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2YHUYLHZ�

)RU PDQ\ GHFDGHV� HOHFWULFLW\ SURGXFWLRQ LQ 3HUX KDV EHHQ FDUULHG RXW XVLQJ FRQYHQWLRQDO ZDWHU VRXUFHV DQG GLHVHO� � � � � � � � � � � � � � � � �

WKHUPDO SRZHU SODQWV� :LWK WKH XVH RI &DPLVHD JDV� DV RI ���� \HDU� D FKDQJH ZDV PDGH LQ WKH SHUXYLDQ HQHUJ\� � � � � � � � � � � � � � � � � � � � �

VFHQDULR WKDW PDGH SRVVLEOH WKDW ������ RI WKH SRSXODWLRQ FDQ DFFHVV WR HOHFWULFLW\ VXSSO\ LQ WKHLU KRPHV >�@� DQG� � � � � � � � � � � � � � � � � � �

HQMR\ EHQHILWV VXFK DV HGXFDWLRQ� KHDOWK� VWUHHW OLJKWLQJ� DPRQJ RWKHUV� 2Q WKH RWKHU KDQG� LQ WKH \HDU ���� WKH� � � � � � � � � � � � � � � � � � �

/HJLVODWLYH 'HFUHH 1� ���� ZDV HQDFWHG� WKURXJK ZKLFK WKH 3HUXYLDQ 6WDWH PDUNV D QHZ PLOHVWRQH WKDW SURPRWHV WKH� � � � � � � � � � � � � � � � � �

GLYHUVLILFDWLRQ RI 3HUX
V HQHUJ\ PDWUL[ WKURXJK WKH SDUWLFLSDWLRQ RI QRQ�FRQYHQWLRQDO UHQHZDEOH HQHUJ\ VRXUFHV�� � � � � � � � � � � � �

+RZHYHU� GHVSLWH WKH FRQWLQXRXV LQFXUVLRQ RI UHQHZDEOH HQHUJLHV LQ WKH HOHFWULFLW\ PDUNHW DQG WKH HIIRUWV WR SURYLGH� � � � � � � � � � � � � � � � �

TXDOLW\ HOHFWULFLW\ WR PRUH IDPLOLHV� LQ 3HUX LV VWLOO DQ DSSUR[LPDWH RI � ��� ��� LQKDELWDQWV ZKR GR QRW HQMR\ WKLV� � � � � � � � � � � � � � � � � � � � �

EHQHILW DQG ZKR� IRU WKH PRVW SDUW� OLYH LQ UXUDO DUHDV RI GLIILFXOW DFFHVV� 7DNLQJ LQWR DFFRXQW WKLV VLWXDWLRQ� WKH� � � � � � � � � � � � � � � � � � � �

FXUUHQW UHJXODWRU\ IUDPHZRUN DQG WKH DQQXDO VRODU UDGLDWLRQ OHYHO RI WKH UHJLRQV RI 3HUX �EHWZHHQ ��� DQG � .:K� � � � � � � � � � � � � � � � � � �

�P��GD\� >�@� LV HVWLPDWHG WKDW WKHVH IHDWXUHV FDQ EH H[SORLWHG E\ WKH LQVWDOODWLRQ RI SKRWRYROWDLF V\VWHPV WKDW DOORZ� � � � � � � � � � � � � � � � � �

SHUXYLDQV ZKR GR QRW HQMR\ HOHFWULFLW\ VXSSO\� DFFHVV WR GRPHVWLF HOHFWULILFDWLRQ DOWHUQDWLYHV WKDW SURYLGH D EHWWHU� � � � � � � � � � � � � � � �

TXDOLW\ RI OLIH� 7KHUHIRUH� WKLV UHVHDUFK IRFXVHG RQ WKH WRSLF �(QHUJ\ DQG GHYHORSPHQW� SURSRVHV WR HYDOXDWH WKH� � � � � � � � � � � � � � � � �

WHFKQLFDO� HFRQRPLF DQG VRFLDO YLDELOLW\ RI ZKDW W\SH RI LVRODWHG SKRWRYROWDLF V\VWHP RU ZLWK WKH SRVVLELOLW\ RI� � � � � � � � � � � � � � � � �

LQWHUFRQQHFWLRQ WR WKH SXEOLF QHWZRUN ZRXOG EH WKH PRVW RSWLPDO IRU SURYLGH HOHFWULF SRZHU VXSSO\ WR D 3HUXYLDQ� � � � � � � � � � � � � � � � � �

UXUDO DUHD� )RU WKH GHWHUPLQDWLRQ RI WKLV V\VWHP� WKH FRQGLWLRQV LQGLFDWHG E\ WKH 3HUXYLDQ 7HFKQLFDO 6WDQGDUG� � � � � � � � � � � � � � � �

�173B0(0� >�@ ZLOO EH DSSOLHG� ZKLFK LPSOLHV FKDUDFWHUL]LQJ WKH GHYLFHV WKDW PDNH XS WKH SKRWRYROWDLF V\VWHP DQG� � � � � � � � � � � � � � � � �

HYDOXDWLQJ WKH FHQWUDOL]HG UHDGLQJ RI WKH HOHFWULFLW\ VXSSO\ FRQVXPSWLRQV RI SXEOLF VHUYLFHV� /LNHZLVH� IRU WKH� � � � � � � � � � � � � � �

IXOILOOPHQW RI WKHVH REMHFWLYHV� WKH DSSOLFDWLRQ RI WKH %7� WDULII DQG WKH )26( VXEVLG\ �(OHFWULF 6RFLDO� � � � � � � � � � � � � � � �

&RPSHQVDWLRQ )XQG� >�@ LV FRQVLGHUHG� ZKLFK WRGD\ LV XVHG LQ LVRODWHG UXUDO SRSXODWLRQV RI 3HUX� )LQDOO\� WKLV� � � � � � � � � � � � � � � � �

UHVHDUFK VHHNV WR HVWDEOLVK WKH VRFLDO DQG HFRQRPLF LPSDFW WKDW ZRXOG EH JHQHUDWHG LQ WKH UHPRWH DQG SRRU ORFDOLWLHV� � � � � � � � � � � � � � � � � � �

RI 3HUX� WKURXJK WKH JUDQWLQJ RI WHFKQRORJLHV WKDW FDSWXUH DQG SURFHVV WKH HQHUJ\ FRPLQJ IURP WKH VXQ IRU WKH GDLO\� � � � � � � � � � � � � � � � � � � �

XVH�RI�WKH�LQKDELWDQWV��

0HWKRGV�

7KLV UHVHDUFK LV GHYHORSHG WKURXJK WKH FDVH VWXG\ PHWKRGRORJ\� LQ ZKLFK WKH UXUDO WRZQ RI (O 9DOOHFLWR� EHORQJLQJ� � � � � � � � � � � � � � � � � �

WR &XVFR FLW\� ZDV FKRVHQ DV D VXLWDEOH SODFH IRU HOHFWULILFDWLRQ WKURXJK SKRWRYROWDLF V\VWHPV EHFDXVH LW KDV QRW� � � � � � � � � � � � � � � � � �

DFFHVV WR SXEOLF HOHFWULFLW\ VXSSO\� EXW WKLV SODFH SUHVHQWV D VRODU LUUDGLDQFH OHYHO KLJKHU WKDQ ��� .:K�P��GD\� � � � � � � � � � � � � � � � �

GXULQJ DOO PRQWKV RI WKH \HDU� /LNHZLVH� WKLV UHVHDUFK SUHVHQWV DQ LQWHUGLVFLSOLQDU\ PHWKRGRORJ\ WKURXJK ZKLFK� � � � � � � � � � � � � � �

WHFKQLFDO FRQFHSWV UHODWHG WR PDWKHPDWLFV� SK\VLFV DQG IXQGDPHQWDO HOHFWULFDO SURSHUWLHV RI HDFK GHYLFH RI WKH� � � � � � � � � � � � � � �

SKRWRYROWDLF V\VWHP DUH GHYHORSHG� HFRQRPLF FRQFHSWV WKDW DOORZ WR HVWDEOLVK WKH YLDELOLW\ RI DQ LQVWDOODWLRQ ZLWK� � � � � � � � � � � � � � � �

SKRWRYROWDLF WHFKQRORJLHV DV D IXQFWLRQ RI WLPH DQG LQ FRPSDULVRQ ZLWK WKH FRVWV RI LQVWDOODWLRQ WR SXEOLF QHWZRUN� � � � � � � � � � � � � � � � � �

FXUUHQWO\ LQ IRUFH� DQG� VRFLDO FRQFHSWV WKDW PDNH LW SRVVLEOH WR DVVHVV WKH VRFLDO YDOXH WKDW FRXOG EH JHQHUDWHG ZLWK� � � � � � � � � � � � � � � � � � � �

WKH GHOLYHU\ RI D TXDOLW\ HOHFWULFLW\ VXSSO\ LQ VHFWRUV QRW \HW FRQQHFWHG WR WKH SXEOLF HOHFWULFLW\ JULG RI WKH FRXQWU\�� � � � � � � � � � � � � � � � � � � �

$OO WKHVH FRQFHSWV DUH GHYHORSHG XQGHU D OHJDO IUDPHZRUN HVWDEOLVKHG E\ WKH 0LQLVWU\ RI (QHUJ\ DQG 0LQHV RI 3HUX�� � � � � � � � � � � � � � � � � � �

5HJDUGLQJ WKH WHFKQLFDO GHYHORSPHQW� ZKLFK LV PRUH H[WHQVLYH LQ WKLV UHVHDUFK� LV DSSOLHG WKH PHWKRGRORJ\ RI� � � � � � � � � � � � � � � �

VLPXODWLRQV WKURXJK WKH XVH RI WKH 0DWODE5 VRIWZDUH� ZKLFK DOORZV WKH FRGLQJ RI DOJRULWKPV DQG WKH FRQVWUXFWLRQ RI� � � � � � � � � � � � � � � � � �

EORFN GLDJUDPV WKDW UHSUHVHQW WKH LQWHUQDO VWUXFWXUH RI HDFK GHYLFH WKDW PDNHV XS WKH SKRWRYROWDLF V\VWHP� ,Q WKLV� � � � � � � � � � � � � � � � � �

ZD\� LV SRVVLEOH REWDLQ UHVXOWV RI WKH EHKDYLRU RI HDFK GHYLFH� DV ZHOO DV LWV LQWHUFRQQHFWLRQ� 2Q WKH RWKHU KDQG� WKH� � � � � � � � � � � � � � � � � � � � �

PHWKRGRORJ\ RI ODERUDWRU\ H[SHULPHQWV LV XVHG� LQ ZKLFK SK\VLFDO WHVWV RI WKH GHYLFHV LV FDUULHG RXW LQ FHUWDLQ� � � � � � � � � � � � � � � � � �

HQYLURQPHQWDO FRQGLWLRQV WKDW ZLOO WKHQ EH FRQWUDVWHG ZLWK WKH UHVXOWV IRXQG WKURXJK WKH VLPXODWHG PRGHO LQ 0DWODE5� � � � � � � � � � � � � � � � �

VRIWZDUH��
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5HVXOWV�

7KH VWXG\ RI WHFKQLFDO� HFRQRPLF DQG VRFLDO YLDELOLW\ RI WKH LQVWDOODWLRQ RI LVRODWHG SKRWRYROWDLF V\VWHPV IRU KRPH� � � � � � � � � � � � � � � � �

XVH LQ UXUDO ORFDWLRQV RI 3HUX� LQWHQGV WR DFTXLUH WKH IROORZLQJ UHVXOWV� &KDUDFWHUL]H WKH PDWKHPDWLFDO EHKDYLRU RI WKH� � � � � � � � � � � � � � � � � �

GHYLFHV WKDW PDNH XS WKH SKRWRYROWDLF V\VWHP� XVLQJ VRIWZDUH VLPXODWLRQV DQG YDOLGDWLQJ WKH UHVXOWV ZLWK ILHOG WHVWV�� � � � � � � � � � � � � � � � �

7KURXJK WKH UHVXOWV IRXQG LQ WKH VLPXODWLRQV� GHWHUPLQH WKH PRVW DSSURSULDWH PRGHOV RI GHYLFHV� LQ WHFKQLFDO�� � � � � � � � � � � � � � � �

HFRQRPLF DQG OHJDO WHUPV� WKDW ZRXOG PDNH XS DQ LVRODWHG SKRWRYROWDLF LQVWDOODWLRQ IRU WKH KRPHV RI WKH UXUDO WRZQ� � � � � � � � � � � � � � � � � � �

RI (O 9DOOHFLWR� ZKLFK PXVW SUHVHQW DQ HIILFLHQW EHKDYLRU EHIRUH WKH OHYHO RI VRODU UDGLDWLRQ DQG WKH FOLPDWLF FKDQJHV� � � � � � � � � � � � � � � � � � �

RI WKH SODFH� ,GHQWLI\ WKH QHHG IRU SURWHFWLRQ DJDLQVW OLJKWQLQJ WKDW SUHVHQWV DQ DGGUHVV DQG WKH SRVVLEOH VDIHJXDUG� � � � � � � � � � � � � � � � � �

PHDVXUHV WKDW VKRXOG EH XVHG� 7KHVH UHVXOWV ZLOO EH REWDLQHG WKURXJK DQ DOJRULWKP GHYHORSHG LQ 0DWODE WKDW� � � � � � � � � � � � � � � � �

SHUIRUPV WKH ULVN DVVHVVPHQW E\ HQWHULQJ GDWD FRUUHVSRQGLQJ WR WKH DUHD RI WKH ODQG WR EH VWXGLHG� (VWDEOLVK WKH� � � � � � � � � � � � � � � � � � �

HFRQRPLF YLDELOLW\ RI WKH LQVWDOODWLRQ RI D SKRWRYROWDLF V\VWHP IRU WKH UXUDO FRPPXQLW\ RI (O 9DOOHFLWR� LQ VXFK D ZD\� � � � � � � � � � � � � � � � � � � �

WKDW LW RIIHUV D PRQWKO\ IHH IRU HOHFWULFLW\ VHUYLFH FKHDSHU WKDQ WKH FXUUHQW UDWH HVWDEOLVKHG IRU WKH VXUURXQGLQJ� � � � � � � � � � � � � � � � � �

ORFDOLWLHV E\ FRQFHSW RI HOHFWULF VHUYLFH IURP WKH SXEOLF QHWZRUN� 'HWDLO WKH EHQHILWV UHODWHG WR WKH TXDOLW\ RI OLIH WKDW� � � � � � � � � � � � � � � � � � � �

XVHUV RI WKLV W\SH RI HOHFWULFDO LQVWDOODWLRQ ZLOO HQMR\ DQG WKDW XQWLO QRZ WKH\ ODFN� $QG� ILQDOO\� HVWDEOLVK WKH XVH RI� � � � � � � � � � � � � � � � � � � � �

WHFKQRORJLHV UHODWHG WR WKH DSSO\ RI XQFRQYHQWLRQDO UHQHZDEOH HQHUJ\ VRXUFHV DV D PHDQV RI VRFLDO LQFOXVLRQ�� � � � � � � � � � � � � � � �

WKURXJK ZKLFK LV SRVVLEOH WKH UHGXFWLRQ RI WKH SRYHUW\ JDS LQ 3HUX DQG WKH LQWHJUDWLRQ RI WKH PRVW UHPRWH� � � � � � � � � � � � � � � � � � �

FRPPXQLWLHV�LQ�WKH�FRXQWU\�WKDW�GR�QRW�HQMR\�RI�WKH�EDVLF�VHUYLFHV�RI�DQ\�FLWL]HQ��

&RQFOXVLRQV�

7KH PDWKHPDWLFDO FKDUDFWHUL]DWLRQ RI HDFK RI WKH GHYLFHV WKDW PDNH XS WKH SKRWRYROWDLF V\VWHP DV ZHOO DV WKHLU� � � � � � � � � � � � � � � � � �

LQWHUFRQQHFWLRQ EHWZHHQ WKHP� DOORZV DFTXLULQJ D EHWWHU XQGHUVWDQGLQJ RI WKH EHKDYLRU RI WKLV DOWHUQDWLYH RI� � � � � � � � � � � � � � �

HOHFWULILFDWLRQ EHIRUH YDULDEOHV H[WHUQDO WR WKH V\VWHP VXFK DV VRODU LUUDGLDQFH� FOLPDWH FKDQJH DQG WKH DWPRVSKHULF� � � � � � � � � � � � � � � �

SKHQRPHQD RI WKH LQVWDOODWLRQ ORFDWLRQ� 2Q WKH RWKHU KDQG� WKH VLPXODWLRQV RI WKH V\VWHP LQ D VRIWZDUH DUH D SUHYLRXV� � � � � � � � � � � � � � � � � � � �

SURFHVV WKDW DOORZV D EHWWHU HIILFLHQF\ DW WKH PRPHQW RI VHOHFWLRQ RI FRPSRQHQWV RI WKH LQVWDOODWLRQ EHFDXVH�� � � � � � � � � � � � � � � � �

UHPRWHO\� SUHOLPLQDU\ UHVXOWV RI WKH EHKDYLRU RI WKH GHYLFHV FDQ EH REWDLQHG LQ WKH FRQGLWLRQV RI WKH SODFH DQG DV D� � � � � � � � � � � � � � � � � � � � �

IXQFWLRQ RI WLPH� $OVR� WKH WHFKQLFDO VWXG\ RI WKLV SURMHFW OHDGV WR DVVHVV WKH ULVN FRQGLWLRQV RI WKH DUHD EHIRUH WKH� � � � � � � � � � � � � � � � � � � � �

SRVVLELOLW\ RI HOHFWULFDO VWRUPV� ZKLFK LV EHQHILFLDO EHFDXVH DOORZV WR GHWHUPLQH LQ DQ DXWRPDWHG ZD\ WKH ULVN ]RQH� � � � � � � � � � � � � � � � � �

DQG WKH QHFHVVDU\ V\VWHPV RI OLJKWQLQJ SURWHFWLRQ � 7KDQNV WR WKH WHFKQLFDO GHYHORSPHQW DQG VLPXODWLRQV WKURXJK WKH� � � � � � � � � � � � � � � � �

0DWODE5 VRIWZDUH� LW LV SRVVLEOH WR GHWHUPLQH ZLWK JUHDWHU SUHFLVLRQ WKH W\SH RI GHYLFHV FDSDEOH RI WDNLQJ DGYDQWDJH� � � � � � � � � � � � � � � � � �

RI VRODU HQHUJ\ ZKHQ DUH LQVWDOOHG DQG� DFFRUGLQJO\� DOORZ JHQHUDWH D TXDOLW\ HOHFWULF VHUYLFH IRU WKH VWXG\ ORFDWLRQ�� � � � � � � � � � � � � � � � � �

7KLV LPSURYHPHQW LQ WKH VHOHFWLRQ SURFHVV PDNHV SRVVLEOH WKDW WKH GHYLFHV SURYLGH D PRUH UHVLVWDQW EHKDYLRU WR WKH� � � � � � � � � � � � � � � � � �

FKDQJH RI WHPSHUDWXUHV DQG OHYHOV RI VRODU LUUDGLDQFH� DQG WKXV DYRLG VSRLOLQJ RU UHTXLULQJ PDLQWHQDQFH LQ D PXFK� � � � � � � � � � � � � � � � � �

PRUH FRQWLQXRXV ZD\ WKDQ HVWDEOLVKHG� 2Q WKH RWKHU KDQG� WKLV DOWHUQDWLYH RI HOHFWULILFDWLRQ WXUQV RXW WR EH� � � � � � � � � � � � � � � � �

HFRQRPLFDO IRU WKH UXUDO VHFWRUV RI 3HUX JLYHQ WKDW� WKURXJK WKH %7� WDULII DQG WKH (OHFWULF 6RFLDO &RPSHQVDWLRQ� � � � � � � � � � � � � � � � � �

)XQG �)26(�� WKH PRQWKO\ WDULII IRU HOHFWULFLW\ VXSSO\ LV UHGXFHG LQ PRUH ���� )LQDOO\� SURYLGLQJ HOHFWULF VHUYLFH WR� � � � � � � � � � � � � � � � � �

UXUDO DUHDV RI 3HUX LV DQ DOWHUQDWLYH WKDW DOORZV UHGXFLQJ WKH SRYHUW\ DQG VRFLDO LQHTXDOLW\ JDS H[LVWLQJ LQ WKH DFWXDO� � � � � � � � � � � � � � � � � � � �

FRQWH[W RI 3HUX� 7KURXJK WKH SKRWRYROWDLF LQVWDOODWLRQV LQWHQGHG IRU KRPH FRQVXPSWLRQ� VRFLDO LQFOXVLRQ VWUDWHJLHV� � � � � � � � � � � � � �

WDNH SODFH� DOORZLQJ WKH EHQHILFLDULHV QRW RQO\ WR HQMR\ D TXDOLW\ HOHFWULF VHUYLFH� EXW DOVR� WDNH DGYDQWDJH RI� � � � � � � � � � � � � � � � � �

RSSRUWXQLWLHV VXFK DV HGXFDWLRQ� KHDOWK DQG FRPPXQLFDWLRQ ZLWK WKH UHVW RI WKH SRSXODWLRQ RI WKH FRXQWU\ DQG WKH� � � � � � � � � � � � � � � � � �

ZRUOG� /LNHZLVH� KHOSLQJ WKHVH OHVV IDYRUHG VRFLHWLHV ZLWK D SKRWRYROWDLF LQVWDOODWLRQ� PDNHV SRVVLEOH VWDUW DQG� � � � � � � � � � � � � � �

H[SDQG FRPPHUFLDO DFWLYLWLHV WKDW FRXOG VXSSRUW EDVLF HFRQRPLF QHHGV RI WKH SHRSOH DQG DOORZ WKHP D EHWWHU TXDOLW\� � � � � � � � � � � � � � � � � �
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>�@ $FFHVR D OD HOHFWULFLGDG� ������� %DQFR 0XQGLDO� 5HWULHYHG �� 2FWREHU ����� IURP� � � � � � � � � � � � �

KWWSV���GDWRV�EDQFRPXQGLDO�RUJ�LQGLFDGRU�(*�(/&�$&&6�=6"HQG ����	ORFDWLRQV 3(	VWDUW ����	YLHZ FKDUW�

>�@ 1$6$ 3UHGLFWLRQ RI :RUOGZLGH (QHUJ\ 5HVRXUFH� ������� 1$6$� 5HWULHYHG �� 2FWREHU ����� IURP� � � � � � � � � � � � � �
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KWWS���ZZZ�RVLQHUJPLQ�JRE�SH�VHFFLRQ�FHQWURBGRFXPHQWDO�3ODQWLOOD0DUFR/HJDO%XVTXHGD�/H\���1�&��%�����

�����������/H\���GHO���)RQGR���GH���&RPSHQVDFL�&��%�Q���6RFLDO���(QHUJ�&��$�WLFD�SGI�

�

Submission number 136 to 7th ELAEE 2019: DO NOT DISTRIBUTE!


