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Primary (crown densily, foliage transparcney) and intcgrated (total crown losscs) (ree crown indicators according
to Iorest Health Monitoring (FHM) program have been chosen as the mam parameters indicating forest health in the
Baltic States. Geographical Information System Are Info has been usced for the analysis of spatial changes of (hesc
indicators and (heir relations with ucid deposition (sulphur and nitrogen). [Cis determined that northward increase of
crown densily of Scots pine (Pinus sylvestrix L) and biveh (Betula spp.) is statistically significant (p<0.05). Data on
total crown losses of (he main (ree specics and groups demonstrate a clear trend along geographical gradient, decreastig
from south to north. Deposition of sulphur and nitrogen tend to decrease distinetly in the same dircction. It was determined
that the corrclation between the FHM crown indicators and deposition is not strong, however, in most cascs, statistically
significant (p<0.05). The corrclation between deposition and Scots pine crown indicators (primary and intcgrated) indicated
the greatest statistical significances. The relations of total crown losscs with sulphur deposition occurrcd to be stronger

than with nitrogen.
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Introduction

At the very beginning of the 1970’s some investi-
gators warned of a danger of increasing environmental
pollution and possible forest damages on a regional
scale (Wentzel 1971, Smith 1974), however, this message
did not receive proper attention. First signs of [orest
damages on a regional scale were noticed in Germany
(Knabe 1981, Bauer 1982) and similar messages werc
published in other countrics of Central and Western
Europe very soon (Bernadzki ¢ al. 1983, Karl 1986). In
the mid of 19805, damaged forests in Germany covered
about 50%, Switzerland — 34%, Czechoslovakia — 27%,
Austria — 26%, Poland — nearly 10% of total forest arca
(Postel 1984, Giesen 1985). Forest decline on the wide

areas of Europe and North America has become once of

the most serious ecological problems. Since the middle
of the eighties regional damages of forests have been
recorded in Lithuania and other Baltic countries (Ozolin-
cius and Stakenas 1996).

Some uncertainty remains speeifying the main
causes of the forest decline on a regional scale. A

number of reports suggest that the main causes along
with environmenial pollution are unfavourable climat-
ic conditions, forest pest invasions, different discas-
cs, and improper forest management (planting of mo-
nocultures, concentrated clear cutting, fertilization,
cte.) (Ballach 1984, Bonneau 1986, Nys 1989, Auclair
et al. 1992, Houston 1992). [n contrast to this ap-
proach, there are statements that forest decline on a
regional scale results from the whole complex of nat-
ural and anthropogenic stressors but air pollution is
the main causative factor, while others only strength-
en the impact of pollutants (Schoper and Hradetzky
1984, Fuhrer 1985, McLaughlin 1985). Long-range trans-
boundary pollution and environmental acidification are
mmplicated as major causes of forest decline on a re-
gional scale in Europe (Knabe 1981, Braker and Gaggen
1984). Some of the investigators report the most neg-
ative dircct effect of sulphur and nitrogen compounds
on leaves and needles (Moosmayer 1984, Wentzel
1985). Others stress indirect effect of these com-
pounds, i.c., when acid deposition not only increases
sotl acidity, but also stimulates the formation of toxic
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aluminium compounds (Ulrich 1981, Hutchinson et al.
1986). Recently considerable attention has been paid
to the study of acid deposition and their critical loads
(Nilsson and Grennfelt 1988, Bobbink et al. 1992).

Forest Health Monitoring (FHM) program in the
U.S.A. was developed in the response to increasing
concern for the forest health in light of the polential
cffects of atmospheric pollutants, global climate
change, and a variety of msect, disease, and other
stressors (FHM Field Methods Guide 1996). To adapt
this program in the Baltic States, the international USA

Baltic project of FHM was initiated in 1993 and spon-
sored by USA Environmental Protection Agency main-
ly. The professionals of Estonia, Latvia and Lithuania
were introduced and trained in FHM field methods,
provided with modern equipment and data loggers. The
first four-year cycle of FHM fieldwork activity lasted
from 1994 to 1997.

The main objective of this paper is to analysc
spatial distribution of FHM crown indicators and to
estimate the relationship of these indicators with acid
depostition.

Materials and methods

The Baltic States — Estonta, Latvia and Lithuania
- are situated 1n the transition zone belween the West
European maritime and the East continental climates
(Fig. ). Scots pine (Pinus sylvestris L.), Norway spruce
(Picea abies Karst.) and birch (Betula pendula Roth.
and Betula pubescens Ehrh.) prevail in the Baltic
States and constitute about 80% of the total forest
area. Pinc stands in all the three states constitute about
40% of all the forests, spruce stands — nearly one
fourth and the area of birch stands ranges from 20%
in Lithuania to 30% in Estonia.

In 1994-1997 a total of 413 Forest Health Moni-
toring (FHM) plots were cstablished in the Baltic
States: 57 in Estonia, 160 in Latvia and 196 in Lithua-
nia. Spatial distribution of the established FHM plots
18 presented in Fig 1.

Fieldworks in the Baltic States were performed
according to the FHM manual. The sampling design
was based upon a triangular grid of 40 km? hexagons.
The plot location co-ordinates for Baltic countries were
provided from the U.S.A. GIS laboratory and fieldwork
manual was adapted to the Baltic States (FHM Field
Methods Guide 1996),

According to FHM Guide, each FHM plot consists
of four circular subplots that are spaced 36.6 m apart
(Fig. 2). The key sampling unit for most tree measure-
ments 1s the 1/60 ha subplot. The centre of subplot |

is also the centre of overall FIIM plot. The centres of

other subplots are located in the following directions

| | LT

Figure 1. Location of the established FHM plots. 1-6 arc
numbers of latitudinal sectors

Subplot
(r=7.32 m)

Distance between
| centers of the —=
subplots is 36.6 m

Figure 2. Forest Health Monitoring Plot

from subplot 1: subplot 2 - 0°, subplot 3 - 120° and
subplot 4 — 240°.

Two quantitative crown indicators - crown diam-
cter, live crown ratio and three qualitative indicators -
crown density, crown dieback and foliage transparen-
cy were measurcd or assessed for the subplot trees
greater than 12.7 cm in diameter.

According to the FHM ficld method guide, live
crown ratio is determined by the ratio of live crown
length to total live tree height. Trees with higher crown
ratios are typically viewed as healthier and faster grow-
ing. Crown diameter is defined as the average of two
measurements — widest crown diameter and perpendic-
ular to this one. Crown density estimates the crown
condition in relation to a normal, healthy, forest tree
and also serves as an indicator of expected growth in
the near future. Crown density is the amount of crown
branches, foliage, and reproductive structures that
block light visibility through the crown. Higher crown
density 1s an indicator of faster growth, while lower
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crown density indicates slower growth. Foliage trans-
parency is defined as the amount of skylight visible
through the live, normally foliated portion of the crown
or branches. Changes in foliage transparency occur as
a result of current damage [requently referred to as
defoliation, or from reduced foliage resulting from
stress during preceding years. Foliage transparency
is estimated in 5 percent classes based on the live,
normally foliated portion of the crown and branches
using the crown density - foliage transparency card.
Crown dieback 1s defined as branch mortality, which
begins at the terminal portion of a branch and proceeds
toward the trunk and/or the base of the live crown.
Dead branches in the lower portion of the crown are
assunied to have dicd from competition and shading
and are not considered as a part of crown dieback,
unless most of the branches above that point are dead.
Qualitative crown indicators are evaluated by two field
crewmembers. They should stay about 5 to | (ree
height apart from the tree in order to obtain a good
view of the crown (I'lIM [Field Methods Guide 1996).
Qualitative crown indicators arc considered to be the
main tree health indicators.

To standardize tree crown indicators a special
methodology was claborated (Juknys and Augustaitis
1996). All the three qualitative crown ndicators were
mtegrated into one to combine information of dilfer-
ent tree species tin major tree groups and group to-
tals. Reduced crown density and increased foliage
transparency and dieback were considered as crown
losses (losscs of branches, shoots and foliage) due
to the effects of different internal (competition) and
external (environmental pollution, insects, discases
cte.) factors. This integrated crown indicator was
named total crown losses (TCL) and was assessed in
the following way:

00~ r72) (100 DBL)|

U] ver=100- (100~ DNL)x
\ 100 0o |

where:
DNL - crown losses due to reduced crown density
(losses of branches, shoots and foliage),
DBL - crown losses due to increased dieback (losses
of shoots and foliage),
[TL - crown losses due (o increased foliage transpar-
ency (losses of foliage).

To determine crown losses, assumption of normal-
ity 1s very important: what can be considered as a
normal crown density, normal crown dicback, and nor-
mal foliage transparency. On the basis of FHM dala,
normal crown density for Pinus sylvestris was set al
70%, for Picea abies - 85% and for birch - 75%. Nor-
mal foliage transparency - for most species was de-
termined as 5% with exception of Picea abies - 0%.
Normal crown dieback - zero for all species.

Tree crown losses due to reduced crown density
(DNL) in percent were computed:

[2] DpwL= NCD—CRD | |49
NCD

where NCD is normal crown density and CRD 1s crown
density of monitored tree,

Tree crown losses due to increased foliage trans-
parency (I'I'L) in percent were computed:

FIR — NET
100 - NIT

(3] L = x 100
where NFT 1s normal foliage transparency and FTR -
loliage transparency of monitored tree.

Crown losses due to increased crown dieback
(DBL) should be assessed according to the analogous
formula (3), however, taking into account, that normal
dieback for all monitored species equals vcro, DBL
becomes equal CDB (crown dieback).

[nvert distance weighed interpolation fechnique
was chosen as the method to generate maps of prima-
ry and integrated crown indicators. Six nearest plot-
wise estimates were used for computing value of eve-
ry point (pixcl) of the investigated territory. Resolu-
tion of generated surfaces was 3x3 km, they are avail-
able as the WinNT Arc Info grids. Basic GIS informa-
tion, such as administrative boundaries, main land use
types, was downloaded from Baltic Sea region GIS
database, developed and maintained by GRID-Aren-
dal, Norway (GRID - Report 2000).

To determine northward changes of FHM crown
mdicators and annual acid deposition, the territory
under investigation (from 54°35°18” to 59° 14739 north
latitude) was divided into six latitudinal sectors - 100
km ecach. The mean values and confidence limits
(p=0.05) of the main crown indicators of different tree
species were estimated for each scetor. The mean val-
ues of sulphur and nitrogen deposition were comput-
ed for the same latitudinal sectors as well.

The data on total {wet and dry) sulphur and ni-
trogen (oxidized and reduced) deposition in the Baltic
States over the interval 1994-1997 were taken from the
EMEP database (CMEP Summary Report 1999). It pro-
vides data on spatial distribution of acid deposition
on a smaller scale (50x50 km) (Van Pul et al. 1995, Eris-
man et al. 1996). According to the FHM field data, the
mean values of primary and integrated crown indica-
tors were computed for each 50x50 km square and the
correlation between the investigated crown indicators
and sulphur and nitrogen deposition was esti-
mated.

Fisher test was used for estimating the signifi-
cance of northward changes in the main crown indi-
cators of different tree species.
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Results

Primary crown indicators

As it has already been mentioned Scots pine,
Norway sprucc and birch prevail in all the three Bal-
tic States. The data on the spatial distribution of crown
density of these trce species arc presented n rigure
3. I'rom this it appears that crown density of all the
trec species tends to inercase northward. Thas trend
is most exhibited by pine and least by sprucc.

3irch
(Betula spp.)

Scots pine
(Pinus sylvestris 1)

Norway sprucc
(Picea Abies (1) Karst.)

Crown density, %
O —

< AU 39 =16 46 - 53 53 - 60 > 60

Figure 3. Spatial distribution of crown density of the maimn
tree species in the Baltic States

The mean values and conltdence limits {(p=0.03)
of crown density for differcnt latitudinal sectors are
presented in Figure 4 and the statistical signilicance

of northward changes in Table [. Crown density of

Scots pine demonstrated a clear trend along the geo-
graphical gradient, increasing from south — 46.8% to
north — 56.4%. F Llest dala indicated the greatest sig-
nificance of northward changes of this parameter,
which madce up nearly 10%. Northward changes iu
crown density of birch trees are a little less essential
as compared with crown density change of pine trees
but they are rather significant too. Only the changes
i spruce crown density demonstrate no any cvident

Table 1. Fisher test data of northward changes in tree crown
indicators

Tree species Indicator # I ]
vilie value
Scols pine Crown deansity 5.52 | <0.0001
Norway spruce | Crown density 1.54 | <0.1776
Birch Crown density 4.08 | <0.0014
Scols pine Foliage transparcncy 0.63 | <0.6747
| Norway spruce | Foliage lransparency 1.93 | <0.09006
| Birch tfohage transparency 2.58 < 0.0268
Scols pine ‘l'otal crown losses 4.08 | <0.0004
Conifers Total crown losscs 3.97 | <0.0017 |
All species ‘Total crown losses 3.13 < 0.0087 |

Note: Critical I value F(5. >100)=2.2141 when p=0.05
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dinal scetors L2 s e s
trend along the geographical gradient from south to
north, The exposure to forest pest invasions was the
main rcason for this (Ozolincius and Stakenas 1999).

It should be noted that in the first southernmost
scctor, the computed mean of crown density for all tree
species 1s higher than in the next northern sector. It
could be attributed to the fact that the southern part
ol Lithuania is most forested (over 60%), whereas the
density of population and industry in this region is
comparatively low.

Data on the mean crown density of tree species
under investigation in different Baltic States are com-
piled in Table 2. From this it follows that the mean
crown density of pine in [stonia (northernmost Baltic
country) is by ncarly 7%, that of spruce by 4% and
ol birch by 5% higher than in Lithuania (southernmost
Baltic country).

Table 2. Mcan

: Scols Norway Birch
crown  densily Stale Pinc Spruce Spp-
ol the main tree Crown density, %
species in the tislmv)iu 5534 55523 58.5£1.6
Baltic States [A;.l[\'m . 52.3+0.7 S1.7+0.8 57.140.9

Lithuania 48.840.8 | 51.640.9 53.740.8

The data on foliage transparency of different tree
species 1s generalized in Figure 5. As seen from the
presented map, 1t is difficult to single out any regular-
ity in spatial changes of this crown indicator. In the
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Birch
(Betula spp.)

Scots pine
(P sylvestris 1)

Norway sprucc
(Picea Abies (1.) Karst.)
Foliage (ransparcncy, %
— =3
<9 9-12 12-1515-18 > 8
Figure 5. Spatial distribution of foliage transparency ol the
main tree species in the Baltic States

eastern part of Estonia and Latvia and in the southern

part of Lithuania the increased foliage transparency of
pine might be obscrved while in the central part of
listonia, in the north cast of Latvia and in the north of

Lithuania the increased foliage transparcncey ol spruce.

Thorough analysis of the data on crown dicback
had indicated that, in most cases no crown dicbuck
rating was obtained, i.c., most frequently this indica-
tor was equal to zero and very seldom exceeded 5%.
Therefore this crown indicator was removed from the
further analysis due to its msignificance.

Integrated crown indicator

Having standardized the primary crown imdicators
and integrated them into one — total crown losses, there
was a possibility to investigate not only the crown
condition of separate species, but also of major spe-
cies groups (conifers and deciduouns) and group (o-
tals. Integrated indicator — total crown losscs were
computed according to the first formula but duc to
imsignificance of crown dieback without ifs sccond
member (100-DBL).

Figure 6 reflects spatial distribution of total crown
losses for pine, conifers and gencrally all the tree
species. Total crown losses tend to obviously decline
northward. The data on total crown losses ol Scols
pine trees demonstrated the most significant trend
along the geographical gradient, decreasing from south
to north (Table 1).

As indicated in Figure 7, total crown losses of Scols
pine in the northernmost sector (6) constitute 30.0% and
in the second southernmost scctor (2) — 41.6%. As in
the case of crown density (Fig. 4), the southernmost
sector proves 16 be an exception where tree crown
condition is somewhat better than in the next. Tolal
crown losses of all conifers tend to decline northward,
but the maximum crown losses — 44% arc recorded m

All tree specics

Scots pine Conifcrs
(Pinus svlvestris 1)
Total crown losscs, %
(L B -
<25 25-35135-45 =45
Figure 6. Spatial distribution of total crown losses of pine,
conifers and all tree species
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sector No. 3. Northward the changes in total crown
losses of all the tree spectes are less essential than
these in pine trees and conifers but statistically they
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are significant. Presumably 1t might be explained by the
fact that the responsc of different tree species (o the
effect of external factors is rather different.

Having compared total crown losses between the
Baltic States separately (Table 3), we had found that
total crown losses of Scots pine i Lithuanta were by
8% higher in comparison with Estonma and by nearly
3% higher than in Latvia. Alter generalizing the dala
of all contfers, thesc differences decreased, neverthe-
less crown losses in Lithuania were by more than 4%
higher than in Estonia. According fo the data on all
tree species, this dillerence was even lower (2.5%),
however, statistically significant (p<0.05).

Table 3.

Total | Scats Pine Conifers L_/\Il e
crown losscs in Ste | L — species
the Baltic States Total crown losse Il

| Estonia 31.442.2 37.582.3 | 37.0417
| Latvia 36.710.9 41,1107 388007 |
[Lithwmia | 394001 | 416108 | 30.50.0 |

The relationship between crown indicators and
acid deposition

Acid deposition is considered (o be the mam
anthropogenic factor determining forest decline on a
regional scale in Curope. Due to the jomnt internation-
al efforts and cconomic decline in the
countries sulphur deposition have decreased nearly 2-
3 times (EMEP Summary Report 1999). ['or example, at
the cnd of the 1980s the annual total (wet and dry)
load of sulphur in Lithuania constituted about 20-25
kg per hectare, and was reduced up to 7-10 kg at the
end of the 1990s. A decrease in nutrient nitrogen load
was not so impressive. At the end of the 1980s gen-
eral annual load of oxidised and reduced nitrogen in

Last European

Lithuania constituted about 15 kg per hectare, while
at present about 10-12 kg (Sopauskiene and Jasinev-
icienc 1997).

On the basis of EMEDP data (1999), spatial chang-
es in sulphur and nutrient nitrogen deposition on the
investigated territory have been analysed (I1g. 8). The
data prescnted in this map show
crease in sulphur and nitrogen deposition northward.
As 1n the case of crown indicators, the mean sulphur

rather evident de-

and nitrogen deposttion for all the 6 latitudinal scc-
tors was computed.

As it follows from Figure
osifion in the southernmost scctor constitutes aboul
1000 mg/m?* and decreases very obviously northward.
In the northernmost sector annual sulphur deposition
exceeds only 600 mg/m? Northward trend of nitrogen
deposition is rather similar, 1.e.,
oxidized and reduced nitrogen on the investigated
northern territory 1s 1.5 times lower than in the south.

9, annual sulphur dep-

total deposition of

Sulplmr mg/m? Nitrogen, ma/m?

§50 V0050 680 - T TH) - WK w0 <500 W0 - 678 675 KIS K29 - 1000 o |00

Figure 8. Annual sulphur and nitrogen deposition in the
Baltic States (Based on EMLP data 1997)

1400 i
—m@— Sulphur

-- -4 - Nilrogen

800

GoOo |
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Deposition, m

200
Latitudinal scctors
[V} | 1 1 i t |

1 2 3 4 5 6

Figure 9. Sulphur and nitrogen deposition in different lati-
tudinal scctors (Based on EMEP data, 1997)

Furthermore, we attempted to investigate the ef-
feets of sulphur and nitrogen deposition on forest
liealth, As mentioned above, the correlation between
the mvestigated crown indicators and acid deposition
was estimated and presented in Table 4.

Table 4. Corrclation between tree crown indicators and dep-
osttion of sulphur and nitrogen

~ Crown density
Deposition Scots . N(ﬁwuy Birch
Pinc Spruce Spp.
Sulphur | 0.395% | -0217 | 0233
0.000 0.069 0.034
Nitrogen -0.349°* -0.062, -0.267*
0.002 0.602 0.016

* marked correlation is significant (p<0.05).

Table 4 illustrates that the relationship between
crown indicators and deposition of sulphur and nitro-
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gen is not strong, however, in most cascs, statistical-
ly significant (p<0.05). Despite the evident reduction
of sulphur deposition in the last decade, crown mdi-
cators correlate stronger with sulphur deposition than
with that of nitrogen. Based on the data presented m
Figures 3-9 we conclude that crown indicators of Sceots
pine statistically significantly correlate with acid de-
position loads, whercas weak and statistically insig-
nificant correlation is typical of spruce crown indica-
tors. It can be in part explained by the [lact that the
exposure of spruce stands to pest invasions has been
shown to affect the condition more than environmen-
tal pollution. After grouping all the species, we had
found that the relationship between trec health and
pollutant loads appeared to be weaker than in the casc
of Scots pine, however, the relationship with sulphur
deposition was statistically significant.

Discussions

Interpretation of the collected data 1s one of the
most important stages of monitoring and to a great
extent affects the value of monitoring system itself.
Actually crown indicators reflect not only tree condi-
tion and 1ts changes but alse the potential of therr
productivity. Studies have been mostly concentrated
on the effects of trce crown condition, in most cascs
on tree crown defoliation and tree increment. The re-
sults obtained are rather controversial. Some investi-
gators do not find any statistically significant relation
between crown defoliation and tree increment (Kohler
and Stratman 1986). The others state that obvious free
increment decrease begins when defoliation becomes
lower than 20-30% (Schweingruber 1985, Krause e af.
1986, Braker and Caggen 1987) or even 50% (IFranz ¢f
al. 1986). Other researchers present contrary results -
they find that the deerease in tree increment usually
starts before obvious signs of crown defoliation can
be detected (Philips ef al. 1977, Kontic and Winklcr-
Seifert 1987). Our investigations, carricd out in dam-
aged Scots pine stands have indicated, that the rela-
tionship between crown defoliation and tree increment
1s not strong (usually correlation coefficient does nol
exceed 0.4-0.5), but statistically significant (p<0.05)
(Juknys and Jancys 1998).

Having invesiigated the relationship of FIHIM
crown indicators with stem diameter increment, we had
found that the correlation of crown density and foli-
age transparency with stent increment was rather sim-
ilar to that of crown defoliation (R=0.4-0.5). The rela-
tionship between crown dicback and (ree increment
was weak and statistically insignificant (Juknys and
Augustaitis 1996).

According to H.Kramer (1986) both qualitative and
quantitative crown indicators (crown diameter, length,
surlace arca, ete.) should be taken into account when
analysing the rclationship between crown indicators
and trec increment. Our investigations suggest (Juknys
and Augustaitis 1996) multiple regression model, which
includes total crown losses as an integrated indicator
of crown quality, and crown surface area as a general
crown quantitative indicator, and explains up to 50%
ol tree diameter increment variance (R*= 0.35-0.50).

In the field works of Forest Health Monitoring,
along with crown quality indicators (crown density,
foltage transparency, crown dieback), two quantitative
crown inclicators — crown diameter and live crown ra-
t1o are determined. The latter shows the ratio of crown
length to the total tree height. However, during the field
works the height of trees 1s not measured. Therelore
(here is no possibility to determine general quantita-
tive indicators such as crown volume or crown sur-
face arca. Thus biological interpretation of the data
on crown indicators proves (o be more complicated.

To evaluate stand productivity and timber volume, it
1s necessary to have the data on the assessment of sta-
tistically significant tree height. Thus it would be worth-
while to supplement the program of Forest Health Moni-
toring ficld works with the measurements of tree height.

While analysing the dependence of crown indi-
cators on air pollution and acid deposition, the inves-
tigators fail to find more close correlation (Schwein-
gruber 1985, Nelleman and Frogner 1994, Klap et
al 1997). An attempt is frequently made to interpret it
as a proof that forest decline on a regional scale is
causcd not by environmental pollution, but by other
factors. Our results have indicated that the correlation
between crown indicators and acid deposition is not
strong (R=0.25-0.40), however, statistically significant
(p= 0.05). The main reasons for rather weak correla-
tion between crown indicators and environmental pol-
lution are the following:

I. The data on environmental pollution usually are
not determined by direct measurements on the forest
mounitoring plots, but computed applying different
mathematical models, most frequently implying differ-
cnt crrors.

2. To date the assessments of crown indicators
have largely been carried out by visual estimation thus
subjectivity and systematic errors are feasible. Addi-
tional problems arise when indicators subjectively
assessed by different experts in different countries are
mtegrated and analysed together.

3. Crown condition is affected not only by envi-
ronmental pollution, but also by many natural factors,
which might considerably transform the response of
trees to the effects of the pollutants.
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4. The synergistic cffects of different pollutants,
their compounds and mixtures are not sufficiently in-
vestigated and assessed.

Upgraded models and detailed deposition maps
(Van Pul ef al. 1995, Erisman et al. 1996) have offered
an opportunity to enhance assessment precision of the
pollution effects on a regional scale on forest health

and growth. Further efforts (o improve evaluation of

crown indicators and a decrcase in subjectivily and
systematic errors should contribute to a more accu-
rate assessment of the cffects of environmental pol-

lution on the forests too. More thorough studies of

the effects of natural factors on the forest health (Klap
et al. 1997) might considerably reduce mformation
noise and facilitate detection of the anthropogenic
signal. With respect to the complexity of the investi-
gated rclationships and factors determining these re-
lationships, further research should reduce some of the
uncertainties in assessing the effect of environmental
pollution on the forests.

Conclusions

. Crown densily of Scots pine tends to increasce
northward. In the second southernmost sector the
mean crown density of Scots pine constitutes 46.8%
and in the north — 56.4 %, t.c., by nearly 10% lcss. The
changes in crown density of birch are msignificantly
expressed, however, the general trend 1s simular and
statistically significant. Spatial changes in foliage
transparency are not so evident and no regular pat-
tern can be detected.

2. Total crown losses of Scots pine tend to de-
crease from south — 41.6% to north = 30%. After group-
ing conifers and all the tree species, it had been found
that spatial trends of total crown losses were not so
obvious, however, a northward decrease in total crown
losses was statistically significant in all cascs.

3. Correlation between the FHM crown indicators
and acid deposition 1s not strong, however, in most
cases statistically significant (p<0.05). The primary and
composile Scots pme crown indicators correlate with
sulphur and nitrogen deposition most closely.

4. The relationship of primary crown indicators
and total crown losses with sulphur deposition ap-
peared to be stronger than that of nitrogen.
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[TOKA3ATEJIM KPOH JEPEBBEB U UX CBSI3b C KHCJIOTHBIMU OCAJZIKAMMU 110
JAHHBIM MOHUTOPUHTA 3JIOPOBbSI JIECA BAJITUMCKHUX CTPAH

P. 10knuc, A. Ayryeraiiruce, P. Ozouumraoc, I Mosrepuce

Pesione

[TepBLITILIC 1T KOMILICKCHLIC MOKABATCI KPOH JICHCHLCE HCAOIL3ORMIICL KAK OCHOBIILIC NTOKA3ATCIH COCTOSHHA JICCOB,
BHCJIPAST AMCPHKATCKYIO TPOrpaMmy Mottrropnira sjpoponbs neca (FHM) B Bantiiickix ¢rpanax. AHaln3upys
TCPPITOPHANGLILIC WIMCHCHHS TTAPAMCTPOR H3Y TICMBIX HOKABATCICTT 1 X CHI3L ¢ KHCAOTHLIMH OCa/IKaMH, HCIO/IL30BAIINCEH
reorpaguccrie HIpopMaiurottsic cHetemul Arcinfo. Yeranosneno, Uro yBeIH CHIC TYCTOTbl KPOH COCHEL 00LIKHOBCHHOI
(Pinus sylvestris L) vobepes (Betula spp.) na cesepiios qaupasacinns simsscres CraTueTHIccku siaiisoit (p<0,05). Obuime

MOTCPI KPOIT OCHOBUBIX BIIOB JICPCBLCH 1 X TPYIIL JICMONCTPHPYCT ABHLIT TPCHA MO TCOTpaiHICCKOMY P, IHCIITY
YMCHLINIAACL € 10T 112 cCBEP. DBLINACHUS CCPLI 1 Q30T TUIOKC YMCHLIIACTCH B DTOM HAMpaBiCHUH. YCTAHOBJCHO, HT0
koppelisiida Mexay FHM rmokasaTessMi coCTOSIHS KPoit ¢ KHCHOTHBIMH OCAIKAMK SABAACTCA HE OYEHE BLICOKOH, 10
cTaTHerHuceky 3HaunmMoii (p<0,05). Koppeistins Mencty BLIGJACHIBIMIL CCPBI H TTOKA3aTCSIMI COCTOAHIA KPOH COCHbI
apsterest ranbosee suavtmoil. 3aBHCHMOCTs 0BHUX HOTCPL KPOIL OT BLIMWICINS CCPbl CHABIHCE, UCM OT a30Ta,

[Kinouensie corona: MOHUTOPHHT 3J(OPOBLS JICCi, I'YCTOTA KPOILL, MIPO3PAUHOCTE KPOHBI, OOWMC MTOTCPH KPOHEI,

KHCIOTHBLIC OCAJIKH
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