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WLRQDO�7\SHV�ZHUH�FOXVWHUHG�DQG�LQWHUSUHWHG�ZLWK�7ZLQVSDQ�DQDO\VLV��3&$�RUGLQDWLRQ�RI�UHOHYnV�RQ�WKH�EDVLV�RI�SODQW
IXQFWLRQDO�WUDLWV�UHYHDOHG�WKDW�VDPSOHV�IURP�OLPHVWRQH�FRXOG�EH�VHSDUDWHG�IURP�WKRVH�WDNHQ�RQ�IO\VFK�VXEVWUDWH�DOVR
ZLWK� IXQFWLRQDO�DSSURDFK��5HOHYnV� IURP�OLPHVWRQH� WHQG� WR�KDYH�ELJJHU� VKDUHV�RI�VSHFLHV��ZKLFK�SURSDJDWH�E\� VHHG
DQG�YHJHWDWLYHO\��DQG�FRPSHWLWRUV�DQG�KHUEV��1HYHUWKHOHVV��LW�FRXOG�EH�FRQFOXGHG�WKDW�WKHUH�DUH�QR�PDMRU�IXQFWLRQDO
GLIIHUHQFHV�EHWZHHQ�PHDGRZV�IURP�ERWK�JHRORJLFDO�VXEVWUDWHV��7KH�SRVLWLRQV�RI�DOO�UHOHYnV�LQ�VWDQGDUG�&�6�5�WHUQDU\
GLDJUDP�VKRZHG�WKDW�WKDW�WKH�UHODWLYH�SURSRUWLRQV�RI�&�6�5�IXQFWLRQDO�W\SHV�ZHUH�QRW�LQIOXHQFHG�E\�GLIIHUHQW�JHRORJL�
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1HOO¢DUWLFROR�YHQJRQR�FRQIURQWDWL�O¢DSSURFFLR�IORULVWLFR�H�TXHOOR�IXQ]LRQDOH�DOOD�FODVVLILFD]LRQH�GL�GLIIHUHQWL�WLSL�GL
YHJHWD]LRQH��VXOO¢HVHPSLR�GL�SUDWHULH� LOOLULFKH� VXE�PHGLWHUUDQHH�GHOO¢DVVRFLD]LRQH�'DQWKRQLR�6FRU]RQHUHWXP�YLOORVH
�DOOHDQ]D�6FRU]RQHULRQ�YLOORVDH��RUGLQH�6FRU]RQHUHWDOLD�YLOORVDH��FODVVH�)HVWXFR�%URPHWHD���,�GDWL�FRPSUHQGRQR�XQD
WDEHOOD�FRQ���� UHOHYn�GHOOD�6ORYHQLD� VXG�RFFLGHQWDOH��FDPSLRQDWL� VX�GXH�VXEVWUDWL�JHRORJLFL� FRQWUDVWDQWL� �� IO\VFK�H
FDOFDUH� �� H� XQD�PDWULFH� FRQ� ��� WUDWWL� IXQ]LRQDOL� GHWHUPLQDWL� GD� ���� VSHFLH� YHJHWDOL�� *OL� DXWRUL� YHULILFDQR� LQROWUH
O¢LPSDWWR�GL�GLYHUVL� WLSL�GL�VXEVWUDWR�JHRORJLFR�VXL� UDSSRUWL� UHODWLYL�GHOOH�VWUDWHJLH�HFRORJLFKH�&�6�5�GHOOH�SLDQWH� ULQ�
YHQXWH�QHL�UHOHYn��&RQ�O¢RUGLQDPHQWR�'&$��L�UHOHYn�VX�FDOFDUH�H�VX�IO\VFK�YHQJRQR�FKLDUDPHQWH�GLYLVL�LQ�GXH�JUXSSL�
,O�SULPR�DVVH�'&$�VXJJHULVFH�XQ�JUDGLHQWH�GL�XPLGLWi�GHO�VXROR�H�GHO�S+��,Q�EDVH�DL�WUDWWL�IXQ]LRQDOL�VHOH]LRQDWL�VRQR
VWDWL� UDJJUXSSDWL� FLQTXH� 7LSL� )XQ]LRQDOL� 9HJHWDOL� HG� LQWHUSUHWDWL� FRQ� O¢DQDOLVL� 7ZLQVSDQ�� /¢RUGLQDPHQWR� 3&$� GHL
UHOHYn��EDVDWR�VXL�WUDWWL�YHJHWDOL�IXQ]LRQDOL��KD�HYLGHQ]LDWR�FKH�L�FDPSLRQL�SURYHQLHQWL�GDO�VXEVWUDWR�FDOFDUHR�SRWUHE�
EHUR�YHQLU�VHSDUDWL�GD�TXHOOL�SURYHQLHQWL�GDO�IO\VFK�DQFKH�FRQ�O¢DSSURFFLR�IXQ]LRQDOH��,�UHOHYn�GHO�FDOFDUH�WHQGRQR�DG
DYHUH�XQD�SRU]LRQH�SL|�JUDQGH�GL�VSHFLH��FKH�VL�ULSURGXFRQR�VLD�YHJHWDWLYDPHQWH�FKH�SHU�YLD�VHVVXDWD�WUDPLWH�VHPL�
FRPSHWLWRUL�H�SLDQWH�HUEDFHH��7XWWDYLD�JOL�DXWRUL�FRQFOXGRQR�FKH�QRQ�FL�VRQR�PDJJLRUL�GLIIHUHQ]H� IXQ]LRQDOL� WUD� OH
SUDWHULH�GL�HQWUDPEL�L�VXEVWUDWL�JHRORJLFL��/H�SRVL]LRQL�GL�WXWWL�L�UHOHYn�QHO�GLDJUDPPD�WHUQDULR�VWDQGDUG�&�6�5�LQGLFDQR
FKH�L�UDSSRUWL�UHODWLYL�GHL�WLSL�IXQ]LRQDOL�&�6�5�QRQ�YHQJRQR�LQIOXHQ]DWL�GD�VXEVWUDWL�JHRORJLFL�GLIIHUHQWL�

3DUROH�FKLDYH��SUDWHULH�VHFFKH��WLSL�YHJHWDOL�IXQ]LRQDOL��)HVWXFR�%URPHWHD��YHJHWD]LRQH��&�6�5�VWUDWHJLH�YHJHWDOL�
6ORYHQLD�62
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&ODVVLI\LQJ� SODQWV� DFFRUGLQJ� WR� PRUSKRORJ\� DQG� UH�
SURGXFWLYH� DWWULEXWHV� KDV� D� ORQJ� KLVWRU\� LQ� ERWDQ\� DQG
SODQW�JHRJUDSK\��.OH\HU���������7KH�UHQHZHG�LQWHUHVW�LQ
FODVVLI\LQJ�VSHFLHV�LQWR�JURXSV�UHODWLQJ�WR�IXQFWLRQ�UDWKHU
WKDQ� WR� WD[RQRP\� �H�J�� .HGG\�� ������ /DYRUHO� HW� DO��
������:HVWRE\��������:HLKHU�HW�DO���������KDV�WULJJHUHG
WKH� VHDUFK� IRU� WUDLWV� WKDW�H[SUHVV�PHDQLQJIXO� GLIIHUHQFHV
LQ�HFRORJLFDO�EHKDYLRXU�DPRQJ�SODQW�VSHFLHV��7KHUH�KDV
EHHQ� DQ� LQFUHDVLQJ� LQWHUHVW� LQ� XVLQJ� QRQ�SK\ORJHQHWLF
EDVHG� FODVVLILFDWLRQV� ZKHQ� WKH� IRFXV� LV� WXUQHG� RQ� SUH�
GLFWLQJ� WKH� G\QDPLFV� RI� YHJHWDWLRQ� UDWKHU� WKDQ� WKHLU
WD[RQRPLF� LGHQWLW\� �*LWD\�� ������ &RUQHOLVVHQ� HW� DO��
�������&ODVVLI\LQJ�SODQW�VSHFLHV�DFFRUGLQJ�WR�WKHLU� WD[R�
QRPLF�DQG�SK\ORJHQHWLF� UHODWLRQVKLSV�KDV� VWURQJ� OLPLWD�
WLRQV�ZKHQ� LW� FRPHV� WR�DQVZHULQJ� LPSRUWDQW� HFRORJLFDO
TXHVWLRQV� DW� WKH� VFDOH� RI� HFRV\VWHPV�� ODQGVFDSHV� RU� EL�
RPHV� �:RRGZDUG� 	� 'LDPHQW�� ������ .HGG\�� �����
.{UQHU�� ������� 7KHVH� TXHVWLRQV� LQFOXGH� WKRVH� RQ� UH�
VSRQVHV�RI�YHJHWDWLRQ�WR�DWPRVSKHULF�FKHPLVWU\��ODQG�XVH
DQG� QDWXUDO� GLVWXUEDQFH� UHJLPHV�� $� SURPLVLQJ� ZD\� IRU
DQVZHULQJ� VXFK� TXHVWLRQV� �DQG� PDQ\� RWKHU� HFRORJLFDO
TXHVWLRQV�� LV� E\� FODVVLI\LQJ� SODQW� VSHFLHV� RQ� IXQFWLRQDO
JURXQGV��'LD]�HW�DO����������7KHVH�DOWHUQDWLYH�FODVVHV�DUH
RIWHQ� UHIHUUHG� WR� DV� SODQW� IXQFWLRQDO� W\SHV� �3)7V�� RU
JURXSV��*ULPH�HW�DO���������/HLVKPDQ�	�:HVWRE\�������
*LWD\�	�1REOH��������

3ODQW�IXQFWLRQDO�W\SHV�DUH�QRQ�SK\ORJHQHWLF�DQG�QRQ�
WD[RQRPLF�JURXSLQJV� RI� VSHFLHV� DQG� FDQ� EH� GHILQHG� DV
JURXSV�RI�SODQW�VSHFLHV�VKDULQJ�VLPLODU�IXQFWLRQLQJ�DW�WKH
RUJDQLVPLF� OHYHO�� VLPLODU� UHVSRQVHV� WR� HQYLURQPHQWDO
IDFWRUV� �H�J�� WHPSHUDWXUH�� ZDWHU� DYDLODELOLW\�� QXWULHQWV�
ILUH� DQG� JUD]LQJ��� DQG�RU� VLPLODU� UROHV� LQ� �RU� HIIHFWV� RQ�
HFRV\VWHPV� RU� ELRPHV� �H�J�� SURGXFWLYLW\�� QXWULHQW� F\�
FOLQJ�� IODPPDELOLW\� DQG� UHVLOLHQFH�� �:DONHU�� ������&KD�
SLQ�HW�DO���������1REOH�	�*LWD\��������'LD]�	�&DELGR�
�������/DYRUHO�HW�DO���������*ULPH��������

7KH� ILUVW� VWHS� LQ� GHILQLQJ� 3)7V� LV� WR� FKRRVH� D� OLVW� RI
NH\�WUDLWV� WKDW�DUH�EHOLHYHG�WR�EH�LPSRUWDQW� IRU�ERWK�XQ�
GHUVWDQGLQJ� DQG� SUHGLFWLRQ� RI� SKHQRPHQD� UHOHYDQW� IRU
RXU� UHVHDUFK��7KH�VHW�RI� WUDLWV�RU� W\SHV�GLIIHU�DPRQJ�DS�
SOLFDWLRQV��:RRGZDUG�	�&UDPHU��������

3ODQW� WUDLWV�FDQ�EH�REWDLQHG�E\�PHDVXUHPHQWV� LQ� WKH
ILOHG�� ODERUDWRU\��RU� IURP�WKH� OLWHUDWXUH��7KH\�XVXDOO\� UH�
IHU�WR�OLIH�KLVWRU\��OLIH�VSDQ��OLIH�F\FOH���PRUSKRORJ\��SODQW
KHLJKW��ODWHUDO�VSUHDG��OLIH�IRUP��VSLQHVFHQFH��VSHFLHV�OHDI
DUHD� �6/$��� DQG� UHJHQHUDWLRQ� �H�J�� DELOLW\� WR� UHSURGXFH
YHJHWDWLYH��IORZHULQJ�SHULRG������.DOLJDULá�HW�DO���������

,Q�RUGHU�WR�JHW�LQVLJKWV�LQWR�IXQFWLRQDO�WUDLWV��WKH�&�6�
5� VWUDWHJ\� VKRXOG� EH� FRQVLGHUHG� DV� ZHOO�� 7KH� &�6�5
VFKHPH� WDNHV� LQWR� DFFRXQW� D� QXPEHU� RI� GLIIHUHQW� SODQW
WUDLWV� �*ULPH�HW�DO���������*ULPH��������+RGJVRQ�HW�DO��
������� 7KH� &�6�5� SODQW� VWUDWHJ\� VFKHPH� SURSRVHG� E\
*ULPH� ������� KDV� EHHQ� ZLGHO\� UHFRJQLVHG� DV� D� KLJKO\

GHYHORSHG� SODQW� VWUDWHJ\� VFKHPH� �H�J�� 0F,QW\UH� HW� DO��
������/DYRUHO�HW�DO���������:HVWRE\���������,W�LV�EXLOW�RQ
WKH�DVVHUWLRQ� WKDW� WKUHH�PDMRU�GHWHUPLQDWLRQV�RI� VSHFLHV
H[LVW��QDPHO\�FRPSHWLWLRQ��&���VWUHVV��6��DQG�GLVWXUEDQFH
�5���7KH�FRPSHWLWRUV�H[SORLW�FRQGLWLRQV�RI�ORZ�VWUHVV�DQG
ORZ�GLVWXUEDQFH��WKH�VWUHVV�WROHUDWRUV�DUH�VSHFLHV�WKDW�RF�
FXS\�KDELWDWV�ZLWK�KLJK�VWUHVV�DQG�ORZ�GLVWXUEDQFH��DQG
WKH� UXGHUDOV� DUH� DGDSWHG� WR� ORZ� VWUHVV� DQG� KLJK� GLVWXU�
EDQFH��*ULPH��������

,Q�WKLV�SDSHU�ZH�DLP�WR�LGHQWLI\�GLIIHUHQW�W\SHV�RI�VXE�
0HGLWHUUDQHDQ� ,OO\ULDQ� JUDVVODQGV� RI� WKH� DVVRFLDWLRQ
'DQWKRQLR�6FRU]RQHUHWXP� YLOORVDH� �DOOLDQFH� 6FRU]RQ�
HULRQ�YLOORVDH�� RUGHU�6FRU]RQHUHWDOLD� YLOORVDH�� FODVV�)HV�
WXFR�%URPHWHD��RQ�WKH�EDVLV�RI�VSHFLHV�FRPSRVLWLRQ�DQG
SODQW� IXQFWLRQDO� WUDLWV�� 7KH� GDWD� VHW� LQFOXGHV� WDEOH�ZLWK
��� UHOHYpV� IURP�6:�6ORYHQLD��VDPSOHG� LQ� WZR�FRQWUDVW�
LQJ� JHRORJLFDO� EHGURFNV� �� IO\VFK� DQG� OLPHVWRQH� �� DQG
PDWUL[�ZLWK����WUDLWV�GHWHUPLQHG�IRU�����SODQW�VSHFLHV�

7KH� ILUVW� REMHFWLYH�ZDV� WR� UHYHDO� KRZ� WKH� FODVVLILFD�
WLRQ�RI� WKH�UHOHYpV� IURP�OLPHVWRQH�DQG� IO\VFK��EDVHG�RQ
VSHFLHV� FRPSRVLWLRQ�� PDWFK� ZLWK� IXQFWLRQDO� FODVVLILFD�
WLRQ��EDVHG�RQ�SODQW� WUDLWV��7KH�VHFRQG�REMHFWLYH�ZDV�WR
WHVW�LI�GLIIHUHQW�JHRORJLFDO�EHGURFN�KDV�DQ\�LPSDFW�RQ�&�
6�5�VWUDWHJLHV�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�DUHD

6WXG\�DUHDV�DUH�WKH�3ULPRUVNL�NUDV��/LWWRUDO�.DUVW��DQG
6ORYHQLDQ� SDUW� RI� ,VWULD�� ERWK� ZLWKLQ� WKH� VXE�0HGLWHU�
UDQHDQ�SK\WRJHRJUDSKLF�DUHD� �:UDEHU�� ������ZLWK� VXE�
0HGLWHUUDQHDQ� FOLPDWH� �2JULQ�� ������� 3UHFLSLWDWLRQ� YDU�
LHV�IURP�����PP�DQG�XS�WR�������PP�LQ�WKH�+LJK�.DUVW�
7KH�VWURQJ��ERUD��ZLQG�FDXVHV�GHVLFFDWLRQ�DQG�HURVLRQ�
7KH�PHDQ�DQQXDO�WHPSHUDWXUH�LV����&� WR���&��PLQLPXP
LV�����&�DQG�PD[LPXP����&��.DOLJDULá�HW�DO����������7KH
/LWWRUDO�.DUVW�FRQVLVWV�RI� FDOFDUHRXV� OLPHVWRQH��ZKLFK� LV
SHQHWUDEOH�WR�ZDWHU��GU\HU�DQG�ZLWK�PRUH�RU�OHVV�DONDOLQH
S+� UHDFWLRQ�� 2Q� WKH� RWKHU� KDQG�� 6ORYHQLDQ� ,VWULD� LV� D
W\SLFDO�IO\VFK��FDOFDUHRXV�VDQGVWRQH��DUHD��,Q�FRQWUDVW�WR
FDOFDUHRXV� OLPHVWRQH�� IO\VFK� LV� D� VXEVWUDWH�ZLWK� FRQVLG�
HUDEO\� KLJKHU� ZDWHU� UHWHQWLRQ�� 7KH� VRLO� LV� KXPXV� DQG
PRLVWXUH� ULFK�� S+� LV� QHXWUDO� RU� VOLJKWO\� DFLG� �.DOLJDULá�
�������+HQFH��WKH�VRLO�LV�PRUH�IHUWLOH�

9HJHWDWLRQ�VXUYH\

:H� DQDO\VHG� ��� YHJHWDWLRQ� UHOHYpV� RI� DVVRFLDWLRQ
'DQWKRQLR�6FRU]RQHUHWXP� YLOORVDH�� ZKLFK� ZHUH� FRO�
OHFWHG�LQ�6:�6ORYHQLD�IURP�ERWK�IO\VFK�����UHOHYpV��DQG
OLPHVWRQH�����UHOHYpV��VXEVWUDWHV��5HOHYpV�ZHUH�FROOHFWHG
XVLQJ� VWDQGDUG� SURFHGXUH� RI� WKH� %UDXQ�%ODQTXHW� DS�
SURDFK� �%UDQ�%ODQTXHW�� ������:HVWKRII� 	� YDQ� GHU�0D�
DUHO��������'LHUVFKNH��������
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7DE�����3ODQW�WUDLWV��UHFRUGHG�RQ�����YDVFXODU�SODQW�VSHFLHV�RI�VXE�0HGLWHUUDQHDQ�,OO\ULDQ�PHDGRZV��6:�6ORYHQLD�
IURP�WZR�GLVWLQFW�JHRORJLFDO� VXEVWUDWHV�� OLPHVWRQH�DQG� IO\VFK��6FDOHV�RI�PHDVXUHPHQW�ZHUH�RULJLQDOO\�FDWHJRULFDO
�FDW���FRQWLQXRXV��FRQW��RU�ELQDU\��ELQ��
7DE�����5DVWOLQVNL� IXQNFLRQDOQL�]QDNL� ]D����� UDVWOLQVNLK� YUVW� VXEPHGLWHUDQVNLK� LOLUVNLK� WUDYQLNRY� �-=� 6ORYHQLMD�� QD
GYHK�UD]OLàQLK�JHRORÉNLK�SRGODJDK��DSQHQFX�LQ�IOLÉX��3RGDWNL�VR�ELOL�Y�RULJLQDOX�NDWHJRULàQL��FDW���]YH]QL��FRQW��DOL
ELQDUQL��ELQ��

7UDLWV $EEUHYLDWLRQ�DQG�GHVFULSWLRQ 'DWD�VRXUFH

/LIH�IRUP FDW

&K� �FKDPDHSK\WHV
*H� �JHRSK\WHV
+H� �KHPLFU\SWRSK\WHV
7K� �WKHURSK\WHV

+HJL�������������������������������������
�������0DUWLQáLá�HW�DO��������

/LIH�F\FOH FDW
$QQ� �DQQXDO
%LHQ� �ELHQQLDO
3HUHQ� �SHUHQQLDO

+HJL�������������������������������������
�������0DUWLQáLá�HW�DO��������

*URZWK�IRUP FDW

7XVV� �WXVVRFNV
5RVH� �URVHWWH
/HDBVW� �OHDI\�VWHP
5RBOHD� �URVHWWH�DQG�OHDI\�VWHP

+HJL�������������������������������������
�������0DUWLQáLá�HW�DO����������5RWKPDOHU
������

9HJHWDWLRQ�SURSDJD�
WLRQ FDW

9HJ3URB�� �DEVHQW
6WRO� �VWRORQV
5KL]� �UKL]RPHV

+HJL�������������������������������������
�������0DUWLQáLá�HW�DO����������5RWKPDOHU
������

6WRUDJH�RUJDQV FDW 7XEH� �WXEHU
6WRU2UJB�� �DEVHQW

+HJL�������������������������������������
�������0DUWLQáLá�HW�DO��������

6SLQHVFHQFH ELQ 6SLQB�� �SUHVHQW
6SLQB�� �QRQH

+HJL�������������������������������������
�������0DUWLQáLá�HW�DO��������

+DLULQHVV FDW
+DLU/RZ� �ORZ
+DLU+LJK� �KLJK
+DLU1R� �QR

+HJL�������������������������������������
�������3ROGLQL���������0DUWLQáLá� HW�DO�
������

3ODQW�KHLJKW FRQW

+HLJKW�� �����FP
+HLJKW�� ������FP
+HLJKW�� ������FP
+HLJKW�� ��������FP
+HLJKW�� ���������FP
+HLJKW�� �!�����FP

RZQ�PHDVXUHPHQWV

6SHFLILF�OHDI�DUHD
�6/$� FRQW

6/$�� ������PP��PJ
6/$�� �������PP��PJ
6/$�� �������PP��PJ
6/$�� �������PP��PJ
6/$�� �������PP��PJ
6/$�� �!����PP��PJ
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6HOHFWLRQ�DQG�PHDVXUHPHQWV�RI�SODQW�WUDLWV

:KLOH�VHOHFWLQJ�PRVW�VLJQLILFDQW�RU�LQIRUPDWLYH�WUDLWV�
ZH�IROORZHG�GLIIHUHQW�OLWHUDWXUH�VRXUFHV��+RGJVRQ�HW�DO��
������ .DKPHQ� HW� DO��� ������ &RUQHOLVVHQ� HW� DO��� ������
:H�VHOHFWHG����WUDLWV� IRU�HDFK�VSHFLHV��7UDLWV�ZHUH�FKR�
VHQ� IURP� RXU� RZQ� GDWDEDVH� �SURWRFRO� VWDQGDUGL]HG� E\
&RUQHOLVVHQ� HW� DO��� ������� ,QIRUPDWLRQ� RQ� VSHFLHV� WUDLWV
ZDV�DOVR�WDNHQ�IURP�WZR�H[LVWLQJ�WUDLW�GDWDEDVHV�%LRO)ORU
�.ORW]�HW�DO���������DQG�/('$��.OH\HU�HW�DO����������6SH�
FLHV� ZDV� FKDUDFWHUL]HG� E\� EDVLF� WUDLWV� DV� ZHOO� DV� FRP�
SRVLWH�WUDLWV��VXFK�DV�&�6�5�VWUDWHJ\���'XH�WR�WKH�GLIIHUHQW
VSHFLHV� VHWV�� ZH� IRFXVHG� RQ� WUDLWV� WKDW� ZHUH� HDV\� WR
PHDVXUH�� 7KH� WUDLWV� VHOHFWHG� ZHUH�� �OLIH� IRUP��� �OLIH� F\�
FOH��� �JURZWK� IRUP��� �YHJHWDWLRQ� SURSDJDWLRQ��� �VWRUDJH
RUJDQV��� �VSLQHVFHQFH��� �KDLULQHVV��� �SODQW� KHLJKW��� �VSH�
FLILF� OHDI�DUHD� �6/$���� �OHDI�GU\�PDWWHU� FRQWHQW� �/'0&���
�&65� VWUDWHJ\��� �IORZHULQJ� VWDUW��� �IORZHULQJ� HQG��� �IORZ�
HULQJ�SHULRG����OHDI�SHUVLVWHQFH����OHDI�DQDWRP\����W\SH�RI
UHSURGXFWLRQ��DQG��JXLOGV��

7KH� VFDOH� RI�PHDVXUHPHQW� RI� SODQW� WUDLWV� ZDV� RULJL�
QDOO\�FRQWLQXRXV�RU�FDWHJRULFDO��EXW� WKH\�ZHUH�DOO� WUDQV�
IRUPHG� LQWR� FDWHJRULFDO� VFDOHV� IRU� DQDO\VHV�� 7KH� OLVW� RI
WUDLWV� ZLWK� GHVFULSWLRQ� RI� FODVVHV� LQ� PDWUL[� DQG� WKH
VRXUFHV�RI�LQIRUPDWLRQ�DUH�SUHVHQWHG�LQ�7DEOH���

$OORFDWLQJ�D�&�6�5�SODQW�IXQFWLRQDO�W\SH�WR�SODQW�VSHFLHV
DQG�YHJHWDWLRQ�VDPSOHV��UHOHYmV�

7KH� &�6�5� VFKHPH� WDNHV� LQWR� DFFRXQW� D� QXPEHU� RI
GLIIHUHQW�SODQW� WUDLWV� �FDQRS\�KHLJKW��GU\�PDWWHU�FRQWHQW�
IORZHULQJ�SHULRG��IORZHULQJ�VWDUW�� ODWHUDO�VSUHDG��OHDI�GU\
ZHLJKW�� 6/$��� 7R� GHWHUPLQH� WKH� RQH� RI� ��� &�6�5� IXQF�
WLRQDO�W\SHV��+RGJVRQ�HW�DO���������IRU�����SODQW�VSHFLHV
UHFRUGHG� LQ� ��� DQDO\VHG� YHJHWDWLRQ� UHOHYpV� RI� VXE�
0HGLWHUUDQHDQ� ,OO\ULDQ� PHDGRZV� �DVVRFLDWLRQ� 'DQWKR�
QLR�6FRU]RQHUHWXP�YLOORVDH���ZH�XVHG�GDWD�IURP�ORRN�XS
WDEOH� ZLWK� &�6�5� W\SHV� IRU� ����� (XURSHDQ� VSHFLHV
�VRXUFH� -��*��+RGJVRQ��8&3(� 6KHIILHOG��� )RU� VSHFLHV� RI
XQNQRZQ�W\SH�ZH�XVHG�D�UDSLG�PHWKRG�IRU�DWWULEXWLRQ�RI
&�6�5� W\SH� IURP� VLPSOH� PHDVXUHPHQWV� DQG� GDWD� SXE�
OLVKHG�E\�+RGJVRQ�HW�DO���������

$�IXQFWLRQDO�VLJQDWXUH�FDQ�EH�GHULYHG�IRU�D�VDPSOH�RI
YHJHWDWLRQ�� 7KH� VLJQDWXUH� LV� D� QXPHULFDO� LQGH[� ZKLFK
FRQFLVHO\� UHSUHVHQWV� WKH� WRWDO� EDODQFH� EHWZHHQ� WKH� GLI�
IHUHQW� IXQFWLRQDO� DWWULEXWHV� WKDW� DUH� SUHVHQW� DPRQJ� WKH
FRPSRQHQW� VSHFLHV� �+RGJVRQ� HW� DO��� ������� 8VLQJ� WKH
PHWKRGRORJ\�RI�+XQW�HW�DO�� �������� WKH� UHODWLYH�SURSRU�
WLRQV� RI� &�6�5� IXQFWLRQDO� W\SHV� IRU� RXU� ��� VDPSOHV
�UHOHYpV��RI�YHJHWDWLRQ�ZHUH�FDOFXODWHG�DQG�SORWWHG�LQ�&�
6�5�VSDFH�

&ODVVLILFDWLRQ�DQG�RUGLQDWLRQ�DQDO\VLV

7R� FODVVLI\� WKH� UHOHYpV� DFFRUGLQJ� WR� WKHLU� VSHFLHV
FRPSRVLWLRQ��ZH�EXLOW�D�����VSHFLHV�[����UHOHYpV�PDWUL[

�DOO� PDWULFHV� DYDLODEOH� E\� DXWKRUV� RQ� UHTXHVW��� %UDXQ�
%ODQTXHW� FRYHU�DEXQGDQFH� GDWD� IRU� WKH� VSHFLHV� ZHUH
FRQYHUWHG� LQWR� D� �� WR� �� VFDOH� �YDQ� GHU� 0DDUHO�� ������
7KLV�PDWUL[�ZDV�WKHQ�VXEMHFWHG�WR�RUGLQDWLRQ�PHWKRGV��
'HWUHQGHG� &RUUHVSRQGHQFH� $QDO\VLV� �'&$�� �+LOO� 	
*DXFK�-U����������7KH�'&$�ZLWK�GHWUHQGLQJ�E\�VHJPHQWV
ZDV� XVHG� WR� HVWLPDWH� WKH� KHWHURJHQHLW\� LQ� WKH� VSHFLHV
GDWD��*UDGLHQW�OHQJWK�IRU�WKH�ILUVW�'&$�D[LV�ZDV������ LQ�
GLFDWLQJ� WKDW� ERWK� WKH� OLQHDU� DQG� XQLPRGDO� RUGLQDWLRQ
PHWKRGV�DUH�VXLWDEOH�IRU�WKH�DQDO\VLV��:H�GHFLGHG�WR�XVH
WKH� XQLPRGDO� �'&$�� RUGLQDWLRQ� PHWKRG� �/HSÊ� 	� ÉPL�
ODXHU��������

,Q� RUGHU� WR� LGHQWLI\� JURXSV� RI� VSHFLHV� ZLWK� VLPLODU
WUDLWV�� ZH� EXLOW� D� ��� WUDLWV� [� ���� VSHFLHV� PDWUL[�� 7KH
VFDOHV� RI� PHDVXUHPHQWV� RI� SODQW� DWWULEXWHV� ZHUH� RULJL�
QDOO\�FRQWLQXRXV��FDWHJRULFDO�RU�ELQDU\��EXW�WKH\�ZHUH�DOO
WUDQVIRUPHG�LQWR�FDWHJRULFDO�RU�ELQDU\�VFDOHV�SULRU�WR�WKH
DQDO\VLV�� 7KH� QXPEHU� RI� WUDLWV� LQ� WKH� PDWUL[� LQFUHDVHG
IURP���� WR����GXH� WR� WKH� IDFW� WKDW� WKH�FDWHJRULFDO� YDUL�
DEOHV� ZHUH� DOO� UH�FRGHG� LQWR� GLIIHUHQW� QXPEHUV� RI
GXPP\� YDULDEOHV� �� RQH� IRU� HDFK� SRVVLEOH� OHYHO� RI� WKH
IDFWRU��7DE������([DPSOH��WUDLW��OLIH�F\FOH��KDV�WKUHH�OHYHOV
RI� WKH� IDFWRU� ���� DQQXDO�� ���� ELHQQLDO� DQG� ���� SHUHQQLDO
VSHFLHV��:H�VXEPLWWHG�WKH�PDWUL[�WR�GLYLVLYH�FOXVWHULQJ��
7ZR�:D\�,1GLFDWRU�63HFLHV�$1DO\VLV��7:,163$1���+LOO�
������� ,W� ZDV� UXQ� XVLQJ� WKH� 7:,163$1� IRU� :LQGRZV
YHUVLRQ������+LOO�	�ÉPLODXHU��������

,Q� RUGHU� WR� LGHQWLI\� WKH� SUHGRPLQDQW� SODQW� WUDLWV� IRU
VWXGLHG�PHDGRZV��WKH�PDWUL[�RI����WUDLWV�E\�����VSHFLHV
ZDV�PXOWLSOLHG�E\�WKH�PDWUL[�RI�����VSHFLHV�[����UHOHYpV�
7KH�UHVXOW�ZDV�D�PDWUL[�RI����WUDLWV�[����UHOHYpV�WKDW�ZDV
DQDO\VHG�E\�WKH�PHDQV�RI�3ULQFLSDO�&RPSRQHQW�$QDO\VLV
�3&$���*RRGDOO���������7KH�YDOXHV�RI�WKH�WUDLWV�GDWD�ZHUH
ORJ�WUDQVIRUPHG�SULRU�WR�3&$�DQDO\VLV�

7KH� RUGLQDWLRQ�PHWKRGV� �3&$�� '&$�� DQG� YLVXDOL]D�
WLRQ� RI� WKHLU� UHVXOWV�ZHUH� FDUULHG� RXW� XVLQJ� WKH�&DQRFR
DQG�&DQR'UDZ�SURJUDPV��WHU�%UDDN�	�ÉPLODXHU��������

1RPHQFODWXUH

7D[RQRPLF�QRPHQFODWXUH�LV� LQ�DJUHHPHQW�ZLWK�0DU�
WLQáLá�HW� DO�� ��������ZKLOH� IRU� WKH� QDPHV� RI� WKH� V\QWD[D
ZH�IROORZ�.DOLJDULá��������

5(68/76�$1'�',6&866,21

6SHFLHV�FRPSRVLWLRQ�DQDO\VLV

7KH�WRWDO�QXPEHU�RI�YDVFXODU�SODQW�VSHFLHV� UHFRUGHG
LQ����UHOHYpV�RI�VWXGLHG�VSHFLHV�ULFK�JUDVVODQGV�ZDV����
ZLWK����RQ� OLPHVWRQH� �PHDQ� ������ ���� V�� G�� SHU� SORW�
1 ����DQG������PHDQ� ����������V�G��SHU�SORW��1� ����
RQ� JUDVVODQGV� IURP� IO\VFK��$OO� VSHFLHV� DUH� OLVWHG� LQ� $S�
SHQGL[����7KHUH�DUH����FRPPRQ�VSHFLHV�����VSHFLHV�H[�
FOXVLYH� WR� WKH� OLPHVWRQH�JUDVVODQGV�DQG����H[FOXVLYH� WR
WKH�JUDVVODQGV�RQ� WKH� IO\VFK��+LJKHU�VSHFLHV�GLYHUVLW\�RI
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)LJ�����'&$�RUGLQDWLRQ�GLDJUDP�RI�UHOHYnV��1� ���������VSHFLHV��RI�VXE�0HGLWHUUDQHDQ�,OO\ULDQ�PHDGRZV�IURP�WZR
GLVWLQFWLYH� JHRORJLFDO� VXEVWUDWHV�� (LJHQYDOXHV�� D[LV� ��  � ������� D[LV� ��  � ������� ������ RI� YDULDQFH� LQ� VSHFLHV� H[�
SODLQHG�E\�ERWK�D[HV��6KRZQ�VSHFLHV�KDYH�WKH�KLJKHVW�ZHLJKW��5HOHYnV�DUH�GLYLGHG�LQ�WZR�JURXSV�DFFRUGLQJ�WR�WKH
JHRORJLFDO� VXEVWUDWH��zz��� UHOHYnV� IURP� IO\VFK��{{� �� UHOHYnV� IURP� OLPHVWRQH��$EEUHYLDWLRQV�RI� VSHFLHV�H[SODLQHG� LQ
$SSHQGL[����5HOHYnV�QXPEHUV�FRUUHVSRQG�WR�WKRVH�LQ�$SSHQGL[���
6O�� ���'&$�RUGLQDFLMD� SRSLVRY� �1� ����� ���� YUVW�� VXEPHGLWHUDQVNLK� LOLUVNLK� WUDYQLNRY� ]� GYHK� UD]OLàQLK� JHRORÉNLK
SRGODJ��/DVWQH�YUHGQRVWL��RV��� ��������RV��� ��������REH�RVL�UD]ORËLWD�������YDULDELOQRVWL�Y�YUVWQL�VHVWDYL��3ULND�
]DQH�YUVWH�LPDMR�QDMYLÉML�YSOLY��3RSLVL�VR�ORàHQL�Y�GYH�VNXSLQL�JOHGH�QD�JHRORÉNR�SRGODJR��zz���SRSLVL�QD�IOLÉX��{{��
SRSLVL�QD�DSQHQFX��5D]ODJH�RNUDMÉDY�]D�YUVWH�VR�Y�3ULORJL����ÈWHYLONH�SRSLVRY�XVWUH]DMR�ÉWHYLONDP�SRSLVRY�Y�3ULORJL���

JUDVVODQGV�IURP�IO\VFK�LV�SUREDEO\�FRQQHFWHG�ZLWK�KLJKHU
VSHFLHV�SRRO�LQ�WKLV�DUHD��ZKLFK�LV�FORVHU�WR�WKH�$GULDWLF
6HD�DQG�PLOGHU�FOLPDWH��ZKLFK�FRQWULEXWH�D�VKDUH�RI�(X�
0HGLWHUUDQHDQ�VSHFLHV�� ODFNLQJ�RQ� WKH� OLPHVWRQH��EHLQJ
VOLJKWO\�GLVWDQW�IURP�WKH�VHD�

7R� VXSSRUW� WKLV� VWDWHPHQW�� ZH� UHIHU� WR� H�J�� 3ROGLQL
�������� LQ� WKH�DWODV� RI� UHJLRQDO� IORUD�� RQH�RI� WKH� ULFKHVW
DUHDV�ZDV�LQ�ORZHU�DOWLWXGHV��QHDU�WKH�VHD��'LIIHUHQFHV�LQ
IORULVWLF� FRPSRVLWLRQ� ZHUH� ILUVW� DQDO\VHG� ZLWK� '&$
DQDO\VLV�RI�WKH�����VSHFLHV�[����UHOHYpV�PDWUL[��'&$�RU�
GLQDWLRQ� LV� VKRZQ� LQ� ILJXUH� ��� (LJHQYDOXHV� IRU� ILUVW� WZR
'&$�D[HV� DUH� ������ DQG�������� )LUVW� WZR� D[HV� H[SODLQ
WRJHWKHU� ������ YDULDELOLW\� LQ� WKH� VSHFLHV� FRPSRVLWLRQ�
5HOHYpV�DUH�UDWKHU�FRQWLQXRXVO\�DUUDQJHG�DORQJ�WKH�'&$
$[LV� �� �)LJ�� ���� (QYLURQPHQWDO� JUDGLHQW� FRXOG� EH� LQWHU�
SUHWHG� RQ� WKH� EDVLV� RI� WKH� VSHFLHV� RUGLQDWLRQ�� 7KH� VSH�

FLHV�ZLWK� WKH� ORZHVW� VFRUHV� ��;�� DUH� WKRVH� FKDUDFWHULVWL�
FDOO\�IRXQG�RQ�GHHSHU�VRLO��ZLWK�PRUH�KXPXV�DQG�PRLV�
WXUH� DQG� QHXWUDO� WR� VOLJKWO\� DFLG� S+�� 3HXFHGDQXP� FHU�
YDULD�� 'RU\FQLXP� JHUPDQLFXP�� 7HXFULXP� FKDPDHGU\V�
*DOLXP�OXFLGXP��7ULIROLXP�UXEHQV��&KU\VRSRJRQ�JU\OOXV
DQG� &DUH[� IODFFD�� 3RWHQWLOOD� DOED�� +\SRFKRHULV� PDFX�
ODWD��&DUH[�KXPLOLV��,QXOD�KLUWD�ZHUH�VRPH�RI�WKH�VSHFLHV
UHFHLYLQJ�WKH�KLJKHVW�VFRUHV�LQ�WKH�ILUVW�'&$��L�H��WKH\�DUH
DVVRFLDWHG�ZLWK�VLWHV�ZLWK�PRUH�ZDUP��GU\�DQG�EDVLSKL�
ORXV�FRQGLWLRQV��'LVSHUVLRQ�RI�UHOHYpV�DORQJ�WKH�ILUVW�D[LV
RI� WKH� '&$� VXJJHVWHG� D� JUDGLHQW� RI� VRLO� KXPLGLW\� DQG
VRLO� S+�� 5HOHYpV� RI� WKH� PRVW� KXPLG� DQG� QHXWUDO� WR
VOLJKWO\� DFLG� VRLO� RQ� WKH� IO\VFK� �1RV�� �� WR� ���� DUH� SRVL�
WLRQHG�RQ�WKH�OHIW�VLGH��DQG�UHOHYpV�RI�WKH�YHU\�GU\�VKDO�
ORZ�OLPHVWRQH�VRLOV�ZLWK�KLJK�S+��1R���������DUH�SRVL�
WLRQHG�RQ�WKH�ULJKW�VLGH�RI�WKH�'&$�RUGLQDWLRQ�ELSORW�
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3ODQW�IXQFWLRQDO�W\SHV

2Q� WKH�EDVLV�RI�7ZLQVSDQ�DQDO\VLV�RI� WKH���� WUDLWV�[
����VSHFLHV�PDWUL[��)LJ������ZH�GLVWLQJXLVKHG�ILYH�JURXSV
�FOXVWHUV�� WKDW� FRXOG� EH� LQWHUSUHWHG� DV� SODQW� IXQFWLRQDO
W\SHV��3)7��

)LJ�� ��� 6LPSOLILHG� 7:,163$1� FODVVLILFDWLRQ� WUHH� �GHQ�
GURJUDP��RI� ���� VSHFLHV�� )RU� HDFK�GLYLVLRQ�QXPEHU�RI
JURXS�� QXPEHUV� RI� VSHFLHV� �LQ� EUDFNHWV�� LQ� JURXS� DQG
LQGLFDWRU�WUDLWV�DUH�VKRZQ��$EEUHYLDWLRQV�RI�SODQW�WUDLWV
DUH�H[SODLQHG�LQ�7DEOH���
6O�� ��� 3RHQRVWDYOMHQ� GLDJUDP� 7:,163$1�NODVLILNDFLMH
�GHQGURJUDP��]D�����YUVW��=D�YVDNR�GHOLWHY�VR�SULND]DQL
ÉWHYLOR�VNXSLQH��ÉWHYLOR�YUVW�Y�VNXSLQL��Y�RNOHSDMX��LQ�LQ�
GLNDWRUVNL� IXQNFLRQDOQL� ]QDNL�� 2NUDMÉDYH� ]D� IXQNFLRQ�
DOQH�]QDNH�VR�UD]ORËHQH�Y�7DEHOL���

*URXS�$� LQFOXGHG���� VSHFLHV��7KH\�ZHUH� DOO� DQQXDO
VSHFLHV� �WKHURSK\WHV�� �$QQ��7K��ZLWK� UHODWLYHO\� KLJK� YDO�
XHV� IRU�6/$� �6/$����+HLJKW�YDOXHV�RI�6/$� WHQG� WR� FRUUH�
VSRQG�ZLWK� UHODWLYHO\� ORZ� LQYHVWPHQWV� LQ� OHDI� �GHIHQFHV�
DQG�VKRUW� OHDI� OLIHVSDQ��6SHFLHV� LQ�UHVRXUFH�ULFK�HQYLURQ�
PHQWV�WHQG�WR�KDYH�ODUJHU�6/$�WKDQ�WKRVH�LQ�HQYLURQPHQWV
ZLWK� UHVRXUFH� VWUHVV� �&RUQHOLVVHQ� HW� DO��� ������� 6SHFLHV
IURP� JURXS� $� UHSURGXFH� E\� VHHGV� �5HS���� WKH\� GR� QRW
KDYH� VWRUDJH�RUJDQV� �6WRU2UJB���DQG� WKH\�GR�QRW�SURSD�
JDWH�YHJHWDWLYHO\� �9HJ3URB����:H�FRXOG� ILQG�KHUH�%ODFN�
VWRQLD� SHUIROLDWD�� /LQXP� FDWKDUWLFXP�� 5KLQDQWKXV� VSS��
7ULIROLXP�FDPSHVWUH�DQG�&HQWDXULXP�HU\WKUHD��*URXSV�%
DQG�&� UHSUHVHQWHG� SHUHQQLDO� VSHFLHV� �3HUHQ��� KHPLFU\S�
WRSK\WHV��+H��ZLWK�UKL]RPHV��5KL��DQG�ZLWK�KLJKHU�YDOXHV
IRU�/'0&� �/'0&�����6SHFLHV� IURP�JURXS�%�ZHUH�PRVWO\
WDOO�KHPLFU\SWRSK\WHV� �+H��ZLWK� OHDI\� VWHP� �/HDBVW��� OLNH
$FKLOOHD� FROOLQD�� %XSKWKDOPXP� VDOLFLIROLXP�� &HQWDXUHD
WULXPIHWWL�VXEVS��DGVFHQGHQV�DQG�&��SDQQRQLFD��/HXFDQ�
WKHPXP� OLEXUQLFXP��'LDQWKXV� WHUJHVWLQXV� DQG�2QREU\�
FKLV�DUHQDULD��*URXS�&�LV�FKDUDFWHUL]HG�E\�URVHWWH� �5RVH�

DQG� KHPLURVHWWH� �5RBOHD�� SODQWV�� &DUOLQD� DFDXOLV�� (U\Q�
JLXP� DPHWK\VWLQXP�� *OREXODULD� SXQFWDWD�� +\SRFKRHULV
PDFXODWD��/HRQWRGRQ�KLVSLGXV��3ODQWDJR� VSS��� 3RWHQWLOOD
DOED�� 7UDJRSRJRQ� RULHQWDOLV� DQG� 7ULIROLXP� PRQWDQXP�
7KH�ODVW�WZR�JURXSV��'�DQG�(��ZHUH�VHSDUDWHG�IURP�RWKHUV
DOUHDG\�DW�WKH�ILUVW�FXW�OHYHO����VSHFLHV�IURP�JURXS�'�ZHUH
PDLQO\�FKDPDHSK\WHV��&KDP��ZLWK�OHDI\�VWHP��&KDPDHV�
SDUWLXP� VDJLWWDOH�� 7HXFULXP� FKDPDHGU\V� DQG� 7K\PXV
ORQJLFDXOLV��,Q�FRPSDULVRQ�WR�RWKHUV��WKLV�JURXS�LQFOXGHG
VLJQLILFDQWO\� KLJKHU� VKDUH� RI� ODWH� IORZHULQJ� VSHFLHV�� 7KH
PRVW�KRPRJHQRXV�ZDV� JURXS� (�ZLWK���� VSHFLHV��ZKHUH
ZH� FRXOG� ILQG� WXVVRFN�IRUPLQJ� VSHFLHV��ZLWK� VFOHURPRU�
SKLF� OHDYHV�DQG�KLJK�/'0&�YDOXHV��$OO� WKLV� LQIRUPDWLRQ
LQGLFDWHG� WKDW� WKLV� JURXS� ZDV� ULFK� RQ� JUDVVHV� �IDP�

)LJ�� ��� 3&$� RUGLQDWLRQ� GLDJUDP� RI� PDWUL[� �� ZLWK� ��
UHOHYnV�DQG����WUDLWV��(LJHQYDOXHV��D[LV��� �������D[LV��
 �������������RI�YDULDQFH�LQ�VSHFLHV�H[SODLQHG�E\�ERWK
D[HV��6KRZQ�WUDLWV������KDYH�WKH�KLJKHVW�ZHLJKW��5HOHYnV
GLYLGHG�LQ�WZR�JURXSV�DFFRUGLQJ�WR�WKH�JHRORJLFDO�EHG�
URFN��zz� �� UHOHYnV� IURP� IO\VFK��{{� �� UHOHYnV� IURP� OLPH�
VWRQH��$EEUHYLDWLRQV� RI� SODQW� WUDLWV� H[SODLQHG� LQ� 7DEOH
���5HOHYnV�QXPEHUV�FRUUHVSRQG�WR�WKRVH� LQ�WKH�$SSHQ�
GL[���
6O�����3&$�RUGLQDFLMD�PDWULNH���V����SRSLVL�LQ����UDVWOLQ�
VNLPL� IXQNFLRQDOQLPL� ]QDNL�� /DVWQH� YUHGQRVWL�� RV� ��  
������RV��� �������REH�RVL�UD]ORËLWD�������YDULDELOQRVWL
Y�YUVWQL�VHVWDYL��3ULND]DQL�IXQNFLRQDOQL�]QDNL������LPDMR
QDMYLÉML� YSOLY�� 3RSLVL� ORàHQL� Y� GYH� VNXSLQL� JOHGH� QD
JHRORÉNR�SRGODJR��zz���SRSLVL�QD�IOLÉX��{{���SRSLVL�QD�DS�
QHQFX�� 5D]ODJH� RNUDMÉDY� ]D� IXQNFLRQDOQH� ]QDNH� VR� Y
3ULORJL����ÈWHYLONH�SRSLVRY�XVWUH]DMR�ÉWHYLONDP�SRSLVRY�Y
3ULORJL���
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3RDFHDH�� DQG� JUDVV�OLNH� SODQWV� �IDP�� &\SHUDFHDH�� �H�J�
$QWKR[DQWKXP� RGRUDWXP�� %RWKULRFKORD� LVFKDHPXP�
%UDFK\SRGLXP�UXSHVWUH��%UL]D�PHGLD��%URPRSVLV�HUHFWD�
&DUH[�IODFFD�DQG�&��KXPLOLV��&K\UVRSRJRQ�JU\OOXV��'DQ�
WKRQLD�DOSLQD�DQG�'��GHFXPEHQV��)HVWXFD�SUDWHQVLV�DQG
)��UXEUD��.RHOHULD�S\UDPLGDWD��3RD�SUDWHQVLV�����

$� 3&$� RUGLQDWLRQ� RI� PDWUL[� �� ZLWK� ��� WUDLWV� [� ��
UHOHYpV�ZDV�SHUIRUPHG�LQ�RUGHU� WR�GLIIHUHQWLDWH� WKH�DQD�
O\]HG�VXE�0HGLWHUUDQHDQ� ,OO\ULDQ�PHDGRZV�RQ� WKH�EDVLV
RI�ILYH�3)7�DFFRUGLQJ�WR�WKH�WZR�GLVWLQFW�JHRORJLFDO�VXE�
VWUDWHV��2UGLQDWLRQ�JUDSK� LV�SUHVHQWHG� LQ� ILJXUH����2QO\
��� WUDLWV� ZLWK� WKH� KLJKHVW� ZHLJKW� �PRVW� VLJQLILFDQW�� DUH
VKRZQ� LQ� WKH� RUGLQDWLRQ� GLDJUDP�� 7KH� DQJOHV� EHWZHHQ
DUURZV�LQGLFDWH�FRUUHODWLRQV�EHWZHHQ�WUDLWV��5HOHYpV�ZLWK
KLJK� SURSRUWLRQ� RI� VSHFLHV� UHSURGXFLQJ� E\� VHHGV� DQG
YHJHWDWLYHO\� �5HS���KDG� DOVR� KLJK� VKDUHV� RI� KHUEDFHRXV
SODQWV� �*KHUE��SODQWV�DQG�FRPSHWLWRUV� �&���5HOHYpV�ZLWK
KLJK�SURSRUWLRQ�RI�KHPLFU\SWRSK\WHV��+H��KDG�DOVR�PDQ\
SHUHQQLDO��3HUHQ��DQG�WDOO�VSHFLHV��+HLJKW��

7UDLWV�WKH�PRVW�FRUUHODWHG�ZLWK�UHOHYpV�VFRUHV�RI�3&$
D[LV� �� �HLJHQYDOXH�  � ������ ZHUH� WXEHU� �7XEH�� DQG
FKDPDHSK\WHV��&K��

,Q� WKH� 3&$�RUGLQDWLRQ�RI� DOO� UHOHYpV� RQ� WKH� EDVLV� RI
SODQW�WUDLWV��)LJ������UHOHYpV�IURP�OLPHVWRQH�ZHUH�JURXSHG
LQ� WKH� ORZHU� ULJKW� VLGH� RI� WKH� RUGLQDWLRQ� ELSORW�� 7KRVH
UHOHYpV�KDG�ELJJHU�VKDUHV�RI�VSHFLHV��ZKLFK�SURSDJDWH�E\
VHHG�DQG�YHJHWDWLYHO\��5HS����FRPSHWLWRUV� �&��DQG�KHUEV
�*KHUE���1HYHUWKHOHVV�� LW�FRXOG�EH�FRQFOXGHG� WKDW� WKHUH
DUH� QR�PDMRU� IXQFWLRQDO� GLIIHUHQFHV� EHWZHHQ� PHDGRZV
IURP�ERWK�JHRORJLFDO�VXEVWUDWHV�

&65�VWUDWHJLHV

,Q� ILJXUH���� WKH�SRVLWLRQV�RI�DOO�FDOFXODWHG�VLJQDWXUHV
IRU� ��� UHOHYpV� RI� VXE�0HGLWHUUDQHDQ� ,OO\ULDQ� PHDGRZV
IURP�WZR�FRQWUDVWLQJ�JHRORJLFDO�VXEVWUDWHV�DUH�SUHVHQWHG
LQ�VWDQGDUG�&�6�5�WHUQDU\�GLDJUDP��5HOHYpV�DUH�JURXSHG
LQ� WKH� XSSHU� SDUW� RI� WKH� WULDQJOH�� VKRZLQJ� UHODWLYH� LP�

SRUWDQFH� RI� &� FRPSRQHQW� �FRPSHWLWLRQ��� 7KH� VHFRQG
REMHFWLYH�ZDV� WR� WHVW� LI� GLIIHUHQW� JHRORJLFDO� EHGURFN� UH�
VXOWHG� LQ� VLJQLILFDQW� GLIIHUHQFHV� LQ� &�6�5� VWUDWHJLHV�� 1R
VLJQLILFDQW� GLIIHUHQFHV� ZDV� IRXQG�� H[FHSW� IRU� WKH� WZR
UHOHYpV� IURP� OLPHVWRQH�� WKH\� VKRZ� LQIOXHQFH� RI� VWUHVV�
WROHUDWRUV��ZLQG�H[SRVHG�SRVLWLRQV��GU\HU�FDOFDUHRXV�VXE�
VWUDWH���DQG�D�IHZ�UHOHYpV�IURP�IO\VFK�KDYH�KLJKHU�LPSDFW
RI�&�FRPSRQHQW� �FRQVLVWHG�RI� W\SLFDO�FRPSHWLWRUV� LQ� IHU�
WLOH�VRLO�DQG�IDYRXUDEOH�FOLPDWH���8QOHVV� LW�FRXOG�EH�FRQ�
FOXGHG� WKDW� WKH� UHODWLYH� SURSRUWLRQV� RI�&�6�5� IXQFWLRQDO
W\SHV�DUH�QRW�LQIOXHQFHG�E\�GLIIHUHQW�JHRORJLFDO�EHGURFN�

)LJ�� ��� &�6�5� RUGLQDWLRQ� RI� YHJHWDWLRQ� RI� UHOHYnV� �1�  
���� ���� VSHFLHV�� RI� VXE�0HGLWHUUDQHDQ� ,OO\ULDQ� PHDG�
RZV� IURP� WZR� FRQWUDVWLQJ� JHRORJLFDO� VXEVWUDWHV�� zz� �
UHOHYnV�IURP�IO\VFK��{{���UHOHYnV�IURP�OLPHVWRQH�
6O�����&�6�5�RUGLQDFLMD�SRSLVRY��1� ���������YUVW�� VXE�
PHGLWHUDQVNLK� LOLUVNLK� WUDYQLNRY� L]� GYHK� UD]OLàQLK� JHR�
ORÉNLK�SRGODJ��zz���SRSLVL�QD�IOLÉX��{{���SRSLVL�QD�DSQHQ�
FX�

)81.&,21$/1$�35,0(5-$9$�68%0(',7(5$16.,+�,/,56.,+�75$91,.29
=�'9(+�5$=/,à1,+�*(2/2É.,+�32'/$*

1DWDÈD�3,3(1%$+(5��0LWMD�.$/,*$5,Þ�	�6RQMD�Ç.251,.
2GGHOHN�]D�ELRORJLMR��)DNXOWHWD�]D�QDUDYRVORYMH�LQ�PDWHPDWLNR��8QLYHU]D�Y�0DULERUX��6,������0DULERU��.RURÊND������6ORYHQLMD

(�PDLO��QDWDVD�SLSHQEDKHU#XQL�PE�VL

329=(7(.

9�SULßXMRßHP�ßODQNX�VPR�SULPHUMDOL�IORULVWLßQL�LQ�IXQNFLRQDOQL�SULVWRS�SUL�NODVLILNDFLML�WLSRY�YHJHWDFLMH�QD�SULPHUX
VXE�PHGLWHUDQVNLK� LOLUVNLK� WUDYLÈß� DVRFLDFLMH� 'DQWKRQLR�6FRU]RQHUHWXP� YLOORVH� �]YH]H� 6FRU]RQHULRQ� YLOORVDH�� UHGD
6FRU]RQHUHWDOLD� YLOORVDH�� UD]UHGD� )HVWXFR�%URPHWHD��� %D]D� SRGDWNRY� MH� REVHJDOD� WDEHOR� V� ��� SRSLVL� WUDYLÈß� L]� 6=
6ORYHQLMH��]EUDQLK�QD�GYHK�UD]OLßQLK�JHRORÈNLK�SRGODJDK���IOLÈX�LQ�DSQHQFX���LQ�PDWULNH�]����IXQNFLRQDOQLPL�]QDNL�
NL�VPR�MLK�GRORßLOL�]D�����UDVWOLQVNLK�YUVW��1DÈ�FLOM�MH�ELO�WXGL�XJRWRYLWL��DOL�UD]OLßQD�JHRORÈND�SRGODJD�YSOLYD�QD�GHOHÊH
SRVDPH]QLK�&�6�5�HNRORÈNLK�VWUDWHJLM�UDVWOLQ�Y�SRSLVLK�
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1DMSUHM�VPR�DQDOL]LUDOL�UD]QROLNRVW� IORULVWLßQH�VHVWDYH�]� LQGLUHNWQR�DQDOL]R�JUDGLHQWRY� �'&$�� LQ�QD�SRGODJL�RUGL�
QDFLMH� SRSLVRY� LQ� YUVW� XJRWRYLOL�� GD� VR� VH� SRSLVL� UD]SRUHGLOL� VRUD]PHUQR� ]YH]QR� Y]GROÊ� JUDGLHQWD� YODÊQRVWL� �R]�
VXÈQRVWL��WHU�NHPLMVNH�UHDNFLMH��S+��WDO��3RSLVL�]�UD]OLßQLK�JHRORÈNLK�SRGODJ�VR�ELOL�PHG�VDER�MDVQR�ORßHQL��6�NODVLIL�
NDFLMVNR�DQDOL]R�7ZLQVSDQ�PDWULNH����IXQNFLRQDOQLK�]QDNRY�×�����UDVWOLQVNLK�YUVW�VPR�GRORßLOL���VNXSLQ�YUVW��NL�VPR
MLK�LQWHUSUHWLUDOL�NRW�IXQNFLRQDOQL�WLSL��NL�VH�SRMDYOMDMR�QD�REUDYQDYDQLK�VXKLK�WUDYLÈßLK�

=D�XJRWDYOMDQMH�UD]OLNH�PHG�SRSLVL�QD�DSQHQFX�LQ�IOLÈX�QD�SRGODJL�L]EUDQLK�IXQNFLRQDOQLK�]QDNRY�UDVWOLQ�VPR�PD�
WULNR����IXQNFLRQDOQLK�]QDNRY�×�����YUVW�SRPQRÊLOL�]�PDWULNR�����YUVW�×����SRSLVRY��.RW�UH]XOWDW�VPR�GRELOL�PDWULNR
���IXQNFLRQDOQLK�]QDNRY�×����SRSLVRY��NL�VPR�MR�QDWR�DQDOL]LUDOL�]�LQGLUHNWQR�RUGLQDFLMVNR�PHWRGR�JODYQLK�NRPSR�
QHQW��DQDOL]R�3&$���1D�JUDIX�VH�MH�QD�SRGODJL�IXQNFLRQDOQLK�]QDNRY�UDVWOLQ�REOLNRYDOR�NDU�QHNDM�PDQMÈLK�VNXSLQ�SRSL�
VRY��7XGL� WRNUDW� VR�VH�SRSLVL� L]�DSQHQFD� UD]SRUHGLOL� VNXSDM�� LQ� VLFHU�GHVQR� VSRGDM� Y�JUDIX��7R�SRPHQL��GD� VR�PHG
]EUDQLPL� IXQNFLRQDOQLPL� ]QDNL� WXGL� WDNÈQL�� NL� LPDMR� YHßMH� GHOHÊH� YUVW� �QSU�� NRPSHWLWRUML� �&��� ]HOLÈßD� �*KHUE��
UD]PQRÊHYDQMH�V�VHPHQL�LQ�YHJHWDWLYQR��5HS����DOL�SD�PDQMÈH�GHOHÊH�YUVW��QSU��OHVQH�YUVWH��*ZRRG���Y�SRSLVLK�QD�DS�
QHQFX�Y�SULPHUMDYL�V�SRSLVL�QD�IOLÈX��9HQGDU�SD�SR�DQDOL]L�WHK�]QDNRY�XJRWDYOMDPR��GD�OH�WL�QLPDMR�YHßMHJD�SRPHQD
LQ�]DNOMXßXMHPR��GD�QL�]QDßLOQLK�UD]OLN�PHG�WUDYLÈßL�QD�DSQHQFX�LQ�IOLÈX�JOHGH�QD�IXQNFLRQDOQH�]QDNH�LQ�WLSH�UDVWOLQ�
7XGL� UD]SRUHGLWHY� SRSLVRY� Y� WULNRWQLNX� &�6�5� QD� SRGODJL� UHODWLYQLK� GHOHÊHY� SRVDPH]QLK� &�6�5�HNRORÈNLK� VWUDWHJLM
UDVWOLQ�Y�SRSLVLK�QH�GRND]XMH�]QDßLOQLK�UD]OLN�PHG�SRSLVL�QD�DSQHQFX�LQ�IOLÈX�

.OMXÞQH�EHVHGH��VXKL�WUDYQLNL��UDVWOLQVNL�IXQNFLRQDOQL�WLSL��)HVWXFR�%URPHWHD��YHJHWDFLMD��&�6�5�VWUDWHJLMH�UDVWOLQ�
-=�6ORYHQLMD

5()(5(1&(6

%UDXQ�%ODQTXHW��-����������3IODQ]HQVR]LRORJLH��*UXQG]��
JH�GHU�9HJHWDWLRQVNXQGH��6SULQJHU�9HUODJ��:LHQ������S�
&KDSLQ�� )�� 6�� ,��� 0�� 6�� %UHW�+DUWH�� 6�� (�� +REELH� 	� +�
=KRQJ� �������� 3ODQW� IXQFWLRQDO� W\SHV� DV� SUHGLFWRUV� RI
WUDQVLHQW�UHVSRQVHV�RI�DUFWLF�YHJHWDWLRQ�WR�JOREDO�FKDQJH�
-��9HJ��6FL��������������
&RUQHOLVVHQ��-��+��&���6��/DYRUHO��(��*HUQLHU��6��'LD]��1�
%XFKPDQQ��'��(��*XUYLFK��3��%��5HLFK��+��WHU�6WHHJH��+�
'��0RUJDQ��0��*��$��YDQ�GHU�+HLMGHQ��-��*��3DXVDV�	�+�
3RRUWHU� �������� $� KDQGERRN� RI� SURWRFROV� IRU� VWDQGDUG�
LVHG� DQG� HDV\� PHDVXUHPHQW� RI� SODQW� IXQFWLRQDO� WUDLWV
ZRUOGZLGH��$XVW��-��%RW���������������
'LD]��6��	�0��&DELGR���������3ODQW�IXQFWLRQDO�W\SHV�DQG
HFRV\VWHP�IXQFWLRQ�LQ�UHODWLRQ�WR�JOREDO�FKDQJH�� -��9HJ�
6FL�������������
'LD]��6���6��0F,QW\UH��6��/DYRUHO�	�-��*��3DXVDV��������
'RHV�KDLULQHVV�PDWWHU� LQ�+DUDUH"�5HVROYLQJ�FRQWURYHUV\
LQ�JOREDO�FRPSDULVRQV�RI�SODQW�WUDLW�UHVSRQVHV�WR�HFRV\V�
WHP�GLVWXUEDQFH��1HZ�3K\WRO������������
'LHUVFKNH�� +�� �������� 3IODQ]HQVR]LRORJLH�� *UXQGODJH
XQG�0HWKRGH��8OPHU��6WXWWJDUW�
*LWD\��+����������'HULYLQJ� IXQFWLRQDO� W\SHV�IRU� UDLQ�IRU�
HVW�WUHHV��-��9HJ��6FL���������������
*LWD\��+��	�,��5��1REOH���������:KDW�DUH�SODQW�IXQFWLRQDO
W\SHV�DQG�KRZ�VKRXOG�ZH�VHHN�WKHP"�,Q��6PLWK��7��0��+�
+�� 6KXJDUW� 	� )�� ,�� :RRGZDUW� �HGV���� 3ODQW� IXQFWLRQDO
W\SHV��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��SS�������
*RRGDOO��'��:����������2EMHFWLYH�PHWKRGV�IRU�WKH�FODV�
VLILFDWLRQ�RI�YHJHWDWLRQ�� ,,��$Q�HVVD\� LQ� WKH�XVH�RI� IDFWRU
DQDO\VLV��$XVW��-��%RW��������������

*ULPH�� -�� 3�� �������� 9HJHWDWLRQ� FODVVLILFDWLRQ� E\� UHIHU�
HQFH�WR�VWUDWHJLHV��1DWXUH�������������
*ULPH�� -�� 3�� �������� 3ODQW� VWUDWHJLHV�� YHJHWDWLRQ� SURF�
HVVHV�� DQG� HFRV\VWHP� SURSHUWLHV�� -RKQ� :LOH\� 	� 6RQV�
&KLFKHVWHU�
*ULPH�� -�� 3�� �������� 'HFOLQLQJ� SODQW� GLYHUVLW\�� HPSW\
QLFKHV�RU�IXQFWLRQDO�VKLIWV"�-��9HJ��6FL���������������
*ULPH�� -�� 3��� -�� *�� +RGJVRQ� 	� 5�� +XQW� �������� &RP�
SDUDWLYH� SODQW� HFRORJ\�� D� IXQFWLRQDO� DSSURDFK� WR� FRP�
PRQ�%ULWLVK�VSHFLHV��8QZLQ�+\PDQ�/WG���/RQGRQ�
*ULPH��-��3���.��7KRPSVRQ��5��+XQW��-��&��+RGJVRQ��-��+�
&��&RUQHOLVVHQ�	�,63�WHDP��������� ,QWHJUDWHG�VFUHHQLQJ
YDOLGDWHV�SULPDU\�D[HV�RI�VSHFLDOL]DWLRQ�LQ�SODQWV��2LNRV�
������������
+HJL�� *�� �������� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�,9�����7HLO��&DUO�+DQVHU�9HUODJ��0�QFKHQ�
+HJL�� *�� �������� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�,,,�����7HLO��&DUO�+DQVHU�9HUODJ��0�QFKHQ�
+HJL�� *�� �������� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�9�����7HLO��3DXO�3DUH\�9HUODJ��%HUOLQ��+DPEXUJ�
+HJL�� *�� �������� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�,��&DUO�+DQVHU�9HUODJ��0�QFKHQ�
+HJL�� *�� �������� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�,9�����7HLO��&DUO�+DQVHU�9HUODJ��0�QFKHQ�
+HJL�� *�� �������� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�9,����7HLO��9HUODJ�3DXO�3DUH\��%HUOLQ��+DPEXUJ�
+HJL�� *�� �������� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�9,�����7HLO��3DXO�3DUH\�9HUODJ��%HUOLQ��+DPEXUJ�
+LOO��0��2����������'(&25$1$��$� IRUWUDQ�SURJUDP� IRU
GHWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV�DQG�UHFLSURFDO�DYHU�
DJLQJ��&RUQHOO�8QLYHUVLW\��,WKDFD��1<�
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+LOO��0��2��	�+��*��*DXFK�-U����������'HWUHQGHG�&RUUH�
VSRQGHQFH�$QDO\VLV��DQ�LPSURYHG�RUGLQDWLRQ�WHFKQLTXH�
9HJHWDWLR������������
+LOO��0��2��	�3��ÆPLODXHU���������7:,163$1�IRU�:LQ�
GRZV�YHUVLRQ������&HQWUH� IRU�(FRORJ\�DQG�+\GURORJ\�	
8QLYHUVLW\� RI� 6RXWK� %RKHPLD�� +XQWLQJGRQ� 	� àHVNp
%XGíMRYLFH�
+RGJVRQ��-��*���3��-��:LOVRQ��5��+XQW��-��3��*ULPH�	�.�
7KRPSVRQ� �������� $OORFDWLQJ� &�6�5� SODQW� IXQFWLRQDO
W\SHV�� D� VRIW� DSSURDFK� WR� D� KDUG� SUREOHP�� 2LNRV�� ���
��������
+XQW��5���-��*��+RGJVRQ��.��7KRPSVRQ��3��%XQJHQHU��1�
3��'XQQHWW�	�$��3��$VNHZ���������$�QHZ�SUDFWLFDO� WRRO
IRU�GHULYLQJ�D� IXQFWLRQDO�VLJQDWXUH� IRU�KHUEDFHRXV�YHJH�
WDWLRQ��$SSO��9HJ��6FL��������������
.DKPHQ��6���3��3RVFKORG�	�.��6FKUHLEHU���������&RQVHU�
YDWLRQ� PDQDJHPHQW� FDOFDUHRXV� JUDVVODQGV�� &KDQJHV� LQ
SODQW� VSHFLHV� FRPSRVLWLRQ� DQG� UHVSRQVH� RI� IXQFWLRQDO
WUDLWV�GXULQJ����\HDUV��%LRO��&RQVHUY����������������
.DOLJDULÞ�� 0�� �������� 5DVWOLQVWYR� 3ULPRUVNHJD� NUDVD� LQ
6ORYHQVNH�,VWUH��WUDYQLNL�LQ�SDÊQLNL��=JRGRYLQVNR�GUXÊWYR
]D�MXÌQR�3ULPRUVNR��=56�.RSHU������VWU�
.DOLJDULÞ��0���1��ÆDMQD�	�6��ÆNRUQLN���������,V�YDULHW\�RI
VSHFLHV�ULFK� VHPL�QDWXUDO� 0HVREURPLRQ� JUDVVODQGV� GH�
WHFWDEOH� ZLWK� IXQFWLRQDO� DSSURDFK"� $QQDOHV�� 6HU�� +LVW�
1DW������������������
.DOLJDULÞ��0���0��&XOLEHUJ�	�%��.UDPEHUJHU���������5H�
FHQW�YHJHWDWLRQ�KLVWRU\�RI� WKH�1RUWK�$GULDWLF�JUDVVODQGV�
H[SDQVLRQ�DQG�GHFD\�RI�DQ�DQWKURSRJHQLF�KDELWDW��)ROLD
*HRERW���������������
.HGG\��3��$����������$�SUDJPDWLF�DSSURDFK�WR�IXQFWLRQDO
HFRORJ\��)XQFW��(FRO��������������
.OH\HU��0����������'LVWULEXWLRQ�RI�SODQW�IXQFWLRQDO�W\SHV
DORQJ� JUDGLHQWV� RI� GLVWXUEDQFH� LQWHQVLW\� DQG� UHVRXUFH
VXSSO\� LQ� DQ� DJULFXOWXUDO� ODQGVFDSH�� -�� 9HJ�� 6FL��� ���
��������
.OH\HU��0���5��0��%HNNHU�� ,��&��.QHYHO�� -��3��%DNNHU��.�
7KRPSVRQ�� 0�� 6RQQHQVFKHLQ�� 3�� 3RVFKORG�� -�� 0�� YDQ
*URHQHQGDHO�� /�� .OLPHV�� -�� .OLPHVRYg�� 6�� .ORW]�� *�� 0�
5XVFK��0��+HUP\��'��$GULDHQV��*��%RHGHOWMH��%��%RVVX\W�
3��(QGHOV��/��*xW]HQEHUJHU��-��*��+RGJVRQ��$��.��-DFNHO�
$��'DQQHPDQQ��,��.}KQ��'��.XQ]PDQQ��:��$��2]LQJD��&�
5xPHUPDQQ��0�� 6WDGOHU�� -�� 6FKOHJHOPLOFK��+�� -�� 6WHHQ�
GDP��2��7DFNHQEHUJ��%��:LOPDQQ�� -��+��&��&RUQHOLVVHQ�
2��(ULNVVRQ��(��*DUQLHU��$��)LWWHU�	�%��3HFR� ��������7KH
/('$�7UDLWEDVH��$�GDWDEDVH�RI�SODQW� OLIH�KLVWRU\� WUDLWV�RI
1RUWK�:HVW�(XURSH�� �KWWS���ZZZ�OHGD�WUDLWEDVH�RUJ�/('$
SRUWDO��
.ORW]��6���,��.XKQ�	�:��'XUND���������%,2/)/25���(LQH
'DWHQEDQN�PLW�ELRORJLVFK�RNRORJLVFKHQ�0HUNPDOHQ� ]XU
)ORUD�YRQ�'HXWVFKODQG��6FKULIWHQU��9HJHWDWLRQVN���������
����
.xUQHU��&����������6FDOLQJ�IURP�VSHFLHV�WR�YHJHWDWLRQ��WKH
XVHIXOQHVV�RI�IXQFWLRQDO�JURXSV��,Q��6FKXO]H��(��'��	�+��$�
0RRQH\� �HGV���� %LRGLYHUVLW\� DQG� (FRV\VWHP� )XQFWLRQ�

(FRORJLFDO�6WXGLHV��6SULQJHU�9HUODJ��%HUOLQ��SS����������
/DYRUHO��6���6��0F,QW\UH��-��/DQGVEHUJ�	�7��'��$��)RUEHV
�������� 3ODQW� IXQFWLRQDO� FODVVLILFDWLRQ�� IURP� JHQHUDO
JURXSV� WR� VSHFLILF� JURXSV� EDVHG� RQ� UHVSRQVH� WR� GLVWXU�
EDQFH��7UHQGV�(FRO��(YRO���������������
/HLVKPDQ�� 0�� 5�� 	� 0�� :HVWRE\� �������� &ODVVLI\LQJ
SODQWV� LQWR� JURXSV� RQ� WKH� EDVLV� RI� DVVRFLDWLRQV� RI� LQGL�
YLGXDO� WUDLWV� �� HYLGHQFH� IURP� $XVWUDOLDQ� VHPL�DULG
ZRRGODQGV��-��(FRO���������������
/HSÇ�� -�� 	� 3�� ÆPLODXHU� �������� 0XOWLYDULDWH� DQDO\VLV� RI
HFRORJLFDO�GDWD� XVLQJ�&$12&2��&DPEULGJH�8QLYHUVLW\
3UHVV��&DPEULGJH������S�
0DUWLQÞLÞ�� $��� 7�� :UDEHU�� 1�� -RJDQ�� $�� 3RGREQLN�� %�
7XUN� 	� %�� 9UHÇ� �������� 0DOD� IORUD� 6ORYHQLMH�� NMXá� ]D
GRORáDQMH�SUDSURWQLF�LQ�VHPHQN�����L]GDMD��7HKQLÊND�]D�
ORÌED�6ORYHQLMH��/MXEOMDQD������VWU�
0F,QW\UH��6���6��/DYRUHO�	�5��0��7UHPRQW���������3ODQW
OLIH�KLVWRU\� DWWULEXWHV�� WKHLU� UHODWLRQVKLS� WR� GLVWXUEDQFH
UHVSRQVH�LQ�KHUEDFHRXV�YHJHWDWLRQ��-��(FRO�������������
1REOH�� ,��5��	�+��*LWD\� ��������$� IXQFWLRQDO�FODVVLILFD�
WLRQ� IRU� SUHGLFWLQJ� WKH� G\QDPLFV� RI� ODQGVFDSHV�� -�� 9HJ�
6FL��������������
2JULQ�� '�� �������� 3RGQHEMH� 6ORYHQVNH� ,VWUH�� .QMLÌQLFD
$QQDOHV��YRO������=JRGRYLQVNR�GUXÊWYR�]D�MXÌQR�3ULPRU�
VNR��=56�.RSHU������VWU�
3ROGLQL��/����������$WODQWH�FRURORJLFR�GHOOH�SLDQWH�YDVFR�
ODUL�QHO�)ULXOL�9HQH]LD�*LXOLD��LQYHQWDULR�IORULVWLFR�UHJLRQ�
DOH��5HJLRQH�$XWRQRPD�)ULXOL�9HQH]LD�*LXOLD��8GLQH�
5RWKPDOHU�� :�� �������� ([NXUVLRQVIORUD� YRQ� 'HXWVFK�
ODQG��*XVWDY�)LVFKHU�9HUODJ��-HQD��6WXWWJDUW�
WHU�%UDDN��&��-��)��	�3��ÆPLODXHU���������&$12&2�5HI�
HUHQFH� 0DQXDO� DQG� &DQR'UDZ� IRU� :LQGRZV� 8VHU
V
*XLGH�� 6RIWZDUH� IRU� &DQRQLFDO� &RPPXQLW\� 2UGLQDWLRQ
�YHUVLRQ�������0LFURFRPSXWHU�3RZHU��,WKDFD��1<������S�
YDQ� GHU� 0DDUHO�� (�� �������� 7UDQVIRUPDWLRQ� RI� FRYHU�
DEXQGDQFH� YDOXHV� LQ� SK\WRVRFLRORJ\� DQG� LWV� HIIHFWV� RQ
FRPPXQLW\�VLPLODULW\��9HJHWDWLR�������������
:DONHU�� %�� +�� �������� %LRGLYHUVLW\� DQG� HFRORJLFDO� UH�
GXQGDQF\��&RQVHUY��%LRO������������
:HLKHU�� (��� $�� YDQ� GHU� :HUI�� .�� 7KRPSVRQ�� 0�� 5R�
GHULFN�� (�� *DUQLHU� 	� 2�� (ULNVVRQ� �������� &KDOOHQJLQJ
7KHRSKUDVWXV�� D� FRPPRQ� FRUH� OLVW� RI� SODQW� WUDLWV� IRU
IXQFWLRQDO�HFRORJ\��-��9HJ��6FL���������������
:HVWKRII�� 9�� 	� (�� YDQ� GHU�0DDUHO� �������� 7KH� %UDXQ�
%ODQTXHW�DSSURDFK��+DQGE�9HJ��6FL��������������
:HVWRE\�� 0�� �������� $� OHDI�KHLJKW�VHHG� �/+6�� SODQW
HFRORJ\�VWUDWHJ\�VFKHPH��3ODQW�6RLO���������������
:RRGZDUG�� )�� ,�� 	� $�� '�� 'LDPHQW� �������� )XQFWLRQDO
DSSURDFKHV�WR�SUHGLFWLQJ�WKH�HFRORJLFDO�HIIHFWV�RI�JOREDO
FKDQJH��)XQFW��(FRO��������������
:RRGZDUG��)��,��	�:��&UDPHU���������3ODQW� IXQFWLRQDO
W\SHV�DQG�FOLPDWLF�FKDQJHV��,QWURGXFWLRQ��-��9HJ��6FL�����
��������
:UDEHU��0����������3IODQ]HQJHRJUDSKLVFKH�6WHOOXQJ�XQG
*OLHGHUXQJ�6ORZHQLHQV��9HJHWDWLR��������������



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

1DWDÊD�3,3(1%$+(5�HW�DO���)81&7,21$/�&203$5,6,21�2)�7+(�68%�0(',7(55$1($1�,//<5,$1�0($'2:6�������������

���

$SSHQGL[�������UHOHYnV�RI�VXE�0HGLWHUUDQHDQ�,OO\ULDQ�JUDVVODQGV�RI�WKH�DVVRFLDWLRQ�'DQWKRQLR�6FRU]RQHUHWXP�YLOOR�
VDH��DOOLDQFH�6FRU]RQHULRQ�YLOORVDH��RUGHU�6FRU]RQHUHWDOLD�YLOORVD��FODVV�)HVWXFR�%URPHWHD���5HOHYnV�ZHUH�VDPSOHG�LQ
6:�6ORYHQLD�LQ�WZR�FRQWUDVWLQJ�JHRORJLFDO�EHGURFNV���IO\VFK�DQG�OLPHVWRQH�
3ULORJD�������SRSLVRY�VXEPHGLWHUDQVNLK�LOLUVNLK�WUDYQLNRY�DVRFLDFLMH�'DQWKRQLR�6FRU]RQHUHWXP�YLOORVDH��]YH]D�6FRU�
]RQHULRQ�YLOORVDH��UHG�6FRU]RQHUHWDOLD�YLOORVDH��UD]UHG�)HVWXFR�%URPHWHD���3RSLVL�VR�ELOL�]EUDQL�Y�-=�6ORYHQLML�QD�GYHK
UD]OLàQLK�JHRORÉNLK�SRGODJDK���IOLÉD�LQ�DSQHQFD�

)O\VFK /LPHVWRPH

5HOHYp�QXPEHU � � � � � � � � � ������������������ ���������������������� ��
1XPEHU�RI�VSHFLHV�SHU
UHOHYp ������������������������������������ ���������������������� ��

6SHFLHV 6SHFLHV�DEEUHYLDWLRQV

$FKLOOHD�FROOLQD $FKL&ROO � � � � �
$QDFDPSWLV
S\UDPLGDOLV $QDF3\UD � � � � � � � �

$QWKHULFXP�UDPRVXP $QWK5DPR � � �
$QWKR[DQWKXP
RGRUDWXP $QWK2GRU � � �

$QWK\OOLV�YXOQHUDULD
VXEVS��SRO\SK\OOD $QWK3RO\S � � � � �

$VSHUXOD�F\QDQFKLFD $VSH&\QDQ � � � � � � � � � � �

$VSHUXOD�SXUSXUHD $VSH3XUS � � �

%HWRQLFD�VHURWLQD %HWR6HUR � � � � � � � � � � �

%ODFNVWRQLD�SHUIROLDWD %ODF3HUI U � � � �
%RWU\RFKORD
LVFKDHPXP %RWU,VFK � � �

%UDFK\SRGLXP
UXSHVWUH %UDF5XSH � � � � � � � � � � � � � � � � � � � � � � �

%UL]D�PHGLD %UL]0HGL � � � � � � � � � � � � � � � � � � � � � � � � �

%URPRSVLV�HUHFWD %URP(UHF � � � � � � � � � � � � � � � � � � � � � � � � � � �
%XSKWKDOPXP
VDOLFLIROLXP %XSW6DOLF � � � � � � � � � � � � � � � � � � �

&DPSDQXOD�JORPHUDWD &DPS*ORP � �
&DPSDQXOD
UDSXQFXOXV &DPS5DSX � � � � � �

&DUH[�IODFFD &DUH)ODF � � � � � � � � � � � � � � � � �

&DUH[�KXPLOLV &DUH+XPL � � � � � � �

&DUH[�PRQWDQD &DUH0RQW � � �

&DUOLQD�DFDXOLV &DUO$FDX � �

&DUOLQD�FRU\PERVD &DUO&RU\ � � � � �
&HQWDXUHD�WULXPIHWWLL
VXEVS��DGVFHQGHQV &HQW$GVF � � �

&HQWDXUHD�SDQQRQLFD &HQW:HOG � � � � � � � � � � � � � � � � � � � � � �

&HQWDXULXP�HU\WKUHD &HQW(U\W � � �
&KDPDHVSDUWLXP
VDJLWWDOH &KDP6DJL �

&KU\VRSRJRQ�JU\OOXV &KU\*U\O � � � � � � � � � � � � � � � � � � � �

&LUVLXP�SDQQRQLFXP &LUV3DQQ � � � � � � � � � � �

'DFW\OLV�JORPHUDWD 'DFW*ORP � � � � � � � � � � � � � � � � � � � � �

'DQWKRQLD�DOSLQD 'DQW$OSL � � � � � � � � � �
'DQWKRQLD
GHFXPEHQV 'DQW'HFX � �

'DXFXV�FDURWD 'DXF&DUR � � � � �

'LDQWKXV�WHUJHVWLQXV 'LDQ7HUJ � � �
'RU\FQLXP
JHUPDQLFXP 'RU\*HUP � � � � � � � � �

'RU\FQLXP
KHUEDFHXP 'RU\+HUE � � � � � � �

(U\QJLXP
DPHWK\VWLQXP (U\Q$PHW U � � � � � � � � � � � �

(XSKRUELD�F\SDULVVLDV (XSK&\SD � � � � � � �
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)O\VFK /LPHVWRPH

5HOHYp�QXPEHU � � � � � � � � � ������������������ ���������������������� ��
1XPEHU�RI�VSHFLHV�SHU
UHOHYp ������������������������������������ ���������������������� ��

6SHFLHV 6SHFLHV�DEEUHYLDWLRQV

(XSKRUELD�QLFDHHQVLV (XSK1LFD � � � � � �

(XSKRUELD�YHUUXFRVD (XSK9HUU � � � � � � � � � � �

)HUXODJR�JDOEDQLIHUD )HUX*DOE � � U � � � � � � � �

)HVWXFD�UXEUD )HVW5XEU � � �

)HVWXFD�UXSLFROD )HVW5XSL � � � � � � � �

)LOLSHQGXOD�YXOJDULV )LOL9XOJ � � � � � � � � � � � � �

)XPDQD�SURFXPEHQV )XPD3URF U �

*DOLXP�OXFLGXP *DOL/XFL � � � � � � � � � � �

*DOLXP�YHUXP *DOL9HUX � � � � � � � � � � � � � � �

*HQLVWD�JHUPDQLFD *HQL*HUP U � � � �

*HQLVWD�WLQFWRULD *HQL7LQF � � � � � � � �
*HUDQLXP
VDQJXLQHXP *HUD6DQJ � �

*ODGLROXV�LOO\ULFXV *ODG,OO\ � �

*OREXODULD�SXQFWDWD *ORE3XQF � � � �
*\PQDGHQLD
FRQRSVHD *\PQ&RQR � � �

+HOLDQWKHPXP
RYDWXP +HOL2YDW � � � � � � � � � � � � � � � �

+LHUDFLXP�SLORVHOOD +LHU3LOR � � � � �

+LSSRFUHSLV�FRPRVD +LSS&RPR � � � �
+\SHULFXP
SHUIRUDWXP +\SH3HUI � �

+\SRFKRHULV
PDFXODWD +\SR0DFX � � � � � � � �

,QXOD�KLUWD ,QXO+LUW � � � � � � � � � � �

.QDXWLD�LOO\ULFD .QDX,OO\ � � � � � � � � � � � � � � � � � � � � � � �

.RHOHULD�S\UDPLGDWD .RHO3\UD � � � � � � � � � � � � �

.RHOHULD�VSOHQGHQV .RHO6SOH � � � � � � �

/DWK\UXV�ODWLIROLXV /DWK\/DW\ � U � � � � � � � � � � �

/DWK\UXV�SUDWHQVLV /DWK3UDW � � � � � �

/HPERWURSLV�QLJULFDQV /HPE1LJU � � � � �

/HRQWRGRQ�FULVSXV /HRQ&ULV � � � � � � �

/HRQWRGRQ�KLVSLGXV /HRQ+LVS � � � � � � � � � �
/HXFDQWKHPXP
OLEXUQLFXP /HXF/LEX � � � � U � � � � � � �

/LQXP�FDWDUWKLFXP /XQ&DWK � � � � � � �

/LQXP�IODYXP /LQX)ODY � �

/LQXP�WHQXLIROLXP /LQX7HQX � � � � � � �
/RWXV�FRUQLFXODWXV
VXEVS��KLUVXWXV /RWX&RUQ � � � � � � � � � � � � � � � � � � � � � � �

0HGLFDJR�IDOFDWD 0HGL)DOF � � � �

0HGLFDJR�SURVWUDWD 0HGL3URVW � � � � � � � � � � � � �

2GRQWLWHV�OXWHD 2GRQ/XWH � � �

2QREU\FKLV�DUHQDULD 2QRE$UHQ � � � � � � � � � �

2QRQLV�VSLQRVD 2QRQ6SLQ � � � � � � � � � � � � � � � � � � �

3DVWLQDFD�VDWLYD 3DVW6DWL U �

3HXFHGDQXP�FHUYDULD 3HXF&HUY � � � � � � � �
3HXFHGDQXP
RUHRVHOLQXP 3HXF2UHR � � � � � �

3LFULV�KLHUDFLRLGHV 3LFU+LHU � � � � �

3LPSLQHOOD�VD[LIUDJD 3LPS6D[L � �
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)O\VFK /LPHVWRPH

5HOHYp�QXPEHU � � � � � � � � � ������������������ ���������������������� ��
1XPEHU�RI�VSHFLHV�SHU
UHOHYp ������������������������������������ ���������������������� ��

6SHFLHV 6SHFLHV�DEEUHYLDWLRQV

3ODQWDJR�DUJHQWHD 3ODQ$UJH � � � � �

3ODQWDJR�KRORVWHXP 3ODQ+ROR � � � � � � � � � � � �

3ODQWDJR�ODQFHRODWD 3ODQ/DQF � � � � � � � � � � �

3ODQWDJR�PHGLD 3ODQ0HGL � � � � � � � � � � � � � � � � � � � �

3RD�SUDWHQVLV 3RD3UDW � �
3RO\JDOD�QLFDHHQVLV
VXEVS��PHGLWHUUDQHD 3RO\1LFDH �

3RWHQWLOOD�DOED 3RWH$OED � � �

3RWHQWLOOD�DXVWUDOLV 3RWH$XVW � � �

3RWHQWLOOD�HUHFWD 3RWH(UHF � � �

3UXQHOOD�JUDQGLIORUD 3UXQ*UDQG � � � � �

3UXQHOOD�ODFLQLDWD 3UXQ/DFL � � � � � � �

5DQXQFXOXV�EXOERVXV 5DQX%XOE � �
5DQXQFXOXV
QHPRURVXV 5DQX1HPR � � �

5KLQDQWKXV�JODFLDOLV 5KLQ$ULV � � � � � � � � � � � � �

5KLQDQWKXV�IUH\QLL 5KLQ)UH\ � � �

5KLQDQWKXV�PLQRU 5KLQ0LQR � � � � �

5XPH[�DFHWRVD 5XPH$FHW � �

6DOYLD�SUDWHQVLV�DJJ� 6DOY3UDW � � � � � � � � � � � � � � � � � �

6DQJXLVRUED�PXULFDWD 6DQJX0XUL � � � � � � � � � � � � �
6DWXUHMD�PRQWDQD
VXEVS��YDULHJDWD 6DWX9DUL � �

6FDELRVD�JUDPPXQWLD 6FDE*UDP � � � � � � � � � � �

6FRUSLRUXV�VXEYLOORVXV 6FRU6XEY � � �

6FRU]RQHUD�YLOORVD 6FRU9LOOR � � � � � � � � � � � � � � � � � � � � � �

6HQHFLR�MDFREDHD 6HQH-DFR U � � �

6HUUDWXOD�O\FRSLIROLD 6HUU/\FR � � � � � �

6WDFK\V�UHFWD��DJJ� 6WDF5HFW � � � �

7HXFULXP�FKDPDHGU\V 7HXF&KDP � � � � � � �

7HXFULXP�PRQWDQXP 7HXF0RQW � � � � � �

7KDOLFWUXP�PLQXV 7KDO0LQX � � � � �

7KHVLXP�GLYDULFDWXP 7KHV'LYD � � � � � � � �

7K\PXV�ORQJLFDXOLV 7K\P/RQJ � � � � � � � � � � � � � � �
7UDJRSRJRQ�SUDWHQVLV
VXEVS��RULHQWDOLV 7UDJ2ULH � � � � � � �

7UDJRSRJRQ
WRPPDVLQLL 7UDJ7RPP � � � �

7ULIROLXP�FDPSHVWUH 7ULI&DPS � � �

7ULIROLXP�PRQWDQXP 7ULI0RQW � � � � � � � � � � � �

7ULIROLXP�SUDWHQVH 7ULI3UDW � U � � � � �

7ULIROLXP�UXEHQV 7ULI5XEH � � � � � � � � � � � �

9HURQLFD�EDUUHOLHUL 9HUR%DUU � � �

9LFLD�FUDFFD 9LFL&UDF � �
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