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Among the natural systems of the land of the 
planet, forests have an extremely important 
environmentally creating functions. They are, in 
particularly, in the deposition of carbon from 
atmosphere, the accumulation water reserves and 
its use, also the enrichment of atmosphere with 
moisture and oxygen. All this is the result of the 
biological productivity of forest ecosystems and, 
first of all, their autotrophic components, that is, 
the plant organisms [9, 28, 30, 42, 45, 56, 62, 63, 
64, 66, 69, 70]. 

In general, forests cover 31% of the surface 
of the land. Their area is estimated at 4 billion 
hectares. For one inhabitant of the Earth there 
are 0.6 hectares of forest. The total biomass of 
the world's forests is estimated at 600 Gt of 
dry matter, or 149 tons per hectare. In general, 
the world forests biomass contains 289 Gt of 
carbon [30].  

European forests also have a significant 
impact on the gas composition of atmosphere 
and on climate formation. In total, their area is 
215 million hectares. The total growing stock of 
forests in Europe is estimated at 35 billion m3. 
The average density of growing stock in forests 
in the European region is 163 m3·ha-1, which is 
larger than the world average (133 m3·ha-1). As 
a result of photosynthesis, forests absorb a large 
amount of carbon dioxide from the atmosphere. 
At present, 719 million tons of carbon accu-
mulates annually in forest biomass and soil, or 
approximately 3.3 t·ha-1 [28, 61]. This amount 
is contained in 6.7 t·ha-1 of dry phytomass. At 
the same time, it means that over the course of 
the year Europe's forests consume 2 636 million 
tons of carbon dioxide, 1 078 million tons of 
water, 7 939 terawatt-hours (TW·h) of solar and 
thermal energy, and produce in the atmosphere 
1917 million tons of oxygen. In terms of one 
hectare, it is 12.1 t·ha-1 of carbon dioxide, 
4.9 t·ha-1 of water, 36.4 MWh·ha-1 (megawatt 
hour) of energy, 8.8 t·ha-1 oxygen. 

The production process of phytomass is 
accompanied by intense transpiration, 
consisting of the evaporation of water from the 
leaf surface of plants. It provides a suction 
function of the roots, the transport of solutions 
of nutrients from the roots to the leaves by 
vessels, and cooling of the leaf surface. It is 
believed that for the production of one 
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kilogram of dry matter, phytomasses for 
transpiration are used from 200 to 1000 liters 
of water. This value depends on the phy-
siological characteristics of the plants, the 
natural and climatic conditions and the 
applied crop cultivation farming techniques. 
For the plants of moderate climate with cha-
racteristic C3-photosynthesis, such transpi-
ration coefficient can be 450–900 liters per 
1 kg of dry matter phytomass [5, 33, 46]. 

The evaporation process requires large 
amounts of energy. Evaporation of one ton of 
water requires 637 kWh of heat energy. Thus, 
to ensure the average increment of phytomass 
in Europe (6.7 t·ha-1 ), the evaporation uses 
1900–3800 MWh·ha-1. In recount it is 
190–380 kWh·m-2. In the course of the year it 
can provide the average consumption of heat 
energy with the capacity of 22–44 W·m-2 by 
power. In the middle latitudes of Europe 
(30–60°) an average of 100–250 t·m-2 of solar 
energy enters to the surface of the land [32]. 
Consequently, the average increment of 
phytomass in Europe consumes about 22 % of 
the incoming solar energy. 

That is why, the increment of biomass is an 
important regulator of the regional climate. 
The destruction of forests, the deforestation of 
the surface of the land reduces the growth of 
phytomass and, consequently, decreases the 
use of energy for photosynthesis and 
transpiration. It leads to the increment in the 
temperature of the surface layers of the 
atmosphere. Conversely, the increment of 
phytomass uses thermal energy, significantly 
cools and further moistens the air. That is why 
one of the radical ways to prevent warming 
and to reduce the humidity of the climate on 
the land should be the expanding the forests area 
and increasing of their productivity [40]. The 
practical implementation of such projects re-
quires appropriate theoretical substantiation. The 
basis of it should be generalized actual biometric 
datas on the growth of forest stands in different 
natural climatic and soil-hydrological conditions. 
This is especially true for mixed uneven-aged 
forest stands. Their modeling requires the appli-
cation of knowledge about the course of growth 
of tree components of different species. 

This problem is especially relevant for 
Ukraine. Local forests and other woody 
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vegetation occupy only 15,9 % of the total 
area (almost 9,6 million hectares) [26].  Their
average stock is 218 m3·ha-1 [28, 26, 37]. This 
is relatively high rate, because it is much 
more than actual for Europe as a whole, but 
slightly less than typical for the Central-
Eastern Region of Europe [28]. According to 
preliminary estimates, in 2009 the total 
amount of phytomass of forests of Ukraine 
amounted to 1 317.9 million tons. It contained 
658.9 million tons of carbon [62, 39, 41]. The 
average annual Increment in timber volume in 
Ukraine's forests now reaches 3.9 m3·ha-1·yr-1 

[26], which is almost 1.7 %. In Europe, this 
indicator is generally lower, only 1.29 %. 
Accordingly, it can be assumed that the 
annual growth of biomass in the forests of 
Ukraine reaches 2.7 t·ha-1·yr-1, in that depo-
sited carbon – 1.35 t·ha-1·yr-1. These indices 
are much lower than those for Europe as a 
whole. In the course of the year, Ukrainian 
forests can provide an average thermal energy 
consumption of only 9–18 W·m-2 by power. 
Comparing the environmental priorities with
European level, it is necessary to increase the 
productivity of forests at least twice. 

Traditionally, a vision has emerged, that 
the highest values of the annual growth of 
stem wood are characteristic of young and 
middle age forest stands. Similar is the 
opinion that in older age of the forest stands
the growth of the wood decreases [47, 58]. 
That’s why from the biological and 
economical point of view the age of forest 
stands ripeness is defined as 80–100 years. 
Such vision needs careful verification and 
additional research, as the productivity of the 
forests of older age in official sources is 
almost not represented [28, 58, 67]. This is 
especially true for natural mixed uneven-aged 
forest stands. 

In Ukraine, the area of such forests in the 
age of mature and older age remained a small 
amount (about 7 %). They are mainly rarefied 
and their stem volume of stands is low,  
250–500 m3·ha-1 [37]. This is the result of in-
tensive economic activity, periodic felling of 
stands. According to this fact, is a small 
current increment of forests biomass in 
Ukraine. However, their stands volume can 
reach over 800 m3 ha-1, and annual increment 
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of biomass – more than 10 t·ha-1 yr-1 [22, 66]. 
For example, stands over 100 years old have 
average volume of over 800 m3·ha-1 in 
Belgium, France, Germany, Hungary, Latvia, 
Netherlands, Slovenia [28]. 

Such forest stands need to be thoroughly 
explored and mus be developed the models of 
their growth. First of all, it concerns 
biometric indicators of growth course and 
productivity. An example is the new tables of 
the growth and productivity of the Northern 
Eurasian forests [42], which cover the 200 
and even 300 years of their growth. 

Particularly relevant are these issues for 
uneven-aged forest stand, that were formed by 
natural regeneration. Indeed, in the normative 
tables, such data are not presented at all [22, 
47, 58, 59]. Multi-aged forest stands consist of 
a plurality of the trees of different species, of 
different age and size. Their biometric 
parameters vary greatly. Averaging them do 
not give the correct results (arithmetic average 
weighted). 

To overcome this problem, it is necessary 
to apply a generalization of the biometric 
indexes of each individual tree, which is easy 
to implement with the modern computer 
methods. This is especially true for trees over 
100 years old. Therefore, averaged tabular 
data concerning for age, diameter, height, tree 
trunk volume and increment of these indices 
are required. 

On this basis, mathematical polynomials of 
the growth and increment of biometric para-
meters of the trees of different age, that in sundry 
types of natural geographic and soil-hydrological 
conditions growing, can be developed.  

Somewhere in the Carpathian forests there 
are gigantic trees, whose age is over 200 years 
old. They require not only the preservation but 
also the study of biometric characteristics of 
their growth. After all, such biometric info-
rmation is mostly absent [4, 27, 43, 44, 48, 50, 
51]. Unfortunately, the biometric information 
for such trees that grew and grow in the 
Carpathian region is unrepresented and in nor-
mative materials. There are also a few scien-
tific publications on these issues [1, 2, 11, 12, 
14, 20, 21, 23, 34, 35, 36, 55, 58, 66]. 

It is these factual normative materials on 
the growth of old-age trees that are very 
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essential for solving an important problem of 
the dynamics of development of uneven-aged 
mixed stands, which are formed by trees of
several edificatory species. Yet, in 1942 the 
well-known Galician Forestry scientist, Andrij 
Pyasetskyj, accurately predicted that in compa-
rison, such dynamic biometric characteristics of 
the growth of trees, that grow in different con-
ditions, can give an answer to the question of the 
peculiarities of the "course of development 
dynamics" of such stands, and as well as their 
ability to self-regenerations [52]. Unfortunately, 
in the scientific literature there is practically no 
information concerning forests of the western 
region of Ukraine [60, 57]. 

That is why the purpose of this study was 
to know the regularities of growth according 
to the basic biometric indices of the trees 
growing in the Carpathian forests within the 
basin of the Dniester River. Particular 
attention was paid to the old-age trees, which 
grow in typical soil-climatic conditions, 
which are fresh and wet soils of middle 
fertility on the Carpathian Foothills and in 
Beskydy mountains and also Gorgany range. 

In this monograph we offer the original 
results of research about the course of growth 
and increment of 219 model trees of different 
species especially of older age. 

We hope that our work will be useful for 
use in the monitoring scientific research of 
forests in national parks and nature reserves.
Also, the materials presented in this paper 
can be used for practical Forestry. In 
particular, this concerns the elaboration of 
the principles of growing close to natural 
multi-species uneven-aged forest stands. The 
proposed biometric generalizations can be 
used to determine the estimated age of giant 
trees and to develop the methodological 
principles of biometric studies of mixed all-
age forest stands and the creation of 
appropriate normative tables. 
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