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�
'HSDUWPHQW RI *HRSK\VLFV DQG 3ODQHWDU\ 6FLHQFHV� )DFXOW\ RI ([DFW 6FLHQFHV� 7HO $YLY 8QLYHUVLW\

�
1$6$�*RGGDUG ,QVWLWXWH IRU 6SDFH 6WXGLHV

�
&ROXPELD 8QLYHUVLW\� &HQWHU IRU &OLPDWH 5HVHDUFK

��,1752'8&7,21

'XULQJ ODVW VHYHUDO GHFDGHV UHJLRQDO FOLPDWH RI

WKH 0HGLWHUUDQHDQ �(0� DUHD H[SHULHQFHV

PRGLILFDWLRQV� $ VWULNLQJ H[DPSOH LV D FOLPDWH

PRGLILFDWLRQ VLJQDO LV VRXWKHUQ ,VUDHO
V VHPL�DULG

IULQJH EHWZHHQ WKH 0HGLWHUUDQHDQ FRDVWDO SODLQ
DQG WKH 1HJHY 'HVHUW� ZKHUH PRGHUQ LUULJDWHG

IDUPLQJ LV FRUUHODWHG ZLWK LQFUHDVHG FRQYHFWLRQ

DQG VXEVHTXHQW FRQYHFWLYH UDLQV RYHU WKH VDPH

DUHD �$OSHUW DQG 0DQGHO� ����� %HQ�*DL HW� DO�

����� ������ 6LPLODU SURFHVVHV DOVR WDNH SODFH

RYHU GLIIHUHQW SDUWV RI WKH (0 UHJLRQ� &KDQJHV LQ

WHPSHUDWXUH DV ZHOO DV FKDQJHV LQ SUHFLSLWDWLRQ

UHJLPHV GUDVWLFDOO\ PRGLI\ WKH K\GURORJLFDO

F\FOH LQ WKH (0� $ ULVH LQ WHPSHUDWXUH LQFUHDVH

WKH SRWHQWLDO HYDSR�WUDQVSLUDWLRQ DQG KHQFH WKH

DULGLW\ ZLWK VHYHUH FRQVHTXHQFHV IRU ZDWHU
DYDLODELOLW\� HVSHFLDOO\ LQ WKH GU\ VXPPHU

PRQWKV� $FFRUGLQJ WR WKH H[LVWLQJ HVWLPDWHV D

WZR�GHJUHH WHPSHUDWXUH ULVH FDXVHV XS WR ���

KLJKHU SRWHQWLDO HYDSR�WUDQVSLUDWLRQ� 2YHU GU\

ODQG VXUIDFH WKH YDSRU�SUHVVXUH GHILFLW ULVHV

DFFRUGLQJO\� 5HVXOWLQJ GHFUHDVHV LQ VXUIDFH

UXQRII DQG JURXQGZDWHU UHFKDUJH PD\ EH PXFK

PRUH SURQRXQFHG WKDQ XQGHUO\LQJ FKDQJHV LQ

SUHFLSLWDWLRQ�

2Q WKH RWKHU KDQG� WKH 0HGLWHUUDQHDQ UHJLRQ

FOLPDWH LV DOVR VHQVLWLYH WR YDULDWLRQV RI
ODUJH�VFDOH DWPRVSKHULF FLUFXODWLRQ� 7KHUH DUH

VHYHUDO IDFWRUV UHVSRQVLEOH IRU WKH VHQVLWLYLW\�

$PRQJ WKHP WKH UROH RI WKH ZLQWHU

XSSHU�WURSRVSKHULF MHW VWUHDPV �� WKH UHJLRQ LV

ORFDWHG EHWZHHQ WKH 3RODU )URQW -HW DQG

6XEWURSLFDO -HW 6WUHDPV �3)- DQG 67-�� (YHQ D

UHODWLYHO\ VPDOO PHULGLRQDO VKLIW RI WKHVH FXUUHQWV

ZRXOG QRWLFHDEO\ DIIHFW WKH UHJLRQDO FRQGLWLRQV

�.ULFKDN HW DO� ���� D�E� .ULFKDN DQG $OSHUW�

������ $FFRUGLQJ WR UHFHQW DQDO\VHV� �.ULFKDN� HW

DO�� ����� WKH (DVWHUQ 0HGLWHUUDQHDQ �(0�

ZHDWKHU FRQGLWLRQV DUH DOVR KLJKO\ GHSHQGHQW RQ
WKH VSDFH GLVWULEXWLRQ RI WKH ODUJH�VFDOH V\QRSWLF

SDWWHUQV ZKLFK DUH UHSUHVHQWHG E\ DQRPDOLHV LQ

WKH PDVV ILHOGV� 7KH ZHW DQG GU\ SHULRGV LQ WKH

(0 IRU LQVWDQFH DUH DVVRFLDWHG ZLWK GLVWLQFW 6/3

DQG +���� DQRPDO\ SDWWHUQV RYHU (XURSH DQG

DGMDFHQW DUHDV� 'XULQJ WKH GU\ VSHOOV LQ WKH

UHJLRQ SRVLWLYH 6/3�+���� DQRPDO\ SUHYDLOV

RYHU (DVWHUQ (XURSH� 'XULQJ WKH ZHW VHDVRQV LQ

WKH (0 WKH VLWXDWLRQ VHHPV WR EH DOPRVW WKH

RSSRVLWH � PDLQO\ QHJDWLYH 6/3�+���� DQRPDOLHV

RYHU (DVWHUQ (XURSH DQG SRVLWLYH DQRPDOLHV RYHU

:HVWHUQ (XURSH�

7KH SUHVHQWO\ GHWHFWHG PRGLILFDWLRQV RI WKH
0HGLWHUUDQHDQ FOLPDWH VKRXOG QRW QHFHVVDU\ EH

FRQVLGHUHG DV UHJLRQDO PDQLIHVWDWLRQV RI WKH

JOREDO ZDUPLQJ SURFHVV RQO\� %XW� WKH UROH PD\

QHW EH H[FOXGHG� WKRXJK UHJLRQDO FRQVHTXHQFHV

RI WKH RQJRLQJ JOREDO ZDUPLQJ DUH QRW DOZD\V

FRUUHFWO\ XQGHUVWRRG� ,Q WKH FDVH RI WKH (0

UHJLRQ WKH GLDJQRVLV LV QRW VLPSOH VLQFH WKH ORFDO

ODQG�XVH FKDQJHV DUH HVSHFLDOO\ LPSRUWDQW KHUH�

$ ODQG�XVH FKDQJH PRGLILHV WKH IOX[HV RI

PRPHQWXP� KHDW� ZDWHU� DHURVROV� DQG JDVHV DV

ZHOO DV QHDU�VXUIDFH UDGLDWLRQ EDODQFHV� 7KLV FDQ
FDXVH FKDQJHV LQ PHVRVFDOH DWPRVSKHULF

FLUFXODWLRQ DQG FRQVHTXHQWO\ � VLJQLILFDQW

YDULDWLRQ RI SUHFLSLWDWLRQ DQG SUHFLSLWDWLRQ

UHF\FOLQJ LQ WKH DUHD�

7KH RYHUDOO DLP RI WKH ZRUN LV WR LQYHVWLJDWH

WKH UROH RI GLIIHUHQW HIIHFWV FRQWUROOLQJ WKH

UHJLRQDO 0HGLWHUUDQHDQ FOLPDWH XVLQJ WKH

UHJLRQDO FOLPDWH VLPXODWLRQ DSSURDFK� 7KH

SUHVHQW VWXG\ LV IRFXVHG RQ UHDOL]DWLRQ RI WKH ILUVW

VWDJH RI WKH DQDO\VLV � WKH VLPXODWLRQ RI WKH

FXUUHQW 0HGLWHUUDQHDQ FOLPDWH�

��2%-(&7,9(6 $1' 7+( 0(7+2'

$OWKRXJK PRVW RI WKH JOREDO PRGHO FOLPDWH

VLPXODWLRQV SUHGLFW D IXUWKHU SUHFLSLWDWLRQ

GHFUHDVH LQ WKH 0HGLWHUUDQHDQ UHJLRQ GXULQJ WKH

PDLQ UDLQ\ SHULRG �'HF�)HE� WKH TXHVWLRQ

UHPDLQV WR EH RSHQ� ,W LV SRVVLEOH WKDW WKH

UHJLRQDO HIIHFWV PD\ FDXVH VLJQLILFDQW FKDQJHV LQ

GHWHUPLQLQJ WKH WHQGHQFLHV RI WKH IXWXUH FOLPDWH

FKDQJHV LQ WKH IXWXUH� $FFRUGLQJ WR WKH DYDLODEOH

HVWLPDWHV WKH UHJLRQDO FOLPDWH FKDQJHV LQ WKH SDVW
KDYH EHHQ VLJQLILFDQWO\ DIIHFWHG E\ WKH ORFDO

IDFWRUV� 5HFHQW PRGHO VWXG\ E\ 5HDOH DQG 6KXNOD

������ VXJJHVWV WKDW GHIRUHVWDWLRQ DURXQG WKH

0HGLWHUUDQHDQ GXULQJ WKH ODVW ���� \HDUV FRXOG

EH D PDMRU IDFWRU LQ WKH GU\QHVV RI WKH FXUUHQW
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0HGLWHUUDQHDQ FOLPDWH� ,W LV VXJJHVWHG WKDW WKH

DOEHGR FKDQJH GXH WR WKH FKDQJH LQ YHJHWDWLRQ

KDV VLJQLILFDQWO\ DOWHUHG WKH DWPRVSKHULF

FLUFXODWLRQ RYHU QRUWKHUQ $IULFD DQG WKH

0HGLWHUUDQHDQ�
7KH DYDLODEOH PRGHO SURGXFHG HVWLPDWHV DUH

SUHVHQWO\ EDVHG RQ UHVXOWV RI UHODWLYHO\

FRDUVH�PHVK JOREDO FOLPDWH PRGHOLQJ�

$SSOLFDWLRQ RI WKH G\QDPLFDO GRZQVFDOLQJ

DSSURDFK DOORZV LQFUHDVLQJ WKH DFFXUDF\ RI WKH

VLPXODWHG UHJLRQDO FOLPDWH HVWLPDWHV XVLQJ WKH

PHVR�VFDOH OLPLWHG DUHD PRGHO�

5HVXOWV RI DSSOLFDWLRQ RI WKH DSSURDFK IRU WKH

(0 DUHD DUH SUHVHQWHG� &RPSXWDWLRQ LV

SHUIRUPHG ZLWK WKH KHOS RI WZR �� JOREDO DQG

UHJLRQDO PRGHOV ZLWK WKH DLP RI GHWHUPLQDWLRQ RI

KLJK�UHVROXWLRQ UHJLRQDO FOLPDWH FRQGLWLRQV
GXULQJ WKH ZHW ZLQWHU (0 SHULRG� 2QH�ZD\

LQWHUDFWLRQ LV SHUIRUPHG DW WKH ODWHUDO ERXQGDULHV

RI WKH OLPLWHG DUHD PRGHO XVHG IRU FRPSXWDWLRQ

RI WKH (0 FOLPDWH SDUDPHWHUV� 7KH UHJLRQDO

PRGHO LQ WKHVH UXQV LV HPEHGGHG LQWR WKH JOREDO

RQH� $ELOLW\ RI VXFK D MRLQW JOREDO�UHJLRQDO

FOLPDWH PRGHOLQJ V\VWHP WR VLPXODWH WKH PDLQ

FKDUDFWHULVWLFV RI ZHW ZLQWHU SHULRG LQ WKH (0 LV

DQDO\]HG LQ WKH IROORZLQJ� $Q DQDO\VLV RI

VHQVLWLYLW\ RI WKH VLPXODWHG FOLPDWH SDUDPHWHUV WR

YDULDWLRQ RI H[WHUQDO SDUDPHWHUV LV DOVR
SHUIRUPHG�

�� '(6&5,37,21 2) 7+( 02'(/6

�7KH JOREDO FOLPDWH PRGHO�

7KH JOREDO FOLPDWH VLPXODWLRQ LV SHUIRUPHG ZLWK

WKH *RGGDUG ,QVWLWXWH RI 6SDFH 6WXGLHV

$WPRVSKHUH�2FHDQ *OREDO &LUFXODWLRQ 0RGHO

�*,66 $2*&0� �5XVVHO� ����� 'UX\DQ HW DO��

������ 7KH V\VWHP FRQVLVWV RI DWPRVSKHUH DQG
RFHDQ K\GURVWDWLF PRGHOV V\QFKURQRXVO\ FRXSOHG

WR GHVFULEH WKH LQWHUDFWLRQ SURFHVVHV LQ WKH

DWPRVSKHUH DQG RFHDQ� 7KH IUHH RFHDQ VXUIDFH

DOORZV IRU GLUHFW LQWHUDFWLRQV EHWZHHQ WKH

DWPRVSKHUH DQG RFHDQ� LQFOXGLQJ ZDWHU PDVV

GLYHUJHQFH� 7KH KHLJKW RI WKH RFHDQ LV GLUHFWO\

FDOFXODWHG� &RQWLQHQWDO ULYHU�IORZ IURP WKH

DWPRVSKHULF PRGHO LV DGGHG WR WKH RFHDQ ZLWK

SURSHU ORFDWLRQ DQG WLPLQJ� 7KH RFHDQLF PRGHO

KDV D PD[LPXP RI �� OHYHOV� 7KLV QXPEHU YDULHV

GHSHQGLQJ RQ WKH ERWWRP WRSRJUDSK\ RI WKH
RFHDQ� 7KH DWPRVSKHULF PRGHO KDV � YHUWLFDO

OHYHOV� 7KH � [ � KRUL]RQWDO UHVROXWLRQ LV XVHG�

�5HJLRQDO FOLPDWH PRGHO�

5HJLRQDO GRZQVFDOLQJ RI WKH *&0 UHVXOWV LV

SHUIRUPHG ZLWK WKH 8QLYHUVLW\ &RUSRUDWLRQ IRU

$WPRVSKHULF 5HVHDUFK DQG 3HQQ 6WDWH 8QLYHUVLW\

�8&$5�368� PHVRVFDOH PRGHO 00� 9�� 7KUHH

QHVWHG JULGV RI �� [ �� SRLQWV ���� �� DQG � NP
KRUL]RQWDO UHVROXWLRQ� DW HDFK RI WKH PRGHO

VXUIDFHV DUH XVHG� 7ZR�ZD\ QHVWLQJ LV DSSOLHG�

7KH DWPRVSKHUH LV UHSUHVHQWHG E\ �� YHUWLFDO

OD\HUV� 7KH YHUWLFDO UHVROXWLRQ DW WKH ORZHVW OD\HU

LV DERXW �� P� 7KH IROORZLQJ HIIHFWV DUH WDNHQ

LQWR DFFRXQW� ��� &ORXG DQG UDLQ ZDWHU ILHOGV

SUHGLFWHG H[SOLFLWO\ ZLWK VLPSOH LFH SKDVH

PLFURSK\VLFV LQFOXGHG� ��� *UHOO FXPXOXV

SDUDPHWHUL]DWLRQ VFKHPH IRU WKH ILUVW WZR JULGV�

QR SDUDPHWHUL]DWLRQ RI FRQYHFWLRQ IRU WKH ILQHVW

JULG� ���7KH 05) W\SH SODQHWDU\ ERXQGDU\ OD\HU

SDUDPHWHUL]DWLRQ� ��� PXOWL�OD\HU VRLO WHPSHUDWXUH
PRGHO ZLWK PL[HG VXEVWUDWH EHORZ XVLQJ YHUWLFDO

GLIIXVLRQ HTXDWLRQ� ��� VXUIDFH IOX[HV� ��� VXUIDFH

WHPSHUDWXUH SUHGLFWLRQ� ��� &&0� UDGLDWLRQ

FRROLQJ RI DWPRVSKHUH� ��� FORXG HIIHFWV RQ WKH

VKRUW�ZDYH UDGLDWLRQ SURFHVVHV�

��25*$1,=$7,21 2) (;3(5,0(176

�7KH $2*&0 UXQ�

7KH FRXSOHG $2*&0 KDV EHHQ LQWHJUDWHG DW

*,66 IRU ��� \HDUV VWDUWLQJ ZLWK 1DWLRQDO

0HWHRURORJLFDO &HQWHU DWPRVSKHULF REVHUYDWLRQV

IRU 'HFHPEHU �� ���� DQG IURP WKH /HYLWXV

������ RFHDQ FOLPDWRORJLFDO WHPSHUDWXUH DQG

VDOLQLW\ ILHOGV� 3UHVHQW FRQFHQWUDWLRQ RI WKH &2�

DQG WKH DHURVROV LV XVHG LQ WKLV FRQWURO $2*&0

UXQ� $V D UHVXOW� WKH VLPXODWHG FOLPDWH

FRUUHVSRQGV WR WKH SUHVHQW JOREDO FOLPDWH

FRQGLWLRQV� $QDO\VLV RI WKH VLPXODWLRQ UHVXOWV

ZDV SHUIRUPHG DQG D PRQWKO\ SHULRG ZLWK WKH

PRVW LQWHQVH (0 SUHFLSLWDWLRQ -DQXDU\ RI ����
KDV EHHQ VHOHFWHG IRU WKH UHJLRQDO GRZQVFDOLQJ�

�7KH 00� FOLPDWH VLPXODWLRQ�

5HVXOWV RI WKH $2*&0 VLPXODWLRQ �ZLQG�

JHRSRWHQWLDO� WHPSHUDWXUH DQG VSHFLILF KXPLGLW\�

DUH DYDLODEOH IRU WKH G\QDPLF GRZQVFDOLQJ IRU

HYHU\ ���KUV RI WKH �� GD\ UXQ� 7KH\ DUH WKRVH RI

WKH FRQWURO FOLPDWH VLPXODWLRQ DW WKH DW WKH

$2*&0 PRGHO IRU WKH ZHWWHVW VLPXODWHG ZLQWHU

(0 PRQWK �-DQXDU\ ������ 7KH JULG�SRLQW GDWD

DUH GHWHUPLQHG ZLWK WKH �° [ �° ODW� ORQ UHVROXWLRQ
DW WKH IROORZLQJ LVREDULF VXUIDFHV � ����� ����
���� ��� ��� DQG ��� K3D� 7KH GDWD DUH XVHG DV

WKH LQLWLDO DQG ERXQGDU\ FRQGLWLRQV IRU VLPXODWLQJ

RI WKH ���GD\ PHDQ DWPRVSKHULF SDUDPHWHUV DV
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ZHOO DV WKH DFFXPXODWHG SUHFLSLWDWLRQ RYHU WKH

UHJLRQ�

7KH FOLPDWRORJLFDO 667 DQG VWDQGDUG FRQGLWLRQ

ODQG�XVH ILHOGV DUH DGDSWHG�

7KH IROORZLQJ VL[ PRGHO GRZQVFDOLQJ UXQV DUH

SUHVHQWO\ SHUIRUPHG XVLQJ WKH VDPH VHW RI WKH

$2*&0 RXWSXWV� �

,� &RQWURO UXQ �&OLPDWLF -DQXDU\ 667�

VWDQGDUG 00� GLVWULEXWLRQ RI WKH

ODQG�XVH SDUDPHWHUV��

,,� 6DPH DV WKH ,� EXW ZLWK D UHDO GDLO\ 667�

,,,� 6DPH DV WKH ,� EXW ZLWK D VFHQDULR

ODQG�XVH GLVWULEXWLRQ�

,9� 6DPH DV WKH ,,� EXW ZLWK D VFHQDULR

ODQG�XVH GLVWULEXWLRQ�

9� 6DPH DV ,� EXW ZLWK DQ FOLPDWH 667 � �

°& RYHU WKH (0�

9,� 6DPH DV 9� EXW ZLWK WKH UHDO 667 � � °&
RYHU WKH (0�

�� 6,08/$7,21 5(68/76

&RPSDULVRQ RI UHVXOWV RI WKH PRGHO VLPXODWLRQ

RI WKH ZHW UHJLRQDO (0 ZLQWHU FRQGLWLRQV ZLWK

WKH UH�DQDO\]HG UHDO GDWD IRU WKH ZHW ZLQWHU

SHULRGV LQ WKH (0� 7KH GDWD IRU VXFK D

FRPSDULVRQ DUH FRPSXWHG EDVHG RQ WKH 1$6$

UHDQDO\VLV GDWD VHW �'D6\OYD DQG $OSHUW� �����

IRU WKH ZHWWHVW (DVWHUQ 0HGLWHUUDQHDQ PRQWK RI
WKH �� \ SHULRG DFFRUGLQJ WR .ULFKDN HW DO��

�������

&RPSDULVRQ RI WKH PRGHO SURGXFHG H[WUHPH

ZHW FOLPDWH FRQGLWLRQV ZLWK WKH UHDQDO\]HG GDWD

GHPRQVWUDWHV TXLWH DFFHSWDEOH OHYHO RI WKHLU

DJUHHPHQW� (IIHFWV RI WKH PRGHO KRUL]RQWDO

UHVROXWLRQ DV ZHOO DV WKH VHQVLWLYLW\ RI WKH (0

FOLPDWH WR WKH 667 YDULDWLRQ DUH GHPRQVWUDWHG�

5()(5(1&(6

$OSHUW� 3�� 0DQGHO� 0�� ����� :LQG YDULDELOLW\
� DQ LQGLFDWRU IRU D PHVRFOLPDWLF FKDQJH LQ

,VUDHO� -� RI &OLP� DQG $SSO� 0HWHRURO�� ���

����������

%HQ�*DL� 7�� $� %LWDQ� $� 0DQHV DQG 3�$OSHUW

����� /RQJ WHUP FKDQJH LQ 2FWREHU

UDLQIDOO SDWWHUQV LQ VRXWKHUQ ,VUDHO� 7KHRU�

DQG $SSO� &OLPDWRORJ\� ��� ��������

�����

%HQ�*DL� 7�� $� %LWDQ� $� 0DQHV DQG 3�

$OSHUW� ����� /RQJ�WHUP FKDQJHV LQ

DQQXDO UDLQIDOO SDWWHUQV LQ VRXWKHUQ ,VUDHO�

7KHRU� DQG $SSO� &OLPDWRORJ\� ��� ������

�����

'D6LOYD� $� DQG 3� $OSHUW� � 'RFXPHQWDWLRQ RI

WKH 0XOWL�<HDU *(26�� $VVLPLODWLRQ

'DWD 6XEVHW IRU 1RUWKHUQ $IULFD� WKH

0HGLWHUUDQHDQ� DQG WKH 0LGGOH (DVW��

1$6$� *RGGDUG 6SDFH )OLJKW &HQWHU�

'$2 2IILFH 1RWH ������ �� SS� )HE�

�����

'UX\DQ� /R� 6KDK� 0DUHQJR DQG 5XVVHOO�

����� ,PSDFWV RI PRGHO LPSURYHPHQWV RQ

*&0 VHQVLWLYLW\ WR 667 IRUFLQJ� ,QWHUQ�

-�&OLPDWRORJ\� ��� ����������

.ULFKDN� 6�2�� 3� $OSHUW DQG 7�1� .ULVKQDPXUWL
����D� ,QWHUDFWLRQ RI 7RSRJUDSK\ DQG

7URSRVSKHULF )ORZ � $ 3RVVLEOH

*HQHUDWRU IRU WKH 5HG 6HD 7URXJK"

0HWHRURORJ\ DQG $WPRVSKHULF 3K\VLFV�

Y���� 1R� ���� SS� ��������

.ULFKDN� 6�2�� 3� $OSHUW DQG 7�1� .ULVKQDPXUWL

����E� 5HG 6HD 7URXJK�&\FORQH

'HYHORSPHQW � 1XPHULFDO ,QYHVWLJDWLRQ�

0HWHRURORJ\ DQG $WPRVSKHULF 3K\VLFV�

Y���� 1R� ���� SS� ��������

.ULFKDN� 6�2�� 3� $OSHUW ����� 5ROH RI /DUJH
6FDOH 0RLVW '\QDPLFV LQ 1RYHPEHU ���

���� +D]DUGRXV 0HGLWHUUDQHDQ :HDWKHU��

-�*HRSK�5HV� ��� 1R� '��� ������ �

�������

.ULFKDN� 6�2�� 0� 7VLGXONR DQG 3� $OSHUW

����� 0RQWKO\ 6\QRSWLF 3DWWHUQV

$VVRFLDWHG ZLWK :HW�'U\ (DVWHUQ

0HGLWHUUDQHDQ &RQGLWLRQV� 7KHRUHWLFDO

DQG $SSOLHG &OLPDWRORJ\� ��� ��������

/HYLWXV� 6� ����� &OLPDWRORJLFDO $WODV RI WKH

:RUOG 2FHDQ� 3URI� 3DS� �� 12$$� 8�6�

*RYW� 3ULQWLQJ 2IILFH� :DVKLQJWRQ� '&�
��� SS�

5HDOH� 2� DQG -� 6KXNOD� ����� 0RGHOOLQJ WKH

HIIHFWV RI YHJHWDWLRQ RQ 0HGLWHUUDQHDQ

&OLPDWH 'XULQJ WKH 5RPDQ &ODVVLFDO

3HULRG� 3DUW ,,� +LJK UHVROXWLRQ 0RGHO

6LPXODWLRQV� ,&73 3UHSULQ\ 1R�

,&������ ��
WK
OLVW RI ���� ,&73 5HSULQWV

5XVVHOO� *�� -� 0LOOHU DQG '� 5LQG� ����� $

FRXSOHG DWPRVSKHUH�RFHDQ PRGHO IRU

WUDQVLHQW FOLPDWH FKDQJH VWXGLHV�

$WPRVSKHUH�2FHDQ� ��� ��������


