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Growth and productivity of forests arc considered to be very important indicators reflecting a general condition and health
of forests. It is very important that indicators used for monitoring purposes provide an opportunity for direct or indirect
cvaluation of forcst productivity and its natural and anthropogenic changes. Analysis of the FHM crown indicators has shown, that
the primary crown indicators, which are presently measured and evaluated, are not sufficient for biological interpretation of the
collected data and estimation of potential tree growth. Crown length is nccessary for calculation of the meaningful composite
crown indicators and, consequently, the measurements of tree height should also be included into FHM sampling protocol.
Statistically rcliable trce height mcasurements as well as basal area estimation are ncecssary for cstimation of tree stand volume
and biomass.

A ncw composite crown quality indicator - total crown losses has been developed on the basis of primary FHM crown quality
indicators (crown density, foliage transparency, crown dicback). For determination of crown losses very important is what can be
considercd as normal density, normal dicback or normal foliage transparency. Bascd on four ycars of the FHM data, normal
(maximal) crown density for Scots pinc was assessed 70 per cent; normal (minimal) crown dieback-zero and normal (minimal)
foliage transparency - 5 per cent. Crown surface arca was used as a composite crown quantity indicator. Multiple regression model
for asscssment of potential productivity of trecs on the basis of qualitative and quantitative crown indicators is being developed.
Five years’ basal area increment was found to be a mostly suitable tree increment indicator related to the FHM Crown indicators.

Key words: monitoring, crown indicators, crown losses, productivity.

Introduction

Increasing anthropogenic pressure, especially by
environmental pollution emphasizes the environmental
role of forests. Forest vegetation, and particularly trees,
as a basic component of the forests ecosystems, are cha-
racterized not only by their impressive dimensions and
age, but also by their high sensitivity to environmental
pollution. Main coniferous species (Scots pine and Nor-
way spruce), which make up about 60 per cent of Lithu-
anian forests, are sensitive to air pollution in particular.
The health and structure of the forest ecosystems wors-
en, biodiversity and productivity decrease and aging
processes accelerate in the polluted environment.

Because of their longevity, forests have an import-
ant effect on various processes in the entire biosphere.
Their sensitivity to anthropogenic influence, integrally
reflects past and current environmental situation and is
one of the most suitable objects to environmental moni-
toring. Long range transboundary pollution and environ-

mental acidification effects are considered as the main
reason for wide range of forest decline over the Jast de-
cade. Lithuania has been participating in the European
Forest Monitoring program (International Cooperative
Program on Monitoring and Assessment of Air Pollution
Effects on Forests) since 1988. The main forest condition
indicator in this program is the visually assessed crown
defoliation. Average defoliation of the main tree species,
according to the data of Lithuanian National survey has
increased during 1989~ 1995. Some stabilization and
even a decrease in defoliation for pine and birch was
recorded from 1996 (Ozolindius, Stakénas,1996) (Table 1),
can hopefully be considered as the first signs of posi-
tive biological reaction to the improved environmental
situation, took place during transitional period because
of economy decline and reconstruction (Juknys, 1995).

Much more significant improvement of the state-of-
art and productivity of forests is observed locally, in the
surrounding forests of industrial centers (Jonava Mine-
ral Fertilizers plant, Mazeikiai Oil refinery, etc.), where

1998, VOL. 4, NO. 2 I 1SSN 1392-1355

51



BALTIC FORESTRY

I INDICATORS OF CROWN AND THERR APPLCATION /.../ I - UKNYS, A. AUGUSTATIS NI

[ree species Average defoliation, % Tal')le‘ L. Aver.agc de-
1989 1990 | 1991 [1992 [1993 [1994 [1995 [1996 [ 1997 foliation of different

Scots pine 22.8 23.3 25.5 23.6 252 24.2 24.0 19.3 21.1 tree species

Norway spruce 15.6 16.5 17.9 17.5 23.1 21.7 28.6 21.2 21.3

Birch 19.3 21.7 23.3 19.7 238 20.7 20.5 16.6 19.5

Total 18.8 19.7 213 | 210 | 234 23.0 24.2 191 | 21.1

forest decline was especially heavy over the last decade
of the soviet times. Decrease in the production and re-
construction of these factories are the main reason for
the mentioned positive environmental processes.

As an example of such general pattern, the actual
and estimated width of annual rings for affected Scots
pine trees in the surroundings of Jonava Mineral Fer-
tilizers plant, are presented in Figure 1 (Juknys, 1995). In
this case “normal” width of annual tree rings is calcu-
lated on the basis of so called Climate Response models
(Cook, 1987; Becker, 1989) (Fig. 1).

Calibration

Growth and productivity of forests are one of the
main indicators reflecting a general condition and health
of forests monitored. Therefore it is very important, that
indicators, used during monitoring procedures allow for
direct or indirect evaluation of forest productivity and
its natural and anthropogenic changes.

Because trees are the main components of the forest
ecosystems, growth, productivity and mortality of trees
are very important indicators of Forest Monitoring.
Since direct measurements and estimation of tree growth
and productivity, as a rule, is very time consuming and
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It can be seen, that three different periods in react-
ion of surrounding forests’ could be singled out after
construction of Jonava Mineral Fertilizers plant in 1965.
The first one (1966-1978) could be called as fertilization
(stimulation) period, with faster growth of Scots pine.
Second - depression period started in 1979 and exclu-
sively cold winter of 1978/79 was an additional un-
favourable external factor in this case. The third period
- recovering of damaged stands started in 1989, when
the production of this factory was considerably reduced
and different environmental impact mitigation measures
were implemented. As mentioned above, rather signi-
ficant recovery of damaged forests was noticed in the
surroundings of other local pollution sources as well.

Fig. 1. Actual and esti-

71
74

19
19

mated width of Scots
pine tree rings

usually destructive sampling procedures are needed, in-
direct methods based on easily detected external indi-
cators are highly preferred.

Different crown indicators are usually used to evalu-
ate potential growth of forest trees. Many investigations
were conducted over last decades in order to evaluate the
relations between the crown indicators (mainly defoliation
of trees) and tree increment. Rather different results were
obtained by different authors. Some of them (Kohler, Srat-
man, 1986) did not find any consistent relations between
crown defoliation and tree increment. After others, a more
obvious decrease in the tree increment usually starts only
in the case, when defoliation exceeds 20-30% (Schwein-
gruber 1985; Krause e.a., 1986; Braker, Gaggen, 1987) or
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even 50% (Franz, Preuhsler, Rohle, 1986). More compli-
cated treshold effects were presented by R. Ozolincius
(Ozolingius, 1996).

Oposite results were presented by S.O.Philips e.a.,
R. Kontic and others (Philips, Shelly, Burkhardt, 1977,
Kontic, 1987). They found, that a decrease in the tree
increment usually starts before the obvious signs of
crown defoliation can be determined. Our investigations
have shown (Juknys, 1991), that the correlation between
the crown defoliation and radial increment of trees
(width of annual rings) is not very strong (coefficient of
negative correlation usually does not exceed 0.3-0.5), but
statistically mostly significant («=0.05). H.Kramer in his
investigations (Kramer 1986) showed that for assessment
of potential tree growth both crown quantity and crown
quality should be considered.

Forest Health Monitoring activities in Lithuania,
and other Baltic countries, were started in 1993, the first
field training with participation of specialists from USA
and all three Baltic countries was held in Birstonas
(Lithuania). Real field works according to the FHM pro-
gram (Forest Health Monitoring Field Method Guide
1994) were started in 1994,

From the very beginning of the FHM methodology
implementation in national Environmental Monitoring
pcactice, we paid special attention to the analysis and
biologically meaningful interpretability of collected data.
Special additional investigations were conducted, and
necessity to make some changes in the methodology of
field works in order to enhance interpretability of the
data was recognized. Our results and proposals are
presented in this article.

Materials and methods

Investigation of relations between the growth (in-
crement) of trees and the FHM crown indicators was
caried out in 1994-1995. Crown defoliation according to
the European Forest Monitoring system was assessed
parallely. Primary proposals to improve interpretability of
the FHM data were presented during the Baltic count-
ries-USA FHM meeting, which was held in Kaunas in
December, 1994,

The investigation was conducted on Scots pine fo-
rests in the surroundings of Jonava Mineral Fertilizer
plant. The plant was run in 1965. The main emissions
consist of sulphuric oxide, nitric oxides, ammonium and
some organic compounds (methanol, formaldechid, etc.).
In 1978 the biggest and mostly polluting - Nitrophosca
department was run and air pollution had increased
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essentially. In 1979, after very cold winter very heavy da-
mage of surrounding forests, which consist of Scots
pine and Norway spruce mainly, became obvious at the
distance more than ten kilometers. In the direction of pre-
vailing winds forest completely died at the distance up
to 2 -3 kilometers. In 1989, after very heavy accident in
Nitrophosca department, this mostly polluting depart-
ment was closed, emission was reduced almost three
times and recovering processes in the surrounding fo-
rests started.

The main ojectives of this research were:

- To elaborate the methodology and models for
assessment of potential productivity of trees on the
basis of primary and composite crown indicators.

- To determine most suitable tree growth indicator
as a response function to the indicators of crown quant-
ity and quality.

- To develop new indicators and proposals to im-
prove field work methodology in order to enhance inter-
pretability of the FHM data.

During investigation, all tree crown and stem indi-
cators a’priori were grouped into primary indicators
(measured or evaluated during field works) and compo-
site (secondary, tertiary) indicators (calculated on the
basis of primary indicators). On the other hand, for
better understanding and interpretation all (primary and
composite) indicators were defined as quantitative or
qualitative indicators.

The FHM field work program includes only two
quantitative tree indicators - crown diameter, stem dia-
meter (perimeter) and one semiquantitative indicator - the
ratio of live crown.

Primary analysis of the FHM crown indicators has
already shown, that the list of quantitative indicators,
measured during FHM field works is not sufficient for
biological interpretation of collected data and estimation
of potential growth of trees. Crown length is absolute-
ly necessary for calculation of meaningful composite
crown indicators. Taking into account, that the ratio of
live crown is evaluated according to the FHM field pro-
tocol, the height of trees should be measured for some
subsample in order to have the data on crown length.
Statistically reliable data on tree height are also neces-
sary for determining stand productivity (m*/ha, or in
better case - m’/ha/year).

Three semimature Scots pine stands were chosen
for the investigation and 25 trees were systematically
sampled in each of them. The following primary crown
and stem indicators were measured for each sampled
tree:
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Quantitative indicators - stem diameter (DBH)*; tree
height (THG); height of crown base (HCB) and crown dia-
meter (CRD)*, as the average of maximal and perpendi-
cular crown diameters.

Qualitative indicators (in pct) - crown density.

(CDN)*; foliage transparency (FTR)*; crown dieback
(CDB)* and crown defoliation (DEF) according to Euro-
pean Forest Monitoring system.

* - included into the FHM program.

Additionally increment cores were taken from each
tree at breast height and two increment indicators were
estimated - radial tree increment (RI) and basal area in-
crement (BI) for different length of period - from 1 to 10
years. The following composite tree crown indicators
were used for further analysis:

- Crown surface area (CSA) as an integrated crown
quantity indicator.

- Total crown losses (TCL) as an integrated crown
quality indicator.

Crown surface area, as well as crown volume, usual-
ly are calculated on the basis of the data on crown dia-
meter and crown length by data, considering that crown
is cone or parabolia shaped. However investigations on
the basis of extensive study of crowns of felled trees
(Kravchenka, 1972) have shown, that such a strictly geo-
metrical approach can give only rough approximation to
crown surface area or crown volume. The shape of Scots
pine crown essentially depends on the age of tree and
crown class. Crown shape coefficient (K) (ratio of crown
surface area or crown volume to the surface area or
volume of cylinder with the same diameter and length)
varies from 0.530 for young and suppressed trees to
0.674 for mature dominant trees (Kravchenka 1972).

Crown surface area (CSA) was calculated as follows:

CSA=CRD*CRL*p*K )]
where: CRD - crown diameter, CRL - crown length.

Given the age of investigated forest stands (70
years), the following crown shape coefficients (K) were
used for different crown classes: 1 (open growth) - 0.660;
2 (dominant) - 0.630; 3 (codominant) - 0.600; 4 (interme-
diate) - 0.570; 5 (overtopped) - 0.550.

Reduced crown density and increased foliage trans-
parency and dieback were considered as crown losses
(losses of branches, shoots and foliage) because of the
influence of different internal (competition) and external
(environmental pollution, insects, diseases etc.) factors.
Total crown losses (TCL) in per cent were calculated in
the following way:

TCL = 100 - ((100 - DNL) * (100 - DBL) / 100 * (100 -
FTL)/ 100) )

where: DNL - crown losses because of decreased tree
crown density (losses of branches, shoots and foliage);
DBL - crown losses because of increased dieback (losses
of shoots and foliage); FTL - crown losses because of in-
creased foliage transparency (losses of foliage).

For determination of crown losses very important is
a question what is normal: what can we consider as nor-
mal density, normal dieback, normal foliage transparen-
cy? On the basis of our FHM data, obtained over four
years survey, normal (maximal) crown density for Scots
pine was set at 70 per cent; normal (minimal) crown die-
back-zero and normal (minimal) foliage transparency - 5
per cent.

Tree crown density losses (DNL) in per cent were
calculated:

DNL = (NDN - CRD) / NCD * 100 3)

where: NCD - normal crown density , per cent; CRD -
crown density of tree, per cent.

Tree crown losses because of increased foliage
transparency (FTL) in per cent were calculated:

FTL=((FTR-NFT)/ 100 - NFT) * 100 4

where: NFT - normal foliage transparency, per cent; FTR
- foliage transparency of tree, per cent.

Crown losses because of increased crown dieback
should be assessed according to the analogous formula
(4), but taking into account, that normal dieback for
Scots pine equals zero, DBL. = CDB.

And last composed crown indicator -relative crown
amount (RCA) is considered as a mostly integrated
crown indicator, which includes practically all quantita-
tive and qualitative crown indicators:

RCA = CSA *NCD /100 * (100 - TCL) /100 (5)

where: CSA - crown surface area; NCD - normal crown
density; TCL - total crown losses.

Results

In order to define the most suitable tree growth in-
dicator as a response function to crown indicators, the
correlation between radial tree increment (RI), and basal
area increment (BI) for different duration (from 1 to 10
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years) and the FHM crown indicators was analysed first.
Correlation coefficients for stand No.1 are presented in
Table 2.

As seen from Figure 2, up to five-six years, the cor-

relation between the tree increment with crown indicat-
ors increases rather essentially, but further an increase

Table 2. The corr.elation Length of period, years
between th.e radial agd Crown [1 [2 [3 Ta s I [7 [8 [9 [ 10
basal area increment in  jpdicator Correlation coefficient
different periods and ==
primary FHM crown Significance level
indicators Radial Increment ‘
Density 0.296 0.260 0.302 0.363 0.417* | 0.439* | 0.434* | 0.426* | 0.417* | 0.403
0.159 0.220 0.151 0.085 0.043 0.032 0.034 0.038 | 0.042 0.056
Transparency +0.368 -0.300 |-0.370 |-0.473* |-0.578* |-0.623* |-0.628* |-0.624* W—O.()m’ -0.541%
).076 ).154 074 019 ).003 ).001 0.001 ).001 0.001 ).007
Dieback F0.036 }0.174 +0.128 +0.137 (0.148 (0.173 0.223 +0.236 +0.247 0.237
).867 0.417 ).548 519 489 416 ).295 ).266 244 0.261
Basal area increment
Density 0.451* | 0.446* | 0.489* | 0.541* | 0.555* | 0.554* | 0.532* | 0.517* | 0.507* | 0.491*
0.027 0.029 0.015 0.006 0.005 0.005 0.007 0.010 0.011 0.012
Transparency (0.533*% |-0.495* |-0.569* [-0.665* |-0.710* [-0.726* |-0.706* |-0.616* |-0.688* |-0.623*
).007 0.013 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Dieback +0.057 +0.240 +0.202 +0.242 (0.251 0.269 }0.323 |0.374 }0.349 }0.320
0.791 0.245 ).315 0.243 0.273 0.210 ).123 ).072 10.095 ).126

* statistically significant (0=0.05)

A couple of primary conclusions can be made from
data, presented in Table 2.

- The correlation between crown indicators and the
radial tree increment is essentially weaker than correla-
tion between crown indicators and basal area increment.
A reason for that is rather obvious, because the basal
area increment reflects biomass production by far better
than linear increment. The same linear increment can
result in very different biomass increment for trees with
different diameter.

- Foliage transparency is mostly related to tree in-
crement among qualitative Scots pine indicators. The
correlation between crown dieback and tree increment is
weak and usually statistically insignificant (a = 0.05) for
Scots pine.

Average coefficients of the correlation between the
tree increment indicators of different duration and foliage
transparency for all three investigated stands is present-

ed in Figure 2.
0.60

0.50

Correlation coefficient

0.40

Fig. 2. The correlation between the tree
increment of different periods and foliage |
transparency

in duration usually causes stabilization or even a de-
crease in correlation coefficient. From the data present-
ed, five year basal area increment can be considered as
mostly suitable tree increment indicator relating to FHM
crown indicators.

The data on the correlation between FHM the qual-
itative crown indicators and crown defoliation according
to the European forest monitoring system are presented
in Table 3

As seen from Table 3, the closest correlation with
crown defoliation (according to European system) was
detected for foliage transparency. The correlation bet-
ween the crown defoliation and crown dieback is weak
and statistically most insignificant (o = 0.05).

The data on the correlation between the basal area
increment over five years and different crown indicators
are presented in Figure 3. As shown in this figure, crown
length is closer related to the tree increment than crown

——— Radial Increment

'

Basal Area Increment

—t
8 9 10
Length of period, years
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No. of sampled stand | Crown density, pet Foliage transparency, pct | Crown dieback, pct  [Total crown losses, pet | Table 3. The corre-
1 -0.813* 0.878* 0.215 0.801* lation between the
2 -0.830* 0.931+ 0.404* 0.818* qualitative FHM
3 -0.781* 0.823* 0.206 0.789* crown indicators and

* statistically significant (o = 0.05)

crown defoliation.

x

cla ouft ient
= S

C

a.8

0.4

0.3

s [ -

O Stand No. 1
O Stand No. 2
M Stand No. 3

CDM CLG LCR CDN FTR CD38

CsA TCL RCA

Fig. 3. The correlation between the basal area increment over five years and different crown

indicators

where: CDM — crown diameter, CLG — crown length, LCR — live crown ratio, CDN — crown
density, FTR — feliage transparency, CDB - crown dieback, CSA - crown surface area, TCL
— total crown losses, RCA — relative crown amount. (Horizontal line — significance level, o = 0.05)

diameter. Foliage transparency, and crown density area
are most closely related to the tree increment from primary
crown qualitative indicators. Foliage transparency is also
most closely correlated with crown defoliation according
to the European forest monitoring system.

Relative crown amount, which integrates into quant-
itative and qualitative crown indicators, is most closely
correlated with tree increment from composite crown in-
dicators. The correlation between the total crown losses,
as a composite qualitative crown indicator and tree incre-
ment is closer then that between the crown surface area,
which integrates into quantitative crown indicators. As
seen from the same Figure, the correlation between the
primary qualitative crown indicators (with exception of
crown dieback) and tree increment in general is closer
than correlation between quantitative primary crown in-
dicators.

Finally, the influence of crown quality on the
growth of trees with a different crown quantity (crown
surface area) has been investigated. The results of multi-
ple regression analysis has shown (Figure 4), that for
suppressed trees with small crowns, the influence of
crown quality (total crown losses) is much less than for
trees with well developed crowns (large crown surface
area). Multiple regression coefficient equals about 0.7,
consequently, almost one half of basal area increment

variation can be explained on the basis of composed
qualitative and quantitative crown indicators.

160
‘ BI® 42,667 + 0,701CSA - 0,148CLS - 0,00727CSA * CLS
140 A

| \ R
|
q

0.678)

—~
o

100

5

Basal Area increment, cm*
own surface area, m*

80

\\
160 2
40 - “mu
| 40

0 10 20 30 40 50 60 70 80 90 100

60

Cr

Crown Losses, %

Fig. 4. The influence of qualitative and quantitative composed
crown indicators on the tree increment.

Discussion

For meaningful interpretation of forest monitoring
data, the possibility to assess such general features of
forests, as productivity, sustainability etc., on the basis
of easily detected external indicators is very important.
Analysis of Forest Health Monitoring indicators has
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shown, that the list of primary indicators measured and
evaluated during field works is not sufficient for biolo-
gical interpretation of collected data and estimation of
potential tree growth and its anthropogenic changes.
For assessment of tree growth on the basis of crown in-
dicators both - crown quality and crown quantity should
beevaluated and measured. The FHM field work pro-
gram includes only one quantitative tree crown indicator
- crown diameter, and one semiquantative - live crown
ratio. On the basis of these two indicators it is impos-
sible to assess crown quantity (crown surface area,
crown volume). Tree height should be measured for
some subsample of trees in order to have data on crown
length. Statistically rsliable tree height data are also ne-
cessary for determination of stand productivity.

The basal area increment determined over five years
can be considered as mostly suitable tree increment indi-
cator, relating to the FHM crown indicators. The corre-
lation between the radial (Jinear) increment and crown
indicators is essentially weaker, because the same linear
inc:ement can result in different biomass increases.
Composed tree crown indicator - total crown losses in-
tegrates into all tree FHM crown qualitative indicators,
(crown density, foliage transparency and crown dieback)
and reflects geuneral crown quality. Total crown losses
correlates more closely with tree growth, than composed
crown quantity indicator - crown surface area. A con-
structed multiregresional model has shown, that on the
basis of qualitative and quantitative crown indicators
reliable assessment of tree growth is feasible.

Along with the productivity (increment) of an indi-
vidual tree, assessment of the productivity of entire mo-
nitored stands in terms of biomass, volume, basal area
per unit of area is absolutely necessary. In accordance
with the FHM field work program, basal area measure-
ment is included into the list of site tree measurements
and really is not statistically based. It would be more
appropriate to calculate basal area of monitored stands
on the basis of measured tree diameters on subplots.
Tree height measurements should be adapted to tree dia-
meter measurements on subplots as special subsamples.
Simplified methodology for minimal statistically reliable
tree height measurements is developed by the Lithuanian
FHM project and will be presented in the report for the
field season in 1996.

In Lithuania, as well as in other Baltic countries,
three different forest monitoring systems were introduc-
ed during the last decade:

European International Cooperative Program on
Assessment and Monitoring of Air Pollution Effects of

B 1998, VOL. 4, NO. 2

Forests (ICP-Forests) was joined from 1987, and infor-
mation on condition of Lithuanian forest is presented
every year. This very simple and operative method was
supplemented by forest soil monitoring subsystem from
1993 and more sophisticated second level forest moni-
toring methods from 1995.

From 1993 Lithuania and other Baltic countries (Lat-
via and Estonia) joined International Integrated Moni-
toring Program on Small Catchments. Pilot phase of this
program (Integrated Monitoring in Terrestrial Reference
areas of Europe and North America), was started in 1988
within the UN/ECE Convention on Long-range Trans-
boundary Air Pollution. On the basis of financial
support from Nordic Countries, 2-3 very good equipped
Integrated Monitoring Stations were established on af-
forested background areas in each Baltic countries dur-
ing 1993-1995.

Forest Health Monitoring Program with sound eco-
logically based methodology and emphasis on biodiver-
sity of forest ecosystems may be very good extension of
Forest Monitoring System. It may help in filling a gap
between very simple European Forest Monitoring sys-
tem on one side and very sophisticated and expensive
Integratcd Monitoring system on the other side.

Better coordination and coadaptation between these
three systems are necessary. Baltic countries could be
very good case for such international and interprograme
activities.
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INOKA3ATEJIN KPOH JEPEBA U BO3MOZKHOCTH HUX HCIIOJIB30BAHHA ITPU
MOHUTOPHHI'E JIECOB

P. IOknune, A. Ayrycrauthc
Pesrome

PocT 1 MponyKTHBHOCTB J1IECOB SBJISIETCA BaXKHBIM MOKa3aTeNeM, OTPaXaoUHM ofllee COCTOSHHE M 3I0POBLE JIECOB.
Ouenb BaxHO 4TOOBI MOKa3aTenu, ONpeleNseMble B JieCy, CO3XABATM BO3MOXHOCTH INMPAMOIl WIH KOCBEHHOU OLEHKH
NPONYKTUBHOCTH J1€COB M He€ aHTPOMOTEHHBIX M3MEHEHHIl. AHann3 1oKasaTenell KPOHbI, ONpeNenseMblX NpH MPOBEASHHH
MOHHTOpPHHIA 3MOPOBbS JIECOB, [10Ka3an 4TO OHM HENOCTATOUHBI JUIS OUEHKU MOTEHUMATBHON MPORYKTHBHOCTU AEPEBbEB.
JnuHa kponsl Heobxoguma s Hosnee MONHON KOMHYECTBEHHOM XapaKTePHCTHKY KPOHBI, CENOBATEbHO BBICOTA JCPEBLEB
IOMXH2 OTpENensiThcsl BO BpeMs MoseBblx paboT. CTaTHCTHYecKH OOOCHOBAHHOE OMNPENENIEHME BLICOTHI JEPEBBEB U CYMB
owanet cedeHui HeOOXOMMMO M JUTS OnpefesieH s 3anaca ¥ GHOMacchl APEBOCTOEB.

HoBbIf MHTErpanbHBLf [10Ka3aTeNlb COCTOSHUS KPOHBI ~ obiue notepu kpoHw (Total Crown Losses), 6sin pazpabotaH
ofoiasn Bce TPH MCPBHYHbIE NOKA3aTeNH COCTOsHMA Kpombl (ryctota (Density), npospaunocts (Transparency), ycsixaHue
(Dieback)). Ipu onpenenexun noteps KPOHb! OYeHb BaXeH BOIPOC HOPMBI - HOPMAJIBHOH IYCTOTBI KPOHEI, NPO3PaYHOCTH
JUCTBBl M HOPMAaJBHOrO (eCTeCTBEHHOTrO) ychbIXxaHus roberoB. Ha ocHOBE HAKOIUTIEHHBLIX TMONEBBIX MATEPHANOB JUIS COCHBI
OOBIKHOBEHHOH B KayeCcTBE HOPMaIbHOH (MakKCHManbHOH) TYCTOTH KpOHBl MPHHATO 70%, B KadyecTBe HOPMAJbHOM
(MHHHMAaJIbHOH) TPO3PAaYyHOCTH JIMCTBB! - 5% M B KauecTBe HOPMANBHOIO (MHHHUMANBHOTO) ychixaHust noGeros - 0%.
[ToBepXxHOCTb KPOHBI MPHHATA B KAaY€CTBE MHTErPAbHOTO KOMHYECTBEHHOIO MoKasaTesst KpoHbl. Ha ocHoBe npoBefgHHbIX
uccnefopaHuit paspaborana MHOXECTBEHHAS PErPECHOHHAS MOJIEND [UTST KOCBEHHOH OLIEHKH MOTEHUHATLHOA POAYKTHBHOCTH
OEPEBLEB Ha OCHOBE KAYECTBEHHBIX H KOJMMYECTBCHHBIX MOKa3aTeneit Kpowbl. [IaTwieTHHIT MpHPOCT MO Muowany cevyeHus OLut
MPUHAT B KA4ecTBE MOKa3aTes pocTa [epesbes, I1audonee TECHO KOPPENTUPYIOILEro ¢ MoKa3aTesiMyU KPOHBI.

Knrouessle cjioBa: MOHUTOPHHI, IMOKa3aTEeJIM KPOHLI, MOTEPH KPOHBI, NPOAYKTHBHOCTD.
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