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Abstract 

The amount of solar radiation (WH/m2) is an important element in considering all processes 

on the Earth's surface. The study of the distribution of solar radiation allows mapping and 

analyzing the effects of the sun and sunlight on a given geographical area for a certain period 

of time. The modeling of solar radiation is based on the digital elevation model (DEM). It 

depends on many factors, such as the influence of the atmosphere, latitude and altitude, 

steepness (slope) and direction of inclination (exposure) of the slope, daily and seasonal 

changes in the angle of the sun, etc. Mapping the spatial distribution of the amount of solar 

radiation is useful in a number of fields, such as agriculture, resource management, 

meteorology, civil engineering, environmental studies, tourism, etc. 

This study examines the relationship between the amount of solar radiation, its spatial 

distribution and geological hazard. The study was conducted on the coastal zone of the Republic 

of Bulgaria. Bulgaria with a width of 20 km, as an important section of the country's critical 

infrastructure. A connection has been established between the amount of solar radiation, the 

relief and the areas with increased geological hazard. 
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1. Introduction  

Solar radiation is the primary energy source that drives many of the physical and biological 

processes on Earth. Understanding its importance for the landscape at different scales is key to 

understanding a wide range of natural processes and human activities [Choi, et. al. 2019; 

Dubayah, & Rich, 1995; Fu, & Rich, 2002; Dancheva & Asenovski, 2018; Potužníková et. al. 

2023]. 

When studying different landscapes, topography is a key factor that determines spatial 

variations in insolation (the amount of direct or total solar radiation reaching the Earth's 

surface). Differences in elevation, slope orientation (inclination and exposure), and shadows 

cast by topographic features affect the amount of solar radiation received by different 

geographic areas. Solar radiation also varies depending on the time of day and year. It 

contributes to changes in many components of the environment and microclimate, including 

factors such as: air and soil temperature, evapotranspiration, snowmelt patterns, soil moisture, 

light available for photosynthesis, photovoltaic parks for energy production, and, last but not 

least, geological hazard. 

Geological hazard summarises natural disasters caused by geodynamic activity or abnormal 

changes in the geological environment, which usually include internal earth processes such as 

earthquakes and active faults, and external exogenous geophysical processes such as erosion, 

abrasion, landslides, debris flows, rockfalls, sinkholes, etc. 

The Black Sea coast of Bulgaria is an important part of the country's critical infrastructure, 

and many of the processes listed above that represent geological hazard occur in this area. This 

makes it an interesting subject for the present study. 

 

DOI: 10.31401/WS.2025.proc.29

mailto:gjelev@space.bas.bg


Proceedings of 

the Seventeenth Workshop “Solar Influences on the Magnetosphere, Ionosphere and Atmosphere”  

June, 2025 

222 Topic:   Solar Effects in the Biosphere and Lithosphere 

2. Purpose and objectives 

The aim of this study is to determine the impact of solar radiation on geological hazard in 

the country's Black Sea coastal region. The following steps have been outlined to achieve this 

aim: 

 Defining the study area; 

 Obtaining basic data and processing it in ArcGIS; 

 Analyzing the results. 

3. Materials and Methods  

An area 20 km inland from the coast was selected as more representative in terms of the 

processes determining geological hazard and the topographical expression of the relief – DEM 

for determining solar radiation (Figure 1). It falls entirely within the Black Sea climate region. 

 

Figure 1. Study area: Black Sea coastal strip with a width of 20 km from the territory of the 

Republic of Bulgaria with DEM, Source: [USGS, EarthExplorer, 2025] 

The following basic data were obtained for the analysis: a digital elevation model, coastline 

and a 20 km buffer inland, a geological hazard map provided by the Ministry of Regional 

Development and Public Works and compiled by a team from the Geological Institute of the 

Bulgarian Academy of Sciences [Stage II of ..., 2017, Geological hazard Map ..., 2017] (Figure 

2a.). The digital elevation model (DEM) was obtained from the Endeavour space shuttle, the 

shuttle's radar topography mission (SRTM). The data from this mission is openly available from 

The U.S. Geological Survey (USGS) [USGS, EarthExplorer, 2025], with elevation information 

having a spatial resolution of 1 arc second or 30 m. [USGS EROS Archive, 2025].  

The coastline was obtained from images from the Sentinel 2 satellite [Sentinel Hub, 2025] 

under Europe's Copernicus programme. A buffer zone 20 km wide was created inland from the 

coastline. 

The data was processed and analyzed in a GIS database using a number of tools from the 

ArcGIS software product. The amount of reflected global solar radiation was calculated using 

the solar radiation analysis tools in ArcGIS, Spatial Analyst - Solar Radiation. Global radiation 

is calculated as the sum of direct and diffuse solar radiation for each raster cell of the digital 

elevation model DEM [Dubayah & Rich, 1995; Rich, et. al. 1994; ESRI. ArcGIS Desktop, 
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2025]. The calculation is repeated for the entire selected area to obtain a map of the insolation 

of the area (Figure 2b.). 

 

  

a) b) 

Figure 2. a) Geological hazard map, 2017; b) Insolation map, 2025 

4. Results 

The global solar radiation analysis feature allows you to map and analyze the effects of the 

sun on a geographical area for specific periods of time. In this study, the selected period is 365 

days (1 year – 2025). The calculations take into account atmospheric effects, the geographical 

latitude and altitude of the site, the steepness (slope) and geographical direction (aspect), daily 

and seasonal changes in the angle of the sun, and the effects of shadows cast by the surrounding 

topography. The output raster represents the global radiation (WH/m2) or the total amount of 

incoming solar insolation (direct + diffuse) calculated for each DEM location [ESRI. ArcGIS 

Desktop, 2025] and is shown in (Figure 2b.). 

The Bulgarian Black Sea coast is slightly indented with a fractal dimension of 1.11 and a 

curvature of 2.41 [Jelev, 2023]. The geological base of the Earth's surface has a diverse rock 

composition. The relief has developed mainly under the influence of internal Earth forces. This 

determines the presence of various abrasive and accumulative forms on the Earth's surface – 

cliffs, beaches, etc. 

Four more characteristic areas have been selected. The northern part of the studied territory 

is the Dobruja coastal zone [Dimitrov, 2023] (Figure 3.1). There, the relief is flat and the 

amount of solar radiation is very high. In this section, the geological hazard is zero or very low. 

An exception is the coastal zone in the southern part of the section, where cliffs prevail.  

In the next area (Figure 3.2), the terrain is rugged and part of the Frangenska coastal zone. 

The section is subject to the strong influence of a number of hazardous geological processes 

and, in combination with high anthropogenic pressure, local areas with high and very high 

geological hazard are formed. Global solar radiation is differentially distributed. It is high in 

the flat and hilly areas and low in the deep valleys and north-facing slopes. 
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Figure 3. Composite map of correlation between global solar radiation and geological hazard in 

the studied area 

 

Section 3 (Figure 3.3) covers the Stara Planina coastline. Morphologically, clearly defined 

accumulation forms (sand strips) have been formed along the coastline at the foot of the 

prevailing cliffs. In this section, the geological hazard is low to medium and is most widespread. 

Global solar radiation is directly related to the east-west oriented relief forms. High values 

prevail in the flat areas and southern slopes, while low values prevail in the northern slopes and 

deeper valleys. The southern part of the section falls within the Burgas coastal zone, where 

areas with accumulative landforms prevail. In this area, the geological hazard is locally 

distributed. Global solar radiation is very high, with the exception of some northern slopes. 

The fourth section (Figure 3.4) is characterized by a highly indented coastline with numerous 

bays and peninsulas. This section falls within the Strandzha coastal strip. Abrasion processes 

prevail, shaping the characteristic type of coastline. They are the result of the strong impact of 

internal and external geological forces on erosion-resistant rock complexes. The geological 

hazard is represented in the southern part of the section as being low. In some areas, it is 

moderate to high. The rugged terrain determines the uneven distribution of global solar 

radiation. Its distribution is patchy, with rapid alternation between low and high values. 
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5. Conclusion 

The calculation of global solar radiation and some of the factors influencing the 

determination of geological hazard is based on the use of a digital terrain model and its 

derivatives – slope, exposure, curvature, etc. This also determines the relationship between 

geological risk and global solar radiation. 
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