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7KH�DLP�RI�WKH�VWXG\�ZDV�WR�FRPSDUH�KRZ�WKH�UHOHYnV�RI�VSHFLHV�ULFK�GU\�JUDVVODQGV��FODVVLV�)HVWXFR�%URPHWHD��LQ
&HQWUDO�DQG�(DVWHUQ�6ORYHQLD�GLIIHU�DPRQJ�HDFK�RWKHU�RQ�WKH�EDVLV�RI�IORULVWLF�FRPSRVLWLRQ�DQG�RI����3ODQW�)XQFWLRQDO
7UDLWV��3)7V���2Q�WKH�EDVLV�RI�IORULVWLF�VWUXFWXUH�DQG�FRYHU�YDOXHV��WKH�UHOHYnV�ZHUH�FODVVLILHG�LQ�WKUHH�ZHOO�VHSDUDWHG
FOXVWHUV�� ,Q� WKH�3&$�RUGLQDWLRQ�� WKH� ILUVW�D[HV� VXJJHVWHG�D�JUDGLHQW�RI� VRLO�S+��ZKLOH� WKH� VHFRQG�� IORULVWLFDOO\�EDVHG
JUDGLHQW��ZDV�LQWHUSUHWHG�DV�VRLO�KXPLGLW\��2Q�WKH�EDVLV�RI�VHOHFWHG�WUDLWV����3)7V�ZHUH�FOXVWHUHG��EXW�QRW�FOHDUO\�LQWHU�
SUHWHG��'HVSLWH�GLIIHUHQFHV�LQ�HQYLURQPHQWDO�SDUDPHWHUV�DFURVV�6ORYHQLD��FOLPDWH��JHRJUDSKLFDO�SRVLWLRQ��DOWLWXGH��VRLO
FRQGLWLRQV��DQG�YDULHW\�RI�ODQG�XVH�GLVWXUEDQFHV���GULYHUV�RI�IORULVWLF�YDULHW\��QR�GLVFHUQLEOH�GLIIHUHQFH�LQ�YHJHWDWLRQ
VWUXFWXUH�LQ�WHUPV�RI�VHOHFWHG�SODQW� WUDLWV�ZHUH�SHUFHLYHG�E\�3&$�RUGLQDWLRQ�� ,W�FRXOG�EH�FRQFOXGHG� WKDW�VHFRQGDU\
GU\�JUDVVODQGV�VKDUH�UDWKHU�XQLIRUP�IXQFWLRQDO�W\SHV�ZLWK�QRW�FOHDUO\�GHWHFWDEOH�VWUXFWXUDO�GLIIHUHQFHV�DPRQJ�WKHP�

.H\�ZRUGV��GU\�JUDVVODQGV��SODQW�IXQFWLRQDO�WUDLWV��SODQW�IXQFWLRQDO�W\SHV��)HVWXFR�%URPHWHD��ODQG�XVH��6ORYHQLD��3&$�
YHJHWDWLRQ
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/R�VFRSR�GHO�SUHVHQWH�VWXGLR�HUD�TXHOOR�GL�FRQIURQWDUH�OH�GLIIHUHQ]H�LQ�FRPSRVL]LRQH�IORULVWLFD�H����FDUDWWHULVWLFKH
IXQ]LRQDOL�GHOOD�SLDQWD��37)V��GL�ULOLHYL�GL�SDVFROL�DULGL�ULFFKL�GL�VSHFLH��FODVVL�)HVWXFR�%URPHWHD��QHOOD�6ORYHQLD�FHQ�
WUDOH� HG� RULHQWDOH�� 6XOOD� EDVH� GHOOD� VWUXWWXUD� IORULVWLFD� H� GHL� YDORUL� GL� FRSHUWXUD� L� ULOLHYL� VRQR� VWDWL� FODVVLILFDWL� LQ� WUH
JUXSSL�EHQ�VHSDUDWL��1HOO¢RUGLQDPHQWR�3&$�LO�SULPR�DVVH�SURSRQH�XQ�JUDGLHQWH�GHO�S+�GHO�VXROR��PHQWUH�LO�VHFRQGR
JUDGLHQWH� IORULVWLFR� YLHQH� LQWHUSUHWDWR� FRPH�XPLGLWi� GHO� VXROR�� 7UH� 3)7V� VRQR� VWDWL� LQROWUH� UDJJUXSSDWL� LQ� EDVH� DOOH
FDUDWWHULVWLFKH�VHOH]LRQDWH��PD�QRQ�VRQR�VWDWL�FKLDUDPHQWH�LQWHUSUHWDWL��1RQRVWDQWH�OH�GLIIHUHQ]H�QHL�SDUDPHWUL�DPEL�
HQWDOL�GD�XQ�FDSR�DOO¢DOWUR�GHOOD�6ORYHQLD��FOLPD��SRVL]LRQH�JHRJUDILFD��DOWLWXGLQH��FRQGL]LRQL�GHO�VXROR���H�OD�YDULHWi
GL�GLVWXUEL�OHJDWL�DOO¢LPSLHJR�GHO�VXROR���SLORWL�GHOOD�YDULHWi�IORULVWLFD��O¢RUGLQDPHQWR�3&$�QRQ�KD�SHUFHSLWR�GLIIHUHQ]H
GLVFHUQLELOL�QHOOD�VWUXWWXUD�GHOOD�YHJHWD]LRQH�LQ�WHUPLQL�GL�FDUDWWHULVWLFKH�IXQ]LRQDOL�GHOOD�SLDQWD�VHOH]LRQDWH��*OL�DXWRUL
FRQFOXGRQR�FKH�L�SDVFROL�DULGL�VHFRQGDUL�FRQGLYLGRQR�WLSL�IXQ]LRQDOL�GHOOD�SLDQWD�XQLIRUPL�FKH�WUD�ORUR�QRQ�SUHVHQ�
WDQR�GLIIHUHQ]H�VWUXWWXUDOL�FKLDUDPHQWH�YLVLELOL�

3DUROH�FKLDYH��SDVFROL�DULGL��FDUDWWHULVWLFKH�IXQ]LRQDOL�GHOOD�SLDQWD��WLSL�IXQ]LRQDOL�GHOOD�SLDQWD��)HVWXFR�%URPHWHD�
LPSLHJR�GHO�VXROR��6ORYHQLD��3&$��YHJHWD]LRQH
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9HJHWDWLRQ� VFLHQFH� KDV� EHHQ� HVVHQWLDOO\� EDVHG� RQ
VSHFLHV� FRPSRVLWLRQ��ZKLFK�KDV�EHHQ�QHHGHG� IRU� YHJH�
WDWLRQ�GHVFULSWLRQ��EXW�WKLV�YLHZ�KDV�EHHQ�FULWLFL]HG��H�J�
*ULPH�� ������ *KLVHOLQ�� ������� 7KHUH� KDV� EHHQ� DQ� LQ�
FUHDVLQJ�LQWHUHVW�LQ�XVLQJ�QRQ�SK\ORJHQHWLF�EDVHG�FODVVL�
ILFDWLRQV� ZKHQ� SUHGLFWLQJ� WKH� G\QDPLFV� RI� YHJHWDWLRQ
UDWKHU� WKDQ� WKHLU� WD[RQRPLF� LGHQWLW\� �*LWD\�� ������ &RU�
QHOLVVHQ� HW� DO��� ������� 2Q� D� ODUJH� VFDOH�� SUHGLFWLRQV
EDVHG� RQ� SODQW� VSHFLHV� DUH� JHRJUDSKLFDOO\� ERXQG
�:RRGZDUG�	�&UDPHU���������2Q�D�VPDOO�VFDOH��VSHFLHV
DUH�LQ�VRPH�LQVWDQFHV�VR�EURDG�DQG�YDULDEOH�WKDW�E\�GH�
VFULELQJ� FRPPXQLWLHV� E\� VSHFLHV� FRPSRVLWLRQ� ZH� PD\
QRW� SHUFHLYH� UHOHYDQW� SDWWHUQV� RI� YHJHWDWLRQ� RFFXUULQJ
EHORZ�WKH�UHVROYLQJ�SRZHU�RI�VSHFLHV��'LD]�HW�DO���������
&ODVVLI\LQJ� SODQW� VSHFLHV� DFFRUGLQJ� WR� WKHLU� WD[RQRP\
KDV� VWURQJ� OLPLWDWLRQV�ZKHQ� LW� FRPHV� WR� DQVZHULQJ� LP�
SRUWDQW�HFRORJLFDO�TXHVWLRQV�DW� WKH�VFDOH�RI�HFRV\VWHPV�
ODQGVFDSHV� RU� ELRPHV� �:RRGZDUG� 	� 'LDPHQW�� �����
.HGG\�� ������ .{UQHU�� ������� 7KHVH� TXHVWLRQV� LQFOXGH
WKRVH� RQ� UHVSRQVHV� RI� YHJHWDWLRQ� WR� HQYLURQPHQWDO
YDULDWLRQ� RU� FKDQJHV�� QRWDEO\� LQ� FOLPDWH�� DWPRVSKHULF
FKHPLVWU\�� ODQG�XVH�DQG�QDWXUDO�GLVWXUEDQFH� UHJLPHV��$
SURPLVLQJ�ZD\�IRU�DQVZHULQJ�VXFK�TXHVWLRQV��DQG�PDQ\
RWKHU�HFRORJLFDO�TXHVWLRQV��LV�E\�FODVVLI\LQJ�SODQW�VSHFLHV
RQ�IXQFWLRQDO�JURXQGV��'LD]�HW�DO����������7KHVH�DOWHUQD�
WLYH�FODVVHV�DUH�RIWHQ�UHIHUUHG�WR�DV�SODQW�IXQFWLRQDO�W\SHV
�37)V��RU�JURXSV� �*ULPH�HW�DO���������/HLVKPDQ�	�:HV�
WRE\��������*LWD\�	�1REOH��������

&ODVVLI\LQJ� SODQWV� DFFRUGLQJ� WR� PRUSKRORJ\� DQG� UH�
SURGXFWLYH� DWWULEXWHV� KDV� D� ORQJ� KLVWRU\� LQ� ERWDQ\� DQG
SODQW� JHRJUDSK\� �.OH\HU�� ������� )XQFWLRQDO� FODVVLILFD�
WLRQV� RI� VSHFLHV� ZHUH� DOUHDG\� VHDUFKHG� IRU� E\� QDWXUDO
SKLORVRSKHUV�DQG�HFRORJLVWV��7KHRSKUDVWXV��FD������%�&��
FODVVLILHG� SODQWV� LQWR� WUHHV�� VKUXE�� DQG� KHUEV� �0RUWRQ�
������� 7KLV� DQG� VRPH� RWKHU� FODVVLILFDWLRQV� XVHG� LQ� WKH
SDVW� PD\� EH� YLHZHG� DV� SUHGHFHVVRUV� RI� ZKDW� DUH� QRZ
FDOOHG�SODQW�IXQFWLRQDO�W\SHV��.OH\HU���������$Q�H[DPSOH
VWLOO� LQ� SUDFWLFH� LV� WKH� OLIH�IRUP� DSSURDFK� RI� 5DXQNLDHU
��������PRGLILHG�DQG�LPSURYHG�E\�(OOHQEHUJ�	�0XHOOHU�
'RPERLV� �������� $OWKRXJK� LQWURGXFHG� ORQJ� WLPH� DJR
�5DXQNLDHU��������*ULPH��������1REOH�	�6ODW\HU�������
%R[���������������WKH�FRQFHSW�RI�3)7V�KDV�UHFHLYHG�QHZ
DWWHQWLRQV� DV� D� SRVVLEOH� IUDPHZRUN� IRU� SUHGLFWLQJ� HFR�
V\VWHP�UHVSRQVH� WR�KXPDQ�LQGXFHG�FKDQJHV�DW�D�JOREDO
VFDOH��'LD]�	�&DELGR��������

7KH�DLP�RI�WKH�VWXG\�ZDV�WR�WHVW�LI�WKH�WHUULWRU\�RI�6OR�
YHQLD�� FRYHULQJ� RQO\� ������� NP�� �KHUH� HYHQ� H[FOXGLQJ
WKH�$OSV�DQG�WKH�VXE�0HGLWHUUDQHDQ���LV�HQRXJK�YDULDEOH
WR� VXSSRUW� GLIIHUHQW� IXQFWLRQDO� W\SHV� FRQVLVWLQJ� VHFRQ�
GDU\�GU\� JUDVVODQGV�� (QYLURQPHQWDO� FRQGLWLRQV� �FOLPDWH�
SK\WRJHRJUDSKLF� SRVLWLRQ�� DOWLWXGH� DQG� VRLO� SDUDPHWHUV�
DUH�TXLWH�GLIIHUHQW�DFURVV�6ORYHQLD��DQG�6ORYHQLDQ�YHJH�
WDWLRQ�LV�FRQVLGHUHG�RQH�RI�WKH�PRVW�GLYHUVH�LQ�WKH�ZRUOG

RXWVLGH� WKH� WURSLFV� LQ� WHUPV� RI� VSHFLHV� QXPEHUV� �:DWWV�
������

,Q�WKLV�SDSHU�ZH�DLP�WR�LGHQWLI\�PDLQ�W\SHV�RI�6ORYH�
QLDQ� VHFRQGDU\� VHPL�GU\� JUDVVODQGV� RI� %URPLRQ� HUHFWL
DOOLDQFH��FODVV�)HVWXFR�%URPHWHD��RQ�WKH�EDVLV�RI�IORULVWLF
FRPSRVLWLRQ�DQG����SODQW� IXQFWLRQDO�WUDLWV��7KH�GDWD�VHW
LQFOXGHV� ��� UHOHYpV� RI� &HQWUDO� DQG� (DVWHUQ� 6ORYHQLDQ
VHPL�GU\� JUDVVODQGV� DQG�PDWUL[�ZLWK� ��� WUDLWV� UHFRUGHG
RQ�����SODQW� VSHFLHV��2XU�PDLQ�REMHFWLYHV�ZHUH�� ���� WR
VHDUFK� IRU� ��� VHOHFWHG� SODQW� IXQFWLRQDO� WUDLWV� �3)7V�� IRU
SODQW�VSHFLHV�RFFXUULQJ�RQ�VHPL�GU\�JUDVVODQGV�RI�0HVR�
EURPLRQ�DOOLDQFH�LQ�&HQWUDO�DQG�(DVWHUQ�6ORYHQLD��XVLQJ
WKH�OLWHUDWXUH�DQG�KHUEDULD�VRXUFHV������WR�LGHQWLI\�3)7V�LQ
6ORYHQLDQ� VHPL�GU\� JUDVVODQGV� RQ� WKH� EDVLV� RI� VHOHFWHG
WUDLWV�� ���� WR� FRPSDUH� FRPPXQLW\� W\SHV� GHULYHG� IURP
SODQW�IXQFWLRQDO�FODVVLILFDWLRQ�EDVHG�RQ�WUDLWV�DQG�FODVVL�
ILFDWLRQ�EDVHG�RQ�VSHFLHV�

3ODQW� IXQFWLRQDO� W\SHV� DUH� QRQ�SK\ORJHQHWLF� JURXS�
LQJV� 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�� ������ &KDSLQ� HW� DO��� �����
1REEOH�	�*LWD\��������'LD]�	�&DELGR��������/DYRUHO�HW
DO���������*ULPH���������6SHFLHV�FRPSULVLQJ�D�IXQFWLRQDO
W\SH�VKDUH�D�VHW�RI�NH\�IXQFWLRQDO�WUDLWV�

$FFRUGLQJ� WR� $OOHQ� 	� 6WDUU� �������� WKH� IXQFWLRQDO
W\SH�LV�D�PXOWL�VSHFLHV�OHYHO�RI�RUJDQL]DWLRQ��O\LQJ�DERYH
WKH� SRSXODWLRQ� EXW� EHORZ� WKH� FRPPXQLW\� �FLW�� +XQW� HW
DO��� ������� 7KH\� FRXOG� DOVR� EH� FKDUDFWHUL]HG� DV� SODQW
VWUDWHJLHV��ZKLFK�FDQ�EH�GHILQHG�DV�JURXSLQJV�RI�VLPLODU
RU�DQDORJRXV�JHQHWLF�FKDUDFWHULVWLFV��ZKLFK�UHFXU�ZLGHO\
DPRQJ�VSHFLHV�RU�SRSXODWLRQV�DQG�FDXVH�WKHP�WR�H[KLELW
VLPLODULWLHV�LQ�HFRORJ\��*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�VHWV�RI�WUDLWV�RU�W\SHV�GLIIHU�DPRQJ�DS�
SOLFDWLRQV��:RRGZDUG�	�&UDPHU���������7KH�WUDLWV�PXVW
EH�REVHUYDEOH�H[SUHVVLRQV�RI�IRUPV�RU�EHKDYLRXUV�GHILQ�
LQJ� SODQW� W\SHV� WKDW� DUH� UHVSRQVLYH�� LQ� WHUPV� RI� RFFXU�
UHQFH� RU� SHUIRUPDQFH�� WR� FKDQJHV� LQ� HFRV\VWHP� FRQGL�
WLRQV�

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��VSH�
FLILF�OHDI�DUHD��6/$���OHDI�VL]H�������DQG�UHJHQHUDWLRQ��H�J�
VHHG�FKDUDFWHUV��� VL]H�DQG�PDVV�� UHFUXLWPHQW� IUHTXHQF\�
GLVSHUVDO�PRGH��DELOLW\� WR� UHSURGXFH�YHJHWDWLYH�� IORZHU�
LQJ�SHULRG������
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0DWHULDO

6ORYHQLD�� VLWXDWHG� DW� FD�� ���1�� ���(� LQ� WKH� FRQWDFW
DUHD� RI� WKH� $OSV�� 'LQDULGV�� 0HGLWHUUDQHDQ� DQG� 3DQQR�
QLDQ�SODLQ��KDV�D�UHOLHI�FRQVLVWLQJ�RI�SODLQV��KLOO\�UHJLRQV�
KLJKODQGV��PRXQWDLQV�HWF������RI� WKH� ODQG� LV�XQGHUODLQ
E\�FDUERQDWH�URFNV��PDLQO\�ZHOO�NDUVWLILHG�DQG�GRORPD�
WLVHG��:DWWV��������

:H� DQDO\VHG� ��� SXEOLVKHG� �ÉNRUQLN�� ������ DQG� ��
XQSXEOLVKHG� �ÉNRUQLN�� ������ YHJHWDWLRQ� UHOHYpV� RI�%UR�
PLRQ� HUHFWL� GU\� DQG� VHPL�GU\� JUDVVODQG� �RUGHU� %URPH�
WDOLD� HUHFWL�� FODVV� )HVWXFR�%URPHWHD��� 5HOHYpV�ZHUH� FRO�
OHFWHG�LQ�&HQWUDO��(DVWHUQ��6RXWK��DQG�1RUWK�HDVWHUQ�6OR�
YHQLD� XVLQJ� VWDQGDUG� SURFHGXUH� RI� WKH� %UDXQ�%ODQTXHW
DSSURDFK� �%UDXQ�%ODQTXHW�� ������ :HVWKRII� 	� YDQ� GHU
0DDUHO�� ������ 'LHUVFKNH�� ������� )RU� DQDO\VLV� RI� SODQW
WUDLWV��ZH�VHOHFWHG�DOO�WKH�VSHFLHV��ZKLFK�ZHUH�SUHVHQW�LQ
DW� OHDVW����RI� WKH� UHOHYpV��7KH� WRWDO�QXPEHU� RI� VSHFLHV
FRQVLGHUHG�ZDV�����

3ODQW�WUDLWV�VHOHFWLRQ

,Q�FKRRVLQJ�NH\�WUDLWV�ZH�IROORZHG�GLIIHUHQW�OLWHUDWXUH
VRXUFHV� �+RGJVRQ� HW� DO��� ������ .DKPHQ� HW� DO��� �����
&RUQHOLVVHQ�HW� DO��� ������� )RU� WKH� SXUSRVH� RI� WKLV� VWXG\
ZH� FRPSLOHG� D� GDWD�EDVH� RI� ��� PRUSKRORJLFDO�� OLIH�
KLVWRU\� DQG� UHJHQHUDWLRQ� WUDLWV�� PHDVXUDEOH� DW� WKH� LQGL�
YLGXDO� SODQW� OHYHO�� XVLQJ� WKH� OLWHUDWXUH� GDWD�� GDWD� IURP
KHUEDULD� DQG� VXSSOHPHQWHG� E\� RXU� RZQ� REVHUYDWLRQV�
7KH� VFDOH�RI�PHDVXUHPHQW� RI� SODQW� WUDLWV�ZDV� RULJLQDOO\
FRQWLQXRXV�RU�FDWHJRULFDO��EXW�WKH\�ZHUH�DOO�WUDQVIRUPHG
LQWR�FDWHJRULFDO�VFDOHV�IRU�DQDO\VHV��7DE�����

7KH�OLVW�RI�WUDLWV�ZLWK�GHVFULSWLRQ�RI�FODVVHV�LQ�PDWUL[
DQG�WKH�VRXUFH�RI�LQIRUPDWLRQ�DUH�SUHVHQWHG�LQ�7DEOH���

7KH�SURFHGXUH�RI� WKLV� VWXG\�ZDV� WR� FODVVLI\� WKH� VSH�
FLHV� RI� 6ORYHQLDQ� VSHFLHV� ULFK� VHPL�QDWXUDO� 0HVREUR�
PLRQ�JUDVVODQGV�LQWR�VSHFLHV�JURXSV�RI�VLPLODU�IXQFWLRQDO
WUDLWV�E\�XVLQJ�PXOWLYDULDWH�VWDWLVWLFV�

'DWD�DQDO\VLV

7R� LGHQWLI\� WKH�PDLQ�GU\�JUDVVODQG� W\SHV��ZH�EXLOW�D
���� VSHFLHV� [� ��� UHOHYpV�PDWUL[� �DOO�PDWULFHV� DYDLODEOH
E\�DXWKRUV�RQ� UHTXHVW��� 7KLV�PDWUL[�ZDV� WKHQ� VXEMHFWHG
WR� VWDQGDUG� PXOWLYDULDWH� FODVVLILFDWLRQ� �DJJORPHUDWLYH
FOXVWHU� DQDO\VLV�� DQG� RUGLQDWLRQ� WHFKQLTXHV� �3&$�� �VRIW�
ZDUH�6<1�7$;�������3RGDQL���������

7KH� VFDOHV�RI�PHDVXUHPHQWV�RI�SODQW�DWWULEXWHV�ZHUH
RULJLQDOO\� FRQWLQXRXV�� FDWHJRULFDO� RU� ELQDU\�� EXW� WKH\
ZHUH� DOO� WUDQVIRUPHG� LQWR� FDWHJRULFDO� RU� ELQDU\� VFDOHV
SULRU� WR� WKH�DQDO\VLV�� ,Q�RUGHU� WR� LGHQWLI\�JURXSV�RI� VSH�
FLHV�ZLWK� VLPLODU� WUDLWV��ZH�EXLOW�DQ���� WUDLWV�[�����VSH�
FLHV� PDWUL[�� :H� VXEPLWWHG� WKH� PDWUL[� WR� D� 3ULQFLSDO
&RPSRQHQW�$QDO\VLV��3&$��EDVHG�RQ�FRUUHODWLRQ�PDWUL[

7DE�����3ODQW�WUDLWV��UHFRUGHG�RQ�����YDVFXODU�SODQW�VSH�
FLHV�RI�GU\�DQG�VHPL�GU\�JUDVVODQGV�IURP�&HQWUDO��6RXWK�
1RUWK�HDVWHUQ�DQG�(DVWHUQ�6ORYHQLD�ZLWK�GHVFULSWLRQ�RI
FODVVHV�LQ�PDWUL[��6FDOHV�RI�PHDVXUHPHQW�ZHUH�RULJLQDOO\
FDWHJRULFDO��FDW���FRQWLQXRXV��FRQW��RU�ELQDU\��ELQ��
7DE�� ��� 5DVWOLQVNL� ]QDNL�� ]EUDQL� ]D� ���� UDVWOLQVNLK� YUVW
VXKLK� LQ� SROVXKLK� WUDYLÉà� L]� RVUHGQMH�� MXËQH�� VHYHURY]�
KRGQH�LQ�Y]KRGQH�6ORYHQLMH�]�RSLVL�UD]UHGRY�Y�PDWULNL�
2ULJLQDOQL� SRGDWNL� VR� Y� REOLNL� NDWHJRULM� �FDW��� ]YH]QL
�FRQW��DOL�ELQDUQL��ELQ��

7UDLW &ODVVHV�LQ�WKH�PDWUL[
�� �&KDPDHSK\WHV
�� �*HRSK\WHV
�� �+HPLFU\SWRSK\WHV
�� ��3KDQHURSK\WHV

/LIH�IRUP����
 FDW

�� �7KHURSK\WHV
�� �$QQXDO
�� �%LHQQLDO/LIH�F\FOH����
 FDW
�� �3HUHQQLDO
�� �7XVVRFNV
�� �5RVHWWH
�� �/HDI\�VWHP

*URZWK�IRUP�������
 FDW

�� �5RVHWWH�DQG�OHDI\�VWHP
�� �����FP
�� ��������FP
�� ���������FP
�� ����������FP
�� �����������FP

3ODQW�KHLJKW������


 FRQW

��!�����FP
�� �$EVHQW

6WRORQV����������
 ELQ
�� �3UHVHQW
�� �$EVHQW

5KL]RPHV����������
 ELQ
�� �3UHVHQW
�� �$EVHQW
�� �7XEHUV
�� �%XOEV

6WRUDJH�RUJDQV����� FDW

�� �5KL]RPHV
�� �1RQH

6SLQHVFHQFH�������

 ELQ
�� �3UHVHQW
�� �1R
�� �/RZ+DLULQHVV�������� FDW
�� �+LJK
�� �LQ�0DUFK�RU�HDUOLHU
�� �LQ�$SULO
�� �LQ�0D\
�� �LQ�-XQH
�� �LQ�-XO\

)ORZHULQJ�VWDUW�������


 FDW

�� �LQ�$XJXVW�RU�ODWHU�RU�EHIRUH
OHDYHV�LQ�VSULQJ
�� �$EVHQW3RWHQWLDO

DOOHORFKHPLFDOV����� ELQ
�� �3UHVHQW

Data source for traits:
1Hegi (1958, 1963, 1964, 1965, 1966, 1987a, 1987b); 2Petauer
(1993); 3Martin�i� et al. (1999); 4Poldini (1991); 5Rothmaler
(1995); 6Heywood (1995); 7Heywood et al. (1980, 1972, 1968,
1964); 8Lauber & Wagner (1998);

 9Wraber & Seli�kar (1986);
10Wraber (1990); 11Grey-Wilson (1998)
References for classis formation in matrix:
* Kahmen et al. (2002)
** Cornelissen et al. (2003)
*** Hodgson et al. (1999)
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)LJ�����'HQGURJUDP��WKH�UHVXOW�RI� WKH�KLHUDUFKLFDO�FOXVWHULQJ�RI����UHOHYnV�RI�0HVREURPLRQ�HUHFWL�GU\�JUDVVODQGV�
FROOHFWHG�LQ�WKH�WHUULWRU\�RI�&HQWUDO��(DVWHUQ��6RXWK��DQG�1RUWK�HDVWHUQ�6ORYHQLD��1XPEHUV�RQ�GHQGURJUDP�UHSUH�
VHQW�WKH�IROORZLQJ�UHOHYnV�IURP�WKH�RULJLQDO�WDEOHV�
1R��������ÈNRUQLN���������7DE������UHOHYnV�1R������������������������������������������������������������������������
���������������������������DQG�����1R���������ÈNRUQLN���������7DE�����UHOHYnV�1R�����������������������������������
DQG�����1R���������ÈNRUQLN���������7DE�����UHOHYnV�1R����������������������������������DQG�����1R���������ÈNRUQLN
��������7DE�����UHOHYnV�1R������������������������������������������������������������������������������DQG������&OXV�
WHU�QXPEHUV�DUH�LQGLFDWHG�RQ�WKH�GHQGURJUDP�
6O�����'HQGURJUDP��UH]XOWDW�KLHUDUKLàQH�NODVLILNDFLMH����SRSLVRY�VXKLK�WUDYLÉà�L]�]YH]H�0HVREURPLRQ�HUHFWL��]EUDQLK
QD�REPRàMX�RVUHGQMH��Y]KRGQH��MXËQH�LQ�VHYHURY]KRGQH�6ORYHQLMH��ÈWHYLONH�Y�GHQGURJUDPX�SUHGVWDYOMDMR�QDVOHGQMH
SRSLVH�Y�RULJLQDOQLK�WDEHODK�
ÇW��������ÈNRUQLN���������7DE������SRSLVL�ÉW����������������������������������������������������������������������������
�����������������������LQ�����ÇW���������ÈNRUQLN���������7DE�����SRSLVL�ÉW������������������������������������LQ�����ÇW�
�������ÈNRUQLN���������7DE�����SRSLVL�ÉW����������������������������������LQ�����ÇW���������ÈNRUQLN���������7DE�����SR�
SLVL� ÉW�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� LQ� ����� ÈWHYLONH� NODVWURY� VR
R]QDàHQH�QD�GHQGURJUDPX�

RI� YDULDEOHV�� LQ�ZKLFK� GDWD� DUH� FDQWHUHG� DQG� VWDQGDUG�
L]HG�E\� VWDQGDUG�GHYLDWLRQ��ZKLFK� LV�FRQVLGHUHG�DSSUR�
SULDWH�IRU�PL[HG�GDWD��-RQJPDQ�HW�DO����������7KH�VSHFLHV
FOXVWHU� ZDV� DVVXPHG� WR� UHSUHVHQW� 3)7V� DW� WKH� VSHFLHV
OHYHO��.HGG\��������*DUFLD�0RUD�HW�DO���������

,Q� RUGHU� WR� LGHQWLI\� WKH� SUHGRPLQDQW� SODQW� WUDLWV� IRU
6ORYHQLDQ� VHPL�GU\� JUDVVODQG� YHJHWDWLRQ�� 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\�PHDQV�RI�3&$�

1RPHQFODWXUH

7D[RQRPLF� QRPHQFODWXUH� IROORZV� 0DUWLQáLá� HW� DO�
��������ZKLOH� V\QWD[RQRPLF� QRPHQFODWXUH� IROORZV�0X�
FLQD�	�.ROEHN��������

5(68/76�$1'�',6&866,21

)ORULVWLF�DQDO\VLV

)LJXUH� �� VKRZV� WKH� UHVXOWV� RI� WKH� KLHUDUFKLFDO� FOXV�
WHULQJ� RI� ��� UHOHYpV� RI� GU\� DQG� VHPL�GU\� JUDVVODQGV�
7KURXJK� WKH� DQDO\VLV� RI� WKH� VSHFLHV� [� VLWHV� PDWUL[�� WKH
PDLQ�W\SHV�RI�GU\�DQG�VHPL�GU\�JUDVVODQGV�FRXOG�EH�GLV�
WLQJXLVKHG�

&OXVWHU�������UHOHYpV�RI�JUDVVODQGV�FROOHFWHG�RQ�YHU\
VKDOORZ� 5HQG]LQDV� DQG� &KURPLF� &DPELVROV� RQ� /LPH�
VWRQH� PDLQO\� IURP� 'LQDULF�� 3UHGLQDULF� DQG� SUH�$OSLQH
UHJLRQV� DW� KLJKHU� DOWLWXGHV�� 7KHVH� JUDVVODQGV� RFFXU� RQ
YHU\�VKDOORZ�DQG�ZDUP�VRLOV�ZLWK�EDVLF�S+��&KDUDFWHULV�
WLF� VSHFLHV� RI� WKH� FOXVWHU� DUH� &DUH[� KXPLOLV�� 3ODQWDJR
KRORVWHXP�� 3RO\JDOD� FKDPDHEX[XV�� *HQWLDQD� YHUQD
VXEVS�� WHUJHVWLQD�� .QDXWLD� LOO\ULFD�� 7UDJRSRJRQ� WRPPD�
VLQLL�� 3VHXGRO\VLPDFKLRQ� EDUUHOLHUL� VXEVS�� EDUUHOLHUL�
$QWKHULFXP�UDPRVXP��HWF�

&OXVWHU�������UHOHYpV�RI�VHPL�GU\�JUDVVODQGV�RQ�(XWULF
&DPELVROV� RQ� WHUWLDU\� EHGURFN� �OLPHVWRQH� RU� IO\VFK��
7KHVH� VRLOV� UHSUHVHQW� HXWURSKLF� �PHVLF�� VLWHV�� ULFK� ZLWK

QXWULHQWV�GXH�WR�WKH�GHHSHU�SURILOH��FRQWDLQLQJ�PRUH�KX�
PLGLW\�DQG�KDYLQJ�EDVLF�WR�VOLJKWO\�DFLG�S+��)DYRXUDEOH
FRQGLWLRQV� UHVXOW� KLJK� DQG� GHQVH� JUDVVODQG� VWDQGV�ZLWK
VRPH�GRPLQDQW�JUDVV�VSHFLHV� �H�J��%URPXV�HUHFWXV�DJJ��
%UL]D�PHGLD�� 'DFW\OLV� JORPHUDWD�� .RHOHULD� S\UDPLGDWD�
���� 2WKHU� LQGLFDWRU� VSHFLHV� DUH�2QREU\FKLV� YLFLLIROLD�
$UUKHQDWKHUXP�HODWLXV��'DXFXV�DFURWD��*DOLXP�PROOXJR�
7ULVHWXP� IODYHVFHQV�� 3RD� DQJXVWLIROLD�� 0HGLFDJR� OXSX�
OLQD�� 9LFFLD� FUDFFD�� /DWK\UXV� SUDWHQVLV� DQG�PDQ\� RWKHU
VSHFLHV�RI�PRUH�IHUWLOH�DQG�PRLVW�JUDVVODQGV�DUH�IUHTXHQW�

&OXVWHU� ��� ��� UHOHYpV� RI� JUDVVODQG� VWDQGV� RQ� DFLG
VRLOV��)LUVW����UHOHYpV�SUHVHQW�VWDQGV�RQ�DFLG�DQG�OHDFKHG
VRLOV�RQ�FDOFDUHRXV�VXEVWUDWH� �OLPHVWRQH��GRORPLWH�� IURP
WKH�FHQWUDO�SDUW�RI�'ROHQMVND� UHJLRQ�DQG� IURP�%HOD�NUD�
MLQD�� /DVW� ��� UHOHYpV�ZHUH� FROOHFWHG� RQ� VDQGVWRQH� KLOO\
DUHD�RI�*RULáNR��1(�6ORYHQLD���ZKHUH�WKH\�RFFXU�RQ�DFLG
VRLOV� �PDLQO\� 5DQNHU� DQG� 3VHXGRJOH\V�� GHYHORSHG� RQ
QRQ�FDUERQDWH�VXEVWUDWH��6SHFLHV��ZKLFK�DUH�FKDUDFWHULV�
WLF�IRU�WKHVH�UHOHYpV��DUH�W\SLFDO�DFLGRSKLOXV�VSHFLHV�OLNH
$JURVWLV� WHQXLV��)HVWXFD� ILOLIRUPLV��&DUH[�SDOOHVFHQV��/X�
]XOD� FDPSHVWULV�� +LHUDFLXP� SLORVHOOD�� &\QRVXUXV� FULVWD�
WXV��3RWHQWLOOD�HUHFWD�DQG�'DQWKRQLD�GHFXPEHQV�

,Q� WKH� 3&$� RUGLQDWLRQ�� WKH� WKUHH� FOXVWHUV� DSSHDUHG
ZHOO� VHSDUDWHG� �)LJ�� ����'LVSHUVLRQ� RI� UHOHYpV� DORQJ� WKH
ILUVW�D[LV�RI� WKH�3&$��3&$���VXJJHVWHG�D�JUDGLHQW�RI�VRLO
S+��ZKLOH� WKH� VHFRQG� IORULVWLFDOO\� EDVHG� JUDGLHQW� DORQJ
3&$��D[LV�ZDV�LQWHUSUHWHG�DV�VRLO�KXPLGLW\��0RVW�FOHDUO\
VHSDUDWHG�JURXS�RI�UHOHYpV�LV� ORFDWHG�DW� WKH�OHIW�H[WUHPH
RI�WKH�ILUVW�JUDGLHQW��GLDPRQGV��DQG�UHSUHVHQWV�GU\�JUDVV�
ODQGV� IURP� WKH� *RULáNR� UHJLRQ�� ZKLFK� RFFXSLHV� YHU\
DFLG� DQG� GU\� VLWHV�� $ERYH� WKH� PLGGOH� RI� WKH� 3&$�
RUGLQDWLRQ� WKHUH� DUH� JUDVVODQG� VWDQGV� IURP� WKH� VHFRQG
FOXVWHU��VTXDUHV���ZKLFK�DUH�FKDUDFWHULVWLF�RI�PRGHUDWHO\
KXPLG� DQG� PDLQO\� QHXWUDO� VRLOV�� 7KH� WKLUG� JURXS� RI
UHOHYpV� FRXOG� UHSUHVHQW� WKH� PL[WXUH� RI� UHOHYpV� IURP
FOXVWHUV���DQG����FLUFOHV��GLDPRQGV���$W�WKH�ULJKW�H[WUHPH
RI�WKH�ILUVW�3&$�D[LV��ZH�IRXQG�VWDQGV�ZLWK�WKH�PRVW�ED�
VLF�DQG�PRGHUDWHO\�KXPLG�FRQGLWLRQV�
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)LJ�����3&$��RUGLQDWLRQ�RI�����VSHFLHV�[����VLWHV�PDWUL[��1XPEHUV�FRUUHVSRQG� WR� WKH� UHOHYn�QXPEHUV� LQ� ILJXUH��
/HJHQG��FLUFOHV� ��VW�FOXVWHU��VTXDUHV� ��QG�FOXVWHU��GLDPRQGV� ��UG�FOXVWHU�
6O�����3&$��RUGLQDFLMD�PDWULNH�����YUVW�[����SRSLVRY��ÈWHYLONH�VH�XMHPDMR�V�ÉWHYLONDPL�SRSLVRY�QD�VOLNL����/HJHQGD�
NURJHF� �NODVWHU�ÉW�����NYDGUDW� �NODVWHU�ÉW�����NDUR� �NODVWHU�ÉW����

,W�FRXOG�EH�FRQFOXGHG�WKDW�WKH�VWXGLHG�GU\�JUDVVODQGV
GLIIHU�DFFRUGLQJ�WR�WKHLU�IORULVWLF�FRPSRVLWLRQ�DV�WKH�FRQ�
VHTXHQFH� RI� GLIIHUHQW� HQYLURQPHQWDO� SDUDPHWHUV� �FOL�
PDWH�� JHRJUDSKLFDO� SRVLWLRQ�� DOWLWXGH�� VRLO� FRQGLWLRQV����
DQG�GLVWXUEDQFH�RI�ODQG�XVH�

3ODQW�IXQFWLRQDO�W\SHV

:H�GLVWLQJXLVKHG�WKUHH�JURXSV��FOXVWHUV��RI�SODQW�VSH�
FLHV�RQ�WKH�EDVLV�RI�WKH�KLHUDUFKLFDO�FODVVLILFDWLRQ�RI� WKH
WUDLWV�[�VSHFLHV��'HWDLOHG�DQDO\VLV�RI�FOXVWHUV�LV�SUHVHQWHG
LQ�7DEOH����)LUVW�JURXS�LQFOXGHG�����VSHFLHV��7KH\�ZHUH
PRVWO\� SHUHQQLDO� VSHFLHV� ������ DQG� KHPLFU\SWRSK\WHV
������� ,Q� FRPSDULVRQ�ZLWK� WKH� RWKHU� WZR� JURXSV�� WKHUH
ZDV� WKH� KLJKHVW� SHUFHQWDJH� RI� FKDPDHSK\WHV� ������
0RUH�WKDQ�KDOI�RI�WKH�SODQWV�KDG�OHDI\�VWHP�DQG�DOPRVW�D
TXDUWHU�������ZHUH�WXVVRFN�IRUPLQJ�VSHFLHV��ZKLFK�LQGL�
FDWHV�WKDW�WKLV�JURXS�ZDV�ULFK�LQ�JUDVVHV��H�J��$QWKR[DQ�
WKXP�RGRUDWXP��$UUKHQDWKHUXP�HODWLXV��$YHQXOD�SXEHV�
FHQV��%UL]D�PHGLD��'DQWKRQLD�GHFXPEHQV��)HVWXFD�SUD�
WHQVLV����+DOI�RI� WKHP�ZHUH�RI�PHGLXP�KHLJKW��QDPHO\
������FP������������RI�WKH�VSHFLHV�KDG�QR�VWRORQV�DQG
QR� UKL]RPHV� ������� 7KH\� ZHUH�PRVWO\� ZLWKRXW� VWRUDJH

RUJDQV� ������� VSLQHOHVV� ������ DQG� VWDUWHG� WR� IORZHU� LQ
HDUO\�VXPPHU��0D\��-XQH��

7KH� VHFRQG�JURXS� ���� VSHFLHV��KDG� WKH�KLJKHVW� SRU�
WLRQ� RI� WKHURSK\WHV� DQG� FRQVHTXHQWO\� WKH�PDLQ� SDUW� RI
DQQXDOV��,Q�WKH�VHFRQG�JURXS��WKH�PDMRU�SDUW�RI�ELHQQLDOV
�������� ZHUH� DOVR� FODVVLILHG�� 6SHFLHV� KDG�PDLQO\� OHDI\
VWHP�� WKH\�ZHUH�DOO�ZLWKRXW� VWRORQV� DQG�PRUH� WKDQ�KDOI
RI� WKHP�KDG� UKL]RPHV� �H�J��&DPSDQXOD�SDWXOD��&LUVLXP
SDQQRQLFXP�� &UHSLV� ELHQQLV�� 'DXFXV� FDURWD�� /HXFDQ�
WKHPXP� YXOJDUH���� $OO� WKH� VSHFLHV� IURP� WKH� VHFRQG
JURXS�VWDUWHG�WR�IORZHU�LQ�0D\�RU�-XQH��7KH\�RIWHQ�FRQ�
WDLQHG�SRWHQWLDO�DOOHORFKHPLFDO�FRPSRXQGV����������$OO
WKH� VSHFLHV� IURP� WKH� WKLUG�JURXS� �����ZHUH�KHPLFU\SWR�
SK\WHV�� SHUHQQLDO� DQG� ZLWKRXW� VWRORQV�� ,Q� FRPSDULVRQ
ZLWK�WKH��VW�DQG��QG�JURXSV��WKLV�JURXS�KDG�WKH�KLJKHVW
SURSRUWLRQ�RI�VSHFLHV�ZLWK�URVHWWH����������VSHFLHV�ZLWK
UKL]RPHV� ��������� DQG� VSHFLHV� ZLWK� KLJK� KDLULQHVV
��������7KH� WUDLWV� VWRUDJH� RUJDQV� DQG� VSLQHVFHQFH� H[�
KLELWHG� QR� HYLGHQW� GLIIHUHQFHV� EHWZHHQ� FOXVWHUV� RI� VSH�
FLHV�� 7KHUHIRUH�ZH� FRXOG� VXPPDUL]H� RXU� 3)7V� DQDO\VLV
ZLWK� FRQFOXVLRQ� WKDW� WKHUH� DUH� QR� FOHDU� 3)7V� GLVWLQ�
JXLVKHG�RQ� WKH�EDVLV� RI� WKH� FODVVLILFDWLRQ� RI� WKH� WUDLWV� [
VSHFLHV�PDWUL[��7KLV�LQGLFDWHV�WKDW�IRU�WKH�VSHFLHV�RFFXU�
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7DE�����3)7�DQDO\VLV� IRU� WKUHH�JURXSV� �FOXVWHUV��RI�SODQW� VSHFLHV��GHILQHG�E\� WKH�KLHUDUFKLFDO� FODVVLILFDWLRQ�RI� WKH
WUDLWV�[�VSHFLHV�PDWUL[��9DOXHV�UHSUHVHQW�WKH�SURSRUWLRQ��LQ����RI�VSHFLHV�ZLWKLQ�WKH�FOXVWHU�
7DE�����$QDOL]D�SR�]QDNLK�]D���VNXSLQH��NODVWUH��UDVWOLQVNLK�YUVW��GREOMHQLK�QD�SRGODJL�KLHUDUKLàQH�NODVLILNDFLMH�PD�
WULNH�]QDNL�[�YUVWH��ÈWHYLONH�SUHGVWDYOMDMR�GHOHËH��Y����YUVW�Y�SRVDPH]QHP�NODVWUX�

7UDLW &OXVWHU�� &OXVWHU�� &OXVWHU��
&KDPDHSK\WHV �� ���� �
*HRSK\WHV � ���� �
+HPLFU\SWRSK\WHV �� ���� ���
3KDQHURSK\WHV � � �

/LIH�IRUP

7KHURSK\WHV � ���� �
$QQXDO � ���� �
%LHQQLDO � ���� �/LIH�F\FOH
3HUHQQLDO �� �� ���
7XVVRFNV �� � ����
5RVHWWH � � ����
/HDI\�VWHP �� �� ����

*URZWK�IRUP

5RVHWWH�DQG�OHDI\�VWHP �� �� ����
����FP � � ���
�������FP �� ���� ����
��������FP �� ���� ��
���������FP � �� ����
����������FP � � �

3ODQW�KHLJKW

!�����FP � � �
$EVHQW �� ��� ���

6WRORQV
3UHVHQW �� � �
$EVHQW �� ���� ����

5KL]RPHV
3UHVHQW �� ���� ����
$EVHQW �� ���� ����
7XEHUV � � �
%XOEV � � �

6WRUDJH�RUJDQV

5KL]RPHV � ���� ��
1RQH �� ���� ����

6SLQHVFHQFH
3UHVHQW � ��� ���
1R �� ���� ����
/RZ �� ���� ����+DLULQHVV
+LJK �� �� ����
LQ�0DUFK�RU�HDUOLHU � � ����
LQ�$SULO �� � ����
LQ�0D\ �� �� ����
LQ�-XQH �� �� ����
LQ�-XO\ � � ����

)ORZHULQJ�6WDUW

LQ�$XJXVW�RU�ODWHU�RU�EHIRUH�OHDYHV�LQ�VSULQJ � � ���
$EVHQW �� ���� ����

3RWHQWLDO�DOOHORFKHPLFDOV
3UHVHQW �� ���� ����

1R��RI�VSHFLHV�LQ�FOXVWHU ��� �� ��

ULQJ� RQ� WKH� VWXGLHG� VHPL�GU\� JUDVVODQGV� QR� HDV\�
LQWHUSUHWLQJ�JURXSLQJV�RI�VSHFLHV�RQ�WKH�EDVLV�RI�VHOHFWHG
WUDLWV� FRXOG� EH� QRWHG�� 3&$�RUGLQDWLRQ� RI� ��� WUDLWV� [� ��
UHOHYpV�PDWUL[��)LJ�����LV�FRQILUPLQJ�WKH�FRQFOXVLRQ�JLYHQ
DERYH��)ORULVWLFDOO\�ZHOO�VHSDUDWHG� UHOHYpV� �PDUNHG�ZLWK
GLIIHUHQW�FRORXUV�RQ�ILJXUH����DUH�VFDWWHUHG� LUUHJXODUO\� LQ
WKLV� 3&$� RUGLQDWLRQ�� *URXSV� RI� PRUSKRORJLFDOO\� �IXQF�

WLRQDOO\�� VLPLODU� UHOHYpV�FRXOG�QRW�EH� UHFRJQL]HG�� 6LQFH
WKHUH�ZDV�QR�GLVFHUQLEOH�GLIIHUHQFH� LQ� YHJHWDWLRQ� VWUXF�
WXUH� LQ� WHUPV� RI�PHDVXUHG�SODQW� WUDLWV�� LW� FRXOG� EH� FRQ�
FOXGHG� WKDW� VHFRQGDU\� GU\� JUDVVODQGV� VKDUH� UDWKHU� XQL�
IRUP� IXQFWLRQDO� W\SHV�� 7KLV� PD\� EH� GXH� WR� WKH� ODFN� RI
VWURQJ� VSHFLHV� WXUQRYHU� �'LD]�HW� DO��� �������ZKLFK�PD\
PDVN�VWUXFWXUDO�GLIIHUHQFHV�
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)LJ�����3&$��RUGLQDWLRQ�RI����WUDLWV�[����UHOHYnV�PDWUL[��1XPEHUV�FRUUHVSRQG�WR�WKH�UHOHYn�QXPEHUV�LQ�ILJXUH���/HJ�
HQG��FLUFOHV� ��VW�FOXVWHU��VTXDUHV� ��QG�FOXVWHU��GLDPRQG� ��UG�FOXVWHU�
6O�����3&$��RUGLQDFLMD�PDWULNH����]QDNRY�[����SRSLVRY��ÈWHYLONH�VH�XMHPDMR�V�ÉWHYLONDPL�SRSLVRY�QD�VOLNL����/HJHQGD�
NURJHF� �NODVWHU�ÉW�����NYDGUDW� �NODVWHU�ÉW�����NDUR� �NODVWHU�ÉW����

$/,�-(�5$=12/,.267�32/68+,+�956712�%2*$7,+�75$9,Éà�=9(=(�0(62%520,21
02*2à(�=$=1$7,�6�)81.&,21$/1,0�35,672320"

0LWMD�.$/,*$5,Þ
8QLYHU]D�Y�0DULERUX��3HGDJRÊND�IDNXOWHWD��2GGHOHN�]D�ELRORJLMR��6,������0DULERU��.RURÊND����

LQ
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��,QÊWLWXW�]D�ELRGLYHU]LWHWQH�ÊWXGLMH��6,������.RSHU��*DULEDOGLMHYD��

(�PDLO��PLWMD�NDOLJDULF#XQL�PE�VL

1LQD�Ç$-1$�	�6RQMD�Ç.251,.
8QLYHU]D�Y�0DULERUX��3HGDJRÊND�IDNXOWHWD��2GGHOHN�]D�ELRORJLMR��6,������0DULERU��.RURÊND����

329=(7(.

&LOM�DYWRUMHY�WHJD�ßODQND�MH�ELO�XJRWRYLWL�RVQRYQH�WLSH�VORYHQVNLK�VHNXQGDUQLK�SROVXKLK�WUDYLÈß�L]�]YH]H�0HVREUR�
PLRQ�HUHFWL� �UD]UHG�)HVWXFR�%URPHWHD��QD�RVQRYL� IORULVWLßQH� VHVWDYH� LQ���� UDVWOLQVNLK� IXQNFLRQDOQLK�SRWH]� �]QDNRY��
$QDOL]LUDQH�SRGDWNH�SUHGVWDYOMDWD�PDWULND�V����REMDYOMHQLPL�LQ�QHREMDYOMHQLPL�ILWRFHQRORÈNLPL�SRSLVL�SROVXKLK�WUDYLÈß
L]�REPRßLM�RVUHGQMH�LQ�Y]KRGQH�6ORYHQLMH�WHU�PDWULND�]����IXQNFLRQDOQLPL�SRWH]DPL��NL�VPR�MLK�]EUDOL�]D�����UDVWOLQ�
VNLK�YUVW�WHK�SROVXKLK�WUDYLÈß��3RGDWNH�VPR�REGHODOL�V�VWDQGDUGQLPL�PXOWLYDULDWQLPL�PHWRGDPL���PHWRGR�KLHUDUKLßQH
NODVLILNDFLMH�WHU�RUGLQDFLMVNR�PHWRGR�JODYQLK�NRPSRQHQW��3&$��

1D� RVQRYL� IORULVWLßQH� VWUXNWXUH� LQ� YUHGQRVWL� ]D� SRNURYQRVW� VR� VH� SRSLVL� NODVLILFLUDOL� Y� WUL� GREUR� ORßHQH� VNXSLQH
�NODVWUH���7XGL�Y�3&$�RUGLQDFLMVNHP�GLDJUDPX�VR�ELOH�WH�WUL�VNXSLQH�OHSR�SUHSR]QDYQH��6NOHSDOL�VPR��GD�SUHGVWDYOMD
SUYD�RUGLQDFLMVND�RV��[�RV��JUDGLHQW�S+�WDO��GUXJD�3&$�RV��\�RV��SD�JUDGLHQW�YODÊQRVWL�

=D� GRORßLWHY�]QDßLOQLK� UDVWOLQVNLK� ]QDNRY�YUVW� SROVXKLK� WUDYLÈß� VPR�PDWULNR� ]QDNL� [� YUVWH� SRPQRÊLOL� ]�PDWULNR
YUVWH�[�SRSLVL��.RW�UH]XOWDW�VPR�GRELOL�PDWULNR�]QDNL�[�SRSLVL��NL�VPR�MR�QDWR�DQDOL]LUDOL�]�RUGLQDFLMVNR�PHWRGR�JODYQLK
NRPSRQHQW��3&$�DQDOL]D���1D�RVQRYL�]EUDQLK�]QDNRY�VR�VH�UDVWOLQVNH�YUVWH�NODVLILFLUDOH�Y�WUL�VNXSLQH��NL�SD�MLK�MH�ELOR
WHÊNR�LQWHUSUHWLUDWL�Y�VPLVOX�IXQNFLRQDOQLK�WLSRY��7DNR�VPR�XJRWRYLOL��GD�NOMXE�UD]OLNDP�Y�RNROMVNLK�SDUDPHWULK��SRG�
QHEMH��JHRJUDIVND�OHJD��QDGPRUVND�YLÈLQD��WLS�WDO��LQS���LQ�QMLKRYL�UD]OLßQL�UDEL�QD�SRGODJL�L]EUDQLK�UDVWOLQVNLK�]QDNRY
WHU�V�SRPRßMR�RUGLQDFLMVNH�PHWRGH�QL�ELOR�PRJRßH�]D]QDWL�UD]ORßQLK�UD]OLN�Y�VWUXNWXUL�YHJHWDFLMH��=DNOMXßLOL�VPR��GD
VH�QD�SUHXßHYDQLK�SROVXKLK� WUDYLÈßLK�SRMDYOMDMR�SUHFHM�HQRWQL� IXQNFLRQDOQL� WLSL� V� WHÊNR�GRORßOMLYLPL� UD]OLNRYDOQLPL
]QDNL�

.OMXÞQH�EHVHGH��VXKD�WUDYLÊáD��UDVWOLQVNL�IXQNFLRQDOQL�]QDNL��UDVWOLQVNL�IXQNFLRQDOQL�WLSL��)HVWXFR�%URPHWHD��UDED�WDO�
6ORYHQLMD��3&$��YHJHWDFLMD
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5()(5(1&(6

$OOHQ��7��)��+��	�5��%��6WDUU���������+LHUDUFK\��SHUVSHF�
WLYHV� IRU� HFRORJLFDO� FRPSOH[LW\�� 8QLYHUVLW\� RI� &KLFDJR
3UHVV��&KLFDJR�
%R[��(��2����������0DFURFOLPDWH�DQG�SODQW�IRUPV��DQ�LQ�
WURGXFWLRQ� WR� SUHGLFWLYH� PRGHOLQJ� LQ� SK\WRJHRJUDSK\�
'U��:��-XQN�3XEOLVKHUV��7KH�+DJXH�
%R[�� (��2�� �������� 3ODQW� IXQFWLRQDO� W\SHV� LQ� FOLPDWH� DW
WKH�JOREDO�VFDOH��-��9HJHW��6FL��������������
%UDXQ�%ODQTXHW�� -�� �������� 3IODQ]HQVR]LRORJLH�� *UXQG�
]XJH�GHU�9HJHWDWLRQVNXQGH��6SULQJHU�9HUODJ��:LHQ�
&KDSLQ�� )�� 6�� ,��� 0�� 6�� %UHW�+DUWH�� 6�� (�� +REELH� 	� +�
=KRQJ� �������� 3ODQW� IXQFWLRQDO� W\SHV� DV� SUHGLFWRUV� RI
WUDQVLHQW�UHVSRQVHV�RI�DUFWLF�YHJHWDWLRQ�WR�JOREDO�FKDQJH�
-��9HJHW��6FL��������������
&RUQHOLVVHQ��-��+��&���6��/DYRUHO��(��*HUQLHU��6��'LD]��1�
%XFKPDQQ��'��(��*XUYLFK��3��%��5HLFK��+��WHU�6WHHJH��+�
'��0RUJDQ��0��*��$��YDQ�GHU�+HLMGHQ��-��*��3DXVDV�	�+�
3RRUWHU� �������� $� KDQGERRN� RI� SURWRFROV� IRU� VWDQGDUG�
LVHG� DQG� HDV\� PHDVXUHPHQW� RI� SODQW� IXQFWLRQDO� WUDLWV
ZRUOGZLGH��$XVW��-��%RW���������������
'LD]��6���$��$FRVWD�	�0��&DELGR���������0RUSKRORJLFDO
DQDO\VLV� RI� KHUEDFHRXV� FRPPXQLWLHV� XQGHU� GLIIHUHQW
JUD]LQJ�UHJLPHV��-��9HJHW��6FL��������������
'LD]��6��	�0��&DELGR���������3ODQW�IXQFWLRQDO�W\SHV�DQG
HFRV\VWHP� IXQFWLRQ� LQ� UHODWLRQ� WR� JOREDO� FKDQJH�� -�
9HJHW��6FL�������������
'LD]��6���0��&DELGR��0��=DN��=��0DUWLQH]��(��&DUUHWHUR
	� -��$UDQLEDU� ��������3ODQW� IXQFWLRQDO� WUDLWV�� HFRV\VWHP
VWUXFWXUH�DQG� ODQG�XVH�KLVWRU\�DORQJ�D�FOLPDWLF�JUDGLHQW
LQ�FHQWUDO�ZHVWHUQ�$UJHQWLQD��-��9HJHW��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�
(OOHQEHUJ��+��	�'��0XHOOHU�'XPERLV� ��������$LPV�DQG
PHWKRGV� RI� YHJHWDWLRQ� HFRORJ\�� :LOH\� 	� 6RQV�� 1HZ
<RUN�
*DUFLD�0RUD��0��5���-��%��*DOOHJR�)HUQDGH]�	�)��*DUFLD�
1RYR���������3ODQW�IXQFWLRQDO�W\SHV�LQ�FRDVWDO�IRUHGXQHV
LQ� UHODWLRQ� WR� HQYLURQPHQWDO� VWUHVV� DQG� GLVWXUEDQFH�� -�
9HJHW��6FL�������������
*KLVHOLQ��0��7�� �������� 6SHFLHV�FRQFHSWV�� LQGLYLGXDOLW\�
DQG�2EMHFWLYLW\��%LRO��	�3KLORV��������������
*LWD\�� +�� �������� 'HULYLQJ� IXQFWLRQDO� W\SHV� IRU� UDLQ�
IRUHVW�WUHHV��-��9HJHW��6FL���������������
*LWD\�� +�� 	� ,�� 5�� 1REOH� ��������:KDW� DUH� SODQW� IXQF�
WLRQDO�W\SHV�DQG�KRZ�VKRXOG�ZH�VHHN�WKHP"�,Q��6PLWK��7�
0��+��+�6KXJDUW�	�)��,�:RRGZDUW��HGV����3ODQW�IXQFWLRQDO
W\SHV��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��S�������
*UH\�:LOVRQ�� &�� �������� 0HGLWHUUDQHDQ� ZLOG� IORZHUV�
+HUSHU�&ROOLQV��/RQGRQ�

*ULPH��-��3�� ��������(YLGHQFH�IRU� WKH�H[LVWHQFH�RI� WKUHH
SULPDU\�VWUDWHJLHV�LQ�SODQWV�DQG�LWV�UHOHYDQFH�WR�HFRORJL�
FDO�DQG�HYROXWLRQDU\�WKHRU\��$P��1DW������������������
*ULPH��-��3����������3ODQW�VWUDWHJLHV�DQG�YHJHWDWLRQ�SUR�
FHVVHV��-RKQ�:LOH\�DQG�6RQV��&KLFKHVWHU�
*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"�-��9HJHW��6FL���������������
*ULPH�� -�� 3��� -�� *�� +RGJVRQ� 	� 5�� +XQW� �������� &RP�
SDUDWLYH� SODQW� HFRORJ\�� D� IXQFWLRQDO� DSSURDFK� WR� FRP�
PRQ�%ULWLVK�VSHFLHV��8QZLQ�+\PDQ�/WG���/RQGRQ�
+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�� *�� �����D��� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�9,�����7HLO��3DXO�3DUH\�9HUODJ��%HUOLQ���+DPEXUJ�
+HJL�� *�� �����E��� ,OOXVWULHUWH� )ORUD� YRQ� 0LWWHO�(XURSD�
%DQG�9,�����7HLO��3DXO�3DUH\�9HUODJ��%HUOLQ���+DPEXUJ�
+H\ZRRG��9��+�� ��������&YHWQLFH�� .ULWRVHPHQNH� VYHWD�
'=6��/MXEOMDQD�
+RGJVRQ��-��*���3��-��:LOVRQ��5��+XQW��-��3��*ULPH�	�.�
7KRPSVRQ� �������� $OORFDWLQJ� &�6�5� SODQW� IXQFWLRQDO
W\SHV�� D� VRIW� DSSURDFK� WR� D� KDUG� SUREOHP�� 2,.26�� ���
��������
+XQW��5���-��*�+RGJVRQ��.��7KRPSVRQ��3��%XQJHQHU��1�
3��'XQQHWW�	�$��3��$VNHZ���������$�QHZ�SUDFWLFDO� WRRO
IRU�GHULYLQJ�D� IXQFWLRQDO�VLJQDWXUH� IRU�KHUEDFHRXV�YHJH�
WDWLRQ��$SSO��9HJ��6FL��������������
-RQJPDQ��5��+���&�� -��)�� WHU�%UDDN�	�2��)��5��YDQ�7RQ�
JHUHQ� �������� 'DWD� DQDO\VLV� LQ� FRPPXQLW\� DQG� ODQG�
VFDSH�HFRORJ\��3XGRF��:DJHQLQJHQ�
.DKPHQ��6���3��3RVFKORG�	�.��6FKUHLEHU���������&RQVHU�
YDWLRQ� PDQDJHPHQW� RI� FDOFDUHRXV� JUDVVODQGV�� &KDQJHV
LQ�SODQW�VSHFLHV�FRPSRVLWLRQ�DQG�UHVSRQVH�RI�IXQFWLRQDO
WUDLWV�GXULQJ����\HDUV��%LRO��&RQVHUY����������������
.HGG\��3��$����������$�SUDJPDWLF�DSSURDFK�WR�IXQFWLRQDO
HFRORJ\��)XQFW��(FRO��������������
.OH\HU��0����������'LVWULEXWLRQ�RI�SODQW�IXQFWLRQDO�W\SHV
DORQJ� JUDGLHQWV� RI� GLVWXUEDQFH� LQWHQVLW\� DQG� UHVRXUFH
VXSSO\� LQ� DQ� DJULFXOWXUDO� ODQGVFDSH�� -�� 9HJHW�� 6FL��� ���
��������
.xUQHU�� &�� �������� 6FDOLQJ� IURP� VSHFLHV� WR� YHJHWDWLRQ�
WKH�XVHIXOQHVV�RI�IXQFWLRQDO�JURXSV��,Q��6FKXO]H��(��'��	
+��$��0RRQH\� �HGV����%LRGLYHUVLW\� DQG�(FRV\VWHP�)XQF�
WLRQ��(FRORJLFDO�6WXGLHV��6SULQJHU�9HUODJ��%HUOLQ��S������
����
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/DXEHU�� .��	�*��:DJQHU� �������� )ORUD�+HOYHWLFD�� 3DXO
+DXSW��%HUQ�
/DYRUHO��6���6��0F,QW\UH��-��/DQGVEHUJ�	�7��'��$��)RUEHV
�������� 3ODQW� IXQFWLRQDO� FODVVLILFDWLRQ�� IURP� JHQHUDO
JURXSV� WR� VSHFLILF� JURXSV� EDVHG� RQ� UHVSRQVH� WR� GLVWXU�
EDQFH��7UHQGV�(FRO��(YRO���������������
/HLVKPDQ��0��5��	�0��:HVWRE\��������&ODVVLI\LQJ�SODQWV
LQWR� JURXSV� RQ� WKH� EDVLV� RI� DVVRFLDWLRQV� RI� LQGLYLGXDO
WUDLWV���HYLGHQFH�IURP�$XVWUDOLDQ�VHPL�DULG�ZRRGODQGV��-�
(FRO���������������
0DUWLQÞLÞ�� $��� 7��:UDEHU��1�� -RJDQ�� 9�� 5DYQLN�� $�� 3R�
GREQLN��%��7XUN�	�%��9UHÇ���������0DOD�IORUD�6ORYHQLMH�
.MXá� ]D� GRORáDQMH� SUDSURWQLF� LQ� VHPHQN�� 7HKQLÊND� ]D�
ORÌED�6ORYHQLMH��/MXEOMDQD�
0RUWRQ�� $�� *�� �������� +LVWRU\� RI� ERWDQLFDO� VFLHQFH�
$FDGHPLF�3UHVV��/RQGRQ�
0XFLQD�� /�� 	� -�� .ROEHN� �������� )HVWXFR�%URPHWHD�� ,Q�
0XFLQD��/���*��*UDEKHUU�	�7��(OOPDXHU��HGV����'LH�3IODQ�
]HQJHVHOOVFKDIWHQ� gVWHUUHLFKV�� 7HLO� ,�� *XVWDY� )LVFKHU
9HUODJ��-HQD��S����������
1REOH�� ,��5��	�+��*LWD\� ��������$� IXQFWLRQDO�FODVVLILFD�
WLRQ�IRU�SUHGLFWLQJ�WKH�G\QDPLFV�RI�ODQGVFDSHV��-��9HJHW�
6FL��������������
1REOH��,��5��	�5��2��6ODW\HU���������7KH�XVH�RI�YLWDO�DW�
WULEXWHV� WR� SUHGLFW� VXFFHVVLRQDO� FKDQJHV� LQ� SODQW� FRP�
PXQLWLHV� VXEMHFW� WR� UHFXUUHQW� GLVWXUEDQFHV�� 9HJHWDWLR�
���������
3HWDXHU�� 7�� �������� /HNVLNRQ� UDVWOLQVNLK� ERJDVWHY�� 7HK�
QLÊND�]DORÌED�6ORYHQLMH��/MXEOMDQD�
3RGDQL�� -�� �������� 6<1�7$;� ������ &RPSXWHU� 3URJUDPV
IRU�GDWD�DQDO\VLV�LQ�HFRORJ\�DQG�V\VWHPDWLFV��%XGDSHVW�
3ROGLQL�� /�� �������� $WODQWH� FRURORJLFR� GHOOH� SLQDWH� YD�
VFRODUL�QHO�)ULXOL�9HQH]LD�*LXOLD��LQYHQWDULR�IORULVWLFR�UH�
JLRQDOH��8GLQH�
5DXQNLDHU��&����������7KH�OLIH�IRUPV�RI�SODQWV�DQG�VWDWLV�
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