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

���

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

1(:�%,2/2*,&$/�'$7$�21�7+251%$&.�5$<��5$-$�&/$9$7$
�&+21'5,&+7+<(6��5$-,'$(���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(
)=>KN=PKENA�@�&?DPUKHKCEA�?=OA�����2JERANOEPÀ�*KJPLAHHEAN�&&�0?EAJ?AO�AP�1A?DJEMQAO�@Q�)=JCQA@K?�������*KJPLAHHEAN�?A@AT���#N=J?A

"�I=EH!�?=L=LA$QJER�IKJPL��BN
&KULVWLDQ�5(<1$8'

)=>KN=PKENA�EJPAN@EO?ELHEJ=ENA�@A�/A?DAN?DA�OQN�H=�!E@=?PEMQA�H�¦@Q?=PEKJ�AP�H=�#KNI=PEKJ�"����������?=OA����2JERANOEPÀ�*KJPLAHHEAN�&&
0?EAJ?AO�AP�1A?DJEMQAO�@Q�)=JCQA@K?�������*KJPLAHHEAN�?A@AT���#N=J?A

$%675$&7

,QYHVWLJDWLRQV�FRQGXFWHG�RII�WKH�/DQJXHGRFLDQ�FRDVW��VRXWKHUQ�)UDQFH��WKH�QRUWKHUQ�0HGLWHUUDQHDQ��DOORZHG�WKH
DXWKRUV�RI�WKLV�SDSHU�WR�FDSWXUH�����VSHFLPHQV�RI�WKH�WKRUQEDFN�UD\�5DMD�FODYDWD��/LQQDHXV��������DQG�WR�SUHVHQW�LQ�
IRUPDWLRQ�RQ�KHSDWRVRPDWLF�LQGH[��+6,��DQG�JRQDGRVRPDWLF�LQGH[�LQ�ERWK�PDOHV�DQG�IHPDOHV�ZKLFK�VLJQLILFDQWO\�LQ�
FUHDVHG�ZLWK�WKH�VL]H�RI�VSHFLPHQV��$�SRVLWLYH�UHODWLRQ�ZDV�REVHUYHG�EHWZHHQ�WKH�PDVV�RI�RYLGXFDO�JODQGV�DQG�VL]H
�DV�GLVF�ZLGWK���2YLGXFRVRPDWLF� LQGH[� �26,���ZDV�RQO\�FDOFXODWHG� LQ�IHPDOHV��+6,��*6,�DQG�26,� UHDFKHG� WKH�PD[L�
PXP�YDOXHV�LQ�DGXOW�VSHFLPHQV��7KHVH�LQGH[HV�GLG�QRW�VKRZ�VLJQLILFDQW�FKDQJHV�WKURXJKRXW�WKH�\HDU��VXJJHVWLQJ�WKDW
UHSURGXFWLYH�DFWLYLW\�RI�5��FODYDWD�RFFXUUHG�SHUPDQHQWO\�

.H\�ZRUGV��&KRQGULFKWK\HV��5DMD�FODYDWD��OLYHU��JRQDGV��RYLGXFDO�JODQGV��/DQJXHGRFLDQ�FRDVW��0HGLWHUUDQHDQ
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5LFHUFKH� FRQGRWWH� DO� ODUJR� GHOOD� FRVWD� GL� /DQJXHGRF� �)UDQFLD�PHULGLRQDOH��0HGLWHUUDQHR� VHWWHQWULRQDOH�� KDQQR
SHUPHVVR�DJOL�DXWRUL�GL�FDWWXUDUH�����LQGLYLGXL�GL�UD]]D�FKLRGDWD�5DMD�FODYDWD��/LQQDHXV��������H�GL�SUHVHQWDUH�LQIRU�
PD]LRQL�LQHUHQWL� O¢LQGLFH�HSDWRVRPDWLFR��+6,��H�O¢LQGLFH�JRQDGRVRPDWLFR�LQ�PDVFKL�H�IHPPLQH��,�YDORUL�GHJOL�LQGLFL
DXPHQWDYDQR� VLJQLILFDWLYDPHQWH� FRQ� O¢DXPHQWDUH� GHOOD� JUDQGH]]D� GHJOL� LQGLYLGXL��*OL� DXWRUL� KDQQR� RVVHUYDWR� XQD
FRUUHOD]LRQH�SRVLWLYD�IUD�OD�PDVVD�GHOOH�JKLDQGROH�GHOO¢RYLGRWWR�H�OD�JUDQGH]]D��RVVLD�ODUJKH]]D�GHO�GLVFR�FRUSRUHR��
/¢LQGLFH�RYLGXFRVRPDWLFR��26,��o�VWDWR�FDOFRODWR�VROR�SHU�OH�IHPPLQH��*OL� LQGLFL�+6,��*6,�H�26,�KDQQR�UDJJLXQWR� L
YDORUL�PDVVLPL�QHJOL�LQGLYLGXL�DGXOWL��7DOL�LQGLFL�QRQ�KDQQR�HYLGHQ]LDWR�GLIIHUHQ]H�VLJQLILFDWLYH�QHOO¢DUFR�GHOO¢DQQR��LO
FKH�VXJJHULVFH�FKH�O¢DWWLYLWi�ULSURGXWWLYD�GL�5��FODYDWD�o�SHUPDQHQWH�

3DUROH�FKLDYH��&KRQGULFKWK\HV��5DMD�FODYDWD��IHJDWR��JRQDGL��JKLDQGROH�GHOO¤RYLGRWWR��FRVWD�GL�/DQJXHGRF�
0HGLWHUUDQHR
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,1752'8&7,21

$FFRUGLQJ� WR� &KDYHORW� HW� DO�� �������� SULRU� WR� WKH
����V�� WKH� WKRUQEDFN� UD\�5DMD� FODYDWD� /LQQDHXV�� ����
ZDV� FRPPRQ� DQG� ZLGHO\� GLVWULEXWHG� LQ� WKH� VHDV� RI
QRUWKZHVW�(XURSH��6LQFH�WKHQ��LW�KDV�GHFUHDVHG�LQ�DEXQ�
GDQFH�DQG�JHRJUDSKLF�UDQJH�GXH� WR�RYHU�ILVKLQJ�DQG� LWV
.�VHOHFWHG� ELRORJLFDO� FKDUDFWHULVWLFV� �VHQVX� 0F$XOH\� HW
DO����������VXFK�DV�LQ�RWKHU�HODVPREUDQFK�VSHFLHV��IRU�LQ�
VWDQFH�JURZWK�UDWH��ODWH�PDWXULW\�DQG�ORZ�IHFXQGLW\��WKDW
PDNH�5��FODYDWD�VXVFHSWLEOH�WR�H[SORLWDWLRQ�DV�YLFWLPV�RI
E\�FDWFK�LQ�QRUWKHUQ�(XURSHDQ�PDULQH�UHJLRQV��+XQWHU�HW
DO��� ������:KLWWDPRUH�	�0F&DUWK\�� ������� 6LPLODU� SDW�
WHUQV�ZHUH�REVHUYHG�LQ�VSHFLPHQV�IURP�RWKHU�0HGLWHUUD�
QHDQ� DUHDV� VXFK�DV� WKH� FRDVW� RI� /DQJXHGRF� �&DSDSp� HW
DO��� ������ ������� WKH� UDUH� ODQGLQJV� RI� VSHFLPHQV� FRO�
OHFWHG�LQ�WKH�DUHD�LQ�D����\HDU�SHULRG�VKRZHG�D�GHFOLQH
RI� FDSWXUHV�� +RZHYHU�� *DURIDOR� HW� DO�� ������� QRWHG� DQ
LQFUHDVLQJ� DEXQGDQFH� WUHQG� RI� 5DMD� FODYDWD� RQ� WKH
VRXWKZHVW�VLGH�RI� WKH�6LFLOLDQ� VKHOI��GXH� WR� WKH� IDFW� WKDW
ILVKLQJ� SUHVVXUH� LQ� WKH� DUHD� FRQVLGHUDEO\� GHFUHDVHG� LQ
WKH�ODVW�WHQ�\HDUV�

$GGLWLRQDOO\�� WKH� WKRUQEDFN� UD\� LV� QRW� DEXQGDQW� RII
WKH�0HGLWHUUDQHDQ�FRDVW�RI�7XUNH\� �+��.DEDVDNDO��SHUV�
FRPP����KRZHYHU�� WKH�VSHFLHV� LV�DEXQGDQW�DQG� WDUJHWHG
E\� WKH� ILVKHUPHQ�GHSOR\LQJ� ERWWRP� ILVKLQJ� JHDU� RII� WKH
%ODFN�&RDVW�RI�7XUNH\��PDLQO\�DORQJ� WKH�ZHVWHUQ�VKRUH�
OLQH��� DV�ZHOO� DV� LQ� WKH� 6HD� RI�0DUPDUD� �+�� .DEDVDNDO�
SHUV��FRPP���7RUNX�.Ro�HW�DO���������6DJODP�	�%DVFLQDU�
�������7KH�WKRUQEDFN�UD\�5��FODYDWD�ZDV�IRUPHUO\�NQRZQ
DV� UHODWLYHO\� DEXQGDQW� WKURXJKRXW� WKH� 7XQLVLDQ� FRDVW�
�&DSDSp�� ������� $W� SUHVHQW�� WKLV� VNDWH� LV� UDWKHU� FRP�
PRQO\� ODQGHG� HYHQ� LI� LW� LV� ORFDOO\� FRQVLGHUHG� DV� D� E\�
FDWFK�VSHFLHV��0QDVUL��������

7KH� UHSURGXFWLYH� ELRORJ\� RI� 5�� FODYDWD� ZDV� SUHYL�
RXVO\� VWXGLHG� IURP� VSHFLPHQV� FDXJKW� RII� WKH� %ULWLVK
FRDVWV��6WHYHQ��������&KHYRORW�HW�DO����������WKH�$WODQWLF
FRDVW� �'X� %XLW�� ������ DQG� WKH� 0HGLWHUUDQHDQ� FRDVW� RI
)UDQFH��&DSDSp�HW�DO���������� WKH�$GULDWLF�6HD� �=XSDQR�
YLF��������-DUGDV��������DQG�WKH�7XQLVLDQ�FRDVW��&DSDSp�
������������� ,QYHVWLJDWLRQV�FRQGXFWHG�GXULQJ�D����\HDU
SHULRG�RII� WKH�FRDVW�RI�/DQJXHGRF��0HGLWHUUDQHDQ�VKRUH
RI�)UDQFH��DOORZHG�XV�WR�FROOHFW�VSHFLPHQV�RI�5��FODYDWD
DQG�GDWD�RQ�VRPH�WUDLWV�RI�LWV�UHSURGXFWLYH�ELRORJ\��VXFK
DV�VL]H�DW�VH[XDO�PDWXULW\��UHSURGXFWLYH�F\FOH�DQG�IHFXQ�
GLW\� �&DSDSp�HW�DO��� �������7KHUHIRUH�� LQ� WKLV� SDSHU��ZH
SURYLGH� DGGLWLRQDO� REVHUYDWLRQV� RQ� WKRUQEDFN� UD\V� E\
DQDO\]LQJ� YDULDWLRQV� RI� JRQDGRVRPDWLF� DQG� KHSDWRVR�
PDWLF�LQGH[HV�LQ�ERWK�VH[HV��DQG�RYLGXFRVRPDWLF� LQGH[
RQO\�LQ�IHPDOHV��LQ�RUGHU�WR�WU\�WR�GHWHFW�VHDVRQDO�YDULD�
WLRQV� LQ� WKH� JRQDGDO� SURGXFWLRQ�� 2XU� UHVXOWV� DUH� FRP�
SDUHG�DQG�FRQWUDVWHG�ZLWK�WKRVH�FDUULHG�RXW�LQ�WKRUQEDFN
UD\V� IURP� RWKHU� UHJLRQV�� VXFK� DV� RII� WKH� 7XQLVLDQ� FRDVW
�&DSDSp��������

0$7(5,$/�$1'�0(7+2'6

$� WRWDO� RI� ���� VSHFLPHQV� ZHUH� VWXGLHG�� ���� PDOHV
DQG�����IHPDOHV��6DPSOHV�RI�5DMD�FODYDWD�ZHUH�FROOHFWHG
E\� JLOO�QHWWHUV� DQG� WUDZOHUV� DW� GHSWKV� XS� WR� ��� P�� RQ
VDQG\� DQG� PXGG\� ERWWRPV� EHWZHHQ� 1RYHPEHU� ����
DQG� 'HFHPEHU� ������ EHWZHHQ� ���� DQG� �����¤� 1�� DQG
EHWZHHQ�����¤�DQG�����¤�(��7KH\�ZHUH�JHQHUDOO\� ODQGHG
DW�WKH�KDUERXUV�RI�3DODYDV�/HV�)ORWV�DQG�6qWH��0RUHRYHU�
UHVHDUFK� VXUYH\V�ZHUH�FRQGXFWHG� LQ� WKH� VDPH�DUHDV� RQ
ERDUG� RI� WKH� RFHDQRJUDSKLF� WUDZOHU� 
*HRUJHV� 3HWLW
�� LQ
1RYHPEHU������DQG������DQG�0D\������DQG�������VHH
&DSDSp�HW�DO���������

'LVF�ZLGWK��':��RI� WKH�VSHFLPHQV�ZDV�PHDVXUHG�WR
WKH�QHDUHVW�PLOOLPHWUH� IROORZLQJ�&ODUN� ������� DQG�PDVV
�70�� ZDV� PHDVXUHG� WR� WKH� QHDUHVW� JUDP�� OLYHU�� JRQDGV
DQG� RYLGXFDO� JODQGV� PDVVHV� WR� WKH� QHDUHVW� GHFLJUDP�
&ODVSHU� OHQJWK� ZDV� PHDVXUHG� IURP� WKH� IRUZDUG� ULP� RI
WKH�SHOYLF�JLUGOH�WR�WKH�WLS�RI� WKH�FODVSHU� IROORZLQJ�&RO�
OHQRW���������7KUHH�VWDJHV�RI�PDOH�PDWXULW\�ZHUH�FRQVLG�
HUHG� UHODWLYH� WR� WKH� GHJUHH� RI� FDOFLILFDWLRQ� RI� FODVSHUV
DQG� WKH�PRUSKRORJ\� RI� WKH� JHQLWDO� GXFW�� IROORZLQJ� &D�
SDSp� HW� DO�� �������� 7KH\� ZHUH� MXYHQLOH�� VXE�DGXOW� DQG
DGXOW�� 6LPLODU� VWDJHV� ZHUH� DOVR� FRQVLGHUHG� LQ� IHPDOHV
IURP�WKH�FRQGLWLRQ�RI�RYDULHV��WKH�PRUSKRORJ\�RI�WKH�UH�
SURGXFWLYH� WUDFW� DQG� WKH� PDVV� RI� RYLGXFDO� JODQGV� IRO�
ORZLQJ� &DOODUG� HW� DO�� ������� DQG� &DSDSp� HW� DO�� �������
+HSDWRPRVDWLF� LQGH[� �+6,��� JRQDGRVRPDWLF� LQGH[� �*6,�
ZHUH�FDOFXODWHG�LQ�ERWK�PDOHV�DQG�IHPDOHV��DV

+6,� ��/0�70��[������/0� �OLYHU�PDVV
*6,� ��*0�70��[������*0� �JRQDG�PDVV
ZKLOH�WKH�RYLGXFRVRPDWLF�LQGH[��26,��ZDV�FDOFXODWHG

RQO\�LQ�IHPDOHV��DV
26,� ��20�70��[������20� �RYLGXFDO�JODQGV�PDVV

9DULDWLRQV� LQ�*6,��+6,�DQG�26,� UHODWHG� WR� VL]H�ZHUH
FRQVLGHUHG�LQ�DOO�FDWHJRULHV�RI�VSHFLPHQV�LQ�ERWK�VH[HV�
ZKLOH�PRQWKO\�YDULDWLRQV�ZHUH�RQO\�FRQVLGHUHG� LQ�DGXOW
PDOHV�DQG�IHPDOHV�

7HVWV� IRU� VLJQLILFDQFH� �S��� ������ZHUH� SHUIRUPHG�E\
XVLQJ�$129$��ZLWK�VSHFLDO� UHJDUG� WR�YDULDWLRQV� LQ�+6,�
*6,�DQG�26,�UHODWHG�WR�VL]H��ZKLOH�PRQWKO\�FRPSDULVRQV
ZHUH�SHUIRUPHG�XVLQJ�QRQ�SDUDPHWULF�+�WHVW�RI�.UXVNDO�
:DOOLV�� 7KH� OLQHDU� UHJUHVVLRQ�ZDV� H[SUHVVHG� LQ� GHFLPDO
ORJDULWKPLF� FRRUGLQDWHV�� &RUUHODWLRQV� ZHUH� DVVHVVHG� E\
OHDVW�VTXDUHV�UHJUHVVLRQ�

5(68/76

-XYHQLOH�PDOHV�UDQJHG�LQ�VL]H�EHWZHHQ�����DQG����
PP�':�DQG�ZHLJKHG�EHWZHHQ����DQG�����J��WKH\�ZHUH
PRVWO\�FDXJKW� LQ�0DUFK�DQG�EHWZHHQ�0D\�DQG�$XJXVW�
-XYHQLOH�IHPDOHV�UDQJHG�EHWZHHQ�����DQG�����PP�':
DQG�ZHLJKHG�EHWZHHQ�����DQG������J��FDSWXUHV�PDLQO\
RFFXUUHG�LQ�1RYHPEHU��7DE�����
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6XE�DGXOW� PDOHV� ZHUH� EHWZHHQ� ���� DQG� ���� PP
':�DQG�ZHLJKHG�EHWZHHQ�����DQG������J��7KH�VSHFL�
PHQV� ZHUH� FDXJKW� WKURXJKRXW� WKH� \HDU�� 6XE�DGXOW� IH�
PDOHV�ZHUH�����DQG�����PP�':�DQG�ZHLJKHG�EHWZHHQ
����� DQG� ����� J�� WKH\� ZHUH� FDSWXUHG� LQ� 0D\�� $SULO�
$XJXVW�DQG�'HFHPEHU�

7KH� VPDOOHVW� DGXOW� PDOH� ZDV� ���� PP� ':� DQG
ZHLJKHG������J��ZKLOH�WKH�ODUJHVW�VSHFLPHQ�ZDV�����PP
':� DQG� ZHLJKHG� ����� J�� VRPH� VSHFLPHQV� ZHUH� FRO�
OHFWHG�HYHU\�PRQWK��7KH� VPDOOHVW�DGXOW� IHPDOH�ZDV����
PP�':�DQG�ZHLJKHG������J�� WKH� ODUJHVW�ZDV�����PP
':�DQG�ZHLJKHG������J��FDSWXUHV�RFFXUUHG� WKURXJKRXW
WKH� \HDU�� 7KH�PDVV� RI� ERWK� RYLGXFDO� JODQGV� �2*�0DVV�
ZDV�ZHLJKHG�LQ�WKH�WKUHH�FDWHJRULHV�RI�IHPDOHV��7KH�UHOD�
WLRQVKLS�EHWZHHQ�':�DQG�2*�0DVV�ZDV��ORJ�2*�0DVV� 
������ORJ�':����������U� ��������)LJ�����

9DOXHV�RI�+6,� UHFRUGHG� LQ�PDOH�5DMD�FODYDWD� UDQJHG
EHWZHHQ� ����� DQG� ����� �PHDQ�  � ������������ ZKLOH� LQ
IHPDOHV� WKH\� UDQJHG� EHWZHHQ� ����� DQG� ����� �PHDQ�  
������������&RQVLGHULQJ�WKH�ZKROH�VDPSOH��VHH�)LJ���$�
WKHVH� YDOXHV�ZHUH� VLJQLILFDQWO\� KLJKHU� LQ�PDOHV� WKDQ� LQ
IHPDOHV� �)�  � ������� GI�  � ��� S� ��������� 9DOXHV� RI�PDOH
+6,�VKRZHG�VLJQLILFDQW�FKDQJHV�DFFRUGLQJ�WR�VWDJHV� L�H��
MXYHQLOH��VXE�DGXOW�DQG�DGXOW��)LJ���%���+6,�YDOXHV�LQ�MX�
YHQLOH� PDOHV� UDQJHG� EHWZHHQ� ����� DQG� ����� �PHDQ�  
������������ WKH\� UDQJHG�EHWZHHQ������DQG������ �PHDQ
 ������������ LQ�VXE�DGXOWV�DQG�EHWZHHQ������DQG�����
�PHDQ� ������������LQ�DGXOWV��$V�LQ�PDOHV��YDOXHV�RI�IH�
PDOH�+6,� VKRZHG� VLJQLILFDQW� FKDQJHV� DFFRUGLQJ� WR� DJH
VWDJHV� �)LJ�� �&��� +6,� YDOXHV� LQ� MXYHQLOH� IHPDOHV� UDQJHG
EHWZHHQ� ����� DQG� ����� �PHDQ�  � ������������ WKH\
UDQJHG� EHWZHHQ� ����� DQG� ����� �PHDQ�  � ���������� LQ
VXE�DGXOWV� DQG� EHWZHHQ� ����� DQG� ����� �PHDQ�  
����������� LQ� DGXOWV�� 9DOXHV� RI� IHPDOH� +6,�� �)LJ�� ��
VKRZHG�VLJQLILFDQW�FKDQJHV�EHWZHHQ� MXYHQLOHV�DQG�VXE�
DGXOWV��GI� ����S���������E\�FRQWUDVW�WKHVH�FKDQJHV�ZHUH
QRW�VLJQLILFDQW�EHWZHHQ�VXE�DGXOWV�DQG�DGXOWV� �GI� ����S
 �������

)LJ�����5HODWLRQVKLS�EHWZHHQ�2YLGXFDO�*ODQG�0DVV��2*
0DVV�� DQG�'LVF�:LGWK� �':�� H[SUHVVHG� LQ� ORJDULWKPLF
FR�RUGLQDWHV�IRU�IHPDOH�5DMD�FODYDWD�
6O�� ��� 5D]PHUMH� PHG� PDVR� MDMFHYRGQLK� ËOH]� �2*�� LQ
ÉLULQR�WHOHVQH�SORÉàH��':��SUL�VDPLFL�YUVWH�5DMD�FODYDWD�
L]UDËHQR�Y�ORJDULWPLàQLK�NRRUGLQDWDK�

&RQFRPLWDQWO\�� YDOXHV� RI�PDOH�*6,� UDQJHG� EHWZHHQ
����� DQG� ����� �PHDQ�  � ������������ ZKLOH� LQ� IHPDOHV
WKH\�UDQJHG�EHWZHHQ�����DQG�������PHDQ� ������������
+RZHYHU��LQ�WKH�ZKROH�VDPSOH��VHH�)LJ���$��WKHVH�YDOXHV
ZHUH� VLJQLILFDQWO\� KLJKHU� LQ� IHPDOHV� WKDQ� LQ�PDOHV� �)�  
�������GI� ����S����������*6,�ERWK�UHJXODUO\�DQG�VLJQLIL�
FDQWO\�LQFUHDVHG�EHWZHHQ�MXYHQLOHV�DQG�VXE�DGXOWV� �GI� 
���S����������DQG�EHWZHHQ�VXE�DGXOWV�DQG�DGXOWV��GI� ���
S� ���������6LPLODUO\��YDOXHV�RI�PDOH�*6,�VKRZHG�VLJQLIL�
FDQW�FKDQJHV�DFFRUGLQJ�WR�WKH�WKUHH�VWDJHV�L�H���MXYHQLOH�
VXE�DGXOW� DQG� DGXOW� �)LJ�� �%��� *6,� YDOXHV� LQ� MXYHQLOHV
UDQJHG� EHWZHHQ� ����� DQG� ����� �PHDQ�  � �����������
WKH\�UDQJHG�EHWZHHQ������DQG�������PHDQ� �����������

7DE�����0RQWKO\�FROOHFWLRQ�RI�WKH�REVHUYHG�5DMD�FODYDWD�FDSWXUHG�RII�WKH�FRDVW�RI�/DQJXHGRF�
7DE�����0HVHàQD�]ELUND�RSD]RYDQLK�UDË�WUQMHYN�5DMD�FODYDWD��XMHWLK�Y�REDOQLK�YRGDK�/DQJXHGRFD�

0RQWKV

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

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

0DOHV

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

)HPDOHV

7RWDO �� �� � � �� �� � �� �� � �� �� ���
*UDQG�WRWDO �� �� �� �� �� �� �� �� �� �� �� �� ���
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)LJ������$��9DULDWLRQV�LQ�KHSDWRVRPDWLF�LQGH[��+6,��YV��'LVF�:LGWK��':��LQ�PDOH�DQG�IHPDOH�5��FODYDWD���%��9DULD�
WLRQV�LQ�KHSDWRVRPDWLF�LQGH[��+6,��YV��'LVF�:LGWK��':��LQ�MXYHQLOH��VXE�DGXOW�DQG�DGXOW�PDOH�5��FODYDWD���&��9DULD�
WLRQV�LQ�KHSDWRVRPDWLF�LQGH[��+6,��YV��'LVF�:LGWK��':��LQ�MXYHQLOH��VXE�DGXOW�DQG�DGXOW�IHPDOH�5��FODYDWD�
6O������$��9DULDFLMH�KHSDWRVRPDWVNHJD�LQGHNVD��+6,��YV��ÉLULQD�WHOHVQH�SORÉàH��':��SUL�VDPFLK� LQ�VDPLFDK�YUVWH�5�
FODYDWD�� �%�� 9DULDFLMH� KHSDWRVRPDWVNHJD� LQGHNVD� �+6,�� YV�� ÉLULQD� WHOHVQH� SORÉàH� SUL� PODGRVWQLK�� VXEDGXOWQLK� LQ
RGUDVOLK�VDPFLK�YUVWH�5��FODYDWD���&��9DULDFLMH�KHSDWRVRPDWVNHJD�LQGHNVD��+6,��YV��ÉLULQD�WHOHVQH�SORÉàH�SUL�PODGRVW�
QLK��VXEDGXOWQLK�LQ�RGUDVOLK�VDPLFDK�YUVWH�5��FODYDWD�

LQ� VXE�DGXOWV� DQG� EHWZHHQ� ����� DQG� ����� �PHDQ
 ����������� LQ� DGXOWV�� *6,� ERWK� UHJXODUO\� DQG� VLJQLIL�
FDQWO\� LQFUHDVHG�EHWZHHQ� MXYHQLOHV�DQG� VXE�DGXOWV� �GI� 
���S����������DQG�EHWZHHQ�VXE�DGXOWV�DQG�DGXOWV��GI� ���
S� ���������9DOXHV�RI� IHPDOH�*6,� UDQJHG� EHWZHHQ� ����
DQG������ �PHDQ� ������������ LQ� MXYHQLOHV�� WKH\� UDQJHG
EHWZHHQ������DQG�������PHDQ� ������������LQ�VXE�DGXOWV
DQG�EHWZHHQ������DQG�������PHDQ� ������������LQ�DGXOWV
�)LJ� �&���*6,� ERWK� UHJXODUO\� DQG� VLJQLILFDQWO\� LQFUHDVHG
EHWZHHQ�MXYHQLOHV�DQG�VXE�DGXOWV��GI� ����S����������DQG
EHWZHHQ�VXE�DGXOWV�DQG�DGXOWV��GI� ����S� ���������9DOXHV
RI�26,��RQO\�UHFRUGHG�LQ�IHPDOHV���)LJ������VKRZHG�VLJQLIL�
FDQW�FKDQJHV�EHWZHHQ� MXYHQLOHV�DQG� VXE�DGXOWV�DQG�EH�
WZHHQ� VXE�DGXOWV� DQG� DGXOWV� �GI�  � ��� S� ��������� 7KHVH
YDOXHV� UDQJHG� EHWZHHQ� ����� DQG� ����� �PHDQ�  
������������EHWZHHQ������DQG�������PHDQ� �����������
DQG�EHWZHHQ������DQG�������PHDQ� �������������LQ�MXYH�
QLOHV��VXE�DGXOWV�DQG�DGXOWV��UHVSHFWLYHO\�

7KH�PRQWKO\�PHDQ�YDOXHV�RI�DGXOW�PDOH�+6,�SORWWHG�LQ
)LJXUH��$�GLG�QRW�VKRZ�VLJQLILFDQW�YDULDWLRQV� WKURXJKRXW
WKH�\HDU� �+� �������GI� �����S� ��������$V� LQ�PDOHV�� WKH
PRQWKO\�PHDQ�YDOXHV�RI�DGXOW� IHPDOH�+6,�SORWWHG� LQ�)LJ�
XUH��%�GLG�QRW�VKRZ�VLJQLILFDQW�YDULDWLRQV�WKURXJKRXW�WKH
\HDU���+� ��������GI� �����S� ��������6LPLODU�SDWWHUQV�ZHUH
REVHUYHG�LQ�PRQWKO\�PHDQ�YDOXHV�RI�DGXOW�PDOH�*6,��)LJ�
�$��� DOWKRXJK� LW� H[KLELWHG� ORZ� YDOXHV� LQ� $SULO� DQG�'H�
FHPEHU� �+�  � ������ GI�  � ���� S�  � �������ZKLOH�PRQWKO\
PHDQ�YDOXHV�RI�DGXOW� IHPDOH�*6,� �)LJ���%��H[KLELWHG� ORZ
YDOXHV� LQ�0DUFK� DQG�2FWREHU�� DQG� D� KLJK� YDOXH� LQ�'H�
FHPEHU�� +RZHYHU�� WKHVH�PRQWKO\� GLIIHUHQFHV� ZHUH� QRW
VLJQLILFDQW� �+� ��������GI� �����S� ��������$GGLWLRQDOO\�
PRQWKO\�PHDQ�YDOXHV�RI�26,�LQ�DGXOW�IHPDOHV��)LJ�����GLG
QRW� VKRZ� VLJQLILFDQW� FKDQJHV� �+� � ������� GI�  � ���� S�  
������
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)LJ������$��9DULDWLRQV�LQ�JRQRVRPDWLF�LQGH[��*6,��YV��'LVF�:LGWK��':��LQ�PDOH�DQG�IHPDOH�5��FODYDWD���%��9DULDWLRQV
LQ�JRQRVRPDWLF�LQGH[��*6,��YV��'LVF�:LGWK��':��LQ�MXYHQLOH��VXE�DGXOW�DQG�DGXOW�IHPDOH�5��FODYDWD���&��9DULDWLRQV
LQ�JRQRVRPDWLF�LQGH[��*6,��YV��'LVF�:LGWK��':��LQ�MXYHQLOH��VXE�DGXOW�DQG�DGXOW�IHPDOH�5��FODYDWD�
6O������$��9DULDFLMH�JRQRVRPDWVNHJD�LQGHNVD��*6,��YV��ÉLULQD�WHOHVQH�SORÉàH��':��SUL�VDPFLK�LQ�VDPLFDK�YUVWH�5��FOD�
YDWD�� �%��9DULDFLMH�JRQRVRPDWVNHJD� LQGHNVD��*6,��YV�� ÉLULQD�WHOHVQH�SORÉàH�SUL�PODGRVWQLK��VXEDGXOWQLK� LQ�RGUDVOLK
VDPFLK� YUVWH� 5�� FODYDWD�� �&�� 9DULDFLMH� JRQRVRPDWVNHJD� LQGHNVD� �*6,�� YV�� ÉLULQD� WHOHVQH� SORÉàH� SUL� PODGRVWQLK�
VXEDGXOWQLK�LQ�RGUDVOLK�VDPLFDK�YUVWH�5��FODYDWD�

',6&866,21

3UHYLRXV�REVHUYDWLRQV� FDUULHG�RXW� RQ� WKRUQEDFN� UD\V
IURP� WKH� /DQJXHGRFLDQ� FRDVW� VKRZHG� SRVLWLYH� UHODWLRQ�
VKLSV�EHWZHHQ� GLVF�ZLGWK� DQG� OLYHU�PDVV� LQ� ERWK�PDOHV
DQG� IHPDOHV� �&DSDSp� HW� DO��� ������� 7KHVH� REVHUYDWLRQV
ZHUH�FRUURERUDWHG�E\�UHJXODU�LQFUHDVLQJ�RI�+6,�YDOXHV�LQ
WKUHH�FDWHJRULHV�RI� VSHFLPHQV�� MXYHQLOHV�� VXE�DGXOWV�DQG
DGXOWV�� HYHQ� LI� LQ� IHPDOHV� VLJQLILFDQW� GLIIHUHQFHV� LQ�+6,
YDOXHV�EHWZHHQ�VXE�DGXOWV�DQG�DGXOWV�GLG�QRW�DSSHDU��$OO
WKHVH�REVHUYDWLRQV�FRQILUP� WKH� OLYHU� UROH� LQ�EXR\DQF\� LQ
DJUHHPHQW�ZLWK�SUHYLRXV�UHSRUWV��%RQHV�	�5REHUWV�������
%DOGULGJH� -U���������������&DSDSp�HW�DO�������D��E���EXW
DOVR� LWV� UROH� LQ� UHSURGXFWLRQ��$� ODUJH� OLYHU� SOD\V� DQ� LP�
SRUWDQW� UROH� LQ� JRQDGDO� SURGXFWV�� HVSHFLDOO\� LQ� IHPDOHV�
VXFK� DV� WKH� SURGXFWLRQ� RI� \RON� LQ� ERWK� YLYLSDURXV� DQG
RYLSDURXV� VSHFLHV� �*DUFtD�*DUULGR� HW� DO��� ������0DJUD�
EDÇD�HW�DO���������&DSDSp�HW�DO�������D���/LYHU�VWRUHV�QX�
WULPHQWV�ZKLFK�DUH�WUDQVIHUUHG�DQG�XVHG�IRU�IDEULFDWLRQ�RI

JRQDGDO� SURGXFWV�� 7KLV� SKHQRPHQRQ� LV�PRUH� LPSRUWDQW
LQ�IHPDOHV�WKDQ�LQ�PDOHV��GXH�WR�WKH�IDFW�WKDW�YLWHOORJHQH�
VLV�RFFXUV�WKURXJKRXW�WKH�\HDU��,W�FRXOG�H[SODLQ�ZK\�+6,
ZDV� VLJQLILFDQWO\�KLJKHU� LQ�PDOHV� WKDQ� LQ� IHPDOHV�� HVSH�
FLDOO\�LQ�DGXOWV��+6,�YDOXHV�YDULHG�EHWZHHQ�����DQG�����LQ
IHPDOH�5��FODYDWD�IURP�ERWK�WKH�/DQJXHGRFLDQ�DQG�7XQL�
VLDQ� FRDVW� �&DSDSp�� ������� &ORVH� +6,� YDOXHV� EHWZHHQ
�����DQG������ZHUH�UHSRUWHG�E\�2GGRQH�HW�DO���������IRU
IHPDOH�RI� WKH�H\H�VSRW�VNDWH�$WODQWRUDMD�F\FORSKRUD� �5H�
JDQ�� ������ IURP� RII� VRXWKHDVWHUQ� %UD]LO��+LJKHU� YDOXHV�
����DQG�����ZHUH�UHSRUWHG� LQ� WKH�RYLSDURXV�VPDOOVSRWWHG
FDWVKDUN�6F\OLRUKLQXV�FDQLFXOD��/LQQDHXV��������IURP�WKH
FRDVW�RI�/DQJXHGRF��&DSDSp�HW�DO�������D��DQG�WKH�7XQL�
VLDQ�FRDVW��&DSDSp���������+RZHYHU��WKH\�DUH�ORZHU�WKDQ
WKRVH�UHSRUWHG� LQ�YLYLSDURXV�VSHFLHV� IURP� WKH�/DQJXHGR�
FLDQ�FRDVW�� VXFK� DV� D�+6,�YDOXH�RI� ��� FDOFXODWHG� LQ� WKH
HDJOH�UD\�0\OLREDWLV�DTXLOD��/LQQDHXV��������DFFRUGLQJ�WR
&DSDSp� HW� DO�� �����E��� DQG� HVSHFLDOO\� LQ� WKH� DQJXODU
URXJK� VKDUN�2[\QRWXV�FHQWULQD� �/LQQDHXV���������ZKHUH
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)LJ�� ��� 9DULDWLRQV� LQ� RYLGXFRVRPDWLF� LQGH[� �26,�� YV�
'LVF�:LGWK� �':�� LQ� MXYHQLOH�� VXE�DGXOW� DQG� DGXOW� IH�
PDOH�5��FODYDWD�
6O�� ��� 9DULDFLMH� RYLGXNRVRPDWVNHJD� LQGHNVD� �26,�� YV�
ÉLULQD� WHOHVQH�SORÉàH� �':��SUL�PODGRVWQLK�� VXEDGXOWQLK
LQ�RGUDVOLK�VDPLFDK�YUVWH�5��FODYDWD�

&DSDSp�HW�DO���������QRWHG�WKDW�WKH\�YDULHG�EHWZHHQ�����
DQG�������DQG�'UDJLFHYLF�HW�DO�� �������UHSRUWHG�D�+6,�RI
�����LQ�D�IHPDOH�FDXJKW�LQ�WKH�HDVWHUQ�$GULDWLF�6HD�

*6,�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�IHPDOH�5��FODYDWD�WKDQ
LQ�WKH�PDOH�RQHV��GXH�WR�WKH�IDFW�WKDW�IHPDOH�DGXOWV�SUR�
GXFH� ODUJH��KHDY\�DQG�QXPHURXV�\RON\�RRF\WHV� DQG�YL�
WHOORJHQHVLV��&RQVHTXHQWO\��WKH�UHSURGXFWLYH�DFWLYLW\�RF�
FXUV� WKURXJKRXW� WKH� \HDU� �&DSDSp� HW� DO��� ������� LQ
DJUHHPHQW�ZLWK�WKH�UHJXODU�DQG�VLJQLILFDQW�LQFUHDVLQJ�RI
*6,� GXULQJ� WKH� GLIIHUHQW� VWDJHV� RI� PDWXUDWLRQ� LQ� VSHFL�
PHQV� RI� ERWK� VH[HV�� $GGLWLRQDOO\�� PRQWKO\� FKDQJHV� RI
*6,�ZHUH�QRW�VLJQLILFDQW�LQ�HLWKHU�PDOHV�RU�IHPDOHV��FRU�
URERUDWLQJ�WKH�SHUPDQHQFH�RI�UHSURGXFWLYH�DFWLYLW\�LQ�DOO
DGXOW�VSHFLPHQV�WKURXJKRXW�WKH�\HDU��VHH�&DSDSp�HW�DO��
�������6LPLODU�SDWWHUQV�ZHUH�UHSRUWHG�IRU�5��FODYDWD�IURP
WKH� 7XQLVLDQ� FRDVW� �&DSDSp�� ������ ������� DQG� RWKHU
RYLSDURXV� VSHFLHV� VXFK� DV� VNDWHV� �2GGRQH� 	� 9HODVFR�
������ 2GGRQH� HW� DO��� ������ ������ RU� VKDUNV� �&DSDSp�
������������&DSDSp�HW�DO�������D��

7KH� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� GLVF� ZLGWK� DQG
PDVV�RI�RYLGXFDO�JODQGV��VHH�)LJ�����VKRZHG�WKDW�WKH�GH�
YHORSPHQW� RI� RYLGXFDO� JODQGV� FRQVLGHUDEO\� DQG� VLJQLIL�

)LJ�� ��� �$��0RQWKO\� YDULDWLRQV� LQ� KHSDWRVRPDWLF� LQGH[
�+6,��LQ�PDOH�5��FODYDWD���%��0RQWKO\�YDULDWLRQV�LQ�KHSD�
WRVRPDWLF�LQGH[��+6,��LQ�IHPDOH�5��FODYDWD�
6O����� �$��0HVHàQH�YDULDFLMH�KHSDWRVRPDWVNHJD� LQGHNVD
�+6,��SUL�VDPFLK�YUVWH�5��FODYDWD���%��0HVHàQH�YDULDFLMH
KHSDWRVRPDWVNHJD� LQGHNVD� �+6,�� SUL� VDPLFDK� YUVWH� 5�
FODYDWD�

)LJ�� ��� �$�� 0RQWKO\� YDULDWLRQV� LQ� JRQRVRPDWLF� LQGH[
�*6,�� LQ� PDOH� 5�� FODYDWD�� �%�� 0RQWKO\� YDULDWLRQV� LQ
JRQRVRPDWLF�LQGH[��*6,��LQ�IHPDOH�5��FODYDWD�
6O�� ��� �$�� 0HVHàQH� YDULDFLMH� JRQRPDWVNHJD� LQGHNVD
�*6,��SUL�VDPFLK�YUVWH�5��FODYDWD���%��0HVHàQH�YDULDFLMH
JRQRVRPDWVNHJD�LQGHNVD��*6,��SUL�VDPLFDK�YUVWH�5��FOD�
YDWD�
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)LJ�� ��� 0RQWKO\� YDULDWLRQV� LQ� RYLGXFRVRPDWLF� LQGH[
�26,��LQ�IHPDOH�5��FODYDWD�
6O�� ��� 0HVHàQH� YDULDFLMH� RYLGXNRVRPDWVNHJD� LQGHNVD
�26,��SUL�VDPLFDK�YUVWH�5��FODYDWD�

FDQWO\�LQFUHDVHG�LQ�MXYHQLOHV��VXE�DGXOWV�DQG�DGXOWV��&D�
SDSp�HW�DO�� �������UHSRUWHG�WKDW� WKLV�GHYHORSPHQW�FRXOG
EH� XVHG� DV� D� JRRG� SDUDPHWHU� WR� DVVHVV� VL]H� DW� VH[XDO
PDWXULW\� LQ� RYLSDURXV� VSHFLHV�� 7KH� RYLGXFDO� JODQGV� DUH
ZHOO�GHYHORSHG�LQ�DGXOW�RYLSDURXV�VSHFLHV��$GGLWLRQDOO\�
QR� VLJQLILFDQW� FKDQJHV� WKURXJKRXW� WKH�\HDU� VXJJHVW� WKDW
WKH�UHSURGXFWLYH�DFWLYLW\�LV�SHUPDQHQW��DFWLYLW\�RI�RYLGX�
FDO� JODQGV� DQG�YLWHOORJHQHVLV� EHLQJ� OLQNHG� LQ� DOO� RYLSD�
URXV�HODVPREUDQFK�VSHFLHV�

129,�%,2/2É.,�32'$7.,�2�5$Ë,�751-(9.,��5$-$�&/$9$7$��&+21'5,&+7+<(6�
5$-,'$(���,=�2%$/1,+�92'�/$1*8('2&$��-8Ë1$�)5$1&,-$�

6(9(512�65('2=(0/-(�

&KULVWLDQ�&$3$3e�	�<YDQ�9(5*1(
)=>KN=PKENA�@�&?DPUKHKCEA�?=OA�����2JERANOEPÀ�*KJPLAHHEAN�&&�0?EAJ?AO�AP�1A?DJEMQAO�@Q�)=JCQA@K?�������*KJPLAHHEAN�?A@AT���#N=J?A

"�I=EH!�?=L=LA$QJER�IKJPL��BN
&KULVWLDQ�5(<1$8'

)=>KN=PKENA�EJPAN@EO?ELHEJ=ENA�@A�/A?DAN?DA�OQN�H=�!E@=?PEMQA�H�¦@Q?=PEKJ�AP�H=�#KNI=PEKJ�"����������?=OA����2JERANOEPÀ�*KJPLAHHEAN�&&
0?EAJ?AO�AP�1A?DJEMQAO�@Q�)=JCQA@K?�������*KJPLAHHEAN�?A@AT���#N=J?A

329=(7(.

9�RNYLUX� UD]LVNDYH�� L]YHGHQH�RE� ODQJXHGRÈNL�REDOL� �MXÊQD�)UDQFLMD�� VHYHUQR�6UHGR]HPOMH��� VR�DYWRUML�SULßXMRßHJD
ßODQND�SURXßLOL�����SULPHUNRY�UDÊH�WUQMHYNH�5DMD�FODYDWD��/LQQDHXV��������LQ�VHGDM�SUHGVWDYOMDMR�SRGDWNH�R�KHSDWRVR�
PDWVNHP�LQGHNVX��+6,��LQ�JRQDGRVRPDWVNHP�LQGHNVX�SUL�VDPFLK�LQ�VDPLFDK��7D�VWD�]�YHOLNRVWMR�SULPHUNRY�]QDWQR�SR�
UDVOD��8JRWRYOMHQD�MH�ELOD�WXGL�SR]LWLYQD�NRUHODFLMD�PHG�PDVR�MDMFHYRGQLK�ÊOH]�LQ�YHOLNRVWMR��R]��ÈLULQR�WHOHVQH�SORÈßH��
2YLGXNRVRPDWVNL�LQGHNV��26,��MH�ELO�PHUMHQ�VDPR�]D�VDPLFH��+6,��*6,�LQ�26,�VR�GRVHJOL�QDMYLÈMH�YUHGQRVWL�SUL�RGUDVOLK
SULPHUNLK��,QGHNVL�VH�PHG�OHWRP�QLVR�VSUHPLQMDOL��NDU�NDÊH�QD�VWDOQR�UD]PQRÊHYDOQR�DNWLYQRVW�YUVWH�5��FODYDWD�

.OMXÞQH�EHVHGH��&KRQGULFKWK\HV��5DMD�FODYDWD��MHWUD��VSROQH�ÌOH]H��MDMFHYRGQH�ÌOH]H��ODQJXHGRÊND�REDOD��6UHGR]HPOMH

5()(5(1&(6

%DOGULGJH��+��'��-U����������6LQNLQJ�IDFWRUV�DQG�DYHUDJH
GHQVLWLHV�RI�)ORULGD�VKDUNV�DV�IXQFWLRQ�RI�OLYHU�EXR\DQF\�
&RSHLD�������������
%DOGULGJH��+��'��-U����������$FFXPXODWLRQ�DQG�IXQFWLRQ
RI�OLYHU�RLO�LQ�)ORULGD�VKDUNV��&RSHLD�������������
%RQH��4��	�%��/��5REHUWV���������7KH�GHQVLW\�RI�HODVPR�
EUDQFKV��-��0DU��%LRO��$VVRF��8.��������������
&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� ,QF��� (QILHOG� �1+�� 86$��� 3O\PRXWK
�8.���SS����������
&DSDSm��&�� ��������&RQWULEXWLRQ�j� OD�ELRORJLH�GHV�5DML�
GDH�GHV�FzWHV� WXQLVLHQQHV�� ,,,��5DMD�FODYDWD� /LQQp������

5pSDUWLWLRQ� JpRJUDSKLTXH� HW� EDWK\PpWULTXH�� VH[XDOLWp�
UHSURGXFWLRQ�HW� IpFRQGLWp��%XOO��0XV��1DWO��+LVW��1DW����
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