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������RI�DOO�DFFLGHQWV� LQ�3RODQG�� WRRN�SODFH�RQ� ORFDO� URDGV��7KHVH�URDGV�DUH�XVHG�SULPDULO\�E\�
UHJXODU�XVHUV�ZKR�DUH�YHU\�IDPLOLDU�ZLWK�WKH�GHIHFWV�RI�WKHVH�URDGV��7KLV�PHDQV�WKDW�WKH�HIIHFWV�RI�
WKH�ORZ�WHFKQLFDO�VWDQGDUG�RI�ORFDO�URDGV�DQG�WKH�LQVXIILFLHQW�QXPEHU�RI�URDG�WUDIILF�GHYLFHV�RQ�WKH�
VDIHW\�RQ�WKH�URDG�FDQ�EH�SDUWO\�FRPSHQVDWHG�IRU�E\�WKH IDFW�WKDW�GULYHUV�DGMXVW�WKHLU�EHKDYLRXU�WR�
WKH�FRQGLWLRQV�RQ�WKH�URDG��7KLV�K\SRWKHVLV�FDQ�EH�YHULILHG�WKURXJK�GHYHORSLQJ GHSHQGHQF\�PRGHOV�
RI� URDG� VDIHW\� PHDVXUHV� RI� ORFDO� URDGV¶� DQG� WHFKQLFDO� FKDUDFWHULVWLFV�� 7KH� DUWLFOH� SUHVHQWV� WKH�
UHVHDUFK�FDUULHG�RXW�EDVHG�RQ�UHJUHVVLRQ�PRGHOV�RI�DFFLGHQW�SUHGLFWLRQ��7KH�PRGHOV�ZHUH�GHYHORSHG
ZLWK� WKH� XVH� RI� WKH� GDWD� RQ� WKH� URDG� VXUURXQGLQJV� DUUDQJHPHQW� �EXLOW�XS DUHDV�� DFFHVV��� URDG�
FRQGLWLRQ�DQG�WKH�H[WHQW�RI�VLJQSRVWLQJ��LQFOXGLQJ�GDWD�RQ�VSHHG�OLPLWV�DQG�RYHUWDNLQJ�DV�ZHOO�DV�
ULVN�H[SRVXUH�YDULDEOHV��'XH�WR�WKH�LQFRPSOHWH�GDWD�RQ�DFFLGHQWV�DQG�WKH�VPDOO�QXPEHU�RI�DFFLGHQWV��
GLIIHUHQW�DSSURDFKHV�WR�WKH�PRGHOOLQJ�RI�WKH�QXPEHU�RI�URDG�DFFLGHQWV�ZHUH�DSSOLHG�

� ,QWURGXFWLRQ

/RFDO�URDGV��GLVWULFW�URDGV��FRQVWLWXWH�DQ�LPSRUWDQW�SDUW�RI�
WKH� URDG� QHWZRUN� LQ� 3RODQG��PDNLQJ� XS� DURXQG� �������
���������NP��RI�DOO�SXEOLF�URDGV��,Q�������RXW�RI�DOO�URDG�
DFFLGHQWV�LQ�3RODQG���������RI�WKHP�WRRN�SODFH�RQ�ORFDO�
URDGV��ZKLFK� LV�������RI� WKH� WRWDO�QXPEHU��/RFDO� URDGV�
SOD\� D� YLWDO� UROH� LQ� LQWHUFRQQHFWLQJ� VPDOO� ORFDOLWLHV��
FRQQHFWLQJ�VXEXUEV�WR�FLW\�FHQWHUV DV�ZHOO�DV�SURYLGLQJ�D�
FRQQHFWLRQ�EHWZHHQ�UHJLRQDO�DQG�QDWLRQDO�URDGV��8VXDOO\��
WKH\� KDYH� ORZ� JHRPHWULF� SDUDPHWHUV� �ORZ�GHVLJQ� VSHHG�
GHWHUPLQLQJ�GHVLJQ�SDUDPHWHUV��DQG�DUH�HTXLSSHG�ZLWK�D�
QHFHVVDU\�PLQLPXP� QXPEHU� RI� WUDIILF� RUJDQL]DWLRQ� DQG�
VDIHW\� PHDVXUHV�� $W� WKH� VDPH� WLPH�� GULYHUV� XVLQJ� WKHVH�
URDGV�PRYH�DW�KLJK�VSHHGV��LW�LV�HVWLPDWHG�WKDW�RYHU�����
RI�YHKLFOHV�H[FHHG�WKH�PD[LPXP�VSHHG�LQ�EXLOW�XS�DUHDV�
DQG�DSSUR[LPDWHO\������ RXWVLGH�EXLOW�XS�DUHDV��:KDW�LV�
FKDUDFWHULVWLF� DERXW� ORFDO� URDGV� LV� D� ORZ� WUDIILF� YROXPH��
H[FHSW�IRU�URDGV�LQ�VXEXUEDQ�DUHDV�

'LVWULFW�URDGV�DUH�PDLQO\�XVHG�E\�ORFDO�GULYHUV�ZKR�DUH�
ZHOO�DZDUH�RI�WKH�GHIHFWV�RI�WKHVH�URDGV��7KLV�PHDQV�WKDW�
WKH�HIIHFWV�RI�WKH�ORZ�WHFKQLFDO�VWDQGDUG�RI�ORFDO�URDGV�DQG�
WKH� LQVXIILFLHQW� QXPEHU� RI� URDG� WUDIILF� GHYLFHV� RQ� WKH�
VDIHW\�RQ�WKH�URDG�FDQ�EH�SDUWO\�FRPSHQVDWHG�IRU�E\�WKH�
IDFW� WKDW�GULYHUV�DGMXVW� WKHLU�EHKDYLRXU� WR� WKH�FRQGLWLRQV�
RQ� WKH� URDG�� 7R� YHULI\� WKLV� K\SRWKHVLV�� WKH� $XWKRUV�
GHYHORSHG�PRGHOV�RI�URDG�VDIHW\�PHDVXUHV�DQG�WHFKQLFDO�
FKDUDFWHULVWLFV� RI� ORFDO� URDGV�� ,I� WKH� UROH� RI� WKHVH�
FKDUDFWHULVWLFV�DPRQJ�WKH�H[RJHQRXV�YDULDEOHV��LQFOXGLQJ�
ULVN�H[SRVXUH�YDULDEOHV��WXUQV�RXW�WR�EH�VHFRQGDU\��WKHUH�

ZLOO� EH� QR� JURXQGV� IRU� UHMHFWLQJ� WKH� K\SRWKHVLV� VHW� RXW�
DERYH��+RZHYHU�� WKH� UHDVRQLQJ�DV� VXFK�PD\� UDLVH� VRPH�
GRXEWV�DV� WR�ZKHWKHU� WKH�GDWD�DYDLODEOH�DUH�VXIILFLHQW� WR�
FUHDWH� VWDWLVWLFDOO\� VLJQLILFDQW� PRGHOV� FDSDEOH� RI�
GHVFULELQJ� WKH� UHODWLRQVKLS� EHWZHHQ� GLUHFW� PHDVXUHV� RI�
URDG�VDIHW\��FROOLVLRQV��DFFLGHQWV��YLFWLPV��DQG�WHFKQLFDO�
FKDUDFWHULVWLFV� RI� ORFDO� URDGV�� 'XH� WR� WKH� UHJLRQDO�
FKDUDFWHU�RI�VSDWLDO�GHYHORSPHQW�DQG�GLYHUVLILFDWLRQ�LQ�WKH�
VKDSH�RI�ORFDO�URDGV��UHJUHVVLRQ�PRGHOV�VKRXOG�EH�FUHDWHG�
VSHFLILFDOO\� IRU� D� JLYHQ� UHJLRQ�� 7KHUHIRUH�� REWDLQLQJ� D�
FRQVLGHUDEOH� DPRXQW� RI� GDWD� LV� OLPLWHG�� ,Q� JHQHUDO�� WKH�
DPRXQW�RI�GDWD�LV�OLPLWHG�GXH�WR�WKH�IDFW�WKDW�DFFLGHQWV�DUH�
UDQGRPO\� GLVSHUVHG� LQ� WKH� QHWZRUN� RI� ORFDO� URDGV��7KLV�
EHFRPHV�HYLGHQW�ZKHQ�FRPSDULQJ�WKH�DYHUDJH�GHQVLW\�RI�
DFFLGHQWV RQ�URDGV�RI�GLIIHUHQW�FDWHJRULHV��,Q�WKH�FDVH�RI�
QDWLRQDO� URDGV�� WKH� DYHUDJH� GHQVLW\� RI� DFFLGHQWV� LV� �����
DFFLGHQW�� NP��RQ�UHJLRQDO�URDGV�� �����DFFLGHQW�� NP�DQG�
RQ�GLVWULFW�URDGV�� ������DFFLGHQW�� NP��0RVW�LPSRUWDQWO\��
WKH�QDWXUH�RI�URDG VDIHW\�DQDO\VLV�LV�GHWHUPLQHG�E\�WKH�ODFN�
RI�DFFHVV�WR�WKH�SUHFLVH�GHWDLOV�RQ�WKH�DFFLGHQW�ORFDWLRQ��
XVXDOO\�RQO\�GDWD�RQ�WKH�VHFWLRQ�RI�WKH�URDG�LV�JLYHQ��)URP�
QXPHURXV� H[SHUW� DVVHVVPHQWV�� LQFOXGLQJ� VDIHW\
LQVSHFWLRQV� RI� ORFDO� URDGV�� LW� ZDV� IRXQG� WKDW� WKH�
FRQFHQWUDWLRQ� RI� DFFLGHQWV� RQ� ORFDO� URDGV� LV�PRUH� RIWHQ�
OLQNHG�WR�WKH�H[SRVXUH�WR�ULVN�PHDVXUHV�UDWKHU�WKDQ�WR�WKH�
WHFKQLFDO�FKDUDFWHULVWLFV�RI�URDGV�

$OO� WKLQJV� FRQVLGHUHG�� WKH� SULPDU\� REMHFWLYH� RI� WKLV�
VWXG\� LV� IUDPHG� E\� WKH� IROORZLQJ� TXHVWLRQV�� ³7R� ZKDW�
H[WHQW�GR�WHFKQLFDO�FKDUDFWHULVWLFV�RI�ORFDO�URDGV�DIIHFW�WKH�
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URDG�VDIHW\"´�DQG�³&DQ�WKLV�VDIHW\�EH�VXIILFLHQWO\�DVVHVVHG�
E\�QXPEHU�RI� DFFLGHQWV"´�$QVZHULQJ� WKHVH�TXHVWLRQV� LV�
FUXFLDO�IRU�WKH�SODQQLQJ�RI�PHDVXUHV�DLPLQJ�DW�LPSURYLQJ�
WKH� URDG� VDIHW\� DQG� WKH� GHYHORSPHQW� RI� PHWKRGV�
IDFLOLWDWLQJ� WKH� LGHQWLILFDWLRQ� RI� SODFHV� DQG� VHFWLRQV� RQ�
ORFDO�URDGV�ZLWK�D�KLJK�SRWHQWLDO�ULVN�

$V�SDUW�RI�WKH�UHVHDUFK��WKH�$XWKRUV�KDYH�FDUULHG�RXW�D�
URDG�VDIHW\�DQDO\VLV�IRU�GLVWULFW�URDGV�LQ�VRXWKHUQ�3RODQG��
,Q� WKH�0DáRSROVND� UHJLRQ�� WKH DQDO\VLV� LQFOXGHG� GLVWULFW�
URDGV�RI�D�WRWDO�OHQJWK�RI��������NP�ZKHUH��ZLWKLQ���\HDUV�
������������� ���� DFFLGHQWV� ZHUH� UHJLVWHUHG�� ,Q� WKH�
3RGNDUSDFLH�UHJLRQ��WKH�DQDO\VLV�WRRN�LQWR�DFFRXQW�������
NP�RI�GLVWULFW� URDGV�ZKHUH��ZLWKLQ���\HDUV� �������������
���� DFFLGHQWV� ZHUH� UHJLVWHUHG� ����� ± RXWVLGH� FLWLHV���
7KHVH�GDWD�VHHP�WR�FRQILUP�D�VLJQLILFDQW�UHJLRQ�VSHFLILF�
GLYHUVLILFDWLRQ� LQ� URDG� VDIHW\� RQ� GLVWULFW� URDGV�� )RU�
VHOHFWHG� URDG� VHFWLRQV� IURP� WKH�0DáRSROVND� UHJLRQ� ����
VHFWLRQV� ZLWK� D� WRWDO� OHQJWK� RI� ������� NP��� D� GHWDLOHG�
LQYHQWRU\� RI� WKH� H[LVWLQJ� FRQGLWLRQ� ZDV� FDUULHG� RXW��
LQFOXGLQJ�JHRPHWULFDO�URDG�SDUDPHWHUV��GHIOHFWLRQ��FXUYH�
UDGLXV�� ORQJLWXGLQDO� VORSHV�� URDGZD\� ZLGWK�� ORFDWLRQ� RI�
LQWHUVHFWLRQV���,W�ZDV�PDGH�SRVVLEOH�ZLWK�WKH�KHOS�RI�*36�
WRROV�ZKLFK�DUH�HIILFLHQW�DW�FROOHFWLQJ�GDWD��7KH�FROOHFWHG�
GDWD�FRQFHUQHG�WKH�DUUDQJHPHQW�RI�WKH�DUHDV�DGMDFHQW�WR�
DQDO\VHG� URDGV� �EXLOW�XS� DUHDV�� DFFHVV��� FRQGLWLRQ��
IUHTXHQF\�DQG�H[WHQW�RI� VLJQSRVWLQJ��DV�ZHOO� DV�GDWD�RQ�
VSHHG�OLPLWV�DQG�RYHUWDNLQJ�OLPLWV��7KH�FROOHFWHG�GDWD�ZDV�
XVHG�IRU�WKH�FRQVWUXFWLRQ�RI�DFFLGHQW�SUHGLFWLRQ�PRGHOV��
'XH� WR� WKH� OLPLWDWLRQV�RI� WKH� GDWDEDVH�RQ� DFFLGHQWV� DQG�
VPDOO� QXPEHU� RI� DFFLGHQWV�� GLIIHUHQW� DSSURDFKHV� WR� WKH�
PRGHOOLQJ�RI�URDG�DFFLGHQW�QXPEHUV�ZHUH�DSSOLHG�

��/LWHUDWXUH�UHYLHZ

7KH�LVVXH�RI�URDG�VDIHW\�RQ�ORFDO�URDGV�LV�UDUHO\�GLVFXVVHG�
LQ�3ROLVK�DUWLFOHV��'XH�WR�WKHLU�SDUDPHWHUV��ORZ�WHFKQLFDO�
FODVV�URDGV�LQ�3RODQG�FRUUHVSRQG�WR�ZKDW�IRUHLJQ�OLWHUDWXUH�
GHVFULEHV� DV� ORZ�YROXPH� URDGV� �/95�� LQ� WHUPV�RI� WKHLU�
GHVLJQ� DQG� XVH�� 0RVW� RIWHQ� URDG� VDIHW\� LV� H[SUHVVHG�
WKURXJK�DFFLGHQW�SUHGLFWLRQ�PRGHOV�GHVFULELQJ�WKH�LPSDFW�
RI� WUDIILF� YROXPH� DQG� URDG� FKDUDFWHULVWLFV� RQ� WKH�
IUHTXHQF\�RI�DFFLGHQWV��/95�URDGV�DUH�VLQJOH�FDUULDJHZD\�
WZR�ODQH�URDGV�ZLWK�D�WUDIILF�YROXPH�OLPLW�UDQJLQJ�IURP�
���� WR� ����� 9HK���K�� ZKHUH� LQ� WKH� PDMRULW\� RI� WKH�
DQDO\VHG� FRXQWULHV� WKLV� VFRSH� UDQJHV� IURP� ���� WR� �����
9HK���K�>����@��$W�WKH�VDPH�WLPH��WKHVH�URDGV�FRQVWLWXWH�D�
VLJQLILFDQW�SDUW�RI�FRXQWU\ URDGV� �URDGV�RXWVLGH�EXLOW�XS�
DUHDV��� ZKLFK� FRUUHVSRQGV� WR� ���� LQ� WKH� 1HWKHUODQGV�
'HQPDUN��DQG�1RUZD\����������LQ�$XVWUDOLD��%HOJLXP��
&DQDGD��)LQODQG��DQG�6SDLQ�

)RUHLJQ� OLWHUDWXUH� GLVFXVVHV� QXPHURXV� DFFLGHQW�
SUHGLFWLRQ�PRGHOV�IRU�/95�URDGV��ZKLFK�DOORZ�WR�HVWLPDWH�
WKH�QXPEHU�RI�DFFLGHQWV�RU�DFFLGHQW�UDWHV�>�@��,W�LV�RIWHQ�
WKH� FDVH� WKDW� YDULDEOHV� GHVFULELQJ� URDG� IHDWXUHV� DUH�
FRQVLGHUHG� VWDWLVWLFDOO\� VLJQLILFDQW� LQ� WKH� DFFLGHQW�
SUHGLFWLRQ�PRGHOV��$PRQJ� WKH� LQYHVWLJDWHG� IHDWXUHV� DUH�
WKH� IROORZLQJ�� WKH� ZLGWK� RI� WKH� WUDIILF� ODQH�� VKRXOGHU�
ZLGWK��WKH�VKDUH�RI�GLIIHUHQW�W\SHV�RI�VKRXOGHUV��SDYHG�DQG�
XQSDYHG���VXSHUHOHYDWLRQ� FXUYDWXUH��GHVLJQ�FRQVLVWHQF\��
5RDG�VDIHW\�UHVHDUFKHV RQ�/95�URDGV�LQ�,VUDHO�>�@��DQG�WKH�
86$�>�@�VKRZ�WKDW�YDOXHV�RI�DFFLGHQW UDWHV DUH�KLJKHU�LQ�

FRPSDULVRQ�WR�RWKHU�ORFDO�URDGV��/LWHUDWXUH�RIWHQ�GHVFULEHV�
WKLV� SKHQRPHQRQ DV� WKH� GHIHFW� RI� DQ DFFLGHQW� UDWHV�
�QXPEHU� RI� DFFLGHQWV� SHU� PLOOLRQ� YHKLFOH� NLORPHWHUV��
ZKHQ�XVHG�LQ�WKH�GHVFULSWLRQ�RI�WKH�UHDO�ULVN�RI�DFFLGHQWV�
DQG�LGHQWLILFDWLRQ�RI�GDQJHURXV�VLWHV >�@�

1XPHURXV�VWXGLHV�LQGLFDWH�WKDW�IDFWRUV�LGHQWLILDEOH�DV�
VWDWLVWLFDOO\�VLJQLILFDQW�LQ�WKH�DFFLGHQW�SUHGLFWLRQ�PRGHOV�
RQ� /95� DUH�� JHRPHWULF� SDUDPHWHUV� RI� URDG� SODQ� >�@��
GHVLJQ� FRQVLVWHQF\� >��� �@�� WUDIILF� YROXPH� >��� ��@��
JHRPHWULF�SDUDPHWHUV�RI�WKH�FURVV�VHFWLRQ�>���������@��DQG�
DYHUDJH�VSHHG�>�@��,Q�DGGLWLRQ�WR�WKLV��WKH�WHUUDLQ�OHYHO�LV�
VRPHWLPHV�LQGLFDWHG�DV�KDYLQJ�DQ�LPSDFW�RQ�DFFLGHQWV�RQ�
/95� URDGV� >�@�� L�H�� WKHUH� LV� D� GLIIHUHQW� LPSDFW� RQ� IODW��
UROOLQJ�RU�PRXQWDLQRXV�WHUUDLQ��9DOXDEOH�UHVXOWV�LQ�WHUPV�
RI� WKH�GHVLJQ� UHTXLUHPHQWV� IRU�/95�DUH� VKRZQ� LQ� >��@��
7KH�UHFRPPHQGHG YDOXHV�IRU�JHRPHWULFDO�SDUDPHWHUV�IRU�
/95�� KDYLQJ� VWDWLVWLFDO� VLJQLILFDQFH� LQ� LPSURYLQJ� URDG
VDIHW\��UHTXLUH�WKH�IROORZLQJ��VKRXOGHU�ZLGWK�XS�WR���P��
LQFUHDVH� LQ� ODQH�ZLGWK� XS� WR� ����P�� UHGXFHG� QXPEHU� RI�
KRUL]RQWDO� FXUYHV� ZLWK� D� UDGLXV� EHORZ� ���� P�� FUHDWLQJ�
�IRUJLYLQJ��FURVV�VHFWLRQV�RI�URDGV�RU�EDUULHUV��ZDUQLQJV�
RQ� WKH� DSSURDFK� WR� ODUJH� ORQJLWXGLQDO� VORSHV�� 7KH\�
FRQILUP� WKH� ILQGLQJV� LQ� >���� ��@�� ZKLFK� LQGLFDWH� WKDW�
H[WHQGLQJ�WKH�ODQH�DQG�WKH�VKRXOGHU�UHVXOW�LQ�D�GHFUHDVH�LQ�
WKH� QXPEHU� RI� DFFLGHQWV�� +RZHYHU�� WKHVH�
UHFRPPHQGDWLRQV�FDQ�EH�GLIILFXOW�WR�LPSOHPHQW�LQ�3RODQG�
DV� WKH� FLWHG� SDUDPHWHUV� FRUUHVSRQG� WR� 3ROLVK� UHJLRQDO�
URDGV�� /RFDO� URDGV� LQ� 3RODQG� XVXDOO\� FRQQHFW� ORFDOLWLHV�
WKDW� DUH� VLWXDWHG� LQ� FORVH� SUR[LPLW\� WR� HDFK� RWKHU� DQG�
DYHUDJH� WUDYHO� WLPHV� RQ� WKHVH� URXWHV� DUH� TXLWH� VKRUW��
7KHUHIRUH�� GULYHUV¶� H[SHFWDWLRQV� UHJDUGLQJ� WKH� WUDYHO�
FRPIRUW�RQ�VXFK�URDGV�DUH�ORZHU����

$FFLGHQW�SUHGLFWLRQ�PRGHOV�XVXDOO\�LQFOXGH�YDULDEOHV�
UHSUHVHQWLQJ� WKH� ULVN� H[SRVXUH� �WUDIILF� YROXPH�� DQG� WKH�
JHRPHWULF� IHDWXUHV� RI� URDGV� +RZHYHU�� WKH� VFRSH� RI�
H[RJHQRXV�YDULDEOHV�LQ�YDULRXV�PRGHOV�YDULHV�GHSHQGLQJ�
RQ�WKH�VHFWLRQV�VHOHFWHG�IRU�DQDO\VLV��WKH�DYDLODELOLW\�RI�WKH�
LQSXW�GDWD�DQG�WKH�W\SH�RI�DQDO\VLV��7KLV�PHDQV�WKDW�WKHUH�
LV�QR�FODULW\�DV�WR�WKH�VHW�RI�JHRPHWULF�FKDUDFWHULVWLFV RI�
ORZ�YROXPH�URDGV�ZKLFK�DIIHFW� WKH�QXPEHU�RI�DFFLGHQWV�
HVWLPDWHG�E\�SUHGLFWLRQ�PRGHOV��

:KDW�UHVXOWHG�IURP�WKH�URDG�VDIHW\�DQDO\VLV�RQ�/95�
DUH� SUDFWLFDO� UHFRPPHQGDWLRQV� RQ� WKH� DSSOLFDWLRQ� RI�
VHOHFWHG� PHDVXUHV� WR� LPSURYH� URDG� VDIHW\� >�@�� $PRQJ�
WKHVH�PHDVXUHV�DUH��ELJJHU�ZDUQLQJ�VLJQV��DGGLWLRQDO�VLJQV�
ZLWK�D�PD[LPXP�VDIH�VSHHG��VLQJOH�FKHYURQV�DV�ZHOO�DV�
JXLGHSRVWV� RQ� FXUYHV� UHTXLULQJ� UHGXFLQJ� VSHHG�� WKH�
DSSOLFDWLRQ� RI HGJH� OLQHV� RQ� /95� URDGV� ZLWK� VSHHG�
UHGXFHG� WR����NP�K� DQG� OHVV�� DQG� D� FHQWHUOLQH RQ� URDGV�
ZLWK� D� ZLGWK� H[FHHGLQJ� ���� P�� 7KH� XVH� RI� DFRXVWLF�
GHFHOHUDWLQJ� VSHHG� EXPSV� LV� UHFRPPHQGHG� RQ� WKH�
DSSURDFK� WR� LQWHUVHFWLRQ� HQWULHV�� ,W VKRXOG� DOVR� EH�
FRQVLGHUHG�RQ�WKH�DSSURDFK�WR�KRUL]RQWDO�FXUYHV�UHTXLULQJ�
PRUH�DJJUHVVLYH�URDG�PDUNLQJ��7KHUH�DUH�VXJJHVWLRQV�WR�
GHVLJQ�URDGV�ZLWK�D�ODQH�RI�WKH� URDGZD\ RI�DW� OHDVW���P�
DQG�VKRXOGHUV�RI�DW�OHDVW�����P��7KHVH�UHFRPPHQGDWLRQV�
FOHDUO\� VXJJHVW� D� VWURQJ� LQIOXHQFH� RI� WHFKQLFDO�
FKDUDFWHULVWLFV�RI�/95V�DQG�URDG�VLJQSRVWLQJ�DQG�PDUNLQJ�
RQ� URDG VDIHW\��+RZHYHU�� WKHUH� LV� LQVXIILFLHQW� HYLGHQFH�
ZKHWKHU�VXFK�UHFRPPHQGDWLRQV�VKRXOG�DOVR�EH�LQWURGXFHG�
LQ�3RODQG��HVSHFLDOO\�LQ�YLHZ�RI�WKH�WKHVLV�DERXW�UHJXODU�
/95�XVHUV�DQG�WKH�DGMXVWPHQW�RI�WKH�GULYLQJ�VW\OH�WR�WKH�
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ORZ�VWDQGDUG�RI�WKH�URDG��ZKLFK�PDNHV�VHQVH�RQO\�LQ�WKH�
FDVH� RI� GULYHUV� ZLWK� D� JRRG� NQRZOHGJH� RI� WKH� URXWH���
7KHUHIRUH�� WKH� RYHUYLHZ� RI� WKH� DYDLODEOH� OLWHUDWXUH�
VXJJHVWV� D� QHHG� WR� WDNH� XS� VLPLODU� VWXGLHV� LQ� 3RODQG��
VHHLQJ�DV�QRWKLQJ�LQ�WKLV�PDWWHU�KDV�HYHU�EHHQ�GRQH�

� &KDUDFWHULVWLFV�RI�ORZ�YROXPH�URDGV�LQ�
3RODQG

/RFDO�URDGV�LQ�3RODQG�KDYH��DV�LV�LQ�RWKHU�FRXQWULHV��ORZ�
JHRPHWULFDO�SDUDPHWHUV��LQ�SDUWLFXODU�>��@�
� ORZ� WUDIILF� YROXPH�� UDUHO\� H[FHHGLQJ� ����� 9HK���K�
�6'5���5HJXODU� URDG�XVHUV�ZLWK�D� JRRG�NQRZOHGJH�RI�
SDUWLFXODU�URDG�VHFWLRQV��

� KLJK� WUDIILF� YROXPH� RFFXUULQJ� ORFDOO\� DQG� VSHFLILF� WR�
VXEXUEDQ�DUHDV�

� KHWHURJHQHRXV�QDWXUH�RI�WKH�URDG�SODQ�± ORQJ�WDQJHQWV�
ZLWK�VHFWLRQV�RI�FRQVLGHUDEOH�FXUYDWXUH

� URDGZD\V�������� P�ZLGH�ZLWK�QDUURZ�JURXQG�VKRXOGHUV�
XS�WR�����P�ZLGH�

� DEVHQFH�RI�RU�ORZ�VWDQGDUG�RI�KRUL]RQWDO�PDUNLQJ�
� KHDY\�SHGHVWULDQ�WUDIILF�RFFXUULQJ�ORFDOO\�
� DYHUDJH� VSHHG� OLPLW�RI����NP�K�RXWVLGH�EXLOW�XS�DUHDV�
DQG� ������ NP�K� LQ� EXLOW�XS� DUHDV�� ODFN� RI� FRQQHFWLRQ�
EHWZHHQ�WKH�FKRLFH�RI�URDG�WHFKQLFDO�SDUDPHWHUV�DQG�WKH�
PD[LPXP�VSHHG�OLPLWV�

� SUHVHQFH�RI�URDG�HOHPHQWV�GHVLJQHG�IRU�URDGV�ZLWK�ORZ�
VSHHG� ������ NP�K��� QR� UHTXLUHPHQWV� UHJDUGLQJ� WR� WKH�
FRQWURO�RI�JHRPHWULF�FRQVLVWHQF\�RI�URDGV�

� D�ODUJH�VKDUH�RI�URDG�VHFWLRQV�ZLWK�EXLOW�XS�DUHDV��
7KH� GHVLJQ� SDUDPHWHUV� RI� FXUYHV�� ZKLFK� DUH�
SUHGRPLQDQWO\� XVHG� RQ� ORFDO� URDGV�� UHVXOW� LQ� D� ODUJH�
GLVSHUVLRQ RI�VSHHG�RQ�VXEVHTXHQW�KRPRJHQRXV�VHFWLRQV��
/RZ� WUDIILF� YROXPH�HQFRXUDJHV�GULYHUV� WR�H[FHHG�VSHHG�
OLPLWV�HYHQ�RQ�YHU\�QDUURZ�VHFWLRQV�RI�URDGV�>������@�

� 7KH�DFFLGHQW�DQG�URDG�GDWDEDVH

7KH�SUHOLPLQDU\�URDG�VDIHW\�DQDO\VLV�DLPLQJ�DW�LGHQWLI\LQJ�
SUREOHPV� ZDV� FDUULHG� RXW� LQ� WKH�0DáRSROVND� UHJLRQ� RQ�
ORFDO�URDGV�ZLWK�WKH�WRWDO�OHQJWK�RI��������NP��'XULQJ���
\HDUV������������������DFFLGHQWV�ZHUH�UHJLVWHUHG�RQ�WKRVH�
URDGV�� 7KH� DQDO\VHV�PDGH� XVH� RI� WKH� GDWD� RQ� DFFLGHQWV�
DYDLODEOH� IURP� WKH� 6(:L.� DFFLGHQWV� DQG� FROOLVLRQV�
GDWDEDVH��%DVHG�RQ�WKH�SROLFH�UHFRUGV��VSHFLILFDOO\�SROLFH�
DFFLGHQW�UHSRUWV��LW�ZDV�FRQFOXGHG�WKDW�
� WKH� DYHUDJH� GHQVLW\� RI� DFFLGHQWV� DPRXQWV� WR� �����
DFFLGHQW�NP�\HDU�

� ����RI�DFFLGHQWV�WRRN�SODFH�LQ�EXLOW�XS�DUHDV��L�H��FD����
PRUH� WKDQ� WKH� DYHUDJH� IRU� 3ROLVK� URDGV� LQ� JHQHUDO� LQ
������

� ������RI�DFFLGHQWV�WRRN�SODFH�RQ�FXUYHG�VHFWLRQV�RI�WKH�
URDG�DQG�������RQ�WDQJHQWV�RQHV��L�H��FD�����PRUH�DQG�
��� OHVV� WKDQ� WKH� DYHUDJH� IRU� 3ROLVK� URDGV� LQ� ������
UHVSHFWLYHO\�

� ����RI�DFFLGHQWV�UHVXOWHG�IURP�SRRU�URDG�PDLQWHQDQFH�
�OHVV�WKDQ������DFFLGHQWV�RFFXU�RQ�KLJKHU�FODVV�URDGV��

� ����RI�DFFLGHQWV�WRRN�SODFH�RQ�XQOLW�URDGV��L�H��FD����
PRUH�WKDQ�WKH�DYHUDJH�IRU�3ROLVK�URDGV���

�$PRQJ�WKH�PRVW�IUHTXHQW�LQFLGHQWV�ZHUH�VLGH�FROOLVLRQV�
���������DQG�KLWWLQJ�D�SHGHVWULDQ���������± FRPSDULQJ�
WR�WKH�DYHUDJH�IRU�3ROLVK�URDGV������WKH�VKDUH�RI�WKHVH�
YDOXHV�DPRXQWHG�WR�������DQG������UHVSHFWLYHO\��

�7KH� PRVW� FRPPRQ� FDXVH� RI� DFFLGHQWV� ZDV� VSHHG�
LQDGHTXDWH�WR�WKH�WUDIILF�FRQGLWLRQV�± �����WKH�DYHUDJH�
IRU�3ROLVK�URDGV IRU������± �������DQG�LJQRULQJ�D�ULJKW�
RI�ZD\�UXOH�± �������WKH�DYHUDJH�IRU�3RODQG�LQ������±
�������
7KH�VWDWLVWLFDO�UHVXOWV�SUHVHQWHG�DERYH�UHJDUGLQJ�URDG�

VDIHW\� RQ� ORFDO� URDGV� DUH� VLPLODU� WR� WKRVH� IRU� WKH�
3RGNDUSDFLH�UHJLRQ�LQ�WHUPV�RI�WKH�VWUXFWXUH�DQG�FDXVHV�RI�
DFFLGHQWV��+RZHYHU��WKHUH�LV�D�VXEVWDQWLDO�GLIIHUHQFH�DV�WR�
WKH�GHQVLW\�RI�DFFLGHQWV�ZKLFK��RQ�WKH�URDGV�RI�WKH�/HĪDMVN�
DQG� 3U]HZRUVN� FRXQWLHV� DPRXQW� WR� ������
DFFLGHQW�NP�\HDU�� L�H�� WZR� WLPHV� OHVV� WKDQ� LQ� WKH�
0DORSROVND� UHJLRQ�� 6XFK� D� GLIIHUHQFH� PD\� DULVH� IURP�
VPDOOHU�WUDIILF�YROXPHV�LQ�WKH�3RGNDUSDFLH�UHJLRQ��

$FFLGHQW�VWDWLVWLFV�SUHVHQWHG�IRU�DQDO\VLV�LQGLFDWH�VXFK�
SUREOHPV�DV��LQFRQVLVWHQF\�LQ�WKH�URDG�GHVLJQ��H[FHVVLYH�
VSHHG�DQG�DFFHVV� $Q�LPSRUWDQW�IDFWRU�LV� WKH�ORFDWLRQ�RI�
WKH� URDG� VHFWLRQ�� $OO� RI� WKHVH� REVHUYDWLRQV� KDYH� EHHQ�
WDNHQ�LQWR�DFFRXQW�LQ�WKH�VHOHFWLRQ�RI�WKH�UHVHDUFK�VDPSOH�
FRQVLVWLQJ�RI����URDG�VHFWLRQV�IURP�WKH�.UDNyZ�FRXQW\��
DQG� LQ� WKH� VHOHFWLRQ� RI� H[RJHQRXV� YDULDEOHV� DV� SDUW� RI�
FUHDWLQJ�UHJUHVVLRQ�PRGHOV�IRU�HVWLPDWLQJ�WKH�QXPEHUV�RI�
DFFLGHQWV�RQ�GLVWULFW�URDGV��

7KH����URDG�VHFWLRQV�VHOHFWHG�IRU�LQYHVWLJDWLRQ��)LJ�����
KDYH�WKH�WRWDO�OHQJWK�RI��������NP��$�GHWDLOHG�LQYHQWRU\�
RI� WKH� FXUUHQW� FRQGLWLRQ� RI� WKH� VHOHFWHG� VHJPHQWV� ZDV�
FDUULHG� RXW� DQG� WKH� IROORZLQJ� JHRPHWULFDO SDUDPHWHUV�
ZHUH� VSHFLILHG�� GHIOHFWLRQ�� FXUYH� UDGLXV�� ORQJLWXGLQDO�
VORSH�� URDGZD\� ZLGWK�� )RU� WKLV� SXUSRVH�� D� *36�EDVHG�
GHYLFHV�ZDV�XVHG�� ��ZKLFK�SURYLGHV�DQ� LQVWDQW� IHHGEDFN�
ZKHQ� FROOHFWLQJ� GDWD� RQ� ORFDWLRQ� LQ� KLJK� IUHTXHQF\� ����
+]���7KH�UHVXOWV�RI�WKH�*36 PHDVXUHPHQWV�ZHUH�XVHG�WR�
GHVLJQDWH� WKH� JHRPHWULFDO� SDUDPHWHUV� RI� WKH� URXWH��
LQFOXGLQJ�WKH�OHQJWK�RI�WDQJHQWV��FXUYHV�UDGLL��GHIOHFWLRQ�
DQG� ORQJLWXGLQDO� VORSHV�� LQ�$XWR&DG�&LYLO� �'� VRIWZDUH��
(DFK� RI� WKH� VHOHFWHG� GLVWULFW� URDGV� ZDV� YLGHR� UHFRUGHG��
%DVHG�RQ WKH� UHFRUGLQJV�� WKH� IROORZLQJ�ZHUH� LGHQWLILHG��
IDFWRUV�UHODWHG�WR�WKH�DUUDQJHPHQW�RI�WKH�DUHDV�DGMDFHQW�WR�
URDGV� �EXLOW�XS� DUHDV�� DFFHVV�� WRJHWKHU� ZLWK� WKHLU�
VLJQSRVWLQJ�DQG�PDUNLQJ��WHFKQLFDO�FRQGLWLRQ�RI�WKH�URDG�
DV�ZHOO�DV�GDWD�RQ�VSHHG�OLPLWV�DQG�RYHUWDNLQJ�UHVWULFWLRQV��
7KH� GDWD� FROOHFWHG� KHOSHG� GHYHORS� DFFLGHQW� UHJUHVVLRQ�
PRGHOV��'XH�WR�WKH�XQDYDLODELOLW\�RI�WKH�FRPSOHWH�GDWD�RQ�
DFFLGHQWV��QR�GDWD�RQ�WKH�H[DFW�ORFDWLRQ�RI�DFFLGHQWV��DQG�
D� VPDOO� QXPEHU� RI� WKHVH� HYHQWV�� � GLIIHUHQW� DSSURDFKHV�
ZHUH�WHVWHG�LQ�WKH�FRQVWUXFWLRQ�RI�UHJUHVVLRQ�PRGHOV�
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)LJ���� /RFDWLRQ�RI�GLVWULFW�URDGV�LQ�WKH�0DáRSROVND�UHJLRQ�XVHG�
IRU�GHYHORSLQJ�DFFLGHQW�SUHGLFWLRQ�PRGHOV�

��5HVHDUFK�PHWKRG

2QH�RI�WKH�PHWKRGV�WR�GHVFULEH�URDG�VDIHW\�LV�GHYHORSLQJ
DFFLGHQW�UHJUHVVLRQ�PRGHOV��$V�LQGLFDWHG�LQ�WKH�OLWHUDWXUH
>�@��YDULRXV�UHJUHVVLRQ�PRGHOV�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�
QXPEHU�RI�DFFLGHQWV�RQ�/95��2QH�RI�WKH�UHFRPPHQGHG�
PHWKRGV�IRU�UDUH�HYHQWV�DQG�D�ODUJH�GLVSHUVLRQ�RI�DFFLGHQW�
QXPEHUV� DUH� QHJDWLYH� ELQRPLDO� UHJUHVVLRQ�PRGHOV� >��@��
7KLV�ZDV�WKH�PHWKRG�XVHG�LQ�WKH�SUHVHQW�DQDO\VHV��DQG�WKH�
IROORZLQJ� JHQHUDO� IRUP� RI� D� UHJUHVVLRQ� PRGHO� ZDV�
DVVXPHG�

ܹܮ ൌ ௔ܦܵ ή ௕ܮ ή ݁ሺ௖ାσ ௗ೔ή௫೔
೙
೔ ሻ ���

ZKHUH�
/: ± WKH�DYHUDJH�QXPEHU�RI�DFFLGHQWV�RQ�D�URDG�VHFWLRQ�
6'5 ± DYHUDJH�DQQXDO�GDLO\� WUDIILF�>YHK��� K@�RQ�D�URDG�
VHFWLRQ�
/ ± OHQJWK�RI�WKH�VHFWLRQ�>NP@�
[L ± DQ�LQGHSHQGHQW�YDULDEOHV�LQ�WKH�PRGHO�
D��E��F��GL ± UHJUHVVLRQ�FRHIILFLHQWV�

,Q� WKH� DQDO\VHV�� WKH� QXPEHU� RI� DFFLGHQWV LQ� ��\HDUV�
SHULRG ZDV� VHOHFWHG� DV� WKH� GHSHQGHQW� YDULDEOH�� )RU� WKLV�
YDULDEOH�� PRGHOV� ZHUH� GHYHORSHG E\� VHOHFWLQJ� DV�
LQGHSHQGHQW� YDULDEOHV�� YDULDEOHV� WKDW� GHVFULEH� ULVN ±
WUDIILF�YROXPH �6'5��DQG�OHQJWK�RI�WKH�VHFWLRQ��/���DV�ZHOO�
DV� YDULDEOHV� GHVFULELQJ� WKH� WHFKQLFDO� DQG� IXQFWLRQDO�
FKDUDFWHULVWLFV� RI� WKH� URDG�� 7KHVH� YDULDEOHV� DUH�
VXPPDULVHG�LQ�WDEOHV�����

,QLWLDOO\�� WKH� VHOHFWHG�VLJQLILFDQFH� OHYHO�DOORZLQJ� IRU�
WKH�LQWURGXFWLRQ�RI�D�YDULDEOH�WR�WKH�PRGHO�HTXDOOHG������
EXW�LQ�VRPH�FDVHV�LW�JRW�ORZHUHG�WR������ZKLFK�UHGXFHV�
WKH� DFFXUDF\� RI� WKH� PRGHO�� 7KLV� SURFHGXUH� DOORZHG��
KRZHYHU��IRU�WKH�LQWURGXFWLRQ�WR�WKH�PRGHO�RI�D�ODUJHU�VHW�
RI�H[RJHQRXV�YDULDEOHV�

5HJUHVVLRQ�PRGHOV ZHUH�GHYHORSHG XVLQJ�,%0�6366�
6WDWLVWLFV�����)RU�FRPSDULVRQ�SXUSRVHV��WKUHH�DSSURDFKHV�
ZHUH� FDUULHG� RXW� LQ� RUGHU� WR� LGHQWLI\� IDFWRUV� WKDW� FRXOG�

VLJQLILFDQWO\�DIIHFW�WKH�YDOXH�RI�WKH�H[RJHQRXV�GHSHQGHQW�
YDULDEOH�� 5HJUHVVLRQ� PRGHOV� ZHUH� GHYHORSHG IRU�
KRPRJHQHRXV�VHFWLRQV�ZLWK�WKH�IROORZLQJ�DSSURDFKHV�
�$SSURDFK ��� ,Q� DGGLWLRQ� WR� WKH�EDVLF�YDULDEOHV�RI� ULVN�
H[SRVXUH��L�H��6'5 DQG�/��DOVR�WKH�TXDOLWDWLYH�YDULDEOH�RI�
ORFDWLRQ �EXLOW�XS�DUHD�DQG�QRQ�EXLOW�XS�DUHD���7DEOH����
ZDV�LQFOXGHG�LQ�WKH�PRGHO�

�$SSURDFK ���7KH�GHYHORSLQJ RI�VHSDUDWH�PRGHOV�IRU�URDG�
VHFWLRQV�LQ�EXLOW�XS�DQG�QRQ�EXLOW�XS�DUHDV��7DEOHV���DQG�
��

�$SSURDFK ���7KH�GHYHORSLQJ RI�PRGHOV� IRU� WKH�ZKROH�
VDPSOH� RI� GLVWULFW� URDGV¶� VHFWLRQV� ± QRQ� GLYLGHG LQWR�
KRPRJHQRXV�VHFWLRQV��7DEOH���

� $FFLGHQW�SUHGLFWLRQ�PRGHOV�IRU�/95

7DEOHV�����VXPPDULVH�WKH�LQGHSHQGHQW�YDULDEOHV�WKDW�ZHUH�
WHVWHG�LQ�WKH�GHYHORSLQJ RI�UHJUHVVLRQ�PRGHOV�DORQJ�ZLWK�
WKHLU� YDULDWLRQ� UDQJH �PLQLPXP� DQG�PD[LPXP� YDOXHV���
WKH�PHDQ�YDOXH DQG VWDQGDUG�GHYLDWLRQ���7KH�YDULDEOHV�WKDW�
ZHUH�DQDO\VHG�DV� LQGHSHQGHQW�YDULDEOHV�ZHUH�UHODWHG� WR��
WKH�JHRPHWU\�RI� WKH� VHFWLRQ� �FXUYDWXUH�RI� WKH� VHJPHQW���
DFFHVV WR� WKH� URDG� �WKH� LQWHUVHFWLRQ GHQVLW\��� ORFDWLRQ�
�EXLOW�XS�DUHD�DQG�QRQ�EXLOW�XS�DUHD�RU�WKHLU�VKDUH���2WKHU�
YDULDEOHV�VXFK�DV��ODQH�ZLGWK��ZLGWK�DQG�W\SH�RI�VKRXOGHU��
ORQJLWXGLQDO� VORSHV�� KDYH� EHHQ� IRXQG� WR� EH� VWDWLVWLFDOO\�
LQVLJQLILFDQW�DQG�GR�QRW�DSSHDU�LQ�WKH�GHYHORSHG�PRGHOV�

7DEOH��� 'HVFULSWLYH�VWDWLVWLFV�RI�WKH�YDULDEOHV�XVHG�WR�GHYHORS
PRGHOV�± DSSURDFK���

9DULDEOH PLQ PD[ DYHUDJH VWG��GHY�
7UDIILF�YROXPH
6'5 >9HK���K@

��� ������ ������� �����

/HQJWK�RI�WKH�VHFWLRQ
/ >P@

���� ���� ���� ����

6XP RI�GHIOHFWLRQ
NDW�]Z >�@

� �������� ������ ������

&XUYDWXUH�RI�WKH�
VHFWLRQ
&XY >��NP@

� ������ ������ �����

'HQVLW\�RI�
LQWHUVHFWLRQV *VN
>VN�NP@

� ���� ���� ����

1XPEHU�RI�DFFLGHQWV
/: ���������

� �� ����

VDPSOH�VL]H�����VHFWLRQV��TXDOLWDWLYH�YDULDEOH�ORFDWLRQ EXLOW�XS �]DE���QRQ�EXLOW�XS
�Q]DE� �<(6�12�
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7DEOH��� 'HVFULSWLYH�VWDWLVWLFV�RI�WKH�YDULDEOHV�XVHG�WR�GHYHORS
PRGHOV��EXLOW�XS�DUHD ± DSSURDFK���

9DULDEOH PLQ PD[ DYHUDJH VWG��GHY�
7UDIILF�YROXPH
6'5�>9HK���K@

��� ������ �������� ��������

/HQJWK�RI�WKH�VHFWLRQ
/ >P@

���� ���� ���� ����

6XP�RI�GHIOHFWLRQ
NDW�]Z >�@

� �������� ������ ������

&XUYDWXUH�RI�WKH�
VHFWLRQ
&XY >��NP@

� ������ ������ ������

'HQVLW\�RI�
LQWHUVHFWLRQV *VN
>VN�NP@

� ���� ���� ����

1XPEHU�RI�DFFLGHQWV
/: ���������

� �� ����

VDPSOH�VL]H�����VHFWLRQV LQ�EXLOW�XS�DUHD��]DE�

7DEOH��� 'HVFULSWLYH�VWDWLVWLFV�RI�WKH�YDULDEOHV�XVHG�WR�GHYHORS
PRGHOV��QRQ�EXLOW�XS�DUHD ± DSSURDFK���

9DULDEOH PLQ PD[ DYHUDJH VWG��GHY�
7UDIILF�YROXPH
6'5�>9HK���K@

��� ������ �������� ��������

/HQJWK�RI�WKH�VHFWLRQ
/ >P@

���� ���� ���� ����

6XP�RI�GHIOHFWLRQ
NDW�]Z >�@

���� �������� ������ ������

&XUYDWXUH�RI�WKH�
VHFWLRQ
&XY >��NP@

���� ������ ������ �����

'HQVLW\�RI�
LQWHUVHFWLRQV *VN
>VN�NP@

� ���� ���� ����

1XPEHU�RI�DFFLGHQWV
/: ���������

� � ����

VDPSOH�VL]H� �� VHFWLRQV LQ�QRQ�EXLOW�XS�DUHD��Q]DE�

7DEOH��� 'HVFULSWLYH�VWDWLVWLFV�RI�WKH�YDULDEOHV�XVHG�WR�GHYHORS�
PRGHOV ± DSSURDFK���

9DULDEOH PLQ PD[ DYHUDJH VWG��GHY�
7UDIILF�YROXPH
6'5�>9HK���K@

��� ������ �������� ��������

/HQJWK�RI�WKH�VHFWLRQ
/ >P@

���� ����� ���� ����

6KDUH�RI�VHFWLRQ�LQ�WKH�
EXLOW�XS�DUHD 8]DE >�@

���� ���� ���� ����

6XP RI�GHIOHFWLRQ
NDW�]Z >�@

������ �������� �������� ������

&XUYDWXUH�RI�WKH�VHFWLRQ
&XY >��NP@

����� ������ ������ �����

'HQVLW\�RI�LQWHUVHFWLRQV
*VN >VN�NP@

���� ���� ���� ����

1XPEHU�RI�DFFLGHQWV
/: ���������

� �� ����

VDPSOH�VL]H�����VHFWLRQV

%HORZ�DUH�SUHVHQWHG� WKH�REWDLQHG� UHJUHVVLRQ�PRGHOV�
IRU� HVWLPDWLQJ� WKH� QXPEHU� RI� DFFLGHQWV� DW� GLIIHUHQW�
DSSURDFKHV� WR� WKH� GHYHORSLQJ RI� WKHVH� PRGHOV�� $OVR�
SURYLGHG� DUH� WKH� YDOXHV� RI�� UHJUHVVLRQ� FRHIILFLHQWV��
VWDQGDUG� HUURU� DQG VLJQLILFDQFH� OHYHO� WKH� :DOG� &KL�
VTXDUHG� 7HVW�� DV� ZHOO� DV� WKH� YDOXHV� RI� VWDWLVWLFDO�
VLJQLILFDQFH�RI�WKH�DQDO\VHG�YDULDEOH��7KH�FRPSDULVRQ�RI�
WKH� PRGHOV� ZDV� FDUULHG� RXW� EDVHG� RQ� WKH� $NDLNH�
LQIRUPDWLRQ�FULWHULRQ��$,&��

����$SSURDFK��

,QFOXGLQJ�LQ�WKH�PRGHO��LQ�DGGLWLRQ�WR�YDULDEOHV�6'5 DQG�
/�� DOVR� WKH� TXDOLWDWLYH� YDULDEOH� RI� ORFDWLRQ �]DE�Q]DE�
UHVXOWHG�LQ�D�PRGHO�RI�WKH�IROORZLQJ�IRUP�

ܹܮ ൌ ଴ǡଶଶହܴܦܵ ή ଴ǡ଺଼ଷܮ ή ���ሺିଶǡଵଵଶή௡௭௔௕ିଵǡଷଵଵή௭௔௕ሻ݌ݔ݁

YDULDEOHV� PDUNHG� LQ� WKH� PRGHO� DFFRUGLQJ� WR� WKH�
GHVFULSWLRQ� LQ� 7DEOH� ��� ,Q� WKH� FDVH� RI� WKH� TXDOLWDWLYH�
YDULDEOH�RI�ORFDWLRQ W\SH��RQH�VKRXOG�DVVXPH�WKH�YDOXH�RI�
���LI�SUHVHQW���RU���LI�QRW�SUHVHQW�
,Q�WKH�PRGHO��WKH�YDULDEOHV�ZKLFK�SURYHG�WR�EH�VWDWLVWLFDOO\�
VLJQLILFDQW�ZHUH�WKH�YDULDEOHV�RI�ULVN�H[SRVXUH��6'5 DQG�
/��DQG�WKH�TXDOLWDWLYH�YDULDEOH�RI�ORFDWLRQ��7KH�PRGHO�ZDV�
GHYHORSHG ZLWK�]HUR�LQWHUFHSW�GXH�WR LWV�ODFN�RI�VWDWLVWLFDO�
VLJQLILFDQFH��2WKHU�YDULDEOHV�KDYH�EHHQ�UHPRYHG�IURP�WKH�
PRGHO�GXH�WR�WKH�ORZ�OHYHO�RI�VLJQLILFDQFH��ZKLFK�FDQ�EH�
LQWHUSUHWHG� DV� D� ODFN� RI� WKH� VWDWLVWLFDO� HIIHFW� RI� WKHVH�
YDULDEOHV� RQ� WKH� HVWLPDWHG� YDOXH� RI� WKH� QXPEHU� RI�
DFFLGHQWV� 7KH� VWDWLVWLFDO� HYDOXDWLRQ RI� WKH� PRGHO� ZDV�
SUHVHQWHG�LQ�7DEOH���

7DEOH��� (YDOXDWLRQ�RI�WKH�SDUDPHWHUV�IRU�WKH�PRGHO�±
DSSURDFK���

OQ6'5 /Q/
ORFDWLRQ 
Q]DE

ORFDWLRQ 
]DE

FRHIILFLHQW ����� ����� ������ ������
VWDQGDUG�HUURU ����� ������ ������ ������

:DOG�����
FRQILGHQFH�
LQWHUYDO

ORZHU�
OLPLW

������ ����� ������ ������

XSSHU�
OLPLW

����� ����� ����� �����

+\SRWKHVLV�
WHVW

:DOG�
&KL�
VTXDUHG

����� ������ ����� �����

6LJQLILFDQFH ����� ����� ����� �����

7KH�GHYHORSHG�PRGHO�FRQILUPV�WKH�KLJK��VWDWLVWLFDOO\�
VLJQLILFDQW�� LPSDFW� RI� WKH OHQJWK� RI� WKH� VHFWLRQ� RQ� WKH�
QXPEHU�RI�DFFLGHQWV�DQG�D�ORZHU�LPSDFW�RI�WUDIILF�YROXPH�
RQ�WKH�QXPEHU�RI�DFFLGHQWV��7KH�QXPEHU�RI�DFFLGHQWV�LQ�
EXLOW�XS� DUHDV� ZLWK� UHVSHFW� WR� QRQ�EXLOW�XS� DUHD� RI� WKH�
VDPH� VHFWLRQ� OHQJWK� LV� ���� WLPHV� KLJKHU�� &RQVLGHUDWLRQ�
VKRXOG� EH� JLYHQ� WR� WKH� KLJK� YDOXH� RI� WKH� VWDWLVWLFDO�
VLJQLILFDQFH�RI�WKH�FRHIILFLHQW�ZLWK�WKH�YDULDEOH�6'5 HTXDO�
WR��������UHIOHFWLQJ�WKH�ORZ�VLJQLILFDQFH�RI�WKH�LPSDFW�RI�
6'5�RQ�WKH�QXPEHU�RI�DFFLGHQWV�

����$SSURDFK��

,Q�WKH�VHFRQG�DSSURDFK��WKH�DYDLODEOH�GDWD�VHW�ZDV�GLYLGHG�
LQWR� WZR� VHWV� RI� URDGV�� ORFDWHG� LQ� EXLOW�XS� DUHDV� DQG�
RXWVLGH�RI�WKHP�
7KH�FRQGXFWHG�DQDO\VHV�DOORZHG�WR�GHYHORS�D�VWDWLVWLFDOO\�
VLJQLILFDQW� PRGHO� RQO\� IRU� WKH� VHW� RI� VHFWLRQV� IURP� WKH�
EXLOW�XS�DUHD��7KH�REWDLQHG�PRGHO�ZDV�DV�IROORZV�

ܹܮ ൌ ଴ǡଷଷଵܴܦܵ ή ଴ǡ଺଺ସܮ ή ሺିଶǡଶ଼ସሻ݌ݔ݁ ���

YDULDEOHV� PDUNHG� LQ� WKH� PRGHO� DFFRUGLQJ� WR� WKH�
GHVFULSWLRQ�LQ�7DEOH���
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,Q� WKH�PRGHO�� WKH�RQO\�YDULDEOHV�ZKLFK�SURYHG� WR�EH�
VWDWLVWLFDOO\� VLJQLILFDQW� ZHUH� WKH� YDULDEOHV� RI� ULVN�
H[SRVXUH��6'5 DQG�/ DQG�LQWHUFHSW� 2WKHU�YDULDEOHV�KDYH�
EHHQ� UHPRYHG� IURP� WKH� PRGHO� GXH� WR� WKH� ORZ� OHYHO� RI�
VLJQLILFDQFH�� ZKLFK� FDQ� EH� LQWHUSUHWHG� DV� D� ODFN� RI� WKH�
VWDWLVWLFDO�HIIHFW�RI�WKHVH�YDULDEOHV�RQ�WKH HVWLPDWHG�YDOXH�
RI�WKH�QXPEHU�RI�DFFLGHQWV��7KH�VWDWLVWLFDO�HYDOXDWLRQ�RI�
WKH�PRGHO�ZDV�SUHVHQWHG�LQ�7DEOH����
6LPLODUO\�WR�WKH�PRGHO�IRU�DSSURDFK���� WKH�ORZ�YDOXH�RI�
WKH�UHJUHVVLRQ FRHIILFLHQW ZLWK�WKH�YDULDEOH�6'5 LQGLFDWHV�
D�ORZHU LPSDFW�RI�WUDIILF�YROXPH�LQ�WKH�H[SODQDWLRQ RI WKH�
QXPEHU�RI�DFFLGHQWV WKDQ�OHQJWK�RI�VHFWLRQ�

7DEOH��� (YDOXDWLRQ�RI�WKH�SDUDPHWHUV�IRU�WKH�PRGHO�±
DSSURDFK���

LQWHUFHSW OQ6'5 /Q/
FRHIILFLHQW ������ ����� �����
VWDQGDUG�HUURU ������ ������ ������

:DOG�����
FRQILGHQFH�
LQWHUYDO

ORZHU�
OLPLW

������ ����� �����

XSSHU�
OLPLW

����� ����� �����

+\SRWKHVLV�
WHVW

:DOG�&KL�
VTXDUHG

����� ����� ������

6LJQLILFDQFH ����� ����� �����

&RPSDULVRQ WKH� YDOXHV� RI� WKH� $NDLNH� LQIRUPDWLRQ�
FULWHULRQ��$,&��LQGLFDWHV�D�EHWWHU�ILW�RI�WKH�PRGHO�WKDQ�LQ�
WKH�FDVH�RI�DSSURDFK���

����$SSURDFK��

,Q� WKLV� DSSURDFK�� WKH� HQWLUH� VHW RI� ORFDO URDGV� ZDV�
DQDO\VHG�� ZLWKRXW� GLYLGLQJ� WKHP� LQWR� KRPRJHQRXV�
VHFWLRQV�� 6XFK� DQ� DSSURDFK� DOORZV� LQ� SUDFWLFH� WR� EXLOG�
GDWDEDVHV�RQ�URDGV�DQG�DFFLGHQWV�PRUH�HDVLO\��JLYHQ�WKH�
ODFN�RI�LQIRUPDWLRQ�RQ�WKH�H[DFW�ORFDWLRQ�RI�DFFLGHQWV�LQ�
SROLFH� GDWDEDVHV�� 7KH� FRQGXFWHG� DQDO\VHV� KDYH�PDGH� LW�
SRVVLEOH�WR�FUHDWH�WKH�IROORZLQJ�PRGHO�

ܹܮ ൌ ଵǡସଵସܴܦܵ ή ܮ ή ሺିଵ଻ǡହ଼ଶାଶǡ଼ଷଽή௎௭௔௕ሻ݌ݔ݁ ���

YDULDEOHV� PDUNHG� LQ� WKH� PRGHO� DFFRUGLQJ� WR� WKH�
GHVFULSWLRQ�LQ�7DEOH���

,Q� WKLV PRGHO�� WKH� YDULDEOHV� ZKLFK� SURYHG� WR� EH�
VWDWLVWLFDOO\� VLJQLILFDQW� ZHUH� WKH� YDULDEOHV� RI� ULVN�
H[SRVXUH��6'5 DQG�/�� DQG� WKH�YDULDEOHV�RI� WKH� VKDUH�RI�
URDG�VHFWLRQV� LQ�EXLOW�XS�DUHDV DV�ZHOO�DV� LQWHUFHSW��7KH�
UHPDLQLQJ�YDULDEOHV�KDYH�EHHQ�UHPRYHG�IURP�WKH�PRGHO�
GXH� WR� WKH� ORZ� OHYHO� RI� VLJQLILFDQFH�� ZKLFK� FDQ� EH�
LQWHUSUHWHG� DV� D� ODFN� RI� WKH� VWDWLVWLFDO� HIIHFW� RI� WKHVH�
YDULDEOHV�RQ�WKH�HVWLPDWHG�QXPEHU�RI�DFFLGHQWV�

,Q� WKH� FDVH� RI� DSSURDFK� ��� RQO\� RQH� SDUDPHWHU�
GHVFULELQJ� URDG� LQIUDVWUXFWXUH� KDV� WXUQHG� RXW� WR� EH�
VLJQLILFDQW��L�H� WKH�OHQJWK�RI�URDGV�LQ EXLOW�XS�DUHDV��7KLV�
YDULDEOH GHVFULEHV�PDLQO\�WKH�LPSDFW�RI�WKH�LQWHQVLW\�DQG�
PDQDJHPHQW� RI� WKH� URDG� VXUURXQGLQJV�� LQFOXGLQJ� WKH�
SUHVHQFH� RI� SHGHVWULDQ� DQG� ELF\FOH� WUDIILF�� DFFHVV� URDGV�
IURP� VXUURXQGLQJ� EXLOGLQJV�� ORFDO� WUDYHO� RQ� VKRUW�
GLVWDQFHV�� HWF�� ,Q DSSURDFKHV� �� DQG� ��� WKLV� VSHFLILF�
FKDUDFWHU�RI�WKH�WUDIILF�RQ�VHFWLRQV�ZLWK�EXLOGLQJV�ZDV�DOVR�
DFFRXQWHG�IRU�E\�WKH�TXDOLWDWLYH�YDULDEOHV�± EXLOW�XS�DUHDV�

�]DE��� QRQ�EXLOW�XS� DUHDV� �Q]DE��� 7KH� VLJQLILFDQFH� OHYHO�
YDOXHV�RI� WKH� H[RJHQRXV� YDULDEOHV LQ� WKH�PRGHO� VKRZ�D�
ODUJH�GLVSHUVLRQ�RI�WKH�UHVXOWV�DQG�D�UHODWLYHO\�ORZ�OHYHO�RI�
VWDWLVWLFDOO\�VLJQLILFDQFH RI�WKH�LQGHSHQGHQW�YDULDEOH��7KH�
VWDWLVWLFDO�HYDOXDWLRQ�RI�WKH�PRGHO�ZDV�SUHVHQWHG�LQ�7DEOH�
��

7DEOH��� (YDOXDWLRQ�RI�WKH�SDUDPHWHUV�IRU�WKH�PRGHO�±
DSSURDFK���

LQWHUFHSW OQ6'5 /Q/
FRHIILFLHQW ������� ����� �����
VWDQGDUG�HUURU ������ ������ ������
:DOG�����
FRQILGHQFH�
LQWHUYDO

ORZHU�OLPLW ������� ������ ������

XSSHU�OLPLW ������ ����� �����

+\SRWKHVLV�
WHVW

:DOG�&KL�
VTXDUHG

����� ����� �����

6LJQLILFDQFH ����� ����� �����

7KH�YDOXH�RI�WKH�$NDLNH�,QIRUPDWLRQ�&ULWHULRQ��$,&��
LQGLFDWHV� D� EHWWHU� ILW� RI� WKH� PRGHO� WKDQ� LQ� WKH� FDVH� RI�
DSSURDFK����EXW�D�ZRUVH�RQH�WKDQ�LQ�WKH�FDVH�RI�DSSURDFK�
���:KDW� LV� DOVR� VXUSULVLQJ� LV� WKH� ORZ� LPSDFW� RI� WUDIILF�
YROXPH�RQ�WKH HVWLPDWHG�QXPEHU�RI�DFFLGHQWV��

$�JHQHUDO�FRPSDULVRQ�RI�WKH�WKUHH�DSSOLHG�DSSURDFKHV�
WR� GHYHORSLQJ UHJUHVVLRQ� PRGHOV� IRU� WKH� QXPEHU� RI�
DFFLGHQWV� RQ� ORFDO� URDGV� VKRZV� WKDW� LQ� QRQH� RI� WKH�
DSSURDFKHV� XVHG� GLG� LQGHSHQGHQW� YDULDEOHV� GHVFULELQJ�
JHRPHWULFDO� SDUDPHWHUV� WXUQ� RXW� WR� EH� VWDWLVWLFDOO\�
VLJQLILFDQW�� :KDW� GLG� ILQG� FRQILUPDWLRQ� ZDV� WKH�
VLJQLILFDQW� LPSDFW� RI� WKH� PDQQHU� LQ� ZKLFK� WKH� URDG�
VXUURXQGLQJV�DUH�PDQDJHG��VHFWLRQV�LQ�EXLOW�XS�DUHDV��DQG�
WKH�LPSDFW�RI�YDULDEOHV�GHVFULELQJ�WKH�ULVN�H[SRVXUH�

7KH�PRGHOV�GHVFULEHG�DERYH�ZHUH�GHYHORSHG EDVHG�RQ�
D�OLPLWHG�VHW�RI�URDG�VHFWLRQV�DQG��WKHUHIRUH��WKH�UHVXOWV�RI�
WKH�DQDO\VHV�VKRXOG�EH�FRQVLGHUHG�SUHOLPLQDU\��+RZHYHU��
WKH\� SRLQW� WR� WKH� PHULWV� RI� WKH� FRQVWUXFWLRQ� RI� PRGHOV�
VHSDUDWHO\�IRU�URDG�VHFWLRQV�LQ�EXLOW�XS�DUHDV�DQG�RXWVLGH�
WKHVH�DUHDV�

� &RQFOXVLRQV

7KH� VWDWLVWLFDO� DQDO\VLV� RI� DFFLGHQW� GDWD� RQ� ORFDO� URDGV�
FOHDUO\�VKRZHG�WKDW�URDG�VHFWLRQV�ZLWK�WKH�KLJKHVW�VDIHW\�
ULVN� DUH� ORFDWHG� LQ� EXLOW�XS� DUHDV�� 0RVW� DFFLGHQWV� WDNH�
SODFH�LQ�EXLOW�XS�DUHDV�ZKHUH�WDQJHQWV�DUH�SUHVHQW��,Q�VXFK�
FDVHV��WKH�DFFLGHQW�FDXVH�LV�FRQQHFWHG�WR�H[FHVVLYH�VSHHG��
,I� WKH� VSHHG� LV� LQDGHTXDWH� WR� WKH� WUDIILF� FRQGLWLRQV�� WKH�
YHKLFOH�PD\� UDQ�RII� WKH� URDGZD\�RQ�D�KRUL]RQWDO�FXUYH��
3RRU� URDG� PDLQWHQDQFH� LV� DQRWKHU� LPSRUWDQW� IDFWRU�
JHQHUDWLQJ� DFFLGHQWV�RQ� ORFDO� URDGV��7KH�GLVWULEXWLRQ�RI�
DFFLGHQWV�LQ�WKH�URDG�QHWZRUN�LQGLFDWHV�D�VPDOO�QXPEHU�RI�
SODFHV�ZLWK�KLJKHU�GHQVLW\�RI�DFFLGHQWV��,I�DQ\��WKH�SODFHV�
RI�WKLV�NLQG�FDQ�EH�LGHQWLILHG�RQ�URDG�VHFWLRQV�ORFDWHG�LQ�
WKH�YLFLQLW\�RI�ODUJHU�XUEDQ�FHQWUHV��KLJK�WUDIILF�YROXPH���
)URP�WKH�GDWD�FROOHFWHG�DV�SDUW�RI�WKH�GHWDLOHG�LQYHQWRU\��
LW� ZDV� FRQFOXGHG� WKDW� ORFDO� URDGV� KDYH� VHJPHQWV� ZLWK�
SOHQW\�RI�GHIHFWV�SXWWLQJ�GULYHUV¶�VDIHW\�DW�ULVN��+RZHYHU��
WKHVH� ZHUH� QRW� VHJPHQWV� ZKHUH� DFFLGHQWV� RFFXU� PRUH�
RIWHQ��7KLV� VXJJHVWV� WKDW� LQ� WKH� FDVH�RI�/95�� WKHUH� LV� D�
QHHG�WR�XVH�DOVR�RWKHU�PHDVXUHV�WKDQ�DFFLGHQW�IDFWRU�ZKHQ�
LGHQWLI\LQJ� URDG� VHJPHQWV� ZLWK� KLJK� DFFLGHQW� SRWHQWLDO��
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7KLV� EULQJV� XV� WR� WKH� FRQFOXVLRQ� WKDW� VXUURJDWH� VDIHW\�
PHDVXUHV��HVSHFLDOO\�VSHHG�DQG�LWV�GLVSHUVLRQ��VKRXOG�DOVR�
EH� WDNHQ� LQWR� DFFRXQW�� 'RLQJ� VR� ZLOO� IDFLOLWDWH� WKH�
LQWURGXFWLRQ� RI� VROXWLRQV� DLPLQJ� DW� LQFUHDVLQJ� WKH� URDG�
VDIHW\� LQ� D� SURDFWLYH� PDQQHU�� 7KH� LQYHQWRU\� RI� URDGV�
VXJJHVWV�WKDW�SURYLGLQJ�PRUH�LQIRUPDWLRQ�DERXW�WKH�SRRU�
WHFKQLFDO� VWDQGDUG RI� FHUWDLQ� URDG� VHJPHQWV� PD\� EH� DQ�
HIIHFWLYH�PHDVXUH�SURWHFWLQJ�GULYHUV�DJDLQVW� WUDIILF� ULVNV�
RQ�/95��

6LPSOH� DQDO\VHV� RQ� WKH� FKDQJH� RI� URDG� DFFLGHQW�
QXPEHU�LQ�UHODWLRQ�WR�JHRPHWULFDO�FKDUDFWHULVWLFV�RI�ORFDO�
URDGV� KDYH� UHYHDOHG� WKDW� WKH� LQFUHDVH� LQ� WKH� QXPEHU� RI�
DFFLGHQWV�LV�OLQNHG�WR�WKH�JURZLQJ�GHQVLW\�RI�GHYHORSPHQW�
DQG� WKH� LQFUHDVH� LQ� WKH� GHQVLW\� RI DFFHVV� SRLQWV� 7KH�
DQDO\VLV� RI� DFFLGHQWV� LQ� UHODWLRQ� WR� URDG� FXUYDWXUH�
VXJJHVWHG� WKDW� WKH� LQFUHDVH� LQ� WKH� URDG� FXUYDWXUH�
FRUUHVSRQGV� WR� WKH� JURZLQJ� URDG� VDIHW\� �GXH� WR� WKH�
GHFUHDVH� LQ� VSHHG��� 7KLV� UHODWLRQVKLS� KDV� QRW� \HW� EHHQ�
UHIOHFWHG�LQ�WKH�UHJUHVVLRQ�PRGHOV�GHYHORSHG��LQFOXGLQJ��
DSDUW� IURP� WKH� ULVN� H[SRVXUH� YDULDEOHV�� DOVR� YDULDEOHV�
GHVFULELQJ�WKH�JHRPHWU\�RI�URDGV�

7KH� GHYHORSHG� UHJUHVVLRQ� PRGHOV� HVWLPDWLQJ� WKH�
QXPEHU�RI�DFFLGHQWV�LQGLFDWH�WKDW�WKH�SUHGRPLQDQW�IDFWRUV�
LQIOXHQFLQJ� WKH� URDG� VDIHW\� RQ� ORFDO� URDGV� DUH� ULVN�
H[SRVXUH� YDULDEOHV�� L�H�� WKH� OHQJWK� RI� WKH� URDG� VHJPHQW�
DQG�� WR�D� OHVVHU�H[WHQW�� WKH� WUDIILF�YROXPH��)URP�DPRQJ�
LQIUDVWUXFWXUH�YDULDEOHV�� WKH�SUHVHQFH�RI�EXLOW�XS�DUHD� LQ�
WKH�VXUURXQGLQJV�RI�WKH�URDG�LV�DQ�LPSRUWDQW�IDFWRU��7KLV�
IDFWRU�PD\�DOVR�EH�WUHDWHG�DV�LQGLUHFWO\�GHVFULELQJ�WKH�ULVN�
H[SRVXUH�� 7KH� GHYHORSPHQW� DIIHFWV� WKH� LQWHQVLW\� DQG�
PDQQHU�RI�RSHUDWLRQ�RI�WKH�URDG�VXUURXQGLQJV��LQFOXGLQJ�
WKH�SUHVHQFH�RI�SHGHVWULDQV�DQG�F\FOLVWV�DV�ZHOO�DV�DFFHVV�
WR� URDGV� IURP� WKH� SURSHUWLHV� VXUURXQGLQJ� WKH� URDG�� RU�
ORFDOV�WUDYHOOLQJ�RQ�VKRUW�GLVWDQFHV�

9DULRXV�DSSURDFKHV�DSSOLHG�LQ�PRGHOOLQJ�VXJJHVW�WKDW�
XVLQJ� ORQJ� VHJPHQWV��ZKLFK� IDFLOLWDWHV� WKH� FROOHFWLRQ� RI�
GDWD��GRHV�QRW�JLYH�VDWLVIDFWRU\�UHVXOWV��:KDW�VHHPV�WR�EH�
PRUH�KHOSIXO�LV�WR�VLQJOH�RXW�KRPRJHQHRXV�URDG�VHFWLRQV�
IURP�URDG�VHJPHQWV�DQG�DQDO\VH�WKHP�LQ�WKH�FRQWH[W�RI�WKH�
GDWD� RQ� DFFLGHQWV��+RZHYHU�� WKLV� LV� GLIILFXOW� GXH� WR� WKH�
LQVXIILFLHQW�GDWD�RQ�DFFLGHQW�ORFDWLRQV�
7KH� DEVHQFH� RI� LQGHSHQGHQW� YDULDEOHV� LQ� WKH� FUHDWHG�
PRGHOV� GHVFULELQJ� WKH� LPSDFW� RI� WKH� JHRPHWULFDO�
FKDUDFWHULVWLFV�RI�WKH�URDG�RQ�WKH�QXPEHU�RI�DFFLGHQWV�FDQ�
EH�WUHDWHG�DV�D�SUHOLPLQDU\�FRQILUPDWLRQ�RI�WKH�K\SRWKHVLV�
WKDW�URDG�VDIHW\�RQ�ORFDO�URDGV�GHSHQGV�KHDYLO\�RQ�GULYHUV¶�
IDPLOLDULW\�ZLWK�WKH�URDG�

5HIHUHQFHV

�� (FRQRPLF�GHVLJQ�RI�ORZ�WUDIILF�URDGV��2UJDQL]DWLRQ�
IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW��3DULV��
�2(&'�������

�� 75%�� (LJKW� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� /RZ�
9ROXPH� 5RDGV� ������ 7UDQVS� 5HV� 5HFRUG� ����
������

�� -�:�� +DOO�� (�:�� 5XWPDQ�� -�'�� %URJDQ�� +LJKZD\�
6DIHW\� &KDOOHQJHV� RQ� /RZ�9ROXPH� 5XUDO� 5RDGV��
)LQDO� 5HSRUW�� �)HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ��
1HZ�0H[LFR�'LYLVLRQ�������

�� 1�� 6WDPDWLDGLV�� 6�� -RQHV�� /�� $XOWPDQ�+DOO�� &DXVDO�
)DFWRUV�IRU�$FFLGHQWV�RQ�6RXWKHDVWHUQ�/RZ�9ROXPH�
5XUDO�5RDGV��7UDQVS� 5HV� 5HFRUG����� SS����������
������

�� 0�� 5HXULQJV�� 7�� -DQVVHQ�� 5�� (HQLQN�� 5�� (OYLN�� -��
&DUGRVR��&��6WHIDQ��$FFLGHQW�SUHGLFWLRQ�PRGHOV�DQG�
URDG� VDIHW\� LPSDFW� DVVHVVPHQW�� D� VWDWH�RI�WKH�DUW��
5,3&25'�,6(5(67�UHVHDUFK�SURMHFW�������

�� 6�� +DNNHUW�� /�� 6KRNLU�+DGDG�� 7KH� LPSDFW� RI�
LQIUDVWUXFWXUH�RI�ORFDO�UXUDO�URDGV�RQ�URDG�DFFLGHQWV��
5HVHDUFK�5HSRUW������������7UDQVSRUWDWLRQ�5HVHDUFK�
,QVWLWXWH �����

�� '��7��6LOFRFN��$�:��6P\WK��0HWKRGV�RI�,GHQWLI\LQJ�
$FFLGHQWV� %ODFNVSRWV�� 7UDQVSRUW� 2SHUDWLRQV�
5HVHDUFK�*URXS��'HSDUWPHQW� RI� &LYLO� (QJLQHHULQJ��
8QLYHUVLW\�2I�1HZFDVWOH�8SRQ�7\QH�������

�� &�� 0DWWDU�+DELE�� $�� 3ROXV�� +� )DUDK�� )XUWKHU�
HYDOXDWLRQ� RI� WKH� UHODWLRQVKLS� EHWZHHQ� HQKDQFHG�
FRQVLVWHQF\�PRGHO�DQG�VDIHW\�RI�WZR�ODQH�UXUDO�URDGV�
LQ�,VUDHO�DQG�*HUPDQ\��(XU��-��7UDQVS�� ,QIUDVW� ����
SS� ��������������

�� *�� 'HOO¶$FTXD�� )� 5XVVR�� 6DIHW\� SHUIRUPDQFH�
IXQFWLRQV� IRU� ORZ�YROXPH� URDGV �75%� $QQXDO�
0HHWLQJ� &RPSHQGLXP� RI� 3DSHUV�� 7UDQVSRUWDWLRQ�
5HVHDUFK�%RDUG�������

��� $��3ROXV��0��&RKHQ� 0RGHOV�RI�$FFLGHQWV�RQ�/RZ�
9ROXPH� 5XUDO� 5RDGV�� �75%� $QQXDO� 0HHWLQJ�
&RPSHQGLXP� RI� 3DSHUV�� 7UDQVSRUWDWLRQ� 5HVHDUFK�
%RDUG�������

��� &��9��=HJHHU� 5��&� 'HHQ��-��*��0D\HV��(IIHFW�RI�/DQH�
:LGWK�DQG�6KRXOGHUV�:LGWK�RQ�$FFLGHQW�5HGXFWLRQ�
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