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Abstrakt  

�7�D�W�R�� �V�W�X�G�L�H�� �S�R�S�L�V�X�M�H�� �V�W�U�X�N�W�X�U�X�� �D�� �Y�ê�Y�R�M�� �M�H�G�Q�p�� �] �Q�H�M�G�$�O�H�å�L�W���M�ã�t�F�K�� �G���H�Y�L�Q���� �N�W�H�U�i�� �Y �S�R�V�O�H�G�Q�t�F�K��

�O�H�W�H�F�K�� �Q�D�K�U�D�]�X�M�H�� �Y�H�O�N�R�X�� �þ�i�V�W�� �M�H�K�O�L�þ�Q�D�W�ê�F�K�� �O�H�V�$�� �Y �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H����Tato �S�U�i�F�H �K�R�G�Q�R�W�t���F�t�O�H��

�]�D�P�����H�Q�p��na �V�W�U�X�N�W�X�U�X���D���Y�ê�Y�R�M���E�X�N�X���O�H�V�Q�t�K�R��(Fagus sylvatica L.) �Y�H���Y�ê�F�K�R�G�Q�t�F�K���.�U�N�R�Q�R�ã�t�F�K���Y�H��

vztahu k �~�K�U�Q�$�P �V�U�i�å�H�N�����W�H�S�O�R�W�i�P���Y�]�G�X�F�K�X a �V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�������+�R�G�Q�R�F�H�Q���M�H���L���Y�O�L�Y���L�P�L�V�Q�t���]�i�W���å�H��

z ���������D�����������O�H�W���P�L�Q�X�O�p�K�R���V�W�R�O�H�W�t�����9 �W�p�W�R���S�U�i�F�L���M�V�R�X���S�U�R���S�R�U�R�Y�Q�i�Q�t���W�D�N�p���R�E�V�D�å�H�Q�\���V�W�X�G�L�H���R���U�D�G�L�i�O�Q�t�P��

�S���t�U�$�V�W�X�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �] �R�E�O�D�V�W�L�� �%�U�R�X�P�R�Y�V�N�ê�F�K�� �V�W���Q�� �Q�H�E�R�� �L�� �]�� �P�H�G�L�W�H�U�i�Q�X�� �] �M�L�å�Q�t�� �,�W�i�O�L�H���� �9 �W�p�W�R��

�S�U�i�F�L���M�V�R�X���S�R�U�R�Y�Q�i�Q�\���L���Y�O�L�Y�\���N�O�L�P�D�W�L�F�N�ê�F�K���Y�ê�N�\�Y�$���Q�D���O�H�V�Q�t���K�R�V�S�R�G�i���V�W�Y�t���Y�H���Y�]�W�D�K�X���N �F�H�O�N�R�Y�ê�P����

�Q�D�K�R�G�L�O�ê�P�� �O�L�V�W�Q�D�W�ê�P�� �Q�H�E�R�� �M�H�K�O�L�þ�Q�D�W�ê�P�� �W���å�E�i�P�� Tato st�X�G�L�H�� �K�R�G�Q�R�W�t�� �F�H�O�N�H�P�� ��������

�G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�F�K���Y�]�R�U�N�$���Q�D���������Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K�i�F�K, z �W�R�K�R���M�V�R�X���G�Y�����Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\��

v �M�L�å�Q�t���,�W�i�O�L�L, �����Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K���Y �.�U�N�R�Q�R�ã�t�F�K���D�������S�O�R�F�K�D���Q�D���%�U�R�X�P�R�Y�V�N�X�����9 �W�p�W�R���S�U�i�F�L���E�\�O�D��

�]�P�����H�Q�D���D���S�R�S�V�i�Q�D���L���V�W�U�X�N�W�X�U�D���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$�����N�W�H�U�p���M�V�R�X���K�R�G�Q�R�F�H�Q�\���Y �U�H�D�N�F�L���Q�D���N�O�L�P�D�W�L�F�N�p��

�S�R�G�P�t�Q�N�\�����5�D�G�L�i�O�Q�t���U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R���Y�H���Y�ê�F�K�R�G�Q�t�F�K���.�U�N�R�Q�R�ã�t�F�K���Q�H�M�Y�t�F�H���U�H�D�J�X�M�H���Q�D���V�O�X�Q�H�þ�Q�t��

cyklus, �S�R�W�p���Q�D���W�H�S�O�R�W�\���D���Q�i�V�O�H�G�Q�����Q�D���~�K�U�Q���V�U�i�å�H�N. V�ê�V�O�H�G�N�\���G�i�O�H���X�N�D�]�X�M�t�����å�H���K�R�P�R�J�H�Q�Q�t �E�X�N�R�Y�p��

�S�R�U�R�V�W�\���U�H�D�J�X�M�t�� �Y�t�F�H���Q�D���N�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\�� �Q�H�å���V�W�U�X�N�W�X�U�i�O�Q�����K�H�W�H�U�R�J�H�Q�Q�t�� �S�R�U�R�V�W�\����V �W�p�W�R���S�U�i�F�L��

�E�\�O���W�D�N�p���S�R�U�R�Y�Q�i�Q���U�D�G�L�i�O�Q�t���S���t�U�$�V�W���K�R�P�R�J�H�Q�Q�t�F�K���S�R�U�R�V�W�$���E�X�N�X���O�H�V�Q�t�K�R���V �Y�ê�]�N�X�P�Q�ê�P�L���S�O�R�F�K�D�P�L��

v �M�L�å�Q�t���,�W�i�O�L�L�����N�G�H���E�\�O���]�D�]�Q�D�P�H�Q�i�Q���]�U�F�D�G�O�R�Y�����R�S�D�þ�Q�ê���U�D�G�L�i�O�Q�t���S���t�U�$�V�W���S�R�U�R�V�W�$���Q�H�å���Y �.�U�N�R�Q�R�ã�t�F�K����

�6�S�H�N�W�U�i�O�Q�t �D�Q�D�O�ê�]�\���U�D�G�L�i�O�Q�t�K�R���S���t�U�$�V�W�X���X�N�D�]�X�M�t���å�H���E�X�N���O�H�V�Q�t���F�\�N�O�L�F�N�\���Y�\�N�D�]�X�M�H�������D�å�����O�H�W�p���������D�å��

�����O�H�W�p���D���������D�å�������O�H�W�p���F�\�N�O�\�����5�D�G�L�i�O�Q�t���U�$�V�W���E�X�N�X���W�Y�R���t���U�R�]�S���W�t�����������D�å�������O�H�W�p cykly�����F�R�å���S�U�i�Y�� �W�Y�R���t��

kombinaci �P�H�]�L���F�\�N�O�\���V�H�]�R�Q�Q�t�F�K���W�H�S�O�R�W���D���V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�Wy. �$�Q�D�O�ê�]�D���N�O�L�P�D�W�L�F�N�ê�F�K���S�R�G�P�t�Q�H�N���Y�H��

vztahu k �W���å�E�i�P�� �G���t�Y�t�� �Y�� �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H�� �X�N�i�]�D�O�D�� �S�U�$�Q�L�N��s�H�� �V�O�X�Q�H�þ�Q�t�P�� �F�\�N�O�H�P�� �D �U�R�þ�Q�t�P�L 

teplotami �Y�]�G�X�F�K�X�����Q�L�F�P�p�Q�����W���å�E�D���G���t�Y�t���U�H�D�J�X�M�H���Q�D���N�O�L�P�D�W�L�F�N�p a �D�Q�W�U�R�S�R�J�H�Q�Q�t���Y�O�L�Y�\�����&�H�O�N�R�Y�i��

�W���å�E�D���G���H�Y�D���Y�\�N�D�]�X�M�H���Q�H�M�Y�\�ã�ã�t��korelace �V���S�U�$�P���U�Q�ê�P�L���U�R�þ�Q�t�P�L���W�H�S�O�R�W�D�P�L, �Q�D�S�U�R�W�L���W�R�P�X���Q�D�K�R�G�L�O�p��

�W���å�E�\���Q�H�M�Y�t�F�H���N�R�U�H�O�X�M�t���V�H���V�O�X�Q�H�þ�Q�t�P�L���F�\�N�O�\�����=�i�U�R�Y�H����byla v �S�R�V�O�H�G�Q�t�F�K���O�H�W�H�F�K���]�D�]�Q�D�P�H�Q�i�Q�D���Y���W�ã�t��

�V�R�X�E���å�Q�R�V�W �Q�D�K�R�G�L�O�ê�F�K���W���å�H�E���V�������O�H�W�ê�P���V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P�����6�S�H�N�W�U�i�O�Q�t���D�Q�D�O�ê�]�\���G�D�W���X�N�D�]�X�M�t�����å�H��

�V�O�X�Q�H�þ�Q�t�������O�H�W�ê cyklus �V�H���W�D�N�p projevuje i u �O�L�V�W�Q�D�W�ê�F�K���W���å�H�E���D���W�H�Q�W�R���F�\�N�O�L�F�N�ê���M�H�Y���V�H���S�U�R�M�H�Y�X�M�H���L��

�X�� �S�U�R�F�H�Q�W�X�i�O�Q�t�K�R�� �V�W���t�G�i�Q�t�� �M�H�K�O�L�þ�Q�D�W�ê�F�K�� �D�� �O�L�V�W�Q�D�W�ê�F�K�� �W���å�H�E�� Poznatky z �W�p�W�R�� �G�L�V�H�U�W�D�þ�Q�t�� �S�U�i�F�H�� �E�\��

�P���Oy �V�O�R�X�å�L�W�� �M�D�N�R�� �S�R�G�N�O�D�G�� �S�U�R�� �G�D�O�ã�t�� �Y�ê�]�N�X�P�� �D�� �]�i�U�R�Y�H���� �E�\�� �P�R�K�Oy �S�R�P�R�F�L�� �O�H�V�Q�L�F�N�p�Pu 

managementu pochopit cyklick�p�� �Y�ê�N�\�Y�\���S���t�U�R�G�Q�t�F�K�� �S�R�G�P�t�Q�H�N���� �6�S�U�i�Y�Q�ê�� �S�R�S�L�V�� �F�\�N�O�L�F�N�ê�F�K��

�X�G�i�O�R�V�W�t���Y �O�H�V�Q�L�F�W�Y�t���E�\���P�R�K�O���Y �E�X�G�R�X�F�Q�X���O�p�S�H���U�H�D�J�R�Y�D�W���Q�D���N�O�L�P�D�W�L�F�N�p���]�P���Q�\�� 

 

�.�O�t�þ�R�Y�i�� �V�O�R�Y�D�� b�X�N�� �O�H�V�Q�t��(Fagus sylvatica L.), �U�D�G�L�i�O�Q�t�� �S���t�U�$�V�W�� �V�U�i�å�N�\���� �W�H�S�O�R�W�\�����E�X�N�R�Y�p��

porosty, �O�H�V�Q�L�F�N�ê��management�����V�O�X�Q�H�þ�Q�t���F�\�N�O�X�V, cykly 

 

 

Abstract 



 
 
 

This study describes the structure and development of one of the most important tree species, 

which in recent years has replaced a large part of coniferous forests in the Czech Republic. This 

dissertation evaluates the aims which are structure and development of European beech (Fagus 

sylvatica L.) in the eastern Giant Mountains ���.�U�N�R�Q�R�ã�H����in relation to precipitation, air 

temperatures and solar activity. The influence of the air pollution load from the time period in 

1970s and 1980s is also evaluated. This work also includes for comparing studies of the radial 

growth of European beech from the Broumov�V�N�p�� �V�W���Q�\ or from the Mediterranean area in 

southern Italy. This research compares the effects of climatic fluctuations on forestry in relation 

to total timber harvest and salvage, deciduous or coniferous logging. This study evaluates a 

total of 340 dendrochronological samples in 10 research plots. Two research plots are in 

southern Italy, 7 research areas in the Giant Mountains and 1 research plot is in the Broumov 

region. The structure of beech stands was measured and described, which are evaluated in 

response to climatic conditions. The radial growth of beech in the eastern Giant Mountains is 

most responsive to the solar cycle, then to temperatures and then to total precipitation. The 

results further show that homogeneous beech stands respond more to climatic fluctuations than 

structurally heterogeneous stands. This work compared the radial growth of homogeneous 

beech stands with research plots in southern Italy and Giant Mountains. The mirror effect of 

the opposite radial growth was recorded than in the Giant Mountains in compare to southern 

Italy. Spectral analyses of radial growth show that beech forest radial growth indicates 4- to 7-

year, 9- to 12-year, and 17- to 35-year cycles. The radial growth of beech cyclically exhibits a 

combination of air temperature and solar cycles, with is 7.5- to 11-year cycles. activities. The 

analysis of climatic conditions in relation to timber harvest and salvage logging in the Czech 

Republic showed the common course between the solar cycle and annual air temperatures. 

However, the timber harvest and salvage logging respond to climatic, anthropogenic, and 

political influences. Total timber harvest shows the highest correlations with average annual 

temperatures, while salvage logging correlates more with solar cycles. At the same time, in 

recent years, there has been a greater prevalence of salvage logging with an 11-year solar cycle. 

Spectral analysis of the data show that the solar 11-year cycles are also reflected in deciduous 

logging, and this cyclical phenomenon is also reflected in the percentage alternation of 

coniferous and deciduous logging. The findings from this dissertation should serve as a basis 

for further research and it can be used by forest management to understand cyclical fluctuations 

in natural conditions. A correct description of cyclical events in forestry could improve reaction 

against climate change. 

 

Keywords: European beech (Fagus sylvatica L.), radial growth, precipitation, temperature, 

forest management, solar cycle, cycles 
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1. �Ò�Y�R�G 

�5�ê�F�K�R�U�\ jsou jednou z �P�p�Q���� �]�Q�i�P�ê�F�K�� �þ�i�V�W�t�� �.�U�N�R�Q�R�ã���� �N�G�H�� �V�H�� �Q�D�F�K�i�]�t�� �X�Q�L�N�i�W�Q�t�� �E�X�N�R�Y�p��

�S�R�U�R�V�W�\�����N�W�H�U�p���]�D�V�D�K�X�M�t���R�G�����������G�R�������������P���Q�D�G���P�R���H�P�����= �G�O�R�X�K�R�G�R�E�p�K�R���K�O�H�G�L�V�N�D���M�H���W�D�W�R���R�E�O�D�V�W��

�Y�ê�]�Q�D�P�Q�R�X���O�R�N�D�O�L�W�R�X���S�U�R���G�O�R�X�K�R�G�R�E�p���]�N�R�X�P�i�Q�t���D�Q�W�U�R�S�R�J�H�Q�Q�t�F�K���D���N�O�L�P�D�W�L�F�N�ê�F�K���Y�O�L�Y�$���Q�D���K�R�U�V�N�p��

b�X�N�R�Y�p�� �S�R�U�R�V�W�\���� �9 �.�U�N�R�Q�R�ã�V�N�p�P�� �Q�i�U�R�G�Q�t�P�� �S�D�U�N�X�� �E�\�O�D�� �W�D�N�p�� �]�D�]�Q�D�P�H�Q�i�Q�D�� �Y 70. a 80. letech 

�P�L�Q�X�O�p�K�R�� �V�W�R�O�H�W�t�� �Y�ê�]�Q�D�P�Q�i�� �L�P�L�V�Q�t�� �N�D�O�D�P�L�W�D���� �N�W�H�U�i�� �R�Y�O�L�Y�Q�L�O�D�� �Y�ê�Y�R�M�� �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$���� �7�R�W�R��

�~�]�H�P�t�� �P�i�� �Y�H�O�N�R�X�� �Y���G�H�F�N�R�X�� �D�� �S���t�U�R�G�Q�t�� �K�R�G�Q�R�W�X�� �] hlediska �S���L�U�R�]�H�Q�p�K�R���U�R�]�ã�t���H�Q�t�� �E�X�N�R�Y�êch 

�S�R�U�R�V�W�$���G�R���Q�H�M�Y�ê�ã�H���S�R�O�R�å�H�Q�ê�F�K���~�]�H�P�t v �ý�5��  

�-�L�å���Q�D���S�R�þ�i�W�N�X�����������V�W�R�O�H�W�t���]�D�þ�D�O�\��v �(�Y�U�R�S�����Y�]�Q�L�N�D�W���S�U�Y�Q�t���Q�i�U�R�G�Q�t���S�D�U�N�\�����Y�H���N�W�H�U�ê�F�K �E�\�O���V�W�i�O�H��

�Y�t�F�H���S�U�H�I�H�U�R�Y�i�Q���H�N�R�O�R�J�L�F�N�ê���S���t�V�W�X�S���N���O�H�V�X�����F�R�å���Y�H�G�O�R���N �Y���W�ã�t�P�X���]�i�M�P�X���R���S���t�U�R�G�����E�O�t�]�N�p���S���V�W�R�Y�i�Q�t��

lesa (Hahn & Fanta 2001, Christensen et al. 2005). �%�X�N�R�Y�p���O�H�V�\���E�\�O�\���Y�\�X�å�t�Y�i�Q�\���Rd 17. do 19. 

�V�W�R�O�H�W�t��jako zdroj krmiva pro dobytek v �S�R�G�R�E�����E�X�N�Y�L�F���D���þ�Dsto v �Q�L�F�K���E�\�O�D���S�U�D�N�W�L�N�R�Y�i�Q�D��i �O�H�V�Q�t��

pastva ���1�R�å�L�þ�N�D�� ����������. �3�R�� �P�Q�R�K�R�� �V�W�R�O�H�W�t�� �E�\�O�\�� �E�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �Y�\�X�å�t�Y�i�Q�\�� �W�D�N�p�� �S�U�R�� �]�G�U�R�M��

�S�D�O�L�Y�R�Y�p�K�R���G���t�Y�t���D���N���Y�ê�U�R�E�����G���H�Y���Q�p�K�R���X�K�O�t��(Peters 1997). K �Y�ê�U�D�]�Q�ê�P���D�Q�W�U�R�S�R�J�H�Q�Q�t�P���Y�O�L�Y�$�P��

�S�R�V�O�H�G�Q�t�F�K���O�H�W���Q�D���O�H�V�Q�t���S�R�U�R�V�W�\���S�D�W���t���V�\�Q�H�U�J�L�F�N�ê���G�R�S�D�G���]�Q�H�þ�L�ã�W���Q�t���R�Y�]�G�X�ã�t���D���N�O�L�P�D�W�L�F�N�p�K�R���V�W�U�H�V�X 

(Bytnerowicz et al. 2007, Vacek et al. 2013a, Vacek et al. 2015a). 

�3�R���G�U�X�K�p���V�Y���W�R�Y�p���Y�i�O�F�H���V �U�R�]�Y�R�M�H�P���S�U�$�P�\�V�O�X���D���Q�i�U�$�V�W�H�P���H�P�L�V�t���G�R�ã�O�R���N���S�U�Y�Q�t�P�X���S�D�W�U�Q�p�P�X��

�Y�H�O�N�R�S�O�R�ã�Q�p�P�X���S�R�ã�N�R�]�H�Q�t�� �O�H�V�Q�t�F�K�� �S�R�U�R�V�W�$�� �Y �ý�5 (Materna 1989)���� �1�i�V�O�H�G�Q���� �Q�H�M�Y�ê�]�Q�D�P�Q���M�ã�t��

�L�P�L�V�Q�t���]�D�W�t�å�H�Q�t���]�S�$�V�R�E�H�Q�p���Y�\�V�R�N�ê�P�L���N�R�Q�F�H�Q�W�U�D�F�H�P�L���6�22 bylo v �.�U�N�R�Q�R�ã�t�F�K���]�D�]�Q�D�P�H�Q�i�Q�R���Y 70. 

�D�å�����������O�H�W�H�F�K�����������V�W�R�O�H�W�t��(Vacek et al. 2013b). Od 90. let j�H���M�D�N�R���S�U�R�E�O�p�P���Y�Q�t�P�i�Q�R���W�D�N�p���]�Q�H�þ�L�ã�W���Q�t��

�R�Y�]�G�X�ã�t���1�2X a O3 ���+�$�Q�R�Y�i���	���6�F�K�U�H�L�E�H�U�R�Y�i���������������9�D�F�H�N���H�W���D�O��������������. Vzhledem k �K�L�V�W�R�U�L�F�N�p�P�X��

�Y�O�L�Y�X���þ�O�R�Y���N�D���E�\�O�R���]�M�L�ã�W���Q�R�����å�H�������������S�R�U�R�V�W�$���E�X�N�X���V�H���Y�\�Y�t�M�H�O�R���Y���R�E�Q�R�Y�Q�tch cyklech od 15 do 25 

�O�H�W�����N�G�\���G�R�F�K�i�]�H�O�R���N�H���N�Y�D�O�L�W�Q�t �S���L�U�R�]�H�Q�p �R�E�Q�R�Y�����Y �S�R�G�~�U�R�Y�Q�L �P�D�W�H���V�N�p�K�R���S�R�U�R�V�W�X ���6�F�K�•�W�]������������.  

Z �K�O�H�G�L�V�N�D���F�H�O�R�U�H�S�X�E�O�L�N�R�Y�p���G�U�X�K�R�Y�p���V�N�O�D�G�E�\���O�H�V�$���E�X�G�H���K�U�i�W���E�X�N���O�H�V�Q�t��(Fagus sylvatica L.) 

�Y�ê�]�Q�D�P�Q���M�ã�t���U�R�O�L���Q���å���Q�\�Q�t�����.�O�L�P�D�W�L�F�N�i���]�P���Q�D���V�H���S�U�R�M�H�Y�X�M�H���Y�H�O�N�ê�P�L���N�D�O�D�P�L�W�D�P�L���Y�H���V�P�U�N�R�Y�ê�F�K��

�S�R�U�R�V�W�H�F�K�� �D�� �R�V�W�D�W�Q�t�F�K �M�H�K�O�L�þ�Q�D�Q�H�F�K���� �F�R�å�� �P�i�� �]�D�� �Q�i�V�O�H�G�H�N�� �Y�H�O�N�R�S�O�R�ã�Q�ê�� �U�R�]�S�D�G�� �O�H�V�Q�t�F�K�� �S�R�U�R�V�W�$����

�7�t�P���G�R�F�K�i�]�t���N �Y�\�ã�ã�t�P�X���S�U�R�V�D�]�R�Y�i�Q�t���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$ �S���L���R�E�Q�R�Y�����O�H�V�D�����N�G�\���]�D�V�W�R�X�S�H�Q�t���E�X�N�X���V�H��

�]�Y�ê�ã�L�O�R���R�G���U�R�N�X�������������R�������� % z 6 % na 8,8 % (MZe 2020). Buk je velmi ekologicky plastickou 

�G���H�Y�L�Q�R�X���D���M�H�K�R���U�H�D�N�F�H���Q�D���N�O�L�P�D�W�L�F�N�R�X���]�P���Q�X���M�H���P�Q�R�K�H�P���S���t�]�Q�L�Y���M�ã�t���Q�H�å���X���V�P�U�N�X���]�W�H�S�L�O�p�K�R�����F�R�å��

z �Q���M���G���O�i���S�U�i�Y�����L�G�H�i�O�Q�t�K�R���Q�i�V�W�X�S�F�H���]�D���V�P�U�N�R�Y�p���S�R�U�R�V�W�\�����= �K�O�H�G�L�V�N�D���Y�ê�]�Q�D�P�Q�ê�F�K���N�O�L�P�D�W�L�F�N�ê�F�K��

�Y�ê�N�\�Y�$���Y�\�N�D�]�X�M�t���E�X�N�R�Y�p���S�R�U�R�V�W�\���Y���W�ã�t���V�W�D�E�L�O�L�W�X���D���R�G�R�O�Q�R�V�W���Y�$�þ�L���Q�H�G�R�V�W�D�W�N�X���Y�R�G�\�����Q�H�å���M�H���W�R�P�X���X��

�V�P�U�N�X���]�W�H�S�L�O�p�K�R����Picea abies /L./ Karst.) �± (Dittmar et al. 2003a, Zang et al. 2011, Zang et al. 

2014, Hartl-Meier et al. 2018)�����%�X�N�R�Y�p���S�R�U�R�V�W�\���Y�\�N�D�]�X�M�t���O�H�S�ã�t���V�F�K�R�S�Q�R�V�W���S���L�U�R�]�H�Q�p�K�R���]�P�D�O�H�Q�t��

�Q�H�å���V�P�U�N�R�Y�p���S�R�U�R�V�W�\�����D���W�D�N�p���V�H���G�R�N�i�å�t���O�p�S�H���D�G�D�S�W�R�Y�D�W���Q�D���L�P�L�V�Q�t���N�D�O�D�P�L�W�X�����N�W�H�U�i���M�H���G�R�E���H���]�Q�i�P�i��

z �R�E�G�R�E�t��7�������D�å���������O�H�W�����������V�W�R�O�H�W�t�����6�O�D�Q�D�����H�W���D�O��������������.  
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�%�X�N�� �O�H�V�Q�t�� �V�H�� �W�D�N�� �S�R�V�W�X�S�Q���� �V�W�i�Y�i�� �þ�i�V�W�H�þ�Q�R�X�� �Q�i�K�U�D�G�R�X�� �]�D�� �S�O�R�ã�Q���� �R�G�X�P�t�U�D�M�t�F�t�� �V�P�U�N�� �]�W�H�S�L�O�ê��

(Lindner et al. 2010)�����1���N�W�H�U�p���V�W�X�G�L�H���Y�ã�D�N���G�R�N�O�i�G�D�M�t���L���F�L�W�O�L�Y�R�V�W��buku k �G�O�R�X�K�R�W�U�Y�D�M�t�F�t�P�X���V�X�F�K�X��

���*�H�‰�O�H�U���H�W���D�O�����������������*�U�D�Q�L�H�U���H�W���D�O��������������, kdy b�X�þ�L�Q�\���Q�D���5�ê�F�K�R�U�i�F�K a v �R�N�R�O�Q�t�F�K���S�R�K�R���t�F�K mohou 

�W�U�S���W �Q�D�� �M�D�U�Q�tmi mrazy nebo suchem ���9�D�F�H�N�� �H�W�� �D�O���� ������������ �.�U�i�O�t�þ�H�N�� �H�W�� �D�O���� ������������ �9�D�F�H�N�� �H�W�� �D�O����

2019a). V reakci na �Q�H�J�D�W�L�Y�Q�t���X�G�i�O�R�V�W�L��mohou �E�X�N�R�Y�p���S�R�U�R�V�W�\ �]�Y�ê�ãit �I�U�H�N�Y�H�Q�F�L���V�H�P�H�Q�Q�ê�F�K���O�H�W��

�D���W�t�P���V�H���O�p�S�H���D�G�D�S�W�R�Y�D�W���Q�D���N�O�L�P�D�W�L�F�N�R�X���]�P���Q�X�����g�Y�H�U�J�D�D�U�G�����������������2�Y�O�L�Y�Q���Q�\���M�V�R�X���W�D�N�p���U�$�V�W�R�Y�p��

�S�U�R�F�H�V�\�� �W�p�W�R�� �G���H�Y�L�Q�\���� �N�G�\�� �V�H�� �]�Y�\�ã�X�M�t�F�t�P�� �V�H�� �V�X�F�K�Hm v �Q�L�å�ã�t�F�K�� �R�E�O�D�V�W�H�F�K�� �Q�D�U�$�V�W�i�� �P�R�U�W�D�O�L�W�D�� �D��

�]�i�U�R�Y�H�����W�H�Q�W�R���M�H�Y���P�t�V�W�\���Y�H�G�H���N�H���]�N�U�i�F�H�Q�t���G�p�O�N�\���å�L�Y�R�W�Q�t�K�R���F�\�N�O�X���E�X�N�X��(Filippo et al. 2012a). 

�5�D�G�L�i�O�Q�t���U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R���M�H���S�R�G�V�W�D�W�Q�����R�Y�O�L�Y�Q���Q���S���t�U�R�G�Q�t�P�L���I�D�N�W�R�U�\���D �D�Q�W�U�R�S�R�J�H�Q�Q�t�P�L��vlivy  

�M�D�N�R�� �M�V�R�X�� �V�U�i�å�N�\ nebo teplota vzduchu ���6�W�M�H�S�D�Q�R�Y�L�ü�� �H�W�� �D�O���� ������������ �7�R�J�Q�H�W�W�L�� �H�W�� �D�O���� ����������, 

�K�R�V�S�R�G�D���H�Q�tm �Y�� �O�H�V�t�F�K�����5�H�P�H�ã��et al. 2015, Vacek et al. 2015c, Mausolf et al. 2018) nebo 

�]�Q�H�þ�L�ã�W���Q�tm �R�Y�]�G�X�ã�t�����â�S�X�O�i�N�� �	�� �6�R�X�þ�H�N�� �������������� �1�D�� �U�$�V�W�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �P�$�å�H�� �P�t�W�� �Y�ê�]�Q�D�P�Q�ê 

�Q�H�S���t�P�ê vliv  dokonce i �V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�D�����N�W�H�U�i �V�H���P�$�å�H���R�G�Y�R�G�L�W z cyklu �V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q�����N�W�H�U�p��

�M�V�R�X���~�]�F�H���V�S�R�M�H�Q�\���V���G�D�O�ã�t�P�L���V�R�O�i�U�Q�t�P�L���M�H�Y�\���M�D�N�R jsou kosmick�i radiace�����V�O�X�Q�H�þ�Q�t���]�i���H�Q�t�����V�O�X�Q�H�þ�Q�t��

v�ttr�����W�R�N���U�i�G�L�R�Y�ê�F�K���Y�O�Q���Q�H�E�R �V�O�X�Q�H�þ�Q�t���H�U�X�S�Fe (Usoskin 2017)�����9�ã�H�F�K�Q�\���W�\�W�R���]�P�t�Q���Q�p���V�O�X�Q�H�þ�Q�t��

faktory �M�V�R�X���S�R�K�i�Q���Q�\���V�O�X�Q�H�þ�Q�t�P���P�D�J�Q�H�W�L�F�N�ê�P���S�R�O�H�P�����N�W�H�U�p �Y�ê�]�Q�D�P�Q�����R�Y�O�L�Y���X�M�H���]�H�P�V�N�p���N�O�L�P�D 

�S�R���F�H�O�i���P�L�O�p�Q�L�D ���$�E�E�R�W�W���	���-�X�K�O���������������/�H���0�R�X�s�O���H�W���D�O��������������. 

�7�D�W�R�� �G�L�V�H�U�W�D�þ�Q�t�� �S�U�i�F�H�� �V�H�� �]�D�E�ê�Y�i�� �S�R�W�H�Q�F�L�i�O�H�P�� �F�\�N�O�L�F�N�p�K�R�� �Y�ê�Y�R�M�H���K�H�W�H�U�R�J�H�Q�Q�tch a 

�K�R�P�R�J�H�Q�Q�t�F�K�� �S�R�U�R�V�W�$���E�X�N�X�� �O�H�V�Q�t�K�R�� ��Fagus sylvatica �/������ �S�R�Q�H�F�K�D�Q�ê�F�K���V�D�P�R�Y�R�O�Q�p�P�X���Y�ê�Y�R�M�L. 

�7�D�W�R�� �S�U�i�F�H hodnot�t vliv  �V�O�X�Q�H�þ�Q�t�F�K�� �F�\�N�O�$�� teplot �Y�]�G�X�F�K�X���� �~�K�U�Q�$ �V�U�i�å�H�N���D�� �L�P�L�V�Q�t�� �]�i�W���å�H��na 

ra�G�L�i�O�Q�t���S���t�U�$�V�W���E�X�N�X�� �O�H�V�Q�t�K�R�� �Y�H�� �Y�ê�F�K�R�G�Q�t�F�K�� �.�U�N�R�Q�R�ã�t�F�K����Tato studie popisuje vztahy mezi 

�O�H�W�R�N�U�X�K�R�Y�ê�P�L�����D�G�D�P�L���U�$�]�Q�ê�F�K���S�R�U�R�V�W�$���E�X�N�X���O�H�V�Q�t�K�R���S�U�R���U�$�]�Q�i���þ�D�V�R�Y�i���R�E�G�R�E�t���R�G���K�R�V�S�R�G�D���H�Q�t��

v �O�H�V�Q�t�F�K���S�R�U�R�V�W�H�F�K���N���R�E�G�R�E�t���L�P�L�V�Q�t���]�i�W���å�H���D���N�R�Q�þ�t���R�E�G�R�E�t�P���V�D�P�R�Y�R�O�Q�p�K�R���Y�ê�Y�R�M�H���S�R �]�D�O�R�å�H�Q�t��

�.�U�N�R�Q�R�ã�V�N�p�K�R���Q�i�U�R�G�Q�t�K�R���S�D�U�N�X�����3�U�R���F�H�O�N�R�Y�p���V�K�U�Q�X�W�t���Y�ê�Y�R�M�H���E�X�þ�L�Q���Y���.�U�N�R�Q�R�ã�t�F�K���V klimatickou 

�]�P���Q�R�X�� �W�D�N�p�� �Q�H�F�K�\�E�t�� �S�R�U�R�Y�Q�i�Q�t s porosty z �,�W�i�O�L�H���� �3�R�]�Q�D�W�N�\�� �R�� �Y�ê�Y�R�M�L�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �E���K�H�P��

�N�O�L�P�D�W�L�F�N�p�� �]�P���Q�\�� �E�X�G�R�X�� �Y �W�p�W�R�� �G�L�V�H�U�W�D�F�L�� �S�R�U�R�Y�Q�i�Q�\�� �V�H�� �]�i�N�O�D�G�Q�t�P�L�� �Y�ê�V�W�Xpy z �O�H�V�Q�L�F�N�p�K�R��

managementu. 
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2. �&�t�O���S�U�i�F�H 

�&�t�O�H�P���W�p�W�R���G�L�V�H�U�W�D�þ�Q�t���S�U�i�F�H���M�H���]�t�V�N�D�W���Q�R�Y�p���S�R�]�Q�D�W�N�\���R���V�W�U�X�N�W�X���H���D���Y�ê�Y�R�M�L���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$��

�Q�D���Y�ê�F�K�R�G�����.�U�N�R�Q�R�ã�����-�H�G�Q�R�W�O�L�Y�p���G�t�O�þ�t���F�t�O�H���M�V�R�X���X�V�S�R���i�G�i�Q�\ �W�D�N�����D�E�\���E�\�O�R���P�R�å�Q�p���V�H�V�W�D�Y�L�W��a popsat 

�Y�O�L�Y�� �M�H�G�Q�R�W�O�L�Y�ê�F�K�� �I�D�N�W�R�U�$���� �N�W�H�U�p�� �R�Y�O�L�Y���X�M�t�� �E�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �D�� �M�Hjich �V�W�i�G�L�D�� �Y�ê�Y�R�M�H�� �E���K�H�P��

�N�O�L�P�D�W�L�F�N�p�� �]�P���Q�\���� �-�H�G�Q�R�W�O�L�Y�p�� �I�D�N�W�R�U�\���� �N�W�H�U�p�� �R�Y�O�L�Y���X�M�t�� �U�D�G�L�i�O�Q�t�� �S���t�U�$�V�W�� �E�X�N�X�� �M�V�R�X�� �Q�i�V�O�H�G�Q����

�S�R�X�å�L�W�\���S�U�R���D�Q�D�O�ê�]�X���P�D�Q�D�J�H�P�H�Q�W�X���O�H�V�Q�t�K�R���K�R�V�S�R�G�i���V�W�Y�t�����7a�W�R���G�L�V�H�U�W�D�þ�Q�t���S�U�i�F�H���Q�i�V�O�H�G�Q�����P�$�å�H��

�X�U�þ�L�W�� �Y�O�L�Y�\���� �N�W�H�U�p�� �M�V�R�X�� �Y�ê�]�Q�D�P�Q�p��pro �Y�ê�Y�R�M�� �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�� �D�� �]�i�U�R�Y�H���� �M�V�R�X�� �Y�ê�]�Q�D�P�Q�p�� �S�U�R��

�O�H�V�Q�L�F�N�ê���P�D�Q�D�J�H�P�H�Q�W �D���M�H�K�R���E�X�G�R�X�F�t���Y�ê�Y�R�M. �'�t�O�þ�t���F�t�O�H���M�V�R�X���Q�i�V�O�H�G�X�M�t�F�t�� 

1. �=�t�V�N�i�Q�t�� �S�R�]�Q�D�W�N�$�� �R���Y�ê�Y�R�M�L�� �D�� �V�W�U�X�N�W�X���H�� �K�R�P�R�J�H�Q�Q�t�F�K�� �D�� �K�H�W�H�U�R�J�H�Q�Q�t�F�K�� �E�X�N�R�Y�ê�F�K��

�S�R�U�R�V�W�$�� �E���K�H�P���N�O�L�P�D�W�L�F�N�p�� �]�P���Q�\. �7�H�Q�W�R�� �F�t�O�� �K�R�G�Q�R�W�t�� �D�N�W�X�i�O�Q�t�� �V�W�D�Y���E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$ na 

�Y�ê�]�N�X�P�Q�ê�F�K�� �S�O�R�F�K�i�F�K�� �W�D�N, �D�E�\�� �E�\�O�R�� �P�R�å�Q�p�� �M�H�G�Q�R�W�O�L�Y�p�� �S�R�U�R�V�W�\�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �U�R�]�W���t�G�L�W�� �R�G��

�K�R�P�R�J�H�Q�Q�t�F�K�� �E�X�þ�L�Q�� ���M�H�G�Q�R �H�W�i�å�R�Y�p�� �S�R�U�R�V�W�\�� �V�� �Q�R�U�P�i�O�Q�t�P�� �U�R�]�G���O�H�Q�t�P�� �W�O�R�X�ã�"�N�R�Y�ê�F�K�� �W���t�G���� �S�R��

�K�H�W�H�U�R�J�H�Q�Q�t���E�X�þ�L�Q�\�����U�$�]�Q�R�Y���N�p���W�O�R�X�ã�"�N�R�Y��, �Y�ê�ã�N�R�Y�����D���V�W�U�X�N�W�X�U�Q�����U�R�]�U�$�]�Q���Q�p���S�R�U�R�V�W�\���� 

2. �=�t�V�N�D�W�� �D�� �S�R�S�V�D�W���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�� �Y�ê�Y�R�M�� �V�W�X�G�R�Y�D�Q�ê�F�K�� �S�R�U�R�V�W�$. �1�D�� �]�i�N�O�D�G����

�S���H�G�F�K�R�]�t�F�K�� �W�H�U�p�Q�Q�t�F�K�� �ã�H�W���H�Q�t��jsou �R�G�H�E�U�i�Q�\�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�� �Y�]�R�U�N�\�� �]�H�� �Y�ã�H�F�K��

�V�W�X�G�R�Y�D�Q�ê�F�K�� �Y�ê�]�N�X�P�Q�ê�F�K�� �S�O�R�F�K����Vzorky jsou �R�G�H�E�U�i�Q�\�� �W�D�N, aby �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�� ���D�G�\��

�V�W�D�W�L�V�W�L�F�N�\���Y�ê�]�Q�D�P�Q�����S�R�S�L�V�R�Y�D�Oy �K�L�V�W�R�U�L�F�N�ê���Y�ê�Y�R�M���M�H�G�Q�R�W�O�L�Y�ê�F�K���V�W�D�Q�R�Y�L�ã�"���Y �þ�D�V�H���� 

3. D�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�� �D�Q�D�O�ê�]�\���M�V�R�X���Q�i�V�O�H�G�Q���� �S�R�X�å�L�W�\��pro �]�K�R�G�Q�R�F�H�Q�t�� �U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X��

buku ve vztahu ke klimatu ���V�U�i�å�N�\���D���W�H�S�O�R�W�\�������7�H�Q�W�R���E�R�G���Y�\�V�Y���W�O�X�M�H���U�H�D�N�F�L���E�X�þ�L�Q���Q�D���]�P���Q�X��

�W�H�S�O�R�W���Y�]�G�X�F�K�X���D���]�P���Q�X���Y �~�K�U�Q�H�F�K���V�U�i�å�H�N���� 

4. �'�D�O�ã�t�P���E�R�G�H�P je �]�K�R�G�Q�R�F�H�Q�t���U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E�X�N�X���Y�H���Y�]�W�D�K�X���N���L�P�L�V�Q�t�P�X���]�D�W�t�å�H�Q�t. 

�7�H�Q�W�R�� �E�R�G�� �V�O�R�X�å�t�� �N�H�� �N�U�i�W�N�R�G�R�E�p�P�X�� �X�U�þ�H�Q�t�� �M�H�G�Q�p�� �] �Q�H�M�Y�t�F�H�� �]�Q�L�þ�X�M�t�F�t�F�K�� �R�E�G�R�E�t�� �S�U�R�� �E�X�N�R�Y�p��

�S�R�U�R�V�W�\�� �Q�D�� �5�ê�F�K�R�U�i�F�K���� �7�H�Q�W�R�� �E�R�G�� �S�R�S�L�V�X�M�H�� �V�O�R�å�L�W�p�� �R�E�G�R�E�t�� �U�$�V�W�X�� �E�X�N�X�� �O�H�V�Q�t�K�R���� �N�G�\�� �G�R�ã�O�R��

k �Q�H�M�Q�L�å�ã�t�P�X���U�D�G�L�i�O�Q�t�P�X���U�$�V�W�X���]�S�$�V�R�E�H�Q�p�P�X �L�P�L�V�Q�t���]�i�W���å�t���� 

5. �1�i�V�O�H�G�Q�ê���G�t�O�þ�t���E�R�G���S�R�S�L�V�X�M�H���P�p�Q�����]�Q�i�P�p �]�K�R�G�Q�R�F�H�Q�t���U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E�X�N�X���Y�H���Y�]�W�D�K�X��

�N�� �V�O�X�Q�H�þ�Q�t�� �D�Nti �Y�L�W���� �N�W�H�U�i�� �Q�H�Q�t�� �S���t�O�L�ã�� �K�R�G�Q�R�F�H�Q�D�� �Y �O�H�V�Q�t�P�� �K�R�V�S�R�G�i���V�W�Y�t���� �7�H�Q�W�R�� �E�R�G���S�R�þ�t�W�i s 

�S�U�R�P���Q�O�L�Y�êm �Y�ê�Y�R�M�H�P���V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�\�����N�W�H�U�i se �P�$�å�H��projevit i  v �U�$�]�Q�ê�F�K���N�O�L�P�D�W�L�F�N�ê�F�K���G�D�W�H�F�K��

�M�H�G�Q�R�W�O�L�Y�ê�P�L �Q�H�E�R���L���P�H�Q�ã�t�P�L���G�t�O�þ�t�P�L cykly.  

6. �3�R�V�O�H�G�Q�t���F�t�O���K�R�G�Q�R�W�t �P�R�å�Q�R�V�W �Y�\�X�å�L�W�t �]�t�V�N�D�Q�ê�F�K���S�R�]�Q�D�W�N�$���Y���O�H�V�Q�L�F�N�p�P���P�D�Q�D�J�H�P�H�Q�W�X�� 

�7�H�Q�W�R�� �E�R�G�� �E�\�� �P���O�� �V�S�R�M�L�W�� �]�t�V�N�D�Q�p�� �S�R�]�Q�D�W�N�\�� �W�p�W�R�� �G�L�V�H�U�W�D�F�H�� �D�� �S���H�G�D�W�� �M�H�� �S�U�R�� �P�R�å�Q�p�� �Y�\�X�å�L�W�t��

v �O�H�V�Q�L�F�N�p�P���P�D�Q�D�J�H�P�H�Q�W�X���� 
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3. Rozbor problematiky 

3.1. �(�N�R�O�R�J�L�H���E�X�N�X���O�H�V�Q�t�K�R 

�%�X�N���O�H�V�Q�t���M�H���V�W�t�Q���V�Q�i�ã�H�M�t�F�t���G���H�Y�L�Qa�����N�W�H�U�i���Y�\�W�Y�i���t �V�L�O�Q�ê���]�i�V�W�L�Q���S�$�G�Q�tho povrchu�����3���L���S�U�R�V�Y���W�O�H�Q�t��

buk rychle roste, ale ve velmi �K�X�V�W�p�P�� �]�i�V�W�L�Q�X�� �W�Y�R���t�� �Q�H�N�Y�D�O�L�W�Q�t�� �N�P�H�Q�\�����'�R�E�U�R�Y�R�O�Q�ê�� �	�� �7�H�V�D����

2010). V�H���V�W���H�G�Q�t���(�Y�U�R�S�����E�X�N���S�U�R�V�S�H�U�X�M�H���G�t�N�\���K�X�P�L�G�Q�tmu klima�W�X�����N�W�H�U�p���V�H���Y�\�]�Q�D�þ�X�M�H��s�U�i�åkami 

�R�N�R�O�R�������������P�P���D���U�R�þ�Q�t���S�U�$�P���U�Q�R�X��teplotou okolo 10 �ƒ�&, kdy k�O�L�P�D�W�L�F�N�R�X���E�D�U�L�p�U�R�X���W�p�W�R���G���H�Y�L�Q�\��

�M�H�� �V�X�F�K�p�� �O�H�W�Q�t�� �S�R�þ�D�V�t (Zang et al. 2014) �Q�H�E�R�� �Y�ê�U�D�]�Q�p�� �M�D�U�Q�t�� �Prazy (Roibu et al. 2017). 

V �S�R�G�P�t�Q�N�i�F�K���ý�H�V�N�p���U�H�S�X�E�O�L�N�\���E�X�N���O�H�V�Q�t��dosahuje �G�R���K�R�U�V�N�ê�F�K���S�R�O�R�K�����N�G�H���G�R�N�i�å�H���U�$st i okolo 

�Q�D�G�P�R���V�N�p�� �Y�ê�ã�N�\�� ����50 m (Vacek & Hejcman 2012). �9�� �R�S�W�L�P�i�O�Q�t�F�K���U�$�V�W�R�Y�ê�F�K�� �S�R�G�P�t�Q�N�i�F�K��

�G�R�V�D�K�X�M�t���S�R�U�R�V�W�\ buku i �S���H�V���������P �Y�ê�ã�N�\�����D�O�H���W�\�W�R���K�R�G�Q�R�W�\���S�D�W���t���P�H�]�L���P�D�[�L�P�i�O�Q�t��(Vacek et al. 

2010b).  

�%�X�N�� �O�H�V�Q�t�� �V�H��v �S�R�U�R�Y�Q�i�Q�t�� �V�H smrkem ztepil�ê�P �S�U�R�M�H�Y�X�M�H�� �L�� �V�Y�R�M�t�� �P�H�O�L�R�U�D�þ�Q�t�� �D�� �]�S�H�Y���X�M�t�F�t��

�I�X�Q�N�F�t (Dorado-�/�L�x�i�Q�� �H�W�� �D�O���� ����������. Buk m�i�� �E�R�K�D�W�ê�� �R�S�D�G�� �O�L�V�W�t oproti smrku���� �G�t�N�\�� �N�W�H�U�p�P�X�� �V�H��

�Y�\�W�Y�i���t���G�R�E�U�p���S�$�G�Q�t���Y�O�K�N�R�V�W�Q�t���S�R�G�P�t�Q�N�\�����3�$�G�\���S�R�G���E�X�N�R�Y�ê�P���S�R�U�R�V�W�H�P���O�p�S�H���S�R�G�S�R�U�X�M�t���U�R�]�N�O�D�G��

�R�U�J�D�Q�L�F�N�ê�F�K�� �]�E�\�W�N�$�� �G�t�N�\�� �Y���W�ã�t�P�X�� �S�U�R�Y�]�G�X�ã�Q���Q�t�� �K�R�U�Q�t�F�K�� �S�$�G�Q�t�F�K�� �K�R�U�L�]�R�Q�W�$���� �%�X�þ�L�Q�\�� �W�D�N�p��

�]�O�H�S�ã�X�M�t���D�F�L�G�L�I�L�N�D�F�L���S�$�G���D���M�V�R�X���G�R�S�R�U�X�þ�R�Y�i�Q�\���S�U�R���P�H�O�L�R�U�D�þ�Q�t���V�F�K�R�S�Q�R�V�W�L���Q�D���O�R�N�D�O�L�W�\���S�R�ã�N�R�]�H�Q�p��

�L�P�L�V�Q�t�� �]�i�W���å�t���� �'�t�N�\�� �K�X�V�W�p�P�X�� �V�U�G�þ�L�W�p�P�X���D�å���N�X�O�R�Y�L�W�p�P�X �N�R���H�Q�R�Y�p�P�X�� �V�\�V�W�p�P�X�� �E�X�N�� �O�H�V�Q�t�� �O�p�S�H��

�R�G�R�O�i�Y�i�� �E�R���L�Y�ê�P�� �Y���W�U�$�P�����.�D�F�i�O�H�N�� �H�W�� �D�O���� ����������. �7�D�W�R�� �G���H�Y�L�Q�D�� �E�\�� �Y �P�L�Q�X�O�R�V�W�L�� �G�R�N�i�]�D�O�D �G�R�E���H��

�R�G�R�O�i�Y�D�W�� �L�P�L�V�Q�t�� �]�i�W���å�L���� �N�W�H�U�i�� �V�H�� �S�U�R�M�H�Y�L�O�D�� �Y�H�� �V�Q�t�å�H�Q�t�� �V�F�K�R�S�Q�R�V�W�L�� �W�Y�R�U�E�\�� �S���L�U�R�]�H�Q�p�K�R�� �]�P�O�D�]�H�Q�t 

(Vacek et al. 2015b). �7�H�Q�W�R���V�W�U�R�P���M�H���W�D�N�p���Y�H�O�P�L���G�R�E�U�R�X���G���H�Y�L�Q�R�X���S�U�R���Y�ê�å�L�Yu �]�Y�����H���] hlediska 

�~�å�L�Y�Q�R�V�W�L���K�R�Q�L�W�E�\���S�R�P�R�F�t �W�Y�R�U�E�\���E�X�N�Y�L�F�����D�O�H���V���Y�\�V�R�N�ê�P���W�O�D�N�H�P���]�Y�����H���E�R�K�X�å�H�O���P�$�å�H���G�R�F�K�i�]�H�W���L��

k �S�R�ã�N�R�]�R�Y�i�Q�t���K�O�D�Y�Q�t�K�R���W�H�U�P�L�Q�i�O�Q�t�K�R���Y�ê�K�R�Q�X�����F�R�å���P�$�å�H���Y�p�V�W���N �]�Q�H�K�R�G�Q�R�F�H�Q�t���R�E�Q�R�Y�\���S�R�U�R�V�W�$��

(Vacek et al. 2021). 

Buk �O�H�V�Q�t�� �P�i���L�Q�G�L�I�H�U�H�Q�W�Q�t�� �Q�i�U�R�N�\ �Q�D�� �S�$�G�Q�t�� �S�R�G�P�t�Q�N�\. �5�R�V�W�H�� �Q�D�� �O�R�N�D�O�L�W�i�F�K�� �R�G�� �F�K�X�G�ê�F�K��

�N�\�V�H�O�ê�F�K�� �S�$�G�� �D�å�� �S�R�� �N�U�i�W�N�R�G�R�E����vodou �R�Y�O�L�Y�Q���Q�i�� �V�W�D�Q�R�Y�L�ã�W������ �1�L�F�P�p�Q���� �E�X�N�� �Qeprosperuje na 

�M�t�O�H�F�K���� �E�D�å�L�Q�i�F�K�� �Q�H�E�R�� �S�t�V�þ�L�W�ê�F�K�� �S�$�G�i�F�K���� �%�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �Q�H�M�O�p�S�H���S�U�R�V�S�H�U�X�M�t��v �K�X�P�R�V�Q�t�F�K��

�S�$�G�Q�t�F�K���S�R�G�P�t�Q�N�i�F�K���Q�H�E�R���Q�D���Y�i�S�H�Q�F�R�Y�ê�F�K���O�R�N�D�O�L�W�i�F�K�����3���t�]�Q�L�Y�p���U�$�V�W�R�Y�p���S�R�G�P�t�Q�N�\���S�U�R���E�X�N���V�H��

�Q�D�F�K�i�]�t���R�G���R�O�L�J�R�W�U�R�I�Q�t���S�R���N�D�O�F�L�I�L�O�Q�t ���D�G�\, ve kter�ê�F�K �V�H���W�D�N�p���G�R�E���H �S���L�U�R�]�H�Q�����R�E�Q�R�Y�X�M�H�����1�H�M�O�p�S�H��

se �G�D���t�� �E�X�N�X �O�H�V�Q�t�P�X �Q�D�� �P�H�]�R�W�U�R�I�Q�t�� �H�G�D�I�L�F�N�p�� ���D�G����(Barna et al. 2011b). �2�S�W�L�P�i�O�Q�t �Y�O�K�N�R�V�W�Q�t��

�S�R�G�P�t�Q�N�\���S�U�R���E�X�N���M�V�R�X���R�G��4. l�H�V�Q�t�K�R���Y�H�J�H�W�D�þ�Q�t�K�R���V�W�X�S�Q�����Y�ê�ã�H (Barna et al. 2011a). V �K�R�U�V�N�ê�F�K��

a �S�R�G�K�R�U�V�N�ê�F�K���R�E�O�D�V�W�H�F�K���M�V�R�X���S�U�R���E�X�N���R�S�W�L�P�i�O�Q�t���U�$�V�W�R�Y�p���S�R�G�P�t�Q�N�\�����N�G�H se �W�Y�R���t���þ�L�V�W�p �E�X�þ�L�Q�\ 

nebo �V�P�t�ã�H�Q�p�� �S�R�U�R�V�W�\�� �V hercynskou �V�P���V�t s jedl�t �E���O�R�N�R�U�R�X (Abies alba Mill.)  a se smrkem 

�]�W�H�S�L�O�ê�P  (Poleno et al. 2011, Vacek et al. 2021).  
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�����������7�\�S�\���E�X�þ�L�Q���Y �ý�H�V�N�p���U�H�S�X�E�O�L�F�H 

V �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H�� �V�H�� �G�O�H�� �V�R�X�V�W�D�Y�\�� �1�D�W�X�U�D�� ���������� �E�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �þ�O�H�Q�t�� �Q�D�� �þ�W�\���L�� �]�i�N�O�Dd�Q�t��

�N�D�W�H�J�R�U�L�H���� �N�W�H�U�p�� �F�K�D�U�D�N�W�H�U�L�]�X�M�t�� �M�H�M�L�F�K�� �H�N�R�O�R�J�L�F�N�R�X�� �D �Q�i�U�R�G�Q�t�� �K�R�G�Q�R�W�X���� �3���H�G�P���W�H�P�� �W�p�W�R��

�N�O�D�V�L�I�L�N�D�F�H���M�H���S�R�S�L�V���D���R�F�K�U�D�Q�D���Y�\�E�U�D�Q�ê�F�K���S���t�U�R�G�Q�t�F�K���E�L�R�W�R�S�$�����N�W�H�U�p���S�R�S�L�V�X�M�t���U�R�V�W�O�L�Q�\���L �å�L�Y�R�þ�L�F�K�\����

�7�\�W�R�� �E�L�R�W�R�S�\�� �M�V�R�X�� �S�R�S�V�i�Q�\�� �] �O�H�J�L�V�O�D�W�L�Y�Q�t�K�R�� �K�O�H�G�L�V�N�D���� �D�� �S�U�R�W�R�� �N�� �Q�L�P�� �M�V�R�X�� �W�D�N�p���S���L���D�]�H�Q�p��

�L�G�H�Q�W�L�I�L�N�R�Y�D�W�H�O�Q�p �þ�t�V�H�O�Q�p �N�y�G�\�����%�L�R�W�R�S�\���]�D�K�U�Q�X�M�t�F�t���E�X�þ�L�Q�\���M�V�R�X���Q�i�V�O�H�G�X�M�t�F�t�� 

L5.1 �N�Y���W�Q�D�W�p���E�X�þ�L�Q�\��(Asperulo-Fagetum),  

L5.2 �K�R�U�V�N�p���N�O�H�Q�R�Y�p���E�X�þ�L�Q�\ (Acerenion),  

�/���������Y�i�S�H�Q�F�R�Y�p���V�W���H�G�R�H�Y�U�R�S�V�N�p���E�X�þ�L�Q�\��(Cephalanthero-Fagion),  

L5.4 a�F�L�G�R�I�L�O�Q�t �E�X�þ�L�Q�\��(Luzulo-Fagetum) - ���&�K�\�W�U�ê���H�W���D�O��������������. 

K�Y���W�Q�D�W�p�� �E�X�þ�L�Q�\ (Asperulo-Fagetum) jsou �Q�H�M�U�R�]�ã�t���H�Q���M�ã�t�� �E�X�N�R�Y�ê�� �E�L�R�W�R�S���� �N�W�H�U�ê�� �S�R�F�K�i�]�t��

z �F�H�Q�W�U�i�O�Q�t�F�K�� �.�D�U�S�D�W���� �7�\�W�R�� �E�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �S�D�W���t�� �G�R�� �P�H�]�R�W�U�R�I�Q�t�F�K �D�å�� �H�X�W�U�R�I�Q�t�F�K�� �V�P�t�ã�H�Q�ê�F�K��

�M�H�G�O�R�Y�ê�F�K�� �E�X�þ�L�Q���� �(�N�R�O�R�J�L�F�N�p�� �R�S�W�L�P�X�P�� �S���H�G�V�W�D�Y�X�M�t�� �Q�D�� �K�O�X�E�R�N�ê�F�K�� �N�D�P�E�L�]�H�P�t�F�K�� �V �S���t�]�Q�L�Y�ê�P�L��

�Y�O�D�V�W�Q�R�V�W�P�L�� �K�X�P�L�I�L�N�D�þ�Q�t�F�K�� �D�� �Y�R�G�Q�t�F�K�� �S�U�R�F�H�V�$�����-�X�U�N�R�� �	�� �.�X�E�t�þ�H�N�� �������������� �1�H�M�Y�t�F�H�� �M�H�� �Y tomto 

�E�L�R�W�R�S�X���]�D�V�W�R�X�S�H�Q���E�X�N���O�H�V�Q�t���D���G�i�O�H���S�D�N���M�H���S���t�W�R�P�H�Q���M�D�V�D�Q���]�W�H�S�L�O�ê (Fraxinus excelsior L.), habr 

�R�E�H�F�Q�ê (Carpinus betulus L.)���� �O�t�S�D�� �V�U�G�þ�L�W�i (Tilia cordata Mill.)���� �M�L�O�P�� �K�R�U�V�N�ê (Ulmus glabra 

Huds.)���� �G�X�E�� �]�L�P�Q�t (Quercus petraea (Matt.) Liebl.)���� �M�H�G�O�H�� �E���O�R�N�R�U�i���� �V�P�U�N�� �]�W�H�S�L�O�ê�� �D�� �M�L�Q�p����

�)�O�R�U�L�V�W�L�F�N�\�� �M�H�� �W�H�Q�W�R�� �E�L�R�W�R�S�� �F�K�X�G�ã�t�� �D�å�� �V�W���H�G�Q���� �E�R�K�D�W�ê�� �Q�D�� �E�\�O�L�Q�Q�p�� �S�D�W�U�R���� �3���L�� �V�L�O�Q�p�P�� �N�R�U�X�Q�R�Y�p�P��

�]�i�S�R�M�L���V�H���K�U�R�P�D�G�t���O�L�V�W�R�Y�ê���R�S�D�G���D���W�H�Q���P�$�å�H���]�S�$�V�R�E�L�W���Q�t�]�N�R�X���S�R�N�U�\�Y�Q�R�V�W���E�\�O�L�Q�Q�p�Ko patra. Tento 

�E�L�R�W�R�S���P�$�å�H���E�ê�W���R�K�U�R�å�H�Q���]�P���Q�R�X���G���H�Y�L�Q�Q�p���V�N�O�D�G�E�\���]���E�X�þ�L�Q���Q�D���V�P�U�N�R�Y�p���P�R�Q�R�N�X�O�W�X�U�\��(Barna et 

al. 2011a, Vacek et al. 2019a). 

H�R�U�V�N�p�� �N�O�H�Q�R�Y�p�� �E�X�þ�L�Q�\��(Acerenion) �M�V�R�X�� �Y�\�V�R�N�R�� �E�\�O�L�Q�Q�p�� �M�D�Y�R�U�R�Y�p�� �E�X�þ�L�Q�\���� �N�W�H�U�p�� �M�V�R�X��

�V�S�R�M�R�Y�D�Q�p�� �V�� �N�D�P�H�Q�L�W�ê�P�L�� �D�å�� �E�D�O�Y�D�Q�L�W�ê�P�L�� �V�X�W���P�L�� �Y �K���H�E�H�Q�R�Y�L�W�ê�F�K�� �D�å�� �E�D�O�Y�D�Q�L�W�ê�F�K�� �V�Y�D�K�R�Y�ê�F�K��

�S�D�U�W�L�t�F�K (Vacek et al. 2015b)���� �7�\�W�R�� �E�X�þ�L�Q�\�� �V�H�� �Q�D�F�K�i�]�t�� �Q�D�� �P�L�Q�H�U�i�O�Q���� �E�R�K�D�W�ã�t�F�K �S�$�G�i�F�K��

s �G�R�V�W�D�W�N�H�P���Y�O�i�K�\���D���V���Y�\�ã�ã�t�P���P�Q�R�å�V�W�Y�t�P���V�N�H�O�H�W�X�����6�W�U�R�P�R�Y�p���S�D�W�U�R���V�H���Y�\�]�Q�D�þ�X�M�H���E�L�R�G�L�Y�H�U�]�L�W�R�X����

�N�G�\���M�H���Q�D���W���F�K�W�R���V�W�D�Q�R�Y�L�ã�W�t�F�K���S���t�W�R�P�H�Q���K�O�D�Y�Q�����E�X�N���O�H�V�Q�t���D���M�D�Y�R�U���N�O�H�Q�����'�i�O�H��se vyskytuje v �P�H�Q�ã�t��

�P�t���H�� �M�L�O�P�� �K�R�U�V�N�ê�� �Q�H�E�R�� �M�H�G�O�H�� �E���O�R�N�R�U�i�� �D�� �Y�H�� �Y�\�ã�ã�t�F�K�� �Q�D�G�P�R���V�N�ê�F�K �Y�ê�ã�N�i�F�K�� �L�� �V�P�U�N�� �]�W�H�S�L�O�ê����

�)�O�R�U�L�V�W�L�F�N�\���M�V�R�X���W�\�W�R���E�X�þ�L�Q�\���U�R�]�P�D�Q�L�W�p���D���Y�\�V�W�X�S�X�M�t���D�å���G�R���K�R�U�V�N�ê�F�K���S�R�O�R�K��(Barna et al. 2011a, 

Vacek et al. 2014b)�����7�\�W�R���E�X�þ�L�Q�\���V�H���Y�\�V�N�\�W�X�M�t���L���Q�D���Q�i�Y���W�U�Q�ê�F�K���V�Y�D�]�t�F�K���D���M�V�R�X���W�\�S�L�F�N�p���G�R�E�U�R�X��

�G�H�N�R�P�S�R�]�L�F�t���R�U�J�D�Q�L�F�N�p���K�P�R�W�\�����&�K�\�W�U�ê���H�W���D�O��������������. 

V�i�S�H�Q�F�R�Y�p�� �V�W���H�G�R�H�Y�U�R�S�V�N�p�� �E�X�þ�L�Q�\��(Cephalanthero-Fagion) �V�H�� �Y�\�V�N�\�W�X�M�t�� �Q�D�� �E�R�K�D�W�ê�F�K��

m�L�Q�H�U�i�O�Q���� �V�L�O�Q�ê�F�K�� �N�D�U�E�R�Q�i�W�R�Y�ê�F�K�� �K�R�U�Q�L�Q�i�F�K���� �+�O�D�Y�Q�t�P�� �S�$�G�Q�t�P�� �W�\�S�H�P�� �M�H�� �U�H�Q�G�]�L�Q�D�� �Q�H�E�R��

�V�N�H�O�H�W�R�Y�L�W�i���U�H�Q�G�]�L�Q�D�����'���H�Y�L�Q�Q�i���V�N�O�D�G�E�D���V�H���V�N�O�i�G�i���K�O�D�Y�Q�����]���E�X�N�X���O�H�V�Q�t�K�R�����D�O�H���M�V�R�X���]�G�H���S���t�W�R�P�Q�p 

i �G���H�Y�L�Q�\���M�D�N�R���M�D�Y�R�U���N�O�H�Q�����M�D�Y�R�U���P�O�p�þ�����O�t�S�D���V�U�G�þ�L�W�i�����K�D�E�U���R�E�H�F�Q�ê���D���G�D�O�ã�t��(Wolfgang 2002, Vacek 

et al. 2018). �7�\�W�R���E�X�þ�L�Q�\���V�H���Q�D�F�K�i�]�t���Q�D���O�R�N�D�O�L�W�i�F�K���V���P�H�Q�ã�t�P���V�N�O�R�Q�H�P���D jsou zde typick�p �K�O�X�E�ã�t��
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�S�$�G�\, kdy tyto porosty �P�D�M�t���W�H�Q�G�H�Q�F�L���S���H�F�K�i�]�H�W���G�R���N�Y���W�Q�D�W�ê�F�K���E�X�þ�L�Q��(Barna et al. 2011a). �3�$�G�\��

v �W�R�P�W�R���E�L�R�W�R�S�X���P�D�M�t���V�S�t�ã�H���Y�\�V�\�F�K�D�Y�ê���V�Y�D�K�R�Y�ê���F�K�D�U�D�N�W�H�U���D���S�R�U�R�V�W�\���V�H���Q�D�F�K�i�]�t �V�S�t�ã�H �Q�D���P�H�Q�ã�t 

�~�]�H�P�Q�t���U�R�]�O�R�]�H�����&�K�\�W�U�ê���H�W���D�O��������������. 

�$�F�L�G�R�I�L�O�Q�t �E�X�þ�L�Q�\��(Luzulo-Fagetum) �M�V�R�X�� �V�P�t�ã�H�Q�p�� �D�F�L�G�R�I�L�O�Q�t�� �O�H�V�\���� �N�W�H�U�p�� �P�D�M�t�� �F�K�O�D�G�Q���M�ã�t�� �D��

�Y�O�K�þ�t���P�L�N�U�R�N�O�L�P�D�����7�\�W�R���E�X�þ�L�Q�\���S���H�G�V�W�D�Y�X�M�t���K�O�D�Y�Q�t���N�O�L�P�D�[�R�Y�R�X���Y�H�J�H�W�D�F�L���Q�D���P�L�Q�H�U�i�O�Q�����F�K�X�G�ã�t�F�K��

�K�R�U�Q�L�Q�i�F�K�����M�D�N�R���M�V�R�X���N���H�P�H�Q�F�H�����å�X�O�\�����U�X�O�\�����I�\�O�L�W�\���D���M�L�Q�p�����7�\�W�R���E�X�þ�L�Q�\���V�H �Y�\�Y�L�Q�X�O�\���Q�D���N�\�V�H�O�ê�F�K��

�S�$�G�i�F�K���V�H���]�Y�ê�ã�H�Q�ê�P���R�E�V�D�K�H�P���V�N�H�O�H�W�X���D���G�R�F�K�i�]�t���]�G�H���N���S�R�P�D�O�p���P�L�Q�H�U�D�O�L�]�D�F�L���R�U�J�D�Q�L�F�N�ê�F�K���O�i�W�H�N��

���*�l�U�W�Q�H�U�� �	�� �5�H�L�I�� �������������� �)�O�R�U�L�V�W�L�F�N�\�� �U�H�S�U�H�]�H�Q�W�X�M�t�� �F�K�X�G�ã�t�� �V�S�R�O�H�þ�H�Q�V�W�Y�D�� �U�R�V�W�O�L�Q s �K�O�D�Y�Q�t�P��

�]�D�V�W�R�X�S�H�Q�t�P���E�X�N�X���O�H�V�Q�t�K�R��(Barna et al. 2011a). �'���H�Y�L�Q�Q�i �V�N�O�D�G�E�D���W���F�K�W�R�� �E�X�þ�L�Q���E�ê�Y�i�� �V�S�R�M�H�Q�D��

s �S���t�P���V�t���G�X�E�X���]�L�P�Q�t�K�R�����O�t�S�\���V�U�G�þ�L�W�p���Q�H�E�R���M�H�G�O�H���E���O�R�N�R�U�p �V�H���V�P�U�N�H�P���]�W�H�S�L�O�ê�P�����$�F�L�G�R�I�L�O�Q�t���E�X�þ�L�Q�\��

�V�H���Y�\�V�N�\�W�X�M�t���R�G���V�W���H�G�Q�t�F�K���S�R�O�R�K���D�å���S�R���K�R�U�V�N�p���S�R�O�R�K�\�����-�D�Z�R�U�V�N�L���	���.�R�á�R�G�]�L�H�M���������������&�K�\�W�U�ê���H�W���D�O����

2010). 

3.3. Struktura a �Y�ê�Y�R�M �E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$ 

�3���t�U�R�G�Q�t�� �E�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �V�H�� �Y�\�]�Q�D�þ�X�M�t�� �P�D�O�R�X�� �Y�D�U�L�D�E�L�O�L�W�R�X�� �]�i�V�R�E�\�� �D�� �Y�H�O�N�R�X�� �U�$�]�Q�R�Y���N�R�V�W�t����

�6�W�U�X�N�W�X�U�D�� �E�X�þ�L�Q�� �M�H�� �R�Y�O�L�Y�Q���Q�D�� �P�D�O�R�S�O�R�ã�Q�R�X�� �W�H�[�W�X�U�R�X�� �S�R�U�R�V�W�$���� �S�U�R�W�R�å�H�� �]�G�H�� �Q�H�G�R�F�K�i�]�t��

k �Y�H�O�N�R�S�O�R�ã�Q�p�P�X�� �U�R�]�S�D�G�X�� �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$��(Vacek et al. 2010c). Mozaika rozpadu 

�S���L�U�R�]�H�Q�ê�F�K���E�X�N�R�Y�ê�F�K���O�H�V�$���M�H���V�S�R�M�H�Q�D���V���U�H�O�D�W�L�Y�Q�����N�U�i�W�N�R�X���G�R�E�R�X���å�L�Y�R�W�D���E�X�N�X�����N�G�\���G�p�O�N�D���M�H�G�Q�R�K�R��

�Y�ê�Y�R�M�R�Y�p�K�R���F�\�N�O�X���E�X�þ�L�Q���W�U�Y�i���R�N�R�O�R�����������O�H�W�����%�X�N���O�H�V�Q�t���S���L���M�H�K�R���S���L�U�R�]�H�Q�p�P���Y�ê�Y�R�M�L �S�U�R�F�K�i�]�t���Y�ã�H�P�L��

�V�W�i�G�L�L���P�D�O�p�K�R���Y�ê�Y�R�M�R�Y�p�K�R���F�\�N�O�X�����9�D�F�H�N���H�W���D�O�������������D�����9�D�F�H�N���H�W���D�O�����������������â�L�P�$�Q�H�N���H�W���D�O�������������E��. 

�6�W�i�G�L�X�P�� �R�S�W�L�P�D�� �X�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �W�U�Y�i�� �R�N�R�O�R�� ������ �O�H�W�� �D�� �M�H�� �F�K�D�U�D�N�W�H�U�L�V�W�L�F�N�p�� �Y�\�W�Y�R���H�Q�t�P��

�K�R�U�L�]�R�Q�W�i�O�Q�t�K�R�� �]�i�S�R�M�H��(Vacek et al. 2010b)���� �%�X�N�� �O�H�V�Q�t�� �W�Y�R���t�� �D�å�� �W���t�� �H�W�i�å�R�Y�p�� �S�R�U�R�V�W�\���� �N�G�\��

k �V�D�P�R�V�W�D�W�Q�p�P�X���Y�ê�Y�R�M�L���G�R�F�K�i�]�t���Q�D�������±30 hekt�D�U�H�F�K�����F�R�å���W�Y�R���t���W�H�[�W�X�U�X���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$�����7�D�W�R��

�W�H�[�W�X�U�D���M�H���G�i�Q�D���V�F�K�R�S�Q�R�V�W�t���W�p�W�R���G���H�Y�L�Q�\���V�Q�i�ã�H�W���]�i�V�W�L�Q��(Vacek et al. 1988)�����3�R�þ�H�W���V�W�U�R�P�$���Y�H���V�W�i�G�L�X��

�R�S�W�L�P�D���N�R�O�t�V�i���Y �U�R�]�P�H�]�t���������±���������M�H�G�L�Q�F�$���Q�D���K�H�N�W�D�U�����=�i�V�R�E�D���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$���V�H���S�R�K�\�E�X�M�H���R�G��

550 do 800 m3/ha���� �3���L�U�R�]�H�Q�i���R�E�Q�R�Y�D�� �S���L�F�K�i�]�t�� �Y �L�Q�W�H�U�Y�D�O�X�� �������� �D�å�� �������� �O�H�W�� �G�t�N�\�� �S���H�N�U�\�Y�$�P��

�Y�ê�Y�R�M�R�Y�ê�F�K���V�W�i�G�L�t���P�D�O�p�K�R���F�\�N�O�X���O�H�V�D�����F�R�å���R�G�S�R�Y�t�G�i���]�D�þ�i�W�N�X���V�W�i�G�L�D���U�R�]�S�D�G�X��(Vacek et al. 2010b).  

�6�W�i�G�L�X�P�� �R�S�W�L�P�D�� �Y�ê�Y�R�M�H�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �M�H�� �F�K�D�U�D�N�W�H�U�L�V�W�L�F�N�p�� �W�O�R�X�ã�"�N�R�Y�R�X�� �N���L�Y�N�R�X�� �V �þ�H�W�Q�R�V�W�t��

�M�H�G�L�Q�F�$�� �V �Q�R�U�P�i�O�Q�t�P�� �U�R�]�G���O�H�Q�t�P�� �D�� �P�t�U�Q�R�X�� �S�U�D�Y�R�V�W�U�D�Q�Q�R�X�� �D�V�\�P�H�W�U�L�t��(Vacek et al. 2014a). 

�6�W�i�G�L�X�P���U�R�]�S�D�G�X���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$���P�i���S���H�N�U�\�Y���V�H���V�W�i�G�L�H�P���G�R�U�$�V�W�i�Q�t�����Y �W���F�K�W�R���G�Y�R�X���S���t�S�D�G�H�Fh 

stromy �D�O�H���P�D�M�t���Y���W�ã�t���P�D�[�L�P�i�O�Q�t���W�O�R�X�ã�"�N�X�����Q�H�å���M�H���W�R�P�X���X���V�W�i�G�L�D���R�S�W�L�P�D�����.�U�i�O�t�þ�H�N���H�W���D�O��������������. 

�9�H���V�W�i�G�L�X���R�S�W�L�P�D���V�H���V�Q�L�å�X�M�H���U�R�O�H���U�$�]�Q�p�K�R���Y���N�X���V�W�U�R�P�$�����N�Gy �P�$�å�H���E�ê�W���U�R�]�P�H�]�t�������±40 let mezi 

�M�H�G�Q�R�W�O�L�Y�ê�P�L���M�H�G�L�Q�F�L (Barna et al. 2011b).  

�%�X�þ�L�Q�\�� �M�V�R�X�� �G�t�N�\�� �P�D�O�R�S�O�R�ã�Q�p�� �W�H�[�W�X���H�� �M�H�G�Q�\�� �] �Q�H�M�V�W�D�E�L�O�Q���M�ã�t�F�K�� �N�O�L�P�D�[�R�Y�ê�F�K�� �O�H�V�Q�t�F�K��

�H�N�R�V�\�V�W�p�P�$���Y���ý�5�����D���S�U�R�W�R���]�G�H���G�R�F�K�i�]�t���L���N akumulaci biomasy. V �U�i�P�F�L���Y�ê�Y�R�M�R�Y�p�K�R���F�\�N�O�X���V�H��

v �S�U�$�P���U�X�� �Q�H�M�P�p�Q���� �D�N�X�P�X�O�Xje �R�G�X�P���H�O�i biomasa �Y�H�� �V�W�i�G�L�X�� �R�S�W�L�P�D��(Barna et al. 2011a). 

�2�E�M�H�P�R�Y�i�� �V�W�U�X�N�W�X�U�D�� �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�� �P�i�� �U�$�]�Q�p�� �U�R�]�S���W�t�� �Y �]�i�Y�L�V�O�R�V�W�L�� �Q�D�� �Y�ê�Y�R�M�R�Y�ê�F�K�� �V�W�i�G�L�t�F�K��
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m�D�O�p�K�R�� �Y�ê�Y�R�M�R�Y�p�K�R�� �F�\�N�O�X�� �O�H�V�D���� �6�W�i�G�L�X�P�� �G�R�U�$�V�W�i�Q�t�� �V�H�� �R�E�M�H�P�R�Y���� �P�$�å�H�� �X �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$��

pohybovat od 480 m3 do 780 m3/ha���� �N�G�\�� �W�\�W�R�� �K�R�G�Q�R�W�\�� �M�V�R�X�� �V�L�O�Q���� �R�Y�O�L�Y�Q���Q�\�� �H�N�R�O�R�J�L�F�N�ê�P�L�� �D��

�I�\�]�L�N�i�O�Q�t�P�L���S�R�G�P�t�Q�N�D�P�L���V�W�D�Q�R�Y�L�ã�W�������1�H�M�Y�\�ã�ã�t���R�E�M�H�P���V�H���X���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$��objevuje ve st�i�G�L�X��

�R�S�W�L�P�D���� �N�G�\�� �S�R�U�R�V�W�\�� �P�R�K�R�X�� �G�R�V�i�K�Q�R�X�W�� �U�R�]�S���W�t�� �R�E�M�H�P�X�� �R�G�� ��������m3/ha do 1029 m3/ha. Ve 

�Y�ê�Y�R�M�R�Y�p�P���V�W�i�G�L�X���R�S�W�L�P�D���V�H���Q�H�M�Y�t�F�H���S�U�R�M�H�Y�X�M�t���U�$�V�W�R�Y�p���Y�O�D�V�W�Q�R�V�W�L���V�W�D�Q�R�Y�L�ã�W�����D���O�H�V�Q�t���S�R�U�R�V�W�����W�D�N��

�G�R�N�i�å�H���Q�H�M�O�p�S�H���Y�\�X�å�t�W���S�$�G�Q�t���D���Y�O�K�N�R�V�W�Q�t���Y�O�D�V�W�Q�R�V�W�L���Q�D���G�D�Q�p���O�R�N�D�O�L�W�������9�ê�Y�R�M�R�Y�p���V�W�i�G�L�X�P���U�R�]�S�D�G�X��

�P�i���P�H�Q�ã�t���U�R�]�S���W�t���R�E�M�H�P�X���Q�H�å���V�W�i�G�Lum �G�R�U�$�V�W�i�Q�t�����N�G�\���K�R�G�Q�R�W�\���V�H���S�R�K�\�E�X�M�t���Y �U�R�]�P�H�]�t�����������P3 �D�å��

720 m3/ha�����9�D�U�L�D�þ�Q�t���N�R�O�t�V�i�Q�t���R�E�M�H�P�R�Y�ê�F�K���K�R�G�Q�R�W���Y �S�R�U�R�V�W�X���P�i���Y �S�R�P���U�X���S�R�G�R�E�Q�ê���Y�]�W�D�K���L���N�H��

�N�U�X�K�R�Y�p���]�i�N�O�D�G�Q�����Q�H�E�R���L���]�i�S�R�M�L (Koop 1989, Vacek et al. 2010c) �����=�i�V�R�E�D���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$���M�H��

�Y�D�U�L�D�E�L�O�Q�t���� �D�O�H���W�\�S�L�F�N�ê�P�� �S���t�N�O�D�G�H�P���M�V�R�X���S�R�U�R�V�W�\���E�X�N�X���O�H�V�Q�t�K�R���Y �&�+�.�2���-�L�]�H�U�V�N�p���K�R�U�\���� �N�G�H���V�H��

�S�R�U�R�V�W�Q�t�� �]�i�V�R�E�D�� �S�R�K�\�E�X�M�H�� �R�N�R�O�R�� �������� �D�å�� ��������m3/ha���� �5�R�þ�Q�t�� �R�E�M�H�P�R�Y�ê�� �S���t�U�$�V�W�� �W���F�K�W�R�� �E�X�þ�L�Q�� �V�H��

pohybuje od 3,7 po 7,0 m3/ha (Vacek et al. 2007). �3�R�G�R�E�Q�ê���R�E�M�H�P�R�Y�ê���Y�ê�Y�R�M��buku popisuje i 

�.�R�U�S�H����(1991), kdy objem v jeho cyklu se pohybuje od 200 do 700 m3/ha. �0�D�O�ê�� �Y�ê�Y�R�M�R�Y�ê��

�F�\�N�O�X�V���E�X�N�X���O�H�V�Q�t�K�R���M�H���]�R�E�U�D�]�H�Q���Q�D���2�E�U����1. 

 

Obr. 1: �0�D�O�ê���Y�ê�Y�R�M�R�Y�ê���F�\�N�O�X�V���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$��(Koop 1989). 
 

3.4. �3�R�V�W�J�O�D�F�L�i�O�Q�t���P�L�J�U�D�F�H���E�X�N�X���O�H�V�Q�t�K�R 

�%�X�N�� �O�H�V�Q�t se v �S�R�V�W�J�O�D�F�L�i�O�Q�t�� �G�R�E���� �S�U�D�N�W�L�F�N�\�� �ã�t���L�O�� �G�t�N�\�� �N�O�L�P�D�W�L�F�Ny �R�S�W�L�P�i�O�Q�t�P�� �S�R�G�P�t�Q�N�i�P����

�N�W�H�U�p�� �G�R�Y�R�O�R�Y�D�O�L�� �M�H�K�R�� �U�R�]�ã�L���R�Y�i�Q�t�� �S�R���(�Y�U�R�S�� ���6�D�O�W�U�p�� �H�W�� �D�O���� ����������. V���G�H�F�N�p��studie �R�� �Y�ê�Y�R�M�L��

�P�L�J�U�D�F�H���E�X�N�X���O�H�V�Q�t�K�R���S�R�F�K�i�]�t���K�O�D�Y�Q�� z kombinac�t �S�D�O�H�R�E�R�W�D�Q�L�F�N�ê�F�K���D���J�H�Q�H�W�L�F�N�ê�F�K���V�W�X�G�L�t, k�W�H�U�p��

analyzovaly pylov�i�� �]�U�Qa���� �N�W�H�U�i �M�V�R�X�� �K�O�D�Y�Q�t�P�� �Q�i�V�W�U�R�M�H�P�� �S�U�R�� �U�H�N�R�Q�V�W�U�X�N�F�L���G���H�Y�L�Q�Q�p��skladby 

vegetace�����7�\�W�R���D�Q�D�O�ê�]�\���X�N�i�]�D�O�\�����å�H���Y �P�L�Q�X�O�R�V�W�L���E�\�O���Q�D�O�H�]�H�Q���Y�\�V�R�N�ê���S�R�G�t�O���S�\�O�R�Y�ê�F�K���]�U�Q��buku v 
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�M�L�å�Q�t �(�Y�U�R�S������ �Q�L�F�P�p�Q���� �Y�ê�V�O�H�G�N�\�� �S�\�O�R�Y�ê�F�K���W�H�V�W�$�� �Pohou �E�ê�W �þ�D�V�R�Y�� spo�U�Q�p, ale �S���H�V�W�R�� �M�V�R�X��

�Q�D�O�H�]�H�Q�\�� �G�$�N�D�]�\�� �R���U�R�]�ã�L���R�Y�i�Q�t�� �W�p�W�R���G���H�Y�L�Q�\�� �] �M�L�å�Q�t�� �(�Y�U�R�S�\��(Poljanec et al. 2010, Barna et al. 

2011a).  

�3�U�Y�Q�t���]�Q�i�P�N�\���U�R�]�ã�t���H�Q�t buku �O�H�V�Q�t�K�R���Y���(�Y�U�R�S�� �M�V�R�X���S���L�E�O�L�å�Q�� z doby 70 000�±11 ���������O�H�W���S���H�G��

�Q�D�ã�t�P�� �O�H�W�R�S�R�þ�W�H�P. Z�Q�i�P�N�\ �Y�ê�V�N�\�W�X�� �E�X�N�X byly objeveny v �3�\�U�H�Q�H�M�t�F�K���� �M�L�å�Q�t�� �)�U�D�Q�F�L�L����na 

�$�S�H�Q�L�Q�V�N�p�P���S�R�O�R�R�V�W�U�R�Y������ve �6�O�R�Y�L�Q�V�N�X���D���M�L�å�Q�t�P���%�D�O�N�i�Q�������%�X�N���O�H�V�Q�t���V�H �Q�H�M�Y�t�F�H �ã�t���L�O���Y �S�R�V�O�H�G�Q�t��

�G�R�E����po�O�H�W�R�Y�p �D���W�R�W�R���ã�t���H�Q�t�� �S�U�R�E�t�K�i�� �G�R �V�R�X�þ�D�V�Q�R�V�W�L���G�t�N�\�� �S�R�]�L�W�L�Y�Q�t�P���N�O�L�P�D�W�L�F�N�ê�P���S�R�G�P�t�Q�N�i�P��

���6�D�O�W�U�p���H�W���D�O�������������������5�R�]�ã�L���R�Y�i�Q�t���E�X�N�X���O�H�V�Q�t�K�R���]�D�þ�D�O�R���]�K�U�X�E�D 10 000 let �S���H�G���Q�D�ã�t�P���O�H�W�R�S�R�þ�W�H�P, 

kdy se buk �O�H�V�Q�t���]�D�þ�D�O���H�[�S�R�Q�H�Q�F�L�i�O�Q�����ã�t���L�W���G�R���Q�R�Y�ê�F�K���R�E�O�D�V�W�t �V�W���H�G�Q�t���(�Y�U�R�S�\ (Magri 2008)�����3���H�G��

5 000�±8 000 lety �S�U�R�E�t�K�D�Oo �ã�t���H�Q�t buku �O�H�V�Q�t�K�R �G�R�� �V�W���H�G�Q�t�� �(�Y�U�R�S�\�� �]�H �]�i�S�D�G�Q�t�F�K�� �.�D�U�S�D�W�����3���L��

�W�R�P�W�R�� �ã�t���H�Q�t�� �E�\�O�\�� �Q�H�M�V�S�t�ã�H�� �Q�H�M�Y���W�ã�tmi �S���H�N�i�å�N�D�P�L expanze buku �O�H�V�Q�t�K�R �Y�H�O�N�p�� ���H�N�\���� �N�W�H�U�p��

blokovaly jeho expanzi�����1�H�M�Y�t�F�H��ho �E�O�R�N�R�Y�D�O�D�����H�N�D���3�i�G v expanzi z Ap�H�Q�L�Q�V�N�p�K�R���S�R�O�R�R�V�W�U�R�Y�D��

a ���H�N�D Dunaj mu �]�Q�H�P�R�å�Q�L�Oa �ã�t���H�Q�t�� �] �M�L�å�Q�t�K�R�� �%�D�O�N�i�Q�X��(Barna et al. 2011b). Expanze buku 

�O�H�V�Q�t�K�R���G�R�V�i�K�O�D���Q�H�M�U�\�F�K�O�H�M�ã�t�K�R���E�R�G�X���ã�t���H�Q�t asi okolo �U�R�N�X���������������S�������.�U�������N�G�\���V�H���S�R�W�p �U�R�]�ã�L���R�Y�i�Q�t��

buku zpomalilo�����7�R�W�R���]�S�R�P�D�O�H�Q�t���P�R�K�O�R���E�ê�W���]�S�$�V�R�E�H�Q�R��lidskou �þ�L�Q�Q�R�V�W�t nebo konkurenc�t �M�L�Q�ê�F�K��

�G���H�Y�L�Q�����]�P���Q�R�X���N�O�L�P�D�W�L�F�N�ê�F�K���S�R�G�P�t�Q�H�N���Q�H�E�R �G�R�N�R�Q�F�H���O�H�V�Q�t�P�L �S�R�å�i�U�\��(Tinner & Lotter 2006). 

�9���W�ã�L�Q�D�� �V�W���H�G�R-�H�Y�U�R�S�V�N�ê�F�K�� �E�X�N�R�Y�ê�F�K���O�H�V�$ �S�R�F�K�i�]�t��geneticky �S�U�i�Y���� �]�H�� �]�i�S�D�G�Q�t�F�K�� �.�D�U�S�Dt 

(Comps et al. 2001). �5�R�]�ã�t���H�Q�t���E�X�N�X���O�H�V�Q�t�K�R���D���M�H�K�R���H�[�S�D�Q�]�H��je uvedena a zobrazena na Obr. 2. 

 

 

Obr. 2: Expanze �E�X�N�X���O�H�V�Q�t�K�R��ve �V�W���H�G�Q�t���(�Y�U�R�S�����G�O�H �þ�W�\�����þ�D�V�R�Y�ê�F�K postupo�Y�ê�F�K �]�y�Q���Y������ 000, 6 000, 
4 000 a 2 000 letech �S���H�G���.�U�L�V�W�H�P�����â�H�G�i��barva je �G�Q�H�ã�Q�t���U�R�]�ã�t���H�Q�t�����W�P�D�Y�����ã�H�G�i���N�R�O�H�þ�N�D���]�Q�D�þ�t��
genetick�i���S�$�Y�R�G�Q�t��refugia a �E�t�O�i���N�R�O�H�þ�N�D �]�Q�D�þ�t �Q�D�N���t�å�H�Q�p porosty z �S�$�Y�R�G�Q�t�F�K���U�H�I�X�J�L�t��
(upraveno podle Comps et al. 2000). 
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3.5. �5�R�]�ã�t���H�Q�t���E�X�N�X���O�H�V�Q�t�K�R���E���K�H�P���N�O�L�P�D�W�L�F�N�p���]�P���Q�\ 

�5�R�]�ã�t���H�Q�t�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �]�D�V�D�K�X�M�H�� �G�R�� �Y�H�O�N�p�K�R�� �P�Q�R�å�V�W�Y�t�� �H�Q�Y�L�U�R�Q�P�H�Q�W�i�O�Q�t�F�K�� �]�y�Q�� �S���H�V�� �F�H�O�R�X��

Evropu (EUFORGEN 2020)�����%�X�N���V�H���Y�\�]�Q�D�þ�X�M�H���]�Q�D�þ�Q�ê�P���J�H�R�J�U�D�I�L�F�N�ê�P���U�R�]�ã�t���H�Q�t�P���R�G���3�\�U�H�Q�H�M�t��

ve �â�S�D�Q���O�V�Nu �D�å���S�R���E�D�O�N�i�Q�V�N�i���S�R�K�R���t���Q�D���Y�ê�F�K�R�G�����(�Y�U�R�S�\�����%�X�N���O�H�V�Q�t���M�H �U�R�]�ã�t���H�Q���R�G���M�L�K�X���,�W�i�O�L�H��

�S���H�V�� �F�H�O�R�X�� �V�W���H�G�Q�t�� �(�Y�U�R�S�X�� �D�å�� �Q�D�� �M�L�K�� �6�N�D�Q�G�L�Q�i�Y�L�H����Buk �S�R�W���H�E�X�M�H�� �S�U�R�� �V�Y�$�M���S�U�R�G�X�N�W�L�Y�Q�t���U�$�V�W��

�D�O�H�V�S�R���� �������� �Y�H�J�H�W�D�þ�Q�t�F�K�� �G�Q�$, a z �W�R�K�R�� �G�$�Y�R�G�X�� �Q�H�P�$�å�H�� �S���H�å�t�W�� �G�D�O�H�N�R�� �Q�D�� �V�H�Y�H�U�X�� �6�N�D�Q�G�L�Q�i�Y�L�H 

(Peters 1997)�����9�H���V�W���H�G�Q�t���(�Y�U�R�S�����V�H���E�X�N���O�H�V�Q�t���Q�D�F�K�i�]�t���W�p�P�������Y�ã�X�G�H���V �U�$�]�Q�R�X���Y�D�U�L�D�E�L�O�L�W�R�X���S�$�G�Q�t�F�K��

�V�W�D�Q�R�Y�L�ã�"���� �ý�O�R�Y���N���R�Y�O�L�Y�Q�L�O���U�R�]�ã�t���H�Q�t�� �E�X�N�X���O�H�V�Q�t�K�R���Y �S�R�V�O�H�G�Q�t�� �G�R�E���� �S�R�O�H�G�R�Y�p���� �9�O�L�Y���þ�O�R�Y���N�D��na 

buk �E�\�O���]�S�$�V�R�E�H�Q���S���H�G�H�Y�ã�t�P���K�R�V�S�R�G�i���V�N�ê�P���S���V�W�R�Y�i�Q�t�P���W�p�W�R���G���H�Y�L�Q�\���Y���O�H�V�Q�t�F�K���S�R�U�R�V�W�H�F�K��(Peters 

1997).  

�1�H�G�R�V�W�D�W�H�N�� �V�U�i�å�H�N�� �V�S�R�M�H�Q�ê�� �V�H�� �V�X�F�K�H�P�� �O�L�P�L�W�X�M�H�� �E�X�N�� �O�H�V�Q�t�� �Y �M�H�K�R�� �U�R�]�ã�t���H�Q�t�� �Q�D�� �M�L�K�X�� �(�Y�U�R�S�\��

���*�H�‰�O�H�U���H�W���D�O�����������������7�H�J�H�O���H�W���D�O�����������������'�R�U�D�G�R-�/�L�x�i�Q���H�W���D�O�������������� �D���Q�t�]�N�p���W�H�S�O�R�W�\���V���M�D�U�Q�tmi mrazy 

�O�L�P�L�W�X�M�t���M�H�K�R���U�R�]�ã�t���H�Q�t na severu (Eilmann et al. 2014, Lenz et al. 2016). B�X�N���O�H�V�Q�t��se vyskytuje 

v �R�S�W�L�P�i�O�Q�tch �S�R�G�P�t�Q�N�i�F�K �V�W���H�G�Q�t�� �(�Y�U�R�S�\, �D�O�H�� �]�i�U�R�Y�H���� �W�D�N�p�� �G�R�F�K�i�]�t�� �N�� �~�V�W�X�S�X�� �W�p�W�R�� �G���H�Y�L�Q�\�� �]��

�M�L�å�Q���M�L���S�R�O�R�å�H�Q�ê�F�K���þ�i�V�W�t���(�Y�U�R�S�\ �G�t�N�\���L�Q�W�H�Q�]�L�Y�Q�t�P�X���V�X�F�K�X. �1�D�Y�t�F�����W�D�W�R���G���H�Y�L�Q�D���S�R�W���H�E�X�M�H���Y�O�K�N�p��

�S�R�G�Q�H�E�t�� �Y l�p�W������ �W�D�N�� �Q�H�P�$�å�H�� �S���H�å�t�W�� �Q�D�� �M�L�K�X�� �â�S�D�Q���O�V�N�D���� ���H�F�N�D�� �Q�H�E�R�� �Y�� �V�X�F�K�ê�F�K�� �R�E�O�D�V�W�H�F�K�� �M�L�å�Q�t��

nebo �V�W���H�G�Q�t�� �,�W�i�O�L�H (Dorado-�/�L�x�i�Q�� �H�W�� �D�O���� ����������. V �V�H�Y�H�U�Q�t�F�K�� �R�E�O�D�V�W�H�F�K�� �M�H�K�R�� �U�R�]�ã�t���H�Q�t�� �V�H�� �E�X�N��

vyskytuje v �Q�L�å�ã�t�F�K���Q�D�G�P�R���V�N�ê�F�K���Y�ê�ã�N�i�F�K�����9 �M�L�å�Q�t�F�K���R�E�O�D�V�W�H�F�K���U�R�V�W�H���Y�H���Y�ê�ã�N�i�F�K���R�N�R�O�R���������� m 

(Magri 2008). 

V �S�R�V�O�H�G�Q�t���G�R�E�����N�O�L�P�D�W�L�F�N�p���]�P���Q�\���G�R�F�K�i�]�t���L���N �H�[�S�D�Q�]�L���E�X�N�X���O�H�V�Q�t�K�R���G�R���V�H�Y�H�U�Q���M�ã�t�F�K���R�E�O�D�V�W�t��

�M�H�K�R�� �U�R�]�ã�t���H�Q�t�����3�H�Q�X�H�O�D�V�� �	�� �%�R�D�G�D�� ������������ �.�U�D�P�H�U�� �H�W�� �D�O���� ������������ �.�R�O�i���� �H�W�� �D�O���� �������������� �%�X�N�� �O�H�V�Q�t��

v �S�R�V�O�H�G�Q�t�F�K���G�H�V�H�W�L�O�H�W�t�F�K���O�p�S�H���S�U�R�V�S�H�U�X�M�H���Y �V�H�Y�H�U�Q���M�L���S�R�O�R�å�H�Q�ê�F�K���O�R�N�D�O�L�W�i�F�K, �Q�D�S���t�N�O�D�G���Y���M�L�å�Q�t�P��

�â�Y�p�G�V�N�X��(Bolte et al. 2010), ale �]�i�U�R�Y�H�����L���Y �K�R�U�V�N�ê�F�K���S�R�O�R�K�i�F�K�����Q�D�S�������Y���ý�H�V�N�p���U�H�S�X�E�O�L�F�H��(Vacek 

et al. 2012, Tumajer et al. 2017, Vacek et al. 2019b). B���K�H�P���S�R�V�O�H�G�Q�t�F�K���O�H�W���Y�ã�D�N���G�R�F�K�i�]�t���N���Y���W�ã�t��

�F�L�W�O�L�Y�R�V�W�L���K�R�V�S�R�G�i���V�N�ê�F�K���S�R�U�R�V�W�$���E�X�N�X���O�H�V�Q�t�K�R���Q�D���V�X�F�K�R �D���W�R���K�O�D�Y�Q�����Y���M�L�å�Q�t���þ�i�V�W�L���M�H�K�R���S���L�U�R�]�H�Q�p�K�R��

�U�R�]�ã�t���H�Q�t (Conte et al. 2018), �Q�L�F�P�p�Q���� �W�D�W�R�� �G���H�Y�L�Q�D�� �V�H �G�R�N�i�å�H���Y�$�þ�L��suchu �Y�H�� �V�W���H�G�Q�t�� �(�Y�U�R�S�� 

plasticky adaptovat (Lenz et al. 2016, Etzold et al. 2019). B�X�N���O�H�V�Q�t���S�D�W���t���N �G���H�Y�L�Q�i�P���V velmi 

�S�R�P�D�O�ê�P�� �U�$�V�W�R�Y�ê�P�� �U�\�W�P�H�P��(Assmann 1950, Barna 2001, Barna et al. 2011a). Z hlediska 

�U�$�V�W�R�Y�pho rytmu �S�D�W���t �E�X�N�� �O�H�V�Q�t�� �N �G���H�Y�L�Q�i�P�� �Q�H�M�V�W�D�E�L�O�Q���M�ã�t�P���� �D�� �W�R�� �L�� �Y �S�R�G�P�t�Q�N�i�F�K�� �J�O�R�E�i�O�Q�t�F�K��

�N�O�L�P�D�W�L�F�N�ê�F�K���]�P���Q��(Bo�ã�H�O�D���H�W���D�O�����������������â�W�H�I�D�Q�þ�t�N et al. 2018, Sharma et al. 2019)..  

3.6. �)�D�N�W�R�U�\���R�Y�O�L�Y���X�M�t�F�t���U�D�G�L�i�O�Q�t���S���L�U�$�V�W���E�X�N�X 

�3�R�U�R�V�W�\�� �Y�� �.�U�N�R�Q�R�ã�t�F�K�� �E�\�O�\�� �R�Y�O�L�Y�Q���Q�\�� �Q�H�M�H�Q�� �L�P�L�V�Q�t�� �]�i�W���å�t���� �D�O�H�� �W�D�N�p�� �N�O�L�P�D�W�L�F�N�ê�P�L�� �I�D�N�W�R�U�\����

�Q�D�S���t�N�O�D�G�� �S���t�]�H�P�Q�t�P�L�� �P�U�D�]�\�� �Y �U���� ������������ �Y���W�U�Q�R�X�� �N�D�O�D�P�L�W�R�X�� �Y �U���� ���������� �D�� ���������� �þ�L�� �Y pos�O�H�G�Q�t�F�K��

�O�H�W�H�F�K���V�W�i�O�H���þ�D�V�W���M�L���V�H���Y�\�V�N�\�W�X�M�t�F�tm �H�[�W�U�p�P�Q�t�P���V�X�F�K�H�P��(Hartl-Meier et al. 2014, Bo�ãela et al. 

2016). Z �K�O�H�G�L�V�N�D���E�L�R�W�L�F�N�ê�F�K���þ�L�Q�L�W�H�O�$���Y �S�U�$�E���K�X���L�P�L�V�Q�t���N�D�O�D�P�L�W�\���G�R�ã�O�R���X���E�X�N�X���O�H�V�Q�t�K�R���N �V�L�O�Q�p�P�X��

�Y�ê�V�N�\�W�X���þ�H�U�Y�F�H���E�X�N�R�Y�p�K�R����Crypotococcus fagi /Baer./ Dougl.)�����ý�H�U�Y�H�F���]�S�$�V�R�E�X�M�H glejotok na 
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�N�$���H buku �D�� �þ�D�V�W�R �W�Y�R���t i  �R�Q�H�P�R�F�Q���Q�t�� �N�$�U�\�� �U�D�N�R�Y�L�Q�R�X��(Vacek et al. 2013b). Mezi patogeny 

�Q�H�M�þ�D�V�W���M�L�� �]�S�$�V�R�E�X�M�t�F�t�� �U�D�N�R�Y�L�Q�X�� �D�� �Q�H�N�U�y�]�\�� �X�� �E�X�N�X �O�H�V�Q�t�K�R �Q�D�S���t�þ�� �F�H�O�R�X�� �(�Y�U�R�S�R�X���S�D�W���t��rod 

Nectria, Ophiostoma, Phomopsis, Verticillium. V �S�R�V�O�H�G�Q�t���G�R�E�� �Q�D�Y�t�F �]�S�$�V�R�E�X�M�t���]�Q�D�þ�Q�p���ã�N�R�G�\��

�Q���N�W�H�U�p���G�U�X�K�\���K�X�E���U�R�G�X��Phytophtora ���0�R�W�W�D���H�W���D�O�����������������&�L�F�i�N���H�W���D�O�������������������=�H���ã�N�$�G�F�$���Y �ý�H�V�N�p��

re�S�X�E�O�L�F�H���Y�ê�]�Q�D�P�Q�����Q�H�J�D�W�L�Y�Q�����S�$�V�R�E�t��na �U�$�V�W���E�X�N�X �O�H�V�Q�t�K�R �W�D�N�p���E�H�M�O�R�P�R�U�N�D���E�X�N�R�Y�i����Mikiola 

fagi Htg.), chobotn�t�þ�H�N �M�L�O�P�R�Y�ê�� ��Bucculatrix ulmella �=�H�O�O�H�U���� �D�� �G�U�R�E�Q�t�þ�H�N�� ��Ectoedemia 

liebwerdella Zimm.) �± (Ur�E�D�Q���������������&�L�F�i�N���H�W���D�O��������������. �9�ãichni tito abioti�þ�W�t a bioti�þ�W�t �þ�L�Q�L�W�H�O�H��

�R�Y�O�L�Y���X�M�t�� �U�$�V�W�R�Y�p�� �S�R�G�P�t�Q�N�\�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Q�D�� �V�W�D�Q�R�Y�L�ã�W�L���� �9 �U�i�P�F�L�� �G�O�R�X�K�R�G�R�E�p�K�R�� �Y�ê�]�N�X�P�X��

�S���L�U�R�]�H�Q�ê�F�K���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$���Y�H���Y�ê�F�K�R�G�Q�t�F�K���.�U�N�R�Q�R�ã�t�F�K���E�\�O�\���S�X�E�O�L�N�R�Y�i�Q�\���S�U�i�F�H���Q�D���W�R�W�R���W�p�P�D��

naposledy v �U�R�F�H�������������þ�L�������������V �W�H�P�D�W�L�N�R�X���]�D�P�����H�Q�R�X���Q�D���V�W�U�X�N�W�X�U�X���S�R�U�R�V�W�X���E�X�N�X���O�H�V�Q�t�K�R���D���Y�O�L�Y��

�]�Q�H�þ�L�ã�W���Q�t���R�Y�]�G�X�ã�t ���â�S�X�O�i�N���	���6�R�X�þ�H�N���������������9�D�F�H�N���H�W���D�O�������������E��.  

3.6.�������3���L�U�$�V�W���E�X�N�X���Y�H���Y�]�W�D�K�X���N �W�H�S�O�R�W�i�P���D���V�U�i�å�N�i�P 

Z �K�O�H�G�L�V�N�D���U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���V�H���E�X�N���O�H�V�Q�t���O�p�S�H���S���L�]�S�$�V�R�E�X�M�H���Q�D���N�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\���Y �Q�L�å�ã�t�F�K��

�S�R�O�R�K�i�F�K���D���Q�D���E�R�K�D�W�ê�F�K���V�W�D�Q�R�Y�L�ã�W�t�F�K��(Aertsen et al. 2014, Vacek et al. 2019a, Vacek et al. 2021). 

�1�D�S�U�R�W�L�� �W�R�P�X�� �Y�H�� �Y�\�ã�ã�t�F�K�� �S�R�O�R�K�i�F�K�� �G�R�F�K�i�]�t��od roku 1975 k �Y���W�ã�t�P�� �Y�ê�N�\�Y�$�P�� �Y �U�$�V�W�X�� �E�X�N�X��

(Dittmar et al. 2003b)�����.�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\���Y �K�R�U�V�N�ê�F�K���S�R�O�R�K�i�F�K���V�W���H�G�Q�t���(�Y�U�R�S�\���M�V�R�X���Q�H�M�þ�D�V�W���M�L��

�]�S�$�V�R�E�H�Q�\�� �Q�L�å�ã�t�P�L�� �W�H�S�O�R�W�D�P�L���� �S���L�þ�H�P�å�� �U�R�þ�Q�t�� �W�H�S�O�R�W�\�� �R�Y�O�L�Y���X�M�t�� �U�D�G�L�i�O�Q�t�� �U�$�V�W���E�X�N�X�� �O�H�V�Q�t�K�R�� �Y�t�F�H��

�Q�H�å�� �~�K�U�Q�\�� �V�U�i�å�H�N�����.�U�i�O�t�þ�H�N�� �H�W�� �D�O���� ������������ �â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������E���� �9�D�F�H�N�� �H�W�� �D�O���� ���������E������ �9�ê�N�\�Y�\��

v �U�D�G�L�i�O�Q�t�P�� �U�$�V�W�X�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �P�R�K�R�X�� �Y�p�V�W�� �N�� �M�H�G�Q�R�W�O�L�Y�ê�P�� �F�\�N�O�L�F�N�ê�P�� �S�H�U�L�R�G�i�P�� �D�� �M�V�R�X��

�]�S�$�V�R�E�H�Q�\���U�$�]�Q�ê�P�L���E�L�R�W�L�F�N�ê�P�L���D���D�E�L�R�W�L�F�N�ê�P�L���Y�O�L�Y�\�����N�W�H�U�p���R�Y�O�L�Y���X�M�t���M�H�K�R���S���t�U�$�V�W�����â�L�P�$�Q�H�N���H�W���D�O����

2019b)�����1�D�S���t�N�O�D�G���Y 70. a 80. letech �G�R�ã�O�R���N���Y�ê�U�D�]�Q�p�P�X �Q�H�J�D�W�L�Y�Q�tmu vlivu �L�P�L�V�t���Q�D���U�D�G�L�i�O�Q�t���U�$�V�W��

�E�X�N�X���O�H�V�Q�t�K�R���Y �K�R�U�i�F�K���Q�D���V�H�Y�H�U�X���D���Y�ê�F�K�R�G�����ý�H�V�N�p���U�H�S�X�E�O�L�N�\�����F�R�å���Y�H�G�O�R��k �R�V�O�D�E�H�Q�t���Q�H�E�R���G�R�N�R�Q�F�H��

�L���R�G�X�P�t�U�i�Q�t���O�H�V�Q�t�F�K���S�R�U�R�V�W�$�����â�S�X�O�i�N���	���6�R�X�þ�H�N���������������9�D�F�H�N���H�W���D�O�������������D��. �%�X�N�R�Y�p���S�R�U�R�V�W�\���V�L�F�H��

zaznamenaly defoliaci v korun�i�F�K �E���K�H�P�� �L�P�L�V�Q�t�� �N�D�O�D�P�L�W�\���� �D�O�H�� �Q�H�G�R�ã�O�R�� �N �Y�H�O�N�R�S�O�R�ã�Q�p�P�X��

�U�R�]�S�D�G�X�� �E�X�þ�L�Q���� �1�L�F�P�p�Q���� �E�X�N�� �O�H�V�Q�t�� �V�Q�t�å�L�O�� �Y�ê�U�D�]�Q���� �S�U�R�G�X�N�F�L�� �V�H�P�H�Q�� �D�� �W�R�� �Q�H�J�D�W�L�Y�Q���� �V�Q�t�å�L�O�R��

�S���L�U�R�]�H�Q�R�X�� �R�E�Q�R�Y�X�� �Y �Q�H�M�K�$���H�� �]�D�V�D�å�H�Q�ê�F�K���L�P�L�V�Q�t�F�K��oblastech ���â�D�F�K�� �H�W�� �D�O���� ������������ �9�D�F�H�N�� �H�W�� �D�O����

2010a). �'�$�O�H�å�L�W�p���Y�ê�N�\�Y�\���Y �S���t�U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R���M�V�R�X �]�S�$�V�R�E�H�Q�p���L���P�U�D�]�\�����N�W�H�U�p���P�R�K�R�X���R�Y�O�L�Y�Q�L�W��

�S���t�U�$�V�W���F�H�O�p�K�R���Y�H�J�H�W�D�þ�Q�t�K�R���R�E�G�R�E�t�����.�R�R�L�M�P�D�Q���H�W���D�O�����������������â�L�P�$�Q�H�N���H�W���D�O�������������E��.  

�9�]�W�D�K���U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R���N �P���V�t�þ�Q�t�P���~�K�U�Q�$�P���V�U�i�å�H�N���P�i���V�S�t�ã�H���Q�H�J�D�W�L�Y�Q�t���Y�]�W�D�K�����Y����

�þ�H�U�Y�H�Q�F�L���D���V�U�S�Q�X���D�N�W�X�i�O�Q�t�K�R���U�R�N�X�����.�U�i�O�t�þ�H�N���H�W���D�O��������������. V �K�R�U�V�N�ê�F�K���S�R�O�R�K�i�F�K���E�X�N���O�H�V�Q�t���Q�H�W�U�S�t��

�Q�H�G�R�V�W�D�W�N�H�P�� �V�U�i�å�H�N�� �D�� �Y �P�H�Q�ã�t�� �P�t���H�� �V�H�� �G�i�� �Q�D�O�H�]�Q�R�X�W�� �L �S�D�W�U�Q�ê�� �S�R�]�L�W�L�Y�Q�t�� �Y�O�L�Y�� �V�U�i�å�H�N�� �Y �S���H�G�M�D���t��

(Drobyshev et al. 2010)���� �� �5�D�G�L�i�O�Q�t�� �U�$�V�W���E�X�N�X�� �O�H�V�Q�t�K�R�� �Y �K�R�U�V�N�ê�F�K�� �R�E�O�D�V�W�H�F�K�� �V�W���H�G�Q�t�� �(�Y�U�R�S�\��je 

�P�L�Q�L�P�i�O�Q�����R�Y�O�L�Y�Q���Q���Q�H�J�D�W�L�Y�Q�t�P�L vlivy �S�U�$�P���U�Q�êch �P���V�t�þ�Q�tch teplot. V �R�M�H�G�L�Q���O�ê�F�K���S���t�S�D�G�H�F�K��

�Y�ã�D�N���G�R�F�K�i�]�t���N �H�[�W�U�p�P�Q�t�P���S�R�]�G�Q�t�P���M�D�U�Q�t�P���P�U�D�]�$�P�����9�D�F�H�N���	���+�H�M�F�P�D�Q���������������â�L�P�$�Q�H�N���H�W���D�O����

2019b). 

�%�X�N�R�Y�p���S�R�U�R�V�W�\���V�H���O�L�ã�t �W�D�N�p �G�p�O�N�R�X �å�L�Y�R�W�Q�tho cyklu�����N�W�H�U�ê���P�i���R�G�O�L�ã�Q�p �W�U�Y�i�Q�t���Q�D�S���t�þ���(�Y�U�R�S�R�X, 

�N�G�\���G�p�O�N�D���å�L�Y�R�W�D���W�p�W�R���G���H�Y�L�Q�\���M�H���R�Y�O�L�Y�Q���Q�D���P�Q�R�K�D �Q�H�J�D�W�L�Y�Q�t�P�L���þ�L�Q�L�W�H�O�L. V �.�U�N�R�Q�R�ã�t�F�K���V�H���S�R�U�R�V�W�\��
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�E�X�N�X���O�H�V�Q�t�K�R���J�H�Q�H�U�D�þ�Q�����Y�\�P�����X�M�t���Y �S�U�$�P���U�X���S�R�����������D�å�����������O�H�W�H�F�K��(Vacek et al. 2010b). Naproti 

�W�R�P�X���V�W�D�U�p���S�R�U�R�V�W�\���E�X�N�X���O�H�V�Q�t�K�R���Y���,�W�i�O�L�L���V�H���G�R�å�t�Y�D�M�t���R�N�R�O�R�����������O�H�W���D���Y�t�F�H��(Piovesan et al. 2008, 

Filippo et al. 2012b)�����9���N���S�R�U�R�V�W�$���E�X�N�X���O�H�V�Q�t�K�R���V�H���P�$�å�H��zkracovat v �]�i�Y�L�V�O�R�V�W�L���Q�D���N�O�L�P�D�W�L�F�N�ê�F�K��

�Y�ê�N�\�Y�H�F�K a to �]�H�M�P�p�Q�D v kombinaci �V�H���]�Y�\�ã�R�Y�i�Q�t�P���S�U�$�P���U�Q�ê�F�K���W�H�S�O�R�W���D���Y���W�ã�t�P���S�R�þ�W�H�P���V�X�F�K�ê�F�K��

let (Filippo et al. 2012b). V �P�H�G�L�W�H�U�i�Q�X���E�X�N���O�H�V�Q�t���Q�H�M�Y�t�F�H���U�H�D�J�X�M�H���Q�D���Q�H�J�D�W�L�Y�Q�t���G�R�S�D�G�\���V�X�F�K�D����

�F�R�å�� �O�L�P�L�W�X�M�H�� �U�R�]�ã�L���R�Y�i�Q�t�� �W�p�W�R�� �G���H�Y�L�Q�\ �Q�D�� �K�R�U�V�N�p�� �S�R�O�R�K�\ v Apen�L�Q�i�F�K��(Tognetti et al. 2019). 

�3�R�U�R�V�W�\�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �M�V�R�X�� �Y �P�H�G�L�W�H�U�i�Q�X �Y�t�F�H�� �D�� �þ�D�V�W���M�L�� �V�W�U�H�V�R�Y�i�Q�\�� �V�X�F�K�H�P�����F�R�å �G�O�R�X�K�R�G�R�E����

�V�Q�L�å�X�M�H���M�Hjich �S���t�U�$�V�W��(Piovesan et al. 2008). V �P�H�G�L�W�H�U�i�Q�Q�t�F�K���O�H�V�t�F�K���Y�\�ã�ã�t�F�K���S�R�O�R�K���W�D�N�p���G�R�F�K�i�]�t��

i k �M�D�U�Q�t�P���V�X�F�K�$�P�����N�W�H�U�i���V�H���Q�H�J�D�W�L�Y�Q�����S�U�R�M�H�Y�X�M�t���Q�D���S���t�U�$�V�W�X �E�X�N�X���O�H�V�Q�t�K�R��(Di Filippo et al. 2007).  

3.6.2�����6�O�X�Q�H�þ�Q�t���F�\�N�O�X�V a jeho �P�R�å�Q�ê���G�R�S�D�G���Q�D���U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R 

�3���t�U�$�V�W���V�W�U�R�P�$���P�$�å�H���E�ê�W���R�Y�O�L�Y�Q���Q���V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P�����N�W�H�U�ê���V�H���P�$�å�H���R�E�M�H�Y�L�W���Y �O�H�W�R�N�U�X�K�R�Y�ê�F�K��

���D�G�i�F�K �Q�D���F�R�å���X�N�i�]�D�O���Y �P�R�G�H�U�Q�t���K�L�V�W�R�U�L�L���Q�D�S���t�N�O�D�G Moseley 1941. �6�O�X�Q�H�þ�Q�t���F�\�N�O�X�V���M�H���G�H�I�L�Q�R�Y�i�Q��

�P�Q�R�å�V�W�Y�t�P�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �Q�D��S�O�X�Q�F�L���� �F�R�å�� �R�G�U�i�å�t�� �P�D�J�Q�H�W�L�F�N�R�X�� �D�N�W�L�Y�L�W�X��S�O�X�Q�F�H���� �6�D�P�R�W�Q�i��

s�O�X�Q�H�þ�Q�t�� �V�N�Y�U�Q�D�� �M�H�� �W�P�D�Y�i�� �R�E�O�D�V�W�� �Q�D�� �V�O�X�Q�H�þ�Q�t�P�� �S�R�Y�U�F�K�X���� �N�G�H�� �G�R�F�K�i�]�t�� �N�H �V�P�\�þ�N�R�Y�p�P�X�� �Y�ê�E�R�M�L��

�P�D�J�Q�H�W�L�F�N�p�K�R�� �S�R�O�H�� �] nitra Slunce (Hathaway 2015). �6�O�X�Q�H�þ�Q�t�� �F�\�N�O�\�� �S�U�R�E�t�K�D�M�t�� �Y ������ �O�H�W�ê�F�K��

intervalech �D�� �M�V�R�X�� �S���t�P�R�� �S�U�R�S�R�M�H�Q�p�� �V �Y�ê�V�N�\�W�H�P�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q���� �N�W�H�U�p�� �R�Y�O�L�Y���X�M�t�� �D�N�W�L�Y�L�W�X��

�V�O�X�Q�H�þ�Q�t�K�R���R�]�i���H�Q�t���]�H�P�V�N�p���P�D�J�Q�H�W�L�F�N�p���P���t�å�N�\��(Bonev et al. 2004)�����9�ê�V�N�\�W���V�O�X�Q�H�þ�Q�t�F�K��skvrn je 

spojen s �Y�ê�Y�R�M�H�P���N�O�L�P�D�W�X�����F�R�å���E�\�O�R���V�O�H�G�R�Y�i�Q�R���M�L�å���R�G���V�W���H�G�R�Y���N�X��(Cecchini et al. 1996, Paulsen 

et al. 2003, Koch et al. 2007). �6�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�D���E�ê�Y�i���V�S�R�M�R�Y�i�Q�D���L s fluktuacemi �O�H�G�R�Y�F�$���E���K�H�P��

�K�R�O�R�F�p�Q�X��(Koch et al. 2007, Berger 2010). �$�N�W�L�Y�L�W�D�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q �D�� �L�Q�W�H�Q�]�L�W�D�� �V�O�X�Q�H�þ�Q�t�F�K��

�F�\�N�O�$ je spojena s teplotami z�H�P�V�N�p�K�R���S�R�Y�U�F�K�X��(Sunkara & Tiwari 2016). Mnoho �Y���G�H�F�N�ê�F�K 

�S�U�D�F�t���Q�D�S���t�N�O�D�G���G�R�N�D�]�X�M�H���U�H�i�O�Q�ê���Y�O�L�Y���D�N�W�L�Y�L�W�\���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���Q�D���V�U�i�å�N�\���D���W�H�S�O�R�W�\��(Mauas et al. 

2016, Baker et al. 2018, Maliniemi et al. 2018)�����F�R�å���V�H���S���t�P�R���R�G�U�i�å�t���Q�D���N�O�L�P�D�W�X�����S���L�þ�H�P�å���W�R�W�R��

�S�$�V�R�E�H�Q�t slun�H�þ�Q�t�K�R���F�\�N�O�X �P�$�å�H���E�ê�W���W�D�N�p���R�Y�O�L�Y�Q���Q�R i �G�D�O�ã�t�P�L���Y�O�L�Y�\��(Gupta et al. 2015). �6�O�X�Q�H�þ�Q�t��

�P�D�J�Q�H�W�L�F�N�i�� �D�N�W�L�Y�L�W�D�� �Y�� �D�W�P�R�V�I�p���H�� �R�Y�O�L�Y���X�Me radioisotopy 14C a 10�%�H���� �N�W�H�U�p �F�K�H�P�L�F�N�R�X�� �U�H�D�N�F�t��

�R�[�L�G�X�M�t���S���H�V��14N a 16O na CO2, kter�p mohou �E�ê�W���]�S�U�D�F�R�Y�i�Qy rostlinami (Stuiver & Grootes 1980, 

Beer et al. 1990, Hathaway 2015). V souvislosti s �S���t�U�$�V�W�H�P���M�L�Q�ê�F�K�� �G�U�X�K�$���G���H�Y�L�Q�� �E�\�O�\��

v minulosti provedeny studie�����N�W�H�U�p���S�R�W�Y�U�]�X�M�t���M�D�N���Q�H�J�D�W�L�Y�Q�t�����6�X�U�R�Y�ê���H�W���D�O�����������������6�X�U�R�Y�\���H�W���D�O����

2010), tak i �S�R�]�L�W�L�Y�Q�t�� �V�S�R�M�L�W�R�V�W�� �Y�ê�V�N�\�W�X�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �D �U�D�G�L�i�O�Q�t�K�R�� �U�$�V�W�X �V�W�U�R�P�$ (Moseley 

1941, Leavitt & Bannister 2009, Wang & Zhang 2011a).  

�6�O�X�Q�H�þ�Q�t���F�\�N�O�\���R�Y�O�L�Y���X�M�t���S�U�R�X�G���Q�t���Y�]�G�X�F�K�X���Y�H���Y�\�ã�ã�t�F�K���þ�i�V�W�H�F�K���D�W�P�R�V�I�p�U�\���V�H�Y�H�U�Q�t���S�R�O�R�N�R�X�O�H����

�F�R�å���V�H���S�U�R�M�H�Y�X�M�H���Q�D���W�D�N�]�Y�D�Q�p�P���6�H�Y�H�U�R�D�W�O�D�Q�W�L�F�N�p�P���S�U�R�X�G���Q�t��(Brugnara et al. 2013). T�D�N�p���E�\�O�R��

�Y�\�]�N�R�X�P�i�Q�R�����å�H���V���Y�\�ã�ã�t�� �Q�D�G�P�R���V�N�R�X���Y�ê�ã�N�R�X���G�R�F�K�i�]�t���L���N���Y���W�ã�t�P�X���R�W�L�V�N�X���V�O�X�Q�H�þ�Q�t�F�K���F�\�N�O�$���G�R��

�W�H�S�O�R�W���Y�]�G�X�F�K�X���Y�H���Y�ê�ã�N�i�F�K���R�G������������ �P���G�R�������������P��(Kumar et al. 2018)���� �6�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�D���P�i��

�G�R�N�R�Q�F�H���Y�O�L�Y���Q�D���Y�O�D�V�W�Q�R�V�W�L���D���I�R�U�P�R�Y�i�Q�t���R�E�O�D�þ�Q�R�V�W�L���Y���Q�D�ã�t���D�W�P�R�V�I�p���H�����F�R�å���M�H���]�S�$�V�R�E�H�Q�R���L�R�Q�L�]�D�F�t��

kosmick�p�K�R �]�i���H�Q�t�����N�W�H�U�p���]�U�F�D�G�O�R�Y�����R�G�U�i�å�t�������F�W�L���O�H�W�p���V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�\��(Jayaraman et al. 1998, 
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Haywood & Boucher 2000, Maghrabi & Kudela 2019) a �W�t�P�� �G�R�F�K�i�]�t�� �N�� �Y�ê�N�\�Y�$�P�� �Y�� �R�]�i���H�Q�t��

�]�H�P�V�N�p�K�R���S�R�Y�U�F�K�X���� 

�&�\�N�O�X�V���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���Q�D�Y�t�F���P�$�å�H���S�R�P�R�F�L���Y �S�U�H�G�L�N�F�L���Y�ê�]�Q�D�P�Q�ê�F�K���N�O�L�P�D�W�L�F�N�ê�F�K���X�G�i�O�R�V�W�t, 

�M�D�N�R���Q�D�S���t�N�O�D�G���Y�X�O�N�D�Q�L�F�N�ê�F�K���H�U�X�S�F�t�����]�H�P���W���H�V�H�Q�t�����(�O���1�L�Q�R���H�I�H�N�W�X���Q�H�E�R���O�H�V�Q�t�F�K���S�R�å�i�U�$�����8�÷�X�U���	��

Feriha 2017, Kim 2020)�����6�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�D���]�S�$�V�R�E�X�M�H���N�O�L�P�D�W�L�F�N�R�X���]�P���Q�X���Q���N�G�\���G�R�N�R�Q�F�H���Y�t�F�H��

�Q�H�å���D�Q�W�U�R�S�R�J�H�Q�Q�t���Y�O�L�Y�\���D���W�D�N�p���S�$�V�R�E�t���L���Q�D���G�D�O�ã�t���I�D�N�W�R�U�\�����M�D�N�R���M�V�R�X���V�U�i�å�N�\���Q�H�E�R���W�H�S�O�R�W�\��(Mauas 

et al. 2016)�����'�R�N�R�Q�F�H���E�\�O���Q�D�O�H�]�H�Q���V�O�X�Q�H�þ�Q�t���F�\�N�O�X�V���Y���S�U�$�W�R�N�X�����H�N�\���$�P�D�]�R�Q�N�\��(Baker et al. 2018), 

�F�R�å�� �~�]�F�H�� �V�R�X�Y�L�V�t�� �V EL Nino efektem (Perone et al. 2016, Dong et al. 2018)���� �6�O�X�Q�H�þ�Q�t�� �F�\�N�O�\��

�R�Y�O�L�Y���X�M�t���S�U�$�P���U�Q�p���P���V�t�þ�Q�t���W�H�S�O�R�W�\���D���G�R�N�R�Q�F�H���L���V�U�i�å�N�R�Y�p���~�K�U�Q�\���Y �(�Y�U�R�S����(Laurenz et al. 2019, 

�/�•�G�H�F�N�H�� �H�W�� �D�O���� ���������� �D�� �W�D�N�p�� �L�� �Q�H�S���t�P�R�� �R�Y�O�L�Y���X�M�t�� �1�$�2�� ���1�R�U�W�K�� �$�W�O�D�Q�W�L�F�� �R�V�F�L�O�D�W�L�R�Q���� �D�� �$�0�2��

(Atlantic Multidecadal Oscillation) �± (Bice et al. 2012)�����D�O�H���V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�D���V�H���P�$�å�H���R�G�U�i�å�H�W���L��

�Q�D���P�Q�R�K�D���G�D�O�ã�t�F�K���N�O�L�P�D�W�L�F�N�ê�F�K���X�N�D�]�D�W�H�O�t�F�K�����/�H���0�R�X�s�O���H�W���D�O��������������.  

�%�X�N�� �O�H�V�Q�t�� �D�� �M�H�K�R�� �U�D�G�L�i�O�Q�t�� �S���t�U�$�V�W�� �U�H�D�J�X�M�H�� �Q�D�� �V�O�X�Q�H�þ�Q�t�� �F�\�N�O�X�V���� �F�R�å�� �G�R�N�i�]�D�O�R�� �K�Q�H�G�� �Q���N�R�O�L�N��

publikac�t�� �W�p�W�R���G�L�V�H�U�W�D�þ�Q�t�� �S�U�i�F�H���� �D�O�H���Y �S�R�V�O�H�G�Q�t�� �G�R�E���� �W�H�Q�W�R���I�H�Q�R�P�p�Q���Q�H�]�i�Y�L�V�O�H���S�R�W�Y�U�G�L�O�L���L���Y���G�F�L��

z Bulharska (Komitov 2021)���� �/�H�W�R�N�U�X�K�\�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Y �$�S�H�Q�L�Q�i�F�K�� ���P�H�G�L�W�H�U�i�Q�X���� �M�V�R�X�� �V�S�M�D�W�p��

s NAO (Piovesan & Schirone 2000) �D���1�$�2���M�H���V�S�R�M�H�Q�R���V�H���V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P��(Brugnara et al. 

2013, Laurenz et al. 2019)���� �1�$�2�� �R�Y�O�L�Y���X�M�H �Y���W�U�Q�p�� �S�U�R�X�G�\�� �Y�H�� �V�W���H�G�Q�t�� �D�� �Y�ê�F�K�R�G�Q�t�� �(�Y�U�R�S����

(Gregow et al. 2017)�����F�R�å���Q�H�S���t�P�R���]�D�]�Q�D�P�H�Q�D�O���L���U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R���Y���K�R�U�i�F�K���Q�D���V�H�Y�H�U�R�Y�ê�F�K�R�G����

�ý�H�V�N�p���U�H�S�X�E�O�L�N�\���D���W�t�P���S�i�G�H�P���P�$�å�H���V�O�X�Q�H�þ�Q�t���F�\�N�O�X�V���E�ê�W���S�U�R�P�t�W�Q�X�W i u �Q�i�V�����â�L�P�$�Q�H�N���H�W���D�O�������������D����

�â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������D���� �â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������D���� �â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������F��. V �S�R�V�O�H�G�Q�t�� �G�R�E���� �G�R�ã�O�R��

k �S�X�E�O�L�N�R�Y�i�Q�t�� �Q�R�Y�ê�F�K�� �S�R�]�Q�D�W�N�$�� �Y�� �R�E�O�D�V�W�L�� �V�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�\�� �D �S���t�U�$�V�W�X�� �E�X�N�X�� �O�H�V�Q�t�K�R���� �%�\�O�R��

do�O�R�å�H�Q�R�����å�H���E�X�N���O�H�V�Q�t���G�R�N�i�å�H���Q�D���V�O�X�Q�H�þ�Q�t���F�\�N�O�\���Y�ê�U�D�]�Q�����U�H�D�J�R�Y�D�W���Y�H���Y�ê�F�K�R�G�Q�t�F�K���.�U�N�R�Q�R�ã�t�F�K��

���â�L�P�$�Q�H�N�����H�W���D�O�������������������'�D�O�ã�t���I�D�N�W�R�U�����N�W�H�U�ê���W�D�N�p���Q�D�U�X�ã�X�M�H���U�D�G�L�i�O�Q�t���S���t�U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R���E�\�O�D���L�P�L�V�Q�t��

kalamita v 70. a 80. letech ���������V�W�R�O�H�W�t�����â�S�X�O�i�N���	���6�R�X�þ�H�N�����������������'�R���F�H�O�N�R�Y�p�K�R���Y�O�L�Y�X���Q�D���S���t�U�$�V�W��

�E�X�N�X���O�H�V�Q�t�K�R���M�H���W�D�N�p���W���H�E�D���]�D�S�R�þ�t�W�D�W���L���Y�O�L�Y���þ�O�R�Y���N�D���D���M�H�K�R���W���å�H�E�Q�t���]�i�V�D�Ky�����N�W�H�U�p���Q�D�U�X�ã�X�M�t���S���L�U�R�]�H�Q�p��

cy�N�O�L�F�N�p���Y�O�L�Y�\���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R ���â�L�P�$�Q�H�N���H�W���D�O�������������D��. 

�1���N�W�H�U�p�� �Y�ê�]�N�X�P�\�� �Y�� �R�E�O�D�V�W�L�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�H�� �G�R�N�D�]�X�M�t�� �Y�O�L�Y�� �V�O�X�Q�H�þ�Q�t�F�K�� �F�\�N�O�$�� �Q�D�� �U�D�G�L�i�O�Q�t��

�U�$�V�W���U�$�]�Q�ê�F�K���G�U�X�K�$�����V�W�U�R�P�$�����F�R�å���G�R�E���H���S�R�S�L�V�X�M�t���Y�ê�]�N�X�P�\���]�H���V�H�Y�H�U�R�]�i�S�D�G�Q�t�K�R���5�X�V�N�D��(Shumilov 

et al. 2011, Kasatkina et al. 2019), Chile (Rigozo et al. 2002)�����7�L�E�H�W�V�N�p���S�O�R�ã�L�Q�\��(Wang & Zhang 

2011b) �Q�H�E�R�� �G�R�N�R�Q�F�H�� �]�H�� �V�W���H�G�Q�t�� �D�� �M�L�å�Q�t�� �(�Y�U�R�S�\�����6�X�U�R�Y�ê�� �H�W�� �D�O���� ������������ �â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������F��. 

�(�[�L�V�W�X�M�H�� �L�� �V�W�X�G�L�H�� �S�R�S�L�V�X�M�t�F�t �G�R�N�R�Q�F�H�� �V�R�X�E���å�Q�R�V�W�� �V�O�X�Q�H�þ�Q�t�F�K�� �F�\�N�O�X�� �V rizikem �Y�ê�V�N�\�W�X �O�H�V�Q�t�F�K��

�S�R�å�i�U�$�����8�÷�X�U���	���)�H�U�L�K�D�����������������9�ê�N�\�Y�\���Y���O�H�V�Q�t�P���K�R�V�S�R�G�i���V�W�Y�t���M�V�R�X �R�Y�O�L�Y���R�Y�i�Q�\���Y�H�O�N�ê�P���V�R�X�þ�W�H�P��

�U�$�]�Q�ê�F�K���I�D�N�W�R�U�$���M�D�N�R jsou �V�L�O�Q�p���E�R�X���H�����Y�t�W�U�����V�X�F�K�R�����S�R�Y�R�G�Q�����Q�H�E�R���O�H�V�Q�t���S�R�å�i�U�\ (Lopez-Bustins 

et al. 2007, Lindner et al. 2010, Young et al. 2017, Whitman et al. 2019).  
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3.7�����2�E�K�R�V�S�R�G�D���R�Y�i�Q�t���S���t�U�R�G�����E�O�t�]�N�ê�F�K���E�X�N�R�Y�ê�F�K �O�H�V�$ 

�2�G�����������G�R�����������V�W�R�O�H�W�t���E�\�O�\���E�X�N�R�Y�p���O�H�V�\���X�å�t�Y�i�Q�\���M�D�N�R���]�G�U�R�M���N�U�P�L�Y�D���S�U�R���K�R�V�S�R�G�i���V�N�i���]�Y�t���D�W�D��

v �S�R�G�R�E���� �V�E���U�X�� �E�X�N�Y�L�F�� �Q�H�E�R�� �Y �Q�L�F�K�� �E�\�O�D�� �S�U�D�N�W�L�N�R�Y�i�Q�D�� �O�H�V�Q�t�� �S�D�V�W�Y�D���� �3�R�� �P�Q�R�K�R�� �V�W�D�O�H�W�t�� �E�\�O�\��

�E�X�N�R�Y�p���O�H�V�\���Y�\�X�å�t�Y�i�Q�\���S�U�R���]�t�V�N�i�Y�i�Q�t���S�D�O�L�Y�R�Y�p�K�R���G���t�Y�t���D���S�R�]�G���M�L���]�G�H���E�\�O�\���S�R�X�å�t�Y�i�Q�\���N���Y�ê�U�R�E����

�G���H�Y���Q�p�K�R���X�K�O�t��(Peters 1997). S �Q�i�V�W�X�S�H�P���S�U�$�P�\�V�O�R�Y�p���U�H�Y�R�O�X�F�H���E�\�O�\���E�X�N�R�Y�p���S�R�U�R�V�W�\���Q�D�K�U�D�]�H�Q�\��

�M�H�K�O�L�þ�Q�D�W�ê�P�L�� �G���H�Y�L�Q�D�P�L�� �] �G�$�Y�R�G�X�� �H�I�H�N�W�L�Y�Q���M�ã�t�K�R�� �]�S�U�D�F�R�Y�i�Q�t�� �G���H�Y�Q�t�� �K�P�R�W�\��(Hahn & Fanta 

2001)���� �1�L�F�P�p�Q������ �N�O�L�P�D�W�L�F�N�i�� �]�P���Q�D�� �S�R�V�O�H�G�Q�t�F�K�� �O�H�W�� �Q�X�W�t�� �O�H�V�Q�L�F�N�ê�� �P�D�Q�D�J�H�P�H�Q�W�� �N �Q�i�Y�U�D�W�X��

�S���V�W�R�Y�i�Q�t���E�X�N�X���O�H�V�Q�t�K�R��(Poljanec et al. 2010).   

�%�X�N�� �O�H�V�Q�t�� �V�H�� �S���V�W�R�Y�D�O�� �Y �P�L�Q�X�O�R�V�W�L�� �� �K�O�D�Y�Q���� �]�D���S�R�P�R�F�L�� �S���L�U�R�]�H�Q�p�� �R�E�Q�R�Y�\����kdy stromy byly 

�W���å�H�Q�\��v 90ti �D�å���������O�H�W�p�P��obnovn�tm cyklu v �]�i�Y�L�V�O�R�V�W�L���Q�D���S�U�R�G�X�N�þ�Q�t�F�K���V�F�K�R�S�Q�R�V�W�H�F�K���V�W�D�Q�R�Y�L�ã�W����

(Hahn & Fanta 2001)�����%�X�N�R�Y�p���O�H�V�\���E�\�O�\���] nejprve �G�R�S�O���R�Y�i�Q�\���L���S���t�P���V�t���G���H�Y�L�Q���M�D�N�R���M�H���P�R�G���t�Q 

nebo �E���t�]�D���� �7�D�N�W�R�� �E�\�O�\�� �E�X�N�R�Y�p�� �O�H�V�\�� �Y�\�X�å�t�Y�i�Q�\�� �Q�D�S���t�N�O�D�G�� �Y �$�O�S�i�F�K, Anglii nebo Karpatech. 

�6�\�V�W�p�P���K�R�O�R�V�H�þ�Q�p�K�R�� �K�R�V�S�R�G�D���H�Q�t�� �Y �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�H�F�K byl zaveden �D�å�� �S�R�]�G���M�L. Toto 

�K�R�V�S�R�G�D���H�Q�t�� �Y �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�H�F�K�� �Y�H�G�O�R�� �N �W�R�P�X���� �å�H�� �M�H�Q�� �P�D�O�i �þ�i�V�W �O�H�V�$�� �E�\�O�D�� �S�R�Q�H�F�K�i�Q�D��

�V�D�P�R�Y�R�O�Q�p�P�X���Y�ê�Y�R�M�L���E�H�]���Y�O�L�Y�X���þ�O�R�Y���N�D��(Christensen et al. 2005)�����1�D���N�R�Q�F�L�����������V�W�R�O�H�W�t���S�U�R�E�t�K�D�O�R��

�S���H�Y�i�å�Q�����K�R�O�R�V�H�þ�Q�p���K�R�V�S�R�G�D���H�Q�t���Y �W���F�K�W�R���S�R�U�R�V�W�H�F�K�����F�R�å���P���O�R���]�D���Q�i�V�O�H�G�H�N���]�W�U�i�W�X���G�O�R�X�K�R�Y���N�ê�F�K��

�E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$��(Hahn & Fanta 2001)�����9�H�����������V�W�R�O�H�W�t���]�D�þ�D�O�L���Y�]�Q�L�N�D�W���S�U�Y�Q�t���Q�i�U�R�G�Q�t���S�D�U�N�\�����N�G�H��

�]�D�S�R�þ�D�O�� �M�L�Q�ê�� �S���t�V�W�X�S�� �N �S���V�W�R�Y�i�Q�t�� �W�p�W�R�� �G���H�Y�L�Q�\�� �D�� �W�t�P�� �G�R�ã�O�R�� �N �Y���W�ã�t�P�X �]�i�M�P�X�� �R�� �S���t�U�R�G���� �E�O�t�]�N�p��

�K�R�V�S�R�G�D���H�Q�t�� �Y �O�H�V�t�F�K��(Christensen et al. 2005)���� �%�X�N�� �O�H�V�Q�t��se v �S�R�V�O�H�G�Q�t�� �G�R�E���� �W�D�N�p�� �]�D�þ�D�O�� �Y�t�F�H��

�S�U�R�V�D�]�R�Y�D�W���Y���G�$�V�O�H�G�N�X���V�D�P�R�W�Q�p���]�P���Q�\���N�O�L�P�D�W�X�����N�W�H�U�i���X�N�i�]�D�O�D�����å�H���E�X�N���O�H�V�Q�t���V�H���O�p�S�H���D�G�D�S�W�X�M�H���Q�D��

�N�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\���Q�H�å���M�H�K�O�L�þ�Q�D�W�p���G���H�Y�L�Q�\��(Hanewinkel et al. 2013, Bo�ãela et al. 2016, Vacek et 

al. 2020).  

�+�R�V�S�R�G�D���H�Q�t���Y �S���t�U�R�G�����E�O�t�]�N�ê�F�K���E�X�N�R�Y�ê�F�K���O�H�V�t�F�K���E�\���P���O�R���P�t�W���S���H�Y�i�å�Q�����P�D�O�R�S�O�R�ã�Q�R�X���I�R�U�P�X����

�1�D�� �G�U�X�K�R�X�� �V�W�U�D�Q�X�� �S���L�N�O�R�Q���Q�t�� �N �Y�ê�E���U�Q�ê�P�� �O�H�V�Q�t�P�� �S�R�U�R�V�W�$�P�� �Q�H�Q�t�� �F�H�V�W�D���� �M�H�O�L�N�R�å�� �]�G�H�� �G�R�F�K�i�]�t��

k �K�R�U�ã�t�� �N�Y�D�O�L�W���� �D�� �]�i�U�R�Y�H���� �L�� �N �Y�ê�V�N�\�W�X�� �Y���W�ã�t�K�R�� �P�Q�R�å�V�W�Y�t�� �Q�H�S�U�D�Y�p�K�R�� �M�i�G�U�D�����5�D�þ�N�R�� �H�W�� �D�O���� ����������. 

Proto je �O�H�S�ã�t���E�X�N���O�H�V�Q�t���Y�H���Y�ê�E���U�Q�p�P���O�H�V�H���V�S�t�ã�H���S���V�W�R�Y�D�W���Y�H���V�P���V�t�F�K���D���W�R���Q�H�M�þ�D�V�W���M�L���V �M�H�G�O�t���Q�H�E�R��

smrkem ���9�H�Q�F�X�U�L�N�� ������������ �6�O�D�Q�D���� �H�W�� �D�O���� �������������� �%�X�N�� �O�H�V�Q�t�� �G�R�N�i�å�H�� �Y�H�O�P�L�� �G�R�E���H�� �]�D�F�H�O�L�W�� �P�H�]�H�U�\��

v z�i�S�R�M�L���W�t�P�����å�H���N�R�U�X�Q�\���P�R�K�R�X���U�$�V�W���G�R���ã�t���N�\�����3���L���Y�ê�U�D�]�Q�p�P���R�W�H�Y���H�Q�t���]�i�S�R�M�H���Y �P�O�D�G�ã�t�P���Y���Nu �W�p�W�R��

�G���H�Y�L�Q�\���D�O�H���G�R�F�K�i�]�t���N �K�R�G�Q�R�W�R�Y�p�P�X���]�Q�H�K�R�G�Q�R�F�H�Q�t���G���t�Y�t��(Korpe�� 1991)�����3���L���Y�ê�E���U�Q�p�P���S���V�W�R�Y�i�Q�t��

�E�X�N�X���O�H�V�Q�t�K�R���V�H���Q�D�Y�t�F���P�X�V�t���S�R�V�W�X�S�R�Y�D�W���W�D�N, �D�E�\���V�H���]�D�F�K�R�Y�D�O�D���P�R�]�D�L�N�R�Y�L�W�i���V�W�U�X�N�W�X�U�D���S�R�U�R�V�W�X�����3���L 

�W�R�P�W�R�� �K�R�V�S�R�G�D���H�Q�t�� �V�H�� �Q�D�Y�t�F�� �P�X�V�t�� �W���å�L�W�� �M�H�Q�� �P�Q�R�å�V�W�Y�t���R�E�M�H�P�R�Y�p�K�R�� �S���t�U�$�V�W�X�� �]�D�� �R�E�G�R�E�t�� �P�H�]�L��

�W���å�H�E�Q�t�P�L���]�i�V�D�K�\�����'�U�|�‰�O�H�U������������. 

�)�R�U�P�R�Y�i�Q�t�� �V�W�U�X�N�W�X�U�\�� �E�X�N�R�Y�p�K�R�� �Y�ê�E���U�Q�p�K�R�� �O�H�V�D�� �M�H�� �S���V�W�H�E�Q���� �]�Q�D�þ�Q���� �V�O�R�å�L�W�p�� �D�� �M�V�R�X�� �Q�X�W�Q�p��

�]�i�V�D�K�\��v �S�U�R�E�t�U�N�i�F�K�� �W�\�þ�N�R�Y�L�Q�� �D�� �W�\�þ�R�Y�L�Q���� �N�G�\�� �M�H�� �Q�H�M�H�I�H�N�W�L�Y�Q���M�ã�t�� �S�R�X�å�t�Y�D�W�� �~�U�R�Y���R�Y�R�X�� �S�U�R�E�t�U�N�X��

s �S�R�]�L�W�L�Y�Q�t�P���Y�ê�E���U�H�P ���â�W�H�I�D�Q�þ�t�N���������������â�W�H�I�D�Q�þ�t�N���H�W���D�O�������������E�������3�U�R�P���Q�O�L�Y�R�V�W���W�Y�D�U�X���E�X�N�X���O�H�V�Q�t�K�R��

�R�Y�O�L�Y���X�M�H�� �M�H�K�R�� �N�Y�D�O�L�W�X�� �Y �S�R�]�G���M�ã�t�P�� �Y���N�X���� �'�R�V�D�å�H�Q�t�� �G�R�E�U�p�� �K�R�G�Q�R�W�R�Y�p�� �S�U�R�G�X�N�F�H�� �N�P�H�Q�$�� �Y�H��

�Y�ê�E���U�Q�p�P�� �O�H�V�H�� �M�H�� �G�D�O�H�N�R�� �Q�i�U�R�þ�Q���M�ã�t���� �Q�H�å�� �M�H�� �W�R�P�X�� �Y �S�R�G�U�R�V�W�Q�t�P�� �K�R�V�S�R�G�i���V�W�Y�t�� �E�X�N�X�� �O�H�V�Q�t�K�R����



 
22 
 

Vysok�p kvality �N�P�H�Q�$�� �O�]�H�� �G�R�V�i�K�Q�R�X�W�� �M�H�Q�� �S�R�N�X�G�� �V�H�� �S���L�U�R�]�H�Q�i�� �R�E�Q�R�Y�D�� �S���V�W�X�M�H�� �Y �K�O�R�X�þ�F�t�F�K����

�6�D�P�R�V�W�D�W�Q�p���Y�ê�E���U�Q�p���W���å�E�\���M�V�R�X���Y �E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�H�F�K���P�i�O�R���H�I�H�N�W�L�Y�Q�t�����$�X�W�R�U�H�G�X�N�F�H���Y �E�X�N�R�Y�ê�F�K��

�S�R�U�R�V�W�H�F�K�� �Q�D�Y�t�F�� �]�S�$�V�R�E�X�M�H�� �]�W�U�i�W�X�� �Q�D�� �G���H�Y�Q�t�� �K�P�R�W����(Saniga et al. 2013). S �S�U�R�E�t�K�D�M�t�F�t�P�L��

�N�O�L�P�D�W�L�F�N�ê�P�L���Y�ê�N�\�Y�\���G�R�F�K�i�]�t���L���N �Y���W�ã�t�P�X���Y�O�L�Y�X���W�H�S�O�R�W���Q�D���S�U�R�G�X�N�þ�Q�t���V�F�K�R�S�Q�R�V�W���E�X�þ�L�Q�����N�W�H�U�p���S���L��

�Q�H�S�U�R�I�H�V�L�R�Q�i�O�Q�t�P�� �D�� �V�L�O�Q�p�P�� �]�i�V�D�K�X�� �P�R�K�R�X�� �Y�p�V�W�� �L�� �N�H�� �V�Q�t�å�H�Q�t�� �S�U�R�G�X�N�þ�Q�t�� �V�F�K�R�S�Q�R�V�W�L�� �E�X�N�R�Y�p�K�R��

porostu (Bosela et al. 2016).  

3.8. �/�H�V�Q�t���K�R�V�S�R�G�i���V�W�Y�t���E���K�H�P���N�O�L�P�D�W�L�F�N�p���]�P��ny nebo pod vlivem 

�V�O�X�Q�H�þ�Q�tho cyklu 

�/�H�V�Q�L�F�N�ê�� �P�D�Q�D�J�H�P�H�Q�W�� �Y�� �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H�� �Q�H�M�Y�t�F�H�� �K�R�V�S�R�G�D���t�� �V�H�� �V�P�U�N�H�P�� �]�W�H�S�L�O�ê�P���� �N�G�\ 

v �S�R�V�O�H�G�Q�t�F�K�� �O�H�W�H�F�K�� �N�O�L�P�D�W�L�F�N�p�� �]�P���Q�\�� �G�R�F�K�i�]�t�� �N �Y�H�O�N�R�S�O�R�ã�Q�ê�P�� �ã�N�R�G�i�P�� �Q�D�� �O�H�V�Q�t�F�K�� �S�R�U�R�V�W�H�F�K��

(MZe 2020). Kli �P�D�W�L�F�N�i�� �]�P���Q�D�� �R�Y�O�L�Y�Q�L�O�D�� �R�E�K�R�V�S�R�G�D���R�Y�i�Q�t �M�H�K�O�L�þ�Q�D�W�ê�F�K�� �G���H�Y�L�Q�� �Y �ý�H�V�N�p��

republice a v �R�N�R�O�Q�t�F�K�� �V�W�i�W�H�F�K���� �N�W�H�U�p�� �Y �S�R�V�O�H�G�Q�t�� �G�R�E���� �]�D�]�Q�D�P�H�Q�i�Y�D�M�t�� �ã�N�R�G�\�� �]�S�$�V�R�E�H�Q�p��

�S�H�U�L�R�G�L�F�N�\���V�H���Y�\�V�N�\�W�X�M�t�F�t�P���V�X�F�K�H�P�����F�R�å���M�H���S�D�W�U�Q�p���K�O�D�Y�Q�����Q�D���V�P�U�N�X���]�W�H�S�L�O�p�P����Picea abies /L./ 

Karst.) �± (Ashraf et al. 2015, Alvarez et al. 2016, Noce et al. 2016, Tumajer et al. 2017)�����â�S�D�W�Q�ê��

�V�W�D�Y���V�P�U�N�R�Y�ê�F�K���S�R�U�R�V�W�$���M�H���G�R�S�U�R�Y�i�]�H�Q���W�D�N�p���S���H�P�Q�R�å�H�Q�t�P���N�$�U�R�Y�F�$�����N�W�H���t���V�H���Y�\�V�N�\�W�X�M�t���V�R�X�E���å�Q����

�V�H�� �V�X�F�K�ê�P�L�� �O�H�W�\�� �D�� �W�t�P�� �X�P�R�F���X�M�t�� �U�R�]�S�D�G���W���F�K�W�R �S�R�U�R�V�W�$�����.�R�S�i�þ�H�N�� �H�W�� �D�O���� ������������ �1�R�Y�i�N�R�Y�i�� �	��

Edwards-�-�R�Q�i�ã�R�Y�i�� �������������� �6�P�U�N�R�Y�p�� �S�R�U�R�V�W�\�� �M�V�R�X�� �W�D�N�p�� �R�V�O�D�E�R�Y�D�Q�p�� �L�� �þ�D�V�W���M�ã�t�P�� �P�Q�R�å�V�W�Y�t�P��

�W���å�H�E�Q�t�F�K���]�i�V�D�K�$�����N�W�H�U�p���Y�H�G�R�X���N �Q�D�S�D�G�H�Q�t���R�V�W�D�W�Q�t�P�L���V�H�N�X�Q�G�i�U�Q�t�P�L���ã�N�$�G�F�L��(Aosaar et al. 2020, 

Blomquist et al. 2020). 

�/�H�V�Q�L�F�W�Y�t���Y �ý�H�V�N�p���U�H�S�X�E�O�L�F�H���M�H���S�R�V�W�D�Y�H�Q�R���Q�D���M�H�K�O�L�þ�Q�D�W�ê�F�K���G���H�Y�L�Q�i�F�K�����N�W�H�U�p���M�V�R�X���]astoupeny 

ze 71 �����S���H�Y�i�å�Q�����M�H�K�O�L�þ�Q�D�W�ê�P�L���S�R�U�R�V�W�\���D���]�E�\�W�H�N����29 �������W�Y�R���t���V�P�t�ã�H�Q�p���D���O�L�V�W�Q�D�W�p���S�R�U�R�V�W�\�����3�U�i�Y����

�V�P�U�N�R�Y�p���S�R�U�R�V�W�\���W�Y�R���t�� �Q�H�M�Y���W�ã�t �þ�i�V�W �G���H�Y�L�Q�Q�pho �]�D�V�W�R�X�S�H�Q�t��(49,5 %) v �ý�H�V�N�p���U�H�S�X�E�O�L�F�H (MZe 

2020)�����.�O�L�P�D�W�L�F�N�\���V�H���V�P�U�N���]�W�H�S�L�O�ê���K�$���H���S���L�]�S�$�V�R�E�X�M�H���V�X�F�K�X���E���K�H�P���O�H�W�Q�t�F�K���P���V�t�F�$�����F�R�å���M�H���G�i�Q�R��

�M�H�K�R�� �K�R�U�ã�t�� �V�F�K�R�S�Q�R�V�W�t�� �G�R�V�i�K�Q�R�X�W�� �N �Y�O�K�þ�t�� �S�$�G���� �K�O�R�X�E���M�L�� �Y �S�$�G�Q�t�P�� �S�U�R�I�L�O�X��(Hartl-Meier et al. 

2018)���� �/�H�V�Q�t�� �S�R�U�R�V�W�\�� �]�D�V�W�R�X�S�H�Q�p���S���H�Y�i�å�Q�� �V�P�U�N�H�P�� �M�V�R�X�� �F�L�W�O�L�Y���M�ã�t�� �Q�D�� �Q�H�J�D�W�L�Y�Q�t�� �N�O�L�P�D�W�L�F�N�p��

�Y�ê�N�\�Y�\���Q�H�E�R���X�G�i�O�R�V�W�L���M�D�N�R���]�Q�H�þ�L�ã�W���Q�t���R�Y�]�G�X�ã�t�����3�X�W�D�O�R�Y�i���H�W���D�O�����������������9�D�F�H�N���H�W���D�O��������������, sucho 

���+�O�i�V�Q�\���H�W���D�O�������������D�����â�U�i�P�H�N���H�W���D�O�����������������0�L�N�X�O�H�Q�N�D���H�W���D�O�������������� a �Y���W�U�Q�p���E�R�X���H�����â�X�V�W�H�N���H�W���D�O����

�������������-�D�Q�t�N���	���5�R�P�S�R�U�W�O������������. 

�.�O�L�P�D�W�L�F�N�i�� �]�P���Q�D�� �P�i�� �Q�H�J�D�W�L�Y�Q�t�� �Y�O�L�Y�� �Q�D�� �H�N�R�Q�R�P�L�F�N�p�� �L�Q�G�L�N�i�W�R�U�\�� �R�Y�O�L�Y���X�M�t�F�t���O�H�V�Q�t��

�K�R�V�S�R�G�i���V�W�Y�t�����N�W�H�U�p���V�H�O�K�i�Y�i���Y �H�O�L�P�L�Q�D�F�L���Q�H�J�D�W�L�Y�Q�t�F�K���Y�O�L�Y�$���S�R�þ�D�V�t���D���N�O�L�P�D�W�X�����+�O�i�V�Q�\���H�W���D�O�������������E��. 

�1�D�Y�t�F���N�O�L�P�D�W�L�F�N�i���]�P���Q�D��s�H���]�G�i���E�ê�W���Y�H�O�P�L���S�U�R�P���Q�O�L�Y�i���D���G�\�Q�D�P�L�F�N�i���Y�H���Y�]�W�D�K�X���N���G�O�R�X�K�R�G�R�E�p�P�X��

�O�H�V�Q�t�P�X���K�R�V�S�R�G�i���V�W�Y�t���M�H�K�O�L�þ�Q�D�W�ê�F�K���G���H�Y�L�Q, kter�p jsou �G�t�N�\���W�R�P�X���Q�D���~�V�W�X�S�X�������ý�H�U�P�i�N���H�W���D�O����������������

Kozak & Parpan 2019). K �F�H�O�N�R�Y�p�P�X�� �~�V�W�X�S�X���M�H�K�O�L�þ�Q�D�Q�$ v �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H�� �W�D�N�p�� �S���L�V�S�t�Y�i��i 

�V�W�i�U�Q�X�W�t���O�H�V�Q�t�F�K���S�R�U�R�V�W�$�����N�W�H�U�p���M�V�R�X���S�R�V�W�X�S�Q�����Y�t�F�H���]�D�V�W�R�X�S�H�Q�\���S�R�U�R�V�W�\���V�W�D�U�ã�t�P�L���������O�H�W�����~�G�D�M���] roku 

2019) (MZe 2020)�����3�U�i�Y�����V�W�D�U�ã�t���S�R�U�R�V�W�\���V�P�U�N�X���M�V�R�X���F�L�W�O�L�Y���M�ã�t���Q�D���W�H�S�O�R�W�Q�t���Y�ê�N�\�Y�\�����.�X�N�X�P�l�J�L���H�W��

al. 2017, Vacek et al. 2019a)�����9�\�ã�ã�t���Y���N���S�R�U�R�V�W�$���M�H���G�i�O�H���G�R�S�U�R�Y�i�]�H�Q���Y�\�ã�ã�t�P���U�L�]�L�N�H�P���Y�ê�V�N�\�W�X��

disturb�D�Q�F�t��(Vacchiano et al. 2013) �D���S�U�i�Y�����Q�D�S���t�N�O�D�G��i u smrku ztepi�O�p�K�R �O�ê�N�R�å�U�R�X�W���V�P�U�N�R�Y�ê��
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(Ips typographus �/�������Q�D�S�D�G�i���Y �S�U�Y�Q�t�����D�G�H���R�V�O�D�E�H�Q�p���V�W�U�R�P�\���V�W�D�U�ã�t���������O�H�W��(Schroeder & Lind�H�O�|�Z��

�������������+�O�i�V�Q�\���	���7�X�U�þ�i�Q�L������������.  

�3���L�� �U�R�]�ã�L���R�Y�i�Q�t�� �N�$�U�R�Y�F�$�� �G�R�F�K�i�]�t�� �N �V�R�X�E���å�Q�ê�P�� �Q�H�J�D�W�L�Y�Q�t�P�� �Y�O�L�Y�$�P�� �N�O�L�P�D�W�X�� �Q�D�� �S�R�V�W�X�S�Q�p��

�S���H�P�Q�R�å�R�Y�i�Q�t�� �N�$�U�R�Y�F�$���� �N�W�H���t�� �S���L�W�R�P�� �Q�D�Y�ê�ã�t�� �S�R�S�X�O�D�F�L�� �M�H�G�L�Q�F�$�� �D�� �W�t�P�� �G�R�F�K�i�]�t�� �L�� �N �Q�i�W�O�D�N�X��

a �O�L�N�Y�L�G�D�F�L���]�G�U�D�Y�ê�F�K���V�W�U�R�P�$���E�H�]���R�K�O�H�G�X���Q�D���N�O�L�P�D�W�L�F�N�p���S�R�G�P�t�Q�N�\��(Marini et al. 2017, Netherer 

et al. 2019). S �Y�\�ã�ã�t�P���P�Q�R�å�V�W�Y�t�P���Q�D�S�D�G�H�Q�p�K�R���G���H�Y�D���N�$�U�R�Y�F�H�P roste i �P�Q�R�å�V�W�Y�t���Q�D�K�R�G�L�O�p���W���å�E�\ 

v �M�H�K�O�L�þ�Q�D�W�ê�F�K���S�R�U�R�V�W�H�F�K (MZe 2020), �N�W�H�U�p���U�H�D�J�X�M�t���Q�D���]�P���Q�X���N�O�L�P�D�W�X���þ�D�V�W�R���S�R�G�R�E�Q�����M�D�N�R���V�P�U�N��

(Nascimbene et al. 2013)���� �9�\�ã�ã�t�� �Q�D�K�R�G�L�O�p�� �W���å�E�\�� �N�U�i�W�N�R�G�R�E���� �]�S�$�V�R�E�H�Q�p�� �N�D�O�D�P�L�W�R�X�� �Y�H�G�R�X�� �N�H��

�V�Q�L�å�R�Y�i�Q�t�P���F�H�Q�\���G���t�Y�t�����F�R�å���P�i���S���t�P�ê���H�N�R�Q�R�P�L�F�N�ê���G�R�S�D�G���Q�D���K�R�V�S�R�G�D���H�Q�t���Y �O�H�V�t�F�K�����5�H�P�H�ã���H�W���D�O����

2020, Toth et al. 2020). Dopady z�P���Q�\�� �N�O�L�P�D�W�X�� �D�� �Y�H�O�N�p�� �O�H�V�Q�t�� �N�D�O�D�P�L�W�\�� �G�O�R�X�K�R�G�R�E���� �V�Q�L�å�X�M�t��

ekonomickou hodnotu lesa (Hanewinkel et al. 2013)�����D�O�H���W�D�N�p���V�H���R�E�M�H�Y�X�M�t���L���P�R�å�Q�p���G�R�S�D�G�\���Q�D��

�I�L�[�D�F�L���X�K�O�t�N�X���Y���D�W�P�R�V�I�p���H��(Dobor et al. 2020). 

�=�P���Q�D�� �N�O�L�P�D�W�X  �V�W�i�O�H�� �Y�t�F�H�� �R�Y�O�L�Y���X�M�H�� �V�F�K�R�S�Q�R�V�W�� �O�H�V�$�� �S�R�V�N�\�W�R�Y�D�W�� �S�U�R�� �þ�O�R�Y���N�D�� �Q�H�]�E�\�W�Q�p��

�H�N�R�V�\�V�W�p�P�R�Y�p�� �V�O�X�å�E�\�� �M�D�N�R�� �M�H�� �S�U�R�G�X�N�F�H�� �E�L�R�P�D�V�\���� �U�H�J�X�O�D�F�H�� �N�Y�D�O�L�W�\�� �R�Y�]�G�X�ã�t�� �D�� �Y�R�G�Q�t�K�R�� �U�H�å�L�P�X��

�S�R�Y�R�G�t�����5�L�H�G�O�� �	�� �â�L�ã�i�N�� ������������ �%�H�O�O�D�V�V�H�Q�� �	�� �/�X�\�V�V�D�H�U�W�� �������������� �2�E�]�Y�O�i�ã�W���� �Y�ê�]�Q�D�P�Q�p�� �M�V�R�X�� �W�]�Y����

�Q�H�S���t�P�p�� �Y�O�L�Y�\�� �]�P���Q�\ �N�O�L�P�D�W�X���� �N�W�H�U�p �P�R�K�R�X�� �]�Y�ê�ã�L�W�� �I�U�H�N�Y�H�Q�F�L�� �D�E�L�R�W�L�F�N�ê�F�K�� �G�L�V�W�X�U�E�D�Q�F�t�� ���Q�D�S������

�Y�L�F�K���L�F�H���� �V�X�F�K�R���� �S�R�Y�R�G�Q������ �O�H�V�Q�t�� �S�R�å�i�U�\���� �L�� �Y�ê�V�N�\�W�� �D�� �S�R�S�X�O�D�þ�Q�t�� �G�\�Q�D�P�L�Ny �K�P�\�]�t�F�K�� �ã�N�$�G�F�$��

a �K�R�X�E�R�Y�ê�F�K���F�K�R�U�R�E�����+�O�i�V�Q�\���H�W���D�O�������������D�������3�R�ã�N�R�]�H�Q�t���O�H�V�$���V�H���]�Y�\�ã�X�M�H���Y �G�$�V�O�H�G�N�X���N�O�L�P�D�W�L�F�N�ê�F�K��

�]�P���Q���S�R�V�W�X�S�H�P���þ�D�V�X�����+�l�U�W���H�W���D�O��������������.  

�'�L�I�H�U�H�Q�F�R�Y�D�Q�p���R�E�K�R�V�S�R�G�D���R�Y�i�Q�t�� �O�H�V�D���G�O�H���V�W�D�Q�R�Y�L�ã�W�Q�t�F�K���D���S�R�U�R�V�W�Q�t�F�K���S�R�P���U�$���P�$�å�H���]�P�t�U�Q�L�W��

�S�U�$�E���K�� �]�P���Q�\�� �N�O�L�P�D�W�X���� �.�� �W�]�Y���� �P�L�W�L�J�D�þ�Q�t�P�� �R�S�D�W���H�Q�t�P�� �S�D�W���t�� �]�Y�ê�ã�H�Q�t�� �P�Q�R�å�V�W�Y�t�� �X�K�O�t�N�X��

�D�N�X�P�X�O�R�Y�D�Q�p�P���Y �O�H�V�H�����Y�þ�H�W�Q�����S�$�G�\�������]�Y�ê�ã�H�Q�t���P�Q�R�å�V�W�Y�t���X�K�O�t�N�X���Y�i�]�D�Q�p�P���Y �S�U�R�G�X�N�W�H�F�K���]�H���G���H�Y�D��

a produkce biomasy pro energ�H�W�L�F�N�p�� �~�þ�H�O�\���� �þ�t�P�å�� �G�R�F�K�i�]�t�� �N�� �Q�i�K�U�D�G���� �þ�i�V�W�L�� �I�R�V�L�O�Q�t�F�K�� �S�D�O�L�Y��

���*�|�P�|�U�\�� �H�W���D�O���� ������������ �%�R�ã�H�O�D���H�W���D�O���� ������������ �.�H�H�Q�D�Q���H�W���D�O���� ������������ �=�K�X���H�W���D�O���� ����������. Naproti tomu 

�D�G�D�S�W�D�þ�Q�t�� �R�S�D�W���H�Q�t�� �S���H�G�V�W�D�Y�X�M�t�� �W�D�N�R�Y�p�� �]�P���Q�\�� �K�R�V�S�R�G�D���H�Q�t���� �N�G�\�� �M�V�R�X�� �Q�H�S���t�]�Q�L�Y�p�� �Y�O�L�Y�\�� �]�P���Q�\��

�N�O�L�P�D�W�X���]�P�t�U���R�Y�i�Q�\���D���S�R�]�L�W�L�Y�Q�����Y�\�X�å�t�Y�i�Q�\��(Lindner et al. 2010, Hember et al. 2012, Bellassen 

& Luyssaert 2014, Vacek et al. 2019b)���� �.�O�t�þ�R�Y�ê�P�L�� �Q�i�V�W�U�R�M�L�� �M�V�R�X�� �]�P���Q�D�� �G���H�Y�L�Q�Q�p�K�R�� �V�O�R�å�H�Q�t����

�Y�þ�H�W�Q�����L�Q�W�U�R�G�X�N�F�H���Q�R�Y�ê�F�K���G�U�X�K�$�����]�Y�ê�ã�H�Q�t���E�L�R�G�L�Y�H�U�]�L�W�\�����V�Q�t�å�H�Q�t���G�R�E�\���R�E�P�ê�W�t���P�p�Q�����W�R�O�H�U�D�Q�W�Q�t�F�K��

�G���H�Y�L�Q���D���Y�\�X�å�t�Y�i�Q�t���Q�H�S�D�V�H�þ�Q�ê�F�K���K�R�V�S�R�G�i���V�N�ê�F�K���]�S�$�V�R�E�$��(Piovesan et al. 2008, Hanewinkel et 

al. 2010, Aertsen et al. 2014, Vacek et al. 2020).  

�.�O�L�P�D�W�L�F�N�i���]�P���Q�D���R�Y�O�L�Y���X�M�H���O�H�V�Q�L�F�W�Y�t���Y �ý�H�V�N�p���U�H�S�X�E�O�L�F�H���D���Y �R�N�R�O�Q�t�F�K���V�W�i�W�H�F�K���Q�H�M�Y�t�F�H���Y �U�i�P�F�L��

�R�E�K�R�V�S�R�G�D���R�Y�i�Q�t �M�H�K�O�L�þ�Q�D�W�ê�F�K���G���H�Y�L�Q���� �N�W�H�U�p���Y �S�R�V�O�H�G�Q�t�� �G�R�E���� �]�D�]�Q�D�P�H�Q�i�Y�D�M�t�� �ã�N�R�G�\�� �]�S�$�V�R�E�H�Q�p��

�S�H�U�L�R�G�L�F�N�\���V�H���Y�\�V�N�\�W�X�M�t�F�t�P���V�X�F�K�H�P�����F�R�å���M�H���S�D�W�U�Q�p���K�O�D�Y�Q�����Q�D���V�P�U�N�X���]�W�H�S�L�O�p�P����Picea abies /L./ 

Karst.) �± (Ashraf et al. 2015, Alvarez et al. 2016, Noce et al. 2016, Tumajer et al. 2017). �9�\�V�R�N�p��

�P�Q�R�å�V�W�Y�t �V�P�U�N�R�Y�ê�F�K���S�R�U�R�V�W�$���M�H���G�R�S�U�R�Y�i�]�H�Qo �W�D�N�p���S���H�P�Q�R�å�R�Y�i�Q�t�P �N�$�U�R�Y�F�$�����N�W�H���t���V�H���Y�\�V�N�\�W�X�M�t��

�V�R�X�E���å�Q���� �V�H�� �V�X�F�K�ê�P�L�� �O�H�W�\�� �D�� �W�t�P���X�P�R�F���X�M�t�� �U�R�]�S�D�G�� �V�P�U�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�����.�R�S�i�þ�H�N�� �H�W�� �D�O���� ������������

�1�R�Y�i�N�R�Y�i�� �	�� �(�G�Z�D�U�G�V-�-�R�Q�i�ã�R�Y�i�� �������������� �9�� �N�R�Q�W�H�[�W�X�� �N�O�L�P�D�W�L�F�N�p�� �]�P���Q�\�� �O�H�V�Q�t�K�R�� �K�R�V�S�R�G�i���V�W�Y�t��
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�M�H�K�O�L�þ�Q�D�W�ê�F�K�� �G���H�Y�L�Q�� �M�H�� �W���H�E�D�� �X�Y�p�V�W���� �å�H�� �Y �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H  jsou ze ������ ���� �]�D�V�W�R�X�S�H�Q�\�� �S���H�Y�i�å�Q�� 

�M�H�K�O�L�þ�Q�D�W�p���S�R�U�R�V�W�\�����S���H�Y�i�å�Q�����O�L�V�W�Q�D�W�ê�F�K���S�R�U�R�V�W�$���M�H�������������D���]�E�\�W�H�N�����������������W�Y�R���t���V�P�t�ã�H�Q�p���S�R�U�R�V�W�\��

(MZe 2020)���� �.�O�L�P�D�W�L�F�N�\�� �V�H�� �V�P�U�N�� �]�W�H�S�L�O�ê�� �K�$���H�� �S���L�]�S�$�V�R�E�X�M�H�� �V�X�F�K�X�� �E���K�H�P�� �O�H�W�Q�t�F�K�� �P���V�t�F�$����

�F�R�å je �G�i�Q�R�� �M�H�K�R�� �K�R�U�ã�t�� �V�F�K�R�S�Q�R�V�W�t�� �G�R�V�i�K�Q�R�X�W�� �N �Y�O�K�þ�t�� �S�$�G���� �K�O�R�X�E���M�L�� �Y �S�$�G�Q�t�P�� �S�U�R�I�L�O�X���� �Q�D�S�U�R�W�L��

�W�R�P�X���O�p�S�H���R�G�R�O�i�Y�i���V�X�F�K�X���E�X�N���O�H�V�Q�t��(Vacek et al. 2019a).  

�6�O�X�Q�H�þ�Q�t�� �F�\�N�O�\�� �R�Y�O�L�Y���X�M�t�� �N�O�L�P�D�� �Q�D�ã�t�� �S�O�D�Q�H�W�\���� �F�R�å�� �]�P�L���X�M�H�� �W�H�R�U�L�H�� �Ä�V�R�O�D�U�� �I�R�U�F�L�Q�J�³���� �D�� �S�U�i�Y����

u �Y�H�O�N�p�K�R�� �P�Q�R�å�V�W�Y�t�� �V�O�H�G�R�Y�D�Q�ê�F�K�� �I�D�N�W�R�U�$�� ���R�]�R�Q�R�Y�i�� �Y�U�V�W�Y�D���� �W�H�S�O�R�W�\�����(�O�� �1�L�x�R�±Southern 

Oscillation, �Y���W�U�Q�p���E�R�X���H���D�W�G���� byla �]�D�]�Q�D�P�H�Q�i�Q�D���S�R�G�R�E�Q�R�V�W���V��vlivem �F�\�N�O�$ �V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q 

(Jean et al. 2007, Lopez-Bustins et al. 2007, Tartaglione et al. 2020)�����1���N�W�H�U�p���V�W�X�G�L�H���G�R�N�R�Q�F�H��

�S�R�S�L�V�X�M�t���� �å�H�� �V�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�D�� �R�Y�O�L�Y���X�M�H�� �W�H�S�O�R�W�X�� �D�W�P�R�V�I�p�U�\��Z�H�P���� �G�O�R�X�K�R�G�R�E������ �F�R�å�� �M�H��

�G�R�S�U�R�Y�i�]�H�Q�R�� �Y�ê�V�N�\�W�H�P�� �F�K�O�D�G�Q���M�ã�t�F�K�� �]�L�P�Q�t�F�K�� �R�E�G�R�E�t��(Lockwood et al. 2017). Tento efekt 

�G�R�N�O�i�G�D�M�t���N�R�U�H�O�D�F�H���J�O�R�E�i�O�Q�t�F�K���W�H�S�O�R�W�����V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q, TSI (�F�H�O�N�R�Y�pho �V�O�X�Q�H�þ�Q�tho �]�i���H�Q�t), 14C 

a 10Be produkce v �K�R�U�Q�t���D�W�P�R�V�I�p���H�����L�Q�F�L�G�H�Q�F�H���N�R�V�P�L�F�N�p�K�R���]�i���H�Q�t���D���D�O�E�H�G�R���H�I�H�N�W�X���] �P�U�D�N�R�Y�p�K�R��

�S�R�N�U�\�Y�X���X�N�D�]�X�M�t�����å�H���F�K�O�D�G�Q�i���R�E�G�R�E�t���M�V�R�X���Y�ê�V�O�H�G�N�H�P���V�\�Q�F�K�U�R�Q�L�t�F�K���X�G�i�O�R�V�W�t�����N�W�H�U�p���M�V�R�X���V�S�R�M�H�Q�\��

�V�H�� �V�O�X�Q�H�þ�Q�t�P�� �F�\�N�O�H�P��(Easterbrook 2016)���� �6�O�X�Q�H�þ�Q�t�� �F�\�N�O�X�V�� �M�H�� �V�S�R�M�R�Y�i�Q�� �V�� �Y�O�D�V�W�Q�R�V�W�P�L�� �D��

�I�R�U�P�R�Y�i�Q�t�P�� �R�E�O�D�þ�Q�R�V�W�L�� �Y�� �Q�D�ã�t�� �D�W�P�R�V�I�p���H���� �F�R�å�� �M�H �]�S�$�V�R�E�H�Q�R�� �L�R�Q�L�]�D�F�t�� �N�R�V�P�L�F�N�p�K�R�� �]�i���H�Q�t��

(Jayaraman et al. 1998, Haywood & Boucher 2000, Maghrabi & Kudela 2019). �&�\�N�O�L�F�N�i���W�Y�R�U�E�D��

�X�W�Y�i���H�Q�t�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �M�H�� �S�D�W�U�Q�i�� �L�� �Q�D�� �F�\�N�O�X�� �N�R�V�P�L�F�N�p�K�R�� �]�i���H�Q�t���� �6�O�X�Q�H�þ�Q�t�� �V�N�Y�U�Q�\�� �V�Y�R�M�t��

magnetickou aktivi�W�R�X���R�G�U�i�å�t���N�R�V�P�L�F�N�p���]�i���H�Q�t���D���S�O�D�W�t�����å�H���þ�t�P���Y���W�ã�t���M�H���S�O�R�F�K�D���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q����

�W�D�N���W�t�P���P�H�Q�ã�t���M�H���G�R�S�D�G���N�R�V�P�L�F�N�p�K�R���]�i���H�Q�t���Q�D���D�W�P�R�V�I�p�U�X���S�O�D�Q�H�W�\��(Hathaway 2015)�����.�R�V�P�L�F�N�p��

�]�i���H�Q�t���R�Y�O�L�Y���X�M�H���L�R�Q�L�]�D�F�t���W�Y�R�U�E�R�X���D�H�U�R�V�R�O�$�����N�W�H�U�p���P���Q�t���Y�O�D�V�W�Q�R�V�W�L���S�R�N�U�\�Y�X���P�U�D�N�$���Y �D�W�P�R�V�I�p���H�����D��

�W�t�P���P���Q�t���M�H�M�L�F�K���I�R�U�P�D�þ�Q�t���S�U�R�F�H�V�\�����1�i�V�O�H�G�Q�����G�R�F�K�i�]�t���N�H���]�P���Q�����Y���U�D�G�L�D�F�L���G�R�S�D�G�D�M�t�F�t���Q�D���S�R�Y�U�F�K��

�S�O�D�Q�H�W�\���� �$�W�P�R�V�I�p�U�L�F�N�p�� �D�H�U�R�V�R�O�\�� �S�D�W���t�� �N �Q�H�M�S�U�R�P���Q�O�L�Y���M�ã�t�F�K�� �I�D�N�W�R�U�$�P�� �R�Y�O�L�Y���X�M�t�F�t�P�� �N�O�L�P�D�W�L�F�N�p��

modely (Jayaraman et al. 1998, Haywood & Boucher 2000, Maghrabi & Kudela 2019).  

�6�O�X�Q�H�þ�Q�t�� �F�\�N�O�\�� �R�Y�O�L�Y���X�M�t�� �S�U�$�P���U�Q�p���P���V�t�þ�Q�t�� �W�H�S�O�R�W�\�� �Y �(�Y�U�R�S�������/�•�G�H�F�N�H���H�W�� �D�O���� ���������� �D���W�D�N�p��

i �Q�H�S���t�P�R�� �R�Y�O�L�Y���X�M�t�� �1�$�2�� ���1�R�U�W�K�� �$�W�O�D�Q�W�L�F�� �R�V�F�L�O�D�W�L�R�Q���� �D�� �$�0�2�� ���$�W�O�D�Q�W�L�F�� �0�X�O�W�L�G�H�F�D�G�D�O��

Oscillation) �± (Bice et al. 2012)���� �D�O�H�� �V�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�D�� �V�H�� �P�$�å�H�� �R�G�U�i�å�H�W�� �L�� �Q�D�� �P�Q�R�Ka �G�D�O�ã�t�F�K��

�N�O�L�P�D�W�L�F�N�ê�F�K��cyklech ���/�H�� �0�R�X�s�O�� �H�W�� �D�O���� �������������� �9���W�U�Q�p�� �S�U�R�X�G�\�� �Y�\�V�R�N�R�� �Y �D�W�P�R�V�I�p���H �W�Y�R���t�� �Ä�-�H�W��

�V�W�U�H�D�P�V�³���� �F�R�å�� �]�M�H�G�Q�R�G�X�ã�H�Q���� �W�Y�R���t�� �Y���W�U�Q�p�� �S�U�R�X�G���Q�t�� �Y�H�� �W�U�R�S�R�V�I�p���H�� �Y �U�$�]�Q�ê�F�K�� �L�Q�W�H�Q�]�L�W�i�F�K��

a v �R�G�O�L�ã�Q�ê�F�K�� �Y�ê�ã�N�i�F�K��(Blackmon 1976)���� �6�O�X�Q�H�þ�Q�t�� �F�\�N�O�\�� �R�Y�O�L�Y���X�M�t�� �Y���W�U�Q�p�� �S�U�R�X�G�\���� �F�R�å�� �P�i�� �]�D��

�Q�i�V�O�H�G�H�N��tvorbu �S���t�P�ê�F�K �Y���W�U�Q�ê�F�K proud�$ nebo jsou tyto proudy blok�R�Y�i�Q�\ �D�� �W�t�P�� �W�Y�R���t��

nepravidelnost v Jet streamech (Brugnara et al. 2013, Hall et al. 2015, Ma et al. 2018).  

�6�R�X�E���å�Q�����V �W�t�P���G�R�F�K�i�]�t���Y lesn�t�P���K�R�V�S�R�G�i���V�W�Y�t���W�D�N�p���N �Y�H�O�N�ê�P���Y�ê�N�\�Y�$�P���]�S�$�V�R�E�H�Q�ê�P���V�R�X�þ�W�H�P��

�U�$�]�Q�ê�F�K���I�D�N�W�R�U�$���M�D�N�R jsou �V�L�O�Q�p���E�R�X���H�����Y�t�W�U�����V�X�F�K�R�����S�R�Y�R�G�Q�����Q�H�E�R���O�H�V�Q�t���S�R�å�i�U�\��(Lopez-Bustins 

et al. 2007, Lindner et al. 2010, Young et al. 2017, Whitman et al. 2019)�����6�O�X�Q�H�þ�Q�t���F�\�N�O�X�V���P�i��

vliv na mnoh�p z �Y�ê�ã�H���]�P�t�Q���Q�ê�F�K���I�D�N�W�R�U�$���D���]�i�U�R�Y�H�����E�\�O�R���G�R�N�i�]�i�Q�R�����å�H���Q�D�K�R�G�L�O�p���W���å�E�\���Y �O�H�V�Q�t�P��

�K�R�V�S�R�G�i���V�W�Y�t���ý�H�V�N�p���U�H�S�X�E�O�L�N�\���S�U�R�E�t�K�D�M�t���V�S�R�O�H�þ�Q�����V�H���V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P�����â�L�P�$�Q�H�N���H�W���D�O�������������E��. 
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4. Metodika 

4.1. Charakteristika z�N�R�X�P�D�Q�p�K�R �~�]�H�P�t 

�=�N�R�X�P�D�Q�p���~�]�H�P�t���V�H���V�N�O�i�G�i���]�H���W���t���]�i�N�O�D�G�Q�t�F�K���R�E�O�D�V�W�t���D���W���P�L���M�V�R�X���.�U�N�R�Q�R�ã�H���D��P�R�G�N�U�N�R�Q�R�ã�t����

�M�L�å�Q�t�� �,�W�i�O�L�H�� �D�� �Q�i�V�O�H�G�Q���� �F�H�O�i�� �ý�H�V�N�i�� �U�H�S�X�E�O�L�N�D�� �S�U�R�� �D�Q�D�O�ê�]�X�� �F�H�O�N�R�Y�ê�F�K�� �D�� �Q�D�K�R�G�L�O�ê�F�K�� �W���å�H�E dle 

�S���t�U�R�G�Q�t�F�K�� �S�R�G�P�t�Q�H�N. �'�H�W�D�L�O�Q�t�� �S�R�S�L�V�� �Y�ê�]�N�X�P�Q�ê�F�K�� �S�O�R�F�K�� �M�H�� �X�Y�H�G�H�Q�� �Y �N�D�S�L�W�R�O�H�� �Ä�9�ê�V�O�H�G�N�\�³�� ���X��

�M�H�G�Q�R�W�O�L�Y�ê�F�K publikac�t). 

4.1.1. Popis �]�N�R�X�P�D�Q�p���R�E�O�D�V�W�L �.�U�N�R�Q�R�ã �D���3�R�G�N�U�N�R�Q�R�ã�t 

Toto z�N�R�X�P�D�Q�p�� �~�]�H�P�t�� �O�H�å�t�� �Y �Q�i�U�R�G�Q�t�F�K�� �S�D�U�F�t�F�K�� �.�U�N�R�Q�R�ã���� �D�� �W�R�� �M�D�N�� �Y �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H����

tak i v Polsku, tj. v �%�L�O�D�W�H�U�i�U�Q�t�� �E�L�R�V�I�p�U�L�F�N�p rezervaci �.�U�N�R�Q�R�ã�H���.�D�U�N�R�Q�R�V�]�H����Celkem je 

hodnoceno 8 �Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K���S�U�R��oblast Kr�N�R�Q�R�ã�H �D���3�R�G�N�U�N�R�Q�R�ã�t. Z toho je 6 �Y�ê�]�N�X�P�Q�ê�F�K 

�S�O�R�F�K���Y�H�� �9�ê�F�K�R�G�Q�t�F�K�� �.�U�N�R�Q�R�ã�t�F�K���Q�D���5�ê�F�K�R�U�i�F�K�� �Q�H�G�D�O�H�N�R���P���V�W�D���ä�D�F�O�p������ �G�i�O�H��je ���� �Y�ê�]�N�X�P�Q�i��

plocha v Polsku v �.�U�N�R�Q�R�ã�t�F�K���Q�D���P�t�V�W�����]�Y�D�Q�p�P���&�K�R�M�Q�L�N���Q�H�G�D�O�H�N�R���R�G���P���V�W�D���6�R�E�L�H�V�]�y�Z a jedna 

�Y�ê�]�N�X�P�Q�i�� �S�O�R�F�K�D���V�H�� �Q�D�F�K�i�]�t�� �Q�H�G�D�O�H�N�R�� �P���V�W�D�� �%�U�R�X�P�R�Y�� �Y�� �1�3�5�� ���Q�i�U�R�G�Q�t�� �S���t�U�R�G�Q�t�� �U�H�]�H�U�Y�D�Fe) 

�%�U�R�X�P�R�Y�V�N�p���V�W���Q�\. 

 Na �O�R�N�D�O�L�W�����5�ê�F�K�R�U�\���V�H���Q�D�F�K�i�]�t��6 �Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K�����Q�D���O�R�N�D�O�L�W�����&�K�R�M�Q�t�N���M�H�������Y�ê�]�N�X�P�Q�i 

�S�O�R�F�K�D���D���Q�D���O�R�N�D�O�L�W�����%�U�R�X�P�R�Y���M�H���W�D�N�p�������Y�ê�]�N�X�P�Q�i���S�O�R�F�K�D�����9�ã�H�F�K�Q�\���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\���Y�\�N�D�]�X�M�t 

�S�R�U�R�V�W�\���G�R�P�L�Q�D�Q�W�Q�t�K�R���E�X�N�X���O�H�V�Q�t�K�R���V�H���]�D�V�W�R�X�S�H�Q�t�P�������±100 �������N�W�H�U�p �P�i�M�t �V�U�R�Y�Q�D�W�H�O�Q�p �U�$�V�W�R�Y�p��

�S�R�G�P�t�Q�N�\���Q�D���Y�ã�H�F�K���Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K�i�F�K. V�ê�]�N�X�P�Q�p���S�O�R�F�K�\���V�H���Q�D�F�K�i�]�H�M�t��v �Q�D�G�P�R���V�N�p���Y�ê�ã�F�H��

od 510 do 1030 m na sv�D�]�t�F�K���V �U�$�]�Q�R�X �H�[�S�R�]�L�F�t�����%�X�N�R�Y�p���S�R�U�R�V�W�\���]�G�H���P�D�M�t���Y���N�R�Y�p���U�R�]�S���W�t���R�G��

�������� �G�R�� �������� �O�H�W���� �=�i�V�R�E�D�� �S�R�U�R�V�W�$�� �V�H�� �S�R�K�\�E�X�M�H�� �R�G�� �������� �G�R�� �������� �P3���K�D�� �D�� �S�R�U�R�V�W�Q�t�� �Y�ê�ã�N�D�� �P�$�å�H��

�G�R�V�i�K�Q�R�X�W���U�R�]�S���W�t���R�G���������G�R���������P�� 

�3�$�G�Q�t�P���W�\�S�H�P���M�V�R�X���N�D�Pbi�]�H�P�����D���N�U�\�S�W�R�S�R�G�]�R�O�\ �V���N�D�P�H�Q�L�W�ê�P�L���S���t�P���V�H�P�L���Q�D���J�H�R�O�R�J�L�F�N�ê�F�K��

po�G�O�R�å�t�F�K���P�H�W�D�G�L�D�E�D�]u a chlorit-serick�ê�F�K �E���L�G�O�L�F�����3�U�$�P���U�Q�p���W�H�S�O�R�W�Q�t���S�R�P���U�\ na lokalit�i�F�K jsou 

od 5,2 do 7.3 �ƒ�&�����&�H�O�N�R�Y�i���S�U�$�P���U�Q�i���Y�H�J�H�W�D�þ�Q�t���V�H�]�y�Q�D���M�H�����������G�Q�t���V���F�H�O�N�R�Y�ê�P���U�R�þ�Q�t�P���~�K�U�Q�H�P��

od 640 do 1000 �P�P�� �V�U�i�å�H�N����Dle �.�|�S�S�H�Q�R�Y�\�� �N�O�D�V�L�I�L�N�D�F�H�� �M�H to �Y�O�K�N�p�� �N�R�Q�W�L�Q�H�Q�W�i�O�Q�t�� �N�O�L�P�D��

s �W�H�S�O�ê�P�L�� �O�p�W�\�� ���'�I�E�� �± (Tolazs 2007). Fytocenol�R�J�L�F�N�\�� �O�R�N�D�O�L�W�\�� �S�D�W���t���S���H�Y�i�å�Q�����G�R�� �N�Y���W�Q�D�W�ê�F�K 

bu�þ�L�Q svazu Fagion sylvaticae Luquet 1926, podsvazu Eu-Fagenion Oberdorfer 1957 

a �U�R�V�W�O�L�Q�Q�p�� �D�V�R�F�L�D�F�H Dentario enneaphylli-Fagetum Oberdorfer ex W. et A. Matuszkiewicz 

1960. Tyto a�X�W�R�F�K�W�R�Q�Q�t�� �E�X�N�R�Y�p�� �O�H�V�\�� �V�H�� �Y�\�Y�t�M�H�O�\�� �R�G�� �U�R�N�X��1963 �E�H�]�� �S���t�P�p�K�R�� �Y�O�L�Y�X�� �þ�O�R�Y���N�D����

V �Q�H�M�Y�\�ã�ã�t�F�K���S�R�O�R�K�i�F�K���5�ê�F�K�R�U���V�H���S�D�N���Y�\�V�N�\�W�X�M�t���D�F�L�G�R�I�L�O�Q�t���K�R�U�V�N�p���E�X�þ�L�Q�\���V�Y�D�]�X��Luzulo-Fagion 

sylvaticae �/�R�K�P�H�\�H�U�� �H�W�� �7�•�[�H�Q�� �L�Q�� �7�•�[�H�Q�� �������� �D�� �U�R�V�W�O�L�Q�Q�p�� �D�V�R�F�L�D�F�H��Calamagrostio villosae-

Fagetum sylvaticae �0�L�N�\�ã�N�D������������  
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���������������3�R�S�L�V���]�N�R�X�P�D�Q�p���R�E�O�D�V�W�L���M�L�å�Q�t���,�W�i�O�L�H 

�,�W�D�O�V�N�p�� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �V�H�� �Q�D�F�K�i�]�H�M�t�� �Y �M�L�å�Q�t�F�K�� �$�S�H�Q�L�Q�i�F�K�� �Y �Q�i�U�R�G�Q�t�P�� �S�D�U�N�X�� �$�S�S�H�Q�Q�L�Q�R��

�O�X�F�D�Q�R���Q�H�G�D�O�H�N�R���P�t�V�W�D���]�Y�D�Q�p�K�R���6�H�O�O�D�W�D�����&�H�O�N�H�P���M�V�R�X���Y���,�W�i�O�L�L���K�R�G�Q�R�F�H�Q�\�������Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\�� 

Dle klim�D�W�L�F�N�p���.�|�S�S�H�Q�R�Y�\���N�O�D�V�L�I�L�N�D�F�H���M�G�H���R���&�V�D, �W�H�G�\���R���K�R�U�N�i���O�p�W�D���V�W���H�G�R�P�R���V�N�p�K�R���N�O�L�P�D���V�H��

�V�X�F�K�ê�P�L���O�p�W�\���D �P�t�U�Q�����Y�O�K�N�ê�P�L���]�L�P�D�P�L (Tolazs 2007). V �M�L�å�Q�t���,�W�i�O�L�L���M�V�R�X���]�D�O�R�å�H�Q�\���G�Y�����Y�ê�]�N�X�P�Q�p��

plochy La lama a Sellata. �9�ã�H�F�K�Q�\�� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �Y�\�N�D�]�X�M�t�� �S�R�U�R�V�W�\�� �G�R�P�L�Q�D�Q�W�Q�t�K�R�� �E�X�N�X��

�O�H�V�Q�t�K�R�� �V�H�� �]�D�V�W�R�X�S�H�Q�t�P�� �����±100 %. �9�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\��byly v �,�W�i�O�L�L�� �S�R�� �U�R�F�H�� ���������� �S�R�Q�H�F�K�D�Q�p��

�V�D�P�R�Y�R�O�Q�p�P�X���Y�ê�Y�R�M�L���E�H�]���W���å�H�E�Q�t�F�K���]�i�V�D�K�$���þ�O�R�Y���N�D�� �%�X�N�R�Y�p���S�R�U�R�V�W�\���Y �,�W�i�O�L�L���P�D�M�t���Y���N�R�Y�p���U�R�]�S���W�t��

�R�G���������G�R�����������O�H�W�����=�i�V�R�E�D���W���F�K�W�R���L�W�D�O�V�N�ê�F�K���S�R�U�R�V�W�$���V�H���S�R�K�\�E�X�M�H���R�G�����������G�R�����������P3���K�D���D���S�R�U�R�V�W�Q�t��

�Y�ê�ã�N�D���P�$�å�H���G�R�V�i�K�Q�R�X�W���U�R�]�S���W�t���R�G���������G�R���������P�� 

 

�,�W�D�O�V�N�p�� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �V�H�� �Q�D�F�K�i�]�t�� �R�G��1275 do 1340 �P�� �Q�D�G�� �P�R���H�P�� �-�H�G�Q�R�W�O�L�Y�p�� �S�O�R�F�K�\��

�Q�H�M�þ�D�V�W���M�L���V�P�����X�M�t���H�[�S�R�]�L�F�t���Q�D���M�L�K���Q�H�E�R���M�L�K�R-�Y�ê�F�K�R�G�����3���H�Y�O�i�G�D�M�t�F�t �S�$�G�Q�t���W�\�S�\���Q�D���O�R�N�D�O�L�W�i�F�K jsou 

�þ�H�U�Q�L�F�H. �3�U�$�P���U�Q�p���U�R�þ�Q�t���W�H�S�O�R�W�\���S�U�R��i�W�D�O�V�N�p���S�O�R�F�K�\���M�V�R�X������,�����ƒ�&���V���S�U�$�P���U�Q�ê�P �U�R�þ�Q�t�P���~�K�U�Q�H�P��

�V�U�i�å�H�N�������������P�P�����3�U�$�P���U�Q�ê���S�R�þ�H�W���Y�H�J�H�W�D�þ�Q�t�F�K���G�Q�t���S�U�R��i�W�D�O�V�N�p���S�O�R�F�K�\���M�H�����������G�Q�t��(Piovesan et al. 

2017). �)�\�W�R�F�H�Q�R�O�R�J�L�F�N�\���V�H���M�H�G�Q�i���R���Y�i�S�Q�R�P�L�O�Q�p���E�X�þ�L�Q�\���V�Y�D�]�X��Fagion sylvaticae Luquet 1926, 

a �U�R�V�W�O�L�Q�Q�p���D�V�R�F�L�D�F�H��Cephalanthero damasonii-Fagetum sylvaticae Oberdorfer 1957. 

 

4.1.3. Popis �O�H�V�Q�t�F�K���S�R�U�R�V�W�$���Y���ý�H�V�N�p���U�H�S�X�E�O�Lce 

�=�i�M�P�R�Y�p���~�]�H�P�t���S�U�R���S�R�W���H�E�\���P�D�Q�D�J�H�P�H�Q�W�X���S�R�N�U�ê�Y�i���F�H�O�p���~�]�H�P�t���ý�H�V�N�p���U�H�S�X�E�O�L�N�\�����N�W�H�U�p���P�i��

�O�H�V�Q�D�W�R�V�W�����������������������������P�L�O�����K�D�������3�O�R�F�K�D���O�H�V�$���V�H���R�G�����������O�H�W�����������V�W�R�O�H�W�t���Q�H�X�V�W�i�O�H���]�Y�\�ã�X�M�H�����-�H�K�O�L�þ�Q�D�W�p��

�O�H�V�\���W�Y�R���t�������������D���O�L�V�W�Q�D�W�p����9 % �G���H�Y�L�Q�Q�p���V�N�O�D�G�E�\�����+�O�D�Y�Q�t���G���H�Y�L�Q�R�X���M�H���V�P�U�N���]�W�H�S�L�O�ê���V���S�R�G�t�O�H�P��

49,.5 ������ �S���L�þ�H�P�å�� �Y�� �S�$�Y�R�G�Q�t�� �G���H�Y�L�Q�Q�p�� �V�N�O�D�G�E���� �W�Y�R���L�O�� �S�R�X�]�H�� ���������� ������ �+�R�V�S�R�G�i���V�N�p�� �O�H�V�\�� �W�Y�R���t��

74,3 % plochy �O�H�V�$�����9���W�ã�L�Q�X���O�H�V�$���Y�O�D�V�W�Q�t���V�W�i�W�����������������������Q�i�V�O�H�G�X�M�t���V�R�X�N�U�R�P�t���Y�O�D�V�W�Q�t�F�L���������������������D��

�R�E�F�H���D���P���V�W�D�����������������������3���H�Y�O�i�G�D�M�t�F�t���I�R�U�P�R�X���K�R�V�S�R�G�D���H�Q�t���Y���O�H�V�t�F�K���Y���ý�5���M�H���K�R�O�R�V�H�þ�����3���H�Y�D�å�X�M�H��

�X�P���O�i�� �R�E�Q�R�Y�D�� �O�H�V�D�� ������������ ������ �Q�D�G�� �S���L�U�R�]�H�Q�R�X�� �R�E�Q�R�Y�R�X�� ������������ �������� �=�� �K�O�H�G�L�V�N�D�� �Y���N�R�Y�p�� �V�W�U�X�N�W�X�U�\��

�O�H�V�$���M�H���Y�\�ã�ã�t���S�R�G�t�O���S���H�V�W�i�U�O�ê�F�K �S�R�U�R�V�W�$��vzhledem k �Q�R�U�P�D�O�L�W�����O�H�V�D�����3�U�$�P���U�Q�ê���Y���N���O�H�V�Q�t�F�K���S�R�U�R�V�W�$��

se v letech 1960�±�����������]�Y�ê�ã�L�O���R 9,0 let (z 52 na 61 let) a �S�U�$�P���U�Q�ê���Y���N �R�E�Q�R�Y�R�Y�D�Q�ê�F�K���S�R�U�R�V�W�$ 

o 11,7 let (ze 101,2 na 112,9 let). �&�H�O�N�R�Y�ê���R�E�M�H�P���G���H�Y�D v porostech �Y���U�R�F�H�������������G�R�V�i�K�O�����������P�L�O����

m3�����3�U�$�P���U�Q�ê���R�E�M�H�P���S�R�U�R�V�W�X���Q�D�������K�D���O�H�V�Q�t���S�$�G�\���M�H�����������P3 (MZe 2020).  

Klima �Y���ý�5���M�H���P�t�U�Q�p�����F�K�D�U�D�N�W�H�U�L�V�W�L�F�N�p���N�R�Q�W�L�Q�H�Q�W�i�O�Q�t�P�L���Y�O�L�Y�\�����3�R�G�O�H���.�|�S�S�H�Q�R�Y�\���N�O�L�P�D�W�L�F�N�p��

�N�O�D�V�L�I�L�N�D�F�H���S�D�W���t���Y���W�ã�L�Q�D���~�]�H�P�t���ý�H�V�N�p���U�H�S�X�E�O�L�N�\���G�R���N�O�L�P�D�W�L�F�N�p���R�E�O�D�V�W�L���'�I�E���± �Y�O�K�N�p���N�R�Q�W�L�Q�H�Q�W�i�O�Q�t��

�N�O�L�P�D���� �N�W�H�U�p�� �V�H�� �Y�\�]�Q�D�þ�X�M�H�� �K�R�U�N�ê�P�L�� �O�p�W�\�� �D�� �F�K�O�D�G�Q�ê�P�L�� �]�L�P�D�P�L (Tolazs 2007)���� �5�R�þ�Q�t�� �W�H�S�O�R�W�D��

�Y�]�G�X�F�K�X���V�H���S�R�K�\�E�X�M�H���R�G�������������G�R���í���������ƒ�&�����S�U�$�P���U�����������ƒ�&�����D���U�R�þ�Q�t���~�K�U�Q���V�U�i�å�H�N���R�G�����������G�R������������

�P�P�����S�U�$�P���U�����������P�P�����Y�H���Y�]�W�D�K�X �N���Q�D�G�P�R���V�N�p���Y�ê�ã�F�H�����������±�����������P�������3�U�$�P���U�Q�i���Q�D�G�P�R���V�N�i���Y�ê�ã�N�D��

�ý�H�V�N�p���U�H�S�X�E�O�L�N�\���M�H�����������P�����1�H�M�Q�L�å�ã�t���S�U�$�P���U�Q�i���W�H�S�O�R�W�D���Y���O�H�G�Q�X���M�H���í���������ƒ�&�����Q�H�M�Y�\�ã�ã�t���Y �þ�H�U�Y�H�Q�F�L��
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���������� �ƒ�&���� �3�R�G�R�E�Q���� �P�L�Q�L�P�X�P�� �V�U�i�å�H�N�� �M�H�� �Y�� �O�H�G�Q�X�� �������� �P�P���� �D�� �P�D�[�L�P�X�P�� �Y�� �þ�H�U�Y�H�Q�F�L�� �������� �P�P������

�3�U�$�P���U�Q�i���U�\�F�K�O�R�V�W���Y���W�U�X���V�H���S�R�K�\�E�X�M�H���Y���U�R�]�P�H�]�t�������±18 km/h ���ý�+�0�Ò������������. 

 

4.2. �6�E���U��a �]�t�V�N�i�Y�i�Q�t���G�D�W 

�6�W�X�G�R�Y�D�Q�p���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\ v �W�p�W�R���G�L�V�H�U�W�D�F�L���M�D�N�R���Q�D�S���t�N�O�D�G���Y���.�U�N�R�Q�R�ã�t�F�K���D���Q�D���%�U�R�X�P�R�Y�V�N�X��

�P�D�M�t��plochu �������î���������P�����S�O�R�F�K�D�������������K�D������V�ê�]�N�X�P�Q�p���S�O�R�F�K�\���E�\�O�\���P�����H�Q�\���W�H�F�K�Q�R�O�R�J�L�t���)�L�H�O�G-Map 

(IFER-Monitoring and Mapping Solutions Ltd.). �5�$�V�W�R�Y�p���F�K�D�U�D�N�W�H�U�L�V�W�L�N�\��jako �Y�ê�þ�H�W�Q�t���W�O�R�X�ã�"�N�D��

�D���Y�ê�ã�N�D���V�W�U�R�P�X���E�\�O�\���P�����H�Q�\���Q�D���N�D�å�G�p�P���M�H�G�L�Q�F�L�����N�W�H�U�ê���V�H���Q�D�F�K�i�]�H�O���Q�D���Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K�i�F�K. 

�9�ê�þ�H�W�Q�t�� �W�O�R�X�ã�"�N�D �E�\�O�D�� �P�����H�Q�D �X�� �M�H�G�L�Q�F�$ od �•�� ���� �F�P �O�H�V�Q�L�F�N�R�X�� �S�U�$�P���U�N�R�X�� ���+�D�J�O�|�I���� �â�Y�p�G�V�N�R����

s �S���H�V�Q�R�V�W�t�� �Q�D�� �������� �P�P v �S�U�V�Q�t�� �Y�ê�ã�F�H 1,3 m���� �9�ê�ã�N�D�� �M�H�G�Q�R�W�O�L�Y�ê�F�K�� �V�W�U�R�P�$�� �E�\�O�D�� �P�����H�Q�D��

�Y�ê�ã�N�R�P���U�H�P���/�D�V�H�U���9�H�U�W�H�[�����+�D�J�O�|�I�����â�Y�p�G�V�N�R�����V �S���H�V�Q�R�V�W�t na 0,1 m.  

�3�U�R���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�R�X���D�Q�D�O�ê�]�X���Y�]�R�U�N�$���] �ý�H�V�N�p���U�H�S�X�E�O�L�N�\�����3�R�O�V�N�D���D���,�W�i�O�L�H���E�\�O�\���R�G�H�E�U�i�Q�\��

�Y�ê�Y�U�W�\���] �E�X�N�X���O�H�V�Q�t�K�R���S�R�P�R�F�t��Presslerova nebozezu kolmo k �R�V�H���N�P�H�Q�H���Y�H���Y�ê�ã�F�H�����������P���Q�D�G��

�]�H�P�t���� �3�U�R�� �R�G�E���U�� �Y�]�R�U�N�$�� �E�\�O�\�� �Y�\�E�U�i�Q�\�� �E�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �V�H �]�D�N�P�H�Q���Q�t�P�� ��,���� �D�å�� ������ �9�]�R�U�N�\��pro 

�G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�� �D�Q�D�O�ê�]�\�� �E�\�O�\�� �R�G�H�E�t�U�i�Q�\�� �]�H�� �]�G�U�D�Y�ê�F�K�� �~�U�R�Y���R�Y�ê�F�K�� �D�� �Q�D�G�~�U�R�Y���R�Y�ê�F�K��

�V�W�U�R�P�$���� �� �8���Y�ã�H�F�K���V�W�U�R�P�$���V �R�G�H�E�U�D�Q�ê�P�L���Y�ê�Y�U�W�\���E�\�O�D���]�P�����H�Q�D���M�H�M�L�F�K���Y�ê�ã�N�D�� �D���Y�ê�þ�H�W�Q�t�� �W�O�R�X�ã�"�N�D����

�&�H�O�N�H�P���E�\�O�R���S�R�X�å�L�W�R�����������Y�]�R�U�N�$����z toho bylo 229 �Y�]�R�U�N�$���S�U�R���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�R�X���D�Q�D�O�ê�]�X 

v �ý�H�V�N�p���U�H�S�X�E�O�L�F�H�����G�i�O�H���Y �3�R�O�V�N�X���������Y�]�R�U�N�$���D���Y �,�W�i�O�L�L���������Y�]�R�U�N�$�� �0�Q�R�å�V�W�Y�t �Y�]�R�U�N�$���X���M�H�G�Q�R�W�O�L�Y�ê�F�K��

�Y�ê�]�N�X�P�Q�ê�F�K�� �S�O�R�F�K�� �M�H�� �S�R�S�V�i�Q�R��v �N�D�å�G�p�� �S�X�E�O�L�N�D�F�L�� �]�Y�O�i�ã�"���� �'�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�� �Y�ê�Y�U�W�\�� �E�\�O�\��

�]�P�����H�Q�\�� �S�R�P�R�F�t�� �P�����L�F�N�p�K�R���V�W�R�O�X���/�,�1�7�$�%��(Rinntech 2010) mikroskopem Olympus. �0�����H�Q�t��

bylo provedeno s �S���H�V�Q�R�V�W�t����,�������P�P���D���S�U�R���]�D�]�Q�D�P�H�Q�i�Q�t���O�H�W�R�N�U�X�K�$ �E�\�O���S�R�X�å�L�W���V�R�I�W�Z�D�U�H��TSAP-

Win (Rinntech 2010).  �0�����H�Q�t���E�\�O�R���S�U�R�Y�i�G���Q�R���R�G���N�$�U�\���V�P���U�H�P���N �M�i�G�U�X���N�R�O�P�R���N�H���V�W���H�G�X���N�P�H�Q�H��

tak, �D�E�\�� �N�D�å�G�ê�� �O�H�W�R�N�U�X�K�� �E�\�O�� �P�����H�Q�� �N�R�O�P�R�� �N �R�V�H�� �N�P�H�Q�H���� �1�i�V�O�H�G�X�M�t�F�t�� �N���t�å�R�Y�p�� �G�D�W�R�Y�i�Q�t�� �Y�ê�Y�U�W�$��

bylo provedeno v programu Cdendro tak, �D�E�\���&�U�R�V�V�F�R�U�H�O�D�W�L�R�Q���L�Q�G�H�[���E�\�O���S�U�R���N�D�å�G�ê���Y�]�R�U�H�N���&�&��

> 25 (Larsson 2013).  

�.�O�L�P�D�W�L�F�N�i���G�D�W�D�����V�U�i�å�N�\���D���W�H�S�O�R�W�\�����S�U�R���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�L���E�\�O�D���S�R�X�å�L�W�D���U�$�]�Q�����G�O�H���M�H�G�Q�R�W�O�L�Y�ê�F�K��

�Y���G�H�F�N�ê�F�K���S�X�E�O�L�N�D�F�t�����9�ê�þ�H�W���N�O�L�P�D�W�L�F�N�ê�F�K���V�W�D�Q�L�F���M�H���Q�i�V�O�H�G�X�M�t�F�t�����Ò�G�D�M�H���P���V�t�þ�Q�t�F�K���W�H�S�O�R�W���D���V�U�i�å�H�N��

�S�U�R�� �.�U�N�R�Q�R�ã�H a Broumovsko byly poskytnuty �ý�H�V�N�ê�P�� �K�\�G�U�R�P�H�W�H�R�U�R�O�R�J�L�F�N�ê�P�� �~�V�W�D�Y�H�P��

���ý�+�0�Ò������������. �&�H�O�N�H�P���E�\�O�D���S�R�X�å�L�W�D���G�D�W�D���]�H��4 �P�H�W�H�R�U�R�O�R�J�L�F�N�ê�F�K���V�W�D�Q�L�F���S�U�R���W�X�W�R���G�L�V�H�U�W�D�F�L �D���G�i�O�H��

�V�R�X�K�U�Q���Y�ã�H�F�K���N�O�L�P�D�W�L�F�N�ê�F�K���V�W�D�Q�L�F�����3�U�$�P���U�Q�p���P���V�t�þ�Q�t���N�O�L�P�D�W�L�F�N�p���~�G�D�M�H���S�U�R���Y�ê�]�N�X�P�Q�R�X���S�O�R�F�K�X��

�Y���ý�H�V�N�p���U�H�S�X�E�O�L�F�H���D���Y �3�R�O�V�N�X���F�K�D�U�D�N�W�H�U�L�]�X�M�H���P�H�W�H�R�U�R�O�R�J�L�F�N�i���V�W�D�Q�L�F�H���%�H�G���L�F�K�R�Y���������ƒ�����
�����������1��

�����ƒ�����
�����������(������ �N�W�H�U�i�� �M�H�� �Y�]�G�i�O�H�Q�i�� �R�G�� �Y�ê�]�N�X�P�Q�ê�F�K�� �S�O�R�F�K�� ����,5 km a 54,���� �N�P���� �'�D�W�D�� �P���V�t�þ�Q�t�F�K��

te�S�O�R�W���D���V�U�i�å�H�N��byla �S�R�X�å�L�W�D���L���] �P�H�W�H�R�U�R�O�R�J�L�F�N�p �V�W�D�Q�L�F�H���3�H�F���S�R�G���6�Q���å�N�R�X���������N�P���R�G���Y�ê�]�N�X�P�Q�ê�F�K��

ploch v �Q�D�G�P�R���V�N�p���Y�ê�ã�F�H�����������P (�*�3�6�������ž�����•�����Ž�1���������ž�����•�����Ž�(���������'�D�W�D���R���V�U�i�å�N�i�F�K���D���W�H�S�O�R�W�i�F�K 

�S�U�R�� �%�U�R�X�P�R�Y�V�N�R�X�� �Y�ê�]�N�X�P�Q�R�X�� �S�O�R�F�K�X �E�\�O�D�� �S�R�X�å�L�W�D�� �] t�U�X�W�Q�R�Y�V�N�p�� �P�H�W�H�R�U�R�O�R�J�L�F�N�p�� �V�W�Dnice, 

�N�W�H�U�i �V�H���Q�D�F�K�i�]�t���Y�H���Y�]�G�i�O�H�Q�R�V�W�L���������N�P���R�G���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\�����N�G�\���Q�D�G�P�R���V�N�i���Y�ê�ã�N�D���V�W�D�Q�L�F�H���M�H��
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���������P���������ƒ�����
�����������1�������ƒ�����
�����������(���� �'�O�R�X�K�R�G�R�E�i���N�O�L�P�D�W�L�F�N�i���G�D�W�D��pro dendrochronologii v �ý�5��

(1900�±2017) �E�\�O�D���]�t�V�N�i�Q�D���]���P�H�W�H�R�U�R�O�R�J�L�F�N�p���V�W�D�Q�L�F�H���Y���3�U�D�]�H-Klementinu (na�G�P�R���V�N�i���Y�ê�ã�N�D����������

�P�� �Q���� �P������ �����ƒ���•�����Ž�� �V���� �ã������ �����ƒ�����•������ �Ž�(��, kdy tato data �S���H�G�V�W�D�Y�X�M�t�� �Q�H�M�G�H�O�ã�t�� �N�O�L�P�D�W�L�F�N�R�X�� ���D�G�X��

�G�R�V�W�X�S�Q�R�X���Y���ý�H�V�N�p���U�H�S�X�E�O�L�F�H����Data o �S�U�$�P���U�Q�ê�F�K���U�R�þ�Q�t�F�K �W�H�S�O�R�W�i�F�K���D �U�R�þ�Q�t�P���~�K�U�Q�X���V�U�i�åek pro 

�F�H�O�R�X�� �ý�H�V�N�R�X�� �U�H�S�X�E�O�L�N�X �S�R�F�K�i�]�t�� �] �ý�H�V�N�p�K�R�� �K�\�G�U�R�P�H�W�H�R�U�R�O�R�J�L�F�N�p�K�R�� �~�V�W�D�Y�X�� �Y Praze ���ý�+�0�Ò��

2020). 

�'�D�W�D�� �P���V�t�þ�Q�t�F�K�� �W�H�S�O�R�W�� �D�� �V�U�i�å�H�N�� �S�U�R�� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �Y�� �,�W�i�O�L�L�� �E�\�O�D�� �S�R�V�N�\�W�Q�X�W�D�� �L�W�D�O�V�N�ê�P��

�~���D�G�H�P���S�U�R��Civil Protection - Basilicata Region (Protezione Civile - Regione Basilicata 2020). 

Itals�N�p�� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �M�V�R�X�� �F�K�D�U�D�N�W�H�U�L�]�R�Y�i�Q�\�� �P�H�W�H�R�U�R�O�R�J�L�F�N�R�X�� �V�W�D�Q�L�F�t�� �Y �P�t�V�W���� �]�Y�D�Q�p�P��

Abriola (�����ƒ�����
�����������1�������ƒ�����
�����������() s �Q�D�G�P�R���V�N�R�X���Y�ê�ã�N�R�X���V�W�D�Q�L�F�H�������������P�����2�G���Y�ê�]�Num�Q�ê�F�K��

�S�O�R�F�K���M�H���Y�]�G�i�O�H�Q�R�V�W���N �P�H�W�H�R�U�R�O�R�J�L�F�N�p���V�W�D�Q�L�F�L���R�G����,2 km do 5,1 km. 

�'�D�W�D���R���F�H�O�N�R�Y�ê�F�K, nahodi�O�ê�F�K�����O�L�V�W�Q�D�W�ê�F�K���Q�H�E�R���M�H�K�O�L�þ�Q�D�W�ê�F�K���W���å�E�i�F�K���E�\�O�D���]�t�V�N�i�Q�D���R�G �Ò�V�W�D�Y�X��

�K�R�V�S�R�G�i���V�N�p���~�S�U�D�Y�\���O�H�V�$���Y �%�U�D�Q�G�ê�V�H���Q�D�G���/�D�E�H�P a �ý�H�V�N�p�K�R���V�W�D�W�L�V�W�L�F�N�p�K�R���~���D�G�X���Y Praze. Data o 

�S�O�R�ã�H�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q (sunspot area) �M�V�R�X�� �]�t�V�N�i�Q�D�� �R�G��the National Oceanic Atmospheric 

Administration (NOAA) (Hathaway et al. 2017). Data o �N�R�V�P�L�F�N�p�P���]�i���H�Q�t (cosmic rays) jsou 

�]�t�V�N�i�Q�D���] �P�����t�F�t���V�W�D�Q�L�F�H���/�R�P�Q�L�F�N�ê���ã�W�t�W���Q�D���6�O�R�Y�H�Q�V�N�X���S�D�W���t�F�t���S�R�G���L�Q�V�W�L�W�X�W���H�[�S�H�U�L�P�H�Q�W�i�O�Q�t���I�\�]�L�N�\ 

SAS (Kudela 2019). �'�D�W�D�� �R�� �U�R�þ�Q�t�P �þ�t�V�O�H���V�O�X�Q�H�þ�Q�tch skvrn (sunspot number) �E�\�O�D�� �S�R�X�å�L�W�D 

z  Royal Observatory of Belgium, Brussels (WDC-SILSO 2020). 

 

4.3. �$�Q�D�O�ê�]�D dat 

4.3.1 Indexy struktury  

�=�i�N�O�D�G�H�P�� �F�K�D�U�D�N�W�H�U�L�V�W�L�F�N�\�� �S�R�S�L�V�X�� �V�W�U�X�N�W�X�U�\�� �K�R�P�R�J�H�Q�Q�t�F�K�� �Q�H�E�R�� �K�H�W�H�U�R�J�H�Q�Q�t�F�K�� �S�R�U�R�V�W�$�� �Q�D��

�V�W�D�Q�R�Y�L�ã�W�L���W�Y�R���t���V�W�U�X�N�W�X�U�Q�t���L�Q�G�H�[�\�����N�W�H�U�p���E�\�O�\���Y�\�X�å�L�W�\���Q�D���]�i�N�O�D�G�Q�t���S�R�S�L�V���S�R�U�R�V�W�$���E�X�N�X���O�H�V�Q�t�K�R���Q�D��

�5�ê�F�K�R�U�i�F�K�� �Y�� �.�U�N�R�Q�R�ã�t�F�K�����7�\�W�R�� �L�Q�G�H�[�\�� �E�\�O�\�� �Y�\�S�R�þ�W�H�Q�\�� �V�R�I�W�Z�D�U�H�P, kdy vstu�S�Q�t�Pi daty byly 

�M�H�G�Q�R�W�O�L�Y�p���V�W�U�R�P�R�Y�p���~�G�D�M�H�����M�D�N�R��jsou �V�R�X���D�G�Q�L�F�H���V�W�U�R�P�$�����W�O�R�X�ã�"�N�\�����Y�ê�ã�N�\�����Y���N���D���Q�D�V�D�]�H�Q�t���å�L�Y�p��

koruny SIBYLA ���)�D�E�U�L�N�D���	�����X�U�V�N�ê������������. 

�3�U�R���X�U�þ�H�Q�t���K�R�P�R�J�H�Q�Q�t�F�K���S�R�U�R�V�W�$���Q�H�E�R���K�H�W�H�U�R�J�H�Q�Q�t�F�K���S�R�U�R�V�W�$���E�X�N�X���O�H�V�Q�t�K�R���E�\�O���Y�\�E�U�i�Q��index 

�K�R�U�L�]�R�Q�W�i�O�Q�t�� �V�W�U�X�N�W�X�U�\���� �N�W�H�U�ê�� �S�R�þ�t�W�i�� �V�H�� �Y�]�G�i�O�H�Q�R�V�W�t�� �Y�ã�H�F�K�� �V�W�U�R�P�$�� �N �Q�H�M�E�O�L�å�ã�t�P�X�� �V�R�X�V�H�G�R�Y�L����

�S�R�þ�W�H�P���V�W�U�R�P�$���Q�D���S�O�R�ã�H�����Y�H�O�L�N�R�V�W�t plochy a velikost�t �R�E�Y�R�G�X���S�O�R�F�K�\�����,�Q�G�H�[���V�H���S�R�K�\�E�X�M�H���Y���U�R�]�S���W�t��

�R�G�������S�R���������������+�R�G�Q�R�W�D�������]�Q�D�P�H�Q�i���D�J�U�H�J�R�Y�D�Q�R�X���V�W�U�X�N�W�X�U�X�����W�M�����V�W�U�R�P�\���V�R�X�V�W���H�G���Q�p���Y�H���V�K�O�X�F�t�F�K����

�+�R�G�Q�R�W�D�� ���� �]�Q�D�P�H�Q�i�� �]�F�H�O�D�� �Q�i�K�R�G�Q�p�� �U�R�]�G���O�H�Q�t�� �V�W�U�R�P�$�� �S�R�� �S�O�R�ã�H�� �D�� �K�R�G�Q�R�W�D�� ���������� �]�Q�D�P�H�Q�i��

�S�U�D�Y�L�G�H�O�Q�p���U�R�]�P�t�V�W���Q�t���V�W�U�R�P�$���S�R���S�O�R�ã�H (Clark & Evans 1954).  

Byl �W�D�N�p���S�R�X�å�L�W index �Y�H�U�W�L�N�i�O�Q�t�� �V�W�U�X�N�W�X�U�\��Arten Profil index���� �N�W�H�U�ê �V�H�� �S�R�þ�t�W�i�� �Q�D�� �]�i�N�O�D�G����

�N�U�X�K�R�Y�p���]�i�N�O�D�G�Q�\���G���H�Y�L�Q�\���Y���S�R�U�R�V�W�Q�t���Y�U�V�W�Y��. Tento i�Q�G�H�[���V�H���S�R�K�\�E�X�M�H���Y���U�R�]�S���W�t���R�G�������S�R���������ý�t�P��
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�Y�\�ã�ã�t���M�H���K�R�G�Q�R�W�D���L�Q�G�H�[�X�����W�t�P���M�H���Y�H�U�W�L�N�i�O�Q�t���V�W�U�X�N�W�X�U�D���Y�t�F�H���U�R�]�U�$�]�Q���Q�i�����3���L���K�R�G�Q�R�W�����L�Q�G�H�[�X���Q�D�G����������

�O�]�H���V�W�U�X�N�W�X�U�X���S�R�Y�D�å�R�Y�D�W���]�D���Y�ê�E���Unou (Pretzsch 1992). 

Pro �F�H�O�N�R�Y�p�� �]�K�R�G�Q�R�F�H�Q�t �V�W�U�X�N�W�X�U�\�� �S�R�U�R�V�W�X�� �E�\�O�� �S�R�X�å�L�W�� �L�� �L�Q�G�H�[�� �F�H�O�N�R�Y�p�� �G�L�Y�H�U�]�L�W�\���� �&�H�O�N�R�Y�i��

�G�L�Y�H�U�]�L�W�D�� �Y�\�M�D�G���X�M�H�� �F�H�O�N�R�Y�p�� �þ�t�V�H�O�Q�p�� �V�K�U�Q�X�W�t�� �V�O�R�å�H�N�� �G�L�Y�H�U�]�L�W�\���� �G�L�Y�H�U�]�L�W�\�� �G�U�X�K�R�Y�p�K�R�� �V�O�R�å�H�Q�t����

�G�L�Y�H�U�]�L�W�\���Y�H�U�W�L�N�i�O�Q�t�� �V�W�U�X�N�W�X�U�\���� �G�L�Y�H�U�]�L�W�\���S�U�R�V�W�R�U�R�Y�p�K�R���U�R�]�P�t�V�W���Q�t�� �V�W�U�R�P�$���D���G�L�Y�H�U�]�L�W�\���N�R�U�X�Q�R�Y�p��

difere�Q�F�L�D�F�H���� �3�R�N�X�G�� �M�H�� �Y�ê�V�O�H�G�Q�i�� �K�R�G�Q�R�W�D�� �Y���W�ã�t�� �Q�H�E�R�� �U�R�Y�Q�D�� ������ �S�D�N�� �P�i�� �S�R�U�R�V�W�� �P�L�P�R���i�G�Q����

�U�$�]�Q�R�U�R�G�R�X���V�W�U�X�N�W�X�U�X�����K�R�G�Q�R�W�D���Y���U�R�]�S���W�t���R�G�������G�R�����������]�Q�D�þ�t���U�$�]�Q�R�U�R�G�R�X���V�W�U�X�N�W�X�U�X�����L�Q�G�H�[���R�G�������G�R��

���������]�Q�D�P�H�Q�i���Q�H�U�R�Y�Q�R�P���U�Q�R�X���V�N�W�U�X�N�W�X�U�X���S�R�U�R�V�W�X���� �S���L���K�R�G�Q�R�W�i�F�K���Y���L�Q�W�H�U�Y�D�O�X���R�G�������G�R����������jde o 

�U�R�Y�Q�R�P���U�Q�R�X�� �Y�ê�V�W�D�Y�E�X�� �D�� �S���L�� �K�R�G�Q�R�W�i�F�K�� �S�R�G�� ���� �P�i�� �S�R�U�R�V�W�� �P�R�Q�R�W�y�Q�Q�t�� �Y�ê�V�W�D�Y�E�X (Jaehne & 

Dohrenbusch 1997). 

�+�R�P�R�J�H�Q�Q�t�� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �Q�D�� �5�ê�F�K�R�U�i�F�K�� �P�D�M�t�� �Q�i�K�R�G�Q�R�X�� �D�å�� �S�U�D�Y�L�G�H�O�Q�R�X�� �K�R�U�L�]�R�Q�W�i�O�Q�t��

�V�W�U�X�N�W�X�U�X�� �S�R�U�R�V�W�X���� �Q�t�]�N�R�X�� �Y�ê�ã�N�R�Y�R�X�� �G�L�I�H�U�H�Q�F�L�D�F�L�� �D�� �V�W�H�M�Q�R�U�R�G�R�X�� �V�W�U�X�N�W�X�U�X���� �+�H�W�H�U�R�J�H�Q�Q�t��

�Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �P�D�M�t�� �Q�i�K�R�G�Q�R�X�� �D�å�� �D�J�U�H�J�R�Y�D�Q�R�X�� �S�U�R�V�W�R�U�R�Y�R�X�� �V�W���H�G�Q�t�� �Y�H�U�W�L�N�i�O�Q�t�� �V�W�U�X�N�W�X�U�X��

a �Q�H�U�R�Y�Q�R�P���U�Q�����U�$�]�Q�R�U�R�G�R�X���V�Wrukturu. 

 

4.3.2. �=�i�N�O�D�G�Q�t���D�Q�D�O�ê�]�D���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�F�K���G�D�W 

�'�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�i���G�D�W�D���E�X�N�X���O�H�V�Q�t�K�R �E�\�O�D���]�S�U�D�F�R�Y�i�Q�D���V�R�I�W�Z�D�U�H�P���5��(Team R Core 

2018) s �S�R�X�å�L�W�t�P���Ä�G�S�O�U�³���S�D�F�N�D�J�H��(Bunn 2008, Zang et al. 2018)�����'�H�W�U�H�Q�G�L�Q�J���N�D�å�G�p�K�R���V�W�U�R�P�X��

�E�\�O���S�U�R�Y�H�G�H�Q���Q�H�J�D�W�L�Y�Q�����H�[�S�R�Q�H�Q�F�L�i�O�Q�t���G�H�W�U�H�Q�G�D�F�t���V �S�U�R�O�R�å�H�Q�ê�P���V�S�O�L�Q�H�P���]�D���S�R�X�å�L�W�t���Q�i�Y�R�G�X���G�R��

dplr (Bunn et al. 2018a)�����'�H�W�U�H�Q�G�D�F�H���R�G�V�W�U�D���X�M�H���Y���N�R�Y�ê���W�U�H�Q�G���S���L���]�D�F�K�R�Y�i�Q�t���Q�t�]�N�R�I�U�H�N�Y�H�Q�þ�Q�t�F�K��

�N�O�L�P�D�W�L�F�N�ê�F�K�� �V�L�J�Q�i�O�$��(Cook et al. 1990, Shumilov et al. 2011). �3�U�R�� �G�H�W�U�H�Q�G�R�Y�D�Q�i�� �G�D�W�D�� �E�\�O�R��

�Y�\�S�R�þ�t�W�i�Q�R�� �(�3�6�� ���H�[�S�U�H�V�V�H�G�� �S�R�S�X�O�D�W�L�R�Q�� �V�L�J�Q�D�O������Ukazatel EPS p���H�G�V�W�D�Y�X�M�H�� �V�S�R�O�H�K�O�L�Y�R�V�W��

�F�K�U�R�Q�R�O�R�J�L�H�� �M�D�N�R�� �]�O�R�P�H�N�� �V�S�R�O�H�þ�Q�p�K�R�� �U�R�]�S�W�\�O�X�� �W�H�R�U�H�W�L�F�N�p�� �Q�H�N�R�Q�H�þ�Q�p�� �V�W�U�R�P�R�Y�p�� �S�R�S�X�O�D�F�H. 

�/�L�P�L�W�H�P���S�U�R���S�R�X�å�L�W�t���G�D�W���N���S�R�U�R�Y�Q�i�Q�t���Y�$�þ�L���N�O�L�P�D�W�L�F�N�ê�P���~�G�D�M�$�P���E�\�O�D���V�L�J�Q�L�I�L�N�D�Q�W�Q�t hranice EPS 

tak, aby EPS > 0.85 (Bunn et al. 2018a). �7�D�N�p���E�\�O�R���V�S�R�þ�t�W�i�Q�R the SNR (signal to noise ratio), 

�N�W�H�U�p���U�H�S�U�H�]�H�Q�W�X�M�H���V�t�O�X���V�L�J�Q�i�O�X��chronolog�L�F�N�p���N���L�Y�N�\ �N���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�P�X���ã�X�P�X�����%�\�O�D���W�D�N�p��

�Y�\�S�R�þ�t�W�i�Q�D�� �Y�Q�L�W���Q�t�� �N�R�U�H�O�D�F�H�� �P�H�]�L�� �M�H�G�Q�R�W�O�L�Y�ê�P�L�� �Y�]�R�U�N�\�� �N�D�å�G�p�� �N���L�Y�N�\�� �W�H�G�\��R-bar (inter-series 

correlations) �± (Fritts 1976), �W�D�N�p�� �E�\�O�D�� �Y�\�S�R�þ�t�W�i�Q�D �D�X�W�R�N�R�U�H�O�D�F�H�� �S�U�Y�Q�t�K�R�� ���i�G�X first-order 

autocorrelation (Ar1). �'�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p���X�N�D�]�D�W�H�O�H EPS, SNR, R-bar a Ar1 �E�\�O�\���Y�\�S�R�þ�t�W�D�Q�p��

�G�O�H�� �L�Q�V�W�X�N�F�t�� �G�R�� �³�G�S�O�U�´��(Bunn et al. 2018a) �D�� �M�V�R�X�� �S�R�V�W�D�Y�H�Q�p�� �Q�D�� �Y�ã�H�R�E�H�F�Q�ê�F�K��

�G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�F�K�� �W�H�R�U�L�t�F�K��(Fritts 1976, Speer 2010). �3�R�S�L�V�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�F�K��

charakteristik je uveden v �M�H�G�Q�R�W�O�L�Y�ê�F�K���Y���G�H�F�N�ê�F�K���S�X�E�O�L�N�D�F�t�F�K�� 
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4.3.3 �=�S�U�D�F�R�Y�i�Q�t���G�D�W 

V �W�p�W�R�� �G�L�V�H�U�W�D�F�L�� �E�\�Oy �S�R�X�å�L�Wy �S�U�R���]�S�U�D�F�R�Y�i�Q�t�� �G�D�W���D�� �M�H�M�L�F�K�� �~�S�U�D�Y�X�� �V�R�I�W�Z�D�U�H�� �5��(Team R 

Core 2018), Statistica 13 (StatSoft 2013), �&�$�1�2�&�2�� ���� ���‹�� �/�H�S�V�� �	�� �6�P�L�O�D�X�H�U��. �3�U�R�� �D�Q�D�O�ê�]�X��

�G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�F�K�� �N���L�Y�H�N�� �V�� �N�O�L�P�D�W�L�F�N�ê�P�L�� �P���V�t�þ�Q�t�P�L�� �S�R�G�P�t�Q�N�D�P�L�� �E�\�O�� �S�R�X�å�L�W�� �S�U�R�J�U�D�P��

�'�H�Q�G�U�R�&�O�L�P�� ������������ �N�G�\�� �E�\�O�D�� �Y�\�X�å�L�W�D�� �I�X�Q�N�F�H�� �Ä�U�H�V�S�R�Q�V�H�� �D�Q�G�� �F�R�U�U�H�O�D�W�L�R�Q�³�� �Y �U�R�]�P�H�]�t�� �P���V�t�F�$�� �R�G��

�N�Y���W�Q�D���G�R���]�i���t��(Biondi & Waikul 2004). 

�9�ã�H�F�K�Q�D���S�R�X�å�L�W�i���G�D�W�D���O�H�W�R�N�U�X�K�R�Y�ê�F�K�����D�G�����~�K�U�Q�$���V�U�i�å�H�N�����W�H�S�O�R�W���Y�]�G�X�F�K�X���� �þ�t�V�O�H���V�O�X�Q�H�þ�Q�tch 

skvrn���� �S�O�R�F�K�\�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q���� �Q�D�K�R�G�L�O�ê�F�K�� �W���å�H�E���� �F�H�O�N�R�Y�ê�F�K�� �W���å�H�E�� �D�W�G���� �E�\�O�D�� �W�D�N�p�� �S�U�R�O�R�å�H�Q�D��

�U�$�]�Q�ê�P�L���W�\�S�\���N�X�E�L�F�N�ê�F�K���V�S�O�L�Q�$���S�U�R���R�G�V�W�U�D�Q���Q�t���X�K�O�D�]�H�Q�t���N�U�i�W�N�R�G�R�E�ê�F�K���Y�O�L�Y�$���S�R�P�R�F�t���V�R�I�W�Z�D�U�X���5����

(Team R Core 2018). �3�R�X�å�L�W�i���G�D�W�D���E�\�O�D���]�S�U�D�F�R�Y�i�Q�D���G�O�H���S�R�W���H�E�\���Y �V�R�I�W�Z�D�U�X���5���]�D���S�R�X�å�L�W�t���E�D�O�t�þ�N�$��

�G�S�O�U���Ä�S�D�F�N�D�J�H�³(Zang et al. 2018)�����Ä�V�L�J�Q�D�O�³��(Ligges et al. 2015) �D���Ä�Z�D�Y�H�V�O�L�P�³��(Whitcher 2020). 

�%�\�O�� �W�D�N�p�� �Y�\�W�Y�R���H�Q�� �V�R�I�W�Z�D�U�H�P�� �5�� �S�R�P�R�F�t�� �E�D�O�t�N�$�� �Ä�V�L�J�Q�D�O�³�� �D�� �Ä�G�S�O�U�³�� �Z�D�Y�H�O�H�W�R�Y�ê�� �� �J�U�D�I�� �S�U�R��

�G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p���~�G�D�M�H��(Ligges et al. 2015, Bunn et al. 2018b). �9�ê�S�R�þ�H�W���V�S�H�N�W�U�i�O�Q�t���D�Q�D�O�ê�]�\��

ze softwaru R byl proveden jako Furierova �D�Q�D�O�ê�]�D���V�L�J�Q�i�O�X�����N�G�\���E�\�O�D���S�R�X�å�L�W�D���I�X�Q�N�F�H���Ä�U�H�G�I�L�W�³��

�Q�H�E�R�O�L���6�F�K�X�O�]�¶�V���5�(�'�)�,�7�����Y�H�U�V�L�R�Q���������H�������N�G�\���W�D�W�R���I�X�Q�N�F�H���R�G�K�D�G�X�M�H���U�H�G-�Q�R�L�V�H���V�S�H�N�W�U�X�P���þ�D�V�R�Y�p��

���D�G�\��(Schulz & Mudelsee 2002) s �R�S�W�L�P�i�O�Q�t�P�� �W�H�V�W�X�M�t�F�t�P�� �V�S�H�N�W�U�H�P�� �Y�$�þ�L�� �S�R�]�D�G�t�� �U�H�G-noise za 

�S�R�X�å�L�W�t�� �D�Q�D�O�ê�]�\�� �0�R�Q�W�H�� �&�D�U�O�R �V�L�P�X�O�D�F�H���� �7�H�Q�W�R�� �Y�ê�S�R�þ�H�W�� �E�\�O�� �S�U�R�Y�H�G�H�Q�� �S�R�G�O�H�� �Q�i�Y�R�G�X�� �G�R�� �5�� �G�O�H��

Bunn & Mikko, 2018.  

�9�ê�S�R�þ�W�\��P�H�D�U�V�R�Q�R�Y�ê�F�K�� �N�R�U�H�O�D�F�t���� �V�S�H�N�W�U�i�O�Q�t�� �D�Q�D�O�ê�]�\ �D�� ���'�� �J�U�D�I�\�� �E�\�O�\�� �Y�\�W�Y�R���H�Q�\��

softwarem Statistica 13 (Statsoft, Tulsa). �9�ê�S�R�þ�H�W���V�S�H�N�W�U�i�O�Q�t�F�K���D�Q�D�O�ê�]��softwarem Statistica 13 

�E�\�O�� �S�U�R�Y�H�G�H�Q�� �I�X�Q�N�F�t�� �Ä�6�L�Q�J�O�H�� �)�X�U�L�H�U�� ���6�S�H�F�W�U�D�O���� �$�Q�D�O�\�V�L�V�³���� �S���L�þ�H�P�å�� �E�\�O�� �S�R�X�å�L�W�� �Y�ê�V�W�X�S��

�Ä�3�H�U�L�R�G�R�J�U�D�P�³�� �]�R�E�U�D�]�H�Q�p�� �G�O�H�� �Ä�3�H�U�L�R�G�³���� �'�i�O�H��byly �W�t�P�W�R�� �V�R�I�W�Z�D�U�H�P�� �Y�\�S�R�þ�W�H�Q�\�� �N�R�U�H�O�D�þ�Q�t��

koeficienty a cross-correlace. Cross-correla�F�H�� �E�\�O�\�� �V�H�O�H�N�W�R�Y�i�Q�\�� �M�D�N�R�� �Q�H�M�E�O�L�å�ã�t�� �V�L�J�Q�L�I�L�N�D�Q�W�Q�t��

hodnota od Lag 0. 

H�R�G�Q�R�F�H�Q�t���U�D�G�L�i�O�Q�t�K�R���S���t�U�$�V�W�X �E�X�N�X���Y�H���Y�]�W�D�K�X���N�H���N�O�L�P�D�W�L�F�N�ê�P���I�D�N�W�R�U�$�P���E�\�Oo statisticky 

�]�S�U�D�F�R�Y�i�Qo �S�U�R�J�U�D�P�H�P���6�W�D�W�L�V�W�L�F�D�����������‹���6�W�D�W�V�R�I�W�����7�X�O�V�D�������3�U�R���V�W�D�Q�R�Y�H�Q�t���N�R�P�E�L�Q�R�Y�D�Q�p�K�R���Y�O�L�Y�X��

�S�U�$�P���U�Q�p�� �U�R�þ�Q�t�� �W�H�S�O�R�W�\�� �D���U�R�þ�Q�t�K�R�� �~�K�U�Q�X�� �V�U�i�å�H�N�� �Q�D�� �U�D�G�L�i�O�Q�t�� �U�$�V�W�� �E�X�N�X�� �E�\�O�� �S�R�X�å�L�W�� �U�H�J�U�H�V�Q�t��

�N�Y�D�G�U�D�W�L�F�N�ê���P�R�G�H�O�����$�Q�D�O�ê�]�D���K�O�D�Y�Q�t�F�K���V�O�R�å�H�N (PCA) byla provedena v programu CANOCO 5 

���‹�� �/�H�S�V�� �	�� �6�P�L�O�D�X�H�U���� �]�D�� �~�þ�H�O�H�P�� �S�R�V�R�X�]�H�Q�t�� �Y�]�W�D�K�X�� �P�H�]�L�� �U�D�G�L�i�O�Q�t�P�� �U�$�V�W�H�P�� �E�X�N�R�Y�ê�F�K�� �O�H�V�Q�t�F�K��

�S�R�U�R�V�W�$�����V�R�X�þ�W�H�P���V�U�i�å�H�N �D���S�U�$�P���U�Q�ê�P�L���W�H�S�O�R�W�D�P�L��za �F�H�O�ê���U�R�N�����Y�H���Y�H�J�H�W�D�þ�Q�t�P���R�E�G�R�E�t�����R�G���G�X�E�Q�D��

�G�R���]�i���t�������P�L�P�R���Y�H�J�H�W�D�þ�Q�t���R�E�G�R�E�t�����R�G�����t�M�Q�D���S���H�G�F�K�R�]�t�K�R���U�R�N�X���G�R���E���H�]�Q�D���E���å�Q�p�K�R���U�R�N�X�������Y���þ�H�U�Y�Q�X��

�D�å�� �þ�H�U�Y�H�Q�F�L�� �D�� �Y�� �O�H�G�Q�X�� �D�å�� �E���H�]�Q�X�� �E���å�Q�p�K�R�� �D�� �S���H�G�F�K�R�]�t�K�R�� �U�R�N�X���� �3���H�G�� �D�Q�D�O�ê�]�R�X�� �E�\�O�D�� �G�D�W�D��

zlogaritmov�i�Q�D �D�� �V�W�D�Q�G�D�U�G�L�]�R�Y�i�Q�D���� �9�ê�V�O�H�G�N�\�� �P�X�O�W�L-�Y�D�U�L�D�þ�Q�t�� �3�&�$�� �E�\�O�\�� �Y�L�]�X�D�O�L�]�R�Y�i�Q�\��

formou �R�U�G�L�Q�D�þ�Q�tho diagramu. 
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5. �9�ê�V�O�H�G�N�\ 

�9�ê�V�O�H�G�N�\�� �W�p�W�R���G�L�V�H�U�W�D�þ�Q�t �S�U�i�F�H �M�V�R�X�� �S�U�H�]�H�Q�W�R�Y�i�Q�\���Y�H�� ���� �W�H�P�D�W�L�F�N�ê�F�K�� �R�N�U�X�]�t�F�K��jako soubor 

5 �Y���G�H�F�N�ê�F�K���S�U�D�F�t �D�������U�H�F�H�Q�]�R�Y�D�Q�ê�F�K���S���t�V�S���Y�N�$���Q�D���N�R�Q�I�H�U�H�Q�F�t�F�K�����3�U�Y�Q�t�P���W�H�P�D�W�L�F�N�ê�P���R�N�U�X�K�H�P��

je struktura a �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�� �Y�ê�Y�R�M�� �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�� �D�� �G�U�X�K�ê�P�� �W�H�P�D�W�L�F�N�ê�P�� �R�N�U�X�K�H�P��

je �O�H�V�Q�L�F�N�ê�� �P�D�Q�D�J�H�P�H�Q�W�� �S�R�G�� �Y�O�L�Y�H�P�� �N�O�L�P�D�W�L�F�N�ê�F�K�� �Y�O�L�Y�$�� �2�E�D�� �W�\�W�R�� �R�N�U�X�K�\�� �Q�D�� �V�H�E�H�� �Q�D�Y�D�]�X�M�t��

�S�U�R�E�O�H�P�D�W�L�N�R�X�� �]�N�R�X�P�D�Q�ê�F�K�� �I�D�N�W�R�U�$���� �'�t�N�\�� �N�O�L�P�D�W�L�F�N�p���]�P���Q�����S�U�R�F�K�i�]�t���E�X�N�R�Y�p�� �S�R�U�R�V�W�\��

�S�U�R�P���Q�O�L�Y�ê�P���Y�ê�Y�R�M�H�P�����D�O�H���F�H�O�N�R�Y�����M�V�R�X���V�W�D�E�L�O�Q�t���Y�$�þ�L���N�D�O�D�P�L�W�Q�t�P���Y�ê�N�\�Y�$�P�����1�D�S�U�R�W�L���W�R�P�X���]�G�H��

�P�i�P�H�� �Q�H�M�U�R�]�ã�t���H�Q���M�ã�t�� �S�U�R�E�O�H�P�D�W�L�N�X�� �Y�H�O�N�ê�F�K�� �N�D�O�D�P�L�W���� �N�W�H�U�p�� �M�V�R�X�� �S�U�R�S�R�M�H�Q�\�� �K�O�D�Y�Q����
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�����������7�H�P�D�W�L�F�N�ê���R�N�U�X�K������ �6�W�U�X�N�W�X�U�D���D���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê���Y�ê�Y�R�M���E�X�N�R�Y�ê�F�K��

�S�R�U�R�V�W�$ 

5.1.1. �5�$�V�W�R�Y�i���Y�D�U�L�D�E�L�O�L�W�D���S���L�U�R�]�H�Q�ê�F�K���S�R�U�R�V�W�$���E�X�N�X���O�H�V�Q�t�K�R�����'�H�Q�G�U�R�N�O�L�P�D�W�L�F�N�i���V�W�X�G�L�H���]��

�.�U�N�R�Q�R�ã�V�N�p�K�R���Q�i�U�R�G�Q�t�K�R���S�D�U�N�X�� 

Tato publikace �M�H�� �D�Q�D�O�ê�]�R�X�� �D���V�\�Q�W�p�]�R�X�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�K�R �Y�ê�Y�R�M�H�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Y�H��

�Y�ê�F�K�R�G�Q�t�F�K�� �.�U�N�R�Q�R�ã�t�F�K���� �+�O�D�Y�Q�t�� �]�i�P���U�� �W�p�W�R�� �S�X�E�O�L�N�D�F�H�� �M�H�� �Sopsat vliv teplot vzduchu a �~�K�U�Q�$��

�V�U�i�å�H�N�� �Q�D�� �S���t�U�$�V�W�� �E�X�N�X�� �O�H�V�Q�t�K�R���� �7�D�W�R�� �S�X�E�O�L�N�D�F�H�� �W�D�N�p�� �S�R�S�L�V�X�M�H�� �G�D�O�ã�t�� �Y�ê�]�Q�D�P�Q�p�� �I�D�N�W�R�U�\���� �N�W�H�U�p��

ovlivnily  dendrochronologick�ê �Y�ê�Y�R�M���E�X�N�X���O�H�V�Q�t�K�R���� �M�D�N�R���Q�D�S���t�N�O�D�G���L�P�L�V�Q�t�� �N�D�O�D�P�L�W�D���Q�H�E�R���Y�O�L�Y��

�P�U�D�]�$�����9 �þ�O�i�Q�N�X���M�V�R�X���V�S�H�N�W�U�i�O�Q�t���D�Q�D�O�ê�]�\���S�U�R���G�O�R�X�K�R�G�R�E�ê���þ�D�V�R�Y�ê���K�R�U�L�]�R�Q�W���R�G���U�R�N�X���������������D�Q�D�O�ê�]�D��

�P���V�t�þ�Q�t�F�K�� �N�R�U�H�O�D�F�t�� �W�H�S�O�R�W��nebo �V�U�i�å�H�N�� �V �U�D�G�L�i�O�Q�t�P�� �S���t�U�$�V�W�H�P�� ���V�R�I�W�Z�D�U�H�� �'�H�Q�G�U�R�&�O�L�P���� �D�� �3�&�$��

diagram.  

�9�ê�Y�R�M�� �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�� �Y�ê�U�D�]�Q���� �R�Y�O�L�Y�Q�L�O�D�� �L�P�L�V�Q�t�� �N�D�O�D�P�L�W�D�� �Y�� �R�E�G�R�E�t�� ���������±1989 a v 

�S�R�V�O�H�G�Q�t�F�K�� �O�H�W�H�F�K �þ�D�V�W���M�ã�t�� �N�O�L�P�D�W�L�F�N�p�� �Y�ê�N�\�Y�\���� �3���t�U�$�V�W�R�Y�p�� �S�H�U�L�R�G�L�F�N�p�� �X�G�i�O�R�V�W�L�� �V�H�� �Q�H�M�Y�t�F�H��

�R�S�D�N�R�Y�D�O�\�� �Y�� �U�R�]�P�H�]�t�� ������ �D�å�� ������ �O�H�W���� �3�R�U�R�V�W�\�� �Q�D�� �Y�ê�]�N�X�P�Q�ê�F�K�� �S�O�R�F�K�i�F�K�� �U�H�D�J�R�Y�D�O�\�� �R�G�O�L�ã�Q���� �Q�D��

�N�O�L�P�D�W�L�F�N�p�� �I�D�N�W�R�U�\���� �D�O�H�� �K�O�D�Y�Q�t�P�� �O�L�P�L�W�X�M�t�F�t�P�� �I�D�N�W�R�U�H�P�� �E�\�O�\�� �Q�t�]�N�p�� �W�H�S�O�R�W�\ �E���K�H�P�� �Y�H�J�H�W�D�þ�Q�t�K�R��

�R�E�G�R�E�t. P���t�N�O�D�G�Q�R�X�� �Q�H�M�Y�t�F�H�� �S�D�W�U�Q�R�X�� �Q�H�J�D�W�L�Y�Q�t�� �X�G�i�O�R�V�W�t�� �E�\�O�� �Y�O�L�Y�� �P�U�D�]�$�� �Y roce 2011���� �3�R�]�L�W�L�Y�Q�t��

�Y�O�L�Y���W�H�S�O�R�W���Q�D���S���t�U�$�V�W���E�X�N�X���E�\�O���]�D�]�Q�D�P�H�Q�i�Q���E���K�H�P���]�L�P�\�����S���H�G�M�D���t���D���]�H�M�P�p�Q�D���Y���þ�H�U�Y�H�Q�F�L���D���V�U�S�Q�X��

�D�N�W�X�i�O�Q�t�K�R�� �U�R�N�X���� �1�D�R�S�D�N�� �W�O�R�X�ã�"�N�R�Y�ê�� �S���t�U�$�V�W�� �E�\�O�� �Q�H�J�D�W�L�Y�Q���� �N�R�U�H�O�R�Y�i�Q�� �V�H�� �V�U�i�å�N�D�P�L�� �Q�D�� �]�D�þ�i�W�N�X��

�U�R�N�X�� �D�� �Y�� �V�U�S�Q�X���� �'�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�i�� �D�Q�D�O�ê�]�D�� �S���t�U�R�G���� �E�O�t�]�N�ê�F�K�� �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�� �S�R�V�N�\�W�X�M�H��

�F�H�Q�Q�p���L�Q�I�R�U�P�D�F�H���R���U�H�D�N�F�L���E�X�þ�L�Q���Q�D���P���Q�t�F�t���V�H���N�O�L�P�D�W�L�F�N�p���S�R�P���U�\�������â�L�P�$�Q�H�N���H�W���D�O�������������E��.  

�&�L�W�D�F�H���þ�O�i�Q�N�X�� 

�â�,�0�#�1�(�.�����9�������9�$�&�(�.�����=�������9�$�&�(�.�����6�������.�5�È�/�Ë�ý�(�.�����,�������9�$�1�ý�8�5�$�����.���������������������*�U�R�Z�W�K��

variability of European beech (Fagus sylvatica L.) natural forests: Dendroclimatic study from 

�.�U�N�R�Q�R�ã�H��Mountains National Park. Central European Forestry Journal, 65: 2: 3�±11. DOI: 

10.2478/forj-2019-0010 
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�9�D�F�H�N�����=�������9�D�F�H�N�����6�������%�Ç�O�H�N�����/�������5�H�P�H�w�����-�������i�W�H�I�D�Q�Â�Ç�N�����,������
���������E�����&�K�D�Q�J�H�V���L�Q���K�R�U�L�]�R�Q�W�D�O���V�W�U�X�F�W�X�U�H���R�I���Q�D�W�X�U�D�O��
�E�H�H�F�K���I�R�U�H�V�W�V���R�Q���D�Q���D�O�W�L�W�X�G�L�Q�D�O���J�U�D�G�L�H�Q�W���L�Q���W�K�H���6�X�G�H��
�W�H�V�����'�H�Q�G�U�R�E�L�R�O�R�J�\���������������t������

�9�D�F�H�N�����=�������9�D�F�H�N�����6�������3�R�G�U�»�]�V�N�Ö�����9�������%�Ç�O�H�N�����/�������i�W�H�I�D�Q�Â�Ç�N����
�,�������0�R�V�H�U�����:�����.�����H�W���D�O���������������F�����(�I�I�H�F�W���R�I���W�U�H�H���O�D�\�H�U���D�Q�G��
�P�L�F�U�R�V�L�W�H���R�Q���W�K�H���Y�D�U�L�D�E�L�O�L�W�\ �R�I���Q�D�W�X�U�D�O���U�H�J�H�Q�H�U�D�W�L�R�Q���L�Q��
�D�X�W�R�F�K�W�K�R�Q�R�X�V���E�H�H�F�K���I�R�U�H�V�W�V�����3�R�O�L�V�K���-�R�X�U�Q�D�O���R�I���(�F�R�O��
�R�J�\�����������������t��������



�9�L�H�Z�H�J�K�����-�������.�X�V�E�D�F�K�����$�������0�L�N�H�V�N�D�����0�������������������&�]�H�F�K��
�I�R�U�H�V�W���H�F�R�V�\�V�W�H�P���F�O�D�V�V�L�I�L�F�D�W�L�R�Q�����-�R�X�U�Q�D�O���R�I���)�R�U�H�V�W��
�6�F�L�H�Q�F�H���������������t������

�:�D�L�Q�K�R�X�V�H�����'�������*�D�W�H�����,�����0�������/�R�Q�V�G�D�O�H�����'�������������������%�H�H�F�K��
�5�H�V�L�V�W�D�Q�F�H���W�R���W�K�H���%�H�H�F�K���6�F�D�O�H�����$���9�D�U�L�H�W�\���R�I���'�H�I�H�Q�V�H�V����
�,�Q�� �0�D�W�W�V�R�Q�����9�����-�������/�H�Y�L�H�X�[�����-�������%�H�U�Q�D�U�G���'�D�J�D�Q�����&����
���H�G�V���������0�H�F�K�D�Q�L�V�P�V���R�I���:�R�R�G�\���3�O�D�Q�W���'�H�I�H�Q�V�H�V���D�J�D�L�Q�V�W��
�,�Q�V�H�F�W�V�����6�S�U�L�Q�J�H�U�����1�H�Z���<�R�U�N�����1�<�����S�����������t��������

�8�U�E�D�Q�����-�������������������%�H�H�F�K���J�D�O�O���P�L�G�J�H�����0�L�N�L�R�O�D���I�D�J�L���+�W�J����
�D�Q�G�� �L�W�V�� �Q�D�W�X�U�D�O�� �H�Q�H�P�L�H�V�� �-�R�X�U�Q�D�O�� �R�I�� �)�R�U�H�V�W��
�6�F�L�H�Q�F�H�� �������������t��������

�=�D�Q�J�����&�������+�D�U�W�O���0�H�L�H�U�����&�������'�L�W�W�P�D�U�����&�������5�R�W�K�H�����$�������0�H�Q��
�]�H�O�����$�������������������3�D�W�W�H�U�Q�V���R�I���G�U�R�X�J�K�W���W�R�O�H�U�D�Q�F�H���L�Q���P�D�M�R�U��
�(�X�U�R�S�H�D�Q���W�H�P�S�H�U�D�W�H���I�R�U�H�V�W���W�U�H�H�V�����&�O�L�P�D�W�L�F���G�U�L�Y�H�U�V��
�D�Q�G���O�H�Y�H�O�V���R�I�� �Y�D�U�L�D�E�L�O�L�W�\���� �*�O�R�E�D�O���&�K�D�Q�J�H�� �%�L�R�O�R�J�\����
���������������t����������

�=�D�Q�J�����&�������5�R�W�K�H�����$�������:�H�L�V�����:�������3�U�H�W�]�V�F�K�����+�������������������=�X�U��
�E�D�X�P�D�U�W�H�Q�H�L�J�Q�X�Q�J���E�H�L���N�O�L�P�D�Z�D�Q�G�H�O�����$�E�O�H�L�W�X�Q�J���G�H�U��
�W�U�R�F�N�H�Q�V�W�U�H�V�V�����D�Q�I�¾�O�O�L�J�N�H�L�W���Z�L�F�K�W�L�J�H�U���Z�D�O�G�E�D�X�P�D�U�W�H�Q��
�D�X�V���M�D�K�U�U�L�Q�J�E�U�H�L�W�H�Q�����$�O�O�J�H�P�H�L�Q�H���)�R�U�V�W�����X�Q�G���-�D�J�G�]�H�L��
�W�X�Q�J�����������������t��������
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5.1.2. Plocha �V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���M�D�N�R���Q�H�S�U�R�]�N�R�X�P�D�Q�ê���W�U�H�Q�G���Y���U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�X�N�X��

�O�H�V�Q�t�K�R �Y���.�U�N�R�Q�R�ã�t�F�K�����O�H�V�Q�L�F�N�i �Y���G�D���]���M�L�Q�p���S�H�U�V�S�H�N�W�L�Y�\ 

V �W�p�W�R���S�X�E�O�L�N�D�F�L���M�V�R�X���K�R�G�Q�R�F�H�Q�\���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\���] �K�O�H�G�L�V�N�D���K�R�P�R�J�H�Q�Q�t���Q�H�E�R���K�H�W�H�U�R�J�H�Q�Q�t��

�V�W�U�X�N�W�X�U�\���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$���Y �.�U�N�R�Q�R�ã�t�F�K���Q�D���5�ê�F�K�R�U�i�F�K �D���W�D�N�p���M�V�R�X���S�R�V�X�]�R�Y�i�Q�\ �U�$�]�Q�p���þ�D�V�R�Y�p��

�S�H�U�L�R�G�\���U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E���K�H�P��ob�K�R�V�S�R�G�D���R�Y�i�Q�t �O�H�V�Q�t�F�K���S�R�U�R�V�W�$�����E���K�H�P���L�P�L�V�Q�t���N�D�O�D�P�L�W�\���L���S�R��

�]�D�O�R�å�H�Q�t�� �Q�i�U�R�G�Q�t�K�R�� �S�D�U�N�X���� �7�D�W�R�� �S�X�E�O�L�N�D�F�H�� �K�R�G�Q�R�W�t���U�D�G�L�i�O�Q�t�� �S���t�U�$�V�W��buku �O�H�V�Q�tho �D�� �N�O�L�P�D�W�L�F�N�p��

�I�D�N�W�R�U�\�����N�W�H�U�p���K�R���R�Y�O�L�Y���X�M�t�����=�N�R�X�P�D�Q�ê�P�L���I�D�N�W�R�U�\���M�V�R�X���U�R�þ�Q�t���V�U�i�å�N�\���D���W�H�S�O�R�W�\���Y�]�G�X�F�K�X�����D�O�H���W�D�N�p��

�V�U�i�å�N�\���D �W�H�S�O�R�W�\���E���K�H�P���Y�H�J�H�W�D�þ�Q�t���V�H�]�R�Q�\�����'�R���W�p�W�R���V�W�X�G�L�H���E�\�O���W�D�N�p���S���L�G�i�Q���Y�O�L�Y���V�O�X�Q�H�þ�Q�t�F�K���F�\�N�O�$��

v �S�R�G�R�E�����S�O�R�F�K�\���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q�����9 �þ�O�i�Q�N�X���M�V�R�X���S�R�X�å�L�W�\���N�R�U�H�O�D�þ�Q�t���W�D�E�X�O�N�\�����O�L�Q�H�i�U�Q�t���U�H�J�U�H�V�Q�t��

�D�Q�D�O�ê�]�D���� �3�&�$�� �G�L�D�J�U�D�P�� �L�� �Z�D�Y�H�O�H�W�R�Y�i�� �D�Q�D�O�ê�]�D�� �S�U�R�� �S�R�S�L�V�� �F�\�N�O�L�F�N�p�K�R�� �U�$�V�W�X�� �E�X�N�X�� �O�H�V�Q�t�K�R���� �7�D�W�R��

publikace �W�p�å�� �G�R�N�O�i�G�i �V�L�J�Q�L�I�L�N�D�Q�W�Q�t�� �N�R�U�H�O�D�F�L�� �U�D�G�L�i�O�Q�t�K�R�� �S���t�U�$�V�W�X�� �E�X�N�X���O�H�V�Q�t�K�R�� �V�H�� �V�O�X�Q�H�þ�Q�t�P��

�F�\�N�O�H�P�����N�W�H�U�ê���Y�\�N�D�]�X�M�H���Y�\�ã�ã�t���N�R�U�H�O�D�F�H���Q�H�å���V�H���V�U�i�å�N�D�P�L���Q�H�E�R���W�H�S�O�R�W�D�P�L�����9�ê�V�O�H�G�N�\���V�W�X�G�L�H���W�D�N�p��

�S�R�S�L�V�X�M�t�����å�H �Q�H�M�Y�t�F�H�� �V�W�U�X�N�W�X�U�i�O�Q�����U�R�]�U�$�]�Q���Q�p���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\���U�H�D�J�X�M�t���Y�t�F�H���Q�D���W�H�S�O�R�W�\���D���S�R�U�R�V�W�\��

�V�H���V�W�H�M�Q�R�U�R�G�R�X���V�W�U�X�N�W�X�U�R�X���Y�t�F�H���U�H�D�J�X�M�t���Q�D���V�O�X�Q�H�þ�Q�t���F�\�N�O�X�V�����â�L�P�$�Q�H�N���H�W���D�O�������������D��. 

�&�L�W�D�F�H���þ�O�i�Q�N�X�� 

�â�,�0�#�1�(�.�����9�������6�+�$�5�0�$�����5�����3�������9�$�&�(�.�����=�������9�$�&�(�.�����6�������+�#�1�2�9�È�����,����������������������Sunspot 

�D�U�H�D�� �D�V�� �X�Q�H�[�S�O�R�U�H�G�� �W�U�H�Q�G�� �L�Q�V�L�G�H�� �U�D�G�L�D�O�� �J�U�R�Z�W�K�� �R�I�� �(�X�U�R�S�H�D�Q�� �E�H�H�F�K�� �L�Q�� �.�U�N�R�Q�R�ã�H�� �0�R�X�Q�W�D�L�Q�V����

a forest science from different perspective. European Journal of Forest Research, 139: 5; 

doi.org/10.1007/s10342-020-01302-7.  

 

V �W�p�W�R�� �S�X�E�O�L�N�D�F�L�� �E�\�O�\�� �Y�\�X�å�L�W�\�� �V�W�U�X�N�W�X�U�i�O�Q�t�� �L�Q�G�H�[�\�� �W�D�N, �D�E�\�� �E�\�O�R�� �P�R�å�Q�p�� �N�D�W�H�J�R�U�L�]�R�Y�D�W��

�V�W�U�X�N�W�X�U�X���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$�����6�W�U�X�N�W�X�U�D���E�X�þ�L�Q���E�\�O�D���K�R�G�Q�R�F�H�Q�D���W�D�N, �D�E�\���M�H�G�Q�R�W�O�L�Y�p���S�R�U�R�V�W�\���P�R�K�Oy 

�E�ê�W���N�Y�D�Q�W�L�I�L�N�R�Y�i�Q�\���G�R���K�R�P�R�J�H�Q�Q�t�F�K���Q�H�E�R���K�H�W�H�U�R�J�H�Q�Q�t�F�K���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$�����1�D���X�N�i�]�N�X���W�R�K�R�W�R��

�]�D�W���t�G���Q�t���M�V�P�H���Y�\�E�U�D�O�L���Y�ê�]�N�X�P�Q�R�X���S�O�R�F�K�X���������D���������Q�D���5�ê�F�K�R�U�i�F�K���Y�H���Y�ê�F�K�R�G�Q�t�F�K���.�U�N�R�Q�R�ã�t�F�K����

�7�\�W�R�� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �M�V�R�X�� �S�R�S�V�i�Q�\�� �W�D�E�X�O�N�R�X�� �]�i�N�O�D�G�Q�t�F�K���V�W�D�Q�R�Y�L�ã�W�Q�t�F�K�� �S�R�U�R�V�W�Q�t�F�K��

charakteristik (Tab. 1) a �X�N�i�]�N�R�X���V�W�U�X�N�W�X�U�\���Q�D���2�E�U���������� �9�ê�V�O�H�G�N�\�� �] �W�H�U�p�Q�Q�t�K�R���ã�H�W���H�Q�t�� �V�W�U�X�N�W�X�U�\��

�S�R�U�R�V�W�$�� �E�X�N�X���O�H�V�Q�t�K�R �E�\�O�\�� �Q�i�V�O�H�G�Q�� �S�R�X�å�L�W�\�� �Y �W�D�E�X�O�F�H�� �D�� �S�R�U�R�Y�Q�i�Q�\��s �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�P�L��

�N���L�Y�N�D�P�L (Obr. 4)���� �+�R�P�R�J�H�Q�Q�t�� �D�� �K�H�W�H�U�R�J�H�Q�Q�t�� �S�R�U�R�V�W�\�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �U�H�D�J�X�M�t�� �R�G�O�L�ã�Q���� �G�O�H�� �V�Y�p��

�V�W�U�X�N�W�X�U�\�����F�R�å  je hodnoceno v �S�O�Q�p���P�t���H���Y �S�X�E�O�L�N�R�Y�D�Q�p�P���þ�O�i�Q�N�X���Q�t�å�H�����â�L�P�$�Q�H�N���H�W���D�O. 2020a). 
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Obr. 3: �8�N�i�]�N�D���Yizualizace struktury �Y�ê�]�N�X�P�Q�ê�F�K��ploch 29 (vpravo) a 32 (vlevo) �Q�D���5�ê�F�K�R�U�i�F�K��

�Y�H���Y�ê�F�K�R�G�Q�t�F�K���.�U�N�R�Q�R�ã�t�F�K���Y roce 2017. 

 

�'�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�� �N���L�Y�N�\�� �X�N�D�]�X�M�t���� �å�H�� �Q�D�S���t�N�O�D�G�� �Y�ê�]�N�X�P�Q�i�� �S�O�R�F�K�D�� ������ �U�H�D�J�X�M�H�� �P�H�Q�ã�t�P��

pok�O�H�V�H�P�� �Q�D�� �L�P�L�V�Q�t�� �]�i�W���å�� �Y �������� �D�� �������� �O�H�W�H�F�K�� �P�L�Q�X�O�p�K�R�� �V�W�R�O�H�W�t���� �1�D�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�F�K��

�N���L�Y�N�i�F�K�� �M�H�� �W�D�N�p�� �Y�L�G���W���� �å�H�� �L�� �Y �U�R�F�H�� ���������� �G�R�ã�O�R�� �X�� �K�R�P�R�J�H�Q�Q�t�F�K�� �S�R�U�R�V�W�$�� �N �Q�H�S�D�W�U�Q���� �Y���W�ã�t�P�X��

�S�R�N�O�H�V�X���O�H�W�R�N�U�X�K�R�Y�p�K�R���W�O�R�X�ã�"�N�R�Y�p�K�R���L�Q�G�H�[�X���Q�H�å���X���K�H�W�H�U�R�J�H�Q�Q�t�F�K���E�X�þ�L�Q�����&�H�O�N�R�Y�����O�p�S�H���S���L�U�$�V�W�D�M�t��

�K�R�P�R�J�H�Q�Q�t���E�X�þ�L�Q�\�����N�W�H�U�p���P�D�M�t���L���Q�L�å�ã�t���F�H�O�N�R�Y�R�X���Y�H�U�W�L�N�i�O�Q�t���G�L�Y�H�U�]�L�W�X���G�O�H���7�D�E�������� 

 

  

Obr. 4: �8�N�i�]�N�D l�H�W�R�N�U�X�K�R�Y�p���N���L�Y�N�\���E�X�N�X���O�H�V�Q�t�K�R���Q�D���Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K�i�F�K������ a 32. 
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�3���t�N�O�D�G���]�i�N�O�D�G�Q�t��charakteristiky ploch �V�W�X�G�R�Y�D�Q�ê�F�K���S�R�U�R�V�W�$���E�X�N�X���O�H�V�Q�t�K�R��je uveden v Tab. 1. 

�6�W�U�X�N�W�X�U�D���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$���S�U�R���W�X�W�R���S�X�E�O�L�N�D�F�L���E�\�O�D���K�R�G�Q�R�F�H�Q�D���L�Q�G�H�[�H�P �K�R�U�L�]�R�Q�W�i�O�Q�t���V�W�U�X�N�W�X�U�\, 
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Abstract
Many studies have examined the relationships between the e�ects of the sunspot area and growth of trees; however, none of 
them considered European beech (Fagus sylvatica L.). We investigated the relationships between the sunspot area, climate 
factors (temperature and precipitation) and radial growth of beech in the Krkonoše Mts. in the Czech Republic. We used 
the core samples of 199 beech trees representing the century-long growth, two sets of climate data (local short-term data 
and general long-term climate data), and more than a century-long sunspot area dataset acquired from the National Oceanic 
Atmospheric Administration. Our results showed the signi�cant e�ects of the sunspot area, temperature and precipitation 
on the radial growth of beech. The correlations between sunspot area and tree-ring width index varied from 0.9 to 0.5 in the 
period between 1986 and 2017, a period during which none of the signi�cant anthropogenic disturbances occurred in the 
study area. The strong correlations were found between the sunspot area and climate factors for a longer period. The largest 
e�ect of the sunspot area on the radial growth was observed in the previous year, especially in growing season. Structur-
ally diversi�ed (heterogeneous) beech stands were less a�ected by the sunspot area compared to the homogeneous stands. 
In conclusion, the sunspot area is one of the important factors that signi�cantly in�uence the radial growth of beech in the 
Krkonoše Mts. Our results will be useful for understanding beech forests in the context of global change, and will have an 
important contribution to the knowledge for predicting potential impact of the sunspot area on the Earth’s surface.

Keywords Fagus sylvatica�· Solar activity�· Climate factors�· Growth variability�· Tree-ring width index�· Central Europe

Introduction

The radial growth of European beech (Fagus sylvatica L.) is 
substantially in�uenced by natural factors and anthropogenic 
activities, such as precipitation, temperature (Stjepanovi� 
et�al. 2018; Tognetti et�al. 2019; Vacek et�al. 2019a), forest 
management practices (Remeš et�al. 2015; Mausolf et�al. 

2018; Štefan�ík et�al. 2018), and air pollution (Špulák and 
Sou�ek 2010; Králí�ek et�al. 2017). There can be signi�cant 
in�uence of the solar activity on beech growth; however, this 
has not been explored yet. The information of solar activi-
ties may be derived from the sunspot analysis and is closely 
linked to other solar phenomena, such as cosmic rays, solar 
irradiance, solar wind, radio wave �ux, solar �ares, and 
solar eruptions (Usoskin 2017). All these solar activities 
are driven by solar magnetic �eld, which also signi�cantly 
in�uences the Earth’s climate (Abbott and Juhl 2016; Le 
Mouël et�al. 2019).

One of the most important indicators of the solar activi-
ties is the sunspot area—dark area on the sun’s photosphere 
where the intense magnetic �elds would loop up through the 
surface from the deep interior (Hathaway 2015). The sunspot 
area could have substantial e�ects on the Earth’s atmosphere 
(Abbott and Juhl 2016). The sunspot area is signi�cantly 
correlated with the glacier �uctuations in the past millennia 
and the sunspot area minima, indicating that solar irradiance 
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is playing an important role in the late Holocene climate 
change (Koch et�al. 2007). The sunspot area observed in 
11-year cycles could have the tendency of in�uencing the 
magnetic �ux over the Earth in the 21st century (Bonev 
et�al. 2004). The long-term magnetic variability of the Sun 
is caused by the solar activities, which is considered one of 
the main drivers of climate changes. The evidence of the 
sunspot area and other solar activities by the geomagnetic 
processes on the temperature record was found in the past 
(Sunkara and Tiwari 2016).

The relationship between tree growth and sunspot area 
may be substantial, as some past studies have indicated 
this possibility. For example, in�uence of the sunspot area 
was investigated by Perone et�al. 2016, and this shows the 
evidence on the relationship between sunspot area, climate 
patterns and tree ring over the centuries. The studies on the 
in�uence of the sunspot area on the tree rings of the fossils 
go to the medieval times (Cecchini et�al. 1996; Koch et�al. 
2007).

Some studies have reported the signi�cant correlations 
between tree growth and sunspot area, for example, Scots 
pine (Pinus sylvestris L.) (Dorotovi� et�al. 2014), cork oak 
(Quercus suber L.) (Surový et�al. 2002), maritime pine 
(Pinus pinaster Aiton) and Swiss pine (Pinus cembrae L.) 
(Surový et�al. 2010). All these studies have reported the 
negative correlations of the radial growth of trees with the 
sunspot area. Some other studies have reported the signi�-
cant positive in�uence of the sunspot area on tree growth 
(Moseley 1941; Leavitt and Bannister 2009; Hathaway 
2015). Most recent studies, such as Li et�al. (2019) showed 
the substantial in�uence of the sunspot area and other fac-
tors on cypress trees in China, and Kasatkina et�al. (2019) 
reported the sunspot activity imprinted in the tree rings of 
Scots pine in north-western Russia.

There can be strong relationships between the sunspot 
area and temperature on the Earth’s surface, and thus the 
radial growth of trees is signi�cantly in�uenced through 
the temperature changes caused by solar activities. The 
sunspot area in�uences the temperature of the Earth’s 
atmosphere, which is confined mainly to the altitude 
between 1.5 to 8.5�km above the Earth’s surface (Kumar 
et�al. 2018). The relationship of the sunspot area and 
temperature might be weakened due to the intense global 
warming occurring in recent years. The solar activities 
could cause the variability of temperature in the long-run, 
but variability might be a�ected by other factors as well 
(Duan and Zhang 2014; Gupta et�al. 2015). There is a 
well-established fact that the radioisotopes 14C and 10Be 
are produced in the Earth’s stratosphere by the galactic 
cosmic rays on 14N and 16O. The oxidized 14C and CO2 are 
taken up by plants (Stuiver and Grootes 1980; Beer et�al. 
1990; Hathaway 2015). The galactic cosmic rays, which 
are in�uenced by solar cycles (Usoskin 2017), play major 

roles in creating Earth’s climate that is associated with 
cloudiness and amount of sunlight falling on the Earth’s 
surface (Easterbrook 2016).

The temperature is one of the main factors in�uencing 
the radial growth of European beech at higher altitude areas 
(Vacek et�al. 2015a, b; Králí�ek et�al. 2017) and similar 
e�ect was also observed on Oriental beech (Fagus orien-
talis Lipsky) (Köse and Güner 2012). The negative impact 
for growth of European beech due to low temperature in 
the spring and autumn has been demonstrated in Serbia 
(Stjepanovi� et�al. 2018) and in the Krkonoše Mts., where 
frequent spring frost damages occur (Vacek et�al. 2013; 
Šim�nek et�al. 2019). The vulnerability of European beech 
to the damages caused by climate change may be associated 
with silvicultural tending, species composition, and stand 
management. For example, unmanaged forest is more resist-
ant to the negative impact due to its complex structure com-
pared to the managed forest (Mausolf et�al. 2018), and mixed 
species forests are more resistant to the negative impact of 
climate changes than monospeci�c forests. European beech 
has a remarkable competitive adaptability through expan-
sion of its crown throughout all seasons including dry sea-
son (González et�al. 2019). European beech is an important 
constituent of European forests, and therefore contributes 
to economic advantages. This species has adequate ability 
to e�ciently respond to increased CO2, precipitation and 
temperature, when sensitivity to the inner water use e�-
ciency during photosynthesis increases with an increased 
CO2 (Rezaie et�al. 2018). European beech has a higher sensi-
tivity to CO2 compared to conifer species, for example, Scots 
pine (Conte et�al. 2018) and Norway spruce (Picea abies 
[L.]�Karst.) (Ková� et�al. 2018). The increasing overall tree 
growth due to increased temperature and CO2 (Lindner et�al. 
2010) may show the potential relationship between sunspot 
area, CO2, altitude, precipitation, temperature, and growth of 
European beech. The climate factors (Nováková 2007) and 
physiographic conditions (Kusiak et�al. 2014) determined by 
the unique location of the Krkonoše Mts. forms an ideal sub-
alpine taiga with growing unique tree species. This location 
is climatically linked to the taiga forests where other studies 
have shown the in�uence of the sunspot on radial growth 
(Shumilov et�al. 2011; Kasatkina et�al. 2019).

The impacts of climate changes and air pollution on beech 
forest have already been explored. However, none of the 
studies attempted to show the in�uence of the solar activities 
(e.g. sunspot area) on the beech forest. This study aimed to 
show the relationships between tree-ring growths of Euro-
pean beech for three di�erent forest management periods 
including natural disaster period (air pollution or emission 
period) using radial growth data collected from a part of 
the Krkonoše Mts. forests (Czech Republic). The tree-ring 
growth of this area was also compared with other sites and 
stand characteristics. The in�uence of other climate factors 
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on the tree growth, such as precipitation and temperature in 
relation to the sunspot area was also investigated.

This study used a large number of core samples covering 
adequate growth dynamics of European beech in�situation 
to the anthropo-historical in�uence in the Krkonoše Mts. 
of central Europe. More than a century-long sunspot area 
dataset acquired from the National Oceanic Atmospheric 
Administration (NOAA) (Hathaway et�al. 2017) and two 
di�erent climate databases (short-and long-term databases) 
were used.

Materials and�methods

Study area

Our study was conducted on the six permanent research 
plots (PRPs 27–32) distributed across the altitudes 
between 740 and 1030�m a.s.l. in the Rýchory mountain 
which is located in the eastern part of the Krkonoše Mts, 
the Czech Republic (Fig.�1). European beech is a dominat-
ing species that accounts for 97–100%, other associate tree 
species are rowan (Sorbus aucuparia L.) 0–3.5%, Norway 
spruce 0–2.5% and sycamore maple (Acer pseudoplatanus 
L.) 0–0.6%. All the PRPs are located in the Krkonoše Mts. 
National Park, and this area was chosen for several studies 
in the past due to its uniqueness in terms of the histori-
cal and geological settings that have created ideal habi-
tats and growing conditions for European beech. Beech 

stands originated through natural regeneration (autochtho-
nous beech stands) and in�uenced by small-scale shelter 
wood management system, which was applied until 1963 
(declaration of the Krkonoše National Park). After that, 
anthropogenic in�uences substantially decreased, but there 
were severe in�uences of the air pollution on the beech 
forests during 1960–1980s (Mat�jka et�al. 2010; Vacek 
et�al. 2015a; Králí�ek et�al. 2017). Beech forests were also 
signi�cantly a�ected by climate extremes (late frost, win-
ter desiccation, summer drought, windstorm) (Vacek and 
Hejcman 2012; Králí�ek et�al. 2017; Vacek et�al. 2019b).

The soil types of the study area are Cambisols (PRP 
28-32) and Cryptopodzols (PRP 27) and bedrock con-
sist of metamorphosed diabase and chlorite-seric shale. 
The mean annual temperature in the locality �uctuates 
around 5.2�°C with an average annual sum of precipitation 
870�mm. The growing season lasts for 120-days (Špulák 
and Sou�ek 2010; Putalová et�al. 2019) with a mean tem-
perature of 11.9�°C and with an annual sum of precipita-
tion 640�mm. The study area experiences the humid con-
tinental climate characterized by hot and humid summers 
and mild cold to severely cold winters (classi�cation sym-
bol Dfb) according to the Köppen climate classi�cation 
(Tolazs 2007). In terms of phytocoenology, PRP 27-29 
belong to association Calamagrostio villosae-Fagetum syl-
vaticae Mikyška 1972 and PRP 30-32 belong to associa-
tion Dentario enneaphylli-Fagetum sylvaticae Oberdorfer 
ex Matuszkiewicz et Matuszkiewicz 1960. Autochthonous 

Fig. 1   Location of permanent research plots (PRPs) in European beech stands in a part of the Krkonoše Mountains; PRP numbers are 27, 28, 29, 
30, 31, 32; grey area is forest cover; mean monthly climate values (1961-2017) (left); altitude of PRPs (right)
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beech forests have been left to spontaneous development 
without direct anthropogenic in�uence since 1963.

Each PRP of 50 × 50�m in size (0.25�ha) was established 
in 1980 for long-term study of the Krkonoše Mountains for-
est ecosystem. The PRPs were measured using the Field-
Map technology (IFER-Monitoring and Mapping Solutions 
Ltd.) and detailed stand and site characteristics are also 
found in numerous literatures (Vacek et�al. 2010, 2015b). 
Table�1 shows the basic site and stand characteristics for all 
PRPs. The PRP 30-32 are characterized by nutrient-rich site 
conditions compared to the prevailing acidic site on other 
PRPs. The PRP 30-32 have random to regular horizontal 
stand structure (R index; Clark and Evans 1954), low height 
di�erentiation (TMh index; Füldner 1995) and homogeneous 
structure (B index, Jaehne and Dohrenbusch 1997), while 
random to aggregated spatial pattern, medium vertical struc-
ture and unevenly diverse structure are typically attributed 
to PRP 30-32.

Data

The core samples of 199 European beech trees on the 6 PRPs 
were taken for dendrochronological analysis. These sam-
ples were taken randomly (random number generation in MS 
Excel) from healthy predominant and dominant trees with 
diameter at breast height (DBH) > 25�cm using the Pressler 
borer (Haglöf, Sweden). The tree-ring widths were measured 
using LINTAB (Rinntech) with Olympus binocular magni-
�er. Measurement was done in a scale 0.01�mm using TSAP-
Win (Rinntech 2010). Cross-dating was done using Cdendro 
software (Cybis Elektronik & Data). The short-term cli-
mate data (1964–2017), henceforth local climate data, were 
acquired from the nearest meteorological station (14�km 
away from PRPs) located at Pec pod Sn��kou (altitude 656�m 
a.s.l.; 50º18�•24�ŽN, 16º21�•07�ŽE; Czech Hydrometeorological 
Institute). The long-term climate data (1900–2017), hence-
forth general climate data, were obtained from the mete-
orological station in Prague-Clementinum (altitude 191�m 
a.s.l.; 50°5�•12�ŽN, 14°24�•56�ŽE; Czech Hydrometeorological 
Institute) representing the longest climate series available in 
the Czech Republic. The sunspot data were acquired from 
NASA website (Hathaway et�al. 2017).

Analysis

Data analysis was done using R software (R Core Team 
2018) with dplR package (Zang et�al. 2018). Detrending 
of each tree-ring chronology was calculated by negative 
exponential detrending to remove age trend and other stand 
related trends. The tree-ring width data were smoothed with 
1/3 spline of the age of each tree and the mean was calcu-
lated for each PRP (Bunn and Mikko 2018a). This removes 

the age-related trends while preserving the low-frequency 
climatic variations (Shumilov et�al. 2011).

Various dendrochronological indices were calculated 
using R software in dplR package according to the instruc-
tions provided by previous studies (Bunn 2018; Bunn and 
Mikko 2018a). The detrended ring width data were used to 
compute the expressed population signal (EPS). The EPS 
indicates the reliability of chronology as a fraction of the 
joint variance of the theoretical in�nite tree population 
(Fritts 1976). To make dendrochronological results more 
precise, an “EPS cuto�” was used to reduce dendrochro-
nological time series while the data with EPS > 0.85 were 
left using 40-year segments (frames) according to available 
instructions for dplR (Bunn and Mikko 2018a). We also 
computed signal-to-noise ratio (SNR) and R-bar inter-series 
correlations (Fritts 1976). We used raw dendrochronologi-
cal data to calculate mean sensitivity MS (sens2) (Westfall 
et�al. 2013; Zang et�al. 2018). To generate chronological 
curve signals, dplR package of R and signal were used. The 
splines from 4, 8, and 64�years were inserted to an average 
ring width curve (Bunn and Mikko 2018b; Team R Core 
2018). We calculated similar length of splines for climate 
and sunspot area data.

A quadratic regression models and correlation tests were 
used the Statistica 12 program (Statsoft, Tulsa) for evalu-
ation of dendrochronological data in relation to climate 
factors and sunspot area. The canonical correspondence 
analysis (CCA) was carried out in the CANOCO 5 pro-
gram (Šmilauer and Lepš 2014) to assess the relationships 
between radial growth of beech, precipitation, temperature, 
and sunspot area.

Results

Tree-ring characteristics

The dendrochronological data are summarized in Table�2, 
which also includes mean sensitivity (MS), signal-to-noise 
ratio (SNR), and inter-series correlations (R-bar). The largest 
mean value of tree-ring width was found for PRP 32, whose 
altitude is the second lowest after PRP 31, and the lowest 
mean was found for PRP 27, which is located at the highest 
altitude of the study area (Table�1). The SNR shows the best 
dendrochronological pattern (without any noise) for PRP 32 
and the poorest for PRP 28. This indicates that these PRPs 
with higher SNR are structurally more homogeneous than 
PRPs with low SNR.

Climatic variabilities in�relation to�sunspot area

The short-term climatic data (Fig.�2a) and long-term cli-
matic data (Fig.�2b) were analysed. We plotted both sets of 
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these datasets together with the sunspot area and compared 
their variabilities across measurement periods. Figure�2 
illustrates overall di�erences of variabilities between the 
sunspot area and climate data. The sunspot area shows 
a more pronounced cyclical variability than that of the 
temperature or precipitation. Variability of the sunspot 
area was not identical to that of either local or general 
climate while they were plotted without splines. However, 
much more similarities or di�erences were observed while 
8-year spline was applied to data. There was an increased 
pattern of temperature for last 50�years, and both local and 
general precipitation had stable variability patterns across 
measurement period. Variability of the sunspot area signif-
icantly decreased from 2590 to 1183 MH after 1986 while 
local temperature (seasonal temperature May to October) 
increased from 11.5 to 12.5�°C, and precipitation increased 
from 999 to 1750�mm.

In�uences of�sunspot area and�climate factors 
on�tree-ring chronology

The e�ects of the sunspot area and climate factors on 
tree-ring index (RWI) were thoroughly analysed. For 
this purpose, we divided the entire measurement period 
(1900–2017) into three shorter periods (Fig.�3). The �rst 
period (1900–1962) was assumed until declaration of 
the Krkonoše National Park, during which regular forest 
management practices were done. In this �rst period, the 
di�erences of RWIs were the greatest because of small-
scale shelter wood management practices applied to beech 
stands. The second period (1963–1985) began in the �rst 
year of declaration of the National Park and ended by air 
pollution crisis (emission period: 1979–1985). During 
second period, RWI signi�cantly decreased because of 
severe impact of air pollution on forests. The third period 

Table 2   Characteristics 
of standardized tree-ring 
chronologies of beech trees 
(in years 1900�©2017) on 
permanent research plots 
(PRP); MS: mean sensitivity; 
Std.: standard deviation; SNR: 
signal-to-noise ratio; R-bar: 
inter-series correlation

PRP ID No. trees Mean (mm) Std. MS R-bar SNR

27 34 1.01 0.48 0.37 0.29 5.04

28 33 1.11 0.54 0.34 0.27 4.96

29 33 1.15 0.57 0.35 0.31 5.53

30 36 1.28 0.73 0.34 0.24 5.47

31 31 1.04 0.49 0.33 0.30 7.96

32 32 1.17 0.62 0.31 0.32 7.31

Fig. 2   Precipitation, tempera-
ture and sunspot area (in mil-
lionths of a solar hemisphere�©
MH) with their 8-year splines 
(spl8); a locally measured 
precipitation and temperature 
with sunspot area for a period 
between 1963 and 2017; b long-
term (general) precipitation and 
temperature with sunspot area 
for a period between 1900 and 
2017
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(1986–2017) started at the end of emission period and 
lasted until 2017, and during which strict protection rules 
were applied. Compared to other two periods, this period 
was considered as more important for evaluation of the 
e�ects of the sunspot area and climate factors. In this 
period, we observed the cyclic growth of beech trees that 
corresponded to the variability of the sunspot area. The 
periodic in�uence of the sunspot area on RWI increased 
from 0.79 to 1.16 while sunspot area also increased from 
124.7 to 2048.68 MH in 1986 to 1989. Similar situation 
was found in increases and decreases of the sunspot area 
and in RWI more or less for entire third period. The 2011 
was a year when the late spring frosts negatively a�ected 
European beech growth. This indicated a signi�cant rela-
tionship between RWI and sunspot area. Similarly, in gen-
eral, in other years, RWI indicated to have the identical 
variability patterns to those of the sunspot area.

The relationships between sunspot area, RWI and climate 
factors are evident (Table�3). In the �rst period (1900–1962), 
when normal harvesting practices were used, there was a 
signi�cant positive correlation occurred between the sun-
spot area and RWI (r = 0.3273), and a positive correlation 
between sunspot area and temperature (r = 0.2272). In the 
second period (1963–1985), when forest stands were placed 
under the strict protection, but disturbed by natural disas-
ters towards the end of this period, the negative correlation 
was found between sunspot area and RWI (r = �  0.1015). 
In the third period (1986–2017), the highest positive sig-
ni�cant correlation occurred between sunspot area and RWI 
(r =  0.3743). In two periods out of three, the sunspot area 
seems to have a signi�cant in�uence on the radial growth 
of beech.

The 8-year splines of both RWI and sunspot area were 
calculated for each sample plot and their variability pat-
terns were examined (Fig.�4). Splines were used to reduce 
short-term disturbance and variability in these variables. 
There were similar variabilities in these two variables in 
the third period (1986–2017). We also used 8-year splines 
for local temperature and precipitation. The air pollution 
disturbance during a period between 1974 and 1988 had 
a significant negative influence on RWI (Fig.�4b). Even 
during such a short-term period, a small effect of the sun-
spot area could be seen for all the PRPs, except PRP 32. 
After air pollution crisis began, none of the harvesting 
operations was carried out during third period, and conse-
quently a better response of beech growth to sunspot area 

Fig. 3   Standardized ring width 
chronologies of European 
beech on permanent research 
plots 27, 28, 29, 30, 31 and 
32; RWI: ring width index; 
sunspot area (in millionths of a 
solar hemisphere�©MH); a RWI 
during the entire measurement 
period; b RWI from declaration 
of National Park. The period is 
described in the time window: 
period 1: 1900�©1962 (regular 
harvesting period), period 2: 
1963–1985 (air pollution crisis 
period); period 3: 1986�©2017 
(strict forest protection period)

Table 3   Correlation coe�cients showing the relationship between 
sunspot area, tree-ring width index (RWI) and climatic factors.

The period is described in the time window: period 1: 1900–1962 
(regular harvesting period), period 2: 1963–1985 (air pollution crisis 
period); period 3: 1986–2017 (forest protection period). Signi�cant 
correlation values are in bold; correlations are signi�cant at p < 0.05

Time period Variables RWI sunspot temperature

1 (general climate 
data)

Sunspot 0.3273

Temperature 0.1137 0.2272

Precipitation 0.0501 0.0777 � 0.1572

2 (general climate 
data)

Sunspot � 0.1015

Temperature 0.1303 � 0.0010

Precipitation � 0.1420 0.1175 � 0.0311

3 (local climatic 
data)

Sunspot 0.3743

Temperature 0.1426 0.1804

Precipitation 0.1443 � 0.2393 � 0.0831
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was observed. Three cycles of variability of the sunspot 
occurred during a period between 1985 and 2017, which 
also significantly affected RWI.

We analysed the inf luences of temperature, pre-
cipitation, and sunspot area on beech during a period 
between 1986 and 2017 (third period) using scattered 
plots of 8-year spline series. Compared to the influence 
of temperature, both precipitation and sunspot area had 
significantly higher influence on the radial growth of 
beech (Fig.�5) with the largest influence of precipitation 
on PRP 29 (R2 = 0.2668) and sunspot area on PRP 32 
(R2 = 0.4339). All these influences were in favour of the 
radial growth. On average, RWI variability explained by 
temperature is 3.2% (R2 = 0.0323), by precipitation 9.5% 
(R2 = 0.0945), and by sunspot area 24.6% (R2 = 0.2462).

We also compared the variability patterns of the sun-
spot area and RWI by smoothing them with 64-year spline 
to reduce variabilities to a shorter period. Overall, there 
were almost similar variability patterns in these factors 
during a period between 1974 and 1963 (Fig.�6). How-
ever, some dissimilarity of patterns was found between 
sunspot area and RWI for an air pollution crisis period 
(1963–1985).

The wavelet analysis documents the cyclical pattern of 
beech growth (Fig.�7). The analysis shows that from 1985 
to 2011 the impacts of 11-year cycles on beech growth 
were significant. The 33-year cycles also had significant 
impacts along the entire data series. Interestingly, there is 
a significant phenomenon of the 3-year periodicity from 
2009 to 2014, with the negative influence of spring frosts 
and lower temperatures on beech radial growth.

Interactions between�radial growth, sunspot area 
and�climatic factors

We investigated the interactions between RWI, sunspot 
area, and local climate factors using data from a third period 
(1986–2017). We analysed data using quadratic regression 
modelling and three-dimensional graphs were produced 
(Fig.�8). Temperature had a signi�cantly higher in�uence 
on the radial growth compared to precipitation. Precipita-
tion had hardly any in�uence on the radial growth in relation 
to temperature, while optimal growth was observed in the 
range of temperatures between 4.5 and 6�°C. The sunspot 
area had a positive in�uence on the radial growth in both 
cases—in relation to temperature and precipitation. Radial 
growth increased with increasing sunspot area with an opti-
mum for temperature range, while there was a continuous 
increase in the interaction e�ect with precipitation.

The interactions between RWI, sunspot area, and cli-
mate factors were analysed using the canonical corre-
spondence analysis (CCA). The �rst ordination axis of 
CCA explained 55.3% variability, �rst two axes together 
explained 75.8%, and all four axes explained 95.4% vari-
ability (Fig.�9). The sunspot area had the largest in�uence 
on the radial growth, followed by temperature and precipi-
tation. Generally, the sunspot area in�uenced positively 
on PRP 31 and 32, while other PRPs, which are located 
at the higher altitude and have more heterogeneous stand 
structures, were favourably in�uenced by increased tem-
perature. In detail, the largest in�uence of the sunspot area 
on the radial growth of beech was observed in a more 
homogeneous stand with the most regular distribution of 

Fig. 4   Ring width chronologies 
of European beech with splines 
for all six permanent research 
plots (27, 28, 29, 30, 31, 32), 
spl8: 8-year spline of RWI and 
spl8: 8-year spline of sunspot 
area. Sunspot area is in the 
millionths of a solar hemisphere 
(MH). RWI is ring width index; 
a RWI during entire measure-
ment period; b RWI from dec-
laration of National Park. The 
period is described in the time 
window: period 1: 1900–1962 
(regular harvesting period), 
period 2: 1963–1985 (air pol-
lution crisis period); period 3: 
1986–2017 (forest protection 
period)
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trees (PRP 31), and the smallest in�uence was observed 
in the beech stands with rich vertical and complex diver-
sity (PRP 29). The average radial growth had the highest 
signi�cant correlation (p = 0.022, r = 0.41) with the mean 
sunspot area in the previous year, especially in the grow-
ing season (p = 0.013, r = 0.44). The sunspot area in the 

growing season of the previous year had signi�cant in�u-
ences on the four PRPs (p < 0.05), especially on PRP 31 
(p = 0.007, r = 0.48). Conversely, the smallest in�uence 
was observed in the beginning of the current year (Janu-
ary-March) (p > 0.05).

Fig. 5   Scattered plots of 8-year splines of RWI plotted against tem-
perature, precipitation and sunspot area for a period between 1986 
and 2017 (forest protection period). Fitted linear regression lines were 
overlaid on those scatter plots for each PRP (27, 28, 29, 30, 31, 32); a 

8-year splines of RWI vs season temperature, b 8-year splines of RWI 
vs precipitation sum, c 8-year splines of RWI vs sunspot area (mil-
lionths of a solar hemisphere�©MH)

Fig. 6   The 64-year spline of 
RWI and sunspot area �© spl64 
(PRP 27, 28, 29, 30, 31, 32); 
sunspot area in the millionths of 
a solar hemisphere (MH)



	 European Journal of Forest Research

1 3

Discussion

Disturbances in�European beech tree-ring signal

Under the climate change scenario, forest stands would not 
only undergo average change but also they could be subject 
to a higher variability of the extreme weather �uctuations, 
such as droughts, storms and �oods (Lindner et�al. 2010). 
European beech in the mountain forests is more in�uenced 
by temperature than by precipitation (Vacek and Hejcman 
2012; Králí�ek et�al. 2017; Putalová et�al. 2019). European 
beech is also negatively a�ected by spring frost (Mat�jka 
et�al. 2010; Stjepanovi� et�al. 2018; Šim�nek et�al. 2019) 
and drought events (Geßler et�al. 2007; Granier et�al. 2007; 
Maes et�al. 2019), but drought periods are not signi�cant 
in the studied mountain forest due to su�cient annual pre-
cipitation. Nevertheless, the negative climate factors can 
have direct impacts on beech seed production, which is 
re�ected not only in the reproductive capacity of beech but 
also in its diameter increment (Hacket-Pain et�al. 2017). In 
the context of our area’s pointer year in the beech growth, 
when there was a deep slump of the tree-ring signal, was 
the year 2011, when late spring frosts occurred (Kooij-
man et�al. 2000). Another interesting year was 1976 with 
the impact of severe drought when beech radial growth 
decreased, however, beech can adapt itself to these factors 

(Hartl-Meier et�al. 2014; Zang et�al. 2014; Farahat and 
Linderholm 2018; Sedmáková et�al. 2019).

The second period (1963–1986), which was more impor-
tant from the aspect of tree growth and stand structure dur-
ing the air pollution crisis, was chosen for detail investi-
gations in the past (Špulák and Sou�ek 2010; Vacek et�al. 
2013; Král et�al. 2015; Vacek et�al. 2019b). Speci�cally, 
in a period between 1980 and 1986, an average SO2 emis-
sion from the thermal power plant in the Po�í�í reached 
59�µg�m�3 , which was a six fold amount of today’s concen-
trations (Dobrovolný and Tesa� 2010). This is the reason 
why negative e�ects of the air pollution disaster on RWI 
were clearly visible on all the research plots in the second 
period. However, after this period of air pollution, soil over 
acidi�cation occurred (Kolá� et�al. 2015), which partly in�u-
enced beech stands also in the studied area, but this problem 
was signi�cantly reduced within 5�years from the air pollu-
tion disaster. Other harmful factors were nitrogen and ozone, 
whose impacts could be observed in this studied area also 
in the 90�s (H�nová et�al. 2019); these factors caused partial 
weakening of beech stands but the e�ect was not signi�cant.

This study considered both the homogeneous and het-
erogeneous beech stands that are described in Table�1; it is 
demonstrated that the stand structure signi�cantly a�ects 
the dendrochronological characteristics (Matisons et�al. 
2017). Di�erent structural variability may be caused by dif-
ferent slope, altitude, stand age, stand development, and site 

Fig. 7   Wavelet plot from all European beech stands in the Krkonoše Mts. Black thick line represents 1% signi�cance level against dark grey 
noise level, hatched part describes e�ects of disruption and lighter shade represents insigni�cant tree-ring data for analysis
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quality. The studied stands are characterized by structural 
complexity and diversity, which has been proved in other 
studies also (Vacek et�al. 2010, 2015a, b; Šim�nek et�al. 
2019). Heterogeneous stands of European beech are less 
vulnerable to climate �uctuations (Mölder and Leuschner 
2014), which was also documented by our results in Figs.�4 
and 9, where the homogeneous stand of European beech 
(PRP 32) showed a greater response to climate �uctuations 
than the heterogeneous one (PRP 28).

In�uences of�the�sunspot area on�radial growth

The sunspot area is signi�cantly correlated with precipita-
tion. The hydrological characteristics are also reported to 
be signi�cantly a�ected by the sunspot area (Mauas et�al. 
2016; Baker et�al. 2018). Some other studies also show 
the signi�cant e�ects of the sunspot area on the precipita-
tion and temperature (Dong et�al. 2018; Sun et�al. 2018). 
Our study confirms their findings. A weaker but more 

Fig. 8   Responses of the mean tree-ring width index of European 
beech to the sum of annual precipitation, mean annual temperature, 
and mean annual sunspot area for six PRPs. Climate data used for 

this analysis were local and tree-ring width data were from a period 
between 1963 and 2017
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appropriate relationship between the sunspot area and pre-
cipitation during the maximum solar activities in 1920–2004 
is reported whereby the sunspot area had a larger e�ect on 
tree growth (Rigozo et�al. 2002). The sunspot area seems to 
have signi�cant e�ect on the tree-ring width of beech on all 
the sample plots. Similar �ndings for other tree species in 
di�erent countries are also reported, for example, Smith �r 
(Abies georgei var. smithii) in Tibet (Wang and Bin 2011) 
and white spruce (Picea glauca/Moench/Voss) in Canada 
(Sinclair et�al. 1993).

There is an important fact that the atmospheric circulation 
at around 1000�m from the lower part of troposphere is asso-
ciated with the sunspot cycle above the northern hemisphere 
of the Atlantic ocean when this e�ect signi�cantly in�uences 
Europe (Brugnara et�al. 2013). The studied sample plots are 
situated in the mountain area at an altitude between 740 and 
1030�m a.s.l., and at this altitude, the impact of the sunspot 
activity on temperatures might be higher while the in�uence 
of the sunspot area on the temperatures was proved to be 
higher from 1500�m (Kumar et�al. 2018). The sunspot cycle 
also a�ects the cycle of cosmic rays, when higher sunspot 
activity implies lower cosmic radiation (Hathaway 2015). 
The sunspot cycles are closely linked to the cosmic rays 
that are also connected to precipitation, temperature, and 
solar irradiance (Chapanov and Gorshkov 2019). The cos-
mic radiation is associated with the formation of aerosols 
that in�uence the properties of clouds and their formation 
processes, and consequently in�uence the sun irradiance 
striking the Earth’s surface. These atmospheric processes 

associated with aerosols belonging to the most uncertain 
factors of climate models (Jayaraman et�al. 1998; Haywood 
and Boucher 2000; Maghrabi and Kudela 2019). European 
beech is also able to respond to CO2 in a satisfactory way, 
but under climate change it is a�ected negatively due to the 
drought that would decrease tree growth (Tognetti et�al. 
2014), mainly at sites that are not adequate for this tree spe-
cies (Peñuelas et�al. 2008).

There is a negative correlation between the sunspot area 
and RWI for the second period (Table�3). It seems that RWI 
would increase with increasing sunspot area for the �rst and 
third period, however, RWI for the second period would 
decrease with increasing sunspot area because of the severe 
in�uence of air pollution (Vacek and Matejka 2010; Vacek 
et�al. 2019b) and other e�ects that were larger than the e�ect 
of the sunspot area. In some other studies (Li et�al. 2019) 
a positive correlation between the tree growth and sunspot 
area was also found, provided that other in�uential factors 
were less e�ective. The sunspot area may a�ect not only 
the radial growth, but also the structure of stands to some 
extent, as a result of the in�uence of the sunspot area on 
atmospheric temperature.

It was suggested in 2008, that the sunspot area might 
decrease in the next decade (Volobuev and Makarenko 
2008). Our �nding also supports this, when the sunspot area 
and its synchronicity to RWI substantially decreased on all 
the sample plots after 2008. Our results may be useful for the 
prediction of the radial growth patterns of European beech 
using the astronomical information about the sunspot area. 
One-year delay of the response to a change in the climatic 
conditions was observed in European beech increment in 
relation to temperatures (Carl et�al. 2013), which indicates 
that beech stands can respond to changes with delay. The 
predictions based on the present data of the sunspot area 
suggest that the sunspot area could be lower in the next two 
cycles, which may lead to a solar minimum (Singh and Bhar-
gawa 2019). Our research is one of the �rst studies in the 
Central Europe, and therefore it will be unique and useful for 
further investigations of the relationships between sunspot 
area, climate characteristics and tree growth in the context 
of global climate change.

Conclusions

The in�uence of the sunspot area on the radial growth of 
European beech in Central Europe (Krkonoše Mountains) 
was detected from analysis of the long-term tree-ring width 
data and century-long data on the sunspot area. We can 
brie�y summarize our results as below:

•	 The sunspot area correlated significantly positively 
(p < 0.05) with the tree-ring width index in the first 

Fig. 9   Ordination diagram of the canonical correspondence analy-
sis showing relationships of radial growth of beech on permanent 
research plots (PRPs) with annual precipitation sum (Pre), mean 
annual temperature (Tem) and mean annual sunspot area (sun) for the 
whole year, in growing season (Veg), in non-growing season (Non-
Veg) from June to July (6–7) and from January to March (1–3) of cur-
rent (Act) and previous year (Las) in third period (1985–2017); code 
� stands for tree-ring width index (RWI) on PRP 27-32
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period (1900–1963) and third period (1986–2017), but 
it correlated negatively with the tree-ring width index in 
the second period (air pollution period, 1963–1985).

•	 Overall, the correlation between the sunspot area and ring 
width index varied from 32 to 37%.

•	 Homogeneous stands responded to the in�uence of the 
sunspot area largely signi�cantly, as the sunspot area 
explained 42–51% of the variations in the tree-ring 
width index during the third period (1986–2017), but 
the explained variations varied from 3 to 14% for hetero-
geneous stands.

•	 Among the three factors (temperature, precipitation and 
sunspot area) analysed, the sunspot area appeared as the 
most in�uential factor on the radial growth of beech.

•	 In�uence of the sunspot area on the radial growth in the 
third period (1986–2017: a period with low forest distur-
bance) appeared more pronounced than in the �rst period 
(1900–1963) and second period (1963–1985).

•	 E�ect of the sunspot area in the previous year on the 
tree-ring width index was more pronounced than that of 
the current year’s sunspot area.

This study can provide a fundamental basis for further 
investigation on the environmental and meteorological 
related sciences. The presented results will be important to 
understand European beech forests in the context of global 
climate change, and will contribute to the knowledge for 
predicting potential impact of the sunspot area on the Earth’s 
surface.
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5.1.3. �6�O�X�Q�H�þ�Q�t���F�\�N�O�\���M�D�N�R���]�i�N�O�D�G�Q�t���I�D�N�W�R�U���R�Y�O�L�Y���X�M�t�F�t���S���L�U�R�]�H�Q�R�X���G�\�Q�D�P�L�N�X���S�R�U�R�V�W�$�� 

�7�H�Q�W�R���S���t�V�S���Y�H�N���Q�D���N�R�Q�I�H�U�H�Q�F�L��shrnuje �W�p�P�D���Y�O�L�Y�X���N�O�L�P�D�W�L�F�N�ê�F�K���I�D�N�W�R�U�$���D���V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X��

�Q�D���V�W�U�X�N�W�X�U�X���K�R�P�R�J�H�Q�Q�t�F�K���D���K�H�W�H�U�R�J�H�Q�Q�t�F�K���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�X�����9 �W�R�P�W�R���S���t�V�S���Y�N�X���M�H���S�R�S�L�V�R�Y�i�Q��

�S�U�$�E���K�� �U�D�G�L�i�O�Q�t�K�R�� �U�$�V�W�X�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Y�H�� �Y�ê�F�K�R�G�Q�t�F�K�� �.�U�N�R�Q�R�ã�t�F�K�� �Q�D�� �5�ê�F�K�R�U�i�F�K���� �-sou zde 

�D�Q�D�O�\�]�R�Y�i�Qa �G�D�W�D�� �U�D�G�L�i�O�Q�t�K�R�� �S���t�U�$�V�W�X�� �E�X�N�X�� �Y�$�þ�L�� �V�U�i�å�N�i�P���� �W�H�S�O�R�W�i�P�� �Y�]�G�X�F�K�X�� �D�� �U�R�þ�Q�t�� �S�O�R�ã�H��

�V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q���� �3�U�R�� �D�Q�D�O�ê�]�X�� �E�\�O�D�� �S�R�X�å�L�W�D�� �O�L�Q�H�i�O�Q�t�� �U�H�J�U�H�V�Q�t�� �D�Q�D�O�ê�]�D�� �D�� �N�R�U�H�O�D�þ�Q�t�� �W�D�E�X�O�N�D����

�1�i�V�W�U�R�M�H�P�� �W�p�W�R�� �V�W�X�G�L�H�� �M�H�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�i�� �D�Q�D�O�ê�]�D �S�R�U�R�V�W�$ �E�X�N�X�� �O�H�V�Q�tho �Y�H�� �Y�ê�F�K�R�G�Q�t�F�K��

�.�U�N�R�Q�R�ã�t�F�K�� �Q�D�� �5�ê�F�K�R�U�i�F�K. Vzorky pro dendrochronologickou �D�Q�D�O�ê�]�X �E�\�O�\�� �R�G�H�E�U�i�Q�\�� �Y��

�K�R�P�R�J�H�Q�Q�t�F�K���E�X�þ�L�Q�i�F�K���S�U�R�F�K�i�]�H�M�t�F�t�F�K���S���t�U�R�G�Q�t�P���Y�ê�Y�R�M�H�P���R�G���U�R�N�X���������������S���L�þ�H�P�å���G�O�H���P�D�O�p�K�R��

�Y�ê�Y�R�M�R�Y�p�K�R�� �F�\�N�O�X�� �V�H�� �M�H�G�Q�i�� �R�� �V�W�i�G�L�X�P�� �R�S�W�L�P�D�� �D�� �Y�� �K�H�W�H�U�R�J�H�Q�Q�t�F�K�� �E�X�þ�L�Q�i�F�K�� �R �V�W�i�G�L�X�P��

�G�R�U�$�V�W�i�Q�t���U�R�]�S�D�G�X���� 

�9�ê�V�O�H�G�N�\���S���t�V�S���Y�N�X �X�N�D�]�X�M�t�����å�H���V�O�X�Q�H�þ�Q�t���V�N�Y�U�Q�\���P�D�M�t���V�L�J�Q�L�I�L�N�D�Q�W�Q�t��korelaci s �K�R�P�R�J�H�Q�Q�tmi 

�E�X�N�R�Y�ê�P�L �S�R�U�R�V�W�\�����������������D���Q�i�V�O�H�G�Q����s �K�H�W�H�U�R�J�H�Q�Q�tmi porosty (28 %)�����7�D�N�p���E�\�O�R���]�M�L�ã�W���Q�R�����å�H 

�K�H�W�H�U�R�J�H�Q�Q�t���S�R�U�R�V�W�\���E�X�N�X���Y�\�N�D�]�X�M�t���O�H�S�ã�t���R�G�R�O�Q�R�V�W �Y�$�þ�L���P�U�D�]�$�P���D���L�P�L�V�Q�t���]�i�W���å�L ���â�L�P�$�Q�H�N���H�W���D�O����

2019a).  
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Abstract  

The growth dynamics of beech forests are becoming a key chapter in forest research during the 
time of global climate change, while the new findings from other disciplines can benefit forest-scientific 
activity. One of the neglected chapters are the sunspot activity and their influence on the Earth's 
surface and forest stands, which can be examined by dendrochronological analysis. The subject of 
this study deals with the growth dynamics and development of European beech stands in the eastern 
part of Giant Mountains ���.�U�N�R�Q�R�ã�H�����L�Q�� �W�K�H�� �D�U�H�D�� �R�I�� �5�ê�F�K�R�Uy. The dendrochronological analysis is the 
main tool for this study of autochthonous European beech (Fagus sylvatica L.) in which the 
66 dendrochronological samples were analysed for this work. The samples were taken in naturally 
developed beech stands that had been without influence of forest management since 1963. The 
research plots are going true a small natural developmental cycle in which the half of the investigated 
stands goes true stage of optimum (homogeneous) and other part true stage of 
destruction/regeneration (heterogeneous). The results show that the sunspot area has a significant 
effect on the tree-ring growth of the European beech stands, while the homogeneous beech stands 
are more affected (51%) than heterogeneous beech stands (28%), in which the heterogeneous beech 
stands has better resistance to frost and air pollution load. 
Keywords : sunspot area, tree-ring growth, dendrochronology, Central Europe, Fagus sylvatica L. 
 
Abstrakt  

�5�$�V�W�R�Y�i�� �Gynamika �S�R�U�R�V�W�$���E�X�N�X�� �O�H�V�Q�t�K�R�� �V�H�� �Y �G�R�E���� �N�O�L�P�D�W�L�F�N�p�� �]�P���Q�\�� �V�W�i�Y�i�� �N�O�t�þ�R�Y�R�X�� �N�D�S�L�W�R�O�R�X��
�O�H�V�Q�L�F�N�p�K�R���Y�ê�]�N�X�P�X�����S���L�þ�H�P�å���Q�R�Y�p���S�R�]�Q�D�W�Ny i z �M�L�Q�ê�F�K���R�E�R�U�$���D���G�L�V�F�L�S�O�t�Q���P�R�K�R�X���R�E�R�K�D�W�L�W���W�X�W�R lesnicko-
�Y���G�H�F�N�R�X���þ�L�Q�Q�R�V�W�����-�H�G�Qou z �R�S�R�P�t�M�H�Q�ê�F�K���N�D�S�L�W�R�O�� �M�V�R�X�� �V�O�X�Q�H�þ�Q�t���V�N�Y�U�Q�\���D �M�H�M�L�F�K���Y�O�L�Y�� �Q�D�� �]�H�P�V�N�ê���S�R�Y�U�F�K��
a �O�H�V�Q�t�� �S�R�U�Rs�W�\���� �N�W�H�U�p�� �P�R�K�R�X�� �E�ê�W�� �]�N�R�X�P�i�Q�\�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�R�X�� �D�Q�D�O�ê�]�R�X���� �7�D�W�R�� �S�U�i�F�H�� �V�H�� �]�D�E�ê�Y�i��
stu�G�L�H�P�� �G�\�Q�D�P�L�N�\�� �D�� �Y�ê�Y�R�M�H���S�R�U�R�V�W�$���E�X�N�X�� �O�H�V�Q�t�K�R�� �Y�H�� �Y�ê�F�K�R�G�Q�t�F�K�� �.�U�N�R�Q�R�ã�t�F�K��v �R�E�O�D�V�W�L�� �5�ê�F�K�R�U. 
�1�i�V�W�U�R�M�H�P�� �W�p�W�R�� �V�W�X�G�L�H�� �M�H�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�i�� �D�Q�D�O�ê�]�D�� �D�X�W�R�F�K�W�R�Q�Q�t�K�R�� �E�X�N�X�� �O�H�V�Q�t�K�R�� ���)�D�J�X�V��
sylvatica �/�������� �3�U�R�� �W�X�W�R�� �S�U�i�F�L�� �E�\�O�R�� �S�R�X�å�L�W�R�� �F�H�O�N�H�P�� �������D�Q�D�O�\�]�R�Y�D�Q�ê�F�K��dendrochronolog�L�F�N�ê�F�K�� �Y�ê�Y�U�W�$����
�9�]�R�U�N�\�� �E�\�O�\�� �R�G�H�E�U�i�Q�\�� �Y �K�R�P�R�J�H�Q�Q�t�F�K�� �E�X�þ�L�Q�i�F�K�� �S�U�R�F�K�i�]�H�M�t�F�t�F�K�� �S���t�U�R�G�Q�t�P�� �Y�ê�Y�R�M�H�P�� �R�G�� �U�R�N�X�� ������������
�S���L�þ�H�P�å�� �G�O�H�� �P�D�O�p�K�R�� �Y�ê�Y�R�M�R�Y�p�K�R�� �F�\�N�O�X�� �V�H�� �M�H�G�Q�i�� �R�� �V�W�i�G�L�X�P�� �R�S�W�L�P�D�� �D�� �Y �K�H�W�H�U�R�J�H�Q�Q�t�F�K�� �E�X�þ�L�Q�i�F�K��
o �V�W�i�G�L�X�P�� �G�R�U�$�V�W�i�Q�t���U�R�]�S�D�G�X�����9�ê�V�O�H�G�N�\�� �X�N�D�]�X�M�t���� �å�H�� �V�O�X�Q�H�þ�Q�t�� �V�N�Y�U�Q�\�� �P�D�M�t�� �V�L�J�Q�L�I�L�N�D�Q�W�Q�t�� �H�I�H�N�W�� �Q�D��
�G�\�Q�D�P�L�N�X�� �S�R�U�R�V�W�$�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �D�� �S���L�W�R�P�� �Q�H�M�O�p�S�H�� �U�H�D�J�X�M�t�� �K�R�P�R�J�H�Q�Q�t�� �S�R�U�R�V�W�\�� �������� ������ �D�� �Q�i�V�O�H�G�Q����
�K�H�W�H�U�R�J�H�Q�Q�t���S�R�U�R�V�W�\�������� ���������N�W�H�U�p���Y�\�N�D�]�X�M�t���O�H�S�ã�t���R�G�R�O�Q�R�V�W���Y�$�þ�L���P�U�D�]�$�P���D���L�P�L�V�Q�t���]�i�W���å�L�� 
�.�O�t�þ�R�Y�i�� �V�O�R�Y�D���� �S�O�R�F�K�D�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�����U�D�G�L�i�O�Q�t�� �U�$�V�W���� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�H�� �F�H�Q�W�U�i�O�Q�t�� �(�Y�U�R�S�D���� �)�D�J�X�V��
sylvatica L. 
 
�Ò�Y�R�G���D problematika  

�6�O�X�Q�H�þ�Q�t�� �V�N�Y�U�Q�D�� �M�H�� �G�H�I�L�Q�R�Y�i�Q�D�� �M�D�N�R�� �W�P�D�Y�i�� �R�E�O�D�V�W�� �Q�D�� �V�O�X�Q�H�þ�Q�t�P�� �S�R�Y�U�F�K�X���� �N�G�H��
�G�R�F�K�i�]�t�� �N�H �V�P�\�þ�N�R�Y�p�P�X�� �Y�ê�E�R�M�L�� �P�D�J�Q�H�W�L�F�N�p�K�R�� �S�R�O�H�� �] nitra slunce (HATHAWAY, 2015) 
a �M�H�� �W�D�N�p�� �G�R�N�i�]�i�Q�R���� �å�H�� �S�H�U�L�R�G�L�F�N�ê�� �Y�ê�V�N�\�W�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �P�i�� �Y�O�L�Y�� �Q�D�� �D�W�P�R�V�I�p�U�X��
�]�H�P�V�N�p�K�R�� �S�R�Y�U�F�K�X��(ABBOTT et JUHL, 2016)���� �6�O�X�Q�H�þ�Q�t�� �F�\�N�O�\�� �S�U�R�E�t�K�D�M�t�� �Y ������ �O�H�W�ê�F�K��
�L�Q�W�H�U�Y�D�O�H�F�K�� �D�� �M�V�R�X�� �S���t�P�R�� �S�U�R�S�R�M�H�Q�p�� �V �Y�ê�V�N�\�W�H�P�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q���� �N�W�H�U�p�� �R�Y�O�L�Y���X�M�t��
�D�N�W�L�Y�L�W�X�� �V�O�X�Q�H�þ�Q�t�K�R�� �R�]�i���H�Q�t�� �]�H�P�V�N�p�� �P�D�J�Q�H�W�L�F�N�p�� �P���t�å�N�\��(BONEV et al., 2004)���� �9�ê�V�N�\�W��
�V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �M�H�� �V�S�R�M�H�Q�� �V �Y�ê�Y�R�M�H�P�� �N�O�L�P�D�W�X���� �F�R�å�� �E�\�O�R�� �G�R�N�i�]�i�Q�R�� �M�L�å�� �R�G�� �V�W���H�G�R�Y���N�X��
(CECCHINI et al., 1996; KOCH et al., 2007; PAULSEN et al., 2003)�����6�O�X�Q�H�þ�Q�t���V�N�Y�U�Q�\���M�V�R�X��
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�W�D�N�p�� �S�U�R�S�R�M�H�Q�\�� �V fluktuacemi �O�H�G�R�Y�F�$�� �E���K�H�P�� �K�R�O�R�F�p�Q�X��(BERGER, 2010; KOCH et al., 
2007) �D�� �P�D�M�t�� �W�D�N�p�� �Y�O�L�Y�� �Q�D�� �S�U�$�W�R�N�� ���H�N�\�� �$�P�D�]�R�Q�N�\��(BAKER et al., 2018)���� �F�R�å�� �~�]�F�H��
�V�R�X�Y�L�V�t�� �V EL Nino efektem (Dong et al., 2018; Perone et al., 2016). Aktivita 
�V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���M�H���W�D�N�p���V�S�R�M�H�Q�D���V �W�H�S�O�R�W�D�P�L���]�H�P�V�N�p�K�R���S�R�Y�U�F�K�X��(SUNKARA a TIWARI, 
2016) �D���D�W�P�R�V�I�p�U�\���Y�H���Y���W�ã�t�F�K���Q�D�G�P�R���V�N�ê�F�K���Y�ê�ã�N�i�F�K�����!���������P�����± (KUMAR et al., 2018). 
�0�Q�R�K�R���S�U�D�F�t���G�R�N�D�]�X�M�H���U�H�i�O�Q�ê���Y�O�L�Y���D�N�W�L�Y�L�W�\���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���Q�D���V�U�i�å�N�\���D���W�H�S�O�R�W�\��(BAKER 
et al., 2018; MALINIEMI et al., 2018; MAUAS et al., 2016)���� �F�R�å�� �V�H�� �S���t�P�R�� �R�G�U�i�å�t�� �Q�D��
�]�P���Q���� �J�O�R�E�i�O�Q�t�K�R�� �N�O�L�P�D�W�X���� �S���L�þ�H�P�å�� �W�R�W�R�� �S�$�V�R�E�H�Q�t�� �P�$�å�H�� �E�ê�W�� �W�D�N�p�� �U�R�]�S�W�ê�O�H�Q�R�� �G�D�O�ã�t�P�L��
vlivy (GUPTA et al., 2015)�����6�O�X�Q�H�þ�Q�t���V�N�Y�U�Q�\���W�p�å���Y �D�W�P�R�V�I�p���H���R�Y�O�L�Y���X�M�t���U�D�G�Loisotopy 14C 
a 10�%�H���� �N�W�H�U�p�� �F�K�H�P�L�F�N�R�X�� �U�H�D�N�F�t�� �R�[�L�G�X�M�t�� �S���H�V��14N a 16O na CO2���� �N�W�H�U�ê�� �P�$�å�H�� �E�ê�W��
�]�S�U�D�F�R�Y�i�Q�� �U�R�V�W�O�L�Q�D�P�L��(BEER et al., 1990; HATHAWAY, 2015; STUIVER et GROOTES, 
1980). V �V�R�X�Y�L�V�O�R�V�W�L�� �V�� �S���t�U�$�V�W�H�P�� �G���H�Y�L�Q�� �E�\�O�\�� �Y �P�L�Q�X�O�R�V�W�L�� �S�U�R�Y�H�G�H�Q�\�� �Y�ê�]�N�X�P�\���� �N�W�H�U�p��
�S�R�W�Y�U�]�X�M�t�� �M�D�N�� �Q�H�J�D�W�L�Y�Q�t��(SUROVY et al., 2010; S�8�5�2�9�é et al., 2002), tak i �S�R�]�L�W�L�Y�Q�t��
�V�S�R�M�L�W�R�V�W�� �Y�ê�V�N�\�W�X�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �D�� �U�D�G�L�i�O�Q�t�K�R�� �U�$�V�W�X��(LEAVITT et BANNISTER, 2009; 
MOSELEY, 1941; WANG a ZHANG, 2011).  

�8�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �G�R�V�X�G�� �Q�H�E�\�O�D�� �å�i�G�Q�i�� �S�R�G�R�E�Q�i�� �V�W�X�G�L�H�� �S�X�E�O�L�N�R�Y�i�Q�D�� �D�� �F�H�O�N�R�Y���� �V�H��
o �V�S�R�M�L�W�R�V�W�L�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �D�� �S���t�U�$�V�W�X�� �O�H�V�Q�t�F�K�� �G���H�Y�L�Q�� �P�Q�R�K�R�� �Q�H�Y�t���� �9�H�� �Vpojitosti 
s �E�X�N�H�P�� �O�H�V�Q�t�P�� �M�V�R�X�� �]�Q�i�P�p�� �I�D�N�W�\���� �å�H�� �E�X�N�� �O�H�V�Q�t�� �M�H�� �R�Y�O�L�Y�Q���Q�� �Q�H�M�Y�t�F�H�� �S�U�$�P���U�Q�ê�P�L��
�W�H�S�O�R�W�D�P�L���D���S�R�W�p���V�U�i�å�N�D�P�L��(K�5�È�/�Ë�ý�(�. et al., 2017; �â�,�0�#�1�(�. et al., 2019; S�/�$�1�$�� et al., 
2017)�����'�D�O�ã�t�P���G�$�O�H�å�L�W�ê�P���I�D�N�W�H�P���S�U�R���W�X�W�R���S�U�i�F�L���M�H���Y���W�ã�t���F�L�W�O�L�Y�R�V�W���E�X�N�X���O�H�V�Q�t�K�R���Y�$�þ�L���&�22 
�Q�H�å���M�H���W�R�P�X���X���M�L�Q�ê�F�K���G���H�Y�L�Q�����F�R�å���S�R�W�Y�U�]�X�M�t���L���G�D�O�ã�t���Y�ê�]�N�X�P�\��(CONTE et al., 2018; K�2�9�È�ý 
et al., 2018)���� �'�i�O�H���E�\�O�D���Q�D�ã�H���]�N�R�X�P�D�Q�i�� �R�E�O�D�V�W���R�Y�O�L�Y�Q���Q�D���L�P�L�V�Q�t�� �N�D�O�D�P�L�W�R�X�����Q�D�S���t�N�O�D�G��
�R�[�L�G�\���V�t�U�\���D���G�X�V�t�N�X�����Y �O�H�W�H�F�K�������������D�å����986 (K�5�È�/ et al., 2015; M�$�7���-�.�$ et al., 2010). 
�'�t�N�\�� �S���t�U�R�G�Q�t�P�� �S�R�G�P�t�Q�N�i�P�� �D�� �G�R�E���H�� �G�R�O�R�å�L�W�H�O�Q�p�P�X�� �Y�O�L�Y�X�� �þ�O�R�Y���N�D�� �Q�D�� �O�H�V�Q�t�� �G���H�Y�L�Q�\��
v �Q�i�P�L���]�N�R�X�P�D�Q�p���R�E�O�D�V�W�L���Y�]�Q�L�N�O�\���S���L�U�R�]�H�Q�����V�H���Y�\�Y�t�M�H�M�t�F�t���E�X�þ�L�Q�\�����N�W�H�U�p���S�U�R�F�K�i�]�t���Y�ã�H�P�L��
�V�W�i�G�L�L���P�D�O�p�K�R���Y�ê�Y�R�M�R�Y�p�K�R���F�\�N�O�X�����F�R�å���]�G�H���E�\�O�R���G�R�E���H���]�G�R�N�X�P�H�Q�W�R�Y�i�Q�R��(�â�,�0�#�1�(�. et al., 
2019; VACEK et al., 2010; VACEK et al., 2016). 

�7�D�W�R���V�W�X�G�L�H���E�\���P���O�D���]�M�L�V�W�L�W���V�S�R�M�L�W�R�V�W���P�H�]�L���V�O�X�Q�H�þ�Q�t�P�L���V�N�Y�U�Q�D�P�L�����V�U�i�å�N�D�P�L�����W�H�S�O�R�W�D�P�L��
�D�� �S���t�U�$�V�W�H�P�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Y �U�$�]�Q�ê�F�K�� �V�W�i�G�L�t�F�K�� �Y�ê�Y�R�M�H�� �O�H�V�D�� �R�G�� �]�D�O�R�å�H�Q�t�� �.�U�N�R�Q�R�ã�V�N�p�K�R��
�Q�i�U�R�G�Q�t�K�R�� �S�D�U�N�X�� �Y �U�R�F�H�� ������������ �+�O�D�Y�Q�t�P�� �F�t�O�H�P�� �W�p�W�R�� �S�U�i�F�H�� �M�H�� �S�R�U�R�Y�Q�i�Q�t�� �M�L�å�� �]�P�t�Q���Q�p��
�V�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�\�� �D�� �N�O�L�P�D�W�L�F�N�ê�F�K�� �I�D�N�W�R�U�$�� �X�� �K�R�P�R�J�H�Q�Q�t�F�K ���V�W�i�G�L�X�P�� �R�S�W�L�P�D����
a �K�H�W�H�U�R�J�H�Q�Q�t�F�K�� �E�X�þ�L�Q�� ���V�W�i�G�L�D�� �U�R�]�S�D�G�X�� �D�� �G�R�U�$�V�W�i�Q�t���� �R�G�� �U�R�N�X�� ������������ �N�G�\�� �D�X�W�R�F�K�W�R�Q�Q�t��
�E�X�N�R�Y�p���S�R�U�R�V�W�\���Y�H���]�N�R�X�P�D�Q�p���R�E�O�D�V�W�L���E�\�O�\���S�R�Q�H�F�K�i�Q�\���V�D�P�R�Y�R�O�Q�p�P�X���Y�ê�Y�R�M�L�� 
 
�0�D�W�H�U�L�i�O���D metodika  
�&�K�D�U�D�N�W�H�U�L�V�W�L�N�D���]�i�M�P�R�Y�p�K�R���~�]�H�P�t 

�=�N�R�X�P�D�Q�p���~�]�H�P�t���M�H���X�P�t�V�W���Q�R �Y�H���Y�ê�F�K�R�G�Q�t�F�K���.�U�N�R�Q�R�ã�t�F�K���Y �R�E�O�D�V�W�L���]�Y�D�Q�p���5�ê�F�K�R�U�\����
�9�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\���V�H�� �Q�D�F�K�i�]�H�M�t v �,���� �]�y�Q���� �R�F�K�U�D�Q�\�� �S���t�U�R�G�\ �.�U�N�R�Q�R�ã�V�N�p�K�R�� �Q�i�U�R�G�Q�t�K�R��
�S�D�U�N�X�� �Q�H�G�D�O�H�N�R�� �P���V�W�D�� �ä�D�F�O�p�������D�� �W�R�� �S�R�E�O�t�å hranic s Polskem. Do �W�p�W�R�� �S�U�i�F�H�� �M�V�R�X��
�]�D�K�U�Q�X�W�p�� ���� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\: �G�Y���� �] �%�R�E�H�U�V�N�p�� �V�W�U�i�Q���� �D�� �G�Y����z �'�Y�R�U�V�N�p�K�R�� �O�H�V�D����
�9�ê�]�N�X�P�Q�p���S�O�R�F�K�\�� �] �%�R�E�H�U�V�N�p���V�W�U�i�Q���� �P�D�M�t�� �K�R�P�R�J�H�Q�Q�t�� �V�W�U�X�N�W�X�U�X���S�R�U�R�V�W�X���D���S�U�R�F�K�i�]�H�M�t��
�G�O�H�� �P�D�O�p�K�R�� �Y�ê�Y�R�M�R�Y�p�K�R�� �F�\�N�O�X�� �V�W�i�G�L�H�P�� �R�S�W�L�P�D���� �1�D�F�K�i�]�t�� �V�H�� �Y �Q�D�G�P�R���V�N�p�� �Y�ê�ã�F�H�� �R�G��
940 do 960 m na svahu s �M�L�K�R�Y�ê�F�K�R�G�Q�t���H�[�S�R�]�L�F�t �R���V�N�O�R�Q�X�������ƒ�����1�D���W���F�K�W�R���S�O�R�F�K�i�F�K���M�H��
�K�O�D�Y�Q�t���G���H�Y�L�Q�R�X���E�X�N���O�H�V�Q�t����Fagus Silvatica L., 97 ���������G�i�O�H���M�H���Y�W�U�R�X�ã�H�Q��javor klen (Acer 
psedoplatanus L., 2 %) a j�H���i�E�� �S�W�D�þ�t�� ��Sorbus aucuparia L., 1 �������� �9�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\��
z �'�Y�R�U�V�N�p�K�R���O�H�V�D���P�D�M�t���R�S���W���K�O�D�Y�Q�t���G���H�Y�L�Q�X �E�X�N���O�H�V�Q�t�������� %) �D���Y�W�U�R�X�ã�H�Q�ê smrk ztepil�ê 
(Picea abies /L./ Karst., �������� �D�� �Q�D�F�K�i�]�t�� �V�H�� �Y�H�� �Y�ê�ã�F�H��od 740 do 760 m na svahu 
s �M�L�K�R�Y�ê�F�K�R�G�Q�t���H�[�S�R�]�L�F�t �R���V�N�O�R�Q�X�����ƒ. �3�U�$�P���U�Q�p���U�R�þ�Q�t���W�H�S�O�R�W�\ �V�H���S�R�K�\�E�X�M�t���R�N�R�O�R����,�����ƒ�&��
a �S�U�$�P���U�Q�ê���U�R�þ�Q�t �~�K�U�Q���V�U�i�å�H�N��je ���������P�P�����3�R�þ�H�W���G�Q�t���Y�H�J�H�W�D�þ�Q�t�K�R���R�E�G�R�E�t���V�H���S�R�K�\�E�X�M�H��
�R�N�R�O�R�� �������� �G�Q�t�� �V �S�U�$�P���U�Q�R�X�� �W�H�S�O�R�W�R�X�� ����,���� �ƒ�&�� �D �~�K�U�Q�H�P�� �V�U�i�å�H�N�� �������� �P�P����
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�)�\�W�R�F�H�Q�R�O�R�J�L�F�N�\�� �M�V�R�X�� �Y�ê�]�N�X�P�Q�p��p�O�R�F�K�\�� ���D�]�H�Q�\�� �Rd k�Y���W�Q�D�W�ê�F�K�� �E�X�þ�L�Q (Fagion Luquet 
1926, podsvazu Eu-Fagenion Oberdorfer 1957) po acidofi�O�Q�t�� �K�R�U�V�N�p�� �E�X�þ�L�Q�\�� ��Luzulo-
Fagenion Oberdorfer 1957)���� �%�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �M�V�R�X�� �D�X�W�R�F�K�W�R�Q�Q�t�K�R�� �S�$�Y�R�G�X�� �D�� �M�V�R�X��
�S�R�Q�H�F�K�i�Q�\���E�H�]���]�i�V�D�K�$���M�L�å���R�G���U�R�N�X������������ �9�ê�]�N�X�P�Q�p���S�O�R�F�K�\���M�V�R�X���R���Y�H�O�L�N�R�V�W�L���������î���������P��
�D�� �E�\�O�\�� �]�D�O�R�å�H�Q�\�� �Y roce 1980. Tyto �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �E�\�O�\ �M�L�å�� �G���t�Y�H�� �K�R�G�Q�R�F�H�Qy 
v �S�X�E�O�L�N�D�F�t�F�K��(�â�,�0�#�1�(�. et al., 2019; S. VACEK et al., 2013, 2015)���� �'�D�O�ã�t��
charakteristiky jsou uvedeny v Tab. 1. 
 
Tab. 1�����=�i�N�O�D�G�Q�t���F�K�D�U�D�N�W�H�U�L�V�W�L�N�\���Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K 
Tab. 1:  Basic research plots characteristics 

Research plots Development 
cycle GPS Altitude 

(m) Exposure Tree 
species 

Mean 
height 
(m) 

Mean 
thickness 
(cm) 

Forest 
type 

Stand 
stocking 

�9�ê�]�N�X�P�Q�p��
plochy 

�9�ê�Y�R�M�R�Y�p��
�V�W�i�G�L�X�P �6�R�X���D�G�Q�L�F�H 

�1�D�G�P�R������
�Y�ê�ã�N�D��
(m) 

Expozice Druh 
�G���H�Y�L�Q�\ 

�3�U�$�P���U�Q�i��
�Y�ê�ã�N�D�����P�� 

�3�U�$�P���U�Q�i��
�W�O�R�X�ã�"�N�D 
(cm) 

�/�H�V�Q�t��
typ �=�D�N�P�H�Q���Q�t 

�+�H�W�H�U�R�J�H�Q�Q�t��
Heterogeneous 

Rozpad 
�'�R�U�$�V�W�i�Q�t 

�����ƒ�����
�����������1��
�����ƒ�����
�����������( 

940 - 
960 

SE         
JV 

FS    
PA 

24         
28 

41          
45 

6Z 0.8 
Destruction 
Recovery 

�+�R�P�R�J�H�Q�Q�t��
Homogeneous 

Optimal 
Optimum 

�����ƒ�����
��������"N 
�����ƒ�����
�����������( 

740 - 
760 

NE         
SV 

FS     
PA      
SA 

27         
31         
26 

28          
40          
27 

6K 0.9 

�9�\�V�Y���W�O�L�Y�N�\���1�R�W�H�V���� ���6��- Piceeto-Fagetum mesotrophicum (Nutrient-medium Spruce-Beech); 6B - 
Piceeto-Fagetum eutrophicum (Nutrient-rich spruce-beech) �'���H�Y�L�Q�\���6�S�H�F�L�H�V2: FS �± Fagus sylvatica L., 
PA �± Picea abies (L.) Karst., AP �± Acer pseudoplatanus L. 
 
�6�E���U���G�D�W 

�3�U�R���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�R�X���D�Q�D�O�ê�]�X���E�\�O���Q�D���þ�W�\���H�F�K���Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K�i�F�K���R velikosti 
�����î������ �P�� ������������ �K�D���� �S�U�R�Y�H�G�H�Q�� �V�E���U�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�F�K�� �Y�]�R�U�N�$���� �9�ã�H�F�K�Q�\�� �Y�]�R�U�N�\��
�E�\�O�\�� �R�G�H�E�U�i�Q�\�� �S�U�H�V�V�O�H�U�R�Y�ê�P�� �Q�H�E�R�]�H�]�H�P�� �N�R�O�P�R�� �Q�D�� �W�H�þ�Q�R�X�� �U�R�Y�L�Q�X�� �V�W�U�R�P�X�� �Y�H�� �V�P���U�X��
�Y�U�V�W�H�Y�Q�L�F�H���� �W�D�N�� �D�E�\�� �E�\�O�� �R�G�H�E�U�i�Q�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�� �Y�ê�Y�U�W�� �N�H�� �V�W���H�G�X��kmene. Pro 
�R�G�E���U�� �Y�]�R�U�N�$�� �E�\�O�\�� �Y�\�E�U�i�Q�\�� �]�G�U�D�Y�p�� �V�W�U�R�P�\�� �V�L�O�Q���M�ã�t�� �!������ �F�P�� �Y�H�� �Y�ê�þ�H�W�Q�t���Y�ê�ã�F�H. Stromy 
�S�U�R�� �R�G�E���U�� �E�\�O�\�� �Y�\�E�U�i�Q�\�� �Q�i�K�R�G�Q�ê�P�� �Y�ê�E���U�H�P�� �S�R�P�R�F�t���5�1�*�� �Y�ê�E���U�X�� �] programu 
MS �(�[�F�H�O���� �9�ê�Y�U�W�\�� �E�\�O�\���P�����H�Q�\�� �P�L�N�U�R�V�N�R�S�H�P�� �2�O�\�P�S�X�V�� �]�D�� �S�R�X�å�L�W�t�� �P�����L�F�N�p�K�R�� �V�W�R�O�X��
LINTAB (Rinntech, 2010)���� �8�N�O�i�G�i�Q�t�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�ê�F�K�� �G�D�W�� �E�\�O�R�� �S�U�R�Y�H�G�H�Q�R��
v softwaru TSAP-Win (Rinntech, 2010) �D�� �Q�i�V�O�H�G�Q�p�� �N�U�R�V�G�D�W�R�Y�i�Q�t�� �E�\�O�R�� �S�U�R�Y�H�G�H�Q�R��
v softwaru Cdendro (Cybis Elektronik & Data, b.r.), tak aby index CC>35, kdy bylo 
�Q�D�N�R�Q�H�F�� �Y�\�X�å�L�W�R�� �S�U�R�� �]�S�U�D�F�R�Y�i�Q�t�� �G�D�W�� ���� �Y�]�R�U�N�$�� �] ������ �R�G�H�E�U�D�Q�ê�F�K�� �Y�]�R�U�N�$���� �N�W�H�U�p��
�V�S�O���R�Y�D�O�\���K�U�D�Q�L�F�L���L�Q�G�H�[�X���&�&�����9�t�F�H���S�R�S�L�V�Q�ê�F�K���L�Q�I�R�U�P�D�F�t���V�W�U�X�N�W�X���H���S�R�U�R�V�W�$���D���Y�]�R�U�N�$���V�H��
�Q�D�F�K�i�]�t�� �Y �7�D�E���������� �N�W�H�U�i�� �E�\�O�D���R�G�Y�R�]�H�Q�D���]�H���ã�H�W���H�Q�t�� �] ro�N�X������������ �W�H�F�K�Q�R�O�R�J�L�t���)�L�H�O�G���P�D�S 
(IFER-Monitoring and Mapping Solutions Ltd.). �=�i�N�O�D�G�Q�t�� �S�R�S�L�V�Q�p�� �L�Q�I�R�U�P�D�F�H��
�G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�H���Y�]�R�U�N�$���M�V�R�X���]�R�E�U�D�]�H�Q�\���Y Tab. 2.  

�.�O�L�P�D�W�L�F�N�i�� �G�D�W�D�� ���V�U�i�å�N�\�� �D�� �W�H�S�O�R�W�\���� �E�\�O�D�� �S�R�X�å�L�W�D�� �] �Q�H�M�E�O�L�å�ã�t�� �P�H�W�H�R�U�R�O�R�J�L�F�N�p�� �V�W�D�Q�L�F�H��
�ý�H�V�N�p�K�R�� �K�\�G�U�R�P�H�W�H�R�U�R�O�R�J�L�F�N�p�K�R�� �~�V�W�D�Y�X�� �]��Pece �S�R�G�� �6�Q���å�N�R�X���� �N�W�H�U�i�� �V�H�� �Q�D�F�K�i�]�t��
14 �N�P�� �R�G�� �Y�ê�]�N�X�P�Q�ê�F�K�� �S�O�R�F�K�� �Y �Q�D�G�P�R���V�N�p�� �Y�ê�ã�F�H�� �������� �P�� ���*�3�6�� �����ž�����•�����Ž�1����
�����ž�����•�����Ž�(�������5�R�]�P�H�]�t���]�N�R�X�P�D�Q�ê�F�K���N�O�L�P�D�W�L�F�N�ê�F�K���G�D�W���E�\�O�R���V�W�D�Q�R�Y�H�Q�R���R�G���U�R�N�X�������������G�R��
2017. Data o �D�N�W�L�Y�L�W�����V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���E�\�O�D���S�R�X�å�L�W�D���]���Z�H�E�R�Y�ê�F�K���V�W�U�i�Q�H�N NASA/NOAA 
(National Aeronautics and Space Administration/ National Oceanic Atmospheric 
Administration) (HATHAWAY et al., 2017). 
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Tab. 2: �=�i�N�O�D�G�Q�t���F�K�D�U�D�N�W�H�U�L�V�W�L�N�\���G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p���D�Q�D�O�ê�]�\���S�U�R���Y�]�R�U�N�\���]���Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K 
Tab. 2: Basic dendrochronological characteristics for samples of research plots  

Research plots Number of 
cores 

Age range of 
sampled 
trees (year) 

Range height of 
sampled trees 
(m) 

Mean 
growth (mm) 

Median of 
tree rings 

Standard 
deviation 

�9�ê�]�N�X�P�Q�p���S�O�R�F�K�\ 
�3�R�þ�H�W��
�Y�]�R�U�N�$ 

�9���N�R�Y�p��
�U�R�]�S���W�t��
�Y�]�R�U�N�$�����U�R�N�\�� 

�5�R�]�S���W�t��
�Y�]�R�U�N�R�Y�D�Q�ê�F�K��
�V�W�U�R�P�$�����P�� 

�3�U�$�P���U�Q�ê��
�S���t�U�$�V�W�����P�P�� 

�0�H�G�L�i�Q��
�S���t�U�$�V�W�X 

�6�P���U�R�G�D�W�Q�i��
odchylka 

�+�H�W�H�U�R�J�H�Q�Q�t��
Heterogeneous  

33 80 - 230 17 - 28 1.02 0.95 0.53 

�+�R�P�R�J�H�Q�Q�t��
Homogeneous 

33 150 - 230 23 - 32 1.04 0.97 0.53 

 
�$�Q�D�O�ê�]�D���G�D�W 

�=�S�U�D�F�R�Y�i�Q�t�� �G�D�W�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�� �D�Q�D�O�ê�]�\�� �E�\�O�R�� �S�U�R�Y�H�G�H�Q�R�� �Y programu R 
(R Core Team, 2018)�����]�D���S�R�X�å�L�W�t���E�D�O�t�þ�N�X���Ä�G�S�O�U�³���D���Ä�V�L�J�Q�D�O�³�����G�t�N�\���N�W�H�U�ê�P���E�\�O�D���S�U�R�Y�H�G�H�Q�D��
�Q�H�J�D�W�L�Y�Q���� �H�[�S�R�Q�H�Q�F�L�i�O�Q�t�� �G�H�W�U�H�Q�G�D�F�H�� �V �S�U�R�O�R�å�H�Q�ê�P�� �V�S�O�L�Q�H�P�� �������� �Y���N�X�� �N�H�� �N�D�å�G�p�P�X��
�Y�]�R�U�N�X���� �þ�t�P�å�� �G�R�ã�O�R�� �N �R�G�V�W�U�D�Q���Q�t�� �Y���N�R�Y�p�K�R�� �W�U�H�Q�G�X��(BUNN a MIKKO, 2018a) se 
�]�D�F�K�R�Y�i�Q�t�P�� �N�U�i�W�N�R�G�R�E�ê�F�K�� �Q�t�]�N�R�I�U�H�N�Y�H�Q�þ�Q�t�F�K�� �N�O�L�P�D�W�L�F�N�ê�F�K�� �Y�O�L�Y�$��(SHUMILOV et al., 
2011)���� �1�i�V�O�H�G�Q���� �M�H�G�Q�R�W�O�L�Y�p�� �]�G�H�W�U�H�Q�G�R�Y�D�Q�p�� �N���L�Y�N�\�� �V�W�U�R�P�$�� �E�\�O�\�� �]�S�U�$�P���U�R�Y�i�Q�\���� �W�\�W�R��
�N���L�Y�N�\�� �E�\�O�\�� �S�R�W�p�� �Y�\�K�O�D�]�H�Q�\�� �S�R�P�R�F�t�� �Y�O�R�å�H�Q�p�K�R�� �R�V�P�L�O�H�W�p�K�R�� �Ä�V�S�O�L�Q�X�³�� �S�U�R�� �R�G�V�W�U�D�Q���Q�t��
�N�U�i�W�N�R�G�R�E�ê�F�K�� �Y�O�L�Y�$��do 8 let (BUNN a MIKKO, 2018b). Pearsonova korelace mezi 
�V�U�i�å�N�D�P�L���� �W�H�S�O�R�W�D�P�L�� �D �V�O�X�Q�H�þ�Q�t�P�L�� �V�N�Y�U�Q�D�P�L�� �E�\�O�D�� �S�U�R�Y�H�G�H�Q�D�� �Y programu Statistica 12 
(StatSoft, Tulsa, OK, USA). 

 
�9�ê�V�O�H�G�N�\���D diskuze  

A�N�W�L�Y�L�W�D���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���D���N�O�L�P�D�W�L�F�N�p���~�G�D�M�H�����N�W�H�U�p���M�V�R�X���V�S�R�M�H�Q�\���V �U�D�G�L�i�O�Q�t�P���U�$�V�W�H�P��
�E�X�N�X���O�H�V�Q�t�K�R�����Q�H�Y�\�N�D�]�X�M�t���S�R�G�R�E�Q�R�V�W�����F�R�å���S�R�S�L�V�X�M�t���R�E�U�i�]�N�\�������������D���W�D�E�X�O�N�D���������.�O�L�P�D�W�L�F�N�p��
�~�G�D�M�H�� �Y �M�L�Q�ê�F�K�� �S�X�E�O�L�N�D�F�t�F�K���� �D�O�H�� �G�R�N�O�i�G�D�M�t���� �å�H�� �D�N�W�L�Y�L�W�D�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �M�H propojena 
na�S���t�N�O�D�G���V�H���V�U�i�å�N�D�P�L���S���H�V���P�R�Q�]�X�Q�R�Y�p���G�H�ã�W����(WANG a ZHANG, 2011)���� �D�O�H���W�R�W�R���Q�D�ã�H��
�~�G�D�M�H���Y�L�]�X�i�O�Q���� �D�Q�L���N�R�U�H�O�D�þ�Q�����Q�H�S�U�R�N�D�]�X�M�t���� �$�N�W�L�Y�L�W�D���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���P�$�å�H���V�O�H�G�R�Y�D�Q�p��
�S�O�R�F�K�\�� �R�Y�O�L�Y�Q�L�W���� �S�U�R�W�R�å�H�� �E�\�O�R�� �Y �P�L�Q�X�O�R�V�W�L�� �G�R�N�i�]�i�Q�R���� �å�H�� �R�G�� �Y�ê�ã�N�\�� ���������� �P�� �Q���� �P���� �M�V�R�X��
�W�H�S�O�R�W�\���S�U�R�S�R�M�H�Q�p���V�H���V�O�X�Q�H�þ�Q�t�P�L���V�N�Y�U�Q�D�P�L��(KUMAR et al., 2018)�����D�O�H���R�S���W���]�t�V�N�D�Q�i���G�D�W�D��
�W�X�W�R���V�R�X�Y�L�V�O�R�V�W���Q�H�X�N�D�]�X�M�t�����=�t�V�N�D�Q�p���~�G�D�M�H���V�H���W�H�G�\���]�G�D�M�t���E�ê�W���Q�D�Y�]�i�M�H�P���R�G�O�L�ã�Q�p�� 

 
Obr. 1:  �7�H�S�O�R�W�\�� �Y�H�� �Y�H�J�H�W�D�þ�Q�t�� �V�H�]�y�Q���� �D�� �F�H�O�N�R�Y�ê�� �~�K�U�Q�� �V�U�i�å�H�N���� �V�S�O�����± ���� �O�H�W�ê�� �V�S�O�L�Q�H�� �S�U�R�O�R�å�H�Q�ê�� �G�D�W�R�Y�R�X��
�N���L�Y�N�R�X 
Fig. 1:  Season temperature and year precipitation; spl8 �± 8 year spline added from data curve  
 

�3���L�U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R���S���H�Y�H�G�H�Q�ê���Q�D���L�Q�G�H�[���E�H�]���Y���N�R�Y�p�K�R���W�U�H�Q�G�X���]�R�E�U�D�]�X�M�t���R�E�U���������D��������
�N�G�H�� �M�V�R�X�� �S���t�U�$�V�W�\�� �K�H�W�H�U�R�J�H�Q�Q�t�F�K�� �D�� �K�R�P�R�J�H�Q�Q�t�F�K���E�X�þ�L�Q�� �Y�H�� �Y�]�W�D�K�X�� �N �S�U�$�P���U�Q�p�� �U�R�þ�Q�t��
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�K�H�W�H�U�R�J�H�Q�Q�t�� �L�� �K�R�P�R�J�H�Q�Q�t�� �E�X�N�R�Y�p�� �S�R�U�R�V�W�\���� �F�R�å�� �G�R�S�R�V�X�G�� �Q�H�E�\�O�R�� �]�M�L�ã�W���Q�R���� �D�O�H��
v �P�L�Q�X�O�R�V�W�L�� �E�\�O�\�� �S�U�R�Y�H�G�H�Q�\�� �Y�ê�]�N�X�P�\���� �N�W�H�U�p�� �S�R�W�Y�U�]�X�M�t�� �Y�]�W�D�K�� �V�O�X�Q�H�þ�Q�tch skvrn 
a �W�O�R�X�ã�"�N�R�Y�p�K�R�� �S���t�U�$�V�W�X�� �G���H�Y�L�Q��(MOSELEY, 1941; SINCLAIR et al., 1993), ale doposud 
�Q�H�E�\�O�R�� �]�M�L�ã�W���Q�R���� �Y �M�D�N�p�P�� �P�����t�W�N�X�� �M�V�R�X�� �V�O�X�Q�H�þ�Q�t�� �V�N�Y�U�Q�\�� �S�U�R�S�R�M�H�Q�\�� �V �U�$�V�W�H�P�� �V�W�U�R�P�$����
V �S�R�V�O�H�G�Q�t�F�K���O�H�W�H�F�K���Q�D�� �Q�D�ã�L�F�K�� �Y�ê�]�N�X�P�Q�ê�F�K�� �S�O�R�F�K�i�F�K�� �G�R�F�K�i�]�H�O�R�� �N �S�R�]�G�Q�t�P�� �P�U�D�]�$�P��
���U�R�N�� �������������� �N�W�H�U�p �U�R�]�S�W�\�O�R�Y�D�O�\�� �H�I�H�N�W�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �Q�D�� �K�R�P�R�J�H�Q�Q�t�� �L�� �K�H�W�H�U�R�J�H�Q�Q�t��
�S�R�U�R�V�W�\�����F�R�å���V�R�X�K�O�D�V�t���L���V literaturou ���.�U�i�O�t�þ�H�N���H�W���D�O���������������������'�D�O�ã�t���G�$�O�H�å�L�W�ê���I�D�N�W�R�U�����N�W�H�U�ê��
�R�Y�O�L�Y�Q�L�O���O�H�V�Q�t���S�R�U�R�V�W�\�����E�\�O���Y�O�L�Y���L�P�L�V�Q�t���N�D�O�D�P�L�W�\�����F�R�å���M�H���S�D�W�U�Q�p���Y���O�H�W�H�F�K�������������D�å���������������N�G�\��
�W�R�W�R�� �E�\�O�R�� �]�N�R�X�P�i�Q�R�� �Y�� �P�L�Q�X�O�R�V�W�L��(M�$�7���-�.�$ et al., 2010; S�/�$�1�$�� et al., 2017; �â�3�8�/�È�. 
a S�2�8�ý�(�., 2010; S. VACEK et L�(�3�â, 2006).  

 
Obr. 2:  �/�H�W�R�N�U�X�K�R�Y�ê�� �W�O�R�X�ã�"�N�R�Y�ê�� �L�Q�G�H�[�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �D�� �S�U�$�P���U�Q�i�� �U�R�þ�Q�t�� �S�O�R�F�K�D�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q���Y MH 
���P�L�O�L�R�Q�W�L�Q�i�F�K���V�O�X�Q�H�þ�Q�t���K�H�P�L�V�I�p�U�\�����R�G���U�R�N�X�������������G�R���������� 
Fig. 2 : Ring-width index of European beech and mean year sunspot area in MH (millionth of 
hemisphere) from 1963 to 2017 
 

V �S���t�S�D�G���� �R�G�V�W�U�D�Q���Q�t�� �D�� �Y�\�K�O�D�]�H�Q�t�� �N�U�i�W�N�R�G�R�E�ê�F�K�� �Y�O�L�Y�$�� �R�V�P�L�O�H�W�ê�P�� �V�S�O�L�Q�H�P�� ���R�E�U���� ������
�Y�L�G�t�P�H���� �å�H�� �S���t�U�$�V�W�R�Y�i�� �N���L�Y�N�D�� �K�H�W�H�U�R�J�H�Q�Q�t�F�K�� �L�� �K�R�P�R�J�H�Q�Q�t�F�K�� �E�X�þ�L�Q �Y�t�F�H�� �U�H�D�J�X�M�H�� �Q�D��
11 �O�H�W�R�X�� �F�\�N�O�L�F�L�W�X�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q���� �.�U�i�W�F�H�� �R�G�� �]�D�O�R�å�H�Q�t�� �.�U�N�R�Q�R�ã�V�N�p�K�R�� �Q�i�U�R�G�Q�t�K�R��
parku v �U�R�F�H�������������Y�L�G�t�P�H�����å�H���G�R�ã�O�R���N �Y�H�O�N�p�P�X���Q�H�J�D�W�L�Y�Q�t�P�X���]�i�V�D�K�X���G�R���S���t�U�$�V�W�X���E�X�N�X��
�O�H�V�Q�t�K�R�����D�O�H���L���Y �W�p�W�R���G�R�E���� �V�L���P�$�å�H�P�H���Y�ã�L�P�Q�R�X�W���P�D�O�p���U�H�D�N�F�H���Q�D���V�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�X�� �F�R�å��
�M�H�� �S�D�W�U�Q�p�� �Y �O�H�W�H�F�K�� �R�G�� �U�R�N�X�� ���������� �G�R�� ������������ �1�H�M�Y���W�ã�t�� �U�H�D�N�F�H�� �Q�D�� �V�O�X�Q�H�þ�Q�t�� �V�N�Y�U�Q�\�� �M�H��
�S�D�W�U�Q�i�� �R�G�� �U�R�N�X�� ������������ �N�G�\�� �Q�D�� �]�N�R�X�P�D�Q�ê�F�K�� �S�O�R�F�K�i�F�K�� �S���H�V�W�D�O�D�� �~�S�O�Q�i�� �þ�L�Q�Q�R�V�W�� �þ�O�R�Y���N�D��
a �S�R�U�R�V�W�\�� �V�H�� �]�D�þ�D�O�\�� �V�D�P�R�Y�R�O�Q���� �Y�\�Y�t�M�H�W���� �1�D�� �V�O�X�Q�H�þ�Q�t�� �V�N�Y�U�Q�\�� �Q�H�M�O�p�S�H�� �U�H�D�J�X�M�t��
�K�R�P�R�J�H�Q�Q�t���S�R�U�R�V�W�\���E�X�N�X���O�H�V�Q�t�K�R�����D�O�H���]�i�U�R�Y�H�����W�D�N�p���W�U�S�t���Q�H�M�Y���W�ã�t�P���S�R�ã�N�R�]�H�Q�t�P���P�U�D�]�\����
�F�R�å���S�R�W�Y�U�]�X�M�H���L���O�L�W�H�U�D�W�X�U�D��(�â�,�0�#�1�(�. et al., 2019)�����+�H�W�H�U�R�J�H�Q�Q�t���S�R�U�R�V�W�\���E�X�N�X���U�H�D�J�X�M�t���Q�D��
�V�O�X�Q�H�þ�Q�t�� �V�N�Y�U�Q�\�� �V �P�H�Q�ã�t�P�L�� �Y�ê�N�\�Y�\�� �D�� �W�D�N�p�� �G�R�F�K�i�]�t�� �N �P�H�Q�ã�t�P�� �R�G�H�]�Y�i�P�� �Q�D�� �Q�H�J�D�W�L�Y�Q�t��
�Y�O�L�Y�\�����F�R�å���M�H���]���H�M�P�p���]�H�M�P�p�Q�D���Y �R�E�G�R�E�t���L�P�L�V�Q�t���N�D�O�D�P�L�W�\���Q�H�E�R���Y letech s �S�R�]�G�Q�t�P�L���P�U�D�]�\��
(rok 2011). 

�1�H�M�P�D�U�N�D�Q�W�Q���M�ã�t���þ�t�V�H�O�Q�i���X�N�i�]�N�D���D�N�W�L�Y�L�W�\���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���M�H���X�Y�H�G�H�Q�D���Y���W�D�E�����������N�G�\��
�G�R�F�K�i�]�t�� �N �Y�H�O�N�p�P�X�� ������ ���� �U�R�]�G�t�O�X�� �P�H�]�L�� �K�H�W�H�U�R�J�H�Q�Q�t�P�L�� ���U�� � �� ������������ �D�� �K�R�P�R�J�H�Q�Q�t�P�L��
�E�X�þ�L�Q�D�P�L�����U��� �� �������������� �9 �S���t�S�D�G���� �G�D�O�ã�t�F�K���N�O�L�P�D�W�L�F�N�ê�F�K���I�D�N�W�R�U�$���� �N�W�H�U�p���P�D�M�t�� �Y�O�L�Y���Q�D���S���t�U�$�V�W��
�E�X�N�X���O�H�V�Q�t�K�R�����M�V�R�X���W�H�S�O�R�W�\���G�U�X�K�ê�P���K�O�D�Y�Q�t�P���þ�L�Q�L�W�H�O�H�P���Y �U�$�V�W�X���E�X�N�X�����F�R�å���E�\�O�R���]�N�R�X�P�i�Q�R��
�W�D�N�p���Y minulosti (S. VACEK a HEJCMAN, 2012)�����D�O�H���E�H�]���]�P�t�Q�H�N���R���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q�i�F�K����
V �U�i�P�F�L���N�O�L�P�D�W�L�F�N�ê�F�K���I�D�N�W�R�U�$���Y�t�F�H���U�H�D�J�X�M�t���Q�D���W�H�S�O�R�W�\���L���V�U�i�å�N�\���K�H�W�H�U�R�J�H�Q�Q�t���S�R�U�R�V�W�\�����D�O�H��
�X���K�R�P�R�J�H�Q�Q�t�F�K���S�R�U�R�V�W�$���G�R�F�K�i�]�t���N �Y���W�ã�t�P�X���Y�O�L�Y�X���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q�� 
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Obr. 3:  �/�H�W�R�N�U�X�K�R�Y�ê�� �W�O�R�X�ã�"�N�R�Y�ê�� �L�Q�G�H�[�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �D�� �S�U�$�P���U�Q�i�� �U�R�þ�Q�t�� �S�O�R�F�K�D�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q���Y MH 
���P�L�O�L�R�Q�W�L�Q�i�F�K���V�O�X�Q�H�þ�Q�t���K�H�P�L�V�I�p�U�\�����S�U�R�O�R�å�H�Q�p�������O�H�W�ê�P���V�S�O�L�Q�H�P�����V�S�O�������R�G���U�R�N�X����963 do 2017 
Fig. 3:  Ring-width index of European beech and mean year sunspot area in MH (millionth of 
hemisphere) splined by 8 year (spl8) from 1963 to 2017 
 
Tab. 3: �3�H�D�U�V�R�Q�R�Y�D�� �N�R�U�H�O�D�þ�Q�t�� �W�D�E�X�O�N�D�� �Y�]�W�D�K�$�� �P�H�]�L�� �W�O�R�X�ã�"�N�R�Y�ê�P�� �S���t�U�$�V�W�H�P���� �V�H�]�y�Q�Q�t�P�L�� �W�H�S�O�R�W�D�P�L����
�V�U�i�å�N�D�P�L���D���V�O�X�Q�H�þ�Q�t�P�L���S�O�R�F�K�D�P�L���R�G�������������G�R�������������V�L�J�Q�L�I�L�N�D�Q�W�Q�t���~�G�D�M�H��(p < 0.05) �M�V�R�X���W�X�þ�Q���� 
Tab. 3:  �3�H�D�U�V�R�Q�¶�V�� �F�R�U�U�H�O�D�W�L�R�Q�� �W�D�E�O�H�� �E�H�W�Z�H�H�Q�� �W�U�H�H-ring growth, season temperature, precipitation and 
sunspot area from 1986 to 2017 (significant values (p < 0.05) are in bold) 
  �/�H�W�R�N�U�X�K�R�Y�ê��

�W�O�R�X�ã�"�N�R�Y�ê���L�Q�G�H�[��
�K�R�P�R�J�H�Q�Q�t���E�X�þ�L�Q�\ 

�/�H�W�R�N�U�X�K�R�Y�ê��
�W�O�R�X�ã�"�N�R�Y�ê���L�Q�G�H�[��

�K�H�W�H�U�R�J�H�Q�Q�t���E�X�þ�L�Q�\ 

Plocha 
�V�O�X�Q�H�þ�Q�t�F�K��

skvrn 
�Ò�K�U�Q���V�U�i�å�H�N�� 

 
 

Ring-width index     
homogenous 
beech stand 

Ring-width index     
heterogeneous 

beech stand 

Sunspot 
area Precipitation 

  
�3�O�R�F�K�D���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q������

Sunspot area 0.51 0.28     

�Ò�K�U�Q���V�U�i�å�H�N����������������
Precipitation 

0.15 0.16 -0.34  
Teploty           

Temperature 0.16 0.18 -0.02 -0.11 

 
�.�O�L�P�D�W�L�F�N�p���I�D�N�W�R�U�\�����N�W�H�U�p���R�Y�O�L�Y���X�M�t���U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R���Y���O�H�W�H�F�K���R�G�������������G�R���������������M�Vou 

�S�D�W�U�Q�p�� �]�� �R�E�U���� ������ �7�H�S�O�R�W�\�� �D�� �V�U�i�å�N�\�� �Y�\�N�D�]�X�M�t�� �S�R�G�R�E�Q�p�� �K�R�G�Q�R�W�\�� �U�H�J�U�H�V�Q�t�K�R�� �P�R�G�H�O�X�� �52, 
�F�R�å�� �]�Q�D�þ�t�� �Y�]�W�D�K�� �N �S���t�U�$�V�W�X�� �R�E�R�X�� �K�R�G�Q�R�W���� �9 �S���t�S�D�G���� �D�N�W�L�Y�L�W�\�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �Y�L�G�t�P�H��
�R�G�O�L�ã�Q�R�V�W�� �P�H�]�L�� �U�H�D�N�F�H�P�L�� �K�H�W�H�U�R�J�H�Q�Q�t�F�K�� �D �K�R�P�R�J�H�Q�Q�t�F�K�� �E�X�þ�L�Q���� �N�G�\�� �Y�t�F�H�� �U�H�D�J�X�M�t��
�V�W�H�M�Q�R�U�R�G�p���E�X�þ�L�Q�\�� �Y�H���Y�]�W�D�K�X���N�H���]�Y�\�ã�X�M�t�F�t�P���V�H���V�O�X�Q�H�þ�Q�t�P���V�N�Y�U�Q�i�P���� �/�L�Q�H�i�U�Q�t�� �U�H�J�U�H�V�Q�t��
�P�R�G�H�O�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q�� �Y�$�þ�L�� �S���t�U�$�V�W�X�� �]�Q�D�þ�t�� �U�R�]�G�t�O�Q�ê�� �N�R�H�I�L�F�L�H�Q�W�� �G�H�W�H�U�P�L�Q�D�F�H���� �N�G�\��
�K�R�P�R�J�H�Q�Q�t���E�X�þ�L�Q�\�����52 � ���������������Y�\�N�D�]�X�M�t���Q�L�å�ã�t���52 �Q�H�å���K�H�W�H�U�R�J�H�Q�Q�t���E�X�þ�L�Q�\�����52 = 0,08). 
�&�H�O�N�R�Y�i���U�H�D�N�F�H���E�X�N�X���O�H�V�Q�t�K�R���Q�D���V�O�X�Q�H�þ�Q�t���V�N�Y�U�Q�\���M�H���Y �W�p�W�R���S�U�i�F�L���S���L�V�X�]�R�Y�i�Q�D���F�L�W�O�L�Y�R�V�W�L��
na CO2���� �F�R�å�� �E�\�O�R�� �G�R�N�i�]�i�Q�R��(K�2�9�È�ý��et al., 2018) �L�� �Y�H�� �Y�]�W�D�K�X�� �N�H�� �]�P���Q���� �N�O�L�P�D�W�X��
(REZAIE et al., 2018)�����6�D�P�R�W�Q�p���V�O�X�Q�H�þ�Q�t���V�N�Y�U�Q�\���R�Y�O�L�Y���X�M�t���U�D�G�L�R�L�V�R�W�R�S�\��14C a 10�%�H�����N�W�H�U�p��
k�R�P�S�O�L�N�R�Y�D�Q�ê�P���S�U�R�F�H�V�H�P���R�[�L�G�X�M�t���Q�D���&�22�����N�W�H�U�ê���P�$�å�H���E�ê�W���]�S�U�D�F�R�Y�i�Q���U�R�V�W�O�L�Q�D�P�L��(BEER 
et al., 1990; HATHAWAY, 2015; STUIVER a GROOTES, 1980)���� �� �0�R�å�Q�p�� �Y�\�X�å�L�W�t�� �W���F�K�W�R��
�S�R�]�Q�D�W�N�$���V�H���Q�D�E�t�]�t�� �Y kombinaci s �Y���G�H�F�N�ê�P�L���S�U�Dcemi z astronomie, kdy v roce 2008 
�E�\�O�D�� �S�X�E�O�L�N�R�Y�i�Q�D�� �S�U�i�F�H���� �N�W�H�U�i�� �S���H�G�S�R�N�O�i�G�D�O�D�� �V�Q�t�å�H�Q�t�� �D�N�W�L�Y�L�W�\�� �V�O�X�Q�H�þ�Q�t�F�K�� �V�N�Y�U�Q��
(VOLOBUEV a MAKARENKO, 2008) �D�� �W�D�W�R�� �S���H�G�S�R�Y������ �V�H�� �W�D�N�p�� �Y�\�S�O�Q�L�O�D���� �S���L�þ�H�P�å�� �R�G�� �W�p��
�G�R�E�\���G�R�ã�O�R���V�K�R�G�R�X���R�N�R�O�Q�R�V�W�t���N�H���V�Q�t�å�H�Q�t���S���t�U�$�V�W�X���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$���Q�D���5�ê�F�K�R�U�i�F�K���Y�H��
�Y�ê�F�K�R�G�Q�t�F�K�� �.�U�N�R�Q�R�ã�t�F�K���� �%���K�H�P�� �Q�L�å�ã�t�� �V�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�\�� �R�G�� �U�R�N�X�� ���������� �G�R�ã�O�R�� �W�D�N�p��

0
500
1000
1500
2000
2500
3000
3500
4000

0
0,2
0,4
0,6
0,8

1
1,2
1,4

1963 1973 1983 1993 2003 2013

S
un

sp
ot

 a
re

a 
(M

H
) 

�W
�o

�}�
��Z

���
��•

�o
�µ

�v
���

��v
�_

���
Z

���
•�

l�À
�Œ

�v
���

À
���

D
�,�

�
 

R
in

g-
w

id
th

 in
de

x 
�>

���
š�

}�l
�Œ

�µ
�Z

�}�
À

�É
���

š�
}�µ

�“
�›

�l�
}�

À
�É

���
]�v

���
��Æ

��
 

Year 
Rok 

Sunspot spl8 �•�‰�o�ô���,���š���Œ�}�P���v�}�µ�•���~�,���š���Œ�}�P���v�v�_�•�•�‰�o�ô���,�}�u�}�P���v�}�µ�•���~�,�}�u�}�P���v�v�_�•



�â�L�P�$�Q�H�N���9�����H�W���D�O�������6�O�X�Q�H�þ�Q�t���F�\�N�O�\���M�D�N�R���]�i�N�O�D�G�Q�t���I�D�N�W�R�U���R�Y�O�L�Y���X�M�t�F�t���S���L�U�R�]�H�Q�R�X���G�\�Q�D�P�L�N�X �S�R�U�R�V�W�$�« 
 

 

 

Proceedings of Central European Silviculture 2019 
 

273 

y = 0,0538x + 0,3222 
�Z�ø���A���ì�U�ì�î�õ�í 

y = 0,0387x + 0,5125 
�Z�ø���A���ì�U�ì�í�ï�ñ 

0,6

0,7

0,8

0,9

1

1,1

1,2

1,3

1,4

10,5 11,5 12,5 13,5 14,5

R
in

g-
w

id
th

 in
de

x 
�>

���
š�

}�
l�Œ

�µ
�Z

�}
�À

�É
���

š�
}�

µ�
“�

›�
l�}

�À
�É

���
]�v

���
��Æ

��
 

Season temperature (�£C) 
�d���‰�o�}�š�Ç���À���P���š�����v�_���•���Ì�•�v�Ç���~�£C) 

b) 

k �M�D�U�Q�t�P�� �P�U�D�]�$�P���� �F�R�å�� �P�$�å�H�� �V�R�X�Y�L�V�H�W�� �V �S���H�G�S�R�N�O�i�G�D�Q�ê�P�� �V�Q�t�å�H�Q�t�P�� �W�H�S�O�R�W�� �E���K�Hm 
�V�O�X�Q�H�þ�Q�t�K�R���P�L�Q�L�P�D�����N�G�\���W�H�Q�W�R���I�D�N�W���E�\�O���S�X�E�O�L�N�R�Y�i�Q���Y minulosti (LOCKWOOD et al., 2017). 

 
 

Obr. 4:  �6�R�X�Y�L�V�O�R�V�W���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q�����V�H�]�y�Q�Q�t�F�K���W�H�S�O�R�W���D���U�R�þ�Q�t�K�R���~�K�U�Q�X���V�U�i�å�H�N���Q�D���S���t�U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R��
�R�G�� �U�R�N�X�� ���������� �G�R�� ���������� �S���L�þ�H�P�å���� �D���� �Y�O�L�Y�� �V�U�i�å�H�N�� �Q�D�� �O�H�W�R�N�U�X�K�R�Y�ê�� �S���t�U�$�V�W���� �E���� �Y�O�L�Y�� �W�H�S�O�R�W�� �Q�D�� �O�H�W�R�N�U�X�K�R�Y�ê��
�S���t�U�$�V�W�����F�����Y�O�L�Y���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���Q�D���S���L�U�$�V�W���Y���0�+�����P�L�O�L�R�Q�W�L�Q�i�F�K���V�O�X�Q�H�þ�Q�t���K�H�P�L�V�I�p�U�\���� 
Fig. 4:  Relationship of sunspot activity, season temperature and year precipitation to ring-width index 
of European beech from 1986 to 2017 in which: a) Influence of year precipitation to ring-width index; 
b) Influence of season temperature to ring-width index; c) Influence of mean year sunspot area in MH 
(millionth of hemisphere) 
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�þ�� A19/22).  
 
Summary  

This study describes the influence of sunspot area and climatic factors 
(temperatures, precipitation) on the tree-ring growth of naturally developed beech 
stands in the eastern part of Giant Mountains ���.�U�N�R�Q�R�ã�H������The researched area under 
is located in the first protection zone of �.�U�N�R�Q�R�ã�H���1�D�W�L�R�Q�D�O���3�D�Uk, which was founded 
in 1963 in which the air pollution load stared affecting the forests in the area which 
culminated in the years 1975 to 1985. The beech stands were left without forest 
management, after the air pollution load which lead to natural development of 
European beech stands in the area from 1986 until nowadays. This study used 
dendrochronological analysis from 4 research plots of European beech stands 
in which the 66 samples from the level and above-ground trees were used. Every 
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measured tree of the dendrochronological sample from analysis had index larger 
than CC> 35. This study focused on two naturally developed stages of European 
beech forests. Homogeneous beech stands at the stage of optima and 
heterogeneous beech stands at the stage of regeneration and destruction. The 
results show that climatic data are not similar to each other, which indicating that 
there is no link between climatic data and sunspot area. All beech stands correlate 
significantly to the sunspot area and then to the season temperature and 
subsequently to precipitation. The homogenous beech stands significantly correlate 
with sunspots up to 51% between years 1986 and 2017. The season temperature 
and precipitation show less significant correlation on homogeneous beech stands. 
However, the homogenous stands are more influenced by negative effects such 
as spring frosts and air pollution load. The heterogeneous beech stands indicate the 
less response to spring frosts and air pollution calamity, and also the less significantly 
correlate with sunspot area activity between 1986 and 2017, however the sunspot 
area (28%) shows a higher correlation than season temperature (18%) and 
precipitation (16%) on the tree-ring growth. The global climate change is closely 
connected to sunspot area activity and it belongs to the one of the most important 
factors that indicate the influence of the sun to the earth's surface. This study can be 
helpful in research of forestry, forest ecology and it can even support in astronomy 
studies. 
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Abstract: The impact of solar cycles on forest stands, while important in the development of the forest

environment during climate change, has not yet been suf�ciently researched. This work evaluates

the radial growth of European beech ( Fagus sylvaticaL.) in the mountain areas of southern Italy and

central Europe (Czech Republic, Poland) in correlation to solar cycles (sunspot number), extreme

climatic events, air temperatures and precipitation totals. This research is focused on the evaluation

of the radial growth of beech (140 dendrochronological samples with 90–247 years of age) from

1900 to 2019. The time span was divided into the following three periods: (1) a period of regular

harvesting (1900–1969), (2) a period of air pollution crisis (1970–1985) and (3) a period of forest

protection (1986–2019). The results indicate that the solar cycle was signi�cantly involved in radial

growth on all research plots. With regard to the evaluated precipitation totals, seasonal temperatures

and the sunspot number, the latter was the most signi�cant. Temperatures had a positive effect

and precipitation had a negative effect on the radial increment of beech in central Europe, while in

southern Italy, the effect of temperature and precipitation on the increment is reversed. In general,

the limiting factor for beech growth is the lack of precipitation during the vegetation season. The

number of negative pointer years (NPY) with an extremely low increment rose in relation to the

decreasing southward latitude and the increasing in�uence of climate change over time, while a

higher number of NPY was found in nutrient-richer habitats compared to nutrient-poorer ones.

Precipitation and temperature were also re�ected in the cyclical radial growth of European beech.

The relationship between solar cycles and the tree ring increment was reversed in southern Italy and

central Europe in the second and third (1970–2019) time periods. In the �rst time period (1900–1969),

there was a positive relationship of the increment to solar cycles on all research plots. In the tree

rings of European beech from southern Italy and central Europe, a relationship to the 11-year solar

cycle has been documented. This study will attempt to describe the differences in beech growth

within Europe, and also to educate forest managers about the relevant in�uence of solar cycles. Solar

activity can play an important role in the growth of European beech in central and southern Europe,

especially during the recent years of global climate change.

Keywords: tree-ring data; cyclical dynamics; growth adaptation; temperature; precipitation;

sunspot number

1. Introduction

European beech (Fagus sylvaticaL.) is distributed over a large number of environmental
zones throughout Europe [ 1]. A lack of precipitation, associated with drought, limits
European beech in its distribution in southern Europe [ 2–4], while low temperatures and
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spring frosts curb the beech in the north [ 5,6]. European beech thrives in the optimal
conditions of central Europe, and at the same time, we are witnessing its retreat from the
southern parts of Europe [7]. Lately, due to climate change, this tree species has also been
expanding into more northern areas within its distribution range [ 8–10]. The occurrence of
beech forests is limited by late frosts and droughts [ 11]. In the past few decades, European
beech has been showing better results in locations towards the north, such as southern
Sweden [12], as well as in mountainous locations, e.g., in the Czech Republic [13–15]. In
recent years, however, beech forests have been showing a greater sensitivity to drought [16],
yet this tree species can adapt accommodatingly to drought in central Europe under the
conditions of global climate change [6,13,17].

Concerning radial growth, European beech adapts better to climatic �uctuations at
lower altitudes and in nutrient-rich habitats [18,19]. By contrast, at higher altitudes, there
have been greater �uctuations in beech growth since 1975 [20]. Climatic �uctuations in the
mountainous areas of central Europe are most frequently caused by lower temperatures,
with annual temperatures affecting the radial growth of European beech more than pre-
cipitation totals [ 13,21,22]. Fluctuations in the radial growth of European beech, caused
by various biotic and abiotic in�uences, can lead to cyclic periods [ 21]. For example, in
the 1970s and 1980s, there was a signi�cant negative effect of air pollution on the radial
growth of European beech in the mountains of the Czech Republic, which also led to a
weakening or even dying of forest stands [ 23,24]. Notable incremental �uctuations of
European beech are also induced by frost, which can affect the increment of the entire
vegetation period [21,25].

European beech stands in the Czech Republic and Italy differ in their life cycles as
well as their life span. In the Krkonoše Mountains (both in the Czech Republic and Poland),
generations of European beech stands are replaced after 230 to 250 years on average [26].
In contrast, old stands of European beech in Italy may live to be around 300 years or
more [27,28]. The age of beech stands in Italy will shorten in response to global climate
change, especially increasing average temperatures and droughts [28]. However, the radial
growth of beech stands in Italy is more affected by the negative effects of drought, which
limits the distribution of this tree species in the Apennines [ 29]. Beech stands in Italy are
profoundly more vulnerable and frequently stressed by drought, and this can reduce beech
increment over time [ 27]. In the Mediterranean forests of higher altitudes, there are also
spring droughts, which negatively affect the tree rings of European beech [30].

Solar cycles affect the climate of our planet, as was cited by the theory of “solar forcing”,
to name one. The theory documents that solar irradiance and geomagnetic activities are
important drivers of the Earth's atmosphere [ 31]. Some works also describe that solar
activity, in the long run, affects the temperature of the Earth's atmosphere, which can be
accompanied by the occurrence of colder winter periods [ 32]. Solar activity is sometimes
a stronger inducer of climate change than anthropogenic in�uences, also affecting other
factors such as precipitation or temperature [ 33]. Sunspot cycles are also associated with the
cycle of the Amazon River �ow [ 34] and are directly related to �ood or drought seasons in
the Songhua river basin in China [ 35]. On the other hand, the solar cycles may be associated
with drought periods and extreme weather �uctuations, for example in Kuwait [ 36]. The
effects of 11-year solar cycles on climate patterns in Europe have been observed over the
last 250 years, while the impact of sunspot activity on the climate increased during the 19th
century [37].

Global climate is affected by solar cycles [38,39]; however, the imprint of this cycle
might not be the same everywhere. The imprint of solar activity is different in the Indian,
Paci�c and Atlantic Oceans [ 40]. There is a large number of factors that react to solar
variability differently within terrestrial climate parameters [ 41]. One important parameter
is that solar activity affects the properties and formation of clouds in our atmosphere,
which is caused by the ionization of cosmic rays that mirrors 11-year cycles of solar
activity [ 42–44]. Some studies even found a link between tree ring radiocarbon production
and sunspots [45,46]. The production rate of radiocarbon isotope is an indicator of cosmic



Forests2021, 12, 259 3 of 21

radiation in the upper atmosphere, which is also connected to the solar cycle [ 39]. Solar
cycles also affect the average monthly temperatures in Europe [47], as well as, indirectly,
the North Atlantic Oscillation (NAO) and the Atlantic Multidecadal Oscillation (AMO) [ 48].
Solar cycles throughout the NAO are also partly associated with precipitation occurrence
in Europe [ 49]. Solar activity may also be re�ected in many other climatic cycles [ 50].
Tree rings of beech in the Apennines are associated with the NAO [ 51], and even the
NAO is in�uenced by the solar cycle [ 37,49]. It is also important to mention that there
is a link between �uctuations in the radial growth of European beech in the mountains
of the northeast Czech Republic and solar activity [ 52,53]. Some research in the �eld
of dendrochronology proves the in�uence of solar cycles on the radial growth of trees,
which is well described by research from northwestern Russia [ 54,55], Chile [ 56] and the
Tibetan Plateau [57]. The impact of solar cycles can also be negatively re�ected in tree rings,
which has also been investigated in cork oak (Quercus suberL.) [58].

This study focuses on the radial growth of European beech at higher altitudes of the
Krkonoše Mountains in Poland and the Czech Republic and in the southern Apennines in
Italy. The main objective of this study was to evaluate the initial effect of the temperature,
precipitation and sunspot number on the radial growth of European beech during three time
periods that cover 119 years of growth history. The time periods were chosen deliberately
due to various and important differences in the development of beech stands over time.
The �rst time period (1st period) indicates the phase of man-managed stands of European
beech. The second time period (2nd period) indicates the air pollution calamity on research
plots in the Czech Republic [ 23,52], and the same time period was also marked out for
Italian research plots in order to maintain comparability of time periods. The third time
period (3rd period) denotes the phase without human harvesting interventions, when the
beech stands developed naturally and spontaneously. The sunspot number was chosen
intentionally to �nd a possible relationship between the radial growth of European beech
and the 11-year solar cycle, which has properties and intensities other than precipitation
or temperature. Another aim of this research was to assess the cycles of radial growth of
European beech using the Fourier analysis and cross-correlation in relation to the factors
examined. This is a very underexplored topical issue regarding the growth process of
one of the most important and promising central European tree species during global
climate change.

2. Methodology
2.1. Study Area

The studied area is located in the national parks of the Krkonoše Mountains, both
in the Czech Republic and in Poland, i.e., in the Krkonoše/Karkonosze Transboundary
Biosphere Reserve. Italian research plots are located in the southern Apennines within
the Appennino Lucano National Park, near a place called Sellata. A total of 4 permanent
research plots were evaluated, of which the �rst is in the Polish portion of the Krkonoše
Mountains in a place called Chojnik, not far from the town of Sobiesz âw. The second
research plot is in Eastern Krkonoše, in Rþchory, near the town of �acl ² �r. The third and
fourth research plots are in the southern Apennines near Sellata. The plots in Krkonoše
were established and selected in 1980 for long-term research. All research plots were
selected in accordance with the major representation of beech, altitude and homogeneous
stand structure of European beech. Samples were taken from forest stands with a 100%
share of European beech. All research plots are located in non-intervention areas, where no
harvesting operations had been carried out since 1985.

The basic site and stand characteristics are given in Table 1. The worldwide Köppen
classi�cation was used for climate categorization in Table 1 [ 59]. Precipitation and tem-
perature conditions differ for the Czech Republic/Poland and for Italy, as described in
Figure 1. The Bed�richov meteorological station for Krkonoše (Chojnik 1 and R þchory 2)
was selected for its data availability, as it has the longest time series for precipitation and
temperatures available to the Krkonoše montane region at the altitude of 780 m a.s.l. The
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mean annual temperature for Chojnik 1 and R þchory 2 is 3.7 � C, and the annual total
precipitation is 1300 mm. The mean number of vegetation days for Czech and Polish
plots is around 120 days and the number of days with snow cover reaches 117 [21]. The
mean annual temperature for the Italian plots is 13.7 � C and the mean annual precipitation
is 1032 mm according to the Abriola meteorological station (1050 m a.s.l.). The mean
number of vegetation days for Italian plots is 135 days (same period for snow cover) [ 60].
In Figure 1, a descriptive map of research plots is also displayed.

2.2. Data Collection

For dendrochronological analysis of samples from the Czech Republic, Poland and
Italy, increment cores were taken from European beech using a Pressler auger, perpendic-
ular to the trunk axis at a height of 1.3 m above the ground. Structurally homogeneous
beech stands with stocking of 0.8–1 were selected for sampling. Samples were taken from
randomly selected (RNG function) healthy co-dominant and dominant trees, whose aver-
age tree diameter at breast height had to be dbh > 30 cm. The height of all sampled trees
was measured with a Laser Vertex hypsometer (Haglöf, Långsele, Västernorrland, Sweden).
The Vertex hypsometer shows the measurement accuracy (instrumental resolution) to 0.1 m
according to the manufacturer. The diameter at breast height was also measured for all
trees using a Mantax Blue metal caliper (Haglöf, Långsele, Västernorrland, Sweden). This
caliper provides an accuracy (instrumental resolution) of 1 mm according to the manufac-
turer. These research plots were monitored annually, and their detailed structural analysis
was performed every 5 years. A total of 140 samples were taken for dendrochronological
analysis; Table 2 offers more detailed information. Increment cores were measured using a
LINTAB measuring table [ 61] with an Olympus microscope. The measuring table provides
an accuracy (instrumental resolution) of 0.01 mm, and the TSAP-Win software [ 61] was
used to record the cores. Measurements were made from the bark towards the heartwood,
perpendicular to the center of the trunk, so that each tree ring was measured perpendicular
to the trunk axis. The subsequent cross-dating of the increment cores was performed with
the Cdendro program so that the cross-correlation index was CC > 25 for each sample [62].

Monthly temperature and precipitation data for Krkonoše were provided by the
Czech Hydrometeorological Institute, Prague [ 63]. The mean monthly climatic data for
the research plots in the Czech Republic and Poland were supplied by the meteorological
station of Bed�richov (50 � 47030.700N 15� 08031.700E) at an altitude of 780 m a.s.l.; the station is
35.5/54.3 km away from the research plots in the Czech Republic and Poland, respectively.
Monthly temperature and precipitation data for the research plots in Italy were provided
by the Italian Civil Protection Authority, Basilicata Region [ 64]. Characteristics of the
Italian research plots were provided by the meteorological station in Abriola (40 � 30028.000N
15� 48046.600E), at an altitude of 1050 m a.s.l. The distance from the Sellata 3 and La Lama
4 research plots to the meteorological station is 3.2/5.1 km, respectively. Annual sunspot
number data were taken from the Royal Observatory of Belgium, Brussels [65].
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Table 1. Overview of basic site and stand characteristics of research plots in 2019.

Name of Plot GPS Altitude (m) Exposure * Slope ( � ) Height (m) Diameter (cm) Volume (m 3 ha� 1) Soil Type Köppen Classi�cation

Chojnik 1
50� 50012.100N
15� 38027.800E

510 NW 16 23 39 380
Modal

Cambisol
Dfb

Rþchory 2
50� 39057.700N
15� 53005.200E

760 NE 27 29 44 540 Eutrophic Cambisols Dfb

Sellata 3
40� 32021.500N
15� 47039.900E

1275 E 26 33 60 720 Epileptic Phaeozems Csa

La Lama 4
40� 28022.500N
15� 45035.200E

1340 SE 7 29 52 560 Haplic Phaeozems Csa

Notes: * NW—northwest; NE—northeast; E—east; SE—southeast; Dfb—warm summer humid continental climate with large seasonal temperature differences, with warm to hot summers and cold winters;
Csa—hot summer Mediterranean climate with dry summers and mild, wet winters.
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Figure 1. Location of permanent research plots (black dots) with monthly climatic characteristics of the mean precipitation
and mean temperature in the meteorological stations (black stars) in Bed�richov, the Czech Republic, and Abriola, Italy, over
the whole time period of 1900–2019.

Table 2. Characteristics of tree-ring chronologies for European beech in research plots for 1900–2019.

Plot Name
No. Trees Age

(Min/Max)
Mean RW Std.

R-bar ESP SNR NPY
(Samples) (mm) (mm)

Chojnik 1 29 90/123 1.99 0.78 0.41 0.94 17 �
Rþchory 2 33 103/182 1.05 0.53 0.26 0.92 11 1913, 1953, 2011, 2016

Sellata 3 40 94/152 2.33 0.69 0.25 0.95 19
1962, 1970, 1988, 1994,
2012, 2013, 2016, 2017

La Lama 4 38 125/247 1.73 0.58 0.34 0.92 12
1933, 1970, 1971, 1981,

2013, 2017

Notes: No. trees—number of trees; Age—age of youngest and oldest sample tree; Mean RW—mean ring width in mm, Std.—standard
deviation in mm; R-bar—inter-series correlation; EPS—expressed population signal; SNR—signal-to-noise ratio; NPY—negative pointer
years with signi�cantly extreme low radial growth.

2.3. Data Analysis

Dendrochronological data were processed in R software [ 66] using the “dplr” pack-
age [67]. Detrending of each tree was performed by negative exponential detrending
with an inserted spline of 1/3 of the age of each tree using “dplr” instructions [ 68]. Such
detrending removes the age trend while maintaining low-frequency climate signals [ 55,69].
The expressed population signal (EPS) was calculated for the detrended data. The EPS
represents the reliability of a chronology as a fraction of the joint variance of the theoretical
in�nite tree population. The limit for using the data for comparison in relation to the
climatic data was a signi�cant EPS threshold so that EPS > 0.85 [68]. We also calculated the
signal-to-noise ratio (SNR) that represents the signal strength of the chronology and R-bar
(inter-series correlations) [70]. The analysis of negative pointer years was carried out [ 71].
For each tree, the pointer year was tested as an extremely narrow tree ring that did not
reach 40% of the increment average from the four preceding years [71]. The occurrence of
the negative year was proved if a strong reduction in increment occurred in at least 20% of
the trees in the plot.

Spectral analyses for indexed (detrended) radial increments were created with Statis-
tica 13 software [72]. The calculation was performed with the “Single Fourier (Spectral)
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Analysis” function, using the output “Periodogram” plot by “Period”. Furthermore,
this software was used to calculate correlation coef�cients and cross-correlations for lag
� 15 years (in relation to the sunspot number, vegetation season temperature and annual
precipitation). With Statistica 13 software (Statsoft, Tulsa), we created cross-periodograms
(real), used to study a multivariate spatial process [ 73]. We also used the “signal” and
“dplr” wavelet plot for Krkonoše and Italy for the period 1900–2019 to make the den-
drochronological signal more apparent for up to 32 periods/cycles [ 74,75]. For the next
statistical analysis, the time span was divided into the following 3 periods: (1) a period of
active forest management and regular harvesting (1900–1969), (2) a period of air pollution
crisis characterized by extremely high SO2 concentrations and acid rains (1970–1985), and
(3) a period of forest protection without human harvesting interventions (1986–2019).

3. Results
3.1. Tree-Ring Characteristics and Extreme Climatic Events

Dendrochronological characteristics are described in Table 2 and include the mean
tree ring increment at a plot (Mean), age of the youngest and the oldest sample trees (Age),
standard deviation (Std.), inter-series correlations (R-bar), expressed population signal
(EPS) and signal-to-noise ratio (SNR). The research plots in Italy (Sellata 3 and La Lama 4)
show a larger mean increment, on average 25% larger than the research plots in central
Europe (Chojnik 1 and Rþchory 2). The age of the research plots indicates that Sellata 3 and
La Lama 4 were generally older than Chojnik 1 and R þchory 2. Even the research plot of
La Lama 4 reached up to 247 years. The range between maximum and minimum age was
due to age variability in the forest stands; however, all research areas showed a visually
homogeneous forest structure. A greater variability of radial growth was found in both
locations with lower altitude compared to a higher one, while a higher number of negative
pointer years (NPY) characterized by an extremely low increment was found on richer soils
compared to poorer ones.

The number of NPY ranged from 0–4 for central Europe and from 6–8 in southern
Italy. A climatically signi�cant year common for R þchory 2 and Sellata 3 was 2016, when
the share of precipitation, lower by 26% (compared to the average), was documented in
the vegetation season. Another common NPY was recorded in 2013 for the Italian research
plots Sellata 3 and La Lama 4, where a higher annual precipitation of 1204 mm (compared
to 1024 mm per year on average) and lower seasonal temperatures of 28.3� C (29.6 � C)
were recorded in both plots. One more common NPY for the research areas in Italy was
1970, with the seasonal precipitation totals lower by 15% (240 mm, 280 mm). The year 2017
was also signi�cant for the Italian research plots Sellata 3 and La Lama 4, with the total
precipitation during the vegetation season lower by 41% (204 mm, compared to an average
of 289 mm), the lowest in 20 years. Similarly, the NPY of 2011 in Krkonoše was negatively
affected by an unbalanced frequency of precipitation during the year (monthly variability
was higher by 46%). Overall, the NPY show that the Apennines plots (Sellata 3, La Lama 4)
have a higher frequency of NPY than central Europe, while the Chojnik 1 research plot, for
example, has not recorded a single NPY. Additionally, 15 of the 18 NPY were found in the
second half of the solar cycle.

3.2. European Beech Tree-Ring Growth, Sunspot Number and Climate Variations

Figure 2 shows a clear difference between radial growth (a) in the Krkonoše Mountains
in central Europe (Poland, Czech Republic) and (b) in the southern Apennines in Italy. The
radial growth of beech differentiates itself in each time period. A positive relationship of
radial growth in all research plots with the sunspot number is characteristic for the �rst
time period. This fact is also con�rmed in Table 3. A change in the trend of radial growth
of European beech and the nature of its connection with sunspots occurred in the second
time period on the Italian research plots. Another interesting feature of the second time
period is a unique low or negative correlation with sunspots on almost all research plots,
which is also con�rmed in Figure 2 and Table 3. In the second period, there was also a
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signi�cant decrease in radial growth on all research plots. In the last, or third, time period,
the concurrence of sunspots and radial growth of beech in Italy was the opposite of that on
research plots in the Czech Republic and Poland. A typical interconnection with the solar
cycle (sunspot number) and the radial growth of European beech is shown in Figure 2.
These are, for example, parallel cycles of radial growth with the solar cycle in the �rst
time period, but the solar cycle is also re�ected in the third time period (positively and
negatively). In Figure 2, a signi�cant reduction in radial growth can also be seen, often
during the solar minimum, which can be reported for almost all time periods, except for
the Italian research plots, where in the second and third periods, this process was reversed.

Figure 2. Standardized ring width chronologies of European beech on research plots in the Czech
Republic/Poland ( a) and in Italy ( b). RWI: ring width index; spl8: eight-year spline. The periods
described in the time window are as follows: 1st period: 1900–1969 (regular harvesting period);
2nd period: 1970–1985 (air pollution crisis period); 3rd period: 1986–2019 (forest protection period).

Table 3 describes the relationship between the radial growth of European beech
in the research plots and the sunspot number, annual temperature, vegetation season
temperature, annual precipitation and vegetation season precipitation in different time
periods. Radial growth of beech reacts to sunspots, temperatures or precipitation differently
in every time period. The most signi�cant values were correlated with the sunspot number,
then with annual precipitation, and subsequently with seasonal temperatures. Mean
annual temperatures and seasonal precipitation totals did not show high correlation values
to radial growth, but they also did not show signi�cant results. According to Table 3,
solar cycles correlated most signi�cantly with the whole period, and subsequently, with
the third time period. The tree ring width index (RWI) showed the most signi�cant
positive correlation with solar cycles in Poland and the Czech Republic (RWI Chojnik
1 and Rþchory 2) both for the whole period and the third period. For the Italian plots
Sellata 3 and La Lama 4, the correlation results were different, with both plots having
negative correlations with the sunspot number. The Sellata 3 plot showed a signi�cant
negative correlation over the whole period ( r = � 0.25) and in the third period ( r = � 0.37).
La Lama 4 had a signi�cant correlation in the second time period ( r = � 0.51), so all plots
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signi�cantly correlated with the sunspot number, depending on the time period. All plots
were positively correlated with solar cycles in the �rst time period, but only the RWI
Chojnik 1 plot was signi�cantly positive ( r = 0.31) in the �rst period.

Table 3. Correlation coef�cients for the tree-ring width index (RWI) of research plots in different
time periods to the sunspot number, annual temperature, vegetation season temperature, annual
precipitation and vegetation season precipitation. Signi�cant correlation values are in bold; the
correlations are signi�cant at p < 0.05.

Years 1900–2019 1986–2019 1970–1985 1900–1969

Time Period Whole Period 3rd Period 2nd Period 1st Period

Sunspot number

RWI Chojnik 1 0.26 0.37 0.07 0.31
RWI Rþchory 2 0.23 0.54 � 0.12 0.19
RWI Sellata 3 � 0.25 � 0.37 � 0.43 0.11

RWI La Lama 4 � 0.07 � 0.02 � 0.51 0.11

Annual temperature

RWI Chojnik 1 0.14 0.18 0.37 0.10
RWI Rþchory 2 0.05 0.28 0.37 0.07
RWI Sellata 3 � 0.04 0.02 � 0.07 � 0.02

RWI La Lama 4 0.08 � 0.23 0.12 � 0.08

Vegetation season temperature

RWI Chojnik 1 0.09 0.09 0.39 0.11
RWI Rþchory 2 0.08 0.28 0.32 0.15
RWI Sellata 3 � 0.06 0.04 � 0.21 � 0.02

RWI La Lama 4 � 0.12 � 0.39 0.12 � 0.14

Annual precipitation

RWI Chojnik 1 � 0.10 0.00 � 0.28 � 0.06
RWI Rþchory 2 � 0.18 � 0.10 � 0.48 � 0.19
RWI Sellata 3 0.10 0.05 0.32 0.06

RWI La Lama 4 0.15 0.02 0.11 0.24

Vegetation season precipitation

RWI Chojnik 1 � 0.08 0.04 � 0.21 � 0.07
RWI Rþchory 2 � 0.15 � 0.16 � 0.45 � 0.17
RWI Sellata 3 0.11 � 0.01 0.45 0.13

RWI La Lama 4 0.12 0.06 0.20 0.14

Seasonal temperatures had only one signi�cant correlation with radial growth for the
La Lama 4 plot in the third time period ( r = � 0.39). In the case of seasonal temperatures,
positive correlations were found for the Czech and Polish research plots, while for the
Italian ones, the values were mostly negative.

The annual precipitation totals had two signi�cant values: for the R þchory 2 plot for
the whole time period ( r = � 0.18) and for the La Lama 4 plot in the �rst time period. Annual
precipitation totals correlated differently to radial increment than seasonal temperatures or
sunspot number. Thus, annual precipitation totals correlated negatively with radial growth
in the Czech Republic and Poland in practically all the time periods. The Italian research
plots Sellata 3 and La Lama 4 correlated positively with the annual total precipitation in all
the time periods.

3.3. Cross-Correlation up to Fifteen Years Back in Relation to Tree Ring Growth

Cross-correlations in Figure 3 show the relationship of the sunspot number, annual
precipitation and seasonal temperatures to the radial growth from up to 15 preceding
seasons in different time periods. The cross-correlations of this research describe the
relationship of radial growth to the studied factors up to 15 years into the past. Cross-
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correlations show that the most signi�cant values are found in the sunspot number, while
the number of signi�cant values in precipitation and temperature are almost identical. In
relation to the radial growth of European beech, the sunspot number correlates in waves.
The most concurrent correlations with sunspots on all research plots are found in the
�rst time period. By contrast, in the second and third time periods, the correlations turn
completely against each other when the Chojnik 1 and Rþchory 2 plots are positively
correlated to the sunspot number, while the Sellata 3 and La Lama 4 plots are negatively
correlated to the solar cycle. The most common and highest signi�cant correlation to
sunspots in terms of relative lag years is in lag 0 to � 1 years for Rþchory 2 and Chojnik 1
in both the whole and �rst time periods. Nevertheless, the La Lama 4 plot is signi�cant to
sunspots in lag � 7 to � 8 relative years in the third time period. In the second time period,
the plots of Sellata 3 and La Lama 4 correlated signi�cantly to the sunspots in lag 0 to
� 1 relative years. The cross-correlations of radial growth to sunspots show that all time
periods contained signi�cant values for almost all research plots.

Figure 3. Cross-correlation of ring width index with sunspot number, precipitation and temperature
in the three time periods and the whole time period. Values are signi�cant at p < 0.05 and marked
with a circle. Lag: year (Lag � 1 is the correlation of the 1 preceding year).

Annual precipitation totals and seasonal temperatures cross-correlate less than the
sunspot number, which is apparent in Figure 3. In the case of precipitation and temperature,
it is also true that the research plots correlate conversely between the plots in Krkonoše
and in Italy. For precipitation, the whole time period and the �rst time period correlate
best, which are also the longest monitored time periods. Signi�cant values for precipitation
are found in the whole time period for the relative years 0 and � 10. Another important
period for precipitation is the �rst time period, where the values signi�cantly correlate
back from lag � 6 to � 10 relative years. The cross-correlation of radial beech growth and
seasonal temperatures only shows signi�cant values in the �rst time period. The results for
precipitation in the �rst period show a signi�cant value for the research plot R þchory 2 (lag
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� 2 relative years), La Lama 4 (lag � 2 relative years) and Sellata 3 (lag� 4 to � 5 relative
years and also � 12 years).

3.4. Spectral Analysis

Cross-periodograms show common cycles between the radial growth data series in
relation to the sunspot number, annual precipitation and seasonal temperatures. Cross-
periodograms describe both a negative and positive cyclical relationship between our
examined data. Figure 4 describes the whole time period, with an assessment of the
in�uence of “SUNSPOT” (sunspot number), “Total prec.” (annual precipitation) and “Sea-
son temp.” (season temperature) on radial growth from all research plots in the period
1900–2019.

Figure 4. Cross-periodogram of ring width index (RWI) with sunspot number (SUNSPOT), annual
precipitation (Total prec.) and seasonal temperature (Season temp.) in the whole time period,
1900–2019.

Solar cycles (sunspot number) are re�ected in the observed positive radial growth of
European beech by 11-year cycles on all research plots. The La Lama 4 research plot, where
the 11-year cycle correlated both positively and negatively with the indexed radial growth
and the sunspot number, shows 20- and 40-year cycles. On the Chojnik 1 research plot,
there was a negative cross-period of radial growth and sunspots in 20- and 40-year cycles.
The Rþchory 2 research plot formed negative cross-periods of radial growth and sunspots
in 6- and 30-year cycles.

Important cycles of the cross-periodogram for all research plots in relation to precipi-
tation and increment show that on the Italian plots (Sellata 3 and La Lama 4), there were
negative values for 30- and 40-year cycles. On the research plots in Krkonoše (Chojnik
1, Rþchory 2), there were various periodic responses of radial growth of European beech
to the total precipitation, but it is possible to say that the 30- to 40-year periods were
not as signi�cant as in Italy. The cross-periodogram shows that precipitation cycles were
negatively correlated with radial beech growth on the Chojnik 1 and R þchory 2 research
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plots. On the Sellata 3 and La Lama 4 plots, positive 60-year precipitation cycles in radial
growth have occurred.

The seasonal temperature cross-periodogram shows minor differences. The Chojnik 1
and Rþchory 2 plots had the most legible 25-year positive cycles of seasonal temperatures
with radial growth in the periodogram. The cross-periodogram also shows that the research
plots in Italy (Sellata 3 and La Lama 4) have had 40-year positive cycles in relation to
seasonal temperatures and radial growth. Furthermore, the La Lama 4 plot has had
negative 60-year cycles of increment as related to temperature, on the cross-periodogram.

The Fourier analysis in Figure 5 shows the difference between the 1st and third time
periods. As in the graph in Figure 5, the Chojnik 1 research plot showed 4-, 7-, 11- and
18-year cycles in the �rst time period. In the third time period, there were 7- to 12-year
cycles on the Chojnik 1 research plot. In the �rst period, the R þchory 2 research plots
showed 4-, 18- and 35-year cycles in radial growth. In the third period, there were 3-, 33-
and 7- to 11-year cycles in radial growth on the research plot of R þchory 2. The Sellata 3
research plot showed 8-, 12- and 24-year cycles in the �rst period. In the third time period
on the Sellata 3 research plot, there were 4- and 12-year cycles in radial increment. The La
Lama 4 research plot in the �rst time period showed 5-, 10-, and 18- to 35-year cycles in
relation to the radial growth of beech. In the third period on the La Lama 4 research plot,
there were 4-, 5- and 7-year cycles in the radial growth of European beech.

Figure 5. Single spectral analysis of the indexed ring-width chronology for European beech in the �rst and third periods.

It is evident from Figure 5 that 7- to 12-year cycles most commonly occur in radial
growth, but these results are time-period-dependent. Furthermore, each research plot
apparently has 9- to 12-year cycles in at least one time period.

The wavelet plot in Figure 6 describes the occurrence of cycles (periods in the graph) in
time between the Apennines and the Krkonoše Mountains. It documents that 24- to 32-year
cycles during the period 1900–1990 were the most important in Krkonoše. There were
also less signi�cant cycles in the period (dark gray color) from 1910 to 1960 in Krkonoše,
with approximately 6- and 20-year cycles reported. However, the darkest gray color on
the Krkonoše research plots shows that from 1985 to 2018, cycles of around 4 and 12 years
were also important. Research plots in Italy revealed signi�cant 16- to 22-year cycles for
the period 1900–1940, and also 4-year cycles for the period 2010–2015. Periods from 1920
to 1940 with cycles of about 12 years were less signi�cant on the Italian plots. In addition,
there were less signi�cant 3- to 8- year cycles in the period of 1960–2015. The wavelet
plot in Figure 6 shows 9- to 13- year cycles, which are the most common for Krkonoše
and Italy in the 1990–2019 period, but the results from Figure 6 are below the statistical
signi�cance limit.
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Figure 6. Wavelet plot calculated from mean RWI (ring width index) of European beech stands in the Krkonoše mountains
in Poland and the Czech Republic (left ) and plots in Italy in the Apennines mountains ( right ). Black color represents the
90% signi�cance level against the dark gray noise level.

4. Discussion
4.1.Different Growth Conditions of European Beech in Central Europe and the Southern Apennines

Beech stands in central Europe have fewer vegetation days than in the Mediterranean,
which is re�ected in the size of the mean radial growth. Increment on the research plots
in Krkonoše is smaller by an order of magnitude (approximately by 25%) than on the
research plots in the southern Apennines (Table 2). Beech stands in Krkonoše belong to a
European beech provenance more sensitive to drought, which may be related to its earlier
fall of the assimilation apparatus. In contrast, beech stands in the Mediterranean are more
drought-resistant and defoliate later [ 28,76]. In the Krkonoše Mountains, temperatures
were proven to have a greater effect on the radial growth of European beech than precip-
itation totals [21,77]. On the Chojnik 1 research plot, our results in Table 3 con�rm that
temperatures had a higher correlation with radial growth than with the total precipitation,
while on the R þchory 2 research plot, this fact is validated in the third time period. The
total precipitation had a negative effect on the radial increment in central Europe. Similar
negative responses to precipitation were also con�rmed by reference sources [ 22,78]. For
beech in Krkonoše, it is also true that with a higher altitude, the temperatures play a greater
role in radial increment [ 79], which is veri�ed by our results. It is evident from Table 3 that
in the 1st and third time periods, the temperatures correlated more at R þchory (760 m a.s.l.),
which is located higher than the research plot of Chojnik 1 (510 m a.s.l.). Altitude also
in�uenced growth consistency at both locations, while higher incremental variability was
found in lower-situated areas compared to those with higher altitude. In general, beech
stands have faced increasing drought stress in recent years [11], but in the montane areas
of Krkonoše, spring frosts have more signi�cant negative effects [21].

Beech forests in the Mediterranean are also affected by drought and spring frosts,
as evidenced, for example, in the Pyrenees [80] and the Apennines [ 81]. Drought is a
limiting factor in the European beech growth in the Apennines [ 29], as is con�rmed by the
negatively signi�cant years (NPY) in Italy, where the impact of drought on radial growth
was recorded on our plots Sellata 3 and La Lama 4 several times, e.g., in 1970 and 2017.
In general, more NPY were detected in central and southern Europe in nutrient-richer
habitats compared to the poor ones. On productive sites, climate change can hamper tree
growth and forest productivity [ 82]. Also, other studies have shown that trees were more
sensitive to climate on the more productive sites compared to poor ones due to differing
proportions of latewood to earlywood [ 83,84]. Assessing tree responses to climate change
without simultaneously considering soil properties and climate may be misleading, since
soil nutrients can in�uence the growth response of trees to drought [ 85]. Our results also
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showed that 15 of the 18 NPY were observed in the second half of the second part of
the studied period. An increasing number of NPY during the time may be caused by an
increasing number of extreme climatic events in ongoing climate change [80,86,87].

Beech stands in the southern Apennines (Sellata 3 and La Lama 4) were negatively
correlated with temperatures and positively correlated with precipitation (Table 3 and
Figure 3), which is exactly the opposite from the research plots in Krkonoše. Scienti�c
literature also con�rms that these correlations of precipitation and temperature to radial
beech growth in the Apennines may be due to winter accumulation of precipitation in
the soil [51]. The negative correlation of the beech radial growth to the temperatures on
the Sellata 3 and La Lama 4 plots could be explained by the effect of higher temperatures
during dry periods [88].

4.2. Solar Cycles, Climate Change and the Possible Link to European Beech

Solar activity affects the climate on our planet [ 50], which is also re�ected in the
NAO [ 37,49]. Many other studies have also shown that the effect of solar activity has an
impact on precipitation and temperature [ 33,34]. Temperatures on the European continent
correlate with the NAO mainly during the winter and spring periods [ 47]. Precipitation
totals are also linked to solar activity, but it is important to mention that precipitation is
also affected by solar activity during July in Italy and during May, June and July in the
Czech Republic [49]. As in Figure 1, there is also a noticeable difference between monthly
precipitation totals and temperatures during the year, when precipitation totals differ
signi�cantly—in Krkonoše, the main precipitation occurs over the vegetation season, while
in Italy, it occurs during the vegetation off-season.

Wind currents high in the atmosphere, or “jet streaming”, are associated with solar
cycles, where these wind currents are blocked during the solar minimum [ 89,90], leading
to a colder winter season [91]. In contrast, the solar maximum leads to an acceleration
of wind currents [ 92], which, through “Ferrel cells” [ 93], increases the pressure of winds
affecting the European continent. This may be con�rmed by research in Spain, where the
solar cycle has been found to be associated with precipitation and wind anomalies [ 94]. The
solar cycle is associated with the occurrence of large forest �res and dry weather seasons
during the solar minimum, which has been proven in Turkey [ 95]. Our research plots in
the mountainous areas of the Mediterranean, Sellata 3 and La Lama 4 (Figure 2), have
recorded higher increments in recent years (third period) during solar minimums. This fact
can be supported by better conditions for growth at higher altitudes, which is con�rmed
by correlations presented in Table 3, showing the relationship between temperatures and
radial growth as being predominantly negative.

Solar cycles are linked to climate change and temperature differences on the planet's
surface. There is a study that describes a possible association of low sunspot activity
with climatically cold periods on the Earth [ 32]. Solar cycles do not affect temperatures
and precipitation directly, and it has been shown that solar activity is not imprinted on
these factors entirely [86,96]. The total contribution of solar activity to variations in the
Earth's global temperature and climate is insigni�cant but not negligible [ 97]. Other studies
describe the link between cosmic rays and solar cycles [98]. It is the cosmic rays that are
associated with cloud formation, and this also affects the amount of light falling on the
planet's surface, where low solar activity (low sunspots) leads to a higher amount of cosmic
rays, creating a thicker cloud cover and cooling the planet [ 38,39]. Our results may be
related to the decreasing activity of sunspots [ 99] due to the fact that there has been a
lower radial growth in Krkonoše since around 1990 (Figure 2a), and a decrease in the radial
growth of beech in the southern Apennines since 2010 (Figure 2b). In the central Apennines,
there has also been a long-term reduction in the radial growth of European beech due to
drought since 1970 [27], while concurrently, sunspot number has been lower since 1980
(Figure 2). Our results show the response of radial growth to solar cycles in Figures 2 and 3
and Table 2, when the research areas in Krkonoše correlated positively and the areas in
southern Italy correlated negatively in the third time period. The opposite reactions of the
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radial growth to the solar cycle were observed in our results after 1960. Simultaneously,
global temperature was affected due to increasing CO2 since 1960, which disturbed the
natural process of solar cycles [100]. This fact of opposite correlations could be attributed
to solar activity or climate change, where both factors are accompanied by changes in the
NAO [ 47]. This is because changes in air temperatures on the surface of the Earth can also
be related to the changes in low and high pressures above Europe [91,101].

4.3.Feedback and the Relationship of Radial Growth to the Sunspot Number Across the Time Frame

Solar cycles play a role in the radial growth of European beech in Krkonoše, which
has been proven in the vicinity of research plots in R þchory [52]. Our results con�rm that
not only R þchory 2, but also the northern part of Krkonoše (Chojnik 1), are associated
by positive correlations (Table 3) with the solar cycle during the �rst and third time
periods (Figures 2–5). A positive relationship of Scots pine growth has also been found
in northwestern Russia [ 55]. It was also con�rmed in Krkonoše in the 1980s, when an
air pollution calamity (high SO 2 concentrations) occurred, reducing the radial growth of
European beech [21,24,102]. Our results from the research plots in Chojnik 1 and R þchory
2 in the second time period also describe this event. In the second period, there was also a
decrease in radial growth on the Italian research plots of Sellata 3 and La Lama 4, while
Figure 3 shows a signi�cant result of the negative cross-correlation with solar activity for
both Italian plots. In the third time period, the negative relationship between the plots in
the Apennines (Sellata 3 and La Lama 4) also continued, while the �rst and second periods
could be compared to the research of solar cycles and their relation to cork oaks in the
Mediterranean in Portugal, where a negative relation between tree bark increment and the
solar cycle was con�rmed [ 58]. Other studies have also con�rmed a negative correlation
of solar cycles with the radial growth of Pinus pinasterin northern Portugal. The same
study found a minor negative correlation of radial growth and solar cycles in southern
Slovakia [103].

Cross-correlations in Figure 3 show the feedback of the radial growth of European
beech and solar cycles on the Italian research plots in the third time period, where Sellata
3 showed signi�cant correlations in the 7 to 8 preceding years. This could indicate a
possible shift in the effect of solar activity in the Apennines. We can even �nd regression
correlations of increment and solar cycles in the �rst and second time periods for the Italian
plots, which are 1- to 2-year shifts in the signi�cant correlation coef�cients. The effect of
cross-correlations with solar cycles could be attributed to the effect of the NAO, while
for European beech, the in�uence of the NAO on the radial growth in central Italy was
con�rmed [ 51]. Changes in the radial growth of European beech in Italy in the second
and third time periods may have been due to the in�uences of the NAO over Europe,
which may have caused different responses of cross-correlations between Krkonoše and
the Apennines [104,105].

4.4. Recorded Cycles in Beech Tree Rings

In terms of radial growth, our results in Figures 5 and 6 show 9- to 12-year cycles
most frequently, recorded for each research plot in at least one of the time periods. These
periods are associated with solar activity, which has 8- to 12-year cycles. These cycles
have been recorded in the radial growth of various tree species, e.g., in Europe [ 103],
Russia [55], South America [ 106] and Asia [ 57]. Furthermore, 4- to 7-year cycles have been
reported for radial growth, which can be classi�ed as the “Schwabe cycle”, the second
harmonic cycle of the sun associated with the aforementioned cosmic rays [ 107]. The
high-frequency oscillations for about three years might be associated with the frequent
changing in global temperatures [ 108,109]. In addition, Figure 4 shows a minor share of
4- to 7-year cycles in a cross-periodogram with temperatures and precipitation, where,
e.g., 8-year cycles have been recorded in Germany as being most synchronous with the
vegetation phenology of beech [110]. Short (3- to 4-year) cycles can also be found in the
cross-periodogram of radial growth and precipitation, and again, they may be linked
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to the NAO [ 49]. Longer (17- to 35-year) cycles could be assigned to the 22-year Hale
cycle, which repeats through meteorological indicators such as temperature and ozone
concentration [40] or precipitation [ 49]. This 22-year cycle has even been found in tree rings
in Tibet [ 57] and northwestern Russia [ 55]. Our results also partly include the occurrence
of 33- to 36-year cycles, which might indicate the dynamics of droughts [ 108]. Multi-year
cycles in the cross-periodogram are among the in�uences of the Gleissberg cycle, which
takes 80–90 years [40]; this cycle is linked to global temperature changes [97].

5. Conclusions

Solar cycles were recorded in the tree rings of European beech both in Krkonoše and
in the southern Apennines. A higher number of negative signi�cant years, characterized by
extremely low radial increments, were recorded in southern compared to central Europe,
while a lower number of NPY was found at nutrient-poorer sites. The frequency of NPY
also increased over time with increasing frequency of extreme climatic events in response
to climate change, especially droughts in vegetation periods. Radial growth on individual
research plots correlated differently within each time period. The most signi�cant values
were recorded for the sunspot number (compared to temperature and precipitation), which
correlated profoundly with the radial growth of beech. Each research plot correlated at
least once with the sunspot number. Research plots in Krkonoše responded positively
to the sunspot number, seasonal temperatures and annual precipitation totals, while the
research plots in the southern Apennines correlated in exactly the opposite way than those
research areas in central Europe. In the �rst time period (1900–1969), there were positive
correlations with the sunspot number on all research plots. In the second time period
(1970–1985), there was a decrease in radial growth both in the Apennines and Krkonoše. In
the last, third period, time period (1986–2019), there were the most signi�cant correlations
between the radial growth of beech and the sunspot number, while precipitation and
temperature correlated less signi�cantly. In total, 4- to 7-year, 9- to 12-year and 17- to 35-
year cycles were found in the radial growth of beech. Cross-periodograms of beech radial
growth con�rmed mainly 11-year cycles of solar activity and 30-year cycles for annual
precipitation totals. This research demonstrates that solar cycles manifest differently in
central and southern Europe. Research of the intensity and repetition of solar cycles can
be helpful in uncovering new and unexplored processes that affect radial growth across
Europe. Our �ndings could help in understanding the adaptation of forest management
to climate change. Moreover, the solar cycles might be observed in radial growth even
without radiocarbon analysis. This study should improve the forestry and climatological
research understanding of natural cycles and their effect on the radial growth of European
beech during global climate change.
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5.1.5. Otisky �V�O�X�Q�H�þ�Q�t�F�K���D���N�O�L�P�D�W�L�F�N�ê�F�K���F�\�N�O�$���Y���O�H�W�R�N�U�X�]�t�F�K �E�X�N�X���O�H�V�Q�t�K�R�� 

�7�H�Q�W�R���Y���G�H�F�N�ê�� �þ�O�i�Q�H�N���V�H���]�D�E�ê�Y�i�� �G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�t�� �E�X�N�X���O�H�V�Q�t�K�R���Q�D���O�R�N�D�O�L�W���� �%�U�R�X�P�R�Y�V�N�p��

�V�W���Q�\. Buk v �W�p�W�R���O�R�N�D�O�L�W�����S�U�R�F�K�i�]�t���V�W�i�G�L�H�P���S�R�þ�i�W�H�þ�Q�t�K�R���U�R�]�S�D�G�X���S�R�U�R�V�W�X���D���V�N�O�i�G�i���V�H���]�H���G�Y�R�X��

�H�W�i�å�t, kdy v tomto �þ�O�i�Q�N�X���M�H���K�R�G�Q�R�F�H�Q�D���U�H�D�N�F�H���K�O�D�Y�Q�t �H�W�i�å�H���Y���~�U�R�Y�Q�L���D���Q�D�G���~�U�R�Y�Q�L�����7�H�Q�W�R���þ�O�i�Q�H�N��

posuzuje �U�D�G�L�i�O�Q�t�� �S���t�U�$�V�W�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Y�$�þ�L�� �N�O�L�P�D�W�L�F�N�ê�P�� �I�D�N�W�R�U�$�P�� �M�D�N�R�� �M�V�R�X�� �V�U�i�å�N�\���� �W�H�S�O�R�W�\��

�Y�]�G�X�F�K�X���D���Y�O�L�Y���V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X���� �D�O�H���W�D�N�p���M�H���U�D�G�L�i�O�Q�t�� �S���t�U�$�V�W���S�R�U�R�Y�Q�i�Q���V �L�P�L�V�Q�t�P���]�Q�H�þ�L�ã�W���Q�t�P��

SO2�����7�H�Q�W�R���þ�O�i�Q�H�N���G�R�N�O�i�G�i z �Y�H�O�N�p���P�t�U�\���F�\�N�O�L�F�N�p���Y�ê�N�\�Y�\���Y �U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R�����3�U�R��

�D�Q�D�O�ê�]�X�� �Y�ê�V�O�H�G�N�$�� �E�\�O�R�� �S�R�X�å�L�W�R���N�R�U�H�O�D�þ�Q�t�F�K �D�� �K�O�D�Y�Q���� �V�S�H�N�W�U�i�O�Q�tch �D�Q�D�O�ê�]���� �N�W�H�U�p�� �S�R�S�L�V�X�M�t��

�V�W�D�W�L�V�W�L�F�N�R�X���Y�ê�]�Q�D�P�Q�R�V�W���M�H�G�Q�R�W�O�L�Y�ê�F�K���F�\�N�O�$���D���I�D�N�W�R�U�$���Y�H���V�O�H�G�R�Y�D�Q�ê�F�K���G�D�W�H�F�K���Y�ã�H�F�K���]�N�R�X�P�D�Q�ê�F�K��

�I�D�N�W�R�U�$���� 

�9�ê�V�O�H�G�N�\���þ�O�i�Q�N�X���X�N�D�]�X�M�t�����å�H���Q�H�M�Y�\�ã�ã�t���N�R�U�H�O�D�þ�Q�t���N�R�H�I�L�F�L�H�Q�W���E�\�O���]�D�]�Q�D�P�H�Q�i�Q���P�H�]�L���U�D�G�L�i�O�Q�t�P 

�S���t�U�$�V�W�H�P���E�X�N�X���O�H�V�Q�t�K�R���D���þ�t�V�O�H�P���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q�����S�R�W�p���W�R���E�\�O�\���W�H�S�O�R�W�\���Y�H���Y�H�J�H�W�D�þ�Q�t�P���R�E�G�R�E�t���D��

�Q�H�M�P�H�Q�ã�t�� �N�R�U�H�O�D�F�H�� �E�\�O�D�� �]�D�]�Q�D�P�H�Q�i�Q�D�� �Y�$�þ�L�� �~�K�U�Q�X �V�U�i�å�H�N���� �1�H�M�Y�\�ã�ã�t�� �Q�H�J�D�W�L�Y�Q�t�� �N�R�U�H�O�D�F�H�� �E�\�O�D��

�]�D�]�Q�D�P�H�Q�i�Q�D�� �K�O�D�Y�Q���� �Y�H�� �Y�]�W�D�K�X�� �U�D�G�L�i�O�Q�t�K�R�� �U�$�V�W�X�� �D�� �L�P�L�V�t�� �6�22. �5�D�G�L�i�O�Q�t�� �S���t�U�$�V�W���� �~�K�U�Q�� �V�U�i�å�H�N�� �D��

�W�H�S�O�R�W�\�� �Y�H�� �Y�H�J�H�W�D�þ�Q�t�P�� �R�E�G�R�E�t�� �E�\�O�\�� �]�S�U�D�F�R�Y�i�Q�\�� �V�S�H�N�W�U�i�O�Q�t�� �D�Q�D�O�ê�]�R�X�� �S�U�R�� �]�K�R�G�Q�R�F�H�Q�t��

�S�H�U�L�R�G�L�F�N�ê�F�K���F�\�N�O�$����V �U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�X�N�X���V�H���Q�D�F�K�i�]�t ���������D�å�������O�H�W�ê���F�\�N�O�X�V�����N�W�H�U�ê���M�H���N�R�P�E�L�Q�D�F�t��

�P�H�]�L���S�H�U�L�R�G�D�P�L���V�O�X�Q�H�þ�Q�t�F�K���F�\�N�O�$���D���P�H�]�L���S�H�U�L�R�G�R�X���W�H�S�O�R�W���Y�H���Y�H�J�H�W�D�þ�Q�tm �R�E�G�R�E�t�����6�W�X�G�L�H���S���t�U�$�V�W�X��

�E�X�N�X���O�H�V�Q�t�K�R���Y���G�R�E�����N�O�L�P�D�W�L�F�N�p���]�P���Q�\���W�D�N���S���L�Q�i�ã�t���Q�R�Y�p���S�R�]�Q�D�W�N�\�����N�W�H�U�p���P�R�K�R�X���E�ê�W���Y�\�X�å�L�W�\���M�D�N�R��

�S�R�G�N�O�D�G�� �S�U�R�� �W�Y�R�U�E�X�� �S���t�U�R�G���� �E�O�t�]�N�p�K�R�� �D�� �X�G�U�å�L�W�H�O�Q�p�K�R�� �O�H�V�Q�tho �K�R�V�S�R�G�i���V�W�Y�t�� �Q�D�� �H�[�D�N�W�Q�t�F�K��

�]�i�N�O�D�G�H�F�K ���â�L�P�$�Q�H�N���H�W���D�O�������������D��. 
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Abstract: �e�present study is�focused on�European beech (Fagus sylvatica L.) growth in�eastern Bohemia in�the�Brou-
movské st�ny National Nature Reserve, Czech Republic. �e�objective of�this research was to�develop an�evaluation 
of�European beech radial growth in� relation to�solar activity (number of� sunspots), air temperature in� the�growing 
season, annual precipitation and air pollution (SO2 depositions). �e�highest positive signi�cant correlation coe�cient 
was found between radial growth of�European beech and number of�sunspots, followed by� the�correlation with air 
temperature in�the�growing season. �e�radial growth showed a�negative signi�cant correlation with SO2 depositions. 
�e�correlation of�the�radial growth indicates that precipitation and sunspots have a�lower correlation coe�cient with 
beech growth than seasonal temperature during an�air pollution disaster in�the�21st solar cycle. Radial growth, precipi-
tation total and air temperature in�the�growing season were processed by�spectral analysis for the�evaluation of�periodic 
cycles. �e�7.5- to�11-year cycles were observed in�air temperature and in�sunspot cycles. Precipitation and air tempe-
rature in�the�growing season indicate a�higher frequency at�3.7-year cycles. �e�long-term periodicity of�radial growth 
was in�uenced by�both solar activity and �uctuations of�growing-season air temperature. 

Keywords: sunspot area; solar activity; cyclicity; radial growth; Central Europe; air pollution load
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European beech (Fagus sylvatica L.) is� the�most 
widespread deciduous tree species in� Central 
Europe (Pretzsch� et� al. 2013; Sharma� et� al. 2016; 
Štefan�ík� et� al. 2018b). �is tree species is� very 
important, both from an� economic point of� view 
and for ecological aspects (Podrázský�et� al. 2014; 
Bulušek�et�al. 2016; Štefan�ík�et�al. 2018a). In�ad-
dition, the� importance of� European beech is� in-
creasing as�a� replacement for Norway spruce due 
to�the�ongoing climate change (Vacek�et�al. 2019a), 
as� there are large-scale declines and disturbanc-
es of� sensitive spruce stands (Toth� et� al. 2020). 
�e�growth of�European beech forests can be� in-
�uenced by� several factors, such as� temperature 
and precipitation (Remeš� et� al. 2015; Gallo� et� al. 

2017; Vacek� et� al. 2019b), air pollution (Breckle, 
Kahle 1992; Králí�ek� et� al. 2017), game damage 
(Slana��et�al. 2017; Vacek 2017), habitat conditions 
(Dittmar�et�al. 2003; Vacek�et�al. 2015b; Hájek�et�al. 
2020) including weed competition in� the� initial 
stage of�growth (Gallo�et�al. 2018a,�b), silvicultur-
al interventions (Sharma� et� al. 2019; Vacek� et� al. 
2020a) and previous land use (Rozas 2003; Cu-
kor�et�al. 2017). One of�the�important factors a�ect-
ing radial growth of�European beech is�also solar 
activity and its cycles (Komitov, Kaftan 2019). 

Eleven-year solar cycles are de�ned by� the�sun-
spot area on� the� Sun’s surface. Many indicators 
of� solar activity (Hathaway 2015) are associated 
with these solar cycles that are part of� natural 
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variability of� the� Earth’s climate (Kadonaga� et� al. 
1999). In� the�past, it was proved that solar cycles 
in�uence the�water cycle of� the�planet Earth (Al-
Tameemi, Chukin 2016). Solar cycles also in�u-
ence the� atmospheric circulation in� higher parts 
of� the� atmosphere of� the� northern hemisphere, 
which is�manifested in�so called North Atlantic at-
mospheric circulation (Brugnara�et�al. 2013). With 
increasing altitude above sea level, the� in�uence 
of� solar cycles on� the� air temperature is� increas-
ing (from 1�500 to�8�000�m) (Kumar�et� al. 2018). 
�ere are also studies showing that the� solar ac-
tivity has a� long-term impact on� the� temperature 
of� the� Earth’s atmosphere, which is� accompa-
nied by� the� occurrence of� colder winter seasons 
(Lockwood�et�al. 2017). Other research works have 
proved that the�e�ect of�solar activity also in�uences 
precipitation and temperature (Mauas� et� al. 2016; 
Baker� et� al. 2018). �e� solar activity even impacts 
on�the�properties and formation of�clouds in�the�at-
mosphere, which is�caused by�cosmic-ray ionization 
that re�ects 11-year cycles of�solar activity in�a�re-
verse way (Jayaraman�et�al. 1998; Haywood, Boucher 
2000; Maghrabi, Kudela 2019). Consequently, �uc-
tuations in�the�Earth’s surface irradiance occur. Re-
searches in�the��eld of�dendrochronology document 
the�e�ect of�solar cycles on�tree ring radial growth, 
which was described by�studies conducted in�north-
western Russia (Shumilov�et�al. 2011; Kasatkina�et�al. 
2019), Tibetan Plateau (Wang, Zhang 2011) or�Chile 
(Rigozo�et�al. 2002).

�e� growth dynamics of� European beech is� re-
sponding to� 11-year solar cycles in� the� Krkonoše 
Mountains (Šim�nek�et�al. 2021). �e�solar cycles 
were found also in�the�radial growth of�other tree 
species across Europe (Dorotovi��et�al. 2014) and 
Russia (Shumilov�et�al. 2011). Scienti�c studies also 
documented that the� main commercial tree spe-
cies (European beech, Norway spruce, Scots pine, 
European larch and sycamore maple) in� the�stud-
ied Sudetes mountain range respond very well 
to�seasonal temperature and subsequently to�pre-
cipitation (Vacek�et�al. 2017; Putalová�et�al. 2019; 
Cukor�et�al. 2019, 2020). �e�action of� the�above-
mentioned climate factors is�cyclical in�various in-
tervals, and therefore more detailed research may 
be�very useful for the� forestry sector. Another ex-
ample of�beech’s growth being in�uenced by�cycli-
cal events is� for example the� natural regeneration 
of�beech stands regenerating after �re in�5–12 years 
(Maringer�et�al. 2020). �e�productivity cycle of�Eu-

ropean beech is�repeated within 2–20 years (Müller-
Haubold�et�al. 2015). �e�productivity of�European 
beech stands was found to�be associated with pre-
cipitation and temperature factors at� a� given site 
(Drobyshev� et� al. 2010; Bogdziewicz� et� al. 2019). 
�ese facts suggest a� conclusion that the� cyclical 
growth of� European beech stands is� related with 
cycles of�mast years (Drobyshev�et�al. 2010).

�e� present study demonstrates the� theoretical 
cyclicity of� radial growth by� means of� a� spectral 
analysis of� European beech in� eastern Bohemia 
(Broumovské st�ny National Nature Reservation) 
in� relation to� air temperature, precipitation and 
solar activity. �e�main objective was to�determine 
the�cyclic nature of�European beech radial growth 
by�a�dendrochronological analysis. �e�study eval-
uates correlations and spectral analysis of� radial 
growth, sunspot number, air pollution (SO2 deposi-
tions), air temperature and precipitation. �e�out-
comes of� this study could be�used as�background 
material for a�more exact de�nition of�the�cyclicity 
of� natural in�uences on� European beech growth 
under the�conditions of�climate change.

MATERIAL AND METHODS

Study site. �e�study site is�located near the�town 
of� Broumov in� the� Broumovské st�ny National 
Nature Reserve (NNR) within the� Broumovsko 
Protected Landscape Area in� the� eastern part 
of� the� Czech Republic (Figure 1). �e� NNR was 
established in� 1956 due to� a� unique pseudokarst 
relief in�Upper Cretaceous block sandstones occur-
ring in�the�form of�extensive rock walls and is�made 
up by� acidophilic and herb-rich European beech 
forests and scree forests. �e�study area is�situat-
ed at�an altitude of�610–640�m�a.s.l. on� the�slope 
with eastern aspect and gradient of�28–43° on�GPS 
50°34'31.7''N� 16°15'42.2''E. Modal Cambisol and 
Cambic Rankers are the�prevailing soil types. Aver-
age annual air temperature was 7.3�°C and average 
precipitation total was 744�mm in�1961–2018.

Studied stands have been left to�spontaneous de-
velopment in�this area and are in�the�initial break-up 
stage according to�Korpe� (1995). �e�stand struc-
ture is� mostly composed of� two storeys: an� old-
growth European beech forest (150–210 years 
of�age) is�in the�overstorey and predominantly Eu-
ropean beech undergrowth (5–30 years of�age) is�in 
the�lower storey. Stand volume on�average reaches 
550�m3·ha�1  with mean stocking of�0.7, tree height 
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of� 36� m and diameter at� breast height of� 53� cm 
(Vacek� et� al. 2015a). European beech (Fagus syl-
vatica�L.) is�the�main overstorey species in�the�for-
est stands with the� admixture of� Norway spruce 
(Picea abies /L./ Karst.), sycamore maple (Acer 
pseudoplatanus L.) and rowan (Sorbus aucuparia 
L.). From the� point of� view of� typology, research 
plots are classi�ed as�5A, i.e. Acereto-Fagetum lapi-
dosum (enriched stony sycamore-beech stands) 
(Viewegh� et� al. 2003). Information on� the� stand 
structure was computed from the� �eld measure-
ment of� dendrometry variables using the� Field-
Map technology (IFER-Monitoring and Mapping 
solutions Ltd., Czech Republic). More detailed 
characteristics of� the� area of� interest and perma-
nent research plots were published by�Vacek�et�al. 
(2015a). �e�vegetation season lasts for 150 days, 
which corresponds to�the�period from May to�Sep-
tember (Šim�nek�et�al. 2019, 2021). �e�vegetation 
season was considered to�be the�mean from May 
to� September for air temperature (Šim�nek� et� al. 
2020). �e� precipitation was used as� the� annual 
sum of�precipitation. We decided to�use annual pre-
cipitation on�the�basis of�a�study from the�nearby 
Krkonoše Mts., where the�main signi�cant correla-
tion between monthly precipitation and tree ring 
growth was revealed by� the�Dendroclim software 

(2002) outside the� growing season (from January 
to�March) (Šim�nek�et�al. 2019).

Data collection.  Dendrochronological samples 
were taken with a� Pressler borer in� a� perpendicu-
lar direction to� the� centre of� the� tree trunk. �ir -
ty samples (one bore per tree) were taken from 
codominant and dominant trees at� breast height 
of�1.3�m above the�ground according to�Kraft (1884). 
�e�collected dendrochronological cores were mea-
sured with an�Olympus microscope using a�LINTAB 
measurement table (Rinntech 2010). �e� cross-
dating of� the� increment cores was performed with 
the�Cdendro software (Cybis Elektronik & Data AB, 
Version 7.7, 2020) so that the�cross-correlation in-
dex (CC) was >�25 for each sample.

Data on� precipitation and temperature were 
used from the� Trutnov meteorological station 
of� the� Czech Hydrometeorological Institute. 
�e� weather station located in� the� town of� Trut -
nov was used for this study. �is meteorological 
station is�24�km from the�studied area with an�al-
titude of�460�m�a.s.l. (50°34'10.9''N, 15°54'42.0''E). 
�e� analysed period was intentionally chosen 
as�the�years from 1961 to�2018 because of�the�avail-
ability of�climate data (precipitation, temperature). 
Data on� maximum SO2 depositions were repre-
sented by�the�arithmetic mean of�data from 5 mea-
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suring stations (Hony, Souš, Jizerka, Bed�ichov, 
Šerlich) situated in�the�Sudetes Mountains nearby. 
Data sets of� SO2 maximum of� each included sta-
tion were incomplete due to� short periods of� re-
cording. �e� stations were located 1 (the� closest 
station Hony) to�68�km from the�research plot and 
in�an altitudinal range of�510–905�m. �e�station 
Hony recorded SO2 measurements during the�pe-
riod 1970–2012. Solar activity data used originated 
from the�World Data Center SILSO (WDC-SILSO 
2020), Royal Observatory of�Belgium, Brussels.

Data analysis. All data were processed by�the�R�soft-
ware (Version 3.6.0, 2019) using dplR (Zang�et�al. 2018), 
signal (Ligges� et� al. 2015) and waweslim packages 
(Whitcher 2020). Two steps in�detrending were used. 
Detrending of�samples was calculated by�the�negative 
exponential function in� the� �rst step. In� the�second 
step of�detrending a�spline evaluated as�2/3 of�the�age 
for each tree sample was used. �e�spline for the�sec-
ond step of� detrending was evaluated for each tree 
individually based on� the� age of� the� sample and 
the�values of� the�spline ranged from 113.3 to�140.0. 
�e� mean dendrochronological curve was calcu-
lated as�the�mean from each detrended tree sample. 
�e�used detrending maintained low-frequency vari-
ability and removed the�age trend at� the�same time 
(Shumilov� et� al. 2011). Detrended tree-ring series 
of� individual trees were averaged. �e�8-year spline 
was calculated from the�mean detrended data curve 
to� remove yearly short-time �uctuations. Detrend-
ed data series were used for the� spectral analysis 
by�the�“red�t” function or�Schulz’s REDFIT (version 
3.8e, 2002) program when this function estimates 
the� red-noise spectrum of� a� time series (Schulz, 
Mudelsee 2002) with an�optimum testing spectrum 
against the� red-noise background using the� analy-
sis of� Monte Carlo simulations. �is computation 
was done following the�instructions for R�according 
to�Bunn and Korpela (2018b).

Basic dendrochronological indicators were com-
puted according to�the�procedure for dplR (Bunn, 
Korpela 2018a). For detrended tree ring growth 
data the�basic dendrochronological indicators were 
computed like the� expressed population signal 

(EPS). �e� EPS is� a� con�dence of� dendrochrono-
logical data in�relation to�testing reliability against 
climate data. �e� inter-series correlations (R-bar) 
were computed. �e�R-bar is�a�correlation between 
dendrochronological series/samples (Fritts 1976). 
�ese indicators were computed for the�used pe-
riod 1961–2018. �e�EPS in�our study is�larger than 
0.85, which is�a�signi�cant level for the�climate cal-
culations (Wigley�et�al. 1984). 

Correlations between radial growth, air tempera-
ture, precipitation, sunspots and maximum SO2 
depositions were computed in� Statistica 13 soft-
ware (Version 13.5.0.17, 2018). A�situation map was 
made in�ArcGIS 10 software (Version 10.8, 2020).

Since 1961 there have been �ve sunspot cycles 
on�the�Sun’s surface that are chronologically num-
bered as�solar cycles 20 to�24. All used data series 
were divided according to�the�time span of�solar cy-
cles into �ve sections. Each solar cycle was divided 
according to�the�years determined from the�World 
Data Center SILSO (WDC-SILSO 2020). �e�sun-
spot cycles in�this study are de�ned by�the�sunspot 
number and year window which are as�follows: cy-
cle 20 in�1964–1976; 21 in�1976–1986; 22 in�1986–
1996; 23 in�1996–2008; 24 in�2008–2018.

RESULTS

�e�basic dendrochronological description of�Eu-
ropean beech chronology indicates that the�EPS in-
dicator (0.91) is�su�ciently signi�cant for a�climate 
analysis (Table 1). �e�mean tree-ring width of�Eu-
ropean beech in�Broumovské st�ny NNR reached 
1.87�mm with growth variability (standard devia-
tion) 0.7�mm. �e� inter-correlation (R-bar) value, 
describing the� similarity of� tree samples to� each 
other, was 0.26. 

Figure 2 documents that the� solar cycles impact 
on�radial growth of�European beech. �e�in�uence 
of�solar cycles on�European beech growth is�evident 
almost in�every solar cycle. Radial growth of�Euro-
pean beech in�Figure 2 copies rises and falls of�so-
lar activity but there are also exceptions when this 
phenomenon was dispelled. �is phenomenon 

Table 1.�Overview of�the�basic research plot characteristics and dendrochronological description

Plot name Exposure
Altitude 

(m)
Tree height 

(m)
Diameter 

(cm)
Forest 
type

Stand 
stocking

Age 
range

No. of 
samples

Mean tree-
ring (mm)

St. dev.R-bar EPS

Broumov East 620 36 53 5A2 0.8 150–210 30 1.87 0.7 0.26 0.91

St. dev – standard deviation; R-bar – inter-correlation; EPS – expression population signal
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was dispelled by� the� impact of� air-pollution load 
(high SO2 concentration) lasting from 1970 to�1987 
and by� heavy spring frosts in� 2011. Since 2000, 
the� impacts of�global climate change that disturbs 
the� parallelism of� European beech radial growth 
to�solar cycles have been increasing. Figure 2 illus-
trates a� long-term e�ect of� solar activity on�Euro-
pean beech radial growth, which is�well described 
by�eight-year splines where short-term �uctuations 
in� studied data have been removed. �e� splines 
demonstrate the� parallelism of� radial growth and 
solar activity. �ree solar cycles 20, 22 and 23 are 
almost clearly re�ected in� European beech radial 
growth by� a� higher increment during solar maxi-
mum (Figure 2).

Figure 3 illustrates the� correlation coe�cients 
of�radial growth with annual precipitation and with 
growing-season temperatures (May–September). 
Figure 3A documents that the�correlations of�solar 
activity, seasonal temperatures and annual precipi-
tation vary during each solar cycle. �e�air pollution 
disaster had a�negative impact on�European beech 
radial growth in�the�70s to�the�80s of�the�20th cen-
tury, i.e. during solar cycle 21, but the� increment 
response to�precipitation was negative during that 
cycle (Figure 3). However, the� correlation of� SO2 
with radial growth during solar cycle 21 is�not sig-
ni�cant and it even shows positive values. �is pos-
itive correlation can be�caused by� the�short-term 
synchronization of� data before the� culmination 
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of�SO2 air pollution in�1987, and even at�the�same 
time the�correlation with temperatures increased. 
�e�correlations of�solar activity with radial growth 
indicate the� culmination of� coe�cients in� solar 
cycle 22. �e� total correlations demonstrate that 
the�solar activity has the�highest correlation coe�-
cient (Figure 3B), but these results indicate a�statis-
tically signi�cant result at�P�<�0.20. Our results also 
con�rm the�high signi�cant correlation of�the�SO2 
air pollution load with beech radial growth. �e�ev-
idence of negative correlation between tree growth 
and SO2 concentrations was recorded in�Figure 2 
(in the� years from 1970 to� 1987) and Figure 3B, 
where we�recorded the�highest negative signi�cant 
correlation (r�=�–0.2386; P�<�0.20) with the�maxi-
mum SO2 values during the� entire time period. 
Our results also show signi�cant correlations with 
the�maximum values of�SO2 concentrations in�Fig-
ure 3 during solar cycle 20 and 23. Additionally, 
we�found a�signi�cant correlation (r�= 0.315) of�ra-

dial growth with maximum values of�SO2 and there 
was even the signi�cant cross-correlation, where 
Lag reaches up to –2 years. 

�e�spectral analysis of�data (Figure 4) from 1961 
to� 2018 indicates that every investigated factor re-
peats statistically signi�cant cycles. Tree-ring width 
index in� Figure 4A contains 3.7- and 7.5–11-year 
cycles. �e�results also describe the�in�uence of�11-
year and 22-year solar cycles in�the�data for the�num-
ber of� sunspots (Figure 4B) while the�periods from 
9-�to�13-years are also statistically signi�cant. �e�sea-
sonal temperature (Figure 4C) contains 3.2- and 6–8-
year cycles. Precipitation total in�the�growing season 
(from May to�September) in�Figure 4D repeats cycles 
after 2.3 and 3.3 years. At�the�same time, the�tree-ring 
width index of�European beech shows a�cyclical inter-
relation between temperatures and solar cycles. Pre-
cipitation total in�the�growing season does not have 
a�directly signi�cant period consistent with the�tree-
ring width index of�European beech. 
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DISCUSSION

Solar cycles are associated to�climate change and 
temperature di�erences on� the�planet Earth’s sur-
face. Solar cycles are assumed to�in�uence temper-
atures and precipitation indirectly (Šim�nek�et�al. 
2020, 2021). Some studies describe a�possible as-
sociation of� low sunspot activity with climatically 
cold periods on� the� Earth (Easterbrook, 2016; 
Lockwood� et� al. 2017). Other studies even show 
the� link between climate, cosmic rays and solar 
cycles (Kniveton 2004; Hathaway 2015; Ormes 
2018). �e� in�uence of� solar cycles on� European 
beech radial growth is� recorded in�3 of� the�5 cy-
cles (20, 22 and 23) (Figure 2), when the�tree ring 
increment rises or� falls together with the�sunspot 
number during the�approximately 11-year period, 
which is� the�sunspot cycle (Hathaway 2015). Our 
results indicate (Figure 3b) that there is�a�positive 
correlation of� temperatures and sunspot number 
with radial growth. Nevertheless, the�solar activity 
need not always be�directly contained in�tree ring 
analyses because other natural conditions disturb 
the�parallelism of�radial growth to�solar cycles.

Radial growth in� the� period from 1970 to� 1987 
was in�uenced by�an air-pollution load described 
by�many authors from the�Sudetes mountain range 
(Král�et�al. 2015; Putalová�et�al. 2019; Vacek�et�al. 
2019b). �e�large in�uence of�the�SO2 air pollution 
load is�also evident from Figure 2 (in the�years from 
1970 to� 1987) and Figure 3B, where we� recorded 
the�highest negative correlation (r�=��0.2386) with 
the�maximum SO2 values. Our results recorded sig-
ni�cant correlations with the�maximum annual val-
ues of�SO2 concentrations in�Figure 3 during solar 
cycle 20 and 23. �is period of�extremely high mean 
SO2 concentrations was characterized by� values 
reaching 57.4��g· m�3  (maximum daily concentration 
1�000� �g· m�3 ) (Vacek�et�al. 2020b), while the� limit 
of�vegetation damage according to�the�Czech Air Pro-
tection Act is�20��g· m�3 . Similarly, in�the�study area 
of� Broumovsko PLA, diameter increment of� Scots 
pine (Pinus sylvestris L.) was signi�cantly negatively 
correlated with SO2 concentrations in� the� grow-
ing season, especially in�June-August and on�more 
exposed sites in� the�1980s and 1990s (Vacek�et� al. 
2017). In�general, it was proved that in�the�Orlické 
hory Mts. not far from here there was a� decrease 
in�European beech radial growth during the�air-pol-
lution load (Králí�ek�et�al. 2017). �is paper showed 
a�signi�cant negative e�ect of�maximum daily SO2 

concentration on�radial growth of�European beech, 
especially in�the�growing season. 

Late frosts, which are a�signi�cant issue in�culti-
vating forests all over Central Europe, are anoth-
er important factor that disturbs the� parallelism 
of� the� tree ring curve to�solar activity (Gallo�et�al. 
2014). Late frosts can reduce radial growth of�Eu-
ropean beech by�more than 90% and the�frequency 
of� frost-related growth minima increases with alti-
tude (Dittmar�et�al. 2003). �e�e�ect of�low tempera-
tures at�the�beginning of�the�growing season in�2011 
was documented (Šim�nek� et� al. 2019, 2021). 
�e� research from European beech forests in�Ger-
many also documented the� strong negative e�ects 
of�a�severe late spring frost event in�early May 2011, 
following after warm April (Príncipe�et�al. 2017). 

Another signi�cant element diminishing the�cor-
relations between solar cycles (Figure 3A) and 
European beech radial growth in� the� last two so-
lar cycles (23 and 24) may be� the� increasing CO2 
concentration in� atmosphere that causes an� in-
crease in� European beech radial growth, which 
was proved in� southern and Central Europe 
(Rezaie� et� al. 2018). Simultaneously, global tem-
perature was a�ected due to�increasing CO2, which 
disturbed the�natural process of�solar cycles in�re-
lation to� climate (Kristoufek 2017). A� decreasing 
correlation could be� linked to� the� e�ect of� solar 
activity on�climate change, where both factors are 
associated with the� changes in� the� North Atlan-
tic Oscillation (NAO) (Lüdecke�et�al. 2020). Many 
studies have also described that the�e�ect of�solar 
activity has an� impact on� precipitation and tem-
perature (Mauas� et� al. 2016; Baker� et� al. 2018). 
Temperatures on�the�European continent correlate 
with NAO mainly during the� winter and spring 
seasons (Lüdecke�et�al. 2020). Even the�wind cur-
rents in� the� highest parts of� the� atmosphere (jet 
streams) are linked with solar cycles, where these 
wind currents are blocked during solar minimum 
(Adolphi�et�al. 2014; Gray�et�al. 2016), which leads 
to�colder winter seasons (Ma�et�al. 2018).

However, the� total correlation (Figure 3B) with 
radial growth documents that solar activity has 
the�highest positive signi�cant (P�<�0.20) correla-
tion coe�cient. Our results of�positive correlations 
are supported by� the� latest research on� the�beech 
radial growth from the� Krkonoše Mountains, 
where a�high signi�cant correlation with solar cy-
cles was revealed (Šim�nek�et�al. 2020). �is cur -
rent research is�also supported by�the�results from 
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southern Italy that also reported the�high correla-
tion levels with solar cycle; however, this e�ect was 
signi�cantly negative on�radial growth in�that area 
(Šim�nek�et�al. 2021). A�long-term in�uence of�solar 
cycles on�the�radial growth of�Scots pine was inves-
tigated in� the�East European Plain (Matveev�et�al. 
2017) or� northwestern Russia, where the� sunspot 
cycles may be�imprinted through�the�spectral com-
position of�solar radiation along with other factors 
such as�cosmic rays or�aa index (aa index – sum-
mary of� the� geomagnetic �eld variations) (Kasat-
kina�et�al. 2019).

�e�spectral analyses of� results (Figure 4B) indi-
cate the�best known 11-year cycle of� solar activity 
when also the�22-year solar magnetic cycle is�impor-
tant (Livingston, Penn 2009). �e�spectral analyses 
of� this study suggest similar conclusions like those 
from northwestern Russia, where the�11-year in�u-
ence of�solar cycles on�tree-ring increment of�Scots 
pine was proved (Shumilov� et� al. 2011; Kasatki-
na�et�al. 2019). Our results document that 3.7-year 
periods are re�ected in�diameter increment of�Eu-
ropean beech. Air temperature in�the�growing sea-
son has a�higher correlation with the�radial growth 
of�European beech (Figure 3) than precipitation to-
tal. �e�prevailing signi�cant positive e�ect of�tem -
peratures from April to� August in� mountainous 
areas was con�rmed by�other studies from the�Czech 
Republic (Šim�nek�et�al. 2019), Germany (Dulam-
suren�et�al. 2017) or�Italy (Skomarkova�et�al. 2006). 
A�study from Sweden demonstrated a�2- to�3-year 
delay of�seed production behind radial growth and 
documented a�great in�uence of�seasonal tempera-
tures on� the� seed production of� European beech 
(Drobyshev�et�al. 2010), which may evoke a�theoreti-
cal question whether 3-year sunspot cycles are asso-
ciated with the�seed production cycles of�European 
beech. At�the�same time, the�radial growth of�Euro-
pean beech (Figure 4) shows a�cyclical interrelation 
between temperature and solar cycles.

CONCLUSION

�e� analysis of� dendrochronological time se-
ries from the� Broumovské st�ny National Nature 
Reserve indicates an� association between radial 
growth of� European beech and sunspot number. 
Among the� studied factors in�uencing European 
beech radial growth the�highest positive signi�cant 
total correlation was found out for sunspot number 
and then for seasonal air temperature. �e�maxi-

mal SO2 depositions indicate the� higher negative 
correlation coe�cient than sunspot number during 
the�entire time period in�1961–2018. Individually 
correlated solar cycles respond to�precipitation to-
tal, growing-season air temperatures and sunspot 
number in� a� di�erent way. �e� spectral analysis 
demonstrates that the� radial growth of� European 
beech shows 3.7-year and 7.5- to� 11-year cycles 
when the� 7.5–11-year period re�ects the� inter-
relation between the� cycles of� seasonal tempera-
tures and solar activity. In� conclusion, this study 
con�rms that radial growth is� in�uenced by�solar 
activity and growing-season temperatures. More 
studies from di�erent localities are needed to�gen-
eralize the� results. Studies of� this type can help 
forest managers better understand cyclical regu-
larities of�forest tree species growth.
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Abstract: Forest ecosystems in Europe undergo cyclic �uctuations with alternating periods of forest
prosperity and disturbances. Forest disturbances are caused by large-scale calamities (climate-induced
and unforeseen events) resulting in an increased volume of salvage logging. In recent decades,
climate change (warming, long-term droughts, more frequent storms, bark beetle outbreaks) has
contributed to an increased frequency of salvage logging. However, until now, it has not been revealed
what triggers national-scale forest calamities. All of the above-mentioned natural disturbances are
connected to solar activity, which is the driver of climate change. This research relates the total
volume of harvested timber and salvage logging to the climate and cosmic factors in the Czech
Republic, Central Europe. Data of total and salvage logging are compared with air temperatures,
precipitation, extreme climatic events, sunspot areas, and cosmic ray intensities. The results document
a signi�cant e � ect of average annual temperatures on the total and salvage logging for the entire
period of observations since 1961. A signi�cant correlation of salvage logging to the sunspot area and
cosmic ray intensity was observed. The link between salvage logging and sunspots and cosmic ray
intensity is supported by spectral analysis in which a signi�cant 11-year cycle was observed since 1973.
The results also show an increasing signi�cant e � ect of sunspots and cosmic ray intensity on logging
in recent years in connection with synergism of extreme climate events and the subsequent bark
beetle outbreaks. Space and cosmic e� ects are factors that substantially in�uence forest ecosystems.
Therefore, this paper provides new knowledge about, and possible predictions of, the forest response
under climate change.

Keywords: solar cosmic rays; sunspot area; climate change; disturbance cyclicity; Central Europe

1. Introduction

Forest ecosystems play a crucial role in climate stabilization and in the mitigation of global climate
changes on the earth [1–3]. Better comprehension of how and to what extent di � erent cultural practices
in forests can a� ect their ecological stability under ongoing global climate change will lead to mitigation
of climate change [4,5]. Climate change increasingly in�uences the capacity of forests to provide
ecosystem services essential for humans, such as biomass production, regulation of the air quality,
and the water regime in the catchment [ 6,7]. Particularly important e � ects include so-called indirect
impacts of climate change that may increase the frequency of abiotic disturbances (e.g., windstorms,
drought, �oods, forest �res) and the occurrence and population dynamics of insect pests and fungal
diseases [8,9]. Forest disturbances caused by climate changes are progressing over time [10–12].
In the period 1950–2000 in Europe, 35 million m3 of timber per year was damaged and subsequently
harvested, accounting for ca. 8% of total logging [ 13]. In the Czech Republic during the same period,
harvesting of damaged timber accounted for 37% [ 14], and in the period 2007–2018, because of forest
disturbances (salvage logging), 8.9 million m 3 of timber were harvested per year on average, i.e., 51%
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of total logging [ 15]. In 2019, salvage logging reached 92% (25.5 million m3) of total harvested timber
and the losses in the forestry sector were around EUR 1.12 billion in the Czech Republic [16].

Active silvicultural practices can mitigate the impact of climate change [ 17,18]. The so-called
mitigation measures include an increase in the amount of carbon accumulated in the forest (including
the soil), an increase in the carbon amount bound in products made from wood, and biomass production
for energy purposes, which can be used to partly replace fossil fuels [ 19–22]. By contrast, adaptation
measures contribute to changes in management that alleviate the adverse impacts of climate change
and utilize them in a positive way [ 6,13,23]. The key instruments are a change in the tree species
composition, including the introduction of new tree species, an increase in biodiversity, a reduction in
the rotation period of less tolerant tree species, and the use of uneven-aged forest management [24–26].

In Europe, climate change has the greatest impact on the forest sector in relation to the silviculture
of coniferous tree species that have recently su� ered damage by periodically recurring drought.
This is most obvious in the widespread Norway spruce ( Picea abies(L.) Karst) [27–30]. Norway spruce,
as the dominant tree species (50.5%) in Czech forests, experienced large-scale damage in recent years
due to climate change [15]. The poor condition of spruce stands is also accompanied by mass outbreaks
of bark beetles that occur in parallel with dry years and increase the forests' disintegration [ 31,32].
Spruce stands in the Czech Republic have been stressed by �uctuations caused by changes in climatic
conditions over the last two to three decades [ 33]. These climatic �uctuations harm coniferous tree
species, therefore, more resistant deciduous tree species are promoted more by forest management [34].
The negative stress factors causing the decline of spruce forests are re�ected in large-scale salvage
logging [ 35], which leads to the adjustment of silviculture procedures in forest management to favor
the ecological stability of forest stands [36,37].

Solar cycles a� ect the earth's climatic conditions at approximately eleven-year intervals. In addition,
the in�uence of CO 2 has also increased recently, exacerbated by global climate change [38,39].
An important role of the sun's in�uence on climate change is exerted by the solar radiation in
the invisible part of the spectrum that distinctly and strongly �uctuates within periodic changes
of the sun [40,41]. Direct physical e � ects of high-energy solar radiation, particularly during solar
�ares, have a global impact on the planet's climate [ 42–44]. Climate change is associated with the
activity of sunspots, darker regions on the surface of the sun that have a lower temperature than
the surrounding regions (less than 5000 K) [45,46]. The activity of sunspot formation in�uences the
electromagnetic activity of the sun [ 47,48], which also impacts the natural variability of the planet's
climate [49]. Sunspots a� ect the temperature of the earth's surface both in the northern and southern
hemisphere [50]. In the southern hemisphere, sunspots in�uence the water cycle through the El Niño
impact [ 51,52]. In the northern hemisphere, it has been proven that solar cycles can initiate pronounced
long-term temperature �uctuations on the surface of the planet [ 40,53]. Solar cycles were found to
manifest their activity in the air temperature at altitudes of 1.5 to 8 km. [ 54]. Drought periods are also
characteristic of climate change when precipitation is lower. This phenomenon is in�uenced by solar
activity, e.g., in the forests of the Rocky Mts. in Montana and in Canada [ 55]. Furthermore, the activity
of sunspots can be linked to the occurrence of forest �res, volcanic eruptions, and earthquakes [ 56–58].

Air circulation at around 1000 m from the lower part of the troposphere is linked with the sunspot
cycle above the northern hemisphere of the Atlantic Ocean, and this e � ect in�uences Europe [ 59].
The cyclic formation of sunspots is also obvious in the cycle of cosmic rays [ 60,61]. Sunspots re�ect
cosmic rays due to their magnetic activity, and the larger the sunspot area, the smaller the impact
of cosmic rays on the planet's atmosphere [47]. Through ionization, cosmic rays in�uence the
formation of aerosols that change properties of the cloud cover in the atmosphere, a � ecting their
formation processes [62]. Subsequently, the solar radiation impinging on the planet's surface is altered.
Atmospheric aerosols belong to the most variable factors in�uencing climate models [ 63,64]. Cosmic
rays are also associated with the periodicity of winds, storms events, and rainy seasons [ 65,66], and thus
form an integral part of the formation of the water cycle [67].
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In this paper, unique climate factors, particularly sunspots, cosmic rays, air temperatures,
and precipitation, are evaluated in relation to the development of salvage logging and total harvested
timber in the Czech Republic. The total and salvage logging volumes are interrelated in the Czech
Republic because the volume of planned logging and that of salvage logging make up the total volume
of harvested timber. In this relationship, the volume of planned logging might be reduced in the
case of a greater volume of salvage logging caused by negative climate �uctuations such as drought,
air pollution, or damage by windstorms to forest stands. Thus, if salvage logging is higher, it is caused
particularly by extreme climate �uctuations. Therefore, it is very important to know whether and
how climate changes in�uence the growth and development of forest stands and whether di � erent
scenarios of forest management can increase their ecological stability and reduce the amount of salvage
logging [68,69].

No study on solar cycles and their possible impact on forestry has been published yet.
There is a large number of factors that a� ect salvage and total logging, and this work is mainly
focused on the simplifying of the issue to clarify the natural cyclical phenomena that a � ect logging
in the Czech Republic. Precipitation, air temperatures, sunspot area, and cosmic ray intensity were
selected as the main climatic e� ects in this study. The main purpose of our study is to determine
whether there is a relationship between salvage and total logging to the sunspot area, cosmic ray
intensity, and climatic factors (precipitation, air temperatures, extreme climatic events). This work
evaluates the aforementioned natural and climatic factors in relation to salvage and total logging in the
Czech Republic. Particular time periods during the historical development of salvage and total logging
are also evaluated. Our study deals with the important issues of forestry in Central Europe, and its
unusual approach might contribute to the understanding of climate change and its impact on forestry.

2. Materials and Methods

2.1. Study Area

The area of interest covers the whole territory of the Czech Republic, which has a forest cover of
34.1% (2.67 million ha). The area of forests has been steadily increasing since the 1950s. Coniferous
forests account for 71.6% and deciduous for 27.2% of the tree species composition. The main tree
species is Norway spruce with a share of 50.0% (Figure 1a), while it comprised only 11.2% in the
original tree species composition. Commercial forests make up 74.3% of forests. The majority of
forest is owned by the state (56.0%), followed by private owners (19.2%), and municipalities and
cities (17.1%). The predominant form of forest management in the Czech Republic is the clear-felling
method, followed by the shelterwood and the selection felling methods. Arti�cial forest regeneration
dominates (81.7%) over natural regeneration (18.3%). In terms of the age structure of forests, there
is a higher proportion of over-mature stands to normal-aged stands (Figure 1b). The mean age of
forest stands increased by 9.0 years (from 52 to 61 years) and the mean rotation age by 11.7 years
(from 101.2 to 112.9 years) in 1960–2018 (Figure 2a). The total stand volume of timber in the Czech
Republic reached 703 million m 3 in 2018. The mean stand volume per 1 ha of forest land is 269 m3.
The total stand volume is constantly increasing. Compared to 1960, the total stand volume has more
than doubled. Similarly, there is an increase in the mean annual timber increment, which currently
reaches 4.9 m3 ha–1 year–1 (Figure 2b) [15].

The climate in the Czech Republic is mild, characterized by continental in�uences. According to
Koppen's climate classi�cation, most of the territory of the Czech Republic belongs to the Dfb climatic
region—a humid continental climate, characterized by hot summers and cold winters. Annual air
temperature ranges from +9.5 to � 0.4 � C (mean 7.9� C) and the annual sum of precipitation from 410
to 1705 mm (mean 650 mm) in relation to the altitude (115–1603 m a.s.l.). The average altitude of
the Czech Republic is 430 m a.s.l. The lowest mean temperature in January is� 2.0 � C, the highest
in July 17.8 � C. Similarly, the precipitation minimum is in January (40 mm) and maximum in July
(85 mm). The average number of days with snow cover in most areas (depending on altitude) is
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40–100 days. The average wind speed is in the range of 10–18 km h–1. The average time of sunshine is
1200–1720 h year–1 [70].

Figure 1. Current status (2018) of (a) tree species composition and (b) proportion of age classes to
normality in the Czech Republic.

Figure 2. Development of ( a) mean stand age and mean rotation age of forests and (b) mean annual
timber increment and total stand volume in the Czech Republic.

2.2. Data Source and Collection

The data on the total volume of harvested timber and on groups of salvage logging (elemental
disturbances, air pollution, insects), di � erentiated by particular tree species and their groups were taken
(unchanged) from the Forest Management Institute ( ÓHÓL) in Brand þs nad Labem, Czech Republic
and the Czech Statistical O� ce (�CSÓ) in Prague, Czech Republic. These logging data cover the
whole territory of the Czech Republic for the period 1961–2018. The total logging (total harvested
timber) is the volume of large timber (logging residues are not included) and include self-production.
Large timber is the timber volume of the aboveground part of a tree with a minimum diameter of 7 cm
over bark. The timber from logging or silvicultural operations is counted including the salvage logging.
Salvage logging includes the data for all kinds of salvage logging and calamities caused by abiotic and
biotic factors. It includes also dead standing trees, isolated breaks, uprootings, all of the volume of trap
trees felled for trapping bark beetles, and individual trees in which harmful insects (bark beetles, etc.)
spend winter. Salvage logging (processed) comprises the volume of timber processed within salvage
logging [71].
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The annual air temperature, annual sum of precipitation, and storm event data were taken directly
without changes from the Czech Hydrometeorological Institute ( �CHM Ó) in Prague and cover the whole
state area. The values of territorial temperatures and precipitation were recalculated for the whole
period from 1961 to 2018 to obtain a time series calculated by a uniform interpolation method [70].

The data on the sunspot area were acquired from the National Oceanic Atmospheric Administration
(NOAA, Silver Spring, MD, USA) [ 72]. The data on the sunspot area were expressed as arithmetic
means from the average monthly data from NOAA. The data on cosmic rays were obtained from the
Lomnick þ št½t measuring station in Slovakia a � liated to the Institute of Experimental Physics SAS [ 73].
Data on cosmic rays were corrected for pressure when the year 1969 was added as the arithmetic mean
between the previous and the next year.

2.3. Data Processing

Using the R software, an eight-year spline was �tted to all data to remove short-time in�uences.
The computations of Pearson's correlations and 3D charts were performed in the Statistica 13 software
(Statsoft, Tulsa, OK, USA) to analyze salvage logging, air temperature, precipitation, cosmic ray
intensity, and sunspot area. The computation of spectral analysis was done as a Fourier transform in
the R software [74], when the red�t function or Schulz's REDFIT (version 3.8c) was used; this function
estimates the red-noise spectrum of a time series [75] with an optimum test spectrum against the
red-noise background using a Monte Carlo simulation. This computation was conducted according to
the instructions for R according to Bunn and Miko [76].

Overall, annual data on the total and salvage logging throughout the Czech Republic were
compared with average annual temperatures, total annual precipitation, average annual sunspot
areas, and average annual cosmic ray intensity. In addition, the volume of logging was compared
with the ten driest years (lowest annual precipitation), the warmest years (years with the highest
average annual temperature), and the years with the strongest occurrence of storm events in the
period 1961–2018. Storm events were sorted and selected according to the WEI index Storm (Weather
Extremity Index) [ 77]. Logging volumes were also compared with large outbreaks of pests (bark
beetle, larch tortrix) and the periods of air pollution (high SO 2 concentrations). Salvage logging was
further divided into elemental disturbance (drought, storm, �re, etc.) logging, insect logging, and air
pollution logging.

3. Results

3.1. Development of Timber Harvest in the Czech Republic and Studied Factors

In the period 1961–1969, the mean total amount of logging was around 8.9 million m 3 of timber,
with salvage logging accounting for 24% on average (Figure 3). In 1970–1989, when clear-felling
systems were mostly used, and exterior and interior spatial forest planning was rather neglected,
the total average annual logging was around 12.7 million m 3 and salvage logging 5.0 million m 3

(i.e., 39% of total logging). In 1976, after the Cappela windstorm, 5.6 million m 3 had to be logged. In the
second half of this period, the air pollution load culminated, being characterized by high concentrations
of SO2 (3� larger concentrations than the limit value). In 1990–2005, when transformation and renewal
of close-to-nature forest management were gradually introduced, the total average annual logging
was around 13.3 million m 3 and salvage logging amounted to 5.7 million m 3 (i.e., 43% of salvage
logging). In 1990, windstorms Vivian and Wiebke caused salvage logging in the amount of 8.7 million
m3. The years 2006–2014 experienced frequent severe windstorms, when total average annual logging
was around 16.5 million m 3 and salvage logging 9.0 million m 3 (i.e., 55% of salvage logging). After the
historically largest windstorm Kyrill in 2007 (in which the wind speed exceeded 40 m s –1), salvage
logging reached 80% and, in the following year of 2008, total logging reached the maximum volume to
date—19.19 million m3. Pronounced climate changes with serious drought periods in the growing
season were typical of the years 2015–2018, when the total average annual logging was around
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19.7 million m 3 and salvage logging amounted to 13.1 million m 3 (i.e., 66% of salvage logging). The last
two years were the most critical, with a total annual harvest of around 27.0 million m 3 and salvage
logging of 23.0 million m 3 (i.e., 90% of salvage logging) in 2018, and 95% of salvage logging in 2019
(30.9 million m 3).

Figure 3. Dynamics of total timber harvest and salvage logging (elemental disturbance logging, insect
logging, air pollution logging) in relation to extreme events in the Czech Republic.

During the observed period (1961–2018), extreme storm events most often reappeared in cycles
of 8–11 years (Figure 3). These wind calamities were frequently followed by bark beetle outbreaks,
especially of the spruce bark beetle (Ips typographus), because the amounts of windthrown timber were
too large to allow timely processing. The �rst signi�cant bark beetle outbreak occurred in 1983–1988
(5.8 million m 3 of timber), and others followed in 1993–1996 (8.2 million m 3), 2003–2004 (2.6 million m3),
2007–2010 (8.3 million m3), and 2015–2018 (23.3 million m3). The largest amount of salvage logging in
2018 was caused by a single year in which there was a synergism of the e� ects of the storm Friederike,
extreme drought (22% less precipitation), above-average warm weather (historically warmest year:
9.6 � C, average 7.8� C), and the associated outbreak of bark beetle. There was no cyclicity in extremely
dry years, unlike in the case of extreme storm events. Extremely warm years occurred only in the
second half of the observed period, i.e., during the last 5 years. Overall, the largest share of salvage
logging was found in the occurrence of extreme storm events, followed by an extremely warm year,
and the smallest e� ect was found in an extremely dry year.

Correlations between the studied factors are clearly summarized in a simple table of correlation
coe� cients (Table 1). The table shows that the correlations of all studied factors with salvage logging
and total timber harvested in the Czech Republic signi�cantly increased in a shorter time period.
Thus, in the latter period (2000–2018), the correlation of salvage logging with sunspot area and cosmic
ray intensity was strong. Another important result is a signi�cant correlation between average annual
temperatures and the volume of salvage logging in all periods. Table 1 also shows that the correlations
between temperature and precipitation in relation to sunspot area and cosmic ray intensity are not
statistically signi�cant.
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Table 1. Correlation coe� cients of salvage logging and total volume of harvested timber with sunspot
area, cosmic ray intensity, average air temperatures, and average precipitation total; data are divided
into time periods; signi�cant results at p < 0.05 are in bold.

Time Period 1961–2018 Time Period 1973–2018 Time Period 2000–2018

Sunspot area
Salvage logging � 0.0932 � 0.3263 � 0.7800

Total timber harvest � 0.2045 � 0.2224 � 0.6550

Cosmic ray
Salvage logging � 0.1221 0.3620 0.7575

Total timber harvest 0.0608 0.1519 0.6307

Temperature
Salvage logging 0.5269 0.0994 0.4374

Total timber harvest 0.3122 0.3650 0.5080
Sunspot area 0.0610 0.0005 0.1048
Cosmic ray � 0.1895 � 0.0263 0.2399

Precipitation
Salvage logging 0.1099 0.1541 � 0.3885

Total timber harvest 0.0135 � 0.0434 � 0.4438
Sunspot area � 0.1450 � 0.1549 0.1315
Cosmic ray � 0.0240 0.0395 � 0.2816

3.2. E� ect of Annual Precipitation and Annual Air Temperatures on Development of Timber Harvest

Measurements of the annual sum of precipitation and average annual air temperatures have
previously been compared with the development of forest stands in the Czech Republic. Therefore,
these two climate factors should be mentioned in this study. The combination of these two factors
creates a clearer picture of the relationship of the salvage and total logging to the climate in the Czech
Republic, which is illustrated in Figure 4a,b. When annual precipitation decreases, a water balance
de�cit occurs which, in combination with higher average temperatures, leads to an increase in salvage
logging and, at the same time, a reduction in planned logging, which is re�ected in the total volume
of timber harvested. These relations are evident in Figure 4a, e.g., in the period from 2011 to 2018,
but the situation might di � er in other periods. For example, in 1982–1989 salvage logging increased
with an increase in total precipitation according to Figure 4a, while this period was characterized by
high air pollution, particularly of SO 2. In Figure 4b, where an eight-year spline is �tted to the data,
precipitation does not obviously correlate with the data on salvage or total logging. On the contrary,
average temperatures are rising in line with total and salvage logging when the maturation of forest
stands should be taken into account, which is caused by forest aging in the Czech Republic.

A scatter plot (Figure 5) illustrates the relationship between the data on the volume of harvested
timber and the climate data (average annual temperatures and annual sum of precipitation). At a glance
it can be noted that average annual temperatures in Figure 5a,b show a positive relationship with
harvested timber, whereas they have a negative relationship with the annual precipitation total
Figure 5c,d. It should also be accentuated that the correlation with R 2 has increased in the recent
years, evidenced by an increase in R2 in the time period 2000–2018 (Figure 5b,d). It is also true that
temperatures show a higher R2 than precipitation, and so they are in closer correlation with salvage
and total logging. A comparison of salvage and total logging indicates that the R 2 of salvage logging
with temperatures and precipitation is higher in most cases (Figure 5b–d), suggesting that salvage
logging better re�ects climate �uctuations.
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Figure 4. Average annual air temperatures and annual precipitation total in relation to the volume
of timber harvested in the Czech Republic: ( a) The trend of total timber harvest and salvage logging;
(b) an eight-year spline (spl8) �tted to harvested timber and climate data.

Figure 5. Scatter plot; average annual air temperatures in relation to salvage logging and total timber
harvested in the Czech Republic in the periods ( a) 1973–2018 and (b) 2000–2018; the annual sum of
precipitation in relation to the volume of salvage logging and timber harvested in the Czech Republic
in the periods ( c) 1973–2018 and (d) 2000–2018; explanatory notes: Lin.—linear regression model; mill.
m3—million cubic meters of harvested timber.
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3.3. Sunspots as an Inversion Factor to Total Harvested Timber and Salvage Logging

The sunspot area shows interesting results in relation to salvage and total logging in the Czech
Republic. During the solar minimum, salvage logging increased as shown in Figure 6a,b. This implies
that during the solar minimum, when minimum sunspot areas occur on the Sun, there is an increase
in salvage logging. Higher volumes of salvage logging occur in approx. ten-year intervals from the
particular calamities that coincide with the solar minima, which is illustrated in Figure 6b.

Figure 6. The average annual area of sunspots in relation to the volume of timber harvested in the
Czech Republic: (a) The trend of total harvested timber and salvage logging according to their causes
in relation to the sunspot area; (b) an eight-year spline (spl8) �tted to harvested timber and sunspot
area; MH—millionths of a hemisphere; mill. m 3—million cubic meters of harvested timber.

The scatter plot in Figure 7a,b illustrates a negative correlation between the sunspot area and
the volume of salvage logging and total harvested timber. It also documents that R 2 was higher in
the time period 2000–2018 (Figure 7b) than in the period 1973–2018 (Figure 7a), suggesting a closer
correlation between these factors. Another important factor is that the data on the sunspot area in
relation to salvage logging document a much higher coe � cient R2 than in precipitation in Figure 5c,d
or in temperatures in Figure 5a,b. The overall relationship between harvested timber and sunspot
area is negative, which means if the sunspot area is small, the totals of harvested timber and salvage
logging are higher.
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Figure 7. Scatter plot: Average annual sunspot area in relation to salvage logging and the total volume
of timber harvested in the Czech Republic in the periods ( a) 1973–2018 and (b) 2000–2018; explanatory
notes: Lin.—linear regression model; MH—millionths of a hemisphere; mill. m 3—million cubic meters
of harvested timber.

3.4. Cosmic Ray Intensity and Its Pronounced E� ect on Timber Harvested

The relationship of cosmic rays to salvage logging and the total timber harvested in the Czech
Republic can be described by parallel curves, mainly in the case of salvage logging, that were almost
identical since 1982, as presented in Figure 8a,b. Since 1982, the values of cosmic ray intensity have
increased and decreased in line with salvage logging, as documented in Figure 8a. Salvage logging
and cosmic ray intensities developed almost simultaneously in recent years, which is con�rmed by the
high signi�cant value ( r = 0.3620) for the period 1973–2018. The data con�rm that with an increasing
cosmic ray intensity, there is also an increase in salvage logging. The total logging corresponds to the
cosmic ray intensity to a smaller extent due to the e � orts of forest managers to balance the volume
of loggings during disturbances, which was obvious in the period 2006–2018. The data on cosmic
ray intensity and salvage logging �tted with a spline show higher similarity without the short-term
�uctuations that can be seen in Figure 8b.

Figure 8. Average annual data on cosmic ray intensity in relation to the volume of timber harvested in
the Czech Republic; (a) The trend of total and salvage logging according to their causes in relation to
cosmic ray intensity; ( b) an eight-year spline (spl8) �tted to harvested timber and cosmic ray intensity;
imp /min—impulses /minute; mill. m 3—million cubic meters of harvested timber.
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The scatter plot in Figure 9a,b documents the highest values of R2 of all four factors studied in this
research, especially in relation to salvage logging in the time period 1973–2018, which is illustrated in
Figure 9a. The graphs in Figure 9a,b also show that with an increase in cosmic ray intensity impinging
on the atmosphere, the volume of salvage logging increased while the growth of values was almost
linear in all cases. These scatter plots show that there is a strong linear relationship between logging
and cosmic ray intensity, which is useful information for the future.

Figure 9. Scatter plot; average annual data on the cosmic ray intensity in relation to salvage logging
and the total timber harvested in the Czech Republic in the periods ( a) 1973–2018 and (b) 2000–2018;
explanatory notes: Lin.—linear regression model; imp /min—impulses /minute; mill. m 3—million cubic
meters of harvested timber.

3.5. Studied Factors in 3D Charts and Spectral Analysis

Three-dimensional line charts of salvage logging (Figure 10) document the relationships between
relevant variants of all of the data used. Based on the correlation table (Table 1), four variants were
created that work with the most signi�cant options. The response of sunspot area (Figure 10a,b)
to salvage logging is lower than that to cosmic ray intensity (Figure 10c,d). Nevertheless, the data on
salvage logging and cosmic ray intensity are opposite to each other, but the correlation (Table 1) in the
period 1973–2018 allows us to state that the response of the volume of harvested timber is negative and
larger for cosmic ray intensity than for the positive response of sunspots. This is also con�rmed by
a visual di � erence between the sunspot area and the cosmic ray intensity, when the cosmic ray intensity
creates a greater inclination of the 3D line chart than the sunspots. This is evident from the scale of
3D line charts when the sunspots are in the range from four to seven and the cosmic ray intensity is
from 1 to 12. Furthermore, a greater inclination of the 3D chart is caused by temperatures than by
precipitation when temperatures positively correlate with salvage logging while the correlation with
precipitation is negative. In general, the most distinctive variant is the cosmic ray intensity in relation
to average temperatures, which is well illustrated in Figure 10b. Cosmic rays are the most distinctive
in all represented results (Figures 8–10). Average annual temperatures also correlate well across all
time periods, which can be seen in Figure 4a and in Table 1.
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Figure 10. Three-dimensional line chart of salvage logging in relation to the particular factors in the
period 1973–2018; (a) salvage logging in relation to average annual air temperatures and average annual
sunspot area; (b) salvage logging in relation to the sum of precipitation and sunspot area; ( c) salvage
logging in relation to average annual air temperatures and average cosmic ray intensity; ( d) salvage
logging in relation to the sum of precipitation and average cosmic ray intensity; explanatory notes:
mill. m 3—million cubic meters of harvested timber; imp /min—impulses /minute; MH—millionths of
a hemisphere.

Spectral analyses in Figure 11 illustrate the periodic behavior of the data. This type of analysis
accurately demonstrates the occurrence of periodic events in the used data series. Average precipitation
in the Czech Republic Figure 11a was signi�cant (at a level of 90%) in 4-year periodic cycles.
Average annual temperatures Figure 11b show signi�cant (at 95%) results in a cycle once per 8 years.
Cosmic rays and sunspot areas Figure 11c,d show signi�cant (at 99%) results in an 11-year cycle.
Salvage logging in the period 1961–2018 Figure 11e had signi�cant results in the recurrence of 4-year
cycles (at 99%) and 11-year cycles (at 90%) but if the data series is reduced to the period from 1973 to
2018, only 11-year cycles are signi�cant. Hence salvage logging is signi�cantly consistent with the
11-year periodic recurrence of sunspot area and cosmic ray intensity.
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Figure 11. Spectral analyses of the used data in the period 1961–2018: (a) Annual precipitation
total; (b) average annual temperatures; (c) cosmic ray intensity; ( d) sunspot area; (e) salvage logging;
(f ) salvage logging in the period 1973–2018. Explanatory notes: the data used are represented by the
black curve (dat); the lower, medium and upper parabolic line is signi�cant at a level of 90% (CI90),
95% (CI95) and 99% (CI99), respectively; the period (year) shown on the upper x-axis ranges from 2
years to in�nity (Inf).

4. Discussion

4.1. Anthropic Impacts and Climate Fluctuations In�uencing Salvage Logging

Forest stands are in�uenced by a higher occurrence of extreme weather events during climate
change. Such �uctuations include, e.g., severe storms, wind, drought, �oods, or forest �res [ 13,78–80].
The greatest negative e� ects on the volume of salvage logging and also of timber harvested in the
Czech Republic are imposed by wind, bark beetle, and air pollution disturbances [ 81–85]. In the
Czech Republic, most prominent negative anthropic impacts on the environment resulting in salvage
logging occurred during the air pollution calamity from the late 1970s to the late 1980s (see Figure 1)
when, on average, 6.2 million m 3 of timber were annually harvested. As a consequence of the air
pollution calamity, 47,300 m 3 of timber, i.e., 2% of the forest area, was harvested in the mountain areas
of the Czech Republic, mainly in the Krušn ² hory Mts. and in the mountain ranges of the Sudetes
system (Lu�ick ² hory, Jizersk² hory, Krkonoše and Orlick ² hory Mts.) [ 14]. When the air pollution
calamity culminated, average annual SO2 concentrations in these mountain areas were in the range of
60–210� g m� 3 and maximum daily SO 2 concentrations reached 2500� g m� 3 [14]. In the course of the
air pollution calamity, the declining spruce forests were often attacked by bark beetles, particularly by
the eight-toothed spruce bark beetle [86–89].
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In Europe, the Norway spruce decline was observed during climate change, e.g., in Germany [ 90],
Austria [ 91], Poland [92], the Czech Republic, and Slovakia [15,93]. These forests are vulnerable to
a number of secondary diseases and pests, and they are particularly sensitive to the warmer and
drier climate [ 94,95]. Our data indicate that temperatures have a signi�cant e � ect on the trend of
salvage logging during the entire period 1961–2018, which is documented in Table 1, where r = 0.5269.
The precipitation de�cit is not signi�cant in any variant in Table 1, but Figure 5b clearly shows that
the precipitation de�cit reduces the Norway spruce ability to resist bark beetle outbreaks, which was
con�rmed in previous research [96,97].

Such situations are well illustrated by typical examples of drought in 2003, when the precipitation
total decreased to a below-average 504 mm, or in 2018, with only 522 mm of precipitation (Figure 1).
A typical drought-induced outbreak of Ips typographusoccurs when healthy trees are attacked [98,99]
and there appear extensive foci of infested trees that fail to be cut in time [ 100]. In addition, the situation
is made more complicated by mandatory tenders for logging operations performed by timber processing
companies in the forest sector. The tenders considerably delay salvage logging, which contributes to
the gradation of secondary pests. In 2019 the volume of salvage logging was 30.9 million m 3 (i.e., 95%
of the total volume of harvested timber), mainly as a consequence of the enormous spread of bark
beetles in Moravia and the Czech-Moravian Highlands [15].

4.2. Salvage Logging Versus Solar and Cosmic Factors

Forest disturbances in the Czech Republic are triggered by windstorms that initiate outbreaks of
bark beetles. They subsequently start to destroy coniferous stands during the drought years [ 32,82].
This happened, e.g., in January 2007, when the windstorm Kyrill caused substantial damage to forest
stands [101], triggering a domino e � ect of forest stand destruction, resulting in an increase in salvage
logging of up to 15 million m 3 as shown in Figure 1, Figure 3, and Figure 5. The aforementioned
drought periods belong to extreme weather �uctuations, again associated with the sunspot cycle.
This was con�rmed, e.g., in Kuwait [ 102] and China, where the solar cycles are associated not only
with drought but also with �oods [ 103]. An increase in the amount of precipitation is linked with
the occurrence of high winds that also coincide with the occurrence of solar cycles, documented,
e.g., in Spain [80]. Our data con�rm that in the course of severe storms there is an increase in salvage
logging (Figure 1), which occurred at the beginning of 2018 when, in the aftermath of the storm
Friederike (with winds of up to 205 km h � 1), salvage logging increased to 23.01 million m3. Impacts of
11-year solar cycles on the climate pattern in Europe have been proven for the last 250 years while the
sunspot e� ect on climate increased during the 19th century [ 59]. This is also con�rmed by our data in
Table 1, which illustrate that salvage logging was higher during the solar minimum in recent years.
Salvage logging amounted to 15 million m 3 of timber in 2007, but increased to almost 23 million m 3 in
2018, which also coincided with the solar minimum, i.e., the small or nearly zero sunspot area (Figure 6).
In 2010–2012 (during the solar minimum) the occurrence of subcortical insects was successfully reduced
in spruce monocultures to the level of the years 2004–2006 (Figure 1), which resulted in a decrease in
salvage logging (on average 5.2 million m 3 salvage logging timber).

Salvage loggings are caused by climatic triggers. Furthermore, there are signi�cant correlations
with the sunspot area, which is evident from our signi�cant correlations, e.g., in the period 2000–2018
(Table 1). Solar cycles can be linked with salvage logging through the North Atlantic Oscillation (NAO),
which is closely associated, e.g., with the precipitation occurrence in Europe while precipitation is linked
with the solar cycle [ 104]. However, our data (Table 1) did not show a signi�cant correlation of sunspot
numbers and solar cosmic ray intensity in relation to precipitation and temperature. An important fact
completing our research is that the quantity of cosmic rays impinging on the Earth's atmosphere is
in�uenced by the solar cycle, which also impacts the water cycle [ 105,106]. An inversion relationship
between the sunspot area and cosmic ray intensity has been studied previously [ 47,107], and is also
evident from Figures 6–9, when the response of salvage logging to cosmic ray intensity is the highest
(Table 1). The relationship between salvage logging, sunspot area, and cosmic ray intensity is seen
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in Figure 11, which shows that an 11-year solar cycle is projected in salvage logging and cosmic ray
intensity. Cosmic rays are in�uenced by solar magnetism [ 108,109] but until now this e � ect has not
been identi�ed in relation with their real impacts on the forest environment and forest sector.

Our data illustrate a substantial e � ect of cosmic rays on the volume of salvage logging as shown
in Table 1 and Figure 8 when the correlation with the time period 1973–2018 is signi�cant. This fact
is related with the formation of aerosols that are the basic component of cloud formation [ 63,65].
The solar cycle also in�uences radial increment of trees, which was suggested by dendrochronological
researches in Siberia [110,111], Portugal [112], and China [113].

4.3. Relevant Context and Potencials

It is important to mention that logging operations in the course of salvage logging damage trees
(log depots, abrasions, subsequent rot), disturb the soil (erosion), etc. [89]. Negative events and
disturbances appear to show an increasing long-term trend which, in the future, will lead to a change
in the species composition of forests in the Czech Republic, depending on the response of forest
management. Proper management might reduce the impact of disturbance on forests [114,115].

Salvage logging largely comprises Norway spruce, which is negatively a � ected by disturbances
such as higher temperatures and dry summers [35], and the coinciding in�uence of wind storms [11]
places forest management under strong pressure (Figure 3—e.g., year 2018). The forestry sector must
process a large amount of timber in a short period of time and this leads to �nancial losses. Timber
loses value and is sold below cost [15]. The overall logical conclusion is that the �uctuations in the
price of timber follow the �uctuations in total logging, and our study con�rms that there is a signi�cant
correlation (Table 1) of logging with the solar 11-year cycle (Figure 11).

It is also worth noting that the highest signi�cant correlation between sunspot number and total
logging (Table 1) was recorded in the 21st century, and is associated with higher maturation of the
forest stands to rotation age in the Czech Republic (Figure 2); therefore, total logging is undergoing
an increasing trend. In contrast, solar activity signi�cantly decreased in the 21st century, which is
evident in the highest negative signi�cant correlation against the increasing trend of total logging.
Moreover, forest stands in the rotation age are more sensitive to negative climatic �uctuations [ 116],
which is also connected with salvage logging. In the long run, salvage logging has not risen as
signi�cantly as total logging because in recent years there has been an increase in protected areas in
which salvage logging is generally not carried out due to ecological concerns [ 117,118]. In addition,
the economic factor a� ects salvage logging because it is not worthwhile to carry out salvage logging
due to cheap timber prices, which in many cases leads to leaving the timber in the forest without
rather than logging [ 119]. In recent years, there has been a signi�cant relative decrease in the amount
of salvage logging due to environmental and economic decisions [ 15,120], which is the reason for the
reduction in the correlation between solar activity and salvage logging in the 21st century.

Carbon sequestration by forest ecosystems can be smoother if forest management succeeds
in reducing salvage logging [ 121]. A study of the carbon stock in Europe also shows that forest
disturbances in relation to salvage logging are part of the carbon cycle [122].

This study could provide forest management with a new concept of origin related to disturbances
in salvage and total logging in forestry due to solar activity. The predictability of the solar cycles is
associated with an 11-year solar period [123] and our results con�rm that the 11-year period occurs
even during salvage logging (Figure 11e,f). The next important note is that the next 11-year solar
cycle can be lower or equal to the previous cycle in terms of solar activity [ 124]. Thus, the interesting
observation of solar activity in parallel with the development of salvage logging can be bene�cial for
foresters. The total solar irradiance index (TSI), which includes climatic and solar e � ects [125,126],
can also be used for future research of solar activity and its impact on forestry. This may lead to
further in-depth research into the impact of the sun and climate change on forestry. Numerous factors
in�uence forests and forest management, but salvage logging is a complex indicator of climate change
which substantially restricts forest management.
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5. Conclusions

Salvage logging and the total volume of harvested timber indicate the overall condition of
the forest sector. These two factors respond to climatic, anthropic, and political impacts. Salvage
logging and the total volume of harvested timber are in signi�cant correlation with average annual
temperatures, storm events, cosmic ray intensity, and sunspot area. The annual precipitation total
does not signi�cantly correlate with timber harvested. Among all of the studied variants, the response
of salvage logging to cosmic ray intensity and average annual temperatures is the most evident.
The response of salvage logging to the sunspot area is also highly distinct. Furthermore, there has
been an increasing projection of the 11-year solar cycle in the volume of salvage logging, mostly in
the last two decades in relation to the synergism of climatic extreme events. Salvage logging also
signi�cantly responded to average annual temperatures during the studied period. The results of this
research are an important initiator of understanding particular natural �uctuations in�uencing the
forest sector during climate change. However, further in-depth research is needed and should provide
a link to a greater number of factors in�uencing salvage logging that play a role in forest silviculture
and management (tree species composition, stand structure, etc.). This research should contribute to
a profound knowledge and possible predictions of not only theoretical forest science but also practical
principles of modern forestry.
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5.2.2. �9�]�W�D�K�\���W���å�E�\���O�L�V�W�Q�D�W�ê�F�K���D���M�H�K�O�L�þ�Q�D�W�ê�F�K���G���H�Y�L�Q���G�O�H���V�O�X�Q�H�þ�Q�t�F�K���F�\�N�O�$ 

�7�H�Q�W�R���S���t�V�S���Y�H�N���Q�D���P�H�]�L�Q�i�U�R�G�Q�t���N�R�Q�I�H�U�H�Q�F�L���G�R�S�O���X�M�H���S�R�S�L�V���Y�]�W�D�K�X���N�O�L�P�D�W�L�F�N�ê�F�K���I�D�N�W�R�U�$���Y�$�þ�L��

�F�H�O�N�R�Y�ê�P�� �D �Q�D�K�R�G�L�O�ê�P�� �W���å�E�i�P�� �Y �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H���� �7�D�W�R�� �S�U�i�F�H�� �W�D�N�p�� �U�R�]�Y�t�M�t�� �]�Q�D�O�R�V�W�L�� �R�� �Y�]�W�D�K�X��

�O�L�V�W�Q�D�W�ê�Fh a �M�H�K�O�L�þ�Q�D�W�ê�F�K�� �W���å�H�E���� �N�W�H�U�p�� �Q�D�Y�]�i�M�H�P�� �W�D�N�p�� �S�U�R�E�t�K�D�M�t�� �Y �F�\�N�O�H�F�K�� �G�O�H�� �Y�H�O�N�ê�F�K��

�F�H�O�R�U�H�S�X�E�O�L�N�R�Y�ê�F�K�� �N�D�O�D�P�L�W���� �7�H�Q�W�R�� �S���t�V�S���Y�H�N�� �S�U�D�F�X�M�H�� �V�� �F�H�O�N�R�Y�ê�P�L�� �W���å�E�D�P�L�� �O�L�V�W�Q�D�W�ê�F�K�� �D��

�M�H�K�O�L�þ�Q�D�W�ê�F�K �G���H�Y�L�Q, s �W���å�E�R�X���F�H�O�N�R�Y�R�X���D���Q�D�K�R�G�L�O�R�X�����V �S�U�$�P���U�Q�ê�P�L���U�R�þ�Q�t�P�L���W�H�S�O�R�W�D�P�L���Y�]�G�X�F�K�X����

s pr�$�P���U�Q�ê�P�L���U�R�þ�Q�t�P�L���~�K�U�Q�\���V�U�i�å�H�N���D���V���þ�t�V�O�H�P���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q. Pro statistickou �D�Q�D�O�ê�]�X��byla 

�S�R�X�å�L�W�D���N�R�U�H�O�D�þ�Q�t���W�D�E�X�O�N�D���D s�S�H�N�W�U�i�O�Q�t���D�Q�D�O�ê�]�\���Y�ã�H�F�K���]�N�R�X�P�D�Q�ê�F�K���G�D�W�R�Y�ê�F�K���N���L�Y�H�N���� 

�9�ê�V�O�H�G�N�\�� �W�p�W�R���S�U�i�F�H���X�N�D�]�X�M�t���� �å�H �Q�D�K�R�G�L�O�p���D���O�L�V�W�Q�D�W�p���W���å�E�\�� �S�U�R�E�t�K�D�M�t�� �Y�������O�H�W�ê�F�K���F�\�N�O�H�F�K���G�O�H��

�D�N�W�L�Y�L�W�\�� �V�O�X�Q�H�þ�Q�t�F�K���F�\�N�O�$���� �7�D�N�p���S�U�R�F�H�Q�W�X�i�O�Q�t���V�W���t�G�i�Q�t�� �M�H�K�O�L�þ�Q�D�W�p�� �D�� �O�L�V�W�Q�D�W�p�� �W���å�E�\�� �S�U�R�E�t�K�i�� �Y��

�����O�H�W�ê�F�K���F�\�N�O�H�F�K�� R�R�þ�Q�t teploty �Y�]�G�X�F�K�X���Q�H�M�O�p�S�H���N�R�U�H�O�X�M�t���V �F�H�O�N�R�Y�ê�P�L���D���M�H�K�O�L�þ�Q�D�W�ê�P�L���W���å�E�D�P�L��

���â�L�P�$�Q�H�N���H�W���D�O�������������E��. 

 

Citace �S���t�V�S���Y�N�X: 

�â�,�0�#�1�(�.�����9���� �9�$�&�(�.�����6�������9�$�&�(�.�����=�������'�µ�$�1�'�5�(�$�����*�� �������������9�]�W�D�K�\���W���å�E�\���O�L�V�W�Q�D�W�ê�F�K��

�D���M�H�K�O�L�þ�Q�D�W�ê�F�K���G���H�Y�L�Q���G�O�H���V�O�X�Q�H�þ�Q�t�F�K���F�\�N�O�$��[Harvesting fluctuations of deciduous and coniferous 

tree species according to solar cycles] In: Proceedings of Central European Silviculture �± 21st 

International Conference. 101�±108. 
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�ýeská zem��d��lská univerzita, Fakulta lesnická a d��eva��ská, Kamýcká 129, 165 21 Praha 6 – Such-
dol, �ýeská republika
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This study deals with statistical data of timber harvest in the Czech Republic and 
compares them with climatic data and solar cycles. The total, salvage, deciduous 
and coniferous logging are used. The timber harvest of mentioned types is compa-
red with annual temperatures, annual precipitation and the sunspot number. The 
sunspot number characterizes solar cycles and their intensity. The results of this 
study show that the salvage and deciduous logging taking place in 11-year cycles 
according to solar activity. The alternation of coniferous and deciduous logging 
is carried out in 11-year cycles. This work should help forestry to understand the 
cyclical relationships that take place in conjunction with cycles of solar activity.

Keywords: salvage logging, timber harvest, sunspot cycles

A
�
�
�
�
�
�
�

Tato studie se zabývá statistickými údaji o t��žbách v �ýeské republice a porovnává je 
s klimatickými údaji a slune�þními cykly. V této studii jsou použity celkové, nahodilé, 
listnaté a jehli�þnaté t��žby, které jsou porovnány s ro�þními teplotami, ro�þním úhr-
nem srážek a s �þíslem slune�þních skvrn, které charakterizují slune�þní cykly a jejich 
intenzitu. Výsledky této studie ukazují, že nahodilé a listnaté t��žby probíhají v 11le-
tých cyklech dle slune�þní aktivity. Také st��ídání jehli�þnaté a listnaté t��žby probíhá 
v 11letých cyklech. Tato práce by m��la pomoci lesnímu hospodá��ství v pochopení 
cyklických vztah�$, a to zejména cykl�$ slune�þní aktivity. 

Klí�þová slova: nahodilé t��žby, t��žba d��eva, cykly slune�þních skvrn
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Fig. 1: Dynamics of sunspot number and a) the volume of timber harvested in the Czech 
Republic and b) percentage of deciduous logging; (%) deciduous logging data 
base was calculated as a percentage from total timber harvest; spl8 represents an 
eight-year spline
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Table 1: Correlation coefficients between l ogging and climate from 1986 to 2019; signifi-
cant results (p < 0.05) are marked in bold; (%) data source of coniferous and de-
ciduous logging calculated as a percentage of total logging
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Correlation of logging with climate
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�V�O�X�Q�H�þ�Q�t�F�K��

�V�N�Y�U�Q
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�U�R�þ�Q�t
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�5�R�þ�Q�t
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�W���å�E�D
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Annual 
precipi-
tation

Total
timber 
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Salvage lo-
gging

�1�D�K�R�G�L�O�i���W���å�E�D
Salvage logging ���������� �������� ���������� �������� ��������

�&�H�O�N�R�Y�i���W���å�E�D
Total timber harvest ���������� �������� ���������� �������� ��������

�7���å�E�D���M�H�K�O�L�þ�Q�D�W�p�K�R���G���t�Y�t��
Coniferous logging ���������� �������� ���������� �������� ��������

�7���å�E�D���O�L�V�W�Q�D�W�p�K�R���G���t�Y�t
Deciduous logging ���������� �������� ���������� �������� ����������

�7���å�E�D���M�H�K�O�L�þ�Q�D�W�p�K�R���G���t�Y�t
Coniferous logging�������� ���������� �������� �������� �������� ��������

�7���å�E�D���O�L�V�W�Q�D�W�p�K�R���G���t�Y�t
Deciduous logging�������� �������� ���������� ���������� ���������� ����������
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Fig. 2: Spectral analysis of logging and climate from 1986 to 2019; (%) data source of co-
niferous and deciduous logging calculated like a percentage of total logging
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6. Diskuse 

6.1. Reakce �E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$ �Q�D���N�O�L�P�D�W�L�F�N�p���S�R�G�P�t�Q�N�\ �V�U�i�å�H�N���D���W�H�S�O�R�W 

Z �Y�ê�V�O�H�G�N�$���Y�ã�H�F�K��studi�t �E�X�N�X���O�H�V�Q�t�K�R���W�p�W�R���G�L�V�H�U�W�D�þ�Q�t���S�U�i�F�H���Y�\�S�O�ê�Y�i�����å�H���W�H�S�O�R�W�\���P�D�M�t���S�R�]�L�W�L�Y�Q�t��

�Y�O�L�Y���Q�D���U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R���Y�H���V�W�X�G�R�Y�D�Q�ê�F�K���R�E�O�D�V�W�H�F�K���.�U�N�R�Q�R�ã���D���Q�D���%�U�R�X�P�R�Y�V�N�X�����9 �R�M�H�G�L�Q���O�ê�F�K��

�S���t�S�D�G�H�F�K���G�R�F�K�i�]�t�� �N �H�[�W�U�p�P�Q�t�P���S�R�]�G�Q�t�P���M�D�U�Q�t�P���P�U�D�]�$�P �M�D�N�R���Q�D�S���t�N�O�D�G�� �Y���O�H�W�H�F�K 1996, 2011 

nebo 2016. �1�H�J�D�W�L�Y�Q�t���Y�O�L�Y���M�D�U�Q�t�F�K���P�U�D�]�$���Q�D���E�X�N���O�H�V�Q�t���E�\�O���]�D�]�Q�D�P�H�Q�i�Q���L���M�L�Q�ê�P�L���D�X�W�R�U�\���Q�D�S���t�N�O�D�G��

�Y���.�U�N�R�Q�R�ã�t�F�K��(Vacek & Hejcman 2012) nebo i v �Q�H�G�D�O�H�N�ê�F�K���2�U�O�L�F�N�ê�F�K���K�R�U�i�F�K ���.�U�i�O�t�þ�H�N���H�W���D�O����

2017)�����D�O�H���F�H�O�N�R�Y�ê���W�U�H�Q�G���W�H�S�O�R�W���Y�]�G�X�F�K�X���D���U�D�G�L�i�O�Q�t�K�R���U�$�V�W���E�X�N�X���M�H���S�R�]�L�W�L�Y�Q�t�����1�H�J�D�W�L�Y�Q�t���N�R�U�H�O�D�F�H��

�W�H�S�O�R�W�� �D�� �U�D�G�L�i�O�Q�t�K�R�� �U�$�V�W�X�� �E�\�O�D�� �]�D�]�Q�D�P�H�Q�i�Q�D�� �Q�D�ã�L�P�L�� �Y�ê�V�O�H�G�N�\��v �,�W�i�O�L�L���� �N�G�H�� �P�$�å�H�� �G�R�F�K�i�]�H�W��

k �Y�ê�]�Q�D�P�Q�ê�P���S�U�R�E�O�p�P�$�P���V�H���V�X�F�K�H�P���Y �K�R�U�V�N�ê�F�K���S�R�O�R�K�i�F�K���D���W�t�P���P�$�å�H���E�ê�W���Y�O�L�Y���W�H�S�O�R�W���Q�D���U�$�V�W��

�E�X�N�X�� �Q�H�J�D�W�L�Y�Q�t�� V �E�X�G�R�X�F�Q�X�� �O�]�H�� �W�D�N�� �S���H�S�R�N�O�i�G�D�W���� �å�H�� �V�� �S�R�V�W�X�S�X�M�t�F�t�� �N�O�L�P�D�W�L�F�N�R�X�� �]�P���Q�R�X�� �D��

�P�H�Q�ã�t�Pi �~�K�U�Qy �V�U�i�å�H�N �P�$�å�H���G�R�M�t�W���N �H�[�S�D�Q�]�L���E�X�N�X���O�H�V�Q�t�K�R���G�R���Y�\�ã�ã�t�F�K���K�R�U�V�N�ê�F�K���S�R�O�R�K (Vacek et 

al. 2015c, Dulamsuren et al. 2017). 

�&�H�O�N�R�Y�����M�H���W���H�E�D���]�P�t�Q�L�W�����å�H���~�K�U�Q���V�U�i�å�H�N���P�$�å�H���Y�\�N�D�]�R�Y�D�W���Q�H�J�D�W�L�Y�Q�t �Q�H�E�R���D�å���Q�X�O�R�Y�p korelace 

s �U�D�G�L�i�O�Q�t�P���S���t�U�$stem v �.�U�N�R�Q�R�ã�t�F�K��nebo na Broumovsku�����N�G�\���S�R�G�R�E�Q�p���Q�H�J�D�W�L�Y�Q�t���U�H�D�N�F�H���Y�$�þ�L��

�V�U�i�å�N�i�P�� �S�R�W�Y�U�]�X�M�t�� �L�� �M�L�Q�t�� �D�X�W�R���L�����.�U�i�O�t�þ�H�N�� �H�W�� �D�O���� ������������ �3�X�W�D�O�R�Y�i�� �H�W�� �D�O���� ����������. U buku �O�H�V�Q�t�K�R��

v �.�U�N�R�Q�R�ã�t�F�K���W�D�N�p���S�O�D�W�t�����å�H���V �Y�\�ã�ã�t���Q�D�G�P�R���V�N�R�X���Y�ê�ã�N�R�X���K�U�D�M�t���W�H�S�O�R�W�\���Y���W�ã�t �U�R�O�L���Y�$�þ�L���U�D�G�L�i�O�Q�t�P�X��

�S���t�U�$�V�W�X��(Dulamsuren et al. 2017)�����F�R�å���W�D�N�p �S�R�W�Y�U�]�X�M�t���L���Q�D�ã�H���Y�ê�V�O�H�G�N�\ ���â�L�P�$�Q�H�N���H�W���D�O�������������D��. 

V �S�R�V�O�H�G�Q�t�F�K���O�H�W�H�F�K���V�H���Q�D�Y�t�F���]�Y�\�ã�X�M�H���Q�i�W�O�D�N���V�X�F�K�D���Q�D���E�X�N�R�Y�p���S�R�U�R�V�W�\��(Muffler et al. 2020), ale 

v �K�R�U�V�N�ê�F�K�� �S�R�O�R�K�i�F�K�� �.�U�N�R�Q�R�ã�� �M�V�R�X�� �Y�ê�]�Q�D�P�Q���M�ã�t�� �Q�H�J�D�W�L�Y�Q�t�� �Y�O�L�Y�\�� �M�D�U�Q�t�F�K�� �P�U�D�]�$ �Q�H�å�� �V�X�F�K�D 

���â�L�P�$�Q�H�N���H�W���D�O�������������E��. 

�%�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �Y�� �.�U�N�R�Q�R�ã�t�F�K�� �S�D�W���t�� �G�R�� �F�L�W�O�L�Y���M�ã�t�� �S�U�R�Y�H�Q�L�H�Q�F�H�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Q�D�� �V�X�F�K�R���� �F�R�å��

�P�$�å�H���E�ê�W���V�S�R�M�H�Q�R���V �M�H�K�R���G���t�Y���M�ã�t�P���R�S�D�G�H�P �O�L�V�W�$ �D���Q�D�S�U�R�W�L���W�R�P�X���E�X�N�R�Y�p���S�R�U�R�V�W�\���Y �P�H�G�L�W�H�U�i�Q�X��

�M�V�R�X�� �Y�t�F�H�� �R�G�R�O�Q�p�� �Y�$�þ�L�� �V�X�F�K�X�� �D�� �R�S�D�G�i�Y�D�M�t�� �S�R�]�G���M�L��(Robson et al. 2013). �3�R�U�R�V�W�\�� �E�X�N�X�� �O�H�V�Q�t�K�R��

v �F�H�Q�W�U�i�O�Q�t�� �(�Y�U�R�S���� �Pa�M�t�� �Q�D�Y�t�F�� �P�p�Q���� �Y�H�J�H�W�D�þ�Q�t�F�K�� �G�Q�t�� �Q�H�å�� �E�X�N�R�Y�p�� �O�H�V�\�� �Y �P�H�G�L�W�H�U�i�Q�X���� �F�R�å�� �V�H��

projevuje i na velikosti �S�U�$�P���U�Q�p�K�R�� �O�H�W�R�N�U�X�K�R�Y�p�K�R�� �S���t�U�$�V�W�X���� �N�G�\�� �Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\��

v �.�U�N�R�Q�R�ã�t�F�K���S���L�U�$�V�W�D�M�t�����i�G�R�Y�����P�p�Q�����Q���å���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\���Y �M�L�å�Q�t�F�K���$�S�H�Q�L�Q�i�F�K�����â�L�P�$nek et 

al. 2021c). �%�X�N�R�Y�p���O�H�V�\���Y �P�H�G�L�W�H�U�i�Q�X���M�V�R�X���W�D�N�p���R�Y�O�L�Y�Q���Q�\���V�X�F�K�H�P���D���M�D�U�Q�t�P�L���P�U�D�]�\�� �F�R�å���E�\�O�R��

�G�R�O�R�å�H�Q�R���Q�D�S���t�N�O�D�G���Y �3�\�U�H�Q�H�M�t�F�K��(Gazol et al. 2019) nebo v �$�S�H�Q�L�Q�i�F�K�����1�R�O�q���H�W���D�O��������������, ale 

�V�X�F�K�R���M�H���O�L�P�L�W�X�M�t�F�t�P���I�D�N�W�R�U�H�P���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R���Y �$�S�H�Q�L�Q�i�F�K��(Tognetti et al. 2019)�����%�X�N�R�Y�p��

porosty v �M�L�å�Q�t�F�K���$�S�H�Q�L�Q�i�F�K���M�V�R�X���Q�H�J�D�W�L�Y�Q�����N�R�U�H�O�R�Y�D�Q�p���V �W�H�S�O�R�W�D�P�L���D���S�R�]�L�W�L�Y�Q�����N�R�U�H�O�R�Y�D�Q�p���V�H��

�V�U�i�å�N�D�P�L, �F�R�å���W�Y�R���t �S���H�V�Q�ê���R�S�D�N��k �Y�ê�V�O�H�G�N�$�P���] �Y�ê�]�N�X�P�Q�êch ploch v �.�U�N�R�Q�R�ã�t�F�K (�â�L�P�$�Q�H�N���H�W��

al. 2021c). K�R�U�H�O�D�þ�Q�t���Y�]�W�D�K�\���N�H���V�U�i�å�N�i�P���D���W�H�S�O�R�W�i�P���Y�$�þ�L���S���t�U�$�V�W�X���E�X�N�X���Y �$�S�H�Q�L�Q�i�F�K���P�R�K�R�X���E�ê�W��

�]�S�$�V�R�E�H�Q�\���]�L�P�Q�t���D�N�X�P�X�O�D�F�t���V�U�i�å�H�N���G�R���S�$�G�\ (Piovesan & Schirone 2000)�����1�H�J�D�W�L�Y�Q�t���N�Rrelace 

�S���t�U�$�V�W�X�� �E�X�N�X�� �N �W�H�S�O�R�W�i�P�� �Q�D�� �S�O�R�F�K�i�F�K��v �M�L�å�Q�t�� �,�W�i�O�L�L by mohly �E�ê�W�� �S�U�i�Y���� �Y�\�V�Y���W�O�H�Qy vlivem 

�Y�\�ã�ã�t�F�K���W�H�S�O�R�W���Q�D���V�X�F�K�i���R�E�G�R�E�t��(Ferrara et al. 2019).  
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6.1.2. �6�W�U�X�N�W�X�U�D���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$���D���M�H�M�L�F�K���U�H�D�N�F�H���Q�D���V�U�i�å�N�\���D���W�H�S�O�R�W�\ 

�9�ê�V�O�H�G�N�\�� �] �Q�D�ãi�F�K�� �V�W�X�G�L�t�� �S�R�S�L�V�X�M�t���� �å�H�� �Y�D�U�L�D�E�L�O�L�W�D�� �V�W�U�X�N�W�X�U�\�� �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�� �P�i�� �Y�O�L�Y�� �Q�D��

�G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p���F�K�D�U�D�N�W�H�U�L�V�W�L�N�\��(Matisons et al. 2017)�����5�R�]�G�t�O�Q�i���Y�D�U�L�D�E�L�O�L�W�D���Y�H���V�W�U�X�N�W�X���H��

�E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�� �P�$�å�H�� �E�ê�W�� �]�S�$�V�R�E�H�Q�D�� �P�Q�R�K�D�� �I�D�N�W�R�U�\�� �M�D�N�R �Q�D�S���t�N�O�D�G�� �U�R�]�G�t�O�Q�ê�P�� �V�N�O�R�Q�H�P����

�Q�D�G�P�R���V�N�R�X���Y�ê�ã�N�R�X�����V�W�i���t�P���S�R�U�R�V�W�X�����Y�ê�Y�R�M�H�P���S�R�U�R�V�W�X���D���N�Y�D�O�L�W�R�X���V�W�D�Q�R�Y�L�ã�W�������%�X�N�R�Y�p���S�R�U�R�V�W�\���Q�D��

�5�ê�F�K�R�U�i�F�K���V�H���Y�\�]�Q�D�þ�X�M�t�� �V�W�U�X�N�W�X�U�Q�t�� �V�O�R�å�L�W�R�V�W�t���D���G�L�Y�H�U�]�L�W�R�X���� �F�R�å���E�\�O�R���S�U�R�N�i�]�i�Q�R���M�L�å���Y minulosti 

(Vacek et al. 2010c, Vacek et al. 2015b)�����+�H�W�H�U�R�J�H�Q�Q�t���S�R�U�R�V�W�\���E�X�N�X���O�H�V�Q�t�K�R���M�V�R�X���V�W�D�E�L�O�Q���M�ã�t���Y�$�þ�L��

�N�O�L�P�D�W�L�F�N�ê�P���Y�ê�N�\�Y�$�P�����0�|�O�G�H�U���	���/�H�X�Vchner 2014)�����1�D�ã�H���Y�ê�V�O�H�G�N�\���W�H�Q�W�R���I�D�N�W���S�R�G�S�R�U�X�M�t���D���O�]�H��

�W�R�� �Y�L�G���W�� �L�� �Q�D�� �Y�\�ã�ã�t�F�K�� �N�R�U�H�O�D�F�t�F�K�� �K�R�P�R�J�H�Q�Q�t�F�K�� �S�R�U�R�V�W�$�� �E�X�N�X��s �S�U�D�Y�L�G�H�O�Q���� �V�H�� �R�S�D�N�X�M�t�F�t�P��

�V�O�X�Q�H�þ�Q�t�P���F�\�N�Oem�����D�O�H���K�H�W�H�U�R�J�H�Q�Q�t���S�R�U�R�V�W�\���E�X�N�X���O�H�V�Q�t�K�R���O�p�S�H���U�H�D�J�X�M�t���V�H �]�N�R�X�P�D�Q�ê�Pi faktory 

teplot nebo �V�U�i�å�H�N ���â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������D������ �7�D�N�p�� �M�H�� �W���H�E�D�� �]�P�t�Q�L�W���� �å�H�� �V�W�U�X�N�W�X�U�D�� �S�R�U�R�V�W�$�� �E�X�N�X��

�O�H�V�Q�t�K�R�� �K�U�D�M�H�� �U�R�O�L�� �Y�� �U�H�D�N�F�L�� �Q�D�� �N�O�L�P�D���� �N�G�\�� �K�H�W�H�U�R�J�H�Q�Q�t�� �S�R�U�R�V�W�\�� �E�X�N�X�� �L�Q�G�L�N�X�M�t�� �L�� �P�H�Q�ã�t�� �Y�ê�N�\�Y�\��

v �U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�X�N�X�����â�L�P�$�Q�H�N���H�W���D�O�������������D�����â�L�P�$�Q�H�N���H�W���D�O�������������D��. �7�H�Q�W�R���I�D�N�W���E�\���P�R�K�O���W�D�N�p��

�S���L�V�S���W�� �N �O�H�S�ã�t�� �D�G�D�S�W�D�E�L�O�L�W���� �O�H�V�Q�t�F�K�� �S�R�U�R�V�W�$�� �Q�D�� �N�O�L�P�D�W�L�F�N�R�X�� �]�P���Q�X���� �N�G�\�� �V�P�t�ã�H�Q�p �D�� �U�R�]�U�$�]�Q���Q�p��

�S�R�U�R�V�W�\���U�H�D�J�X�M�t���P�p�Q�����Q�D���N�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\��(Vacek et al. 2021). �3���t�N�O�D�G�H�P���W�R�K�R�W�R���W�Y�U�]�H�Q�t���P�$�å�H��

�E�ê�W���L���I�D�N�W�����å�H���K�H�W�H�U�R�J�H�Q�Q�t���S�R�U�R�V�W�\���E�X�N�X���Q�D���5�ê�F�K�R�U�i�F�K���Y roce 2011 zaznamenaly �P�H�Q�ã�t���Y�ê�N�\�Y��

�Y�$�þ�L���M�D�U�Q�tm �P�U�D�]�$m ���â�L�P�$�Q�H�N���H�W���D�O�������������D�����â�L�P�$�Q�H�N���H�W���D�O�������������D��.  

�����������6�O�X�Q�H�þ�Q�t���F�\�N�O�X�V��v �U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R 

�6�O�X�Q�H�þ�Q�t���F�\�N�O�\���K�U�D�M�t���U�R�O�L���Y �S���t�U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R���Y���.�U�N�R�Q�R�ã�t�F�K�����F�R�å���S�R�S�L�V�X�M�t���L���S�X�E�O�L�N�D�F�H���Y �W�p�W�R��

�G�L�V�H�U�W�D�þ�Q�t�� �S�U�i�F�L���� �1�D�ã�H�� �Y�ê�V�O�H�G�N�\�� �S�R�W�Y�U�]�X�M�t���� �å�H�� �Q�H�M�H�Q�� �5�ê�F�K�R�U�\, �D�O�H�� �L�� �V�H�Y�H�U�Q�t�� �þ�i�V�W�� �.�U�N�R�Q�R�ã�� �Msou 

spojeny �S�R�]�L�W�L�Y�Q�t�P�L�� �N�R�U�H�O�D�F�H�P�L�� �V�H�� �V�O�X�Q�H�þ�Q�t�P�� �F�\�N�O�H�P ���â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������D���� �â�L�P�$�Q�H�N�� �H�W�� �D�O����

2021c). �6�O�X�Q�H�þ�Q�t���F�\�N�O�X�V���E�\�O���W�D�N�p���Q�D�O�H�]�H�Q���Y �U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R���L���Q�D���Y�ê�]�N�X�P�Q�p���S�O�R�ã�H��

na Broumovsku ���â�L�P�$�Q�H�N���H�W���D�O�������������D��. �'�R�N�R�Q�F�H���L���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\���]���M�L�å�Q�t �,�W�i�O�L�H���]�D�]�Q�D�P�H�Q�D�Oy 

vliv �V�O�X�Q�H�þ�Q�tho cyklu na �U�D�G�L�i�O�Q�t���U�$�V�W�����Q�L�F�P�p�Q�����N�R�U�H�O�D�F�H���E�\�O�\ �]�U�F�D�G�O�R�Y�� �]�i�S�R�U�Q�p ���â�L�P�$�Q�H�N���H�W��

al. 2021c). Teoreticky lze �U�R�]�G���O�L�W���Y�O�L�Y���V�O�X�Q�H�þ�Q�t�F�K���F�\�N�O�$���Q�D���S�R�]�L�W�L�Y�Q�t���D���Q�H�J�D�W�L�Y�Q�t��vzhledem k 

�U�D�G�L�i�O�Q�tmu �U�$�V�Wu �E�X�N�X�� �O�H�V�Q�t�K�R. Na�S���t�N�O�D�G�� �S�R�]�L�W�L�Y�Q�t�� �Y�]�W�D�K�� �S���t�U�$�V�W�X�� �E�R�U�R�Y�L�F�H�� �O�H�V�Q�t�� �E�\�O�� �W�D�N�p��

nalezen v �V�H�Y�H�U�R�]�i�S�D�G�Q�t�P�� �5�X�V�N�X (Shumilov et al. 2011) i v Bulharsku (Komitov 2021). 

Naproti tomu v �P�H�G�L�W�H�U�i�Q�X�� �Y �3�R�U�W�X�J�D�O�V�N�X�� �E�\�O�� �S�R�W�Y�U�]�H�Q�� �Q�H�J�D�W�L�Y�Q�t�� �Y�]�W�D�K�� �S���t�U�$�V�W�X�� �N�$�U�\��dubu 

�N�R�U�N�R�Y�p�K�R �Y�$�þ�L�� �V�O�X�Q�H�þ�Q�t�P�X�� �F�\�N�O�X�����6�X�U�R�Y�ê�� �H�W�� �D�O���� ����������, kde �Q�D�S���t�N�O�D�G�� �L���E�R�U�R�Y�L�F�H�� �S���t�P�R���V�N�i��

�Y�\�N�D�]�X�M�H���Q�H�J�D�W�L�Y�Q�t���Y�]�W�D�K���U�$�V�W�X���N�H���V�O�X�Q�H�þ�Q�t�P�X���F�\�N�O�X���Y���V�H�Y�H�U�Q�t�P Portugalsku ���'�R�U�R�W�R�Y�L�þ���H�W���D�O����

2014).  

�5�$�]�Q�R�X���U�H�D�N�F�L���V�O�X�Q�H�þ�Q�tho cyklu lze �Y�\�þ�t�V�W���] kros-�N�R�U�H�O�D�F�t v �W�p�W�R���G�L�V�H�U�W�D�þ�Q�t���S�U�i�Fi (kapitola 

5.1.3.), kde jsou zobrazeny �U�$�]�Q�p �N�R�U�H�O�D�F�H�� �S���t�U�$�V�W�X�� �D�� �V�O�X�Q�H�þ�Q�t�F�K�� �F�\�N�O�$�� �V posunem let v �þ�D�V�H��

���â�L�P�$�Q�H�N���H�W���D�O�������������F��. Efekt kros-�N�R�U�H�O�D�F�t���V�H���V�O�X�Q�H�þ�Q�t�P�L���F�\�N�O�\��lze �S���L���D�G�L�W���S�U�i�Y�����Y�O�L�Y�X���1�$�2����

�S���L�þ�H�P�å i �X���E�X�N�X���O�H�V�Q�t�K�R���Y �,�W�i�O�L�L���E�\�O���S�R�W�Y�U�]�H�Q���Y�O�L�Y���1�$�2���Q�D���S���t�U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R��(Piovesan & 

Schirone 2000). Ke �]�P���Q�i�P�� �Y �S���t�U�$�V�W�X�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Y �,�W�i�O�L�L�� �P�R�K�O�R�� �G�R�M�t�W�� �G�t�N�\�� �Y�O�L�Y�$�P��

prom��n�O�L�Y�p�K�R �1�$�2�� �Q�D�G�� �(�Y�U�R�S�R�X���� �F�R�å�� �P�R�K�Oy �]�S�$�V�R�E�L�W�� �U�R�]�G�t�O�Q�p�� �U�H�D�N�F�H�� �N�U�R�V�� �N�R�U�H�O�D�F�t�� �P�H�]�L��
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�.�U�N�R�Q�R�ã�H�P�L���D���$�S�H�Q�L�Q�D�P�L��(Wibig & Piotrowski 2018, Kotsias et al. 2020)�����=�D�M�t�P�D�Y�R�V�W�t���M�H�����å�H��

�E���K�H�P�� �������� �O�H�W�� �P�L�Q�X�O�p�K�R�� �V�W�R�O�H�W�t�� �G�R�ã�O�R�� �N �L�P�L�V�Q�t�� �N�D�O�D�P�L�W������ �N�W�H�U�i�� �V�Q�t�å�L�O�D�� �U�D�G�L�i�O�Q�t�� �S���t�U�$�V�W�� �E�X�N�X��

�O�H�V�Q�t�K�R�����â�S�X�O�i�N���	���6�R�X�þ�H�N���������������9�D�F�H�N���H�W���D�O�������������E�����â�L�P�$�Q�H�N���H�W���D�O�������������E�� a �]�i�U�R�Y�H�����Y�ê�]�N�X�P�Q�p��

plochy v �,�W�i�O�L�L��zaznamenaly �W�D�N�p�� �S�Rkles �U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X�� �V �þ�D�V�R�Y�ê�P��odstupem �L�� �N�G�\�å�� �Y �M�L�å�Q�t��

�,�W�i�O�L�L���L�P�L�V�Q�t���N�D�O�D�P�L�W�D���Q�H�E�\�O�D�����/�]�H���W�H�G�\���Y�]�Q�p�V�W���W�H�R�U�H�W�L�F�N�R�X���K�\�S�R�W�p�]�X�����å�H���L�P�L�V�Q�t���N�D�O�D�P�L�W�D���P�R�K�O�D��

�E�ê�W���Q�D�Y�t�F���R�Y�O�L�Y�Q���Q�D �Q�H�J�D�W�L�Y�Q�t�P�L���Y�O�L�Y�\���Y �V�R�X�E���K�X���V�H �V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P (Vacek & Matejka 2010, 

Vacek et al. 2013a)���� �N�W�H�U�ê�� �V�H���R�G�U�i�å�t�� �Y�H�� �Y�ê�N�\�Y�H�F�K �U�D�G�L�i�O�Q�t�K�R�� �U�$�V�W�X�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �E���K�H�P��

�V�O�X�Q�H�þ�Q�t�K�R���P�L�Q�L�P�D�����â�L�P�$�Q�H�N���H�W���D�O�������������F��. 

6.2.1. �6�O�X�Q�H�þ�Q�t��aktivita  a �M�H�M�t��klima�W�L�F�N�i vazba na buk 

�6�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�D�� �R�Y�O�L�Y���X�M�H�� �N�O�L�P�D�� �Q�D�� �Q�D�ã�t�� �S�O�D�Q�H�W�������/�H�� �0�R�X�s�O�� �H�W�� �D�O���� �������������� �F�R�å��se �W�D�N�p��

�S�U�R�M�H�Y�X�M�H���Q�D���V�H�Y�H�U�R�D�W�O�D�Q�W�L�F�N�p�P���S�U�R�X�G���Q�t�����1�2�$�� (Brugnara et al. 2013, Laurenz et al. 2019). V 

�P�Q�R�K�D���G�D�O�ã�t�F�K���Y�ê�]�N�X�P�H�F�K���E�\�O�R���W�p�å���S�U�R�N�i�]�i�Q�R�����å�H���H�I�H�N�W���V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�\���P�i���W�p�å���Y�O�L�Y���Q�D���V�U�i�å�N�\��

i teploty (Mauas et al. 2016, Baker et al. 2018). Teploty na e�Y�U�R�S�V�N�p�P�� �N�R�Q�W�L�Q�H�Q�W�X�� �N�R�U�H�O�X�M�t��

s �1�$�2���S���H�Y�i�å�Q�����E���K�H�P���]�L�P�Q�t�K�R���D���M�D�U�Q�t�K�R���R�E�G�R�E�t�����/�•�G�H�F�N�H���H�W���D�O�������������������Òhrny s�U�i�å�H�N �M�V�R�X���W�D�N�p��

�S�U�R�S�R�M�H�Q�\���V�H���V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�R�X�����D�O�H �M�H���G�$�O�H�å�L�W�p���]�P�t�Q�L�W�����å�H���V�U�i�å�N�\���M�V�R�X v �S�U�$�E���K�X���U�R�N�X �R�Y�O�L�Y�Q���Q�\��

�V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�R�X���E���K�H�P���þ�H�U�Y�H�Q�F�H���Y���,�W�i�O�L�L���D���Y���ý�H�V�N�p���U�H�S�X�E�O�L�F�H���E���K�H�P �P���V�t�F�$ �N�Y���W�Qa�����þ�H�U�Yna a 

�þ�H�U�Y�H�Qce (Laurenz et al. 2019).  

�9���W�U�Q�p���S�U�R�X�G�\���Y�\�V�R�N�R���Y���D�W�P�R�V�I�p���H��tzv. �ÄJet streamy�³���M�V�R�X���V�S�R�M�H�Q�\���V�H���V�R�O�i�U�Q�t�P�L���F�\�N�O�\�����N�G�\��

�G�R�F�K�i�]�t �E���K�H�P���V�O�X�Q�H�þ�Q�t�Ko minima k �E�O�R�N�D�F�L���W���F�K�W�R���Y���W�U�Q�ê�F�K���S�U�R�X�G�$����(Adolphi et al. 2014, Gray 

et al. 2016)�����F�R�å���Y�H�G�H���L���N �F�K�O�D�G�Q���M�ã�t�P���]�L�P�Q�t�P���R�E�G�R�E�t�P��(Ma et al. 2018)�����1�D�S�U�R�W�L���W�R�P�X���V�O�X�Q�H�þ�Q�t��

�P�D�[�L�P�X�P���Y�H�G�H���N�H���]�U�\�F�K�O�H�Q�t���Y���W�U�Q�ê�F�K���S�U�R�X�G�$��(Kodera & Kuroda 2002)�����N�W�H�U�p���S���H�V���Ä�)�H�U�U�H�O���F�H�O�O�V�³��

���%�U�|�Q�Q�L�P�D�Q�Q�� �H�W�� �D�O���� ���������� �]�Y�\�ã�X�M�t�� �W�O�D�N�� �Y���W�U�$�� �S�$�V�R�E�t�F�t�F�K�� �Q�D��e�Y�U�R�S�V�N�ê�� �N�R�Q�W�L�Q�H�Q�W���� �7�R�W�R�� �P�$�å�H��

�S�R�W�Y�U�G�L�W���L�� �Y�ê�]�N�X�P�� �Y�H �â�S�D�Q���O�V�N�X���� �N�G�H�� �E�\�O�R�� �]�M�L�ã�W���Q�R, �å�H�� �V�O�X�Q�H�þ�Q�t�� �F�\�N�O�X�V�� �M�H�� �V�S�R�M�H�Q�� �Ve �V�U�i�å�N�D�P�L��

a �Y���W�U�Q�ê�P�L�� �D�Q�R�P�i�O�L�H�P�L��(Lopez-Bustins et al. 2007). �3�U�i�Y���� �L�� �Y���W�U�Q�p�� �E�R�X���H�� �P�Rhou �]�S�$�V�R�E�L�W��

�Y�ê�]�Q�D�P�Q�p �ã�N�R�G�\���Q�D���S�R�U�R�V�W�H�F�K���E�X�N�X���O�H�V�Q�t�K�R�����D�O�H���V�W�i�O�H���M�H���W�R���Y �P�H�Q�ã�t�P���P�����t�W�N�X���Q�H�å���X���V�P�U�N�R�Y�ê�F�K��

�S�R�U�R�V�W�$�����6�F�K�•�W�]�� �H�W�� �D�O���� �������������� �9���W�U�Q�p�� �E�R�X���H�� �W�H�G�\�� �S�D�W���t�� �N �K�O�D�Y�Q�t�P�� �þ�L�Q�L�W�H�O�$�P���� �N�W�H�U�p �S�R�ã�N�R�]�X�M�t 

�E�X�N�R�Y�p���S�R�U�R�V�W�\���D���W�R���V�H���S�U�R�M�H�Y�X�M�H i v �Q�D�K�R�G�L�O�ê�F�K���W���å�E�i�F�K �E�X�N�X���O�H�V�Q�t�K�R��(Priewasser et al. 2013). 

�6�O�X�Q�H�þ�Q�t���F�\�N�O�\���M�V�R�X���V�S�R�M�H�Q�\���V �N�O�L�P�D�W�L�F�N�R�X���]�P���Q�R�X���D���W�H�S�O�R�W�Q�t�P�L���U�R�]�G�t�O�\���Q�D���S�R�Y�U�F�K�X���S�O�D�Q�H�W�\��

a existuje �L���V�W�X�G�L�H�����N�W�H�U�i���S�R�S�L�V�X�M�H���P�R�å�Q�p���V�S�R�M�H�Q�t���Q�t�]�N�p���D�N�W�L�Y�L�W�\���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q���V klimaticky 

�F�K�O�D�G�Q�ê�P�L�� �R�E�G�R�E�t�P�L�� �Q�D�� �Q�D�ã�t�� �S�O�D�Q�H�W����(Lockwood et al. 2017). �6�O�X�Q�H�þ�Q�t�� �F�\�N�O�\�� �Y�H�� �V�S�R�M�H�Q�t��

s �N�R�V�P�L�F�N�ê�P���]�i���H�Q�t�P (Hathaway 2015) js�R�X���V�S�R�M�H�Q�p��i �V���I�R�U�P�R�Y�i�Q�t�P���R�E�O�D�þ�Q�R�V�W�L, kter�i �R�Y�O�L�Y���X�M�H��

�P�Q�R�å�V�W�Y�t�� �V�Y���W�O�D�� �G�R�S�D�G�D�M�t�F�t�K�R�� �Q�D�� �S�R�Y�U�F�K�� �S�O�D�Q�H�W�\. M�D�O�i�� �V�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�D��tak vede k �Y�\�ã�ã�t�P�X��

�P�Q�R�å�V�W�Y�t���N�R�V�P�L�F�N�p�K�R���]�i���H�Q�t�����F�R�å���Y�\�W�Y�R���t �Y���W�ã�t���P�Q�R�å�V�W�Y�t���R�E�O�D�þ�Q�R�V�W�L���D���W�t�P���V�H���S�O�D�Q�H�W�D���R�F�K�O�D�]�X�M�H��

(Easterbrook 2016, Ormes 2018). Dokonce i cel�N�R�Y�i���R�]�i���H�Q�R�V�W���]�H�P�V�N�p�K�R���S�R�Y�U�F�K�X���N�R�O�t�V�i���G�O�H��

�V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X���]�K�U�X�E�D���R��0,1 % �E���K�H�P 11 �O�H�W�pho cyklu �D���S�U�i�Y�����L���V�O�X�Q�H�þ�Q�t���]�i���H�Q�t���M�H���Y�\�ã�ã�t���E���K�H�P��

�V�O�X�Q�H�þ�Q�t�K�R�� �P�D�[�L�P�D���� �&�H�O�p�� �V�Y���W�H�O�Q�p�� �V�S�H�N�W�U�X�P�� �W�D�N�p�� �Y�\�N�D�]�X�M�H�� �V�L�O�Q�p�� �V�S�R�M�H�Q�t�� �V �Y�O�Q�R�Y�R�X�� �G�p�O�N�R�X��

�V�O�X�Q�H�þ�Q�t�K�R���]�i���H�Q�t���E���K�H�P���V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X��(Tsiropoula 2003). S �Y�ê�V�O�H�G�N�\���W�p�W�R���G�L�V�H�U�W�D�þ�Q�t���S�U�i�F�H��
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�P�$�å�H �W�D�N�p�� �V�R�X�Y�L�V�H�W�� �L�� �I�D�N�W���� �å�H aktivita slune�Q�t�F�K�� �F�\�N�O�$�� �Y �S�R�V�O�H�G�Q�t�F�K�� �O�H�W�H�F�K�� �N�O�H�V�i (Singh & 

Bhargawa 2019) a s �W�t�P�� �V�R�X�E���å�Q�����G�R�F�K�i�]�t��od roku 1990 v �.�U�N�R�Q�R�ã�t�F�K���N �Q�L�å�ã�t�P�X���U�D�G�L�i�O�Q�t�P�X��

�U�$�V�W�X. V �M�L�å�Q�t�F�K�� �$�S�H�Q�L�Q�i�F�K�� �V�H�� �W�D�N�p�� �V�Q�L�å�X�M�H�� �U�D�G�L�i�O�Q�t�� �U�$�V�W�� �E�X�N�X�� �R�G�� �U�R�N�X�� �������� ���â�L�P�$�Q�H�N�� �H�W�� �D�O����

2021c).  

�����������3���L�U�R�]�H�Q�p���F�\�N�O�\���U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R 

Ve �Y�ê�V�O�H�G�F�t�F�K���V�S�H�N�W�U�i�O�Q�t�F�K���D�Q�D�O�ê�]���U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R��v �W�p�W�R���G�L�V�H�U�W�D�Fi �V�H���Q�D�F�K�i�]�t��

�Q�H�M�þ�D�V�W���M�L �����D�å�������O�H�W�p���F�\�N�O�\�����N�W�H�U�p���M�V�R�X���]�D�]�Q�D�P�H�Q�D�Q�p���X���N�D�å�G�p���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\���Q�H�E�R���D�O�H�V�S�R�����M�H��

�W�H�Q�W�R���F�\�N�O�X�V���R�E�V�D�å�H�Q���P�L�Q�L�P�i�O�Q�����Y �M�H�G�Q�p���] �þ�D�V�R�Y�ê�F�K���S�H�U�L�R�G���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�Ko ���â�L�P�$�Q�H�N���H�W���D�O����

2021c)���� �6�O�X�Q�H�þ�Q�t�� �F�\�N�O�X�V�� �G�R�N�R�Q�F�H�� �R�V�F�L�O�X�M�H�� �Y ���� �D�å�� �����O�H�W�p�� �S�H�U�L�R�G������ �N�W�H�U�i�� �P�i�� �U�$�]�Q�R�X�� �L�Q�W�H�Q�]�L�W�X��

�Y�H�O�L�N�R�V�W�L���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q��(Hathaway 2015)���� �1���N�W�H�U�p���I�D�N�W�R�U�\���Y�ã�D�N �P�R�K�R�X���Q�D�U�X�ã�R�Y�D�W���U�D�G�L�i�O�Q�t��

�S���t�U�$�V�W�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Y �S�U�$�E���K�X�� �V�O�X�Q�H�þ�Q�t�K�R�� �F�\�N�O�X���� �1�D�S���t�N�O�D�G���Y�O�L�Y�� �Q�t�]�N�ê�F�K�� �W�H�S�O�R�W�� �Q�D�� �]�D�þ�i�W�N�X��

�Y�H�J�H�W�D�þ�Q�t�K�R�� �R�E�G�R�E�t�� �Y�� �U�R�F�H�� �������� �P�$�å�H�� �]�S�$�V�R�E�L�W�� �Y�ê�U�D�]�Q�p po�ã�N�R�]�H�Q�t �U�D�ã�t�F�t�K�R�� �D�V�L�P�L�O�D�þ�Q�t�K�R��

�D�S�D�U�i�W�X���E�X�N�X���O�H�V�Q�t�K�R�����â�L�P�$�Q�H�N���H�W���D�O�������������E��.  

V�ê�V�O�H�Gky dokonce zaznamenaly �G�D�O�ã�t���U�R�]�S�W�ê�O�H�Q�t���V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X �U�D�G�L�i�O�Q�t�K�R���S���t�U�$�V�W�X���E�X�N�X����

�N�W�H�U�p���S�U�R�E�t�K�D�O�R���E���K�H�P���L�P�L�V�Q�t���N�D�O�D�P�L�W�\ �R�G���U�R�N�X�������������D�å���G�R���������� (Vacek et al. 2015b, Vacek et 

al. 2019a). V �W�p�W�R���G�R�E�����G�R�ã�O�R���N�H �N�U�i�W�N�R�G�R�E�pmu �]�Y�ê�ã�H�Q�t���U�D�G�L�i�O�Q�t�K�R���S���t�U�$�V�W�X, �N�W�H�U�p �S�U�R�E���K�O�R���R�G��

�U�R�N�X�������������D�å���G�R���������������N�G�\���G�R�ã�O�R���N���X�N�R�Q�þ�R�Y�i�Q�t �V�O�X�Q�H�þ�Q�t�K�R���P�D�[�L�P�D�����/�]�H���W�H�G�\���W�H�R�U�H�W�L�F�N�\���]�P�t�Q�L�W����

�å�H�� �L�P�L�V�Q�t�� �Nalamitu v 70. letech ���+�O�i�V�Q�\�� �	�� �6�L�W�N�R�Y�i�� ���������� �P�R�K�O�� �S�U�R�K�O�R�X�E�L�W�� �S�U�i�Y���� �L�� �� �Q�i�P�L��

�V�O�H�G�R�Y�D�Q�ê�� �V�O�X�Q�H�þ�Q�t�� �F�\�N�O�X�V�� �'�D�O�ã�t�P�� �Y�ê�]�Q�D�P�Q�ê�P�� �H�O�H�P�H�Q�W�H�P���� �N�W�H�U�ê�� �V�Q�L�å�X�M�H�� �N�R�U�H�O�D�F�H�� �P�H�]�L��

�V�O�X�Q�H�þ�Q�t�P�L�� �F�\�N�O�\�� �D�� �S���t�U�$�V�W�H�P�� �E�X�N�X�� �O�H�V�Q�t�K�R�� �Y �S�R�V�O�H�G�Q�t�F�K��letech, �P�$�å�H�� �E�ê�W i �]�Y�\�ã�X�M�t�F�t�� �V�H��

koncentrace CO2�����N�W�H�U�i�� �]�S�$�V�R�E�X�M�H���F�H�O�N�R�Y�p���]�Y�ê�ã�H�Q�t���S���t�U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R�����F�R�å���E�\�O�R���G�R�N�i�]�i�Q�R��

�Q�D�S���t�N�O�D�G��v �M�L�å�Q�t���D���V�W���H�G�Q�t���(�Y�U�R�S����(Rezaie et al. 2018).  

�1�L�F�P�p�Q�� �L���S���H�V���U�R�]�S�W�\�O�X�M�t�F�t���I�D�N�W�R�U�\���M�H �F�H�O�N�R�Y�i���N�R�U�H�O�D�F�H �U�D�G�L�i�O�Q�t�K�R���S���t�U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R���Y�H��

�V�W���H�G�Q�t�� �(�Y�U�R�S���� �V�H�� �V�O�X�Q�H�þ�Q�t�� �D�N�W�L�Y�L�W�R�X�� �Q�H�M�Y�\�ã�ã�t�����â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������D���� �â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������F����

�â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������D��. Vliv  �V�O�X�Q�H�þ�Q�t�F�K�� �F�\�N�O�$�� �Q�D�� �S���t�U�$�V�W���E�R�U�R�Y�L�F�H�� �O�H�V�Q�t �E�\�O�� �]�N�R�X�P�i�Q��

v �V�H�Y�H�U�R�]�i�S�D�G�Q�t�P�� �5�X�V�N�X���� �N�G�H�� �G�O�H�� �D�X�W�R�U�$�� �P�R�K�O�R�� �W�D�N�p�� �G�R�M�t�W�� �L�� �N�H �]�P���Q�i�P���V�S�H�N�W�U�i�O�Q�t�K�R �V�O�R�å�H�Q�t��

�]�i���H�Q�t��S�O�X�Q�F�H���V�S�R�O�H�þ�Q�� s �G�D�O�ã�t�P�L���Y�O�L�Y�\���M�D�N�R���M�V�R�X���F�R�V�P�L�F���U�D�\�V���Q�H�E�R���L�Q�G�H�[���D�D��(Kasatkina et al. 

2019) a p�U�i�Y�����L���V�O�X�Q�H�þ�Q�t �]�i���H�Q�t���R�V�F�L�O�X�M�H���E���K�H�P���V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X��(Wu et al. 2018). 

V �Q�D�ã�L�F�K���G�D�W�H�F�K���M�V�R�X���W�D�N�p���Q�D�O�H�]�H�Q�\���L���N�U�i�W�N�R�G�R�E�p�������Q�H�E�R�����O�H�W�p��cykly �U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E�X�N�X��

les�Q�t�K�R�����N�W�H�U�p���V�R�X�Y�L�V�t���L���V �R�S�D�N�R�Y�i�Q�t�P���~�K�U�Q�$���V�U�i�å�H�N���Q�H�E�R���V�H���]�P���Q�D�P�L���W�H�S�O�R�W���Y�]�G�X�F�K�X ���â�L�P�$�Q�H�N��

�H�W���D�O�������������D�����â�L�P�$�Q�H�N���H�W���D�O�������������D��. �7�\�W�R���N�U�i�W�N�R�G�R�E�p���F�\�N�O�\���E�\���P�R�K�Oy �E�ê�W���Y �U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�X�N�X��

�O�H�V�Q�t�K�R���V�S�R�M�H�Q�p���L���V�H���V�H�P�H�Q�Q�R�X���S�U�R�G�X�N�F�t�����N�W�H�U�i���V�H dle studie �]�H���â�Y�p�G�V�N�D��projevuje v �����D�å�����O�H�W�p�P 

�R�S�R�å�G���Q�t�� �V�H�P�H�Q�Q�p�� �S�U�R�G�X�N�F�H�� �R�G�� �S���t�U�$�V�W�X. Tento �Y�O�L�Y�� �Q�D�� �V�H�P�H�Q�Q�R�X�� �S�U�R�G�X�N�F�L�� �E�X�N�X�� �O�H�V�Q�t�K�R��by 

�P�R�K�O���E�ê�W���V�S�R�M�H�Q���S�U�i�Y�����V�H���V�H�]�R�Q�Q�t�P�L���W�H�S�O�R�W�D�P�L��(Drobyshev et al. 2010)�����F�R�å���P�$�å�H���Y�p�V�W���N �R�W�i�]�F�H, 

zda tyto cykly nejsou spojeny s �S�U�R�G�X�N�F�t���V�H�P�H�Q�Q�ê�F�K���F�\�N�O�$���E�X�N�X�����1�D�Y�t�F���W�D�N�p���W�\�W�R���N�U�D�W�ã�t���F�\�N�O�\��

�P�R�K�R�X���E�ê�W���V�S�R�M�H�Q�\���L���V �F�L�U�N�X�O�D�F�t���1�$�2��(Laurenz et al. 2019) 
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V�ê�V�O�H�G�N�\���V�S�H�N�W�U�i�O�Q�t�F�K �D�Q�D�O�ê�] �Q�D�S���t�N�O�D�G z �%�U�R�X�P�R�Y�V�N�êch �V�W���Q���X�N�D�]�X�M�t�����å�H���E�X�N���O�H�V�Q�t���F�\�N�O�L�F�N�\��

�S�U�R�F�K�i�]�t���N�R�P�E�L�Q�D�F�t�������D�å�������O�H�W�êch cykl�$. Tyto cykly jsou spojeny se ���O�H�W�ê�P�L���W�H�S�O�R�W�Q�t�P�L���F�\�N�O�\���D��

�������O�H�W�ê�P�L���V�O�X�Q�H�þ�Q�t�P�L���F�\�N�O�\�����â�L�P�$�Qek et al. 2021a)�����N�W�H�U�p���V�H���S�U�R�M�H�Y�X�M�t���Y �U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�X�N�X��

�O�H�V�Q�t�K�R���� �7�\�W�R�� �L�Q�I�R�U�P�D�F�H�� �G�R�S�O���X�M�H�� �Q�D�S���t�N�O�D�G�� �L��n���P�H�F�N�i�� �V�W�X�G�L�H�� �]�D�E�ê�Y�D�M�t�F�t�� �V�H�� �I�H�Q�R�O�R�J�L�t�� �E�X�N�X��

�O�H�V�Q�t�K�R �]�H�� �V�D�W�H�O�L�W�Q�t�F�K�� �V�Q�t�P�N�$ ve vztahu k �W�H�S�O�R�W�i�P���� �N�W�H�U�i���X�Y�i�G�t���� �å�H�� ���O�H�W�p�� �F�\�N�O�\�� �W�H�S�O�R�W�� �M�V�R�X��

�R�E�V�D�å�H�Q�\ v r�\�W�P�X���U�$�V�W�X���E�X�N�X���O�H�V�Q�t�K�R (Carl et al. 2013). �'�H�O�ã�t���������D�å�������O�H�W�p���F�\�N�O�\���E�\�F�K�R�P���P�R�K�O�L��

�S���L���D�G�L�W���N Hale cykl�X���������O�H�W�ê���F�\�N�O�X�V�������N�W�H�U�ê���V�H���R�S�D�N�X�M�H���V�N�U�]���P�H�W�H�R�U�R�O�R�J�L�F�N�p���X�N�D�]�D�W�H�O�H���M�D�N�R je 

teplota nebo koncentrace ozonu (Tsiropoula 2003). �3�U�i�Y���� �L ������ �O�H�W�ê�� �F�\�N�O�X�V���P�$�å�H�� �E�ê�W��nalezen 

dokonce i v �O�H�W�R�N�U�X�]�t�F�K���V�W�U�R�P�$��v Tibetu (Wang & Zhang 2011b) nebo v �V�H�Y�H�U�R�]�i�S�D�G�Q�t�P���5�X�V�N�X��

(Shumilov et al. 2011). 

6.4. K�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\ �D���]�P���Q�D���G�U�X�K�R�Y�p���V�N�O�D�G�E�\���Y�H���S�U�R�V�S���F�K���E�X�N�X�" 

�9�ã�H�F�K�Q�\���O�H�V�Q�t���S�R�U�R�V�W�\���M�V�R�X���R�Y�O�L�Y���R�Y�i�Q�\���Y���W�ã�t�P���Y�ê�V�N�\�W�H�P���H�[�W�U�p�P�Q�t�F�K���Y�O�L�Y�$���S�R�þ�D�V�t���E���K�H�P��

�N�O�L�P�D�W�L�F�N�p���]�P���Q�\. T�\�W�R���H�[�W�U�p�P�Q�t���Y�ê�N�\�Y�\���M�V�R�X���Q�D�S���t�N�O�D�G���V�L�O�Q�p���E�R�X���H�����Y�t�W�U�����V�X�F�K�R�����]�i�S�O�D�Y�\���Q�H�E�R��

�O�H�V�Q�t���S�R�å�i�U�\��(Lopez-Bustins et al. 2007, Lindner et al. 2010, Young et al. 2017, Whitman et al. 

2019)���� �.�O�L�P�D�W�L�F�N�p�� �Y�ê�N�\�Y�\�� �V�H�� �G�D�M�t�� �Y �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H�� �V�K�U�Q�R�X�W��v �O�H�V�Q�L�F�N�p�P�� �P�D�Q�D�J�H�P�H�Q�W�X�� �S�R�G��

�Q�D�K�R�G�L�O�p���W���å�E�\�����N�W�H�U�p���M�V�R�X���]�S�$�V�R�E�H�Q�\���Q�H�M�U�$�]�Q���M�ã�t�P�L���ã�N�R�G�O�L�Y�ê�P�L���þ�L�Q�L�W�H�O�L���M�D�N�R���Q�D�S���t�N�O�D�G���Y���W�U�Q�ê�P�L��

�E�R�X���H�P�L���� �N�$�U�R�Y�F�H�P���� �L�P�L�V�Q�t�P�L���G�L�V�W�X�U�E�D�Q�F�H�P�L���� �V�X�F�K�H�P���D�W�G�������+�O�i�V�Q�\���	�� �7�X�U�þ�i�Q�L�������������� �0�L�W�F�K�H�O�O��

�������������9�D�F�H�N���H�W���D�O�������������F�����+�O�i�V�Q�\���H�W���D�O��������������. �1�D�Y�t�F��v roce 2019 byl pod�t�O���W���å�H�E���M�H�K�O�L�þ�Q�D�W�p�K�R��

�G���t�Y�t���Q�D���F�H�O�N�R�Y�ê�F�K���W���å�E�i�F�K���������������&�H�O�N�R�Y�i���W���å�E�D���G���t�Y�t���Y �ý�H�V�N�p���U�H�S�X�E�O�L�F�H���M�H���Q�\�Q�t���V�O�R�å�H�Q�D���K�O�D�Y�Q����

z �M�H�K�O�L�þ�Q�D�W�p�K�R���G���t�Y�t, �F�R�å je �G�i�Q�R �S���H�G�H�Y�ã�t�P���]�S�U�D�F�R�Y�i�Q�t�P���Q�D�K�R�G�L�O�ê�F�K���W���å�H�E�����3���L���Q�\�Q���M�ã�t�P���W�H�P�S�X��

�]�P���Q�\�� �G�U�X�K�R�Y�p�� �V�N�O�D�G�E�\�� �G�R�F�K�i�]�t�� �N �U�D�S�L�G�Q�t�P�X�� �Q�i�U�$�V�W�X�� �S�R�G�t�O�X�� �O�L�V�W�Q�D�W�ê�F�K�� �G���H�Y�L�Q���� �N�G�\�� �R�G roku 

���������� �G�R�� ���������� �G�R�ã�O�R�� �N �Q�i�U�$�V�W�X skladby �O�L�V�W�Q�D�W�ê�F�K�� �G���H�Y�L�Q�� �R�� ������ ���� ���� �S���L�þ�H�P�å�� �E�X�N�� �O�H�V�Q�t�� �]�D�� �W�R�W�R��

�R�E�G�R�E�t���W�Y�R���L�O���W�p�P�������S�R�O�R�Y�L�Q�X, tedy 2,8 % (MZe 2020). 

�&�H�O�N�R�Y����zaznamenaly j�H�K�O�L�þ�Q�D�W�p�� �G���H�Y�L�Q�\�� �Y �(�Y�U�R�S�����Y�ê�U�D�]�Q�ê�� �S�R�N�O�H�V���� �N�W�H�U�ê�� �Q�H�M�O�p�S�H��

�F�K�D�U�D�N�W�H�U�L�]�X�M�H�� �R�G�X�P�t�U�i�Q�t �V�P�U�N�X�� �]�W�H�S�L�O�p�K�R�� �E���K�H�P�� �N�O�L�P�D�W�L�F�N�p�� �]�P���Q�\���� �F�R�å�� �E�\�O�R�� �]�D�]�Q�D�P�H�Q�i�Q�R��

v �1���P�H�F�N�X��(Siefermann-Harms et al. 2004), v Rakousku (Tomiczek 1995), v Polsku (Grodzki 

2010), v �ý�H�V�N�p���U�H�S�X�E�O�L�F�H���D���Q�D���6�O�R�Y�H�Q�V�N�X ���+�O�i�V�Q�\���	���6�L�W�N�R�Y�i���������������0�=�H������������. Tyto lesy jsou 

�Q�i�F�K�\�O�Q�p���N ���D�G�����V�H�N�X�Q�G�i�U�Q�t�F�K���F�K�R�U�R�E���D���ã�N�$�G�F�$���D���M�V�R�X���R�E�]�Y�O�i�ã�W�����F�L�W�O�L�Y�p���Q�D���W�H�S�O�H�M�ã�t���D���V�X�ã�ã�t���N�O�L�P�D��

(Seidl et al. 2008). �1�D�S�U�R�W�L���W�R�P�X���E�X�N���O�H�V�Q�t���O�p�S�H���R�G�R�O�i�Y�i���Y�ê�N�\�Y�$�P���Q�H�G�R�V�W�D�W�N�X���V�U�i�å�H�N�����O�p�S�H���V�Q�i�ã�t��

�L���Y���W�U�Q�p���E�R�X���H���Q���å���V�P�U�N���]�W�H�S�L�O�ê�����6�F�K�•�W�]���H�W���D�O�����������������.�D�F�i�O�H�N���H�W���D�O�������������������1�H�M�H�Q�����å�H���W�D�W�R���G���H�Y�L�Q�D��

�G�R�E���H���R�G�R�O�i�Y�i���N�O�L�P�D�W�L�F�N�ê�P���Y�ê�N�\�Y�$�P�����D�O�H���W�D�N�p���Q�D�Y�t�F���W�Y�R���t���E�X�N���D�J�U�H�V�L�Y�Q���M�ã�t���S���L�U�R�]�H�Q�R�X���R�E�Q�R�Y�X��

�Q�H�å���V�P�U�N���]�W�H�S�L�O�ê�����6�O�D�Q�D�����H�W���D�O�������������������%�X�N���O�H�V�Q�t���V�H���W�D�N�p���M�H�Y�t���M�D�N�R���Q�H�M�O�H�S�ã�t���Y�D�U�L�D�Q�W�D���]�D���V�P�U�N���G�t�N�\��

�V�Y�ê�P���S�R�G�R�E�Q�ê�P���U�$�V�W�R�Y�ê�P���Q�i�U�R�N�$�P���D���G�R�N�R�Q�F�H���L���Y�H���V�P���V�L���P�i���W�D�W�R���G���H�Y�L�Q�D���Y�H�O�P�L���S�R�]�L�W�L�Y�Q�t���Y�O�L�Y��

�Q�D���V�P�U�N�R�Y�p���S�R�U�R�V�W�\�����.�D�F�i�O�H�N���H�W���D�O������017, Vacek et al. 2021). 

Z �Q�D�ã�L�F�K���Y�ê�V�O�H�G�N�$���Y�\�S�O�ê�Y�i�����å�H���W�H�S�O�R�W�\ vzduchu �P�D�M�t���V�L�J�Q�L�I�L�N�D�Q�W�Q�t���Y�O�L�Y���Q�D���Y�ê�Y�R�M �E�X�N�R�Y�ê�F�K��

�S�R�U�R�V�W�$���� �D�O�H�� �L �Q�D�K�R�G�L�O�ê�F�K�� �W���å�H�E�� �R�G�� �U�R�N�X�� ���������� �G�R�� �U�R�N�X�� ������������ �D�O�H�� �~�K�U�Q�� �V�U�i�å�H�N�� �M�L�å�� �N�R�U�H�O�D�F�L�� �Q�D��

�Q�D�K�R�G�L�O�p�� �W���å�E�\�� �V�W�D�W�L�V�W�L�F�N�\�� �Y�ê�]�Q�D�P�Q�R�X���Q�H�P�i�����â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������E���� �â�L�P�$�Q�H�N�� �H�W�� �D�O���� ���������E��. 
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�9�\�V�R�N�p���U�R�þ�Q�t���W�H�S�O�R�W�\���þ�D�V�W�R���Y�H�G�R�X���L���N such�ê�P���R�E�G�R�E�t�P�����N�W�H�U�p���R�Y�O�L�Y���X�M�t���S�U�i�Y�����L���F�H�O�N�R�Y�p���W���å�E�\��

�G���t�Y�t�����F�R�å���M�H���S���t�N�O�D�G���U�R�N�X �������������N�G�\���V�H���W�D�N�p���V�Q�t�å�L�O i �~�K�U�Q �V�U�i�å�H�N���Q�D���S�R�G�S�U�$�P���U�Q�ê�F�K�����������P�P���Q�H�E�R��

�R�E�G�R�E�t���U�R�N�X���������������N�G�\���V�S�D�G�O�R���S�R�X�]�H�����������P�P �]�D���S���H�G�S�R�N�O�D�G�X�����å�H���Y �S�U�$�P���U�X���V�S�D�G�Q�H�����������P�P��

���ý�+�0�Ò�� ����������. �%���K�H�P�� �V�X�F�K�D�� �G�R�F�K�i�]�t�� �N �S���H�P�Q�R�å�H�Q�t �P�Q�R�K�D�� �ã�N�$�G�F�$�� �M�D�N�R�� �Q�D�S���t�N�O�D�G Ips 

typographus, �N�W�H�U�ê���Q�D�S�D�G�i��i �V�W�U�R�P�\���]�G�U�D�Y�p�����F�R�å���P�i���G�R�S�D�G���Q�D���O�H�V�Q�L�F�N�ê���P�D�Q�D�J�H�P�H�Q�W (Schroeder 

�	���/�L�Q�G�H�O�|�Z���������������7�X�U�þ�i�Q�L���	���+�O�i�V�Q�\������������. �6�X�F�K�R���D���Y���W�U�Q�p���R�U�N�i�Q�\���Q�D�S���t�N�O�D�G���Y roce 2018 vedly 

�N�H���]�Y�ê�ã�H�Q�t���Q�D�K�R�G�L�O�ê�F�K �W���å�H�E�����N�G�\���E�\�O�R���Y�\�W���å�H�Q�R �W�p�P������23,0 mil. m3 ���W�M���������������F�H�O�N�R�Y�ê�F�K���W���å�H�E����

a �W�R���]�H�M�P�p�Qa v �G�$�V�O�H�G�N�X���H�Q�R�U�P�Q�t�K�R���ã�t���H�Q�t���N�$�U�R�Y�F�H���Q�D���0�R�U�D�Y�����D���Q�D���ý�H�V�N�R�P�R�U�D�Y�V�N�p���Y�U�F�K�R�Y�L�Q����

(MZe 2020). �3���L�� �~�V�W�X�S�X���M�H�K�O�L�þ�Q�D�W�ê�F�K �O�H�V�$�� �G�R�F�K�i�]�t �S�U�i�Y���� �N�H�� �]�P�t�Q���Q�p�P�X �S�U�R�V�D�]�R�Y�i�Q�t�� �E�X�N�X��

�O�H�V�Q�t�K�R����Fagus sylvatica L.) �D���R�V�W�D�W�Q�t�F�K���O�L�V�W�Q�D�W�ê�F�K���G���H�Y�L�Q���S���L���R�E�Q�R�Y�����O�H�V�D, �F�R�å���V�H���M�H�Y�t���M�D�N�R���O�H�S�ã�t��

varianta k adaptaci na �N�O�L�P�D�W�L�F�N�p�� �Y�ê�N�\�Y�\�� �Q�H�å�� �V�P�U�N�� �]�W�H�S�L�O�ê�����.�R�O�i���� �H�W�� �D�O���� ������������ �9�D�F�H�N�� �H�W�� �D�O����

2019a, Vacek et al. 2021).  

6.3.1. �'�R�S�D�G���Q�D�K�R�G�L�O�ê�F�K���W���å�H�E��na �P�D�Q�D�J�H�P�H�Q�W���S���V�W�R�Y�i�Q�t���O�L�V�W�Q�D�W�ê�F�K���G���H�Y�L�Q v �V�R�X�E���K�X���V�H��

�V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P 

�/�H�V�Q�t�� �N�D�O�D�P�L�W�\��v �ý�H�V�N�p�� �U�H�S�X�E�O�L�F�H���Y���W�ã�L�Q�R�X�� �]�D�þ�t�Q�D�M�t�� �Y���W�U�Q�ê�P�L�� �E�R�X���H�P�L���� �N�W�H�U�p�� �Y�H�G�R�X��

k �R�V�O�D�E�H�Q�t�� �V�W�U�R�P�$���� �F�R�å�� �Q�i�V�O�H�G�Q���� �S���H�M�G�H�� �Y���S���H�P�Q�R�å�H�Q�t�� �N�$�U�R�Y�F�H���� �N�W�H�U�ê���S�R�W�p �]�D�þ�Q�H�� �O�L�N�Y�L�G�R�Y�D�W��

�M�H�K�O�L�þ�Q�D�W�p���S�R�U�R�V�W�\���E���K�H�P���V�X�F�K�ê�F�K���O�H�W�����+�O�i�V�Q�\���	���7�X�U�þ�i�Q�L���������������1�R�Y�i�N�R�Y�i���	���(�G�Z�D�U�G�V-�-�R�Q�i�ã�R�Y�i��

2015).T�H�Q�W�R���V�F�p�Q�i�����V�H���V�W�D�O���Q�D�S���t�N�O�D�G���Y lednu roku �������������N�G�\���Y�H�O�N�p���ã�N�R�G�\���Q�D���O�H�V�Q�t�F�K���S�R�U�R�V�W�H�F�K��

�]�S�$�V�R�E�L�O�� �R�U�N�i�Q��Kirill  (Ludwig et al. 2015)���� �N�W�H�U�ê�� �V�S�X�V�W�L�O�� �G�R�P�L�Q�R�Y�ê�� �H�I�H�N�W�� �G�H�V�W�U�X�N�F�H�� �O�H�V�Q�t�F�K��

�S�R�U�R�V�W�$���D���W�t�P���V�H���Y �O�H�V�Q�tm �K�R�V�S�R�G�i���V�W�Y�t���]�Y�ê�ã�L�O�\���Q�D�K�R�G�L�O�p���W���å�E�\���D�å���Q�D���������P�L�O�����P3 (MZe 2020). 

�6�X�F�K�i���R�E�G�R�E�t���P�R�K�R�X���V�R�X�Y�L�V�H�W���Q�D���Q���N�W�H�U�ê�F�K���P�t�V�W�H�F�K���Q�D���S�O�D�Q�H�W�����L���V �F�\�N�O�H�P���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q�����F�R�å��

popisuje studie z Kuvajtu (Almedeij 2016) nebo z �ý�t�Q�\�����N�G�H���G�R�N�R�Q�F�H���V�W���t�G�i�Q�t �V�X�F�K�D���D���]�i�S�O�D�Y��

�S�U�R�E�t�K�i�� �V�H�� �V�O�X�Q�H�þ�Q�t�P�� �F�\�N�O�H�P��(Li et al. 2015). �1�D�� �]�Y�ê�ã�H�Q�t�� �P�Q�R�å�V�W�Y�t�� �V�S�D�G�O�ê�F�K�� �V�U�i�å�H�N�� �W�D�N�p��

�Q�D�Y�D�]�X�M�H���L���Y�ê�V�N�\�W���Y���W�ã�tho �P�Q�R�å�V�W�Y�t���D�E�Q�R�U�P�i�O�Q�t�F�K���Y���W�U�$�����N�W�H�U�p���G�R�S�U�R�Y�i�]�t���R�S���W���Y�ê�V�N�\�W���V�O�X�Q�H�þ�Q�t�F�K��

�F�\�N�O�$�����F�R�å���E�\�O�R���S�R�S�V�i�Q�R���Q�D�S���t�N�O�D�G���Y�H���â�S�D�Q���O�V�N�X��(Lopez-Bustins et al. 2007).  

�1�D�ã�H���Y�ê�V�O�H�G�N�\���X�N�D�]�X�M�t�����å�H���Q�D�K�R�G�L�O�p���W���å�E�\���N�X�O�P�L�Q�X�M�t���Y �V�R�X�E���K�X���V�H���V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P, �N�W�H�U�ê 

se v �S�R�V�O�H�G�Q�t�F�K���O�H�W�H�F�K���S�U�R�M�H�Y�X�M�H���Y �W���å�E�i�F�K���G���t�Y�t���þ�t�P���G�i�O���L�Q�W�H�Q�]�L�Y�Q���M�L. �1�D�ã�H���Y�ê�V�O�H�G�N�\���G�R�N�O�i�G�D�M�t, 

�å�H�� �Y �S�U�$�E���K�X�� �S�R�V�O�H�G�Q�t�F�K�� �O�H�W���G�R�F�K�i�]�t�� �N �Y�\�ã�ã�t�P�� �Q�D�K�R�G�L�O�ê�P�� �W���å�E�i�P�� �E���K�H�P�� �V�O�X�Q�H�þ�Q�t�K�R�� �P�L�Q�L�P�D����

�7�D�N�R�Y�ê�P���S���t�N�O�D�G�H�P���P�$�å�H���E�ê�W��rok 2007 nebo rok 2018�����N�G�\���G�R�ã�O�R���N�H���N�X�O�P�L�Q�D�F�t�P���Q�D�K�R�G�L�O�ê�F�K��

�W���å�H�E���E���K�H�P���V�O�X�Q�H�þ�Q�t�K�R���P�L�Q�L�P�D�����1�D�R�S�D�N���Y �R�E�G�R�E�t let �����������D�å�������������Q�H�E�R���Y �R�E�G�R�E�t���O�H�W�������������D�å��

2006 �V�H���S�R�G�D���L�O�R���Q�D�K�R�G�L�O�p���W���å�E�\���V�Q�t�å�L�W���S�U�i�Y�����E���K�H�P���V�O�X�Q�H�þ�Q�t�K�R���P�D�[ima ���â�L�P�$�Q�H�N���H�W���D�O�������������E��. 

�3���t�U�R�G�Q�t���S�R�G�P�t�Q�N�\���D���U�R�]�O�R�å�H�Q�t���~�K�U�Q�$���V�U�i�å�H�N���E���K�H�P���U�R�þ�Q�t�K�R���R�E�G�R�E�t���Q�H�M�V�R�X���U�R�Y�Q�R�P���U�Q�p���Y �U�i�P�F�L��

jednoho roku a tak�p���V�H���P�$�å�H���P���Q�L�W���L���M�H�M�L�F�K���L�Q�W�H�Q�]�L�W�D s �Q�D�G�P�R���V�N�R�X���Y�ê�ã�N�R�X�����%�U�i�]�G�L�O���H�W���D�O��������������. 

�6�O�X�Q�H�þ�Q�t�� �F�\�N�O�\�� �E�\�O�\�� �G�H�W�H�N�R�Y�i�Q�\�� �G�R�N�R�Q�F�H�� �L�� �Y �S�U�$�P���U�Q�ê�F�K�� �W�H�S�O�R�W�i�F�K�� �Y�]�G�X�F�K�X�� �Y�H�� �Y�ê�ã�F�H�� ���� �N�P��

a �Y�ê�ã�H (Kumar et al. 2018)���� �'�D�O�ã�t�� �V�W�X�G�L�H�� �S�R�S�L�V�X�M�H���� �å�H�� �G�R�N�R�Q�Fe s�O�X�Q�H�þ�Q�t�� �F�\�N�O�\�� �V�L�J�Q�L�I�L�N�D�Q�W�Q����

�R�Y�O�L�Y���X�M�t�� �V�U�i�å�N�\�� �Y �(�Y�U�R�S���� �E���K�H�P���P���V�t�F�H���~�Q�R�U�D��(Laurenz et al. 2019)���� �F�R�å�� �G�R�N�R�Q�F�H��

�]�D�U�H�J�L�V�W�U�R�Y�D�O�\�� �Q�D�ã�H�� �D�Q�D�O�ê�]�\��ze softwaru D�H�Q�G�U�R�F�O�L�P���� �N�W�H�U�p�� �X�N�D�]�X�M�t�� �V�L�J�Q�L�I�L�N�D�Q�W�Q�t�� �N�R�U�H�O�D�F�L��
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�U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E�X�N�X���Q�D���5�ê�F�K�R�U�i�F�K���Y �P���V�t�F�t�F�K���O�H�G�Q�X���D���~�Q�R�U�X�����â�L�P�$�Q�H�N���H�W���D�O�������������E��. Dokonce 

i teploty vzduchu v �(�Y�U�R�S�����M�V�R�X���R�Y�O�L�Y���R�Y�i�Q�\���V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P���V�S�R�O�H�þ�Q�����V �F�L�U�N�X�O�D�F�t���1�$�2�����N�G�\��

�M�H���W�H�Q�W�R���H�I�H�N�W���R�G�O�L�ã�Q�ê���Y �U�i�P�F�L���U�R�þ�Q�t�K�R���R�E�G�R�E�t�����/�•�G�H�F�N�H���Ht al. 2020). �6�O�X�Q�H�þ�Q�t���F�\�N�O�\���P�R�K�R�X���E�ê�W��

propojeny s �Q�D�K�R�G�L�O�ê�P�L���W���å�E�D�P�L���S�U�i�Y�����S���H�V���1�$�2. 

�'�$�O�H�å�L�W�ê�P�� �I�D�N�W�H�P���� �N�W�H�U�ê�� �G�R�S�O���X�M�H�� �Y�ê�]�N�X�P���Y�O�L�Y�X�� �N�O�L�P�D�W�L�F�N�ê�F�K�� �I�D�N�W�R�U�$�� �Q�D�� �O�H�V�Q�L�F�N�ê��

management �W�p�W�R�� �G�L�V�H�U�W�D�F�H�� �M�H���� �å�H�� �E���K�H�P�� �V�O�X�Q�H�þ�Q�t�K�R�� �F�\�N�O�X�� �G�R�F�K�i�]�t�� �N�� �I�O�X�N�W�X�D�F�t�P�� �P�Q�R�å�V�W�Y�t��

�N�R�V�P�L�F�N�ê�F�K���S�D�S�U�V�N�$���G�R�S�D�G�D�M�t�F�t�F�K���G�R���D�W�P�R�V�I�p�U�\��Z�H�P�������þ�t�P�å���P�$�å�H���E�ê�W �R�Y�O�L�Y���R�Y�i�Q���Y�R�G�Q�t���F�\�N�O�X�V��

(Tinsley 2012, Al-Tameemi & Chukin 2016). �,�Q�Y�H�U�]�Q�t�� �Y�]�W�D�K���P�H�]�L���S�O�R�F�K�R�X���V�O�X�Q�H�þ�Q�t�F�K���V�N�Y�U�Q��

a �N�R�V�P�L�F�N�ê�P�� �]�i���H�Q�t�P�� �M�H�� �]�Q�i�P�ê�P�� �I�D�N�W�H�P��(Hathaway 2015)���� �0�R�å�Q�ê vztah �P�H�]�L�� �Q�D�K�R�G�L�O�ê�P�L��

�W���å�E�D�P�L, �V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P �D���N�R�V�P�L�F�N�ê�P���]�i���H�Q�t�P��byl �S�R�S�V�i�Q �Q�D�ã�L�P�L���N�R�U�H�O�D�F�H�P�L. Z �Q�D�ã�L�F�K���G�D�W 

�W�D�N�p�� �Y�\�S�O�ê�Y�i���� �å�H�� �N�R�V�P�L�F�N�p�� �S�D�S�U�V�N�\�� �P�D�M�t���Y�\�V�R�N�p�� �N�R�U�H�O�D�F�H�� �V���P�Q�R�å�V�W�Y�tm �Q�D�K�R�G�L�O�ê�F�K�� �W���å�H�E 

v �þ�D�V�R�Y�p�� �S�H�U�L�R�G����1973�±2018  ���â�L�P�$�Q�H�N�� �H�W���D�O���� ���������E��. Tento fakt �P�$�å�H�� �E�ê�W�� �V�S�R�M�H�Q�� �V tvorbou 

�D�H�U�R�V�R�O�$���� �N�W�H�U�p�� �W�Y�R���t�� �]�i�N�O�D�G�Q�t�� �V�O�R�å�N�X�� �S���L�� �W�Y�R�U�E�� �P�U�D�N�R�Y�p�K�R�� �S�R�N�U�\�Y�X (Haywood & Boucher 

2000, Maghrabi & Kudela 2019) �D���G�R�N�R�Q�F�H���E�\�� �W�H�Q�W�R���~�N�D�] �P�R�K�O�D���G�R�S�O�Q�L�W���L���I�X�Q�N�þ�Q�t�� �K�\�S�R�W�p�]�D��

�S�U�D�F�X�M�t�F�t���V �W�H�R�U�L�t���E�O�R�N�R�Y�i�Q�t���Y���W�U�Q�ê�F�K���S�U�R�X�G�$���E���K�H�P���V�O�X�Q�H�þ�Q�t�K�R���P�L�Q�L�P�D��(Tinsley 2012). �9�ê�N�\�Y�\��

�V�O�X�Q�H�þ�Q�t�K�R�� �F�\�N�O�X�� �Y�H�G�R�X�� �L�� �N �Y�D�U�L�D�E�L�O�L�W���� �V�O�X�Q�H�þ�Q�t�K�R�� �]�i���H�Q�t���� �N�W�H�U�p�� �R�V�F�L�O�X�M�H���R 0,1% v 11�F�W�L�� �O�H�W�p�P��

�F�\�N�O�X���D���S�U�i�Y�����V�O�X�Q�H�þ�Q�t���]�i���H�Q�t���M�H���Y�\�ã�ã�t���E���K�H�P���V�O�X�Q�H�þ�Q�t�K�R���P�D�[�L�P�D���D���V�Y���W�H�O�Q�p���V�S�H�N�W�U�X�P���Y�\�N�D�]�X�M�H��

�V�L�O�Q�p���V�S�R�M�H�Q�t���V �Y�O�Q�R�Y�R�X���G�p�O�N�R�X���V�O�X�Q�H�þ�Q�t�K�R���]�i���H�Q�t���E���K�H�P���V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X��(Tsiropoula 2003). 

�.�R�U�H�O�D�F�H�� �V�O�X�Q�H�þ�Q�t�K�R�� �F�\�N�O�X�� �V �F�\�N�O�H�P�� �Q�D�K�R�G�L�O�ê�F�K�� �W���å�H�E�� �E�\�� �P�R�K�O�D�� �S�R�P�R�F�L�� �O�H�V�Q�t�N�$�P�� �O�p�S�H��

�U�H�D�J�R�Y�D�W���Q�D���N�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\�� �D���W�t�P���O�p�S�H���S���L�S�U�D�Y�R�Y�D�W���]�G�U�R�M�H���S�U�R���O�L�N�Y�L�G�D�F�L���N�D�O�D�P�L�W�����&�\�N�O�L�F�N�p��

�I�O�X�N�W�X�D�F�H���Q�D�K�R�G�L�O�ê�F�K���W���å�H�E���Q�D�Y�t�F���Y�\�W�Y�i���t���H�N�R�Q�R�P�L�F�N�ê���W�O�D�N �Q�D���O�H�V�Q�L�F�N�ê���V�H�N�W�R�U�����N�W�H�U�ê je nucen 

�S�U�R�G�i�Y�D�W���Y�\�V�R�N�p���R�E�M�H�P�\���G���t�Y�t���Y �N�U�i�W�N�p�P���þ�D�V�H, �F�R�å vede k �I�O�X�N�W�X�D�F�t�P �F�H�Q���G���t�Y�t���Q�D���W�U�K�X��(Jandl 

�������������+�O�i�V�Q�\���H�W���D�O��������������.  

�9�ã�H�F�K�Q�\�� �W�\�S�\�� �W���å�H�E�� �W�D�N�p�� �Y�\�N�D�]�X�M�t��i v�H�� �V�S�H�N�W�U�i�O�Q�t�� �D�Q�D�O�ê�]�H ������ �O�H�W�ê�� �F�\�N�O�X�V���� �N�W�H�U�ê�� �M�H�� �Q�H�M�Y�t�F�H��

�S�D�W�U�Q�ê���Q�D���Q�D�K�R�G�L�O�ê�F�K���W���å�E�i�F�K�����D���S�U�i�Y�� �Q�D�K�R�G�L�O�p���W���å�E�\���S�U�R�E�t�K�D�M�t���V�R�X�E���å�Q�����V�H���V�R�O�i�U�Q�t�P���F�\�N�O�H�P��

���â�L�P�$�Q�H�N���H�W���D�O�������������E�������Q�D���F�R�å���Q�D�Y�D�]�X�M�t���L���I�O�X�N�W�X�D�F�H���P�H�]�L���W���å�E�R�X���M�H�K�O�L�þ�Q�D�W�êch �D���O�L�V�W�Q�D�W�ê�F�K���G���H�Y�L�Q 

���â�L�P�$�Q�H�N���H�W���D�O�������������E�������&�H�O�N�R�Y�p���W���å�E�\���G���t�Y�t���Q�D�Y�t�F �S�U�R�E�t�K�D�M�t���L���Y �G�O�R�X�K�R�G�R�E���M�ã�t�P�������O�H�W�p�P���F�\�N�O�X����

�N�W�H�U�ê���S�U�R�F�K�i�]�t���S���L�U�R�]�H�Q�ê�P�L���F�\�N�O�L�F�N�ê�P�L���G�L�V�W�X�U�E�D�Q�F�H�P�L��(Mikol et al. 2020, Vacek et al. 2021). 

�3�R�G�R�E�Q�p���F�\�N�O�L�F�N�p���Y�ê�V�O�H�G�N�\���Q�D���G���H�Y�L�Q�i�F�K byly zaznamen�iny i v �U�D�G�L�i�O�Q�t�P���U�$�V�W�X���E�R�U�R�Y�L�F�H���O�H�V�Q�t��

v �]�i�S�D�G�Q�t��r�X�V�N�p���V�W�H�S�L�����N�G�H���E�\�O�\���]�D�]�Q�D�P�H�Q�D�Q�p��10�±12�O�H�W�p, 22�O�H�W�p, 32�±36�O�H�W�p cykly a dokonce zde 

byly i 70�±90�O�H�W�p fluktuace �G�O�H�� �V�W���t�G�i�Q�t �U�H�å�L�P�X�� �Y�O�K�N�R�V�W�L��(Matveev et al. 2017). �3�U�R�F�H�Q�W�X�i�O�Q�t��

�V�W���t�G�i�Q�t���O�L�V�W�Q�D�W�ê�F�K��a �M�H�K�O�L�þ�Q�D�W�ê�F�K���W���å�H�E���S�U�R�F�K�i�]�t���W�D�N�p�������O�H�W�ê�P���F�\�N�O�H�P�����F�R�å���M�H���]�S�$�V�R�E�H�Q�R���K�O�D�Y�Q����

�Y���W�ã�t�P���P�Q�R�å�V�W�Y�t�P���M�H�K�O�L�þ�Q�D�W�ê�F�K���W���å�H�E�����N�W�H�U�p���M�V�R�X���V�L�O�Q�����F�\�N�O�L�F�N�\���]�Y�\�ã�R�Y�i�Q�\���Q�D�K�R�G�L�O�ê�P�L���W���å�E�D�P�L 

���0�=�H���������������â�L�P�$�Q�H�N���H�W���D�O�������������E�������-�H�K�O�L�þ�Q�D�W�p���S�R�U�R�V�W�\���P�D�M�t���K�R�U�ã�t���]�G�U�D�Y�R�W�Q�t���V�W�D�Y���D���G�R�N�R�Q�F�H���W�\�W�R��

�S�R�U�R�V�W�\�� �L�� �K�$���H�� �U�H�J�H�Q�H�U�X�M�t�� �Q�H�å�� �O�L�V�W�Q�D�W�p�� �D�� �S�U�R�W�R�� �O�L�V�W�Q�D�W�p�� �S�R�U�R�V�W�\�� �O�p�S�H�� �R�G�R�O�i�Y�D�M�t�� �N�O�L�P�D�W�L�F�N�ê�P��

�Y�ê�N�\�Y�$�P (MZe 2020).  
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�6�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�W�D�����N�W�H�U�i���M�H���V�S�M�D�W�i���L���V �Y���W�U�Q�ê�P���S�U�Ru�G���Q�t�P���Ä�-�H�W���V�W�U�H�D�P�V�³���V�H���P�$�å�H���S�R�G�t�O�H�W���L���Q�D��

�W�Y�R�U�E�����V�L�O�Q�ê�F�K���Y���W�U�$�����N�W�H�U�p��jsou b���K�H�P���V�O�X�Q�H�þ�Q�t�K�R���P�L�Q�L�P�D���E�O�R�N�R�Y�i�Q�\ (Hall et al. 2015, Ma et 

al. 2018). �1�D�S�U�R�W�L�� �W�R�P�X�� �V�O�X�Q�H�þ�Q�t�� �P�D�[�L�P�X�P�� �Y�H�G�H�� �N�H�� �]�U�\�F�K�O�H�Q�t�� �Y���W�U�Q�ê�F�K�� �S�U�R�X�G�$��(Kodera & 

Kuroda 2002), �N�W�H�U�p���Q�H�M�V�R�X���E�O�R�N�R�Y�i�Q�\ ���%�U�|�Q�Q�L�P�D�Q�Q���H�W���D�O��������������. �3�U�R�P���Q�O�L�Y�p���Y���W�U�Q�p���S�U�R�X�G���Q�t��

�P�$�å�H�� �R�Y�O�L�Y�Q�L�W�� �L�� �S�R�þ�D�V�t�� �E���K�H�P�� �]�L�P�Q�t�K�R�� �R�E�G�R�E�t�� �D�� �W�t�P�� �Q�D�S���t�N�O�D�G�� �P�$�å�H�� �G�R�M�t�W�� �L�� �N�H�� �N�U�i�W�N�R�G�R�E�ê�P��

�]�P���Q�i�P���V�U�i�å�N�R�Y�p�K�R���U�H�å�L�P�X��(Laurenz et al. 2019, Ahmed et al. 2020)�����F�R�å���]�D�]�Q�D�P�H�Q�D�O�ê �L���Q�D�ã�H��

�Y�ê�V�O�H�G�N�\���] dendrochronolog�L�F�N�ê�F�K���D�Q�D�O�ê�]���E�X�N�X���O�H�V�Q�t�K�R�����N�W�H�U�ê���V�Q�t�å�L�O���V�Y�$�M���U�D�G�L�i�O�Q�t���S���t�U�$�V�W���E���K�H�P��

�V�O�X�Q�H�þ�Q�t�K�R���P�L�Q�L�P�D���G�t�N�\���Q�L�å�ã�t�P���W�H�S�O�R�W�i�P���Y�]�G�X�F�K�X ���â�L�P�$�Q�H�N���H�W���D�O�������������D��. V �R�S�D�þ�Q�p�P���S���t�S�D�G����

bylo dokonce �S�R�S�V�i�Q�R���Y���7�X�U�H�F�N�X�����å�H���S�U�i�Y�����Q�H�S���t�]�Q�L�Y�p���Y���W�U�Q�p���S�U�R�X�G���Q�t���Ä�-�H�W���V�W�U�H�D�P�$�³���P�$�å�H���E�ê�W��

�]�R�G�S�R�Y���G�Q�p i za �W�Y�R�U�E�X���S�R�G�P�t�Q�H�N���D���ã�t���H�Q�t���Y�H�O�N�ê�F�K �O�H�V�Q�t�F�K �S�R�å�i�U�$ ���8�÷�X�U���	���)�H�U�L�K�D���������������-�D�L�Q���	��

Flannigan 2021).  

�9�ê�]�N�X�P���W�R�K�R�W�R���W�p�P�D�W�X���V�R�O�i�U�Q�t�F�K���F�\�N�O�$���Y �U�D�G�L�i�O�Q�t�P���S���t�U�$�V�W�X���P�Q�R�K�D���G�U�X�K�$���O�H�V�Q�t�F�K���G���H�Y�L�Q���M�H��

�V�L�F�H���]�Q�i�P�����6�K�X�P�L�O�R�Y���H�W���D�O�����������������:�D�Q�J���	���=�K�D�Q�J�����������E�����'�R�U�R�W�R�Y�L�þ���H�W���D�O�����������������â�L�P�$�Q�H�N���H�W���D�O����

2020a), ale v �O�H�V�Q�L�F�W�Y�t�� �V�W�i�O�H�� �F�K�\�E�t�� �X�F�H�O�H�Q�ê�� �S�R�K�O�H�G�� �Q�D�� �V�R�O�i�U�Q�t�� �F�\�N�O�\�� �D�� �M�H�M�L�F�K�� �Y�O�L�Y�� �Q�D��e�Y�U�R�S�V�N�ê��

lesn�L�F�N�ê���P�D�Q�D�J�H�P�H�Q�W�� �&�\�N�O�L�F�N�ê���H�I�H�N�W���V�W���t�G�i�Q�t���O�L�V�W�Q�D�W�ê�F�K���D���M�H�K�O�L�þ�Q�D�W�ê�F�K���W���å�H�E���E�\���W�D�N�p���P�R�K�O���O�p�S�H��

�G�R�S�O�Q�L�W���I�D�N�W�����å�H���P�L�J�U�D�F�H���E�X�N�X���O�H�V�Q�t�K�R���S�U�R�E�t�K�i���L���G�R���V�H�Y�H�U�V�N�ê�F�K���R�E�O�D�V�W�t���Y �U�i�P�F�L���(�Y�U�R�S�\��(Kramer 

et al. 2010)�����N�G�\���M�H�K�O�L�þ�Q�D�W�p���G���H�Y�L�Q�\���X�V�W�X�S�X�M�t���N�O�L�P�D�W�L�F�N�p���]�P���Q�����D���X�Y�R�O�Q���Q�ê���S�U�R�V�W�R�U���P�t�V�W�R���Q�L�F�K���M�H��

�Q�D�K�U�D�]�R�Y�i�Q�� �O�L�V�W�Q�D�W�ê�P�L�� �G���H�Y�L�Q�D�P�L��(Hahn & Fanta 2001, Priewasser et al. 2013)���� �N�W�H�U�p�� �X�� �Q�i�V��

�]�D�X�M�t�P�i �K�O�D�Y�Q�����E�X�N���O�H�V�Q�t (MZe 2020). 
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7. �=�i�Y���U���D���G�R�S�R�U�X�þ�H�Q�t���S�U�R���S�U�D�[�L 

D�L�V�H�U�W�D�þ�Q�t�� �S�U�i�F�H�� �V�H�� �]�D�E�ê�Y�i�� �E�X�N�H�P�� �O�H�V�Q�t�P�� �Y�H�� �Y�ê�F�K�R�G�Q�t�F�K�� �.�U�N�R�Q�R�ã�t�F�K�� �Y�H�� �Y�]�W�D�K�X�� �N�H��

�N�O�L�P�D�W�L�F�N�êm �S�R�G�P�t�Q�N�i�P �V�U�i�å�H�N���D���W�H�S�O�R�W�����+�R�G�Q�R�F�H�Qa �M�H���W�D�N�p �V�W�U�X�N�W�X�U�D���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$, vliv 

�L�P�L�V�Q�t���]�i�W���å�H���D���V�R�X�E���K���U�D�G�L�i�O�Q�t�K�R���U�$�V�W�X���E�X�N�X���V�H���V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P�����7�D�W�R���S�U�i�F�H���R�E�V�D�K�X�M�H studie 

z �%�U�R�X�P�R�Y�V�N�ê�F�K���V�W��n a z �M�L�å�Q�t���,�W�i�O�L�H �D���S�R�U�R�Y�Q�i�Y�i���U�$�V�W�R�Y�p���S�R�G�P�t�Q�N�\���V �Y�ê�F�K�R�G�Q�t�P�L���.�U�N�R�Q�R�ã�H�P�L. 

�9�\�X�å�L�W�p���S�R�]�Q�D�W�N�\ z �Y�ê�]�N�X�P�X���E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�$ �E�\�O�\�� �S�R�X�å�L�W�\���S�U�R���]�M�L�ã�W���Q�t�� �Y�O�L�Y�X���N�O�L�P�D�W�L�F�N�ê�F�K��

�]�P���Q��na lesnick�ê management�����N�W�H�U�ê���M�H���]�D�V�W�R�X�S�H�Q��v �S�R�G�R�E�����U�R�þ�Q�t�F�K���R�E�M�H�P�$���F�H�O�N�R�Y�p�����Q�D�K�R�G�L�O�p����

�O�L�V�W�Q�D�W�p���Q�H�E�R���M�H�K�O�L�þ�Q�D�W�p���W���å�E�\���G���t�Y�t���Y �ý�H�V�N�p���U�H�S�X�E�O�L�F�H.  

�%�X�N�R�Y�p���S�R�U�R�V�W�\���Y�H���Y�ê�F�K�R�G�Q�t�F�K���.�U�N�R�Q�R�ã�t�F�K���S�D�W���t���N�H���V�W�D�E�L�O�Q�t�P���N�O�L�P�D�[�R�Y�ê�P���S�R�U�R�V�W�$�P�����N�W�H�U�p��

�G�R�N�i�å�R�X�� �U�H�D�J�R�Y�D�W�� �Q�D�� �Q�H�S���t�]�Q�L�Y�p�� �N�O�L�P�D�W�L�F�N�p�� �S�R�G�P�t�Q�N�\���� �D�O�H�� �]�i�U�R�Y�H���� �V�H�� �G�R�E���H�� �D�G�D�S�W�X�M�t na 

�D�Q�W�U�R�S�R�J�H�Q�Q�t���Y�O�L�Y�\���þ�O�R�Y���N�D���Y �S�R�G�R�E�����L�P�L�V�Q�t���]�i�W���å�H�� V�ê�]�N�X�P���Y���.�U�N�R�Q�R�ã�t�F�K���G�R�N�O�i�G�i�����å�H���E�X�N�R�Y�p��

�S�R�U�R�V�W�\�� �O�p�S�H�� �U�H�D�J�X�M�t�� �Q�D�� �N�O�L�P�D�W�L�F�N�p�� �Y�ê�N�\�Y�\���� �S�R�N�X�G�� �P�D�M�t�� �U�R�]�U�$�]�Q���Q�R�X�� �D�� �Q�H�S�U�D�Y�L�G�H�O�Q�R�X 

�K�H�W�H�U�R�J�H�Q�Q�t�� �V�W�U�X�N�W�X�U�X�� �S�R�U�R�V�W�$���� �1�D�S�U�R�W�L�� �W�R�P�X�� �K�R�P�R�J�H�Q�Q�t���E�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �U�H�D�J�X�M�t�� �Q�D�� �Y�ê�N�\�Y�\��

�N�O�L�P�D�W�L�F�N�ê�F�K���S�R�G�P�t�Q�H�N���Y�ê�U�D�]�Q���M�L�����%�X�þ�L�Q�\���Q�D���5�ê�F�K�R�U�i�F�K���Q�H�M�Y�t�F�H���U�H�D�J�X�M�t na �W�H�S�O�R�W�\���D���Q�i�V�O�H�G�Q����

�Q�D���~�K�U�Q�\���V�U�i�å�H�N�����=�H���]�N�R�X�P�D�Q�ê�F�K���I�D�N�W�R�U�$���Y �S�R�V�O�H�G�Q�t�F�K���O�H�W�H�F�K���E�X�þ�L�Q�\���Q�H�M�Y�t�F�H���U�H�D�J�X�M�t���Q�D���V�O�X�Q�H�þ�Q�t��

cyklus. V �Q�D�ã�L�F�K�� �Y�ê�V�O�H�G�F�t�F�K�� �M�V�P�H�� �W�D�N�p�� �]�D�]�Q�D�P�H�Q�D�O�L�� �Y�O�L�Y�� �L�P�L�V�Q�t�� �]�i�W���å�H (SO2, NOx a O3) na 

�U�D�G�L�i�O�Q�t�� �U�$�V�W�� �E�X�N�X�� �O�H�V�Q�t�K�R��v letech 1975�±������������ �7�D�N�p�� �M�V�P�H���G�R�O�R�å�L�O�L �Y�ê�U�D�]�Q�p �S�R�ã�N�R�]�H�Q�t��

�D�V�L�P�L�O�D�þ�Q�t�K�R���D�S�D�U�i�W�X���P�U�D�]�H�P���Y roce 2011.  

�5�D�G�L�i�O�Q�t���U�$�V�W���E�X�N�X���O�H�V�Q�t�K�R���U�H�D�J�X�M�H���Y�ê�]�Q�D�P�Q�����Q�D�������O�H�W�ê �V�O�X�Q�H�þ�Q�t���F�\�N�O�X�V�����N�W�H�U�ê���E�\�O��nalezen 

v �O�H�W�R�N�U�X�]�t�F�K���Q�D���Y�ê�]�N�X�P�Q�ê�F�K���S�O�R�F�K�i�F�K���Y �.�U�N�R�Q�R�ã�t�F�K�����Q�D���%�U�R�X�P�R�Y�V�N�ê�F�K���V�W���Q�i�F�K�����D�O�H���L���Y �M�L�å�Q�t��

�,�W�i�O�L�L���� �+�R�P�R�J�H�Q�Q�t�� �S�R�U�R�V�W�\ �E�X�N�X�� �O�H�V�Q�t�K�R �Y�t�F�H�� �U�H�D�J�R�Y�D�O�\�� �Q�D���V�O�X�Q�H�þ�Q�t�� �F�\�N�O�X�V�� �Q�H�å���K�H�W�H�U�R�J�H�Q�Q�t��

�S�R�U�R�V�W�\�����9�ê�]�N�X�P�Q�p���S�O�R�F�K�\���Y �.�U�N�R�Q�R�ã�t�F�K���U�H�D�J�X�M�t���S�R�]�L�W�L�Y�Q�����Q�D���V�O�X�Q�H�þ�Q�t���F�\�N�O�X�V�����V�H�]�R�Q�Q�t���W�H�S�O�R�W�\��

�D���U�R�þ�Q�t���~�K�U�Q�\���V�U�i�å�H�N�����Q�D�S�U�R�W�L���W�R�P�X���Y�ê�]�N�X�P�Q�p���S�O�R�F�K�\���Y �M�L�å�Q�t���,�W�i�O�L�L���N�R�U�H�O�X�M�t���S���H�V�Q�����R�E�U�i�F�H�Q�����Q�H�å��

�Y�ê�]�N�X�P�Q�p�� �S�O�R�F�K�\�� �Y �F�H�Q�W�U�i�O�Q�t�� �(�Y�U�R�S������ �= �K�O�H�G�L�V�N�D�� �V�S�H�N�W�U�i�O�Q�t�F�K�� �D�Q�D�O�ê�]�� �M�V�R�X�� �O�H�W�R�N�U�X�K�\�� �E�X�N�X��

�O�H�V�Q�t�K�R���N�R�P�E�L�Q�D�F�t���W�H�S�O�R�W���D���V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X�����N�G�\���E�\�O�\���Q�D�O�H�]�H�Q�\�������D�å�����O�H�W�p���G�i�O�H�������D�å�������O�H�W�p���D 17 

�D�å�� �����O�H�W�p�� �F�\�N�O�\���� �S���L�þ�H�P�å�� �������� �D�å�� �����O�H�W�p�� �F�\�N�Oy �O�H�W�� �W�Y�R���t�� �S�U�$�Q�L�N�� �P�H�]�L�� �F�\�N�O�\�� �V�H�]�R�Q�Q�t�F�K�� �W�H�S�O�R�W�� �D��

�V�O�X�Q�H�þ�Q�t���D�N�W�L�Y�L�Wy. 

Z �K�O�H�G�L�V�N�D�� �U�H�D�N�F�H�� �O�H�V�Q�L�F�N�p�K�R�� �P�D�Q�D�J�H�P�H�Q�W�X�� �Q�D�� �N�O�L�P�D�W�L�F�N�p�� �S�R�G�P�t�Q�N�\�� �M�V�R�X�� �K�R�G�Q�R�F�H�Q�\��

�Q�D�K�R�G�L�O�p���W���å�E�\���� �F�H�O�N�R�Y�p�� �W���å�E�\���� �O�L�V�W�Q�D�W�p���W���å�E�\�� �D���M�H�K�O�L�þ�Q�D�W�p���W���å�E�\�� �G���t�Y�t���� �N�G�\�� �V�H���S���H�G�S�R�N�O�i�G�i���� �å�H��

�W�\�W�R�� �W���å�E�\�� �Y�\�M�D�G���X�M�t�� �F�H�O�N�R�Y�ê�� �V�W�D�Y�� �O�H�V�Q�t�K�R�� �K�R�V�S�R�G�i���V�W�Y�t���� �7���å�E�D�� �G���t�Y�t�� �U�H�D�J�X�M�H�� �Q�D�� �N�O�L�P�D�W�L�F�N�p����

�D�Q�W�U�R�S�R�J�H�Q�Q�t��a �S�R�O�L�W�L�F�N�p�� �Y�O�L�Y�\���� �&�H�O�N�R�Y�i�� �W���å�E�D�� �V�H�� �Q�H�M�Y�t�F�H�� �V�N�O�i�G�i�� �]�� �M�H�K�O�L�þ�Q�D�W�ê�F�K�� �W���å�H�E���� �N�W�H�U�p��

�Q�H�M�O�p�S�H���N�R�U�H�O�X�M�t���V���S�U�$�P���U�Q�ê�P�L���U�R�þ�Q�t�P�L���W�H�S�O�R�W�D�P�L���D���Q�D�S�U�R�W�L���W�R�P�X���Q�D�K�R�G�L�O�p���W���å�E�\���Q�H�M�Y�t�F�H���N�R�U�H�O�X�M�t��

�V�H�� �V�O�X�Q�H�þ�Q�t�P�L�� �F�\�N�O�\���� �=�i�U�R�Y�H���� �Y �S�R�V�O�H�G�Q�t�F�K�� �O�H�W�H�F�K�� �G�R�F�K�i�]�t�� �N �]�H�V�L�O�X�M�t�F�tmu efektu �����O�H�W�p�K�R��

�V�O�X�Q�H�þ�Q�t�K�R���F�\�N�O�X��na �U�R�]�V�D�K���Q�D�K�R�G�L�O�ê�F�K���W���å�H�E �K�O�D�Y�Q����v �S�R�V�O�H�G�Q�t�F�K���G�Y�R�X���G�H�V�H�W�L�O�H�W�t�F�K�����1�D�K�R�G�L�O�p��

�W���å�E�\���W�D�N�p���V�L�J�Q�L�I�L�N�D�Q�W�Q�����U�H�D�J�X�M�t���Q�D���S�U�$�P���U�Q�p���U�R�þ�Q�t���W�H�S�O�R�W�\���E���K�H�P���F�H�O�p�K�R���V�O�H�G�R�Y�D�Q�p�K�R���R�E�G�R�E�t�� 
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�6�S�H�N�W�U�i�O�Q�t�� �D�Q�D�O�ê�]�\�� �G�D�W�� �X�N�D�]�X�M�t���� �å�H�� �V�O�X�Q�H�þ�Q�t�� �����O�H�W�ê�� �F�\�N�O�X�V�� �V�H�� �Q�H�M�Y�t�F�H�� �S�U�R�M�H�Y�X�M�H�� �X�� �Q�D�K�R�G�L�O�ê�F�K��

�W���å�H�E��i �O�L�V�W�Q�D�W�ê�F�K���W���å�H�E���D���W�H�Q�W�R���F�\�N�O�L�F�N�ê���M�H�Y���V�H���S�U�R�M�H�Y�X�M�H��i �X���S�U�R�F�H�Q�W�X�i�O�Q�t�K�R���V�W���t�G�i�Q�t���M�H�K�O�L�þ�Q�D�W�ê�F�K��

�D���O�L�V�W�Q�D�W�ê�F�K���W���å�H�E�� 

�/�H�V�Q�L�F�N�ê���P�D�Q�D�J�H�P�H�Q�W���E�\���S�U�D�N�W�L�F�N�\���P�R�K�O���Y�\�X�å�t�W���S�R�]�Q�D�W�N�\���] �W�p�W�R���G�L�V�H�U�W�D�þ�Q�t���S�U�i�F�H���Y �S���V�W�R�Y�i�Q�t��

lesa a v �S�O�i�Q�R�Y�i�Q�t�� �O�H�V�Q�t�K�R �K�R�V�S�R�G�i���V�W�Y�t�����1�D�� �Q�H�S���t�]�Q�L�Y�ê�F�K�� �V�W�D�Q�R�Y�L�ã�W�t�F�K���Q�i�F�K�\�O�Q���M�ã�tch ke 

�N�O�L�P�D�W�L�F�N�ê�P���Y�ê�N�\�Y�$�P���E�\ h�R�P�R�J�H�Q�Q�t���E�X�N�R�Y�p���S�R�U�R�V�W�\���P���Oy b�êt �Y�t�F�H���S�U�R�V�Y���W�O�R�Y�i�Q�\���]�D���~�þ�H�O�H�P��

�S�R�G�U�R�V�W�Q�t�K�R���K�R�V�S�R�G�D���H�Q�t��s �Y���W�ã�t���S�R�U�R�V�W�Q�t���G�L�I�H�U�H�Q�F�L�D�F�t. Z�i�U�R�Y�H�����E�\���S���L���W�R�P�W�R���S�U�R�V�Y���W�O�R�Y�i�Q�t���G�R�ã�O�R��

ke z�O�H�S�ã�H�Q�t rezistence �E�X�N�R�Y�ê�F�K�� �S�R�U�R�V�W�$�� �Y�$�þ�L�� �N�O�L�P�D�W�L�F�N�ê�P�� �Y�ê�N�\�Y�$�P���� �%�X�N�R�Y�p�� �S�R�U�R�V�W�\�� �M�V�R�X��

�Q�H�M�Y�t�F�H���Y�ê�]�Q�D�P�Q�����R�Y�O�L�Y�Q���Q�p�����O�H�W�ê�P���D�å�������O�H�W�ê�P �U�$�V�W�R�Y�ê�P��cyklem, a proto �G�R�S�R�U�X�þ�X�M�H�P�H���W�X�W�R��

�Y�O�D�V�W�Q�R�V�W���Y�\�X�å�t�W���Y �V�H�P�H�Q�i���V�W�Y�t�����N�G�\���E�\���W�\�W�R���S�R�]�Q�D�W�N�\���P�R�K�Oy �E�ê�W���Y���E�X�G�R�X�F�Q�X���Y�\�X�å�L�W�\���Q�D�S���t�N�O�D�G��

�S���L�� �V�E���U�X�� �R�V�L�Y�D�� �E���K�H�P�� �V�H�P�H�Q�Q�ê�F�K�� �O�H�W���� �7�D�N�p�� �E�\�� �W�\�W�R�� �]�Q�D�O�R�V�W�L�� �P�R�K�Oy �O�H�V�Q�t�N�$�P�� �S�R�P�R�F�L��

v �S�R�G�U�R�V�W�Q�t�P���K�R�V�S�R�G�D���H�Q�t�����W�D�N���D�E�\���G�R�N�i�]�D�O�L���Y�\�S�R�]�R�U�R�Y�D�W���E�O�t�å�t�F�t���V�H���R�V�O�D�E�H�Q�t���E�X�N�R�Y�ê�F�K �S�R�U�R�V�W�$ 

�D�� �S���L�W�R�P�� �W�H�R�U�H�W�L�F�N�\���R�G�Y�R�G�L�W�� �Y�ê�V�N�\�W semenn�p�K�R roku���� �1�L�F�P�p�Q���� �S�R�]�Q�D�W�N�\�� �Y kombinaci se 

�V�H�P�H�Q�Q�ê�P�L���U�R�N�\���M�V�R�X���W���H�E�D���Y�t�F�H���S�U�R�Y�����L�W���E�X�G�R�X�F�t�P���Y�ê�]�N�X�P�H�P���� 

�6�D�P�R�W�Q�ê���O�H�V�Q�L�F�N�ê���P�D�Q�D�J�H�P�H�Q�W���E�\���P�R�K�O���Y�\�X�å�t�W���S�R�]�Q�D�W�N�\���] �Q�D�ã�L�F�K���Y�ê�V�O�H�G�N�$�����N�G�H���M�H���S�R�S�V�i�Q�D��

kauzalita mezi �����O�H�W�ê�P���V�O�X�Q�H�þ�Q�t�P���F�\�N�O�H�P���D���F�\�N�O�H�P���Q�D�K�R�G�L�O�ê�F�K���W���å�H�E�����=�Q�D�O�R�V�W�L���W�p�W�R���N�D�X�]�D�O�L�W�\��

by mohly �O�H�V�Q�L�F�N�p�P�X���P�D�Q�D�Jementu pomoci v �D�G�D�S�W�D�F�L���Q�D���N�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\�����N�W�H�U�p���N�U�i�W�N�R�G�R�E����

�W�U�i�S�t �S���H�E�\�W�N�\���Q�H�E�R���Q�H�G�R�V�W�D�W�N�\���U�$�]�Q�ê�F�K���V�O�X�å�H�E�����G���t�Y�t i �V�D�G�H�E�Q�t�K�R���P�D�W�H�U�L�i�O�X�����=�Q�D�O�R�V�W���R�S�D�N�R�Y�i�Q�t��

�Q�H�J�D�W�L�Y�Q�t�F�K�� �X�G�i�O�R�V�W�t�� �Y �S�U�D�Y�L�G�H�O�Q�ê�F�K�� �F�\�N�O�H�F�K�� �E�\�� �P�R�K�Oa �S�R�P�R�F�L�� �Y�þ�D�V�� �Y�\�W�Y�R���L�W�� �U�H�]�H�U�Y�\�� �S�U�R��

�]�Y�O�i�G�i�Q�t�� �Q�i�K�O�ê�F�K�� �N�D�O�D�P�L�W����Poznatky z �W�p�W�R�� �G�L�V�H�U�W�D�þ�Q�t�� �S�U�i�F�H�� �P�R�K�R�X�� �E�ê�W�� �L�Q�W�H�U�S�U�H�W�R�Y�i�Q�\�� �P�Q�R�K�D��

�]�S�$�V�R�E�\�����D�O�H���S�U�R���E�X�G�R�X�F�t���Y�\�X�å�L�W�t���G�R���S�U�D�N�W�L�F�N�p�K�R���O�H�V�Q�L�F�N�p�K�R���P�D�Q�D�J�H�P�H�Q�W�X���E�X�G�H���Q�H�]�E�\�W�Q�ê���G�D�O�ã�t��

�Y�ê�]�N�X�P�����'�R���S�R�X�å�L�W�ê�F�K���D�Q�D�O�ê�]���Y�V�W�X�S�X�M�H���L���Y�H�O�N�p���P�Q�R�å�V�W�Y�t���G�D�O�ã�t�F�K���I�D�N�W�R�U�$�����N�W�H�U�p���E�\���P�R�K�Oy �Q���N�W�H�U�p��

�V�R�X�Y�L�V�O�R�V�W�L���G�H�W�D�L�O�Q���M�L���S�R�S�V�D�W�����1�L�F�P�p�Q�������F�\�N�O�L�F�N�p���M�H�Y�\���]�P�t�Q���Q�p v �W�p�W�R���G�L�V�H�U�W�D�F�L���P�R�K�R�X��pomoci 

v �S�R�F�K�R�S�H�Q�t�� �G�O�R�X�K�R�G�R�E���M�ã�t�F�K�� �N�O�L�P�D�W�L�F�N�ê�F�K�� �Y�ê�N�\�Y�$���� �N�W�H�U�p�� �Ve pro�P�t�W�D�M�t�� �Y�H���Y�ã�H�F�K�� �V�I�p�U�i�F�K 

�O�H�V�Q�L�F�N�p�K�R���P�D�Q�D�J�H�P�H�Q�W�X�� 

�7�D�W�R�� �G�L�V�H�U�W�D�þ�Q�t�� �S�U�i�F�H�� �W�Y�R���t�� �S�U�Y�Q�t�� �N�U�R�N���N�� �X�F�H�O�H�Q���M�ã�t�P�X �S�R�F�K�R�S�H�Q�t�� �F�\�N�O�L�F�N�ê�F�K�� �Y�]�W�D�K�$��

v �E�X�N�R�Y�ê�F�K���S�R�U�R�V�W�H�F�K���D���Y �O�H�V�Q�L�F�N�p�P���P�D�Q�D�Je�P�H�Q�W�X�����1�R�Y�R�X���O�H�V�Q�L�F�N�R�X���I�L�O�R�]�R�I�L�t���E�X�G�R�X�F�Q�R�V�W�L���E�\��

�P���O�R�� �E�ê�W�� �S���H�G�i�Q�t�� �]�Q�D�O�R�V�W�t�� �F�\�N�O�L�F�N�ê�F�K�� �X�G�i�O�R�V�W�t���� �N�W�H�U�p�� �V�H�� �Y�U�D�F�H�M�t�� �Y �U�$�]�Q�ê�F�K�� �L�Q�W�H�U�Y�D�O�H�F�K�� �D��

�L�Q�W�H�Q�]�L�W�i�F�K�����3�R�N�X�G���E�\���O�H�V�Q�L�F�N�ê���V�H�N�W�R�U���G�R�N�i�]�D�O���G�R���V�Y�p�K�R���S�O�i�Q�R�Y�i�Q�t���]�D�Q�p�V�W �S�R�W�H�Q�F�L�i�O�Q�t �H�[�W�U�p�P�Q�t��

�E�X�G�R�X�F�t���X�G�i�O�R�V�W�L�����W�D�N���E�\���E�\�O�R���P�R�å�Q�p���O�p�S�H���V�H���S���L�S�U�D�Y�L�W���Q�D���N�O�L�P�D�W�L�F�N�p���Y�ê�N�\�Y�\����Tyto znalosti by 

tak mohly zlep�ã�L�W�� �W�U�Y�D�O�R�X�� �X�G�U�å�L�W�H�O�Q�R�V�W�� �O�H�V�Q�L�F�N�p�� �Y�ê�U�R�E�\�� �D�� �]�i�U�R�Y�H���� �E�\�� �P�R�K�Oy �V�Q�t�å�L�W�� �G�R�S�D�G�\��

v �G�$�V�O�H�G�N�X��klimatick�ê�F�K �]�P���Q�� 
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AMO �± Atlantic Multidecadal Oscillation �Q�H�E�R�O�L���$�W�O�D�Q�W�L�F�N�i���Y�t�F�H���G�H�N�i�G�Q�t oscilace 

MZe �± �0�L�Q�L�V�W�H�U�V�W�Y�R���]�H�P���G���O�V�W�Y�t 

�(�O���1�L�x�R Southern Oscillation neboli �(�O���1�L�x�R �± �M�L�å�Q�t���R�V�F�L�O�D�F�H 

TSI �± total solar �L�U�U�D�F�L�D�Q�F�H���Q�H�E�R�O�L���F�H�O�N�R�Y�p���V�O�X�Q�H�þ�Q�t���]�i���H�Q�t 
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DBH �± �W�O�R�X�ã�"�N�D���Y d 1,3 
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SNR �± (signal to noise ratio) neboli �V�t�Oa �V�L�J�Q�i�O�X�� �F�K�U�R�Q�R�O�R�J�L�F�N�p�� �N���L�Y�N�\ k 

�G�H�Q�G�U�R�F�K�U�R�Q�R�O�R�J�L�F�N�p�P�X���ã�X�P�X 

R-bar �± inter-series correlations neboli �P�H�]�L���D�G�R�Y�p���N�R�U�H�O�D�F�H 

Ar1 �± first-order autocorrelation neboli �D�X�W�R�N�R�U�H�O�D�F�H���S�U�Y�Q�t�K�R�����i�G�X  

PCA �± principal component analysis neboli a�Q�D�O�ê�]�D���K�O�D�Y�Q�t�F�K���V�O�R�å�H�N  

 




