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Aim (Amag): The aim of this study is to investigate whether cities at similar latitudes exhibit similar
trends in solar radiation values, despite their geographical differences./ Bu ¢alismanin amact,
cografi farkliliklarina ragmen, benzer enlemdeki sehirlerin giines i1sinuimi degerlerinde benzer
egilimler sergileyip sergilemedigini arastirmaktadur.

Originality (Ozgiinliik): This study was carried out for Ankara, Sivas and Erzurum, which have
similar latitude values./ Benzer enlem degerlerine sahip Ankara, Sivas ve Erzurum igin bu ¢alisma
gergeklestirilmigtir.

Results (Bulgular): As a result, similar solar radiation trends were obtained in the same latitude
regions, the results were confirmed by meteorological data. While the solar radiation value taken
from meteorological data for Ankara in July was 8.2 kWh/m?d, this value was obtained as
approximately 7.9 kwWh/m2d with the artificial neural network model./ Sonu¢ olarak, ayni enlem
bolgelerinde benzer giines 1sumimi egilimleri elde edilmis, sonuglar meteorolojik veriler ile
dogrulanmistir. Temmuz ayinda Ankara igin meteorolojik verilerden alinan solar radyasyon degeri
8.2 KWh/m?d iken yapay sinir agr modeli ile bu deger yaklasik 7.9 kWh/m?d olarak elde edilmistir.

Conclusion (Sonug): The analyzes revealed the ability of the ANN model to successfully predict
solar radiation values. Agreement between predicted values and measured values was observed,
indicating that the model has wide applicability in different climatic conditions. The results
obtained from this study show that the ANN method can be used effectively in estimating solar
radiation values./ Analizier, YSA modelinin giines isimim degerlerini basarili bir sekilde tahmin
etme yetenegini ortaya ¢ikardi. Tahmin edilen degerler ile olgiilen degerler arasinda uyumun
gozlenmesi, modelin farkly iklim kosullarinda genis uygulanabilirlige sahip oldugunu
gaostermektedir. Bu ¢calismadan elde edilen sonuglar, giines isinimi degerlerinin tahmin edilmesinde
YS4 yénteminin etkin bir sekilde kullanilabilecegini gostermektedir.
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Abstract

This research examines the estimation of solar radiation using artificial neural network (ANN)
models in Turkish cities with similar latitude values such as Ankara, Sivas and Erzurum. The aim
of this study is to investigate whether cities at similar latitudes exhibit similar trends in solar
radiation values, despite their geographical differences. In this study, solar radiation prediction
was made for 3 cities with a multi layer perceptron neural network. Monthly solar radiation
intensity was estimated for the 10-year period between 2012 and 2022 with a total of 4764
samples taken from the General Directorate of State Meteorology. An artificial neural network
model was developed with 8 neurons in the first hidden layer and 4 neurons in the second hidden
layer. The optimizer used in compiling the model was determined as Adam, the loss function as
'mean_squared_error' and the metric as 'mse'. ReLU activation function was used in the input
layer and hidden layers. A 10-year solar radiation intensity value was used in the output layer.
70% of the data set is reserved for training and 30% for testing data set. As a result, similar solar
radiation trends were obtained in the same latitude regions, the results were confirmed by
meteorological data. While the solar radiation value taken from meteorological data for Ankara
in July was 8.2 kwh/m?d, this value was obtained as approximately 7.9 kWh/m2d with the
artificial neural network model. Additionally, as a result of the study, the R2 value was
determined as 0.984.

Yapay Sinir Ag1 Modeli Kullanilarak Aylara Gore Giines Radyasyon
Degerinin Belirlenmesi; Ankara, Sivas, Erzurum ornegi
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Bu aragtirma, Ankara, Sivas ve Erzurum gibi benzer enlem degerlerine sahip Tiirkiye sehirlerinde
yapay sinir ag1 (YSA) modellerini kullanarak giines 1siniminin tahmin edilmesini incelemektedir.
Bu ¢alisgmanin amaci, cografi farkliliklarina ragmen, benzer enlemdeki sehirlerin giines 1ginimi
degerlerinde benzer egilimler sergileyip sergilemedigini arastirmaktir. Bu ¢alismada ¢ok
katmanli sinir ag1 ile 3 sehir i¢in glines 1s1n1im1 tahmini yapilmistir. Devlet Meteoroloji Genel
Midiirliigii'nden alian toplam 4764 numune ile 2012-2022 yillar1 arasindaki 10 yillik siire igin
ayhk giines radyasyon yogunlugu tahmin edilmistir. Ik gizli katmanda 8 néron, ikinci gizli
katmanda 4 ndron bulunan bir yapay sinir ag1 modeli gelistirilmis ve Modelin derlenmesinde
kullanilan optimizasyon fonksiyonu Adam, kayip fonksiyonu 'mean_squared_error' ve metrik ise
'mse' olarak belirlenmistir. Giris katmaninda ve gizli katmanlarda ReLU aktivasyon fonksiyonu
kullanilmistir. Cikis katmaninda 10 yillik giines 1s1mnim siddeti degeri kullanilmistir. Veri setinin
%70 egitim, %30'u ise test veri setine ayrilmistir. Sonug olarak, ayni enlem bdlgelerinde benzer
giines 151n1mu1 egilimleri elde edilmis, sonuglar meteorolojik veriler ile dogrulanmistir. Temmuz
aymda Ankara i¢in meteorolojik verilerden alman solar radyasyon degeri 8.2 kWh/m?d iken
yapay sinir agi modeli ile bu deger yaklasik 7.9 kWh/m?d olarak elde edilmistir. Ayrica
¢aligmanin sonucunda, R2 degeri 0,984 olarak belirlenmistir.

1. INTRODUCTION (GIRiS)

Solar energy is an important resource to meet the
increasing energy needs in the world [1]. It has
many advantages (unlike fossil fuels) such as being
an unlimited and renewable resource, being
environmentally friendly, having low maintenance

costs, being able to produce and use electricity in a
wider geographical area so that there is no need to
lay energy transmission lines over long distances
and being produced locally increases energy
independence [2-4].
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With the developing technology in recent years, the
use of artificial intelligence and related artificial
neural network models has also increased. Artificial
neural networks have begun to be used in many
applications, from neurological rehabilitation
studies [5] to air pollution prediction [6], from
economic studies [7-9] to student achievement
evaluation [10]. Another important area where
artificial neural network models are used is climate
and weather studies. For example, in the study
conducted for Mugla province, an artificial neural
network model based on meteorological data was
used to predict the dew point temperature in 2019.
The analyzes show that the model makes
predictions with acceptable accuracy and can be
especially useful for agriculture. This study
highlights that artificial neural networks are an
effective tool for making dew point prediction for a
specific region and meteorological parameters and
can be used for similar predictions in the future [11].

In another study, by using Artificial Neural Network
(ANN) to predict daily solar radiation in the Samsun
region, the highest performance was achieved with
9 different meteorological variables such as average
temperature, humidity and wind speed. When
evaluated with the test data, the ANN model
demonstrated successful prediction power with an R
value of 0.9603 and an MSE value of 0.3516 and it
was seen that the sunshine duration alone was
effective in the prediction. This study reveals that
ANN is a powerful tool in solar radiation prediction
and can improve the prediction performance of
different meteorological variables [12].

In the study, which aims to develop Artificial
Neural Network (ANN) models to predict the soil
temperature of the next year with monthly
meteorological data between 1970 and 2011
collected from 88 stations in Turkey, five separate
ANN models were used for five different soil
depths. And the resulting predictions are more
accurate and closer to actual measured soil
temperatures than regression models [13].

Researchers examined the artificial neural network
model developed for Slovenia for different climates
and predicted half-hour diffuse solar radiation. This
study provides one of the first examples of a
regionally transferable diffuse solar radiation model
[14].

There are also studies using artificial neural network
models for power estimation in photovoltaic panels
[15] and comparison of thermal efficiencies of solar
collectors [16].

Radiation prediction studies using artificial neural
network modeling have also gained momentum. A
study on the subject developed [17] a model that
estimates solar radiation values using data obtained
from a small-scale solar power plant in Konya and
information from meteorology. The model
predicted solar radiation with 86% accuracy using
the data recorded at the power plant and the voltage
and power values obtained from the PV panel.
Again, in a study conducted to estimate solar
radiation, an artificial neural network (ANN) was
used with meteorological data collected from a
weather station in Porto. The analysis reveals that
ANN can predict solar radiation in different weather
conditions with an accuracy of up to 99% in sunny
and clear weather and in rainy and cloudy weather
conditions with up to 96% accuracy [18]. The
common result obtained from many studies [19-22]
conducted for solar radiation prediction is that
artificial neural network modeling gives results very
close to meteorological data.

In climate and weather studies such as weather
forecasting, ANNSs are often trained to predict future
weather  conditions using a variety of
meteorological data such as current weather
conditions, temperature, humidity, wind speed and
direction. By analyzing historical data, such models
learn certain patterns and can make predictions for
future weather. Since artificial neural network
models were very effective in determining solar
radiation in previous studies, within the scope of
this study, radiation estimation for some cities in
Turkey was made with the artificial neural network
model. The cities discussed are Ankara, Sivas and
Erzurum. These three cities considered have similar
latitude values. The aim of this study is; to
investigate whether solar radiation values of cities
at the same latitude show similar trends.

2. MATERIALS AND METHODS (MATERYAL
VE METOD)

Turkey is a country that is generally exposed to high
amounts of sunlight throughout the year. In most
parts of the country, the number of sunny days is
quite high and the average annual sunshine duration
is quite high. This shows that Turkey is a rich source
of solar radiation and has a high solar energy
potential. While this potential creates a favorable
environment for the installation and use of solar
energy systems in the country, it is considered an
important resource in terms of energy production
and sustainability. A map representation of the
distribution of Turkey's monthly average daily solar
radiation is given in Figure 1 [23].
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Figure 1. Distribution of monthly average daily solar radiation (Aylik ortalama giinliik giines 15mnmnin dagilimi)

In this study, the climate data and radiation intensity  their latitude values are shown in Table 1. Location
of the cities of Ankara, Sivas and Erzurum, located of Ankara, Sivas and Erzurum on the map of
at similar latitude values, were determined. Ankara,  Tirkiye is shown in Figure 2.

Erzurum and Sivas have similar latitude values and

Table 1. Latitude information of cities (Sehirlerin enlem bilgileri)

City Latitude
Ankara 39°54'N
Sivas 39°45'N
Erzurum 39°55'N

Figure 2. Location of Ankara, Sivas and Erzurum on the map of Tiirkiye (Ankara, Sivas ve Erzurum'un Tiirkiye
Haritasindaki Konumu)

Apart from latitude, other data considered are temperature, number of rainy days, average
longitude and altitude values. The largest part of the  monthly total rainfall, sunshine duration, cloudiness
data set consists of climate data. This climate data; index and wind speed values. The averages of the
average temperature, average highest and lowest climate data discussed in the study are shown in
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Table 2. Within the scope of this study, all climate
data of the last 10 years, that is, between 2012 and
2022, were considered. However, since this
amounts to a lot of data, Table 2 gives the average

values of the climate data considered for the three
cities. The three lines next to each value represent
the values for Ankara, Sivas and Erzurum,
respectively.

Table 2. Climate data for Ankara, Sivas and Erzurum (Ankara, Sivas ve Erzurum i¢in iklim verileri)

Parameter | Jan | Feb | Mar | Apr | May | Jun | July | Aug | Sep | Oct | Nov | Dec City
-1 1 5] 10| 15| 19| 23| 23] 18| 12 5 1| Ankara

Average -1 -0 5/ 11| 15| 19| 22| 22| 18| 13 6 1 Sivas
Eﬁgperature 10| 8| -3| 4| 9| 14| 18| 18| 13| 7| -1| -7|Erzurum

_ 4 6| 11| 16| 21| 26| 30| 29| 25| 19| 11 5| Ankara
Ave. highest 2 4| 10| 16| 21| 25| 29| 30| 26| 19| 11 5 Sivas
Eggperature -4 -3 2| 10| 16| 21| 25| 26| 21| 14 5 -2 | Erzurum

5 -4 -1 4 8| 12| 15| 15| 10 5 0 -3 | Ankara
Ave. lowest -5 -4 0 5 9 12 15 14 11 7 1 -3 Sivas
Eﬁg‘)loerature 15| 14| -8| 2| 2| 6| 9| 9| 4| -1| -6| -12|Erzurum
- 54| 49| 57| 63| 65| 48| 24| 18| 25| 42| 47| 59| Ankara
Precipitation | 50| 50| 64| 75| 82| 46| 15| 11| 24| 49| 54| 55 Sivas
(day) 37| 40| 51| 81| 86| 50| 25| 18| 33| 59| 48| 40 | Erzurum
09| 08| 09| 13| 13| 10| 05| 04| 05| 09| 10| 11| Ankara
Average 206 | 197 | 27| 395| 408 | 225| 77| 41| 11.7| 295 | 329 | 259 Sivas
monthly 16| 25| 133 | 355 | 458 | 269 | 131 | 9.1 | 188 | 332 | 208 | 5.3 | Erzurum
total rainfall
(mm)

_ 97 107 | 120 ] 133 | 144 | 150 147 ] 137 | 124 | 121 | 100 | 94| Ankara
Sunshine 97| 107 | 120 | 133 | 144 | 149 | 146 | 137 | 124 | 111 | 100 | 94 Sivas
?#ra“)on 9.7 | 10.7 12 | 133 | 144 15 | 147 | 137 | 124 | 111 10 | 9.4 | Erzurum

our

_ 50 50| 47| 43| 33| 15 4 3] 15| 35| 46| 52| Ankara
_C'OUd'geSS 52| 54| 50| 47| 37| 16 3 3| 16| 40| 48| 53 Sivas
index (%) 47| 48| 48| 49| 38| 14 3 2| 13| 36| 44| 46| Erzurum

_ 31| 35| 35| 32| 29 3| 33| 33 3] 29| 29| 31| Ankara
Windspeed | 43| 45| 43| 39| 33| 36| 42 4| 34| 33| 37| 42 Sivas
(m/s) 33| 35| 37| 37| 31 3| 33 3| 29| 29 3| 3.1 | Erzurum

The method of this study is based on the use of
artificial neural network. Artificial neural networks
(ANNSs) are one of the artificial intelligence models
that mimic the functioning of the human brain. In
data analytics and prediction, artificial neural
networks are very important in determining future
trends.

In this study, solar radiation prediction was made
for 3 cities with a multi layer perceptron neural
network. Monthly solar radiation intensity was
estimated for the 10 years between 2012 and 2022
with a total of 4764 samples taken from Turkish
State Meteorological Service [24]. The proposed
ANN model is shown in Figure 3. The model in this
study is designed for a regression problem with 11
features in the input. These features; year, month,
city, temperature, highest temperature, lowest

temperature, number of rainy days, total rainfall
average, sunshine duration, cloudiness index and
wind speed values. There are 8 neurons in the first
hidden layer and 4 neurons in the second hidden
layer. The Dropout layer is added before the output
layer to prevent network overfitting. The optimizer
used in compiling the model was determined as
Adam, the loss function as 'mean_squared_error'
and the metric as 'mse’. ReLU activation function
was used in the input layer and hidden layers. In the
output layer, the solar radiation intensity value for
10 years was used. 70% of the data set is divided
into training and 30% is divided into testing data set.
Data are normalized between [-1, 1] with min max
normalization. The model was trained for 50
epochs. The trained network was tested with the test
dataset.
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Figure 3. Proposed Artificial neural network model (Onerilen Yapay sinir agi modeli)

To evaluate the performance of the model, Mean
Absolute Error (MAE) (Eqg.1), Mean Squared Error
(MSE) (Eg.2). and Correlation Coefficient (R2)
(EQ.3) [25] metrics were used. While the correlation
coefficient R shows the relationship between
variables, MSE measures the predictive
performance of the model. Both are used in analysis
to help evaluate model accuracy and relationships.

MAE = % i‘ Yirvei — ypred,i ‘
B @

3. RESULTS (BULGULAR)

Within the scope of the study, radiation exposure
was estimated for three different cities with similar
latitude values. Comparative graphics were
obtained with Turkish Meteorological Service
(TMS) data. Figure 4 shows how the model's loss
changes for each epoch during training. The loss of
the model decreased and became almost constant
after 25 epochs. Figure 5 shows the comparison of

MSE = % 2( Yirvei — Ypred )2

)
2
RZ=1- 2( Yiruei ~ Yorea, )2
i( ytrue,i - ytruej
i=1 .

the solar radiation value obtained by the ANN
model with the TMS for Ankara. Accordingly, just
like in TMS, the month with the highest solar
radiation was determined as July. And the solar
radiation value here is approximately 8.2 kWh/m?2d.
Similarly, the month with the lowest solar radiation
is December and the solar radiation value here is
approximately 2.4 kwWh/m?d.
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Figure 4. Model train loss graph (Model egitim kayip grafigi)

Solar Radiation Forecast for Ankara

=8 Actual
=8~ Predicted

Solar Radiation(KWh/m2-d)

Month

Figure 5. Monthly solar radiation values for Ankara (Ankara igin aylik giines radyasyon degerleri)

Figures 6 and 7 show monthly solar radiation values  data in these cities. In previous similar studies, the
for Sivas and Erzurum provinces. Just like in artificial neural network model was compatible with
Ankara, the ANN model was compatible with TMS  the reference [26].

Solar Radiation Forecast for Sivas

—8— Actual
—e— Predicted

Solar Radiation(KWh/m2-d)

Month

Figure 6. Monthly solar radiation values for Sivas (Sivas i¢in aylik giines radyasyon degerleri)
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Solar Radiation Forecast for Erzurum
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Figure 7. Monthly solar radiation values for Erzurum (Erzurum igin aylik giines radyasyon degerleri)

Artificial neural network (ANN) modeling is often
used for regression problems. Regression is the
process of using input variables to predict an output
variable. The R2 score is a commonly used metric
to evaluate the performance of regression models
and is important for understanding how well the
model makes predictions. The higher the R2 value,

the better the model fits the real data. An R2 value
approaching 1 means that the model explains the
dependent variable perfectly. The R2 value of 0.984
shown in Figure 8 is a very high value and shows
that the model explains a large part of the variance
in the data set.

R2 Score
r-squared = 0.987
*1 R 4
)
-~
71 L] s
I”‘
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Figure 8. R2 score value of the artificial neural network model used in this study (Bu galismada
kullanilan yapay sinir ag1 modelinin R2 skor degeri)

4. CONCLUSIONS (SONUCLAR)

This study focuses on estimating solar radiation
values through artificial neural network (ANN)
modelling, using meteorological and geographical
data in Ankara, Sivas and Erzurum provinces. In
order to understand the effects of climate on
forecasting, basic meteorological variables such as

highest temperature, lowest temperatureand number
of rainy days were selected as inputs of this model.
The diversity resulting from different climate zones
and similar latitude values in the specified provinces
was selected to evaluate the overall performance of
the ANN model.
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Similar solar radiation values are expected in the
same latitude regions. However, different factors
can cause differences in solar radiation values
between cities. These factors include cloud cover,
climatic conditions, geographical features, local
topography and air pollution. Therefore, solar
radiation values of cities located at the same latitude
may show similar trends, but may not be exactly the
same.

The analyzes revealed the ability of the ANN model
to successfully predict solar radiation values.
Agreement between predicted values and measured
values was observed, indicating that the model has
wide applicability in different climatic conditions.
The results obtained from this study show that the
ANN method can be used effectively in estimating
solar radiation values. In addition, the fact that it
provides high-precision predictions that will guide
future studies increases the scientific importance of
the research.

ACKNOWLEDGMENTS (TESEKKUR)

The authors would like to thank the Turkish State
Meteorological Service for sharing Turkey's climate
data for this study.

DECLARATION OF ETHICAL STANDARDS
(ETiK STANDARTLARIN BEYANI)

The author of this article declares that the materials
and methods they use in their work do not require
ethical committee approval and/or legal-specific
permission.

AUTHORS’ CONTRIBUTIONS (YAZARLARIN
KATKILARI)

Sinem UZUN: She contributed to the analysis,
analyzed the results and performed the writing
process.

Hatice ARSLANTAS': She performed the analyzes
and contributed to interpreting the results.

CONFLICT OF INTEREST (CIKAR CATISMASI)
There is no conflict of interest in this study.
REFERENCES (KAYNAKLAR)

[1] Acir, A., Canli, M.E., Ata, I., Taniiriin, H.R.
(2019). Effects of a circular-shaped turbulator

having varying hole numbers on energy and
exergy efficiencies of a solar air heater.
International Journal of Ambient Energy,
Volume 40, Issue 7, 739-748.

[2] Cirak, B., Pinar, A. (2021). Investigation of
Innovations in Solar Generator Systems.
Journal of Soft Computing and Artificial
Intelligence, 2(1), 27-40.

[3] Simsek, B., Penge, 1., Naz, M.Y., Giingér, A.
(2020). The Future of Fossil Energy Sources
and The Change of Global Energy Policies.
Techno-Science, 3:1, 46-49.

[4] Temiz, D., Gokmen, A. (2010). The Importance
Of Renewable Energy Sources In Turkey.
International Journal of Economics and Finance
Studies, Vol 2, No 2, 23-30.

[5] Kara, G., Altug, F., Kavaklioglu, K., Cavlak, U.
(2020). Norolojik rehabilitasyonda yapay sinir
ag1 uygulamalari. Cukurova Medical Journal,
45(4), 1844 -1846.

[6] Akbulut, i., Ozcan, B. (2020). Hava Kirliligi
Tahmini: Yapay Sinir Aglar1 Ve Regresyon
Yontemleriyle Bir Karsilastirma. Kocaeli
Universitesi Fen Bilimleri Dergisi, 3(1), 12- 22.

[7] Ertaylan, A., Aktas, O., Dogan, Y. (2021).
Yapay Sinir Aglar1 Ile Piyasa Takas Fiyati
Tahminlemesi. Dokuz Eyliill Universitesi
Miihendislik Fakiiltesi Fen Ve Miihendislik
Dergisi, 23(67), 93 — 105.

[8] Cinaroglu, E., Avci, T. (2020). Thy Hisse
Senedi Degerinin Yapay Sinir Aglari ile
Tahmini. Atatiirk Universitesi Iktisadi Ve Idari
Bilimler Dergisi, 34(1), 1 — 19.

[9] Yavuz, M., Sakarya, S., Ozdemir, N. (2015).

Yapay Sinir Aglari Ile Risk-Getiri Tahmini Ve

Portfoy Analizi. Nigde Universitesi Iktisadi Ve

Idari Bilimler Fakiiltesi Dergisi, 8(4), 87 - 107.
Aydogan, 1., Zirhlioglu, G. (2018). Ogrenci

Basarillarinin =~ Yapay  Sinir  Aglann  ile

Kestirilmesi. Van Yiiziincii Yil Universitesi

Egitim Fakiiltesi Dergisi, 15(1), 577 — 610.
Can, N.S., Sahin, A.S. (2021). Yapay sinir

aglart metodu ile gilinliik ¢ig noktasi sicakligi

[10]

[11]

tahmini. Giimiishane Universitesi Fen Bilimleri
Dergisi, 11(4), 1154 — 1163.

Ariman, S., Taflan, G.Y., Celik, E. (2021).
Samsun Bolgesi i¢in Giines Radyasyonunun
Yapay Sinir Ag1 ile Tahmini. Avrupa Bilim ve
Teknoloji Dergisi, no.25, 680-687.

[12]

322



Uzun, Arslantas | GU J Sci, Part C, 12(1): 315-323 (2024)

[13] Aslay, F., Ozen, U. (2013). Meteorolojik
Parametreler Kullanilarak Yapay Sinir Aglan
fle Toprak Sicakhiginin Tahmini. Politeknik
Dergisi, 16(4), 139-145.

Boznar, M.Z., Grasic, B., Oliveira, A.P.,
Soares, J., Mlakar, P. (2017). Spatially
transferable regional model for half-hourly
values of diffuse solar radiation for general sky
conditions based on perceptron artificial neural
networks. Renewable Energy, Volume 103,
Pages 794-810.

Akal, D., Umut, I. (2022). Fotovoltaik
Panellerde Gii¢ Tahminlenmesi i¢in Yapay
Zeka Yontemlerinin Kullanilmasi. Tekirdag
Ziraat Fakiiltesi Dergisi, 19(2), 435-445.

[14]

[15]

[16] Das, M., Akpmar, E. (2018). Sabit ve
Hareketli  Hava ile  Isitilan  Giines
Kolektorlerinin Isil Verimliliklerinin

Kargilastirilmast ve Yapay Sinir Aglan ile
Modellenmesi. Firat Universitesi Miihendislik
Bilimleri Dergisi, 30(1), 41-46.

Arslan, M., Terzioglu, H. (2020).
Estimation of Solar Radiation Value using
Acrtificial Intelligence Networks. Avrupa Bilim
ve Teknoloji Dergisi, Ejosat Ozel
(ICCEES), 488-497.

Seker, M. (2021). Yapay Sinir Ag1 (YSA)
Kullanilarak Meteorolojik Verilere Dayali
Solar Radyasyon Dokuz Eyliil
Universitesi Miihendislik Fakiiltesi Fen ve
Miihendislik Dergisi, 23(69), 923-935.

Tehrani, A.A., Veisi, O., Fakhr, B.V., Du,
D. (2024). Predicting solar radiation in the
urban area: A data-driven analysis for
sustainable city planning using artificial neural
networking. Sustainable Cities and Society,
Volume 100, 105042.

Nimmy, P., Nagaraja, K.V., Srilatha, P.,
Karthik, K., Sawmya, G., Kumar, R.S.V., Khan,
U., Hussain, S.M., Hendy, AS., Ali, M.R.
(2023). Implication of radiation on the thermal
behavior of a partially wetted dovetail fin using
an artificial neural network. Case Studies in
Thermal Engineering, Volume 51, 103552.

Veisi, O., Shakibamanesh, A., Rahbar, M.
(2022). Using intelligent multi-objective
optimization and artificial neural networking to
achieve maximum solar radiation with
minimum volume in the archetype urban block.

[17]

Say1
(18]

tahmini.

[19]

[20]

[21]

Sustainable Cities and Society, Volume 86,
104101.

Li, H., He, X,, Hu, Y., Lv, W., Yang, L.
(2024). Research on the generation method of
missing hourly solar radiation data based on
multiple neural network algorithm. Energy,
Volume 287, 129650.

Evrendilek, F., Ertekin, C. (2008).
Assessing solar radiation models using multiple
variables over Turkey. Climate Dynamics, 31,
131-149.

[22]

[23]

[24] https://www.mgm.gov.tr/
[25] Cakiroglu, R., Taniiriin, H.E., Acir, A. et al.
(2023). Optimization of NACA 4412

augmented with a gurney flap by using grey
relational analysis. J Braz. Soc. Mech. Sci. Eng.
45, 167.

Ertiirk,S., Kara,H., Akkus,C., Geng,G.
(2023). Tiirkiye’de Farkli iklim Kusaklar I¢in
Yapay Sinir Aglart Kullanilarak  Giines
Istmimmin Tahmini. Gazi Universitesi Fen
Bilimleri Dergisi Part C: Tasarim Ve Teknoloji,
11(4): 885-892.

[26]

323


https://www.mgm.gov.tr/

