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$EVWUDFW�

7KLV�SDSHU�DQDO\VHV�WKH�1$,58�PDNLQJ�XVH�RI�D�FRLQWHJUDWHG�9$5�DQG�RI�,WDOLDQ�ODERXU�PDUNHW�GDWD��
:H�VKRZ�WKDW�D�FRLQWHJUDWHG�9$5�UHSUHVHQWV�D� VWDWLVWLFDOO\�DGHTXDWH��XVLQJ�$ULV�6SDQRV·V�WHUPLQRORJ\��
DSSURDFK� WR� WKH� HVWLPDWLRQ�RI� WKH�1$,58��7KLV� LV� DQ� HIIHFWLYH�ZD\� WR�RYHUFRPH� VHYHUDO� SUREOHPV�
DIIHFWLQJ� VWDQGDUG� VWUXFWXUDO� DSSURDFK�� ,Q� SDUWLFXODU� WKH� SDSHU� LQYHV WLJDWHV� ZKHWKHU� SHUPDQHQW�
HPSOR\PHQW� VKLIW� DFURVV� ,WDOLDQ� LQGXVWULDO� VHFWRU� >PHDVXUHG� E\� WKH� 1HXPDQQ� DQG� 7RSHO� ������·V�
HPSOR\PHQW�EDVHG� GLVSHUVLRQ� LQGH[@� KDV� DQ� HIIHFW� RQ� XQHPSOR\PHQW�� $PRQJ� WKH� ILQGLQJV� RI� WKLV�
SDSHU�ZH�HPSKDVL]H� WKDW� VHFWRUDO�HPSOR\PHQW�VKLIWV�DIIHFW�XQHPSOR\PHQW�ERWK� LQ� WKH� ORQJ��DQG� LQ�
WKH�VKRUW�WHUP��0RUHRYHU��ZH�ILQG�WKDW�WKH�HIIHFW�RI�VHFWRUDO�UHDOORFDWLRQ�RQ�WKH�XQHPSOR\PHQW�UDWH�
RFFXUV�RQO\�DIWHU�VRPH�GHOD\���
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�� ,QWURGXFWLRQ 

� 7KH�1$,58��WKH�WH[WERRN�DSSURDFK�DQG�WKH�LGHQWLILFDWLRQ�SUREOHP 

� 7KH�HPSOR\PHQW�GLVSHUVLRQ�PHDVXUH 

� &RLQWHJUDWLRQ�DQDO\VLV 

���� 7KH�'DWD�6HW 

��� &ULWHULD� DQG� GLDJQRVWLF� WHVWV�� ODJ� OHQJWK� DQG� GHVFULSWLYH� SRZHU� RI� WKH�
PRGHO 

��� 7KH�VWDWLVWLFDO�PRGHO 

��� 7KH�1$,58�ZLWKLQ�D�FRLQWHJUDWHG�9$5 

��� -RKDQVHQ·V�UHGXFHG�UDQN�UHJUHVVLRQ 

��� ,GHQWLILFDWLRQ�RI�FRLQWHJUDWLQJ�YHFWRU 

� 0RGHOOLQJ�WKH�VKRUW�UXQ 

��� )URP�ORQJ�UXQ�ILQGLQJV�WR�VKRUW�UXQ�VWUXFWXUH 

��� 0DLQ�IHDWXUHV�RI�WKH�HVWLPDWHG�PRGHO 

� ,PSXOVH�UHVSRQVH�DQDO\VLV 

� &RQFOXGLQJ�UHPDUNV 

5HIHUHQFHV 

$SSHQGL[ 
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��� ,QWURGXFWLRQ�

7KLV� SDSHU� FRQFHUQV� WKH� HVWLPDWLRQ� RI� WKH� 1$,58� �QRQ� DFFHOHUDWLQJ� LQIODWLRQ� UDWH� RI�
XQHPSOR\PHQW��PRGHOV�7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WZRIROG���

�� 7R�DQDO\VH�ZKHWKHU�SHUPDQHQW�HPSOR\PHQW�VKLIW�DFURVV�,WDOLDQ�LQGXVWULDO�VHFWRUV�KDV�
DQ�HIIHFW�RQ�XQHPSOR\PHQW��0RVW�RI�WKH�XQHPSOR\PHQW�FKDQJH�FRXOG�EH�H[SODLQHG�
E\�VHFWRUDO��UDWKHU�WKDQ�DJJUHJDWH�VKRFNV�ZLWK�UHPDUNDEOH�SROLF\� LPSOLFDWLRQV��:KHQ�
WKH� VHFWRUDO� HPSOR\PHQW� VKLIW� LV� KLJK� WKHUH� DUH� VRPH� VHFWRUV� LQ� ERRP� DQG� RWKHUV�
IDFLQJ� D� VOXPS�� 'HPDQG� VKLIWV� FDQ� FDXVH� DW� OHDVW� WHPSRUDU\� LQFUHDVHV� LQ�
XQHPSOR\PHQW� LI� ZRUNHUV� ZKR� ORVH� WKHLU� MREV� LQ� FRQWUDFWLQJ� VHFWRUV� WDNH� WLPH� WR�
VHDUFK�RU�UHWRRO� IRU�QHZ� MREV� LQ�VHFWRUV� WKDW�DUH�H[SDQGLQJ��RU� LI� WKH� ODERXU�PDUNHW�
VKRZV� VXEVWDQWLDO� ULJLGLW\� >VHH�� DPRQJ� RWKHUV� /LOLHQ� ������� DQG�$EUDKDP� DQG�.DW]�
������@�� 7KHVH� DOORFDWLYH� GLVWXUEDQFHV� FDQ� EH� DQ� RXWFRPH� RI� ULJLGLW\� RI� WKH� ODERXU�
PDUNHW��WKDW�LV�PDUNHW�LPSHUIHFWLRQV��KLJK�DGMXVWPHQW�FRVWV�DQG�VHULRXV�ZDJH�ULJLGLW\���

�� 7R� XQGHUVWDQG� LI� WKH� VHFWRUDO� HPSOR\PHQW� VKLIW� DIIHFWV� WKH� QDWXUDO� UDWH� RI�
XQHPSOR\PHQW� �158��� 6LQFH� WKH� FRQFHSW� RI� 1$,58� UHIHUV� WR� DQ� HTXLOLEULXP�
VROXWLRQ��LW�LV�WKHUHIRUH�QHFHVVDU\�WR�YHULI\�ZKHWKHU�HPSOR\PHQW�VKLIW�DPRQJ�VHFWRUV�
LV�WHPSRUDU\�RU�RQ�WKH�FRQWUDU\�LV�ODVWLQJ�VLQFH�LQ�WKDW�FDVH�158�ZLOO�EH�DIIHFWHG�E\�
HPSOR\PHQW�LPEDODQFHV�DFURVV�VHFWRUV��

7KH�,WDOLDQ�HFRQRP\�LV�D�JRRG�H[DPSOH�RI�WKH�VR�FDOOHG�(XURVFOHURVLV��VKRZLQJ�VHULRXV�
ODERXU�PDUNHW�ULJLGLWLHV�DQG�LW�LV�SDUWLFXODUO\�VXLWDEOH�IRU�WKLV�NLQG�RI�DQDO\VLV��
$V�LW�ZLOO�EH�VKRZQ�LQ�WKLV�SDSHU�WKH�VHFWRUDO�VKLIW�SOD\V�D�UHOHYDQW�SDUW�LQ�WKH�SHUVLVWHQFH�

RI�XQHPSOR\PHQW�LQ�WKH�,WDOLDQ�(FRQRP\��HYHQ�WKRXJK�WKH�QHJDWLYH�HIIHFW�RI�PLVPDWFK�RQ�
XQHPSOR\PHQW�RFFXUV�RQO\�DIWHU� VRPH�GHOD\��7KH� ILQGLQJV�RI�WKLV�SDSHU�FRQILUP�SDUWLDOO\��
WKH�RQHV�RI�&KLDULQL�DQG�3LVHOOL� ��������RQH�RI�WKH�ILUVW�SDSHUV�IRFXVLQJ�RQ�WKLV� LVVXH�ZLWK�
,WDOLDQ�GDWD��
7KH� SDSHU� LV� GLYLGHG� XS� DV� IROORZV�� 6HFWLRQ� �� UHSRUWV� EULHIO\� VRPH� IDPLOLDU� 1$,58�

PRGHOV�DQG�GLVFXVVHV�ZK\�WKHVH�PRGHOV�SURYLGH�XQUHOLDEOH�HVWLPDWLRQV�RI� WKH�QDWXUDO�UDWH�
RI� XQHPSOR\PHQW�� 6HFWLRQ� �� GHDOV� ZLWK� WKH� HPSOR\PHQW� GLVSHUVLRQ� LQGH[� SURSRVHG� E\�
1HXPDQQ� DQG� 7RSHO� ������� DQG� XVHG� LQ� &KLDULQL� DQG� 3LVHOOL� ������� LQ� D� PXOWLYDULDWH�
IUDPHZRUN��7KH�VHFWRUDO� VKLIW�YDULDEOH� LV�GHILQHG�XVLQJ�HPSOR\PHQW�GDWD� IURP�WKH�,WDOLDQ�
LQGXVWULDO�VHFWRU���6HFWLRQ���UHIHUV�WR�WKH�HFRQRPHWULF�SDWWHUQV�LQYROYHG�LQ�WKH�HVWLPDWH�DQG�
RIIHUV�D�GHVFULSWLRQ�RI�WKH�GDWD�PDNLQJ�XVH�RI�WKH�TXDUWHUO\�,WDOLDQ�ODERXU�PDUNHW�GDWD�IURP�
�����T�� WR� �����T��� 7KH� VHFWLRQ� DOVR� GLVFXVVHV� KRZ� WKH� 1$,58� VKRXOG� EH� FRQVLGHUHG�
ZLWKLQ�D�FRLQWHJUDWHG�9$5��7KLV�VHFWLRQ�FRQWLQXHV�UHSRUWLQJ�WKH�UHVXOWV�RI�WKH�FRLQWHJUDWLRQ�
DQDO\VLV�FDUULHG�RXW�DFFRUGLQJ� WR� -RKDQVHQ·V�PD[LPXP� OLNHOLKRRG�SURFHGXUH�� ,Q�SDUWLFXODU�
WKH�FRLQWHJUDWLRQ�VSDFH�KDV�EHHQ�LGHQWLILHG�E\�WHVWLQJ�D�VHW�RI�RYHU�LGHQWLI\LQJ�UHVWULFWLRQV��
GULYHQ�E\�WKH�WKHRU\��RQ�WKH�XQUHVWULFWHG�FRLQWHJUDWLQJ�YHFWRUV��6HFWLRQ���PDNHV�XVH�RI�WKH�
LQIRUPDWLRQ�UHODWHG�WR�WKH�FRLQWHJUDWLRQ�VSDFH�WR�VSHFLI\�D�9(&0��YHFWRU�HUURU�FRUUHFWLRQ�PRGHO��
LQFOXGLQJ� WKH� GLIIHUHQFHV� LQ� QRQ�VWDWLRQDU\� YDULDEOHV�� 6HFWLRQ� �� UHSRUWV� WKH� UHVXOWV� RI� WKH�
LPSXOVH� UHVSRQVH� DQDO\VLV� WR� PDNH� FOHDU� WKH� GLIIHUHQFH� EHWZHHQ� VKRUW� DQG� ORQJ� WHUP�
EHKDYLRXU�RI�WKH�YDULDEOHV��6HFWLRQ���GUDZV�VRPH�FRQFOXGLQJ�UHPDUNV��
�
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�� 7KH�1$,58��WKH�WH[WERRN�DSSURDFK�DQG�WKH�LGHQWLILFDWLRQ�SUREOHP�

7KHUH� DUH� WZR� PDLQ� DSSURDFKHV� WR� HVWLPDWLRQ� RI� WKH� 1$,58�� WKH� VWUXFWXUDO� DQG�
VWDWLVWLFDO�DSSURDFK��6WUXFWXUDO�PHWKRGV�LQYROYH�WKH�VSHFLILFDWLRQ�RI�UHODWLRQVKLSV�JRYHUQLQJ�
ZDJH� DQG� SULFH� GHWHUPLQDWLRQ� �RU� VRPHWLPHV� ODERXU� GHPDQG�� XVXDOO\� EDVHG� RQ� VRPH�
XQGHUO\LQJ� WKHRU\� RI� DJHQWV·� EHKDYLRXU�� 7KH� 1$,58� LV� WKHQ� GHULYHG� IURP� WKHVH�
UHODWLRQVKLSV� E\� FRPSXWLQJ� WKH� G\QDPLF� VWHDG\�VWDWH� OHYHO� RI� XQHPSOR\PHQW� ZKLFK� ZLOO�
QHFHVVDULO\�EH�FRQVLVWHQW�ZLWK�VWDEOH�ZDJH�DQG�SULFH�LQIODWLRQ��2Q�WKH�FRQWUDU\��VWDWLVWLFDO�RU�
GLUHFW�PHWKRGV��SRVWXODWH�WKH�H[LVWHQFH�RI�DQ�HTXLOLEULXP�XQHPSOR\PHQW�UDWH�EXW�PDNH�QR�
DWWHPSW� WR� VSHFLI\� WKH� XQGHUO\LQJ� EHKDYLRXU� RI� HFRQRPLF� DJHQWV�� ,QVWHDG�� WKH�1$,58� LV�
GHULYHG� IURP� LWV� VXSSRVHG� HIIHFWV� EDVHG� RQ� REVHUYDWLRQ� RI� WKH� UHODWLRQVKLS� EHWZHHQ�
XQHPSOR\PHQW�DQG�LQIODWLRQ��>:HVWDZD\�������@���
7KLV�SDSHU�IROORZV�WKH�VWUXFWXUDO�DSSURDFK�WR�WKH�HVWLPDWLRQ�RI�WKH�1$,58�DQG�UHIHUV�

WR� WKH� LPSHUIHFWO\� FRPSHWLWLYH� EDUJDLQLQJ� DSSURDFK� SRSXODULVHG� E\� /D\DUG�1LFNHOO� DQG�
-DFNPDQ���������6XFK�D�PRGHO�LV�NQRZQ�DV�WKH�´EDWWOH�RI�PDUN�XSVµ�PRGHO��DQG�LV�UHIHUUHG�
WR�DV�WKH�´WH[WERRN�DSSURDFKµ��:LWKLQ�D�VW\OLVHG�YHUVLRQ�RI�WKH�´EDWWOH�RI�PDUN�XSVµ�PRGHO�
XQHPSOR\PHQW�PXVW�PRYH� WR�EDODQFH� WKH�GHPDQGV�RI� HPSOR\HUV� �WKH� IHDVLEOH� UHDO�ZDJH��
DQG�WKH�GHPDQGV�RI�HPSOR\HHV��WKH�EDUJDLQHG�UHDO�ZDJH���
�7KLV�SDSHU�WDNHV�D�FULWLFDO�ORRN�DW�WKLV�VWUXFWXUDO�´WH[WERRN�DSSURDFKµ��'HVSLWH�WKH�YDVW�

OLWHUDWXUH�>VHH�*RUGRQ�������������6DZ\HU�������DQG�WKH�SDSHUV�TXRWHG�WKHUHLQ@�PDNLQJ�XVH�
RI�WKH�´EDWWOH�RI�PDUN�XSVµ�PRGHO�WR�HVWLPDWH�WKH�1$,58��WKLV�DSSURDFK�KDV�PDQ\�DVSHFWV�
RSHQ�WR�FULWLFLVP��,W�LV�ZHOO�NQRZQ�WKDW�WKLV�DSSURDFK�WR�WKH�1$,58�PDNHV�ZDJH�HTXDWLRQ�
XQLGHQWLILHG�>VHH��DPRQJ�RWKHUV�0DQQLQJ��������%HDQ�������DQG�:HVWDZD\������@���
)LJXUH���VKRZV�WKH�LPSOLFDWLRQV�RI�D�ODFN�RI�LGHQWLILFDWLRQ�IRU�WKH�ZDJH�VHWWLQJ�VFKHGXOH��

7KH� WH[WERRN�DSSURDFK�RQO\� HVWLPDWHV�GLIIHUHQWO\� VORSHG�YHUVLRQV�RI� WKH�ZDJH�FXUYH� WKDW�
DUH�FURVVLQJ�WKH�SULFH�FXUYH�DW�WKH�VDPH�SRLQW��,Q�HPSLULFDO�ZRUN�LGHQWLILFDWLRQ�LV�REWDLQHG�
E\� LPSRVLQJ� DUELWUDU\� ]HUR� UHVWULFWLRQV� RU� LQFOXGLQJ� DG�KRF� G\QDPLFV�� 7KLV� YLHZ� RI�
LGHQWLILFDWLRQ� LV� VWURQJO\� PLVOHDGLQJ�� VLQFH� WKH� UHGXFHG� IRUP� LV� QRW� HVWLPDWHG� H[SOLFLWO\��
:KDW� VHHPV� UHDOO\�ZURQJ� LQ� WKHVH�PRGHOV� LV� WKH� IDFW� WKDW� WKH� UHGXFHG� IRUP� HVWLPDWHG� LV�
LQYDOLG�HYHQ�LI��DV�LV�FRPPRQO\�IRXQG��LW�VHHPV�WR�EH�YHU\�UHDVRQDEOH���5DWKHU�WKDQ�IURP�D�
VWDWLVWLFDO� UHGXFHG� IRUP�� WKHVH� FRQYHQWLRQDO�PRGHOV� FDOFXODWH� WKH�1$,58�IURP�HVWLPDWHG�
VWUXFWXUDO�IRUPV��7KH�HPSLULFDO�HYLGHQFH�EDVHG�RQ�WKHVH�VROXWLRQV�DUH�VHULRXVO\�PLVVSHFLILHG�
DQG�� WKHUHIRUH�� WKH� SROLF\� LPSOLFDWLRQV� HUURQHRXV�� )ROORZLQJ� VRPH� VHPLQDO� SDSHUV� RI�
6SDQRV������������D������E���ZH�DUJXH�WKDW�WKLV�NLQG�RI�DSSURDFK�WHQGV�WR�LPSRVH�WKHRU\�
RULHQWHG�UHVWULFWLRQV�ZLWK�OLWWOH��LI�DQ\��DWWHQWLRQ�WR�VWDWLVWLFDO�SURSHUWLHV�RI�WKH�PRGHO�����

 

��
�
�6HH�(OPHVNRY�������DQG�2(&'�������IRU�DQ�H[DPSOH�RI�WKLV�W\SH�RI�DSSURDFK� �

�
� 6LQFH� WKH� VLJQV� VHHP� WR� EH� FRUUHFW� DQG� WKH� FRHIILFLHQWV� DSSHDU� WR � EH� VLJQLILFDQW� XVLQJ� WKH� VWDQGDUG�

DV\PSWRWLF�VWDQGDUG�HUURUV��

�
�6HH�DOVR�&KLDULQL�DQG�3LVHOOL���������
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�
7KLV�SDSHU�DLPV�WR�VKRZ�KRZ�GHYHORSPHQWV�RI�FRLQWHJUDWLRQ�ZLWKLQ�9$5�PHWKRGRORJ\�

FDQ�UHSUHVHQW�DQ�HIIHFWLYH�ZD\�WR�RYHUFRPH�SUREOHPV�RI�WKH�WH[WERRN�DSSURDFK��6HFWLRQ����
EHORZ��ZLOO�IRFXV�RQ�WKLV�VXEMHFW��
��
�

�� 7KH�HPSOR\PHQW�GLVSHUVLRQ�PHDVXUH�

)LJXUH���VKRZV�WKH�HYROXWLRQ�RI�HPSOR\PHQW�VKDUHV�LQ�,WDO\�IRU����WZR�GLJLW�LQGXVWULHV�
DFFRUGLQJ�WR�WKH�,67$7�FODVVLILFDWLRQ��VHH�7DEOH���RYHU�WKH�SHULRG�������������������
�
7$%/(�������7:2�',*,7�,1'8675,(6�2)�,7$/,$1�,1'8675,$/�6(&725�$&&25',1*�72�7+(�,67$7�&/$66,),&$7,21�

�

�
7DJ�LV�WKH�VDPH�UHSRUWHG�LQ�ILJXUH���

(1(5*,$�� (QHUJ\�SURGXFWV�
$/,0�� )RRG��EHYHUDJHV�DQG�WREDFFR�
7(66,/(�� 7H[WLOHV��DSSDUHO��OHDWKHU�DQG�IRRWZHDU�
/(*12�� :RRG�SURGXFWV�DQG�IXUQLWXUH��SDSHU��UXEEHU�DQG�RWKHUV�
&+,0,&$�� &KHPLFDO�SURGXFWV�
121�0(7�� 1RQ�PHWDOOLF�PLQHUDO�SURGXFWV�
0(7$//,�� %DVLF�PHWDO�LQGXVWULHV�DQG�IDEULFDWHG�PHWDO�LQGXVWULHV�
0(&&�� 0HFKDQLFDO�LQGXVWU\�
75$63�� 7UDQVSRUWDWLRQ�HTXLSPHQW�
&2675�� &RQVWUXFWLRQ�
�
�

5HDO�ZDJH�

X
� 8QHPSOR\PHQW�UDWH�

:DJH�VHWWLQJ�

3ULFH�VHWWLQJ�
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1980 1990 2000

.032

.034

.036

ENERGIA

1980 1990 2000

.04

.0425

.045 ALIM

1980 1990 2000

.11

.12
TESSILE

1980 1990 2000

.034

.036

LEGNO

1980 1990 2000

.065

.07

CHIMICA

1980 1990 2000

.15

.16

NON_MET

1980 1990 2000

.13

.14

METALLI

1980 1990 2000

.045

.05

.055 MECC

1980 1990 2000

.22

.23

TRASP

1980 1990 2000

.14

.145
COSTR

�
�

),*85(����(03/2<0(17�6+$5(6�,1����,1'8675,(6�2)�,7$/,$1�,1'8675,$/�6(&725��
$&&25',1*�72�7+(�,67$7�&/$66,),&$7,21�������������������
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�

7KH�ILJXUH�VKRZV�GLVWLQFW�WUHQGV�LQ�WKH�VKDUHV�DQG�PDNHV�FOHDU�WKH�UHDOORFDWLRQ�SURFHVV�
XQGHUJRQH�E\�WKH�HPSOR\PHQW�FRPSRVLWLRQ�RYHU�WKH�VDPSOH�SHULRG��6HFWRUV�WKDW�VXIIHUHG�
PRVW�RI�WKH�UHDOORFDWLRQ�DUH�HQHUJ\�SURGXFWV��QRQ�PHWDOOLF�PLQHUDO�SURGXFWV��PDQXIDFWXUHG�
SURGXFWV��FKHPLFDO�SURGXFWV��FRQVWUXFWLRQ�DQG�IRRG��EHYHUDJHV�DQG�WREDFFR��$V�SUHYLRXVO\�
VWDWHG�XQHPSOR\PHQW�FKDQJHV�PD\�EH�DIIHFWHG�E\�D� VHFWRUDO� VKRFN��0RUHRYHU�SHUPDQHQW�
VHFWRUDO�LPEDODQFHV�FRXOG�DIIHFW�WKH�QDWXUDO�UDWH�RI�XQHPSOR\PHQW���
$Q� HPSLULFDO� WHVWLQJ� RI� IRUPHU�VWDWHPHQWV� UHTXLUHV� D� YDULDEOH�PHDVXULQJ� HPSOR\PHQW�

GLVSHUVLRQ�� 6LQFH� /LOLHQ� ������� PDQ\� DXWKRUV� KDYH� SURSRVHG� D� ODERXU� GHPDQG� VKLIW�
PHDVXUH�� /LOLHQ·V� ZHLJKWHG� VWDQGDUG� GHYLDWLRQ� RI� HPSOR\PHQW� DFURVV� VHFWRUV� ZDV� WKH�
VHFWRUDO� VKLIW�PHDVXUH�PRVW�ZLGHO\� XVHG�LQ� WKH� ¶��V��+RZHYHU�$EUDKDP�DQG�.DW]� �������
KDYH� VKRZQ� WKDW� GLVHQWDQJOLQJ� WHPSRUDU\� DQG� SHUPDQHQW� HIIHFWV� RI� HPSOR\PHQW�
UHDOORFDWLRQ�LV�LPSRUWDQW��7KH\�DUJXHG�WKDW�WKH�EXVLQHVV�F\FOH�LV�QRW�QHXWUDO�DFURVV�GLIIHUHQW�
PDUNHWV� DQG� LQ� VRPH� VHFWRUV� WKH� HPSOR\PHQW� VKLIW�� LQVWHDG� RI� UHSUHVHQWLQJ� WKH�
FRQVHTXHQFH� RI� D� SHUPDQHQW� FKDQJH� LQ� ODERXU� GHPDQG�� PLJKW� EH� JHQHUDWHG� E\� F\FOLFDO�
HIIHFWV���
$EUDKDP�DQG�.DW]·V�FULWLFLVP�KDV�LQVSLUHG�WKH�ZRUN�RI�1HXPDQQ�DQG�7RSHO��������WKDW�

VKRZ�DQ�HIIHFWLYH�ZD\�WR�GLVHQWDQJOH�YDULDELOLW\�RI�HPSOR\PHQW�VKDUHV�LQ�WZR�FRPSRQHQWV��
RQH� DFFRXQWLQJ� IRU� ODVWLQJ� FKDQJHV� LQ� ODERXU� GHPDQG� DFURVV� VHFWRUV� �SHUPDQHQW� HIIHFWV��
DQG�DQRWKHU�DLPLQJ�WR�FDWFK�WKH�FKDQJHV�GXH�WR�ORFDO�F\FOHV�RU�RWKHU�XQSUHGLFWDEOH�HYHQWV�
�WUDQVLWRU\�HIIHFWV���
,Q� WKH� IROORZLQJ� HPSLULFDO� DQDO\VLV� D� YDULDEOH�PHDVXULQJ� SHUPDQHQW� HPSOR\PHQW� VKLIW�

ZLOO� EH� XVHG�� 7KH� YDULDEOH� KDV� EHHQ� ZRUNHG� RXW� DFFRUGLQJ� WR� 1HXPDQQ� DQG� 7RSHO·V�
VXJJHVWLRQV�DQG�WR�&KLDULQL�H�3LVHOOL�������ZKR�XVHG�D�VLPLODU�YDULDEOH�UHODWLQJ�WR�WKH�SHULRG�
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���������������$SSHQGL[�$��JLYHV�D�GHWDLOHG�H[SODQDWLRQ�RI�KRZ�WKH�GLVSHUVLRQ�LQGH[�ZDV�
FRQVWUXFWHG��
7KH� IROORZLQJ� )LJXUH� �� VKRZV� WKH� HPSOR\PHQW� GLVSHUVLRQ� YDULDEOH�� GLVS�� DQG� WKH�

XQHPSOR\PHQW�UDWH�GXULQJ�WKH�SHULRG����������������
�

1985 1990 1995

9

10

11

12 u

1985 1990 1995

.6

.8

1 disp

�
�

),*85(����7+(�6(&725$/�(03/2<0(17�6+,)7�9$5,$%/(�
�$1'�7+(�81(03/2<0(17�5$7(�����������������

�
�
�

%\� WKH� VLPSOH� FRPSDULVRQ�EHWZHHQ� WKH�JUDSKV�RI� WKH� WZR�VHULHV� DQ� LQWHUHVWLQJ� IHDWXUH�
VHHPV� WR� WUDQVSLUH�� ZKHQ� HPSOR\PHQW� GLVSHUVLRQ� LQFUHDVHV�� XQHPSOR\PHQW� UDWH� WHQGV� WR�
ULVH� IDVWHU� DIWHU� VRPH� GHOD\�� 7KLV� WUHQG� EHFDPH� FOHDUO\� YLVLEOH� GXULQJ� ����� ZKHQ� WKH�
HPSOR\PHQW�GLVSHUVLRQ�LQGH[�UHDFKHG�D�SHDN�DQG�WKH�XQHPSOR\PHQW�UDWH�EHJDQ�LQFUHDVLQJ�
PDUNHGO\��/DWHU�RQ��GXULQJ�WKH��ZKROH�SHULRG�����������WKH�VKLIW�LQGH[�ZDV�KLJK�DQG�DW�WKH�
VDPH� WLPH� WKH� XQHPSOR\PHQW� UDWH� DOVR� VKRZHG� D� KXJH� ULVH�� HYHQ� LI� LW� RQO\� VWDUWHG� WR�
LQFUHDVH�DIWHU�������/DVWO\�� LW·V�ZRUWK�QRWLFLQJ�WKDW�ZKHQ�WKH�HPSOR\PHQW�VKLIW�PHDVXUH�LV�
ORZ�RU��HYHQ�GHFUHDVLQJ��WKH�XQHPSOR\PHQW�UDWH�LV�UHDVRQDEO\�VWHDG\�DV�LV�VKRZQ�LQ�)LJXUH�
��IRFXVLQJ�RQ�WKH�SHULRG�����������RU�DIWHU�������
�
�

�� &RLQWHJUDWLRQ�DQDO\VLV�

����� 7KH�'DWD�6HW�

'DWD� DUH� TXDUWHUO\� VHDVRQDOO\� DGMXVWHG� RYHU� WKH� SHULRG� ��������������� 7KH� V\VWHP�
LQFOXGHV���VWRFKDVWLF�YDULDEOHV� >ZS��X��ST��SU��GLVS@�� UHVSHFWLYHO\�� �FRQVXPSWLRQ�UHDO�ZDJH��
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2(&'�VWDQGDUGLVHG�XQHPSOR\PHQW�UDWH�� �SULFH�ZHGJH��FRQVXPSWLRQ�SULFH�PLQXV�SURGXFW�SULFH�����
ODERXU� SURGXFWLYLW\� �YDOXH� DGGHG�ODERXU� XQLWV�� DQG� WKH� SUHYLRXVO\� GHILQHG� VHFWRUDO� VKLIW�
YDULDEOH���
$OO� WKH� YDULDEOHV� DUH� QRQ�VWDWLRQDU\� ,���� WLPH� VHULHV�� LQ� ORJ� IRUP�� H[FHSW� IRU��

XQHPSOR\PHQW�UDWH��X��DQG��GLVSHUVLRQ�LQGH[��GLVS��DQG�UHIHU�WR�,WDOLDQ�LQGXVWULDO�VHFWRU�����
 

 

���� &ULWHULD�DQG�GLDJQRVWLF�WHVWV��ODJ�OHQJWK�DQG�GHVFULSWLYH�SRZHU�RI�WKH�PRGHO �

/DJ� RUGHU� RI� WKH� 9$5� ZDV� FKRVHQ� E\� MRLQW� DQDO\VLV� RI� FULWHULD� �VHH� 7DEOH� ��� DQG� RI�
GLDJQRVWLF�WHVWV��VHH�7DEOH������

�
$NDLNH� LQIRUPDWLRQ� FULWHULRQ� �$,&��SLFNV�RXW� D� ODJ�RUGHU�N �� �HYHQ� WKRXJK� WKH�YDOXH� IRU�

N ��LV�YHU\�FORVH�WR�WKH�N ��RQH���ZKHUHDV�WKH�6FKZDU]�%D\HVLDQ�FULWHULRQ��6%&��VXJJHVWV�D�ODJ�
RUGHU�RI�N ����7KH�DGMXVWHG�/5�WHVW�UHMHFW�N ��DJDLQVW�ERWK�N ��DQG�N ���7KHVH�ILQGLQJV�
KDYH�WR�EH�FRPSOHWHG�E\�WKH�VWXG\�RI�GLDJQRVWLF�WHVWV��,Q�7DEOH���WHVWV�UHOHYDQW�WR�D�9$5����
VHHP�WR�VWDWH�ZKLWH�QRLVH�UHVLGXDOV��H[FHSW�IRU�VRPH�SUREOHPV�ZLWK�WKH�DXWRFRUUHODWLRQ�RI�WKH�
GLVSHUVLRQ� LQGH[�HTXDWLRQ� UHVLGXDOV��0RUHRYHU�� WKH�GLDJQRVWLF� WHVWV� IRU�9$5���� DUH�EHWWHU�
WKDQ� WKRVH� IRU�9$5���� �QRW� VKRZQ���5HFXUVLYH� WHVWV� ���VWHS� UHVLGXDOV����� �
6(� DQG� %UHDN�
SRLQW� &KRZ�WHVW��� VKRZQ� LQ� )LJXUH� ��� JLYH� HYLGHQFH� RI� D� JRRG� GHVFULSWLYH� SRZHU� DQG� D�
VXIILFLHQW�VWDELOLW\�RI�WKH�PRGHO��
�
�

7$%/(����6(/(&7,21�&5,7(5,$�)25�25'(5�2)�7+(�9$5�
��

2UGHU����//������������$,&����������6%&��������������������/5�WHVW�������������������$GMXVWHG�/5�WHVW �
������������������������������������������������ ����������������������������������������� �������
�������������������������������������&+64����� ���������>����@����������>����@ �
�������������������������������������&+64����� ���������>����@����������>����@ �
�������������������������������������&+64����� ���������>����@����������>����@�
�������������������������������������&+64����� ���������>����@����������>����@ �
�������������������������������������&+64����� ���������>����@����������>����@ �
�������������������������������������&+64����� ���������>����@������� ���>����@�
�
�
�
�

��
�
�$SSHQGL[�$��UHSRUWV�D�PRUH�GHWDLOHG�DFFRXQW�RQ�YDULDEOHV� �

�
�$SSHQGL[�$��UHSRUWV�UHVXOWV�RI�XQLW�URRW�WHVWV� �

�
�,Q�SDUWLFXODU��WKH�YDULDEOHV�UHIHU�WR�WKH�DJJUHJDWH�FDOOHG��DFFRUGLQJ�WR�WKH�,67$7�FODVVLILFDWLRQ��´LQGXVWU\�

LQ�VWULFW�VHQVHµ��ZKLFK��H[FOXGHV�HQHUJ\�SURGXFWV�DQG�FRQVWUXFWLRQ� �
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7$%/(����',$*1267,&�7(67�)25�9$5���������4������4���
�

�
OZS��� �� $5������)����������  � ����������>������@����
X����� �� $5������)����������  � ����������>������@����
OST��� �� $5������)����������  � ����������>������@����
OSU��� �� $5������)����������  � ����������>������@����
GLVS�� �� $5������)����������  � ����������>������@�

�
OZS��� �� 1RUPDOLW\�&KLA�����  � ����������>������@����
X����� �� 1RUPDOLW\�&KLA�����  � ����������>������@����
OST��� �� 1RUPDOLW\�&KLA�����  � ����������>������@����
OSU��� �� 1RUPDOLW\�&KLA�����  � ����������>������@����
GLVS�� �� 1RUPDOLW\�&KLA�����  � ����������>������@����
OZS��� �� $5&+����)����������  � ����������>������@����
X����� �� $5&+����)����������  � ����������>������@����
OST��� �� $5&+����)����������  � ����������>������@����
OSU��� �� $5&+����)����������  � ����������>������@����
GLVS�� �� $5&+����)����������  � ����������>������@����
OZS��� �� +(7����)����������  � ����������>������@����
X����� �� +(7����)����������  � ����������>������@����
OST��� �� +(7����)����������  � ����������>������@����
OSU��� �� +(7����)����������  � ����������>������@����
GLVS�� �� +(7����)����������  � ����������>������@����
9HFWRU�$5������)�����������  � ����������>������@����
9HFWRU�QRUPDOLW\�&KLA������  � ���������>������@����
9HFWRU���+(7�&KLA��������  � ����������>������@����
7HVWLQJ�IRU�YHFWRU�HUURU�DXWRFRUUHODWLRQ�IURP�ODJV���WR���
&KLA������� ��������>������@�

��)�IRUP�������� ��������>������@����
OZS�IRU�(UURU�$XWRFRUUHODWLRQ�IURP�ODJV���WR���
&KLA������  �������>������@��)�IRUP������� ��������>������@����
X�IRU�(UURU�$XWRFRUUHODWLRQ�IURP�ODJV���WR���
&KLA������  ��������>������@�
��)�IRUP������� ��������>������@����
OST�IRU�(UURU�$XWRFRUUHODWLRQ�IURP�ODJV���WR���
&KLA������  ����������>������@���)�IRUP������� ����������>������@����
OSU�IRU�(UURU�$XWRFRUUHODWLRQ�IURP�ODJV���WR���
&KLA������  ���������>������@��)�IRUP������� ���������>������@����
GLVS�IRU�(UURU�$XWRFRUUHODWLRQ�IURP�ODJV���WR���
&KLA������  ���������>������@���)�IRUP������� ���������>������@����

�
�

�
�
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1990 1995
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1
      1% Ndn lwp

1990 1995

.5

1
      1% Ndn u

1990 1995

.5

1
      1% Ndn lpq

1990 1995
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1
      1% Ndn lpr

1990 1995

.5

1
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1990 1995
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1
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�
�,Q�RUGHU�WR�DFKLHYH�ZKLWH�QRLVH�UHVLGXDOV�LW�KDV�EHHQ�QHFHVVDU\�WR�DXJPHQW�WKH�9$5�ZLWK�

WKUHH� VKLIW� GXPP\� YDULDEOHV�� G��T��� �������������� ���� G��T�� ������� ��� DQG� G��T��
������� ����7KH�ODVW�WZR�YDULDEOHV��G��T��DQG�G��T���DFFRXQW�IRU�DQ�RXWOLHU��UHVSHFWLYHO\�LQ�
WKH�SULFH�ZHGJH·V�DQG�LQ�WKH�GLVSHUVLRQ�LQGH[·V�UHVLGXDOV�ZKHUHDV�G��T���GXPP\�YDULDEOH�LV�
DGGUHVVHG� WR� FDWFK� WKH� UHPDUNDEOH� VKLIW� LQ� � XQHPSOR\PHQW� UDWH� GXULQJ� ������ ,W·V� ZRUWK�
QRWLFLQJ�WKDW�GDWD�RQ������VKRZ�VRPH�SUREOHPV�ERWK�IURP�D�VWDWLVWLFDO�DQG�DQ�HFRQRPLF�
SRLQW�RI�YLHZ��(XURVWDW�FKDQJHG�LWV�HPSOR\PHQW�VXUYH\�PHWKRGRORJ\�H[DFWO\�LQ������DQG��

EHVLGHV��LW�ZDV�RQH�RI�WKH�PRVW�WURXEOHG�SHULRGV�RI�WKH�,WDOLDQ�HFRQRP\�LQ�WKH�ODVW�GHFDGH
7
��

�
�

���� 7KH�VWDWLVWLFDO�PRGHO�

&ULWHULD�DQG�GLDJQRVWLF�WHVWV�RI�WKH�SUHYLRXV�VXE�VHFWLRQ�OHW�RQH�FRQFOXGH�WKDW�D�9$5����
LV� D� JRRG� DSSUR[LPDWLRQ� RI� WKH� GDWD�� 'HDOLQJ� ZLWK� ,���� YDULDEOHV� LW� LV� YHU\� XVHIXO� WR�
UHIRUPXODWH�WKH�PRGHO�E\�DSSO\LQJ�WKH�VR�FDOOHG�´FRLQWHJUDWLQJ�WUDQVIRUPDWLRQµ��LQ�RUGHU�WR�
KDYH�D�PRGHO�LQ�WKH�HUURU�FRUUHFWLRQ�IRUP��
�

���� 1 1 2 2 3t t t t t tx x x x D µ− − −∆ = Γ ∆ + Γ ∆ + Π + Ψ + �
�

��
��,Q�WKH�VXPPHU�RI������WKH�%DQN�RI�,WDO\�QHDUO\�XVHG�DOO�LWV�IRUHLJQ�FXUUHQF\�UHVHUYHV�WR�SURWHFW�,WDOLDQ�

FXUUHQF\�IURP�D�VSHFXODWLYH�DWWDFN��,Q�6HSWHPEHU�RI������WKH�%DQN�RI�,WDO\�JDYH�XS�SURWHFWLQJ�WKH�FXUUHQF\�
DQG�,WDO\�VKLIWHG�WR�D�IORDWLQJ�H[FKDQJH�UDWH�V\VWHP�>6LJQRULQL�DQG�9LVFR�������@� �
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ZKHUH� 1 1 2 1 2+  ��, � $ �� +  ��, � $ � $ � ��$L�LV�D��Q[Q��PDWUL[�DQG�WKH�YHFWRU�'W�LV�D�VHW�RI�
FRQGLWLRQLQJ�QRQ�VWRFKDVWLF�YDULDEOHV�VXFK�DV�LQWHUYHQWLRQ�RU�VKLIW�GXPPLHV�DQG�RWKHUV�WKDW�
DUH�ZHDNO\�H[RJHQRXV���
,W� IROORZV� IURP� WKH�*UDQJHU� UHSUHVHQWDWLRQ� WKHRUHP�� WKDW� LI� WKH� UDQN� RI� PDWUL[�Π, ZKRVH�

GLPHQVLRQ� LV� �Q[Q��� LV� HTXDO� WR�U�Q�� WKHUH� H[LVWV� D� UHSUHVHQWDWLRQ�RI�Π� VXFK� WKDW�Π� �αβ��
ZKHUH�α�DQG�β�DUH�ERWK�Q[U�PDWULFHV��>-RKDQVHQ����@�
&RHIILFLHQWV�RI�WKH�PDWUL[�α�UHSUHVHQW�WKH�VSHHG�RI�DGMXVWPHQW�WR�GLVHTXLOLEULXP��ZKLOH�

β�� DOVR�FDOOHG� WKH�´FRLQWHJUDWLQJ�PDWUL[µ�� � LV� WKH�PDWUL[�RI� ORQJ�UXQ�FRHIILFLHQWV� VXFK�WKDW�
WKH� WHUP�β;W��� HPEHGGHG� LQ� ���� VWDQGV� IRU� XS� WR� �Q���� FRLQWHJUDWLRQ� UHODWLRQVKLSV�� >VHH��
DPRQJ�RWKHUV�+DUULV� ��������+HQGU\� �������� )DYHUR� ��������'RRUQLN� DQG�+HQGU\� �������
DQG�+DPLOWRQ�������@�
7KH� SUREOHP� RI� GHWHFWLQJ� WKH� QXPEHU� DQG� WKH� VKDSH� RI� FRLQWHJUDWLQJ� YHFWRUV� FDQ� EH�

VROYHG�E\�DSSO\LQJ�-RKDQVHQ·V�UHGXFHG�UDQN�UHJUHVVLRQ�>-RKDQVHQ����@��D�ZLGHO\�XVHG�WHFKQLTXH�
IRU� VHOHFWLQJ� UDQN� RI�Π� �DQG� VR� QXPEHU� RI� FRLQWHJUDWLQJ� YHFWRUV�� DQG� SURYLGLQJ� 0/�
HVWLPDWHV�RI�α� H�β�PDWULFHV��7KLV� ODVW� WHFKQLTXH�ZLOO� EH� DSSOLHG� LQ� VXE�VHFWLRQ�����ZKHUH�
FRLQWHJUDWLRQ�DQDO\VLV�ZLOO�EH�FDUULHG�RXW��
�
�

���� 7KH�1$,58�ZLWKLQ�D�FRLQWHJUDWHG�9$5�

,Q� VHFWLRQ� �� ZH� UHYLHZHG� VRPH� RI� WKH� SUREOHPV� DIIHFWLQJ� WKH� VWDQGDUG� VWUXFWXUDO�
DSSURDFK�WR�HVWLPDWLRQ�RI�WKH�1$,58��,Q�SDUWLFXODU�WKH�WH[WERRN�DSSURDFK�GRHV�QRW�JLYH�
WKH� ULJKW� DWWHQWLRQ� WR� WKH� SUREOHP� RI� ODFN� RI� LGHQWLILFDWLRQ� RI� WKH�ZDJH� HTXDWLRQ� DQG� WR�
VWDWLVWLFDO�SURSHUWLHV�RI�WKH�PRGHO�>VHH�:HVWDZD\���������0DQQLQJ���������%HDQ��������DQG�
&KLDULQL�DQG�3LVHOOL�������@���
)ROORZLQJ� 6SDQRV� ������� ����D�� ����E�� D� ´EDWWOH� RI� PDUN�XSVµ� PRGHO� FDQQRW� EH�

FRQVLGHUHG�VWDWLVWLFDOO\�DGHTXDWH��,Q�IDFW��WKH�WH[WERRN�DSSURDFK�FRQVLGHUV�WKH�SUREDELOLVWLF�
VWUXFWXUH� RI� WKH� GDWD� RQO\� DV� DQ� DIWHUWKRXJKW� DQG� VSHFLILHV� WKH� VWDWLVWLFDO� PRGHO� VLPSO\�
´���DWWDFKLQJ� DQ� HUURU� WHUP� WR� WKHRUHWLFDO� UHODWLRQVKLSVµ�� 6SDQRV� DUJXHG� WKDW� WKH� VWUXFWXUH� RI� GDWD�
VKRXOG�EH�FRQVLGHUHG�DW�WKH�VWDWLVWLFDO�PRGHO�VSHFLILFDWLRQ�VWDJH�DQG��WKHUHIRUH��ZLWKLQ�WKH�
WH[WERRN�DSSURDFK�WKHUH�LV�QR�URRP�IRU�LPSOHPHQWLQJ�VWDWLVWLFDO�DGHTXDF\��&KLDULQL�DQG�3LVHOOL�
�������� IROORZLQJ� 6SDQRV�� KDYH� VKRZQ� WKDW� WKHVH� FRQYHQWLRQDO�PRGHOV� GHILQH� D� GHGXFWHG�
IRUP�� UDWKHU� WKDQ� D� VWDWLVWLFDO� UHGXFHG� IRUP�� FDOFXODWLQJ� WKH� 1$,58� IURP� HVWLPDWHG�
VWUXFWXUDO�IRUPV��(YHQ�LI�HVWLPDWHV�RI�VWUXFWXUDO�HTXDWLRQV�VHHP�WR�EH�UHDVRQDEOH�LQ�WHUPV�
RI�JRRGQHVV�RI�ILW�� W�VWDWLVWLF�RI�UHJUHVVRUV��FRUUHODWLRQV�RI�UHVLGXDOV�DQG�H[SHFWHG�VLJQV�RI�
FRHIILFLHQWV��WKHLU�LPSOLFLW�UHGXFHG�IRUP�LV�RIWHQ�QRW�YDOLG�DV�LW�GRHV�QRW�VKRZ�´ZKLWH�QRLVHµ�
SURSHUWLHV��� DQG� LW·V� ZHOO� NQRZQ� WKDW� SURSHUWLHV� RI� WKH� UHGXFHG� IRUP� DUH� FUXFLDO� IRU�
FRQVLVWHQF\�RI�WKH�VWUXFWXUDO�IRUP���

��
�
�6HH�(QJOH�DQG�*UDQJHU��������DQG�-RKDQVHQ�������� �

�
�&KLDULQL�DQG�3LVHOOL��������JLYH�DQ�H[DPSOH�RI�WKDW�DQDO\VLQJ�WKH�HPSLULFDO�EHKDYLRXU�RI�ZDJHV�DQG�SULFH�

GHWHUPLQDWLRQ�LQ�,WDO\�RYHU�WKH�SHULRG����������������
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$�UHGXFHG�IRUP�PXOWLYDULDWH�IUDPHZRUN��VXFK�DV�D�FRLQWHJUDWHG�9$5�PRGHO��FDQ�EH�DQ�
HIIHFWLYH� ZD\� WR� VSHFLI\� D� PRGHO� ZLWK� WKH� VWDWLVWLFDO� DGHTXDF\� SURSHUW\�� 7KH� SUREDELOLVWLF�
VWUXFWXUH�RI�GDWD�EHFRPHV� D�NH\�SRLQW�ZLWKLQ� D� FRLQWHJUDWHG�9$5�DQG�D� VWDWLVWLFDO�PRGHO�
ZLOO�EH�VSHFLILHG�RQO\�LI�SUREDELOLW\�DVVXPSWLRQV�DUH�QRW�UHMHFWHG�E\�GDWD�>VHH�+HQGU\��������
DQG�)DYHUR� ������@��'DWD� DVVXPH�D� UROH� WKDW� LW� LV�QRW� VHFRQGDU\� FRPSDUHG� WR� WKDW�RI� WKH�
WKHRU\��7KH�VWDWLVWLFDO�PRGHO��ZLWKLQ�WKLV�DSSURDFK��LV�D�FRQYHQLHQW�VXPPDU\�RI�WKH�VDPSOH�
LQIRUPDWLRQ�WKDW��DW�WKH�VDPH�WLPH��FRQVLGHUV�WKH�WKHRUHWLFDO�PRGHO�>6SDQRV������D�@���
7KH� 1$,58� PRGHOV�� VXFK� DV� WKH� ´EDWWOH� RI� PDUN�XSV�� VKRXOG� EH� LQWHJUDWHG� LQWR� D�

IUDPHZRUN� IRU�PRGHOOLQJ�PXOWLYDULDWH� UHODWLRQVKLSV�� ,Q� WKLV� FRQWH[W�� WKH� HPSLULFDO�PRGHO�
QHHGV� WZR� GLVWLQFW� FKDUDFWHULVWLFV�� LW� ZLOO� QHHG� WR� FDSWXUH� WKH� HTXLOLEULXP� UHODWLRQVKLSV�
DPRQJ� WKH� YDULDEOHV� DQG� LW� QHHGV� WR� FDSWXUH� WKH� DGMXVWPHQW� WR� HTXLOLEULXP� IROORZLQJ� D�
VKRFN��7KXV��ZH�VKRXOG�H[DPLQH�FRQGLWLRQV�IRU�VWDELOLW\�DQG�VWDWLRQDULW\�RI�WKH�PRGHO�DQG�
VKRZ� KRZ� WKH� SUHVHQFH� RI� QRQ�VWDWLRQDU\� YDULDEOHV� LV� SRWHQWLDOO\� XVHIXO� LQ� SURYLGLQJ�
LQIRUPDWLRQ�DERXW�WKH�ORQJ�UXQ�UHODWLRQVKLSV��
8VLQJ�D�FRLQWHJUDWHG�9$5�IRU�HVWLPDWLQJ�WKH�FRLQWHJUDWLRQ�VSDFH��WKDW�LV�WKH�VSDFH�ZKLFK�

VWDWLRQDU\�UHODWLRQV�VSDQ����D�VHQVLEOH�VHW�RI�WKHRU\�JURXQGHG�UHVWULFWLRQV�VKRXOG�EH�DEOH�WR�
GHWHFW� D� ILUP� DQG� DQ� XQLRQ� UHDO� ZDJH� HTXDWLRQ�� ,Q� WKH� ´EDWWOH� RI� PDUN�XSVµ� PRGHO�
XQHPSOR\PHQW�PRYHV�WR�EDODQFH�WKH�EDUJDLQHG��XQLRQ��DQG�IHDVLEOH��ILUP��UHDO�ZDJH���
7KH�UHOHYDQW�TXHVWLRQ��DW�WKLV�VWDJH�� LV�WKH�IROORZLQJ��DIWHU�LWV�PRYHPHQWV�WR�HTXLOLEUDWH�

ILUP�DQG�XQLRQ� UHDO�ZDJH�ZLOO� WKH�XQHPSOR\PHQW� UDWH�FRPH�EDFN�HYHU\� WLPH� WR� WKH�VDPH�
OHYHO��WKDW�LV�WR�WKH�QDWXUDO� OHYHO"�RU�� LQ�RWKHU�ZRUGV�� LV�WKH�1$,58�D�VLQJOH�IL[HG�SRLQW�LQ�
WKH�FRLQWHJUDWLRQ�VSDFH"��
7KH� DQVZHU� WR� WKH� ODWWHU� TXHVWLRQ� LV� QRW� VWUDLJKWIRUZDUG�� +RZHYHU�� UHO\LQJ� RQ� WKH�

FRQFHSW� RI� WKH� VWDWLRQDU\� �FRLQWHJUDWHG�� VSDFH� LW� LV� SRVVLEOH� WR� XVH� D� KHOSIXO� JHRPHWULFDO�
H[SODQDWLRQ��)RU�LQVWDQFH��&KLDULQL�DQG�3LVHOOL��������DUJXH�WKDW�WKH�1$,58�HVWLPDWHV�XVLQJ�
FRQYHQWLRQDO�UHGXFHG�IRUP�PRGHOV���RU�WKH�3KLOOLSV�FXUYH���DUH�PLVOHDGLQJ�VLQFH�WKH�QDWXUDO�
UDWH�RI�XQHPSOR\PHQW�FDQQRW�EH�FRQVLGHUHG�DV�D�IL[HG�SRLQW��DV�LQ�WKH�WUDGLWLRQDO�1$,58�
PRGHOV�� FDOOLQJ� IRU� WKH�FHWHULV� SDULEXV� DVVXPSWLRQ� IRU� DOO� WKH� GDWD� LQYROYHG�� ,Q� D� VLPSOLILHG�
PRGHO�RI�RQO\���YDULDEOHV�DQG���FRLQWHJUDWLQJ�YHFWRUV��WKH�1$,58�KDV�WR�EH�FRQVLGHUHG�DV�D�
VWUDLJKW�OLQH��GHILQHG�E\�WKH�RUWKRJRQDOLW\�RI�WKH�WZR�VWDWLRQDU\�UHODWLRQVKLSV��
)URP�D�VWULFWHU�JHRPHWULFDO�SRLQW�RI�YLHZ�WKH�1$,58�LV�GHILQHG�DV�WKH�DWWUDFWRU�VHW��WKDW�

LV� WKH� RUWKRJRQDO� FRPSOHPHQW� RI�β�� ZULWWHQ� DV� β⊥ �VHH� )LJXUH� ����β� LV� WKH� FRLQWHJUDWLQJ�
PDWUL[��ZKRVH�U�FROXPQV�DUH�WKH�U�FRLQWHJUDWLQJ�YHFWRUV�DQG�WKH�RUWKRJRQDO�FRPSOHPHQW�RI�
β� LV� GHILQHG� DV� WKH� >Q[�Q�U�@� PDWUL[� β⊥ VXFK� WKDW� ' 0β β⊥ = �� ,Q� DFWXDO� PRGHOV�� ZLWK� Q�
YDULDEOHV�DQG�U�FRLQWHJUDWLQJ�YHFWRUV��WKH�1$,58�KDV�WR�EH�FRQVLGHUHG�DV�D�K\SHUSODQH�ZLWK�
GLPHQVLRQ�Q�U��:LWKLQ�D�FRLQWHJUDWHG�9$5��D�VKRFN� WR�RQH�YDULDEOH� LPSOLHV�D�VKRFN� WR�DOO�
WKH�YDULDEOHV� LQ�WKH�ORQJ�UXQ�DQG�VR�WKH�FHWHULV�SDULEXV�DVVXPSWLRQ�LV�QRW�DOORZHG��7KH�RQO\�
ZD\�RI�DQDO\VLQJ�WKH�HFRQRPLF�UHODWLRQVKLSV� LQ�WKLV�FRQWH[W�UHPDLQV�WKH�LPSXOVH�UHVSRQVH�
DQDO\VLV�� WKDW�ZLOO� EH� FDUULHG�RXW� LQ� VHFWLRQ���� ,I� WKH�1$,58� LV� DQDO\VHG� LQ� D�PXOWLYDULDWH�
FRQWH[W��HYHQWXDOO\��VSHFLI\LQJ�D�IL[HG�YDOXH�IRU�LW�PDNHV�QR�VHQVH���

��
��
� &RLQWHJUDWLRQ� VSDFH� LV� WKH� VHW� RI� DOO� SRVVLEOH� OLQHDU� FRPELQDWLRQV� DPRQJ� XQUHVWULFWHG� FRLQWHJUDWLQJ�

YHFWRUV��7KH�RQO\�ZD\�WR�LGHQWLI\�XQLTXH�UHODWLRQVKLSV�LV�WR�LPSRVH�VRPH�UHVWULFWLRQV�RQ�XQUHVWULFWHG�YHFWRUV� �
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���� -RKDQVHQ·V�UHGXFHG�UDQN�UHJUHVVLRQ�

$SSO\LQJ�-RKDQVHQ·V�UHGXFHG�UDQN�UHJUHVVLRQ�DQG�WHVWLQJ�IRU�FRLQWHJUDWLRQ�SURYLGH�WKH�UHVXOW�
UHSRUWHG�LQ�7DEOH���ZKHUH�0D[�DQG�7UDFH�DUH��UHVSHFWLYHO\��0D[�HLJHQYDOXH�DQG�7UDFH�VWDWLVWLFV�
LQ�WKH�VWDQGDUG�YHUVLRQ�DQG�DGMXVWHG�IRU�GHJUHHV�RI�IUHHGRP��0D[A�DQG�7UDFHA���
�
�

7$%/(����&2,17(*5$7,21�$1$/<6,6������4������4�����
 
eigenvalues 
0.510605 0.397133 0.270864 0.223992 0.165959 
        
Ho:rank=p        Max      using T-nm   95%      Trace      using T-nm    95% 
 p ==  0        37.87**      27.15    34.4     104.5**       74.92      76.1 
 p <=  1        26.82        19.23    28.1      66.62**      47.77      53.1 
 p <=  2        16.74           12    22.0       39.8**      28.54      34.9 
 p <=  3        13.44        9.637    15.7      23.06**      16.53      20.0 
 p <=  4        9.618        6.896     9.2      9.618**      6.896      9.2 
 
standardized \beta' eigenvectors 
  lwp           u         lpq         lpr        disp     Constant     Trend 
1.0000    0.021531     0.48839     -1.0251  -0.0069453     0.60454    0.0017509 
121.87      1.0000      128.55     -9.2104     -10.910      597.36   -0,67599 
0.69914    0.015608      1.0000    -0.39300    0.069711      1.8739  -0.0038503  
1.1047   -0.026567    -0.58767      1.0000   -0.054941      9.9006   -0.0036223  
12.020     0.62023     -18.534     -1.6242      1.0000      43.305   0.035317 
 
standardized \alpha coefficients 
 lwp             0.12411  -0.0014037    -0.27240   -0.028016  -0.0039689 
 u                2.8183  -0.0067621      4.6708     0.32737    -0.15964 
 lpq             0.29730  -0.0018186     0.10495    0.075423   0.0027409 
 lpr             0.73246 -0.00092115    0.073468    -0.11650   0.0014080 
 disp            0.41849   0.0058612    -0.55182     0.33119  -0.0052317 

 
�
0D[� HLJHQYDOXH� VXJJHVWV� WKH� SUHVHQFH� RI� RQH� FRLQWHJUDWLQJ� YHFWRU� ZKLOH�7UDFH� VWDWLVWLFV�

VHOHFWV�ILYH��2QH�VKRXOG�QRW�EH�VXUSULVHG�E\�WKLV�GLYHUJLQJ�UHVXOW�VLQFH�WKH�FULWLFDO�YDOXHV�RI�
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�
�

WHVWV�� GXH� WR� FRQGLWLRQLQJ� VHW�'W� DIIHFWLQJ� WKH� DV\PSWRWLF� GLVWULEXWLRQ� RI� WKHVH� RQHV�� DUH�
FRQVLGHUHG�WR�EH�LQGLFDWLYH����
)RU� WKLV� UHDVRQ� LW� LV� QHFHVVDU\�� DV� -XVHOLXV� ������� SRLQWHG� RXW�� WR� JDWKHU� IXUWKHU�

LQIRUPDWLRQ�DQDO\VLQJ�WKH�PDJQLWXGH�RI�HLJHQYDOXHV�DQG�URRWV�RI�WKH�FRPSDQLRQ�PDWUL[���RI�
9$5�PRGHO� DV�ZHOO� DV� JUDSKV� RI� WKH� HLJHQYHFWRUV��7R�EHJLQ�ZLWK�� WKH� ILUVW� HLJHQYDOXH� LQ�
7DEOH���LV�KLJK�HQRXJK����������ZKLOH�VHFRQG�RQH�LV�DOUHDG\�WRR�ORZ������������
7KH�JUDSKV�RI�WKH�)LJXUH���GHSLFW�WKH�ILUVW�WZR�HLJHQYHFWRUV�DQG�VKRZ�WKDW�WKH�VHFRQG�

YHFWRU�FDQQRW�EH�FRQVLGHUHG�VWDWLRQDU\��1RWLFH�DOVR��WKH�ZLGH�UDQJH�LQ�ZKLFK�YHFWRU�IORDWV�
�������������
$OO� WKH�URRWV�RI�WKH�FRPSDQLRQ�PDWUL[��WKH\�DUH�Q
N ����DUH� LQVLGH�WKH�XQLW�FLUFOH�DQG�

WKH� IRXU� ODUJHVW� RQHV� KDYH� DV� PRGXOXV� D� YDOXH� YHU\� FORVH� WR� �� �������� � ������� � ��������
��������ZKLOH�WKH�ILIWK����������VHHPV�IDU�HQRXJK�IURP����$V�D�ILQDO�WHVW�LW·V�ZRUWK�DQDO\VLQJ�
UHVXOWV�RI� WKH�$')��DXJPHQWHG�'LFNH\�)XOOHU�� >'LFNH\�DQG�)XOOHU� ������@� WHVW�FDUULHG�RXW�RQ�
WKH� ILUVW� WZR�HLJHQYHFWRUV� �VHH�7DEOH�����$')�VWDWHV�RQ�RQH�KDQG�VWDWLRQDULW\�RI� WKH� ILUVW�
YHFWRU�EXW�RQ�WKH�RWKHU�LW�SURYLGHV�OLWWOH�LQIRUPDWLRQ�DERXW�VHFRQG�RQH���
$OO�SUHYLRXV�LQIRUPDWLRQ�VXSSRUWV�WKH�FKRLFH�RI�RQH�FRLQWHJUDWLQJ�YHFWRU�RQO\�DQG�Q�U ��

FRPPRQ�VWRFKDVWLF�WUHQGV���
�

1985 1990 1995

0

.025

.05
vector1

1985 1990 1995

-2.5

0

2.5

5

vector2

 
 

),*85(����),567�7:2�(,*(19(&7256�

�
�
�

��
��
�7KH�FRPSDQLRQ�PDWUL[�RI� WKH�9$5�PRGHO�UHIHUV� WR�WKH�PDWUL[�$�RI�HTXDWLRQ������,W� LV� LQWHUHVWLQJ�WR�

DQDO\VH� WKH� URRWV� RI� � WKH� FRPSDQLRQ�PDWUL[� DV� WKHVH� SURYLGH� XVHIXO� LQIRUPDWLRQ� DERXW� WKH� VWDELOLW\�RI� WKH�
V\VWHP�� ,I� DOO� URRWV� KDYH�PRGXOXV� � LQVLGH� WKH� XQLW� FLUFOH� WKHQ� DOO� WKH� YDULDEOHV� DUH� ,�����:KHQ� DQ\� RI� � WKH�
PRGXOXV�LV�RXWVLGH�WKH�XQLW�FLUFOH��VRPH�RI�WKH�YDULDEOHV�FRXOG�EH�,���� �
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7$%/(����$')�7(67�21�7+(�),567���(,*(19(&7256������4������4�����

 
Critical values: 5%=-2.921 1%=-3.568; Constant included 
 
                 t-adf       
vector1 ADF(3) -3.3472*       
vector1 ADF(2) -2.9053        
vector1 ADF(1) -3.1532*       
vector1  DF    -3.4576*       
vector2 ADF(3) -3.2089*       
vector2 ADF(2) -2.5627        
vector2 ADF(1) -3.5327*       
vector2  DF    -2.6347        

�
�

�

���� ,GHQWLILFDWLRQ�RI�FRLQWHJUDWLQJ�YHFWRU�

'HDOLQJ� ZLWK� RQO\� RQH� FRLQWHJUDWLQJ� YHFWRU� LW� VXIILFHV� WR� QRUPDOLVH� IRU� RQH� RI� WKH�
YDULDEOHV�WR�DFKLHYH�LGHQWLILFDWLRQ��,I�WKH�YHFWRU�LV�QRUPDOLVHG�IRU�WKH�UHDO�ZDJH��ZS ����WKH�
MXVW�LGHQWLILHG�YHFWRU�LV�UHSUHVHQWHG�E\�WKH�HTXDWLRQ������ZKHUH�W�VWDWLVWLFV�DUH�LQ�EUDFNHWV��
�

����
(4,87) (0,72) (1,38)(2,31) (5,39) (0,33)

-0,02 - 0, 48 1,025 0,0069 0,60 0,00179wp u pq pr disp INT trend= + + − − �

�
+RZHYHU�� EHVLGHV� WKLV� MXVW�LGHQWLILHG� UHODWLRQVKLS�� ZH� KDYH� DWWHPSWHG� WR� WHVW� IRU�

FRLQWHJUDWLRQ� VHYHUDO� WKHRUHWLFDOO\�PRWLYDWHG� VWUXFWXUHV�� VXFK�DV� IRU� LQVWDQFH�FRLQWHJUDWLRQ�
EHWZHHQ�XQHPSOR\PHQW�DQG�WKH�GLVSHUVLRQ�LQGH[�>&KLA���� ���������������

@��DV�ZHOO�DV�
FRLQWHJUDWLRQ� EHWZHHQ� WKH� UHDO�ZDJH� DQG� WKH� GLVSHUVLRQ� LQGH[� >&KLA���� ������� ���������


@� ZKLFK� KDV� EHHQ� UHMHFWHG� E\� WKH� DSSURSULDWH� /5� WHVW�� ,PSRVLQJ� WKH� RYHU�LGHQWLI\LQJ�
UHVWULFWLRQV��ZS SU��LW�ZDV�LGHQWLILHG�WKH�IROORZLQJ�UHVWULFWHG�FRLQWHJUDWLQJ�YHFWRU�WKDW�VSDQV�
WKH�FRLQWHJUDWLQJ�VSDFH�DV�/5�WHVW�FRQILUPV�>&KLA���� ������������������@��
�
����

(6,59) (12,05) (1,79)(2,43) (0,42)
 0,0211196 0,49360 0,00777 0,71541 0,00159wp pr u pq disp INT trend= − − + − − � �

�
$V� D� FRQVHTXHQFH� LQ� WKH� ORQJ� UXQ� XQHPSOR\PHQW� FRLQWHJUDWHV� ZLWK� UHDO� ZDJH��

SURGXFWLYLW\��SULFH�ZHGJH�DQG�GLVSHUVLRQ�LQGH[��(PSOR\PHQW�GLVSHUVLRQ�LQGH[��GLVS��HQWHUV�
LQ�FRLQWHJUDWLQJ�YHFWRU�ZLWK�D� ORZ�FRHIILFLHQW������������WKDW�LV�DOVR�QRW�VLJQLILFDQW��W�UDWLR�
�������HYHQ�WKRXJK�WKH�VLJQ�LV�FRUUHFW����$FWXDOO\�LW�GRHV�QRW�PDNH�PXFK�VHQVH�LQWHUSUHWLQJ�
FRHIILFLHQWV�RI� FRLQWHJUDWLQJ�YHFWRUV� DV� VWUXFWXUDO�SDUDPHWHUV��� DQG�DV� UHJDUGV� WKLV� VXEMHFW�

��
��
� 7KH� SRVLWLYH� VLJQ� RI� GLVSHUVLRQ� LQGH[� LV� FRQVLVWHQW�ZLWK�&KLDULQL� DQG� 3LVHOOL� ������·V� ILQGLQJV�� 7KH\�

IRXQG��KRZHYHU����FRLQWHJUDWLQJ�YHFWRUV��IRU�WKH�SHULRG���������������PDNLQJ�XVH�RI�D�VLPLODU�GDWD�VHW��� �

��
�,I�YDULDEOHV�DUH�LQ�ORJ�IRUP�RQH�FRXOG�FRQVLGHU�FRHIILFLHQWV�RI�YHFWRUV�DV�HO DVWLFLW\��/XWNHSRKO�����KDV�

VKRZQ�WKDW�WKLV�LV�FRUUHFW�RQO\�LI�RQH�VXSSRVHV�WKDW�ZKHQ�D�YDULDEOHV�PRYHV��WKH�RWKHUV�KROG�FRQVWDQW��7KH�
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/XWNHSRKO��������������VKRZHG�ZK\�LW�LV�ZURQJ�WR�FRQVLGHU�FRHIILFLHQWV�DV�HODVWLFLW\��,Q�DQ\�
FDVH��D� ORZ�FRHIILFLHQW�RI�GLVSHUVLRQ�LQGH[�FRXOG�DOVR�PHDQ�WKDW�PLVPDWFK��EURXJKW�DERXW�
E\�VHFWRUDO�UHDOORFDWLRQ��GRHV�QRW�DIIHFW�UHDO�ZDJH�LQ�WKH�ORQJ�UXQ���
,W� LV�QRZ�FOHDU� WKDW� WR�XQGHUVWDQG� WKH� OLQNV�DPRQJ�YDULDEOHV�\RX�KDYH� WR�FRQVLGHU�QRW�

RQO\� WKH� ORQJ�UXQ�SURSHUWLHV�RI� WKH�V\VWHP�EXW�DOVR�WKH�VKRUW�UXQ�VWUXFWXUH�RI� WKH�PRGHO��
7KLV�ODVW�VXEMHFW�ZLOO�EH�IXOO\�FRYHUHG�LQ�WKH�QH[W�VHFWLRQ��
�
�

�� 0RGHOOLQJ�WKH�VKRUW�UXQ�

���� )URP�ORQJ�UXQ�ILQGLQJV�WR�VKRUW�UXQ�VWUXFWXUH�

7KH� VWDWLRQDU\� UHODWLRQVKLS� GLVFXVVHG� LQ� WKH� SUHYLRXV� VHFWLRQ� UHSUHVHQWV� DQ� HUURU�
FRUUHFWLRQ�WHUP��,W�LV�QRZ�SRVVLEOH�WR�UHIRUPXODWH�WKH�9$5�PRGHO�XVLQJ�ILUVW�GLIIHUHQFHV�RI�
YDULDEOHV� DQG� LQFOXGLQJ� H[SOLFLWO\� WKH� HUURU� FRUUHFWLRQ� WHUP��(&0�� +HQFH� WKH� 9(&0�
LQFOXGLQJ�ORQJ�DQG�VKRUW�UXQ�LQIRUPDWLRQ�EHFRPHV��
�

���� 1 1 2 2 3t t t t t tx x x ECM Dα µ− − −∆ = Γ ∆ + Γ ∆ + + Ψ + �
�

ZKHUH� [ , , , , ]tx wp u pq pr disp∆ = ∆ ∆ ∆ ∆ ∆ ��(&0�UHSUHVHQWV�HUURU�FRUUHFWLRQ�PHFKDQLVP�DQG�
'W�LQFOXGHV�DQ�LQWHUFHSW�DQG�WKUHH�GXPP\�YDULDEOHV��G��T����G��T���G��T����
)URP� WKH�2/6�HVWLPDWH� �UHVXOWV� DUH�QRW� VKRZQ�EXW� FDQ�EH�SURYLGHG�XSRQ� UHTXHVW��RI�

PRGHO������LW�HPHUJHV�WKDW�WKHUH�LV�VRPH�FRUUHODWLRQ�DPRQJ�UHVLGXDOV�RI�GLIIHUHQW�HTXDWLRQV��
,Q�SDUWLFXODU�VLPXOWDQHLW\�HPHUJHV�EHWZHHQ�WKH�HTXDWLRQV�RI�SURGXFWLYLW\�DQG�UHDO�ZDJH�DQG�
DOVR� EHWZHHQ� WKH� HTXDWLRQV� RI� SURGXFWLYLW\� DQG� SULFH� ZHGJH�� ,W� LV� NQRZQ� WKDW� WKH�2/6�
HVWLPDWH� LV�QRW� DEOH� WR�GHDO�ZLWK� WKHVH�NLQG�RI�SUREOHPV�� WKHQ� WKH�),0/�HVWLPDWH��RU�IXOO�
LQIRUPDWLRQ�PD[LPXP� OLNHOLKRRG�� FRQVLGHULQJ� WKH�ZKROH� LQIRUPDWLRQ� IURP�GDWD� �VLPXOWDQHRXV�
OLQNV� WRR��� LV� PRUH� VXLWDEOH� LQ� WKHVH� FDVHV�� 7KH� ),0/� SURFHGXUH� LV� XVHG�WR� HVWLPDWH� D�
SDUVLPRQLRXV�YHUVLRQ�RI�WKH�9(&0�WKDW�LV�DFKLHYHG�GURSSLQJ�LQVLJQLILFDQW�UHSUHVVRUV�RXW���
7KH� VLPXOWDQHRXV� VWUXFWXUDO� PRGHO� LV� SUHVHQWHG� LQ� 7DEOH� ��� ZKHUH� WKHUH� DUH� DOVR�

PXOWLYDULDWH� GLDJQRVWLF� WHVWV� VXJJHVWLQJ� WKDW� WKH� PRGHO� KDV� ZKLWH� QRLVH� DQG� QRUPDOO\�
GLVWULEXWHG� HUURUV�� ZKLOH� XQLYDULDWH� DXWRFRUUHODWLRQ� WHVW� IRU� XQHPSOR\PHQW� HTXDWLRQ·V�
UHVLGXDOV�VKRZV�VRPH�SUREOHPV�>$5�����)������ ��������������
@��
0RUHRYHU� /5� WHVW� RI� RYHU�LGHQWLI\LQJ� UHVWULFWLRQV� LQGLFDWHV� WKDW� WKH� VWUXFWXUDO� PRGHO�

HQFRPSDVVHV�SDUVLPRQLRXVO\�WKH�9(&0�>&KLA����� ����������������@��5HFXUVLYH�WHVWV����
VWHS� UHVLGXDOV� DQG� WKH�%UHDN�SRLQW�&KRZ� WHVW� �QRW� VKRZQ��� HYHQWXDOO\�FODLP�D�JRRG�VWDELOLW\�RI�
WKH�PRGHO���
�

��
ODWWHU� LV� FOHDUO\� DQ� XQUHDO� DVVXPSWLRQ� ZLWKLQ� D� VLPXOWDQHRXV� V\VWHP� ZKHUHDV�� FLWLQJ� /XWNHSRKO·V� ZRUGV��
´��HFRQRPLVWV�ZRXOG�OLNH�WR�NQRZ�ZKDW�DFWXDOO\�KDSSHQV�LQ�WKH�UHDO�ZRUOG�µ�
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T-values in brackets 
 

2 2 1 1
(1,60) (2,21) (0,75) (4,27)

(2,02) (1,01) (2,70)

2 1
(1,05) (3,39)

0,0086458 0,24901 0,059630 0,031332

0,0028189 0,071483 0,021622 91 1

3,7808 0,45376 1,0556

t t t t

t t t

wp u pq pr disp

INT ECM d q

u wp u disp

− − − −

− −

∆ = − ∆ − ∆ − ∆ − ∆ +

+ − +

∆ = ∆ − ∆ − ∆ 1 2
(1,16) (1,41)

(1,82) (1,63)

1 2 2 2
(2,91) (1,44) (1,49) (4,21)

1
(3,30)(3,41)

1,2343

2,6540 0,22290 92 12

0,38914 0,19838 0,0083045 0,42248

0,22955 0,0043650 0,026606

t

t t t t

t

disp

ECM d q

pq wp wp u pq

ECM INT d

− −

− − − −

−

+ ∆ +

+ −

∆ = ∆ − ∆ − ∆ − ∆ +

+ + −
(3,48) (2,20)

1 2 1 2
(1,22) (0,81) (4,44) (2,10)

1
(2,02)(4,55)

2 1
(2,51) (1,5

91 1 0,017353 97 2

0,24997 0,16390 0,57773 0,072085

0,51557 0,0041062

0,046180 0,51108

t t t t

t

t t

q d q

pr wp wp pr disp

ECM INT

disp u pq

− − − −

−

− −

−

∆ = ∆ − ∆ − ∆ + ∆ +

+ +

∆ = − ∆ − ∆ 2 1
7) (3,77) (8,48)

2
(3,21) (2,72) (2,37)(3,33)

0,94075 1,0006

0,39071 0,71935 0,072805 91 1 0,064186 97 2

t t

t

pr disp

disp ECM d q d q

− −

−

+ ∆ + ∆ +

− ∆ + + −
�

�
9HFWRU�GLDJQRVWLF�YHFWRU�WHVW�
9HFWRU�$5������)���������� �����������>������@����
9HFWRU�QRUPDOLW\�&KLA����� �����������>������@��� �
9HFWRU��;LA����)���������� ������������>������@�

�

�
���� 0DLQ�IHDWXUHV�RI�WKH�HVWLPDWHG�PRGHO�

7KH� VWUXFWXUDO�PRGHO·V� ILQGLQJV� RIIHU� YDULRXV� KLQWV� WR� EH� GLVFXVVHG�� ,Q� SDUWLFXODU� LW� LV�
ZRUWK�GLVFXVVLQJ�WKH�IROORZLQJ�RQHV��
D�� /DJJHG� XQHPSOR\PHQW� FKDQJHV� GR� HQWHU� VLJQLILFDQWO\� WKH� XQHPSOR\PHQW� HTXDWLRQ��

7KLV�VHHPV�WR�JLYH�HYLGHQFH�RI� WKH�SUHVHQFH�RI�XQHPSOR\PHQW�SHUVLVWHQFH��DQG�VR�RI�WKH�
K\VWHUHVLV�SKHQRPHQRQ�� >VHH�� DPRQJ�RWKHUV�%ODQFKDUG� DQG�6XPPHUV� ��������/LQGEHFN�DQG�
6QRZHU��������DQG�%ODQFKDUG�������@��
E��7KHUH�LV�WKH�SRVVLELOLW\�RI�D�ZDJH�JDS��ZS�SU��LQ�WKH�VKRUW�UXQ�DV�SURGXFWLYLW\�FKDQJHV�

KDYH�QR�VLJQLILFDQW�HIIHFWV�RQ�UHDO�ZDJH��7KHUHIRUH�LI�SURGXFWLYLW\�JURZWK�IDOOV��UHDO�ZDJH�LV�
H[SHFWHG�WR�UHPDLQ�XQDIIHFWHG��GHWHUPLQLQJ�D�ZDJH�JDS��DV�,WDO\�H[SHULPHQWHG���LQ�WKH���V������

��
��
�,Q�WKH���V�WKH�´VFDOD�PRELOHµ��D�V\VWHP�RI�ZDJH�LQGH[DWLRQ��ZDV�UHYLVHG��,QFRPH�SROLF\��ZKLFK�ZDV�DEOH�

WR� UHYLVH�ZDJH� LQGH[DWLRQ�� VWDUWHG� LQ������ZLWK�D�JHQHUDO�DJUHHPHQW� WKDW�EURXJKW�DERXW�D�����G HFUHDVH�RI�
DYHUDJH� UDWH�RI�ZDJH� LQGH[DWLRQ��7KHQ�� LQ� ILUVW� VHPHVWHU�RI������JRYHUQPHQW� VWDUWHG� OLQNLQJ�ZDJHV·� ULVH� WR�
HVWLPDWHG�LQIODWLRQ�WDUJHW��/DWHU�ZDJH�LQGH[DWLRQ�PHFKDQLVP�ZDV�UDGLFDOO\�UHYLVHG�DQG�DYHUDJH�LQGH[DWLRQ�UDWH�
IHOO�WR�DERXW������>6LJQRULQL�DQG�9LVFR�������@��
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F�� /DJJHG� FKDQJHV� RI� WKH� HPSOR\PHQW� GLVSHUVLRQ� LQGH[� HQWHU� WKH� XQHPSOR\PHQW�
HTXDWLRQ��,Q�SDUWLFXODU�W���WHUP�KDV�D�QHJDWLYH�VLJQ�ZKLOH��
W���KDV�D�SRVLWLYH�VLJQ��,Q�RWKHU�ZRUGV�ZKHQ�FKDQJHV� LQ�WKH�HPSOR\PHQW�GLVSHUVLRQ�RI�

WKH� SUHYLRXV� SHULRG� WHQGV� WR� ULVH�� WKH� DFWXDO� FKDQJH� RI� XQHPSOR\PHQW� VKRXOG� IDOO�� 7KLV�
UHVXOW� LV� TXLWH� SHFXOLDU� DQG� D� SRVVLEOH� H[SODQDWLRQ� ZLOO� EH� SURYLGHG� EHORZ�� UHIHUULQJ� WR�
LPSXOVH�UHVSRQVH�DQDO\VLV��
G�� /DJJHG� XQHPSOR\PHQW� FKDQJH� HQWHUV� WKH� UHDO� ZDJH� HTXDWLRQ� ZLWK� WKH� H[SHFWHG�

QHJDWLYH�VLJQ�EXW�WKH�FRHIILFLHQW�LV�YHU\�ORZ�����������DV�ZHOO�DV�LW�QRW�VKRZLQJ�D�VDWLVIDFWRU\�
W�YDOXH���������7KLV�UHVXOW�GRHV�QRW�VHHP�YHU\�VXUSULVLQJ�FRQVLGHULQJ�WKDW�WKH�,WDOLDQ�ODERXU�
PDUNHW� LV� KLJKO\� XQLRQLVHG�� ZLWK� D� FHQWUDOL]HG� EDUJDLQLQJ� SURFHVV� ZKHUH� WKH� ´RXWVLGHUVµ�
KDYH�QR�UROH�WR�SOD\��
H�� 5HDO� ZDJH� FRLQWHJUDWHV� LQ� WKH� ORQJ�UXQ� ZLWK� XQHPSOR\PHQW�� SULFH� ZHGJH� DQG�

HPSOR\PHQW�GLVSHUVLRQ�PHDVXUH�DV�ZHOO�DV�SURGXFWLYLW\��0RUHRYHU��LW�ZDV�WHVWHG�LI�WKH�ZDJH�
JDS��ZS�SU��H[LVWV�LQ�WKH�FRLQWHJUDWLRQ�VSDFH��WKDW�LV�LI�LW�LV�VWDWLRQDU\��ZLWK�WKH�GDWD�UHMHFWLQJ�
WKLV�K\SRWKHVLV�>&KLA����� ��������>������@�

@��7KHVH�WZR�RXWFRPHV�LQGLFDWH�D�KLJK�GHJUHH�
RI� UHDO�ZDJH� ULJLGLW\� WKDW� LV� FRQILUPHG�E\� WKH� VKRUW�UXQ� VWUXFWXUH�� VLQFH� WKH� FRLQWHJUDWLRQ�
UHODWLRQ��(&0��HQWHUV� WKH�ZDJH�HTXDWLRQ�ZLWK�D�FRHIILFLHQW����������WKDW� LV�QRQ�VLJQLILFDQW�
�W�UDWLR��������
I��3ULFH�ZHGJH�KDV�D�QHJDWLYH�HIIHFW�RQ�WKH�UHDO�ZDJH��WKH�FRHIILFLHQW�LV�������������+HQFH�

DQ\� H[SDQVLRQDU\� PDFUR�SROLF\� WKDW� PDNHV� SULFH� ZHGJH� ULVH� UHGXFHV� WKH� UHDO� ZDJH� DQG��
WKHUHIRUH��WKH�XQHPSOR\PHQW��
%HIRUH�GLVFXVVLQJ�WKH�LPSXOVH�UHVSRQVH�DQDO\VLV�LV��KRZHYHU��QHFHVVDU\�WR�GLVFXVV�VRPH�

IHDWXUHV�DQDO\VLV�RI�WKLV�SDSHU�GRHV�QRW�VKRZ��
7KH� DQDO\VLV� LV� � FDUULHG� RXW� RQ� WKH� DJJUHJDWH� ,WDOLDQ� ODERXU� PDUNHW� QHJOHFWLQJ� VRPH�

LPSRUWDQW� IHDWXUHV� RI� WKLV� PDUNHW�� )RU� LQVWDQFH�� WKH� ,WDOLDQ� ODERXU� PDUNHW� SUHVHQWV� D�
UHPDUNDEOH�GXDOLVP�ZLWK�WKH�1RUWKHUQ�ODERXU�PDUNHW�FORVH�WR�IXOO�HPSOR\PHQW�ZKHUHDV�WKH�
XQHPSOR\PHQW� UDWH� LQ� WKH� VRXWKHUQ� UHJLRQV� LV� DERXW� ������� ,Q� IDFW� LQ� PDQ\� VWXGLHV�
FRQVLGHULQJ�D��GXDOLVWLF�ODERXU�PDUNHW�>VHH�%RGR�DQG�6HVWLWR��������DQG�&KLDULQL�DQG�3LVHOOL�
������@�� WKH� VRXWKHUQ� XQHPSOR\PHQW� UDWH� LV� IRXQG� QRW� VLJQLILFDQW� ERWK� LQ� WKH� VKRUW� DQG�
ORQJ�UXQ�ZLWK�VWURQJ�SROLF\�LPSOLFDWLRQV���
0DQ\� RWKHU� PHDQLQJIXO� YDULDEOHV�� EHVLGHV�� VKRXOG� KDYH� EHHQ� LQFOXGHG� LQ� WKH� PRGHO��

$FWXDOO\�WKHUH�LV�DOZD\V�VRPH�OLPLW�RQ�WKH�QXPEHU�RI�YDULDEOHV�ZKLFK�FDQ�EH�LQFOXGHG�LQ�WKH�
9$5�PRGHO�DV�ZHOO�DV�RQ�WKH�PD[LPXP�QXPEHU�RI�ODJV���DQG��WKHUHIRUH��LW�PD\�KDSSHQ�WKDW�
VRPH�YDULDEOHV�KDYH�WR�EH�H[FOXGHG�SULRU�WR�PRGHOOLQJ����)RU�LQVWDQFH�LW�ZRXOG�KDYH�EHHQ�

��
��
� ,Q� ����� XQHPSOR\PHQW� LQ� WKH� 6RXWKHUQ� ,WDO\�ZDV� ���ZKLOH� LQ� WKH�1RUWKHUQ� DQG�&HQWUDO� ,WDO\�ZDV�

������,Q������XQHPSOR\PHQW�LQ�WKH�6RXWK�ZDV�HTXDO�WR��������DERXW�WKUHH�WLPHV�DV�ODUJH�DV�X QHPSOR\PHQW�
LQ�WKH�UHVW�RI�WKH�FRXQWU\��WKDW�UHDFKHG������>%UXQHOOR�/XSL�DQG�2UGLQH�������@� �

��
�)RU�LQVWDQFH�IRU�D�V\VWHP�RI���YDULDEOHV�ZLWK���ODJV�LQ�HDFK�HTXDWLRQ��WKH�WRWDO�QXPEHU�RI�UHJUHVVRUV�LV�

����7KLV�FRXOG�PDNH�WKH�HQWLUH�PRGHOOLQJ�SURFHVV�LPSRVVLEOH�LI�ZH�KDYH�RQO\�D�VPDOO�GDWD�VDPSOH���

��
�$V�6SDQRV�����D��SRLQWHG�RXW��FKRLFH�RI�YDULDEOHV�WR�EH�LQFOXGHG�LQ�D�9$5�PRGHO� LV�D�ZD\�WR� LQVHUW�

HFRQRPLF�WKHRU\�LQ�WKLV�W\SH�RI�PRGHOV��DOVR�UHIHUUHG�WR�DV�DWKHRUHWLFDO�PDFURHFRQRPHWULFV��
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LQWHUHVWLQJ�WR�LQVHUW�SULYDWH�VHUYLFHV�VHFWRU�UHDO�ZDJH���LQ�WKH�PRGHO�LQ�RUGHU�WR�DVVHVV�LI�WKH�
SULYDWH�VHUYLFHV�FDQ�SOD\�WKH�UROH�RI�D�OHDGLQJ�VHFWRU��FRPSDUHG�WR�LQGXVWULDO�VHFWRU����
�0RUHRYHU�VRPH�YDULDEOHV�DFFRXQWLQJ�IRU�WKH�FRPSRVLWLRQ�RI�XQLRQ�PHPEHUVKLS�FRXOG�

KDYH�PDGH�OLPLWDWLRQV�RI�DQDO\VLV�OHVV�HYLGHQW��2YHU�WKH�ODVW�ILIWHHQ�\HDUV�D�VWULNLQJ�FKDQJH�
LQ�WKH�VWUXFWXUH�RI�XQLRQ�PHPEHUVKLS�KDV�EHHQ�REVHUYHG��ZLWK�D�UHPDUNDEOH�LQFUHDVH�LQ�WKH�
QXPEHU� RI� SHQVLRQHUV� DQG� D� VLJQLILFDQW� ULVH� LQ�PHPEHUVKLS� LQ� WKH� VRXWKHUQ� UHJLRQV�� >VHH�
6DQWL���������&(626��������DQG�0HUROOD�������@���
&KLDULQL� ������� SRLQWHG� RXW� WKDW� LW� LV� LPSODXVLEOH� WR� UXOH� RXW� XQLRQ� PHPEHUVKLS�

FRPSRQHQWV��OLNH�DFWLYH�ZRUNHUV·�DQG�SHQVLRQHUV·�PHPEHUVKLS��LQ�HPSLULFDO�DQDO\VLV��,Q�IDFW�
KLV� HFRQRPHWULF� DQDO\VLV� VKRZV� WKDW�SHQVLRQHUV·� DQG� DFWLYH�ZRUNHUV·�PHPEHUVKLS� WHQG� WR�
LQYHUVHO\�DIIHFW�ZDJHV�DQG�HPSOR\PHQW�OHYHO��
6HFWLRQ��� DQG���SURYLGHG�D�JRRG�GHVFULSWLRQ�RI� ORQJ��DQG�VKRUW�UXQ�SURSHUWLHV�RI� WKH�

PRGHO��+RZHYHU�LQ�RUGHU�WR�DFKLHYH�D�FRPSOHWH�RXWOLQH�RI�UHODWLRQVKLSV�OLQNLQJ�YDULDEOHV�RI�
WKH�V\VWHP�LW� LV�QHFHVVDU\�WR�H[DPLQH�UHVXOWV�RI�WKH�LPSXOVH�UHVSRQVH�DQDO\VLV��7R�WKLV�WKH�
SDSHU�WXUQV�LQ�WKH�QH[W�VHFWLRQ����
�
�

�� ,PSXOVH�UHVSRQVH�DQDO\VLV�

,PSXOVH� UHVSRQVH�DQDO\VLV� FRQVLVWV�RI� VLPXODWLQJ�DQ� LPSXOVH� LQ�RQH�RI� WKH�YDULDEOHV�RI�
WKH�V\VWHP�DQG�DQDO\VLQJ�UHVSRQVH�RI�WKH�ZKROH�V\VWHP��,Q�SDUWLFXODU�WKLV�DQDO\VLV�DPRXQWV�
WR�D�G\QDPLF�VLPXODWLRQ��IURP�DQ�LQLWLDO�YDOXH�RI�]HUR��ZKHUH�D�VKRFN���DW�W ��LQ�D�YDULDEOH�LV�
WUDFHG�WKURXJK�>VHH�/XWNHSKRO��������DQG�/XWNHSRKO�DQG�5HLPHUV�������@��
([DPLQDWLRQ� RI� WKH� JUDSKV� RI� UHVSRQVHV� �UHVSRQVHV� WR� D� VKRFN� LQ�∆ZS��∆ST��∆SU� DQG�

∆GLVS�DUH�VKRZQ��UHVSHFWLYHO\��LQ�ILJXUHV�IURP���WR�����JLYHV�XVHIXO�LQIRUPDWLRQ�RQ�ERWK�WKH�
VWDELOLW\�RI� WKH�V\VWHP�DQG�UHODWLRQV�EHWZHHQ�YDULDEOHV��:KHQ�DQ� LPSXOVH� LQ�D�GLIIHUHQFHG�
YDULDEOH�LV�TXLFNO\�DEVRUEHG�E\�RWKHU�HQGRJHQRXV�YDULDEOHV����RQH�FDQ�FRQFOXGH�WKDW�WKHUH�LV�
D� JRRG� VWDELOLW\� LQ� WKH� V\VWHP�� RQH� RI� WKH� PDLQ� SURSHUWLHV� WKH� PRGHO� VKRXOG� KDYH� IRU�
PDNLQJ�UHVXOWV�RI�VLPXODWLRQV�UHOLDEOH��0RUHRYHU� LW� LV�SRVVLEOH�WR�NQRZ�LI� LPSXOVHV�KDYH�D�

��
��
�$FWXDOO\�LW�ZDV�WHVWHG�D���YDULDEOHV�9$5��DXJPHQWHG�ZLWK�SULYDWH�VHUYLFHV�UHDO�ZDJH�EXW�LW�VKRZHG��QRW�

FRPSOHWHO\�VDWLVI\LQJ�VWDWLVWLFDO�SURSHUWLHV�����

��
�)URP�VWDQGDUGLVHG�ODERXU�XQLWV�GDWD��,67$7·V�8/$��RYHU�WKH�SHULRG������� ��������RQH�FDQ�VHH�FOHDUO\�

WKH�UHDOORFDWLRQ�LQ�HPSOR\PHQW�VKDUHV��3ULYDWH�VHUYLFHV·�VKDUH�RQ�WRWDO�HPSOR\PHQW�KDV�ULVHQ�IURP�OHVV�WKDQ�
����LQ������WR�DERXW�����LQ������ZKHUHDV�LQGXVWULDO·V�VKDUH�KDV�IDOOHQ�IURP�PRUH�WKDQ�����WR�DERXW������ �

��
�7KH�RQH�WLPH�LPSXOVH�LV�RI�VL]H�RQH�VWDQGDUG�GHYLDWLRQ��$QRWKHU�SRVVLELOLW\�FRXOG�KDYH�EHHQ�WR�LPSRVH�

D�VKRFN�RI�XQLW�VL]H��

��
�,Q�WKH�VHQVH�WKDW�DOO�WKH�HQGRJHQRXV�YDULDEOHV�UHWXUQ�WR�WKHLU�SUHYLRXV�YDOXH�LI�QR�IXUWKHU�VKRFNV�KLW�WKH�

V\VWHP��
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SHUPDQHQW� �ORQJ�UXQ�� HIIHFW� RQ� OHYHOV� RI� WKH� YDULDEOHV� E\� H[DPLQLQJ� DFFXPXODWHG�
UHVSRQVHV�����
)LJXUHV������VKRZ�WKDW�HQGRJHQRXV�GLIIHUHQFHG�YDULDEOHV�ZKHQ�VKRFNHG�WHQG�WR�UHWXUQ�

WR�WKHLU�VWHDG\�VWDWH�YDOXH�DIWHU�RQO\�IHZ�SHULRGV��LQGLFDWLQJ�WKDW�WKH�V\VWHP�LV�TXLWH�VWDEOH����
$� UHDO�ZDJH� LQQRYDWLRQ� �VHH�)LJXUH� ��� KDV� WKH� HIIHFW� WR�PDNH� WKH� XQHPSOR\PHQW� UDWH�

JURZ�IRU�DERXW���SHULRGV��$IWHUZDUGV�LW�FRQYHUJHV�WR�]HUR��7KH�LQQRYDWLRQ�VHHPV�WR�KDYH�D�
SHUPDQHQW�HIIHFW�RQ�XQHPSOR\PHQW�WKDW�VHWWOHV�DW�D�KLJKHU�HTXLOLEULXP�YDOXH��7KLV�RXWFRPH�
LV�FRPSOHWHO\�FRQVLVWHQW�ZLWK�/D\DUG��1LFNHOO�DQG�-DFNPDQ�������·V�XQHPSOR\PHQW�WKHRU\����
5HDO�ZDJH� LPSXOVH� VHHPV� WR� KDYH� QR� SHUPDQHQW� HIIHFW� RQ� ODERXU� SURGXFWLYLW\�� 7KLV� VWLOO�
IXUWKHU�FRQILUPV�WKH�SUHVHQFH�RI�D�ZDJH�JDS��ZS�SU����

�
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�

��
��
�$�VKRFN�LPSRVHG�LQ�SHULRG� W ��EULQJV�DERXW�D�FKDQJH�LQ�RWKHU�YDULDEOHV�IRU� D�QXPEHU�RI�VWHSV��LQ�WKLV�

DQDO\VLV� VWHSV� UHIHU� WR� TXDUWHUV��� (DFK� VWHS� FDQ� EH� D� QHJDWLYH� RU� D� SRVLWLYH� FKDQJH�� :KHQ� FKDQJHV� DUH�
DEVRUEHG�UHJDUGLQJ�YDULDEOHV�LQ�GLIIHUHQFHV��WKDW�UHWXUQ�WR�WKH�LQLWLDO�YDOXH�RI�]HUR���WKH�QHZ�SHUPDQHQW�OHYHO�
RI�WKH�YDULDEOHV�FDQ�EH�ZRUNHG�RXW�E\�DGGLQJ�XS�FKDQJHV�RI�YDULRXV�VWHSV��WKDW�LV�DFFXPXODWLQJ�WKH�UHVSRQVHV�� �

��
�,Q�/D\DUG��1LFNHOO�DQG�-DFNPDQ·V�´EDWWOH�RI�PDUN�XSVµ�PRGHO�WKH�HTXLOLEULXP�VROXWLRQ�IRU�QDWXUDO�UDWH�

RI�XQHPSOR\PHQW�JLYHV�� * 0 0

1 1

u
β γ

β γ

+
=

+
ZKHUH� 0 0andβ γ �UHSUHVHQWV�UHVSHFWLYHO\�ZDJH�SXVK�DQG�SULFH�SXVK��DQG�

1 1andβ γ �DUH�ZDJH�DQG�SULFH�IOH[LELOLW\��$�UHDO�ZDJH�LPSXOVH�FDQ�EH�WKRXJKW�RI�DV�DQ�H[RJHQRXV�LQFUHDVH�RI�
QXPHUDWRU�LQ�SUHYLRXV�H[SUHVVLRQ�WKDW�FOHDUO\�PDNHV�XQHPSOR\PHQW�ULVH���
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7KH� UHDFWLRQ� RI� WKH� GLVSHUVLRQ�PHDVXUH� LV� SHFXOLDU� VLQFH� WKH� YDULDEOH�GLVS� VHWWOHV� DW� D�
ORZHU�HTXLOLEULXP�YDOXH�DIWHU� WKH� UHDO�ZDJH�VKRFN��7KLV� UHVXOW�� WRJHWKHU�ZLWK� WKH�SUHYLRXV�
RQH� �XQHPSOR\PHQW� LQFUHDVHV� DIWHU� UHDO� ZDJH� LPSXOVH��� FRXOG� EH� LQWHUSUHWHG� DJDLQVW� WKH�
K\SRWKHVLV�RI��D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�XQHPSOR\PHQW�UDWH�DQG�VHFWRUDO�HPSOR\PHQW�
GLVSHUVLRQ���
$FWXDOO\�ZKHQ�DQ�H[RJHQRXV�VKRFN�EULQJV�DERXW�D�ULVH�LQ�XQHPSOR\PHQW��LW�PHDQV�WKDW�

WKHUH�LV�D�ORZHU�GHPDQG�SUHVVXUH�LQ�WKH�ODERXU�PDUNHW�DQG�VR�UHDOORFDWLRQ�DFURVV�VHFWRUV�LV�
OLNHO\�WR�EH�TXLWH�ORZ��
�)LJXUH� �� GLVSOD\V� WKH� HIIHFWV� RI� DQ� LPSXOVH� LQ� WKH� GLVSHUVLRQ� PHDVXUH� YDULDEOH�� $V�

H[SHFWHG�WKH�XQHPSOR\PHQW�OHYHO�LV�SHUPDQHQWO\�KLJKHU�DIWHU�WKH�VKRFN��7KLV�FRQILUPV�WKDW�
ZKHQ�SHUPDQHQW��� UHDOORFDWLRQ�DFURVV� VHFWRUV� LV�KLJK�� WKHUH� LV�D�PLVPDWFK�HIIHFW�KDYLQJ�D�
QHJDWLYH�RXWFRPH�RQ�HPSOR\PHQW��$FWXDOO\� LQWHUSUHWDWLRQ�RI�WKH�XQHPSOR\PHQW�UHVSRQVH�
WR� DQ� HPSOR\PHQW� GLVSHUVLRQ·V� VKRFN� VHHPV� WR� EH�PXFK�PRUH� LQWULFDWH� WKDQ� LW� DSSHDUV� ��
XQHPSOR\PHQW�WHQGV�WR�GHFUHDVH�MXVW�DIWHU�WKH�LPSXOVH�DQG�RQO\�DIWHU�VRPH�GHOD\��DERXW���
SHULRGV�� LW� VHWWOHV� DW� D�SHUPDQHQWO\�KLJKHU� OHYHO��5HDO�ZDJH� DQG�SURGXFWLYLW\·V� UHVSRQVH� LV�
FRQVLVWHQW�ZLWK� WKH� WHPSRUDU\� UHGXFWLRQ� LQ� XQHPSOR\PHQW� DV� UHDO� ZDJH� JRHV� GRZQ� DQG�
SURGXFWLYLW\�LQFUHDVHV�DIWHU�WKH�VKRFN��7KLV�SHFXOLDU�EHKDYLRXU�RI�XQHPSOR\PHQW�IROORZLQJ�
WKH� LQQRYDWLRQ� LQ� WKH� HPSOR\PHQW� GLVSHUVLRQ� DFURVV� VHFWRUV�� VXJJHVWV� WKH� IROORZLQJ�
LQWHUSUHWDWLRQ��:KHQ�HPSOR\PHQW�GLVSHUVLRQ�LV�KLJK��UHDOORFDWLRQ�DFURVV�LQGXVWULDO�VHFWRUV�LV�
LQ� SURJUHVV�� RU� LQ� RWKHU� ZRUGV� WKLV� PHDQV� WKDW� WKHUH� DUH� JURZLQJ� VHFWRUV� ZKHUH� ODERXU�
GHPDQG�LV�KLJK�DQG�RWKHU�VHFWRUV�IURP�ZKLFK�HPSOR\HHV�DUH�EHLQJ�H[SHOOHG��$W�WKH�RXWVHW�
RI�WKH�UHDOORFDWLRQ��WKH�ILUPV�LQ�G\QDPLF�VHFWRUV�WHQG�WR�HPSOR\�PRUH�ZRUNHUV�LQ�RUGHU�WR�
DOORZ�WKHLU�H[SDQVLRQ�DQG��WKHUHIRUH�� WKH\�EDUJDLQ�RYHU� ORZHU�UHDO�ZDJH��6RPH�IHDWXUHV�RI�
WKH�,WDOLDQ� ODERXU�PDUNHW�FRXOG�H[SODLQ�KRZ�ILUPV�PDQDJH�WR�ORZHU�ZDJHV�GXULQJ�VHFWRUDO�
UHDOORFDWLRQ�� ILUVW� RI� DOO� ILUPV� FDQ� HPSOR\� D� KXJH� QXPEHU� RI� ORZ�VSHFLDOLVHG� XQHPSOR\HG�
SHRSOH��HVSHFLDOO\�FRPLQJ�IURP�VRXWKHUQ�UHJLRQV�RI�,WDO\��0RUHRYHU�LQ�WKH�,WDOLDQ�LQGXVWULDO�
VHFWRU�WKHUH�LV�RQO\�ORZ�GHPDQG�IRU�KL�WHFK�HPSOR\PHQW����+HQFH��ILUPV�LQ�JURZLQJ�VHFWRUV�
GR� QRW� ILQG� LW� GLIILFXOW� WR� EDUJDLQ� ORZHU� ZDJHV� VLQFH� WKH\� QHHG� PRVWO\� QRQ�VSHFLDOLVHG�
ZRUNHUV��(PSOR\PHQW� JURZWK� LQ� H[SDQGLQJ� VHFWRUV� LV� JUHDWHU� WKDQ� WKH� IDOO� LQ� FRQWUDFWLQJ�
VHFWRUV·� HPSOR\PHQW�� DQG� VR�� DW� WKH� EHJLQQLQJ� RI� WKH� VHFWRUDO� UHDOORFDWLRQ�� DJJUHJDWH�
XQHPSOR\PHQW�GHFUHDVHV��$IWHU�VRPH�WLPH��LPSXOVH�UHVSRQVH�DQDO\VLV� LQGLFDWHV���SHULRGV��
RU�RQH�\HDU��XQHPSOR\PHQW�EHJLQV� WR�ULVH�DQG�� ILQDOO\��VHWWOHV�DW�D�KLJKHU�SHUPDQHQW� OHYHO�
WKDQ� WKH� LQLWLDO�YDOXH��7KLV�KDSSHQV�ZKHQ�WKH�PLVPDWFK�HIIHFW�EHFRPHV�VR�JUHDW� WKDW� LW� LV�
DEOH�WR�RIIVHW�WKH�HPSOR\PHQW�JDLQ�RI�WKH�RXWVHW�RI�WKH�UHDOORFDWLRQ���
�
��
��
� 7KH� HPSOR\PHQW� GLVSHUVLRQ� LQGH[� XVHG� LQ� WKH� HVWLPDWH� LV� EXLOW� DV� WR� FDWFK� SHUPDQHQW� SDUW� RI�

HPSOR\PHQW�UHDOORFDWLRQ�DFURVV�VHFWRUV��

��
�7KHUH�DUH�VHYHUDO�LQGLFDWRUV�WKDW�JLYH�HYLGHQFH�RI�D�SRRU�SXEOLF�DQG�SULYDWH�GHPDQG�LQ�,WDOLDQ�K L�WHFK�

LQGXVWULHV�DQG�LQ�5	'�VHFWRU���$�FRPSUHKHQVLYH�VXUYH\�RQ�WKH�VXEMHFW�LV�WKH�(XURSHDQ�&RPPLVVLRQ·V�´.H\�
)LJXUHV�����µ�RQ� UHVHDUFK�SROLFLHV� >(XURSHDQ�&RPPLVVLRQ������@�� WKDW� VKRZV�VHYHUDO� LQGLFDWRUV�ZRUWK\�RI�
FRPPHQW��SDWHQWV�SHU�PLOOLRQ�SRSXODWLRQ�VKRZV�WKDW�,WDO\�DSSOLHG�IRU�RQO\����SDWHQWV�LQ������ZLWK�DQ�(8·V�
DYHUDJH� RI� ����� 7RWDO� 5	'� H[SHQGLWXUH� LQ� UHODWLRQ� WR� *'3�� WKHQ�� LV� ORZHU� WKDQ� LQ� WKH� (8� DV� D� ZKROH�
�,WDO\������(8������LQ�������DV�LV�5	'�H[SHQGLWXUH�ILQDQFHG�E\�LQGXVWU\�LQ�UHODWLRQ�WR�LQGXVW ULDO�RXWSXW��,WDO\��
�����(8������LQ���������



� ���
�
�

0 5 10

-7.5e-4

-5e-4

-2.5e-4

0
dlwp

0 5 10

-.02

0

du

0 5 10

-2e-4

0

dlpq

0 5 10

0

.0005

.001

.0015
dlpr

0 5 10

0

.01

.02

ddisp

0 5 10

-.002

-.001

0
wp

0 5 10

-.02

0
u

0 5 10

-4e-4

-2e-4

0

pq

0 5 10

.001

.002

.003 pr

�
�

),*85(����5(63216(�72�$1�,038/6(�,1�∆',63�
�
3UHYLRXV�LQWHUSUHWDWLRQ�RI�XQHPSOR\PHQW�UHDFWLRQ�WR�D�VKRFN�LQ�HPSOR\PHQW�GLVSHUVLRQ�

LV� FOHDUO\� OLPLWHG� DQG� WKLV� VKRXOG� EH� VHHQ� RQO\� DV� D� VXJJHVWLRQ� IRU� IXUWKHU� DQDO\VLV� RQ�
XQHPSOR\PHQW�VHFWRUDO�UHDOORFDWLRQ�OLQNV���
$V� IDU� DV� UHVSRQVH� WR� D� VKRFN� LQ� ODERXU� SURGXFWLYLW\� LV� FRQFHUQHG�� RQH� FDQ� VHH� IURP�

)LJXUH� �� WKDW� XQHPSOR\PHQW� WHQGV� WR� GHFUHDVH� MXVW� DIWHU� WKH� VKRFN� LV� LPSRVHG�� 7KHQ�
XQHPSOR\PHQW�VWDUWV�JURZLQJ�RQO\�ZKHQ�HPSOR\PHQW�GLVSHUVLRQ�EHJLQV�WR�ULVH��,W�LV�DJDLQ�
FRQILUPHG� WKDW�HPSOR\PHQW� UHDOORFDWLRQ�KDV�DQ�HIIHFW�RQ�XQHPSOR\PHQW�RQO\�DIWHU� VRPH�
GHOD\��6RPHWKLQJ�SHFXOLDU�LV�WKDW�WKH�UHDO�ZDJH�VHWWOHV�DW�D�ORZHU�OHYHO�DIWHU�WKH�SURGXFWLYLW\�
VKRFN��HYHQ�WKRXJK�FKDQJH�LV�YHU\�ORZ����������
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/DVWO\�)LJXUH����UHSRUWV�WKH�V\VWHP·V�UHDFWLRQ�WR�D�SULFH�ZHGJH�VKRFN��7KH�LPSXOVH�KDV�D�
VWULNLQJ� HIIHFW� RQ� GLVSHUVLRQ� PHDVXUH� DQG�� WKHUHIRUH�� RQ� XQHPSOR\PHQW�� ,Q� IDFW� ERWK�
YDULDEOHV�WDNH�D�ORZHU�HTXLOLEULXP�YDOXH��7KH�UHVSRQVH�RI�WKH�UHDO�ZDJH�DQG�WKH�SURGXFWLYLW\�
LV� FRQVLVWHQW� ZLWK� SUHYLRXV� PRYHPHQWV� DV� WKH\� ERWK� VHWWOH� DW� D� ORZHU� YDOXH�� +HQFH� DQ\�
H[SDQVLRQDU\�PDFURHFRQRPLF�SROLF\�WKDW�EULQJV�DERXW�D�SULFH�ULVH�VKRXOG�EH�DEOH�WR�UHGXFH�
XQHPSOR\PHQW��
�
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�� &RQFOXGLQJ�UHPDUNV�

,Q� WKLV� SDSHU� ZH� LQYHVWLJDWH� WKH� HVWLPDWLRQ� SURFHGXUH� RI� WKH� 1$,58� PRGHOV�� ,Q�
SDUWLFXODU� WKH�SDSHU�GHDOV�ZLWK� WKH�VKRUW��DQG� ORQJ�UXQ�HIIHFW�RI� WKH�HPSOR\PHQW�VHFWRUDO�
UHDOORFDWLRQ�RQ�WKH�XQHPSOR\PHQW�UDWH�LQ�WKH�,WDOLDQ�HFRQRP\���
$�FRLQWHJUDWHG�9$5�ZDV�XVHG�LQ�RUGHU�WR�FDUU\�RXW�WKH�HVWLPDWHV��,W�LV�ZHOO�NQRZQ�WKDW�

WKLV�NLQG�RI�PHWKRGRORJ\� LV� DQ�HIIHFWLYH�ZD\� WR�RYHUFRPH�VHYHUDO�SUREOHPV�DIIHFWLQJ� WKH�
VWDQGDUG� VWUXFWXUDO� DSSURDFK� WR� WKH� HVWLPDWLRQ� RI� WKH� 1$,58�� )ROORZLQJ� 6SDQRV·�
VXJJHVWLRQV��D�PRGHO�WKDW�KDV�WKH�SURSHUW\�RI�VWDWLVWLFDO�DGHTXDF\�LV�VSHFLILHG�LQ�WKLV�SDSHU���
(PSLULFDO� HYLGHQFH� SURYLGHV� VHYHUDO� LQWHUHVWLQJ� UHVXOWV�� &RLQWHJUDWLRQ� DQDO\VLV� VKRZV�

WKDW� UHDO� ZDJH� FRLQWHJUDWHV� ZLWK� XQHPSOR\PHQW�� SURGXFWLYLW\�� SULFH� ZHGJH� DQG� WKH�
HPSOR\PHQW�GLVSHUVLRQ�YDULDEOH�LQ�WKH�ORQJ�UXQ��7KHQ�VWDWLRQDULW\�RI�WKH�ZDJH�JDS��ZS�SU��LV�
UHMHFWHG�E\�WKH�DSSURSULDWH�/5�WHVW��7KLV�VHHPV�WR�JLYH�HYLGHQFH�RI�D�VHULRXV�ULJLGLW\�RI�UHDO�
ZDJH���
$� IXUWKHU� UHVXOW� LV� LQWHUHVWLQJ�� D� ULVH� LQ� WKH� SHUPDQHQW� VKLIW� RI� WKH� HPSOR\PHQW�

FRPSRVLWLRQ� EULQJV� DERXW� D� SHUPDQHQW� LQFUHDVH� LQ� WKH� XQHPSOR\PHQW�� 7KLV� PHDQV� WKDW�
SHUPDQHQW�HPSOR\PHQW�UHDOORFDWLRQ�LV�D�VLJQLILFDQW�GHWHUPLQDQW�RI�XQHPSOR\PHQW��
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�,W� LV� DOVR� ZRUWK\� RI� FRPPHQW� WKDW� WKH� HIIHFW� RI� SHUPDQHQW� VKLIW� LQ� HPSOR\PHQW�
FRPSRVLWLRQ� RQ� XQHPSOR\PHQW� RFFXUV� RQO\� DIWHU� VRPH� GHOD\�� ,Q� SDUWLFXODU� LPSXOVH�
UHVSRQVH� DQDO\VLV� VKRZV� WKDW� DW� WKH� RXWVHW� RI� WKH� � HPSOR\PHQW� UHDOORFDWLRQ�� WKH�
XQHPSOR\PHQW� WHQGV� WR�GHFUHDVH��$IWHU� VRPH� WLPH� �LPSXOVH� UHVSRQVH� DQDO\VLV� LQGLFDWHV���
TXDUWHUV�� WKH�PLVPDWFK� HIIHFW�� EURXJKW� DERXW� E\� WKH� UHDOORFDWLRQ�� EHFRPHV� VR� ODUJH� WKDW�
XQHPSOR\PHQW�EHJLQV�WR�ULVH�DQG�VHWWOHV�DW�D�KLJKHU�SHUPDQHQW�YDOXH���
)LQDOO\��ZLWKLQ�D�PXOWLYDULDWH�FRLQWHJUDWHG�VSDFH��WKH�1$,58�KDV�WR�EH�WKRXJKW�RI�DV�D�

K\SHUSODQH� ZLWK� GLPHQVLRQ� Q�U� �Q QXPEHU� RI� HQGRJHQRXV� YDULDEOHV� DQG� U QXPEHU� RI�
FRLQWHJUDWLQJ� YHFWRUV��� UDWKHU� WKDQ� DV� D� VLQJOH� SRLQW�� ,Q� WKLV� FRQWH[W� LW� LV� SRVVLEOH� WR�
LQYHVWLJDWH�WKH�1$,58�RQO\�WDNLQJ�LQWR�DFFRXQW�WKH�IXOO�V\VWHP��WKDW�LV�VKRUW�WHUP�VWUXFWXUH�
DQG��LPSXOVH�UHVSRQVH�DQDO\VLV��
�

�
5HIHUHQFHV�

$EUDKDP�.��DQG�.DW]�/����������¶&\FOLFDO�XQHPSOR\PHQW��VHFWRUDO�VKLIWV�RU�DJJUHJDWH�GLVWXUEDQFHV"·�� -RXUQDO�RI�
3ROLWLFDO�(FRQRP\������SS���������

%HDQ�&����������¶(XURSHDQ�XQHPSOR\PHQW��D�VXUYH\·��-RXUQDO�RI�(FRQRPLF�/LWHUDWXUH������SS����������

%ODQFKDUG�2�-�����������¶:DJH�EDUJDLQLQJ�DQG�XQHPSOR\PHQW�SHUVLVWHQFH·��1%(5�:RUNLQJ�SDSHU�Q�������

%ODQFKDUG� 2�-�� DQG� 6XPPHUV� /�� �������� ¶+\VWHUHVLV� DQG� WKH� HXURSHDQ� XQHPSOR\PHQW� SUREOHP·�� 1%(5�
0DFURHFRQRPLF�$QQXDO�������&DPEULGJH��0DVV��0,7�SUHVV�

%RGR�*��DG�6HVWLWR�3����������/H�YLH�GHOOR�VYLOXSSR��%RORJQD��,O�0XOLQR�

%UXQHOOR�*��� /XSL� &�� DQG�2UGLQH� 3�� �������� ¶5HJLRQDO� GLVSDULWLHV� DQG� WKH� LWDOLDQ�1$,58·�� 2[IRUG�(FRQRPLF�
3DSHUV��-DQ��������9RO������,VVXH����S������

&(626���������/H�UHOD]LRQL�VLQGDFDOL�LQ�,WDOLD��5DSSRUWR����������5RPD��(GL]LRQL�/DYRUR�

&KLDULQL�%����������¶7KH�FRPSRVLWLRQ�RI�8QLRQ�0HPEHUVKLS��7KH�5ROH�RI�3HQVLRQHUV�LQ�,WDO\·��%ULWLVK�-RXUQDO�RI�
,QGXVWULDO�5HODWLRQV��'HF���YRO�����Q����SS����������

&KLDULQL�%��DQG�3LVHOOL�3��������� ¶:DJH�VHWWLQJ��ZDJH�FXUYH�DQG�3KLOOLSV�FXUYH��WKH�LWDOLDQ�HYLGHQFHµ��� 6FRWWLVK�
-RXUQDO�RI�3ROLWLFDO�(FRQRP\������QRY��SS������

&KLDULQL� %�� DQG� 3LVHOOOL� 3�� �������� ¶8QHPSOR\PHQW�� :DJH� 3UHVVXUH� DQG� 6HFWRUDO� 6KLIWV�� 3HUPDQHQW� DQG�
7HPSRUDU\�&RQVHTXHQFHV�RI�,QWHUVHFWRUDO�VKRFNV·��-RXUQDO�RI�3ROLF\�0RGHOOLQJ������������������

&KLDULQL� %�� DQG� 3LVHOOL� 3�� �������� ¶,GHQWLILFDWLRQ� DQG� WKH� GLPHQVLRQ� RI� WKH� 1DLUX·�� (FRQRPLF� 0RGHOOLQJ�� ����
SS����������

'LFNH\��'�$��DQG��)XOOHU�:�$���������¶'LVWULEXWLRQ�RI�WKH�(VWLPDWRUV�IRU�$XWRUHJUHVVLYH�7LPH�6HULHV�ZLWK�D�
8QLW�5RRW·��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������SS����������

'RRUQLFN�-��DQG�+HQGU\�'�)����������0RGHOOLQJ�G\QDPLF�V\VWHPV�XVLQJ�3F),PO���IRU�:LQGRZV��/RQGRQ��7LPEHUODNH�
&RQVXOWLQJ�

(OPHVNRY�-����������¶+LJK�DQG�SHUVLVWHQW�XQHPSOR\PHQW��$VVHVVPHQW�RI�WKH�SUREOHP�DQG�LWV�FDXVH·�� 2(&'�
:RUNLQJ�3DSHU��1�����

(QJOH�5�)��DQG�*UDQJHU�&�:�-�� �������� ¶&R�LQWHJUDWLRQ�DQG�HUURU�FRUUHFWLRQ��UHSUHVHQWDWLRQ��HVWLPDWLRQ�DQG�
WHVWLQJ·��(FRQRPHWULFD�����SS����������
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(XURSHDQ�&RPPLVLRQ���������.H\�)LJXUHV�������7RZDUGV�DQ�(XURSHDQ�5HVHDUFK�$UHD��,QGLFDWRUV�IRU�EHQFKPDUNLQJ�RI�
QDWLRQDO� UHVHDUFK� SROLFLHV�� /X[HPERXUJ�� 2IILFH� IRU� 3XEOLFDWLRQV� RI� WKH� (XURSHDQ� &RPPXQLWLHV ��
UHVRXUFH�RQ�WKH�ZHE�DW��KWWS���HXURSD�HX�LQW�FRPP�UHVHDUFK�HUD�SGI�EHQFKPDUNLQJ�����SGI �

)DYHUR�&�$����������$SSOLHG�PDFURHFRQRPHWULFV��2[IRUG�2[IRUG�8QLYHUVLW\�3UHVV�

*RUGRQ�5�-�� �������� ¶,QIODWLRQP�IOH[LEOH�H[FKDQJH�UDWHV�DQG�WKH�QDWXUDO�UDWH�RI�XQHPSOR\PHQW·�� LQ�%DLO\�0��
�HG���:RUNHUV��-REV�DQG�LQIODWLRQ��%URRNLQJV�,QVWLWXWH��:DVKLQJWRQ��

*RUGRQ�5�-���������� ¶7KH�WLPH�YDU\LQJ�1$,58�DQG�LWV�LPSOLFDWLRQV�IRU�HFRQRPLF�SROLF\·�� -RXUQDO�RI�(FRQRPLF�
3HUVSHFWLYHV������������

+DPLOWRQ�-�'����������7LPH�VHULHV�DQDO\VLV��3ULQFHWRQ��3ULQFHWRQ�8QLYHUVLW\�3UHVV�

+DUULV�5����������8VLQJ�FRLQWHJUDWLRQ�$QDO\VLV�LQ�HFRQRPHWULF�PRGHOOLQJ��3UHQWLFH�+DOO�+DUYHVWHU�:KHDWVKHDI�

+HQGU\�'�)����������'\QDPLF�(FRQRPHWULFV��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�

-RKDQVHQ�6����������/LNHOLKRRG�EDVHG�LQIHUHQFH�LQ�FRLQWHJUDWHG�9$5�PRGHOV��2[IRUG�8.��2[IRUG�8QLYHUVLW\�3UHVV�

-XVHOLXV�.����������¶'R�SXUFKDLVLQJ�SRZHU�SDULW\�DQG�XQFRYHUHG�LQWHUVW�UDWH�SDULW\�KROG�LQ�WKH�ORQJ �UXQ"�$Q�
H[DPSOH�RI�OLNHOLKRRG�LQIHUHQFH�LQ�D�PXOWLYDULDWH�PRGHO·�� -RXUQDO�RI�(FRQRPHWULFV������SS���������

/D\DUG� 5��� 1LFNHOO� 6� DQG� -DFNPDQ� $�� �������� 8QHPSOR\PHQW�� PDFURHFRQRPLF� SHUIRPDQFH� DQG� WKH� ODERXU� PDUNHW��
2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�

/LOLHQ�'����������¶6HFWRUDO�VKLIWV�DQG�F\FOLFDO�XQHPSOR\PHQW·�� -RXUQDO�RI�3ROLWLFDO�(FRQRP\������SS����������

/LQGEHFN� $�� DQG� 6QRZHU� '�� �������� ¶� 8QLRQ� DFWLYLW\�� XQHPSOR\PHQW� SHUVLVWHQFH� DQG� ZDJH�HPSOR\PHQW�
UDWFKHWV·��(XURSHDQ�(FRQRPLF�5HYLHZ�������������

/XWNHSRKO�+����������,QWURGXFWLRQ�WR�PXOWLSOH�WLPH�VHULHV�DQDO\VLV��6SLQJHU�9HUODJ��%HUOLQ��

/XWNHSRKO�+����������,QWURGXFWLRQ�WR�PXOWLSOH�WLPH�VHULHV�DQDO\VLV��6HFRQG�HGLWLRQ��6SLQJHU�9HUODJ��%HUOLQ��

/XWNHSRKO�+����������¶,QWHSUHWDWLRQ�RI�FRLQWHJUDWLRQ�UHODWLRQV·��(FRQRPHWULF�5HYLHZV�����

/XWNHSRKO� +�� DQG� 5HLPHUV� +�(�� �������� ¶,PSXOVH� UHVSRQVH� DQDO\VLV� RI� FRLQWHJUDWHG� V\VWHPV·�� -RXUQDO� RI�
(FRQRPLF�'\QDPLFD�DQG�&RQWURO������������

0DQQLQJ� $�� �������� ¶:DJH� EDUJDLQLQJ� DQG� WKH� 3KLOOLSV� FXUYH�� LGHQWLILFDWLRQ� DQG� VSHFLILFDWLRQ� RI� DJJUHJDWH�
ZDJH�HTXDWLRQV·��(FRQRPLF�-RXUQDO�������SS���������

0HUROOD� /�� �������� ´/D� VLQGDFDOL]]D]LRQH� GHL� SHQVLRQDWL� LQ� ,WDOLDµ�� ,O� EHQHVVHUH� GHJOL� DQ]LDQL�� &(5(6�� QR���
6HSWHPEHU�

1HXPDQQ�*�5��DQG�7RSHO�5�+����������¶(PSOR\PHQW�ULVN��GLYHUVLILFDWLRQ�DQG�XQHPSOR\PHQW·��4XDWHUO\�-RXUQDO�
RI�(FRQRPLFV�������SS������������

2(&'���������7KH�2(&'�-REV�VWXG\��)DFWV��$QDO\VLV��6WUDWHJLHV��2(&'�

3HUURQ�3�� �������� ¶7KH�*UHDW�&UDVK�� WKH�2LO�3ULFH�6KRFN�� DQG� WKH�8QLW�5RRW�+\SRWKHVLV·�� (FRQRPHWULFD�� ����
SS������������

3KLOOLSV�3�&�%��DQG�3HUURQ�3����������¶7HVWLQJ�IRU�D�XQLW�URRW�LQ�WLPH�VHULHV�UHJUHVVLRQV·�� %LRPHWULFD�������������

6DQWL�(����������¶7HQ�\HDUV�RI�XQLRQL]DWLRQ�LQ�,WDO\������������·��/DERXU�������������

6DZ\HU�0����������7KH�1$,58��D�FULWLFDO�DSSUDLVDO��/HHGV�8QLYHUVLW\�%XVLQHVV�6FKRRO�(������

6SDQRV���������¶7RZDUGV�D�8QLI\LQJ�0HWKRGRORJLFDO�)UDPHZRUN�IRU�(FRQRPHWULF�0RGHOOLQJµ��(FRQRPLF�1RWHV��
Q����SS������
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6SDQRV�$�� �����D��� ¶(DUO\�(PSLULFDO� )LQGLQJV� RQ� WKH�&RQVXPSWLRQ� )XQFWLRQ�� 6W\OL]HG� )DFWV� RU� )LFWLRQ��$�
5HWUVRSVHFWLYH�9LHZ·��2[IRUG�(FRQRPLF�3DSHUV��������������

6SDQRV� $�� �����E��� ¶2Q� UH�UHDGLQJ� +DDYHOPR�� D� UHWURVSHFWLYH� YLHZ� RI� HFRQRPHWULF� PRGHOLQJ·��(FRQRPHWULF�
7KHRU\�������������

6LJQRULQL�/�)���DQG�9LVFR�,����������/·HFRQRPLD�,WDOLDQD��%RORJQD��,O�0XOLQR��)DUVL�XQ�LGHD�

:HVWDZD\�3����������¶:KDW�GHWHUPLQHV�WKH�QDWXUDO�UDWH�RI�XQHPSOR\PHQW�DQG�ZDKW�GRHV�QRW"·�� 5REHU�6FKXPDQ�
&HQWUH�:RUNLQJ�3DSHUV��(XURSHDQ�8QLYHUVLW\�,QVWLWXWH�
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7KH� HPSOR\PHQW�GLVSHUVLRQ�YDULDEOH� XVHG� LQ� WKH� HPSLULFDO�SDUW�RI� WKLV�ZRUN�KDV�EHHQ�
GHULYHG� RQ� WKH� EDVLV� RI� 1HXPDQQ�7RSHO
V� HPSOR\PHQW�EDVHG� GLVSHUVLRQ� LQGH[� �� ,Q�
SDUWLFXODU� LW�ZDV�XVHG�DQ� LQGH[�EDVHG�RQ�HPSOR\PHQW�GLVWULEXWLRQ� LQ���� LQGXVWULDO� VHFWRUV�
DFFRUGLQJ�WR�WKH�,67$7�FODVVLILFDWLRQ��DV�WKDW�XVHG�LQ�&KLDULQL�DQG�3LVHOOL���������
&RQVWUXFWLRQ�RI�WKH�VHFWRUDO�VKLIW�PHDVXUH�XQGHUJRHV���VWHSV��
�

D� GHILQH�D�GLUHFWLRQ�RI�D�SHUPDQHQW�FKDQJH��
�
(PSOR\PHQW� VKDUHV��λL�� DUH� GHILQHG� DV� WKH� UDWLR� RI� VHFWRUDO� HPSOR\PHQW� WR� WKH� WRWDO�

LQGXVWU\�HPSOR\PHQW��RU� , 1,2,...,10λ = =i
i

n
i

N
���ZKHUH�QL�LV�WKH�HPSOR\PHQW�LQ�L�WK�VHFWRU�

DQG� 1� LV� WKH� WRWDO� LQGXVWU\� HPSOR\PHQW�� &RQVLGHULQJ� 1 2 10( , ,..., )λ λ λ λ= � D� YHFWRU� RI�
HPSOR\PHQW�VKDUHV��1HXPDQQ�DQG�7RSHO�GHILQH�WKH�GLUHFWLRQ�RI�D��SHUPDQHQW��FKDQJH�LQ�
LQGXVWU\�FRPSRVLWLRQ�VKLIW�DV�IROORZV��
�

�$���
1 1

ˆ
J J

i t j i t j
j j

λ σ λ σ λ+ −
= =

∆ = −∑ ∑ �

�
(TXDWLRQ� �$��� UHSUHVHQWV� WKH� GLIIHUHQFH� EHWZHHQ�PRYLQJ� DYHUDJHV� RI� IXWXUH� DQG� SDVW�

YHFWRUV� RI� HPSOR\PHQW� VKDUHV�� 7KH� SDUDPHWHUV� iσ VWDQG� IRU� VPRRWKO\� GHFOLQLQJ� ZHLJKWV�

ZKLOH�-�LV�WKH�WLPH�KRUL]RQ��,Q�WKLV�SDSHU� iσ  ���-�ZLWK�- ��TXDUWHUV����
�

E� FRPSXWH�WKH�DFWXDO�GLIIHUHQFH�EHWZHHQ�FXUUHQW�DQG�SDVW�HPSOR\PHQW�G LVWULEXWLRQ��
�
*LYHQ� WKH�HTXDWLRQ� �$��� WKH�GLIIHUHQFH�EHWZHHQ� WKH�FXUUHQW�DQG� WKH�SDVW�HPSOR\PHQW�

GLVWULEXWLRQ�LV�GHILQHG�DV��

�$���
1

J

t t i t j
j

λ λ σ λ −
=

∆ = − ∑ �

�
�

F���GHWHUPLQH�WKH�OHDVW�VTXDUHV�SURMHFWLRQ�RI��E��RQWR��D���
�
&RQVLGHULQJ� WKH� GLIIHUHQFH� �$��� DV� D� OLQHDU� FRPELQDWLRQ� RI� D� SHUPDQHQW� HIIHFW� DQG�

WUDQVLWRU\�FRPSRQHQW�LW�LV�SRVVLEOH�WR�ZULWH��
�

��
��
� 7KH� FKRLFH� RI�σ �LQ� WKH� VPRRWKLQJ� SURFHGXUH� VHHPV� WR� EH� LPSRUWDQW� LQ� GHVFULELQJ� WKH� EDKDYLRXU� RI�

HPSOR\PHQW� GLVSHUVLRQ� LQGH[�� σ �VKRXOG� EH� FKRVHQ� VR� DV� WR� WDNH� LQWR� DFFRXQW� SHFXODULWLHV� RI� WKH� VDPSOH�
SHULRG� 
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T
t tλ βλ λ∆ = + ∆ �

�

ZKHUH�
ˆ '
ˆ ˆ'

λ λβ
λ λ

∆ ∆=
∆ ∆

,  ˆβ λ∆  LV� WKH� OHDVW� VTXDUH� SURMHFWLRQ�RI� WKH� FXUUHQW� FKDQJHV�RQWR� WKH�

YHFWRU� PHDVXULQJ� WKH� GLUHFWLRQ� RI� �SHUPDQHQW�� FKDQJHV�� DQG� T
tλ∆ � LV� WKH� WUDQVLWRU\�

�RUWKRJRQDO� WR� λ̂∆ �� FRPSRQHQW�� ,Q� WKH� 1HXPDQQ� DQG� 7RSHO
V� WHUPLQRORJ\�� WKH� YHFWRU�
PHDVXULQJ�SHUPDQHQW�VKLIWV�LV�JLYHQ�E\�WKH�IROORZLQJ�H[SUHVVLRQ��
�

�$��� ˆP
tλ β λ∆ = ∆ �

�
:KHQ��SHUPDQHQW��VKLIWV�DUH�]HUR��RYHU�WLPH�HDFK�VHFWRU�NHHSV�LWV�VKDUH�RI�HPSOR\PHQW�

DQG�HDFK�FRPSRQHQW�RI� P
tλ∆ �LV�]HUR��,I�HPSOR\PHQW�VKLIWV��VKDUHV�ZLOO�FKDQJH�LQ�WKH�IXWXUH�

FRPSDUHG�WR�WKH�SDVW�DQG��WKHUHIRUH��VRPH�FRPSRQHQWV�ZLOO�QRW�EH�]HUR��$�PHDVXUH�RI�WKH�
LPSRUWDQFH�RI�WKH�VKLIWV�DPRQJ�VHFWRUV�LV�SURYLGHG�E\�WKH�HXFOLGHDQ�OHQJKW�RI� P

tλ∆ ��
�

�$��� ( )
1

2

1

J
P P
t i t

j

λ λ δ
=

 
∆ = ∆ = 

 
∑ �

�
7KH�VFDODU� tδ �LV�WKH�VHFWRUDO�VKLIW�YDULDEOHV�XVHG�LQ�WKH�HVWLPDWH����
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,Q�WKH�IROORZLQJ�WDEOH�DQ�RXWOLQH�RI�WLPH�VHULHV�XVHG�LQ�WKLV�SDSHU�LV�GLVSOD\HG��,Q�WKH�ILUVW�
SDUW�RI�WDEOH�WKHUH�DUH�WLPH�VHULHV��XSSHU�FDVH��IURP�ZKLFK�YDULDEOHV�XVHG�LQ�WKH�HVWLPDWHV�
�ORZHU�FDVH���KDYH�EHHQ�GHULYHG���
�
6DPSOH�SHULRG���������������������
�
'DWD�IUHTXHQF\����TXDUWHUO\�
�
6RXUFHV� �� DOO� YDULDEOH� UHIHUV� WR� ,67$7
V� �4XDUWHUO\� 1DWLRQDO� $FFRXQWV�� H[FHSW� IRU�

XQHPSOR\PHQW�UDWH��X��WKDW�FRPHV�IURP�,67$7
V��4XDUWHUO\�/DERXU�)RUFH�6WDWLVWLFV���EXW�LW�
LV�LQ�VWDQGDUGLVHG�YHUVLRQ�SURYLGHG�E\�2(&'��

 

1DPH� 'HVFULSWLRQ� �

5(7� 7RWDO�JURVV�FRPSHQVDWLRQ�� �

8/$7� 7RWDO�VWDQGDUGLVHG�ODERXU�XQLWV� �

&),.� 3ULYDWH�ILQDO�FRQVXPSWLRQ�H[SHQGLWXUH��FRQVWDQW�SULFHV� �

&),&� 3ULYDWH�ILQDO�FRQVXPSWLRQ�H[SHQGLWXUH��FXUUHQW�SULFHV� �

9$3%&� %DVH�SULFHV�DGGHG�YDOXH��FXUUHQW�SULFHV� �

9$3%.� %DVH�SULFHV�DGGHG�YDOXH��FRVWDQW�SULFHV� �

6785� 6WDQGDUGLVHG�XQHPSOR\PHQW�UDWH��2(&'�� �

� � �

� � $OJHEUD�

Z� *URVV�FRPSHQVDWLRQ�SHU�HPSOR\HH� 5(7�8/$7�

S� 3ULYDWH�ILQDO�FRQVXPSWLRQ�GHIODWRU� &),&�&),.�

ZS� 5HDO�ZDJH� Z�S�

T� %DVH�SULFHV�DGGHG�YDOXH�GHIODWRU� 9$3&�9$3%.�

X� 6WDQGDUGLVHG�XQHPSOR\PHQW�UDWH�2(&'�� 6785�

ST� 3ULFH�ZHGJH��RU�UHODWLYH�SULFHV�� S�T�

SU� /DERXU�SURGXFWLYLW\� 9$3%.�8/$7�

GLVS� 6HFWRUDO�HPSOR\PHQW�VKLIW�PHDVXUH� VHH�$SSHQGL[�$��

� � �
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$�����$XJPHQWHG�'LFNH\�)XOOHU�����������������

&ULWLFDO�YDOXHV���� ��������� ��������&RQVWDQW�DQG�7UHQG�LQFOXGHG�
�

� $5�RUGHU� $')�W�

ZS� �� �������

X� �� ��������

ST� �� ��������

SU� �� ��������

GLVS� �� ��������

 

&ULWLFDO�YDOXHV���� ��������� �������&RQVWDQW�LQFOXGHG�

� $5�RUGHU� $')�W�

wp∆ � �� �������

�

u∆ � �� �������
�

pq∆ � �� �������

�

pr∆ � �� �������

�

disp∆ � �� �������
�

 

 

$���� 3HUURQ�PRGLILHG�3�PRG�� >3HUURQ� ������@� DQG� 3KLOOLSV�3HUURQ� �3K�3� WHVW��

>3KLOOLSV�DQG�3HUURQ�������@�WHVW�IRU�YDULDEOHV� u∆ H� disp∆ �

� $5�RUGHU� $')�W� 3�PRG� 3K�3�WHVW� 'XPP\�

u∆ � �� �������
� �������

� �������
� 'DGG��T��

disp∆ � �� �������
� �������

� �������
� 'DGG��T��
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� $SULOH�������
�
��� &21&(772�3$2/2�9,1&,��
� 'LVRFFXSD]LRQH�LQ�XQ�PRGHOOR�HFRQRPLFR�ELVHWWRULDOH�
� $SULOH�������
�
��� $1*(/$�&��0$5,$1,��9$/(5,$�62'$12�
� ,QQRYD]LRQH�H�LQGXVWULD�DOLPHQWDUH�
� 0DJJLR�������
�
��� &21&(772�3$2/2�9,1&,��
� 'LVRFFXSD]LRQH��LQVLGHU�RXWVLGHU�LQ�XQ�PRGHOOR�D�GXH�VHWWRUL�
� 0DJJLR�������
�
��� *,86(33(�0$5277$��*,29$11,�48$5$17$�
� /·DSSOLFD]LRQH�LQ�,WDOLD�GHOOH�SROLWLFKH�VWUXWWXUDOL �
� *LXJQR�������
�
��� (/(1$�9,*$1Ò��/$85$�9,*$1Ò�
� /D�FRPSHWLWLYLWj�GHOO·DJULFROWXUD�LWDOLDQD��SUREOHPL�H�SRWHQ]LDOLWj �
� *LXJQR�������
�
��� $1721(//$�9$672/$�
� /D�TXDOLWj�QHO�VLVWHPD�DJURDOLPHQWDUH��XQR�VFKHPD�WHRULFR�GL�DQDOLVL�
� *LXJQR�������
�
��� '$1,(/$�&29,12�
� 'LVWULEX]LRQH�DOLPHQWDUH��O·HYROX]LRQH�GHO�VHWWRUH�H�OH�LPSOLFD]LRQL�SHU�LO�VLVWHPD�DJURDOLPHQWDUH �
� *HQQDLR�������
�
��� 67()$1,$�3�6��5266,�
� ,QWHUQDOL]DWLRQ�RI�7UDGH� LQ�6HUYLFHV�DQG�WKH�,QWHUHVW�RI� WKH�&RXQWULHV��1HZ�2SSRUWXQLWLHV�DQG�&KDOOHQJHV�

IRU�6HQHJDO�
� 0DU]R�������
�
���� 9$1,$�6(1$�
� /·DQDOLVL�HFRQRPHWULFD�GHOO·HIILFLHQ]D�WHFQLFD��8Q·DSSOLFD]LRQH�DJOL�RVSHGDOL�LWDOLDQL�GL�]RQD �
� $SULOH�������
�



� �
�

�������� 0$5,$�526$5,$�&$5,//2��&21&(772�3$2/2�9,1&,�
� 6RFLDO�,QFUHDVLQJ�5HWXUQV�DQG�,PPLJUDWLRQ�
� *LXJQR��������
�
�������� $1721,2�*$52)$/2��&21&(772�3$2/2�9,1&,�
� :RUNVKDULQJ�LQ�D�ODERXU�PDUNHW�SHUVSHFWLYH�ZLWK�HIIRUW�DQG�PLQLPXP�ZDJHV �
� 'LFHPEUH�������
�

��������� $1721,2�*$52)$/2��&21&(772�3$2/2�9,1&,�
� 2UDULR�GL�ODYRUR�H�RFFXSD]LRQH�LQ�XQ�FRQWHVWR�HFRQRPLFR�ELVHWWRULDOH �
� 0DU]R�������
�
��������� 5,7$�'(�6,$12��0$5&(//$�'·89$��*,29$11$�0(66,1$�
� $UHH�PRQHWDULH�RWWLPDOL��/LWHUDWXUH�UHYLHZ�
� $SULOH�������
�

��������� 0$66,02�*,$11,1,�
� $FFXPXODWLRQ�DQG�'LVWULEXWLRQ�RI�+XPDQ�&DSLWDO��7KH�,QWHUDFWLRQ�%HWZHHQ�,QGLYLGXDO�DQG�$JJUHJDWH�

9DULDEOHV�
� $SULOH�������
�
��������� /��&$9$//2�²�67()$1,$�3�6��5266,�
� 'R� HQYLURQPHQWDO� YDULDEOHV� DIIHFW� WKH� SHUIRUPDQFH� DQG� WHFKQLFDO� HIILFLHQF\� RI� WKH� (XURSHDQ� EDQNLQJ�

V\VWHPV"�$�SDUDPHWULF�DQDO\VLV�XVLQJ�WKH�6WRFKDVWLF�)URQWLHU�$SSURDFK�
� *LXJQR�������
�
�������� 0$5,$�526$5,$�&$5,//2�
� 7KH� (IIHFW� RI� 3URIHVVLRQDOLVDWLRQ� DQG� WKH� 'HPDQG� IRU� 6RFLDO� 6WDWXV� RQ� WKH� $GRSWLRQ� RI� 1HZ�

7HFKQRORJLHV�
� )HEEUDLR�������
�
�������� %5812�&+,$5,1,�²�3$2/2�3,6(//,�
� $JJUHJDWH�IOXFWXDWLRQV�LQ�D�XQLRQL]HG�ODERU�PDUNHW�
� 0DU]R�������
�
�������� 5,&&$5'2�),25,72�
� *RYHUQPHQW�'HEW��7D[HV�DQG�*URZWK�
� 0DU]R�������
�
�������� $1721,2�*$52)$/2���&21&(772�3$2/2�9,1&,�
� (PSOR\PHQW�� &DSLWDO� 2SHUDWLQJ� 7LPH� DQG� (IILFLHQF\�:DJHV� +\SRWKHVLV�� ,V� 7KHUH� $Q\� 5RRP� IRU�

:RUNVKDULQJ"�
� 0D\�������
�
������� %5812�&+,$5,1,�²�0$66,02�*,$11,1,�
� (PSOR\PHQW�� &DSLWDO� 2SHUDWLQJ� 7LPH� DQG� (IILFLHQF\�:DJHV� +\SRWKHVLV�� ,V� 7KHUH� $Q\� 5RRP� IRU�

:RUNVKDULQJ"�
� 0D\�������
�
�



� �
�

�������� 5,7$�'(�6,$12�
� )LQDQFLDO�YDULDEOHV�DV�OHDGLQJ�LQGLFDWRUV��DQ�DSSOLFDWLRQ�WR�WKH�*��FRXQWULHV �
� -XQH�������
�
�������� $��*$52)$/2���5��3/$60$1����&�3��9,1&,�
� 5HGXFLQJ�:RUNLQJ�7LPH�LQ�DQ�(IILFLHQF\�:DJH�(FRQRP\�ZLWK�D�'XDO�/DERXU�0DUNHW �
� -XO\�������
�
�������� 0$5,$�526$5,$�&$5,//2�
� 6FHOWD�(GXFDWLYD��6WDWXV�6RFLDOH�H�&UHVFLWD�
� /XJOLR�������
�
�������� 0$5,$�526$5,$�&$5,//2���$/%(572�=$==$52�
� 3URIHVVLRQDOL]]D]LRQH��6WDWXV�6RFLDOH�H�&UHVFLWD�
� /XJOLR�������
�
�������� 5$8/�'(�/8=(1%(5*(5�
� ,QHTXDOLW\��JURZWK�DQG�PDFURHFRQRPLF�SROLF\��FDQ�VRPHWKLQJ�EH�OHDUQHG� IURP�WKH�HPSLULFDO�DVVHVVPHQW�RI�

WKH�UHODWLRQVKLSV"�
� -XO\�������
�
�������� )5$1&(6&2�%86$72�
� )OXFWXDWLRQV�ZLWKLQ�WKH�(08�FRXQWULHV��DQ�HPSLULFDO�SHUVSHFWLYH �
� 6HSWHPEHU�������
�
�������� &21&(772�3$2/2�9,1&,�
� 9LQFROR�HVWHUR�H�SROLWLFD�HFRQRPLFD�QHJOL�DQQL�QRYDQWD�
� 2WWREUH�������
�
������� %5812�&+,$5,1,�
� /·HTXLOLEULR�VWDWLFR�H�GLQDPLFR�GHO�PHUFDWR�GHO�ODYRUR�LQ�FRQFRUUHQ]D�SHUIHWWD��D�SULPHU� �
� *HQQDLR�������
�
������� 9$/(5,$�62'$12�
� ,QWURGX]LRQH�DOO·DQDOLVL�HFRQRPLFD�GHOOD�TXDOLWj�QHO�VHWWRUH�DJURDOLPHQWDUH �
� )HEEUDLR�������
�
������� $'5,$1$�%$521(�²�&21&(772�3$2/29,1&,�
� 7KH�:RUNLQJ�(QYLURQPHQW�DQG�6RFLDO�,QFUHDVLQJ�5HWXUQV�
� )HEUXDU\�������
�
������� $'5,$1$�%$521(�²�&21&(772�3$2/29,1&,�
� $FFLGHQWV�DW�:RUN�DQG�+XPDQ�&DSLWDO�
� 0DUFK�������
�
������� 0$5,$�&$50(/$�$35,/(�
� /H�SURGX]LRQL�ELRORJLFKH��XQ�VHWWRUH�HPHUJHQWH�
� 0DU]R�������
�



� �
�

������� (/(1$�9,*$1Ò�
� /H�ELRWHFQRORJLH�H�LO�VLVWHPD�DJUR�DOLPHQWDUH�
� 0DU]R�������
�
������� $1721,2�*$52)$/2�²�&21&(772�3$2/2�9,1&,�
� (PSOR\PHQW�2ULHQWHG�3ROLFLHV�LQ�D�7UDGH�8QLRQ�/RFDO�:DJH�%DUJDLQLQJ�0RGHO �

� 6HSWHPEHU�������
�
������� 5,7$�'(�6,$12�
� /D�YDOXWD]LRQH�GHOO·HIILFLHQ]D�QHOOD�EDQFD�FRPH�LPSUHVD�PXOWL�SURGRWWR�

� 'LFHPEUH�������
�
������� 5,7$�'(�6,$12�

$SSURFFLR� VWRFDVWLFR� DOOD� IURQWLHUD� HIILFLHQWH� GHO� VLVWHPD� EDQFDULR� LWDOLDQR�� XQD� VWLPD� GHOO ·LQHIILFLHQ]D�
WHFQLFD�H�GHOOH�VXH�GHWHUPLQDQWL�

� *HQQDLR������� �
�
������� 5,7$�'(�6,$12�

&RQVXPSWLRQ�DQG�,QFRPH�6PRRWKLQJ�
� -DQXDU\�������
�
������� $1721,2�*$52)$/2�²�&21&(772�3$2/2�9,1&,�

+RXUV�RI�:RUN�DQG�+XPDQ�&DSLWDO���,QYHVWLJDWLQJ�RQ�VRPH�/LQNDJHV�DW�6WDNH �
� )HEUXDU\�������
�
������� 0$5&(//$�'·89$�
� /·DVLPPHWULD�GHJOL�VKRFNV�PRQHWDUL�VXOOD�SURGX]LRQH�QHOOH�UHJLRQL�GHOO·8QLRQH�0RQHWDULD�(XURSHD �
� )HEEUDLR������
�
������� 5,7$�'(�6,$12�²�0$5&(//$�'·89$�
� +RZ�PXFK�6SHFLDOL]DWLRQ�PDWWHUV�LQ�(XURSHDQ�*URZWK��DQ�DSSOLFDWLRQ�RI�&$57�$QDO\V LV�WR�(08�

5HJLRQV�
� 0DUFK������
�
������� 5,7$�'(�6,$12�²�0$5&(//$�'·89$�
� 6SHFLDOL]]D]LRQH�H�FUHVFLWD��XQ·DSSOLFD]LRQH�DOOH�UHJLRQL�GHOO·8QLRQH�0RQHWDULD�(XURSHD �
� $SULOH������
�
� �
�



� �
�



� �
�

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

�
�

(GLWLQJ�H�VWDPSD��
D�FXUD�GHOOD��

/LDSULQW�6HUYLFH�V�D�V��
3R]]XROL��1$��

WHO��H�ID[���������������
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

),1,72�',�67$03$5(�1(/�*,8*12�������


