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�)DFXOW\�RI�9HWHULQDU\�0HGLFLQH�8QLYHUVLW\�RI�%HOJUDGH��6HUELD�

&RUUHVSRQGLQJ�DXWKRU��6YHWODQD�0LODQRYLü��FHFDP#YHW�EJ�DF�UV

$EVWUDFW��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HVWDEOLVK�LI�WKHUH�DUH�GLIIHUHQFHV�LQ�JOXFRVH�DQG�����������ȕ�
K\GUR[\EXW\UDWH��%+%��FRQFHQWUDWLRQV�DV�ZHOO�DV�JOXWDWKLRQH�SHUR[LGDVH��*3[��DFWLYLW\�UHODWHG�WR�
WKH� ERG\�FRQGLWLRQ� LQ�KHLIHUV��%DVHG�RQ� WKH�ERG\�FRQGLWLRQ� �%&��� KHLIHUV�ZHUH�GLYLGHG� LQWR� WZR�
JURXSV�����%&� �����DQG����%&�������:KROH�EORRG�VDPSOHV�IURP����KHLIHUV��WDNHQ�EHWZHHQ�GD\���
DQG�GD\����DIWHU�SDUWXULWLRQ��ZHUH�XVHG�LQ�WKH�VWXG\��*OXFRVH�DQG�%+%�FRQFHQWUDWLRQV�ZHUH�GHWHU�
PLQHG�LPPHGLDWHO\�DIWHU�VDPSOLQJ��ZKLOH�*3[�DFWLYLW\�ZDV�GHWHUPLQHG����KRXUV�DIWHU�WKDW��+HLIHUV�
ZLWK�KLJKHU�ERG\�FRQGLWLRQ�KDG�VLJQLILFDQWO\�KLJKHU�DYHUDJH�%+%�FRQFHQWUDWLRQ�DQG�*3[�DFWLYLW\��
$YHUDJH�JOXFRVH�FRQFHQWUDWLRQV�GLG�QRW�GLIIHU�EHWZHHQ�JURXSV���

.H\�ZRUGV��JOXFRVH��JOXWDWKLRQH�SHUR[LGDVH��*3[���NHWRQH�ERGLHV��ERG\�FRQGLWLRQ�

,1752'8&7,21�

,QWHQVLYH� OLYHVWRFN� SURGXFWLRQ� UHTXLUHV� XVH�
RI�QXWULHQWV�RI�KLJK�TXDOLW\�WKDW�ZLOO�FRPSOHWHO\�
VDWLVI\� EDVLF� DQG� SURGXFWLYH� QHHGV� RI� EUHHGLQJ�
DQLPDOV��PD[LPL]LQJ�WKH�JHQHWLF�FDSDFLW\�RI�LQ�
GLYLGXDOV���1HYHUWKHOHVV��WKLV�W\SH�RI�SURGXFWLRQ�
LV�DVVRFLDWHG�ZLWK�PDQ\�PHWDEROLF�GLVWXUEDQFHV�
LQ�DQLPDOV��,Q�GDLU\�FRZV��WKHVH�GLVWXUEDQFHV�DUH�
HVSHFLDOO\� SURQRXQFHG�� VLQFH� GLHWDU\� QXWULHQW�
DQG� HQHUJ\� DUH� SULPDULO\� XVHG� IRU� PDPPDU\�
JODQG�QHHGV�DQG�WKHQ�IRU�WKH�UHVW�RI�WKH�SURFHVVHV�
LQ�RUJDQLVPV���

$V�D�FRQVHTXHQFH�RI�LQDGHTXDWH�QXWULWLRQ�LQ�
FRZV��PHWDEROLF�GLVWXUEDQFHV�RFFXU�ZLWK�NHWRVLV�
EHLQJ�WKH�PRVW�IUHTXHQW�RQH����

.HWRVLV�LV�WKH�PHWDEROLF�GLVWXUEDQFH�WKDW�DS�
SHDUV� LQ� KLJK� \LHOGLQJ� GDLU\� FRZV�� PRVW� IUH�
TXHQWO\�LQ�HDUO\�ODFWDWLRQ�L�H��SHULSDUWXP�SHULRG��
'XH�WR�LQDGHTXDWH�FDUERK\GUDWH�DQG�IDW�PHWDER�
OLVP�� DQLPDO� H[SHULHQFHV� QHJDWLYH� HQHUJ\� EDO�
DQFH� WKDW� LV� FKDUDFWHUL]HG� E\� GHFOLQH� RI� EORRG�

JOXFRVH�FRQFHQWUDWLRQ�DQG�OLYHU�JO\FRJHQ�UHVHUYH�
GHSOHWLRQ��$OO�JOXFRVH�REWDLQHG�DV�HQHUJ\�VRXUFH�
LV�UHGLUHFWHG�WR�PDPPDU\�JODQG�IRU�ODFWRVH�V\Q�
WKHVLV��2UJDQLVP�WULHV�WR�FRPSHQVDWH�WKH�ORVV�RI�
JOXFRVH�E\�LQFUHDVLQJ�WKH�GHJUHH�RI�OLYHU�JOXFR�
QHRJHQHVLV��SULPDULO\� IURP�R[DORDFHWDWH� WKDW� LV�
WKH�PDLQ� JOXFRQHRJHQLF� SUHFXUVRU��5HGLUHFWLQJ�
RI�R[DODFHWDWH�IURP�FLWULF�DFLG�F\FOH�LQWR�JOXFR�
QHRJHQHVLV� SURYRNH� DFHW\O�&R$� DFFXPXODWLRQ��
WKDW�RULJLQDWHV� IURP�ȕ� IDWW\�DFLG�R[LGDWLRQ�DV�D�
FRQVHTXHQFH� RI� QHJDWLYH� HQHUJ\� EDODQFH�� %H�
FDXVH�RI�WKDW��PHWDEROLVP�LV�PDLQO\�UHGLUHFWLQJ�
WR�NHWRQH�ERGLHV� V\QWKHVLV� �0LKDLORYLü�DQG�-R�
YDQRYLü�� �������7KLV� LV� HVVSHFLDOO\�SURQDXQFHG�
LQ�FRZV�ZLWK�KLJK�ERG\�FRQGLWLRQ�VLQFH� LQ� WKLV�
FRZV��GXH�WR�KLJKHU�IDWW\�GHSRWV����ȕ�R[LGDWLRQ�LV�
PRUH�LQWHQVLYH�DQG�FRQVHTXHQWO\�GHJUHH�RI�NHWR�
JHQHLVLV�LV�LQFUHDVHG��&LQFRYLü���������

,Q�UHFHQW�VWXGLHV��PRUH�DWWHQWLRQ�LV�JLYHQ�WR�
WKH� UROH� RI� R[LGDWLYH� VWUHVV� LQ� SDWKRJHQHVLV� RI�
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GLIIHUHQW�PHWDEROLF�GLVWXUEDQFHV� W\SLFDO� IRU�SH�
UXSDUWXP�SHULRG��(O�'HHE�DQG�(O�%DKU���������,W�
LV�FRQVLGHUHG�WKDW�KLJKHU�GHJUHH�RI������ȕ�R[LGDWLRQ�
RI� IDWW\� DFLGV� DIIHFW� WKH� LQFUHDVH�SURGXFWLRQ�RI�
IUHH� UDGLFDOV�� 7KH� JOXWKDWLRQH� SHUR[LGDVH�
HQ]\PH��*3[��KDV� LPSRUWDQW� UROH� LQ�DQWLR[LGD�
WLYH� SURWHFWLRQ� DQG� LW� FRQWDLQV� VHOHQLXP� LQ� WKH�
IRUP�RI�VHOHQRF\VWHLQH�LQ�LWV�RZQ�FDWDO\WLF�FHQWHU�
�)RUVWURP�DW�DO����������*OXWKDWLRQH�SHUR[LGDVH�

LV�HQ]\PH�WKDW�UHGXFHV�K\GURJHQ�SHUR[\GH�DQG�
SHUR[LGHV� RI� IUHH� IDWW\� DFLGV� SURWHFWLQJ� FHOOV�
IURP�R[LGDWLYH�GDPDJHV���

'XH�WR�DOO�SUHYLRXVO\�PHQWLRQHG��WKH�DLP�RI�
WKLV� VWXG\� ZDV� WR� HVWDEOLVK� WKH� HIIHFW� RI� ERG\�
FRQGLWLRQ�RQ�JOXFRVH�DQG�ȕ�K\GUR[\EXW\UDWH�OHY�
HOV�LQ�EORRG�RI�KHLIHUV�DV�ZHOO�DV�*3[�DFWLYLW\���

0$7(5,$/�$1'�0(7+2'6�

:LWK�WKH�DLP�WR�HVWDEOLVK�HIIHFW�RI�ERG\�FRQ�
GLWLRQ��%&��RI�KHLIHUV�RQ�JOXFRVH�DQG� � � � � � � � �ȕ�
K\GUR[\EXW\UDWH� OHYHOV�� DV� ZHOO� DV� JOXWKDWLRQH�
SHUR[LGDVH� DFWLYLW\�� HVWLPDWLRQ� RI� ERG\� FRQGL�
WLRQ�ZDV�SHUIRUPHG�E\�9LUJLQLD�V\VWHP�PRGLILHG�
E\� (GPHQVRQ�� XVLQJ� �� WR� �� VFDOH� �(GPHQVRQ��
�������$FFRUGLQJ�WR�WKDW�����KHIHUV�ZHUH�FODVVL�
ILHG�LQ�RQH�RI�WKH�WZR�JURXSV���)LUVW�JURXS��Q ���
LQFOXGHV� KHLIHUV� ZLWK� RSWLPDO� ERG\� FRQGLWLRQ�
�%& ������� ZKLOH� WKH� VHFRQG� JURXS� �Q ����
LQFOXGHV�REHVH�KHLIHUV�ZLWK� WKH�%&�VFRUH�������
%RG\�FRQGLWLRQ�VFRULQJ�ZDV�SHUIRUPHG���ZHHNV�
EHIRUH�H[SHFWHG�FDOYLQJ��,Q�RUGHU�WR�DYRLG�YDULD�
WLRQV� UHODWHG� WR� WKH� ERG\� FRQGLWLRQ� HVWLPDWLRQ��
VFRULQJ�ZDV�SHUIRUPHG�E\���SHUVRQV�VLPXOWDQH�
RXVO\��$YHUDJH� DJH�RI� FDOYHG�KHLIHUV�ZDV������
PRQWKV����

&ROOHFWLQJ�DQG�H[DPLQDWLRQ�RI�EORRG�VDPSOHV�
RI�KHLIHUV�ZDV�GRQH�IURP�GD\���WR�GD\����DIWHU�
SDUWXULWLRQ��%ORRG�ZDV�REWDLQHG�E\�����������Y��FRF�
FLJHD�PHGLD�SXQFWXUH��%ORRG�DQDO\VHV�ZHUH�GRQH�
XVLQJ� WHVW� VWULSV� RQ�ZKLFK� EORRG� GURS�ZDV� DS�
SOLHG�� *OXFRVH� DQG� ȕ�K\GUR[\EXW\UDWH� FRQFHQ�
WUDWLRQV� ZHUH� UHFRUGHG� RQ� DSSDUDWXV�
³)5((67</(� 35(&,6,21� 1(2� %ORRG� *OX�
FRVH�DQG�.HWRQH�0RQLWRULQJ�V\VWHP³��

*OXWDWKLRQH�SHUR[LGDVH�DFWLYLW\� �*3[�� IURP�
ZKROH� EORRG� RI� FRZV� ZDV� GHWHUPLQHG� XVLQJ�

PHWKRG� GHVFULEHG� E\� *�Q]OHU� DW� DO�� ������� RQ�
VSHFWURSKRWRPHWHU�&HFLO�������7KH�SULQFLSOH�RI�
WKLV�PHDVXUHPHQW�LV�EDVHG�RQ�VSHFWURSKRWRPHW�
ULF�UHJLVWUDWLRQ�RI�1$'3+�XWLOL]DWLRQ�LQ�FRXSOHG�
HQ]\PH�UHDFWLRQ��0HWKRG�ZDV�REWDLQHG�LQ�D�ZD\�
WKDW������O�RI�SRWDVVLXP�SKRVSKDWH�EXIIHU������
�O�RI�JOXWDWKLRQH��*6+�������O�RI�JOXWDWKLRQH�UH�
GXFWDVH��*5�������O�RI�ZKROH�EORRG�KHPRO\]HG�
ZLWK�'UDSFNLQ�UHDJHQW�����WLPH�RI�GLOXWLRQ��DQG�
�����O� RI� UHGLVWLOOHG�ZDWHU�ZDV� DGGHG� LQ�PHQ�
WLRQHG�RUGHU�LQ�HDFK�WXEH��7KHQ�D����PLQXWH�SUH�
LQFXEDWLRQ�LQ�WKHUPRVWDW�RQ���ɨ&�ZDV�REWDLQHG��
IROORZHG�E\�DGGLWLRQ�RI������O�RI�QLFRWLQDPLGH�
DGHQLQH� GLQXFOHRWLGH� SKRVSKDWH� �1$'3+�� DQG�
���� �O� RI� WHUWLDO� EXW\OK\GUR[\SHUR[LGH� �7%+���
$IWHU�DGGLWLRQ�RI�1$'3+�DQG�7%+�� WXEH�FRQ�
WHQW�LV�SRXUHG�LQWR�WKH�FXYHWWH��%\�SODFLQJ�RI�FX�
YHWWH�LQ�VSHFWURSKRWRPHWHU��XWLOL]DWLRQ�RI�1$'3�
EHJLQV��DQG�WKH�DEVRUEDQFH�LV�UHFRUGHG�LQ����VHF�
RQGV�LQWHUYDOV�DW�ZDYHOHQJWK�RI�����QP��

6ROXWLRQV�RI�*5��*6+�DQG�1$'3+�DUH�DO�
ZD\V� IUHVKO\� SUHSDUHG�� ZLWK� WKH� XVDJH� RI� UH�
GLVWLOOHG�ZDWHU�DV�D�VROYHQW�IRU�*5�DQG�*6+��$V�
D�VROYHQW�IRU�1$'3+��������1D+&2��ZDV�XVHG��
&RPSRVLWLRQ� DQG� ILQDO� FRQFHQWUDWLRQV� RI� UHD�
JHQWV�DUH�SUHVHQWHG�LQ�7DEOH���



9HWHULQDU\�-RXUQDO�RI�5HSXEOLF�RI�6USVND��%DQMD�/XND���9RO��;,;��1R��������–�����������
1LNãLü�HW�DO��

7KH�HIIHFW�RI�ERG\�FRQGLWLRQ�VFRUH�RI�KHLIHUV�LQ�JOXFRVH�DQG�ȕ�K\GUR[\EXWLUDWH�FRQFHQWUDWLRQV�DQG�JOXWKDWLRQH��
SHUR[LGDVH�DFWLYLW\�

���

7DEOH����&RPSRVLWLRQ�DQG�YROXPH�RI�UHDJHQWV�XVHG�IRU�VSHFWURSKRWRPHWULF�GHWHUPLQDWLRQ�
RI�*3[�DFWLYLW\�

5HDJHQWV� 9ROXPHQ���O�� )LQDO�FRQFHQWUDWLRQ�
3RWDVVLXP�SKRVSKDWH�EXIIHU������PPRO�/��S+���� ���� ����PPRO�O�
*6+������PPRO�/�� ���� ��PPRO�/�
*OXWKDWLRQH�UHGXFWDVH��*5�� ��� ��PPRO�/�
:KROH�EORRG��GLOXWLRQ����[�� ��� ������8�P/�
1$'3+� ���� ����PPRO�/�
7%+� ���� ������PPRO�/�
5HGHVWLODWHG�ZDWHU� ����

5HVXOWV�REWDLQHG�LQ�WKLV�VWXG\�DUH�JURXSHG�LQ�
FHUWDLQ�VWDWLVWLFDO�VHULHV�DQG�SURFHVVHG�XVLQJ�FHU�
WDLQ�VWDWLVWLFDO�PHWKRGV� LQ�06�([FHO������SUR�
JUDP�� &DOFXODWHG� PHDQ� �DULWKPHWLF� PHDQ� ±�
;PHDQ��UHODWLYH�PHDVXUHV�RI�YDULDELOLW\��FRHIIL�
FLHQW�RI�YDULDWLRQ�±�&Y��DQG�DEVROXWH�PHDVXUHV�RI�

YDULDELOLW\��VWDQGDUG�GHYLDWLRQ�±�6'��ZHUH�VWDWLV�
WLFDO�PHWKRGV�WKDW�ZHUH�XVHG��$QDO\VHV�RI�VWDWLV�
WLFDO� VLJQLILFDQFH� ZHUH� REWDLQHG� E\� 6WXGHQW� W�
WHVW��2EWDLQHG�UHVXOWV�DUH�SUHVHQWHG�E\�ILJXUHV��

5(68/76�

*OXFRVH�� %+%� FRQFHQWUDWLRQV� DQG�*3[� DF�
WLYLW\�ZHUH�GHWHUPLQHG�ZLWK�WKH�DLP�WR�FRPSDUH�
UHVXOWV�EHWZHHQ�KHLIHUV�RI�RSWLPDO�ERG\�FRQGL�
WLRQ�DQG�REHVH�KHLIHUV��

%\�GHWHUPLQDWLRQ�RI�JO\FHPLD��QR�VLJQLILFDQW�
GLIIHUHQFH�ZDV�REVHUYHG��S ������EHWZHHQ�JOX�
FRVH� FRQFHQWUDWLRQ� PHDQV� REWDLQHG� LQ� KHLIHUV�
ZLWK�RSWLPDO�ERG\�FRQGLWLRQ� DQG�REHVH�KHLIHUV�
�)LJXUH������

,Q�KHLIHUV�ZLWK�RSWLPDO�ERG\�FRQGLWLRQ��PHDQ�
YDOXH� RI� JOXFRVH� FRQFHQWUDWLRQ� ZDV� ����������
PPRO�/� ZLWK� LQWHUYDO� RI� YDOXHV� IURP� ��������
PPRO�/�DQG�FRHIILFLHQW�RI�YDULDWLRQ�������

,Q�REHVH�KHLIHUV��PHDQ�YDOXH�IRU�JOXFRVH�FRQ�
FHQWUDWLRQV�ZDV�����������PPRO�/��ZLWK�LQWHUYDO�
RI�YDOXHV�IURP���������PPRO�/���������DQG�FRHIIL�
FLHQW�RI�YDULDWLRQ�����
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)LJXUH����9DOXHV�RI�JOXFRVH�FRQFHQWUDWLRQV�LQ�EORRG�RI�KHLIHUV�RI�RSWLPDO�DQG�LQFUHDVHG�ERG\�
FRQGLWLRQ�

,Q�KHLIHUV�ZLWK�RSWLPDO�ERG\�FRQGLWLRQ��PHDQ�
YDOXH� RI� %+%� FRQFHQWUDWLRQ� ZDV� ���������
PPRO�/�� ZLWK� LQWHUYDO� RI� YDOXHV� IURP� ��������
PPRO�/��,Q�REHVH�KHLIHUV��PHDQ�YDOXH�IRU�%+%�
FRQFHQWUDWLRQV�ZDV�����������PPRO�/��ZLWK�LQ�
WHUYDO�RI�YDOXHV�IURP���������PPRO�/��%\�GHWHU�
PLQLQJ� WKH� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH��

VLJQLILFDQW� GLIIHUHQFH�ZDV� HVWDEOLVKHG� �S ������
EHWZHHQ�PHDQ�YDOXHV�RI�%+%�FRQFHQWUDWLRQV�LQ�
KHLIHUV�ZLWK�RSWLPDO� ERG\�FRQGLWLRQ� DQG�REHVH�
RQHV�� 2EHVH� KHLIHUV� KDG� VLJQLILFDQWO\� KLJKHU�
PHDQ�%+%�YDOXHV��)LJXUH������
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)LJXUH����9DOXHV�RI�ȕ�K\GUR[\EXWLUDWH��%+%��FRQFHQWUDWLRQV�LQ�WKH�EORRG�RI�KHLIHUV�RI�RSWL�
PDO�ERG\�FRQGLWLRQ�DQG�LQFUHDVHG�ERG\�FRQGLWLRQ��

�S ������

,Q�KHLIHUV�ZLWK�RSWLPDO�ERG\�FRQGLWLRQ��DYHUDJH�*3[�DFWLYLW\�ZDV���������.DW�/��ZLWK�LQWHUYDOV�
RI�YDOXHV�IURP����������.DW�/��,Q�REHVH�KHLIHUV��DYHUDJH�*3[�DFWLYLW\�ZDV����������.DW�/��ZLWK�
LQWHUYDOV�RI�YDOXHV�IURP����������.DW�/��

%\� GHWHUPLQLQJ� WKH� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH�� VLJQLILFDQW� GLIIHUHQFH� ZDV� HVWDEOLVKHG�
�S ������EHWZHHQ�DYHUDJH�YDOXHV�RI�*3[�DFWLYLW\�RI�KHLIHUV�ZLWK�RSWLPDO�ERG\�FRQGLWLRQ�DQG�REHVH�
KHLIHUV��,Q�REHVH�KHLIHUV��WKHUH�ZDV�VLJQLILFDQWO\�KLJKHU�*3[�DFWLYLW\��)LJXUH�����
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)LJXUH����*3[�DFWLYLW\�LQ�ZKROH�EORRG�LQ�KHLIHUV�ZLWK�RSWLPDO�ERG\�FRQGLWLRQ�DQG�LQFUHDVHG�
ERG\�FRQGLWLRQ��
�S ������

',66&86,21�

.HWRVLV�LV�D�FRPPRQ�PHWDEROLF�GLVWXUEDQFH�
LQ�KLJK�\LHOGLQJ�GDLU\�FRZV��&DXVHV�WKDW�FRQWULE�
XWH� WR� WKH� DSSHDUDQFH� RI� NHWRVLV�PLJKW� LQFOXGH�
LQDGHTXDWH� QXWULWLRQ� UHODWHG� WR� ODFWDWLRQ� SKDVH��
KRUPRQH�GLVEDODQFH��SRRU�ERG\�FRQGLWLRQ��KLJK�
PLONLQJ�DQG�PDQ\�RWKHUV����

%RG\� FRQGLWLRQ� VFRULQJ� LV� REWDLQHG� LQ� DOO�
SKDVHV� RI� SURGXFWLYH� DQG� UHSURGXFWLYH� F\FOHV��
DQG� IDYRUDEOH� VFRUH� LQ� FDOYLQJ� SHULRG� LV� �����
������ 2YHU�FRQGLWLRQHG� FRZV� LQ� FDOYLQJ� DQG�
HDUO\�ODFWDWLQJ�SHULRG��FKDUDFWHUL]HG�E\�QHJDWLYH�
HQHUJ\�EDODQFH��DUH�PRUH�H[SRVHG�WR�WKH�ULVN�RI�
NHWRVLV� DSSHDUDQFH�� GXH� WR� WKH� UHOHDVH� RI� IUHH�
IDWW\�DFLGV�DQG�DFHW\O�&R$�GHSRVLWLRQ��,Q�RUGHU�
WR�DYRLG�WKHVH�ULVNV�� LW� LV�QHFHVVDU\�WR�PDLQWDLQ�
ERG\�FRQGLWLRQ�RI�FRZV�LQ�FHUWDLQ�UDQJH��PHDQ�
LQJ�����������DW�FDOYLQJ�����������LQ�HDUO\�ODFWD�
WLRQ����������LQ�PLG�ODFWDWLRQ��������LQ�ODWH�ODFWD�
WLRQ� DQG� ���������� LQ� GU\� SHULRG� �(GPHQVRQ��
�������$V�UHSRUWHG�E\�*LOOXQG�DW�DO����������DS�
SHDUDQFH�RI�NHWRVLV�VWDJH�LQ�REHVH�FRZV�DIWHU�SDU�
WXULWLRQ� LV� FRPPRQ��%DVHG� RQ� RXU� UHVXOWV�� LW� LV�

UDUH�DQG�FDQ�EH�H[SODLQHG�E\�ORZHU�PLON�SURGXF�
WLRQ�LQ�ILUVW�FDOYLQJ�FRZV��'XH�WR�OHVV�PLON�SUR�
GXFWLRQ�� QHJDWLYH� HQHUJ\� EDODQFH� LV� OHVV� SUR�
QRXQFHG�WKHQ�LQ�FRZV�ZKR�DFKLHYHG�PD[LPXP�
PLONLQJ����

'DQJHU�RI�NHWRVLV�VWDJH�DSSHDUDQFH�LQFUHDVHV�
ZLWK� LQFUHDVHG� DJH� RI� ILUVW� FDOYLQJ� FRZV�� ,W� LV�
VSHFXODWHG�WKDW�ILUVW�FDOYLQJ�FRZV�\RXQJHU�WKDQ�
���PRQWKV�RI�DJH�EHORQJ�WR�JURXS�ZLWK�WKH�ORZ�
HVW�ULVN��6LQFH�DYHUDJH�DJH�RI�H[DPLQHG�KHLIHUV�
ZDV������PRQWKV��WKH\�FDQ�EH�FODVVLILHG�LQ�PRG�
HUDWH�ULVN�JURXS��9DQ�'HU�'ULIW����������

,Q�DQLPDOV�ZLWK�DQ�RSWLPDO�ERG\�FRQGLWLRQ��
DYHUDJH� JOXFRVH� FRQFHQWUDWLRQ� YDOXH� ZDV� �����
PPRO�/�� ZKLOH� LQ� REHVH� KHLIHUV� ZDV� �����
PPRO�/��%RWK�YDOHV�DUH�ZLWKLQ�UHIHUHQFH�UDQJH�
WKDW�LV���������PPRO�/��6WRMLü����������

%+%�YDOXH�RYHU�����PPRO�/�WZR�ZHHNV�DIWHU�
FDOYLQJ��FRPELQHG�ZLWK�KLJKHU�FRQFHQWUDWLRQ�RI�
IUHH� IDWW\� DFLGV� LQ�EORRG�� LQGLFDWHV� RQ�QHJDWLYH�
HQHUJ\�EDODQFH��&HOHVND�HW�DO����������9DOXHV�RI�
%+%� FRQFHQWUDWLRQV� LQ� H[DPLQHG� KHLIHUV� ZLWK�
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9HWHULQDU\�-RXUQDO�RI�5HSXEOLF�RI�6USVND��%DQMD�/XND���9RO��;,;��1R��������–�����������
1LNãLü�HW�DO��

7KH�HIIHFW�RI�ERG\�FRQGLWLRQ�VFRUH�RI�KHLIHUV�LQ�JOXFRVH�DQG�ȕ�K\GUR[\EXWLUDWH�FRQFHQWUDWLRQV�DQG�JOXWKDWLRQH��
SHUR[LGDVH�DFWLYLW\�

���

RSWLPDO� ERG\� FRQGLWLRQ� ZHUH� ZLWKLQ� UHIHUHQFH�
UDQJH�� ZKLOH� LQ� REHVH� KHLIHUV�� VL[� DQLPDOV�
�������� KDG� LQFUHDVHG� YDOXHV�� ,Q� WKLV� SHULRG��
QHJDWLYH�HQHUJ\�EDODQFH�VWDUWV�WR�GHYHORS��ZLWK�
FRQVHTXHQWO\� LQFUHDVHG� NHWRQH� ERG\� V\QWKHVLV��
,Q�WKHVH���DQLPDOV�ORZHU�JOXFRVH�FRQFHQWUDWLRQ�
ZDV�DOVR�REVHUYHG���

7KHUH� LV� QR� GDWD� ZLWKLQ� DYDLODEOH� OLWHUDWXUH�
WKDW�UHODWHG�WR�UHODWLRQVKLS�EHWZHHQ�NHWRQH�ERG�
LHV�OHYHO�DQG�JOXWDWKLRQH�SHUR[LGDVH�HQ]\PH�DF�
WLYLW\��DV�ZHOO�DV�H[SODQDWLRQ�IRU�LWV�LQFUHDVHG�DF�
WLYLW\�LQ�KHLIHUV�ZLWK�KLJKHU�%+%�OHYHOV��7KLV�UH�
VXOW� FDQ� LQGLFDWH� WKDW� VWXG\LQJ� R[LGDWLYH� VWUHVV�
DQG�DQWLR[LGDWLYH�FDSDFLW\�LQ�DQLPDOV�ZLWK�QHJD�
WLYH�HQHUJ\�EDODQFH�QHHG�PRUH�DWWHQWLRQ��

5()(5(1&(6�

�� &LQFRYLü� 0�� �������� 3DWRIL]LRORãND� SURFHQD� SHULSDUWDOQRJ� PHWDEROLþNRJ� VWUHVD� NRG
YLVRNRSURGXNWLYQLK�NUDYD�XSRWUHERP�HQGRNULQLK� L�PHWDEROLþNLK�NULWHULMXPD��'RNWRUVND� WH]D�
3ROMRSULYUHGQL�IDNXOWHW��8QLYHU]LWHW�X�1RYRP�6DGX�

�� &HOHVND�,���8OþDU�,���6WRMNRYVNL�9���'RYHQVNL�7���0LWURY�'���'åDGåRYVNL�,����������(IIHFW�RI
ODFWDWLRQ� RQ� HQHUJ\� PHWDEROLVP� LQ� GDLU\� FRZV� IURP� GLIIHUHQW� FDWHJRULHV�� 0DF� 9HW� 5HY
��������–���

�� (GPHQVRQ� $�-��� /HDQ� ,�-���:HDYHU� /�'��� )DUYHU� 7���:HEVWHU� *�� �������� $� ERG\� FRQGLWLRQ
VFRULQJ�FKDUG�IRU�+ROVWHLQ�GDLU\�FRZV��-RXUQDO�RI�'DLU\�6FLHQFH������–���

�� (O�'HHE�:�0���(O�%DKU�6�0����������%LRFKHPLFDO�0DUNHUV�RI�.HWRVLV�LQ�'DLU\�&RZV�DW�3RVW�
SDWXULHQW�3HULRG��2[LGDWLYH�6WUHVV�%LRPDUNHUV�DQG�/LSLG�3URILOH��$P�-�RI�%LRFKHP\�0RO�%LRO
��������–���

�� )RUVWURP�-�:���=DNRZVNL�-�-���7DSSHO�$�/����������,GHQWLILFDWLRQ�RI�WKH�FDWDO\WLF�VLWH�RI�UDW�OLYHU
JOXWDWKLRQH�SHUR[LGDVH�DV�VHOHQRF\VWHLQH��%LRFKHPLVWU\��������±�����

�� *LOOXQG�3���5HNVHQ�2���*URKQ�<�7���.DUOEHUJ�.�-����������%RG\�&RQGLWLRQ�5HODWHG�WR�.HWRVLV
DQG�5HSURGXFWLYH�3HUIRUPDQFH�LQ�1RUZHJLDQ�'DLU\�&RZV��'DLU\�6FL��������±�����

�� *�Q]OHU�:�$��� 6WHIIHQV� *�-��� *URVVPDQ� $��� .LP� 6�0�$��� 2WWLQJ� )���:HQGHO� $��� )ORKH� /��
��������7KH�DPLQRDFLG�VHTXHQFH�RI�D�ERYLQH�JOXWDWKLRQH�SHUR[LGDVH��3K\VLRO�&KHP���������

�� 0LKDLORYLü�0��L�-RYDQRYLü�,�%����������%LRKHPLMD��1DXþQD�.0'��%HRJUDG�
�� 6WRMLü�9����������9HWHULQDUVND�IL]LRORJLMD��1DXþQD�.0'��%HRJUDG�
��� 9DQ� 'HU� 'ULIW� 6�*�$�� �������� .HWRVLV� ,Q� 'DLU\� &RZV�� (WLRORJLF� )DFWRUV�� 0RQLWRULQJ�

7UHDWPHQW��'LVVHUWDWLRQ��)DFXOW\�RI�9HWHULQDU\�0HGLFLQH��8WUHFKW�8QLYHUVLW\��WKH�1HWKHUODQGV�

$UWLFOH�UHFHLYHG��������������
$UWLFOH�DFFHSWHG��������������
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