
$11$/(6�©�6HU��KLVW��QDW��©����©������©��

���

2ULJLQDO�VFLHQWLILF�DUWLFOH 8'&�����������������
5HFHLYHG������������

1(:�%,2/2*,&$/�'$7$�21�7+(�($*/(�5$<��0</,2%$7,6�$48,/$
�&+21'5,&+7+<(6��0</,2%$7,'$(���2))�7+(�/$1*8('2&,$1
&2$67��6287+(51�)5$1&(��1257+(51�0(',7(55$1($1�

&KULVWLDQ�&$3$3e��<YDQ�9(5*1(�	�-HDQ�3LHUUH�48,*1$5'
/DERUDWRLUH�G¤,FKW\RORJLH��FDVH������8QLYHUVLWp�0RQWSHOOLHU�,,��6FLHQFHV�HW�7HFKQLTXHV�GX�/DQJXHGRF��������0RQ WSHOOLHU�FHGH[�����)UDQFH

(�PDLO��FDSDSH#XQLY�PRQWS��IU

&KULVWLDQ�5(<1$8'
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6FLHQFHV�HW�7HFKQLTXHV�GX�/DQJXHGRF��������0RQWSHOOLHU�FHGH[����)UDQFH
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,QYHVWLJDWLRQV�FRQGXFWHG�RII�WKH�/DQJXHGRFLDQ�FRDVW�DOORZHG�WKH�DXWKRUV�RI�WKH�SDSHU�WR�FDSWXUH����VSHFLPHQV�RI
WKH�HDJOH�UD\�0\OLREDWLV�DTXLOD��/LQQDHXV��������DQG�WR�REWDLQ�LQIRUPDWLRQ�RQ�KHSDWRVRPDWLF�LQGH[��+6,��DQG�JRQR�
VRPDWLF�LQGH[��*6,��LQ�PDOHV�DQG�IHPDOHV��5HODWLRQVKLSV�EHWZHHQ�GLVF�ZLGWK��':��DQG�+6,��DQG�':�DQG�*6,�GLG�QRW
VKRZ�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PDOHV�DQG�IHPDOHV��+RZHYHU��WKH�KLJKHVW�YDOXH�RI�+6,�DQG�*6,�ZHUH�UHFRUGHG
LQ�ERWK�VXE�DGXOW�DQG�DGXOW�VSHFLPHQV��HVSHFLDOO\�LQ�DGXOW�IHPDOHV�VKRZLQJ�WKH�UROH�RI�WKH�OLYHU�LQ�WKH�JRQDGDO�SUR�
GXFWLRQ�DV�ZHOO�DV�LQ�EXR\DQF\�

.H\�ZRUGV��&KRQGULFKWK\HV��0\OLREDWLGDH��0\OLREDWLV�DTXLOD��OLYHU��JRQDGV��/DQJXHGRFLDQ�FRDVW��0HGLWHUUDQHDQ
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*OL�DXWRUL�ULSRUWDQR�OD�FDWWXUD�GL����HVHPSODUL�GL�$TXLOD�GL�PDUH��0\OLREDWLV�DTXLOD��/LQQDHXV���������GXUDQWH�XQD
ULFHUFD�DO� ODUJR�GHOOD�FRVWD� GL� /DQJXHGRF�� 6RQR� VWDWH� FRVs� RWWHQXWH� LQIRUPD]LRQL� VXOO
LQGLFH� HSDWRVRPDWLFR� �+6,�� H
VXOO
LQGLFH�JRQRVRPDWLFR��*6,��VLD�QHL�PDVFKL�FKH�QHOOH�IHPPLQH�GHOOD�VSHFLH��/H�UHOD]LRQL�IUD�OD�ODUJKH]]D�GHO�GLVFR
�':��H�O
+,6��H�IUD�':�H�*6,��QRQ�KDQQR�HYLGHQ]LDWR�LPSRUWDQWL�GLIIHUHQ]H�IUD�L�VHVVL�� ,�YDORUL�SL|�HOHYDWL�GL�+,6�H
*6,��FRPXQTXH��VRQR�VWDWL�UHJLVWUDWL�LQ�LQGLYLGXL�TXDVL�DGXOWL�HG�DGXOWL��SULQFLSDOPHQWH�IHPPLQH��LO�FKH�HYLGHQ]LD�LO
UXROR�GHO�IHJDWR�QHOOD�SURGX]LRQH�JRQDGLFD�H�VXOOD�JDOOHJJLDELOLWi�

3DUROH�FKLDYH��&KRQGULFKWK\HV��0\OLREDWLGDH��0\OLREDWLV�DTXLOD��IHJDWR��JRQDGL��/DQJXHGRF��0HGLWHUUDQHR



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

&KULVWLDQ�&$3$3e�HW�DO���1(:�%,2/2*,&$/�'$7$�21�7+(�($*/(�5$<��0</,2%$7,6�$48,/$��&+21'5,&+7+<(6��0</,2%$7,'$(���������������

���

,1752'8&7,21

$FFRUGLQJ� WR� 0F(DFKUDQ� 	� &DSDSp� �������� WKH
FRPPRQ�HDJOH�UD\�0\OLREDWLV�DTXLOD��/LQQDHXV��������LV
D� W\SLFDO�$WODQWR�0HGLWHUUDQHDQ�VSHFLHV�� ,W�KDV�EHHQ� UH�
SRUWHG�IURP�RII�6FDQGLQDYLD� �0XXV�	�'DKOVWUrP�������
������DQG�%ULWLVK� ,VOHV� �:KHHOHU�������� WR�3RUWXJDO� �$O�
EXTXHUTXH��������������VRXWK�RI� WKH�6WUDLW�RI�*LEUDOWDU�
IURP�RII�0RURFFR��&ROOLJQRQ�	�$ORQFOH��������DQG�0DX�
ULWDQLD� �0DXULQ� 	� %RQQHW�� ������ WR� 6HQHJDO� �&DGHQDW�
������� ,W� LV� NQRZQ� WKURXJKRXW� WKH� 0HGLWHUUDQHDQ� DQG
KDV� UHFHQWO\� EHHQ� UHSRUWHG� IURP� WKH� HDVWHUQ� /HYDQWLQH
%DVLQ�E\�*RODQL��������

)URP�RII�WKH�/DQJXHGRFLDQ�FRDVW��0��DTXLOD�ZDV�IRU�
PHUO\�UHSRUWHG�E\�YDULRXV�DXWKRUV�� IURP�'RXPHW�������
WR�4XLJQDUG�HW�DO�� �������� ,Q� WKLV� DUHD�� WKH� VSHFLHV�ZDV
QRW� FRQVLGHUHG� DV� DEXQGDQWO\� ODQGHG�� GXH� WR� WKHLU� ORZ
HFRQRPLFDO�LQWHUHVW��HDJOH�UD\V�ZHUH�JHQHUDOO\�GLVFDUGHG
DW�VHD�E\�ILVKHUPHQ�VRRQ�DIWHU�FDSWXUH��+RZHYHU��LQYHV�
WLJDWLRQV� FDUULHG� RXW� LQ� WKH� DUHD� DOORZ� &DSDSp� HW� DO
�������WR�FROOHFW�VHYHUDO�VSHFLPHQV�DQG�WR�SUHVHQW�VRPH
WUDLWV�RI�WKH�UHSURGXFWLYH�ELRORJ\�RI�WKH�VSHFLHV��VXFK�DV
VXFK�DV� VL]H�DW� VH[XDO�PDWXULW\�� UHSURGXFWLYH�F\FOH� DQG
IHFXQGLW\�� ZKLFK� ZHUH� FRPSDUHG� ZLWK� VLPLODU� GDWD� UH�
FRUGHG�IURP�VSHFLPHQV�RII�WKH�7XQLVLDQ�FRDVW��&DSDSp�	
4XLJQDUG��������

,Q�WKH�SUHVHQW�SDSHU��ZH�SURYLGH�DGGLWLRQDO�REVHUYD�
WLRQV�RQ�0��DTXLOD�E\�DQDO\]LQJ�YDULDWLRQV�RI�JRQDGRVR�
PDWLF�DQG�KHSDWRVRPDWLF�LQGH[HV�LQ�ERWK�VH[HV��LQ�RUGHU
WR�GHWHFW�VHDVRQDO�YDULDWLRQV�LQ�WKH�JRQDGDO�SURGXFWLRQ�
2XU�UHVXOWV�DUH�FRPSDUHG�DQG�FRQWUDVWHG�ZLWK�WKRVH�FDU�
ULHG�RXW�LQ�WKH�YLYLSDURXV�DQJXODU�URXJK�VKDUN�2[\QRWXV
FHQWULQD� �/LQQDHXV�� ������ DQG� WKH� RYLSDURXV� VPDOOVSRW�
WHG�FDWVKDUN�6F\OLRUKLQXV�FDQLFXOD��/LQQDHXV��������IURP
WKH�VDPH�DUHD��&DSDSp�HW�DO���������������

0$7(5,$/�$1'�0(7+2'6

%HWZHHQ������ DQG������� VSHFLPHQV�ZHUH� FDSWXUHG
E\� GHPHUVDO� JLOO�QHWV� DW� GHSWKV� IURP� ��� WR� ��� P�� EH�
WZHHQ� 6qWH� DQG� /H� *UDX�GX�5RL� �)LJ�� ���� 'LVF� ZLGWK
�':�� RI� WKH� VSHFLPHQV� ZDV� PHDVXUHG� WR� WKH� QHDUHVW
PLOOLPHWUH� IROORZLQJ�&ODUN� �������DQG�PDVV� �70�� WR� WKH
QHDUHVW�JUDP�� OLYHU�� JRQDGV�DQG� WKH�PDVVHV�RI�RYLGXFDO
JODQGV�WR�WKH�QHDUHVW�GHFLJUDP�

7KUHH�VWDJHV�RI�PDOH�PDWXULW\�ZHUH�FRQVLGHUHG� UHOD�
WLYH� WR� WKH� GHJUHH� RI� FDOFLILFDWLRQ� RI� FODVSHUV� DQG� WKH
PRUSKRORJ\�RI�WKH�JHQLWDO�GXFW��IROORZLQJ�&DSDSp�HW�DO�
��������7KH\�ZHUH�MXYHQLOH��VXE�DGXOW�DQG�DGXOW��6LPLODU
VWDJHV�ZHUH�DOVR�FRQVLGHUHG� LQ� IHPDOHV� IURP� WKH�FRQGL�
WLRQ�RI�RYDULHV��WKH�PRUSKRORJ\�RI�WKH�UHSURGXFWLYH�WUDFW
IROORZLQJ�&DOODUG�HW�DO�� ��������+HQGHUVRQ�HW�DO�� ������
DQG� &DSDSp� HW� DO�� �������� +HSDWRVRPDWLF� LQGH[� �+6,�
DQG�JRQDGRVRPDWLF�LQGH[��*6,��ZHUH�FDOFXODWHG�LQ�ERWK
PDOHV� DQG� IHPDOHV� DV� +6,�  � �/0�70�� 
� ����� *6,�  
�*0�70��
������9DULDWLRQV�LQ�*6,�DQG�+6,�ZHUH�FRQVLG�

HUHG� LQ�DOO�FDWHJRULHV�RI�VSHFLPHQV� LQ�ERWK� VH[HV��7HVWV
IRU� VLJQLILFDQFH� �S� ������� ZHUH� SHUIRUPHG� E\� XVLQJ
$129$�� ZLWK� VSHFLDO� UHJDUG� WR� YDULDWLRQV� LQ� +6,� DQG
*6,�DQG�UHODWHG�WR�VL]H�

)LJ�� ��� 0DS� RI� )UDQFH� SRLQWLQJ� ZLWK� WKH� FRDVW� RI
/DQJXHGRF� DQG� FDSWXUHV� VLWHV� �VWDUV�� RI� WKH� HDJOH� UD\
0\OLREDWLV�DTXLOD� LQ�WKH�DUHD��UHGUDZQ�IURP�&DSDSn�HW
DO���������
6O�����=HPOMHYLG�)UDQFLMH�]�REUHËQLPL�YRGDPL�SRNUDMLQH
/DQJXHGRF� LQ� ORNDOLWHWDPL� �]YH]GLFH��� NMHU� VR� ELOL� XMHWL
QDYDGQL� PRUVNL� JROREL�0\OLREDWLV� DTXLOD� �QDULVDQR� SR
&DSDSn�HW�DO���������

5(68/76

,Q� DOO�� ��� FRPPRQ� HDJOH� UD\V� ZHUH� REVHUYHG�� ��
ZHUH�PDOHV�DQG���� IHPDOHV�� 7KH�PRQWKO\� FROOHFWLRQ�RI
WKH�REVHUYHG�VSHFLPHQV�LV�VXPPDUL]HG�LQ�7DEOH����-XYH�
QLOH� PDOHV� FRPSULVHG� ��� VSHFLPHQV�� ZLWK� WKHLU� GLVF
ZLGWK� UDQJLQJ� EHWZHHQ� ���� DQG� ���� PP� DQG� ZHLJKW
EHWZHHQ� ���� DQG� ����� J�� -XYHQLOHV� ZHUH� JHQHUDOO\
FDXJKW�EHWZHHQ�$XJXVW�DQG�2FWREHU��RQH�VSHFLPHQ�ZDV
FDXJKW� LQ� 0DUFK�� RQH� LQ� 0D\�� (LJKW� VXE�DGXOWV� ZHUH
FROOHFWHG�� VHYHQ� EHWZHHQ� $XJXVW� DQG� 2FWREHU� DQG� D
VLQJOH� VSHFLPHQ� LQ� 0D\�� 7KH� VPDOOHVW� VXE�DGXOW� RE�
VHUYHG�ZDV�����PP�':�DQG�ZHLJKLQJ������J��WKH�ODUJ�
HVW� ���� PP� ':� DQG� ZHLJKLQJ� ����� J�� 7KH� VPDOOHVW
DGXOW�PDOH�ZDV�����PP�':�DQG�ZHLJKLQJ�������J��WKH
ODUJHVW�ZDV�����PP�':�DQG�ZHLJKLQJ� ������ J��ZKLOH
WKH� KHDYLHVW� VSHFLPHQ� ZHLJKHG� ������ J� DQG� ZDV� ���
PP� ':�� $OO� PDOHV� DERYH� ���� PP� ':� ZHUH� DGXOW�
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7DE�����0RQWKO\�FROOHFWLRQ�RI�WKH�REVHUYHG�0��DTXLOD�FDSWXUHG�RII�WKH�FRDVW�RI�/DQJXHGRF�
7DE�����0HVHàQD�]ELUND�QDYDGQLK�PRUVNLK�JRORERY�0��DTXLOD��XMHWLK�Y�REUHËQLK�YRGDK�SRNUDMLQH�/DQJXHGRF�

�6H[ �&DWHJRU\ -DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF 7RWDO

�-XYHQLOHV � � � � � � � � � � � � ��
�6XE�DGXOWV � � � � � � � � � � � � �
�$GXOWV � � � � � � � � � � � � ��

�0DOHV

�7RWDO � � � � � � � �� �� �� � � ��
�)HPDOHV �-XYHQLOHV � � � � � � � � �� � � � ��

�6XE�DGXOWV � � � � � � � � � � � � �
�$GXOWV � � � � � � � � � � � � �
�7RWDO � � � � � � � � �� � � � ��

�*UDQG�WRWDO � � � � � � � �� �� �� � � ��

)LJ�����5HODWLRQVKLS�EHWZHHQ�KHSDWRVRPDWLF�LQGH[��+6,�
DQG� GLVF� ZLGWK� �':�� IRU� ERWK� PDOH� DQG� IHPDOH� 0�
DTXLOD�IURP�WKH�/DQJXHGRFLDQ�FRDVW�
6O�� ���5D]PHUMD�PHG�KHSDWRVRPDWVNLP� LQGHNVRP� �+6,�
LQ� ÉLULQR� GLVND� �':�� SUL� VDPFLK� LQ� VDPLFDK� YUVWH�0�
DTXLOD��XMHWLK�Y�REUHËQLK�YRGDK�SRNUDMLQH�/DQJXHGRF�

)LJ�� ��� 5HODWLRQVKLS� EHWZHHQ� JRQRVRPDWLF� LQGH[� �*6,�
DQG� GLVF� ZLGWK� �':�� IRU� ERWK� PDOH� DQG� IHPDOH� 0�
DTXLOD�IURP�WKH�/DQJXHGRFLDQ�FRDVW�
6O�����5D]PHUMD�PHG�JRQRVRPDWVNLP�LQGHNVRP��+6,��LQ
ÉLULQR� GLVND� �':�� SUL� VDPFLK� LQ� VDPLFDK� YUVWH� 0�
DTXLOD��XMHWLK�Y�REUHËQLK�YRGDK�SRNUDMLQH�/DQJXHGRF�

6HYHQWHHQ�DGXOW�PDOHV�ZHUH�FROOHFWHG����LQ�0DUFK���
LQ�0D\�DQG����EHWZHHQ�$XJXVW�DQG�2FWREHU��7DE�����

-XYHQLOH� IHPDOHV� UDQJHG� EHWZHHQ� ���� DQG� ����PP
':� DQG� ZHLJKLQJ� EHWZHHQ� ���� DQG� ������ J�� 6L[WHHQ
MXYHQLOHV�ZHUH�FROOHFWHG��IRXUWHHQ�IURP�$XJXVW�WR�2FWR�
EHU��RQH� LQ�0DUFK�DQG�RQH� LQ�0D\� �7DE������(LJKW� VXE�
DGXOWV� ZHUH� FDSWXUHG�� �� VSHFLPHQV� LQ� 0D\� DQG� �� EH�
WZHHQ�$XJXVW�DQG�2FWREHU��7KH�VPDOOHVW� VXE�DGXOW�ZDV
����PP�':�DQG�ZHLJKHG�����J�� WKH� ODUJHVW�VSHFLPHQ
ZDV� ���� PP� ':� DQG� ZHLJKHG� ������ J�� (LJKW� DGXOWV
ZHUH� FROOHFWHG�� D� VLQJOH� VSHFLPHQ� LQ� 0D\� DQG� VHYHQ
EHWZHHQ� $XJXVW� DQG� 2FWREHU� �7DE�� ���� 7KH� VPDOOHVW
DGXOW�ZDV�����PP�':�DQG�ZHLJKHG�������J��WKH�ODUJHVW
ZDV�������PP�DQG�ZHLJKHG��������J�

&RQVLGHULQJ� WKH� ZKROH� VDPSOH�� YDOXHV� RI� PDOH� +6,
�)LJ������GLG�QRW�VLJQLILFDQWO\�GLIIHU� IURP�WKRVH�RI� IHPDOH
+6,��)� ������GI� ����S� ��������6LPLODU�SDWWHUQV�ZHUH�UH�
FRUGHG�LQ�*6,�YDOXHV��)LJ�����EHWZHHQ�PDOHV�DQG�IHPDOHV
�)� �������GI� ����S� ��������7KH�KLJKHVW�YDOXH�RI�+6,�LQ
PDOHV� ZDV� UHFRUGHG� LQ� WKH� VPDOOHVW� IUHH�VZLPPLQJ
VSHFLPHQ�KDYLQJ�����PP�':��DQG�GHFUHDVHG�IURP�':
RI�DERXW�����':�RQZDUG��)LJ������+6,�WKHQ�JOREDOO\�LQ�
FUHDVHG��ZKHQ�PDOHV� HQWHUHG�PDWXUDWLRQ� VWDJH� DQG� EH�
FDPH�VXE�DGXOWV��+6,�UHDFKHG�WKH�KLJKHVW�YDOXHV�LQ�DGXOW
VSHFLPHQV�� $PRQJ� PDOHV�� KRZHYHU�� QR� VLJQLILFDQW� GLI�
IHUHQFHV�ZHUH�GHWHFWHG�LQ�+6,�YDOXHV�EHWZHHQ�MXYHQLOHV
DQG� VXE�DGXOWV� �GI�  � ��� S�  � ������� DQG� EHWZHHQ� VXE�
DGXOWV� DQG� DGXOWV� �GI�  � ��� S� � �������� %\� FRQWUDVW��+6,
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)LJ�����9DULDWLRQV� LQ�KHSDWRVRPDWLF� LQGH[� �+6,��YV�GLVF
ZLGWK��':��LQ�MXYHQLOH��VXE�DGXOW�DQG�DGXOW�PDOHV�RI�0�
DTXLOD�IURP�WKH�/DQJXHGRFLDQ�FRDVW�
6O�����5D]OLNH�PHG�KHSDWRVRPDWVNLP�LQGHNVRP��+6,�� LQ
ÉLULQR� GLVND� �':�� SUL� PODGRVWQLK�� VNRUDM� RGUDVOLK� LQ
RGUDVOLK� VDPFLK� YUVWH�0�� DTXLOD�� XMHWLK� Y� REUHËQLK� YR�
GDK�SRNUDMLQH�/DQJXHGRF�

)LJ�����9DULDWLRQV� LQ�KHSDWRVRPDWLF� LQGH[� �+6,��YV�GLVF
ZLGWK��':��LQ�MXYHQLOH��VXE�DGXOW�DQG�DGXOW�IHPDOHV�RI
0��DTXLOD�IURP�WKH�/DQJXHGRFLDQ�FRDVW�
6O�����5D]OLNH�PHG�KHSDWRVRPDWVNLP�LQGHNVRP��+6,�� LQ
ÉLULQR� GLVND� �':�� SUL� PODGRVWQLK�� VNRUDM� RGUDVOLK� LQ
RGUDVOLK�VDPLFDK�YUVWH�0��DTXLOD��XMHWLK�Y�REUHËQLK�YR�
GDK�SRNUDMLQH�/DQJXHGRF�

VKRZHG� VLJQLILFDQW� GLIIHUHQFHV� LQ� IHPDOHV� �)LJ�� ���� EH�
WZHHQ� MXYHQLOHV�DQG�VXE�DGXOWV� �GI� ����S� ��������DQG
EHWZHHQ�VXE�DGXOWV�DQG�DGXOWV��GI� ����S� ��������

7KH�PDOH�*6,�YDOXHV� VLJQLILFDQWO\� LQFUHDVHG�ZLWK�7/
RI� VSHFLPHQV� �)LJ������DGGLWLRQDOO\�� WKH\� VKRZHG� VLJQLIL�
FDQW�GLIIHUHQFHV�EHWZHHQ� MXYHQLOHV�DQG�VXE�DGXOWV� �GI� 
���S� ���������DQG�EHWZHHQ�VXE�DGXOWV�DQG�DGXOWV� �GI� 
���S� ���������6LPLODU�SDWWHUQV�ZHUH�REVHUYHG�LQ�IHPDOH
*6,� YDOXHV� �)LJ�� ���� KRZHYHU�� VLJQLILFDQW� GLIIHUHQFHV� LQ
*6,� YDOXHV� ZHUH� UHFRUGHG� EHWZHHQ� MXYHQLOH� DQG� VXE�
DGXOW� VSHFLPHQV� �GI� ����S� ���������DQG�EHWZHHQ�VXE�
DGXOWV�DQG�DGXOWV��GI� ����S ��������

',6&866,21

3UHYLRXVO\�� &DSDSp� HW� DO�� ������� VKRZHG� WKDW� ERWK
PDOH�DQG�IHPDOH�HDJOH�UD\V�IURP�WKH�/DQJXHGRFLDQ�FRDVW
GHPRQVWUDWHG�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�GLVF�ZLGWK
�':�� DQG� WRWDO� PDVV� �70��� DQG� GLVF� ZLGWK� �':�� DQG
OLYHU�PDVV��/0���7KLV�UHODWLRQVKLS��KRZHYHU��VLJQLILFDQWO\
GLIIHUHG� EHWZHHQ�PDOHV� DQG� IHPDOHV�� IRU� LW� ZDV� VLJQLIL�
FDQWO\�KLJKHU� LQ� WKH� IRUPHU� WKDQ� LQ� WKH� ODWWHU�� 7KH� KLJK
+6,�YDOXHV�REVHUYHG�LQ�ERWK�PDOHV�DQG�IHPDOHV�FRXOG�EH
H[SODLQHG�E\�WKH�UROH�RI�OLYHU�LQ�EXR\DQF\�LQ�DJUHHPHQW
ZLWK�SUHYLRXV�UHSRUWV� �%RQHV�	�5REHUW��������%DOGULGJH
-U��� ������ ������ 5RVVRXZ�� ������� $GGLWLRQDOO\�� WKHVH
VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�PDOHV� DQG� IHPDOHV� �&D�
SDSp�HW�DO��� ������� VXJJHVWHG� WKDW� OLYHU�SOD\V�DQ� LPSRU�
WDQW� UROH� LQ� WKH� OLIH� F\FOH� RI� WKH� ODWWHU� �2GGRQH� 	
9HODVFR���������/LYHU�VL]H�LV�VH[XDOO\�GLPRUSKLF�LQ�ERWK

RYLSDURXV� DQG� YLYLSDURXV� FKRQGULFKWK\DQ� VSHFLHV�� $
ODUJHU�OLYHU�PD\�DOORZ�IHPDOHV�WR�PD[LPL]H�WKH�SURGXF�
WLRQ� RI� \RON�� VXFK� DV� LQ� WKH� YLYLSDURXV� OHVVHU� JXLWDUILVK
5KLQREDWRV�DQQXODWXV�0�OOHU�	�+HQOH������� �5RVVRXZ�
�������DV�ZHOO�DV� LQ� WKH� VPDOO� VSRWWHG�FDWVKDUN� �*DUFtD�
*DUULGR�HW�DO���������&DSDSp�HW�DO���������DQG�WKH�VPDOO�
QRVH�IDQVNDWH�6\PSWHU\JLD�ERQDSDUWLL��0DJUDEDÇD�HW�DO��
�������0RUHRYHU��FDUWLODJLQRXV�ILVK�VWRUH�HQHUJ\�DV�OLSLGV
LQ� WKH� OLYHU� �&UDLN�� ������� ,Q� YLYLSDURXV� IHPDOHV�� ODUJHU
OLYHU� REVHUYHG�PD\� EH� UHODWHG� WR� WKH� LQFUHDVHG� HQHUJ\
H[SHQGLWXUH� GXULQJ� YLWHOORJHQHVLV�� RRF\WH� PDWXUDWLRQ
DQG� JHVWDWLRQ�� )XUWKHUPRUH�� IHPDOHV� VWRUH� ODUJH� TXDQWL�
WLHV� RI� OLSLGV� LQ� WKH� OLYHU� GXULQJ� WKH� UHSURGXFWLYH� F\FOH
�/XFLIRUD� HW� DO��� ������� 7KH� KLJKHVW� +6,� YDOXH� ZDV� UH�
FRUGHG�LQ�D�QHRQDWH�PDOH�DQG�VXJJHVWHG� WKDW� OLYHU�FRQ�
VWLWXWHG� D� UHVHUYH� RI� QXWULPHQWV� IRU� IUHH�VZLPPLQJ
VSHFLPHQV� VRRQ� DIWHU� SDUWXULWLRQ�� 7KLV� K\SRWKHVLV� ZDV
FRUURERUDWHG� E\� GHFUHDVLQJ� +6,� YDOXHV� LQ� ODUJHU� MXYH�
QLOHV�

%RWK�+6,�DQG�*6,�YDOXHV�DUH�ORZHU�LQ�0��DTXLOD�WKDQ
LQ� RWKHU� DSODFHQWDO� YLYLSDURXV� VSHFLHV�� VXFK� DV� WKH� DQ�
JXODU� URXJK� VKDUN�2[\QRWXV� FHQWULQD� �/LQQDHXV�� ������
HVSHFLDOO\�LQ�IHPDOHV��7KH�IRUPHU�LV�D�PDWURWURSKLF�VSH�
FLHV� �VHQVX�+DPOHWW� HW� DO��� ������� LQ�ZKLFK� WKH�PRWKHU
VXSSOHPHQWV�\RON�IURP�RWKHU�VRXUFHV�VXFK�DV�XWHULQH�VH�
FUHWLRQV�� WKH� SKHQRPHQRQ� ZDV� FDOOHG� KLVWRWURSK\� E\
+DPOHWW�HW�DO����������7KH�ODWWHU� LV�D�SXUH�OHFLWKRWURSKLF
VSHFLHV� �VHQVX� +DPOHWW� HW� DO��� ������� WKH� IHPDOH� SUR�
GXFHV�ODUJHU�DQG�KHDYLHU�HJJV�� WKH�PRWKHU�RQO\�SURWHFWV
WKH�HPEU\RQLF�GHYHORSPHQW�DQG�VXSSOLHV� LQRUJDQLF�QX�
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)LJ�� ��� 9DULDWLRQV� LQ� JRQRVRPDWLF� LQGH[� �*6,�� YV� GLVF
ZLGWK��':��LQ�MXYHQLOH��VXE�DGXOW�DQG�DGXOW�PDOHV�RI�0�
DTXLOD�IURP�WKH�/DQJXHGRFLDQ�FRDVW�
6O�� ��� 5D]OLNH� PHG� JRQRVRPDWVNLP� LQGHNVRP� �*6,�� LQ
ÉLULQR� GLVND� �':�� SUL� PODGRVWQLK�� VNRUDM� RGUDVOLK� LQ
RGUDVOLK� VDPFLK� YUVWH�0�� DTXLOD�� XMHWLK� Y� REUHËQLK� YR�
GDK�SRNUDMLQH�/DQJXHGRF�

)LJ�� ��� 9DULDWLRQV� LQ� JRQRVRPDWLF� LQGH[� �*6,�� YV� GLVF
ZLGWK��':��LQ�MXYHQLOH��VXE�DGXOW�DQG�DGXOW�IHPDOHV�RI
0��DTXLOD�IURP�WKH�/DQJXHGRFLDQ�FRDVW�
6O�� ��� 5D]OLNH� PHG� JRQRVRPDWVNLP� LQGHNVRP� �*6,�� LQ
ÉLULQR� GLVND� �':�� SUL� PODGRVWQLK�� VNRUDM� RGUDVOLK� LQ
RGUDVOLK�VDPLFDK�YUVWH�0��DTXLOD��XMHWLK�Y�REUHËQLK�YR�
GDK�SRNUDMLQH�/DQJXHGRF�

WULPHQWV� HVSHFLDOO\� LQ� VTXDWLQLGV�� GLVSOD\LQJ� DQ� XWHUR�
FORDFDO� JHVWDWLRQ� �&DSDSp� HW� DO��� ������� $GGLWLRQDOO\�
WUDQVIHUV�RI�QXWULPHQWV�DUH�OHVV�HYLGHQW�LQ�0��DTXLOD�WKDQ
LQ�2��FHQWULQD��DQG�VLPLODU�SDWWHUQV�ZHUH�REVHUYHG�LQ�DQ

RYLSDURXV� VSHFLHV�� WKH� VPDOOVSRWWHG� FDWVKDUN� 6F\OLRUKL�
QXV� FDQLFXOD� �/LQQDHXV�� ������ IURP� RII� WKH� /DQJXHGR�
FLDQ�FRDVW��&DSDSp�HW�DO���������

129,�%,2/2É.,�32'$7.,�2�1$9$'1(0�0256.(0�*2/2%8�0</,2%$7,6
$48,/$��&+21'5,&+7+<(6��0</,2%$7,'$(��9�92'$+�32.5$-,1(�/$1*8('2&

�-8Ë1$�)5$1&,-$��6(9(512�65('2=(0/-(�

&KULVWLDQ�&$3$3e��<YDQ�9(5*1(�	�-HDQ�3LHUUH�48,*1$5'
/DERUDWRLUH�G¤,FKW\RORJLH��FDVH������8QLYHUVLWp�0RQWSHOOLHU�,,��6FLHQFHV�HW�7HFKQLTXHV�GX�/DQJXHGRF��������0RQWSHOOLHU�FHGH[�����)UDQFH

(�PDLO��FDSDSH#XQLY�PRQWS��IU

&KULVWLDQ�5(<1$8'
/DERUDWRLUH�LQWHUGLVFLSOLQDLUH�GH�5HFKHUFKH�VXU�OD�'LGDFWLTXH��O¤eGXFDWLRQ�HW�OD�)RUPDWLRQ��(��$��������FDVH�����8QLYHUVLWp�0RQWSHOOLHU�,,�

6FLHQFHV�HW�7HFKQLTXHV�GX�/DQJXHGRF��������0RQWSHOOLHU�FHGH[����)UDQFH

329=(7(.

$YWRUML�ßODQND�VR�PHG�UD]LVNDYDPL��NL�VR�MLK�RSUDYLOL�Y�YRGDK�MXÊQRIUDQFRVNH�SRNUDMLQH�/DQJXHGRF��XMHOL����RVH�
ENRY�QDYDGQHJD�PRUVNHJD�JRORED�0\OLREDWLV�DTXLOD��/LQQDHXV��������LQ�]EUDOL��SRGDWNH�R�KHSDWRVRPDWVNHP��+,6��LQ
JRQRVRPDWVNHP�LQGHNVX��*6,��WDNR�SUL��VDPFLK�NRW�VDPLFDK�WH�YUVWH��5D]PHUMD�PHG�ÈLULQR�GLVND��':��LQ�+,6�WHU�PHG
':�LQ�*6,�QLVR�SRND]DOD�NDNÈQLK�SRPHPEQHMÈLK�UD]OLN�PHG�VSRORPD��3D�YHQGDU� VR�ELOH�QDMYLÈMH�YUHGQRVWL�+,6� LQ
*6,�]DEHOHÊHQH� WDNR�SUL� VNRUDM�RGUDVOLK� NRW�RGUDVOLK�RVHENLK�� ÈH�SRVHEQR�SUL�RGUDVOLK� VDPLFDK�� NDU� NDÊH�QD�YORJR
MHWHU�SUL�UD]YRMX�VSROQLK�ÊOH]�LQ�WXGL�SORYQRVWL�

.OMXÞQH�EHVHGH��&KRQGULFKWK\HV��0\OLREDWLGDH��0\OLREDWLV�DTXLOD��MHWUD��VSROQH�ÌOH]H��/DQJXHGRF��6UHGR]HPOMH
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5()(5(1&(6

$OEXTXHUTXH�� 0�� 5�� ������������� 3HL[HV� GH� 3RUWXJDO�
3RUW��$FWD�%LRO�������������
%DOGULGJH��+��'��-U����������6LQNLQJ�IDFWRUV�DQG�DYHUDJH
GHQVLWLHV�RI�)ORULGD�VKDUNV�DV�IXQFWLRQ�RI�OLYHU�EXR\DQF\�
&RSHLD�������������������
%DOGULGJH��+��'��-U����������$FFXPXODWLRQ�DQG�IXQFWLRQ
RI�OLYHU�RLO�LQ�)ORULGD�VKDUNV��&RSHLD�������������������
%RQH��4��	�%��/��5REHUWV���������7KH�GHQVLW\�RI�HODVPR�
EUDQFKV��-��0DU��%LRO��$VV��8��.���������������
&DGHQDW�� -�� �������� 3RLVVRQV� GH� PHU� GX� 6pQpJDO�� ,QLW�
$IU��,QVW��)U��$IU��1RLUH�'DNDU�����������
&DOODUG�� ,�� 3��� -�� 6��*HRUJH�	�7�� -�� .RRE� �������� (QGR�
FULQH�FRQWURO�RI� WKH� IHPDOH�UHSURGXFWLYH� WUDFW�� ,Q��+DP�
OHWW��:��&���HG����5HSURGXFWLYH�ELRORJ\�DQG�SKLORJHQ\�RI
&KRQGULFKWK\HV�� 6KDUNV�� %DWRLGV� DQG� &KLPDHUDV�� 6FL�
HQFHV�3XEOLVKHUV��(QILHOG��1+��SS����������
&DSDSm�� &�� 	� -��3�� 4XLJQDUG� �������� 'LPRUSKLVPH
VH[XHO� HW� REVHUYDWLRQV� VXU�0\OLREDWLV� DTXLOD� �/��� ������
&RQWULEXWLRQ� j� O
pWXGH� GX� JHQUH� 0\OLREDWLV�� &XYLHU�
������$QQ��0XV��&LY��6WR��1DW��*HQRYD�����������
&DSDSm��&���$��$��6HFN�	�-��3��4XLJQDUG���������2EVHU�
YDWLRQV�RQ�WKH�UHSURGXFWLYH�ELRORJ\�RI�WKH�DQJXODU�URXJK
VKDUN��2[\QRWXV� FHQWULQD� �2[\QRWLGDH��� &\ELXP�� ������
��������
&DSDSm��&���-��$��7RPDVLQL�	�-��3��4XLJQDUG���������/HV
(ODVPREUDQFKHV�3OHXURWUrPHV�GH� OD� FzWH�GX�/DQJXHGRF
�)UDQFH�PpULGLRQDOH��0pGLWHUUDQpH� VHSWHQWULRQDOH���2E�
VHUYDWLRQV� ELRORJLTXHV� HW� GpPRJUDSKLTXHV�� 9LH� 0LOLHX�
���������������
&DSDSm��&���<��'LDWWD��$��$��6HFN���2��*XmORUJHW��-��%HQ
6RXLVVL�	� -�� =DRXDOL�� �������� 5HSURGXFWLRQ� RI� WKH� VDZ�
EDFN� DQJHOVKDUN� 6TXDWLQD� DFXOHDWD� �&KRQGULFKWK\HV�
6TXDWLQLGDH�� RII� 6HQHJDO� DQG� 7XQLVLD�� &\ELXP�� ������
��������
&DSDSm��&���2��*XmORUJHW��<��9HUJQH��	�-��3��4XLJQDUG
��������5HSURGXFWLYH�ELRORJ\�RI�WKH�FRPPRQ�HDJOH�UD\�
0\OLREDWLV� DTXLOD� �&KRQGULFKWK\HV�� 0\OLREDWLGDH�� IURP
WKH� FRDVW� FI� /DQJXHGRF� �6RXWKHUQ� )UDQFH�� 1RUWKHUQ
0HGLWHUUDQHDQ���9LH�0LOLHX���������������
&DSDSm�� &��� &�� 5H\QDXG�� <�� 9HUJQH� 	� -��3�� 4XLJQDUG
��������%LRORJLFDO�REVHUYDWLRQV�RQ�WKH�VPDOOVSRWWHG�FDW�
VKDUN� 6F\OLRUKLQXV� FDQLFXOD� �&KRQGULFKWK\HV�� 6F\OLR�
UKLQLGDH�� RII� WKH� /DQJXHGRFLDQ� FRDVW� �VRXWKHUQ� )UDQFH�
QRUWKHUQ�0HGLWHUUDQHDQ��� 3DQ�$PHU�� -��$TXDW�� 6FL�� �����
��������
&ODUN�� 5� 6�� �������� 5D\V� DQG� VNDWHV�� D� UHYLVLRQ� RI� WKH
(XURSHDQ� VSHFLHV�� )LVKHULHV� 6FRWODQG� 6FLHQW�� ,QYHVW��� ��
�����
&ROOLJQRQ�� -��	�+�� $ORQFOH� �������� &DWDORJXH� UDLVRQQp
GHV�3RLVVRQV�GHV�PHUV�PDURFDLQHV��,��&\FORVWRPHV��6pOD�
FLHQV��+RORFpSKDOHV��%XOO��,QVW��3rFK��0DURF������������
&UDLN��-��&��$����������$Q�DQQXDO�F\FOH�RI�YLWHOORJHQHVLV
LQ�WKH�HODVPREUDQFK�6F\OLRUKLQXV�FDQLFXOD��-��0DU��%LRO�
$VV��8��.���������������

'RXPHW��1����������&DWDORJXH�GHV�SRLVVRQV�UHFXHLOOLV�RX
REVHUYpV�j�&HWWH��5HY��0DJ��=RRO��3XUH�$SSO������VpU�����
��������
*DUFqD�*DUULGR�� /��� 5�� 0XÇR]�&KDSXOL� 	� $�9�� 'H� $Q�
GUHV���������6HUXP�FKROHVWHURO�DQG�WULJO\FHULGH�OHYHOV�LQ
6F\OLRUKLQXV� FDQLFXOD� �/��� GXULQJ� VH[XDO� PDWXUDWLRQ�� -�
)LVK�%LRO���������������
*RODQL�� '�� �������� &KHFN�OLVW� RI� WKH� 0HGLWHUUDQHDQ
)LVKHV�RI�,VUDHO��=RRWD[D�������������
+DPOHWW��:��&���*��.RUPDQLN��0��6WRUULH��%��6WHYHQV�	
7�� ,��:DONHU� �������� &KRQGULFKWK\DQ� SDULW\�� OHFLWKRWUR�
SK\� DQG� PDWURWURSK\�� ,Q�� +DPOHWW�� :�� &�� �HG��� 5HSUR�
GXFWLYH� ELRORJ\� DQG� SKLORJHQ\� RI� &KRQGULFKWK\HV�
6KDUNV��%DWRLGV�DQG�&KLPDHUDV��6FLHQFHV�3XEOLVKHUV��(Q�
ILHOG��1+��SS����������
+HQGHUVRQ�� $�� &��� -�� /��0F,OZDLQ��� +�� 6�� $O�2XIL� 	� $�
$PEX�$OL� �������� 5HSURGXFWLYH� ELRORJ\� RI� WKH� PLON
VKDUN� 5KL]RSULRQRGRQ� DFXWXV� DQG� WKH� ELJH\H� KRXQG�
VKDUN� ,DJR� RPDQHQLV� LQ� WKH� FRDVWDO�ZDWHUV� RI�2PDQ�� -�
)LVK� %LRO��� ���� ����������� �KWWS���ZZZ�EODFNZHOO�
V\QHUJ\�FRP�
/XFLIRUD��/��2���5��&��0HQQL�	�$��+��(VFDODQWH� �������
5HSURGXFWLRQ�� DEXQGDQFH� DQG� IHHGLQJ� KDELWV� RI� WKH
EURDGQRVH� VHYHQJLOO� VKDUN�1RWRUK\QFKXV� FHSHGLDQXV� LQ
QRUWK�3DWDJRQLD��0DU��(FRO��3URJ��6HU����������������
0DJUDEDÇD�� (��� /�� 2�� /XFLIRUD� 	� $��0��0DVVD� �������
7KH� UHSURGXFWLYH� HFRORJ\� DQG� DEXQGDQFH� RI� 6\PS�
WHU\JLD�ERQDSDUWLL�HQGHPLF�WR�WKH�VRXWK�ZHVW�$WODQWLF�� -�
)LVK�%LRO���������������
0DXULQ�� &�� 	� 0�� %RQQHW� �������� 3RLVVRQV� GHV� FzWHV
QRUG�RXHVW�DIULFDLQHV��&DPSDJQHV�GH�OD��7KDODVVD�������
HW��������5HY��7UDY��,QVW��3rFK��0DULW���������������
0F(DFKUDQ��-��'��	�&��&DSDSm���������0\OLREDWLGDH��,Q�
:KLWHKHDG��3��-��3���0��/��%DXFKRW��-��&��+XUHDX��-��1LHO�
VHQ� 	� (�� 7RUWRQHVH� �HGV���� )LVKHV� RI� WKH� 1RUWK�HDVWHUQ
$WODQWLF�DQG�WKH�0HGLWHUUDQHDQ��9RO�����81(6&2��3DULV�
SS����������
0XXV��%��-��	�3��%��'DKOVWUrP��������������*XLGH�GHV
SRLVVRQV� GH� PHU� HW� SrFKH�� 'HODFKDX[� 	� 1LHVWOp�� /DX�
VDQQH������S�
2GGRQH��0��&��	�*��9HODVFR� �������� 5HODWLRQVKLS� EH�
WZHHQ� OLYHU�ZHLJKW��ERG\� VL]H�DQG� UHSURGXFWLYH�DFWLYLW\
LQ� $WODQWRUDMD� F\FORSKRUD� �(ODVPREUDQFKLL�� 5DMLGDH�
$UK\QFKREDWLQDH�� LQ� RFHDQLF�ZDWHUV� RII� 5LR�*UDQGH�GR
6XO��%UD]LO��1HRWURS��%LRO��&RQVHUY���������������
4XLJQDUG�� -��3���$��5DLEDXW�	� -��3��7ULOOHV� ��������&RQ�
WULEXWLRQ� j� OD� IDXQH� LFKW\RORJLTXH� VpWRLVH�� 1DWXU��0RQ�
VSHO���VpU��=RRO������������
5RVVRXZ��*�-����������)XQFWLRQ�RI�WKH�OLYHU�DQG�KHSDWLF
OLSLGV� RI� WKH� OHVVHU� VDQG� VKDUN�� 5KLQREDWRV� DQQXODWXV
�0�OOHU� DQG� +HQOH��� &RPS�� %LRFKHP�� 3K\VLRO�� %�� ���
��������
:KHHOHU�� $�� �������� 7KH� ILVKHV� RI� WKH� %ULWLVK� ,VOHV� DQG
1RUWK�:HVW�(XURSH��0F0LOODQ��/RQGRQ������S�


