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7KH�8QLWHG�6WDWHV�DQG�PDQ\�RWKHU�DGYDQFHG�LQGXVWULDO�FRXQWULHV�DUH�FRQFHUQHG�DERXW�WKH

VORZGRZQ�LQ�SURGXFWLYLW\�JURZWK�VLQFH�WKH�HDUO\�����V���0DMRU�IDFWRUV�FRQVLGHUHG�LQ�WKH�OLWHUDWXUH

DV�SRWHQWLDO�FDXVHV�RI�WKH�GHFOLQH�LQ�SURGXFWLYLW\�JURZWK�LQFOXGH�RQH�RU�PRUH�RI�WKH�IROORZLQJ

GHYHORSPHQWV���LQDGHTXDWH�UDWHV�RI�LQYHVWPHQW�LQ�WKH�VWRFN�RI�SULYDWH�FDSLWDO��PLVDOORFDWLRQ�RI

FDSLWDO�VHUYLFHV�DQG�XQGHUXWLOL]DWLRQ�RI�LWV�FDSDFLW\��ULVLQJ�HQHUJ\�SULFHV��FKDQJHV�LQ�ODERU�IRUFH

FRPSRVLWLRQ��LQFOXGLQJ�WKH�HQWUDQFH�RI�ZRPHQ�DQG�PLQRULWLHV�ZLWK�ORZHU�VNLOO�OHYHOV��GHFOLQLQJ

UDWHV�RI�LQYHVWPHQW�LQ�5	'�FDSLWDO�DQG�D�VORZGRZQ�LQ�WKH�UDWH�RI�WHFKQLFDO�FKDQJH��D�VKLIW�DZD\

IURP�PDQXIDFWXULQJ�WRZDUG�D�VHUYLFH�RULHQWHG�HFRQRP\��PLVPHDVXUHPHQW�RI�RXWSXW��SDUWLFXODUO\

LQ�WKH�VHUYLFH�LQGXVWULHV��DQG�LQDGHTXDWH�PHDVXUHPHQW�RI�TXDOLW\�LPSURYHPHQWV�LQ�ODERU�DQG

FDSLWDO�LQSXWV���7KLV�OLVW�FDQ�HDVLO\�EH�H[WHQGHG�WR�LQFOXGH�PDQ\�RWKHU�H[SODQDWLRQV�

7KH�OLWHUDWXUH�DQDO\]LQJ�WKH�SURGXFWLYLW\�VORZGRZQ�LQ�WKH�8�6��DQG�RWKHU�DGYDQFHG

HFRQRPLHV�LV�YROXPLQRXV�PDNLQJ�LW�EH\RQG�WKH�VFRSH�RI�WKLV�UHSRUW�WR�GLVFXVV�DOO�WKH�YHU\

FRPSOH[�DQG�FRQWURYHUVLDO�LVVXHV�GLVFXVVHG�WKHUHLQ���2QH�WKLQJ�WKDW�GRHV�VWDQG�RXW��KRZHYHU��LV

WKDW�XQWLO�UHFHQWO\��PRVW�RI�WKH�HPSLULFDO�OLWHUDWXUH�RQ�SURGXFWLRQ�IXQFWLRQV�DQG�SURGXFWLYLW\

WUHDWHG�SURGXFWLRQ�LQ�WKH�SULYDWH�VHFWRU�LQGHSHQGHQWO\�IURP�WKH�TXDOLW\�DQG�DYDLODELOLW\�RI�SXEOLF

VHFWRU�VHUYLFHV���(DUO\�ZRUN�E\�$UURZ�DQG�.XU]��������DQG�*URVVPDQ�DQG�/XFDV��������KDV

VKRZQ�WKDW�SXEOLF�FDSLWDO�PD\�HQWHU�WKH�SULYDWH�VHFWRU�SURGXFWLRQ�IXQFWLRQ���6HYHUDO�W\SHV�RI

SXEOLF�FDSLWDO�VHUYLFHV�DUH�SDUWLFXODUO\�LPSRUWDQW�IRU�HQKDQFLQJ�RXWSXW�DQG�SURGXFWLYLW\�JURZWK�RI

WKH�SULYDWH�VHFWRU��WKH�PRVW�LPSRUWDQW�EHLQJ�WKH�TXDOLW\�DQG�FDSDFLW\�RI�WKH�QHWZRUN�RI�YDULRXV

W\SHV�RI�SK\VLFDO�SXEOLF�DQG�SULYDWH�LQIUDVWUXFWXUH�LQ�DQ�HFRQRP\��WKH�TXDOLW\�RI�HGXFDWLRQ�DQG

WUDLQLQJ�SURYLGHG�RU�ILQDQFHG�E\�WKH�SXEOLF�VHFWRU��DQG�WKH�H[WHQW�RI�WHFKQRORJLFDO�LQQRYDWLRQ�DQG

5	'�VXSSRUWHG�E\�WKH�SXEOLF�VHFWRU���7KHVH�W\SHV�RI��VRFLDO�RYHUKHDG�FDSLWDO��DUH�FOHDUO\
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LPSRUWDQW�LQ�UHGXFLQJ�SURGXFWLRQ�FRVWV�DQG�LPSURYLQJ�WKH�TXDOLW\�RI�SULYDWH�VHFWRU�SURGXFWLRQ�

7KH�SURYLVLRQ�RI�SXEOLF�FDSLWDO�RIWHQ�UHTXLUHV�D�VL]DEOH�LQLWLDO�LQYHVWPHQW�DQG�LV�JHQHUDOO\

FRQVLGHUHG�D��SXEOLF�JRRGV��LQ�WKDW�WKHLU�VHUYLFHV�DUH�MRLQWO\�FRQVXPHG�E\�PXOWLSOH�XVHUV���7KH

ILQDQFLQJ�RI�LQIUDVWUXFWXUH�IDFLOLWLHV�WKURXJK�WKH�WD[�V\VWHP��DQG�WKH�LQFLGHQFH�RI�VXFK�WD[HV��LV

JHQHUDOO\�QRW�DGGUHVVHG�LQ�SURGXFWLRQ�DQG�FRVW�IXQFWLRQ�VWXGLHV�

5HFHQW�GLVFXVVLRQV�LQ�WKH�OLWHUDWXUH�KDYH�HPSKDVL]HG�LQDGHTXDWH�JURZWK�RI�LQIUDVWUXFWXUH

FDSLWDO�DV�D�FDXVH�RI�WKH�VORZGRZQ�LQ�SURGXFWLYLW\�DW�WKH�DJJUHJDWH�DQG�LQGXVWU\�OHYHOV�

1XPHURXV�VWXGLHV�KDYH�EHHQ�XQGHUWDNHQ�WR�FODULI\�WKH�UHODWLRQVKLS�EHWZHHQ�SURGXFWLYLW\�JURZWK

DQG�SXEOLF�LQIUDVWUXFWXUH�FDSLWDO���7KHVH�VWXGLHV�FDQ�EURDGO\�EH�FODVVLILHG�DV�WKRVH�ZKLFK�HVWLPDWH

D�QHRFODVVLFDO�SURGXFWLRQ�IXQFWLRQ�DXJPHQWHG�WR�LQFOXGH�WKH�SXEOLFO\�ILQDQFHG�LQIUDVWUXFWXUH

FDSLWDO�VWRFN�DV�D�IDFWRU�RI�SURGXFWLRQ��DQG�WKRVH�ZKLFK�XWLOL]H�WKH�GXDO�DSSURDFK�WR�SURGXFWLRQ

IXQFWLRQ�DQDO\VLV�E\�HVWLPDWLQJ�FRVW�RU�SURILW�IXQFWLRQV���7KH�ODWWHU�DSSURDFK�XWLOL]HV�PDUNHW�GDWD

DERXW�WKH�SULFHV�RI�SULYDWH�LQSXWV�DQG�RXWSXW��DQG�RIIHUV�VHYHUDO�VWDWLVWLFDO�DQG�PHWKRGRORJLFDO

DGYDQWDJHV�RYHU�SURGXFWLRQ�IXQFWLRQ�DQDO\VLV�WKDW�DUH�GLVFXVVHG�ODWHU�LQ�WKLV�UHSRUW�

7KH�OHYHO�RI�DJJUHJDWLRQ�XVHG�LQ�HVWLPDWLQJ�SURGXFWLRQ�DQG�FRVW�IXQFWLRQV�YDULHV

FRQVLGHUDEO\�DPRQJ�WKH�GLIIHUHQW�VWXGLHV���6RPH�VWXGLHV�XVH�KLJKO\�DJJUHJDWH�QDWLRQDO�RU

LQWHUQDWLRQDO�GDWD�DQG�RWKHUV�XVH�UHJLRQDO�RU�VWDWH�OHYHO�GDWD���6RPH�VWXGLHV�XVH�FURVV�VHFWLRQ�WLPH

VHULHV�GDWD�FRYHULQJ�PHWURSROLWDQ�606$V��ZKLOH�RWKHUV�HPSOR\�LQGXVWU\�OHYHO�GDWD���6WXGLHV�RIWHQ

GLIIHU�LQ�WKHLU�FRYHUDJH�RI�LQGXVWULHV��JHRJUDSKLF�UHJLRQV��PRGHOLQJ�PHWKRGRORJ\�DQG�XVH�RI

HFRQRPHWULF�HVWLPDWLRQ�WHFKQLTXHV���7KHUHIRUH��LW�LV�QRW�VXUSULVLQJ�WKDW�WKH�VWDWLVWLFDO�UHVXOWV

UHSRUWHG�LQ�WKH�OLWHUDWXUH�PHDVXULQJ�WKH�HIIHFWV�RI�LQIUDVWUXFWXUH�FDSLWDO�RQ�WKH�HFRQRP\�DUH�RIWHQ

TXLWH�GLYHUVH�DQG�VRPHWLPHV�FRQWUDGLFWRU\�
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&OHDUO\��QR�FRQVHQVXV�KDV�\HW�HPHUJHG�RQ�WKH�SUHFLVH�FDXVHV�RI�WKH�SURGXFWLYLW\�JURZWK

VORZGRZQ�DQG�WKH�FRQWURYHUV\�LV�IUHTXHQWO\�IXHOHG�E\�SURSRQHQWV�RI�VSHFLILF�FDXVHV�ZKR�DUJXH�DV

WKRXJK�WKHUH�ZHUH�D�VLQJOH�H[SODQDWLRQ�IRU�WKH�VORZGRZQ�UDWKHU�WKDQ�D�FRPELQDWLRQ�RI�IDFWRUV�

7R�PHHW�WKH�FKDOOHQJH�SRVHG�E\�WKH�GLYHUVLW\�RI�WKH�VRXUFHV�RI�SURGXFWLYLW\�JURZWK�DQG�WR�EHWWHU

XQGHUVWDQG�WKH�UROH�SOD\HG�LQ�WKH�SURFHVV�E\�LQIUDVWUXFWXUH�FDSLWDO��ZKLFK�LQ�WKLV�VWXG\�UHIHUV�WR

KLJKZD\�FDSLWDO��ZH�IRUPXODWH�D�VWUXFWXUDO�PRGHO�WKDW�LQFRUSRUDWHV�PRVW�RI�WKH�LPSRUWDQW�IRUFHV

OLNHO\�WR�H[SODLQ�SURGXFWLYLW\�JURZWK���,W�LV�ORJLFDO�WKDW�WKH�IUDPHZRUN�IRU�VXFK�D�PRGHO�LQFOXGH

WKH�HIIHFWV�RI�D�YDULHW\�RI�GHPDQG�DQG�VXSSO\�IDFWRUV�DV�ZHOO�DV�KLJKZD\�LQIUDVWUXFWXUH�FDSLWDO�RQ

WKH�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�LQ�SURGXFWLYLW\�JURZWK���7KH�UHODWLYH�FRQWULEXWLRQ�RI�KLJKZD\

FDSLWDO��DV�ZHOO�DV�RWKHU�IDFWRUV��FDQ�EHVW�EH�HYDOXDWHG�ZLWKLQ�VXFK�D�JHQHUDO�IUDPHZRUN�

$�VLJQLILFDQW�IHDWXUH�RI�WKLV�VWXG\�LV�LWV�FRPSUHKHQVLYH�FRYHUDJH�RI�WKH�86�HFRQRP\�

0RVW�VWXGLHV��DV�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQ��IRFXV�RQ�WKH�DJJUHJDWH�HFRQRP\�RU�FRQVLGHU

RQO\�D�VXEVHW�RI�LQGXVWULHV���7KLV�VWXG\�HVWLPDWHV�D�PRGHO�XVLQJ�LQGXVWU\�GDWD�FRYHULQJ�WKH�HQWLUH

8�6��HFRQRP\�DQG�DOVR�GHULYHV��DJJUHJDWH��HVWLPDWHV�RI�WKH�HIIHFWV�RI�ERWK�GHPDQG�DQG�VXSSO\

IDFWRUV�DV�ZHOO�DV�KLJKZD\�FDSLWDO�RQ�WKH�PRYHPHQWV�RI�DJJUHJDWH�SURGXFWLYLW\�JURZWK�DW�WKH

QDWLRQDO�OHYHO���,Q�WKH�SURFHVV��ZH�REWDLQ�WKH�PDUJLQDO�EHQHILWV�RI�KLJKZD\�FDSLWDO�VWRFN�LQ�HDFK

LQGXVWU\�DQG�LWV�FRQWULEXWLRQ�WR�LQGXVWU\�SURGXFWLYLW\�JURZWK�DQG�DOVR�WKH�DJJUHJDWH�PDUJLQDO

EHQHILW�RI�KLJKZD\�FDSLWDO�WR�RXWSXW�DQG�SURGXFWLYLW\�JURZWK�IRU�WKH�HFRQRP\�DV�D�ZKROH�

,Q�WKLV�VWXG\�ZH�FRQFHQWUDWH�RQ�WKH�FRQWULEXWLRQ�RI�D�VSHFLILF�FRPSRQHQW�RI�WRWDO�SXEOLF

LQIUDVWUXFWXUH�FDSLWDO�L�H���KLJKZD\�FDSLWDO���:H�H[SORUH�WKH�UROH�LW�SOD\V�LQ�HQKDQFLQJ�SULYDWH

VHFWRU�SURGXFWLYLW\�ERWK�DW�WKH�DJJUHJDWH�HFRQRP\�DQG�GLVDJJUHJDWHG�LQGXVWU\�OHYHOV���7ZR

PHDVXUHV�RI�KLJKZD\�FDSLWDO�DUH�XVHG���WRWDO�KLJKZD\�FDSLWDO�LQFOXGLQJ�URDGV�XQGHU�IHGHUDO��VWDWH�

DQG�ORFDO�JRYHUQPHQW�MXULVGLFWLRQ��DQG�WKH�VWRFN�RI�XSSHU�OHYHO�URDGV�H[FOXGLQJ�ORFDO�JRYHUQPHQW
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LQYHVWPHQWV�LQ�URDGV�DQG�VWUHHWV���7KH�ODWWHU�LQFOXGHV�WKH�IHGHUDO�DLG�KLJKZD\�V\VWHP��ZLWK�WKH

H[FHSWLRQ�RI�H[SHQGLWXUHV�RQ�VHFRQGDU\�UXUDO�URDGV��DQG�UHSUHVHQWV�DSSUR[LPDWHO\����SHUFHQW�RI

WRWDO�KLJKZD\�FDSLWDO�VWRFN���$V�VXFK��LW�LV�UHIHUUHG�WR�LQ�WKLV�UHSRUW�DV�WKH�QRQ�ORFDO�KLJKZD\

V\VWHP��RU�1/6���7KH�SXUSRVH�RI�LQFRUSRUDWLQJ�WKH�1/6�VWRFN�LQ�WKH�DQDO\VLV�LV�WR�DGYDQFH

DQDO\VLV�RI�D�KLJKZD\�QHWZRUN�FRQVLVWHQW�ZLWK�WKH�XQGHUO\LQJ�GHILQLWLRQ�RI�WKH�1DWLRQDO�+LJKZD\

6\VWHP��1+6����7KLV�LV�UHTXLUHG�EHFDXVH�WKH�1+6�KDV�RQO\�UHFHQWO\�EHHQ�DSSURYHG�DQG�D�VHULHV�RI

LQYHVWPHQW�GDWD�VXIILFLHQW�WR�HVWLPDWH�D�FDSLWDO�VWRFN�IRU�WKLV�FRPSRQHQW�RI�WKH�WRWDO�KLJKZD\

V\VWHP�LV�QRW�DYDLODEOH�

7KH�UHOHYDQW�SROLF\�TXHVWLRQV�DGGUHVVHG�LQ�WKLV�UHSRUW�DUH�

x� :KDW�LV�WKH�SURGXFWLYLW\�RI�KLJKZD\�FDSLWDO�DQG�ZKDW�LV�WKH�RYHUDOO�VRFLDO�UDWH�RI

UHWXUQ�WR�WKLV�W\SH�RI�FDSLWDO"

x� ,V�WKHUH�DQ\�HYLGHQFH�RI�RYHU��RU�XQGHU�VXSSO\�RI�WKLV�FDSLWDO�LQ�WKH�SRVW�ZDU�SHULRG"

x� ,I�D�VKRUWDJH�RI�KLJKZD\�FDSLWDO�LV�HYLGHQW��FDQ�LW�H[SODLQ�VRPH�RI�WKH�GHFOLQH�LQ�WKH

DJJUHJDWH�SURGXFWLYLW\�JURZWK"��,I�VR��E\�KRZ�PXFK"

x� :KDW�LV�WKH�RSWLPDO�OHYHO�RI�KLJKZD\�FDSLWDO�IURP�WKH�SHUVSHFWLYH�RI�WKH�SULYDWH

SURGXFWLRQ�VHFWRU�DQG�KRZ�GRHV�LW�FRPSDUH�WR�LWV�DFWXDO�OHYHO"

x� :KDW�LV�WKH�HIIHFW�RI�WKLV�W\SH�RI�KLJKZD\�FDSLWDO�RQ�WKH�SULYDWH�VHFWRU�FRVW�RI��DQG

GHPDQG�IRU��ODERU��FDSLWDO��DQG�LQWHUPHGLDWH�LQSXWV"��DQG

x� :KDW�DUH�WKH�PDUJLQDO�EHQHILWV�WR�WKH�SULYDWH�VHFWRU�RI�DQ�LQFUHDVH�LQ�KLJKZD\�FDSLWDO

DQG�KRZ�GR�WKH\�GLIIHU�DFURVV�LQGXVWULHV"

7R�EHJLQ�WR�DQVZHU�WKHVH�TXHVWLRQV�ZH�GHYHORS�DQ�DQDO\WLFDO�IUDPHZRUN�SRVVHVVLQJ

VHYHUDO�DGYDQWDJHV�RYHU�H[LVWLQJ�PRGHOV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�

x� 7KH�UROH�RI�DJJUHJDWH�GHPDQG�RQ�WKH�SURGXFWLYH�EHKDYLRU�RI�LQGLYLGXDO�LQGXVWULHV�LV

H[SOLFLWO\�WDNHQ�LQWR�DFFRXQW���7KDW�LV��WKH�HIIHFWV�RI�FKDQJHV�LQ�DJJUHJDWH�LQFRPH�DQG

SRSXODWLRQ�RQ�LQGXVWU\�GHPDQG�DQG��FRQVHTXHQWO\��RQ�LWV�SURGXFWLYLW\�JURZWK�DUH

HVWLPDWHG�

x� $FFRXQW�LV�WDNHQ�RI�WKH�FRQWULEXWLRQ�FKDQJHV�LQ�UHDO�IDFWRU�SULFHV��LQFOXGLQJ�ZDJHV�DQG

FDSLWDO�UHQWDO�SULFHV��PD\�KDYH�RQ�SURGXFWLYLW\�JURZWK�
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x� 7KH�GLUHFW�DQG�LQGLUHFW�HIIHFWV�RI�DQ�LQFUHDVH�LQ�KLJKZD\�FDSLWDO�RQ�WRWDO�DQG�LQGXVWU\

RXWSXW�DQG�SURGXFWLYLW\�JURZWK�DUH�HVWLPDWHG�

x� 7KH�LPSDFW�RI�KLJKZD\�FDSLWDO��ERWK�WRWDO�VWRFN�DQG�WKH�1/6�VXEVHW��RQ�GHPDQG�IRU

LQSXWV�VXFK�DV�GHPDQG�IRU�HPSOR\PHQW�DQG�SULYDWH�VHFWRU�SK\VLFDO�FDSLWDO�DUH

HVWLPDWHG��L�H���ZKHWKHU�DQ�LQFUHDVH�LQ�KLJKZD\�FDSLWDO�VWRFN�LV�ELDVHG�LQ�IDYRU�RI�ODERU

RU�FDSLWDO��

7KH�UHPDLQGHU�RI�WKH�UHSRUW�LV�RUJDQL]HG�DV�IROORZV���6HFWLRQ�,,�EULHIO\�VXPPDUL]HV�WKH

PDLQ�UHVXOWV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�RQ�WKH�FRQWULEXWLRQ�RI�SXEOLF�LQIUDVWUXFWXUH�FDSLWDO�WR

SURGXFWLYLW\�JURZWK�XVLQJ�SURGXFWLRQ��FRVW��DQG�SURILW��IXQFWLRQ�DSSURDFKHV�
�
��7KH�VHFWLRQ

FRQFOXGHV�ZLWK�D�VXPPDU\�RI�WKH�RYHUDOO�UHVXOWV�WKDW�PD\�EH�REWDLQHG�IURP�WKH�DYDLODEOH

OLWHUDWXUH�

6HFWLRQ�,,,�VSHFLILHV�D�JHQHUDO�DQDO\WLFDO�PRGHO�FRQVLVWLQJ�RI�GHPDQG�DQG�FRVW�IXQFWLRQV

IRU�LQGLYLGXDO�LQGXVWULHV���7KH�DQDO\WLFDO�VWUXFWXUH�DOORZV�HVWLPDWLRQ�RI�WKH�VWUXFWXUDO�SDUDPHWHUV

IRU�HDFK�LQGXVWU\�DQG�SURYLGHV�D�IUDPHZRUN�IRU�GHFRPSRVLQJ�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK

LQWR�VHYHUDO�FRPSRQHQWV�LQFOXGLQJ�WKH�FRQWULEXWLRQ�RI�KLJKZD\�LQIUDVWUXFWXUH�FDSLWDO���7KLV

PHWKRGRORJ\�DOORZV�XV�WR�WUDFH�WKH�HIIHFWV�RI�DJJUHJDWH�GHPDQG��SRSXODWLRQ�JURZWK��UHDO�IDFWRU

SULFHV��WHFKQLFDO�FKDQJH��DQG�KLJKZD\�FDSLWDO�RQ�WRWDO�IDFWRU�SURGXFWLYLW\��7)3��JURZWK�DQG

SURGXFWLRQ�RI�HDFK�LQGXVWU\�

6HFWLRQ�,9�VSHFLILHV�WKH�HFRQRPHWULF�PRGHO�DQG�GHVFULEHV�WKH�VRXUFHV�RI�GDWD�XVHG�WR

HVWLPDWH�LW���7KH�SULPDU\�GDWD�DUH�D�FURVV�VHFWLRQ��WLPH�VHULHV�RI�SULFHV�DQG�TXDQWLWLHV�RI�RXWSXW

DQG�LQSXWV�IRU����LQGXVWU\�VHFWRUV�IRU�WKH�SHULRG�������������7KHVH�LQGXVWULHV�FROOHFWLYHO\�FRYHU

WKH�HQWLUH�86�HFRQRP\�DQG�SURYLGH�D�EDVLV�WR�HVWLPDWH�WKH�FRQWULEXWLRQV�RI�YDULRXV�IDFWRUV�WR�WKH

JURZWK�RI�RXWSXW�DQG�SURGXFWLYLW\�IRU�WKH�RYHUDOO�HFRQRP\�

                                                
�
�0RUH�FRPSUHKHQVLYH�VXUYH\V�RI�WKH�SURGXFWLRQ�IXQFWLRQ�DSSURDFK�PD\�EH�IRXQG�LQ�$VFKDXHU��������DQG�)HGHUDO

+LJKZD\�$GPLQLVWUDWLRQ��������
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6HFWLRQ�9�SUHVHQWV�VXPPDU\�VWDWLVWLFV�IRU�VHYHUDO�PRGHO�VSHFLILFDWLRQV���5HVXOWV�RI

VHQVLWLYLW\�WHVWV�WKDW�H[DPLQH�WKH�VWDELOLW\�RI�WKH�HFRQRPHWULF�PRGHO�DUH�UHSRUWHG���&ULWLFLVPV

DLPHG�DW�SUHYLRXV�WLPH�VHULHV�HFRQRPHWULF�PRGHOV�GHVLJQHG�WR�TXDQWLI\�WKH�FRQWULEXWLRQ�RI�SXEOLF

LQIUDVWUXFWXUH�WR�HFRQRPLF�JURZWK�DQG�SURGXFWLYLW\�DUH�VSHFLILFDOO\�DGGUHVVHG�

x� 6SXULRXV�FRUUHODWLRQ���7KH�UHODWLRQVKLS�EHWZHHQ�SULYDWH�VHFWRU�SURGXFWLYLW\�DQG

LQIUDVWUXFWXUH�FDSLWDO�PD\�EH�VSXULRXV��RU�IDOVH��EHFDXVH�RI�D�FRPPRQ�WUHQG�DPRQJ

PHDVXUHV�RI�RXWSXW��SULYDWH�VHFWRU�FDSLWDO�DQG�ODERU��DQG�SXEOLF�FDSLWDO�

x� 6LPXOWDQHLW\���7KH�SRWHQWLDO�VLPXOWDQHRXV��RU�MRLQWO\�GHWHUPLQHG��UHODWLRQVKLS

EHWZHHQ��DJJUHJDWH��RXWSXW�DQG�SXEOLF�FDSLWDO�LV�FRQVLGHUHG�LQ�WKH�PRGHOLQJ

IUDPHZRUN��DQG

x� 2PLWWHG�YDULDEOHV���7KH�RPLVVLRQ�RI�YDULDEOHV�IURP�WKH�DQDO\VLV��VXFK�DV�WKH�UDSLG

ULVH�LQ�HQHUJ\�DQG�PDWHULDO�LQSXW�SULFHV��WKDW�PD\�DIIHFW�SURGXFWLYLW\�DQG�SRVVLEO\�EH

DWWULEXWHG�WR�SXEOLF�FDSLWDO��DUH�DFFRXQWHG�IRU�LQ�WKLV�IUDPHZRUN�

7KLV�VHFWLRQ�DGGUHVVHV�WKHVH�FULWLFLVPV�E\�HFRQRPHWULFDOO\�WHVWLQJ�DOWHUQDWLYH�VSHFLILFDWLRQV�RI�WKH

PRGHO��IRFXVLQJ�VSHFLILFDOO\�RQ�KLJKZD\�FDSLWDO�

6HFWLRQ�9,�SUHVHQWV�HPSLULFDO�HVWLPDWHV�RI�WKH�HIIHFW�RI�WRWDO�KLJKZD\�DQG�1/6�FDSLWDO�RQ

LQGXVWU\�SURGXFWLRQ�FRVWV���7KH�UHVXOWV�RI�WZR�YHUVLRQV�RI�WKH�PRGHO��0RGHO�$�DQG�%��DUH

SURYLGHG���,Q�0RGHO�$�WKH�VWRFN�RI�KLJKZD\�FDSLWDO�LV�PHDVXUHG�E\�WRWDO�KLJKZD\�FDSLWDO�ZKLOH�LQ

0RGHO�%�WRWDO�KLJKZD\�FDSLWDO�LV�VSOLW�LQWR�WZR�FRPSRQHQWV��WRWDO�KLJKZD\�FDSLWDO�DQG�1/6

KLJKZD\�FDSLWDO���(VWLPDWHV�RI�WKH�HIIHFW�RI�DQ�LQFUHDVH�LQ�WRWDO�KLJKZD\�DQG�1/6�FDSLWDO�RQ�WKH

GHULYHG�GHPDQG�IRU�LQSXWV�VXFK�DV�ODERU��FDSLWDO�DQG�PDWHULDOV�DUH�SUHVHQWHG�

6HFWLRQ�9,�DOVR�SUHVHQWV�WKH�UHVXOWV�RI�D�GHFRPSRVLWLRQ�RI�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK

LQWR�LWV�YDULRXV�FRPSRQHQWV��LQFOXGLQJ�KLJKZD\�FDSLWDO��E\�LQGXVWU\���(VWLPDWHV�RI�WKH�PDUJLQDO

EHQHILWV�RI�D�FKDQJH�LQ�WKH�OHYHO�RI�WRWDO�KLJKZD\�FDSLWDO�DQG�1/6�FDSLWDO�WR�HDFK�LQGXVWU\�DUH

SURYLGHG�ZLWK�DQ�DQDO\VLV�RI�WKH�LPSOLHG�WD[HV�DQG�VXEVLGLHV�LI�HDFK�LQGXVWU\�ZHUH�WR�PDNH

RSWLPDO�XVH�RI�WKH�DYDLODEOH�KLJKZD\�FDSLWDO�
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6HFWLRQ�9,�SURYLGHV�PHDVXUHV�RI�WKH�FRQWULEXWLRQ�RI�WRWDO�KLJKZD\�FDSLWDO�DQG�1/6�WR�WKH

QDWLRQDO�HFRQRP\
V�RXWSXW�DQG�SURGXFWLYLW\�JURZWK�EDVHG�RQ�¦DJJUHJDWHG§�LQGXVWU\�VSHFLILF

HVWLPDWHV���$V�DQ�DOWHUQDWLYH�DSSURDFK��ZH�DOVR�¦DJJUHJDWH§�LQGXVWU\�GDWD�DQG�UH�HVWLPDWH�WKH

PRGHO���)LQGLQJV�IURP�WKH��DJJUHJDWHG��DQG��DJJUHJDWH��HVWLPDWLRQ�DSSURDFKHV�DUH�FRPSDUHG

ZLWK�HDFK�RWKHU�DQG�ZLWK�WKRVH�UHSRUWHG�LQ�WKH�OLWHUDWXUH�DV�DQ�LQGLFDWLRQ�RI�ZKHUH�WKH�UHVXOWV�RI

WKLV�VWXG\�DUH�SRVLWLRQHG�UHODWLYH�WR�ERWK�QDWLRQDO�OHYHO�DQG�OHVV�DJJUHJDWH�VWXGLHV���1H[W��WKH

VRFLDO�QHW�UDWH�RI�UHWXUQ�WR�ERWK�WRWDO�KLJKZD\�FDSLWDO�DQG�1/6�DUH�FDOFXODWHG���2SWLPDO�OHYHOV�RI

ERWK�W\SHV�RI�KLJKZD\�FDSLWDO�DUH�GHULYHG�IURP�WKH�PRGHO�DQG�FRPSDUHG�ZLWK�WKHLU�DFWXDO�OHYHOV

WR�DVVHVV�WKH�H[WHQW�RI�DQ�RYHU��RU�XQGHU�LQYHVWPHQW�LQ�KLJKZD\�VWRFNV���7KH�UDWHV�RI�UHWXUQ�WR

KLJKZD\�FDSLWDO�DUH�FRPSDUHG�ZLWK�WKRVH�WR�SULYDWH�VHFWRU�FDSLWDO�VWRFN�DQG�ZLWK�WKH�LQWHUHVW�UDWH�

6HFWLRQ�9,,�SURYLGHV�D�EULHI�VXPPDU\�DQG�FRQFOXVLRQ�IROORZHG�E\�DQ�$SSHQGL[�DQG�5HIHUHQFHV�
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,,���/,7(5$785(�5(9,(:���5(68/76�)520�352'8&7,21�$1'�&267��352),7�
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$� 3URGXFWLRQ�)XQFWLRQ�0HWKRGV

7KH�EDVLF�IUDPHZRUN�IRU�LQFRUSRUDWLQJ�SXEOLF�LQIUDVWUXFWXUH�LQ�DQ�DJJUHJDWH�SURGXFWLRQ

IXQFWLRQ�LV�VWUDLJKWIRUZDUG���H[SDQG�D�SURGXFWLRQ�IXQFWLRQ�WR�LQFOXGH�QRW�RQO\�WKH�SULYDWH�IDFWRUV

RI�SURGXFWLRQ��ODERU�DQG�FDSLWDO��EXW�SXEOLF�FDSLWDO�DV�ZHOO���6SHFLILFDOO\��UHGHILQH�WKH�SURGXFWLRQ

IXQFWLRQ�< $ )��.� $ )��.�= ∗ = ∗�/��DV�< �/� �6�
a

ZKHUH�<�LV�WKH�OHYHO�RI�RXWSXW��$�LV�WKH�OHYHO�RI

SURGXFWLYLW\��.�LV�WKH�VWRFN�RI�SULYDWH�FDSLWDO��/�LV�HPSOR\PHQW��6�LV�WKH�JRYHUQPHQW�ILQDQFHG

LQIUDVWUXFWXUH�FDSLWDO�VWRFN�DQG�
a
$ �LV�WRWDO�IDFWRU�SURGXFWLYLW\�SXUJHG�RI�WKH�LQIOXHQFH�RI�WKH

JRYHUQPHQW�FDSLWDO�VWRFN���$�FRPPRQO\�XVHG�VSHFLILFDWLRQ�LV�WKH�&REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ��HVWLPDWHG�E\�$VFKDXHU������E��DQG�RWKHUV�

Y AK L S= ~ α β γ
�

7DNLQJ�QDWXUDO�ORJDULWKPV�RI�WKLV�HTXDWLRQ�\LHOGV�WKH�W\SLFDO�HVWLPDWLRQ�HTXDWLRQ�

OQ<� �OQ
a
$ ���DOQ.���EOQ/���JOQ6�

$VFKDXHU�IRXQG�J��WKH�HODVWLFLW\�RI�RXWSXW��<��ZLWK�UHVSHFW�WR�SXEOLF�FDSLWDO��6���WR�EH�SRVLWLYH�

UDQJLQJ�IURP������WR������
�
��7KH�PDUJLQDO�SURGXFW�RI�SXEOLF�FDSLWDO���036���GHILQHG�DV

03
<

6
V = ⋅γ �� �LPSOLHG�E\�WKLV�UHVXOW�LV�����SHUFHQW�RU�PRUH���7KH�LPSOLFDWLRQ�LV�WKDW�DQ�LQFUHDVH�LQ

JRYHUQPHQW�FDSLWDO�SD\V�IRU�LWVHOI�LQ�WHUPV�RI�KLJKHU�RXWSXW�ZLWKLQ�RQH�\HDU���0XFK�RI�WKH

VXEVHTXHQW�UHVHDUFK�LV�D�UHDFWLRQ�WR�WKLV�KLJK�UDWH�RI�UHWXUQ�WR�SXEOLF�FDSLWDO�
�
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7KH�OLWHUDWXUH�H[DPLQLQJ�WKH�HIIHFW�RI�SXEOLF�LQIUDVWUXFWXUH�FDSLWDO�RQ�RXWSXW�JURZWK�DQG

SURGXFWLYLW\�XVLQJ�WKH�SURGXFWLRQ�IXQFWLRQ�IUDPHZRUN�LV�H[WHQVLYH���3URGXFWLRQ�IXQFWLRQ�VWXGLHV

FDQ�EH�FRPELQHG�LQWR�WZR�EURDG�FDWHJRULHV����D��QDWLRQDO�OHYHO�VWXGLHV��DQG��E��UHJLRQDO�RU�VWDWH

OHYHO�VWXGLHV���7DEOH���VXPPDUL]HV�WKH�FKDUDFWHULVWLF�IHDWXUHV�RI�D�VHOHFWHG�QXPEHU�RI�SURGXFWLRQ

IXQFWLRQ�VWXGLHV���$VFKDXHU��������VWLPXODWHG�DQ�H[WHQVLYH�GLVFXVVLRQ�RI�WKH�QDWXUH�DQG

PDJQLWXGH�RI�WKH�LPSDFW�RI�LQIUDVWUXFWXUH�FDSLWDO�RQ�RXWSXW�DQG�SURGXFWLYLW\�JURZWK�
�
��+H

HVWLPDWHG�DQ�DJJUHJDWH�SURGXFWLRQ�IXQFWLRQ�DQG�DUJXHG�WKDW�LQIUDVWUXFWXUH�FDSLWDO�ILQDQFHG�E\�WKH

SXEOLF�VHFWRU�LQFUHDVHV�WKH�SURGXFWLYH�FDSDFLW\�RI�WKH�SULYDWH�VHFWRU��DQG�WKDW�SXEOLF

LQIUDVWUXFWXUH�LQYHVWPHQW�VWLPXODWHV�SULYDWH�VHFWRU�LQYHVWPHQW�E\�HQKDQFLQJ�WKH�UDWH�RI�UHWXUQ�WR

SULYDWH�VHFWRU�LQYHVWPHQW���0XQQHOO������D��H[WHQGHG�WKLV�OLQH�RI�DUJXPHQW��DQG�KHU�UHVXOWV

JHQHUDOO\�VXSSRUW�WKH�SURSRVLWLRQ�WKDW�WKHUH�LV�D�VWURQJ�DQG�VLJQLILFDQW�HIIHFW�RI�SXEOLF

LQIUDVWUXFWXUH�FDSLWDO�RQ�SURGXFWLYLW\�JURZWK�

%RWK�$VFKDXHU�DQG�0XQQHOO�HPSOR\�DJJUHJDWH�WLPH�VHULHV�GDWD�RI�WKH�8QLWHG�6WDWHV�WR

HVWLPDWH�WKH�UHODWLRQVKLS�EHWZHHQ�SULYDWH�RXWSXW�DQG�WKH�VWRFN�RI�QRQPLOLWDU\�SXEOLF�FDSLWDO���7KH

ODWWHU�LQFOXGHV�KLJKZD\V�DQG�VWUHHWV��HGXFDWLRQDO�EXLOGLQJV��KRVSLWDO�EXLOGLQJV��VHZHU�DQG�ZDWHU

IDFLOLWLHV��FRQVHUYDWLRQ�DQG�GHYHORSPHQW�IDFLOLWLHV��JDV��HOHFWULF��DQG�WUDQVLW�IDFLOLWLHV��DQG�RWKHU

PLVFHOODQHRXV�QRQPLOLWDU\�VWUXFWXUHV�DQG�HTXLSPHQW���$V�SUHYLRXVO\�QRWHG��$VFKDXHU�HVWLPDWHV

WKH�HODVWLFLW\�RI�RXWSXW�ZLWK�UHVSHFW�WR�SXEOLF�FDSLWDO�IURP������WR������

                                                
�
�)RU�D�UHYLHZ�RI�WKH�OLWHUDWXUH��VHH�$VFKDXHU��������



��

7DEOH�����6HOHFWHG�3URGXFWLRQ�)XQFWLRQ�6WXGLHV

$87+25 (48$7,21 '$7$ (/$67,&,7<


&200(176

$6&+$8(5������� &REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ�DQG�7)3�UHJUHVVLRQV

WLPH�VHULHV��������

3ULYDWH�%XVLQHVV

(FRQRP\

����������

���������

6LJQLILFDQW

&RQVWDQW�UHWXUQV�WR

VFDOH��&56��LQ�DOO

LQSXWV��LQFOXGLQJ�SXEOLF

FDSLWDO�LQSXW

0811(//������D� &REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ�UHSURGXFHV�$VFKDXHU

WLPH�VHULHV����������

SULYDWH�QRQ��IDUP�VHFWRU

���������

6LJQLILFDQW

&56�LQ�DOO�LQSXWV��DOVR

SULY��DQG�SXEO��FDS�

FRHI��HTXDO

0811(//������E� &REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ

FURVV�VHFW��WLPH�VHULHV���

VWDWHV����������

���� VHH�0XQQHOO������DQG

RWKHU�UHIHUHQFHV

0811(//������� &REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ

FURVV�VHFW��$YHUDJH

����������VWDWHV�YDOXHV

���KLJK�HQGRZP�

���PLG��HQGRZP�

���ORZ�HQGRZP�

����

����

����

6LJQLILFDQW

5HWXUQV�WR�6FDOH

����

����

����

*$5&,$�0,/$�$1'

0F*8,5(�������

&REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ

FURVV�VHFW��WLPH�VHULHV���

DQQXDO�REV��RI����VWDWHV

JURVV�VWDWH�SURG��ODERU�

FDSLWDO�H[SHQGLWXUHV�RQ

HGXFDWLRQ�DQG�KLJKZD\V

+LJKZD\V�

�����������

(GXFDWLRQ�

����������

6LJQLILFDQW

5HWXUQV�WR�6FDOH

����

&DQQRW�UHMHFW�LQFUHDVLQJ

UHWXUQV�WR�VFDOH

(%(576������� 7UDQVORJ�SURGXFWLRQ�IXQFWLRQ FURVV�VHFW��PDQXIDFWXULQJ

������������

0HWURSROLWDQ�$UHDV

����

6LJQLILFDQW

&56��SXEOLF�DQG�SULYDWH

FDSLWDO�VXEVWLWXWHV�SXEOLF

DQG�ODERU�FRPSOHPHQWV

+8/7(1�$1'

6&+:$%������D�

&REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ�ZLWK�ILUVW�GLIIHUHQFHV�
WLPH�VHULHV����������

VDPH�DV�$VFKDXHU

����

6LJQLILFDQW

�����

,QVLJQLILFDQW

����FRHII��IRU�ODERU

7$720�������
&REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ�LQFOXGLQJ�HQHUJ\�SULFH�

ZLWK�ILUVW�GLIIHUHQFHV�

WLPH�VHULHV����������

%XVLQHVV�6HFW�

�����

,QVLJQLILFDQW

&56

0(5$������� &REE�'RXJODV�SURGXFWLRQ

IXQFWLRQ

-DSDQ�SRROHG�GDWD�RI

UHJLRQV�DQG�WLPH���VHFWRUV

��FODVVLILFDWLRQV�RI�VRFLDO

RYHUKHDG�FDSLWDO

����

�����������

���������

6LJQLILFDQW

)25'�$1'�325(7

������

7)3�UHJUHVVLRQV 86$�DQG����2(&'

FRXQWULHV�WLPH�VHULHV�DQG

FRXQWU\�FURVV�VHFWLRQ

+DOI�RI�FRXQWULHV

VLJQLILFDQW�HIIHFW�DIWHU

����

0L[HG�VXSSRUW�RI

$VFKDXHU�UHVXOWV

+8/7(1�$1'

6&+:$%������E�

7)3�UHJUHVVLRQV FURVV�VHFWLRQ�WLPH�VHULHV

UHJLRQDO�VWXG\�RI�6QRZ�

6XQ�%HOW����������

*URVV�RXWSXW�YDOXH�DGGHG

SXEOLF�FDSLWDO�LQVLJQLI�

LQ�DOO�UHJUHVVLRQV

SULYDWH�FDSLWDO�LQVLJQLI�

LQ�JURVV�RXWSXW�UHJUHV�

VLJQLI��LQ�YDOXH�DGGHG

LPSO\LQJ�VFDOH����

&RHIILFLHQW�RI�LQIUDVWUXFWXUH�FDSLWDO�LQ�ORJDULWKPLF�HTXDWLRQ�
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,Q�D�UHODWHG�VWXG\��0XQQHOO�ILQGV�DQ�HODVWLFLW\�RI������IRU�RXWSXW�SHU�PDQ�KRXU�ZLWK�UHVSHFW�WR

SXEOLF�FDSLWDO���6KH�XVHV�WKH�HVWLPDWHG�FRHIILFLHQWV�IURP�WKH�DJJUHJDWH�SURGXFWLRQ�IXQFWLRQ�WR

FDOFXODWH�DQQXDO�SHUFHQWDJH�FKDQJHV�LQ�PXOWLIDFWRU�SURGXFWLYLW\�DQG�FRQFOXGHV���¦7KH�GURS�LQ

ODERU�SURGXFWLYLW\�KDV�QRW�EHHQ�GXH�WR�D�GHFOLQH�LQ�WKH�JURZWK�RI�VRPH�P\VWLFDO�FRQFHSW�RI

PXOWLIDFWRU�SURGXFWLYLW\�RU�WHFKQLFDO�SURJUHVV���5DWKHU��LW�KDV�EHHQ�GXH�WR�D�GHFOLQH�LQ�WKH�JURZWK

RI�SXEOLF�LQIUDVWUXFWXUH����0XQQHOO������D��S����

7KHVH�UHVXOWV�JHQHUDWHG�D�YDULHW\�RI�FULWLFLVPV�

x� 7KH�EHOLHI�WKDW�WKH�HVWLPDWHG�HODVWLFLWLHV�DQG�WKHLU�LPSOLHG�PDUJLQDO�SURGXFWLYLW\�RI

SXEOLF�FDSLWDO�DUH�H[WUHPHO\�KLJK���)RU�H[DPSOH��WKH�PDUJLQDO�SURGXFWLYLW\�RI�SXEOLF

LQIUDVWUXFWXUH�FDSLWDO�EDVHG�RQ�$VFKDXHU
V�HVWLPDWHV�H[FHHGV�WKDW�RI�SULYDWH�FDSLWDO�E\

VHYHUDO�WLPHV��D�UHVXOW�WKDW�$DURQ�������YLHZHG�DV�KLJKO\�LPSODXVLEOH�

x� 7KH�DJJUHJDWH�WLPH�VHULHV�FRUUHODWLRQ�PD\�QRW�UHIOHFW�D�FDXVDO�UHODWLRQ��EXW��UDWKHU��D

VSXULRXV��RU�IDOVH��FRUUHODWLRQ�EHWZHHQ�SURGXFWLRQ�DQG�SXEOLF�FDSLWDO���7KDW�LV��ERWK

ODERU�SURGXFWLYLW\�DQG�SXEOLF�LQIUDVWUXFWXUH�VSHQGLQJ�KDYH�GHFOLQHG�RYHU�WKH�VDPH

SHULRG�GXH�WR�RWKHU�IRUFHV��$DURQ��������DQG�7DWRP���������

x� 5HYHUVH�FDXVDWLRQ�PD\�EH�SUHVHQW�EHWZHHQ�SXEOLF�LQIUDVWUXFWXUH�FDSLWDO�DQG

SURGXFWLYLW\�JURZWK���7KH�DUJXPHQW�LV�WKDW�WKH�SRVLWLYH�FRHIILFLHQW�IRU�SXEOLF�FDSLWDO

REWDLQHG�LQ�YDULRXV�VWXGLHV�PD\�UHIOHFW�WKH�HIIHFW�RI�SURGXFWLYLW\�JURZWK�RQ

LQIUDVWUXFWXUH�FDSLWDO�UDWKHU�WKDQ�WKH�UHYHUVH���$OVR�WKHUH�LV�VRPH�HYLGHQFH�RI�D�ODFN�RI

UREXVWQHVV�ZKHQ�PRUH�UHFHQW�GDWD�DUH�XVHG�WR�HVWLPDWH�WKH�DJJUHJDWH�SURGXFWLRQ

IXQFWLRQ�RI�$VFKDXHU�DQG�0XQQHOO�

6HYHUDO�SURGXFWLRQ�IXQFWLRQ�VWXGLHV�DGGUHVV�LQIUDVWUXFWXUH�DQG�SURGXFWLYLW\�UHODWLRQVKLSV

DW�WKH�VWDWH�OHYHO�XVLQJ�WLPH�VHULHV�FURVV�VHFWLRQ�GDWD�IRU�WKH����FRQWLJXRXV�VWDWHV���7KH�FURVV�

VHFWLRQDO�DVSHFW�RI�WKHVH�GDWD�KDYH�FHUWDLQ�DGYDQWDJHV�ZKLFK�PLWLJDWH�WKH�SRVVLELOLW\�RI�VSXULRXV

FRUUHODWLRQ�RYHU�WLPH���$V�D�ZKROH��VWXGLHV�EDVHG�RQ�VWDWH�OHYHO�GDWD�VXSSRUW�D�UHODWLYHO\�ORZHU�EXW

VWLOO�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�SXEOLF�LQIUDVWUXFWXUH�DQG�SURGXFWLYLW\���0XQQHOO
V������E�

HODVWLFLW\�HVWLPDWHV�VKRZ�WKDW��ZKLOH�SXEOLF�FDSLWDO�KDV�D�SRVLWLYH�HIIHFW�RQ�RXWSXW�SURGXFWLYLW\��LW

LV�RQO\�KDOI�WKH�VL]H�RI�WKH�HIIHFW�RI�SULYDWH�FDSLWDO���)RU�H[DPSOH��D�RQH�SHUFHQW�LQFUHDVH�LQ�SXEOLF

FDSLWDO�UHVXOWV�LQ�D������SHUFHQW�LQFUHDVH�LQ�RXWSXW��ZKHUHDV�D�RQH�SHUFHQW�LQFUHDVH�LQ�SULYDWH



��

FDSLWDO�UHVXOWV�LQ�D������SHUFHQW�LQFUHDVH�LQ�RXWSXW��7KH�HVWLPDWHG�RXWSXW�HODVWLFLW\�RI�ODERU�LV

�������&DOFXODWLQJ�WKH�PDUJLQDO�SURGXFW�VKRZV�WKDW�DQ�DGGLWLRQDO�XQLW�RI�SXEOLF�FDSLWDO�LQFUHDVHV

RXWSXW�E\�WKH�VDPH�DPRXQW�DV�DQ�DGGLWLRQDO�XQLW�RI�SULYDWH�FDSLWDO���7KH�UHVXOWV�UHPDLQ�SODXVLEOH

ZKHQ�SXEOLF�FDSLWDO�LV�VSOLW�LQWR�WKUHH�FRPSRQHQWV����KLJKZD\V��ZDWHU�DQG�VHZHU�V\VWHPV��DQG

RWKHU���7KH�ILUVW�WZR��FRQVWLWXWLQJ�WKH�ODUJHVW�SDUW�RI�FRUH�LQIUDVWUXFWXUH��KDYH�ODUJHU�HIIHFWV�WKDQ

WKH��RWKHU��FDWHJRU\�

8VLQJ�0XQQHOO
V�GDWD��(LVQHU��������VXJJHVWV�WKDW�IRU�DOO�IXQFWLRQV�FRQVLGHUHG��WKH

VLJQLILFDQFH�RI�SXEOLF�FDSLWDO�KROGV�XS�ZKHQ�WKH�GDWD�DUH�DUUDQJHG�WR�UHIOHFW�FURVV�VHFWLRQDO

YDULDWLRQ��EXW�GLVDSSHDUV�ZKHQ�WKH�GDWD�DUH�DUUDQJHG�WR�DOORZ�IRU�WLPH�VHULHV�YDULDWLRQ���7KLV

VXJJHVWV�WKDW�VWDWHV�ZLWK�PRUH�SXEOLF�FDSLWDO�SHU�FDSLWD�KDYH�PRUH�RXWSXW�SHU�FDSLWD��EXW�WKDW�D

VWDWH�WKDW�LQFUHDVHV�LWV�SXEOLF�FDSLWDO�LQ�VRPH�\HDU�GRHV�QRW�JHW�PRUH�RXWSXW�LQ�WKDW�\HDU�DV�D

UHVXOW���7KHUHIRUH��(LVQHU�UHJDUGV�WKH�GLUHFWLRQ�RI�FDXVDWLRQ�EHWZHHQ�RXWSXW�DQG�SXEOLF�FDSLWDO�DV

XQGHFLGHG�DQG�SRVWXODWHV�WKDW�D�ODJ�VWUXFWXUH�LV�UHTXLUHG�WR�REWDLQ�D�WUXH�WLPH�VHULHV�UHODWLRQVKLS

EHWZHHQ�RXWSXW�DQG�SXEOLF�FDSLWDO�

&DOFXODWLQJ�PDQXIDFWXULQJ�SURGXFWLYLW\�JURZWK�UDWHV�IRU�WKH�\HDUV������WR������IRU�PDMRU

UHJLRQV�RI�WKH�8QLWHG�6WDWHV��+XOWHQ�DQG�6FKZDE��������WHVW�ZKHWKHU�GLIIHUHQW�UDWHV�RI�SXEOLF

FDSLWDO�JURZWK�FRUUHVSRQG�WR�GLIIHUHQW�UDWHV�RI�SURGXFWLYLW\�JURZWK���7KH\�ILQG�WKDW�GLIIHUHQFHV�LQ

RXWSXW�JURZWK�DUH�QRW�GXH�WR�GLIIHUHQFHV�LQ�WKH�JURZWK�RI�SXEOLF�LQIUDVWUXFWXUH��EXW�UDWKHU�WR

YDULDWLRQ�LQ�WKH�UDWHV�RI�JURZWK�RI�FDSLWDO�DQG�ODERU���:KHQ�WKH\�H[SDQG�WKLV�DQDO\VLV�WR�LQFOXGH

WKH�\HDUV������WR�������+XOWHQ�DQG�6FKZDE���������WKHLU�FRQFOXVLRQ�UHPDLQV�WKH�VDPH���SXEOLF

LQIUDVWUXFWXUH�KDV�KDG�OLWWOH�LPSDFW�RQ�UHJLRQDO�HFRQRPLF�JURZWK�

7KHVH�GLVSDUDWH�UHVXOWV�DUH�OLNHO\�GXH�WR�ZKHWKHU�WKH�XQREVHUYHG�VWDWH�VSHFLILF

FKDUDFWHULVWLFV�DUH�FRQWUROOHG�LQ�WKH�HVWLPDWLRQ�SURFHVV�RU�QRW���+ROW]�(DNLQ��������WHVWHG�WKH
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K\SRWKHVLV�WKDW�WKH�SRVLWLYH�DQG�VWURQJ�HIIHFW�RI�LQIUDVWUXFWXUH�ZLOO�GLPLQLVK�RU�GLVDSSHDU�LI�VWDWH�

VSHFLILF�HIIHFWV�DUH�DFFRXQWHG�IRU���0F*XLUH��������HVWLPDWHV�IRXU�GLIIHUHQW�VSHFLILFDWLRQV�RI�D

VWDWH�OHYHO�SURGXFWLRQ�IXQFWLRQ�ZLWK�SXEOLF�FDSLWDO�DV�DQ�LQSXW���&REE�'RXJODV�ZLWKRXW�VWDWH

HIIHFWV��&REE�'RXJODV�ZLWK�VWDWH�HIIHFWV��IL[HG�RU�UDQGRP�HIIHFWV���DQG�WUDQVORJ�ZLWKRXW�VWDWH

HIIHFWV���7KH�IRXU�VSHFLILFDWLRQV�RI�WKH�PRGHO�\LHOG�EURDGO\�VLPLODU�UHVXOWV��ZLWK�SXEOLF�FDSLWDO

KDYLQJ�D�SRVLWLYH�DQG�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�JURVV�VWDWH�SURGXFW��*63����:KHQ�SXEOLF

FDSLWDO�LV�VSOLW�LQWR�LWV�WKUHH�FRPSRQHQW�SDUWV��KLJKZD\V��ZDWHU�DQG�VHZHUV��DQG�RWKHU���KLJKZD\V

KDV�WKH�VWURQJHVW�LPSDFW���:DWHU�DQG�VHZHUV�KDV�D�PXFK�VPDOOHU�EXW�XVXDOO\�VLJQLILFDQW�HIIHFW��DQG

RWKHU�SXEOLF�FDSLWDO�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�RU�KDV�D�QHJDWLYH�HIIHFW�RQ�SULYDWH�RXWSXW�

,QGHHG��VRPH�HFRQRPLVWV�K\SRWKHVL]H�WKDW�VWDWH�OHYHO�GDWD�PD\�V\VWHPDWLFDOO\�XQGHUHVWLPDWH�WKH

SURGXFWLYLW\�YDOXH�RI�SXEOLF�FDSLWDO��EHFDXVH�VXFK�GDWD�FDQQRW�FDSWXUH�WKH�DJJUHJDWH�HIIHFWV�RI

SXEOLF�FDSLWDO�DV�D�V\VWHP�

6LPLODU�ILQGLQJV�KDYH�EHHQ�UHSRUWHG�LQ�D�QXPEHU�RI�SURGXFWLRQ�IXQFWLRQ�VWXGLHV�ZKLFK

XWLOL]H�HYHQ�PRUH�GLVDJJUHJDWH�GDWD���6WXGLHV�E\�(EHUWV���������(EHUWV�DQG�)RJDUW\���������DQG

'XII\�'HQR�DQG�(EHUWV��������XVH�GDWD�DW�WKH�PHWURSROLWDQ�OHYHO���7KH\�WHVW�WKH�GLUHFWLRQ�RI

FDXVDWLRQ�EHWZHHQ�LQIUDVWUXFWXUH�FDSLWDO�DQG�RXWSXW�DQG�HVWLPDWH�WKH�PDJQLWXGH�RI�WKH�HODVWLFLW\

RI�RXWSXW�ZLWK�UHVSHFW�WR�LQIUDVWUXFWXUH�FDSLWDO���7KHLU�ILQGLQJV�VXJJHVW�WKDW�FDXVDWLRQ�UXQV�PRVWO\

IURP�LQIUDVWUXFWXUH�FDSLWDO�WR�RXWSXW�JURZWK�DQG�WKHUH�LV�D�SRVLWLYH�EXW�FRQVLGHUDEO\�VPDOOHU

HODVWLFLW\�RI�RXWSXW�ZLWK�UHVSHFW�WR�SXEOLF�FDSLWDO�WKDQ�WKRVH�EDVHG�RQ�WKH�DJJUHJDWH�SURGXFWLRQ

IXQFWLRQ�UHODWLRQVKLS�EHWZHHQ�LQIUDVWUXFWXUH�DQG�JURZWK�RI�RXWSXW�DQG�SURGXFWLYLW\�

)URP�D�UHDGLQJ�RI�WKH�HYLGHQFH�EDVHG�RQ�WKHVH�SURGXFWLRQ�IXQFWLRQ�VWXGLHV�LW�LV�SRVVLEOH�WR

GUDZ�WKH�IROORZLQJ�FRQFOXVLRQV�
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����(DUO\�HVWLPDWHV�EDVHG�RQ�DJJUHJDWH�SURGXFWLRQ�IXQFWLRQ�DQDO\VHV�DUH�OLNHO\�WR�KDYH

RYHUVWDWHG�WKH�PDJQLWXGH�RI�WKH�HIIHFWV�RI�SXEOLF�LQIUDVWUXFWXUH�FDSLWDO�RQ�RXWSXW�DQG

SURGXFWLYLW\�JURZWK�

����(VWLPDWHV�EDVHG�RQ�VWDWH�OHYHO�GDWD�LQGLFDWH�D�UHODWLYHO\�VPDOOHU�FRQWULEXWLRQ�RI

LQIUDVWUXFWXUH�DQG�WKDW�WKH�FRPSRVLWLRQ�RI�LQIUDVWUXFWXUH�FDSLWDO�PDWWHUV��VRPH�W\SHV�RI

LQIUDVWUXFWXUH�PD\�KDYH�D�JUHDWHU�HIIHFW�RQ�SURGXFWLYLW\�WKDQ�RWKHUV�

����7KHUH�DUH�VHULRXV�HVWLPDWLRQ�SUREOHPV�LQ�ERWK�DJJUHJDWH�QDWLRQDO�OHYHO�WLPH�VHULHV

VWXGLHV�DQG�VWDWH�DQG�UHJLRQDO�OHYHO�VWXGLHV�WKDW�OHDG�WR�KLJKO\�GLVSDUDWH�UHVXOWV��DQG

����2YHUDOO��LW�VHHPV�WKDW�WKH�UHFHQW�VWXGLHV�UHSRUW�UHODWLYHO\�VPDOOHU�HODVWLFLW\�HVWLPDWHV

IRU�LQIUDVWUXFWXUH�WKDQ�$VFKDXHU
V�RULJLQDO�VWXG\���7KH�HYLGHQFH�SRLQWV�WR�D�SRVLWLYH

EXW�ORZHU�HODVWLFLW\�RI�RXWSXW�ZLWK�UHVSHFW�WR�SXEOLF�LQIUDVWUXFWXUH�FDSLWDO�RI�DERXW

�����WR������DW�WKH�QDWLRQDO�OHYHO�DQG�SRVVLEO\�D�ORZHU�UDQJH�DW�WKH�UHJLRQDO�OHYHO�

2QH�UHDVRQ�IRU�WKH�ZLGH�UDQJH�RI�HVWLPDWHV�RI�WKH�HODVWLFLW\�RI�RXWSXW�ZLWK�UHVSHFW�WR

LQIUDVWUXFWXUH�FDSLWDO�EDVHG�RQ�SURGXFWLRQ�IXQFWLRQ�HVWLPDWHV�PD\�EH�GXH�WR�PLQLPDO�VWUXFWXUH

LPSRVHG�RQ�WKH�GDWD���,I�VXIILFLHQW�VWUXFWXUH�LV�QRW�LPSRVHG�RQ�WKH�GDWD��SURYLGHG�WKH�XQGHUO\LQJ

GDWD�DUH�QRW�VXEMHFW�WR�VHULRXV�PHDVXUHPHQW�SUREOHPV��WKH�SDUDPHWHU�HVWLPDWHV�RI�WKH�XQGHUO\LQJ

SURGXFWLRQ�VWUXFWXUH�DUH�OLNHO\�WR�EH�ELDVHG�DQG�WKH�HVWLPDWHV�DUH�QRW�OLNHO\�WR�EH�UREXVW���,Q

HVWLPDWLQJ�SURGXFWLRQ�IXQFWLRQV��ZKHWKHU�XVLQJ�QDWLRQDO�RU�VWDWH�OHYHO�GDWD��WKH�SURGXFWLRQ

IXQFWLRQ�LV�WUHDWHG�DV�D�SXUHO\�WHFKQRORJLFDO�UHODWLRQVKLS�EHWZHHQ�RXWSXW�DQG�LQSXWV��DQG�ILUPV

RSWLPL]DWLRQ�GHFLVLRQV�ZLWK�UHVSHFW�WR�KRZ�PXFK�RXWSXW�WR�SURGXFH�DQG�ZKDW�PL[�RI�LQSXWV�WR�XVH

LQ�WKH�SURGXFWLRQ�SURFHVV�LV�QRW�FRQVLGHUHG�VSHFLILFDOO\���,Q�UHDOLW\��LQSXWV�DQG�RXWSXW�DUH

VLPXOWDQHRXVO\�GHWHUPLQHG�ZKHQ�ILUPV�RSWLPL]H��PLQLPL]H��WKHLU�SURILW��FRVWV����:KHQ�ILUPV


RSWLPL]DWLRQ�LV�H[SOLFLWO\�FRQVLGHUHG��WKH�PDUJLQDO�SURGXFWLYLW\�FRQGLWLRQV�IRU�WKH�LQSXWV�VKRXOG�EH

HVWLPDWHG�MRLQWO\�ZLWK�WKH�SURGXFWLRQ�IXQFWLRQ���,I�WKHVH�FRQGLWLRQV�DUH�QRW�H[SOLFLWO\�FRQVLGHUHG�

WKH�HVWLPDWHG�SURGXFWLRQ�IXQFWLRQ�SDUDPHWHUV�DUH�OLNHO\�WR�EH�VHULRXVO\�PLVPHDVXUHG�
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%� &RVW��3URILW��)XQFWLRQ�0HWKRGV

$OWKRXJK�SURGXFWLRQ�IXQFWLRQ�DQDO\VHV�SURYLGH�D�XVHIXO�ILUVW�ORRN�DW�OLQNDJHV�EHWZHHQ

LQIUDVWUXFWXUH�LQYHVWPHQW�DQG�SURGXFWLYLW\�JURZWK��WKH\�GR�QRW�SURYLGH�GHWDLOHG�FRQVLGHUDWLRQ�RI

WKH�HIIHFWV�RI�SXEOLF�LQYHVWPHQW�RQ�WKH�HFRQRPLF�GHFLVLRQV�DQG�SHUIRUPDQFH�RI�WKH�ILUP�

3URGXFWLRQ�IXQFWLRQ�DQDO\VHV�LQYDULDEO\�RPLW�IDFWRU�LQSXW�SULFHV�WKDW�DIIHFW�IDFWRU�XWLOL]DWLRQ��DQG

FDQ�WKHUHE\�OHDG�WR�ELDVHG�HVWLPDWHV�RI�SURGXFWLRQ�IXQFWLRQ�FRHIILFLHQWV���7KH�FRVW�IXQFWLRQ

DSSURDFK�RIIHUV�GHWDLOHG�LQIRUPDWLRQ�RQ�FRVW�HODVWLFLW\�RI�RXWSXW�DV�ZHOO�DV�VSHFLILF�HIIHFWV�RI

LQIUDVWUXFWXUH�FDSLWDO�RQ�GHPDQG�IRU�SULYDWH�VHFWRU�LQSXWV���8VLQJ�FRVW�IXQFWLRQ�PHWKRGRORJLHV��LW

LV�SRVVLEOH�WR�WUDFH��LQ�FRQVLGHUDEOH�GHWDLO��WKH�HIIHFW�RI�LQIUDVWUXFWXUH�LQYHVWPHQW�RQ�ILUP©V

SURGXFWLRQ�VWUXFWXUH�DQG�SHUIRUPDQFH�LQFOXGLQJ�WHFKQLFDO�FKDQJH��VFDOH�HFRQRPLHV��DQG�GHPDQG

IRU�HPSOR\PHQW��PDWHULDOV�DQG�SULYDWH�FDSLWDO�VWRFN�

7KH�FRVW��RU�SURILW�IXQFWLRQ�DSSURDFK�WDNHV�H[SOLFLW�DFFRXQW�RI�WKH�ILUP©V�RSWLPL]DWLRQ

EHKDYLRU�E\�FRQVLGHULQJ�ERWK�LQSXWV�DQG�RXWSXWV�DV�HQGRJHQRXV�YDULDEOHV��ZKLOH�SULFHV��ZKLFK�DUH

PDUNHW�GHWHUPLQHG�DQG�WKXV�FRQVLGHUHG�EH\RQG�WKH�LPPHGLDWH�FRQWURO�RI�WKH�ILUP��DUH�WKH�RQO\

H[RJHQRXV�YDULDEOHV���,Q�DGGLWLRQ��PRVW�SURGXFWLRQ�IXQFWLRQ�VWXGLHV�RI�LQIUDVWUXFWXUH�HPSOR\�D

&REE�'RXJODV�VSHFLILFDWLRQ��ZKLFK��D�SULRUL��LPSRVHV�WKH�UHVWULFWLYH�FRQGLWLRQ�RI�D�XQLWDU\

HODVWLFLW\�RI�VXEVWLWXWLRQ�DPRQJ�LQSXWV��LQFOXGLQJ�LQIUDVWUXFWXUH�FDSLWDO���5DWKHU�WKDQ�LPSRVH�VXFK

UHVWULFWLRQV�DW�WKH�RXWVHW��WKH\�VKRXOG�EH�WHVWHG�ZLWKLQ�WKH�IUDPHZRUN�RI�D�PRUH�IOH[LEOH�FRVW

IXQFWLRQ�VSHFLILFDWLRQ���7R�DYRLG�VKRUWFRPLQJV�LQKHUHQW�LQ�WKH�&REE�'RXJODV�VSHFLILFDWLRQ��PRVW

FRVW�DQG�SURILW�IXQFWLRQ�VWXGLHV�LQFRUSRUDWH�PRUH�IOH[LEOH�IXQFWLRQDO�IRUPV�VXFK�DV�WKH�WUDQVORJ�RU

JHQHUDOL]HG�/HRQWLHI�IXQFWLRQV���$�IXUWKHU�DGYDQWDJH�RI�FRVW�IXQFWLRQV�LV�WKDW�WKH\�\LHOG�GLUHFW

HVWLPDWHV�RI�WKH�YDULRXV�$OOHQ�8]DZD�HODVWLFLWLHV�RI�VXEVWLWXWLRQ��7KHVH�SDUDPHWHUV�DUH�WKH�NH\�WR

GHVFULELQJ�WKH�SDWWHUQ�DQG�GHJUHH�RI�VXEVWLWXWDELOLW\�DQG�FRPSOHPHQWDULW\�DPRQJ�WKH�IDFWRUV�RI
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SURGXFWLRQ�
�
��)XUWKHUPRUH��LQ�FRVW�PRGHOV��WKH�HIIHFW�RI�SXEOLF�FDSLWDO�RQ�WKH�GHPDQG�IRU�LQSXWV

FDQ�EH�GLUHFWO\�HVWLPDWHG���,I�WKH�HIIHFW�LV�SRVLWLYH��SXEOLF�FDSLWDO�DQG�WKH�SULYDWH�LQSXWV�DUH

FRPSOHPHQWV��LI�LW�LV�QHJDWLYH��SXEOLF�FDSLWDO�DQG�SULYDWH�LQSXWV�DUH�VXEVWLWXWHV�

7KHUH�DUH�UHODWLYHO\�IHZ�VWXGLHV�XVLQJ�WKH�FRVW��SURILW��IXQFWLRQ�DSSURDFK�WR�DQDO\]H�WKH

HIIHFW�RI�LQIUDVWUXFWXUH�FDSLWDO�RU�RWKHU�W\SHV�RI�SXEOLFO\�ILQDQFHG�FDSLWDO�RQ�RXWSXW�DQG

SURGXFWLYLW\�JURZWK���6HYHUDO�RI�WKHVH�VWXGLHV�DQG�WKHLU�PRUH�LPSRUWDQW�IHDWXUHV�DUH�VXPPDUL]HG

LQ�7DEOH���

&RVW�IXQFWLRQV�DUH�DOVR�HVWLPDWHG�XVLQJ�GLYHUVH�VHWV�RI�GDWD�DW�WKH�QDWLRQDO�DQG

LQWHUQDWLRQDO�OHYHO��VWDWH�DQG�PHWURSROLWDQ�OHYHO��DQG�LQGXVWU\�OHYHO���'LIIHUHQFHV�DOVR�RFFXU�ZLWK

UHVSHFW�WR�DVVXPSWLRQV�DERXW�WKH�RSWLPL]LQJ�EHKDYLRU�RI�ILUPV��DQG�WKH�VSHFLILFDWLRQ�RI�WKH�FRVW

IXQFWLRQ��ZLWK�VSHFLDO�SUHIHUHQFH�VKRZQ�IRU�WKH�WUDQVORJ�RU�JHQHUDOL]HG�/HRQWLHI�IXQFWLRQDO�IRUPV�

,Q�DGGLWLRQ��GLIIHUHQW�DXWKRUV�XVH�GLIIHUHQW�QRWLRQV�RI�SXEOLF�LQIUDVWUXFWXUH���6RPH�IRFXV�RQ�FRUH

LQIUDVWUXFWXUH��ZKLOH�RWKHUV�XVH�WKH�WRWDO�VWRFN�RI�SXEOLF�FDSLWDO���(YHQ�WKRXJK�D�VLQJOH�HVWLPDWH

FDQQRW�EH�SURYLGHG�IRU�WKH�HIIHFW�RI�SXEOLF�LQIUDVWUXFWXUH�RQ�WRWDO�FRVW�RU�RQ�LWV�FRQWULEXWLRQ�WR

SURGXFWLYLW\��DOO�DYDLODEOH�FRVW��SURILW��IXQFWLRQ�VWXGLHV�UHDFK�WKH�JHQHUDO�FRQFOXVLRQ�WKDW�SXEOLFO\

ILQDQFHG�FDSLWDO�FRQWULEXWHV�SRVLWLYHO\�WR�SURGXFWLYLW\�E\�JHQHUDWLQJ�FRVW�VDYLQJV�

                                                
�
�,Q�WKH�SURGXFWLRQ�IXQFWLRQ�FRQWH[W��HVWLPDWLRQ�RI�WKH�HODVWLFLWLHV�RI�VXEVWLWXWLRQ�UHTXLUHV�WKDW�WKH�PDWUL[�RI�SURGXFWLRQ

FRHIILFLHQWV�EH�LQYHUWHG���7KLV�H[DJJHUDWHV�WKH�HVWLPDWLRQ�HUURUV�DQG�UHGXFHV�WKH�VWDWLVWLFDO�SUHFLVLRQ��RI�WKH�FRPSXWHG

HODVWLFLWLHV�RI�VXEVWLWXWLRQ��1DGLUL�DQG�6FKDQNHUPDQ���������
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/\QGH�DQG�5LFKPRQG��������HVWLPDWH�D�WUDQVORJ�FRVW�IXQFWLRQ�XVLQJ�DJJUHJDWH�86

QRQILQDQFLDO�FRUSRUDWH�EXVLQHVV�VHFWRU�GDWD�IRU�WKH�SHULRG������WR��������7KH\�LPSRVH�FRQVWDQW

UHWXUQV�WR�VFDOH�RQ�DOO�LQSXWV��SXEOLF�FDSLWDO�LQFOXGHG��DQG�DVVXPH�ILUPV�EHKDYH�FRPSHWLWLYHO\�

7KHLU�ILQGLQJV�VXJJHVW�WKDW�SXEOLFO\�ILQDQFHG�LQIUDVWUXFWXUH�UHGXFHV�FRVWV�RI�SURGXFWLRQ�LQ�WKH

QRQILQDQFLDO�FRUSRUDWH�EXVLQHVV�VHFWRU�

1DGLUL�DQG�0DPXQHDV��������HVWLPDWH�D�WUDQVORJ�FRVW�IXQFWLRQ�IRU����LQGXVWULHV�RI�WKH

PDQXIDFWXULQJ�VHFWRU�IRU�WKH�SHULRG������WR��������7KHLU�ILQGLQJV�LQGLFDWH�WKDW�DQ�LQFUHDVH�LQ

SXEOLF�LQIUDVWUXFWXUH�DV�ZHOO�DV�SXEOLFO\�ILQDQFHG�5	'�UHGXFHV�WKH�FRVW�WR�WKH�LQGXVWULHV�LQ�WKHLU

VDPSOH���7KH�PDJQLWXGHV�RI�WKH�FRVW�HODVWLFLWLHV�RI�LQIUDVWUXFWXUH�FDSLWDO�YDU\�DFURVV�WKH���

LQGXVWULHV�UDQJLQJ�IURP�������WR���������)RU�WKH�86�URDG�IUHLJKW�WUDQVSRUW�LQGXVWU\��.HHOHU�DQG

<LQJ��������HVWLPDWH�D�WUDQVORJ�FRVW�IXQFWLRQ�IRU�UHJLRQDO�WUXFNLQJ�ILUPV�IRU�WKH�SHULRG������WR

�������7KH\�ILQG�WKDW�KLJKZD\�LQIUDVWUXFWXUH�KDV�D�VLJQLILFDQW�HIIHFW�RQ�WKH�SURGXFWLYLW\�JURZWK�RI

WKH�WUXFNLQJ�LQGXVWU\��JHQHUDWLQJ�EHQHILWV�WKDW�ZRXOG�MXVWLI\�DERXW�KDOI�RI�WKH�FRVW�RI�WKH�)HGHUDO�

DLG�+LJKZD\�6\VWHP�

0RUULVRQ�DQG�6FKZDUW]��������HVWLPDWH�D�YDULDEOH�FRVW�IXQFWLRQ�XVLQJ�VWDWH�OHYHO�GDWD�IRU

WKH�WRWDO�PDQXIDFWXULQJ�VHFWRU�RYHU�WKH�SHULRG������WR��������7KH\�VSHFLI\�D�JHQHUDOL]HG�/HRQWLHI

FRVW�IXQFWLRQ��WUHDWLQJ�SULYDWH�DQG�SXEOLF�FDSLWDO�DV�H[RJHQRXV�YDULDEOHV���7KH\�HVWLPDWH�D�V\VWHP

RI�LQSXW�RXWSXW�HTXDWLRQV�IRU�SURGXFWLRQ�ODERU��QRQ�SURGXFWLRQ�ODERU�DQG�HQHUJ\��DQG�D�VKRUW�UXQ

RXWSXW�SULFH�HTXDWLRQ��S� �PF��WR�LQFRUSRUDWH�SURILW�PD[LPL]DWLRQ���7KH�HVWLPDWLRQ�LV�FDUULHG�RXW

IRU�IRXU�UHJLRQV���1RUWKHDVW��1RUWK�&HQWUDO��6RXWK�DQG�:HVW��7KHLU�UHVXOWV�VXJJHVW�WKDW�DQ

LQFUHDVH�RI�RQH�SHUFHQW�RI�SXEOLF�FDSLWDO�UHGXFHV�PDQXIDFWXULQJ�FRVWV�IURP������SHUFHQW�LQ�WKH

1RUWKHDVW�WR������SHUFHQW�LQ�WKH�:HVW���,Q�DGGLWLRQ��WKH�DXWKRUV�FDOFXODWH�WKH�FRQWULEXWLRQ�RI

LQIUDVWUXFWXUH�WR�SURGXFWLYLW\�JURZWK�IRU�HDFK�UHJLRQ�DQG�WKH�YDULRXV�VWDWHV���'HQR�������
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HVWLPDWHV�D�WUDQVORJ�SURILW�IXQFWLRQ�IRU�WKH�PDQXIDFWXULQJ�LQGXVWULHV�IURP������WR������XVLQJ�GDWD

IURP����606$V���7KH�HIIHFWV�RI�KLJKZD\��VHZHU�DQG�ZDWHU�FDSLWDO�RQ�RXWSXW�VXSSO\�DQG�GHPDQGV

IRU�FDSLWDO�DQG�ODERU�DUH�HVWLPDWHG���,Q�RUGHU�WR�WDNH�LQWR�DFFRXQW�WKH�FROOHFWLYH�QDWXUH�RI�SXEOLF

FDSLWDO��KH�PXOWLSOLHV�WKH�SXEOLF�FDSLWDO�VWRFNV�E\�WKH�SHUFHQWDJH�RI�WKH�PHWURSROLWDQ�SRSXODWLRQ

HPSOR\HG�LQ�WKH�PDQXIDFWXULQJ�VHFWRU���+LV�ILQGLQJV�VXJJHVW�WKDW�DOO�W\SHV�RI�SXEOLF�FDSLWDO

FRQWULEXWH�SRVLWLYHO\�WR�RXWSXW�JURZWK��EXW�WKDW�KLJKZD\�DQG�VHZHU�FDSLWDO�FRQWULEXWH�WKH�PRVW�WR

RXWSXW�JURZWK��FDSLWDO�IRUPDWLRQ�DQG�HPSOR\PHQW���+H�ILQGV�WKDW�RXWSXW�VXSSO\�UHVSRQGV�VWURQJO\

WR�WRWDO�SXEOLF�FDSLWDO�ZLWK�DQ�HODVWLFLW\�RI��������7KH�FRUUHVSRQGLQJ�HODVWLFLWLHV�IRU�VSHFLILF�W\SHV

RI�FDSLWDO�DUH������IRU�KLJKZD\�FDSLWDO�������IRU�VHZHU�FDSLWDO��DQG������IRU�ZDWHU�FDSLWDO�

%HUQGW�DQG�+DQVVRQ��������HVWLPDWH�D�VKRUW�UXQ��YDULDEOH��FRVW�IXQFWLRQ�XVLQJ�DJJUHJDWH

GDWD�IURP�WKH�6ZHGLVK�SULYDWH�VHFWRU��E\�VSHFLI\LQJ�D�ODERU�UHTXLUHPHQW�IXQFWLRQ�DQG�DVVXPLQJ

WKDW�SULYDWH�DQG�SXEOLF�FDSLWDO�DUH�IL[HG�LQ�WKH�VKRUW�UXQ���7KH\�ILQG�WKDW�SXEOLF�LQIUDVWUXFWXUH�DQG

ODERU�LQSXWV�DUH�FRPSOHPHQWV�GXULQJ�WKH�����
V�DQG�����
V��EXW�ZHUH�VXEVWLWXWHV�LQ�WKH�����
V�

7KH�DXWKRUV�FRQFOXGH�WKDW�DQ�LQFUHDVH�LQ�SXEOLF�LQIUDVWUXFWXUH�UHGXFHV�SULYDWH�FRVWV���,Q�DGGLWLRQ�

WKH�DXWKRUV�HVWLPDWH�WKH�UDWLR�RI�WKH�RSWLPDO�DPRXQW�RI�LQIUDVWUXFWXUH�FDSLWDO�WR�WKH�H[LVWLQJ

FDSLWDO�VWRFN�DQG�FRQFOXGH�WKDW�IRU�WKH�SHULRG������WR������WKHUH�ZDV�H[FHVV�LQIUDVWUXFWXUH�IRU

6ZHGLVK�SULYDWH�SURGXFWLRQ�QHHGV�

/\QGH�DQG�5LFKPRQG��������HVWLPDWH�D�WUDQVORJ�FRVW�IXQFWLRQ�IRU�8�.��PDQXIDFWXULQJ

XVLQJ�TXDUWHUO\�GDWD�IRU�WKH�SHULRG�������������,Q�WKHLU�VWXG\��WKH�HODVWLFLW\�RI�RXWSXW�ZLWK�UHVSHFW

WR�SXEOLF�FDSLWDO�DYHUDJHV�������DQG�WKH\�DWWULEXWH�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�SURGXFWLYLW\

VORZGRZQ�WR�WKH�GHFOLQH�LQ�WKH�SXEOLF�FDSLWDO�WR�PDQXIDFWXULQJ�ODERU�UDWLR���7KHLU�HVWLPDWHV

LQGLFDWH�D�VLJQLILFDQW�UROH�IRU�SXEOLF�FDSLWDO�LQ�WKH�SURGXFWLRQ�RI�YDOXH�DGGHG�RXWSXW�RI�WKH

PDQXIDFWXULQJ�VHFWRU���6KDK��������HVWLPDWHV�D�WUDQVORJ�YDULDEOH�FRVW�IXQFWLRQ�XVLQJ�GDWD�RQ
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WZHQW\�VL[�0H[LFDQ�WKUHH�GLJLW�OHYHO�PDQXIDFWXULQJ�LQGXVWULHV���+H�WUHDWV�ODERU�DQG�PDWHULDOV�DV

YDULDEOH�LQSXWV�DQG�SULYDWH�DQG�SXEOLF�FDSLWDO�DV�IL[HG�LQSXWV���7KH�VKRUW�UXQ�HIIHFW�RI�SXEOLF

FDSLWDO�LV�IRXQG�WR�UHGXFH�YDULDEOH�FRVWV���+H�DUJXHV�WKDW�WKHUH�LV�XQGHULQYHVWPHQW�LQ�SXEOLF

FDSLWDO�

&RQUDG�DQG�6HLW]��������HVWLPDWH�D�WUDQVORJ�FRVW�IXQFWLRQ�DQG�LPSRVH�D�PDUJLQDO�UHYHQXH

HTXDO�WR�PDUJLQDO�FRVW�FRQGLWLRQ�IRU�WKH�PDQXIDFWXULQJ��FRQVWUXFWLRQ�DQG�WUDGH��DQG�WUDQVSRUW

VHFWRUV�RI�WKH�:HVW�*HUPDQ�HFRQRP\�IRU�WKH�SHULRG������WR��������7KH\�ILQG�VXEVWDQWLDO�FRVW

UHGXFWLRQV�LQ�WKHVH�VHFWRUV�GXH�WR�LQIUDVWUXFWXUH�LQYHVWPHQW���6LPLODU�UHVXOWV�DUH�UHSRUWHG�E\�6HLW]

�����D�E��IRU�WKH�HIIHFW�RI�FRUH�DQG�WRWDO�SXEOLF�FDSLWDO�VWRFN�RQ�WKH�SURGXFWLRQ�FRVW�RI����WZR�

GLJLW�LQGXVWULHV�RI�WKH�:HVW�*HUPDQ�PDQXIDFWXULQJ�VHFWRU�IURP������WR������

,Q�JHQHUDO��HYLGHQFH�JDWKHUHG�IURP�FRVW��SURILW��IXQFWLRQ�VWXGLHV�VXJJHVWV�WKDW�WKH

FRQWULEXWLRQ�RI�LQIUDVWUXFWXUH�RQ�RXWSXW�JURZWK�LV�SRVLWLYH��EXW�LWV�PDJQLWXGH�LV�UHODWLYHO\�VPDOOHU

WKDQ�WKRVH�VXJJHVWHG�E\�SURGXFWLRQ�IXQFWLRQ�HIIRUWV���$OVR��WKHUH�LV�HYLGHQFH�RI�DQ�LPSRUWDQW

LQIOXHQFH�RI�LQIUDVWUXFWXUH�FDSLWDO�RQ�WKH�GHPDQG�IRU�SULYDWH�VHFWRU�LQSXWV�VXFK�ODERU��PDWHULDOV

DQG�FDSLWDO���0RVW�RI�WKH�VWXGLHV�VXJJHVW��DV�QRWHG�ODWHU��D�VXEVWLWXWLRQDO�UHODWLRQVKLS�EHWZHHQ

LQIUDVWUXFWXUH�FDSLWDO�DQG�SULYDWH�LQSXWV��KROGLQJ�WKH�OHYHO�RI�RXWSXW�FRQVWDQW�

)URP�WKLV�EULHI�UHYLHZ�RI�OLWHUDWXUH�RQ�WKH�OLQNDJH�DQG�PDJQLWXGH�RI�WKH�FRQWULEXWLRQ�RI

LQIUDVWUXFWXUH�FDSLWDO�WR�JURZWK�LQ�RXWSXW�DQG�SURGXFWLYLW\��VHYHUDO�WHQWDWLYH�VWDWHPHQWV�DUH�LQ

RUGHU�

��� 7KHUH�LV�D�SUHSRQGHUDQFH�RI�HYLGHQFH�WKDW�VXJJHVWV�WKDW�LQIUDVWUXFWXUH

FDSLWDO�FRQWULEXWHV�VLJQLILFDQWO\�WR�JURZWK�LQ�RXWSXW��UHGXFWLRQV�LQ�FRVW�DQG

LQFUHDVHV�LQ�SURILWDELOLW\���7KH�PDJQLWXGH�RI�WKHVH�FRQWULEXWLRQV��KRZHYHU�

YDU\�FRQVLGHUDEO\�IURP�RQH�VWXG\�WR�DQRWKHU�EHFDXVH�RI�GLIIHUHQFHV�LQ

HFRQRPHWULF�PHWKRGRORJ\�DQG�OHYHO�RI�GDWD�DJJUHJDWLRQ�

��� 7KHUH�DSSHDUV�WR�EH�D�FRQYHUJHQFH�WRZDUG�D�PXFK�ORZHU�HVWLPDWH�RI�WKH

PDJQLWXGH�RI�WKH�FRQWULEXWLRQ�RI�LQIUDVWUXFWXUH�FDSLWDO�WR�RXWSXW�DQG
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SURGXFWLYLW\�JURZWK�WKDQ�VXJJHVWHG�LQ�WKH�RULJLQDO�$VFKDXHU�ZRUN���2XWSXW

HODVWLFLW\�HVWLPDWHV�RI�LQIUDVWUXFWXUH�FDSLWDO�DW�WKH�QDWLRQDO�OHYHO�LQ�WKH

UDQJH�RI������WR������DSSHDU�WR�EH�LQ�RUGHU���(VWLPDWHV�EDVHG�RQ�VWDWH�DQG

PHWURSROLWDQ�OHYHO�GDWD�VXJJHVW�HODVWLFLWLHV�RI�DSSUR[LPDWHO\������WR������

��� 0RVW�VWXGLHV�LQGLFDWH�DQ�XQGHULQYHVWPHQW�LQ�SXEOLF�LQIUDVWUXFWXUH�FDSLWDO�

WKH�GHJUHH�RI�ZKLFK�YDULHV�DPRQJ�GLIIHUHQW�VWXGLHV���0RVW�RI�WKH�FRVW

IXQFWLRQ�VWXGLHV�VXJJHVW�D�VXEVWLWXWLRQDO�UHODWLRQVKLS�EHWZHHQ�SULYDWH

FDSLWDO�DQG�LQIUDVWUXFWXUH�FDSLWDO��DOWKRXJK�VRPH�VWXGLHV�UHSRUW�D

FRPSOHPHQWDU\�UHODWLRQVKLS�

��� 7KH�DYDLODEOH�VWXGLHV�DUH�HLWKHU�WRR�DJJUHJDWH�RU�SDUWLDO�LQ�WKHLU�FRYHUDJH�RI

WKH�HFRQRP\���0RVW�RI�WKHVH�VWXGLHV��SDUWLFXODUO\�WKRVH�DW�WKH�QDWLRQDO

OHYHO��XVH�UHDO�*'3��D�YDOXH�DGGHG�PHDVXUH��DV�WKH�GHSHQGHQW�YDULDEOH�

+RZHYHU��WKH�DSSURSULDWH�PHDVXUH�IRU�DQ�DQDO\VLV�RI�WKH�FRQWULEXWLRQ�RI

LQIUDVWUXFWXUH��KLJKZD\��FDSLWDO�LV�JURVV�RXWSXW���*URVV�RXWSXW�LQFOXGHV

SXUFKDVHV�RI�LQWHUPHGLDWH�LQSXWV��DORQJ�ZLWK�SULPDU\�LQSXWV�SULYDWH�FDSLWDO

DQG�ODERU���%HFDXVH�KLJKZD\V�DUH�XVHG�WR�WUDQVSRUW�LQWHUPHGLDWH�LQSXWV��WKH

UHODWLRQVKLS�EHWZHHQ�SXEOLF�FDSLWDO�DQG�LQWHUPHGLDWH�SXUFKDVHV�FDQ�EH

WDNHQ�LQWR�DFFRXQW�

� 8VH�RI�YDOXH�DGGHG�GDWD�FDQ�EH�MXVWLILHG�LI�WKHUH�LV�QR�VXEVWLWXWLRQ�EHWZHHQ

LQWHUPHGLDWH�LQSXWV�VXFK�DV�PDWHULDOV�DQG�HQHUJ\�DQG�WKH�SULPDU\�IDFWRUV
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��

,,,� $1$/<7,&$/�)5$0(:25.���7+(�52/(�2)�'(0$1'��5(/$7,9(�35,&(6�

$1'�,1)5$6758&785(�&$3,7$/

2XU�DQDO\WLFDO�IUDPHZRUN�IROORZV�SUHYLRXV�ZRUN�E\�1DGLUL�DQG�6FKDQNHUPDQ������D�E�

DQG�1DGLUL�DQG�0DPXQHDV���������DQG�LGHQWLILHV�WKH�FRQWULEXWLRQ�RI�RXWSXW�GHPDQG��UHODWLYH

LQSXW�SULFHV��WHFKQLFDO�FKDQJH�DQG�SXEOLFO\�ILQDQFHG�FDSLWDO�WR�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�

$QDO\]LQJ�WKH�UHODWLYH�FRQWULEXWLRQ�RI�WKHVH�IDFWRUV�LQ�WKH�FRQWH[W�RI�D�FRPSUHKHQVLYH�IUDPHZRUN

PD\�SURYLGH�UHDVRQDEOH�DQVZHUV�WR�SROLF\�TXHVWLRQV�UHJDUGLQJ�WKH�H[WHQW�DQG�VLJQLILFDQFH�RI

SXEOLF�FDSLWDO©V�HIIHFW�RQ�WKH�JURZWK�RI�RXWSXW�DQG�SURGXFWLYLW\�

7R�EHJLQ�WKH�GLVFXVVLRQ�RI�WRWDO�IDFWRU�SURGXFWLYLW\�DQG�LWV�FRPSRQHQW�HOHPHQWV��OHW�WKH

SURGXFWLRQ�IXQFWLRQ�RI�DQ�LQGXVWU\�EH�JLYHQ�E\

��� <� �)��;��6��7�

ZKHUH�<�LV�WKH�RXWSXW�RI�WKH�LQGXVWU\��;�LV�DQ�Q�GLPHQVLRQDO�YHFWRU�RI�WUDGLWLRQDO�SULYDWH�LQSXWV��6

LV�DQ�P�GLPHQVLRQDO�YHFWRU�RI�LQIUDVWUXFWXUH�FDSLWDO�VHUYLFHV��DQG�7�GHQRWHV�WKH�OHYHO�RI

GLVHPERGLHG�WHFKQRORJ\�

7KH�WUDGLWLRQDO�PHDVXUH�RI�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�LV�GHILQHG�E\�WKH�SDWK�

LQGHSHQGHQW�'LYLVLD�LQGH[�

��� 7)3� <
L

L

Q• • •

=
∏∑ � � � � ;L

�

ZKHUH�WKH�GRW�GHQRWHV�UDWH�RI�JURZWK��IRU�H[DPSOH��Y
Y

t Y

•
= ∂

∂
1
���DQG�3L� �3L�;L���3\�<�LV�WKH

UHYHQXH�VKDUH�RI�WKH�LWK�SULYDWH�LQSXW�



��

'LIIHUHQWLDWLQJ�����ZLWK�UHVSHFW�WR�WLPH��DQG�GLYLGLQJ�E\�RXWSXW��ZH�REWDLQ

��� �<�  � �� � �
6

<
� �6 �� �

�

<
�
)

7

N

N

∂
∂

∂
∂

)

;

;

<
;

)

6L

L

L

L

Q

NN

P•

= =
∑ ∑ ∂

∂� �

$VVXPLQJ�FRVW�PLQLPL]DWLRQ�RI�DOO�LQSXWV��SXEOLF�FDSLWDO�LQFOXGHG��DQG�OHWWLQJ�3L�EH�WKH�SULFH�RI�WKH

LWK�SULYDWH�LQSXW�DQG�4N�WKH�VKDGRZ�SULFH�RI�SXEOLF�LQSXW�N��ZH�REWDLQ�WKH�IROORZLQJ�ILUVW�RUGHU

FRQGLWLRQV�

���
∂
∂
)

;
�  �

3

L

L

µ
��L DQG

∂
∂
)

6
�  �

4

N

N

µ
��N

ZKHUH�P�LV�WKH�/DJUDQJLDQ�PXOWLSOLHU��WRJHWKHU�ZLWK�WKH�HQYHORSH�FRQGLWLRQV

���
∂
∂
&

<
�  �µ DQG − ∂

∂
∂
∂

�
&

�  � �
)

7W
µ

ZKHUH�&� �
L

∑ 3L;L���
N

∑4N6N� �&�<��3��4��7��LV�WKH�WRWDO�FRVW�IXQFWLRQ�LQFOXGLQJ�WKH�VKDGRZ

FRVW�RI�SXEOLF�FDSLWDO���(OLPLQDWLQJ�P�IURP�����DQG�����DQG�VXEVWLWXWLQJ�����DQG�����LQ������ZH

REWDLQ�

��� �<�  � �
3 �;

<

� �; �� � �
4 �6

�<

� �6 �� �
L

L L

L

N

N N

N∑ ∑∗ ∗

∗

∗

−

∂
∂

∂
∂

∂
∂

∂
∂

&

<

&

<

&

<

&

<
<

)LUPV��KRZHYHU��GR�QRW�DGMXVW�WKH�SXEOLF�FDSLWDO�VWRFNV���WKH\�DUH�H[RJHQRXVO\�JLYHQ�

:KDW�DFWXDOO\�LV�REVHUYHG�LV�WKDW�ILUPV�PLQLPL]H�WKHLU�SULYDWH�SURGXFWLRQ�FRVW�VXEMHFW�WR�WKH

SURGXFWLRQ�IXQFWLRQ�������/HW�WKH�RSWLPDO�SULYDWH�FRVW�RI�SURGXFWLRQ��JLYHQ�WKH�RXWSXW�OHYHO�DQG

SXEOLF�FDSLWDO��EH�&� �
L

∑ 3L;L� �&��<��3��6��7����7KHQ�WKH�PDUJLQDO�EHQHILW�RI�DQ�LQFUHDVH�RI�SXEOLF

FDSLWDO�DW�HTXLOLEULXP�ZLOO�EH�JLYHQ�E\



��

��� �
&

6
�  �4 ��

N

N

∂
∂

,W�LV�QRW�GLIILFXOW�WR�VKRZ�XVLQJ�FRPSDUDWLYH�VWDWLFV�WKDW�WKH�WRWDO�FRVW�HODVWLFLW\��η ��LV�JLYHQ�E\

η η�  �
OQ&

OQ<
�  �

OQ&

OQ<
� �%�  � � �%� �∂

∂
∂
∂

��ZKHUH

( )% &�
N

= − =∑� ∂ ∂OQ � � OQ6N �− ∑ηFN

N

�DQG�KFN�LV�WKH�SULYDWH�FRVW�HODVWLFLW\�ZLWK�UHVSHFW

WR�SXEOLF�LQSXWV��DQG�K�LV�WKH�SULYDWH�FRVW�HODVWLFLW\���7KH�FRVW�GLPLQXWLRQ�GXH�WR�WHFKQLFDO�FKDQJH

LV

�7�  �
OQ&

7
�  �

OQ&

7
�%��∂

∂
∂
∂

�

)ROORZLQJ�&DYHV�HW�DO����������WRWDO�UHWXUQV�WR�VFDOH�RI�WKH�SURGXFWLRQ�IXQFWLRQ�LV�GHILQHG

DV�WKH�SURSRUWLRQDO�LQFUHDVH�LQ�RXWSXW�GXH�WR�DQ�HTXLSURSRUWLRQDO�LQFUHDVH�RI�DOO�LQSXWV��SULYDWH

DQG�SXEOLF��KROGLQJ�WHFKQRORJ\�IL[HG���DQG�LV�JLYHQ�E\�WKH�LQYHUVH�RI�η ���3ULYDWH�UHWXUQV�WR

VFDOH��L�H���WKH�SURSRUWLRQDO�LQFUHDVH�LQ�RXWSXW�GXH�WR�DQ�HTXLSURSRUWLRQDO�LQFUHDVH�LQ�SULYDWH

LQSXWV��KROGLQJ�SXEOLF�LQSXWV�DQG�WHFKQRORJ\�IL[HG��LV�JLYHQ�E\�WKH�LQYHUVH�RI�K���7KXV��ZH�LGHQWLI\

WZR�VFDOH�HIIHFWV�LQ�RXU�VWXG\��RQH�LQWHUQDO�DQG�WKH�RWKHU�WRWDO��ZKLFK�LV�WKH�VXP�RI�LQWHUQDO�DQG

H[WHUQDO�VFDOH�HIIHFWV���6XEVWLWXWLQJ�����LQ�����DQG�WKHQ�LQ�����ZH�KDYH

��� 7 �)3�  ��
�� � 

� � �<�� �
�

%
� � �6 �� �

�

%
�7

N

FN N

κ η
κ κ

η
κ∑

ZKHUH�N� ��3<�<��&� �3<�$& �LV�WKH�UDWLR�RI�RXWSXW�SULFH��3<��WR�DYHUDJH�WRWDO�FRVW��$& �

$FFRUGLQJ�WR�HTXDWLRQ������7)3�JURZWK�LV�GHFRPSRVHG�LQWR�WKUHH�FRPSRQHQWV���D�JURVV

WRWDO�VFDOH�HIIHFW�JLYHQ�E\�WKH�ILUVW�WHUP��D�SXEOLF�FDSLWDO�VWRFN�HIIHFW�JLYHQ�E\�WKH�VHFRQG�WHUP�

DQG�WKH�WHFKQRORJLFDO�FKDQJH�HIIHFW�JLYHQ�E\�WKH�ODVW�WHUP�



��

7KH�QH[W�VWHS�LV�WR�IXUWKHU�GHFRPSRVH�WKH�VFDOH�HIIHFW���:H�DVVXPH�WKH�RXWSXW�SULFH�LV

UHODWHG�WR�SULYDWH�PDUJLQDO�FRVW�LQ�WKH�IROORZLQJ�PDQQHU�

3<� ������T��
∂
∂
&

<

ZKHUH�T�LV�D�PDUNXS�RYHU�PDUJLQDO�FRVW���7KH�PDUNXS�GHSHQGV�RQ�WKH�HODVWLFLW\�RI�GHPDQG�DV�ZHOO

DV�RQ�WKH�FRQMHFWXUDO�YDULDWLRQV�KHOG�E\�WKH�ILUPV�ZLWKLQ�DQ�LQGXVWU\���8VLQJ�WKH�GHILQLWLRQ�RI

RXWSXW�HODVWLFLW\��K��DORQJ�ZLWK�WKH�SULYDWH�FRVW�IXQFWLRQ��ZH�REWDLQ

��� 3<� ������T��K�
&

<
�

$IWHU�WLPH�GLIIHUHQWLDWLQJ������WKH�SULFLQJ�UXOH�LPSOLHV

���� <
�3 �  ���� � � �� � � �� � �&�� � �<+

•
θ η

'LIIHUHQWLDWLQJ�WKH�SULYDWH�FRVW�IXQFWLRQ�ZLWK�UHVSHFW�WR�WLPH�DQG�XVLQJ�6KHSKDUG
V�OHPPD�\LHOGV

���� �&�  � �<�� � � �3 �� � �6 �� � �7
L

L L

N

FN Nη η∑ ∑Π

ZKHUH� L

L L

L

L L

� �  �
3 �;

�3 �;
Π ∑

�LV�WKH�VKDUH�RI�WKH�LWK�LQSXW�LQ�SULYDWH�FRVW��&�

,Q�RUGHU�WR�REWDLQ�WKH�HTXLOLEULXP�RI�RXWSXW�JURZWK�ZH�DVVXPH�D�ORJ�OLQHDU�GHPDQG

IXQFWLRQ��VHH�1DGLUL�DQG�6FKDQNHUPDQ������D���LQ�JURZWK�UDWH�IRUP�

���� �<�  � �� � �� �3 �� �3 � �� � � �=�� ����� � � � �1< Jλ α β β

ZKHUH�=�DQG�1�DUH�UHDO�DJJUHJDWH�LQFRPH�DQG�SRSXODWLRQ��UHVSHFWLYHO\��DQG�O�UHIOHFWV�D�GHPDQG

WLPH�WUHQG��DQG�3J�LV�WKH�*13�GHIODWRU���6XEVWLWXWLQJ������LQ������DQG�WKH�UHVXOW�LQ�������ZH�REWDLQ

WKH�UHGXFHG�IRUP�IXQFWLRQ�IRU�WKH�JURZWK�UDWH�RI�WRWDO�IDFWRU�SURGXFWLYLW\�



��

���� 7�)3�  �$�>� � �� � ��� � � �@ �� �$ �> � �3 � � �3 @�� �$�>� �� � �=�� ����� � � �1�@
L

L L Jαη α θ α λ β β+
•

∑Π

��$ �6
�

%

�6 �� �$ �7�� �
�

%
�7

N

FN N

N

FN N� ���α η
κ

η α
κ∑ ∑

ZKHUH��$� �
κ η

κ
�� �



���>����D�K������@�

(TXDWLRQ������GHFRPSRVHV�7)3�JURZWK�LQWR�WKH�IROORZLQJ�FRPSRQHQWV�

�L��D�IDFWRU�SULFH�HIIHFW��$D>
L

∑ L
�Π L

�3 � �3J@�

�LL��DQ�H[RJHQRXV�GHPDQG�HIIHFW��$�>�O���β �= ��������E� �1 �@�

�LLL��D�SXEOLF�FDSLWDO�HIIHFW�>�$ �� �
�

%
�@ � �6

N

FN N�α
κ

η∑ ��DQG

�LY��GLVHPERGLHG�WHFKQLFDO�FKDQJH��>�$ �� �
�

%
�@ � �7α

κ
�

7KH�SXEOLF�FDSLWDO�DQG�GLVHPERGLHG�WHFKQLFDO�FKDQJH�HIIHFWV�FDQ�EH�IXUWKHU�GHFRPSRVHG

LQWR�GLUHFW�DQG�LQGLUHFW�HIIHFWV���7KH�GLUHFW�HIIHFW�RI�LQIUDVWUXFWXUH�N��IRU�LQVWDQFH��LV�JLYHQ�E\

( / ) �η Ck kkB S �ZKLOH�WKH�LQGLUHFW�HIIHFW�LV�JLYHQ�E\�A SCk kαη � ���7KXV��DQ�LQFUHDVH�LQ�SXEOLF

LQIUDVWUXFWXUH�LQLWLDOO\�LQFUHDVHV�WRWDO�IDFWRU�SURGXFWLYLW\�E\�UHGXFLQJ�WKH�SULYDWH�FRVW�RI

SURGXFWLRQ��ZKLFK�LQ�WXUQ�OHDGV�WR�D�ORZHU�RXWSXW�SULFH�DQG�KLJKHU�RXWSXW�JURZWK���&KDQJHV�LQ

RXWSXW�JURZWK�LQ�WXUQ�OHDG�WR�FKDQJHV�LQ�7)3�JURZWK�

7KH�LPSRUWDQW�SDUDPHWHUV�LQ������DUH�WKH�SULFH�DQG�LQFRPH�HODVWLFLWLHV�RI�GHPDQG�DQG�WKH

FRVW�HODVWLFLWLHV�RI�WKH�SULYDWH�FRVW�IXQFWLRQ���1RWH�WKDW�LI�WKH�GHPDQG�IXQFWLRQ�LV�FRPSOHWHO\

LQHODVWLF��D� ����WKHQ�VKLIWV�LQ�WKH�FRVW�IXQFWLRQ�GXH�WR�UHDO�IDFWRU�SULFH�FKDQJHV��SXEOLF�FDSLWDO��RU

GLVHPERGLHG�WHFKQLFDO�FKDQJH�KDYH�QR�HIIHFW�RQ�RXWSXW�DQG�KHQFH�QR�LQGLUHFW�HIIHFW�RQ�7)3�



��

$OVR��LI�WKHUH�DUH�FRQVWDQW�UHWXUQV�WR�VFDOH�LQFOXGLQJ�SXEOLF�LQSXWV��η κ�  � �  ����WKHQ�����

FROODSVHV�WR�7�)3�  ��
�

%
�6 �� �

�

%
�7

N

FN N∑ η �



��

,9� (&2120(75,&�63(&,),&$7,21�$1'�'$7$�'(6&5,37,21

$� 0RGHO�6SHFLILFDWLRQ

7KH�DERYH�PRGHO�KDV�EHHQ�VSHFLDOL]HG�WR�WUDFH�WKH�HIIHFWV�RI�KLJKZD\�FDSLWDO�RQ�7)3

JURZWK�DQG�IDFWRU�GHPDQG���7KH�GHFRPSRVLWLRQ�RI�7)3�JURZWK�LQWR�LWV�YDULRXV�FRPSRQHQWV��DV

LQGLFDWHG�E\�������UHTXLUHV�WZR�VHWV�RI�SDUDPHWHU�HVWLPDWHV�

x� 3DUDPHWHU�HVWLPDWHV�RI�WKH�RXWSXW�GHPDQG�IXQFWLRQ�JLYHQ�E\�HTXDWLRQ�������ZKLFK

UHODWH�JURZWK�RI�RXWSXW�GHPDQG�WR�FKDQJHV�LQ�SULFH�RI�RXWSXW�DQG�SHU�FDSLWD�LQFRPH�

DQG

x� (VWLPDWHV�RI�WKH�FRVW�HODVWLFLWLHV�RI�LQIUDVWUXFWXUH�FDSLWDO�DQG�RWKHU�SDUDPHWHUV�RI�WKH

FRVW�IXQFWLRQ�

7KH�RXWSXW�GHPDQG�HTXDWLRQ�IRU�HDFK�LQGXVWU\��I��FDQ�EH�ZULWWHQ�DV
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,I�WKH�FRVW�RI�SURGXFWLRQ�LQ�WKH�SULYDWH�VHFWRU�LV�DIIHFWHG�E\�SXEOLF�VHFWRU�FDSLWDO�VHUYLFHV�

WKH�WUDGLWLRQDO�FRVW�IXQFWLRQV�PXVW�EH�PRGLILHG�WR�LQFOXGH�H[WHUQDOLWLHV�DVVRFLDWHG�ZLWK�WKHVH

FDSLWDO�VHUYLFHV���:H�ZULWH�WKH�FRVW�IXQFWLRQ�IRU�WKH�IWK�LQGXVWU\�DV�&I� �&��3I��<I��XI��W��6��ZKHUH

&I�LV�WZLFH�FRQWLQXRXVO\�GLIIHUHQWLDEOH��QRUPDOL]HG�FRVW�IXQFWLRQ��3I�LV�DQ�Q�����GLPHQVLRQDO�YHFWRU

RI�UHODWLYH�YDULDEOH�IDFWRU�SULFHV��<I�LV�TXDQWLW\�RI�RXWSXW��XI�LV�WKH�FDSDFLW\�XWLOL]DWLRQ�UDWH��W�LV�DQ

LQGH[�RI�WLPH�UHSUHVHQWLQJ�GLVHPERGLHG�WHFKQLFDO�FKDQJH���DQG�6�LV�DQ�P�GLPHQVLRQDO�YHFWRU�RI

SXEOLF�FDSLWDO�VHUYLFHV�

3XEOLF�FDSLWDO�VHUYLFHV�DIIHFW�WKH�FRVW�VWUXFWXUH�RI�DQ�LQGXVWU\�LQ�WZR�ZD\V���)LUVW��D�ODUJHU

TXDQWLW\��RU�EHWWHU�TXDOLW\��RI�SXEOLF�FDSLWDO�VHUYLFHV�VKLIWV�WKH�FRVW�SHU�XQLW�RI�RXWSXW�GRZQZDUG

LQ�DQ�LQGXVWU\���7KLV�FDQ�EH�FDOOHG�WKH��SURGXFWLYLW\�HIIHFW����6HFRQG��ILUPV�ZLOO�DGMXVW�WKHLU

GHPDQG�IRU�ODERU��LQWHUPHGLDWH�LQSXWV��DQG�SK\VLFDO�FDSLWDO�VWRFN�LI�SXEOLF�VHFWRU�FDSLWDO�VHUYLFHV

DUH�HLWKHU�VXEVWLWXWHV�IRU��RU�FRPSOHPHQWV�WR��WKH�IDFWRUV�RI�SURGXFWLRQ�LQ�WKH�SULYDWH�VHFWRU���7KDW
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LV��WKH�HIIHFWV�RI�SXEOLF�VHFWRU�VHUYLFHV�PD\�QRW�EH�QHXWUDO�ZLWK�UHVSHFW�WR�SULYDWH�VHFWRU�LQSXW

GHPDQG�GHFLVLRQV�

:H�DVVXPH�WKDW�WKH�WHFKQRORJ\�RI�WKH�LQGXVWU\�FDQ�EH�UHSUHVHQWHG�E\�D�FRVW�IXQFWLRQ

ZKLFK�FDQ�EH�DSSUR[LPDWHG�E\�D�FRQWLQXRXV��WZLFH�GLIIHUHQWLDEOH��DQG�OLQHDUO\�KRPRJHQHRXV

IXQFWLRQ�LQ�SULYDWH�LQSXW�SULFHV�RI�WKH�IROORZLQJ�IRUP�
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ZKHUH�DLM� �DLM��DQG�WKH�SDUDPHWHUV�TL��JL�IL�\ L��DUH�DVVXPHG�WR�EH�H[RJHQRXVO\�JLYHQ���:H�KDYH

LQWURGXFHG�WKH�WLPH�WUHQG�YDULDEOH��W��WR�FDSWXUH�DXWRQRPRXV�WHFKQRORJLFDO�FKDQJH�DQG�WKH

FDSDFLW\�XWLOL]DWLRQ�UDWH��XI��WR�FDSWXUH�EXVLQHVV�F\FOH�HIIHFWV���I�LV�WKH�LQGXVWU\�LGHQWLILFDWLRQ

LQGH[��7KLV�IXQFWLRQDO�IRUP�LV�WKH�V\PPHWULF�JHQHUDOL]HG�0DF)DGGHQ�FRVW�IXQFWLRQ�LQWURGXFHG�E\

'LHZHUW�DQG�:DOHV���������DXJPHQWHG�WR�LQFOXGH�LQIUDVWUXFWXUH�VHUYLFHV���7KH�FRVW�IXQFWLRQ�LV

GXDO�WR�D�ZHOO�EHKDYHG�SURGXFWLRQ�IXQFWLRQ�LI�LW�LV�QRQQHJDWLYH��PRQRWRQLFDOO\�LQFUHDVLQJ�

KRPRJHQHRXV�RI�GHJUHH�RQH��DQG�FRQFDYH�LQ�LQSXW�SULFHV���,I��LQ�DGGLWLRQ��IRU�VRPH�UHIHUHQFH

SRLQW�3!!���<!���6!���WKH�IROORZLQJ�UHVWULFWLRQV�DUH�VDWLVILHG

L

∑ �DLM� L

3 � ���

L

∑ �TL� L

3 �z����

L

∑ JL� L

3 �z����

L

∑ IL� L

3 �z����DQG��

L

∑ �\ L� L

3 �z��

WKHQ�C( )⋅ �LV�D�IOH[LEOH��OLQHDUO\�KRPRJHQHRXV�LQ�LQSXW�SULFHV��FRVW�IXQFWLRQ���7KH�DGYDQWDJH�RI�WKLV

IXQFWLRQDO�IRUP�RYHU�WKH�WUDQVORJ�FRVW�IXQFWLRQ�LV�WKDW�LI�WKH�HVWLPDWHG�PDWUL[�$� �>DLM@�LV�QHJDWLYH

VHPLGHILQLWH��WKHQ�WKH�FRVW�IXQFWLRQ�ZLOO�EH�FRQFDYH�LQ�LQSXW�SULFHV���+RZHYHU��LI�WKH�$�LV�QRW



��

QHJDWLYH�VHPLGHILQLWH��ZH�FDQ�LPSRVH�FRQFDYLW\�LQ�LQSXW�SULFHV�JOREDOO\�E\�D�&KROHVN\

IDFWRUL]DWLRQ��ZLWKRXW�GHVWUR\LQJ�WKH�IOH[LELOLW\�SURSHUW\�RI�WKH�FRVW�IXQFWLRQ��6HH�'LHZHUW�DQG

:DOHV��������IRU�IXUWKHU�GLVFXVVLRQ��

7KH�V\VWHP�RI�HVWLPDWLQJ�HTXDWLRQV�FDQ�EH�GHULYHG�E\�DSSO\LQJ�6KHSKDUG
V�/HPPD
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ZKHUH�HI� ��HOI�����������HQI��KDYH�]HUR�PHDQ�DQG�FRQVWDQW�FRYDULDQFH�PDWUL[�:���7KLV�DVVXPSWLRQ

VHHPV�UHDVRQDEOH�HQRXJK�VLQFH�E\�GLYLGLQJ�HDFK�LQSXW�E\�WKH�RXWSXW�UHGXFHV�WKH�GHJUHH�RI

KHWHURVNHGDVWLFLW\�RI�HUURUV�

:H�UHTXLUH�WKH�V\VWHP�RI�HTXDWLRQV������WR�VDWLVI\�WKH�XVXDO�UHJXODULW\�FRQGLWLRQV���,Q

SDUWLFXODU��IRU�WKH�FRVW�IXQFWLRQ�WR�EH�FRQFDYH�LQ�SULFH�LQSXWV��LWV�+HVVLDQ�PDWUL[�>w
�
&�wSL�wSM@LM�RI

VHFRQG�RUGHU�GHULYDWLYHV�ZLWK�UHVSHFW�WR�YDULDEOH�LQSXW�SULFHV�VKRXOG�EH�QHJDWLYH�VHPL�GHILQLWH�

$OVR��WKH�FRVW�IXQFWLRQ�VKRXOG�EH�QRQGHFUHDVLQJ�LQ�RXWSXW�DQG�OLQHDUO\�KRPRJHQRXV�LQ�LQSXW

SULFHV���)LQDOO\��LQ�RUGHU�IRU�SXEOLF�FDSLWDO�WR�KDYH�D�PHDQLQJIXO�FRQWH[W��WKH�FRVW�IXQFWLRQ�VKRXOG

EH�QRQLQFUHDVLQJ�LQ�6�

7KH�PDUJLQDO�EHQHILW�RI�KLJKZD\�FDSLWDO�VHUYLFHV�FDQ�EH�FDOFXODWHG�E\�WDNLQJ�WKH

GHULYDWLYH�RI�WKH�FRVW�IXQFWLRQ�ZLWK�UHVSHFW�WR�LQIUDVWUXFWXUH�VHUYLFH�6�
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1RWH�WKDW�LI�WKH�HVWLPDWHG�SDUDPHWHU�G66�LV�SRVLWLYH��FRQGLWLRQ������FDQ�EH�LQWHUSUHWHG�DV�WKH

GHPDQG�IRU�KLJKZD\�FDSLWDO���$OVR��LI�WKH�XVHU�FRVW�RI�LQIUDVWUXFWXUH�LV�NQRZQ��VD\�HTXDO�WR�4V��

WKHQ�FRQGLWLRQ������FDQ�EH�LPSRVHG�RQ�WKH�HVWLPDWLRQ���&RQGLWLRQ������LV�WKH�VKDGRZ�YDOXH�RU

PDUJLQDO�EHQHILW�RI�KLJKZD\�FDSLWDO�VHUYLFHV�WR�LQGXVWU\�I���%\�NQRZLQJ�WKH�PDUJLQDO�FRVW�RI

SXEOLF�FDSLWDO��LJQRULQJ�FRQVXPSWLRQ���ZH�FDQ�DOVR�GLUHFWO\�HVWLPDWH�WKH�RSWLPDO�DPRXQW�RI�SXEOLF

FDSLWDO�WKDW�HTXDWHV�WKH�VXP�RI�PDUJLQDO�EHQHILWV�WR�LWV�PDUJLQDO�FRVW���7KDW�LV�
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ZKHUH�4V�LV�WKH�PDUJLQDO�FRVW�RI�KLJKZD\�FDSLWDO�

)LQDOO\��WKH�LQGLUHFW�HIIHFW�RI�KLJKZD\�FDSLWDO�RQ�SULYDWH�LQSXWV�OLNH�FDSLWDO�DQG

HPSOR\PHQW�LV�JLYHQ�E\

���� w;LI���w6� �^�FL6�����G66�IL�6�`�<IW���\ L�F6��

7KXV�ZH�FDQ�WHVW�WKH�VR�FDOOHG���SXEOLF�FDSLWDO�K\SRWKHVLV��DQG�HVWLPDWH�WKH�HIIHFW�RI�SXEOLF

LQIUDVWUXFWXUH�RQ�SULYDWH�FDSLWDO�DQG�ODERU�

$Q�LQGXVWU\�XWLOL]DWLRQ�UDWH�LV�LQFOXGHG�LQ�HTXDWLRQ������WR�FDSWXUH�WKH�XWLOL]DWLRQ�RI�ERWK

SULYDWH�LQSXWV�DQG�SXEOLF�LQIUDVWUXFWXUH�FDSLWDO���)URP�WKH�YROXPLQRXV�SURGXFWLYLW\�VWXGLHV�DQG

IDFWRU�GHPDQG�DQDO\VLV��LW�LV�FOHDU�WKDW�VKRUW�WHUP�IOXFWXDWLRQV�LQ�RXWSXW�GHPDQG�VLJQLILFDQWO\

DIIHFW�WKH�GHPDQG�IRU�ODERU��PDWHULDOV�DQG�LQYHVWPHQW�LQ�SODQW�DQG�HTXLSPHQW���7KH�XWLOL]DWLRQ

UDWH�DOVR�DIIHFWV�WKH�EHKDYLRU�RI�SURGXFWLYLW\�JURZWK���7KH�DSSURSULDWH�PHDVXUH�RI�LQSXWV�LQ�WKH

SURGXFWLRQ�DQG�FRVW�IXQFWLRQV�LV�WKH�VHUYLFH�OHYHO�SURYLGHG�E\�WKH�UHVSHFWLYH�IDFWRU�RI�SURGXFWLRQ�

7KLV�PHDQV�WKH�VWRFN�RI�LQSXWV�PXVW�EH�DGMXVWHG�E\�WKH�XWLOL]DWLRQ�UDWH�WR�REWDLQ�WKH�QHFHVVDU\

VHUYLFHV���7KH�VDPH�UHDVRQLQJ�DSSOLHV�WR�LQIUDVWUXFWXUH��KLJKZD\��FDSLWDO���+XOWHQ��������DUJXHG

WKDW�WKHUH�DUH�VLJQLILFDQW�VZLQJV�LQ�WKH�LQWHQVLW\�ZLWK�ZKLFK�SXEOLF�FDSLWDO�LV�XVHG���7KHUH�DUH

YDULDWLRQV�LQ�WKH�XWLOL]DWLRQ�RI�KLJKZD\V��HYLGHQFHG�IRU�H[DPSOH��E\�WKH�UDWLR�RI�YHKLFOH�PLOHV
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WUDYHOHG�WR�WKH�FDSLWDO�VWRFN�RI�URDGV���$OVR��SXEOLF�FDSLWDO�LV�D�FROOHFWLYH�LQSXW�ZKLFK�ILUPV�PXVW

VKDUH�ZLWK�RWKHUV�DQG�WKHUHIRUH�LV�VXEMHFW�WR�FRQJHVWLRQ��VHH�'HQR�����������)LUPV�PLJKW�KDYH

VRPH�FRQWURO�RYHU�WKH�XVH�RI�WKH�SXEOLF�VWRFN��VHH�6KDK��������DQG�)HUQDOG�����������)RU

LQVWDQFH��D�ILUP�PD\�KDYH�QR�LQIOXHQFH�RQ�WKH�OHYHO�RI�KLJKZD\V�SURYLGHG�E\�WKH�JRYHUQPHQW��EXW

LW�FDQ�YDU\�LWV�XVH�RI�H[LVWLQJ�KLJKZD\V�E\�FKRRVLQJ�URXWHV�

,Q�SULQFLSOH��HDFK�LQSXW�LQFOXGLQJ�KLJKZD\�FDSLWDO�VKRXOG�EH�DGMXVWHG�E\�LQSXW�VSHFLILF

XWLOL]DWLRQ�UDWHV���+RZHYHU��GDWD�OLPLWDWLRQV�SUHFOXGH�VXFK�DQ�RSWLRQ���:H�XVH�WKH�LQGXVWU\

VSHFLILF�XWLOL]DWLRQ�UDWH�DV�DQ�LQGHSHQGHQW�YDULDEOH�LQ�WKH�FRVW�IXQFWLRQ�WR�FDSWXUH��WR�WKH�H[WHQW

SRVVLEOH��WKH�XWLOL]DWLRQ�UDWH�RI�ERWK�SULYDWH�DQG�SXEOLF�LQSXWV�

%� 'DWD�&RQVWUXFWLRQ�DQG�'HVFULSWLRQ�RI�,QGXVWU\�3ULFH�DQG�&RVW�6WUXFWXUH

7KH�PRGHO�GHWDLOHG�LQ�WKH�SUHYLRXV�VHFWLRQ�LV�HVWLPDWHG�XVLQJ�GDWD�IRU����WZR�GLJLW

LQGXVWULHV�RI�WKH�86�HFRQRP\�IRU�WKH�SHULRG������WR��������7KH�LQGXVWU\�FRYHUDJH��JLYHQ�LQ

$SSHQGL[�7DEOH������LV�GHULYHG�IURP�D�GHWDLOHG����LQGXVWU\�FODVVLILFDWLRQ�WKDW�-RUJHQVRQ��*ROORS

DQG�)UDXPHQL�FDUHIXOO\�DJJUHJDWHG�LQWR����ODUJHU�FDWHJRULHV�
�
��'DWD�IRU�WKH�YDOXH�RI�JURVV�RXWSXW

DQG�FRVWV�RI�ODERU��FDSLWDO�VHUYLFHV�DQG�LQWHUPHGLDWH�LQSXWV�DV�ZHOO�DV�WKHLU�SULFH�LQGLFHV�IRU�DOO

LQGXVWULHV�DUH�IURP�-RUJHQVRQ��*DOORS�DQG�)UDXPHQL�
�

/DERU�DQG�FDSLWDO�LQSXWV�KDYH�EHHQ�DGMXVWHG�IRU�TXDOLW\�FKDQJHV�DQG�PDWHULDO��RU

LQWHUPHGLDWH�LQSXW��DUH�FRQVWUXFWHG�E\�VXEWUDFWLQJ�YDOXH�DGGHG�IURP�JURVV�RXWSXW���7KH�SULPDU\

VRXUFH�RI�GDWD�IRU�FDSLWDO�LV�IURP�-DFN�)DXFHWW�$VVRFLDWHV�DQG�WKH�%XUHDX�RI�/DERU�6WDWLVWLFV

�%/6����,QYHVWPHQW�VHULHV�IRU�HDFK�LQGXVWU\�LV�REWDLQHG�IURP�$QQXDO�6XUYH\�RI�0DQXIDFWXUHV�

&HQVXV�RI�0DQXIDFWXUHUV��DQG�IURP�YDULRXV�LVVXHV�RI�7KH�6XUYH\�RI�&XUUHQW�%XVLQHVV���'DWD�IRU

                                                
�
�6HH�$SSHQGL[�7DEOHV�����DQG�����

�
��)RU�D�GHVFULSWLRQ�RI�GDWD�FRQVWUXFWLRQ��VHH�-RUJHQVRQ��*DOORS��DQG�)UDXPHQL���������$OVR�VHH�-RUJHQVRQ��������
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ODERU�LQSXW�KDYH�EHHQ�REWDLQHG�IURP�1,3$�DQG�IURP�&HQVXV�RI�3RSXODWLRQ�DQG�&XUUHQW

3RSXODWLRQ�6XUYH\���'DWD�RQ�JURVV�RXWSXW�DUH�IURP�-DFN�)DXFHWW�$VVRFLDWHV��%/6�DQG�%($�

-RUJHQVRQ�DQG�)UDXPHQL�GLYLGH�ODERU�LQSXW�LQWR�KRXUV�ZRUNHG�DQG�DYHUDJH�ODERU�TXDOLW\�

1,3$�SURYLGHV�KRXUV�ZRUNHG�E\�LQGXVWU\���+RXVHKROG�VXUYH\�GDWD�DUH�XVHG�WR�GLVDJJUHJDWH�WRWDO

KRXUV�LQWR�KRXUV�ZRUNHG�E\�GLIIHUHQW�W\SHV�RI�ZRUNHUV�FODVVLILHG�E\�GHPRJUDSKLF�YDULDEOHV�VXFK

DV�VH[��DJH��DQG�HGXFDWLRQ���$VVXPLQJ�WKDW�ZRUNHUV�DUH�SDLG�SURSRUWLRQDWHO\�WR�WKH�YDOXH�RI�WKHLU

PDUJLQDO�SURGXFWV��-RUJHQVRQ�DQG�)UDXPHQL�FDOFXODWHG�ODERU�LQSXW�DV�D�ZHLJKWHG�VXP�RI�KRXUV

ZRUNHG�E\�GLIIHUHQW�ZRUNHUV��ZHLJKWHG�E\�UHODWLYH�ZDJH�UDWHV���$QQXDO�JURZWK�LQ�WKH�ODERU�LQSXW

IRU�HFRQRP\�DV�D�ZKROH�IURP�����������DYHUDJHG������SHUFHQW��KRXUV�JUHZ�DQ�DYHUDJH�����

SHUFHQW�SHU�\HDU��DQG�ODERU�TXDOLW\�LQFUHDVHG�DQ�DYHUDJH�RI������SHUFHQW�

-RUJHQVRQ�DQG�)UDXPHQL�DOVR�DGMXVWHG�FDSLWDO�LQSXW�VWRFNV�IRU�TXDOLW\�FKDQJHV�E\�WKHLU

UHODWLYH�HIILFLHQFLHV���)RU�WKLV�TXDOLW\�DGMXVWPHQW�WKH�UHQWDO�VDOHV�RI�YDULRXV�W\SHV�RI�FDSLWDO�DUH

UHTXLUHG���%HFDXVH�WKH�UHQWDO�SULFH�LV�QRW�GLUHFWO\�REVHUYDEOH�WKH\�REWDLQ�WRWDO�SD\PHQWV�WR�FDSLWDO

DV�SURSHUW\�FRPSHQVDWLRQ��D�UHVLGXDO�DIWHU�DOO�RWKHU�LQSXWV�KDYH�EHHQ�SDLG��VHH�)HUQDOG���������

8VLQJ�WKLV�GDWD��WKH\�GHULYH�WKH�LPSOLHG�UHQWDO�UDWHV�IRU�HDFK�W\SH�RI�FDSLWDO�EDVHG�RQ�NQRZOHGJH

RI�WKLV�VWRFN�DQG�GHSUHFLDWLRQ�UDWHV�IRU�HDFK�W\SH��DQG�WD[�SDUDPHWHUV�VXFK�DV�WKH�FRUSRUDWH

LQFRPH�WD[�DQG�LQYHVWPHQW�WD[�FUHGLWV�

7KH�FRQVWUXFWLRQ�RI�GDWD�RQ�LQWHUPHGLDWH�LQSXWV�RI�HQHUJ\�DQG�PDWHULDOV�E\�LQGXVWU\�LV�D

GLIILFXOW�SUREOHP���7KH�GLIILFXOW\�LV�PDLQO\�WKH�ORZ�TXDOLW\�RI�WKH�XQGHUO\LQJ�GDWD���,QWHUPHGLDWH

LQSXWV�LQWR�DQ\�VHFWRU�LQFOXGHV�LQSXWV�IRU�DOO�VHFWRUV���7R�REWDLQ�WKH�SURSHU�PHDVXUH�RI�WKLV�LQSXW�

WKH�GLVDJJUHJDWHG�LQWHUPHGLDWH�LQSXWV�PXVW�EH�ZHLJKWHG�E\�WKHLU�PDUJLQDO�SURGXFWV�LQ�RUGHU�WR

FDOFXODWH�WKH�FRPSRVLWH�LQWHUPHGLDWH�LQSXW���7KLV�UHTXLUHV�FRQVLVWHQW�DQQXDO�LQSXW�RXWSXW�WDEOHV�LQ

FXUUHQW�DQG�FRQVWDQW�SULFHV�WKDW�DUH�QRW�DYDLODEOH���7KH�%XUHDX�RI�(FRQRPLF�$QDO\VLV��%($�

FRPSLOHV�FRPSUHKHQVLYH�LQSXW�RXWSXW�WDEOHV�RQO\�DERXW�HYHU\�ILYH�\HDUV��WKH�ODWHVW�LV�IRU������
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-RUJHQVRQ�)UDXPHQL��IRU�WKHVH�EHQFKPDUN�\HDUV��DGMXVW�WKH�GDWD�WR�PDNH�WKHP�FRQVLVWHQW�RYHU

WLPH�DQG�WKHQ�DJJUHJDWH�WR�WKH����LQGXVWU\�OHYHO���7KH�EHQFKPDUNV�DUH�WKHQ�FRQQHFWHG�LQWR�VKDUHV

RI�LQGXVWU\�RXWSXW�DQG�WKH�VKDUHV�DUH�WKHQ�LQWHUSRODWHG�IURP�EHQFKPDUN�WR�EHQFKPDUN���7KLV

JLYHV�DQ�HVWLPDWHG�LQSXW�RXWSXW�WDEOH�IRU�HDFK�\HDU�ZKLFK�LQ�WXUQ�DOORZV�FUHDWLRQ�RI�DQ

DSSURSULDWH�SULFH�GHIODWRU�IRU�QRPLQDO�SD\PHQWV�WR�LQWHUPHGLDU\�IDFWRUV�LQ�HDFK�\HDU�

'DWD�RQ�QHW�KLJKZD\�FDSLWDO�VWRFN�DUH�IURP�$SRJHH�5HVHDUFK��,QF���EDVHG�XSRQ�)HGHUDO

+LJKZD\�$GPLQLVWUDWLRQ�H[SHQGLWXUH�GDWD�IURP������WR��������7RWDO�QHW�KLJKZD\�FDSLWDO�DQG

QRQ�ORFDO�QHW�KLJKZD\�FDSLWDO��1/6��DUH�FRQVWUXFWHG�XVLQJ�WKH�SHUSHWXDO�LQYHQWRU\�PHWKRG�ZLWK

WKH�HFRQRPLF�GHFD\�ZLWK�DQ�HIILFLHQF\�IDFWRU�HTXDO�WR�����
�
��&DSLWDO�H[SHQGLWXUHV�DUH�GLVWULEXWHG

LQ�WKH�IROORZLQJ�ZD\�����SHUFHQW�WR�SDYLQJ�������SHUFHQW�WR�JUDGLQJ��DQG������SHUFHQW�WR

VWUXFWXUHV���7KH�DYHUDJH�OLYHV�RI�SDYLQJ��JUDGLQJ��DQG�VWUXFWXUHV�DUH�DVVXPHG�WR�EH���������DQG���

\HDUV��UHVSHFWLYHO\���7KH�JURZWK�UDWH�RI�WRWDO�KLJKZD\�FDSLWDO�LV�VKRZQ�LQ�)LJXUH�����$IWHU�DQ

LQLWLDO�GHFOLQH�EHWZHHQ������DQG�������WKH�JURZWK�UDWH�RI�KLJKZD\�FDSLWDO�VXUJHG��JURZLQJ�DW�WKH

DYHUDJH�UDWH�RI�����SHUFHQW�GXULQJ�������������)URP������RQZDUG��WKH�JURZWK�UDWH�GHFOLQHG

FRQWLQXRXVO\�XQWLO��������,W�JUHZ�YHU\�OLWWOH�GXULQJ�������������6LQFH������WKH�KLJKZD\�FDSLWDO

VWRFN�KDV�EHHQ�JURZLQJ�DW�DQ�DYHUDJH�UDWH�RI�����SHUFHQW�SHU�DQQXP�

'DWD�RQ�FDSDFLW\�XWLOL]DWLRQ�UDWH�IRU�WKH�PDQXIDFWXULQJ�LQGXVWULHV�IRU�WKH�SHULRG�������

�����KDYH�EHHQ�REWDLQHG�IURP�.OHLQ�DQG�6XPPHUV��������DQG�IRU�WKH�SHULRG�������������IURP

WKH�:()$�JURXS����������7KHVH�VHULHV�DUH�OLQNHG�XVLQJ�WKH�FDSDFLW\�XWLOL]DWLRQ�UDWH�RI�WRWDO

PDQXIDFWXULQJ�LQ������REWDLQHG�IURP�&LWLEDVH���&DSDFLW\�XWLOL]DWLRQ�IRU�WKH�UHPDLQLQJ�LQGXVWULHV

LV�WKH�WRWDO�HFRQRP\�VHULHV�REWDLQHG�IURP�WKH�(FRQRPLF�5HSRUW�RI�WKH�3UHVLGHQW�������DQG�GRHV

QRW�YDU\�E\�LQGXVWU\���7KH�FDSDFLW\�XWLOL]DWLRQ�VHULHV�LV�QRUPDOL]HG�WR�HTXDO�RQH�LQ������

                                                
�
�7RWDO�KLJKZD\�VWRFN�LV�EDVHG�XSRQ�FDSLWDO�RXWOD\V�E\�DOO�OHYHOV�RI�JRYHUQPHQW���7KH�QRQ�ORFDO�FRPSRQHQW�LV�DQ

HVWLPDWH�RI�WKH�IHGHUDO�DLG�KLJKZD\�V\VWHP�IURP������WKURXJK�������H[FOXGLQJ�VHFRQGDU\�UXUDO�URDGV�



��

'DWD�RQ�UHDO�*13�DQG�SRSXODWLRQ��XVHG�WR�HVWLPDWH�WKH�GHPDQG�IXQFWLRQV��DUH�REWDLQHG

IURP�WKH�%XUHDX�RI�(FRQRPLF�$QDO\VLV�DQG�WKH�%XUHDX�RI�WKH�&HQVXV��UHVSHFWLYHO\�

7DEOH���SURYLGHV�VHOHFWHG�GHVFULSWLYH�VWDWLVWLFV�RI�WKH�XQGHUO\LQJ�GDWD�IRU�WKH�SHULRG������

�������)RU�HDFK�WZR�GLJLW�LQGXVWU\��WKH�DYHUDJH�YDOXH�RYHU�WKH�����������SHULRG�LV�SURYLGHG�IRU

WKH�IROORZLQJ�YDULDEOHV�

x� 7RWDO�FRVW��&���FRQVWUXFWHG�DV�WKH�VXP�RI�WKH�YDOXH�RI�ODERU��/���SULYDWH�FDSLWDO��.�

DQG�PDWHULDOV��0���LQ�ELOOLRQV�RI�FXUUHQW�GROODUV�

x� 7KH�VKDUH�RI�WRWDO�FRVW�DWWULEXWDEOH�WR�IDFWRU�LQSXWV����ODERU��6/��FDSLWDO��6.���DQG

PDWHULDOV��60��

x� 7KH�YDOXH�RI�RXWSXW�UHODWLYH�WR�WRWDO�FRVW��6<��

x� 7KH�JURZWK�UDWHV�RI�ODERU� ( �)L ���FDSLWDO� ( � )K ��PDWHULDOV� ( � )M ��DQG�RXWSXW� ( �)Y �

x� 7KH�JURZWK�UDWHV�LQ�WKH�SULFH�RI�ODERU�( � )pL ��FDSLWDO� ( � )pK ��PDWHULDOV� ( � )pM ��DQG�RXWSXW

( � )pY ��DQG

x� 7KH�JURZWK�UDWHV�RI�KLJKZD\�FDSLWDO� ( �)S ��JURVV�GRPHVWLF�SURGXFW�( �)Z ��SRSXODWLRQ

( � )N ��DQG�WKH�*'3�SULFH�GHIODWRU��
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7DNLQJ�$JULFXOWXUH��)RUHVWU\��DQG�)LVKHULHV��LQGXVWU\�FRGH����DV�DQ�H[DPSOH��WKH�DYHUDJH

WRWDO�FRVW�RI�SURGXFWLRQ�IURP�����������LV���������ELOOLRQ�GROODUV���6KDUH�RI�ODERU��6/��FRQVWLWXWHV

�����SHUFHQW�RI�WRWDO�FRVW��ZKLOH�PDWHULDO
V�VKDUH��60��LV������SHUFHQW�DQG�FDSLWDO
V�VKDUH��6.��LV

�����SHUFHQW���7KH�DYHUDJH�YDOXH�RI�RXWSXW�UHODWLYH�WR�WRWDO�FRVW�LV������SHUFHQW��6<����2YHU�WKH

SHULRG������������RXWSXW�JUHZ�DW�WKH�UDWH�RI�����SHUFHQW�SHU�\HDU��ODERU�GHFOLQHG�DW�D�UDWH�RI����

SHUFHQW�SHU�\HDU��ZKLOH�PDWHULDO�DQG�SULYDWH�FDSLWDO�LQFUHDVHG�DW�D�UDWH�RI�����DQG�����SHUFHQW�SHU

\HDU��UHVSHFWLYHO\���2YHU�WKH�VDPH�SHULRG��RXWSXW�SULFHV�URVH�����SHUFHQW�SHU�\HDU��ODERU�FRVWV����

SHUFHQW�SHU�\HDU��PDWHULDO�FRVWV�����SHUFHQW�SHU�\HDU��DQG�FDSLWDO�FRVWV�����SHUFHQW�SHU�\HDU�

$V�LV�FOHDU�IURP�WKH�GHVFULSWLYH�VWDWLVWLFV�VKRZQ�LQ�7DEOH����WKH�VL]H�RI�WKH�LQGXVWULHV�

PHDVXUHG�E\�WRWDO�FRVW��YDULHV�FRQVLGHUDEO\���)RRG�DQG�NLQGUHG�SURGXFWV��FRQVWUXFWLRQ�

WUDQVSRUWDWLRQ�DQG�ZDUHKRXVLQJ�WUDGH��ILQDQFH�DQG�RWKHU�VHUYLFHV�ZKLFK�LQFOXGHV�ZDWHU�VXSSO\�

KRWHOV��EXVLQHVV�VHUYLFHV��KHDOWK��VRFLDO�VHUYLFHV��DQG�DJULFXOWXUH�DUH�DPRQJ�WKH�ODUJHVW�VHFWRUV�LQ

WKH�HFRQRP\���2WKHU�LQGXVWULHV�VXFK�DV�PLQLQJ��WREDFFR��IXUQLWXUH�DQG�IL[WXUHV��DQG�OHDWKHU�DQG

OHDWKHU�SURGXFWV�DUH�UHODWLYHO\�VPDOO�

,Q�DGGLWLRQ��IDFWRU�FRVW�VKDUHV�YDU\�FRQVLGHUDEO\�DPRQJ�WKH����LQGXVWULHV���)RU�H[DPSOH�

ODERU©V�VKDUH�UDQJHV�IURP�D�ORZ�RI�DERXW������LQ�SHWUROHXP�UHILQLQJ�WR�D�KLJK�RI������LQ�WUDGH�

&DSLWDO©V�VKDUH�RI�WRWDO�FRVW�DOVR�GLIIHUV�FRQVLGHUDEO\�DPRQJ�LQGXVWULHV��UDQJLQJ�IURP������LQ

DSSDUHO�DQG�RWKHU�WH[WLOH�SURGXFWV�WR������LQ�FUXGH�SHWUROHXP�DQG�QDWXUDO�JDV���*HQHUDOO\�

FDSLWDO©V�VKDUH�RI�WRWDO�FRVW��ZLWK�IHZ�H[FHSWLRQV��LV�OHVV�WKDQ�ODERU©V�VKDUH���0DWHULDO�LQSXWV�RQ

WKH�RWKHU�KDQG��KDYH�WKH�ODUJHVW�VKDUH�LQ�WRWDO�FRVW�LQ�DOPRVW�DOO�VHFWRUV�RU�LQGXVWULHV��UDQJLQJ�IURP

�����LQ�SHWUROHXP�UHILQLQJ�WR������LQ�RWKHU�WUDQVSRUWDWLRQ�HTXLSPHQW�



��

7KH�VL]H�DQG�FRVW�VWUXFWXUH�RI�WKH����LQGXVWULHV�XQGHU�FRQVLGHUDWLRQ�YDU\�FRQVLGHUDEO\�
�

7KH�OHYHO�RI�WKHLU�WHFKQRORJ\��DV�ZH�VKDOO�REVHUYH��GLIIHUV�D�JUHDW�GHDO�DV�ZHOO���%HFDXVH�RI�WKLV

GHJUHH�RI�KHWHURJHQHLW\�LQ�RXU�VDPSOH��WKH�PDJQLWXGH�RI�WKH�UHVSRQVH�RI�HDFK�LQGXVWU\�WR

H[RJHQRXV�YDULDEOHV�OLNH�DJJUHJDWH�LQFRPH��SRSXODWLRQ�DQG�WKH�VWRFN�RI�KLJKZD\�FDSLWDO�ZLOO�EH

TXLWH�GLIIHUHQW���,Q�RXU�HVWLPDWLRQ�ZH�H[SOLFLWO\�DFFRXQW�IRU�LQGXVWU\�GLIIHUHQFHV�LQ�ERWK�FRVW�DQG

RXWSXW�GHPDQG���7KH�ILQDO�VHFWLRQ�RI�7DEOH���SURYLGHV�WKH�DYHUDJH�JURZWK�UDWH�RI�IRXU�QDWLRQDO

OHYHO�YDULDEOHV�WKDW�HQWHU�WKH�LQGXVWU\�GHPDQG�DQG�FRVW�IXQFWLRQV���KLJKZD\�FDSLWDO�VWRFN��UHDO

*13��8�6��SRSXODWLRQ��DQG�*13�SULFH�GHIODWRU��UHVSHFWLYHO\�

                                                
�
��6RPH�RI�WKH�GLIIHUHQFHV�LQ�VL]H�DULVH�EHFDXVH�VRPH�RI�WKH��LQGXVWULHV��LQ�RXU�VDPSOH�VXFK�DV�FRQVWUXFWLRQ�DQG�WUDGH

DUH�VHFWRUV�XQWR�WKHPVHOYHV��ZKLOH�WKH�PDQXIDFWXULQJ�VHFWRU�LV�FRPSRVHG�RI����WZR�GLJLW�LQGXVWULHV�
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9� 02'(/�(67,0$7,21

$� &RVW�DQG�'HPDQG�)XQFWLRQ�(VWLPDWHV

%RWK�LQGXVWU\�FRVW�DQG�GHPDQG�IXQFWLRQV�DUH�HVWLPDWHG�WR�SURYLGH�D�GLUHFW�OLQN�EHWZHHQ

WKH�FRVW�IXQFWLRQ�DQG�WKH�DJJUHJDWH�HFRQRP\���(VWLPDWHV�DUH�REWDLQHG�IURP�HTXDWLRQ�������WKH

GHPDQG�IXQFWLRQ��DQG�WKH�V\VWHP�RI�IDFWRU�GHPDQG�HTXDWLRQV������GHULYHG�IURP�WKH�FRVW�IXQFWLRQ

�������7ZR�YHUVLRQV�RI�WKH�V\VWHP�RI�IDFWRU�GHPDQGV�DUH�HVWLPDWHG���LQ�WKH�ILUVW��0RGHO�$��SXEOLF

FDSLWDO��6��LV�PHDVXUHG�E\�WRWDO�KLJKZD\�VWRFN��LQ�WKH�VHFRQG��0RGHO�%��6�LV�PHDVXUHG�E\�FDSLWDO

VWRFN�DVVRFLDWHG�ZLWK�WKH�QRQ�ORFDO�FRPSRQHQW�RI�WKH�KLJKZD\�V\VWHP���1/6��DSSUR[LPDWHO\�WKH

)HGHUDO�$LG�V\VWHP��

7KH�GHPDQG�DQG�FRVW�HTXDWLRQV�DUH�HVWLPDWHG�VHSDUDWHO\�DQG�WKHLU�HVWLPDWHG�SDUDPHWHUV

DUH�XVHG�WR�GHFRPSRVH�7)3�JURZWK�DFFRUGLQJ�WR�HTXDWLRQ��������$V�QRWHG�HDUOLHU��WKH�FULWLFDO

HVWLPDWHV�IRU�WKLV�GHFRPSRVLWLRQ�DUH�WKH�SULFH�DQG�LQFRPH�HODVWLFLWLHV�LQ�WKH�RXWSXW�GHPDQG

IXQFWLRQ�DQG�WKH�GHJUHH�RI�VFDOH�DQG�LQSXW�VXEVWLWXWLRQ�GHULYHG�IURP�WKH�FRVW�IXQFWLRQ�

x� 7KH�SULFH�HODVWLFLW\�RI�GHPDQG�LV�PHDVXUHG�E\�WKH�FRHIILFLHQW�D�LQ�HTXDWLRQ�������D �

LPSOLHV�GHPDQG�LV�SHUIHFWO\�LQHODVWLF��D ��LPSOLHV�GHPDQG�LV�XQLWDU\�HODVWLF��DQG�D!�

LPSOLHV�GHPDQG�LV�HODVWLF��DQG

x� 7KH�HODVWLFLW\�RI�GHPDQG�ZLWK�UHVSHFW�WR�SHU�FDSLWD�LQFRPH�LV�PHDVXUHG�E\�WKH

FRHIILFLHQW�E�

'HPDQG�HTXDWLRQV�DUH�HVWLPDWHG�VHSDUDWHO\�IRU�HDFK�LQGXVWU\��WKDW�LV��WKH�JURZWK�UDWH�RI

RXWSXW�ZLWKLQ�HDFK�LQGXVWU\�LV�UHJUHVVHG�RQ�D�FRQVWDQW��WKH�JURZWK�UDWH�RI�RXWSXW�SULFH�QRUPDOL]HG

E\�WKH�*13�GHIODWRU�DQG�WKH�JURZWK�UDWH�RI�UHDO�LQFRPH�SHU�FDSLWD���7KXV��FKDQJHV�LQ�TXDQWLW\

GHPDQGHG�LQ�DQ�LQGXVWU\�DUH�UHODWHG�WR�LWV�RZQ�SULFH�PRYHPHQW�LQ�FRPSDULVRQ�WR�*13�GHIODWRU

DQG�FKDQJHV�LQ�WKH�OHYHO�RI�DJJUHJDWH�LQFRPH�DQG�SRSXODWLRQ�RI�WKH�HFRQRP\���,QLWLDO�HVWLPDWLRQ

UHYHDOHG�WKDW�LQ�VRPH�LQGXVWULHV�WKH�SULFH�RU�LQFRPH�HODVWLFLWLHV�KDG�WKH�LQFRUUHFW�VLJQ���$
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GLIIHUHQW�IRUPXODWLRQ�RI�WKH�GHPDQG�IXQFWLRQV�ZDV�DWWHPSWHG�E\�HVWLPDWLQJ�WKH�PRGHO�ZLWK�WKH

LQGXVWU\�SDQHO�GDWD��ZH�IRUPXODWHG�DOWHUQDWLYH�VSHFLILFDWLRQV�RI�HTXDWLRQ�������LQWURGXFLQJ�RWKHU

YDULDEOHV�LQ�WKH�GHPDQG�IXQFWLRQ�VXFK�DV�LQWHUHVW�UDWH��XQHPSOR\PHQW�UDWH��DQG�WKH�SULFH�RI

LPSRUWV���7KH�UHVXOWV�RI�WKHVH�DOWHUQDWLYH�VSHFLILFDWLRQV�GLG�QRW�GLIIHU�PXFK�IURP�WKRVH�UHSRUWHG�LQ

7DEOH���

$V�7DEOH���LQGLFDWHV��WKH�SULFH�HODVWLFLWLHV�RI�GHPDQG�DQG�WKH�HODVWLFLW\�RI�GHPDQG�ZLWK

UHVSHFW�WR�SHU�FDSLWD�LQFRPH�YDU\�DFURVV�LQGXVWULHV���7KH�SULFH�HODVWLFLW\�RI�RXWSXW�GHPDQG�LV

QHJDWLYH�DQG�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�DOPRVW�DOO�LQGXVWULHV��DQG�ZLWK�WKH�H[FHSWLRQ�RI�D�IHZ

LQGXVWULHV��OHVV�WKDQ�RQH���,Q�WZR�LQGXVWULHV��PHWDO�PLQLQJ�DQG�FRDO�PLQLQJ��WKH�SULFH�HODVWLFLW\�KDV

D�SRVLWLYH�FRHIILFLHQW�DQG�LV�VWDWLVWLFDOO\�LQVLJQLILFDQW���7KHVH�FRHIILFLHQWV�ZHUH�VHW�WR�]HUR�DQG�WKH

GHPDQG�HTXDWLRQ�ZDV�UH�HVWLPDWHG���)RU�VHYHUDO�LQGXVWULHV��FRQVWUXFWLRQ�DQG�IXUQLWXUH�DQG

IL[WXUHV��IRU�H[DPSOH��WKH�GHPDQG�IXQFWLRQ�LV�SULFH�HODVWLF��L�H���D�JUHDWHU�WKDQ�RQH����7KH

PDJQLWXGH�RI�SULFH�HODVWLFLW\�YDULHV�FRQVLGHUDEO\�DPRQJ�WKH�LQGXVWULHV�DQG�LQ�VRPH�FDVHV�LV�YHU\

VPDOO���8QIRUWXQDWHO\��WKHUH�DUH�QRW�PDQ\�UHFHQW�VWXGLHV�DYDLODEOH�WR�SURYLGH�D�EDVLV�IRU

FRPSDULVRQ���+RXWKDNNHU�DQG�7D\ORU��������FDOFXODWHG�SULFH�HODVWLFLWLHV�IRU�GLIIHUHQW�LQGXVWULHV

EDVHG�RQ�SURGXFW�FODVVLILFDWLRQ�UDWKHU�WKDQ�WKH�LQGXVWU\�FODVVLILFDWLRQ�XVHG�KHUH���+RZHYHU��D

FRPSDULVRQ�ZLWK�WKHLU�UHVXOWV�LQ�FRPSDUDEOH�FDVHV�LQGLFDWHV�WKHLU�HVWLPDWHG�SULFH�HODVWLFLWLHV�DUH

VLPLODU�WR�RXUV�

7KH�SDUDPHWHUV�RI�WKH�XQGHUO\LQJ�FRVW�IXQFWLRQ�DUH�HVWLPDWHG�XVLQJ�WKH�HTXDWLRQ�V\VWHP

�������7KLV�V\VWHP�RI�HTXDWLRQV�LQFOXGHV�D�ODERU�WR�RXWSXW�HTXDWLRQ��D�FDSLWDO�WR�RXWSXW�HTXDWLRQ

DQG�DQ�LQWHUPHGLDWH�LQSXW�WR�RXWSXW�HTXDWLRQ���7KHVH�HTXDWLRQV�GHSHQG�RQ�SULYDWH�LQSXW�SULFHV�3LI�

WKH�OHYHO�RI�LQGXVWU\�RXWSXW�<I��WKH�LQGXVWU\
V�FDSDFLW\�XWLOL]DWLRQ�UDWH�XI��WKH�WLPH�WUHQG�W��DQG�WKH



47

7DEOH����(VWLPDWLRQ�RI�'HPDQG�)XQFWLRQ

0HDQ�9DOXHV�������������

'HPDQG�3DUDPHWHUV

,QGXVWU\

&RGH

,QGXVWU\�7LWOH D E

� $JULFXOWXUH��)RUHVWU\�DQG�)LVKHULHV ������� ������

�������� ��������

� 0HWDO�0LQLQJ ������ ������

�������� ��������

� &RDO�0LQLQJ ������ ������

�������� ��������

� &UXGH�3HWUROHXP�DQG�1DWXUDO�*DV ������� ������

�������� ��������

� 1RQPHWDOOLF�0LQHUDO�0LQLQJ ������� ������

�������� ��������

� &RQVWUXFWLRQ ������� ������

�������� ��������

� )RRG�DQG�.LQGUHG�3URGXFWV ������� ������

�������� ��������

� 7REDFFR�0DQXIDFWXUHV ������� ������

�������� ��������

� 7H[WLOH�0LOO�SURGXFWV ������� ������

�������� ��������

�� $SSDUHO�DQG�2WKHU�7H[WLOH�3URGXFWV ������� ������

�������� ��������

�� /XPEHU�DQG�:RRG�3URGXFWV ������� ������

�������� ��������

�� )XUQLWXUH�DQG�)L[WXUHV ������� ������

�������� ��������

�� 3DSHU�DQG�$OOLHG�3URGXFWV ������� ������

�������� ��������
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7DEOH����(VWLPDWLRQ�RI�'HPDQG�)XQFWLRQ

0HDQ�9DOXHV���������������&RQW©G�

'HPDQG�3DUDPHWHUV

,QGXVWU\

&RGH

,QGXVWU\�7LWOH D E

�� 3ULQWLQJ�DQG�3XEOLVKLQJ ������� ������

�������� ��������

�� &KHPLFDOV�DQG�$OOLHG�3URGXFWV ������� ������

�������� ��������

�� 3HWUROHXP�5HILQLQJ ������� ������

�������� ��������

�� 5XEEHU�DQG�3ODVWLF�3URGXFWV ������� ������

�������� ��������

�� /HDWKHU�DQG�/HDWKHU�3URGXFWV ������� ������

�������� ��������

�� 6WRQH��&OD\�DQG�*ODVV�3URGXFWV ������� ������

�������� ��������

�� 3ULPDU\�0HWDOV ������� ������

�������� ��������

�� )DEULFDWHG�0HWDO�3URGXFWV ������� ������

�������� ��������

�� 0DFKLQHU\��([FHSW�(OHFWULFDO ������� ������

�������� ��������

�� (OHFWULFDO�0DFKLQHU\ ������� ������

�������� ��������

�� 0RWRU�9HKLFOHV ������� ������

�������� ��������

�� 2WKHU�7UDQVSRUWDWLRQ�(TXLSPHQW ������ ������

�������� ��������

�� ,QVWUXPHQWV ������� ������

�������� ��������
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7DEOH����(VWLPDWLRQ�RI�'HPDQG�)XQFWLRQ

0HDQ�9DOXHV���������������&RQW©G�

'HPDQG�3DUDPHWHUV

,QGXVWU\

&RGH

,QGXVWU\�7LWOH D E

�� 0LVFHOODQHRXV�0DQXIDFWXULQJ ������� ������

�������� ��������

�� 7UDQVSRUWDWLRQ�DQG�:DUHKRXVLQJ ������� ������

�������� ��������

�� &RPPXQLFDWLRQ ������� ������

�������� ��������

�� (OHFWULF�8WLOLWLHV ������� ������

�������� ��������

�� *DV�8WLOLWLHV ������� ������

�������� ��������

�� 7UDGH ������� ������

�������� ��������

�� )LQDQFH��,QVXUDQFH��DQG�5HDO�(VWDWH ������� ������

�������� ��������

�� 2WKHU�6HUYLFHV ������� ������

�������� ��������

�� *RYHUQPHQW�(QWHUSULVHV ������� ������

�������� ��������
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OHYHO�RI�WRWDO�KLJKZD\�FDSLWDO�VWRFN�6���7KH�VDPSOH�FRQVLVWV�RI�SRROHG�WLPH�VHULHV�FURVV�VHFWLRQ

GDWD�IRU�WKH����WZR�GLJLW�LQGXVWULHV�IRU�WKH�SHULRG���������������,Q�RUGHU�WR�FDSWXUH�LQGXVWU\

VSHFLILF�HIIHFWV�ZH�DVVXPH�WKH�SDUDPHWHUV�E//��E..��DQG�E00�DUH�LQGXVWU\�VSHFLILF���7KXV��ZH

DVVXPH�ELLI� �ELL���KLI�'I��ZKHUH�WKH�SDUDPHWHUV�DUH�QRUPDOL]HG�ZLWK�UHVSHFW�WR�WKH�N�WK�LQGXVWU\

�KLN ����'I�LV�DQ�LQGXVWU\�GXPP\�YDULDEOH�WDNLQJ�YDOXHV�HLWKHU���RU����DQG�I�LV�DQ�LQGXVWU\

LGHQWLILFDWLRQ�LQGH[���)XUWKHUPRUH��WR�HQVXUH�LQYDULDQW�HODVWLFLW\�HVWLPDWHV��WKH�SUH�VSHFLILHG

SDUDPHWHU�YHFWRUV�T��J��I��DQG�\�ZHUH�VHW�HTXDO�WR�WKH�DYHUDJH�YDOXH�RI�DOO�LQSXW�TXDQWLWLHV�LQ�RXU

VDPSOH���(VWLPDWLRQ�LV�FDUULHG�RXW�XVLQJ�DQ�LWHUDWLYH�VHHPLQJO\�XQUHODWHG�UHJUHVVLRQ�DSSURDFK

�,685����,QLWLDO�HVWLPDWLRQ�UHYHDOHG�VHULDO�FRUUHODWLRQ�LQ�WKH�UHVLGXDOV���7KHUHIRUH��WKH�HTXDWLRQV

ZHUH�HVWLPDWHG�ZLWK�D�FRUUHFWLRQ�IRU�ILUVW�RUGHU�VHULDO�DXWRFRUUHODWLRQ�LQ�WKH�UHVLGXDOV���7KH�VHULDO

FRUUHODWLRQ�SDUDPHWHUV�DUH�MRLQWO\�HVWLPDWHG�ZLWK�RWKHU�SDUDPHWHUV�RI�WKH�PRGHO�

,Q�RUGHU�WR�DFFRXQW�IRU�KLJKZD\�FDSLWDO�RWKHU�WKDQ�1/6��ZH�DGG�DQ�DX[LOLDU\�HTXDWLRQ�RI

WKH�IRUP�J�� �D����D�J����D�W��ZKHUH�J��DQG�J��DUH�UHVSHFWLYHO\�WKH�1/6�FDSLWDO�DQG�WKH�KLJKZD\

FDSLWDO�RWKHU�WKDQ�1/6��L�H���J��HTXDOV�WRWDO�KLJKZD\�FDSLWDO�OHVV�1/6�FDSLWDO���7KH�HTXDWLRQ�ILW

H[WUHPHO\�ZHOO�DQG�WKH�FRHIILFLHQW�D��ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�KLJKO\�VWDEOH�ZLWK�D

PDJQLWXGH�RI�DERXW��������9DULRXV�PRUH�FRPSOLFDWHG�IRUPV�RI�WKLV�HTXDWLRQ�ZHUH�DOVR�HVWLPDWHG

EXW�WKH�HVWLPDWHV�GLG�QRW�FKDQJH�PXFK�

,Q�HVWLPDWLQJ�WKHVH�PRGHOV��ZH�LQWURGXFHG�LQWHUDFWLYH�GXPP\�YDULDEOHV�WR�DOORZ�WKH�VORSH

SDUDPHWHUV�IRU�KLJKZD\�FDSLWDO�VWRFN�VHUYLFHV���F/6��F.6�DQG�F06���WR�YDU\�E\�LQGXVWU\�JURXSV���,Q

SULQFLSOH��ZH�FRXOG�LQWURGXFH�D�IXOO�VHW�RI�VORSH�GXPP\�YDULDEOHV������DGGLWLRQDO�SDUDPHWHUV��EXW

LW�LV�QRW�SRVVLEOH�LQ�DQ�DOUHDG\�FRPSOLFDWHG�PRGHO���5DWKHU��ZH�FODVVLILHG�WKH����LQGXVWULHV�LQWR

WKUHH�JURXSV���PDQXIDFWXULQJ��LQGXVWU\�FRGHV���WKURXJK������VHUYLFH�LQGXVWULHV��LQGXVWU\�FRGHV���
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WKURXJK������DQG�RWKHU�LQGXVWULHV��LQGXVWU\�FRGHV���WKURXJK������7KHUH�DUH�RI�FRXUVH�RWKHU�ZD\V�WR

FODVVLI\�WKHVH�LQGXVWULHV�WKDW�FRXOG�EH�XQGHUWDNHQ�LQ�IXWXUH�UHVHDUFK�
�

,Q�7DEOH����ZH�SUHVHQW�SDUDPHWHU�HVWLPDWHV�IRU�ERWK�YHUVLRQV�RI�WKH�PRGHO��7KH�HVWLPDWHG

IDFWRU�GHPDQG�V\VWHP�LQ�ERWK�PRGHOV�VDWLVI\�DOO�WKH�UHTXLUHG�UHJXODULW\�FRQGLWLRQV��WKH�HVWLPDWHG

FRVW�IXQFWLRQ�LV�VKRZQ�WR�EH�QRQGHFUHDVLQJ�LQ�RXWSXW��OLQHDUO\�KRPRJHQHRXV�LQ�LQSXW�SULFHV��DQG

FRQFDYH�LQ�IDFWRU�SULFHV���7KH�UHVXOWV�VKRZQ�LQ�WKLV�WDEOH�LQGLFDWH�WKDW�ERWK�PRGHOV�DUH�ZHOO

HVWLPDWHG�ZLWK�WKH�SDUDPHWHU�HVWLPDWHV�VWDWLVWLFDOO\�VLJQLILFDQW���&RHIILFLHQWV�RI�WKH�LQGXVWU\

GXPP\�YDULDEOHV��QRW�VKRZQ�LQ�7DEOH����ZHUH�DOVR�VWDWLVWLFDOO\�VLJQLILFDQW�VXJJHVWLQJ�GLIIHUHQFHV

LQ�WKH�FRVW�VWUXFWXUH�DPRQJ�LQGXVWULHV���7KH�VTXDUH�RI�WKH�FRUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�WKH

DFWXDO�DQG�SUHGLFWHG�YDOXHV�DUH�KLJK��DQG�WKH�VWDQGDUG�HUURUV�RI�HDFK�HTXDWLRQ�DUH�VPDOO�LQ�ERWK

YHUVLRQV�RI�WKH�PRGHO�

&RPSDULQJ�WKH�FRHIILFLHQWV�RI�WKH�FRVW�IXQFWLRQ������IRU�ERWK�YHUVLRQV�RI�PRGHO��WKHUH�LV�D

UHPDUNDEOH�VLPLODULW\�LQ�ERWK�VLJQV�DQG�PDJQLWXGHV�RI�WKH�SDUDPHWHU�HVWLPDWHV�DQG�WKHLU

DVVRFLDWHG�VWDQGDUG�HUURUV���7KH�GLIIHUHQFHV�FDQ�EH�REVHUYHG�LQ�WKH�PDJQLWXGHV�RI�WKH�SDUDPHWHU

HVWLPDWHV�DVVRFLDWHG�ZLWK�KLJKZD\�FDSLWDO��WKH�HVWLPDWHV�RI�G66��F6��F/6��F.6��DQG�F06�IURP�0RGHO

%�DUH�DSSUR[LPDWHO\�����WLPHV�ODUJHU�WKDQ�WKRVH�IURP�0RGHO�$���2QH�UHDVRQ�IRU�WKLV�VLPLODULW\�LV

WKH�KLJK�GHJUHH�RI�FRUUHODWLRQ�EHWZHHQ�WKH�OHYHOV�DQG�YDULDWLRQ�RI�WRWDO�KLJKZD\�FDSLWDO�DQG�1/6

FDSLWDO���(YHQ�VR��VXFK�VWDEOH�SDUDPHWHU�HVWLPDWHV�LQ�D�FRPSOLFDWHG�PRGHO�DUH�QRW�QHFHVVDULO\

JXDUDQWHHG��SRLQWLQJ�RXW�WKH�VWDELOLW\�RI�WKH�XQGHUO\LQJ�PRGHO�

                                                
�
��$Q�LQWHUHVWLQJ�DSSURDFK�LV�VXJJHVWHG�E\�)HUQDOG����������+H�XVHV��YHKLFOH�LQWHQVLW\��DV�D�SUR[\�IRU�XVH�RI�URDG

LQIUDVWUXFWXUH���,W�LV�PHDVXUHG�DV�WKH�UDWLR�RI�WKH�VWRFN�RI�WUXFNV�DQG�FDUV�LQ�DQ�LQGXVWU\�WR�LWV�WRWDO�RXWSXW���,I�DQ�LQGXVWU\

LV�YHKLFOH�LQWHQVH��WKHQ�SUHVXPDEO\�LW�UHFHLYHV�D�ORW�RI�GLUHFW�SURGXFWLYH�VHUYLFHV�IURP�URDGV�
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7DEOH����(VWLPDWLRQ�RI�&RVW�)XQFWLRQV

0RGHOV�$�	�%

�����������

0RGHO��$ 0RGHO��%

3DUDPHWHU (VWLPDWH 6WDQGDUG�(UURU (VWLPDWH 6WDQGDUG�(UURU
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F/6 ����(��� �����(���� ����(��� �����(����
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F/7 �����(��� �����(���� �����(��� �����(����

F.7 ����(��� �����(���� ����(��� �����(����

F07 ����(��� �����(���� ����(��� �����(����
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7DEOH����(VWLPDWLRQ�RI�&RVW�)XQFWLRQV��&RQW
G�

0RGHOV�$�	�%

�����������

0RGHO��$ 0RGHO��%

3DUDPHWHU (VWLPDWH 6WDQGDUG�(UURU (VWLPDWH 6WDQGDUG�(UURU

F/8 ������� �����(���� ������� �����(����

F.8 ������� �����(���� ������� �����(����

F08 �����(��� �������� �����(��� ��������

U. ������ �����(���� ������ �����(����

U/ ������ �����(���� ������ �����(����

U0 ������ �����(���� ������ �����(����

(TXDWLRQ 6WDQGDUG�(UURU 5
�

'�: 6WDQGDUG�(UURU 5
�

'�:

/DERU�2XWSXW ����� ����� ���� ����� ����� ����

&DSLWDO�2XWSXW ����� ����� ����� ����� ����� ����

,QWHUP��2XWSXW ����� ����� ���� ����� ����� ����

/RJ�RI�/LNHOLKRRG ����� �����
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%� +\SRWKHVLV�7HVWV

:H�XVHG�WKH�HVWLPDWLRQ�UHVXOWV�IURP�0RGHO�$�WR�HFRQRPHWULFDOO\�WHVW�D�QXPEHU�RI

K\SRWKHVHV�FRQFHUQLQJ�WKH�VWUXFWXUH�RI�WKH�FRVW�IXQFWLRQ���/RJ�OLNHOLKRRG�UDWLRV�DUH�XVHG�IRU�WKH

WHVWV�DQG�WKH�UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH���
�
��7KH�OLNHOLKRRG�UDWLR�WHVWV�VXJJHVW�D�GHFLVLYH

UHMHFWLRQ�RI�WKH�MRLQW�K\SRWKHVLV�WKDW�WKH�FRHIILFLHQWV�RI�WKH�LQGXVWU\�GXPPLHV�DUH�]HUR��VXJJHVWLQJ

WKDW�VWURQJ�LQWHULQGXVWU\�GLIIHUHQFHV�DUH�SUHVHQW�LQ�WKH�FRVW�VWUXFWXUH�RI�WKH�LQGXVWULHV�XQGHU

FRQVLGHUDWLRQ���$OVR��WKH�K\SRWKHVLV�WKDW�WKH�FRHIILFLHQW�RI�SXEOLF�FDSLWDO�LV�]HUR�LQ�WKH�FRVW

IXQFWLRQ�LV�DOVR�UHMHFWHG��VHH�7DEOH����URZ������:H�DOVR�WHVWHG�IRU�FRQVWDQW�UHWXUQV�WR�VFDOH��DV�ZHOO

DV�IRU�WKH�K\SRWKHVHV�RI�QR�WHFKQLFDO�FKDQJH���7KHVH�K\SRWKHVHV�ZHUH�UHMHFWHG�DV�LQGLFDWHG�E\�WKH

F
�
�WHVW�VWDWLVWLFV�VKRZQ�LQ�WKH�WDEOH��URZV���DQG������)LQDOO\��ZH�WHVWHG�ZKHWKHU�WKH�FRQWULEXWLRQ�RI

WKH�XWLOL]DWLRQ�UDWH�LV�]HUR�ZKLFK�ZDV�DOVR�UHMHFWHG�

                                                
�
��7KH�OLNHOLKRRG�WHVWV�ZHUH�FDUULHG�RXW�E\�ILUVW�VHWWLQJ�WKH�GXPPLHV�UHIHUULQJ�WR�LQGLYLGXDO�SDUDPHWHUV�HTXDO�WR�]HUR�

7KHQ�WKH�VDPH�ZDV�GRQH�IRU�WKH�GXPPLHV�RI�SXEOLF�LQSXW�DQG�WKH�GXPPLHV�IRU�SULYDWH�LQSXWV���7KH�VDPH�SURFHVV�ZDV

DOVR�IROORZHG�VHWWLQJ�DOO�WKH�GXPPLHV�H[FHSW�WKH�SXEOLF�LQSXW�GXPPLHV�WR�]HUR��DQG�ILQDOO\��DOO�WKH�GXPP\�FRHIILFLHQWV

ZHUH�VHW�WR�]HUR�
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7DEOH����+\SRWKHVLV�7HVWV

+\SRWKHVLV 3DUDPHWHU

5HVWULFWLRQ

/RJ�RI

/LNHOLKRRG

G�I� F
��G�I� F

�
F�����G�

I

7HVW

5HVXOW

1R�LQGXVWU\

GXPPLHV

K/ K. K0 K/6 K.6 

K06 �

������� ��� ����� ����� UHMHFW

1R�LQGXVWU\

GXPPLHV

K/ K. K0 � ����� ��� ����� ����� UHMHFW

1R�KLJKZD\

FDSLWDO�HIIHFWV

F/6 F.6 F06 F6 G66
 K/6 K.6 K06 �

������� �� ����� ����� UHMHFW

&RQVWDQW

UHWXUQV�WR�VFDOH

WHFKQRORJ\

E/ E. E0 E<< F6 � ����� � ����� ���� UHMHFW

1R�WHFKQLFDO

FKDQJH

F/7 F.7 F07 � ������� � ����� ����� UHMHFW

1R�XWLOL]DWLRQ

UDWH�HIIHFWV

F/8 F.8 F08 � ������� � ���� ����� UHMHFW

1RWH��K�LV�D�YHFWRU�RI�GXPP\�SDUDPHWHUV�

&� 6HQVLWLYLW\�7HVWV

7KH�LQIUDVWUXFWXUH�PRGHOV�UHSRUWHG�LQ�WKH�OLWHUDWXUH��VSHFLILFDOO\�WKRVH�HVWLPDWHG�XVLQJ

WLPH�VHULHV�GDWD��KDYH�EHHQ�YLJRURXVO\�FKDOOHQJHG�RQ�ERWK�FRQFHSWXDO�DQG�PHWKRGRORJLFDO

JURXQGV���7KH�PRVW�LPSRUWDQW�FULWLFLVP�RI�WKHVH�W\SHV�RI�PRGHOV�DUH�LGHQWLILHG�DV�IROORZV�

x� 7LPH�VHULHV�GDWD�RQ�RXWSXW�DQG�KLJKZD\�RU�LQIUDVWUXFWXUH�FDSLWDO�KDYH�FRPPRQ�WUHQGV�DQG

WKHUHIRUH�WKH�VLJQLILFDQW�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�SURGXFWLYLW\�DQG�LQIUDVWUXFWXUH�FDSLWDO

UHSRUWHG�LQ�WKH�OLWHUDWXUH�PD\�EH�VSXULRXV��IDOVH��GXH�WR�WKH�SUHVHQFH�RI�D�FRPPRQ�WUHQG�

2QH�ZD\�WR�GHDO�ZLWK�WKLV�SUREOHP�LV�WR�XVH�VRPH�IRUP�RI�GLIIHUHQFLQJ�RI�WKHVH�YDULDEOHV�

:KHQ�+XOWHQ�DQG�6FKZDE��������DQG�7DWRP������E��ILUVW�GLIIHUHQFHG�WKHLU�PDFURHFRQRPLF

WLPH�VHULHV��WKH�PDUJLQDO�SURGXFW�RI�SXEOLF�FDSLWDO�ZDV�PXFK�VPDOOHU�DQG�DOPRVW�DOZD\V

VWDWLVWLFDOO\�LQVLJQLILFDQW�

x� (FRQRPHWULF�PRGHOV�UHODWLQJ�LQIUDVWUXFWXUH�DQG�SURGXFWLYLW\�DUH�RIWHQ�PLVVSHFLILHG�EHFDXVH

RI�PLVVLQJ�YDULDEOHV���,Q�WKH�HDUO\�����
V�HQHUJ\�SULFHV�URVH�GUDPDWLFDOO\�DW�D�WLPH�ZKHQ�WKH

VWRFN�RI�LQIUDVWUXFWXUH�FDSLWDO�DQG�RYHUDOO�SURGXFWLYLW\�VWRSSHG�JURZLQJ���:KHQ�7DWRP�������

FRQWUROOHG�IRU�WKH�SULFH�RI�HQHUJ\��WKH�HIIHFW�RI�LQIUDVWUXFWXUH�FDSLWDO�EHFDPH�ZHDNHU�DQG

VWDWLVWLFDOO\�LQVLJQLILFDQW���+RZHYHU��KLV�HVWLPDWHV�DUH�VXEMHFW�WR�DQRWKHU�IRUP�RI

PLVVSHFLILFDWLRQ�HUURU�VLQFH�KH�LQWURGXFHG�WKH�SULFH�RI�HQHUJ\�DV�DQ�DUJXPHQW�RI�WKH

SURGXFWLRQ�IXQFWLRQ���7KH�DSSURSULDWH�ZD\�WR�WHVW�IRU�WKH�HIIHFW�RI�WKH�HQHUJ\�SULFH�VKRFN�LV�WR

HVWLPDWH�WKH�FRVW�IXQFWLRQ�ZKLFK�KDV�IDFWRU�SULFHV�DV�RQH�RI�WKH�DUJXPHQWV�
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x� $W�WKH�QDWLRQDO�OHYHO��LW�LV�QRW�FOHDU�ZKHWKHU�D�GHFUHDVH�LQ�LQIUDVWUXFWXUH�H[SHQGLWXUH�LV�GXH�WR

D�GHFUHDVH�LQ�WKH�OHYHO�RI�DJJUHJDWH�RXWSXW�RU�YLFH�YHUVD���7KDW�LV��ZKHWKHU�LQIUDVWUXFWXUH

FDSLWDO�LV�DQ�HQGRJHQRXV�YDULDEOH�UDWKHU�WKDQ�DQ�LQGHSHQGHQW�YDULDEOH�H[SODLQLQJ�WKH�JURZWK

RI�RXWSXW���7KHUHIRUH��WKH�LVVXH�RI�VLPXOWDQHLW\�EHWZHHQ�RXWSXW�DQG�LQIUDVWUXFWXUH��KLJKZD\�

FDSLWDO�PXVW�EH�GHDOW�HFRQRPHWULFDOO\�

7R�PHHW�WKHVH�FKDOOHQJHV��ZH�FDUULHG�RXW�D�QXPEHU�RI�H[SHULPHQWV�FKHFNLQJ�WKH

VHQVLWLYLW\�RI�RXU�HVWLPDWLRQ�UHVXOWV�WR�DOWHUQDWLYH�HVWLPDWLRQ�SURFHGXUHV�

6SXULRXV�&RUUHODWLRQ�DQG�&RPPRQ�7UHQG���7KH�SUHVHQFH�RI�FRPPRQ�WUHQG�DPRQJ

YDULDEOHV�LQ�WKH�WLPH�VHULHV�PRGHOV�RI�LQIUDVWUXFWXUH�LV�D�VHULRXV�HFRQRPHWULF�LVVXH���7KLV�FULWLFLVP

LV�HTXDOO\�DSSOLFDEOH�WR�SURGXFWLRQ�DQG�FRVW�IXQFWLRQ�VWXGLHV��ZKHWKHU�WKH\�LQFOXGH�SXEOLF�FDSLWDO

RU�QRW���,W�LV�WUXH�WKDW�SULYDWH�VHFWRU�YDULDEOHV�VXFK�DV�RXWSXW��ODERU��PDWHULDOV��DQG�SULYDWH�FDSLWDO

VWRFN�DUH�KLJKO\�FRUUHODWHG�RYHU�WLPH�DQG�PD\�VKDUH�D�FRPPRQ�WUHQG���7KHUH�LV�QRWKLQJ�SDUWLFXODU

DERXW�LQIUDVWUXFWXUH�RU�KLJKZD\�FDSLWDO�LQ�WKLV�UHVSHFW�

2QH�PHWKRG�IRU�UHPRYLQJ�D�FRPPRQ�WUHQG�LV�WR�HVWLPDWH�WKH�PRGHO�LQ�D�ILUVW�GLIIHUHQFH

IRUP���(VWLPDWLRQ�RI�WKLV�IRUP�HOLPLQDWHV�D�SRWHQWLDO�LQIOXHQFH�RI�WUHQG�ZKLFK�PD\�EH�DQ�RYHU

FRUUHFWLRQ�DQG�QRW�DSSURSULDWH�ZKHQ�ZH�DUH�VHHNLQJ�WR�WUDFH�WKH�HIIHFW�RI�SXEOLF�FDSLWDO�RQ�WKH

WUHQG�RI�WKH�HFRQRP\���1RQHWKHOHVV��ERWK�0RGHOV�$�DQG�%�DUH�HVWLPDWHG�LQ�¦ILUVW�GLIIHUHQFH§

IRUP�E\�VHWWLQJ�WKH�VHULDO�FRUUHODWLRQ�SDUDPHWHU��U��WR�XQLW\�
�
�7KH�SDUDPHWHU�HVWLPDWHV�DUH�VKRZQ

                                                
�
��2QH�ZD\�WR�HVWLPDWH�D�PRGHO�LQ�¦ILUVW�GLIIHUHQFH§�LV�WR�ILUVW�GLIIHUHQFH�WKH�EDVLF�YDULDEOHV�RI�WKH�PRGHO�VXFK�DV�&��3L�

X��V�DQG�WKHQ�LQWURGXFH�WKHVH�ILUVW�GLIIHUHQFHG�YDULDEOHV�LQ�HTXDWLRQ�������+RZHYHU��WKLV�DSSURDFK�ZLOO�FKDQJH�WKH

XQGHUO\LQJ�FRVW�PRGHO��)RU�H[DPSOH��VXSSRVH�D�FRVW�IXQFWLRQ�&�QRQOLQHDU�LQ�YDULDEOH��L�H�

�D� & ; ;W W W= / +α β �
��

:H�FDQ�HVWLPDWH�WKLV�PRGHO�LQ�ILUVW�GLIIHUHQFH�IRUP�LQ�WZR�ZD\V�

�L���5HZULWH�WKH�PRGHO�DV

& & ; ; ; ;W W W W W− = − + −− − −ρ α ρ β ρ� �

�

�

�
� � � �

DQG�OHW�ρ = ����7KDW�LV
∆& ; ;W W W= +α∆ β∆ �

�LL��)LUVW�GLIIHUHQFH��WKH�YDULDEOHV��&�DQG�[�DQG�UHZULWH�PRGHO��D��DV�

� � � � � �& & ; ; ; ;W \ W W W W− = − +− − −� � �

�α β
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LQ�7DEOH�����$V�VKRZQ��WKH�PRGHOV�ILW�WKH�GDWD�YHU\�ZHOO�DQG�WKH�HVWLPDWHG�SDUDPHWHUV�DUH

VWDWLVWLFDOO\�VLJQLILFDQW���7KH�HODVWLFLWLHV�GHULYHG�IURP�WKHVH�SDUDPHWHU�HVWLPDWHV�KDYH�WKH�FRUUHFW

VLJQ�DQG�PDJQLWXGHV�VLPLODU�WR�WKRVH�ZKHQ�WKH�PRGHOV�ZHUH�HVWLPDWHG�LQ�OHYHO�IRUP���7KH�IDFW�WKDW

RXU�UHVXOWV�LQ�OHYHOV��SUHVHQWHG�LQ�7DEOH����DQG�ILUVW�GLIIHUHQFH�IRUPV��LQ�7DEOH����DUH�TXLWH�VLPLODU

LV�QRW�VXUSULVLQJ���7KH�HODVWLFLWLHV�RI�RXWSXW�DQG�LQSXWV�ZLWK�UHVSHFW�WR�KLJKZD\�FDSLWDO�DUH�VWDEOH

LQ�VLJQ�DQG�PDJQLWXGHV���7KH�YDOXHV�RI�WKH�VHULDO�FRUUHODWLRQ�FRHIILFLHQWV��UO��UN��DQG�UP�VKRZQ�LQ

7DEOH���DUH�YHU\�FORVH�WR�XQLW\�

0LVVLQJ�9DULDEOHV���7KH�SUREOHP�RI�PLVVLQJ�YDULDEOHV��SDUWLFXODUO\�WKH�HIIHFW�RI�WKH

HQHUJ\�SULFH�LQFUHDVH��LV�DFFRXQWHG�IRU�LQ�RXU�HVWLPDWLRQ�RI�WKH�PRGHO���$OWKRXJK�ZH�KDYH�QRW

LQFOXGHG�HQHUJ\�SULFH�DV�D�VHSDUDWH�YDULDEOH��LW�LV�SDUW�RI�WKH�SULFH�RI�LQWHUPHGLDWH�LQSXWV�ZKLFK�LV

LQFOXGHG�LQ�WKH�FRVW�IXQFWLRQ���,Q�IDFW��RQH�LPSRUWDQW�UHDVRQ�ZK\�ZH�VHOHFWHG�WKH�-RUJHQVRQ�

)UDXPHQL�GDWD�LQVWHDG�RI�GDWD�DYDLODEOH�IURP�%($�LV�WKDW�LW�LV�FRQVWUXFWHG�LQ�WKH�JURVV�RXWSXW

IUDPHZRUN�VR�WKDW�LW�FRQWDLQV�GDWD�RQ�LQWHUPHGLDWH�LQSXWV�ZKLOH�WKH�%($�GDWD�UHIHU�WR�YDOXH

DGGHG�GDWD���$V�QRWHG�HDUOLHU��D�PDMRU�ZD\�LQ�ZKLFK�WKH�HFRQRP\�EHQHILWV�IURP�SXEOLF�LQYHVWPHQW

LQ�WKH�KLJKZD\�V\VWHP�LV�WKURXJK�WKH�WUDQVSRUWDWLRQ�RI�LQWHUPHGLDWH�PDWHULDO�LQSXWV�

                                                                                                                                                            
∆& ; ; ; ; ;W W W W W= + − +− −α∆ β> � � @

�

� �

�
�

ZKLFK�LPSOLHV�WKDW�WKH�EDVLF�FRVW�IXQFWLRQ�RI�DSSUR[LPDWHO\�WKH�IRUP

� �D & ; ; ; ;W W W W W
 = + − ⋅ −α β β�

�

7KH�GLIIHUHQFH�EHWZHHQ�HTXDWLRQV��D��DQG��D©��ZLOO�EHFRPH�PRUH�FRPSOH[�DQG�SURQRXQFHG

DV�WKH�GHJUHH�RI�QRQOLQHDULW\�DQG�LQWHUDFWLRQ�WHUPV��DV�WKH�FDVH�LQ�HTXDWLRQ�V\VWHP������

LQFUHDVHV���7KH�WZR�FRVW�IXQFWLRQV�ZLOO�EH�WKH�VDPH�LI�WKH\�DUH�OLQHDU�IXQFWLRQV�
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7DEOH����&RVW�)XQFWLRQV�(VWLPDWHV��)LUVW�'LIIHUHQFH�5HVXOWV
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D00 ������ ������(���� ������ ������(����

E<< ������(��� ������(���� ������(��� ������(����

F/6 ������(��� ������(���� ������(��� ������(����

F/7 ������(��� ������(���� ������(��� ������(����

F/8 ������ ������(���� ������ ������(����

G66 ������(��� ������(���� �����(��� ������(����

E/ ������ ������� ����� �������

F6 ������(��� ������(���� ������(��� ������(����

F.6 ������(��� ������(���� ������(��� ������(����

F.7 ������(��� ������(���� �����(��� ������(����

F.8 ������ ������(���� ������ ������(����

E. ������ ������� ����� �������

F06 ������(��� ������(���� ������(��� ������(����

F07 ������(��� ������(���� �����(��� ������(����

F08 ������(��� ������� �����(��� �������

E0 ������ ������� ������ �������
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7DEOH����&RVW�)XQFWLRQV�(VWLPDWHV��)LUVW�'LIIHUHQFH�5HVXOWV��&RQW
G�

�����������

0RGHO�$ 0RGHO�%

(TXDWLRQ 6WDQGDUG�(UURU 5
�

'�:� 6WDQGDUG�(UURU 5
�

'�:�

/DERU�RXWSXW ������ ������ ����� ������ ������ �����

&DSLWDO�RXWSXW ������(��� ������ ����� ������ ������ �����

,QWHUP�RXWSXW ������ ������ ����� ������ ������ �����

/RJ�RI

/LNHOLKRRG

����� �����
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&DXVDOLW\���7KH�LVVXH�RI�FDXVDOLW\�EHWZHHQ�RXWSXW�DQG�KLJKZD\�FDSLWDO�LQ�WKH�FRQWH[W�RI

RXU�WLPH�VHULHV�FURVV�VHFWLRQ�GDWD�RI�D�ODUJH�QXPEHU�RI�LQGXVWULHV�LV�PXFK�OHVV�VHYHUH���$Q

LQGLYLGXDO�LQGXVWU\©V�VSHFLILF�QHHGV�IRU�WUDQVSRUWDWLRQ�VHUYLFHV�DUH�QRW�XVXDOO\�WKH�GRPLQDQW�IDFWRU

WKDW�ZLOO�VSHFLILFDOO\�LQIOXHQFH�LQYHVWPHQW�LQ�KLJKZD\V�RU�RWKHU�LQIUDVWUXFWXUH�FDSLWDO���+RZHYHU�

ZH�SHUIRUPHG�D�QXPEHU�RI��FDXVDOLW\�WHVWV��DQG�WKH�UHVXOWV�VXJJHVW�WKDW�DJJUHJDWH�KLJKZD\�FDSLWDO

FDQ�EH�FRQVLGHUHG�DV�DQ�H[RJHQRXV�YDULDEOH�LQ�RXU�LQGXVWU\�FRVW�IXQFWLRQV���)XUWKHUPRUH��ZH�UH�

HVWLPDWHG�WKH�PRGHO�XVLQJ�D�WKUHH�VWDJH�OHDVW�VTXDUHV���6/6��WHFKQLTXH�ZLWK�ODJJHG�YDOXHV�RI�DOO

H[RJHQRXV�YDULDEOHV�DV�LQVWUXPHQWV���,W�VKRXOG�EH�QRWHG�WKDW�WKH�SUREOHP�RI�VLPXOWDQHLW\�EHWZHHQ

RXWSXW�DQG�KLJKZD\�FDSLWDO�LV�PRUH�VHYHUH�LQ�SURGXFWLRQ�IXQFWLRQ�VWXGLHV�WKDQ�FRVW�IXQFWLRQ

VWXGLHV�DV�ERWK�RXWSXW�DQG�KLJKZD\�FDSLWDO�DSSHDU�DV�H[SODQDWRU\�YDULDEOHV�LQ�WKH�FRVW�IXQFWLRQ�

$V�D�UHVXOW��KRZHYHU��LQ�WKH�FRVW�IXQFWLRQ�DSSURDFK�PXOWLFROOLQHDULW\�EHWZHHQ�WKHVH�WZR�YDULDEOHV

LV�OLNHO\�WR�EH�YHU\�KLJK�

3UHVHQWDWLRQ�RI�LQGLYLGXDO�LQGXVWU\�HVWLPDWHV�JHQHUDWHG�E\�GLIIHUHQW�HFRQRPHWULF

WHFKQLTXHV�ZRXOG�EH�WRR�H[WHQVLYH���5DWKHU��ZH�SUHVHQW�RQO\�WKH�UHVXOWV�IRU�WKH�DJJUHJDWH

HFRQRP\�EDVHG�RQ�WKH�LQGXVWU\�HVWLPDWHV���,Q�7DEOH����ZH�SUHVHQW�HVWLPDWHV�RI�WKH�FULWLFDO

SDUDPHWHUV�XVLQJ�GLIIHUHQW�HVWLPDWLRQ�WHFKQLTXHV���0RGHOV�$�DQG�%�DUH�HVWLPDWHG�LQ�ILUVW�

GLIIHUHQFH�IRUP�DV�QRWHG�HDUOLHU���7KH\�ZHUH�UH�HVWLPDWHG�LQ�WKLV�IRUP�XVLQJ�DQ�LQVWUXPHQWDO

YDULDEOH�PD[LPXP�OLNHOLKRRG�SURFHGXUH���0RGHOV�$�DQG�%�ZHUH�HVWLPDWHG�LQ�OHYHO�IRUP�XVLQJ

�6/6�ZLWK���\HDU�ODJJHG�YDOXHV�RI�WKH�LQGHSHQGHQW�YDULDEOHV�DV�LQVWUXPHQWV���$OVR��D�UHVWULFWHG

IRUP�RI�WKH�PRGHO�ZKHUH�WKH�LQGXVWU\�XWLOL]DWLRQ�UDWHV�DUH�XVHG�WR�FRQYHUW�KLJKZD\�FDSLWDO�VWRFN

LQWR�D�VHUYLFH�IORZ�YDULDEOH�ZDV�HVWLPDWHG�LQ�ERWK�OHYHO�DQG�ILUVW�GLIIHUHQFH�IRUPV�
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7DEOH����$OWHUQDWLYH�0RGHO�(VWLPDWLRQ

0RGHO�$ 6FDOH 6 60%

)LUVW�'LII��,685�0/ ���� ����� ����

�6/6�,QVW���;���� ��� ����� ����

6

8�,685�0/ ���� ����� ����

6FDOH�

6�

60%�

,QWHUQDO�6FDOH

&RVW�(ODVWLFLW\�RI�+LJKZD\�&DSLWDO

6XP�RI�0DUJLQDO�%HQHILWV

7KH�SDUDPHWHUV�RI�LQWHUHVW�DUH�WKH�GHJUHH�RI�VFDOH���K

��WKH�FRVW�HODVWLFLW\�ZLWK�UHVSHFW�WR

KLJKZD\�FDSLWDO�DQG�WKH�VXP�RI�PDUJLQDO�EHQHILWV��60%����2QH�LQWHUHVWLQJ�IHDWXUH�RI�WKHVH�UHVXOWV

LV�WKH�UHPDUNDEOH�VWDELOLW\�RI�WKHVH�FRPSXWHG�VWDWLVWLFV�DFURVV�WKH�GLIIHUHQW�HFRQRPHWULF

VSHFLILFDWLRQV���7KH�GHJUHH�RI�VFDOH�LV�VWDEOH�DURXQG������DQG�WKH�FRVW�HODVWLFLW\�ZLWK�UHVSHFW�WR

KLJKZD\�FDSLWDO�UDQJHV�IURP�������WR���������7KH�VXP�RI�PDUJLQDO�EHQHILWV��DV�ZH�VKDOO�QRWH�ODWHU�

LV�TXLWH�VWDEOH�UDQJLQJ�IURP�DERXW������WR��������2I�FRXUVH��WKHUH�DUH�VRPH�GLIIHUHQFHV�LQ

SDUDPHWHU�HVWLPDWHV�DFURVV�GLIIHUHQW�VSHFLILFDWLRQV�DULVLQJ�IURP�WKH�QXPEHU�RI�LQGXVWULHV�LQYROYHG

LQ�WKLV�VWXG\���+RZHYHU��WKH�VLJQLILFDQW�UHVXOW�LV�WKH�VWDELOLW\�RI�WKH�PDJQLWXGHV�RI�WKH�EDVLF

SDUDPHWHUV�RI�LQWHUHVW�UHSRUWHG�LQ�7DEOH���RI�WKH�IROORZLQJ�VHFWLRQ���7KHVH�UHVXOWV�VXJJHVW�WKDW�LW�LV

LPSRUWDQW�WR�GHYHORS�D�PRGHO�WKDW�SODFHV�VXIILFLHQW�VWUXFWXUH�RQ�WKH�GDWD�WR�REWDLQ�UHODWLYHO\

VWDEOH�SDUDPHWHU�HVWLPDWHV�
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9,� &2175,%87,21�2)�+,*+:$<�&$3,7$/�$7�7+(�',6$**5(*$7(

,1'8675<�/(9(/

2QH�RI�WKH�PRVW�LPSRUWDQW�SURSHUWLHV�REWDLQHG�IURP�WKH�HVWLPDWHG�FRVW�IXQFWLRQ�IURP�WKH

SHUVSHFWLYH�RI�WKLV�VWXG\�LV�WKH�HIIHFW�RI�KLJKZD\�FDSLWDO�VWRFN�RQ�SURGXFWLYLW\�DQG�WKH�FRVW

VWUXFWXUH�RI�HDFK�LQGXVWU\���7R�FDOFXODWH�WKH�GLUHFW�SURGXFWLYLW\�HIIHFW�RI�KLJKZD\�FDSLWDO�VWRFN�

ZH�QHHG�DQ�HVWLPDWH�RI�WKH�FRVW�HODVWLFLW\�ZLWK�UHVSHFW�WR�KLJKZD\�FDSLWDO��6��DQG�GHULYH�WKH

FRQWULEXWLRQ�RI�6�WR�WKH�GHJUHH�RI�VFDOH�LQ�HDFK�LQGXVWU\���7KH�LQGLUHFW�RU��IDFWRU�ELDV�HIIHFW��FDQ

EH�PHDVXUHG�E\�WKH�LPSDFW�RI�6�RQ�SULYDWH�VHFWRU�LQSXW�GHPDQG�IXQFWLRQV�

8VLQJ�WKH�HVWLPDWHG�SDUDPHWHUV�VKRZQ�LQ�7DEOH����ZH�FDOFXODWH�WKH�FRQWULEXWLRQ�RI�ERWK

WRWDO�KLJKZD\�DQG�1/6�FDSLWDO�WR�

x� &RVW�UHGXFWLRQ�DQG�VFDOH�RI�SURGXFWLRQ�

x� 'HPDQG�IRU�HPSOR\PHQW��SULYDWH�FDSLWDO�VWRFN��DQG�LQWHUPHGLDWH�LQSXW�

x� 0DUJLQDO�EHQHILW�RI�KLJKZD\�FDSLWDO��DQG

x� 7RWDO�IDFWRU�SURGXFWLYLW\�

$� &RVW�5HGXFWLRQ�DQG�6FDOH�(ODVWLFLWLHV

7KH�LQGXVWU\�FRVW�HODVWLFLWLHV�ZLWK�UHVSHFW�WR�WRWDO�KLJKZD\�FDSLWDO�DQG�1/6�FDSLWDO�DUH

VKRZQ�LQ�7DEOH�����7KUHH�EDVLF�HODVWLFLWLHV�RI�LQWHUHVW�DUH�UHSRUWHG�

x� K&6��UHSUHVHQWV�WKH�SULYDWH�FRVW�HODVWLFLW\�ZLWK�UHVSHFW�WR�WRWDO�KLJKZD\
FDSLWDO�RU�1/6�FDSLWDO��,W�LV�GHILQHG�DV��w&�w6��&�6�ZKHUH�w&�w6�LV�JLYHQ�E\
HTXDWLRQ������DQG�6�UHIHUV�WR�HLWKHU�WRWDO�KLJKZD\�FDSLWDO�RU�1/6�FDSLWDO�

x� K�LV�WKH�FRVW�HODVWLFLW\�ZLWK�UHVSHFW�WR�RXWSXW��GHILQHG�DV��w&�w<��&�<��7KH
PDUJLQDO�FRVW�LV�w&�w<�DQG�LV�GHULYHG�IURP�WKH�FRVW�IXQFWLRQ��������7KDW�LV

�w&�w<�I� ���
L M

�∑ ∑ �DLM�3LI�3MI���>
L

∑ �TL�3LI�@��
L

∑ �ELL�3LI���>
L

∑ �FLW�3LI�@W���>
L

∑ �FLX

3LI�@XI����E\\>
L

∑ �JL�3LI�@<I���> �
L

∑ �FL6�3LI@�6���G66�>
L

∑ �IL�3LI�@�6
�����DQG



��

x� K�LV�WKH�FRVW�HODVWLFLW\�RI�DOO�LQSXWV��LQFOXGLQJ�KLJKZD\�FDSLWDO��ZLWK

UHVSHFW�WR�RXWSXW�DQG�LV�GHILQHG�DV�K����K&6��

$V�VKRZQ�LQ�7DEOH����DQ�LQFUHDVH�LQ�HLWKHU�W\SH�RI�KLJKZD\�FDSLWDO�GRHV�QRW�UHGXFH�WKH

FRVW�LQ�DOO�LQGXVWULHV���7RWDO�KLJKZD\�FDSLWDO�DQG�1/6�FDSLWDO�UHGXFH�FRVWV�LQ�DOO�PDQXIDFWXULQJ

LQGXVWULHV��LQGXVWU\�FRGHV���WR�����EXW�LQFUHDVH�FRVWV�LQ�DOO�QRQ�PDQXIDFWXULQJ�LQGXVWULHV���7KH

PDJQLWXGHV�RI�WKH�FRVW�HODVWLFLWLHV�YDU\�DPRQJ�WKH�LQGXVWULHV���,Q�0RGHO�$��WKH�FRVW�HODVWLFLWLHV�LQ

PDQXIDFWXULQJ�LQGXVWULHV�UDQJH�IURP��������WR��������ZKLOH�LQ�WKH�QRQ�PDQXIDFWXULQJ�LQGXVWULHV

WKH\�UDQJH�IURP�������WR���������:KHQ�ZH�ORRN�DW�FRVW�HODVWLFLWLHV�RI�1/6�FDSLWDO��D�VLPLODU

SLFWXUH�HPHUJHV���,Q�IDFW��WKH�SDWWHUQ�RI�WKHVH�HODVWLFLWLHV�LV�TXLWH�VLPLODU�WR�WKRVH�IRU�WRWDO�KLJKZD\

FDSLWDO�H[FHSW�WKDW�WKH�PDJQLWXGHV�RI�WKH�FRVW�HODVWLFLWLHV�DUH�DERXW����WR����SHUFHQW�VPDOOHU�ZLWK

UHVSHFW�WR�1/6�FDSLWDO�WKDQ�ZLWK�UHVSHFW�WR�WRWDO�KLJKZD\�FDSLWDO�

$V�ZLOO�EH�GLVFXVVHG�ODWHU��SRVLWLYH�FRVW�HODVWLFLWLHV�PD\�LPSO\�WKDW�KLJKZD\�FDSLWDO

VHUYLFHV�DUH�RYHU�VXSSOLHG�LQ�WKHVH�LQGXVWULHV���7KLV�GRHV�QRW�PHDQ�WKDW�WKHVH�LQGXVWULHV�GR�QRW

KDYH�D�GHPDQG�IRU�KLJKZD\�FDSLWDO�VHUYLFHV���:KDW�LV�LPSOLHG�LV�WKHVH�LQGXVWULHV�IDFH�¦H[FHVV

FDSDFLW\§�LQ�KLJKZD\�FDSLWDO��D�VLWXDWLRQ�VLPLODU�WR�WKH�QRWLRQ�RI�H[FHVV�FDSDFLW\�LQ�SULYDWH�FDSLWDO

VWRFN�LQ�D�SULYDWH�ILUP���,I�WKH�ILUP�FDQQRW�IUHHO\�GLVSRVH�RI�WKLV�FDSDFLW\�DQG�LV�LQVWHDG�UHTXLUHG

WR�NHHS�LWV�FDSLWDO�VWRFN�IXOO\�XWLOL]HG��UHJDUGOHVV�RI�FKDQJHV�LQ�GHPDQG�IRU�LWV�SURGXFW��WKH�FRVW�WR

WKH�ILUP�ZLOO�ULVH���,Q�WKH�FDVH�RI�KLJKZD\�FDSLWDO��WKH�HQWLUH�FDSLWDO�VWRFN�HQWHUV�WKH�FRVW�IXQFWLRQ

RI�HDFK�LQGXVWU\���,I�LQGXVWULHV�DUH�IUHH�WR�GHWHUPLQH�WKH�RSWLPXP�DPRXQW�RI�KLJKZD\�FDSLWDO

VHUYLFHV��WKH\�ZLOO�FKRRVH�D�OHYHO�ZKHUH�WKH�PDUJLQDO�EHQHILW�RI�DQ�DGGLWLRQDO�XQLW�RI�KLJKZD\

FDSLWDO�VHUYLFHV�LV�]HUR�
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7DEOH����&RVW�)XQFWLRQ�(ODVWLFLWLHV���0RGHOV�$�	�%

$YHUDJHV�������������

&RVW�(ODVWLFLWLHV�0RGHO�$ &RVW�(ODVWLFLWLHV�0RGHO�%

,QGXVWU\
&RGH

,QGXVWU\�7LWOH K&6 K K K&6 K K

� $JULFXOWXUH�
)RUHVWU\�DQG
)LVKHULHV

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

� 0HWDO�0LQLQJ ������ ������ ������ ������ ������ ������

� &RDO�0LQLQJ ������ ������ ������ ������ ������ ������

� &UXGH
3HWUROHXP�DQG
1DWXUDO�*DV

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

� 1RQPHWDOOLF
0LQHUDO
0LQLQJ

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

� &RQVWUXFWLRQ ������ ������ ������ ������ ������ ������

� )RRG�DQG
.LQGUHG
3URGXFWV

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

� 7REDFFR
0DQXIDFWXUHV

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

� 7H[WLOH�0LOO
SURGXFWV

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

�� $SSDUHO�DQG
2WKHU�7H[WLOH
3URGXFWV

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

�� /XPEHU�DQG
:RRG
3URGXFWV

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

�� )XUQLWXUH�DQG
)L[WXUHV

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

�� 3DSHU�DQG
$OOLHG
3URGXFWV

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

�� 3ULQWLQJ�DQG
3XEOLVKLQJ

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

�� &KHPLFDOV�DQG
$OOLHG
3URGXFWV

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

�� 3HWUROHXP
5HILQLQJ

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

�� 5XEEHU�DQG
3ODVWLF
3URGXFWV

������� ������ ������ ������� ������ ������
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7DEOH����&RVW�)XQFWLRQ�(ODVWLFLWLHV���0RGHOV�$�	�%��&RQW©G�

$YHUDJHV�������������

&RVW�(ODVWLFLWLHV�0RGHO�$ &RVW�(ODVWLFLWLHV�0RGHO�%

,QGXVWU\
&RGH

,QGXVWU\�7LWOH K&6 K K K&6 K K

�� /HDWKHU�DQG
/HDWKHU�3URGXFWV

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

�� 6WRQH��&OD\�DQG
*ODVV�3URGXFWV

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

�� 3ULPDU\�0HWDOV ������� ������ ������ ������� ������ ������

�� )DEULFDWHG�0HWDO
3URGXFWV

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

�� 0DFKLQHU\�
([FHSW�(OHFWULFDO

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

�� (OHFWULFDO
0DFKLQHU\

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

�� 0RWRU�9HKLFOHV ������� ������ ������ ������� ������ ������

�� 2WKHU
7UDQVSRUWDWLRQ
(TXLSPHQW

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

�� ,QVWUXPHQWV ������� ������ ������ ������� ������ ������

�� 0LVFHOODQHRXV
0DQXIDFWXULQJ

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

�� 7UDQVSRUWDWLRQ
DQG�:DUHKRXVLQJ

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

�� &RPPXQLFDWLRQ ������ ������ ������ ������ ������ ������

�� (OHFWULF�8WLOLWLHV ������ ������ ������ ������ ������ ������

�� *DV�8WLOLWLHV ������ ������ ������ ������ ������ ������

�� 7UDGH ������ ������ ������ ������ ������ ������

�� )LQDQFH�
,QVXUDQFH��DQG
5HDO�(VWDWH

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

�� 2WKHU�6HUYLFHV ������ ������ ������ ������� ������ ������

�� *RYHUQPHQW
(QWHUSULVHV

������ ������ ������ ������ ������ ������
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7KH�RSWLPDO�OHYHO�RI�WKHVH�VHUYLFHV�FDQ�EH�HVWLPDWHG�IURP�WKH�PRGHO�ZKLFK�LV�WKH�OHYHO�DW

ZKLFK�WKH�PDUJLQDO�EHQHILW�RI�KLJKZD\�FDSLWDO�LV�HTXDO�WR�DQ�LQGXVWU\
V�PDUJLQDO�FRVW�RU

ZLOOLQJQHVV�WR�SD\���$V�ZH�VKDOO�GLVFXVV�ODWHU��HVWLPDWHV�EDVHG�RQ�0RGHOV�$�DQG�%�LPSO\�D�VHW�RI

VXEVLGLHV�DQG�WD[HV�WKDW�ZRXOG�DOORZ�LQGXVWULHV�WR�XVH�WKH�RSWLPXP�DPRXQW�RI�KLJKZD\�FDSLWDO

VHUYLFHV�

$�UHGXFWLRQ�LQ�WKH�FRVW�RI�SURGXFWLRQ�GXH�WR�DQ�LQFUHDVH�LQ�KLJKZD\�FDSLWDO�GRHV�QRW

QHFHVVDULO\�OHDG�WR�D�UHGXFWLRQ�LQ�WKH�RXWSXW�SULFH�SDLG�E\�ILQDO�FRQVXPHUV���+RZ�WKH�UHGXFWLRQV

LQ�SURGXFWLRQ�FRVWV�DUH�SDVVHG�WKURXJK�WR�FRQVXPHUV�GHSHQGV�RQ�WKH�PDUNHW�VWUXFWXUH�ZLWKLQ�HDFK

LQGXVWU\���,I��IRU�H[DPSOH��DQ�LQGXVWU\�ZHUH�SHUIHFWO\�FRPSHWLWLYH��FRVW�UHGXFWLRQV�DUH�IXOO\�SDVVHG

WR�FRQVXPHUV�LQ�WKH�IRUP�RI�ORZHU�SULFHV���,I��KRZHYHU��LQGXVWULHV�DUH�QRW�FRPSHWLWLYH��ZH�H[SHFW

DW�OHDVW�WKDW�SURGXFHU�VXUSOXV�LV�LQFUHDVHG�
��
��,Q�DGGLWLRQ��WKHVH�HODVWLFLW\�PHDVXUHV�DUH�SRLQW

HVWLPDWHV�EDVHG�XSRQ�WKH�WLPH�SHULRG�RI�WKH�GDWD���7KH\�GR�QRW�LPSO\�WKH�VDPH�OHYHO�RI�FRVW

VDYLQJV�ZLOO�EH�DFKLHYHG�DW�HYHU\�SRLQW�LQ�WLPH�

(ODVWLFLWLHV�K�DQG�K�VKRZQ�LQ�7DEOH���KDYH�D�UHWXUQV�WR�VFDOH�LQWHUSUHWDWLRQ���7KH�LQYHUVH

RI�K��RU���K��UHSUHVHQWV�LQWHUQDO�UHWXUQV�WR�VFDOH��RU�WKH�HIIHFW�RQ�RXWSXW�RI�DQ�HTXDO�SURSRUWLRQDO

LQFUHDVH�LQ�DOO�LQSXWV�H[FHSW�KLJKZD\�FDSLWDO���7KDW�LV��DQ�HTXDO�SURSRUWLRQDO�LQFUHDVH�LQ�ODERU�

FDSLWDO��DQG�PDWHULDOV��KROGLQJ�KLJKZD\�FDSLWDO�IL[HG��\LHOGV�D���K�SURSRUWLRQDO�LQFUHDVH�LQ�RXWSXW�

)RU�H[DPSOH��LQ�DJULFXOWXUH�XVLQJ�WKH�UHVXOWV�RI�0RGHO�$��WKLV�SURSRUWLRQDO�LQFUHDVH�LQ�RXWSXW

HTXDOV����������RU����������6LPLODUO\��WKH�LQYHUVH�RI�K�UHSUHVHQWV�WRWDO�UHWXUQV�WR�VFDOH��PHDQLQJ

WKDW�DQ�HTXDO�SURSRUWLRQDO�LQFUHDVH�LQ�DOO�LQSXWV��LQFOXGLQJ�KLJKZD\�FDSLWDO��\LHOGV�D���K

SURSRUWLRQDO�LQFUHDVH�LQ�RXWSXW���8VLQJ�WKH�DJULFXOWXUH�H[DPSOH��WKH�SURSRUWLRQDO�LQFUHDVH�LQ

                                                
��
�,Q�RWKHU�ZRUGV��DV�ORQJ�DV�WKHUH�LV�FRVW�UHGXFWLRQ�IURP�DQ�LQFUHDVH�LQ�KLJKZD\�FDSLWDO�WKH�SURGXFHU�VXUSOXV�ZLOO

LQFUHDVH�LQGHSHQGHQWO\�IURP�WKH�PDUNHW�VWUXFWXUH���+RZHYHU��FRQVXPHUV�FDQ�DOVR�EHQHILW�GHSHQGLQJ�RQ�WKH�VWUXFWXUH�RI
WKH�PDUNHW�
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RXWSXW�HTXDOV����������RU�������7KH�UHVXOWV�VKRZ�WKDW�ERWK�K�DQG�K�DUH�OHVV�WKDQ�RQH�IRU�DOO

LQGXVWULHV��H[FHSW�DJULFXOWXUH��LQ�ERWK�PRGHOV��LQGLFDWLQJ�LQFUHDVLQJ�LQWHUQDO�DQG�WRWDO�UHWXUQV�WR

VFDOH���7KHVH�VFDOH�HODVWLFLWLHV�DUH�QRW�VHQVLWLYH�WR�ZKHWKHU�ZH�XVH�WRWDO�KLJKZD\�FDSLWDO�RU�1/6

FDSLWDO���7KH\�DUH�RI�VLPLODU�PDJQLWXGHV�LQ�WKH�VDPH�LQGXVWULHV��7KH�GHJUHH�RI�LQWHUQDO�UHWXUQV�WR

VFDOH�LQ�HDFK�LQGXVWU\�LV�VPDOOHU��DV�H[SHFWHG��FRPSDUHG�ZLWK�WKH�GHJUHH�RI�WRWDO�UHWXUQV�WR�VFDOH

ZKLFK�DFFRXQWV�IRU�WKH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO���'HJUHH�RI�VFDOH�UDQJHV�IURP������WR

DERXW�����LQ�ERWK�0RGHO�$�DQG�0RGHO�%���7KHVH�HVWLPDWHV�DUH�TXLWH�GLIIHUHQW�DQG�YHU\�PXFK

VPDOOHU�WKDQ�WKRVH�HVWLPDWHG�E\�+DOO����������:KLOH�RXU�HVWLPDWHV�VXJJHVW�FORVH�WR�FRQVWDQW�RU�D

VOLJKW�GHJUHH�RI�VFDOH��WKRVH�HVWLPDWHG�E\�+DOO�IRU�WKH�VDPH�LQGXVWULHV�DUH�RIWHQ�TXLWH�ODUJH�

%� (IIHFWV�RI�+LJKZD\�&DSLWDO�6WRFN�RQ�'HPDQGV�IRU�/DERU��&DSLWDO�DQG�0DWHULDOV

+LJKZD\�FDSLWDO�KDV�ERWK�GLUHFW�DQG�LQGLUHFW�HIIHFWV�RQ�WKH�SURGXFWLYLW\�RI�WKH�SULYDWH

VHFWRU���7KH�GLUHFW�HIIHFW�DULVHV�IURP�WKH�DVVXPSWLRQ�WKDW�WKH�PDUJLQDO�SURGXFW�RI�SXEOLF�FDSLWDO�LV

SRVLWLYH��L�H���DQ�LQFUHDVH�LQ�SXEOLF�FDSLWDO�VHUYLFHV�GHFUHDVHV�SULYDWH�VHFWRU�SURGXFWLRQ�FRVWV�

7KLV�LQ�WXUQ�OHDGV�WR�DQ�LQFUHDVH�LQ�WKH�SULYDWH�VHFWRU�RXWSXW���7KH�LQGLUHFW�HIIHFW�DULVHV�IURP�WKH

QRWLRQ�WKDW�SULYDWH�DQG�SXEOLF�FDSLWDO�DUH�FRPSOHPHQWV�LQ�SURGXFWLRQ��L�H���WKH�SDUWLDO�GHULYDWLYH�RI

WKH�PDUJLQDO�SURGXFW�RI�SULYDWH�FDSLWDO�ZLWK�UHVSHFW�WR�SXEOLF�FDSLWDO�LV�SRVLWLYH���,I�SULYDWH�DQG

SXEOLF�FDSLWDO�DUH�FRPSOHPHQWV��WKLV�K\SRWKHVLV�DVVHUWV�WKDW�DQ�LQFUHDVH�LQ�SXEOLF�FDSLWDO�UDLVHV�WKH

PDUJLQDO�SURGXFWLYLW\�RI�SULYDWH�FDSLWDO��DQG��JLYHQ�WKH�UHQWDO�SULFH�RI�FDSLWDO��SULYDWH�FDSLWDO

IRUPDWLRQ�LQFUHDVHV��IXUWKHU�UDLVLQJ�SULYDWH�VHFWRU�RXWSXW�

,Q�WKH�FRVW�IXQFWLRQ�IUDPHZRUN�WKH�GLUHFW�HIIHFW�RI�LQIUDVWUXFWXUH�FDSLWDO�LV�PHDVXUHG�E\

WKH�PDJQLWXGH�RI�WKH�FRVW�UHGXFWLRQ�GXH�WR�DQ�LQFUHDVH�LQ�SXEOLF�FDSLWDO���7KH�LQGLUHFW�HIIHFW�LV

JLYHQ�E\�WKH�PDJQLWXGH�RI�LWV�HIIHFW�RQ�WKH�GHPDQG�IRU�SULYDWH�VHFWRU�IDFWRUV�RI�SURGXFWLRQ���,I�DOO
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SULYDWH�LQSXWV�DUH�VXEVWLWXWHV�ZLWK�SXEOLF�FDSLWDO��WKHQ�DQ�LQFUHDVH�LQ�SXEOLF�FDSLWDO�LV�DOZD\V�FRVW

VDYLQJ���7KH�LQYHUVH��RI�FRXUVH��LV�QRW�WUXH���7KH�UHYLHZ�RI�OLWHUDWXUH�RQ�WKH�FRVW�IXQFWLRQ�VXSSRUWV

WKH�K\SRWKHVLV�WKDW�FRVW�VDYLQJV�DUH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�RI�SXEOLF�FDSLWDO����+HQFH��LI�RQH

RI�WKH�SULYDWH�LQSXWV�LV�D�FRPSOHPHQW�WR�SXEOLF�FDSLWDO�WKHQ�FRVW�VDYLQJV�FDQ�DULVH�RQO\�LI�WKH

VXEVWLWXWLRQ�HIIHFWV�RI�WKH�RWKHU�SULYDWH�LQSXWV�RXWZHLJK�WKH�FRPSOHPHQWDU\�HIIHFW��VHH�DOVR�6HLW]

�����E���

,W�LV�FOHDU��D�SULRUL��WKDW�QR�VLJQ�FDQ�EH�DVVLJQHG�WR�WKH�LQGLUHFW�HIIHFW�RI�SXEOLF�FDSLWDO�RQ

WKH�LQSXWV�RI�SURGXFWLRQ���7KH�GLUHFWLRQ�DQG�PDJQLWXGH�RI�WKH�HIIHFW�LV�DQ�HPSLULFDO�TXHVWLRQ�

(VWLPDWHV�LQ�WKH�OLWHUDWXUH�VXSSRUW�WKH�K\SRWKHVLV�WKDW�ODERU�DQG�SXEOLF�FDSLWDO�DUH�VXEVWLWXWHV

ZKLOH�WKH�UHODWLRQVKLS�EHWZHHQ�SXEOLF�FDSLWDO�DQG�SULYDWH�FDSLWDO�LV�QRW�FOHDU�FXW���)RU�LQVWDQFH�

&RQUDG�DQG�6HLW]���������6HLW]������D�E��DQG�/\QGH�DQG�5LFKPRQG��������ILQG�WKDW�SXEOLF

FDSLWDO�DQG�SULYDWH�FDSLWDO�DUH�FRPSOHPHQWV��ZKLOH�6KDK��������DQG�1DGLUL�DQG�0DPXQHDV�������

DQG�0RUULVRQ�DQG�6FKZDUW]��������ILQG�WKH\�DUH�VXEVWLWXWHV�

,Q�7DEOH�����DYHUDJH�YDOXHV�RI�WKH�HODVWLFLWLHV�RI�FRQGLWLRQDO�LQSXW�GHPDQGV�ZLWK�UHVSHFW

WR�WRWDO�KLJKZD\�FDSLWDO�DQG�1/6�FDSLWDO�DUH�SUHVHQWHG���&RQGLWLRQDO�LQSXW�GHPDQGV�UHIHU�WR�WKH

GHPDQG�IRU�ODERU��FDSLWDO��DQG�LQWHUPHGLDWH�LQSXWV�KROGLQJ�RXWSXW�FRQVWDQW���7KHVH�HODVWLFLWLHV��KLV

IRU�L /��.��0��DUH�FDOFXODWHG�EDVHG�RQ�HTXDWLRQ�������ZLWK�DOWHUQDWLYH�PHDVXUHV�RI�KLJKZD\

FDSLWDO��6��

(ODVWLFLWLHV�RI�HPSOR\PHQW��SULYDWH�FDSLWDO�DQG�LQWHUPHGLDWH�LQSXWV�ZLWK�UHVSHFW�WR

KLJKZD\�FDSLWDO�EDVHG�RQ�0RGHOV�$�DQG�%�SURGXFH�WKH�VDPH�VLJQV�DQG�VLPLODU�PDJQLWXGHV���7KH

PDJQLWXGHV�RI�WKHVH�HODVWLFLWLHV�YDU\�FRQVLGHUDEO\�DFURVV�LQGXVWULHV�LQ�ERWK�PRGHOV���,Q�0RGHO�$
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WKH�PDJQLWXGHV�RI�WKH�ODERU�HODVWLFLW\�UDQJHV�JHQHUDOO\�IURP������LQ�LQGXVWU\����WR�D�KLJK�RI�����

LQ�LQGXVWU\������7KH�HODVWLFLWLHV�DUH�JHQHUDOO\�VPDOO�LQ�LQGXVWULHV����WKURXJK����H[FHSW�IRU�LQGXVWU\

�����7KH�HODVWLFLWLHV�RI�SULYDWH�FDSLWDO�ZLWK�UHVSHFW�WR�WRWDO�KLJKZD\�FDSLWDO�DUH�ODUJHU�LQ�PDJQLWXGH

LQ�WKH�PDQXIDFWXULQJ�LQGXVWULHV�WKDQ�LQ�QRQ�PDQXIDFWXULQJ�LQGXVWULHV���7KH�PDJQLWXGHV�RI

HODVWLFLWLHV�RI�LQWHUPHGLDWH�LQSXWV�ZLWK�UHVSHFW�WR�WRWDO�KLJKZD\�FDSLWDO�DUH�JHQHUDOO\�VPDOO�

SDUWLFXODUO\�LQ�LQGXVWULHV���WKURXJK�����7KH\�DUH�UHODWLYHO\�ODUJHU�DQG�SRVLWLYH�LQ�WUDQVSRUWDWLRQ�

WUDGH��DQG�VHUYLFHV�

7KH�SDWWHUQ�WKDW�HPHUJHV�IURP�WKH�HODVWLFLWLHV�EDVHG�RQ�0RGHO�$�LV�WKDW�KLJKZD\�FDSLWDO�LV

D�VXEVWLWXWH�IRU�SULYDWH�FDSLWDO�LQ�DOO�LQGXVWULHV��D�VXEVWLWXWH�ZLWK�ODERU�LQ�DOO�PDQXIDFWXULQJ

�LQGXVWU\�FRGHV�������DQG�VHUYLFHV��LQGXVWU\�FRGH��������ZKLOH�LW�LV�D�FRPSOHPHQW�WR�ODERU�LQ

RWKHU�LQGXVWULHV��LQGXVWU\�FRGHV��������)LQDOO\��KLJKZD\�FDSLWDO�DQG�LQWHUPHGLDWH�LQSXWV�DUH

FRPSOHPHQWV�LQ�QRQ�PDQXIDFWXULQJ�LQGXVWULHV�DQG�VXEVWLWXWHV�LQ�WKH�PDQXIDFWXULQJ�LQGXVWULHV�

7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�WKH�WZR�YHUVLRQV�RI�WKH�PRGHO�LV�WKDW�WKH�PDJQLWXGHV�RI�WKH

HODVWLFLWLHV�DUH�VPDOOHU�E\�D�WKLUG�WR�RQH�KDOI�LQ�0RGHO�%���7KHUHIRUH��WKH�SDWWHUQ�RI�IDFWRU

VXEVWLWXWLRQ�DQG�FRPSOHPHQWDULW\�GRHV�QRW�FKDQJH�ZLWK�WKH�0RGHO�%�

7KH�JHQHUDO�FRQFOXVLRQ�WKDW�DULVHV�LV�WKDW�FKDQJHV�LQ�WRWDO�KLJKZD\�FDSLWDO�RU�1/6�FDSLWDO

KDYH�VLJQLILFDQW�HIIHFWV�RQ�WKH�GHPDQG�IRU�SULYDWH�VHFWRU�LQSXWV�LQ�DOO�LQGXVWULHV��7KH�FRQGLWLRQDO

GHPDQG�IRU�ODERU��SULYDWH�FDSLWDO�DQG�PDWHULDO�LQSXWV�LQ�WKH�PDQXIDFWXULQJ�LQGXVWULHV�ZLOO�GHFOLQH

ZKHQ�LQYHVWPHQW�LQ�KLJKZD\�FDSLWDO�LV�LQFUHDVHG���,Q�WKH�QRQ�PDQXIDFWXULQJ�LQGXVWULHV��KRZHYHU�

GHPDQG�IRU�ODERU�DQG�PDWHULDO�LV�LQFUHDVHG�ZKLOH�GHPDQG�IRU�SULYDWH�FDSLWDO�LV�GHFUHDVHG�LQ

UHVSRQVH�WR�DQ�LQFUHDVH�LQ�KLJKZD\�FDSLWDO���$QRWKHU�IHDWXUH�RI�WKHVH�UHVXOWV�LV�WKDW�WKH�SDWWHUQ�RI

FRPSOHPHQWDULW\�DQG�VXEVWLWXWLRQ�RI�SULYDWH�VHFWRU�LQSXWV�ZLWK�UHVSHFW�WR�KLJKZD\�FDSLWDO�GRHV
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QRW�FKDQJH�ZKHWKHU�ZH�XVH�WRWDO�KLJKZD\�FDSLWDO�RU�1/6�FDSLWDO���7KH�PDJQLWXGHV�RI�WKH

HODVWLFLWLHV��KRZHYHU��DV�H[SHFWHG��GR�GLIIHU�

&� 0DUJLQDO�%HQHILWV

5HFDOO�WKDW�WKH�PDUJLQDO�EHQHILW�RI�KLJKZD\�FDSLWDO�ZDV�GHILQHG�WR�EH�WKH�QHJDWLYH�RI�WKH

SDUWLDO�GHULYDWLYH�RI�WKH�FRVW�IXQFWLRQ�ZLWK�UHVSHFW�WR�KLJKZD\�FDSLWDO�6��VHH�HTXDWLRQ���������7KLV

GHULYDWLYH�FDQ�EH�LQWHUSUHWHG�DV�WKH�PDUJLQDO�ZLOOLQJQHVV�WR�SD\�IXQFWLRQ�DQG�LV�GHILQHG�DV

PI�3I��<I��XI��W��6�� ���w&I�3I��<I��XI��W��6��w6��ZKHUH�I�UHIHUV�WR�WKH�LQGXVWU\���7DEOH����UHSRUWV�WKH

DYHUDJH�PDUJLQDO�EHQHILW��0%��RI�KLJKZD\�FDSLWDO�LQ�FXUUHQW�GROODUV�IRU�HDFK�LQGXVWU\�RYHU�WKH

VDPSOH�SHULRG���7KH�PDUJLQDO�EHQHILWV�LQGLFDWH�KRZ�PXFK�HDFK�LQGXVWU\�LV�ZLOOLQJ�WR�SD\�IRU�DQ

DGGLWLRQDO�XQLW�RI�KLJKZD\�FDSLWDO�VHUYLFHV�

7KH�PDJQLWXGHV�RI�WKH�PDUJLQDO�EHQHILWV�YDU\�FRQVLGHUDEO\�DFURVV�LQGXVWULHV���7KH�VLJQV�RI

WKH�PDUJLQDO�EHQHILWV�DUH�WKH�VDPH�IRU�0RGHOV�$�DQG�%��ZKLOH�WKH�PDJQLWXGHV�DUH�JHQHUDOO\�PXFK

ODUJHU�LQ�0RGHO�%��VXJJHVWLQJ�WKDW�WKH�PDUJLQDO�EHQHILWV�RI�1/6�FDSLWDO�DUH�LQ�JHQHUDO�ODUJHU�WKDQ

WKRVH�RI�WRWDO�KLJKZD\�FDSLWDO���$QRWKHU�IHDWXUH�RI�WKH�PDUJLQDO�EHQHILWV�LV�WKDW�WKHVH�HVWLPDWHV

DUH�LQFUHDVLQJ�RYHU�WLPH���$IWHU�WDNLQJ�LQWR�DFFRXQW�SULFH�FKDQJHV��KRZHYHU��WKH�PDUJLQDO�EHQHILWV

LQ�UHDO�WHUPV�DSSHDU�WR�LQFUHDVH�IURP������WR������EXW�GHFUHDVH�IURP������WR������LQ�HDFK

LQGXVWU\��$Q�LQWHUHVWLQJ�IHDWXUH�LV�WKDW�DOO�PDQXIDFWXULQJ�LQGXVWULHV�KDYH�SRVLWLYH�PDUJLQDO

EHQHILWV��L�H���WKH\�DUH�ZLOOLQJ�WR�SD\�D�SRVLWLYH�DPRXQW�IRU�DGGLWLRQDO�KLJKZD\�FDSLWDO�VHUYLFHV��WKH

DPRXQWV�UDQJLQJ�IURP�������LQ�WKH�OHDWKHU�DQG�OHDWKHU�SURGXFWV�LQGXVWU\�WR�������LQ�SULPDU\

PHWDOV���1RQ�PDQXIDFWXULQJ�LQGXVWULHV��RQ�WKH�RWKHU�KDQG��DUH�ZLOOLQJ�WR�SD\�QHJDWLYH�DPRXQWV�

L�H���UHTXLUH�D
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VXEVLG\��IRU�DGGLWLRQDO�KLJKZD\�FDSLWDO���)URP�WKH�SRLQW�RI�YLHZ�RI�QRQ�PDQXIDFWXULQJ�LQGXVWULHV�

WKLV�LPSOLHV�WKDW�KLJKZD\�FDSLWDO�LV�RYHU�VXSSOLHG�
��

7R�LOOXVWUDWH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PDQXIDFWXULQJ�DQG�QRQ�PDQXIDFWXULQJ�LQGXVWULHV

ILUVW�QRWH�WKDW�LI�WKH�VHFRQG�GHULYDWLYH�RI�WKH�FRVW�IXQFWLRQ�ZLWK�UHVSHFW�WR�KLJKZD\�FDSLWDO�LV

SRVLWLYH��G66�LQ�HTXDWLRQ�������WKHQ�WKH�ZLOOLQJQHVV�WR�SD\�IXQFWLRQ�ZLOO�EH�GRZQZDUG�VORSLQJ�DQG

FDQ�EH�LQWHUSUHWHG�DV�DQ�LQGXVWU\
V�GHPDQG�IRU�KLJKZD\�FDSLWDO���)LJXUH���LOOXVWUDWHV�WKH�GHPDQG

FXUYHV�RI�D�UHSUHVHQWDWLYH�PDQXIDFWXULQJ�DQG�QRQ�PDQXIDFWXULQJ�LQGXVWU\�IRU�SXEOLF�FDSLWDO

VHUYLFHV�

/HW�6��EH�WKH�REVHUYHG�OHYHO�RI�KLJKZD\�FDSLWDO�DQG�OHW�PP�DQG�PQ�EH�WKH�GHPDQG

IXQFWLRQV�IRU�SXEOLF�FDSLWDO�RI�WKH�PDQXIDFWXULQJ�DQG�QRQ�PDQXIDFWXULQJ�LQGXVWULHV��UHVSHFWLYHO\�

,W�FDQ�EH�VHHQ�WKDW�WKH�6��FRQVWUDLQW�LV�ELQGLQJ�IRU�WKH�PDQXIDFWXULQJ�LQGXVWU\�ZKLOH�DW�6��KLJKZD\

FDSLWDO�LV�RYHUVXSSOLHG�IURP�WKH�YLHZ�SRLQW�RI�WKH�QRQ�PDQXIDFWXULQJ�LQGXVWU\���7KXV��IRU�D�JLYHQ

OHYHO�RI�KLJKZD\�FDSLWDO��WKH�PDQXIDFWXULQJ�LQGXVWU\�LV�ZLOOLQJ�WR�SD\�IRU�DQ�DGGLWLRQDO�XQLW�PP��

ZKLOH�WKH�QRQ�PDQXIDFWXULQJ�LQGXVWU\�LV�ZLOOLQJ�WR�SD\�D�QHJDWLYH�SULFH�PQ����,Q�RWKHU�ZRUGV��DW

WKLV�OHYHO�RI�KLJKZD\�FDSLWDO�D�QRQ�PDQXIDFWXULQJ�LQGXVWU\�UHTXLUHV�D�VXEVLG\�LQ�RUGHU�WR�XVH�WKH

HQWLUH�KLJKZD\�FDSLWDO���+RZHYHU��LI�WKH�IUHH�GLVSRVDO�SURSHUW\�LV�VDWLVILHG��L�H���DGGLWLRQDO�XQLWV�RI

6�GR�QRW�KXUW�WKH�LQGXVWU\��RU�LI�WKH�KLJKZD\�FDSLWDO�QHHGHG�E\�WKH�LQGXVWULHV�LV�QRW�QHFHVVDULO\�WKH

                                                
��
�7KH�VLJQ�RI�PDUJLQDO�EHQHILWV�GHSHQGV�RQ�WKH�VLJQ�RI�HODVWLFLWLHV�VKRZQ�LQ�7DEOH���ZKLOH�PDJQLWXGHV�GHSHQG�RQ�WKH

FRVW�HODVWLFLW\�ZLWK�UHVSHFW�WR�KLJKZD\�FDSLWDO�DQG�WKH�UDWLR�RI�LQGXVWU\�FRVW�WR�KLJKZD\�FDSLWDO�VWRFN���6LQFH�WKH�UDWLR�RI
LQGXVWU\�FRVW�WR�1/6�FDSLWDO�LV�ODUJHU�WKDQ�WKH�UDWLR�RI�WKH�FRVW�WR�WRWDO�KLJKZD\�FDSLWDO�ZKLOH�WKH�FRVW�HODVWLFLWLHV�ZLWK
UHVSHFW�WR�WZR�PHDVXUHV�RI�KLJKZD\�FDSLWDO�DUH�QRW�VXEVWDQWLDOO\�GLIIHUHQW��WKH�VL]H�RI�PDUJLQDO�EHQHILWV�IRU�1/6�FDSLWDO
DUH�ODUJHU�WKDQ�WKRVH�ZLWK�UHVSHFW�WR�WRWDO�KLJKZD\�FDSLWDO�
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ZKROH�DPRXQW�SXEOLFO\�SURYLGHG��WKHQ�WKH�QRQ�PDQXIDFWXULQJ�LQGXVWU\�ZLOO�XVH�WKH�KLJKZD\

FDSLWDO�XS�WR�WKH�SRLQW�ZKHUH�WKH�PDUJLQDO�FRVW�DQG�PDUJLQDO�EHQHILW�RI�DQ�DGGLWLRQDO�XQLW�RI

KLJKZD\�FDSLWDO�DUH�HTXDWHG���8QGHU�WKH�DVVXPSWLRQ�RI�D�IUHH�SURYLVLRQ�RI�KLJKZD\�FDSLWDO�WKLV

PHDQV�WKDW�WKH�QRQ�PDQXIDFWXULQJ�LQGXVWU\�ZLOO�GHPDQG�6Q�XQLWV�

7KH�DPRXQW�RI�WD[HV�DQG�VXEVLGLHV�RI�WKH�YDULRXV�LQGXVWULHV�DUH�VKRZQ�LQ�7DEOH������7KHVH

HVWLPDWHV�DUH�FDOFXODWHG�DW�WKH�RSWLPDO�OHYHO�RI�KLJKZD\�FDSLWDO�VHUYLFHV�GHPDQGHG�IRU�ERWK

PDQXIDFWXULQJ�DQG�QRQ�PDQXIDFWXULQJ�LQGXVWULHV�
��
��7KH�PDJQLWXGHV�RI�WD[HV�DQG�VXEVLGLHV�YDU\

FRQVLGHUDEO\���7KH�ODUJHVW�WD[HV�LQ�PDQXIDFWXULQJ�DUH�LQ�IRRG�DQG�NLQGUHG�SURGXFWV��FKHPLFDOV

DQG�FKHPLFDO�SURGXFWV��SULPDU\�PHWDOV��PDFKLQHU\�H[FHSW�HOHFWULFDO��DQG�PRWRU�YHKLFOHV�

&RQVWUXFWLRQ��WUDGH��ILQDQFH��LQVXUDQFH��UHDO�HVWDWH��DQG�RWKHU�VHUYLFHV�UHTXLUH�UHODWLYHO\�ODUJH

VXEVLGLHV�WR�HQFRXUDJH�WKHP�WR�XVH�WKH�HQWLUH�KLJKZD\�FDSLWDO���7KRVH�WKDW�ZRXOG��SD\��WKH�ORZHVW

WD[HV�DUH�WREDFFR�PDQXIDFWXULQJ�DQG�OHDWKHU�DQG�OHDWKHU�SURGXFWV���7KH�ORZHVW�VXEVLGLHV�DUH�LQ

WKUHH�LQGXVWULHV���PHWDO�PLQLQJ��FRDO�PLQLQJ�DQG�QRQPHWDOOLF�PLQHUDO�PLQLQJ���7KH�PDJQLWXGH�RI

WKH�VXEVLGLHV�DQG�WD[HV�LPSOLHG�E\�0RGHO�%�DUH�ODUJHU�WKDQ�WKRVH�EDVHG�RQ�0RGHO�$��UHIOHFWLQJ

WKH�ODUJHU�PDJQLWXGHV�RI�WKH�PDUJLQDO�EHQHILWV�IURP�1/6�FDSLWDO�

0RUH�FDUHIXO�DQDO\VLV�LV�UHTXLUHG�WR�H[DPLQH�IXUWKHU�WKH�VL]H�DQG�SDWWHUQ�RI�WKH�LPSOLHG

VXEVLGLHV�DQG�WD[HV�VXJJHVWHG�E\�WKH�HVWLPDWHV�LQ�7DEOH�����:KDW�LV�LPSRUWDQW�WR�QRWH�LV�WKDW�WKH

EHQHILWV�RI�KLJKZD\�FDSLWDO�YDU\�DFURVV�LQGXVWULHV���7KH�QHHGV�RI�GLIIHUHQW�LQGXVWULHV�IRU�KLJKZD\

VHUYLFHV�GLYHUJH�RYHU�WLPH�DQG�WKH�GHJUHH�RI�EHQHILWV�RI�QHZ�KLJKZD\�FDSLWDO�H[SDQVLRQ�PD\

GLIIHU�FRQVLGHUDEO\�DPRQJ�LQGXVWULHV���7KDW�LV��WKHUH�LV�DQ�LPSRUWDQW�GLVWULEXWLRQDO�HIIHFW�RI�WKH

SXEOLF�KLJKZD\�FDSLWDO�DFURVV�LQGXVWULHV�WKDW�QHHGV�WR�EH�IXUWKHU�H[DPLQHG��0RUH�FDUHIXO

H[DPLQDWLRQ�DQG�UHVHDUFK�LV�QHHGHG�LQ�RUGHU�WR�DVFHUWDLQ�WKH�VLJQ�DQG�PDJQLWXGHV�RI�WKH�LQGXVWU\

                                                
��
��6HH�6HFWLRQ�9,,�&��IRU�GLVFXVVLRQ�RI�RSWLPDO�KLJKZD\�FDSLWDO�



��

PDUJLQDO�EHQHILWV���7KHUH�DUH�D�QXPEHU�RI�SRVVLELOLWLHV�WR�H[SORUH�LQ�WKH�IXWXUH���2QH�SRVVLELOLW\�LV

WR�FODVVLI\�LQGXVWULHV�LQWR�PRUH�GHWDLOHG�FDWHJRULHV�VR�WKDW�LW�FDQ�FDSWXUH�WKH�GLYHUVLW\�RI

LQGXVWULHV��$QRWKHU�SRVVLELOLW\�LV�WR�UHILQH�KLJKZD\�FDSLWDO�GDWD�LQ�VXFK�D�ZD\�WR�LQFRUSRUDWH�WKH

DGMXVWPHQWV�IRU�TXDOLW\�DQG�GHJUHH�RI�FRQJHVWLRQ��/DVWO\��WKHUH�LV�D�QHHG�WR�WDNH�IXUWKHU�DFFRXQW

RI�PLVVLQJ�YDULDEOHV��SDUWLFXODUO\�WKH�VWRFN�RI�LQIUDVWUXFWXUH�RWKHU�WKDQ�KLJKZD\�FDSLWDO��LQ�WKH

PRGHO�HVWLPDWLRQ���2WKHU�W\SHV�RI�LQIUDVWUXFWXUH�GR�FRQWULEXWH�WR�WKH�JURZWK�RI�RXWSXW�DQG

WKHUHIRUH�PD\�DOWHU�WKH�PDJQLWXGH�DQG�VLJQ�RI�WKH�HVWLPDWHG�PDUJLQDO�EHQHILWV�

'� ,QGXVWU\�7)3�*URZWK�'HFRPSRVLWLRQ

2QH�RI�WKH�IXQGDPHQWDO�JRDOV�LQ�DQDO\]LQJ�WKH�HIIHFW�RI�SXEOLF�LQIUDVWUXFWXUH�LV�WR

GHWHUPLQH�LWV�FRQWULEXWLRQ�WR�SURGXFWLYLW\�JURZWK���$V�LQGLFDWHG�DW�WKH�RXWVHW�RI�WKLV�UHSRUW��WKLV

LVVXH�SURYLGHV�WKH�UDWLRQDOH�IRU�PXFK�RI�WKH�OLWHUDWXUH�LQ�WKLV�DUHD���)RU�H[DPSOH��LQ�$VFKDXHU©V

RULJLQDO�VWXG\���������KH�DWWULEXWHV�DOPRVW�DOO�RI�WKH�VORZGRZQ�LQ�WKH�UDWH�RI�DJJUHJDWH

SURGXFWLYLW\�JURZWK�WR�WKH�VORZGRZQ�LQ�WKH�JURZWK�RI�SXEOLF�LQIUDVWUXFWXUH���7R�H[DPLQH�WKLV

LVVXH�IXUWKHU��ZH�FDOFXODWHG�WKH�FRQWULEXWLRQ�RI�WRWDO�KLJKZD\�FDSLWDO�WR�WRWDO�IDFWRU�SURGXFWLYLW\

JURZWK�DW�WKH�GLVDJJUHJDWHG�LQGXVWU\�OHYHO�EDVHG�RQ�RXU�HVWLPDWHG�UHVXOWV�

7KH�GHFRPSRVLWLRQ�RI�7)3�JURZWK�IRU�0RGHOV�$�DQG�%��EDVHG�RQ�WKHLU�UHVSHFWLYH

HVWLPDWHV�SURYLGHG�LQ�7DEOH���XVLQJ�HTXDWLRQ������DUH�SUHVHQWHG�LQ�7DEOHV���$�DQG���%�

UHVSHFWLYHO\��E\�LQGLYLGXDO�LQGXVWU\���7KH�PDJQLWXGHV�RI�WKH�FRQWULEXWLRQ�RI�WRWDO�KLJKZD\�FDSLWDO

DQG�1/6�FDSLWDO�GLIIHU�VRPHZKDW�DFURVV�LQGXVWULHV�EXW�WKH�GLIIHUHQFHV�DUH�QRW�VXEVWDQWLDO�

7DEOHV���$�DQG���%�LQFOXGH�WKH�IDFWRUV�FRQWULEXWLQJ�WR�7)3�JURZWK��UHSRUWHG�DV�DYHUDJH

DQQXDO�UDWHV�RI�JURZWK�IURP������WKURXJK������
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x� ([RJHQRXV�'HPDQG���&DSWXUHV�JURZWK�RI�UHDO�QDWLRQDO�LQFRPH��DJJUHJDWH
SRSXODWLRQ�DQG�FKDQJHV�LQ�WKH�XWLOL]DWLRQ�UDWH�

x� 5HODWLYH�,QSXW�3ULFH���&DSWXUHV�WKH�JURZWK�RI�UHODWLYH�LQSXW�SULFHV�

x� +LJKZD\�&DSLWDO�
��
��&DSWXUHV�WKH�FRPELQHG�GLUHFW�DQG�LQGLUHFW�HIIHFWV�RI�WKH

JURZWK�RI�KLJKZD\�FDSLWDO�

x� $GMXVWHG�TFP
•

���7KH�HIIHFW�RI�H[RJHQRXV�WHFKQLFDO�FKDQJH��GHULYHG�DV�WKH

GLIIHUHQFH�EHWZHHQ�TFP
•

��WKH�ILQDO�FROXPQ�LQ�7DEOH�����DQG�WKH�H[RJHQRXV
GHPDQG��UHODWLYH�LQSXW�SULFH��DQG�KLJKZD\�FDSLWDO�FRPSRQHQWV�

x� TFP
•

���7RWDO�IDFWRU�SURGXFWLYLW\�GHULYHG�IURP�WKH�-RUJHQVRQ�)UDXPHQL�GDWD�

)RU�EUHYLW\��WKH�UHPDLQGHU�RI�WKLV�VHFWLRQ�GLVFXVVHV�WKH�UHVXOWV�REWDLQHG�IURP�0RGHO�$�

DOWKRXJK�DQ\�PDMRU�GLIIHUHQFHV�ZLWK�0RGHO�%�DUH�QRWHG���8VLQJ�WKH�DJULFXOWXUH�VHFWRU�DV�DQ

LOOXVWUDWLRQ��WRWDO�IDFWRU�SURGXFWLYLW\�JUHZ�DW�DQ�DYHUDJH�DQQXDO�UDWH�RI�������SHUFHQW�IURP�����

WKURXJK������
��
��2I�WKLV�WRWDO��H[RJHQRXV�GHPDQG�JUHZ�RQO\�������SHUFHQW�SHU�\HDU���*URZWK�LQ

UHODWLYH�LQSXW�SULFHV�DQG�KLJKZD\�FDSLWDO�FRQWULEXWH�QHJDWLYHO\�WR�JURZWK�LQ�WRWDO�IDFWRU

SURGXFWLYLW\��ZLWK�DQ�DQQXDO�DYHUDJH�RI��������SHUFHQW�DQG��������SHUFHQW��UHVSHFWLYHO\���7KH

ODUJHVW�FRQWULEXWLRQ�WR�DJULFXOWXUH©V�WRWDO�IDFWRU�SURGXFWLYLW\�LV�H[RJHQRXV�WHFKQLFDO�FKDQJH�

ZKLFK�JUHZ�DQ�DYHUDJH�RI�������SHUFHQW�SHU�\HDU�

                                                
��
�1RWH�LQ�7DEOH���%��WKH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�LV�FRPSRVHG�RI�WKH�1/6��J���DQG�QRQ�1/6��J���SRUWLRQV�

7KH�VXP�RI�WKH�WZR�SURYLGHV�WKH�FRQWULEXWLRQ�RI�WRWDO�KLJKZD\�FDSLWDO�

��
�7KLV�YDOXH�UHSUHVHQWV�WKH�DYHUDJH�RI�WKH�DQQXDO�JURZWK�UDWHV�FDOFXODWHG�HDFK�\HDU�RYHU�WKH�����������SHULRG�
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7DEOH���$��'HFRPSRVLWLRQ�RI�7RWDO�)DFWRU�3URGXFWLYLW\�*URZWK���0RGHO�$

0HDQ�9DOXHV�������������

,QGXVWU\
&RGH

,QGXVWU\�7LWOH ([RJHQRXV
'HPDQG

5HODWLYH�,QSXW
3ULFH

+LJKZD\
&DSLWDO $GMXVWHG�TFP

•
TFP

•

� $JULFXOWXUH�
)RUHVWU\�DQG
)LVKHULHV

����� ������ ������ ����� �����

� 0HWDO�0LQLQJ ����� ����� ������ ������ ������

� &RDO�0LQLQJ ����� ����� ������ ����� �����

� &UXGH
3HWUROHXP
DQG�1DWXUDO
*DV

����� ������ ������ ������ ������

� 1RQPHWDOOLF
0LQHUDO
0LQLQJ

����� ������ ������ ����� �����

� &RQVWUXFWLRQ ����� ����� ������ ������ �����

� )RRG�DQG
.LQGUHG
3URGXFWV

����� ������ ����� ������ �����

� 7REDFFR
0DQXIDFWXUHV

����� ����� ����� ������ �����

� 7H[WLOH�0LOO
SURGXFWV

����� ������ ����� ����� �����

�� $SSDUHO�DQG
2WKHU�7H[WLOH
3URGXFWV

����� ������ ����� ����� �����

�� /XPEHU�DQG
:RRG
3URGXFWV

����� ������ ����� ����� �����

�� )XUQLWXUH�DQG
)L[WXUHV

����� ������ ����� ����� �����

�� 3DSHU�DQG
$OOLHG
3URGXFWV

����� ������ ����� ������ �����

�� 3ULQWLQJ�DQG
3XEOLVKLQJ

����� ������ ����� ������ ������

�� &KHPLFDOV
DQG�$OOLHG
3URGXFWV

����� ������ ����� ����� �����

�� 3HWUROHXP
5HILQLQJ

����� ������ ����� ����� �����

�� 5XEEHU�DQG
3ODVWLF
3URGXFWV

����� ������ ����� ����� �����

�� /HDWKHU�DQG
/HDWKHU
3URGXFWV

������ ����� ����� ����� �����
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7DEOH���$��'HFRPSRVLWLRQ�RI�7RWDO�)DFWRU�3URGXFWLYLW\�*URZWK���0RGHO�$��&RQW
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0HDQ�9DOXHV�������������

,QGXVWU\
&RGH

,QGXVWU\�7LWOH ([RJHQRXV
'HPDQG

5HODWLYH�,QSXW
3ULFH

+LJKZD\
&DSLWDO

$GMXVWHG

TFP
• TFP

•

�� 6WRQH��&OD\�DQG
*ODVV�3URGXFWV

����� ������ ����� ������ �����

�� 3ULPDU\�0HWDOV ����� ������ ����� ������ ������

�� )DEULFDWHG�0HWDO
3URGXFWV

����� ������ ����� ������ �����

�� 0DFKLQHU\�
([FHSW�(OHFWULFDO

����� ������ ����� ����� �����

�� (OHFWULFDO
0DFKLQHU\

����� ������ ����� ����� �����

�� 0RWRU�9HKLFOHV ����� ������ ����� ������ �����

�� 2WKHU
7UDQVSRUWDWLRQ
(TXLSPHQW

����� ������ ����� ������ �����

�� ,QVWUXPHQWV ����� ������ ����� ������ �����

�� 0LVFHOODQHRXV
0DQXIDFWXULQJ

����� ������ ����� ����� �����

�� 7UDQVSRUWDWLRQ
DQG�:DUHKRXVLQJ

����� ����� ������ ����� �����

�� &RPPXQLFDWLRQ ����� ����� ������ ����� �����

�� (OHFWULF�8WLOLWLHV ����� ����� ������ ����� �����

�� *DV�8WLOLWLHV ����� ������ ����� ������ ������

�� 7UDGH ����� ����� ������ ������ �����

�� )LQDQFH�
,QVXUDQFH��DQG
5HDO�(VWDWH

����� ����� ������ ������ �����

�� 2WKHU�6HUYLFHV ����� ����� ������ ������ �����

�� *RYHUQPHQW
(QWHUSULVHV

����� ������ ������ ������ ������
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7DEOH���%��'HFRPSRVLWLRQ�RI�7RWDO�)DFWRU�3URGXFWLYLW\�*URZWK���0RGHO�%
0HDQ�9DOXHV�������������

,QGXVWU\
&RGH

,QGXVWU\
7LWOH

([RJHQRXV
'HPDQG

5HODWLYH
,QSXW�3ULFH

+LJKZD\
&DSLWDO�J�

+LJKZD\
&DSLWDO�J�

$GMXVWHG

7)3
• 7)3

•

� $JULFXOWXUH�
)RUHVWU\�DQG
)LVKHULHV

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

� 0HWDO�0LQLQJ ������ ������ ������� ������� ������� �������

� &RDO�0LQLQJ ������ ������ ������� ������� ������ �����

� &UXGH
3HWUROHXP�DQG
1DWXUDO�*DV

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

� 1RQPHWDOOLF
0LQHUDO
0LQLQJ

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

� &RQVWUXFWLRQ ������ ������ ������� ������� ������� ������

� )RRG�DQG
.LQGUHG
3URGXFWV

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

� 7REDFFR
0DQXIDFWXUHV

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

� 7H[WLOH�0LOO
SURGXFWV

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

�� $SSDUHO�DQG
2WKHU�7H[WLOH
3URGXFWV

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

�� /XPEHU�DQG
:RRG
3URGXFWV

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

�� )XUQLWXUH�DQG
)L[WXUHV

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

�� 3DSHU�DQG
$OOLHG
3URGXFWV

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

�� 3ULQWLQJ�DQG
3XEOLVKLQJ

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

�� &KHPLFDOV�DQG
$OOLHG
3URGXFWV

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

�� 3HWUROHXP
5HILQLQJ

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

�� 5XEEHU�DQG
3ODVWLF
3URGXFWV

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

�� /HDWKHU�DQG
/HDWKHU
3URGXFWV

������� ������ ������ ������ ������ ������
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7DEOH���%��'HFRPSRVLWLRQ�RI�7RWDO�)DFWRU�3URGXFWLYLW\�*URZWK���0RGHO�%��&RQW©G�
0HDQ�9DOXHV�������������

,QGXVWU\
&RGH

,QGXVWU\
7LWOH

([RJHQRXV
'HPDQG

5HODWLYH
,QSXW�3ULFH

+LJKZD\
&DSLWDO�J�

+LJKZD\
&DSLWDO�J�

$GMXVWHG

7)3
• 7)3

•

�� 6WRQH��&OD\�DQG
*ODVV�3URGXFWV

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

�� 3ULPDU\�0HWDOV ������ ������� ������ ������ ������� �������

�� )DEULFDWHG�0HWDO
3URGXFWV

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

�� 0DFKLQHU\�
([FHSW�(OHFWULFDO

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

�� (OHFWULFDO
0DFKLQHU\

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

�� 0RWRU�9HKLFOHV ������ ������� ������ ������ ������� ������

�� 2WKHU
7UDQVSRUWDWLRQ
(TXLSPHQW

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

�� ,QVWUXPHQWV ������ ������� ������ ������ ������� ������

�� 0LVFHOODQHRXV
0DQXIDFWXULQJ

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

�� 7UDQVSRUWDWLRQ
DQG�:DUHKRXVLQJ

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

�� &RPPXQLFDWLRQ ������ ������ ������� ������� ������ �����

�� (OHFWULF�8WLOLWLHV ������ ������ ������� ������� ������ �����

�� *DV�8WLOLWLHV ������ ������� ������ ������� ������� �������

�� 7UDGH ����� ������� ������� ������� ������� �����

�� )LQDQFH�
,QVXUDQFH��DQG
5HDO�(VWDWH

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

�� 2WKHU�6HUYLFHV ������ ������� ������� ������� ������� ������

�� *RYHUQPHQW
(QWHUSULVHV

������ ������� ������� ������� ������� ������
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,Q�JHQHUDO��FKDQJHV�LQ�H[RJHQRXV�GHPDQG�FRQWULEXWH�RYHU�KDOI�RI�7)3�JURZWK��PDLQO\�LQ

WKH�PDQXIDFWXULQJ�LQGXVWULHV���,WV�FRQWULEXWLRQ�LQ�DJULFXOWXUH��H[WUDFWLYH�DQG�PLQLQJ�LQGXVWULHV�DQG

JRYHUQPHQW�HQWHUSULVHV�DUH�UDWKHU�VPDOO���,Q�FRQVWUXFWLRQ��LQVWUXPHQWV��WUDQVSRUWDWLRQ�HTXLSPHQW

DQG�WUDGH�DQG�ILQDQFH��WKH�FRQWULEXWLRQ�RI�DQ�LQFUHDVH�LQ�GHPDQG�LV�UHODWLYHO\�ODUJH�

7KH�VLJQ�RI�WKH�FRQWULEXWLRQ�RI�UHODWLYH�LQSXW�SULFHV�FRXOG�EH�SRVLWLYH�RU�QHJDWLYH

GHSHQGLQJ�RQ�ZKHWKHU�LQGXVWU\�IDFWRU�SULFH�FKDQJHV�H[FHHGHG�WKDW�RI�WKH�JHQHUDO�HFRQRP\�RU

QRW���:KHQ�DQ�LQGXVWU\©V�UDWH�RI�LQSXW�SULFH�LQIODWLRQ�H[FHHGV�WKH�QDWLRQDO�LQIODWLRQ�UDWH�

SURGXFWLYLW\�JURZWK�LV�KDPSHUHG���*HQHUDOO\��JURZWK�LQ�UHODWLYH�LQSXW�SULFHV�FRQWULEXWHV

QHJDWLYHO\�WR�7)3��DOWKRXJK�WKHUH�DUH�VHYHUDO�H[FHSWLRQV���7KH�PDJQLWXGH�RI�WKLV�HIIHFW�YDULHV

DFURVV�LQGXVWULHV�UDQJLQJ�IURP��������LQ�WKH�LQVWUXPHQW�VHFWRU�WR�������LQ�WKH�FRPPXQLFDWLRQV

LQGXVWU\���&RPSDUHG�WR�WKH�FRQWULEXWLRQ�RI�H[RJHQRXV�GHPDQG��WKH�UHODWLYH�LQSXW�SULFH�HIIHFWV�RQ

7)3�JURZWK�DUH�UHODWLYHO\�VPDOO�

+LJKZD\�FDSLWDO
V�FRQWULEXWLRQ�WR�7)3�JURZWK�LV�SRVLWLYH�LQ�DOO�WKH�PDQXIDFWXULQJ

LQGXVWULHV�DQG�LQ�VRPH�RI�WKHVH�LQGXVWULHV�LWV�FRQWULEXWLRQ�LV�UHODWLYHO\�ODUJH��DFFRXQWLQJ�IRU�DOPRVW

RQH�WKLUG�RI�7)3�JURZWK���,Q�QRQ�PDQXIDFWXULQJ�VHFWRUV��JURZWK�LQ�KLJKZD\�FDSLWDO�FRQWULEXWHV

QHJDWLYHO\�WR�SURGXFWLYLW\�JURZWK���7KLV�QHJDWLYLW\�FDQ�EH�H[SODLQHG��DV�QRWHG�HDUOLHU��DV�WKH�UHVXOW

RI�DQ�H[FHVV�VXSSO\�RI�KLJKZD\�FDSLWDO�LQ�WKHVH�LQGXVWULHV���:KHQ�DFFRXQW�LV�WDNHQ�RI�WKH�HIIHFWV

RI�GHPDQG��UHODWLYH�LQSXW�SULFH�FKDQJHV��DQG�KLJKZD\�FDSLWDO��WKH�UDWH�RI�WHFKQLFDO�FKDQJH�LV

PXFK�VPDOOHU�WKDQ�FRQYHQWLRQDOO\�FDOFXODWHG���,Q�JHQHUDO�WKH�PDLQ�FDXVHV�RI�7)3�JURZWK�LQ�WKH

PDQXIDFWXULQJ�LQGXVWULHV�DUH�H[RJHQRXV�VKLIWV�LQ�GHPDQG��UHODWLYH�SULFH�FKDQJHV��DQG�KLJKZD\

FDSLWDO��ZKLOH�LQ�WKH�QRQ�PDQXIDFWXULQJ�LQGXVWULHV�WKH�GRPLQDQW�IDFWRU�LV�WKH�VFDOH�HIIHFW��RU

H[RJHQRXV�WHFKQRORJLFDO�FKDQJH�
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5HJDUGLQJ�WKH�VSHHG�RI�FKDQJH�LQ�7)3�JURZWK��KLJKZD\�FDSLWDO�SOD\V�RQO\�D�PLQRU�UROH�LQ

WKH�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�7)3�JURZWK�DW�WKH�LQGXVWU\�OHYHO���7KH�VDPSOH�SHULRG�ZDV

GLYLGHG�LQWR�IRXU�VXE�SHULRGV��SHULRG�,�������������SHULRG�,,�������������SHULRG�,,,������������

DQG�SHULRG�,9��������������,Q�VHYHUDO�LQGXVWULHV��WKH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�WR�WKH

GHFHOHUDWLRQ�RI�7)3�JURZWK�EHWZHHQ�SHULRGV�,,�DQG�,,,�ZDV�IDLUO\�ODUJH��DERXW�RQH�WKLUG��EXW�LQ�WKH

PDMRULW\�RI�LQGXVWULHV��WKHUH�ZDV�OLWWOH�RU�QR�V\VWHPDWLF�UHODWLRQVKLS�

7KH�PDJQLWXGHV�RI�WKH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�EHWZHHQ�SHULRGV�,,,�DQG�,9�ZHUH

JHQHUDOO\�YHU\�VPDOO���,W�DSSHDUV�WKDW�WRWDO�KLJKZD\�FDSLWDO�FRQWULEXWHV�DW�YDU\LQJ�GHJUHHV�WR�WKH

ORQJ�WHUP�JURZWK�RI�7)3�LQ�YDULRXV�LQGXVWULHV�EXW�LWV�FRQWULEXWLRQ�WR�WKH�DFFHOHUDWLRQ�RU

GHFHOHUDWLRQ�RI�LQGXVWU\�7)3�JURZWK�RYHU�WKH�VXE�SHULRGV�LV�QHJOLJLEOH�

7KH�FRQWULEXWLRQ�RI�1/6�FDSLWDO�WR�LQGXVWU\�7)3�JURZWK�LV�VLPLODU�WR�WKDW�RI�WRWDO�KLJKZD\

FDSLWDO�DOWKRXJK�VRPH�GLIIHUHQFHV�LQ�PDJQLWXGH�DSSHDU�LQ�VHYHUDO�LQGXVWULHV���*HQHUDOO\��WKH�VL]H

RI�WKH�FRQWULEXWLRQV�RI�H[RJHQRXV�GHPDQG�DQG�UHODWLYH�SULFHV�WR�7)3�JURZWK�UHPDLQ�WKH�VDPH�DV

LQGLFDWHG�LQ�7DEOH���$���7KH�FRQWULEXWLRQ�RI�1/6�FDSLWDO�WR�7)3�JURZWK��KRZHYHU��LV�JHQHUDOO\

VPDOOHU�WKDQ�WKDW�RI�WRWDO�KLJKZD\�FDSLWDO���7KH�FRQWULEXWLRQV�RI�QRQ�1/6�KLJKZD\�FDSLWDO�DUH

VLPLODU�WR�WKRVH�RI�1/6�LQ�VLJQ��EXW�LWV�FRQWULEXWLRQV�DUH�PXFK�VPDOOHU�WKDQ�WKRVH�RI�1/6���)LQDOO\�

WKH�FRQWULEXWLRQ�RI�1/6�FDSLWDO�WR�WKH�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�7)3�JURZWK�ZDV�VLPLODU�WR

WKDW�RI�WRWDO�KLJKZD\�FDSLWDO�
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,QGXVWU\�VSHFLILF�UHVXOWV�UHSRUWHG�LQ�SUHYLRXV�VHFWLRQV�ZHUH�XVHG�WR�FDOFXODWH�WKH

FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�VWRFN�WR�WKH�RYHUDOO�HFRQRP\���7ZR�GLIIHUHQW�DSSURDFKHV�ZHUH

WDNHQ�

x� ,Q�WKH�ILUVW��WKH�LQGLYLGXDO�LQGXVWU\�HODVWLFLWLHV�DUH�DYHUDJHG�WR�REWDLQ��DJJUHJDWHG�
HVWLPDWHV�

x� 6HFRQGO\��WKH�LQGXVWU\�OHYHO�GDWD�LV�VXPPHG�WR�WKH�QDWLRQDO�OHYHO�SULRU�WR�HVWLPDWLRQ�RI
0RGHOV�$�DQG�%��WKHVH�PRGHOV�DUH�WKHQ�UH�HVWLPDWHG�ZLWK�WKH�QDWLRQDO�OHYHO�GDWD���7KH
UHVXOWLQJ�HVWLPDWHV�DUH�UHIHUUHG�WR�DV��DJJUHJDWH��HVWLPDWHV�

3DUDPHWHU�HVWLPDWHV�IURP�WKH�QDWLRQDO�FRVW�IXQFWLRQ�XVLQJ�WKH�DJJUHJDWHG�LQGXVWU\�GDWD

DUH�SUHVHQWHG�LQ�7DEOH����IRU�0RGHOV�$�DQG�%�
��
��-XGJLQJ�IURP�WKH�SDUDPHWHU�HVWLPDWHV�DQG

JRRGQHVV�RI�ILW�VWDWLVWLFV�VKRZQ�LQ�WKH�WDEOH��WKH�PRGHOV�DUH�ZHOO�HVWLPDWHG���7KH�FRHIILFLHQWV�DUH

VWDWLVWLFDOO\�VLJQLILFDQW�DQG�WKH�HODVWLFLWLHV�JHQHUDWHG�XVLQJ�WKH�HVWLPDWHG�FRHIILFLHQWV�KDYH�WKH

FRUUHFW�VLJQV�ZLWK�UHDVRQDEOH�PDJQLWXGHV��:KHQ�FRPSDULQJ�SDUDPHWHU�HVWLPDWHV�RI�0RGHO�$�DQG

0RGHO�%��WKH�RQO\�QRWDEOH�GLIIHUHQFHV�DUH�VRPH�FKDQJHV�LQ�PDJQLWXGHV�DQG�VLJQV�RI�FRHIILFLHQWV

DVVRFLDWHG�ZLWK�KLJKZD\�FDSLWDO�PHDVXUHV�G66��F6��F/6��F.6��DQG�F06���7KLV�ZDV�DOVR�WKH�FDVH�ZKHQ

WKHVH�PRGHOV�ZHUH�HVWLPDWHG�XVLQJ�SRROHG�FURVV�VHFWLRQ�GDWD�IRU�WKH����LQGXVWULHV��VHH�7DEOH����

,Q�WKH�DOWHUQDWLYH�DSSURDFK��QDWLRQDO�DYHUDJH��DJJUHJDWHG��HODVWLFLWLHV�DUH�REWDLQHG�IURP

LQGXVWU\�HVWLPDWHV�ZHLJKWHG�E\�WKHLU�UHVSHFWLYH�LQGXVWU\�LQSXW�DQG�RXWSXW�VKDUHV�RI�WRWDO�FRVW���)RU

                                                
��
�5HFDOO�WKDW�WKH�LQGXVWU\�FRYHUDJH�XQGHUO\LQJ�WKH�GDWD�LQFOXGHV�WKH�HQWLUH�86�HFRQRP\���7KXV��WKH�RXWSXW�PHDVXUH

LQFOXGHV�PDWHULDO�LQSXWV��DQG��DV�D�UHVXOW��LV�VXEVWDQWLDOO\�ODUJHU�WKDQ�*13��ZKLFK�UHSUHVHQWV�YDOXH�DGGHG�
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7DEOH�����(VWLPDWHV�RI��WKH�$JJUHJDWH�&RVW�)XQFWLRQ
0RGHOV�$�DQG�%

�����������

0RGHO��$ 0RGHO��%

3DUDPHWHU (VWLPDWH 6WDQGDUG�(UURU (VWLPDWH 6WDQGDUG�(UURU

D// ������� �����(���� ������� �������

D.. ������(��� �����(���� ������(��� ������(����

D/. ������ �����(���� ������ ������(����

D/0 ������ �����(���� ������ �������

D.0 ������(��� �����(���� ������(��� ������(����

D00 �����(��� �����(���� ������(��� �������

E// ������ �����(���� ������ �������

E.. ������ �����(���� ������ �������

E00 ������ �����(���� ������ �������

E<< ������(��� �����(���� ������(��� ������(����

G66 �����(��� �����(���� �����(��� ������(����

F6 ������� �����(���� ������ �������

E/ ����� �����(���� ����� �������

E. ����� �����(���� ����� �������

E0 ������ �����(���� ������ �������

F/6 ������(��� �����(���� �����(��� ������(����

F.6 ����(��� �����(���� �����(��� ������(����

F06 ������(��� �����(���� �����(��� ������(����

F/7 �����(��� �����(���� �����(��� ������(����

F.7 �����(��� �����(���� �����(��� ������(����

F07 �����(��� �����(���� �����(��� ������(����
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�7DEOH�����(VWLPDWHV�RI��WKH�$JJUHJDWH�&RVW�)XQFWLRQ
0RGHOV�$�DQG�%

�����������

0RGHO��$ 0RGHO��%

3DUDPHWHU (VWLPDWH 6WDQGDUG�(UURU (VWLPDWH 6WDQGDUG�(UURU

F/8 ������ �����(���� ������ �������

F.8 ������� �����(���� ������� �������

F08 ������ �����(���� ������ �������

(TXDWLRQV 5
�

5
�

/DERU�2XWSXW ����� �����

&DSLWDO�2XWSXW ����� �����

,QWHUP��2XWSXW ����� �����

/RJ�RI�/LNHOLKRRG ��� ���
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H[DPSOH��WR�ILQG�WKH�DJJUHJDWH�LPSDFW�RI�KLJKZD\�FDSLWDO�RQ�WRWDO�FRVW�IRU�WKH�HFRQRP\�ZH�GHILQH

WKH�FRVW�HODVWLFLW\�RI�KLJKZD\�FDSLWDO�IRU�LQGXVWU\�I�DV�KFVI �w&I�w6���6�&I���DQG�REWDLQ�WKH

�DJJUHJDWHG��FRVW�HODVWLFLW\�REWDLQHG�IURP

KFV� �>6I�w&I�w6�@��6��6I&I� �6KFVI�&I��6I&I��

7KDW�LV��WKH��DJJUHJDWHG��FRVW�HODVWLFLW\�LV�D�FRVW�ZHLJKWHG�DYHUDJH�RI�LQGLYLGXDO�LQGXVWU\

HODVWLFLWLHV���8VLQJ�WKH�HQYHORSH�FRQGLWLRQ��WKH�RXWSXW�HODVWLFLW\�RI�KLJKZD\�FDSLWDO�LV�HTXLYDOHQW�WR

WKH�QHJDWLYH�RI�WKH�UDWLR�RI�WKH�HODVWLFLW\�RI�FRVW�RYHU�WKH�FRVW�HODVWLFLW\�RI�RXWSXW�
��
��7KXV�WKH

RXWSXW�HODVWLFLW\�RI�KLJKZD\�FDSLWDO�IRU�WKH�HFRQRP\�LV�JLYHQ�E\�H\V �KFV�K��ZKHUH�K 6I�KI

&I�6I&I��LV�WKH�FRVW�ZHLJKWHG�DYHUDJH�RI�RXWSXW�FRVW�HODVWLFLWLHV�RI�WKH�LQGXVWULHV�LQ�RXU�VDPSOH�

$� $JJUHJDWH�2XWSXW�DQG�&RVW�(ODVWLFLWLHV

7DEOHV���$�DQG���%�SUHVHQW�WKH�HIIHFW�RI�WKH�WRWDO�KLJKZD\�DQG�1/6�FDSLWDO�VWRFNV�

UHVSHFWLYHO\��RQ�DJJUHJDWH�SULYDWH�VHFWRU�FRVW�DQG�DJJUHJDWH�LQSXW�GHPDQG�IXQFWLRQV�EDVHG�RQ�WKH

�DJJUHJDWHG��DQG�¦DJJUHJDWH§�HVWLPDWHV���7KH�WZR�VHWV�RI�HVWLPDWHV�EDVHG�RQ�0RGHO�$�DUH�TXLWH

VLPLODU���WKH��DJJUHJDWHG���FRVW�HODVWLFLW\�LV�DERXW�������ZKLFK�LV�YLUWXDOO\�WKH�VDPH�DV�WKH������

                                                
��
��8QGHU�FRVW�PLQLPL]DWLRQ�WKH�/DJUDQJLDQ�LV�JLYHQ�E\

/��<��3��6��7��O�� ��&��<��3��6��7�����O�>)�x����<@�

$SSO\LQJ�WKH�HQYHORSH�WKHRUHP��LW�LV

w/���w6N� w&���w6N���O�)M� ������M

w/���w<�� �w&���w<����O���� ���

ZKHUH�)M� �w<�w6N�DQG�O�LV�WKH�/DJUDQJLDQ�PXOWLSOLHU���0XOWLSO\LQJ�WKH�VHFRQG�FRQGLWLRQ�E\�6N���<�DQG�XVLQJ�WKH�WKLUG�
WKH�UHODWLRQVKLS�EHWZHHQ�SXEOLF�FDSLWDO�RXWSXW�HODVWLFLW\�DQG�SXEOLF�FDSLWDO�FRVW�HODVWLFLW\�LV�JLYHQ�E\

wOQ�<���wOQ�6N� ���wOQ�&���wOQ�6N������wOQ�&���wOQ�<������N�

ZKLFK�SURYLGHV�WKH�OLQNDJH�EHWZHHQ�WKH�SURGXFWLRQ�IXQFWLRQ�DSSURDFK�DQG�FRVW�IXQFWLRQ�DSSURDFK���7KLV�FRQGLWLRQ�FDQ
EH�XVHG�WR�UHFRYHU�WKH�SXEOLF�FDSLWDO�RXWSXW�HODVWLFLWLHV�IURP�WKH�SXEOLF�FDSLWDO�FRVW�HODVWLFLWLHV�
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7DEOH����$�
(IIHFW�RI�7RWDO�+LJKZD\�&DSLWDO��6��RQ�&RVW�DQG�)DFWRUV�RI�3URGXFWLRQ�

6XP�RI�0DUJLQDO�%HQHILW��&RVW�(ODVWLFLWLHV
$YHUDJH�9DOXHV

7RWDO�+LJKZD\
&DSLWDO

K&6 K/6 K.6 K06 K K

�$JJUHJDWHG� ����� ����� ����� ���� ���� ���� ���

$JJUHJDWH ����� ����� ���� ����� ���� ���� ���

7DEOH����%�
(IIHFW�RI�1/6�&DSLWDO��6��RQ�&RVW�DQG�)DFWRUV�RI�3URGXFWLRQ�

6XP�RI�0DUJLQDO�%HQHILW��&RVW�(ODVWLFLWLHV
$YHUDJH�9DOXHV

1/6�&DSLWDO K&6 K/6 K.6 K06 K K

�$JJUHJDWHG� ����� ����� ����� ����� ���� ���� ����

$JJUHJDWH ������ ������ ����� ������ ����� ����� �����
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REWDLQHG�E\�HVWLPDWLQJ�WKH�FRVW�IXQFWLRQ������ZLWK�DJJUHJDWH�GDWD���7KH�HODVWLFLW\�RI�ODERU�ZLWK

UHVSHFW�WR�KLJKZD\�FDSLWDO�LV�QHJDWLYH�DQG�VRPHZKDW�KLJKHU�ZKHQ�DJJUHJDWH�HVWLPDWHV�DUH�XVHG�

7KHVH�UHVXOWV�VXJJHVW�WKDW�KLJKZD\�FDSLWDO�LV�ODERU�VDYLQJ�DW�WKH�DJJUHJDWH�HFRQRP\�OHYHO���7KH

HODVWLFLW\�RI�SULYDWH�FDSLWDO�ZLWK�UHVSHFW�WR�WRWDO�KLJKZD\�FDSLWDO�LV�QHJDWLYH�LQ�WKH��DJJUHJDWHG�

DSSURDFK�ZKLOH�LW�LV�SRVLWLYH�DQG�YHU\�VPDOO�LQ�WKH�DJJUHJDWH�DSSURDFK���7KH�HODVWLFLW\�RI

LQWHUPHGLDWH�LQSXWV�ZLWK�UHVSHFW�WR�WRWDO�KLJKZD\�LV�QHJDWLYH�DQG�VPDOO�LQ�ERWK�DSSURDFKHV�

7KH�GHJUHH�RI�UHWXUQV�WR�VFDOH��WKH�UHFLSURFDO�RI�K�DQG�KF��GLIIHUV�LQ�WKH�WZR�DSSURDFKHV

EXW�ERWK�VXJJHVW�LQFUHDVLQJ�UHWXUQV�WR�VFDOH���7KH�VXP�RI�PDUJLQDO�EHQHILWV��60%���JHQHUDWHG�E\

WKH�WZR�DSSURDFKHV�DUH�QRW�FORVH�WR�HDFK�RWKHU���7KH��DJJUHJDWHG��DSSURDFK�JHQHUDWHV�DQ

HVWLPDWH�RI�60%�HTXDO�WR�������D�YDOXH�DOPRVW�WZLFH�DV�ODUJH�DV�WKDW�RI�WKH�DJJUHJDWH�DSSURDFK�

�����

8VLQJ�WKH�VDPH�DSSURDFK��WKH�HODVWLFLW\�PHDVXUHV�IRU�1/6�FDSLWDO�DUH�FDOFXODWHG�DQG

SUHVHQWHG�LQ�7DEOH���%���7KH�PDJQLWXGHV�RI�FRVWV�DQG�LQSXW�HODVWLFLWLHV�ZLWK�UHVSHFW�WR�1/6�DUH

KLJKHU�LQ�WKH�¦DJJUHJDWH§�DSSURDFK�WKDQ�WKRVH�JHQHUDWHG�E\�WKH�¦DJJUHJDWHG§�DSSURDFK���7KH

UHVXOWV�DUH�VLPLODU�WR�WKRVH�VKRZQ�LQ�7DEOH���$���7KH�PDJQLWXGHV�RI�WKH�FRVW�DQG�LQSXW�HODVWLFLWLHV

DUH�VRPHZKDW�VPDOOHU�ZKHQ�1/6�FDSLWDO�LV�XVHG�DV�D�PHDVXUH�RI�6��$OVR��WKH�PDJQLWXGH�RI

LQWHUQDO�VFDOH����K��DQG�WRWDO�VFDOH����K

��DUH�ODUJHU�LQ�0RGHO�%���:KDW�LV�LPSRUWDQW��KRZHYHU��LV

WKDW�WKH�VXP�RI�PDUJLQDO�EHQHILWV�XVLQJ�1/6�FDSLWDO�LV�DOPRVW�WKH�VDPH�ZKHWKHU�ZH�XVH�WKH

¦DJJUHJDWHG§�RU�¦DJJUHJDWH§�DSSURDFK��WKH\�DUH�JUHDWHU�WKDQ�WKRVH�JHQHUDWHG�XVLQJ�WRWDO�KLJKZD\

FDSLWDO�DV�PHDVXUH�RI�6���7KLV�UHVXOW�VXJJHVWV�WKDW�WKH�UDWH�RI�UHWXUQ�WR�1/6�FDSLWDO�LV�ODUJHU�WKDQ

IRU�WKH�WRWDO�KLJKZD\�FDSLWDO��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�LQGLYLGXDO�LQGXVWU\�UHVXOWV�UHSRUWHG�LQ

7DEOH����
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2XWSXW�HODVWLFLWLHV�RI�LQSXWV�DQG�XWLOL]DWLRQ�UDWH�DQG�WKH�UDWH�RI�WHFKQLFDO�FKDQJH�DW�WKH

DJJUHJDWH�HFRQRP\�OHYHO�DUH�VKRZQ�LQ�7DEOHV���$�DQG���%���7KH�¦DJJUHJDWHG§�RXWSXW�HODVWLFLWLHV

DUH�FDOFXODWHG�E\�FRQYHUWLQJ�LQGXVWU\�FRVW�HODVWLFLWLHV�WR�WKH�FRUUHVSRQGLQJ�RXWSXW�HODVWLFLWLHV�DQG

WKHQ�DJJUHJDWLQJ�WKHP���)RU�WKH�DJJUHJDWH�DSSURDFK��ZH�FRQYHUW�WKH�QDWLRQDO�FRVW�HODVWLFLWLHV�WR

RXWSXW�HODVWLFLWLHV���7KH�UHVXOWV�LQ�7DEOHV���$�DQG���%�DUH�TXLWH�VLPLODU��ZKLFK�VXJJHVWV�WKH

UHVXOWV�DUH�QRW�VHQVLWLYH�WR�ZKHWKHU�WRWDO�KLJKZD\�RU�1/6�FDSLWDO�LV�XVHG�DV�D�PHDVXUH�RI�KLJKZD\

FDSLWDO���7KH�RXWSXW�HODVWLFLW\�RI�PDWHULDO�LQSXWV��H<0���LV�ODUJH��DURXQG��������������IROORZHG�E\

WKDW�RI�ODERU��H</����DSSUR[LPDWHO\������WR�������DQG�WKH�RXWSXW�HODVWLFLW\�RI�FDSLWDO��H<.���DW

DSSUR[LPDWHO\��������7KH�UDWH�RI�DXWRQRPRXV�WHFKQLFDO�FKDQJH��H7��LV�VPDOO�DQG�LW�KDV�WKH�ZURQJ

VLJQ��QHJDWLYH��LQ�WKH�DJJUHJDWH�DSSURDFK���7KH�RXWSXW�HODVWLFLW\�RI�KLJKZD\�FDSLWDO��H<6����LQ

FRPSDULVRQ�WR�WKRVH�RI�WKH�SULYDWH�VHFWRU�LQSXWV��LV�UHODWLYHO\�VPDOO��DSSUR[LPDWHO\�������������

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�RXWSXW�HODVWLFLW\�RI�SULYDWH�VHFWRU�FDSLWDO�LV�FOHDUO\�ODUJHU

WKDQ�WKH�RXWSXW�HODVWLFLW\�RI�KLJKZD\�FDSLWDO���7KH�UHVXOWV�LQGLFDWH�D�RQH�SHUFHQW�FKDQJH�LQ�SULYDWH

FDSLWDO�VWRFN�FRQWULEXWHV�DOPRVW�IRXU�WLPHV�DV�PXFK�DV�D�RQH�SHUFHQW�FKDQJH�LQ�KLJKZD\�FDSLWDO

VWRFN�WR�JURZWK�RI�RXWSXW�RI�WKH�HFRQRP\���&RPSDUHG�WR�SUHYLRXV�ILQGLQJV��VHH�7DEOH�����RXU

HVWLPDWHV�RI�RXWSXW�HODVWLFLWLHV�RI�KLJKZD\�FDSLWDO�DUH�VPDOO���,Q�IDFW��WKH�HODVWLFLW\�HVWLPDWHV

RULJLQDOO\�UHSRUWHG�LQ�$VFKDXHU���������+ROW]�(DNLQ��������DQG�0XQQHOO��������DUH�DERXW�HLJKW

WLPHV�DV�ODUJH�DV�RXU�HVWLPDWHV�IRU�WKH�DJJUHJDWH�HFRQRP\���2XU�HVWLPDWHV�DUH�PRUH�FRPSDUDEOH�WR

RXWSXW�HODVWLFLWLHV�RI�SXEOLF�FDSLWDO�UHSRUWHG�LQ�'XII\�'HQR�DQG�(EHUWV��������DQG�(EHUWV�������

IRU�WKH�KLJKO\�GLVDJJUHJDWH�OHYHO�RI�WKH�0HWURSROLWDQ�$UHD�
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7DEOH����$�
2XWSXW�(ODVWLFLWLHV�RI�)DFWRU�,QSXWV��7RWDO�+LJKZD\�&DSLWDO��8WLOL]DWLRQ�5DWH�

5DWH�RI�7HFKQLFDO�&KDQJH

0RGHO�$ H</ H<. H<0 H<6 H<8 H7

�$JJUHJDWHG� ���� ���� ���� ���� ���� ����

$JJUHJDWH ���� ���� ���� ���� ����� �����

7DEOH����%�
2XWSXW�(ODVWLFLWLHV�RI�)DFWRU�,QSXWV��1/6�&DSLWDO��8WLOL]DWLRQ�5DWH�

5DWH�RI�7HFKQLFDO�&KDQJH

0RGHO�% H</ H<. H<0 H<6 H<8 H7

�$JJUHJDWHG� ���� ���� ���� ���� ���� ����

$JJUHJDWH ���� ���� ���� ���� �����
�����
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%� 1HW�6RFLDO�5DWHV�RI�5HWXUQ

2QH�TXHVWLRQ�ZKLFK�KDV�EHHQ�UDLVHG�LQ�WKH�OLWHUDWXUH�DQG�KDV�LPSRUWDQW�SXEOLF�SROLF\

LPSOLFDWLRQV�LV�ZKHWKHU�SXEOLF�FDSLWDO�LV�RYHU��RU�XQGHU�VXSSOLHG���7KH�RSWLPDO�SURYLVLRQ�RI�SXEOLF

FDSLWDO�VHUYLFHV��KLJKZD\�FDSLWDO��FDQ�EH�GHULYHG�E\�WKH�ZHOO�NQRZQ�6DPXHOVRQ�FRQGLWLRQ��DV

PRGLILHG�E\�.DL]XND����������7KLV�FRQGLWLRQ�UHTXLUHV�WKDW�SXEOLF�FDSLWDO�EH�SURYLGHG�DW�WKH�SRLQW

ZKHUH�WKH�VXP�RI�PDUJLQDO�EHQHILWV�RI�SURGXFHUV�DQG�FRQVXPHUV�LV�HTXDO�WR�WKH�PDUJLQDO�FRVW�RI

SURYLGLQJ�DQ�DGGLWLRQDO�XQLW�RI�SXEOLF�FDSLWDO���,JQRULQJ�WKH�FRQVXPSWLRQ�VHFWRU��DQ�DOWHUQDWLYH

PHDQV�RI�GHWHUPLQLQJ�ZKHWKHU�SXEOLF�FDSLWDO�LV�SURYLGHG�RSWLPDOO\�LV�WR�FRPSXWH�WKH�UDWH�RI

UHWXUQ�WR�KLJKZD\�FDSLWDO�DQG�FRPSDUH�LW�ZLWK�WKH�UDWH�RI�UHWXUQ�WR�SULYDWH�FDSLWDO�IRU�WKH�ZKROH

HFRQRP\���7KH�RSWLPDO�SURYLVLRQ�RI�SXEOLF�FDSLWDO�UHTXLUHV�WKDW�WKH�UDWHV�RI�SXEOLFO\�SURYLGHG�DQG

SULYDWH�FDSLWDO�EH�HTXDOL]HG���7KXV��LI�WKH�UDWH�RI�UHWXUQ�RI�KLJKZD\�FDSLWDO�LV�KLJKHU�WKDQ�WKDW�RI

SULYDWH�FDSLWDO��KLJKZD\�FDSLWDO�LV�XQGHU�VXSSOLHG�DQG�DQ�LQFUHDVH�RI�SXEOLF�LQYHVWPHQW�LV

QHFHVVDU\�

1DGLUL�DQG�0DPXQHDV������D��ILQG�WKDW�WKH�UDWH�RI�UHWXUQ�RI�SXEOLF�LQIUDVWUXFWXUHV�LPSOLHG

E\�WKH�LQGXVWULHV�RI�WKH�PDQXIDFWXULQJ�VHFWRU�LV�DERXW���SHUFHQW��ZKLOH�WKH�UDWH�RI�UHWXUQ�RI

SULYDWH�FDSLWDO�LV�DERXW���SHUFHQW���0RUULVRQ�DQG�6FKZDUW]��������WDNH�DQRWKHU�DSSURDFK���7KH\

FRPSDUH�WKH�VKDGRZ�SULFH�RI�SXEOLF�FDSLWDO�ZLWK�WKH��XVHU�FRVW��RI�SXEOLF�FDSLWDO��DQG�ILQG�WKDW

7RELQ
V�T�UDWLR�RI�SXEOLF�LQYHVWPHQW�H[FHHGV�RQH��VXJJHVWLQJ�WKDW�LQIUDVWUXFWXUH�LQYHVWPHQW�KDV

EHHQ�WRR�ORZ�IRU�VRFLDO�RSWLPL]DWLRQ�IRU�WKH�PDQXIDFWXULQJ�VHFWRU�RI�DOO�UHJLRQV�LQ�WKHLU�VDPSOH�

6LPLODUO\�6KDK��������HVWLPDWHV�D�7RELQ
V�T�HTXDO�WR������IRU�WKH�0H[LFDQ�PDQXIDFWXULQJ�VHFWRU�

DQG�FRQFOXGHV�WKHUH�LV�DQ�LQGLFDWLRQ�RI�XQGHU�LQYHVWPHQW�LQ�SXEOLF�FDSLWDO���%HUQGW�DQG�+DQVVRQ

��������E\�HTXDWLQJ�WKH�PDUJLQDO�EHQHILW�RI�SXEOLF�LQIUDVWUXFWXUHV�ZLWK�LWV�H[�DQWH�UHQWDO�SULFH�

VROYH�IRU�WKH�RSWLPDO�FDSLWDO�VWRFN�DQG�WKHQ�FDOFXODWH�WKH�UDWLR�RI�WKH�RSWLPDO�OHYHO�RI�WKH�SXEOLF
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FDSLWDO�VWRFN�WR�WKH�DFWXDO�SXEOLF�FDSLWDO���7KH\�ILQG�WKDW�WKLV�UDWLR�LV�DERYH�RQH�IRU�WKH�SHULRG

�����WR�������EHORZ�RQH�IRU�WKH�SHULRG������������VXJJHVWLQJ�RYHU�LQYHVWPHQW�

$VVXPH�WKH�JRYHUQPHQW�FKRRVHV�WKH�DPRXQW�RI�KLJKZD\�FDSLWDO�E\�PLQLPL]LQJ�WKH�SUHVHQW

YDOXH�RI�WKH�FRVWV�RI�DOO�WKH�UHVRXUFHV�RI�WKH�HFRQRP\���7KDW�LV��JRYHUQPHQW�VHOHFWV�WKH�OHYHO�RI

SXEOLF�FDSLWDO�VXFK�WKDW�WKH�VXP�RI�WKH�LQGXVWU\�PDUJLQDO�EHQHILWV�HTXDOV�WKH�XVHU�FRVW�RI�SXEOLF

FDSLWDO��L�H��
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ZKHUH�3V��LV�WKH�DFTXLVLWLRQ�SULFH��U�LV�WKH�GLVFRXQW�IDFWRU�DQG�G�LV�WKH�GHSUHFLDWLRQ�UDWH�RI

KLJKZD\�FDSLWDO���7KH�RSWLPDO�DPRXQW�RI�KLJKZD\�FDSLWDO�FDQ�EH�IRXQG�E\�VROYLQJ�HTXDWLRQ�����

IRU�6�

)URP�HTXDWLRQ������WKH�QHW�VRFLDO�UDWH�RI�UHWXUQ�IURP�SXEOLF�FDSLWDO�FDQ�EH�GHULYHG�DV�WKH

UDWLR�RI�WKH�VXP�RI�PDUJLQDO�EHQHILWV�WR�FRVW�PLQXV�WKH�GHSUHFLDWLRQ�RI�SXEOLF�FDSLWDO��L�H��
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7KLV�UDWH�RI�UHWXUQ�RQ�KLJKZD\�FDSLWDO�LV�FDOFXODWHG�DVVXPLQJ�WKH�XVHU�FRVW�RI�KLJKZD\�FDSLWDO�LV

4V� �3J��JV���G������Y��ZKHUH�3J�LV�JRYHUQPHQW�FDSLWDO�SULFH�GHIODWRU��G�LV�WKH�GHSUHFLDWLRQ�UDWH�RI

KLJKZD\�FDSLWDO�DQG�Y�LV�WKH�SULFH�GLVWRUWLRQ�HIIHFW�RI�WD[HV�OHYLHG�WR�ILQDQFH�KLJKZD\�FDSLWDO��Y

LV�VHW�WR�������VHH�-RUJHQVRQ�DQG�<XQ����������7KLV�GLVWRUWLRQ�HIIHFW�DULVHV�EHFDXVH�QR�FRXQWU\

UHOLHV�H[WHQVLYHO\�RQ�KHDG�WD[HV�WR�ILQDQFH�LQIUDVWUXFWXUH�FDSLWDO���'LVWRUWLRQDU\�WD[HV��H�J���DQ

LQFRPH�WD[��DUH�RIWHQ�XVHG�WR�IXQG�SXEOLF�LQYHVWPHQWV���7KHUHIRUH��WKH�VRFLDO�FRVW�RI�DGGLWLRQDO

SXEOLF�FDSLWDO�LV�WKH�VXP�RI�WKH�GLUHFW�EXUGHQ�RI�WKH�WD[HV�QHHGHG�WR�SD\�IRU�WKH�LQIUDVWUXFWXUH�DQG

WKH�GHDG�ZHLJKW�FRVW�DVVRFLDWHG�ZLWK�WKHVH�WD[HV�
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7KH�QHW�VRFLDO�UDWH�RI�UHWXUQ�WR�WRWDO�KLJKZD\�FDSLWDO�JV7�DQG�WR�1/6�FDSLWDO�JV1���WKH�QHW

UDWH�RI�UHWXUQ�WR�SULYDWH�FDSLWDO�VWRFN�JN�DQG�WKH�LQWHUHVW�UDWHV�RI�U�DUH�VKRZQ�LQ�7DEOH����IRU�IRXU

GLIIHUHQW�VXE�SHULRGV���7KH�VRFLDO�UDWH�RI�UHWXUQ�RQ�WRWDO�KLJKZD\�FDSLWDO��JV7��GXULQJ�WKH�����©V

DQG�����©V�ZDV�YHU\�KLJK��UHIOHFWLQJ�WKH�VKRUWDJH�RI�KLJKZD\�FDSLWDO�VWRFN�GXULQJ�WKH�����©V

ZKHQ�WKH�,QWHUVWDWH�+LJKZD\�6\VWHP�ZDV�XQGHU�FRQVWUXFWLRQ���7KLV�UDWH�KDV�GHFOLQHG

FRQWLQXRXVO\�VLQFH�WKH�ODWH�����©V�DQG�LQ������LW�LV�EDUHO\�DERYH�WKH�OHYHO�RI�WKH�ORQJ�WHUP

LQWHUHVW�UDWH���7KH�UDWH�RI�UHWXUQ�RQ�1/6�FDSLWDO�JV1��LV�KLJKHU�WKDQ�WKDW�IRU�WRWDO�FDSLWDO��JV7��IRU�WKH

HQWLUH�SHULRG�

7KH�WLPH�SURILOH�RI�WKH�QHW�VRFLDO�UDWH�RI�UHWXUQ�IRU�WRWDO�KLJKZD\�FDSLWDO�LV�VKRZQ�LQ

)LJXUH�����7KH�UDWH�EHJLQV�DW�D�UHODWLYHO\�KLJK�OHYHO��ULVLQJ�WR�LWV�PD[LPXP�OHYHO�LQ������DQG

IOXFWXDWHV�DURXQG����SHUFHQW�XQWLO��������7KHUHDIWHU��WKH�QHW�UDWH�RI�UHWXUQ�VWDUWV�WR�GHFOLQH�DQG

IDOOV�EHORZ����SHUFHQW�LQ������WR�DERXW���SHUFHQW�LQ��������:KHQ�1/6�LV�XVHG�DV�D�PHDVXUH�RI

KLJKZD\�FDSLWDO��0RGHO�%��WKH�QHW�UDWH�RI�UHWXUQ�WUDFHV�WKH�VDPH�SDWWHUQ�DV�VKRZQ�LQ�)LJXUH���

7KH�HVWLPDWHV�RI�JV1�IRU�1/6��KRZHYHU��DUH�FRQVWDQWO\�DERYH�WKRVH�IRU�WRWDO�KLJKZD\�FDSLWDO

UHIOHFWLQJ�KLJKHU�PDUJLQDO�EHQHILWV�IURP�1/6�DV�QRWHG�HDUOLHU���7KH�UDWH�RI�UHWXUQ�WR�1/6�DOVR

GHFOLQHG�VLQFH�������ZLWK�PXFK�ORZHU�OHYHOV�LQ�WKH�����V��7KH�YDOXH�RI�JV1�IRU�1/6�ZDV���

SHUFHQW�LQ������DQG���SHUFHQW�LQ�������YDOXHV�KLJKHU�WKDQ�WKRVH�IRU�JV7���:KHQ�JV7�DQG�JV1�DUH

FRPSDUHG�ZLWK�WKH�LQWHUHVW�UDWH�RYHU�WKH�SHULRG��������������WKH�JDS�EHWZHHQ�WKHVH�UDWHV�DQG�U�LV

YHU\�ODUJH�IURP�WKH�EHJLQQLQJ�RI�WKH�SHULRG�XQWLO�WKH�����V���%\�������WKH�JDS�QDUURZV

FRQVLGHUDEO\��DQG�DOPRVW�GLVDSSHDUV�LQ�WKH�����V��SDUWLFXODUO\�LQ�WKH�FDVH�RI�WRWDO�KLJKZD\�FDSLWDO�
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7DEOH���

1HW�5DWH�RI�5HWXUQ�IURP�7RWDO�+LJKZD\�&DSLWDO�

3ULYDWH�3K\VLFDO�&DSLWDO��DQG�,QWHUHVW�5DWHV

1HW�6RFLDO�5DWH�RI

5HWXUQ

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

7RWDO�+LJKZD\
&DSLWDO

J67

���� ���� ���� ���� ����

1/6�&DSLWDO

J61

���� ���� ���� ���� ����

3ULYDWH�&DSLWDO
6WRFN

J.

���� ���� ���� ���� ����

,QWHUHVW�5DWH

U

��� ��� ��� ���� ���

7DEOH���

7KH�5DWLR�RI�2SWLPDO�WR�$FWXDO�6WRFN�RI

+LJKZD\�&DSLWDO��6�6�

5DWLR�RI
6�6

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

7RWDO�+LJKZD\
&DSLWDO

0RGHO�$

����� ����� ����� ����� �����

1/6�&DSLWDO

0RGHO�%

����� ����� ����� ����� �����
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7KH�QHW�UDWH�RI�UHWXUQ�RQ�SULYDWH�FDSLWDO�LV�FDOFXODWHG�DV� k k
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ZKHUH�:

N�LV�WKH�XVHU�FRVW�RI�SULYDWH�FDSLWDO��:


N� �3N��JN���GN���7D[����7DEOH����LQGLFDWHV�WKH

QHW�UDWH�RI�UHWXUQ�RQ�SULYDWH�VHFWRU�FDSLWDO��JN��DYHUDJHG�DSSUR[LPDWHO\����SHUFHQW�IURP������

������DQG�WKHQ�GHFOLQHG�LQ�WKH�����V�DQG�����V���7KLV�UDWH�H[FHHGHG�WKH�LQWHUHVW�UDWH�RYHU�PRVW

RI�SHULRG�DV�VKRZQ�LQ�)LJXUH�����7KH�QHW�VRFLDO�UDWH�RI�UHWXUQ�IURP�KLJKZD\�FDSLWDO�LV�YHU\�KLJK�LQ

����������ZKHQ�FRPSDUHG�WR�QHW�UDWH�RI�UHWXUQ�RQ�SULYDWH�FDSLWDO�DQG�WKH�LQWHUHVW�UDWH���6LQFH

�����DQG�LQ�����������SHULRG��DOO�WKUHH�UDWHV��JV7��JN�DQG�U��FRQYHUJHG�WR�DERXW����SHUFHQW�

:KLOH�WKH�UDWH�RI�UHWXUQ�RQ�1/6�FDSLWDO�LV�VRPHZKDW�KLJKHU�EDVHG�RQ�WKLV�VHW�RI�HYLGHQFH��WKHUH

VHHPV�WR�EH�QR�H[FHVVLYH�UDWH�RI�UHWXUQ�WR�KLJKZD\�FDSLWDO�VLQFH������DQG�WKH�UDWHV�RI�UHWXUQ�WR

SXEOLF�DQG�SULYDWH�FDSLWDO�KDYH�EHHQ�QHDUO\�HTXDOL]HG�

7KH�UHVXOWV�RI�7DEOH����DUH�PXFK�ORZHU�WKDQ�SUHYLRXVO\�UHSRUWHG�LQ�WKH�OLWHUDWXUH�

5HFHQWO\��)HUQDOG��������HVWLPDWHG�WKH�UDWH�RI�UHWXUQ�WR�LQYHVWPHQW�LQ�URDGV�XVLQJ�HVVHQWLDOO\�WKH

VDPH�VHW�RI�GDWD�DV�XVHG�LQ�WKLV�VWXG\���+H�FRQFOXGHG�WKDW�¦D�FRQVHUYDWLYH�VWDWHPHQW����LV�WKDW�WKH

GDWD�VWURQJO\�VXSSRUWV�WKH�YLHZ�WKDW�URDGV�LQYHVWPHQWV�DUH�KLJKO\�SURGXFWLYH��RIIHULQJ�UDWHV�RI

UHWXUQ�RI�����WR������SHUKDSV�PRUH�§
���
��2XU�UHVXOWV�VXJJHVW�UDWHV�RI�UHWXUQ�ZHOO�EHORZ�)HUQDOG
V

ORZHU�ERXQG�HVWLPDWHG�UDWH�RI�UHWXUQ���2XU�DYHUDJH�UDWH�RI�UHWXUQ�IRU�WKH�SHULRG�������������LV���

SHUFHQW��DERXW�KDOI�RI�KLV�UDWH�RI�UHWXUQ�RI����SHUFHQW���(YHQ�VR��WKH�UDWH�RI�UHWXUQ��SDUWLFXODUO\�WR

WKDW�RQ�1/6�LQYHVWPHQW��RYHU�WKH�SRVWZDU�SHULRG�KDV�EHHQ�TXLWH�LPSUHVVLYH��DOWKRXJK�LQ�UHFHQW

\HDUV�WKH�UHWXUQV�WR�KLJKZD\�FDSLWDO�KDYH�FRQYHUJHG�WR�WKRVH�HVWLPDWHG�IRU�SULYDWH�FDSLWDO�VWRFN�

                                                
��
��)HUQDOG��������S����
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&� 2SWLPDO�+LJKZD\�&DSLWDO�6WRFN

:H�FDOFXODWHG�WKH�RSWLPDO�VWRFN�RI�KLJKZD\�FDSLWDO�IURP�HVWLPDWHV�IRU�PDUJLQDO�EHQHILWV

REWDLQHG�IURP�ERWK�0RGHOV�$�DQG�%��EDVHG�XSRQ�HTXDWLRQ��������$V�SUHYLRXVO\�QRWHG���LQGXVWULHV

GLIIHU�LQ�WKHLU�XVH�RI�KLJKZD\�FDSLWDO��DQG�WKHUHIRUH��WKH�PDJQLWXGH�DQG�HYHQ�WKH�VLJQ�RI�WKH

PDUJLQDO�EHQHILW�GLIIHUV���7KHUHIRUH��WKH�RSWLPDO�VWRFN�RI�KLJKZD\�FDSLWDO��6

��ZLOO�GHSHQG�RQ�KRZ

WKH�PDUJLQDO�EHQHILW�LV�FDOFXODWHG���7R�LOOXVWUDWH�WKLV�SRLQW��FRQVLGHU�WKH�FDVH�RI�WZR�LQGXVWULHV�

PDQXIDFWXULQJ�DQG�QRQ�PDQXIDFWXULQJ���7KH�RSWLPDO�DPRXQW�RI�KLJKZD\�FDSLWDO��6

��LV�IRXQG�DW

WKH�LQWHUVHFWLRQ�RI�WKH�VXP�RI�PDUJLQDO�ZLOOLQJQHVV�WR�SD\�IXQFWLRQ�ZLWK�PDUJLQDO�FRVW�RI�SXEOLF

FDSLWDO��SRLQW�(�LQ�)LJXUH�����7KH�UDWLR�6

�6��ZLOO�LPSO\�D�GHJUHH�RI�XQGHU�LQYHVWPHQW�RU�RYHU�

LQYHVWPHQW�LQ�WKH�KLJKZD\�FDSLWDO���,Q�)LJXUH����DQ\�PDUJLQDO�FRVW�LQWHUVHFWLQJ�WKH�VXP�RI

PDUJLQDO�ZLOOLQJQHVV�WR�SD\�IXQFWLRQV��6PI��EHORZ�SRLQW�$�LPSOLHV�DQ�RYHU�LQYHVWPHQW��ZKLOH�DQ

LQWHUVHFWLRQ�DERYH�SRLQW�$�VXJJHVWV�XQGHU�LQYHVWPHQW���1RWH�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�DFWXDO

DQG�RSWLPDO�KLJKZD\�FDSLWDO�GHSHQGV�FULWLFDOO\�RQ�WKH�HVWLPDWHV�RI�PDUJLQDO�FRVW�RI�KLJKZD\

FDSLWDO�

:H�FDOFXODWH�WKH�RSWLPDO�OHYHO�RI�KLJKZD\�FDSLWDO�IRU�HDFK�\HDU�XVLQJ�WKH�VXP�RI�LQGXVWU\

PDUJLQDO�EHQHILWV�REWDLQHG�IURP�0RGHOV�$�DQG�%���7KHVH�RSWLPDO�YDOXHV�DUH�FRPSDUHG�ZLWK�WKH

DFWXDO�OHYHO�RI�KLJKZD\�FDSLWDO�DQG�WKH�DYHUDJH�UDWLRV�6

�6�DUH�UHSRUWHG�LQ�7DEOH������7ZR�VWULNLQJ

UHVXOWV�HPHUJH�

x� )RU�0RGHOV�$�DQG�%��WKH�UDWLR�6�6�LV�YHU\�KLJK�GXULQJ�WKH�����V�EXW�GHFOLQHV
GUDPDWLFDOO\�WKHUHDIWHU�

�

x� 7KH�UDWLRV�EDVHG�RQ�0RGHO�$�DUH�VOLJKWO\�ORZHU�WKDQ�WKRVH�GHULYHG�IURP�0RGHO�%�



���

±±

ΣPI��PI

PP

�

PQ�±�
PP�±�

66�

6

)LJXUH�����2SWLPDO�+LJKZD\�&DSLWDO�6WRFN

�

PQ

6

4V 3V�ρ�δ�

ΣPI�±�

±(±
$



���

7KHUH�ZDV�FOHDUO\�DQ�XQGHU�LQYHVWPHQW�LQ�KLJKZD\�FDSLWDO�LPPHGLDWHO\�DIWHU�:RUOG�:DU�,,�

+RZHYHU��WKH�JDS�EHWZHHQ�RSWLPDO�DQG�DFWXDO�FDSLWDO�VWRFNV�QDUURZHG�GXULQJ�WKH����������

SHULRG�DV�WKH�,QWHUVWDWH�+LJKZD\�6\VWHP�DQG�RWKHU�URDG�V\VWHPV�ZHUH�FRPSOHWHG���7KH�UDWLR�RI

6

�6�GHFOLQHG�E\�DERXW����SHUFHQW�GXULQJ�����������DQG�IXUWKHU�GHFUHDVHG�LQ�WKH����������

SHULRG�

,QWHUHVWLQJO\��WKLV�UDWLR�LQ�WKH�����V�VXJJHVWV�WKDW�WRWDO�KLJKZD\�FDSLWDO�VWRFN�DQG�1/6

FDSLWDO�DUH�FORVH�WR�WKHLU�RSWLPDO�OHYHOV�DQG�WKHUH�LV�QR�VLJQLILFDQW�XQGHU��RU�RYHU��LQYHVWPHQW�LQ

HLWKHU�RI�WKH�KLJKZD\�VWRFNV���7KLV�UHVXOW�VHHP�WR�EH�DW�YDULDQFH�ZLWK�WKRVH�UHSRUWHG�LQ�WKH

OLWHUDWXUH�VXPPDUL]HG�HDUOLHU�

7KH�GHFOLQH�LQ�WKH�UDWLR�RI�RSWLPDO�WR�DFWXDO�KLJKZD\�FDSLWDO�VKRZQ�LQ�)LJXUH���LV�GXH�LQ

SDUW�WR�SXEOLF�LQYHVWPHQW�GHFLVLRQV�DQG�WR�HFRQRPLF�DQG�GHPRJUDSKLF�FKDQJHV���*URZWK�LQ�WKH

VWRFN�RI�KLJKZD\V�DQG�VWUHHWV��VKRZQ�LQ�)LJXUH����URVH�VKDUSO\�IURP������WR�������WKH�SHULRG

ZKHQ�WKH�86�,QWHUVWDWH�+LJKZD\�6\VWHP�ZDV�XQGHU�FRQVWUXFWLRQ���DQG�OHYHOHG�RII�VLQFH�WKDW�WLPH

DV�FRQVWUXFWLRQ�RI�WKH�,QWHUVWDWH�VORZHG�DQG�SUHYLRXVO\�EXLOW�KLJKZD\V�GHSUHFLDWHG���7KH�QHW�VWRFN

RI�WRWDO�KLJKZD\�FDSLWDO�JUHZ�DW�DQ�DQQXDO�UDWH�RI�DSSUR[LPDWHO\���SHUFHQW�IURP�WKH�PLG�����V�WR

WKH�ODWH�����V���,W�EHJDQ�WR�GHFOLQH�LQ�WKH�����V��UHDFKLQJ�D�PLQLPXP�JURZWK�UDWH�RI�����SHUFHQW

LQ��������6LQFH�WKHQ�LW�KDV�JUDGXDOO\�LQFUHDVHG��EXW�WKH�JURZWK�UDWH�RI�����SHUFHQW�LQ������LV�VWLOO

OHVV�WKDQ�KDOI�WKH�DYHUDJH�JURZWK�UDWH�RI�WKH�PLG�����V�WR�ODWH�����V�SHULRG�

2QH�IDFWRU�FRQWULEXWLQJ�WR�WKH�JURZWK�UDWH�SDWWHUQ�LQ�KLJKZD\�FDSLWDO�ZDV�WKH�VKDUS�ULVH�LQ

WKH�SULFH�RI�JDVROLQH�LQ�WKH�����V�WKDW�LQFUHDVHG�WKH�FRVW�RI�WUDYHO�VLJQLILFDQWO\���'HPRJUDSKLF

FKDQJHV�VLQFH�WKH�����V�PD\�DOVR�KDYH�KDG�DQ�LPSDFW�RQ�GHPDQG�IRU�LQIUDVWUXFWXUH�DQG

HGXFDWLRQDO�VWUXFWXUHV���7KH�QXPEHU�RI�\RXQJ�SHRSOH�DV�D�SHUFHQWDJH�RI�WKH�WRWDO�SRSXODWLRQ�URVH
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UDSLGO\�IURP������WR������DQG�KDV�GHFOLQHG�VKDUSO\�VLQFH�WKHQ���7KLV�GHFOLQH�PD\�KDYH

FRQWULEXWHG�WR�D�GHFOLQH�LQ�GHPDQG�IRU�WUDQVSRUWDWLRQ�DQG�HGXFDWLRQDO�VWUXFWXUHV�

'� +LJKZD\�&DSLWDO�([WHUQDOLWLHV

+LJKZD\�FDSLWDO�FRQVWLWXWHV�D�QHWZRUN�RI�URDGV�DQG�IDFLOLWLHV�WKDW�VHUYHV�DOO�WKH�XVHUV��LQ

RXU�FDVH��DOO�LQGXVWULHV�LQ�WKH�HFRQRP\���7KLV�QHWZRUN�KDV�WKH�FKDUDFWHULVWLFV�RI�D�SXEOLF�JRRG�WKDW

FDQQRW�DQG�SUREDEO\�ZLOO�QRW�EH�SURYLGHG�E\�WKH�SULYDWH�VHFWRU���,I�HYHU\�LQGXVWU\�DWWHPSWHG�WR

SURYLGH�LWV�RZQ�URDG�V\VWHP��WKH�FRVWV�RI�GXSOLFDWLRQ��PDQDJHPHQW�GLVSXWHV��HWF���ZRXOG�EH

SURKLELWLYHO\�KLJK�IRU�WKH�SULYDWH�VHFWRU���,QGXVWU\�DQG�VRFLHW\�ZRXOG�EH�EHWWHU�RII�LI�WKH

SDUWLFLSDQWV�SRROHG�WKHLU�HIIRUWV�DQG�HVWDEOLVKHG�D�QHWZRUN�RI�KLJKZD\V�WR�VHUYH�DOO���7KH�FRVW

VDYLQJ�RI�VXFK�D�V\VWHP�LV�HQRUPRXV�

&RQVLGHU�WKH�FDVH�ZKHUH�KLJKZD\�FDSLWDO�LV�QRW�SXEOLFO\�SURYLGHG���,I�D�SULYDWH�LQGXVWU\�N

KDG�WR�SURYLGH�WKH�KLJKZD\�FDSLWDO��LW�ZRXOG�SURYLGH�D�OHYHO�6N���DW�D�SRLQW�ZKHUH�WKH�PDUJLQDO

EHQHILW�DQG�PDUJLQDO�FRVW�RI�KLJKZD\�FDSLWDO�DUH�HTXDO�

���� PN�3N��<N��XN��W��6N�� �3V�U�G���

%DVHG�RQ�RXU�HVWLPDWHV��ZH�FRXOG�VROYH�HTXDWLRQ������IRU�6N�DQG�FDOFXODWH��IRU�HDFK�LQGXVWU\��WKH

KLJKZD\�FDSLWDO�WKDW�VDWLVILHV�HTXDWLRQ��������,W�LV�ZHOO�NQRZQ��6DPXHOVRQ���KRZHYHU��WKDW�WKH

OHYHO�RI�KLJKZD\�FDSLWDO�6N�FKRVHQ�E\�HDFK�LQGXVWU\�ZLOO�EH�EHORZ�WKH�VRFLDO�RSWLPXP�EHFDXVH

SULYDWH�LQGXVWU\�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�EHQHILWV�WKDW�DFFUXH�WR�WKH�RWKHU�LQGXVWULHV���,Q

DGGLWLRQ��WKH�SULYDWH�VHFWRU�ZLOO�EH�XQZLOOLQJ�WR�SURYLGH�KLJKZD\�VHUYLFHV�VLQFH�WKH�FRVW�RI�DQ

DGGLWLRQDO�XQLW�RI�KLJKZD\�VHUYLFHV�ZLOO�EH�FORVH�WR�]HUR�



���

&RQVLGHU�QRZ�WKH�K\SRWKHWLFDO�FDVH�LQ�ZKLFK�HDFK�LQGXVWU\�EXLOGV�FDSLWDO�VWRFN�6���(DFK

LQGXVWU\�EHDUV�WKH�ZKROH�FRVW�RI�LQYHVWLQJ�LQ�KLJKZD\�FDSLWDO�6��DQG�WKH�QHW�UDWH�RI�UHWXUQ�IURP

KLJKZD\�FDSLWDO�WR�LQGXVWU\�I��HYDOXDWHG�DW�WKH�DFWXDO�OHYHO�RI�FDSLWDO�6��ZLOO�EH�JLYHQ�E\

���� I

I I I I

V

�  �
P �3 � �< � X � �W� �6�

3
� � �γ δ �

JI�FRXOG�EH�QHJDWLYH�LI�WKH�UHDO�JURVV�SULYDWH�PDUJLQDO�EHQHILW�LV�OHVV�WKDQ�WKH�GHSUHFLDWLRQ�UDWH�RI

G���,QGLYLGXDO�LQGXVWULHV�SRVVLEO\�ZLOO�QRW�LQYHVW�LQ�KLJKZD\�FDSLWDO�VLQFH�LWV�FRVW�ZLOO�EH

SURKLELWLYH���+RZHYHU��E\�VKDULQJ�WKH�FRVW�RI�KLJKZD\�FDSLWDO�6��WKH�HFRQRP\�FDQ�DFKLHYH�WKH

PD[LPXP�EHQHILW�ZLWK�WKH�PLQLPXP�FRVW���&RPSDULQJ�HTXDWLRQV������DQG�������WKH�IROORZLQJ

UHODWLRQVKLS�H[LVWV�EHWZHHQ�WKH�VRFLDO�DQG�SULYDWH�UDWHV�RI�UHWXUQ�

���� γ γ δ�  � � � � ��)���� ��I �
)

I∑

ZKHUH�)�LV�WKH�WRWDO�QXPEHU�RI�LQGXVWULHV�VKDULQJ�WKH�FRVW�DQG�EHQHILWV�RI�KLJKZD\�FDSLWDO���,I�HDFK

LQGXVWU\�KDG�WR�EXLOG�LWV�RZQ�KLJKZD\�FDSLWDO�6��WKH�FRVW�RI�WKH�GXSOLFDWHG�QHWZRUN�RI�KLJKZD\V

ZRXOG�EH�WRR�KLJK�IRU�WKH�HFRQRP\�GXH�WR�WRWDO�GHSUHFLDWLRQ�)G���%\�VKDULQJ�KLJKZD\

LQIUDVWUXFWXUH��WKH�HFRQRP\�LV�VDYLQJ�LQ�WHUPV�RI�GHSUHFLDWLRQ�FRVWV��)����G���8VLQJ�RXU�HVWLPDWHG

PDUJLQDO�EHQHILW�IXQFWLRQV�IRU�0RGHO�$��WKH�VXP�RI�QHW�SULYDWH�UDWHV�RI�UHWXUQ�� I �
)

I�∑ γ ���XQGHU

RXU�K\SRWKHWLFDO�FDVH�LV�HTXDO�WR�������RQ�DYHUDJH�DQG�WKH�VDYLQJ�WR�WKH�HFRQRP\��)���G�LV������

7KXV��WKH�VRFLDO�QHW�UDWH�RI�UHWXUQ�IRU�WRWDO�KLJKZD\�FDSLWDO�LV�HTXDO�WR�������7KH�VDPH�W\SH�RI

FDOFXODWLRQ�VHWV�WKH�VRFLDO�UDWH�RI�UHWXUQ�IRU�1/6�HTXDO�WR������

1RWH�WKDW�WKH�UHDO�JURVV�SULYDWH�EHQHILW�PI�3V��LQ�WHUPV�RI�SULYDWH�LQSXW�FRVW�UHGXFWLRQ�ZLOO

EH�WKH�VDPH�ZKHWKHU�KLJKZD\�FDSLWDO�6�LV�EXLOW�DQG�RZQHG�E\�LQGLYLGXDO�LQGXVWULHV�RU�E\�VKDULQJ

WKH�EHQHILWV�DQG�FRVWV�WRJHWKHU���7KH�QHW�SULYDWH�EHQHILW�ZLOO�EH�KLJKHU�WKURXJK�VKDULQJ���,Q�WKH

VLPSOH�FDVH�ZKHUH�DOO�LQGXVWULHV�KDYH�WKH�VDPH�GHPDQG�IRU�KLJKZD\�FDSLWDO��WKH�FRVW�RI



���

LQIUDVWUXFWXUH�ZLOO�EH�HTXDOO\�VKDUHG�E\�DOO�LQGXVWULHV�DQG�WKH�FRVW�SHU�XQLW�RI�6�IRU�HDFK�LQGXVWU\

ZLOO�EH�HTXDO�WR�WI� �3V�U�G��)���7KHQ�WKH�QHW�SULYDWH�UDWH�RI�UHWXUQ�IRU�HDFK�LQGXVWU\�ZLOO�EH�J©I� 

PI�3V���G�)��FOHDUO\�JI�LV�OHVV�WKDQ�J


I�

7KH�LQGXVWU\�PDUJLQDO�EHQHILWV�RI�KLJKZD\�FDSLWDO�VKRZQ�LQ�7DEOH����DUH�JURVV�UDWHV�RI

UHWXUQ��LQFOXVLYH�RI�GHSUHFLDWLRQ�UDWH�G���7KH�PDUJLQDO�EHQHILWV�LQ�HDFK�RI�WKH�LQGXVWULHV�LV�PXFK

VPDOOHU�WKDQ�WKH�DFWXDO�YDOXH�RI�WKH�GHSUHFLDWLRQ�UDWH�G�ZKLFK�LV��RQ�DYHUDJH��DERXW�������,W�LV�RQO\

WKURXJK�D�VKDUHG�QHWZRUN�RI�KLJKZD\V�WKDW�HDFK�LQGXVWU\�DYRLGV�WKH�GXSOLFDWLYH�FRVW�RI�LQGLYLGXDO

KLJKZD\�V\VWHPV��HDFK�ZLWK�D�VHSDUDWH�GHSUHFLDWLRQ�UDWH�

(� 'HFRPSRVLWLRQ�RI�$JJUHJDWH�7)3�*URZWK

:H�XVH�WKH��DJJUHJDWHG��HVWLPDWHV�IURP�0RGHOV�$�DQG�%�WR�GHFRPSRVH�WKH�VRXUFHV�RI

7)3�JURZWK�LQ�WKH�DJJUHJDWH�HFRQRP\���:H�ILUVW�REWDLQ�WKH�SDUDPHWHUV�RI�DJJUHJDWH�GHPDQG�DV

WKH�ZHLJKWHG�DYHUDJH�RI�WKH�LQGXVWU\�HODVWLFLWLHV�VKRZQ�LQ�7DEOH����XVLQJ�UHODWLYH�RXWSXWV�DV

ZHLJKWV���$OWHUQDWLYHO\��ZH�HVWLPDWHG�WKH�GHPDQG�IXQFWLRQ�XVLQJ�WKH�DJJUHJDWHG�LQGXVWU\�GDWD�

7KH�WZR�DSSURDFKHV�JHQHUDWHG�DOPRVW�WKH�VDPH�YDOXHV�IRU�WKH�GHPDQG�SDUDPHWHU�HVWLPDWHV��DV

VKRZQ�LQ�7DEOH����

7KH�VHFRQG�VWHS�LV�WR�XVH�WKH�FRVW�IXQFWLRQ�HODVWLFLWLHV�VKRZQ�LQ�7DEOHV����DQG����DQG�XVH

HTXDWLRQ������WR�GHFRPSRVH�DJJUHJDWH�7)3�JURZWK�LQWR�LWV�FRPSRQHQW�SDUWV���7KDW�LV��ZH

FDOFXODWH�WKH�HIIHFW�RI�H[RJHQRXV�GHPDQG��UHODWLYH�SULFHV��KLJKZD\�FDSLWDO�VWRFN��XWLOL]DWLRQ�UDWH

DQG�WHFKQLFDO�FKDQJH�LQ�GHWHUPLQLQJ�WKH�JURZWK�UDWH�RI�7)3�LQ�WKH�86�HFRQRP\�RYHU�WKH�SHULRG



���

7DEOH���
$JJUHJDWH�'HPDQG
3DUDPHWHU�(VWLPDWHV

D E O 5
�

'�:

$JJUHJDWHG ������ ������ ������ � �

$JJUHJDWH ������
�������

������
�������

������
�������

����� ������

7DEOH����$

$JJUHJDWH�7)3
•

�'HFRPSRVLWLRQ
7RWDO�+LJKZD\�&DSLWDO�0HDQ�9DOXHV

7)3
• ([RJHQRXV

'HPDQG
5HODWLYH�3ULFH +LJKZD\

&DSLWDO

&DSDFLW\
8WLOL]DWLRQ

$GMXVWHG

�7)3
•

����� ����� ������ ����� ����� ������

7DEOH����%

$JJUHJDWH�7)3
•

�'HFRPSRVLWLRQ
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������������7KH�VRXUFHV�RI�SURGXFWLYLW\�JURZWK�IRU�WKH�DJJUHJDWH�HFRQRP\�DUH�VKRZQ�LQ�7DEOHV

��$�DQG���%�

7KHVH�UHVXOWV�LQGLFDWH�WKDW�JURZWK�LQ�H[RJHQRXV�GHPDQG�LV�WKH�PRVW�LPSRUWDQW�FRQWULEXWRU

WR�DJJUHJDWH�7)3�JURZWK����DOPRVW����SHUFHQW�LV�DFFRXQWHG�IRU�E\�FKDQJHV�LQ�DJJUHJDWH�GHPDQG�

,QSXW�SULFH�PRYHPHQW�FRQWULEXWHV�QHJDWLYHO\�WR�7)3�JURZWK��DERXW���SHUFHQW��ZKLOH�KLJKZD\

FDSLWDO�FRQWULEXWHV�DERXW����SHUFHQW���7KH�FRQWULEXWLRQ�RI�WKH�FDSDFLW\�XWLOL]DWLRQ�UDWH�LV�UHODWLYHO\

VPDOO��DERXW���SHUFHQW�

$�FHQWUDO�LVVXH�LQ�WKH�GHEDWH�RQ�WKH�UROH�RI�LQIUDVWUXFWXUH�RU�KLJKZD\�FDSLWDO��DV�QRWHG�LQ

6HFWLRQ�,,��LV�LWV�FRQWULEXWLRQ�WR�JURZWK�RI�DJJUHJDWH�7)3�DQG�WR�WKH�GHFHOHUDWLRQ�RI�7)3�JURZWK�LQ

WKH�SHULRG�������������$VFKDXHU���������0XQQHOO������D��DQG�RWKHUV�FODLPHG�WKH�GHFOLQH�LQ�WKLV

SHULRG�ZDV�PDLQO\��LI�QRW�H[FOXVLYHO\��GXH�WR�WKH�GHFOLQH�LQ�JURZWK�RI�LQIUDVWUXFWXUH�FDSLWDO�

+XOWHQ�DQG�6FKZDE������D���*UDPOLFK��������DQG�RWKHUV�KDYH�DUJXHG�IRU�QR�RU�PLQLPDO

FRQWULEXWLRQ�RI�LQIUDVWUXFWXUH�FDSLWDO�WR�SURGXFWLYHO\�VORZGRZQ�

)LJXUH���VKRZV�PRYHPHQWV�RI�DJJUHJDWH�7)3�JURZWK�FDOFXODWHG�IURP�WKH�LQGXVWU\

HVWLPDWHV��DQG�WKH�FRQWULEXWLRQ�RI�JURZWK�RI�H[WHUQDO�GHPDQG�DQG�WRWDO�KLJKZD\�FDSLWDO���,W�LV

FOHDU�WKDW�7)3�JURZWK�IOXFWXDWHV�FRQVLGHUDEO\�RYHU�WKH�SHULRG������������WDNLQJ�RQ�ERWK�SRVLWLYH

DQG�QHJDWLYH�YDOXHV���7KHVH�PRYHPHQWV�DUH�KLJKO\�FRUUHODWHG�ZLWK�PRYHPHQWV�LQ�WKH�FRQWULEXWLRQ

RI�H[WHUQDO�GHPDQG�DQG�UHODWLYH�SULFHV�DQG�QRW�WR�PRYHPHQWV�RQ�JURZWK�RI�KLJKZD\�FDSLWDO

VWRFN�
��

                                                
��
��7KH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�LV�GRPLQDWHG�E\�WKH�PDJQLWXGH�DQG�PRYHPHQW�RI�LQYHVWPHQW�LQ�KLJKZD\�FDSLWDO�

$V�QRWHG�LQ�)LJXUH����JURZWK�UDWH�RI�KLJKZD\�FDSLWDO�GRHV�QRW�VKRZ�\HDU�WR�\HDU�IOXFWXDWLRQV���5DWKHU��LW�ULVHV
FRQWLQXRXVO\�IRU�VHYHUDO�\HDUV�DQG�WKHQ�GHFOLQHV�IRU�D�QXPEHU�RI�\HDUV�EHIRUH�LW�EHJLQV�DQ�XSZDUG�WUHQG�LQ������
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7DEOH����$�

$YHUDJH�JURZWK�UDWH�RI�7 3)
•

�DQG�FRQWULEXWLRQV�RI�H[RJHQRXV�GHPDQG��UHODWLYH�SULFHV�DQG�WRWDO�KLJKZD\�FDSLWDO

����������DQG�VXE�SHULRGV
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7DEOH����%�

$YHUDJH�JURZWK�UDWH�RI�7 3)
•

�DQG�FRQWULEXWLRQV�RI�H[RJHQRXV�GHPDQG��UHODWLYH�SULFHV�DQG�1/6�FDSLWDO

����������DQG�VXE�SHULRGV
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:KDW�LV�LPSRUWDQW�LV�QRW�\HDUO\�IOXFWXDWLRQV��KRZHYHU� �EXW�WKH�WUHQG�RYHU�D�VSHFLILF�SHULRG�

&XVWRPDULO\��DQQXDO �GDWD�DUH�DYHUDJHG�WR�REWDLQ�PHDVXUHV�RI�DYHUDJH�UDWHV�RI�JURZWK�RI�WHFKQLFDO

FKDQJH���:H�FDOFXODWHG�WKH�WUHQG�JURZWK�UDWH�RI�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�� 7)37� ��E\

ILWWLQJ�LW�DV�D�SRO\QRPLDO�IXQFWLRQ�RI�WLPH�
���
��$V�7DEOH����LQGLFDWHV��WKH�FRQWULEXWLRQ�RI�H[RJHQRXV

GHPDQG��(;'��LV�WKH�PDMRU�FRQWULEXWRU�WR�7)3�JURZWK� ��5HODWLYH�SULFH�PRYHPHQWV��3)3��DUH�QRW

ODUJH�FRQWULEXWRUV�H[FHSW�LQ�����������SHULRG���&RQWULEXWLRQ�RI�KLJKZD\�FDSLWDO��7**��KDV�EHHQ

DERXW�����RI�WKDW�RI�H[RJHQRXV�GHPDQG��LWV�FRQWULEXWLRQ�KDV�EHHQ�PXFK�ODUJHU�LQ�WKH�HDUO\�SHULRG

XQWLO������EXW�KDV�GHFOLQHG�VLJQLILFDQWO\�VLQFH�WKHQ���7KLV�SDWWHUQ�RI�FRQWULEXWLRQ�UHIOHFWV�WZR�VHWV

RI�IDFWRUV���WKH�SDWWHUQ�RI�PDUJLQDO�EHQHILWV�RI�KLJKZD\�FDSLWDO�VWRFN��DQG��PRUH�LPSRUWDQWO\��WKH

JURZWK�UDWH�RI�KLJKZD\�FDSLWDO�VWRFN�H[KLELWHG�LQ�)LJXUH�����+LJKZD\�FDSLWDO
V�FRQWULEXWLRQ�ZDV

OHVV�WKDQ������XQWLO������ZKHQ�WKH�LQYHVWPHQW�LQ�,QWHUVWDWH�+LJKZD\�6\VWHP�VWDUWHG��LWV

FRQWULEXWLRQ�URVH�WR�DOPRVW�WZLFH�DV�PXFK�GXULQJ�WKH�SHULRG�������������$IWHU������LW�VWDUWHG�WR

GHFOLQH�FRQVLGHUDEO\�XQWLO������WR�DERXW��������6LQFH�������WKHUH�KDV�EHHQ�VRPH�LQFUHDVH�LQ

FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�WR�7)3 �JURZWK�WR�DERXW������LQ������

:KHQ� 7 �)3 �LV�GHFRPSRVHG�LQWR�WUHQG�DQG�GHYLDWLRQ�IURP�WKH�WUHQG���L�H���'7)3 � 7 �)3�

7 �)37 ���WUHQG� 7 �)3 ��7 �)37 ��LV�KLJKO\�FRUUHODWHG�WR�WUHQG�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO

�7 �**7 ���WUHQG�H[RJHQRXV�GHPDQG�� ( �;'7 ��DQG�WUHQG�LQ�UHODWLYH�IDFWRU�SULFHV�� )�3(7 ����7KH

GHYLDWLRQ�IURP�WUHQG�RI� 7 �)3 �LV�FRUUHODWHG�WR�GHYLDWLRQ�RI�WKH�ODWWHU�WZR�YDULDEOHV�IURP�WKHLU

WUHQG��7KH�GHYLDWLRQ�IURP�WUHQG�LQ�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�VWRFN�GLG�QRW�KDYH�PXFK

H[SODQDWRU\�SRZHU���7KH�FRQFOXVLRQ�WR�EH�GUDZQ�LV�WKDW�KLJKZD\�FDSLWDO�VWRFN�FRQWULEXWHV�WR

JURZWK�RI�WRWDO�IDFWRU�SURGXFWLYLW\��LWV�FRQWULEXWLRQ�LV�PXFK�VPDOOHU�LQ�FRPSDULVRQ�RI�WKH

FRQWULEXWLRQ�RI�H[RJHQRXV�GHPDQG���0RVW�RI�WKH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�WR�SURGXFWLYLW\

                                                
��
��$��UG�GHJUHH�SRO\QRPLDO�VHHP�WR�ILW�WKH�GDWD�EHVW�
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JURZWK�RFFXUUHG�LQ�WKH�����V�DQG�����V���6LQFH�������KLJKZD\�FDSLWDO�KDV�PDGH�D�VPDOO

FRQWULEXWLRQ�WR�WUHQG�7)3���+LJKZD\�FDSLWDO��ZKHWKHU�PHDVXUHG�E\�WRWDO�KLJKZD\�FDSLWDO�RU�1/6

FDSLWDO��GRHV�QRW�FRQWULEXWH�PXFK�WR�WKH�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�7)3�JURZWK�

7KHVH�UHVXOWV�VWDQGV�LQ�FRQWUDVW�WR�WKRVH�UHSRUWHG�E\�$VFKDXHU��0XQQHOO�DQG�RWKHU

SURSRQHQWV�RI�ODUJH�FRQWULEXWLRQV�WR�LQIUDVWUXFWXUH�DQG�DOVR�WR�WKRVH�UHSRUWHG�E\�UHVHDUFKHUV�ZKR

KDYH�GHQLHG�DQ\�UROH�IRU�LQIUDVWUXFWXUH�LQ�HQKDQFLQJ�WKH�JURZWK�UDWH�RI�SURGXFWLYLW\���2XU�DQDO\VLV

VXJJHVWV�WKDW�KLJKZD\�FDSLWDO�VWRFN�KDV�FRQWULEXWHG�WR�WKH�H[SDQVLRQ�RI�WKH�SURGXFWLYH�FDSDFLW\

RI�WKH�HFRQRP\���,W�KDV�FRQWULEXWHG�WR�7)3�JURZWK��DOWKRXJK�LWV�FRQWULEXWLRQ�KDV�EHHQ�UHODWLYHO\

VPDOO�DQG�KDV�YDULHG�RYHU�WLPH���([SDQVLRQ�RI�KLJKZD\�FDSLWDO�KDV�KDG�VLJQLILFDQW�HIIHFWV�RQ�WKH

SDWWHUQ�RI��DQG�GHPDQG�IRU��ODERU��FDSLWDO�DQG�PDWHULDO�LQSXWV�LQ�GLIIHUHQW�LQGXVWULHV�



���

9,,,� 6800$5<��&21&/86,216�$1'�',5(&7,216�)25�)8785(�5(6($5&+

$� 6XPPDU\�DQG�&RQFOXVLRQV

7KH�PDLQ�JRDO�RI�WKLV�UHSRUW�LV�WR�SURYLGH�D�JHQHUDO�IUDPHZRUN�IRU�DQDO\]LQJ�DQG

PHDVXULQJ�WKH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO����PHDVXUHG�E\�WRWDO�VWRFN�RI�KLJKZD\�DQG�1+6

FDSLWDO���WR�SULYDWH�VHFWRU�SURGXFWLYLW\�JURZWK���7KH�DSSURDFK�GHYHORSHG�KHUH�H[SOLFLWO\

LQFRUSRUDWHV�GHPDQG�DQG�VXSSO\�IRUFHV��LQFOXGLQJ�WKH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO��WKDW�PD\

DIIHFW�SURGXFWLYLW\�SHUIRUPDQFH���7KH�PRGHO�LV�HPSLULFDOO\�HVWLPDWHG�XVLQJ�GLVDJJUHJDWHG�GDWD

FRPSRVHG�RI����VHFWRUV�FRYHULQJ�WKH�HQWLUH�8�6��HFRQRP\�IRU�WKH�SHULRG�������������7KH�GDWD

LQFOXGH�PHDVXUHV�RI�JURVV�RXWSXW��PDWHULDO�LQSXWV��LQFOXVLYH�RI�HQHUJ\���DQG�SULYDWH�FDSLWDO�DQG

ODERU���'HPDQG�DQG�VXSSO\��FRVW��IXQFWLRQV�IRU�HDFK�LQGXVWU\�DUH�HVWLPDWHG���7KH�GHWHUPLQDQWV�RI

SURGXFWLYLW\�JURZWK�IRU�HDFK�LQGXVWU\�LQFOXGLQJ�WKH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�DUH�LGHQWLILHG

DQG�WKH�PDUJLQDO�EHQHILW�RI�KLJKZD\�FDSLWDO�WR�HDFK�LQGXVWU\�LV�VSHFLILFDOO\�PHDVXUHG�

7R�JHQHUDWH�DJJUHJDWH�PHDVXUHV�IRU�WKH�ZKROH�HFRQRP\��WZR�VSHFLILF�DSSURDFKHV�DUH

IROORZHG��WKH��DJJUHJDWHG��DSSURDFK�XVLQJ�D�ZHLJKWHG�VXP�RI�LQGLYLGXDO�LQGXVWU\�HODVWLFLWLHV�WR

REWDLQ�DJJUHJDWH�HODVWLFLW\�PHDVXUHV�IRU�WKH�ZKROH�HFRQRP\�DQG�WKH�¦DJJUHJDWH§�DSSURDFK�E\

ILWWLQJ�WKH�PRGHO�WR�DJJUHJDWH�GDWD�REWDLQHG�E\�DGGLQJ�XS�WKH�LQGXVWU\�GDWD���7KH�UHVXOWV�RI�WKHVH

WZR�DSSURDFKHV�DUH�FRPSDUHG�ZLWK�HDFK�RWKHU�DQG�WR�UHVXOWV�UHSRUWHG�LQ�WKH�OLWHUDWXUH���8VLQJ�WKH

�DJJUHJDWHG��DQG��DJJUHJDWH��HVWLPDWHV��ZH�GHFRPSRVH�WRWDO�7)3�JURZWK�LQWR�LWV�YDULRXV

FRPSRQHQWV���:H�DOVR�FDOFXODWH�WKH�QHW�VRFLDO�UDWH�RI�UHWXUQ�WR�KLJKZD\�FDSLWDO�DQG�WKH�UDWLR�RI

RSWLPDO�WR�DFWXDO�VWRFN�RI�WRWDO�KLJKZD\�DQG�1+6�FDSLWDO�WR�H[DPLQH�ZKHWKHU�WKHUH�KDV�EHHQ�DQ\

RYHU��RU�XQGHU�LQYHVWPHQW�LQ�KLJKZD\�FDSLWDO�RU�1+6�FDSLWDO�RYHU�WKH�SRVWZDU�SHULRG�



���

7KH�HVWLPDWHG�UHVXOWV�DUH�TXLWH�VWDEOH�DQG�GR�QRW�FKDQJH�VXEVWDQWLDOO\�XQGHU�WKH

DOWHUQDWLYH�PHDVXUHV�RI�KLJKZD\�FDSLWDO���7KH�UDWHV�RI�UHWXUQ�WR�1+6�FDSLWDO�DUH�JHQHUDOO\�KLJKHU

WKDQ�WKDW�IRU�WRWDO�KLJKZD\�FDSLWDO�DQG�WKHUHIRUH�WKH�VXP�RI�PDUJLQDO�EHQHILWV�IURP�1+6�FDSLWDO�LV

ODUJHU�WKDQ�WKDW�IRU�WRWDO�KLJKZD\�FDSLWDO���7KH\�GR��KRZHYHU��IROORZ�SDWWHUQV�RYHU�WLPH�VLPLODU�WR

WKH�UDWHV�RQ�WRWDO�KLJKZD\�FDSLWDO�

7KH�VSHFLILF�TXDQWLWDWLYH�UHVXOWV�RI�WKLV�UHSRUW�FDQ�EH�EULHIO\�VXPPDUL]HG�DV�IROORZV�

x� 7RWDO�KLJKZD\�FDSLWDO�DQG�1+6�FDSLWDO�FRQWULEXWH�VLJQLILFDQWO\�WR�HFRQRPLF�JURZWK

DQG�SURGXFWLYLW\�DW�WKH�LQGXVWU\�DQG�QDWLRQDO�HFRQRP\�OHYHOV���7KHLU�FRQWULEXWLRQ

YDULHV�DFURVV�LQGXVWULHV�DQG�RYHU�WLPH���7KH�PDJQLWXGH�RI�WKH�HODVWLFLW\�RI�RXWSXW�ZLWK

UHVSHFW�WR�WRWDO�KLJKZD\�FDSLWDO�DW�WKH�DJJUHJDWH�OHYHO�LV�DERXW������ZKLFK�LV�PXFK

VPDOOHU�WKDQ�FRPSDUDEOH�HVWLPDWHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�

x� 2XU�EDVLF�PRGHO�ZDV�HVWLPDWHG�XVLQJ�VHYHUDO�DOWHUQDWLYH�HFRQRPHWULF�SURFHGXUHV

LQFOXGLQJ�HVWLPDWLQJ�WKH�PRGHO�LQ�ILUVW�GLIIHUHQFH�IRUP�DQG�XVLQJ�LQVWUXPHQWDO�YDULDEOH

WHFKQLTXHV���7KHVH�DOWHUQDWLYH�HVWLPDWLRQV�ZHUH�QHFHVVDU\�WR�PHHW�WKH�FULWLFLVPV�RI

VSXULRXV�FRUUHODWLRQ�DQG�VLPXOWDQHLW\��L�H���UHYHUVH�FDXVDOLW\��EHWZHHQ�KLJKZD\�FDSLWDO

DQG�RXWSXW��FRVW����7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�PRGHO�SDVVHV�WKHVH�WHVWV�DQG�WKH�VLJQV

DQG�PDJQLWXGHV�RI�HODVWLFLWLHV�DUH�VWDEOH�

x� 7KHUH�LV�HYLGHQFH�RI�D�PLOG�GHJUHH�RI�LQFUHDVLQJ�UHWXUQV�LQ�PRVW�LQGXVWULHV�DQG�DW�WKH

QDWLRQDO�OHYHO���7KH�PDUJLQDO�SURGXFWV�RI�ODERU��FDSLWDO�DQG�LQWHUPHGLDWH�LQSXWV�YDU\

DFURVV�LQGXVWULHV�DQG�WKH�RXWSXW�HODVWLFLW\�RI�ODERU�ZDV�JHQHUDOO\�WKH�ODUJHVW��IROORZHG

E\�WKDW�RI�FDSLWDO�DQG�LQWHUPHGLDWH�LQSXWV���0RUH�LPSRUWDQWO\��ERWK�DW�WKH�LQGXVWU\�DQG

QDWLRQDO�OHYHOV��WKH�HODVWLFLW\�RI�SULYDWH�FDSLWDO�GRPLQDWHV�WKDW�RI�WRWDO�KLJKZD\�FDSLWDO

RU�1+6�FDSLWDO�E\�DOPRVW�IRXU�WLPHV��7KLV�UHVXOW�LV�LQ�VKDUS�FRQWUDVW�WR�WKH�UHVXOWV

IRXQG�E\�$VFKDXHU���������&DQQLQJ�DQG�)D\���������DQG�)HUQDOG���������ZKLFK�LPSO\

WKDW�DQ�DGGLWLRQDO�GROODU�RI�SXEOLF�LQYHVWPHQW�ZDV�VXEVWDQWLDOO\�PRUH�SURGXFWLYH�WKDQ�D

FRUUHVSRQGLQJ�GROODU�RI�SULYDWH�LQYHVWPHQW�

x� 7RWDO�KLJKZD\�FDSLWDO�DQG�1+6�FDSLWDO�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�HPSOR\PHQW�

SULYDWH�FDSLWDO�IRUPDWLRQ�DQG�GHPDQG�IRU�PDWHULDOV�LQSXWV�LQ�DOO�LQGXVWULHV���$W�D�JLYHQ

OHYHO�RI�RXWSXW��DQ�LQFUHDVH�LQ�KLJKZD\�FDSLWDO�DQG�1+6�FDSLWDO�OHDG�WR�D�UHGXFWLRQ�LQ

GHPDQG�IRU�DOO�LQSXWV�LQ�PDQXIDFWXULQJ�ZKLOH�LQ�QRQ�PDQXIDFWXULQJ�WKH�SDWWHUQ�LV

PL[HG���7KH�PDJQLWXGH�RI�WKHVH�HIIHFWV�YDULHV�DPRQJ�WKH�WKUHH�LQSXWV�LQ�D�JLYHQ

LQGXVWU\�DQG�DPRQJ�WKH�LQGXVWULHV���7KH�PDLQ�HIIHFW�VHHPV�WR�EH�WR�UHGXFH�WKH�GHPDQG

IRU�SULYDWH�FDSLWDO�DQG�ODERU�LQ�WKH�PDMRULW\�RI�LQGXVWULHV���5HGXFWLRQV�LQ�GHPDQG�IRU

LQWHUPHGLDWH�LQSXWV�DUH�UDWKHU�VPDOO�LQ�PRVW�LQGXVWULHV�

x� 7KH�PDUJLQDO�EHQHILWV�RI�WRWDO�KLJKZD\�FDSLWDO�DQG�1+6�FDSLWDO�DW�WKH�LQGXVWU\�OHYHO

ZHUH�FDOFXODWHG�XVLQJ�WKH�HVWLPDWHG�FRVW�HODVWLFLWLHV���'HPDQG�IRU�KLJKZD\�FDSLWDO

VHUYLFHV�YDULHV�DFURVV�LQGXVWULHV�DV�GR�WKH�PDUJLQDO�EHQHILWV���7KH�PDUJLQDO�EHQHILWV

DUH�QHJDWLYH�IRU�DOO�QRQ�PDQXIDFWXULQJ�LQGXVWULHV���7KLV�VXJJHVWV�WKDW�IRU�WKHVH
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LQGXVWULHV�WKH�H[LVWLQJ�VWRFN�RI�KLJKZD\�FDSLWDO�PD\�EH�RYHU�VXSSOLHG���7KLV�LVVXH�

KRZHYHU��UHTXLUHV�IXUWKHU�UHVHDUFK�

x� :H�FDOFXODWH�WKH�QHW�VRFLDO�UHWXUQ�WR�WRWDO�KLJKZD\�FDSLWDO�DQG�1+6�FDSLWDO�XVLQJ�WKH

LQGXVWU\�PDUJLQDO�EHQHILW�FDOFXODWLRQV�DQG�WKH�XVHU�FRVW�RI�KLJKZD\�FDSLWDO�WDNLQJ�LQWR

DFFRXQW�WKH�GLVWRUWLRQDU\�HIIHFWV�RI�WD[DWLRQ�WR�ILQDQFH�KLJKZD\�FDSLWDO���7KH�UHVXOWV

LQGLFDWH�WKDW�QHW�VRFLDO�UDWH�RI�UHWXUQ�RQ�WRWDO�KLJKZD\�FDSLWDO�ZDV�KLJK��DERXW���

SHUFHQW�LQ�WKH�����V�DQG�����V��WKHQ�GHFOLQHG�FRQVLGHUDEO\�DQG�LQ�����V�WR�DERXW���

SHUFHQW���7KH�VDPH�SDWWHUQ�KROGV�IRU�1+6�FDSLWDO�WKRXJK�WKH�QHW�VRFLDO�UDWHV�RI�UHWXUQ

DUH�KLJKHU�IRU�1+6���)RU�WKH�HQWLUH�SHULRG����������WKH�DYHUDJH�QHW�VRFLDO�UDWH�RI

UHWXUQ�IRU�ERWK�PHDVXUHV�RI�KLJKZD\�FDSLWDO�DUH�PXFK�VPDOOHU�WKDQ�HVWLPDWHV�LQ�WKH

OLWHUDWXUH���,Q�����V�WKH�UDWHV�RI�UHWXUQ�RQ�WRWDO�KLJKZD\�FDSLWDO�DQG�SULYDWH�VHFWRU

FDSLWDO�VHHP�WR�KDYH�FRQYHUJHG�DQG�EDVLFDOO\�HTXDO�WR�WKH�ORQJ�WHUP�UDWH�RI�LQWHUHVW�

x� 8VLQJ�D�VHW�RI��DJJUHJDWHG��HVWLPDWHV��ZH�FDOFXODWHG�WKH��RSWLPXP��OHYHO�RI�KLJKZD\

FDSLWDO�DQG�FRPSDUHG�LW�ZLWK�LWV�DFWXDO�OHYHO�RYHU�WKH�SHULRG�������������7KH�SLFWXUH

WKDW�HPHUJHV�LV�WKDW�WKH�UDWLR�RI�WKH�RSWLPXP�WR�DFWXDO�KLJKZD\�FDSLWDO��PHDVXUHG�E\

WRWDO�RU�1+6��ZDV�KLJK�DW�WKH�EHJLQQLQJ�RI�WKH�SHULRG�XQWLO�WKH�����V�DQG�GHFOLQHG

WKHUHDIWHU�DV�FRQVWUXFWLRQ�RI�WKH�,QWHUVWDWH�+LJKZD\�6\VWHP�QHDUHG�FRPSOHWLRQ���%\

WKH�HQG�RI�����V��WKHUH�DSSHDUV�WR�EH�QR�HYLGHQFH�RI�XQGHU�RU�RYHU�LQYHVWPHQW�LQ

KLJKZD\�FDSLWDO�

x� 7KH�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�WR�7)3�JURZWK�LV�SRVLWLYH�LQ�DOPRVW�DOO�LQGXVWULHV�

H[FHSW�LQ�VRPH�QRQ�PDQXIDFWXULQJ�LQGXVWULHV���7KH�UHDVRQ�LV��DV�QRWHG�HDUOLHU��WKDW�LQ

WKHVH�LQGXVWULHV��KLJKZD\�FDSLWDO�LV�RYHU�VXSSOLHG���7KH�PDLQ�FRQWULEXWLRQ�RI�KLJKZD\

FDSLWDO�LV�LQ�WKH�PDQXIDFWXULQJ�LQGXVWULHV���WKH�PDJQLWXGHV�RI�WKH�FRQWULEXWLRQ�YDULHV

DPRQJ�LQGXVWULHV���$W�WKH�DJJUHJDWH�OHYHO��KLJKZD\�FDSLWDO�FRQWULEXWLRQ�LQ�DERXW����

ZKLFK�FRPSDUHG�ZLWK�UHSRUWHG�HVWLPDWHV�LQ�WKH�OLWHUDWXUH�LV�UHODWLYHO\�VPDOO���7KH�PDLQ

FRQWULEXWRU�WR�SURGXFWLYLW\�ERWK�DW�WKH�LQGXVWU\�DQG�DJJUHJDWH�OHYHO�LV�DJJUHJDWH

GHPDQG���5HODWLYH�SULFHV��WKH�FDSDFLW\�XWLOL]DWLRQ�UDWH�DQG�WHFKQLFDO�FKDQJH�DOVR

FRQWULEXWH�WR�WKH�JURZWK�RI�7)3��EXW�WKHLU�FRQWULEXWLRQV�DUH�JHQHUDOO\�VPDOOHU�DQG�YDU\

DFURVV�LQGXVWULHV�

7KH�PDLQ�FRQFOXVLRQ�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�KLJKZD\�FDSLWDO�DQG�HFRQRPLF

SURGXFWLYLW\�DQG�JURZWK�LV�WKDW�LW�FRQWULEXWHV�WR�SURGXFWLYLW\�E\�ORZHULQJ�SURGXFWLRQ�FRVWV�LQ�HDFK

LQGXVWU\�DQG�LQIOXHQFHV�GHPDQG�IRU�FDSLWDO��ODERU�DQG�PDWHULDOV���+RZHYHU��LWV�FRQWULEXWLRQ�WR�WKH

WUHQG�LQ�SURGXFWLYLW\�JURZWK�LV�UHODWLYHO\�VPDOO��DQG�FRQWULEXWHV�OLWWOH�LI�DQ\�WR�VKRUW�WHUP

IOXFWXDWLRQV�RI�7)3�JURZWK�
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B. Directions for Future Research

7KHUH�DUH�D�QXPEHU�RI�LPSRUWDQW�LVVXHV�WKDW�UHTXLUH�IXUWKHU�UHVHDUFK�

2PLWWHG�9DULDEOHV���2QH�RI�WKH�PRVW�LPSRUWDQW�FRQVLGHUDWLRQV�LV�WR�LQWURGXFH�WKH�HIIHFW

RI�RPLWWHG�YDULDEOHV�LQ�RXU�DQDO\VLV���7ZR�W\SHV�RI�DGMXVWPHQWV�DUH�GHVLUDEOH��RQH�WR�DGMXVW�IRU�WKH

TXDOLW\�FKDQJHV�LQ�KLJKZD\�FDSLWDO�VHUYLFHV�DQG�WKH�RWKHU�LV�WR�DFFRXQW�IRU�WKH�FRQWULEXWLRQ�RI

LQIUDVWUXFWXUH�FDSLWDO�RWKHU�WKDQ�KLJKZD\�FDSLWDO���7KH�TXDOLW\�DGMXVWPHQWV�FDQ�WDNH�GLIIHUHQW

GLPHQVLRQV���)RU�H[DPSOH�DGMXVWPHQWV�DUH�QHHGHG�IRU�HIIHFW�RI�FRQJHVWLRQ�DQG�RWKHU

HQYLURQPHQWDO�IDFWRUV�VXFK�DV�QRLVH��VPRJ��HWF���7KH�KLJKZD\�FDSLWDO�VWRFN�QHHGV�WR�EH�DGMXVWHG

IRU�TXDOLW\�RI�URDGV��GHJUHH�RI�PDLQWHQDQFH�DQG�LQWHQVLW\�RI�XVH���%HVLGHV�WKHVH�W\SHV�RI

DGMXVWPHQWV��WKH�HIIHFWV�RI�LQIUDVWUXFWXUH�FDSLWDO�RWKHU�WKDQ�KLJKZD\�FDSLWDO�VKRXOG�EH�VSHFLILFDOO\

LQWURGXFHG�LQ�RXU�PRGHO���&OHDUO\�WKHUH�LV�FRQVLGHUDEOH�HYLGHQFH�WKDW�RWKHU�W\SHV�RI�SXEOLF

LQIUDVWUXFWXUH�FRQWULEXWH�WR�JURZWK�RI�RXWSXW�DQG�SURGXFWLYLW\���,QFOXGLQJ�WKH�¦RWKHU§

LQIUDVWUXFWXUH�FDSLWDO�PD\�DIIHFW�WKH�PDJQLWXGHV�DQG�HYHQ�VLJQ�RI�WKH�HODVWLFLWLHV�DQG�PDUJLQDO

EHQHILWV�RI�KLJKZD\�FDSLWDO��RU�1+6��UHSRUWHG�LQ�WKLV�VWXG\�

5HOD[DWLRQ�RI�$VVXPSWLRQV���(YDOXDWLRQ�RI�WKH�SURGXFWLYLW\�FRQWULEXWLRQ�DQG�WKH�HIIHFW

RQ�GHPDQG�IRU�ODERU��FDSLWDO�DQG�PDWHULDOV�RI�DQ�LQFUHDVH�LQ�KLJKZD\�FDSLWDO�DUH�HVWLPDWHG�XQGHU

WKH�DVVXPSWLRQ�WKDW�WKH�OHYHO�RI�RXWSXW�LV�JLYHQ���7KLV�DVVXPSWLRQ�QHHGV�WR�EH�UHOD[HG�WR�WDNH

DFFRXQW�RI�RXWSXW�H[SDQVLRQ�LQGXFHG�E\�LQYHVWPHQW�LQ�KLJKZD\�FDSLWDO���+LJKZD\�FDSLWDO

LQYHVWPHQW�UHGXFHV�FRVW�L�H��WKH�DYHUDJH�FRVW�VKLIWV�GRZQZDUG��SURGXFWLYLW\�HIIHFW����7KLV�LQ�WXUQ�

JLYHQ�D�GRZQZDUG�VORSLQJ�RXWSXW�GHPDQG�FXUYH��OHDGV�WR�D�GHFOLQH�LQ�RXWSXW�SULFHV�DQG�DQ

LQFUHDVH�LQ�RXWSXW���7KH�LQGXFHG�RXWSXW�H[SDQVLRQ�OHDGV�WR�LQFUHDVHV�LQ�GHPDQG�IRU�HDFK�RI�WKH

SULYDWH�VHFWRU�LQSXWV���7KLV�LQGLUHFW�H[SDQVLRQ�HIIHFW�RI�KLJKZD\�FDSLWDO�LQYHVWPHQW�ZLOO�OLNHO\�WR
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RIIVHW�DQ\�SRWHQWLDO�VXEVWLWXWLRQ�HIIHFWV�RQ�GHPDQG�IRU�ODERU��FDSLWDO�DQG�PDWHULDOV���7KLV�LVVXH�LV

DQ�LPSRUWDQW�FKDOOHQJH�WR�EH�WDNHQ�XS�DOVR�LQ�IXWXUH�UHVHDUFK�

'HSUHFLDWLRQ�RI�+LJKZD\�&DSLWDO���$QRWKHU�LVVXH�LV�WR�H[DPLQH�PRUH�FORVHO\�WKH

GHSUHFLDWLRQ�UDWH�HVWLPDWHV�WKDW�DUH�XVHG�WR�JHQHUDWH�WKH�WRWDO�KLJKZD\�RU�1+6�FDSLWDO���,I�WKH

GHSUHFLDWLRQ�UDWHV�DUH�QRW�ZLOO�VSHFLILHG�WKHQ�WKH�UHVXOWV�RQ�PDUJLQDO�EHQHILW��QHW�VRFLDO�UDWH�RI

UHWXUQ�DQG�SURGXFWLYLW\�FRQWULEXWLRQ�RI�KLJKZD\�FDSLWDO�UHSRUWHG�KHUH�ZLOO�EH�DIIHFWHG���$QDO\WLFDO

PRGHOV�DUH�DYDLODEOH�WR�HVWLPDWH�WKH�GHSUHFLDWLRQ�UDWH�IURP�DYDLODEOH�LQYHVWPHQW�GDWD�
��
��$OVR�

DYDLODELOLW\�RI�GDWD�RQ�PDLQWHQDQFH�H[SHQGLWXUHV�DQG�RWKHU�UHOHYDQW�GDWD�PD\�DOORZ�HVWLPDWLQJ�D

PRUH�SUHFLVH�PHDVXUH�RI�WKH�GHSUHFLDWLRQ�UDWH�DQG�WKXV�EHWWHU�PHDVXUHV�RI�WRWDO�KLJKZD\�DQG

1+6�FDSLWDO�VWRFNV�

)XUWKHU�,QGXVWU\�'HWDLO���,Q�WKH�SUHVHQW�VWXG\��LQGXVWULHV�ZHUH�GLYLGHG�LQWR�WKUHH�EURDG

FDWHJRULHV���$�PRUH�UHILQHG�FODVVLILFDWLRQ�VXFK�DV�WKDW�XVHG�E\�)HUQDOG�PD\�EH�QHFHVVDU\�WR

FDSWXUH�WKH�LQGXVWU\�YDULDWLRQV�LQ�GHPDQG�IRU�KLJKZD\�FDSLWDO�VHUYLFHV���$V�D�UHVXOW��RXU�PHDVXUHV

RI�LQGXVWU\�PDUJLQDO�EHQHILWV��VRFLDO�UDWH�RI�UHWXUQ�DQG�FRQWULEXWLRQ�WR�SURGXFWLYLW\�DW�WKH�LQGXVWU\

DQG�DJJUHJDWH�OHYHO�DUH�OLNHO\�WR�EH�DIIHFWHG���$OVR��ZH�QHHG�WR�LPSURYH�RXU�HVWLPDWLRQ�RI�WKH

RXWSXW�GHPDQG�IXQFWLRQ���)XUWKHUPRUH��WKH�GHPDQG�DQG�FRVW�IXQFWLRQV�DUH�HVWLPDWHG�VHSDUDWHO\�

:KDW�LV�UHTXLUHG�LV�WR�MRLQWO\�HVWLPDWH�WKH�WZR�IXQFWLRQV�DQG�DOORZ�IRU�WKH�HIIHFW�RI�KLJKZD\

FDSLWDO�RQ�WKH�GHPDQG�IRU�RXWSXW�RI�DQ�LQGXVWU\�

%HQHILWV�WR�2WKHU�*URXSV���)LQDOO\��LQ�WKLV�VWXG\�ZH�KDYH�FRQFHQWUDWHG�RQ�WKH�EHQHILWV�RI

KLJKZD\�FDSLWDO�WR�SULYDWH�VHFWRU�LQGXVWULHV���7KH�ZHOIDUH�EHQHILWV�RI�KLJKZD\�FDSLWDO�VHUYLFHV�WR

WKH�FRQVXPHUV�KDYH�QRW�EHHQ�DGGUHVVHG���7R�GR�VR�UHTXLUHV�PRGHOLQJ�WKH�FRQVXPSWLRQ�VHFWRU�RI

                                                
16 See Nadiri and Prucha 1996.
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WKH�HFRQRP\�DQG�LQWHJUDWLQJ�LW�ZLWK�WKH�SURGXFWLRQ�VHFWRU�LQ�D�JHQHUDO�HTXLOLEULXP�PRGHO���6XFK

DQ�DWWHPSW��WKRXJK�H[WUHPHO\�LPSRUWDQW��DW�SUHVHQW�UHPDLQ�RXWVLGH�WKH�VFRSH�RI�RXU�UHVHDUFK�



���

5()(5(1&(6
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$DURQ��+�-����������'LVFXVVLRQ�RI��:K\�LV�,QIUDVWUXFWXUH�,PSRUWDQW"��LQ�$��0XQQHOO��HG���,V�7KHUH

D�6KRUWIDOO�LQ�3XEOLF�&DSLWDO�,QYHVWPHQW"��)HGHUDO�5HVHUYH�%DQN��%RVWRQ��������

$SRJHH�5HVHDUFK��,QF����������&XUUHQW�/LWHUDWXUH�RQ�+LJKZD\�,QYHVWPHQW�DQG�(FRQRPLF�

'HYHORSPHQW��SUHSDUHG�IRU�WKH�)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�

$UURZ��.��-��DQG�0��.XU]���������3XEOLF�,QYHVWPHQW��WKH�5DWH�RI�5HWXUQ��DQG�2SWLPDO�)LVFDO�

3ROLF\��%DOWLPRUH��7KH�-RKQV�+RSNLQV�3UHVV�

$VFKDXHU��'DYLG�$ODQ������D����'RHV�3XEOLF�&DSLWDO�&URZG�2XW�3ULYDWH�&DSLWDO"��-RXUQDO�RI�

0RQHWDU\�(FRQRPLFV�������������

BBBBBBB�������E����,V�3XEOLF�([SHQGLWXUH�3URGXFWLYH"��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV����

���� ����

BBBBBBB�����������,QIUDVWUXFWXUH�DQG�3URGXFWLYH�(IILFLHQF\��$�/LWHUDWXUH�5HYLHZ���PLPHR�

%HUQGW��(UQVW�5��DQG�%��+DQVVRQ����������0HDVXULQJ�WKH�&RQWULEXWLRQ�RI�3XEOLF�,QIUDVWUXFWXUH�

&DSLWDO�LQ�6ZHGHQ����3DSHU�3UHVHQWHG�DW�,8,��6ZHGHQ��0DUFK�

%HUQVWHLQ��-HIIUH\�,���DQG�0��,VKDT�1DGLUL�����������3URGXFW�'HPDQG��&RVW�RI�3URGXFWLRQ��

6SLOORYHUV��DQG�WKH�6RFLDO�5DWH�RI�5HWXUQ�WR�5	'���1%(5�:RUNLQJ�3DSHU�������

�)HEUXDU\��

&DYHV��'��:���/��5��&KULVWHQVHQ��DQG�-��$��6ZDQVRQ����������3URGXFWLYLW\�*URZWK��6FDOH�

(FRQRPLFV��DQG�&DSDFLW\�8WLOL]DWLRQ�LQ�8�6��5DLOURDGV��������������$PHULFDQ�(FRQRPLF�

5HYLHZ�����������������

&KDPEHUV��5�*����������$SSOLHG�3URGXFWLRQ�$QDO\VLV���$�'XDO�$SSURDFK��1HZ�<RUN���

&DPEULGJH�8QLYHUVLW\�3UHVV�

&RQUDG��.ODXV�DQG�+HOPXV�6HLW]����������7KH�(FRQRPLF�%HQHILWV�RI�3XEOLF�,QIUDVWUXFWXUH����

,QVWLWXW�IXU�9RONVZLUWVFKDIWVOHKUH�XQG�6WDWLVWLN�8QLYHUVLWDW�0DQQKHLP�'LVFXVVLRQ�3DSHU�

�������

'HQR��.HYLQ�7�����������7KH�(IIHFW�RI�3XEOLF�&DSLWDO�RQ�8�6��0DQXIDFWXULQJ�$FWLYLW\�������WR�

�������6RXWKHUQ�(FRQRPLF�-RXUQDO�������������

'LHZHUW��:�(�����������$SSOLFDWLRQ�RI�'XDOLW\�7KHRU\���LQ�0�'��,QWULOLJDWRU�DQG�'�$��.HQGULF�

�HGV����)URQWLHUV�RI�4XDQWLWDWLYH�(FRQRPLFV��YRO��,,��$PVWHUGDP���1RUWK�+ROODQG�

BBBBBBBBB����������7KH�0HDVXUHPHQW�RI�WKH�(FRQRPLF�%HQHILWV�RI�,QIUDVWUXFWXUH�6HUYLFHV�

1HZ�<RUN���6SULQJHU�9HUODJ�
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BBBBBBBBB��DQG�7�-��:DOHV����������)OH[LEOH�)XQFWLRQDO�)RUPV�DQG�&XUYDWXUH�&RQGLWLRQV���

(FRQRPHWULFD����������������

'XII\�'HQR��.�7��DQG�5�:��(EHUWV����������3XEOLF�,QIUDVWUXFWXUH�DQG�5HJLRQDO�(FRQRPLF�

'HYHORSPHQW���$�6LPXOWDQHRXV�(TXDWLRQV�$SSURDFK���-RXUQDO�RI�8UEDQ�(FRQRPLFV����

�������

(EHUWV��5DQGDOO�:�����������(VWLPDWLQJ�WKH�&RQWULEXWLRQ�RI�8UEDQ�3XEOLF�,QIUDVWUXFWXUH�WR�

5HJLRQDO�*URZWK���)HGHUDO�5HVHUYH�%DQN�RI�&OHYHODQG�:RUNLQJ�3DSHU�������'HFHPEHU�

BBBBBBB��DQG�0��)RJHUW\����������(VWLPDWLQJ�WKH�5HODWLRQVKLS�%HWZHHQ�/RFDO�3XEOLF�DQG�3ULYDWH

,QYHVWPHQW����:RUNLQJ�3DSHU�������)HGHUDO�5HVHUYH�%DQN��&OHYHODQG��2+�

(LVQHU��5REHUW����������,QIUDVWUXFWXUH�DQG�5HJLRQDO�(FRQRPLF�3HUIRUPDQFH��&RPPHQW���1HZ�

(QJODQG�(FRQRPLF�5HYLHZ��6HSW��2FW���������

)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ����������$VVHVVLQJ�WKH�5HODWLRQVKLS�%HWZHHQ�7UDQVSRUWDWLRQ�

,QIUDVWUXFWXUH�DQG�3URGXFWLYLW\���6XPPDU\�RI�&XUUHQW�5HVHDUFK���3DUW�RI�D�+LJKZD\V�DQG�

(FRQRPLF�3URGXFWLYLW\�$JHQGD���6HDUFKLQJ�IRU�6ROXWLRQV���$�3ROLF\�'LVFXVVLRQ�6HULHV��

1XPEHU����$XJXVW����2IILFH�RI�3ROLF\�'HYHORSPHQW��)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ��

:DVKLQJWRQ��'�&�

)HUQDOG��-RKQ���������+RZ�3URGXFWLYH�,V�,QIUDVWUXFWXUH��'LVWLQJXLVKLQJ�5HDOLW\�DQG�,OOXVLRQ�ZLWK�

D�3DQHO�RI�86�,QGXVWULHV����PLPHR�

*UDPOLFK��(����������,QIUDVWUXFWXUH�,QYHVWPHQW��$�5HYLHZ�(VVD\���-RXUQDO�RI�(FRQRPLF�

/LWHUDWXUH��6HSWHPEHU������������

*URVVPDQ��+HUVFKHO�,���DQG�5REHUW�/XFDV���������7KH�0DFUR�(FRQRPLF�(IIHFWV�RI�3URGXFWLYH�

3XEOLF�([SHQGLWXUHV���7KH�0DQFKHVWHU�6FKRRO�RI�(FRQRPLFV�DQG�6RFLDO�6WXGLHV����������

����

+DOO��5�(����������7KH�5HODWLRQVKLS�EHWZHHQ�3ULFH�DQG�0DUJLQDO�&RVW�LQ�8�6��,QGXVWU\���-RXUQDO�

RI�3ROLWLFDO�(FRQRP\�����������������

+DXWKDNNHU��+�6���DQG�/�'��7D\ORU���������&RQVXPHU�'HPDQG�LQ�WKH�8QLWHG�6WDWHV�����������§�

&DPEULGJH�0DVV���+DUYDUG�

+ROW]�(DNLQ��'������������1HZ�(VWLPDWHV�RI�6WDWH�/RFDO�&DSLWDO�6WRFNV�E\�6WDWH���6\UDFXVH�

8QLYHUVLW\��PLPHR�

BBBBB�����������3XEOLF�6HFWRU�&DSLWDO�DQG�WKH�3URGXFWLYLW\�3X]]OH���1%(5�:RUNLQJ�3DSHU�

������

+XOWHQ��&KDUOHV�5�����������,QIUDVWUXFWXUH��3URGXFWLYLW\�*URZWK�DQG�&RPSHWLWLYHQHVV���

&RPPLWWHH�RQ�%DQNLQJ��)LQDQFH�DQG�8UEDQ�$IIDLUV��6HULDO�1R����������



���

+XOWHQ��&KDUOHV�5��DQG�5REHUW�0��6FKZDE����������5HJLRQDO�3URGXFWLYLW\�*URZWK�LQ�8�6��

0DQXIDFWXULQJ���������������$PHULFDQ�(FRQRPLF�5HYLHZ�������������

BBBBBB�������D����3XEOLF�&DSLWDO�)RUPDWLRQ�DQG�WKH�*URZWK�RI�5HJLRQDO�0DQXIDFWXULQJ�

,QGXVWULHV���PLPHR��0DUFK�

-RUJHQVRQ��'���)��*ROORS�DQG�%��)UDXPHQL��������3URGXFWLYLW\�DQG�8�6��(FRQRPLF�*URZWK��

&DPEULGJH��0$��+DUYDUG�8QLYHUVLW\�3UHVV�

-RUJHQVRQ��'����������3URGXFWLYLW\�DQG�(FRQRPLF�*URZWK���LQ�%HUQGW��(��DQG�-��7ULSOHWW���HGV��

)LIW\�<HDUV�RI�(FRQRPLF�0HDVXUHPHQW��1%(5�6WXGLHV�LQ�,QFRPH�DQG�:HDOWK�9ROXPH����

&KLFDJR��7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV�

-RUJHQVRQ��'�:��DQG�.XQ�<RXQJ�<XQ���������7KH�([FHVV�%XUGHQ�RI�7D[DWLRQ�LQ�WKH�8�6����

+DUYDUG�8QLYHUVLW\�'LVFXVVLRQ�3DSHU�������

.DL]XND��.�����������3XEOLF�*RRGV�DQG�'HFHQWUDOL]DWLRQ�RI�3URGXFWLRQ���5HYLHZ�RI�(FRQRPLFV�

DQG�6WDWLVWLFV�������������

.HHOHU��7�(��DQG�-��<LQJ����������0HDVXULQJ�WKH�%HQHILWV�RI�D�/DUJH�3XEOLF�,QYHVWPHQW��WKH�&DVH�

RI�WKH�8�6��)HGHUDO�DLG�+LJKZD\�6\VWHP���-RXUQDO�RI�3XEOLF�(FRQRPLFV���������������
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4XDQWLWDWLYH�(FRQRPLFV��1R�����8QLYHUVLW\�RI�3HQQV\OYDQLD�

/\QGH��&DWKHULQH�DQG�-DPHV�5LFKPRQG����������7KH�5ROH�RI�3XEOLF�&DSLWDO�LQ�3URGXFWLRQ���

5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV�����������
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)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ��:DVKLQJWRQ��'�&�
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BBBBB�������F����,QIUDVWUXFWXUH�DQG�3XEOLF�5	'�,QYHVWPHQWV�DQG�WKH�*URZWK�RI�)DFWRU�
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