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7-|;� o=�l-�bl�l� u;Ѵ-|b�;� -0�m7-m1;� |_-|� 1ouu;vrom7;7� |o� _-Ѵ=�
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v|-|bom�Ő�����bm�
Ѵoub7-ő�-m7�-|�-�mou|_;um�)"!�v|-|bom�Ő���*�bm��;��+ouhőķ�7;lomv|u-|bm]�|_;�mou|_�-u7�lo�;l;m|�bm�lb]u-|bom�-m7�
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 14668238, 2022, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/geb.13567 by K

yle H
orton - C

olorado State U
niversity , W

iley O
nline Library on [14/11/2022]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License



ՊՍՊ |ՊƑƑƑƒHAAS et Al.

o=�|_;�l-�bl�l�ru;7b1|;7�u;Ѵ-|b�;�-0�m7-m1;ĺ�);�omѴ��bm1Ѵ�7;7�
_-Ѵ=Ŋ�l-��;v|bl-|;v�b=�|_;�-7f�v|;7�R2�=uol�|_;�];m;u-Ѵb�;7�-77b|b�;�
lo7;Ѵ��-v�]u;-|;u�|_-m�ƑƔѷĺ��-v|Ѵ�ķ�|o�;mv�u;�|_-|�|_;�)"!�v|-Ŋ
|bom�_-7�|_;�ro|;m|b-Ѵ�|o�7;|;1|�;-1_�vr;1b;v��_bѴ;�bm�-1|b�;�lb]u-Ŋ
|bomķ��;� u;v|ub1|;7�_-Ѵ=Ŋ�l-��;v|bl-|;v� |o� |_;�r;ubo7v�0;|�;;m�Ɛ�
�-u1_�-m7�ƐƔ���m;�7�ubm]�vrubm]�lb]u-|bom�-m7�0;|�;;m�Ɛ���]�v|�
-m7�ƐƔ��o�;l0;u�7�ubm]�-�|�lm�lb]u-|bomĺ

�m�|o|-Ѵķ�-ѴѴ�ƑƖƒ�mo1|�um-ѴѴ��lb]u-|bm]�vr;1b;v�l;|�o�u�lo7;Ѵ�=b|�
1ub|;ub-�Ő;ĺ]ĺķ�R2�=uol�����>ՓƑƔѷő�bm�vrubm]�-m7�ƑƕƖ�bm�|_;�-�|�lmĺ�
�m� |_;� vrubm]ķ� |_;� ƑƖƒ� vr;1b;v��;u;� 7bv|ub0�|;7� -lom]� ƐƑ� |-�oŊ
molb1�ou7;uvĺ��-vv;ub=oul;v�l-7;��r�lov|�ŐƔƕѷő�o=�|_;�ƑƖƒ�vr;Ŋ
1b;vķ� =oѴѴo�;7�0���_-u-7ubb=oul;v� ŐƐѵѷő�-m7��mv;ub=oul;v� ŐƐƒѷőĺ�
$_;�u;l-bmbm]�mbm;�ou7;uv�bm7b�b7�-ѴѴ��-11o�m|;7�=ou��r�|o�Ɠѷ�o=�
|_;�vr;1b;v�Ő|o|-Ѵ�o=�ƐƓѷőĺ�
ou�|_;�-�|�lm�lb]u-|bom�-m-Ѵ�vbvķ��;�
u;|-bm;7� ƑƕƖ� mo1|�um-ѴѴ��lb]u-|bm]� vr;1b;v� 7bv|ub0�|;7� 0;|�;;m�
ƐƐ�|-�omolb1�ou7;uvĺ��-vv;ub=oul;v�|o|-ѴѴ;7�Ɣƕѷ�o=�|_;�ƑƕƖ�vr;Ŋ
1b;vķ� -]-bm� =oѴѴo�;7� 0���_-u-7ubb=oul;v� ŐƐѵѷő� -m7��mv;ub=oul;v�
ŐƐƒѷőĺ�$_;�u;l-bmbm]�;b]_|�ou7;uv�|o];|_;u�l-7;��r�|_;�u;l-bmbm]�
ƐƓѷĺ�$_;�m;�|�_b]_;v|�ou7;u�mo|� bm1Ѵ�7;7��-v��;Ѵ;1-mb=oul;v�bm�
0o|_�vrubm]�-m7�-�|�lmķ��_b1_�l-7;��r�omѴ��ƒ�-m7�Ɠѷ�o=�7b�;uŊ
vb|�ķ�u;vr;1|b�;Ѵ�ĺ�
ou�|_bv�u;-vomķ��;�v-��b|�-v�-�0u;-hrobm|�bm�|_;�
7;v1ub0;7�u;v�Ѵ|vĺ

ƑĺƒՊ |Պ	-|-�-m-Ѵ�vbv

);�1-Ѵ1�Ѵ-|;7��;-uvomŝv�1ouu;Ѵ-|bom�1o;==b1b;m|�|o�-vv;vv�|_;�1ouŊ
u;vrom7;m1;�0;|�;;m�|_;�_-Ѵ=Ŋ�l-��r-vv-];�u-|;�Ő)"!ő�r_;moѴo]��
;v|bl-|;v� -m7� |_;� -�;u-];�_-Ѵ=Ŋ�l-�� Ő;�bu7ő�lb]u-|bom�r_;moѴo]��
;v|bl-|;v� =ou� ;-1_� vr;1b;vĺ� "r;1b=b1-ѴѴ�ķ� |_;� v;-vom-Ѵ� -m-Ѵ�v;v�
�;u;� 1olrubv;7� o=� -� vbm]Ѵ;� r_;moѴo]�� l;|ub1� Őou7bm-Ѵ� 7-|;ő� r;u�
7-|-�vo�u1;�r;u�u-7-u�v|-|bom�Őn =�ƐƓƒőĺ�);�v�ll-ub�;7�|_;�7b==;uŊ
;m1;�0;|�;;m�|_;�)"!�-m7�;�bu7�lb]u-|bom�r_;moѴo]��;v|bl-|;v�
0�� v�0|u-1|bm]� |_;� -�;u-];� _-Ѵ=Ŋ�l-�� Ő;�bu7ő� 7-�� o=� |_;� �;-u� =ou�
;-1_�vr;1b;v�=uol�|_;�_-Ѵ=Ŋ�l-��r-vv-];�u-|;�Ő)"!ő�7-��o=�|_;��;-uĺ�
�;]-|b�;��-Ѵ�;v� bm7b1-|;7�)"!�;v|bl-|;7�;-uѴb;u�lb]u-|bom�r_;Ŋ
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Ő�-� "ou|;ķ� 
bmhķ� �o1_-1_h-ķ� 
-umv�ou|_ķ� ;|� -Ѵĺķ� ƑƏƐƓőĺ�);� �v;7�
om;Ŋ��-�����(�v�|o�;�-lbm;�v|-|bv|b1-Ѵ�7b==;u;m1;v� bm�l;-mv�o=�
vr;1b;v�ub1_m;vv�-m7�l-]mb|�7;�o==v;|�-1uovv�=Ѵ��-�vķ�-m7��_;m�
-rruorub-|;ķ�$�h;��_om;v|Ѵ��vb]mb=b1-m|�7b==;u;m1;�Ő�"	ő�rov|Ŋ�_o1�

|;v|v�|o�b7;m|b=��vr;1b=b1�r-bu�bv;�7b==;u;m1;vĺ��ѴѴ�-m-Ѵ�v;v�-m7�=b]Ŋ
�u;v��;u;�];m;u-|;7��vbm]�!��;uvbom�ƓĺƏĺƑ� Ő!��ou;�$;-lķ�2020őĺ�
);��v;7�|_;�mgcv�r-1h-];�|o�blrѴ;l;m|�|_;�];m;u-Ѵb�;7�-77b|b�;�
lo7;Ѵv�Ő)oo7ķ�2011őĺ
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);� 1olrbѴ;7�)"!� vrubm]� -m7� -�|�lm� lb]u-|bom� r_;moѴo]�� ;v|bŊ
l-|;v� =uol� ƑķƑƑƔ� �;-uŋ�vb|;� vrubm]� u;rѴb1-|;v� -m7� ƑķƐƏƑ� �;-uŋ�vb|;�
-�|�lm� u;rѴb1-|;v� =uol� ƑƏƏƑ� |o� ƑƏƐѶĺ� "rubm]� )"!� ;v|bl-|;v� o=�
_-Ѵ=Ŋ�l-��7-|;v�o11�uu;7�;-uѴb;u�-|�Ѵo�;u�Ѵ-|b|�7;v�-m7�Ѵ-|;u�-|�_b]_;u�
Ѵ-|b|�7;vķ�r-u-ѴѴ;Ѵbm]�|_;�mou|_�-u7�lo�;l;m|�o=�lb]u-m|vķ��b|_�|_;�
orrovb|;�o0v;u�;7�bm�|_;�-�|�lm�-v�lb]u-m|v�|u-�;ѴѴ;7�vo�|_ĺ�"blbѴ-u�
Ѵ-|b|�7bm-Ѵ�|u;m7v��;u;�;�b7;m|�bm�|_;�vrubm]��b|_�;�bu7�;v|bl-|;v�o=�
_-Ѵ=Ŋ�l-�ĺ

ƒĺƐՊ |Պ "r;1b;v�ub1_m;vv


ou� -ѴѴ� vr;1b;v� 1ol0bm;7ķ� |_;� ƐƓƒ� )"!� v|-|bomv� om� -�;u-];�
1om|-bm;7� ƐƐƑĺƑՓ±ՓƑѵĺƓ� Ő±ՓSDő� vr;1b;v� 7�ubm]� vrubm]� lb]u-|bom�
(
b]�u;v 2a and 3aő�-m7�ƖƔĺƏՓ±ՓƐƕĺƑ� Ő±ՓSDő�vr;1b;v�7�ubm]�-�|�lm�
lb]u-|bom� Ő
b]�u;v 2b and 3bőĺ� $_;� ƐƓƒ� v|-|bomv� 1om|-bm;7� vb]Ŋ
mb=b1-m|Ѵ�� lou;� vr;1b;v� 7�ubm]� vrubm]� lb]u-|bom� Ő
b]�u;v 2a and 
3aő� 1olr-u;7� |o� -�|�lm� lb]u-|bom� ŐƐƕĺƐՓ±ՓƑƐĺƏĸ� r-bu;7� t� |;v|ķ�
tƐƓƑ =� Ɩĺƕѵķ�pՓ<ՓĺƏƏƐĸ�
b]�u;v 2b and 3bőĺ� "r;1b;v� ub1_m;vv� -|� |_;�
)"!� v|-|bomv� 7b==;u;7� vb]mb=b1-m|Ѵ�� om� -�;u-];� -lom]� |_;� |_u;;�
=Ѵ��-�v�7�ubm]�vrubm]�ŐFƑķƐƓƏ =�ƐѶĺƏƖķ�pՓ<ՓĺƏƏƐĸ�
b]�u;v 2a and 3aő�
-m7�-�|�lm�lb]u-|bom�ŐFƑķƐƓƏ =�ƐѶĺƏƖķ�pՓ<ՓĺƏƏƐĸ�
b]�u;v 2b and 3bőĺ�
	�ubm]�vrubm]�lb]u-|bomķ�$�h;���"	�rov|Ŋ�_o1�|;v|v� u;�;-Ѵ;7�vb]Ŋ
mb=b1-m|�7b==;u;m1;v�bm�vr;1b;v�ub1_m;vv�0;|�;;m�|_;��;v|;um�-m7�
1;m|u-Ѵ� =Ѵ��-�v�7�ubm]� vrubm]�lb]u-|bom� Ől;-m�7b==;u;m1;�= 30.0 
vr;1b;vķ�pՓ<ՓĺƏƏƐĸ�
b]�u;v 2a and 3aő�-m7��;v|;um�-m7�;-v|;um�=Ѵ�Ŋ
�-�v�Ől;-m�7b==;u;m1;�=�ƑƑĺƕ�vr;1b;vķ�pՓ<ՓĺƏƏƐĸ�
b]�u;v 2a and 3aőĺ�
	�ubm]�-�|�lm�lb]u-|bomķ�$�h;���"	�rov|Ŋ�_o1�|;v|v�7b7�mo|�u;�;-Ѵ�
-m��vb]mb=b1-m|�r-bu�bv;�7b==;u;m1;vĺ

$_;�ƓƏ�)"!�v|-|bomv�bm�|_;��;v|;um�=Ѵ��-��1om|-bm;7�ƖƒĺƕՓ±ՓƐѶĺƔ�
(±ՓSDő�vr;1b;v�om�-�;u-];�7�ubm]�vrubm]�lb]u-|bom�Ő
b]�u;v 2a and 3aő�
-m7�ѶѵĺƑՓ±ՓƐƔĺƒ�Ő±ՓSDő�vr;1b;v�om�-�;u-];�7�ubm]�-�|�lm�lb]u-|bom�
(
b]�u;v 2b and 3bőĺ�$_;�ƓƑ�)"!�v|-|bomv�bm�|_;�1;m|u-Ѵ�=Ѵ��-��1omŊ
|-bm;7�ƐƑƒĺƕՓ±ՓƑƒĺƏ� Ő±ՓSDő� vr;1b;v�om�-�;u-];�7�ubm]�vrubm]�lb]u-Ŋ
|bom� Ő
b]�u;v 2a and 3aő� -m7�ƖƒĺƐՓ±ՓƐƓĺƕ� Ő±ՓSDő� vr;1b;v�om� -�;u-];�
7�ubm]�-�|�lm�lb]u-|bom�Ő
b]�u;v 2b and 3bőĺ�$_;�ѵƐ�)"!�v|-|bomv�
bm� |_;�;-v|;um� =Ѵ��-��1om|-bm;7�ƐƐѵĺƓՓ±ՓƑƕĺƏ� Ő±ՓSDő� vr;1b;v�om�-�Ŋ
;u-];�7�ubm]�vrubm]�lb]u-|bom� Ő
b]�u;v 2a and 3aő�-m7�ƐƏƑĺƑՓ±ՓƐƕĺƏ�
(±ՓSDő�vr;1b;v�om�-�;u-];�7�ubm]�-�|�lm�lb]u-|bom�Ő
b]�u;v 2b and 
3bőĺ��=�|_;�|_u;;�lov|�vr;1b;v�ub1_�ou7;uvķ��-vv;ub=oul;v�1om|-bm;7�
|_;� _b]_;v|� m�l0;u� o=� vr;1b;v� -1uovv� )"!� v|-|bomv� om� -�;u-];�
Ővrubm]�=�ѵƖĺѵՓ±ՓƐƕĺƏķ�-�|�lm�=�ѵƏĺƑՓ±ՓƐƑĺƕķ�l;-mՓ±ՓSD; 
b]�u;v Ƒ]ķ_ 
and 3ő�-m7��_-u-7ubb=oul;v�Ővrubm]Փ=ՓƐѶĺƔՓ±Փѵĺѵķ�-�|�lm�=�ƐƐĺƖՓ±ՓƔĺƒķ�
l;-mՓ±ՓSD; 
b]�u;v Ƒ;ķ= and 3ő� v_o�;7� Ѵo�;u� vr;1b;v� ub1_m;vv� om�
average.
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ƒĺƑՊ |Պ �ouu;Ѵ-|bom�bm�lb]u-|bom�r_;moѴo]��bm7b1;v


ou�-ѴѴ�vr;1b;v�1ol0bm;7�-1uovv�|_;�ƐƓƒ�)"!�v|-|bomvķ��;�=o�m7�
rovb|b�;�1ouu;Ѵ-|bomv�0;|�;;m�|_;�)"!�-m7�;�bu7�0-v;7�;v|bl-|;v�
o=�lb]u-|bom�r_;moѴo]��7�ubm]�vrubm]� Őr =� ĺƕƒķ�df =�ƐƓƐķ�pŊ��-Ѵ�;�
<� ՔĺƏƏƐķ��om=b7;m1;��m|;u�-Ѵ�Ő��őĹ�ĺѵƔŋ�ĺѶƏĸ�
b]�u; Ɠ-ő�-m7�-�|�lm�
lb]u-|bom�Őr =�ĺƔƏķ�df =�ƐƓƐķ�pŊ��-Ѵ�;�<�ĺƏƏƐķ���Ĺ�ĺƒѵŋ�ĺѵƐĸ�
b]�u; Ɠ0őĺ�
�lom]�vr;1b;v�bm�|_;�|_u;;�|-�omolb1�ou7;uvķ��-vv;ub=oul;v�_-7�
|_;� v|uom];v|� 1ouu;Ѵ-|bomv� 0;|�;;m� r_;moѴo]�� bm7b1;v� 7�ubm]�
0o|_� vrubm]� Őr =� ĺƕƓķ�pŊ��-Ѵ�;�<� ĺƏƏƐķ���Ĺ� ĺѵѵŋ�ĺѶƐĸ�
b]�u; 5aő� -m7�
-�|�lm�lb]u-|bom�Őr =�ĺƔƓķ�pŊ��-Ѵ�;�<�ĺƏƏƐķ���Ĺ�ĺƓƑŋ�ĺѵƔķ�
b]�u; 5bőĺ�

	�ubm]� vrubm]� lb]u-|bomķ� 1ouu;Ѵ-|bom� v|u;m]|_� �-v� bm|;ul;7b-|;�
=ou��_-u-7ubb=oul;v�Őr =�ĺѵѶķ�pŊ��-Ѵ�;�<�ĺƏƏƐķ���Ĺ�ĺƔѶŋ�ĺƕѵőķ�-m7�mo�
1ouu;Ѵ-|bom��-v�=o�m7�=ou��mv;ub=oul;v� Őr =� ĺƏƐķ�pŊ��-Ѵ�;�=� ĺѶƖƕķ�
��Ĺ� ƴĺƐѵŋ�ĺƐѶő� Ő
b]�u; 5aőĺ� 	�ubm]� -�|�lm� lb]u-|bomķ� 1ouu;Ѵ-|bom�
v|u;m]|_��-v� bm|;ul;7b-|;� =ou� �mv;ub=oul;v� Őr =� ĺƒƑķ�pŊ��-Ѵ�;�< 
ĺƏƏƐķ� ��Ĺ� ĺƐѵŋ�ĺƓѵő� -m7� �;-h;v|� =ou� �_-u-7ubb=oul;v� Őr =� ĺƑƕķ� pŊ�
value =�ĺƏƏƐķ���Ĺ�ĺƐƐŋ�ĺƓƐő�Ő
b]�u; 5bőĺ��1uovv�=Ѵ��-�vķ�1ouu;Ѵ-|bom�
v|u;m]|_� �-vmŝ|� l-uh;7Ѵ�� 7b==;u;m|� 7�ubm]� vrubm]� lb]u-|bomķ� -ѴŊ
|_o�]_� |_;��;v|;um� -m7� ;-v|;um� =Ѵ��-�v� v_o�;7� v|uom];u� u;Ѵ-Ŋ
|bomv_brv�7�ubm]�-�|�lm�lb]u-|bom�-v�1olr-u;7��b|_�|_;�1;m|u-Ѵ�
=Ѵ��-��Ő
b]�u; 5őĺ


 ��&!� �ƒՊ�;-m�Ő±ՓSDő�vr;1b;v�ub1_m;vv�o=�mo1|�um-ѴѴ��lb]u-|bm]�0bu7v�;v|bl-|;7�-|�ƐƓƒ��;-|_;u�v�u�;bѴѴ-m1;�u-7-u�Ő)"!ő�v|-|bomv��vbm]�
;�bu7�7-|-�7�ubm]�Ő-ő�vrubm]�-m7�Ő0ő�-�|�lm�lb]u-|bomĺ���|o|-Ѵ�o=�ƑƖƒ�mo1|�um-ѴѴ��lb]u-|bm]�0bu7�vr;1b;v��;u;�1omvb7;u;7�bm�|_;�-m-Ѵ�vbv


 ��&!� �ƓՊ$_;�u;Ѵ-|bomv_br�0;|�;;m�ou7bm-Ѵ�7-|;�o=�_-Ѵ=Ŋ�l-��r-vv-];�;v|bl-|;7�-|�ƐƓƒ��;-|_;u�v�u�;bѴѴ-m1;�u-7-u�Ő)"!ő�v|-|bomv�-m7�
ou7bm-Ѵ�7-|;�o=�_-Ѵ=Ŋ�l-��u;Ѵ-|b�;�-0�m7-m1;�;v|bl-|;7��vbm]�;�bu7�7-|-�7�ubm]�Ő-ő�vrubm]�-m7�Ő0ő�-�|�lm�lb]u-|bomĺ��-1_�o=�|_;�ƐƓƒ�)"!�vb|;v�
bv�u;ru;v;m|;7�0��-�robm|�om�|_;�rѴo|ķ��b|_�|_;bu�u;vr;1|b�;�Ѵ-|b|�7;v�7bv|bm]�bv_;7�0��-�1oѴo�u�]u-7b;m|ĺ��;-uvomŝv�1ouu;Ѵ-|bom�1o;==b1b;m|�bv�
v_o�m�bm�|_;�0o||ol�ub]_|�o=�;-1_�v;-vom-Ѵ�rѴo|�-m7�|_;�7-v_;7�Ѵbm;�v_o�v�|_;�ƐĹƐ�u;Ѵ-|bomv_br�Őb7;m|b|��Ѵbm;ő
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ƑƑƑѵՊ |ՊՊՍ HAAS et Al.

ƒĺƒՊ |Պ	b==;u;m1;v�bm�|_;�l-]mb|�7;�o=�|_;�|�o�
phenology indices

�m� -77b|bom� |o� ;�-lbmbm]� 1ouu;Ѵ-|bom� v|u;m]|_ķ� �;� t�-m|b=b;7� |_;�
7b==;u;m1;� bm� |_;�l-]mb|�7;�o=� |_;� |�o�r_;moѴo]�� bm7b1;vĺ� 
ou� -ѴѴ�
vr;1b;v� 1ol0bm;7� -1uovv� |_;� ƐƓƒ� )"!� v|-|bomvķ� |_;� ;�bu7� ;v|bŊ
l-|;v� o=� lb]u-|bom� r_;moѴo]�� o11�uu;7� -m� -�;u-];� o=� ƑĺƑՓ±ՓƔĺƓ�
(±ՓSDő� 7-�v� ;-uѴb;u� |_-m� |_;� )"!� ;v|bl-|;v� 7�ubm]� vrubm]� lb]u-Ŋ
|bom� Ő
b]�u; 6aőĺ� !;Ѵ-|b�;� |o� �mv;ub=oul;vķ� vrubm]� r_;moѴo]�� ;vŊ
|bl-|;v� �;u;� lou;� 1omvbv|;m|� om� -�;u-];� bm� �-vv;ub=oul;v� -m7�
�_-u-7ubb=oul;vķ��b|_�;�bu7�v_o�bm]�;v|bl-|;v�|_-|��;u;�ƴƐĺƐՓ±ՓѵĺƑ�
(±ՓSDő�-m7�ƑĺѶՓ±ՓѵĺƔŐ±ՓSDő�7-�v�;-uѴb;u�|_-m�)"!�;v|bl-|;vķ�u;vr;1Ŋ
|b�;Ѵ��Ő
b]�u; 6aőĺ��mv;ub=oul;v�l;-v�u;v��;u;�=�u|_;u�o==v;|ķ��b|_�
-m�-�;u-];�7b==;u;m1;�o=�ƑѵĺƕՓ±ՓƐƐĺƖ�Ő±ՓSDő�7-�v�0;|�;;m�)"!�-m7�
;�bu7�;v|bl-|;v�Ő
b]�u; 6aőĺ�$_;�o�;u-ѴѴ�o==v;|�o=�|_;�r_;moѴo]��;v|bŊ
l-|;v��-v�Ѵ-u];u�7�ubm]�-�|�lm�|_-m�vrubm]�lb]u-|bomķ��b|_�|_;�)"!�
;v|bl-|;v� o=� lb]u-|bom� r_;moѴo]�� -�;u-]bm]� ѶĺƕՓ±ՓƕĺѶ� Ő±ՓSDő� 7-�v�
;-uѴb;u�|_-m�;�bu7�-1uovv�-ѴѴ�ou7;uv� Ő
b]�u; 6bőĺ��mv;ub=oul;v�7-|;v�
|u-bѴ;7�-m�-�;u-];�o=�ƒƓĺѶՓ±ՓƐƐĺƑ�Ő±ՓSDő�7-�v�0;_bm7�)"!ķ�1omvbv|;m|�
�b|_��mv;ub=oul;v�lb]u-|bom�o11�uubm]� Ѵ-|;u� |_-m� |_;�o|_;u�ou7;uv�
7�ubm]�-�|�lm�lb]u-|bomķ�ro|;m|b-ѴѴ��0;�om7�|_;�)"!�v-lrѴbm]�r;Ŋ
riod (
b]�u; 6bőĺ��-vv;ub=oul;v��;u;�o==v;|�0��ƔĺƐՓ±ՓѶĺƏ�Ő±ՓSDő�7-�v�
om�-�;u-];�-m7��_-u-7ubb=oul;v�0��ƑĺƒՓ±ՓƐƑĺƕ�Ő±ՓSDő�7-�v�om�-�;u-];�
(
b]�u; 6bőĺ�);�=o�m7�7b==;u;m1;v�-1uovv�=Ѵ��-�v�om�-�;u-];�7�ubm]�
vrubm]� -m7� -�|�lm�lb]u-|bom� bm� |_;� o==v;|� 0;|�;;m� |_;�)"!� -m7�
;�bu7�;v|bl-|;v�Ővrubm]�FƑķƐƓƏ =�ƔĺƖѵķ�p =�ĺƏƏƒĸ�-�|�lm�FƑķƐƓƏ =�ƒĺƕѵķ�
p =� ĺƏƑѵőĺ� "r;1b=b1-ѴѴ�ķ� $�h;���"	� rov|Ŋ�_o1� |;v|v� u;�;-Ѵ;7� 7b==;uŊ
;m1;v�om�-�;u-];�bm�|_;�vrubm]�lb]u-|bom�o==v;|�0;|�;;m�|_;��;v|Ŋ
;um� -m7� 1;m|u-Ѵ� =Ѵ��-�v� Ől;-m� 7b==;u;m1;�=� ƒĺѵՓ7-�vķ� pՓ<ՓĺƏƔő� -m7�
0;|�;;m��;v|;um�-m7�;-v|;um�=Ѵ��-�v�Ől;-m�7b==;u;m1;�=�ƒĺƐՓ7-�vķ�
pՓ<ՓĺƏƔő�ŋ��bm�0o|_�1-v;v�|_;��;v|;um�=Ѵ��-��v_o�bm]�vl-ѴѴ;u�o==v;|vĺ�
$�h;���"	�rov|Ŋ�_o1�|;v|v�7b7�mo|�u;�;-Ѵ�r-bu�bv;�7b==;u;m1;v�7�ubm]�

-�|�lm� lb]u-|bomĺ� �m|;u;v|bm]Ѵ�ķ� |_;� l-]mb|�7;� o=� |_;� o==v;|� 0;Ŋ
|�;;m�)"!�-m7�r-vv;ubm;Ŋ�7;ub�;7�;�bu7�r_;moѴo]�� bm7b1;v��-ub;7�
om�-�;u-];�-1uovv�Ѵ-|b|�7;v�o=�|_;�1om|b]�o�v�&mb|;7�"|-|;vķ�0;1olŊ
bm]�lou;� m;]-|b�;� Őbĺ;ĺķ� u-7-u� ;-uѴb;uő� �b|_� bm1u;-vbm]� Ѵ-|b|�7;� 7�uŊ
bm]� vrubm]�lb]u-|bom� Őβ =� ƴƏĺƔƓķ�pՓ<ՓĺƏƏƐķ�R2 =� ĺƑƓő� -m7� bm1u;-vbm]�
�b|_�bm1u;-vbm]�Ѵ-|b|�7;�7�ubm]�-�|�lm�lb]u-|bom�Őβ =�ƏĺƓƓķ�pՓ<ՓĺƏƏƐķ�
R2 =�ĺƏƖő�Ő
b]�u; 6őĺ

ƓՊ |Պ	�"�&""���

�m� -m� ;u-� o=� 0b]� 7-|-ķ� bm|;]u-|bom� o=� 1olrѴ;l;m|-u�� ;1oѴo]b1-Ѵ� bmŊ
=oul-|bom� bv� 1ub|b1-Ѵ� bm� 7;v1ub0bm]� u-rb7Ѵ�� 1_-m]bm]�0;_-�bo�uv� -m7�
ror�Ѵ-|bomvķ�vbm1;�v_ou|1olbm]v�o=�om;�vo�u1;�l-��0;�o�;u1ol;�0��
-mo|_;u� Ő�-lr|om�;|� -Ѵĺķ�2013ĸ� �v--1�;|� -Ѵĺķ�2020őĺ��;u;ķ��;� v_o��
-�rovb|b�;�1ouu;vrom7;m1;�0;|�;;m�;�bu7�-m7�)"!�lb]u-|bom�r_;Ŋ
moѴo]�� l;|ub1v� �b|_bm� |_;� 1om|b]�o�v� &mb|;7� "|-|;vķ� �_b1_� 1o�Ѵ7�
-ѴѴo�� |_;� |�o�-rruo-1_;v� |o� bѴѴ�v|u-|;� -�lou;� 1olrѴ;|;�7;rb1|bom�
o=�|_;�u;]bomŝv�-�b-m�lb]u-|bom�v�v|;lĺ���u�u;v�Ѵ|v�bm7b1-|;�|_-|�|_bv�
1ouu;Ѵ-|bom� 0;|�;;m�lb]u-|bom� r_;moѴo]��l;-v�u;7� 0�� ;�bu7� -m7�
)"!��-v�v|uom];v|�7�ubm]�vrubm]�lb]u-|bomĺ��ou;o�;uķ�r_;moѴo]��
l;|ub1v�v_o�;7�-Ѵlov|�mo�|;lrou-Ѵ�o==v;|�7�ubm]�vrubm]�lb]u-|bom�
ŒƑĺƑՓ±ՓƔĺƓ�Ő±ՓSDő�7-�vœķ�-Ѵ|_o�]_�o==v;|v��;u;�]u;-|;u�7�ubm]�-�|�lm�
lb]u-|bom� ŒѶĺƕՓ±ՓƕĺѶ� Ő±"	ő� 7-�vœĺ�)_bѴ;� o==v;|v� 0;|�;;m�)"!� -m7�
�mv;ub=oul;vŊ�vr;1b=b1�;�bu7�;v|bl-|;v��;u;�]u;-|;v|ķ�;v|bl-|;v�7;Ŋ
ub�;7�=ou��_-u-7ubb=oul;v�-m7��-vv;ub=oul;v�1omvbv|;m|Ѵ��r;u=oul;7�
�;ѴѴķ�v�]];v|bm]�-�Ѵbh;Ѵ��]u;-|;u�1om|ub0�|bom�o=��_-u-7ubb=oul;v�-m7�
�-vv;ub=oul;v� |o� |_;� o�;u-ѴѴ� |-�omolb1� l-h;Ŋ��r� o=�)"!Ŋ�7;ub�;7�
r_;moѴo]��;v|bl-|;vĺ

&vbm]� ;�bu7� -7-r|b�;� vr-|boŊ�|;lrou-Ѵ� ;�rѴou-|ou�� lo7;Ѵ�
Ő�7-"$��ő� ;v|bl-|;v� o=� u;Ѵ-|b�;� -0�m7-m1;ķ� �;� 7o1�l;m|;7�
1omvb7;u-0Ѵ;� �-ub-|bom� bm� mo1|�um-Ѵ� lb]u-m|� vr;1b;v� ub1_m;vv�


 ��&!� �ƔՊ�;-m��;-uvomŝv�1ouu;Ѵ-|bom�1o;==b1b;m|v��b|_�ƖƔѷ�1om=b7;m1;�bm|;u�-Ѵv�0;|�;;m��;-|_;u�v�u�;bѴѴ-m1;�u-7-u�Ő)"!ő�-m7�;�bu7Ŋ�
0-v;7�;v|bl-|;v�o=�lb]u-|bom�r_;moѴo]��-|�ƐƓƒ�)"!�v|-|bomv�7�ubm]�Ő-ő�vrubm]�-m7�Ő0ő�-�|�lm�lb]u-|bomĺ��ouu;Ѵ-|bomv�-u;�v_o�m�=ou�)"!�
v|-|bomv��b|_bm�|_;�1om|b]�o�v�&mb|;7�"|-|;v�-m7�|_u;;��ou|_��l;ub1-m�lb]u-|bom�=Ѵ��-�v�Ő�;v|;umķ�n =�ƓƏĸ�1;m|u-Ѵķ�n =�ƓƑĸ�-m7�;-v|;umĸ�
n =�ѵƐő�-m7�-1uovv�-ѴѴ�mo1|�um-Ѵ�lb]u-m|�vr;1b;v�-m7�vr;1b;v�bm�|_u;;�|-�omolb1�ou7;uv�Ő�mv;ub=oul;vķ�n =�ƒѶĸ��_-u-7ubb=oul;vķ�n =�Ɠƕĸ�-m7�
�-vv;ub=oul;vķ�n =�Ɛѵƕő
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ՊՍՊ |ՊƑƑƑƕHAAS et Al.

-1uovv� |_;� 1om|b]�o�v� &mb|;7� "|-|;vĺ� ��;u-ѴѴķ� �;� =o�m7� _b]_;u�
u;]bom-Ѵ� 1om1;m|u-|bomv� o=� mo1|�um-ѴѴ�� lb]u-|ou�� vr;1b;v� 7�ubm]�
vrubm]� lb]u-|bomķ� �b|_� |_;� ]u;-|;v|� ub1_m;vv� o11�uubm]� bm� |_;�

&rr;uŊ��b7�;v|ĺ��om�;uv;Ѵ�ķ�|_;� Ѵo�;v|�vrubm]�ub1_m;vv�o11�uu;7�
bm� |_;� �;v|;um� =Ѵ��-�� -m7� |_;� vo�|_;um� rou|bom� o=� |_;� ;-v|;um�
=Ѵ��-�ĺ� �oohbm]� bm|o� |_;� ruorou|bomv� o=� |-�omolb1� ]uo�rvķ� �;�


 ��&!� �ѵՊ$_;�-�;u-];�7b==;u;m1;Փ±ՓƐ�
v|-m7-u7�7;�b-|bom�0;|�;;m��;-|_;u�
v�u�;bѴѴ-m1;�u-7-u�Ő)"!ő�-m7�;�bu7Ŋ�0-v;7�
;v|bl-|;v�o=�lb]u-|bom�r_;moѴo]��7�ubm]�
Ő-ő�vrubm]�-m7�Ő0ő�-�|�lm�lb]u-|bom�Ő)"!�
lbm�v�;�bu7ő�=ou�-ѴѴ�ƑƖƒ�vr;1b;v�1ol0bm;7�
-m7�vr;1b;v�bm�|_u;;�|-�omolb1�ou7;uv�-m7�
)"!�v|-|bomv�bm�|_u;;��ou|_��l;ub1-m�
lb]u-|bom�=Ѵ��-�vĺ��o|;ķ�v1-Ѵ;v�om�|_;�
y�-�bv�7b==;u�0;|�;;m�Ő-ő�-m7�Ő0őĺ��-rv�
o=�Ő1ő�vrubm]�-m7�Ő7ő�-�|�lm�7b==;u;m1;v�
0;|�;;m�)"!�-m7�;�bu7Ŋ�0-v;7�;v|bl-|;v�
o=�r-vv;ubm;�lb]u-|bom�r_;moѴo]�ĺ��Ѵ�;�
v_-7;v�v_o��bmv|-m1;v�o=�u-7-u�v_o�bm]�
;-uѴb;u�r_;moѴo]��7-|;v�-m7�u;7�v_-7;v�
v_o��bmv|-m1;v�o=�;�bu7�v_o�bm]�;-uѴb;u�
r_;moѴo]��7-|;v
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ƑƑƑѶՊ |ՊՊՍ HAAS et Al.

=o�m7��mv;ub=oul;v�];m;u-ѴѴ��1olrubv;7�|_;�vl-ѴѴ;v|�ruorou|bom�
o=�vr;1b;v�ub1_m;vvķ�|_o�]_�ub1_m;vv��b|_bm�|_;�ou7;u��-v�]u;-|;v|�
-|� _b]_;u� Ѵ-|b|�7;vĺ� &mv�urubvbm]Ѵ�ķ� �-vv;ub=oul;v� -11o�m|;7� =ou�
|_;� _b]_;v|� ruorou|bom� o=� vr;1b;v� ub1_m;vvķ� -11o�m|bm]� =ou� o�;u�
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