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ABSTRACT

IZA DP No. 14957 DECEMBER 2021

Do Economic Incentives Promote Physical 
Activity? Evidence from the London 
Congestion Charge*

This study investigates the impact of economic incentives on travel-related physical activity, 

leveraging the London Congestion Charge’s disincentivising of sedentary travel modes via 

increasing the cost of private car use within Central London. The scheme imposes charges 

on most types of cars entering, exiting and operating within the Central London area, while 

individuals living inside the charging zone are eligible for a 90% reduction in congestion 

charges. Geographical location information provides the full-digit postcode data necessary 

to precisely identify the eligibility for the discount of participants in the London Travel 

Demand Survey for the period 2005–2011. Using a boundary regression-discontinuity 

design reveals a statistically significant but small impact on active commuting (i.e. cycling 

and walking) around the border of the charging zone. The effect is larger for lower-income 

households and car owners. The findings are robust against multiple specifications and 

validation tests.
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���,QWURGXFWLRQ 

(FRQRPLF� LQFHQWLYHV�� HVSHFLDOO\�ZKHQ� HVWDEOLVKHG� WKURXJK� ODUJH�VFDOH� ILVFDO� SROLFLHV�� KDYH�

ORQJ�EHHQ� FRQVLGHUHG� DQ�HIIHFWLYH� HFRQRPLF� WRRO� IRU� UHGXFLQJ� XQKHDOWK\� EHKDYLRXUV� VXFK�DV�

VPRNLQJ�� DOFRKRO� FRQVXPSWLRQ� DQG�XQKHDOWK\� GLHW� �*UXEHU� DQG�.RV]HJL�� ������<DQLY� HW� DO���

������9ROSS� HW� DO��� ������*LQp� HW� DO��� ������&DZOH\� DQG�5XKP��������&DZOH\� HW� DO��� �������

+RZHYHU��WKH�HYLGHQFH�LV�OLPLWHG�DQG�PL[HG�DV�WR�ZKHWKHU�HFRQRPLF�LQFHQWLYHV�FDQ�VXVWDLQDEO\�

LPSURYH�SK\VLFDO�DFWLYLW\�OHYHOV��7KH�OLWHUDWXUH�KDV�H[DPLQHG�WKH�LPSDFW�RI�SHUVRQDO�HFRQRPLF�

LQFHQWLYHV�ZLWKLQ�PLFUR�VHWWLQJV�VXFK�DV�J\P�DWWHQGDQFH��&KDUQHVV�DQG�*QHH]\��������5R\HU�HW�

DO����������$�UHFHQW�OLWHUDWXUH�UHYLHZ�IRFXVHG�RQ�UDQGRPLVHG�FRQWUROOHG�WULDOV��5&7V��FRQFOXGHV�

WKDW� WKHUH� LV�QR�FRPSHOOLQJ� HYLGHQFH� WKDW�HFRQRPLF� LQFHQWLYHV� LQ� WKHVH� VHWWLQJV�DUH�HIIHFWLYH�

XSRQ�WKH�LQFHQWLYH¶V�GLVFRQWLQXDWLRQ��HVSHFLDOO\�RYHU�WKH�ORQJHU�WHUP��)LQNHOVWHLQ�HW�DO���������1�

([LVWLQJ�5&7V�IRFXV�RQ�PLFUR�VHWWLQJV�DQG�IROORZ�XS�SDUWLFLSDQWV�IRU�VKRUW�SHULRGV��L�H��RQH�RU�

WZR�\HDUV�W\SLFDOO\�� 

7KLV� VWXG\� SUHVHQWV� TXDVL�H[SHULPHQWDO� HYLGHQFH� RQ� WKH� ORQJ�WHUP� LPSDFW� RI� HFRQRPLF�

LQFHQWLYH�RQ�SK\VLFDO�DFWLYLW\�DW�D�SRSXODWLRQ�OHYHO��7R�GDWH��VXFK�HYLGHQFH�LV�H[WUHPHO\�VFDUFH�

�0DUWLQ�HW� DO���������2�:H�IRFXV�VSHFLILFDOO\�RQ�DFWLYH�FRPPXWLQJ� LQ� WKH�IRUP�RI�ZDONLQJ�RU�

F\FOLQJ�� %HFDXVH� FRPPXWLQJ� LV� D� KDELWXDO� GDLO\� DFWLYLW\� IRU�PDQ\� SHRSOH�� DQG� EHFDXVH� LW� LV�

DVVRFLDWHG�ZLWK�VLJQLILFDQW�EURDGHU�KHDOWK�EHQHILWV��'LQX�HW�DO����������LW�LV�DQ�LPSRUWDQW�WDUJHW�

DUHD�IRU�SXEOLF�SROLF\�LQWHUYHQWLRQV��$QGHUVHQ��������� 

                                                 
1�6HH�0DQW]DUL�HW�DO���������IRU�D�VLPLODU�FRQFOXVLRQ��PHDQZKLOH��VHH�0LWFKHOO�HW�DO���������IRU�D�
PRUH�SRVLWLYH�HYDOXDWLRQ� 

2�5DUH�H[DPSOHV�RI�WKH�LQGLUHFW�HIIHFWV�RI�VXFK�³PDFUR´�SROLFLHV�RU�IDFWRUV�RQ�SK\VLFDO�DFWLYLW\�KDYH�
EHHQ�LGHQWLILHG�E\�VWXGLHV�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�KLJKHU�JDVROLQH�SULFHV��LQGXFHG�E\�WD[�
LQFUHDVHV��DQG�SK\VLFDO�DFWLYLW\��VHH��IRU�H[DPSOH��&RXUWHPDQFKH��������6HQ�������� 
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7KH� /RQGRQ� &RQJHVWLRQ� &KDUJH� �/&&�� UHSUHVHQWV� RQH� RI� WKH� ZRUOG¶V� PRVW� SURPLQHQW�

WUDQVSRUWDWLRQ�SROLFLHV�3�7KH�/&&�ZDV�LPSOHPHQWHG�LQ�������LPSRVLQJ�FKDUJHV��LQLWLDOO\����DQG�

WKHQ� ���� SHU� GD\�� RQ�PRVW� W\SHV� RI� FDUV� HQWHULQJ�� H[LWLQJ� DQG� RSHUDWLQJ�ZLWKLQ� WKH�&HQWUDO�

/RQGRQ�DUHD��$OWKRXJK�WKH�SROLF\¶V�SULPDU\�DLP�ZDV�WR�UHGXFH�FRQJHVWLRQ�UDWKHU�WKDQ�GLUHFWO\�

SURPRWH�SK\VLFDO�DFWLYLW\��WKH�DVVRFLDWHG�LQFUHDVH�LQ�WKH�FRVW�RI�SULYDWH�FDU�XVH�PD\�VXEVWDQWLDOO\�

LQFHQWLYLVH�DFWLYH�FRPPXWLQJ�LQ�WKH�DUHD��)RU�H[DPSOH��3XFKHU�HW�DO���������UDQN�WKH�/&&�DV�WKH�

SROLF\�ZLWK�WKH�PRVW�SRWHQWLDO�WR�HQFRXUDJH�F\FOLQJ�LQ�WKH�FLW\��(OVHZKHUH��0DLEDFK�HW�DO���������

GHVFULEHV�WKH�FRQJHVWLRQ�FKDUJH�DV�D�SROLF\�RSWLRQ�SURPRWLQJ�LQFUHDVHG�SK\VLFDO�DFWLYLW\�RQ�WKH�

EDVLV�RI�GDWD� LQGLFDWLQJ� WKDW�F\FOLQJ� LQFUHDVHG�VXEVWDQWLDOO\� LQ�&HQWUDO�/RQGRQ�IROORZLQJ� WKH�

/&&¶V�LPSOHPHQWDWLRQ��5HYLHZLQJ�VWXGLHV�HYDOXDWLQJ�WKH�GLIIHUHQW�SRWHQWLDO�RXWFRPHV�RI� WKH�

FRQJHVWLRQ�FKDUJH��L�H��FRQJHVWLRQ��WKH�HQYLURQPHQW��UHYHQXH�DQG�FKDQJHV�LQ�WUDYHO�EHKDYLRXU���

*LYRQL��������FRQFOXGHV�WKDW�PRVW�ILQGLQJV�VXJJHVW�EHQHILFLDO�RXWFRPHV�4�+RZHYHU��*LYRQL�DOVR�

H[SUHVVHV�FRQFHUQV�DERXW�WKH�H[WHQW�WR�ZKLFK�WKHVH�SRVLWLYH�HIIHFWV�FDQ�EH�FDXVDOO\�DWWULEXWHG�WR�

WKH�/&&��$�UHFHQW�HYDOXDWLRQ�RI�WKH�OLWHUDWXUH�DOVR�UHFRJQLVHV�WKH�QHHG�WR�SURGXFH�PRUH�ULJRURXV�

HYLGHQFH�RI�FRQJHVWLRQ�SULFLQJ¶V�LPSDFW�RQ�DFWLYH�FRPPXWLQJ��%URZQ�HW�DO��������� 

'HVSLWH�SULRU�LQYHVWLJDWLRQV�LQWR�WKH�/&&¶V�YDULRXV�GLUHFW�DQG�LQGLUHFW�RXWFRPHV��LWV�SRWHQWLDO�

HIIHFWV� RQ�SK\VLFDO� DFWLYLW\� UHPDLQ� WR�EH� DVVHVVHG�YLD� D� IRUPDO� LPSDFW� HYDOXDWLRQ��7KH�PRVW�

QRWDEOH�H[LVWLQJ�VWXG\��WKH�ILQGLQJV�RI�ZKLFK�DUH�RIWHQ�FLWHG�LQ�WKH�UHODWHG�OLWHUDWXUH��LV�WKH�VHULHV�

RI� UHSRUWV� E\�7UDQVSRUW� IRU� /RQGRQ�� WKH� ORFDO� JRYHUQPHQWDO� ERG\� UHVSRQVLEOH� IRU� WKH� FLW\¶V�

WUDQVSRUW� VHUYLFHV�5��7KHVH� UHSRUWV� SURYLGH� GHWDLOHG� LQIRUPDWLRQ� RQ� WKH� FKDQJHV� REVHUYHG� IRU�

GLIIHUHQW�PRGHV�RI�WUDYHO��LQGLFDWLQJ�WKDW�WKH�DPRXQW�RI�WUDYHO�UHODWHG�SK\VLFDO�DFWLYLW\�LQFUHDVHG�

                                                 
3��6RPH� HQYLURQPHQWDO� DQG� HSLGHPLRORJLF� VWXGLHV� KDYH� DGGUHVVHG� WKH� SRWHQWLDO� KHDOWK� LPSDFWV� RI�
UHGXFHG�DLU�SROOXWLRQ�LQ�WKH�&HQWUDO�/RQGRQ�DUHD��VHH��IRU�H[DPSOH��%HHYHUV�HW�DO���������7RQQH�HW�DO���
������ 
4�6HH�7DQJ��������IRU�D�PRUH�UHFHQW�HYDOXDWLRQ�RI�WKH�HIIHFW�RI�WKH�/&&�RQ�KRXVLQJ�SULFHV� 

5�7KH�UHSRUWV�DUH�DYDLODEOH�RQOLQH�DW��KWWS���ZZZ�WIO�JRY�XN�URDGXVHUV�FRQJHVWLRQFKDUJLQJ������DVS[�
�DFFHVVHG�6HSWHPEHU�������� 

http://www.tfl.gov.uk/roadusers/congestioncharging/6722.aspx
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IROORZLQJ�WKH�LPSOHPHQWDWLRQ�RI�WKH�/&&��)RU�LQVWDQFH��F\FOLQJ�GLVWDQFHV�LQFUHDVHG�E\�DERXW�

����DIWHU�WKH�FKDUJH¶V�LQWURGXFWLRQ��7UDQVSRUW�IRU�/RQGRQ���������+RZHYHU��D�PDMRU�FRQFHUQ�

UHJDUGLQJ�VXFK�DVVHVVPHQWV�LV�WKH�GLIILFXOW\�RI�DWWULEXWLQJ�WKH�REVHUYHG�FKDQJH�H[FOXVLYHO\�WR�

VSHFLILF�HFRQRPLF�LQFHQWLYHV�GHULYLQJ�WKH�VFKHPH��JLYHQ�LWV�LQWURGXFWLRQ�ZDV�DFFRPSDQLHG�E\�

RWKHU�VLJQLILFDQW�FKDQJHV�LQ�WUDQVSRUWDWLRQ�SROLF\� LQFOXGLQJ�LPSURYHPHQWV�WR�EXV�QHWZRUNV�DQG�

ELF\FOH�SDWKV��*LYRQL��������� 

7R�LGHQWLI\�WKH�HIIHFWV�RI�WKLV�HFRQRPLF�LQFHQWLYH�RQ�DFWLYH�FRPPXWLQJ��ZH�DQDO\VH�FDVHV�ZKHUH�

WKH�FKDUJH�LV�GLVFRXQWHG�IRU�LQGLYLGXDOV�OLYLQJ�LQVLGH�WKH�&HQWUDO�/RQGRQ�DUHD��L�H��LQVLGH�WKH�

FKDUJLQJ�]RQH���7KHVH�UHVLGHQWV�DUH�HOLJLEOH�WR�KDYH�WKHLU�FKDUJHV�UHGXFHG�E\������PHDQZKLOH��

WKRVH�OLYLQJ�RXWVLGH�WKH�]RQH�PXVW�SD\�WKH�IXOO�DPRXQW��7KLV�VLJQLILFDQWO\�FKDQJHV�WKH�LQFHQWLYH�

IRU� WKRVH� OLYLQJ� MXVW� LQVLGH� WKH� FKDUJLQJ� ]RQH� FRPSDUHG� WR� WKRVH� OLYLQJ� MXVW� RXWVLGH� LW�� 2XU�

HVWLPDWLRQ�H[SORLWV�WKLV�OHJLVODWLRQ�E\�HPSOR\LQJ�D�ERXQGDU\�GLVFRQWLQXLW\�GHVLJQ��%ODFN��������

'HOO��������� 

(OLJLELOLW\�IRU�WKH�����GLVFRXQW�LV�GHWHUPLQHG�E\�SRVWFRGH��:H�XVH�D�JHRJUDSKLFDO�LQIRUPDWLRQ�

V\VWHP��*,6��WR�JHRFRGH�WKH�FKDUJLQJ�]RQH¶V�ERUGHU�DQG�WKH�UHVLGHQWLDO�ORFDWLRQV�RI�SDUWLFLSDQWV�

LQ�WKH�/RQGRQ�7UDYHO�'HPDQG�6XUYH\��/7'6��IRU�WKH�SHULRG�����±������7KH�GDWD�LQFOXGH�IXOO�

GLJLW� SRVWFRGH� LQIRUPDWLRQ�� HQDEOLQJ� SUHFLVH� FDOFXODWLRQ� RI� WKH� GLVWDQFH� EHWZHHQ� UHVLGHQWLDO�

ORFDWLRQV�DQG�WKH�FKDUJLQJ�]RQH¶V�ERUGHU��ZKLFK�ZH�GHILQH�DV�WKH�WUHDWPHQW�DVVLJQPHQW�YDULDEOH��

8VLQJ�*,6��ZH�DOVR�FRQVWUXFW�JHRJUDSKLFDO�VHJPHQWV�RI�WKH�VWXG\�DUHD��ZKLFK�ZH�DGG�DV�VSDWLDO�

IL[HG�HIIHFWV� WR�RXU�UHJUHVVLRQ�PRGHO��FDSWXULQJ�WLPH�LQYDULDQW�QHLJKERXUKRRG�FKDUDFWHULVWLFV�

DFURVV�WKH�VWXG\�DUHD��*ROGVWHLQ�DQG�8GU\��������� 

2XU� IL[HG�HIIHFW� ERXQGDU\� GLVFRQWLQXLW\� HVWLPDWHV� IRU� ���������� VKRZ� WKDW� WKH� /&&¶V�

HFRQRPLF�LQFHQWLYH�GLG�LQFUHDVH�SK\VLFDO�DFWLYLW\�OHYHOV��DV�PHDVXUHG�E\�WKH�GXUDWLRQ�RI�WLPH�

VSHQW�F\FOLQJ�DQG�ZDONLQJ�IRU�WUDYHO�SXUSRVHV��EXW�RQO\�PRGHVWO\�VR��L�H��E\�DERXW�WKUHH�PLQXWHV�
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DURXQG�WKH�ERUGHU�RI�WKH�FKDUJLQJ�]RQH��([SORLWLQJ�DQ�H[SDQVLRQ�RI�WKH�FKDUJLQJ�]RQH�WR�:HVW�

/RQGRQ�LQ������UHYHDOV�VPDOO�DQG�LPPHGLDWH�HIIHFWV�RI�WKH�HFRQRPLF�LQFHQWLYH��7KH�PDLQ�HIIHFWV�

DUH� ODUJHU� IRU� ORZHU�LQFRPH� KRXVHKROGV� DQG� FDU� RZQHUV� DQG� DUH� UREXVW� DJDLQVW� PXOWLSOH�

VSHFLILFDWLRQV�DQG�YDOLGDWLRQ�WHVWV��2XU�RYHUDOO�ILQGLQJV�VXJJHVW� WKDW� WKH�HFRQRPLF�LQFHQWLYHV�

H[KLELW�LPPHGLDWH�DQG�SHUVLVWHQW�\HW�OLPLWHG�HIIHFWV�IURP�D�SXEOLF�KHDOWK�SHUVSHFWLYH�RQ�WUDYHO�

UHODWHG�SK\VLFDO�DFWLYLW\��7KHVH�GR�QRW�IXOO\�VXSSRUW�WKH�ORQJ�VWDQGLQJ�DVSLUDWLRQV�IRU�WKH�/&&¶V�

HFRQRPLF�LQFHQWLYH�WR�LQFUHDVH�SK\VLFDO�DFWLYLW\�OHYHOV��H[SUHVVHG�LQ�WKH�HSLGHPLRORJLFDO�DQG�

SXEOLF�KHDOWK�OLWHUDWXUH� 

7KH� UHVW� RI� WKH�SDSHU� LV� RUJDQLVHG� DV� IROORZV��6HFWLRQ���SURYLGHV� DQ�RYHUYLHZ�RI� WKH� /&&�

VFKHPH��6HFWLRQ���GHVFULEHV�RXU�ERXQGDU\�GLVFRQWLQXLW\�GHVLJQ��6HFWLRQ���H[SODLQV�WKH�GHWDLOV�

RI� WKH� GDWD� XWLOLVHG�� 6HFWLRQ� �� UHSRUWV� WKH� HPSLULFDO� ILQGLQJV�� IROORZHG� E\� H[WHQVLRQV� DQG�

UREXVWQHVV�FKHFNV�LQ�6HFWLRQ����)LQDOO\��6HFWLRQ���FRQFOXGHV�WKH�SDSHU�� 

���7KH�/RQGRQ�&RQJHVWLRQ�&KDUJH�VFKHPH 

7KH�LGHD�RI�D�FRQJHVWLRQ�FKDUJH�LQ�/RQGRQ�HPHUJHG�LQ������DV�D�ODUJH�VFDOH�WUDQVSRUWDWLRQ�

SROLF\�ZLWK�WKH�PDLQ�SXUSRVH�RI�UHGXFLQJ�FRQJHVWLRQ�LQ�WKH�&HQWUDO�/RQGRQ�DUHD�DQG�XVLQJ�WKH�

UHYHQXH�JHQHUDWHG�WR�LPSURYH�WKH�FLW\¶V�WUDQVSRUW�V\VWHP��7KH�VFKHPH¶V�HFRQRPLF�UDWLRQDOH�ZDV�

EXLOW�DURXQG�WKH�QHHG�WR�LQWHUQDOLVH�WKH�FRVW�RI�FRQJHVWLRQ��$V�WKH�FRVW�RI�FDU�WUDYHO�ZLWKLQ�WKH�

]RQH�LQFUHDVHG��LW�ZDV�H[SHFWHG�WKDW�FRQJHVWLRQ�ZRXOG�UHWUDFW�WR�DQ�RSWLPDO�OHYHO�RI�FRQJHVWLRQ��

SURGXFLQJ�HIILFLHQF\�JDLQV� 

7KH� /&&�ZDV� LPSOHPHQWHG� LQ� )HEUXDU\� ������ XVLQJ� WKH� /RQGRQ� ,QQHU� 5LQJ� 5RDG� DV� WKH�

FKDUJLQJ�]RQH¶V�ERUGHU��7KLV�DSSUR[LPDWHO\����NLORPHWUH�ORQJ�URXWH�ZDV�LQFOXGHG�LQ�WKH������

&RXQW\�RI�/RQGRQ�3ODQ�DQG�HVWDEOLVKHG�DIWHU�:RUOG�:DU�,,�WR�FRPSULVH�VHYHUDO�PDMRU�URDGV�WKDW�

VXUURXQG�WKH�&HQWUDO�/RQGRQ�DUHD��LQFOXGLQJ�WKH�&LW\�RI�/RQGRQ�DQG�WKH�:HVW�(QG��%HIRUH�WKH�

FKDUJH�ZDV�LPSOHPHQWHG��DERXW�����RI�YHKLFOHV�GULYLQJ�RQ�WKH�,QQHU�5LQJ�5RDG�SDVVHG�E\�WKH�
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FKDUJLQJ�]RQH��KHQFH��LW�ZDV�FKRVHQ�DV�WKH�ERUGHU�WR�HQDEOH�VXFK�GULYHUV�WR�QDYLJDWH�WKH�URXWH�

ZLWKRXW�HQWHULQJ�WKH�]RQH��/HDSH�������� 

7KH� /&&� VFKHPH� FKDUJHV� GULYHUV� RI� FKDUJHDEOH� YHKLFOHV� �L�H�� SULYDWH� YHKLFOHV� RWKHU� WKDQ�

PRWRUF\FOHV��YHKLFOHV�ZLWK�QLQH�RU�PRUH�VHDWV�DQG�XOWUD�ORZ�HPLVVLRQ�FDUV��ZKHQ� WKH\�HQWHU��

OHDYH��WUDYHO�WKURXJK�RU�SDUN�ZLWKLQ�WKH�FKDUJLQJ�]RQH�GXULQJ�WKH�FKDUJLQJ�ZLQGRZ��ZKLFK�LV�

EHWZHHQ������DQG��������FKDQJHG�IURP�������LQ�-DQXDU\�������0RQGD\�WR�)ULGD\��H[FOXGLQJ�

SXEOLF�KROLGD\V�DQG�WKH�ZHHN�RI�&KULVWPDV�DQG�1HZ�<HDU��$SSUR[LPDWHO\�����FDPHUDV�RSHUDWH�

DFURVV� WKH� FKDUJLQJ� ]RQH��PRVWO\� DURXQG� WKH� ERUGHU��$ORQJVLGH� ³SDWURO´� FDUV� HTXLSSHG�ZLWK�

&&79��WKHVH�FDPHUDV�SKRWRJUDSK�FDU�QXPEHU�SODWHV�DQG�VHQG�WKH�LPDJHV�WR�D�FHQWUDO�V\VWHP��

ZKLFK�PDWFKHV�WKH�LPDJHV�ZLWK�GULYHU�LQIRUPDWLRQ�SURYLGHG�E\�WKH�'ULYHU�DQG�9HKLFOH�/LFHQVLQJ�

$JHQF\�� 'ULYHUV� DUH� H[SHFWHG� WR� WDNH� UHVSRQVLELOLW\� IRU� SD\LQJ� WKH� FKDUJH� ZLWKRXW� EHLQJ�

SURPSWHG�WR�GR�VR��WKDW�LV��WKH\�DUH�QRW�QRWLILHG�WKDW�WKH\�KDYH�EHHQ�FDSWXUHG�ZLWKLQ�WKH�FKDUJLQJ�

]RQH�XQOHVV�WKH\�IDLO�WR�SD\��DW�ZKLFK�SRLQW�D�SHQDOW\�QRWLFH�LV�VHQW�VHYHUDO�GD\V�ODWHU��7KH�LQLWLDO�

UDWH�ZDV����SHU�GD\�LI�SDLG�EHIRUH�������RQ�WKH�GD\�RI�WUDYHO�6�7KLV�ZDV�LQFUHDVHG�WR����LQ�-XO\�

�����DQG�WKHQ�����LQ�-DQXDU\������� 

,Q� )HEUXDU\� ������ WKH� FKDUJLQJ� ]RQH�ZDV� H[SDQGHG� WR� LQFOXGH�ZHVWHUQ� /RQGRQ�� D� ODUJHO\�

UHVLGHQWLDO�DUHD�LQFOXGLQJ�WKH�&LW\�RI�:HVWPLQVWHU�DQG�SDUWV�RI�.HQVLQJWRQ�DQG�&KHOVHD��.QRZQ�

DV�WKH�³ZHVWHUQ�H[SDQVLRQ´��VHH�)LJXUH�����WKLV�H[SDQVLRQ�ZDV�UHSHDOHG�LQ�-DQXDU\������� 

7KH�VFKHPH�SURYLGHV�D�UHVLGHQW�GLVFRXQW��PHDQLQJ�WKDW�UHJLVWHUHG�UHVLGHQWV�RI�DUHDV�ZLWKLQ�WKH�

FKDUJLQJ�]RQH��DQG�VRPH�³EXIIHU�DUHDV´�MXVW�RXWVLGH�WKH�]RQH��UHFHLYH�D�����GLVFRXQW��,Q�������

WKLV� GLVFRXQWHG� UDWH�ZDV� ���� SHU�PRQWK� �LI� SDLG�PRQWKO\��� WKH� IXOO� UDWH�ZDV� ����� D�PRQWK��

                                                 
6�,Q�������WKH�VWDQGDUG�UDWH�ZDV�����SHU�GD\�LI�SD\PHQW�ZDV�PDGH�E\�������RQ�WKH�GD\�RI�WUDYHO��7KH�UDWH�LQFUHDVHG�
WR�����LI�SDLG�WKH�QH[W�GD\��,I�WKH�GULYHU�IDLOHG�WR�SD\�WKH�FKDUJH��D�SHQDOW\�FKDUJH�QRWLFH�IRU������ZRXOG�EH�VHQW�WR�
WKH�FDU�RZQHU��,I�WKH�SHQDOW\�FKDUJH�ZDV�SDLG�ZLWKLQ����GD\V��WKH�FKDUJH�ZDV�UHGXFHG�WR������ 
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(OLJLELOLW\�IRU�WKH�GLVFRXQW�LV�GHWHUPLQHG�E\�WKH�UHVLGHQWLDO�ORFDWLRQ¶V�IXOO�SRVWFRGH�7�7KLV�FUHDWHV�

D�VLJQLILFDQW�HFRQRPLF�GLIIHUHQFH�IRU�WKRVH�OLYLQJ�RXWVLGH�WKH�FKDUJLQJ�]RQH�FRPSDUHG�WR�WKRVH�

OLYLQJ�LQVLGH�WKH�FKDUJLQJ�]RQH��5HVLGHQWV�OLYLQJ�LQVLGH�WKH�]RQH�DUH�QRW�FKDUJHG�LI�WKHLU�FDUV�

UHPDLQ�SDUNHG�LQ�D�UHJLVWHUHG�ORFDWLRQ�GXULQJ�WKH�FKDUJLQJ�ZLQGRZ��+RZHYHU��XSRQ�GULYLQJ�WKHLU�

FDU��WKH\�ULVN�EHLQJ�FKDUJHG�LI�WKH\�DUH�FDSWXUHG�E\�WKH�FDPHUDV� 

$OO�UHYHQXHV�JHQHUDWHG�IURP�WKH�FRQJHVWLRQ�IHHV�DUH�LQYHVWHG�LQ�LPSURYLQJ�WUDQVSRUWDWLRQ�LQ�

WKH�DUHD��$ERXW�����RI�WKH�UHYHQXHV�DUH�XVHG�WR�H[SDQG�WKH�ORFDO�EXV�QHWZRUN�DQG�LPSURYH�WKH�

VHUYLFHV�� LQFOXGLQJ� WKH�QXPEHU�RI�VHUYLFHV�DQG� D�QHZ�SD\PHQW�V\VWHP��*LYRQL���������$OVR��

WKHUH�KDYH�EHHQ�VLJQLILFDQW�LQYHVWPHQWV�WR�SURPRWH�F\FOLQJ�LQ�WKH�DUHD��LQFOXGLQJ�WKH�H[SDQVLRQ�

RI�WKH�F\FOLQJ�QHWZRUN��FRQVWUXFWLRQ�RI�F\FOLQJ�VXSHUKLJKZD\V��HVWDEOLVKPHQW�RI�QHZ�ELF\FOH�

SDUNLQJ�VSDFHV�DQG�GHYHORSPHQW�RI�D�ELF\FOH�VKDULQJ�VFKHPH��3XFKHU�HW�DO���������0DUWLQ�HW�DO���

������� 

$FFRUGLQJ�WR�HDUOLHU�GHVFULSWLYH�HYLGHQFH��IROORZLQJ�WKH�/&&¶V�LPSOHPHQWDWLRQ��DFWLYH�WUDYHO�

LQFUHDVHG��WKH�QXPEHU�RI�FDUV�HQWHULQJ�&HQWUDO�/RQGRQ�GXULQJ�WKH�FKDUJLQJ�ZLQGRZ�GHFUHDVHG��

DQG�WKH�QXPEHU�RI�ELF\FOHV�HQWHULQJ�WKH�DUHD�LQFUHDVHG��7UDQVSRUW�IRU�/RQGRQ���������'XULQJ�

WKH�VDPH�SHULRG��WKH�DYHUDJH�GLVWDQFH�F\FOHG�E\�UHVLGHQWV�LQFUHDVHG�E\������DQG�WKH�QXPEHU�RI�

EXV�SDVVHQJHUV��ZKR�WHQG�WR�SDUWDNH�LQ�PRUH�SK\VLFDO�DFWLYLW\�WKDQ�GRRU�WR�GRRU�FDU�GULYHUV��

LQFUHDVHG� VXEVWDQWLDOO\� �7UDQVSRUW� IRU� /RQGRQ�� ������� 1RQHWKHOHVV�� JLYHQ� WKDW� WKRVH� UHODWHG�

SROLFLHV��LPSOHPHQWHG�GXULQJ�WKH�VDPH�SHULRG��PLJKW�DOVR�KDYH�LPSDFWHG�DFWLYH�WUDYHO��WKH�H[WHQW�

WR�ZKLFK�WKH�HFRQRPLF�LQFHQWLYH�RI�WKH�/&&�SURPSWHG�WKH�REVHUYHG�FKDQJHV�LQ�SK\VLFDO�DFWLYLW\�

OHYHOV�UHPDLQV�XQFOHDU� 

 

                                                 
7�7UDQVSRUW�IRU�/RQGRQ�RSHUDWHV�D�³]RQH�FKHFNHU´�RQ�WKHLU�ZHEVLWH��ZKLFK�LQIRUPV�UHVLGHQWV�ZKHWKHU�
WKH\�DUH�HOLJLEOH�IRU�WKH�GLVFRXQW�� 
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���0HWKRGV 

7KLV�VWXG\¶V�SULPDU\�JRDO�LV�WR�HVWLPDWH�WKH�FDXVDO�HIIHFW�RI�LQFUHDVLQJ�WKH�FRVW�RI�FKDUJHDEOH�

VHGHQWDU\�WUDYHO�PRGHV��L�H��SULYDWH�FDU�XVH��RQ�WUDYHO�UHODWHG�SK\VLFDO�DFWLYLW\�OHYHOV��+RZHYHU��

WKLV�HVWLPDWLRQ�HQJHQGHUV�DW� OHDVW� WZR�FRQFHUQV��7KH�ILUVW� LV�D�VWDQGDUG�HQGRJHQHLW\�SUREOHP�

UHODWHG�WR�UHVLGHQWLDO�ORFDWLRQ�HOLJLELOLW\�IRU�WKH�GLVFRXQW�VFKHPH��UHVLGHQWLDO�ORFDWLRQ�LV�OLNHO\�

FRUUHODWHG� ZLWK� QHLJKERXUKRRG� FKDUDFWHULVWLFV� WKDW� LQGHSHQGHQWO\� GHWHUPLQH� WUDYHO� PRGHV��

LQFOXGLQJ�WKH�EXLOW�HQYLURQPHQW��H�J��VKRSV��URDGV��EXV�VWRSV��DQG�VRFLRHFRQRPLF�FKDUDFWHULVWLFV�� 

7KH� VHFRQG� FRQFHUQ� UHODWHV� WR� LVRODWLQJ� WKH� HIIHFW� RI� WKH� FRQJHVWLRQ� FKDUJH� IURP� HIIHFWV�

SURGXFHG� E\� UHOHYDQW� FRPSOHPHQWDU\� SROLFLHV�� $V� 6HFWLRQ� �� GLVFXVVHG�� WKH� /&&¶V�

LPSOHPHQWDWLRQ� ZDV� EXWWUHVVHG� E\� RWKHU� SROLFLHV� DLPHG� DW� LPSURYLQJ� XUEDQ� WUDQVSRUWDWLRQ��

LQFOXGLQJ�LPSURYLQJ�WKH�EXV�QHWZRUN�DQG�H[SDQGLQJ�F\FOLQJ�URXWHV��$V�WKHVH�FRPSOHPHQWDU\�

SROLFLHV�FDQ�DOVR�LQFUHDVH�FRPPXWHUV¶�SK\VLFDO�DFWLYLW\�OHYHOV��DQ�XQFRQWUROOHG�EHIRUH�DQG�DIWHU�

FRPSDULVRQ�ZRXOG�IDLO�WR�LGHQWLI\�WKH�/&&¶V�FDXVDO�HIIHFW� 

7R�DGGUHVV�WKHVH�WZR�FRQFHUQV��ZH�H[SORLW�WKH�JHRJUDSKLF�GLVFRQWLQXLW\�RI�HOLJLELOLW\�IRU�WKH�

GLVFRXQW��)RFXVLQJ�RQ�LQGLYLGXDOV�ZKR�OLYH�FORVH�WR�WKH�FKDUJLQJ�]RQH¶V�ERUGHU��DQG�WKXV�VKDUH�

VLPLODU� QHLJKERXUKRRG� FKDUDFWHULVWLFV��PLWLJDWHV� FRQFHUQV� GXH� WR� XQREVHUYHG�QHLJKERXUKRRG�

FKDUDFWHULVWLFV��$GGLWLRQDOO\�� WKH�EHQHILWV� RI� LPSURYHG�XUEDQ� WUDQVSRUWDWLRQ� LQIUDVWUXFWXUH� DUH�

H[SHFWHG�WR�EH�HQMR\HG�DOPRVW�HTXDOO\�E\�UHVLGHQWV�RQ�ERWK�VLGHV�RI�WKH�ERUGHU��)RU�H[DPSOH��LI�

D�SHUVRQ� OLYLQJ�RQ�D�ERUGHU� VWUHHW� KDV� DFFHVV� WR� D�EHWWHU�EXV� VHUYLFH�� VRPHRQH� OLYLQJ�RQ� WKH�

RSSRVLWH� VLGH� RI� WKH� VWUHHW� FRXOG� HDVLO\� XWLOLVH� WKDW� VDPH� VHUYLFH�� 7KLV� VXJJHVWV� WKDW� WKH�

DFFRPSDQ\LQJ�WUDQVSRUWDWLRQ�SROLFLHV�DUH�QRW�OLNHO\�WR�LQWURGXFH�ELDV�WR�RXU�DQDO\VLV�� 
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$V�PHQWLRQHG��HOLJLELOLW\�IRU�WKH�����GLVFRXQW�LV�GHWHUPLQHG�E\�SRVWFRGH�8�2XU�GDWD�FRQWDLQ�

IXOO�VL[�GLJLW�SRVWFRGH�LQIRUPDWLRQ��8VLQJ�D�*,6��ZH�ORFDWH�HDFK�VXUYH\�SDUWLFLSDQW�RI�/7'6�

ZLWKLQ�/RQGRQ��VHH�)LJXUH���� 

>)LJXUH���DERXW�KHUH@� 

,Q�RXU�DQDO\VLV��WKH�WUHDWPHQW�JURXS�FRPSULVHV�LQGLYLGXDOV�ZKR�OLYH�MXVW�RXWVLGH�WKH�FKDUJLQJ�

]RQH�DQG�SD\�WKH�IXOO�FRQJHVWLRQ�FKDUJH��DQG�WKH�FRQWURO�JURXS�FRPSULVHV�WKRVH�ZKR�OLYH�MXVW�

LQVLGH�WKH�]RQH�DQG�DUH�HOLJLEOH�IRU�WKH�GLVFRXQW��,PSOHPHQWLQJ�D�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�

�5''�� HVWLPDWLRQ�� ZH� HPSOR\� GLVWDQFH� WR� WKH� FRQJHVWLRQ� FKDUJH� DUHD� DV� WKH� WUHDWPHQW�

DVVLJQPHQW�YDULDEOH��7R�HQVXUH�ZH�DUH�FRPSDULQJ�LQGLYLGXDOV�ZKR�OLYH�FORVH�WR�HDFK�RWKHU��ZH�

IROORZ�WKH�DSSURDFK�RI�'HOO��������DQG�LPSOHPHQW�D�VSDWLDO�5''�HVWLPDWRU� WKDW�FRQWUROV�IRU�

ERUGHU� VHJPHQW� IL[HG�HIIHFW�� E\� GLYLGLQJ� WKH� ERUGHU� LQWR� VHJPHQWV� DQG� DVVLJQLQJ� D� VHJPHQW�

LGHQWLILHU� IRU� HDFK� UHVLGHQWLDO� ORFDWLRQ�� 7KH� VDPH� ERUGHU� VHJPHQWV� DUH� DOVR� XVHG� WR� FOXVWHU�

VWDQGDUG�HUURUV�9� 

7R�LPSOHPHQW�WKH�ERXQGDU\�5''��ZH�IROORZ�WKH�VWDQGDUG�DSSURDFK�RI�WKH�OLWHUDWXUH�DQG�UXQ�D�

ORFDO� OLQHDU� UHJUHVVLRQ�XVLQJ� WKH�RSWLPDO�PHDQ� VTXDUHG�HUURU� FULWHULRQ�ZLWK� WULDQJXODU�NHUQHO�

ZHLJKWV��&DORQLFR�HW�DO��������10�DV�HVWLPDWHG�E\�WKH�IROORZLQJ�OLQHDU�PRGHO�� 

 
௜௦ݕ ൌ ߙ� ൅ ௜௦ܥܥܮ߬� ൅ ௜௦ݐݏ݅ܦߚ� כ ௜௦ܥܥܮ ൅ ௜௦ሺͳݐݏ݅ܦߨ െ ௜௦ሻܥܥܮ ൅ ࢽᇱ௜ࢠ ൅�߮௦ ൅ ߳௜௦� 

 

                                                 
8�7KH�7UDQVSRUW� IRU�/RQGRQ�ZHEVLWH�RIIHUV� D� ³FKDUJLQJ� ]RQH� FKHFNHU´� DOORZLQJ� UHVLGHQWV� WR� FKHFN�
ZKHWKHU� WKH\� DUH� HOLJLEOH� IRU� WKH� GLVFRXQW� E\� HQWHULQJ� WKHLU� SRVWFRGH��
KWWSV���WIO�JRY�XN�PRGHV�GULYLQJ�FRQJHVWLRQ�FKDUJH��DFFHVVHG�6HSWHPEHU�������� 
9�:H�XVH�WKH�TXDQWLOH�EDVHG�PHWKRG�WR�GLYLGH�WKH�ERUGHU�LQWR����VHJPHQWV�RI�VLPLODU�VDPSOH�VL]HV��,Q�
WZR�VHQVLWLYLW\�DQDO\VHV��ZH�VSOLW�WKH�ERUGHU�LQWR�HLWKHU����RU����VHJPHQWV��7KLV�GHOLYHUV�VLPLODU�UHVXOWV�
�VHH�$SSHQGL[�7DEOH�$��� 
10�%HFDXVH�WKH�YDOXHV�RI�WKH�IRUFLQJ�YDULDEOH�LQ�RXU�GDWD�DUH�KLJKO\�DV\PPHWULF��L�H��WKH�PLQLPXP�YDOXH�
RI�WKH�IRUFLQJ�YDULDEOH�LV���NP�LQVLGH�WKH�FRQJHVWLRQ�FKDUJH�]RQH�DQG������NP�RXWVLGH�WKH�]RQH��ZH�
DOORZ�IRU�WZR�GLIIHUHQW�06(�RSWLPDO�EDQGZLGWK�VHOHFWRUV�IRU�HDFK�VLGH�RI�WKH�FXW�RII� 
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ZKHUHݕ�௜௦�LV� WKH�RXWFRPH�YDULDEOH� IRU�DQ� LQGLYLGXDO� L�FORVHU� WR� WKH�ERUGHU�VHJPHQW�V��Ƚ�LV� WKH�

FRQVWDQW�WHUP�DQGܥܥܮ�௜௦�LV�WKH�WUHDWPHQW�LQGLFDWRU��ZKLFK�HTXDOV���LI�WKH�LQGLYLGXDO�OLYHV�RXWVLGH�

WKH�FRQJHVWLRQ�FKDUJH�]RQH�DQG���LI�WKH\�OLYH�LQVLGH�WKH�FKDUJH�]RQH��2Q���)HEUXDU\�������WKH�

FKDUJLQJ�]RQH�ZDV�H[WHQGHG�WR�WKH�ZHVWHUQ�VLGH�RI�&HQWUDO�/RQGRQ��PDNLQJ�WKHܥܥܮ�௜௦���LI�WKH\�

ZHUH�VXUYH\HG�EHIRUH���)HEUXDU\������DQG���LI�WKH\�ZHUH�VXUYH\HG�DIWHU�WKDW�GDWH�11�:H�DQDO\VH�

WKH�HIIHFWV�RI�WKH�ZHVWHUQ�H[SDQVLRQ�VHSDUDWHO\��7KH�DVVLJQPHQW�YDULDEOHݐݏ݅ܦ�௜௦�LV�WKH�GLVWDQFH�

WR�WKH�ERUGHU�V�IURP�WKH�WKH�LQGLYLGXDO¶V�UHVLGHQWLDO�ORFDWLRQ��7KH�OLQHDU�VSOLQH�RQ�WKH�OHIW�VLGH�RI�

WKH� FXW�RII� �L�H�� LQVLGH� WKH�FRQJHVWLRQ�FKDUJH� ]RQH�� LV� UHSUHVHQWHG�E\� WKH� LQWHUDFWLRQݐݏ݅ܦ�௜௦ כ

௜௦�ሺͳݐݏ݅ܦ�௜௦ǡ�DQGܥܥܮ െ �L�H��RXWVLGH�WKH��௜௦ሻ�LV�WKH�OLQHDU�VSOLQH�RQ�WKH�ULJKW�VLGH�RI�WKH�FXW�RIIܥܥܮ

FRQJHVWLRQ�FKDUJH�]RQH���$�VHQVLWLYLW\�DQDO\VLV�DOVR�VSHFLILHV�D�ORFDO�TXDGUDWLF�VSOLQH��7KH�VSDWLDO�

VHJPHQW�IL[HG�HIIHFW�SURSRVHG�E\�'HOO��������LV�UHSUHVHQWHG�E\�߮௦�� 

)LQDOO\��ZH� FRQWURO� IRU� D� VHW� RI� FRYDULDWHV� LQ� WKH� YHFWRUࢠ�௜௦��� LQFOXGLQJ� FDOHQGDU� WLPH� �IL[HG�

HIIHFWV�IRU�\HDU��PRQWK��DQG�GD\�RI�WKH�ZHHN���DJH��TXDGUDWLF�VSHFLILFDWLRQ���JHQGHU��HWKQLFLW\�

�:KLWH��$VLDQ��2WKHU���HPSOR\PHQW�VWDWXV��HPSOR\HH��VHOI�HPSOR\HG��VWXGHQW��QRQ�HPSOR\HG��

XQNQRZQ�VWDWXV���SRVVHVVLQJ�D�GULYHU¶V�OLFHQVH��DQG�KRXVHKROG�JURVV�\HDUO\�LQFRPH� 

7KH�OLWHUDWXUH�LQGLFDWHV�WKDW� WKH�HVWLPDWHG�WUHDWPHQW�HIIHFW�VKRXOG�EH�FRQVLGHUHG�D�ZHLJKWHG�

DYHUDJH� WUHDWPHQW� HIIHFW��ZKHUH� WKH�ZHLJKW� LV� WKH�SUREDELOLW\�RI� OLYLQJ�FORVH� WR� WKH� FKDUJLQJ�

]RQH¶V�ERUGHU��VHH��IRU�H[DPSOH��/HH�DQG�/HPLHX[���������7KLV�UDLVHV�FRQFHUQV�UHJDUGLQJ�WKH�

H[WHUQDO�YDOLGLW\�RI�WKH�HVWLPDWHG�HIIHFWV��ZKLFK�ZH�DFNQRZOHGJH�DV�D�OLPLWDWLRQ�RI�RXU�DSSURDFK�� 

 

 

                                                 
11�:H�UXQ�D�VHULHV�RI�SODFHER� WHVWV�RQ�IDOVH�FXW�RII�SRLQWV�E\� LPSOHPHQWLQJ�DQ�5''�HVWLPDWLRQ�IRU�
HYHU\���NP�RXWVLGH�WKH�FRQJHVWLRQ�FKDUJH�]RQH��:H�VWDUW�IURP�WKH�VHFRQG�NLORPHWUH�WR�KDYH�DW�OHDVW���
NP� RQ� WKH� OHIW� RI� WKH� IDOVH� FXW�RII� �DV� LQ� WKH�PDLQ� DQDO\VLV�� DQG� LVRODWH� WKH� WUXH� GLVFRQWLQXLW\� E\�
UHPRYLQJ�XQLWV�LQVLGH�WKH�FRQJHVWLRQ�FKDUJH�]RQH��$SSHQGL[�7DEOH�$��VKRZV�WKDW�QR�HVWLPDWH�IRU�WKHVH�
IDOVH�FXW�RII�SRLQWV�LV�VWDWLVWLFDOO\�VLJQLILFDQW�DW���� 
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���'DWD 

:H�XVH�GDWD�IURP�WKH�/7'6�IRU�WKH�SHULRG�����±������EHJLQQLQJ�ZLWK�WKH��������ILQDQFLDO�

\HDU��8QIRUWXQDWHO\��GDWD�IRU�WKH�SHULRG�EHWZHHQ�WKH�FRQJHVWLRQ�FKDUJH¶V�LPSOHPHQWDWLRQ�LQ������

DQG� WKH� PLGGOH� RI� ����� DUH� QRW� DYDLODEOH�� PHDQLQJ� RXU� DQDO\VLV� DGGUHVVHV� WKH� FRQJHVWLRQ�

FKDUJH¶V� ORQJ�WHUP� UDWKHU� WKDQ� LPPHGLDWH� HIIHFWV�� 7KH� /7'6� LV� DQ� DQQXDO� FURVV�VHFWLRQDO�

KRXVHKROG�VXUYH\�IRU�UHVLGHQWV�RI�/RQGRQ¶V�ERURXJKV�DQG�VRPH�SDUWV�RI�WKH�DUHD�RXWVLGH�*UHDWHU�

/RQGRQ��UHVWULFWHG�WR�WKRVH�ZLWKLQ�WKH�0���PRWRUZD\��� 

7KH� VDPSOH� KRXVHKROGV� DUH� UHSUHVHQWDWLYH� LQ� WHUPV� RI� ERWK� KRXVHKROG� FKDUDFWHULVWLFV� DQG�

UHVLGHQWLDO�ORFDWLRQV�ZLWKLQ�WKH�DUHD��)RU�HDFK�VXUYH\�\HDU��WKH�WRWDO�VDPSOH�VL]H�LV�DURXQG�������

WR��������ZLWK�D�UHVSRQVH�UDWH�RI�DSSUR[LPDWHO\���±�����&RQGXFWHG�YLD�KRXVHKROG�LQWHUYLHZV��

WKH� VXUYH\� FRPSULVHV� WKUHH� VHWV� RI� TXHVWLRQQDLUHV�� 7KH� ILUVW� LV� D� KRXVHKROG� TXHVWLRQQDLUH�

DGGUHVVLQJ�KRXVHKROG�FKDUDFWHULVWLFV��VRFLRHFRQRPLF�DQG�GHPRJUDSKLF�LQIRUPDWLRQ��12�YHKLFOH�

RZQHUVKLS� �L�H�� KRZ� PDQ\� DQG� ZKDW� NLQG� RI� YHKLFOHV�� DQG� KRXVLQJ� WHQXUH� �L�H�� ZKHQ� WKH�

KRXVHKROG�EHJDQ�UHVLGLQJ�DW�WKH�FXUUHQW�UHVLGHQFH���7KH�VHFRQG�LV�DQ�LQGLYLGXDO�TXHVWLRQQDLUH�

FRPSOHWHG� E\� DOO� KRXVHKROG� PHPEHUV� DJHG� ILYH� DQG� DERYH� DQG� FRYHULQJ� LQGLYLGXDO�OHYHO�

GHPRJUDSKLF� FKDUDFWHULVWLFV�� LQFOXGLQJ� DJH� DQG� JHQGHU�� HPSOR\PHQW� RU� HGXFDWLRQDO� VWDWXV��

ZRUNSODFH�VFKRRO� GHWDLOV� DQG� WUDYHO�UHODWHG� FKDUDFWHULVWLFV�� VXFK� DV� ZKHWKHU� WKH� LQGLYLGXDO�

SRVVHVVHV�D�GULYLQJ�OLFHQVH��$�WKLUG�TXHVWLRQQDLUH�FRPSOHWHG�E\�DOO�KRXVHKROG�PHPEHUV�DJHG�

ILYH�RU�DERYH�SURYLGHV�LQIRUPDWLRQ�UHJDUGLQJ�WULSV�PDGH�GXULQJ�WKH�GD\�EHIRUH�WKH�KRXVHKROG�

LQWHUYLHZ� �L�H�� D� VLQJOH�GD\� WUDYHO� GLDU\�� DQG� UHFRUGV� PDLQ� WUDYHO� PRGH�� WULS� RULJLQ�� WULS�

                                                 
12�,I�WKH�KRXVHKROG�LQFRPH�EDQG�LV�PLVVLQJ��LW�LV�LPSXWHG�XVLQJ�WKH�IROORZLQJ�KRXVHKROG�FKDUDFWHULVWLFV��
L�� WKH�QXPEHU�RI� IXOO� DQG�SDUW�WLPH�ZRUNHUV� LQ� WKH�KRXVHKROG�� LL��KRXVHKROG�VL]H�DQG�VWUXFWXUH�� LLL��
KRXVLQJ�WHQXUH��LY��ZKHWKHU�WKH�KRXVHKROG�KDV�D�KRPH�FRPSXWHU��Y��QXPEHU�RI�YHKLFOHV�DYDLODEOH�WR�
WKH�KRXVHKROG��DQG�YL��ZKHWKHU�WKH�KRXVHKROG�KDV�DQRWKHU�KRPH�� 
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GHVWLQDWLRQ��WLPH�RI�GHSDUWXUH��WLPH�RI�DUULYDO�DQG�WULS�SXUSRVH��(DFK�WULS�LV�IXUWKHU�GLYLGHG�LQWR�

WUDYHO�VWDJHV�WR�DOVR�JHQHUDWH�WKLV�LQIRUPDWLRQ�DW�WKH�WUDYHO�VWDJH�OHYHO�13� 

7KXV�GDWD�LQFOXGH�GHWDLOHG�JHRJUDSKLF�LQIRUPDWLRQ��LQFOXGLQJ�IXOO�GLJLW�SRVWFRGH�LQIRUPDWLRQ�

IRU� KRPH�� ZRUNSODFH� DQG� VFKRRO� DGGUHVVHV� DORQJVLGH� GHWDLOHG� LQVLJKWV� LQWR� UHVLGHQW� WUDYHO�

EHKDYLRXU�� 7KLV� HQDEOHV� XV� WR� XVH� *,6� WR� SUHFLVHO\� JHRFRGH� KRXVHKROG� ORFDWLRQV� DQG�

JHRJUDSKLFDO�FKDUDFWHULVWLFV�RI�SDUWLFLSDQW�WULSV��H�J��GLVWDQFH���$OWKRXJK�HOLJLELOLW\�IRU�WKH�����

UHGXFWLRQ� RQ� WKH� FRQJHVWLRQ� FKDUJH� GHULYHV� IURP� IXOO� SRVWFRGH� LQIRUPDWLRQ�� WKH� GDWD� GR� QRW�

LQGLFDWH�ZKHWKHU�HOLJLEOH� LQGLYLGXDOV�DFWXDOO\�UHJLVWHUHG�WR�UHFHLYH�WKH�GLVFRXQW��$FFRUGLQJO\��

RXU� HIIHFW� HVWLPDWHV� VKRXOG� EH� LQWHUSUHWHG� DV� LQWHQWLRQ�WR�WUHDW� HIIHFWV�� 7KH� NH\� RXWFRPH�

YDULDEOHV�DUH�WKH�WLPH�VSHQW�RQ�DFWLYH�WUDYHO��L�H��ZDONLQJ�DQG�F\FOLQJ��DQG�WKH�GLVWDQFH�WUDYHOOHG�

E\�FDU�GXULQJ�WKH�FRQJHVWLRQ�FKDUJH�ZLQGRZ��7KH�IRUPHU�GHULYHV�IURP�FRPSXWLQJ�WKH�WLPH�DQ�

LQGLYLGXDO�VSHQGV�RQ�DOO�WUDYHO�VWDJHV�LQYROYLQJ�HLWKHU�ZDONLQJ�RU�F\FOLQJ�RQ�WKH�VDPH�GD\��7ULSV�

RXWVLGH�RI�WKH�FRQJHVWLRQ�FKDUJH�ZLQGRZ�DUH�UHFRUGHG�DV�]HUR� 

2XU�LQLWLDO�VDPSOH�LQFOXGHV���������LQGLYLGXDOV��ZKLFK�ZH�QDUURZ�GRZQ�DV�IROORZV��)LUVW��ZH�

UHPRYH�LQGLYLGXDOV�ZLWK�PLVVLQJ�LQIRUPDWLRQ�LQ�WKHLU�WUDYHO�GLDULHV��������LQGLYLGXDOV���6HFRQG��

ZH�UHPRYH�LQGLYLGXDOV�IRU�ZKRP�WKH�WUHDWPHQW�LV�XQOLNHO\�WR�DIIHFW�FDU�XVH��VXFK�DV�LQGLYLGXDOV�

XQGHU����\HDUV�ROG�����������WKRVH�ZLWK�ORQJ�WHUP�KHDOWK�SUREOHPV�RU�GLVDELOLWLHV�WKDW�OLPLW�WKHLU�

GDLO\�DFWLYLW\�����������DQG�WKRVH�ZKR�GLG�QRW�OHDYH�WKHLU�SODFH�RI�UHVLGHQFH�GXULQJ�WKH�GD\�RI�

WKH� LQWHUYLHZ� ����������7KLUG�� EHFDXVH� WKH� FRQJHVWLRQ�FKDUJH�RQO\� DSSOLHV�RQ�ZHHNGD\V� DQG�

GXULQJ� ZRUNLQJ� KRXUV�� ZH� H[FOXGH� WUDYHO� GDWD� IRU� ZHHNHQGV� DQG� SXEOLF� KROLGD\V� ��������

REVHUYDWLRQV��� )LQDOO\�� ZH� H[FOXGH� ���� LQGLYLGXDOV� ZKR� UHSRUW� YDOXHV� IRU� WULSV� GXULQJ� WKH�

FRQJHVWLRQ� FKDUJH� ZLQGRZ� SRVLWLRQLQJ� WKHP� DERYH� WKH� ����� SHUFHQWLOH� IRU� WRWDO� WLPH� VSHQW�

                                                 
13�)RU�DQ�LOOXVWUDWLYH�H[DPSOH��FRQVLGHU�D�WULS�WR�WKHLU�ZRUNSODFH�GXULQJ�ZKLFK�D�SHUVRQ�ZDONV�IURP�
WKHLU�KRPH�WR�WKH�QHDUHVW�EXV�VWRS��VWDJH����DQG�WKHQ�WDNHV�D�EXV�WR�WKH�FLW\�FHQWUH��VWDJH����EHIRUH�
ZDONLQJ�WR�WKHLU�ZRUNSODFH��VWDJH�����7KH�WRWDO�WLPH�VSHQW�ZDONLQJ�GXULQJ�WKLV�WULS�LV�WKH�VXP�RI�WKH�
GXUDWLRQV�RI�VWDJHV���DQG��� 
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DFWLYHO\�FRPPXWLQJ��!����PLQXWHV��RU�GLVWDQFH�WUDYHOOHG�E\�FDU��!����NP���8SRQ�FOHDQLQJ�XS�

WKH�GDWD���������REVHUYDWLRQV�UHPDLQ� 

����0DLQ�UHVXOWV 

6XPPDU\�VWDWLVWLFV� 

7KH�DQDO\VLV�IRFXVHV�RQ�LQGLYLGXDOV�OLYLQJ�QHDU�WKH�FRQJHVWLRQ�FKDUJH�]RQH¶V�ERUGHU��7DEOH���

SUHVHQWV�VXPPDU\�VWDWLVWLFV�IRU�WZR�GLIIHUHQW�VXEVDPSOHV�����LQQHU�/RQGRQ�UHVLGHQWV��LQGLYLGXDOV�

OLYLQJ�ZLWKLQ���NP�UDQJH�RI�WKH�FKDUJH�]RQH�ERUGHU���DQG����WKH�UHVW�RI�WKH�VDPSOH�� 

>7DEOH���DERXW�KHUH@� 

2Q�DYHUDJH��WKH�WRWDO�WLPH�VSHQW�RQ�DFWLYH�WUDYHO��ZDONLQJ�RU�F\FOLQJ��LV�KDOI�DQ�KRXU�SHU�GD\�

SHU�LQGLYLGXDO��,QQHU�/RQGRQ�UHVLGHQWV�VSHQG�PRUH�WLPH�RQ�DFWLYH�WUDYHO�WKDQ�WKRVH�LQ�RWKHU�DUHDV�

����YV����PLQXWHV���&RQYHUVHO\��ZKLOH�LQQHU�/RQGRQ�UHVLGHQWV�WUDYHO�DERXW�����NP�LQ�WKHLU�FDUV�

SHU�GD\��WKH�UHVW�RI�WKH�VDPSOH�WUDYHOV�DERXW�����NP��7KLV�FRQWUDVW�FRXOG�DULVH�IURP�LQQHU�/RQGRQ�

UHVLGHQWV�OLYLQJ�FORVHU�WR�WKHLU�ZRUNSODFH�RU�VFKRRO��1R�VXEVWDQWLDO�GLIIHUHQFHV�DUH�REVHUYHG�IRU�

GLVWDQFHV�FRYHUHG�E\�RWKHU�PHDQV�RI�WUDQVSRUW����NP��RU�IRU�JHQGHU������DUH�ZRPHQ���+RZHYHU��

LQQHU�UHVLGHQWV�WHQG�WR�EH�\RXQJHU�������YV������\HDUV�ROG��DQG�HWKQLFDOO\�ZKLWH������YV�������

7KH\�DOVR�WHQG�WR� UHSRUW�D� ORZHU�JURVV�KRXVHKROG�LQFRPH�DQG�DUH�PRUH�OLNHO\�WR�EH�VWXGHQWV�

�������YV��������)LQDOO\�� D� VPDOOHU�SURSRUWLRQ�RI� LQQHU�/RQGRQ� UHVLGHQWV� SRVVHVV� D�GULYHU¶V�

OLFHQVH� ����� YV� ������ 1R� ODUJH� GLIIHUHQFHV� DUH� REVHUYHG� IRU� FDOHQGDU� GDWHV�� 8OWLPDWHO\��

GLIIHUHQFHV�EHWZHHQ�LQQHU�/RQGRQ�UHVLGHQWV�DQG�WKH�UHVW�RI�WKH�VDPSOH�LPSOLHV�WKDW�WKH�WUDYHO�

HQYLURQPHQW�LQ�WKH�LQQHU�/RQGRQ�DUHD�LV�VRPHZKDW�GLVWLQFWLYH��DV�VXFK��HPSLULFDO�ILQGLQJV�IURP�

WKH�LQQHU�/RQGRQ�VDPSOH�PD\�QRW�EH�JHQHUDOLVDEOH�WR�WKH�EURDGHU�/RQGRQ�SRSXODWLRQ�� 
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*UDSKLFDO�DQDO\VLV 

:H�QRZ�JUDSKLFDOO\�DQDO\VH�RXU�HVWLPDWLRQ�VDPSOH�DIWHU�UHVWULFWLQJ�LW�WR�WKH�RSWLPDO�EDQGZLGWK�

GHULYHG�ZLWK�UHIHUHQFH�WR�&DORQLFR�HW�DO����������)LJXUH���SORWV�WKH�WRWDO�GXUDWLRQ�RI�DFWLYH�WUDYHO�

DQG�GLVWDQFH�WUDYHOOHG�E\�FDU�GXULQJ�WKH�GD\�RI�WUDYHO�DJDLQVW�WKH�GLVWDQFH�EHWZHHQ�UHVLGHQWLDO�

ORFDWLRQ�DQG�WKH�FKDUJLQJ�]RQH�ERUGHU�� 

>)LJXUH���DERXW�KHUH@� 

,Q�)LJXUH����GLVWDQFH��KRUL]RQWDO�D[LV�� LV���DW� WKH�ERUGHU�� LW� LV�SRVLWLYH�LI�DQ�LQGLYLGXDO� OLYHV�

RXWVLGH�WKH�ERUGHU�DQG�QHJDWLYH�LI�DQ�LQGLYLGXDO�OLYHV�LQVLGH�WKH�ERUGHU��7KH�SORWV�GHPRQVWUDWH�D�

VPDOO�LQFUHDVH�LQ�WKH�GXUDWLRQ�RI�DFWLYH�FRPPXWLQJ�DQG�D�VPDOO�GHFUHDVH�LQ�NLORPHWUHV�WUDYHOOHG�

E\�FDU� IRU� WKRVH� OLYLQJ� MXVW�RXWVLGH� WKH�FXW�RII��7KH�QH[W�VXEVHFWLRQ� IRUPDOO\�HVWLPDWHV� WKHVH�

HIIHFWV� 

5HJUHVVLRQ�DQDO\VLV� 

7DEOH���SUHVHQWV�RXU�EHQFKPDUN�UHJUHVVLRQ�DQDO\VLV�� 

>7DEOH���DERXW�KHUH@� 

3DQHO�$�SUHVHQWV�WKH�HIIHFWV�RQ�WKH�WRWDO�GXUDWLRQ�RI�DFWLYH�WUDYHO�SHU�LQGLYLGXDO�SHU�GD\��&ROXPQ�

��LQGLFDWHV�WKDW�WKH�WUHDWPHQW�HIIHFW�LV�RQO\�DERXW���H[WUD�PLQXWHV�RI�DFWLYH�WUDYHO��7KH�HIIHFW�LV�

VWDWLVWLFDOO\� VLJQLILFDQW� DW� ��� DQG� LV� UREXVW� WR� GLIIHUHQW� HVWLPDWLRQ� PHWKRGV�� LQFOXGLQJ�

LQFRUSRUDWLQJ�LQGLYLGXDO�FRYDULDWHV��&ROXPQ����DQG�UHO\LQJ�RQ�D�TXDGUDWLF�VSOLQH��&ROXPQ�����

5HWDLQLQJ�RQO\�LQGLYLGXDOV�ZLWK�D�FDU�RQ�WKH�GD\�RI� WUDYHO��&ROXPQ����GHOLYHUV� ODUJHU�HIIHFWV�

������PLQXWHV��14�7KLV�LPSOLHV�WKDW�WKH�HFRQRPLF�LQFHQWLYH�LQFUHDVHV�RYHUDOO�DFWLYLW\�OHYHOV�IURP�

                                                 
14�1R�VLJQLILFDQW�HIIHFW�LV�IRXQG�IRU�WKH�VXEVHW�RI�LQGLYLGXDOV�ZLWK�QR�FDU�DYDLODEOH�GXULQJ�WKH�GD\��
7KHVH�HVWLPDWHV�DUH�DYDLODEOH�XSRQ�UHTXHVW� 



 

15 
 

D� VWDWLVWLFDO� VLJQLILFDQFH� SHUVSHFWLYH�� EXW� RQO\� PRGHUDWHO\� VR� IURP� D� SRSXODWLRQ� KHDOWK�

SHUVSHFWLYH� 

&ROXPQ���RI�3DQHO�%�GHPRQVWUDWHV�D�UHGXFWLRQ�LQ�WKH�WRWDO�GLVWDQFH�WUDYHOOHG�E\�FDU�GXULQJ�WKH�

FRQJHVWLRQ�FKDUJH�ZLQGRZ�RI�RQO\�DERXW�����NP��+RZHYHU��WKH�HIIHFW�LV�VWDWLVWLFDOO\�VLJQLILFDQW�

DW�����IRU�RQO\�VRPH�VSHFLILFDWLRQV��SRVVLEO\�RZLQJ�WR�WKH�LQDELOLW\�WR�GHWHFW�VPDOO�UHGXFWLRQV�

LQ� FDU� XVH�� )LQDOO\�� 3DQHO� &� UHSUHVHQWV� WKH� VWDWLVWLFDOO\� LQVLJQLILFDQW� HIIHFW� RQ� WKH� GLVWDQFH�

WUDYHOOHG�XVLQJ�RWKHU�PHDQV�RI�WUDQVSRUWDWLRQ� 

���([WHQVLRQ�DQG�UREXVWQHVV� 

,QFRPH�KHWHURJHQHLW\� 

$FFRUGLQJ�WR�RXU�PDLQ�UHVXOWV��WKH�/&&�KDV�RQO\�D�VPDOO�RYHUDOO�LPSDFW�RQ�DFWLYH�FRPPXWLQJ��

$�SRWHQWLDO� H[SODQDWLRQ� IRU� WKLV� ILQGLQJ� LV� WKDW� WKH�FKDUJH� LQVXIILFLHQWO\�GLVLQFHQWLYLVHV� WKRVH�

ZKR�FDQ�DOUHDG\�DIIRUG�WR�OLYH�LQ�WKH�FRVWO\�&HQWUDO�/RQGRQ�DUHD�IURP�GULYLQJ��$FFRUGLQJO\��ZH�

HVWLPDWH� WKH� KHWHURJHQHRXV� HIIHFWV� IRU� LQGLYLGXDOV� DERYH� RU� EHORZ� WKH� PHGLDQ� REVHUYHG�

KRXVHKROG� LQFRPH� ����������� ,I� WKH�HVWLPDWHG�HIIHFW� LV�GXH� WR� WKH� HFRQRPLF� LQFHQWLYH�RI� WKH�

FRQJHVWLRQ�FKDUJH�DUHD��DQG�QRW�GXH�WR�VRPHWKLQJ�HOVH��ZH�VKRXOG�REVHUYH�D�ODUJHU�HIIHFW�IRU�

ORZHU�LQFRPH�KRXVHKROGV��,Q�7DEOH����RXU�HVWLPDWHV�FRQILUP�WKLV�SUHGLFWLRQ��VHH�&ROXPQ���RI�

3DQHO� $��� WKH� HIIHFW� RQ� DFWLYH� FRPPXWLQJ� LV� ODUJHU� DQG� RQO\� VWDWLVWLFDOO\� VLJQLILFDQW� IRU�

LQGLYLGXDOV�IURP�ORZHU�LQFRPH�KRXVHKROGV�������PLQXWHV���5HVXOWV�DUH�UREXVW�WR�WKH�LQFOXVLRQ�

RI� FRYDULDWHV� �&ROXPQ� ��� RU� UHO\LQJ� RQ� D� TXDGUDWLF� VSOLQH� �&ROXPQ� ���� 6LPLODU� GLIIHUHQFHV�

EHWZHHQ�LQFRPH�JURXSV�DUH�REVHUYHG�IRU�WKH�GLVWDQFH�WUDYHOOHG�E\�FDU�GXULQJ�WKH�GD\��3DQHO�%�� 

>7DEOH���DERXW�KHUH@� 
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([SDQVLRQ�RI�WKH�FKDUJLQJ�]RQH�DQG�LWV�UHSHDO 

*LYHQ�WKH�FRQJHVWLRQ�FKDUJH�ZDV�ILUVW�LPSOHPHQWHG�LQ�������EXW�RXU�GDWD�EHJLQV�LQ�WKH��������

ILQDQFLDO�\HDU��RXU�PDLQ�DQDO\VLV�VKRXOG�WKXV�EH�YLHZHG�DV�DVVHVVLQJ�WKH�ORQJ�WHUP�HIIHFWV�RI�WKH�

HFRQRPLF� LQFHQWLYH�� +RZHYHU�� WKH� DIRUHPHQWLRQHG� ³ZHVWHUQ� H[SDQVLRQ´�� ZKLFK� RFFXUUHG� LQ�

)HEUXDU\������EHIRUH�EHLQJ�UHSHDOHG�LQ�'HFHPEHU�������FDQ�EH�H[SORLWHG�XVLQJ�WKH�/7'6¶V�

WLPH�GLPHQVLRQ�WR�HVWLPDWH�WKH�³ERUGHU�HIIHFW´�IRU�:HVW�/RQGRQ��:H�ILUVW�LPSOHPHQW�D�SODFHER�

WHVW�IRU�ZKHQ�WKHUH�ZDV�QR�FRQJHVWLRQ�FKDUJH��EHIRUH�)HEUXDU\������DQG�DIWHU�'HFHPEHU�������

DQG�WKHQ�HVWLPDWH�WKH�WUHDWPHQW�HIIHFW�GXULQJ�WKH�SHULRG�RI�WKH�FRQJHVWLRQ�FKDUJH��7KLV�DQDO\VLV�

HPSOR\V� GLVWDQFH� IURP� WKH� ZHVWHUQ� ERUGHU� RI� WKH� FRQJHVWLRQ� FKDUJH� DUHD� DV� WKH� WUHDWPHQW�

DVVLJQPHQW�YDULDEOH�15 

,Q�7DEOH����ZH�GR�QRW�REVHUYH�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WUDYHO�EHKDYLRXU�IRU�WKH�

SHULRG� GXULQJ� ZKLFK� UHVLGHQWV� RI� WKH� :HVW� /RQGRQ� DUHD� ZHUH� QRW� HOLJLEOH� IRU� D� UHGXFHG�

FRQJHVWLRQ�FKDUJH��3DQHO�$���,QVWHDG��GXULQJ�WKH�SHULRG�RI�WKH�H[SDQVLRQ��3DQHO�%���ZH�HVWLPDWH�

D�KLJKHU� OHYHO�RI�DFWLYH�FRPPXWLQJ�DPRQJ�LQGLYLGXDOV� OLYLQJ�RXWVLGH�WKH�:HVWHUQ�FRQJHVWLRQ�

FKDUJH�]RQH��DERXW�����PLQXWHV��&ROXPQ����DQG�D�UHGXFWLRQ�LQ�WKH�GLVWDQFH�WUDYHOOHG�E\�FDU������

NP��&ROXPQ������LQGLFDWLQJ�DQ�LPPHGLDWH�EXW�PRGHVW�LPSDFW�RI�WKH�HFRQRPLF�LQFHQWLYH�RQ�DFWLYH�

WUDYHO�� 

>7DEOH���DERXW�KHUH@� 

6RUWLQJ�DURXQG�WKH�FKDUJLQJ�]RQH 

'HSHQGLQJ�RQ�WKH�DYDLODELOLW\�RI�KRXVLQJ�SURSHUWLHV��LQGLYLGXDOV�FDQ�FKRRVH�ZKHUH�WKH\�OLYH��

ZKLFK�FDQ�YLRODWH�D�EDVLF�DVVXPSWLRQ�RI�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ��QDPHO\�� WKH�ODFN�RI�

SUHFLVH�VRUWLQJ�DURXQG�WKH�FXW�RII��%ODFN��������'HOO��������0DJUXGHU���������,I�LQGLYLGXDOV�ZLWK�

                                                 
15�:H� UHPRYH����� LQGLYLGXDOV� OLYLQJ� LQ� WKH�FHQWUDO� DUHD�GXH� WR� WKHUH�EHLQJ�QR� WUHDWPHQW�GLIIHUHQFH�
DORQJ�WKDW�ERUGHU�GXULQJ�WKH�ZHVWHUQ�H[SDQVLRQ� 
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D�SUHIHUHQFH� IRU�D� VHGHQWDU\� OLIHVW\OH� VHOI�VHOHFW� WR� OLYH� LQVLGH� WKH�FRQJHVWLRQ�FKDUJH�]RQH� WR�

DYRLG� VXFK� D� FKDUJH�� WKH� HIIHFWV� RI� WKH� HFRQRPLF� LQFHQWLYH� RQ� DFWLYH� FRPPXWLQJ�ZRXOG� EH�

RYHUHVWLPDWHG��PHDQLQJ�WKH�WUXH�HIIHFWV�ZRXOG�EH�HYHQ�VPDOOHU�WKDQ�RXU�PDLQ�DQDO\VLV¶�PRGHVW�

HVWLPDWHV� 

7R�IRUPDOO\�DGGUHVV�WKLV�FRQFHUQ��ZH�LPSOHPHQW�WKH�GHQVLW\�WHVW�SURSRVHG�E\�&DWWDQHR�HW�DO��

�������������WR�H[SORUH�SRWHQWLDO�PDQLSXODWLRQ�DURXQG�WKH�FXW�RII��7KH�WHVW�UHVXOW�GRHV�QRW�UHMHFW�

WKH�QXOO�K\SRWKHVLV�RI�D�GLVFRQWLQXLW\�LQ�GHQVLW\�DW�WKH�FXW�RII��ZLWK�WKH�S�YDOXH�EHLQJ��������IRU�

D�JUDSKLFDO�UHSUHVHQWDWLRQ��VHH�$SSHQGL[�)LJXUH�$���� 

:H� WHVW� IRU� FRPSRVLWLRQDO� FKDQJHV� DURXQG� WKH�FXW�RII�E\� UXQQLQJ� WKH� VDPH�5''�HVWLPDWRU�

XVLQJ�HDFK�FRYDULDWH�DV�DQ�DOWHUQDWLYH�GHSHQGHQW�YDULDEOH��$V�$SSHQGL[�7DEOH�$��GHPRQVWUDWHV��

RI� WKH����HVWLPDWHV��RQO\�RQH��WUDYHO� \HDU� ������� LV�VWDWLVWLFDOO\�VLJQLILFDQW�DW�����ZKLFK� LV�

EHORZ�WKH����UHMHFWLRQ�UDWH�RI�D�IDOVH�SRVLWLYH�� 

:H�IXUWKHU�HVWLPDWH�WKH�HIIHFW�E\�UHVWULFWLQJ�WKH�VDPSOH�WR�WKRVH�ZKR�UHVLGHG�LQ�WKH�DUHD�EHIRUH�

WKH�FRQJHVWLRQ�FKDUJH�ZDV�LPSOHPHQWHG��,Q�7DEOH����3DQHO�$�UHYHDOV�WKDW�WKH�FKDUJH�LQFUHDVHV�

DFWLYH�FRPPXWLQJ�E\�����PLQXWHV�DQG�UHGXFHV�WKH�GLVWDQFH�WUDYHOOHG�E\�SULYDWH�FDU�E\�����NP��

KRZHYHU��RQO\�WKH�IRUPHU�LV�VWDWLVWLFDOO\�VLJQLILFDQW��7KH�PDJQLWXGH�RI�WKHVH�LPSDFWV�LV�VOLJKWO\�

JUHDWHU�WKDQ�WKH�HVWLPDWHV�XVLQJ�WKH�IXOO�VDPSOH�� 

>7DEOH���DERXW�KHUH@� 

7UDYHOOLQJ�RXWVLGH�WKH�FRQJHVWLRQ�FKDUJH�ZLQGRZ 

7KH�FRQJHVWLRQ�FKDUJH�RQO\�DSSOLHV�IURP������WR�������RQ�ZHHNGD\V��,QGLYLGXDOV�PLJKW�WKXV�

FKRRVH�WR�FRPPXWH�EHIRUH�DQG�DIWHU�WKH�FKDUJH�ZLQGRZ�WR�DYRLG�EHLQJ�FKDUJHG��$FFRUGLQJO\��

ZH� HVWLPDWH� WKH� HIIHFW� RI� WKH� FRQJHVWLRQ� FKDUJH� RQ� WKH� SUREDELOLW\� RI� WUDYHOOLQJ� RXWVLGH� WKH�

FKDUJLQJ�KRXUV��ZLWK�3DQHO�%�RI�7DEOH���UHYHDOLQJ�WKDW�WKH�HIIHFW�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�
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IRU�HLWKHU�WKH�ZKROH�VDPSOH�RU�IRU�WKH�VXEVDPSOH�RI�LQGLYLGXDOV�ZLWK�D�FDU�DYDLODEOH�GXULQJ�WKH�

GD\�� WKHUHE\� UHMHFWLQJ� WKH� SRVVLELOLW\� RI� WKH� HFRQRPLF� LQFHQWLYH� DIIHFWLQJ� ZKHQ� LQGLYLGXDOV�

FKRRVH�WR�WUDYHO� 

���&RQFOXGLQJ�UHPDUNV� 

$V� UHSRUWHG� E\�7UDQVSRUW� IRU� /RQGRQ�� WKHUH� KDYH� EHHQ� LQFUHDVHV� LQ� WUDYHO�UHODWHG� SK\VLFDO�

DFWLYLW\� OHYHOV� LQ� WKH� &HQWUDO� /RQGRQ� DUHD� VLQFH� WKH� FRQJHVWLRQ� FKDUJH¶V� LPSOHPHQWDWLRQ��

+RZHYHU�� LW� KDV� ORQJ� EHHQ� XQFOHDU� ZKHWKHU� WKLV� WUHQG� LV� LQGHHG� FDXVDOO\� DWWULEXWDEOH� WR� WKH�

FRQJHVWLRQ� FKDUJH��:KLOH� WKLV� VWXG\�GRHV� REVHUYH� VWDWLVWLFDOO\� VLJQLILFDQW� SRVLWLYH� HIIHFWV� RQ�

DFWLYH� FRPPXWLQJ� RYHUDOO�� HVSHFLDOO\� DPRQJ� FDU�RZQHUV� DQG� UHVLGHQWV� RI� ORZHU�LQFRPH�

KRXVHKROGV�� WKH� HVWLPDWHG�PDJQLWXGH� VXJJHVWV�� DW� EHVW�� D� YHU\�PRGHUDWH� LPSDFW� RQ� SK\VLFDO�

DFWLYLW\� DQG� KHDOWK�� 2XU� ILQGLQJV� GR� QRW� VXSSRUW� WKH� KLJK� H[SHFWDWLRQV� H[SUHVVHG� LQ� WKH�

HSLGHPLRORJLFDO�DQG�SXEOLF�KHDOWK�OLWHUDWXUH��$QGHUVHQ���������LQ�WHUPV�RI�WKH�HIIHFWLYHQHVV�RI�

HFRQRPLF�LQFHQWLYHV�LQ�LQFUHDVLQJ�SK\VLFDO�DFWLYLW\�DW�WKH�SRSXODWLRQ�OHYHO��7KLV�VXJJHVWV�WKDW�

RWKHU� UHODWHG� SROLFLHV� PLJKW� KDYH� FRQWULEXWHG� VXEVWDQWLDOO\� WR� WKH� WUHQG�� WKHVH� LQFOXGH� WKH�

H[SDQVLRQ�RI�F\FOLQJ�URXWHV�DQG�ELF\FOH�UHQWDO�VFKHPHV��ZKLFK�DUH�SDUWO\�IXQGHG�E\�UHYHQXHV�

JHQHUDWHG� E\� WKH� FRQJHVWLRQ� FKDUJH�� 7KLV� XQGHUVFRUHV� WKH� QHHG� IRU� D� PRUH� KROLVWLF�� PXOWL�

FRPSRQHQW� LQWHUYHQWLRQ� DSSURDFK�� RI� ZKLFK� HFRQRPLF� LQFHQWLYHV� UHSUHVHQW� RQH� FRPSRQHQW��

DOEHLW�D�FRPSRQHQW�WKDW�UDLVHV�WKH�UHYHQXH�QHFHVVDU\�WR�IXQG�DFFRPSDQ\LQJ�PHDVXUHV��WKHUHE\�

LQGLUHFWO\�LPSDFWLQJ�DFWLYH�FRPPXWLQJ�� 

7KH�GDLO\�FKDUJH�UDWH�KDV�EHHQ�LQFUHDVHG�VHYHUDO�WLPHV�VLQFH�WKH�//&¶V�LQWURGXFWLRQ��LQLWLDOO\�

���SHU�GD\�����IURP�-XO\������WR�-DQXDU\�����������KHQFHIRUWK���:KLOH�WKH�HVWLPDWHV�IRU�WUDYHO�

EHIRUH������DUH�FRQVLVWHQW�ZLWK�WKH�PDLQ�UHVXOWV��RXU�GDWD�GR�QRW�SURYLGH�VXIILFLHQW�SRZHU�WR�
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GHWHFW�VLJQLILFDQW�HIIHFWV�DIWHU������GXH�WR�WKH�VPDOO�VDPSOH�VL]H�16�SUHFOXGLQJ�DVVHVVPHQW�RI�WKH�

LPSDFW�RI�FKDQJHV�WR�WKH�FRQJHVWLRQ�FKDUJH� 

2YHUDOO�� RXU� UHVXOWV� KDYH� LPSOLFDWLRQV� IRU� SROLF\�PDNHUV� VHHNLQJ� WR� SODQ� FRPPXQLW\�OHYHO�

HFRQRPLF�LQFHQWLYHV�WR�VWLPXODWH�D�SUHIHUUHG�EHKDYLRXU��,Q�D�KHDOWK�FRQWH[W��DV�SUHYLRXV�VWXGLHV�

RQ� J\P� DWWHQGDQFH� KDYH� GHPRQVWUDWHG�� SHUVRQDO� HFRQRPLF� LQFHQWLYH� VFKHPHV� DUH�� DW� EHVW��

HIIHFWLYH� IRU� RQH� RU� WZR� \HDUV� �&KDUQHVV� DQG�*QHH]\�� ������ 5R\HU� HW� DO��� �������+RZHYHU��

DFKLHYLQJ�VXVWDLQHG�EHKDYLRXUDO�FKDQJH�LQ�WHUPV�RI�SK\VLFDO�DFWLYLW\�±�LQ�WKLV�FDVH��LQ�WKH�IRUP�

RI� DFWLYH� FRPPXWLQJ� ±� PD\� UHTXLUH� HLWKHU� ODUJHU� HFRQRPLF� LQFHQWLYHV� RU� D� VHW� RI� DGMDFHQW�

LQWHUYHQWLRQV�WR�DFFRPSDQ\�WKH�HFRQRPLF�LQFHQWLYH� 

 

  

                                                 
16�7KH�QXPEHU�RI�LQGLYLGXDOV�OLYLQJ�LQVLGH�WKH�FRQJHVWLRQ�FKDUJH�]RQH�LQ�WKH�����������GDWD�LV�RQO\�
����� 
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%��7RWDO�GLVWDQFH�E\�FDU�LQ�NLORPHWUHV 

 

1RWH��7KHVH�JUDSKV�VKRZ�5''�SORWV�IRU�WKH�IROORZLQJ�GHSHQGHQW�YDULDEOHV��D��WRWDO�GXUDWLRQ�RI�DFWLYH�WUDYHO�
�ZDONLQJ�RU�F\FOLQJ��LQ�PLQXWHV�DQG�E��WRWDO�GLVWDQFH�E\�FDU�GXULQJ�WKH�GD\�LQ�NP��7KH�WUHDWPHQW�DVVLJQPHQW�
YDULDEOH�LV�WKH�GLVWDQFH�WR�WKH�FRQJHVWLRQ�FKDUJH�]RQH�IURP�WKH�UHVLGHQWLDO�ORFDWLRQ��7KH�VSOLQHV�DUH�REWDLQHG�
XVLQJ�D�ORFDO�OLQHDU�SRO\QRPLDO�UHJUHVVLRQ�ZLWK�WULDQJXODU�ZHLJKWV�DQG�EDQGZLGWK�IROORZLQJ�WKH�WZR�RSWLPDO�
06(�VHOHFWRUV�IRU�WKH�WZR�VLGHV�RI�WKH�GLVFRQWLQXLW\�LQ�DFFRUGDQFH�ZLWK�&DORQLFR�HW�DO����������:H�LPSRVH�
WKH�YDULDQFH�TXDQWLOH�VSDFHG�PHWKRG�XVLQJ�D�VSDFLQJV�HVWLPDWRU�WR�VHOHFW�WKH�QXPEHU�RI�ELQV�� 



 

��� 
� 

� 

7DEOH����6XPPDU\�VWDWLVWLFV��/7'6������±����� 
 Inner London Outside of inner London 
Total active travel time during the congestion charge period (minutes) ����� ����� 
(Standard deviation) ������� ������� 
Total distance travelled by car during the congestion charge period (km) ���� ���� 
(Standard deviation) ������� ������� 
Total distance travelled by other transport means during the congestion charge period (km) ���� ���� 
(Standard deviation) ������� ������� 
   
Age (Mean) ����� ����� 
Female ���� ���� 
Ethnicity: Asian ���� ���� 
Ethnicity: White ���� ���� 
Ethnicity: Other ���� ���� 
   
Income: below £5,000 ���� ���� 
Income: £5,000±9,999 ���� ���� 
Income: £10,000±14,999 ���� ���� 
Income: £15,000±19,999 ���� ���� 
Income: £20,000±24,999 ���� ���� 
Income: £25,000±34,999 ���� ���� 
Income: £35,000±49,999 ���� ���� 
Income: £50,000±74,999 ���� ���� 
Income: £75,000±99,999 ���� ���� 
Income: £100,000 and above ���� ���� 
   
Employee ���� ���� 
Self-employed ���� ���� 
Unemployed or inactive ���� ���� 
Unknown working status ���� ���� 
Student ���� ���� 
   
'ULYHU¶V�OLFHQVH�KROGHU ���� ���� 
   
N ����� ������ 

 
1RWH��,QQHU�/RQGRQ�LQFOXGHV�LQGLYLGXDOV�OLYLQJ�ZLWKLQ���NLORPHWUHV�RI�WKH�FKDUJLQJ�]RQH�ERUGHU��&DOHQGDU�WLPH�GXPPLHV�DUH�QRW�UHSRUWHG� 

  



 

��� 
� 

� 

7DEOH����7KH�HIIHFWV�RI�WKH�//&�RQ��$��WLPH�VSHQW�DFWLYHO\�WUDYHOOLQJ���%��GLVWDQFH�
WUDYHOOHG�E\�FDU�DQG��&��GLVWDQFH�WUDYHOOHG�E\�RWKHU�PHDQV�RI�WUDQVSRUW 

 (A) Active travel time (minutes) 
 Local linear  Local linear  Local quadratic Local linear, car available  

 (1) (2) (3) (4) 

Beta 3.067** 3.816** 4.441 7.769** 
Robust CI [0.176 ; 8.404] [0.862 ; 9.359] [-2.754 ; 8.154] [1.853 ; 18.124] 

Robust p-value 0.041 0.018 0.332 0.016 

Order Loc. Poly. [p] 1 1 2 1 
Order Bias [q] 2 2 3 2 

Covariates No Yes Yes Yes 
Total N 50,593 50,593 50,593 36,494 

Eff. N estimate [h] 14,950 12,368 23,336 6,532 

Eff. N bias [b] 35,448 25,716 35,126 15,812 

  
 (B) Distance travelled by car (km) 
 Local linear  Local linear  Local quadratic  Local linear, car available  

 (1) (2) (3) (4) 

Beta -0.934 -1.523* -1.620 -3.317* 

Robust CI [-3.486 ; 1.127] [-3.900 ; 0.333] [-5.04 ; 1.718] [-8.836 ; 0.329] 
Robust p-value 0.316 0.099 0.335 0.069 

Order Loc. Poly. [p] 1 1 2 1 
Order Bias [q] 2 2 3 2 

Covariates No Yes Yes Yes 

Total N 50,593 50,593 50,593 36,494 
Eff. N estimate [h] 9,180 9,353 16,966 5,092 

Eff. N bias [b] 18,184 18,884 27,861 10,431 
  

 (C) Distance travelled by other means of transport 

 Local linear  Local linear  Local quadratic  Local linear, car available  

 (1) (2) (3) (4) 

Beta -0.980 0.421 -0.578 -0.499 

Robust CI [-4.572 ; 1.110] [-6.875 ; 4.998] [-9.102 ; 6.133] [-3.523 ; 2.64] 

Robust p-value 0.232 0.757 0.702 0.779 
Order Loc. Poly. [p] 1 1 2 1 

Order Bias [q] 2 2 3 2 
Covariates No Yes Yes Yes 

Total N 50,593 50,593 50,593 36,494 
Eff. N estimate [h] 13,853 13,110 15,949 11,335 

Eff. N bias [b] 30,109 24,785 24,769 28,244 
1RWHV��7KH�GHSHQGHQW�YDULDEOHV�DUH��$��WLPH��LQ�PLQXWHV��RI�DFWLYH�WUDYHO�XQGHUWDNHQ�GXULQJ�WKH�GD\���%��WKH�GLVWDQFH�WUDYHOOHG�E\�FDU�GXULQJ�
WKH�GD\��NP��DQG��&��WKH�GLVWDQFH�WUDYHOOHG�E\�RWKHU�PHDQV�RI�WUDQVSRUW�GXULQJ�WKH�GD\��NP���5''�HVWLPDWHV�XVH�GLVWDQFH�IURP�UHVLGHQWLDO�
ORFDWLRQ�WR�WKH�FRQJHVWLRQ�FKDUJH�]RQH�DV�WKH�WUHDWPHQW�DVVLJQPHQW�YDULDEOH��7KH�WDEOH�SUHVHQWV�UHVXOWV�IURP�D�ORFDO�UHJUHVVLRQ�ZLWK�WULDQJXODU�
ZHLJKWV��7ZR�GLIIHUHQW�06(�RSWLPDO�EDQGZLGWK�VHOHFWRUV�IRU�WKH�WZR�VLGHV�RI�WKH�GLVFRQWLQXLW\�DUH�XVHG��DV�LQ�&DORQLFR�HW�DO����������7KH�
PRGHOV�FRQWURO�IRU�DQG�FOXVWHU�LQWR����ERUGHU�VHJPHQWV��'HOO���������'LIIHUHQW�PRGHOV������ORFDO�OLQHDU�UHJUHVVLRQ�ZLWKRXW�FRYDULDWHV������
ORFDO� OLQHDU� UHJUHVVLRQ�ZLWK�FRYDULDWHV�� ���� ORFDO�TXDGUDWLF� UHJUHVVLRQ�ZLWK�FRYDULDWHV�� ���� ORFDO� OLQHDU� UHJUHVVLRQ�ZLWK�FRYDULDWHV�RQ� WKH�
VXEVDPSOH�RI�LQGLYLGXDOV�ZLWK�D�FDU�DYDLODEOH�GXULQJ�WKH�GD\��7KH�WDEOH�VKRZV�WKH�WRWDO�QXPEHU�RI�REVHUYDWLRQV��1��DQG�WKH�HIIHFWLYH�QXPEHU�
RI�REVHUYDWLRQV�IRU�WKH�HVWLPDWHV��K��DQG�WKH�ELDV��E���5REXVW�bias-corrected p-value and confidence intervals are reported. 
�VLJQLILFDQW�DW�WKH�����
OHYHO��

�VLJQLILFDQW�DW�WKH����OHYHO��


�VLJQLILFDQW�DW�WKH����OHYHO� 

  



 

��� 
� 

� 

7DEOH����+HWHURJHQHRXV�HIIHFWV�E\�KRXVHKROG�LQFRPH�RI�WKH�//&�RQ��$��DFWLYH�WUDYHO�
WLPH�DQG��%��GLVWDQFH�WUDYHOOHG�E\�FDU 
 

 (A) Active travel time (minutes) 

 Lower-income households  Higher-income households 

 Local linear  Local linear  Local quadratic   Local linear  Local linear  Local quadratic  

 (1) (2) (3)  (4) (5) (6) 

Beta 4.564*** 5.708*** 8.306***  1.187 1.557 -1.769 

Robust CI [3.009 ; 12.956] [3.612 ; 14.093] [5.292 ; 17.012]  [-8.076 ; 7.191] [-7.337 ; 6.659] [-14.778 ; 2.829] 
Robust p-value 0.002 0.001 0.000  0.909 0.924 0.183 
Order Loc. Poly. 
[p] 1 1 2 

 
1 1 2 

Order Bias [q] 2 2 3  2 2 3 
Covariates No Yes Yes  No Yes Yes 

Total N 21,020 21,020 21,020  29,573 29,573 29,573 

Eff. N estimate [h] 6,368 6,322 11,135  6,668 7,022 15,150 
Eff. N bias [b] 13,598 14,133 15,511  16,561 16,832 23,453 

    

 (B) Distance travelled by car (km) 

 Lower-income households  Higher-income households 

 Local linear  Local linear  Local quadratic   Local linear  Local linear  Local quadratic  

 (1) (2) (3)  (4) (5) (6) 

Beta -1.548 -2.123* -4.261**  -0.993 -1.618 -0.851 

Robust CI [-5.506 ; 0.850] [-5.940 ; 0.115] 
[-10.626 ; -

0.207] 
 

[-4.356 ; 2.030] [-4.883 ; 1.343] [-2.839 ; 3.665] 
Robust p-value 0.151 0.059 0.042  0.475 0.265 0.803 
Order Loc. Poly. 
[p] 1 1 2 

 
1 1 2 

Order Bias [q] 2 2 3  2 2 3 

Covariates No Yes Yes  No Yes Yes 
Total N 21,020 21,020 21,020  29,573 29,573 29,573 

Eff. N estimate [h] 5,089 4,951 11,008  4,779 4,807 8,117 
Eff. N bias [b] 10,142 10,174 15,443  9,144 9,255 13,903 

        

1RWHV��7KH�GHSHQGHQW�YDULDEOHV�DUH��$��WLPH��LQ�PLQXWHV��RI�DFWLYH�WUDYHO�XQGHUWDNHQ�GXULQJ�WKH�GD\�DQG��%��WKH�GLVWDQFH�WUDYHOOHG�E\�FDU�
GXULQJ�WKH�GD\��NP���6XEVDPSOH��ORZHU�LQFRPH�KRXVHKROGV�ZLWK�D�JURVV�\HDUO\�LQFRPH�EHORZ���������DQG�KLJKHU�LQFRPH�KRXVHKROGV�ZLWK�
D�JURVV�\HDUO\�LQFRPH�DERYH����������5''�HVWLPDWHV�XVH�GLVWDQFH�IURP�UHVLGHQWLDO�ORFDWLRQ�WR�WKH�FRQJHVWLRQ�FKDUJH�]RQH�DV�WKH�WUHDWPHQW�
DVVLJQPHQW�YDULDEOH��7KH� WDEOH�SUHVHQWV� UHVXOWV� IURP�D� ORFDO� UHJUHVVLRQ�ZLWK� WULDQJXODU�ZHLJKWV��7ZR�GLIIHUHQW�06(�RSWLPDO�EDQGZLGWK�
VHOHFWRUV�IRU�WKH�WZR�VLGHV�RI�WKH�GLVFRQWLQXLW\�DUH�XVHG��DV�LQ�&DORQLFR�HW�DO����������7KH�PRGHOV�FRQWURO�IRU�DQG�FOXVWHU� LQWR����ERUGHU�
VHJPHQWV��'HOO���������'LIIHUHQW�PRGHOV���������ORFDO�OLQHDU�UHJUHVVLRQ�QRW�FRQWUROOLQJ�IRU�LQGLYLGXDO�FRYDULDWHV���������ORFDO�OLQHDU�UHJUHVVLRQ�
FRQWUROOLQJ�IRU�LQGLYLGXDO�FRYDULDWHV���������ORFDO�TXDGUDWLF�UHJUHVVLRQ�FRQWUROOLQJ�IRU�LQGLYLGXDO�FRYDULDWHV��7KH�WDEOH�VKRZV�WKH�WRWDO�QXPEHU�
RI�REVHUYDWLRQV��1��DQG�WKH�HIIHFWLYH�QXPEHU�RI�REVHUYDWLRQV�IRU�WKH�HVWLPDWHV��K��DQG�WKH�ELDV��E���5REXVW�bias-corrected p-value and confidence 
intervals are reported. 
�VLJQLILFDQW�DW�WKH�����OHYHO��

�VLJQLILFDQW�DW�WKH����OHYHO��


�VLJQLILFDQW�DW�WKH����OHYHO� 
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7DEOH����7KH�HIIHFWV�RI�WKH�FRQJHVWLRQ�FKDUJH�RQ�SDUWLFLSDQWV�LQ�WKH�ZHVWHUQ�ERUGHU�
]RQH��$��LQ�SODFHER�SHULRGV�DQG��%��GXULQJ�WKH�ZHVWHUQ�H[SDQVLRQ� 

 (A)  (B) 

 Placebo: before or after the western expansion   During the western expansion  

 Active travel time 
(minutes)  

Distance travelled by car 
(km)  

 Active travel time 
(minutes)  

Distance travelled by car 
(km)  

 (1) (2)  (3) (4) 

Beta -3.746 -0.515  3.949** -1.921* 

Robust CI [-20.412 ; 6.253] [-3.329 ; 1.542]  [0.034 ; 11.02] [-5.073 ; .397] 
Robust p-value 0.298 0.472  0.049 0.094 

Order Loc. Poly. [p] 1 1  1 1 

Order Bias [q] 2 2  2 2 
Covariates Yes Yes  Yes Yes 

Total N 21,674 21,674  28,182 28,182 
Eff. N estimate [h] 3,454 4,398  4,398 2,996 

Eff. N bias [b] 8,920 11,702  11,509 7,226 
      

1RWHV��7KH�DQDO\VHV�FRQFHUQ��$��WULSV�EHIRUH�RU�DIWHU�WKH�ZHVWHUQ�H[SDQVLRQ�SHULRG�DQG��%��WULSV�GXULQJ�WKH�ZHVWHUQ�H[SDQVLRQ�SHULRG��7KH�
GHSHQGHQW�YDULDEOHV�DUH���������WLPH��LQ�PLQXWHV��RI�DFWLYH�WUDYHO�XQGHUWDNHQ�GXULQJ�WKH�GD\��DQG��������WKH�GLVWDQFH�WUDYHOOHG�E\�FDU�GXULQJ�
WKH�GD\��NP���5''�HVWLPDWHV�XVH�GLVWDQFH�IURP�UHVLGHQWLDO�ORFDWLRQ�WR�WKH�FRQJHVWLRQ�FKDUJH�]RQH�DV�WKH�WUHDWPHQW�DVVLJQPHQW�YDULDEOH��7KH�
WDEOH�SUHVHQWV�UHVXOWV�IURP�D�ORFDO�OLQHDU�SRO\QRPLDO�UHJUHVVLRQ�ZLWK�WULDQJXODU�ZHLJKWV�7ZR�GLIIHUHQW�06(�RSWLPDO�EDQGZLGWK�VHOHFWRUV�IRU�
WKH�WZR�VLGHV�RI�WKH�GLVFRQWLQXLW\�DUH�XVHG��DV�LQ�&DORQLFR�HW�DO����������7KH�PRGHOVFRQWURO�IRU�DQG�FOXVWHU�LQWR����ERUGHU�VHJPHQWV��'HOO��
�������:H�FRQWURO�IRU�LQGLYLGXDO�FRYDULDWHV�DV�GHVFULEHG�LQ�6HFWLRQ����7KH�WDEOH�VKRZV�WKH�WRWDO�QXPEHU�RI�REVHUYDWLRQV��1��DQG�WKH�HIIHFWLYH�
QXPEHU�RI�REVHUYDWLRQV�IRU�WKH�HVWLPDWHV��K��DQG�WKH�ELDV��E���5REXVW�bias-corrected p-value and confidence intervals are reported. 
�VLJQLILFDQW�DW�
WKH�����OHYHO��

�VLJQLILFDQW�DW�WKH����OHYHO��


�VLJQLILFDQW�DW�WKH����OHYHO� 
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� 

7DEOH����7KH�HIIHFW�RI�WKH�/&&�RQ��$��LQGLYLGXDOV�DOUHDG\�UHVLGLQJ�LQ�ERUGHU�]RQHV�DQG�
�%��LQGLYLGXDOV�WUDYHOOLQJ�RXWVLGH�WKH�FKDUJLQJ�ZLQGRZ� 
 

 (A)   (B) 

 Active travel time 
(minutes) 

Distance travelled 
by car (km)  

Travelling outside the 
charging window (full 

sample) 
 

Travelling outside the 
charging window (car 

users) 
 (1) (2)  (3)  (4) 
Beta 6.869*** -1.444  -0.015  -0.057 
Robust CI [4.927 ; 16.058] [-4.681 ; 1.272]  [-0.086 ; 0.074]  [-0.195 ; 0.109] 
Robust p-value 0.000 0.262  0.882  0.579 
Order Loc. 
Poly. [p] 1 1  1  1 

Order Bias [q] 2 2  2  2 
Covariates Yes Yes  Yes  Yes 
Subsample No movers No movers  All  Car available 
Total N 28,781 28,781  50,593  36,494 
Eff. N estimate 
[h] 6,431 4,229  10,476  7,898 

Eff. N bias [b] 14,072 9,085  20,132  18,908 
 

1RWHV��7KH�GHSHQGHQW�YDULDEOHV�DUH������WLPH��LQ�PLQXWHV��RI�DFWLYH�WUDYHO�XQGHUWDNHQ�GXULQJ�WKH�GD\������WKH�GLVWDQFH�WUDYHOOHG�E\�FDU�GXULQJ�
WKH�GD\��NP��DQG�������� WKH�SUREDELOLW\�RI� WUDYHOOLQJ�RXWVLGH� WKH�FRQJHVWLRQ�FKDUJH�KRXUV��5''�HVWLPDWHV�XVH�GLVWDQFH�IURP�UHVLGHQWLDO�
ORFDWLRQ�WR� WKH�FRQJHVWLRQ�FKDUJH�]RQH�DV� WKH� WUHDWPHQW�DVVLJQPHQW�YDULDEOH��7KH� WDEOH�SUHVHQWV� UHVXOWV� IURP�D� ORFDO� OLQHDU�SRO\QRPLDO�
UHJUHVVLRQ�ZLWK�WULDQJXODU�ZHLJKWV�7ZR�GLIIHUHQW�06(�RSWLPDO�EDQGZLGWK�VHOHFWRUV�IRU�WKH�WZR�VLGHV�RI�WKH�GLVFRQWLQXLW\�DUH�XVHG��DV�LQ�
&DORQLFR�HW�DO����������7KH�PRGHOV�FRQWURO�IRU�DQG�FOXVWHU�LQWR����ERUGHU�VHJPHQWV��'HOO���������:H�FRQWURO�IRU�LQGLYLGXDO�FRYDULDWHV�DV�
GHVFULEHG�LQ�6HFWLRQ����6XEVDPSOHV���������SDUWLFLSDQWV�ZKR�OLYHG�LQ�WKHLU�SODFH�RI�UHVLGHQFH�EHIRUH�WKH�//&¶V�LPSOHPHQWDWLRQ��QR�PRYHUV���
����DOO�SDUWLFLSDQWV��DQG�����SDUWLFLSDQWV�ZLWK�D�FDU�DYDLODEOH�GXULQJ�WKH�GD\��7KH�WDEOH�VKRZV�WKH�WRWDO�QXPEHU�RI�REVHUYDWLRQV��1��DQG�WKH�
HIIHFWLYH�QXPEHU�RI�REVHUYDWLRQV� IRU� WKH�HVWLPDWHV� �K��DQG�WKH�ELDV� �E���5REXVW�bias-corrected p-value and confidence intervals are reported. 
�
VLJQLILFDQW�DW�WKH�����OHYHO��

�VLJQLILFDQW�DW�WKH����OHYHO��


�VLJQLILFDQW�DW�WKH����OHYHO� 
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$SSHQGL[��QRW�IRU�SXEOLFDWLRQ� 

$SSHQGL[�)LJXUH�$���'HQVLW\�WHVW�RYHU�GLVWDQFH�IURP�ERUGHU 

 

1RWHV��0DQLSXODWLRQ�WHVW�XVHV�WKH�ORFDO�SRO\QRPLDO�GHQVLW\�HVWLPDWRUV�SURSRVHG�E\�&DWWDQHR�HW�DO����������������$�ORFDO�TXDGUDWLF�
DSSUR[LPDWLRQ�ZLWK�NHUQHO�WULDQJXODU�ZHLJKWV�LV�XVHG�WR�FRQVWUXFW�WKH�GHQVLW\�HVWLPDWRUV��DQG�D�FXELF�DSSUR[LPDWLRQ�LV�XVHG�IRU�WKH�ELDV�
FRUUHFWHG�GHQVLW\�HVWLPDWRU��7KH�GHQVLW\�HVWLPDWLRQ�PHWKRG�LV�XQUHVWULFWHG��WZR�VDPSOH���5REXVW�ELDV�FRUUHFWHG�VWDWLVWLF�ZLWK�MDFNNQLIH�
VWDQGDUG�HUURUV�DQG�XQLIRUP�FRQILGHQFH�LQWHUYDO�DW�����OHYHO�������VLPXODWLRQV���6WDWD�FRPPDQG�UGGHQVLW\�LV�XVHG�� 
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$SSHQGL[�7DEOH�$���&KDQJLQJ�WKH�QXPEHU�RI�ERUGHU�VHJPHQWV 
 

 (A)   (B)  
 30 segments  70 segments 

 Active travel time 
(minutes) 

Distance travelled by car 
(km)  Active travel time (minutes) Distance travelled by car 

(km) 
 (1) (2)  (3) (4) 
Beta 4.012** -1.360  4.352** -1.598* 
Robust CI [0.671 ; 10.236] [-3.776 ; 0.678]  [1.098 ; 9.898] [-3.945 ; 0.177] 
Robust p-value 0.025 0.173  0.014 0.073 
Order Loc. Poly. 
[p] 1 1  1 1 

Order Bias [q] 2 2  2 2 
Covariates Yes Yes  Yes Yes 
Subsample All Car available  All Car available 
Total N 50,593 50,593  50,593 50,593 
Eff. N estimate [h] 13,521 10,129  12,080 9,277 
Eff. N bias [b] 28,129 20,022  25,607 18,876 

 
1RWHV��7KH�GHSHQGHQW�YDULDEOHV�DUH��������WLPH��LQ�PLQXWHV��RI�DFWLYH�WUDYHO�XQGHUWDNHQ�GXULQJ�WKH�GD\�DQG��������WKH�GLVWDQFH�WUDYHOOHG�E\�
FDU�GXULQJ�WKH�GD\��NP���5''�HVWLPDWHV�XVH�GLVWDQFH�IURP�UHVLGHQWLDO�ORFDWLRQ�WR�WKH�FRQJHVWLRQ�FKDUJH�]RQH�DV�WKH�WUHDWPHQW�DVVLJQPHQW�
YDULDEOH��7KH�WDEOH�SUHVHQWV�UHVXOWV�IURP�D�ORFDO�OLQHDU�SRO\QRPLDO�UHJUHVVLRQ�ZLWK�WULDQJXODU�ZHLJKWV��7ZR�GLIIHUHQW�06(�RSWLPDO�EDQGZLGWK�
VHOHFWRUV�IRU�WKH�WZR�VLGHV�RI�WKH�GLVFRQWLQXLW\�DUH�XVHG��DV�LQ�&DORQLFR�HW�DO����������7KH�PRGHOV�FRQWURO�IRU�DQG�FOXVWHU�LQWR�����$��DQG����
�%��ERUGHU�VHJPHQWV��'HOO���������1RWH�WKDW�WKH�PDLQ�DQDO\VLV�XVHV����ERUGHU�VHJPHQWV��:H�FRQWURO�IRU�LQGLYLGXDO�FRYDULDWHV�DV�GHVFULEHG�
LQ�6HFWLRQ����7KH�VDPSOH�LQFOXGHV�DOO�SDUWLFLSDQWV�ZLWK�D�FDU�DYDLODEOH�GXULQJ�WKH�GD\��7KH�WDEOH�VKRZV�WKH�WRWDO�QXPEHU�RI�REVHUYDWLRQV��1��
DQG�WKH�HIIHFWLYH�QXPEHU�RI�REVHUYDWLRQV�IRU�WKH�HVWLPDWHV��K��DQG�WKH�ELDV��E���5REXVW�bias-corrected p-value and confidence intervals are reported. 

�VLJQLILFDQW�DW�WKH�����OHYHO��

�VLJQLILFDQW�DW�WKH����OHYHO��


�VLJQLILFDQW�DW�WKH����OHYHO� 
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$SSHQGL[�7DEOH�$���3ODFHER�WHVWV��HIIHFW�DW�IDOVH�FXW�RIIV� 

 %HWD 5REXVW�&, 5REXVW�S�
YDOXH 

2UGHU�/RF��
3RO\��>S@ 

2UGHU�%LDV�
>T@ 7RWDO�1 (II��1�

HVWLPDWH�>K@ (II��1�ELDV�>E@ 

&XW�RII����         

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������ >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ����� >��������������@ ����� � � ������ ������ ������ 

         

&XW�RII�����         

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ������ >��������������@ ����� � � ������ ������ ������ 

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ������ >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ����� >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ����� >��������������@ ����� � � ������ ������ ������ 

         

&XW�RII�����         

$FWLYH�WUDYHO��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

$FWLYH�WUDYHO��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������ >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������ >��������������@ ����� � � ������ ������ ������ 

         

&XW�RII�����         

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ����� >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ����� >��������������@ ����� � � ������ ������ ������ 

         

&XW�RII������         

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ������ >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������ >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������ >��������������@ ����� � � ������ ������ ������ 

         

&XW�RII������         

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������
 >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������ >��������������@ ����� � � ������ ������ ������ 

         

&XW�RII������         

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ����� ������ 

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ������ >��������������@ ����� � � ������ ������ ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ����� >��������������@ ����� � � ������ ������ 
 

������ 
 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ����� >��������������@ ����� � � ������ ������ 
 ������ 

         

&XW�RII������         

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ 
 

������ 
 

$FWLYH�WUDYHO�WLPH��PLQXWHV���$���� ����� >��������������@ ����� � � ������ ������ 
 

������ 
 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������ >��������������@ ����� � � ������ ������ 
 ������ 

'LVWDQFH�WUDYHOOHG�E\�FDU��NP���%���� ������ >��������������@ ����� � � ������ ������ 
 

������ 
 

 
1RWHV��7KH�GHSHQGHQW�YDULDEOHV�DUH�$��WLPH��LQ�PLQXWHV��RI�DFWLYH�WUDYHO�XQGHUWDNHQ�GXULQJ�WKH�GD\�DQG�%��WKH�GLVWDQFH�WUDYHOOHG�E\�FDU�
GXULQJ� WKH�GD\� �NP���5''�HVWLPDWHV�XVH�GLVWDQFH� IURP�UHVLGHQWLDO� ORFDWLRQ� WR� WKH�FRQJHVWLRQ�FKDUJH�]RQH�DV� WKH� WUHDWPHQW�DVVLJQPHQW�
YDULDEOH��3ODFHER�FXW�RIIV�HYHU\�WZR�NLORPHWHUV�RXWVLGH�WKH�FRQJHVWLRQ�FKDUJH�]RQH��7R�LVRODWH�WKH�WUHDWPHQW�HIIHFW��ZH�UHWDLQ�RQO\�XQLWV�WR�
WKH�ULJKW�RI�WKH�GLVFRQWLQXLW\��7KH�WDEOH�SUHVHQWV�UHVXOWV�IURP�D�ORFDO�OLQHDU�����RU�TXDGUDWLF�����SRO\QRPLDO�UHJUHVVLRQ�ZLWK�WULDQJXODU�ZHLJKWV��
7ZR�GLIIHUHQW�06(�RSWLPDO�EDQGZLGWK�VHOHFWRUV�IRU�WKH�WZR�VLGHV�RI�WKH�GLVFRQWLQXLW\�DUH�XVHG��DV�LQ�&DORQLFR�HW�DO����������7KH�PRGHOV�
FRQWURO�IRU�DQG�FOXVWHU�LQWR����ERUGHU�VHJPHQWV��'HOO���������:H�FRQWURO�IRU�LQGLYLGXDO�FRYDULDWHV�DV�GHVFULEHG�LQ�6HFWLRQ����7KH�WDEOH�VKRZV�
WKH�WRWDO�QXPEHU�RI�REVHUYDWLRQV��1��DQG�WKH�HIIHFWLYH�QXPEHU�RI�REVHUYDWLRQV�IRU�WKH�HVWLPDWHV��K��DQG�WKH�ELDV��E���5REXVW�bias-corrected p-
value and confidence intervals are reported. 
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$SSHQGL[�7DEOH�$���'LVFRQWLQXLW\�RI�FRYDULDWHV�DW�WKH�FXW�RII� 

 Beta Robust CI Robust p-
value 

Order Loc. 
Poly. [p] 

Order Bias 
[q] Covariates Subsample Total N Eff. N 

estimate [h] 
Eff. N bias 

[b] 

Age 0.891 [-1.20 ; 5.44] 0.211 1 2 No All 50,593 15,427 27,043 

Female 0.017 [-0.07 ; 0.09] 0.808 1 2 No All 50,593 12,294 22,309 

           

Income: 
<£5,000 -0.028 [-0.08 ; 0.01] 0.109 1 2 No All 50,593 26,262 38,647 

Income: 
£5,000±
9,999 

-0.020 [-0.10 ; 0.04] 0.405 1 2 No All 50,593 9,983 19,117 

Income: 
£10,000±
14,999 

-0.055 [-0.11 ; 0.02] 0.178 1 2 No All 50,593 13,546 23,503 

Income: 
£15,000±
19,999 

0.029 [-0.03 ; 0.10] 0.330 1 2 No All 50,593 13,135 22,847 

Income: 
£20,000±
24,999 

0.013 [-0.03 ; 0.07] 0.375 1 2 No All 50,593 15,741 27,092 

Income: 
£25,000±
34,999 

0.035 [-0.01 ; 0.11] 0.133 1 2 No All 50,593 15,830 28,625 

Income: 
£35,000±
49,999 

-0.001 [-0.07 ; 0.04] 0.634 1 2 No All 50,593 14,400 26,370 

Income: 
£50,000±
74,999 

-0.002 [-0.09 ; 0.07] 0.769 1 2 No All 50,593 13,449 25,473 

Income: 
£75,000±
99,999 

0.028 [-0.02 ; 0.07] 0.331 1 2 No All 50,593 15,356 28,189 

Income: 
£100,000 + 0.016 [-0.04 ; 0.08] 0.514 1 2 No All 50,593 14,942 24,739 

           

Ethnicity: 
Asian 0.038 [-0.03 ; 0.10] 0.308 1 2 No All 50,593 6,347 13,549 

Ethnicity: 
White -0.032 [-0.16 ; 0.06] 0.421 1 2 No All 50,593 8,362 14,610 

Ethnicity: 
Other 0.005 [-0.08 ; 0.11] 0.723 1 2 No All 50,593 11,248 21,071 

           

Employee 0.081 [-0.043 ; 
0.205] 0.201 1 2 No All 50,593 20,004 33,906 

Self-
employed -0.016 [-0.051 ; 

0.03] 0.614 1 2 No All 50,593 13,079 21,798 

Non-
employed -0.028 [-0.098 ; 

0.088] 0.920 1 2 No All 50,593 17,843 33,907 

Student -0.005 [-0.076 ; 
0.055] 0.758 1 2 No All 50,593 19,689 28,886 

           
DrivHU¶V 
license 
holder 

-0.037 [-0.121 ; 
0.013] 0.114 1 2 No All 50,593 10,441 21,021 

           

Monday 0.01 [-0.059 ; 
0.093] 0.653 1 2 No All 50,593 17,612 33,749 

Tuesday -0.02 [-0.094 ; 
0.094] 0.997 1 2 No All 50,593 18,615 37,562 

Wednesday -0.043 [-0.126 ; 
0.059] 0.477 1 2 No All 50,593 20,598 35,073 

Thursday 0.021 [-0.027 ; 
0.164] 0.161 1 2 No All 50,593 13,821 25,507 

Friday -0.014 [-0.171 ; 
0.061] 0.351 1 2 No All 50,593 14,694 27,875 

           

2005 -0.013 [-0.037 ; 
0.017] 0.466 1 2 No All 50,593 11,451 20,751 

2006 -0.007 [-0.124 ; 
0.079] 0.662 1 2 No All 50,593 10,042 18,368 

2007 0.056*** [0.032 ; 
0.185] 0.006 1 2 No All 50,593 12,221 21,970 

2008 -0.015 [-0.153 ; 
0.061] 0.400 1 2 No All 50,593 20,764 36,066 

2009 0.011 [-0.054 ; 
0.124] 0.443 1 2 No All 50,593 12,492 24,594 

2010 0.025 [-0.07 ; 0.13] 0.578 1 2 No All 50,593 11,016 18,356 

2011 -0.034 [-0.18 ; 0.06] 0.318 1 2 No All 50,593 8,286 16,351 
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2012 -0.004 [-0.06 ; 0.04] 0.783 1 2 No All 50,593 20,039 34,152 

           

January -0.064 [-0.15 ; 0.07] 0.451 1 2 No All 50,593 13,029 22,956 

February -0.026 [-0.11 ; 0.07] 0.683 1 2 No All 50,593 17,330 31,611 

March -0.001 [-0.12 ; 0.07] 0.632 1 2 No All 50,593 18,156 30,453 

April -0.054 [-0.09 ; 0.04] 0.488 1 2 No All 50,593 9,135 19,544 

May 0.03 [-0.07 ; 0.10] 0.754 1 2 No All 50,593 11,854 20,864 

June 0.021 [-0.07 ; 0.08] 0.868 1 2 No All 50,593 21,070 35,901 

July 0.03 [-0.04 ; 0.12] 0.301 1 2 No All 50,593 14,938 26,865 

August -0.013 [-0.08 ; 0.06] 0.790 1 2 No All 50,593 11,236 18,995 

September -0.015 [-0.05 ; 0.06] 0.905 1 2 No All 50,593 7,524 16,864 

October  0.070* [-0.00 ; 0.14] 0.061 1 2 No All 50,593 15,191 32,907 

November  -0.043 [-0.16 ; 0.07] 0.463 1 2 No All 50,593 18,885 29,265 

December 0.000 [-0.04 ; 0.05] 0.902 1 2 No All 50,593 12,504 21,941 
 

1RWHV��7KH�GHSHQGHQW�YDULDEOHV�DUH�WKH�FRYDULDWHV�OLVWHG�LQ�6HFWLRQ����5''�HVWLPDWHV�XVH�GLVWDQFH�IURP�UHVLGHQWLDO�ORFDWLRQ�WR�WKH�FRQJHVWLRQ�
FKDUJH� ]RQH� DV� WKH� WUHDWPHQW� DVVLJQPHQW�YDULDEOH��7KH� WDEOH�SUHVHQWV� UHVXOWV� IURP�D� ORFDO� OLQHDU�SRO\QRPLDO� UHJUHVVLRQ�ZLWK� WULDQJXODU�
ZHLJKWV��7ZR�GLIIHUHQW�06(�RSWLPDO�EDQGZLGWK�VHOHFWRUV�IRU�WKH�WZR�VLGHV�RI�WKH�GLVFRQWLQXLW\�DUH�XVHG��DV�LQ�&DORQLFR�HW�DO����������7KH�
PRGHOV�FRQWURO�IRU�DQG�FOXVWHU�LQWR����ERUGHU�VHJPHQWV��'HOO���������7KH�WDEOH�VKRZV�WKH�WRWDO�QXPEHU�RI�REVHUYDWLRQV��1��DQG�WKH�HIIHFWLYH�
QXPEHU�RI�REVHUYDWLRQV�IRU�WKH�HVWLPDWHV��K��DQG�WKH�ELDV��E���5REXVW�bias-corrected p-value and confidence intervals are reported. 
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