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$Q DQDO\VLV RI WKH HIIHFWLYHQHVV RI ZRUNLQJ WLPH�
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$EVWUDFW� 7KLV DUWLFOH LV DQ DQDO\VLV RI WKH UHODWLRQ EHWZHHQ ZRUNHG KRXUV DQG ODERXU GHPDQG� :H

SURSRVH WKUHH GLIIHUHQW VSHFLILFDWLRQV RI WKH RSWLPL]DWLRQ SURJUDP RI D ILUP EHKDYLRXU E\ LQWURGXFLQJ WKH

FRQFHSW RI HIIHFWLYHQHVV RI ODERXU DFFRUGLQJ WR WKH ZRUNLQJ WLPH� 7KHVH PRGHOV DUH HVWLPDWHG RQ )UHQFK

GDWD FRYHULQJ WKH SHULRG >���������@� 7KH ILUVW RQH XVHV D VWDWLF RSWLPL]DWLRQ� 6WDWH YDULDEOHV DUH KRXUV

DQG ZRUNHUV� 7KH VHFRQG SUHVHQWV D G\QDPLF GHPDQG PRGHO ZLWK SDUWLDO DGMXVWPHQW PHFKDQLVPV� 7KH

ODVW VSHFLILFDWLRQ XVHV WKH (XOHU HTXDWLRQ GHGXFHG IURP WKH LQWHUWHPSRUDO PD[LPL]DWLRQ RI WKH ILUP SURILW

ZLWK V\PPHWULF DQG DV\PPHWULF DGMXVWPHQW FRVW IXQFWLRQV� :H VKRZ WKDW LPSHUIHFW VXEVWLWXWDELOLW\ EHWZHHQ

QXPEHUV HPSOR\HG DQG KRXUV SHU ZRUNHUV FRQVWLWXWHV D FRQVWUDLQW RQ WKH HIIHFWLYHQHVV RI ZRUNLQJ WLPH

UHVWULFWLRQ DV D PHDQV RI UHGXFLQJ XQHPSOR\PHQW

.H\ZRUGV� '\QDPLF ODERU GHPDQG� $GMXVWPHQW FRVWV� :RUNLQJ WLPH� )XQFWLRQ RI HIIHFWLYHQHVV� *00�

3UHOLPLQDU\ 9HUVLRQ

'R QRW TXRWH
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�� ,QWURGXFWLRQ

6LQFH WKH EHJLQQLQJ RI WKH FHQWXU\ ZRUNLQJ WLPH KDV GHFUHDVHG LQ ZHVWHUQ HFRQRPLHV E\ RYHU RQH SHUFHQW

D \HDU� 7KH ODVW WZR GHFDGHV KDYH VHHQ RXU HFRQRPLHV IDFHG ZLWK D SUREOHP RI PDVVLYH XQHPSOR\PHQW�

2QH RI WKH VROXWLRQV SURSRVHG WR VROYH WKLV SUREOHP LV WR DFFHOHUDWH WKH UHGXFWLRQ RI ZRUNLQJ WLPH� 7KH

VXEVWLWXWDELOLW\ RI KRXUV DQG HPSOR\HHV LV WKH FHQWUH RI QXPHURXV DUJXPHQWV EHWZHHQ HFRQRPLVWV� 7KH

K\SRWKHVLV RI SHUIHFW VXEVWLWXWDELOLW\ VHHPV XQUHDOLVWLF� %XW LW LV DOVR XQOLNHO\ WKDW D GHFUHDVH LQ WKH QXPEHU

RI ZRUNLQJ KRXUV ZLOO KDYH QR HIIHFW RQ WKH QXPEHU RI ZRUNHUV�

7KLV LPSHUIHFW VXEVWLWXWDELOLW\ EHWZHHQ PHQ DQG WKH KRXUV HQFRXUDJHV XV WR LQWURGXFH WKH ZRUNLQJ KRXUV

LQWR PRGHOV RI ODERXU GHPDQG� ,W LV QRW YHU\ OLNHO\ WKDW D UHGXFWLRQ RI ��� RI WKH ZRUNLQJ WLPH LQFUHDVHV

WKH QXPEHU RI ZRUNHU E\ ��� �VHH +DPHUPHVK >����@ DQG &DKXF DQG =\OEHUEHUJ >����@�� %HVLGHV WKH

TXDQWLWDWLYH YDULDEOHV XVXDOO\ FRQVLGHUHG LQ WKH SURGXFWLRQ IXQFWLRQ� ZH PXVW WDNH LQWR DFFRXQW WKH TXDOLWDWLYH

QDWXUH RI VRPH RI WKHP� +XPDQ EHKDYLRXU LV LQIOXHQFHG E\ SV\FKRORJLFDO DQG SK\VLRORJLFDO FRQVLGHUDWLRQV�

LW DSSHDUV QHFHVVDU\ WR FRQVLGHU WKH TXDOLW\ RI WKH ZRUN GRQH GXULQJ D JLYHQ SHULRG� $W WKH EHJLQQLQJ RI

WKH ZRUNLQJ SHULRG SURGXFWLYLW\ LQFUHDVHV ZKLOH ZLWK WLUHGQHVV RU ZHDULQHVV RI WKH ZRUNHU� SURGXFWLYLW\

IDOOV� &RQVHTXHQWO\� WKH FRQFHSW RI HIIHFWLYHQHVV RI ZRUNHU LQ UHODWLRQ WR KRXUV ZRUNHG FDQ EH RQH RI WKH

H[SODQDWLRQV RI LPSHUIHFW VXEVWLWXWDELOLW\� )RU WKLV UHDVRQ� ZH LQWURGXFH D VSHFLILF QRQOLQHDU IXQFWLRQ LQWR

WKH SURGXFWLRQ IXQFWLRQ WR PHDVXUH WKH HIIHFWLYHQHVV RI ZRUNHUV�

7R H[SORUH WKHVH FRPSOH[ UHODWLRQV EHWZHHQ ODERXU GHPDQG DQG ZRUNLQJ WLPH� ZH SURSRVH WR HVWLPDWH

WKUHH GLIIHUHQWPRGHOV LQWURGXFLQJ D VSHFLILF IXQFWLRQ RI HIIHFWLYHQHVV IRU WKH ZRUNHUV� ,I ZH WDNH LQWR DFFRXQW

WKLV IXQFWLRQ� ZH GR QRW VXSSRVH DQ SHUIHFW VXEVWLWXWDELOLW\ EHWZHHQ PHQ DQG KRXUV�

7KH ILUVWPRGHO DVVXPHV VWDWLF RSWLPL]DWLRQ RI SURILWV E\ WKH ILUPV� :H SURSRVH WKUHH GLIIHUHQW K\SRWKHVHV�

7KH ILUVW RQH VXSSRVH D FRPSOHWH ZDJH FRPSHQVDWLRQ� L�H� WKDWZDJH LV DOZD\V WKH VDPH ZKDWHYHU WKH ZRUNLQJ

WLPH� 7KH VHFRQG PRGHO WDNHV LQWR DFFRXQW WKH UHGXFWLRQ RI ZDJHV ZKHQ WKH KRXUV ZRUNHG GHFUHDVH� 7KH

ODVW VSHFLILFDWLRQ LQWURGXFHV D GHJUHH RI ZDJH ULJLGLW\�

7KH VHFRQG PRGHO LV G\QDPLF� %\ LQWURGXFLQJ SDUWLDO DGMXVWPHQW SURFHVVHV IRU ODERXU DQG KRXUV ZH

HVWLPDWH WKH G\QDPLF IDFWRU GHPDQGV �VHH 1LFNHOO >����@�� $GMXVWPHQW SURFHVVHV LPSO\ WKH SUHVHQFH RI

DGMXVWPHQW FRVWV ZKLFK DUH QRW VSHFLILHG�

,Q WKH ODVW PRGHO� ZH FKRRVH D UHSUHVHQWDWLYH ILUP ZKLFK PD[LPL]HV LWV SURILWV LQ DQ LQILQLWH KRUL]RQ

ZLWK DGMXVWPHQW FRVWV� (XOHU HTXDWLRQV FRPLQJ IURP UHVROXWLRQ RI VXFK D SURJUDP VKRZ XV WKH FRPSOH[

UHODWLRQV H[LVWLQJ EHWZHHQ ZRUNHUV� WKHLU ZRUNLQJ WLPH DQG WKH SURGXFWLRQ� :H WHVW IRXU DGMXVWPHQW FRVWV

VSHFLILFDWLRQV� 7KHUH DUH WKUHH XVXDO VSHFLILFDWLRQV �(LVQHU DQG 6WURW] >����@� 6XPPHUV >����@ DQG 3IDQQ

DQG 3DOP >����@�� :H DOVR SUHVHQW D QHZ VSHFLILFDWLRQ� ,W LQWURGXFHV WKH UHODWLYH HIIHFWV LQWR WKH DV\PPHWULF

SDUW�

,Q RUGHU WR LOOXVWUDWH WKHVH UHODWLRQV EHWZHHQ KRXUV DQG PHQ� DQG WR HVWLPDWH WKHVH WKUHH SDUWLFXODU VSHFL�
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ILFDWLRQV ZH XVH WKH JHQHUDOL]HG PHWKRG RI PRPHQWV �*00� RQ )UHQFK PDFURHFRQRPLF GDWD FRYHULQJ WKH

SHULRG ���������� 6LQFH WKH FULVLV RI ����� RQH RI WKH PDLQ GLVFXVVLRQV LQ )UHQFK SROLF\ WR UHGXFH XQ�

HPSOR\PHQW KDV EHHQ WR GHFUHDVH RI ZRUNLQJ WLPH LQ RUGHU WR VKDUH HPSOR\PHQW� 7KH )UHQFK JRYHUQPHQW

GHFLGHG RQ OHJDO RI ZRUNLQJ WLPH� ,Q ����� WKH OHJDO WLPH RI ZRUN KDV GHFUHDVHG IURP �� KRXUV WR �� KRXUV

D ZHHN� ,Q ����� WKH JRYHUQPHQW FRQVWUDLQWV ILUPV WR FDUU\ RXW FRQVXOWDWLRQV DERXW UHGXFWLRQ IURP �� KRXUV

WR �� KRXUV EHIRUH ����� :LWK G\QDPLF ODERU GHPDQG� ZH ZDQW WR VKRZ ZKDW LV WKH LPSDFW RI WKH UHGXFWLRQ

RI KRXUV RI ZRUN RQ WKH HPSOR\PHQW OHYHO LQ WKH )UHQFK FDVH�

7KH DLP RI WKLV SDSHU LV WR VWXG\ WKH OLQNV EHWZHHQ PHQ DQG KRXUV� ,Q VHFWLRQ �� ZH SUHVHQW D QHZ SURGXF�

WLRQ IXQFWLRQ WR PHDVXUH HIIHFWLYH ODERXU DQG LWV SURSHUWLHV� ,Q VHFWLRQ �� ZH VSHFLI\ WKH VWDWLF DQG G\QDPLF

PRGHOV DQG DGMXVWPHQW FRVW IXQFWLRQV� ,Q WKH ODVW VHFWLRQ� ZH HVWLPDWH DOO WKHVH PRGHOV� 7KH G\QDPLF PRGHO

ZLWK QHZ DGMXVWPHQW FRVW IXQFWLRQ DQG HIIHFWLYHQHVV IXQFWLRQ VKRZV WKDW LPSHUIHFW VXEVWLWXWDELOLW\ EHWZHHQ

HPSOR\PHQW DQG KRXUV SHU ZRUNHUV FRQVWLWXWHV D FRQVWUDLQW RQ WKH HIIHFWLYHQHVV RI ZRUNLQJ WLPH UHVWULFWLRQ

DV D PHDQV RI UHGXFLQJ XQHPSOR\PHQW�

�� 7KHRUHWLFDO UHODWLRQV EHWZHHQ QXPEHU RI ZRUNHUV DQG ZRUNLQJ WLPH

��� /DERXU DQG +RXUV ZRUNHG LQ 3URGXFWLRQ IXQFWLRQ

7KH FRQFHSW RI HIIHFWLYHQHVV RI IDFWRUV RI SURGXFWLRQ KDV LQWHUHVWHG HFRQRPLVWV IRU D ORQJ WLPH� ,QGHHG�

5RELQVRQ >����@ LQWURGXFHG WKH FRQFHSW RI HIIHFWLYHQHVV RI ZRUN� /DERXU LV PHDVXUHG LQ HIIHFWLYH XQLWV�

7KLV PHDVXUH RI WKH HIIHFWLYHQHVV FRQVLGHUV WKDW WKH ODERXU IRUFH FKDQJHV ZLWK WLPH�

\ s I +N>O> w, ���
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7KH WZR IDFWRUV RI SURGXFWLRQ XVHG DUH UHVSHFWLYHO\ ODERXU +O, DQG WKH VWRFN RI FDSLWDO +N,� 7KH IXQFWLRQ

� +w, UHSUHVHQWV WKH WHFKQLFDO SURJUHVV� ZKLFK LQFUHDVHV WKH HIIHFWLYH TXDQWLW\ RI ODERXU�

1HYHUWKHOHVV� WKH SURGXFWLYLW\ RI ZRUNHU PD\ DOVR HYROYH GXULQJ D JLYHQ SHULRG RI WLPH ZLWKRXW DQ\

FKDQJH RI WKH WHFKQRORJLFDO FRQVWUDLQW� 6R� WKH HIIHFWLYHQHVV FDQ EH UHODWHG WR RWKHU FULWHULD WKDQ WHFKQRORJLFDO

RQHV� ,Q WKH SDSHU� ZH ZLOO WU\ WR IRFXV PRGHO WKLV VHFRQG QRWLRQ RI WKH SURGXFWLYH HIIHFWLYHQHVV�

7DNLQJ LQWR DFFRXQW WKH FXUUHQW FRQWURYHUVLHV DERXW WKH GHJUHH RI LQSXW XWLOL]DWLRQ� WKH LQWURGXFWLRQ RI

WKH GHJUHH RI FDSLWDO XWLOL]DWLRQ DQG WKH QXPEHU RI WKH KRXUV ZRUNHG VXSSOLHG E\ WKH HPSOR\HHV EHFRPH

VLJQLILFDQW YDULDEOHV LQ WKH DQDO\VLV RI WKH SURGXFWLRQ� 3URGXFWLRQ IXQFWLRQ SURSRVHG E\ %UHFKOLQJ >����@

GHILQHV RQH HODVWLFLW\ IRU HDFK IDFWRU PXOWLSOLHG E\ WKHLU GHJUHH RI XWLOL]DWLRQ�

\ @ I +N>gxf>O> k, @ fvw � +gxf �N,k � +k � O,q = ���

�



7KH SURGXFWLRQ IXQFWLRQ GHSHQGV RI WKH HIIHFWLYH FDSLWDO
� hN @ N � gxf

�
DQG RI WKH HIIHFWLYH ZRUN�hO @ O � k

�
ZKHUH k PHDVXUHV WKH QXPEHU RI ZRUNLQJ KRXUV DQG gxf� WKH GHJUHH RI FDSLWDO XWLOL]DWLRQ�

7KLV IXQFWLRQ DVVXPHV SHUIHFW VXEVWLWXWLRQ EHWZHHQ PHQ DQG KRXUV� ,QGHHG� DVVXPLQJ FRQVWDQW SURGXFWLRQ

DQG IL[HG FDSLWDO� D ��� UHGXFWLRQ RI ZRUNLQJ WLPH LV LPSOLHG E\ D ��� LQFUHDVH LQ WKH QXPEHU RI HPSOR\HHV�

%\ EXLOGLQJ RQ WKH SUHFHGLQJ IXQFWLRQ ���� LW LV SRVVLEOH WR FRQVLGHU GLIIHUHQW HODVWLFLWLHV RI WKH SURGXFWLRQ

ZLWK UHVSHFW WR DOO LQSXWV�

\ s I +N>gxf> O> k, s fvw �Nkn � gxfkg � Oqo � kqk = ���

,I �, LV GLIIHUHQW IURP ��� SHUIHFW VXEVWLWXWLRQ EHWZHHQ PHQ DQG KRXUV GRHV QRW H[LVW� &RQVHTXHQWO\� WZR

PHQ ZRUNLQJ RQH KRXU ZLOO QRW KDYH WKH VDPH SURGXFWLRQ DV RQH PDQ ZRUNLQJ WZR KRXUV� 7KH WUDGH�RII

EHWZHHQ PHQ DQG ZRUNLQJ KRXUV DSSHDUV WR EH D FRQVHTXHQFH RI SURGXFWLRQ SURFHVV�

7R ORRN IXUWKHU LQWR WKLV FRQFHSW RI WUDGH�RII� LW LV QHFHVVDU\ WR LQWURGXFH WKH FRQFHSW RI HIIHFWLYHQHVV

RI ZRUNLQJ WLPH� (IIHFWLYH ODERXU WKXV GHSHQGV RQ WKH HIIRUW VXSSOLHG E\ WKH HPSOR\HHV� 2Q WKH EDVLV RI

WKH FDQRQLFDO PRGHO RI 6RORZ�:DGKDQL DQG :DOO >����@ DQG /HYLQH >����@ VKRZHG WKDW WKHUH LV D SRVLWLYH

FRQQHFWLRQ EHWZHHQ D YDULDWLRQ RI WKH UDWH RI XQHPSOR\PHQW DQG�RU DOWHUQDWLYH ZDJHV DQG ILUP©V SURGXFWLYLW\�

7KHVH WZR DXWKRUV LQWURGXFH DQ HIILFLHQF\ IXQFWLRQ LQWR WKH SURGXFWLRQ IXQFWLRQ�

,Q RXU VWXG\� ZH IRFXV RQ WKH UHODWLRQ EHWZHHQ ODERXU DQG WKH QXPEHU RI ZRUNLQJ KRXUV� ,W LV HDV\ WR

FRQFHLYH WKDW WKH HIIHFWLYHQHVV SURYLGHG E\ WKH HPSOR\HHV GHSHQGV RQ WKH QXPEHU RI ZRUN KRXUV� ,I ZH

GHILQH WKH HIIHFWLYHQHVV RI ODERXU E\ WKH IXQFWLRQ h +k,� WKH IXQFWLRQ RI SURGXFWLRQ LV WKXV ZULWWHQ�

\ s I +N>gxf>O> k, s fvw � +gxfN,k +h +k,O,q = ���

2QO\ WZR HODVWLFLWLHV UHPDLQ IRU WKH WZR HIIHFWLYH IDFWRUV� 7KH IXQFWLRQ RI HIIHFWLYHQHVV DQG WKH QXPEHU

RI HPSOR\HHV GHWHUPLQH WKH TXDQWLW\ RI ODERXU +h +k,O,�

��� )XQFWLRQ RI HIIHFWLYHQHVV

7KH FRQFHSW RI HIIHFWLYHQHVV DFFRUGLQJ WR WKH ZRUNLQJ WLPH FDQ EH FRPSDUHG WR WKH HIILFLHQF\ IXQFWLRQV

XVHG ZLWKLQ WKH IUDPHZRUN RI WKH WKHRU\ RI HIILFLHQF\ ZDJHV�� %XW ZRUNHU HIILFLHQF\ LV QRW D IXQFWLRQ RI WKH

UHODWLYH ZDJHV EXW RI WKH QXPEHU RI KRXUV FDUULHG RXW GXULQJ RQH SHULRG� 7KH FRQFHSW RI HIIHFWLYHQHVV LV QRW

OLQHDU� ,QGHHG� LW DSSHDUV UHDOLVWLF WKDW WKH SURGXFWLYLW\ RI DQ DJHQW YDULHV DFFRUGLQJ WR WKH ZRUNLQJ WLPH�

7KXV� WR GHVFULEH WKLV HIIHFWLYHQHVV� ZH XVH WKH IROORZLQJ IXQFWLRQ��
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� /D\DUG� 1LFNHOO HW -DFNPDQ >����@ DQG &UHWWH]� *UDQLHU HW 0LFKHO >����@ XVH VXFK IXQFWLRQ ZLWKRXW GHILQLQJ D PDWKHPDWLFDO
IXQFWLRQ�
2 6HH %UHVVRQ� 'HEUDQG HW 3DWUDW >����@�
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ILJXUH �� )XQFWLRQ RI HIIHFWLYHQHVV ZLWK UHVSHFW WR KRXUV ZRUNHG
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7KH YDOXHV WDNHQ E\ WKH IXQFWLRQ RI HIIHFWLYHQHVV OLH EHWZHHQ � DQG � �VHH -RKQVRQ DQG .RW] >����@��

7KH ODUJHU WKH SDUDPHWHU d LV� WKH VPDOOHU WKH HIIHFWLYHQHVV VXSSOLHG E\ WKH HPSOR\HHV LV� :LWK FRQVWDQW

TXDQWLW\ RI HPSOR\PHQW� WKH ODUJHU d LV� WKH OHVV LPSRUWDQW WKH QXPEHU RI ZRUNHUV PXVW EH �VHH ILJXUH �����

7KH HODVWLFLW\ RI HIIHFWLYHQHVV ZLWK UHVSHFW WR KRXUV ZRUNHG LV WKXV ZULWWHQ�
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7KH IXQFWLRQ RI HIIHFWLYHQHVV DQG LWV HODVWLFLW\ FKDQJH ZLWK WKH FRHIILFLHQW d� ,I d ULVHV� IRU D JLYHQ

QXPEHU RI KRXUV� WKHQ WKH HIIHFWLYHQHVV RI WKH ZRUNHU +h +k,, GHFUHDVHV DQG LWV HODVWLFLW\ +�e�, LQFUHDVHV�

$QG FRQYHUVHO\� LI d GHFUHDVHV�

,Q WKH VKRUW UXQ� ZH VXSSRVH WKDW RQO\ ZRUNLQJ WLPH FDQ EH DGMXVWHG� $OO WKH RWKHU LQSXWV DUH FRQVLGHUHG

IL[HG� &RQVHTXHQWO\� WKH IXQFWLRQ RI HIIHFWLYHQHVV RI ZRUNLQJ WLPH KDV D GLUHFW LPSDFW RQ WKH PDUJLQDO

DQG DYHUDJH SURGXFWLYLW\ �VHH ILJXUH����� 7KH IRUP RI WKH IXQFWLRQ RI HIIHFWLYHQHVV LQGXFHV WKH IRUP RI WKH

SURGXFWLRQ IXQFWLRQ�

,W LV SRVVLEOH WR GHILQH WKUHH DUHDV �VHH )LOHU� +DPHUPHVK DQG 5HHV >����@�� 7KH ILUVW RQH FRUUHVSRQGV WR

WKH SDUW RI WKH IXQFWLRQ RI HIIHFWLYHQHVV EHWZHHQ 2 DQG $� 7KH PDUJLQDO SURGXFWLYLW\ RI RQH KRXU RI ZRUN

LV LQFUHDVLQJ DQG LV KLJKHU WKDQ WKH DYHUDJH SURGXFWLYLW\ RI RQH ZRUNLQJ KRXU� %HWZHHQ �$%�� WKH PDUJLQDO

SURGXFWLYLW\ LV GHFUHDVLQJ EXW LW UHPDLQV KLJKHU WKDQ WKH DYHUDJH SURGXFWLYLW\� :H GHGXFH WKH IROORZLQJ
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ILJXUH �� ,PSDFW RI IXQFWLRQ RI HIIHFWLYHQHVV RQ SURGXFWLRQ
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LQHTXDOLW\ IURP LW �VHH ILJXUH�����

C +�e�,
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? 3 iru k A k�= ���

7R WKH ULJKW RI SRLQW % �� WKH PDUJLQDO SURGXFWLYLW\ UHPDLQV GHFUHDVLQJ EXW LW LV ORZHU WKDQ WKH DYHUDJH

SURGXFWLYLW\� 8VLQJ RQH VXSSOHPHQWDU\ ZRUNLQJ WLPH GHFUHDVHV WKH DYHUDJH SURGXFWLYLW\ RI WKH HPSOR\HHV�

�� 'HWHUPLQDWLRQ RI WKH VWDWLF DQG G\QDPLF IDFWRUV GHPDQGV

,Q RUGHU WR XQGHUVWDQG WKH FRPSOH[ SKHQRPHQD LQWHUYHQLQJ LQ WKH GHWHUPLQDWLRQV RI WKH IDFWRU GHPDQGV� WKH

VWDWLF DQDO\VLV ZLOO EH GLIIHUHQWLDWHG IURP WKH G\QDPLF DQDO\VLV� 6WDWLFV FRUUHVSRQG WR D VWDWLRQDU\ VWDWH RI

WKH HFRQRP\� +HQFHIRUWK ZH ZLOO FRQVLGHU WKDW WKH IDFWRUV DUH IOH[LEOH� RU ©©TXDVL�IL[HG©© �VHH 2L >����@��

2Q WKH RWKHU KDQG� G\QDPLFV WDNLQJ LQWR DFFRXQW DGMXVWPHQW SURFHVVHV DQG WKH DGMXVWPHQW FRVWV� VHHN WR

DQDO\]H WKH SKDVHV RI WUDQVLWLRQ RI DQ HFRQRP\ IDFLQJ H[RJHQRXV VKRFNV� +RZHYHU� ODERXU FRVW DQG XVHU

FRVW RI FDSLWDO DUH QRW PRGLILHG E\ DGMXVWPHQW FRVWV LQ WKH ORQJ UXQ� 7KHUH LV QR HIIHFW RI K\VWHUHVLV GXH WR

WKH SUHVHQFH RI WKHVH DGMXVWPHQW FRVWV� 7KHVH FRVWV PRGLI\ WKH VSHHG RI DGMXVWPHQW �VHH 3IDQQ DQG 3DOP

>����@ DQG %UHVVRQ DQG 'HEUDQG >����@� EXW GR QRW GLVWXUE WKH HTXLOLEULXP OHYHO LQ WKH ORQJ UXQ�

��� 6WDWLF DQG G\QDPLF DQDO\VLV RI WKH IDFWRUV GHPDQG

/DERXU GHPDQG LQ VWDWLF DQDO\VLV UHVXOWV IURP WKH UHVROXWLRQ RI D SURJUDP RI RSWLPL]DWLRQ� ,QGHHG� WKH EH�

KDYLRXU RI WKH UHSUHVHQWDWLYH ILUP LV GHVFULEHG E\ WKH PD[LPL]DWLRQ RI LWV SURILWV� 2XU DJJUHJDWH SURGXFWLRQ

IXQFWLRQ UHTXLUHV WKH XVH RI RQO\ RQH FDWHJRU\ RI ZRUNHUV DQG FDSLWDO�

,Q WKH PRVW JHQHUDO IUDPHZRUN �VHH 6\PRQV DQG /D\DUG >����@ DQG &DKXF DQG =\OEHUEHUJ >����@�� WKH

RSWLPL]DWLRQ SUREOHP RI WKH ILUP LV�+
Pd{ sE'�T� z+k,hO. fxn +k, hN

zlwk T @ I
� hN> hO� > hO @ Oh +k, dqg hN @ Ng +k, =

7KH OHYHOV RI ZDJHV DQG XVHU FRVW RI FDSLWDO GHSHQG RQ WKH GXUDWLRQ RI WKH ZRUNLQJ WLPH� 7KLV SUREOHP

VXSSRVHV WKH H[LVWHQFH RI D IXQFWLRQ RI FRPSHQVDWLRQ RI HPSOR\HHV DFFRUGLQJ WR KRXUV ZRUNHG� RI D IXQFWLRQ

RI WKH XVHU FRVW RI FDSLWDO DFFRUGLQJ WR WKH GXUDWLRQ RI LWV XVH DQG WZR IXQFWLRQV GHWHUPLQLQJ HIIHFWLYH ODERXU

h +k, DQG HIIHFWLYH FDSLWDO g +k,� 0RUHRYHU� SULFHV RI WKH SURGXFWLRQ
�
sE'�

�
GHSHQG RQ WKH OHYHO RI SURGXFWLRQ

DQG WKXV RI WKH TXDQWLWLHV RI HIIHFWLYH ZRUN DQG HIIHFWLYH FDSLWDO� 7KH VROXWLRQ RI VXFK D SURJUDP LV UHODWLYHO\

FRPSOH[� ,W LV QHFHVVDU\ WR GHILQH IRXU IXQFWLRQDO IRUPV WKDW GHSHQG RQ k�

� 3RLQW E��� LV GHWHUPLQHG E\�
Y Ee E����

Y E���
3

e E���

��
' f

�



:H ZLOO LQWURGXFH VLPSOLI\LQJ DVVXPSWLRQV DERXW FRVWV DQG HIIHFWLYHQHVV RI FDSLWDO IXQFWLRQ WR IRFXV RQ

WKH UHODWLRQVKLS EHWZHHQ ODERXU GHPDQG DQG ZRUNLQJ KRXUV� (IIHFWLYH FDSLWDO LV WKXV WKH SURGXFW RI WKH

FDSLWDO ZLWK WKH GHJUHH RI FDSDFLW\ XWLOL]DWLRQ� 7KLV IXQFWLRQ XVHV IRXU LQSXWV� VWRFN RI FDSLWDO� GHJUHH RI

FDSLWDO XWLOL]DWLRQ� QXPEHU RI ZRUNHUV DQG GXUDWLRQ RI ZRUNLQJ WLPH�

6WDWLF ODERXU GHPDQG DQG ZRUNLQJ WLPH

:H VXSSRVH LQLWLDOO\ WKDW WKH FRPSHQVDWLRQ RI HPSOR\HHV GRHV QRW GHSHQG H[SOLFLWO\ RQ ZRUNLQJ WLPH�

EXW RQ IL[HG ZDJHV SHU SHULRG� L�H� WKH GXUDWLRQ RI WKH ZRUNLQJ WLPH GRHV QRW LQWHUYHQH GLUHFWO\ LQ WKH

FRVW IXQFWLRQ� 7KH UHODWLRQ EHWZHHQ ZRUNLQJ KRXUV DQG WKH QXPEHU RI ZRUNHUV LV JLYHQ E\ WKH SURGXFWLRQ

IXQFWLRQ� 7KH RSWLPL]DWLRQ SURJUDP EHFRPHV��
Pd{ T �zO. fxnN

zlwk T @ I +N>g>O> k, @ fvwNkNgkvOqoh +k,qk h�|=
���

:H GHWHUPLQH WKH VWDWLF ODERXU GHPDQG ZLWK IXQFWLRQ RI HIIHFWLYHQHVV
�
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7KXV� WKH UHODWLRQVKLS EHWZHHQ ODERXU GHPDQG DQG KRXUV ZRUNHG GHSHQGV RQ WKH IRUP RI WKH IXQFWLRQ RI

HIIHFWLYHQHVV� :H ZLOO VWXG\ WZR FDVHV� WKH WUDGLWLRQDO ZD\ LV WR FRQVLGHU D OLQHDU IXQFWLRQ RI HIIHFWLYHQHVV

+h +k, @ k,� 7KH FRQWULEXWLRQ RI WKH ZRUNHUV WR WKH SURGXFWLRQ UHPDLQV FRQVWDQW GXULQJ WKH HQWLUH ZRUN

SHULRG� $ PRUH UHDOLVWLF UHSUHVHQWDWLRQ VXSSRVHV WKH XVH RI WKH IXQFWLRQ RI HIIHFWLYHQHVV SUHYLRXVO\ VWXGLHG�
h +k, @ 5 frvk3�+@� ,

�
� $W WKH EHJLQQLQJ RI WKH ZRUNLQJ SHULRG� WKHUH DUH LQFUHDVLQJ UHWXUQV DIWHUZDUGV�

ZLWK WLUHGQHVV RU ZHDULQHVV RI WKH ZRUNHU� WKH UHWXUQV EHFRPH GHFUHDVLQJ�

)LUVWO\� ZH VXSSRVH WKDW WKH IXQFWLRQ RI HIIHFWLYHQHVV LV OLQHDU� /DERXU GHPDQG� +OW, LV�

OW @
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7KH OLQHDULW\ DVVXPSWLRQ JUHDWO\ VLPSOLILHV WKH H[SUHVVLRQ IRU ZRUNLQJ WLPH HODVWLFLWLHV� &RQVHTXHQWO\

WKH\ DUH �

� (ODVWLFLW\ RI ODERXU ZLWK UHVSHFW WR KRXUV ZRUNHG� %u*� @ � qk
knnqo

� (ODVWLFLW\ RI ODERXU ZLWK UHVSHFW WR SURGXFWLRQ� %u*' @ �
knnqo

� (ODVWLFLW\ RI SURGXFWLRQ ZLWK UHVSHFW WR KRXUV ZRUNHG� %'*� @ ��=

6HFRQGO\� ZH FRQVLGHU WKH LPSDFW RI D UHGXFWLRQ RI WKH ZRUNLQJ WLPH RQ ODERXU GHPDQG ZLWK IXQFWLRQ RI

HIIHFWLYHQHVV� 7KH FRQVLGHUDWLRQ RI WKLV VSHFLILF IXQFWLRQ FKDQJHV WKH YDOXHV RI HODVWLFLWLHV�

e ZLWKRXW QHZ IXQFWLRQ RI HIIHFWLYHQHVV�

�



7KH LQWURGXFWLRQ RI D QRQ�OLQHDU IRUP WR GHVFULEH WKH HIIHFWLYHQHVV SUHYHQWV XV IURP REWDLQLQJ DQ H[SOLFLW

DQG OLQHDU IRUPXODWLRQ RI G\QDPLF ODERXU GHPDQG� %XW LW LV SRVVLEOH WR GHWHUPLQH VLPSOH H[SUHVVLRQV RI

HODVWLFLWLHV� ,QGHHG� WKH\ DUH IXQFWLRQ RI D YDULDWLRQ RI WKH HIIHFWLYHQHVV SURYLGHG E\ WKH HPSOR\HHV� 7KXV

WR VWXG\ D YDULDWLRQ RI HPSOR\PHQW ZKHQ ZRUNLQJ WLPH LV PRGLILHG� LW LV QHFHVVDU\ WR DQDO\]H WKH YDULDWLRQ

RI WKH HIIHFWLYHQHVV ZLWK UHVSHFW WR WKH KRXUV ZRUNHG� 7KLV YDULDWLRQ LQGXFHV D YDULDWLRQ RI D QXPEHU RI

HPSOR\HH
�
�k @ � $ �h +�, @ �� $ �O

�
��
�
@ ���

�
� 7KH LQFUHDVLQJ PRQRWRQLF IXQFWLRQ h +k,

LV O\LQJ EHWZHHQ `3> 4^� WKH YDOXH +�, RI WKH YDULDWLRQ RI k LV DOZD\V KLJKHU WKDQ WKH YDOXH
�
��
�
RI WKH YDULDWLRQ

h +k,�

7KH HODVWLFLWLHV RI ODERXU DQG SURGXFWLRQ WKXV KDYH PRUH FRPSOH[ IRUPV�

� (ODVWLFLW\ RI ODERXU ZLWK UHVSHFW WR KRXUV ZRUNHG�� %uhi*� @ �e� � %u*�
� (ODVWLFLW\ RI ODERXU ZLWK UHVSHFW WR SURGXFWLRQ� %ues*' @ %u*'
� (ODVWLFLW\ RI SURGXFWLRQ ZLWK UHVSHFW WR KRXUV ZRUNHG� %'es*� @ �e� � %'*�=

7KH HODVWLFLW\ RI ODERXU ZLWK UHVSHFW WR SURGXFWLRQ LV HTXDO WR WKH HODVWLFLW\ RI SURGXFWLRQ ZLWK UHVSHFW WR

HIIHFWLYH ZRUN PXOWLSOLHG E\ WKH HODVWLFLW\ RI WKH HIIHFWLYHQHVV IXQFWLRQ�

7KH SUHFHGLQJ H[SUHVVLRQV VXSSRVH FRPSOHWH ZDJH FRPSHQVDWLRQ� L�H� WKH ZDJHV RI DQ HPSOR\HH DUH

DOZD\V WKH VDPH ZKDWHYHU WKH QXPEHU RI KRXUV ZRUNHG� 8VLQJ WKLV DVVXPSWLRQ�� ZH FDQ HVWDEOLVK D VLPSOH

H[SUHVVLRQ IRU WKH HODVWLFLW\ RI ODERXU ZLWK UHVSHFW WR ZRUNLQJ KRXUV�

%SJ6R
uhi*�
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,I WKH UHGXFWLRQ RI ZRUNLQJ WLPH LV DFFRPSDQLHG E\ D UHGXFWLRQ RI ZDJHV� WKHQ WKH HODVWLFLW\ RI ODERXU

GHPDQG GHFUHDVHV
�

kn
knnqo

A 3
�
� &RQVHTXHQWO\ D UHGXFWLRQ LQ ZRUNLQJ WLPH ZRXOG EH DFFRPSDQLHG E\ D

JUHDWHU JURZWK LQ HPSOR\PHQW� 7KHVH WZR VLWXDWLRQV UHSUHVHQW WZR H[WUHPH FDVHV� ,W LV H[WUHPHO\ OLNHO\ WKDW

UHDOLW\ LV EHWZHHQ WKHVHV H[WUHPHV� ,W LV HDV\ WR LQWURGXFH LQWR WKH EDVLF PRGHO ���� GRZQZDUGO\ ULJLG RQ

WKH UHGXFWLRQ ZDJHV ZKHQ ZRUNLQJ WLPH GHFUHDVHV� ,W LV VXIILFLHQW WR LQFRUSRUDWH WKH SDUDPHWHU RI uv LQ WKH

ODERXU FRVW RI ZRUNHUV� 7KH ZDJH FRVW EHFRPHV
�
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ZKHUH �� LV WKH KRXUO\ ZDJH�
. :H VXSSRVH WKDW WKH HODVWLFLW\ RI HPSOR\PHQW ZLWK UHVSHFW WR ZRUNLQJ WLPH LV EHWZHHQ WKH HODVWLFLW\ ZLWK DQG ZLWKRXW ZDJH
FRPSHQVDWLRQ� &RQVHTXHQWO\� or FDQQRW WDNH DOO WKH YDOXHV EHWZHHQ � DQG �� ,I or ' f� WKHQ WKH ZDJH RI WKH HPSOR\HH LV HTXDO WR
WKH KRXUO\ ZDJH� ,W LV UHDVRQDEOH WR VXSSRVH WKDW IRU D UHGXFWLRQ IURP �� WR �� KRXUV or EHORQJV WR WKH LQWHUYDO

�
f�Hb.
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:H ZLOO VHH ODWHU� WKLV UHVWULFWLRQ LV QRW QHFHVVDU\�

�



7KH HODVWLFLW\ RI ODERXU GHPDQG ZLWK UHVSHFW WR KRXUV ZRUNHG EHFRPHV�

%oruhi*� @ %uhi*� � uv

�
�&

�& . �,

�
=

7KXV LI uv LV HTXDO WR ]HUR� ZH KDYH FRPSOHWH ZDJH FRPSHQVDWLRQ� L�H� WKH ZDJHV RI WKH HPSOR\HHV GR

QRW FKDQJH ZLWK GXUDWLRQ RI WKH ZRUNLQJ WLPH� ,I uv LV HTXDO WR XQLW\� WKHQ ZH DUH LQ WKH VHFRQG VLWXDWLRQ�

5HGXFWLRQ RI WKH ZDJHV DOVR FKDQJHV WKH HODVWLFLW\ RI SURGXFWLRQ ZLWK UHVSHFW WR WKH ZRUNLQJ KRXUV �

%SJ6R
'hi*�

@ %'hi*� . �& dqg %or'hi*�
@ %'hi*� . uv +�&, =

7KHVH GLIIHUHQW HODVWLFLWLHV FDQ EH RUGHUHG� 7KH HODVWLFLW\ RI ODERXU ZLWK UHVSHFW WR KRXUV ZRUNHG ZLWKRXW

HIIHFWLYHQHVV IXQFWLRQ LV VPDOOHU WKDQ WKH VDPH HODVWLFLW\ ZLWK HIIHFWLYHQHVV IXQFWLRQ� (ODVWLFLWLHV ZLWKRXW

ZDJH FRPSHQVDWLRQ DUH EHWZHHQ WKHVH WZR SUHYLRXV HODVWLFLWLHV� 7KXV� WKH RUGHU RI HODVWLFLWLHV LV %u*� ?

%SJ6R
uhi*�

? %oruhi*� ? %uhi*�=

7KHVH H[SUHVVLRQV GHVFULEH WKH GHWHUPLQDWLRQ RI ODERU GHPDQG LQ WKH IUDPHZRUN RI D VWDWLF PRGHO� 1RZ�

ZH DQDO\]H G\QDPLF RI ODERU GHPDQG E\ LQWURGXFLQJ D SDUWLDO DGMXVWPHQW PHFKDQLVP�

'\QDPLF IDFWRU GHPDQGV ZLWK D SDUWLDO DGMXVWPHQW PHFKDQLVP

,W VHHPV REYLRXV WKDW WKH XVH DQG GXUDWLRQ RI WKH ZRUNLQJ WLPH GR QRW DGMXVW LQVWDQWO\ WR WKHLU WDUJHWV LQ

WKH ORQJ UXQ� :H WKXV VXSSRVH WKH H[LVWHQFH D SDUWLDO DGMXVWPHQW PHFKDQLVP �VHH 1LFNHOO >����@��

orjO| � orjO|3� @ �u +orjOW| � orjO|3�, zlwk 3 ? �u ? 4= ����

orjk| � orjk|3� @ �� +orjk
W

| � orjk|3�, zlwk 3 ? �� ? 4= ����

%\ FRPELQLQJ ODERXU GHPDQG HTXDWLRQ ���� DQG WKH SDUWLDO DGMXVWPHQW PHFKDQLVP ����� ZH FDQ GHWHUPLQH

D G\QDPLF VSHFLILFDWLRQ RI ODERXU GHPDQG��
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,W LV WKH VDPH IRU WKH KRXUV ZRUNHG�
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H ,QWURGXFWLRQ RI WKH IXQFWLRQ RI HIIHFWLYHQHVV FRPSOLFDWHV WKH HTXDWLRQV IRU IDFWRU GHPDQGV� 6LPSOH DQG LQWHUSUHWDEOH H[SUHVVLRQ
DUH QR ODUJHU DYLDODEOH�

��



)URP WKHVH H[SUHVVLRQV IRU WKH G\QDPLFV RI WKH ODERXU PDUNHW� ZH FDQ VWXG\ WKH UHODWLRQVKLSV EHWZHHQ

ODERXU GHPDQG� ZRUNLQJ WLPH DQG RWKHU LQSXWV�

� /DERXU HODVWLFLWLHV LQ WKH VKRUW UXQ +vu, DQG ORQJ UXQ +ou, ZLWK UHVSHFW WR WKH KRXUV ZRUNHG DUH��

%rou*� @ �
�u��
�& . �,

dqg %,ou*� @ �
��

�& . �,
=

7KH HODVWLFLW\ LQ WKH ORQJ UXQ FRUUHVSRQGV WR WKH HODVWLFLW\ RI HPSOR\PHQWZLWK UHVSHFW WR WKH KRXUV ZRUNHG

GHWHUPLQHG XVLQJ WKH VWDWLF PRGHOV� 7KLV FRQILUPV WKDW DGMXVWPHQW FRVWV GR QRW DIIHFW ORQJ UXQ EHKDYLRXUV�

� 7KH 0HDQ $GMXVWPHQW /DJV RI ODERXU�� DQG KRXUV ZRUNHG DUH GHWHUPLQHG E\ WKH IROORZLQJ UHODWLRQV�

PDOu @
4� �u
�u

dqg PDO� @
4� ��
��

=

:H FDQ DOVR HVWDEOLVK HODVWLFLWLHV LQ WKH VKRUW UXQ DQG WKH ORQJ UXQ RI ODERXU DQG KRXUV ZRUNHG ZLWK UHVSHFW

WR DOO WKH HQGRJHQRXV YDULDEOHV IRU HDFK HTXDWLRQ� 7KXV IRU ODERXU� ZH FDQ FDOFXODWH HODVWLFLWLHV ZLWK UHVSHFW

WR UHODWLYH FRVW RI WKH IDFWRUV� SURGXFWLRQ� ZRUN KRXUV DQG GHJUHH RI FDSLWDO XWLOL]DWLRQ� 7KH VDPH WKLV FDQ EH

GRQH IRU KRXUV ZRUNHG�

8VLQJ VWDWLF DQG G\QDPLF UHODWLRQV� LW LV SRVVLEOH WR REWDLQ D FRPSOHWH SLFWXUH RI WKH LQIOXHQFH RI ZRUNLQJ

KRXUV RQ ODERXU GHPDQG DQG WKXV WR PHDVXUH WKH VHQVLWLYLW\ RI HPSOR\PHQW WR IOXFWXDWLRQV RI ZRUNLQJ KRXUV�

0RUHRYHU� ZLWK WKH PHDQ DGMXVWPHQW ODJV LW LV SRVVLEOH WR REVHUYH WKH VSHHG RI WKH UHDFWLRQ RI HPSOR\PHQW

DQG RI KRXUV ZLWK UHVSHFW WR WKH H[WHUQDO VKRFNV�

1HYHUWKHOHVV� ERWK H[SUHVVLRQV WDNH LQWR DFFRXQW RQO\ SDUWLDO G\QDPLFV RI WKH YDULRXV PDUNHWV� 7KH

DGMXVWPHQW SURFHVV LPSOLHV WKH SUHVHQFH RI DGMXVWPHQW FRVWV RQ WKH IDFWRUV ZKLFK DUH QRW LQWURGXFHG LQ WKH

UHSUHVHQWDWLYH ILUP SURJUDP� ,Q RUGHU WR DQVZHU WKLV FULWLFLVP DQG WR LQWURGXFH IXQFWLRQ RI HIIHFWLYHQHVV LQWR

WKH G\QDPLF IUDPHZRUN� ZH UHZULWH WKH SURJUDP RI WKH ILUP DV G\QDPLF RSWLPL]DWLRQ DQG VWXG\ WKH (XOHU

HTXDWLRQV�

��� '\QDPLF IDFWRUV GHPDQG DQDO\VLV LQ WKH SUHVHQFH RI FRVWV RI DGMXVWPHQW

7KH UHSUHVHQWDWLYH ILUP LV DVVXPHG WR EH LQ D FRPSHWLWLYH PDUNHW� ,W PXVW DGDSW WR H[WHUQDO VKRFNV� %HKDYLRXU

b (ODVWLFLWLHV LQ WKH ORQJ WHUP DUH REWDLQHG E\ GLYLGLQJ HODVWLFLWLHV RI VKRUW UXQ E\ WKH VSHHG RI DGMXVWPHQW�
�f :HVXSSRVH D OLQN EHWZHHQ WZR YDULDEOHV % DQG +c VXFK DV� E�3 ) Eu�� +| ' w Eu� %|� 0HDQ DGMXVWPHQW ODJV DUH GHWHUPLQHG

E\ WKH IROORZLQJ UHODWLRQ� ��u% '
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n )3E��
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�:LWK WKH HTXDWLRQV ���� DQG ����� WKH FRHIILFLHQWV RI DGMXVWPHQW DUH �3Z�

WKH VSHHG RI DGMXVWPHQW LV Z DQG WKH PHDQV DGMXVWPHQW ODJ LV GHILQHG E\ �3Z
Z �

��



LV WKXV GHVFULEHG E\ LQWHUWHPSRUDO RSWLPL]DWLRQ RI WKH H[SHFWHG SUHVHQW YDOXH�
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ZKHUH H
|
^[|n� m 
|` GHQRWHV WKH FRQGLWLRQDO H[SHFWDWLRQ RI [ XVLQJ LQIRUPDWLRQ DYDLODEOH DW WLPH w DQG

u LV WKH UHDO GLVFRXQW UDWH� 7KH WKUHH IDFWRUV RI SURGXFWLRQ DUH ZRUNHUV +O|n� ,� ZRUNLQJ WLPH +k|n� , DQG WKH

HIIHFWLYH FDSLWDO VWRFN
�
N|n�

�
� )DFWRU SULFHV DUH ZRUNHU ZDJH FRVWV IRU RQH KRXU

�
z�
|n�

�
DQG XVHU FRVW RI

FDSLWDO +fxn|n� , = DF+�O|n� >�k|n� >�N|n�, LV D IXQFWLRQ RI WKH FRVW RI DGMXVWPHQW DW WLPH w. � �

)LUVW RUGHU FRQGLWLRQV IRU SURJUDP ���� DUH JLYHQ E\ WKH (XOHU HTXDWLRQV� &RQVLGHULQJ WKDW WKH WKUHH LQSXWV

LQ WKH IXQFWLRQ RI SURGXFWLRQ FDQ YDU\ DW WKH RSWLPXP DQG IRU � @ 3� ZH REWDLQ�

� IRU HPSOR\PHQW�
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7KHUH DUH WKUHH FRQWUROV YDULDEOHV� WKH QXPEHU RI ZRUNHUV� WKH VWRFN RI FDSLWDO DQG WKH QXPEHU RI ZRUNLQJ

KRXUV SHU HPSOR\HH� 7KH FRQVLGHUDWLRQ RI WKH HTXDWLRQ ���� WRJHWKHU ZLWK WKH PRUH WUDGLWLRQDO HTXDWLRQV ����

DQG ����� UHIOHFWV WKH LQWURGXFWLRQ RI ZRUNLQJ WLPH IOH[LELOLW\ LQWR WKH ILUP©V EHKDYLRXU�

��� IXQFWLRQV RI DGMXVWPHQW FRVWV

6LQFH SLRQHHU ZRUN RI 2L >����@� LW KDV EHHQ UHFRJQL]HG WKDW ODERXU GRHV QRW DGMXVWHG DXWRPDWLFDOO\� -XVW

OLNH FDSLWDO� WKH ODERXU LV UHJDUGHG ©©DV TXDVL�IL[HG IDFWRU©©� 7KH FRQFHSW RI DGMXVWPHQW RZHV LWV H[LVWHQFH WR

WKH LPSHUIHFWLRQ RI LQIRUPDWLRQ DQG WR SK\VLFDO EDUULHUV DV ZHOO DV OHJDO EDUULHUV �VHH +DPHUPHVK DQG 3IDQQ

>����@�� 0DQ\ IRUPV RI DGMXVWPHQW FRVW H[LVW� :H DUH LQWHUHVWHG LQ WKLV DUWLFOH LQ FRQWLQXRXV IRUPV�

7KH PRVW WUDGLWLRQDO IRUP RI DGMXVWPHQW FRVW LV TXDGUDWLF �VHH (LVQHU DQG 6WURW] >����@�� 2QO\ WKH FKDQJHV

LQ WKH OHYHO RI HPSOR\PHQW ZLOO LQIOXHQFH WKH DGMXVWPHQW FRVWV�
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0HJKLU DQG DOLL >����@ GHWHUPLQHG WKH (XOHU HTXDWLRQV UHVXOWLQJ IURP WKH 6XPPHUV© IRUP >����@� 7KLV
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V\PPHWULF IRUP RI FRVWV LV�

DF +�[|> [|3�, @
v|p

5

�
�[|

[|3�

�2
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7KH PRGHOLQJ RI DV\PPHWULFDO DGMXVWPHQW FRVWV HQDEOHV XV WR GLVVRFLDWH WKH JURZWK DQG UHFHVVLRQ SKDVHV

RI WKH HFRQRP\� 7KH VWDQGDUG PRGHOLQJ RI DV\PPHWULFDO DGMXVWPHQW FRVWV� IRU D YDULDEOH [� LV WKDW GHILQHG

E\ 3IDQQ DQG 9HUVSDJHQ >����@ DQG E\ 3IDQQ DQG 3DOP >����@�
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7KLV IRUPXOD DGGV D WHUP UHSUHVHQWLQJ DV\PPHWU\ WR WKH TXDGUDWLF IRUPXODWLRQ RI (LVQHU DQG 6WURW]

>����@� ,I dv|p LV SRVLWLYH� WKHQ WKH KLULQJ FRVWV DUH KLJKHU WKDQ WKH ILULQJ FRVWV� &RQYHUVHO\� LI dv|p

LV QHJDWLYH� WKHQ WKH KLULQJ FRVWV DUH ORZHU WKDQ WKH ILULQJ FRVWV� $QG LI dv|p @ 3> WKHQ WKH DGMXVWPHQW FRVWV

DUH V\PPHWULFDO�

:H WKXV SURSRVH D QHZ IRUPXOD ZKLFK WDNHV LQWR DFFRXQW WKH DV\PPHWU\ RI DGMXVWPHQW FRVWV� ,W WDNHV

DV D VWDUWLQJ SRLQW WKH IXQFWLRQV RI 6XPPHUV >����@ DQG RI 3IDQQ DQG 3DOP >����@� ,W LV SUHVHQWHG LQ WKH

IROORZLQJ IRUP�
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&RQWUDU\ WR WKH DV\PPHWULFDO IRUPV JHQHUDOO\ XVHG WR GHVFULEH WKH HYROXWLRQ RI ODERXU WKH DV\PPHWULFDO

WHUP DOVR WDNHV LQWR DFFRXQW DQ HIIHFW RI WKH JURZWK UDWH� 7KH FRHIILFLHQW dv|p UHSUHVHQWV WKH DV\PPHWULFDO

FKDUDFWHU RI WKH IXQFWLRQ RI WKH DGMXVWPHQW FRVWV� DV LQ WKH IXQFWLRQ RI 3IDQQ DQG 3DOP� 7KH GLPHQVLRQ RI

WKH HOHPHQWV LQ WKH H[SRQHQWLDO RSHUDWRU LV OHVV WKDQ RQH� ,W LV QRW WKH FDVH ZLWK WKH SUHFHGLQJ DV\PPHWULFDO

IRUPXODWLRQ ZKLFK UHTXLUHV D SUHFLVH FKRLFH RI WKH XQLWV� 7KH H[SRQHQWLDO RSHUDWRU QRW EHLQJ OLQHDU� WKH FKRLFH

RI D YHU\ ODUJH XQLW GHFUHDVHV VWURQJO\ WKH LPSRUWDQFH RI WKH DV\PPHWULFDO FKDUDFWHU DQG WKXV PRGLILHV WKH

UHVXOWV RI WKH HVWLPDWHV�

(FRQRP\ EHKDYLRXU LV VWXGLHG VWDUWLQJ IURP WKH ILUVW RUGHU FRQGLWLRQV� WKH WHUP LQ GLIIHUHQFH LQ WKH DV\P�

PHWULFDO SDUW GLVDSSHDUV� 7KH RQO\ UHPDLQGHU WKHQ LQ WKH PDUJLQDO DGMXVWPHQWV FRVWV DUH WKH SDUDPHWHUV WR

HVWLPDWH v|p DQG dv|p UHODWHG WR YDULDEOHV LQ JURZWK UDWH�

0RUHRYHU� FKDQJHV LQ D JLYHQ IDFWRU GHPDQG LQIOXHQFHV WKH GHPDQGV IRU WKH RWKHU IDFWRUV� $ FKDQJH LQ

D GHPDQG IDFWRU FDQ GLVWXUE GHPDQGV IRU RWKHU IDFWRUV DQG WKXV SURGXFH DQ DGGLWLRQDO DGMXVWPHQW FRVW IRU

WKH FRPSDQ\� 7R PRGHO WKHVH PL[HG DGMXVWPHQW FRVWV EHFDXVH RI WKH LQWHUDFWLRQ EHWZHHQ WKH GHPDQGV IRU

IDFWRU[ DQG IRU IDFWRU \ � WKH VHOHFWHG IRUPXODWLRQ LV�

DFS +�[|>�\|, @ v|pft +�[|�\|, = ����
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$GMXVWPHQW FRVWV DUH WKXV UHJDUGHG DV H[WHUQDO FRVWV WR WKH SURGXFWLYH SURFHVV ZKLFK DUH WR WKH QRUPDO

FRVWV RI WKH IDFWRUV�

�� (VWLPDWLQJ WR UHODWLRQVKLS EHWZHHQ KRXUV ZRUNHG� ODERXU GHPDQG

DQG DGMXVWPHQW FRVWV

��� 'DWD EDVH DQG PHWKRGV RI HVWLPDWLRQ

:H XVH D )UHQFK PDFUR�HFRQRPLF TXDUWHUO\ GDWD EDVH FRYHULQJ SHULRG >���������@� ZKLFK ZDV DVVHPEOHG

XQGHU WKH GLUHFWLRQ RI *X\ /DURTXH DW ,16((� 2XU YDULDEOHV DUH *'3 +\ ,� WKH QXPEHU RI ZRUNHUV +O,�

JURVV VDODU\ +z,� TXDUWHUO\ GXUDWLRQ RI WKH ZRUNLQJ WLPH+ggw,� ,QYHVWPHQW +L,� FDSLWDO +N,� GHJUHH RI FDSLWDO

XWLOL]DWLRQ +gxf, DQG WKH XVHU FRVW RI FDSLWDO +fxn,�

7KH HVWLPDWLRQ PHWKRG XVHG LV WKH JHQHUDOL]HG PHWKRG RI PRPHQWV �*00�� ,W HQDEOHV XV WR WDNH LQWR

DFFRXQW WKH SUREOHPV RI VHULDOO\ FRUUHODWHG DQG KHWHURVFHGDVWLF HUURUV �VHH *DOODQW >����@ DQG +DPLOWRQ

>����@��

:H FRQVLGHU WKH OLQHDU RU QRQOLQHDU PRGHO �

%| @ t +||> {|> �, zlwk

3EC %�c|
���

%�c|

4FD @

3EC t� +||> {|> ��,
���

t2 +||> {|> �� ,

4FD
E�c��

=
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HTXDWLRQV� *00 LV D LQVWUXPHQWDO YDULDEOHV PHWKRG� }| LV DN FROXPQ YHFWRU RI LQVWUXPHQWV�
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ILJXUH �� 7KH LPSRUWDQW YDULDEOHV

+RXUV ZRUNHG E\ ZHHN /HYHO RI HPSOR\PHQW �
����
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(VWLPDWH RI WKH WUXH SDUDPHWHU YHFWRU �J LV JLYHQ E\ WKH YDOXH RI e� WKDW PLQLPL]HV�
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:H PXVW HVWLPDWH WKH PDWUL[ RI PRPHQW IXQFWLRQ ZKLOH WDNLQJ DFFRXQW RI VHULDOO\ FRUUHODWHG DQG KHW�

HURVFHGDVWLF GLVWXUEDQFHV �VHH *DOODQW >����@�� :H PXVW EH VXUH WKDW WKLV PDWUL[ LV SRVLWLYH GHILQLWH� 8VX�

DOO\� ZH XVH :KLWH >����@ DSSUR[LPDWLRQ RU� LQ WKH FDVH RI VHULDOO\ FRUUHODWHG GLVWXUEDQFHV� 1HZH\ DQG :HVW

>����@ DSSUR[LPDWLRQ�

7KH *00 UHTXLUHV WKH FKRLFH RI LQVWUXPHQWDO YDULDEOHV� :H WKXV VKRXOG FKHFN WKH WRWDO H[RJHQHLW\ RI

WKH LQVWUXPHQWV� )RU WKDW� ZH FRPSDUH WKH YDOXH RI VWDWLVWLFV RI +DQVHQ�6DUJDQ DW "2 � vwdwlvwlf ZLWK q

GHJUHHV RI IUHHGRP���

��� (VWLPDWLRQV RI WKH VWDWLF DQG G\QDPLF UHODWLRQV ZLWKRXW DGMXVWPHQW FRVWV

,Q RUGHU WR REWDLQ D SUHFLVH LGHD RI WKH LQWHUDFWLRQV EHWZHHQ WKH IRXU LQSXWV� FDSLWDO DQG HPSOR\PHQW DQG

WKHLU GHJUHHV RI XWLOL]DWLRQ� VHYHUDO PRGHOV ZHUH WHVWHG� 7KH SURGXFWLRQ IXQFWLRQ XVHG LV RI WKH %UHFKOLQJ

W\SH� 7KH WKUHH VWDWLF PRGHOV SUHVHQWHG KHUH FRYHU WKH YDULRXV SRVVLELOLWLHV VXJJHVWHG LQ WKH ILUVW SDUW� 7KH

IROORZLQJ WDEOH VXPPDULHV WKH K\SRWKHVHV RI WKH WKUHH VWDWLF PRGHOV�

(IIHFWLYHQHVV :DJH 5LJLGLW\

+4> i, 1R 1R

+5> i, <HV 1R

+6> i, <HV <HV

$OO WKH HVWLPDWHG SDUDPHWHUV DUH VLJQLILFDQWO\ GLIIHUHQW IURP ]HUR� 7KH HVWLPDWH RI WKH WUHQG DUH YHU\

VWDEOH ZKDWHYHU WKH FKRVHQ IRUPXODWLRQ� O\LQJ EHWZHHQ ^3=338: > 3=3398`� 7KLV FRUUHVSRQGV WR WHFKQLFDO

SURJUHVV RI � RU �� SHU DQQXP� 7KH UHVXOWV RI PRGHOV +4> i, WR +6> i, VKRZ WKDW WKH UHWXUQV WR VFDOH VHHP WR

�� 7KH GHJUHHV RI IUHHGRP DUH GHILQHG E\ WKH IROORZLQJ UHODWLRQ� A& 3 R� RU A LV WKH QXPEHU RI HTXDWLRQV RI WKH V\VWHP� & WKH
QXPEHU RI LQVWUXPHQWDO YDULDEOHV DQG R WKH QXPEHU RI SDUDPHWHUV WR HVWLPDWH�

��



EH VOLJKWO\ ORZHU WKDQ XQLW\�

/DERXU HODVWLFLW\ ZLWK UHVSHFW WR KRXUV LV QHJDWLYH ZKDWHYHU WKH VHOHFWHG PRGHO� PHDQLQJ WKDW UHGXFWLRQ

LQ WKH GXUDWLRQ RI ZRUNLQJ WLPH ZRXOG EH DFFRPSDQLHG E\ DQ LQFUHDVH LQ WKH QXPEHU RI ZRUNHUV� 7KLV UHVXOW

LV GXH WR WKH UHVWULFWLYH FKRLFH RI WKH W\SH RI SURGXFWLRQ IXQFWLRQ� +RZHYHU� WKHVH UHVXOWV DUH QRW DEHUUDQW

�VHH +DPHUPHVK >����@�� 7KHUHIRUH DW ILUVW VLJKW� D UHGXFWLRQ RI 43( RI WKH ZRUNLQJ WLPH �6< KRXUV WR 68

KRXUV� ZRXOG FDXVH D SRVLWLYH VKRFN HPSOR\PHQW RI 9=4 WR ;=9( FHWHULV SDULEXV� 7KHVH YDOXHV DUH VLPLODU

WR WKRVH IRXQG E\ /D\DUG� 1LFNHOO DQG -DFNPDQ >����@�

+RZHYHU� WKH REVHUYDWLRQ RI RWKHU HODVWLFLWLHV PRGHUDWHV WKLV LQFUHDVH� 7KLV 43( UHGXFWLRQ JHQHUDWHV D UH�

GXFWLRQ LQ WKH SURGXFWLRQ OHYHO� 7KH HODVWLFLW\ RI SURGXFWLRQ ZLWK UHVSHFW WR WKH KRXUV LV SRVLWLYH +^3=87> 3=:6`,���

7KHUH LV DOVR D SRVLWLYH OLQN EHWZHHQ SURGXFWLRQ DQG HPSOR\PHQW�� +^4=46> 4=4:`,� 7KHVH WZR SRVLWLYH HODV�

WLFLWLHV LQGXFH D PRGHUDWLRQ RI WKH LPSDFW RI WKH UHGXFWLRQ RI ZRUNLQJ WLPH RQ ODERXU GHPDQG�

7KHUH LV D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH UHVXOWV ZLWK DQG ZLWKRXW WKH IXQFWLRQ RI HIIHFWLYHQHVV� 7KH

UHGXFWLRQ RI ZRUNLQJ WLPH ZRXOG KDYH D ORZHU HIIHFW RQ HPSOR\PHQW LI WKH IXQFWLRQ RI HIIHFWLYHQHVV ZHUH

QRW LQFOXGHG� 7KH VWURQJ VLJQLILFDQW RI WKH SDUDPHWHU +d, RI WKLV IXQFWLRQ VKRZV WKH UHOHYDQFH RI WKH XVH

RI VXFK D IXQFWLRQ� -RE FUHDWLRQ IROORZLQJ D UHGXFWLRQ RI ZRUNLQJ WLPH RI 43( ZRXOG EH :33 333 ZKHQ

FRQVLGHULQJ WKH IXQFWLRQ RI HIIHFWLYHQHVV �VHH HVWLPDWLRQ +5> i,��

7KH UHVXOWV RI WKLV VLPSOH VWDWLF VWXG\ DUH VXEMHFW WR YDULRXV FULWLFLVPV� ,QGHHG� WKH FRQVHTXHQFHV RI WKH

UHGXFWLRQ RI ZRUNLQJ WLPH RQ WKH SURGXFWLYLW\ RI FDSLWDO DUH QRW FRQVLGHUHG� QHLWKHU LV WKH DPRXQW RI WKH

ZDJH DGMXVWPHQW GHFLGHG E\ ILUPV RU LPSRVHG E\ WKH ODZ�

7KH H[SODQDWLRQ RI WKH FRQVHTXHQFHV RI WKH UHGXFWLRQ RI ZRUNLQJ WLPH RQ HPSOR\PHQW DQG SURGXFWLRQ

E\ D VLPSOH VWDWLF VWXG\ LV H[SRVHG WR PDQ\ FULWLFLVPV� :H GR QRW WDNH LQWR DFFRXQW WKH HFRQRP\ DV D ZKROH�

7KH FRQVHTXHQFHV RI WKH UHGXFWLRQ RI ZRUNLQJ WLPH RQ WKH SURGXFWLYLW\ RI WKH FDSLWDO� WKH UROH RI WKH DPRXQW

RI WKH ZDJH FRPSHQVDWLRQ RU WKH OHJLVODWLYH PHWKRGV RI WKLV UHGXFWLRQ DUH QRW WDNHQ LQWR DFFRXQW�

+RZHYHU� FRQVLGHULQJ UHGXFWLRQ IRUP �� WR �� KRXUV� WKHVH UHVXOWV DUH VLPLODU WR WKRVH RI WKH YDULRXV

RYHUDOO PDFUR�HFRQRPLF PRGHOV� +HQFH� WKH 0RVDLTXH PRGHO RI WKH 2)&( DQG WKDW RI WKH %DQTXH GH

)UDQFH� SUHGLFWV DQ LQFUHDVH RI ODERXU GHPDQG RI DSSUR[LPDWHO\ :33 333 HPSOR\HHV LQ WKH PHGLXP UXQ�

7KH 0pWULF PRGHO RI WKH ©©GLUHFWLRQ GH OD SUpYLVLRQ©©� XVLQJ YDULRXV VFHQDULRV IRU WKH UHGXFWLRQ WR 68 KRXUV�

HVWLPDWHV D SRVLWLYH LPSDFW RI 533 333 WR 833 333 MREV�

7KH VLJQLILFDQFH RI WKH HVWLPDWHG SDUDPHWHU +d,PDNHV LW SRVVLEOH WR FDOFXODWH WKH HIIHFWLYHQHVV RI ZRUNHUV

GXULQJ ZRUNLQJ WLPH� 7KXV IRU 6< KRXUV ZRUNLQJ ZHHNO\�

� )RU WKH PRGHO +5> i,� h +k, @ 3=989
� )RU WKH PRGHO +6> i,� h +k, @ 3=9:5=

�2 7KHVH YDOXHV DUH LGHQWLFDO WR WKRVH IRXQG LQ WKH OLWHUDWXUH �VHH &DKXF DQG =\OEHUEHUJ >����@��
�� )RU DOO PRGHOV� 0u*' ' �

knq �
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7KH H[DFW GHWHUPLQDWLRQ RI WKH +d, SDUDPHWHU LQ WKH IXQFWLRQ RI HIIHFWLYHQHVV LV D YHU\ LPSRUWDQW LQ WKH

FRQVWUXFWLRQ RI WKH PDFUR�HFRQRPLF PRGHOV� 7KRVH GR QRW HVWLPDWH D IXQFWLRQ RI HIIHFWLYHQHVV EXW WKH\ WDNH

LQWR DFFRXQW WKLV VSHFLILF EHKDYLRXU RI WKH ZRUNHUV� 7KH YDOXH RI WKLV FRHIILFLHQW HQDEOHV XV WR GHWHUPLQH WKH

IRUP DQG ERWK SDUWLFXODU SRLQWV RI RXU IXQFWLRQ RI HIIHFWLYHQHVV� %HIRUH WKH SRLQW $ �VHH ILJXUH ����� PDUJLQDO

SURGXFWLYLW\ RI KRXUV LV LQFUHDVLQJ � 7KH GXUDWLRQ RI ZRUNLQJ WLPH LQFUHDVHV WKH DYHUDJH SURGXFWLYLW\ E\

KRXUV RI HPSOR\HHV� $IWHU WKLV SRLQW� WKH PDUJLQDO SURGXFWLYLW\ RI ZRUNLQJ WLPH EHFRPHV GHFUHDVLQJ DQG

WKXV WKH DYHUDJH SURGXFWLYLW\ E\ KRXUV RI HPSOR\HHV GHFUHDVHV�

)RU +d, YDOXH LQFOXGHG EHWZHHQ 779 DQG 794� WKLV SRLQW $ LV EHWZHHQ 49=4 DQG 4:=: KRXUV� 7KHUHIRUH

D UHGXFWLRQ RI WKH ZRUNLQJ WLPH ZRXOG EH DFFRPSDQLHG E\ DQ LQFUHDVH LQ WKH DYHUDJH SURGXFWLYLW\ RI WKH

ZRUNHUV� 0DOLQYDXG >����@ UHWDLQV WKDW LQFUHDVH LQ SURGXFWLYLW\ FRUUHVSRQGV WR 83( RI WKH UHGXFWLRQ RI

WKH ZRUNLQJ WLPH� 7KH FORVHU WKLV SRLQW ZH DUH� ORZHU WKH SURGXFWLYLW\ LQFUHDVH LV� &XUUHQWO\� WKH )UHQFK

PDFUR�HFRQRPLVWV UHWDLQ DV DQ DVVXPSWLRQ WKDW WKHVH SURILWV DUH DSSUR[LPDWHO\ RI 66� RI WKH UHGXFWLRQ RI

WKH ZRUNLQJ WLPH�

7KH VHFRQG LPSRUWDQW SRLQW LQ WKH DQDO\VLV RI WKH HIIHFWLYHQHVV RI WKH GXUDWLRQ RI WKH ZRUNLQJ WLPH LV

EHWZHHQ 64 DQG 65 KRXUV E\ ZHHN�VHH ILJXUH ��� � SRLQW % �� %H\RQG SRLQW % WKH FRQWULEXWLRQ RI D QHZ KRXU

ZRUNHG GHFUHDVHV WKH DYHUDJH SURGXFWLYLW\ RI HPSOR\HHV�

(VWLPDWLRQ RI G\QDPLF ODERXU GHPDQG ZLWK D SDUWLDO DGMXVWPHQW SURFHVV HQDEOHV XV WR DGG WR WKH DQDO\VLV

RI WKH UHODWLRQVKLS EHWZHHQ SURGXFWLRQ IDFWRUV� :H HVWLPDWH WKH WZR IROORZLQJ HTXDWLRQV GHVFULELQJ WKH

EHKDYLRXUV RI ODERXU DQG WKH QXPEHU RI ZRUNLQJ KRXUV���
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)URP WKHVH WZR HTXDWLRQV� ZH GHWHUPLQH WKH PHDQ DGMXVWPHQW ODJV DQG WKH VKRUW DQG ORQJ UXQ HODVWLFLWLHV�

7KH UHVXOWV SUHVHQWHG LQ WKH WDEOH ��� VKRZ WKH UHDFWLRQV RI WKH ODERXU GHPDQG WR SURGXFWLRQ� UHODWLYH IDFWRU

FRVWV DQG ZRUNLQJ WLPH� 7KH VLJQV RI WKH HVWLPDWHG FRHIILFLHQWV IRU ERWK HTXDWLRQV FRQIRUP WR WKH SDWWHUQV

VXJJHVWHG E\ WKH HFRQRPLF WKHRU\�

(VWLPDWLRQ RI WKH HODVWLFLW\ RI ODERXU ZLWK UHVSHFW WR ZRUNLQJ WLPH LV �3=44:9 LQ WKH VKRUW UXQ DQG

�3=9364 LQ WKH ORQJ UXQ �VHH WDEOH ����� 7KLV FRQILUPV WKH UHVXOWV IRXQG ZLWK RXU SUHYLRXV PRGHOV �VHH

WDEOH ����� ,Q WKH VDPH ZD\� ZH ILQG D SRVLWLYH HIIHFW RI WKH SURGXFWLRQ RQ HPSOR\PHQW� 7KH UHODWLYH FRVW

RI WKH IDFWRUV LQIOXHQFHV WKH ODERXU GHPDQG QHJDWLYHO\� ,I ZDJHV LQFUHDVH� ZLWKRXW PRGLILFDWLRQ RI WKH XVHU

FRVW RI FDSLWDO� WKDW FDXVHV D UHGXFWLRQ RI WKH OHYHO RI HPSOR\PHQW� +RZHYHU� WKH HIIHFWV RI WKH IDFWRU FRVWV

�e ,QVWUXPHQWDO YDULDEOHV DUH IRU WZR HTXDWLRQV� ,J} Et|3�� c ,J} Et|32� c ,J} Et|3�� c _�S|3�c _�S|32c �|3�c �|32c S�&|3�c

S�&|32c ,J} E�|3�� c ,J} E�|32� c ,J} ES�&|3�� c ,J} ES�&|32� c �|32c �|3�c ,J}Eu|32�c ,J}Eu|3��c u|32c u|3�c ,J}E�|32�c ,J}E�|3���

��



DUH UHODWLYHO\ ZHDN� 7KH GHJUHH RI FDSLWDO XWLOL]DWLRQ DIIHFWV HPSOR\PHQW�� RQO\ ZHDNO\� EXW LW SRVLWLYHO\

LQIOXHQFHV GXUDWLRQ RI ZRUNLQJ WLPH �VHH WDEOH ����� 7KH LQFUHDVH LQ WKH EXLOGLQJ RFFXSDWLRQ RU LQ PDFKLQH

XVH UHVXOWV LQ DQ LQFUHDVH LQ WKH ZRUNLQJ WLPH EXW QRW LQ WKH QXPEHU RI HPSOR\HHV���

)URP HTXDWLRQ ���� GHVFULELQJ WKH G\QDPLFV RI WKH ODERXU GHPDQG� ZH FDQ GHWHUPLQH HODVWLFLWLHV RI

WKH SURGXFWLRQ IXQFWLRQ� 7KH HODVWLFLWLHV HVWLPDWHG IURP VWDWLF DQG G\QDPLF GHPDQGV DUH QRW VWDWLVWLFDOO\

GLIIHUHQW�

7KH PHDQ DGMXVWPHQW ODJV �VHH WDEOH ��� DQG ���� RI HPSOR\PHQW FRUUHVSRQGV WR RQH \HDU� ZKHUHDV WKDW

RI WKH KRXUV FRUUHVSRQGV WR WZR RU WKUHH TXDUWHUV� 7KHVH YDOXHV DUH WKH VDPH RUGHU RI PDJQLWXGH DV WKRVH

FDOFXODWHG E\ WKH WKH ILYH SULQFLSDO )UHQFK PDFUR�HFRQRPLF PRGHOV� 0RUHRYHU� REVHUYDWLRQ RI WKH JUDSK

RI KRXUV�ZRUNHG VKRZV WKDW WKH WUDQVLWLRQ IURP 73 KRXUV WR 6< KRXUV LQ 4<;5� RFFXUUHG UHODWLYHO\ TXLFNO\�

7KH DYHUDJH RI ZHHNO\ ZRUNLQJ WLPH SDVVHV IURP 73=85 KRXUV WR 6<=87 KRXUV LQ 5 TXDUWHUV� 7KLV YDOXH

FRUUHVSRQGV H[DFWO\ WR RXU HVWLPDWLRQ�

7KH LQWURGXFWLRQ RI D SDUWLDO DGMXVWPHQW PHFKDQLVP� WR GHVFULEH WKH EHKDYLRXU RI RXU DJHQW WKXV HQDEOHV XV

WR XQGHUVWDQG WKH G\QDPLF LQWHUDFWLRQV EHWZHHQ WKH IDFWRUV� +RZHYHU� WR REWDLQ D OLQHDU HVWLPDWLQJ HTXDWLRQ�

ZH ZHUH QRW DEOH WR LQWURGXFH WKH IXQFWLRQ RI HIIHFWLYHQHVV RI WKH KRXUV ZRUNHG LQ WKH SURGXFWLRQ IXQFWLRQ�

��� (VWLPDWLRQV RI WKH G\QDPLF GHPDQGV ZLWK DGMXVWPHQW FRVWV

,Q RUGHU WR VWXG\ WKH G\QDPLF LQWHUDFWLRQ EHWZHHQ WKH IDFWRUV RI SURGXFWLRQ ZKLOH WDNLQJ LQWR DFFRXQW WKH

IXQFWLRQ RI HIIHFWLYHQHVV� ZH ZLOO FRQVLGHU WKH HVWLPDWLRQ WR WKH (XOHU HTXDWLRQV UHVXOWLQJ IURP WKH SURJUDP

RI DQ LQWHUWHPSRUDO RSWLPL]DWLRQ RI WKH H[SHFWHG SUHVHQW YDOXH RI WKH FDVK IORZ� 7KLV G\QDPLF SURJUDP LV

WKXV GHULYHG ZLWK UHVSHFW WR HPSOR\PHQW EXW DOVR ZLWK UHVSHFW WR ZRUNLQJ WLPH� $V SUHYLRXVO\ ZH ZLOO EH

LQWHUHVWHG LQ G\QDPLFV RQ WKH ODERXU PDUNHW�

7KH (XOHU HTXDWLRQ IRU ODERXU LV�
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2XU DLP LV WR VWXG\ WKH FRPSOH[ UHODWLRQV EHWZHHQ WKH ODERXU GHPDQG� WKH ZRUNLQJ KRXUV DQG WKH DGMXVW�

PHQW FRVWV� :H ZLOO VXSSRVH WKDW WKHUH DUH VLPXOWDQHRXVO\ DGMXVWPHQW FRVWV RQ HPSOR\PHQW DQG KRXUV� 7KH

IXQFWLRQ RI DGMXVWPHQW LV DVVXPHG WR EH VHSDUDEOH�

DF +�O|>�k|, @ DF +�O|, .DF +�k|, .DFS +�O|>�k|, =

�D 7KLV LV QRW VLJQLILFDQW DW D �� OHYHO�
�S $OO HODVWLFLWLHV RI KRXUV ZRUNHG DUH UDWKHU ZHDN

��



7DEOH �� (VWLPDWLRQV RI G\QDPLF PRGHOV ZLWK DGMXVWPHQW FRVWV

(XOHU HTXDWLRQV ZLWK IXQFWLRQ RI HIIHFWLYHQHVV
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:H WKXV WDNH LQWR DFFRXQW WKH IRXU IRUPV RI SRVVLEOH DGMXVWPHQW FRVWV +DF +=,, GLVFXVVHG LQ VHFWLRQ WKUHH

�VHH WDEOH ����� 7KH YDULDWLRQ RI ZRUNLQJ KRXUV LQWHUYHQHV LQ WKH ODERXU GHPDQG��� 7KH SURGXFWLRQ IXQFWLRQ

XVHG LV WKH VDPH DV LQ WKH VWDWLF PRGHO +5> i,� %\ FRPSDULQJ WKHVH UHVXOWV �VHH WDEOH���� ZLWK WKRVH REWDLQHG

LQ WKH WDEOH ���� ZH VHH WKDW WKH YDOXHV RI WKH SURGXFWLRQ HODVWLFLWLHV ZLWK UHVSHFW WR LQSXWV GR QRW FKDQJH�

7KH UHWXUQV WR VFDOH UHPDLQ HTXDO WR XQLW\� 7KH HVWLPDWLRQV RI WKH SDUDPHWHUV RI SURGXFWLRQ IXQFWLRQ DUH

YHU\ VWDEOH ZKDWHYHU WKH IRUPXODWLRQ RI WKH DGMXVWPHQW FRVWV� )LQDOO\� WKH FRHIILFLHQW RI HIIHFWLYHQHVV +d, LV

DOZD\V VLJQLILFDQWO\ GLIIHUHQW IURP ]HUR� 7KH YDOXH RI WKH HIIHFWLYHQHVV RI WKH HPSOR\HHV LV VWLOO EHWZHHQ

98( DQG 9:(�

7KH HVVHQWLDO FRQWULEXWLRQ RI WKLV PRGHOOLQJ LV WR EH DEOH WR WDNH LQWR DFFRXQW VHYHUDO IRUPV RI FRVWV RI

DGMXVWPHQW DQG WKXV WR VWXG\ WKH DV\PPHWU\ RI WKH EHKDYLRXUV FRPSDUHG WR WKH SKDVHV RI JURZWK RU UHFHVVLRQ

�VHH 1LFNHOO >����@ DQG 3IDQQ DQG 3DOP >����@��

2QH YDULDEOH FDQ EH DQDO\]HG LQ WKH WLPH GRPDLQ EXW DOVR LQ WKH IUHTXHQF\ GRPDLQ� 7KH JRDO LV WR HVWLPDWH

KRZ F\FOHV RI GLIIHUHQW IUHTXHQF\ DUH LQ DFFRXQWLQJ IRU WKH EHKDYLRXU RI YDULDEOHV �YRLU+DPLOWRQ >����@ DQG

%UHVVRQ DQG 3LURWWH >����@�= )RU H[DPSOH� WKH YDULDEOH ODERXU LV GHVFULEHG DV D ZHLJKWHG VXP RI SHULRGLF

IXQFWLRQV RI IRUP frv +$w, HW vlq +$w,� ZKHUH $ LV D SDUWLFXODU IUHTXHQF\�

O| @ �.

] Z

f

� +$, frv +$w,g$ .

] Z

f

� +$, vlq +$w,g$>

7KH VSHFWUDO DQDO\VLV VWXG\ RI WKH WKUHH VHULHV� KRXUV� HPSOR\PHQW DQG SURGXFWLRQ� UHYHDOV WKH VDPH F\FOH

SHULRGLFLW\� ,QGHHG� WKH WKUHH VSHFWUD �VHH ILJXUH ���� UHYHDO SHDNV DW IUHTXHQFLHV IRU$ 5
�
Z
e >

Z
�

�
� %\ UHWDLQLQJ

WKH YDOXH $ @ .Z
2e � ZH WKXV ILQG WKDW WKHUH DUH F\FOLFDO SURFHVVHV RI SHULRGLFLW\ W @ : SHULRGV

�
W @ 2Z

/

�
� 7KLV

F\FOH LV VOLJKWO\ KLJKHU WKDQ WKH WLPH QHFHVVDU\ IRU WKH DGMXVWPHQW RI PHQ DQG KRXUV SUHYLRXVO\ GHWHUPLQHG�

� TXDUWHUV IRU WKH PHQ DQG � TXDUWHUV IRU WKH KRXUV �VHH WDEOH ��� DQG �����

7KH SUHVHQFH RI D F\FOH LQ HPSOR\PHQW DQG DGMXVWPHQW FRVWV DQG SDUWLDO DGMXVWPHQW PHFKDQLVP VXJJHVWV

WKDW WKH OHYHO RI HPSOR\PHQW REWDLQHG LQ WKH G\QDPLF VSHFLILFDWLRQ LV ORZHU DW WKH RSWLPDO OHYHO WKDW WKH

RQH GHWHUPLQHG VWDWLF GHPDQG �VHH 1LFNHOO >����@�� &RQVHTXHQWO\� MRE FUHDWLRQ IROORZLQJ D GHFUHDVH LQ WKH

GXUDWLRQ RI ZRUNLQJ WLPH LV SUREDEO\ ZHDNHU WKDQ WKH RQH SUHGLFWHG E\ WKH VWDWLF HVWLPDWLRQV� 7KH DGMXVWPHQW

FRVWV FDQ EH LQWHUSUHWHG DV GLVWXUELQJ IDFWRUV LQ WKH SURGXFWLRQ IXQFWLRQ FDXVLQJ D GHFUHDVH LQ SURGXFWLRQ�

7KH\ FDQ DOVR EH VHHPV DV H[SOLFLW FRVWV LQFUHDVLQJ WKH XVXDO IDFWRU FRVWV� $Q\ZD\� ERWK WKHVH DGMXVWPHQW

FRVWV KDYH WKH VDPH FRQVHTXHQFH� WKDW LV D UHGXFWLRQ LQ ODERXU GHPDQG� 7KHUHIRUH DGMXVWPHQW FRVWV OLPLW WKH

HIIHFWV RI WKH F\FOHV RQ IDFWRU GHPDQG EXW WKH\ WHQG DOVR WR UHGXFH LWV OHYHO�

7KH FRHIILFLHQWV RI WKH DGMXVWPHQW FRVWV DUH VLJQLILFDQWO\ GLIIHUHQW IURP ]HUR �VHH WDEOH ����� 7KH JUDSKLFV

HVWDEOLVKHG IRU WKH QHZ DGMXVWPHQW FRVW IXQFWLRQ �VHH HTXDWLRQ ����� FOHDUO\ KLJKOLJKW DV\PPHWULHV RI WKH

DGMXVWPHQW FRVWV �VHH ILJXUH ����� :LWK UHJDUG WR HPSOR\PHQW� WKH DV\PPHWULFDO SDUDPHWHUV +dv|p, RI ERWK

WKH 3IDQQ DQG 3DOP DQG RQ QHZ IRUP DUH VLJQLILFDQWO\ QHJDWLYH� 7KXV� WKH KLULQJ FRVWV DUH ORZHU WKDQ WKH
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ILJXUH �� 6SHFWUDO GHQVLWLHV RI ODERXU� WKH KRXUV ZRUNHG DQG SURGXFWLRQ

�3,��� 3,�� 3,�� �3,�� 3, � 3,�� 3,�� �3,�� 3, �3,�� �3,��� 3,�� 3,�� �3,�� 3,

/DERXU VSHFWUDO DQDO\VLV +RXUV ZRUNHG VSHFWUDO DQDO\VLV 3URGXFWLRQ VSHFWUDO DQDO\VLV

ILJXUH �� 7KH /DERXU DQG +RXUV DGMXVWPHQW FRVWV
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7KH +RXUV DGMXVWPHQW FRVWV
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ILULQJ FRVWV� 7KLV UHVXOW LV LQ FRQIRUPLW\ ZLWK REVHUYDWLRQV RQ GDWD RI )UHQFK ILUPV IRU WKH VDPH SHULRG �VHH

%UHVVRQ DQG'HEUDQG�%RQDSHWLW >����@�� )RU ZRUNLQJ KRXUV� WKH DV\PPHWULFDO FRHIILFLHQW RI WKH DGMXVWPHQW

FRVWV LV SRVLWLYH� 7KDW PHDQV WKDW LW LV PRUH H[SHQVLYH IRU D FRPSDQ\ WR LQFUHDVH WKH ZRUNLQJ WLPH WKDQ WR

UHGXFH LW�

7KHVH WZR DV\PPHWULHV FDQ EH RQH RI WKH H[SODQDWLRQV RI WKH EHKDYLRXU RI GHPDQG GXULQJ WKH EXVLQHVV

F\FOH �VHH +DPHUPHVK >����@�� ,QGHHG� WKHUH LV D FORVH OLQN EHWZHHQ VSHHGV RI DGMXVWPHQW DQG WKH DGMXVW�

PHQW FRVWV� 7KHUH DUH WKXV PRGLILFDWLRQV LQ VSHHGV RI DGMXVWPHQW DFFRUGLQJ WR WKH HFRQRPLF VLWXDWLRQ� )RU

HPSOR\PHQW� ILULQJ FRVWV DUH KLJKHU WKDQ KLULQJ FRVWV� &RQVHTXHQWO\� WKH VSHHG RI DGMXVWPHQW ZLOO EH VORZHU

LQ SKDVHV RI UHFHVVLRQ WKDQ LQ SKDVHV RI H[SDQVLRQ �VHH 1LFNHOO >����@� 3IDQQ DQG 3DOP >����@� %UHVVRQ

DQG 'HEUDQG >����@�� )RU WKH QXPEHU RI KRXUV� WKHUH LV DQ RSSRVLWH UHODWLRQ� 7KH KRXUV DGMXVWPHQW FRVWV

KDYLQJ D SRVLWLYH DV\PPHWU\� WKH FRVWV FDXVHG E\ DQ LQFUHDVH LQ WKH GXUDWLRQ RI WKH ZRUN DUH KLJKHU WKDQ

WKH FRVWV JHQHUDWHG E\ D UHGXFWLRQ RI ZRUNLQJ WLPH� 7KH VSHHG RI DGMXVWPHQW RI KRXUV ZRUNHG LQ SKDVHV RI

H[SDQVLRQ LV ORZHU WKDQ WKH VSHHG RI DGMXVWPHQW LQ SKDVHV RI UHFHVVLRQ

&RQVHTXHQWO\� WZR GLIIHUHQW PRGHV RI EHKDYLRXU RI ILUPV FDQ EH FRQVLGHUHG DFFRUGLQJ WR WKH SKDVHV RI

WKH F\FOH� ,Q SKDVHV RI UHFHVVLRQ� WKH ILUP ZRXOG WHQG WR OLPLW WKH QXPEHU RI ZRUNLQJ KRXUV EHIRUH OD\LQJ

RII� :KHUHDV LQ WKH SKDVHV RI H[SDQVLRQ � WKH FRPSDQLHV ZRXOG LQFUHDVH WKHLU PDQSRZHU� IRU H[DPSOH E\

WHPSRUDU\ UHFUXLWLQJ HPSOR\HHV� UDWKHU WKDQ E\ LQFUHDVLQJ WKH GXUDWLRQ RI WKH ZRUN� 7KH OLQN EHWZHHQ ODERXU

GHPDQG DQG ZRUNLQJ WLPH FKDQJHV DW GLIIHUHQW SKDVHV RI WKH EXVLQHVV F\FOH�

�� &RQFOXVLRQ

7KLV DUWLFOH DQDO\]HV WKH UHODWLRQVKLS EHWZHHQ ZRUNLQJ KRXUV DQG WKH VWDWLF DQG G\QDPLF ODERXU GHPDQG� )RU

WKDW SXUSRVH� ZH SURSRVHG WKUHH GLIIHUHQW PRGHOV GHVFULELQJ WKH RSWLPL]DWLRQ SURJUDP RI ILUP©V EHKDYLRXU�

7KHVH PRGHOV ZHUH HVWLPDWHG RQ )UHQFK GDWD FRYHULQJ WKH SHULRG >���������@�

7KH ILUVW RI WKHVH VSHFLILFDWLRQV FRUUHVSRQGV WR WKH HVWLPDWH RI D VWDWLF ODERXU GHPDQG� 7KH SURGXFWLRQ

IXQFWLRQV XVHG UHTXLUH IRXU LQSXWV� FDSLWDO� ODERXU DQG WKH GHJUHH RI XWLOL]DWLRQ� GHJUHH RI FDSLWDO XWLOL]DWLRQ

DQG ZRUNHG KRXUV� )RU D GXUDWLRQ RI ZRUNLQJ WLPH RI �� KRXUV ZH FDQ HVWDEOLVK WKDW WKH HIIHFWLYHQHVV LV

EHWZHHQ ����� WR ����� IRU ZRUNHUV� 7KH HIIHFWV RI D UHGXFWLRQ RI WKH ZRUNLQJ WLPH DUH GLIILFXOW WR SHUFHLYH�

%\ REVHUYLQJ RQO\ WKH HPSOR\PHQW HODVWLFLW\ ZLWK UHVSHFW WR WKH ZRUNLQJ WLPH� WKH UHGXFWLRQ RI WKH ZRUNLQJ

WLPH IURP �� WR �� KRXUV ZRXOG FUHDWH ��� ��� MREV� +RZHYHU� WKH HIIHFW RI WKLV UHGXFWLRQ LV ZHDNHQHG E\

WKH LPSDFW RI ZRUNLQJ WLPH RQ SURGXFWLRQ�

7KH VHFRQG PRGHO VWXGLHV WKH UHODWLRQVKLS EHWZHHQ PHQ DQG KRXUV ZLWKLQ D G\QDPLF IUDPHZRUN� ,QWUR�

GXFLQJ SDUWLDO DGMXVWPHQW SURFHVVHV IRU KRXUV DQG PHQ� ZH FODULI\ WKH G\QDPLF GHPDQG IRU WKHVH WZR IDFWRUV�

7KH HVWLPDWLRQ RI WKH UHODWLRQV LQ WKH VKRUW UXQ DQG WKH ORQJ UXQ FRQILUPV WKH UHVXOWV HVWDEOLVKHG ZLWKLQ WKH

VWDWLF IUDPHZRUN� 0RUHRYHU� ZH SUHGLFW WKH PHDQ DGMXVWPHQW ODJV� WKDW FRUUHVSRQG WR VL[ PRQWKV IRU WKH

��



KRXUV DQG RQH \HDU IRU PHQ�

7KH FRQVLGHUDWLRQ RI WKH SURFHVV RI DGMXVWPHQW LPSOLHV WKH SUHVHQFH RI FRVWV RI DGMXVWPHQW ZKLFK DUH QRW

VSHFLILHG H[SOLFLWO\� ,Q WKH ILQDO PRGHO� ZH HVWLPDWHG D SURJUDP RI LQWHUWHPSRUDO RSWLPL]DWLRQ ZLWK YDULRXV

IRUPV RI DGMXVWPHQW FRVW� 7KH HVWLPDWLRQV RI WKH (XOHU HTXDWLRQV VKRZ D SRVLWLYH DV\PPHWU\ IRU KRXUV DQG

D QHJDWLYH DV\PPHWU\ IRU PHQ� 0RUHRYHU� WKLV PRGHO HQDEOHV XV WR ILQG WKH YDOXH RI WKH SDUDPHWHU RI WKH

IXQFWLRQ RI HIIHFWLYHQHVV�

7KH HVWLPDWHV RI WKHVH WKUHH PRGHOV SHUPLW XV WR REWDLQ D SLFWXUH RI WKH FRPSOH[ UHODWLRQV EHWZHHQ PHQ

DQG KRXUV� ,PSHUIHFW VXEVWLWXWDELOLW\ EHWZHHQ PHQ DQG KRXUV ZRUNLQJ VXJJHVW WKDW HIIHFWV IRU WKH UHGXFWLRQ

RI XQHPSOR\PHQW E\ D LPSRUWDQW UHGXFWLRQ RI ZRUNLQJ WLPH DUH OLPLWHG� ,W LV REYLRXV WKDW WKHVH VLPSOH
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