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Highlights

e For the summer and winter applications, the albedo value for snowy surfaces was calculated as 0.86,
while for light-colored buildings, it was 0.36 for summer and 0.28 for winter.

e In conclusion, not only general surface albedo coefficients based on classes but also individually
assigned surface albedo coefficients for each pixel have been created, enabling detailed and precise
calculation of solar radiation values within the study area.

e This study diverges from global and local albedo calculations by converting high spatial resolution
(10 meters) Sentinel 2A data using the Google Earth Engine Platform into albedo coefficients specific

to the study area.
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ABSTRACT: In many models calculating solar radiation, a combination of physical measurements and
mathematical models is used to achieve results close to reality. In these calculations, the slope values and
shading effects in the region being analyzed are often disregarded. Mathematical models such as ArcGIS's
Area Solar Radiation (ASR) can calculate shading effects on three-dimensional surfaces. When solar
radiation models are computed in three dimensions, accounting for solar rays reflected from the ground,
in addition to atmospheric reflections, will increase accuracy.

This study aimed to determine the surface reflectance coefficients that should be added in three-
dimensional radiation models. In literature, general assumptions exist for surface reflectance coefficients,
which represent very broad average values. However, this study aimed to establish precise albedo values
for all land classes and surfaces. An area of approximately 1600 km? located in the mountainous region
south of Karaman was chosen as the test area. This area was chosen in Karaman province because, as is
known, this region has high solar energy potential. Sentinel 2A satellite images with a spatial resolution
of 10 meters were used for both summer and winter seasons through the Google Earth Engine (GEE)
platform. For the summer and winter applications, the albedo value for snowy surfaces was calculated as
0.86, while for light-colored buildings, it was 0.36 for summer and 0.28 for winter. Although examples
were provided for some land classes, the study ultimately determined albedo values for all land surfaces
without differentiation between classes.

Keywords: Solar Reflection Coefficients, Google Earth Engine Platform, Solar Panels, Solar Radiation
1. INTRODUCTION

When solar radiation enters the Earth's atmosphere from space, a portion of the energy is reflected,
scattered, absorbed, and scattered by atmospheric parameters [1]. Solar radiation that reaches the Earth's
surface after being scattered by substances such as air, dust, aerosols, clouds, and water vapor in the
atmosphere forms the concept known as diffuse solar radiation. The condition where solar radiation
reaches the Earth's surface without undergoing any scattering is referred to as "Direct Solar Radiation" or
"Beam Solar Radiation." [2, 3]. The total solar radiation reaching the Earth's surface, defined as "Global
Solar Radiation" [4] is the sum of the diffuse and direct radiation components. To accurately determine
Global Solar Radiation at the Earth's surface, numerous researchers have developed various measurement
and estimation techniques. In solar radiation prediction models, three primary approaches stand out:
statistical, physical, and hybrid models [5]. Physical models involve terrestrial measurements, such as
global solar radiation, bright sunshine duration and air temperature etc. These terrestrial measurements
are obtained ground measurements station challenging to deploy globally due to their costliness in
maintenance and initial setup. Ground measurements instruments such as Pyranometers and
Pyrheliometers are used in physical measurement methods to detect diffuse or direct solar radiation,
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providing high accuracy. However, frequent field maintenance and high initial setup costs restrict their
widespread use [3].

Another computational method is statistical techniques. In statistical methods, the prediction of solar
radiation can be achieved using methods such as Long Short-Term Memory [6], Artificial Neural Network
[7], Convolutional Neural Network [8, 9], and Gated Recurrent Units [10]. The accuracy of each method
tends to vary according to regional and operational characteristics. A classical statistical model that
achieves high performance in forecasting Global Solar is the Angstrom model [11], which utilizes surface
measurements taken on a horizontal plane. Angstrom, established the first and simplest empirical
relationship expressing the global solar radiation using computed measurements of sunshine duration
and cloudless sky conditions [11]. Hybrid methods incorporate satellite-based techniques using
meteorological satellites to obtain Solar Radiation information and maps. This estimation models are
combine the high-precision data of ground observation stations and the ability of satellite data to cover
large areas. These methods are widely used to generate Solar Radiation maps and data due to the relatively
high spatial and temporal resolution capabilities of geographic weather satellites. Such advantages enable
the widespread use of satellite imagery for predicting both Global and Diffuse Solar Radiation [12].

Accurate determination of the albedo value is an important parameter in all estimation methods, and
itis directly included in formulas and calculations used to compute solar radiation. The concept of Albedo
(Surface Reflectance Coefficient) refers to the rate at which solar radiation reaching the Earth's surface is
reflected back by terrain surfaces or objects on the Earth's surface. Diffuse radiation caused by back
reflection is important for all systems using solar energy. For example, solar panels can generate electricity
not only from direct solar radiation but also from diffuse solar radiation. Therefore, albedo calculations
are used in the calculation of systems directly related to solar radiation, such as heating systems and solar
energy technologies [1]. Additionally, in next-generation bifacial photovoltaic solar panels, which enable
two-way electricity generation, the albedo value is an important input [13, 14]. To increase the albedo
coefficient and so electric generation, white stones or sand surfaces are created under the panels [15].

The Earth's albedo value is generally considered to range between 0.29 and 0.31 on average. This
means that only about one-third of the solar radiation reaching the Earth's surface is reflected back into
space. The remaining radiation is utilized for heating the Earth's surface and fulfilling various energy
needs [16]. Functions such as plant photosynthesis, warming of seas and atmospheres, electricity
generation, and energy requirements make use of the remaining solar radiation. However, it's crucial to
note that the albedo value varies across different regions of the Earth. For instance, polar regions covered
with ice have high albedo values, whereas dense and complex forests have low albedo values. One of the
primary reasons for this variability is that the bright white color of snow cover reflects nearly 80-90% of
the sunlight back to space. Similarly, desert areas and urban centers also represent regions with high
albedo. Considering the different climate types and geographies worldwide, it becomes evident that each
region and season exhibits varying albedo values and averages. Therefore, when calculating average
albedo values, seasonal cycles and predominant land cover should also be taken into account [1].

Upon reviewing studies on albedo, it is observed that research predominantly focuses on calculating
the albedo of specific surfaces [17, 18, 19, 20, 21]. Furthermore, various efforts have been made to
generalize and compute averages for creating global albedo models [1, 22, 23, 24, 25 ]. However, this study
diverges from global and local albedo calculations by converting high spatial resolution (10 meters)
Sentinel 2A data using the Google Earth Engine Platform into albedo coefficients specific to the study area.
The primary goal of this study is to establish albedo coefficients for each pixel across the entire study area,
ensuring more precise values for solar radiation formulas applicable to every surface type. Different
images from summer and winter were used to accurately calculate albedo values. The developed
algorithms and formulas can be directly utilized in different regions to compute albedo values. Calculating
albedo values for every pixel on Sentinel 2A images allows for accessing albedo coefficients for surfaces
such as buildings, water bodies, soil, snow, mountains, forests, roads, rivers, and inclined surfaces in
shade.
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2. MATERIAL AND METHODS
2.1. Study Area

The study area was selected as a 1600 km? region located south of Konya province and north of
Karaman province. The distinctive feature of this area is its representation of different topographic
features and seasons, essential for calculating solar reflectance coefficients across all terrain and seasonal
conditions. Reflectance coefficients typically reach their maximum on snowy surfaces. Therefore, the
chosen study area represents a region with extensive snow cover during winter months. Additionally, the
difference between inclined and horizontal radiation values is entirely due to the slope factor. Hence,
careful attention was paid to selecting a study area with a diverse topography, including slopes.
Furthermore, the presence of both flat and sloped areas in the study region is crucial for considering
shading factors in calculating solar reflectance coefficients. Taking all these factors into account, the
selected area encompasses all necessary variations in topographic features and seasonal changes. This
ensures comprehensive evaluation and calculation of solar reflectance coefficients across different terrain
types and seasonal variations. Figure 1 shows the study area boundaries on the map.

Kilometers

iy

Figure 1. The study area boundaries

2.2. Spatial Datasets

Sentinel 2A satellite images with a resolution of 10 meters were used to classify the study area on the
Google Earth Engine platform. Although Landsat images could also be used, their 30-meter resolution
does not fully capture shading effects in areas with low slopes when calculating solar reflectance
coefficients. Therefore, Sentinel 2A satellite images with their higher 10-meter resolution were chosen for
this study.

As part of the Copernicus Programme of the European Commission (EC), the European Space Agency
(ESA) has developed and is currently operating the Sentinel-2 mission. This mission acquires optical
imagery at high spatial resolution (10 to 60 m) [26]. The Sentinel-2 mission has been enhanced to provide
continuous monitoring services for global terrestrial and coastal surfaces. It offers systematic global
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coverage of land and coastal areas, a high revisit frequency of five days under the same observation
conditions, high spatial resolution, and a wide swath width (295 km) for multispectral observations across
13 bands in the visible, near-infrared, and shortwave infrared ranges of the electromagnetic spectrum.
Sentinel-2 satellites systematically acquire observations over land and coastal areas from —56° to 84°
latitude [27, 28]. A sample Sentinel 2A satellite imageries belongs to surface reflectance and top of
atmosphere reflectance catalog are given in Figure 2.

Figure 2. Sentinel 2A surface reflectance and top of atmosphere reflectance imageries
2.3. Google Earth Engine Platform

Google Earth Engine is a cloud computing platform designed for processing satellite imagery and
other geospatial and observational data. This platform provides users with access to satellite images and
the computational power necessary to perform various analyses [20]. Introduced by Google in 2010, GEE
has become the most popular and successful spatial analysis tool [45]. GEE provides access to a vast
database of satellite imagery and the computational resources needed to analyze these [29, 30]. In recent
years, GEE has been used in research on ecology [31] urban monitoring [32, 33] disaster management [34,
35, 36]and atmospheric studies [37].

2.4. Solar Radiation and Determination of Pixel Based Reflection Coefficients

The Earth receives a large amount of solar energy daily. The intensity of this radiation is influenced
by various factors such as weather conditions, atmospheric distribution (including reflection, scattering,
and absorption phenomena) [38]. Understanding solar radiation is crucial for calculating various
performance metrics related to solar energy systems such as solar water heaters and photovoltaic systems.
Global Solar Radiation incident on an inclined surface consists of three components: direct, diffuse, and
reflected radiation values. Incoming solar radiation (insolation) from the sun is modified as it passes
through the atmosphere, and further altered by topography and surface characteristics, resulting in
distinct direct, diffuse, and reflected components. Direct solar radiation is the radiation received without
obstruction directly from the sun. As for Diffuse solar radiation is scattered by atmospheric components
like clouds and dust. Another one is Reflected solar radiation that is the radiation reflected by land classes
and objects on the Earth's surface. The sum of direct, diffuse, and reflected solar radiation is termed total
or global solar radiation. Generally, direct solar radiation is the largest component of total solar radiation,
followed by diffuse solar radiation. Reflected solar radiation usually constitutes a small portion of total
solar radiation, though this proportion can be higher in areas surrounded by highly reflective surfaces
such as snow cover. Solar radiation calculation tools do not include reflected solar radiation in the
calculation of total solar radiation. Therefore, total solar radiation is calculated as the sum of direct and
diffuse solar radiation [39, 40, 41, 42, 44]. Diffuse, direct, and reflected solar radiations are simulated in
Figure 3.
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Figure 3. Diffuse, Direct and Reflected Solar Radiations [44]

The total solar radiation value at a point is calculated as the sum of the effects of different parameters
and can be determined by the equation given in Formula 1.

qs = 1,.cos@ + H,.cos? g + H-ps.sinzg "

In this formula, Ib represents the direct incoming solar radiation, while Hd parameterizes the diffuse
solar radiation incident on a horizontal surface. H denotes the total global solar radiation at the specific
point, ps signifies the surface reflectance coefficient, § indicates the surface slope angle, and & represents
the angle between the inclined surface and the solar beam. As seen in the formula, knowing the surface
reflectance coefficient ps is essential for calculating the total solar radiation. Surface reflectance coefficients
are generally calculated by the Italian National Agency for New Technologies, Energy and Sustainable
Economic Development (ENEA) [46], which has computed average reflectance coefficients for various
land classes. These values are averages and may vary depending on the study area and the surface
characteristics of the land class.

The SRC determined by ENEA are shown in the Table 1. According to the table, fresh snow provides
the highest reflectance, while roadways and water surfaces have very low reflectance values. However,
upon examining the roadways in our country, they reflect dark gray, light gray, white, and light-yellow
colors due to their structure. Therefore, using a single reflectance coefficient for a single roadway class
would result in a very coarse and superficial calculation of total solar radiation. Similarly, grouping
different building roof structures, surface colors, and sizes under a single reflectance coefficient would
reduce the accuracy in calculating the total radiation obtained. Therefore, instead of a coarse classification,
it is necessary to calculate pixel-based reflectance coefficient values for each land surface to achieve more
accurate calculations of total solar radiation.



960 M. A. YILDIZ, H. KARABORK, S. ENER RUSEN

Table 1. Surface Reflectance Coefficients of Surfaces.

Surface Average Reflection Value (p;)
Snow 0.75
Water 0.07
Soil 0.14
Roads 0.04
Coniferous Forests (Winter) 0.07
Autumun Forest 0.26
Asphalt 0.10
Concrete Surface 0.22
Dead Leaves 0.30
Dry Grass 0.20
Green Grass 0.26
Bituminous Sand Roof 0.13
Stony Surfaces 0.20
Building Surface Red Brick 0.27
Building Surface Light Color 0.60

3. RESULTS
3.1. Definition of the Study Area Boundaries

In the GEE platform, the first step is to define the boundaries of the study area. This allows for
identifying satellite images that fall within the specified boundaries. For this purpose, the corner
coordinates of the area delineating the study area have been introduced to the platform in the WGS84
system. The relevant code for this is shown in Figure 4.

// Alan tanimlamalari
var alan = ee.Geometry.Polygon(

[[[32.800883046596685, 37.19928722718696],
[32.80083046596685, 36.8081251493540725],
[33.20084506662035, 36.801251493540725],
[33.20084506662035, 37.19928722718696]]1], null, false)

Figure 4. Definition of the study area boundaries in GEE

o wvm b wmnpR

In the GEE platform, the satellite images relevant to the defined area are found using point-in-polygon
analysis. This method involves checking if any part of the area intersects with satellite images. If there is
an intersection, those satellite images are added to the list of images that can be used for further analysis.

3.2. Mosaic and Clip Processes of the Sentinel 2A Imageries

Since satellite images arrived in different parts following the definition of the study area, the images
were merged (mosaic) to cover the entire study area and the areas outside the boundary were clipped.
Level-2A images with atmospheric corrections were used when defining Sentinel-2A images. Images with
cloud cover less than 10% were filtered from the Copernicus/S2_SR_Harmonized library. After defining
the desired date information, a single satellite image covering the entire study area was obtained. The
codes for all these operations are shown in Figure 5.
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8 Sentinel-2 Level-2A

9  war s2Collection = ee.ImageCollection(’
18 .filterBounds{alan)

i1 filterDate('2023-82-21",

12 .filterMetadata( 'CLOUDY P

13

14 Gérintilerin detaylarina

15 = s2Collection.tol 1*"{52£c~11ectmn si

uyumlastirilmis

ransola

15 return ee.Image(image).get(’s

17 = }).getInfol).for hac'ﬁ{fun:tiun{mde:-:} {
18 print{ Gérintl detaylara:’

961

pma islemi

yazdirma
EE}} n‘a:-{fun:tian(mage] {

B H

, 2e. . Image(s2Collection.filter{ee.Filter.eq

(I

("zyst index", index)).first
19 1)
28
21 wvar masaic‘mage = s2Collection
22 sort { CLOUD_COVER")
23 .mosaic()
24 .clip{alan)
25 .toFloat();

Figure 5. Code blocks for mosaic and clip

3.3. Determination of Solar Reflection Coefficients

When determining the reflectance coefficients, weight values used in the study by [43] and colleagues
were employed. As mentioned, reflectance coefficients were calculated more accurately using the B2, B3,
B4, B5, B6, B7, B§, B11, and B12 bands. The characteristics, spectral ranges, and weight values of the bands
used are provided in Table 2. Upon examining the weight values, it is observed that the B2, B3, and B4
bands are most effective in calculating the reflectance coefficients.

Table 2. Weight values of the Sentinel 2A bands

Band Number Band Name Wavelength A (um)

Spectral Interval Esun (W/m2) wbi ()

AA (um)

B1 Aerosols 0.443 0.02 1893 -

B2 Blue 0.49 0.065 1927 0.1324
B3 Green 0.56 0.035 1846 0.1269
B4 Red 0.665 0.03 1528 0.1051
B5 Red Edge 1 0.705 0.015 1413 0.0971
B6 Red Edge 2 0.74 0.015 1294 0.0971
B7 Red Edge 3 0.783 0.02 1190 0.089
B8 NIR 0.842 0.115 1050 0.0818
B8a Red Edge 4 0.865 0.02 970 0.0722
B9 Water vapor 0.945 0.02 831 -

B10 - 1.375 0.03 360 -

B11 SWIR 1 1.610 0.09 242 0.0167
B12 SWIR 2 2.190 0.18 3 0.0002

The code block created to determine the reflection coefficients is shown in Figure 6. Since the scale of
the band weight values is 0.00001 and at the same time the global reflection coefficient values will take
values on a scale ranging from 0 to 1, calculations were made by multiplying each band value by 10000.
The resulting product by multiplying each band by its weight value and combining it with the fusion
method will represent the reflection coefficient of each pixel.
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27 // Albedo hesaplama fonksiyonu (Glncellenmis)

28~ function calculatedlbedo{image) {

29 wvar blue = image.select('B2'j.multiply{@.1838) . divide(l8888); /4 B2 bantr {Mawi)

3@ var green = image.select('B2').multiply{@.1752).divide{10@0a); // B3 banti {Yeszil)

31 var red = image.select('B4').multiply(@.1455).divide(la88a); /¢ B4 bantl {(Kirmizi)

32 var RedEdgel = image.select('B5").multiply(®,1347).divide{18888); // BS banta (Kizilétesi 1)
33 var RedEdge? = image.select('BE").multiply(@.1233) divide{i@@ea); // BE banti (Kizildtesi 2)

34 var RedEdged = image.salect('B7').multiply(@.1134).divide({i@@ea}; // BY bant:i (Kizilotesi 3)

35 var nir = image.select('B8').multiply{e.1801).divide(1080a); /¢ BB banti {Yakin Kizil&tesi)

36 var swirl = image.select('B11").multiply{®.8231).divide{18888); // Bll bant:i (Kisa Dalga Kizildtesi 1)
37 var swir2 = image.select({'B12").multiply({8.8863).divide(18888), // B12 banti (Kisa Dalga Kizildtesi 2)
EE]

39 wvar albedo = blue.add{green).add(red)

48 .add(RedEdgel).add(RedEdgez) . add{RedEdga3)

41 Ladd(nir) . add(swirl).add{swird);

42

43 return albedo.toFloat{); // @-1 arasi deger dondimek isteniyorsa return albedo.clamp(®, 1) .toFloat(); uygulanir
44

45

46  // Albedo Degerlerd hesaplamir ve gorsellestirilir
47  war albedo = calculatedlbedo(mosaicImage);

Figure 6. Codes for the SRC calculation in GEE platform

The raster files created in the GEE platform were transferred to the ArcGIS program for analysis based
on land cover classes. Initially, without any normalization process, the obtained values were examined.
For the summer period, reflection coefficient values were calculated with a minimum of 0.002 and a
maximum of 1.680, while for the winter period, values ranged from a minimum of 0.000 to a maximum of
1.720. The average reflection coefficient value for the summer season was calculated as 0.22, whereas for
the winter season, it was calculated as 0.32. The surface reflection coefficient maps before normalization
are provided in Figure 7.

Figure 7. SRC rasters for winter and summer

According to the formulas created, the reflection coefficient values should range between 0 and 1.
Here, a value of 0 represents no reflection at all, while a value of 1 indicates complete reflection. The raster
values obtained from GEE have a maximum value exceeding 1. In reality, having regions with a reflection
coefficient of exactly 0 might not be possible for the study area, whereas values exceeding 1 indicate that
some pixels have excessively high reflection values. Upon examining the minimum and maximum values
and reviewing the statistics of the result raster data, it was found that there are some pixels with undefined
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or missing values. These empty values disrupt the 0-1 scale, causing some pixels to be calculated with
higher values than expected. The aim is to classify each result raster data such that the maximum value
does not exceed 1, identifying pixels with excessive values. Through this process, it was found that in the
summer albedo maps, 43 pixels and in the winter albedo maps, 142718 pixels have values exceeding 1.
The main reason for such high values in winter is the presence of extensive snow-covered surfaces. Given
that each raster data consists of 20,000,000 pixels, the occurrence of pixels with values exceeding 1
represents approximately 0.007% for the winter season. The figure below shows the class intervals and the
percentages of pixels with excessive values obtained for both summer and winter months. Class intervals
and percentages of pixels with excessive values for summer and winter months are given in Figure 8.

1721538 -|| By Tb B b NP 1721538 || B T @ - N2
ana_dassify X B wis_classify 324 yaz_classify B kis_classify X
Field: ff Add [ Calculate = Selection: [ Fieid: [l Add [ Calculate = Selection: [
OBJECTID * Value Count , OBJECTID* Value Count
1 l 1 1 4095467 1 | 1 1 9069309
2| B2 2 7828605 2 2 2 4531746
3 3 3 5493723 3 3 3 3024432
4 4 4 2322293 4 4 4 2971558
5415 5 19 S 5 5 142718
Click to add new row. Click to add new row.

Figure 8. Unsampled pixels for winter and summer SRC rasters

In the generated Albedo rasters, there are values greater than 1 as well as pixels with no data. Using
ArcGIS raster calculator, a resampling process was conducted for both pixels with no data and pixels with
values greater than 1. This process consists of two main steps. First, all pixels greater than 1 were converted
to nodata using the following code;

Con(”Raster” > 1, SetNull(”Raster”, "Raster”, "VALUE >1"))

Subsequently, pixels that were set to nodata were resampled by taking values from neighboring
pixels. Initially, it was planned to take values from the 8 neighboring pixels, but due to adjacent pixels
with values greater than 1, the process failed. Therefore, an interpolation process was conducted using the
neighborhood of 11 x 11 pixels. The following code block was used to assign values to each pixel by
averaging the values of the surrounding 11 x 11 pixels.

FocalStatistics(Con("Raster” > 1, SetNull("Raster”, "Raster”), "Raster”), NbrRectangle(11, 11, "CELL"),
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The surface albedo raster data for both summer and winter months have been generated as a result of
all these processes. Each raster data has been obtained ensuring a minimum of 0 and a maximum of 1. The

rasters are given in Figure 9.
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Figure 8. Normalized SRC rasters for winter and summer

The surface albedo coefficient values before and after resampling are provided in Table 3. It is
observed that there is no change in the surface albedo coefficient value for the snow class. This is primarily
because the highest surface albedo coefficient value corresponds to the snow surface class. After
resampling, median changes were generally expected, for example, the light-colored building surface had
a value of 0.55 before resampling and 0.36 after the process. Significant changes were not observed in other
land use classes, generally showing tendencies towards similar values. In conclusion, not only general
surface albedo coefficients based on classes but also individually assigned surface albedo coefficients for
each pixel have been created, enabling detailed and precise calculation of solar radiation values within the

study area.

Table 3. SRC values of all rasters

Before
Surface Resample

After

Resample

Summer Winter Summer Winter

Snow _
Building Surface (Light color)  0.55
Building Surface (Red Brick) 0.27
Roads 0.22
Water 0.06

0.86
0.49

0.22
0.23
0.04

0.36
0.27
0.20
0.06

0.85
0.28

0.23
0.19
0.05
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3.4. Converting Albedo to 3D Reflected Radiation Values

Three-dimensional solar radiation, due to shading caused by the terrain's topography, results in each
face of the terrain having different sunlight durations and consequently varying solar radiation values.
Therefore, considering the slope effect differently from horizontal solar radiation significantly contributes
to the calculation of solar radiation. Using the ArcGIS Solar Radiation extension, direct and diffuse
radiation values were generated with the help of the region's DEM map. Figure 9 shows the direct and
diffuse radiation maps created for summer and winter months.

. v 3 VI:.- 3

Figure 9. Diffuse and Direct radiation rasters for summer and winter

Reflected radiation values are affected by shading due to terrain features and slopes. Therefore, the
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albedo evaluated horizontally may actually vary compared to the terrain surface. To address this
variation, an inclination correction formula, Formula 2, has been applied to albedo values.

T
Albedo *(sin(slope aim) * %)2 * Total Radiation 2

In the formula, the slope angle values obtained from the DEM map were converted into slope
percentages and multiplied with each pixel's albedo value. Thus, the albedo value adjusted for slope effect
was calculated for each pixel. Since this adjusted value acts as a coefficient, multiplying it with the total
radiation data yields the total solar radiation for three-dimensional surfaces. This approach provides more
accurate and realistic solar radiation data for the region compared to global and horizontal radiation data.
Figure 9 presents the total radiation values obtained using the calculated slope-adjusted albedo values for
summer and winter months.

Figure 9. Radiation derived from albedo with slope

3. DISCUSSIONS

The purpose of this study is to reveal the maximum difference in albedo values between the summer
and winter seasons. In studies conducted worldwide, albedo values are typically used as annual averages,
generally derived from monthly averages. The duration of snow cover, the amount of snowfall during the
season, and the number of cloudy and clear days are significant determining parameters for the annual
and monthly average albedo values. This study investigates the effects of changes in albedo values on
total radiation during the summer and winter months. Therefore, the focus is on the minimum and
maximum values of albedo obtained for the region in both seasons, while overlooking the impacts of other
such variables. To observe or eliminate the effects of these variables, long-term average albedo values need
to be obtained. However, it will be crucial to derive these long-term average values of albedo when
installing bifacial solar panels, which generate electricity from both sides, rather than conventional solar
panels.

In this study, the total radiation values calculated using the ArcGIS Area Solar Radiation (ASR)
module were utilized for computing albedo values. While performing calculations in the ASR module, 5-
meter resolution digital elevation models were employed. The most critical factor in these calculations is
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accounting for shading effects to provide accurate results. The calculation direction was chosen as 32, and
the inclined radiation values for a 600x600 pixel area were calculated at every 11.25 degree angle over one
year. Since the total radiation value obtained is used as a multiplier, the land topography was considered
to derive the results. It was determined that a 5-meter DEM model is sufficient for the selected area. In
cases where this study is conducted in populated areas, higher resolution imagery and DEMs would be
necessary; however, the study conducted in non-populated areas is considered sufficient.

4. CONCLUSIONS

Accurate Albedo calculations hold significant importance in studies related to solar radiation. While
global albedo values are currently used, and average albedo values for various land surfaces are known,
these values may not provide sufficient accuracy for regional studies. Therefore, knowing continuous
accurate albedo values specific to land surfaces is crucial. The widespread use of various solar energy
applications where diffuse solar radiation values become important, such as bifacial solar panel designs,
will significantly increase the effectiveness of accurate albedo values. In this context, the Google Earth
Engine platform provides access to a vast amount and variety of satellite images, enabling rapid albedo
calculations over large areas. Moreover, its high temporal resolution allows for the calculation of albedo
values on a seasonal, monthly, and even weekly basis for regions, ensuring that albedo values are as close
to reality as possible with minimized standard deviations. Additionally, with new satellite images
continuously being uploaded to the GEE platform, dynamic and continuous calculation and observation
of albedo values have become feasible. Since albedo values are generally included as an additional
coefficient in solar radiation formulas, they contribute significantly to clarifying shading effects in 3D solar
radiation calculations. Thus, integrating the albedo values obtained from this study into solar radiation
calculations derived from any software or computation allows for more realistic and applicable solar
radiation values to be calculated.
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