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A b s t r a c t  

The present research deals with carbon sequestration, as an important process for 
mitigating the effects of climate change. The investigation focuses on a 30-year period and 
it covers only aboveground biomass that builds up from natural forest regrowth, excluding 
any plantation techniques. Potential carbon sequestration rate from natural forest regrowth 
in Godech Municipality was measured in Mg C ha⁻¹ yr⁻¹ and the resolution of the map was 
1x1 km. The results of the study display that carbon accumulation values in the researched 
area were consistent with those that were expected in the largest parts of Bulgaria. The 
biggest share of Godech Municipality falls within the range of 0.82 – 0.96 Mg C ha⁻¹ yr⁻¹ 
with restricted areas around the villages of Barlya, Smolcha, Gubesh, Murgash and 
Varbnitsa that may accumulate between 0.96 – 1.11 Mg C ha⁻¹ yr⁻¹. In conclusion, carbon 
accumulation only from natural forest regrowth provides representative information, 
however it would have been better if different plantation techniques were regarded as well. 
The successful results of the investigation should encourage other studies of this type in 
the neighbouring municipalities. 
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1. INTRODUCTION 

Enhancing global response to ongoing changes in climate is a crucial goal 
nowadays. The 1.5 °C baseline above preindustrial levels is being discussed by 
the minute [18], and scientists throughout the world are competing to get the 
results we all need [12]. Carbon sequestration potential is one of the most 
discussed mechanisms for climate change mitigation. Despite the fact that soils 
are regarded as the largest carbon pool among terrestrial ecosystems, aboveground 
carbon storages are not to be underestimated. The extension of the forest cover 
provides gains, not only regarding the field of climate change, but also considering 
the perspective of the concept of ecosystems goods and services. By extension of 
the natural forest cover, i.e., a natural regrowth, and not through planting on an 
area, where the anthropogenic disturbance is restricted. It has been argued lately 
that natural forest regrowth represents a process of a better recovery when 
compared to active forest restoration. 
A number of researchers discuss the problems of climate change, focusing on the 
importance of forests. A study by Schlup et al. [23] focuses on the future of carbon 
storages in Europe. Other authors [e.g., 4,11,13] argue about the potential of 
afforestation for climate change mitigation and discuss the benefits from forest 
regeneration. Researchers aim at studying the aboveground alpine carbon pool 
[24] and also conduct a review on a global scale, concerning past land use, climate, 
active and passive restoration effects on forest recovery [19]. They present a 
global database of forest carbon stocks and fluxes [2] and focus on the 
investigation of the effects of the natural forest regeneration [22], as well. Authors 
also discuss the restoration potential of trees on a global scale [3]. Another study 
by Lewis et al. [17] is based on the regeneration potential of natural forests to store 
carbon, and other authors raise a discussion, based on the real part that trees will 
play in climate change [14], while other scientists [21] aimed at predicting trees’ 
ability to sequester carbon after the application of land restoration techniques. 
Data availability on climate change developed also by the contribution of other 
authors [5,10]. At the same time [15,20] work on the creation of different 
methodologies. 
The geographical space of Bulgaria has been an arena for investigations, based on 
carbon sequestration, as well. Teams of scientists [27,28,29] investigated carbon 
storages in Belasitsa Mountain, the territory of the Western Rhodopes and also 
focused on the investigation of the carbon sequestration potential of forest 
ecosystems in Bulgaria. Other researchers focused on a particular soil type. [1] 
Researchers also studied representative forest ecosystems in Bulgaria and 
conducted an investigation, focused on the area of Karlovo Municipality, as well 
[9,16]. 
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The importance of carbon sequestration is recognized in the National Forestry 
Accounting Plan for Bulgaria 2021-2025 [25], and this was one of the reasons that 
sparked the scientific interest towards the current research. With the projected 
emissions and removals from living biomass, both from coniferous and deciduous 
forests for Bulgaria, only for 2021 to be -4710.66 GgCO2, therefore each step 
towards carbon accumulation is more than welcomed. Moreover, the part that 
Godech Municipality is taking in this process should not be taken lightly. The 
necessity of a research of this kind at Godech Municipality is unquestionable. The 
predominantly mountainous character of it allows for high rates of natural forest 
regrowth that will play their essential part in climate change mitigation. This is a 
pioneer research on this particular matter that will provide interesting results. 
Apart from the introduction and the results, the other main sections of it are the 
methodology, conclusion and evaluation. Acknowledgments and a reference list 
are provided in the end. 

2. MATERIALS AND METHODS 

The focus of the current investigation is to present the carbon sequestration rate 
of the aboveground live biomass, focused specifically on the carbon, accumulated 
from the atmosphere. The present research is based on the work of a group of 
researchers [8] who view forest restoration, as the shift from “less than 25% tree 
cover to more than 25% tree cover” particularly in territories that are known to 
have been characterized by a forest cover from a historical perspective. The 
authors of the study created a machine learning model, based on terrain 
measurements from all over the world.  
The territory of Godech Municipality, which has been used as the case study area 
for the current study, lies along the ancient Roman road of Via Militaris or Via 
Diagonalis that passed through the Great Bulgarian Forest (Magna Silva 
Bulgarica) – a proof that the municipality has been covered by an extensive forest, 
which is the necessary requirement for the purposes of the current study. 
Godech Municipality is located in a predominantly mountainous territory, built up 
of the ranges of Berkovska Mountain and Ponor Mountain from Western Stara 
Planina to the north and the mountains of Vuchibaba, Vidlich and Chepun, 
situated in the central and southern parts. A broader valley lies to the south – the 
Godech Valley, however its territorial extent is incomparable to that of the 
mountain ranges. These geographic specifics of Godech Municipality provide a 
considerable potential for forest growth, accompanied by the fact that some of the 
locations are remote and not easy to reach. 
Natural forest regrowth, in particular, is representing the basis of the present 
investigation, thus agroforestry processes and other different restoration 
techniques with anthropogenic origin are excluded from it. Soil organic carbon 
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and carbon accumulation in the belowground biomass are also ruled out from the 
study. There is a strictly followed period for the finalization of this process, 
equalling to the first 30 years of natural forest regrowth. This period extends till 
the year of 2050 – a deadline for accomplishing the zero emission baselines. If it 
is surpassed, there may be a biased overestimation of the sequestration. It is 
important to be stressed on the fact that this measurement is conducted without 
taking the current land cover into account, as well as the already known 
reforestation potential. Potential carbon sequestration rate from natural forest 
regrowth is measured in Mg C ha⁻¹ yr⁻¹ and the resolution of the map is 1x1 km 
[25]. 

3. RESULTS 

The values applying for the whole world fall between the range of 0.06 and 6.0 
Mg C ha⁻¹ yr⁻¹. As it can be viewed from the cited studies [6,7] areas with tropical 
forests, such as those in the Amazon Basin and the Congo Basin, are competing 
for the highest results and this is not unexpected. These research [8,26] also 
contributes to this data. It is known that the accumulation of carbon occurs in a 
faster rate in humid and warm climate than in dry and cold climate. Another 
principle that has to be taken in mind is that if a more intense disturbance in the 
forests occurs, and if there are lower levels of initial biomass quantity, then higher 
carbon accumulation rates can be expected. The predominantly temperate 
European territory cannot achieve such high results and Ireland and the Western 
parts of Britain are standing out. As the territory of Bulgaria is concerned, the 
areas that are located in the easternmost parts of Stara Planina Mountain, as well 
as Strandzha Mountain are having values between 1.11 and 1.28 Mg C ha⁻¹ yr⁻¹. 
The values for Gornotrakiiska Valley, the northeastern parts of Dobrudzha and 
parts of Belasitsa Mountain are 0.65 – 0.82 Mg C ha⁻¹ yr⁻¹. The rest of the country 
falls within the ranges between 0.82 and 1.11 Mg C ha⁻¹ yr⁻¹. 
In general, the carbon accumulation potential from natural forest regrowth in 
Godech Municipality follows the pattern that is typical for the most parts of 
Bulgaria and fall within the range of 0.82 – 0.96 Mg C ha⁻¹ yr⁻¹ (Fig. 1). 
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Fig. 1. Carbon accumulation potential in Godech Municipality after forest regrowth 

These territories are predominantly located in a northwestern-southeastern 
direction from the villages of Stanintsi, Golesh and Vradlovtsi to the town of 
Godech and the village of Shuma. This is not a surprise, because this territory is 
predominantly taken by Godech Valley, therefore not possessing the highest 
carbon accumulation potential when natural forest regrowth is considered. 
The territories that are characterized by a higher carbon sequestration potential are 
following the mountainous pattern in some way with mountains of Berkovska and 
Ponor to the north and Chepun Mountain to the south. Here values are falling 
within the range of 0.96 and 1.11 Mg C ha⁻¹ yr⁻¹. If we have to be more specific, 
these areas are located to the north of the villages of Barlya, Komshtitsa, Gubesh 
and Gintsi, in the triangle between the villages of Smolcha, Gubesh and Ravna, to 
the south of the villages of Kalenovtsi, Bukorovtsi, Murgash and Varbnitsa and to 
the south of Brakyovtsi. 
The results of the study show a distinctive pattern in which mountainous areas 
possess a larger potential for carbon accumulation, compared to areas with a lower 
elevation, however this should not be always assumed as regularity, because there 
may be exceptions of this rule. However, this is the case in Godech Municipality 
and it should be taken into account by policy-makers in their programs. 
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4. CONCLUSION AND EVALUATION 

The current investigation shows some promising results. Carbon accumulation in 
Godech Municipality varies between 0.82 – 0.96 and 0.96 – 1.11 Mg C ha⁻¹ yr⁻¹ 
with the highest results near the villages of Brakyovtsi, Ravna, Gubesh, Gintsi, 
Barlya and Komshtitsa. These values are consistent with those, typical for the 
most parts of Bulgaria. Despite the fact, that they are lower than the highest 
possible accumulation rates that may be expected in Eastern Stara Planina 
Mountain and Strandzha Mountain, this does not lead to the assumption that 
carbon sequestration in the studied territory is not of a great importance. On the 
contrary, the study is essential, because it proves the key role of Godech 
Municipality for climate change mitigation in Western Bulgaria. 
There are some weak points that have to be regarded in the overall evaluation. 
Cook-Patton et al. [8] admit that there can be uncertainties, depending on the 
location of the maps and availability of data, and they confirm that the prominent 
on-situ assessments are always a good idea. Carbon accumulation only from 
natural forest regrowth provides representative information, however it would 
have been better if different plantation techniques were regarded as well, because 
it undoubtedly would have provided a broader picture. Overall, carbon 
sequestration happens in all aboveground biomass, regardless of its origin and 
way of forming. More should also be done in terms of terrain research in order to 
get more sufficient data for making assumptions. 
Nevertheless, our investigation of the accumulation of carbon in aboveground 
biomass in Godech Municipality provides sufficient data for policy-making. The 
successful results of the study may serve as a model for the conduction of similar 
research in the neighbouring municipalities. 
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