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��� �� !"� �#$%& '( ')#	 �(*%���+, ��#, ���-�.	 /� 0��123� 4�� �1	�� �� 5�( ���( ���

0��#6�,�7,�3��( �� 8��#	�/#	 �9':#; �� <= /� >?�; @���-�� - 5�( AB#� �67(=�C%& 
8D& .� /� 586 ��F�3��( A6-G� H�I�#IJ �KL3 @���-� M�$	�� �)-�N ���(= ':#; �

O	 �( M�$	�� �� <!I6�**�3� ':#; �� �1	�� �� 5�( AB#� ���.B�� @���-���� 5�( @-P /�
(= ':#;�@���-� Q8, /� 0��123� �( <!I6� R@-P5�(3��(��3� 08B .8(��82(� �#SD, H
?#.N*� ��*T�U�K, >,�B ':#; *V �1	�� ��+$" - �;�W, 4�,#�� �� !"� /� 0��123� �( �

��� �� !"� 48B '$3�K, �#)#,*%�6 -*�2,-�87�*<�,/�3 /� T�67P�V(� �-=��X78�8B .�$W�
��( AB#����8*F#	 /� 0��123� �( ':#; YL3 0/-� ZAB#� 5�(��[�*+, ����) 0��� /� 7�6 

AB#� 5�( \��#, �3 �� �#)#,�'& �3�� <�,/�3 �V3#	 ]2��#IF�SNOWMAP 08B8*F#	
�3� .',��� ��� ��#, �� !"�*$B >%  - 08B Q8, ���- /�*'/�37?#.N �( ^3�D2, *':#; ��

���X ��#? '_F�L, ��#,.7�6�2,���� �(��/�� '`V3#	 Q8, ��) ��(��/� ��� <���) '*$B 
7/�3 08B ��#, ���� 0��123� �,^��: ��*X H**$	 ->:�1	 �%a; �,8B�( .8D�=�� '*$B7/�3 
<���) >?�; /�@-P 5�(�('$3�K, >,�#  bD3��� -�67c/d��0�-� �$,�3�e��f�-= �	 �>
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e��l)�P= 0�, ��Y��	��-���0�, H��Yf (�3� '2��X ��#?.�2��$B b*'/�37, <�i� �'& 86�
@���-� Q8, R$B '( ���� 5�( @-P *'/�37�: �( @���-� �$	 ^**Hle%a; >:�1	 - 8?�� �

e/e��3� .�:�$	 ^**%a; >:�1	 - H�'($B �� �� Q8, V3#2, ��� 08,= �3�*'/�37@���-� 
B���, <�i� ':#; �� 5�( @-P /��, '& 86��B�� 8��#	�?#.N /� *� ��*T�U�8B�( ':#; .��

�2� >&�� b�, <�i� A6-G� H�� �( ')#	 �( '& 86��HQ8, '&SRM ��(7':#; �67��2W6#& �
;��"�1�	 '& '_F�L, ��#, '+LD, �� �3� 08B *+�F� '( �3� <�2W6#& - �B� /� *	 >op*>,�#  �

���I7@= '( P#1� 8D��, �67/�,/�*D�=��& ����*�H�	7, <�i� �� �86�.

��������� ��:@���-� Q8, 45�( AB#�R'*$B 4<!I6� �(= ':#; 45�( @-P7/�3.

��� � 

���( �`/�9(�D, q�T( @=��A*(�	M�+� �*�� �,8B�( -��-=�( <�T*, @=-��7�#2K, 
�(= ���( AB#� -H*%r	 @���-� �B�� /�@-P ���( �`/�]�,H��	 �*F�_�7�6 

�W�s#F-�8*6�6'(@�W; �,8�= .@-P ,o	 5�(*H08DD& �(#"� t�N -0�*NP @=
�D*,/��/ -9(�D, @='J�����6-'��N�-�- �3�6 @���-� >?�; /�<=��':#;7�6 
���2W6#` -91	�, >,�  ]�, -Q�2D`08DD` ]�s� <���) @#WK, �,8�#B.@���-� �B�� /�

@-P 5�( ��@=�6� �u`�8; 'SKF7�-�68(= '��*F�3 :#;'7�6 ���2W6#` -5�(�*X 
�`��i, '2B�� -�-8; v�c#3 @=��#, /�*� Ar( 7/�-�i` �����3�	�3 <��) H*,�	 

�, 8D`)'1*w- 4<���U%6 - �3-���Y� :e(.AB#� 5�( 5�_, <�T*, @=08B 0�*NP �3� 
-��F A��� ���x, -���,/ @���-� �B�� /�@-P 5�( /��*%6� ��*W( ��d�( ��A*�(�D*7�6 

8, - �x�s#F-�8*6���@= 9(�D, ���H�� '+LD, ����#N�( �3� .9%)�-=7�� �� !"� 
0�I2W�� '( �-8K, 5�( ���( �( M�$	���, �3�DB�#6 7�6��+	 - 8B�(y�$0�I2W�� H�� �,�%	 �6

H*��� �� �1	�� �� /� �	e���8���+2W, �2, .�( �	d�( �� �1	�� �� '& �3� �F�; �� H�����6
y�	8% '(, z� 5�( ��#?�86�.� /��-�.	 /� 0��123� -� H�0��#6�, ��7,�0�� 8��#	 �iX

1, �� !"� - 0�#(*87,/ �� *��( AB#� 'D�':#; �� �67��2W6#& �'(-��� �1	�� �� 0G
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� 8����3�DB�#6 0�I2W�2N� �� *���� ��86� .� /��, �� !"� H�,/ �� <�#	*'D�6��|%6 <#
8,���3 4@= 9(�D, �*]2W�673 ��8i6 *� 4>*A(*D�- 5�( @-P /� >?�; @���-� ...

��& 0��123�.�$" >,�#  A+*_�Ui	 �� *]6 - 5�( @-P /� >?�; @���-� >DJ*'$3�K, H
A*� �-� - @���-��}23� - ��ID) h"�D, �� <= �D*()Barabanov & Panov, 2012: 

216(�IF- '��N-� ':#; ��3��(��3� 08B .]6DJ*��& �� H7Ui	 '(�i, *� - >*A(*D�
3*@!�67'��N�-� ':#; �� 5�( @-P �p� �� 0���( �673*�$73��( ��3� 08B 
)Burakova et al, 2010: 1329 .(+K	 '�%) /�*� ��+�, �I��6��& '( <�#	7
)Brubaker et al, 1996: 421 (,/ ��*0��� /� 0��123� 'D�67�-�- 7Q8, �� A(�	 SRM 

��& -)Shalamu et al, 2012:125 ((/�( ��*D�@���-� Q8, R5�( @-P +K	 ��*��+
� �� 08B c�a���,/ H*��& 0��B� 'D.

':#;�67��2W6#& �I��( �� �1	�� -*� �� ��%6� '( ')#	 �( <��*9(�D, <�-��� �
� - �3� '2��X ���� <��Ii6-G� ')#	 ��#, �#i& �� @= �-8K,� ��,/ H*+K	 'D*��+

 #D2,�'( '& �3� 08B c�a�� 0��� '( �.2r, �#"�7<= /� , 0��B� �6��#B)�1a� ��8I�� -
4<���x%6 ��Y~:��Y (@���-� >?�; /�@-P 5�( ���(0��123� /�AaD3 /�-�-�]2W*3 
�� !"� ���*���O) ��':#; ��B ���J 4'*,-�� '*$B7/�3 8���`.��H�� 3��(�0����6-

7�6�2,���� �#`�, '(��#? '��/-� -7��( Q�3 ����-���~���- Q8, 8�8B .'(�#SD, 
�(��/�� ��� Q8, ����+, �	�86�i, -�	�$3�K, 'W��+, '*$B '` 8�8B7/�3 h�#, ->(�� 

^��: �( Q#$� H**_	 �(��( Y�/�->:�1	 �%a; �(��(�l/e'(�3� 08,= �3�)<���-�*( 
-��8D)4��Yf :�Ye .(@���-� >?�; /�@-P 5�( ����':#; (=���#%	���/ �3��( ���� 

8���� .���� !"� <�i 0�I2W�� 4�3�DB�#6 7�2,-�8*6 -AB#� 5�( �� �� ':#; ���J 
��8�-� ��2r, ��0�,7�6 8D13� -H���-�� '(�#" ]*+2W, '*�	 -\}3 �(('7�*X��` 4Q8, 
<�T*, �(� ��7�6/-� �#,��S� ��'(�3� 8���-=.]6H*DJ <�T*, @���-� �F�N �B�� /�
@-P 5�( ��-=�( 8���X.'W��+, @���-� 086�i,7�/�0/�8��7�*X ]*+2W, -@=�#%� �#)#, 

�( @���-� ��-=�( 08B /�Q8, SRM /�h��" <#,/= t<�i� 4��� '`H*( c���� -��-� 
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5!2N� �D_,7��� �#)- ���8� .= ':#;(�,�*,-�� '��N�-� ':#; �� 9��- ��(=�*� '*�( T
Q8, /� 0��123�SRM $B*/�3 '7�3� 08B )��.��74��Y� (�2��( b'08,= �3� %r	*H

F#$� >(���( M�$	�� /� *X8���( - �,� H�':#; �� �� , <�i��86� )'1*w- <���U%6 - �3-�
��Y�:�l(��2W6#& ':#; ���3 -*>N*>� T� /� �-���+, �� - 8���& 0��123� Q8, H�'W
0����67$B*'/�370/�8�� -X*�7" 08B�Q�3 �67e��� �	 e�����+, '( �I2W$%6 ��

( '�d�3*H���	 8?�� ���3� 8?�� �'2��8�� .�+,�')�� 'rW� 'WRi(�	 'rW� �( /-��
Q8,SRM��%6 �� g8D/�37B�� @���-� �( @-P /� g3 ':#; �� 5�g,� 8*�&$*��& �

)Z2���<���U%6 - 0��/ 4��YY:��� (<�i��T�� 08D6��I2W$%6 A�(���67����87-
/�38D��%67i(�	 'rW� �� 08B�3!& 'rW� '( �$W� *�3� C.$B ��*'/�37@���-� 

��2W6#& ':#; �� 5�( @-P /� >?�;���/�( )�g;�2�w- -*'14�3-�����:�l� (
$B*'/�37�2� Q8, ��� bF#$� >(��: �( �$	 ^**HYe%%a; >:�1	 -��/�YR%<�i� ��

�3� 0��� .]6DJ*� �� H�,/ H*, 'D�+K	 ��& '( <�#	*+�);�2��<���U%6 -����:��� (
�,� ��-=�( ��7ZL3 5�( -0�2WX AB#� 5�( �(0��123� /���-�.	 08DaD3MODIS ��

':#;�67��& 0��B� <�2W�X <�23� .3��(�(��& 'i+� ��7�6 AB#� ���( >?�; /�
��-�.	 7�6��#6�, MODIS �� Q8,@���-� 7/�3R@-P 5�( i6-G� <�#D ��� '& �3� 
':#; (=�83�3� '2��X ��#? ��&),*��@#+_4�#��$D� - 0��/ ��Y�:l.(Ar( >(�� 
�)#	 �/����(�6��':#; (=�<!I6� '(��#? 5�( �,8B�( -��'a*2� @=>?�; /�
@-P 5�( A+� �%�, ������ag��@���-�7�6 �KL3 ��g�1�,8D`.6g58H�� 4h*+K	

('X��&*�70���7�6 0��#6�,7�7��( O	 086�i,**��� ZL3 AB#� 5�( -Q8, 7/�3
<= �x�s#F-�8*6 ��H**_	 @���-� �B�� /�@-P 5�( -'W��+, <=�(��+,�0/�8�� �X*�708B 

� ���0�I2W �2,-�8*67�3� ':#; .8(��#SD, H�_3 �3� 08B Q8, /� 0��123� �( �	
SRM -��-�.	 08DaD3 7�6��#6�, MODIS 7��( '*$B7/�3 B�� @���-��5�( @-P /� 

�� ':#; (=�ir( '& <!I6��(= ':#; /� �QT� �3� </-� �#B 0��123� .� ���,/ H*'D
� '( ')#	 �(�HB� �%W� -� /� '_F�L, ��#, ':#; '&Ui	 <�2W6#& - 91	�, �*08B >
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� ��(��& - �3��( Q8, H*A':#; �� �	�67��2W6#& �3��( 4�3� 0�#( ��� Q8, ��U�%  
����B H�� 586 V�� �I�, A6-G� H�8B�(.

!�" � ����#

'_F�L, ��#, 0�-8K, 

(= ':#;��;�W, �( <!I6� eY��&*��B @#D) �� 9(�, �2,#������ <�23��& <�23� 
��X'2'N�B�3 /� -�67QT� '��N�-� (= ':#; �� </-������7�3� �TN .��-� /� ':#; H

Ui	 �B� - <�2W6#& �%W�*�3� 08B >.>UB )�(_�#,*���O) �*���0��%6 �� ':#; 
'6��(= 'U$B �(_�#, - �6*� ��0�I2W�673�DB�#6 �, <�i� '+LD, �� �#)#, �86�.

$�%)'(�)*�+� ,�� � -��.�����/�0� "�� ���1� " 23�4%��# ��# 

'( �82(� ��3��( �#SD,�?#.N *� ��*T�U�4':#; /�, ':#; �(0��123� /�'i+�7�6 
����X#�#	 K, ��*VGIS 8B �ri, -�DKD, \}37�6 <�T*, �(7-� <=]*3�	 

��X�8.\}3 ':#; O	 [�3��(**��� ��1	�� '('*;��7�6 � �1	�� ]*W+	 -�DKD, ���1	�R
7��( ZL3 <=�6]3� 8���X .��*�H�	�)-�N �� ��1	�� H��( ':#; ���f�	d�( - �2, �H

��B �� �1	�� �� ':#; 'L+���ee��� ZL3 /� �2, ����� ���� �.,*I��*':#; �� ��1	�� H
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e��l�3� �2, .Q-8) �� 0/#; �� ��1	�� 9�/#	 0#K�)�(�� ':#; 7�2,#W}*6 ���#%� -
>xB)e(,�3� 08B �ri . 

5��6)'(�7�� " ,�89"� :+;�9 

,�89"�(m) ;�	9 <= � ��> -����
(km2)

;� 	9?�> �@ �7�� ;� 2*����
 ...-3� �*
	� "�	. 

�@ �7�� -���� ;� ��B"
 ;� C�> 2D�89"� ...��"� 

�j�k k/kjk k/��k� ��� 
���� ��� ��j{ �� 
���� �/���� �j�� �� 
��k� �/��{ �/��{ �k 
���� � �

'( ':#; 7�2,#W}*6 ���#%��, <�i� �(#N08%  �%W� '` 86� 0/#; �;�W, /� 7�
��� ���� ]` ��*W( ^*B �( H*��� �� �1	�� �� .��1	�� /�e��� ��1	�� A��T�� 8�-� d�( '( �2, 

�, 8�8B '�?�� '( �$W�<�i� '& �#B <�2W6#` '( �6#x��� h"�D, - �B� /� �#$  08D6�
�3� .�(�D(�Ui	 <�2W6#& - �B� >,�B �-�12, �%W� -� /� '_F�L, ��#, 0�-8K, H*>

�3� 08B.

$E%)�(�7�� �	*���F�# "��G� 
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R��2N�3 Q8, @���-� @-P 5�( 

Q8, SRM v� Q8, 4�x�s#F-�8*6 �,#�1, -�D*  �([�3� -��')��R/-� �3� H�� 
'( Q8,�#SD, '*$B7/�3 -A*��D*( <���) '��/-� ��':#;7�6 ���2W6#` '`]�,H��	 
>,�  ��8*F#	 @���-� ��H�� ':#;�6@-P 5�( �,48B�( �;��" 08B �3� )Martinec 

et al, 2008: 30(.

ZL3 ��-�.	 8*F#	 AB#� 5�( 0��� /� \��#, 08DaD3 7�6 

]2��#IF����6 �1�2r, ��8*F#	 'i+�7�6 ZL3 AB#� 5�( ��#, 0��123� ��-908B -
�6 /� c�8` <=�67���� ���7�6 �	-�12, ��A*��D*( @���-� �,8DB�(.�x� /�]�,H��	 

]2��#IF� H��4�6 ]2��#IF�SNOWMAP �3� '`' #%a,7�/���8*F#	 AB#� 5�( ����
�#L3 ��2r, /�08DaD3 \��#, '���� �,8DD` )Hall et al, 2002: 185(H�� ��8*F#	 
V3#	 T`�, ��, ��-5�()NSIDC (��T`�, 9�/#	 -7��8�I� 0���)DAAC (�K	 
H�-�D  �u`�8; ZL3 AB#� 5�( -0���7�6 Y0/-� ZL3 5�( ��0�-�7�6 '��/-� -�i6 
0/-� 8*F#	 �,8�#B -7���� ��� ���x, l�� �2, -���� �2, �,8B�( .��8*F#	 0���7�6 

AB#� 5�( \��#, '`V3#	 ]2��#IF�SNOWMAP 8*F#	 �,4�#B >,�B ��8*F#	 
AB#� '*F-� 5�()eL��(MOD �	 ��8*F#	 'x$B7�'��/-� -YZL3 0/-� AB#� 5�( �(
[�*+, ����))eL��(MOD,�8DB�( .

7��( 8*F#	 0���7�6 Y0/-� 5�( /�4\��#, 586 ]2��#IF� '(�u`�8; <8��3� ��8+,
>Wx*�7�6 7-�; 5�( -'(>��8; <8��3� ��8+, >Wx*�7�6 7�(� �,8DB�(.v�Q#�3 

'` ���,/ ���"Y/-� 08*B#� /��(� 8B�( '(<�#D  Q#�3 7�(� ��KF �,�#B.�X� 5�( ��
�6 /� v� Y/-� 08�� 4�#B <=Q#�3 ��' #%a, 0��� �u`�8; 0�2WX 5�( �'(<�#D  5�( 

��KF,��#B �X� �*6 ���( 7��( >Wx*� 08�� 4�#i� v��8  �( h$LD, Z*K? �#� <=
ZL3 '(<=>Wx*� 0��� �,�#B.

3- Maximum snowextent 
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Q8, ��� �(��/�� 

7�6�2,���� �(��/�� '`V3#	 Q8, ��) �(��/�� ��� <���) '*$B7/�3 08B ��#, 
���� 0��123� �,^��: ��*X H**$	 ->:�1	 �%a; �3�'`^��: H**$	)R2 (/�h��" 

'L(��)e(H**_	 �,���X.

'L(�� )e(
∑
∑
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iQQi

QiQi
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1
2

1
2

2

)(

)(
1
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)-�N @���-� �408B '$3�K, '��/-� 

,*I��*)-�N H�>.� �� �- '_F�L, ��#, Q�3 �

N��+, ��8_	 �)-�N '��/-� ���3� .

H*D|%6 ��*_, 	>:�1 �%a; '`5!2N� H*( @���-� �	�86�i, -'*$B08B 7/�3 ��
, <�i��86� T*� 7��( �(��/�� ��� Q8, 0��123� �,�#B '`/�h��" 'L(�� 0��%B )�(

�, '$3�K,���X.

'L(�� )�(DV[%]=

<= �� '&DV N�g( 5!2g*	�86�i, @���-� H�B -g$*'/�37Bg408 VR@���-� ]a;
0/�8��X*�7- '�d�3 08B V´R, '�d�3 08B '$3�K, @���-� ]a;�8B�(.

�*
�+�#H1> �

� ���8D�=�� A6-G� H'*$B7/�3 <���) >?�; /�@-P 5�( ��':#; (=��( <!I6� 
'$3�K, >,�#  bD3��� -�67��#, c-TF ��0�-� �$,�3�e��f�-= �	 �>e��l)�P= 0�, 
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��Y� �	��-���0�, H��Yf (c�a�� 08B �3� '`'a*2� >?�; /�H�� '*$B7/�3 '(��#? 
�x*���X ��>xB)f(08,= �3� .]6<�DJ � �� '&�, 086�i, >UB H��82(� /� �#B70�-� 

��,=73��( ��#, ��-� �	 �, [��, 0�, >*��+, '( Q8, V3#	 08B '$3�K, @���-� <�T��
0/�8��X*�7W( 08B *�T� ����3� C.�-� - <�2W,/ �N-� ������( >)0�,�67�-= - [��, �>(
��+,�'$3�K, ��7(*A��+, /� �	�0/�8�� �X*�7, <�i� �� 08B �86� .�8a, A6�& �( \}3

,*� ':#; �� @���-� <�T��T� ]6 '( ��8+, -� H�, C�8�#B .�D_��T�� �( ���+, A��) ��<�
$B �� Q8, ��� '��/-�*'�3/7�)�, A6�& <���8(�.

(= ':#;�'+$" �� <!I6� 8D(7Q8, SRM ':#; 0�,/ ���67+, q�T( *�3� [�
]6DJ*<�%6 H� '& '�#X*� /� A�� 8B 0��B� H���2W6#& �!,�& ':#; H�>,�B - 0�#$� 
�<�2W6#& �( 91	�, �B� C�67�3� 5��"� �� 08DD& �#.K, .DJ ��*��B H�L�po	 *�

�,�# �S�*O	�**� ZL3 ����(�2W�X AB#� 4*6��� - ��N \D) 4*0�)Martinec et al 

2008, 45(,�-� 8��#	7,*B�� @���-� <�T�2� �� - 5�( @-P /� *po	 Q8, ��-=�( 'a*�
8B�( '2B�� .7�6�2,���� �(��/�� '`V3#	 Q8, ��) �(��/�� ��� <���) '*$B7/�3 ��#, 

0��123� ���� '2��X 4�3� ^��: $	H** ->:�1	 �%a; �3� .H�� ����+, ��0�-� 
'*$B7/�3 '(^*	�	 le%-e/e�%('�3� 08,= �3� .� �� ]���2� H*@#�L,�� 'a
$B*'/�37, 08B c�a�� �8, �� 8��#	���8B�( '2B�� ��(��& '_F�L, ��#, ':#; �� @= �
/���+, '2W��#	 ���$B �� [��, 0�, �� �-� �*'/�37�%� �8.'2$F� V3#	 08B '$3�K, @���-� 

@���-� Q8,R�( 5�( @-P���-=�(�-/ C7�3� 0��%6 .po	 '( ')#	 �(*'S;!, >(�� �7
')�� >,� R$B �� /-�*'/�37Q8, )Martinec et al, 2008: 31(�T�� 8�-� -�i��� <= 

'( [��, 0�, -� �1	�� ��+$" �� 0G���*�H)>UBf(�)#	 >(�� �;�W, '&�':#; /� ��
�*, >,�B T��(�D( �#B�@���-� Q8, HR��+, 5�( @-P��	d�( �7KL3 @���-� /� ��� �� 

)-�N�$B ':#; *'/�37�3� 0��& .� �� �,���( 'L(�� H�� '( 8�'& �B�� ')#	 '2U� H
(= ':#;�y!,�& <!I6� ��2W6#& �08%  Ar( - 0�#$� <=�2��(= 91	�, �B� C��3� 

)�-�i,�� /� AaD3 <�-,��Ye (�(�� '&*d�( ����) P#1� �� �KL3 ��������� .��>,�  H
,�po	 '_F�L, ��#, ':#; �� �� @���-� �-� <�,/ - ��8+, �( 8��#	*�TW( ���8B�( '2B�� .��
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��'( - 'L(�� H3��( �#SD,��) �$W� �KL3 �����)-�N �4���( '( ':#; /� I2W$%6 �
��+,�_%a	 ������ bD3��� -� H+,*��,/ [���3� 08B '$3�K, '��/-� .>xB)�('L(��

�, <�i� ':#; �)-�N �� �� -� H��86� .]6 VN 'F��_, '( @���-� - ���( ����+, �I2W(
( ��/ ��#?'�3� 08,= �3�:

'L(�� )f(���(�f/�+~/�~=@���-� 

�, <�i� 'L(�� H���,= 0�-� Q#" �� '` 86� ':#; ZL3 �� 7��f%���( <�T*, /�
'( �2�����<�i� '& �3� 08B ���N ':#; /� �KL3 <���) ��#? �,�#  �p� 08D6��<#J 
�) '( P#1��/ �����KL3��/ -�,/�*D�r$	 *�3� �.
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$�%)I(�;���� M����" 2��
�	� "��G� 29�N3�1� M����" $>� � " ��% �	�� 

�#2`�� ')�� /-� /�7�6�2,���� ��*W( �p#, ��'*$B7/�3 @���-� �3� .�2,���� H�� ��
0�,7�6 ��2r, �-�12, 0�#( -���N�( �� 9��#, �p� v�48,�i*� 8D��, ���( 48�8) 5�( 

��8+, H�� �2,���� 8��( '(��#? �23� �!?� ���- -Q8, ���X �	H��'`7�� �*� V���B 
@-P 5�( ��<�i� 86� .�U��6���#%� /� 7)-�N �Q8, �� SRM ')�� ���#%�R/-�

'+LD,�73�DB�#6 �� !"� /� 0��123� �( '& �3� �� -*T�U���( ':#; 7 �1	�� h"�D, �
_	**, '$3�K, 08B H����X .>UB)f(���#%� ���X *U�O	**��,/ ����')�� R�� ':#; /-�

U1	 '(*<-/ C�67 �1	�� �_	**, <�i� 08B H�86� .�T�� ')#	 >(�� '2U��>(�� A
��+, 'S;!,�')�� �R�-� - <�2W,/ �N�-� �� /-����+, �( '& �3� ���( >��T�� ��i�@���-� 

>UB ��)�(�T�� 8�-� - 0�#( <�,T%6�i��)�KL3 <��� �� �� �)#	 Q�3 /� <�,/ H*'
,�8D&.
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$�%)O(�6" P�	��Q9 R��; " 29�N3�1� ;�"23"	> "�� �"� 5�S " T�*U� ��# 

W��2�*':#; �� 5�( @-P >�U���)-�N /� �I��67, Q8, �>UB �� '& 8B�()l(
�3� 08B 0��� <�i� .��<�i� ���#%� H��( 5�( �#)- ��#? �� 5�( @-P h%  08D6�7

@-P<-/ /� c�8& �6 �� �67 �1	�� ��3� ':#; .��+,�W��2� �*/� 5�( @-P h%  >
>?�;')�� >,�  @�:R<-/ �� 08B '$3�K, /-��67 �1	�� ��,� �( ':#; 7<-�( �(��

� �� 08B�<-/ H'( �6�3� 08,= �3� .>UB)l(, <�i� ���+, '& 86��W��2� �*@-P >
�-� /� 5�(��T�� [��, >�A�- '2���� �	 ����� ',��� 0�-� <� .�+,���+, 'W�� ���( ���#%� H

��+,�0/�8�� @���-� �X*�7>UB �� 08B )�(+2W, 'L(�� *, ]*� <��, <�i� �� -� H�'( 86�
�#"7�T�� '&�@���-� A2�*�T�� 'a�AW��2�*�T�� �p� �� 5�( @-P >��,� A7�#6 �3� .

	8, /� \� �,���D_�[��, 0�, V3�-� �� NP A6�& �p� ��*@���-� ':#; �� 5�( 0�
KL3��*A6�& T���+, '( - '2���F-� �*�#N '�D_�(�����/�( ':#; �� ',����X.
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$�%)V(23"	> "�� �"� 2S �7�� " W	> M�X $����*Y 

�L�*��	�� 

8DJ�@���-� Q8, �3� '6� HR':#; �� 5�( @-P �67��2W6#& ��8_2, 7�� �� *�( �
+�#,*�, 0��123���#B.��3��( H�,/ �� �6*'D�6��B�� @���-� ��-=�( <#J ��p� 4@-P /� 
O	**��� �*':#; �� @���-� �( ]�67��( �i(�	 ��-=�( 4�')�� R=�� �� /-��- 5�( @-P 8D��
�+,��#IF� 'W�]2�67'+$" 8D(7-�.	 �0��#6�, ��7'(<�#D �U�0��� /� �67�-�- 7Q8, '( 

@���-�R�3� 08B c�a�� 5�( @-P .08%  7A6-G� �67'( 08B c�a�� -��#i& >N�� �� 0G
,/ ��*'D=��& ��-=�( ���� Q8, �(= ':#; C��3� .'( �$W� �:�; A6-G� 08%  �-�1	
�6��&7��( 5�( @-P /� >?�; @���-� '$3�K, '(�i, 7':#; �7�%W� -� /� >Ui2, 

�3� 91	�, �B� - 91	�, <�2W6#& .]6DJ*(= ':#; H�W+	 �� <!I6� *0/�8�� ��%
':#; �673��( ��#, �@���-� Q8, �( R0�,/ �� 5�( @-P ':#; �67+, q�T( *[�����
���� .� �(���B H��2� V�� b�, <�i� A6-G� H�?#.N �#D	 '& 86�*� ��*T�U�':#; -
X�T(��2� ��� �( <= �po	 Q8, b*��( - ���� �723� *(���2� '( ��( b�( �2��3 8�O2, �*�6�7
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B�� @���-� �� �p�,����X ��KF 5�( @-P /� .�& 8�-��$B*'/�37@-P /� >?�; @���-� 
(= ':#; �� 5�(�, <�i� <!I6� �Q8, '& 86�SRM $B '( ����*'/�37>?�; @���-� 

, ':#; �� 5�( @-P /��8B�(.�:�$	 ^**%a; >:�1	 - H�'(V3#2, ��� 08,= �3�
�� Q8,$B �� *'/�37B�� @���-� �, <�i� ':#; �� 5�( @-P /� �86� .<�%6 �!$� '& �#"

(= ':#; 8B 0��B��2� �� �3� �B� - <�2W6#& �%W� -� >,�B <!I6� *� 'a���B H�V
� - ��N*'( TF�*X�T( >���+, ':#; �;�W, �$B @���-� �u&�8; �*'/�37Q8, V3#	 08B 

(*A��+, /� �	�0/�8�� �X*�7�3� 08B '$3�K, 08B .B A6�&*�T�� - ':#; ^��: A�^
)-�N @���-� A6�& ^$3 @���-� P#1��':#; '( �$W� 5�( @-P �p� �� ':#; /� �67

��2W6#&�,�D|%6 �#B*/ @= 0�13 �#)- H�,/�*D��( <= M�$	�� - ':#; �� ')#	 >(�� 
@=�67KL3 �, �� *)-�N @���-� <�T�po	 ':#; *, ������X, -�F� 8��#	*08%  >

�: A6�&�$	 ^**�T�� - H�%a; >:�1	 A�8B�( ':#; �� .�(�D(���( H7�T�� ���� A
$B*'/�37B�� @���-� �(= ':#; �� 5�( @-P /� �':#; - <!I6� �67�3� c/d '(�i, 

>,�& �� !"��	7?#.N /� *� �� '& �#B 0��123� ':#; ���,/ H*, 'D�� '( <�#	����#, H
���& 0��B :�F� (�T���U1	 A*��,/ C�-�.	 �0��#6�, �'( �i6 /� �0/-� C.@(/� 0��123�

0����67��,/ 0�-� �( ��d#" ��	.�(X��U(*�70��� �67>,�& ?#.N /� �	*� ��*T�U�
�: 8D��, ':#;�%� �� �N= ��#, �3� �&P '( c/d '& 4':#; ZL3 �� P#1� ^��( <�#	

@���-� Q8,R@-P'( - ��& '$3�K, 5�(� �_: <�#D ���B �� Q8, H�� �� �#)#, V�H
�3� ')#	 ��#, A6-G�.
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:>�4� 

R��.��7�(�? 4�1a� �8%;� 4��N*��& 4*<�#�8�, 4�r$B#N 7)��Y�(4»3��(�/� >?�; @���-� 
Q8, /� 0��123� �( 5�( @-P/�37SRM«4- @= 9(�D, ��#ai��� ��, \���1D& H*,-�

��N��� 4/�-�i& 08Ui7B 0�Ii��� *B 4/��*/�� .

R���� 4<���-�*( ����� 4��8D))��Yf(4»'( 5�( @-P @���-� ��-=�([� Q8, '�*3-.�=.'W��+, - c�
����/ T*r(= �� '��N�-� �#%D(= �� !"� �( <= b��2�«4��L� 2��NS :>�4� � �;"��Z@ [��D4

0��%B�e�? 4�Y�R�YY.

R]*6��(� 4�;�2� �d�8*a, 4�- �'�F� 4�%3��)����(4»'*$B7/�3 @���-� �B�� /�@-P5�(��
':#;7�6 ���2W6#` 0��123� �( /�Q8, SRM '_F�L, 7��#, ':#; ��/�(T��(=«4�+	Z� 

P� � 19 �	>"�@ [��D 2+��
�	Q640��%Be��? 4�e� R�f�.

R]*6��(� 4�;�2� �'1*w- 8*a, 4�3-�)����(�,� ��-=�( 47ZL3 5�( -0�2WX AB#� 5�( �(
0��123� /���-�.	 08DaD3MODIS)��#, '_F�L,7':#; �67<�2W�X <�23� (4���4�\
 

P� � 19 2+��
�	Q640��%B ���*���e �? 4��f��-��fe�.

RZ2� ����  40��/ �47-8�, 8%K, �4T�*( �)�� �4��x(= �� �$`� �HW; 47/��*B 7�xW )��YY(4
»(��/����+,'W� 'rW� ')�� /-� -�i(�	 Q8,SRM ��@���-� 7/�38D��%6 �B�� /�@-P 

5�(«4�+	Z� :9	� ��"�]�U>J40��%B �R���? 44���R��.

R�-�i, ��-� /� AaD3 <)��Ye(,»��*.1	 ��_F�L,R#; 7���T*r(= ����)�:'T*r(= 7�6
<!I6� )H*,/7s#F#��#,#�s - �3�DB(«,7/�-�i& ���) ���/-.

R,*��@#+_, 40��/*W;�*H��:�8%K, 4�#��$D� )��Y�(4»�3��( ��(��& 'i+�7�6 AB#� ���( 
>?�; /���-�.	 0��#6�,7�MODIS ��Q8,@���-� 7/�3R@-P5�()'_F�L, 7��#,:

#;:'T*r(= ��&83(4���; [��D �+	Z�0��%B 4�~�? 44�f�R�fY.

R�1a� ��8I�� ��3-8� 48%;� �4Q�%) *1+p<��4c���( �%6�� I���)*�)��Y~(4»��-=�( @���-� 
@-P 5�(�(0��123� /�AaD3 /��-� -'��,�3 �� !"� ���*���O) ��':#; ��B ���J 

'*,-��«4��L� � C#�^Y ���;�3 2":>�4� 2��NS 0��%B 4�~�? 4���R�Yl.
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