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Abstract. The research is devoted to quantitative indices of
bioproductivity process in forests of Ukrainian Polissya. In particular, the article
presents the results of assessment of parametric structure of their biological
and energy productivity. The research is based on current state forest account
and mathematical toolbox as well as on application of research database of
temporary sample plots. As a result, it became possible to ascertain trends of
total live biomass stock (632,6 million tons), sequestered carbon (314,8
million tons) and accumulated energy (11,26 EJ) within administrative units of
the researched region. Quantitative parameters of net primary production (19,2
million tons of carbon per annum) of forests in Ukrainian Polissya were
determined as well.
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The current global trend towards a change of the dominant paradigm of
social development from economic to environmental values has raised
awareness of need for a new form of relation between the society and the
environment. This has been reflected in the decisions of the global climate
summit in Paris last year, which brought together leaders of more than 150
countries. As a result, the international community has initiated a multi-vector
research aimed at securing stabilization of the Earth's climatic system and
creating ecologically safe principles for use of natural resources. These issues
are still relevant for region of Ukrainian Polissya, whose environmental
conditions have undergone significant changes in course of a long and
imbalanced economic use of resource potential of the region, including forest
resources.

Forest in Polissya should be considered as a complex system, which
acts as an important environment-forming factor by affecting natural balance.
Therefore, research aimed on assessment of biotic productivity of forest plant
communities provides one of basic parameters for ascertaining climate change
mitigating impact of forests, which has high practical importance [3-7].
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The aim of research — to carry out a quantitative estimate of live
organic matter (live biomass, LB), amount of sequestered carbon, net primary
production and energy productivity for forests of Ukrainian Polissya as a basis
for research of their biosphere role.

Materials and methods of research. Scientific research aimed at
guantifying biotic and energy productivity of forest plant communities have
combined application of a considerable number of methods and forms of
scientific cognition.

The baseline in the study is formed by the methodology of collecting and
processing experimental data, based on successful combination of
mensurational and biometric techniques, and the provided theoretical
generalizations are grounded on statistical and mathematical methods [1-3].

The base theoretical principles and practical techniques the applied
methodology for assessment of biotic productivity of forests were successfully
tested at the International Institute for Applied Systems Analysis (IIASA,
Austria). The methodology has also been successfully implemented in course
of several international projects: «Carbon, Climate and Managed Land in
Ukraine: Integrated Data and Models of Land Use for NEESPI (Forest
Sector)» (2006-2008 gg.), «Biomass Energy Europe» (2008-2010), «GESAPU
— Geoinformation technologies, spatio-temporal approaches, and full carbon
account for improving accuracy of GHG inventories» (2010-2014) [3, 6, 7].

Information toolbox used for this research is formed by relational
database “Stand-wise mensurational characteristics of forests” (over 500
thousands stands) and empirical materials collected on 40 temporary sample
plots established in coniferous, hardwood broadleaved and softwood
broadleaved stands in the study region (in Volyn, Zhytomyr, Kyiv, Rivne, Sumy
and Chernihiv regions).

Results. By implementing a combination of mathematical models of
biomass expansion factors and data of state forest account of Ukraine, after
applying a special calculation algorithm developed by IIASA scientists led by
prof. A.Z. Shvidenko [1, 3, 5, 7], it became possible to assess stocks of
organic matter that is fixed in plant tissues and amounts of sequestered
carbon (Table 1).

1. Dynamics of live biomass and sequestered carbon in forests of
Ukrainian Polissya

Live biomass components, mio. tons (bon dry state) 3
bt .0
wood o c S
= o
Year | leaves |and bark wood 3 § =
and bark| roots |understorey| total S © O
(needles) of of stem o O'E
branches A
2002 10,15 44,67 | 349,55 | 78,88 17,38 500,64 | 250,11
2011 11,44 52,77 | 447,85 101,41 19,13 632,62| 314,78

While analyzing the data presented in Table 1, it should be noted that in
forests of Ukrainian Polissya there is a positive trend of accumulation of live
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organic matter. Over the study period its stock has gone up by 26.4%. Based
on the current state forest account, a total stock of forest live biomass in
Ukrainian Polissya was calculated. It exceeds 632 million tons of bone-dry
organic matter, which is equivalent to 314.8 million tons of sequestered carbon
or 11.26 EJ of accumulated energy. In terms of component structure, share of
live biomass of trees is 97% of the total live biomass of forest plant
communities (of which 80.9% — aboveground live biomass), while share of
undergrowth and understorey is around 3% (including 2.2% - live soil cover
(LSC)). The share of tree trunks in total amount of live biomass is about 70%,
of which almost 8% account for bark. Percentage of live biomass of tree
crowns in total amount of live organic matter of the plant communities is
10.1%, of which 8.3% — wood and bark of branches and 1.8% — foliage. The
proportion of root systems is 16%.

Regional peculiarities of distribution of total amount of live biomass and
sequestered carbon by administrative and territorial units of the study region
are presented in Table 2.

2. Regional distribution of live biomass and sequestered carbon
stocks in forests of Ukrainian Polissya

Live biomass by components, mio. tons @
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Volyn 59,82 | 7,11 1,66 13,77 | 0,73 | 2,06 85,15 | 13,62 | 42,35
Zhytomyr 106,57 | 12,60 | 2,74 24,37 | 1,32 | 3,35 | 150,96 | 15,08 | 75,11
Kyiv 78,72 | 9,22 1,95 17,25 | 0,86 | 2,23 | 110,24 | 16,81 | 54,87
Rivne 64,12 | 7,71 1,89 15,32 | 0,82 | 2,42 92,27 | 12,66 | 45,88
Sumy 5511 | 7,25 | 1,25 12,06 | 0,69 | 1,41 77,77 | 18,31 | 38,72
Chernihiv 83,50 | 8,87 1,96 18,65 | 0,90 | 2,35 | 116,23 | 17,46 | 57,85
TOTAL 447,85 | 52,77 | 11,44 | 101,41 | 5,31 | 13,82 | 632,62 | 15,66 | 314,78

The majority of live biomass of forests of Ukrainian Polissya is
concentrated in Zhytomyr (23.9%), Chernihiv (18.4%) and Kyiv regions
(17.4%). At the same time, the highest density of forest live biomass is
characteristic for Sumy (18.31 kg (m?)1), Chernihiv (17.46 kg (m?)1) and Kyiv
regions (16.81 kg (m?)1), which are much more productive in terms of live
biomass production than in Volyn (13.62 kg (m?)1) and Rivne regions
(12,66 kg (m?)1).

Variability of live biomass stocks of land covered with forest vegetation
IS substantial, both in regional terms and depending on tree species
composition of stands. Distribution of total live biomass by groups of forest-
forming tree species for the same period of forest account are shown Table 3.
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3. Distribution of live biomass and sequestered carbon amounts in
forests of Ukrainian Polissya by groups of forest-forming tree species
and structural components

Live biomass by components, mio. tons ”
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Coniferous | 279,71 | 25,18 | 6,77 | 62,42 | 2,40 | 8,65 | 385,14 | 191,68

Hardwood | 15 g4 11774 | 207 | 2080 | 1,93 | 2,87 | 146,35 | 72,83
broadleaves

Softwood | 42 7 | 983 | 2559 | 18,16 |0,96| 2,27 | 100,88 | 50,15
broadleaves

Othertree | 14 | 9002 | 0,01 | 004 |001| 002 | 024 | 012

species
TOTAL 447,85 | 52,77 | 11,44 | 101,41 | 5,31 | 13,82 | 632,62 | 314,78

When analyzing the presented in Table 3 quantitative indices of live
biomass, it becomes possible to conclude that in Ukrainian Polissya more
than 60 % of its stock is concentrated in coniferous stands. On average, LB
density in those stands is about 16.2 kg-(m?), which is more than 6% lower
than a mean value for coniferous stands in Ukraine (17.3 kg-(m?)?). In
hardwood broadleaved stands, an average value of LB density equals 18.8
kg-(m?)1. In general, forest stands of the study region have sequestered
over 314 million tons of carbon, including 191.7 million tons in coniferous,
72.8 million tons in hardwood broadleaved and 50.2 million tons in softwood
broadleaved stands.

An important aspect of research of biotic productivity of forest plant
communities is energetic interpretation of quantitative indicators of their live
biomass. This statement is valid since processes associated with the inflow,
transformation and utilization of energy represent key processes for
ensuring effective functioning of any ecosystem on Earth, including forest
ecosystems [1, 2, 7].

Today, the concept of energy has gained general scientific importance
and, apart from the classic physical understanding, it is widely used in
studies of ecosystems as a measure of characteristics of natural processes,
and allows to bring environmental categories into the area of
thermodynamics.

In this context, the research includes an estimate of energy content in
components of live biomass of the studied stands (Table 4).

In terms of energy, there is 11.3 EJ (1 EJ = 1018 J) accumulated in live
biomass of stands in Ukrainian Polissya. Over 70% of energy is concentrated
in wood and bark of tree trunks — 7.9 EJ. Another 8% are accumulated in
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branches of trees — 0.9 EJ, which is an important energy resource for
obtaining thermal renewable energy.

4. Energy content in live biomass of forests of Ukrainian Polissya
by groups of forest-forming tree species and structural components

Total energy content in live biomass components, PJ
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Coniferous | 4977,98 | 448,22 | 120,55 | 1110,90 | 42,80 | 154,03 | 6854,47

Hardwood | 126 a5 | 31564 | 36,86 | 370,13 | 34,41 | 51,10 | 2604,48
broadleaves
Softwood 11195 92| 174,70 | 46,08 | 322,81 | 17,01 | 40,42 | 1793,25
broadleaves
Other tree 2 45 0,41 0,12 0,64 0,25 | 0,41 4,28
Species

TOTAL 7969,00 | 938,98 | 203,60 | 1804,49 | 94,46 | 245,96 | 11256,48

Net primary production (NPP) is an important information component for
evaluation of bioproductivity of forest ecosystems. This indicator represents an
organic vegetal matter formed during photosynthesis and accumulated during
plant’s lifetime in aboveground and belowground compartments per unit time
on unit area [3, 4, 7]. Assessment of quantitative characteristics of NPP is a
prerequisite for evaluating carbon budget of forest plant communities on a
particular area. This index serves as an indicator of environmental response to
climate change [3].

Amounts of net primary production in forests of Ukrainian Polissya within
groups of forest-forming tree species and LB components is provided in
Table 5.

From the presented in Table 5 data it becomes clear that net primary
production of forests in Ukrainian Polissya is rather high and amounts to 19.2
million tons of carbon per year, or on average of 475 g C-(m?)t.year?!. When
comparing the latter figure, it is worth noting that in boreal forests of Europe,
mean annual NPP equals 460 g C-(m?)Lyear? [4, 7]. In Ukraine, the highest
NPP density is characteristic for beech stands — 712 g C-(m?)1.year?, which is
40% above the average for Ukrainian forests in general and nearly 50% higher
than the average NPP density for forests in Polissya region of Ukraine.

Analysis of the obtained results proves that the distribution of NPP by
live biomass fractions is typical for deciduous forests. A considerable
proportion of NPP is concentrated in foliage (24.0 %) and underground live
biomass (27.9 %), mainly due to activity of fine roots. A substantial part of NPP
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Is also located outside the tree layer — 29.0 %, another 15.1 % are represented
by live soil cover and 3.9 % —undergrowth and understorey.

5. Net primary production of forests in Ukrainian Polissya by
groups of forest-forming tree species and structural components

NPP by structure components, mio. C tons-year* o>
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Coniferous 2,931 10,570 | 1,925 | 2,585 | 0,272 |1,802| 10,086 | 417
Hardwood
0,828 | 0,288 | 1,509 | 1,946 | 0,329 |0,666| 5,566 652
broadleaves
Softwood 0,748 | 0,188 | 1,164 | 0,826 | 0,154 |0,427| 3,506 | 442
broadleaves
ngg{egee 0,002 | 0,000 | 0,003 | 0,002 | 0,003 |0,007| 0,016 | 290
TOTAL 4509 | 1,047 | 4,601 | 5,359 | 0,758 | 2,901| 19,175 475

Regional distribution of NPP shows that the most productive stands are
in Zhytomyr region (4.7 million tons C-year™). Among other regions, high NPP
rates are also observed in Kyiv and Rivne regions (about 3.2 million tons
C-year?). The highest NPP density is observed in forests of Sumy region —
582 g C-(m?)L.year?! and Kyiv region — 481 g C-(m?)1.year?. The lowest index
of forest productivity in Polissya region in terms of NPP is observed in forests
of Volyn and Rivne regions — around 430 g C-(m?)1.year?.

Conclusions. Research of ecosystem services of forest ecosystems is
a prerequisite for practical implementation of multifunctional nature of forests
and appears to be a structural component of sustainable forest management.
One of key indicators of ecosystem functions of forests are quantitative
parameters of live organic matter, net primary production and energy content,
which describe nature conservative potential of forests. According to analysis
of these indicators, forests of Ukrainian Polissya have a significant resource
potential and serve as an important element of global natural protection
system aimed at ensuring environmental stabilization and maintenance of
Earth’s climatic system within planetary stability thresholds.
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BIONPOOYKTUBHICTb TA AEMOHOBAHWUU BYITNELb
NMICIB YKPAIHCbKOIO noniccs

P. 1. BacunuwwuH, l. IN. Jlaknaa, O. A. Cnuea, M. O. Jlakuaa, O. B. lLleBuyK

AHomauia. [JocniOxXeHO  KinbKiCHI  rnoka3Huku  6ionpodyKuitiHo2o
npouyecy y nicax YkKpaiHcbkoz2o [loniccs. 3okpema y cmammi HagedeHO
pe3yrnbmamu OUiHI08aHHS rnapamMmempu4Hoi cmpykmypu ixHboI 6ionioeidHOI ma
eHep2emu4Hoi MPodyKmMueHoCmi Ha OCHO8i OaHUX OMOYHO20 OepxKaBHO20
obrniky nicie | MamemMamu4yHO20 I[HCMpPyMeHmapito 3 BUKOpUCMaHHIM
docnidHoi 6a3u OaHux mumyacosux rnpobHux nnow,. BcmaHosrneHo mpeHOu
3azarnbHuUx obcsezie gpimomacu (632,6 mMrH m), 0ernoHo8aHO20 8 Hili 8yaneuro
(314,8 MriH m) ma akymynboeaHoi eHepeil (11,26 ELJx) y Mexax
adMiHicmpamugHO-mepumopianbHUX O0OUHUUb OO0CHIOXy8aHO20 pPEZIOHY.
BusHa4yeHO maKoX KifbKiCHi napamempu 4ucmoi rnepeuHHoi npodykuii (19,2
MJITH m 8yerieuro 8 piK) nicie YkpaiHcbkozo [loniccs.

Knro4oei cnosa: YkpaiHceke  [lorniccs, 6iornpodykmugHicms,
eHepaornpodykmueHicmb,  imomaca, OernoHoeaHuUll  8yaneub, 4Yucma
rnepeuHHa rpooyKUisi.

BMONPOAYKTUBHOCTL U AEMNOHUPOBAHBIU YITIEPOA
JIECOB YKPAUHCKOI'O NOJIECbA

P. . BacunuwuH, W. . NNakupa, A. A. CnuBa, H. A. Jlaknaa, O. B. LLleBuyk

AHHOMauyus. UccnedosaHbl Koru4yecmeeHHbIe riokazamernu
6uornpodyKUUOHHbLIX rpoueccos 8 recax YkpauHckoeo Nonecks. B yacmHocmu, e
cmamabe rpueedeHbl pe3yribmambl OUeHU8aHUs napamempuyeckol cmpyKmypbi
ux buonoau4veckoll U 3Hepeemuyeckol rpPoOyKMUBHOCMU Ha OCHO8€ OaHHbIX
meKkywieao  20cy0apCmeeHHo20 yyema Jilecoe U Mamemamu4ecKo20
UHCMpyMeHmapusi C UCIonb308aHueM uccriedogameribckoli 6asbl  OaHHbIX
8PEMEHHbIX MPObHbIX nnowadel. YcmaHoeneHbl mpeHObl obuwjux obbemos
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gumomaccsl (632,6 mrH m), dernoHuUposaHHo20 8 Hel yanepoda (314,8 maH m) u
akkymyrnupogaHHou  aHepeuu (11,26  3[x) 0Ons  adMuHucmpamueHo-
meppumopuarnbHbiX ~ eOuHUU  uccriedyemoz20  pe2uoHa. OnpederseHbl
Konu4yecmeeHHble rnapamempbl 4ucmod repauyHol npodykyuu (19,2 MiaH m
yarnepoda 8 200) necoes YkpauHckoeo lNonecks.

Knrodeeble cnoea: YkpauHckoe [lonecbe, 6UONPOOYKMUBHOCMb,
3Hepzemu4veckas npodyKmueHOCmb, gbumomacca, OernoHUPO8aHHbIlU yarepod,
yucmas nepeuYHasi rPOOyKYUs.
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AHomauisi. Ha ocHosi mamepianie 28 npobHux nnow 6yno rnposedeHo
nepesipKy  po3pobrieHux Hopmamueie Onsa  nepecmitiHux  OyKHSKiE  —
copmuMeHmHuUx mabnuub, a makox HopMamueie moeapHOi cmpykmypu O
OUJIHKU OOHO8IKOBUX ma pi3Hosikosux OepesocmaHie. Cmamucmu4Hul aHarsi3
oosig ripudamHicme po3pobrieHUx HopMamueie 01 8UKOPUCMAaHHS, a MOPIGHSIHHS
3 aHaroeciyHuUMu Hopmamusamu 051 cmuanux bykosux depegocmaHie — 3Ha4vywly
PIBHUUKO MK HUMU, WO C8I0HUMb PO HEOBXIOHICMb BUKOHaHUX OOCTIOXKEHb.

Knro4oei cnoea: nepecmiliHi 6ykosi depesocmaHu, COpPMUMEHMHI ma
moeapHi mabsuui, cmamucmuy4HUl aHarni3, cucmemMamuyHi MOMUJIKU.

AKkTyanbHicTb. [lig 4ac KOPUCTYBaHHS COPTUMEHTHUMM Tabnuuamum
000B’A3KOBO  MOCTalOTb  3aMnUTaHHA, MOB’A3aHi 3 TOYHICTIO  PO3pOobreHnx
HopmaTuBIB. BBaXkaloTb HOpMarnbHUM, SIKLLO Pi3HMUS MiXXK 06’€éMOM 3aroTOBIIEHOT
Ha nicociui AepeByHK Ta Tl nonepeaHbLO OLHKOK Ha KopeHi He nepesumye 10 %.
Lle cnyrye ocHOBO NS 3aTBEP)KEHHSA aKTiB NPUAMAHHS NiCOCIKW.

Meta pocnipkeHHA — 34IMCHUTM  OOCMIAHY NEPEBIPKY  TOYHOCTI
po3pobneHnx HoOpMaTUBIB Ta 3anporoHyBaTM iX OO BrPOBAKEHHS Yy
BUPOOHMLITBO.

Martepiann i metoan pocnigpkeHHA. [Ona po3pobku COPTUMEHTHMX
Tabnuub 3aranom Oyno BMKOPUCTaAHO: Afs OTPUMaHHA MacoBuX Tabnuup —
mMaTepiann obmipy 622 mogenbHMUX aepes, y Tomy ymncni 337 mogenen Gyka Bikom
noHag 140 pokiB — A5 OUIHKM PO3MIPHO-SIKICHOI CTPYKTYpPU AEPEB, LLO LifIKOM

* HaykoBuIA kepiBHMK — OOKTOP CinbCbKorocnogapcbkux Hayk, npodgecop O. A. TMpc.
© C. I. lMaduyk, O. A. lpc, 2016

JlicoBa noniTuka i Takcauis

27



