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________________________________________________________________________________________________________ 

Abstract 

In this study, the measured monthly average daily global solar radiation and extraterrestrial solar radiation using the generalized 

45% and 40% dataset was utilized to estimate the photosynthetically active radiation (PAR) and extraterrestrial photosynthetically 

active radiation (PAR0) for Akure (Latitude 7.17
0
N, Longitude 5.18

0
E, and 375.0 m above sea level) Ondo State located in South 

Western, Nigeria. The monthly average daily sunshine hours, maximum and minimum temperature data were used to develop nine 

(9) new PAR sunshine based models and three (3) PAR temperature based models. The meteorological parameters used in this 

study covered a period of thirty one years (1980 – 2010). The newly developed models were tested using statistical indicators of 

coefficient of determination (R
2
), Mean Bias Error (MBE), Root Mean Square Error (RMSE), Mean Percentage Error (MPE), t – 

test, Nash – Sutcliffe Equation (NSE) and Index of Agreement (IA). The PAR sunshine based models that took a quadratic form 

and the linear logarithmic PAR temperature based models were found more suitable for estimating PAR for the location under 

study. Comparing the PAR sunshine based and temperature based models indicated that the PAR sunshine based model is more 

suitable for PAR estimation in Akure. Furthermore, the results showed that the PAR is high during the dry season and low during 

the rainy season. Based on the measured and estimated PAR models; the minimum values was found in July and August while the 

maximum values in February, March and November. The descriptive statistical analysis shows that the PAR and all the estimated 

sunshine based PAR data spread out more to the left of their mean value (negatively skewed). Similarly, they have negative 

kurtosis which indicates a relatively flat distribution and possibility of platykurtic distribution. The PAR and the PAR logarithmic 

temperature based model (equation 17a) data spread out more to the left of their mean value (negatively skewed), while the PAR 

linear exponent and linear temperature based models (equation 17b and 17c) data spread out more to the right of their mean value 

(positively skewed). The PAR and all the estimated PAR temperature based data have negative kurtosis which indicates a 

relatively flat distribution and possibility of platykurtic distribution. 

 

Keywords: photo synthetically active (PAR), extraterrestrial photo synthetically active (PAR0) statistical indicators, Akure, 

descriptive statistics. 

________________________________________________________________________________________________________ 

 

1. INTRODUCTION 

Solar radiation is the main source of the Earth’s surface energy exchanges [1 – 3]. The portion with wavelengths ranging from 400 

to 700 nm is the primary energy source of vegetation photosynthesis, known as photosynthetically active radiation (PAR). It is the 

quantity of light energy that can be obtained for photosynthesis to take place and are usually within the wavelength range of 400 

to 700 nm. PAR is also a measure of the photosynthetic photon flux density (PPFD), and is defined as the number of the incident 
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photons per unit time per unit surface [4]. Plants ultimately needs PAR as an energy requirement to convert carbon (iv) oxide 

(CO2) and water (H2O) through photosynthesis into glucose which is used to synthesize structural and metabolic energy needed 

for plant growth, development, respiration as well as stored vegetative products that result in plant biomass [5 – 6]. This can be 

seen in the process plants used in synthesizing their food as given by the chemical equation: 

    (      )       (      )                (       )     (   )      (      )     (1) 

 

where the light represents PAR wavelength range (0.4-0.7μm) that is best fit for photosynthesis to occur.  

 

The incident PAR at the earth’s surface is of importance for modeling ecosystems and climate change studies [7 – 10]. The data 

for PAR is paramount for precise modeling of biomass productivities for renewable energy applications. Photosynthetically 

Active Radiation (PAR) can be measured using silicon photovoltaic detector. This detector measures light within the wavelength 

range of 400 to 700 nm. The PPFD of photosynthetically active radiation can be measured with most of the PAR sensors which 

can also be used to quantify PAR. This is the most popular type of light sensor among plant biologists, horticulturists, ecologists, 

and other environmental scientists. The number of measurement sites in most areas of the world is scarce. Consequently, PAR 

data from measurements are not sufficient for the demand of PAR users. To overcome this problem, PAR data need to be obtained 

from modeling approaches. One of these approaches is to use a ratio of PAR to broadband solar radiation to estimate PAR from 

more widely measured broadband radiation. Many authors have proposed the values of this ratio using PAR and broadband 

radiation data from different parts of the world [11 – 13]. PAR changes seasonally and varies depending on the latitude and time 

of day. Conditions that lower the quantity of PAR obtained by plants include anything that reduces sunlight, such as shading by 

trees, cloud cover, and buildings. Air pollution is also a factor that affects PAR through filtering out the amount of sunlight 

accessible to plants. 

Application of PAR-to-global radiation ratio has an advantage in terms of the simplicity, but it can be effectively used only for the 

locations where broadband solar radiation data are available. Several researches have been carried out on studies that involved the 

relationship between PAR and global solar radiation (H) for different locations and climates across the globe; these include [14 – 

24] to mention but a few. 

 

The purpose of this study is to develop and compare new sunshine and temperature based photosynthetically active radiation 

(PAR) models capable of estimating PAR for Akure, Nigeria. The models are validated using seven different statistical indicators 

to ascertain the most suitable model in each case. The recommended sunshine and temperature based PAR models were also 

compared. The descriptive statistical analysis was also carried out.  

2. STUDY AREA 

Akure is the capital of Ondo State (Figure 1), Nigeria and the major dominating town is the Akure South Local Government. It 

lies between longitude 5°06‟E to 5 °38‟E and between latitude 7°0 7‟N to 7° 37 ‟N in the Southwestern Nigeria [25]. It is 

bounded by Owo Local Government Area in the east, Akure North and Ifedore Local Government Areas in the north, Ile-

Oluji/Oke- Igbo Local Government Area in the west and Idanre Local Government Area in the south. The rapid growth of the city, 

particularly within the last 25 years, has made it one of the fastest growing metropolitan cities in the Southwestern Nigeria. Its 

population has more than tripled from 157,947 in 1990 to ~500,000 in 2006 [26]. The climatic condition of Akure is similar to 

those of Southwestern Nigeria where the climate is influenced majorly by the rain-bearing southwest monsoon winds from the 

ocean and the dry northwest winds from the Sahara Desert. The city experiences a warm humid tropical climate, with basically 

two distinct seasons, the rainy and dry seasons. The rainy season lasts for about seven months, April to October while the dry 

season is from November to March. Akure and its surrounding areas experience a frequent annual rainfall of over 1500 mm with a 

short August break. The mean temperature is about 22°C during harmattan period (December to February) and 32° C in March. 

The vegetation is tropical rainforest and drained by River Ala and its tributaries [27 – 28].  
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Figure 1. Map of (a) Google map showing the study area (b) Map of Nigeria showing the study area 

3. METHODOLOGY 

The measured monthly average daily global solar radiation, sunshine hours, maximum and minimum temperatures covering a 

period of thirty one years (1980-2010) for Akure, South – Western, Nigeria was obtained from the Nigeria Meteorological Agency 

(NIMET), Oshodi, Lagos, Nigeria. 

The monthly average daily extraterrestrial radiation on a horizontal surface (  ) in MJ/m
2
/day, can be calculated for days giving 

average of each month from the following equation [29 – 30]: 

 

   (
  

 
)    *          (

    

   
)+ *              (

    

   
)         +        (2) 

 

where     is the solar constant (=1367 Wm
-2

),   is the latitude of the site,   is the solar declination and    is the mean sunrise hour 

angle for the given month and   is the number of days of the year starting from     of January to      of December. 

The solar declination,   and the mean sunrise hour angle,    can be calculated using the following equation [29 – 30]: 
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  (         )                        (4) 

 

For a given month, the maximum possible sunshine duration (monthly average day length (  ) ) can be computed [29 – 30] by  

   
 

  
                                                   (5) 

 

Various measuring techniques and climatic parameters have been used in developing empirical models for estimating     . In 

this paper, the constant ratio of 45% of measured global solar radiation data as generalized by several researchers [14], [24], [31 – 

34] was used to obtain the     data since there is no standard weather station that routinely measure     in Nigeria and in 

particular Akure. Therefore,     was obtained using 

 

                                                 (6) 

 

where      is the measured global solar radiation in MJ/m
2
/day.  

 

The extraterrestrial      was estimated as 40% of the extraterrestrial global solar radiation as generalized by [35]. It was assumed 

that the sun-earth distance did not vary seasonally because the ratio of the distance between the earth and the sun on a specific day 

to the mean distance throughout the year is never more than 3.5% away from one [36]. Thus, extraterrestrial photo synthetically 

active radiation,      was estimated using the expression 

 

                                                (7) 

The     and      are in MJ/m
2
/day 

The accuracy of the estimated values was tested by computing the Mean Bias Error (MBE), Root Mean Square Error (RMSE), 

Mean Percentage Error (MPE) and t-test. The expressions for the MBE, RMSE and MPE according to El-Sebaii and Trabea [37] 

are given by 
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The t-test defined by student [38] in one of the tests for mean values, the random variable t with n-1 degrees of freedom may be 

written as follows. 
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                                            (11) 

 

The Nash-Sutcliffe equation (NSE) is given by the expression 

 

      
∑ (                 )
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The Index of Agreement (IA) is given as 

 

     
∑ (                 )

  
   

∑ (|            ̅̅ ̅̅ ̅̅      | |            ̅̅ ̅̅ ̅̅      |)
  

   

             (13) 

 

From equations (8) - (13)         ,          and   are respectively the     measured and     calculated values of daily photo 

synthetically active radiation and the total number of observations. Iqbal [29] and Chen et al. [39] have recommended that a zero 

value for MBE is ideal and a low RMSE is desirable. Additionally, the smaller the value of the MBE, RMSE and MPE the better 
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is the model’s performance. The RMSE test provides information on the short-term performance of the studied model as it allows 

a term – by – term comparison of the actual deviation between the calculated values and the measured values. The MPE test gives 

long term performance of the examined regression equations, a positive MPE and MBE values provide the averages amount of 

overestimation in the calculated values, while the negative values gives underestimation. For a better model performance, a low 

value of MPE is desirable and the percentage error between      and      is considered acceptable [40]. The smaller the 

value of   the better is the performance. To determine a model’s statistical significant, one simply has to determine, from standard 

statistical tables, the critical   value, i.e.,   
 ⁄

  at   level of significance and (   )  degrees of freedom. For the model’s 

estimates to be judged statistically significant at the (   ) confidence level, the computed    value must be less than the critical 

value. Similarly, for better data modelling, the coefficient of determination   should approach 1 (    )as closely as possible 

[41 – 42]. MBE and RMSE are in MJ/m
2
/day, MPE, NSE and IA are in % while        is non-dimensional.  

In this study, the skewness and kurtosis descriptive statistical tests analysis were also carried out. The skewness test (  ) 

measures the asymmetry of the parameters data around their mean value; it is a measure of symmetry, or more precisely, the lack 

of symmetry [43]. It tells us about the direction of variation of the dataset [43]. If     , the data have a Gaussian distribution 

(normal distribution), while      indicates that the data are spread out more to the left of the mean value than to its right 

(negatively skewed), when     indicates that data are spread out more to the right than to its left (positively skewed) [44]. The 

Kurtosis test (  )  describes the shape of a random variable’s probability distribution, that is it characterizes the relative 

peakedness or flatness of a distribution compared to the normal distribution [43]. It measures the degree of normality of each of 

the meteorological parameters under investigation [44]. For     the data have normal distribution, for     the data have 

positive kurtosis which implies peaked distribution, that is, leptokurtic distribution (that is, too tall), when     the data have 

negative kurtosis which implies flat distribution, that is, platykurtic distribution (that is, too flat, or even concave if the value is 

large enough).  

 

The proposed sunshine     based models developed in this study are of the forms: 
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Model (14h) is a modification through the use of the ratio of (
 

   
) instead of (

 

  
) and is given by the relation: 

 

   
 
      

  
 

       

The proposed temperature     based models developed in this study are of the forms: 

   

    
                                 (15a) 

   

    
        

                         (15b) 
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      (

  

  
)                        (15c) 

The constants                            are PAR empirical constants, 
 

  
  is the sunshine duration and    is the difference 

between the monthly average daily maximum and minimum temperatures, i.e.,          

 

 

4. RESULTS AND DISCUSSION 

The evaluated sunshine     based models with their respective PAR empirical coefficients developed in this study are 
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Table 1.Validation of the PAR sunshinme based models for Akure under different statistical test 

Models R
2
 MBE RMSE MPE t NSE IA 

Eqn16a 95.7 0.0016 0.2467 -0.0940 0.0214 99.9041 99.976 

Eqn16b 95.8 -0.0008 0.2465 -0.0683 0.0107 99.9043 99.9761 

Eqn16c 96.8 -0.1437 0.2635 1.6555 2.1577 99.8906 99.9731 

Eqn16d 95.7 0.0039 0.2468 -0.1227 0.0528 99.9040 99.976 

Eqn16e 94.8 0.0062 0.2703 -0.1197 0.0763 99.8849 99.9712 

Eqn16f 95.8 0.0252 0.2479 -0.3912 0.3388 99.9031 99.9757 

Eqn16g 95.7 0.0080 0.2489 -0.1959 0.1064 99.9024 99.9756 

Eqn16h 95.7 0.0046 0.2470 -0.1313 0.0618 99.9039 99.9759 

Eqn16i 95.7 0.0006 0.2514 -0.0758 0.0085 99.9004 99.9751 

 

Table 2. Ranking of the evaluated PAR sunshine based models for Akure based on the Statistical test 

Models R
2
 MBE RMSE MPE t NSE IA Total 

Eqn16a 3 3 2 3 3 2 2 18 

Eqn16b 2 2 1 1 2 1 1 10 

Eqn16c 1 9 8 9 9 8 7 51 

Eqn16d 3 4 3 5 4 3 2 24 
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Eqn16e 4 6 9 4 6 9 8 46 

Eqn16f 2 8 5 8 7 5 4 39 

Eqn16g 3 7 6 7 8 6 5 42 

Eqn16h 3 5 4 6 5 4 3 30 

Eqn16i 3 1 7 2 1 7 6 27 

 

Table 1 gives the outline of the different statistical tests used and ranking of the PAR sunshine based models for Akure. Based on 

the R
2
 the model, equation 16c has the highest value with 96.8 % and is judged the best model. Based on the MBE, the model, 

equation 16i has the lowest value with overestimation of 0.0006 MJm
-2

day
-1

 in the estimated value and is judged the best model. 

Based on the RMSE the model, equation 16b has the lowest value with 0.2465 MJm
-2

day
-1

 and is judged the best model. Based on 

the MPE, despite the observed overestimation and underestimation exhibited by the models, they all fall within the acceptable 

range (        ) with the model, equation 16b having the lowest value with underestimation of 0.0683 % in the estimated 

value and is judged the best model. The study site was statistically tested at the (   ) confidence levels of significance of     

and    . For the critical t-value, i.e., at α level of significance and degree of freedom, the calculated t-value must be less than the 

critical value (                           ) for     and (                           )for    . It was observed 

that the                 values for all the studied models. The   test shows that all models are significant at     and     

confidence levels. However, the model, equation 16i has the lowest value with 0.0085 and is judged the best model. Based on the 

NSE and IA the model, equation 16b has the highest values with 99.9043% and 99.9731% respectively and is judged the best 

model. 

The ranking of the models (Table 2) was done based on the validation of the models (Table 1). The total ranks obtained by the 

different models ranged from 10 to 51. Based on the overall results the model, equation 16b was found the best and most suitable 

for estimating Photo synthetically Active Radiation (PAR) for the study area. 

 

Figure 2. Comparison between the measured and estimated photosynthetically active radiation (PAR) sunshine based 

models for Akure 

Figure 2 shows the comparison between the measured and estimated photosynthetically active radiation sunshine based models for 

Akure, South Western, Nigeria. The result showed that the minimum value of the monthly average daily PAR of 

                occurred in the month of August while for all the estimated PAR estimated sunshine based models occurred in 
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the month of July; it is pertinent to note here that the months of July and August is during the rainy season for the location under 

investigation.The maximum measured PAR (               )  and the model, equation 16c occurred in the month of 

November; this is expected as this the month when the harmattan dry season sets in. the maximum PAR for the model, equation 

16e occurred in March while the estimated PAR models (equation 16a, 16b, 16d, 16f, 16g, 16h and 16i) occurred in the month of 

February. The measured PAR overestimated the estimated PAR sunshine based models in the months from September – 

December and underestimated the estimated models in the months of May, June and August. The model, equation 16c 

underestimated the measured and other estimated models in the months from January – April and in December. The result further 

revealed that the values of the PAR are high during the dry season and low during the rainy season.   

The evaluated temperature     based models with their respective PAR empirical coefficients developed in this study are 

   

    
                                         (17a) 

   

    
                                         (17b) 

   

    
            (

  

  
)                        (17c) 

 

Table 3. Validation of the PAR temperature based models for Akure under different statistical test 

Models R
2
 MBE RMSE MPE t NSE IA 

Eqn17a 74.2 0.0111 0.5837 -0.7278 0.0631 99.4631 99.865 

Eqn17b 70.6 -0.0178 0.626 -0.4602 0.0943 99.3825 99.8452 

Eqn17c 66.8 -0.0023 0.6699 -0.7795 0.0113 99.293 99.8223 

 

Table 4. Ranking of the evaluated PAR temperature based models for Akure based on the Statistical test 

Models R
2
 MBE RMSE MPE t NSE IA Total 

Eqn17a 1 2 1 2 2 1 1 10 

Eqn17b 2 3 2 1 3 2 2 15 

Eqn17c 3 1 3 3 1 3 3 17 

 

Table 3 presents the rundown of the various statistical tests implemented. Based on the R
2
 the model, equation 17a has the highest 

value with 74.2 % and is judged the best model. Based on the MBE, the model, equation 17c has the lowest value with 

underestimation of 0.0023 MJm
-2

day
-1

 in the estimated value and is judged the best model. Based on the RMSE the model, 

equation 17a has the lowest value with 0.5837 MJm
-2

day
-1

 and is judged the best model. Based on the MPE, all the models fall 

within the acceptable range (        ) with the model, equation 17b having the lowest value with underestimation of 

0.4602 % in the estimated value and is judged the best model. Based on the        the model, equation 17c was judged the best 

model. Based on the NSE and IA the model, equation 17a has the highest value with 99.4631 % and 99.8650 % respectively and 

is judged the best model. 

The ranking of the models (Table 4) was done based on the validation of the models (Table 3). The total ranks obtained by the 

different models ranged from 10 to 18. Based on the overall results the model, equation 17a was found the best and most suitable 

for estimating Photo synthetically Active Radiation (PAR) for the study area. 
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Figure 3. Comparison between the measured and estimated photosynthetically active radiation (PAR) temperature based 

models for Akure 

Figure 3 shows the comparison between the measured and estimated photosynthetically active radiation temperature based models 

for Akure, South Western, Nigeria. The result showed that the minimum value of the monthly average daily PAR of 

                occurred in the month of August while for all the estimated PAR estimated temperature based models 

occurred in the month of July; it is pertinent to note here that the months of July and August is during the rainy season for the 

location under investigation. The minimum value of PAR found in this study is in line, though slightly higher than those reported 

in the study of Etuk et al [45] where they reported the minimum values of PAR to be in the range (                    ) for 

Calabar, Nigeria in the month of August. In this study the maximum measured PAR (               ) occurred in the month 

of November; this is expected as this the month when the harmattan dry season sets in while all the estimated PAR temperature 

based models occurred in the month of February. The measured PAR overestimated the estimated PAR temperature based models 

in the months from April – June, October and November and underestimated the estimated models in the months of from January 

– March, July – September and in December. The model, equation 17c underestimated the measured and other estimated models 

in the months from April – June and overestimated the measured and other estimated models in the months of January and from 

July – September; similarly, the model, equation 17a overestimated the measured and other estimated models in the months from 

February – March. The result further revealed that the values of the PAR are high during the dry season and low during the rainy 

season.  
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Figure 4. Monthly percentage error for the recommended PAR sunshine based models for Akure 

Figure 4 shows the monthly percentage error for the recommended PAR sunshine based models for Akure. The percentage error 

ranged between (0.92 – 5.66) %. The values are within the acceptable percentage error range of      . The minimum percentage 

error of 0.92 % occurred in the month of July and the maximum of 5.66 % in the month of August. The implication of this result 

is that the model, equation 16b is suitable for estimating PAR at any given time of the day in the year for the region under 

investigation provided the sunshine hour data is available with more accurate result in the month of July. 

 

Figure 5. Monthly percentage error for the recommended PAR temperature based models for Akure 
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Figure 5 shows the monthly percentage error for the recommended PAR temperature based models for Akure. The percentage 

error ranged between (1.17 – 14.24) %. The values are within the acceptable percentage error range of       except in the 

months of January, August and November where the percentage error values are slightly high.  The minimum percentage error of 

1.17 % occurred in the month of June and the maximum of 14.24 % in the month of November. The implication of this result is 

that the model, equation 17a is suitable for estimating PAR at any given time of the day in the year for the region under 

investigation provided the minimum and maximum temperature hour data are available except in the months of January, August 

and November where it is slightly less accurate with more accurate result in the month of June. 

 

Table 5. PAR and the estimated sunshine based descriptive statistical analysis for Akure, Nigeria 

 

Range Minimum Maximum Sum Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic 

PAR 3.3468 6.0376 9.3843 96.6048 -0.7690 -0.3640 

Eqn16a 2.9818 6.2556 9.2374 96.6239 -0.6470 -0.9150 

Eqn16b 2.9828 6.2672 9.2501 96.5953 -0.6180 -0.9490 

Eqn16c 2.9539 6.1403 9.0942 94.8805 -0.7120 -0.5490 

Eqn16d 2.9833 6.2574 9.2407 96.6520 -0.6470 -0.9160 

Eqn16e 3.0713 6.1499 9.2213 96.6794 -0.8470 -0.5950 

Eqn16f 2.9943 6.2888 9.2831 96.9072 -0.6130 -0.9530 

Eqn16g 2.9748 6.3128 9.2876 96.7006 -0.5470 -1.0170 

Eqn16h 2.9828 6.2580 9.2407 96.6601 -0.6470 -0.9150 

Eqn16i 2.9730 6.2167 9.1896 96.6126 -0.7350 -0.7910 

 

The results shown in Table 5 indicated that the PAR and all the estimated sunshine based PAR data spread out more to the left of 

their mean value (negatively skewed). Similarly, the PAR and all the estimated sunshine based PAR data have negative kurtosis 

which indicates a relatively flat distribution and possibility of platykurtic distribution. The range, minimum, maximum and sum 

exhibited by each model are displayed on the table. The average range is between (             ), the average minimum 

value (             ), the maximum value (             ). The model with the highest sum of value is equation 16f with 

                   while the lowest is equation 16c with                    for the period under study. 

 

Table 6. PAR and the estimated temperature based descriptive statistical analysis for Akure, Nigeria 

  

Range Minimum Maximum Sum Skewness Kurtosis 

Statistic Statistic Statistic Statistic Statistic Statistic 

PAR 3.3468 6.0376 9.3843 96.6048 -0.7690 -0.3640 

Eqn17a 2.5637 6.7368 9.3004 96.7380 -0.1180 -1.1040 

Eqn17b 2.4630 6.8074 9.2704 96.3913 0.0320 -1.1840 

Eqn17c 2.3291 6.9238 9.2530 96.5774 0.1740 -1.1870 

 

The results shown in Table 6 indicated that the PAR and equation 17a data spread out more to the left of their mean value 

(negatively skewed), while equation 17b and 17c data spread out more to the right of their mean value (positively skewed). 

Equation 17b data seem to have a quassi-Gaussian distribution. Skewness of exactly zero is quite not likely for real world data 

[43]. The PAR and all the PAR estimated temperature based data have negative kurtosis which indicates a relatively flat 

distribution and possibility of platykurtic distribution. The range, minimum, maximum and sum exhibited by each model are 

displayed on the table. The average range is between (             ), the average minimum value (             ), the 

maximum value (             ). The model with the highest sum of value is equation 17a with                    while 

the lowest is equation 17b with                    for the period under study.  
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The proposed PAR sunshine and temperature based models recommended for estimating photosynthetically active radiation 

(PAR) for Akure, South Western, Nigeria; if global solar radiation data is not available are given by the expressions 

   

    
            (

 

  
)       (

 

  
)
 

and 

   

    
                   

 

Table 7.Ranking and Comparison between the recommended PAR Sunshine Based Models (SBM) and PAR Temperature 

Based Models (TBM) for Sokoto 

Location Models Equation R
2
 MBE RMSE MPE t NSE IA Total Best 

Akure 

PAR 

SBM E.16b 1 1 1 1 1 1 1 7 

PAR 

SBM 

PAR 

TBM E.17a 2 2 2 2 2 2 2 14 

 

Table 7 shows that the PAR sunshine based model is more reliable as compared to the PAR temperature based model for 

estimating photosynthetically active radiation for the location. It is important to note here that the PAR temperature based model 

can be use if global solar radiation and sunshine hours data are not available for the location under investigation. 

5. CONCLUSION 

Photosynthetically Active Radiation (PAR) is necessary for photosynthesis to take place and for the growth and development of 

plants. Sufficient amount of PAR enhanced plant growth and proper monitoring of PAR is paramount to ensure plants are 

receiving sufficient light for this process. This study addresses the issue of estimating photosynthetically active radiation (PAR) 

for Akure (Latitude 7.17
0
N, Longitude 5.18

0
E, and 375.0 m above sea level), Ondo state located in the south western, Nigeria. 

The data used in this study were obtained from the Nigerian Meteorological Agency (NIMET), Oshodi, Lagos, Nigeria. The 

monthly average daily global solar radiation, sunshine hours, minimum and maximum temperatures during the period of thirty one 

years (1980 – 2010) were utilized in this study. In this present investigation, nine (9) new PAR sunshine based models and three 

(3) PAR temperature based models were developed and compared on the basis of statistical indicators of coefficient of 

determination (R
2
), Mean Bias Error (MBE), Root Mean Square Error (RMSE), Mean Percentage Error (MPE), t – test, Nash – 

Sutcliffe Equation (NSE) and Index of Agreement (IA). The results indicated that the PAR sunshine based models that took a 

quadratic form was found more suitable for estimating PAR for the location with R
2
 = 95.8 %, MBE = -0.0008 MJm

-2
day

-1
 RMSE 

= 0.2465 MJm
-2

day
-1

 MPE = -0.0683 MJm
-2

day
-1

, t – test = 0.0107, NSE = 99.9043 % and IA = 99.9761 % while the linear 

logarithmic PAR temperature based models with R
2
 = 74.2 %, MBE = 0.0111 MJm

-2
day

-1
 RMSE = 0.5837 MJm

-2
day

-1
 MPE = -

0.7278 MJm
-2

day
-1

, t – test = 0.0631, NSE = 99.4631 % and IA = 99.8650 % was found more suitable for estimating PAR for the 

location under study. The most suitable PAR sunshine based and temperature based models were compared on the basis of the 

values of their respective statistical indicators; and it was found that the PAR sunshine based model is more suitable for PAR 

estimation for the study area. It was observed that the values of PAR are high during the dry season and low during the rainy 

season; this is expected as high global solar radiation during the dry season may increase the PAR. Based on the measured and 

estimated PAR models; the minimum values were found in July and August while the maximum values in February, March and 

November. The descriptive statistical analysis shows that the PAR and all the estimated sunshine based PAR data spread out more 

to the left of their mean value (negatively skewed). Similarly, they have negative kurtosis which indicates a relatively flat 

distribution and possibility of platykurtic distribution. The PAR and equation 17a data spread out more to the left of their mean 

value (negatively skewed), while equation 17b and 17c data spread out more to the right of their mean value (positively skewed). 

The PAR and all the estimated PAR temperature based data have negative kurtosis which indicates a relatively flat distribution 

and possibility of platykurtic distribution. The results of this study have clearly revealed that if the global solar radiation data is 

not available due to the high cost, the PAR sunshine based model proposed in this study can be used for estimating 

photosynthetically active radiation (PAR) for Akure at any given time of the day and season of the year. Similarly, if the sunshine 

hours data are not available the PAR temperature based model proposed in this study can be used if temperature data are available.  
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