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06�.X\DWH��9.�%KDPDUH�DQG�'*�,QJDOH
'HSDUWPHQW�RI�$JULFXOWXUDO�(QWRPRORJ\��&ROOHJH�RI�$JULFXOWXUH�

/DWXU��06��,QGLD��������
9DVDQWUDR�1DLN�0DUDWKZDGD�.ULVKL 9LG\DSHHWK��3DUEKDQL��06��,QGLD��������

�06�5HFHLYHG��������������06�5HYLVHG��������������06�$FFHSWHG�������������
06������ �5(6($5&+�3$3(5�,1 $*5,&8/785$/�(17202/2*<�

$EVWUDFW
7KH�SUHVHQW�LQYHVWLJDWLRQ�RQ�³3DUDVLWLF�HIILFLHQF\�RI�7ULFKRJUDPPDWRLGHD�EDFWUDH�1DJDUDMD�RQ�HJJV�RI�GLIIHUHQW�EROOZRUPV´�ZDV�FDUULHG�
RXW�DW�%LR�FRQWURO�/DERUDWRU\��'HSDUWPHQW�RI�$JULFXOWXUDO�(QWRPRORJ\��&ROOHJH�RI�$JULFXOWXUH��/DWXU��910.9��3DUEKDQL���0DKDUDVKWUD�
,QGLD� GXULQJ� ��������� 7KH� SDUDVLWLF� HIILFLHQF\� UHFRUGHG� RQ� IRXU� GLIIHUHQW� KRVW� HJJV� YL]��� &RUF\UD� FHSKDORQLFD� 6WDLQWRQ�� +HOLFRYHUSD�
DUPLJHUD�+XEQHU��3HFWLQRSKRUD�JRVV\SLHOOD�6DXQGHUV�DQG�6SRGRSWHUD�IUXJLSHUGD�-�(��6PLWK�XQGHU�ODERUDWRU\�FRQGLWLRQV�DW�DPELHQW�URRP�
WHPSHUDWXUH�RI�������R&��7KH�SDUDVLWLF�HIILFLHQF\�RI�7U��EDFWUDH�RQ�IRXU�GLIIHUHQW�KRVW�HJJV�UDQJHG�IURP�������WR�������SHU�FHQW�XQGHU�WKH�
ODERUDWRU\� FRQGLWLRQ� DW� ��� �� �R&�� $PRQJ� WKH� GLIIHUHQW� KRVW� HJJV�� PD[LPXP� DYHUDJH� SDUDVLWLVP� ZDV� UHJLVWHUHG� RQ� WKH� HJJV� RI� &��
FHSKDORQLFD���������������SHU�FHQW��IROORZHG�E\�3��JRVV\SLHOOD���������������SHU�FHQW���+��DUPLJHUD���������������SHU�FHQW��DQG�PLQLPXP�
SDUDVLWLVDWLRQ� ZDV� REVHUYHG� RQ� WKH� HJJV� RI� 6�� IUXJLSHUGD� ������� �� ����� SHU� FHQW��� 7KH� ILQGLQJV� RI� SUHVHQW� VWXG\� PDGH� LW� FOHDU WKDW�
SDUDVLWLVDWLRQ� FDSDFLW\� RI� 7U�� EDFWUDH� ZDV� VLJQLILFDQWO\� KLJKHU� RQ� WKH� HJJV� RI� &�� FHSKDORQLFD� FRPSDUHG� WR� UHPDLQLQJ� KRVW� HJJV� XQGHU�
LQYHVWLJDWLRQ��7KXV��LW�LV�SURYHG�WKDW�SDUDVLWLF�HIILFLHQF\�RI�SDUDVLWRLG�LV�LQIOXHQFHG�E\�KRVW�
.H\�ZRUGV��3DUDVLWLF�HIILFLHQF\��7ULFKRJUDPPDWRLGHD�EDFWUDH��%ROOZRUPV

,QWURGXFWLRQ
7ULFKRJUDPPDWLGV� DUH� VPDOOHVW� LQVHFWV�� UDQJLQJ� LQ� VL]H� IURP� ���� WR�
���� PP�� VROLWDU\� RU� JUHJDULRXV� LGLRELRQW� HQGRSDUDVLWRLGV� RI� LQVHFW�
HJJV�� 7KH� IDPLO\ 7ULFKRJUDPPDWLGDH LV� UHSUHVHQWHG� E\� RYHU� ����
GHVFULEHG� VSHFLHV� LQ� DSSUR[LPDWHO\� ��� JHQHUD� ZRUOGZLGH� DQG� LV�
UHFRJQL]HG�IURP�DOO�YHJHWDWHG�WHUUHVWULDO�KDELWDWV��3LQWR���������
7ULFKRJUDPPDWRLGHD� EDFWUDH 1DJDUDMD� LV� DQ� HJJ� SDUDVLWRLG� ZLGHO\�
GLVWULEXWHG� LQ� WKH�RULHQWDO� UHJLRQ�RI� WKH�ZRUOG��DGDSWHG�WR�WHUUHVWULDO�
KXPLG� KDELWDWV� DQG� NQRZQ� WR� DWWDFN� YDULRXV� LQVHFW�SHVWV� RI� FRWWRQ��
VXJDUFDQH��IUXLWV�DQG�YHJHWDEOHV��1DJDUDMD���������7U��EDFWUDH�IRXQG�
WR DWWDFN� HJJV� RI� PDQ\� OHSLGRSWHURXV� LQVHFW�SHVWV� VXFK� DV�
+HOLFRYHUSD� DUPLJHUD +XEQHU� �5DR� HW� DO��� ������� (DULDV� YLWWHOOD
)DEULFLXV� �5DR� HW� DO��� ������� $FKDHD� MDQDWD /LQQDHXV �5DR� HW� DO���
�������$WKHULJRQD�VRFFDWD 5RQGDQL��5DR�HW�DO����������3HFWLQRSKRUD�
JRVV\SLHOOD� 6DXQGHUV� �+XWFKLVRQ� HW� DO� �������� 3OXWHOOD� [\ORVWHOOD
/LQQDHXV� �.HLQPHHVXNH� HW� DO�� �������� &KLOR� LQIXVFDWHOOXV 6QHOOHQ�
�6LQJK�� ������� (SLSK\DV� SRVWYLWWDQD� :DONHU� �6WHYHQV�� ������
&WHQRSVHXVWLV�REOLTXDQD :DONHU��6WHYHQV�������� (WLHOOD�]LQFNHQHOOD
7UHLWVFKNH �+HUOLQGD� HW� DO��� ������� 6SRGRSWHUD� OLWXUD +XEQHU�
�'MXZDUVR�HW�DO����������7XWD�DEVROXWD 0H\ULFN��9LUJDOD�DQG�%RWWR��
������DQG�&QDSKDORFURFLV�PHGLQDOLV *XHQHH��3HUHUD�HW�DO���������
8VH�RI�7ULFKRJUDPPDWRLGHD VS��LQ�GLIIHUHQW�SHVW�FRQWURO�SURJUDPPH�
SURYHV� VDWLVIDFWRU\� DV� LW� JLYHV� KLJK� OHYHO� RI� SHVW� VXSSUHVVLRQ� LQ� WKH�
ILHOG� �0DOLN�� ����D�� /LX� HW� DO��� ������ .ULVKQDPRRUWK\�� ����� DQG�
0RKDPHG�HW�DO����������+RZHYHU��WKH�VXFFHVV�RI� LWV�UHOHDVH�GHSHQGV�
XSRQ�WKH� IDFWRUV�VXFK�DV� LQWHUDFWLRQ�ZLWK�WDUJHW�KRVW��VWUDLQ�UHOHDVHG�
DQG� GLIIHUHQW� ELRORJLFDO� FKDUDFWHUV� WKDW� GHWHUPLQH� WKH� HIILFDF\� RI�
SDUDVLWLVP� �%RXUFKLHU� DQG� 6PLWK�� ������� .HHSLQJ� WKLV� LQ� YLHZ�� WKH�
ELRORJ\�RI�7U��EDFWUDH�RQ�GLIIHUHQW�KRVW�HJJV�QHHG�WR�EH�LQYHVWLJDWHG�
VR�DV�WR�JHQHUDWH�LQIRUPDWLRQ�SHUWDLQLQJ�WR�PRVW�VXLWDEOH�KRVW�HJJV�RI�
EROOZRUP� RQ� FRWWRQ� IRU� HIIHFWLYH� SDUDVLWLVDWLRQ� DQG� XOWLPDWHO\� WKH�
PDQDJHPHQW�RI�WKH�SHVWV�
0DWHULDOV�DQG�0HWKRGV
7KH� VWXGLHV� RQ� SDUDVLWLF� HIILFLHQF\� RI� 7U�� EDFWUDH RQ� IRXU� GLIIHUHQW�
KRVW� HJJV� YL]���&�� FHSKDORQLFD� +�� DUPLJHUD�� 3�� JRVV\SLHOOD DQG� 6��
IUXJLSHUGD� ZHUH� FDUULHG� RXW� LQ� D� &RPSOHWHO\� 5DQGRPL]HG� 'HVLJQ�
UHSOLFDWHG� �� WLPHV�� (JJV� RI� GLIIHUHQW� KRVWV� ZHUH� REWDLQHG� IURP�
ODERUDWRU\� UHDUHG� FXOWXUH� RI� WKH� KRVW� LQVHFWV� DW� %LR�&RQWURO�

/DERUDWRU\� RI� 'HSDUWPHQW� RI� $JULO�� (QWRPRORJ\�� &ROOHJH� RI�
$JULFXOWXUH��/DWXU�GXULQJ���������
7KH� H[SHULPHQW� ZDV� FRQGXFWHG� WR� VWXG\� WKH� SDUDVLWLF� HIILFLHQF\� RI�
SDUDVLWRLG�7U��EDFWUDH RQ�GLIIHUHQW�KRVW�HJJV�YL]���&��FHSKDORQLFD��+��
DUPLJHUD� 3�� JRVV\SLHOOD DQG 6�� IUXJLSHUGD� XQGHU� ODERUDWRU\�
FRQGLWLRQV�� *ODVV� WXEH� �PHDVXULQJ� ��� FP� LQ� OHQJWK� DQG� ���� FP� LQ�
GLDPHWHU��ZDV�XVHG�DV�H[SHULPHQWDO�XQLW��2QH�SUH�PDWHG�IHPDOH�ZDV�
LQWURGXFHG�LQWR�WKH�H[SHULPHQWDO�WXEH�ZKLFK�ZDV�DOVR�SURYLGHG�ZLWK�
���SHU�FHQW�KRQH\�VROXWLRQ�VRDNHG�LQ�FRWWRQ�VZDE�DV�DGXOW�IRRG��)RU�
GHWHUPLQLQJ�SDUDVLWLVP�UDWH����� IUHVKO\� ODLG��8�9�� LUUDGLDWHG�HJJV�RI�
UHVSHFWLYH�KRVW�JOXHG�RQ�D�\HOORZ�SDSHU�FDUG�VWULS��PHDVXULQJ���[�����
FP�� ZDV� LQWURGXFHG� LQWR� JODVV� WXEH� �SDUDVLWRLG� SHU� KRVW� UDWLR�
PDLQWDLQHG�DW��������7KH�WXEH�ZDV�WKHQ�FORVHG�ZLWK�FRWWRQ�SOXJV��7KH�
H[SHULPHQW� ZDV� FRQGXFWHG� XQWLO� WKH� PRUWDOLW\� RI� SDUDVLWRLG�� 7KH�
H[SHULPHQW�ZDV� UHSOLFDWHG� ILYH� WLPHV�� 7KH� SHU� FHQW� SDUDVLWLVP� ZDV
FDOFXODWHG�EDVHG�RQ�WKH�QXPEHU�RI�HJJV�ZKLFK�WXUQHG�EODFN�RXW�RI�WKH�
WRWDO�QXPEHU�RI�HJJV�H[SRVHG��
6WDWLVWLFDO�DQDO\VLV
7KH� GDWD� LQ� UHVSHFW� RI� ELRORJLFDO� SDUDPHWHUV� RI� 7U�� EDFWUDH ZDV�
VWDWLVWLFDOO\� DQDO\]HG� E\� VWDQGDUG� µDQDO\VLV� RI� YDULDQFH¶�� 7KH� QXOO�
K\SRWKHVLV�ZDV� WHVWHG�E\� µ)¶� WHVW�RI� VLJQLILFDQFH� DW���SHU�FHQW� OHYHO�
�*RPH]�DQG�*RPH]��������
5HVXOWV�DQG�'LVFXVVLRQ
7KH� GDWD� SHUWDLQLQJ� WR� SDUDVLWLF� HIILFLHQF\� RI� 7U�� EDFWUDH� RQ� IRXU�
GLIIHUHQW� KRVW� HJJV� DUH� SUHVHQWHG� LQ�7DEOH� �� DQG� LOOXVWUDWHG� WKURXJK�
)LJ� ���7KH�GDWD�UHYHDOHG�WKDW�WKH�H[WHQW�RI�DYHUDJH�SDUDVLWLVP�RI�7U��
EDFWUDH�RQ�GLIIHUHQW�KRVW�HJJV� UDQJHG� IURP������� WR�������SHU�FHQW�
XQGHU�WKH�ODERUDWRU\�FRQGLWLRQ�DW�������R&��$PRQJ�WKH�GLIIHUHQW�KRVW�
HJJV��WKH�PD[LPXP�DYHUDJH�SDUDVLWLVP�ZDV�UHJLVWHUHG�RQ�WKH�HJJV�RI�
&�� FHSKDORQLFD� ������� �� ����� SHU� FHQW�� IROORZHG� E\� 3�� JRVV\SLHOOD
��������������SHU�FHQW���+��DUPLJHUD ��������������SHU�FHQW��DQG�WKH�
PLQLPXP�SDUDVLWLVDWLRQ�REVHUYHG�RQ�WKH�HJJV�RI�6��IUXJLSHUGD��������
�������SHU�FHQW��
7KH� ILQGLQJV� RI� SUHVHQW� VWXG\� PDGH� LW� FOHDU� WKDW� SDUDVLWLVDWLRQ�
FDSDFLW\� RI�7U�� EDFWUDH�ZDV� VLJQLILFDQWO\� KLJKHU� RQ� WKH� HJJV� RI�&��
FHSKDORQLFD FRPSDUHG� WR� UHPDLQLQJ� KRVW� HJJV� XQGHU� LQYHVWLJDWLRQ��
7KXV��LW�LV�SURYHG�WKDW�SDUDVLWLF�HIILFLHQF\�RI�SDUDVLWRLG�LV�LQIOXHQFHG�
E\�KRVW�

7DEOH�����3DUDVLWLF�HIILFLHQF\�RI�7U��EDFWUDH�RQ�GLIIHUHQW�KRVW�HJJV

6U�
1R�

+RVW�HJJV
1R�� RI� KRVW�
HJJV�RQ�VWULS

1R��RI�HJJV�SDUDVLWL]HG 0HDQ�
SHU�FHQW�3DUDVLWLVP

����WK GD\ �WK GD\ 0HDQ

�� &��FHSKDORQLFD ��� �� �� ���� ����������
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�� +��DUPLJHUD ��� �� �� ���� �����������
�� 3��JRVV\SLHOOD ��� �� �� ���� �����������
�� 6��IUXJLSHUGD ��� �� �� ���� ����������
7KH� UHVXOWV� RI� SUHVHQW� LQYHVWLJDWLRQ� DUH� LQ� DFFRUGDQFH� ZLWK� WKH�
ILQGLQJV� RI�+HPDFKDQGUD� DQG� 3HUHUD� �������ZKR� UHYHDOHG� WKDW� WKH�
OHYHO�RI�SDUDVLWLVP�RI�&QDSKDORFURFLV�PHGLQDOLV �*XHQHH��HJJV�GXH�
WR 7U�� EDFWUDH VLJQLILFDQWO\� YDULHG� EHWZHHQ��� WR������� �PHDQ�������
�����SHU�FHQW�DPRQJ�VDPSOLQJ�VLWHV��&KDXEH\�HW�DO���������H[KLELWHG�
WKDW�WKH�SDUDVLWLF�HIILFLHQF\�RI�7U��EDFWUDH RQ�WKH�HJJV�RI�3��[\ORVWHOOD
DW�GLIIHUHQW�KRVW�SDUDVLWRLG�UDWLR�ZDV�LQ�WKH�UDQJH�RI������������HJJV�
SHU� IHPDOH� DQG� SHU� FHQW� SDUDVLWLVP� YDULHG� IURP� ������ WR� ������ SHU�
FHQW��<DQ�TLQJ�HW�DO���������VKRZHG�WKDW�WKH�KLJKHVW�SDUDVLWLVP�RI�3��
[\ORVWHOOD HJJV� FDUGV� WUHDWHG�ZLWK� �����PJ�SHU� FP�� RI� KHSWDFRVDQH�
������� SHU� FHQW�� ZDV� REVHUYHG� GXH� WR� 7U�� � EDFWUDH�� 3DODQGH� DQG�
3RNKDUNDU� ������� LQGLFDWHG� WKDW� WKH� SDUDVLWLVP� RI 7U�� EDFWUDH ZDV�
KLJKHU� LQ� WKH� HJJV� RI &�� FHSKDORQLFD ������� SHU� FHQW�� WKDQ 3��
[\ORVWHOOD �������SHU�FHQW���
$FFRUGLQJ� WR�/LX�HW�DO�� ������� WKH�SDUDVLWLVP�GXH�WR�7U��EDFWUDH RQ�
HJJV�RI�3��[\ORVWHOOD ZDV�LQ�WKH�UDQJH�RI�������SHU�FHQW��6LQJK�HW�DO��
�������UHYHDOHG�WKDW�WKH�PD[LPXP�HJJ�SDUDVLWLVDWLRQ�RI�3��[\ORVWHOOD
������ SHU� FHQW�� ZDV� UHFRUGHG� LQ� WKH� UDWLR� ��� �KRVW� HJJV��� ��
�SDUDVLWRLG� IHPDOHV��� ZKLFK� ZDV� RQ� SDU� ZLWK� RWKHU� KLJKHU� UDWLRV� RI�
������� WR� �������� <XURQJ� HW� DO�� ������� IRXQG� WKDW� 7U�� EDFWUDH�� 7��
FRQIXVXP�� 7�� RVWULQLDH�� 7U�� UDRL DQG� 7�� ELILQJHQVLV FRQWULEXWHG� ���
�����SHU�FHQW�RI�3��[\ORVWHOOD HJJ�SDUDVLWLVP��7KH�UHVXOWV�VKRZHG�WKDW�
SDUDVLWLVP� FRXOG� UHDFK� ����� SHU� FHQW� ZKHQ� RWKHU� SDUDVLWRLGV� ZHUH�
UHOHDVHG�DW�WKH�VDPH�WLPH��%KDUGZDM�DQG�*XSWD��������HYLGHQFHG�WKDW�
WKH�PHDQ�SDUDVLWLVDWLRQ�GXH�WR�7U��EDFWUDH ZDV�UHJLVWHUHG�WR�WKH�WXQH�
RI�����DQG�����HJJV RQ &��FHSKDORQLFD DQG�3��[\ORVWHOOD��UHVSHFWLYHO\��
(O�+DIH]� DQG�1DGD� ������� LQGLFDWHG� WKDW� WKH�7U��EDFWUDH SDUDVLWLVP�
RQ�3��JRVV\SLHOOD HJJV�ZDV�YDULHG�IURP������������PHDQ��������SHU�
FHQW�DW�GLIIHUHQW�UHOHDVH�GLVWDQFHV��+RZHYHU��WKH�SHU�FHQW�SDUDVLWLVHG�
HJJV�RI�3��JRVV\SLHOOD UDQJHG�EHWZHHQ�������WR�������SHU�FHQW�XQGHU�
ILHOG� FRQGLWLRQV� RI� FRWWRQ� HFRV\VWHP�� � :XKUHU� DQG� +DVVDQ� �������
UHYHDOHG�WKDW�WKH�UDWLR�RI�SDUDVLWLVHG 3OXWHOOD WR 6LWRWURJD HJJV�GXH�WR�
7U�� EDFWUDH ZDV� ����� WR� ����� 7KH� UDWLR� RI� FRQWDFWV� ZLWK�
3OXWHOOD DQG 6LWRWURJD HJJV� ZDV� ���� WR� ����� .HLQPHHVXNH� HW� DO��
������ REVHUYHG�����������SHU�FHQW SDUDVLWLVHG�HJJV�RI�GLDPRQGEDFN�
PRWK�GXH�WR�7U��EDFWUDH��1DUDQMR�HW�DO� �������HYLGHQFHG�WKDW�PHDQ�
SDUDVLWLVP�RI�3��JRVV\SLHOOD HJJ�GXH�WR�7U��EDFWUDH�YDULHG�EHWZHHQ����
WR�PRUH� ��� SHU� FHQW� GXULQJ� WKH� FRWWRQ� VHDVRQ�� /LP� ������� UHSRUWHG�
WKDW�WKH�PHDQ�WRWDO�QXPEHU�RI�&��FHSKDORQLFD HJJV�SDUDVLWLVHG�E\�IHG�
PDWHG� DQG� YLUJLQ� SDUDVLWRLGV� RI� 7U�� EDFWUDH� IXPDWD ZDV� ����� DQG�
������UHVSHFWLYHO\��$FFRUGLQJ�WR�5DR�HW�DO���������HJJ�SDUDVLWLVDWLRQ�
RI�$FKDHD�MDQDWD GXH�WR�7U��EDFWUDH ZDV�LQ�WKH�UDQJH�RI�����WR������
SHU� FHQW�� 0DQMXQDWK� ������� UHYHDOHG� WKDW� 7U�� DUPLJHUD� SDUDVLWLVHG�
������ ������ ����� DQG������ SHU� FHQW� HJJV�RI�$FKDHD� MDQDWD��&RUF\UD�
FHSKDORQLFD�� *QRULPRVFKHPD� RSHUFXOHOOD DQG� +HOLRWKLV� DUPLJHUD��
UHVSHFWLYHO\�
&RQFOXVLRQ
,Q� FRQFOXVLRQ� LW� LV� WR� VWDWH� WKDW� LQ� WKH� SUHVHQW� LQYHVWLJDWLRQ� WKH�
SDUDVLWLF� HIILFLHQF\� ZDV� VLJQLILFDQWO\� KLJKHU� RQ� WKH� HJJV� RI� &��
FHSKDORQLFD FRPSDUHG�WR�UHPDLQLQJ�KRVW�HJJV��7KXV��LW�LV�SURYHG�WKDW�
SDUDVLWLF� HIILFLHQF\� RI� SDUDVLWRLG� LV� LQIOXHQFHG� E\� KRVW�� $OWKRXJK�
WKHVH� UHVXOWV�FDQQRW�EH�XVHG� WR�PHDVXUH�SDUDVLWRLG�HIILFLHQF\� LQ� WKH�
ILHOG�� WKH\� LQGLFDWH� EHKDYLRXU� WR� EH� H[SHFWHG� LQ� D� PDVV� UHOHDVH�
SURJUDPPH� IRU� WKH� FRQWURO� RI� WKH� SHVW��7KXV�� WKH� ELRORJLFDO� FRQWURO�
ZLWK� 7U�� EDFWUDH� VKRXOG� WDUJHW� WKH� SHVW� VSHFLHV� RQ� WKH� EDVLV� RI�
ODERUDWRU\� REVHUYDWLRQV� RQ� SDUDVLWLVDWLRQ� UDWH� DQG� YLDELOLW\��
$FFRUGLQJO\�� WKH� TXDQWXP� DQG� IUHTXHQF\� RI� WKH� UHOHDVH� RI� 7U��
EDFWUDH FDQ�EH�XQGHUVWRRG��
5HIHUHQFHV
�� %KDUGZDM�� 3�� &�� DQG� *XSWD�� 3�5�� ������ 6XLWDELOLW\� RI�

7ULFKRJUDPPDWRLGHD�EDFWUDH 1DJDUDMD�DV�DQ�HJJ�SDUDVLWRLG�RI�WKH�

GLDPRQGEDFN� PRWK� 3OXWHOOD� [\ORVWHOOD �/LQQDHXV��� -�� %LRO��
&RQWURO���������������������

�� %RXUFKLHU�� 5�6� DQG� 6PLWK�� 6�0� ����� ,QIOXHQFH� RI�
HQYLURQPHQWDO� FRQGLWLRQV� DQG� SDUDVLWRLG� TXDOLW\� RQ� ILHOG�
SHUIRUPDQFH� RI 7ULFKRJUDPPD� PLQXWXP�� (QWRPRORJLD�
([SHULPHQWDOLV�HW�$SSOLFDWD������������������

�� &KDXEH\��%��.���6ULQLYDVD�0XUWK\��.��DQG�-DODOL��6��.�������
6WDQGDUGLVDWLRQ� RI� KRVW�SDUDVLWRLG� UDWLR� RI� 3OXWHOOD� [\ORVWHOOD
�/LQQDHXV�� DQG� 7ULFKRJUDPPDWRLGHD� EDFWUDH 1DJDUDMD�� -�� %LRO��
&RQWU�������������������

�� 'MXZDUVR�� 7��� 7HQJNDQR�� :��� .RVZDQXGLQ�� '�� DQG�
'DPD\DQWL�� '�� ����� 3RWHQVL� 7ULFKRJUDPPDWRLGHD� EDFWUDH�
EDFWUDH�� 3DUDVLWRLG� 7HOXU� 3HQJJHUHN� 3RORQJ� .HGHODL�� ,Q� 3URF��
6HPLQDU� 1DVLRQDO� 3HUKLPSXQDQ� (QWRPRORJL� ,QGRQHVLD��
7DQWDQJDQ� (QWRPRORJL� $EDG� ;;,�� %RJRU�� ������� � (O�+DIH]��
$�$�� DQG� 1DGD�� 0�$�� ������ $XJPHQWDWLRQ� RI�
7ULFKRJUDPPDWRLGHD� EDFWUDH 1DJDUDMD� LQ� WKH� ,30� SURJUDPPH�
IRU� FRQWURO� RI� SLQN� EROOZRUP�� 3HFWLQRSKRUD� JRVV\SLHOOD
�6DXQGHUV��LQ�(J\SW��3URFHHGLQJV�%HOWZLGH�&RWWRQ�&RQIHUHQFH�����
����������

�� *RPH]�� .�$�� DQG� *RPH]�� $�� ����� 6WDWLVWLFDO� SURFHGXUH� IRU�
DJULFXOWXUDO� UHVHDUFK� ��HG���� -RKQ� :LOH\� DQG� 6RQV�� 1HZ� <RUN��
����

�� +HPDFKDQGUD��.�6��DQG�3HUHUD��0�&�'��������$VVHVVPHQW RI�
WKH� HJJ� SDUDVLWRLG� JXLOG� RI� ULFH� OHDI� IROGHU�� &QDSKDORFURFLV�
PHGLQDOLV �*XHQHH���D�VHDUFK� IRU�ELRFRQWURO�DJHQWV��-��1DWQ��6FL��
)RXQG� 6UL�/DQND������������������

�� +HUOLQGD��6���5DXI��$����.DUWRVXZRQGR��8��DQG�%XGLKDUGMR��'��
����� %LRORJ\� DQG� SRWHQWLDO� RI� HJJ� SDUDVLWRLG��
7ULFKRJUDPPDWRLGHD� EDFWUDH 1DJDUDMD� �+\PHQRSWHUD��
7ULFKRJUDPPDWLGDH��� IRU� WKH� FRQWURO� RI� VR\EHDQ� SRGERUHU�� %XOO��
3O��3HVWV�'LV����������������

�� +XWFKLVRQ�� :�� '��� 0RUDWRULR�� 0�� DQG� 0DUWLQ�� -�� 0�� ������
0RUSKRORJ\� DQG� ELRORJ\� RI� 7ULFKRJUDPPDWRLGHD� EDFWUDH
�+\PHQRSWHUD��7ULFKRJUDPPDWLGDH��� LPSRUWHG� IURP�$XVWUDOLD�DV�
D� SDUDVLWRLG� RI� SLQN� EROOZRUP� �/HSLGRSWHUD�� *HOHFKLLGDH�� HJJV��
$QQ��(QWRPRO��6RF��$P�� ��������������

�� .HLQPHHVXNH�� 3��� 9DWWDQDWDQJXP�� $��� 6DUQWKR\�� 2���
6D\DPSRO�� %��� 0L\DWD�� 7��� 6DLWR�� 7�� DQG� 1DNDVXML�� )�� ������
/LIH� WDEOH� RI� GLDPRQGEDFN� PRWK� DQG� LWV� HJJ� SDUDVLWH��
7ULFKRJUDPPDWRLGHD� EDFWUDH� LQ� 7KDLODQG�� ,Q� µµ'LDPRQGEDFN�
0RWK�DQG�2WKHU�&UXFLIHU�3HVWV��3URF���QG�,QW��:RUNVKRS¶¶��1��6��
7DOHNDU��(G����$95'&��6KDQKXD��7DLZDQ�����������

���.ULVKQDPRRUWK\�� $�� ����� ([SORLWDWLRQ� RI� HJJ� SDUDVLWRLGV� IRU�
FRQWURO� RI� SRWHQWLDO� SHVWV� LQ� YHJHWDEOH� HFRV\VWHPV� LQ� ,QGLD��
&RPXQLFDWD�6FLHQWLDH���������������

���/LP�� *�7�� ������ %LRORJLFDO� VWXGLHV� RQ� 7ULFKRJUDPPDWRLGHD�
EDFWUDH�IXPDWD 1DJDUDMD�LQ�WKH�ODERUDWRU\��-��$SSO��(QWRPRO�������
�����������

���/LX�� 6KX�VKHQJ�� /DUU\� &RRSHU�� 5LFKDUG� 5�� /OHZHOO\Q��
0DUOHQH� (OVRQ�+DUULV�� -RKQ� 'XII�� 0LFKDHO� -�� )XUORQJ� DQG�
0\URQ�3��=DOXFNL������� (JJ�SDUDVLWRLGV�RI� WKH�GLDPRQG�EDFN�
PRWK�� 3OXWHOOD� [\ORVWHOOD �/��� �/HSLGRSWHUD�� 3OXWHOOLGDH��� IURP�
VRXWK�HDVW�4XHHQVODQG��$XVW��-��(QWRPRO����������������

���0DOLN�� 0�� )�� ������ 6RPH� ELRORJLFDO� DWWULEXWHV� RI�
7ULFKRJUDPPDWRLGHD� EDFWUDH�� �+\PHQRSWHUD��
7ULFKRJUDPPDWLGDH��� DW� KLJK� WHPSHUDWXUHV� LQ� SLQN� EROOZRUP�
�3HFWLQRSKRUD� JRVV\SLHOOD�� /HSLGRSWHUD�� *HOHFKLLGDH�� HJJV�� -��
%LRO��6FL������������������

���0DQMXQDWK�� 7�0�� ����� %LRORJLFDO� VWXGLHV� RQ�
7ULFKRJUDPPDWRLGHD�DUPLJHUD 1DJDUDMD��D� QHZ�GLDPRUSKLF�HJJ�



���Ǥ����ǡ������������ǡ��������ʹͲʹʹ �������
������������� �����ʹʹǦͲͳ
�������������������������ǡ���������������Ƭ���������������������������������������������

E��^�ZĂƚŝŶŐ�ϮϬϮϮ Ͳ ϰ͘ϱϭ ϱϯ

SDUDVLWH�RI�+HOLRWKLV�DUPLJHUD �+XEQHU�� LQ� ,QGLD��(QWRPRSKDJD��
���������������

���0RKDPHG��+HQG�2���$�+��(�+HQHLG\��$EG�(ODOLP�*��$OL�DQG�
$]]D� $�� $ZDG�� ������ 1RQ�FKHPLFDO� FRQWURO� RI� WKH� SLQN� DQG�
VSLQ\� EROOZRUPV� LQ� FRWWRQ� ILHOGV� DW� $VVXLW� *RYHUQRUDWH�� 8SSHU�
(J\SW��,,� 8WLOL]DWLRQ�RI�WKH�HJJ�SDUDVLWRLG��7ULFKRJUDPPDWRLGHD�
EDFWUDH 1DJDUDMD��(J\SW��-��%LRO��3HVW�&RQWURO�������������������

���1DJDUDMD�� +�� ����� 6WXGLHV� RQ� 7ULFKRJUDPPDWRLGHD
�+\PHQRSWHUD�� 7ULFKRJUDPPDWRLGHD��� 2ULHQWDO� LQVHFWV�� ��� �����
��������

���1DUDQMR��6�(���*RUGK��*��DQG�0RUDWRULR��0��������,QXQGDWLYH�
UHOHDVH�RI�7ULFKRJUDPPDWRLGHD�EDFWUDH IRU�ELRORJLFDO�FRQWURO�RI�
SLQN� EROOZRUP� LQ� &RWWRQ�� ,Q�� &ROOHJH� RI� $JULFXOWXUH� 5HSRUW��
8QLYHUVLW\� RI� $UL]RQD�� 7XFVRQ�� ��������
�KWWS���KGO�KDQGOH�QHW���������������

���3DODQGH�� 3�5�� DQG� 3RNKDUNDU�� '�6�� ������ 0DQDJHPHQW� RI�
3OXWHOOD� [\ORVWHOOD �/LQQDHXV�� �/HSLGRSWHUD�� 3OXWHOOLGDH�� ZLWK�
7ULFKRJUDPPDWRLGHD�EDFWUDH 1DJDUDMD�DQG�%DFLOOXV�WKXULQJLHQVLV
%HUOLQHU�RQ�FDEEDJH��-��%LRO��&RQWU�����������������

���3HUHUD�� 0�&�'��� +HPDFKDQGUD�� .�6� DQG� 6LULVHQD�� 8�*�$�,��
����� 7ULFKRJUDPPDWRLGHD� EDFWUDH �+\PHQRSWHUD��
7ULFKRJUDPPDWLGDH��� $� SRWHQWLDO� ELRFRQWURO� DJHQW� RI� ULFH� OHDI�
IROGHU��7URSLFDO�$JULO��5HV�������������������

���3LQWR�� -RKQ�� '�� ����� $� UHYLHZ� RI� WKH� 1HZ� :RUOG� JHQHUD� RI�
7ULFKRJUDPPDWLGDH� �+\PHQRSWHUD��� -�� +\PHQRSWHUD� 5HV��� ����
�������

���5DR��.��-DL��7KRQWDGDU\D��7�6��DQG�5DQJDGKDPDLDK� .�������
1HZ� UHFRUG� RI� 7ULFKRJUDPPDWRLGHD� EDFWUDH 1DJDUDMD� �+\P���
7ULFKRJUDPPDWLGDH�� DV� DQ� HJJ� SDUDVLWRLGV� RI� WKH� FDVWRU�
VHPLORRSHU�$FKDHD�MDQDWD �/HS��1RFWXLGDH���&XUU��6FL������������

���5DR�� .�� -DL�� 7KRQWDGDU\D�� 7�6�� DQG� <HOVKHWW\�� 6XKDV�� �����
7ULFKRJUDPPDWRLGHD� EDFWUDH 1DJDUDMD� D� QHZ� HJJ� SDUDVLWRLG� RI�
VRUJKXP� VKRRW� IO\��$WKHULJRQD� VRFFDWD 5RQGDQL��&XUU�� 6FL������
���������

��� 6LQJK�� .�,��� -DODOL� �� 6�.��� 5DELQGUD�� 5�-��� 5DR�� 1�6�� DQG�
/DOLWKD�<�� ������ 5ROH� RI� HJJ� SDUDVLWRLG�� 7ULFKRJUDPPDWRLGHD�
EDFWUDH 1DJDUDMD DORQH� DQG� LQ� FRPELQDWLRQ�ZLWK� GLFKORURYRV� LQ�
WKH�PDQDJHPHQW�RI�3OXWHOOD�[\ORVWHOOD �/LQQDHXV��RQ�FDEEDJH��-��
%LRO��&RQWURO������������������

��� 6LQJK��6�3��DQG�-DODOL��6�.������� 7ULFKRJUDPPDWLGV��7HFKQLFDO�
%XOOHWLQ� QR�� ��� 3URMHFW� 'LUHFWRUDWH� RI� %LRORJLFDO� FRQWURO��
%DQJDORUH������������

��� 6WHYHQV�� 3�6�� ������ +RVW� SUHIHUHQFHV� RI� 7ULFKRJUDPPDWRLGHD�
EDFWUDH�)XPDWD� �+\P�7ULFKRJUDPPDWLGDH�� DQ� HJJ� SDUDVLWRLG� RI�
/HDIUROOHUV��/HS���7RUWULFLGDH���(QWRPRSKDJD��������������������

���9LUJDOD�� 0�%�� DQG� %RWWR�� (�1�� ������ %LRORJLFDO� VWXGLHV� RQ�
7ULFKRJUDPPDWRLGHD� EDFWUDH� 1DJDUDMD� �+\PHQRSWHUD��
7ULFKRJUDPPDWLGDH��� HJJ� SDUDVLWRLG� RI� 7XWD� DEVROXWD� 0H\ULFN�
�/HSLGRSWHUD�*HOHFKLGDH���1HRWURS�(QWRPRO��������������������

���:XKUHU�� %�*�� DQG� +DVVDQ�� 6�$������� 6HOHFWLRQ� RI� HIIHFWLYH�
VSHFLHV�VWUDLQV� RI� 7ULFKRJUDPPD �+\PHQRSWHUD��
7ULFKRJUDPPDWLGDH�� WR� FRQWURO� GLDPRQGEDFN� PRWK� 3OXWHOOD�
[\ORVWHOOD �/��� �/HSLGRSWHUD�� 3OXWHOOLGDH��� -�� RI� $SSO�� (QWRPRO���
���������������

���<DQ�TLQJ�� /9��� 0HL�TLRQJ� ;,(�� <X�URQJ� +(�� DQG� &+(1�
.H�ZHL�������&RQWDFW�UHVSRQVH�RI�7ULFKRJUDPPDWRLGHD�EDFWUDH
WR�'LIIHUHQW�FRPSRQHQWV�RI�.DLURPRQHV�RI�3OXWHOOD�[\ORVWHOOD� -��
6RXWK� &KLQD� $JULO�� 8QLY� �� KWWS���HQ�FQNL�FRP�FQ�$UWLFOH� HQ�
�&-)'7RWDO�+11%����������KWP�

���<XURQJ�� +� .HZHL�� &� ;LRQJIHL�� 3�� ����� (JJ� SDUDVLWRLGV�
RI 3OXWHOOD [\ORVWHOOD LQ�6RXWK�&KLQD��&LUDG�$JULWURS����������

)LJ�����3DUDVLWLF�HIILFLHQF\�RI�7U��EDFWUDH RQ�GLIIHUHQW�KRVW�HJJV

ϳϴ͘ϱ ϲϭ͘ϱ ϲϯ͘ϱ ϱϲ͘ϱ

��

���

���

���

���

���

���

���

���

���

����

&�
FHSKDORQLFD

+��DUPLJHUD 3��JRVV\SLHOOD 6��IUXJLSHUGD

3
HU
�F
HQ
UW
�S
DU
DV
LW
LV
P
��
�
�

+RVW�HJJV

3HUFHQW�SDUDVLWLVP 1R��RI�KRVW�HJJV�RQ�VWULS


