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Abstract: The detailed knowledge of the local solar radiation is important but, measuring instruments are not readily 

available in many places, particularly in Ethiopia. Therefore, this work focused on the application of climate data to compare 

sunshine and temperature based empirical equation of the global solar radiation in Kombolcha sites, Amhara region, Ethiopia. 

For data obtained in a period of 2008 to 2017 from the Kombolcha meteorological agency correlations be tested for errors 

using: Mean Bias error (MBE), Root Mean Square Error (RMSE), Mean Percentage Error (MPE), and correlation Coefficient 

(r). The latest computing MATLAB soft ware and excel spread sheet has been used for the entire analysis. The empirical 

equation having the least error was selected for Kombolcha sites. Therefore, according to accuracy the Hargreaves and Samani 

empirical equation is suitable for Kombolcha sites than Angstrom-Prescott empirical equation. The abundant average global 

solar radiation of 6.19 KWh/m
2
/day and 7.09 KWh/m

2
/day was estimated using sun shine and temperature based empirical 

equation respectively. This result showed that there is good solar potential in Kombolcha, Amhara region, Ethiopia. 
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1. Introduction 

Electricity access in Ethiopia is one of the lowest in the 

Africa. Only 25 percent of the population has access to 

electricity while the geographic electricity network coverage 

reaches 60 percent (GTP II, 2015). The country is endowed 

with huge renewable energy resources including hydro, wind, 

geothermal, solar and bio-energy. Hence, enhancing adequate, 

reliable, and affordable electricity access is vital for the 

country's socio-economic development and transformation 

since it is a key input to all sectors in the economy. The 

electricity access challenge in the country has also been 

further intensified with increasing population and rapid 

urbanization in addition to the increasing electricity demand 

in already electrified urban areas due to the modern life style 

and expanding industrialization [1]. 

Solar radiation is the driving force of both the physical 

and biological cycles on the earth. Consequently, it then 

becomes pertinent to have very good knowledge of current 

and past records of solar radiation at a location so as to aid 

in the estimation of the performance of any solar energy 

system [2]. Solar radiation data are a fundamental input for 

solar energy applications such as photovoltaic and solar 

thermal systems. Accurate design of solar energy systems 

requires proper knowledge of global solar radiation falling 

on the earth's surface. Solar radiation measurements are not 

always available due to the cost of the measuring equipment. 

Thus solar radiation models are needed to predict the solar 

radiation [3]. In most developing countries, there are no 

properly recorded radiation data. What is usually available 

is sun- shine duration data obtained by a sunshine recorder. 

Ethiopia is one of such country, which lacks properly 

recorded solar radiation data like many other countries. 

However, from the given number of sunshine hours and 

local atmospheric conditions data (relative humidity, rain 

fall, maximum and minimum temperature) with the help of 

empirical model the daily average solar radiation can be 

estimated [4]. According to World Meteorological 
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Organization (WMO, 2003), sun shine duration during a 

given period is defined as the sum of those sub- periods for 

which the direct solar irradiance exceeds 120Wm
2
. Since 

Ethiopia is situated very close to the equator (between 30° 

and 15° degrees North) and share enough amount of solar 

energy potential which can be collected and put to use in the 

form of both thermal as well as electrical energy. The daily 

average total solar radiation over Ethiopia ranges from 5 to 

8 KWh/m
2
 per day. In terms of geographical distribution, 

solar radiation that reaches the surface increases as one 

travels from west to east. The insolation period is 

approximately 2200 hours of bright sunshine per year in the 

west increasing to over 3300 hours per year in the eastern 

semi-arid regions. The minimum average solar radiation for 

the most part of the country is said to be about 5.3 

KWh/m
2
/day [6]. In the past, a large number of researchers 

have used Sun shine based empirical equation and 

Angstrom-type correlation model to estimate the global 

solar radiation on a horizontal surface [7-13]. There is no 

finding that have been done before at a kombolcha sites to 

estimate the global solar radiation using the sun-shine and 

temperature based empirical equations. Moreover, the 

researcher is interested to study the global solar radiation 

for the application of Photovoltaic (PV) and solar thermal 

systems in the future as well as to select appropriate 

empirical equation to the sites.Therefore, the paper was 

focused on the use of climate data such as sunshine hours, 

minimum, maximum and average temperature from 

Kombolcha Meteorological agency for a period of 10 years 

to compare sun-shine and temperature based empirical 

equations for estimation of the global solar radiation in 

Kombolcha sites, Amhara region, Ethiopia. For the data 

obtained from the Kombolcha Meteorological agency 

correlations be tested for errors using: Mean Bias Error 

(MBE), Root Mean Square Error (RMSE), Mean 

Percentage Error (MPE) and correlation coefficient (r). The 

latest computing MATLAB software and excel spread sheet 

has been used for the entire analysis. 

2. Materials and Methods 

Description of the research site 

Kombolcha, located in South Wollo Zone of Amhara 

Region, is one of the growing industrial centers of Ethiopia. 

The city is roughly equidistant from some of the country's 

largest urban centers (Addis Ababa (377 km), Mek'ele (400 

km) and Bahir Dar (505 km)). Kombolcha is located on 

latitude and longitude of 11.0816°N and 39.7434°E 

respectively. It has an altitude of 1863.96 m above sea level. 

In this paper ten years (2008-2017) sun shine hours, 

minimum temperature, maximum temperature and average 

temperature were obtained from the Kombolcha Metrological 

Agency. The measured global solar radiation data was 

obtained from NASA. Since NASA Surface Meteorology and 

Solar Energy (SSE) have record of solar radiation data all 

over the world, measured from satellite [14]. 

3. Models 

3.1. Temperature Based Model 

According to Hargreaves and Samani (1985), the 

difference between the maximum and minimum temperature 

is related to the degree of cloud cover in a given location. 

Clear sky conditions result in high temperatures during the 

day (Tmax) because the atmosphere is transparent to the 

incoming solar radiation and in low temperatures during the 

night (Tmin) because less outgoing long wave radiation is 

absorbed by the atmosphere. On the other hand, in overcast 

conditions, Tmax is relatively smaller because a significant 

part of the incoming solar radiation never reaches the earth’s 

surface and is absorbed and reflected by the clouds. Similarly, 

Tmin will be relatively higher as the cloud cover acts as a 

blanket and decreases the outgoing long wave radiation. 

Therefore, the differences between the maximum and 

minimum temperature (Tmax- Tmin) can be used as an indicator 

of the fraction of extraterrestrial radiation that reaches the 

earth’s surface. [16]. Hargreaves and Samani proposed a 

simple model to estimate global solar irradiation (H) using 

the maximum (Tmax) and minimum (Tmin) air temperatures 

and the extraterrestrial solar irradiation (Ho). The 

Hargreaves-Samani model is based on the correlation 

between the global atmospheric transmittance (Cr = H/Ho) 

and the daily thermal amplitude (∆T=Tmax−Tmin) [16, 17]. 

According to Hargreaves and Samani models’ estimated 

global solar radiation from the difference in the maximum 

and minimum temperature is 

� = ������max − �min	
.�            (1) 

Where H is the solar radiation (MJm
-2

day
-1

), Ho is the 

extraterrestrial radiation (MJm
-2

day
-1

), 

Tmax is the maximum temperature (°C), Tmin is the 

minimum temperature (°C) and Kr is the empirical coefficient 

which is recommended to be 0.16 for interior regions and 

0.19 for coastal regions. 

3.2. Sun Shine Based Model 

The correlation proposed for estimating the monthly mean 

daily global solar radiation on a horizontal surface using the 

sunshine duration and clear sky radiation (Hc) data was due 

to Angstrom [18]. 

c

H n
a b

H N

 = +  
 

                (2) 

Because there may be problems in calculating clear sky 

radiation accurately, by replacing clear sky radiation with 

extraterrestrial radiation (H0), the Angstrom correlation was 

put in more convenient form by Prescott [19, 20] and others 

have modified the method using the value of the 

extraterrestrial radiation on a horizontal surface rather than 

the ‘clear day radiation’ [4]. 
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Where �is the monthly average daily global radiation on 

a horizontal surface (MJm
-2

day
-1

), H0 is the daily 

extraterrestrial radiation on a horizontal surface 

(MJm
-2

day
-1

),n is the monthly average daily hours of bright 

sun shine, N is the monthly average day length, and(a and b) 

values are known as angstrom empirical constant or 

regression coefficients. Their values have been obtained from 

the relationship given by [22] and confirmed by [23] as; 

� = −0.110 + 0.235cos��	 + 0.323 ����       (4) 

� = 1.449 − 0.553cos��	 − 0.694 ���́�       (5) 

The monthly average daily extraterrestrial irradiation H0, 

be calculated from the equation below and given by [21, 24, 

25, 26, 27]. 

�� = 24��
� [1 + 0.033cos�360�

365
	]

[cos��	cos��	sin��	 + πϖ
180

sin��	sin��	]       (6) 

�� = 24 �
� !cos��	cos��	sin��	 + πϖ

180
sin��	sin��	" (7) 

Where 

#� = [1 + 0.033cos�360

365
	 

and 

$sc = 1367× 3600

1000000
�MJm)*day).	 

Where Isc is the solar constant with numerical value of 

1367 W/m
2
 and can also be expressed in (MJm

-2
day

-1
) in 

equation. E0 is the eccentricity correction factor expressed in 

equation. � is the latitude of the site under study, is the solar 

inclination angle given as; 

� = 23.45cos �284/�
365

�               (8) 

Where D is the characteristic day number for each month: 

D = 1 on 1
st
 of January and D = 365 on 31

st
 of December. � 

is the mean sunrise hour angle for the given month expressed 

as; 

� = cos).[−tan��	tan��	]            (9) 

The day length N is the number of hours of sunshine 

within the 24 hours in a given day. The mean day N length is 

expressed as; 

0 = *
15

cos).[−tan��	tan��	]       (10) 

4. Statistical Error Test 

Statistical data analysis was used to test the accuracy of the 

estimated global solar radiation values. The equations for 

root mean square error (RMSE), mean bias error (MBE) and 

mean percentage error (MPE) are given as [28-38]; 

RMSE = 1∑ �3ei)3mi

� �*�45.              (11) 

MBE = .
�∑ ��mi −�ei	�45.             (12) 

MPE = ∑ �3ei)3mi

3ei
��45.     v          (13) 

The coefficient of correlation (r) is given as follow [39]. 

6 = ∑ 73mi3ei)��3mi	�3ei	89:;<
=1∑ �3mi	>)�73mi8>9:;< ?=1∑ �3ei	>)�73ei8>9:;< ?

     (14) 

Where n is total number of observed data in a year, and are 

yearly mean measured and estimated. The above mentioned 

statistical equations are used to test the performance of the 

two models used for estimating global solar radiations. Low 

values of root mean square error (RMSE), mean bias error 

(MBE), mean percentage error (MPE) and correlation 

coefficient r are desirable. RMSE tests provide information 

on the short term performance whereas MBE and MPE tests 

provide information on long- term performance. Since the 

model is expected to `explain' most of the observed trends, 

then It is important to know how much RMSE is systematic 

and what portion of data is unsystematic. For a good model, 

the systematic difference should approach zero. MBE is 

actually the difference between the model predicted values 

and the observed. 

5. Result and Discussion 

For many developing countries, particularly in Ethiopia, 

global solar radiation measurements are not easily available 

due to the cost of measuring equipment’s. It is therefore 

necessary to use empirical equations for estimating the global 

solar radiation based on the readily available meteorological 

parameters such as sun-shine duration and temperature. In this 

work sun-shine and temperature were used to evaluate and 

select suitable empirical formulas in order to estimate global 

solar radiation in kombolcha, Amhara region, Ethiopia. 

Table 1. Comparison between Measured Solar Radiation and Estimated solar radiation from sun-shine hours. 

Month @(deg.) A(deg.) a B Ho(KWh/m2/d) n(hours) N(hours) Hest (KWh/m2/d) Hmea (KWh/m2/d) 

Jan 21.29 94.40 0.29 0.36 8.59 8.52 12.59 5.54 7.34 

Feb -13.67 92.75 0.3 0.34 9.39 8.81 12.37 6.21 7.48 
Mar -2.89 90.58 0.3 0.34 10.17 8.66 12.08 6.77 7.79 

Apr 9.34 88.17 0.3 0.34 10.53 8.42 11.76 6.96 7.95 

May 18.74 86.21 0.3 0.34 10.42 8.21 11.49 6.8 8.15 
June 23.30 85.18 0.29 0.41 10.23 7.77 11.36 6.68 8.24 
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Month @(deg.) A(deg.) a B Ho(KWh/m2/d) n(hours) N(hours) Hest (KWh/m2/d) Hmea (KWh/m2/d) 

July 21.56 85.58 0.26 0.44 10.27 6.31 11.41 6.11 8.54 

Aug 13.87 87.25 0.25 0.46 10.42 6.02 11.63 6.23 8.51 

Sep 2.32 89.56 0.27 0.42 10.28 6.91 11.94 6.16 8.18 
Oct -9.50 91.89 0.29 0.37 9.65 8.22 12.25 5.97 7.64 

Nov -19.08 93.9 0.29 0.35 8.79 8.6 12.52 5.45 7.15 

Dec -23.32 94.88 0.29 0.36 8.23 8.57 12.65 5.42 7.87 
Ave - - 0.29 0.38 9.75 7.92 12.00 6.19 7.9 

 

According to Table 1, the maximum value of the monthly 

average daily global radiation using sun shine hours from 

(2008-2017) was estimated to be 6.96 KWh/m
2
//day in April. 

The minimum value of the monthly average daily global 

radiation was 5.42 KWh/m
2
/day during December. The 

average global solar radiation that estimated by 

Angstrom-Prescott empirical equation was 6.19 

Kwh/m
2
//day. 

Table 2. Comparison between Measured Solar Radiation and Estimated solar radiation from temperature. 

Month @(deg.) A(deg.) Ho(KWh/m2/d) Hest (KWh/m2/d) Hmea(KWh /m2/d) 

Jan 1.29 94.40 8.59 6.23 7.34 

Feb -13.67 92.75 9.39 7.01 7.48 

Mar -2.89 90.58 10.17 7.53 7.79 
Apr 9.34 88.17 10.53 7.98 7.95 

May 18.74 86.21 10.42 7.95 8.15 

June 23.30 85.18 10.23 7.76 8.24 
July 21.56 85.58 10.27 6.87 8.54 

Aug 13.87 87.25 10.42 7.19 8.51 

Sep 2.32 89.56 10.28 7.44 8.18 
Oct -9.50 91.89 9.65 6.84 7.64 

Nov -19.08 93.9 8.79 6.66 7.15 

Dec -23.32 94.88 8.23 5.59 7.87 
Ave - - 9.75 7.09 7.9 

 

According to Table 2, the maximum value of the monthly 

average daily global radiation using temperature from 

(2008-2017) was estimated to be 7.98 KWh/m
2
//day in April. 

The minimum value of the monthly average daily global 

radiation was 5.59 KWh/m
2
/day during December. The two 

models discussed above are used to calculate the global solar 

radiation from sun-shine hours and temperature at 

Kombolcha sites, Amhara region, Ethiopia. The estimated 

values from sun shine hours with measured by NASA are 

shown in Table1 and Figure 1, and from temperature with 

measured by NASA are shown in Table 2 and Figure 2. The 

maximum monthly average global solar radiation for both 

model are occurred on April, which is 7.98 KWh/m
2
/day for 

temperature based model and 6.96KWh/m
2
/day from sun 

shine based model. The minimum monthly averages are 

occurred in December, which is 5.59 KWh/m
2
/day for 

temperature based model and 5.42 KWh/m
2
/day for sun shine 

based model. 

Table 3. Validation of the models under different statistical tests. 

Statistical test 
Sun-shine based 

empirical equation 

Temperature based 

empirical equation 

RMSE 1.31 0.9 

MBE 1.71 0.81 

MPE 0.22 0.10 

R 0.54 0.07 

Statistical parameters such as RMSE, MBE, MPE and r are 

used to determine the statistical test. The validation of the 

proposed empirical equation to estimate solar radiation for 

Kombolcha sites have been shown in table 3. 

 

Figure 1. Comparison between Measured Solar Radiation and Estimated solar radiation from sun shine hours. 
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Figure 2. Comparison between Measured Solar Radiation and Estimated solar radiation from temperature. 

 

Figure 3. Comparison between Measured Solar Radiation, Estimated solar radiation from temperature and sun shine hours. 

The estimated global solar radiation using the two 

empirical equations and global solar radiation measured from 

NASA are plotted in Figure 3. It can be observed from the 

figure that the estimated and the measured global solar 

radiation using temperature based model are closer to each 

other than sunshine based model. Hence, the temperature 

based model has more accuracy than the sun shine based 

model and this is also indicated by the statistical test in Table 

3. The estimated results of sun-shine and temperature 

empirical based equation were compared with the measured 

data by using four kinds of statistical error measures: RMSE, 

MBE, MPE and r. The values of these statistical error 

indicators are shown in figure 4 and in figure 5 for sun-shine 

and temperature based empirical equations respectively. 

Finally the comparison between sunshine and temperature 

based empirical equations validations due to these statistical 

errors are shown in figure 6. 

 

Figure 4. Validation of Sun-shine based empirical equation with different statistical tests. 
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The mean percentage error MPE as a test of Goodness of 

fit is indicated in figure 4, since MPE has a least value for a 

good fit while a MBE has highest value, which has highest 

deviation shows in a figure 4. As showed in figure 4, the 

value obtained for the sun shine based empirical equation 

varies between 0.22 and 1.71. 

 

Figure 5.Validation of temperature based empirical equation with different statistical tests. 

As showed in figure 5 the statistical tests value obtained 

for the temperature based empirical equation varies between 

0.07 and 0.9. Correlation coefficient (r) has least value and 

RMSE has largest value compared with remain statistical 

tests as shown in figure 5. In statistical test validation always 

the least value is accepted. Therefore, correlation coefficient 

(r) as test of Goodness of fit as indicated in figure 5. 

 

Figure 6. Comparison of temperature and sun-shine based empirical equation with different statistical tests. 

For a good empirical equation the difference between 

estimated and measured global solar radiation should be 

approach zero. As indicated in figure 6, temperature based 

empirical equation more accurate in all statistical tests. From 

table 3 and figure 6, it is evident that the estimated global 

solar radiation according Hargreaves and Samani is better 

than Angstrom-prescott model. Therefore, according to these 

statistical tests, temperature based empirical equation can be 

recommended for Kombolcha sites, Amhara region, Ethiopia. 

6. Conclusions 

Assessing global solar radiation is an important requirement 

for feasibility analysis, design and implementation of solar 

energy systems. However, unavailability of the measuring 

instrument in many locations in Ethiopia, particularly 

Kombolcha sites, atmospheric parameters (sunshine hours and 

temperatures) are being used to predict the global solar 

radiation. In this study, the performance of empirical equation 

in the prediction of monthly daily mean global solar radiation 

from sunshine hours (minimum=5.42 KWh/m
2
/day and 

maximum=6.96 KWh m
2
/day) and from temperature 

(minimum=5.59 KWh/m
2
/day and maximum=7.98 

KWh/m
2
/day) have been studied for kombolcha sites. 

According to the statistical comparison it can be concluded 

that temperature based empirical equation has more accuracy 

than the sun shine based. Therefore, the temperature based 

equation is recommended in any location in Ethiopia with a 

similar climate. According to [5], the daily average total solar 

radiation over Ethiopia ranges from 5 to 8 KWh/m
2
/day. 

Therefore, it can be concluded that Kombolcha sites have high 

potential of mean global solar radiation that estimated from 
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sun shine (6.19 Kwh/m
2
/day) and from temperature (7.09 

KWh/m
2
/day) can be used for photovoltaic (PV) and thermal 

solar energy.Kombolcha is one of the cities of industrial center 

among the city located in Ethiopia. Therefore, solar power 

(electricity) will be one of the promising powers used for 

community as well as industries due to high potential of the 

site. In addition to these, the study will encourage other 

research to study more about solar energy throughout the 

country and will play role in reducing the intermittence of the 

power in the future, which is the main problem in Ethiopian 

currently, in particularly Kombolcha. 
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