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�J�Z�k�k�f�h�l�j�_�g�u �h�k�g�h�\�g�u�_ �i�j�b�g�p�b�i�u �i�h�k�l�j�h�_�g�b�y �b�g�n�h�j�f�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �f�h�g�b�l�h�j�b�g�]�Z �[�b�h-
�e�h�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �J�h�k�k�b�b. �H�i�b�k�Z�g�u �w�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b �b �m�k�e�m�]�b, �d�j�b�l�_�j�b�b �b �b�g�^�b�d�Z�l�h�j�u 
�[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\, �d�h�l�h�j�u�_ �f�h�]�m�l �h�p�_�g�b�\�Z�l�v�k�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�i�m�l�g�b�d�h�\�h�c �b�g�n�h�j�f�Z�p�b�b. �>�Z�g�Z �d�j�Z�l-
�d�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �k�h�\�j�_�f�_�g�g�u�o �k�i�m�l�g�b�d�h�\�u�o �k�b�k�l�_�f. �I�j�_�^�e�h�`�_�g�Z �k�o�_�f�Z �b�g�n�h�j�f�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u �k �h�i�b�k�Z-
�g�b�_�f �_�_ �h�k�g�h�\�g�u�o �w�e�_�f�_�g�l�h�\. �I�j�b�\�h�^�y�l�k�y �h�k�g�h�\�g�u�_ �l�j�_�[�h�\�Z�g�b�y �d �b�g�n�h�j�f�Z�p�b�h�g�g�h�f�m �h�[�_�k�i�_�q�_�g�b�x �k�b�k�l�_�f�u 
�g�Z �n�_�^�_�j�Z�e�v�g�h�f, �j�_�]�b�h�g�Z�e�v�g�h�f �b �e�h�d�Z�e�v�g�h�f �m�j�h�\�g�y�o.

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_ �e�_�k�h�\, �w�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b �b �m�k�e�m�]�b, �^�b�k�l�Z�g�p�b�h�g�g�u�c �f�h�g�b�l�h�j�b�g�], 
�b�g�n�h�j�f�Z�p�b�h�g�g�Z�y �k�b�k�l�_�f�Z.

�<�\�_�^�_�g�b�_

�E�_�k�Z �y�\�e�y�x�l�k�y �k�Z�f�u�f�b �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b �w�d�h�k�b�k�l�_�f�Z�f�b �g�Z�r�_�c �i�e�Z�g�_�l�u. �H�k�h�[�Z�y 

�j�h�e�v �\ �k�h�o�j�Z�g�_�g�b�b �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �i�j�b�g�Z�^�e�_�`�b�l �J�h�k�k�b�b, �g�Z �^�h�e�x �d�h�l�h�j�h�c �i�j�b�o�h-

�^�b�l�k�y 22% �\�k�_�o �f�b�j�h�\�u�o �e�_�k�g�u�o �j�_�k�m�j�k�h�\, �\ �l�h�f �q�b�k�e�_ �[�h�e�_�_ �i�h�e�h�\�b�g�u �[�h�j�_�Z�e�v�g�u�o �e�_�k�h�\ 

�i�e�Z�g�_�l�u. �>�_�k�l�j�m�d�l�b�\�g�u�_ �\�h�a�^�_�c�k�l�\�b�y �Z�g�l�j�h�i�h�]�_�g�g�u�o �b �i�j�b�j�h�^�g�u�o �n�Z�d�l�h�j�h�\ �k�m�s�_�k�l�\�_�g�g�h 

�b �g�_�]�Z�l�b�\�g�h �\�e�b�y�x�l �g�Z �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_ �e�_�k�h�\. �>�b�g�Z�f�b�d�Z �[�b�h�e�h�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z-

�a�b�y �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f �h�[�m�k�e�h�\�e�_�g�Z �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�f �^�_�c�k�l�\�b�_�f �f�g�h�`�_�k�l�\�Z �i�j�b�j�h�^�g�u�o 

�b �Z�g�l�j�h�i�h �]�_�g�g�u�o �n�Z�d�l�h�j�h�\, �q�l�h �k�h�a�^�Z�_�l �f�_�l�h�^�b�q�_�k�d�b�_ �k�e�h�`�g�h�k�l�b �\ �h�p�_�g�d�_, �f�h�g�b�l�h�j�b�g�]�_ 

�b �i�j�h�]�g�h�a�_ �^�b�g�Z�f�b�d�b �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �g�Z �j�Z�a�g�u�o �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o �m�j�h�\�g�y�o. 

�D �h�k�g�h�\�g�u�f �n�Z�d�l�h�j�Z�f �^�b�g�Z�f�b�d�b �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f �h�l�g�h�k�y�l �b�a�f�_�g�_�g�b�y 

�d�e�b�f�Z�l�Z, �i�h�`�Z�j�u, �j�m�[�d�b, �i�j�h�f�u�r�e�_�g�g�h�_ �a�Z�]�j�y�a�g�_�g�b�_, �f�Z�k�k�h�\�u�_ �\�k�i�u�r�d�b �q�b�k�e�_�g�g�h�k�l�b �g�Z-

�k�_�d�h�f�u�o, �]�j�b�[�g�u�_ �[�h�e�_�a�g�b, �b�a�f�_�g�_�g�b�_ �a�_�f�e�_�i�h�e�v�a�h�\�Z�g�b�y. 

�>�Z�g�g�u�_ �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �a�h�g�^�b�j�h�\�Z�g�b�y �A�_�f�e�b (�>�A�A) �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f �y�\�e�y�x�l�k�y �\�Z�-̀

�g�_�c�r�b�f �b�k�l�h�q�g�b�d�h�f �b�g�n�h�j�f�Z�p�b�b �^�e�y �h�p�_�g�d�b �b�o �[�b�h�e�h�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y. �B�k�i�h�e�v�a�h�\�Z-

�g�b�_ �k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o �i�h�a�\�h�e�y�_�l �h�p�_�g�b�\�Z�l�v �b�g�n�h�j�f�Z�l�b�\�g�u�_ �b�g�^�b�d�Z�l�h�j�u �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y, 

�d�h�l�h�j�u�f �m�^�_�e�_�g�h �[�h�e�v�r�h�_ �\�g�b�f�Z�g�b�_ �\ �^�h�d�m�f�_�g�l�Z�o �D�h�g�\�_�g�p�b�b �h �[�b�h�e�h�]�b�q�_�k�d�h�f �j�Z�a�g�h�h�[�j�Z-

�a�b�b: �\ �K�l�j�Z�l�_�]�b�q�_�k�d�h�f �i�e�Z�g�_ �i�h �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�x 2011!2020 �]�]. (CBD COP 10 [�k�Z�c�l]. URL: 

http://www.cbd.int/cop10) �b �^�h�d�m�f�_�g�l�Z�o �I�Z�j�l�g�_�j�k�l�\�Z �i�h �b�g�^�b�d�Z�l�h�j�Z�f �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y (Na-

tional indicators!, 2011; BIP: [�k�Z�c�l]. URL: http://www.bipindicators.net), �Z �l�Z�d�`�_ �\ �f�Z�l�_�j�b�Z�e�Z�o 

�F�h�g�j�_�Z�e�v�k�d�h�]�h �i�j�h�p�_�k�k�Z �i�h �[�h�j�_�Z�e�v�g�u�f �b �m�f�_�j�_�g�g�u�f �e�_�k�Z�f (Criteria and indicators", 2009) 

�b �F�b�g�b�k�l�_�j�k�d�h�c �d�h�g�n�_�j�_�g�p�b�b �i�h �a�Z�s�b�l�_ �e�_�k�h�\ �?�\�j�h�i�u (�E�_�k�Z �?�\�j�h�i�u, MCPFE; Filipchuk, 

2011). �< �w�l�b�o �^�h�d�m�f�_�g�l�Z�o �i�h�^�q�_�j�d�b�\�Z�_�l�k�y �g�Z�k�l�h�y�l�_�e�v�g�Z�y �g�_�h�[�o�h�^�b�f�h�k�l�v �\ �i�h�k�l�h�y�g�g�h�f �h�[�g�h�\-

�e�_�g�b�b �^�Z�g�g�u�o �i�h �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�x. �W�l�b�f �l�j�_�[�h�\�Z�g�b�y�f �h�l�\�_�q�Z�x�l �k�h�\�j�_�f�_�g�g�u�_ �\�h�a�f�h�`�g�h�k�l�b 

�>�A�A �b �l�_�o�g�h�e�h�]�b�b �b�o �h�[�j�Z�[�h�l�d�b. �:�g�Z�e�b�a �\�j�_�f�_�g�g�h�c �^�b�g�Z�f�b�d�b �i�h�e�m�q�_�g�g�u�o �^�b�k�l�Z�g�p�b�h�g�g�u�f�b 
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�f�_�l�h�^�Z�f�b �^�Z�g�g�u�o �i�h �b�g�^�b�d�Z�l�h�j�Z�f �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �k �i�h�f�h�s�v�x �=�B�K-�l�_�o�g�h�e�h�]�b�c �g�Z �j�Z�a-

�e�b�q�g�u�o �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o �m�j�h�\�g�y�o (�e�h�d�Z�e�v�g�u�c, �j�_�]�b�h�g�Z�e�v�g�u�c �b �g�Z�p�b�h�g�Z�e�v�g�u�c) �i�h�a�\�h�e�y�_�l 

�h�k�m�s�_�k�l�\�e�y�l�v �f�h�g�b�l�h�j�b�g�] �b �i�j�h�]�g�h�a �k�h�k�l�h�y�g�b�y �b �^�b�g�Z�f�b�d�b �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �k �m�q�_�l�h�f �b�g�l�_�g-

�k�b�\�g�h�k�l�b �b �q�Z�k�l�h�l�u �\�g�_�r�g�b�o �\�h�a�f�m�s�Z�x�s�b�o �n�Z�d�l�h�j�h�\ (�^�_�k�l�j�m�d �l�b�\�g�u�o �\�h�a�^�_�c�k�l�\�b�c).

�>�e�y �h�p�_�g�d�b �b �f�h�g�b�l�h�j�b�g�]�Z �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �g�_�h�[�o�h�^�b�f�h �k�h�a�^�Z�g�b�_ �b�g�n�h�j�f�Z-

�p�b�h�g�g�h�c �k�b�k�l�_�f�u �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �f�h�g�b�l�h�j�b�g�]�Z, �h�[�_�k�i�_�q�b�\�Z�x�s�_�c �h�p�_�g�d�m �\�h�a�^�_�c�k�l�\�b�y �h�k-

�g�h�\�g�u�o �_�k�l�_�k�l�\�_�g�g�u�o �b �Z�g�l�j�h�i�h�]�_�g�g�u�o �n�Z�d�l�h�j�h�\ �g�Z �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_, �b�g�^�b�d�Z�l�h�j�u �h�p�_�g�d�b 

�[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �b �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c / �m�k�e�m�]. �P�_�e�v �^�Z�g�g�h�c �k�l�Z�l�v�b ! �h�[�k�m�^�b�l�v �h�k�g�h�\-

�g�u�_ �i�j�b�g�p�b�i�u �i�h�k�l�j�h�_�g�b�y �l�Z�d�h�c �k�b�k�l�_�f�u.

�>�e�y �i�h�k�l�j�h�_�g�b�y �b�g�n�h�j�f�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �f�h�g�b�l�h�j�b�g�]�Z �[�b�h�j�Z�a�g�h-

�h�[�j�Z�a�b�y �e�_�k�h�\ �g�_�h�[�o�h�^�b�f�h �j�_�r�b�l�v �k�e�_�^�m�x�s�b�_ �a�Z�^�Z�q�b.

· �<�u�y�\�b�l�v �b�g�n�h�j�f�Z�l�b�\�g�u�_ �d�j�b�l�_�j�b�b �b �b�g�^�b�d�Z�l�h�j�u �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\, �d�h�l�h-

�j�u�_ �f�h�]�m�l �h�p�_�g�b�\�Z�l�v�k�y �g�Z �h�k�g�h�\�_ �^�Z�g�g�u�o �>�A�A.

· �B�^�_�g�l�b�n�b�p�b�j�h�\�Z�l�v �w�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b / �m�k�e�m�]�b, �d�h�l�h�j�u�_ �f�h�]�m�l �k �b�k�i�h�e�v�a�h�\�Z-

�g�b�_�f �^�Z�g�g�u�o �>�A�A.

· �J�Z�a�j�Z�[�h�l�Z�l�v �f�_�l�h�^�u �b �l�_�o�g�h�e�h�]�b�b �l�_�f�Z�l�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o �^�e�y 

�i�h�e�m�q�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �l�_�f�Z�l�b�q�_�k�d�b�o �i�j�h�^�m�d�l�h�\, �d�Z�j�l �b �o�Z�j�Z�d�l�_�j�b�k�l�b�d �e�_�k�h�\.

· �J�Z�a�j�Z�[�h�l�Z�l�v �b�g�l�_�j�n�_�c�k�u �h�[�f�_�g�Z �^�Z�g�g�u�f�b �f�_�`�^�m �[�e�h�d�Z�f�b �b�g�n�h�j�f�Z�p�b�h�g�g�h�c �k�b-

�k�l�_�f�u �f�h�g�b�l�h�j�b�g�]�Z �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y.

· �J�Z�a�j�Z�[�h�l�Z�l�v �f�_�l�h�^�u �b �l�_�o�g�h�e�h�]�b�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �Z�g�Z�e�b�a�Z �l�_�f�Z�l�b�q�_�k�d�b�o �i�j�h-

�^�m�d�l�h�\ �^�e�y �h�p�_�g�d�b �d�j�b�l�_�j�b�_�\ �b �b�g�^�b�d�Z�l�h�j�h�\, �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c �b �m�k�e�m�].

· �J�Z�a�j�Z�[�h�l�Z�l�v �=�B�K-�b�g�l�_�j�n�_�c�k�h�\ �i�j�_�^�k�l�Z�\�e�_�g�b�y �l�_�f�Z�l�b�q�_�k�d�b�o �i�j�h�^�m�d�l�h�\ �b �j�_�a�m�e�v-

�l�Z�l�h�\ �b�o �Z�g�Z�e�b�a�Z �^�e�y �h�p�_�g�d�b �d�j�b�l�_�j�b�_�\ �b �b�g�^�b�d�Z�l�h�j�h�\, �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c 

�b �m�k�e�m�] �e�_�k�h�\ �g�Z �j�Z�a�e�b�q�g�u�o �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o �m�j�h�\�g�y�o (�e�h�d�Z�e�v�g�u�c, �j�_�]�b�h�g�Z�e�v-

�g�u�c �b �g�Z�p�b�h�g�Z�e�v�g�u�c).

�D�j�b�l�_�j�b�b �b �b�g�^�b�d�Z�l�h�j�u �k�h�o�j�Z�g�_�g�b�y �[�b�h�e�h�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y

�B�g�^�b�d�Z�l�h�j�u �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�k�y �\ �j�Z�f�d�Z�o �j�Z�a�e�b�q�g�u�o �f�_�`�^�m-

�g�Z�j�h�^�g�u�o �i�j�h�p�_�k�k�h�\, �l�Z�d�b�o �d�Z�d �D�h�g�\�_�g�p�b�y �h �[�b�h�e�h�]�b�q�_�k�d�h�f �j�Z�a�g�h�h�[�j�Z�a�b�b, �F�b�g�b�k�l�_�j�k�d�Z�y 

�d�h�g�n�_�j�_�g�p�b�y �i�h �a�Z�s�b�l�_ �e�_�k�h�\ �?�\�j�h�i�u (�E�_�k�Z �?�\�j�h�i�u, MCPFE), �F�h�g�j�_�Z�e�v�k�d�b�c �i�j�h�p�_�k�k 

�i�h �[�h�j�_�Z�e�v�g�u�f �b �m�f�_�j�_�g�g�u�f �e�_�k�Z�f. �K�j�_�^�b �i�j�_�^�e�h�`�_�g�g�u�o �\ �j�Z�f�d�Z�o �w�l�b�o �i�j�h�p�_�k�k�h�\ �b�g-

�^�b�d�Z�l�h�j�h�\ �^�e�y �g�Z�r�b�o �p�_�e�_�c �\�Z�`�g�u �i�h�d�Z�a�Z�l�_�e�b, �d�h�l�h�j�u�_ �f�h�]�m�l �[�u�l�v �h�p�_�g�_�g�u �g�Z �h�k�g�h�\�_ 

�k�i�m�l�g�b�d�h�\�h�c �b�g�n�h�j�f�Z�p�b�b. �K�j�_�^�b �b�g�^�b�d�Z�l�h�j�h�\, �j�Z�a�j�Z�[�h�l�Z�g�g�u�o �\ �j�Z�f�d�Z�o �D�h�g�\�_�g�p�b�b, �w�l�h 

�l�Z�d�b�_ �i�h�d�Z�a�Z�l�_�e�b, �d�Z�d �i�e�h�s�Z�^�b �e�_�k�h�\ �b �b�o �i�h�j�h�^�g�Z�y �k�l�j�m�d�l�m�j�Z, �i�e�h�s�Z�^�b �j�Z�a�e�b�q�g�u�o �f�_�k�l�h-

�h�[�b�l�Z�g�b�c, �i�e�h�s�Z�^�b �h�k�h�[�h �h�o�j�Z�g�y�_�f�u�o �i�j�b�j�h�^�g�u�o �l�_�j�j�b�l�h�j�b�c, �i�e�h�s�Z�^�b �e�_�k�h�\ �k �m�k�l�h�c�q�b-

�\�u�f �m�i�j�Z�\�e�_�g�b�_�f �e�_�k�g�u�f�b �j�_�k�m�j�k�Z�f�b (�h�i�j�_�^�_�e�y�_�l�k�y �i�j�b �g�Z�e�b�q�b�b �k�_�j�l�b�n�b�d�Z�l�Z), �^�b�g�Z�f�b�d�Z 

�i�e�h�s�Z�^�b �e�_�k�h�\, �^�b�g�Z�f�b�d�Z �i�e�h�s�Z�^�b �g�Z�j�m�r�_�g�g�u�o �e�_�k�h�\, �n�j�Z�]�f�_�g�l�Z�p�b�y �e�_�k�h�\.

�< �j�Z�f�d�Z�o �i�j�h�p�_�k�k�Z «�E�_�k�Z �?�\�j�h�i�u» �D�j�b�l�_�j�b�c 4 «�K�h�o�j�Z�g�_�g�b�_ �b �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �[�b�h�e�h-

�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f» �h�p�_�g�b�\�Z�_�l�k�y �g�Z �h�k�g�h�\�_ �k�e�_�^�m�x�s�b�o �b�g�^�b�d�Z�l�h�j�h�\ 

�[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y, �d�h�l�h�j�u�_ �f�h�]�m�l �h�i�j�_�^�_�e�y�l�v�k�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�i�m�l�g�b�d�h�\�h�c �b�g�n�h�j�f�Z�p�b�b: 
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�i�e�h�s�Z�^�b �e�_�k�h�\, �k�n�h�j�f�b�j�h�\�Z�g�g�u�o �j�Z�a�g�u�f�b �^�j�_�\�_�k�g�u�f�b �i�h�j�h�^�Z�f�b; �i�e�h�s�Z�^�b �e�_�k�h�\ �j�Z�a�g�h�]�h 

�l�b�i�Z �\�h�a�h�[�g�h�\�e�_�g�b�y (�_�k�l�_�k�l�\�_�g�g�h�_, �_�k�l�_�k�l�\�_�g�g�h�_ �k �i�h�k�Z�^�d�Z�f�b, �d�m�e�v�l�m�j�u, �i�h�j�h�k�e�_�\�h�_), �i�e�h-

�s�Z�^�b �e�_�k�h�\, �g�_ �g�Z�j�m�r�_�g�g�u�o �q�_�e�h�\�_�d�h�f, �d�\�Z�a�b�_�k�l�_�k�l�\�_�g�g�u�o �b �e�_�k�g�u�o �d�m�e�v�l�m�j, �i�e�h�s�Z�^�b �e�_-

�k�h�\ �k �^�h�f�b�g�b�j�h�\�Z�g�b�_�f �b�g�l�j�h�^�m�p�b�j�h�\�Z�g�g�u�o �^�j�_�\�_�k�g�u�o �\�b�^�h�\ (�[�h�e�_�_ 50% �m�q�Z�k�l�b�y �\ �k�h�k�l�Z�\�_ 

�^�j�_�\�h�k�l�h�y), �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y �f�h�a�Z�b�d�Z �e�_�k�g�h�]�h �i�h�d�j�h�\�Z �g�Z �e�Z�g�^�r�Z�n�l�g�h�f �m�j�h�\�g�_; �i�e�h�s�Z�^�b 

�e�_�k�h�\, �g�Z�o�h�^�y�s�b�o�k�y �i�h� ̂�h�o�j�Z�g�h�c �k �p�_�e�v�x �k�h�o�j�Z�g�_�g�b�y �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y, �e�Z�g�^�r�Z�n�l�h�\ �b �k�i�_�p-

�b�n�b�q�_�k�d�b�o �i�j�b�j�h�^�g�u�o �w�e�_�f�_�g�l�h�\ (�i�h �d�e�Z�k�k�b�n�b�d�Z�l�h�j�m MCPFE).

�>�e�y �h�p�_�g�d�b �w�d�h�k�b�k�l�_�f�g�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �g�Z �h�k�g�h�\�_ �k�i�m�l�g�b�d�h�\�h�c �b�g�n�h�j�f�Z�p�b�b 

�\ �j�Z�f�d�Z�o �F�h�g�j�_�Z�e�v�k�d�h�]�h �i�j�h�p�_�k�k�Z �f�h�]�m�l �h�p�_�g�b�\�Z�l�v�k�y �k�e�_�^�m�x�s�b�_ �b�g�^�b�d�Z�l�h�j�u: �i�e�h�s�Z�^�b 

�b �^�h�e�b �i�e�h�s�Z�^�_�c �e�_�k�h�\, �k�n�h�j�f�b�j�h�\�Z�g�g�u�o �j�Z�a�g�u�f�b �^�j�_�\�_�k�g�u�f�b �i�h�j�h�^�Z�f�b; �i�e�h�s�Z�^�b �e�_�k�h�\ 

�g�Z �j�Z�a�g�u�o �k�m�d�p�_�k�k�b�h�g�g�u�o �k�l�Z�^�b�y�o, �i�e�h�s�Z�^�b �e�_�k�h�\ �j�Z�a�g�u�o �d�e�Z�k�k�h�\ �\�h�a�j�Z�k�l�Z �b �l�b�i�h�\ �k�h�[-

�k�l�\�_�g�g�b�d�h�\, �i�e�h�s�Z�^�b �b �^�h�e�b �i�e�h�s�Z�^�_�c �e�_�k�h�\ �g�Z �h�o�j�Z�g�y�_�f�u�o �l�_�j�j�b�l�h�j�b�y�o, �k�n�h�j�f�b�j�h�\�Z�g-

�g�u�o �j�Z�a�e�b�q�g�u�f�b �^�j�_�\�_�k�g�u�f�b �i�h�j�h�^�Z�f�b, �j�Z�a�g�h�]�h �d�e�Z�k�k�Z �\�h�a�j�Z�k�l�Z �b �k�m�d�p�_�k�k�b�h�g�g�u�o �k�l�Z�^�b�c; 

�n�j�Z�]�f�_�g�l�Z�p�b�x �e�_�k�h�\. �I�j�_�^�e�h�`�_�g�g�u�_ �b�g�^�b�d�Z�l�h�j�u �f�h�`�g�h �h�l�g�_�k�l�b �d �k�l�j�m�d�l�m�j�g�u�f �i�Z�j�Z�f�_-

�l�j�Z�f �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y, �d�h�l�h�j�u�_ �i�h�a�\�h�e�y�x�l �h�p�_�g�b�l�v �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�h-

�d�Z�a�Z�l�_�e�_�c �w�d�h�k�b�k�l�_�f�g�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �g�Z �h�k�g�h�\�_ �k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o. �I�h�k�d�h�e�v�d�m 

�i�j�_�^�k�l�Z�\�e�_�g�b�y �h �\�a�Z�b�f�h�k�\�y�a�y�o �f�_�`�^�m �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_�f �b �w�d�h�k�b�k�l�_�f�g�u�f�b �n�m�g�d�p�b�y�f�b / 

�m�k�e�m�]�Z�f�b �Z�d�l�b�\�g�h �j�Z�a�\�b�\�Z�x�l�k�y, �k�i�m�l�g�b�d�h�\�u�_ �^�Z�g�g�u�_ �i�h�a�\�h�e�y�x�l �l�Z�d�`�_ �h�p�_�g�b�\�Z�l�v �\�u�i�h�e�g�_-

�g�b�_ �e�_�k�Z�f�b �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c.

�W�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b / �m�k�e�m�]�b �e�_�k�Z

�< �h�k�g�h�\�_ �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c / �m�k�e�m�] �e�_�`�b�l �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_ �\ �j�Z�a�e�b�q�g�u�o �_�]�h 

�i�j�h�y�\�e�_�g�b�y�o. �;�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �f�_�o�Z�g�b�a�f, �h�[�_�k�i�_�q�b�\�Z�x�s�b�c �e�x�^�_�c 

�w�d�h�k�b�k�l�_�f�g�u�f�b �m�k�e�m�]�Z�f�b (CBD, 2008), �b �d�Z�d �h�k�g�h�\�Z �^�e�y �i�j�h�l�b�\�h�k�l�h�y�g�b�y �^�_�]�j�Z�^�Z�p�b�b �w�d�h-

�k�b�k�l�_�f �b �k�h�o�j�Z�g�_�g�b�y �k�l�Z�[�b�e�v�g�h�k�l�b �\�g�m�l�j�b �w�d�h�k�b�k�l�_�f. �F�_�`�^�m �[�b�h�e�h�]�b�q�_�k�d�b�f �j�Z�a�g�h�h�[�j�Z-

�a�b�_�f �b �w�d�h�k�b�k�l�_�f�g�u�f�b �n�m�g�d�p�b�y�f�b �k�m�s�_�k�l�\�m�x�l �l�_�k�g�u�_ �\�a�Z�b�f�h�k�\�y�a�b (Schwartz et al., 2000; 

Bunker et al., 2005; Ricketts, 2004; Flynn et al., 2009; Phillpott et al., 2009).

�<�u�^�_�e�y�x�l �q�_�l�u�j�_ �d�Z�l�_�]�h�j�b�b �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c / �m�k�e�m�]: �h�[�_�k�i�_�q�b�\�Z�x�s�b�_, 

�i�h�^�^�_�j�`�b�\�Z�x�s�b�_, �j�_�]�m�e�b�j�m�x�s�b�_ �b �d�m�e�v�l�m�j�g�u�_ (MEA, 2005). �E�_�k�Z, �y�\�e�y�y�k�v �\�Z�`�g�_�c�r�b�f�b 

�j�_�n�m�]�b�m�f�Z�f�b �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �b �h�[�_�k�i�_�q�b�\�Z�y �f�_�k�l�h�h�[�b�l�Z�g�b�y �^�e�y �[�h�e�_�_ �i�h�e�h�\�b�g�u �b�a�\�_�k�l-

�g�u�o �\�b�^�h�\ �j�Z�k�l�_�g�b�c �b �`�b�\�h�l�g�u�o, �\�u�i�h�e�g�y�x�l �f�g�h�`�_�k�l�\�h �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c / �m�k�e�m�]. 

�D �h�[�_�k�i�_�q�b�\�Z�x�s�b�f �m�k�e�m�]�Z�f �h�l�g�h�k�y�l �k�g�Z�[�`�_�g�b�_ �i�j�h�^�h�\�h�e�v�k�l�\�b�_�f, �\�h�^�h�c, �^�j�_�\�_�k�b�g�h�c �b �\�h-

�e�h�d�g�Z�f�b. �E�_�k�Z �_�`�_�]�h�^�g�h �h�[�_�k�i�_�q�b�\�Z�x�l 3,3 �f�e�j�  ̂�d�m�[�h�f�_�l�j�h�\ �^�j�_�\�_�k�b�g�u, �\�d�e�x�q�Z�y 1,8 �f�e�j�  ̂

�d�m�[�h�f�_�l�j�h�\ �^�j�_�\�_�k�g�h�]�h �l�h�i�e�b�\�Z �b �^�j�_�\�_�k�g�h�]�h �m�]�e�y, �Z �l�Z�d�`�_ �k�g�Z�[�`�Z�x�l �f�g�h�]�h�q�b�k�e�_�g�g�u�f�b �g�_-

�^�j�_�\�_�k�g�u�f�b �i�j�h�^�m�d�l�Z�f�b, �d�h�l�h�j�u�_ �b�]�j�Z�x�l �h�q�_�g�v �\�Z�`�g�m�x �j�h�e�v �\ �w�d�h�g�h�f�b�q�_�k�d�h�c �`�b�a�g�b �k�h�l�_�g 

�f�b�e�e�b�h�g�h�\ �e�x�^�_�c. �G�Z �e�_�k�g�u�o �\�h�^�h�k�[�h�j�Z�o �n�h�j�f�b�j�m�_�l�k�y �[�h�e�_�_ 75% �^�h�k�l�m�i�g�h�c �i�j�_�k�g�h�c �\�h�^�u. 

�I�h�^�^�_�j�`�b�\�Z�x�s�b�_ �b �j�_�]�m�e�b�j�m�x�s�b�_ �m�k�e�m�]�b �h�l�g�h�k�y�l �d �w�d�h�e�h�]�b�q�_�k�d�b�f. �I�j�b�f�_�j�Z�f�b �i�h�^�^�_�j-

�`�b�\�Z�x�s�b�o �m�k�e�m�] �y�\�e�y�x�l�k�y �i�h�q�\�h�h�[�j�Z�a�h�\�Z�g�b�_, �n�h�l�h�k�b�g�l�_�a �b �d�j�m�]�h�\�h�j�h�l �w�e�_�f�_�g�l�h�\ �i�b�l�Z�g�b�y, 

�i�_�j�_�j�Z�[�h�l�d�Z �h�l�o�h�^�h�\ �q�_�e�h�\�_�q�_�k�d�h�c �`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b. �D �j�_�]�m�e�b�j�m�x�s�b�f �m�k�e�m�]�Z�f �h�l�g�h�k�y�l 

�j�_�]�m�e�b�j�h�\�Z�g�b�_ �[�b�h�]�_�h�o�b�f�b�q�_�k�d�b�o �p�b�d�e�h�\, �d�e�b�f�Z�l�Z. �< �e�_�k�Z�o �k�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�h �h�d�h�e�h 50% 
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�f�b�j�h�\�h�]�h �g�Z�a�_�f�g�h�]�h �a�Z�i�Z�k�Z �h�j�]�Z�g�b�q�_�k�d�h�]�h �m�]�e�_�j�h�^�Z, �e�_�k�g�Z�y �[�b�h�f�Z�k�k�Z �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 80% 

�g�Z�a�_�f�g�h�c �[�b�h�f�Z�k�k�u. �>�\�_ �l�j�_�l�b �]�e�h�[�Z�e�v�g�h�c �g�Z�a�_�f�g�h�c �g�_�l�l�h-�i�_�j�\�b�q�g�h�c �i�j�h�^�m�d�p�b�b �k�h�a�^�Z�_�l�k�y 

�\ �e�_�k�Z�o. �<�h�k�k�l�Z�g�h�\�e�_�g�b�_ �e�_�k�g�h�]�h �i�h�d�j�h�\�Z �k�i�h�k�h�[�k�l�\�m�_�l �h�k�e�Z�[�e�_�g�b�x �b�a�f�_�g�_�g�b�c �d�e�b�f�Z�l�Z. 

�M�f�_�g�v�r�_�g�b�_ �e�_�k�g�h�]�h �i�h�d�j�h�\�Z �b �m�o�m�^�r�_�g�b�_ �k�h�k�l�h�y�g�b�y �e�_�k�h�\ �i�j�b�\�h�^�y�l �d �d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�b�f 

�k�h�[�u�l�b�y�f, �l�Z�d�b�f �d�Z�d �g�Z�\�h�^�g�_�g�b�y, �h�i�h�e�a�g�b, �w�j�h�a�b�y �i�h�q�\. �E�_�k�Z �k�i�h�k�h�[�k�l�\�m�x�l �m�^�h�\�e�_�l�\�h�j�_-

�g�b�x �j�_�d�j�_�Z�p�b�h�g�g�u�o, �w�k�l�_�l�b�q�_�k�d�b�o �b �^�m�o�h�\�g�u�o �i�h�l�j�_�[�g�h�k�l�_�c �e�x�^�_�c.

�>�e�y �h�p�_�g�d�b �k�\�y�a�_�c �f�_�`�^�m �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_�f �b �w�d�h�k�b�k�l�_�f�g�u�f�b �m�k�e�m�]�Z�f�b �g�_�h�[�o�h-

�^�b�f�h �j�_�r�_�g�b�_ �^�\�m�o �h�k�g�h�\�g�u�o �a�Z�^�Z�q: �b�^�_�g�l�b�n�b�d�Z�p�b�y �d�e�x�q�_�\�h�]�h �i�j�h�\�Z�c�^�_�j�Z �w�d�h�k�b�k�l�_�f�g�u�o 

�n�m�g�d�p�b�c / �m�k�e�m�] �b �b�^�_�g�l�b�n�b�d�Z�p�b�y �j�Z�a�e�b�q�g�u�o �Z�k�i�_�d�l�h�\ �k�l�j�m�d�l�m�j�u �k�h�h�[�s�_�k�l�\, �d�h�l�h�j�u�_ 

�\�e�b�y�x�l �g�Z �n�m�g�d�p�b�b �\ �e�Z�g�^�r�Z�n�l�Z�o (Luck et al., 2003; Kremen, 2005). �H�^�b�g �b�a �i�j�b�g�y�l�u�o �i�h�-̂

�o�h�^�h�\ �d �b�k�k�e�_�^�h�\�Z�g�b�x �\�e�b�y�g�b�y �n�Z�d�l�h�j�h�\ �g�Z �\�_�e�b�q�b�g�m �b �b�a�f�_�g�q�b�\�h�k�l�v �w�d�h�k�b�k�l�_�f�g�u�o �m�k�e�m�] 

�\ �e�Z�g�^�r�Z�n�l�Z�o �h�k�g�h�\�u�\�Z�_�l�k�y �g�Z �h�[�b�e�b�b �g�Z�b�[�h�e�_�_ �\�Z�`�g�h�]�h �i�j�h�\�Z�c�^�_�j�Z �w�d�h�k�b�k�l�_�f�g�u�o �m�k�e�m�]; 

�h�g �i�j�b�f�_�g�y�_�l�k�y �^�e�y �w�d�h�k�b�k�l�_�f, �\ �d�h�l�h�j�u�o �y�j�d�h �\�u�j�Z�`�_�g�g�u�c �^�h�f�b�g�Z�g�l �\�g�h�k�b�l �a�g�Z�q�b�l�_�e�v-

�g�u�c �\�d�e�Z�^ �\ �\�u�i�h�e�g�_�g�b�_ �n�m�g�d�p�b�c / �h�[�_�k�i�_�q�_�g�b�_ �m�k�e�m�] (Solan et al., 2004). �W�l�h�l �i�h�^�o�h�^ �i�j�b-

�f�_�g�b�f �^�e�y �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f.

�W�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b/�m�k�e�m�]�b �\�Z�j�v�b�j�m�x�l �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �b �\�h �\�j�_�f�_�g�b. �H�g�b �f�h�]�m�l 

�h�k�m�s�_�k�l�\�e�y�l�v�k�y �\ �e�h�d�Z�e�v�g�h�f, �j�_�]�b�h�g�Z�e�v�g�h�f, �]�e�h�[�Z�e�v�g�h�f �b «�\�e�h�`�_�g�g�h�f» (nested) �m�j�h�\�g�y�o 

(Diaz et al., 2003; Symstad et al., 2003). �I�h�g�b�f�Z�g�b�_ �j�h�e�b �f�Z�k�r�l�Z�[�h�\ / �m�j�h�\�g�_�c �\ �h�k�m�s�_�k�l�\�e�_-

�g�b�b �l�h�c �b�e�b �b�g�h�c �n�m�g�d�p�b�b �g�_�h�[�o�h�^�b�f�h �^�e�y �i�j�b�g�y�l�b�y �m�i�j�Z�\�e�_�g�q�_�k�d�b�o �j�_�r�_�g�b�c. 

�H�k�g�h�\�g�u�f�b �a�Z�^�Z�q�Z�f�b �\ �j�_�r�_�g�b�b �i�j�h�[�e�_�f�u �\�a�Z�b�f�h�k�\�y�a�b �w�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b ! 

�[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_ �^�e�y �j�Z�a�j�Z�[�h�l�d�b �k�b�k�l�_�f �i�h�^�^�_�j�`�d�b �i�j�b�g�y�l�b�y �j�_�r�_�g�b�c �\ �e�_�k�g�h�f �o�h�a�y�c�k�l�\�_ 

�k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f, �\ �l�h�f �q�b�k�e�_, �f�_�l�h�^�h�\ �>�A�A �y�\�e�y�x�l�k�y �k�e�_�^�m�x�s�b�_: �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�l�v 

�d�h�f�i�h�g�_�g�l�u �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y, �d�h�l�h�j�u�_ �y�\�e�y�x�l�k�y �d�e�x�q�_�\�u�f�b �i�j�h�\�Z�c�^�_�j�Z�f�b �w�d�h�k�b�k�l�_�f�g�u�o 

�n�m�g�d�p�b�c / �m�k�e�m�] �b �o�Z�j�Z�d�l�_�j�b�a�m�x�l �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �\�a�Z�b�f�h�k�\�y�a�b; �h�i�j�_�^�_�e�b�l�v �j�Z�a�e�b�q�g�u�_ 

�Z�k�i�_�d�l�u �k�l�j�m�d�l�m�j�u �e�_�k�g�u�o �k�h�h�[�s�_�k�l�\, �d�h�l�h�j�u�_ �\�e�b�y�x�l �g�Z �n�m�g�d�p�b�b �\ �e�Z�g�^�r�Z�n�l�Z�o; �h�p�_�g�b�l�v 

�d�e�x�q�_�\�u�_ �n�Z�d�l�h�j�u, �\�e�b�y�x�s�b�_ �g�Z �\�u�i�h�e�g�_�g�b�_ �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c / �h�[�_�k�i�_�q�_�g�b�_ �w�d�h�k�b-

�k�l�_�f�g�u�f�b �m�k�e�m�]�Z�f�b; �m�k�l�Z�g�h�\�b�l�v �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�_ �r�d�Z�e�u, �g�Z �d�h�l�h�j�u�o �n�m�g�d�p�b�h-

�g�b�j�m�x�l �i�j�h�\�Z�c�^�_�j�u, �i�j�h�^�m�p�b�j�m�x�s�b�_ �w�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b / �m�k�e�m�]�b. 

�F�_�l�h�^�u �Z�g�Z�e�b�a�Z �k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o �^�e�y �h�p�_�g�d�b �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y 
�b �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c / �m�k�e�m�] 

�B�k�i�h�e�v�a�h�\�Z�g�b�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �f�_�l�h�^�h�\ �l�_�f�Z�l�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z �k�i�m�l�g�b�d�h�\�u�o �^�Z�g-

�g�u�o �i�h�a�\�h�e�y�_�l �h�p�_�g�b�\�Z�l�v �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_ �e�_�k�h�\ �b �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c �k �b�k�i�h�e�v�a�h�\�Z-

�g�b�_�f �b�g�^�b�d�Z�l�h�j�h�\, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �f�_�`�^�m�g�Z�j�h�^�g�u�f �k�l�Z�g�^�Z�j�l�Z�f: 

1. �D�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �e�_�k�h�\ �i�h �h�k�g�h�\�g�u�f �^�j�_�\�_�k�g�u�f �i�h�j�h�^�Z�f �b �b�o �k�h�h�l�g�h�r�_�g�b�_ 

�\ �k�h�k�l�Z�\�_ �k�f�_�r�Z�g�g�u�o �g�Z�k�Z�`�^�_�g�b�c. �D�Z�j�l�u �e�_�k�h�\ �i�h �h�k�g�h�\�g�u�f �^�j�_�\�_�k�g�u�f �i�h�j�h�^�Z�f 

�b �b�o �k�h�h�l�g�h�r�_�g�b�x �\ �k�h�k�l�Z�\�_ �k�f�_�r�Z�g�g�u�o �g�Z�k�Z�`�^�_�g�b�c �g�_�h�[�o�h�^�b�f�u �^�e�y �h�[�_�k�i�_�q�_�g�b�y 

�b�g�n�h�j�f�Z�p�b�b �i�h �h�p�_�g�d�_ �w�d�h�k�b�k�l�_�f�g�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �g�Z �h�k�g�h�\�_ �l�Z�d�b�o �b�g�^�b�d�Z�l�h-

�j�h�\, �d�Z�d �i�e�h�s�Z�^�v �e�_�k�h�\, �n�h�j�f�b�j�m�_�f�u�o �j�Z�a�e�b�q�g�u�f�b �^�j�_�\�_�k�g�u�f�b �i�h�j�h�^�Z�f�b, �h�l�g�h-

�k�b�l�_�e�v�g�h �\�k�_�c �i�e�h�s�Z�^�b �e�_�k�h�\ �b �h�l�g�h�k�b�l�_�e�v�g�h �h�o�j�Z�g�y�_�f�u�o �l�_�j�j�b�l�h�j�b�c; �i�e�h�s�Z�^�v 
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�e�_�k�h�\ �g�Z �j�Z�a�e�b�q�g�u�o �k�l�Z�^�b�y�o �k�m�d�p�_�k�k�b�c, �j�Z�a�g�h�h�[�j�Z�a�b�_ �\�b�^�h�\ �^�j�_�\�_�k�g�u�o �j�Z�k�l�_�g�b�c 

�b �n�j�Z�]�f�_�g�l�Z�j�g�h�k�l�v �e�_�k�h�\ �b�k�k�e�_�^�m�_�f�h�c �l�_�j�j�b�l�h�j�b�b �b �^�j. �W�l�h�l �i�j�h�^�m�d�l �f�h�`�_�l 

�b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �h�p�_�g�d�b �l�Z�d�b�o �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c, �d�Z�d �i�j�h�^�m�p�b�j�h�\�Z�g�b�_ �h�j-

�]�Z�g�b�q�_�k�d�h�]�h �\�_�s�_�k�l�\�Z, �n�h�j�f�b�j�h�\�Z�g�b�_ �[�b�h�]�_�h�o�b�f�b�q�_�k�d�b�o �p�b�d�e�h�\, �i�j�h�p�_�k�k�h�\ �i�h�q�\�h-

�h�[�j�Z�a�h�\�Z�g�b�y, �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h �j�_�`�b�f�Z, �^�e�y �h�p�_�g�d�b �a�Z�s�b�l�g�u�o �n�m�g�d�p�b�c �\�[�e�b�a�b 

�d�j�m�i�g�u�o �\�h�^�h�_�f�h�\ �b �j�_�d. �D�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �e�_�k�h�\, �n�h�j�f�b�j�m�_�f�u�o �h�^�g�h�c �^�h�f�b�g�b-

�j�m�x�s�_�c �^�j�_�\�_�k�g�h�c �i�h�j�h�^�h�c, �b �k�f�_�r�Z�g�g�u�o �g�Z�k�Z�`�^�_�g�b�c �h�k�m�s�_�k�l�\�e�y�_�l�k�y �g�Z �h�k�g�h�\�_ 

�Z�e�]�h�j�b�l�f�Z �e�h�d�Z�e�v�g�h-�Z�^�Z�i�l�b�\�g�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b �k�_�a�h�g�g�u�o �b�a�h�[�j�Z�`�_�g�b�c �k�j�_�^�g�_�]�h 

�b �\�u�k�h�d�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y �k �h�[�m�q�_�g�b�_�f (�M�\�Z�j�h�\, �;�Z�j�l�Z�e�_�\, 2010; 

�;�Z�j�l�Z�e�_�\ �b �^�j., 2012). �J�Z�k�i�h�a�g�Z�\�Z�g�b�_ �m�q�Z�k�l�d�h�\ �h�k�g�h�\�Z�g�h �g�Z �Z�g�Z�e�b�a�_ �\ �f�g�h�]�h�f�_�j�g�h�f 

�i�j�h�k�l�j�Z�g�k�l�\�_ �k�i�_�d�l�j�Z�e�v�g�u�o �d�Z�g�Z�e�h�\ �j�Z�k�k�l�h�y�g�b�c �f�_�`�^�m �a�g�Z�q�_�g�b�_�f �k�i�_�d�l�j�Z�e�v�g�u�o 

�y�j�d�h�k�l�_�c �h�i�h�j�g�u�o �k�b�]�g�Z�l�m�j �e�_�k�g�u�o �d�e�Z�k�k�h�\ �b �y�j�d�h�k�l�v�x �i�b�d�k�_�e�y �k�i�m�l�g�b�d�h�\�h�]�h �b�a�h-

�[�j�Z�`�_�g�b�y �k �g�_�b�a�\�_�k�l�g�u�f �l�_�f�Z�l�b�q�_�k�d�h�c �i�j�b�g�Z�^�e�_�`�g�h�k�l�v�x. 

2. �D�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �\�h�a�j�Z�k�l�g�h�c �k�l�j�m�d�l�m�j�u �e�_�k�h�\. �W�l�h�l �i�j�h�^�m�d�l �f�h�`�_�l �l�Z�d�`�_ 

�b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �h�p�_�g�d�b �w�d�h�k�b�k�l�_�f�g�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �g�Z �h�k�g�h�\�_ �l�Z�d�b�o �b�g�^�b-

�d�Z�l�h�j�h�\, �d�Z�d �i�e�h�s�Z�^�b �e�_�k�h�\, �n�h�j�f�b�j�m�_�f�u�o �j�Z�a�e�b�q�g�u�f�b �^�j�_�\�_�k�g�u�f�b �i�h�j�h�^�Z�f�b 

�\�k�h�h�l�\�_�l�k�l�\�b�b �k �d�e�Z�k�k�Z�f�b �\�h�a�j�Z�k�l�Z �h�l�g�h�k�b�l�_�e�v�g�h �\�k�_�c �i�e�h�s�Z�^�b �e�_�k�h�\, �h�l�g�h�k�b-

�l�_�e�v�g�h �h�o�j�Z�g�y�_�f�h�c �l�_�j�j�b�l�h�j�b�b �e�_�k�g�h�]�h �n�h�g�^�Z. �I�h�a�\�h�e�y�_�l �m�l�h�q�g�y�l�v �b �h�p�_�g�b�\�Z�l�v 

�d�Z�d �h�[�_�k�i�_�q�b�\�Z�x�s�b�_, �l�Z�d �b �w�d�h�e�h�]�b�q�_�k�d�b�_ �n�m�g�d�p�b�b / �m�k�e�m�]�b. �D�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ 

�\�h�a�j�Z�k�l�g�h�c �k�l�j�m�d�l�m�j�u �g�Z�k�Z�`�^�_�g�b�c �^�h�f�b�g�b�j�m�x�s�_�c �e�_�k�g�h�c �i�h�j�h�^�u �h�k�m�s�_�k�l�\�e�y�_�l�k�y 

�g�Z �\�h�k�k�l�Z�g�h�\�e�_�g�b�b �j�_�]�j�_�k�k�b�h�g�g�h�c �a�Z�\�b�k�b�f�h�k�l�b �f�_�`�^�m �k�i�_�d�l�j�Z�e�v�g�u�f�b �y�j�d�h�k�l�y�f�b 

�a�b�f�g�b�o �k�i�m�l�g�b�d�h�\�u�o �b�a�h�[�j�Z�`�_�g�b�c �b �^�Z�g�g�u�f�b �g�Z�a�_�f�g�u�o �b�a�f�_�j�_�g�b�c �\�u�k�h�l�u �^�j�_�\�_�k-

�g�h�c �i�h�j�h�^�u �b�k�k�e�_�^�m�_�f�h�c �l�_�j�j�b�l�h�j�b�b. �K �i�h�f�h�s�v�x �^�Z�g�g�u�o �h �\�a�Z�b�f�h�k�\�y�a�y�o �f�_�`�^�m 

�\�u�k�h�l�h�c �b �\�h�a�j�Z�k�l�h�f �g�Z�k�Z�`�^�_�g�b�c �h�k�m�s�_�k�l�\�e�y�_�l�k�y �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �\�h�a�j�Z�k�l�Z �^�j�_�\�h-

�k�l�h�y �k �m�q�_�l�h�f �j�_�]�b�h�g�Z�e�v�g�u�o �e�_�k�h�j�Z�k�l�b�l�_�e�v�g�u�o �m�k�e�h�\�b�c (�K�h�q�b�e�h�\�Z, �?�j�r�h�\, 2013).

3. �D�h�e�b�q�_�k�l�\�_�g�g�Z�y �h�p�_�g�d�Z �b �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �a�Z�i�Z�k�h�\ �k�l�\�h�e�h�\�h�c �^�j�_�\�_�k�b�g�u, 

�`�b�\�h�c �g�Z�^�a�_�f�g�h�c �[�b�h�f�Z�k�k�u �b �e�_�k�g�u�o �]�h�j�x�q�b�o �f�Z�l�_�j�b�Z�e�h�\. �W�l�h�l �i�j�h�^�m�d�l �f�h-

�`�_�l  �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �h�p�_�g�d�b �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �n�m�g�d�p�b�c (�^�j�_�\�_�k�b�g�Z, �\�h�e�h�d�g�Z) 

�b �l�Z�d�b�o �w�d�h�e�h�]�b�q�_�k�d�b�o �n�m�g�d�p�b�c, �d�Z�d �i�j�h�^�m�p�b�j�h�\�Z�g�b�_ �h�j�]�Z�g�b�q�_�k�d�h�]�h �\�_�s�_�k�l�\�Z 

�b �j�_�]�m�e�b�j�h�\�Z�g�b�_ �p�b�d�e�h�\ �m�]�e�_�j�h�^�Z (�\�g�h�k�b�f�h�]�h �e�_�k�h�f �\�d�e�Z�^�Z �\ �]�e�h�[�Z�e�v�g�u�c �m�]�e�_-

�j�h�^�g�u�c �p�b�d�e). �H�p�_�g�d�Z �i�j�h�\�h�^�b�l�k�y �g�Z �h�k�g�h�\�_ �l�Z�d�b�o �b�g�^�b�d�Z�l�h�j�h�\, �d�Z�d �h�[�s�b�c 

�a�Z�i�Z�k �^�j�_�\�_�k�b�g�u �g�Z �d�h�j�g�x �h�k�g�h�\�g�u�o �e�_�k�h�h�[�j�Z�a�m�x�s�b�o �i�h�j�h�^ �g�Z �e�_�k�g�u�o �a�_�f�e�y�o, 

�m�]�e�_�j�h�^�g�u�c �i�m�e �e�_�k�h�\, �n�h�j�f�b�j�m�_�f�u�o �j�Z�a�g�u�f�b �^�j�_�\�_�k�g�u�f�b �i�h�j�h�^�Z�f�b �k �m�q�_�l�h�f 

�d�e�Z�k�k�Z �\�h�a�j�Z�k�l�Z �b �k�l�Z�^�b�b �k�m�d�p�_�k�k�b�b, �\�d�e�Z�^ �e�_�k�h�\ �\ �h�[�s�b�c �]�e�h�[�Z�e�v�g�u�c �m�]�e�_�j�h�^-

�g�u�c �[�x�^�`�_�l, �\�d�e�x�q�Z�y �i�h�]�e�h�s�_�g�b�_ �b �w�f�b�k�k�b�b �m�]�e�_�j�h�^�Z. �D�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �a�Z-

�i�Z�k�h�\ �k�l�\�h�e�h�\�h�c �^�j�_�\�_�k�b�g�u �^�h�f�b�g�b�j�m�x�s�_�c �e�_�k�g�h�c �i�h�j�h�^�u �h�k�m�s�_�k�l�\�e�y�_�l�k�y �g�Z 

�\�h�k�k�l�Z�g�h�\�e�_�g�b�b �j�_�]�j�_�k�k�b�h�g�g�h�c �a�Z�\�b�k�b�f�h�k�l�b �f�_�`�^�m �k�i�_�d�l�j�Z�e�v�g�u�f�b �y�j�d�h�k�l�y�f�b 

�a�b�f�g�b�o �k�i�m�l�g�b�d�h�\�u�o �b�a�h�[�j�Z�`�_�g�b�c �b �^�Z�g�g�u�f�b �g�Z�a�_�f�g�u�o �b�a�f�_�j�_�g�b�c �a�Z�i�Z�k�h�\ 

�^�j�_�\�_�k�g�h�c �i�h�j�h�^�u �b�k�k�e�_�^�m�_�f�h�c �l�_�j�j�b�l�h�j�b�b (�K�h�q�b�e�h�\�Z, �?�j�r�h�\, 2012). �H�p�_�g�d�Z �a�Z-

�i�Z�k�h�\ �f�Z�k�k�u �h�k�g�h�\�g�u�o �i�j�h�\�h�^�g�b�d�h�\ �]�h�j�_�g�b�y �\�^�h�e�v �\�_�j�l�b�d�Z�e�v�g�h�]�h �i�j�h�n�b�e�y �^�j�_-

�\�_�k�g�h�]�h �i�h�e�h�]�Z (�\�_�j�o�g�b�c �i�h�e�h�], �i�h�^�j�h�k�l �b �i�h�^�e�_�k�h�d, �\�Z�e�_�`, �g�Z�i�h�q�\�_�g�g�u�c �i�h�d�j�h�\ 
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�b �e�_�k�g�Z�y �i�h�^�k�l�b�e�d�Z) �h�k�m�s�_�k�l�\�e�y�_�l�k�y �g�Z �h�k�g�h�\�_ �d�h�f�[�b�g�Z�p�b�b �^�Z�g�g�u�o �g�Z�a�_�f�g�u�o 

�b �l�Z�d�k�Z�p�b�h�g�g�u�o �b�a�f�_�j�_�g�b�c, �f�Z�l�_�j�b�Z�e�h�\ �k�i�m�l�g�b�d�h�\�h�c �k�t�_�f�d�b �k�j�_�^�g�_�]�h �b �\�u�k�h�d�h-

�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y, �d�Z�j�l �i�h�j�h�^�g�h�c �b �\�h�a�j�Z�k�l�g�h�c �k�l�j�m�d�l�m�j�u �e�_�k�h�\ 

�b �^�Z�g�g�u�o �h �i�e�h�^�h�j�h�^�b�b �b �m�\�e�Z�`�g�_�g�b�b �i�h�q�\ (�K�h�q�b�e�h�\�Z �b �^�j., 2009). 

4. �<�u�y�\�e�_�g�b�_ �b �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �m�q�Z�k�l�d�h�\ �]�Z�j�_�c �b �i�h�]�b�[�r�b�o �g�Z�k�Z�`�^�_�g�b�c. �W�l�h�l 

�i�j�h�^�m�d�l �f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �m�q�_�l�Z �\�e�b�y�g�b�y �j�Z�a�e�b�q�g�u�o �n�Z�d�l�h�j�h�\ �g�Z �e�_�k�Z 

�k �h�p�_�g�d�h�c �b�o �k�Z�g�b�l�Z�j�g�h�]�h �k�h�k�l�h�y�g�b�y �b �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�b. �H�p�_�g�b�\�Z�x�l�k�y �i�e�h�s�Z-

�^�b �e�_�k�h�\, �g�Z�o�h�^�b�\�r�b�o�k�y �i�h� ̂�\�h�a�^�_�c�k�l�\�b�_�f �l�Z�d�b�o �n�Z�d�l�h�j�h�\, �d�Z�d �\�j�_�^�g�u�_ �g�Z�k�_�d�h-

�f�u�_, �i�h�`�Z�j�u, �m�j�Z�]�Z�g�u, �k�g�_�]�h�e�h�f�u, �a�Z�l�h�i�e�_�g�b�y �b �^�j. �I�j�h�\�h�^�b�l�k�y �i�j�h�k�l�j�Z�g�k�l�\�_�g-

�g�h-�\�j�_�f�_�g�g�h�c �Z�g�Z�e�b�a �k�i�m�l�g�b�d�h�\�u�o �i�j�h�^�m�d�l�h�\ �k �p�_�e�v�x �\�u�[�h�j�Z �m�q�Z�k�l�d�h�\ �m�k�u�o�Z�g�b�y 

�e�_�k�h�\ �k �\�u�k�h�d�h�c (�[�h�e�_�_ 75% �i�h�\�j�_�`�^�_�g�g�h�]�h �^�j�_�\�h�k�l�h�y) �k�l�_�i�_�g�v�x �^�_�n�h�e�b�Z�p�b�b 

�b �^�_�o�j�h�f�Z�p�b�b �^�j�_�\�_�k�g�u�o �j�Z�k�l�_�g�b�c �\ �l�_�d�m�s�_�f �]�h�^�m �b �[�_�a �i�j�b�a�g�Z�d�h�\ �i�h�e�h�`�b�l�_�e�v-

�g�h�c �^�b�g�Z�f�b�d�b �k�h�k�l�h�y�g�b�y �i�h �k�j�Z�\�g�_�g�b�x �k �i�j�_�^�u�^�m�s�b�f �]�h�^�h�f �k�i�m�l�g�b�d�h�\�u�o �g�Z�[�e�x-

�^�_�g�b�c (�>�_�\�y�l�h�\�Z �b �^�j., 2006; �B�k�Z�_�\ �b �^�j., 2012; �K�l�u�p�_�g�d�h �b �^�j., 2013).

5. �H�p�_�g�d�Z �k�l�_�i�_�g�b �^�_�n�h�e�b�Z�p�b�b �b �^�_�o�j�h�f�Z�p�b�b �^�j�_�\�_�k�g�u�o �j�Z�k�l�_�g�b�c �m�k�u�o�Z�x�s�b�o �e�_�k�h�\. 

�W�l�h�l �i�j�h�^�m�d�l �f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �h�p�_�g�d�b �b�a�f�_�g�_�g�b�y �\�u�i�h�e�g�_�g�b�y �l�Z�d�b�o 

�w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c, �d�Z�d �i�j�h�^�m�p�b�j�h�\�Z�g�b�_ �h�j�]�Z�g�b�q�_�k�d�h�]�h �\�_�s�_�k�l�\�Z, �j�_�]�m�e�b�j�h�\�Z-

�g�b�_ �[�b�h�]�_�h�o�b�f�b�q�_�k�d�b�o �p�b�d�e�h�\. �H�p�_�g�b�\�Z�x�l�k�y �b�a�f�_�g�_�g�b�y �\�d�e�Z�^�Z �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f 

�\ �\�u�i�h�e�g�_�g�b�_ �n�m�g�d�p�b�c �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�l�_�i�_�g�b �^�_�n�h�e�b�Z�p�b�b �b �^�_�o�j�h�f�Z�p�b�b, 

�h�[�m�k�e�h�\ �e�_�g�g�u�o �^�_�c�k�l�\�b�_�f �g�_�[�e�Z�]�h�i�j�b�y�l�g�u�o �n�Z�d�l�h�j�h�\ (�e�_�k�g�u�_ �i�h�`�Z�j�u, �\�u�j�m�[�d�b, 

�\�_�l�j�h�\�Z�e�u, �f�Z�k�k�h�\�h�_ �j�Z�a�f�g�h�`�_�g�b�_ �\�j�_�^�g�u�o �g�Z�k�_�d�h�f�u�o). �H�p�_�g�d�m �k�l�_�i�_�g�b �^�_�n�h�e�b-

�Z�p�b�b �b �^�_�o�j�h�f�Z�p�b�b �^�j�_�\�_�k�g�u�o �j�Z�k�l�_�g�b�c �i�j�h�\�h�^�y�l �g�Z �h�k�g�h�\�_ �f�g�h�]�h�k�i�_�d�l�j�Z�e�v�g�u�o 

�k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o �l�_�d�m�s�_�]�h �]�h�^�Z �f�_�l�h�^�h�f �^�_�d�h�f�i�h�a�b�p�b�b �k�i�_�d�l�j�Z�e�v�g�u�o �k�f�_�k�_�c 

(�;�Z�j�l�Z�e�_�\ �b �^�j., 1999). �I�j�b �w�l�h�f �\ �d�Z�q�_�k�l�\�_ �h�i�h�j�g�u�o �^�Z�g�g�u�o �h �k�i�_�d�l�j�Z�e�v�g�h-�h�l�j�Z-

�`�Z�l�_�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o �g�_�i�h�\�j�_�`�^�_�g�g�u�o �e�_�k�h�\ �b�k�i�h�e�v�a�m�x�l �^�Z�g�g�u�_ �k�i�m�l�g�b�d�h-

�\�u�o �g�Z�[�e�x�^�_�g�b�c �\ �i�_�j�b�h�^, �i�j�_�^�r�_�k�l�\�m�x�s�b�c �g�Z�q�Z�e�m �m�k�u�o�Z�g�b�y.

6. �<�u�y�\�e�_�g�b�_ �b �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �m�q�Z�k�l�d�h�\ �k�i�e�h�r�g�u�o �j�m�[�h�d �e�_�k�Z. �W�l�h�l �i�j�h�^�m�d�l 

�f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �h�p�_�g�d�b �\�e�b�y�g�b�y �j�m�[�h�d �g�Z �w�d�h�e�h�]�b�q�_�k�d�b�_ �n�m�g�d�p�b�b, 

�l�Z�d�b�_ �d�Z�d �i�j�h�^�m�p�b�j�h�\�Z�g�b�_ �h�j�]�Z�g�b�q�_�k�d�h�]�h �\�_�s�_�k�l�\�Z, �n�h�j�f�b�j�h�\�Z�g�b�y �[�b�h�]�_�h�o�b�f�b-

�q�_�k�d�b�o �p�b�d�e�h�\, �i�e�h�^�h�j�h�^�b�y �i�h�q�\, �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h �j�_�`�b�f�Z. �B�g�^�b�d�Z�l�h�j�h�f �y�\�e�y-

�_�l�k�y �h�[�t�_�f �_�`�_�]�h�^�g�h�c �j�m�[�d�b �^�j�_�\�_�k�b�g�u �i�h �k�j�Z�\�g�_�g�b�x �k �i�h�j�h�]�h�\�u�f�b �a�g�Z�q�_�g�b�y�f�b 

�\ �j�_�]�b�h�g�_. �D�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �h�k�m�s�_�k�l�\�e�y�_�l�k�y �g�Z �h�k�g�h�\�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_-

�f�_�g�g�h�]�h �Z�g�Z�e�b�a�Z �k�i�m�l�g�b�d�h�\�u�o �i�j�h�^�m�d�l�h�\ �k �p�_�e�v�x �h�i�j�_�^�_�e�_�g�b�y �i�e�h�s�Z�^�_�c, �g�Z �d�h-

�l�h�j�u�o �i�j�h�b�a�\�h�^�b�e�b�k�v �j�m�[�d�b �\ �l�_�d�m�s�_�f �]�h�^�m, �f�_�l�h�^�h�f �\�u�y�\�e�_�g�b�y �h�l�j�b�p�Z�l�_�e�v�g�h�c 

�^�b�g�Z�f�b�d�b �k�i�_�d�l�j�Z�e�v�g�u�o �y�j�d�h�k�l�_�c �^�j�_�\�_�k�g�h�]�h �i�h�e�h�]�Z �h�l�g�h�k�b�l�_�e�v�g�h �i�j�_�^�u�^�m�s�_�]�h 

�]�h�^�Z (�;�Z�j�l�Z�e�_�\ �b �^�j., 2009; �D�h�j�h�e�_�\�Z, �?�j�r�h�\, 2012).

7. �<�u�y�\�e�_�g�b�_ �b �h�p�_�g�d�Z �i�e�h�s�Z�^�_�c �m�q�Z�k�l�d�h�\ �^�h�e�]�h�\�j�_�f�_�g�g�h�c �^�_�]�j�Z�^�Z�p�b�b �e�_�k�h�\. �W�l�h�l 

�i�j�h�^�m�d�l �f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �h�p�_�g�d�b �\�e�b�y�g�b�y �\�h�a�^�m�r�g�h�]�h �i�j�h�f�u�r�e�_�g�g�h�]�h �a�Z-

�]�j�y�a�g�_�g�b�y �g�Z �k�Z�g�b�l�Z�j�g�h�_ �k�h�k�l�h�y�g�b�_ �b �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v �e�_�k�h�\ �b �b�o �w�d�h�k�b�k�l�_�f�g�u�_ 

�n�m�g�d�p�b�b (�i�j�h�^�m�p�b�j�h�\�Z�g�b�_ �h�j�]�Z�g�b�q�_�k�d�h�]�h �\�_�s�_�k�l�\�Z, �j�_�]�m�e�b�j�h�\�Z�g�b�_ �p�b�d�e�h�\ �m�]�e�_�j�h�^�Z, 

�Z�a�h�l�Z, �k�_�j�u, �l�y�`�_�e�u�o �f�_�l�Z�e�e�h�\ �b �^�j�m�]�b�o �w�e�_�f�_�g�l�h�\, �j�_�]�m�e�b�j�h�\�Z�g�b�_ �i�h�q�\�_�g�g�u�o 
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�i�j�h�p�_�k�k�h�\, �n�h�j�f�b�j�h�\�Z�g�b�_ �]�b�^�j�h�e�h�]�b�q�_�k�d�h�]�h �j�_�`�b�f�Z). �<�u�y�\�e�_�g�b�_ �m�q�Z�k�l�d�h�\ �^�h�e�]�h-

�\�j�_�f�_�g�g�h�c �^�_�]�j�Z�^�Z�p�b�b �e�_�k�h�\ �h�k�g�h�\�Z�g�h �g�Z �i�h�b�k�d�_ �h�l�j�b�p�Z�l�_�e�v�g�u�o �l�j�_�g�^�h�\ �f�g�h�]�h�e�_�l-

�g�_�c �^�b�g�Z�f�b�d�b �a�g�Z�q�_�g�b�c �k�i�_�d�l�j�Z�e�v�g�u�o �\�_�]�_�l�Z�p�b�h�g�g�u�o �b�g�^�_�d�k�h�\, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o 

�i�j�h�^�m�d�l�b�\�g�h�k�l�v �b �k�h�k�l�h�y�g�b�_ �e�_�k�h�\ (�\�d�e�x�q�Z�y �^�h�e�x �i�h�]�e�h�s�_�g�g�h�c �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b 

�Z�d�l�b�\�g�h�c �j�Z�^�b�Z�p�b�b, �h�[�t�_�f �a�_�e�_�g�h�c �[�b�h�f�Z�k�k�u, �d�h�g�p�_�g�l�j�Z�p�b�x �o�e�h�j�h�n�b�e�e�Z �b �\�e�Z�]�h-

�k�h�^�_�j�`�Z�g�b�_ �\ �\�_�]�_�l�b�j�m �x�s�b�o �h�j�]�Z�g�Z�o �e�_�k�g�h�c �j�Z�k�l�b�l�_�e�v�g�h�k�l�b) (�;�Z�j�l�Z�e�_�\ �b �^�j., 2008). 

�D�e�Z�k�k�b�n�b�d�Z�p�b�y �k�h�\�j�_�f�_�g�g�u�o �k�i�m�l�g�b�d�h�\�u�o �k�b�k�l�_�f

�< �a�Z�\�b�k�b�f�h�k�l�b �h�l �^�_�l�Z�e�v�g�h�k�l�b �k�t�_�f�d�b (�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�a�j�_�r�_�g�b�_) �b �i�_�j�b�h�^�b�q-

�g�h�k�l�b �g�Z�[�e�x�^�_�g�b�y �h�^�g�h�c �b �l�h�c �`�_ �l�_�j�j�b�l�h�j�b�b (�\�j�_�f�_�g�g�h�_ �j�Z�a�j�_�r�_�g�b�_) �k �m�q�_�l�h�f �\�h�a�f�h�`�g�h-

�k�l�_�c �k�t�_�f�h�q�g�h�c �Z�i�i�Z�j�Z�l�m�j�u (�k�i�_�d�l�j�Z�e�v�g�h�_ �j�Z�a�j�_�r�_�g�b�_) �k�i�m�l�g�b�d�h�\�u�_ �^�Z�g�g�u�_ �f�h�]�m�l �j�_�r�Z�l�v 

�f�g�h�]�b�_ �a�Z�^�Z�q�b �f�h�g�b�l�h�j�b�g�]�Z �[�b�h�e�h�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �g�Z �]�e�h�[�Z�e�v�g�h�f (�g�Z�p�b�h�g�Z�e�v-

�g�h�f), �j�_�]�b�h�g�Z�e�v�g�h�f �b �e�h�d�Z�e�v�g�h�f �m�j�h�\�g�y�o.

�I�_�j�\�u�c �l�b�i �^�Z�g�g�u�o �i�j�_�^�k�l�Z�\�e�_�g �]�e�h�[�Z�e�v�g�u�f�b �k�i�m�l�g�b�d�h�\�u�f�b �k�b�k�l�_�f�Z�f�b NOAA-

AVHRR, SPOT-Vegetation �b Terra/Aqua-MODIS, �F�_�l�_�h�j-�F1/�F�K�M-�F�J, �k�i�h�k�h�[�g�u�f�b �i�h�d�j�u�\�Z�l�v 

�h�[�r�b�j�g�u�_ �l�_�j�j�b�l�h�j�b�b �J�h�k�k�b�b �b �_�`�_�^�g�_�\�g�h �h�k�m�s�_�k�l�\�e�y�l�v �g�Z�[�e�x�^�_�g�b�_ �h�^�g�h�c �b �l�h�c �`�_ �l�_�j�j�b-

�l�h�j�b�b �k �g�b�a�d�b�f �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f �j�Z�a�j�_�r�_�g�b�_�f. �K �i�h�f�h�s�v�x �w�l�b�o �k�b�k�l�_�f �\ �J�h�k�k�b�b �j�_�r�Z�x�l�k�y 

�h�i�_�j�Z�l�b�\�g�u�_ �a�Z�^�Z�q�b �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �e�_�k�h�i�h�`�Z�j�g�h�]�h �f�h�g�b�l�h�j�b�g�]�Z (�E�m�i�y�g �b �^�j., 2003; �?�j�r�h�\ 

�b �^�j., 2004; �;�Z�j�l�Z�e�_�\ �b �^�j., 2010). �G�Z �h�k�g�h�\�_ �w�l�b�o �^�Z�g�g�u�o �l�Z�d�`�_ �n�h�j�f�b�j�m�x�l�k�y �b �f�g�h�]�h�e�_�l�g�b�_ 

�^�Z�g�g�u�_, �i�h�a�\�h�e�y�x�s�b�_ �h�l�k�e�_�`�b�\�Z�l�v �l�j�_�g�^�u �b �^�b�g�Z�f�b�d�m �k�h�k�l�h�y�g�b�y �e�_�k�g�h�c �j�Z�k�l�b�l�_�e�v�g�h�k�l�b.

�<�l�h�j�h�c �l�b�i �^�Z�g�g�u�o �i�j�_�^�k�l�Z�\�e�_�g �b�a�h�[�j�Z�`�_�g�b�y�f�b 36-�d�Z�g�Z�e�v�g�h�]�h �k�i�_�d�l�j�h�j�Z�^�b�h�f�_�l�j�Z 

MODIS (250!500 �f ) �k�j�_�^�g�_�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y �k�i�m�l�g�b�d�h�\ TERRA (1999 �].) 

�b AQUA (2001 �].) �b 22-�d�Z�g�Z�e�v�g�h�]�h �j�Z�^�b�h�f�_�l�j�Z VIIRS (375!750 �f ) �k�j�_�^�g�_�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g-

�g�h�]�h �j�Z�a�j�_�r�_�g�b�y �g�h�\�h�]�h �k�i�m�l�g�b�d�Z Suomi NPP (2011 �].), �d�h�l�h�j�u�_ �h�o�\�Z�l�u�\�Z�x�l �l�Z�d�`�_ �\�_�k�v 

�k�i�_�d�l�j �a�Z�^�Z�q �f�h�g�b�l�h�j�b�g�]�Z �^�h�e�]�h�k�j�h�q�g�u�o �i�j�h�p�_�k�k�h�\ �\ �e�_�k�Z�o ! �g�_�^�_�e�y, �^�_�d�Z�^�Z, �f�_�k�y�p �b �]�h�.̂ 

�W�l�b �k�b�k�l�_�f�u �i�h �k�\�h�_�f�m �h�o�\�Z�l�m �f�h�]�m�l �j�_�r�Z�l�v �d�Z�d �g�Z�p�b�h�g�Z�e�v�g�u�_ (�n�_�^�_�j�Z�e�v�g�u�_), �l�Z�d �b �j�_�]�b-

�h�g�Z�e�v�g�u�_ �a�Z�^�Z�q�b �f�h�g�b�l�h�j�b�g�]�Z �k�h�k�l�h�y�g�b�y �b �^�b�g�Z�f�b�d�b �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\.

�J�_�]�b�h�g�Z�e�v�g�u�c �f�h�g�b�l�h�j�b�g�] �[�b�h�e�h�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �f�h�`�_�l �j�_�r�Z�l�v�k�y 

�k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �^�Z�g�g�u�o �k�i�m�l�g�b�d�h�\�h�c �k�t�_�f�d�b �\�u�k�h�d�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_-

�g�b�y. �O�Z�j�Z�d�l�_�j�g�u�f�b �i�j�_�^�k�l�Z�\�b�l�_�e�y�f�b �l�Z�d�b�o �k�b�k�l�_�f �y�\�e�y�x�l�k�y LANDSAT 5, 7, 8 (15!30 �f ), 

TERRA-ASTER (15!90 �f ), SPOT 2, 4 (10!20 �f ) �b �F�?�L�?�H�J-�F1/�D�F�K�K (50 �f ), �i�j�_�^�g�Z�a�g�Z-

�q�_�g�g�u�_ �^�e�y �m�l�h�q�g�_�g�b�y �h�p�_�g�h�d �i�e�h�s�Z�^�_�c �e�_�k�h�\, �m�q�Z�k�l�d�h�\ �]�Z�j�_�c, �\�_�l�j�h�\�Z�e�h�\, �k�\�_�`�b�o �\�u-

�j�m�[�h�d �b �^�j�m�]�b�o �g�Z�j�m�r�_�g�b�c, �Z �l�Z�d�`�_ �h�p�_�g�d�b �i�h�\�j�_�`�^�_�g�b�y �^�j�_�\�h�k�l�h�_�\ �g�Z �m�j�h�\�g�_ �k�m�[�t�_�d�l�h�\ 

�J�N, �j�Z�c�h�g�h�\ �b �^�j�m�]�b�o �f�m�g�b�p�b�i�Z�e�v�g�u�o �b �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o (�e�_�k�g�b�q�_�k�l�\�Z) �h�[�j�Z�a�h�\�Z�g�b�c.

�E�h�d�Z�e�v�g�u�c �g�Z�[�h�j �k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �^�_�l�Z�e�v�g�h�c �h�p�_�g�d�b �\�b�^�h-

�\�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �g�_�[�h�e�v�r�b�o �i�h �j�Z�a�f�_�j�Z�f �g�Z�k�Z�`�^�_�g�b�c �e�_�k�h�\, �b�o �k�h�k�l�h�y�g�b�y �b �h�i�j�_�^�_�e�_�g�b�y 

�\�h�a�f�h�`�g�u�o �i�j�b�q�b�g �g�Z�j�m�r�_�g�b�c, �Z �l�Z�d�`�_ �^�e�y �i�e�Z�g�b�j�h�\�Z�g�b�y �f�_�j�h�i�j�b�y�l�b�c �i�h �g�Z�a�_�f�g�h�f�m 

�h�[�k�e�_�^�h�\�Z�g�b�x �e�_�k�g�h�c �w�d�h�k�b�k�l�_�f�u (�a�Z�d�e�Z�^�d�b �i�j�h�[�g�u�o �i�e�h�s�Z�^�h�d). �O�Z�j�Z�d�l�_�j�g�u�f�b �i�j�_�^�k�l�Z-

�\�b�l�_�e�y�f�b �l�Z�d�b�o �k�b�k�l�_�f �y�\�e�y�x�l�k�y SPOT5-HRG (2,5!10 �f ), RapidEye (5 �f ), IKONOS (1!3 �f ), 

Quickbird (1!3 �f ), �J�?�K�M�J�K-�>�D (1!3 �f ) �b �b�o �Z�g�Z�e�h�]�b.
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�:�j�o�b�l�_�d�l�m�j�Z �b�g�n�h�j�f�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u

�>�e�y �j�_�Z�e�b�a�Z�p�b�b �b �h�[�_�k�i�_�q�_�g�b�y �j�_�r�_�g�b�y �\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�o �a�Z�^�Z�q �g�_�h�[�o�h�^�b�f�h 

�k�h�a�^�Z�l�v �b�g�n�h�j�f�Z�p�b�h�g�g�m�x �k�b�k�l�_�f�m �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �f�h�g�b�l�h�j�b�g�]�Z �[�b�h�e�h�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h-

�[�j�Z�a�b�y �e�_�k�h�\, �i�j�b�g�p�b�i�b�Z�e�v�g�Z�y �k�o�_�f�Z, �d�h�l�h�j�h�c �i�j�b�\�h�^�b�l�k�y �g�Z �j�b�k. 1.

�K�b�k�l�_�f�Z �i�h�^�^�_�j�`�b�\�Z�_�l�k�y �b�g�n�h�j�f�Z�p�b�_�c �b �^�Z�g�g�u�f�b �h�l �i�y�l�b �[�e�h�d�h�\ (�i�h�^�k�b�k�l�_�f), 

�\�d�e�x�q�Z�x�s�b�o �^�b�g�Z�f�b�q�_�k�d�h�_ �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_ �b �h�p�_�g�d�m �e�_�k�g�u�o �j�_�k�m�j�k�h�\, �f�h�g�b�l�h�j�b�g�] 

�e�_�k�g�u�o �i�h�`�Z�j�h�\ �b �^�j�m�]�b�o �g�_�]�Z�l�b�\�g�u�o �\�h�a�^�_�c�k�l�\�b�c �g�Z �e�_�k�Z (�e�_�k�h�i�Z�l�h�e�h�]�b�q�_�k�d�b�c �f�h�g�b�l�h-

�j�b�g�]), �f�h�g�b�l�h�j�b�g�] �e�_�k�h�i�h�e�v�a�h�\�Z�g�b�y �b �e�_�k�h�\�h�k�k�l�Z�g�h�\�e�_�g�b�y.

�< �i�_�j�\�m�x �h�q�_�j�_�^�v, �w�l�h �d�Z�j�l�u �l�b�i�h�\ �g�Z�a�_�f�g�u�o �w�d�h�k�b�k�l�_�f �b �i�h�d�j�u�l�u�o �e�_�k�h�f �l�_�j�j�b�l�h-

�j�b�c, �k�h�f�d�g�m�l�h�k�l�b �^�j�_�\�h�k�l�h�y, �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �e�_�k�h�\ �i�h �\�b�^�h�\�h�f�m �k�h�k�l�Z�\�m, 

�k�h �h�l�g�h�r�_�g�b�x �o�\�h�c�g�u�o �b �e�b�k�l�\�_�g�g�u�o �i�h�j�h�^, �\�h�a�j�Z�k�l�g�h�c �k�l�j�m�d�l�m�j�_ �b �a�Z�i�Z�k�m �[�b�h�f�Z�k�k�u �e�_�k�h�\. 

�A�Z�l�_�f �d�Z�j�l�u �i�j�h�c�^�_�g�g�u�o �i�h�`�Z�j�Z�f�b �e�_�k�g�u�o �m�q�Z�k�l�d�h�\ �b �k�l�_�i�_�g�b �i�h�\�j�_�`�^�_�g�b�y �h�]�g�_�f �e�_�k�g�h�c 

�j�Z�k�l�b�l�_�e�v�g�h�k�l�b, �m�q�Z�k�l�d�h�\ �m�k�u�o�Z�g�b�c �e�_�k�h�\ �j�Z�a�g�h�c �d�Z�l�_�]�h�j�b�b �k�h�k�l�h�y�g�b�y �\ �j�_�a�m�e�v�l�Z�l�_ �f�Z�k�k�h�\�h�]�h 

�j�Z�a�f�g�h�`�_�g�b�y �\�j�_�^�g�u�o �g�Z�k�_�d�h�f�u�o, �^�e�b�l�_�e�v�g�u�o �i�h�]�h�^�g�u�o �a�Z�k�m�o �b �m�j�Z�]�Z�g�g�u�o �\�_�l�j�h�\. �B, �g�Z�d�h�g�_�p, 

�f�_�k�l�Z �d�h�g�p�_�g�l�j�Z�p�b�b �k�i�e�h�r�g�u�o �j�m�[�h�d �b �i�e�h�s�Z�^�b �e�_�k�h�i�h�e�v�a�h�\�Z�g�b�y �\ �j�_�]�b�h�g�Z�o. �G�Z �h�k�g�h�\�_ �w�l�b�o 

�^�Z�g�g�u�o �\�_�^�m�l�k�y �m�q�_�l �b �f�h�g�b�l�h�j�b�g�] �^�h�e�]�h�k�j�h�q�g�u�o �b�a�f�_�g�_�g�b�c �\ �e�_�k�Z�o. �< �w�l�h�f �`�_ �[�e�h�d�_ �i�j�_�^�m�k-

�f�h�l�j�_�g�u �w�e�_�f�_�g�l�u �f�h�^�_�e�b�j�h�\�Z�g�b�y �^�b�g�Z�f�b�d�b �e�_�k�h�\ �\ �m�k�e�h�\�b�y�o �]�e�h�[�Z�e�v�g�h�]�h �b�a�f�_�g�_�g�b�y �d�e�b�f�Z�l�Z. 

�>�Z�g�g�u�_ �g�Z�a�_�f�g�u�o �g�Z�[�e�x�^�_�g�b�c �g�Z �h�k�g�h�\�_ �j�_�]�m�e�y�j�g�u�o �k�_�l�_�c (�g�Z�i�j�b�f�_�j, ICP-forest 

�i�j�h�]�j�Z�f�f�Z) �b�e�b �g�_�j�_�]�m�e�y�j�g�u�o, �i�j�b�m�j�h�q�_�g�g�u�o �d �e�_�k�h�j�Z�k�l�b�l�_�e�v�g�u�f �m�k�e�h�\�b�y�f (�e�Z�g�^�r�Z�n�l�Z�f, 

�w�d�h�k�b�k�l�_�f�Z�f, �[�Z�k�k�_�c�g�Z�f �j�_�d �b �l.�i.), �y�\�e�y�x�l�k�y �b�g�n�h�j�f�Z�p�b�h�g�g�h�c �h�k�g�h�\�h�c �^�e�y �e�h�d�Z�e�v�g�h�]�h 

�m�j�h�\�g�y �h�p�_�g�d�b �[�b�h�e�h�]�b�q�_�k�d�h�c �j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\, �Z �l�Z�d�`�_ �^�e�y �d�Z�e�b�[�j�h�\�d�b �k�i�m�l�g�b�d�h�\�u�o 

�^�Z�g�g�u�o �b �\�_�j�b�n�b�d�Z�p�b�b �l�_�f�Z�l�b�q�_�k�d�b�o �i�j�h�^�m�d�l�h�\

�;�e�h�d �f�h�g�b�l�h�j�b�g�]�Z �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �h�[�_�k�i�_�q�b�\�Z�_�l �b�g�n�h�j�f�Z�p�b�_�c �h �k�h�k�l�h�y�g�b�b �[�b�h-

�j�Z�a�g�h�h�[�j�Z�a�b�y. 

�;�e�h�d �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c �b �m�k�e�m�] �e�_�k�h�\ �g�Z �]�e�h�[�Z�e�v�g�h�f (�g�Z�p�b�h�g�Z�e�v�g�h�f), �j�_�]�b-

�h�g�Z�e�v�g�h�f �b �e�h�d�Z�e�v�g�h�f �m�j�h�\�g�y�o �h�[�_�k�i�_�q�b�\�Z�_�l �h�p�_�g�d�m �d�Z�l�_�]�h�j�b�b �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �m�k�e�m�] 

(�^�j�_�\�_�k�b�g�Z, �\�h�e�h�d�g�Z) �b �^�\�m�o �d�Z�l�_�]�h�j�b�c �w�d�h�e�h�]�b�q�_�k�d�b�o �m�k�e�m�] ! �i�h�^�^�_�j�`�b�\�Z�x�s�b�o �b �j�_�]�m�e�b�j�m-

�x�s�b�o: �i�h�q�\�h�h�[�j�Z�a�h�\�Z�g�b�_, �i�j�h�^�m�p�b�j�h�\�Z�g�b�_ �h�j�]�Z�g�b�q�_�k�d�h�]�h �\�_�s�_�k�l�\�Z, �j�_�]�m�e�b�j�h�\�Z�g�b�_ �p�b�d�e�h�\ 

�m�]�e�_�j�h�^�Z �b �w�e�_�f�_�g�l�h�\ �i�b�l�Z�g�b�y, �j�_�]�m�e�b�j�h�\�Z�g�b�_ �d�e�b�f�Z�l�Z �b �^�j. 

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �h�[�_�k�i�_�q�b�\�Z�x�l �h�k�g�h�\�m �^�e�y �h�p�_�g�d�b �k�h�k�l�h�y�g�b�y �[�b�h�e�h�]�b�q�_�k�d�h�]�h 

�j�Z�a�g�h�h�[�j�Z�a�b�y �e�_�k�h�\ �J�h�k�k�b�b �b �i�j�b�g�y�l�b�y �k�l�j�Z�l�_�]�b�q�_�k�d�b�o �b �l�Z�d�l�b�q�_�k�d�b�o �j�_�r�_�g�b�c �i�h �m�k�l�h�c�q�b-

�\�h�f�m �b�o �m�i�j�Z�\�e�_�g�b�x.

�L�j�_�[�h�\�Z�g�b�y �d �b�g�n�h�j�f�Z�p�b�h�g�g�h�f�m �h�[�_�k�i�_�q�_�g�b�x �k�b�k�l�_�f�u

�H�^�g�h�c �b�a �a�Z�^�Z�q, �d�h�l�h�j�u�_ �l�j�_�[�m�_�l�k�y �j�_�r�Z�l�v �^�e�y �h�i�j�_�^�_�e�_�g�b�y �\�a�Z�b�f�h�k�\�y�a�_�c �[�b�h�j�Z�a-

�g�h�h�[�j�Z�a�b�_ ! �w�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b / �m�k�e�m�]�b, �y�\�e�y�_�l�k�y �m�k�l�Z�g�h�\�e�_�g�b�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o 

�r�d�Z�e, �g�Z �d�h�l�h�j�u�o �n�m�g�d�p�b�h�g�b�j�m�x�l �i�j�h�\�Z�c�^�_�j�u, �i�j�h�^�m�p�b�j�m�x�s�b�_ �w�d�h�k�b�k�l�_�f�g�u�_ �n�m�g�d�p�b�b/

�m�k�e�m�]�b. �<�u�^�_�e�y�x�l�k�y �l�j�b �m�j�h�\�g�y (�l�Z�[�e. 1): �]�e�h�[�Z�e�v�g�u�c (�g�Z�p�b�h�g�Z�e�v�g�u�c), �j�_�]�b�h�g�Z�e�v�g�u�c 

(�k�m�[�j�_�]�b�h�g�Z�e�v�g�u�c) �b �e�h�d�Z�e�v�g�u�c.
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�G�Z �]�e�h�[�Z�e�v�g�h�f (�g�Z�p�b�h�g�Z�e�v�g�h�f) �m�j�h�\�g�_ �^�e�y �i�j�b�g�y�l�b�y �k�l�j�Z�l�_�]�b�q�_�k�d�b�o �j�_�r�_�g�b�c 

�i�h �k�h�o�j�Z�g�_�g�b�x �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �b �m�k�l�h�c�q�b�\�h�f�m �m�i�j�Z�\�e�_�g�b�x �e�_�k�Z�f�b �g�_�h�[�o�h�^�b�f�Z �Z�]�j�_�]�b-

�j�h�\�Z�g�g�Z�y �l�_�f�Z�l�b�q�_�k�d�Z�y �b �d�Z�j�l�h�]�j�Z�n�b�q�_�k�d�Z�y �b�g�n�h�j�f�Z�p�b�y �h �i�e�h�s�Z�^�y�o �e�_�k�h�\, �b�o �\�b�^�h�\�h�f 

�k�h�k�l�Z�\�_, �k�m�d�p�_�k�k�b�h�g�g�h�f �k�l�Z�l�m�k�_, �\�h�a�j�Z�k�l�g�h�c �k�l�j�m�d�l�m�j�_, �a�Z�i�Z�k�Z�o �k�l�\�h�e�h�\�h�c �[�b�h�f�Z�k�k�u, 

�f�Z�k�r�l�Z�[�Z�o �g�Z�j�m�r�_�g�b�c �h�l �e�_�k�g�u�o �i�h�`�Z�j�h�\, �g�Z�k�_�d�h�f�u�o-�\�j�_�^�b�l�_�e�_�c �b �m�j�Z�]�Z�g�g�u�o �\�_�l�j�h�\.

�B�g�n�h�j�f�Z�p�b�h�g�g�Z�y �k�b�k�l�_�f�Z �]�e�h�[�Z�e�v�g�h�]�h (�g�Z�p�b�h�g�Z�e�v�g�h�]�h) �m�j�h�\�g�y �h�[�_�k�i�_�q�b�l �\�h�a�f�h�`-

�g�h�k�l�v �j�Z�c�h�g�b�j�h�\�Z�g�b�y �l�_�j�j�b�l�h�j�b�b �J�h�k�k�b�b (�n�_�^�_�j�Z�e�v�g�u�o �h�d�j�m�]�h�\) �i�h �k�l�_�i�_�g�b �n�j�Z�]�f�_�g�l�Z�j�g�h-

�k�l�b �e�_�k�h�\, �e�_�k�b�k�l�h�k�l�b �l�_�j�j�b�l�h�j�b�b, �k�l�_�i�_�g�b �b�o �g�Z�j�m�r�_�g�g�h�k�l�b �b �^�j�m�]�b�f �b�g�^�b�d�Z�l�h�j�Z�f. �F�h�g�b-

�l�h�j�b�g�] �b�a�f�_�g�_�g�b�c �b�g�^�b�d�Z�l�h�j�h�\ �i�h�a�\�h�e�b�l �h�p�_�g�b�l�v �k�b�l�m�Z�p�b�x �i�h �i�j�h�^�\�b�`�_�g�b�x �]�h�k�m�^�Z�j�k�l�\�Z 

�d �m�k�l�h�c�q�b�\�h�f�m �m�i�j�Z�\�e�_�g�b�x �e�_�k�Z�f�b �d�Z�d �\ �p�_�e�h�f �i�h �k�l�j�Z�g�_, �l�Z�d �b �i�h �d�j�m�i�g�u�f �j�_�]�b�h�g�Z�f.

�B�g�n�h�j�f�Z�p�b�h�g�g�Z�y �k�b�k�l�_�f�Z �j�_�]�b�h�g�Z�e�v�g�h�]�h �m�j�h�\�g�y �g�_�h�[�o�h�^�b�f�Z �^�e�y �i�j�b�g�y�l�b�y �l�Z�d�l�b-

�q�_�k�d�b�o �j�_�r�_�g�b�c �b �i�e�Z�g�b�j�h�\�Z�g�b�y �f�_�j�h�i�j�b�y�l�b�c �^�e�y �i�j�h�^�\�b�`�_�g�b�y �k�m�[�t�_�d�l�Z �d �m�k�l�h�c�q�b�\�h�f�m 

�m�i�j�Z�\�e�_�g�b�x �e�_�k�Z�f�b. �?�_ �h�k�g�h�\�h�c �y�\�e�y�x�l�k�y �b�g�l�_�]�j�b�j�h�\�Z�g�g�u�_ �l�_�f�Z�l�b�q�_�k�d�b�_ �b �d�Z�j�l�h�]�j�Z�n�b-

�q�_�k�d�b�_ �[�Z�a�u �^�Z�g�g�u�o �f�h�g�b�l�h�j�b�g�]�Z �k�h�k�l�h�y�g�b�y �b �^�b�g�Z�f�b�d�b �e�_�k�h�\ �g�Z �m�j�h�\�g�_ �k�m�[�t�_�d�l�Z. �:�^�f�b-

�g�b�k�l�j�Z�l�b�\�g�h-�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�c �_�^�b�g�b�p�_�c �l�_�j�j�b�l�h�j�b�b �k�m�[�t�_�d�l�Z �f�h�`�_�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y 

�Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�u�c �j�Z�c�h�g �b �e�_�k�g�b�q�_�k�l�\�h, �Z �i�j�b�j�h�^�g�h�c �_�^�b�g�b�p�_�c �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h �m�q�_�l�Z ! 

�[�Z�k�k�_�c�g�u �k�j�_�^�g�b�o �j�_�d. �:�]�j�_�]�Z�p�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d �e�_�k�h�\ �b �b�o �k�h�k�l�h�y�g�b�y, �i�h�e�m�q�_�g�g�u�o �i�h 

�k�i�m�l�g�b�d�h�\�u�f �^�Z�g�g�u�f, �i�h�a�\�h�e�b�l �h�[�_�k�i�_�q�b�l�v �d�h�f�i�e�_�d�k�g�m�x �h�p�_�g�d�m �b�g�^�b�d�Z�l�h�j�h�\ �[�b�h�j�Z�a�g�h�h-

�[�j�Z�a�b�y �g�Z �m�j�h�\�g�_ �w�l�b�o �l�_�j�j�b�l�h�j�b�Z�e�v�g�u�o �_�^�b�g�b�p. 

�H�p�_�g�d�b �e�h�d�Z�e�v�g�h�]�h �m�j�h�\�g�y �i�j�h�\�h�^�y�l�k�y �\ �j�_�]�b�h�g�Z�o �k �k�b�e�v�g�h �j�Z�a�\�b�l�h�c �^�h�j�h�`�g�h�c 

�b�g�n�j�Z�k�l�j�m�d�l�m�j�h�c, �Z�g�l�j�h�i�h�]�_�g�g�h�c �g�Z�]�j�m�a�d�h�c �g�Z �e�_�k�Z, �Z �l�Z�d�`�_ �b�o �a�g�Z�q�b�l�_�e�v�g�h�c �n�j�Z�]�f�_�g-

�l�Z�j�g�h�k�l�v�x. �< �j�_�a�m�e�v�l�Z�l�_ �h�g�b �^�h�e�`�g�u �h�[�_�k�i�_�q�b�\�Z�l�v �^�_�l�Z�e�v�g�m�x �d�Z�j�l�b�g�m �k�h�k�l�h�y�g�b�y �e�_�k-

�g�h�]�h �m�q�Z�k�l�d�Z �b �h�p�_�g�b�\�Z�l�v �b�g�^�b�d�Z�l�h�j�u �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �^�e�y �i�j�b�g�y�l�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 

�o�h�a�y�c�k�l�\�_�g�g�u�o �j�_�r�_�g�b�c �k �p�_�e�v�x �k�h�o�j�Z�g�_�g�b�y �b �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �m�k�l�h�c�q�b�\�h�k�l�b �e�h�d�Z�e�v�g�h�c 

�w�d�h�k�b�k�l�_�f�u. �>�e�y �i�j�b�g�y�l�b�y �h�i�_�j�Z�l�b�\�g�u�o �j�_�r�_�g�b�c �g�_�h�[�o�h�^�b�f�u �l�_�f�Z�l�b�q�_�k�d�b�_ �b �d�Z�j�l�h�]�j�Z-

�n�b�q�_�k�d�b�_ �[�Z�a�u �^�Z�g�g�u�o �^�_�l�Z�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b �g�Z �h�k�g�h�\�_ �^�Z�g�g�u�o �g�Z�a�_�f�g�u�o �h�[�k�e�_�^�h�\�Z�g�b�c 

�b �\�u�[�h�j�h�q�g�h�c �k�t�_�f�d�b �k�\�_�j�o�\�u�k�h�d�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�a�j�_�r�_�g�b�y. �W�l�h �h�[�_�k�i�_�q�b�\�Z�_�l 

�g�_�h�[�o�h�^�b�f�h�k�l�v �\�u�y�\�e�_�g�b�y �i�j�b�q�b�g �m�o�m�^�r�_�g�b�y �m�k�l�h�c�q�b�\�h�k�l�b �w�d�h�k�b�k�l�_�f�u, �j�Z�a�j�Z�[�h�l�d�b �f�_�j 

�i�h �_�_ �\�h�k�k�l�Z�g�h�\�e�_�g�b�x, �Z �l�Z�d�`�_ �h�j�]�Z�g�b�a�Z�p�b�b �i�h�k�l�h�y�g�g�u�o �g�Z�[�e�x�^�_�g�b�c �a�Z �k�h�k�l�h�y�g�b�_�f �b �^�b�g�Z-

�f�b�d�h�c �\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�u�o �i�j�h�p�_�k�k�h�\.

�A�Z�d�e�x�q�_�g�b�_

�K�h�\�j�_�f�_�g�g�u�_ �k�j�_�^�k�l�\�Z �a�h�g�^�b�j�h�\�Z�g�b�y �A�_�f�e�b �b�a �d�h�k�f�h�k�Z �y�\�e�y�x�l�k�y �\�Z�`�g�_�c�r�b�f �b�k-

�l�h�q�g�b�d�h�f �b�g�n�h�j�f�Z�p�b�b �^�e�y �b�a�m�q�_�g�b�y �e�_�k�h�\. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �k�i�m�l�g�b�d�h�\�u�o �^�Z�g�g�u�o �j�Z�k�r�b�j�y�_�l 

�\�h�a�f�h�`�g�h�k�l�b �h�p�_�g�d�b �[�b�h�e�h�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �b �w�d�h�k�b�k�l�_�f�g�u�o �n�m�g�d�p�b�c / �m�k�e�m�] �e�_�k�h�\, 

�Z �l�Z�d�`�_ �a�Z�d�e�Z�^�u�\�Z�_�l �h�k�g�h�\�m �^�e�y �i�h�k�l�j�h�_�g�b�y �k�b�k�l�_�f�u �f�h�g�b�l�h�j�b�g�]�Z �g�Z �n�_�^�_�j�Z�e�v�g�h�f, �j�_�]�b�h-

�g�Z�e�v�g�h�f �b �e�h�d�Z�e�v�g�h�f �m�j�h�\�g�y�o.

�I�j�b�f�_�g�_�g�b�_ �f�_�l�h�^�h�\ �b �Z�e�]�h�j�b�l�f�h�\ �k�i�m�l�g�b�d�h�\�h�]�h �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y �i�h�a�\�h�e�y�_�l 

�Z�d�l�m�Z�e�b�a�b�j�h�\�Z�l�v �^�Z�g�g�u�_ �h �i�h�j�h�^�g�h�c �k�l�j�m�d�l�m�j�_ �e�_�k�h�\, �b�o �i�j�h�^�m�d�l�b�\�g�h�k�l�b, �f�Z�k�r�l�Z�[�Z�o 
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�h�[�_�a�e�_�k�b�\�Z�g�b�y �b �e�_�k�h�\�h�k�k�l�Z�g�h�\�e�_�g�b�y, �h�p�_�g�b�\�Z�l�v �j�Z�a�e�b�q�g�u�_ �k�l�Z�^�b�b �\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�u�o 

�k�m�d�p�_�k�k�b�c �i�h�k�e�_ �i�h�`�Z�j�h�\, �f�Z�k�k�h�\�h�]�h �j�Z�a�f�g�h�`�_�g�b�y �\�j�_�^�g�u�o �g�Z�k�_�d�h�f�u�o �b �[�h�e�_�a�g�_�c �e�_�k�Z, 

�j�m�[�h�d.

�H�[�t�_�d�l�b�\�g�u�_ �b �j�_�]�m�e�y�j�g�h �Z�d�l�m�Z�e�b�a�b�j�m�_�f�u�_ �^�Z�g�g�u�_ �h �e�_�k�g�u�o �w�d�h�k�b�k�l�_�f�Z�o, �h�[�_�k�i�_-

�q�b�\�Z�x�s�b�_ �\�h�a�f�h�`�g�h�k�l�v �f�h�^�_�e�b�j�h�\�Z�g�b�y �b�o �^�b�g�Z�f�b�d�b �i�j�b �j�Z�a�e�b�q�g�u�o �k�p�_�g�Z�j�b�y�o �d�h�f�[�b�g�b-

�j�h�\�Z�g�g�h�]�h �^�_�c�k�l�\�b�y �i�j�b�j�h�^�g�u�o �b �Z�g�l�j�h�i�h�]�_�g�g�u�o �n�Z�d�l�h�j�h�\, �g�_�h�[�o�h�^�b�f�u �^�e�y �h�p�_�g�d�b �[�b�h�e�h-

�]�b�q�_�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �b �\�d�e�x�q�_�g�b�y �b�g�^�b�d�Z�l�h�j�h�\ �[�b�h�j�Z�a�g�h�h�[�j�Z�a�b�y �\ �k�b�k�l�_�f�u �i�h�^�^�_�j�`�d�b 
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Basic principles of the Russian remote sensed informatio n system 
for forest biodiversity assessment

D.V. Ershov, N.V. Lukina
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E-mail: ershov@iÞ .rssi.ru 

The main principles of the Russian remote sensed information system for forest biodiversity and forest ecosystem 
functions/services assessment were discussed. The forest ecosystem functions and services, criteria and indicators 
of forest biodiversity that can be estimated on the basis of satellite data were identiÞ ed. The structure of informa-
tion system and description of its elements was presented. The satellite operation system was brieß y characterized. 
Requirements for information support system on the the federal, regional and local levels have been formulated. 

Keywords: forest biodiversity, ecosystem functions/ services, remote sensing, information system.


