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$EVWUDFW

7KH�$UFWLF�FRDVW�KDV�EHHQ�VWURQJO\�LQIOXHQFHG�E\�WKH�HIIHFWV�RI�FOLPDWH�FKDQJHV��$FFHOHUDWLQJ�JOREDO�ZDUPLQJ�DQG�LPSDFW�RI�

VWRUPV� LPSO\� D� UDSLG� SHUPDIURVW� GHJUDGDWLRQ� DQG� GUDVWLF� VKRUHOLQH� UHWUHDW� LQ� DQ� $UFWLF� FRDVWDO� ]RQH�� ,Q� PDQ\� UHJLRQV�

VKRUHOLQH�UHWUHDW�H[FHHGV����PHWHUV�SHU�\HDU��,PSDFW�RI�VWRUPV�RQ�SHUPDIURVW�FRDVW�FDXVHV�PXFK�IDVWHU�SURFHVVHV�WKDQ�LW�KDV�

EHHQ�H[SHFWHG��7KHVH�SURFHVVHV�LPSRVH�ODUJH�LPSDFWV�RQ�VRFLDO�DQG�HFRQRPLF�FRQGLWLRQV�LQ�WKH�UHJLRQ�LQFOXGLQJ�TXDOLW\�RI�

OLIH��KRXVLQJ��LQIUDVWUXFWXUH�DQG�GHYHORSPHQWV��7KH�REVHUYHG�SURFHVVHV�VLJQLILFDQWO\�DIIHFW�DFWLYLWLHV�LQ�WKH�$UFWLF�DUHD�DQG

KDYH�DOVR�GUDVWLF�HIIHFWV�RQ�WKH�GHJUDGDWLRQ�RI�JODFLHUV�E\�DFFHOHUDWLQJ�EUHDNLQJ�DQG�PHOWLQJ�SURFHVVHV�DQG��LQ�FRQVHTXHQFH��

DFFHOHUDWH�FOLPDWH�FKDQJHV��0RUH�HIIRUW� LV�QHFHVVDU\� WR� UHGXFH�QHJDWLYH� LPSDFWV�RI�FOLPDWH�FKDQJHV�RQ�SRODU�DUHDV��7KHVH�

UHTXLUH�D�QHZ�DSSURDFK� WR�SUHGLFW�DQG�FRQWURO�FKDQJHV� LQ�WKH�$UFWLF�FRDVWDO�HQYLURQPHQW�� ,W� LV�DOVR�ZRUWKZKLOH WR�GHYHORS�

NQRZOHGJH� RQ� LQFUHDVHG� FRDVWDO� HURVLRQV� WKURXJK� EHWWHU� UHFRJQLWLRQ� DQG� XQGHUVWDQGLQJ� RI� SK\VLFDO� SURFHVVHV� DV� ZHOO� DV�

UHOLDEOH�PRGHOOLQJ� RI� SHUPDIURVW� WKDZ� DQG� VKRUHOLQH� VKLIW�� $� QRYHO� DSSURDFK� WR� WKLV� SUREOHP� KDV� EHHQ� SURSRVHG� DQG� LWV�

SURJUDPPH LV� FXUUHQWO\� XQGHU� LPSOHPHQWDWLRQ�� 7KH� DSSURDFK� LV� EDVHG� RQ� RULJLQDO� H[SHULPHQWDO� LQYHVWLJDWLRQV� RQ� ZDYH�

LQGXFHG�HURVLRQ�RI�SHUPDIURVW��D�VHULHV�RI�ILHOG�PHDVXUHPHQW�FDPSDLJQV��DQG�QXPHULFDO�PRGHOOLQJ�RI�HURVLRQ�SURFHVVHV� LQ�

$UFWLF� FRQGLWLRQV�� ([WHQVLYH� H[SHULPHQWDO� VWXGLHV� KDYH� EHHQ� FRQGXFWHG� WR� LGHQWLI\� SK\VLFDO� SURFHVVHV� UHVSRQVLEOH� IRU�

LQFUHDVHG�VHGLPHQW�WUDQVSRUW�UDWHV�RI�WKH�IUR]HQ�VDQG\�ERWWRP��([SHULPHQWDO�GDWD�DQG�WKHRUHWLFDO�DQDO\VLV�LQGLFDWH�WKDW�WKH�

QHZ�DSSURDFK�SURYLGH�QRYHO�UHVXOWV�RI�VLJQLILFDQW�LPSRUWDQFH�IRU�XQGHUVWDQGLQJ�RI�HURVLRQ�SURFHVVHV�LQ�SRODU�DUHDV�

.H\ZRUGV� &OLPDWH�&KDQJHV��3HUPDIURVW�(URVLRQ��6HGLPHQW�7UDQVSRUW��$UFWLF�&RDVWV

���,QWURGXFWLRQ

$UFWLF� FRDVWDO� UHJLRQV� H[SHULHQFH� QRZDGD\V� GUDPDWLF� FKDQJHV UHVXOWLQJ� IURP� JOREDO� ZDUPLQJ� HIIHFWV�� $V� D� UHVXOW�� UDSLG�

SHUPDIURVW�GHJUDGDWLRQ�DQG�GUDVWLF�VKRUHOLQH�UHWUHDW�PRGLI\�WKH�WRSRJUDSK\�DQG�EDWK\PHWU\�RI WKH�$UFWLF�FRDVWDO�UHJLRQ� 7KH�

DUHD RI�WKH�$UFWLF�2FHDQ FRYHUHG�E\�LFH FRQVWDQWO\�GHFUHDVHV DQG��WRJHWKHU�ZLWK�H[WHQGHG�VHDVRQ�RI�RSHQ�ZDWHUV��UHVXOWV�LQ�

PRUH� VHYHUH� VWRUPV� DQG� KLJKHU�ZDYHV� DSSURDFKLQJ� SRODU� FRDVWV �$WNLQVRQ�� ������� 7KH UHGXFWLRQ� RI� VKRUH�IDVW� VHD� LFH� LV�

H[SHFWHG�WR FRQWLQXH�DV WKH�ULVH�RI�PHDQ�WHPSHUDWXUH�LQ�$UFWLF�UHJLRQ�LV�SUHGLFWHG�WR UHDFK���� �&�LQ����\HDUV DQG�HYHQ���� �&�

WLOO� WKH�HQG�RI� WKH�FHQWXU\ �.DWWVRY�DQG�.lOOpQ�������� $V�WKH�SUHVHQFH�RI� LFH� OLPLWV� WKH� HIIHFW RI�ZDYHV DQG�VWRUP�VXUJHV

DFWLRQV�RQ�WKH�$UFWLF�FRDVW��GXUDWLRQ�RI�WKH�RSHQ�ZDWHU�VHDVRQ��2:6��EHFRPHV RQH�RI�WKH�PRVW�LPSRUWDQW�IDFWRUV LQIOXHQFLQJ�

HURVLRQ�UDWH��/DQWXLW�HW�DO� ������ ����� FODLP�WKDW� LQ�FDVH�RI� WKH�$UFWLF�FRDVW��DQ DYHUDJH�HURVLRQ�UDWH LV�����P�\HDU�ZLWK�

UHJLRQDO� YDULDELOLW\�� 7KH� ORQJHU RSHQ�ZDWHU� VHDVRQ� WKDW H[SDQGHG� DW� D� UDWH� RI� ����� GD\�\HDU� RYHU� D� SHULRG� ���������� LV�

EHOLHYHG�WR�EH�UHVSRQVLEOH�IRU�VKRUHOLQH�UHWUHDWV�UHDFKLQJ PRUH�WKDQ����P�\HDU LQ�PDQ\�DUHDV��%DUQKDUW�HW�DO���������$JXLUUH�

HW� DO���������2YHUHHP�HW�DO����������$V�D� UHVXOW�� WKH�YXOQHUDELOLW\�RI�$UFWLF�FRDVWV� WR�JHRPRUSKLF�FKDQJH�� LQXQGDWLRQ��DQG�

GDPDJH� RI� LQIUDVWUXFWXUH LQFUHDVHV �%DUQKDUW� HW� DO�� ������ DQG WKH� HVFDODWHG HURVLRQ�PD\� RFFXU� DQG� DIIHFW� ELRORJLFDO� DQG�

KXPDQ� V\VWHPV� �5DFKROG� HW� DO��� ������ 'HVSLWH� WKHVH� WKUHDWV�� FRDVWDO� G\QDPLFV RI� SRODU� DUHDV DUH� VWLOO� QRW� VXIILFLHQWO\�

UHFRJQLVHG�DQG�DUH�VHOGRP�PRGHOOHG��/DQWXLW�HW�DO�� ������5HGD�HW�DO�� ������



$ QHZ�DSSURDFK�WR�WKH�SUREOHP�RI�WKH�HURVLRQ RI�WKH�$UFWLF FRDVWV DULVLQJ�IURP�FOLPDWH�FKDQJHV ZDV�LQWURGXFHG�LQ�WKH�IUDPH�

RI�DQ�$5&2$676�SURMHFW��5HGD�HW�DO�� ������6XOLV]�HW�DO���������7KH�SULPDU\�PRWLYDWLRQ RI�WKH�VWXG\ ZDV�WKH�GHYHORSPHQW�

RI�DSSURSULDWH�WRROV�IRU�WKH�$UFWLF�FRDVWDO SURWHFWLRQ�DQG�PDQDJHPHQW WDNLQJ�LQWR�DFFRXQW� OLPLWHG�DPRXQW�RI�GDWD RQ�ZDYH�

FOLPDWH��JHRPRUSKRORJ\��HWF� 7KH�VSHFLDO DWWHQWLRQ�ZDV JLYHQ WR�WKH�HIIHFW�RI�RFHDQ ZDYHV DQG�FXUUHQW�RQ�SHUPDIURVW�WKDZ��

VKRUHOLQH� VKLIW�� DQG VHGLPHQW� WUDQVSRUW �3DSURWD� HW� DO��� ������0DMHZVNL� HW� DO��� ������6XOLV]� DQG�3DSURWD�� �������7KH PDLQ�

REMHFWLYH�RI�WKH�SURMHFW�ZDV�WR�UHFRJQL]H SK\VLFDO�SURFHVVHV�UHVSRQVLEOH�IRU HURVLRQ�RI WKH�$UFWLF�VKRUH�LQFOXGLQJ�VHGLPHQW�

WUDQVSRUW�� SHUPDIURVW YXOQHUDELOLW\ WR� HURVLRQ�� WKHUPRG\QDPLF� SURFHVVHV� LQ� SRODU� ZDWHUV� LQGXFHG� E\� VHD� ZDYHV� DQG� WKH�

UHGXFWLRQ�RI�VHD�LFH��7KHUHIRUH� QHZ�PHWKRGV ZHUH GHYHORSHG�LQ�RUGHU�WR DFKLHYH�GHILQHG�JRDOV��

,Q� WKH� SUHVHQW� VWXG\� DQ� RULJLQDO�PHWKRGRORJ\� LV� DSSOLHG� WR� DVVHVV� YXOQHUDELOLW\� RI� WKH� SRODU� FRDVWOLQHV� WR� HURVLRQ� DQG� WR�

SURYLGH GDWD IRU�SROLF\PDNHUV��VWDNHKROGHUV� DQG�HQG�XVHUV LQYROYHG�LQ�LQWHJUDWHG�FRDVWDO�]RQH�PDQDJHPHQW�RI�SRODU�UHJLRQV��

,W� LV� D� FRPPRQ� SUDFWLFH� LQ� KDQGOLQJ� WKLV� NLQG� RI� FRPSOH[� SUREOHPV� WR� LQWURGXFH� LQGH[HV� RU� LQGLFDWRUV� IDFLOLWDWLQJ� D�

GHVFULSWLRQ�RI�D�FRPSOLFDWHG�V\VWHP�DIIHFWHG�E\ PDQ\�SK\VLFDO�SURFHVVHV�DQG� WKHLU� LQWHUGHSHQGHQFHV LQ�D�GLIIHUHQW�VSDWLDO�

DQG� WHPSRUDO� VFDOHV��7DNLQJ� LQWR� DFFRXQW� VSHFLILF�QDWXUH�RI� WKH�SRODU�HQYLURQPHQW��DQ H[WHQGHG�3RODU�&RDVWDO�5LVN� ,QGH[

�3&5,� LV�LQWURGXFHG�WR�FKDUDFWHULVH�WKH�FRDVWOLQHV�RI�WKH�$UFWLF�DUHD�ZLWK�UHVSHFW�WR�WKHLU�YXOQHUDELOLW\�WR HURVLRQ��,Q�WKH�QH[W�

VHFWLRQ��D�GHVFULSWLRQ�RI�YDULRXV�WRROV�XVHG�IRU�FRDVWDO�YXOQHUDELOLW\�DVVHVVPHQW�DUH�SURYLGHG�DQG�WKH�GHILQLWLRQ�RI�WKH�3RODU�

&RDVWDO� 5LVN� ,QGH[� LV� SUHVHQWHG�� 7KHQ�� WKH� UHVXOWV� RI� WKH� DSSOLFDWLRQ� RI� WKH� 3&5, DSSURDFK� WR� WKH� DUFWLF� FRDVWOLQH� DUH�

GLVFXVVHG� DQG� FRPSDUHG� ZLWK� WKH� SUHYLRXV� VWXGLHV RQ� 3&5, FDOFXODWHG� E\� DSSO\LQJ D� ORZHU� QXPEHU� RI� ULVN� SDUDPHWHUV��

)LQDOO\��WKH�FRQVHTXHQFHV�RI�XVLQJ�RULJLQDO�DQG�H[WHQGHG�3&5, LQGH[�DUH�VXPPDULVHG�DQG�WKH�FRQFOXVLRQV�DUH�VSHFLILHG�����

���0HWKRGV

7KH�SUREOHP�RI�WKH�YXOQHUDELOLW\�WR�HURVLRQ�RI�FRDVWV DW�GLIIHUHQW�WHPSRUDO�DQG�VSDWLDO�VFDOHV�PD\�EH�DGGUHVVHG�E\�DSSO\LQJ

�5DPLHUL� HW� DO��� ������� �D�� LQGH[�EDVHG� PHWKRGV �*RUQLW]�� ������ *RUQLW]� HW� DO��� ������� �E�� LQGLFDWRU�EDVHG� DSSURDFKHV

�0DUFKDQG�HW�DO���������� �F��*,6�EDVHG�GHFLVLRQ�VXSSRUW WHFKQLTXHV��0RFHQQL�HW�DO���������6FKLUPHU�HW� DO��������� DQG��G��

PHWKRGV�EDVHG�RQ�G\QDPLF�FRPSXWHU�PRGHOV �+LQNHO��������+LQNHO�HW�DO����������7KH�SUREOHP�LV�WKDW�DYDLODEOH�DSSURDFKHV�

FDQQRW� EH GLUHFWO\� DSSOLHG� WR� WKH� $UFWLF� UHJLRQ�� $Q� DSSDUHQW QHHG� WR� GHYHORS� D� QHZ� VFLHQWLILFDOO\�GULYHQ� DSSURDFK� WR�

LQFRUSRUDWH�SURFHVVHV�FKDUDFWHULVWLF�IRU�SRODU�UHJLRQV LQWR�FRDVWDO�HURVLRQ�PDQDJHPHQW�PRWLYDWHG�WKH�SUHVHQW�VWXG\��

7KH� DQDO\VHV� RI� DYDLODEOH� GDWD� OHG� WR� WKH� FRQFOXVLRQ� WKDW� LQ� FDVH� RI� SRODU� UHJLRQV� LW� LV� UHDVRQDEOH� WR� XVH DQ� LQGH[�EDVHG�

PHWKRG�IRU�FRDVWDO�HURVLRQ�ULVN�DVVHVVPHQW �6XOLV]�HW�DO�� �������7KHUHIRUH��D�FRQFHSW�RI�3RODU�&RDVWDO 5LVN�,QGH[��35&,��LV�

LQWURGXFHG�WR�HYDOXDWH�VSDWLDO� ULVN�GLVWULEXWLRQ�RI WKH�ZKROH�$UFWLF�FRDVWOLQH��7KH�3&5,� LV�FDOFXODWHG�DV�D VTXDUH�URRW�RI�D

SURGXFW�RI�UDQNHG�YDULDEOHV �[Q� GLYLGHG�E\�WKH QXPEHU RI�YDULDEOHV �1���QDPHO\�
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9DULDEOHV� [Q�� UHSUHVHQW JHRPRUSKRORJ\� RI� WKH� FRDVW�� HURVLRQ� UDWH� �P�\HDU��� FRDVWDO� VORSH� �R��� ZDYH� FOLPDWH� GHILQHG� E\� D�

UHSUHVHQWDWLYH�ZDYH�KHLJKW��P���VXUJH�KHLJKW��P���PHDQ�WLGDO�UDQJH��P���GXUDWLRQ�RI�DQ�RSHQ�ZDWHU�VHDVRQ������JURXQG�LFH�

FRQWHQW������$�VHD�OHYHO�ULVH��ZKLFK�LV�RIWHQ�LQFOXGHG�LQ�YXOQHUDELOLW\�DVVHVVPHQW�LQ�RWKHU�VWXGLHV��LV�QHJOHFWHG DV�LW�LV�DERXW�

WKUHH�RUGHUV� RI�PDJQLWXGH� ORZHU WKDQ� WKH�KHLJKW� RI�ZDYHV� DQG� VXUJHV�� 7KH SURSRVHG�3&5,� FRYHUV� WZR�DGGLWLRQDO� UHJLRQ�

VSHFLILF�YDULDEOHV�� WKH�GXUDWLRQ�RI� WKH�RSHQ�ZDWHU� VHDVRQ�DQG�JURXQG�LFH�FRQWHQW�ZKLFK�DUH�GHILQHG�DV�D�SHUFHQWDJH�RI� WKH�

WRWDO�WLPH�DQG�YROXPH��UHVSHFWLYHO\��7KH�SUHVHQFH�RI�VKRUH�IDVW�VHD�LFH�UHVXOWV�LQ�ZHDNHU�HURVLRQ�RI�FRDVWV�FDXVHG�E\�ZDYHV�

GXH� WR� OLPLWHG� IHWFK� RI� ZLQG� HQHUJ\� WUDQVIHU� WR� ZDYHV�� 7KH� JURXQG� LFH� FRQWHQW LV� DQRWKHU� YDULDEOH��ZKLFK� LV� SDUWLFXODUO\�



LPSRUWDQW� LQ� LFH� ULFK� SHUPDIURVW� EOXIIV �%DUQKDUW� HW� DO��� ������ 7KH� SUHVHQWHG� 7DEOH� �� LQFOXGHV� DOO� FRQVLGHUHG� 3&5,�

FRPSRQHQW YDULDEOHV WKDW�DUH�UHOHYDQW�WR�SRODU�FRDVWDO�HURVLRQ�ULVN�DVVHVVPHQW�

7DEOH��� 5LVN�UDQNLQJ�RI�3&5,�FRPSRQHQW�YDULDEOHV�

98/1(5$%,/,7< 9HU\�ORZ /RZ 0RGHUDWH +LJK 9HU\�KLJK
9$5,$%/( � � � � �
D��*HRPRUSKRORJ\ &OLIIV 6KRUH�WHUUDFHV )ODW�EHDFKHV 'HOWDV��ODJRRQV
E��(URVLRQ�UDWH��P�\HDU� ������ ������ � ����� ������� !���
F��&RDVWDO�VORSH���� !����� ��������� ��������� ��������� ������
G��:DYH�KHLJKW��P� ���� ������� ����� ����� !���
H��6XUJH�KHLJKW��P� ������ ��������� ��������� ��������� ������
I��0HDQ�WLGH�UDQJH��P� !����� ��������� ��������� ��������� ������
J��'XUDWLRQ�RI�RSHQ�ZDWHU�
VHDVRQ����

���� ����� ����� ����� !���

K��*URXQG�LFH�FRQWHQW�
���

���� ����� ����� ����� !��

7KH�VHW�RI�DYDLODEOH�YDOXHV� LV� VSOLW� LQWR� ILYH� VXEVHWV�FRUUHVSRQGLQJ WR�D�FRPSDUDEOH OHQJWK�RI�D� FRDVWOLQH��7KH�VXEVHWV� DUH

DVVLJQHG�D�SDUWLFXODU�ULVN�LQ�LQFUHDVLQJ�RUGHU��$�YDOXH�RI���FRUUHVSRQGV�WR�WKH�ORZHVW�DQG���WR�WKH�KLJKHVW�ULVN��$�ULVN�UDQNLQJ�

LV�DVVLJQHG� WR UDQJHV�RI�QXPHULFDO�YDULDEOHV��ZKLOH� WKH�QRQ�QXPHULFDO�JHRPRUSKRORJ\�YDULDEOH� LV� UDQNHG�DFFRUGLQJ� WR� WKH�

UHODWLYH�UHVLVWDQFH�RI�D�JLYHQ�ODQGIRUP�WR�HURVLRQ�

���5HVXOWV DQG�GLVFXVVLRQ

7ZR� GDWDEDVHV� FRXSOHG WRJHWKHU� FRQVLVW� RI� ����� VHJPHQWV� FRYHULQJ WKH ZKROH $UFWLF� FRDVWOLQH�� 8QIRUWXQDWHO\�� VRPH�

LQIRUPDWLRQ� LV� PLVVLQJ� IRU� D� FHUWDLQ� QXPEHU� RI� VHJPHQWV� $� VHW� RI� ���� VHJPHQWV ODFN� WKH GDWD� RQ� JHRPRUSKRORJ\�� ����

VHJPHQWV�RQ HURVLRQ�UDWHV� DQG�����VHJPHQWV�GR�QRW�LQFOXGH�GDWD�RQ�JURXQG�LFH�FRQWHQW��7KHUHIRUH��WKH�LQGH[HV DUH�FDOFXODWHG�

LQ�WZR GLIIHUHQW�ZD\V� 7KH�ILUVW�3&5,���FRUUHVSRQGV�WR�ZKROH�VHW�RI�VHJPHQWV��EXW�LQFOXGHV�RQO\�VL[�FRPSRQHQW�YDULDEOHV� �

QHJOHFWLQJ�WKH�HURVLRQ�UDWH�DQG�WKH�JURXQG�LFH�FRQWHQW�YDULDEOHV��7KH�VHFRQG 3&5,�� LV�FDOFXODWHG�EDVHG�RQO\�RQ D�OLPLWHG�

QXPEHU�RI�VHJPHQWV�KDYLQJ�FRPSOHWH�LQIRUPDWLRQ�



)LJXUH��� 3RODU�&RDVWDO 5LVN ,QGH[�3&5,�� DORQJ�WKH�$UFWLF�FRDVWOLQH�

)LJXUH��� 3RODU�&RDVWDO�5LVN ,QGH[�3&5,�� DORQJ WKH $UFWLF�FRDVWOLQH�



7KH�YXOQHUDELOLW\�WR�HURVLRQ�RI�WKH�DUFWLF�FRDVWOLQH�LV�DVVHVVHG�VHSDUDWHO\�IRU�3&5,�� DQG�3&5,����,Q�)LJ����������VHJPHQWV�RI�

WKH�FDOFXODWHG 3&5,�� YDOXHV DUH�GLVSOD\HG��3&5,�� UDQJHV�IURP������WR ������DQG�WKH�PHDQ�3&5,�� YDOXH�LV�HTXDO�WR��������

)LJ����VKRZV�WKH�YDULDELOLW\�RI�WKH�FDOFXODWHG�3&5,�� DORQJ�WKH�FRDVWOLQH�IRU������VHJPHQWV��7KH�3&5,�� YDOXH�UDQJHV�IURP�

�����WR�������ZKLOH�WKH�PHDQ�3&5,�� YDOXH�LV��������7KH�FRQWRXUV�RI�FRDVWOLQHV�ZLWKRXW�FRORUV�UHSUHVHQW�WKH�VHJPHQWV�ZLWK�

PLVVLQJ�LQIRUPDWLRQ�RQ�RQH�RU�PRUH�YDULDEOHV�

)LJXUH��� &XPXODWLYH�GLVWULEXWLRQ�RI�3&5,����

)LJXUH��� &XPXODWLYH�GLVWULEXWLRQ RI�3&5,���

)LJXUH��� /HQJWK�RI�WKH�VKRUHOLQH�LQ�HDFK�ULVN�FDWHJRU\�IRU�3&5,���



)LJXUH��� /HQJWK�RI�WKH�VKRUHOLQH�LQ�HDFK�ULVN�FDWHJRU\�IRU�3&5,���

7KH�FXPXODWLYH�GLVWULEXWLRQV RI�3&5,�� DQG�3&5,�� YDOXHV�DUH SUHVHQWHG�LQ�)LJV��� DQG����,Q�)LJV��� DQG����WKH�EDU�JUDSK�

LQGLFDWLQJ WKH�OHQJWK�RI� WKH�$UFWLF�FRDVWOLQH�LQ�HDFK�ULVN�FDWHJRU\� LV�SORWWHG��7KH�3&5, YDOXHV�DUH�VSOLW� LQWR�YHU\�ORZ��ORZ��

PRGHUDWH�KLJK� DQG�YHU\�KLJK�ULVN�FDWHJRULHV�EDVHG�RQ�DSSUR[LPDWHO\�HTXDO�FRDVWOLQH�OHQJWK��&DOFXODWHG�3&5,�� DQG�3&5,��

YDU\�DORQJ�WKH�FRDVW��7KH�KLJKHVW�FDOFXODWHG�ULVNV�IRU�ERWK�LQGH[HV�FRYHU�5XVVLDQ�FRDVW�RI�WKH�%DUHQWV�6HD��WKH�ZHVWHUQ�FRDVW�

RI� WKH�<DPDO� 3HQLQVXOD�� WKH� FRDVW� RI� WKH�.DUD� 6HD�� WKH� QRUWKHUQ� FRDVW� RI�$ODVND� DQG� VRPH� IUDJPHQWV� RI� WKH� 6SLWVEHUJHQ�

$UFKLSHODJR�� LQFOXGLQJ� WKH QRUWKHUQ� FRDVW� RI� WKH� 1RUGDXVWODQGHW� ,VODQG� DQG� WKH� VPDOOHU� LVODQGV� RI� HDVWHUQ� 6SLWVEHUJHQ��

$GGLWLRQDOO\�� WKH� KLJKHVW YDOXH� RI� 3&5,�� FRYHUV� WKH� ZHVWHUQ� FRDVW� RI� $ODVND� DQG� WKH� QRUWKHUQ� FRDVW� RI� WKH� &KXNFKL�

3HQLQVXOD�LQ�5XVVLD�DQG�DOVR�WKH�FRDVW�RI�WKH�.DUD�6HD�IRU�ZKLFK�3&5,�� LV�PLVVLQJ GXH�WR�WKH�ODFN�RI�LQIRUPDWLRQ�RQ HURVLRQ�

UDWHV��7KH�VLPSOLILHG�3&5,�� LQGH[�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�PRVW�YXOQHUDEOH�FRDVWOLQHV�LQ�FDVH�RI�D�ODFN�RI�DOO�QHFHVVDU\

YDOXHV� WR�FDOFXODWH�3&5,����7KH� ORZHVW�FDOFXODWHG�YDOXHV�RI�3&5,�� YDU\�VSDWLDOO\� LQ� WKH�VLPLODU�ZD\�DV� WKH�KLJKHVW�RQHV��

7KH\�FRYHU� WKH�FRDVWOLQHV�RI� WKH�(DVW�6LEHULDQ�6HD�� WKH�/DSWHY�6HD�� WKH�*UHHQODQG�6HD�DQG� WKH�&DQDGLDQ�$UFKLSHODJR�DQG�

VRPH VPDOO�IUDJPHQWV�RI�$ODVND�FRDVWV��$GGLWLRQDOO\��WKH�3&5,�� LQGH[ LQGLFDWHV�WKH�ORZHVW�ULVN�IRU�VRPH IUDJPHQWV�RI�WKH�

.DUD�6HD�ZKLFK�ZHUH�RYHUORRNHG�E\�3&5,�� LQGH[ GXH WR�PLVVLQJ�HURVLRQ�UDWH�GDWD� ,Q�7DEOH���WKH�FRDVWOLQH�OHQJWK�IRU DOO�

FDOFXODWHG�ULVN FDWHJRULHV DUH�SUHVHQWHG�VHSDUDWHO\�IRU�HDFK�$UFWLF�VHD�

7DEOH��� /HQJWK�RI�FRDVWOLQH�LQ�VXEVHTXHQW ULVN�FDWHJRULHV�

3&5,�� 3&5,��

1R�RI�DOO�
VHJPHQWV

/HQJWK�RI�
DOO�

VHJPHQWV�
>NP@6HD

5LVN�
UDQN � � � � � � � � � �

%DUHQWV�6HD ��� ��� ���� ��� ��� � ��� ��� ��� ���� ��� ������
&DQDGLDQ�%HDXIRUW�
6HD ��� ���� ���� ��� � � ��� ��� ���� ���� ��� �����

&KXNFKL�6HD ���� ���� ���� ��� ���� ���� ���� ���� ���� ���� �� �����

(DVW�6LEHULDQ�6HD ���� ���� ���� � � ���� ���� ���� ��� ��� ��� �����
*UHHQODQG�6HD�DQG�
&DQDGLDQ�
$UFKLSHODJR ��� ���� � � � ��� ���� ��� � � ��� �����

.DUD�6HD ��� ���� ���� ���� ���� ��� ��� ��� ��� ���� ��� ������

/DSWHY�6HD ���� ���� ��� ��� � ���� ���� ���� ��� ��� ��� �����

6YDOEDUG � � ���� ��� ���� ��� ���� ���� ���� ���� ��� �����

86�%HDXIRUW�6HD ��� ���� ���� � � ��� ���� ��� ���� ���� �� �����

86�&KXNFKL�6HD � � ���� ���� ���� ��� ���� ��� ���� ���� �� �����



)LJXUH��� 3&5,�FRPSRQHQW�YDULDEOHV DORQJ�WKH�$UFWLF�FRDVWOLQH�

7KH�YDOXHV�RI�WKH�3&5,�FRPSRQHQWV�DORQJ�WKH�$UFWLF�FRDVWOLQH�DUH SUHVHQWHG�LQ�)LJ� ���7KH�PDSV�SURYLGH�LQIRUPDWLRQ�RQ�ULVN�

FRUUHVSRQGLQJ WR�JHRPRUSKRORJ\�� HURVLRQ� UDWH�� FRDVWDO� VORSH��ZDYH� FOLPDWH�� VXUJHV�� WLGH� UDQJHV�� WKH�SHULRG�RI�RSHQ�ZDWHU



VHDVRQ� DQG JURXQG�LFH�FRQWHQW��:LWK�UHJDUG�WR�JHRPRUSKRORJ\�WKH�ORZHVW�ULVN�ZDV�DVVLJQHG�WR�������RI�WKH�WRWDO�OHQJWK�DQG�

LW�FRYHUV�SDUWV�RI�WKH�%DUHQWV�6HD��WKH�/DSWHY�6HD��WKH�(DVW�6LEHULDQ�6HD��WKH�&KXNFKL�6HD DQG�6YDOEDUG��ZKHUHDV�������ZDV�

DVVLJQHG�WR�WKH�KLJKHVW�ULVN�DQG�LW�FRYHUV�PRVW�RI�WKH�.DUD�6HD��WKH�&KXNFKL�6HD��WKH�86�&KXNFKL�6HD��WKH�%DUHQWV�6HD�DQG�

PRVW�RI�6YDOEDUG��7KH�HURVLRQ�UDWH�GHVFULEHV�DFFUHWLRQ�RU�HURVLRQ�LQ�PHWHUV�SHU�\HDU��$OWKRXJK�WKLV�YDULDEOH�LV�RI�VLJQLILFDQW�

LPSRUWDQFH�� RQO\� ����RI� VHJPHQWV� LQFOXGH� GDWD� RQ� HURVLRQ� UDWH�� 7KH� KLJKHVW� HURVLRQ� RFFXUV� LQ� WKH� /DSWHY� 6HD�� WKH� (DVW�

6LEHULDQ�6HD��WKH�86�%HDXIRUW�6HD� DQG�LQ�WKH�QRUWKHUQ SDUW�RI $ODVND��7KH�FRDVWDO�VORSH�UDQJHV�EHWZHHQ��������DQG��������

7KH�KLJKHVW FRDVWDO�VORSHV�RFFXU�PDLQO\� LQ� WKH�<DPDO�3HQLQVXOD��DQG�DORQJ�WKH�FRDVW�RI� WKH�(DVW�6LEHULDQ�6HD�DQG� WKH�86�

%HDXIRUW� 6HD�� ,Q� WXUQ�� WKH� FRDVWV� RI� WKH� *UHHQODQG� 6HD�� WKH� %DUHQWV� 6HD� DQG� WKH� 6HYHUQD\D� =HPO\D� $UFKLSHODJR DUH�

FKDUDFWHULVHG E\�WKH�ORZHVW�FRDVWDO�VORSHV��$V�IDU�DV�WKH�ZDYH�FOLPDWH�LV�FRQFHUQHG��WKH�KLJKHVW�ULVN�FRUUHVSRQGLQJ�WR ZDYHV�

JUHDWHU�WKDQ���� P�RFFXUV�LQ�6YDOEDUG�DQG�QHDU WKH�FRDVW�RI�WKH�%DUHQWV�6HD��2WKHU�FRDVWV�DUH�DVVLJQHG ORZHU ULVN� 7KH�VXUJH�

KHLJKW�FRUUHVSRQGLQJ� WR��� LQ�����\HDU� H[WUHPH� VHD� OHYHO LPSOLHV� WKH�KLJKHVW� ULVN LQ WKH %DUHQWV�6HD�� WKH�ZHVWHUQ� FRDVW�RI�

6YDOEDUG�DQG�LQ�WKH�86�&KXNFKL�6HD��1H[W�YDULDEOH�WDNHQ�LQWR�FRQVLGHUDWLRQV�LV�WKH�PHDQ�WLGDO�UDQJH��$V�LW�ZDV�LQGLFDWHG�E\�

7KLHOHU�HW�DO����������WKH�PDFURWLGHV�KDYH�OHVV�LQIOXHQFH�RQ�LQXQGDWLRQ�WKDQ�PLFURWLGHV��7KLV�FRQFHSW�ZDV�XVHG�KHUHLQ��7KH�

KLJKHVW�ULVN�KDV�EHHQ�GHWHUPLQHG�IRU�WKH�FRDVWOLQH�RI�WKH (DVW�6LEHULDQ�6HD��WKH�86�&KXNFKL�6HD� DQG�WKH�*UHHQODQG�6HD� 7KH�

ORZHVW�ULVN�KDV�EHHQ�DVVLJQHG WR�WKH�%DUHQWV�6HD��6YDOEDUG� DQG�WKH�/DSWHY�6HD��%DVHG�RQ�HYHU\GD\�VDWHOOLWH�LPDJHV�RI�WKH�LFH�

HGJH� LQ� WKH�$UFWLF�DYDLODEOH�IURP�26,6$)�DSSOLFDWLRQ RI (80(76$7�� WKH�SHUFHQWDJH�RI�2:6�ZDV�FDOFXODWHG��)RU�2:6�

ORZHU WKDQ�����RI�WKH�WRWDO�WLPH��WKH�ULVN�YDOXH�LV�DVVXPHG�DV�HTXDO�WR���DQG�IRU�2:6�JUHDWHU�WKDQ�����WKH�ULVN�LV�HTXDO ���

ZKLFK PHDQV�WKDW�WKH LFH�FRYHU�IRU KDOI�RI�WKH�WRWDO�WLPH�GRHV�QRW�VXIILFLHQWO\ SURWHFW WKH�FRDVWOLQH�DJDLQVW�ZDYH�DFWLRQ��7KH

LQWHUPHGLDWH�2:6�YDOXHV�DUH JLYHQ�LQ�7DEOH����7DNLQJ�LQWR�DFFRXQW�GDWD�IURP�WKH�SHULRG����������� WKH�PD[LPXP�ULVN�ZDV�

DVVLJQHG� WR WKH�.ROD� 3HQLQVXOD�� WKH�1RYD\D� =HPO\D� DQG� WKH� ZHVWHUQ� FRDVW� RI� 6YDOEDUG� FRYHULQJ� ���� RI� WRWDO� 6YDOEDUG�

FRDVWOLQH� 7KH�PLQLPXP�ZDV�DVVLJQHG�WR�WKH�(DVW�6LEHULDQ�6HD�ZKHUH�WKH�LFH�FRYHU�ZDV�GHWHFWHG�IRU� WKH�ZKROH�FRQVLGHUHG�

SHULRG��7KH�PD[LPXP�ULVN� UHODWHG� WR�JURXQG� LFH� FRQWHQW�PD\�EH REVHUYHG� LQ� WKH�FRDVW�RI�$ODVND� DQG� LQ� VHYHUDO�SODFHV�RI�

5XVVLDQ� FRDVW� PDLQO\� LQ� WKH� 7D\P\U� 3HQLQVXOD�� WKH� %\NRYVN\� 3HQLQVXOD� DQG� LQ� WKH� (DVWHUQ� 2\DJRVV� &DSH� RI� WKH� (DVW�

6LEHULDQ�6HD��7KH�ORZHVW�JURXQG�LFH�FRQWHQW ULVN LV�DVVLJQHG�WR WKH�FRDVWV�RI 6YDOEDUG��WKH�FRDVWV�RI�WKH�*UHHQODQG�6HD��WKH�

/DSWHY�6HD� DQG�WKH�&KXNFKL�6HD�

���&RQFOXVLRQV

&OLPDWH� FKDQJHV�VLJQLILFDQWO\�DIIHFWV� WKH�FRDVWOLQHV� LQ�$UFWLF� UHJLRQV��*OREDO�ZDUPLQJ�DQG DQ LQFUHDVHG� LPSDFW�RI� VWRUPV�

LPSO\� D� UDSLG� SHUPDIURVW� GHJUDGDWLRQ� DQG�� LQ� FRQVHTXHQFH�� D GUDVWLF� VKRUHOLQH� UHWUHDW� LQ� DQ�$UFWLF� FRDVWDO� ]RQH��$� QRYHO�

DSSURDFK�WR�DVVHVV�WKH�YXOQHUDELOLW\�WR�HURVLRQ�IRU�$UFWLF�FRDVWOLQH�LV�SURSRVHG��$Q�RULJLQDO�FRQFHSW�RI�D�3RODU�&RDVWDO 5LVN�

,QGH[� LV� LQWURGXFHG WR� IDFLOLWDWH� GHVFULSWLRQ�RI�ZDYH�LQGXFHG� HURVLRQ�RI�SRODU� FRDVWDO� UHJLRQV��7KH�3&5,� LV� FDOFXODWHG�E\�

DSSO\LQJ�GDWD�IURP�WKH�',9$�DQG�$&'�GDWDEDVHV��'XH�WR�D�ODFN�RI�DYDLODEOH�GDWD��WZR�3&5,�LQGH[HV�LQFOXGLQJ�D�GLIIHUHQW�

QXPEHU�RI�FRPSRQHQW�YDULDEOHV�DUH�GHILQHG��7KH�FDOFXODWHG�LQGH[HV�DUH�DSSOLHG�WR�WKH�ZKROH�$UFWLF�FRDVWOLQH�DQG�WKHLU�DELOLW\

WR�UHIOHFW�D�GLVWULEXWLRQ�RI�ULVN�LV�GLVFXVVHG��7KH�GHULYHG�FRQFHSW�VHHPV�WR�EH�EHWWHU�PHWKRG�RI�GHWHUPLQLQJ�WKH�YXOQHUDELOLW\�

WR� HURVLRQ� IRU� SRODU� FRDVWDO� UHJLRQV� WKDQ� SUHYLRXV� DSSURDFKHV�� 7KH� SURSRVHG�3&5,� SURYLGHV� D� VLPSOH� QXPHULFDO� WRRO� IRU�

UDQNLQJ�VHFWLRQV�RI�$UFWLF�FRDVWOLQH�LQ�WHUPV�RI�WKHLU�SRWHQWLDO�IRU�HURVLRQ�WKDW�FDQ�EH�XVHG�E\�PDQDJHUV�DQG�SROLF\PDNHUV�WR�

LGHQWLI\�UHJLRQV�ZKHUH�ULVNV�PD\�EH�UHODWLYHO\�KLJK�



���$FNQRZOHGJHPHQWV

7KH�UHVHDUFK�OHDGLQJ�WR�WKHVH�UHVXOWV�KDV�UHFHLYHG�IXQGLQJ�IURP�WKH�3ROLVK�1RUZHJLDQ�5HVHDUFK�3URJUDPPH�RSHUDWHG�E\�WKH�

1DWLRQDO� &HQWUH� IRU� 5HVHDUFK� DQG� 'HYHORSPHQW� XQGHU� WKH� 1RUZHJLDQ� )LQDQFLDO�0HFKDQLVP� ���������� LQ� WKH� IUDPH� RI�

3URMHFW�&RQWUDFW�1R��32/�125����������������

5HIHUHQFHV

$JXLUUH��$���7ZHHGLH��&�(���%URZQ��-���*D\ORUG��$���������(URVLRQ�RI�WKH�%DUURZ�(QYLURQPHQWDO�2EVHUYDWRU\�FRDVWOLQH������
������ 1RUWKHUQ� $ODVND�� LQ�� 3URFHHGLQJV� RI� WKH� 1LQWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3HUPDIURVW� 8QLYHUVLW\� RI� $ODVND�
)DLUEDQNV��9RO�����SS�������

$WNLQVRQ� '�(�� ����� 2EVHUYHG�VWRUPLQHVV�SDWWHUQV�DQG�WUHQGV�LQ�WKH�FLUFXP�$UFWLF�FRDVWDO�UHJLPH� *HR�0DULQH�/HWWHUV������
�������

%DUQKDUW��.�5���2YHUHHP��,���$QGHUVRQ��5�6���������7KH�HIIHFW�RI�FKDQJLQJ�VHD� LFH�RQ� WKH�SK\VLFDO�YXOQHUDELOLW\�RI�$UFWLF�
FRDVWV��7KH�&U\RVSKHUH���������������

*RUQLW]��9�0���������9XOQHUDELOLW\�RI�WKH�(DVW�&RDVW��8�6�$��WR�IXWXUH�VHD�OHYHO�ULVH��-RXUQDO�RI�&RDVWDO�5HVHDUFK��6SHFLDO�
,VVXH�������������

*RUQLW]��9�0���:KLWH��7�:���&XVKPDQ��5�0���������9XOQHUDELOLW\�RI�WKH�8�6��WR�IXWXUH�VHD�OHYHO�ULVH��LQ��3URFHHGLQJV�RI�WKH�
6HYHQWK�6\PSRVLXP�RQ�&RDVWDO�DQG�2FHDQ�0DQDJHPHQW��/RQJ�%HDFK��&$��SS������������

+LQNHO��-������� ',9$��DQ�LWHUDWLYH�PHWKRG�IRU�EXLOGLQJ�PRGXODU�LQWHJUDWHG PRGHOV��$GYDQFHV�LQ�*HRVFLHQFHV�����������

+LQNHO��-���1LFKROOV��5���9DIHLGLV� $���7RO��5���$YDJLDQRX��7���������$VVHVVLQJ�ULVN�RI�DQG�DGDSWDWLRQ�WR�VHD�OHYHO�ULVH�LQ�WKH�
(XURSHDQ 8QLRQ��DQ�DSSOLFDWLRQ�RI�',9$� 0LWLJDWLRQ�DQG�$GDSWDWLRQ 6WUDWHJLHV�IRU�*OREDO�&KDQJH��������������

.DWWVRY��9�0���.lOOpQ��(���������)XWXUH�FOLPDWH�FKDQJH��PRGHOOLQJ�DQG�VFHQDULRV� IRU� WKH�$UFWLF�� LQ� 6\PRQ��&�� $UULV� /���
+HDO��%���(GV��� $UFWLF�FOLPDWH�LPSDFW�DVVHVVPHQW��&DPEULGJH�8QLYHUVLW\�3UHVV��SS���������

/DQWXLW�� +���2YHUGXLQ�� 3�3��� &RXWXUH��1���:HWWHULFK�� 6���$Up�� )��� $WNLQVRQ��'��� %URZQ�� -��� &KHUNDVKRY��*��� 'UR]GRY��'���
)RUEHV��'�/���*UDYHV�*D\ORUG��$���*ULJRULHY��0���+XEEHUWHQ��+�:���-RUGDQ��-���-RUJHQVRQ��7����GHJnUG��5�6���2JRURGRY��6���
3ROODUG��:�+��� 5DFKROG�� 9��� 6HGHQNR�� 6��� 6RORPRQ�� 6��� 6WHHQKXLVHQ�� )��� 6WUHOHWVND\D�� ,��� 9DVLOLHY�� $��� ������ 7KH� $UFWLF�
&RDVWDO� '\QDPLFV� 'DWDEDVH�� $� QHZ� FODVVLILFDWLRQ� VFKHPH� DQG� VWDWLVWLFV� RQ� $UFWLF� SHUPDIURVW� FRDVWOLQHV�� (VWXDULHV� DQG�
&RDVWV��������������

/DQWXLW��+���2YHUGXLQ��3�3���:HWWHULFK��6���������5HFHQW�SURJUHVV� UHJDUGLQJ�SHUPDIURVW� FRDVWV��3HUPDIURVW� DQG�3HULJODFLDO�
3URFHVVHV��������������

0DMHZVNL�� '��� 6XOLV]��:��� 3DSURWD��0��� 6]P\WNLHZLF]��0��� ������ :DWHU� ZDYH� PHDVXUHPHQWV� DW� %HOOVXQG� LQ� WKH� ZHVWHUQ�
6SLWVEHUJHQ��LQ��3URFHHGLQJV�RI�WKH�6L[WK�,QWHUQDWLRQDO�-XQLRU�5HVHDUFKHU DQG�(QJLQHHU�:RUNVKRS�RQ�+\GUDXOLF�6WUXFWXUHV��
8WDK�6WDWH�8QLYHUVLW\��������

0DUFKDQG� 0���6DQFKH]�$UFLOOD� $���)HUUHLUD� 0���*DXOW� -���-LPpQH]� -��$���0DUNRYLF� 0���0XOGHU� -���9DQ�5LMQ� /���6WDQLFD�
$��� 6XOLV]� :��� 6XWKHUODQG� -��� ����� &RQFHSWV� DQG� VFLHQFH� IRU� FRDVWDO� HURVLRQ� PDQDJHPHQW� � DQ� LQWURGXFWLRQ� WR� WKH�
&RQVFLHQFH�IUDPHZRUN��2FHDQ�	�&RDVWDO�0DQDJHPHQW��������������

0RFHQQL� &���&DVLQL��0���3DROHWWL��6���*LRUGDQL��*���9LDUROL��3���=DOGLYDU�&RPHQJHV��-� ����� $�'HFLVLRQ�6XSSRUW�6\VWHP�IRU�
WKH�PDQDJHPHQW RI�WKH�6DFFD�GL�*RUR��,WDO\���LQ��0DUFRPLQL�$���6XWHU�,,�*��:���&ULWWR��$���(GV���'HFLVLRQ�6XSSRUW�6\VWHPV
IRU�5LVN�%DVHG�0DQDJHPHQW�RI�&RQWDPLQDWHG�6LWHV��6SULQJHU��SS����������

0XLV� 6���9HUODDQ� 0�� :LQVHPLXV� +�&�� $HUWV��-�&�-�+�� :DUG��3�-���������$�JOREDO�UHDQDO\VLV�RI�VWRUP�VXUJHV�DQG�H[WUHPH�
VHD�OHYHOV��1DWXUH�&RPPXQLFDWLRQV�����������

2YHUHHP� ,�� $QGHUVRQ� 5�6�� :REXV� &�:�� &ORZ� *�'�� 8UEDQ� )�(�� 0DWHOO�1���������6HD�LFH�ORVV�HQKDQFHV�ZDYH�DFWLRQ�DW�
WKH�$UFWLF�FRDVW��*HRSK\VLFDO�5HVHDUFK�/HWWHUV������/������

g]\XUW��*���(UJLQ��$�������� $SSOLFDWLRQ�RI�6HD�/HYHO�5LVH�9XOQHUDELOLW\�$VVHVVPHQW�0RGHO� WR�6HOHFWHG�&RDVWDO $UHDV�RI�
7XUNH\� -RXUQDO�RI�&RDVWDO�5HVHDUFK�����������±����

3DSURWD��0���0DMHZVNL��'���6XOLV]��:���6]P\WNLHZLF]��0���5HGD��$���������(IIHFWV�RI�FOLPDWH�FKDQJHV�RQ�FRDVWDO�HURVLRQ�LQ�
6YDOEDUG��LQ��3URFHHGLQJV�RI�WKH�6HYHQWK�6KRUW�&RXUVH�DQG�&RQIHUHQFH�RQ�$SSOLHG�&RDVWDO�5HVHDUFK��)ORUHQFH����������

3DSURWD��0���6XOLV]��:���0DMHZVNL��'���������:DYH�LQGXFHG�WHPSHUDWXUH�SURILOH�HYROXWLRQ�RI�D�IUR]HQ�VDQG�ERWWRP�DQG�LWV�
HIIHFW�RQ�HURVLRQ��LQ��3URFHHGLQJV�RI�WKH�7ZHOIWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+\GURG\QDPLFV �,&+'���(JPRQG�DDQ�=HH�

3LFNHULQJ��0���������7KH�LPSDFW�RI�IXWXUH�VHD�OHYHO�ULVH�RQ�WKH�WLGHV� 8QLYHUVLW\�RI�6RXWKDPSWRQ��2FHDQ�DQG�(DUWK�6FLHQFH��
'RFWRUDO�7KHVLV�



5DFKROG�� 9��� $Up�� )�(��� $WNLQVRQ�� '�(��� &KHUNDVKRY�� *��� DQG� 6RORPRQ�� 6�0�� ������ $UFWLF� &RDVWDO� '\QDPLFV� � $Q�
,QWURGXFWLRQ� *HR�0DULQH�/HWWHUV������������

5DPLHUL��(���+DUWOH\��$���%DUEDQWL��$���'XDUWH�6DQWRV��)���*RPHV��$�� +LOGHQ��0���/DLKRQHQ��3���0DULQRYD��1���6DQWLQL��0��
����� 0HWKRGV IRU�DVVHVVLQJ�FRDVWDO�YXOQHUDELOLW\� WR�FOLPDWH�FKDQJH��(XURSHDQ 7RSLF�&HQWUH�RQ�&OLPDWH�&KDQJH� ,PSDFWV��
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