time series dataset, solar 

radiation, photovoltaic power system, Z-score outlier 

method. 
 

1. INTRODUCTION 

Nowadays, in Nigeria, the national grip power supply 

system has been privatized and so the cost of energy from 

the national grid has increased tremendously [1, 2]. As such, 

many clients are searching for cost effective alternative 

energy sources. The readily available alternative energy 

option for most Nigerians is the solar photovoltaic (PV) 

power which is easy to deploy using solar panels and 

rechargeable storage battery bank [3, 4, 5]. 

One major concern with the design and use of PV solar 

power is the variability in the solar radiation which 

determines the energy yield of the PV panels [6]. As such, 

designers and users rely on carefully selected PV values for 

the sizing of their PV power solar panels and battery bank 

for any given days of power autonomy and tolerable loss of 

load specifications. In practice, designers rely on the use of 

the mean of the daily solar radiation data computed using 

daily dataset for a given period which is mainly several 

years [7, 8, 16, 17]. In other case, the minimum daily or 

minimum monthly mean values is selected to mitigate loss 

of load [9, 10]. However, the two approaches fail to meet 

the desired PV power system performance in most cases. 

Accordingly, in this study, statistical analysis approach that 

can enable designers of PV power system to use statistical 

parameters along with moving average and outlier 

determination to carefully select the solar radiation data 

value for application in the sizing of the PV power system 

is presented. The study shows how the moving average and 

outlier determination can be used to identify the possible 

point of power outages in the solar power system. By 

employing the ideas presented in this work, solar power 

designers can design power system that effectively meet 

their load demand with the desired days of power autonomy 

and loss of load specifications. 

 

2. METHODOLOGY  

2.1 Description of the Study Site and Time Series Dataset 

In this work, statistical analysis is conducted for a time 

series dataset of Clear Sky Global Horizontal Irradiance [11, 

12, 15], CKGHI for Akwa Ibom State University, Obio 

Akpa campus located at latitude and longitude of 4.964487 

and 7.759773 respectively, as shown in Figure 1. The 

CKGHI dataset spanning from 2003 to 2023 was 

downloaded from National Aeronautics and Space 

Administration (NASA) online platform available at the 

URL of https://power.larc.nasa.gov/data-access-

viewer/which is the NASA Data Access Viewer (DAV) 

portal for meteorological data [13, 14, 16].  
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Specifically, the study seeks to evaluate the dataset for 

application in the design of solar power system for the 

university campus. In this wise, the statistical analysis 

conducted included measure of dispersion, determination of 

missing data and outliers, as well as data distribution and 

computation of moving average using different time scales. 

In addition, histogram, scatter plots and box plots are also 

used for the data analysis. The online tool at 

https://www.statskingdom.com/ was used for the various 

analysis. The essence of the analysis is to preprocess the 

dataset for application in analytical or machine learning 

modelling of the CKGHI dataset. The study also presents 

different options for the choice of the solar radiation value 

that can be used in the solar power system design to satisfy 

a given load profile based on a given performance 

specification [18, 19].

 

 
Figure 1: The sunshine duration was finally defined as the period during which direct solar irradiance exceeds a threshold 

value of 120 W/m2 pdf 
 

2.2 Determination of the Outliers 

One of the factors that affect data utilization for 

modelling purposes is outlier data. The outliers need to be 

identified and possibly removed from the dataset before the 

dataset is employed in the modelling process. In this study, 

the outliers are identified using the Z-score method. The Z-

score method requires the mean and the standard deviation 

of the dataset along with a value of k for setting the upper 

and lower limit of acceptable data values. The mean, 𝑋̅of 

the dataset is given as Equation (1). 
 

𝑋̅ =
∑ (𝑥𝑗)

𝑗=𝑛
𝑗=1

𝑛
                (1) 

 

The standard deviation, 𝑠 of the dataset is given as 

Equation (2). 
 

𝑠 = √(
∑ (𝑋̅−𝑥𝑗)

2𝑗=𝑛
𝑗=1

𝑛−1
)               (2) 

 

Given the value of k, the upper limit for the outlier, XU, 

is given as Equation (3). 

 

𝑋𝑈 =  𝑋 ̅ + 𝑘(𝑠)                (3) 

The lower limit for outlier, XL is given as Equation (4). 
 

𝑋𝐿 =  𝑋̅ − 𝑘(𝑠)               (4) 
 

The outliers base on Z-score is then conducted using the 

procedure given in algorithm 1. 

 

ALGORITHM 1 

Step 1: Obtain the n data items,  x_j where j = 1, 2, 3, …, n 

Step 2: Determine the mean, X ̅as given in Equation (1) 

Step 3: Determine the standard deviation, as given in 

Equation (2) 

Step 4: Set the value of k  ; in this case, k =3 

Step 5: Determine the upper limit for outlier, XU, as given 

in Equation (3) 

Step 6: Determine the lower limit for outlier, XL as given in 

Equation (4) 

Step 7: Determine the outliers, 〖XO〗_i where; 

Step 7.1: i = 1 

Step 7.2: j = 1 

Step 7.3: If (x_j>XU )  or (x_j<XL )Then 

〖Step 7.4: XO〗_i=x_j 

Step 7.5: Output,  i, 〖XO〗_i 

https://doi.org/10.53982/ajeas.2025.0301.12-j
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Step 7.6: i = i +1  

Step 7.7: GOTO Step 7.8 

Step 7.8: Else Endif 

Step 7.9: j = j +1 

Step 7.10: If (j≤n )Then 

Step 7.11: GOTO Step 7.3 

Step 7.12: Else  

Step 7.13: Endif 

Step 7.14: End 
 

2.3 Computation of the Moving Average 

In the design of solar power system, the annual mean 

value of the solar radiation is normally selected. However, 

the annual mean value seems to be high causing excess loss 

of load in those months in the raining season will low solar 

radiation values.  In order to avoid loss of load, some solar 

power system designers use the minimum solar radiation 

value which can be selected from the minimum daily or 

monthly solar radiation values.  

Analytically, the moving average can be used to 

determine the minimum solar radiation values that can be 

used for a given days of power autonomy. In this case, for a 

three-day power autonomy, 3 point moving average of the 

solar radiation dataset can be used and then determine the 

minimum of the 3-point moving average solar radiation 

data. The expression for the k point moving average 

computed on 𝑥𝑗 solar radiation dataset, where j = 1, 2, 3, …, 

n is given as follows in Equation (5). 

𝑋𝑚𝑣(𝐾)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =
(𝑥𝑗+𝑥𝑗+1+𝑥𝑗+2+⋯,+𝑥𝑗+(𝐾−1))

𝑘
 for 1, 2, 3, 

…, n, k =1, 2, …, n               (5) 

 

After the computation of the moving average for selected 

number of K values, some descriptive statistical parameters 

are determined in respect of 𝑋𝑚𝑣(𝐾)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅.  Some of the 

statistical parameters considered are the minimum, 

maximum, range , mean , standard deviation among others. 

 

3. RESULTS AND DISCUSSION 

3.1 The Descriptive Statistics Results for the Daily Mean 

CS-GHI Dataset 

The results of the descriptive statistics conducted on the 

21 years (2003 to 2023) daily mean Clear sky Global 

Horizontal Irradiance (CS-GHI) dataset is shown in Table 

1. The line graph is also shown in Figure 2. The results 

showed a 21 year daily mean value of 6.2549 kW-hr/m2/day  

with 0.4961 standard deviation.  
 

Table 1: Some descriptive statistics parameters for the 

daily mean CS-GHI Dataset 

S/N Groups 
Daily mean CS-GHI(kW-

hr/m2/day) 

1 
Number of 

observations 
7,670 

2 
Number of 

missing values 
0 

3 Minimum 3.96 

4 Maximum 7.15 

5 Range 3.19 

S/N Groups 
Daily mean CS-GHI(kW-

hr/m2/day) 

6 Mean (x̄) 6.2549 

7 
Standard 

Deviation (S) 
0.4961 

8 Q1 5.91 

9 Median 6.33 

10 Q3 6.65 

11 
Interquartile 

range 
0.74 

12 Skewness -0.6842 

13 Excess kurtosis 0.1111 

 

 
Figure 2: The line graph of 21 years (2003 to 2023) daily 

mean CS-GHI dataset 
 

3.2 The Results of the Box, the Outlier’s Determination 

and the Histogram Chart for the Daily Mean CS-GHI 

Dataset 

The box and whisker plot in Figure 3 shows that there are 

outliers. The outliers are determined using the Z-score 

method and the results are presented in Table 2 and Figure 

4. The Z-score method gave upper fence value as 7.15 and 

the lower fence value as 4.8. The results in Figure 3 and 

Figure 4 show that all the potential outliers identified 

occurred in the values below the lower fence of 4.8 and the 

outliers ranged from 3.996 to 4.76. Although these values 

are identified as potential outliers, they may not be 

discarded during data analysis. They show the extreme 

lower values that do occur in certain seasons in the case 

study area which points to the fact that design values for the 

solar radiation should accommodate these extreme low 

values that are seen as possible outliers.  

In addition, the box plot confirmed the negative skewness 

(-0.6842 shown in Table 1) of the data, which means that 

there are higher values above the mean than the smaller 

values below the mean. The predominance of the higher 

values above the mean (6.2549) is highlighted by the 

histogram of the dataset, as shown in Figure 5.  

In essence, the case study site is predominantly high on 

the solar radiation above the mean value. However, based 

on the outlier results, there are extreme low values that are 

about 40 in number which amounts to 0.052% of the total 

data records.    
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Table 2: The potential 40 outliers identified using the Z-score method 

Row/ 

Column 
1 2 3 4 5 6 7 8 9 10 

Summary of outlier 

results 
Values 

1 4.67 4.6 4.46 4.61 4.58 4.51 4.29 4.46 4.02 4.22 
Number of 

observations 
40 

2 4.58 4.53 4.67 4.24 4.36 4.76 4.48 4.61 4.76 4.74 Minimum 3.96 

3 4.36 4.16 4.6 4.74 4.46 4.63 4.49 4.57 4.64 4.44 Maximum 4.76 

4 4.59 4.64 4.72 4.1 4.22 3.96 4.68 4.74 4.72 4.76 Range 0.8 

 
Figure 3: The box and whisker plot including outliers for the daily mean CS-GHI dataset 

 
Figure 4: The scatter plot showing the normal daily mean CS-GHI points in green with the potential outliers in red 

 

 
Figure 5: The histogram of the daily mean clear sky global horizontal irradiance 

 

3.3 The Results of the Moving Average at Different Time 

Span and the Corresponding Outliers 

The results of the outlier evaluated for moving average 

computed at different time scales of 1, 3, 5, 7, 30 and 365 

days are shown in Table 3. The scatter plot with line for the 

lower boundary (lower fence for outlier) and the upper 

boundary (upper fence for outlier) versus the number of 

points considered in the moving average is shown in Figure 
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6 whereas the line graph of the same result is shown in 

Figure 7. Furthermore, the line graph for number of outliers 

for the moving average at the various selected time span of 

1, 3, 5, 7, 30 and 365 is presented in Figure 8. 

The results showed that as the time span for the moving 

average increases from 3, 5, 7 and up to 365 days, the lower 

boundary value for outlier increases whereas the upper 

boundary values decrease. The two values tend towards the 

mean daily value of the entire dataset which is about 6.2549. 

This is evident in the scatter plot in Figure 6 and the line 

graph in Figure 7. In Figure 8, it can be seen that for each 

moving average time span, the number of outliers decreases 

as the time span of the moving average increases. The 

outlier number by the Z-score method dropped to zero with 

the moving average time span of 30. The scatter plot 

showing the outlier count for the different moving average 

time span are shown in Figure 9 for the 3-point moving 

average, in Figure 10 for the 5-point moving average, in 

Figure 11 for the 7-point moving average, in Figure 12 for 

the 30-point moving average, and in Figure 13 for the 365-

point moving average. 

 

Table 3: The results of the outlier evaluated for moving average computed at different time scales of 1, 3, 5, 7, 30 and 

365 days 

Parameter 

CS-GHI for 

1 point 

moving 

average 

CS-GHI for 3 

point moving 

average 

CS-GHI for 5 

point moving 

average 

CS-GHI for  7 

point moving 

average 

CS-GHI for  30 

point moving 

average 

CS-GHI for 365 

point moving 

average 

Number of 

observations 
7,670 7,670 7,670 7,670 7,670 7,670 

Minimum 3.96 4.09 4.3 4.6814 5.2083 6.1415 

Maximum 7.15 7.08 7.046 7.0414 6.943 6.372 

Range 3.19 2.99 2.746 2.36 1.7347 0.2305 

Mean (x̄) 6.2549 6.2549 6.2548 6.2548 6.2545 6.2562 

Standard Deviation 

(S) 
0.4961 0.4747 0.4629 0.4545 0.4112 0.05036 

Q1 5.91 5.91 5.908 5.91 5.9107 6.2192 

Median 6.33 6.32 6.323 6.3221 6.31 6.2676 

Q3 6.65 6.65 6.644 6.64 6.6007 6.2838 

Interquartile range 0.74 0.74 0.736 0.73 0.69 0.06458 

Lower boundary 

(lower fence for 

outlier) 

4.7666 4.8308 4.8662 4.8914 5.0211 6.1051 

Upper boundary 

(upper fence for 

outlier) 

7.7433 7.679 7.6434 7.6181 7.4879 6.4073 

Number of outliers 40 35 23 13 0 0 

Number of outliers 

with respect to 4.7666 

and 7.7433 

boundaries 

40 28 10 2 0 0 

The essence of studying the outliers below the lower 

boundary is to identify those instances where there is likely 

going to be low solar radiation such that the energy yield 

will not be adequate to sustain the desired days of power 

autonomy. In this case, with 3 point moving average, it is 

expected that the derived solar radiation based on the 3-

points are values that can be used sizing of the solar power 

for three days power autonomy. The incidence of outliers 

below the lower boundary means that those data points 

identified as outlier are too low that the three days power 

autonomy may not be achieved at those days. Hence, the use 

of the outlier and moving average analysis can help in 

developing heuristic mechanisms for selecting the 

appropriate solar radiation value that is suitable for a given 

day of power autonomy

. 
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Figure 6: The scatter plot with line for the lower boundary (lower fence for outlier) and the upper boundary (upper fence 

for outlier) versus the number of points considered in the moving average 

 

 
Figure 7: The line graph for the lower boundary (lower fence for outlier) and the upper boundary (upper fence for outlier) 

versus the number of points considered in the moving average 
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Figure 8: The line graph for number of outliers for the moving average at the various selected time span of 1, 3, 5, 7, 30 

and 365 

 
Figure 9: The scatter plot showing the 3-point moving average mean CS-GHI  points in green with the 35 potential 

outliers in red 
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Figure 10: The scatter plot showing the 5-point moving average mean CS-GHI points in green with the 35 potential 

outliers in red 

 
Figure 11: The scatter plot showing the 7-point moving average mean CS-GHI  points in green with the 35 potential 

outliers in red 
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Figure 12: The scatter plot showing the 30-point moving average mean CS-GHI points in green with the 35 potential 

outliers in red 

 
Figure 13: The scatter plot showing the 365-point moving average mean CS-GHI points in green with the 35 potential 

outliers in red 
 

4. CONCLUSION 

The statistical analysis of global solar radiation incident 

on a horizontal surface on earth under clear sky condition is 

presented. The analysis is meant to determine the various 

statistical parameters of the dataset which will aid in the 

selection of the most suitable solar radiation value for use in 

the solar power system sizing. The study is based on the 

daily mean solar radiation values acquired over a period of 

21 years. The data spread, distribution and outliers are 

studied and the moving average is computer for different 

time scales to examine the possible days of loss for any 

given days of power autonomy. In all, the results showed 

that with the use of moving average and outlier 

determination, it is possible to develop heuristic 

mechanisms that can be used to select suitable solar 

radiation value for sizing solar power system for that the 

desired loss of load specification can be achieved for the 

given days of power autonomy.  
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