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Abstract. In this study, annual effective dose rate distribution due to cosmic radiation, which constitutes an 

important part of natural radiation, was mapped in 2200 200m  spatial pixels for three provinces in the Eastern 

Black Sea region (Artvin, Rize and Trabzon). Cosmic ray-induced annual effective dose calculations were 

performed based on latitude and altitude changes with EXPACS, an excel-based program. Besides, the effect 

of cosmic radiation on the population living in the study area was determined. For the entire study area, it was 

calculated the average effective dose rate from Cosmic radiation as 0.65 mSv y-1 and range as (0.33-1.72) mSv 

y-1. The average annual collective effective dose rate was determined approximately 508 person-Sv y-1. Besides, 

the population-weighted average annual effective dose rates were obtained as 449 1 Sv y  , 376 1 Sv y   and 

370 1 Sv y   for Artvin, Rize and Trabzon provinces, respectively.  
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Doğu Karadeniz Bölgesinde kozmik ışın kaynaklı yıllık etkin doz 

dağılımının belirlenmesi 

Özet. Bu çalışmada doğal radyasyonun önemli bir kısmını oluşturan kozmik ışın kaynaklı yıllık etkin doz hızı 

dağılımı, Doğu Karadeniz Bölgesindeki üç il için (Artvin, Rize ve Trabzon) 2200 200m ’lik mekânsal 

çözünürlükte haritalandırılmıştır. Kozmik ışın kaynaklı yıllık etkin doz oranı hesaplamaları, Excel tabanlı 

çalışan bir program olan EXPACS ile enlem ve rakım değişimlerine bağlı olarak gerçekleştirilmiştir. Ayrıca 

çalışma alanında yaşayan nüfusun kozmik radyasyondan etkilenme seviyeleri de tespit edilmiştir. Çalışma 

alanının tamam için, Kozmik ışından kaynaklanan yılık etkin doz oranının ortalaması 0.65 mSv y-1 ve değişim 

aralığı (0.33-1.72) mSv y-1 olarak hesaplanmıştır. Çalışma alanının geneli için yıllık kollektif etkin doz hızı ise 

yaklaşık 508 insan-Sv y-1 olarak belirlenmiştir. Ayrıca kozmik radyasyondan kaynaklanan kişi başı yılık etkin 

doz, sırasıyla Artvin, Rize ve Trabzon için 449 
1 Sv y 
, 376

1 Sv y 
 ve 370 

1 Sv y 
olarak tespit edilmiştir. 

Anahtar Kelimeler: Yıllık etkin doz hızı, Kozmik radyasyon, Doğu Karadeniz Bölgesi, Haritalama 

 

1. INTRODUCTION  

 

People are constantly exposed to natural radiation sources throughout their lives. These natural radiation 

sources are evaluated under two main groups [1]. The first group is terrestrial radionuclide induced 

radiation connected to geological rock structures. The second group is cosmic radiation from 

extraterrestrial sources. Approximate 14% of the annual effective dose is caused by Cosmic radiation 

[2,3]. The large amount of cosmic rays are stopped by the atmosphere before it reaches the ground. Cosmic 
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rays that can pass through the atmosphere have significant effects in areas above sea level [4]. The 

effective dose due to cosmic ray exposure averaged over the world’s population was assessed to be 0.38 

mSv y-1 [2].  

Cosmic radiation is an ionizing radiation produced by the collision of atoms in the Earth's atmosphere 

with extraterrestrial photons and α particles [5]. In addition, charged particles released from solar flares 

are an important source of cosmic radiation. [6].  

The effect of the cosmic ray increases with the increase of latitude and altitude [7]. Due to the geomagnetic 

latitude effect, it has been reported that the dose rate of Cosmic radiation increases at higher latitudes (in 

Arctic), while the dose rate decreases at lower latitudes (in Equator) [4]. The earth's magnetic field shows 

a shield effect against cosmic rays. In addition, the increase in altitude causes the components of the dose 

equivalent from Cosmic radiation to change [2]. The greatest contribution to the equivalent dose at the 

sea level comes from muon, but due to the increase in height, the neutrons, protons, photons, electrons 

and positrons also take into account the dose rate caused by the Cosmic ray [8]. The direct dependence of 

the cosmic rays on both latitude and altitude has led to the exploration of new approaches in the prediction 

of cosmic ray-induced dose distribution. One of the studies in recent years is PARMA/EXPACS model 

which was created by Sato et al.[4,9–11]. EXPACS (EXcel-based Program for calculating Atmospheric 

Cosmic-ray Spectrum) is a sophisticated model for calculating cosmic ray doses, taking into account 

factors such as latitude, longitude, altitude, solar activity, atmospheric depth and cut-off rigidity [12]. It 

is based on the PARMA model (PHITS based Analytical Radiation Model in the Atmosphere) [4,10] 

In recent years, many studies have been conducted to determine the efective dose distribution caused by 

cosmic radiation. Cinelli et al. [13] calculated the cosmic ray-induced effective dose rate for the whole of 

Europe based on the height factor and created a distribution map. Sato et al. [14] mapped the effective 

dose distribution of population-weighted cosmic radiation from the entire world with the EXPACS model. 

In both studies, local changes could not be determined with appropriate sensitivity due to the calculation 

of very large areas. 

The purpose of this study is to create a map of cosmic radiation dose distribution for the eastern Black 

Sea region where have most rugged terrain of Turkey, and to determine the total dose values which is 

exposure of the population living in this region. Thus, it is aimed to define some of the previously obtained 

global results in a more detailed way. 

 

 

2. MATERIAL AND METHOD 

2.1. Study Area 

The study area is the three provinces (Artvin, Rize and Trabzon) in the eastern Black Sea Region of 

Turkey. Figure 1a shows the study area. These provinces represent an important part of the Eastern Black 

Sea Region in terms of population and surface area. The average altitude of the study area is approximately 

800m for Trabzon and Rize, and about 1600m for Artvin [15]. Elevation changes are in the range of (0-

3700) m for Artvin, (0-3200) m for Trabzon and (0-3400) m for Rize. These rapid elevation changes lead 

to sudden changes in cosmic radiation dose. In addition, the intense solar radiation effect at high locations 

increases the Cosmic Ray Fluxes [16]. 

 

Figure 1b shows the population distribution map for the study area in 2018 [17]. This map was created by 

estimating population values for 
2100 100 m regular grid (1 pixel) with random forest machine learning 

algorithm [18]. Moreover, Each pixel in the present study area was updated with current population 
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information provided by Turkey Statistical Institute [19], and this level of resolution (
2100 100 m cells) 

was decreased to 
2200 200 m  . 

 

 

Figure 1. a) Study area, b) Population distribution map determined by 2100 100 m pixel for study area [17]. 

 

2.2. Dose Calculation 

The dose calculations in this study were calculated with EXPACS (EXcel-based Program for calculating 

Atmospheric Cosmic-ray Spectrum) [4,9,12]. This program is based on the PARMA model [9] which is 

named PHITS (Particle and Heavy Ion Transport code System) -based Analytical Radiation Model in the 

Atmosphere (PARMA) [10,11]. EXPACS model can calculate terrestrial cosmic ray fluxes of protons, 

neutrons, muons, electrons, positrons, ions with charge up to 28 (Ni) and photons nearly in the Earth's 

atmosphere. it can also calculate the effective dose from the obtained cosmic ray fluxes [12]. 

 

2.3. Components of Cosmic Radiation 

Typically, Cosmic rays are examined as primary and secondary cosmic rays. The primary cosmic rays are 

very high energy cosmic rays that reach the earth directly. They consist of protons (87%), particles (11%), 

nuclei with low atomic numbers (1%) and high-energy electrons (1%) [20]. Secondary cosmic rays are 

formed by the collision with gas atoms in the atmosphere of primary cosmic rays. The energy of such rays 

is lower than the primary cosmic rays. Secondary cosmic rays are divided into two classes as the directly 

and indirectly ionizing component [21]. Directly ionizing components of cosmic radiation are two class 

as muonic component (muons) and electromagnetic component (photons. electrons and positrons). 

Indirectly ionizing components of cosmic radiation are neutrons and protons [22]. Although muons 

constitute the most important component at sea level of the effective dose rate from secondary cosmic 

rays, neutrons, electrons, photons, positrons and protons also affect the effective dose rate with the 

increase in altitude [8]. 

 

2.4. Software Sources 

All analyzes and calculations in this study were performed by R programming [23]. All maps used and 

prepared in the study were created with Quantum Geographic Information System (QGIS) version 2.18.23 
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[24]. In addition, regular grid analysis and estimation data were combined with SAGA-GIS version 2.3.2 

[25]. 

 

3. RESULTS AND DISCUSSIONS 

3.1. Mapping of Cosmic Ray Dose 

All the study area was defined by a regular grid area of 
2200 200 m  pixels. Figure 2 shows the structure 

of the regular grid created for this study. Each pixel in this regular grid was represented by latitude, 

longitude, altitude and population information. In particular, by taking into account the latitude and 

altitude effects, it was calculated with the EXPACS model the effective dose rate from the cosmic ray for 

each grid pixel. Later, all results obtained were indicated by a color scale and mapped. In Figure 3 shows 

the cosmic ray-induced annual effective dose rate distribution map and statistical summary values for all 

the study area. According to the results, it was determined that Artvin is affected by cosmic rays more 

than Rize and Trabzon. The main reason for this is thought to be due to high altitude areas in Artvin 

province. For the overall study area, the mean and range of the effective annual dose from Cosmic 

radiation was calculated 0.65 mSv y-1 and (0.33-1.72) mSv y-1, respectively. According to the UNSCEAR 

report, the average annual dose from Cosmic radiation is approximately 0.46 mSv y-1 (the directly ionizing 

and photon component the average value is 0.34 mSv y-1 and the neutron component, the average value is 

12 mSv y-1) [2]. In addition, the study conducted by Cinelli et al. reported that the annual average effective 

dose rate from Cosmic radiation was about 0.39 mSv y-1 for the whole of Europe [13] . The average annual 

effective dose rate obtained from the study was found to be higher than in Europe and the world averages. 

 

 
Figure 2. Grid structure of study area 

 

 
Figure 3. Distribution map of annual effective dose rate from cosmic radiation for study area 

 

3.2. Determination of Population Exposure 

 

Based on the total population data of the study area for 2018, Annual cosmic-ray collective effective dose 

was determined to be approximately 508 person-Sv y-1. The collective dose was calculated for each grid 
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node (
2200 200 m ) by multiplying the annual effective dose value with the number of population per 

pixel. This calculated dose rate is higher than European countries such as Estonia (400 person-Sv y-1), 

Montenegro (200 person-Sv y-1), Luxembourg (200 person-Sv y-1) ve Iceland (200 person-Sv y-1) [13]. 

Figure 4 show Annual collective effective dose (person-Sv y-1) and the average annual effective dose per 

capita ( -1 Sv y ) due to cosmic rays for each province in the study area. The annual collective effective 

dose rate vary depending on the population of the provinces and have been calculated as 79 person-Sv y-

1, 135 person-Sv y-1 and 295 person-Sv y-1 for Artvin, Rize and Trabzon, respectively. In addition, average 

the population-weighted (per person) annual effective dose rate due to cosmic radiation was computed as 

449 -1 Sv y  for Artvin, 376 -1 Sv y  for Rize and 370 -1 Sv y for Trabzon. In only Artvin was determined 

a value above the world mean value (390 -1 Sv y ) of per person annual effective dose rate reported by 

UNSCEAR [2]. In addition, the average effective dose per capita for the whole study area was calculated 

382 -1 Sv y . This dose rate are quite close to the per capita average annual effective dose of Turkey (about 

400 -1 Sv y ) [13].   

 
Figure 4. Annual collective effective dose (person-Sv y-1) and the average annual effective dose per 

person ( -1 Sv y ) due to cosmic rays for each province in the study area. 

 

4. CONCLUSION 

In this study, the effective dose rate distribution due to cosmic radiation in the Eastern Black Sea Region 

of Turkey was mapped and the effect levels from this cosmic rays of the population were determined. The 

maps were created in 
2200 200 m pixels and latitude, longitude, altitude and population information 

were defined in each pixel. Dose calculations were calculated with EXPACS, which is an Excel-based 

program based on the PARMA model. The dose calculations were separately performed for each pixel, 

and then the annual effective dose rate distributions were mapped by representing the calculated results 

on a color scale. At the end of the study, the mean and range of the annual effective dose rate due to 

cosmic radiation was computed 0.65 mSv y-1 and (0.33-1.72) mSv y-1, respectively. The average annual 

collective effective dose rate and the population-weighted average annual effective dose rate were 

obtained 79 person-Sv y-1 and 449 
-1 Sv y  for Artvin, 135 person-Sv y-1 and 376 -1 Sv y  for Rize and 

295 person-Sv y-1 and 370 -1 Sv y  for Trabzon. In addition, the average annual per capita effective dose 

for all the study area was calculated as 382 -1 Sv y closely to average of Turkey (about 400 -1 Sv y ). 
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