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Compatible models for Quercus spp. stand biomass and net 
primary production sensitive to precipitation and winter 
temperature in Eurasia 
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Abstract 

Since ancient times, climate change has largely determined the fate of human civilization, which was 
related mainly with changes in the structure and habitats of forest cover. In the context of current 
climate change, one must know a change of forest sustainability and productivity under future 
climate conditions. For this purpose, the authors compiled the database of biomass and net primary 
production (NPP) of Quercus spp. on Eurasian area in the amount of 663 and 260 sample plots 
correspondingly and used the methodology of multivariate regression analysis. The first attempt of 
modeling changes in compatible component composition of biomass and NPP on the Trans-Eurasian 
hydrothermal gradients involving regional peculiarities of age and morphology of the forests is 
fulfilled. It is found significant positive relationship of aboveground and total biomass with the mean 
temperature of January, and negative relationship with the level of moisture, was established. For 
the biomass of foliage, branches and roots, the positive pattern is only for wet regions, but as 
we move towards arid regions, this relationship becomes negative, and in 3D interpretation, the 
pattern looks as a propeller -like surface. The patterns of changes in the total and aboveground 
NPP are similar to the corresponding patterns for total and aboveground biomass, and the patterns 
of changes in the NPP of foliage, branches, roots and stems in climatic gradients correspond to 
the same propeller-like 3D picture. It is necessary to create compatible transcontinental models of 
biomass and NPP, sensitive to climate change, for each tree species (genus) separately and to find 
out the biological and ecological reasons for the differences in the results. 

Key words: genus Quercus spp., biosphere role of forests, forest biomass, net primary production, 
compatible models, mean January temperature, annual mean precipitation.

Macedonian Journal of Ecology and 
Environment

Vol. 22, issue 1
pp. 59 - 70

Skopje (2020)
ISSN 1857 - 8330 (on-line)
Original scientific paper

Available online at www.mjee.org.mk 

MJEE

* Author for correspondence: Omidshobeyri214@gmail.com

Submitted: 01.08.2020
Accepted: 14.09.2020



Usoltsev et al.

Macedonian Journal of Ecology and Environment60

Introduction

Active human economic activity has led to 
significant global changes in the functioning 
of the biosphere, and the observed climate 
warming has a significant impact on the 
vegetation cover of the planet (Halofsky et 
al. 2018; Kosanic et al. 2018), threatening 
humanity with going beyond its ecological 
niche (Xu et al. 2020). Study of biosphere 
role and climate conditionality of biological 
productivity of world forest is one of the most 
priority directions of ecology and biogeography 
sciences. Sustainable models to describe the 
carbon-sequestering capacity of forests within 
world or continents are needed. 

The concept of biological productivity 
includes two components, i.e. biomass and 
net primary production (NPP). When revealing 
transcontinental trends in the carbon-
deposition capacity of forests, it is needed to 
study the component composition not only 
of biomass, but also of NPP. It should be 
noted that current attempts of quantitative 
geographical analysis of the global distribution 
of forest NPP are sometimes reduced to its 
analysis only on the latitudinal gradient, 
without taking into account their species 
composition, age and morphology, and the 
resulting patterns are characterized by a large 
degree of uncertainty (Anderson et al. 2006; 
Keeling & Phillips 2007; Huston & Wolverton 

2009). The modern attempts to identify global 
patterns of changes in forest NPP in relation 
to climate indices such as temperature and 
precipitation, but without taking into account 
their species composition mass-forming 
variables, do not show statistically significant 
patterns (Luyssaert et al. 2007). The reason 
is that the biological productivity influenced 
by forest morphology varies in natural 
conditions in a wide range that overlaps the 
range of NPP variation under the influence of 
temperature and precipitation only. Ignoring 
the morphological structure of stands when 
modeling regional patterns of their biological 
productivity gives significant biases, reaching 
40-60 % compared with models that take into 
account the structure of stands (Usoltsev & 
Salnikov 1998).

There are theoretical reasons to assume 
a relationship between forest NPP and 
biomass, as both may be influenced by 
similar ecological factors. However, the 
attempt to identify the global dependence of 
the NPP upon the biomass of stands without 
taking into account the biomass component 
composition and mass-forming variables 
showed the presence of a poor coefficient of 
determination in the range only from 0.020 
to 0.370 (Keeling & Phillips 2007). Similarly, 
the calculation of the dependence of the NPP 
of China‘s forests of all natural zones upon 
the average annual temperature and annual 

Уште од дамнешни времиња, промените во климата ја определувале судбината на 
човечката цивилизација што е во најголем дел резултат на промените во структурата 
и хабитатите на шумската вегетација. Во контекст на моменталните климатски 
промени, треба да се познава одржливоста на шумите и нивната продуктивност 
во идните климатски услови. За таа цел, авторите направија база на податоци за 
Quercus spp. во Евроазија за биомасата и нето примарната продукција (НПП) во која 
се вклучени 663 и 220 плотови соодветно, а беше искористена мултиваријантна 
регресиска анализа. Ова е прв обид за моделирање на промените во составот 
на биомасата и НПП низ транс-европски хидротермички градиент, вклучувајќи 
ги регионалните особености на возраста и морфологијата на шумите. Значајна 
позитивна корелација беше констатирана помеѓу надземната и вкупната биомаса 
со средната јануарска температура, а негативна со влажноста. Кога станува збор за 
биомасата на листови, гранки и корења, позитивна врска е утврдена само за влажни 
региони, но придвижувајќи се кон сушни региони, корелацијата се менува во 
негативна, а во 3d интерпретација, образецот потсетува на површина од пропелер. 
Неопходно е да се развијат компатибилен трансконтинентални модели за биомасата 
и НПП, чувствителни на климатските промени за секој дрвенест вид одделно (и 
родови) со цел да се откријат биолошките и еколошките причини за разликите во 
добиените резултати.

Клучни зборови: Quercus spp., улога на шумите во биосферата, шумска биомаса, 
нето примарна продукција, компатибилни модели, средна јануарска температура, 
средногодишни врнежи.
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latitudinal direction due to changes in the solar 
radiation (Grigoriev & Budyko 1956), and in 
the meridional direction due to changes in the 
continental climate (Komarov 1921). When 
using biomass and NPP databases compiled by 
the authors for six forest-forming species of 
Eurasia, a system of transcontinental species-
specific models of forest NPP was designed 
that includes both the principle of recursive 
compatibility of variables, and encoding regions 
with dummy variables following subsequent 
analysis of the results in connection with the 
natural zonality and climate continentality 
(Usoltsev et al. 2017). 

However, models describing changes in 
NPP in gradients of natural zoning and climate 
continentality do not match the current trends 
of climate variables of temperature and 
precipitation (Hubau et al. 2020). Besides, 
models that include mass-forming indices 
and dummy variables as regressors (mixed-
effect models) have the disadvantage that 
they take into account regional shifts in the 
calculated values only by the intercept term, 
but the regression coefficients are assumed to 
be unchanged for regions, what is not true.

The purposes of this study are:
- to calculate models of the biomass 

component composition of Quercus spp. 
stands in Eurasia in dependence of the mass-
forming indices of stands, as well as of average 
temperatures and precipitation;

- to calculate models of the NPP component 
composition of Quercus spp. stands depending 
on mass-forming indices, as well as on average 
temperatures and precipitation, combined 
with models of biomass on a recursive, or 
compatible principle;

- to analyze changes in the biomass 
components of oak stands in the Trans-
Eurasian temperature and precipitation 
gradients.

Objects and methods

From the database on the biomass and 
NPP of forests of Eurasia (Usoltsev 2020) the 
materials in the amount of 663 sample plots 
with the estimates of biomass of 20 species of 
Quercus spp. and 260 plots with the estimates 
of not only biomass, but also annual NPP (t/
ha), are selected. The distribution of sample 
plots with stand biomass definitions on the 
map of Eurasia is shown in Fig. 1, and by tree 
species and countries in Table 1. 

precipitation without taking into account the 
biomass component composition and mass-
forming variables showed the presence of 
determination coefficients of only 0.196 
and 0.054 respectively (Liu et al. 2016). 
The calculation of Russian forest NPP using 
species-specific regression models depending 
on the age and volume stock of stands 
(Zamolodchikov & Utkin 2000) resulted in a 
2-3-fold overestimation in relation to the true 
value (Shvidenko et al. 2008, Usoltsev et al. 
2011). Such models are not stable enough 
and cannot be used as predictive ones.

An improved calculation of the NPP based 
on a system of related equations, including 
not only mass-forming indicators of stands, 
but also biomass indices as independent 
variables (Usoltsev et al. 2011), showed 
deviations within only 8% from the results of 
two other alternative methods (Voronin et al. 
2004; Shvidenko et al. 2008). Such method 
of combining biomass and NPP data suites for 
our study as having a logical justification.

In relation to a forest ecosystem, the 
regression model is the result of statistical 
estimation of the parameters of a system of 
mathematical expressions that characterize a 
certain biological concept of the relationship 
of phenomena. The variability of forest 
ecosystem parameters can be explained using 
not one, but several variables that are partially 
or completely interdependent. Separate 
modeling of such dependencies leads to the 
fact that the obtained estimates will not be 
balanced, or harmonized. Mathematical 
dependencies combined into a single logically 
consistent concept form a system of related 
(compatible) equations. Their main advantage 
is the internal consistency of the described 
chain of equations, according to which the 
dependent variable of the previous equation is 
included in the subsequent one as one of the 
independent variables (Clutter 1963; Borders 
1989). Another method of harmonizing 
the patterns of biomass and NPP suggests 
regionalization of a model by introducing 
dummy variables (Draper & Smith 1966) 
encoding ecoregions or tree species affiliation 
of the harvest data. Biomass and NPP models 
that include mass-forming indices and dummy 
variables as regressors are known as mixed-
effect models (Usoltsev et al. 2002; Fu et al. 
2012, 2017; Zheng & Zeng 2013; Zeng 2017). 

In the development of transcontinental 
models of biomass and NPP distribution, 
these two methods of harmonization seem 
promising. It is known that changes in the 
vegetation cover of Eurasia occur both in the 
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Fig. 1. Distribution of sample plolts with measurements of biomass (t/ha) of 663 oak stands 
(genus Quercus spp.) on the territory of Eurasia.

Table 1. Distribution of the number of sample plots with definitions of oak biomass (t / ha) by 
species and countries

Species Country
Number 

of sample 
plots 

Quercus robur L.
Russia, Belarus, Ukraine, Belgium, Great Britain, Denmark, 
Moldova, Switzerland, Sweden, Spain, Czech Republic, 
France, Poland, Estonia

388

Q. acutissima Carruth. China 157

Q. petraea Liebl. France, Bulgaria, Moldova, Hungary, Belarus, Belgium, 
United Kingdom, Netherlands 35

Q. mongolica Fisch. ex 
Ledeb. Russia 15

Q. serrata Murray China, Japan 10
Q. coccifera L. Spain 8

Q. ilex L. Spain, Italy, France 7
Q. imeretina Stev. Georgia 6

Q. rubra L. Bulgaria, United Kingdom 5
Q. pubescens Willd. Moldova, France, Romania 4

Q. iberica Stev. Georgia, Azerbaijan 4
Q. pyrenaica Willd. Spain 4

Q. leucotrichophora A.Camus Georgia, Pakistan 4
Q. castaneifolia C. A. Mey. Azerbaijan 3

Q. glauca Thunb. Japan 3
Q. phillyraeoides Gray. Japan 3

Q. crispula Blume Japan 2
Q. longipes Stev. Bulgaria 2

Q. lanuginosa Thuill. Pakistan 2

Q. robur subsp. 
pedunculiflora 

(K.Koch) Menitsky
Romania 1

Total 663

In the database, the time of establishment 
of sample plots covers the period from 1947 
to 2009. Sample trees were usually taken on 
each of the sample plots in a number from 5 to 

10 trees, and then samples were taken from 
each biomass component to determine the 
dry matter content (and for wood and bark of 
stems also to determine the basic density) and 



Compatible models for Quercus spp. stand biomass and net primary production sensitive to...

Vol. 22, issue 1 (2020) 63

after drying the samples at the temperature of 
80-1000 C, the results were recalculated for 
the whole tree. The procedure for determining 
NPP was more time-consuming, the review of 
methods for its obtaining on sample plots was 
shown earlier (Usoltsev 2007). The quantity 
of each biomass and NPP component per 1 ha 
was determined by allometric method. Not all 
biomass components are equally presented 
in the database: if the aboveground biomass 
is determined on the all 663 plots, the mass 
roots only in 390 ones. NPP data were obtained 
from 260 and 225 plots correspondingly. 

Each sample plot, at which biomass and NPP 
of forest stands was estimated, is positioned 
in accordance to mean January temperature 
isolines (World Weather Maps 2007) and to 
mean annual precipitation ones (http://www.
mapmost.com/world-precipitation-map/free-
world-precipitation-map/), and the initial 
data matrix is compiled in which the values 
of biomass components and of stand taxation 
characteristics are mated with corresponding 
values of mean January temperature and 
annual precipitation. A similar matrix is 
compiled for the NPP values. The matrices 

are included then into regression analysis 
procedure. The regression coefficients of 
multiple regression equations were calculated 
using the Statgraphics software (see http://
www.statgraphics.com/for more information).

A schematic map of the isolines of the 
mean January temperature was used, rather 
than the mean annual temperature, since the 
influence of warming on the environment is 
most pronounced in Northern latitudes, and in 
the cold half of the year (Laing & Binyamin 
2013, Morley et al. 2017). Obviously, taking 
the mean January temperature as one of the 
independent variables, we get a more reliable 
dependence having the higher predictive 
ability.

Besides, to ensure the maximum stability 
of the model, each of the selected factors 
(independent variables) should be presented 
in the maximum range of its variation 
(Usoltsev 2004). In our example, mean 
January temperatures range from -20°C in the 
Far East of Russia to +10°C in the subtropics 
of China, and mean annual precipitation from 
317 mm in the Central Asia to 1,650 mm in 
the territory of the south-eastern China.

Results and discussion

The initial recursive dependencies are calculated:

lnN = a0 + a1(lnA) +a2[ln(Tm+30)]+a3(lnPRm)+a4[ln(Tm+30)](lnPRm); ........................................ (1) 


lnV = a0+a1(lnA)+a2(lnN)+a3(lnA)(lnN)+a4[ln(Tm+30)]+a5(lnPRm)+a6[ln(Tm+30)](lnPRm); ............ (2)


lnPi = a0+a1(lnA)+a2(lnV)+a3(lnN) +a4[ln(Tm+30)]+a5(lnPRm)+a6[ln(Tm+30)](lnPRm); .................. (3)


lnZi = a0+a1(lnA)+a2(lnV)+a3(lnN) +a4(lnPi) +a5[ln(Tm+30)]+a6(lnPRm)+a7[ln(Tm+30)](lnPRm) .....  (4)

In equations (1)-(4): Pi – biomass of 
i-th component, t/hа; Zi – annual NPP of i-th 
component, t/hа; А – stand age, yrs; V – 
stem volume, m3/hа; N – tree density, 1000/
hа; i – index of biomass component: total (t), 
aboveground (a), underground, or roots (r), 
stem over the bark (s), foliage (f), and branches 
(b); РRm – mean annual precipitation, мм; 
Тm – mean January temperature, °С. Because 
mean January temperature in northern part 
of Eurasia has negative values, corresponding 
independent variable is modified to the form 
(Тm+30).

The results of calculating equations (1)-(4) 
are shown in Table 2. The equations here and 
below show only variables that are significant 
at the probability level of P95 or better. The 
only exception was the coefficients а4, а5 and 
а6 of equation (3) for stem biomass, which 
means that climate variables do not affect the 
variability of this component of biomass. The 

proportions of the contribution of independent 
variables to the explanation of the variability 
of the dependent variable in equations (3) and 
(4) are shown in Table 3.

The equations (1)-(4) are tabulated in the 
sequence indicated by arrows for the specified 
age values in the range from 10 to 100 years 
(not shown here). For oak biomass and NPP, 
the values of the required indices for the age 
of 100 years are taken from the resulting 
table and presented as 3-dimensional 
graphs of their relationship with the average 
temperatures of January and with the average 
annual precipitation (Figs. 2 and 3). 

Before discussing the patterns shown 
in Figures 2 and 3, let‘s turn to Table 3, 
which describes the contribution of various 
independent variables to the explanation 
of the variability of the desired indices of 
biomass and NPP. We can see that mass-
forming variables explain in average about 
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78 % of the variability of all components of 
biomass, including 57% of the contribution 
from the stem volume. Climate variables 
explain only about 22 % of the total variability 
of biomass, i.e. less than about four times as 
much as mass-forming variables. At the same 
time, the variability of stem mass is explained 
by mass-forming variables by almost 99%, 

including 93% of the stem volume. Climate 
variables explain only about 1 % of the total 
variability of stem biomass. Since climate 
variables do not have any significant effect 
on the variability of stem biomass and explain 
the negligible share of the total variability of 
stem biomass, the diagram for this biomass 
component on Fig. 2 is not shown. 

Table 3. Contribution of independent variables of equations (3) and (4) to the explanation of 
variability of dependent variables (%)

Y *
Independent variables***

A V N Pi A+V+N+Pi T P P·T T+P+P·T
Equation (3)

Pt 10.6 67.8 6.9  - 85.3 4.4 5.2 5.1 14.7
Pa 6.3 80.7 0.5  - 87.5 3.7 4.1 4.2 12
Pr 17.5 32.9 20.7  - 71.1 9.1 10.1 9.7 28.9
Ps 3.9 92.7 2  - 98.6 0.02 1 0.4 1.42
Pf 17.4 27.5 21.4  - 66.3 12.6 8.7 12.4 33.7
Pb 12 40.2 6.2  - 58.4 14.2 13 14.4 41.6

X±σ** 11.3
±2.3

57.0
±11.1

9.6
±3.7 - 77.9±6.1 7.3

±2.3
7.0

±1.8
7.7

±2.2 22.1±6,2

Equation (4)
Zt 32,7 5,9 9,3 33,5 81,4 4,7 8,3 5,6 18,6
Za 33.7 6.5 10.2 35.4 85.8 2.6 7.5 4.1 14.2
Zr 41.8 3.2 6 31.2 82.2 5.7 5.8 6.3 17.8
Zs 49.3 13.3 7.1 6.6 76.3 8.5 6.9 8.3 23.7
Zf 0.8 3 1.1 81.3 86.2 4.5 4.6 4.7 13.8
Zb 33 7.5 8.5 40.7 89.7 3 4.3 3 10.3

X±σ 31.9
±6.7

6.6
±1.5

7.0
±1.3

38.1
±9.9 83.6±1.9 4.8

±0.9
6.2

±0.6
5.3

±0.7 16.4±1.9

* Y – dependent variables of equations (3) and (4);

** X±σ – mean and standard deviation;

*** - Designations of independent variables see in characteristics of equations (1)-(4).

Fig. 2. The dependence of the stand biomass of the genus Quercus in Eurasia upon the 
mean January temperature (Tm) and annual precipitation (PRm). Letters a, b, c, d, e 
designate biomass of: total, aboveground, roots, foliage and branches. 
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Fig. 3. The dependence of the stand NPP of the genus Quercus in Eurasia upon the mean 
January temperature (Tm) and annual precipitation (PRm). Letters a, b, c, d, e, f 
designate NPP of: total, aboveground, roots, stems, foliage and branches.

The relative contributions of independent 
variables to the explanation of NPP variability 
are different too: mass-forming variables 
account for about 84 % of the NPP variability, 
including the 38% contribution from the 
stem volume and the 32% contribution from 
the stand age. Climate variables explain 
about 16 % of the total NPP variability, i.e. 
less in comparison to the explained biomass 
variability. At the same time, the variability 
of stem NPP is explained by climate variables 
by almost 24%, i.e. more than the other 
components (10-19%). 

When analyzing the reaction of the 
Quercus biomass structure to temperature and 
precipitation in their transcontinental gradients 
(Fig. 2), there are clearly expressed positive 
relations of aboveground and total biomass 
with the mean temperature of January. If for 
the named components this regularity occurs 
regardless of the level of water availability 
in the regions, then for the mass of foliage, 
branches and roots this positive relationship 
with temperature is characteristic only for 
sufficiently water-rich regions (PRm = 800-900 
mm). As we move from moisture-rich to water-
deficient regions (PRm = 300 mm), this positive 
trend of foliage, branches and roots biomass 
changes to a negative one (see Fig. 2).

Accordingly, during the transition from 
water-deficient to moisture-rich regions, 
aboveground and total biomass decreases in 
all warm zones. The mass of leaves, branches 
and roots under the same conditions (i.e. with 
increased water availability) decreases most 

intensively in cold climatic zones, and in warm 
climatic conditions either does not change (as 
in the roots), or increases (as in the foliage 
and branches) (see Fig. 2).

The patterns of changes in the total, 
aboveground, roots, foliage and branches 
NPP in climatic gradients are the same as for 
biomass (Fig. 3). Changes in the stem NPP in 
temperature and precipitation gradients are 
subject in this case to the same propeller-
shaped 3D-pattern as in the biomass and NPP 
of roots, foliage and branches. 

At first glance, it may seem paradoxical 
that the reaction of the mass of the assimilation 
apparatus in warm climatic conditions does 
not decrease with increasing precipitation, as 
is typical for wood components, but increases. 
However, such contradictory situations have 
been encountered before. In particular, it is 
shown (Lapenis et al. 2005) that in Siberia, 
with the simultaneous warming of the climate 
and a decrease in precipitation, the share of 
assimilation mass of forest cover decreases, 
and the share of wood components increases. 
This is explained by the specifics of the 
assimilation apparatus, namely its transpiration 
activity, when warming and a corresponding 
increase in transpiration requires an increase 
in the influx of assimilates into the foliage, 
and climate desiccation reduces this influx of 
assimilates by reducing transpiration activity. 
Perhaps this phenomenon demonstrates the 
future scenario of acclimatization of trees to 
continuing warming and changes in the water 
balance of territories.
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The resulting models and patterns can 
be used to predict changes in the component 
composition of biomass and NPP of oak stands 
due to changes in climate variables. However, 
they are hypothetical, and not only because 
of the relatively small contribution of climate 
variables to explain the variability of biomass 
and NPP of oak stands: they reflect long-
term adaptive responses of stands to regional 
climate conditions and do not take into account 
the rapid trends of current environmental 
changes, which impose serious restrictions on 
the ability of forests to adapt to new climate 
conditions (Givnish 2002; Alcamo et al. 2007; 
Berner et al. 2013; Schaphoff et al. 2016; 
Spathelf et al. 2018; Vasseur et al. 2018). 
Liebig‘s law of limiting factor works well in 
stationary conditions. When limiting factors 
change rapidly (for example, air temperature 
or precipitation), forest ecosystems are in a 
transient (non-stationary) state, in which 
some factors that have not yet been significant 
may come to the fore, and the final result may 
be determined by other limiting factors (Odum 
1975). The disadvantage of the database 
used in our study is the uneven distribution of 
experimental sample plots with biomass and 
NPP data across the territory of Eurasia. Since 
regression analysis is performed using the 
common least squares method, its estimates 
in regions with the minimum number of sample 
plots may be skewed due to the greater 
„information weight“ of those regions where 
their number is maximum. The response of 
forest biomass to climate change will also 
depend on how much the photosynthetic 
benefits of increased atmospheric CO2 can 
offset the increased physiological stresses of 
climate change (Sperry et al. 2019).

As noted above, the main pool of our 
harvest data on forest biomass in Eurasia was 
obtained since 1947 to 2009, and the climate 
maps used cover the period of the late 1990s 
and early 2000s. Some discrepancy between 
the two time periods may cause possible 
biases in the results obtained, but for such a 
small time difference in the initial data, the 
inclusion of compensatory mechanisms or 
phenological shifts in forest communities is 
unlikely (Anderegg et al., 2019; DeLeo et al., 
2020). There is an uncertainty in assessing 
the impact of phenology on the biological 
productivity of stands, established for the 
cherry oak in the South of Russia: if the 
assessment of the biomass of oak stands did 
not reveal differences between the phenologic 
varieties of oak, then the assessment of 
net primary production shows a 1.6-fold 

advantage of late-blooming variety over the 
early-blooming one (Zhou, 1992).

Given the noted methodological and 
conceptual uncertainties, the results 
presented in this study should be considered 
as preliminary ones. They may change as the 
original forest biomass and NPP databases will 
be updated and methods of analysis will be 
improved.

Conclusions

When using the database of 663 and 260 
sample plots with estimates of biomass and 
net primary production (NPP) of stands of 
the genus Quercus in Eurasia, a statistically 
significant positive relationship of aboveground 
and total biomass with the mean temperature 
of January, regardless of the level of moisture, 
was established. For the biomass of foliage, 
branches and roots, the positive pattern is 
only characteristic for wet regions, but as we 
move towards arid regions, this relationship 
becomes negative, and in 3D interpretation, 
the pattern looks as a propeller -like surface.

The patterns of changes in the total 
and aboveground NPP are similar to the 
corresponding patterns for total and 
aboveground biomass, and the patterns of 
changes in the NPP of foliage, branches, roots 
and stems in climatic gradients correspond to 
the same propeller-like 3D picture.

The results obtained can be useful in 
managing the biosphere functions of forests, 
which is important in implementing climate 
stabilization measures, as well as in validating 
the results of simulation experiments to assess 
the carbon-deposition capacity of forests. They 
also provide a preliminary view of possible 
changes in oak forest biological productivity 
under the influence of climate change.
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