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$EVWUDFW

7KLV�DUWLFOH�LQYHVWLJDWHV�WKH�FDXVHV�DQG�FRVW�RI�WUDI¾�F�MDP�LQ�.DPSDOD��WKURXJK�D�VXUYH\�
RI� ���� URDG�XVHUV��1DUURZ� URDGV�� LQGLVFLSOLQHG�GULYHUV�� SRRU�XUEDQ�SODQQLQJ�� OLPLWHG�
FDU�SDUNLQJ�DQG�FRQFHQWUDWLRQ�RI�PRVW�HFRQRPLF�DQG�VRFLDO�DFWLYLWLHV� LQ� WKH�FLW\�ZHUH�
IRXQG�WR�EH�VRPH�RI�WKH�PDMRU�FDXVHV�RI�WUDI¾�F�MDPV��7UDYHOOHUV�ORVH�EHWZHHQ���DQG����
KRXUV�HYHU\�PRQWK�LQ�WUDI¾�F�MDPV��ZLWK�FDU�WUDYHO�VSHHGV�IDOOLQJ�IURP�DQ�DYHUDJH�RI����
NP�K�ZKHQ� WKHUH� LV� QR� MDP�� WR� EHWZHHQ��� DQG���NP�K�EHFDXVH�RI� WUDI¾�F� MDPV��7UDI¾�F�
MDPV�FRXOG�DOVR�EH�ORZHULQJ�WKH�FRXQWU\µV�*'3�WR�WKH�WXQH�RI�8*;��������ELOOLRQ�SHU�
\HDU� GXH� WR� ORVW� SURGXFWLYH� WLPH�ZKLOH� VWXFN� LQ� WUDI¾�F� MDPV�� 7R� DOOHYLDWH� WUDI¾�F� MDPV��
WKH� DUWLFOH� UHFRPPHQGV� D� YDULHW\� RI� PLWLJDWLRQ� VWUDWHJLHV� IURP� EXLOGLQJ� ¿�\RYHUV� DQG�
LPSURYLQJ�WKH�TXDOLW\�RI�DOWHUQDWLYH�URXWHV��WR�LPSURYLQJ�WUDI¾�F�PDQDJHPHQW�RSHUDWLRQV��
ZLWK� FRQJHVWLRQ� SULFLQJ� EHOLHYHG� WR� OLNHO\� KDYH� WKH� PRVW� GUDPDWLF� HIIHFW� RQ� WUDI¾�F�
FRQJHVWLRQ��7KH�DUWLFOH�IXUWKHU�UHFRPPHQGV�REMHFWLYH�LQYROYHPHQW�RI�DOO�NH\�VWDNHKROGHUV�
LQ�WKH�SURFHVV�RI�GHWHUPLQLQJ�PLWLJDWLRQ�SROLF\�RSWLRQV��WHDP�ZRUNLQJ�DQG�FRRUGLQDWLRQ�
DPRQJVW�WKH�DJHQFLHV�UHVSRQVLEOH�IRU�WUDI¾�F�FRQWURO�LQ�WKH�FLW\��DQG�FRQGXFWLQJ�HFRQRPLF�
DQDO\VLV�IRU�DOO�SROLF\�RSWLRQV�DQG�SULRULWL]LQJ�EDVHG�RQ�WKHLU�UHWXUQ�RQ�LQYHVWPHQW�DQG�
FRQWULEXWLRQ�WR�SURGXFWLYLW\��

.H\�ZRUGV��7UDI¾�F�-DP��&RVWV�DQG�%HQH¾�WV��.DPSDOD

,QWURGXFWLRQ

7KH�PDMRULW\�RI�URDG�XVHUV�LQ�8JDQGD�KDYH�DW�VRPH�SRLQW�LQ�WKHLU�WUDYHO�WR�DQG�IURP�.DPSDOD�
KDG�WKH�PLVIRUWXQH�RI�H[SHULHQFLQJ�WKH�HIIHFWV�RI�MDPPHG�URDGV�HVSHFLDOO\�GXULQJ�UXVK�KRXUV�LQ�
WKH�PRUQLQJ�DQG�HYHQLQJ��7KH\�KDYH�ORVW�YDOXDEOH�WLPH�ZKLOH�FUHHSLQJ�WKURXJK�WKH�WUDI¾�F�MDPV�
DQG� LQKDOHG�SROOXWDQW�JDV�HPLVVLRQV�UHOHDVHG�E\� WKH�VORZ�PRYLQJ�YHKLFOHV��0DWRYX���������
6RPH�SHRSOH�KDYH�ORVW�SURSHUW\�DV� WKH\�ZDLWHG�LQ� ORQJ�WUDI¾�F� MDPV��3ROLFH�UHFRUGV� LQGLFDWH�
WKDW�PRELOH�SKRQHV�ZRUWK�8*;����P�ZHUH�VWROHQ�IURP�SHGHVWULDQV�DQG�PRWRULVWV�LQ�.DPSDOD�
EHWZHHQ�'HFHPEHU������DQG�)HEUXDU\������ �7KH�'DLO\�0RQLWRU���������6RPH�SHGHVWULDQV�
DUH� NQRFNHG� GRZQ� E\� SDVVHQJHU� VHUYLFH� PRWRUF\FOHV�� ORFDOO\� NQRZQ� DV� ERGD�ERGD�ZKLOH�
FRPSHWLQJ�IRU�VSDFH�DORQJ�WKH�SHGHVWULDQ�ZDONZD\V�GXULQJ�WUDI¾�F�MDPV��7KH�YHKLFOH�RZQHUV�
LQFXU�H[WUD�FRVWV�LQ�WHUPV�RI�IXHO�EXUQW�GXH�WR�YHKLFOH�LGOLQJ�DQG�VORZ�VSHHGV�ZKLOH�VWXFN�LQ�
WUDI¾�F�MDPV��

$FFRUGLQJ� WR� WKH�86�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��������� URDG� WUDI¾�F� MDPV�RU� WUDI¾�F�
FRQJHVWLRQ�UHIHU�WR�DQ�H[FHVV�RI�YHKLFOHV�RQ�D�SRUWLRQ�RI�D�URDGZD\�DW�D�SDUWLFXODU�WLPH�UHVXOWLQJ�
LQ� VORZ� VSHHGV�� )URP� DQ� HFRQRPLF� WKHRU\� SRLQW� RI� YLHZ�� WUDI¾�F� FRQJHVWLRQ� LV� QR� GLIIHUHQW�
IURP�ZKDW�KDSSHQV�LQ�WKH�SURGXFWLRQ�RI�RXWSXWV�LQ�D�¾�UP�ZKHUH�RXWSXW�GHFOLQHV�ZKHQ�LQSXWV�
DUH� XVHG� DW� UDWHV� EH\RQG� WKH� SURGXFWLRQ� FDSDFLW\� RI�¾�[HG� FDSLWDO� HTXLSPHQW��$FFRUGLQJ� WR�
-RVH��:LOOLDP�DQG�&OLIIRUG���������DOO�XUEDQ�URDG�XVHUV�KDYH�DW�RQH�WLPH�SDUWLFLSDWHG�LQ�VXFK�
LQHI¾�FLHQF\�GXULQJ�SHDN�SHULRGV��,Q�KHDY\�EXW�IUHH�¿�RZLQJ�WUDI¾�F��DQ�XQH[SHFWHG�RFFXUUHQFH�
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VXFK�DV�DFFLGHQWV�PD\�IRUFH�VRPH�GULYHUV�WR�VODP�WKHLU�EUDNHV�DQG�FDXVH�GULYHUV�EHKLQG�WKHP�
WR�GR�WKH�VDPH��7KH�UHVXOWLQJ�FKDLQ�UHDFWLRQ�DEUXSWO\�FUHDWHV�D�WUDI¾�F�VWUHDP�DYHUDJLQJ���NP�
KU�LQWR�RQH�LQ�ZKLFK�DOO�WUDYHO�IDOOV�LQ�ORFNVWHS�DW����NP�KU���

,Q�.DPSDOD�� FRQJHVWLRQ� LV�PRVWO\� D� SUREOHP� DW� URDG� MXQFWLRQV� DQG� URXQGDERXWV�� QHDU�
VKRSSLQJ� FHQWUHV�� URDGVLGH�PDUNHWV�� DQG� QHDU� EXV� WHUPLQDOV��7UDI¾�F� FRQJHVWLRQ� XVHG� WR� EH�
WKRXJKW�RI�DV�D�UXVK�KRXU�SUREOHP�DQG�DQ�LVVXH�IRU�WKH�&HQWUDO�%XVLQHVV�'LVWULFW��&%'���EXW�
QRZ�KDSSHQV� IRU�PXOWLSOH�KRXUV�RQ�ZHHN�GD\V�DQG�ZHHNHQGV�� DQG� LWV� HIIHFWV� VSUHDG� WR� WKH�
FLW\� VXEXUEV��7KH�3ROLFH��.DPSDOD�&LW\�&RXQFLO�$XWKRULW\� �.&&$��DQG�8JDQGD�7UDQVSRUW�
2SHUDWRUV� DQG�'ULYHUV�$VVRFLDWLRQ� �872'$�� KDYH� WULHG� GLIIHUHQW� VWUDWHJLHV� WR�¾�JKW� WUDI¾�F�
MDPV� LQFOXGLQJ� UHPRGHOOLQJ� URXQGDERXWV�� H[SDQGLQJ� VRPH� FLW\� URDGV�� LQWURGXFLQJ� VLQJOH�
GLUHFWLRQ�URDGV���LQVWDOOLQJ�WUDI¾�F�OLJKW�V\VWHPV�DW�VRPH�MXQFWLRQV��LQWURGXFLQJ�SDUNLQJ�IHHV�RQ�
FLW\�URDGV��DQG�SODFLQJ�IXOOWLPH�SHUVRQQHO�DW�YDULRXV�URDG�MXQFWLRQV�DQG�URXQGDERXWV�WR�FRQWURO�
WKH�WUDI¾�F�¿�RZ��+RZHYHU��WKHVH�VWUDWHJLHV�KDYH�UHJLVWHUHG�OLPLWHG�VXFFHVV�LQ�DOOHYLDWLQJ�WUDI¾�F�
MDPV��$FFRUGLQJ�WR�/RSH]���������LGHQWLI\LQJ�JHQXLQH�VROXWLRQV�WR�D�SUREOHP�PHDQV�NQRZLQJ�
ZKDW� WKH� UHDO�FDXVHV�RI� WKH�SUREOHP�DUH��/RSH]�DGGV� WKDW� WDNLQJ�DFWLRQ�ZLWKRXW� LGHQWLI\LQJ�
ZKDW�IDFWRUV�FRQWULEXWH�WR�WKH�SUREOHP�FDQ�UHVXOW�LQ�PLVGLUHFWHG�HIIRUWV�DQG�ZDVWDJH�RI�WLPH�
DQG�UHVRXUFHV�

2EMHFWLYHV

7KH�DUWLFOH�KDV�WKUHH�REMHFWLYHV���L��WR�LQYHVWLJDWH�WKH�FDXVHV�RI�.DPSDODµV�WUDI¾�F�MDPV���LL��WR�
HVWLPDWH�WKH�LPSDFW�RI�WUDI¾�F�MDPV�RQ�URDG�XVHUV�LQ�WHUPV�RI�ORVW�WLPH�DQG�ZDVWHG�IXHO��DQG�
�LLL��WR�LQYHVWLJDWH�DQG�RIIHU�SRVVLEOH�UHPHGLHV�WR�WKH�SUREOHP�RI�WUDI¾�F�MDPV�LQ�.DPSDOD��7KH�
¾�QGLQJV�RI�WKLV�SDSHU�FDQ�SURYLGH�LQGHSHQGHQW�LQIRUPDWLRQ�WR�JXLGH�WKH�FLW\�SODQQHUV�DQG�ODZ�
HQIRUFHPHQW� ERGLHV� WR� UHVSRQG� WR� WKH� FKDOOHQJHV� RI� WUDI¾�F� MDPV� LQ�.DPSDOD� DSSURSULDWHO\��
)XUWKHU��WKH�DUWLFOH�DLPV�WR�WULJJHU�H[WHQVLYH�UHVHDUFK�RQ�WKH�VXEMHFW�WR�¾�QG�PRUH�VROXWLRQV�WR�
WKH�WUDI¾�F�MDP�SUREOHP�LQ�.DPSDOD�

/LWHUDWXUH�5HYLHZ

&DXVHV�RI�WUDI¾�F�MDPV

$� QXPEHU� RI� VWXGLHV� KDYH� EHHQ� FRQGXFWHG� FRQFHUQLQJ� WUDI¾�F� FRQJHVWLRQ� DQG� LWV� FDXVHV��
$FFRUGLQJ� WR� &KXQJ� �������� WUDI¾�F� FRQJHVWLRQ� LV� FDXVHG� E\� WKH� SXEOLFµV� RYHU�UHOLDQFH� RQ�
SULYDWH�WUDQVSRUWDWLRQ��IDLOXUH�WR�NHHS�XS�ZLWK�WKH�]RRPLQJ�H[SDQVLRQ�RI�PRGHUQ�VRFLHWLHV�DQG�
WKHLU�GHPDQGV��DQG�WKH�SRRU�TXDOLW\�DQG�TXDQWLW\�RI�SXEOLF�WUDQVSRUWDWLRQ��9LMD\��������DOVR�
DUJXHV�WKDW�WKHUH�ZRXOG�EH�YHU\�IHZ�WUDI¾�F�MDPV�LI�PRUH�WKDQ�KDOI�RI�WKH�WULSV��E\�SHRSOH��ZHUH�
WDNHQ�E\�SXEOLF�WUDQVSRUW��WR�UHLQIRUFH�KLV�DUJXPHQW��KH�SURYLGHV�D�SLFWXUH��)LJXUH����WR�OHW�LW�
VSHDN�IRU�LWVHOI��

3UDVKDQW��������EODPHV�WKH�WUDI¾�F�MDPV�LQ�-DUNDWD�&LW\�RQ�ODFN�RI�¿�\RYHUV�DW�FURVVLQJV��
DQG�DUJXHV�WKDW�WKHUH�ZRXOG�QRW�EH�DQ\�WUDI¾�F�MDP�LQ�WKH�FLW\�LI�WKHUH�ZHUH�¿�\RYHUV�DW�HDFK�
FURVVLQJ��)RU�$QWKRQ\� �������� WKH�PDMRU� FDXVHV�RI� WUDI¾�F� MDPV�DUH� VORZ�GULYHUV� WKDW� FDXVH�
RWKHU�GULYHUV�WR�FDXWLRXVO\�VORZ�GRZQ�DQG�URDGV�WKDW�DUH�QRW�SURSHUO\�PDLQWDLQHG��$FFRUGLQJ�
WR�6PULWL���������IDLOHG�WUDI¾�F�VLJQDOV�DQG�GULYHUVµ�HJR�FDXVH�WUDI¾�F�MDPV��PRUH�VR�ZKHQ�GULYHUV�
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IDLO�WR�FRRSHUDWH��6RSKLD��������DWWULEXWHV�WUDI¾�F�MDPV�WR�VLPLODU�EDVLF�WLPH�VFKHGXOH�DPRQJ�WKH�
ZRUNLQJ�SRSXODWLRQ�WKDW�XVXDOO\�KLW�WKH�URDG�LQ�WKH�VDPH�WLPH�IUDPH��5XWWRK��������DUJXHV�WKDW�
LPSDWLHQW�GULYHUV�FRQWULEXWH�WR�WKH�VORZGRZQ��

.HY��������DUJXHV�WKDW�PDQ\�URDGV�LQ�,QGRQHVLD�DUH�WRR�VPDOO�IRU�WKH�YHKLFOH�ORDGV��+H�
IDXOWV�WKH�SODQQHUV�IRU�KDYLQJ�IDLOHG�WR�SUHGLFW�WKDW�-DUNDWD�ZRXOG�H[SDQG�DQG�VWDUW�WR�H[SHULHQFH�
WUDI¾�F�FRQJHVWLRQ��DQG�IXUWKHU�DUJXHV�WKDW�WKH�DEVHQFH�RI�RUJDQL]HG�WHUPLQDOV�LQ�-DUNDWD�FRPSHOV�
SDVVHQJHUV� WR� DOLJKW� IURP� WD[LV� DW� UDQGRP� VSRWV��ZKLFK� EORFNV� WUDI¾�F� DQG� UHVXOWV� LQ� WUDI¾�F�
MDPV��$V�IRU�&KRXSXWUD���������WUDI¾�F�MDPV�DUH�EODPHG�RQ�SRRU�WUDI¾�F�PDQDJHPHQW�V\VWHPV��
ZKHUHDV�.XVKDO��������EODPHV�WUDI¾�F�MDPV�RQ�URDG�HQFURDFKPHQW�E\�URDGVLGH�YHQGRUV�ZKR�
RFFXS\�SDUW�RI�WKH�URDG�WR�VHOO�WKHLU�PHUFKDQGLVH�

)LJXUH����6SDFH�UHTXLUHG�WR�WUDQVSRUW�VDPH�QXPEHU�RI�SDVVHQJHUV�E\�FDU��EXV�RU�ELF\FOH

$FFRUGLQJ� WR�8WRPR� �������� WUDI¾�F� MDPV� DUH� EODPHG� RQ�PDLQO\�¾�YH� IDFWRUV�� �L�� IDLOXUH� WR�
LPSOHPHQW� H[LVWLQJ�SODQV�DQG� LQ� VRPH�FDVHV�� WRWDO� DEVHQFH�RI� FLW\�SODQV� �LL�� FRQIXVLQJ�DQG�
LQFRQVLVWHQW�WUDI¾�F�VLJQV���LLL��ODFN�RI�FRRUGLQDWLRQ�EHWZHHQ�JRYHUQPHQW�ERGLHV�UHVSRQVLEOH�IRU�
FLW\�SODQQLQJ���LY��ORYH�RI�SULYDWH�WUDQVSRUW�DQG�OD]LQHVV�RI�UHVLGHQWV�ZKR�GULYH��ULGH�RU�WDNH�D�
EXV�WR�WKH�QHDUHVW�GHVWLQDWLRQ��DQG��Y��GLVUHJDUG�RI�WUDI¾�F�UXOHV�DQG�UHJXODWLRQV�

*DXWDPD��������DUJXHV�WKDW�ODFN�RI�SROLWLFDO�ZLOO�WR�VROYH�WUDI¾�F�MDPV�LV�WKH�UHDVRQ�MDPV�
FRQWLQXH�WR�H[LVW��ZKLOH�7RPVRQ��������EODPHV�WKH�MDPV�RQ�PLJUDQW�URDG�XVHUV�IURP�UXUDO�DUHDV�
WKDW�DUH�XQDZDUH�RI��RU�KDYH�QR�UHJDUG�IRU�� WUDI¾�F� ODZV�DQG�UHJXODWLRQV��2Q�WKH�RWKHU�KDQG��
.DSRRU��������DQG�0DKHVKZDUL��������FRQWHQG�WKDW�WUDI¾�F�MDPV�DUH�ODUJHO\�FDXVHG�E\�WRGD\µV�
JHQHUDWLRQ�RI�LPSDWLHQW�GULYHUV�WKDW�KDYH�QR�UHVSHFW�IRU�HDFK�RWKHU�ZKLOH�GULYLQJ�RQ�WKH�URDG�

0D]XPGDU��������EODPHV�WUDI¾�F�MDPV�RQ�WKH�SDUWLDO�HQIRUFHPHQW�RI�WUDI¾�F�UXOHV�ZKLFK�
PDNHV�VRPH�GULYHUV�IHHO�WKDW�VRPH�UXOHV�PD\�EH�LJQRUHG��$V�D�UHVXOW��PRUH�DQG�PRUH�SHRSOH�
WDNH�LOOHJDO�WXUQV��SDUN�DW�LPSURSHU�VSRWV�DQG�FURVV�URDGV�DW�LPSURSHU�SODFHV��0D]XPGDU��������
DUJXHV�WKDW�WKH�WUDI¾�F�FRQGLWLRQ�PD\�QRW�LPSURYH�LI�VXFK�ODZOHVVQHVV�LV�QRW�SXQLVKHG�



7KH�8JDQGDQ�-RXUQDO�2I�0DQDJHPHQW�$QG�3XEOLF�3ROLF\�6WXGLHV

,Q�$GGLV�$EDED��<DUHG��������IRXQG�WKDW�WKH�PDLQ�UHDVRQV�IRU�WUDI¾�F�FRQJHVWLRQ�LQFOXGHG�
WKH� LPEDODQFH� EHWZHHQ� WKH� WUDI¾�F� YROXPH� DQG� URDG� FDSDFLW\�� LQ¿�H[LEOH� ZRUN� VFKHGXOHV��
LQDGHTXDWH�SXEOLF�WUDQVSRUW�DQG�SRRU�XUEDQ�ODQG�XVH�SODQQLQJ��&RQJHVWLRQ�DOVR�UHVXOWV�IURP�
WUDI¾�F�LQFLGHQWV�VXFK�DV�YHKLFOH�EUHDNGRZQV�RU�DFFLGHQWV��URDG�GLYHUVLRQV�DQG�FORVXUHV�GXH�WR�
FRQVWUXFWLRQ�DFWLYLWLHV��GLVUXSWLRQ�RI�WUDI¾�F�¿�RZV�E\�FRQWURO�GHYLFHV�DQG�VSHFLDO�HYHQWV�WKDW�
RFFDVLRQDOO\�LQFUHDVH�WUDI¾�F�GHPDQG��86�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ���������

,Q�0DQKDWWDQ��'XEQHU��������IRXQG�WKDW�DYDLODELOLW\�RI�IUHH�SDUNLQJ�VSDFH�PRWLYDWHG�PRUH�
WKDQ�D�WKLUG�RI�JRYHUQPHQW�ZRUNHUV�WR�GULYH�WR�ZRUN��WKHUHE\�FRQWULEXWLQJ�WR�WUDI¾�F�FRQJHVWLRQ��
,Q�-DSDQ��)UHDNRQRPLFV��������LOOXVWUDWHG�WKDW�KXPDQ�HUURU�LV�D�PDMRU�FDXVH�RI�WUDI¾�F�MDPV�E\�
FRQGXFWLQJ�DQ�H[SHULPHQW�LQ�ZKLFK�VFLHQWLVWV�UHFUHDWHG�²VKRFNZDYH³�WUDI¾�F�MDPV�LQ�ZKLFK�RQH�
GULYHU�VORZHG�GRZQ�DQG�FUHDWHG�D�ULSSOH�HIIHFW�WKDW�PRYHG�EDFNZDUGV�WKURXJK�WUDI¾�F��JULQGLQJ�
HYHU\WKLQJ�WR�D�KDOW�IRU�PLOHV�

,Q� .DPSDOD�� .LJJXQGX� DQG�0XNLLEL� ������� IRXQG� WKDW� WUDQVSRUW� V\VWHPV� DUH� ODUJHO\�
LQHI¾�FLHQW�EHFDXVH�RI�WKH�IDLOXUH�E\�FLW\�DXWKRULWLHV�WR�DGRSW�DQ�LQWHJUDWHG�DSSURDFK�WRZDUGV�
ODQG�XVH�DQG�WUDQVSRUW�SODQQLQJ��=KDQJ��������VXSSRUWV�WKLV�YLHZ��REVHUYLQJ�WKDW�ROGHU�FLWLHV�
ZHUH� SK\VLFDOO\� ODLG� RXW� LQ� SUH�DXWRPRWLYH� HUDV� DQG� ODFNHG� VWUHHWV� DQG� URDGV� VXLWDEOH� IRU�
HI¾�FLHQWO\�KDQGOLQJ�DXWRPRELOHV��$�IXUWKHU�UHDVRQ�LV�WKH�PLQJOLQJ�RI�PDQ\�GLIIHUHQW�PRGHV�RI�
PRYHPHQW�RQ�WKH�VDPH�URDGV�IRU�WKH�REYLRXV�UHDVRQ�WKDW�D�URDG�KRVWLQJ�VHYHUDO�NLQGV�RI�URDG�
XVHUV�OLNH�YHKLFOHV��EXVHV��PRWRUF\FOLVWV��ELF\FOLVWV��KRUVH�FDUWV�FDQQRW�KDYH�DQ�HI¾�FLHQW�WUDI¾�F�
¿�RZ��VLQFH�WKH�IDVW�WUDYHOOHUV�KDYH�WR�DGDSW�WR�ORZHU�VSHHG�WUDYHOOHUV�

7KHUHIRUH��WKH�FDXVHV�RI�WUDI¾�F�MDPV�DUH�PDQ\��6RPH�WUDI¾�F�MDPV�DUH�GXH�WR�GH¾�FLHQFLHV�LQ�
VXSSO\�RI�URDG�FDSDFLW\�DQG�WUDI¾�F�PDQDJHPHQW�V\VWHPV��ZKLOH�RWKHUV�DUH�GXH�WR�WKH�LQFUHDVHG�
GHPDQG� RI� URDG� VHUYLFHV�� 7R� HVWDEOLVK�ZKLFK� FDXVHV� DUH� FULWLFDO� LQ� WKH� FDVH� RI� .DPSDODµV�
WUDI¾�F�MDPV��DQ�DQDO\VLV�RI�VHOHFWHG�FDXVHV�RI�WUDI¾�F�MDPV�ZDV�FDUULHG�RXW��UHVXOWV�RI�ZKLFK�DUH�
SURYLGHG�LQ�)LJXUH���

&RVWV�DQG�%HQH¾�WV�RI�7UDI¾�F�-DPV

/HVV� LV� NQRZQ� DERXW� WKH� EHQH¾�WV� RI� WUDI¾�F� MDPV��$SDUW� IURP� LQFUHDVHG� IXHO� VDOHV� E\� RLO�
FRPSDQLHV�ZKHQ� YHKLFOHV� EXUQ�PRUH� IXHO� LQ� WUDI¾�F� MDPV�� WKH� RWKHU� EHQH¾�WV� RI� WUDI¾�F� MDPV�
LQFOXGH���L��FUHDWLRQ�RI�MREV�IRU�KDZNHUV�WKDW�VHOO�WKHLU�JRRGV�WR�WUDYHOOHUV�VWXFN�LQ�WUDI¾�F�MDPV�
�LL��SUHDFKHUV�DQG�DGYHUWLVLQJ�¾�UPV�WKDW�WDNH�DGYDQWDJH�RI�VWUDQGHG�WUDYHOOHUV�WR�FRPPXQLFDWH�
WKHLU�PHVVDJHV��DQG��LLL��WKH�LQFUHDVHG�XVH�RI�PRWRUF\FOH�WD[LV�ORFDOO\�NQRZQ�DV�ERGD�ERGD��
D�IDVWHU�DOWHUQDWLYH�WR�FDU�WUDQVSRUW�GXULQJ�WUDI¾�F�MDPV��WKDW�HPSOR\V�DERXW��������\RXWKV�LQ�
.DPSDOD�

7KH�DERYH�SHUFHLYHG�EHQH¾�WV�RI�WUDI¾�F�MDPV�QRWZLWKVWDQGLQJ��OLWHUDWXUH�LV�DEXQGDQW�RQ�
WKH�FRVW�RI�WUDI¾�F�MDPV��$FFRUGLQJ�WR�%UXFH���������WUDI¾�F�MDP�FRVWV�SURGXFWLYH�WLPH�DQG�KXUWV�
SURGXFWLYLW\��+H�DUJXHV�WKDW�D�ZRUNHU�ZKR�PDNHV�����IRU�KLV�FRPSDQ\�DQG�GHOD\V�LQ�WUDI¾�F�
MDP�IRU�DQ�KRXU�ZLOO�PDNH�OHVV�PRQH\�IRU�WKH�FRPSDQ\��,QVWHDG�RI�VSHQGLQJ�WHQ�KRXUV�LQ�WKH�
RI¾�FH�FUHDWLQJ������IRU�WKH�FRPSDQ\��V�KH�ZLOO�VSHQG�QLQH�KRXUV�JHQHUDWLQJ�UHYHQXH�ZRUWK�����
IRU�WKH�FRPSDQ\��LPSO\LQJ�WKDW�WUDI¾�F�MDP�ZLOO�FRVW�WKH�FRPSDQ\�����SHU�GD\��,I���������VXFK�
ZRUNHUV�JHW�VWXFN�LQ�WUDI¾�F�IRU�RQH�KRXU�SHU�GD\��WKDW�ZRXOG�PHDQ�DQ�DVVXPHG�FRPELQHG�ORVV�



'DQ�0DPEXOH�0ZDQMH

RI������������SHU�ZRUNLQJ�GD\��RU�D�ORVV�RI�������������LQ�D�PRQWK��RU������PLOOLRQ�LQ�D�\HDU��
DQG�VXFK�FRVWV�ZRXOG�UHGXFH�QDWLRQDO�LQFRPH��

7KH�RWKHU�PDMRU�FRVW�RI�WUDI¾�F�MDPV�LV�ZDVWHG�IXHO�GXH�WR�LGOLQJ�DQG�YHU\�VORZ�VSHHGV�WKDW�
DUH�DVVRFLDWHG�ZLWK�WUDI¾�F�MDPV��$FFRUGLQJ�WR�7RP���������YHKLFOH�IXHO�FRQVXPSWLRQ�LV�KLJK�
ZKHQ�GULYLQJ�DW�ORZHU�VSHHGV��VHH�)LJXUH�����,Q�D�VWXG\�FDUULHG�RXW�E\�1DWXUDO�5HVRXUFHV�&DQDGD�
��������LW�ZDV�IRXQG�WKDW�LGOLQJ�ZDVWHV�IXHO��HPSKDVL]LQJ�WKDW�ZDVWHG�IXHO�LV�ZDVWHG�PRQH\��
)RU�LQVWDQFH��IRU�WKH�DYHUDJH�YHKLFOH�ZLWK�D�WKUHH�OLWUH�HQJLQH��HYHU\�WHQ�PLQXWHV�RI�LGOLQJ�FRVW�
����PLOOLOLWUHV� LQ�ZDVWHG�IXHO� �DERXW����� O�K���)HOGPDQ��������IRXQG� WKDW�D� WZR�OLWUH�HQJLQH�
FDU��EXUQV�����O�K�ZKLOH�LGOLQJ��ZKLOH�7DUDVVX��������IRXQG�%0:�GLHVHO�HQJLQHV�FRQVXPH�����
O�K�ZKLOH�LGOLQJ�DQG�SHWURO�HQJLQHV�FRQVXPH�������O�K��ZLWK�DQ�DGGLWLRQDO�FRQVXPSWLRQ�RI�����
���O�K�LI�LW�LV�DXWRPDWLF�DQG�JHDU�́ 'µ�LV�HQJDJHG��)RU�PRWRUF\FOHV��1DJDUDMDQ��������FODLPV�WKDW�
KLV�PRWRUELNH�ZKLFK�FRQVXPHV���NP�O�DW�����5�5HYROXWLRQV�SHU�0LQXWH��530��DW����NP�K��
KDV�DQ�LGOH�IXHO�FRQVXPSWLRQ�UDWH�RI������O�K�DW�DQ�LGOH�VSHHG�RI�����530��

)LJXUH����5HODWLRQ�EHWZHHQ�YHKLFOH�IXHO�FRQVXPSWLRQ�DQG�VSHHG�

6RXUFH��7RP�������

7UDI¾�F� MDPV�DOVR� LPSRVH�KHDOWK� FRVWV�RQ� URDG�XVHUV� DQG�JRYHUQPHQWV��$FFRUGLQJ� WR�%UXFH�
�������� YHKLFOHV� HPLW� XQKHDOWK\� VXEVWDQFHV� LQWR� WKH� DLU� DV� WKH\� EXUQ� IXHO� LQ� WUDI¾�F� MDPV��
7KHVH� VXEVWDQFHV� HQG�XS�EHLQJ�EUHDWKHG� LQ�E\�SHGHVWULDQV�ZKR�� VXEVHTXHQWO\�� JHW� H[SRVHG�
WR� UHVSLUDWRU\� GLVHDVHV� VXFK� DV� OXQJ� FDQFHU� DQG� RWKHU� LQIHFWLRQV� DVVRFLDWHG�ZLWK� SROOXWLRQ��
*RYHUQPHQWV�LQ�FRXQWULHV�ZKHUH�KHDOWK�FDUH�LV�VXEVLGL]HG�SD\�KXJH�PHGLFDO�ELOOV�IRU�WKH�SHRSOH�
ZKR�IDOO�LOO�EHFDXVH�RI�WUDI¾�F�MDPV�

7UDI¾�F�FRQJHVWLRQ�GRHV�QRW�RQO\�LPSRVH�FRVWV�RQ�WKH�URDG�XVHU�LQ�WHUPV�RI�ZDVWHG�WLPH�
DQG� IXHO� �WKH�SXUH�FRQJHVWLRQ�FRVW��EXW� WKH�VWRSSLQJ�DQG�VWDUWLQJ� LW�HQWDLOV�FDQ�DOVR�ZRUVHQ�
DWPRVSKHULF�DQG�RWKHU�IRUPV�RI�SROOXWLRQ��7RP���������6RUHQVHQ�HW�DO��������IRXQG�RXW�LQ�D�
WUDI¾�F�FRQJHVWLRQ�VWXG\�LQ�/RV�$QJHOHV��WKDW�WUDI¾�F�FRQJHVWLRQ�WDNHV�D�WROO�RQ�TXDOLW\�RI�OLIH��
HFRQRPLF�FRPSHWLWLYHQHVV��IXHO�HFRQRP\��GULYLQJ�VDIHW\��VRFLDO�MXVWLFH��DQG�DLU�TXDOLW\��

-DDVNHODLQHQ� ������� LQGLFDWHV� WKDW� GLHVHO� HQJLQH� YHKLFOHV�� HVSHFLDOO\� WUXFNV�� FDQ� KDYH�
VHYHUDO� QHJDWLYH� LPSDFWV� RQ� WKH� HQYLURQPHQW� DQG� HFRQRP\� LQ� WHUPV� RI� XQUHJXODWHG� GLHVHO�
SROOXWDQWV��LQFUHDVHG�HQJLQH�PDLQWHQDQFH�FRVWV��VKRUWHQHG�HQJLQH�OLIH��LPSDLUHG�GULYHU�UHVW�DQG�
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KHDOWK��DQG�HOHYDWHG�QRLVH�OHYHOV��6KHDN�/L��������IRXQG�WKDW�WUDI¾�F�FRQJHVWLRQ�LV�EHOLHYHG�WR�
FDXVH�URDG�UDJH��URDG�EXOOLHV�DQG�PDMRU�DFFLGHQWV��0DWRYX��������REVHUYHV�WKDW�WUDI¾�F�MDPV�LQ�
.DPSDOD�KDYH�QRW�RQO\�UHVXOWHG�LQWR�SURORQJHG�WUDYHO�WLPHV��EXW�DOVR�KLJK�YHKLFOH�RSHUDWLQJ�
FRVWV� DQG� HQYLURQPHQWDO� GHJUDGDWLRQ��+H�ZDUQV� WKDW� LI� WKH� FKDOOHQJH� RI� WUDI¾�F� MDPV� LV� QRW�
DGGUHVVHG�TXLFNO\��.DPSDOD�ZLOO�JURXQG�WR�D�KDOW�DQG�WKH�PDMRULW\�RI�IRUHLJQ�LQYHVWRUV�PLJKW�
UHORFDWH�WR�RWKHU�EHWWHU�RUJDQL]HG�FLWLHV�DQG�FRXQWULHV��

:KLOH�WKH�OLWHUDWXUH�UHYLHZ�KLJKOLJKWV�VHYHUDO�FDXVHV�DQG�FRVW�RI�WUDI¾�F�MDPV�LQ�WKH�YDULRXV�
FLWLHV�RI�WKH�ZRUOG�� WKHUH�LV�QHHG�WR�NQRZ�ZKLFK�RI�WKHVH�FDXVHV�DUH�PRUH�DSSOLFDEOH�LQ�WKH�
FDVH�RI�.DPSDOD��DQG�WKHLU�LPSDFW��7KH�FDXVHV�FRQVLGHUHG�DV�UHOHYDQW�WR�.DPSDOD�ZHUH�SXW�WR�
UHVSRQGHQWV�WR�MXGJH�ZKLFK�RQHV�DUH�PRUH�FULWLFDO�WKDQ�WKH�RWKHUV��7KH�QH[W�VHFWLRQ�H[SODLQV�
KRZ�WKH�VXUYH\�ZDV�FDUULHG�RXW�

0HWKRGRORJ\

'DWD�ZHUH�REWDLQHG�IURP�SULPDU\�VRXUFHV�XVLQJ�D�VWUXFWXUHG�TXHVWLRQQDLUH�WKDW�ZDV�DGPLQLVWHUHG�
WR�D� VDPSOH�RI�����SRWHQWLDO� UHVSRQGHQWV��3XUSRVLYH�VDPSOLQJ�ZDV�XVHG� LQ� WKH�VHOHFWLRQ�RI�
UHVSRQGHQWV�IRU�WKH�VWXG\��7KH�VDPSOH�IRFXVHG�RQ�VL[�JURXSV�RI�URDG�XVHUV��VHH�7DEOH�����EDVHG�
RQ�WKHLU�QDWXUH�RI�ZRUN±VLQFH�GLIIHUHQW�JURXSV�RI�URDG�XVHUV�WHQG�WR�XVH�WKH�URDG�DW�GLIIHUHQW�
WLPHV��)RU�H[DPSOH��SHRSOH�ZKRVH�EXVLQHVV�EHJLQV�DW���D�P��WHQG�WR�EH�RQ�WKH�URDG�DW�WKH�VDPH�
WLPH��5HVSRQGHQWV�ZHUH�DVNHG�KRZ�PXFK�WLPH�WKH\�VSHQG�LQ�WUDI¾�F�MDPV��WKH�W\SH�RI�WUDQVSRUW�
WKH\�XVXDOO\�XVH�WR�UHDFK�WKHLU�GHVWLQDWLRQV��WKHLU�SHUFHLYHG�FDXVHV�RI�WUDI¾�F�MDPV�LQ�.DPSDOD��
DQG�ZKDW� WKH\� WKRXJKW�ZRXOG� KHOS� DOOHYLDWH� WUDI¾�F� MDPV��7KH� UHVSRQGHQWV�ZHUH� DOVR� DVNHG�
WKHLU�QDWXUH�RI�ZRUN�EXVLQHVV��WKHLU�XVXDO�SODFH�RI�DERGH��DQG�WKH�DUHD�ZKHUH�WKHLU�EXVLQHVV�
ZRUN�LV�ORFDWHG��2I�WKH�����TXHVWLRQQDLUHV�LVVXHG�RXW������ZHUH�UHWXUQHG��VHH�7DEOH�����KHQFH�
D�UHVSRQVH�UDWH�RI����SHU�FHQW��)RXU�RI�WKH�UHWXUQHG�TXHVWLRQQDLUHV�ZHUH�XQDQDO\]DEOH��'DWD�
JHQHUDWHG�IRU�WKH�VWXG\�ZHUH�DQDO\]HG�ZLWK�WKH�XVH�RI�GHVFULSWLYH�VWDWLVWLFV��XVLQJ�SLYRW�WDEOHV��
LQ�([FHO��7KH�VXUYH\�ZDV�FDUULHG�RXW�LQ�.DPSDOD�EHWZHHQ����DQG����6HSWHPEHU�������

7DEOH����1R��RI�5HVSRQGHQWV�E\�QDWXUH�RI�ZRUN�DQG�WUDQVSRUW�W\SH

5HVSRQGHQW�QDWXUH�RI�ZRUN
1R��RI�
5HVSRQGHQWV

7\SH�RI�WUDQVSRUW�XVHG
1R��RI�
5HVSRQGHQWV

&DUJR��3DVVHQJHU�7UDQVSRUW � %RGD�ERGD ��

*RYHUQPHQW �� 2WKHU �

3ULYDWH�6HFWRU ��� 2ZQ�0RWRUF\FOH �

6FKRRO��8QLYHUVLW\ �� 3RRO�7UDQVSRUW �

7UDGLQJ �� 3ULYDWH�9HKLFOH ��

2WKHU��H�J��1*2V� �� 3XEOLF�7UDQVSRUW ���

7RWDO ��� 7RWDO ���

6RXUFH��5HVHDUFKHUµV�VXUYH\�UHVXOWV

7R�FDOFXODWH� WKH�DYHUDJH� WLPH� ORVW�ZKLOH�ZDLWLQJ� LQ� WUDI¾�F� MDPV�� UHVSRQGHQWV�ZHUH�DVNHG� WR�
LQGLFDWH�WKH�WLPH�WKH\�XVXDOO\�VSHQG�RQ�WKH�URDG�WUDYHOOLQJ�IURP�WKHLU�KRPHV�WR�WKHLU�GHVWLQDWLRQV�
ZKHQ�WKHUH�LV�QR�WUDI¾�F�MDP��ZKHQ�WKHUH�LV�OLJKW�MDP��DQG�ZKHQ�WKHUH�LV�H[FHVVLYH�MDP��7KH�
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WLPH�ORVW�ZDV�REWDLQHG�E\�VXEWUDFWLQJ�WKH�WLPH�VSHQW�RQ�WKH�URDG�ZKHQ�WKHUH�LV�QR�MDP�IURP�WKH�
WLPH�V��VSHQW�ZKHQ�WKHUH�LV�OLJKW�KHDY\�MDP��7KH�GLIIHUHQFH�EHWZHHQ�´QR�MDPµ�DQG�´OLJKW�MDPµ�
UHSUHVHQWV�WKH�ORZHU�ERXQG�RU�PLQLPXP�WLPH�ORVW��ZKLOH�WKH�GLIIHUHQFH�EHWZHHQ�´QR�MDPµ�DQG�
´KHDY\�MDPµ�UHSUHVHQWV�WKH�XSSHU�ERXQG�RU�WKH�PD[LPXP�WLPH�ORVW��L�H�

$YHUDJH�WLPH�ORVW��ORZHU�ERXQG�� 

$YHUDJH�WLPH�ORVW��XSSHU�ERXQG�� 

ZKHUH�Q�LV�WKH�QXPEHU�RI�UHVSRQGHQWV�

7R�HVWLPDWH�WKH�DYHUDJH�WUDYHO�VSHHGV��WKH�GLVWDQFH�EHWZHHQ�UHVSRQGHQWVµ�KRPHV�DQG�GHVWLQDWLRQ�
SRLQWV�ZDV�GLYLGHG�E\� WKH� WLPH�VSHQW�RQ� WKH� URDG�ZKHQ� WKHUH� LV�QR� MDP��DQG�ZKHQ� WKHUH� LV�
OLJKW�KHDY\�MDP��(VWLPDWLQJ�WKH�ZDVWHG�IXHO�LQYROYHG�PXOWLSO\LQJ�WKH�IXHO�FRQVXPSWLRQ�RI�WKH�
GLIIHUHQW�W\SHV�RI�WUDQVSRUW�FRPPRQO\�XVHG�E\�URDG�XVHUV��E\�WKH�>HVWLPDWHG@�DYHUDJH�WLPH�ORVW�
LQ�WUDI¾�F�MDPV�GLYLGHG�E\����>PLQXWHV@��7KH�IRXU�GLIIHUHQW�WUDQVSRUW�W\SHV�FRQVLGHUHG�LQ�WKH�
DUWLFOH�LQFOXGHG�SXEOLF�WUDQVSRUW��PDLQO\�PLQL�EXVHV��WKUHH�OLWUH�HQJLQH���SULYDWH�FDUV��DVVXPHG�
WZR�OLWUH�HQJLQH���ERGD�ERGDV�DQG�RZQ�PRWRUF\FOHV��7KH�LQIRUPDWLRQ�RQ�IXHO�FRQVXPSWLRQ�ZDV�
REWDLQHG�IURP�VWXGLHV�FRQGXFWHG�E\�7RP���������1DWXUDO�5HVRXUFHV�&DQDGD���������)HOGPDQ�
��������7DUDVVX��������DQG�1DJDUDMDQ��������

)LQGLQJV�DQG�'LVFXVVLRQ

,PSDFW�RI�7UDI¾�F�-DPV�

'HOD\HG�WUDYHO�GXH�WR�UHGXFHG�VSHHGV

6XUYH\� UHVXOWV� VKRZ� WKDW� YHKLFOHV� XVXDOO\� WUDYHO� DW� DQ� DYHUDJH� VSHHG� RI� ������ NP�K�ZKHQ�
WKHUH� LV�QR� WUDI¾�F� MDP��EXW� WKH�VSHHGV�GURS� WR�EHWZHHQ������NP�K�DQG�������NP�K�EHFDXVH�
RI�WUDI¾�F� MDPV��7DEOH�����7KLV�LPSOLHV�WKDW��RQ�DYHUDJH�� WUDYHOHUV�VSHQG�WZLFH�DV�PXFK�WLPH�
GXULQJ�OLJKW�MDPV�DV�WKH\�ZRXOG�VSHQG�LI�WKHUH�ZDV�QR�WUDI¾�F�MDP��ZKHUHDV�GXULQJ�H[FHVVLYH�
MDPV��WKHLU�WUDYHO�WLPHV�LQFUHDVH�PRUH�WKDQ�WKUHH�IROG��7KH�UHVXOWV�IXUWKHU�VKRZ�WKDW�WUDYHOOHUV�
IURP�(QWHEEH�VLGH�HQMR\�WKH�IDVWHVW�VSHHG��DW������NP�K��ZKHQ�WKHUH�LV�QR�MDP��ZKLOH�YHKLFOH�
PRYHPHQWV�ZLWKLQ�WKH�FLW\�FHQWUH�DUH�WKH�VORZHVW��DW�������NP�K��LQ�WKH�DEVHQFH�RI�WUDI¾�F�MDPV��

5HVXOWV� IXUWKHU�VKRZ�WKDW� WUDI¾�F�FUHHSV�IDVWHU�DORQJ�(QWHEEH�5RDG�FRPSDUHG� WR� WUDI¾�F�
RQ�RWKHU�URDGV��DW�EHWZHHQ�������NP�K��ZKLOH�WKH�&%'�H[SHULHQFHV�WKH�VORZHVW�MDP�VSHHGV�DW�
EHWZHHQ����NP�K���7KH�H[WUHPH�VORZ�VSHHGV�ZLWKLQ�WKH�FLW\�FHQWUH�FRXOG�EH�GXH�WR�WZR�PDMRU�
UHDVRQV±WD[L�YHKLFOHV�ZKLFK�RIWHQ�PRYH�DW�VORZ�VSHHGV�FRXSOHG�ZLWK� LQWHUPLWWHQW�VWRSV� WR�
SLFN�DQG�GURS�SDVVHQJHUV��DQG�WKH�LQHYLWDEOH�VORZLQJ�GRZQ�RI�WUDI¾�F�ZKHQ�YHKLFOHV�DUH�ORRNLQJ�
IRU�SDUNLQJ�HVSHFLDOO\�DORQJ�WKH�VLQJOH�ODQH�FLW\�URDGV��

7KH�REVHUYHG�WUDYHO�VSHHGV�IRU�.DPSDOD�FRPSDUH�ZHOO�ZLWK�SHDN�DQG�RII�SHDN�VSHHGV�IRU�
VRPH�FLWLHV�LQ�WKH�ZRUOG�LQ�WKH�����V��$�FURVV�VHFWLRQDO�VWXG\�RI�PDLQ�XUEDQ�FHQWUHV��7DEOH����
LQ�WKH�:HVW�VXJJHVWHG�WKDW�WUDI¾�F�FUXLVHG�DW�DQ�DYHUDJH�VSHHG�RI���NP�K�GXULQJ�SHDN�KRXUV�LQ�
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WKH�����V��DQG���NP�K�LQ�RII�SHDN�KRXUV��.HQQHWK���������ZKLFK�FRPSDUHV�ZLWK�WKH�REVHUYHG�
VSHHGV� IRU� .DPSDOD�� 7KH� VSHHG� LQ� WKH� LQGLFDWHG� FLWLHV� KDV� VLQFH� LPSURYHG�� )RU� LQVWDQFH��
DFFRUGLQJ�WR�$QGUHZ���������WUDI¾�F�RQ�XUEDQ�URDGV�LQ�WKH�8.�FXUUHQWO\�PRYHV�DW�DQ�DYHUDJH�
VSHHG�RI�����NP�K�GXULQJ�WKH�UXVK�KRXU�DQG���NP�K�LQ�RII�SHDN�KRXUV��HYLGHQFH�WKDW�VSHHGV�
FDQ�LPSURYH�ZLWK�DSSURSULDWH�LQWHUYHQWLRQ

7DEOH����$YHUDJH�VSHHG�E\�DUHD�RI�WUDI¾�F�RULJLQ

$UHD�RI�WUDI¾�F�RULJLQ
$YHUDJH�6SHHG��NP�K�

1R�-DP /LJKW�-DP +HDY\�-DP

(QWHEEH�5RDG ����� ����� �����

*DED�0XQ\RQ\R ����� ����� ����

*D\D]D�5RDG ����� ����� ����

+RLPD�5RDG ����� ����� ����

-LQMD�5RDG ����� ����� ����

.DPSDOD�DQG�6XEXUEV ����� ���� ����

.DZHPSH�5RDG ����� ����� ����

.LZDWXOH�1DDO\D ����� ����� ����

/X]LUD ����� ����� ����

0DVDND�5RDG ����� ����� ����

2YHUDOO�$YHUDJH ����� ����� ����

6WDQGDUG�'HYLDWLRQ ����� ���� ����

6RXUFH��$XWKRUµV�FRPSXWDWLRQV

7DEOH����7UDI¾�F�VSHHGV�LQ�VHOHFWHG�FLWLHV

&LW\ <HDU 3RSXODWLRQ��PLOOLRQ�
&LW\�FHQWUH�WUDI¾�F�VSHHG��NP�KU�

3HDN�KRXU 2II�SHDN

1HZ�<RUN ���� ���� ���� ����

/RQGRQ� ���� ��� ���� ����

$WKHQV� ���� ��� ���� ����

&DOFXWWD� ���� ��� ����� ����

.DPSDOD ���� ��� ���� ����

6RXUFH��.HQQHWK���������$XWKRUµV�VXUYH\�¾�QGLQJV��IRU�.DPSDOD�VSHHGV�

7LPH�ORVW

7UDYHOOHUV�RQ�DYHUDJH�ORVH�EHWZHHQ�������PLQXWHV�SHU�RQH�ZD\�WULS�LQ�.DPSDOD�WUDI¾�F�MDPV�
�7DEOH�����7KLV�PHDQV�WKDW�IRU�D�WZR�ZD\�WULS��HDFK�WUDYHOOHU�ORVHV�DERXW�DQ�KRXU�RU�WZR�LQ�WUDI¾�F�
MDPV�ZKLOH�PRYLQJ�WR�DQG�IURP�WKH�FLW\��)RU�WKH�ZRUNHUV��WKLV�PHDQV�WKH\�ORVH�SURGXFWLYH�WLPH�



'DQ�0DPEXOH�0ZDQMH

RI�EHWZHHQ������KRXUV�LQ�D�PRQWK�LQ�WUDI¾�F�MDPV��D�ORVV�RI�DERXW�����GD\V�RI�ZRUN��$VVXPLQJ�
DQ�KRXUO\�SD\�UDWH�RI�8*;���������IRU�DQ�DYHUDJH�ZRUNHU�WKDW�HDUQV�DERXW�8*;���������SHU�
PRQWK�� WKLV�PHDQV� D� ORVV� RI� EHWZHHQ�8*;�������� DQG�8*;���������SHU�PRQWK��:LWK� DQ�
HVWLPDWHG�SURGXFWLYH�ZRUNLQJ�SRSXODWLRQ�RI���������LQ�.DPSDOD��FLW\�WUDI¾�F�MDPV�FRXOG�EH�
FRVWLQJ�WKH�HFRQRP\�EHWZHHQ�8*;���������ELOOLRQ�D�\HDU±ZKLFK�LV�WKH�HTXLYDOHQW�RI�PRQH\�
WKDW�FRXOG�KDYH�EHHQ�PDGH�LI�QR�WLPH�ZDV�ORVW�LQ�WUDI¾�F�MDPV��7KH���������ZRUNLQJ�SRSXODWLRQ�
IRU� .DPSDOD� LV� GHULYHG� IURP� WZR� DVVXPSWLRQV±D� FRPELQHG� SRSXODWLRQ� RI� ���������� IRU�
.DPSDOD��:DNLVR�DQG�0XNRQR�DQG�D����SHU�FHQW�ODERXU�SDUWLFLSDWLRQ�UDWH��8%26��������

7DEOH����$YHUDJH�7LPH�/RVW�LQ�PLQXWHV��E\�DUHD�RI�WUDI¾�F�RULJLQ�

$UHD�RI�WUDI¾�F�RULJLQ
$YHUDJH�WLPH�VSHQW�RQ�WKH�URDG��PLQXWHV� $YHUDJH�WLPH�ORVW�SHU�WULS

1R�-DP /LJKW�-DP +HDY\�-DP /LJKW�-DP +HDY\�-DP

(QWHEEH�5RDG ����� ����� ����� ����� �����

*DED�0XQ\RQ\R ����� ����� ������ ����� �����

*D\D]D�5RDG ����� ����� ����� ����� �����

+RLPD�5RDG ����� ����� ����� ����� �����

-LQMD�5RDG ����� ����� ������ ����� �����

.DPSDOD�	6XEXUEV ����� ����� ����� ����� �����

.DZHPSH�5RDG ����� ����� ����� ����� �����

.LZDWXOH�1DDO\D ����� ����� ������ ����� �����

/X]LUD ����� ����� ����� ����� �����

0DVDND�5RDG ����� ����� ����� ����� �����

2YHUDOO�$YHUDJH ����� ����� ����� ����� �����

6WDQGDUG�GHYLDWLRQ ����� ����� ����� ����� �����

6RXUFH��$XWKRUµV�FRPSXWDWLRQV

7UDYHOOHUV� LQ� SULYDWH� YHKLFOHV� ORVH�PRUH� WLPH� LQ� WUDI¾�F� MDPV��7DEOH� �� VKRZV� WKDW� WUDYHOOHUV�
LQ�SULYDWH�YHKLFOHV� ORVH�EHWZHHQ�������PLQXWHV� LQ� WUDI¾�F� MDPV�ZKLOH� WUDYHOOHUV�XVLQJ�SXEOLF�
WUDQVSRUW� ORVH�EHWZHHQ�������PLQXWHV��7KH�GLIIHUHQFH� LQ� WLPH� ORVW� IRU�SULYDWH�YHUVXV�SXEOLF�
WUDQVSRUW�YHKLFOHV�FRXOG�EH�GXH�WR�WKH�LQGLVFLSOLQH�RI�PRVW�WD[L�GULYHUV�ZKR�DUH�XVXDOO\�VHHQ�
RXWPDQRHXYULQJ�DQG�RYHUWDNLQJ�RWKHU�YHKLFOHV�LQ�WUDI¾�F�MDPV�E\�GULYLQJ�DW�URDG�VKRXOGHUV�RU�
SHGHVWULDQ�SDWKZD\V��2Q�WKH�RWKHU�KDQG��WUDYHOOHUV�RQ�ERGD�ERGDV�ORVH�WKH�OHDVW�DPRXQW�RI�WLPH�



7KH�8JDQGDQ�-RXUQDO�2I�0DQDJHPHQW�$QG�3XEOLF�3ROLF\�6WXGLHV

�DQ�DYHUDJH�RI�EHWZHHQ������PLQXWHV���

7DEOH����$YHUDJH�WLPH�ORVW��E\�W\SH�RI�WUDQVSRUW�

7\SH�RI�WUDQVSRUW
$YHUDJH�7LPH�VSHQW�RQ�WKH�URDG��PLQXWHV� $YHUDJH�7LPH�/RVW��PLQXWHV�

1R�-DP /LJKW�-DP +HDY\�-DP /LJKW�-DP +HDY\�-DP

3ULYDWH�9HKLFOH ����� ����� ������ ����� �����

3XEOLF�7UDQVSRUW ����� ����� ����� ����� �����

3RRO�7UDQVSRUW ����� ����� ����� ����� �����

2ZQ�0RWRUF\FOH ����� ����� ����� ����� �����

%RGD�ERGD ����� ����� ����� ���� �����

2WKHU��WUDLQ��ZDON� ����� ����� ����� � �

2YHUDOO�$YHUDJH ����� ����� ����� ����� �����

6WDQGDUG�
'HYLDWLRQ

����� ����� ����� ����� �����

6RXUFH��$XWKRUµV�FRPSXWDWLRQV

:DVWHG�)XHO

7UDI¾�F� MDPV� FRVW� SULYDWH� YHKLFOH� RZQHUV� EHWZHHQ�8*;� ������ DQG�8*;� ������ SHU� WULS� LQ�
ZDVWHG�IXHO�PDLQO\�GXH� WR� LGOLQJ��RU�EHWZHHQ�8*;�������DQG�8*;�������IRU�D� UHWXUQ� WULS�
LI� WKH\�GULYH�GXULQJ�SHDN�KRXUV�ZKHQ� WKHUH� LV� WUDI¾�F�FRQJHVWLRQ��2Q� WKH�RWKHU�KDQG��SXEOLF�
WUDQVSRUW�YHKLFOHV� ORVH�EHWZHHQ�8*;�������DQG�8*;�������SHU� WULS�RQ�ZDVWHG�IXHO� WKDW� LV�
EXUQW�GXULQJ�WUDI¾�F�MDPV��VHH�7DEOH��E���,Q�HIIHFW��WUDI¾�F�MDPV�FRXOG�EH�FRVWLQJ�EHWZHHQ�8*;�
���PLOOLRQ�DQG�8*;�����PLOOLRQ�LQ�ZDVWHG�IXHO�SHU�GD\��VHH�7DEOH��F���ZKLFK�WUDQVODWHV�WR�D�
ORVV�RI�EHWZHHQ�8*;����ELOOLRQ�DQG�8*;�����ELOOLRQ�D�\HDU��DVVXPLQJ�D�YHKLFOH�SRSXODWLRQ�RI�
DERXW��������GXULQJ�SHDN�KRXUV�DQG�HDFK�YHKLFOH�GULYLQJ�WZR�WULSV�SHU�GD\��

7DEOH��D��(VWLPDWHG�ZDVWHG�IXHO�LQ�WUDI¾�F�MDPV�LQ�.DPSDOD

7\SH�RI�WUDQVSRUW

)XHO�
FRQVXPSWLRQ�
ZKHQ�LGOLQJ�
�/�KU�

$YHUDJH�WLPH�ORVW��LQ�PLQXWHV� :DVWHG�IXHO��LQ�OLWHUV�

/LJKW�-DP +HDY\�-DP /LJKW�-DP +HDY\�-DP

3ULYDWH�9HKLFOH ��� ����� ����� ���� ����

3XEOLF�7UDQVSRUW ��� ����� ����� ���� ����

%RGD�ERGD ���� ���� ����� ���� ����

2ZQ�0RWRUF\FOH ���� ����� ����� ���� ����

6RXUFH��$UQLV���������9LYHN��������DQG�%ULDQ�������±IRU�GDWD�LQ�VHFRQG�FROXPQ



'DQ�0DPEXOH�0ZDQMH

7DEOH��E��0RQH\�ORVW�WKURXJK�ZDVWHG�IXHO

7\SH�RI�WUDQVSRUW

(VWLPDWHG�)XHO�
:DVWHG�GXH�WR�
LGOLQJ�SHU�WULS�
�LQ�OLWHUV�

)XHO�
SULFH�

�8VKV�/�

(VWLPDWHG�PRQH\�
ORVW�SHU�WULS
�RQH�ZD\�

(VWLPDWHG�PRQH\�ORVW�
SHU�GD\�

��WULSV��WR�DQG�IURP�

/LJKW�
-DP

+HDY\�
-DP

/LJKW
-DP

+HDY\�
-DP

/LJKW
-DP

+HDY\�
-DP

3ULYDWH�9HKLFOH ���� ���� ����� ����� ����� ����� �����

3XEOLF�7UDQVSRUW ���� ���� ����� ����� ����� ����� �����

%RGD�ERGD ���� ���� ����� ��� ��� ��� �����

2ZQ�0RWRUF\FOH ���� ���� ����� ��� ����� ����� �����

7DEOH��F��&RVW�RI�ZDVWHG�IXHO�WR�WKH�HFRQRP\

7\SH�RI�WUDQVSRUW

(VWLPDWHG�
1R��RI�
9HKLFOHV�
DW�SHDN�
KRXUV

(VWLPDWHG�IXHO�ORVW�
�RQH�ZD\�WULS��DOO�YHKLFOHV�

(VWLPDWHG�PRQH\�ORVW
��RQH�ZD\�WULS��DOO�YHKLFOHV�

/LJKW�-DP +HDY\�-DP /LJKW�-DP +HDY\�-DP

3ULYDWH�9HKLFOH ������ ������ ������ ���������� �����������

3XEOLF�7UDQVSRUW ������ ����� ������ ���������� ����������

%RGD�ERGD ������ ����� ����� ��������� ����������

2ZQ�0RWRUF\FOH ����� ��� ��� ������� ���������

7RWDO�SHU�GD\ ������ ������ ������ ���������� �����������

7RWDO�SHU�\HDU ��������� ���������� �������������� ��������������

7RWDO�SHU�\U����WULSV� ���������� ���������� �������������� ���������������

6RXUFH��$XWKRUµV�FRPSXWDWLRQV��1R��RI�YHKLFOHV�D�JXHVV�HVWLPDWH

0DMRU�&DXVHV�RI�7UDI¾�F�-DPV�LQ�.DPSDOD

1DUURZ� URDGV�� LQGLVFLSOLQHG� GULYHUV�� SRRU� XUEDQ� SODQQLQJ�� OLPLWHG� SDUNLQJ� DQG�XQUHJXODWHG�
URDG�MXQFWLRQV�ZHUH�QDPHG�WKH�WRS�¾�YH�PDMRU�FDXVHV�RI�WUDI¾�F�MDPV�LQ�.DPSDOD��$OO�WKHVH�¾�YH�
FDXVHV�ZHUH�PHQWLRQHG�E\�DW�OHDVW����SHU�FHQW�RI�WKH�UHVSRQGHQWV��VHH�)LJXUH�����1LQHW\�WKUHH�
SHU�FHQW�������RI�WKH�UHVSRQGHQWV�PHQWLRQHG�´QDUURZ�URDGVµ�DV�WKH�PDLQ�FDXVH�RI�WUDI¾�F�MDPV��
5HVSRQGHQWV�DOVR�VXJJHVWHG�RWKHU�FDXVHV�RI�WUDI¾�F�MDPV��YL]���L��PDQ\�PRWRUF\FOHV�RQ�WKH�URDG��
�LL��SRRU�URDG�FRQGLWLRQ�RI�WKH�DOWHUQDWLYH�URXWHV��E\�HQG�RI�0DUFK�������FRQGLWLRQ�RI�WKH�URDGV�
ZDV� DV� IROORZV�� 3DYHG� URDGV±������JRRG�� ���� IDLU�� ������SRRU��8QSDYHG� URDGV±�����
JRRG��������IDLU��������SRRU��.&&$����������LLL��OLPLWHG�XVH�DQG�ODFN�RI�WUDI¾�F�URERWV���LY��
LQFUHDVHG�QXPEHU�RI�GULYHUV�ZLWK�´ULJKW�RI�ZD\µ�WR�RYHUWDNH�RWKHU�GULYHUV�DQ\KRZ��DQ\ZKHUH�
�Y��KHDY\�WUXFNV�WKDW�PRYH�VORZO\���YL��RYHUSRSXODWHG�FLW\���YLL��DYDLODELOLW\�RI�FKHDS�FDUV���YLLL��
SROLWLFDO�GHPRQVWUDWLRQV��UDOOLHV��SURFHVVLRQV�DQG�DGYHUWLVLQJ�HYHQWV�WKDW�GLVUXSW�WUDI¾�F�DQG��L[��
SROLWLFDO�LQWHUIHUHQFH�LQ�LPSOHPHQWDWLRQ�RI�WUDI¾�F�ODZV��0DMRULW\�RI�UHVSRQGHQWV�GLG�QRW�DJUHH�



7KH�8JDQGDQ�-RXUQDO�2I�0DQDJHPHQW�$QG�3XEOLF�3ROLF\�6WXGLHV

WKDW�EDG�ZHDWKHU��YHKLFOH�FUDVKHV��XQVNLOOHG�WUDI¾�F�FRQWURO�SHUVRQQHO��DQG�VORZ�GULYHUV�DUH�NH\�
FDXVHV�RI�WUDI¾�F�MDPV�LQ�.DPSDOD��

)LJXUH����([WHQW�WR�ZKLFK�UHVSRQGHQWV�DJUHH�ZLWK�VHOHFWHG�FDXVHV�RI�WUDI¾�F�MDPV
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���
���
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Ϭй ϭϬй ϮϬй ϯϬй ϰϬй ϱϬй ϲϬй ϳϬй ϴϬй ϵϬй ϭϬϬй

1DUURZ�URDGV
8QGLVFLSOLQHG�GULYHUV

3RRU�XUEDQ�ODQG�XVH�SODQQLQJ
/LPLWHG�SDUNLQJ�	�RQ�VWUHHW�SDVVHQJHU�ERDUGLQJ�DOLJKWLQJ
&RQFHQWUDWLRQ�RI�PRVW�HFRQRPLF�VRFLDO�DFWLYLWLHV�LQ�&%'
7HPSRUDU\�URDG�FORVXUHV�WR�DOORZ�99,3V�	�9,3V�WR�SDVV

8QUHJXODWHG�URDG�MXQFWLRQV
5RDG�UHSDLUV

0RVW�SHRSOH�VWDUW�DQG�FORVH�ZRUN�DW�WKH�VDPH�WLPH
,QIRUPDO�RQ�VWUHHW�DQG�URDG�VLGH�WUDGH

:HOO�WR�GR�SHRSOH�SUHIHU�XVLQJ�SULYDWH�WR�SXEOLF�WUDQVSRUW
8QVNLOOHG�WUDIILF�FRQWURO�RIILFHUV

%DG�ZHDWKHU
9HKLFOH�DFFLGHQWV�RU�EUHDNGRZQV

6ORZ�DQG�µFDUHIXO¶�GULYHUV�ZKR�ZLVK�WR�DYRLG�DFFLGHQWV

$JUHH 1HLWKHU�DJUHH�QRU�GLVDJUHH 'LVDJUHH

6RXUFH��$XWKRUµV�$QDO\VLV

0RVW�5HFRPPHQGHG�7UDI¾�F�-DP�0LWLJDWLRQ�6WUDWHJLHV

3K\VLFDO� DSSURDFKHV� WR� DOOHYLDWLQJ� WUDI¾�F� MDPV� HPHUJHG� DV� WKH�PRVW� UHFRPPHQGHG� E\� WKH�
UHVSRQGHQWV��7KHVH�LQFOXGH�� LPSURYLQJ�WKH�URDG�QHWZRUN��ZLGHQLQJ�H[LVWLQJ�URDGV��EXLOGLQJ�
¿�\RYHUV�DW�URDG�MXQFWLRQV��DQG�SURYLGLQJ�DGHTXDWH�SDUNLQJ�ZLWKLQ�WKH�FLW\��VHH�)LJXUH�����7KH�
UHJXODWRU\�DSSURDFK�RI� HQIRUFLQJ� WUDI¾�F� ODZV�ZDV�PRVW�SUHIHUUHG�� IROORZHG�E\�GRLQJ�PRUH�
UHVHDUFK�RQ�WUDI¾�F�PDQDJHPHQW�RI�WKH�FLW\��(QFRXUDJLQJ�SHRSOH�WR�XVH�SXEOLF�WUDQVSRUW�ZDV�WKH�
VHFRQG�OHDVW�YRWHG�PHDVXUH��ZKLOH�VWDJJHULQJ�RSHQLQJ�DQG�FORVLQJ�ZRUN�KRXUV�ZDV�WKH�OHDVW�
VXSSRUWHG��5HVSRQGHQWV�VXJJHVWHG�VHYHUDO�RWKHU�RSWLRQV�WR�DOOHYLDWH�WUDI¾�F�MDPV�LQ�.DPSDOD�
�VHH�%R[�����ZKLFK�LQFOXGHG�FRQJHVWLRQ�OHYLHV�DJDLQVW�SULYDWH�YHKLFOHV�WKDW�HQWHU�WKH�FLW\�ZHUH�
DOVR�UHFRPPHQGHG��

)LJXUH����([WHQW�WR�ZKLFK�UHVSRQGHQWV�DJUHH�ZLWK�WUDI¾�F�MDP�PLWLJDWLRQ�PHDVXUHV
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,PSURYH�FRQGLWLRQ�RI�DOO�FLW\�URDGV��PDLQ�	�IHHGHU�

(QIRUFH�WUDIILF�ODZV�ZLWKRXW�IHDU�RU�IDYRU

:LGHQ�H[LVWLQJ�URDGV�WKDW�FDQ�EH�ZLGHQHG

%XLOG�IO\RYHUV�DW�URXQGDERXWV��FURVVURDGV��MXQFWLRQV

3URYLGH�DGHTXDWH�SDUNLQJ�DUUDQJHPHQWV

'RLQJ�PRUH�UHVHDUFK�RQ�WUDIILF�PDQDJHPHQW�RI�WKH�FLW\

0DQDJH�WKH�LQIRUPDO�URDG�VLGH�WUDGH

/LPLW�FHUWDLQ�URDGV�WR�EXV�RQO\�VWDWXV�GXULQJ�UXVK�KRXUV

'HYLVH�FRPPXQLFDWLRQ�GHYLFHV�WR�DOHUW�GULYHUV�RQ�«

(QFRXUDJH�XVH�RI�SXEOLF�WUDQVSRUW

6WDJJHU�ZRUN�RSHQLQJ�	�FORVLQJ�KRXUV

�ŐƌĞĞ EĞŝƚŚĞƌ�ĂŐƌĞĞ�ŶŽƌ�ĚŝƐĂŐƌĞĞ �ŝƐĂŐƌĞĞ

6RXUFH��$XWKRUµV�$QDO\VLV



'DQ�0DPEXOH�0ZDQMH

3ROLF\�5HFRPPHQGDWLRQV

'LIIHUHQW�FDXVHV�RI�WUDI¾�F�MDPV�ZRXOG�QHHG�GLIIHUHQW�PLWLJDWLRQ�PHDVXUHV��8VLQJ�WKH�OLWHUDWXUH�
UHYLHZ�DQG�WKH�VXUYH\�¾�QGLQJV�RQ�WKH�FDXVHV�DQG�VROXWLRQV�WR�WUDI¾�F�MDPV��7DEOH���SUHVHQWV�
VRPH�DOWHUQDWLYH�PLWLJDWLRQ�PHDVXUHV�DJDLQVW�HDFK�RI�WKH�FDXVHV�WKDW�VFRUHG�DW�OHDVW����SHU�FHQW�
RI�WKH�5HVSRQGHQWVµ�YRWH��

7DEOH����0DMRU�FDXVHV�RI�WUDI¾�F�MDPV�DQG�DOWHUQDWLYH�PLWLJDWLRQ�PHDVXUHV

.H\�FDXVHV�RI�WUDI¾�F�
MDPV�LQ�.DPSDOD

$OWHUQDWLYH�PLWLJDWLRQ�PHDVXUHV 5HPDUNV

1DUURZ�URDGV :LGHQ�URDGV�WKDW�FDQ�EH�ZLGHQHG
,PSURYH�FRQGLWLRQ�RI�IHHGHU�URDGV�
ZLWKLQ�WKH�FLW\

*RYHUQPHQW�PD\�FRQVLGHU�FUHDWLQJ�
DQ�,QIUDVWUXFWXUH�%DQN�WR�¾�QDQFH�
WKH�XSJUDGLQJ�RI�FLW\�URDGV�WKDW�DUH�
LQ�SRRU�FRQGLWLRQ�

8QGLVFLSOLQHG�GULYHUV (QIRUFH�WUDI¾�F�ODZV�ZLWKRXW�IHDU�RU�
IDYRXU
(GXFDWH�GULYHUV�RQ�SURSHU�XVH�RI�URDGV
(QIRUFH�URDG�PDUNLQJV
,QVWDO�WUDI¾�F�FDPHUDV�DW�WUDI¾�F�VLJQDOV�
DQG�DW�VHYHUDO�SRLQWV�RQ�WKH�URDG�IRU�
FRQVWDQW�VXUYHLOODQFH
(QVXUH�SURSHU�NQRZOHGJH�RI�URDG�
HWLTXHWWH�EHIRUH�KDQGLQJ�RYHU�D�GULYLQJ�
OLFHQFH
&DQFHOODWLRQ�RI�RIIHQGHUVµ�GULYLQJ�
OLFHQVH�DV�ZHOO�DV�YHKLFOH�OLFHQFH�DIWHU�
����YLRODWLRQV

,Q�,QGLD��9LYHN��������LQWHUHVWLQJO\�
REVHUYHV�WKDW�,QGLDQV�KDYH�D�
SUREOHP�DGKHULQJ�WR�ODZV�EXW�QRW�
WR�*RG��$V�VXFK��WKH�VROXWLRQ�WR�
WUDI¾�F�MDPV�ZRXOG�EH�WR�SXW�XS�
SKRWRV�RI�*RG�HYHU\ZKHUH�RQ�
WUDI¾�F�VLJQDOV�ZLWK�D�VLJQ�ERDUG�
VD\LQJ�²,I�\RX�EUHDN�WKH�VLJQDO��
*RG�ZLOO�JHW�DQJU\³��7KDW�ZD\��
SHRSOH�ZRXOG�UHVSHFW�WKH�WUDI¾�F�
ODZV�
*LNRQ\R��������XUJHV�WKH�
HPEUDFLQJ�RI�D�V\VWHP�WKDW�
HQIRUFHV�WKH�WUDI¾�F�ODZ�DQG�KDV�
]HUR�WROHUDQFH�IRU�WUDI¾�F�YLRODWLRQ��
DGGLQJ�WKDW�KHDY\�SHQDOWLHV�VKRXOG�
EH�LPSRVHG�IRU�DOO�YLRODWLRQV�OLNH�
LQ�WKH�:HVW�RU�*XOI�&RXQWULHV�

3RRU�XUEDQ�ODQG�XVH�
SODQQLQJ

'HYHORS�RU�UHGHYHORS�D�SUDFWLFDEOH�
SODQ�IRU�WKH�*UHDWHU�.DPSDOD
,QWHJUDWH�ODQG�XVH�DQG�WUDQVSRUW�
SODQQLQJ

6D\LG��������ZDUQV�WKDW�VRPH�
FLWLHV�PDNH�SODQV�WKH\�QHYHU�
IROORZ��ZKLOH�VRPH�RWKHUV�PDNH�
SODQV�DIWHU�GHYHORSPHQW�KDV�WDNHQ�
SODFH��\HW�GHYHORSPHQW�VKRXOG�EH�
SUHFHGHG�E\�D�SODQ�DQG�QRW�YLFH�
YHUVD�
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.H\�FDXVHV�RI�WUDI¾�F�
MDPV�LQ�.DPSDOD

$OWHUQDWLYH�PLWLJDWLRQ�PHDVXUHV 5HPDUNV

/LPLWHG�SDUNLQJ�DQG�
RQ�VWUHHW�SDVVHQJHU�
ERDUGLQJ�DOLJKWLQJ

,QFUHDVH�SDUNLQJ�IHHV�IRU�SDUNLQJ�RQ�
FLW\�URDGV�DW�WKH�EXVLHVW�WLPHV
&RQVWUXFW�FRPPHUFLDO�SDUNLQJ�ED\V�
�H�J��VWRULHG�ED\V��LQ�VWUDWHJLF�DUHDV�
MXVW�RXWVLGH�WKH�&%'
*D]HWWH�VWULFW�EXV�VWRSV�DQG�HQVXUH�
WKH\�DUH�XVHG�IRU�GURSSLQJ�DQG�SLFNLQJ�
SDVVHQJHUV�IRU�RQO\�D�OLPLWHG�DPRXQW�
RI�WLPH
,QWURGXFH�PD[LPXP�WLPH�IRU�YHKLFOH�
SDUNLQJ�RQ�WKH�VWUHHWV
5HVWULFW�SHDN�KRXU�FDU�SDUNLQJ�RQ�
FRQJHVWHG�VWUHHWV�DQG�GHGLFDWH�WKH�
DGGHG�FDSDFLW\�WR�EXV�RQO\�ODQHV

6HYHUDO�FLWLHV�LQ�$IULFD��H�J��
-RKDQQHVEXUJ��KDYH�LQYHVWHG�LQ�
VHFXUH�PXOWLVWRULHG�SDUNLQJ�ED\V�LQ�
GLIIHUHQW�ORFDWLRQV�ZKLFK�KDV�HDVHG�
WKHLU�YHKLFOH�SDUNLQJ�FKDOOHQJHV�
DQG�DWWUDFWHG�YHKLFOHV�DZD\�IURP�
RQ�VWUHHW�SDUNLQJ��

$FFRUGLQJ�WR�:HQMLH���������
FRQVWUXFWLRQ�RI�SDUNLQJ�ORWV�ZRXOG�
EHVW�EH�GRQH�FORVHU�WR�SXEOLF�
WUDQVSRUWDWLRQ�KXEV�RXWVLGH�WKH�
&%'��ZKLFK�FRXOG�KDYH�WKH�HIIHFW�
RI�UHGXFLQJ�SULYDWH�FDUV�LQ�WKH�
&%'�

&RQFHQWUDWLRQ�RI�
PRVW�HFRQRPLF�VRFLDO�
DFWLYLWLHV�LQ�&%'

5HORFDWH�GD\�VFKRROV��VRPH�
JRYHUQPHQW�RI¾�FHV�DQG�VRPH�PDUNHWV�
IURP�WKH�&%'
3ODQ�DQG�SURYLGH�EHWWHU�VRFLDO�VHUYLFHV�
WR�VWUDWHJLF�DQG�RWKHU�DUHDV��DQG�
PDQDJH�WKH�SURFHVV�EHWWHU

$�QXPEHU�RI�FRXQWULHV��H�J��
1LJHULD��7DQ]DQLD��KDYH�EXLOW�
VHFRQG�FLWLHV��RQH�FRPPHUFLDO�DQG�
DQRWKHU�DGPLQLVWUDWLYH��ZKLFK�KDV�
KHOSHG�WR�GHFRQJHVW�WKHLU�FLWLHV��

7HPSRUDU\�URDG�
FORVXUHV�WR�DOORZ�
99,3V�DQG�9,3V�WR�
SDVV

6WUHDPOLQH�DQG�HQIRUFH�ODZV�RQ�ZKR�
KDV�WKH�ULJKW�RI�ZD\
0RGHUQL]H�VSHFLDO�HYHQWV�WUDI¾�F�
PDQDJHPHQW�HVSHFLDOO\�SUH�HYHQW�
SODQQLQJ�DQG�FRRUGLQDWLRQ

7KH�'DLO\�6WDU��������TXRWHV�
D�0LQLVWHU�LQ�%DQJODGHVK�ZKR�
FODLPHG�WKDW�WKH�ZURQJ�VLGH�
GULYLQJ�RI�LPSRUWDQW�SHUVRQV�LV�
RQH�RI�WKH�PDLQ�UHDVRQV�EHKLQG�
WUDI¾�F�MDPV�LQ�'KDND��DGGLQJ�
WKDW�ZURQJ�VLGH�GULYLQJ�LV�ZURQJ��
HYHQ�IRU�PLQLVWHUV��GHVFULELQJ�LW�
DV�D�GLVJXVWLQJ�URDG�VKRZ��DQG�
D�GHPRQVWUDWLRQ�RI�WKH�DEXVH�
RI�SRZHU�LQ�LWV�PRVW�¿�DJUDQWO\�
DEXVLYH�IRUP�

8QUHJXODWHG�URDG�
MXQFWLRQV

0RGHUQL]H�PDQDJHPHQW�RI�WUDI¾�F�
RSHUDWLRQV
%XLOG�¿�\RYHUV�DQG�IRRWEULGJHV�DW�WKH�
XVXDOO\�FORJJHG�MXQFWLRQV
,QWURGXFH�ER[�MXQFWLRQ�V\VWHP�
FRXSOHG�ZLWK�KLJK�SHQDOWLHV�IRU�V\VWHP�
RIIHQGHUV
,QVWDO�WUDI¾�F�OLJKWV�ZKHUH�WKH\�DUH�
QHHGHG

7KH�86�2I¾�FH�RI�7UDQVSRUWDWLRQ�
�������REVHUYHV�WKDW�LPSURYLQJ�
WUDI¾�F�RSHUDWLRQV�KDV�WKH�PRVW�
GUDPDWLF�HIIHFW�RQ�WUDI¾�F�
FRQJHVWLRQ

5RDG�UHSDLUV ,PSURYH�ZRUN�]RQH�PDQDJHPHQW�
H�J��PRYH�DQG�PDQDJH�WUDI¾�F�PRUH�
HIIHFWLYHO\�WKURXJK�ZRUN�]RQHV�
SDUWLFXODUO\�DW�SHDN�WLPHV

6XUYH\�UHVSRQGHQWV�UHFRPPHQGHG�
WKDW�FLW\�URDG�UHSDLUV�VKRXOG�EH�
ZHOO�UHJXODWHG��H�J��DYRLGLQJ�
FORVLQJ�WZR�URDGV�DW�WKH�VDPH�WLPH�
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.H\�FDXVHV�RI�WUDI¾�F�
MDPV�LQ�.DPSDOD

$OWHUQDWLYH�PLWLJDWLRQ�PHDVXUHV 5HPDUNV

0RVW�SHRSOH�VWDUW�
DQG�FORVH�ZRUN�DW�WKH�
VDPH�WLPH

3URYLGH�WUDYHOOHUV�ZLWK�UHDO�WLPH�
LQIRUPDWLRQ�RQ�URDGZD\�FRQGLWLRQV��
ZKHUH�FRQJHVWLRQ�KDV�IRUPHG��KRZ�
EDG�LW�LV��DQG�DGYLFH�RQ�DOWHUQDWLYH�
URXWHV
6WDJJHU�ZRUN�RSHQLQJ�DQG�FORVLQJ�
WLPH

6WDJJHULQJ�RI¾�FH�RSHQLQJ�DQG�
FORVLQJ�WLPH�ZDV�LPSOHPHQWHG�LQ�
2WWDZD��&DQDGD��DQG�:DVKLQJWRQ�
�86���KRZHYHU������RI�WKH�6XUYH\�
5HVSRQGHQWV�LQ�.DPSDOD�DUH�QRW�
FRPIRUWDEOH�ZLWK�LW��VHH�)LJXUH�����

,QIRUPDO�RQ�VWUHHW�
DQG�URDG�VLGH�WUDGH

%DQ�RQ�VWUHHW�WHPSRUDU\�DQG�
LPSURPSWX�PDUNHWV�LQ�WKH�&%'
3URYLGH�GHVLJQDWHG�SDUNLQJ�DUHDV�IRU�
URDGVLGH�PDUNHWV�DORQJ�KLJKZD\V�DQG�
SHQDOL]H�YHKLFOHV�WKDW�UHIXVH�WR�SDUN�LQ�
WKH�GHVLJQDWHG�DUHDV

$OO�VWDNHKROGHUV±H[HFXWLYHV��
SROLWLFLDQV��OLFHQVHG�WUDGHUV��URDG�
XVHUV±QHHG�WR�VKDUH�LQ�WKH�SURFHVV�
RI�GHYHORSLQJ�SROLF\�DOWHUQDWLYHV�
RQ�WKLV�SDUWLFXODU�FDXVH�

:HOO�WR�GR�SHRSOH�
SUHIHU�XVLQJ�SULYDWH�WR�
SXEOLF�WUDQVSRUW

,QWURGXFH�FRQJHVWLRQ�WD[HV��ZLWK�WKH�
EDVLF�SULQFLSOH�WKDW�WKH�KLJKHU�WKH�
GHPDQG�IRU�WUDYHO��WKH�KLJKHU�WKH�
FRQJHVWLRQ�WD[�WR�EH�SDLG
(QFRXUDJH�XVH�RI�EXVHV��H�J��OLPLW�
FHUWDLQ�URDGV�WR�EXV�RQO\�VWDWXV�GXULQJ�
SHDN�KRXUV
5XQ�FDPSDLJQV�DQG�DZDUHQHVV�
SURJUDPPHV�WR�HQFRXUDJH�FDU�SRROLQJ�
DPRQJ�SHRSOH
8VH�WD[DWLRQ�WR�UHGXFH�WKH�GHPDQG�IRU�
SULYDWH�FDUV

,Q�6LQJDSRUH��0U��/HH�.XDQ�<HZ�
�3ULPH�0LQLVWHU�RI�6LQJDSRUH�
GXULQJ�������SULRULWL]HG�WKH�
WUDQVSRUW�V\VWHP�DPRQJVW�WKH�
WKLQJV�KH�VR�PXFK�ZDQWHG�WR�
GR�WR�LPSURYH�WKH�HFRQRP\��+H�
LQWURGXFHG�DQ�$UHD�/LFHQVLQJ�
6FKHPH��$/6��WR�WU\�DQG�FRQWURO�
WKH�WUDI¾�F�FRQJHVWLRQ�LQ�WKH�&%'���
8QGHU�WKH�$/6��PRWRULVWV�ZHUH�
UHTXLUHG�WR�EX\�D�SDSHU�WLFNHW�
LQ�RUGHU�WR�HQWHU�WKH�UHVWULFWHG�
]RQHV��&DUV�ZLWK�PRUH�WKDQ�IRXU�
SDVVHQJHUV�ZHUH�H[HPSWHG�IURP�
WKH�$/6��$�UDLVH�LQ�WKH�WD[�RI�
FDUV�JHWWLQJ�WR�WKH�&%'�ZDV�
DOVR�LPSOHPHQWHG��LQ�DGGLWLRQ�WR�
SURPRWLQJ�FDUSRROLQJ��$V�D�UHVXOW��
WUDI¾�F�FRQJHVWLRQ�ZDV�UHSRUWHG�
WR�KDYH�UHGXFHG�E\����SHU�FHQW�
�*LNRQ\R��������

$FFRUGLQJ�WR�.&&$���������
SULYDWH�FDUV�DFFRXQW�IRU�������
RI�YHKLFOHV�RQ�WKH�URDG��EXW�
FDUU\������RI�WKH�SDVVHQJHUV��
ZKHUHDV�WD[LV�DFFRXQW�IRU�����
RI�WKH�YHKLFOHV�EXW�FDUU\�������
RI�SDVVHQJHUV��ZKLOH�ERGD�ERGDV
DFFRXQW�IRU�������RI�YHKLFOHV�RQ�
WKH�URDG��EXW�FDUU\������RI�WKH�
SDVVHQJHUV��7KXV�UHGXFLQJ�WKH�
QXPEHU�RI�SULYDWH�FDUV�WKDW�DFFHVV�
WKH�FLW\�ZRXOG�PRVW�OLNHO\�KDYH�
VLJQL¾�FDQW�HIIHFWV�RQ�PDQDJLQJ�
WUDI¾�F�MDPV�LQ�.DPSDOD�

6RUHQVHQ�HW�DO��������FDXWLRQ�WKDW�ZKHQ�GHVLJQLQJ�WUDI¾�F�FRQJHVWLRQ�UHGXFLQJ�VWUDWHJLHV��LW�LV�
LPSRUWDQW�WR�QRWH�WKDW�IHZ�FRQJHVWLRQ�UHGXFWLRQ�VWUDWHJLHV�UHPDLQ�HIIHFWLYH�RYHU�WLPH��7KH\�
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IXUWKHU�QRWH�WKDW�ZKHQ�D�FRQJHVWLRQ�UHGXFWLRQ�VWUDWHJ\�LV�LPSOHPHQWHG�DQG�WUDI¾�F�GHOD\V�DUH�
UHGXFHG��WUDYHOOHUV�ZKR�KDG�SUHYLRXVO\�DOWHUHG�WKHLU�WUDYHO�SDWWHUQV�WR�DYRLG�FRQJHVWLRQ�ZLOO�
QRWLFH�WKH�LPSURYHPHQW�DQG�UHWXUQ�WR�GULYLQJ�DORQJ�WKH�RQFH�EXV\�URXWHV�GXULQJ�WKH�SHDN�KRXUV��
6RPH�ZLOO�VKLIW�WLPHV��PRGHV�DQG�URXWHV�RI�WUDYHO��,Q�WKH�HQG��WKLV�SDWWHUQ��RIWHQ�GHVFULEHG�DV�
WULSOH� FRQYHUJHQFH�� VORZO\� HURGHV� WKH� LQLWLDO� FRQJHVWLRQ�UHGXFWLRQ�EHQH¾�WV� RIIHUHG�E\�PRVW�
VWUDWHJLHV��

6RUHQVHQ�HW�DO��������IXUWKHU�REVHUYH�WKDW�RQO\�FRQJHVWLRQ�SULFLQJ�VWUDWHJLHV�FDQ�UHVLVW�
WULSOH� FRQYHUJHQFH� DQG�PDQDJH� FRQJHVWLRQ� LQ� WKH� ORQJ� UXQ�� VLQFH� WKH� SULFLQJ� GHWHUV� VRPH�
GULYHUV�IURP�FRQYHUJLQJ�RQ�WKH�IUHHG�FDSDFLW\�ZKHQ�SULFHV�ULVH�ZLWK�LQFUHDVHG�GHPDQG��/HZLV�
�������DGYLVHV�WKDW�WKH�PRVW�HI¾�FLHQW�ORQJ�WHUP�VROXWLRQV�IRU�WUDI¾�F�GHOD\�PD\�LQFOXGH�D�PL[�
RI�PDMRU�FDSLWDO�LQYHVWPHQWV��SURGXFWLYH�EDVH�LPSURYHPHQWV�DQG�FKDQJHV�LQ�RSHUDWLQJ�UXOHV�
DQG�PDQDJHULDO�SUDFWLFHV��

6HOHFWLQJ� PLWLJDWLRQ� PHDVXUHV� WR� EH� LPSOHPHQWHG� ZLOO� UHTXLUH� FRPSDULQJ� WKH� SROLF\�
DOWHUQDWLYHV� LQ� WHUPV�RI�FRQWULEXWLRQ� WR� WKH�UHGXFWLRQ�RI� WUDI¾�F� MDPV�DV�ZHOO�DV�SURGXFWLYLW\�
DQG� HFRQRPLF� JURZWK�ZLWKLQ� WKH� FLW\�� 7KLV� ZLOO� UHTXLUH� FRQGXFWLQJ� HFRQRPLF� DQDO\VLV� IRU�
HYHU\�SROLF\�RSWLRQ�DQG�FRPSDULQJ�FRQJHVWLRQ�UHGXFLQJ�SURJUDPPHV� LQ� WHUPV�RI� UHWXUQ�RQ�
LQYHVWPHQW�DQG�FRQWULEXWLRQ�WR�SURGXFWLYLW\��/HZLV��������DGGV� WKDW� WKH� LVVXH�RI� WLPLQJ�WKH�
LQWHUYHQWLRQV�ZLOO�DOVR�EH�LPSRUWDQW��DV�SURMHFWV�FDQ�DSSHDU�WR�RIIHU�VWURQJ�UHWXUQV�RYHU�WKHLU�
XVHIXO�OLYHV��EXW�EH�SUHPDWXUH�IURP�WKH�YLHZSRLQW�RI�DGGUHVVLQJ�WKH�FXUUHQW�SUREOHPV�

$OO� SDUWLHV±H[HFXWLYHV�� SROLWLFLDQV�� EXVLQHVV� RZQHUV�� FLW\� GZHOOHUV� DQG� RWKHU�
VWDNHKROGHUV±QHHG� WR� VKDUH� LQ� WKH� SURFHVV� RI� GHYHORSLQJ� SROLF\� DOWHUQDWLYHV��8VXDOO\�� DQ\�
WUDQVSRUWDWLRQ�SROLF\�RU�SURJUDPPH�ZLOO�KDYH�PDQ\�VWDNHKROGHUV��LQFOXGLQJ�WKH�SODQQHUV��WKH�
GHFLVLRQ�PDNHUV��HOHFWHG�RI¾�FLDOV��XVHUV�RI�WKH�WUDQVSRUWDWLRQ�V\VWHP��EXVLQHVVHV�DIIHFWHG�E\�
WKH�WUDQVSRUWDWLRQ�V\VWHP��DQG�WKRVH�IRU�ZKRP�WKH�FKDQJHV�LQ�WKH�V\VWHP�PD\�KDYH�GHOHWHULRXV�
VRFLDO�� HFRQRPLF� DQG� HQYLURQPHQWDO� LPSDFWV�� ,QYROYLQJ� VWDNHKROGHUV� LQ� WKH� SURFHVV� RI�
LGHQWLI\LQJ�DOWHUQDWLYH�GLUHFWLRQV�FDQ�VXEVWDQWLDOO\�LPSURYH�WKH�OLNHOLKRRG�RI�FRQVHQVXV�RQ�WKH�
ZD\�IRUZDUG��2Q�WKH�RWKHU�KDQG��WKH�LGHQWL¾�FDWLRQ�DQG�DSSOLFDWLRQ�RI�WHFKQLFDO�DOWHUQDWLYHV�PXVW�
UHVW�DW�WKH�WHFKQLFDO�OHYHO��QRWZLWKVWDQGLQJ�WKDW�JRRG�SUDFWLFH�GLFWDWHV�SHULRGLF�LQYROYHPHQW�RI�
ERWK�H[HFXWLYHV�DQG�GHFLVLRQ�PDNHUV�LQ�WKH�SURFHVV�RI�HVWDEOLVKLQJ�WKH�UDQJH�DQG�FRQWHQW�RI�
SROLF\�RSWLRQV��/HZLV��������

7KHUH�LV�QHHG�WR�LPSURYH�WHDP�ZRUN�DQG�FRRUGLQDWLRQ�DPRQJ�WKH�DJHQFLHV�UHVSRQVLEOH�
IRU�WUDI¾�F�FRQWURO�LQ�WKH�FLW\��7KH�DJHQFLHV�EDVLFDOO\�LQFOXGH�.&&$��3ROLFH��8JDQGD�1DWLRQDO�
5RDGV�$XWKRULW\��DQG�YDULRXV�GULYHUV�DVVRFLDWLRQV��)DLOXUH�WR�LGHQWLI\�LQWHUGHSHQGHQFH\�DPRQJ�
WKHVH�DJHQFLHV�FDQ�RQO\�OHDG�WR�PLVVHG�RSSRUWXQLWLHV�IRU�LQQRYDWLYH�VROXWLRQV��

&RQFOXVLRQ

1DUURZ�URDGV��LQGLVFLSOLQHG�GULYHUV��SRRU�XUEDQ�SODQQLQJ��OLPLWHG�FDU�SDUNLQJ�DQG�FRQFHQWUDWLRQ�
RI�PRVW�HFRQRPLF�DQG�VRFLDO�DFWLYLWLHV�LQ�WKH�FLW\�ZHUH�LGHQWL¾�HG�DV�WKH�PDMRU�FDXVHV�RI�WUDI¾�F�
MDPV�LQ�.DPSDOD��7KH�DUWLFOH�HVWLPDWHV�WKDW�WUDYHOOHUV�ORVH�EHWZHHQ������KRXUV�HYHU\�PRQWK�LQ�
WUDI¾�F�MDPV�ZLWK�FDU�WUDYHO�VSHHGV�IDOOLQJ�IURP�DQ�DYHUDJH�RI����NP�K�ZKHQ�WKHUH�LV�QR�MDP��
WR�EHWZHHQ������NP�K�EHFDXVH�RI�WUDI¾�F�MDPV��7KH�DUWLFOH�IXUWKHU�HPSKDVL]HV�WKDW�WUDI¾�F�MDPV�
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FRXOG�EH�ORZHULQJ�WKH�FRXQWU\µV�*'3�GXH�WR�ORVW�SURGXFWLYH�WLPH�ZKLOH�VWXFN�LQ�WUDI¾�F�MDPV��
7R�DOOHYLDWH�WUDI¾�F�MDPV�LQ�.DPSDOD��WKH�DUWLFOH�UHFRPPHQGV�D�YDULHW\�RI�PLWLJDWLRQ�VWUDWHJLHV�
IURP�EXLOGLQJ�¿�\RYHUV� DQG� LPSURYLQJ� WKH�TXDOLW\�RI� DOWHUQDWLYH� URXWHV� WR� LPSURYLQJ� WUDI¾�F�
PDQDJHPHQW�RSHUDWLRQV��ZLWK�FRQJHVWLRQ�SULFLQJ�EHOLHYHG�WR�KDYH�WKH�PRVW�GUDPDWLF�HIIHFW�RQ�
WUDI¾�F�FRQJHVWLRQ��

7KH� DUWLFOH� UHFRPPHQGV� WKDW� DOO� NH\� VWDNHKROGHUV� QHHG� WR� EH� LQYROYHG� LQ� WKH� SURFHVV�
RI� GHWHUPLQLQJ� PLWLJDWLRQ� SROLF\� RSWLRQV�� DQG� WR� LPSURYH� WHDP�ZRUNLQJ� DQG� FRRUGLQDWLRQ�
DPRQJVW�WKH�DJHQFLHV�UHVSRQVLEOH�IRU�WUDI¾�F�FRQWURO�LQ�WKH�FLW\��&RQGXFWLQJ�HFRQRPLF�DQDO\VLV�
IRU�DOO�SROLF\�RSWLRQV�EDVHG�RQ�WKHLU�UHWXUQ�RQ�LQYHVWPHQW�DQG�FRQWULEXWLRQ�WR�SURGXFWLYLW\�LV�
DOVR�QHHGHG��

$UHDV�IRU�IXUWKHU�UHVHDUFK

)XWXUH�UHVHDUFK�ZLOO�QHHG�WR�XVH�HQJLQHHULQJ�WHFKQLTXHV�WR�HVWLPDWH�WKH�LPSDFW�RI�.DPSDODµV�
WUDI¾�F�MDPV�LQ�WHUPV�RI�ORVW�WLPH�IRU�WUDYHOOHUV��ZDVWHG�IXHO�IRU�YHKLFOHV��DQG�WKH�DPRXQW�DQG�
HIIHFW�RI�YHKLFOH�HPLVVLRQV�GXULQJ�WUDI¾�F�MDPV��VLQFH�WKH�GDWD�XVHG�LQ�WKLV�DUWLFOH��HVSHFLDOO\�RQ�
GLVWDQFHV�DQG�WLPH��ZDV�EDVHG�RQ�UHVSRQGHQWVµ�HVWLPDWHV�DQG�QRW�RQ�WHFKQLFDO�PHDVXUHPHQWV���
0RUH� VR�� WKH� UHVXOWV� ZHUH� QRW� EDVHG� RQ� D� UDQGRPO\� VHOHFWHG� VDPSOH�� DQG� WKXV�� FDQQRW� EH�
JHQHUDOL]HG��IXWXUH�UHVHDUFK�ZLOO�WKHUHIRUH�QHHG�WR�DGGUHVV�WKLV�OLPLWDWLRQ��/DVWO\��UHSHDWLQJ�WKH�
VWXG\�RQ�D�SHULRGLF�EDVLV�ZLOO�RIIHU�LQVLJKWV�LQWR�WKH�G\QDPLFV�RI�WUDI¾�F�MDPV�RYHU�WLPH�

5HIHUHQFHV

$QGUHZ��&����������/HLFHVWHU�LV�WUDI¾�F�MDP�FDSLWDO��$UWLFOH�SXEOLVKHG�E\�7KH�*XDUGLDQ�1HZVSDSHU��
8.��GRZQORDGHG�IURP�KWWSV���ZZZ�WKHJXDUGLDQ�FRP�XN������PD\����WUDQVSRUW�ZRUOG�

$QWKRQ\��'����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�
FRP�:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

$UQLV��7����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPV�GRZQORDGHG�RQ����6HSWHPEHU������

%ULDQ��)����������:KDW�FDXVHV�WUDI¾�F�MDPV"��&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

%UXFH��:����������7UDI¾�F�MDPV�FRVW�SHRSOH�WLPH��&RQWULEXWLRQ�WR�EORJ�RQ�WUDI¾�F�FRQJHVWLRQ�SRVWHG�RQ�
KWWSV���ZZZ�TXRUD�FRP�SUR¾�OH�%UXFH�:X����GRZQORDGHG�RQ����6HSWHPEHU������

&KRXSXWUD��&����������:KDW�FDXVHV�WUDI¾�F�MDPV"��&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�
FRP�:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

&KXQJ��6�/���������7UDI¾�F�&RQJHVWLRQ�LQ�0DO\DVLD
KWWSV���HVVD\IRUXP�FRP�ZULWLQJ�WUDI¾�F�FRQJHVWLRQ�IXQGDPHQWDO�SUREOHP�PRGHUQ��������
GRZQORDGHG�RQ����$XJXVW�����

'XEQHU��-��6����������+RZ�1<&�*RYW��&DXVHV�,WV�2ZQ�7UDI¾�F�-DPV��$UWLFOH�LQ�1�<��7LPHV��KWWS���ZZZ�
Q\WLPHV�FRP������������Q\UHJLRQ���WUDI¾�F�KWPO�����-DQXDU\�����

)UHDNRQRPLFV���������:KDW�&DXVHV�7UDI¾�F�-DPV"�<RX��KWWS���IUHDNRQRPLFV�FRP������������ZKDW�
FDXVHV�WUDI¾�F�MDPV�\RX������0DUFK������
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*LNRQ\R��%����������,QIRUPDWLRQ�6\VWHPV�)UDPHZRUN�IRU�7UDI¾�F�&RQJHVWLRQ�0DQDJHPHQW��&DVH�
6WXG\�RI�1DLUREL��$�7KHVLV�6XEPLWWHG�WR�WKH�)DFXOW\�RI�,QIRUPDWLRQ�7HFKQRORJ\�LQ�3DUWLDO�
IXO¾�OPHQW�RI�WKH�5HTXLUHPHQW�IRU�WKH�'HJUHH�RI�0DVWHU�RI�6FLHQFH�LQ�,QIRUPDWLRQ�7HFKQRORJ\�RI�
6WUDWKPRUH�8QLYHUVLW\�1DLUREL��.HQ\D��-XQH�������

+DQQX��-����������,GOLQJ�(PLVVLRQV��$UWLFOH�SRVWHG�RQ�KWWSV���ZZZ�GLHVHOQHW�FRP�WHFK�HPLVVLRQVBLGOH�
SKS��GRZQORDGHG����6HSWHPEHU������

,YDQ���*�����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�RQ�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPV�GRZQORDGHG����6HSWHPEHU������

-RVH�$��*RPH]��,���:LOOLDP��%��7���&OLIIRUG��:����������(VVD\V�LQ�7UDQVSRUWDWLRQ�(FRQRPLFV�DQG�
3ROLF\��D�KDQGERRN�LQ�KRQRU�RI�-RKQ�5��0H\HU��SXEOLVKHG�E\�7KH�%URRNLQJV�,QVWLWXWLRQ�������
0DVVDFKXVHWWV�$YHQXH��1�:���:DVKLQJWRQ��'�&��������

.&&$����������6WDWH�RI�5RDGV�LQ�.DPSDOD�&LW\��$�UHSRUW�SUHSDUHG�E\�WKH�.&&$�'LUHFWRUDWH�RI�
(QJLQHHULQJ�DQG�7HFKQLFDO�6HUYLFHV��0D\������

.HQQHWK��-��%����������7UDQVSRUW�(FRQRPLFV���QG�(GLWLRQ��3XEOLVKHG�E\�(GZDUG�(OJDU�3XEOLVKLQJ�
/LPLWHG��&KHOWHQKDP��8.�

.HY��3����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

.LJJXQGX��$��	�0XNLLEL��6����������/DQG�8VH�DQG�7UDQVSRUW�3ODQQLQJ�LQ�WKH�*UHDWHU�.DPSDOD��
8JDQGD��3XEOLVKHG�IRU�WKH�)DFXOW\�RI�*HRJUDSK\�8*0�DQG�7KH�,QGRQHVLDQ�*HRJUDSKHUV�
$VVRFLDWLRQ��,661�����������,-*�9RO������1R�����-XQH�����

.XVKDO��*����������:KDW�FDXVHV�WUDI¾�F�MDPV"��&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WRKWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

/HZLV��'����������3ULPHU�RQ�7UDQVSRUWDWLRQ��3URGXFWLYLW\�DQG�(FRQRPLF�'HYHORSPHQW��1DWLRQDO�
&RRSHUDWLYH�+LJKZD\�5HVHDUFK�3URJUDP�5HSRUW������7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG��1DWLRQDO�
5HVHDUFK�&RXQFLO��:DVKLQJWRQ�'�&���6HSWHPEHU�����

/RSH]��&����������$QDO\]LQJ�&RPPXQLW\�3UREOHPV�DQG�'HVLJQLQJ�DQG�$GDSWLQJ�&RPPXQLW\�
,QWHUYHQWLRQV��$UWLFOH�SXEOLVKHG�E\�WKH�8QLYHUVLW\�RI�.DQVDV��KWWS���FWE�NX�HGX�HQ�WDEOH�RI�
FRQWHQWV�DQDO\]H�DQDO\]H�FRPPXQLW\�SUREOHPV�DQG�VROXWLRQV�URRW�FDXVHV�PDLQ

0DWRYX��*����������,PSURYHPHQW�RI�7UDI¾�F�&RQJHVWLRQ�)ORZ�LQ�.DPSDOD�&LW\��1RYHPEHU�������
DUWLFOH�LQ�VXSSRUW�RI�D�SURMHFW�WR�LQWURGXFH�WKH�%XV�5DSLG�7UDQVSRUW�V\VWHP��GRZQORDGHG�IURP�
ZZZ�JUHHQJURZWK�RUJ��ZZZ�HVFDS�RUJ

1DWXUDO�5HVRXUFHV�&DQDGD��*RYHUQPHQW�RI�&DQDGD����������,GOLQJ�ZDVWHV�IXHO�DQG�PRQH\��KWWSV���
ZZZ�QUFDQ�JF�FD�HQHUJ\�HI¾�FLHQF\�FRPPXQLWLHV�LQIUDVWUXFWXUH�WUDQVSRUWDWLRQ�LGOLQJ�����

3UDVKDQW��6����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�
FRP�:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

5LVKDEK��.����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�
FRP�:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

5LVKLSUDWLP��0����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�
FRP�:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

5XWWRK��1����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������



'DQ�0DPEXOH�0ZDQMH

6D\LG��:��8���������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�
FRP�:KDW�FDXVHV�WUDI¾�F�MDPV�GRZQORDGHG�RQ����6HSWHPEHU������

6PULWL��,����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

6RSKLD��6����������:KDW�FDXVHV�WUDI¾�F�MDPV"&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

6RUHQVHQ��3���0DUWLQ��:���(QG\��0��'���$DURQ��.���/LLVD��(���0DUN��+���$OOLVRQ��<���7KRPDV��/���
	-DPHV��*����������5HGXFLQJ�7UDI¾�F�&RQJHVWLRQ�LQ�/RV�$QJHOHV��6WXG\�FRQGXFWHG�IRU�5DQG�
&RUSRUDWLRQ��������KWWS���ZZZ�UDQG�RUJ�SXEV�UHVHDUFKBEULHIV�5%�����KWPO

7KH�'DLO\�0RQLWRU���������6KV���P�VPDUWSKRQHV�VWROHQ�LQ�.DPSDOD�WUDI¾�F�MDPV��1HZV�$UWLFOH�
SXEOLVKHG�LQ�WKH�'DLO\�0RQLWRU�RI�6DWXUGD\�����0DUFK�������KWWS���ZZZ�PRQLWRU�FR�XJ�1HZV�
1DWLRQDO�6PDUWSKRQHV�VWROHQ�.DPSDOD�WUDI¾�F�MDPV�����������������¿�DG�]�LQGH[�KWPO

7KH�'DLO\�6WDU���������:URQJ�VLGH�GULYLQJ�LV�ZURQJ��HYHQ�IRU�PLQLVWHUV��$UWLFOH�LVVXHG�RQ����
6HSWHPEHU�������KWWS���ZZZ�WKHGDLO\VWDU�QHW�RS�HG�SROLWLFV�ZURQJ�VLGH�GULYLQJ�ZURQJ�HYHQ�
PLQLVWHUV��������

7RP�9��0����������)XHO�&RQVXPSWLRQ�DQG�(PLVVLRQ�6WXGLHV��/HFWXUH�QRWHV�LQ�7UDI¾�F�(QJLQHHULQJ�DQG�
0DQDJHPHQW��KWWSV���ZZZ�FLYLO�LLWE�DF�LQ�WYP�����BQSWHO����B)XHO(PL�SODLQ�SODLQ�KWPO

7RPVRQ��/���������:KDW�FDXVHV�WUDI¾�F�MDPV"&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WRKWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPV�GRZQORDGHG�RQ����6HSWHPEHU������

86�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ����������7UDI¾�F�&RQJHVWLRQ�DQG�5HOLDELOLW\��7UHQGV�DQG�$GYDQFHG�
6WUDWHJLHV�IRU�&RQJHVWLRQ�0LWLJDWLRQ��KWWS���ZZZ�RSV�IKZD�GRW�JRY�FRQJHVWLRQBUHSRUW�H[HFXWLYHB
VXPPDU\�KWP

9DLEKDY��0����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�
FRP�:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

9LMD\��3����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

9LYHN��'����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

9LYHN��1����������:KDW�FDXVHV�WUDI¾�F�MDPV"�&RQWULEXWLRQ�WR�DUWLFOH�SRVWHG�WR�KWWSV���ZZZ�TXRUD�FRP�
:KDW�FDXVHV�WUDI¾�F�MDPVGRZQORDGHG�RQ����6HSWHPEHU������

:HQMLH��=����������0DQDJLQJ�7UDI¾�F�&RQJHVWLRQ±FDVH�6WXG\�RI�+DQJ]KRX��0DVWHUµV�WKHVLV�VXEPLWWHG�
WR�%OHNLQJH�,QVWLWXWH�RI�7HFKQRORJ\�IRU�WKH�06F�LQ�(XURSHDQ�6SDWLDO�3ODQQLQJ�DQG�5HJLRQDO�
'HYHORSPHQW�����0D\������

<DUHG��+����������,PSDFW�RI�9HKLFOH�7UDI¾�F�&RQJHVWLRQ�LQ�$GGLV�$EDED��7KH�FDVH�RI�.ROIH�6XE�&LW\��
7RWDO�$\HU�7HQD�5RDG��$�7KHVLV�6XEPLWWHG�WR�WKH�8UEDQ�0DQDJHPHQW�0DVWHUµV�3URJUDPPH��
(WKLRSLDQ�&LYLO�6HUYLFH�&ROOHJH��LQ�3DUWLDO�)XO¾�OPHQW�RI�WKH�5HTXLUHPHQWV�IRU�WKH�$ZDUG�RI�D�
0DVWHUµV�'HJUHH�LQ�8UEDQ�0DQDJHPHQW��-XQH�������


