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Abst ract : An information technology for calculation of carbon 
sink in stemwood of forest ecosystems on a territorial basis is 
developed. This information technology involves interpretation of 
input data of statistical inventory of forest stands using electronic 
maps of forestry, formation of databases and processing the data 
by applying a special algorithm for calculating the carbon sink in 
stemwood and presenting the results in a form of thematic maps. 
The estimation of the carbon sink in stemwood is done by using a 
"bottom-up" (wood – sample plots (SP) - forestry) approach 
applying mathematical models of distributed inventory of the 
carbon sink that take into account regional specificities of species 
in the study area and average annual growth of biomass. We 
estimated carbon sink in stemwood using data from experimental 
studies conducted on 54 sample plots of forestry “Spaske” of 
forest enterprise "Broshnivske FE" of Ivano- Frankivsk region. 
The largest carbon sink occurs in mixed forest ecosystems - 1829 
tons/year, the average carbon sink (per ha) is 951 kg/year. The 
information technology can be applied for estimation of the carbon 
sink in forest stemwood in any part of Ukraine or another country 
where necessary input data are available. 
Ke y words : forest ecosystems, mathematical models of 
carbon sink in forest ecosystems, spatial inventory. 

INTRODUCTION 

Nowadays, climate change is one of the most 
important global problems, which is a significant threat 
to the Earth's environment as well as political and 
economic development of mankind [4]. One way of 
coping with the climate change is a system of measures 
for effective forest management that will reduce the 
human impact on Earth's atmosphere. Enhanced 

reproduction of forests and increasing forest 
productivity will help to increase the absorption of 
carbon dioxide.  

Forests play an important role in the global carbon 
cycle, removing about a third part of the carbon released 
from burning fossil fuels. Understanding the role of 
forests in the carbon cycle is increasingly important 
today, and countries are encouraged to monitor forests in 
order to effectively manage forests and report their state 
to respective international organizations. 

Ukraine, as a member of the United Nations 
Framework Convention on Climate Change and the 
Kyoto Protocol, has certain obligations on greenhouse 
gas (GHG) emissions. First of all, Ukraine has to 
establish a national system for inventory of emissions 
and removals of GHGs [5, 9, 25]. Successful 
participation of Ukraine in international processes on 
climate change and GHG emissions trading depends on 
availability of accurate control, completeness and 
accuracy of data reporting [1, 3, 14, 18]. The assessment 
of carbon dynamics in forest ecosystems is an important 
part of functioning of the national inventory. Therefore, 
the investigation of the carbon balance in forest 
ecosystems is particularly relevant today. 

ANALYSIS OF RECENT PUBLICATIONS  
AND RESEARCH 

Today, a lot of attention is paid to research 
questions on the carbon balance of forest ecosystems. 
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While investigating the dynamics of carbon in forests, it 
is necessary to study the size of carbon reservoirs, stocks 
of carbon, and the impact of environmental factors [26] 
on the carbon cycle processes. 

Many recently published books and journal articles 
are devoted to temperate and boreal forests [15, 22], the 
forests of Canada [8], Finland [16], Ukraine [10, 11, 19, 
20], and others. To estimate carbon stocks and changes 
in stocks, a growing number of countries use carbon 
budget model developed by the Ministry of Natural 
Resources of Canada [8], known as the carbon budget 
model of the Canadian forest sector (Carbon Budget 
Model of the Canadian Forest Sector), or CBM-CFS3. 
This model simulates the dynamics of all forest carbon 
stocks as required under the Kyoto Protocol 
(aboveground biomass, underground biomass, litter, 
dead wood and soil organic carbon); it allows 
monitoring carbon stocks in forests and predicting future 
changes. CBM-CFS3 is being tested by scientists from 
Australia, China, Korea, Germany, Italy and the United 
States. Model meets integrating carbon forests. Results 
of CBM-CFS3 can be used to support ongoing 
monitoring of carbon stocks in forests. This model can 
also be used to produce forecasts of future flows of 
carbon based on forest management, natural 
disturbances and changes in land use. These predictions 
can be used to develop forest management strategies that 
are aimed at mitigating the effects of climate change. 

Carbon balance of forests of Ukraine has been 
studied by P. Lakyda [13], V. Pasternak [19, 20], 
I. Buksha [19, 20], R. Bun [2], S. Myklush [17]. The 
approach in [13] is based on the results of forest 
inventory and regression models of phytomass 
components of main tree species of Ukraine. It does not 
take into account changes in soil carbon. The technique 
of carbon dynamics in forest ecosystems, described in 
[19], includes all components of the system and is based 
on the transfer of forestry statistics into carbon units 
using conversion factors. Another approach to assess 
carbon dynamics in forest ecosystems [16] is based on 
the existing forest inventory data as input for statistical 
models and simulation of the dynamics of biomass litter 
and soil. This model of terrestrial vegetation needs to be 
improved: consider different types of forests and assess 
the carbon in litter and soil carbon by integrating Yasso 
dynamic model, which simulates the carbon cycle in 
forest soils. The approach presented in [2] estimates 
carbon stocks in ecosystems of broadleaf and coniferous 
forests for individual region and for the whole Ukraine; 
it involves data of forest inventory using regression and 
correlation, linking the supply of wood with a mass of 
absolutely dry matter ground and underground parts of 
the stand, litter vegetation, and corresponding conver-
sion factors. 

Therefore, it is a relevant and not fully researched 
problem of estimating carbon balance of forest 
ecosystems, which would take into account the 

characteristics of different types of carbon reservoirs, 
national inventory data, conversion factors, environ-
mental factors. 

AIM OF THE STUDY 

The aim of the study is to create a database of 
parameters of forest ecosystems and mathematical 
models to study the carbon balance in forests. To 
achieve this aim, the following tasks have to be solved: 
to develop algorithms to determine the biomass 
accumulation in plants; to develop mathematical models 
to estimate emissions and carbon sink of forest 
ecosystems; based on these models and GIS technology 
to build a software package for spatial inventory of 
carbon in forests. 

METHODOLOGY 

The processes of absorption, emission and carbon 
sequestration in forest ecosystems depend on many 
factors (e.g. age of plantations, tree species, 
productivity, natural and anthropogenic disturbances, 
etc.). Therefore, to assess carbon dynamics in forest 
ecosystems we need a detailed information on the status 
of forests, forest parameters, and mathematical models 
and geoinformation approach that will help to carry out 
a spatial inventory of absorption and emission of carbon 
in forests, carbon stocks, and to determine and to display 
the results on the map. 

As a basic methodology for creation of a database 
"Forest Ecosystems" we took a technique which was 
used for inventory of Uholsko- Shyrokoluzhanskyi 
primeval beech forest of the Carpathian Biosphere 
Reserve [23]; this technique was designed to store, edit 
and display forest information and to assess dynamics of 
structure of forest stands of dead wood, natural 
regeneration, distribution stands for diameter and height, 
with margin and more. By building queries it is easy to 
get all necessary information on forest ecosystem (time 
of measurement, all characteristics of wood, etc.). 
Mathematical modules were designed for statistical 
analysis of data, e.g. a choice of models of growth 
stands and determination of parameters of these models. 

The developed database "Forest Ecosystems" is 
based on the relational data model. This model was 
selected because of easy data presentation (in tables), a 
powerful theoretical framework for it and thus tools to 
create a relational database management systems. The 
database was created using Microsoft Access (format 
.mdb), which is a software package of Microsoft Office. 
Nowadays, Microsoft Access is a well-developed 
package and can be used for support and maintenance of 
databases, including forest inventory. 

When designing the database structure (a few tables 
with fields and their interconnections), the method 
described in [23] was used. All forest inventory, service 
and reference information contained in the tables are 
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logically linked. Total number of tables is over 60. All 
tables can be divided into three groups: tables of forest 
inventory measurements, service tables, and tables of 
references. 

The table named “Trees” contains records of 
measured diameters of all standing live trees (at a height 
of 1.3 m), their height and specified azimuth and 
distance from the centre of the plots, the average age of 
plantation. The dependence of the height on the diameter 
is approximated by the expression described in [21]. 

Based on the calculated height and diameter for 
each level of thickness of specie, form factor is 
estimated using formula [7]: 

1 2 3 4( / ln( ) / ln( ) *( / )

1
1 + + +

=
+ b b d b h b h df

e
 ,    (1) 

where: d is a diameter of a tree at the high of 1,3 m, cm; 
h is a tree high, m; b1,…,b4  are the coefficients of 
equation.  

Based on values of d, h, f, by using main forest 
inventory formula below, we determine the volume of 
each tree: 

= ⋅ ⋅V g h f  ,                 (2) 
where: g is a cross sectional area of a tree, m2; f is the 
form factor. 

Growing stock of specie on SP is determined as the 
sum of volumes of all trees: 

1=

= ∑
n

i i
i

M V ,                             (3) 

where: Mi is a growing stock of tree specie on a SP, m3; 
Vi is a volume of a tree, m3. 

The total growing stock on a SP is calculated as a 
sum of growing stock of all trees: 

 
1=

= ∑
n

total i
i

M M .         (4) 

The growing stock per ha is calculated by dividing 
total growing stock on a sample plot by the plot’s area 
(S): 

1 = total
ha

M
M

S
.  (5) 

Mean annual increment of stemwood for species is 
determined by the following formula: 

∆ =
i

average i
M

M
A

,     (6) 

where: ∆
i

average
M  is a mean annual increment of stemwood 

of tree species, m3 per year; Мi is a growing stock of a 
specie at a sample plot, m3; А is an average age of a tree 
specie on a SP. 

Accordingly, the total increment of stemwood per 
ha for all species is equal to: 

 1

∆
=

∑ i

n
average
M

average i
M haZ

S
,  (7) 

where: ∆
i

average
M  is mean annual increment of stemwood 

of a tree specie, m3 per year; S is an area of a sample 
plot, m2. 

Based on the measurements of azimuth and 
distances from the plot center to the trees we calculated 
conditional coordinates x and y: 

( )( )sin= ⋅x radian Lλ , 

 ( )( )cos= ⋅y radian Lλ ,                 (8) 

where: λ  is an azimuth from centre of a SP to a tree, 
degrees; L is a distance from center of a SP to a tree in 
meters.  

These coordinates were transferred to conventional 
coordinate system UTM WGS-84, and then by means of 
ArcGIS and attribute information of tables, thematic 
maps were created to visualize the data (Fig. 1). 

Additionally, these tables are filled with 
information for every tree: category of technical 
suitability, class of Kraft, defoliation, category of 
sanitary conditions, availability of folked tree, level of 
tree, trunk form, which are grouped and graphically 
presented in relative terms (Fig. 1 - 4).  

Further results are used to analyze the plantation, its 
spatial structure, trade and sanitary condition, its vitality 
and resistance to adverse factors. 

To evaluate the flow of carbon into the test plot we 
used the technique [6] (the Gain-Loss method) and 
mathematical models of distributed inventory of carbon 
sink [2, 24], where we took into account regional 
specificities of the study area [12]. Average annual 
biomass per ha was calculated based on forest inventory. 

Below, an example of the technology for estimating 
carbon sink in stemwood of forest ecosystems at 54 
sample plots of Savior Forestry of "Broshniv LH" with 
total area of 4143.9 hectares is presented. The whole 
area was divided into 1km x 1km grid. The results can 
be obtained in the form of reports on carbon sink in 
stemwood by species in the Savior Forestry of 
"Broshivske LH" (Fig. 5) or by the sample plots (Fig. 6), 
report on overall distribution of carbon sink in 
stemwood in the investigated area, and digital maps 
(Fig. 7, 8). 

Carbon sink in stemwood varies depending on the 
category of land, age and breed structure. For the study 
area the calculated carbon sink in stemwood is presented 
in Table 1.  

The largest amount of carbon sink in stemwood of 
mixed forest is 1829 t per year, the average sink per ha 
is 951 kg/year. The largest sinks are observed for the 
beech forests of age 50, where carbon sink is 
approximately 2187 kg/ha per year. Average sink of 
forest is 376 m3/ha, the relative completeness is of 0,87 
and the average increase of carbon sink in stemwood 
accordingly is 7,7 m3/ha per year. 
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Fig. 1. The horizontal wood structure and sanitary category of planted trees 
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Fig. 2. Distribution of trees by levels Fig. 3. Distribution of trees by 
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Fig. 5. Total carbon sink in stemwood in the forestry “Spaske” of forest enterprise "Broshnivske FE" 

 
 

Fig. 6. Carbon sink in stemwood on the sample plots of the forestry “Spaske” of forest enterprise "Broshnivske FE" 
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Fig. 7. Distribution of the carbon sink in stemwood for the study area (t ha-1) 

 
Fig. 8. Overall distribution of carbon sink in stemwood in the investigated area (t) 
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Table 1. The distribution of carbon sink in stemwood for different categories of the study area 

Land category Area, S, ha Overall carbon sink, С, t/year Average carbon sink per ha, С, 
t/year 

Non-forest areas 95,1 0,000 0,000 
Open trees 193,2 3,774 0,020 
Coniferous forest  1222,8 876,202 0,717 
Mixed forest 1922,1 1828,793 0,951 
Broadleaf forest 710,7 809,792 1,139 

Total 4143,9 3518,6 0,849 
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CONCLUSIONS 

The paper presents the mathematical model of 
spatial inventory of carbon sink of individual trees and 
describes the characteristics of their practical 
implementation. We developed a database on forest 
inventory characteristics of trees with visualization of 
the results on a map. The sample plots in the forestry 
“Spaske” of forest enterprise "Broshnivske FE" 
demonstrates the usefulness of spatial inventory of 
carbon sink by "bottom-up" method (from one tree to a 
forest area). We calculated carbon sink in stemwood by 
species in the investigated area. The largest carbon sink 
occurs in mixed forests and is 1829 tons/year, the 
average per hectare is 951 kg / year. In our calculations 
we did not consider underground part of wood, as well 
as all the above-ground phytomass (only stem 
phytomass). In the future, we will complement this 
model in order to assess full wood phytomass for any 
forest and to estimate carbon sink that will be useful for 
decision-making on forest management.  

REFERENCES 

1. Boychuk P. and Boychuk Kh. and Nahorski Z. and 
Horabik J. 2012: Spatial inventory of greenhouse gas 
emissions from the road transport in Poland, 
Econtechmod,  vol. 1, n. 4, 9-16. (Poland) 

2. Bun R.A. 2004:  Information Technology of GHG 
inventory and forecast carbon balance of Ukraine,  Lviv, 
Ukrainian Academy of Printing,  376. (Ukraine) 

3. Charkovska N. and Bun R. and Nahorski Z. and 
Horabik J. 2012: Mathematical modeling and spatial 
analysis of emission processes in polish industry sector: 
cement, lime and glass production, Econtechmod, vol. 1, 
n. 4, 17-22. (Poland) 

4. Climate Change 2007, Synthesis Report. A Contribution 
of Working Groups I, II and III to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate 
Change.- Geneva, Switzerland.- 104. (Switzerland) 

5. Doha amendment to the Kyoto Protocol to the United 
Nations Framework Convention on Climate Change - 
United Nations, 2012, 6. Available online at: http:// 
http://unfccc.int/files/kyoto_protocol/application/pdf/kp_
doha_amendment_english.pdf 

6. IPCC 2006: 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories, Prepared by the National 
Greenhouse Gas Inventories Programme, Eggleston H.S., 
Buendia L., Miwa K., Ngara T. and Tanabe K. (eds). 
(Japan) 

7. Korol M.M. and Horoshko M.P. 2000: Species number 
and its relationship with other indicators of volume 
growth, Scientific Bulletin of the NAU,  Kyiv, Issue 25, 
351 - 356. (Ukraine) 

8. Kurz W.A. and Dymond C.C. and White T.M. 2009: 
CBM-CFS3: a model of carbon-dynamics in forestry and 
land-use change implementing IPCC standards, 
Ecological Modelling, №4, 480-504. (Netherlads) 

9. Kyoto Protocol to the United Nations Framework 
Convention on Climate Change.- United Nations, 1998, 
20. Available online at: http://unfccc.int/resource/ 
docs/convkp/kpeng.pdf 

10. Lakyda P. 1996: Forest Phytomass estimation of 
Ukraine, WP-96-96, Laxenburg, IIASА, 75. (Austria) 

11. Lakyda P. and Nilsson S. and Shvidenko A. 1995: 
Estimation of forest phytomass for selected countries of 
the former European USSR, WP-95-79, Laxenburg, 
IIASA, 33. (Austria) 

12. Lakyda P. and Vasylyshyn R. and Laschenko A. et al. 
2011: Standard evaluation components of aboveground 
phytomass of main tree species of Ukraine, K.: Publishing 
house "Eco-inform", 192. (Ukraine) 

13. Lakyda P.I. 2004: Dynamics of the deposited carbon in 
forest of Ukraine, Scientific Journal of NFUU: State and 
Trends of the Forest Education, Science and Forestry in 
Ukraine,  Lviv,– NFUU, No.14.5, 140-143. (Ukraine) 

14. Lesiv M. and Bun R. and Shpak N. and Danylo O. and 
Topylko P. 2012: Spatial analysis of GHG emissions in 
eastern polish regions: energy production and residential 
sector, Econtechmod,  vol. 1, n. 2, 17-24. (Poland) 

15. Liski J. and Korotkov A. and Prins C. et al. 2003: 
Increased Carbon Sink Temperate and Boreal Forests, 
Climatic Change, vol.61,№1, 89–99. (Netherlands) 

16. Liski J. and Lehtonen A. and Palosuo T. 2006: Carbon 
accumulation in Finland’s forests 1922–2004 – an 
estimate obtained by combination of forest inventory data 
with modelling of biomass, litter and soil, Annals of 
Forest Science, vol. 63,-№7, 687-697. (France) 

17. Myklush S.I. 2011: Lowland beech forest of Ukraine: 
productivity and sustainable management: monograph, 
Lviv, WUCC,  260. (Ukraine) 

119

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



O. TOKAR, M. LESIV, M. KOROL 

18. Osypenko V. 2012: The algorithm of bifurcation points 
forecasting in the analytical researches of complex agro-
ecological systems, Econtechmod,  vol. 1, n. 2, 35-38. 
(Poland) 

19. Pasternak V.P. and  Buksha I.F. 2004: Methodological 
approaches to monitoring carbon dynamics in forest 
ecosystems, Scientific Bulletin of NFUU: Management of 
natural resources, environmental and forest policy,  – 
Lviv,– NFUU,– No.14.2, 177-181. (Ukraine) 

20. Pasternak V.P. and Buksha I.F. 2003: Opportunities of 
assessment of carbon dynamics in forests of Kharkiv 
region by using monitoring data, Journal of KHNAU,  
Kharkov: KHNAU, № 2, 135-138. (Ukraine) 

21. Pretzsch H. 2001: Modellierung des Waldwachstums, 
Parey Buchverlag Berlin,  341. (Germany) 

22. Quegan S. and Beer C. and Shvidenko A. 2011: 
Estimating the carbon balance of central Siberia using a 

landscape-ecosystem approach, atmospheric inversion 
and Dynamic Global Vegetation Models, Global Change 
Biology, vol. 17, №1, 351-365. (United Kingdom) 

23. Stichprobeninventur Uholka-Schyrokyj Luh. Available 
online at: http://www.wsl.ch/fe/walddynamik/projekte/ 
uholka/index_DE 

24. Tokar O. and  Kujii L. 2009: Mathematical model for 
studying carbon sink in forests, Eighth open scientific 
conference of the faculty of the Institute of Applied 
Mathematics and Fundamental Sciences Abstracts, Lviv: 
"LP", 77. (Ukraine) 

25. United Nations Framework Convention on Climate 
Change.- United Nations, 1992, 24. Available online at: 
http://unfccc.int/resource/docs/convkp/conveng.pdf. 

26. Zotkiewicz Z. and Karwinski A. 2012: Effect of 
temperature on the volume of gas emissions, 
Econtechmod, vol. 1, n. 2, 75-84. (Poland) 

 

120

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua


