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,Q�VHFWLRQ���ZH�JLYH�D�VLPSOH�IRUPXODWLRQ�RI�D�PRGHO�WR�GHWHUPLQH�RSWLPDO�VWRSGLVWDQFHV��0LQLPLVDWLRQ�RI�JHQHUDOLVHG�FRVWV�FDQ�EH�GHPRQVWUDWHG�WR�LPSO\�VKRUWHUVWRS�GLVWDQFHV�QHDU�WKH�FLW\�IULQJH�FRPSDUHG�WR�VWRSV�FORVHU�WR�WKH�FHQWUH��6RPHYDULDQWV�RI�WKH�PRGHO�DUH�GLVFXVVHG��VXFK�DV�WKH�FDVH�ZKHUH�WKH�FHQWUH�LV�QRW�WKH�VROHGHVWLQDWLRQ�RI�WULSV��,Q�VHFWLRQ���ZH�SUHVHQW�D�FDVH�ZKHUH�SRSXODWLRQ�GHQVLWLHV�LQFUHDVHDV�RQH�DSSURDFKHV�WKH�FHQWUH��:H�GHPRQVWUDWH�WKDW�ZLWK�H[SRQHQWLDO�GHQVLW\�JUDGLHQWVWKHUH�DUH�FHUWDLQ�FRPELQDWLRQV�RI�FRVW�DQG�GHQVLW\�SDUDPHWHUV�WKDW�ZRXOG�OHDG�WRFRQVWDQW�VWRS�GLVWDQFHV�WKURXJKRXW�WKH�XUEDQ�DUHD��EXW�VXFK�FRPELQDWLRQV�DUHLPSODXVLEOH�EHFDXVH�YHU\�VWHHS�GHQVLW\�JUDGLHQWV�ZRXOG�EH�LPSOLHG��$�QXPHULFDOLOOXVWUDWLRQ�LV�JLYHQ�IRU�WUDQVSRUW�QHWZRUNV�LQ�'XWFK�FLWLHV��6HFWLRQ���FRQFOXGHV
�� 2SWLPDO�GLVWDQFHV�EHWZHHQ�PHWUR�VWRSV��EDVLF�IRUPXODWLRQ�
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:H�XVH�/���/���«��/1 WR�UHSUHVHQW�WKH�ORFDWLRQ�RI�WKH�VWRSV�EHWZHHQ�HGJH�2�DQG�FLW\FHQWUH�'��2�LV�ORFDWHG�OHIW�IURP�/���DQG�'�ULJKW�IURP�/1��7KXV /Q GHQRWHV�WKH�GLVWDQFHEHWZHHQ�WKH�HGJH�2�DQG�VWRS�Q�
,Q�YHKLFOH�WLPH�DV�D�IXQFWLRQ�RI�WKH�QXPEHU�RI�PHWUR�VWRSV�:H�VWDUW�ZLWK�FRPSXWLQJ�WKH�H[SHFWHG�QXPEHU�RI�WLPHV�SHRSOH�VLWWLQJ�LQ�WKH�PHWURH[SHULHQFH�D�VWRS��)RU�WKH�VWRS�DW�WKH�FLW\�HGJH�2��Q ���RXU�DVVXPSWLRQ�WKDW�WUDYHOOHUVJR�WR�WKH�QHDUHVW�VWRS�LPSOLHV�IRU�WKH�H[SHFWHG�QXPEHU�RI�SDVVHQJHUV�HQWHULQJ�WKHPHWUR�
3�  �����/��D ���
%HIRUH�DUULYLQJ�LQ�WKH�FLW\�FHQWUH�'��WKHVH�WUDYHOOHUV�ZLOO�H[SHULHQFH�1�VWRSV�7KH�H[SHFWHG�QXPEHU�RI�SDVVHQJHUV�HQWHULQJ�DW�VWRS�Q�LV�
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/Q  ��/Q���/Q�����
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)RU�WUDLQV�ZH�ZRXOG�KDYH�ODUJHU�LQFUHDVHV�LQ�VWRS�GLVWDQFHV�VLQFH�WLPH�ORVV�GXH�WRVWRSV�LV�KLJKHU��,I�ZH�ZRXOG�FRXQW�D�ORVV�RI���PLQXWHV�SHU�VWRS�IRU�D�WUDLQ��WKH�LQFUHDVHLQ�VWRS�GLVWDQFHV�DV�RQH�DSSURDFKHV�WKH�FHQWUH�ZRXOG�EH�DERXW�����PHWHUV�
7KH�DERYH�FDOFXODWLRQV�DUH�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�YDOXH�RI�WLPH�LV�HTXDO�IRULQ�YHKLFOH�WLPH�RU�DFFHVV�WLPH��$�JHQHUDO�UHVXOW�RI�WKH�OLWHUDWXUH�LV�WKDW�DFFHVV�WLPH�LVYDOXHG�KLJKHU�WKDQ�LQ�YHKLFOH�WLPH��DW�OHDVW�ZLWK�D�IDFWRU����VHH�IRU�H[DPSOH�:DUGPDQ��������7KLV�ZRXOG�LPSO\�WKDW�WKH�DERYH�YDOXHV�VXJJHVWHG�IRU�WKH�VSDFLQJ�RI�VWRSVVKRXOG�EH�KDOYHG��2Q�WKH�RWKHU�KDQG��LW�PD\�ZHOO�EH�WKDW�SDVVHQJHUV�KDYH�D�FHUWDLQGLVOLNH�DJDLQVW�VWRS�DQG�JR�RI�SXEOLF�WUDQVSRUW�YHKLFOHV�DQG�KHQFH�YDOXH�LQ�YHKLFOHWLPH�DW�VWRSV�KLJKHU�WKDQ�LQ�YHKLFOH�WLPH�ZKHQ�YHKLFOHV�DUH�PRYLQJ��7KLV�ZRXOG�PRYHWKH�RSWLPDO�VWRS�GLVWDQFHV�DJDLQ�LQWR�WKH�GLUHFWLRQ�RI�WKH�ILJXUHV�PHQWLRQHG�DERYH�
7KH�UHVXOW�LOOXVWUDWHG�LQ�7DEOH���LPSOLHV�WKDW�WKH�PHWUR�JUDGXDOO\�FKDQJHV�LQ�LWVIXQFWLRQ�DORQJ�WKH�OLQH��$W�WKH�HGJH�RI�WKH�PHWURSROLWDQ�DUHDV�LW�VWDUWV�DV�D�IHHGHU�ZLWKWKH�IXQFWLRQ�RI�FROOHFWLQJ SDVVHQJHUV�QHDU�WKHLU�UHVLGHQFHV��,W�JUDGXDOO\�PRYHV�LQWR�DWUDQVSRUW�PRGH�ZLWK�D�FRQQHFWLQJ�IXQFWLRQ�ZKHUH�KLJK�VSHHG�LV�LPSRUWDQW��7KHVKLIWLQJ�EDODQFH�IURP�FROOHFWLQJ��SULRULW\�RQ�VKRUW�DFFHVV�WLPHV��WR�FRQQHFWLQJ�SULRULW\�RQ�KLJK�VSHHGV��LV�UHIOHFWHG�E\�WKH�LQFUHDVLQJ�QXPEHU�RI�WUDYHOOHUV�LQ�WKHYHKLFOHV�
,Q�PRUH�UHILQHG�QHWZRUN�VHWWLQJV��FROOHFWLQJ�DQG�FRQQHFWLQJ�IXQFWLRQV�DUH�XVXDOO\FDUULHG�RXW�E\�GLIIHUHQW�YHKLFOHV��)RU�H[DPSOH��EXVVHV�PD\�FROOHFW�SDVVHQJHUV�QHDUWKHLU�KRPHV�DQG�EULQJ�WKHP�WR�PHWUR�VWDWLRQV��%XW�DOVR�LQ�VXFK�FDVHV�WKH�SULQFLSOHVRXWOLQHG�KHUH�ZLOO�DSSHDU�WR�EH�UHOHYDQW��)LUVW��EXVVHV�FROOHFWLQJ�SDVVHQJHUV�WR�EULQJWKHP�WR�PHWUR�VWDWLRQV�DUH�W\SLFDO�H[DPSOHV�RI�SXEOLF�WUDQVSRUW�ZKHUH�GHPDQG�EXLOGVXS�DV�RQH�DSSURDFKHV�WKH�VWDWLRQ��VR�WKDW�VWRSSLQJ�GLVWDQFHV�VKRXOG�SUHIHUDEO\LQFUHDVH��$QG�VHFRQG��LUUHVSHFWLYH�RI�WKH�DFFHVV�PRGH�XVHG�E\�PHWUR�WUDYHOOHUV��WKHEDVLF�WUDGH�RII�EHWZHHQ�DFFHVV�WLPH�DQG�LQ�YHKLFOH�WLPH�UHPDLQV�RI�UHOHYDQFH�



�

LPSO\LQJ�WKDW�WKH�EDVLF�UHVXOWV�DOVR�UHPDLQ�YDOLG�IRU�WKH�PHWUR�SDUW�RI�WKH�WUDQVSRUWV\VWHP�
([WHQVLRQV7KHUH�DUH�VHYHUDO�HPSLULFDO�UHDVRQV�ZK\�WKLV�UHVXOW�PXVW�EH�XVHG�ZLWK�FDUH�ZKHQSXWWLQJ�LW�LQ�SUDFWLFH��)LUVW��QRW�DOO�SDVVHQJHUV�ZLOO�XVH�WKH�PHWUR�XQWLO�WKH�HQG��,I�DOOSDVVHQJHUV�ZRXOG�HQWHU�DQG�OHDYH�DW�UDQGRP�SODFHV�WKH�ILUVW�WHUP�LQ�WKH�WRWDO�FRVWIXQFWLRQ�ZRXOG�YDQLVK�DQG�ZH�ZRXOG�VLPSO\�DUULYH�DW�HTXDO�VWRS�GLVWDQFHV�WR�EHRSWLPDO��:KHQ�IRU�H[DPSOH�RQO\�D�VKDUH�E�RI�WKH�SDVVHQJHUV�ZRXOG�XVH�WKH�PHWUR�WRWUDYHO�WR�WKH�HQG��DQG�WKH�RWKHU�KDOI�ZRXOG�OHDYH�DW�UDQGRP�SODFHV��WRWDO�FRVWV�ZRXOG�EHPRGLILHG�LQ�WZR�ZD\V��)LUVW��WKH�DOLJKWLQJ�FRVWV�ZRXOG�RQO\�SXW�D�EXUGHQ�RQ�WKH�VKDUHE��DQG�WKH�ZDONLQJ�FRVWV�ZRXOG�QRZ�DOVR�EH�UHOHYDQW�IRU�WKH�VKDUH����E��RQ�LWV�ZD\�WRWKH�FLW\�FHQWUH��7KXV��WKH�PRGLILHG�FRVW�IXQFWLRQ�&�E��EHFRPHV�
&�E�� �E�Y�D��/��/��«�����������E��Z�D�>�/��� ���/��/��� ���/��/��� �«�@�� ���
7KH�ILUVW�RUGHU�FRQGLWLRQ�IRU�FRVW�PLQLPLVDWLRQ�LPSOLHV�
�/Q���/Q�� ��/Q�/Q���������E�Y�>���E��Z@ ���
,W�LV�LPPHGLDWHO\�FOHDU�WKDW�IRU�E ��ZH�DUULYH�DW�WKH�RULJLQDO�PRGHO�IRUPXODWLRQ��:KHQE ���WKH�UHVXOW�LV�WKDW�RSWLPDO�VWRS�GLVWDQFHV�QR�ORQJHU�LQFUHDVH�ZLWK����PHWHU��EXW�DWWKH�PXFK�PRUH�PRGHUDWH�SDFH�RI��DERXW����PHWHU��������
7KH�VHFRQG�UHDVRQ�ZK\�WKH�PRGHO�GRHV�QRW�DOZD\V�FRPSO\�ZLWK�UHDOLW\�LV�WKDW�D�PHWUROLQH�PD\�LQGHHG�KDYH�DQ�HQG�VWDWLRQ�'�EHLQJ�WKH�GRPLQDQW�GHVWLQDWLRQ�RI�PRVWSDVVHQJHUV��EXW�WKDW�LQ�UHDOLW\�LW�PD\�ZHOO�EH�WKDW�QHDU�'�WKHUH�DUH�VHYHUDO�LPSRUWDQWGHVWLQDWLRQV��&LW\�FHQWUHV�DUH�QRW�MXVW�SRLQWV��EXW�LQ�VWHDG�WKH\�DUH�RIWHQ�UDWKHU�VSUHDGRXW��$V�D�UHVXOW��ZKHQ�PDQ\�WUDYHOOHUV�ZRXOG�EHQHILW�IURP�D�VWRS�QHDU '�LQVWHDG�RI�LQ'��WKH�RSWLPDO�VWRS�GLVWDQFH�IRUPXOD�KDV�WR�EH�PRGLILHG�IRU�VWRSV�QHDU�'�VR�WKDW�ZLWKLQ�WKH�FHQWUDO�DUHD�WKH�VWRS�GLVWDQFHV�PD\�DJDLQ�EH�VPDOOHU
���6WRS�GLVWDQFHV�DQG�GHQVLW\�JUDGLHQWV�



�

$QRWKHU�SRLQW�WKDW�GHVHUYHV�RXU�VSHFLDO�DWWHQWLRQ�LV�WKDW�LQ�XUEDQ�DUHDV�WKH�DVVXPSWLRQRI�FRQVWDQW�GHQVLW\�LV�XQUHDOLVWLF��1HDU�WKH�FHQWUH�GHQVLWLHV�WHQG�WR�EH�KLJKHU�DQGWKHUHIRUH�WKHUH�LV�D�FRXQWHUYDLOLQJ�IRUFH��ZKHQ�WKH�QXPEHU�RI�HQWHULQJ�SDVVHQJHUVLQFUHDVHV�UDSLGO\�DV�RQH�DSSURDFKHV�WKH�FLW\�FHQWUH��RQH�PLJKW�HYHQ�H[SHFW�GHFUHDVLQJUDWKHU�WKDQ�LQFUHDVLQJ�VWRS�GLVWDQFHV���&RQVLGHU�WKH�FDVH�WKDW�WKH�GHQVLW\�JUDGLHQW�LVH[SRQHQWLDO��D�UHVXOW�WKDW�LV�RIWHQ�IRXQG�LQ�HPSLULFDO�XUEDQ�UHVHDUFK��0LOOV�DQG+DPLOWRQ�������
'HQVLW\Q  �H[S��/Q��ZKHUH�� t � ����
%\�GURSSLQJ�WKH�DVVXPSWLRQ�RI�FRQVWDQW�GHQVLW\��WKH�IRUPXOD�EHFRPHV�PRUH�FRPSOH[�)LUVW��ZH�KDYH�WR�GHWHUPLQH�WKH�H[SHFWHG�QXPEHU�RI�SDVVHQJHUV�HQWHULQJ�WKH�PHWUR�DWSRLQW�2�
32  ³ J�/���

� G[�[H[S�  J�JJ ��/���H[S�� � �
DV�ZHOO�DV�WKH�H[SHFWHG�QXPEHU�RI�SDVVHQJHUV�HQWHULQJ�DW�DQ�DUEULWUDU\�SRLQW�Q�
3Q  ³ �
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,Q�WKLV�ZD\�WKH�FROOHFWLYH�RI�WUDYHOOHUV�H[SHULHQFHV�WKH�IROORZLQJ�QXPEHU�RI�VWRSV�
¦� ��1

�L L3�L1�  ¦� � J��JJ�1
�L �LL `��@//����H[S>�^ ����

7KLV�LV�WKH�ILUVW�SDUW�RI�WKH�FRVW�IXQFWLRQ��WKH�VHFRQG�SDUW�LV�WKH�H[SHFWHG�ZDONLQJGLVWDQFH�RI�WKH�WUDYHOOHUV��7KH�ZDONLQJ�GLVWDQFH�FDQ�EH�GLYLGHG�LQWR�WZR�FRPSRQHQWV�
� 7KH�GLVWDQFH�FRQWULEXWHG�E\�WUDYHOOHUV�FRPLQJ�IURP�WKH�ULJKW�RI�WKH�VWRS�¦ ³�

 
� � J��1

�L
�//����

/ L�LL
L

G[�[H[S��/[�



��
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7KXV�WKH�H[SHFWHG�ZDONLQJ�GLVWDQFH�RI�WKH�WUDYHOOHUV�HTXDOV�
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&RPELQLQJ�HTXDWLRQV������DQG�������JLYHV�WKH�FRVW�IXQFWLRQ�&����
&���� ¦� � J��JJ�1

�L �LL `��@//����H[S>�^Y ��
¦� �� �JJ�JJ�JJ�1
�L �LL��L�L� �@`//����H[S>��/H[S���/H[S��^Z

7KH�ILUVW�RUGHU�FRQGLWLRQ�IRU�FRVW�PLQLPLVDWLRQ�LPSOLHV�IRU�Q ��«�1���
Q/&ww  �/H[S�Z��@//����H[S>@Z�Y>�@//����H[S>@Z�Y> QQ�Q�QQ JJ��JJ���JJ� ��  ��

����
,W�DSSHDUV�WKDW�ZKHQ�� DSSURDFKHV�WKH�YDOXH����LPSO\LQJ�D�XQLIRUP�GLVWULEXWLRQ�RISRSXODWLRQ��WKLV�IRUPXOD�DJDLQ�FRLQFLGHV�ZLWK�WKH�ROG�IRUPXODWLRQ��7KH�HIIHFW�RI�WKHLQWURGXFWLRQ�RI�LQFUHDVLQJ�GHQVLWLHV�LV�WKDW�D�FRXQWHUYDLOLQJ�IRUFH�VWDUWV�WR�RSHUDWH�VRWKDW�VWRS�GLVWDQFHV�PD\�ERWK�LQFUHDVH�DQG�GHFUHDVH�DV�RQH�DSSURDFKHV�WKH�FHQWUH�9DULRXV�SDWWHUQV�PLJKW�EH�SRVVLEOH�VXFK�DV�LQFUHDVLQJ�VWRS�GLVWDQFHV��GHFUHDVLQJ�VWRSGLVWDQFHV��GHFUHDVLQJ�VWRS�GLVWDQFHV�QHDU�WKH�FLW\�HGJH�IROORZHG�E\�LQFUHDVLQJ�VWRSGLVWDQFHV�DV�RQH�DSSURDFKHV�WKH�FHQWUH��HWF��)LJXUH���JLYHV�UHVXOWV�IRU�YDULRXV�YDOXHV�RIWKH�JUDGLHQW�SDUDPHWHU�J JLYHQ�YDOXHV�IRU�Y�DQG�Z�DV�XVHG�DERYH��7KH�ILJXUH�VKRZV



��

WKDW�IRU�ORZ�YDOXHV�RI�J VWRS�GLVWDQFHV�LQFUHDVH�PRQRWRQLFDOO\��DQG�IRU�KLJK�YDOXHV�RI�JVWRS�GLVWDQFHV�DUH�GHFUHDVLQJ�DV�RQH�DSSURDFKHV�WKH�FHQWUH��$Q�LQWHUHVWLQJ�ILQGLQJ�LVWKDW�WKHUH�DUH�FHUWDLQ�FRPELQDWLRQV�RI�Y��Z��DQG�J WKDW�\LHOG�FRQVWDQW�VWRS�GLVWDQFHV��
7KLV�UHVXOW�RI�FRQVWDQW�VWRS�GLVWDQFHV�LV�LQWHUHVWLQJ�EHFDXVH�LW�ZRXOG�LPSO\�WKDW�WKHFRQVWUDLQW�XVXDOO\�DGRSWHG�LQ�WKLV�W\SH�RI�PRGHOOLQJ�PD\�IROORZ�DV�D�UHVXOW�RI�D�PRUHFRPSOH[�XQGHUO\LQJ�PRGHO�ZLWK�YDU\LQJ�VSDWLDO�GHQVLWLHV�DQG�IRFXV�RI�WUDIILF�IORZV�RQRQH�GHVWLQDWLRQ��+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�SDUDPHWHU�FRPELQDWLRQ�IRUZKLFK�WKLV�UHVXOW�LV�IRXQG�LV�UDWKHU�H[WUHPH��$�GHQVLW\�JUDGLHQW�ZLWK�J ������PXVW�EHFRQVLGHUHG�DV�YHU\�KLJK���,W�ZRXOG�LPSO\�WKDW�WKH�SRSXODWLRQ�GHQVLW\�QHDU�WKH�FHQWUH�LVDERXW����WLPHV�KLJKHU�WKDQ�DW�D�GLVWDQFH����NPV�DZD\��,Q�UHDOLW\�RQH�H[SHFWV�PXFKIODWWHU�GHQVLW\�JUDGLHQWV�DORQJ�SXEOLF�WUDQVSRUW�OLQHV��7KLV�LPSOLHV�WKDW�WKH�UHVXOW�RIFRQVWDQW�VWRS�GLVWDQFHV�DV�DQ�RSWLPDO�RXWFRPH�LQ�D�QRQ�XQLIRUP�GHQVLW\�FLW\�LVLPSODXVLEOH��2Q�WKH�RWKHU�KDQG��LQFRUSRUDWLRQ�RI�RWKHU�PRGHO�HOHPHQWV�VXFK�DV�WKH�RQHLQ�HTXDWLRQ�����LQGLFDWLQJ�WKDW�SDUW�RI�WKH�PHWUR�WUDYHOOHUV�GRHV�QRW�KDYH�WKH�FHQWUH�DVWKHLU�GHVWLQDWLRQ�ZRXOG�PDNH�WKH�FXUYHV�LQ�)LJXUH���IODWWHU�DQG�WKLV�ZRXOG�OHDG�WRHTXDOO\�VSDFHG�VWRSV�IRU�ORZHU�YDOXHV�RI�J�
)LJXUH����'LVWDQFH�EHWZHHQ�VWRSV�IRU�YDULRXV�YDOXHV�RI�WKH�GHQVLW\�JUDGLHQW�SDUDPHWHU��

� 7R�XQGHU�VWDQG�ZK\�WKLV�UHVXOW�IROORZV��UHZULWH�/Q�/Q�� DV��/Q�[Q��DQG�/Q���/Q DV��/Q���[Q���VR�WKDW�[QGHQRWHV�VWRS�GLVWDQFH�EHWZHHQ�VWRSV�Q�DQG�Q����7KHQ��E\�GLYLGLQJ�ERWK�VLGHV�RI�WKH�HTXDWLRQ������E\H[S�/Q��ZH�DUULYH�DW
JJJJJ Z[ZY[ZY QQ ��@����H[S>@�>�@����H[S>@�> � ����� �  ��

1RWH�WKDW�WKLV�HTXDWLRQ�KROGV�IRU�DOO�Q ��«�1��7KXV��ZKHQ�D�FRPELQDWLRQ�RI�Y�Z�J H[LVWV�VXFK�WKDW[Q HTXDOV�[Q���IRU�D�FHUWDLQ�Q��WKHQ�WKLV�KROGV�IRU�DOO�Q��LPSO\LQJ�HTXDO�VWRS�GLVWDQFHV��7KH�H[LVWHQFH�RIVXFK�D�SRLQW�ZKHUH�[Q HTXDOV�[Q���IROORZV�IURP�%URXZHU¶V�IL[HG�SRLQW�WKHRUHP�
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2 � � � � � � � � � �� �� �� �� ��6WRS

'LVWD
QFH�E

HWZHH
Q�VWRS

V��NP
V� JDPPD �JDPPD ����JDPPD ���JDPPD ����JDPPD �����

)LQDOO\�ZH�QRWH�WKDW�WKH�IRUP�RI�WKH�VWRS�GLVWDQFH�FXUYHV�LQ�)LJXUH���GHSHQG�RQ�WKHVSHFLILFDWLRQ�RI�WKH�GHQVLW\�IXQFWLRQ��,Q�DSSHQGL[���ZH�FDUU\�RXW�D�SDUDOOHO�DQDO\VLV�IRUD�SRZHU�IXQFWLRQ��DQG�LW�DSSHDUV�WKDW�KHUH�RWKHU�UHVXOWV�DUH�REWDLQHG��GHFUHDVLQJ�VWRSGLVWDQFHV�DW�WKH�EHJLQQLQJ�RI�WKH�OLQH��IROORZHG�E\�LQFUHDVLQJ�GLVWDQFHV�DV�RQH�JHWVFORVHU�WR�WKH�FHQWUH��7KXV��WKH�DFWXDO�VSDWLDO�GHQVLW\�SDWWHUQ�GRHV�KDYH�D�GHILQLWHLPSDFW�RQ�RSWLPDO�VWRS�GLVWDQFHV�
$V�DQ�HPSLULFDO�WHVW�ZH�FROOHFWHG�GDWD�RQ�SXEOLF�WUDQVSRUW�QHWZRUNV�LQ�WKH�WKUHH�ODUJHVWPHWURSROLWDQ�DUHDV�LQ�7KH�1HWKHUODQGV��$PVWHUGDP��5RWWHUGDP�DQG�7KH�+DJXH���)RUWKH�UDLOZD\V�ZH�FRPSDUHG�GLVWDQFHV�EHWZHHQ�VWDWLRQV�DW�WKH�HGJH�RI�WKH�FLW\�DQG�QHDUWKH�FLW\�FHQWUH��:H�ILQG�D�VOLJKW�WHQGHQF\�WKDW�GLVWDQFHV�EHWZHHQ�UDLOZD\�VWDWLRQV�DUHVPDOOHU�QHDU�WKH�HGJH��VHH�7DEOH�����7KH�EDFNJURXQG�LV�SDUWO\�WKDW�GXULQJ�WKH�ODVWGHFDGHV�DV�FLWLHV�H[SDQGHG�QHZ�UDLOZD\�VWDWLRQV�KDYH�EHHQ�EXLOW�WR�VHUYH�WKH�QHZO\GHYHORSHG�UHVLGHQWLDO�DUHDV�DQG�WKDW�VWDWLRQ�GLVWDQFHV�ZHUH�FKRVHQ�WR�EH�UHODWLYHO\�ORZ�)RU�PHWUR�ZH�GLG�D�VLPLODU�H[HUFLVH��KHUH�GHQVLWLHV�QHDU�WKH�FHQWUH�DUH�VLPLODU�WR�WKRVHQHDU�WKH�HGJH��$Q�LQWHUHVWLQJ�REVHUYDWLRQ�LV�WKDW�D�PRUH�UHFHQWO\�FRQVWUXFWHG�OLJKWPHWUR�OLQH�LQ�WKH�$PVWHUGDP�UHJLRQ�WKDW�XVHV�WKH�VDPH�LQIUDVWUXFWXUH�DV�WKH�RUGLQDU\PHWUR�QHDU�WKH�FHQWUH�LQGHHG�KDV�ORZ�VWRS�GLVWDQFHV�DW�WKH�FLW\�HGJH���7KLV�OLJKW�PHWUROLQH�WKXV�SURYLGHV�D�JRRG�LOOXVWUDWLRQ�RI�WKH�SULQFLSOH�GLVFXVVHG�LQ�WKLV�SDSHU��WKH�UDLOFDVH�LV�D�ZHDN�LOOXVWUDWLRQ��DQG�WKH�RUGLQDU\�PHWUR�GRHV�QRW�FRPSO\�ZLWK�WKH�SULQFLSOH�:H�QRWH�LQ�SDVVLQJ�WKDW�WKHUH�PD\�VWLOO�EH�DQRWKHU�UHDVRQ�WR�KDYH�KLJKHU�VWRS�GHQVLW\DW�WKH�HGJH��7KH�IL[HG�FRVWV�RI�FRQVWUXFWLQJ�D�VWDWLRQ�WHQG�WR�EH�ORZHU�WKHUH��QRW�RQO\



��

EHFDXVH�ODQG�LV�FKHDSHU��EXW�DOVR�EHFDXVH�QHDU�WKH�FHQWUH�WKH�VWDWLRQV�WHQG�WR�EHXQGHUJURXQG�DQG�DW�WKH�HGJH�WKH\�PD\�ZHOO�EH�DERYH�WKH�JURXQG�
7DEOH����6WRS�GLVWDQFHV�LQ�PHWURSROLWDQ�DUHDV�LQ�7KH�1HWKHUODQGV��WUDLQ�YHUVXV�PHWUR��0RGH $YHUDJH�GLVWDQFHEHWZHHQ�VWRSV�QHDUFLW\�HGJH��PHWUHV�

$YHUDJH�GLVWDQFHEHWZHHQ�VWRSV�QHDUFLW\�FHQWUH��PHWUHV�
5DWLR�RI�VWRSGLVWDQFH�DW�HGJHDQG�QHDU�FHQWUH7UDLQ ���� ���� ����0HWUR ��� ��� ����/LJKW�PHWUR ��� ��� ����

���&RQFOXGLQJ�UHPDUNV�
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