
�ǈɯȓɀȶǈȪǱԦ
¤Ȏȓɥ�ǈ�ɛɞɀȢǱǥɯ
ɥɸɛɛɀɞɯǱǫ�Ǥʗ
�i ԧ��l
�ɸɞǈȳԧ�L« lԧ
i?l�,?ײ��
Ä?G>�Ȅɀɞ�ɯȎǱ
ɞǱǫ�Ȫȓɥɯ
ǈɥɥǱɥɥȳǱȶɯ�ɀȄ
ɛȪǈȶɯ�ɥɛǱǥȓǱɥ�ǈȶǫ
ǱǥɀɥʗɥɯǱȳ�ǤǈɥǱǫ
ǱǥɀȪɀȅȓǥǈȪ
ɞǱɥɯɀɞǈɯȓɀȶ

¢ɏʟȲȉʰȲɷȲȬ�ʦʰȉʰʹʦ�ȉʦʦȲʦʦɴȲɷʰ
ȉɷȬ�ȲȦʁʟȲʦʰʁʟȉʰɔʁɷ�ʁɅ�ȲɷȬȲɴɔȦ
ʰʟȲȲ�ʦʜȲȦɔȲʦ�ȉɷȬ�ȲȦʁʦ˘ʦʰȲɴʦ�ɔɷ
ʰɏȲ�ÂȲʦʰȲʟɷ�=ɏȉʰʦ

1S9���6ITSVX�SJ�EGXMZMXMIW

4VMRGMTEP�-RZIWXMKEXSV���(V��/�,��%QMXLE�&EGLER

')X'��;IWXIVR�+LEXW�,SVRFMPP�*SYRHEXMSR�
�6IWIEVGL
(ITEVXQIRX�SJ�&SXER]��1)7�%WQEFM�'SPPIKI
4��:IQFEPPYV



7KUHDWHQHG�VWDWXV
DVVHVVPHQW�DQG
HFRUHVWRUDWLRQ�RI
HQGHPLF�WUHH�VSHFLHV
DQG�HFRV\VWHPV�LQ
WKH�:HVWHUQ�*KDWV

5HVHDUFK�'HSDUWPHQW�RI�%RWDQ\
0(6�$VPDEL�&ROOHJH��3�
9HPEDOOXU

3ULQFLSDO��,QYHVWLJDWRU�
'U��$PLWKD�%DFKDQ�.+
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,QWURGXFWLRQ

��ºÌèÌÒ�´ŉ ®�á�®ŉ yÅÅÈºy� ŉ yµ�ŉ  y�¡ÒyÒ

ÌÅ��¡�¡�ŉ ´¡�Èºŉ ®�á�®ŉ Öµ��ÈÌÒyµ�¡µ�ŉ º�

�º´ÅºÌ¡Ò¡ºµŉ ¡Ìŉ �ÌÌ�µÒ¡y®ŉ �ºÈŉ �����Ò¡á�

��ºÈ�ÌÒºÈyÒ¡ºµŉ ÅÈy�Ò¡��Ĝŉ ¡º�®¡´yÒ¡�

ÅÈ��¡�Ò¡ºµŉ º�ŉ ÅºÒ�µÒ¡y®ŉ  y�¡ÒyÒŉ Ò ÈºÖ� 

µ¡� �ŉ ´º��®®¡µ�ŉ yµ�ŉ µ¡� �ŉ ÅÈº�¡®¡µ�ŉ º�

Ò �ŉ Ò È�yÒ�µ��ŉ ÌÅ��¡�Ìŉ º�ŉ �¡���È�µÒ

��ºÌèÌÒ�´Ìŉ ÅÈºÅºÌ��ŉ  �È�ŉ Òºŉ yáº¡�

¡µáyÌ¡ºµŉ ¡µÒºŉºÒ �Èŉ ÌÅ��¡�Ìŉµ¡� �Ìŉâ ¡®�

È�ÌÒºÈyÒ¡ºµĜŉ

ŉ Y ¡Ìŉ  yÌŉ ���µŉ �çÅ�È¡´�µÒ��

ÌÖ���ÌÌ�Ö®®èŉ �ºÈŉ ��âŉ ÒÈ��Ìŉ yµ�ŉ Ì ÈÖ�

ÌÅ��¡�ÌĜŉ '�È�ŉ â�ŉ ÅÈºÅºÌ�ŉ �ºÈŉ (]�<

ÌÒyÒÖÌŉ yÌÌ�ÌÌ´�µÒĝŉ µ¡� �ŉ´º��®®¡µ�ŉ yµ�

µ¡� �ŉÅÈº�¡®¡µ�ŉº�ŉÅ®yµÒŉÌÅ��¡�Ìŉ�µ��´¡�

Òºŉi�ÌÒ�Èµŉ# yÒÌŉSÈ¡ŉ 5yµ¬yŉ¡º�¡á�ÈÌ¡Òè

 ºÒÌÅºÒÌĜŉ Y ¡Ìŉ �yµŉ �ºµÒÈ¡�ÖÒ�ŉ Òºŉ Ò �

È�Ì�yÈ� ŉ yµ�ŉ Å®yµµ¡µ�ŉ yÌÅ��Òŉ �ºÈŉ Ò �

ÌÅ��¡�Ìŉ yµ�ŉ ��ºÌèÌÒ�´ŉ È��ºá�Èèŉ yµ�

È�ÌÒºÈyÒ¡ºµŉ¡µŉÅ®y¡µÌĜ

A�«��Ò¡á�Ì
Mŉ�ÌÌ�ÌÌ´�µÒŉº�
Ò È�yÒ�µ��ŉÌÒyÒÖÌŉº�ŉÒ �
�µ��´¡�ŉÒÈ��ŉÌÅ��¡�Ìŉyµ�
��ºÌèÌÒ�´Ìŉâ¡Ò ¡µŉÒ �
i�ÌÒ�Èµŉ# yÒÌŉ�yÌ��ŉºµ
(]�<ŉ�È¡Ò�È¡yĜ

Mŉ��á�®ºÅŉÌÒÈyÒ��¡�ŉÅ®yµÌĝ
Åºº®ŉ�Öµ�Ìĝŉ��á�®ºÅ
µÖÈÌ�È¡�Ìĝŉ�È¡µ�ŉºÖÒ
Ì¡�µ¡�¡�yµÒŉÅÖ�®¡�yÒ¡ºµÌ
¡µ�®Ö�¡µ�ŉÒ yÒŉ¡µŉÒ �ŉ(]�<
È��ŉ®¡ÌÒĜŉ

Mŉ��ºÈ�ÌÒºÈyÒ¡ºµŉÅ®yµµ¡µ�ĝ
µ¡� �ŉ´º��®®¡µ�ŉº�
Ò È�yÒ�µ��ŉÌÅ��¡�Ìŉ y�¡ÒyÒ
yµ�ŉ���Èy���ŉ��ºÌèÌÒ�´Ì
¡µŉÒ �ŉi�ÌÒ�Èµŉ# yÒÌŉyµ�
y�«º¡µ¡µ�ŉ®yµ�Ì�yÅ�ŉâ¡Ò 
ÅÖ�®¡�ĝŉÅÈ¡áyÒ�ŉyµ�ŉ®º�y®
�º´´Öµ¡ÒèŉÅyÈÒ¡�¡ÅyÒ¡ºµĜ



°êȎ ąÃŶêȎ ÞêêĥȎ ŷĬŋěĉĥĀȎ ĉĥȎ ŚąêȎ ÿĉêĞåȎ ĞêŶêĞ
åÃŚÃȎ ßĬĞĞêßŚĉĬĥǣȎ ßĬĥŒêŋŶÃŚĉĬĥȎ ňĞÃĥĥĉĥĀǣ
ßĬĥŒêŋŶÃŚĉĬĥȎ ÃĥåȎ êßĬŋêŒŚĬŋÃŚĉĬĥȎ ĉĥŶĬĞŶĉĥĀ
ĞĬßÃĞȎ ßĬĤĤŠĥĉŚŽȎ ÃĥåȎ ŶÃŋĉĬŠŒȎ ĞĬßÃĞ
ßĬĤĤŠĥĉŚĉêŒȎ ÃĥåȎ ŶÃŋĉĬŠŒȎ ĀĬŶêŋĥĤêĥŚ
ÃĀêĥßĉêŒǢȎ �ąêȎ F��_Ȏ ąÃŒȎ ÃŒŒĉĀĥêåȎ ŠŒȎ ŷĉŚą
ĀĞĬÞÃĞȎÃŒŒêŒŒĤêĥŚȎĬÿȎƔƑȎŒňêßĉêŒȎĬÿȎŷąĉßą
ŚêĥȎ ąÃŶêȎ ÞêêĥȎ ŒŠÞĤĉŚŚêåǢȎ �ąê
ĤêŚąĬåĬĞĬĀŽȎ ĉĥŶĬĞŶêåȎ ßĬĞĞêßŚĉĬĥȎ Ĭÿ
ŚÃżĬĥĬĤĉßȎ ŋêßĬŋåŒȎ ÞÃŒêåȎ ĬĥȎ ąêŋÞÃŋĉŠĤ
ßĬĞĞêßŚĉĬĥǣȎ ŚÃżĬĥĬĤĉßȎ ĞĉŚêŋÃŚŠŋêȎ ÃĥåȎ ĬŚąêŋ
ąŠĤÃĥȎĬÞŒêŋŶÃŚĉĬĥŒǢȎ�ąêȎĉĥÿĬŋĤÃŚĉĬĥȎÿĬŋĤ
F�_FȎÃĥåȎ ŚŽňêȎąêŋÞÃŋĉŠĤȎŒąÃĞĞȎÞêȎŠŒêåȎ ÿĬŋ
ŚÃżĬĥĬĤĉßȎ ĉåêĥŚĉŚŽǢȎ #ÃŚÃȎ ÿŋĬĤȎ =�F<ǣȎ FĥåĉÃ
�ĉĬåĉŶêŋŒĉŚŽȎňĬŋŚÃĞȎ ÃĥåȎĬŠŋȎĬŷĥȎåÃŚÃȎÞÃŒê
ÃĥåȎ ĬŚąêŋȎ ňŠÞĞĉßÃŚĉĬĥŒȎ ŒąÃĞĞȎ ÞêȎ ŠŒêåȎ ÿĬŋ
ĀêĬßĬåĉĥĀȎĬÿȎŚąêȎåĉŒŚŋĉÞŠŚĉĬĥȎŋêßĬŋåŒǢȎ
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FĤňĬŋŚÃĥŚȎ ĞĬßÃĞȎ ąêŋÞÃŋĉŠĤȎ ŷĉĞĞȎ Þê
ŶĉŒĉŚêåǣȎ =��Ȏ åÃŚÃȎ ŒąÃĞĞȎ ÞêȎ ŒßŋŠŚĉĥĉŒêå
ÃĥåȎ ßĬŋŋêßŚêåȎ åŠŋĉĥĀȎ ÿĉêĞåȎ ŶĉŒĉŚȎ Ãĥå
ŠŒĉĥĀȎ �=F�Ȏ ŒĬÿŚŷÃŋêǢȎ �ąêȎ ňĬňŠĞÃŚĉĬĥ
åÃŚÃȎßĬĞĞêßŚêåȎÿĬŋȎêÃßąȎŒňêßĉêŒȎŚąŋĬŠĀą
ĞÃŽĉĥĀȎ ĬŠŚȎ ƑǢƒȎ ąÃȎ ŒŚÃĥåÃŋåȎ ňĞĬŚŒ
ǳ^Ĭ(<��ǣȎ ƓƑƒƕǥȎ �ÃßąÃĥȎ êŚȎ ÃĞǢǣȎ ƓƑƒƚǥ
�ÃßąÃĥȎ ÃĥåȎ #êŶĉěÃǣȎ ƓƑƓƒǴǢȎ �ąê
åĉŒŚŋĉÞŠŚĉĬĥȎ ŋêßĬŋåŒȎ ŒąÃĞĞȎ ÞêȎ ĬŋĀÃĥĉŒêå
ĉĥŚĬȎ ßŒŶȎ ÿĬŋĤÃŚȎ ÞÃŒêåȎ ĬĥȎ F��_Ȏ ßŋĉŚêŋĉÃ
ŶêŋŒĉĬĥȎ ƔǢƒǣȎ ŚąêȎ ĤÃňňĉĥĀȎ ŷĉĞĞȎ ÞêȎ åĬĥê
ŚąŋĬŠĀąȎĀêĬßÃŚȎÿÃßĉĞĉŚŽȎÃĥåȎÃŒŒêŒŒĤêĥŚ
ŷĉĞĞȎ ÞêȎ ßĬĤňĞêŚêåȎ ÃĥåȎ ŒŠÞĤĉŚŚêå
ŚąŋĬŠĀąȎ�F�ȎŚĬĬĞȎěĉŚȎňŋĬŶĉåêåȎÞŽȎF��_ǢȎ



�ąêȎ ŒßŋŠŚĉĥĉŒêåȎ ĀêĬĞĬßÃŚĉĬĥŒȎ ĬÿȎ Śąê
ŒňêßĉêŒȎ ŒąÃĞĞȎ ÞêȎ ÿŠŋŚąêŋȎ ĬŋĀÃĥĉŒêåȎ Ãĥå
ĥĉßąêȎ ĤĬåêĞĞĉĥĀȎ ŷĉĞĞȎ ÞêȎ åĬĥêȎ ŠŒĉĥĀ
°ĬŋĞåßĞĉĤȎÞĉĬßĞĉĤÃŚĉßȎåÃŚÃȎÞÃŒêǣȎ�=F�ȎÃĥå
^ÃżêĥŚȎŒĬÿŚŷÃŋêȎ ĉĥȎ^ÃßȎêĥŶĉŋĬĥĤêĥŚǢȎ�ąê
ĤĬåĉÿĉêåȎ ĤêŚąĬåĬĞĬĀŽȎ ŒŠĉŚÃÞĞêȎ ŚĬȎ Śąê
°êŒŚêŋĥȎ =ąÃŚŒȎ ŋêĀĉĬĥȎ ŚĬȎ ÿŠŋŚąêŋ
ĉĥßĬŋňĬŋÃŚêȎ ÿÃßŚĬŋŒȎ ĬÿȎ (ĞŚĬĥĉÃĥȎ ĥĉßąêȎ ÿĬŋ
ÞêŚŚêŋȎňŋêåĉßŚĉĬĥȎÃßßŠŋÃßŽȎÿĬŋȎŚąêȎ°êŒŚêŋĥ
=ąÃŚŒȎ ŋêĀĉĬĥȎ ÞŽȎ �ÃßąÃĥȎ êŚȎ ÃĞǢǣȎ ƓƑƓƒǥ
�ÃßąÃĥȎ ÃĥåȎ #êŶĉěÃȎ ƓƑƓƓǴǢȎ �ąê
ňąŽŚĬŒĬßĉĬĞĬĀĉßÃĞȎ ňÃŋÃĤêŚêŋŒȎ ßĬĞĞêßŚêå
ÿŋĬĤȎ ƑǢƒȎ ąÃȎ ňĞĬŚȎ åÃŚÃȎ ŷĉĞĞȎ ÞêȎ ŠŒêåȎ ÿĬŋ
ÃĥÃĞŽŒĉĥĀȎ ßĬĤňĬŒĉŚĉĬĥǣȎ F¯FȎ ÃŒȎ ÃĥȎ ĉĥåĉßÃŚĬŋ
ÃĥåȎ ŒêĀŋêĀÃŚĉĥĀȎ ŚąêȎ ĉĥåêżȎ ĉĥȎ ŚĬȎ ŶÃŋĉĬŠŒ
ĀŋĬŷŚąȎ ÿĬŋĤŒȎ ĉĥȎ ŚąêȎ ÿĬŋêŒŚȎ ßĬĤňĬŒĉŚĉĬĥ
ǳ^ŠêĞĞêŋǹ#ĬĤÞĬĉŒȎɊȎ(ĞĞêĥÞêŋĀêǣȎƒƚƘƕǴǢȎ
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�ąêȎ ŒňêßĉêŒȎ ßĬĤňĬŒĉŚĉĬĥȎ ĬÿȎ ÃßŚŠÃĞ
ąÃÞĉŚÃŚȎĬÿȎŚąêȎŒêĞêßŚêåȎƒƓȎŒňêßĉêŒȎŒąÃĞĞ
ÞêȎ ňŋĬÿĉĞêåȎ ÞĬŚąȎ ŚŷĬȎ åĉĤêĥŒĉĬĥÃĞȎ Ãĥå
ŚąŋêêȎ åĉĤêĥŒĉĬĥÃĞȎ ŠŒĉĥĀȎ ŚąêȎ ĥĉßąê
ňŋĬÿĉĞĉĥĀȎ ĤêŚąĬåĬĞĬĀŽȎ ǳ�ÃßąÃĥȎ Ãĥå
#êŶĉěÃǣȎ ƓƑƓƒǴǢȎ �ąêȎ êßĬŋêŒŚĬŋÃŚĉĬĥȎ ňĞÃĥ
ŷĉĞĞȎÞêȎňŋêňÃŋêåȎÿĬŋȎƒƓȎŒňêßĉêŒȎÞÃŒêåȎĬĥ
ŚąêȎ ĥĉßąêȎ ňŋĬÿĉĞêȎ ǳ�ÃßąÃĥǣȎ ƓƑƓƑǴȎ Ãĥå
ŒąÃĞĞȎ ÞêȎ ŒŠÞĤĉŚŚêåȎ ŚĬȎ ĉĥßĬŋňĬŋÃŚêȎ ĉĥŚĬ
ŚąêȎ ĤÃĥÃĀêĤêĥŚȎ ňĞÃĥȎ ĬÿȎ ŋêŒňêßŚĉŶê
ÿĬŋêŒŚȎ åêňÃŋŚĤêĥŚȎ ÃŒȎ ŷêȎ åĉåȎ ÿĬŋ
�ŋŽňŚĬßÃŋÃŽÃȎ ÃĥÃĤÃĞÃŽÃĥÃȎ ǳ�ÃßąÃĥ
ÃĥåȎ#êŶĉěÃȎƓƑƓƒǥȎ�ÃßąÃĥȎêŚȎÃĞǢǣȎƓƑƒƚǴǢ



m�awź�¢ źtªÃÆźXÃÃ¢ÃÃ´¢µÆÃ
�ȎåêŚÃĉĞêåȎŚÃżĬĥĬĤĉßȎŒßŋŠŚĉĥŽȎÃĥåȎĤŠĞŚĉňĞêȎßŋĉŚêŋĉÃȎÞÃŒêåȎŋêåȎĞĉŒŚȎÃŒŒêŒŒĤêĥŚ
ŷêŋêȎßÃŋŋĉêåȎĬŠŚȎÿĬŋȎŚąêȎÿĬĞĞĬŷĉĥĀȎÃŋêȎŚąêȎŒŠÞĤĉŚŚêåȎŋêåĞĉŒŚȎÃŒŒêŒŒĤêĥŚŒ



m�awź�¢ źtªÃÆźXÃÃ¢ÃÃ´¢µÆÃ



m�awź�¢ źtªÃÆźXÃÃ¢ÃÃ´¢µÆÃ



m�awź�¢ źtªÃÆźXÃÃ¢ÃÃ´¢µÆÃ



m�awź�¢ źtªÃÆźXÃÃ¢ÃÃ´¢µÆÃ



m�awź�¢ źtªÃÆźXÃÃ¢ÃÃ´¢µÆÃ



7KH� VWDQGDUGLVHG� YHJHWDWLRQ� DQG
ODQGXVH�OD\HU�XVHG�LQ�WKLV�PRGHO�IRU
WKH�SUHGLFWLRQ�RI�SRWHQWLDO�QLFKH�RI
WKH� VSHFLHV� LQFRUSRUDWLQJ� ELRWLF
IDFWRUV�� 7KH� LQFRUSRUDWLRQ� RI
VWDQGDUGLVHG� YHJHWDWLRQ� OD\HU� IRU
WKH� LQFOXVLRQ� RI� (OWRQLDQ� IDFWRUV
DORQJ� ZLWK� 0D[(QW� EDVHG
(FRORJLFDO�1LFKH�0RGHOOLQJ�KHOSHG
WR� UHILQH� LWV� SUHGLFWHG� DUHD� IURP
�������NP��WR������NP��ZLWKLQ�WKH
:HVWHUQ�*KDWV��7KH�HFRUHJLRQ�OHYHO
SUHGLFWLRQ�IRU�WKH�SRWHQWLDO�KDELWDW
RI� WKH� WKUHDWHQHG� WUHH� VSHFLHV
SURYLGHV� DGHTXDWH� LQIRUPDWLRQ� IRU
WKH�QLFKH�VSHFLILF�FRQVHUYDWLRQ�DQG
HFRUHVWRUDWLRQ� SODQQLQJ� HQVXULQJ
HFRV\VWHP�EDVHG�DSSURDFK��(E$���

9&$�Ę8?��22&9 
�9�
�?L�PU?L�U&?9
I2�9
IL�I�L�U&?9

��±¾���±«Ę¤�Ö�¤Ę«����
Â»������Ę�s~�ÈsÈ
»¾����È�±«Ę±�
È�¾�sÈ�«��ĘPÝâÝ��Íª
�s¾Ý±»�Ý¤¤sÈÍª
ĉ8Ý¾Ès��s�Ċ

6\]\JLXP�FDU\RSK\OODWXP��/���$OVWRQ
LV� D� PHGLXP�VL]HG� WKUHDWHQHG� WUHH
WKDW� PDLQO\� RFFXSLHV� WKH� ORZ�
HOHYDWLRQ� HYHUJUHHQ� SDWFKHV� RI� WKH
:HVWHUQ� *KDWV� �,QGLD�� �� 6UL� /DQND
ELRGLYHUVLW\� KRWVSRW�� 7KH� SUHVHQW
VWXG\�SUHGLFWV�WKH�SRWHQWLDO�KDELWDWV
RI� 6\]\JLXP� FDU\RSK\OODWXP� DW� WKH
HFRUHJLRQ� OHYHO� IRU� SULRULWLVLQJ� LWV
FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�DUHD��



$PRQJ� WKH� ��� ELRFOLPDWLF
SDUDPHWHUV����IRXQG�WR�FRQWULEXWH�WR
WKH� QLFKHV� RI� 6\]\JLXP
FDU\RSK\OODWXP�� 7KH� SULPDU\
FRQWULEXWLQJ�ELRFOLPDWLF�SDUDPHWHUV
RI�6\]\JLXP�FDU\RSK\OODWXP�LQFOXGH
7HPSHUDWXUH� VHDVRQDOLW\� 6'� ������
$QQXDO� 3UHFLSLWDWLRQ� ��������
3UHFLSLWDWLRQ� RI� &ROGHVW� 4XDUWHU
������ DQG� 7HPSHUDWXUH� $QQXDO
5DQJH� �������� $PRQJ� ZKLFK
7HPSHUDWXUH� VHDVRQDOLW\� 6'� DQG
7HPSHUDWXUH� $QQXDO� 5DQJHDUH
QHJDWLYHO\� FRUUHODWLQJ� DQG� $QQXDO
3UHFLSLWDWLRQ� DQG� 3UHFLSLWDWLRQ� RI
&ROGHVW� 4XDUWHUDUH� SRVLWLYHO\
FRUUHODWLQJ� IDFWRUV�� 7KH� QLFKH� RI
6\]\JLXP�FDU\RSK\OODWXP� LV�GHILQHG
E\� D� WRWDO� RI� ��� ELRFOLPDWLF
SDUDPHWHUV�� ZLWK� 7HPSHUDWXUH
6HDVRQDOLW\� ������ PDNLQJ� SRVLWLYH
DQG� QHJDWLYH� WKH�PRVW� FRQWULEXWLRQ
DQG� 3UHFLSLWDWLRQ� RI� WKH� :HWWHVW
4XDUWHU��������PDNLQJ�WKH�OHDVW�

7KH� 5HFHLYHU� 2SHUDWLQJ
&KDUDFWHULVWLF� �52&�� FXUYH� IRU� WKH
UHVXOWLQJ�GDWD��DJDLQ�DYHUDJHG�RYHU
WKH�UHSOLFDWH�UXQV��7KH�DYHUDJH�WHVW
$8&� IRU� WKH� UHSOLFDWH� UXQV� IRU
6\]\JLXP� FDU\RSK\OODWXP� LV� �����
DQG�WKH�VWDQGDUG�GHYLDWLRQ�LV�������
7KH� UHJXODULVHG� WUDLQLQJ� JDLQ� IRU
WKLV�VSHFLHV�VKRZV�WKH�FRQWULEXWLRQ
RI�HDFK�ELRFOLPDWLF�YDULDEOH�

7KH�YDULDEOH�ZLWK�KLJKHVW�JDLQ�ZKHQ
XVHG� LQ� LVRODWLRQ� LV� 7HPSHUDWXUH
VHDVRQDOLW\� �%,2� Ŀ� ���� :KHUHDV� WKH
YDULDEOH�WKDW�GHFUHDVHV�WKH�JDLQ�WKH
PRVW� ZKHQ� LW� LV� RPLWWHG� LV� $QQXD
0HDQ� 7HPSHUDWXUH� �%,2� ����� 7XUQLQJ
WR�WKH�OLJKWHU�EOXH�EDUV��LW�VHHPV�WKDW
QR�YDULDEOH�KDV�D�VLJQLILFDQW�TXDQWLW\
RI� LPSRUWDQW� LQIRUPDWLRQ� WKDW� LVQłW
DOUHDG\� SUHVHQW� LQ� WKH� RWKHU
YDULDEOHV�� DV� HOLPLQDWLQJ� HDFK
YDULDEOH� VHSDUDWHO\� GLG� QRW
VLJQLILFDQWO\� UHGXFH� WKH� WUDLQLQJ
JDLQ��





$GG�D�OLWWOH�ELW�RI�WXUQLQJ�WR�WKH�OLJKWHU
EOXH�EDUV��LW�VHHPV�WKDW�QR�YDULDEOH�KDV
D� VLJQLILFDQW� TXDQWLW\� RI� LPSRUWDQW
LQIRUPDWLRQ�WKDW�LVQłW�DOUHDG\�SUHVHQW�LQ
WKH�RWKHU�YDULDEOHV��DV�HOLPLQDWLQJ�HDFK
YDULDEOH�VHSDUDWHO\�GLG�QRW�VLJQLILFDQWO\
UHGXFH� WKH� WUDLQLQJ� JDLQ�� ,Q� HDFK
LWHUDWLRQ�RI�WKH�WUDLQLQJ�SURFHVV��WKH�ULVH
LQ� UHJXODUL]HG� JDLQ� LV� DGGHG� WR� WKH
FRQWULEXWLRQ� RI� WKH� UHODWHG� YDULDEOH� WR
SURGXFH� WKH� ILUVW� HVWLPDWH�� LI� WKH
FKDQJH�LQ�WKH�DEVROXWH�YDOXH�RI�ODPEGD
LV� QHJDWLYH�� LW� LV� GHGXFWHG� IURP� LW�� )RU
WKH�VHFRQG�HVWLPDWH��WKH�YDOXHV�RI�HDFK
HQYLURQPHQWDO� YDULDEOH� RQ� WKH� WUDLQLQJ
SUHVHQFH� DQG� EDFNJURXQG� GDWD� DUH
UDQGRPO\� SHUPXWHG�� ,W� LV� UHYDOXDWLQJ
WKH� PRGHO� XVLQJ� WKH� SHUPXWHG� GDWD
UHVXOWV� LQ� D� GHFUHDVH� LQ� WUDLQLQJ� $8&�
ZKLFK� LV� GLVSOD\HG� LQ� WKH� WDEOH
QRUPDOL]HG�WR�SHUFHQWDJHV�
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0DMRU�HFRUHJLRQV�ZLWK�SRVVLEOH�KDELWDWV�IRU�6\]\JLXP�FDU\RSK\OODWXP�LQFOXGH
6ULQJHUL��������NP����7ULYDQGUXP��1DJHUFRLO��������NP����&DQQDQRUH������NP���
.RWWD\DP��$OZD\H�������NP����DQG�1LOJLULV�6RXWK�3DOJKDW�+LOOV������NP����7KLV
GHPRQVWUDWHV� WKDW� WKH���������NP��RI� WKH�SUHGLFWHG� UHJLRQ�ZDV�DOWHUHG�DV�D
UHVXOW� RI� DQWKURSRJHQLF� DFWLYLWLHV� VXFK� DV� UHVHUYRLUV� DQG� GDPV�� SODQWDWLRQV�
DQG�DJULFXOWXUDO�XVHV��PDNLQJ�WKH�DUHD�XQVXLWDEOH�IRU�WKH�UHVWRUDWLRQ�RI�QLFKH�
VSHFLILF�VSHFLHV��)LJ������$UHD�ZLWK�PRUH�KDELWDW�FRQYHUVDWLRQ��RQO\�WKH�VDFUHG
JURYHV�DUH�WKH�DFWXDO�KDELWDW�LQ�WKH�SRWHQWLDO�KDELWDW�RI�WKH�FRDVWDO�UHJLRQ�





7KH� ORZODQG� HYHUJUHHQ� IRUHVWV
HVSHFLDOO\� VDFUHG� JURYHV� DUH� WKH
PRVW� SUHIHUUHG� KDELWDW� RI� WKH
VSHFLHV� DQG� ZKLFK� LV� FRQILUPHG
WKURXJK�WKH�PRGHOOLQJ��7KHUH�DUH
��� VXESRSXODWLRQ� IRU� WKH� VSHFLHV
DPRQJ� ZKLFK� WKH� ODUJHVW� VXE
SRSXODWLRQ� KDV� ��� DGXOW
LQGLYLGXDOV�� 7KH� VSHFLHV� LV
REVHUYHG� WR� KDYH� FORVH
DVVRFLDWLRQV� ZLWK� 9DWHULD� LQGLFD�
+RSHD� SRQJD�� +RSHD� SDUYLIORUD�
DQG� 0HPHF\ORQ� XPEHOODWXP
�'HYLND� 	� $PLWKD� %DFKDQ�� ������
7KH� LQFRUSRUDWLRQ� RI� PRUH
ORFDWLRQ� LQIRUPDWLRQ�SURYLGHG�DQ
$UHD� RI� 2FFXSDQF\� �$22�� RI� ���
NP��DQG�DQ�([WHQW�RI�2FFXUUHQFH
�(22��RI���������NP��LQ�LWV�UHFHQW
DVVHVVPHQW� �'HYLND� 	� $PLWKD
%DFKDQ���������

(YHQ� WKRXJK� H[� VLWX� VHHG
JHUPLQDWLRQ� DQG� FRQVHUYDWLRQ� DW� D
IHZ� ORFDWLRQV� DUH� LQ� SODFH� IRU� WKH
VSHFLHV�� WKH� ORZ� JHUPLQDWLRQ� UDWH
DQG� VPDOO� QXPEHU� RI� PDWXUH
LQGLYLGXDOV�� HDFK� LQ� VPDOO� VXE�
SRSXODWLRQV� ZLWKLQ� WKH� UDSLGO\
YDQLVKLQJ� ORZ� ODQG� IRUHVWV� DQG
VDFUHG� JURYHV�� PDNH� WKLV� VSHFLHV
YXOQHUDEOH�



7KH�PDMRU� IRXU� IDFWRUV� FRQWULEXWLQJ� WR
*�� FDUGLRSHWDOXV� DUH� 7HPSHUDWXUH
VHDVRQDOLW\��%,2����7HPSHUDWXUH�$QQXDO
5DQJH� �%,2���� ,VRWKHUPDOLW\� �%,2���
0D[LPXP� 7HPSHUDWXUH� RI� :DUPHVW
0RQWK� �%,2���� 07� :HWWHVW� 4XDUWHU
�%,2���� 07� :DUPHVW� 4XDUWHU� �%,2����
)RU� *�� UK\QFKDQWKHUXV� LV� 3UHFLSLWDWLRQ
RI� 'ULHVW� 0RQWK� �%,2����� 3UHFLSLWDWLRQ
6HDVRQDOLW\� �%,2����� 3UHFLSLWDWLRQ� RI
'ULHVW� 4XDUWHU� �%,2����� 7HPSHUDWXUH
6HDVRQDOLW\� �%,2���� )RU� WKH� *�� ZLJKWLL
3UHFLSLWDWLRQ� RI� 'ULHVW� 0RQWK� �%,2����
3UHFLSLWDWLRQ� RI� 'ULHVW� 4XDUWHU� �%,2����
7HPSHUDWXUH� 6HDVRQDOLW\� �%,2���
0D[LPXP� 7HPSHUDWXUH� RI� :DUPHVW
0RQWK� �%,2���� 7KH� PD[LPXP
FRQWULEXWLRQ�IRU�GHILQLQJ�WKH�QLFKH�RI�*�
Z\QDDGHQVLV� LV� 3UHFLSLWDWLRQ� RI� WKH
&ROGHVW�4XDUWHU��%,2���

$QQXDO� 3UHFLSLWDWLRQ� �%,2����
3UHFLSLWDWLRQ� RI� :HWWHVW� 0RQWK
�%,2����� 3UHFLSLWDWLRQ� RI� :HWWHVW
4XDUWHU� �%,2����� 7HPSHUDWXUH
6HDVRQDOLW\��%,2����7KH�IDFWRUV�RI
SUHFLSLWDWLRQ� LQFOXGLQJ� DQQXDO
SUHFLSLWDWLRQ� DQG� SUHFLSLWDWLRQ
LQ� WKH� GULHVW� PRQWKV� RI� WKH
TXDUWHU�� VKRZ� D� SRVLWLYH
FRUUHODWLRQ�� DQG� WKH� IDFWRUV� RI
WHPSHUDWXUH�� LQFOXGLQJ� LWV
VHDVRQDOLW\� DQG� PD[LPXP
WHPSHUDWXUH� LQ�WKH�GU\�DQG�FROG
SHULRGV�� VKRZ� D� QHJDWLYH
FRUUHODWLRQ� IRU� GHILQLQJ� QLFKHV
IRU�WKHVH�VSHFLHV�

��HV�$,HB�;�q�;
B,�)��ZS��,#,�
)��,a�a�SV��,�a,HB
H#�a)V��a�B����
$HB,Ha)�;�AfZ
ZS��,�Z�



7KH� QLFKH� PRGHOOLQJ
VWDQGDUGLVHG� ZLWK
FODVVLILHG� YHJHWDWLRQ
OD\HU� DV� ELRWLF� LQSXW
SURYLGHV� KLJKO\� VSHFLILF
LQIRUPDWLRQ� IRU� WKH
SRWHQWLDO� QLFKH�VSHFLILF
KDELWDW� RI� WKH� IRXU
VSHFLHV� RI
*RQLRWKDODPXV
HQGHPLF�WR�WKH�:HVWHUQ
*KDWV� �7DEOH� ���� 7KH
ZLGHVW� DQG� PD[LPXP
SRWHQWLDO� KDELWDW� LV� IRU
*�� FDUGLRSHWDOXV�� ZLWK
������ NP�� RI� SRWHQWLDO
KDELWDW� ZLWKLQ� VHYHQ
HFRUHJLRQV��

7KLV� LV� IROORZHG� E\� *�
ZLJKWLL�� GLVWULEXWHG
DFURVV� VHYHQ
HFRUHJLRQV� ZLWK� D
SRWHQWLDO� KDELWDW� RI
������ NP��� *�
Z\QDDGHQVLV� KDV� WKH
PD[LPXP� QXPEHU� RI
FRQYHUWHG� KDELWDWV�
ZLWK� D� SUHVHQW
SRWHQWLDO� DUHD� RI� �����
NP�� ZLWKLQ� VL[
HFRUHJLRQV� �)LJ�� ���� *�
UK\QFKDQWKHUXV� LV� WKH
PRVW� UHVWULFWHG
VSHFLHV�� ZLWK� D
SRWHQWLDO� KDELWDW� RI
RQO\� ����� NP�� ZLWKLQ
WKUHH�HFRUHJLRQV�LQ�WKH
H[WUHPH� VRXWK� RI� WKH
:HVWHUQ�*KDWV�





� 7KH� SUHGLFWLRQV� SURYLGH� FOHDU
SLFWXUH� RI� WKH�QLFKH�SDUWLWLRQLQJ
HYHQ� WKRXJK� WKHVH
SK\ORJHQHWLFDOO\� UHODWHG� VSHFLHV
DUH�ZLWKLQ� WKH� WURSLFDO� UDLQIRUHVW
ELRPHV� RI� WKH� :HVWHUQ� *KDWV�
7KH� DFWXDO� GLVWULEXWLRQ� ORFDWLRQ
ZKLFK� ODFN� PD[LPXP
SUHGLFWLRQV�ZHUH� WKUHH� ORFDWLRQV
IRU�*��FDUGLRSHWDOXV� LV�]HUR�IRU�*�
UK\QFDQWKHUXV��RQH�IRU�*��ZLJKWLL
DQG� WZR� IRU� *�� Z\QDDGHQVLV�
$SDUW� IURP� WKH� DFWXDO
GLVWULEXWLRQ�� QHZ� SUHGLFWLRQV
ZHUH� REWDLQHG� IRU� � *�
FDUGLRSHWDOXV� ����� *�
UK\QFDQWKHUXV� ����� *�� ZLJKWLL� ����
*�� Z\QDDGHQVLV� ����� 7KHVH
HFRUHJLRQV� FRXOG� KDYH
FRQVHUYDWLRQ� DQG� HFRUHVWRUDWLRQ
SRWHQWLDO� DQG� SRVVLELOLW\� IRU
HQFRXQWHU�IRU�WKH�VSHFLHV

�� *RQLRWKDODPXV� UK\QFDQWKHUXV
DQG� *RQLRWKDODPXV� ZLJKWLL� VKRZ
SDUWLDO� VLPLODULW\� LQ� ELRFOLPDWLF
SDUDPHWHUV��)LJ�����ZKLFK�LV�FKLHIO\
UHIOHFWHG� E\� WKH� SUHFLSLWDWLRQ� RI
'ULHVW� 0RQWK� �%,2���� DQG� 4XDUWHU
�%,2����� LQGLFDWLQJ� PRUH� ZHW
UDLQIRUHVW� QLFKHV�� 7KH� PD[LPXP
ELRFOLPDWLF� FRUUHODWLRQ� LV� VKRZQ
EHWZHHQ� *�� ZLJKWLL� DQG� *�
Z\QDDGHQVLV�� ZKHUH� PXOWLSOH
IDFWRUV� RI� WHPSHUDWXUH� GHWHUPLQH
WKH�QLFKH�VXLWDELOLW\�RI�WKH�VSHFLHV�
7KH�ILJXUH�SURYLGHV�PRUH�FODULW\�RQ
WKH� GLIIHUHQFHV� LQ� ELRFOLPDWLF
IDFWRUV� WKDW� GHILQH� WKHVH� IRXU
VSHFLHV��)LJ������7KH�UHVXOWV�LQGLFDWH
WKH� :RUOG&OLP� ELRFOLPDWLF
SDUDPHWHUV� FDQ� ZHOO� GLIIHUHQWLDWH
QLFKHV�RI�FORVHO\�UHODWHG�VSHFLHV�RU
WKHLU� SRSXODWLRQV� LQ� VSDFH� DQG
WLPH�





v· ¢²źwÇÂÃ¢ÂÏ

7KH�:HVWHUQ�*KDWV�+RUQELOO�)RXQGDWLRQ
DQG�5HVHDUFK�'HSDUWPHQW�RI�%RWDQ\�DW
0(6� $VPDEL� &ROOHJH� RIILFLDOO\
LQDXJXUDWHG� WKH� VHHG� JHUPLQDWLRQ
FHQWUH� IRU� WKUHDWHQHG� WUHH� VSHFLHV�
6HHGOLQJV� RI� QLQH� WKUHDWHQHG� �,8&1�
WUHH� VSHFLHV� ZHUH� VXFFHVVIXOO\
JHUPLQDWHG� WKLV� \HDU� WR� XVH� LQ� WKH
LGHQWLILHG� UHVWRUDWLRQ� VLWHV� EDVHG� RQ
QLFKH�SURILOLQJ�DQG�QLFKH�PRGHOOLQJ�� ,Q
FROODERUDWLRQ� ZLWK� IRUHVW� GHSDUWPHQW
DQG� ORFDO� FRPPXQLW\� WKH� UHVWRUDWLRQ
SURFHVVHV�ZLOO�EH� WDNHQ�SODFH�� 7KH� UDLQ
IRUHVW� WUHH� VSHFLHV� VXFK� DV� 'LRVS\URV
FUXPHQDWD�� 3ULRULD� SLQQDWD�� +RSHD
SRQJD�� +RSHD� SDUYLIORUD�� %DFFDXUHD
FRXUWDOOHQVLV�� +XPEROGWLD� YDKOLDQD�
$SRURVD� ERXUGLOORQLL�� 6\]\JLXP
RFFLGHQWDOH� ZHUH� SURGXFHG� PRUH� LQ
QXPEHU�



a·´´ÇµªÆÏźwÇÂÃ¢ÂÏ
7KH� &RPPXQLW\� QXUVH\� ZDV
GHYHORSHG� E\� WKH� ORFDO
ZRPHQ� WKURXJK� 0*15(*$
VFKHPH� WR� VSUHDG� WKH
PHVVDJH�RI�ORFDO�JHQH�SRRO�LQ
ORFDO�QXUVHU\� LQ�FROODERUDWLRQ
ZLWK� ń0DNH� $� 'LIIHUHQFH
:HHNŅ� RI� 6RFLHW\� IRU
(FRORJLFDO� 5HVWRUDWLRQ� �6(5�
DV� SDUW� RI� (QYLURQPHQW� 'D\
FHOHEUDWLRQV��



ayX��Xtźeay�e��y�X�myw
�tXwźjy�źayX��Xt
eay����ev
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ǳ�^�ǴǢȎ �ąêȎ ňÃĥßąÃŽÃŚȎ ąÃŒȎ åĉŶêŋŒêȎ ßĬÃŒŚÃĞ
ŋêňŋêŒêĥŚêêȎ êßĬŒŽŒŚêĤŒȎ ŒŠßąȎ ÃŒȎ ŒÃßŋêå
ĀŋĬŶêŒǣȎ �ÃĥåÃĥŠŒȎ ŚąĉßěêŚŒǣȎ ŋĉŶêŋǣȎ ňĬĥåŒǣ
ÃŒŒĬßĉÃŚêåȎ ŷÃŚêŋȎ ÞĬåĉêŒȎ ÃĥåȎ ŒÃĥåȎ åŠĥêŒǢ
�ąêȎŶêŋŽȎŠĤÞĉĞĉßÃĞȎŋêĞÃŚĉĬĥŒąĉňȎĬÿȎŚąêȎňêĬňĞê
ÿĬŋȎ ŚąêĉŋȎ ĞĉŶêĞĉąĬĬåȎÃĥåȎßŠĞŚŠŋÃĞȎŷĉŒåĬĤȎÃŋê
ŚąêȎ ŋêÃŒĬĥȎ ÿĬŋȎ ŚąêȎ ŋĉßąĥêŒŒȎ ĬÿȎ ŚąêȎ ŋêĀĉĬĥǢ
�ąêȎ ňÃŋÃåĉĀĤȎ ŒąĉÿŚȎ ĉĥŚĬȎ ßÃňĉŚÃĞȎ êßĬĥĬĤŽ
ÞÃŒêåȎ ĞĉŶêĞĉąĬĬåȎ ĤêÃĥŒȎ ŋêŊŠĉŒĉŚêȎ ĥêŷ
ňêŋŒňêßŚĉŶêŒȎ ÃĥåȎ ŒŚŋÃŚêĀĉßȎ ňĞÃĥĥĉĥĀ
ĉĥŶĬĞŶĉĥĀȎ ŚąêȎ ĞĬßÃĞȎ ßĬĤĤŠĥĉŚŽȎ ÿĬŋȎ Śąê
ßĬĥŒêŋŶÃŚĉĬĥȎ ÃĥåȎ êßĬŋêŒŚĬŋÃŚĉĬĥȎ ĬÿȎ ŚąêŒê
ÞĉĬåĉŶêŋŒĉŚŽȎąêŋĉŚÃĀêǢȎ

Ȏ �ąêȎ �ÃĥĀąŠěŠĞÃĥĀÃŋÃȎ VÃŶŠȎ Ãĥå
�ÃĥåÃĥŠŒȎ ǳ�ßŋêŷȎňĉĥêȎ ŒňêßĉêŒȎ åĉŶêŋŒĉŚŽǴ
ÃŋêȎ ŒĬĤêȎ ĀĬĬåȎ êżÃĤňĞêŒȎ ĬÿȎ ňêĬňĞê
ßĬĥßêŋĥêåȎ ŚĬŷÃŋåŒȎ ßĬĥŒêŋŶÃŚĉĬĥȎ ĬÿȎ ĬŠŋ
ÞĉĬåĉŶêŋŒĉŚŽȎ ŋĉßąĥêŒŒǢȎ�Ȏ ŒŚŋÃŚêĀĉßȎ ňĞÃĥȎ ĉŒ
êĥŶĉŒÃĀêåȎąêŋêȎ ÿĬŋȎ ŚąêȎßĬĥŒêŋŶÃŚĉĬĥȎÃĥå
êßĬŋêŒŚĬŋÃŚĉĬĥȎĬÿȎÞĉĬåĉŶêŋŒĉŚŽȎŋĉßąĥêŒŒȎĉĥ
ŚąêȎ =ÃĤÃȎ �ÃĥßąÃŽÃŚǢȎ �ąêȎ ĞĉĤĉŚêåȎ ÿŠĥå
ĤÃåêȎ ÃŶÃĉĞÃÞĞêȎ ŚĬȎ ŚąêȎ ňÃĥßąÃŽÃŚȎ ÞŽȎ Śąê
VêŋÃĞÃȎ�ŚÃŚêȎ�ĉĬåĉŶêŋŒĉŚŽȎ�ĬÃŋåȎǳV���ǴȎĉŒ
ÞêĉĥĀȎ ŠŚĉĞĉŒêåȎ ÿĬŋȎ åêŶêĞĬňĉĥĀȎ Ã
ňêŋŒňêßŚĉŶêȎ ňĞÃĥǣȎ åêŚÃĉĞêåȎ ňŋĬĘêßŚ
åĬßŠĤêĥŚȎ ÃĞĬĥĀȎ ŷĉŚąȎ ňŋĉĤÃŋŽȎ ĉĥĉŚĉÃŚĉŶêŒ
ÿĬŋȎ êßĬŋêŒŚĬŋÃŚĉĬĥȎ ÃĥåȎ êßĬĞĬĀĉßÃĞ
ĤĬĥĉŚĬŋĉĥĀȎĉĥȎŚąêȎ=ŋÃĤÃȎ�ÃĥßąÃŽÃŚǢȎ�ąĉŒ
ąÃŒȎÞêêĥȎĉĤňĞêĤêĥŚêåȎÃŒȎÃȎåêßĉŒĉĬĥȎÿŋĬĤ
ŚąêȎ �^�Ȏ ĉĥŶĬĞŶĉĥĀȎ ŚąêȎ �êŒêÃŋßą
#êňÃŋŚĤêĥŚȎ ĬÿȎ �ĬŚÃĥŽȎ ^(�Ȏ �ŒĤÃÞĉ
�ĬĞĞêĀêǢȎ
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7KH� 61� SXUDP� *UDPD
SDQFKD\DW� LV� SDUW� RI� VDQG\
GHSRVLWV� DQG� UHODWHG� FRDVWDO
HFRV\VWHPV� LQ� D� FRDVWDO
HYHUJUHHQ� UDLQIHG� FOLPDWH
QRXULVKHG�ZLWK�LQIORZ�IURP�WKH
FDWFKPHQWV� RI� 3HUL\DU� DQG
&KDODNXG\� ULYHUV� IURP� WKH
:HVWHUQ�*KDWV��7KH� ILHOG� VWXG\
DQG� PDSSLQJ� KDV� LGHQWLILHG
VHYHQ� GLIIHUHQW� NLQGV� RI
HFRV\VWHPV� ZLWKLQ� WKH� 61
SXUDP� *UDPD� 3DQFKD\DW�
7KHVH� DUH� L�� &RDVWDO� VDQG\
EHDFKHV� LL�� 6DFUHG� JURYHV� LLL�
)UHVK�ZDWHU�VWUHDP�GUDLQLQJ�WR
WKH� VHD� �$UDSSDWKRGX�� LY�
3DQGDQXV� WKLFNHWV� Y�
)UHVKZDWHU� SRQGV� YL�� 6PDOO
)UHVKZDWHU� FKDQQHOV� YLL�
%DFNZDWHU� �&DQRO\� FDQDO��� 7KH
3DQFKD\DW� KDV� IHZ� EHWWHU
VDPSOHV� RI� WKHVH� HFRV\VWHPV
VXFK� DV� WKH� 6DQJKXNXODQJDUD
.DYX� DQG� WKH� &DQRO\� FDQDO
EDFNZDWHU�� 7KH� UHPDLQLQJ� DOO
DUH� UHSUHVHQWHG� ZLWK� UHOLFV� RI
YHJHWDWLRQV� RU� DUH� LQ� KLJKO\
GHJUDGHG�FRQGLWLRQV���

FåêĥŚĉÿĉêåȎåĉÿÿêŋêĥŚȎêßĬŒŽŒŚêĤŒ
ĉĥȎŚąêȎ�ÃĥßąÃŽÃŚą

�ĬÃŒŚÃĞȎŒÃĥåŽȎÞêÃßąêŒȎ

/RFDO� KLVWRU\� LQGLFDWHG� WKDW� WKH� VKRUHOLQH
KDG�VDQG�GXQHV�ZKLFK�ZDV�ODWHU�PLQHG�DQG
HURGHG�� 7KH� DUHD� LV� IDFLQJ� VHULRXV� WKUHDW� RI
FRDVWDO� HURVLRQ�� WKH� UHFHQW� LQWHUYHQWLRQV
ZLWK� JUDQLWH� VHD� ZDOOV� DOVR� IDLOLQJ�� 7KH
UHFHQW� FOLPDWH� FKDQJH� LQGXFHG� F\FORQHV�
VHD� XSZHOOLQJ� DOVR� PDGH� VWDELOL]DWLRQ� DQG
UHVWRUDWLRQ� RI� WKH� VDQG\� VKRUHV� YHU\
HVVHQWLDO�� 7KH� ILHOG� VWXG\� LQGLFDWHG� WKH
YHJHWDWLRQ�HPEDQNPHQW�XVLQJ�&DVXDULQD� LV
QRW�HIIHFWLYH�LQ�FKHFNLQJ�VDQG�HURVLRQ�VLQFH
WKH� WUHHV� DUH� QRW� GHHS� URRWHG� �)LJ�� ���
(FRUHVWRUDWLRQ�RI�QDWLYH�YHJHWDWLRQ�WKURXJK
VFLHQWLILF� SURILOLQJ� KDV� EHHQ� UHFRPPHQGHG
DV� D� UHPHG\� IRU� VWDELOL]DWLRQ� RI� WKH� VHD
VKRUH���



7KH� 6DQJKXNXODQJDUD� .DYX� LV
RQH� RI� WKH� EHVW� UHSUHVHQWDWLYHV
RI� WKH� FRDVWDO� HYHUJUHHQ� IRUHVW
JURYH� LQ� FHQWUDO� .HUDOD� �)LJ�� ���
7KH�3DQFKD\DW�KDV�VLPLODU�VPDOO
VDFUHG� JURYHV� XQGHU� WKH
RZQHUVKLS� RI� GLIIHUHQW� IDPLOLHV�
$OO� WKHVH� DUH� PDLQWDLQHG
WUDGLWLRQDOO\�E\�WKH�IDPLOLHV�ZLWK
WKH� VXSSRUW� RI� WKH� ORFDO
FRPPXQLW\�

,� 7KH� 6DQJKXNXODQJDUD� .DYX� LV
FRQVHUYHG� DQG� PDLQWDLQHG� E\
.L]KDNRRWX� )DPLO\� WUDGLWLRQDOO\� DQG
KDV�EHHQ�UHJLVWHUHG�DV�D�7UXVW�QDPHG
Ł.L]KDNRRWX� )DPLO\� 7UXVWł�QFUHDVHG
VRLO� HURVLRQ� ZDVWH� GHSRVLWLRQ� DW� WKH
SRQG� FDQ� OHDG� WR� GLH�RII� RI� URRWV� RI
WKH�ROG�JURZWK�WUHHV�DQG�PD\�OHDG�WR
WUHH� IDOO��'LHEDFN�RI�ROG�FDQRS\� WUHHV
LV�DOVR�REVHUYHG�WKHUH��LQFLGHQW�RI�IDOO
RI� D� PDWXUH� WUHH� LQ� WKH� .DYX� LV
REVHUYHG� GXULQJ� WKLV� PRQVRRQ� DOVR�
3URSHU� SK\VLFDO� PDQDJHPHQW
IDFLOLWLHV� HVSHFLDOO\� ]RQDWLRQ� WR
PDQDJH� LQWHUYHQWLRQ� RI� SHRSOH�
ZDVWH� GHSRVLWLRQ�� YHKLFOH� WUDQVSRUW�
SURWHFWLRQ�RI�H[LVWLQJ�EHVW�YHJHWDWLRQ
VDPSOHV� ZLWK� D� EXIIHU� SODQWDWLRQV�
HPEDQNPHQWV� DQG� VRLO� ILOOLQJ� WR
SUHYHQW� VRLO� HURVLRQ� DQG
HFRUHVWRUDWLRQ� LQ� YDFDQW� DUHDV�EDVHG
RQ� VFLHQWLILF� SURILOLQJ� DUH
UHFRPPHQGHG���



�ŋÃňňÃŚąĬåŠȎǻȎÿŋêŒąȎŷÃŚêŋȎŒŚŋêÃĤȎåŋÃĉĥĉĥĀȎŚĬȎŚąêȎŒêÃǢ

�ÃĥåÃĥŠŒȎŚąĉßěêŚŒȎÃŚȎŚąêȎÞêÃßą
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