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The influence of climatic factors on the health condition of forests

in the Silesian Lowland

J. STANOVSKY

Forestry Projections, Frydek-Mistek, incorporated company, Czech Republic

ABSTRACT: In the nineties of the 20™ century, forest ecosystems in the Silesian Lowland were seriously disturbed by a large
disaster with massive increase in the occurrence of biotic and abiotic harmful agents. The majority of old growth was cut there
especially that with allochthonous spruce (Picea excelsa). Relations between the course of climatic factors (annual precipitation
amount, annual average temperature) and the level of unregulated felling were studied.
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In the second half of the 20™ century, forest ecosystems
in the Czech Republic underwent great changes in age
structure and tree species structure, caused especially by
an increase in air pollutant load. Air pollution in synergism
with the modulation of climatic factors results in the stress
for individual trees as well as whole forest stands, which
causes dying of sensitive woody species and of forest
stands in the entire regions. The extent of damage caused
by abiotic and biotic harmful agents increased, similarly
like the absolute level of unregulated felling and the ratio
of unregulated felling to the global felling. While the influ-
ence of air pollutants on these processes was dominant in
mountain areas, in midlands and lowlands with the lower
level of air pollution load climatic factors are probably
dominant in combination with nature conditions, espe-
cially with deeper soils with undulated level of soil water.
With an increase in the production of greenhouse gases,
a possibility of local climatic changes and their influence
on the vitality of forest ecosystems is discussed.

A typical example of the territory with relatively low
air-pollution load and great damage to forest stands and
high level of unregulated felling is the area of Silesian
Lowland. In Northern Moravia, great attention was paid
to forest ecosystems in mountain areas, e.g. in the Mora-
vian-Silesian Beskids, while the situation in other parts
of Northern Moravia is very little known. In this paper
the changes in forest ecosystems in the Silesian Lowland
are described, especially in connection with the course of
climatic factors at the end of the 20™ century. Extensive
salvage cuttings were carried out at the end of the 20"
century that resulted in changes in age structure as well
as tree species composition of forests in this territory. No
findings about the course of climatic factors and their in-
fluence on the health condition of forests in the Silesian
Lowland have been published yet.
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The hypothesis of climatic changes and their influence
on the growth and health condition of forest trees was
published by CHALUPA (1992, 1997), MINDAS and LAPIN
(1996), MINDAS et al. (2000), VINS et al. (1996), MRKVA
(2000) and others. MRKVA (1993a,b) described the course
of climatic factors on an example of Drahanska vrchovina
(Drahanska Uplands). In North-Eastern Moravia many pa-
pers about the health condition of forests in the Beskids
mountains were published. HADAS (1994, 1995, 1996)
simulated the climatic conditions and air pollutant load
in this region, the results of other researchers were pub-
lished in periodical memoirs. The territory of the Czech
Republic was divided by the Institute for Forest Manage-
ment at Brandys nad Labem (UHUL) into “natural forest
areas” —areas with similar natural and forest management
conditions, based on the principles of forest typology.
The characteristics of these areas are given by PLIVA and
ZLABEK (1986) and by PRUSA (2001). The very detailed
characteristics of both natural and economic conditions
in the natural forest area Silesian Lowland are given by
a “Regional Forest Development Plan” (Institute for For-
est Management at Brandys nad Labem, UHUL 1998).

MATERIAL AND METHODS

The author of this paper observed the whole territory
of Silesian Lowland in the years 1987, 1996 and 1998
aiming his studies at the localisation, causes and volume
of unregulated felling, health condition of forest stands,
as well as on the occurrence of biotic and abiotic harmful
agents.

The data on unregulated fellings were compared with
forest management records and drawn onto forest maps.
The area, volume, cause and year of unregulated cuttings
were found out. The data on the occurrence and extent
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Table 1. Comparison of tree species composition in the natural forest area Silesian Lowland. Species composition (%)

Original tree

Target tree Target tree

Tree species 1989 1999 1999-1989 composition  composition (PRUSA)  composition (UHUL)
Norway spruce 48.0 24.8 -23.2 0.0 38.7 0.9
Fir 0.1 0.9 0.8 44 0.0 4.7
Scotch pine 19.2 24.8 5.6 0.1 3.0 10.4
Larch 2.7 4.2 1.5 0.0 8.9 8.6
Other conifers 0.3 1.6 1.3 0.0 0.0 0.0
Conifers 70.3 56.3 -14.0 4.5 50.6 24.6
Oak 13.0 17.8 4.8 31.1 20.3 435
Beech 2.5 6.9 44 52.9 25.1 16.3
Birch 44 6.2 1.8 0.1 0.1 0.2
Linden 43 52 0.9 1.8 0.0 7.1
Alder 2.6 2.3 -0.3 1.2 1.3 2.0
Other broadleaves 2.9 53 24 8.4 2.6 6.3
Broadleaves 29.7 43.7 14.0 95.5 49.4 75.4

of other harmful agents are given on the basis of my
own terrestrial investigations and of the “Regional Forest
Development Plan” (Institute for Forest Management at
Brandys nad Labem, UHUL 1998).

The data on climatic factors for the purposes of this
study were taken over from the Czech Hydrometeorologi-
cal Institute (Opava climatic station on the north-western
margin of the observed territory and Hat rain measuring
station in the eastern part of the territory).

The course of climatic factors was characterised by av-
erage monthly temperature, total monthly precipitation
amount, average temperature and precipitation amount in
the vegetation period (April-September). The course of
average monthly temperature and monthly precipitation
amount (Opava climatic station) was drawn in graphs ac-
cording to Walther-Lieth (methodology see for instance
SVOBODA, ZALUD 2001). The lengths of dry periods (in
days) were taken over from these graphs and compared
with the level of discovered unregulated fellings by a
cross-correlation function.

NATURAL CONDITIONS IN THE OBSERVED
TERRITORY

The natural forest area Silesian Lowland lies on flat-
land or in moderately undulated terrain in North-Eastern
Moravia (former Silesia) and in our territory it includes
individual parts reaching here from Poland. The largest,
and from an economic point of view the most important,
part of them is an area east of the town of Opava that is
studied in this paper. The southern border of the area is the
river Opava, the state border between the Czech Republic
and Poland is in the north.

The moderately undulated relief with numerous flats
was formed by glacier. The highest point in the area is
the village Chuchelna (308 m a.s.l.) and the hill Almin
(315 ma.s.l.). According to the typological system of the
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Institute for Forest Management at Brandys nad Labem
the altitudinal zone oak-beech takes up 90.6% of forest
stands and the altitudinal zone beech-oak 7.5% of the
area. The oak altitudinal zone is in the floodplain of riv-
ers (PRUSA 2001).

According to edaphic categories (typological system
of the Institute for Forest Management at Brandys nad
Labem — UHUL) the class fertile — category loamy (3H)
predominates — 54.5%, category medium rich (3S)—9.5%,
followed by the class enrichment with humus — category
loamy (3D) — 7%, class gley, category medium rich (30)
—5.7% of the timber land in the observed area.

PRUSA (2001) specifies the original tree species com-
position in this area with 4.5% coniferous and 95.5% of
broadleaved trees, the target tree species composition
with 50.6% coniferous and 49.4 % broadleaved trees
(Table 2).

The original species composition was largely changed
by forest management in the second half of the 19" cen-

Table 2. Proportion of unregulated fellings in standing volume

Age Volume Unregulated Ratio of upregulated

(years) of splguce felllrggs fel!)mgs
(m’) (m’) (%)
41-50 5,626 513 9.1
51-60 51,819 10,851 20.9
61-70 77,514 20,618 26.6
71-80 49,452 15,423 31.2
81-90 114,014 55,692 48.8
91-100 116,157 50,892 43.8
101-110 13,700 6,055 442
111-120 23,211 12,588 54.2
121-130 12,409 6,946 56.0
131-140 2,600 611 235
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tury because there was a high demand for spruce wood
in the black coal mines in the adjacent Ostrava-Karvina
region. These spruce monocultures developed to prema-
ture or mature stands through the 20™ century, majority of
them was destroyed by a few waves of mass outbreaks of
spruce bark beetles in the 80ies and 90ies of the 20" cen-
tury. Although there were some problems and mistakes in
the forest management, the main cause of these outbreaks
is a probable stress of forest ecosystems in connection
with the course of climatic factors, especially with the
increase in moisture deficit. The other most important
biotic harmful agents in this area are sawflies, living on
the spruce, especially the gregarious spruce sawfly (Pris-
tiphora abietina), which can be found in spruce stands
of all age classes in this area. The data on the occurrence
and bionomy of sawflies are given by HOLUSA (2000). In
the forest management plan (1988), the area of 136.32 ha
strongly damaged by sawflies, including 42.24 ha where
premature regeneration is necessary was calculated. Saw-
flies also cause defoliation in mature stands, which can be
misinterpreted as damage caused by air pollution.

As for the air pollution risk, the whole area of Silesian
Lowland was classified in air pollution damage zone C
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which presumes the vitality of mature stands 40—60 years
(UHUL 1998).

RESULTS

In Fig. 1 (Opava climatic station) and Fig. 5 (Hat
rain measuring station) the course of precipitation in
1991-2000 and the average of the years 1961-1990
are compared. In this period at Opava station there was
recorded a lower precipitation amount (in comparison
with 1961-1990) from mid-April to the beginning of
July, higher precipitation amount in March and in July.
At Hat’ station the precipitation amount was lower in the
first half of the year, and it was higher from July to the
end of the year.

If we compare the precipitation amount in the individual
years (Figs. 2 and 4) with the average precipitation amount
of the years 1961-1990, the most substandard year was
1992 (78% long-term average — Opava, 77.8% — Hat),
followed by 1993 (79.5% — Opava, 74.1% — Hat) and
1999 (83.9% — Opava, 90.7% — Hat). The above-stand-
ard years were 1996 (127.5%, resp. 127.4%) and 1997
(116.9% resp. 126.5%). If we add the positive and nega-
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tive divergences from the long-term average, the period
1991-2000 was 23.6% below the average for Opava sta-
tion and 8.2% below the average for Hat station. When
we compare the precipitation amount in the vegetation
period (April-September) with the long-term average
precipitation amount (1961-1990), the most substandard
year was 1992 (48.8% — Opava, 47.8% — Hat)) and then
1993 (73.9% — Opava, 68.3 % — Hat)). Above standard was
the precipitation amount in the vegetation period in 1995
(121.4% — Opava, 134.5% — Hat)) and above all in 1997
(125.4% — Opava, 139.8% — Hat’), due to an extremely
high amount in July.

In Table 1 changes in the tree species composition in
the observed area are presented according to forest man-
agement plans and its comparison with the original tree

Table 3. Comparison of the length of dry period and the level
of unregulated fellings

Year Dr(}z1 g}e];i)od Unregul(arfg fellings
1985 39 388
1986 58 37
1987 52 847
1988 23 1,226
1989 99 8,918
1990 95 12,109
1991 39 26,096
1992 139 34,848
1993 100 35,734
1994 66 24,959
1995 22 15,384
1996 0 18,178
1997 73 5,405
1998 0 8,749
1999 53 3,565
2000 80 8,192
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species composition and regeneration target according to
PRUSA (2001) and UHUL (1998). The differences in the
tree species composition between the years 1989 and 1999
are given by a significant decrease in Norway spruce in
premature and mature stands, and increase in broadleaved
trees, especially oak and beech, in newly regenerated arti-
ficial stands. Significant is an increase in birch proportion
in the tree composition, which is given by its aggressivity
after unregulated fellings.

The course of the disaster is documented by the volume
of unregulated fellings in the individual years. Table 2
shows a comparison of the total volume of unregulated
fellings in the particular age classes and the total volume
of spruce in the age classes. Table 3 gives the length of
the dry period and the volume of unregulated fellings in
the individual years. On the basis of a visual graphical
comparison, in the first half of the period 1991-2000 the
course of unregulated fellings is very similar to the course
of the length of dry periods. In this time, the main and
absolutely dominant cause of Norway spruce dying was
the mass outbreak of spruce bark beetles (Ips typographus,
Ips duplicatus), which covered the other causes like
drought and wood-decaying fungi. In the second half of
the nineties when the courses were different, the outbreak
of spruce bark beetles slowly ended and the other causes
of dying, especially fungi, increased. No statistically
significant dependence was found between these courses
(correlation coefficient 0.1621).

From the point of view of statistics a significant depend-
ence was found by testing the relation between the length
of dry periods and the volume of unregulated fellings by
a cross-correlation function in the year minus one (corre-
lation coefficient 0.5213). It shows a probable significant
influence of the course of climatic factors on the volume
of unregulated fellings in the following year.

DISCUSSION
In the forest natural area Silesian Lowland the 3™ (oak-

beech) altitudinal vegetation zone is dominant, which is
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characterised by annual average temperature 6.5—7.5°C,
annual precipitation amount 650-700 mm and number
of days with average temperature 10°C and more 150—
160 days per year (PRUSA 2001). In the observed period
19912000, the average temperature was 8.5°C (Opava),
annual average precipitation amount 592.1 mm (Opava)
and 664.9 mm (Hat). It is near to the characteristics of the
2" (beech-oak) altitudinal vegetation zone in the short run.
In the years 1991-2000 there were on average 168 days
with average temperature 10°C and more, which also cor-
responds to the 2™ altitudinal vegetation zone.

According to MRACEK and PAREZ (1986), the critical
lower limit for Norway spruce (Picea abies) is a pre-
cipitation amount of 300 mm in the vegetation period,
an optimal amount is 430-550 mm in the vegetation
period. The average precipitation amount in the ob-
served area in the period 1961-1990 was 411 mm, in
the years 1991-2000 391.5 mm (Opava). An absolute
extreme was the year 1992 with precipitation amount
of 208.1 mm only. This year was a starting year for the
mass outbreak of spruce bark beetles (Ips typographus,
Ips duplicatus), with the following intensive increase in
unregulated fellings.

According to VINS (1996), the areas favourable for
spruce are localities with annual precipitation amount of
800 mm and more, or with annual De Martonne index
I=S/(T+ 10) higher than 60, where S = annual precipita-
tion amount, 7= annual average temperature. In the period
1991-2000 7 = 32 for Opava station.

CONCLUSION

The allochthonous stands of Norway spruce (Picea
abies) in the Silesian Lowland were damaged by large
unregulated fellings, caused by spruce bark beetles in the
period 1991-2000. The primary cause of this disaster was
probably a low amount of precipitation in the vegetation
period. Younger stands are affected by chronic feeding of
spruce sawflies (Hymenoptera, Tenthredidae) and enfee-
bled by drought, together with increase in the occurrence
of wood-decaying fungi (Armillaria sp.)
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In the forest regeneration in this area an increase in
broadleaved tree species, especially oak, is desirable,
with adequate proportion of introduced tree species (red
oak Quercus rubra). Also the proportion of birch in the
forest stands should increase.
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Vliv klimatickych ¢initeli na zdravotni stav lesti ve Slezské niZiné

J. STANOVSKY

Lesnicka projekce, a. s., Frydek-Mistek, Ceska republika

ABSTRAKT: V devadesatych letech 20. stoleti byly lesy Slezské niziny postizeny rozsahlymi kalamitami a masovym nartstem
vyskytu biotickych skodlivych ¢initeld, v jejichz disledku byla vytézena velka cast mytnich porosti (predevsim neptivodniho
smrku). V ptispévku jsou studovany vztahy mezi prubéhem klimatickych Cinitelt (4hrn srazek, teplota) a vysi nahodilych tézeb

v této oblasti.

Klic¢ova slova: Slezska nizina; klimatické faktory; nahodilé teézby

Ptirodni lesni oblast Slezska nizina, ktera se nachazi
v rovinaté az mirn¢ zvlnéné severovychodni ¢asti Moravy
a zahrnuje na naSem uzemi jednotlivé vybézky, zasahujici
sem z Polska, je typickym piikladem oblasti s relativné
nizkym imisnim zatizenim, velkym rozsahem poskozeni
porostl a znacnou vysi kalamitnich tézeb.

Autor prispévku prosel v letech 1987, 1996 a 1998
celou zajmovou oblast Slezské niziny a zabyval se
specialné lokalizaci, pfi¢inami a rozsahem nahodilych
tézeb, zdravotnim stavem soucasnych porosti vcetné
vyskytu biotickych a abiotickych Skodlivych cinitela.
Zjisténé udaje byly konfrontovany s provozni evidenci
a zakresleny do lesnickych obrysovych map. Byla
zjisténa plocha a objem nahodilé tézby podle roku vzniku
a pri¢iny. Udaje o vyskytu a rozsiteni dal§ich $kodlivych
Ciniteld vychazeji z vlastniho terénniho Setieni a vystupt
oblastniho planu rozvoje lesii, zpracovaného UHUL
v Brandyse nad Labem.

Udaje charakterizujici vyvoj klimatickych ginitelt
byly pro ucel této prace prevzaty z méteni CHMU (kli-
maticka stanice Opava pfi severozapadnim okraji LO
a srazkomérna stanice Hat ve vychodni ¢asti). Vyvoj
klimatickych ¢initeld byl charakterizovan prumérnymi
meésicnimi teplotami a mési¢nimi thrny srazek a dale
primérnou teplotou a thrnem srazek za vegetacni ob-
dobi (duben az zafi). Chod primérnych mési¢nich teplot
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a mésicnich srazkovych uhrnt ze stanice Opava byl pro
roky 1985-2000 vynesen do grafii podle Walthera-Lietha
(metodika SVOBODA, ZALUD 2001). Z téchto grafii byla
odectena délka obdobi sucha (ve dnech) v jednotlivych
letech a porovnana s vysi nahodilé tézby pomoci cross-
-korelacni funkce.

Na obr. 1 je pro stanici Opava a na obr. 5 pro stanici
Hat’ uvedeno porovnani pribéhu srazek v letech 1991—
2000 s pramérem let 1961-1990. Na stanici Opava byly
v tomto obdobi nizsi srazkové thrny od poloviny dubna
do pocatku Cervence, vyssi Ghrny v bfeznu a dale potom
od ¢ervence, na stanici Hat’ nizsi oproti obdobi 1961-1990
v celé prvni poloviné roku, vyssi potom od ¢ervence do
konce roku.

Pii porovnani srazkovych uhrnl v jednotlivych letech
(obr. 2 a 4) s primérnym srazkovym uhrnem v letech
1961-1990 byly nejvyraznéji srazkové podprumeérné
roky 1992 (78 % dlouhodobého priméru — Opava,
77,8 % — Hat), dale 1993 (79,5 %, resp. 74,1 %) a rok
1999 (83,9 %, resp. 90,7 %). Srazkove nadpriméerny byl
nejvice rok 1996 (127,5 %, resp. 127,4 %) a dale rok 1997
(116,9 %, resp. 126,5 %). Secteme-li kladné a zaporné
odchylky od dlouhodobého priméru, vychazi v obdobi
1991-2000 pro stanici Opava 23,6 % srazkového thrnu
pod dlouhodobym primérem, pro stanici Hat' potom
8,2 % pod dlouhodobym primérem.
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Pfi porovnani srazkovych thrnii za vegetacni obdobi
(duben—zaii) s primérnymi thrny 1961-1990 byl nej-
vice podpriumérny rok 1992 (48,8 % dlouhodobého
priméru — Opava, 47,8 % — Hat)) a dale rok 1993
(73,9 % — Opava, 68,3 % — Hat’), nadprimérny srazkovy
uhrn byl ve vegetacnim obdobi v letech 1995 (Opava
— 121,4 % , Hat — 134,5 %) a predevs§im v roce 1997
(Opava — 125,4 %, Hat’ — 68,3 %) vzhledem k extrémné
vysokym cervencovym srazkam.

V oblasti Slezské niziny podle PRUSI (2001) je vyrazné
dominantni 3. lesni vegetaéni stupen, ktery je charakteris-
ticky primérnou ro¢ni teplotou 6,5-7,5 °C a pramérnym
ro¢nim thrnem srazek 650-700 mm a délkou vegetacni
doby 150-160 dni (pocet dni s primérnou teplotou 10 °C
a vyssi). Ve sledovaném obdobi 1991-2000 cinila
pramérna teplota 8,5 °C (stanice Opava) a primérny rocni
uhrn srazek 592,1 mm (Opava), resp. 664,9 mm (Hat’), coz
jak teplotng, tak srazkové odpovida z kratkodobého hle-
diska vice charakteristikam 2. vegeta¢niho stupné (PRUSA
2001) — pramérna rocni teplota 7,5-8 °C a prumérny
ro¢ni Ghrn srazek 600—650 mm. Délka vegetacni doby
byla v letech 1991-2000 primérné 168 dni, coz rovnéz
odpovida 2. lesnimu vegetaénimu stupni.

V tab. 1 uvadim zmény v dfevinné skladbé sledované
oblasti podle zpracovanych lesnich hospodarskych plant
a jejich porovnani s pivodni dievinnou skladbou a ob-
novnim cilem podle PRUSI (2001) a obnovnim cilem
podle OPRL.

Rozdily v difevinné skladbé mezi roky 1989 a 1999 jsou
dany vyraznym tibytkem smrku v mytnich a pfedmytnich
porostech (nahodilé t€zby) a nariistem podilu listnacu,
zvlaste DB a BK v nové obnovenych kulturach; zjevny
jerovnéz nartst podilu biizy, dany jeji agresivitou, s jakou
osidluje mezernaté kalamitni plochy.

Za kritickou spodni hranici pro péstovani smrku se
uvadi 300 mm a za optimalni 430-550 mm srazek ve
vegetaénim obdobi (MRACEK, PAREZ 1986). Primérny
srazkovy uhrn za vegetacni obdobi v letech 1981-1990
¢inil ve sledované oblasti 411 mm, v letech 1991-2000
potom 391,5 mm (Opava). Naprosto extrémni byl rok
1992 s thrnem pouhych 208,1 mm za vegetacni ob-
dobi. Tento rok byl startovacim rokem pro pfemnozeni
klrovcl na smrku a naslednou kalamitu, jejiz rychly
rozvoj ma svou pfi¢inu ve zminéném extrémnim chodu
klimatickych ¢initelt. VINS (1996) uvadi, Ze za oblasti
pro smrk pfiznivé jsou povazovany lokality s 800 mm ¢i
veétsim rocnim thrnem srazek nebo s ro¢nim indexem De
Martonneho /=S /(T + 10), kde S = ro¢ni suma srazek
a T = primérna ro¢ni teplota, vétSim nez 60. Pro léta
1991 az 2000 vychazi tento index pro stanici Opava
1=32.

Pribéh samotné kalamity je dokumentovan vysi na-
hodilé tézby podle jednotlivych let, jeji rozsah je dolozen
v tab. 2, kde je porovnana celkova vyse nahodilé tézby
podle vékovych stupni se zasobou smrku v daném
vékovém stupni.

V tab. 3 je uvedena délka obdobi sucha a vyse kalamitni
tézby v jednotlivych letech. Pii vizualnim grafickém po-
rovnani v pocatku devadesatych let vyse nahodilych tézeb
zjevné kopiruje délku obdobi sucha, v druhé poloviné
devadesatych let dochazi ke znaénému rozriznéni téchto
veli¢in, mezi nimiz nebyla zjisténa statisticky vyznamna
zavislost (kor. 0,1621). Statisticky vyznamna zavislost
byla zjiSténa testovanim vztahu mezi délkou obdobi
sucha a vysinahodilé tézby cross-korelacni funkci v roce
minus jedna (kor. 0,5213), coz ukazuje pravdépodobny
vyznamny vliv prubéhu pocasi v roce piedchazejicim
nahodilé tézbé na jeji vysi v roce nasledujicim.
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