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ABSTRACT

IZA DP No. 15079 FEBRUARY 2022

Differential Patterns between Private and 
Public Sector Wages in Spain*

This paper studies the wage differentials between the public and private sectors in Spain, 

as well as its distribution across different educational levels and by gender. To do so, the 

well-known Oaxaca-Blinder decomposition of mincerian wage regressions is applied for 

both sectors, breaking down the (public-private) wage gap into a component explained 

by differences in characteristics and another one capturing differences in returns to those 

characteristics. Data is drawn from the Wage Structure Survey by INE for 2010, 2014 and 

2018. The main findings are: (i) strong wage compression by skills for all workers, and (ii) a 

female wage premium in the private sector. Both empirical results are rationalised by means 

of a monopoly-union wage model with monopsonistic features and female statistical 

discrimination.
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3XEOLF� VHFWRU� HPSOR\HHV� UHSUHVHQW� EHWZHHQ� ���� DQG� ���� RI� RYHUDOO� VDODULHG�

HPSOR\PHQW� LQ�PRVW�KLJK�LQFRPH�HFRQRPLHV��7KLV�PDNHV� WKH�SXEOLF�VHFWRU� WKH� ODUJHVW�

HPSOR\HU�LQ�PRVW�FRXQWULHV��SOD\LQJ�D�YHU\�LQIOXHQWLDO�UROH�LQ�WKHLU�ODERXU�PDUNHWV��3XEOLF�

MREV�GLIIHU�IURP�MREV�LQ�WKH�SULYDWH�VHFWRU�ERWK�E\�WKH�QDWXUH�RI�WKH�ZRUN�SHUIRUPHG��VLQFH�

WKH�SXEOLF�VHFWRU�LV�WKH�RQO\�SURYLGHU�RI�FHUWDLQ�JRRGV�DQG�VHUYLFHV���DQG�E\�LWV�ZRUNLQJ�

FRQGLWLRQV��+HQFH�� WKH�SXEOLF�VHFWRU�HQMR\V�D�SRVLWLRQ�RI�PRQRSROLVW� LQ� WKH�PDUNHW� IRU�

VRPH�JRRGV�DQG�VHUYLFHV�DQG�LQ�WXUQ�RIWHQ�EHFRPHV�D�ELODWHUDO�PRQRSVRQ\�LQ�D�VHJPHQW�

RI�WKH�ODERXU�PDUNHW�ZLWK�D�VWURQJ�XQLRQ�HVWDEOLVKPHQW��$V�D�UHVXOW��WKH�SXEOLF�VHFWRU�KDV�

LWV� RZQ� ZDJH�VHWWLQJ� PHFKDQLVPV� DQG� UHFUXLWPHQW�� VWDII� VHOHFWLRQ� SURFHGXUHV� IRU� LWV�

HPSOR\HHV��

3XEOLF�HPSOR\HHV�H[KLELW�YHU\�KHWHURJHQHRXV�FKDUDFWHULVWLFV��ZKLFK�FRQWUDVW�ZLWK�

WKH� GLVWULEXWLRQ� RI� HPSOR\HHV� LQ� WKH� SULYDWH� VHFWRU�� 6RPH� KLJKO\� UHOHYDQW� IDFWRUV� DUH�

UHODWHG�WR�WKHLU�JHQGHU��DJH�RU�WKH�HGXFDWLRQDO�DWWDLQPHQWV��7KH�ZDJH�GLVWULEXWLRQ�LQ�WKH�

SXEOLF� VHFWRU� DOVR� GLIIHUV� IURP� WKH� FRUUHVSRQGLQJ� GLVWULEXWLRQ� LQ� WKH� SULYDWH� VHFWRU��$�

VW\OL]HG� IDFW� LQ�PRVW� GHYHORSHG� FRXQWULHV� LV� WKDW� SXEOLF� VHFWRU�ZDJHV� DUH� FRPSUHVVHG�

DFURVV� GLIIHUHQW� OHYHOV� RI� HGXFDWLRQ�� ,Q� HIIHFW�� ZDJHV� RI� OHVV�VNLOOHG� HPSOR\HHV� DUH�

UHODWLYHO\�KLJKHU�WKDQ�LQ�WKH�SULYDWH�VHFWRU�ZKLOH�WKH�RSSRVLWH�KROGV�DPRQJ�KLJK�VNLOOHG�

HPSOR\HHV��7KLV�LPSOLHV�WKDW�WKH�ZDJH�JDS�EHWZHHQ�WKH�SXEOLF�DQG�SULYDWH�VHFWRUV�LV�QRW�

KRPRJHQHRXV�DFURVV�DOO�ZRUNHUV��EHLQJ�UDWKHU�GLIIHUHQWO\�GLVWULEXWHG�DFFRUGLQJ�WR�WKHLU�

OHYHO�RI�KXPDQ�FDSLWDO��

7KH�JRDO�RI�WKLV�SDSHU�LV�WR�HVWLPDWH�WKH�ZDJH�GLIIHUHQWLDO�EHWZHHQ�WKH�SXEOLF�DQG�

SULYDWH�VHFWRUV�LQ�6SDLQ��KHUHDIWHU��WKH�SXEOLF�SULYDWH�ZDJH�JDS���ZKLFK�LV�OHIW�XQH[SODLQHG�

DIWHU�FRQWUROOLQJ�IRU�GLIIHUHQFHV�LQ�ZRUNHUV��REVHUYDEOH�FKDUDFWHULVWLFV��,Q�DGGLWLRQ��DV�D�
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E\�SURGXFW�RI�RXU�DQDO\VLV��ZH�DOVR�ORRN�DW�KRZ�ZDJH��JDS�SDWWHUQV�E\�HGXFDWLRQ�GLIIHU�

E\�JHQGHU��7KLV�LV�DQ�LQWHUHVWLQJ�LVVXH�VLQFH��ZKLOH�WKH�SUHVHQFH�RI�DQ�XQIDYRXUDEOH�SD\�

JDS�IRU�ZRPHQ�LQ�WKH�SULYDWH�VHFWRU�LV�D�ZHOO�GRFXPHQWHG�SKHQRPHQRQ�� WKH�SUHYDLOLQJ�

UHJXODWLRQV� LQ� WKH� SXEOLF� VHFWRU� RIWHQ� LPSO\� HTXDOLW\� LQ� SD\� DQG� VLPLODU� FRQGLWLRQV� WR�

DFFHVV�YDFDQW�SRVLWLRQV�IRU�PHQ�DQG�ZRPHQ���

2XU�PDLQ�ILQGLQJV�FDQ�EH�VXPPDULVHG�DV�IROORZV��:H�GRFXPHQW��L��D�ZDJH�JDS�RI�

DERXW� �� SRLQWV� RQ� DYHUDJH� LQ� IDYRXU� RI� WKH� SXEOLF� VHFWRU� ZKLFK� LV� QRW� H[SODLQHG� E\�

GLIIHUHQFHV�LQ�SURGXFWLYLW\���LL��ZDJH�FRPSUHVVLRQ��ZLWK�D�SRVLWLYH��UHVS��QHJDWLYH��JDS�

IRU�SXEOLF�HPSOR\HHV�ZLWK�OHVV��UHVS��KLJKHU��TXDOLILFDWLRQV��DQG��LLL��D�ZDJH�SUHPLXP�IRU�

ZRPHQ�ZRUNLQJ�LQ�WKH�SXEOLF�VHFWRU��

7KH� UHVW� RI� WKH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �� UHYLHZV� WKH� H[LVWLQJ�

OLWHUDWXUH�RQ�WKH�GLIIHUHQFHV�LQ�HPSOR\PHQW�DQG�ZDJHV�EHWZHHQ�ERWK�VHFWRUV��6HFWLRQ���LV�

GHYRWHG�WR�GHVFULEH�VRPH�RI�WKH�PDLQ�VWDWLVWLFV�RQ�SXEOLF�VHFWRU�HPSOR\PHQW�LQ�6SDLQ�DQG�

WKH�GDWD�VRXUFH�RQ�ZDJHV�E\�VHFWRU�XVHG�LQ�WKH�HPSLULFDO�VHFWLRQV��6HFWLRQ���SUHVHQWV�WKH�

HPSLULFDO�VWUDWHJ\��6HFWLRQ���UHSRUWV� WKH�PDLQ�UHVXOWV��6HFWLRQV���UDWLRQDOL]HV� WKH�PDLQ�

ILQGLQJV�RQ�WKH�EDVLV�RI�D�PRQRSRO\�XQLRQ�PRGHO�ZLWK�PRQRSVRQLVWLF�IHDWXUHV��)LQDOO\��

6HFWLRQ���FRQFOXGHV��

��� 5(/$7('�/,7(5$785(�

�����$V�LW�LV�FRQYHQWLRQDO��VWDQGDUG�PRGHOV�XQGHU�SHUIHFW�FRPSHWLWLRQ�KDYH�DGGUHVVHG�WKH�

GHWHUPLQDWLRQ�RI�WKH�OHYHO�RI�HPSOR\PHQW�DQG�ZDJHV�DV�WKH�UHVXOW�RI�HTXLOLEULXP�EHWZHHQ�

ODERXU�VXSSO\�DQG�GHPDQG��,Q�WKLV�FRQWH[W��WKH�³ZDJH�HTXDOV�WKH�PDUJLQDO�SURGXFWLYLW\�RI�

ZRUNHUV´� LV� DQ� RSWLPDO�PDUNHW� DOORFDWLRQ�PHFKDQLVP��+RZHYHU�� WKH� EHKDYLRXU� RI� WKH�

�����������������������������������������������������������
��6HH�$PXHGR�'RUDQWHV�DQG�'H�OD�5LFD��������IRU�D�UHYLHZ�RI�WKH�OLWHUDWXUH�IRFXVLQJ�RQ�6SDLQ��
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SXEOLF�VHFWRU�GRHV�QRW�FRQIRUP�WR�WKHVH�DVVXPSWLRQV��2Q�WKH�RQH�KDQG��LQ�PDQ\�HFRQRPLF�

DFWLYLWLHV�LQ�ZKLFK�WKH�SXEOLF�VHFWRU�SDUWLFLSDWHV��LW�WXUQV�RXW�WR�EH�WKH�RQO\�HPSOR\HU�LQ�

WKH�PDUNHW��PRYLQJ�FORVHU�WR�D�VLWXDWLRQ�RI�PRQRSVRQ\��RIIVHW�E\�D�VWURQJ�XQLRQ�SUHVHQFH��

,QGHHG��DV�WKH�3XEOLF�$GPLQLVWUDWLRQV��$GPLQLVWUDFLRQHV�3~EOLFDV�RU�$�$�3�3�LQ�VKRUW��LV�

WKH�RQH�WKDW�GHFLGHV�KRZ�PXFK�SXEOLF�HPSOR\PHQW�LV�RIIHUHG�DQG�DW�ZKDW�OHYHO�ZDJHV�DUH�

VHW��WKHVH�RXWFRPHV�DUH�QR�ORQJHU�WKH�UHVXOW�RI�D�FRPSHWLWLYH�HTXLOLEULXP��2Q�WKH�RWKHU�

KDQG��XQOLNH�ZKDW�KDSSHQV�XQGHU�SHUIHFW� FRPSHWLWLRQ��PRVW�RI� WKH�JRRGV� DQG� VHUYLFHV�

SURGXFHG� E\� WKH� SXEOLF� VHFWRU� DUH� QRW� VROG� LQ� FRPSHWLWLYH� PDUNHWV�� PDNLQJ� WKH�

PHDVXUHPHQW�WKH�UHDO�PDUJLQDO�SURGXFWLYLW\�RI�SXEOLF�ZRUNHUV�GLIILFXOW��0RUHRYHU��D�ODUJH�

SDUW�RI�SXEOLF�HPSOR\PHQW�GRHV�QRW�DGMXVW�WR�EXVLQHVV�F\FOH�IOXFWXDWLRQV��7KH�UHDVRQ�LV�

WKDW�� LQ�PDQ\� LQVWDQFHV��FKDQJHV� LQ� WKH�OHYHO�RI�HPSOR\PHQW�DQG�SXEOLF�ZDJHV� WHQG� WR�

UHVSRQG� WR�SROLWLFDO� UHDVRQV�� UDWKHU� WKDQ�HFRQRPLF�RQHV�� WKHUHIRUH�GLIIHULQJ�TXLWH� D� ORW�

IURP� WKH� UHPDLQLQJ� VSHQGLQJ� H[SHQGLWXUH� LWHPV� RI� WKH� $�$�3�3�� &RQVHTXHQWO\�� WKH�

OLWHUDWXUH�RQ�WKLV�WRSLF�RIWHQ�DJUHHV�WKDW�WKH�SXEOLF�VHFWRU�KDV�LWV�RZQ�ZDJH�DGMXVWPHQW�

PHFKDQLVP� WKDW� JHQHUDOO\� GRHV� QRW� UHVSRQG� WR� WKH� F\FOLFDO� SKDVHV� DQG� WR� PDUNHW�

HTXLOLEULXP�IRUFHV�LQ�VXFK�VLWXDWLRQV��

�������3XEOLF�DQG�SULYDWH�ZDJHV�PD\�GLIIHU�IRU�PXOWLSOH�UHDVRQV��DPRQJ�ZKLFK�GLIIHUHQFHV�

LQ�ZRUNHUV��VRFLRHFRQRPLF�FKDUDFWHULVWLFV�LQ�HDFK�RI�WKH�WZR�VHFWRUV�VWDQG�RXW��,Q�HIIHFW��

IDFWRUV�VXFK�DV�HGXFDWLRQ��H[SHULHQFH��JHQGHU�RU�DJH�RI�WKH�ZRUNHUV�GLIIHU�EHWZHHQ�WKH�

WZR�VHFWRUV��WKXV�JHQHUDWLQJ�D�KLJK�GHJUHH�RI�KHWHURJHQHLW\��

������$�VW\OL]HG�IDFW�WKDW�KDV�EHHQ�VWXGLHG�H[WHQVLYHO\�LQ�SUHYLRXV�HFRQRPLF�UHVHDUFK�LV�WKH�

FRPSUHVVLRQ�RI�SXEOLF�ZDJHV�DORQJ�WKH�ZDJH�DQG�WKH�VNLOO���TXDOLILFDWLRQ�GLVWULEXWLRQV��$V�

UHJDUGV�ORZ�ZDJH�MREV��XVXDOO\�KHOG�E\�OHVV�VNLOOHG�LQGLYLGXDOV��WKH�SXEOLF�SULYDWH�ZDJH�

JDS�LV�IRXQG�WR�EH�SRVLWLYH�LQ�PRVW�FRXQWULHV��2Q�WKH�FRQWUDU\��D�QHJDWLYH�ZDJH�JDS��L�H��

KLJKHU� VDODULHV� LQ� WKH� SULYDWH� VHFWRU�� LV� REVHUYHG� DPRQJ� WKH�EHVW�SDLG� SRVLWLRQV� LQ� WKH�
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SXEOLF�VHFWRU��JHQHUDOO\�KHOG�E\�ZRUNHUV�ZLWK�KLJKHU�HGXFDWLRQ��%RUMDV��������H[DPLQHV�

WKH�GLIIHUHQFH�LQ�WKH�WUHQGV�RI�WKH�SXEOLF�SULYDWH�ZDJH�JDS�IRU�ZRUNHUV�ZLWK�GLIIHUHQW�VNLOOV�

LQ�WKH�8�6��GXULQJ������������+H�HVWLPDWHV�WKH�ZDJH�JDS�E\�PHDQV�RI�WKH�FRHIILFLHQW�RI�

DQ�LQGLFDWRU�YDULDEOH�RI�ZKHWKHU�WKH�LQGLYLGXDO�ZRUNV�LQ�WKH�SXEOLF�VHFWRU��%\�ILQGLQJ�D�

JURZLQJ�FRPSUHVVLRQ�RI�SXEOLF�ZDJHV�IURP�WKH�����V�RQZDUGV�DQG�D�SHUVLVWHQW�FKDQJH�LQ�

WKH�IORZV�RI�ZRUNHUV�EHWZHHQ�VHFWRUV��WKLV�VWXG\�GRFXPHQWV�WKH�LQFUHDVLQJ�GLIILFXOW\�RI�

WKH� 8�6�� SXEOLF� VHFWRU� WR� DWWUDFW� DQG� UHWDLQ� PRVW�TXDOLILHG� ZRUNHUV�� $V� UHJDUGV� WKH�

(XURSHDQ� 8QLRQ� �(8�� FRXQWULHV�� &DPSRV� DQG� &HQWHQR� ������� DOVR� FRQFOXGH� WKDW� WKH�

SXEOLF�SULYDWH�ZDJH�JDS�QDUURZV�DORQJ�WKH�GLVWULEXWLRQ�RI�VNLOOV�RYHU�WKH�SHULRG�SULRU�WR�

WKH� DGRSWLRQ� RI� WKH� HXUR�� 7KH\� FODLP� WKDW� WKH� SXEOLF� VHFWRU� DWWUDFWV� WKH� EHVW�TXDOLILHG�

LQGLYLGXDOV�IRU�MREV�DW�WKH�ERWWRP�RI�WKH�ZDJH�GLVWULEXWLRQ��RYHU�HGXFDWLRQ���EXW�IDLOV�WR�

UHWDLQ� WKH� PRVW� VNLOOHG� ZRUNHUV� LQ� WKH� EHVW�SD\LQJ� MREV�� 8VLQJ� D� VLPLODU� DSSURDFK��

*LRUGDQR�HW�DO���������DUJXH�WKDW�WKH�SXEOLF�SULYDWH�ZDJH�JDS�LV�JUHDWHU�LQ�FRXQWULHV�VXFK�

DV�6SDLQ�� ,WDO\��*UHHFH�� 3RUWXJDO�RU� ,UHODQG�FRPSDUHG� WR�*HUPDQ\��$XVWULD��)UDQFH�RU�

%HOJLXP�� ,Q�RWKHU�VWXGLHV���� VXFK�DV�'HSDOR��*LRUGDQR�DQG�3DSDSHWURX� ��������&DVWUR��

6DOWR�DQG�6WHLQHU��������RU�&KULVWRILGHV�DQG�0LFKDHO�����������VWDQGDUG�2D[DFD�%OLQGHU�

GHFRPSRVLWLRQ� PHWKRGV� DUH� XVHG� WR� TXDQWLI\� WKH� SXEOLF�SULYDWH� ZDJH� GLIIHUHQWLDO� LQ�

VHYHUDO�(XURSHDQ�FRXQWULHV��7KH�FRPPRQ�FRQFOXVLRQ�UHDFKHG�E\�WKHVH�VWXGLHV�LV�WKDW�WKH�

SXEOLF�SULYDWH� ZDJH� JDS� YDULHV� VLJQLILFDQWO\� DPRQJ� FRXQWULHV�� ZKLOH� LQ� WKH� 1RUGLF�

FRXQWULHV�WKH�JDS�LV�HLWKHU�YHU\�ORZ�RU�HYHQ�QHJDWLYH��VRXWKHUQ�(XURSHDQ�FRXQWULHV��VXFK�

DV�6SDLQ��3RUWXJDO�RU�,WDO\��H[KLELW�PXFK�KLJKHU�GLIIHUHQFHV��

� $QRWKHU�VDOLHQW�IHDWXUH�UHSRUWHG�LQ�WKH�SUHYLRXV�OLWHUDWXUH�LV�WKH�KLJK�UHSUHVHQWDWLRQ�

RI�ZRPHQ�LQ�WKH�SXEOLF�VHFWRU��,Q�WKLV�YHLQ��*DULEDOGL�DQG�*RPHV��������DQG�*DULEDOGL��

*RPHV� DQG� 6RSUHVHXWK� ������� DQDO\VH� WKH� KHWHURJHQHLW\� RI� SXEOLF� HPSOR\PHQW� LQ�

GLIIHUHQW�(8�FRXQWULHV�DQG�8�6���VWDWHV��FRQFOXGLQJ�WKDW�WKH�VKDUH�RI�ZRPHQ�LQ�WKH�SXEOLF�
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VHFWRU�LQ����2(&'�FRXQWULHV�LV�KLJKHU�WKDQ�WKHLU�FRUUHVSRQGLQJ�VKDUH�LQ�WRWDO�HPSOR\PHQW��

)XUWKHUPRUH�� LQ� PRVW� RI� WKH� FRXQWULHV� XQGHU� FRQVLGHUDWLRQ�� PRUH� WKDQ� KDOI� RI� SXEOLF�

HPSOR\HHV� DUH� ZRPHQ�� 'HVSLWH� WKH� KLJK� ZHLJKW� RI� IHPDOH� HPSOR\PHQW� LQ� WKH� SXEOLF�

VHFWRU��WKHUH�DUH�QRW�PDQ\�VWXGLHV�WU\LQJ�WR�H[SODLQ�WKLV�IDFW��,Q�RQH�RI�WKHP��'H�OD�5LFD��

'RODGR�DQG�/ORUHQV��������DUJXH�WKDW�XQHPSOR\HG�RU� LQDFWLYH�ZRPHQ�DUH�PXFK�PRUH�

OLNHO\�WR�VHHN�SXEOLF�MREV�WKDQ�PHQ�LQ�WKH�VDPH�VLWXDWLRQ��JLYHQ�WKHLU�VWURQJHU�H[SHFWDWLRQV�

RI�EHLQJ�GLVFULPLQDWHG�DJDLQVW�LQ�WKH�SULYDWH�VHFWRU�EHFDXVH�RI�WKHLU�JUHDWHU�MRE�LQVWDELOLW\��

HVSHFLDOO\�ZKHQ� WKH\� DUH� LQ� IHUWLOLW\� DJH��*RPHV� DQG�.XHKQ� ������� WU\� WR� H[SODLQ� WKH�

RYHUUHSUHVHQWDWLRQ�RI�ZRPHQ�LQ�WKH�SXEOLF�VHFWRU�WKURXJK�D�VHDUFK�DQG�PDWFKLQJ�PRGHO��

7KH\�DUJXH�WKDW� WKLV�SKHQRPHQRQ�LQ�WKH�SXEOLF�VHFWRU� LV�QRW�GXH�WR�D�KLJK�GHPDQG�IRU�

ZRPHQ�E\�WKH�$�$�3�3��EXW�UDWKHU�WR�D�JUHDWHU�VXSSO\�RI�ZRPHQ�ZKR�FKRRVH�WR�ZRUN�LQ�

WKH�SXEOLF�VHFWRU�FRPSDUHG�WR�PHQ��7KHVH�DXWKRUV�FRQFOXGH�WKDW�ZRPHQ�YDOXH�PRUH�WKH�

FRPSHQVDWLRQ� RIIHUHG� E\� WKH� SXEOLF� VHFWRU� LQ� WKH� IRUP� RI� UHFRQFLOLQJ� SHUVRQDO� DQG�

SURIHVVLRQDO�OLYHV��LQ�DGGLWLRQ�WR�SURYLQJ�PRUH�SURWHFWLRQ�DJDLQVW�GLVFULPLQDWLRQ��,Q�WKH�

FDVH� RI� PHQ�� WKH\� YDOXH� PRUH� WKH� MRE� VWDELOLW\� SURYLGHG� E\� SXEOLF� MREV�� VLQFH� WKHLU�

RSSRUWXQLW\�FRVW�RI�QRW�ZRUNLQJ�LV�XVXDOO\�KLJKHU�WKDQ�WKDW�RI�ZRPHQ�GXH�WR�WKH�³VRFLDO�

QRUPV´�WKDW�JLYH�WKH�ODWWHU�D�SUHSRQGHUDQW�UROH�LQ�KRXVHKROG�FKRUHV���

�����1RWH�WKDW�WKH�H[LVWHQFH�RI�D�SRVLWLYH�SXEOLF�SULYDWH�ZDJH�JDS�JRHV�DJDLQVW�WKH�WKHRU\�

RI�FRPSHQVDWRU\�GLIIHUHQWLDOV��ZKLFK�SUHGLFWV�WKDW��FHWHULV�SDULEXV���MREV�ZLWK�KLJKHU�ULVN�

RU�IHZHU�FRPIRUWV�VKRXOG�EH�FRPSHQVDWHG�ZLWK�KLJKHU�SD\��7KH�DYDLODEOH�HYLGHQFH�KDV�

VKRZQ�WKDW�SXEOLF�MREV�DUH�PRUH�VWDEOH�WKDQ�MREV�LQ�WKH�SULYDWH�VHFWRU��ZKHUH�WKHUH�LV�D�

KLJKHU�ULVN�RI�GLVPLVVDO��)RQWDLQH��*iOYH]�,QLHVWD��*RPHV��9LOD�0DUWtQ��������VWXG\�WKH�

ODERXU�PDUNHW�IORZV�EHWZHHQ�WKH�SXEOLF�DQG�SULYDWH�VHFWRUV�IRU�WKH�8�6��8�.���6SDLQ�DQG�

)UDQFH��7KHVH�DXWKRUV�UHSRUW�WKH�H[LVWHQFH�RI�ORZHU�WXUQRYHU��EHWZHHQ�����DQG�����OHVV��

LQ�WKH�SXEOLF�VHFWRU��D�KLJKHU�SUREDELOLW\��WKUHH�WLPHV�KLJKHU��RI�GLVPLVVDO�LQ�WKH�SULYDWH�
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VHFWRU�DQG�D�ORZHU�SUREDELOLW\��������WKDW�WKH�XQHPSOR\HG�ILQG�MREV�LQ�WKH�SXEOLF�VHFWRU�

WKDQ�LQ�WKH�SULYDWH�VHFWRU��������*RPHV��������VXJJHVWV�WKDW��GXH�WR�JUHDWHU�MRE�VHFXULW\�

LQ�WKH�SXEOLF�VHFWRU�DQG�LWV�ORZHU�UDWH�RI�MRE�GHVWUXFWLRQ��WKH�ZDJH�GLIIHUHQWLDO�VKRXOG�EH�

DSSUR[LPDWHO\������KLJKHU�LQ�WKH�SULYDWH�VHFWRU��

�����6RPH�DXWKRUV�KDYH�DQDO\VHG�WKH�UROH�WKDW�SXEOLF�ZDJHV�SOD\�DV�D�GHFLVLRQ�YDULDEOH�WR�

PD[LPL]H�SROLWLFDO�VXSSRUW��)RU�H[DPSOH��$OHVLQD��%DTLU�DQG�(DVWHUO\��������DUJXH�WKDW�

JRYHUQPHQWV� PD\� LJQRUH� HIILFLHQF\� FULWHULD� IRU� GHWHUPLQLQJ� SXEOLF� ZDJHV� DQG�

HPSOR\PHQW�DQG�LQVWHDG�RIWHQ�FKRRVH�WR�GLYHUW�WKHP�WRZDUGV�LQIOXHQWLDO�PLQRULWLHV�DQG�

SROLWLFDO� JURXSV�� ,Q� WKH� VDPH�YHLQ��%RUMDV� ������� ������ FODLPV� WKDW�ZDJH� LQFUHDVHV� LQ�

IHGHUDO� DJHQFLHV� DUH� EHWZHHQ� ��� DQG� ��� KLJKHU� LQ� HOHFWLRQ� \HDUV�� ,Q� VXP�� WKH�PRVW�

LPSRUWDQW�WDNHDZD\�IURP�WKLV�VWUDQG�RI�WKH�OLWHUDWXUH�LV�WKDW�ZDJH�JDSV�LQ�IDYRXU�RI�WKH�

SXEOLF�VHFWRU�FRXOG�EH�H[SODLQHG�E\�UHVRUWLQJ�WR�YDULDEOHV�WKDW�PHDVXUH�WKH�SROLWLFDO�SRZHU�

RI�VWDWH�DJHQFLHV��,Q�SDUWLFXODU��HPSOR\HHV�RI�DJHQFLHV�ZLWK�VPDOO��ZHOO�RUJDQL]HG�LQWHUHVW�

JURXSV��DQG�ZLWK�EXUHDXFUDFLHV�WKDW�DSSDUHQWO\�VKDUH�FRPPRQ�LQWHUHVWV��WHQG�WR�UHFHLYH�

KLJKHU�SD\��

������

��� '$7$�6285&(6�
�

)LUVW��D�EULHI�VXPPDU\�RI�WKH�PDLQ�VWDWLVWLFV�RQ�WKH�SXEOLF�VHFWRU�DYDLODEOH�LQ�6SDLQ�

LV�SURYLGHG�WR�XQGHUVWDQG�LWV�HPSOR\PHQW�VWUXFWXUH��)LUVW��ZH�XVH�WKH�GDWD�SURYLGHG�E\�WKH�

6SDQLVK�/DERXU�)RUFH�6XUYH\��(QFXHVWD�GH�3REODFLyQ�$FWLYD��(3$��IRU�WKH�ILUVW�TXDUWHU�

�4���RI������WR�LOOXVWUDWH�LWV�FXUUHQW�FKDUDFWHULVWLFV��,WV�VDPSOH�VL]H�LV�������FHQVXV�WUDFWV��



��
�

ZKLFK� UHSUHVHQWV� DSSUR[LPDWHO\� ������� GZHOOLQJV� DQG� FRYHUV� �������� SHRSOH��� 3XEOLF�

HPSOR\HHV�LQ�6SDLQ�UHSUHVHQW��������UHS���������RI�WRWDO��UHVS��VDODULHG��HPSOR\PHQW��

'XULQJ�WKH�ODVW�GHFDGH��WKH�KLJKHVW�SHUFHQWDJH�KDV�EHHQ�����LQ�������ZKLOH�WKH�ORZHVW�

ZDV�������LQ��������

7KH�ILUVW�UHOHYDQW�IHDWXUH�WR�QRWLFH�LV�WKH�RYHUUHSUHVHQWDWLRQ�RI�ZRPHQ�LQ�WKH�SXEOLF�

VHFWRU��$V�VKRZQ�LQ�)LJXUH����ZKLOH�ZRPHQ�RQO\�UHSUHVHQW�����RI�WRWDO�HPSOR\PHQW��WKH�

SHUFHQWDJH�RI�ZRPHQ�HPSOR\HG�E\�WKH�SXEOLF�VHFWRU�UHDFKHV��������$V�PHQWLRQHG�HDUOLHU��

WKLV�VW\OLVHG�IDFW�FRXOG�EH�H[SODLQHG�E\�WKH�VWURQJHU�SUHIHUHQFHV�RI�ZRPHQ�IRU�MREV�WKDW�

IDFLOLWDWHV�UHFRQFLOLDWLRQ�RI�WKHLU�SULYDWH�DQG�SURIHVVLRQDO�OLYHV��,Q�DGGLWLRQ��WKH�H[LVWLQJ�

JHQGHU�ZDJH�JDS�LQ�WKH�SULYDWH�VHFWRU�FDQ�DOVR�EH�D�UHOHYDQW�GULYHU�WKDW�SXVKHV�ZRPHQ�WR�

RSW� IRU� SXEOLF�VHFWRU� MREV� PRUH� RIWHQ�� 7KH� DEVHQFH� RI� VWDWLVWLFDO� GLVFULPLQDWLRQ� RU�

SUHMXGLFH� LQ� SXEOLF� VHOHFWLRQ� SURFHVVHV�PD\�EH� EHKLQG�ZRPHQ�V� SUHIHUHQFHV� IRU� WKHVH�

SRVLWLRQV� VLQFH�� DV� DUJXHG� EHIRUH�� WKHUH� LV� DPSOH� HYLGHQFH� LQ� IDYRXU� RI� IHPDOH�

GLVFULPLQDWLRQ�LQ�WKH�SULYDWH�VHFWRU��HVSHFLDOO\�DPRQJ�ZRPHQ�LQ�IHUWLOLW\�DJHV����

$QRWKHU� VDOLHQW� FKDUDFWHULVWLF� RI� WKH� SXEOLF� VHFWRU� LV� WKH� RYHUUHSUHVHQWDWLRQ� RI�

KLJK�VNLOOHG�LQGLYLGXDOV�YLV�i�YLV�WKH�SULYDWH�VHFWRU��$V�VKRZQ�LQ�)LJXUH��������RI�SXEOLF�

VHFWRU�HPSOR\HHV�LQ�6SDLQ�KDYH�D�KLJKHU�HGXFDWLRQ�GHJUHH��GHILQHG�DV�KDYLQJ�FRPSOHWHG�

�����������������������������������������������������������
Ϯ�7KH�(3$�GHILQHV�HPSOR\HG�ZRUNHUV�DV�LQGLYLGXDOV�RYHU����\HDUV�RI�DJH�ZKR��GXULQJ�WKH�UHIHUHQFH�

ZHHN���KDYH�ZRUNHG�IRU�DW�OHDVW�RQH�KRXU�LQ�H[FKDQJH�IRU�VRPH�W\SH�RI�UHPXQHUDWLRQ���,Q�WXUQ��WKH�HPSOR\HG�

DUH�GLYLGHG�LQWR�VHOI�HPSOR\HG�DQG�VDODULHG�ZRUNHUV�HPSOR\HHV��SXEOLF�RU�SULYDWH���

�
ϯ�'XULQJ� WKH� SDQGHPLF�� SXEOLF� HPSOR\PHQW� KDV� LQFUHDVHG� E\� ���� WKRXVDQG�� <HW�� LWV� VKDUH� RI�

VDODULHG� HPSOR\PHQW� IHOO� WR� ������ E\� �����4��� IROORZLQJ� WKH� UHFRYHU\� RI� SULYDWH�VHFWRU� HPSOR\PHQW�

WKDQNV�WR�WKH�LPSOHPHQWDWLRQ�RI�IXUORXJK��VKRUW�WLPH�ZRUN��(57(��VFKHPHV��

�
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D�FROOHJH�RU�KLJKHU�GHJUHH��FRPSDUHG�WR�����LQ�WKH�SULYDWH�VHFWRU��7KRVH�ZLWK�VHFRQGDU\�

HGXFDWLRQ�UHSUHVHQW�����RI�DOO�SXEOLF�HPSOR\HHV��ZKLOH�LQGLYLGXDOV�ZLWKRXW�DQ\�WUDLQLQJ�

EDUHO\� UHDFK� ���� *DULEDOGL�� *RPHV�� DQG� 6RSUDVHXWK� ������� RIIHU� WKUHH� SRVVLEOH�

H[SODQDWLRQV�IRU�ZK\�SXEOLF�HPSOR\PHQW�LV�VNHZHG�WRZDUGV�KLJK��VNLOOHG�ZRUNHUV��7KH�

ILUVW�RQH�LV�WKDW�JRYHUQPHQWV�HVWDEOLVK�KLJK�PLQLPXP�WUDLQLQJ�UHTXLUHPHQWV�EHFDXVH�WKH\�

VHHN� WR�KLUH�EHWWHU� LQSXWV� IRU� WKH�SURGXFWLRQ�RI�SXEOLF�JRRGV�DQG�VHUYLFHV��7KH�VHFRQG�

UHDVRQ�LV� WKDW�� LQ�D�VHWXS�ZKHUH�SXEOLF�ZDJHV�DUH�FRPSUHVVHG�DORQJ�WKH�GLVWULEXWLRQ�RI�

HGXFDWLRQ��WKH�JRYHUQPHQW�ZLOO�SUHIHU�WR�KLUH�PRUH�TXDOLILHG�LQGLYLGXDOV�VLQFH�WKH\�DUH�

UHODWLYHO\�FKHDSHU��7KLV�LV�GXH�WR�WKH�IDFW�WKDW��LI�WKH�ZDJHV�RI�ORZ�VNLOOHG�SXEOLF�MREV�DUH�

UHODWLYHO\�KLJK��WKHQ�WKHUH�ZLOO�EH�PDQ\�PRUH�TXDOLILHG�LQGLYLGXDOV�ZLOOLQJ�WR�DSSO\�IRU�

WKHVH�MREV�LQ�FRXQWULHV�ZKHUH�WKHUH�LV�RYHUTXDOLILFDWLRQ��

&ŝŐƵƌĞ�ϭ͘��ŵƉůŽǇŵĞŶƚ�ĚŝƐƚƌŝďƵƚŝŽŶ�ďǇ�ŐĞŶĚĞƌ͗�ĂŐŐƌĞŐĂƚĞ͕�ƉƵďůŝĐ�ĂŶĚ�ƉƌŝǀĂƚĞ�ƐĞĐƚŽƌƐ͘�

�

1RWH��6RXUFH��(3$��4�,��

Ϭй

ϭϬй

ϮϬй

ϯϬй

ϰϬй
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&ŝŐƵƌĞ�Ϯ͘�tŽƌŬĞƌƐǲ�ĚŝƐƚƌŝďƵƚŝŽŶ�ďǇ�ĞĚƵĐĂƚŝŽŶĂů�ĂƚƚĂŝŶŵĞŶƚ�ŝŶ�ƉƌŝǀĂƚĞ�ĂŶĚ�ƉƵďůŝĐ�ƐĞĐƚŽƌƐ͘�

�

1RWH��6RXUFH��(3$��4�,��

5HJDUGLQJ�DJH��VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�LWV�GLVWULEXWLRQV�LQ�ERWK�VHFWRUV�DUH�

DOVR�IRXQG��$V�VKRZQ�LQ�)LJXUH����WKH�PRGH�IRU�WKH�DJHV�RI�SXEOLF�VHFWRU�HPSOR\HHV�LV�

EHWZHHQ����DQG����\HDUV�ROG��ZKLFK�FRQWUDVWV�ZLWK�WKH�FRUUHVSRQGLQJ�PRGH�IRU�SXEOLF�

VHFWRU�HPSOR\HHV�ZKLFK� LV�EHWZHHQ����DQG����\HDUV�ROG��7KLV�DJH�GLIIHUHQFH�FRXOG�EH�

H[SODLQHG�E\�WKH�JUHDWHU�MRE�VWDELOLW\�LQ�SXEOLF�MREV��DV�D�UHVXOW�RI�ZKLFK�LQGLYLGXDOV�WHQG�

WR�GHYHORS�ORQJHU�SURIHVVLRQDO�FDUHHUV�WKDQ�LQ�WKH�SULYDWH�VHFWRU��

&ŝŐƵƌĞ�ϯ͘�tŽƌŬĞƌƐǲ�ĚŝƐƚƌŝďƵƚŝŽŶ�ďǇ�ĂŐĞ�ŝŶ�ƉƌŝǀĂƚĞ�ĂŶĚ�ƉƵďůŝĐ�ƐĞĐƚŽƌƐ͘�

�

����1RWH��6RXUFH��(3$��4�,��

�

Ϭ

Ϭ͕ϭ

Ϭ͕Ϯ

Ϭ͕ϯ

Ϭ͕ϰ

Ϭ͕ϱ

Ϭ͕ϲ

Ϭ͕ϳ

Ϭ͕ϴ
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$QRWKHU�GLPHQVLRQ�RI�WKH�KHWHURJHQHLW\�RI�SXEOLF�HPSOR\PHQW�LV�LWV�KLJK�UDWH�RI�

WHPSRUDU\�HPSOR\PHQW��$V�GLVSOD\HG�LQ�)LJXUH����DERXW�����RI�WKH�FRQWUDFWV�VLJQHG�E\�

WKH�SXEOLF�VHFWRU�DUH�WHPSRUDU\��HVSHFLDOO\�LQ�WKH�HGXFDWLRQ�DQG�KHDOWK�VHFWRUV���FRPSDUHG�

WR�����LQ�WKH�SULYDWH�VHFWRU��7KLV�PDNHV�LW�RQH�RI�WKH�SXEOLF�VHFWRUV�LQ�WKH�(8�ZLWK�WKH�

KLJKHVW�UDWH�RI�WHPSRUDU\�ZRUN��1RQHWKHOHVV��GHVSLWH�LWV�KLJK�UDWH�RI�IL[HG�WHUP�MREV��WKH�

SXEOLF� VHFWRU� LV� PRUH� VWDEOH� WKDQ� WKH� SULYDWH� VHFWRU�� ZLWK� PXFK� ORZHU� RXWIORZV� WR�

XQHPSOR\PHQW�DQG�LQDFWLYLW\�WKDQ�LQ�WKH�SULYDWH�VHFWRU��)RQWDLQH�HW�DO���������

�����7R�HVWLPDWH�WKH�SXEOLF�SULYDWH�ZDJH�JDS�LQ�6SDLQ��ZH�PDNH�XVH�RI�WKH�6SDQLVK�:DJH�

6XUUYH\��(QFXHVWD�GH�(VWUXFWXUD�6DODULDO��RU�((6�LQ�VKRUW��FDUULHG�RXW�E\�WKH�1DWLRQDO�

,QVWLWXWH�RI�6WDWLVWLFV��7KLV�VXUYH\�SURYLGHV�GDWD�RQ�WKH�GLVWULEXWLRQ�RI�ZDJHV�EDVHG�RQ�D�

ODUJH�QXPEHU�RI�GHPRJUDSKLFV��VXFK�DV�VH[��RFFXSDWLRQ��VHQLRULW\��FRPSDQ\�VHFWRU��HWF��

7KH�LQIRUPDWLRQ�LV�REWDLQHG�IURP�ILOHV�RI�WKH�6RFLDO�6HFXULW\�DQG�WKH�7D[�$JHQF\�WRJHWKHU�

ZLWK�D�VSHFLILF�TXHVWLRQQDLUH��,Q�SDUWLFXODU��ZH�XVH�WKUHH�((6�ZDYHV�FRUUHVSRQGLQJ�WR�WKH�

\HDUV������������DQG�������$V�WKH�JRDO�RI�WKLV�VWXG\�LV�WR�FRPSDUH�WKH�ZDJH�JDS�EHWZHHQ�

WKH�SXEOLF�DQG�SULYDWH�VHFWRUV��PLOLWDU\�SHUVRQQHO��4���DQG�LQGLYLGXDOV�XQGHU����\HDUV�RI�

DJH�DQG�RYHU����KDYH�EHHQ�H[FOXGHG�WR�KRPRJHQL]H�WKH�VDPSOH�IRU�ERWK�VHFWRUV��

�����)RU�������WKH�((6�KDV���������REVHUYDWLRQV�ZKLOH�IRU������DQG������WKH�QXPEHU�RI�

REVHUYDWLRQV�LV���������DQG����������UHVSHFWLYHO\��7KH�PDLQ�GHVFULSWLYH�VWDWLVWLFV�RI�WKH�

UHOHYDQW�YDULDEOHV�LQ�WKH�WKUHH�VHOHFWHG�ZDYHV�DUH�SUHVHQWHG�LQ�7DEOH�$���RI�WKH�$SSHQGL[���
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1RWH��6RXUFH��(3$��4�,��

��� (03,5,&$/�675$7(*<�
�

� �$V�UHJDUGV�WKH�GHSHQGHQW�YDULDEOH�LQ�DOO�UHJUHVVLRQV��ZH�XVH�WKH��ORJJHG��KRXUO\�

ZDJH��FRPSXWHG�IURP�WKH�((6�E\�PHDQV�RI�WKH�IROORZLQJ�LQIRUPDWLRQ��

�� 0RQWKO\�ZDJH��FDOFXODWHG�DV� WKH�VXP�RI�WKH�EDVH�VDODU\��PRQWKO\�H[WUDRUGLQDU\�

SD\��RYHUWLPH�SD\PHQWV�DQG�VDODU\�VXSSOHPHQWV���

�� 0RQWKO\�ZRUNLQJ�KRXUV��GHILQHG�DV��

ݏݎݑ݋݄�݃݊݅݇ݎ݋ݓ�ݕ݈݄ݐ݊݋ܯ ൌ ௐௐ஽ுାௐௐ஽ெ
଺଴

כ ͶǤ͵ͷ ൅ ���ZKHUHܪܽݎݐݔܧ�

ܪܦܹܹ ؠ �ሻݏݎݑ݋�ሺ݅݊�݄ݏݕܽ݀�݃݊݅݇ݎ݋ݓ�ݕ݈݇݁݁ݓ�݀݁݁ݎ݃ܣ

ܯܦܹܹ ؠ �ሻݏ݁ݐݑ�ሺ݅݊�݉݅݊ݏݕܽ݀�݃݊݅݇ݎ݋ݓ�ݕ݈݇݁݁ݓ�݀݁݁ݎ݃ܣ

ܪܽݎݐݔܧ ൌ �ݏݎݑ݋݄�݃݊݅݇ݎ݋ݓ�݁݉݅ݐݎ݁ݒܱ�

�����$V�LV�FRQYHQWLRQDO�LQ�WKH�OLWHUDWXUH�RQ�WKLV�WRSLF��WKH�ILUVW�VWHS�WRZDUGV�HVWLPDWLQJ�WKH�

SXEOLF�SULYDWH�ZDJH�JDS�UHOLHV�RQ�WKH�HVWLPDWLRQ�RI�D�PLQFHULDQ�OLQHDU�UHJUHVVLRQ�ZKHUH��

WKH� �ORJJHG�� KRXUO\� ZDJH� RI� LQGLYLGXDO�݅����ሺݓ௜ሻǡ�� LV� UHJUHVVHG� RQ� D� YHFWRU� RI�

VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFVࢄ�௜� �� DGGLQJ�D�GXPP\�YDULDEOH� WKDW� WDNHV�YDOXH��� IRU�

EHLQJ� D� SXEOLF�VHFWRU� HPSOR\HH�� ܷܲ ௜ܵ�� 0RUHRYHU�� WR� HVWLPDWH� WKH� JHQGHU�GLIIHUHQWLDO�

Ϭй
ϭϬй
ϮϬй
ϯϬй
ϰϬй
ϱϬй
ϲϬй
ϳϬй
ϴϬй
ϵϬй

WƌŝǀĂƚĞ�^ĞĐƚŽƌ WƵďůŝĐ�^ĞĐƚŽƌ

WĞƌŵĂŶĞŶƚ dĞŵƉŽƌĂƌǇ
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HIIHFW�RI�ZRUNLQJ�LQ�WKH�SXEOLF�VHFWRU��D�GRXEOH�LQWHUDFWLRQ�YDULDEOH�EHWZHHQ�WKH�SXEOLF�

VHFWRU�DQG�IHPDOH�GXPPLHV��ܷܲ ௜ܵ כ ��௜݉݁ܨ LV�DOVR�DGGHG��7KHUHIRUH��WKH�HTXDWLRQ�WR�EH�

HVWLPDWHG�E\�2/6�LQ�WKH�FURVV�VHFWLRQDO�VDPSOH��݅� ൌ �ͳǡ ʹǡǥ ǡ ܰ��EHFRPHV��

��ሺݓ௜ሻ ൌ ଴ߚ� ൅ߚ�ଵܷܲ ௜ܵ ൅ߚ�ଶܷܲ ௜ܵ כ ௜݉݁ܨ ൅ߚ�ଷԢࢄ௜ ൅ ������������������������������������������௜ߝ

ZKHUHߝ�௜�LV�D�]HUR��PHDQ��XQFRUUHODWHG�DQG�KRPRVFHGDVWLF�HUURU�WHUP��,Q�OLQH�ZLWK�WKH�

WUDGLWLRQDO�VSHFLILFDWLRQ�RI�D�PLQFHULDQ�ZDJH�HTXDWLRQ��WKH�IROORZLQJ�FRQWUROV�DUH�LQFOXGHG�

LQ� �௜ࢄ� UHJLRQ� RI� UHVLGHQFH� ��� GXPPLHV��� � ���௜݉݁ܨ RFFXSDWLRQ� W\SH� DFFRUGLQJ� WR� WKH�

FDWHJRULHV� GHWHUPLQHG� E\� WKH� 1DWLRQDO� &ODVVLILFDWLRQ� RI� 2FFXSDWLRQV� &12���� ����

GXPPLHV��� HGXFDWLRQDO� DWWDLQPHQW� ��� GXPPLHV��� SDUW�WLPH� ZRUN� ��� GXPP\��� DJH� ���

GXPPLHV���\HDUV�RI�WHQXUH�DQG�LWV�VTXDUH���

�����7KLV�OLQHDU�DSSUR[LPDWLRQ�SURYLGHV�WKH�VLPSOHVW�ZD\�WR�HVWLPDWH�WKH�ZDJH�SUHPLXP��

<HW�� LW� LV� QRW� IUHH� RI� OLPLWDWLRQV�� VXFK� DV� DVVXPLQJ� WKDW� WKH� HIIHFW� RFFXUV� H[FOXVLYHO\�

WKURXJK� WKH� 386� GXPP\� DQG� QRW� WKURXJK� WKH� UHPDLQLQJ� FRQWUROV�� 7KHUHIRUH�� D� ZHOO�

NQRZQ�DOWHUQDWLYH�WR�FRPSXWH�WKH�SXEOLF�SULYDWH�ZDJH�JDS�LV�WR�HVWLPDWH�WKH�KRXUO\�ZDJH�

UHJUHVVLRQV� VHSDUDWHO\� IRU� HDFK�RI� WKH� WZR� VHFWRUV�� WR� WKHQ� FRPSXWH�ZDJH�GLIIHUHQWLDOV�

EURNHQ�GRZQ�LQWR�WZR�WHUPV��RQH�H[SODLQHG�E\�GLVSDULW\�LQ�REVHUYHG�FKDUDFWHULVWLFV�IRU�

JLYHQ�UHWXUQV�DQG�DQRWKHU�VWHPPLQJ�IURP�GLIIHUHQFHV�LQ�UHWXUQV�IRU�JLYHQ�FKDUDFWHULVWLFV��

7KLV�LV�WKH�ZHOO�NQRZQ�2D[DFD�%OLQGHU��2%��GHFRPSRVLWLRQ�ZKLFK�KDV�EHHQ�PDVVLYHO\�

XVHG�LQ�WKH�OLWHUDWXUH�RQ�ZDJH�JDSV��LQFOXGLQJ�WKH�SXEOLF�SULYDWH�JDS��DV�LQ�&KULVWRILGHV�

DQG�0LFKDHO��������DQG�&DVWUR��6DOWR�DQG�6WHLQHU����������

�����������������������������������������������������������
�� 1RWH� WKDW� FKRLFH� RI� RFFXSDWLRQV� FRXOG� EH� DUJXDEO\� HQGRJHQRXV�� 1RQHWKHOHVV�� DV� DQ� DFFRXQWLQJ�

H[HUFLVH��LW�LV�XVHIXO�WR�NQRZ�WKH�H[WHQW�WR�ZKLFK�WKH�ZDJH�JDS�FDQ�EH�H[SODLQHG�E\�WKHP�VLQFH�WKH\�DOVR�
DIIHFW�SURGXFWLYLW\��



���
�

�$FFRUGLQJO\��WKH�WZR�2/6�UHJUHVVLRQV�FRQVLGHUHG�LQ�WKH�2%�GHFRPSRVLWLRQ�DUH�DV�

IROORZV��

��ሺீݓ௜ሻ ൌ ௜ܺீ௜ߚ ൅ ��௜ீߝ

��൫ݓ௉௝൯ ൌ ௝ܺ௉௝ߚ ൅ �௉௝ߝ

ZKHUHீݓ�௜� �௉௝ݓ�\ DUH� WKH� KRXUO\� ZDJHV� RI� DQ� LQGLYLGXDO� L� �UHVS�� M�� EHORQJLQJ� WR� WKH�

SXEOLF�JRYHUQPHQW� �UHVS�� SULYDWH�� VHFWRU�� ZKLOH� ܺீ௜� DQG� ܺ௉௜�� DUH� WKHLU� REVHUYDEOH�

FKDUDFWHULVWLFV�� �$�FRQVWDQW�WHUP�LV�LQFOXGHG�LQ�ERWK�HTXDWLRQV��VR�WKDW�WKH�PHDQ�RI�WKH�

HVWLPDWHG�2/6�UHVLGXDOV�LV�HTXDO�WR�]HUR��1H[W��DV�LV�FRQYHQWLRQDO��WKH�GLIIHUHQFH�EHWZHHQ�

WKH�PHDQV�RI�ERWK�HTXDWLRQV�LV�FDOFXODWHG�DV��

ο�ൌ �ॱሺܺீሻீߚ ൅ �ॱሺீߝሻ െ ॱሺܺ௉ሻߚ௉ ൅ �ॱሺߝ௉ሻǡ��

���ሺீݓሻതതതതതതതതത െ� ��ሺݓ௉ሻതതതതതതതതത ൌ ሺீݔതതത െ ෢ீߚ௉തതതሻݔ ൅ ෢ீߚ௉തതതሺݔ െ ௉ሻ෢ߚ �

ZKHUHீݔ��തതതݔ�ݕ�௉തതത��DUH�WKH�VDPSOH�DYHUDJHV�RI�ZRUNHUV��REVHUYHG�FKDUDFWHULVWLFV�ZLWKLQ�HDFK�

JURXS�RI�HPSOR\HHV��ZKHUHDV�WKH�WHUPV��ሺீݔതതത െ ෢ீߚ௉തതതሺݔ�෢ீ�DQGߚ௉തതതሻݔ െ ௉ሻ෢ߚ �UHSUHVHQW��WKH�JDS�

FRPSRQHQWV� DWWULEXWHG� WR� GLIIHUHQFHV� LQ� FKDUDFWHULVWLFV� �IRU� JLYHQ� UHWXUQV�� DQG� WR�

GLIIHUHQFHV�LQ�UHWXUQV��IRU�JLYHQ�FKDUDFWHULVWLFV���UHVSHFWLYHO\��

�:H� ILUVW�SHUIRUP� WKH�2�%�GHFRPSRVLWLRQ�RI� WKH�ZDJH�JDS�ZDJHV�XVLQJ� WKH�ZKROH�

VDPSOH�IRU�HDFK�RI�WKH�WKUHH�((6�ZDYHV��ZKHUH�WKH�DERYH�PHQWLRQHG�VHW�RI�FRQWUROV�LV�

DGGHG��1H[W��IROORZLQJ�WKH�PHWKRGRORJ\�SURSRVHG�E\�&KULVWRILGHV�DQG�0LFKDHO���������

ZH�UXQ�VHSDUDWH�UHJUHVVLRQV�GLVWLQJXLVKLQJ�E\�ZRUNHUV��HGXFDWLRQDO�DWWDLQPHQWV��7KH�ILUVW�

VXEVDPSOH�LQFOXGHV�LQGLYLGXDOV�ZLWK�FRPSOHWHG�FROOHJH�HGXFDWLRQ��ZKLOH�WKH�VHFRQG�RQH�

SHUWDLQV� WR� WKRVH�ZLWK� ORZHU� HGXFDWLRQDO� OHYHOV��/DVWO\�� WR� VWXG\�ZKHWKHU� WKH�REVHUYHG�

ZDJH� JDS� IHDWXUHV� E\� HGXFDWLRQ� UHPDLQ� RU� FKDQJH� DFURVV� JHQGHUV�� WKH� VDPSOH� LV� DOVR�
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EURNHQ�GRZQ�E\�VH[���,Q�VXP��ZH�HVWLPDWH�WKH�2�%�GHFRPSRVLWLRQ�IRU�WKH�IROORZLQJ�IRXU�

VXEVDPSOHV��PHQ�DQG�ZRPHQ�ZLWK�FROOHJH�HGXFDWLRQ��DQG�PHQ�DQG�ZRPHQ�ZLWK�ORZHU�

HGXFDWLRQDO�DWWDLQPHQWV���

��� (67,0$7,21�5(68/76�
�

7DEOH���GLVSOD\V�WKH�UHVXOWV�REWDLQHG�IURP�HVWLPDWLQJ�WKH�KRXUO\�ZDJH�UHJUHVVLRQ�

����E\�2/6���

dĂďůĞ�ϭ͘�K>^�ĞƐƚŝŵĂƚĞĚ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ŝŶ�ƚŚĞ�ŵŝŶĐĞƌŝĂŶ�ǁĂŐĞ�ƌĞŐƌĞƐƐŝŽŶ�;��^�ϮϬϭϬ͕�ϮϬϭϰ͕�ϮϬϭϴͿ�
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EŽƚĞ͗�dŚĞ�ƐĞƚ�ŽĨ�ĐŽŶƚƌŽůƐ�ŝŶĐůƵĚĞƐ�ƌĞŐŝŽŶ͕�ŽĐĐƵƉĂƚŝŽŶ͕�ĞĚƵĐĂƚŝŽŶ͕�ĐŽŶƚƌĂĐƚ�ƚǇƉĞ͕�Ă�ƋƵĂĚƌĂƚŝĐ�ŝŶ�
ũŽď�ƚĞŶƵƌĞ�ĂŶĚ�ĂŐĞ͘�^ƚĂŶĚĂƌĚ�ĚĞǀ͘�ŝŶ��ƉĂƌĞŶƚŚĞƐĞƐ͘��ůů�ƚŚĞ�ƌĞƉŽƌƚĞĚ�ĞƐƚŝŵĂƚĞĚ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ĂƌĞ�

ƐƚĂƚŝƐƚŝĐĂůůǇ�ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�ϭ�ƉĞƌĐĞŶƚ͘�

�

$V�FDQ�EH�REVHUYHG��WKH�HVWLPDWHG�FRHIILFLHQW�RQ�WKH�SXEOLF�VHFWRU�GXPP\��ܷܲܵ��

LV� SRVLWLYH�DQG�KLJKO\� VLJQLILFDQW� LQ� HDFK�RI� WKH� WKUHH�ZDYHV�RI�((6� ������������DQG�

�������7KXV��ZRUNLQJ�IRU�WKH�SXEOLF�VHFWRU�LV�DVVRFLDWHG�ZLWK�KLJKHU�ZDJHV�RI�EHWZHHQ���

DQG���ORJDULWKPLF�SRLQWV��OS��KHUHDIWHU��WKDQ�LQ�WKH�SULYDWH�VHFWRU��$V�UHJDUGV�WKH�IHPDOH�

GXPP\��)HP��LWV�HVWLPDWHG�FRHIILFLHQW�UDQJHV�EHWZHHQ��������DQG���������LPSO\LQJ�WKDW�

ZRPHQ�VXIIHU�D�ZDJH�SHQDOW\�RI�DURXQG�������OS��UHODWLYH�WR�PHQ��0RUHRYHU��WKH�HVWLPDWHG�
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FRHIILFLHQW�RI�WKH�LQWHUDFWLRQ�WHUP�RI�ERWK�FKDUDFWHULVWLFV��݉݁ܨ כ ܷܲܵ��LV�SRVLWLYH�LQ�HDFK�

RI�WKH�WKUHH�VDPSOHV��7KLV�PHDQV�WKDW��ZKLOH�WKH�RYHUDOO�JHQGHU�JDS�WXUQV�RXW�WR�EH�DURXQG�

������OS���ZRUNLQJ�LQ�WKH�SXEOLF�VHFWRU�KDV�DQ�RIIVHWWLQJ�HIIHFW�IRU�ZRPHQ�RI�EHWZHHQ���

DQG���OS��,Q�RWKHU�ZRUGV��WKH�JHQGHU�JDS�DPRQJ�SXEOLF�VHFWRU�HPSOR\HHV�����OS���LV�DOPRVW�

KDOYHG��,Q�VXP��WKHVH�UHVXOWV�FRQILUP�WKDW��IRU�WKH�HQWLUH�VDPSOH��WKH�SXEOLF�SULYDWH�ZDJH�

JDS�LV�SRVLWLYH�LQ�IDYRXU�RI�WKH�SXEOLF�VHFWRU��HVSHFLDOO\�IRU�ZRPHQ��

dĂďůĞ�Ϯ͘�KĂǆĂĐĂͲ�ůŝŶĚĞƌ�ĚĞĐŽŵƉŽƐŝƚŝŽŶ�ĨŽƌ�ƚŚĞ�ǁŚŽůĞ�ƐĂŵƉůĞ�;��^�ϮϬϭϬ͕�ϮϬϭϰ͕�ϮϬϭϴͿ�
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EŽƚĞ͗�K>^�ĞƐƚŝŵĂƚŝŽŶ͘�dŚĞ�ƐĞƚ�ŽĨ�ĐŽŶƚƌŽůƐ�ŝŶĐůƵĚĞƐ�ƌĞŐŝŽŶ͕�ŽĐĐƵƉĂƚŝŽŶ͕�ĞĚƵĐĂƚŝŽŶ͕�ĐŽŶƚƌĂĐƚ�ƚǇƉĞ͕�
ũŽď�ƚĞŶƵƌĞ�ĂŶĚ�ĂŐĞ͘�^ƚĂŶĚĂƌĚ�ĚĞǀ͘�ŝŶ��ƉĂƌĞŶƚŚĞƐĞƐ͘��ůů�ƚŚĞ�ƌĞƉŽƌƚĞĚ�ĞƐƚŝŵĂƚĞĚ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ĂƌĞ�

ƐƚĂƚŝƐƚŝĐĂůůǇ�ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�ϭ�ƉĞƌĐĞŶƚ͘�

�

:KHQ�WKH�2�%�GHFRPSRVLWLRQ�IRU�WKH�ZKROH�VDPSOH�LV�SHUIRUPHG�VHSDUDWHO\�E\�

VHFWRU�LQ�7DEOH����WKH�SXEOLF�SULYDWH�ZDJH�JDS�EHFRPHV������OS��LQ�������RXW�RI�ZKLFK�

RQO\� ���� OS�� FRUUHVSRQG� WR� WKDW� SDUW� RI� WKH� GLIIHUHQWLDO� ZKLFK� LV� QRW� H[SODLQHG� E\� WKH�

FKDUDFWHULVWLFV���7KLV�GLIIHUHQWLDO�LV�DOVR�SRVLWLYH�IRU�HDFK�RI�WKH�WKUHH�((6�ZDYHV�XQGHU�

FRQVLGHUDWLRQ��DOORZLQJ�XV�WR�FRQFOXGH�WKDW�WKH�SXEOLF�SULYDWH�ZDJH�JDS�LV�SRVLWLYH��7DEOH�

�����������������������������������������������������������
��7KH�ILUVW�WZR�URZV�LQ�7DEOH���UHSRUW�ORJJHG�KRXUO\�ZDJHV�LQ�HDFK�((6�ZDYH��7KHUHIRUH��WKH�ZDJH�JDS�

LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�ILJXUHV�SUHVHQWHG�LQ�WKRVH�WZR�URZV��H�J�������� ��������������
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������$V�FDQ�EH�LQVSHFWHG��WKLV�JDS�LV�JUHDWHU�LQ������WKDQ�LQ�VXEVHTXHQW�\HDUV��D�UHVXOW�

ZKLFK�SUREDEO\�REH\V�WR�WKH�ZDJH�FXWV�H[SHULHQFHG�E\�WKH�SULYDWH�VHFWRU��PXFK�KLJKHU�

WKDQ�WKRVH�LQ�WKH�SXEOLF�VHFWRU��GXULQJ�WKH�*UHDW�5HFHVVLRQ��

�

7R�REVHUYH�KRZ�WKLV�XQH[SODLQHG�JDS�YDULHV�DFURVV�HGXFDWLRQDO� OHYHOV�� WKH�2�%�

GHFRPSRVLWLRQ�LV�RQFH�PRUH�SHUIRUPHG�PRUH�XVLQJ�WKLV�WLPH�WKH�VXE�VDPSOHV�RI�FROOHJH�

DQG�QRQ�FROOHJH�LQGLYLGXDOV��7DEOH���UHSRUWV�WKH�UHVXOWV�RI�WKLV�H[HUFLVH��$V�UHJDUGV�OHVV�

VNLOOHG�LQGLYLGXDOV��WKH�XQH[SODLQHG�SXEOLF�SULYDWH�ZDJH�JDS�LV�IRXQG�WR�EH�SRVLWLYH�IRU�

WKH�WKUHH�ZDYHV�������OS��LQ�����������OS��LQ������DQG������OS�LQ��������7KHUHIRUH��ORZHU�

HGXFDWHG�ZRUNHUV� HQMR\� D� KLJKHU�KRXUO\�ZDJH� LQ� WKH�SXEOLF� VHFWRU� WKDQ� LQ� WKH� SULYDWH�

VHFWRU��2Q�WKH�FRQWUDU\��IRU�FROOHJH�ZRUNHUV��WKH�XQH[SODLQHG�ZDJH�JDS�LV�QHJDWLYH�������

OS��LQ������DQG������OS��LQ�������H[FHSW�IRU������ZKHQ�LW�ZDV�SRVLWLYH��UHDFKLQJ�����OS��

7KLV�ODVW�UHVXOW�LV�SRVVLEO\�GXH�WR�WKH�LPSDFW�RI�*UHDW�5HFHVVLRQ�RQ�WKH�6SDQLVK�HFRQRP\��

ZKHQ�LQWHUQDO�GHYDOXDWLRQ�WR�HQKDQFH�H[SRUWV�PHDQW�PXFK�KLJKHU�ZDJH�DQG�HDUQLQJV�FXWV�

LQ�WKH�SULYDWH�WKDQ�LQ�WKH�SXEOLF�VHFWRU��VHH�$OPXQLD�HW�DO���������7KXV�� WKHVH�ILQGLQJV�

FRQILUP�WKH�VW\OL]HG�IDFW� LQYHVWLJDWHG�DW� OHQJWK� LQ� WKH�SUHYLRXV� OLWHUDWXUH� WKDW� WKH�ZDJH�

GLVWULEXWLRQ�LQ�WKH�SXEOLF�VHFWRU�LV�FRPSUHVVHG�IRU�GLIIHUHQW�OHYHOV�RI�HGXFDWLRQ��,Q�VXP��

WKH� SXEOLF� VHFWRU� SD\V� UHODWLYHO\� KLJKHU� ZDJHV� WR� ZRUNHUV� ZLWK� ORZHU� OHYHOV� RI�

TXDOLILFDWLRQV�ZKLOH�LW�SD\V�OHVV�WR�LQGLYLGXDOV�ZLWK�KLJKHU�OHYHOV�RI�HGXFDWLRQ��

�

�

�

�
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EŽƚĞ͗�K>^�ĞƐƚŝŵĂƚŝŽŶ͘�dŚĞ�ƐĞƚ�ŽĨ�ĐŽŶƚƌŽůƐ�ŝŶĐůƵĚĞƐ�ƌĞŐŝŽŶ͕�ŽĐĐƵƉĂƚŝŽŶ͕�ĞĚƵĐĂƚŝŽŶ͕�ĐŽŶƚƌĂĐƚ�
ƚǇƉĞ͕ĂŶĚ�Ă�ƋƵĂĚƌĂƚŝĐ�ŝŶ��ũŽď�ƚĞŶƵƌĞ�ĂŶĚ�ĂŐĞ͘�^ƚĂŶĚĂƌĚ�ĚĞǀ͘�ŝŶ��ƉĂƌĞŶƚŚĞƐŝƐ͘��ůů�ƚŚĞ�ƌĞƉŽƌƚĞĚ�

ĞƐƚŝŵĂƚĞĚ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ĂƌĞ�ƐƚĂƚŝƐƚŝĐĂůůǇ�ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�ϭ�ƉĞƌĐĞŶƚ͘�

�

1H[W��WR�DQDO\VH�ZKHWKHU�WKH�SXEOLF�SULYDWH�ZDJH�JDS�EHKDYHV�VLPLODUO\�IRU�ERWK�

JHQGHUV��WKH�VDPSOH�LV�VSOLW�LQWR�PHQ�DQG�ZRPHQ�GLVWLQJXLVKLQJ�EHWZHHQ�ORZHU��7DEOH����

DQG�KLJKHU��7DEOH����HGXFDWLRQDO�DWWDLQPHQWV���

,Q�OLQH�ZLWK�WKH�UHVXOWV�LQ�7DEOH����7DEOH���VKRZV�WKDW�WKH�XQH[SODLQHG�SDUW�RI�WKH�

SXEOLF�SULYDWH�ZDJH�JDS�LV�DOZD\V�SRVLWLYH�IRU�ERWK�JHQGHUV�LQ�WKH�FDVH�RI�OHVV�HGXFDWHG�

LQGLYLGXDOV��ZLWK�D�SXEOLF�VHFWRU�SUHPLXP�LQ������RI������ OS��DQG����� OS�� IRU�PHQ�DQG�

ZRPHQ�� UHVSHFWLYHO\��+RZHYHU�� DV� VKRZQ� LQ�7DEOH� ���ZKHUH� WKH� IRFXV� LV� RQ�PHQ� DQG�

ZRPHQ�ZLWK�KLJKHU�HGXFDWLRQ��WKH�UHVXOWV�GLIIHU�E\�JHQGHU��:RPHQ�ZLWK�D�FROOHJH�GHJUHH�

HQMR\�D�SXEOLF�VHFWRU�ZDJH�SUHPLXP������OS��LQ�����������LQ������DQG�����LQ�������XQOLNH�

PHQ��IRU�ZKRP�WKH�XQH[SODLQHG�JDS�LV�DOZD\V�QHJDWLYH�������OS��LQ������������LQ������DQG�

����� LQ� ������� 7KHVH� UHVXOWV� VXSSRUW� WKH� K\SRWKHVHV� SUHYLRXVO\� UDLVHG�� QDPHO\�� WKH�

SUHVHQFH� RI� DQ� XQIDYRUDEOH� JHQGHU� SD\� JDS� IRU� ZRPHQ� LQ� WKH� SULYDWH� VHFWRU�� VR� WKDW�

UHJXODWLRQV� DLPHG� DW� LPSURYLQJ� TXDOLW\� RI� ZRUNLQJ� FRQGLWLRQV� LQ� WKH� SXEOLF� VHFWRU�
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WUDQVODWHV� LQWR� D� IHPDOH� ZDJH� SUHPLXP�� 1RWH� WKDW� WKLV� LV� FRQWUDVW� ZLWK� WKH� WKHRU\� RI�

FRPSHQVDWLQJ�GLIIHUHQWLDOV�LQ�D�FRPSHWLWLYH�IUDPHZRUN�ZKLFK�ZRXOG�SUHGLFW�ORZHU�ZDJHV��

XQOHVV� EHWWHU�ZRUNLQJ� UHJXODWLRQV� LPSURYH� SURGXFWLYLW\�� DV�ZLWK� HIILFLHQF\�ZDJHV��$V�

GLVFXVVHG�DERYH�� WKH� LQVLJKW� LV� WKDW� IHPDOHV�H[SHULHQFH�VWDWLVWLFDO�GLVFULPLQDWLRQ� LQ� WKH�

SULYDWH� VHFWRU�GXH� WR� WKHLU� ORZHU� MRE� VWDELOLW\� �VHH�'RODGR��*DUFtD�3HxDORVD� DQG�'H� OD�

5LFD��������

dĂďůĞ�ϰ͘�KĂǆĂĐĂͲ�ůŝŶĚĞƌ�ĚĞĐŽŵƉŽƐŝƚŝŽŶ�ďǇ�ŐĞŶĚĞƌ�ĨŽƌ�ŶŽŶͲĐŽůůĞŐĞ�ǁŽƌŬĞƌƐ͘�
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EŽƚĞ͗�K>^�ĞƐƚŝŵĂƚĞƐ�ŽĨ�Ă�ŵŝŶĐĞƌŝĂŶ�;ůŽŐŐĞĚͿ�ŚŽƵƌůǇ�ǁĂŐĞ�ƌĞŐƌĞƐƐŝŽŶƐ�ĨŽƌ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ƚǁŽ�
ƐĞĐƚŽƌƐ͘�^ƚĂŶĚĂƌĚ�ĞƌƌŽƌƐ�ŝŶ�ƉĂƌĞŶƚŚĞƐĞƐ͘��ůů�ĞƐƚŝŵĂƚĞĚ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ĂƌĞ�ƐƚĂƚŝƐƚŝĐĂůůǇ�ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�

ϭ�ƉĞƌĐĞŶƚ͘��ůů�ĞƐƚŝŵĂƚĞĚ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ĂƌĞ�ƐƚĂƚŝƐƚŝĐĂůůǇ�ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�ϭ�ƉĞƌĐĞŶƚ͘�

�

7R�ZUDS�XS�DOO�WKH�SUHYLRXV�HYLGHQFH��7DEOH���VXPPDULVHV�WKH�KRXUO\�ZDJH�JDSV�

EHWZHHQ� WKH� WZR� VHFWRUV� IRU� DOO� WKH� DERYH�PHQWLRQHG� VSHFLILFDWLRQV�� 2QH� SRVVLEOH�

H[SODQDWLRQ�IRU�ZK\�PRUH�VNLOOHG�ZRUNHUV�DUH�UHODWLYHO\�ZRUVH�SDLG�WKDQ�WKHLU�OHVV�VNLOOHG�

SHHUV� LQ� WKH� SXEOLF� VHFWRU� LV� WKDW�� LQ� VRPH� HFRQRPLF� DFWLYLWLHV�� WKH� VWDWH� DFWV� DV� D�

PRQRSVRQ\�VLQFH�LW� LV�WKH�RQO\�HPSOR\HU�LQ�WKH�HFRQRP\��+LJKO\�HGXFDWHG�LQGLYLGXDOV�

KDYH�D�KLJKHU� UHVHUYDWLRQ�ZDJH� WKDQ� WKRVH�ZLWK� ORZHU�HGXFDWLRQDO�DWWDLQPHQWV�� DQG�VR�

WKHLU� ODERXU� VXSSO\� HODVWLFLW\� LV� VPDOOHU� WKDQ� WKH� FRUUHVSRQGLQJ� HODVWLFLW\� RI� WKH� OHVV�

VNLOOHG��7KH�LQVLJKW�IRU�WKLV�GLIIHUHQFH�LV�WKDW�WKH�PRUH��OHVV��FRPSOLFDWHG�WKH�VNLOOV�DQG�

WKH� ORQJHU��VKRUWHU�� WR�DFKLHYH� WKH�UHTXLUHG�TXDOLILFDWLRQV�� WKH�PRUH��OHVV�� LQHODVWLF� WKH�

ODERXU� VXSSO\� �%RUMDV�� ������� ,Q� VXFK� D� FDVH�� DV� H[SODLQHG� LQ� 6HFWLRQ� �� DQG� IXUWKHU�

H[SDQGHG�LQ�WKH�IROORZLQJ�6HFWLRQ����KLJKHU�UHODWLYH�PRQRSVRQLVWLF�SRZHU�ZRXOG�LPSO\�
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WKDW��UHODWLYH�WR�D�FRPSHWLWLYH�HTXLOLEULXP��WKH�SXEOLF�VHFWRU�UHGXFHV�WKH�ZDJHV�RI�LWV�PRVW�

TXDOLILHG�HPSOR\HHV�E\�PRUH�WKDQ�WKH�ZDJHV�RI�WKH�OHVV�TXDOLILHG�RQHVV��,Q�DGGLWLRQ��WKHUH�

LV�WKH�LVVXH�WKDW�WKH�REMHFWLYH�RI�WKH�XQLRQV�LQ�WKH�ZDJH�EDUJDLQLQJ�LV�WR�FRPSUHVV�WKH�ZDJH�

GLVWULEXWLRQ�VLQFH�W\SLFDOO\�WKHLU�PHGLDQ�YRWHU�LV�D�SXEOLF�HPSOR\HH�ZLWK�D�ORZ�RU�PHGLXP�

OHYHO�RI�TXDOLILFDWLRQ��

dĂďůĞ�ϰ͘�WƵďůŝĐͲWƌŝǀĂƚĞ�ƐĞĐƚŽƌ�ǁĂŐĞ�ŐĂƉ�ĨŽƌ�ƚŚĞ�ŽǀĞƌĂůů�ƐĂŵƉůĞ�ĂŶĚ�ƐƵďƐĂŵƉůĞƐ�ďǇ�ĞĚƵĐĂƚŝŽŶ�
ĂŶĚ�ŐĞŶĚĞƌ͘�

� ����� ����� �����

7RWDO�VDPSOH� ������ ������ ������

7RWDO�VDPSOH��FROOHJH��� ������ ������� �������

7RWDO�VDPSOH��QRQ�FROOHJH�� ������ ������ ������

0HQ��FROOHJH�� ������� ������� �������

:RPHQ��FROOHJH�� ������ ������ ������

0HQ��QRQ�FROOHJH�� ������ ������ ������

:RPHQ��QRQ�FROOHJH�� ������ ������ ������

EŽƚĞ͗�K>^�ĞƐƚŝŵĂƚĞƐ�ŽĨ�Ă�ŵŝŶĐĞƌŝĂŶ�;ůŽŐŐĞĚͿ�ŚŽƵƌůǇ�ǁĂŐĞ�ƌĞŐƌĞƐƐŝŽŶƐ�ĨŽƌ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ƚǁŽ�
ƐĞĐƚŽƌƐ͘�

)LQDOO\��LW�LV�ZRUWK�GLVFXVVLQJ�VRPH�IHDWXUHV�UHODWHG�WR�ZDJH�FRPSUHVVLRQ�LQ�WKH�

SXEOLF�VHFWRU��$FFRUGLQJ�WR�9DQGDHOH���������LQ������XQLRQ�GHQVLW\�LQ�WKH�SULYDWH�VHFWRU�

ZDV�������ZKLOH�LQ�WKH�SXEOLF�VHFWRU�UHDFKHG��������7KRXJK�WKHUH�LV�QR�LQIRUPDWLRQ�E\�

VHFWRU� EH\RQG� WKDW� \HDU�� WKH� VDPH� VRXUFH� SURYLGHV� LQIRUPDWLRQ� RQ� WKH� RYHUDOO� GHQVLW\�

UHPDLQLQJ� IDLUO\� FRQVWDQW� LQ�6SDLQ� RYHU� ����������� �7KXV�� WKLV� HYLGHQFH�ZRXOG� EH� LQ�

IDYRXU�RI�WKH�VR�FDOOHG�³VZRUG�RI�MXVWLFH´�HIIHFW�ZKHUHE\�GLVSHUVLRQ�LQ�SD\�LV�VPDOOHU�LQ�

PRUH�XQLRQLVHG�VHFWRUV��7KLV�LPSOLHV�WKDW�WKH�UHWXUQ�WR�KXPDQ�FDSLWDO�LV�ORZHU�LQ�WKRVH�
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VHFWRUV�DQG�WKDW�XQLRQV�FRPSUHVV�WKH�ZDJH�VWUXFWXUH�E\�JHQGHU�DQG�RFFXSDWLRQ��7R�IXUWKHU�

FKHFN�WKLV�K\SRWKHVLV��ZH�HVWLPDWH�TXDQWLOH�UHJUHVVLRQV�45��VHH�.RHQNHU�DQG�+DOORFN��

������RI�WKH�PLQFHULDQ�ZDJH�HTXDWLRQ�LQ������ZKRVH�GHWDLOV�DUH�SURYLGHG�LQ�7DEOH�$����RI�

WKH�$SSHQGL[��)LJXUH����D��E��GHSLFWV�WKH�SRLQW�HVWLPDWHV�RI�WKH�FRHIILFLHQWV�RI�LQWHUHVW�IRU�

HDFK�RI�WKH�WKUHH�((6�ZDYHV�DW���WK���WK�DQG���WK�TXDQWLOHV��$V�FDQ�EH�REVHUYHG��ERWK�WKH�

FRHIILFLHQWV�RQ�ܾܲݑ�DQG�ܾܲݑ כ ��DUH�TXLWH݉݁ܨ ODUJHU�DW� WKH� ORZHU�TXDQWLOHV� WKDQ�DW� WKH�

PHGLDQ� DQG� KLJKHU� TXDQWLOHV�� 6LQFH� WKLV� LV� WKH� FDVH� IRU� WKH� WKUHH�ZDYHV��ZH� WDNH� WKLV�

HYLGHQFH�DV�FRQILUPLQJ�WKH�ZDJH�FRPSUHVVLRQ�HIIHFW�H[HUWHG�E\�WUDGH�XQLRQV���

&ŝŐƵƌĞ�ϱ͘�YZͲĐŽĞĨĨŝĐŝĞŶƚƐ�ŽĨ�WƵďůŝĐ�ƐĞĐƚŽƌ�;ƉĂŶĞů�ĂͿ��ĂŶĚ�WƵďůŝĐ�ƐĞĐƚŽƌΎ�&ĞŵĂůĞ�;ƉĂŶĞů�ďͿ͘�
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7R� UDWLRQDOLVH� WKH� SUHYLRXV� ILQGLQJV�� OHW� XV� FRQVLGHU� D� FRVW�PLQLPLVLQJ�

PRQRSVRQLVWLF� VHFWRU� ZLWK� KLJK� ��ܪ� DQG� OHVV�VNLOOHG� ��ܮ� ZRUNHUV� VXEMHFW� WR� D� &REE�

'RXJODV�SURGXFWLRQ�IXQFWLRQ�ZKHUH�SDUDPHWHU�ܽ ൐ ͳ�FDSWXUHV�WKH�UHODWLYH�HIILFLHQF\�RIܪ��

ZRUNHUV��KDYLQJ�QRUPDOL]HG�WKH�HIILFLHQF\�RIܮ��ZRUNHUV�WR�����7KH�VHFWRU�IDFHV�LQYHUVH�

ODERXU�VXSSOLHV�GHQRWHG�DVݓ�௅ሺܮሻ�DQGݓ�ுሺܪሻ��UHVSHFWLYHO\��+HQFH��WKH�GHPDQG�RIܪ��DQG�

���ZRUNHUV�VROYHVܮ

����௅ǡுሼݓ௅ሺܮሻܮ ൅ Ǥݏ���ሽܪሻܪுሺݓ Ǥݐ തܻ ൌ ሺܽܪሻఈܮଵିఈ�����������������������������������������������

ZLWK�I�R�F��JLYHQ�E\��
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ܪ
�Ǥ�

)ROORZLQJ�WKH�DUJXPHQWV�SURYLGHG�EHIRUH�LW�LV�DVVXPHG�WKDW�߳௅ ൐ ߳ு��+HQFH��GHILQLQJ��

�݁௜ ൌ ͳ ൅ ͳ ߳௜ൗ ǡ ݅ ൌ ǡܪ ǡ���LW�IROORZV�WKDW��݁ுܮ ൐ �݁ு௅��7KHQ��

௪ಹ�ு
௪ಽ௅

ൌ ���� ఈ
ଵିఈ

� ௘ಽ
௘ಹ�

൏ ఈ
ଵିఈ

���������������������������������������������������������������������������������

LPSO\LQJ�WKDW�WKH�UHODWLYH�ZDJH�ELOO�EHWZHHQܪ��DQGܮ��ZRUNHUV�LV�VPDOOHU�WKDQ�LQ�WKH�

FRPSHWLWLYH�HTXLOLEULXP�ZKHUH�݁௅ ൌ ݁ு ൌ ͳǡ�DV�ODERXU�VXSSOLHV�DUH�SHUIHFWO\�HODVWLF��L�H��

߳௅ǡ ߳ு ՜ λ�Ǥ��

7KH�FRUUHVSRQGLQJ�ODERXU�GHPDQGV��FRQGLWLRQDO�RQ�RXWSXW��DUH�DV�IROORZV��

�����������������������������������������������������������
�� ,W� FDQ� EH� HDVLO\� VKRZQ� WKDW� WKH� VDPH� TXDOLWDWLYH� UHVXOWV� KROG� ZKHQ� D� &(6� SURGXFWLRQ� IXQFWLRQ� LV�

DVVXPHG��
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�����1H[W��OHW�XV�DVVXPH�WKDW�ZDJHV�RI�ERWK�W\SHV�RI�ZRUNHUV�DUH�GHWHUPLQHG�LQ�D�PRQRSRO\�

XQLRQ�PRGHO�ZKHUH�D�WUDGH�XQLRQ�PD[LPLVHV�LWV�XWLOLW\�IXQFWLRQ��ȳ�VXEMHFW�WR�WKH�DERYH�

ODERXU�GHPDQG�IXQFWLRQV��$V�XVXDO�LQ�WKLV�NLQG�RI�ZDJH�EDUJDLQLQJ�PRGHOV��WKH�XQLRQ�V�

JRDO�LV�WR�PD[LPLVH�D�FRPELQDWLRQ�RI�WKH�ZDJH�VXUSOXV�LQ�UHODWLRQ�WR�DQ�DOWHUQDWLYH�ZDJH�

LQ� WKH� DEVHQFH� RI� DJUHHPHQWݓ��ഥ � �� � ZKLFK� ZH� WDNH� WR� EH� WKH� FRPSHWLWLYH� ZDJH�� DQG�

HPSOR\PHQW��ZLWK�ZHLJKWV�JLYHQ�E\ߟ��DQG�ͳ െ ��ZRUNHUV��UHVSHFWLYHO\��7KHܮ��DQGܪ��IRUߟ

QRYHOW\�LV�WKDW�ZH�DOVR�LQFOXGH�LQ�WKH�XWLOLW\�IXQFWLRQ�WKH�XQLRQ�V�REMHFWLYH�RI�DFKLHYLQJ�

ZDJH�FRPSUHVVLRQ��FDSWXUHG�E\�WKH�SHQDOW\�WHUP�ͲǤͷ�߮ሺݓ��ு െ �௅ሻଶ��+HQFH��WKH�XQLRQݓ݈݊

VROYHV�WKH�SUREOHP��

�ௐಹ�ǡௐಽȳݔܽ݉ ൌ ቂߟ�ሺ݈݊ሺݓு െ ഥுሻݓ ൅ ሻܪ݈݊ ൅ ሺͳ െ ௅ݓሻሺ݈݊ሺߟ െ ഥ௅ሻݓ ൅ ሻܮ݈݊ െ

ఝ
ଶ
ሺݓ��ு െ ���������DQG��௅ሻଶቃ��VXEMHFW�WRݓ݈݊

ZKRVH�I�R�F��DUH�
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�����&RPELQLQJ�ERWK�I�R�F��\LHOGV�
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�����+HQFH��WKH�UHODWLYH�ZDJH�RIܪ��ZRUNHUV�ZLWK�UHVSHFW�WRܮ��ZRUNHUV�ZLOO�EH�VPDOOHU�WKDQ�

LQ�WKH�FRPSHWLWLYH�HTXLOLEULXP�ZKHQHYHU�െͳ ൏ ߜ ൏ Ͳǡ��ZKLFK�KROGV�IRU�D�VXIILFLHQWO\�KLJK�

YDOXHV�RI�WKH�ZDJH�FRPSUHVVLRQ�SDUDPHWHU�߮Ǥ�

�������7KH�SUHYLRXV�PRGHO�KDV�QRW�GLVWLQJXLVKHG�ZRUNHUV�E\�JHQGHU��+RZHYHU�� LW� LV�ZHOO�

GRFXPHQWHG�LQ�WKH�OLWHUDWXUH��VHH�H�J��$OHVLQD��,FKLQR�DQG�.DUDEDUERXQLV��������WKDW�PDOH�

ODERXU�VXSSO\�LV�PXFK�PRUH�LQHODVWLF��HVSHFLDOO\�DW�WKH�H[WHQVLYH�PDUJLQ��WKDQ�IHPDOH�V���

7KXV�� WKH� PRQRSVRQLVWLF� UHVXOW� LQ� ���� LV� PRUH� UHDOLVWLF� IRU� PHQ� WKDQ� IRU� ZRPHQ��

1RQHWKHOHVV��WKH�VWDWLVWLFDO�GLVFULPLQDWLRQ�DUJXPHQWV�LQ�'H�OD�5LFD��'RODGR�DQG�/ORUHQV�

�������DQG�'RODGR��*DUFtD�3HxDORVD�DQG�'H�OD�5LFD��������DUH�DNLQ�WR�WKRVH�OHDGLQJ�WR�

�����H[FHSW�WKDW�LQ�WKLV�FDVH�WKH\�OHDG�WR�ORZHU�IHPDOH�ZDJHV�LQ�WKH�SULYDWH�VHFWRU�LQ�OLQH�

ZLWK�WKH�HPSLULFDO�UHVXOWV�UHSRUWHG�DERYH��7R�YHULI\�WKDW�VWDWLVWLFDO�GLVFULPLQDWLRQ�SOD\V�D�

NH\�UROH�LQ�WKH�SULYDWH�VHFWRU��ZH�IROORZ�$OWRQML�DQG�3LHUUHW��������ZKR�DUJXH�WKDW�VXFK�D�

W\SH�RI�GLVFULPLQDWLRQ�VKRXOG�GHFUHDVH�DV�WKH�LQGLYLGXDO�LV�ROGHU�RU�KDV�ORQJHU�MRE�WHQXUH��

7KH� LQVLJKW� LV� WKDW� HPSOR\HUV� VKRXOG� EH� DEOH� WR� OHDUQ� PXFK� IDVWHU� DERXW� WKH� WUXH�

SURGXFWLYLW\�RI�PRUH�VWDEOH�DQG�VHQLRU�ZRUNHUV�EHFDXVH�WKLV�OHDUQLQJ�LQYHVWPHQW�SURFHVV�

ZRXOG�EH�LQ�WKHLU�EHQHILW͘��7R�GR�VR��ZH�UXQ�D�VLPLODU�UHJUHVVLRQ�WR�����EXW�WKLV�WLPH�XVLQJ�

D�SULYDWH�VHFWRU�GXPP\��ܴܲܫ��LWV�LQWHUDFWLRQ�ZLWK݉݁ܨ��DQG�LWV�WULSOH�LQWHUDFWLRQ�ZLWK݉݁ܨ��

DQG�WHQXUH��ܶ݁݊���ܴܲܫ כ ݉݁ܨ כ ܶ݁݊��



���
�

�����7KH�UHVXOWV�DUH�JDWKHUHG�LQ�7DEOH���ZKHUH�ZH�UHSRUW�WKH�HVWLPDWHG�FRHIILFLHQWV�LQ�WKH�

PRGHO�ZLWK�WKH�DERYH�PHQWLRQHG�WULSOH�LQWHUDFWLRQ��7KH�FRHIILFLHQW�RQ�ܶ݁݊�LV�����OS��ORZHU�

IRU�IHPDOHV�WKDQ�IRU�PDOHV�LQ�WKH�SULYDWH�VHFWRU�EXW�WKH�FRHIILFLHQWV�RQ�ܴܲܫ כ ݉݁ܨ כ ܶ݁݊�

DUH� DOO� SRVLWLYH� DQG� VWDWLVWLFDOO\� VLJQLILFDQW�� VXJJHVWLQJ� WKDW� VWDWLVWLFDO� GLVFULPLQDWLRQ�

H[HUWHG�LQ�WKH�SULYDWH�VHFWRU�LV�D�SODXVLEOH�K\SRWKHVLV��

dĂďůĞ�ϳ͘�K>^�ĞƐƚŝŵĂƚĞĚ�ĐŽĞĨĨŝĐŝĞŶƚƐ�ŽĨ�ƚŚĞ�ŵŝŶĐĞƌŝĂŶ�ǁĂŐĞ�ƌĞŐƌĞƐƐŝŽŶ�ǁŝƚŚ�ƚƌŝƉůĞ�ŝŶƚĞƌĂĐƚŝŽŶ��

;��^�ϮϬϭϬ͕�ϮϬϭϰ͕�ϮϬϭϴͿ�

�

� ����� ����� �����
35,� �������

��������
�������
��������

�������
��������

)HP� �������
��������

�������
��������

�������
��������

7HQ� ������
���������

������
���������

������
���������

35,
)HP� �������
��������

�������
��������

�������
��������

35,
7HQ� ������
�����������

������
���������

������
���������

)HP
7HQ� �������
�����������

�������
���������

�������
���������

� � �

35,
)HP
7HQ�
�

������
���������

������
���������

������
���������

� �

�
EŽƚĞ͗�K>^�ĞƐƚŝŵĂƚĞƐ�ŽĨ�Ă�ŵŝŶĐĞƌŝĂŶ�;ůŽŐŐĞĚͿ�ŚŽƵƌůǇ�ǁĂŐĞ�ƌĞŐƌĞƐƐŝŽŶƐ�ĨŽƌ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ƚŚƌĞĞ���^�
ǁĂǀĞƐ�ƵƐŝŶŐ�Ă�ƉƌŝǀĂƚĞ�ƐĞĐƚŽƌ�ĂŶĚ�ĨĞŵĂůĞ�ĚƵŵŵŝĞƐ͕�ĚŽƵďůĞ�ĂŶĚ�ƚƌŝƉůĞ�ŝŶƚĞƌĂĐƚŝŽŶƐ͕�ƉůƵƐ�ƚŚĞ�ƐĞƚ�
ŽĨ�ĐŽŶƚƌŽůƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚĞ�ŶŽƚĞ�ďĞůŽǁ�dĂďůĞ�ϭ͘��ůů�ĐŽĞĨĨŝĐŝĞŶƚƐ�ĂƌĞ�ƐƚĂƚŝƐƚŝĐĂůůǇ�ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�ϭ�
ƉĞƌĐĞŶƚ�ůĞǀĞů͘��

�
��� &21&/86,216�
�

7KLV�SDSHU�DQDO\VHV�WKH��KRXUO\��ZDJH�JDS�EHWZHHQ�HPSOR\HHV�LQ�WKH�SXEOLF�DQG�

SULYDWH�VHFWRUV�LQ�6SDLQ��:H�VWDUW�E\�GRFXPHQWLQJ�WKH�PDLQ�VW\OL]HG�IDFWV�RI�HPSOR\PHQW�

LQ� WKH� 6SDQLVK� SXEOLF� VHFWRU� DFFRUGLQJ� WR� WKH� 6SDQLVK� /)6� �(3$��� DPRQJ�ZKLFK� WKH�

RYHUUHSUHVHQWDWLRQ�RI�ZRPHQ�DQG�FROOHJH�JUDGXDWHV��WKH�ROGHU�DJH�RI�SXEOLF�HPSOR\HHV�

DQG� WKH� KLJK� UDWH� RI� WHPSRUDU\� HPSOR\PHQW� LQ� WKLV� VHFWRU� VWDQG� RXW�� 6HFRQG��ZDJH� D�



���
�

GHPRJUDSKLFV�PLFUR�GDWD�IURP�WKH�((6�LV�XVHG�LQ�WKHLU�ZDYHV�RI������������DQG������WR�

FRPSXWH�WKH�2D[DFD�%OLQGHU�GHFRPSRVLWLRQ�LQ�PLQFHULDQ�HTXDWLRQV�RI�KRXUO\�ZDJHV�IRU�

HDFK�VHFWRU��\LHOGLQJ�WKH�ZDJH�JDS�FRPSRQHQW�ZKLFK�LV�QRW�H[SODLQHG�E\�GLIIHUHQFHV�LQ�

REVHUYHG� SURGXFWLYLW\�UHODWHG� FKDUDFWHULVWLFV�� ,Q� OLQH� ZLWK� WKH� UHVXOWV� REWDLQHG� LQ� WKH�

OLWHUDWXUH�RQ�WKLV�W\SH�RI�ZDJH�JDS�LQ�VRXWKHUQ�(8�FRXQWULHV��ZH�ILQG�D�IDYRXUDEOH�ZDJH�

JDS� LQ� WKH� SXEOLF� VHFWRU�� 7KLV� JDS� RVFLOODWHV� EHWZHHQ� �� DQG� �� ORJDULWKPLF� SRLQWV�� ,Q�

DGGLWLRQ��FRQFOXVLYH�HYLGHQFH� LV� UHSRUWHG� LQ� IDYRXU�RI�ZDJH�FRPSUHVVLRQ�E\�HGXFDWLRQ�

OHYHOV��6R��ZKLOH� WKH�JDS� LV�SRVLWLYH�IRU�SXEOLF�HPSOR\HHV�ZLWK� ORZHU�TXDOLILFDWLRQV�� LW�

WXUQV�RXW�WR�EH�QHJDWLYH�IRU�WKH�PRUH�TXDOLILHG�RQHV��:KHQ�ORRNLQJ�DW�JHQGHU��WKHUH�LV�D�

ZDJH�ERQXV�IRU�IHPDOHV�ZRUNLQJ�LQ�WKH�SXEOLF�VHFWRU��ZKLFK�KDSSHQV�WR�EH�JUHDWHU�IRU�

QRQ�FROOHJH�ZRPHQ��

$OWKRXJK�QRW�LQYHVWLJDWHG�LQ�WKLV�SDSHU��D�SODXVLEOH�H[SODQDWLRQ�RI�WKH�SUHYLRXV�

ILQGLQJV� FRXOG� UHO\�RQ� WKH� HQRUPRXV�GXDOLW\�RI� WKH�6SDQLVK� ODERXU�PDUNHW� WKDW�PDNHV�

ZRPHQ�SUHIHU�WR�ZRUN�LQ�WKH�SXEOLF�VHFWRU�LQ�RUGHU�WR�UHFRQFLOH�IDPLO\�DQG�ZRUN��DQG�WR�

DYRLG� VXIIHULQJ� SRWHQWLDO� VWDWLVWLFDO� GLVFULPLQDWLRQ� LQ� WKH� SULYDWH� VHFWRU�� 7KLV� ZRXOG�

H[SODLQ�WKH�RYHUUHSUHVHQWDWLRQ�RI�ZRPHQ�LQ�WKH�SXEOLF�VHFWRU��$$�33���DQG�WKHLU�KLJKHU�

ZDJHV� WKDQ� LQ� WKH�SULYDWH�VHFWRU��:LWK�UHJDUG� WR�PHQ�� WKH�PRQRSVRQLVWLF�SRZHU�RI� WKH�

SXEOLF�VHFWRU�LQ�WKH�DFWLYLWLHV�WKH\�FDUU\�RXW�DIIHFWV�WKHLU�ZDJHV�PRUH�WKDQ�ZRPHQ�V��DV�

IHPDOH� ODERXU� VXSSO\� LV� PXFK�PRUH� HODVWLF� WKDQ� PDOHV�� DQG� WKHUHIRUH� OHVV� VXEMHFW� WR�

PRQRSVRQLVWLF�H[SORWDWLRQ��

�

�

�

�
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5()(5(1&(6�
�

$OHVLQD�$���%DTLU�5��DQG�(DVWHUO\�:�����������3XEOLF�JRRGV�DQG�(WKQLF�'LYLVLRQV���7KH�
4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV��9RO�������1R����������������

�
$OHVLQD��$���,FKLQR��$���DQG�/��.DUDEDUERXQLV����������*HQGHU�EDVHG�WD[DWLRQ�DQG�WKH�GLYLVLRQ�
RI�IDPLO\�FKRUHV���$PHULFDQ�(FRQRPLF�-RXUQDO��(FRQRPLF�3ROLF\�������±�����
�
$OEUHFKW��-���0��5RED\R�$EULO��DQG�6��9URPDQ���������³3XEOLF�6HFWRU�(PSOR\PHQW�LQ�DQ�

(TXLOLEULXP�6HDUFK�DQG�0DWFKLQJ�0RGHO�´�7KH�(FRQRPLF�-RXUQDO��������������±����
�
$OWRQML��-��*��DQG�&��5��3LHUUHW��&��5����������(PSOR\HU�OHDUQLQJ�DQG�VWDWLVWLFDO�GLVFULPLQDWLRQ��
7KH�4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV����������±�����

�
$PXHGR�'RUDQWHV��&��DQG�6��GH�OD�5LFD����������7KH�5ROH�RI�6HJUHJDWLRQ�DQG�3D\�6WUXFWXUH�RQ�
WKH�*HQGHU�:DJH�*DS��(YLGHQFH�IURP�0DWFKHG�(PSOR\HU�(PSOR\HH�'DWD�IRU�6SDLQ��
&RQWULEXWLRQV�WR�(FRQRPLF�$QDO\VLV�DQG�3ROLF\��%HUNHOH\�(OHFWURQLF�3UHVV�-RXUQDOV�������

�
%RUMDV��*��-����������³:DJH�'HWHUPLQDWLRQ�LQ�WKH�)HGHUDO�*RYHUQPHQW��7KH�5ROH�RI�

&RQVWLWXHQWV�DQG�%XUHDXFUDWV�´�-RXUQDO�RI�3ROLWLFDO�(FRQRP\�������������±������
�
%RUMDV��*��-����������³7KH�3ROLWLFV�RI�(PSOR\PHQW�'LVFULPLQDWLRQ�LQ�WKH�)HGHUDO�%XUHDXFUDF\�´�

7KH�-RXUQDO�RI�/DZ�DQG�(FRQRPLFV������������±����
�
%RUMDV��*��-����������³(OHFWRUDO�&\FOHV�DQG�WKH�(DUQLQJV�RI�)HGHUDO�%XUHDXFUDWV�´�(FRQRPLF�

,QTXLU\������������±���
�
%RUMDV��*�-�����������7KH�:DJH�6WUXFWXUH�DQG�WKH�6RUWLQJ�RI�:RUNHUV�LQWR�WKH�3XEOLF�6HFWRU���

1%(5�:RUNLQJ�3DSHU�1R��������
�
&DPSRV��0��0���'��'HSDOR��(��3DSDSHWURX��-��-��3pUH]��DQG�5��5DPRV���������³8QGHUVWDQGLQJ�

WKH�SXEOLF�VHFWRU�SD\�JDS�´�,=$�-RXUQDO�RI�/DERU�3ROLF\��������
�
&DPSRV��0��0���DQG�0��&HQWHQR��0�����������3XEOLF�3ULYDWH�:DJH�*DSV�LQ�WKH�SHULRG�SULRU�WR�

WKH�DGRSWLRQ�RI�WKH�(XUR��DQ�DSSOLFDWLRQ�EDVHG�RQ�ORQJLWXGLQDO�GDWD���%DQFR�GH�3RUWXJDO�
:RUNLQJ�3DSHUV��(FRQRPLFV�DQG�5HVHDUFK�'HSDUWPHQW��

�
&DVWUR��)���0��6DOWR��DQG�+��6WHLQHU���������³7KH�JDS�EHWZHHQ�SXEOLF�DQG�SULYDWH�ZDJHV��QHZ�

HYLGHQFH�IRU�WKH�(8�´�(XURSHDQ�&RPPLVVLRQ�(FRQRPLF�3DSHUV������
�
&KDVVDPERXOOL��$���,��)RQWDLQH��DQG�3��*RPHV���������³+RZ�LPSRUWDQW�DUH�ZRUNHU�JURVV�IORZV�

EHWZHHQ�SXEOLF�DQG�SULYDWH�VHFWRU"�´�(FRQRPLFV�/HWWHUV��S����������
�
&KDVVDPERXOOL��$���DQG��3��*RPHV���������³3XEOLF�VHFWRU�HPSOR\PHQW��ZDJHV�DQG�HGXFDWLRQ�

GHFLVLRQV�´�'LVFXVVLRQ�SDSHU��%LUNEHFN��8QLYHUVLW\�RI�/RQGRQ��
�



���
�

&KDVVDPERXOOL��$���DQG\�3��*RPHV���������³-XPSLQJ�WKH�4XHXH��1HSRWLVP�DQG�3XEOLF�6HFWRU�
3D\�´�5HYLHZ�RI�(FRQRPLF�'\QDPLFV��

�
&KULVWRILGHV��/���DQG�0��0LFKDHO���������³([SORULQJ�WKH�SXEOLF�SULYDWH�VHFWRU�ZDJH�JDS�LQ�

(XURSHDQ�FRXQWULHV�´�,=$�-RXUQDO�RI�(XURSHDQ�/DERU�6WXGLHV���������
�
&KULVWRILGHV��/���DQG�0��0LFKDHO���������³7KH�LPSDFW�RI�DXVWHULW\�PHDVXUHV�RQ�WKH�SXEOLF���

SULYDWH�VHFWRU�ZDJH�JDS�LQ�(XURSH�´�/DERXU�(FRQRPLFV��������������
�
&KULVWRILGHV��/��1���DQG�3��3DVKDUGHV���������³6HOI�SDLG�HPSOR\PHQW��SXEOLF�SULYDWH�VHFWRU�

VHOHFWLRQ��DQG�ZDJH�GLIIHUHQWLDOV�´�/DERXU�(FRQRPLFV�����������±�����
�
&RPL��6���3��*KLQHWWL��DQG�&��/XFLIRUD���������³7KH�GLVWULEXWLRQ�RI�ZDJHV�LQ�WKH�SXEOLF�DQG�

SULYDWH�VHFWRUV��D�GLVDJJUHJDWHG�DQDO\VLV´��HQ�&��'HOO¶$ULQJD�\�&��/XFLIRUD��HGV���
'LQDPLFD�RFFXSD]LRQDOH�VDODULDOH��9LWD�H�3HQVLHUR��

�
'H�OD�5LFD��6���-��-��'RODGR��DQG�9��/ORUHQV���������³&HLOLQJV�RU�IORRUV"�*HQGHU�ZDJH�JDSV�E\�

HGXFDWLRQ�LQ�6SDLQ�´�-RXUQDO�RI�3RSXODWLRQ�(FRQRPLFV������������±����
�
'HSDOR��'���*LRUGDQR�5���DQG�(��3DSDSHWURX��(�����������3XEOLF±SULYDWH�ZDJH�GLIIHUHQWLDOV�LQ�

HXUR�DUHD�FRXQWULHV��HYLGHQFH�IURP�TXDQWLOH�GHFRPSRVLWLRQ�DQDO\VLV���(PSLULFDO�
(FRQRPLFV������LVVXH����S�����������

�
'RODGR��-���*DUFtD�3HxDORVD��&��DQG�6��'H�OD�5LFD�����������2Q�JHQGHU�JDSV�DQG�VHOI�IXOILOOLQJ��
H[SHFWDWLRQV��$Q�DOWHUQDWLYH�DSSURDFK�EDVHG�RQ�SDLG�IRU�WUDLQLQJ���(FRQRPLF�,QTXLU\�����������
�����

'XVWPDQ��&��DQG�$��9DQ�6RHVW�����������:DJH�VWUXFWXUHV�LQ�WKH�SULYDWH�DQG�SXEOLF�
VHFWRUV�LQ�:HVW�*HUPDQ\���)LVFDO�6WXGLHV��YRO�����SS�����������

�
)RQWDLQH��,���,��*DOYH]�,QLHVWD��3��*RPHV��DQG�'��9LOD�0DUWLQ���������³/DERXU�PDUNHW�IORZV��

$FFRXQWLQJ�IRU�WKH�SXEOLF�VHFWRU�´�/DERXU�(FRQRPLFV��������������
�
*DUFLD�3HUH]��-��,���DQG�-��)��-LPHQR���������³3XEOLF�VHFWRU�ZDJH�JDSV�LQ�6SDQLVK�UHJLRQV�´�7KH�

0DQFKHVWHU�6FKRRO������������±�����
�
*DULEDOGL��3���3��*RPHV��\�7��6RSUDVHXWK���������³3XEOLF�HPSOR\PHQW�UHGX[�´�'LVFXVVLRQ�SDSHU��

%LUNEHFN��8QLYHUVLW\�RI�/RQGRQ��
�
*DULEDOGL��3��DQG�*RPHV��3�����������7KH�HFRQRPLFV�RI�SXEOLF�HPSOR\PHQW��$Q�RYHUYLHZ�IRU�

SROLF\�PDNHUV���;;,,�(XURSHDQ�&RQIHUHQFH��)RQGD]LRQH�5RGROIR�'HEHQHGHWWL���
�
*DULEDOGL��3����*RPHV��3���DQG�7��6RSUHVHXWK����������3XEOLF�HPSOR\PHQW�UHGX[´��-RXUQDO�RI�

*RYHUQPHQW�DQG�(FRQRPLFV��9RO������������
�
*LRUGDQR��5���'��'HSDOR��0��&RXWLQKR�3HUHLUD��%���3DSDSHWURX��(����3qUH]��-����5HLVV��/����DQG�0��

5RWHU���������³7KH�SXEOLF�VHFWRU�SD\�JDS�LQ�D�VHOHFWLRQ�RI�(XUR�DUHD�FRXQWULHV�´�(&%�
:RUNLQJ�3DSHU�������



���
�

�
*RPHV��3����������³2SWLPDO�SXEOLF�VHFWRU�ZDJHV�´�7KH�(FRQRPLF�-RXUQDO�����������±������
�
*RPHV��3����������³5HIRUPLQJ�WKH�SXEOLF�VHFWRU¶V�ZDJH�SROLF\�´�LQ�3XEOLF�6HFWRU�(FRQRPLFV�

DQG�WKH�1HHG�IRU�5HIRUPV��HG��E\�$��3KLOLSSRSRXORV��SS�����±�����0,7�3UHVV��
�
*RPHV��3����������³+HWHURJHQHLW\�DQG�WKH�SXEOLF�VHFWRU�ZDJH�SROLF\�´�,QWHUQDWLRQDO�(FRQRPLF�

5HYLHZ�������������±������
�
*RPHV��3���DQG�=��.XHKQ���������³<RX¶UH�WKH�RQH�WKDW�,�ZDQW��3XEOLF�HPSOR\PHQW�DQG�ZRPHQ¶V�

ODERXU�PDUNHW�RXWFRPHV�´�'LVFXVVLRQ�SDSHU��%LUNEHFN��8QLYHUVLW\�RI�/RQGRQ��
�
+RVSLGR��/��DQG�(��0RUDO�%HQLWR���7KH�SXEOLF�VHFWRU�ZDJH�SUHPLXP�LQ�6SDLQ��(YLGHQFH�IURP�

ORQJLWXGLQDO�DGPLQLVWUDWLYH�GDWD���%DQFR�GH�(VSDxD��'RFXPHQWRV�GH�7UDEDMR�1���������
�
�.RHQNHU��/��DQG�.��+DOORFN����������4XDQWLOH�UHJUHVVLRQ���-RXUQDO�RI�(FRQRPLF�3HUVSHFWLYHV�

����������������
�
/XFLIRUD��&���DQG�'��0HXUV���������³7KH�SXEOLF�VHFWRU�JDS�LQ�)UDQFH��*UHDW�%ULWDLQ�DQG�

,WDO\�´�5HYLHZ�RI�,QFRPH�DQG�:HDOWK�����������±����
�
/XFLIRUD��&���DQG�3��*KLQHWWL����������³3XEOLF�3ULYDWH�ZDJH�JDSV�DQG�VNLOO�OHYHOV��HYLGHQFH�IRUP�

)UHQFK��%ULWLVK�DQG�,WDOLDQ�PLFUR�GDWD´��,QWHUQDWLRQDO�-RXUQDO�RI�0DQSRZHU��9RO�����1R��
���SS������������������±����

�
3HUHLUD��0�&���DQG�0�0��&DPSRV����������:DJHV�DQG�LQFHQWLYHV�LQ�WKH�3RUWXJXHVH�SXEOLF�

VHFWRU���(FRQRPLF�%XOOHWLQ�DQG�)LQDQFLDO�6WDELOLW\�5HSRUW�$UWLFOHV�DQG�%DQFR�GH�
3RUWXJDO�(FRQRPLF�6WXGLHV��%DQFR�GH�3RUWXJDO��(FRQRPLFV�DQG�5HVHDUFK�'HSDUWPHQW��

�
9DQGDHOH��.������������8Q�IXWXUR�VRPEUtR��(VWXGLR�GH�OD�DILOLDFLyQ�VLQGLFDO�HQ�(XURSD�

GHVGH��������)XQGDFLyQ���GH�0D\R��&ROHFFLyQ�,QIRUPHV�QR��������
�

�

�

�

�

�

�

�

�

�
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$33(1',;�
�
dĂďůĞ��͘ϭ͘��ĞƐĐƌŝƉƚŝǀĞ�ƐƚĂƚŝƐƚŝƵĐƐ�ŽĨ�ƐĞůĞĐƚĞĚ�ǀĂƌŝĂďůĞƐ�;��^�ϮϬϭϬ͕�ϮϬϭϰ͕�ϮϬϭϴͿ͘�

9DULDEOH� 'LVWULEXFLyQ�����
�� ����� ����� �����
2FFXSDWLRQV� �� �� ��
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dĂďůĞ��͘Ϯ͘�YƵĂŶƚŝůĞ�ƌĞŐƌĞƐƐŝŽŶ�ĞƐƚŝŵĂƚĞƐ�ŽĨ�ƚŚĞ�WƵďůŝĐͲWƌŝǀĂƚĞ�ƐĞĐƚŽƌ�ǁĂŐĞ�ŐĂƉ�ĨŽƌ�ĞĂĐŚ�ŽĨ�
ƚŚĞ�ƚŚƌĞĞ���^�ǁĂǀĞƐ�;ϮϬϭϬ͕�ϮϬϭϰ͕�ϮϬϭϴͿ�

��^�ϮϬϭϬ�

� YϮϱ� YϱϬ� Yϳϱ�

Wh�>/��^��dKZ� Ϭ͘Ϭϵϴϴ�

;Ϭ͘ϬϬϯͿ�

Ϭ͘Ϭϳϴϲ�

;Ϭ͘ϬϬϯͿ�

Ϭ͘Ϭϳϱϳ�

;Ϭ͘ϬϬϰͿ�

&�D� ͲϬ͘ϭϲϯϱ�

;Ϭ͘ϬϬϮͿ�

ͲϬ͘ϭϴϵϳ�

;Ϭ͘ϬϬϮͿ�

ͲϬ͘Ϯϭϱϰ�

;Ϭ͘ϬϬϮͿ�

Wh�Ύ&�D� Ϭ͘Ϭϳϵϳ�

;Ϭ͘ϬϬϰͿ�

Ϭ͘Ϭϳϭϯ�

;Ϭ͘ϬϬϰͿ�

Ϭ͘Ϭϰϲϲ�

;Ϭ͘ϬϬϱͿ�
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�

�

�

�
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��^�ϮϬϭϰ�

� YϮϱ� YϱϬ� Yϳϱ�

Wh�>/��^��dKZ� Ϭ͘Ϭϲϯϴ�

;Ϭ͘ϬϬϯͿ�

Ϭ͘ϬϮϵϱ�

;Ϭ͘ϬϬϯͿ�

Ϭ͘ϬϭϮϲ�

;Ϭ͘ϬϬϰͿ�

&�D� ͲϬ͘ϭϰϵϯ�

;Ϭ͘ϬϬϮͿ�

ͲϬ͘ϭϲϵϲ�

;Ϭ͘ϬϬϮͿ�

ͲϬ͘ϭϵϱϱ�

;Ϭ͘ϬϬϮͿ�

Wh�Ύ&�D� Ϭ͘ϬϳϲϬ�

;Ϭ͘ϬϬϰͿ�

Ϭ͘Ϭϱϳϴ�

;Ϭ͘ϬϬϰͿ�

Ϭ͘ϬϮϱϳ�

;Ϭ͘ϬϬϱͿ�

�

��^�ϮϬϭϴ�

� YϮϱ� YϱϬ� Yϳϱ�

Wh�>/��^��dKZ� Ϭ͘ϬϵϮϯ�

;Ϭ͘ϬϬϯͿ�

Ϭ͘ϬϰϳϮ�

;Ϭ͘ϬϬϯͿ�

Ϭ͘ϬϬϲϬ�

;Ϭ͘ϬϬϰͿ�

&�D� ͲϬ͘ϭϱϮϯ�

;Ϭ͘ϬϬϮͿ�

ͲϬ͘ϭϳϭϰ�

;Ϭ͘ϬϬϮͿ�

ͲϬ͘ϭϴϲϱ�

;Ϭ͘ϬϬϮͿ�

Wh�Ύ&�D� Ϭ͘Ϭϳϴϯ�

;Ϭ͘ϬϬϰͿ�

Ϭ͘Ϭϲϳϯ�

;Ϭ͘ϬϬϰͿ�

Ϭ͘Ϭϰϱϵ�

;Ϭ͘ϬϬϱͿ�

EŽƚĞ͗�ZĞƐƵůƚƐ�ŽĨ�ƚŚĞ�ĞƐƚŝŵĂƚŝŽŶ�ŽĨ�Ă�ƋƵĂŶƚŝůĞ�ƌĞŐƌĞƐƐŝŽŶ�Ž�ĨĂ�ŵŝŶĐĞƌŝĂŶ�;ůŽŐŐĞĚͿ�ŚŽƵƌůǇ�ǁĂŐĞ�
ĞƋƵĂƚŝŽŶ͕�ĐŽŶƚƌŽůůŝŶŐ�ďǇ�ƐĞǆ�ĂŶĚ�ƉƵďůŝĐ�ƐĞĐƚŽƌ�;ƉůƵƐ�Ăůů�ƚŚĞ�ĐŽŶƚƌŽů�ǀĂƌŝĂďůĞƐ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�
ůŝŶĞĂƌ�ƌĞŐƌĞƐƐŝŽŶͿ͘�^ƚĂŶĚĂƌĚ�ĚĞǀ͘�ŝŶ�ƉĂƌĞŶƚŚĞƐĞƐ͘��ůů�ĐŽĞĨĨŝĐŝĞŶƚƐ�ĂƌĞ�ƐƚĂƚŝƐƚŝĐĂůůǇ�ƐŝŐŶŝĨŝĐĂŶƚ�Ăƚ�ϭ�
ƉĞƌĐĞŶƚ�ůĞǀĞů͘�
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