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Foreword 

Siberia's forest sector is a topic which recently has gained considerable international interest. 

IIASA, the Russian Academy of Sciences, and the Russian Federal Forest Service, in 
agreement with the Russian Ministry of the Environment and Natural Resources, signed 
agreements in 1992 and 1994 to carry out a large-scale study on the Siberian forest sector. 
The overall objective of the study is to focus on policy options that would encourage 
sustainable development of the sector. The goals are to assess Siberia's forest resources, 
forest industries, and infrastructure; to examine the forests' economic, social and biospheric 
functions; with these functions in mind, to identify possible pathways for their sustainable 
development; and to translate these pathways into policy options for Russian and international 
agencies. 

The first phase of the study concentrated on the generation of extensive and consistent 
databases of the total forest sector of Siberia and Russia. 

The study is now working on its second phase, which will encompass assessment studies of 
the greenhouse gas balances, forest resources and forest utilization, biodiversity and 
landscapes, non-wood products and functions, environmental status, transportation 
infrastructure, forest industry and markets, and socio-economics. 

This report, carried out by Prof. Shvidenko, Dr. Venevsky and Prof. Nilsson of the study's 
core team, is a contribution to the analyses of the topics of greenhouse gas balances and forest 
resources, and forest utilization. 



Increment and Mortality for Major Forest Species of 
Northern Eurasia with Variable Growing Stock 

Anatoly Shvidenko, Sergey Venevsky, 
and Sten Nilsson 

1. Introduction 

Current net and gross increments of the stands are the most important biometric 
indexes, reflecting recent productivity of forests. These indexes are necessary for numerous 
applications of general ecological analyses (estimation of bioproductivity and elements of 
global biogeochemical cycles, such as carbon and water cycles), and for analysis of 
sustainable wood supply. 

These are the reasons for the development of a modeling system (MS) with the 
objective to evaluate current increment (net and gross increment) and mortality in the 
forests of the Former Soviet Union (FSU). With this purpose in mind, the general structure 
of the modeling system developed by IIASA's Siberian Forest Study has previously been 
presented by Shvidenko et al. (1995). The modeling system can be used within the frame 
work of the Russian forest inventory system, with respect to aggregated estimates of forest 
productivity for different purposes. 

The system describes the age dynamics of major biometric indexes for stands over 
site indexes (bonitats), namely : 

height - H(A,N); 

diameter -D(A,N); 

basal area - BA(A,N); 

growing stock GS(A,N); 

total volume TV(A,N); 

net increment dGS(A,N); 

gross increment dTV(A,N); 

mortality M(A,N)=dTV(A,N) - dGS(A,N); 

percent age of net increment pGS(A,N)=(dGS(A,N)/GS(A,N))* 100; 



percent age of gross increment pTV(A,N)=(dTV(A,N)/TV(A,N))* 100; 

percent age of mortality pM(A,N)=(M(A,N) /GS(A,N))* 100; 

A represents the age of the stand, and N is the site index of the stand (there are seven major 
site indexes in the Russian classification). The exact definitions of the indexes are presented 
in Appendix 1. These biometric indexes allow us to describe the temporal dynamics of 
stands at a satisfactory level. 

The first step of the development of the modeling system was the construction of 
mathematical models of fully-stocked stands for the 17 major forest species in the territory 
of Northern Eurasia. The models are described in Shvidenko, et al. (1996). 

Despite the importance of models and yield tables representing fully-stocked stands, 
such models can only give a generalized understanding of the growth potential for so-called 
"normal" stands, i.e., the most productive and even aged stands. However, huge areas of the 
forested territories in Northern Eurasia, especially in Siberia and the Far East, are covered by 
stands with variable age structures. These stands are partly mixed and are growing in 
conditions with natural and artificial disturbances of various intensity and frequency. 

This paper summarizes the second stage of the development of the modeling system, 
devoted to the estimation of increment and mortality in stands with variable growing stock 
in the territory of Northern Eurasia. 

It has been possible to estimate the biometric indexes for six species with variable 
growing stock levels. They are : 

CONIFEROUS: 

PINE, 

SPRUCE 

LARCH; 

HARD DECIDUOUS: 

OAK. 

SOFT DECIDUOUS : 

BIRCH, 

ASPEN; 

The above species cover nearly 85% of the Russian forested areas. 



2. Basic Approach and Basic Materials 

Development of a stand is a complex process, dependent on climatic and edaphic 
growing conditions, on the initial inner structure of the forest biogeocenosis, and directions 
and intensity of biotic and abiotic processes in the forest ecosystem. Attempts for a unified 
description of these complex processes, with different levels of generalizations, are given by 
local and general yield tables for fully-stocked stands and for stands with different stocking, 
as well as in different analytical and simulation models. Much discussion has been carried 
out concerning the problem of current Russian increment estimations (see reviews in 
Anatanaitis and Zagreev, 198 1; Anuchin, 1977). 

The first attempt to estimate the current Russian increment of stands with different 
stocking levels began with the famous Gerkhard formula (Anatanaitis and Zagreev, 198 1): 

for shade tolerant species, where d is stocking level and dTV(I.0) is the current increment 
for the fully-stocked stand, and 

for shade intolerant species. 

It is obvious that such formulas are very rough. Subsequent investigations have been 
oriented to search for more adequate model approaches for the current increment estimations 
(Anatanaitis and Zagreev, 1981). One of the first major efforts to estimate the current 
increment in Russia was carried out by Naumenko (1941). This Russian forester elaborated 
tables of current increment as functions of age for different forest species, site indexes, and 
stocking levels, based on data from 2327 experimental plots with 15700 felled and measured 
representative trees for the central part of European Russia. 

Similar investigations were carried out in Lithuania (Anonymous, 1967; Anonymous, 
1972), in other parts of European Russia (Zagreev, 1968), in Ukraine (Nikitin, 1966; 
Shvidenko et al., 1987) and in Siberia (Verkhunov, 1975). The common conclusion was, 
that models of the current temporal increment dynamics should be elaborated by forest 
species, growing conditions (forest types and site indexes), types of stand age and 
morphological structure, types of management regimes and frequencies and intensities of 
disturbances (especially in Siberia and the Far East). It was also shown, that the relative 
current increment for given species with equal site indexes and equal stocking levels vary 
only slightly with the geographical location. 

The most important conclusion was that, by using the forest parameters listed in the 
previous paragraph, there is the possibility to design relevant models (tables) of the current 
increment dynamics for a defined stand with an accuracy of +25-30%. It means, that such 



tables give relatively good estimates on the productivity characteristics for unified stands, 
i.e., for aggregated estimates of productivity over huge territories. 

Nevertheless, in the beginning of the work carried out within the framework of the 
IIASA Siberian Forest Study, different models and tables on the current increment 
estimations were only available for some areas of Russia, mainly for European Russia and 
some former Soviet Republics, also located in Europe. These models and tables were, as a 
rule, of limited applicability for the Siberian Forest Study and contained either estimates of 
net current increment or estimates of gross current increment. 

The objective of the current work was to design a unified model approach, based on 
all existing increment data in Russia, in order to estimate net and gross increments and 
mortality. 

The major forest species, described in this work, cover huge territories and grow in 
different edaphic and climatic conditions. Models and tables, presented below are, to a 
major extent, based on even aged single-species stands (no more than 20% is represented by 
non-dominant species), which are managed under specific management regimes. We 
assume smooth dynamics for the development of the stocking levels without any great 
increases or catastrophic declines. Applications of the models are relevant for static 
evaluations at fixed ages, but also for description of the growth processes by integrating the 
dGS (net increment) and the dTV (gross increment) over age, at variable stocking levels, 
and for specified site indexes. 

In our work we used the following major sources for the initial data: 

1) General tables of gross increments for stands with different stocking levels of 
Pine, Spruce, Birch, Aspen. (Table 147, Zagreev et. al., 1992). The age span of these tables 
is from 5 to 100 years, site indexes vary from la to 5a, and the stocking level varies from 0.4 
to 1.0. 

2) Yield tables for stands in Lituania with different stocking levels by different types 
of forest of Pine, Spruce, Birch, Aspen (Tables 2.1-2.4, 2.8-2.1 1, 2.16-2.19, 2.24-2.27, 2.32- 
2.35 Kenstavichus et al. 1981). The age span for these tables is from 10 to 130 years, site 
indexes vary from 1 to 5, and the stocking level varies from 0.6 to 1.0. Total volume 
estimates are absent. 

3) Tables of gross increment for stands in European Russia with different stocking 
levels of Pine, Spruce, Oak, Birch, Aspen (Tables 93-102, Tiurin et al., 1945). The age span 
of these tables is from 10 to 90 years, site indexes vary from 1 to 4, and the stocking level 
varies from 0.6 to 1 .O 

4) Yield tables for model stands for Larch and Pine in different regions of Siberia 
(Tables 1-5, 11-18, 28-30, 40-52, 58, 83-86, Falaleev et al., 1975). The age span of these 
tables varies from 20 (50) to 140 (200) years, site indexes from 3 to 5a, and the stocking 
level varies from 0.4 to 0.7. Estimates of the total volumes are absent as a rule. Total volume 
estimates are only presented in tables for Larch stands in Northern Jakutia and Buriatia. 

5) Yield tables for model Larch stands in the Far East (Tables 150, 151, 153, 
Koriakin, 1990). The age span of these tables varies from 20 to 240 years, site indexes from 
3 to 5a, and the stocking level varies from 0.4 to 0.8. Estimates of the total volumes are 



absent as a rule. Total volume estimates are presented only in tables for Larch stands in the 
Magadan region. 

6) Dynamics of the relative current increment for Larch stands in the Southern Far 
East (Table 158, Koriakin, 1990). The age span of this table varies from 50 to 210 years, site 
indexes from 1 to 5a, and the stocking level varies from 0.3 to 0.9. 

For definitions of general tables, regional tables, model tables, growth tables etc., see 
Appendix I. 

3. General Approach for Calculation of Three-Dimensional 
Functions for Biometric Indexes 

3.1. Calculation of the Growth Functions 

The Mitcherlich (Richard-Chapman) growth function was chosen as the basic 
mathematical function for employing experimental data, and forming yield tables into a 
simple, but adequate modeling system. The growing stock, total volume and their 
derivatives, such as annual gross increment, annual net increment and natural mortality, as 
well as the percentages of these parameters are dependent on the stand age (A) and the three 
different coefficients in the Mitcherlich function ( cI, c2, c3 ). For example, total volume 

(TV)  can be calculated as: 

W = c 1 - exp-c . A)) 2 
c3 

The coefficients have explicit biological meanings (c ,  is the maximal value of the growth 

1 (c3-1) 
function (the asymptote), c . c . (1 - -) 1 2  is the maximal increment value (slope of 

c3 
ln(c3) 

the curve) and - is the turning point of the growth function). 
"2 

Using the estimates of the coefficients of the Mitcherlich function, it is possible to calculate 
annual increments and percentages of annual increments. For example, for the gross 
increment ( d W  ) and the percentage of the gross increment Pw we get: 

and 



PTV = c2 - c3 . exp(-c2 . A) I (1 - exp(-c2 . A)) (5) 

The difference between gross increment (dTV ) and net increment (dGS), both calculated as 
derivatives of the Mitcherlich function, gives us the mortality (dM): 

dM is the natural mortality, when the stocking level is equal to 1.0 (i.e. mortality, caused by 
the concurrence between individual trees), and the mortality equal to the sum of natural, 
pathological and mechanical moralities, when the stocking level is less then 1.0. The 
coefficients of the Mitcherlich function vary for different forest species and geographical 
locations. 

For stands of different densities (stocking) d ,  the growth functions can be 
formulated as three-dimensional functions and each of the three coefficients of the 
Mitcherlich function will be dependent on site index ( N )  and density (d) (d has a range 
from 0.3 to 1.0). The most simple form of such functions, for the coefficient estimations, is 
a system of polynomial nonlinear equations. 

As a rule, we used the quadric polynomials to design these coefficients: 

For example, for the calculation of the total volume of Pine, these coefficients are 
estimated to be: 



3.2. Calculation of the Gross Increment Dependency on the Growing 
Stock Level 

Based on the availability and the characteristics of the initial data, the following 
approach has been used. 

1) A non-linear regression with the Levenberg-Marquart method is executed in order to 
estimate the coefficients of the Mitcherlich function by age, site index and stocking 
variations, assuming functional dependence (4) for the gross increments. The computer 
exercises have shown that the estimation of the exponential coefficient is particularly 
important, as all the functions designed are very sensitive to variation of this coefficient. 

2 )  Quadratic regressions give us a statistical dependence of the three coefficients by site 
indexes and stockings. This stage allows us to design a three-dimensional growth function 
for total volume by age, site index and stocking. There are possibilities to use other non- 
linear expressions for the regression calculations. However, more sophisticated regressions 
can generate considerable calculation errors and do not coincide with the simplicity and 
transparency of the developed system. The analyses so far, showed that linear regressions 
can not be used due to the low accuracy of the results, while quadric regressions seem to 
give adequate results. 

3) Finally, all total volume and gross increments functions generated, are evaluated by 
experts with respect to the stand variables employed in the functions. The statistical 
characteristics of all the approximations are checked. The procedure of checking includes 
comparisons with general tables for fully-stocked stands. The iterative procedure described 
can be restarted if the results are not explicit enough, or are in contradiction with, logical 
requirements of the process described. 

It should be noted, that one can use the designed three dimensional total volume 
functions by age, site index and stocking for estimation of total volumes, gross increments 
and percentages of gross increment of biologically similar forest species. From the 
experimental data, the growing stock can be calculated by using the basal areas (BA) from 
fully-stocked stands evaluated in the previous steps of this study (Shvidenko et al., 1996). 

However, usually the stocking variations for a separate region are very small and one 
is forced to find separate specific methods for the construction of the final three-dimensional 
approximated surface. From a mathematical point of view, this is a problem of the 
multidimensional approximation of the plane with irregular points by an analytical function. 
Such a problem can only be solved, in some cases, with a "good" configuration of 
experimental data sets. 

Computer analyses for two coniferous species (Larch and Pine) allow us to conclude 
that such manipulations can be made within the limits of the accuracy of the function 
coefficients. 

This is very important, as the data for Larch gross and net increments over different 
growing stock levels are rather poor, and Larch is the most common forest species in the 
territory of the former USSR. 



3.3. Calculation of the Net Increment Dependency on the 
Growing Stock Level 

Basically, i t can be assumed that the dependency of growing stock by the growing 
stock level d can be calculated in the following way: 

where, GS(I.0) is the growing stock of completely fully stocked stands, estimated from the 
general tables (Shvidenko et al., 1996), and d is the stocking level. 

The net increment in this case could be assumed as a linear function over the 
stocking level: 

where, dGS(I.0) is the net increment of a fully stocked stand estimated from general tables 
(Shvidenko et al., 1996). 

However, analyses of experimental data for real stands e.g., in Latvia (Kenstavichus 
et al., 1981) have shown, that the dependence of growing stock on the stocking level can 
differ from a linear approach. Hence, the net increment will not have a simple linear 
behavior over the stocking level (as the time derivatives from the growing stock). 

To construct the functions GS(A,d) and dGS(A,d) for some of the forest species we 
used the following equation, presented by Kenstavichus et.al. (198 1): 

where d is a stocking level, ranging from 0.3 to 1 .O; dg is the basic stocking level, which is 

averaged for sample plots in investigated stands; Hg is an averaged height of stands with the 

stocking level dg, which is actually averaged for sample plots in investigated stands; e, f and 

g are regression coefficients. 

We used the basic stocking levels and regression coefficients presented for different 
species in the above mentioned work (Kenstavichus et al., 1981). Hence, the basic stocking 
level shown in this study is the same for all species (0.7). 



It can easily be seen that the expression (1 1) assumes: 

Therefore, the average height of a stand over stocking levels can be expressed as a linear 
function by the average height of a fully-stocked stand: 

where: 

and: 

The above mentioned Lithuanian authors proposed to estimate the growing stock of a stand 
by using a quadratic regression: 

However, this formula assumes linear dependency of the stand's basal area over the averaged 
height and seems to be too rough for our purposes. Therefore, we applied a cubic regression 
function to estimate the growing stock: 

The final equation for calculation of the growing stock dependency over stocking 
levels will be the following: 



GS(d, Age) = d * GS(l.O, Age) + AGS(d, Age), ( 1  8) 

where (A) is the age of a stand and the last term presents a nonlinear variation for the 
approximate formula (9). Formula 18 can be calculated as: 

AGS(d, A )  = d * (q ,  ( d )  + q, ( d )  * H(l.O, A)  + q, ( d )  * H2 (1.0, A) + q3 ( d )  * H (1.0, A)) ,  ( 1  9) 

where 

q0 ( d )  = C2 * B(d)  + C3 * B~ ( d )  + C4 * B~ ( d ) ,  

q1 ( d )  = C2 * (A (d )  - 1 )  + 2 * C3 * A(d)  * B(d)  + 3 * C4 * A(d)  * B~ ( d ) ,  
m m (20) 

where A(d) and B(d) are calculated by formulas 14, 15 and Ci are the regression coefficients 

in formula 17. 

Taking into account formulas 18 and 19 we can estimate the net increment over 
different stocking levels: 

dGS(d, Age) =d*  dGS(l.0, Age) d(AGS(d, Age)) + 
dAge dAge dAge 

9 

where 

d(H(1'07Age))  + 2 * q2 ( d )  * H(l.0, Age) * d(H(1.0, Age)) + 

dAge dAge dAge 

+3 * q3 ( d )  * H (1.0, ~ ~ e )  * d(H(1.0, Age))) 
dAge 



It means that we can design the net increment functions over different stocking levels if we 
have regression equation 15 and growth functions over average height for fully-stocked 
stands. 

The estimates of coefficients e, f and g for the different species in equation 9 are 
shown in the Table 1. 

Species e f g 
PINE 0.125 0.9 12 0 
SPRUCE -0.05 1.035 -1.25 
BIRCH 0.140 0.902 0 
ASPEN 0.1 0.93 0 
OAK 0.429 0.7 0 

Table 1. The coefficients of height dependency of stocking levels. 

The calculations of the net increment dependency over stocking levels showed that 
the overall procedure of estimation is very sensitive to the estimate of the above coefficients. 
The coefficients e, f and g for pine, spruce and birch were taken directly from Table 2.55 by 
Kenstavichus et al. (1981). The coefficients for oak and aspen were estimated from tables 
for model stands, presented in the same book. 

4. Results 

The results presented below include coefficients of the models and tables of stand 
characteristics by different site indexes and stockings for Pine, Spruce, Larch, Oak, Birch 
and Aspen. 

The following stand characteristics are presented: 

1. growing stock (GS(A, N, d) ), 

2. total volume (TV(A, N, d)), 

3. net increment dGS(A,N); 

4. gross increment dTV(A,N); 

5. mortality dM(A,N,d)=dTV(A,N,d) - dGS(A,N, d); 

6. percentage of net increment pGS(A,N, d)=(dGS(A, N, d)/GS(A, N, d))*100; 

7. percentage of gross increment pTV(A, N, d)=(dTV(A, N, d)/TV(A, N, d))* 100; 

8. percentage of mortality pM(A, N, d)=(M/GS)* 100; 



The estimates presented were validated based on some limited experimental data and 
rather numerous yield tables of model (real) stands. Unfortunately, the major part of the 
model yield tables, generated during the last decades in the former USSR, do not include 
data on the total productivity, and experimental data is absent for some parts of the 
distribution areas of the species studied. However, we consider the results presented as a 
unified modeling aggregation of existing knowledge with limitations based on the initial 
data. The complete tables generated from this approach are presented in Appendix 2. 



1 .  PINE 
Coefficients for nrowinn stock: three-dimensional function 

Coefficients for total volume: three-dimensional function 



2. SPRUCE 

Coefficients for nrowing stock: three-dimensional function 

Coefficients for total volume: three-dimensional function 

CI 



3. LARCH 

Coefficients for growina stock: three-dimensional function 

CI 

Coeficients for total volume: three-dinzensional function 

c, 



4. OAK 

Coefficients for nrowinn stock: three-dimensional function 

Cl 

Coeficients for total volume: three-dimensional function 

CI 



5.  BIRCH 

Coefficients for growinn stock: three-dimensional~function 

Cl 

Coefficients-for total volume: three-dimensional function 



6. ASPEN 

Coefficients for growinn stock: three-dimensional function 

CI 

Coefficients for total volume: three-dinzensional function 

CI 
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Appendix 1 

Definitions 

In the following we present definitions of some terms which are central in the paper. 

GS(A) - growing stock at age A, amount of the total stem volume of all living trees of a 

stand, expressed in m3 per hectare. 

W(A) - total volume (total production) by age A, total volume produced of all stem wood 

by a stand up to age A, expressed in m3 per hectare. 

M(A) - accumulated mortality, the accumulated stem volume of trees which died of natural 

causes up to age A, expressed in m3 per hectare. Hence, 

W(A)= GS(A)+ M(A). 

dW(A)  - gross increment per year at age A , is defined as: 

dTV(A)= W(A)-TV(A-I), 

where W(A)=f(A) is the functional expression for the total volume by age. 

20 



dGS(A) - net increment per year at age A, is defined as : 

dGS(A) = g' (A), 

where GS(A)= g(A) is the functional expression for the growing stock by age. 

dM(A) - mortality per year for age A is the difference between gross and net increment 

Gross increment per year as percent of total production to date can be approximately 

calculated as: 

or explicitly as: 

Net increment per year, as percentage of growing stock to date, can be calculated in the 

same manner. 



The average diameter D is DBH, calculated as the average quadratic value of DBH's of the 

trees constituting a stand. 

The average height H is the value, calculated from the regression equation as the height of 

the tree with the diameter equal to D. 

Basal area BA is the sum of areas of all trees in the stand at breast height, expressed in m2 

per hectare. 

Density or  stocking is determined as the ratio between the sum of the basal areas of the 

measured stand at breast height and the sum of the basal areas of an ideal stand according to 

yield tables. 

Site indexes are determined in Russia by average height at a certain age of stands. 

Type of age structure (TASS) is a classification system of stands, which reflect the 

variation of age inside a separate stand. 

General tables are yield tables for fully stocked stands for an entire area, dominated by a 

certain species and are valid for all of the former USSR. They are used as general standards 

for different comparisons, and for forest inventories and forest management, if regional 

tables are absent. 

Regional tables are yield tables generated for a specified area which is dominated by a 

certain species. There are different types of regional tables: for normal (or fully stocked 

stands); for model (or not fully stocked stands), for different TASS; for specific goals of the 

forest management (so-called goal programs of forest regeneration); for forest plantations 

with different initial densities; etc. They are used for the local forest inventory and by the 

forest management. 

Growth tables (or models) are regional tables (or models) of dependency of net orland 
gross growth of different stand characteristic. 



Appendix 2 

Resulting Tables 



1. Pine 

1.1 Growing stock, m3/ha 

l a  Site Index 

AGE 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.1 Growing stock, m3/ha 

11 Site Index 

AGE 

5 5 4 3 2 2 
19 16 14 11 9 6 
3 8 3 3 27 22 17 12 
60 5 2 44 3 5 27 20 
85 7 3 6 1 50 38 28 
110 94 79 64 50 3 6 
135 116 97 79 6 1 44 
160 137 115 94 73 5 2 
184 158 132 108 8 3 60 
207 177 149 121 94 67 
248 2 13 179 145 112 80 
284 244 204 166 128 92 
3 15 270 226 184 142 102 
340 292 245 198 153 110 
362 3 10 260 21 1 163 116 
379 325 272 22 1 170 122 
393 337 282 229 177 126 
405 347 290 235 182 130 
414 355 297 24 1 186 133 
422 36 1 302 245 189 135 
428 3 67 307 248 192 137 
433 37 1 310 25 1 194 138 
437 374 313 253 195 139 

III Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.1 Growing stock, m3/ha 

IV Site Index 

AGE 

V Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.1 Growing stock, m3/ha 

Va Site Index 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.2 Total volume, m3/ha 

la Site Index 

AGE 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.2 Total volume, m3/ha 

I 

ZZ Site Index 

STOCKING 

AGE 

ZZZ Site Index 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

160 121 1 1134 1047 95 0 846 734 616 492 



1. Pine 

1.2 Total volume, m3/ha 

I I STOCKING i 
I AGE I 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 1 

IV Site Index 

V Site Index 



1.2 Total volume, m3/ha 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

100 3 14 3 05 29 1 270 244 21 1 173 129 
110 339 328 311 287 258 223 182 135 
120 362 348 328 302 270 232 189 139 
130 382 365 342 314 280 240 194 143 
140 398 379 355 324 288 246 199 146 
150 413 392 365 333 295 25 1 202 148 
160 425 402 374 339 300 255 205 150 
170 435 41 1 38 1 345 304 25 8 207 152 
180 444 418 387 350 308 26 1 209 153 

Va Site Index 



1. Pine 

1.3 Net increment, m3/ha*year 

l a  Site Index 

AGE 

3.65 3.16 
5.99 5.20 
7.41 6.44 
8.17 7.10 
8.46 7.35 
8.43 7.32 
8.18 7.09 
7.78 6.75 
7.30 6.33 
6.78 5.87 
5.70 4.93 
4.68 4.04 
3.78 3.26 
3.03 2.60 
2.40 2.06 
1.89 1.62 
1.49 1.27 
1.16 0.99 
0.9 1 0.78 
0.7 1 0.60 
0.55 0.47 
0.43 0.36 
0.33 0.28 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.3 Net increment, m3/ha*year 

0.38 0.3 1 0.25 0.19 0.14 
0.30 0.25 0.20 0.15 0.1 1 

II Site Index 

AGE 

III Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

1 60 0.75 0.66 0.57 0.48 0.40 0.32 0.25 0.18 



1. Pine 

1.3 Net increment, m3/ha*year 

ZV Site Index 

AGE 

V Site Zndex 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.3 Net increment, m3/ha*year 

I I STOCKING 1 
I AGE 1 1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

Va Site Index 



1. Pine 

1.4 Gross increment, m3/ha*year 

l a  Site Index 

AGE 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1.4 Gross increment, m3/ha*year 

I1 Site Index 

AGE 

III Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

160 2.20 1.75 1.36 1.05 0.78 0.57 0.40 0.27 



1. Pine 

1.4 Gross increment, m3/ha*year 

IV Site Index 

AGE 

V Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.4 Gross increment, m3/ha*year 

Va Site Index 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

100 2.75 2.47 2.18 1.87 1.57 1.26 0.96 0.66 
110 2.4 1 2.14 1.86 1.58 1.3 1 1.04 0.78 0.53 
120 2.10 1.84 1.58 1.33 1.08 0.85 0.63 0.42 
130 1.81 1.57 1.33 1.1 1 0.89 0.69 0.50 0.34 
140 1.55 1.33 1.12 0.92 0.73 0.56 0.40 0.26 
150 1.33 1.13 0.94 0.76 0.60 0.45 0.32 0.2 1 
160 1.13 0.95 0.78 0.63 0.49 0.36 0.26 0.16 
170 0.96 0.80 0.65 0.52 0.40 0.29 0.20 0.13 
180 0.8 1 0.67 0.54 0.42 0.32 0.24 0.16 0.10 



1. Pine 

1.5 Mortality, m3/ha*year 

l a  Site Index 

AGE 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.5 Mortality, m3/ha*year 

I1 Site Index 

AGE 

1.71 2.10 2.29 2.28 2.10 1.77 
2.80 3.3 1 3.56 3.57 3.34 2.89 
3.53 4.05 4.3 1 4.30 4.03 3.53 
4.02 4.49 4.70 4.65 4.36 3.82 
4.3 1 4.70 4.85 4.76 4.43 3.88 
4.46 4.76 4.83 4.69 4.34 3.78 
4.50 4.70 4.70 4.5 1 4.14 3.59 
4.46 4.57 4.50 4.26 3.88 3.34 
4.37 4.38 4.25 3.98 3.58 3.06 
4.22 4.16 3.97 3.67 3.27 2.77 
3.85 3.66 3.39 3.06 2.66 2.2 1 
3.44 3.16 2.84 2.49 2.12 1.72 
3.01 2.68 2.34 2.00 1.65 1.3 1 
2.60 2.25 1.91 1.59 1.28 0.99 
2.23 1.88 1.55 1.25 0.98 0.74 
1.90 1.56 1.25 0.98 0.74 0.55 
1.61 1.28 1 .OO 0.76 0.56 0.40 
1.35 1.05 0.80 0.59 0.42 0.29 
1.13 0.86 0.64 0.46 0.32 0.21 
0.95 0.70 0.5 1 0.35 0.24 0.15 
0.79 0.57 0.40 0.27 0.17 0.1 1 
0.66 0.47 0.32 0.2 1 0.13 0.08 
0.54 0.38 0.25 0.16 0.10 0.05 

I11 Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.5 Mortality, m3/ha*year 

IV Site Index 

AGE 

5 0.33 0.61 0.82 0.94 
10 0.30 0.80 1.21 1.50 1.65 
15 0.67 1.25 1.70 2.01 2.16 
20 1.03 1.62 2.07 2.36 2.48 
25 1.37 1.93 2.34 2.59 2.67 
30 1.65 2.16 2.52 2.72 2.76 
3 5 1.89 2.33 2.62 2.77 2.77 
40 2.07 2.44 2.67 2.76 2.7 1 
45 2.2 1 2.5 1 2.67 2.7 1 2.62 
50 2.3 1 2.53 2.63 2.62 2.50 
60 2.39 2.49 2.48 2.39 2.22 
70 2.37 2.36 2.27 2.12 1.92 
80 2.27 2.18 2.03 1.85 1.63 
90 2.12 1.97 1.79 1.58 1.36 
100 1.95 1.76 1.56 1.35 1.13 
110 1.77 1.56 1.35 1.13 0.93 
120 1.58 1.37 1.15 0.95 0.76 
130 1.41 1.19 0.98 0.79 0.62 
140 1.24 1.03 0.83 0.66 0.50 
150 1.09 0.89 0.70 0.54 0.41 
160 0.95 0.76 0.59 0.45 0.33 
170 0.82 0.65 0.50 0.37 0.26 
180 0.7 1 0.56 0.42 0.30 0.2 1 

V Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.5 Mortality, ml/I~a*~ear 

Va Site Index 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1.Pine 

1.6 Percent of net increment 

la  Site Index 

AGE 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1.6 Percent of net increment 

II Site Index 

AGE 

III Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

160 0.110 0.108 0.107 0.105 0.104 0.102 0.101 0.099 
170 0.086 0.085 0.084 0.083 0.081 0.080 0.079 0.078 
180 0.068 0.067 0.066 0.065 0.064 0.063 0.062 0.061 



1.Pine 

1.6 Percent of net increment 

IV Site Index 

AGE 

V Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1.Pine 

1.6 Percent of net increment 

Va Site Index 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.7 Percent of gross increment 

la  Site Index 

AGE 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.7 Percent of gross increment 

II Site Index 

AGE 

III Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.7 Percent of gross increment 

IV Site Index 

AGE 

V Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1.7 Percent of gross increment 

Va Site Index 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

100 0.780 0.774 0.759 0.734 0.701 0.660 0.612 0.559 
110 0.647 0.64 1 0.626 0.603 0.571 0.533 0.489 0.441 
120 0.54 1 0.535 0.520 0.498 0.468 0.432 0.392 0.349 
130 0.455 0.448 0.434 0.413 0.385 0.353 0.316 0.278 
140 0.384 0.377 0.364 0.344 0.319 0.289 0.256 0.222 
150 0.325 0.319 0.306 0.288 0.265 0.237 0.208 0.178 
160 0.276 0.270 0.259 0.24 1 0.220 0.196 0.169 0.143 
170 0.235 0.230 0.219 0.203 0.183 0.161 0.138 0.114 
180 0.201 0.196 0.185 0.171 0.153 0.133 0.1 13 0.092 



1. Pine 

1.8 Percent of mortality 

la  Site Index 

AGE 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1. Pine 

1.8 Percent of mortality 

I1 Site Index 

AGE 

111 Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



1.8 Percent of mortality 

I I STOCKING 1 
I AGE I 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 1 

IV Site Index 

V Site Index 



1.8 Percent of mortality 

Va Site Index 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

100 0.764 0.802 0.828 0.841 0.836 0.806 0.737 0.600 
110 0.645 0.66 1 0.668 0.663 0.645 0.606 0.538 0.421 
1 20 0.545 0.547 0.54 1 0.526 0.499 0.458 0.395 0.295 
130 0.460 0.453 0.439 0.4 18 0.388 0.347 0.289 0.205 
140 0.389 0.376 0.358 0.334 0.303 0.263 0.212 0.141 
150 0.329 0.312 0.292 0.267 0.236 0.200 0.155 0.096 
160 0.278 0.260 0.238 0.214 0.185 0.152 0.1 13 0.064 
170 0.235 0.216 0.195 0.171 0.145 0.116 0.082 0.041 
180 0.198 0.180 0.160 0.138 0.1 14 0.088 0.059 0.025 



2. Spruce 

2.1 Growing stock, m3/ha 

l a  Site Index 

1 AGE 

I Site Index 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



2. Spruce 

2.1 Growing stock, m3/ha 

674 
68 3 

II Site Index 

0.67 
4.4 
12.7 
26 
43 
63 
87 
112 
139 
167 
22 1 
272 
319 
3 60 
396 
427 
453 
474 
492 
507 
519 
528 
537 

III Site Index 

0.36 
2.5 
7.5 
16 
27 
4 1 
57 
74 
9 3 
113 
152 
191 
227 
259 
288 
313 
334 

58 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

160 928 840 752 664 574 483 39 1 299 



2. Spruce 

2.1 Growing stock, m3/ha 

I I STOCKING 1 
I AGE 1 1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

I V  Site Index 

0.17 0.14 0.1 1 0.09 
1.3 1.1 0.9 0.7 
4.. 1 3.4 2.8 2.2 
9 7 6 5 
15 13 1 1  8 
24 20 17 13 
34 29 24 19 
45 39 3 2 25 
5 8 49 40 32 
7 1 60 50 39 
98 84 69 54 
125 107 8 8 69 
151 1 29 106 8 3 
176 150 123 97 
197 168 139 109 
2 16 185 152 119 
233 199 164 129 
248 2 12 175 137 
260 222 183 144 
27 1 23 1 191 150 
280 239 197 154 
287 245 202 159 
293 25 1 207 162 

V Site Index 



2. Spruce 

2.1 Growing stock, m3/ha 

Va Site Index 

AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



2. Spruce 

2.2 Total volume, m3/ha 

la Site Index 

AGE 

I Site Index 

STOCKING 
- 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



2. Spruce 

2.2 Total volume, m3/ha 

I I STOCKING 1 
1 AGE 1 1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

11 Site Index 

III Site Index 



2. Spruce 

2.2 Total volume, m3/ha 

1 I STOCKING 1 
1 AGE I 1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

I V  Site Index 

V Site Index 



2. Spruce 

2.2 Total volume, m3/ha 

Va Site Index 

1 AGE 

STOCKING 

1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 



2 Spruce 

2.3 Net increment, m3/ha*year 

I 1 STOCKING I 
1 AGE 1 1 .O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 

l a  Site Index 

I Site Index 
















































































































































































































































































