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'HPRJUDSKLF�&KDQJH��(QGRJHQRXV�/DERU�6XSSO\

DQG�WKH�3ROLWLFDO�)HDVLELOLW\�RI�3HQVLRQ�5HIRUP�

)ULHGULFK�%UH\HU��8QLYHUVLW\�RI�.RQVWDQ]�DQG�',:

DQG

.ODXV�6WROWH��8QLYHUVLW\�RI�.RQVWDQ]

$EVWUDFW

2SWLRQV�IRU�UHIRUPLQJ�XQIXQGHG�SXEOLF�SHQVLRQ�VFKHPHV� WKDW�DUH�QRZ�EHLQJ�GLVFXVVHG�DOO

VKDUH�WKH�IHDWXUH�WKDW�WKH�EXUGHQ�LQGXFHG�E\�GHPRJUDSKLF�FKDQJH�ZRXOG�EH�VKLIWHG�WRZDUGV

SUHVHQWO\� OLYLQJ� DQG� DZD\� IURP� XQERUQ� JHQHUDWLRQV�� ([LVWLQJ� PRGHOV� RI� WKH� SROLWLFDO

HFRQRP\�RI�SHQVLRQ�UHIRUP�FDQ�QRW�H[SODLQ�ZK\�VXFK�UHIRUP�RSWLRQV�DUH�EHLQJ�GLVFXVVHG�DW

DOO��:H�SUHVHQW�DQ�DOWHUQDWLYH�PRGHO� LQ�ZKLFK� WKH�SRVVLELOLW\�RI�HYDVLRQ�RI�ZRUNHUV� IURP

SD\PHQW�RI�VRFLDO�VHFXULW\�WD[HV�LV�WDNHQ�LQWR�DFFRXQW�E\�PRGHOOLQJ�D�ODERU�VXSSO\�IXQFWLRQ�

,W� WXUQV� RXW� WKDW� WKH� EXUGHQ� RI� GHPRJUDSKLF� FKDQJH� PD\� IDOO� FRPSOHWHO\� RU� DW� OHDVW

SUHGRPLQDQWO\�RQ�WKH�SHQVLRQHUV��7KXV�WKLV�W\SH�RI�PRGHO�FDQ�PXFK�EHWWHU�H[SODLQ�UHFHQW

WUHQGV�LQ�OHJLVODWXUH�RQ�XQIXQGHG�SXEOLF�SHQVLRQ�V\VWHPV�LQ�LQGXVWULDO�GHPRFUDFLHV�

.H\ZRUGV��3XEOLF�3HQVLRQV��(QGRJHQRXV�/DERU�6XSSO\��'HPRJUDSKLF�&KDQJH

-(/�&ODVVLILFDWLRQ��+����-����-��
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�� ,QWURGXFWLRQ

5HIRUPV� RI� WKH� H[LVWLQJ� SXEOLF� SHQVLRQ� V\VWHPV� DUH� QRZ� EHLQJ� GLVFXVVHG� LQ� PDQ\

LQGXVWULDO� QDWLRQV�� (VSHFLDOO\� LQ� FRXQWULHV�ZLWK� SURQRXQFHG� EHORZ�UHSODFHPHQW� IHUWLOLW\� OLNH

,WDO\�DQG�*HUPDQ\��WKH�SUHVHQW�PRGH�RI�SD\�DV�\RX�JR�ILQDQFLQJ�LV�VHHQ�E\�PDQ\�REVHUYHUV�DV

QRW� VXLWHG� WR� SURYLGH� DQ� DGHTXDWH� OHYHO� RI� UHWLUHPHQW� LQFRPH� DW� DFFHSWDEOH� FRVWV� IRU� WKH

ZRUNLQJ�JHQHUDWLRQ�DV�VRRQ�DV�WKH��EDE\�ERRP��JHQHUDWLRQ�VWDUWV�UHWLULQJ�LQ�WKH�WKLUG�GHFDGH

RI� WKH�QH[W�FHQWXU\��6RPH�DUH� HYHQ� FRQYLQFHG� WKDW�D� UDGLFDO�FKDQJH�RI� WKH� V\VWHP� LV�XUJHQW

EHFDXVH�WKH\�VHH�LW�DV�DOUHDG\��RQ�WKH�YHUJH�RI�FROODSVH���FI��%|UVFK�6XSDQ�������

(YHQ� LQ� WKH� SROLWLFDO� DUHQD�� UDSLGO\� ULVLQJ� VRFLDO� VHFXULW\� WD[� UDWHV� KDYH� SURPSWHG

SROLWLFLDQV� LQ� VHYHUDO� FRXQWULHV� OLNH�6ZHGHQ��*HUPDQ\� DQG� WKH�8QLWHG�.LQJGRP� WR� SURSRVH

DQG� HQDFW� PDMRU� FKDQJHV� LQ� WKH� EHQHILW� IRUPXOD� DOWKRXJK� UDGLFDO� UHIRUPV� RI� WKH� ILQDQFLQJ

V\VWHP� VXFK� DV� WKH� DEROLWLRQ� RI� HDUQLQJV�UHODWHG� SHQVLRQV� LQ� IDYRU� RI� D� XQLIRUP� �DQG� ORZ�

SHQVLRQ�IRU�DOO�RU�HYHQ�WR�D�FDSLWDO�UHVHUYH�V\VWHP�LV�VXSSRUWHG�E\�RQO\�D�KDQGIXO��VXFK�DV�WKH

SULPH�PLQLVWHU�RI�WKH�*HUPDQ�/DQG�RI�6D[RQ\��.XUW�%LHGHQNRSI�

,Q� DGGLWLRQ� WR� WKHVH� FDVXDO� REVHUYDWLRQV�� WKH� HPSLULFDO� HYLGHQFH� IURP� ��� 2(&'

FRXQWULHV�VKRZV�WKDW�ZKHQ�GXH�WR�GHFOLQLQJ�SDVW�ELUWK�UDWHV�WKH�UDWLR�RI�WKH�DJHG��RYHU�����WR

WKH�PLGGOH�DJHG���������ULVHV��WKH�RYHUDOO�VL]H�RI�WKH�SURJUDP�LQFUHDVHV�DV�ZHOO��%UH\HU�&UDLJ

�������ZKLFK�PHDQV� WKDW�XQGHU�GHPRJUDSKLF�DJHLQJ�DQ\�FXWV� LQ� WKH�EHQHILW� IRUPXOD� DUH�QRW

VWURQJ�HQRXJK�WR�VWDELOL]H�WKH�WD[�UDWH�FRPSOHWHO\�

:KDW� LV� QRW� VR� FOHDU�� KRZHYHU�� LV� ZKHWKHU� VXEVWDQWLDO� UHIRUPV� FRXOG� PHHW� ZLWK� WKH

DSSURYDO�RI�WKH�PDMRULW\�RI�YRWHUV��7KHRUHWLFDO�PRGHOV�RI�YRWLQJ�RQ�WKH�OHYHO�RI�FRQWULEXWLRQV

DQG� EHQHILWV� LQ� DQ� XQIXQGHG� SHQVLRQ� V\VWHP�� VWDUWLQJ� ZLWK� %URZQLQJ� �������� VXJJHVW� WKH

SROLWLFDO� DFFHSWDQFH� RI� WKH� V\VWHP� HYHQ� ZKHQ� LWV� LPSOLFLW� UDWH� RI� UHWXUQ� IDOOV� VKRUW� RI� WKH

FRUUHVSRQGLQJ� ILJXUH� LQ� D� FDSLWDO�UHVHUYH� V\VWHP�� 7KLV� UHVXOW�� ZKLFK� LV� SUHWW\� UREXVW� ZLWK

UHVSHFW� WR� WKH� IRUPXODWLRQ� RI� WKH�PRGHO�� LV� GXH� WR� WKH� KLJK� SURSRUWLRQ� RI� YRWHUV� LQ� RU� QHDU

UHWLUHPHQW�DJH�ZKR�ZLOO�EHQHILW�IURP�WKH�PDLQWHQDQFH�RI�WKH�V\VWHP�HYHQ�LI�WKH\�ZRXOG�KDYH

RSSRVHG� LW� ZKHQ� WKH\� ZHUH� \RXQJ��� 0RUHRYHU�� DV� WKH� SURSRUWLRQ� RI� ROGHU� SHRSOH� LQ� WKH

HOHFWRUDWH�LV�KLJKHU�WKH�ORZHU�WKH�IHUWLOLW\�UDWH�DQG�WKXV�WKH�LPSOLFLW�UHWXUQ�RI�WKH�SD\�DV�\RX�JR

V\VWHP��WKH�PRGHOV�\LHOG�WKH�VHHPLQJO\�SDUDGR[�UHVXOW�WKDW�D�QHJDWLYH�UDWH�RI�UHWXUQ�PDNHV�WKH

V\VWHP�SROLWLFDOO\�PRUH�VWDEOH�LQVWHDG�RI�OHVV��ZKLFK�0DUTXDUGW�DQG�3HWHUV��������LQWHUSUHW�DV

�FROOHFWLYH�PDGQHVV��

7KXV�WKHUH�LV�DQ�DSSDUHQW�FRQIOLFW�EHWZHHQ�WKHRUHWLFDO�SUHGLFWLRQV�GHULYHG�IURP�PRGHOV

RI�UDWLRQDO�YRWHU�EHKDYLRU�DQG�WKH�REVHUYDEOH�IDFWV�RI�ZLGHVSUHDG�DWWHPSWV�E\�SROLWLFLDQV�WR�DW

OHDVW�FXW� WKH� VL]H�RI� WKH�SHQVLRQ� V\VWHPV�ZKHQ� WKH�ZRUNHU�SHQVLRQHU� UDWLR� LV� VKULQNLQJ��7KH

������������������������������ ����������������������������
��)RU�DV�VXUYH\�RI�WKH�YDVW�OLWHUDWXUH�RQ�WKH�SROLWLFDO�HFRQRP\�RI�SXEOLF�SHQVLRQV�XQWLO������VHH�%UH\HU
�����D��
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SUHVHQW� SDSHU� WULHV� WR� UHVROYH� WKLV� FRQIOLFW� E\� SURSRVLQJ� DQ� DOWHUQDWLYH� WKHRU\� RI� SROLWLFDO

GHFLVLRQ�PDNLQJ�ZKLFK� LV� DEOH� WR� H[SODLQ� WKH� REVHUYHG� IDFWV� EHWWHU� WKDQ� H[LVWLQJ�PRGHOV�� ,W

EDVHG�RQ�WZR�NH\�HOHPHQWV��ILUVW�� WKH�LQDELOLW\�RI�SUHVHQW�YRWHUV� WR�FRPPLW�IXWXUH�YRWHUV�DQG

WD[SD\HUV�� DQG� VHFRQG�� WKH� DGYHUVH� LQFHQWLYH� HIIHFWV� RI� VRFLDO� VHFXULW\� WD[HV� RQ� WKH� ODERU

VXSSO\�RI�WKH�ZRUNLQJ�JHQHUDWLRQ���,W�ZLOO�EH�VKRZQ�WKDW�XQGHU�WKHVH�DVVXPSWLRQV��WKH�FRVWV�RI

D�GHFOLQH�LQ�IHUWLOLW\�ZLOO�EH�ERUQH�SDUWO\�RU�HYHQ�IXOO\�E\�WKH�SHQVLRQHUV� WKURXJK�FXWV� LQ� WKH

OHYHO�RI�UHWLUHPHQW�EHQHILWV�

7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �� VXPPDUL]HV� WKH� UHVXOWV� RI� SUHYLRXV

WKHRUHWLFDO�PRGHOV�RI�YRWLQJ�RQ�D�SHQVLRQ�UHIRUP�LQ� UHVSRQVH� WR�GHPRJUDSKLF�DJHLQJ�DQG� LQ

6HFWLRQ���RXU�RZQ�PRGHO�LV�SURSRVHG��6HFWLRQ����ILQDOO\��FRQWDLQV�VRPH�FRQFOXGLQJ�UHPDUNV�

�� ([LVWLQJ�0RGHOV�RI�WKH�3ROLWLFDO�(FRQRP\�RI�$JHLQJ�DQG�3HQVLRQ
5HIRUP

$PRQJ� WKH� ODUJH� QXPEHU� RI� PRGHOV� RI� SROLWLFDO� GHFLVLRQ�PDNLQJ� RQ� WKH� VL]H� RI� DQ

XQIXQGHG�SHQVLRQ� V\VWHP�RQO\� D� IHZ�FRQWULEXWLRQV� H[SOLFLWO\� DGGUHVV� WKH� FRPSDUDWLYH� VWDWLF

HIIHFWV�RI�D�FKDQJH�LQ�WKH�ZRUNHU�SHQVLRQHU�UDWLR�GXH�WR�D�GHFOLQH�LQ�IHUWLOLW\�

���� $�0RGHO�RI�RQFH�DQG�IRU�DOO�GHFLVLRQV�RQ�EHQHILW�OHYHO

,Q�WKH�VLPSOHVW�FDVH�LW�LV�DVVXPHG�WKDW�YRWHUV�EHOLHYH�WKDW�WKHLU�GHFLVLRQ�RQ�WKH�OHYHO�RI

WKH� FRQWULEXWLRQ� UDWH� ZLOO� EH� ELQGLQJ� IRUHYHU�� ,QGLYLGXDO� UDWLRQDOLW\� WKHQ� LPSOLHV� WKDW�� LQ

FKRRVLQJ�DPRQJ�VHYHUDO�DOWHUQDWLYHV��HDFK�SHUVRQ�YRWHV�IRU�WKDW�RQH�ZKLFK�SURPLVHV�KLP�KHU

WKH�KLJKHVW�XWLOLW\�IRU�KLV�KHU�UHPDLQLQJ�OLIHWLPH��VHH��H�J��%URZQLQJ��������7KH�LQWURGXFWLRQ

RU� H[SDQVLRQ� RI� D� SD\�DV�\RX�JR� ILQDQFHG� SHQVLRQ� V\VWHP� EHQHILWV� QRW� RQO\� WKH� SUHVHQW

SHQVLRQHUV�EXW�DOVR�WKRVH�FRKRUWV�WKDW�DUH�FORVH�WR�UHWLUHPHQW��$V�WKH\�YLHZ�WKH�RXWFRPH�RI�WKH

YRWLQJ�DV�SHUPDQHQW��WKH\�VWDQG�WR�JDLQ�IURP�D�KLJK�WD[�UDWH�IRU�D�ORQJHU�SHULRG�WKDQ�WKH�RQH�LQ

ZKLFK� WKH\� KDYH� WR� EHDU� DQ� DGGLWLRQDO� EXUGHQ�� DQG� WKXV� WKH� GLVFRXQWHG� YDOXH� RI� UHWLUHPHQW

EHQHILW�FODLPV�H[FHHGV�WKDW�RI�WKHLU�UHPDLQLQJ�FRQWULEXWLRQV��&RQVHTXHQWO\��WKH�ROGHU�D�YRWHU�DW

WKH� WLPH�RI�YRWLQJ�� WKH�KLJKHU� WKH�RSWLPDO� WD[� UDWH�� DQG�SUHIHUHQFHV�RI� DOO� YRWHUV� DUH� VLQJOH�

SHDNHG��7KH��SROLWLFDO�HTXLOLEULXP��LV�WKHQ�WKH�RSWLPDO�WD[�UDWH�IRU�WKH�YRWHU�RI�PHGLDQ�DJH��LQ

JHQHUDO�D�ZRUNHU�LQ�WKH�VHFRQG�KDOI�RI�KLV�ZRUNLQJ�OLIH��DQG�WKLV�WD[�UDWH�ZLOO�EH�SRVLWLYH�HYHQ

LI�WKH�UDWH�RI�UHWXUQ�RIIHUHG�E\�WKH�SD\�DV�\RX�JR�V\VWHP��L�H��WKH�JURZWK�UDWH�RI�ODERU�LQFRPHV�

IDOOV� VKRUW� RI� WKH� LQWHUHVW� UDWH�� ,Q� WKLV� W\SH� RI�PRGHO�� LI� SRSXODWLRQ� JURZV�PRUH� VORZO\� �RU

VKULQNV� IDVWHU��� WKH� DJH� RI� WKH�PHGLDQ� YRWHU� LQFUHDVHV�� 7KLV� HIIHFW� E\� LWVHOI� ZRXOG� OHDG� WKH

HTXLOLEULXP�FRQWULEXWLRQ�UDWH��WR�ULVH���2Q�WKH�RWKHU�KDQG��VKULQNLQJ�SRSXODWLRQ�JURZWK�UHGXFHV

WKH�UDWH�RI� UHWXUQ�RI� WKH�SD\�DV�\RX�JR�PHWKRG��7KLV�HIIHFW�DORQH�PDNHV�HYHU\ERG\�SUHIHU� D

������������������������������ ����������������������������
��7KH�ODWWHU�DVSHFW�ZDV�DOUHDG\�VWUHVVHG�LQ�%UH\HU������E��
��7KLV�HIIHFW� LV�HPSLULFDOO\�FRQILUPHG� LQ�D� UHJUHVVLRQ�DQDO\VLV� IUR�2(&'�FRXQWULHV�� FI��%UH\HU�&UDLJ
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VPDOOHU�FRQWULEXWLRQ�UDWH�LI�WKH�VXEVWLWXWLRQ�HIIHFW�GRPLQDWHV�WKH�LQFRPH�HIIHFW�RI�WKH�FKDQJH�

7KHUHIRUH��WKH�WRWDO�HIIHFW�LV�LQGHWHUPLQDWH�

,Q� D� UHFHQW� FRQWULEXWLRQ��0DUTXDUGW�3HWHUV� ������� KDYH� SUHVHQWHG� D� FRQWLQXRXV�WLPH

PRGHO�LQ�ZKLFK�WKH�OLIHWLPH�LV�QRW�FHUWDLQ��EXW�LQGLYLGXDOV�IDFH�DQ�H[RJHQRXV�DQG�FRQVWDQW�ULVN

RI� GHDWK�� ZKLOH� WKH� ELUWK� UDWH� DQG� WKH� LQWHUHVW� UDWH� LQ� WKH� SHUIHFW� FDSLWDO� PDUNHW� DUH� DOVR

H[RJHQRXV��5HWLUHPHQW�DJH�LV�JLYHQ��ODERU�VXSSO\�LV�H[RJHQRXV��EXW�VRFLDO�VHFXULW\�WD[HV�DQG

WUDQVIHUV� DUH� VXEMHFW� WR� D� GHDGZHLJKW� ORVV�� ZKLFK� LV� D� FRQYH[� IXQFWLRQ� RI� WKH� VL]H� RI� WKH

SURJUDP��� ,Q� FRPSDULQJ� GLIIHUHQW� VWHDG\� VWDWHV�� WKH� DXWKRUV� JLYH� VXIILFLHQW� FRQGLWLRQV� XQGHU

ZKLFK�D� IDOO� LQ� WKH�ELUWK� UDWH� OHDGV� WR�DQ� LQFUHDVH� LQ� WKH�HTXLOLEULXP�FRQWULEXWLRQ� UDWH��7KHLU

FKDUDFWHUL]DWLRQ�RI�VXFK�DQ�RXWFRPH�DV��FROOHFWLYH�PDGQHVV��LV�QRW�TXLWH�FRQYLQFLQJ��WKRXJK�

EHFDXVH�LQ�RUGHU�WR�UHVWRUH�WKH�VRFLDO�VHFXULW\�EXGJHW�HTXDWLRQ�DIWHU�D�GURS�LQ�WKH�ELUWK�UDWH��LW

LV� VWUDLJKWIRUZDUG� WKDW� HLWKHU� WKH�FRQWULEXWLRQ� UDWH�PXVW� ULVH�RU� WKH�EHQHILW� OHYHO�PXVW� IDOO�RU

ERWK�

:KDW� LV�PRUH� UHPDUNDEOH��KRZHYHU�� LV� WKDW� WKH�0DUTXDUGW�3HWHUV�PRGHO�FDQ�JHQHUDWH

HTXLOLEULD�LQ�ZKLFK�WKH�HIIHFW�RI�WKH�ULVH�LQ�PHGLDQ�YRWHU�DJH�LV�VR�GRPLQDQW��WKDW�QRW�RQO\�WKH

WD[� UDWH� EXW� DOVR� WKH� EHQHILW� OHYHO� ULVHV� ZKHQ� WKH� ELUWK� UDWH� IDOOV�� ,I� WKH� WHUP� �FROOHFWLYH

PDGQHVV��LV�DW�DOO�MXVWLILHG��WKHQ�SHUKDSV�LQ�VXFK�D�FDVH�

����$�0RGHO�RI�UHSHDWHG�GHFLVLRQ�PDNLQJ

7KH�FRQFHSWLRQ�RI�D�SHUPDQHQWO\�YDOLG�GHFLVLRQ�LV�XQVDWLVIDFWRU\�DV�LQ�D�GHPRFUDF\�WKH

HOHFWRUDWH�DOZD\V�KDV�WKH�SRZHU�WR�HQDFW�HYHQ�UDGLFDO�UHIRUPV�RI�DQ�H[LVWLQJ�SHQVLRQ�V\VWHP�

7KHUHIRUH� LW� LV� RI� JUHDW� LQWHUHVW� WR� EH� DEOH� WR� H[SODLQ�ZK\� VR�PDQ\� SD\�DV�\RX�JR� ILQDQFHG

SHQVLRQ�VFKHPHV�KDYH�VXUYLYHG�RYHU�VHYHUDO�JHQHUDWLRQV��DQG�LW� LV�DOVR�LPSRUWDQW� WR�IRUHFDVW

ZKHWKHU� DQG� KRZ� WKH\� ZLOO� SHUVLVW� JLYHQ� WKH� KXJH� GHPRJUDSKLF� LPEDODQFH� GXH� LQ� WKH� ���

FHQWXU\��$V�WKH�DQVZHU�WR�WKLV�TXHVWLRQ�DSSHDUV�WR�EH�REYLRXV�LQ�WKH�FDVH�LQ�ZKLFK�WKH�PDMRULW\

RI�WKH�HOHFWRUDWH�FRQVLVWV�RI�SHQVLRQHUV��WKHRUHWLFDO�PRGHOV�ZLWKLQ�WKLV�EUDQFK�RI�WKH�OLWHUDWXUH

KDYH� DVVXPHG� DOWHUQDWLYHO\�� D�� WKDW� WKH�PDMRULW\� UXOH� LV� DSSOLHG� �GLUHFW� GHPRFUDF\�� DQG� WKH

PDMRULW\�RI�YRWHUV�DUH�ZRUNLQJ�DJH�SHRSOH��RU�E��WKDW�WKHUH�LV�DQ�LQGLUHFW�GHPRFUDF\�LQ�ZKLFK

SROLWLFLDQV�PD[LPL]H�D�ZHLJKWHG�VXP�RI�WKH�XWLOLW\�IXQFWLRQV�RI�D�UHSUHVHQWDWLYH�ZRUNHU�DQG�D

UHSUHVHQWDWLYH�SHQVLRQHU��ZKHUH�WKH��UHODWLYH��ZHLJKW�RI�D�ZRUNHU�GHSHQGV�XSRQ� WKH�VKDUH�RI

ZRUNHUV�LQ�WKH�HOHFWRUDWH�DQG�WKXV�XSRQ�WKH�SRSXODWLRQ�JURZWK�UDWH��9HUERQ�9HUKRHYHQ�������

7KH� VHTXHQFH� RI� GHFLVLRQV� RQ� WKH� VWUXFWXUH� RI� WKH� SHQVLRQ� V\VWHP� IRU� WKH� IROORZLQJ

SHULRG��JHQHUDWLRQ��FDQ� WKHQ�EH�PRGHOOHG�DV�D�VHTXHQWLDO�JDPH�ZLWK� LQILQLWHO\�PDQ\�SOD\HUV

�SROLWLFLDQV��� HDFK� RI� ZKRP� PD[LPL]HV� D� ZHLJKWHG� VXP� RI� XWLOLWLHV� RI� D� ZRUNHU� DQG� D

SHQVLRQHU�DW�WKH�UHVSHFWLYH�WLPH�SHULRG�E\�FKRRVLQJ�WKH�DSSURSULDWH�OHYHO�RI� WKH�FRQWULEXWLRQ

������������������������������ ����������������������������
��2WKHUZLVH��DQ\RQH�ZKR�LV� LQ� IDYRU�RI�D�SRVLWLYH�VRFLDO�VHFXULW\� WD[�UDWH��ZRXOG�SUHIHU�D� ODUJHU�WR�D
VPDOOHU�RQH�VR�WKDW�DQ�HTXLOLEULXP�ZRXOG�QRW�H[LVW�
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UDWH�IRU�WKH�SUHVHQW�SHULRG��7KH�FRQWULEXWLRQ�UDWH�FKRVHQ�E\�HDUOLHU�DQG�E\�ODWHU�JHQHUDWLRQV�RI

GHFLVLRQ�PDNHUV�DUH�WDNHQ�DV�JLYHQ��&RXUQRW�1DVK�EHKDYLRU��

:LWKLQ� WKLV� IUDPHZRUN� WKH� DXWKRUV� DQDO\]H� WKH� WLPH� SDWK� RI� DGMXVWPHQW� RI� WKH

FRQWULEXWLRQ� UDWH� EHIRUH� DQG� DIWHU� D� �GHPRJUDSKLF� VKRFN��� L�H�� D� FKDQJH� LQ� WKH� SRSXODWLRQ

JURZWK�UDWH��DVVXPLQJ�SHUIHFW�IRUHVLJKW��,W�WXUQV�RXW�WKDW�D�RQH�WLPH�GURS�RI�IHUWLOLW\�FDQ�OHDG

WR�D� WHPSRUDU\� LQFUHDVH�RU�GHFUHDVH�RI� WKH� UDWH�RI�FRQWULEXWLRQV� ��GHSHQGLQJ�RQ�ZKHWKHU� WKH

SROLWLFDO�ZHLJKW�RI� D�ZRUNHU� �LQ� UHODWLRQ� WR� WKH�RQH�RI� D�SHQVLRQHU�� H[FHHGV��� DQG� KRZ� WKLV

ZHLJKW�UHDFWV�WR�D�YDULDWLRQ�RI�WKH�IHUWLOLW\�UDWH��7KH�PRVW�SDUDGR[�UHVXOW�ZLWKLQ�WKLV�EUDQFK�RI

WKH�OLWHUDWXUH�LV�WKDW�WKH�H[SHFWDWLRQ�RI�D�SHUPDQHQW�GHFOLQH�LQ�IHUWLOLW\�FDQ�OHDG�D�VRFLHW\�WR�WKH

LQWURGXFWLRQ� RI� DQ� XQIXQGHG� SHQVLRQ� V\VWHP� ZKHQ� WKHUH� KDV� EHHQ� QRQH� LQ� WKH� SDVW

�0HLMGDP�9HUERQ�����D�E��

$Q�LPSRUWDQW�ZHDNQHVV�RI� WKLV� W\SH�RI�PRGHO� LQ� WHUPV�RI� WKHLU� DELOLW\� WR� IRUHFDVW� WKH

IXWXUH� GHYHORSPHQW� RI� XQIXQGHG� SHQVLRQ� V\VWHPV� LV� WKDW� D� FUXFLDO� H[SODQDWRU\� YDULDEOH�� WKH

SROLWLFDO�ZHLJKW�RI�D�ZRUNHU��FDQ�QRW�EH�REVHUYHG�LQ�WKH�UHDO�ZRUOG�DQG�WKXV�D�SURJQRVLV�FDQ

QRW� EH� GHULYHG� XVLQJ� DYDLODEOH� GDWD�� 0RUHRYHU�� OLNH� WKH�0DUTXDUGW�3HWHUV� PRGHO� GHVFULEHG

DERYH�WKLV�PRGHO�FDQ�QRW�H[SODLQ� WKH�UHFHQW� WUHQG�RI�FXWWLQJ�EHQHILWV�ZKHQ�WKH�GHPRJUDSKLF

VLWXDWLRQ�GHWHULRUDWHV�

�� $�0RGHO�%DVHG�RQ�(QGRJHQRXV�/DERU�6XSSO\

��� *HQHUDO�$VVXPSWLRQV

,Q�FRQWUDVW�WR�WKH�PRGHOV�GLVFXVVHG�LQ�6HFWLRQ����ZH�GR�QRW�YLHZ�WKH�SROLWLFDO�SURFHVV

LQ�D�GHPRFUDF\�DV�DQ�LQVWLWXWLRQ�IRU�ILQGLQJ�FRPSURPLVHV�EHWZHHQ� WKH�PHPEHUV�RI�GLIIHUHQW

JHQHUDWLRQV��:H�UDWKHU�FRQVLGHU�LW�DV�D�VHTXHQWLDO�JDPH�LQ�ZKLFK�WKH�PDMRULW\�JURXS�EHKDYHV

OLNH�D�GHFLVLRQ�PDNHU�ZKR�PD[LPL]HV�KLV�XWLOLW\�XQGHU�FRQVWUDLQWV�ZKLFK�DUH�JLYHQ�WKURXJK�WKH

UHDFWLRQV� RI� WKH� PLQRULW\� WR� WKH� UXOHV� LPSRVHG� E\� WKH� PDMRULW\�� 6R� WKH� PRGHO� IROORZV� WKH

WUDGLWLRQ�H�J��RI�0HOW]HU�5LFKDUG� ��������ZKR�H[SODLQ� WKH� OLPLWV� WR� UHGLVWULEXWLYH� WD[DWLRQ�E\

WKH�ODERU�GLVLQFHQWLYHV�WKDW�DQ�LQFRPH�WD[�SURYLGHV�IRU�WKH�KLJK�ZDJH�FODVVHV��VHH�DOVR�%UH\HU

����E��

,Q�RXU�FDVH�RI� LQWHUJHQHUDWLRQDO� WUDQVIHUV� LQ�D� VRFLHW\�ZLWK� ORZ� IHUWLOLW\� LW� FDQ�QRW� EH

LJQRUHG� WKDW� WKH�PDMRULW\�RI� WKH�HOHFWRUDWH� LV� HLWKHU� DOUHDG\� UHWLUHG�RU�ZLOO� GR� VR� LQ� WKH�QHDU

IXWXUH��� 7KHUHIRUH�� ZLWKLQ� WKH� IUDPHZRUN� RI� D� WZR�RYHUODSSLQJ�JHQHUDWLRQV� PRGHO� LW� LV

MXVWLILHG�WR�DVVXPH�WKDW�LW�LV�WKH�SHQVLRQHUV�ZKR�KDYH�WKH�SRZHU�WR�GHWHUPLQH�WKH�FRQWULEXWLRQ

������������������������������ ����������������������������
��%\�WKH�\HDU�������WKH�IUDFWLRQ�RI�DOO�SHRSOH�LQ�YRWLQJ�DJH�����DQG�RYHU��ZKR�DUH�DOUHDG\�RYHU����ZLOO
UHDFK��H�J��������SHU�FHQW�LQ�,WDO\�����SHU�FHQW�LQ�6SDLQ�DQG������SHU�FHQW�LQ�*HUPDQ\��(XURVWDW�������S�
�����
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UDWH�� ZKLOH� WKH� ZRUNHUV� FDQ� RQO\� UHDFW� WR� LW� E\� YDU\LQJ� WKHLU� ODERU� VXSSO\� DFFRUGLQJO\�� ,Q

SDUWLFXODU��WKH�PRGHO�LV�EXLOW�RQ�WKH�IROORZLQJ�DVVXPSWLRQV�

$�� (YHU\�LQGLYLGXDO�OLYHV�IRU�WZR�SHULRGV��WKH�ILUVW�DV�D�ZRUNHU��WKH�VHFRQG�DV�D�SHQVLRQHU�

$�� 3RSXODWLRQ� VL]H� GHYHORSV� H[RJHQRXVO\�� WKH� QXPEHU� W1 � RI� ZRUNHUV� LQ� SHULRG� =W³
�ZKLFK�E\� DVVXPSWLRQ�$��HTXDOV� WKH� VL]H� RI� JHQHUDWLRQ� W �� LV� GHVFULEHG� E\� DQ� LQILQLWH

VHTXHQFH�RI�JURZWK�IDFWRUV�
W

Q ��ZKHUH� �-= WWW 11Q �

$�� 7KH� FRXQWU\� LV� D� VPDOO� RSHQ� HFRQRP\�� L�H�� WKHUH� LV� DQ� H[RJHQRXVO\� JLYHQ� LQILQLWH

VHTXHQFH� RI� LQWHUHVW� UDWHV� �>WU �� =W³ �� )RU� VDNH� RI� VLPSOLFLW\� ZH� DVVXPH� FRQVWDQW

LQWHUHVW�UDWH�� UUW � �

$�� 7KHUH�LV�QR�WHFKQRORJLFDO�SURJUHVV�VR�WKDW� WKH�ZDJH�UDWH� LV�FRQVWDQW�RYHU� WLPH�DQG�FDQ

WKXV�EH�QRUPDOL]HG�WR���

$�� �D� 7KH�UHSUHVHQWDWLYH�ZRUNHU�RI�JHQHUDWLRQ� W �GHWHUPLQHV�KLV�ODERU�VXSSO\� [ ]���³Wl ��DV

D� IUDFWLRQ� RI� WRWDO� DYDLODEOH� WLPH�� DQG� KLV� VDYLQJV� 5VW ³ � VR� DV� WR�PD[LPL]H� KLV

XWLOLW\�IXQFWLRQ� ����� � WWWW ]F88 l-= + �VXEMHFW�WR�WKH�EXGJHW�FRQVWUDLQWV

WWWW VF --= l��� t

H
WWW SVU] �� ��� ++ ++= �

ZKHUH� WF � DQG� �+W] � GHQRWH� KLV� ZRUNLQJ�DJH� DQG� UHWLUHPHQW� FRQVXPSWLRQ�

UHVSHFWLYHO\�� [ ]���³Wt �GHQRWHV�WKH�FRQWULEXWLRQ�UDWH�LQ�SHULRG�W�DQG� �+WS �WKH�EHQHILW

OHYHO�RI�SXEOLF�SHQVLRQV�WKDW�WKH�UHSUHVHQWDWLYH�ZRUNHU�RI�JHQHUDWLRQ� W �H[SHFWV�IRU

SHULRG� �+W �

�E� ([SHFWHG� SHQVLRQ� EHQHILWV� DUH� DQ� H[RJHQRXV� SDUDPHWHU� LQ� WKH� UHSUHVHQWDWLYH

ZRUNHU
V�XWLOLW\�PD[LPL]DWLRQ�SUREOHP�

�� ++ = W
H
W SS

�F� )RU�DQ\� ��� �+WW St � LQ� [ ]
�

���
�

� 5 � WKH�XWLOLW\�PD[LPL]DWLRQ�GHVFULEHG� LQ� �D�� \LHOGV�D

XQLTXH�ODERU�VXSSO\� ��� �+= WWW Stll �ZLWK� ������ �l ��

:H�UHIHU�WR� [ ] [ ] �������������� � SS5 tt lal �� � �DV�WKH�ODERU�VXSSO\�IXQFWLRQ�

$�� ,Q� HDFK� SHULRG� W � WKH� SHQVLRQHUV� NQRZ� WKH� UHSUHVHQWDWLYH� ZRUNHU
V� UHDFWLRQ� IXQFWLRQ

������ �+= WWW
U
W Stt ll � DQG� FKRRVH� WKH� UDWH� RI� FRQWULEXWLRQV� Wt � VR� DV� WR�PD[LPL]H� WKHLU

SHQVLRQ�FODLP

�� W
U
WWWW QS tt l¼¼= �

,Q�FDVH�WKLV�PD[LPL]DWLRQ�SUREOHP�KDV�D�VROXWLRQ��L�H��LI�WKH�H[SHFWHG�SHQVLRQ�OHYHO� �+WS �LV�DQ

HOHPHQW�RI
������������������������������ ����������������������������
��%HFDXVH�WKH�LQWHUHVW�UDWH�LV�D�FRQVWDQW��ZH�RPLW�U�DV�D�IXQFWLRQDO�DUJXPHQW�
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�̀H[LVWV�@`���>_���^PD[��_�^� ³¼¼�=R WWWW SQS ttt l � ���

ZH�ZULWH� ��� � WW QSS +� �IRU�WKH�UHVXOWLQJ�SHQVLRQ�OHYHO�DQG�UHIHU�WR

��� �> ��R� 55S

������ QSSQS �a

DV�WKH�SHQVLRQ�IXQFWLRQ�

$VVXPSWLRQ�$��FDQ�EH�MXVWLILHG�LQ�WKH�IROORZLQJ�ZD\��,QVWHDG�RI�VXSSO\LQJ�ZRUN�WR�WKH

RIILFLDO� ODERU� PDUNHW� LQ� ZKLFK� WKH� HDUQLQJV� DUH� VXEMHFW� WR� WKH� VRFLDO� VHFXULW\� SD\UROO� WD[�

ZRUNHUV�RI�JHQHUDWLRQ�W�FRXOG�VZLWFK�WR�RQH�RU�VHYHUDO�DOWHUQDWLYHV��H�J�

� KRPH�SURGXFWLRQ�DQG�LQFUHDVHG�OHLVXUH�

� ZRUNLQJ�LQ�WKH��XQWD[HG��XQGHUJURXQG�HFRQRP\�

� FRPPXWLQJ� WR�ZRUN�DFURVV� WKH�QDWLRQDO�ERUGHU��ZKHUH� WKH�SD\UROO� WD[� UDWH�PD\�EH

ORZHU�

DOO�RI�ZKLFK�EHFRPH�UHODWLYHO\�PRUH�DWWUDFWLYH�ZKHQ�WKH�VRFLDO�VHFXULW\�WD[�UDWH� Wt �LV�UDLVHG��

7KLV�PRGHOOLQJ�SUHVXSSRVHV�WKDW�WKH�IXOO�DPRXQW�RI�WKH�FRQWULEXWLRQ�LV�YLHZHG�E\�WKH�ZRUNHUV

DV�D�WD[��ZKLFK�PHDQV�WKDW�WKH\�GR�QRW�SHUFHLYH�DQ\�FRQQHFWLRQ�WR�UHWLUHPHQW�EHQHILWV�WKH\�FDQ

FODLP� LQ� WKHLU� RZQ� ROG� DJH�� 7KLV� SHUFHSWLRQ� FHUWDLQO\� UXQV� FRXQWHU� WR� WKH� RIILFLDO� UXOHV� RI

REWDLQLQJ�EHQHILW�FODLPV�YDOLG�LQ�PDQ\�SHQVLRQ�V\VWHPV�VXFK�DV�WKH�*HUPDQ�RQH��+RZHYHU��LW

LV� FRQVLVWHQW� ZLWKLQ� WKLV� PRGHO� EHFDXVH� WKH� H[WHQW� WR� ZKLFK� DQ\� EHQHILW� FODLPV� ZRXOG� EH

KRQRUHG�E\�WKH�QH[W�JHQHUDWLRQ� �+W �GHSHQGV�FUXFLDOO\�RQ�WKH�IXWXUH�DELOLW\�RI�WKH�PHPEHUV�RI

JHQHUDWLRQ� W � WR� LPSRVH� WD[HV� RQ� WKH� ODWWHU�� 7KXV� D� FRQWULEXWLRQ�EHQHILW� OLQNDJH�� HYHQ� LI� LW

H[LVWHG��FRXOG�EH�RQO\�UHODWLYH�DQ\ZD\�

����([LVWHQFH�RI�D�6WHDG\�VWDWH�(TXLOLEULXP�XQGHU�3HUIHFW�)RUHVLJKW

7KH� PDLQ� VXEMHFW� RI� WKLV� VXEVHFWLRQ� LV� WR� SURYH� WKDW� �� SURYLGHG� SRSXODWLRQ� JURZWK

IDFWRUV�DUH�FRQVWDQW�RYHU� WLPH�DQG�VRPH� WHFKQLFDO�SUHUHTXLVLWLHV�DUH�PHW� �� WKHUH� LV� D� VWHDG\�

VWDWH� HTXLOLEULXP� WR� WKH� PRGHO� SUHVHQWHG� DERYH�� 7R� LOOXVWUDWH� RXU� JHQHUDO� DVVXPSWLRQV� DQG

UHVXOWV�ZH�GHYHORS�LQ�SDUDOOHO�D�SURPLQHQW�H[DPSOH�

([DPSOH

,Q�FDVH�WKH�ZRUNHUV
�XWLOLW\�IXQFWLRQ�LV�RI�&REE�'RXJODV�W\SH

( ) ������ ll -¼¼=- ba ]F]F8 ZLWK� �� >ba

WKH�ILUVW�RUGHU�FRQGLWLRQV�RI�WKH�XWLOLW\�PD[LPL]DWLRQ�SUREOHP�\LHOG

������������������������������ ����������������������������
��$OWKRXJK�ZH�GLG�QRW�H[SOLFLWO\�PRGHO�WKH�SRVVLELOLW\�WR�ZRUN�LQ�WKH�XQGHUJURXQG�HFRQRP\�RU�DEURDG�
WKH�XWLOLW\�PD[LPL]DWLRQ�SUREOHP�FRXOG�EH�HDVLO\�H[WHQGHG�LQ�WKLV�GLUHFWLRQ�
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ZKHQHYHU� �<t �DQG�WKH�ULJKW�KDQG�VLGH�LV�SRVLWLYH��HOVH� �=l ���+HQFH�DVVXPSWLRQ�$��F��LV
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3URYLGHG� WKDW� H[SHFWHG� EHQHILW� OHYHOV� �+WS � DUH� DOZD\V� SRVLWLYH� �ZKLFK� PHDQV� WKH

SHQVLRQ�V\VWHP�LV�QHYHU�H[SHFWHG�WR�EUHDN�GRZQ�FRPSOHWHO\��WKH�PRGHO�GHWHUPLQHV�D�XQLTXH

VHTXHQFH�RI�EHQHILW�OHYHOV� ( )WWW QSSS ��+= oo �

7R� DUULYH� DW� D� PHDQLQJIXO� HTXLOLEULXP� FRQFHSW�� ZH� ILUVW� KDYH� WR� HQGRJHQL]H� WKH

ZRUNHUV
�H[SHFWDWLRQV�FRQFHUQLQJ�IXWXUH�EHQHILW�OHYHOV�

����� ([SHFWDWLRQV

$FFRUGLQJ� WR� RXU�PRGHO�� WKH� EHQHILW� OHYHO� �+WS � LQ� SHULRG� W���ZLOO� EH� GHWHUPLQHG� E\

�+WQ �DQG� H
WS �+ ��WKH�EHQHILW�OHYHO�RI�SHULRG�W���H[SHFWHG�E\�PHPEHUV�RI�JHQHUDWLRQ�W����7KH

EHQHILW�OHYHO� �+WS ��LQ�WXUQ��LV�GHWHUPLQHG�E\� �+WQ �DQG� H
WS �+ �HWF��DQG�KHQFH�LW�VHHPV�SODXVLEOH

WR�DVVXPH�WKDW�PHPEHUV�RI�JHQHUDWLRQ� W�ZLOO�FDOFXODWH� WKHLU�H[SHFWHG�SHQVLRQ�OHYHO�EDVHG�RQ

WKH�SRSXODWLRQ�JURZWK�IDFWRUV�WKH\�H[SHFW�WR�DSSHDU�LQ�WKH�IXWXUH�

( )��������� �
�

�
�

�
��

WH
W

WH
W

WH
W

H
W QQQSS ++++ =

ZKHUH� WH
VQ
� �GHQRWHV�WKH�SRSXODWLRQ�JURZWK�UDWH�JHQHUDWLRQ�W�H[SHFWV�IRU�SHULRG�V�

������6WHDG\�VWDWH�(TXLOLEULXP�XQGHU�3HUIHFW�)RUHVLJKW

1RZ� ZH� UHVWULFW� RXU� DWWHQWLRQ� WR� VLWXDWLRQV� ZKHUH� SRSXODWLRQ� JURZWK� IDFWRUV� DUH

FRQVWDQW�RYHU�WLPH�DQG�LQGLYLGXDOV�KDYH�SHUIHFW�IRUHVLJKW��%\�RXU�DVVXPSWLRQV�ZH�WKHQ�KDYH

������������������������������ ����������������������������
�� 7R� EH� SUHFLVH� ZH� KDYH� WR� DVVXPH� �=l � LI� �=t � DQG� �=S �� EHFDXVH� LQ� WKLV� FDVH� WKH� XWLOLW\�
PD[LPLVLQJ�ODERU�VXSSO\�LV�QRW�XQLTXHO\�GHWHUPLQHG�
��,Q�WKH�FDVH� �=S �WKH�PD[LPL]DWLRQ�SUREOHP�RI�WKH�SHQVLRQHUV�LQGHHG�IDLOV�WR�KDYH�D�VROXWLRQ�
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FRQVWDQW� H[SHFWHG� SRSXODWLRQ� JURZWK� UDWHV� QQQ V
WH

V �=� � IRU� DOO� V � DQG� VW < �� FRQVWDQW

H[SHFWHG� EHQHILW� OHYHOV� ( )������ QQQS � DQG� FRQVWDQW� DFWXDO� EHQHILW� OHYHOV� ( )( )������� QQQSQS� �

3HUIHFW� IRUHVLJKW� IXUWKHUPRUH� UHTXLUHV� WKDW� WKH� H[SHFWHG� PHHW� WKH� DFWXDO� EHQHILW� OHYHOV�� L�H

( ) ( )( )������������� QQQSQSQQQS �= � DQG� WKH� TXHVWLRQ� DULVHV�� ZKHWKHU� WKH� HTXDWLRQ� ( )SQSS ��=

KDV�D�VROXWLRQ� S ��%XW�HYHQ�LI�WKLV�LV�WUXH�ZH�PD\�QRW�FRQFOXGH� ( ) ������ SQQQS = �XQOHVV�WKH

VROXWLRQ�LV�XQLTXH��7KLV�OHDGV�WR�

'HILQLWLRQ� ��� $� VWHDG\�VWDWH� HTXLOLEULXP� XQGHU� SHUIHFW� IRUHVLJKW� FRQVLVWV� RI� D� EHQHILW� OHYHO

( )QS  �DQG�D�FRQWULEXWLRQ�UDWH� t �VXFK�WKDW� ( ) R³QS  �LV�WKH�XQLTXH�VROXWLRQ�RI

( )QSSS ��= � ���

L�H�� ( ) ( ) � SQQS tt l¼¼= �� ZKHUH� Q � GHQRWHV� WKH� VWHDG\�VWDWH� SRSXODWLRQ

JURZWK�IDFWRU�

)RU�DQ\�Q�IRU�ZKLFK�VXFK�D�VWHDG\�VWDWH�H[LVWV��ZH�DVVXPH�WKDW� ( ) ������ SQQQS = ��7KLV�PHDQV�

LI�FRQVWDQW� IXWXUH�SRSXODWLRQ�JURZWK� UDWHV�Q� DUH�SHUIHFWO\� IRUHVHHQ�E\� DOO�JHQHUDWLRQV� 7W � �

WKHQ�WKH�VWHDG\�VWDWH� ( )QS  �LV�DFWXDOO\�UHDOL]HG�LQ�DOO�SHULRGV� 7W � �

������([LVWHQFH

$FFRUGLQJ� WR� WKLV� GHILQLWLRQ� D� VWHDG\� VWDWH� H[LVWV� LI� DQG� RQO\� LI� HTXDWLRQ� ���� KDV� D

XQLTXH�VROXWLRQ� SS = ��7R�JXDUDQWHH�WKLV�ZH�DVVXPH�

$�� �D� 7KH� SDUWLDO� ODERU� VXSSO\� IXQFWLRQ� ( )���l � LV� QRW� LGHQWLFDOO\� ]HUR��
� DQG� ( )S��l � LV

FRQWLQXRXV�ZKHQHYHU� S �LV�SRVLWLYH��

�E� )RU� DQ\� [ ]���³t � WKH� SDUWLDO� ODERU� VXSSO\� IXQFWLRQ� ( )��tl � LV� FRQWLQXRXV� DQG

PRQRWRQLFDOO\�GHFUHDVLQJ��L�H��OHLVXUH�LV�D�QRUPDO�JRRG��

7KHRUHP� ��� 8QGHU� DVVXPSWLRQV� $��$��� IRU� DQ\� YDOXH� RI� Q� WKHUH� H[LVWV� D� VWHDG\�VWDWH

HTXLOLEULXP�XQGHU�SHUIHFW�IRUHVLJKW��7KH�EHQHILW�OHYHO�LV�DOZD\V�SRVLWLYH�

3URRI��VHH�$SSHQGL[�

([DPSOH��&REE�'RXJODV��FRQWLQXHG��

7KH�ODERU�VXSSO\�IXQFWLRQ�FDOFXODWHG�DERYH�IXOILOOV�DVVXPSWLRQ�$���%HFDXVH

������������������������������ ����������������������������
���%HFDXVH� �� =+WS �LPSOLHV�WKDW�ODERU�LV�H[SHFWHG�WR�EH�WKH�RQO\�VRXUFH�RI�LQFRPH��WKLV�VHHPV�WR�EH�D

QDWXUDO�DVVXPSWLRQ�
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( )���l � LV� QRW� LGHQWLFDOO\� ]HUR�� WKH�GHVLUHG� FRQWLQXLW\� DQG�PRQRWRQLFLW\� SURSHUWLHV� DUH� DOVR

HDVLO\�YHULILHG��6R�7KHRUHP���LPSOLHV� WKH�H[LVWHQFH�RI�D�XQLTXH�VWHDG\�VWDWH�EHQHILW� OHYHO
S ��$�VLPSOH�FDOFXODWLRQ�\LHOGV
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��&RPSDUDWLYH�VWDWLFV�DQG�G\QDPLFV

����&RPSDUDWLYH�6WDWLFV

6R� IDU� ZH� SURYHG� WKH� H[LVWHQFH� RI� D� VWHDG\� VWDWH�� 7R� JHW� XQLTXHQHVV� Z�U�W�� WKH

FRQWULEXWLRQ�UDWH�DQG�FOHDU�FXW�FRPSDUDWLYH�VWDWLF�UHVXOWV�ZH�DVVXPH

$�� 7KH� ODERU� VXSSO\� IXQFWLRQ� LV� WZLFH� FRQWLQXRXVO\� GLIIHUHQWLDEOH� RQ� WKH� VHW

( ) ( ) }{ ���� >=L+ SS tt l �� ,Q� DGGLWLRQ�� IRU�DQ\� +R³S � WKHUH� LV� H[DFWO\�RQH� ( )S�=� tt
VXFK�WKDW� ( ) ( )QSSSQ �� �=�¼�¼ tt l �

7KHRUHP����8QGHU�DVVXPSWLRQV�$��$���LI� QQW � �WKHUH�LV�D�XQLTXH�VWHDG\�VWDWH� ( )�tS ��7KH

SHQVLRQ�OHYHO� S �LV�VWULFWO\�DQG�LQHODVWLFDOO\�LQFUHDVLQJ�LQ� Q ��,Q�GHWDLO�ZH�KDYH

( )��
� �

�
SS

QS te
e

l-
= �

3URRI��VHH�$SSHQGL[�

7KH�LQWXLWLRQ�EHKLQG�WKLV�UHVXOW�LV�WKH�IROORZLQJ��$�SHUPDQHQW�GHFOLQH�LQ�WKH�SRSXODWLRQ

JURZWK�UDWH�Q�KDV�WZR�HIIHFWV�RQ�WKH�EHQHILW�UDWH�RI�WKH�VRFLDO�VHFXULW\�V\VWHP��D�GLUHFW�DQG�DQ

LQGLUHFW� RQH�� 7KH� GLUHFW� HIIHFW�� KROGLQJ� ODERU� VXSSO\� FRQVWDQW�� LPSOLHV� WKDW� WKH� EHQHILW� UDWH

GHFOLQHV� LQ� WKH� VDPH� SURSRUWLRQ� DV� WKH� SRSXODWLRQ� JURZWK� UDWH�� 7KH� LQGLUHFW� HIIHFW� ZRUNV

WKURXJK� FKDQJHV� LQ� ODERU� VXSSO\�� $V� Q� DQG� H[SHFWHG� IXWXUH� EHQHILWV� ERWK� GHFOLQH�� IXWXUH

ZRUNHUV�EHFRPH�SRRUHU�DQG�WKXV���OHLVXUH�EHLQJ�D�QRUPDO�JRRG���LQFUHDVH�WKHLU�ODERU�VXSSO\�

ZKLFK��WDNHQ�E\�LWVHOI��LQFUHDVHV�WRWDO�EHQHILWV��7KXV��RQ�WKH�ZKROH�WKH�EHQHILW�UDWH�GHFOLQHV�E\

D�VPDOOHU�SHUFHQWDJH�WKDQ�WKH�SRSXODWLRQ�JURZWK�UDWH�

7R�GHWHUPLQH�WKH�VLJQ�RI� Q�� t �ZH�KDYH�WR�VKDUSHQ�DVVXPSWLRQ�$��
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$�
� 7KH�ODERU�VXSSO\�IXQFWLRQ�LV�WZLFH�FRQWLQXRXVO\�GLIIHUHQWLDEOH�DQG� ��� <��� tSl �RQ�WKH

VHW� +L �

7KHRUHP� ��� 8QGHU� DVVXPSWLRQV� $��$�� DQG� $�
� WKH� VWHDG\�VWDWH� FRQWULEXWLRQ� UDWH� t � LV

GHFUHDVLQJ�LQ�Q�

3URRI��VHH�$SSHQGL[�

,QWXLWLYHO\��ZKHQ� WKH�SRSXODWLRQ�JURZWK� UDWH�GHFOLQHV� DQG� WKXV�ZRUNHUV�EHFRPH�SRRUHU� �VHH

7KHRUHP�����WKH\�EHFRPH�PRUH�YXOQHUDEOH�IRU�H[SORLWDWLRQ�EHFDXVH��E\�DVVXPSWLRQ�$�
��WKHLU

ODERU� VXSSO\� EHFRPHV� OHVV� HODVWLF� DQG� WKXV� SHQVLRQHUV� LQFUHDVH� WKH� UDWH� DW� ZKLFK� WKH\� WD[

ZRUNHU
V�ODERU�LQFRPH�

,I� WKLV�UHDVRQLQJ� LV� UHYHUVHG��ZH�VHH� WKDW� LW� LV�FRQFHLYDEOH� WKDW�ZKHQ� WKH� IHUWLOLW\� UDWH

VKULQNV��ERWK�WKH�EHQHILW�OHYHO�DQG�WKH�WD[�UDWH�GHFOLQH�LQ�VWHDG\�VWDWH�HTXLOLEULXP��7KH�GURS�LQ

H[SHFWHG�SHQVLRQ�EHQHILWV�DV�VXFK�PDNHV�D�ZRUNHU�SRRUHU��DQG�LI�WKLV�PDNHV�KLV�ODERU�VXSSO\

PRUH�UDWKHU�WKDQ�OHVV�HODVWLF��L�H��LI�DVVXPSWLRQ�$�
�GRHV�QRW�KROG���ORZHULQJ�WKH�WD[�UDWH�PLJKW

PDNH�KLP�ZRUN�PRUH�E\�D�VXIILFLHQW�GHJUHH�WR�UHVWRUH�EXGJHW�EDODQFH�LQ�VSLWH�RI�WKH�VPDOOHU

QXPEHU�RI�ZRUNHUV�SHU�SHQVLRQHU�DQG�WKH�ORZHU�WD[�UDWH�

([DPSOH��&REE�'RXJODV��FRQWLQXHG��

%HFDXVH� l �HTXDOV� +l �RQ� +L �DQG� +l �LV�WZLFH�FRQWLQXRXVO\�GLIIHUHQWLDEOH�RQ� +L �ZLWK
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DVVXPSWLRQ�$�
�KROGV��6R�7KHRUHP���DSSOLHV�DQG�ZH�REWDLQ�D�XQLTXH�VWHDG\�VWDWH� ( )�tS

ZKHUH� S �LV�LQHODVWLFDOO\�LQFUHDVLQJ�DQG� t �LV�GHFUHDVLQJ�LQ� Q �

2Q�WKH�RWKHU�KDQG�WKHVH�SURSHUWLHV�FDQ�EH�YHULILHG�ZLWK�WKH�H[SOLFLW� UHVXOW� ( )�tS �ZKHUH

S �LV�GHVFULEHG�LQ�HTXDWLRQ�����DQG

( )
Q

U����
�

�
�

+++
+

-=
ba

t �

����'\QDPLFV��7KH�5ROH�RI�([SHFWDWLRQV

,Q� WKLV� VXEVHFWLRQ�ZH� ILQDOO\�PDNH� XVH� RI� RXU� FRPSDUDWLYH� VWDWLF� UHVXOWV� LQ� RUGHU� WR

DQDO\]H� WKH� EHKDYLRU� RI� RXU� PRGHO� LQ� UHVSRQVH� WR� SHUPDQHQW� RU� QRQ�SHUPDQHQW� VKRFNV� LQ

IHUWLOLW\��$OO�VFHQDULRV�XQGHU�FRQVLGHUDWLRQ�ZLOO�VKDUH�WKH�IROORZLQJ�IHDWXUHV�

�� ,QLWLDOO\�� L�H�� XQWLO� SHULRG� ���� WKH� V\VWHP� LV� LQ� LWV� VWHDG\� VWDWH� ZLWK� FRQVWDQW� SRSXODWLRQ

JURZWK�UDWH�Q��*HQHUDWLRQ����H[SHFWV�WKLV�JURZWK�UDWH�WR�ODVW�IRUHYHU�DQG�KHQFH�H[SHFWV�D

SHQVLRQ�OHYHO� ( )QSSH � = �



��

�� ,Q� SHULRG� �� D� GHPRJUDSKLF� VKRFN� RFFXUV� ( )QQQ <�=� � ZKLFK� PD\� EH� SHUPDQHQW
( )���= WDOOIRUQQW �RU�QRQ�SHUPDQHQW� ( )��= WDOOIRUQQW �

�� �3RVW�VKRFN� JHQHUDWLRQV�� ��W � GR� KDYH� SHUIHFW� IRUHVLJKW� FRQFHUQLQJ� IXWXUH� SRSXODWLRQ
JURZWK�UDWHV� ����� �� QQ

7KH� ODVW� DVVXPSWLRQ� HVSHFLDOO\� LPSOLHV� WKDW� D� �QHZ�� VWHDG\� VWDWH� ZLOO� EH� UHDFKHG� LQ

SHULRG���DW� WKH�ODWHVW��:KDW� WXUQV�RXW� WR�EH�FUXFLDO� LV�ZKHWKHU�RU�QRW� WKH�GHPRJUDSKLF�VKRFN

ZDV�IRUHVHHQ�E\�JHQHUDWLRQ���

������5HVXOWV�IRU�D�SHUPDQHQW�GHFOLQH�LQ�IHUWLOLW\

)LUVW� ZH� FRQVLGHU� D� RQFH� DQG� IRU� DOO� GHFUHDVH� LQ� IHUWLOLW\�� QQQW <�= � IRU� DOO� ��W �

%HFDXVH� JHQHUDWLRQV� ��W � KDYH� SHUIHFW� IRUHVLJKW�� WKH\� ZLOO� FRUUHFWO\� DQWLFLSDWH� WKH� QHZ

VWHDG\�VWDWH�SHQVLRQ�OHYHO� ( )QS � �IRU�WKHLU�UHWLUHPHQW�DJH�DQG�WKH�SHQVLRQ�OHYHO�ZLOO�DWWDLQ�LWV

QHZ�VWHDG\�VWDWH�OHYHO ( )QS � �LQ�SHULRG����)XUWKHUPRUH�JHQHUDWLRQ� �=W �ZLOO�DGMXVW�WKHLU�ODERU

VXSSO\� DFFRUGLQJ� WR� WKH� QHZ� �VPDOOHU�� SHQVLRQ� OHYHO�� &RQVHTXHQWO\� ( )Q�= � tt � DQG

( )QSS �= � ��:KDW�UHPDLQV�WR�EH�GLVFXVVHG�LV�WKH�VLWXDWLRQ�LQ�SHULRG����,I�JHQHUDWLRQ���GRHVQ
W

H[SHFW� WKH�VPDOOHU�SHQVLRQ�OHYHO�IRU� WKHLU� UHWLUHPHQW�DJH�� WKHLU� ODERU�VXSSO\�HTXDOV� WKH� ODERU

VXSSO\�RI�WKHLU�SDUHQW�JHQHUDWLRQ�DQG�KHQFH� ( )Q� tt = �DQG� ( )QSS � = �

W �� �� � � �

WQ Q Q Q Q� Q�

H
WS �+ �� QS �� QS �� QS �� QS � �� QS �

Wt �� Qt �� Qt �� Qt �� Q�t �� Q�t

WS �� QS �� QS �� QS �� QS � �� QS �

7DEOH����$Q�XQH[SHFWHG�SHUPDQHQW�GHFOLQH�LQ�IHUWLOLW\�

2Q�WKH�RWKHU�KDQG��LI�WKH�GHFUHDVH�LQ�IHUWLOLW\�ZDV�DQWLFLSDWHG�E\�JHQHUDWLRQ����WKH\�ZLOO

LQFUHDVH�WKHLU�ODERU�VXSSO\�DFFRUGLQJ�WR� WKHLU� UHGXFHG�SHQVLRQ�FODLP��ZKLFK�ZLOO� UHVXOW� LQ�DQ

LQFUHDVHG� CSUH�VKRFN
� FRQWULEXWLRQ� UDWH� ( )Q
� tt = � DQG� SHQVLRQ� OHYHO
� ( )QSQQS �¼�= �

ZKLFK�LV�JUHDWHU�WKDQ ( )QS  �E\�7KHRUHP���



��

W �� �� � � �

WQ Q Q Q Q� Q�

H
WS �+ �� QS �� QS �� QS � �� QS � �� QS �

Wt �� Qt �� Qt �� Q�t �� Q�t �� Q�t

WS �� QS �� QS �� QSQQ �¼� �� QS � �� QS �

7DEOH����$Q�H[SHFWHG�SHUPDQHQW�GHFOLQH�LQ�IHUWLOLW\�

������5HVXOWV�IRU�D�WHPSRUDU\�GHFUHDVH�LQ�IHUWLOLW\

6LPLODU�DUJXPHQWV�DSSO\�WR�WKH�FDVH�RI�D�RQH�SHULRG�VKRFN�LQ�IHUWLOLW\� QQQ <�=
�

�DQG

QQ
W
= � IRU� DOO� ��W �� )LUVW�� EHFDXVH� JHQHUDWLRQ� �=W � NQRZV� WKDW� WKH� GURS� LQ� IHUWLOLW\� LV� RQO\

WHPSRUDU\��WKH\�ZLOO�QRW�DGMXVW�WKHLU�H[SHFWDWLRQV�FRQFHUQLQJ�IXWXUH�EHQHILW�OHYHOV�DQG�KHQFH

JHQHUDWLRQ���ZLOO� EHDU� WKH� IXOO� EXUGHQ� RI� WKH� GHPRJUDSKLF� VKRFN� E\� SURSRUWLRQDOO\� UHGXFHG

SHQVLRQ� FODLPV�� ( ) ( )QSQSQQS �<¼�= � � E\� 7KHRUHP� ��� ,I� WKHVH� UHGXFHG� SHQVLRQ� FODLPV

ZHUH�QRW� IRUHVHHQ�E\�JHQHUDWLRQ���GXULQJ� WKHLU�ZRUNLQJ�DJH�� WKLV�ZLOO�EH� WKH�RQO\�GHYLDWLRQ

IURP�WKH�LQLWLDO��DQG�ILQDO��VWHDG\�VWDWH�

W �� �� � � �

WQ Q Q Q Q� Q
H
WS �+ �� QS �� QS �� QS �� QS �� QS

Wt �� Qt �� Qt �� Qt �� Qt �� Qt

WS �� QS �� QS �� QS �� QSQQ ¼� �� QS

7DEOH����$Q�XQH[SHFWHG�RQH�SHULRG�VKRFN�LQ�IHUWLOLW\�

,I�WKH�VKRFN�ZDV�IRUHVHHQ�E\�JHQHUDWLRQ����WKH\�ZLOO�DGMXVW�WKHLU�ODERU�VXSSO\�DFFRUGLQJ

WR�WKHLU�UHGXFHG�SHQVLRQ�FODLP� ( )QSQQS � ¼�= ��ZKLFK�PDNHV�WKHP�HYHQ�PRUH�YXOQHUDEOH�IRU

H[SORLWDWLRQ�GXULQJ�WKHLU�ZRUNLQJ�OLIH��IURP� ( )QSS �< � �DQG�$VVXPSWLRQ�$�
��WKH�H[SDQGHG

ODERU�VXSSO\�ZLOO�OHDG�WR�D�FRQWULEXWLRQ�UDWH� ���� � QQ ttt >�> �



��

W �� �� � � �

WQ Q Q Q Q� Q

H
WS �+ �� QS �� QS �� QSQQ ¼� �� QS �� QS

Wt �� Qt �� Qt ��� Q�> tt �� Qt �� Qt

WS �� QS �� QS ��� QSS > �� QSQQ ¼� �� QS

7DEOH����$Q�H[SHFWHG�RQH�SHULRG�VKRFN�LQ�IHUWLOLW\�

����'LVFXVVLRQ

7KH�PRGHO� SUHVHQWHG� KHUH� DQDO\]HV� D� GHPRJUDSKLF� VLWXDWLRQ� LQ�ZKLFK� �H�J�� GXH� WR� D

VKULQNLQJ�SRSXODWLRQ��HDFK�JHQHUDWLRQ�RI�SHQVLRQHUV�KDV�ERWK�WKH�GHWHUPLQDWLRQ�DQG�WKH�SRZHU

WR�H[SORLW�WKH�ZLOOLQJQHVV�WR�SD\�WD[HV�RI�WKH�VXEVHTXHQW�JHQHUDWLRQ�DV�IXOO\�DV�SRVVLEOH��7KLV

ZLOOLQJQHVV�� LQ� WXUQ�� GHSHQGV� XSRQ� WKH� SRVVLELOLWLHV� WR� HYDGH� �GRPHVWLF�� WD[HV� E\� ZRUNLQJ

RXWVLGH�WKH�FRXQWU\�RU�VXEVWLWXWLQJ�OHLVXUH�IRU�FRQVXPSWLRQ��$V�D�FRQVHTXHQFH�RI�WKH�UHYHQXH�

PD[LPL]LQJ�EHKDYLRU�RI�WKH�SHQVLRQHU�JHQHUDWLRQ��WKH�HIIHFWV�RI�D�GURS�LQ�WKH�IHUWLOLW\�UDWH�DQG

WKXV� LQ� WKH� FRUUHVSRQGLQJ�ZRUNHU�SHQVLRQHU� UDWLR� GHSHQG� FUXFLDOO\� RQ� WKH� EHOLHIV� RI� FXUUHQW

ZRUNHUV�DQG�SHQVLRQHUV�RQ�WKH�IXWXUH�SDWK�RI�IHUWLOLW\�

,I�FXUUHQW�GHFLVLRQ�PDNHUV�EHOLHYH�WKDW�WKH�GHFOLQH�LQ�WKH�IHUWLOLW\�UDWH�LV�SHUPDQHQW�DQG

LQGLFDWHV� D� WUDQVLWLRQ� WR� D� QHZ� VWHDG\� VWDWH� ZLWK� PRUH� UDSLGO\� VKULQNLQJ� SRSXODWLRQ�� WKHQ

H[SHFWDWLRQV�ZLWK� UHVSHFW� WR� IXWXUH�EHQHILW� OHYHOV� KDYH� WR� DGMXVW� DQG� WKH� DQDO\VLV� RI�6HFWLRQ

������DSSOLHV��$V�D�UHVXOW��WKH�OHYHO�RI�EHQHILWV�SHU�SHQVLRQHU�IDOOV��DQG�VHFRQGO\��XQGHU�IDLUO\

PLOG�FRQGLWLRQV��WKH�RSWLPXP�WD[�UDWH�ULVHV�VR�WKDW�WKH�EXUGHQ�RI� WKH�GHPRJUDSKLF�FKDQJH�LV

VKDUHG�EHWZHHQ�HDFK�WZR�VXFFHVVLYH�JHQHUDWLRQV��,I��LQ�FRQWUDVW��WKH�IHUWLOLW\�UDWH�LV�FRPPRQO\

H[SHFWHG� WR� ULVH�EDFN� WR� LWV�ROG� VWHDG\�VWDWH� OHYHO�DIWHU�RQH�SHULRG�� WKHQ�H[SHFWDWLRQV�GR�QRW

DGMXVW�DQG�WKH�DQDO\VLV�RI�6HFWLRQ�������LV�UHOHYDQW��+HUH�� WKH�RSWLPDO�FRQWULEXWLRQ�UDWH� IURP

WKH� SRLQW� RI� YLHZ� RI� SUHVHQW� SHQVLRQHUV� � � YRWHUV�� GRHV� QRW� FKDQJH� VR� WKDW� WKH� EXUGHQ� RI

DGMXVWPHQW�LV�H[FOXVLYHO\�ERUQH�E\�WKH�SUHVHQW�JHQHUDWLRQ�RI�SHQVLRQHUV��,Q�HLWKHU�FDVH��LI�WKH

GURS�LQ�IHUWLOLW\�ZDV�DQWLFLSDWHG��WKH�ODVW��SUH�VKRFN��SDUHQW�JHQHUDWLRQ�ZLOO�EH�DEOH�WR�H[SORLW

WKH�LQFUHDVLQJ�ODERU�VXSSO\�RI�WKHLU�OHVV�IHUWLOH�FKLOGUHQ�DQG�WKHLU�SHQVLRQV�ZLOO�EH�HYHQ�KLJKHU

WKDQ�LQ�WKH�LQLWLDO�VWHDG\�VWDWH�

,I�WKH�UHVXOWV�RI�WKH�PRGHO�DUH�DSSOLHG�WR�WKH�GHPRJUDSKLF�VLWXDWLRQ�ZKLFK�LV�FXUUHQWO\

YDOLG�LQ�ORZ�IHUWLOLW\�FRXQWULHV�WKURXJKRXW�(XURSH��LW�LV�FUXFLDO�WR�ILQG�RXW�DERXW�WKH�EHOLHIV�LQ

WKH� VRFLHWLHV� RQ� WKH�GXUDELOLW\�RI� ORZ� IHUWLOLW\� UDWHV��8S�XQWLO� WKH� HDUO\� VL[WLHV�� IHUWLOLW\� UDWHV

ZHUH� DW� RU� VOLJKWO\� DERYH� UHSODFHPHQW� OHYHOV� LQ� PRVW� (XURSHDQ� FRXQWULHV�� DQG� GXULQJ� WKH

VHYHQWLHV� WKHUH� KDV� EHHQ� D� YHU\� SURQRXQFHG� GURS� LQ� QHW� UHSODFHPHQW� UDWHV� �WR� EHORZ� ��� LQ

*HUPDQ\��,WDO\�DQG�6SDLQ���6LQFH�WKHQ�WKH�UDWHV�KDYH�EHHQ�PRUH�RU�OHVV�VWDEOH�DW�WKH�QHZ�OHYHO�

1RZ�WKDW�WKH�VPDOOHU�FRKRUWV�VWDUW�HQWHULQJ�WKH�ODERU�IRUFH��ZH�REVHUYH�H�J�� LQ�*HUPDQ\�DQG



��

6ZHGHQ�WKDW�WKH�SHQVLRQ�V\VWHPV�DUH�XQGHUJRLQJ�D�VHULHV�RI�UHIRUPV�WKURXJK�ZKLFK�WKH�EHQHILW

OHYHOV�DUH�JUDGXDOO\�UHGXFHG��EXW�QRW�DV�PXFK�DV�ZRXOG�EH� UHTXLUHG� WR�KROG� WKH�FRQWULEXWLRQ

UDWH�FRQVWDQW�DW�WKH�SUHVHQW�OHYHO��7KXV�WKHVH�REVHUYDWLRQV�DUH�FRQVLVWHQW�ZLWK�RXU�PRGHO�LI�WKH

GURS�LQ�IHUWLOLW\�UDWHV�LV�EHOLHYHG�WR�EH�SHUPDQHQW�

��&RQFOXGLQJ�5HPDUNV

:H�FDQ�VXPPDUL]H�WKH�ILQGLQJV�RI�WKLV�SDSHU�LQ�WKH�IROORZLQJ�VWDWHPHQWV�

��� 2SWLRQV�IRU�UHIRUPLQJ�XQIXQGHG�SXEOLF�SHQVLRQ�VFKHPHV�WKDW�DUH�QRZ�EHLQJ�GLVFXVVHG�DOO

VKDUH� WKH� IHDWXUH� WKDW� WKH� EXUGHQ� LQGXFHG� E\� GHPRJUDSKLF� FKDQJH� ZRXOG� VKLIW� WRZDUGV

SUHVHQWO\�OLYLQJ�JHQHUDWLRQV�DQG�DZD\�IURP�XQERUQ�JHQHUDWLRQV�

��� ([LVWLQJ�PRGHOV� RI� WKH� SROLWLFDO� HFRQRP\�RI� SHQVLRQ� UHIRUP� FDQ� QRW� H[SODLQ�ZK\� VXFK

UHIRUP�RSWLRQV�DUH�EHLQJ�GLVFXVVHG�DW�DOO��$V�WKH�PHGLDQ�YRWHU�LV�HLWKHU�DQ�ROGHU�ZRUNHU�RU

DOUHDG\� UHWLUHG�� WKH\� SUHGLFW� WKDW� ZLWK� ULVLQJ� UDWLR� RI� SHQVLRQHUV� WR� ZRUNHUV� XQIXQGHG

SHQVLRQ�VFKHPHV�VKRXOG�EH�H[SDQGHG�UDWKHU�WKDQ�FXW�

��� ,I�WKH�SRVVLELOLW\�RI�HYDVLRQ�RI�ZRUNHUV�IURP�SD\PHQW�RI�VRFLDO�VHFXULW\�WD[HV�LV�WDNHQ�LQWR
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FRQVLGHUHG�DV�D�SXUH�WD[�E\�WKH�ZRUNHU��DQG�WKXV�WKH�VDPH�PHFKDQLVPV�WKDW�DUH�DW�ZRUN�LQ�RXU

PRGHO�VKRXOG�DSSO\�WKHUH��WRR�
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