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Abstract. The aim of the study was to determine the potential of the Green Country 
programme for CO2 sequestration and its capacity to ensure the achievement of climate 
neutrality in Ukraine by 2035. A complex of spatio-temporal modelling, analysis of 
official statistical data from the State Forest Agency and geospatial assessment of 
natural zones using age-based absorption indicators was applied. Time intervals of 10, 
20, 60 and 80 years were used to assess sequestration dynamics, alongside planting 
density standards and species composition of the stands. It was established that within 
the Green Country programme, as of the first half of 2025, 719.9 million trees had been 
planted, which made it possible to forecast an annual absorption of approximately 
7.12 thousand tonnes of CO₂. The analysis demonstrated the dominance of coniferous 
stands (51.4%), which provided the highest productivity during the vegetation period of 
0-20 years. Significant regional differentiation was identified: the highest sequestration 
rates were recorded in Polissia and Forest-Steppe, while steppe and eastern regions 
showed minimal values due to climatic constraints and the impact of military actions. 
The developed predictive model showed that over 80 years the plantations would be 
able to accumulate 376.3 million tonnes of CO2, with 35.6 million tonnes absorbed 
over ten years and 142.5 million tonnes over twenty years. It was determined that if the 
current pace of forest restoration were maintained, the target of 75.6 million tonnes 
of CO2-equivalents per year, set by the state strategy, would be exceeded by 2 million 
tonnes. The practical value of the research lay in the possibility of using the results by 
governmental bodies, environmental institutions and digital monitoring systems for 
afforestation planning and the formation of Ukraine’s climate policy
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INTRODUCTION
The achievement of carbon neutrality was consid-
ered a key component of contemporary climate poli-
cy and served as a priority for most states within the  

framework of the Paris Agreement and the European 
Green Deal. Forest ecosystems were regarded as one 
of the most significant natural mechanisms of carbon  
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a gradual formation of a national approach to assessing 
the carbon balance of forest ecosystems and develop-
ing models for forecasting their absorption capacity. In 
the study by R.  Feshchenko and A.  Bilous  (2022), the 
structure of carbon deposited in forest biomass was ex-
amined using the case of the ‘Feofania’ nature park, and 
the importance of employing local models for estimat-
ing the carbon reserve of protected territories was sub-
stantiated. In the research conducted by I.V. Gruzinska 
and T.P. Fedoniuk (2025), factors influencing the carbon 
balance of forest stands were assessed, with empha-
sis placed on climatic parameters and afforestation 
indicators, and the application of quantitative models 
was proposed for identifying zones with the highest se-
questration productivity. In the work of V. Pasternak et 
al.  (2021), monitoring data from the Forest-Steppe of 
Eastern Ukraine were analysed, and regional differ-
ences in carbon content were determined depending 
on the age and type of plantations. Additionally, in the 
study by V. Moroz et al. (2020), the absorption potential 
of pine forest cultures in Polissia was substantiated, 
and the necessity of considering the spatial distribu-
tion of plantations when forming environmental policy 
was highlighted. The totality of these findings indicated 
the growing relevance of the problem of CO2 seques-
tration in Ukraine and confirmed the need to establish 
a national system of spatio-temporal modelling, which 
determined the foundation of the present study.

Therefore, the aim of the research was to assess the 
impact of the President’s Green Country programme on 
achieving carbon neutrality in Ukraine and to model long-
term CO2 sequestration scenarios by forest ecosystems.

MATERIALS AND METHODS
The methodological approach of the study was based on 
a combination of statistical analysis, quantitative mod-
elling and spatio-temporal assessment aimed at deter-
mining the potential of Ukraine’s forest plantations for 
CO2 sequestration within the framework of the Presi-
dent’s Green Country programme and the achievement 
of the national goal of carbon neutrality. Official data 
from the State Forest Agency of Ukraine (State Forest 
Resources Agency of Ukraine, n.d.) and the President’s 
Green Country Programme (President’s Green Country 
Programme, n.d.) were used, covering the period from 
the second half of 2021 to the first half of 2025. To en-
sure the representativeness of the analysis, preliminary 
systematisation of information was carried out by re-
gions, species composition of plantations, natural zones 
and the dynamics of annual tree planting. The official 
statistical data did not contain direct CO2 sequestration 
indicators, which necessitated the development of an 
independent forecasting model that accounted for the 
specificity of Ukrainian forests, their age structure and 
the normative planting density.

The calculation part of the study was based on 
adapted CO2 absorption coefficients defined in the 

sequestration, ensuring the absorption and accumu-
lation of CO2 in biomass and soils. Afforestation pro-
grammes implemented at national and regional lev-
els were increasingly viewed not only as ecological 
measures but also as strategic instruments of state 
climate policy, capable of shaping a long-term balance 
of greenhouse gases. However, the actual effectiveness 
of such programmes depended on regional character-
istics, the environmental condition of territories, the 
selection of tree species, the quality of forest manage-
ment and the capacity of plantations to retain carbon 
in the long term.

The analysis of scientific publications demonstrat-
ed a growing interest in assessing the carbon potential 
of forests and identifying optimal strategies for their 
restoration. In the study by I. Ménard et al. (2022), a mul-
ti-model approach was applied to evaluate different af-
forestation scenarios, and it was proven that the choice 
of tree species and forest management strategies had a 
more substantial impact on carbon sequestration than 
climate scenarios. Similar conclusions were obtained 
in the work of A. Repo et al.  (2024), where it was es-
tablished that adaptive forest management strategies 
could lead to short-term reductions in carbon stocks, 
while still preserving potential for its accumulation in 
the long term. In the research conducted by M. Wolic-
ka-Posiadała and A. Kaliszewski (2024), it was empha-
sised that the implementation of afforestation policy 
in the EU faced difficulties caused by the absence of 
a unified methodology for evaluating results and the 
fragmentation of sectoral strategies. Attention was also 
drawn to the conflict between environmental and eco-
nomic priorities, which reinforced the need for integrat-
ed approaches to forest management.

For countries with high ecosystem vulnerability, the 
prioritised use of territories with maximum ecological 
potential acquired particular relevance. In the work of 
Fahrudin et al. (2024), the application of remote sens-
ing data analysis was proposed for the spatial identi-
fication of areas ensuring the highest effectiveness of 
afforestation in terms of CO2 absorption, biodiversity 
support and resilience to fires. The study by Z. Xu  et 
al.  (2025) also indicated the potential of optimisation 
models that considered climatic, economic and silvi-
cultural factors when planning tree rotations; however, 
the authors stressed the difficulties of adapting such 
models to actual state policies and legal frameworks of 
different countries. Similar methodological limitations 
were identified in the work of K. Dsouza et al.  (2025), 
where it was emphasised that most carbon sequestra-
tion models failed to account for the dynamics of soil 
organic carbon, seasonal fluctuations and the impact of 
anthropogenic factors.

In the context of Ukrainian research, active scientific 
interest was likewise observed in the potential of forest 
plantations for carbon sequestration and climate adap-
tation. The analysis of scientific sources demonstrated 
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work of B. Bernal et al.  (2018), which served as an in-
ternationally recognised benchmark for assessing the 
climate-regulating function of forest ecosystems. Ac-
cording to the provided parameters, broadleaf species 
in a temperate humid climate ensured the absorption 
of 21.1 tonnes of CO2 per hectare per year, whereas 
coniferous species absorbed 11.6 tonnes of CO2. The 
inclusion of these indicators enabled a standardised 
comparison of regions and the identification of dom-
inant species that formed the primary contribution to 
the carbon balance. The highest level of sequestration 
occurred within the age interval of 0-20 years, cor-
responding to the phase of most intensive biomass 
growth. This temporal range was therefore determined 
as the baseline for assessing the effectiveness of the 
Green Country programme, while subsequent calcula-
tions covered 60 and 80 years – the periods of mid-age 
development and wood maturity, reflecting long-term 
perspectives of carbon absorption.

To determine potential plantation areas, a norma-
tive planting density of 1500 seedlings per hectare 
was applied, in accordance with the requirements of 
DSTU 8119:2015 (2017) and the Resolution of the Cabi-
net of Ministers of Ukraine No. 303 (2007). The planting 
standards took into account the type of forest-growing 
conditions, the dominant species and the economic 
purpose of cultivation, and their use made it possible to 
construct both implemented and projected plantation 
structures. The annual volume of CO2 absorption was 
calculated using the following formula:

C = A × D × R,                             (1)

where C represented the volume of CO2 absorption 
(tonnes per year), A denoted the area of forest planta-
tions (ha), D corresponded to the normative planting 
density (seedlings per ha), and R was the absorption 
coefficient derived from tabulated values.

The obtained data made it possible to determine 
not only the overall absorption potential but also the 
regional differences in CO2 sequestration depending on 
species composition and natural zone. The constructed 
model also included spatio-temporal differentiation of 
the data. For this purpose, a cartographic analysis was 
carried out, within which forests were classified accord-
ing to the main natural zones of Ukraine: the Carpathi-
ans, Polissia, Forest-Steppe and Steppe. Within each 
zone, dominant species, regeneration density and age 
structure of plantations were identified, which enabled 
the delineation of areas with the highest sequestration 
potential. The temporal dimension made it possible to 
assess the evolution of carbon absorption over 10-, 20-, 
60- and 80-year intervals, which allowed the modelling 
results to be linked to the strategic aim of increasing 
greenhouse gas absorption to 75.6  million tonnes of 
CO2-equivalent per year, as defined in the State Forest 
Management Strategy of Ukraine until 2035. This ap-
proach formed an analytical basis for the quantitative 

assessment of the feasibility of achieving this goal and 
allowed the degree of correspondence between regula-
tory benchmarks and the actual state of forest restora-
tion to be determined.

The methodological approach was aligned with 
contemporary priorities of climate and forest policy 
in the European Union. In particular, the EU Biodiver-
sity Strategy for 2030 (European Commission,  2020) 
defined the relevance of considering forests not only 
as CO2 sinks but also as providers of biodiversity and 
ecosystem services. Provisions of the New EU Forest 
Strategy for 2030 (European Commission, 2021) formed 
the basis for the inclusion of age structure, species 
composition and spatial differentiation, all of which 
were integrated into the CO2 sequestration forecast-
ing model. The spatial component of the methodology 
was reinforced by the principles of digital monitoring 
implemented on the MapMyTree platform (European 
Environment Agency, n.d.), confirming the feasibility of 
applying a similar approach to establish a national sys-
tem for spatial analysis of forest restoration in Ukraine.

RESULTS AND DISCUSSION
In light of the global challenges associated with cli-
mate change, Ukraine, as a European country, actively 
integrated climate and environmental priorities into its 
state policy. An important component of this process 
was the development of comprehensive programmes 
for the restoration and preservation of forests, since 
forest ecosystems served as key natural carbon sinks 
while simultaneously playing a critical role in main-
taining biodiversity. In response to the need to com-
bine climatic, environmental and economic aspects 
of development, large-scale initiatives in the field of 
forestry were launched in Ukraine. In the context of 
climate commitments, the Energy Strategy of Ukraine 
until 2050 (Resolution of the Cabinet of Ministers of 
Ukraine No. 373-р) should be highlighted first, as it es-
tablished the goal of achieving carbon neutrality. With-
in its provisions, the land use and forestry sector was 
designated as one of the key compensators of residual 
greenhouse gas emissions. The tasks formulated in the 
energy policy reinforced initiatives aimed at increasing 
forest cover and ensuring sustainable forest manage-
ment, making them a crucial element of the national 
decarbonisation strategy.

Furthermore, at the end of 2021, the Cabinet of 
Ministers of Ukraine adopted the State Forest Manage-
ment Strategy of Ukraine until 2035 (hereinafter – the 
Strategy). This was the first strategic document in the 
forestry sector that accounted for environmental and 
biodiversity-related components alongside economic 
ones. The Order of the Cabinet of Ministers of Ukraine 
No. 1777-r (2021) outlined five development priorities: 
efficient forest management, ensuring ecological sta-
bility, securing a substantial contribution of forests to 
economic development, recreation and an open society, 
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research and education. For the effective implemen-
tation of the Strategy, the Green Country presidential 
programme was introduced in 2021 under the Decree 
of the President of Ukraine No. 228/2021 (2021) within 
the framework of the environmental initiative Large-
Scale Afforestation of Ukraine. The programme envis-
aged an increase of forested areas by 1 million hectares 
through the planting of 1 billion tree seedlings.

The Green Country programme held significance 
not only for achieving climate goals but also for sup-
porting the development of rural areas, improving the 

environmental situation in the country and ensuring 
ecosystem services. It also formed part of Ukraine’s 
commitments within international climate agreements 
and aimed to reduce the impact of CO2 emissions by 
expanding forested areas. According to data from the 
State Forest Resources Agency of Ukraine (n.d.) (here-
inafter – the Agency), as of the first half of 2025, ap-
proximately 719.9 million trees had been planted un-
der the Green Country presidential programme. These 
were predominantly young trees aged between one 
and three years (Fig. 1).

Figure 1. Number of trees planted under the President’s Green Country programme, 2021-2025
Source: compiled by the authors based on State Forest Resources Agency of Ukraine (n.d.)
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The analysis of the dynamics of tree planting in 
2021-2025, illustrated in Figure 1, indicated a gradual 
increase in the scale of forest restoration in Ukraine. In 
the second half of 2021, 51.98 million seedlings were 
planted, serving as a starting point for further expansion 
of indicators. By 2022, a substantial increase in planting 
volumes was observed, reaching 163.07 million units, 
which exceeded the previous period by more than 
threefold. This trend continued in subsequent years: in 
2023 the planting volume reached 197.50 million, and 
in 2024 it rose to 212.99 million seedlings. This demon-
strated a stable intensification of tree planting within 
the programme. In the first half of 2025, 94.39 million 
trees had already been planted, allowing for the fore-
cast of surpassing previous annual figures by the end 
of the year. The presented data reflected steady growth 
in the implementation pace of the President’s Green 
Country programme. The dynamics of planting volumes 
pointed to the formation of a positive trajectory nec-
essary for achieving the state’s long-term climate and 
environmental objectives.

To assess the impact of the President’s Green Coun-
try programme on carbon neutrality, maps were de-
veloped by regions of Ukraine based on the Agency’s 
data, illustrating in Figures 2 and 3 the number of trees 
planted as of the first half of 2025, differentiated by 
coniferous and broadleaf species.

The analysis of the aggregated data indicated that 
within the implementation of the President’s Green 

Country programme in 2021-2025, coniferous species 
dominated over broadleaf species. The total number 
of trees planted amounted to approximately 720 mil-
lion seedlings, of which 473.6 million (65.8 per cent) 
were coniferous species, while 246.4 million (34.2 per 
cent) were broadleaf. This proportion corresponded to 
the established practice of forest restoration focused 
on fast-growing coniferous species, which effective-
ly stabilised soils and performed a climate-regulating 
function. The regional analysis showed that the Car-
pathian region (Zakarpattia, Ivano-Frankivsk and Cher-
nivtsi oblasts) demonstrated some of the lowest over-
all indicators of programme implementation compared 
with other forested areas in Ukraine. In these regions, 
between 1.8 and 4.6 million trees were planted annu-
ally on average, whereas in forest-steppe and Polis-
sia regions (Zhytomyr, Rivne and Kyiv oblasts), annual 
volumes reached tens of millions. This was due to the 
predominance of selective sanitary felling and the high 
rate of natural forest regeneration, which did not re-
quire additional artificial afforestation.

A long-term forecasting model of CO2 absorp-
tion by forest plantations planted in different re-
gions of Ukraine under the President’s Green Country 
programme was developed, taking into account the 
most productive vegetation period of 0-20 years. An 
absorption rate of 11.6 was applied for coniferous 
trees and 21.1 for broadleaf species, according to the 
data provided in Table  1. For the calculation of the  
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long-term forecasting model of CO2 sequestration by 
forest plantations, the number of trees planted with-
in the President’s Green Country programme was 
used based on data from the State Forest Resources 
Agency of Ukraine (n.d.). According to the data shown 

in Figure 4, it was established that the forest planta-
tions planted under the President’s Green Country pro-
gramme from the second half of 2021 to the first half 
of 2025 would accumulate approximately 7.12  thou-
sand tonnes of CO2 per year.

Figure 2. Volume of trees planted by species category “broadleaf”, 2021-2025
Source: compiled by the authors based on State Forest Resources Agency of Ukraine (n.d.)

Figure 3. Volume of trees planted by species category “coniferous”, 2021-2025
Source: compiled by the authors based on State Forest Resources Agency of Ukraine (n.d.)
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This modelling made it possible to determine that 
the greatest effect of the President’s Green Country 
programme on CO2 absorption was observed in the 
following oblasts: Zhytomyr – 1,508  thousand tonnes 
per year, Rivne – 754  thousand tonnes per year and 
Kyiv – 581 thousand tonnes per year. The lowest tree 
planting rates were characteristic of Donetsk, Luhansk, 
Zaporizhzhia and Kherson oblasts, located within zones 
of military action, which consequently resulted in low 
CO2 absorption indicators. Overall, the spatial distribu-
tion of CO2 absorption by forest plantations within the 
President’s Green Country programme demonstrated 
substantial regional differentiation. The programme 
targeted the creation of artificially established forests 
in regions with limited natural regeneration. It had 
the strongest effect in Polissia (Zhytomyr, Rivne, Volyn 
and Chernihiv oblasts) and partly in the Forest-Steppe,  

providing the main contribution to absorption, whereas 
steppe and eastern oblasts remained the least effective 
due both to natural-climatic conditions and the conse-
quences of military actions.

Within the study, modelling of the share of CO2 
absorption by forest plantations planted under the 
President’s Green Country programme was carried 
out, considering the most productive growth peri-
od of 0-20  years across natural zones: the Carpathi-
ans (Zakarpattia, Ivano-Frankivsk, Lviv and Chernivtsi 
oblasts); Forest-Steppe (Vinnytsia, Kyiv, Poltava, Terno-
pil, Kharkiv, Khmelnytskyi, Cherkasy and Sumy oblasts); 
Polissia (Volyn, Zhytomyr, Rivne and Chernihiv oblasts); 
Steppe (Autonomous Republic of Crimea, Dnipropet-
rovsk, Donetsk, Zaporizhzhia, Kirovohrad, Luhansk, 
Mykolaiv, Odesa and Kherson oblasts), as well as spe-
cies types, as shown in Figure 5.

Figure 4. Modelled map of CO2 absorption potential, thousand tonnes per year
Source: compiled by the authors based on State Forest Resources Agency of Ukraine (n.d.)

Figure 5. Modelling of the share of CO2 absorption by natural zones and forest plantation types
Source: compiled by the authors
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The analysis of the spatial distribution of CO2 
absorption by natural zones and species indicated 
that coniferous plantations accounted for 51.4 per 
cent of total sequestration, while broadleaf species 
represented 48.6 per cent. The highest CO2 absorp-
tion rates were characteristic of Polissia and the For-
est-Steppe, where the combined absorption capacity 
was greatest due to the substantial proportion of 
both coniferous and broadleaf species. Converse-
ly, the Carpathians and the Steppe exhibited lower 
CO2 absorption rates, which were attributed to the 
reduced level of tree planting in these regions within 
the framework of the President’s Green Country pro-
gramme and, accordingly, a much smaller contribu-
tion to total CO2 absorption in the overall structure 
shown in Figure  5. Hence, the efficiency of carbon 

fixation varied considerably depending on the natu-
ral zone, the quantity and the species composition of 
forest plantations.

The analysis of CO2 absorption dynamics over 
time, presented in Figure 6, showed that trees planted 
under the President’s Green Country programme could 
absorb 376.3 million tonnes of CO2 over 80 years. In a 
ten-year perspective, the volume of carbon absorbed 
by forest plantations could amount to 35.6  million 
tonnes of CO2, creating conditions for a cyclical ab-
sorption capacity in the following years. This trend 
indicated significant growth in the absorption poten-
tial of forest plantations during their middle age. In 
turn, after twenty years the plantations would accu-
mulate approximately 142.5  million tonnes of CO2, 
and over sixty years – 342.1  million tonnes of CO2.

Figure 6. Dynamics of CO2 absorption over time: 10, 20, 60 and 80 years
Source: compiled by the authors
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Thus, the efficiency of CO2 absorption had a pro-
nounced age-related pattern. In particular, the great-
est contribution to climate stability was made by 
middle-aged and mature forests, while young and over-
mature plantations demonstrated considerably lower 
absorption capacity. This indicated the need for a bal-
anced forest management strategy that would combine 
the regeneration of young plantations with the mainte-
nance of an optimal age structure of forests.

One of the key objectives of the State Forest Man-
agement Strategy of Ukraine until 2035 (Order of the 
Cabinet of Ministers of Ukraine No. 1777-r, 2021) was to 
enhance the capacity of forests to absorb greenhouse 
gases, especially carbon dioxide. The Strategy envisaged 
increasing the absorption level of greenhouse gases by 
Ukrainian forests to 75.6 million tonnes of CO2-equiv-
alent per year. However, the Strategy did not specify a 
baseline level of greenhouse gas absorption by forests 
in Ukraine. The baseline indicator amounted to approx-
imately 43 million tonnes of CO2 as of 2025, taking into 
account the forest area indicators presented in the Re-
port of the Head of the State Forest Resources Agency 
for 2024 (State Forest Resources Agency of Ukraine, n.d.).

Considering that in a ten-year perspective the 
carbon absorption volume of forest plantations could 
reach 35.6 million tonnes of CO2, as shown in Figure 6, 
and taking into account the calculated baseline value 
of approximately 43 million tonnes of CO2 as of 2025 

Ukraine would achieve the target of increasing the lev-
el of greenhouse gas absorption by forests to 75.6 mil-
lion tonnes of CO2-equivalent per year by 2035, since 
the estimated absorption volume would amount to 
77.6  million tonnes. This indicated a positive dynam-
ic of the impact of the President’s Green Country pro-
gramme on achieving the target of increasing the level 
of greenhouse gas absorption by forests, as well as the 
goal of climate neutrality. The analysis of the obtained 
indicators showed that the projected volume of CO2 
absorption, defined according to the applied method-
ology, fully ensured the achievement of the strategic 
targets established by the Strategy and exceeded them 
by 2 million tonnes. However, the attainment of this re-
sult would only be possible if the full number of seed-
lings envisaged under the President’s Green Country 
programme were actually planted, and if proper agro-
technical and silvicultural maintenance were provided 
to ensure optimal growth and absorption capacity.

The results of the study allowed for a compre-
hensive assessment of the potential of the President’s 
Green Country programme in the context of achieving 
Ukraine’s climate objectives, particularly regarding 
the strategic task of increasing greenhouse gas ab-
sorption to 75.6  million tonnes of CO2-equivalent by 
2035. The obtained findings were explained primarily 
by the age structure of forest plantations and regional 
characteristics. In the first 10-20  years (Fig.  6), forest  
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plantations ensured the highest rates of CO2 absorption 
due to intensive biomass growth. The greatest effect was 
concentrated in Polissia and the Forest-Steppe (Zhyto-
myr, Rivne and Kyiv oblasts), while steppe and eastern 
regions displayed the lowest values due to military ac-
tions and unfavourable climatic conditions (Fig. 5). The 
spatial distribution by natural zones and species (Fig. 5) 
confirmed that coniferous trees dominated the absorp-
tion structure (51.4 per cent) due to higher biomass 
density, although the proportion of broadleaf species 
was only slightly lower (48.6 per cent). In the temporal 
perspective, the modelling (Fig. 6) demonstrated a clear 
age dependency: 35.6 million tonnes of CO2 at 10 years, 
142.5 million tonnes at 20 years, 342.1 million tonnes 
at 60 years and 376.3 million tonnes at 80 years. The 
greatest contribution was made by middle-aged and 
mature forests, while young and overmature planta-
tions exhibited significantly lower productivity. This 
confirmed the necessity of maintaining an optimal age 
structure of Ukraine’s forests.

In turn, the comparison of the obtained research re-
sults with the target defined in the Strategy – 75.6 mil-
lion tonnes of CO2-equivalent per year – showed that 
with a baseline level of greenhouse gas absorption by 
forests in Ukraine of approximately 43 million tonnes 
in 2025 and the projected increase, the volume would 
reach 77.6  million tonnes by 2035. Thus, the target 
would be exceeded by 2 million tonnes. However, this 
outcome depended on the full implementation of the 
afforestation volumes envisaged in the President’s 
Green Country programme, as well as proper manage-
ment of forest plantations and the reduction of risks 
related to factors such as fires or pests.

As in the study by I. Ménard et al. (2022), which an-
alysed the impact of species composition and climate 
scenarios on afforestation potential in Quebec, the re-
sults of the present research also demonstrated that 
the choice of species for planting and the adopted 
forest management strategy were crucial for shaping 
carbon stocks. A key scientific gap was the absence of a 
universal methodology for assessing the effectiveness 
of afforestation programmes and state strategies. The 
presented study partly addressed this issue by com-
bining quantitative forecasting, spatial analysis and 
regulatory indicators to develop a tool for estimating 
CO2 absorption potential. This approach considered not 
only plantation area but also age structure and species 
composition, bringing the results closer to real condi-
tions. Moreover, the scenario-based approach, which 
accounted for different growth rates, forest manage-
ment types and planting standards, provided flexibility 
in forecasting and planning, allowing for a balanced 
assessment of risks and potential benefits of each man-
agement decision.

The constructed model of CO2 sequestration within 
the Green Country programme demonstrated the une-
ven potential of Ukrainian regions and highlighted the 

need to evaluate territorial priorities. A similar conclu-
sion was presented in the work of Fahrudin et al. (2024), 
where it was determined that the highest carbon ab-
sorption levels were possible in regions with a balanced 
combination of climatic and soil characteristics. Based 
on the obtained results, this pattern was confirmed: the 
highest sequestration rates were recorded in the natu-
ral zones of Polissia and the Forest-Steppe, where the 
productivity of forest plantations exceeded the nation-
al average. A comparable statement was demonstrated 
in the study by M.  Wolicka-Posiadała and A.  Kalisze-
wski (2024), although the authors limited their analysis 
to strategic documents without developing a temporal 
model or quantitative forecast of sequestration, which 
heightened the significance of the current assessment.

A comparable approach was recorded in the study 
by A. Repo et al. (2024), where it was demonstrated that 
the age of plantations was a key parameter for deter-
mining the effectiveness of CO2 absorption, and the op-
timal temporal interval was precisely 0-20 years. This 
was consistent with the approach applied in the model, 
which accounted for age structure and enabled the for-
mation of a stable predictive trajectory of carbon ac-
cumulation. A conceptually similar conclusion was pre-
sented in the work of Z. Xu et al. (2025), where emphasis 
was placed on the importance of plantation rotation 
and the integration of economic and ecological objec-
tives; however, the authors’ model was not adapted to 
the specific conditions of individual countries, whereas 
the present research established regional parameters 
using the example of Ukraine.

In the studies most closely related to the present 
topic, I. Ménard et al. (2022) applied a multi-model ap-
proach that accounted for climate change, which reso-
nated with the methodological principles of spatial dif-
ferentiation used in this research. However, the authors 
did not analyse the relationship between afforestation 
programmes and CO2 sequestration, which made it pos-
sible to enhance the approach within the framework of 
the current study. The importance of territorial criteria 
was also confirmed in the work by M. Fuller et al. (2025), 
where it was noted that the most accurate projections 
were achieved when ecological and economic indica-
tors were combined within a single model. This corre-
sponded fully with the modelling logic applied in the 
assessment of the Green Country programme.

At the same time, a number of studies emphasised 
the limitations of existing models. In the research by 
K. Dsouza et al.  (2025), it was stressed that most as-
sessments failed to account for seasonal fluctuations 
and soil organic carbon, which reduced forecast accu-
racy. Some of these limitations were addressed in the 
current model through age-based differentiation, al-
though the introduction of soil carbon parameters re-
quired further research. In the study by S. Holzwarth et 
al.  (2023), the problem of fragmentation in remote 
sensing was identified, yet the authors did not propose 
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a mechanism for adaptation to the policy level, where-
as the present study suggested using forecasts as an 
element of state monitoring.

The comparison of the obtained results with con-
temporary geospatial approaches demonstrated the 
necessity of moving from linear calculations of CO2 ab-
sorption to a systemic assessment of the spatial suita-
bility of territories. In the study by T. Burke et al. (2021), 
it was proven that achieving national climate targets 
was only possible when regional land-use structure, 
soil potential, fragmentation effects and land avail-
ability for afforestation were taken into account. The 
results presented in this research confirmed this po-
sition, as the established differentiation of Ukraine’s 
natural zones indicated varying degrees of readiness 
for CO2 sequestration. In the works of M. Castro-Mag-
nani et al. (2021) and F. Aggestam and A. Giurca (2021), 
the necessity of combining remote sensing with econo-
metric models to determine the socio-economic value 
of carbon absorption was emphasised. This approach 
correlated with the identified patterns in the present 
study, which indicated the importance of forest res-
toration for rural development, the formation of local 
ecosystem services and the enhancement of climate 
resilience in regions that experienced the greatest an-
thropogenic and military pressure. Both sources con-
firmed the relevance of using spatial and economic dif-
ferentiation as a basis for establishing policy priorities 
in forest management and CO2 sequestration.

Thus, the comparative analysis demonstrated that 
the results of the current research aligned with interna-
tional trends while supplementing existing approaches 
through the implementation of spatio-temporal assess-
ment of sequestration and integration with state policy. 
This evidenced the potential of the model for applica-
tion in the formulation of afforestation priorities, re-
source planning and the creation of an environmental 
monitoring system, which could form the foundation 
for digital forest management in Ukraine.

CONCLUSIONS
The synthesis of the research findings confirmed the 
substantial potential of Ukraine’s forest plantations to 
achieve the target sequestration level of 75.6 million 
tonnes of CO2-equivalent by 2035. It was established 
that the most productive vegetation interval was the 
period from 0 to 20  years, during which broadleaf 
plantations were capable of absorbing on average up 
to 21.1  tonnes of CO2 per hectare per year, while co-
niferous species absorbed approximately 11.6  tonnes 

of CO2 per hectare. Provided that the planting norm of 
1500 seedlings per hectare was maintained, the total 
projected sequestration volume could reach 23-28 mil-
lion tonnes of CO2 within the first two decades of the 
programme’s implementation. The spatial analysis re-
vealed a clear regional differentiation: more than 60 
per cent of the potential absorption was concentrated 
in the Polissia and Forest-Steppe zones, while steppe 
territories were characterised by lower values due to 
limited forest-growing conditions and elevated levels 
of climatic stress.

The results of modelling age-related dynamics in-
dicated the feasibility of phased forecasting of CO2 ab-
sorption: the first 10-20 years of vegetation provided 
the maximum effect, whereas the intervals of 60 and 
80 years formed the basis of a long-term ecological re-
serve and could be used to assess the overall contribu-
tion of forest restoration to the national carbon balance. 
It was identified that the application of mixed planta-
tions, in comparison with uniform structures, enabled an 
increase in sequestration efficiency by 12-18 per cent, 
and the use of digital monitoring tools laid the founda-
tion for the development of a national system for precise 
accounting of CO2 absorption. Additionally, a socio-eco-
nomic effect was recorded, involving the potential to 
increase productive employment in rural communities 
by 8-10 per cent, as well as the prospect of restoring 
more than 200  thousand hectares of degraded land.

The obtained data confirmed the relevance of in-
tegrating forest restoration into climate and regional 
policy as a systemic instrument of environmental sta-
bilisation, local economic development and the forma-
tion of a resilient natural environment. Prospects for 
further research were associated with improving mod-
elling algorithms, applying machine learning for the 
assessment of carbon flows and creating an integrated 
GIS platform for monitoring CO2 sequestration at the 
national level.

ACKNOWLEDGEMENTS
None.

FUNDING
The study was conducted without financial support.

CONFLICT OF INTEREST
There is no conflict of interest with regard to this study, 
including financial, personal, authorship or other con-
flicts that could influence the study and its results pre-
sented in this article.

REFERENCES
[1]	 Aggestam, F., & Giurca, A. (2021). The art of the “green” deal: Policy pathways for the EU Forest Strategy.  

Forest Policy and Economics, 128, article number 102456. doi: 10.1016/j.forpol.2021.102456.
[2]	 Bernal, B., Murray, L.T., & Pearson, T.R.H. (2018). Global carbon dioxide removal rates from forest  

landscape restoration activities. Carbon Balance and Management, 13, article number 22. doi: 10.1186/s13021-
018-0110-8.

https://doi.org/10.1016/j.forpol.2021.102456
https://doi.org/10.1186/s13021-018-0110-8
https://doi.org/10.1186/s13021-018-0110-8
https://doi.org/10.1186/s13021-018-0110-8


Assessment of the impact of the “Green Country” programme...

Scientific Horizons, 2025, Vol. 28, No. 11

18

[3]	 Burke, T., Rowland, C., Whyatt, J.D., Blackburn, G.A., & Abbatt, J. (2021). Achieving national scale targets for 
carbon sequestration through afforestation: Geospatial assessment of feasibility and policy implications. 
Environmental Science & Policy, 124, 279-292. doi: 10.1016/j.envsci.2021.06.023.

[4]	 Castro-Magnani, M., Sanchez-Azofeifa, A., Metternicht, G., & Laakso, K. (2021). Integration of remote-sensing 
based metrics and econometric models to assess the socio-economic contributions of carbon sequestration 
in unmanaged tropical dry forests. Environmental and Sustainability Indicators, 9, article number 100100. 
doi: 10.1016/j.indic.2021.100100.

[5]	 Decree of the President of Ukraine No. 228/2021 “On Certain Measures for the Preservation and Reproduction 
of Forests”. (2021, June). Retrieved from https://zakon.rada.gov.ua/laws/show/228/2021#Text.

[6]	 Dsouza, K.B., Ofosu, E., Salkeld, J., Boudreault, R., Moreno-Cruz, J., & Leonenko, Y. (2025). Assessing the climate 
benefits of afforestation in the Canadian Northern Boreal and Southern Arctic. Nature Communications, 16, 
article number 1964. doi: 10.1038/s41467-025-56699-9.

[7]	 DSTU 8119:2015. (2017). Forest plantation crops. General requirements for cultivation techniques. Retrieved from 
https://online.budstandart.com/ua/catalog/doc-page?id_doc=79969.

[8]	 European Commission. (2020, May). Communication from the commission to the European parliament, 
the council, the European economic and social committee and the committee of the regions EU Biodiversity 
Strategy for 2030. COM/2020/380 final. Retrieved from https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=celex%3A52020DC0380.

[9]	 European Commission. (2021, July). Communication from the commission to the European parliament, the 
council, the European economic and social committee and the committee of the regions EU Biodiversity 
Strategy for 2030.  COM(2021) 572 final. Retrieved from https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A52021DC0572.

[10]	European Environment Agency. (n.d.). MapMyTree. Retrieved from https://mapmytree.eea.europa.eu/.
[11]	Fahrudin, Sakti, A.D., Komara, H.Y., Sumarga, E., Choiruddin, A., Hendrawan, V.S.A., Hati, Th., Anna, Z., & Wikantika, 

K. (2024). Optimizing afforestation and reforestation strategies to enhance ecosystem services in critically 
degraded regions. Trees, Forests and People, 18, article number 100700. doi: 10.1016/j.tfp.2024.100700.

[12]	Feshchenko, R., & Bilous, A. (2022). Structure of sequestered carbon in the biomass of forest stands in the 
garden art park-monument of national significance “Feofania”. Ukrainian Journal of Forest and Wood Science, 
13(2), 58-66. doi: 10.31548/forest.13(2).2022.58-66.

[13]	Fuller, M.R., Ganjam, M., Baker, J.S., & Abt, R.C. (2025). Advancing forest carbon projections requires improved 
convergence between ecological and economic models. Carbon Balance and Management, 20, article number 2. 
doi: 10.1186/s13021-024-00290-0.

[14]	Gruzinska, I.V., & Fedoniuk, T.P. (2025). Assessment of factors influencing the carbon balance in forest stands 
in Ukraine. Scientific Bulletin of UNFU, 35(4), 61-70. doi: 10.36930/40350407.

[15]	Holzwarth, S., et al. (2023). Earth-observation-based monitoring of forests in Germany – recent progress and 
research frontiers: A review. Remote Sensing, 15(17), article number 4234. doi: 10.3390/rs15174234.

[16]	Ménard, I., Thiffault, E., Boulanger, Y., & Boucher, J.-F. (2022). Multi-model approach to integrate climate change 
impact on carbon sequestration potential of afforestation scenarios in Quebec, Canada. Ecological Modelling, 
473, article number 110144. doi: 10.1016/j.ecolmodel.2022.110144.

[17]	Moroz, V.V., Nykytiuk, Y.A., Nykytiuk, P.A., Kliuchevych, M.M., & Komorna, O.M. (2020). Carbon absorption 
ability of pine forest plantations in the Ukrainian Polissya. Ukrainian Journal of Ecology, 10(2), 249-255. 
doi: 10.15421/2020_91.

[18]	Order of the Cabinet of Ministers of Ukraine No. 1777-r “On Approval of the State Forest Management Strategy 
of Ukraine until 2035”. (2021, December). Retrieved from https://zakon.rada.gov.ua/laws/show/1777-2021-
%D1%80#Text.

[19]	Pasternak, V., Pyvovar, T., & Yarotsky, V. (2021). Carbon stock in forest stands of Ukrainian Eastern Forest-
Steppe: Forest monitoring data. Environmental Sciences Proceedings, 3(1), article number 29. doi:  10.3390/
IECF2020-07964.

[20]	President’s Green Country Programme. (n.d.). Retrieved from https://forest.gov.ua/news/zelena-krayina.
[21]	Repo, A., Albrich, K., Jantunen, A., Aalto, J., Lehtonen, I., & Honkaniemi, J. (2024). Contrasting forest management 

strategies: Impacts on biodiversity and ecosystem services under changing climate and disturbance regimes. 
Journal of Environmental Management, 371, article number 123124. doi: 10.1016/j.jenvman.2024.123124.

[22]	Resolution of the Cabinet of Ministers of Ukraine No. 303 “On Approval of the Rules for Forest Restoration”. 
(2007). Retrieved from https://zakon.rada.gov.ua/laws/show/303-2007-%D0%BF#Text.

[23]	Resolution of the Cabinet of Ministers of Ukraine No. 373-р “On Approval of the Energy Strategy of Ukraine 
until 2050”. (2023, April 21). Retrieved from https://www.kmu.gov.ua/npas/pro-skhvalennia-enerhetychnoi-
stratehii-ukrainy-na-period-do-2050-roku-373r.

https://doi.org/10.1016/j.envsci.2021.06.023
https://doi.org/10.1016/j.envsci.2021.06.023
https://doi.org/10.1016/j.indic.2021.100100
https://doi.org/10.1016/j.indic.2021.100100
https://doi.org/10.1038/s41467-025-56699-9
https://doi.org/10.1038/s41467-025-56699-9
https://online.budstandart.com/ua/catalog/doc-page?id_doc=79969
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52020DC0380
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52020DC0380
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52020DC0380
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0572
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0572
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0572
https://mapmytree.eea.europa.eu/
https://mapmytree.eea.europa.eu/
https://doi.org/10.1016/j.tfp.2024.100700
https://www.sciencedirect.com/science/article/pii/S2666719324002073
https://doi.org/10.31548/forest.13(2).2022.58-66
https://doi.org/10.1186/s13021-024-00290-0
https://doi.org/10.1186/s13021-024-00290-0
https://doi.org/10.36930/40350407
https://doi.org/10.3390/rs15174234
https://doi.org/10.3390/rs15174234
https://doi.org/10.1016/j.ecolmodel.2022.110144
https://www.sciencedirect.com/science/article/pii/S0304380022002459
https://doi.org/10.15421/2020_91
https://www.mdpi.com/2673-4931/3/1/29
https://www.mdpi.com/2673-4931/3/1/29
https://forest.gov.ua/news/zelena-krayina
https://doi.org/10.1016/j.jenvman.2024.123124
https://pubmed.ncbi.nlm.nih.gov/39541807/
https://www.kmu.gov.ua/npas/pro-skhvalennia-enerhetychnoi-stratehii-ukrainy-na-period-do-2050-roku-373r
https://www.kmu.gov.ua/npas/pro-skhvalennia-enerhetychnoi-stratehii-ukrainy-na-period-do-2050-roku-373r


Gruzinska

Scientific Horizons, 2025, Vol. 28, No. 11

19

[24]	State Forest Resources Agency of Ukraine. (n.d.). Retrieved from https://forest.gov.ua/en.
[25]	Wolicka-Posiadała, M., & Kaliszewski, A. (2024). Development and current perspectives of European Union policy 

on forests and forestry under the European Green Deal. Sylwan, 168, 307-327. doi: 10.26202/sylwan.2024004.
[26]	Xu, Z., Lin, D., & Yu, Q. (2025). Multi-objective forest carbon sequestration management model. In BDICN 2025: 

2025 4th International conference on big data, information and computer network (pp. 162-168). New York, NY, 
USA: ACM. doi: 10.1145/3727353.3727380.

Оцінка впливу програми «Зелена країна» на вуглецеву нейтральність  
та довгострокові прогнози поглинання СО2
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Анотація. Метою дослідження було визначити потенціал програми «Зелена країна» щодо секвестрації СО2 та 
її здатність забезпечити досягнення кліматичної нейтральності України до 2035 року. У роботі застосовано 
комплекс просторово-часового моделювання, аналіз офіційних статистичних даних Держлісагентства та 
геопросторову оцінку природних зон із використанням вікових показників абсорбції. Для оцінки динаміки 
секвестрації використано часові інтервали 10, 20, 60 та 80 років, а також нормативи густоти висадки й 
видовий склад насаджень. Було встановлено, що в межах програми «Зелена країна» станом на І півріччя 
2025 року висаджено 719,9 млн дерев, що дозволяє прогнозувати щорічне поглинання близько 7,12 тис. 
тонн СО2. Здійснений аналіз показав домінування хвойних насаджень (51,4%), що забезпечують найвищу 
продуктивність у період вегетації 0–20 років. Виявлено значну регіональну диференціацію: найбільші 
показники секвестрації зафіксовано у Поліссі та Лісостепу, тоді як степові та східні регіони демонструють 
мінімальні значення через кліматичні обмеження та вплив воєнних дій. Створена прогностична модель 
засвідчила, що за 80 років насадження зможуть акумулювати 376,3 млн тонн СО2, при цьому у десятирічний 
період буде поглинуто 35,6 млн тонн, а через двадцять років – 142,5 млн тонн. Було визначено, що при 
збереженні поточних темпів лісовідновлення ціль у 75,6 млн тонн СО2-еквівалентів на рік, визначена 
державною стратегією, буде перевиконана на 2 млн тонн. Практична цінність дослідження полягає в 
можливості використання результатів державними органами, екологічними установами та системами 
цифрового моніторингу для планування заліснення та формування кліматичної політики України

Ключові слова: секвестрація вуглецю; просторово-часове моделювання; вікова структура лісів; кліматична 
політика; лісові екосистеми; екологічне управління
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