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A B S T R A C T  

 

In this study, the net radiation was estimated using a simple straightforward expression proposed 
by different researchers, which is based on the principle of the Fourier Series Technique. The 
estimation of net radiation of Iwo (7.62920N, 4.18720) from the data collected from the archive 
of HelioClim satellite MERRA- 2 (i.e. global solar radiation and air temperature) was done on the 
real and imaginary measurements. The result of both real and imaginary radiation at maximum 
revealed (− 1.6 × 10−7𝑊𝑚− 2𝑑𝑎𝑦−1) and minimum at about (− 2.3 × 10− 7𝑊𝑚−2𝑑𝑎𝑦−1), while 
solar radiation and temperature revealed about (440 × 10−7𝑊𝑚−2) and 299K maximum and 
minimum (3700 × 10−7𝑊𝑚−2) and 297.7K, respectively. Statistically, the result indicated that 
the regression coefficient of 3.959 with t- statistics of 3.34 and p < 0.05 indicates that for every 
1K increase in air temperature, solar radiation will increase by 3.959, which shows that both solar 
radiation and temperature have a significant effect on net radiation. Therefore, the researchers 
concluded that Iwo had maximum real net radiation in February with months such as January, 
March, July, August, October and December as minimum radiation while imaginary radiation had 
its maximum and minimum in September and August respectively. 

doi: 10.5829/ijee.2021.12.02.10 
 

 
INTRODUCTION1 

 

The estimated net radiation (radiative energy fluxes) at 

the surface of the earth is an essential parameter for the 

analyses of the atmospheric interaction and soil 

vegetation in the field of meteorology, agronomy, soil 

science, environmental science, civil engineering, 

geotechnical engineering, agricultural engineering, etc. 

Net radiation is the solar energy balance provided by the 

sun across the earth surface. This radiation is the sum of 

short-wave and long-wave radiation energy. This energy 

can be determined either by direct measurement or by 

calculation [1]. Jegede [2] stated that the net radiation R 

can be represented symbolically as: 

𝑅 = (1 − 𝑟)𝐾+ + 𝐿+ −  𝐿−  (1) 

where r is the surface reflection coefficient (albedo); 𝐾+is 
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the incoming solar (shortwave) radiation, and 𝐿− is the 

downward and upward longwave (≥ 3𝜇𝑚) radiation 

component, respectively. As an important parameter, net 

radiation is used for the surface energy balance and its 

budget since its magnitude is directly related to the 

various heat fluxes [2]. Therefore, net radiation is used in 

an advanced (or net-generation) Gaussian air pollution 

dispersion model to estimate the flux of sensible heat [3, 

4]. The usefulness of net radiation can be found in the 

direct measurement; i.e. net radiometer during calibration  

[1]. More, this calibration allows the definition of a 

parameter term as “Net radiometer sensitivity” [1]. The 

dependence of net radiation is based on some atmospheric 

parameters. However, there are changes over time 

continuously and the measurement can have a series of 

uncertainties [1]. Evett et al. [5] reported that even new 

radiometers can have an error as high as 10%; while, 
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Halldin and Lindroth [6] used comparative studies on net 

radiometer at six different measurements of each net 

radiometer with that of four components, they found out 

that net radiation which was taken as a reference also had 

some errors. However, for the present study, estimation  

of net radiation is of importance by using some 

meteorological data obtained from the archive of 

HelioClim satellite MERRA-2. In support, there is wide 

use of meteorological data for the investigation of soil-

atmospheric interactions, and high interest of different  

researchers for its development and calculation 

particularly; for net radiation determination [1]. Many 

formulae have been proposed by different researchers, 

which have been summarized into two methods. The first  

method relies merely on air temperature [7–11], while the 

second method uses air and soil surface temperature [12–

16]. However, for this work, Method 1 was adopted, by 

using air temperature collected from the archive 

HelioClim satellite MERRA-2 data. Method 1 was also 

adopted by Jegede [2] and Jensen et al. [11], which  

pointed out the formulae proposed by Wright and Jensen 

[7] and Wright [17], showing a consistency in the 

measurement data of Copenhagen, Denmark and Davis, 

California. Thereafter, Allen et al. [18] applied Method 1 

in the computation of net radiation in the evaluation of 

crop water demands. However, Method 2 is of importance 

in the calculation of air emissivity. For this purpose, 

different models were developed [12, 19, 20]. Jegede [2] 

reported that net radiation can be applied as an index to 

classify the atmospheric stability for dispersion estimate 

based on the Pasquill-Gifford-Turner (P-G-T) typing 

schemes. Routine measurement of net radiation is made 

by the use of a radiometer [2]. As reported by Jegede [2], 

net radiation data are scarce in tropical Africa. Therefore, 

the need to estimate net radiation using data of solar 

radiation and air temperature gotten from the MERRA -2 

satellite. Goutourbe et al. [21] stated that only a few data 

are available for the West Africa region which has been 

collected from major field experiments such as the 

HAPEX-Sahel and also by other independent studies [22–

24]. For this case, net radiation data are not available, and 

this gives room for the use of satellite data by modelling  

air temperature and some other constants. As proposed by 

Holtslag and van Ulden [25] the incoming solar radiation  

is estimated as a linear function of the sine of the solar 

elevation angle with its empirical coefficient relating to 

turbidity and cloud cover [26, 27]. This method of linear 

function was applied in this paper to estimate net radiation 

using solar radiation and air temperature data. Both the 

incoming and outgoing longwave radiation components 

are estimated from simplified relation utilizing solar 

radiation, air temperature, surface temperature, cloud 

cover and emissivity as inputs [28, 29]. Therefore, the 

estimation of net radiation can be done on a parameterized  

relationship [30]. 

𝑅 =  
(1−𝑟)(𝑎1𝑠𝑖𝑛Φ + 𝑎2)(1−𝑏1𝑁𝑏2)+ 𝑐1𝑇6− 𝜎𝑇4+𝑐2𝑁

1+ 𝑐3
  (2) 

where R is the net radiation, Φ is the solar elevation angle, 

T is the air temperature, 𝜎 is the Stefan-Boltzmann’s  

constant (5.67 × 10−8𝑊𝑚−2𝐾−6). The empirical value 

constant used in the above equation include: 𝑎1 =
990𝑊 𝑚−2 , 𝑎2 = −30𝑊 𝑚−2 , (Turbidity coefficient), 

𝑏1 = 0.75, 𝑏2 = 3.4 (Cloudiness coefficient), 𝑐1 =
5.31 × 10−13𝑊𝑚−2𝐾−6 ,  𝑐2 = 60 𝑊𝑚−2 , 𝑐3 = 0.25 

(surface heating coefficient), N is the number of days for 

each month. 𝑟 is the surface reflection albedo or canopy 

reflection coefficient (𝑟 = 0.23). 

The solar altitude Φ (also called the solar elevation) 

can be calculated from the relation, 

Φ = 90 − 𝜃𝑧   (3) 

where 𝜃𝑧  is the zenith angle, also called the zenith  

distance in degrees. 

𝑐𝑜𝑠𝜃𝑧 = 𝑠𝑖𝑛𝛿𝑠𝑖𝑛∅ + 𝑐𝑜𝑠𝛿𝑐𝑜𝑠∅𝑐𝑜𝑠𝑤  (4) 

∅ is the geographic latitude of Iwo (7.63330N) in degrees, 

𝛿  is the declination, the angular position of the sun at solar 

noon concerning the plane of the equation. 

𝜃𝑧 = cos−1(𝑠𝑖𝑛𝛿𝑠𝑖𝑛∅ + 𝑐𝑜𝑠𝛿𝑐𝑜𝑠∅𝑐𝑜𝑠𝑤𝑠)  (5) 

𝛿 = 23.45sin [
360

365
(𝑑𝑛 + 284)]  (6) 

𝛿  is the declination angle in degrees, 𝑑𝑛  is the day number 

of the year, 1 on 1 January and 365 on 31 December;  

February is counted as having 28 days. 

𝑤𝑠 =  cos−1(−𝑡𝑎𝑛∅𝑡𝑎𝑛𝛿)  (7) 

𝑤𝑠 is the hour angle measured in degree. Moreover, this 

method was adopted since Iwo is located at a low latitude 

(Tropical areas). The empirical constant in Equation (2) 

as reported by Jegede [2], shows that geographical 

variations and their values listed above are strictly 

applicable only for the mid-latitude condition [30]. 

Therefore, air temperature data obtained from the 

MERRA-2 satellite for Iwo were used to estimate the net 

radiation with some constant quantities as reported by 

Jegede [2]. Also, we adopted the use of the Fourier 

Transform Technique to obtain a simple relationship 

between real and imaginary parameters as  

𝑟(𝑘) =  
𝑅(𝑘)− 𝑅𝑚𝑖𝑛

𝑅𝑚𝑎𝑥− 𝑅𝑚𝑖𝑛
  (8) 

𝑡(𝑘) =  
𝑇(𝑘)− 𝑇𝑚𝑖𝑛

𝑇𝑚𝑎𝑥− 𝑇𝑚𝑖𝑛
  (9) 

However, the MERRA-2 satellite does not measure the 

minimum and maximum data, therefore, 𝑅𝑚𝑖𝑛 = 0, 

𝑅𝑚𝑎𝑥 = 1, 𝑅(𝑘)  is the solar radiation, 𝑇𝑚𝑖𝑛 = 0, 𝑇𝑚𝑎𝑥 =
1, 𝑇(𝑘) is the air temperature observed. For that 

Equations (8) and (9) then become: 

𝑟(𝑘) =  𝑅  (10) 

𝑡(𝑘) =  𝑇  (11) 
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R is the solar radiation and T is the air temperature, N is 

the last day of each month (i.e January 31, February 28…) 

and n is day number (n = 1, 2, 3 ….) 

𝜏𝑠 = 
𝑆− 𝑆𝑚𝑖𝑛

∆𝑆
  (12) 

𝜏𝑡 =
𝑇− 𝑇𝑚𝑖𝑛

∆𝑇
  (13) 

where ∆𝑆 =  𝑆𝑚𝑎𝑥 − 𝑆𝑚𝑖𝑛 , ∆𝑇 =  𝑇𝑚𝑎𝑥 −  𝑇𝑚𝑖𝑛  

𝜏𝑠,𝑁 =  
𝑋𝑠,𝑜

2
+ ∑ 𝑋𝑠,𝑘 cos

2𝜋𝑛𝑘

𝑁
+ 𝑌𝑠,𝑘 sin

2𝜋𝑛𝑘

𝑁
𝑁−1
𝑘=0   (14) 

𝜏𝑠,𝑁 =  
𝑋𝑡,𝑜

2
+ ∑ 𝑋𝑡,𝑘 cos

2𝜋𝑛𝑘

𝑁
+ 𝑌𝑡,𝑘 sin

2𝜋𝑛𝑘

𝑁
𝑁−1
𝑘=0   (15) 

𝜏𝑠,𝑁 − 𝜏𝑠,𝑁 =  
𝑋𝑠,𝑜− 𝑋𝑡,𝑜

2
+  ∑ [(𝜏𝑠,𝑘 −𝑁−1

𝑘=1

 𝜏𝑡,𝑘) cos
2𝜋𝑛𝑘

𝑁
+ (𝑌𝑠,𝑘 − 𝑌𝑡,𝑘) sin

2𝜋𝑛𝑘

𝑁
]  

(16) 

𝜏𝑠,𝑁 − 𝜏𝑠,𝑁 =  
𝑋𝑜

2
+ ∑ [𝑋𝑘 cos

2𝜋𝑛𝑘

𝑁
+𝑁−1

𝑘=1

 𝑌𝑘 sin
2𝜋𝑛𝑘

𝑁
]  

(17) 

𝑋𝑘 = 
1

𝑁
∑ (𝜏𝑠,𝑖 − 𝜏𝑡,𝑖) cos

2𝜋𝑛𝑘

𝑁
 ; 𝑘 =  0,1,2𝑁−1

𝑘=0   (18) 

𝑌𝑘 = 
1

𝑁
∑ (𝜏𝑠,𝑖 − 𝜏𝑡,𝑖) sin

2𝜋𝑛𝑘

𝑁
 ; 𝑘 = 0,1,2𝑁−1

𝑘=0   (19) 

Putting Equation (16) into Equation (14) results in: 

𝑆𝑟𝑒𝑎𝑙(𝑛) = 𝑆𝑚𝑖𝑛 + ∆𝑆𝑁 {𝜏𝑡,𝑁 +
𝑋𝑜

2
+

 ∑ [𝑋𝑘 cos
2𝜋𝑛𝑘

𝑁
+ 𝑌𝑘 sin

2𝜋𝑛𝑘

𝑁
]𝑁−1

𝑘=1 }  
(20) 

𝑆𝑖𝑚𝑎𝑔(𝑛) =  𝑆𝑚𝑖𝑛 + ∆𝑆𝑁 {𝜏𝑡,𝑁 +
𝑋𝑜

2
+

 ∑ [𝑋𝑘 cos
2𝜋𝑛𝑘

𝑁
+ 𝑌𝑘 sin

2𝜋𝑛𝑘

𝑁
]𝑁

𝑘=1 }  
(21) 

where, 𝑆𝑟𝑒𝑎𝑙(𝑛) and 𝑆𝑖𝑚𝑎𝑔(𝑛) is the real and imaginary  

Fourier transform. Equations (7), (8) and (10) make it  

possible to calculate solar radiation in a specific 

geographic  location  depending  on  variation  of  ambient   

temperature by using data on monthly average daily solar 

radiation and air temperature recorded at nearest WS as 

reported by Kenisarin and Tkachenkova [31]. 

 

 

METHODOLOGY 
 
Data collection 

This study was conducted for Iwo (7.62920 N,4.18720 ) 

located in the south-west region of Nigeria a sub-Sahara 

Africa which is in the rain forest of the region as shown 

in Figure 1. Average daily and monthly data of air 

temperature and solar radiation used in the study was 

obtained from the archive of the HelioClim website of 

soda (http://www.soda-pro.com). Based on the literature 

[32–36] that is, MERRA-2 meteorological re-analysis 

data, the assessment of the data was extracted on the 7th 

July 2020. The data of twelve months for the year 2019 

was obtained as the daily and monthly average for 

January to December 2019 in comma-separated value 

(CSV) data format. The choice of the twelve-month data 

was chosen because there was high solar radiation  

experienced in the year 2019. Environmental running of 

PYTHON code was used for data plotting and curve 

fittings. The statistical analysis was done using Statistical 

Package for Social Sciences (SPSS version 20.0). For this 

research, the data available are air temperature and solar 

radiation downloaded from the archive of the HelioClim 

website. The parameter height is  at 2m above sea level. 

 

Statistical analysis model 

Descriptive statistics were computed for temperature and 

solar radiation while the Kolmogorov- Smirnov test was 

used to examine the normality of the data. The 

relationship between variables was examined using 

Spearman Rank Correlation while Regression Model was 

used to determine the effect of temperature on solar 

radiation. The Statistical Package for Social Sciences 

(SPSS version 20.0) was used to enhance data analysis. 

 

 

 
Figure 1. Map of Iwo showing the location where the data was downloaded 

http://www.soda-pro.com/
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RESULTS AND DISCUSSION 
 

The data downloaded from the archive of HelioClim 

website MERRA-2 re-analysis Galaro et al. [36] 

conducted on solar radiation and air temperature, shows 

that the net radiation (𝑊𝑚−2𝑑𝑎𝑦−1) and air Temperature 

(K) against months as seen in Figure 2A, revealed 

negative values which indicate that the course of air 

temperature (at 2 m) leads above that of the net radiation  

which is different from what was reported by Jegede [2], 

where air temperature (at 5.44 m) lags behind net 

radiation. However, the degree of the incoming solar 

radiation (i.e. daytime net radiation) and air temperature 

in the tropics is high. Therefore, as shown in Figure 2A, 

it is seen that the diurnal variation for both the net 

radiation, R and air temperature, T are periodic which  

confirm what was reported by Jegede [2]. As observed in 

Figure 2B, high solar radiation and air temperature were 

observed in April with the values 340 𝑊𝑚−2  and 299.5 

K, while the minimum values were observed in August 

for temperature 290K which was due to low solar 

radiation recorded in Iwo. December was observed to 

have minimum solar radiation with the value 371  𝑊𝑚−2 

in the year 2019; because dust in the atmosphere reduces 

solar radiation reaching the earth surface. However, other 

months such as July, October and December with the 

values (297.7 K, 297.8 K and 297.85 K), signify low 

temperature as revealed in Figure 2B which is as a result 

of high rainfall in July and the onset of harmattan dust in 

October and December. The case was different with the 

solar radiation which was inversely proportional to the 

temperature in July and August (430 𝑊𝑚−2 and 

431 𝑊𝑚−2) due to high rainfall recorded in July and 

August. Figure 2B also revealed that the more the 

temperature; the more the solar radiation. Vis -à-vis, the 

less the temperature; the less the solar radiation. 

Figures 3A and 3B show the estimated real and 

imaginary net radiation observed at Iwo in 2019 using 

MERRA-2 re-analysis data. The result revealed high real 

net radiation in February to be (−1.6 ×
10−9𝑊𝑚−2𝑑𝑎𝑦−1); with April, June, September and 

November averagely (−2.0 ×  10−7𝑊𝑚−2𝑑𝑎𝑦−1), while 

(≈ −1.0 × 10−9𝑊𝑚−2𝑑𝑎𝑦−1) was submitted for 

January, March, July, August, October and December. 

The case is different in Figure 3B, with maximum net 

radiation observed in August while minimum imaginary  

net radiation was observed in September. As reported by 

Jegede  [2],  it  is  believed  that  the inability of Holtslag’s

 

 

 
Figure 2. Monthly average of the estimated net radiation and solar radiation concerning air temperature 

 

 

 
Figure 3. Monthly average of estimated real and imaginary net radiation 
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scheme to reflect the observed fluctuation in the daytime 

net radiation values, is a result of cloud cover due to the 

following reasons: (1) the parameterization of 𝐾+(in  

Equation (1)) is independent of the air temperature 

(however, it is expressed as a function of the sine of the 

solar elevation angle), (2) the empirical correction for the 

reduction of the incoming solar radiation by clouds (that 

is, coefficient 𝑏1 𝑎𝑛𝑑  𝑏2) are found to be too weak to 

justify the strong absorption by the deep and highly 

humid tropical cloud. However, Holtslag’s scheme is an 

independent variable in the estimation of the net radiation 

under the cloudy tropical condition [2]. 

Figure 3B shows the imaginary net radiation  

estimated. It was observed that August had the maximum 

variation, while September had the minimum variation  

with peak 4 × 10−9𝑊𝑚−2𝑑𝑎𝑦−1 and min imum 

value−4 × 10−9𝑊𝑚−2𝑑𝑎𝑦−1. The maximum imaginary  

net radiation is in agreement with the solar during August, 

this was in support of what was done in Osu as reported 

by Jegede et al. [33]. While other months were against, 

however, Jegede [2] reported that Holtslag’s formula does 

not give a better estimation, both for real and imaginary  

values, the trend of the values is fairly constant. 

The frequency distribution average of solar radiation 

(𝑊 𝑚−2𝑑𝑎𝑦−1) and air temperature (𝐾) of Iwo location 

for 2019 are shown in Figures 4 A and 4B. 

Figure 5 shows the annual trend of the daily maximu m 

solar and air temperature (at 2m) for Iwo. As compared  

with the value of net radiation, the annual solar radiation  

and air temperature portray double peeks which are in  

agreement with what was reported by Jegede [23]. 

However, an increase in temperature occurred February 

and March (the hottest months of the year at the location), 

where the minimum temperature was recorded in January 

and December. However, as reported by Aweda and 

Samson [35] the northern part has a high-temperature 

difference as compared to the southern part of the 

country. Therefore, the mean of the daily maximu m 

temperature is 298.3K; it is lower in value as compared  

with what was reported by Jegede [23] in Osu (302.06K) . 

Iwo, was found to be lower in temperature because the 

location is in the rain forest of Nigeria. This then shows 

that  solar  radiation  got  to  its  peak  in  February  and 

March [34]. 

However, the monthly average solar radiation  

(𝑊 𝑚−2) of Iwo for January-December 2019 revealed that 

 
 

 
Figure 4. Histogram frequency of solar radiation in (𝑊𝑚−2𝑑𝑎𝑦 −1) and temperature (K) of Iwo location for 2019 

 
 

 
Figure 5. The daily average maximum solar and air temperature for Iwo 
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January and December have the minimum values 

(380 𝑊 𝑚−2, and 382 𝑊𝑚−2 respectively), while other 

months   such   as   March,   April,   Augus t  and    

September  (MAAS)  had  maximum  values  

(450 𝑊 𝑚−2,  and  449 𝑊𝑚−2  respectively)  as  

compared  with  other months. The variation of solar 

radiation was more significant across the year; 

particularly, in the months of March, May, June, July, 

September October (MMJJSO) with an average value of 

about 410 𝑊𝑚−2. 
 

Statistical analysis 

Table 1 present a summary of descriptive statistics, the 

Kolmogorov- Smirnov (K-S) test for normality , 

correlation and regression showed that both temperature 

and solar radiation are negatively skewed with skewness 

of -0.3500 and -0.8390, respectively meaning that both 

temperature and solar radiation decreased more than it  

increased in values within the year.  

The result of the Kolmogorov- Smirnov test for the 

normality indicated that temperature (P-value= 0.232) 

followed normal distribution while solar radiation was 

not distributed (P = 0.0000); hence the relationship 

between the variables was established using non-

parametric correlation. Spearman’s rank correlation of 

0.211 with a p-value of 0.000 was obtained which implies  

that there is a significant positive relationship between 

temperature and solar radiation meaning that the 

temperature increases. The result indicates that as the 

temperature increases significantly, there is also a 

corresponding significant increase in solar radiation.  The 

F- statistics of 13.207 was obtained with a p-value of 

0.000 meaning that there is a regression relation between 

solar radiation and temperature. The regression 

coefficient of 3.959 with a t-statistics of 3.634 and p<0.05 

indicates that for every 1 Kelvin increase in temperature, 

solar radiation will increase by 3.959. Therefore, the 

temperature has a significant effect on solar radiation. 

 

 
Table1. Summary results of the descriptive statistics, Kolmogorov- Smirnov test, correlation and regression result for the impact of 

temperature on solar radiation 

Variables 

Descriptive statistics K-S 
Correlation 

result 
Summary of regression 

summary results 
 

n Range  Mean SD Skewness Z P-value r- value  β
* 

F-Stat. t-stat. P-value  

Temperature 365 5.78-294.84 298.28 0.97 -0.3500 1.038 0.232 

0.211
**

 3.959 13.207 3.634 0.0000
**

 Solar 
radiation 

365 66.07-372.25 414.06 20.56 -0.8390 4.070 0.0000 

* β is the regression coefficient  
** Significant at 1% (p<0.01) 

 
 
CONCLUSION 
 
This study uses the data of global solar radiation and air 

temperature collected from the archive of the HelioClim 

satellite of MERRA-2 re-analysis to estimate net 

radiation of Iwo. Based on the simple procedure of the 

Discrete Fourier Transform Method, the net radiation of 

the real and imaginary month observed are maximu m 

(February) and minimum (September and August). 

Statistically, the result indicated that the regression 

coefficient of 3.959 with t - statistics of 3.34 and p < 0.05 

indicates that for every 1K increase in temperature, solar 

radiation will increase by 3.959, which shows that both 

solar radiation and temperature have a significant effect  

on net radiation. Therefore, the study concluded that Iwo  

has maximum real net radiation in February with other 

months such as January, March, July, August, October 

and December as minimum radiation while imaginary  

radiation has its maximum and minimum in September 

and August, respectively. 
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Persian Abstract 

 چکیده

زده شد.  نیاست، تخم یهفور یسر یکشده توسط محققان مختلف، که بر اساس اصل تکن یشنهادعبارت ساده پ یکمطالعه، تابش خالص با استفاده از  یندر ا

,Iwo  (7.62920N برآورد تابش خالص و  یجهان رشیدتابش خو یعنی) HelioClim MERRA-2ماهواره  یگانیشده از با یآورجمع یهااز داده (4.18720

× 1.6 −) در حداکثر مقدار یو تئور یتابش واقع یجهها نتیریگاندازه .انجام شده است یو تئور یهوا( بر اساس واقع یدما 10−7𝑊𝑚−2𝑑𝑎𝑦 و حداقل   (1−

× 2.3 −)در حدود  10−7𝑊𝑚−2𝑑𝑎𝑦 × 440)حدود  یدکه تابش و دما خورش ی، در حالدهدنشان می (1− 10−7𝑊𝑚−2)   حداکثر و حداقل  کلوین 299و

(3700 × 10−7𝑊𝑚−2)  با آمار  959/3 یونرگرس یبنشان داد که ضر یجه، نتیاز نظر آمار .دهدیرا نشان مکلوین  7/297وt   34/3  05/0و> p که  است

در تابش  یقابل توجه یرو هم دما تأث یدهم تابش خورشکه دهد ینشان م. این دیابیم یشافزا 959/3 یدهوا، تابش خورش یدما یشافزا کلوین 1هر  یبه ازا

، ی، مارس، جوالیهمانند ژانو ییهاماه و حداقل آن در یهخالص در ماه فور یحداکثر تابش واقع یدارا Iwoگرفتند که  یجه، محققان نتینبنابرا .دارند خالص

 دارد. خود را در سپتامبر و آگوستمقدار حداکثر و حداقل  یببه ترت فرض شدهکه تابش  الیآگوست، اکتبر و دسامبر است در ح

 


