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(VWLPDWLQJ 7UDGH 3DUDPHWHU IRU *7$3�

$ 0D[LPXP (QWURS\ $SSURDFK

�� ,QWURGXFWLRQ

&RPSXWDEOH *HQHUDO (TXLOLEULXP �&*(� PRGHOV KDYH EHHQ ZLGHO\ XVHG IRU TXDQWLWDWLYH

DQDO\VLV RI JOREDO HFRQRPLF LVVXHV� +RZHYHU� &*( PRGHOV DUH IUHTXHQWO\ FULWLFL]HG IRU UHVWLQJ RQ

ZHDN HPSLULFDO IRXQGDWLRQV� &ULWLFLVP IRFXVHV RQ WKH XVH RI DSSDUHQWO\ DUELWUDU\ YDOXHV IRU

EHKDYLRUDO SDUDPHWHUV DV ZHOO DV WKH ODFN RI PRGHO YDOLGDWLRQ� /HQJWK RI UXQ FRQVLGHUHG LQ D &*(

VLPXODWLRQ LV DOVR DQ LVVXH DV UHVHDUFKHUV RIWHQ GR QRW KDYH FOHDU JXLGHOLQHV DV WR WKH DSSURSULDWH

FKRLFH RI SDUDPHWHU YDOXHV DQG PRGHO FORVXUHV IRU VKRUW UXQ YV� PHGLXP YV� ORQJ UXQ VLPXODWLRQV�

7KHVH GHILFLHQFLHV DUH SDUWLFXODUO\ SUREOHPDWLF LQ OLJKW RI WKH IDFW WKDW PRGHO FRQFOXVLRQV DUH RIWHQ

TXLWH VHQVLWLYH WR WKHVH DVVXPSWLRQV �$UQGW HW DO�� ����� 5REHUWV� ������

7KLV SDSHU SUHVHQWV DQ DSSURDFK WR WUDGH SDUDPHWHU HVWLPDWLRQ IRU RQH RI WKH PRVW ZLGHO\

HPSOR\HG JOREDO &*( PRGHOV LQ XVH WRGD\� QDPHO\ WKH *OREDO 7UDGH $QDO\VLV 3URMHFW �*7$3�

PRGHO� :H EXLOG WKH VLPXODWLRQ PRGHO RQ WKH ZRUN RI $UQGW� 5RELQVRQ� DQG 7DUS ������� ZKR KDYH

FRQGXFWHG D VLPLODU H[HUFLVH IRU D &*( PRGHO RI 0R]DPELTXH�

���� %HKDYLRUDO 3DUDPHWHUV LQ *7$3

7KH *7$3 PRGHO KDV LWV URRW LQ 6$/7(5 3URMHFW�� DQG LW DGRSWV WKH 6$/7(5 VXEVWLWXWLRQ

SDUDPHWHUV� +RZHYHU� WKH SDUDPHWHU ILOH RI 6$/7(5 ZDV ODUJHO\ WKH UHVXOW RI DG KRF OLWHUDWXUH UHYLHZ�

DQG WKH H[WHQW RI YDOLGDWLRQ ZRUN ZLWK WKH *7$3 WR GDWH KDV EHHQ TXLWH OLPLWHG� $Q H[FHSWLRQ LV

PDGH E\ *HKOKDU ������� )RU WUDGH SROLF\ DSSOLFDWLRQV� WKH PRVW LPSRUWDQW SDUDPHWHUV DUH WKH

HODVWLFLWLHV RI VXEVWLWXWLRQ EHWZHHQ GRPHVWLF DQG LPSRUWHG SURGXFWV �Φ
'
� DQG DPRQJ LPSRUWV IURP

GLIIHUHQW VRXUFHV �Φ
0
�� 7KH HFRQRPHWULF ZRUN XQGHUSLQQLQJ WKHVH WUDGH HODVWLFLWLHV LV SDUWLFXODUO\

OLPLWHG� DQG WKH SDUDPHWHU YDOXHV FXUUHQWO\ XVHG E\ *7$3 DUH WKH VXEMHFW RI FRQVLGHUDEOH

FRQWURYHUV\�

&XUUHQWO\� WKH Φ
'
YDOXHV IRU PRVW �� *7$3 VHFWRUV IDOO EHWZHHQ ��� WR ���� DQG WKH Φ

0

YDOXHV DUH VHW WZLFH DV ODUJH DV WKH FRUUHVSRQGLQJ Φ
'
YDOXHV �WDEOH ��� 6RPH ´VWUXFWXUDOLVWµ

HFRQRPLVWV DUJXH WKDW WKH FKRVHQ YDOXHV DUH WRR ODUJH DQG GR QRW VXIILFLHQWO\ UHIOHFW LQVWLWXWLRQDO

ULJLGLWLHV LQ WUDGH� 2WKHU ´PDUNHW�RULHQWHGµ HFRQRPLVWV DUJXH WKDW WKH *7$3 WUDGH HODVWLFLWLHV DUH WRR

VPDOO DQG GR QRW SHUPLW SDWWHUQV RI WUDGH WR FKDQJH VXIILFLHQWO\� 7KHRU\ SURYLGHV QR VXSSRUW WR

HLWKHU VLGH RI WKLV GHEDWH� 7KH PDJQLWXGH RI WUDGH SDUDPHWHU YDOXHV LV SXUHO\ DQ HPSLULFDO TXHVWLRQ�

3HUKDSV WKH YLHZV KHOG E\ ´VWUXFWXDOLVWµ HFRQRPLVW DUH PRUH VXLWDEOH RQ D VKRUW UXQ EDVLV ZKLOH WKH

YLHZ RI ´PDUNHW�RULHQWHGµ HFRQRPLVWV PD\ EH PRUH VXLWDEOH RQ D ORQJHU UXQ EDVLV�

7KH SXUSRVH RI WKLV SDSHU LV WR HVWLPDWH WKH YDOXHV RI WKH $UPLQJWRQ WUDGH VXEVWLWXWLRQ

HODVWLFLWLHV PRVW FRQVLVWHQW ZLWK KLVWRULFDO H[SHULHQFH LQ HQWURS\ VHQVH�

1 A multinational general equilibrium model by Australian Industrial Commission (Jomini, et al, 1991)
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���� %ULHI /LWHUDWXUH 5HYLHZ
7KHUH DUH VR IDU WZR PDMRU DSSURDFKHV IRU SDUDPHWHU HVWLPDWLRQ �+DQVHQ DQG +HFNPDQ�

������ WKH FDOLEUDWLRQ PHWKRG DQG WKH HFRQRPHWULF PHWKRG� 6RPH VWXGLHV DOVR LQFOXGH D YDOLGDWLRQ

SURFHGXUH WR WHVW WKH TXDOLW\ RI HVWLPDWLRQ UHVXOWV�

1RUPDOO\� WKH FDOLEUDWLRQ PHWKRG DSSOLHV DIWHU WKH DQDO\WLF IUDPHZRUN RI WKH PRGHO LV DOUHDG\

HVWDEOLVKHG� ,W IRFXVHV RQ WKH VHOHFWLRQ RI D SDUWLFXODU IXQFWLRQDO VWUXFWXUH DQG LWV DVVRFLDWHG

SDUDPHWHUL]DWLRQ� 7KH SDUDPHWHUV WR EH FDOLEUDWHG DUH GHWHUPLQHG E\ IRUFLQJ WKH PRGHO WR UHSOLFDWH

WKH GDWD RI D FKRVHQ EHQFKPDUN \HDU� :KLOH WKH FDOLEUDWLRQ PHWKRG XVXDOO\ UHTXLUHV D YHU\ OLPLWHG

DPRXQW RI GDWD� LW KDV EHHQ ZLGHO\ FULWLFL]HG IRU LWV ODFN RI VWDWLVWLFDO YDOLGLW\ �0FNLWULFN� ���� 	�����

-RUJHQVRQ� ������

7KH HFRQRPHWULF DSSURDFK WR &*( SDUDPHWHU HVWLPDWLRQ UHTXLUHV VXEVWDQWLDO WLPH VHULHV

GDWD� ,W W\SLFDOO\ VWDUWV ZLWK WKH VSHFLILFDWLRQ RI DQ HTXDWLRQ V\VWHP DQG VLPXOWDQHRXVO\ HVWLPDWHV DOO

WKH FRHIILFLHQWV RI WKLV V\VWHP� 7KH EHQFKPDUN GDWD FDQ WKHQ EH FRPSXWHG XVLQJ WKH JHQHUDO

HTXLOLEULXP PRGHO LWVHOI �0FNLWULFN� ������ :KLOH WKLV PHWKRG LV LQ SULQFLSOH SUHIHUUHG WR WKH

FDOLEUDWHG PHWKRG� LW VXIIHUV IURP FULWLFLVP LQ VHYHUDO DVSHFWV �$UQGW� HW DO������� DPRQJ ZKLFK DUH

WKH RQHURXV GDWD UHTXLUHPHQWV DQG WKH YLRODWLRQ RI JHQHUDO HTXLOLEULXP �*(� FRQGLWLRQV ZKHQ

HVWLPDWLRQ LV SHUIRUPHG�

(IIRUWV KDYH EHHQ PDGH WR HYDOXDWH RU HVWLPDWH SDUDPHWHUV ZLWKLQ D *( IUDPHZRUN

�*HKOKDU� ����� $UQGW HW DO ������ ,Q WKH VWXG\ E\ *HKOKDU� WKH LQYHVWLJDWLRQ RI $UPLQJWRQ

VSHFLILFDWLRQ PDLQO\ VHUYHV IRU VHQVLWLYLW\ DQDO\VLV� 7KH FDQGLGDWHV RI DOWHUQDWLYH PRGHO VWUXFWXUHV

DQG WKHLU DVVRFLDWHG SDUDPHWHUV DUH FRPSDUHG ZLWK HDFK RWKHU EDVHG RQ VLPXODWLRQ UHVXOWV� ,Q WKH

FDVH� $UQGW� 5RELQVRQ� DQG 7DUS ������ LQWURGXFHG D PD[LPXP HQWURS\ �0(� DSSURDFK IRU WKH

SDUDPHWHUL]DWLRQ SURFHGXUH LQ WKH JHQHUDO HTXLOLEULXP �*(� FRQWH[W� 7KHLU VWXG\ WXUQV RXW WR EH

IDLUO\ VXFFHVVIXO � HYHQ IRU D FRXQWU\ ZKRVH GDWD DUH TXLWH OLPLWHG�

7KH 0( DSSURDFK LV VLPLODU WR WKH HFRQRPHWULF PHWKRG SOXV LW KDV WKH PHULWV RI UHPDLQLQJ

FRQVLVWHQW ZLWK D *( IUDPHZRUN� ,Q DGGLWLRQ� LW LV DOVR DEOH WR XWLOL]H DOO DYDLODEOH LQIRUPDWLRQ DQG

SURYLGH VWDWLVWLFDO WHVWV IRU HVWLPDWHG SDUDPHWHU YDOXHV� 7KLUGO\� LW LPSRVHV YHU\ IHZ OLPLWV RQ WKH

VHOHFWLRQ RI SDUDPHWHUV ZKLOH LW DOORZV SULRU LQIRUPDWLRQ� VXFK DV WKH UHOHYDQW UDQJHV RI SDUDPHWHUV

WR EH UHIOHFWHG LQ WKH SURFHGXUH� )RXUWK� LW LV DEOH WR HVWLPDWH D UHODWLYHO\ ODUJH QXPEHUV RI

SDUDPHWHUV ZLWKRXW UHTXLULQJ FRSLRXV GDWD� )LQDOO\� LW FDQ XWLOL]H LQFRPSOHWH DQG�RU QRQ�FRPSDWLEOH

GDWD WKDW DUH QRUPDOO\ XQXVDEOH IRU HFRQRPHWULF SXUSRVHV�

���� *HQHUDO $SSURDFK

7KLV VWXG\ DGRSWV D VLPLODU DSSURDFK WR WKDW HPSOR\HG E\ $UQGW� 5RELQVRQ DQG 7DUS� 7KLV

LV DSSOLHG WR D ���UHJLRQ� ���LQGXVWU\ DJJUHJDWLRQ RI YHUVLRQ � RI WKH *7$3 GDWDEDVH ZLWK DQ

HPSKDVLV RQ WKH (DVW $VLDQ HFRQRPLHV RYHU WKH ������� SHULRG� 7KLV ZDV D SHULRG RI UDSLG FKDQJH

LQ WKH SDWWHUQ RI WUDGH� 7KH UHOHYDQW KLVWRULFDO GDWD LQ WLPH VHULHV IRUPDW ������ ����� ����� DQG

����� KDYH EHHQ FROOHFWHG� 7KH EDVH \HDU LV ����� 7KH WLPH VHULHV GDWD WUDFH KLVWRULFDO FKDQJHV

�EDFNZDUG� LQ WLPH LQ LPSRUWDQW HFRQRPLF LQGLFDWRUV VXFK DV *'3� LPSRUWV�H[SRUWV� IDFWRU

HQGRZPHQWV� LQYHVWPHQW� JRYHUQPHQW FRQVXPSWLRQ� 6DYLQJ DV ZHOO DV WDULII DQG QRQ�WDULII

SURWHFWLRQ OHYHOV� 6RPH RI WKH GDWD DUH XVHG DV VKRFNV WR WKH HFRQRP\ LQ WKLV EDFNFDVWLQJ VLPXODWLRQ

H[HUFLVH� 2WKHUV DUH VHW DV KLVWRULFDO WDUJHWV� +LFNV�QHXWUDO WHFKQLFDO FKDQJH LQ YDOXH�DGGHG LV
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LQWURGXFHG WR H[SODLQ WKH GLIIHUHQFH EHWZHHQ WKH RYHUDOO UDWH RI HFRQRPLF JURZWK DQG WKH UDWH RI

JURZWK LQ IDFWRU HQGRZPHQWV�

:H HPSOR\ D PRGLILHG YHUVLRQ RI WKH *7$3LQ*$06� PRGHO GHYHORSHG E\ 5XWKHUIRUG

������� *7$3LQ*$06 LV D VLPSOLILHG *7$3 PRGHO ZULWWHQ LQ WKH *$06 ODQJXDJH GHVLJQHG WR UXQ

ZLWK *7$3 GDWDEDVH� *7$3LQ*$06 GLIIHUV IURP VWDQGDUG *7$3 LQ VHYHUDO DVSHFWV� )LUVW� LW

HPSOR\V VLPSOHU IXQFWLRQDO IRUPV WR UHSUHVHQW SULYDWH GHPDQG �&REE�'RXJODV YV� &'(�� 6HFRQG�

LW WUHDWV LQYHVWPHQW� VDYLQJ� DQG JRYHUQPHQW FRQVXPSWLRQ DV H[RJHQRXV UDWKHU WKDQ HQGRJHQRXV�

7KLUG� LW LV D VWDWLF PRGHO DQG GRHV QRW FRQVLGHU WHFKQRORJLFDO IDFWRUV LQ WKH SURGXFWLRQ VWUXFWXUH�

1HYHUWKHOHVV� *7$3LQ*$06 FDQ HDVLO\ EH PRGLILHG WHFKQLFDOO\ WR PHHW WKH UHTXLUHPHQW IRU WKLV

VWXG\�

,Q WKLV VWXG\� 7KLV &REE�'RXJODV PRGHO LV UHYLVHG WR DFFRPPRGDWH PRUH FRPSOH[ IXQFWLRQDO

IRUPV� ,W LV H[WHQGHG WR LQFRUSRUDWH D /LQHDU ([SHQGLWXUH 6\VWHP �/(6� SUHIHUHQFH VWUXFWXUH DQG

&RQVWDQW (ODVWLFLW\ RI 6XEVWLWXWLRQ �&(6� SURGXFWLRQ IXQFWLRQV� 7KH LQYHVWPHQW� VDYLQJ� DQG JRYHUQPHQW

FRQVXPSWLRQ UHPDLQ H[RJHQRXV DQG DUH VHW DW WKHLU REVHUYHG OHYHOV IRU HDFK \HDUV� 7HFKQLFDO

FKDQJHV DUH LQFRUSRUDWHG LQWR WKH PRGHO DV HQGRJHQRXV YDULDEOHV� )LQDOO\� D WLPH LQGH[ LV LQWURGXFHG

IRU RXU VLPXODWLRQV VLQFH PXOWLSOH SRLQWV LQ WLPH DUH LQYROYHG LQ WKLV VWXG\� %\ SLQQLQJ GRZQ WKH

PRGHO VWUXFWXUH DQG SHUPLWWLQJ WKH SDUDPHWHUV WR YDU\� WKH FRUUHVSRQGLQJ HVWLPDWHG HQGRJHQRXV

YDULDEOHV PD\ EH FRPSDUHG WR WKH KLVWRULFDO WDUJHWV LQ RUGHU WR GHWHUPLQH WKH SUHIHUUHG YDOXHV IRU

WUDGH HODVWLFLWLHV� $ FRPSRVLWH HQWURS\ PHDVXUH LV XVHG WR VHW XS WKH IRUPDO RSWLPL]DWLRQ SUREOHP

ZLWK WKH VROXWLRQ WR WKLV SUREOHP GHWHUPLQLQJ WKH UHYLVHG YDOXHV IRU WKH WUDGH SDUDPHWHUV�

�� 7KH 0RGHO DQG 7KH 'DWDEDVH

��� 7KH $QDO\WLFDO 6WUXFWXUH RI WKH 0RGLILHG *7$3LQ*$06

7KH *7$3LQ*$06 PRGHO LV D PXOWL�SXUSRVH IUDPHZRUN WKDW FDQ EH XVHG E\ UHVHDUFKHUV IRU

TXDQWLWDWLYH DQDO\VLV RI JOREDO HFRQRPLF LVVXHV� 7KH VWUXFWXUH RI WKH PRGLILHG PRGHO LV TXLWH

VWDQGDUG LQ QDWXUH� )DFWRU HQGRZPHQWV FRPELQH LQ D &(6 IXQFWLRQ WR SURGXFH YDOXH DGGHG� 9DOXH

DGGHG FRPELQHV ZLWK LQWHUPHGLDWH LQSXWV LQ D /HRQWLHI IDVKLRQ WR SURGXFH ILQDO JRRGV� ,PSRUWHG

DQG GRPHVWLF JRRGV DUH FRPELQHG LQ D &(6 IDVKLRQ LQ WKH WUDGLWLRQ RI $UPLQJWRQ ������� 7KH ILQDO

GHPDQGV LQ HDFK UHJLRQ DUH GHWHUPLQHG E\ D VXSHU KRXVHKROG� ZKLFK LV HQGRZHG ZLWK SULPDU\

IDFWRUV� WD[ UHYHQXH� DQG DQ H[RJHQRXVO\ VSHFLILHG QHW WUDQVIHU IURP RWKHU UHJLRQV� 7RWDO LQFRPH LV

DOORFDWHG WR LQYHVWPHQW� SXEOLF DQG SULYDWH GHPDQGV� ,QYHVWPHQW DQG SXEOLF RXWSXW DUH H[RJHQRXV

ZKLOH SULYDWH GHPDQG LV GHWHUPLQHG E\ XWLOLW\ PD[LPL]LQJ EHKDYLRU UHSUHVHQWHG E\ D /LQHDU

([SHQGLWXUH 6\VWHP �/(6�� IXQFWLRQDO VWUXFWXUH� ,PSRUWV WR GLIIHUHQW XVDJHV �SULYDWH GHPDQG� SXEOLF

GHPDQG� DQG LQWHUPHGLDWH GHPDQG� VKDUH WKH VDPH UHJLRQDO FRPSRVLWH ZLWKLQ WKH LPSRUW DJJUHJDWH�

$ &(6 DJJUHJDWLRQ DFURVV LPSRUWV IURP GLIIHUHQW UHJLRQV IRUPV WKH WRWDO LPSRUW FRPSRVLWH�

7UDQVSRUWDWLRQ FRVWV DUH SURSRUWLRQDO WR WUDGH DQG DUH GHILQHG E\ D &REE�'RXJODV DJJUHJDWH RI

LQWHUQDWLRQDO WUDQVSRUW LQSXWV VXSSOLHG E\ GLIIHUHQW FRXQWULHV� *RRGV SURGXFHG IRU H[SRUWV

VXEVWLWXWH SHUIHFWO\ ZLWK JRRGV SURGXFHG IRU GRPHVWLF FRQVXPSWLRQ �H�J� QR WUDQVIRUPDWLRQ

IXQFWLRQ EHWZHHQ GRPHVWLF JRRGV DQG H[SRUWV��

2 The reason to choose GTAPinGAMS instead of standard GTAP lies in the faculty of the GAMS language to solve
optimization problems for non-square systems.
3 The calibration of LES functional structure is independent of GTAPinGAMS model and our simulations.  The details
are included in the appendix C.  
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7KH DQDO\WLFDO VWUXFWXUH RI *7$3LQ*$06 LV EXLOW XS E\ HPSOR\LQJ WZR W\SHV RI DOJHEUDLF

HTXDWLRQV WR HVWDEOLVK OLQNDJHV IRU DOO YDULDEOHV� 2QH W\SH RI HTXDWLRQ UHIOHFWV WKH DFFRXQWLQJ

UHODWLRQVKLSV DPRQJ YDULDEOHV DQG WKH RWKHU W\SH �EHKDYLRUDO HTXDWLRQV� LPSRVHV EHKDYLRU RQ DJHQWV

XVLQJ VSHFLILF IXQFWLRQDO IRUPV� 7KH VHOHFWLRQ RI D IXQFWLRQDO IRUP IRU EHKDYLRU HTXDWLRQV JHQHUDOO\

UHIOHFWV WKH WUDGH�RII EHWZHHQ WKH VWUXFWXUDO IOH[LELOLW\ RI WKH PRGHO DQG WKH HPSLULFDO FRQYHQLHQFH� $

PRGHO ZLWK D PRUH IOH[LEOH VWUXFWXUH LPSRVHV IHZHU UHVWULFWLRQV RQ EHKDYLRUDO HTXDWLRQV� EXW

QRUPDOO\ UHTXLUHV PRUH LQIRUPDWLRQ IRU SDUDPHWHUL]DWLRQ� ZKLFK XQIRUWXQDWHO\ RIWHQ UHOLHV RQ

OLWHUDWXUH UHYLHZV DQG PHDQV RI FDOLEUDWLRQ� $PRQJ WKH EHKDYLRUDO HTXDWLRQV� WKH $UPLQJWRQ WUDGH

VWUXFWXUH DQG LWV DVVRFLDWHG HODVWLFLWLHV �Φ
'
DQG Φ

0
� DUH WKH WRSLF RI WKLV SDSHU� 3DUDPHWHU Φ

'
UHIOHFWV

WKH HDVH RI VXEVWLWXWLRQ EHWZHHQ GRPHVWLF JRRGV DQG FRPSRVLWH LPSRUWV IURP VDPH SURGXFW

FDWHJRU\� DQG Φ
0
UHIOHFWV WKH HDVH RI VXEVWLWXWLRQ DPRQJ LPSRUWHG JRRGV IURP GLIIHUHQW VRXUFHV

�+XII� +DQVORZ� DQG +HUWHO� ������ )RU LQVWDQFH� D YDOXH RI Φ
'
HTXDO WR ]HUR PHDQV QRQ�VXEVWLWXWLRQ

EHWZHHQ GRPHVWLF DQG LPSRUWHG JRRGV ZKLOH D YDOXH RI LQILQLW\ PHDQV WKH\ DUH SHUIHFW VXEVWLWXWHV�

���� 7KH $JJUHJDWLRQ

7KHRUHWLFDOO\� WKH DJJUHJDWLRQ FRXOG EH FRQGXFWHG DW D KLJKO\ GLVDJJUHJDWHG OHYHO DV WKHUH DUH

�� VHFWRUV DQG �� UHJLRQV LQ WKH YHUVLRQ � *7$3 GDWDEDVH� +RZHYHU� WKH FRPSXWDWLRQDO EXUGHQ DQG

WKH VKHHU PDJQLWXGH RI GDWD FDOO IRU D PRUH FRPSDFW DJJUHJDWLRQ� 2XU ���UHJLRQ E\ ���VHFWRU

DJJUHJDWLRQ VWUDWHJ\ �VKRZQ LQ WDEOHV � DQG �� LV EDVHG RQ WKH HDUOLHU ZRUN RI 0DUN *HKOKDU ������

ZLWK WKH HPSKDVLV RQ (DVW $VLD� $ VPDOO FKDQJH RI WKLV UHJLRQDO DJJUHJDWLRQ UHODWLYH WR *HKOKDU LV WR

KDYH &KLQD DV DQ LQGLYLGXDO UHJLRQ LQ WKLV VWXG\�

7KHUH DUH WZR UHDVRQV IRU VXFK DJJUHJDWLRQ� 7KH ILUVW LV WKDW $VLDQ HFRQRPLHV DUH DPRQJ

WKH PRVW G\QDPLF GXULQJ WKH SHULRGV RI LQWHUHVW LQ WKLV VWXG\� $ VHFRQG LV WR IDFLOLWDWH WKH

FRPSDULVRQ EHWZHHQ WKH WZR VWXGLHV� 7KH VHFWRUDO DJJUHJDWLRQ PDLQO\ UHIOHFWV WKH FRQVLGHUDWLRQ RI

GLIIHUHQFHV RI VXEVWLWXWDELOLW\ RI JRRGV IURP GLIIHUHQW VRXUFHV�

7DEOH �� �� 6HFWRU $JJUHJDWLRQ

$*5 	 $JULFXOWXUH

3$* 	 3URFHVVHG $JULFXOWXUH

)01 	 )XHOV $QG 0LQHUDOV

&7; 	 &ORWKLQJ $QG 7H[WLOHV

2/7 	 2WKHU /LJKW 0DQXIDFWXUHV

&+0 	 &KHPLFDOV

0(9 	 0DFKLQHU\�(TXLSPHQW�9HKLFOHV

%$0 	 %DVLF 0DQXIDFWXUHV

169 	 1RQ�WUDGHG 6HUYLFHV

769 	 7UDGHG 6HUYLFHV

&*' 	 &DSLWDO JRRGV
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7DEOH �� �� 5HJLRQ $JJUHJDWLRQ

86& 	 1RUWK $PHULFDQ )UHH 7UDGH $UHD

0(; 	 0H[LFR

-31 	 -DSDQ

.25 	 .RUHD

7:1 	 7DLZDQ

7+$ 	 7KDLODQG

,'1 	 ,QGRQHVLD

&+1 	 &KLQD

5($ 	 RWKHU (DVW $VLD

52: 	 $OO RWKHU UHJLRQV �,QFOXGLQJ (8�

��� 0D[LPXP (QWURS\� 7KHRU\ DQG $SSOLFDWLRQ

7KH PD[LPXP HQWURS\ DSSURDFK GHILQHV D IXQFWLRQ DV D PHDVXUH RI WKH XQFHUWDLQW\� RU

HQWURS\� RI D FROOHFWLRQ RI HYHQWV ZKLOH VDWLVI\LQJ FHUWDLQ FRQVWUDLQWV� ,WV VLVWHU IRUPXODWLRQ�

0LQLPXP &URVV (QWURS\ �0&(� LV WR GHILQH D PHDVXUHPHQW RI GLVWDQFH IURP VRPH SULRU

GLVWULEXWLRQ� 0&( ILQGV VROXWLRQV DV FORVH DV SRVVLEOH WR WKHVH SULRU GLVWULEXWLRQV ZKLOH VDWLVI\LQJ

JLYHQ FRQVWUDLQWV� 6LPLODU WR VRPH VWDQGDUG HFRQRPHWULF PHWKRG VXFK DV 2UGLQDU\ /HDVW 6TXDUH

�2/6� DSSURDFK� 0(�0&( RIIHU DOWHUQDWLYH ZD\V IRU SDUDPHWHU HVWLPDWLRQ� 0&( LV XVHG LQ WKLV

VWXG\ VLQFH ZH PD\ XWLOL]H WKH LQIRUPDWLRQ LQ 7DEOH �� 7KH EDVLF LGHD LV WR FROOHFW VRPH PDFUR GDWD

VXFK DV *'3 DV WKH WDUJHWV DQG RWKHUV VXFK DV IDFWRU HQGRZPHQWV DV WKH H[RJHQRXV VKRFNV WR WKH

HFRQRP\� 0&( LV WKHQ XVHG WR REWDLQ D VHW RI YDOXHV IRU $UPLQJWRQ VXEVWLWXWLRQ SDUDPHWHUV �Φ
'

DQG Φ
0
� LQ WKH *7$3LQ*$06 PRGHO WKDW UHVXOW LQ D PLQLPXP GLVFUHSDQF\ EHWZHHQ WKH DFWXDO

WDUJHWLQJ GDWD DQG WKH SUHGLFWHG YDOXHV�

)ROORZLQJ WKH QRWDWLRQ E\ $UQGW HW DO� ������� ZH PD\ YLHZ WKH VWDQGDUG *7$3 PRGHO LQ WKH

IROORZLQJ IRUP�

���

ZKHUH ) LV DQ ,�GLPHQVLRQDO YHFWRU YDOXHG IXQFWLRQ� ;
W
LV DQ ,�GLPHQVLRQDO YHFWRU RI HQGRJHQRXV

YDULDEOHV VXFK DV SULFHV DQG TXDQWLWLHV� =
W

R DQG =
W

X DUH YHFWRUV RI H[RJHQRXV YDULDEOHV� :KLOH =
W

R LV

REVHUYDEOH RYHU WLPH� =
W

X LV XQREVHUYDEOH H[FHSW DW EDVH \HDU� Β LV D .�GLPHQVLRQDO YHFWRU RI

EHKDYLRUDO SDUDPHWHUV WKDW FDQ EH FKRVHQ E\ WKH DQDO\VW� DQG δ LV D VHFRQG YHFWRU RI EHKDYLRUDO
SDUDPHWHUV ZKRVH YDOXHV DUH HLWKHU SUHVHW E\ WKH PRGHO RU FDQ EH FRPSXWHG E\ FDOLEUDWLRQ EDVHG RQ

WKH FRPELQDWLRQ RI FKRLFH RI Β� WKH H[DFW IRUP RI )� DQG EDVH \HDU GDWD� 7KH HOHPHQWV RI ) FDSWXUH

HFRQRPLFDOO\ FRKHUHQW SURGXFWLRQ DQG FRQVXPSWLRQ EHKDYLRU DV ZHOO DV PDFURHFRQRPLF FRQVWUDLQWV�

6WDWLF &*( DQDO\VLV SURFHHGV E\ FKDQJLQJ WKH YHFWRU RI H[RJHQRXV YDULDEOHV =
W

R� DQG H[DPLQLQJ WKH

UHVXOWLQJ YHFWRU RI HQGRJHQRXV YDULDEOHV� ;� ZKLFK VDWLVILHV WKH DERYH V\VWHP�

7KH VROXWLRQ WR WKH &*( PRGHO LPSOLHV D SUHGLFWHG KLVWRULFDO WLPH SDWK IRU YDULDEOHV RI

LQWHUHVW� :H PD\ WKHQ FRPSDUH WKH DFWXDO KLVWRULF WLPH SDWKV IRU NH\ YDULDEOHV ZLWK WKHLU SUHGLFWHG

YDOXHV LQ WKH IROORZLQJ PDQQHU�

���

TtZZXF u
t

o
tt ∈∀=Β 0),,,,( δ

t
u
t

o
ttt eZZXGY      ),,,,(   +Β= δ
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ZKHUH <
W
LV DQ 1 GLPHQVLRQDO YHFWRU RI KLVWRULFDO WDUJHWV� * LV D IXQFWLRQ SURGXFLQJ WKH YHFWRU RI

PRGHO SUHGLFWHG YDOXHV IRU WKH WDUJHWV� DQG H
W
LV DQ 1 GLPHQVLRQDO YHFWRU UHSUHVHQWLQJ WKH

GLVFUHSDQF\ EHWZHHQ KLVWRULFDO WDUJHWV DQG SUHGLFWHG YDOXHV� &DOLEUDWLRQ WR WKH EHQFKPDUN GDWD

LPSOLHV WKDW H
W
 � LQ WKH EDVH \HDU� $VVXPH *

W
LV WKH YHFWRU RI SUHGLFWHG YDOXHV� DQ HQWURS\ PHDVXUH

FDQ EH GHYHORSHG EDVHG RQ <
W
DQG *

W
� %\ PLQLPL]LQJ WKLV HQWURS\ PHDVXUH� D YHFWRU RI EHKDYLRUDO

SDUDPHWHUV % FDQ EH FRPSXWHG ZKLFK SHUPLWV WKH PRGHO WR EHVW WUDFN KLVWRULFDO H[SHULHQFH�

,Q WKLV VWXG\� WKH $UPLQJWRQ VXEVWLWXWLRQ SDUDPHWHUV �Φ
'
DQG Φ

0
� EHORQJ WR WKH YHFWRU %�

2WKHU EHKDYLRUDO SDUDPHWHUV �SDUW RI WKH δ SDUDPHWHU YHFWRU� DUH VHW DW FXUUHQW YDOXHV LQ *7$3�
+LVWRULFDO GDWD WR EH WDUJHWHG E\ WKH PRGHO LQ WKLV SKDVH RI WKH VWXG\ LQFOXGH JURVV GRPHVWLF SURGXFW

�*'3�� VKDUHV RI FRPPRGLW\ H[SRUWV LQ WRWDO H[SRUWV DQG VKDUH RI FRPPRGLW\ LPSRUWV LQ WRWDO

LPSRUWV HDFK DJJUHJDWHG UHJLRQ� WKH UHJLRQDO VKDUH RI H[SRUWV WR *'3� DQG WKH UHJLRQDO VKDUH RI

LPSRUWV WR *'3� 'DWD IRU WKH KLVWRULFDO WDUJHWV DUH JDWKHUHG DW WKUHH�\HDU�LQWHUYDOV� WR DYRLG

H[FHVVLYH LPSDFW IURP VKRUW�WHUP SHFXOLDULWLHV VXFK DV UHFHVVLRQ� 7KH H[RJHQRXV YDULDEOHV =
W

R IRU

WKLV VWXG\ LQFOXGH� HQGRZPHQWV� LQYHVWPHQW� VDYLQJ� LQYHVWPHQW DQG JRYHUQPHQW FRQVXPSWLRQ�

&KDQJHV LQ OHYHO RI SURWHFWLRQ DQG WUDQVSRUWDWLRQ PDUJLQV DUH DOVR FRQVLGHUHG LQ WKLV VWXG\� 7KH

SDUDPHWHUL]DWLRQ SURFHHGV E\ IL[LQJ =
W

X DQG δ DW WKH EDVH \HDU OHYHO DQG LPSRVLQJ WKH HFRQRPLF

VKRFNV JLYHQ E\ =
W

R� 7KH VROXWLRQ WR WKH HQGRJHQRXV YDULDEOHV RI LQWHUHVW �;� FDQ EH YLHZHG DV DQ

LPSOLFLW IXQFWLRQ RI WKH FKRLFH RI WKH WUDGH SDUDPHWHUV % �Φ
'
DQG Φ

0
LQ WKLV VWXG\�� 7KH HVWLPDWHG

YDOXHV RI KLVWRULFDO WDUJHWV

<
W

(  *�;
W
� =

W

R�=
W

X�%�∗ � ���

DUH DVVRFLDWHG ZLWK Φ
'
DQG Φ

0
E\ DQ H[SOLFLW RU LPSOLFLW IXQFWLRQDO UHODWLRQVKLS� 7KH YDOXHV RI %

WKHUHIRUH DUH GHWHUPLQHG E\ <
W

( DQG WKH KLVWRULFDO WDUJHWV <
W
LQ HQWURS\ VHQVH �SOHDVH UHIHU WR HTXDWLRQ

� DERYH�� ,Q DGGLWLRQ� WKH ILWWLQJ RI <
W

( LQ UHVSHFW WR <
W
UHIOHFWV KRZ ZHOO WKH PRGHO SHUIRUPV�

7KLV DSSURDFK PD\ KDYH VHYHUDO OLDELOLWLHV� )LUVW� ERWK WKH RPLVVLRQ RI =
W

X DQG WKH SUH�

VHOHFWLRQ RI WKH EHKDYLRUDO IXQFWLRQDO IRUPV FDQ UHVXOW LQ D EDG ILW RI HVWLPDWHG YDOXHV DQG WKH

FRUUHVSRQGLQJ WDUJHWV� ,W LV GLIILFXOW WR WHOO ZKLFK LV WR EODPH LQ VXFK FDVHV� 6HFRQG� ZH IL[ WKH

YDOXHV RI RWKHU EHKDYLRUDO SDUDPHWHUV WR ZKLFK RXU WDUJHWV PD\ EH KLJKO\ VHQVLWLYH� 7R UHGXFH WKH

LPSDFW IURP WKH VHFRQG SUREOHP� ZH SXW ZHLJKWV RQ WKRVH WDUJHWV� VXFK DV H[SRUW VKDUHV� WKDW DUH

VHQVLWLYH WR WKH WUDGH VXEVWLWXWLRQ SDUDPHWHUV EXW LQVHQVLWLYH WR RWKHU EHKDYLRUDO SDUDPHWHUV� )RU WKH

ILUVW SUREOHP� WKH EHVW WKLQJ ZH FDQ GR LV WR LQFOXGH DOO H[RJHQRXV YDULDEOHV WKDW DUH DYDLODEOH DQG

EHOLHYHG WR KDYH VLJQLILFDQW LPSDFWV RQ WKH WDUJHWV�

)RU WKLV SDUWLFXODU VWXG\� WKH HQWURS\ IXQFWLRQ LV GHVLJQHG LQ WKH IROORZLQJ ZD\� ,W FRQVLVWV

RI ILYH SDUWV� )LUVW SDUW LV WKH *'3 HQWURS\� :H REVHUYH UHJLRQDO *'3 DW GLIIHUHQW SRLQW LQ WLPH

*'3R�U�W�� ZH VHW D XSSHU DQG ORZHU ERXQG YDOXHV� UHVSHFWLYHO\� IRU H[DPSOH OHW

*'3X�U�W�  ���
 *'3R�U�W�� DQG *'3/�U�W�  ���
 *'3R�U�W�� ���

:H FKRRVH D SULRU GLVWULEXWLRQ RI *'3�U�W� YDOXHV IRU LQVWDQFH DV �SR
�
� SR

�
� SR

�
�  ������ ���� �����

FRUUHVSRQGLQJ WR *'3X�U�W�� *'3R�U�W�� DQG *'3/�U�W� UHVSHFWLYHO\� 1RWH WKDW Σ
L
SR

L
 � DQG WKH

IROORZLQJ FRQVWUDLQWV KROG�

*'3R�U�W�  ����
 *'3X�U�W� � ���
*'3R�U�W� � ����
 *'3/�U�W�� ���

1RZ VXSSRVH ZH REWDLQ WKH HVWLPDWHG YDOXHV RI

*'3(�U�W�  3��U�W� 
 *'3X�U�W� � 3��U�W� 
*'3R�U�W� � 3��U�W� 
 *'3O�U�W� ���

4 The three-year average data are the ideal, however, it is difficult to obtain them for some variables.
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:KHUH YDULDEOH 3L�U�W� SRVLWLYH� DQG VDWLVILHV WKH QRUPDOL]DWLRQ FRQGLWLRQ

3��U�W� � 3��U�W� � 3��U�W�  � ���

7KH FURVV HQWURS\ RI HDFK UHJLRQ DW WLPH W LV QRZ GHILQHG DV

(QWURS\�U�W�  6XP�L� 3L�U�W�
 ORJ� 3L�U�W��SR
L
�U�W� � �� ���

3OHDVH QRWH WKDW WR PLQLPL]H WKH DERYH HQWURS\ LV WR PDNH 3L�U�W� DV FORVH WR WKH SULRU GLVWULEXWLRQ

SR
L
�U�W� DV SRVVLEOH ZKLOH VDWLVI\LQJ RWKHU FRQVWUDLQWV� 7KH HQWURS\ YDOXH LQ HTXDWLRQ ��� UHDFKHV WKH

ORZHU ERXQG RI ]HUR ZKHQ 3L�U�W� SR
L
�U�W�� ,I ZH DVVLJQ D SRVLWLYH QXPEHU RI Z�U�W� DV WKH ZHLJKW WR

HDFK HQWURS\�U�W� DQG VXP WKHP RYHU UHJLRQV DQG WLPH� ZH KDYH�

(QWURS\�*'3�  6XP��U�W�� Z�U�W�
HQWURS\�U�W�� ���

:H REWDLQ WKH HQWURS\ PHDVXUH IRU H[SRUW VKDUHV DQG RWKHU WDUJHWV LQ D VLPLODU IDVKLRQ� )LQDOO\� ZH

PD\ DVVLJQ GLIIHUHQW ZHLJKWV Z
L
WR WKHVH WDUJHWV DQG VXP WKHP XS WR IRUP WKH REMHFWLYH IXQFWLRQ�

2EMHFWLYH  Ε
L
Z

L
(QWURS\�WDUJHW L� ����

���� 7KH 'DWD

([RJHQRXV YDULDEOHV PD\ EH FODVVLILHG LQWR WZR FDWHJRULHV� ZKLFK SDUWLDOO\ UHIOHFW D FDXVDOLW\

UHODWLRQVKLS EHWZHHQ WKHP� 7KH ILUVW W\SH RI YDULDEOHV JHQHUDOO\ FRQWULEXWHV VLJQLILFDQWO\ WR WKH

FKDQJH RI WKH VHFRQG W\SH RI YDULDEOHV� ,Q UXQQLQJ WKH VLPXODWLRQ� WKH YDULDEOHV LQ WKH ILUVW FDWHJRU\

DUH VHUYHG WR VKRFN WKH PRGHO� :KLOH WKH VHFRQG FDWHJRU\ LV SULPDULO\ OLPLWHG E\ GDWD DYDLODELOLW\�

WKH\ DUH VHOHFWHG VXFK DV WR UHIOHFW WKHLU UHOHYDQF\ ZLWK WKH SDUDPHWHUV WR HVWLPDWH� 7KH YDULDEOHV LQ

WKLV VHFRQG FDWHJRU\ DUH XVHG DV WDUJHWV� ,Q WKLV VWXG\� ZH VHHN WR UHSOLFDWH DV FORVH DV SRVVLEOH WKH

HFRQRP\ VLWXDWLRQV LQ WKH SDVW E\ REWDLQLQJ DV PDQ\ UHOHYDQW H[RJHQRXV YDULDEOHV DV SRVVLEOH� 6R

IDU� WKH ILUVW FDWHJRU\ LQFOXGHV IDFWRU HQGRZPHQWV LQ ILYH FDWHJRULHV �7DEOH ��� LQYHVWPHQW�

JRYHUQPHQW FRQVXPSWLRQ� WDULII� DQG QHW FDSLWDO WUDQVIHU� 7KH VHFRQG FDWHJRU\ LQFOXGHV *'3�

H[SRUWV� DQG LPSRUWV�

7DEOH �� 3ULPDU\ )DFWRU ,GHQWLILHUV LQ WKH *7$3LQ*$06 0RGHO

/1' 	 $JULFXOWXUDO ODQG

6./ 	 6NLOOHG ODERU

/$% 	 8QVNLOOHG ODERU

&$3 	 &DSLWDO

5(6 	 1DWXUDO 5HVRXUFHV

7KH RSWLPXP $UPLQJWRQ SDUDPHWHUV DUH GHWHUPLQHG E\ WKH EHVW ILW PHDVXUHG E\ D

FRPSRVLWH HQWURS\ IRUPXOD� EHWZHHQ WKH WDUJHWV DQG WKHLU FRUUHVSRQGLQJ H[SHFWHG YDOXHV DIWHU WKH

VKRFN� 8QOLNH PRVW IRUHFDVWLQJ VWXGLHV RU SROLF\ DQDO\VHV ZKHUH WKH VLPXODWLRQ UHVXOWV UHIOHFW WKH

LPSDFWV RI VKRFNV UHJDUGOHVV RI WKH WLPH� WKH HQWURS\ YDOXH RI WKLV VWXG\ PHDVXUHV WKH FRPSRVLWH

DFFXUDF\ RI WKH EDFNZDUG IRUHFDVW IRU WKH SDVW VHYHUDO SHULRGV� 6HYHUDO WHUPV LQ WKH REMHFWLYH

IXQFWLRQ DUH H[SUHVVHG DV WKH VXP RYHU D WLPH LQGH[� 7KH EDVH \HDU LV ���� DV LQ *7$3 YHUVLRQ �

DQG ����� ����� DQG ���� DUH VHOHFWHG DV WDUJHWLQJ \HDUV�� 7KHUHIRUH ZH IRFXV RQ WKH UHODWLYH YDOXHV

RI WKH WDUJHW DQG VKRFN GDWD LQ WLPH VHULHV IRUP WR DYRLG WKH LQFRQVLVWHQF\ FDXVHG E\ WKH

PHDVXUHPHQW GLVFUHSDQF\ EHWZHHQ *7$3 DQG RWKHU GDWD VRXUFHV� 7KH UDWLRV RI KLVWRULFDO WDUJHWV

5 7KH VROXWLRQV WR 3L�U�W� DUH QRW XQLTXH IRU VDWLVI\LQJ FRQVWUDLQWV � DQG �� +RZHYHU� LW LV XQLTXH ZKHQ ZH PD[LPL]H WKH
FURVV HQWURS\�
6 The reason to have all periods in time set in 3-year interval is mentioned later.
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DQG VKRFNV GDWD WR WKHLU ���� YDOXHV FDQ EH XVHG WR GHULYH WKH KLVWRULFDO WDUJHWV DQG H[RJHQRXV

VKRFNV LQ VFDOH WHUP LI QHFHVVDU\�

$SSHQGL[HV $ DQG % UHFRUG WKH GHWDLOV RI REWDLQLQJ WKH PDFUR�WUDGH GDWD DQG SURWHFWLRQ

GDWD� UHVSHFWLYHO\� 'XH WR WKH VSDFH OLPLWDWLRQ� WKH\ DUH QRW LQFOXGHG LQ WKLV SDSHU�� ,Q JHQHUDO DOO

EXW ODQG HQGRZPHQW GDWD DQG PRVW QDWLRQDO DFFRXQW GDWD VXFK DV LQYHVWPHQW DQG *'3 DUH RI JRRG

TXDOLW\ DQG WKH\ DUH TXLWH FRPSDWLEOH ZLWK WKH *7$3 GDWDEDVH� 7KH WLPH�VHULHV WUDGH GDWD DUH

SUHSDUHG E\ 0DUN *HKOKDU ������� 7KH GDWD UHFRUG PHUFKDQGLVH ELODWHUDO WUDGH YDOXHV DW )2% YDOXHV

LQ FXUUHQW 86 GROODUV� 7KH GDWD DUH RI JRRG TXDOLW\ EXW WKH\ GR QRW LQFOXGH VHUYLFH WUDGH

WUDQVDFWLRQV� � 7KH QHW FDSLWDO LQIORZ GDWD IURP QDWLRQDO DFFRXQW GDWDEDVH SURYLGHG E\ =KL :DQJ

������ DUH QRW GLUHFWO\ FRPSDWLEOH ZLWK *7$3 GDWDEDVH DQG WKHUHIRUH VRPH DGMXVWPHQWV KDYH EHHQ

LPSRVHG� 7KH SURWHFWLRQ GDWD XVHG LQ WKLV VWXG\ DUH ZHDN� 7KH\ DUH LQWURGXFHG WR PLUURU WKH WUHQG

RI UHJLRQDO HFRQRPLF LQWHJUDWLRQ GXULQJ WKH SHULRG RI VWXG\� 7KHUHIRUH� ZH H[SHFW D JHQHUDO WUHQG RI

UHGXFWLRQ LQ WDULII DQG QRQ�WDULII EDUULHUV RYHU WLPH� +RZHYHU� WKH HVWLPDWHG SURWHFWLRQ GDWD RQO\

FRYHU WKH DYHUDJH WDULII HTXLYDOHQW RI DOO UHJLRQV LPSRVHG RQ RXWVLGH ZRUOG� ,Q ZRUGV� WKH\ DUH QRW

PHDVXUHG LQ ELODWHUDO WHUPV DV WKH VWXG\ GHVLUHV� 'XH WR RXU VXVSLFLRQ RI WKH GDWD TXDOLW\ RQ

SURWHFWLRQ DQG QHW FDSLWDO LQIORZ� ZH DWWHPSW WR LVRODWH WKH LPSDFWV RI WKHVH GDWD RQ WKH UHVXOWV�

7DEOH � OLVWV WKH $UPLQJWRQ 3DUDPHWHUV �Φ' DQG Φ0� DQG WKH YDOXH�DGGHG VXEVWLWXWLRQ

SDUDPHWHUΦYD FXUUHQWO\ LQ XVH� 7KH\ VHUYH WKUHH SXUSRVHV� )LUVW� WKH\ SURYLGH WKH VWDUWLQJ SRLQW LQ

UXQQLQJ WKH VLPXODWLRQ� 6HFRQG� WKH\ DUH WR EH FRPSDUHG ZLWK WKH FRUUHVSRQGLQJ HVWLPDWHG

SDUDPHWHUV�� 7KLUG� WKH\ LPSRVH LPSOLFLW FRQVWUDLQWV RQ WKH RSWLPL]DWLRQ SUREOHP DV WKH EDVLV RI

FURVV HQWURS\ PHDVXUHPHQW�

7DEOH �� 3DUDPHWHU )LOH

Φ' Φ0 ΦYD

$*5 ���� ���� ����

3$* ���� ���� ����

)01 ���� ���� ���

&7; ���� ���� ����

2/7 ���� ���� ����

&+0 ���� ���� ����

0(9 ���� ���� ����

%$0 ���� ���� ����

169 ���� ���� ����

769 ���� ���� ����

�� ([SHULPHQWV DQG 7KH 5HVXOWV

���� ([SHULPHQWDO 6SHFLILFDWLRQ DQG &RPPRQ $VVXPSWLRQV

6HYHUDO DVVXPSWLRQV KDYH EHHQ PDGH LQ UXQQLQJ WKH VLPXODWLRQV� 7KH VDPH DVVXPSWLRQV

DSSO\ WR DOO VFHQDULRV DV ZHOO DV WR VHQVLWLYLW\ DQDO\VLV� 7KH ILUVW DVVXPSWLRQ FRQFHUQV WKH LVVXH RI

WHFKQRORJLFDO SURJUHVV� 'XULQJ WKH SHULRG RI WKLV VWXG\� HFRQRPLF JURZWK �PHDVXUHG E\ *'3� LQ

7 Interested party may contact Jing Liu by sending email to liuj@agecon.purdue.edu to request a copy of the appendices
and the GAMS programs.
8 The value-added substitution parameters have been kept constant throughout this study.
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VHYHUDO $VLDQ UHJLRQV FRXOG KDUGO\ EH H[SODLQHG E\ IDFWRU DFFXPXODWLRQ DQG LQWHUQDWLRQDO WUDGH DORQH�

7KHUH LV VLJQLILFDQW WHFKQRORJLFDO FDWFK�XS LQ WKHVH UHJLRQV� 7R LPSOHPHQW WKLV� WHFKQRORJ\ SURJUHVV

YDULDEOHV DUH LQFOXGHG DQG DUH HQGRJHQRXVO\ GHWHUPLQHG� 7KH YDULDEOHV DUH GHILQHG DV WLPH DQG

UHJLRQ VSHFLILF EXW DUH +LFNV�QHXWUDO DFURVV VHFWRUV� 7KH ODWHU DVVXPSWLRQ PLJKW EH UHOD[HG LQ WKH

IXWXUH�

7KH VHFRQG VSHFLILFDWLRQ FRQFHUQV WKH $UPLQJWRQ SDUDPHWHUV �Φ0 DQG Φ'� DQG WKHLU

UHODWLRQVKLS� 7KLV VWXG\ DVVXPH ERWKΦ0 DQG Φ' DUH VHFWRU DQG WLPH VSHFLILF DQG VDWLVI\ FRQVWUDLQWV�

Φ0�L�W�  �Φ'�L�W� ����

Φ'�L�W��Φ'�L�W���  ���λ L� ZLWK λL QRQ�QHJDWLYH� ����

&RQVWUDLQW ���� VLPSO\ NHHSV WKH UHODWLRQVKLS EHWZHHQ Φ0 DQG Φ' DV FXUUHQWO\ XVHG E\ *7$3

PRGHO� &RQVWUDLQW ���� UHIOHFWV WKH SRWHQWLDO UHODWLRQ EHWZHHQ $UPLQJWRQ SDUDPHWHU YDOXHV DQG WKH

OHQJWK RI WLPH� 2XU K\SRWKHVLV LV WKDW WUDGH HODVWLFLWLHV WHQG WR EHFRPH ELJJHU RYHU D ORQJHU OHQJWK

RI UXQ� WKHUHIRUH λ L≥��

7KH WKLUG VSHFLILFDWLRQ GHDOV ZLWK WKH HQWURS\ PHDVXUHPHQW RI REMHFWLYH IXQFWLRQ� $V

PHQWLRQHG HDUOLHU� LW FXUUHQWO\ LQFOXGHV WKH HQWURSLHV RI ILYH WHUPV� 7KH GLIIHUHQW ZHLJKWV DUH

DVVLJQHG WR *'3 HQWURS\ DQG RWKHUV� :H SXW VDPH ZHLJKW WR DOO ILYH HQWURSLHV LQ WKH REMHFWLYH

IXQFWLRQ� )RU ZHLJKWV DVVLJQHG WR LQ�JURXS HQWURS\ FRPSRQHQW� WKHUH LV QR GLVFULPLQDWLRQ IRU HDFK

LQGLYLGXDO RI DQ\ HQWURS\ JURXS UHJDUGLQJ VHFWRUV� UHJLRQV� DQG SHULRGV� 7KDW LV� VDPH ZHLJKW LV

DVVLJQHG WR HDFK RI WKHVH FRPSRQHQWV� 1RQHWKHOHVV� WKH REMHFWLYH IXQFWLRQ LV VWLOO KHDYLO\ ELDVHG LQ

IDYRU RI WUDGH UHODWHG HQWURSLHV VLQFH IRXU RXW ILYH HQWURS\ WHUPV DUH DVVRFLDWHG ZLWK WUDGH� $OVR

FRQVLGHUHG LQ WKLV VWXG\ LV D FDVH ZKHUH ZH SXW ���� RI ZHLJKWV RI RWKHU HQWURS\ WR *'3 WR IDYRU

WKH HQWURSLHV RI WUDGH UHODWHG WHUPV�

)LQDOO\� WKH ZHLJKWHG DYHUDJH RXWSXW SULFH ZRUOGZLGH LV IL[HG DV QXPHUDLUH IRU DOO WKUHH

SHULRGV� DQG WKLV QXPHUDLUH LV VHW HTXDO WR WKDW RI WKH EDVH \HDU�

���� 6LPXODWLRQ $SSURDFK� DQG ([SHULPHQW 'HVLJQ

7KLV VWXG\ LQFOXGHV VL[ DOWHUQDWLYH HVWLPDWLRQ H[HUFLVHV� ,Q DOO VFHQDULRV� WKH PDFUR VKRFNV

DUH LPSRVHG� 0DFUR VKRFNV LQFOXGH IDFWRU HQGRZPHQW VKRFNV� JRYHUQPHQW FRQVXPSWLRQ VKRFNV�

DQG LQYHVWPHQW VKRFNV IRU HDFK UHJLRQ DQG WLPH SHULRG� 7KH ILUVW VFHQDULR �H[SHULPHQW $� RQO\

FRQWDLQV PDFUR VKRFNV EXW H[FOXGHV WDULII VKRFNV EDVHG RQ RULJLQDO *7$3LQ*$06 &REE�'RXJODV

VWUXFWXUHV� ([SHULPHQW % LQFOXGHV WKH WDULII VKRFNV EXW XVHV WKH VDPH VLPSOH VWUXFWXUHV DV LQ VFHQDULR

RQH� 7KH WKLUG VFHQDULR H[FOXGHV WKH WDULII VKRFNV EXW DGRSWV WKH PRUH FRPSOLFDWHG IXQFWLRQDO

IRUPV IRU ERWK SULYDWH GHPDQG DQG SURGXFWLRQ VWUXFWXUHV� ([SHULPHQW ' H[DPLQHV WKH LPSDFW RI

VKRFNV WR QHW FDSLWDO LQIORZ RQ WKH UHVXOWV RI HVWLPDWLRQ� ([SHULPHQW ( LQFOXGHV DOO VKRFNV DQG DGRSWV

WKH IXQFWLRQDO IRUP FKDQJHV� ([SHULPHQW ) H[DPLQHV WKH LPSDFW RQ WKH HVWLPDWLRQ RI UHODWLYH

ZHLJKWV DVVLJQHG WR GLIIHUHQW HQWURS\ WHUPV LQ WKH REMHFWLYH IXQFWLRQ� 7DEOH � VXPPDUL]HV WKH

H[SHULPHQWV�

� 'XH WR WKH FRPSXWDWLRQDO FRPSOH[LW\� WKH SURJUDPPLQJ DSSURDFK FDQ EH GHVFULEHG DV SURJUHVVLYH� 8QGHU WKLV
PRGLILHG IUDPHZRUN� WKH ZKROH HVWLPDWLRQ SURFHGXUH FDQ EH GLYLGHG LQWR VHYHUDO VWDJHV VXFK WKDW WKH PRUH FRPSOLFDWHG
VLPXODWLRQ FDQ VWDUW IURP WKH ´FORVH SRLQWµ WR WKH RSWLPDO VROXWLRQ� 7KLV LV WR VDYH PRXQW RI FRPSXWHU WLPH DQG WR
IDFLOLWDWH *$06 VROYHUV WR ILQG WKH QHZ HTXLOLEULXP VROXWLRQ�



��

7DEOH �� 6XPPDU\ RI 0DLQ ([SHULPHQWV

6KRFN?([SHULPHQW $ % & ' ( )

0DFUR 9DU� VKRFNVD <HV <HV <HV <HV <HV <HV

)XQFWLRQDO )RUP FKDQJHV 1R 1R <HV <HV <HV <HV

7DULII 6KRFNV 1R <HV 1R <HV <HV <HV

1HW &DSLWDO ,QIORZ <HV <HV <HV 1R <HV <HV

:HLJKWV 5DWLRF ��� ��� ��� ��� ��� ����
D� 0DFUR YDULDEOHV LQFOXGHV HQGRZPHQWV IRU VNLOOHG ODERU� XQVNLOOHG ODERU� FDSLWDO VWRFN� DJULFXOWXUDO ODQG� JRYHUQPHQW
FRQVXPSWLRQ� DQG WRWDO QDWLRQDO LQYHVWPHQW�
E� ,Q VRPH H[SHULPHQWV� ZH XVH /(6 IXQFWLRQDO IRUP WR UHSUHVHQW SULYDWH GHPDQG DQG &(6 WR UHSUHVHQW IDFWRU
GHPDQG� ,Q RULJLQDO PRGHO� KRZHYHU� ERWK GHPDQGV DUH UHSUHVHQWHG E\ VLPSOHU &REE�'RXJODV IXQFWLRQV�
F� 7KH QXPEHU VKRZV WKH UDWLR RI HQWURS\ ZHLJKWV LQ WKH REMHFWLYH IXQFWLRQ� *'3 HQWURS\ WR WUDGH UHODWHG HQWURSLHV�

��� 5HVXOWV

7DEOH � VKRZV WKH HVWLPDWLRQ UHVXOWV� 7KH UHVXOWV WXUQ RXW TXLWH GLIIHUHQW DFURVV VFHQDULRV�

&RPSDUHG WR H[SHULPHQW $� WKH LQFRUSRUDWLRQ RI WDULII VKRFN �H[SHULPHQW %� SURGXFHV PXFK VPDOOHU

HODVWLFLWLHV IRU DOO EXW 3URFHVVHG )RRG �3$*�� ([FHSW VHFWRUV RI $JULFXOWXUH �$*5� DQG 3URFHVVHG )RRG

�3$*�� WKH UHVXOWV IURP IXQFWLRQDO IRUP FKDQJHV �H[SHULPHQW &� DUH IDLUO\ VLPLODU WR H[SHULPHQW $�

ZKHUH QHLWKHU IXQFWLRQDO IRUP FKDQJHV QRU WDULII VKRFN LV LPSRVHG� 7KH LQFRUSRUDWLRQ RI ERWK

IXQFWLRQDO IRUP FKDQJHV DQG WDULII VKRFN �H[SHULPHQW (� UHVXOWV LQ D PXFK VPDOOHU HVWLPDWHG

HODVWLFLWLHV IRU DOPRVW DOO VHFWRUV� 0RVW VLJQLILFDQW H[LVWV IRU VHFWRUV )01 ZKHUH WKH HVWLPDWHV LQ

H[SHULPHQW & LV VXEVWDQWLDOO\ ORZHU WKDQ WKHVH IURP H[SHULPHQWV $ a &�

7KHUH DUH VWULNLQJ REVHUYDWLRQV IURP WKH FRPSDULVRQ DPRQJ H[SHULPHQWV $� %� & DQG ( LQ

WDEOH �� DQG VRPH WHQWDWLYH UHPDUNV DUH DYDLODEOH� )LUVW� WKH LPSRVLWLRQ RI WDULII VKRFNV �H[SHULPHQWV

% YV� $ DQG ( YV� &� JHQHUDOO\ UHVXOWV LQ VPDOOHU HVWLPDWHV IRU WUDGH HODVWLFLWLHV� 7KLV VXJJHVWV WKDW

WKH UHGXFWLRQ RI WDULII LV RQH UHDVRQ WR SURPRWH LQWHUQDWLRQDO WUDGH DQG WKDW WKH RQJRLQJ VWUXFWXUH

FKDQJHV RI UHJLRQDO WUDGH FRPPRGLW\ VKDUHV LQ WKH ZRUOG PDUNHWV DUH SDUWLDOO\ GULYHQ E\ WDULII

LQFHQWLYH� 6HFRQG� WKH IXQFWLRQDO IRUP FKDQJHV �H[SHULPHQWV & YV� $ DQG ( YV� %� SURGXFH ELJJHU

HVWLPDWHV IRU VHFWRUV $*5 DQG 3$*� VPDOOHU HVWLPDWHV IRU VHFWRU )01� DQG VLPLODU HVWLPDWHV IRU

RWKHU VHFWRUV� ,Q OLJKW RI WKH IDFW WKDW FRPSDUHG ZLWK &REE�'RXJODV SULYDWH FRQVXPSWLRQ XWLOLW\

IXQFWLRQ� WKH LQWURGXFWLRQ RI PLQLPXP VXEVLVWHQFH OHYHO LQ /(6 IXQFWLRQDO IRUP KDV PRUH LPSDFW

RQ DJULFXOWXUH DQG SURFHVVHG IRRG VHFWRUV VLQFH /(6 IXQFWLRQ WHQGV WR KDYH LQHODVWLF GHPDQGV IRU

WKHVH WZR SULPDU\ VHFWRUV� 7KH HVWLPDWHV IRU VHFWRU )XHO DQG 0LQHUDOV �)01� DSSHDU WR EH TXLWH

VHQVLWLYH WR H[SHULPHQWDO VSHFLILFDWLRQV�

7KH LPSRUWDQFH RI WKH VKRFNV RI QHW FDSLWDO LQIORZ LV HYLGHQW IURP H[SHULPHQW ' ZKHUH

VXFK VKRFNV DUH QRW LPSRVHG� &RPSDUHG ZLWK H[SHULPHQW (� LW KDV PRGHVW LPSDFW RQ WKH HVWLPDWHV

IRU DOO VHFWRUV EXW &7;� 2/7� 0(9� DQG %$0� 7KH OHVVRQ KHUH LV WKDW PRUH UHOLDEOH GDWD IRU QHW

FDSLWDO LQIORZ LV GHVLUDEOH IRU EHWWHU HVWLPDWLRQ� ([SHULPHQW ) LV DVVRFLDWHG ZLWK VHQVLWLYLW\ DQDO\VLV�

&RPSDUHG ZLWK H[SHULPHQW (� LW SURGXFHV PL[HG UHVXOWV� ,WV HVWLPDWHV DUH ODUJHU IRU WZR VHFWRUV

�)01 DQG &+0�� VPDOOHU IRU VHFWRU &7;� DQG VLPLODU IRU RWKHUV� 7KH UHVXOWV FDOO IRU DQ DSSURSULDWH

ZHLJKWLQJ VWUDWHJ\ IRU GLIIHUHQW HQWURSLHV LQ WKH REMHFWLYH IXQFWLRQ� 7KH HVWLPDWHV IRU )01 DJDLQ

GLIIHU VLJQLILFDQWO\ DFURVV H[SHULPHQWV 'a)�
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7DEOH �� 6XEVWLWXWLRQ 3DUDPHWHUV Φ' LQ 7HUP RI /HQJWK RI 7LPH

([SHULPHQW $ ([SHULPHQW % ([SHULPHQW &

&XUUHQW ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU

$*5 ���� 1.62 2.42 3.63 1.08 1.08 1.08 3.37 5.05 7.58
3$* ���� 1.97 2.96 4.44 2.59 3.89 5.84 2.69 4.03 6.04
)01 ���� 6.91 9.91 14.21 4.15 6.23 9.35 6.39 8.46 11.21
&7; ���� 4.92 7.24 10.65 3.39 3.39 3.39 5.64 7.94 11.17
2/7 ���� 3.53 5.30 7.95 3.07 3.07 3.07 3.47 5.17 7.68
&+0 ���� 4.42 5.14 5.98 3.71 3.71 3.71 4.05 4.32 4.61
0(9 ���� 7.20 9.07 11.42 6.25 6.31 6.37 7.22 8.70 10.49
%$0 ���� 3.90 3.90 3.90 2.09 2.09 2.09 3.70 3.70 3.70

([SHULPHQW ' ([SHULPHQW ( ([SHULPHQW )

&XUUHQW ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU

$*5 ���� 3.12 4.68 7.02 1.89 2.83 4.24 2.46 3.69 5.53
3$* ���� 2.47 3.70 5.55 3.24 4.86 7.29 3.50 4.81 6.60
)01 ���� 3.11 4.67 7.00 1.44 2.04 2.90 6.43 8.57 11.43
&7; ���� 2.81 2.81 2.81 3.08 3.08 3.08 1.45 1.57 1.70
2/7 ���� 3.53 3.53 3.53 2.62 2.62 2.62 2.59 2.59 2.59
&+0 ���� 4.01 4.23 4.46 2.39 2.39 2.39 4.11 4.44 4.80
0(9 ���� 5.60 5.66 5.73 4.77 4.92 5.08 6.21 6.22 6.23
%$0 ���� 1.87 1.87 1.87 1.57 1.57 1.57 1.01 1.01 1.01

Table 7: Measurement of Goodness of Fitting
 GDP Fitting(1) Total Trade Fitting(2)

Length of Run ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU

Experiment A 1.00 1.01 1.00 1.00 1.11 1.26
Experiment B 1.00 1.01 0.99 1.00 1.09 1.21
Experiment C 1.01 1.00 0.96 1.01 1.09 1.20
Experiment D 1.02 0.97 0.89 1.01 1.04 1.08
Experiment E 1.02 1.01 0.94 1.00 1.07 1.13
Experiment F 1.03 0.93 0.81 1.03 0.97 0.97
�� 7KH QXPEHU LV WKH UDWLR RI SUHGLFWHG JOREDO *'3 RYHU WKH DFWXDO *'3�
�� 7KH QXPEHU LV WKH UDWLR RI SUHGLFWHG JOREDO WUDGH YDOXH RYHU WKH DFWXDO WUDGHV�

6HYHUDO PHDVXUHPHQWV RI JRRGQHVV RI ILW DUH UHSRUWHG LQ WDEOH �� ZKLFK OLVWV WZR UDWLRV RI

HVWLPDWHG YDOXH LQ WKH JOREDO EDVLV RYHU WDUJHWV �H[SOLFLW RU LPSOLFLW� XQGHU GLIIHUHQW VFHQDULRV� 7KH

ILUVW RQH IRU *'3 DQG WKH VHFRQG RQH IRU WRWDO WUDGH YDOXHV �H[SRUWV RU LPSRUWV�� 7KH FORVHU WKH

QXPEHU WR RQH� WKH EHWWHU LV WKH SUHGLFWLRQ� $SSDUHQWO\� WKHUH LV D EDODQFH EHWZHHQ *'3 ILWWLQJ DQG

WUDGH ILWWLQJ IRU H[SHULPHQWV� &RPSDUHG ZLWK H[SHULPHQW (� H[SHULPHQWV $a& EHWWHU SUHGLFW *'3

ZLWK WKH VDFULILFH RI SRRU SUHGLFWLRQ RI WRWDO WUDGH IORZ� DQG H[SHULPHQWV ' DQG ) SUHGLFW WKH ORQJ

UXQ WRWDO WUDGH IORZ VOLJKWO\ EHWWHU EXW SUHGLFW PXFK PRUH SRRUO\ WKH ORQJ UXQ *'3� ,Q WKLV

EDFNFDVWLQJ H[HUFLVH� DOO EXW H[SHULPHQW ) RYHU�SUHGLFW WKH WRWDO WUDGH IORZV IRU \HDUV ���� DQG �����

6LQFH WUDGH IORZV IDOO DV RQH PRYHV EDFN LQ WLPH� WKLV PHDQV WKDW WKH PRGHO XQGHU�SUHGLFWV WKH UDWH

RI H[SRUW�LPSRUW JURZWK� 7KLV DJDLQ FRQILUPV WKH ILQGLQJ E\ *HKOKDU ������� ,Q DGGLWLRQ� DOO

H[SHULPHQWV SUHGLFW H[WUHPHO\ ZHOO WKH VKRUW UXQ *'3 DQG WUDGH IORZV� 0RVW 6FHQDULRV SHUIRUP



��

UHDVRQDEO\ ZHOO LQ WKH SUHGLFWLRQ RI LQWHUPHGLDWH UXQ ���\HDU�� ([SHULPHQW ) DSSHDUV WR KROG WUDGH

E\ XQGHU�SUHGLFWLQJ *'3 VHULRXVO\� &RPELQH ERWK *'3 DQG WUDGH IORZ ILWWLQJV� H[SHULPHQW ( LV

FOHDUO\ VXSHULRU WR RWKHU H[SHULPHQWV�

7KH HVWLPDWHG WUDGH HODVWLFLWLHV RQ H[SHULPHQW ( DUH PRUH RU OHVV LQ OLQH ZLWK RXU

H[SHFWDWLRQV� 7KUHH VHFWRUV DJULFXOWXUH �$*5�� SURFHVVHG IRRG �3$*� DQG IXHO DQG PLQHUDOV �)01�

DUH IRXQG TXLWH VHQVLWLYH WR WKH OHQJWK RI UXQ� ,Q WKH VKRUW UXQ �� \HDUV� �������� WKUHH �$*5�

)01� DQG %$0� RXW RI WKH HLJKW VHFWRUDO *7$3 WUDGH HODVWLFLWLHV UHSRUWHG LQ 7DEOH � DUH WRR ODUJH�

DQG WZR RWKHUV �&7; DQG 2/7� UHPDLQ URXJKO\ WKH VDPH� 7KXV WKH VKRUW UXQ UHVXOWV YDOLGDWH WKH

VWUXFWXUDOLVWV DUJXPHQWV� +RZHYHU� LQ WKH ORQJ UXQ �� \HDUV� �������� PRVW RI WKH *7$3 WUDGH

HODVWLFLWLHV DUH PXFK VPDOOHU WKDQ WKRVH HVWLPDWHG XVLQJ WKLV DSSURDFK��� 7KXV D UHFRQFLOLDWLRQ

EHWZHHQ WKH VWUXFWXUDOLVW DQG PDUNHW�RULHQWHG WUDGH HFRQRPLVWV PD\ EH SRVVLEOH� E\ WDNLQJ LQWR

DFFRXQW GLIIHULQJ OHQJWKV RI UXQ�

0RUH VSHFLILFDOO\� LW LV IRXQG WKDW WKH *7$3 HODVWLFLWLHV RI VXEVWLWXWLRQ DPRQJ LPSRUWV RI

DJULFXOWXUDO SURGXFWV DUH DERXW ULJKW LQ WKH VKRUW WR LQWHUPHGLDWH UXQ ���� \HDUV� LQ H[SHULPHQW (�

7KH\ DUH WRR VPDOO RYHU WKH ORQJHU UXQ �� \HDUV�� 6LPLODU SDWWHUQV KROG IRU IXHO DQG PLQHUDO SURGXFWV�

,Q JHQHUDO� VXEVWLWXWLRQ SRVVLELOLWLHV IRU PRVW SURGXFWV LQ WKH LQWHUPHGLDWH UXQ �� \HDUV� DUH FORVH WR

FXUUHQW YDOXHV LQ XVH� 7KH UHVXOWV IRU VHFWRUV &7; DQG 2/7 DUH D ELW RI SX]]OH� 7KH HODVWLFLWLHV IRU

WKHVH WZR VHFWRUV DUH H[SHFWHG WR EH ODUJHU LQ WKH ORQJ UXQ� 7KH PXOWL�ILEUH DJUHHPHQW �0)$� TXRWD

V\VWHP XVHG E\ 2(&' JRYHUQPHQWV PD\ EH UHVSRQVLEOH IRU VXFK UHVXOWV LQ WKH &7; VHFWRU� )XUWKHU

DQDO\VLV LV UHTXLUHG WR H[SODLQ WKH UHVXOWV IRU 2/7�

7DEOH � EHORZ VKRZV MXVW KRZ SRRU WKH H[SHULPHQW ) LQ SUHGLFWLQJ WKH *'3 ZKHQ ZH

IXUWKHU EUHDN GRZQ WKH *'3 ILWWLQJ LQWR WR UHJLRQDO OHYHO� ,W GHSUHVVHV *'3 WDUJHWV WR FRYHU WKH

XQGHU�SUHGLFWLRQ RI WUDGH IORZV� $FWXDOO\� WKHUH DUH RWKHU IDFWRUV QRW FRQVLGHUHG LQ WKLV VWXG\ VR IDU

WKDW PD\ FRQWULEXWH WR WKH IDVWHU WUDGH IORZV LQ WKH SHULRG RI LQWHUHVW� 7UDQVSRUWDWLRQ FRVW LV RQH

DPRQJ RWKHUV�

7DEOH �� *'3 ILWWLQJ �7KH 5DWLR RI 3UHGLFWHG *'3 WR *'3 7DUJHWV�

([SHULPHQW ( ([SHULPHQW )

��\HDU ��\HDU ��\HDU ��\HDU ��\HDU ��\HDU

86& 1.03 1.03 0.99 1.04 1.11 1.04
0(; 1.04 1.09 1.12 1.27 1.27 1.24
-31 1.01 1.04 1.00 0.89 0.94 0.82
.25 1.02 0.99 0.94 1.03 0.88 0.82
7:1 1.03 0.99 0.99 1.00 0.87 0.92
7+$ 1.03 1.05 1.08 1.13 1.16 1.14
,'1 0.97 1.04 1.11 0.97 1.37 1.60
&+1 1.02 1.09 1.35 1.21 1.59 1.90
5($ 0.98 0.96 0.88 0.96 0.92 0.80
52: 1.02 0.98 0.87 1.06 0.79 0.62
2YHUDOO 1.02 1.01 0.94 1.03 0.93 0.81

2YHUDOO LV WKH 5DWLR RI 3UHGLFWHG *OREDO *'3 WR $FWXDO *'3�

�� &7;� 2/7� %$0 DUH WKH RQO\ H[FHSWLRQV�
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���� 7KH ,VVXH RI 7UDQVSRUWDWLRQ &RVW DQG ,PSRUWV YV� ([SRUWV

:H VXVSHFW WKDW WUDQVSRUWDWLRQ FRVW LV RQH LPSRUWDQW IDFWRU IRU RXU FRQVLVWHQW RYHU�

SUHGLFWLRQ RI WRWDO WUDGH IORZV IRU \HDU ����� 6LQFH WKH WUDQVSRUWDWLRQ XQLW FRVW GDWD DUH QRW

DYDLODEOH� ZH VLPSO\ LQFUHDVH EDFNZDUGO\ WKH WUDQVSRUWDWLRQ FRVW E\ FHUWDLQ SRUWLRQ DQG LQYHVWLJDWH

WKH LPSDFW RQ WKH SUHGLFWLRQ RI WRWDO WUDGH IORZV��� 7KH UHVXOWV VXJJHVW WKDW UHGXFWLRQ RI

WUDQVSRUWDWLRQ FRVW GRHV DIIHFW WKH WUDGH IORZV� $SSUR[LPDWHO\� WKH GHFUHDVH RI WUDQVSRUWDWLRQ XQLW

FRVW E\ �� SHUFHQWV ZLOO UHVXOWV LQ WKH LQFUHDVH RI WUDGH IORZV E\ ��� SHUFHQWV� 1HYHUWKHOHVV� WKHUH DUH

SRWHQWLDOO\ RWKHU IDFWRUV SURPRWLQJ WUDGH IORZV EHVLGH WUDQVSRUWDWLRQ FRVW� $PRQJ WKH SRWHQWLDO

FDQGLGDWHV DUH WKH LQFUHDVH RI SURGXFW GLIIHUHQWLDWLRQ DQG WKH QRQ�KRPRWKHWLF GHPDQGV�

6LQFH WUDGH SDWWHUQV IURP WKH H[SRUWLQJ VLGH GLIIHUV IURP LPSRUWLQJ VLGH� ZH FRQGXFW WZR

H[SHULPHQWV XVLQJ GLIIHUHQW WDUJHWV� 2QH KDV WDUJHWV WKH UHJLRQDO H[SRUWV VKDUH WR *'3 DQG WKH

FRPPRGLW\ VKDUHV RI H[SRUWV LQ HDFK UHJLRQ� 7KH RWKHU KDV WDUJHWV WKH UHJLRQDO LPSRUWV VKDUH WR

*'3 DQG WKH FRPPRGLW\ VKDUHV RI LPSRUWV LQ HDFK UHJLRQ� 7KH UHVXOWV �QRW VKRZQ KHUH� LQGLFDWH

WKDW WKH HVWLPDWRUV GLIIHU VLJQLILFDQWO\ EHWZHHQ WKHVH WZR H[SHULPHQWV� )XUWKHU� ZKHQ ZH LQFOXGH LQ

WDUJHWV ERWK H[SRUWV DQG LPSRUWV UHODWHG WHUPV �H[SHULPHQW ( LQ SUHYLRXV VHFWLRQ� WKH HVWLPDWRUV DUH

JHQHUDO IHOO EHWZHHQ WKRVH RI WKH DERYH WZR H[SHULPHQWV� ([SHULPHQW ( RXWSHUIRUPV WKHVH WZR

H[SHULPHQWV E\ D FOHDU PDUJLQ LQ SUHGLFWLQJ ORQJ UXQ WRWDO WUDGH IORZV�

���� 6XPPDU\ DQG &RQFOXVLRQ

,Q VXPPDU\� WKH HVWLPDWHG $UPLQJWRQ SDUDPHWHUV IURP WKH 0( DSSURDFK DUH LQ OLQH ZLWK

RXU H[SHFWDWLRQ IRU PRVW VHFWRUV� 7KH H[SHULPHQWV XVLQJ GLIIHUHQW WDUJHWV SRLQW RXW WKH XQEDODQFHG

GHYHORSPHQW EHWZHHQ WUDGH LQIORZ �LPSRUWV� DQG RXWIORZ �H[SRUWV�� ,W UHYHDOV WKDW JHQHUDOL]LQJ WKH

IXQFWLRQDO IRUPV UHSUHVHQWLQJ FRQVXPHU DQG SURGXFHU EHKDYLRU LV NH\ WR REWDLQLQJ JRRG HVWLPDWHV

RI WUDGH HODVWLFLWLHV LQ VXFK EDFN�FDVWLQJ H[HUFLVHV� 7KH UHVXOWV DOVR VXJJHVW WKDW WKH LPSDFW RI QHW

FDSLWDO LQIORZ RQ WKH HVWLPDWHG HODVWLFLWLHV FRXOG QRW EH LJQRUHG DQG PRUH UHOLDEOH GDWD ZLOO EH NH\ IRU

REWDLQLQJ EHWWHU HVWLPDWHV� :H DOVR QRWH WKDW WKH PRGHO V\VWHPDWLFDOO\ RYHU�SUHGLFWV WRWDO H[SRUW

YDOXHV LQ WKH EDFNZDUG IRUHFDVW IURP ���������� ,�H� LW XQGHU�SUHGLFWV WKH KLVWRULFDO JURZWK LQ WUDGH�

5HGXFWLRQV LQ SURWHFWLRQ OHYHOV RQO\ SDUWLDOO\ H[SODLQ WKLV UDSLG JURZWK WKH WUDGH�*'3 UDWLR RYHU

WKLV SHULRG� 7KLV LV D SX]]OH IDFHG E\ PDQ\ RWKHU UHVHDUFKHUV� 2QH K\SRWKHVLV LV WKDW QRQ�SROLF\

WUDGLQJ FRVWV �H�J�� WUDQVSRUW DQG FRRUGLQDWLRQ FRVWV� KDYH IDOOHQ UDSLGO\ RYHU WKLV SHULRG� $QRWKHU LV

WKDW KRPH�SUHIHUHQFH ELDVHV KDYH EHHQ HURGHG� &OHDUO\ IXUWKHU UHVHDUFK ZLOO EH UHTXLUHG RQ WKLV

WRSLF� :H EHOLHYH WKDW WKH DSSURDFK XVHG LQ WKLV SDSHU RIIHUV D ORJLFDO ZD\ RI GLVFULPLQDWLQJ DPRQJ

VRPH RI WKH DOWHUQDWLYH K\SRWKHVHV�

11 We do not include the experiments and results in details here due to space constraint.
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5HIHUHQFHV�

$5., &RQVXOWLQJ DQG 'HYHORSPHQW ������� ´*$06�&21237µ� 3DSHU GRZQORDGHG IURP ZHE

VLWH� +WWS���ZZZ�JDPV�FRP�VROYHUV�FRQRSW�PDLQ�KWP�

$5., &RQVXOWLQJ DQG 'HYHORSPHQW ������� ´*$06�0,126µ� 3DSHU GRZQORDGHG IURP ZHE VLWH�

+WWS���ZZZ�JDPV�FRP�VROYHUV�PLQRV�PDLQ�KWP�

$UPLQJWRQ� 3� $� ������ ´$ 7KHRU\ RI 'HPDQG IRU 3U�RGFXWV 'LVWLQJXLVKHG E\ 3ODFH RI

3URGXFWLRQ�µ ,0) 6WDII 3DSHUV ��� ��������

$UQGW� &KDQQLQJ� 7KRPDV :� +HUWHO� %HWLQD 'LPDUDQDQ� .DUHQ +XII� DQG 5REHUW 0F'RXJDOO��

´&KLQD LQ ����� ,PSOLFDWLRQV IRU WKH 5HVW RI WKH :RUOG�µ -RXUQDO RI (FRQRPLF ,QWHJUDWLRQ� ��'HFHPEHU

����� ��������

$UQGW� &KDQQLQJ� 6KHUPDQ 5RELQVRQ� DQG )LQQ 7DUS� ������ ´3DUDPHWHU (VWLPDWLRQ IRU D

&RPSXWDEOH *HQHUDO (TXLOLEULXP 0RGHO� $ 0D[LPXP (QWURS\ $SSURDFKµ� 8QSXEOLVKHG SDSHU�

$UQGW� &KDQQLQJ ������ ´9DOLGDWLRQ DQG 3DUDPHWHU (VWLPDWLRQ IRU WKH *OREDO 7UDGH *HQHUDO

(TXLOLEULXP 0RGHO� $ 0D[LPXP (QWURS\ $SSURDFKµ� *UDQW 3URSRVDO IRU 3XUGXH 5HVHDUFK

)RXQGDWLRQ

$XVWUDOLDQ ,QGXVWU\ &RPPLVVLRQ� 7KH 6DOWHU 0RGHO RI 7KH :RUOG (FRQRP\ � 0RGHO 6WUXFWXUH�

'DWDEDVH DQG 3DUDPHWHUV� $SULO ����� &DQEHUUD�

%HUQDUG� $QGUHZ DQG &KDUOHV ,� -RQHV ������ ´3URGXFWLYLW\ DFURVV ,QGXVWULHV DQG &RXQWULHV� 7LPH

6HULHV 7KHRU\ DQG (YLGHQFHµ� 7KH 5HYLHZ RI (FRQRPLFV DQG 6WDWLVWLFV �������

%URRNH� $�� .HQGULFN� '�� 0HHUDXV� $�� DQG 5DPDQ� 5� ������ *$06 /DQJXDJH *XLGH� *$06

'HYHORSPHQW &RUSRUDWLRQ�

'L[RQ� 3HWHU %�� 3DUPHQWHU� %ULDQ 5� DQG 5LPPHU� 0DXUHHQ 7� ������ ´7KH $XVWUDOLDQ 7H[WLOHV�

&ORWKLQJ DQG )RRWZHDU 6HFWRU )URP ������� WR �������� $QDO\VLV 8VLQJ WKH 0RQDVK 0RGHO�µ

6HSWHPEHU� &HQWUH RI 3ROLF\ 6WXGLHV DQG ,03$&7 3URMHFW� 8QLYHUVLW\ RI 0RQDVK�

)$2 GDWDEDVH GRZQORDGHG IURP LWV ZHEVLWH VLWH KWWS��� ZZZ�IDR�RUJ

*RODQ� $�� -XGJH� *� DQG 0LOOHU� '� ������ 0D[LPXP (QWURS\ (FRQRPHWULFV� 5REXVW (VWLPDWLRQ

ZLWK /LPLWHG 'DWD� &KLFKHVWHU� :LOH\�

*HKOKDU� 0DUN -� ������ ´(FRQRPLF *URZWK DQG 7UDGH LQ WKH 3DFLILF 5LP� $Q $QDO\VLV RI 7UDGH

3DWWHUQV�µ 8QSXEOLVKHG 3K�' GLVHUWDWLRQ� 3XUGXH 8QLYHUVLW\� 'HSDUWPHQW RI $JULFXOWXUDO

(FRQRPLFV�

*HKOKDU� 0DUN -� ������� 7LPH�6HULHV 'DWD RI 0HUFKDQGLVH 7UDGH 'DWD� 7KH *7$3 � 'DWD %DVH�

&KDSWHU �� &HQWHU IRU *OREDO 7UDGH $QDO\VLV� 3XUGXH 8QLYHUVLW\�
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8QLYHUVLW\ 3UHVV�
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*OREDO 7UDGH $QDO\VLV� 0RGHOLQJ DQG $SSOLFDWLRQV� &DPEULGJH 8QLYHUVLW\ 3UHVV�

-RPLQL� 3�� -� )� =HLWVFK� 5� 0F'RXJWDOO� $� :HOVK� 6� %URZQ� -� +DPEOH\� DQG -�.HOO\ ������

6$/7(5� $ *HQHUDO (TXLOLEULXP 0RGHO RI WKH :RUOG (FRQRP\� 9RO� �� 0RGHO 6WUXFWXUH� 'DWDEDVH

DQG 3DUDPHWHUV� &DQEHUUD� $XVWUDOLD� ,QGXVWU\ &RPPLVVLRQ�

,0) ������� ,QWHUQDWLRQDO )LQDQFLDO 6WDWLVWLFV� )HEUXDU\ ,VVXH�

.HKRH� 7LPRWK\ -�� 3ROR� &OHPHQWH DQG )HUUDQ 6DQFKR ������ ´$Q (YDOXDWLRQ RI WKH 3HUIRUPDQFH

RI DQ $SSOLHG *HQHUDO (TXLOLEULXP 0RGHO RI WKH 6SDQLVK (FRQRP\�µ (FRQRPLF 7KHRU\ �� ��������

/LX� -�� 6XUU\� <�� 'LPDUDQDQ� %� DQG +HUWHO� 7������� &'( &DOLEUDWLRQ &KDSWHU ��� *OREDO 7UDGH�

$VVLVWDQFH� DQG 3URWHFWLRQ� 7KH *7$3 � 'DWD %DVH� &HQWHU IRU *OREDO 7UDGH $QDO\VLV�

-HQVHQ� .ULVWHQVHQ N� DQG 1LHOVHQ &� ������� (VWLPDWLQJ %HKDYLRXUDO 3DUDPHWHUV IRU &*(�0RGHOV�

8VLQJ 0LFUR�(FRQRPHWULFDOO\ (VWLPDWHG )OH[LEOH )XQFWLRQDO )RUPV� 0LQLVWHULHW IRU )RGHYDUHU�

/DQGEUXJ RJ )LVNHUL�

-RUJHQVRQ� '� ������� ´(FRQRPHWULF 0HWKRGV IRU $SSOLHG *HQHUDO (TXLOLEULXP $QDO\VLV�µ LQ 6FDUI�

+HUEHUW (� DQG 6KRYHQ� -RKQ %� �HGV�� $SSOLHG *HQHUDO (TXLOLEULXP $QDO\VLV� 1HZ <RUN� &DPEULGJH

8QLYHUVLW\ 3UHVV�

0F'RXJDOO� 5REHUW ������ ´(QWURS\ 7KHRU\ DQG 5$6 DUH )ULHQGVµ� 8QSXEOLVKHG 3DSHU�

0F'RXJDOO� 5�� (OEHKUL�$�� 7UXRQJ� 7������� *OREDO 7UDGH� $VVLVWDQFH� DQG 3URWHFWLRQ� 7KH *7$3 �

'DWD %DVH� &HQWHU IRU *OREDO 7UDGH $QDO\VLV�

0F.LWULFN� 5RVV 5� ������ ´7KH (FRQRPHWULF &ULWLTXH RI &RPSXWDEOH *HQHUDO (TXLOLEULXP

0RGHOLQJ� 7KH 5ROH RI 3DUDPHWHU (VWLPDWLRQ�µ 'LVFXVVLRQ SDSHU� 8QLYHUVLW\ RI %ULWLVK &ROXPELD�

'HSDUWPHQW RI (FRQRPLFV�

0F.LWULFN� 5RVV 5� ������ ´7KH (FRQRPHWULF &ULWLTXH RI &RPSXWDEOH *HQHUDO (TXLOLEULXP

0RGHOLQJ� 7KH 5ROH RI 3DUDPHWHU (VWLPDWLRQ�µ (FRQRPLF 0RGHOOLQJ ��������� ��������
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