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Preface 
 
To end the year 2021, we proudly present Vol. 36, No. 2 of the Bulletin of Marine Geology 
(BoMG). Our honourable authors have kindly shared their knowledge, enriching further the 
development of marine science in Indonesia. Starting with the successful story of the 
rejuvenation of a mature oil field in the Asri Basin to increase oil production significantly 
again, then moving to a lesson from the UK on building a database of metal resources in 
Indonesia, and finally some topics regarding sedimentology for identifying paleotsunami 
deposits, interpreting depositional environments using ichnofacies, and assessing 
hydrodynamic processes between river and coastal areas based on grain size analysis. 
 
With a variety of research scopes, we hope their results can be used as a driving force in 
determining national policies in terms of energy, mineral resources, or even those related to 
geohazard mitigation and society. Happy reading! 
 
         
 

The Editorial Team of BoMG 
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$%675$&7 �� ,17$�%�)LHOG�LV�RQH�RI� WKH�PRVW�SURGXFLQJ�PDWXUH�ILHOGV�LQ�:LGXUL�$UHD��$VUL�%DVLQ�
2IIVKRUH� 6(� 6XPDWHUD�� ,QGRQHVLD�� WKHUHIRUH� LW� LV� VXEMHFWHG� WR� UHMXYHQDWLRQ� WR� HQKDQFH� K\GURFDUERQ
SURGXFWLRQ��,17$�%�)LHOG�LV�GLVWLQJXLVKHG�IURP�RWKHU�ILHOGV�IURP�LWV�IHDWXUHG�DQWLFOLQDO�VWUXFWXUHV�WKDW�KDYH
WKH�QRUWKHDVW�VRXWKZHVW�WUHQGLQJ��7KLV�VWUXFWXUH�LV�KHDYLO\�IDXOWHG�PDLQO\�LQ�WKH�XS�WKURZQ�VRXWK�VLGH�RI�D
PDMRU�QRUPDO�IDXOW��7ZR�VWUXFWXUDO�FRQILJXUDWLRQV�ZLWK�YDULRXV�RLO�ZDWHU�FRQWDFW�KDYH�VXFFHVVIXOO\�EHHQ
LGHQWLILHG�ZLWKLQ�WKH�ILHOG��7KH�PRVW�RI�RLO�UHVHUYHV�DUH�SUHVHUYHG�LQ�WKH�ZHVWHUQ�OREH�LQ�ZKLFK�,QWDQ���VDQGV�
2QH�RI�WKH�PRVW�LPSRUWDQW�UHVHUYRLUV�LQ�WKLV�ILHOG�LV�7DODQJDNDU��7$)��VDQG�GHSRVLWHG�DV�D�PHDQGHULQJ�ULYHU
V\VWHP�WKDW�VWUHDPHG�IURP�WKH�QRUWKZHVW�WR�WKH�VRXWKHDVW�ZLWKLQ�WKH�EDVLQ��7ZR�PDLQ�UHVHUYRLUV��*LWD���$
DQG�*LWD���%�DUH�FRUUHODWHG�WKURXJKRXW�WKH�ILHOG�DQG�LQWHUSUHWHG�DV�0LRFHQH�IOXYLR�FKDQQHO�VDQGV��7KHVH
WZR�FKDQQHOV�DUH�WKLFNHQHG�PRGHUDWHO\�IURP�VRXWKZHVW�WR�QRUWKHDVW�ZKLFK�KDV�GHVFULSWLRQV�DV�IROORZV��ILQH�
WR�FRDUVH�JUDLQV��XQFRQVROLGDWHG�WR�IULDEOH��DQG�ORZ�FHPHQWLQJ�PDWHULDOV�
,17$�%�)LHOG�KDV�EHHQ�SURGXFHG�IRU����\HDUV�DQG�FXUUHQWO\�XQGHUJRLQJ�D�ZDWHUHG�RXW�SKDVH��7KHUHIRUH��DQ
LQWHJUDWHG� VWXG\� LV�VXEMHFWHG� WR�RYHUFRPH� WKLV� LVVXH� IRU�PDWXUH� ILHOG� UHMXYHQDWLRQ��7KH� LQWHJUDWHG�VWXG\
UDQJHG�IURP�JHRORJ\��H�J���GHSRVLWLRQDO�HQYLURQPHQW�DQG�IDFLHV�DQDO\VLV���JHRSK\VLFV��H�J���UHYLVLWLQJ�DQG
UHSURFHVVLQJ� RI� VHLVPLF� DWWULEXWHV��� SHWURSK\VLFDO� FDOFXODWLRQ�� DQG� UHVHUYRLU� HQJLQHHULQJ� �H�J��� ZDWHU
FRQIRUPDQFH�SORW�DQG�YROXPHWULF�FDOFXODWLRQ��
7KLV�LQWHJUDWHG�VWXG\�KDV�VXFFHVVIXOO\�UHMXYHQDWHG�D�PDWXUH�ILHOG�UHVXOWLQJ�DQG�DGGHG�D�VLJQLILFDQW�QXPEHU�LQ
RLO�SURGXFWLRQ�ZLWK�DQ�DYHUDJH�RI�����%32'�ZHOO��7KH�H[WHQGHG�SURMHFW�LV�HVWLPDWHG�WR�KDYH�D�VLPLODU�UHVXOW
WR�WKH�IRUZDUG�SLORW�

.H\ZRUGV��PDWXUH�ILHOG�UHMXYHQDWLRQ��LQWHJUDWHG�VWXG\��RIIVKRUH�6(�6XPDWUD��ZDWHU�RXW�SKDVH

$%675$.��/DSDQJDQ�,17$�%�PHUXSDNDQ�VDODK�VDWX�GLDQWDUD�ODSDQJDQ�WXD�\DQJ�PDVLK�SURGXNWLI�GL�$UHD
:LGXUL�� &HNXQJDQ� $VUL�� /HSDV� 3DQWDL� 7HQJJDUD� 6XPDWUD�� ,QGRQHVLD�� \DQJ� WHQWXQ\D� PHPHUOXNDQ
SHUHPDMDDQ� NRQVHS� SHQJHPEDQJDQ� XQWXN� WHUXV� PHPSURGXNVL� KLGURNDUERQ�� /DSDQJDQ� ,17$�%� GDSDW
GLSLVDKNDQ�GDUL�ODSDQJDQ�ODLQQ\D�GDUL�NHEHUDGDDQ�VWUXNWXU�DQWLNOLQ�EHUDUDK�7LPXUODXW���7HQJJDUD��6WUXNWXU
LQL� WHUSDWDKNDQ� VDQJDW� NXDW� WHUXWDPD� SDGD� VLVL� QDLN� EDJLDQ� 6HODWDQ� GDUL� 6HVDU� 1RUPDO� XWDPD�� 'XD
NRQILJXUDVL�VWUXNWXU�GHQJDQ�EHEHUDSD�YDULDVL�NRQWDN�PLQ\DN�GHQJDQ�DLU�VXGDK�EHUKDVLO�GLLGHQWLILNDVL�GL
ODSDQJDQ� LQL�� &DGDQJDQ� PLQ\DN� WHUVLVD� VHEDJLDQ� EHVDU� EHUDGD� SDGD� DUHD� %DUDW� GLPDQD� ORNDVL
SHQJHQGDSDQ�,QWDQ���WHUMDGL�
6DODK�VDWX�UHVHUYRLU�XWDPD�GL�ODSDQJDQ�LQL�DGDODK�%DWXSDVLU�)RUPDVL�7DODQJDNDU��7$)��\DQJ�GLHQGDSNDQ
VHEDJDL� VLVWHP� VXQJDL� EHUPHDQGHU� \DQJ� PHQJDOLU� GDUL� DUDK� EDUDWODXW� PHQXMX� EDJLDQ� WHQJJDUD� GDUL
FHNXQJDQ�� 'XD� UHVHUYRLU� XWDPD�� \DLWX� *LWD���$� GDQ� *LWD���%� EHUNRUHODVL� SDGD� ODSDQJDQ� LQL� GDQ
GLLQWHUSUHWDVLNDQ�VHEDJDL� IOXYLDO�FKDQQHO�VDQGV�\DQJ� WHUHQGDSNDQ�NDOD�0LRVHQ��.HGXD� LQWHUYDO� WHUVHEXW
PHQHEDO�VHFDUD�PRGHUDW�GDUL�EDUDWGD\D�NHDUDK�WLPXUODXW�\DQJ�PHPLOLNL�NDUDNWHULVWLN�ILQH���FRDUVH�JUDLQV�
XQFRQVROLGDWHG���IULDEOH��GDQ�ORZ�FHPHQWLQJ�PDWHULDOV�
/DSDQJDQ�,17$�%�VXGDK�GLSURGXNVLNDQ�VHODPD����WDKXQ�GDQ�VDDW�LQL�VXGDK�PHPDVXNL�IDVH�ZDWHUHG�RXW�
6WXGL� WHULQWHJUDVL� PXWODN� GLSHUOXNDQ� XQWXN� PHQJDWDVL� SHUPDVDODKDQ� LQL� GHQJDQ� SHUHPDMDDQ� GDQ
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SHPXWDNKLUDQ� ODSDQJDQ� WXD��6WXGL� LQL�PHOLQJNXSL�DVSHN�JHRORJL� �OLQJNXQJDQ�SHQJHQGDSDQ�GDQ�DQDOLVLV
IDVLHV��� JHRILVLND� �VHPLVDO� PHPSURVHV� XODQJ� DWULEXW� VHLVPLF��� SHUKLWXQJDQ� SHWURILVLND�� GDQ� UHVHUYRLU
HQJLQHHULQJ��VHPLVDO�ZDWHU�FRQIRUPDQFH�SORW�GDQ�SHUKLWXQJDQ�YROXPHWULN�
6WXGL�WHULQWHJUDVL�LQL�WHODK�EHUKDVLO�PHUHPDMDNDQ�GDQ�PHPXWDNKLUNDQ�NRQVHS�SHQJHPEDQJDQ�ODSDQJDQ�WXD�
.HODQMXWDQ�GDUL�SUR\HN�LQL�WHQWXQ\D�SHUOX�WHUXV�GLODNXNDQ�GDQ�GLKDUDSNDQ�GDSDW�MXJD�PHPEHULNDQ�KDVLO
\DQJ�VLJQLILNDQ�

.DWD�.XQFL��SHUHPDMDDQ� ODSDQJDQ� WXD��VWXGL� WHULQWHJUDVL�� OHSDV�SDQWDL�7HQJJDUD�6XPDWUD��ZDWHUHG�RXW
SKDVH
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,1752'8&7,21
6RXWKHDVW� 6XPDWUD� SURGXFWLRQ� VKDULQJ� FRQWUDFW� LV

ORFDWHG�LQ�2IIVKRUH�6XPDWUD��RSHUDWHG�E\�3HUWDPLQD�+XOX
(QHUJL�26(6��7KUHH�EDVLQV�RI�6XQGD��$VUL��DQG�+HUD�OLH�LQ
DQ�DUHD�RI��������VT��NP�RI�FRQFHVVLRQ��$VUL�%DVLQ�ZDV
RQFH�WKRXJKW�WR�KDYH�ORZ�PDWXULW\�RI�VRXUFH�URFNV�UHVXOWHG
LQ� D� ORZ� LQWHUHVW� WR� EH� H[SORUHG�� GXULQJ� WKH� HDUO\� VWDJH�
IURP������WR�������:LJKW�HW��DO����������$SSUR[LPDWHO\
���� NP� QRUWK� RI� :,'$� SODWIRUP�� ,17$�%� )LHOG� OLHV
EHWZHHQ�9,7$�DQG�1(,$�ILHOG��7KH�GLVFRYHU\�ZHOO�,QWDQ�

���ZDV�GULOOHG�LQ�������XS�WR����IW�DQG������IW�QHW�RLO�SD\
IURP�WZR�VDQGVWRQH�XQLWV��QDPHO\�*LWD���$�DQG�*LWD���%
VDQG��IURP�(DUO\�0LRFHQH�7$)��2LO�EHDULQJ�VDQGV�LQ�WKH
,QWDQ��� ZHOO� DUH� VWUDWLJUDSKLFDOO\� VLPLODU� WR� *LWD���
LQWHUYDO�VDQGVWRQH�LQ�VXUURXQGLQJ�VWUXFWXUHV��DFFRUGLQJ�WR
D�FRUUHODWLRQ�ZLWK� WKH�,1'$�DQG�:,'$�ILHOGV��ZKLFK� LV
ZHOO�GHILQHG�E\��'�VHLVPLF�PDSSLQJ��7KLV�H[WHQVLYH�VWXG\
LQ� GHYHORSLQJ� WKLV� UHVHUYRLU� W\SH� VXJJHVWV� QR� IXUWKHU
GHOLQHDWLRQ�ZHOOV�DUH�QHFHVVDU\�

$VUL�%DVLQ�5HJLRQDO�&RQWH[W
$�&HQR]RLF�H[WHQVLRQDO�EDFN�DUF�DQG�KDOI�JUDEHQ�ULIW

RI�$VUL�%DVLQ��<RXQJ�DQG�$WNLQVRQ�������� LV�VLWXDWHG� LQ
2IIVKRUH� 6XPDWUD�� ,QGRQHVLD�� DQG� FRYHUV� DQ� DUHD� RI
DSSUR[LPDWHO\������VT��NP��,W�FRPSULVHV�WKLFN�VHGLPHQW

IURP�3DOHRFHQH�WR�3OHLVWRFHQH�XS�WR��������IW�WKLFNQHVV��,W
LV� ERUGHUHG�E\�D�GRZQWKURZQ� WR� WKH�ZHVW��1�6� WUHQGLQJ
IDXOWV�WR�WKH�(DVW��DQG�DQ�1:�6(�WUHQGLQJ�ZUHQFK�V\VWHP
WR�WKH�VRXWK��5DODQDUNR�HW��DO����������

7KUHH�PDMRU�WHFWRQLFV�DUH�UHFRJQL]HG��SUH�ULIW��V\Q�
ULIW�� SRVW�ULIW�� ZKLFK� DIIHFWHG� WKH� VWUXFWXUDO� VW\OH� DQG
GHSRVLWLRQDO�V\VWHPV�LQ�WKH�$VUL�%DVLQ��5DODQDUNR�HW��DO��
������� 7KH� EDVLQ� DFNQRZOHGJHG� RLO� ILHOGV� KDYH� D
VWUDWLJUDSKLF�DVSHFW�WKDW�LV�LQIOXHQFHG�E\�PRGHUDWH�LQWUD�
EDVLQDO�IDXOWLQJ�DQG�IROGLQJ��6WUXFWXUDO�FRQWURO�RQ�PDMRU

D[LDO�GUDLQDJH�V\VWHPV�ZRXOG�H[HUW�WUHPHQGRXV�LQIOXHQFH
RQ�VDQG�VXSSO\�WR�DQ\�SDUWLFXODU�EDVLQ�DW�DQ\�JLYHQ�WLPH�
%DVLQ�LQWHJUDWLRQ�DQG�LWV�FRQWURO�RQ�D[LDO�IOXYLDO�V\VWHPV
SOD\�DQ�LPSRUWDQW�UROH�WR�IOXYLDO�GHSRVLWLRQ�GXULQJ�EDVLQ
HYROXWLRQ�DQG�ILOO�

7KH�/RZHU�=HOGD�DQG�8SSHU�*LWD�0HPEHUV�DUH�WKH
PDLQ� FRPSRQHQWV�RI� WKH�2OLJRFHQH�7$)��$UPRQ�HW��DO��
�������,Q�,17$�%�)LHOG��WKH�*LWD����VHULHV�VDQG�FRPSULVHV
WKH�WRS�VHTXHQFH�RI�*LWD�0HPEHU��2QH�RI�WKRVH�VHULHV�LV�WKH
*LWD���$�VDQG�FRQVLVWLQJ�RI� VLQXRXV�PHDQGHULQJ� IOXYLDO
FKDQQHO� VDQGVWRQHV� ZLWK� QRUWKZHVW�VRXWKHDVW� WUHQGLQJ
�5DODQDUNR�HW��DO����������$�IDXOW�ZLWK�D�WKURZ�RI�DURXQG
����IW� LQ� WKH�QRUWKZHVW� MX[WDSRVHV�VDQG�DJDLQVW� VKDOH�� ,W
ZDV�FROOHFWHG�LQ�WKH�VDPH�FKDQQHO�V\VWHP�DV�9,7$�ILHOG
*LWD����VDQG�GXULQJ�D�VLPLODU�WLPH�

)LJXUH��� $VUL�%DVLQ�5HJLRQDO�6WUDWLJUDSK\��PRGLILHG�DIWHU�6XNDQWR�������
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0(7+2'6
(DUOLHU�LQ�������UHYLHZ�DQG�DQDO\VHV�ZHUH�FRQGXFWHG

RQ� DOO� SURGXFHU� ZHOOV� LQ� WKH� $VUL� %DVLQ�� $IWHU� GDWD
JDWKHUHG�� LW� FDQ� EH� VHHQ� WKDW�ZDWHUHG� RXW�ZHOOV� SRWHQF\
IURP� SURGXFWLRQ� ZHOO� WHVW� EHIRUH� ZDWHUHG� RXW� UHDFKHG
DERXW������%32'�IURP����ZHOOV��ZKHUH�IRXU�ZHOOV�RI�WKHP

DUH�IURP�,17$�%�)LHOG��7KLV�VWXG\�FRYHUV�YDULRXV�VXEMHFWV
LQFOXGLQJ� FRPSOHWLRQ� KLVWRU\� DQG� ZHOO� SHUIRUDWLRQ�
SURGXFWLRQ�SHUIRUPDQFH�SORW�RI�WKH�ZHOO��ZHOO�FDVHG�KROH
ORJJLQJ�� VHLVPLF� DWWULEXWH� DQDO\VLV�� D� VWUXFWXUDO� FURVV�
VHFWLRQ� ZLWK� RIIVHW� ZHOO�� IDFLHV� GLVWULEXWLRQ� PDS�

)LJXUH����,17%�;�:HOOERUH�'LDJUDP

)LJXUH����,17%�;�(ODQ�/RJ
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SURGXFWLRQ�VXUYHLOODQFH��DQG�FXUUHQW�UHFRYHU\�IDFWRU��DQG
ULVN�DQDO\VLV�

2QH� RI� WKH�ZHOOV�ZKLFK� VXFFHVVIXOO\� UHDFWLYDWHG� LV
,17%�;�GULOOHG�LQ�-XQH�������HQFRXQWHUHG����IW�QHW�SD\�RI
*LWD���$�VDQG�����IW�QHW�SD\�RI�*LWD���$�VDQG��DQG�����IW
QHWD\�RI�*LWD���$�VDQG��)LJXUH�����

,17%�;�ZDV� FRPSOHWHG� LQ� -XQH� ����� LQ�*LWD���$
VDQG�ZLWK� LQWHUYDO� SHUIRUDWLRQ� ����¶� ±� ����¶�0'� XVLQJ
SURGXFWLRQ� FDVLQJ� �����´� SURGXFWLRQ� FDVLQJ� �)LJXUH� ���
7KH� LQLWLDO� SUHVVXUH� RI� WKLV� ZHOO� IURP�*LWD���$� VDQG� LV

�����SVL�PHDQZKLOH�LQLWLDO�SURGXFWLRQ�LV������%32'��'XH
WR� SURGXFWLRQ� GHFOLQH�� WKH�*LWD���$� VDQG�ZDV� FORVHG� LQ
'HFHPEHU������XVLQJ�D�VHDO�ORFDWRU��,17%�;�FRQWLQXHV�WR
SURGXFH� IURP� *LWD���$� VDQG�� ZLWK� LQWHUYDO� SHUIRUDWLRQ
����¶�±�����¶�0'��

$� VHLVPLF� DWWULEXWH� XVHG� WR� REVHUYH�*LWD���� VHULHV
VDQG�FRQWLQXLW\�LQ�WKH�,17$�%�ILHOG�LV�D�URRW�PHDQ�VTXDUH
�506��DPSOLWXGH��)LJXUH�����RQH�RI�WKH�PRVW�FRPPRQ�DQG
SRZHUIXO�VWDWLVWLFDO�PHDVXUHV�RI�WKH�PDJQLWXGH�RI�YDULDWLRQ
RYHU� D�GDWDVHW�� ,Q�SDUWLFXODU�� WKH�506� LV� FRQVWUXFWLYH� LI

)LJXUH����506�$PSOLWXGH�RI�*LWD����

)LJXUH����7KH�*LWD����6HULHV�6DQG�)DFLHV�,QWHUSUHWDWLRQ
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SRVLWLYH�DQG�QHJDWLYH�YDOXHV�VXFK�DV�VLQXVRLGV�DQG�VHLVPLF
WUDFNV� DUH� FURVVHG�� $V� D� UHVXOW�� WKH� 506� DWWULEXWH
HPSKDVL]HV� DFRXVWLF� LPSHGDQFH� YDULDWLRQV� RYHU� D� JLYHQ
VDPSOH� LQWHUYDO� �(SJHRORJ\� :HEVLWH�� ������� 7KLV
DWWULEXWH
V�DPSOLWXGH�UDQJHV�IURP���WR���������

5(68/76
,QWDQ���:LGXUL�SODWIRUP�DUHD�IRUPV�WKH�ZHVWHUQ�IODQN

RI�WKH�$VUL�%DVLQ�ZKLFK�LV�FXW�E\�VHYHUDO�VHULHV�RI�1(�6:
WUHQGLQJ�IDXOWV��7KLV�DUHD�EHFDPH�WKH�IRFXV�RI�H[SORUDWLRQ
DIWHU� WKH�,QWDQ�DQG�:LGXUL�GLVFRYHULHV� LQ������DQG�����
�<RXQJ� HW�� DO��� �������7KH� VWUXFWXUH� RQ� WKLV� SODWIRUP� LV
JHQHUDOO\� D� WKUHH�ZD\� GLS� FORVXUH� ERXQGHG� E\� GRZQ�WR
EDVLQ�PDUJLQ�VHULHV�RI�HQ�HFKHORQ�IDXOWV�L�H���,QWDQ�FORVXUH�
DQG�D�IRXU�ZD\�GLS�FORVXUH�DV�VHHQ�LQ�WKH�:LGXUL��:LGXUL�LV
��ZD\�±�IDXOW�ERXQGHG�WR�1:��DQG�,QGUL�FORVXUH��<RXQJ�HW�
DO���������

7KH�RQO\�SURGXFWLYH�DUHD� IRXQG� WR�GDWH� LQ� WKH�$VUL
%DVLQ�LV�WKH�,QWDQ�DQG�:LGXUL�SODWIRUP�RQ�WKH�1:�IODQN�RI
WKH� EDVLQ� �3ULPDGDQL� HW�� DO��� ������� $OO� RLOILHOGV� DUH
FXUUHQWO\� SURGXFLQJ� IURP� WKH� V\Q�ULIW� VDQGVWRQHV� �=HOGD
0HPEHU�� DQG� HDUO\� VDJ� VDQGVWRQHV� �*LWD� 0HPEHU�

UHVHUYRLUV�� 7KH� WUDSSLQJ�PHFKDQLVP� LQ� WKHVH� ILHOGV� LV� D
ODUJH�WKUHH�ZD\�GLS�IDXOWHG�FORVXUH��,QWDQ�DQG�1(�,QWDQ�
DQG�IRXU�ZD\�GLS�FORVXUHV��,QGUL��H[FHSW�IRU�WKH�:LGXUL�RLO
DFFXPXODWLRQ�� ZKLFK� LV� D� FRPELQDWLRQ� VWUXFWXUDO�
VWUDWLJUDSKLF�WUDS��5DODQDUNR�HW��DO���������

5HVHUYRLU�GLVWULEXWLRQV�DQG�SURSHUWLHV�LQ�WKH�*LWD���
VDQGV�KDV�QRW�EHHQ�RSWLPDOO\�GHILQHG�DQG�GHWHUPLQHG� LQ
SUHYLRXV�ILHOG�GHYHORSPHQW�FDPSDLJQV��7KH�*LWD���$�DQG
*LWD���%�XSGDWHG�IDFLHV�GLVWULEXWLRQ�PDSV�DUH�HVWDEOLVKHG
XVLQJ� WKH�506� DPSOLWXGH�� FRPELQHG�ZLWK� ORJ� DQG� FRUH
GDWD��)LJXUH�����7KH�GHSRVLWLRQDO�HQYLURQPHQW�RI�WKLV�*LWD�
���VHULHV�VDQG�LV�LQWHUSUHWHG�DV�D�PHDQGHULQJ�ULYHU�V\VWHP
GHSRVLW��ZKHUH�VRPH�DUHDV�DUH�DVVRFLDWHG�ZLWK�D�FUHYDVVH
VSOD\�GHSRVLW��

6WUXFWXUDOO\�� WKH�*LWD���$�VDQG�LQ�,17%�;�LV����IW
KLJKHU� WKDQ� ,17$�6� ����� P� IURP� ,17%�;�� DQG� ��� IW
KLJKHU�,17%�(������P�IURP�,17%�;���)LJXUH�����

',6&866,21
7KH�,QLWLDO�SURGXFWLRQ�RI�WKH�*LWD���$�VDQG�LQ�,17%�

;�LV������%23'�������%)3'������ZDWHU�FXW�ZLWK�LQLWLDO
SUHVVXUH������SVL��2Q�-XQH����������,17%�;�ZDV�ZDWHUHG

)LJXUH����,17%�;�3URGXFWLRQ�3ORW������������

)LJXUH����:HVW�WR�(DVW�*LWD���$�6DQG�6WUXFWXUDO�&URVV�
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RXW��)LJXUH�����,17%�;�FXPXODWLYH�SURGXFWLRQ�DV�RI�-XQH
�����LV�����0%2��,Q�HDUO\�������,17$�6�VWLOO�SURGXFHV
����%32'�������%)3'�ZLWK�������ZDWHU�FXW��,17%�(�
DQRWKHU� RIIVHW� ZHOO� RI� ,17%�;�� SURGXFHV� ���� %32'�
������%)3'��DQG�������ZDWHU�FXW��

,17%�;�UHDFWLYDWLRQ�LV�DOVR�DQDO\VHG�XVLQJ�005$
GHYHORSPHQW� ZHOO� FKDQFH� VXFFHVV�� 6RXUFH� FRPSRQHQWV
�TXDQWLW\�� TXDOLW\�� DQG� PDWXUDWLRQ�� KDYH� DOUHDG\� EHHQ
SURYHQ�DV�WKH�ZHOO�KDV�EHHQ�DOUHDG\�GULOOHG�DQG�SURGXFHG�
9DULRXV�IDFWRUV� LQFOXGLQJ� WLPLQJ��PLJUDWLRQ�FRPSRQHQWV
�H�J��� WLPLQJ� RI� WKH� FORVXUH�� WLPLQJ� RI� H[SXOVLRQ�� DQG
HIIHFWLYH�PLJUDWLRQ�SDWKZD\���UHVHUYRLU�FRPSRQHQWV��H�J��
WKH� UHVHUYRLU� SUHVHQFH�� TXDOLW\�� DQG� SHUIRUPDQFH��� DQG
FORVXUH� FRPSRQHQWV� �H�J���PDS� UHOLDELOLW\�� SUHVHQFH�� DQG

GDWD�TXDOLW\��KDYH�VLPLODULW\�ZLWK�WKH�VRXUFH�FRPSRQHQWV�
7KH� ULVN� IRU� ,QWDQ�%�;�UHDFWLYDWLRQ�ZLOO�EH�SUHVHUYDWLRQ
IURP�VSLOODJH��GHSOHWLRQ��DQG�GHJUDGDWLRQ��7DEOH����

7KH�LQWHJUDWHG�DQDO\VLV�KDV�VXFFHVVIXOO\�UHDFWLYDWHG
WKH�,17%�;�ZHOO� LQ�)HEUXDU\�������DIWHU�FRQVLGHULQJ�LWV
UHVRXUFH� DYDLODELOLW\�� 7KH� LQLWLDO� SURGXFWLRQ� RI� ,17%�;
DIWHU�UHDFWLYDWLRQ�LV�����%32'��������%)3'�������ZDWHU
FXW�� $IWHU� UHDFWLYDWLRQ�� ,17%�;� VWLOO� KDV� SURGXFWLYLW\
LQGH[��3,������%)3'��SVL��7KLV�3,�LQGLFDWHV�DQ�H[FHOOHQW
SHUIRUPDQFH� RI� WKH� *LWD���$� VDQG�� 7KH� OLTXLG� UDWH� RI
,17%�;�KDV�DOVR�EHHQ�VWDEOH��7KLV�VXFFHVVIXO�SURMHFW�ODWHU
WULJJHULQJ� UHMXYHQDWLRQ� FRQFHSW� RSHQHU� IRU� VLPLODU� FDVH
VWXGLHV� LQ� RWKHU� PDWXUH� RLO� ILHOGV� LQ�:LGXUL� $UHD�� $VUL
%DVLQ��DQG�2IIVKRUH�6(�6XPDWUD�%ORFN�

&21&/86,216
$PRQJ�WKH�PDQ\�FKDOOHQJHV�RI�PDQDJLQJ�D�PDWXUH

RLO� ILHOG�LV� WKH�QHHG� WR�REWDLQ�DV�DFFXUDWH�DV�SRVVLEOH�DQ
XQGHUVWDQGLQJ�RI�LWV�UHPDLQLQJ�UHFRYHU\�SRWHQWLDO��*UHDWHU
DFFXUDF\� LQ� DVVHVVLQJ� FKDUDFWHULVWLFV� WKDW� LQIOXHQFH
UHFRYHU\²JHRORJLF�FKDQJHV��UDWH�RI�VDWXUDWLRQ��ZDWHU�FXW�
ZLOO� HQDEOLQJ�VXEVXUIDFH� WHDPV� WR�PDNH�EHWWHU�GHFLVLRQV
UHJDUGLQJ�PDWXUH�ILHOG�SURGXFWLRQ�RSWLPL]DWLRQ��:LWK�WKH
ULJKW� PHWKRGV� WKDW� WDNH� DGYDQWDJH� RI� WKH� ZHDOWK� RI
UHVHUYRLU�GDWD�� JHRVFLHQWLVWV� DQG� UHVHUYRLU� HQJLQHHUV� FDQ
PRUH�HDVLO\�GHWHUPLQH�ZKHQ��ZKHUH��DQG�KRZ�WR�LPSURYH
ZHOO�SHUIRUPDQFH�

0DWXUH� ILHOGV� KDYH� WKH� LQKHUHQW� EHQHILW� RI� D� ORQJ
KLVWRU\�RI�JHRORJLF�DQG�RSHUDWLRQDO�GDWD��FRPSOHPHQWHG�E\

HYHQ� ODUJHU� YROXPHV� RI� UHFHQW� VXUYHLOODQFH� GDWD� PDGH
DYDLODEOH� WKURXJK� LQFUHDVHG� RLOILHOG� LQVWUXPHQWDWLRQ�
:KHQ� WKHVH� GDWD� �VHLVPLF�� FRUHV�� JHRORJ\� DQDO\VHV�
UHVHUYRLU�VLPXODWLRQV��FRPSOHWLRQ�SODQV��SURGXFWLRQ�GDWD�
WUDFHUV��DQG�ZHOO�VWLPXODWLRQV��DUH�LQWHJUDWHG��YLVXDOL]HG�
DQG�DQDO\VHG�VXEVXUIDFH�WHDPV�FRXOG�EH�PRUH�DFFXUDWHO\
GHWHUPLQH� KRZ� PXFK� XOWLPDWH� UHFRYHU\� SRWHQWLDO� KDV
DOUHDG\�EHHQ�DFKLHYHG�DQG�KRZ�PXFK�UHPDLQV�

)XUWKHU�DQDO\VLV�FDQ�KHOS�GHWHUPLQH�WKH�DSSURSULDWH
PDWXUH�ILHOG�RSWLPL]DWLRQ�PHWKRGV��7KH�DELOLW\�WR�LGHQWLI\
DQG� HYDOXDWH� E\SDVVHG� K\GURFDUERQV� DQG� PRQLWRU� IOXLG
PRYHPHQW�LV�YLWDO�LQ�LPSURYLQJ�UHFRYHU\�LQ�PDWXUH�ILHOGV�
)RUWXQDWHO\�� WKH� YROXPH� DQG� GHWDLOV� RI� UHVHUYRLU� GDWD
DFTXLUHG� LQ� UHFHQW� \HDUV� FDQ� PDNH� LW� HDVLHU� WR� LGHQWLI\
E\SDVVHG�SD\��7LPH�ODSVH�VHLVPLF�VXUYH\V��UHVHUYRLU�IOXLG

7DEOH����,17%�;�5HDFWLYDWLRQ�&KDQFH�6XFFHVV
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VDWXUDWLRQV�� WUDFHU� GDWD�� DQG� XSGDWHG� JHRFHOOXODU�PRGHOV
FDQ� UHYHDO� SUHYLRXVO\� XQGHWHFWHG� SURPLVLQJ� ]RQHV�
8WLOL]LQJ�GDWD�WKDW�FKDQJHV�RYHU�WLPH�FDQ�VHH�WKH�H[WHQW�DQG
HIIHFWLYHQHVV� RI� SUHYLRXV� VWHDP� LQMHFWLRQV�� DV� ZHOO� DV
XQFRYHU�]RQHV� WKDW�KDYH�QRW�EHHQ�VZHSW�DQG�GUDLQHG�E\
FXUUHQW�SURGXFWLRQ�ZHOOV�

5LVN� DQDO\VLV� DQG� UHVRXUFH� DUUDQJHPHQW� SOD\� D
FUXFLDO�UROH�EHIRUH�UHDFWLYDWLRQ�H[HFXWLRQ��7KH�SUREDELOLW\
RI� VXFFHVV� LV� DQ� LPSRUWDQW� LQSXW� SDUDPHWHU� GXULQJ� WKH
HFRQRPLF�HYDOXDWLRQ�DQG�SURILWDELOLW\�VWXGLHV�RI�PDSSHG
SURVSHFWV��,W�LV�DOVR�DQ�LPSRUWDQW�WRRO�LQ�H[SORUDWLRQ�DQG
GHYHORSPHQW� VWUDWHJ\�� HVSHFLDOO\� ZKHQ� DVVHVVLQJ� WKH
UDQNLQJ�RI�SURVSHFWV�DQG�RU�ZHOO�FDQGLGDWHV��L�H��ZKLFK�RI�D
SRUWIROLR�LV�PRVW�IDYRXUDEOH�ZLWK�UHVSHFW�WR�WKH�SUHGLFWHG
YROXPH�RI�RLO�RU�JDV��LWV�FKDQFH�RI�VXFFHVV�DQG�HFRQRPLF
YDOXH�

$&.12:/('*(0(176
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�PDQDJHPHQW�RI

3HUWDPLQD�+XOX�(QHUJL�26(6��3HUWDPLQD�(3��3HUWDPLQD
6XEKROGLQJ�8SVWUHDP��3+(���DQG�6..�0,*$6��IRU�WKHLU
SHUPLVVLRQ� WR� SXEOLVK� WKLV� SDSHU�� 7KDQN� \RX� WR� DOO
*HRVFLHQFHV� 	� 5HVHUYRLU� 7HDP� RI� WKH� 6XEVXUIDFH
'HYHORSPHQW� 3ODQQLQJ�'HSDUWPHQW�� 3+(�26(6� DQG� DOO
OHFWXUHUV�RI�3RVW�*UDGXDWH�3URJUDP��)DFXOW\�RI�*HRORJLFDO
(QJLQHHULQJ�� 8QLYHUVLWDV� 3DGMDGMDUDQ� IRU� VHYHUDO
EHQHILFLDO�DQG�FRQVWUXFWLYH�GLVFXVVLRQV�

5()(5(1&(6
$OGULFK�� -�%��� 3LQHKDUW�� *�3��� 5LGZDQ�� 6��� DQG

6FKXHSEDFK�� 0�$��� ������ 3DOHRJHQH� EDVLQ
DUFKLWHFWXUH� RI� WKH� 6XQGD� DQG� $VUL� EDVLQV� DQG
DVVRFLDWHG� QRQ� PDULQH� VHTXHQFH� VWUDWLJUDSK\�
3URF�� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 6HTXHQFH
6WUDWLJUDSK\��,3$��-DNDUWD��0D\���������������

$UPRQ�� -��� +DUPRQ\�� :�� (��� 6PLWK�� 6��� 7KRPDV�� %��
+LPDZDQ�5���+DUPRQ�%���/XNLWR��3���*LOPRUH��/��
DQG� 6\DUNDZL� ,��� ������ &RPSOHPHQWDU\� UROH� RI
VHLVPLF� DQG� ZHOO� GDWD� LQ� LGHQWLI\LQJ� XSSHU
7DODQJDNDU� VWUDWLJUDSKLF� VHTXHQFHV²� :LGXUL
$UHD��$VUL�%DVLQ��LQ��&�$��&DXJKH\��'�&��&DUWHU��-�
&OXUH��0��-��

3ULPDGDQL�� *�6��� ,�0�� :DWNLQVRQ�� *XQDZDQ� +��� DQG
5DODQDUNR� '��� ������ 7HFWRQRVWUDWLJUDSK\� RI� WKH
$VUL� %DVLQ�� 6(� 6XPDWHUD�� ,QGRQHVLD�� 8QORFNLQJ
WKH�+LGGHQ�3RWHQWLDO�RI�2OLJR�0LRFHQH�5HVHUYRLUV
DQG� ,PSOLFDWLRQV� IRU� +\GURFDUERQ� 3URVSHFWLYLW\�
3URF�� ��QG�$QQ�� &RQY�� ,QGRQ�� 3HWUROHXP�$VVRF�
�,3$���-DNDUWD��,3$������*����S�

5DODQDUNR�� '��� 6\DIUL�� ,���$EGXUURNKLP�� DQG� 1XU��$�$��
������ 6HLVPLF� ([SUHVVLRQ� RI� 3DOHRJHQH
7DODQJDNDU�)RUPDWLRQ��$VUL�	�6XQGD�%DVLQV��-DYD
6HD��,QGRQHVLDQ�-RXUQDO�RI�6HGLPHQWDU\�*HRORJ\�
,661������������1R������������

:LJKW��$���)ULHVWDG��+���$QGHUVRQ��,���:LFDNVRQR��3���DQG
5HPLQJWRQ�� &�+��� ������ ([SORUDWLRQ� +LVWRU\� RI
WKH� 2IIVKRUH� 6RXWKHDVW� 6XPDWUD� 36&�� -DYD� 6HD�
,QGRQHVLD�� LQ�� 3HWUROHXP� *HRORJ\� RI� 6RXWKHDVW
$VLD�� )UDVHU�� 0DWWKHZV�� DQG� 0XUSK\� �HGV���
*HRO�6RF��6S��3XE��1R������S�����������

<RXQJ��5���+DUPRQ\��:�(���-XQLDUWR��*XQDZDQ���7KRPDV�
%��� ������ :LGXUL� )LHOG�� 2IIVKRUH� 6RXWKHDVW
6XPDWUD�� 6DQGERG\� *HRPHWULHV� DQG� 7KH
5HVHUYRLU�0RGHO�� -DNDUWD��3UFHHGLQJ���WK�$QQXDO
&RQYHQWLRQ�,QGRQHVLDQ�3HWUROHXP�$VVRFLDWLRQ�

<RXQJ�� 5�� DQG� $WNLQVRQ�� &�'��� ������ $� 5HYLHZ� RI
7DODQJDNDU� )RUPDWLRQ� �2OLJR�0LRFHQH�
5HVHUYRLUV� LQ� WKH� 2IIVKRUH� $UHDV� RI� 6RXWKHDVW
6XPDWUD� DQG� 1RUWKZHVW� -DYD�� &ODVWLF� &RUH
:RUNVKRS�� 6SHF�� 3XEOLFDWLRQ� RI� WKH� ,QGRQHVLDQ
3HWUROHXP�$VVRFLDWLRQ����������

<RXQJ�� 5��� +DUPRQ\��:�(��� DQG�7KRPDV� %��� ������ 7KH
(YROXWLRQ� RI� 2OLJR�0LRFHQH� )OXYLDO� 6DQG�%RG\
*HRPHWULHV� DQG� WKH� (IIHFW� RQ� +\GURFDUERQ
7UDSSLQJ�� :LGXUL� ILHOG�� :HVW� -DYD� 6HD�� LQ�$�� *�
3OLQW�� HG��� 6HGLPHQWDU\� IDFLHV� DQDO\VLV�� 2[IRUG�
%ODFNZHOO� 6FLHQFH�� 6SHFLDO� 3XEOLFDWLRQ� RI� WKH
,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�6HGLPHQWRORJLVWV����
S������±������

ZZZ�HSJHRORJ\�FRP�� 6HLVPLF� $WWULEXWH� URRW�PHDQ�
VTXDUH��DFFHVVHG�GDWH�-XO\����������
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1$7,21$/�'$7$%$6(�2)�0(7$/�,1�&203$5$7,9(�
3(563(&7,9(6�2)�7+(�81,7('�.,1*'20�	�,1'21(6,$

%$6,6�'$7$�1$6,21$/�8178.�/2*$0�'$/$0�3(563(.7,)�
.203$5$6,�$17$5$�,1**5,6�'$1�,1'21(6,$

5DFKPD�3XVSLWDVDUL�����5DOGL�+HQGURWRUR�6HSXWUR�.RHVWRHU����

� 4DIPPM�PG�&OWJSPONFOUBM�4DJFODF
�6OJWFSTJUBT�*OEPOFTJB
�+BLBSUB
�*OEPOFTJB
� $PPSEJOBUJOH�.JOJTUSZ�GPS�&DPOPNJD�"GGBJST
�+BLBSUB
�*OEPOFTJB
� /BUJPOBM�3FTFBSDI�BOE�*OOPWBUJPO�"HFODZ
�+BLBSUB
�*OEPOFTJB

$PSSFTQPOEJOH�BVUIPS��QPFTQJUTBSJ!HNBJM�DPN

	3FDFJWFE����0DUPCFS�������JO�SFWJTFE�GSPN����/PWFNCFS�������BDDFQUFE����%FDFNCFS�����


%0*�����������CPNH��������������

$%675$&7��7KH�RFHDQ�LV�D�VRXUFH�RI�PHJD�ELRGLYHUVLW\�WKDW�LV�VXSSRVHG�WR�SHUIRUP�RSWLPDOO\�IRU�FXUUHQW
DQG�IXWXUH�JHQHUDWLRQV��7KH�KHDOWK�RI�WKH�RFHDQ�PXVW�EH�HYDOXDWHG�E\�PHDVXULQJ�KHDY\�PHWDOV�LQ�VHGLPHQW
EHFDXVH�WKH\�FDQ�EH�DFFXPXODWHG�DQG�VWRUHG�LQ�ORQJ�WHUP��7KLV�PHWDO�FDQ�EH�UHOHDVHG�DQG�DEVRUEHG�E\�DQ
RUJDQLVP��DQG�DIIHFW�WKH�HFRORJLFDO�ULVN�DQG�KXPDQ�KHDOWK��7KH�SXUSRVH�RI�WKLV�DUWLFOH�LV�WR�VKDUH�YLHZSRLQWV
DQG�WKRVH�LQ�D�FRPSDUDWLYH�VWXG\�LQ�WHUPV�RI�WKH�PHWDO�GDWDEDVH�RI�ERWK�FRXQWULHV��WKH�8.�DQG�,QGRQHVLD��7KH
PHWKRGRORJ\�XVHG�LQ�WKLV�SDSHU�LV�FULWLFDO�UHYLHZ�DQG�DQDO\VLV�WR�FRPSDUH�D�VXFFHVV�VWRU\�DERXW�FRPSLOLQJ
PHWDO�GDWD�LQWR�D�QDWLRQDO�GDWDEDVH�LQ�WKH�8QLWHG�.LQJGRP��8.���,QGRQHVLD�DOUHDG\�KDV�DQ�RSHQ�SXEOLF�DFFHVV
GDWDEDVH�LVVXHG�E\�WKH�0LQLVWU\�RI�(QYLURQPHQW�DQG�)RUHVWU\��7KH�IXUWKHU�VWHS�LV�WR�VWUHQJWKHQ�FROODERUDWLRQ
EHWZHHQ�UHVHDUFK�LQVWLWXWHV��XQLYHUVLWLHV��DQG�JRYHUQPHQW�WR�DVVLJQ�D�6WDQGDUG�2SHUDWLRQDO�3URFHGXUH��623�
WR�FROOHFW��DQDO\]H�DQG�UHSRUW�WKH�GDWD�WR�D�QDWLRQDO�GHSRVLWRU\��7KLV�GDWDEDVH�ZLOO�EH�ZRUWKZKLOH�WR�GHVFULEH
WKH�SROOXWLRQ�VWDWXV�LQ�,QGRQHVLD�DQG�EDVLF�GDWD�IRU�EHVW�SUDFWLFH�GHFLVLRQV�
.H\ZRUGV��GDWDEDVH��,QGRQHVLD��PHWDO��8QLWHG�.LQJGRP

$%675$.��/DXW�DGDODK�VXPEHU�GDUL�PHJDELRGLYHUVLWDV�\DQJ�PHQGXNXQJ�NHKLGXSDQ�VDDW�LQL�GDQ�JHQHUDVL
PHQGDWDQJ�VHFDUD�RSWLPDO��.HVHKDWDQ�ODXW�KDUXV�GLHYDOXVL�GHQJDQ�PHQJXNXU�NDGDU�ORJDP�EHUDW�GDODP
VHGLPHQ�NDUHQD�ORJDP�EHUDW�GDSDW�WHUDNXPXODVL�GDQ�WHUVLPSDQ�GDODP�VHGLPHQ�GDODP�ZDNWX�\DQJ�ODPD�
/RJDP� GDSDW� WHUOHSDV� NHPEDOL� GDQ� WHUVHUDS� ROHK� RUJDQLVPH� \DQJ� PHPSHQJDUXKL� ULVLNR� HNRORJLV� GDQ
NHVHKDWDQ�PDQXVLD�� 7XMXDQ�SHQXOLVDQ� DUWLNHO� LQL� XQWXN�PHPEHULNDQ� VXGXW� SDQGDQJ� GDODP�EHQWXN� VWXGL
NRPSDUDVL�GDWDEDVH� ORJDP�GL�GXD�QHJDUD�\DLWX� ,QJJULV�GDQ�,QGRQHVLD��0HWRGH�\DQJ�GLJXQDNDQ�DGDODK
WHODDK�NULWLV� GDQ� DQDOLVLV�PHPEDQGLQJNDQ� NLVDK� VXNVHV� GDODP�PHQ\XVXQ�GDWD� ORJDP�PHQMDGL�GDWDEDVH
QDVLRQDO��,QGRQHVLD�VXGDK�PHPLOLNL�EDVLV�GDWD�SXEOLN�\DQJ�GLNHOROD�.HPHQWHULDQ�/LQJNXQJDQ�+LGXS�GDQ
.HKXWDQDQ��/DQJNDK�VHODQMXWQ\D�DGDODK�PHPSHUNXDW�NRODERUDVL�DQWDUD�/HPEDJD�ULVHW��XQLYHUVLWDV�GDQ
SHPHULQWDK�XQWXN�PHQ\XVXQ�SURWRNRO� VWDQGDU� WHUNDLW�SHQJDPELODQ��DQDOLVLV�GDQ� ODSRUDQ�GDWD� ORJDP�NH
GDODP� GHSRVLWRUL� QDVLRQDO�� 'DWDEDVH� LQL� DNDQ� VDQJDW� EHUPDQIDDW� XQWXN� PHQHQWXNDQ� VWDWXV� SROXVL� GL
,QGRQHVLD�GDQ�GDWD�GDVDU�XQWXN�SHQJDPELODQ�EHUEDJDL�NHSXWXVDQ�OLQJNXQJDQ�
.DWD�.XQFL��EDVLV�GDWD��,QGRQHVLD��ORJDP��,QJJULV



�� 3XVSLWDVDUL��HW�DO�

,1752'8&7,21
0DULQH�DQG�FRDVWDO�HFRV\VWHP�LV�HDVLO\�WKUHDWHQHG�E\

D�FRQWDPLQDQW�WKDW�FDQ�UHGXFH�ELRGLYHUVLW\��HFRORJLFDO�DQG
HFRQRPLF�YDOXH��IRRG�VHFXULW\��DIIHFW�OLYHOLKRRG��DQG�DOVR
LPSDFWV� KXPDQ� KHDOWK� �2XDOL� HW� DO��� �������7KH�ZRUOG
V
DWWHQWLRQ� LV� IRFXVHG� RQ� WKH� RFHDQ� EHFDXVH� RI� SDUW� RI
6XVWDLQDEOH� 'HYHORSPHQW� *RDOV� �6'*V�� WKDW� WDUJHW
UHVSRQVLEOH� FRQVXPSWLRQ� DQG� SURGXFWLRQ� �6'*����� DQG
OLIH� EHORZ�ZDWHU� �6'*� ���� �8QLWHG�1DWLRQ�� �������7KH
RFHDQ�LV�DOVR�WKH�PDLQ�DFWRU�LQ�WKH�EOXH�HFRQRP\�FRQFHSW
WKDW� D� KHDOWK\� RFHDQ� FDQ� VXSSRUW� WKH� IRRG� VHFXULW\� DQG
VXVWDLQDELOLW\�RI�ILVKHULHV��9D\HU�HW�DO���������&KRXGKDU\
HW�DO����������

,QGRQHVLD�LV�DQ�DUFKLSHODJR�ZLWK�WKH�ZRUOG
V�IRXUWK�
ORQJHVW� FRDVWOLQH� DW� ������� NLORPHWHUV�� $V� D� UHVXOW�
,QGRQHVLD
V�FRDVWOLQH�JHRPRUSKRORJLFDO� WUDLWV�DUH�GLYHUVH
DQG� XQLTXH�� SDUWLFXODUO\� LQ� QRUWKHUQ� -DYD� �%RWW� HW� DO��
��������0RVW�RI�ELJ�FLWLHV�LQ�,QGRQHVLD�ORFDWHG�LQ�FRDVWDO
DUHD� DQG� WKHLU� WRSRJUDSK\� LV� ORZODQG� GHOWDV� DQG� KLJK
SRSXODWLRQ�FLW\��ZKLFK�FRQWULEXWH�WR�WKH�KLJK�LQSXW�ODQG�
EDVHG� PDWHULDO� WR� WKH� RFHDQ�� � ,QGRQHVLD� LV� SUHGLFWHG� WR
UHFHLYH�D�GHPRJUDSKLF�ERQXV�RI����IURP������ WR�����
�$G\DVDUL�HW�DO���������UHVXOWLQJ�IURP�WKH�FRQVHTXHQFHV�RI
D�GHFUHDVH�LQ�HQYLURQPHQWDO�TXDOLW\�GXH�WR�WKH�LQIOXHQFH�RI
KXPDQ� DFWLYLWLHV� VXFK� DV� LQFUHDVHG� VHGLPHQWDWLRQ� DQG
FRQWDPLQDQWV� IURP� WKH�PDLQODQG� �6HUUDQR� HW� DO��� ������
2QHV�RI�WKH�FKHPLFDOV�GLVFRYHUHG�SRVHV�D�ULVN�WR�WKH�RFHDQ
LV�KHDY\�PHWDO��+HDY\�PHWDO�LV�D�WR[LF�PHWDO�WKDW�FDQ�EH
VRXUFHG� IURP� QDWXUDO� RU� DQWKURSRJHQLF� DFWLYLWLHV� H�� J�
LQGXVWULDO� DQG� DJULFXOWXUDO� DQG� SURYLGH� D� VLJQLILFDQW
HQYLURQPHQWDO� DQG� KHDOWK� ULVN� WR� OLYLQJ� RUJDQLVPV�
SDUWLFXODUO\�LQ�DTXDWLF�HQYLURQPHQWV��.KHPLV�HW�DO���������
+HDY\� PHWDOV� DUH� VXVFHSWLEOH� WR� EHLQJ� WUDSSHG� E\
VXVSHQGHG� SDUWLFXODWH�PDWWHU�ZKHQ� WKH\� HQWHU� WKH�ZDWHU
FROXPQ� WKHQ� DEVRUEHG� DQG� GHSRVLWHG� LQ� WKH� VHGLPHQWV
�=KDQJ� HW� DO��� ������ =KDL� HW� DO��� ������� 7KH� DELOLW\� RI
VHGLPHQW�WR�DFFXPXODWH�WUDFH�PHWDO�LV�ZHOO�NQRZQ��VR�WKH\
DFW�WKH�UROH�DV�D�FDUULHU�WR�DQ�DTXDWLF�RUJDQLVP��%HODEHG�HW
DO���������)UDQFR�)XHQWHV�HW�DO���������2XDOL�HW�DO���������
6HGLPHQW�ERXQGHG�KHDY\�PHWDOV�PD\�EH�UHOHDVHG�DJDLQ�LI
WKHUH�LV�D�FKDQJH�RI�HQYLURQPHQW��=KDQJ�HW�DO���������/LX�HW
DO��� �������$V� D� UHVXOW�� GHWHUPLQLQJ� WKH� OHYHO� RI� KHDY\
PHWDO� FRQWDPLQDWLRQ� LQ� VHGLPHQWV� LV� D� FULWLFDO� SRLQW� IRU
HFRORJLFDO�ULVN�DVVHVVPHQW�DQG�KXPDQ�ULVN�DVVHVVPHQW���

0DULWLPH� SROLFLHV� PXVW� EH� XVHG� WR� JXDUDQWHH� WKDW
KXPDQ�DFWLYLWLHV�DQG�D�KHDOWK\�HFRV\VWHP�DUH�KDUPRQLRXV�
7KH�XVH�RI�FRQWDPLQDWLRQ�OHYHOV�LQ�DELRWLF�HQYLURQPHQWDO
FRPSDUWPHQWV�� VXFK�DV�ZDWHU� DQG� VHGLPHQWV�� WR�PRQLWRU
WKH� ZDWHU� TXDOLW\� RI� PDULQH� HFRV\VWHPV� PD\� DLG� LQ
LGHQWLI\LQJ�WKH�SULQFLSDO�VRXUFHV�RI�SROOXWLRQ��OD�&ROOD�HW
DO��� ������� +RZHYHU�� EHFDXVH� PHWDOV� LQ� VHGLPHQWV� KDYH
EHHQ�LQFUHDVLQJ�LQ�UHFHQW�\HDUV��ZDWHU�TXDOLW\�UHTXLUHPHQWV
DUH� LQVXIILFLHQW� WR� SUHVHUYH� DTXDWLF� HFRV\VWHPV�� ,Q
,QGRQHVLD�� �$G\DVDUL� HW� DO��� ������ UHSRUWHG� WKDW� WKH
DFFXPXODWLRQ� RI� KHDY\� PHWDOV�� RUJDQLF� SROOXWDQWV�� DQG
RWKHU�FRQWDPLQDQWV�LQ�VHGLPHQWV�KDV�LQFUHDVHG�LQ�WKH�ODVW
��� \HDUV�� %HVLGH� HQYLURQPHQWDO� GDWDEDVH� RSWLPL]DWLRQ�

$G\DVDUL�HW�DO���������DOVR�UHFRPPHQG�WKH�UHTXLUHPHQW�RI
,QGRQHVLD� IRU� SODVWLFV�PLFURSODVWLFV�� KHDY\� PHWDOV�� DQG
RUJDQLF�FRQWDPLQDQWV�UHJXODWLRQ��GXH�WR�WKH\�DUH�IRXQG�LQ
KLJKHU�FRQFHQWUDWLRQV�LQ�VHGLPHQWV�WKDQ�LQ�ZDWHU��+HUHE\�
WKLV� UHYLHZ� ZLOO� UHLQIRUFH� WKH� XUJHQF\� WR� RSWLPL]H� WKH
QDWLRQDO� GDWDEDVH� LQ� ,QGRQHVLD� IRU� IXUWKHU� PDQDJHPHQW
FRDVWDO� HQYLURQPHQW��7KH� SXUSRVHV� RI� WKLV� DUWLFOH� DUH� WR
VKDUH�YLHZSRLQWV�DQG�WKRVH�LQ�D�FRPSDUDWLYH�VWXG\�LQ�WHUPV
RI� WKH� PHWDO� GDWDEDVH� RI� ERWK� FRXQWULHV�� WKH� 8.� DQG
,QGRQHVLD�� 7KH� JHRORJ\� RI� WKH� 8QLWHG� .LQJGRP� DQG
,QGRQHVLD�LV� WKH�UHVXOW�RI�SODWH� WHFWRQLF�SURFHVVHV�RYHU�D
ORQJ�SHULRG�RI�WLPH��&KDQJLQJ�ODWLWXGH�DQG�VHD�OHYHOV�KDYH
LQIOXHQFHG�WKH�QDWXUH�RI�VHGLPHQWDU\�VHTXHQFHV�LQ�ERWK�RI
FRXQWULHV�� �8.� LV� FKRVHQ� DV� D� UROH�PRGHO� LQ� WKLV� DUWLFOH
EHFDXVH�RI�WKHLU�DZDUHQHVV�DQG�LQLWLDWLYH�WR�PDNH�D�PHWDO
GDWDEDVH�IRU�WKUHH�GHFDGHV��7KLV�LV�QRW�D�VLPSOH�WKLQJ�EXW
QR�GLIILFXOW�WR�GR�LI�WKHUH�DUH�WLJKW�FROODERUDWLRQ�ZLWK�WKH
JRYHUQPHQW�DQG�UHVHDUFK�LQVWLWXWH�

0(7+2'6
7KH�PHWKRGRORJ\�XVHG�LQ�WKLV�SDSHU�LV�FULWLFDO�UHYLHZ

DQG� FULWLFDO� DQDO\VLV� WR� FRPSDUH� D� VXFFHVV� VWRU\� DERXW
FRPSLOLQJ�PHWDO�GDWD�LQWR�D�QDWLRQDO�GDWDEDVH�LQ�WKH�8.
DQG� ,QGRQHVLD��$� UHSXWDEOH�DQG�VXSSRUWDEOH� MRXUQDO�ZDV
XVHG�IRU�WKH�OLWHUDWXUH�UHYLHZ�DQG�EH�IRFXVHG�RQ�5LFKLU�HW
DO���������DV�D�PDLQ�MRXUQDO��8.�KDV�D�GDWDEDVH�FRQWDLQLQJ
FRDVWDO� DQG� PDULQH� PRQLWRULQJ� GDWD� WKDW� VWRUH� LQ� WZR
GDWDEDVHV�� �D�� WKH�(QYLURQPHQW�$JHQF\��($��DQG�E�� WKH
0(50$1� GDWDEDVH� PDQDJHG� E\� WKH� %ULWLVK
2FHDQRJUDSKLF�'DWD�&HQWUH��%2'&��XQGHU�WKH�&OHDQ�6DIH
6HDV� (QYLURQPHQWDO� 0RQLWRULQJ� 3URJUDPPH� �&6(03�
�&()$6���������7KLV�GDWDEDVH�FRQVLVWV�RI�QLQH�PHWDOV��$V�
&G��&U��&X��)H��3E��+J��1L��DQG�=Q��LQ�D�ORW�RI�VLWHV�GXULQJ
WKUHH�GHFDGHV�

5(68/76
6XFFHVV�6WRU\�RI�8.
%DVHG�RQ�WKHVH�GDWDEDVHV��WKH�8.�FDQ�SHUIRUP�GDWD

PLQLQJ� IRU� WKHLU� GDWD�� )RU� H[DPSOH�� WKH� EDFNJURXQG
FRQFHQWUDWLRQ� IRU� XQFRQWDPLQDWHG� VHGLPHQW� FRXOG� EH
GHWHUPLQH�EDVHG�RQ�WKHLU�ORQJ�SHULRG�GDWD�DQG�FDOFXODWH�WKH
VHGLPHQW�TXDOLW\�LQGH[��5LFKLU�HW�DO����������7KH�IROORZLQJ
DUH�WKH�H[DPSOH�DQDO\VLV�EDVHG�RQ�WKH�H[LVWLQJ�GDWDEDVH�
7KH�($�0(50$1�GDWDEDVHV�ZHUH�FUHDWHG�E\�RYHUOD\LQJ
WZR� GDWD� VHWV� �($� DQG�0(50$1��� UHVXOWLQJ� LQ� ������
GDWD�SRLQWV������VLWHV��IRU����FKHPLFDOV�GXULQJ�D����\HDUV
�����±�������7KH�QLQH�PHWDOV��$V��&G��&U��&X��)H��3E��+J�
1L� DQG� =Q�� WKDW� DUH�PRVW� RIWHQ�PRQLWRUHG�ZHUH� FKRVHQ
�DERXW� ��� SHUFHQW� RI� DOO� GDWD�� GHULYHG� IURP� FRDVWDO� DQG
RSHQ�VHD�VLWHV��7KH�SURWRFRO�RI�VHGLPHQW�VDPSOHV�FROOHFWHG
E\� ($� DQG� 0(50$1� PXVW� EH� FOHDU� DQG� IROORZ� WKH
JXLGHOLQHV�SURYLGHG�E\�&()$6���������7KH�WRWDO�QXPEHU
RI�VLWHV�PRQLWRUHG�DFKLHYHG�����VLWHV�IRU�$V��������VLWHV�IRU
&G��������VLWHV�IRU�&X��������IRU�=Q�GXULQJ�WKUHH�GHFDGHV��

)URP�WKLV�GDWDEDVH��8.�FDQ�FRQGXFW�GDWD�PLQLQJ�WR
DVVHVV�WKHLU�HQYLURQPHQW�EDVHG�RQ�KLVWRULFDO�GDWD��)XUWKHU�
WKH�8.�GHWHUPLQHG�WKH�QDWXUDO�EDFNJURXQG�FRQFHQWUDWLRQ
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EDVHG� RQ� WKH� ��WK� SHUFHQWLOH� YDOXH� RI� KLVWRULFDO� GDWD�� ,I
WKHUH� LV� ODFN� RI� KLVWRULFDO� GDWD�� QRQ�FRQWDPLQDWHG� GDWD�
VHGLPHQWDU\�URFN�DEXQGDQFH��DQG�FUXVWDO�FRPSRVLWLRQ�DUH
UHTXLUHG�� 7KH� *HRDFFXPXODWLRQ� ,QGH[� �,JHR�� DQG
&RQWDPLQDWLRQ�IDFWRU��&)��DV�WKH�VHGLPHQW�TXDOLW\�LQGH[
ZHUH�DOVR�FDOFXODWHG��,JHR�LV�DVVHVVPHQW�RI� WKH�SROOXWLRQ
OHYHOV�LQ�VHGLPHQW�RI�LQGLYLGXDO�KHDY\�PHWDO�ZKHWHU�&)�LV
HYDOXDWLRQ�RI�VHGLPHQW�TXDOLW\�WR�GHVFULEH�WR[LF�VXEVWDQFH
�.RZDOVND� HW� DO��� ������� %DVHG� RQ� WZR� SDUDPHWHUV�� WKH
1HPHURY� 3ROOXWLRQ� ,QGH[� �3,�� �5LFKLU� HW� DO��� �����
&LDUNRZVND�� ������ LV� XVHG� WR� FODVVLI\� VHGLPHQW� TXDOLW\
IURP�XQSROOXWHG�RU�H[FHOOHQW��3,���������FOHDQ��3, �������
VOLJKW�SROOXWLRQ��3, ������PRGHUDWH�SROOXWLRQ��3, �����DQG

KHDY\�SROOXWLRQ��3,������3ROOXWLRQ�LQGLFHV�FDQ�EH�XVHG�DV�D
WRRO� DQG� JXLGH� IRU� GHWHUPLQLQJ� WKH� VWDWH� RI� WKH� VRLO
HQYLURQPHQW� XVLQJ� D� FRPSUHKHQVLYH� JHRFKHPLFDO
LQYHVWLJDWLRQ� �.RZDOVND� HW� DO��� �������0LQLQJ� VHGLPHQW
FRQWDPLQDWLRQ�GDWDEDVHV�IURP�QDWLRQDO�SXEOLF�VRXUFHV�LV�D
YDOXDEOH�WRRO�IRU�DVVHVVLQJ�WKH�WUHQG�RI�FRQWDPLQDWLRQ�DW
FKDOOHQJLQJ� VFDOHV�� 0DQDJHUV� ZLOO� EH� DEOH� WR� OLQN
HFRV\VWHP� PDQDJHPHQW� WHFKQLTXHV� ZLWK� PXOWLSOH
FRQWDPLQDWLRQ�OHYHOV�WKDW�KDYH�ODUJH�FXPXODWLYH�HIIHFWV�LI
FRDVWDO� REVHUYDWRU\� QHWZRUNV� DUH� FRPELQHG�� $QRWKHU
FRXQWU\� DOVR� DVVLJQV� D� QDWLRQDO� GDWDEDVH� IRU� H[DPSOH
6FRWODQG� KDV� 0DULQH� 6FRWODQG� 'DWD� DQG� 'HQPDUN
GHYHORSPHQW�,QWHUQDWLRQDO�&RXQFLO�IRU�WKH�([SORUDWLRQ�RI
WKH�6HD��,&(6��GDWDEDVH�

0HWDO�&RQWDPLQDWLRQ�LQ�&RDVWDO�(QYLURQPHQW�RI
,QGRQHVLD

,QGRQHVLD� LV� DQ� LVODQG� QDWLRQ� ORFDWHG� EHWZHHQ� WKH
3DFLILF�DQG�,QGLDQ�2FHDQV��ZLWK�ZDWHU�FRYHULQJ����SHUFHQW

RI� LWV� WHUULWRU\� DQG� PRUH� WKDQ� ������� NLORPHWHUV� RI
FRDVWOLQHV� �$G\DVDUL� HW� DO��� �������$V� D� UHVXOW� RI� WKLV
SKHQRPHQRQ��,QGRQHVLD�QRZ�SRVVHVVHV�KLJK�ELRGLYHUVLW\
DQG�LV�XQLTXH�DV�D�WURSLFDO�FRDVWDO�DQG�PDULQH�KDELWDW�LQ�WKH
ZRUOG�� 8QIRUWXQDWHO\�� WKH� TXDOLW\� RI� ,QGRQHVLDQ� FRDVWDO
ZDWHU� KDV� EHHQ� VWHDGLO\� GHJUDGLQJ�� HVSHFLDOO\� LQ� WKH
GHQVHO\�SRSXODWHG�FRDVWDO�FLWLHV�RI�-DYD��7KH�KHDY\�PHWDO
FRQFHQWUDWLRQV�LQ�-DNDUWD�%D\�DUH�XS�WR�WKUHH�WLPHV�JUHDWHU
WKDQ�LQ�%DQJNRN��IRU�VHGLPHQW��DQG�0DQLOD��IRU�VHDZDWHU�
ZKHQ� FRPSDUHG� WR� RWKHU� QDWLRQV� ZLWK� VLPLODU
HQYLURQPHQWV� �$G\DVDUL� HW� DO��� ������ 9HODVTXHV� HW� DO��
������� 7KH� WUHQG� RI� &X� DQG� 3E� LQ� -DNDUWD� %D\�� KDYH
LQFUHDVHG� ��� DQG� ��� WLPHV� EHWZHHQ� ����� DQG� �����

UHVSHFWLYHO\� �.RURSLWDQ� 	� &RUGRYD�� ������� 7KH� PRVW
VLJQLILFDQW�VRXUFH�RI�FRDVWDO�ZDWHU�SROOXWLRQ�LQ�,QGRQHVLD�LV
H[FHVV� QXWULHQWV�� RUJDQLF� FRPSRXQGV�� DQG� KHDY\�PHWDOV
IURP� KRPH� ZDVWHZDWHU�� LQGXVWU\�� PLQLQJ�� DJULFXOWXUH�
DTXDFXOWXUH��DQG�VROLG�ZDVWH� �$VLDQ�'HYHORSPHQW�%DQN�
�������%DVHG�RQ�$G\DVDUL�HW�DO����������QXWULHQW�SROOXWLRQ
LV�WKH�PRVW�SUHVVLQJ�LVVXH�LQ�,QGRQHVLD�IROORZHG�E\�KHDY\
PHWDOV�DQG�RUJDQLF�SROOXWDQWV�GXULQJ������DQG�������$V�D
UHVXOW��WKH�TXDOLW\�RI�,QGRQHVLD
V�FRDVWDO�ZDWHU�LV�SRRU��DQG
SURPSW�DFWLRQ�LV�UHTXLUHG��VXFK�DV�UHVWULFWLRQV�IRU�SODVWLF
GHEULV��KHDY\�PHWDOV��DQG�RUJDQLF�FRQWDPLQDQWV��ZKLFK�DUH
W\SLFDOO\�IRXQG�LQ�ODUJHU�FRQFHQWUDWLRQV�LQ�VHGLPHQWV�WKDQ
LQ�WKH�ZDWHU��7KH�PLQLQJ�DUHDV�RI�6XODZHVL��3DSXD��%XUX
,VODQG��0DOXNX���DQG�6XPEDZD��1XVD�7HQJJDUD��DUH�WKH
VRXUFH� RI� SROOXWLRQ� LQ� ,QGRQHVLD� �%XGLDQWD�� ������� 7KH
KRWVSRW� DUHD� LV� %X\DW� %D\�� 6XODZHVL� WKDW� LQGLFDWHG� WKH
PHUFXU\� OHYHO� LV� �� PJ�NJ� LQ� VHGLPHQW� DQG� H[FHHGV� WKH
VDIHW\� OLPLW� RI� ��PJ�NJ� IURP�:+2��7KH� RWKHU� SRVVLEOH
VRXUFH�RI�PHWDO�SROOXWLRQ�LQ�WKH�PLQLQJ�UHJLRQ�LV�GHULYHG

)LJXUH����$Q�H[DPSOH�WKH�GDWD�PLQLQJ�RI�($�0(50$1�GDWDEDVH�LQ�8.�



�� 3XVSLWDVDUL��HW�DO�

IURP�QDWXUDO�IDFWRUV�VXFK�DV�YROFDQRHV��)UDQFR�)XHQWHV�HW
DO��� ������ 6\DNWL� HW� DO��� ������� YDULDELOLW\� RI� WKH� VHDVRQ
�6LUHJDU�HW�DO��������=KDQJ�HW�DO����������DQG�LQWHUDFWLRQ
EHWZHHQ� FRQWDPLQDQW� �3XUZL\DQWR� HW� DO��� ������
DQWKURSRJHQLF� IURP�PDULQH� RU� WHUUHVWULDO� VRXUFH� VXFK�DV
VKLSSLQJ�DFWLYLWLHV��LQGXVWU\��ZDVWHZDWHU�GLVFKDUJH��6XWHMD
HW�DO���������$PLQ�HW�DO���������6LQGHUQ�HW�DO���������

',6&866,21
7KH�3URSRVHG�RI�1DWLRQDO�'DWDEDVH�LQ�,QGRQHVLD
7KH� OLWHUDWXUH� VWXG\� XVLQJ� ZDV� FRQGXFWHG� E\

VHDUFKLQJ�IRU�NH\ZRUGV�³,QGRQHVLD´��³PHWDO��³VHGLPHQW´
LQ�³DEVWUDFW��NH\ZRUGV�DQG�WLWOH³�IURP�6FRSXV�GDWDEDVH�DQG
*RRJOHVFKRODU�� 7KH� PRVW� UHSRUWHG� RI� KHDY\� PHWDO� LQ
NH\ZRUGV�LQ�6FRSXV�'DWDEDVH�LV�3E�����DUWLFOHV���&X����
DUWLFOHV���=Q�����DUWLFOHV���&G�DQG�&U�����DUWLFOHV���)H����
DUWLFOHV���+J�����DUWLFOHV��DQG�1L�������)URP�WKH�����SDSHUV
LGHQWLILHG� LQ� WKH� LQLWLDO� VHDUFK� UHVXOWV�� OLPLWDWLRQ� RQ
MRXUQDOV� SXEOLVKHG� LQ� WKH� ODVW� ��� \HDUV� �����������
JHQHUDWHG� ���� DUWLFOHV�� ZKLFK� ZHUH� WKHQ� VXEMHFWHG� WR� D
FRQWHQW�DQDO\VLV�WR�GHWHUPLQH�WKH�WRSLF
V�HOLJLELOLW\��'DWD
IURP� *RRJOH� 6FKRODU� UHODWHG� WR� QRQ�HVVHQWLDO� PHWDO� LV
DSSHQGHG�LQ�7DEOH���WR�UHVXPH�UHVHDUFK�KDV�EHHQ�GRQH�LQ
,QGRQHVLD� DQG� XVHIXO� DV� D� EDVHOLQH� GDWD��$QWKURSRJHQLF
PHWDO�DFFXPXODWLRQ�LQ�VHGLPHQWV�RI�-DNDUWD�%D\��=Q��&X�
DQG�3E��EHJDQ� LQ� WKH�����V�DQG� LQWHQVLILHG�VLJQLILFDQWO\
IURP� WKH� ����V� XQWLO� WKH� HQG� RI� WKH� ����V�� =Q� DQG� 3E
DFFXPXODWLRQ� UDWHV� QHDU� WKH� FRDVWDO� LQGXVWULDOL]HG� DUHD
ZHUH�FRQVLVWHQW�RU�GHFUHDVHG�IURP�WKH�HQG�RI�WKH�����V�WR
������+RVRQR�HW�DO����������+DUPHVD�HW�DO���������UHSRUWHG
WKDW�WKH�&G�FRQFHQWUDWLRQ�LQ�'DVXQ�HVWXDU\��5HPEDQJ�ZDV
UHODWLYHO\�KLJK��DQG�WKH�VRXUFH�ZDV�SUHVXPHG�WR�EH�ZDVWH
IURP�WKH�EDWLN�LQGXVWU\��3E�FRQFHQWUDWLRQ�UDQJHG�IURP����
WR������ PJ NJí��GZ�LQ�VKULPS�DTXDFXOWXUH�LQ�&HQWUDO�-DYD
DQG� VKRZHG� PRGHUDWH� FRQWDPLQDWLRQ�� DFFRUGLQJ� WR� WKH
HFRORJLFDO� ULVN� �JHRDFFXPXODWLRQ� LQGH[� �,JHR��
FRQWDPLQDWLRQ�IDFWRU��&)���SROOXWLRQ�ORDG�LQGH[��3/,���DQG
SRWHQWLDO�HFRORJLFDO�ULVN�LQGH[��3(5,���GHWHUPLQHG�LQ�WKH
VHGLPHQWV� �+LGD\DWL� HW� DO��� ������� 7KH� DYHUDJH� &G
FRPSRVLWLRQV�UDQJHG�IURP������WR������PJ�NJ��ZKLOH�WKH
DYHUDJH�&U�FRPSRVLWLRQV�UDQJHG�IURP������WR������PJ�NJ�
DFFRUGLQJ� WR� WKH� VWXGLHV�� )XUWKHUPRUH�� DYHUDJH� &X
FRPSRVLWLRQV� UDQJHG� IURP� ����� WR� ����PJ�NJ�� ZKHUHDV
DYHUDJH�1L�FRPSRVLWLRQV�YDULHG�IURP������WR������PJ�NJ�
)XUWKHUPRUH�� 3E� FRPSRVLWLRQV� UDQJHG� IURP� ����� WR� ���
PJ�NJ�RQ�DYHUDJH��)LQDOO\��=Q�FRPSRVLWLRQV�UDQJHG�IURP
�����WR�����PJ�NJ�RQ�DYHUDJH��7KH�DYHUDJH�KLJKHVW�PHWDO
RI�1L�ZDV�IRXQG�LQ�(DVW�$VLD��ZKHUHDV�WKH�KLJKHVW�PHWDOV
RI�&G��&U��&X��3E��DQG�=Q�ZHUH�IRXQG�LQ�6RXWKHDVW�$VLDQ
FRXQWULHV��DFFRUGLQJ�WR�WKH�VWXG\
V�PHWDO�GLVWULEXWLRQ�DUHDV
�)DQJ�HW�DO����������&RUGRYD�HW�DO���������UHSRUWHG�WKDW�WKH
FRQFHQWUDWLRQ�RI�3E��+J�DQG�&G�LQ�-DNDUWD�%D\�VHGLPHQWV
UHDFKHG� ������� ����� DQG� ����� PJ�NJ�� UHVSHFWLYHO\�� 7KH
VWXG\�RI�PHWDO�OHYHOV�LQ�VHGLPHQWV� LV�QRW�DV�H[WHQVLYH�DV
WKDW� RI�PHWDO� OHYHOV� LQ�ZDWHU��0HWDO� OHYHOV� LQ� ZDWHU� DUH
SRVLWLYHO\� FRUUHODWHG� ZLWK� PHWDO� OHYHOV� LQ� VHGLPHQWV
�)UDQFR�IXHQWHV�HW�DO����������VR�LI�LW�IROORZV�D�SDWWHUQ�RI

KHDY\�PHWDO�VWXG\�WUHQGV�LQ�ZDWHU�WKDW�DUH�KLJK�LQ�KRWVSRW
DUHDV� GXH� WR� LQGXVWULDO� DQG�PLQLQJ�� WKH� VWXG\� VKRXOG� EH
FRQFHQWUDWHG�VHYHUDO�ORFDWLRQV��

$V�RSHUDWLRQDO�VXJJHVWLRQ��LW�UHFRPPHQGHG�WR�IRFXV
RQ�KHDY\�PHWDO� VXFK�DV�FDGPLXP�� FRSSHU��PHUFXU\��DQG
FKURPLXP� EHFDXVH� RI� QRQHVVHQWLDO�PHWDO�� 1RQ�HVVHQWLDO
PHWDOV��H�J����&G��&U��3E��+J��SOD\�DQ�XQNQRZQ�UROH�LQ�WKH
ELRORJLFDO� V\VWHP�� DUH� WR[LF�� SHUVLVWHQW�� DQG� WHQG� WR
DFFXPXODWH� LQ�RUJDQLVPV��)DWLPD�HW�DO����������7KH�ILUVW
VWHS� WR� LQLWLDWH� WKH� SUHSDUDWLRQ� RI� VHGLPHQW� TXDOLW\
VWDQGDUGV� LV� WKH� FROOHFWLRQ� RI� EDVHOLQH� GDWD� RQ� PHWDO
FRQWDPLQDWLRQ� VHGLPHQWV� �7DEOH� ���� $V� ZH� NQRZ� WKDW
,QGRQHVLD�LV�DQ�DUFKLSHODJR�ZLWK�GLYHUVH�FKDUDFWHULVWLF��ZH
UHFRPPHQGHG� IRU� LQLWLDO� SURMHFW�� WKH� ORFDWLRQ� FDQ� EH
FRQFHQWUDWHG� RQ� FRDVWDO� DUHD� EHFDXVH� WKLV� UHJLRQ� LV
HFRQRPLFDOO\� LPSRUWDQW� DQG� KLJKO\� GHQVH� SRSXODWLRQ
HVSHFLDOO\�-DNDUWD�DQG�6HPDUDQJ��)RU�VSHFLILF� VLWHV�ZLWK
KLJK�ULVN�L�H�PLQLQJ�DQG�DTXDFXOWXUH�DOVR�JHW�KLJK�SULRULW\�
+HDY\�PLQLQJ�VLWHV�LQ�%X\DW�%D\��6XODZHVL���%XUX�LVODQGV
�0DOXNX���$LMNZD�HVWXDU\� �3DSXD���DQG�6XPEDZD��1XVD
7HQJJDUD��DUH�WKH�IRFXV�RI�VWXG\�RQ�FRDVWDO�KHDY\�PHWDO
SROOXWLRQ�LQ�,QGRQHVLD��$G\DVDUL�HW�DO����������

$�QDWLRQDO�GDWDEDVH�LV�XUJHQWO\�QHHGHG�IRU�FROOHFWLQJ
GDWD�UHODWHG� WR�FRQWDPLQDWLRQ�LQ�,QGRQHVLD��7KH�IDFW� WKDW
,QGRQHVLD� KDV� YDULRXV� FRDVWDO� FKDUDFWHUL]DWLRQ�ZLOO� EH� D
FRQVHTXHQFH� RI� WKH� G\QDPLF� GDWD� ZLOO� EH� YHU\� GLYHUVH
�7XVVDGLDK�HW�DO����������7KH�IRUP�RI�GDWD�QRW�RQO\�SULPDU\
GDWD� OLNH�FRQFHQWUDWLRQ�RI�PHWDO� LQ�ZDWHU��VHGLPHQW�� DQG
RUJDQLVP�EXW�DOVR�WKH�ZDWHU�TXDOLW\�OLNH�S+��'2��VDOLQLW\�
766�� WHPSHUDWXUH��)XUWKHU�DQDO\VLV�RI� WKHVH�GDWD�ZLOO�EH
XVHIXO� IRU� PRQLWRULQJ�� GLUHFWLRQ� IRU� WKH� SROLF\PDNHU�� D
FRPSUHKHQVLYH�VWXG\�IRU�VWXGHQWV��DQG�IRU�FRPSLOLQJ�ZDWHU
DQG�VHGLPHQW�TXDOLW\�VWDQGDUG���3ULQFLSDOO\��,QGRQHVLD�KDV
D�FRPSHWHQF\�WR�FRPSLOH�D�QDWLRQDO�GDWDEDVH�EHFDXVH�RI
WKH� PHWKRG�� HTXLSPHQW� OLNH� $WRPLF� $EVRUSWLRQ
6SHFWURSKRWRPHWHU� �$$6��� ,QGXFWLYHO\� &RXSOHG� 3ODVPD
0DVV� 6SHFWURPHWU\� �,&3�06��� ,QGXFWLYHO\� &RXSOHG
3ODVPD� 2SWLFDO� (PLVVLRQ� 6SHFWURPHWU\� �,&3�2(6�� DQG
KXPDQ�UHVRXUFHV�DUH�DYDLODEOH��7KH�FKDOOHQJH�FRPHV�IURP
WKH�DYDLODELOLW\�RI�DFFUHGLWHG�SHUVRQQHO�DQG�ODERUDWRU\�WR
PDNH� VXUH� WKH� GDWD� LV� DFFXUDWH� DQG� YDOLG�� DQG� WKH
DYDLODELOLW\� RI� &HUWLILHG� 5HIHUHQFH� 0DWHULDO� �&50�� IRU
TXDOLW\�RI�DVVXUDQFH�DQG�TXDOLW\�RI�FRQWURO��7KLV�SURMHFW
QHHGV� FROODERUDWLRQ� EHWZHHQ� UHVHDUFK� LQVWLWXWHV�
XQLYHUVLWLHV�� ORFDO�JRYHUQPHQW�� DQG�QDWLRQDO�JRYHUQPHQW
DV�D�OHDGHU��6WDQGDUG�2SHUDWLRQDO�3URFHGXUHV��623��PXVW
EH�DUUDQJHG�WR�PDNH�VXUH�WKH�GDWD�LV�UHOLDEOH�DQG�DFFXUDWH
DV�D�GHSRVLWRU\�GDWDEDVH��

%DVHG� RQ� FXUUHQW� WUHQGV� LQ� ELJ� GDWD� VWRULQJ� DQG
DUFKLYLQJ� ZRUOGZLGH�� ZH� UHFRPPHQG� RSWLPL]LQJ� WKH
HQYLURQPHQWDO� GDWDEDVH�� ,QGRQHVLD� DOUHDG\� KDV� DQ� RSHQ
SXEOLF�DFFHVV�GDWDEDVH�FRQWDLQ�HQYLURQPHQWDO�GDWD��ZDWHU�
DLU�� ZDVWH�� LVVXHG� E\� WKH�0LQLVWU\� RI� (QYLURQPHQW� DQG
)RUHVWU\� �KWWSV���GDWDDODP�PHQOKN�JR�LG���� ,W� LV� D� JRRG
LQLWLDWLYH�WR�PDNH�RSHQ�SXEOLF�GDWD�VRXUFH��7KLV�GDWDEDVH
KDV� WKH� SRWHQWLDO� WR� IDFLOLWDWH� DQG� H[SHGLWH� IXWXUH
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HFRORJLFDO� LQYHVWLJDWLRQV� E\� SURYLGLQJ� HDV\� DFFHVV� WR
DOUHDG\�LQYHVWLJDWHG��

&21&/86,216
)URP� D� FDVH� VWXG\� LQ� WKH� 8.�� LW� LV� LPSRUWDQW� WR

SUHSDUH�D�GDWDEDVH�RI�PHWDOV�LQ�VHGLPHQW�LQ�,QGRQHVLD�DV
QDWLRQDO� EDVLV� GDWD�� 7KH� GDWDEDVH� FRQWDLQV� D� KLVWRU\� RI
EDVHOLQH�LQIRUPDWLRQ�RI�PHWDOV�DQG�KHOSV�WKH�PDQDJHU�WR
FKRRVH� EHVW� SUDFWLFHV� EDVHG� RQ� DQ� HQYLURQPHQWDO
IUDPHZRUN�� $V� DQ� LQLWLDO� VWHS�� LW� LV� UHFRPPHQGHG� WR
H[SORUH�WKH�-DYD�6HD�HVSHFLDOO\�-DNDUWD�DQG�6HPDUDQJ��DQG
VHYHUDO� KRWVSRWV� RI� PLQLQJ� EHFDXVH� RI� WKH� KLJK� ULVN� RI
KHDY\� PHWDO� FRQWDPLQDWLRQ� IRU� FROOHFWLQJ� WKH� GDWDEDVH�
7KLV�ZRXOG�IDFLOLWDWH�WKH�PRQLWRULQJ�DQG�XWLOL]DWLRQ�RI�GDWD
IRU�YDULRXV�SXUSRVHV��$�JRYHUQPHQW�DJHQF\��WKH�0LQLVWU\
RI�(QYLURQPHQW�DQG�)RUHVWU\��DQG�1DWLRQDO�5HVHDUFK�DQG
,QQRYDWLRQ�$JHQF\� �15,$�� VKRXOG� WDNH� D� OHDG� WKDW� FDQ

FRRUGLQDWH� WKH� GDWDEDVH� XSGDWH� PHFKDQLVP� WR� RWKHU
VHFWRUV�

$&.12:/('*(0(176
:H� WKDQN� WR� DQRQ\PRXV� UHIHUHH� IRU� WKHLU� XVHIXO

VXJJHVWLRQ

5()(5(1&(6
$VLDQ� 'HYHORSPHQW� %DQN�� ������ ,QGRQHVLD�� &RXQWU\

:DWHU� $VVHVVPHQW�� 0DQLOD�� $VLDQ� 'HYHORSPHQW
%DQN��3KLOLSSLQHV���

$G\DVDUL�� '��� 3UDWDPD�� 0�� $��� 7HJXK�� 1�� $��
6DEGDQLQJVLK�� $��� .XVXPDQLQJW\DV�� 0�� $��� 	
'LPRYD�� 1�� ������ $QWKURSRJHQLF� LPSDFW� RQ
,QGRQHVLDQ�FRDVWDO�ZDWHU�DQG�HFRV\VWHPV��&XUUHQW
VWDWXV� DQG� IXWXUH� RSSRUWXQLWLHV��0DULQH�3ROOXWLRQ

7DEOH����%DVHOLQH�GDWD�RI�PHWDO�FRQWDPLQDWLRQ�LQ�VHGLPHQW�



�� 3XVSLWDVDUL��HW�DO�

%XOOHWLQ�� ����� KWWSV���GRL�RUJ���������
M�PDUSROEXO������������

$PLQ��%���,VPDLO��$���$UVKDG��$���<DS��&�.���.DPDUXGLQ�
0�6�� ������ $QWKURSRJHQLF� LPSDFWV� RQ� KHDY\
PHWDO� FRQFHQWUDWLRQV� LQ� WKH� FRDVWDO� VHGLPHQWV� RI
'XPDL�� ,QGRQHVLD�� (QYLURQPHQWDO� 0RQLWRULQJ
$VVHVVPHQW��������±�������±����

%DURNDK�� *�� 5��� 'ZL\LWQR�� 	� 1XJURKR�� ,�� �����
.RQWDPLQDVL�/RJDP�%HUDW� �+J��3E��GDQ�&G��GDQ
%DWDV� $PDQ� .RQVXPVL� .HUDQJ� +LMDX� �3HUQD
YLULGLV�� GDUL� 3HUDLUDQ� 7HOXN� -DNDUWD� GL� 0XVLP
3HQJKXMDQ��-XUQDO�3DVFFDSDQHQ�GDQ�%LRWHNQRORJL
.HODXWDQ�GDQ�3HULNDQDQ����������������

%HODEHG��%�(���0HGGRXU��$���6DPUDRXL��%���&KHQFKRXQL�
+�� ������ 0RGHOLQJ� VHDVRQDO� DQG� VSDWLDO
FRQWDPLQDWLRQ� RI� VXUIDFH� ZDWHUV� DQG� XSSHU
VHGLPHQWV� ZLWK� WUDFH� PHWDO� HOHPHQWV� DFURVV
LQGXVWULDOL]HG� XUEDQ� DUHDV� RI� WKH� 6H\ERXVH
ZDWHUVKHG� LQ� 1RUWK� $IULFD�� (QYLURQPHQWDO
0RQLWRULQJ� $VVHVVPHQW�� ���� ����� ����� KWWSV���
GRL�RUJ���������V�����������������

%RWW�� /�� 0��� 6FK|QH�� 7��� ,OOLJQHU�� -��� +DJKVKHQDV
+DJKLJKL�� 0��� *LVHYLXV�� .��� 	� %UDXQ�� %�� �����
/DQG� VXEVLGHQFH� LQ� -DNDUWD� DQG�6HPDUDQJ�%D\�±
7KH�UHODWLRQVKLS�EHWZHHQ�SK\VLFDO�SURFHVVHV��ULVN
SHUFHSWLRQ��DQG�KRXVHKROG�DGDSWDWLRQ��2FHDQ�DQG
&RDVWDO� 0DQDJHPHQW�� ����� KWWSV���GRL�RUJ�
��������M�RFHFRDPDQ������������

%UDG\�� -�3���$\RNR�� *�$��� 0DUWHQV��:�1��� *RRQHWLOOHNH�
$��������'HYHORSPHQW�RI�D�K\EULG�SROOXWLRQ�LQGH[
IRU�KHDY\�PHWDOV�LQ�PDULQH�DQG�FRDVWDO�VHGLPHQWV�
(QYLURQPHQWDO�0RQLWRULQJ�$VVHVVPHQW�� ����� ����
KWWSV���GRL�RUJ���������V���������������[

%XGLDQWD��:��������+HDY\�PHWDO� SROOXWLRQ�DQG�PRELOLW\
RI� VHGLPHQW� LQ� 7DMXP� 5LYHU� FDXVHG� E\� DUWLVDQDO
JROG� PLQLQJ� LQ� %DQ\XPDV�� &HQWUDO� -DYD�
,QGRQHVLD�� (QYLURQPHQWDO� 6FLHQFH� DQG� 3ROOXWLRQ
5HVHDUFK�� ���� KWWSV���GRL�RUJ����������)V������
�����������

&HIDV�� ������ &6(03� *UHHQ� %RRN�� KWWS���
FHIDV�GHIUD�JRY�XN�PHGLD��������JUHHQERR
NY���SGI�

&ROH��0���/LQGHTXH��3���+DOVEDQG��&���	�*DOORZD\��7�6�
������0LFURSODVWLFV�DV�FRQWDPLQDQWV�LQ�WKH�PDULQH
HQYLURQPHQW��D�UHYLHZ��0DULQH�3ROOXWLRQ�%XOOHWLQ�
�������������±�����

&KRXGKDU\�� 3��� 6XEKDVK�� 9��� .KDGH�� 0��� 6DYDQW�� 6��
0XVDOH�� $��� .XPDU�� 5�� .��� &KHOOLDK�� 0�� 6��� 	
'DVJXSWD�� 6�� ������ (PSRZHULQJ� EOXH� HFRQRP\�
)URP� XQGHUUDWHG� HFRV\VWHP� WR� VXVWDLQDEOH
LQGXVWU\�� -RXUQDO� RI� (QYLURQPHQW� 0DQDJHPHQW�
����� KWWSV���GRL�RUJ���������
M�MHQYPDQ������������

&LDUNRZVND�� .��� ������ $VVHVVPHQW� RI� KHDY\� PHWDO
SROOXWLRQ� ULVNV� DQG� HQ]\PH� DFWLYLW\� RI� PHDGRZ

VRLOV� LQ� XUEDQ� DUHD� XQGHU� WRXULVP� ORDG�� D� FDVH
VWXG\� IURP� =DNRSDQH� �3RODQG��� (QYLURQPHQWDO
6FLHQFH�DQG�3ROOXWLRQ�5HVHDUFK�����������±�����
KWWSV���GRL�RUJ���������V���������������\

&RUGRYD�� 0�� 5��� 3XUERQHJRUR�� 7��� 3XVSLWDVDUL�� 5�� 	
+LQGDUWL�� '�� 3XUERQHJRUR�� ������ $VVHVVLQJ
&RQWDPLQDWLRQ� /HYHO� RI� -DNDUWD� %D\� 1HDUVKRUH
6HGLPHQWV� 8VLQJ� *UHHQ� 0XVVHO� �3HUQD� YLULGLV�
/DUYDH��0DULQH�5HVHDUFK�LQ�,QGRQHVLD� ����������
��

(VKPDW�� 0�� (��� 0DKDVUL�� *�� 	� 5DKDUGMD�� %�� 6�� �����
$QDOLVLV� .DQGXQJDQ� /RJDP� %HUDW� 7LPEDO� �3E�
GDQ� &DGPLXP� �&G�� 3DGD� .HUDQJ� +LMDX� �3HUQD
YLULGLV�/���GL�3HUDLUDQ�1JHPERK�.DEXSDWHQ�*UHVLN
-DZD� 7LPXU�� -XUQDO� ,OPLDK� 3HULNDQDQ� GDQ
.HODXWDQ���������������

)DWLPD�� 6��� 0X]DPPDO�� 0��� ,VPDLO� .KDQ�� '��� $TVD
5HKPDQ��3���6DTLE�$OL�5XVWDP��3���.KDQ��,���=DLQDE
6KHK]DGL��3���0HKPRRG��$���:DTDU��0���5HKPDQ�
$���$OL�5XVWDP��6���	�6KHK]DGL��=����������:DWHU
SROOXWLRQ�RI�KHDY\�PHWDOV�DQG�LWV�HIIHFWV�RQ�ILVKHV�
,QWHUQDWLRQDO� -RXUQDO� RI� )LVKHULHV� DQG� $TXDWLF
6WXGLHV�� ������ ������� KWWS���
ZZZ�ILVKHULHVMRXUQDO�FRP

)UDQFR�)XHQWHV�� (��� 0RLW\�� 1��� 5DPLUH]�*RQ]DOHV�� -��
$QGUDGH�YHUD�� 6��� +DUGLVVRQ�� $��� *RQ]DOHV�
:HOOHU��'���3D]��6���5XELR��&���	�*XWLHUUH]��$�� -�
������0HWDOV�LQ�FRPPHUFLDO�ILVK�LQ�WKH�*DODSDJRV
0DULQH�UHVHUYH��&RQWULEXWLRQ�WR�IRRG�VHFXULW\�DQG
WR[LF�D�ULVN�DVVHVVPHQW��-RXUQDO�RI�(QYLURQPHQWDO
PDQDJHPHQW�� ����� KWWSV���GRL�RUJ���������
M�MHQYPDQ������������

+DUPHVD�	�&RUGRYD��0��5��������$�SUHOLPLQDU\�VWXG\�RQ
KHDY\� PHWDO� SROOXWDQWV� FKURPH� �&U��� FDGPLXP
�&G��� DQG� OHDG� �3E�� LQ� VHGLPHQWV� DQG� EHDFK
PRUQLQJ� JORU\� YHJHWDWLRQ� �,SRPRHD� SHVFDSUDH�
IURP�'DVXQ�(VWXDU\��5HPEDQJ��,QGRQHVLD��0DULQH
3ROOXWLRQ� %XOOHWLQ�� ����� �������� KWWSV���GRL�RUJ�
��������M�PDUSROEXO������������

+RVRQR�7���6X�&�&���'HOLQRP�5���8PH]DZD�<���7R\RWD�7��
.DQHNR� 6��� 	� 7DQLJXFKL�� 0�� ������ 'HFOLQH� LQ
KHDY\�PHWDO�FRQWDPLQDWLRQ�LQ�PDULQH�VHGLPHQWV�LQ
-DNDUWD� %D\�� ,QGRQHVLD� GXH� WR� LQFUHDVLQJ
HQYLURQPHQWDO�� 5HJXODWLRQV�� (VWXDULQH�� &RDVWDO
DQG�6KHOI�6FLHQFH�������������

+LGD\DWL��1��9���3UXGHQW��3���$VLD��/���9DVVDOR��/���7RUUH
)��� :LGRZDWL�� ,��� 6DEGRQR��$��� 6\DNWL��$�� *�� 	
'RXPHQT�� 3�� ������$VVHVVPHQW� RI� WKH� HFRORJLFDO
DQG� KXPDQ� KHDOWK� ULVNV� IURP� PHWDOV� LQ� VKULPS
DTXDFXOWXUH� HQYLURQPHQWV� LQ� &HQWUDO� -DYD�
,QGRQHVLD�� (QYLURQPHQWDO� 6FLHQFH� DQG� 3ROOXWLRQ
5HVHDUFK�� ���� ������������� KWWSV���GRL�RUJ�
��������V�����������������

.KHPLV�� ,�%��� $ULGK�� 1�%��� +DP]D�� 1��� 0
+HWOL�� 0��
6DGRN�� 6�� ������ +HDY\� PHWDOV� DQG� PLQHUDOV
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FRQWHQWV� LQ� SLNHSHUFK� �6DQGHU� OXFLRSHUFD��� FDUS
�&\SULQXV�FDUSLR��DQG�ÀDWKHDG�JUH\�PXOOHW��0XJLO
FHSKDOXV�� IURP� 6LGL� 6DOHP� UHVHUYRLU� �7XQLVLD��
KHDOWK�ULVN�DVVHVVPHQW�UHODWHG�WR�¿VK�FRQVXPSWLRQ�
(QYLURQPHQWDO� 6FLHQFH� 3ROOXWLRQ� 5HVHDUFK�� ��
������ �����±������� KWWSV���GRL�RUJ���������
V�����������������

.RURSLWDQ��$�)��� &RUGRYD�� 0�5�� ������ 6WXG\� RI� KHDY\
PHWDO�GLVWULEXWLRQ�DQG�K\GURG\QDPLF�VLPXODWLRQ�LQ
JUHHQ�PXVVHO� FXOWXUH� QHW��&LOLQFLQJ�ZDWHU�-DNDUWD
%D\��0DNDUD�-RXUQDO�RI�6FLHQFH����±����

.RZDOVND��-��%���0D]XUHN��5���*DVLRUHN��0���	�=DOHVN��7�
������ 3ROOXWLRQ� LQGLFHV� DV� XVHIXO� WRROV� IRU� WKH
FRPSUHKHQVLYH� HYDOXDWLRQ� RI� WKH� GHJUHH� RI� VRLO
FRQWDPLQDWLRQ±$� UHYLHZ�� (QYLURQPHQWDO
*HRFKHPLFDO� +HDOWK�� ���� ����±������ KWWSV���
GRL�RUJ���������V���������������
]����������������YRO9���������

/D�&ROOD��1��6���%RWWp��6��(���6LPRQHWWL��3���1HJULQ��9��/��
6HUUD��$��9���	�0DUFRYHFFKLR��-��(��������:DWHU�
VHGLPHQWV� DQG� ILVKHV�� )LUVW� PXOWL� FRPSDUWPHQW
DVVHVVPHQW� RI� PHWDO� SROOXWLRQ� LQ� D� FRDVWDO
HQYLURQPHQW�IURP�WKH�6:�$WODQWLF��&KHPRVSKHUH�
����� KWWSV���GRL�RUJ���������
M�FKHPRVSKHUH������������

/LX��+���/LX��*���<XDQ��=���*H��0���:DQJ��6���/LX��<���	
'D��&��������2FFXUUHQFH��SRWHQWLDO�KHDOWK� ULVN�RI
KHDY\�PHWDOV� LQ� DTXDWLF�RUJDQLVPV� IURP�/DL]KRX
%D\��&KLQD��0DULQH�3ROOXWLRQ�%XOOHWLQ����������±
����� KWWSV���GRL�RUJ���������
M�PDUSROEXO������������

/LX�� -��� 3HQJ��$��� 'HQJ�� 6��� /LX��0��� /LX�� *��� 	� /L�� &�
������ 'LVWULEXWLRQ� RI� KHDY\� PHWDOV� DQG
UDGLRQXFOLGHV� LQ� WKH� VHGLPHQWV� DQG� WKHLU
HQYLURQPHQWDO�LPSDFWV�LQ�1DQVKD�6HD�DUHD��6RXWK
&KLQD�6HD��0DULQH�3ROOXWLRQ�%XOOHWLQ�������KWWS���
G[�GRL�RUJ���������M�PDUSROEXO������������

/LPERQJ�� '��� .XPDPSDQJ�� -���$\KXDQ�� '���$UDL�� 7� 	
0L\D]DNL�� 1�� 0HUFXU\� 3ROOXWLRQ� 5HODWHG� WR
$UWLVDQDO�*ROG�0LQLQJ� LQ�1RUWK�6XODZHVL� ,VODQG�
,QGRQHVLD�� � %XOOHWLQ� RI� (QYLURQPHQWDO
&RQWDPLQDWLRQ�DQG�7R[LFRORJ\������������

/XWIWKDQVD��8��0�� 7LWDK��+��6���	�3UDWLNQR��+��������7KH
$ELOLW\� RI� 0DQJURYH� 3ODQW� RQ� /HDG
3K\WRUHPHGLDWLRQ�DW�:RQRUHMR�(VWXDU\��6XUDED\D�
,QGRQHVLD��-RXUQDO�(FRORJLFDO�(QJLQHHULQJ��������
���±����� '2,� KWWSV���GRL�RUJ����������
���������������

0DOH�� <�� 7��� 5HLFKHOW�%UXVKHWW�� $�� -��� 3RFRFN�� 0��� 	
1DQORK\��$��������5HFHQW�PHUFXU\�FRQWDPLQDWLRQ
IURP� DUWLVDQDO� JROG� PLQLQJ� RQ� %XUX� ,VODQG�
,QGRQHVLD�±�3RWHQWLDO�IXWXUH�ULVNV�WR�HQYLURQPHQWDO
KHDOWK�DQG�IRRG�VDIHW\��0DULQH�3ROOXWLRQ�%XOOHWLQ�
�����������

0XUWLQL�� -�7�� GDQ�$UL\DQL�� )�� ����D�� .DQGXQJDQ� ORJDP
EHUDW� NHUDQJ� GDUDK� �$QDGDUD� JUDQRVD�� GDQ
NXDOLWDV� SHUDLUDQ� GL� 7DQMXQJ� 3DVLU�� -DZD� %DUDW�
-XUQDO� 3HQHOLWLDQ� 3HULNDQDQ� ,QGRQHVLD�� ��� ����
��±���

1XUDLQL��5��$��7���(QGUDZDWL��+���	�0DXODQD��,��5�������
$QDOLVLV�.DQGXQJDQ�/RJDP�%HUDW�.URPLXP��&U�
SDGD� $LU�� 6HGLPHQ� GDQ� .HUDQJ� +LMDX� �3HUQD
YLULGLV�� GL� 3HUDLUDQ� 7ULPXO\R� 6HPDUDQJ�� -XUQDO
.HODXWDQ�7URSLV�����������±��

2XDOL�� 1��� %HODEHG�� %�� (��� 	� &KHQFKRXQL�� +�� �����
0RGHOOLQJ�HQYLURQPHQW�FRQWDPLQDWLRQ�ZLWK�KHDY\
PHWDOV�LQ�IODWKHDG�JUH\�PXOOHW�0XJLO�FHSKDOXV�DQG
XSSHU�VHGLPHQWV� IURP�QRUWK�$IULFDQ�FRDVWV�RI� WKH
0HGLWHUUDQHDQ� 6HD�� 6FLHQFH� RI� WKH� 7RWDO
(QYLURQPHQW�� ����� ���±����� KWWSV���GRL�RUJ�
��������M�VFLWRWHQY������������

3HUPDQDZDWL��<���=XUDLGD��5���	�,EUDKLP��$��������+HDY\
0HWDO� &RQWHQW� �&X�� 3E�� =Q�� &G�� DQG� &U�� ,Q� 6HD
:DWHU� DQG� 6HGLPHQW� LQ� -DNDUWD� %D\�� -XUQDO
*HRORJL�.HODXWDQ��������������

3XUZL\DQWR�� $�,�6��� 6XWHMD�� <��� 7ULVQR�� 1LQJUXP�� 3�6��
3XWUL��:�$�(��� 	� 5R]LUZDQ�� ������ &RQFHQWUDWLRQ
DQG�DGVRUSWLRQ�RI�3E�DQG�&X�LQ�PLFURSODVWLFV��FDVH
VWXG\� LQ� DTXDWLF� HQYLURQPHQW��0DULQH� 3ROOXWLRQ
%XOOHWLQ��������������

5RVLWDVDUL�� 5��� 	� /HVWDUL�� ������ (YDOXDVL� /LQJNXQJDQ
3HUDLUDQ� 3HVLVLU� 6HPDUDQJ�� -XUQDO� ,OPX� GDQ
7HNQRORJL�.HODXWDQ�7URSLV��������������

5HLFKHOW�%UXVKHWW��$��-���6WRQH��-���+RZH��3���7KRPDV��%��
&ODUN��0���0DOH��<���1DQORK\��$���%XWFKHU��3������
*HRFKHPLVWU\� DQG� PHUFXU\� FRQWDPLQDWLRQ� LQ
UHFHLYLQJ�HQYLURQPHQWV�RI�DUWLVDQDO�PLQLQJ�ZDVWHV
DQG� LGHQWLILHG� FRQFHUQV� IRU� IRRG� VDIHW\�
(QYLURQPHQWDO�5HVHDUFK��������������

5RVLWDVDUL�� 5��� 	� 3XVSLWDVDUL�� 5�� ������ 7KH� HFRORJLFDO
YXOQHUDELOLW\�RI�6HPDUDQJ¶V�FRDVWDO�ZDWHUV��D�EULHI
UHYLHZ�� 7KH� �WK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ
0DULQH�DQG�)LVKHULHV�5HVHDUFK�,23�&RQI��6HULHV�
(DUWK� DQG� (QYLURQPHQWDO� 6FLHQFH� ���� ������
��������GRL�������������������������������

5LFKLU��-���%UD\��6���0F$OHHVH��7���	�:DWVRQ��*��-�������
7KUHH� GHFDGHV� RI� WUDFH� HOHPHQW� VHGLPHQW
FRQWDPLQDWLRQ�� 7KH� PLQLQJ� RI� JRYHUQPHQWDO
GDWDEDVHV�DQG�WKH�QHHG�WR�DGGUHVV�KLGGHQ�VRXUFHV
IRU� FOHDQ� DQG� KHDOWK\� VHDV�� (QYLURQPHQW
,QWHUQDWLRQDO�� ����� KWWSV���GRL�RUJ���������
M�HQYLQW������������

6LQGHUQ��6���7UHPRKOHQ��0���'VLNRZLW]N\��/���*URQHQ��/��
6FKZDU]EDXHU�� -��� 	� 6LUHJDU�� 7�+�� ������ +HDY\
PHWDOV�LQ�ULYHU�DQG�FRDVW�VHGLPHQWV�RI�WKH�-DNDUWD
%D\� UHJLRQ� �,QGRQHVLD�²*HRJHQLF� YHUVXV
DQWKURSRJHQLF�VRXUFHV��0DULQH�3ROOXWLRQ�%XOOHWLQ�
������������±����



�� 3XVSLWDVDUL��HW�DO�

6LUHJDU��7�+���3UL\DQWR��1���3XWUL��$�.���5DFKPDZDWL��1��
7ULZLERZR�� 5��� 	�'VLNRZLW]N\�� /�� ������ 6SDWLDO
GLVWULEXWLRQ� DQG� VHDVRQDO� YDULDWLRQ� RI� WKH� WUDFH
KD]DUGRXV� HOHPHQW� FRQWDPLQDWLRQ� LQ� -DNDUWD�%D\�
,QGRQHVLD�� 0DULQH� 3ROOXWLRQ� %XOOHWLQ�� ���� ����
���±����

6LUHJDU��7��+�	�0XUWLQL�� -��7��������.DQGXQJDQ�/RJDP
%HUDW� SDGD� %HEHUDSD� /RNDVL� 3HUDLUDQ� ,QGRQHVLD
SDGD� WDKXQ� ����� VDPSDL� GHQJDQ� ������ 6TXDOHQ�
���������

6XWHMD�� <��� 'LUJD\XVD�� ,�*�1�3��� 	� 3XUZL\DQWR�� $�,�6�
������ &KURPLXP� LQ� %HQRD� %D\�� %DOL�,QGRQHVLD�
0DULQH�3ROOXWLRQ�%XOOHWLQ��������������

6\DNWL�� $��� 'HPHODV�� &��� +LGD\DWL�� 1��� 5DNDVLZL�� *��
9DVVDOR�� /��� 	� .XPDU�� 1�� ������ +HDY\� PHWDO
FRQFHQWUDWLRQV� LQ� QDWXUDO� DQG� KXPDQ�LPSDFWHG
VHGLPHQWV� RI� 6HJDUD�$QDNDQ� /DJRRQ�� ,QGRQHVLD�
(QYLURQPHQWDO� 0RQLWRULQJ� $VVHVVPHQW�� ���� ����
�����

7LWDK��+��7��	�3UDWLNQR��+��������&RSSHU�$FFXPXODWLRQ
E\ $YLFHQQLD� PDULQD DW� 0DQJURYH� (FR�IRUHVW� LQ
:RQRUHMR�� 6XUDED\D�� 7KH� �WK ,QWHUQDWLRQDO
&RQIHUHQFH� RQ� (QHUJ\�� (QYLURQPHQWDO� DQG
,QIRUPDWLRQ� 6\VWHP� �,&(1,6� ������(�6�:HE� RI
&RQIHUHQFHV ������������

7XVVDGLDK��$��� 6XMLZR��$�� 6���$QGHVWD�� ,��� 	� 'DHOL��:�
������$VVHVVPHQW� RI� FRDVWDO� HFRV\VWHP� VHUYLFHV
DQG� LWV� FRQGLWLRQ� IRU� SROLF\�PDQDJHPHQW� SODQ� LQ
(DVW�1XVD�7HQJJDUD�� ,QGRQHVLD��5HJLRQDO�6WXGLHV
LQ� 0DULQH� 6FLHQFHV�� ���� KWWSV���GRL�RUJ���������
M�UVPD�������������

8QLWHG�1DWLRQV������� 7UDQVIRUPLQJ�RXU�ZRUOG��WKH�����
$JHQGD�IRU�6XVWDLQDEOH�'HYHORSPHQW

:LGLDQDUNR��%���9HUZHLM��5��$���9DQ�*HVWHO��&��$��0���	
9DQ�6WUDDOHQ��1��0��������6SDWLDO�'LVWULEXWLRQ�RI
7UDFH�0HWDOV�LQ�6HGLPHQWV�IURP�8UEDQ�6WUHDPV�RI
6HPDUDQJ��&HQWUDO�-DYD��,QGRQHVLD��(FRWR[LFRORJ\
DQG�(QYLURQPHQWDO�6DIHW\������������

9HODVTXH]�� ,�%��� -DFLQWR�� *�6��� 9DOHUD�� )�6�� ������ 7KH
VSHFLDWLRQ�RI�GLVVROYHG�FRSSHU��FDGPLXP�DQG�]LQF
LQ� 0DQLOD� %D\�� 3KLOLSSLQHV�� 0DULQH� 3ROOXWLRQ
%XOOHWLQ�������������±�����

9R\HU��0��� )DUPHU\��$��.���.DMOLFK�� /���9DFKHWWH��$���	
4XLUN�� *�� ������$VVHVVLQJ� SROLF\� FRKHUHQFH� DQG
FRRUGLQDWLRQ� LQ� WKH� VXVWDLQDEOH� GHYHORSPHQW� RI� D
%OXH� (FRQRP\��$� FDVH� VWXG\� IURP�7LPRU� /HVWH�
2FHDQ� DQG� &RDVWDO� PDQDJHPHQW�� ����� KWWSV���
GRL�RUJ���������M�RFHFRDPDQ������������

=KDL��%���/LX��=���:DQJ���;���%DL��)���:DQJD��/���&KHQ��=��
	� =KDQJ�� ;�� ������$VVHVVPHQW� RI� KHDY\� PHWDO
FRQWDPLQDWLRQV� LQ� VXUIDFH� VHGLPHQWV� LQ� WKH
ZHVWHUQ�7DLZDQ�6WUDLWV��0DULQH�3ROOXWLRQ�%XOOHWLQ�
����� KWWSV���GRL�RUJ���������
M�PDUSROEXO������������

=KDQJ��+���/LX��6���:X��.���&XL�� -���=KX��$���=KDQJ��<��
0RKDPHG��$��$���5���	�6KL��;��������'LVWULEXWLRQ
DQG�DVVHVVPHQW�RI�KHDY\�PHWDO�FRQWHQWV�LQ�VXUIDFH
VHGLPHQWV� RI� WKH� ZHWHUQ� VHGLPHQWV� 6XQGD� 6KHOI�
0DULQH� 3ROOXWLRQ� %XOOHWLQ�� ����� KWWSV���GRL�RUJ�
��������M�PDUSROEXO������������

�=KDQJ��=���/X��<���/L��+���7X��<���/LX��%���<DQJ��=�������
$VVHVVPHQW� RI� KHDY\� PHWDO� FRQWDPLQDWLRQ�
GLVWULEXWLRQ� DQG� VRXUFH� LGHQWL¿FDWLRQ� LQ� WKH
VHGLPHQWV�IURP�WKH�=LMLDQJ�5LYHU��&KLQD��6FLHQFH
RI�7RWDO�(QYLURQPHQW����������H����
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$VZDQ
�DQG�<DQ�5L]DO

�*HRORJLFDO�(QJLQHHULQJ�6WXG\�3URJUDP��)DFXOW\�RI�(DUWK�6FLHQFHV�DQG�7HFKQRORJ\��,QVWLWXW�7HNQRORJL�%DQGXQJ��,7%��
�-O��*DQHVKD����%DQGXQJ��,QGRQHVLD���������

$PSSFTQPOEJOH�BVUIPS��DVZDQBJO#JO�LWE�DF�LG

	3FDFJWFE�����4FQUFNCFS�������JO�SFWJTFE�GSPN����4FQUFNCFS�������BDDFQUFE�����0DUPCFS�����


%0*�����������CPNH��������������

$%675$&7���,GHQWLI\LQJ�DQG�GHWHUPLQLQJ�SDOHRWVXQDPL�GHSRVLWV�FDQ�EH�D�YLWDO�WRRO�IRU�HVWDEOLVKLQJ�WKH
SHULRGLFLW\�RI�HDUWKTXDNHV�DQG�WKHLU�DVVRFLDWHG�WVXQDPL�HYHQWV�EH\RQG�KLVWRULFDO�UHFRUGV��+RZHYHU��WKHLU
GHSRVLWV� FDQ� EH�GLIILFXOW� WR� HVWDEOLVK� DQG� WR�GDWH�� ,Q� WKLV� VWXG\��ZH�XVHG� WKH� FKDUDFWHULVWLFV�RI� WKH�����
3DQJDQGDUDQ� WVXQDPL� GHSRVLW� DV� D� UHIHUHQFH� WR� LGHQWLI\� SDOHRWVXQDPL� GHSRVLWV� LQ� .DUDS\DN� %HDFK�
3DQJDQGDUDQ�DUHD��:HVW�-DYD��,QGRQHVLD��6LPLODU�WR�WKH������3DQJDQGDUDQ�WVXQDPL�GHSRVLW��WKH�.DUDS\DN
%HDFK�SDOHRWVXQDPL�GHSRVLW�LV�FKDUDFWHUL]HG�E\�OLJKW�EURZQ�ORRVH�VDQG�PDWHULDOV�RYHUO\LQJ�D�GDUN�EURZQ
SDOHRVRO�OD\HU�ZLWK�HURVLRQDO�FRQWDFW��$�WKLQ�OD\HU�RI�WVXQDPL�GHSRVLW��DOWKRXJK�YDULHV�LQ�WKLFNQHVV��LV�ORFDOO\
IRXQG�MXVW�DERYH�HURVLRQDO�FRQWDFW��7KH�GHSRVLW�UHYHDOV�QRQ�ODPLQDWHG�FRDUVH�JUDLQ�VL]H�LQ�WKH�ORZHU�SDUW�WKDW
JUDGXDOO\�FKDQJHV�LQWR�PHGLXP�WR�ILQH�VDQG�LQ�WKH�XSSHU�SDUW��7KH�EDVH�RI�WKLV�ORZHU�SDUW�LV�ULFK�ZLWK�EURNHQ
PROOXVF�VKHOOV�DQG�FRUDOV��7KH�PLG�WR�WRS�RI�WKH�ORZHU�SDUW�PD\�FRQWDLQ�VHYHUDO�VWLOO�LQWDFW�PROOXVF�VKHOOV�DQG
FRUDOV��URFN�IUDJPHQWV��DQG�DQWKURSRJHQLF�SURGXFWV��URRI�WLOHV���7KRVH�W\SHV�RI�IUDJPHQWV�DUH�DEVHQW�LQ�WKH
XSSHU�SDUW�RI�WKLV�WKLQ�WVXQDPL�GHSRVLW��*UDLQ�VL]H�DQDO\VLV�VKRZV�D�PL[WXUH�RI�ILQH�DQG�FRDUVH�JUDLQV�LQ�WKH
ORZHU�SDUW�RI�WKH������WVXQDPL�GHSRVLWV��DV�ZHOO�DV�LQ�WKH�VXVSHFWHG�SDOHRWVXQDPL�GHSRVLWV��VXJJHVWLQJ�DQ
XSUXVK�RI�KLJK�HQHUJ\�IORZ�GXULQJ�WKH�VHGLPHQWDWLRQ��7KH�ILQLQJ�XSZDUG�VHTXHQFH�DERYH�WKH�PL[HG�JUDLQ
OD\HUV�UHIOHFWV�D�ZDQLQJ�IORZ�LQ�SUH�EDFNZDVK�GHSRVLWLRQ��)RUDPLQLIHUD�DQDO\VLV�DOVR�VKRZV�D�PL[WXUH�RI
VKDOORZ�DQG�GHHS�PDULQH� IRUDPLQLIHUD� LQ�ERWK� UHFHQW� WVXQDPL� DQG�SDOHRWVXQDPL� GHSRVLWV��%DVHG� RQ� WKH
FKDUDFWHULVWLFV� RI� WKH� ����� WVXQDPL� GHSRVLWV�� WKHUH� DUH� DW� OHDVW� IRXU� SDOHRWVXQDPL� GHSRVLWV� LGHQWLILHG� LQ
.DUDS\DN�%HDFK��3DQJDQGDUDQ�DUHD�
.H\ZRUGV��WVXQDPL��SDOHRWVXQDPL��GHSRVLW��3DQJDQGDUDQ��,QGRQHVLD

$%675$.��,GHQWLILNDVL�GDQ�GHWHUPLQDVL�HQGDSDQ�SDOHRWVXQDPL�PHUXSDNDQ�KDO�\DQJ�SHQWLQJ�GDODP�XVDKD
XQWXN�PHQHWDSNDQ�SHULRGH�JHPSD�EXPL��HDUWKTXDNH�SHULRGLFLW\��\DQJ�PHQ\HEDENDQ�WVXQDPL�WVXQDPL�GL
OXDU� FDWDWDQ� VHMDUDK�� 1DPXQ� HQGDSDQ� SDOHRWVXQDPL� LQL� PDVLK� VXOLW� GLSDVWLNDQ� GDQ� GLNHWDKXL� NDSDQ
WHUEHQWXNQ\D�� 'DODP� SHQHOLWLDQ� LQL�� NDPL� PHQJJXQDNDQ� FLUL�FLUL� HQGDSDQ� WVXQDPL� 3DQJDQGDUDQ� ����
VHEDJDL� VWDQGDU� XQWXN� PHQJLGHQWLILNDVL� HQGDSDQ�HQGDSDQ� SDOHRWVXQDPL� GL� 3DQWDL� .DUDS\DN�
3DQJDQGDUDQ��-DZD�%DUDW��,QGRQHVLD��6HSHUWL�KDOQ\D�SDGD�HQGDSDQ�WVXQDPL�������HQGDSDQ�SDOHRWVXQDPL
PHPLOLNL� NDUDNWHULVWLN� EHUXSD�SDVLU� OHSDV�OHSDV� EHUZDUQD� FRNODW� WHUDQJ� \DQJ� SRVLVLQ\D� EHUDGD�GL� DWDV
ODSLVDQ�SDOHRVRO�EHUZDUQD�FRNODW�JHODS�GHQJDQ�NRQWDN�HURVLRQDO��/DSLVDQ�WLSLV�HQGDSDQ�WVXQDPL�GHQJDQ
NHWHEDODQ�\DQJ�EHUYDULDVL�GLMXPSDL�GL�DWDV�NRQWDN�HURVLRQDO��%DJLDQ�EDZDKQ\D�EHUEXWLU�NDVDU�GDQ�WLGDN
EHUODSLV��GDQ�VHPDNLQ�NH�DWDV�EHUXEDK�VHFDUD�JUDGDVL�PHQMDGL�EHUEXWLU�VHGDQJ�VDPSDL�KDOXV��'DVDU�GDUL
ODSLVDQ�EDJLDQ�EDZDK�LQL�ND\D�DNDQ�SHFDKDQ�FDQJNDQJ�PROXVND�GDQ�SHFDKDQ�NRUDO��GDQ�VHPDNLQ�NH�EDJLDQ
WHQJDK�ODSLVDQ�GLMXPSDL�IUDJPHQ�PROXVND�\DQJ�XWXK�GDQ�NRUDO��IUDJPHQ�EDWXDQ�GDQ�EDKDQ�DQWURSRJHQLN
�SHFDKDQ�JHQWHQJ���)UDJPHQ�IUDJPHQ�LQL�WLGDN�GLWHPXNDQ�ODJL�SDGD�EDJLDQ�DWDV�ODSLVDQ�HQGDSDQ�WVXQDPL�
+DVLO�DQDOLVLV�XNXUDQ�EXWLU�PHQXQMXNNDQ�DGDQ\D�LQGLNDVL�SHUFDPSXUDQ�EXWLU�KDOXV�GDQ�NDVDU�SDGD�EDJLDQ
EDZDK� HQGDSDQ� WVXQDPL� GDQ� SDOHRWVXQDPL�� +DO� LQL�PHQJLQGLNDVLNDQ� DGDQ\D� SHQJDUXK� DUXV� EHUHQHUJL
UHODWLI�NXDW�VHODPD�SHQJHQGDSDQQ\D��.ODVWLN�\DQJ�VHPDNLQ�PHQJKDOXV�SDGD�EDJLDQ�DWDV�HQGDSDQ�WVXQDPL�
SDOHRWVXQDPL�PHUHIOHNVLNDQ�PHOHPDKQ\D�DUXV�VHODPD�SHQJHQGDSDQ�SUH�EDFNZDVK��$QDOLVLV�IRUDPLQLIHUD



�� $VZDQ��HW�DO�

MXJD� PHQXQMXNNDQ� DGDQ\D� SHUFDPSXUDQ� DQWDUD� IRUDPLQLIHUD� ODXW� GDQJNDO� GDQ� ODXW� GDODP�� EDLN� SDGD
HQGDSDQ� WVXQDPL������PDXSXQ�HQGDSDQ�SDOHRWVXQDPL��%HUGDVDUNDQ�DVRVLDVL�FLUL�FLUL� HQGDSDQ� WVXQDPL
����� LQL�� SDOLQJ� WLGDN� GDSDW� GLNHQDOL� HPSDW� HQGDSDQ� SDOHRWVXQDPL� GL� 3DQWDL� .DUDS\DN�� GDHUDK
3DQJDQGDUDQ�
.DWD�NXQFL��WVXQDPL��SDOHRWVXQDPL��HQGDSDQ��3DQJDQGDUDQ��,QGRQHVLD
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,1752'8&7,21
(DUWKTXDNHV�DQG�WKHLU�UHVXOWLQJ�WVXQDPLV�KDYH�KDG�D

GHYDVWDWLQJ� HIIHFW� RQ� WKH� ,QGRQHVLDQ� 3DQJDQGDUDQ
FRDVWOLQH�� NLOOLQJ� ���� SHRSOH�� GLVSODFLQJ� KXQGUHGV� RI
SHRSOH�� DQG� FRVWLQJ� PRUH� WKDQ� 86��� PLOOLRQ� LQ� WKH
GHVWUXFWLRQ�RI�LQIUDVWUXFWXUH��$PEDUMD\D���������:KDW�LV
QHHGHG�LV�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SDWWHUQ�RI�WVXQDPL
HYHQWV�WR�SUHGLFW�PRUH�DFFXUDWHO\�WKHVH�GHYDVWDWLQJ�HYHQWV
�5KRGHV�HW�DO���������3UHQGHUJDVW�HW�DO����������7KH�WLPLQJ
RI�HDUWKTXDNHV�DQG�WKHLU�DVVRFLDWHG�WVXQDPL�HYHQWV�FDQ�EH
HVWDEOLVKHG� E\� FRQVWUDLQLQJ� SDOHRWVXQDPL� GHSRVLWV� �'H
0DUWLQL�HW�DO���������-DFNVRQ��������/¡YKROW�HW�DO��������
1HQWZLJ� HW� DO��� ������$VZDQ� HW� DO��� ������ 5L]DO� HW� DO��
�������7KH�UHVXOWLQJ�FKURQRORJLHV�FDQ�EH�XVHG�WR�HVWDEOLVK
WKH�SHULRGLFLW\�LQ�ZKLFK�WKHVH�HDUWKTXDNHV�DQG�VXEVHTXHQW
WVXQDPL� HYHQWV� RFFXU�� +RZHYHU�� SDOHRWVXQDPL� GHSRVLWV
PXVW�ILUVW�EH�LGHQWLILHG��*HQHUDOO\��WKHLU�FKDUDFWHULVWLFV�DUH
UHODWLYHO\� ORRVH� XQFRQVROLGDWHG� VHGLPHQWV� ZLWK� D� OLJKW�
FRORUHG�FDUERQDWH�OD\HU�RI�VDQG�RYHUO\LQJ�D�GDUNHU�FRORUHG
SDOHRVRO�OD\HU�RU�UHPQDQW�IRUPHU�VRLO��<DZVDQJUDW�HW�DO��
������ 5KRGHV� HW� DO��� ������ $VZDQ� HW� DO��� ������� 7KH
RYHUO\LQJ�OD\HU�FRQWDLQV�OLJKW�FRORUHG�PROOXVFV��FRUDOV�DQG
RUJDQLF� PDWHULDOV�� GHSRVLWHG� IURP� EHDFK� DQG� VKDOORZ
PDULQH� HQYLURQPHQWV�� 3DOHRWVXQDPL� GHSRVLWV� DUH� DOVR
FKDUDFWHUL]HG� E\� ILQLQJ�XSZDUG� VHTXHQFHV� ZLWK� PRUH
YDULDEOH� IUDJPHQWV�DW� WKH�ERWWRP�SDUWV�ZKLFK�DUH�GXH� WR
KLJK�HQHUJ\�WUDQVSRUWDWLRQ�FDSDFLW\�E\�D�QRQ�JUDYLWDWLRQDO
PDVV� IORZ� �1DUXVH� HW� DO��� ������ &XYHQ� HW� DO��� �����
6FKLFFKLWDQR� HW� DO�� ����� DQG� +DZNHV� HW� DO�� ������
2FFDVLRQDOO\�� SDUDOOHO� ODPLQDWLRQV� RFFXU� RQO\� LI� WKHUH� LV
ORZHU�YHORFLW\�GHSRVLWLRQ�GXULQJ�WKH�EDFNZDVK�SURFHVV��

7VXQDPL� GHSRVLWV� IRUPHG� E\� KLJK� HQHUJ\
GHSRVLWLRQDO�FXUUHQW�ZLOO�VKRZ�D�PL[HG�HQYLURQPHQW�IURP
ZKLFK� WKH� VHGLPHQWV� SDVV� WKURXJK
�+DZNHV� HW� DO��� ������<XGKLFDUD� HW
DO���������3LODUF]\N�HW�DO���������DQG
/HVSH]�HW�DO����������7KH�VHGLPHQWV
PD\� FRQWDLQ� D� PL[WXUH� RI� VKDOORZ
PDULQH� DQG� GHHS� PDULQH� IDXQDO
EHQWKLF�IRUDPLQLIHUD��+DZNHV�HW�DO��
������ 'DKDQD\DNH� DQG� .XODVHQD�
������$VZDQ�HW�DO���������3LODUF]\N
HW�DO���������DQG�/HVSH]�HW�DO��������
DQG� JUDLQ� VL]H� UDQJHV� WKDW� UHIOHFWV
PRUH� WKDQ� RQH� RFHDQ� FXUUHQW
V\VWHPV� �<DZVDQJUDWW� HW� DO��� �����
$VZDQ� HW� DO��� ������� $V� WVXQDPL
HYHQWV� UHJXODUO\� RFFXU� LQ
3DQJDQGDUDQ� DUHD� �ZLWK� WKH� ODVW
HYHQW�RFFXUULQJ�DV�UHFHQWO\�DV�������
WKH� REVHUYDWLRQ� VLWHV� RIIHU� D� JRRG
RSSRUWXQLW\� IRU� ILQGLQJ� SRWHQWLDO
SDOHRWVXQDPL�GHSRVLWV�

,Q�WKLV�VWXG\��D�FRPSDULVRQ� WR
YHULI\� WKH� VWDWXV� RI� WKH� VXVSHFWHG
GHSRVLWV� DJDLQVW� WKH� ����� WVXQDPL
GHSRVLWV� ZDV� FDUULHG� RXW�� 7KH

SDUDPHWHUV�FRPSULVH�FKDUDFWHULVWLFV�RI�WKH�RXWFURSV��JUDLQ
VL]H� DQDO\VLV�� DQG� LQIHUULQJ� GHSRVLWLRQDO� HQYLURQPHQW
EDVHG� RQ� IRUDPLQLIHUD� DQDO\VLV�� )LHOGZRUNV� ZHUH
FRQGXFWHG�RQ�0D\�����������DQG�RQ�-DQXDU\�����������

0(7+2'6
7KH�H[FDYDWLRQ�VLWH� LQ�3DQJDQGDUDQ�DUHD� LV� ORFDWHG

DERXW����PHWHUV�IURP�WKH�VKRUH� OLQH�RI�.DUDS\DN�%HDFK
DQG�IDOOV�RQ��R��
������6�����R��
������(��)LJXUH�����7KH
REVHUYDWLRQ�DQG�VDPSOLQJ�ORFDWLRQ�SRLQWV�DUH�DORQJ�VPDOO
DQG�VKRUW�ZDOOV�RI�ULYHU�HVWXDULHV�WKDW�OHDG�WR�WKH�VHD��0RVW
RI�WKH�WLPH��WKH�ORFDWLRQV�DUH�GU\�H[FHSW�ZKHQ�LW�UDLQV��7KH
KHLJKW� RI� WKLV� ULYHU� ZDOO� LV� DERXW� ���� PHWHUV� IURP� WKH
ULYHUEHG��)LJXUH����

7KH�SDOHRWVXQDPL�GHSRVLW�LGHQWLILFDWLRQ�LV�FDUULHG�RXW
E\� FRPSDULQJ� WKHLU� RXWFURS� FKDUDFWHULVWLFV� WR� WKH� ����
WVXQDPL�GHSRVLWV��VXFK�DV�WKHLU�FRQWDFW�ZLWK�WKH�XQGHUO\LQJ
SDOHRVRO� RU� RWKHU� GHSRVLWV�� WKH� FRORU� GLIIHUHQFH� WR� WKH
XQGHUO\LQJ� VHGLPHQWV�� DQG� WKHLU� FRQVWLWXHQW� IUDJPHQWV�
)UDJPHQWV�WR�REVHUYH�LQ�WKRVH�W\SLFDO�WVXQDPL�GHSRVLWV�DUH
URFN�IUDJPHQWV��DQWKURSRJHQLF�PDWHULDOV��H�J���URRI�WLOHV��
PROOXVFV��DQG�RU�FRUDO�IUDJPHQWV��FRPPRQO\�IRXQG�DW�WKH
ERWWRP�SDUW�RI�WVXQDPL�GHSRVLWV�DQG�XVXDOO\�HPEHGGHG�LQ�D
QRQ�ODPLQDWHG� PDWUL[�� 6HYHUDO� FKDUDFWHULVWLFV� RI� WKH
VXVSHFWHG�SDOHRWVXQDPL�GHSRVLW�ZHUH�REVHUYHG�LQ�WKH�ILHOG�
LQFOXGLQJ� JUDLQ� VL]H� YDULDWLRQ� �GRQH� WKURXJK� JUDLQ� VL]H
DQDO\VLV�� WR� ILQG�RXW�DQ\�HYLGHQFH�RI�D�PL[WXUH�EHWZHHQ
VKDOORZ����±����P��DQG�GHHS�PDULQH�VHGLPHQWV�����±����
P��

6HGLPHQW� VDPSOLQJ� IRU� IRUDPLQLIHUD� FRQWHQW� DQG
JUDLQ�VL]H�DQDO\VHV�ZDV�FRQGXFWHG�RQ�HDFK�OD\HU��VXVSHFWHG
DV�WVXQDPL�DQG�SDOHRWVXQDPL�GHSRVLWV��$�����J�VHGLPHQW
IURP� HDFK� OD\HU� ZDV� WKHQ� DQDO\]HG� IRU� IDXQDO� FRQWHQW�

)LJXUH��� /RFDWLRQ�PDS�RI�WKH�3DQJDQGDUDQ�WVXQDPL�DQG�SDOHRWVXQDPL�GHSRVLWV�LQ�-DYD�
,VODQG��,QGRQHVLD��VWDU�VLJQ���R��
������6�����R��
������(��
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SRXQGHG�� DQG� VRDNHG� IRU� RQH� GD\� LQ� ���� 0� K\GURJHQ
SHUR[LGH� WR� DFFHOHUDWH� WKH� GLVLQWHJUDWLRQ� SURFHVV� WR� JHW
VDPSOH� UHVLGXHV�� $IWHU� WKLV� SURFHVV�� WKH� SRZGHU� ZDV
ZDVKHG�VHYHUDO�WLPHV�WKURXJK����±������P�VLHYHV��7KH�ZHW
UHVLGXHV� ZHUH� GULHG� LQ� WKH� RYHQ� IRU� VL[� KRXUV�� )DXQDO
FRQWHQW�ZDV�LGHQWLILHG�IURP�WKH�GU\�UHVLGXHV�XVLQJ�D�1LNRQ
60=������ ELQRFXODU�PLFURVFRSH��7KH� UHVXOWV� RI� IDXQDO
DQDO\VLV� ZHUH� XVHG� WR� GHWHUPLQH� WKH� GHSRVLWLRQDO
SDOHRHQYLURQPHQW�EDVHG�RQ�EHQWKLF�IRUDPLQLIHUD�FRQWHQW
�$GLVDSXWUD� HW� DO��� ������ DQG� RQ� EDWK\PHWULF� UHIHUHQFH
�7LSVZRUG� HW� DO��� ������� ,W� ZDV� DOVR� XVHG� WR� GHWHUPLQH
ZKHWKHU�D�PL[LQJ�KDG�RFFXUUHG�EHWZHHQ�VKDOORZ�PDULQH
�OHVV� WKDQ� ���P�GHSWK�� DQG�GHHSHU�PDULQH� ���� ±� ����P
GHSWK��IDXQD�

*UDLQ�VL]H�DQDO\VLV�ZDV�FDUULHG�RXW�WR�XQGHUVWDQG�WKH
SURFHVVHV� RI� SDOHRWVXQDPL� VHGLPHQW� GHSRVLWLRQ� �9LVKHU�
������ DQG� WR� DVVHVV� ZKHWKHU� WKH� VHGLPHQWDWLRQ� ZDV
LQIOXHQFHG� E\� RQH� RU� PRUH� RFHDQ� FXUUHQW� V\VWHPV
�<DZVDQJUDWW�HW�DO����������7RWDO�VHGLPHQWV�ZHLJKLQJ����
JUDPV� ZHUH� VLHYHG� WR� �������� �P� IUDFWLRQV� DQG� ZHUH

ZHLJKHG� IRU� HDFK� GHVLJQDWHG� IUDFWLRQ�� 7KH� ZHLJKW� ZDV
QRUPDOL]HG�DJDLQVW�WKH�WRWDO�DPRXQW�RI�VHGLPHQWV��DQG�E\
WKHQ� WKH� UHVXOWLQJ�JUDLQ� VL]HV�ZHUH�SORWWHG� WR�JHQHUDWH�D
JUDLQ�VL]H�GLVWULEXWLRQ�FXUYH��

5(68/76
7KH������7VXQDPL�'HSRVLW
7KH������WVXQDPL�GHSRVLW�LV�FKDUDFWHUL]HG�E\�OLJKW

EURZQ�ORRVH�VDQG�ZLWK�WKLFNQHVVHV�YDU\LQJ�IURP���WR��
FP��/D\HUV����� LQ�)LJXUH�����RYHUO\LQJ�D�GDUN�EURZQ
SDOHRVRO�OD\HU�ZLWK�HURVLRQDO�FRQWDFW��$�WKLQ�OD\HU�WKDW
YDULHV� LQ� WKLFNQHVV� LV� ORFDOO\� SUHVHQW� MXVW� DERYH� WKH
HURVLRQDO� FRQWDFW�� ZLWK� FRDUVHU� JUDLQ� HPEHGGHG� LQ� D
QRQ�ODPLQDWHG�PDWUL[�LQ�WKH�ORZHU�SDUW�RI�WKH�OD\HU�WKDW
JUDGXDOO\�FKDQJHV�LQWR�PHGLXP�WR�ILQH�VDQG�VL]H�LQ�WKH
XSSHU�SDUW��7KH� ORZHU�SDUW�FRQWDLQV� VHYHUDO� XQEURNHQ
PROOXVF� VKHOOV� RI� 1HULWLQD� VS�� �)LJXUH� ��� DQG� FRUDO
FODVWV�� LJQHRXV� URFN� IUDJPHQWV�� DQG� DQWKURSRJHQLF
SURGXFWV��URRI�WLOHV���7KH�JUDLQ�VL]H�GLVWULEXWLRQ�FXUYHV

)LJXUH��� 6WUDWLJUDSKLF�SURILOH�RI�WVXQDPL�DQG�SDOHRWVXQDPL�GHSRVLWV�LQ�.DUDS\DN�%HDFK��3DQJDQGDUDQ�DUHD��*UDLQ�VL]H�
GLVWULEXWLRQ�FXUYHV�IRU�HDFK�OD\HU�DUH�VKRZQ�RQ�WKH�ULJKW�KDQG�VLGH��2QH�VFDOH�EDU�LQ�WKH�UHG�DQG�ZKLWH�VWLFN�LV����
FP�ORQJ�
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IRU� WKH� ERWWRP� SDUW� DUH� VOLJKWO\� ELPRGDO� DQG� EHFRPH
XQLPRGDO� DW� WKH� WRS��$FFRUGLQJ� WR�$GLVDSXWUD� HW� DO�
��������DQDO\VLV�RI�WKH�WVXQDPL�GHSRVLW�RULJLQV�EDVHG�RQ
IRUDPLQLIHUD�VWXG\�VXJJHVWV�D�PL[WXUH�RI�PDWHULDOV�IURP
LQQHU�QHULWLF����±����P���PLGGOH�QHULWLF��WR�D�GHSWK�RI
DERXW����P��DQG�RXWHU�QHULWLF������±�����P��DV�LQGLFDWHG
E\�WKH�SUHVHQFH�RI�EHQWKLF�IRUDPLQLIHUD�$PPRQLD�VS��
/DJHQD�VS���%XOLPLQD�VS���%ROLYLQD�VS���DQG�*\URLGLQD
VS�

3DOHRWVXQDPL�'HSRVLW
7KH� VWUDWLJUDSKLF� VHFWLRQ� SUHVHQWHG� LQ� )LJXUH� �� LV

GHOLQHDWHG�DV�IROORZV�
/D\HU� ���� �)LJXUH� ��� FRPSULVHV� OLJKWHU� EURZQ

PDWHULDOV� �FRPSDUHG� WR� WKH� XQGHUO\LQJ� SDOHRVRO� OD\HU��
VKRZV�HURVLRQDO�FRQWDFW�ZLWK�WKH�SDOHRVRO�OD\HU�EHORZ��DQG
ORFDOO\�FRQWDLQV�ILQH�VL]HG�PROOXVFV�DQG�FRUDO�FODVWV�DW�WKH
FRQWDFW� DUHD�� 7KLV� OD\HU� JRW� PRUH� LQWHQVHO\� ZHDWKHUHG
XSZDUGV� DQG� IRUPHG� SDOHRVRO�� RQ� ZKLFK� WKH� QH[W
VHGLPHQWV�ZHUH�GHSRVLWHG��7KH�OD\HU�WKLFNQHVVHV�YDU\�RQ
DYHUDJH�E\�DERXW����FP�WKLFN�ZLWK�D�SRO\PRGDO�JUDLQ�VL]H
GLVWULEXWLRQ�FXUYH��%HQWKLF�IRUDPLQLIHUD�DQDO\VLV�LQGLFDWHV

D�PL[WXUH�RI�PDWHULDOV�IURP�LQQHU�QHULWLF����±����P��DQG
VKDOORZ�PLGGOH�QHULWLF�����±����P���FDUULHG�IURP�WKH�RFHDQ
WR�WKH�FRDVW��,QGH[�EHQWKLF�IRUDPLQLIHUD�IRXQG�LQ�WKLV�OD\HU
DUH�$PPRQLD�VS��DQG�%ROLYLQD�VS�

/D\HU������)LJXUH����FRQWDLQV�OLJKWHU�EURZQ�PDWHULDOV
�FRPSDUHG� WR� WKH� XQGHUO\LQJ� SDOHRVRO� OD\HU�� DQG� VKRZV
HURVLRQDO�FRQWDFW�DW�WKH�ERWWRP���)LQH�VL]HG�PROOXVFV�DQG
FRUDO� IUDJPHQWV� DUH� IRXQG� LQ� VRPH� ERWWRP� SDUWV� RI� WKH
FRQWDFW� DUHD�� 7KLV� OD\HU� ZDV� PRUH� LQWHQVHO\� ZHDWKHUHG
XSZDUGV� DQG� IRUPLQJ� SDOHRVRO�� RQ� ZKLFK� WKH� QH[W
SDOHRWVXQDPL� GHSRVLWV� ZHUH� GHSRVLWHG�� 7KH� DYHUDJH
WKLFNQHVV� RI� WKH� OD\HU� YDULHV� IURP� ��� WR� ��� FP�ZLWK� D
SRO\PRGDO� JUDLQ� VL]H� GLVWULEXWLRQ� FXUYH�� %HQWKLF
IRUDPLQLIHUD�DQDO\VLV�VKRZV�QR�HYLGHQFH�RI�SDOHRWVXQDPL
PDWHULDO� PL[LQJ� IURP� GLIIHUHQW� EDWK\PHWULF� OHYHOV�
)RUDPLQLIHUDO� WHVW� LQ� WKLV� OD\HU� LV� FRPSRVHG� PDLQO\� RI
$PPRQLD� VSS�� ZLWKRXW� WKH� SUHVHQFH� RI� RWKHU� LQGH[
IRUDPLQLIHUD��7KH� UHVXOW� LQGLFDWHV� WKDW� VRPH�SDUWV�RI� WKH
GHSRVLWV� DUH� HURVLRQDO� SURGXFWV� LQ� WKH� LQQHU� QHULWLF
HQYLURQPHQW��OHVV�WKDQ����P�GHSWK���1HYHUWKHOHVV��D�ODUJH
DPRXQW�RI�VWLOO�LQWDFW�PROOXVF�VKHOOV� �JHQXV�7XUER�VS��LQ
)LJXUH����DQG�FRUDO�IUDJPHQWV��)LJXUH����LV�IRXQG�IORDWLQJ
LQ�D�FRDUVH�VDQG�VL]HG�PDWUL[�

)LJXUH��� $������WVXQDPL�GHSRVLW�OD\HU�LQ�3DQJDQGDUDQ��FKDUDFWHUL]HG�E\�OLJKW�EURZQ�FRORU�ZLWK�VWLOO�LQWDFW�PROOXVF�FODVWV�RI�
1HULWLQD�VS���0��DQG�OLWKLF�IUDJPHQWV��/���7KH�WRS�RI�GHSRVLW�OD\HU�LV�PDUNHG�ZLWK�QXPEHU���ODEHO��6FDOH�EDU� ���
FP�
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/D\HU������)LJXUH����VKRZV�ERWWRP�HURVLRQDO�FRQWDFW
DQG�WKH�PDWHULDOV�KDYH�OLJKWHU�EURZQ�FRORU�FRPSDUHG�WR�WKH
SDOHRVRO�OD\HU�EHORZ��,W�ORFDOO\�FRQWDLQV�ILQH�VL]HG�EURNHQ
PROOXVF�VKHOOV��FRUDO�FODVWV��DQG�URFN�IUDJPHQWV��HPEHGGHG
LQ�D�FRDUVH�VDQG�VL]HG�PDWUL[�DW�WKH�ERWWRP�RI�LWV�FRQWDFW
DUHD��7KLV�OD\HU�ZDV�PRUH�LQWHQVHO\�ZHDWKHUHG�XSZDUGV�WR
IRUP�SDOHRVRO��RQ�ZKLFK� WKH�QH[W�SDOHRWVXQDPL�GHSRVLWV

ZHUH�GHSRVLWHG��7KH�DYHUDJH�WKLFNQHVV�RI�WKH�OD\HU�LV�DERXW
�� ±� �� FP�ZLWK� D� ELPRGDO� JUDLQ� VL]H� GLVWULEXWLRQ� FXUYH�
%HQWKLF� IRUDPLQLIHUD� DQDO\VLV� LQGLFDWHV� D� PL[WXUH� RI
SDOHRWVXQDPL�GHSRVLW�PDWHULDOV�IURP�LQQHU�QHULWLF����±���
P�� DQG� RXWHU� QHULWLF� ����� ±� ����P�� RI� WKH� EDWK\PHWULF
]RQHV��,QGH[�EHQWKLF�IRUDPLQLIHUD�IRXQG�LQ�WKLV�OD\HU�DUH�DQ

)LJXUH��� $�PROOXVF�FODVW��VWLOO�LQWDFW��JHQXV�7XUER�VS���LV�HPEHGGHG�LQ�D�SDOHRWVXQDPL�GHSRVLW��/D\HU������
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DVVRFLDWLRQ�RI�$PPRQLD�VS���'HQWDOLQD�VS���DQG�*\URLGLQD
VS�

/D\HU������)LJXUH����UHYHDOV�OLJKWHU�EURZQ�PDWHULDOV
ZLWK�DQ�HURVLRQDO�FRQWDFW�WR�WKH�XQGHUO\LQJ�SDOHRVRO�OD\HU�
)LQH�VL]HG�PROOXVF�FODVWV�DQG�FRUDO�IUDJPHQWV�DUH�ORFDOO\
IRXQG�LQ�WKH�ERWWRP�RI�WKH�FRQWDFW�DUHD��7KLV�OD\HU�EHFDPH
PRUH� LQWHQVHO\�ZHDWKHUHG�XSZDUGV� WR� IRUP�SDOHRVRO��RQ
ZKLFK�WKH�QH[W�OD\HU�ZDV�GHSRVLWHG��7KH�DYHUDJH�WKLFNQHVV

RI� WKH� OD\HU� LV� ��� ±� ��� FP� ZLWK� D� ELPRGDO� JUDLQ� VL]H
GLVWULEXWLRQ�FXUYH��%HQWKLF�IRUDPLQLIHUD�DQDO\VLV�LPSOLHV�D
PL[WXUH� RI� SDOHRWVXQDPL� PDWHULDO� RULJLQV� IURP� LQQHU
QHULWLF����±����P��DQG�VKDOORZ�PLGGOH�QHULWLF��WR�D�GHSWK�RI
DERXW����P���)RUDPLQLIHUD�IRXQG�LQ�WKLV�GHSRVLW�OD\HU�DUH
$PPRQLD� VS�� DQG� /DJHQD� VS�� $QWKURSRJHQLF� SURGXFWV
�H�J���URRI�WLOHV��DQG�URFN�IUDJPHQWV�DUH�IRXQG�IORDWLQJ�LQ�D
PHGLXP�WR�FRDUVH�VDQG�VL]HG�PDWUL[�

)LJXUH��� $�FRUDO�IUDJPHQW�IORDWLQJ�LQ�D�SDOHRWVXQDPL�GHSRVLW��1XPEHU���ODEHO�LV�WKH�ERWWRP�FRQWDFW�RI�
SDOHRWVXQDPL�GHSRVLW��RYHUODLQ��OLJKWHU�FRORU��XSRQ�WKH�XQGHUO\LQJ�SDOHRVRO��GDUNHU�FRORU��



�� $VZDQ��HW�DO�

',6&866,21
&KDUDFWHULVWLFV� FRPSDULVRQ� ZLWK� WKH� ����� WVXQDPL

GHSRVLW� LQ� .DUDS\DN� %HDFK�� 3DQJDQGDUDQ� OHDGV� WR
H[SRVLQJ�IRXU�VXVSHFWHG�SDOHRWVXQDPL�GHSRVLWV�WKDW�VKDUH
VLPLODU� FKDUDFWHULVWLFV�� 7KH\� FRPSULVH� FRDUVH� VDQG
PDWHULDOV�ZLWK�D�OLJKWHU�FRORU�DSSHDUDQFH��FRPSDUHG�WR�WKH
XQGHUO\LQJ�SDOHRVRO�OD\HUV��6RPH�DUHDV�RI�WKH�ERWWRP�SDUW
RI�WKH�OD\HUV�FRQWDLQ�ILQH�SDUWLFOH�VL]HV�RI�EURNHQ�PROOXVF
VKHOOV� DQG� FRUDO� IUDJPHQWV�� 7KH\� KDYH� GLIIHUHQW
WKLFNQHVVHV� DQG� HDFK� OD\HU� VKRZV� ODWHUDO� WKLFNQHVV
YDULDWLRQV�ZLWK�ERWWRP�HURVLRQDO�FRQWDFWV��6LPLODU� WR�WKH
����� WVXQDPL� GHSRVLW�� VHYHUDO� OD\HUV� LQ� SDOHRWVXQDPL
GHSRVLWV� FRQWDLQ� VWLOO�LQWDFW� PROOXVF� VKHOOV� DQG� URFN
IUDJPHQWV�WKDW�DUH�IORDWLQJ�LQ�D�FRDUVH�VDQG�VL]HG�PDWUL[�
%HQWKLF� IRUDPLQLIHUD� DQDO\VLV� RQ� /D\HU� ���� VKRZV� QR
HYLGHQFH� RI� PL[LQJ� RI� SDOHRWVXQDPL� PDWHULDOV� IURP
YDULRXV� EDWK\PHWULF� OHYHOV� DQG� LV� DVVXPHG� WR� EH
WUDQVSRUWHG�IURP�D�GHSWK�RI�OHVV�WKDQ����P��1HYHUWKHOHVV�
/D\HU�����VKRZV�VLPLODULWLHV�WR�WKRVH�RI�WKH������WVXQDPL
GHSRVLW� ZLWK� UHJDUG� WR� WKHLU� RXWFURS� FKDUDFWHULVWLFV�� WKH
VWLOO�LQWDFW�PROOXVF�VKHOOV�DQG�FRUDO�IUDJPHQWV�WKDW�ORFDOO\
IRXQG�LQ�WKH�OD\HU��DQG�WKHLU�JUDLQ�VL]H�GLVWULEXWLRQ�FXUYHV�

&21&/86,21
%DVHG� RQ� WKH� FRPSDULVRQ� WR� WKH� ����� WVXQDPL

GHSRVLWV�� IRXU�VXVSHFWHG�SUH������SDOHRWVXQDPL�GHSRVLWV
FDQ�EH� LGHQWLILHG�DW�.DUDS\DN�%HDFK��3DQJDQGDUDQ�DUHD�
7KH\�VKDUH�VLPLODU�FKDUDFWHULVWLFV�\HW�VWLOO�FDQ�EH�REVHUYHG
DQG� GLVWLQJXLVKHG�� 7KH� GHSRVLWV� FRQVLVW� RI� ORRVH� VDQG
PDWHULDOV�RYHUO\LQJ�GDUN�EURZQ�SDOHRVRO�OD\HUV�DQG�VKRZ
ERWWRP�HURVLRQDO�FRQWDFWV��7KHLU�RYHUDOO�WKLFNQHVVHV�YDU\�
VKRZLQJ�ODWHUDO�FKDQJHV�IURP�WKH�WKLQQHVW�YDULDWLRQ�RI���±
��FP��/D\HU������WR�WKH�WKLFNHVW�RQH�RI����±����FP��/D\HU
������ 7KH� ERWWRP� SDUWV� RI� WKH� GHSRVLWV� FRQWDLQ� FRDUVH
JUDLQV� WKDW� JUDGXDOO\� FKDQJH� LQWR�PHGLXP� WR� ILQH� VDQG�
VL]HG�JUDLQV�LQ�WKH�XSSHU�SDUWV��)LQH�VL]HG�EURNHQ�PROOXVF
VKHOOV�� HPEHGGHG� LQ� D� QRQ�ODPLQDWHG� �KRPRJHQHRXV�
PDWUL[��DUH�ORFDOO\�SUHVHQW�DW�WKHVH�ERWWRP�SDUWV��&RUDO�DQG
URFN�IUDJPHQWV��DV�ZHOO�DV�DQWKURSRJHQLF�SURGXFWV��H�J��
URRI� WLOHV��� PD\� DOVR� EH� IRXQG�� 7KH� XSSHU� SDUWV� RI� WKH
GHSRVLWV�� KRZHYHU�� JHQHUDOO\� ODFN� WKRVH� W\SHV� RI
IUDJPHQWV��*UDLQ�VL]H�DQDO\VLV�LQGLFDWHV�D�PL[WXUH�RI�ILQH
DQG� FRDUVH� JUDLQV�� DV� VKRZQ� E\� ELPRGDO� JUDLQ� VL]H
GLVWULEXWLRQ�FXUYHV��LQIHUULQJ�WKDW�SRRU�VRUWLQJ�DW�WKH�ORZHU
SDUW�RI�WVXQDPL�DQG�SDOHRWVXQDPL�GHSRVLWV�ZDV�GXH�WR�KLJK
HQHUJ\� IORZ��7KH� ILQLQJ�XSZDUG� VHTXHQFHV� LQ� WKH�XSSHU
SDUW�RI�WVXQDPL�DQG�SDOHRWVXQDPL�GHSRVLWV�DUH�UHJDUGHG�DV
KDYLQJ� EHHQ� GHSRVLWHG� E\� D� ZDQLQJ� IORZ� GXULQJ� SUH�
EDFNZDVK� GHSRVLWLRQ�� 6LPLODUO\�� EHQWKLF� IRUDPLQLIHUD
DQDO\VLV�LQGLFDWHV�D�PL[WXUH�RI�PDWHULDOV�IURP�VKDOORZ�DQG
GHHS�PDULQH�HQYLURQPHQWV��L�H���IURP�LQQHU�QHULWLF����±���
P��WR�PLGGOH���RXWHU�QHULWLF�����±�����P��

$&.12:/('*(0(176
:H�DUH�H[WUHPHO\�JUDWHIXO�WR�WKH�+HDG�RI�*HRORJLFDO

(QJLQHHULQJ� 6WXG\� 3URJUDP�� DOVR� WKDQNLQJ� WKH� 'HDQ� RI

)DFXOW\� RI� (DUWK� 6FLHQFHV� DQG� 7HFKQRORJ\�� ,QVWLWXW
7HNQRORJL� %DQGXQJ� �,7%��� IRU� WKH� YDOXDEOH� RSSRUWXQLW\
JLYHQ�WR�FRQGXFW�WKLV�VWXG\��7KH�ILHOG�UHVHDUFK�ZDV�IXQGHG
E\� 3DOHRQWRORJ\� /DERUDWRU\�� *HRORJLFDO� (QJLQHHULQJ
6WXG\� 3URJUDP�� )DFXOW\� RI� (DUWK� 6FLHQFHV� DQG
7HFKQRORJ\�� ,QVWLWXW� 7HNQRORJL� %DQGXQJ� �,7%���:H� DUH
PRVW�JUDWHIXO�WR�WKH�IROORZLQJ�SHRSOH�IRU�WKHLU�KHOS�IRU�WKH
LPSURYHPHQW� RI� WKLV� SDSHU� LQ� ILHOGZRUN� ODERUDWRU\
DQDO\VLV� DQG� SURYLGLQJ� OLWHUDWXUHV�� <DKGL� =DLP�� 0LND
5L]NL� 3XVSDQLQJUXP�� 1DGLOD� 1RYDQGDUX��:DK\X� 'ZLMR
6DQWRVR�� 1XUFDK\R� ,QGUR� %DVXNL�� (OO\D�� .KRLULO�$QZDU
0DU\XQDQL��1XU�5RFKLP��DQG�0��5LIN\�*KLIDUL�

5()(5(1&(6
$GLVDSXWUD��0��.���+HQGUL]DQ��0���DQG�.KROLT��$��������

.DWDORJ� )RUDPLQLIHUD� 3HUDLUDQ� ,QGRQHVLD�

.HPHQWHULDQ� (QHUJL� GDQ� 6XPEHU� 'D\D� 0LQHUDO�
3XVOLWEDQJ�*HRORJL�.HODXWDQ��%DQGXQJ�����S�

$PEDUMD\D�� %�� 6��� ������ 7VXQDPL� 6DQJ� *HORPEDQJ
3HPEXQXK��7KH�7VXQDPL�RI�WKH�.LOOHU�:DYHV���&9
.DU\D�0DQGLUL�3UDWDPD��-DNDUWD����S��

$VZDQ�� =DLP��<��� 5L]DO��<��� 6XNDQWD�� ,��<���$QXJUDK�� 6�
'���+DVFDU\R��$��7���*XQDZDQ��,���<DWLPDQWRUR��7��
:HQL]D�� +LGD\DQWL�� DQG� +DZDWL�� 3��� ������ $JH
'HWHUPLQDWLRQ�RI�3DOHRWVXQDPL�6HGLPHQWV�DURXQG
/RPERN� ,VODQG�� ,QGRQHVLD� DQG� ,GHQWLILFDWLRQ� RI
7KHLU� 3RVVLEOH� 7VXQDPLJHQLF� (DUWKTXDNHV�
(DUWKTXDNH�6FLHQFH����������������

&XYHQ�� 6��� 3DULV�� 5��� )DOYDUG�� 6��� 0LRW�1RLUDXOW�� (��
%HQEDNNDU��0���6FKQHLGHU�� -���DQG�%LOO\�� ,��� �����
+LJK�UHVROXWLRQ�$QDO\VLV� RI� D� 7VXQDPL� 'HSRVLW�
&DVH�VWXG\� IURP� WKH� ����� /LVERQ� 7VXQDPL� LQ
6RXWKZHVWHUQ�6SDLQ��0DULQH�*HRORJ\�������������

'DKDQD\DNH�� .��� DQG� .XODVHQD�� 1��� ������ *HRORJLFDO
(YLGHQFH� IRU� 3DOHR�7VXQDPLV� LQ� 6UL� /DQND�
6FLHQFH�RI�7VXQDPL�+D]DUGV��������������

'H�0DUWLQL��3��0���%DUEDQR��0��6���3DQWRVWL��'���6PHGLOH�
$���DQG�3LURWWD��&���������*HRORJLFDO�(YLGHQFH�IRU
3DOHRWVXQDPLV� DORQJ� (DVWHUQ� 6LFLO\� �,WDO\��� $Q
2YHUYLHZ�� 1DWXUDO� +D]DUGV� DQG� (DUWK� 6\VWHP
6FLHQFH������������������

+DZNHV��$�� '��� %LUG��0��� &RZLH�� 6��� *UXQG\�:DUU�� &��
+RUWRQ��%��3���+ZDL��$��7��6���/DZ��/���0DFJUHJRU�
&��� 1RWW�� -��� 2QJ�� -�� (��� 5LJJ�� -��� 5RELQVRQ�� 5��
7DQ�0XOOLQV��0���6D��7��7���<DVLQ��=���DQG�$LN��/�
:���������6HGLPHQWV�'HSRVLWHG�E\�WKH������,QGLDQ
2FHDQ� 7VXQDPL� DORQJ� WKH� 0DOD\VLD�7KDLODQG
3HQLQVXOD��0DULQH�*HRORJ\�������������������

-DFNVRQ��.��/���������3DOHRWVXQDPL�+LVWRU\�5HFRUGHG�LQ
+RORFHQH� &RDVWDO� /DJRRQ� 6HGLPHQWV�
6RXWKHDVWHUQ� 6UL� /DQND� >8QSXEOLVKHG� 06F
WKHVLV@��8QLYHUVLW\�RI�0LDPL��0LDPL�

/HVSH]�� /��� /HVFXUH�� 6��� 6DXOQLHU�&RSDUG�� 6��� *ODLV��$��
%HUJHU��-���/DYLJQH��)���3HDUVRQ��&���9LUPRX[��&��
&OND��6��0���DQG�3RPDGHUH��0���������'LVFRYHU\
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RI� D� 7VXQDPL� 'HSRVLW� IURP� WKH� %URQ]H� $JH
6DQWRULQL� (UXSWLRQ� DW� 0DOLD� �&UHWH��� ,PSDFW�
&KURQRORJ\��([WHQVLRQ��1DWXUH�3RUWIROLR����������

/¡YKROW��)���.ĦKQ��'���%XQJXP��+���+DUELW]��&��%��� DQG
*OLPVGDO�� 6��� ������ +LVWRULFDO� 7VXQDPLV� DQG
3UHVHQW�7VXQDPL�+D]DUG�LQ�(DVWHUQ�,QGRQHVLD�DQG
WKH�6RXWKHUQ�3KLOLSSLQHV��-RXUQDO�RI�*HRSK\VLFDO
5HVHDUFK�����������

1DUXVH�� +��� $UDL�� .��� 0DWVXPRWR�� '��� 7DNDKDVKL�� +��
<DPDVKLWD�� 6��� 7DQDND�� *��� DQG� 0XUD\DPD�� 0��
������ 6HGLPHQWDU\� )HDWXUHV� 2EVHUYHG� LQ� WKH
7VXQDPL� 'HSRVLWV� DW� 5LNX]HQWDNDWD� &LW\�
6HGLPHQWDU\�*HRORJ\��������������

1HQWZLJ�� 9��� %DKOEXUJ�� +��� *yUHFND�� (��� +XEHU�� %��
%HOODQRYD�� 3��� :LWNRZVNL�� $��� DQG� (QFLQDV�� $��
������0XOWLSUR[\�$QDO\VLV�RI�7VXQDPL�'HSRVLWV�±
7KH� 7LU~D� ([DPSOH�� &HQWUDO� &KLOH�� *HRVSKHUH�
����������������

3LODUF]\N��-��(���6DZDL��<���0DWVXPRWR��'���1DPHJD\D��<��
1LVKLGD�� 1��� ,NHKDUD�� .��� )XMLZDUD�� 2��
*RXUDPDQLV��&���'XUD��7���DQG�+RUWRQ��%��3��������
&RQVWUDLQLQJ� 6HGLPHQW� 3URYHQDQFH� IRU� 7VXQDPL
'HSRVLW� 8VLQJ� 'LVWULEXWLRQV� RI� *UDLQ� 6L]H� DQG
)RUDPLQLIHUD� IURP� WKH� .XMXNXUL� &RDVWOLQH� DQG
6KHOI��-DSDQ��6HGLPHQWRORJ\���������������

5KRGHV��%���7XWWOH��0���+RUWRQ��%���'RQHU��/���.HOVH\��+��
1HOVRQ��$���DQG�&LVWHUQDV��0���������3DOHRWVXQDPL
5HVHDUFK��(26�����������������

5L]DO�� <��� $VZDQ�� =DLP�� -��� 3XVSDQLQJUXP�� 0�� 5��
6DQWRVR�� :�� '��� DQG� 5RFKLP�� 1��� ������ /DWH
0LRFHQH� WR� 3OLRFHQH� 7VXQDPL� 'HSRVLWV� LQ� 7HJDO
%XOHXG�� 6RXWK� 6XNDEXPL��:HVW� -DYD�� ,QGRQHVLD�
0RGHUQ�$SSOLHG�6FLHQFH���������������

6FLFFKLWDQR��*���&RVWD��%���'L�6WHIDQR��$���/RQJKLWDQR��6�
*��� DQG� 0RQDFR�� &��� ������ 7VXQDPL� DQG� 6WRUP
'HSRVLWV� 3UHVHUYHG� ZLWKLQ� D� 5LD�W\SH� 5RFN\
&RDVWDO� 6HWWLQJ� �6LUDFXVH�� 6(� 6LFLO\��� =HLWVFKULIW
I~U�*HRPRUSKRORJLH��������������

7LSVZRUG��+��/���6HW]HU��+��0���DQG�6PLWK��)��/��-U��������
,QWHUSUHWDWLRQ� RI� 'HSRVLWLRQDO� (QYLURQPHQW� LQ
*XOI� &RDVW� 3HWUROHXP� ([SORUDWLRQ� IURP
3DOHRHFRORJ\� DQG� 5HODWHG� 6WUDWLJUDSK\�
7UDQVDFWLRQ�*XOI�&RDVW�$VVRFLDWLRQ�RI�*HRORJLFDO
6RFLHWLHV�������������

9LVKHU�� *�� 6��� ������ *UDLQ� 6L]H� 'LVWULEXWLRQV� DQG
'HSRVLWLRQDO� 3URFHVVHV�� -RXUQDO� RI� 6HGLPHQWDU\
3HWURORJ\������������������

<DZVDQJUDWW�� 6��� 6]F]XFLĔVNL�� :��� &KDLPDQFH�� 1��
&KDWSUDVHUW�� 6��� 0DMHZVNL�� :��� DQG� /RUHQF�� 6��
������ (YLGHQFH� RI� 3UREDEOH� 3DOHRWVXQDPL
'HSRVLWV� RQ� .KR� .KDR� ,VODQG�� 3KDQJ� 1JD
3URYLQFH��7KDLODQG��1DWXUDO�+D]DUGV�������������

<XGKLFDUD�� =DLP�� <��� 5L]DO�� <��� $VZDQ�� 7UL\RQR�� 5��
6HWL\RQR�� 8��� DQG� +DUWDQWR�� '��� �����
&KDUDFWHULVWLFV� RI� 3DOHRWVXQDPL� 6HGLPHQWV�� $
&DVH� 6WXG\� LQ� &LODFDS� DQG� 3DQJDQGDUDQ�� -DZD�
,QGRQHVLD�� ,QGRQHVLDQ� -RXUQDO� RI� *HRORJ\�
�������������



�� $VZDQ��HW�DO�



�������������������������������������������������������������������������������������������������������������������������������%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\ ��
��������������������������������������������������������������������������������������������������������������������������������9RO������1R�����'HFHPEHU�����



%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\��9RO������1R�����'HFHPEHU�������SS�����WR���

��

352%/(06�,1�86,1*�,&+12)$&,(6�)25�'(326,7,21$/�
(19,5210(17�,17(535(7$7,21
&$6(�678'<��7+(�&,6$$5�)250$7,21��681*$,�&,6$$5��
680('$1*�',675,&7��:(67�-$9$��,1'21(6,$

3(50$6$/$+$1�'$/$0�3(1**81$$1�,&+12)$&,(6�8178.�
,17(535(7$6,�/,1*.81*$1�3(1*(1'$3$1
678',�.$686��)250$6,�&,6$$5��681*$,�&,6$$5��.$%83$7(1�
680('$1*��-$:$�%$5$7��,1'21(6,$

<DQ�5L]DO��$VZDQ��5H\QDOG\�)LIDUL]��DQG�$GLW\DQ�0XOLD�

*HRORJLFDO�(QJLQHHULQJ�6WXG\�3URJUDP��)DFXOW\�RI�(DUWK�6FLHQFHV�DQG�7HFKQRORJ\��,QVWLWXW�7HNQRORJL�%DQGXQJ��,7%��
-O��*DQHVKD����%DQGXQJ��,QGRQHVLD���������

$PSSFTQPOEJOH�BVUIPS��\DQ#JO�LWE�DF�LG

	3FDFJWFE�����4FQUFNCFS�������JO�SFWJTFE�GSPN����4FQUFNCFS�������BDDFQUFE�����0DUPCFS�����


%0*�����������CPNH��������������

$%675$&7���$OWKRXJK�QXPHURXV�UHVHDUFKHUV�KDYH�XVHG�WUDFH�IRVVLOV�PHWKRG�WR�GHWHUPLQH�GHSRVLWLRQDO
HQYLURQPHQW��WKLV�PHWKRG�LV�VWLOO�FRQVLGHUHG�OHVV�UREXVW��7KLV�LV�GXH�WR�WKH�ILQGLQJ�RI�VHYHUDO�VLPLODU�WUDFH
IRVVLOV�LQ�WZR�RU�PRUH�GLYHUVH�HQYLURQPHQWV��OHDGLQJ�WR�LUUHOHYDQF\�LQ�HQYLURQPHQWDO�LQWHUSUHWDWLRQ�
7KHUHIRUH��ZH�FRQGXFWHG�WKLV�VWXG\�LQ�RUGHU�WR�YHULI\�KRZ�SRZHUIXO�WKH�WUDFH�IRVVLO�DQDO\VLV�LV��E\�DSSO\LQJ
WKLV�PHWKRG�WR�LQWHUSUHW�WKH�GHSRVLWLRQDO�HQYLURQPHQW�RI�WKH�&LVDDU�)RUPDWLRQ�LQ�WKH�&LKDQ\LU�7RQJJRK�DUHD�
6XPHGDQJ�5HJHQF\��:HVW�-DYD��:H�FRPELQHG�WUDFH�IRVVLO�VWXG\�ZLWK�IRUDPLQLIHUDO�DVVHPEODJH�DQDO\VLV�DQG
YHUWLFDO�VXFFHVVLRQ�RI�UHODWHG�VHGLPHQWDU\�XQLWV��)RU�WKLV�VWXG\�����URFN�VDPSOHV�WKDW�KDYH�EHHQ�FROOHFWHG
IURP�RXWFURS�DORQJ����P�WUDYHUVH�DQG����P�PHDVXUHG�VWUDWLJUDSKLF�VHFWLRQV�ZHUH�H[DPLQHG�
7KH�UHVXOW�RI�WKH�VWXG\�VKRZV�WKDW�VKDOORZ�PDULQH�WUDFH�IRVVLOV�ZKLFK�ZHUH�GHYHORSHG�DW�WKH�HGJH�RI�WKH�VKHOI�
ZHUH�WUDQVSRUWHG�LQWR�WKH�EDVLQ�E\�JUDYLWDWLRQDO�PDVV�IORZ�DQG�UH�GHSRVLWHG�DV�GHHS�PDULQH�WXUELGLWHV��7UDFH
IRVVLOV� ZHUH� JHQHUDOO\� IRXQG� LQ� VDQGVWRQHV�� ZKLOH� SODQNWRQLF� IRUDPLQLIHUV� ZHUH� IRXQG� LQ� FOD\VWRQHV�
VDQGVWRQHV� LQWHUEHGV�� 7KLV� VWXG\� FRQFOXGHV� WKDW� WR� DYRLG� LQFRQVLVWHQF\� LQ� WKH� LQWHUSUHWDWLRQ� RI� WKH
GHSRVLWLRQDO� HQYLURQPHQW�� SHUIRUPLQJ� WUDFH� IRVVLOV�PHWKRG�PXVW� EH� LQWHJUDWHG�ZLWK�RWKHU�PHWKRGV�� H�J�
DQDO\VLV�RI�OLWKRIDFLHV�DQG�ELRIDFLHV�
.H\ZRUGV��WUDFH�IRVVLO��LFKQRIRVVLO��LFKQRIDFLHV��WXUELGLWH��GHSRVLWLRQDO�HQYLURQPHQW�

$%675$.�� 0HVNLSXQ� EDQ\DN� SHQHOLWL� WHODK� PHQJJXQDNDQ� IRVLO� MHMDN� XQWXN� PHQHQWXNDQ� OLQJNXQJDQ
SHQJHQGDSDQ��PHWRGH�LQL�PDVLK�GLDQJJDS�EHOXP�FXNXS�NXDW��+DO�WHUVHEXW�GLNDUHQDNDQ�DGDQ\D�SHQHPXDQ
EHEHUDSD�IRVLO�MHMDN�\DQJ�EHQWXNQ\D�PLULS�GL�GXD�DWDX�OHELK�OLQJNXQJDQ�SHQJHQGDSDQ�\DQJ�EHUEHGD�EHGD�
6HKLQJJD�WLPEXO�NHWLGDNVHVXDLDQ�GDODP�LQWHUSUHWDVL�OLQJNXQJDQ��2OHK�NDUHQD�LWX�NDPL�PHODNXNDQ�VWXGL�LQL
GHQJDQ�WXMXDQ�XQWXN�PHPDKDPL�VHEHUDSD�NXDWNDK�PHWRGH�IRVLO�MHMDN��GHQJDQ�PHQJDSOLNDVLNDQ�PHWRGH�LQL
XQWXN��PHQHQWXNDQ�OLQJNXQJDQ�SHQJHQGDSDQ�)RUPDVL�&LVDDU�\DQJ�WHUGDSDW�GL�GDHUDK�&LKDQ\LU�7RQJJRK�
.DEXSDWHQ�6XPHGDQJ��-DZD�%DUDW��.DPL�PHQJJDEXQJNDQ�VWXGL�IRVLO�MHMDN��GHQJDQ�DQDOLVLV�IRUDPLQLIHUD
GDQ�VXNVHVL�YHUWLNDO�XQLW�VHGLPHQQ\D��'DODP�VWXGL�LQL��DQDOLVLV�GLODNXNDQ�WHUKDGDS���VDPSHO�EDWXDQ�\DQJ
GLDPELO�GDUL�VLQJNDSDQ�VHSDQMDQJ����P�OLQWDVDQ�GDQ����P�SHQDPSDQJ�VWUDWLJUDIL�WHUXNXU��
+DVLO�GDUL�VWXGL�LQL�PHQXQMXNNDQ�EDKZD�IRVLO�MHMDN�ODXW�GDQJNDO�\DQJ�EHUNHPEDQJ�GL�WHSL�SDSDUDQ��WHUDQJNXW
NH�GDODP�FHNXQJDQ�PHODOXL�DOLUDQ�PDVVD�JUDYLWDVL�GDQ�GLHQGDSNDQ�NHPEDOL�VHEDJDL�WXUELGLW�ODXW�GDODP�
)RVLO� MHMDN� XPXPQ\D� GLMXPSDL� GDODP� EDWXSDVLU� GDQ� IRUDP� SODQNWRQLN� GLMXPSDL� GDODP� SHUVHOLQJDQ
EDWXOHPSXQJ�EDWXSDVLU�� 6WXGL� LQL� PHQ\LPSXONDQ� EDKZD� XQWXN� PHQJKLQGDUL� NHWLGDNNRQVLVWHQDQ� GDODP
LQWHUSUHWDVL�OLQJNXQJDQ�SHQJHQGDSDQ��PHWRGH�IRVLO�MHMDN�SHUOX�GLLQWHJUDVLNDQ�GHQJDQ�PHWRGH�ODLQ�VHSHUWL
DQDOLVLV�OLWRIDVLHV�GDQ�ELRIDVLHV�
.DWD�NXQFL��IRVLO�MHMDN��LFKQRIRVVLO��LFKQRIDFLHV��WXUELGLW��OLQJNXQJDQ�SHQJHQGDSDQ



�� <DQ�5L]DO��HW�DO�

,1752'8&7,21
7KLV� UHVHDUFK� LV� PRWLYDWHG� E\� FRPSOH[LW\� LQ� WUDFH

IRVVLOV� DQDO\VLV� IRU� HQYLURQPHQWDO� LQWHUSUHWDWLRQ�
SDUWLFXODUO\� LQ� WXUELGLWH�GHSRVLWV��6RPH� UHVXOWV� LQGLFDWHG
LQFRQVLVWHQW�ILQGLQJV�OHDG�WR�SHUSOH[LW\�DQG�LQGHFLVLRQ�RI
WKH�PHWKRG¶V�SRWHQF\��)RU�H[DPSOH��VHYHUDO�REVHUYDWLRQV
KDYH� EHHQ�PDGH� WR� WKH� WUDFH� IRVVLO� IHDWXUHV� LQ� WXUELGLWH
GHSRVLWV��VXFK�DV�LQ�WXUELGLWH�GHSRVLWV�RI�&LVDDU�)RUPDWLRQ�
7DSDN�)RUPDWLRQ�DQG�&LQDPER�)RUPDWLRQ��ZKLFK�GLVSOD\
VLPLODU�FKDUDFWHULVWLFV�WR�WKH�WUDFH�IRVVLO�VKDSHV�IRXQG�LQ
VKDOORZ�PDULQH�VHGLPHQWV��VKRUHIDFH��

7XUELGLWLF�VHGLPHQWDU\�URFNV�RI�&LVDDU�)RUPDWLRQ�DUH
ZHOO� H[SRVHG� DV� RXWFURSV�� RFFXU� ZLWKLQ� WKH� &LKDQ\LU
7RQJJRK�DUHD��6XPHGDQJ�5HJHQF\��:HVW�-DYD��,QGRQHVLD
�'MXKDHQL� DQG� 0DUWRGMRMR�� ������� 7UDFH� IRVVLOV�� ZKLFK
KDYH� \HW� WR� EH� DQDO\]HG�WKRURXJKO\��RFFXU�ZLWKLQ�WKHVH
URFNV�� 7KHUHIRUH�� ZH� FRQGXFW� D� GHWDLO� VWXG\� RQ� WKLV
IRUPDWLRQ��IRFXVLQJ�RQ�XVLQJ�WUDFH�IRVVLOV�WR�GHWHUPLQH�WKH
HQYLURQPHQW�RI�GHSRVLWLRQ�

6HYHUDO� UHJLRQDO� VWUDWLJUDSKLF� VWXGLHV� ZHUH
SUHYLRXVO\� FRQGXFWHG� LQ� 6XPHGDQJ� �� 0DMDOHQJND� DUHD
�'MXUL�� ������ 0DUWRGMRMR�� ������ 'MXKDHQL� DQG
0DUWRGMRMR�� ������ �)LJXUH� ���� $FFRUGLQJ� WR� WKH
$UGMDZLQDQJXQ� 5HJLRQDO� *HRORJLFDO�0DS�6KHHW� �'MXUL�
�������VHGLPHQWDU\�VWUDWD�LQ�WKH�VWXG\�DUHD�EHORQJ�WR�WKH
XSSHU�&LQDPER�)RUPDWLRQ�� FRPSRVHG�RI� FOD\VWRQH�ZLWK
VDQGVWRQH�LQWHUEHGV��OLPHVWRQH��FDOFDUHRXV�VDQGVWRQH��DQG
WXIIDFHRXV�VDQGVWRQH��)LYH�IRUPDWLRQV�RFFXU�LQ�6XPHGDQJ
�� 0DMDOHQJND� DUHD�� &LQDPER� )RUPDWLRQ�� +DODQJ
)RUPDWLRQ��6XEDQJ�)RUPDWLRQ��.DOLZDQJX�)RUPDWLRQ��DQG
&LWDODQJ� )RUPDWLRQ�� IURP�ROGHU�WR�\RXQJHU��UHVSHFWLYHO\
�)LJXUH� ���� 6RPH� SDUW � RI � &LWDODQJ� )RUPDWLRQ� LV
FRYHUHG� XQFRQIRUPDEO\� E\� DOOXYLDO� DQG� YROFDQLF
GHSRVLWV� �'MXUL�� ������� 0RUH� UHFHQWO\�� 'MXKDHQL� DQG
0DUWRGMRMR� � ������VXEGLYLGHG�WKH�VWUDWLJUDSK\�RI�WKH�DUHD
LQWR� �LQ� RUGHU� IURP� WKH� ROGHVW� WR� WKH� \RXQJHVW��� &LVDDU
)RUPDWLRQ�� &LQDPER� )RUPDWLRQ�� &DQWD\DQ� )RUPDWLRQ�
%DQWDUXMHJ� )RUPDWLRQ�� 6XEDQJ� )RUPDWLRQ�� .DOLZDQJX
)RUPDWLRQ��DQG�&LWDODQJ�)RUPDWLRQ��)LJXUH�����

*ULPP� DQG� )ROOPL� ������� VWDWHG� WKDW� WUDFHPDNHUV
FDQ� EH� DOORFKWRQRXV�� PHDQLQJ� WUDQVSRUWHG� IURP� WKHLU
RULJLQDO�KDELWDW�WR�RWKHU�SODFHV��FRPPRQO\�DVVRFLDWHG�ZLWK
JUDYLW\� IORZ� GHSRVLWV�� 7KXV�� WR� XVH� WUDFH� IRVVLOV� DV� DQ
LQGLFDWRU� IRU� GHWHUPLQLQJ� GHSRVLWLRQDO� HQYLURQPHQW�� LW
PXVW�FRQVLGHU�VHGLPHQWDWLRQ�PHFKDQLVPV��OLWKRORJ\��DQG
PLFURIRVVLO� �IRUDPLQLIHUD��� $FFRUGLQJO\�� WUDFH� IRVVLOV
DQDO\VLV�ZLOO�UHYHDO�EHWWHU�UHVXOW�LI�FRPELQHG�ZLWK�OLWKRORJ\
DQG�PLFURIRVVLOV�FRQWHQW�DQDO\VHV��DV�ZH�DUH�GRLQJ�LQ�WKLV
UHVHDUFK��

0$7(5,$/6�$1'�0(7+2'6
7KLV�VWXG\�ZDV�FRQGXFWHG�DW�WKH�&LKDQ\LU�7RQJJRK

9LOODJH�� DSSUR[LPDWHO\� ��� NP� LQ� WKH� QRUWKHDVW� RI
%DQGXQJ�� $GPLQLVWUDWLYHO\�� WKLV� UHJLRQ� EHORQJV� WR
-DWLJHGH� 6XEGLVWULFW�� 6XPHGDQJ� 'LVWULFW�� :HVW� -DYD
3URYLQFH�� ,QGRQHVLD�� ,W� LV� ORFDWHG� DW� WKH� JHRJUDSKLF

FRRUGLQDWHV� RI� �������������� �� �������������� (� DQG
����������������������������6��)LJXUH����

���URFN�VDPSOHV� ZHUH� FROOHFWHG� LQ� WKH� ILHOG� DORQJ
D� ��� P� WUDYHUVH� DQG� ��� P� PHDVXUHG� VWUDWLJUDSKLF
VHFWLRQV� �)LJXUH� ���� 7R � W KRV H � V DPS OH V � � ZH
FRQGXF WHG � DQD O\ V L V � R I � OLWKRIDFLHV�� WUDFH� IRVVLO
LFKQRIDFLHV��DQG�P L F U R I R V V L O �ELRIDFLHV��/LWKRIDFLHV
DQDO\VLV�WR�LQWHUSUHW�VDQGVWRQH� GHSRVLWLRQDO� HQYLURQPHQW�
ZDV� EDVHG� RQ� 3RVDPHQWLHU�DQG�:DONHU���������+RZHOO
DQG� 1RPDUN� LQ� 6FKROOH� DQG� 6SHDULQJ� �������� DQG
6KDQPXJDP� � ������� ,FKQRIDFLHV�DQDO\VLV�ZDV� EDVHG� RQ
6HLODFKHU� � ������� )UH\� HW� DO�� � ������ �������3HPEHUWRQ
��������DQG�ELRVWUDWLJUDSK\�DQDO\VLV�ZDV�EDVHG�RQ�%ORZ
�������

7KH�PHWKRGV�XVHG�LQ�WKLV�VWXG\�FDQ�EH�GLYLGHG�LQWR
WZR� SKDVHV�� ��� GDWD� FROOHFWLRQ� SKDVH� DQG� ��� ODERUDWRU\
DQDO\VHV�SKDVH��'DWD�FROOHFWLRQ�SKDVH�LQFOXGHV�PHDVXULQJ
VWUDWLJUDSKLF�VHFWLRQV��REVHUYDWLRQ�DQG�GHVFULSWLRQ�RI�WUDFH
IRVVLOV�GDWD�DORQJ� WKH� WUDYHUVH�� DQG� VHGLPHQW� VDPSOLQJV�
/DERUDWRU\� DQDO\VHV� SKDVH� LQFOXGHV� WUDFH� IRVVLO
GHVFULSWLRQ��IRUDPLQLIHUDO�VDPSOH�SURFHVVLQJ�DQG�DQDO\VHV�
DQG�VWUDWLJUDSKLF�VHFWLRQ�DQDO\VHV�

5(68/76
����/LWKRIDFLHV
5RFN� XQLWV� IRXQG� LQ� WKH� VWXG\� DUHD� DUH� FRPSRVHG

RI� VDQGVWRQHV� DQG� VDQGVWRQH�FOD\VWRQH� LQWHUEHGV�� 7KH
VL]H� IUDFWLRQ� RI� VDQGVWRQH� LV� ILQH� WR� YHU\� ILQH� ZLWK
SDUDOOHO� ODPLQDH� DQG� JUDGHG� EHGGLQJ� VHGLPHQWDU\
VWUXFWXUH��7KH�VDQGVWRQH�WKLFNQHVV�YDULHV�IURP���WR�����FP�
ZKLOH�WKH�LQWHUEHGGHG�VDQGVWRQH� DQG�FOD\VWRQH�UDQJHV

)LJXUH��� &RPSDULVRQ�RI�WKH�VWXG\�DUHD�VWUDWLJUDSK\�EDVHG�RQ�
SUHYLRXV�VWXGLHV��WUDQVODWHG�IURP�1RYD�HW�DO��������



�������������������������������������������������������������������������������������������������������������������������������%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\ ��
��������������������������������������������������������������������������������������������������������������������������������9RO������1R�����'HFHPEHU�����

)LJXUH��� /RFDWLRQ� PDS� RI� WKH� VWXG\� DUHD� ��������������� �� �������������� (� DQG� ������������� �
�������������6�

)LJXUH��� ORFDWLRQ� RI� WUDYHUVH� OLQH�� REVHUYDWLRQ� VLWH� �\HOORZ� FRORU��� VDPSOLQJ� ORFDWLRQ� DQG� VDPSOH� QXPEHU� �UHG
FRORU��LQ�&LVDDU�5LYHU�
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IURP� ����� FP� WKLFN�� )LJXUH� �� VKRZV� WKH� GHWDLOHG
GHVFULSWLRQ�RI� WKH�VWUDWLJUDSKLF�VHFWLRQ�

/LWKRORJ\� RI� WKH� ORZHU� SDUW� RI� &LVDDU� WUDYHUVH
FRQVLVWV� RI� VDQGVWRQH�� DOWHUQDWLQJ� ZLWK� VDQGVWRQH�
FOD\VWRQH� LQWHUEHGV� �)LJXUH� �D��� 7KH� LQWHUEHGGHG

VDQGVWRQH�FOD\VWRQH� VHTXHQFHV� KDYH� D� FRQVLGHUDEO\
GLYHUVH� UDQJH� RI� WKLFNQHVVHV� ���� FP� WR� �� P��� DQG� DUH
ERXQGHG�E\�VDQGVWRQH�OD\HUV�UDQJLQJ�LQ�WKLFNQHVV�EHWZHHQ
���FP�DQG�����P��7KH�VWUDWLJUDSKLF�VXFFHVVLRQ�IHDWXUH�LV
VLPLODU�WR�GHSRVLWLRQDO�SDWWHUQV�FKDUDFWHULVWLF�RI�VXEPDULQH

)LJXUH��� 'HWDLOHG� GHVFULSWLRQ� RI� WKH� VWUDWLJUDSKLF� VHFWLRQ� LQ� WKH� VWXG\� DUHD�� 6DQGVWRQH� GHSRVLWLRQDO� HQYLURQPHQWV
LQWHUSUHWDWLRQ�EDVHG�RQ�+RZHOO� DQG�1RPDUN� LQ�6FKROOH� DQG� 6SHDULQJ� ��������0LFURIRVVLOV�VDPSOLQJ�ORFDWLRQV�IRU�
7DEOH���VKRZQ�LQVLGH�UHG�ER[�



�������������������������������������������������������������������������������������������������������������������������������%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\ ��
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IDQ�VXFFHVVLRQV��SDUWLFXODUO\� LQ� WKH�PLGGOH� IDQ��FKDQQHO�
DQG�OREH�VXE�HQYLURQPHQWV��)OXWH�FDVWV�RFFXU�RQ�WKH�EDVHV
RI� VDQGVWRQH� OD\HUV� DERYH� LQWHUEHGGHG� VDQGVWRQH�
FOD\VWRQH� OD\HUV� �)LJXUH��E��� ZKLFK� LQGLFDWH� UHODWLYHO\
UDSLG� VHGLPHQWDWLRQ� SURFHVV� RQ� DQ� XQFRPSDFWHG� OD\HU
�.HOOLQJ� DQG�:DOWRQ��������

)LQLQJ� XSZDUG� VDQGVWRQH� VXFFHVVLRQV� DUH
FRQVLVWHQW� ZLWK� JUDYLW\�GULYHQ�� ZDQLQJ� IORZ�SURFHVVHV�
ZKLFK� DUH� FRPPRQ� LQ� WXUELGLWH� VXFFHVVLRQV�� &RDUVHU
VHGLPHQWV�DUH�GHSRVLWHG�LQLWLDOO\��GXH�WR�ZDQLQJ�IORZ�DQG
ORVV� RI� FDUU\LQJ� FDSDFLW\�� IROORZHG� E\� ILQHU� JUDLQHG
VHGLPHQW�DV�WKH�IORZ�VORZV�GRZQ�DQG�FHDVHV��)LJXUH��D��
&OD\VWRQH�LQWUDFODVWV�RU�PXG�GUDSHV�RFFXU�LQ�VRPH�OD\HUV
DQG�DUH�W\SLFDOO\�RYHUODLQ�E\�SDUDOOHO�ODPLQDWLRQ�WRZDUGV
WKH�WRS�RI�WKH�EHG��7KH�LQWUDFODVWV�RFFXU�DV�ODJV�IORDWLQJ�LQ
WKH�VDQGVWRQH�PDWUL[��)LJXUH��E���7KH�FKDQJH�RI�OLWKRORJ\
IURP�VDQGVWRQH�FRQWDLQLQJ�PXG�GUDSHV�WR�VDQGVWRQH�ZLWK
SDUDOOHO� ODPLQDWLRQ� VWUXFWXUH� LV� HVWLPDWHG� DV� WKH� OLPLW� RI
FKDQJHV� LQ� GHSRVLWLRQDO� FXUUHQWV� IURP� WXUELG� WR� WUDFWLRQ
FXUUHQWV�� $V\PPHWULFDO� ULSSOH� PDUNV� �FXUUHQW� ULSSOH

PDUNV�� RFFXU� ORFDOO\� DW� WKH� WRS� RI� WKLV� VDQGVWRQH� OD\HU
�)LJXUH����

����7UDFH�)RVVLOV
,Q�JHQHUDO��LFKQRIRVVLOV� �WUDFH� IRVVLOV�� RFFXU�P R U H

D E X Q G D Q W � LQ� WKH� ORZHU� SDUW� RI� HDFK� WKLFN� VDQGVWRQH
OD\HU� �)LJXUH� ��� FRPSDUHG� WR� WKDW� LQ� WKH� LQWHUEHGGHG
VDQGVWRQH� DQG� FOD\VWRQH� VXFFHVVLRQV�� ,Q� WKH
LQWHUEHGGHG� VDQGVWRQH� DQG� FOD\VWRQH� OD\HUV�
LFKQRIRVVLOV� IHDWXUHV� FRPSRVHG�RI�7KDODVVLQRLGHV�DQG
3ODQROLWHV�� 7KDODVVLQRLGHV� ZDV� FRPPRQO\� IRXQG� LQ� D
YHUWLFDO� SRVLWLRQ� DQG� FXWWLQJ� WKH�FOD\VWRQH� OD\HUV��ZKLOH
3ODQROLWHV�LV�ORFDWHG�RQ�WKH�VDQGVWRQH�EHGV¶�VROH�VXUIDFHV
�)LJXUH� ���� :H� KDYH� LGHQWLILHG� VL[� LFKQRJHQHUD� DW� WKH
&LVDDU�5LYHU�WUDYHUVH�DV�VXPPDUL]HG�EHORZ�

2SKLRPRUSKD
2SKLRPRUSKD� LV�D�EXUURZ�V\VWHP�UHFRJQL]HG�E\�DQ

DOPRVW� VPRRWK� LQQHU� OLQLQJ� DQG� D� URXJK� RXWHU� OLQLQJ�
FKDUDFWHUL]HG� E\� SHOOHWDO� DJJOXWLQDWLRQ�� 3HOOHWV� RQ� WKH
H[WHUQDO� VXUIDFH� RI� 2SKLRPRUSKD� LFKQRIRVVLOV� RFFXU�DV

)LJXUH��� D��6DQGVWRQH��6VW��DQG�LQWHUEHGGHG�FOD\VWRQH��&VW��DQG�VDQGVWRQH�OD\HUV�DW�&65����ORFDWLRQ�E��)OXWH�FDVWV��)&��RQ
WKH�EDVH�RI�D�VDQGVWRQH�OD\HU�DW�&65����ORFDWLRQ�

)LJXUH��� D��)LQLQJ�XSZDUG��)8��VXFFHVVLRQ�ZLWKLQ�VDQGVWRQHV�UHVXOWHG�IURP�JUDYLW\�GULYHQ�SURFHVVHV�GHSRVLWLRQ��3KRWR�ZDV
WDNHQ�DW� WKH� ORZHU� SDUW� RI� D� VDQGVWRQH� OD\HU�DW�&65���� ORFDWLRQ��E��0XG�GUDSH�SVHXGR�OD\HUV�RYHUODLQ�E\�SDUDOOHO
ODPLQDWLRQ�DW�&65����ORFDWLRQ�
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GLVF�� RYDO�� FRQLFDO�� PDVWRLG�� ELOREDWH� RU� LUUHJXODU� IRUPV
�)LJXUH���D���2SKLRPRUSKD�PRUSKRORJLFDO� IHDWXUHV�ZHUH
SUHYLRXVO\�GLVFXVVHG�E\�)UH\�HW�DO����������7KH\�DUJXHG
WKDW� 2SKLRPRUSKD� UHSUHVHQWV� WKH� EXUURZ� RI� GHFDSRG
FUXVWDFHDQV� LQFOXGLQJ� VRPH� RI� 7KDODVVLQLGHDQ� VKULPS
VSHFLHV�

3ODQROLWHV
3ODQROLWHV�LV�FKDUDFWHUL]HG�E\�FXUYHG��VPRRWK�ZDOOHG

EXUURZ� ZLWK� FLUFXODU� RU� HOOLSWLFDO� FURVV�VHFWLRQV� DQG
GLYHUVH� GLPHQVLRQV� DQG� FRQILJXUDWLRQV��3HPEHUWRQ�DQG
)UH\�������� �)LJXUH� ��E���3ODQROLWHV� LV� FKDUDFWHUL]HG� E\
XQVWUXFWXUHG�ILOOLQJ�ZLWK�OLWKRORJLFDO�FKDUDFWHU�GLVWLQFW�IURP
LWV� KRVW� URFN�� ,W� LV� GLVWLQJXLVKHG� IURP� 7KDODVVLQRLGHV
WKURXJK�LWV�JHRPHWU\�� ODFN�RI�D� OLQLQJ�DQG�WKH�E X U U R Z
VL]H�� DQG� IURP�3DODHRSK\FXV�E\�LWV�ODFN�RI�D�OLQLQJ��7KH
LQILOO�LQ�3ODQROLWHV�EXUURZV�FRQVLVW�RI�VHGLPHQW�SURFHVVHG

E\� RUJDQLVPV� GXULQJ� IRUDJLQJ� DQG� IHHGLQJ� DFWLYLWLHV
�LQIDXQDO� VHGLPHQW� SURFHVV�IHHGHUV�� E\� YHUPLQ�IRUP
RUJDQLVPV��3ODQROLWHV� RFFXUV� LQ� DOPRVW� DOO� HQYLURQPHQW
W\SHV�� IURP� IUHVK� ZDWHU� DQG� PDUJLQDO� PDULQH� WR� GHHS
PDULQH�

&KRQGULWHV
,W� LV� D� FRPSOH[� EXUURZ� V\VWHP� IRU� IHHGLQJ

PHFKDQLVP��UHVHPEOLQJ�URRWV�WKDW�DUH�QHLWKHU�DQDVWDPRWLF
�FRQWLQXRXV�� RU� LQWHUVHFWLQJ��&KRQGULWHV� LV� D� EUDQFKLQJ
YHUWLFDO�WR�VXEYHUWLFDO�EXUURZ�QHWZRUN�FRQVWUXFWHG�GXULQJ
LQIDXQDO� IRRG�IRUDJLQJ� �)LJXUH� ��F��� &KRQGULWHV� LV
LQWHUSUHWHG�WR�UHSUHVHQW�WKH�IHHGLQJ�DFWLYLW\�RI�VLSXQFXOLG
ZRUPV� �DQQHOLGV��� FDOOLDQDVLG� GHFDSRGV�� SDODHRWD[RGRQW
ELYDOYHV� DQG� VPDOO� WHWUDSRGV� ZLWK� WXQQHO� QHWZRUNV
�)HUQiQGH]�	�3D]RV���������,W�LV�FRPPRQO\�IRXQG�LQ�WKH
&UX]LDQD�� 0RQRVSHFLILF� RFFXUUHQFHV� RI� &KRQGULWHV� DUH
LQIHUUHG� WR� LQGLFDWH� ]RQHV� ZLWK� ORZ� R[\JHQ� FRQWHQW
�0iQJDQR�HW�DO���������

6NROLWKRV
6NROLWKRV� DUH� VROLWDU\�� YHUWLFDO� WR� VXE�YHUWLFDO

XQEUDQFKHG� EXUURZV� �)LJXUH� ��G��� 7KH� WUDFH� LV� XVXDOO\
VWUDLJKW� EXW� PD\� EH� VOLJKWO\� ZDY\�� SURGXFLQJ
J H Q H U D O O \ � VPRR W K � ZDOOV� DQG� VWUXFWXUHOHVV� ILOOLQJ�
7KLV� JHQXV� UHSUHVHQWV� WKH� GZHOOLQJ� EXUURZV� RI
VXVSHQVLRQ�IHHGLQJ� RU� SUHGDWRU\� RUJDQLVPV��WKDW�FDQ�EH
SURGXFHG� E\� YDULRXV� RUJDQLVPV�� LQFOXGLQJ� 3ROLFKDHWD�
6DEHOOHULD��$UHQLFROD��2QXSKLV��3KRURQRSVLV��DQG� LQVHFW
ODUYDH��6NROLWKRV�DUH�JHQHUDOO\�DVVRFLDWHG�ZLWK�PDULQH�RU
EUDFNLVK�HQYLURQPHQWV��+RZHYHU��LW�FDQ�DOVR�EH�IRXQG�LQ
YDULRXV� HQYLURQPHQWDO� W\SHV� UDQJLQJ� IURP� PDULQH�WR
ODFXVWULQH�� DQG� YDULRXV� QRQ�DTXDWLF� HQYLURQPHQWV
EHFDXVH�LW�FDQ�EH�SURGXFHG�E\�D�ZLGH�YDULHW\�RI�RUJDQLVPV
�9LQQ�	�:LOVRQ��������

7KDODVVLQRLGHV
7KDODVVLQRLGHV� DUH� VL]HDEOH� EXUURZ� V\VWHPV� ZLWK

F\OLQGULFDO�FRPSRQHQWV�DQG�DUH� W\SLFDOO\�VPRRWK�ZDOOHG�
7KH\� FRPPRQO\� KDYH� <� RU� 7� ELIXUFDWLRQV� ZLWK
H[SDQVLRQV� DW� WKH� ELIXUFDWLRQ� SRLQW� �)LJXUH� ��H��� 7KH
GLPHQVLRQV�RI�WKH�EXUURZ�YDU\�ZLWKLQ�D�SDUWLFXODU�V\VWHP
DV�ZHOO�DV� WKH�FURVV�VHFWLRQ�� ,W�PD\�EH� F\OLQGULFDO��KDOI�
PRRQ� VKDSH� WR� HOOLSVRLGDO�� 7KH\� FRQWDLQ� YHUWLFDO�
VXEYHUWLFDO�� DQG� KRUL]RQWDO� FRPSRQHQWV� ZLWK� VOLJKW
LUUHJXODU� LQFOLQDWLRQ�� 7KH� ILOO� RI� 7KDODVVLQRLGHV� LV
W\SLFDOO\�XQVWUXFWXUHG�WR�SODQH�SDUDOOHO�ODPLQDH�RU�JUDGHG
ILOO�� 7KDODVVLQRLGHV� DUH� FRQVLGHUHG� WR� EH� WKH� GZHOOLQJ
EXUURZV�RI�GHFDSRG�FUXVWDFHDQV� WKDW�PD\�RFFXU� LQ� ODUJH
FRPPHQVDO� FRPPXQLWLHV�� &KDPEHUV� DQG� H[SDQVLRQV� DW
ELIXUFDWLRQV� DUH� XWLOL]HG� E\� RUJDQLVPV� WR� UHYHUVH� WKHLU
GLUHFWLRQ�RU�WR�EH�D�SODFH�IRU�UHSURGXFLQJ�

7KDODVVLQRLGHV� LV� FRPPRQO\� DVVRFLDWHG� ZLWK� WKH
&UX]LDQD� LFKQRIDFLHV� LQ� ORZHU� VKRUHIDFH� WR�XSSHUVKRUH
HQYLURQPHQWV��1LHOVHQ�HW�DO���������<DQLQ�	�%DUDERVKNLQ�
����Ϳ��,W�FDQ�DOVR�EH�IRXQG�LQ�ORZ�GLYHUVLW\�WXUELG�ZDWHU
FRPSOH[HV�

)LJXUH��� 5LSSOH� �53�� PDUNV� RQ� D� VDQGVWRQH� OD\HU� DW� &65���
ORFDWLRQ�

)LJXUH��� ,FKQRIRVVLOV��,)��DW� WKH�ERWWRP�RI�WKH�VDQGVWRQH�OD\HU
DW�&65����ORFDWLRQ�
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5KL]RFRUDOOLXP
5KL]RFRUDOOLXP� DUH� VWUDLJKW� WR� FXUYHG� 8�VKDSHG

EXUURZV�ZLWK�VSUHLWH��JURZWK�OLQHV��EHWZHHQ�WKH�FDXVDWLYH
WXEHV��7KH�UDWLR�EHWZHHQ�WXEH�GLDPHWHU�DQG�VSUHLWH�ZLGWK
LV�W\SLFDOO\�a�����)LJXUH���I���7KH�EXUURZ�LQILOO�LV�JHQHUDOO\
VLPLODU�WR�WKH�URFN�PDWUL[��WKRXJK�LQ�VRPH�FDVHV�LW�PD\�EH
ILOOHG�E\�ILQHU�JUDLQV��

)�UVLFK�������� GLYLGHG� 5KL]RFRUDOOLXP� LQWR� WKUHH
LFKQRVSHFLHV� EDVHG� RQ� PRUSKRORJLFDO�IHDWXUHV��L�H���5�
-HQHVH�� UHSUHVHQWV� D� OHVV� VWUDLJKW� DQG� VKRUW� REOLTXH
VSUHLWHQ� EXUURZ�� 5�� ,UUHJXODLUH��FKDUDFWHUL]HG�E\�ORQJ�
VLQXV��SODQLVSLUDO�DQG�EUDQFKHG�IRUPV��DQG�5��8OLDUHQVH�
GLVWLQJXLVKHG�E\�D�WURFKRVSLUDO�VSUHLWHQ�EXUURZ��$OWKRXJK
LQWHUSUHWHG�LQLWLDOO\�DV�WUDFHV�RI�FRUDOV��VSRQJHV��RU�DOJDH�
WKH�RFFXUUHQFH�RI�VFUDWFK�PDUNV�RQ�EXUURZ�ZDOOV�VXSSRUW
WKH�K\SRWKHVLV�WKDW�FUXVWDFHDQV�DUH�WKH�OLNHO\�WUDFH�PDNHUV�

5KL]RFRUDOOLXP�LV�FRPPRQO\�DVVRFLDWHG�ZLWK�VKDOORZ�W R
G H H S � PDULQH� HQYLURQPHQWV� DQG� WKH� &UX]LDQD
LFKQRIDFLHV�� IXUWKHUPRUH�� LW� FDQ� DOVR� EH� IRXQG� RQ� VRPH
*ORVVLIXQJLWHV�LFKQRIDFLHV��.QDXVW���������

7KH� DVVRFLDWLRQ� UHVXOWV� UHYHDO� WKDW� LFKQRIDFLHV
FKDQJHG�IRXU�WLPHV�WKURXJK�WKH�VWXG\�LQWHUYDO��UHVSHFWLYHO\
IURP�WKH�ROGHVW�WR�W K H �\RXQJHVW�DUH��&UX]LDQD��6NROLWKRV�
*ORVVLIXQJLWHV� DQG� EDFN� WR�&UX]LDQD� LFKQRIDFLHV��7KHVH
FKDQJHV�LQGLFDWH�HQYLURQPHQWDO�FKDQJHV�ZKLFK�DIIHFW�WKH
GLVWULEXWLRQ� RI� OLYLQJ� RUJDQLVPV� ZLWKLQ� WKH� YDULRXV
HQYLURQPHQWV�

�����0LFURIRVVLOV
6DPSOHV�ZHUH� REWDLQHG� IURP� VHYHUDO� VWUDWLJUDSKLF

ORFDWLRQV� �)LJXUH� ��� IRU� IRUDPLQLIHUDO� DQDO\VLV��:H
DVVHVVHG� WKH� SURSRUWLRQ� RI� SODQNWRQLF� DQG� EHQWKLF

)LJXUH��� D��2SKLRPRUSKD��2S��RQ�VDQGVWRQH�OD\HU�DW�&65����ORFDWLRQ��E��3ODQROLWHV��3O��LQ�D�VDQGVWRQH�OD\HU�DW�&65���
ORFDWLRQ��F��&KRQGULWHV��&K��RQ�D�VDQGVWRQH�OD\HU�DW�&65����ORFDWLRQ��G��6NROLWKRV��6N��RQ�D�VDQGVWRQH�OD\HU�&65�
��� ORFDWLRQ�� H�� 7KDODVVLQRLGHV� �7K�� RQ� D� VDQGVWRQH� OD\HU� DW� WKH� &65����ORFDWLRQ��I��5KL]RFRUDOOLXP��5K��RQ�D
VDQGVWRQH�OD\HU�DW�&65����ORFDWLRQ�



�� <DQ�5L]DO��HW�DO�

IRUDPLQLIHUV�� 7DEOH� �� VXPPDUL]HV� WKH� UHVXOWV� RI
PLFURIRVVLOV� DQDO\VLV�� ZKLFK� DUH� VRUWHG� E\� VWUDWLJUDSKLF
SRVLWLRQ� IURP� WKH� ROGHVW� WR� WKH�\RXQJHVW��%DWK\PHWU\
LQWHUSUHWDWLRQ� ZHUH� UHFRQVWUXFWHG� DFFRUGLQJ� WR� WKH
PLFURIRVVLOV�DVVHPEODJHV�DQG�DEXQGDQFHV�

����$QDO\VLV�
&RPSDULVRQ� RI� WKH� &LVDDU� 5LYHU� VHFWLRQ� ZLWK

VXFFHVVLRQV� GHVFULEHG� E\� %RXPD� ������� VXSSRUWV� WKH
LQWHUSUHWDWLRQ� WKDW� WKH� &LVDDU� 5LYHU� URFN� OD\HUV� ZHUH
GHSRVLWHG� E\� WXUELGLW\� FXUUHQWV� PHFKDQLVP�� &ULWLFDO
REVHUYDWLRQV� LQFOXGH� ILQLQJ� XSZDUGV� VDQGVWRQH
GHSRVLWLRQDO�XQLWV��LQWUDFODVW�ODJV�DW�WKH�EDVHV�RI�EHGV�DQG
SDUWLDO�%RXPD�VHTXHQFHV�7G�7F�7E�7D��7KH�RFFXUUHQFH�RI
FRQIRUPDEOH� VDQGVWRQH�FOD\VWRQH� LQWHUEHGV� DERYH� WKH
VDQGVWRQH�OD\HU�PD\�EH� LQWHUSUHWHG�DV�D�SURGXFW�RI� ORZ�
GHQVLW\�WXUELGLW\�FXUUHQWV��7F���/RZH���������7KH�VWDFNLQJ
SDWWHUQ� RI� &LVDDU� 5LYHU� VHFWLRQ� LV� DOVR� FRQVLVWHQW� ZLWK
GHSRVLWLRQ� LQ� D� VXEPDULQH� IDQ� GHSRVLWLRQDO� HQYLURQPHQW
LQGLFDWHG� E\� WKH� IHDWXUHV� RI� WXUELGLWH� FKDQQHOV� DQG� IDQ
OREHV�LQ�D�PLGGOH�IDQ�VHWWLQJ��7KH�VWDFNLQJ�SDWWHUQ�RI�WKLFN
VDQGVWRQH� EHGV�� GHSRVLWHG� DERYH� WKH� LQWHUEHGGHG
VDQGVWRQH��FOD\VWRQH�XQLWV��H[KLELW�WKLFNHQLQJ�XSZDUG�DQG
WKLQQLQJ�XSZDUG�SDWWHUQV�LQ�GLIIHUHQW�SDUWV�RI�WKH�VHFWLRQ
�)LJXUH� ����� 7KLV� SDWWHUQ� LV� VLPLODU� WR� WKH� GHSRVLWLRQDO
SDWWHUQ� LQ� WKH� VXEPDULQH� IDQ� OREH� DQG� VXEPDULQH� IDQ
FKDQQHO� DV� SUHYLRXVO\� LOOXVWUDWHG�E\�6KDQPXJDP� ������
�)LJXUH�����

6OXPS�VWUXFWXUHV� IRXQG� LQ� VHYHUDO� OD\HUV� RQ� WKH
&LVDDU� 5LYHU� WUDYHUVH� DUH�LQWHUSUHWHG�DV�SDUW�RI�GHQVLW\
IORZV�� IROORZHG� E\� WKH� IRUPDWLRQ� RI� VDQG\� GHEULV� IORZ
OD\HUV��)LJXUH� �����7KHVH�EHGV�DUH�WKH�UHVXOW�RI�D�URWDWLRQDO
PRYHPHQW� EHWZHHQ� VWDEOH� OD\HUV� DQG� PRYLQJ� PDVVHV�

ZKLOH� VDQG\� GHEULV� IORZ� XQLWV� UHSUHVHQW� D� FRQWLQXRXV
SURFHVV� VSHFWUXP� EHWZHHQ� FRKHVLYH� DQG� QRQ�FRKHVLRQ
GHEULV�IORZ��SODVWLF��FKDUDFWHUL]HG�E\�ODPLQDU�FXUUHQW�DQG
DUH� FRPPRQO\� IRXQG� LQ� ILQH�JUDLQHG� VDQGVWRQH� OD\HUV
�6KDQPXJDP��������

)LJXUH� ��� VKRZV� D� FRQVLVWHQW� FRUUHODWLRQ� EHWZHHQ
FKDQJHV� LQ� OLWKRORJLF� VWDFNLQJ� SDWWHUQ� DQG� FKDQJHV� LQ
LFKQRIDFLHV��$V�WKH�GHSRVLWLRQDO�HQYLURQPHQW�VKLIWV�IURP
VXEPDULQH�IDQ�OREH�WR�VXEPDULQH�IDQ�FKDQQHO��LFKQRIDFLHV
DOVR� FKDQJH� IURP� &UX]LDQD� LFKQRIDFLHV� WR� 6NROLWKRV
LFKQRIDFLHV��7KLV�RFFXUUHQFH�UHSHDWHGO\�RFFXUV�WKURXJK�WKH
VWXGLHG�LQWHUYDO�

7KH�VWXG\�LQWHUYDO�LV�LQWHUSUHWHG�WR�EH�GHSRVLWHG�LQ�D
VXEPDULQH�IDQ�VHWWLQJ��ZKLFK�ZDV�OLNHO\�ORFDWHG�LQ�EDWK\DO
]RQH��7KLV� LQWHUSUHWDWLRQ� LV� VXSSRUWHG� E\� WKH� OLWKRIDFLHV
VWDFNLQJ� SDWWHUQ� DQG� PLFURIRVVVLO� DQDO\VHV�� 7KH
RFFXUUHQFH� RI� PLFURIRVVLOV� EHQWKLF� IRUDPLQLIHUD
%DWK\VLSKRQ� DQG� 3XOOHQLD� EXOORLGHV� LQ� DOPRVW� HYHU\
VDPSOH�LQGLFDWH�D�GHHS�PDULQH�GHSRVLWLRQDO�HQYLURQPHQW
RI�WKH�FOD\VWRQH��,Q�FRQWUDVW��LFKQRIDFLHV�DQDO\VLV�VXJJHVWV
WKDW� WKHVH� OLWKRIDFLHV�ZHUH�GHSRVLWHG� LQ� OLWWRUDO� WR�QHULWLF
]RQHV��SRVVLEO\�HYHQ�XS�WR�WKH�VKRUHIDFH�]RQH�

7DEOH���� 4XDOLWDWLYH�IRUDPLQLIHUDO�DEXQGDQFH�DQG�EDWK\PHWULF�LQWHUSUHWDWLRQ��6DPSOLQJ�ORFDWLRQ�UHIHU�WR�)LJXUH����

([SODQDWLRQ������5DUH�����������0HGLXP����±����������$EXQGDQW��!���
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',6&866,21
,FKQRIRVVLO� DQDO\VHV� LQGLFDWH� WKUHH� ���� LFKQRIDFLHV

SUHVHUYHG�DW�&LVDDU�5LYHU�LQFOXGH�WKH�&UX]LDQD��6NROLWKRV
DQG�*ORVVLIXQJLWHV�LFKQRIDFLHV��,FKQRIDFLHV�LQWHUSUHWDWLRQ
EDVHG�RQ�WKH�ZRUN� RI� 3HPEHUWRQ� ������� DQG� 6HLODFKHU
��������VXJJHVWV�WKDW�WKH�VWXG\�LQWHUYDO�ZDV�GHSRVLWHG�LQ
VXEOLWWRUDO� DV� VHPL� FRQVROLGDWHG� VXEVWUDWH� �EHDFK�� WR
VDQG\� EDFNVKRUH�� DQG� WKHQ� V K L I W H G � EDFN� WR
VXEOLWWRUDO� HQYLURQPHQWV�� 7KH� DQDO\VLV� LQGLFDWHV� WKH
H[LVWHQFH�RI�VKDOORZLQJ�DQG�GHHSHQLQJ�SURFHVVHV�WKDW�DUH
PRVW�OLNHO\�FDXVHG�E\�VHD�OHYHO�I OXF WXDW LRQ ��LQWHUSUHWHG
IURP� WKH� LWHUDWLYH� VXFFHVVLRQ� RI� FKDQJHV� LQ� WKH
GHSRVLWLRQDO�HQYLURQPHQW�RI�WKH�PLGGOH�IDQ�DQG�OREH��

+RZHYHU�� 5HJDUGLQJ� WKH� FRUUHODWLRQ� EHWZHHQ
LFKQRIDFLHV� DQG� EDWK\PHWU\�� )UH\� HW� DO�� �������� (NGDOH
��������DQG�%\HUV���������VXJJHVWHG�WKDW�WKH�FRUUHODWLRQ
EHWZHHQ� EDWK\PHWU\� DQG� WKH� SUHVHQFH� RI� UHOHYDQW� WUDFH
IRVVLOV� PLJKW� QHHG� WR� EH� UHYLHZHG�� EHFDXVH� WKHUH� DUH
FHUWDLQ� LFKQRIDFLHV� WKDW� DUH� QRW� IRXQG� LQ� WKHLU� RULJLQDO
KDELWDW��)UH\�DQG�3HPEHUWRQ��������VWDWHG�WKDW�VXFFHVVLRQ
RI� LFKQRIDFLHV� FDQ� EH� XVHG� SURSHUO\� XQGHU� QRUPDO
FRQGLWLRQV��)UH\��������HYHQ�GHVFULEHG�WKDW�ZH�VKRXOG�QRW
EH� VXUSULVHG� WR� ILQG� QHDUVKRUH� DVVHPEODJHV� LQ� RIIVKRUH

)LJXUH���� 7KH�&LVDDU�)RUPDWLRQ�VDQGVWRQHV�LQ�WKH�VWXG\�DUHD
DQG� WKHLU� GHSRVLWLRQDO� HQYLURQPHQWV� EDVHG� RQ
+RZHOO� DQG� 1RPDUN� LQ� 6FKROOH� DQG� 6SHDULQJ
�������

)LJXUH���� 'HSRVLWLRQDO� PRGHO� RI� VXEPDULQH� IDQV
�6KDQPXJDP��������

)LJXUH���� 6OXPS�VWUXFWXUHV�DW�&65����ORFDWLRQ�



�� <DQ�5L]DO��HW�DO�

VHGLPHQWV�� DQG� YLFH� YHUVD�� LI� WKHVH� DFFXPXODWHG� XQGHU
FRQGLWLRQV� OLNH� WKRVH� SUHIHUUHG� E\� WKH� WUDFH�PDNLQJ
RUJDQLVPV�

,Q� WKLV� VWXG\� ZH� IRXQG� D� VWULNLQJ� GLIIHUHQFH� LQ
EDWK\PHWULF� LQWHUSUHWDWLRQ� GHULYHG� IURP� LFKQRIRVVLO
DQDO\VLV��OLWKRORJLF�DQG�PLFURIRVVLO�DQDO\VHV��,FKQRIRVVLO
DQDO\VLV�VXJJHVWV�WKDW�WKH�VHGLPHQWDU\�HQYLURQPHQW�RI�WKH
URFN� OD\HUV� LQ� WKH� &LVDDU� 5LYHU� OLHV� LQ� WKH� VXEOLWWRUDO�

VDQG\� VKRUH� ]RQH�� LQ� FRQWUDVW� OLWKRORJLF� DQG�PLFURIRVVLO
DQDO\VLV�LQWHUSUHW�WKDW�WKH�URFN�OD\HU�ZDV�GHSRVLWHG�LQ�����
����� P� GHSWK� UDQJH� �XSSHU� EDWK\DO� �� EDWK\DO��� 7KH
VWDFNLQJ� SDWWHUQ� RI� WKH� URFN� OD\HUV� LQ� WKH� &LVDDU� 5LYHU
LQGLFDWHV�WKDW�WKH�URFN�OD\HUV�DUH�GHSRVLWHG�RQ�WKH�PLGGOH
IDQ� ]RQH�ZLWK� LWV� HQYLURQPHQWDO�FKDQJH� RUGHU�� IURP� WKH
ROGHVW� WR� WKH� \RXQJHVW�� DUH� VXEPDULQH� IDQ� FKDQQHO� �
VXEPDULQH�IDQ�OREH���VXEPDULQH�IDQ�FKDQQHO�

)LJXUH���� 'HWDLOHG�GHVFULSWLRQ�RI� WKH�ZKROH�VWUDWLJUDSKLF�VHFWLRQ�ZLWK�SKRWRJUDSKV�RI� LFKQRIRVVLOV�
RXWFURSV��DQG�PLFURIRVVLOV�
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*LYHQ� WKH� KLJKO\� VLJQLILFDQW� GLIIHUHQFHV� LQ
EDWK\PHWU\��LW�FDQ�EH�HVWLPDWHG�WKDW�WKHUH�ZHUH�HUURUV�LQ
WKH� DQDO\VLV� RU� LQFRPSDWLELOLW\� EHWZHHQ� RX U
DQ D O \V L V � F RPSD UHG � WR � W K H � U H I H U H QFH V � � :H
DVVXPHG� WKHUH� LV� SRVVLELOLW\� WKDW� WKRVH� GLIIHUHQFHV
PLJKW�EH�GXH�WR�VHYHUDO�IDFWRUV�VXFK�DV�UHZRUNHG�IRVVLO�
ZKLFK�DUH�FRPPRQO\�IRXQG�LQ�PLFURSDOHRQWRORJ\�VWXGLHV�
DV�ZHOO�DV�GHEULV�IORZ�RU�VHGLPHQWRORJLFDO�VWUDWLJUDSKLFDO
ODQGVOLGH�

$FFRUGLQJ� WR� WKH� GDWD� DQG� WKH� DQDO\VLV� UHVXOWV�� WKH
SRVVLELOLW\� RI� SODQNWRQLF� RU� EHQWKLF� IRVVLOV� EHLQJ
WUDQVSRUWHG�RU�UHZRUNHG�LV�YHU\�XQOLNHO\��HVSHFLDOO\�ZKHQ
WKH�OLWKRORJLFDO�DQDO\VLV� LQWHUSUHW� WKDW� WXUELG�FXUUHQWV� LV
WKH� GRPLQDQW� GHSRVLWLRQDO� FXUUHQWV�� 7KH� SRVVLELOLW\� RI
IRVVLOV� WUDQVSRUWDWLRQ� E\� D� ODQGVOLGH� EORFN� GRHV� QRW
FRUUHVSRQG�WR�WKH�YLVLEOH�FRQGLWLRQ�EHFDXVH�WKH�URFN�OD\HUV
DUH� FRQWLQXRXV� RU� ODWHUDO� YHUWLFDO�� L Q � F R Q W U D V W � WKH
ODQGVOLGH� EORFN� LV� G L V FRQWLQXRXV�� 7KH� 6OXPS�VWUXFWXUHV
DUH� IRUPHG� GXH� WR� WKH� PRYHPHQW� RI� VHPL�FRQVROLGDWHG
URFN� OD\HUV� LQ� UHODWLYHO\� VWHHS� DUHDV�� 7KLV� PRYHPHQW� LV
JHQHUDOO\�GXH� WR� WKH� LQIOXHQFH�RI� JUDYLW\� LQ� WKH� IRUP�RI
PHGLXP�VSHHG�VDQG\�GHEULV�IORZ�DQG�FDXVHV�IROGLQJ�RI�WKH
PRYLQJ�OD\HU��)LJXUH�����

$OO� WKH� UHVXOWV� UHYHDOHG�DERYH�VXJJHVW� WKDW� WKHUH� LV
DOWHUQDWLYH� SRVVLELOLW\� WR� � H[SODLQ� WKH� GLVFUHSDQF\� RI
EDWK\PHWU\� LQWHUSUHWDWLRQ� EHWZHHQ� OLWKRORJLFDO� DQDO\VLV
�VXSSRUWHG� E\� PLFURIRVVLO� DQDO\VLV�� DQG� LFKQRIDFLHV
LQWHUSUHWDWLRQ��ZKLFK�DUH�

7KH�WUDFH�SURGXFLQJ�RUJDQLVPV�DUH�GHSWK�WROHUDQW
$Q� RUJDQLVP� WKDW� KDV� D� GHSWK�� ZDWHU� SUHVVXUH�

R[\JHQ�OHYHO�DQG�VDOLQLW\�WROHUDQFH�FRXOG�PLJUDWH�EHWZHHQ
]RQHV�ZKLFK� PDNHV� WUDFHV� RI� WKHVH� RUJDQLVPV� FRXOG� EH
IRXQG� OLWHUDOO\� RQ� HYHU\� HQYLURQPHQWDO� ]RQH�� 7KLV
SRVVLELOLW\� ZDV� KDUG� WR� DFFHSW� EHFDXVH� 3ODQROLWHV� DQG
&UX]LDQD� LFKQRIRVVLO� ZHUH� SURGXFHG� E\� VRIW�ERGLHG
RUJDQLVPV�ZLWK�PLQLPXP�WROHUDQFH�WR�SUHVVXUH��DV�)ROOPL
DQG�*ULPP��������VWDWHG��7KH�DXWKRU�DUJXHG�WKDW�ODFN�RI
LFKQRJHQHUD� &KRQGULWHV�� 3ODQROLWHV� DQG� =RRSK\FRV� RQ
WKHLU�GRRPHG�SLRQHHU�WUDFH�IRVVLO�FRQFHSW�ZDV�GXH�WR�ORZ
WR�]HUR�VXUYLYDO�UDWH�RI�WKRVH�RUJDQLVPV�EHFDXVH�WKHLU�ODFN
RI�H[RVNHOHWRQ�

%ORFN�ODQGVOLGH
%ORFN� ODQGVOLGH� ZLOO� FDXVH� D� VKDOORZ� ZDWHU

RUJDQLVP� WUDFH� FDQ� EH� IRXQG� LQ� GHSWK�ZDWHU�EDWK\PHWU\
]RQH� EHFDXVH� WKRVH� WUDFHV� ZHUH� IRUPHG� EHIRUH� WKH
ODQGVOLGH� RFFXUV� DQG� WUDQVSRUWV� WKH�VKDOORZ�ZDWHU�EORFN�
7KH�OLWKRORJLFDO�GDWD�GLVSOD\HG�E\�ERWK�WUDYHUVHV�VXJJHVW
QR�RFFXUUHQFH�RI�ODQGVOLGH�ZLWK�EORFN\�SURSHUWLHV��KHQFH
WKLV�SRVVLELOLW\�PXVW�EH�UXOHG�RXW�

7KH�RUJDQLVPV�ZHUH�WUDQVSRUWHG�DORQJ�WKH�VHGLPHQW
PDWHULDOV�

$IWHU� SURGXFLQJ� WUDFHV� LQ� FHUWDLQ� HQYLURQPHQW�
RUJDQLVP� PD\� EH� WUDQVSRUWHG� DORQJ� ZLWK� WKH� VHGLPHQW
PDWHULDO�ZKHUHDV�XSRQ�LWV�DUULYDO�LQ�WKH�QHZ�HQYLURQPHQW�
WKHVH�RUJDQLVPV�RQFH�DJDLQ�SURGXFH�VLPLODU�WUDFHV��7KLV
SRVVLELOLW\� DOVR� FRXOG� QRW� EH� FRQILUPHG�� VLQFH� WKH
LFKQRIRVVLO�GDWD�VKRZV�WKDW�WKH�WUDFH�SURGXFLQJ�RUJDQLVPV
VXFK� DV� &UX]LDQD� DUH� QRW� RUJDQLVPV� ZLWK� KLJK� ZDWHU
SUHVVXUH�WROHUDQFH��)ROOPL�DQG�*ULPP���������

6DPH�WUDFH�ZDV�SURGXFHG�E\�GLIIHUHQW�RUJDQLVPV�
7KRXJK� GLIIHUHQW� VSHFLHV� DQG� RFFXS\� GLIIHUHQW

KDELWDWV�� VHYHUDO� RUJDQLVPV� ZLWKLQ� RQH� JHQXV� FRXOG
SRVVLEO\�SURGXFH�VLPLODU�WUDFHV��7KLV�LV�WKH�PRVW�SODXVLEOH
SRVVLELOLW\�EHFDXVH�FXUUHQW�LFKQRIRVVLOV�UHVHDUFK�FDQ�RQO\
GHWHUPLQH� WUDFH�SURGXFLQJ� RUJDQLVPV� RQO\� E\� LWV�JHQXV
OHYHO��$OWKRXJK� LW�ZDV� DOUHDG\�UHVHDUFKHG� SUHYLRXVO\� E\
3HPEHUWRQ���������6HLODFKHU���������DQG�RWKHUV��KRZHYHU�
WKH� VSHFLHV� UHFRJQLWLRQ� VWLOO� FDQQRW� EH� GRQH� XQWLO� WKH
SUHVHQW�� 7KHUHIRUH� LI� DQ� LFKQRIRVVLO� VWLOO� FDQQRW� EH
LGHQWLILHG� E\� LWV� SUHYLRXV� FODVVLILFDWLRQ�� LW� LV� QRW� TXLWH
VXUSULVLQJ�� )XUWKHUPRUH�� FXUUHQWO\�� LW� LV� FRQILUPHG� WKDW
WKHUH�DUH�OLYLQJ�RUJDQLVPV�ZLWKLQ�WKH�VDPH�FODVV�RU�JHQXV
PDQDJH�WR�OLYH�LQ�D�FRPSOHWHO\�GLIIHUHQW�HQYLURQPHQW�

%LRORJLFDO�VFLHQWLILF�QDPLQJ�ELQRPLDO�QRPHQFODWXUH
H[SODLQV� WKDW� WKH� PRVW� VSHFLILF� ZD\� WR� GHVFULEH� DQ
RUJDQLVP� LV� LWV� VSHFLHV� �7KRPSVRQ�� ������� :LWKLQ� D
VLPLODU�IDPLO\�RU�JHQXV��YDULRXV�VSHFLHV�FRXOG�UHSUHVHQW�D
GLYHUVH� W\SH� RI� KDELWDW�� QXWULHQW� VRXUFH�� DQG� OHYHO�� RU
JURZWK� UDWH�� IRU� H[DPSOH�� 7XEHZRUP� �/DPHOOLEUDFKLD
JHQXV���DV�D�VHD�GZHOOLQJ�ZRUP�ZKLFK�FRPPRQO\�IRXQG�LQ
GHHS�ZDWHUV��/DPOHOOLEUDFKLD�OX\PHVL�LQKDELW���������P
ZDWHU� GHSWK�� ZKLOH� /DPOHOOLEUDFKLD� VDWVXPD� LV� DQRWKHU
/DPHOOLEUDFKLD� ZKLFK� LQKDELW� WKH� VKDOORZ� PDULQH� ]RQH
�DSSUR[LPDWHO\�DW����P�ZDWHU�GHSWK���DW�.DJRVKLPD�%D\�
-DSDQ��0LXUD�HW�DO����������+RZHYHU��WKH\�SRVVHVV�VLPLODU
ERG\� VL]H� DQG� PD\� SURGXFH� VLPLODU� WUDFHV�� ,Q� IDFW�� WKH
/DPOHOOLEUDFKLD� VDWVXPD� FDQ� RQO\� VXUYLYH� D
P D [ L P X P � R I � X S � W R � ����P� Z D W H U
GHSWK�� FRQYHUVHO\�� � /DPOHOOLEUDFKLD� OX\PHVL� FDQQRW
VXUYLYH�ZLWKLQ� VKDOORZ�PDULQH� LQFOXGLQJ�RQ� ���P�ZDWHU
GHSWK�� 6KDOORZ�PDULQH� OLWWRUDO� DQG� GHHS�PDULQH� EDWK\DO
]RQH�DUH�GLIIHUHQWLDWHG�E\�GLIIHUHQW�SUHVVXUH�OHYHOV��R[\JHQ
FRQWHQW�� OLJKW�SHQHWUDWLRQ�� VDOLQLW\�� DQG�QXWULHQW� VXSSO\�
&RQVHTXHQWO\�� DOPRVW� QR� RUJDQLVP� FRXOG� WROHUDWH
WKHVH�KLJK�YDULDELOLWLHV�RI�HQYLURQPHQWDO�SDUDPHWHUV
WKDW�DOORZ�WKHP�WR�PLJUDWH�EHWZHHQ�ERWK�]RQHV��

)LJXUH���� 6FKHPDWLF� GLDJUDP� RI� IRXU� FRPPRQ� W\SHV� RI
SURFHVVHV�WKDW�WUDQVSRUW�VHGLPHQW�WR�WKH�GHHS�
ZDWHU� HQYLURQPHQW� DQG� DUH� DIIHFWHG� E\� JUDYLW\
�6KDQPXJDP�HW�DO���������



�� <DQ�5L]DO��HW�DO�

)XUWKHUPRUH�� ERWK� OLWKRORJLFDO� DQG� LFKQRIDFLHV
DQDO\VHV� LQGLFDWH� VLPLODU� VKDOORZLQJ� DQG� GHHSHQLQJ� VHD
OHYHO�SDWWHUQV�VXJJHVWV�QR�PLVLQWHUSUHWDWLRQ��'HULYHG�IURP
DOO� GDWD� DQG� IDFWV� KDYH� EHHQ� GLVFXVVHG� DERYH��ZH� FRXOG
RQO\�DUJXH�WKDW�LFKQRIDFLHV�DQDO\VLV�PLJKW�EH�EHWWHU�WR�EH
SHUIRUPHG� WRJHWKHU�ZLWK� RWKHU� DQDO\VHV� H�J�� OLWKRORJLFDO
DQDO\VLV�� PLFURIRVVLO� DQDO\VLV�� HWF��� LQVWHDG� RI� EHLQJ
FRQGXFWHG�DV�VLQJOH�DQDO\VLV�

&21&/86,21
%DVHG�RQ� WKH�LQWHJUDWHG�DQDO\VLV�DQG�GLVFXVVLRQ�RQ

OLWKRORJ\��LFKQRIRVVLOV��DQG�PLFURIRVVLOV��ZH�FDQ�FRQFOXGH
DV�IROORZV�

7KH�URFN�IRUPDWLRQ�LQ�&LVDDU�LV�EHORQJV�WR�WKH�&LVDDU
)RUPDWLRQ�� /LWKRORJLFDO� DQDO\VLV� VKRZV� WKDW� WKH
GHSRVLWLRQDO�V\VWHP�ZDV�GRPLQDWHG�E\�JUDYLW\�LQIOXHQFHG
WXUELG�FXUUHQWV��LQGLFDWHG�E\�WKH�RFFXUUHQFH�RI� ORDG�FDVW�
JUDGHG�EHGGLQJ��ULS�XS�FODVW��DQG�ULSSOH�PDUN�RQ�VDQGVWRQH
OD\HU� DQG� VOXPS� VWUXFWXUH� IROORZHG� E\� VDQG\� OD\HU� RI
GHEULV� IORZ�VHGLPHQW�VWUXFWXUH��7KHVH� IHDWXUHV�JHQHUDOO\
RFFXUV�LQ�WKH�VXEPDULQH�IDQ�]RQH��6LPLODU�WR�WKH�OLWKRIDFLHV
DQDO\VLV�� PLFURIRVVLO� DQDO\VLV� UHVXOW� DOVR� VXJJHVWV� WKDW
GHSRVLWLRQDO� EDWK\PHWU\� IRU�&LVDDU�5LYHU� URFN� OD\HUV�DUH
EHWZHHQ� ���������P�ZDWHU�GHSWK� �GHHS�PDULQH�� GHULYHG
IURP�WKH�SUHVHQFH�RI�3XOOHQLD�EXOORLGHV�DQG�%DWK\VLSKRQ
IRVVLOV�

,Q� FRQWUDVW�� EDWK\PHWULFDO� LQWHUSUHWDWLRQ� GHULYHG
IURP� LFKQRIRVLO� DQDO\VLV� LQGLFDWH� UHODWLYHO\� VKDOORZ
PDULQH�HQYLURQPHQW��,FKQRIRVVLO�ZKLFK�IRXQG�LQ�WKH�&LVDDU
5LYHU�DUH�2SKLRPRUSKD��3ODQROLWHV��&KRQGULWH��6NROLWKRV�
7KDODVVLQRLGHV�� DQG� 5KL]RFRUDOOLXP�� ZKLFK� DUH� WKHQ
FODVVLILHG� LQWR� WKUHH� LFKQRIDFLHV�� LQ� VHTXHQFHV� IURP� WKH
ROGHVW� WR�WKH�\RXQJHVW�DUH�&UX]LDQD��*ORVVLIXQJLWHV�� DQG
6NROLWKRV�� $FFRUGLQJ� WR� WKH� LFKQRIDFLHV�� EDWK\PHWULFDO
FKDQJHV� LQWHUSUHWDWLRQ�DUH� �LQ�RUGHU��� VXEOLWWRUDO� ±� VHPL
FRQVROOLGDWHG�VXEVWUDWH��EHDFK����VDQG\�VKRUH�±�VXEOLWWRUDO
GHSRVLWLRQDO�HQYLURQPHQW��

'LVFUHSDQF\�LQ�EDWK\PHWULFDO�LQWHUSUHWDWLRQ�UHYHDOHG
IURP�OLWKRORJ\��LFKQRIRVVLO��DQG�PLFURIRVVLO�DQDO\VHV��PRVW
OLNHO\� GXH� WR� YDULRXV� VSHFLHV� RI� RUJDQLVP�ZKLFK� OLYH� LQ
GLIIHUHQW�KDELWDW��WKRXJK�FRXOG�SURGXFH�VLPLODU�WUDFHV��OHDG
WR� HQYLURQPHQWDO� PLVLQWHUSUHWDWLRQ�� 7KHUHIRUH�� LW� LV
QHFHVVDU\�WR�SHUIRUP�VHYHUDO�DQDO\VHV�WRJHWKHU�LQVWHDG�RI
VLQJOH�LFKQRIDFLHV�DQDO\VLV�

$&.12:/('*(0(176
+HUH�ZH�ZRXOG�OLNH�WR�VD\�WKDQN�\RX�YHU\�PXFK�WR

3URI��'U��-RKQ�3DXO�=RQQHIHOG�IURP�8QLYHUVLW\�RI�$OEHUWD
±� &DQDGD� DQG� 3URI�� 'U�� <DKGL� =DLP� IURP� *HRORJLFDO
'HSDUWPHQW�RI� ,7%�� IRU�GLVFXVVLRQ�DQG�FRUUHFWLRQ�RI�WKH
PDQXVFULSW�

&21)/,&7�2)�,17(5(67
7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVW�

5()(5(1&(6
%ORZ��:�� +��� ������ /DWH� 0LGGOH�(RFHQH� WR� 5HFHQW

SODQNWRQLF� IRUDPLQLIHUDO� ELRVWUDWLJUDSK\�� LQ
3URFHHGLQJV�RI�WKH�)LUVW�,QWHUQDWLRQDO�&RQIHUHQFH
3ODQNWRQLF�0LFURIRVVLOV�������(M�%ULOO��S����������

%RXPD��$�� +��� ������ 6HGLPHQWRORJ\� RI� 6RPH� )O\VFK
'HSRVLWV�� $� *UDSKLF� D SSURDFK� WR� )DFLHV
,QWHUSUHWDWLRQ�� $PVWHUGDP� �(OVHYLHU��� Y�� ����� S�
����

%\HUV��&��:�� ��������*HRORJLFDO� VLJQLILFDQFH� RI�PDULQH
ELRJHQLF� VHGLPHQWDU\� VWUXFWXUHV�� ,Q� 3�� /��0F&DOO
	� 0�� -�� 6�� 7HYHV]� �(GV���� $QLPDO�VHGLPHQW
UHODWLRQ�� 7KH� ELRJHQLF� DOWHUDWLRQ� RI� VHGLPHQWV
�9RO�����SS�����±������6SULQJHU�6FLHQFH�%XVLQHVV
0HGLD�1HZ�<RUN�

'MXKDHQL�� DQG� 6�� 0DUWRGMRMR�� ������ 6WUDWLJUDIL� 'DHUDK
0DMDOHQJND� GDQ� KXEXQJDQQ\D� GHQJDQ� WDWDQDPD
VDWXDQ� OLWKRVWUDWLJUDIL� GL� &HNXQJDQ� %RJRU�
*HRORJL�,QGRQHVLD��333*�%DQGXQJ��S�����±����

'MXUL�� +�� 0�� '��� ������ 3HWD� *HRORJL� /HPEDU
$UMDZLQDQJXQ�� -DZD� 6NDOD� ��� ���������
'LUHNWRUDW�*HRORJL�%DQGXQJ��ŬĚĂůĞ͕��͘��͘�;ϭϵϴϴͿ͘
WŝƚĨĂůůƐ�ŽĨ�ƉĂůĞŽďĂƚŚǇŵĞƚƌŝĐ�ŝŶƚĞƌƉƌĞƚĂƚŝŽŶƐ�ďĂƐĞĚ
ŽŶ� ƚƌĂĐĞ� ĨŽƐƐŝů� ĂƐƐĞŵďůĂŐĞƐ͘�W�>�/K^͕�ϯ;ϱͿ͕� ϰϲϰʹ
ϰϳϮ͘

)HUQiQGH]�	�3D]RV��������,FKQRORJ\�RI�0DUJLQDO�0DULQH
)DFLHV�RI�WKH�$JULR�)RUPDWLRQ��/RZHU�&UHWDFHRXV�
1HXTXpQ� %DVLQ��$UJHQWLQD�� DW� LWV� 7\SH� /RFDOLW\�
$PHJKLQLDQD�� ������� ��������� '2,���������
$0*+��������������

)ROOPL�� .�� %��� DQG� *ULPP�� .�� $��� ������ 'RRPHG
SLRQHHUV��JUDYLW\�IORZ�GHSRVLWLRQ�DQG�ELRWXUEDWLRQ
LQ� PDULQH� R[\JHQ�GHILFLHQW� HQYLURQPHQWV�
*HRORJ\�� �������� S�� ����±������ GRL�� ��������
�������������������������'3*)'$!����&2���

)UH\�� 5�� :��� ������ 7UDFH� IRVVLOV�� D� ILHOG� JXLGH� WR
VHOHFWHG� ORFDOLWLHV� LQ� 3HQQV\OYDQLDQ�� 3HUPLDQ�
FUHWDFHRXV��DQG�WHUWLDU\�URFNV�RI�7H[DV�DQG�UHODWHG
SDSHUV�� 6FKRRO� RI� *HRVFLHQFH�� /RXLVLDQD� 6WDWH
8QLYHUVLW\�

)UH\�� 5�� :��� -�� '�� +RZDUG�� DQG� :�� $�� 3U\RU�� �����
2SKLRPRUSKD�� LWV� PRUSKRORJLF�� WD[RQRPLF�� DQG
HQYLURQPHQWDO� VLJQLILFDQFH�� 3DODHRJHRJUDSK\�
3DODHRFOLPDWRORJ\��3DODHRHFRORJ\��������±����

)UH\�� 5�� :��� DQG� 6�� *�� 3HPEHUWRQ�� ������ %LRJHQLF
VWUXFWXUHV�LQ�RXWFURSV�DQG�FRUHV��,��$SSURDFKHV�WR
LFKQRORJ\�� %XOOHWLQ� RI� &DQDGLDQ� 3HWUROHXP
*HRORJ\�����������±����

)UH\�� 5�� :��� 6�� *�� 3HPEHUWRQ�� DQG� 7�� '�� $�� 6DXQGHUV�
������ ,FKQRIDFLHV� DQG� EDWK\PHWU\�� D� SDVVLYH
UHODWLRQVKLS��-RXUQDO�RI�3DOHRQWRORJ\������������±
�����GRL����������V�����������������
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)�UVLFK�� )�� 7��� ������ ,FKQRJHQXV� 5KL]RFRUDOOLXP�
3DOlRQWRORJLVFKH� =HLWVFKULIW�� ����±���� ��±���
GRL����������%)���������

*ULPP��.�$���DQG�)ROOPL�.��%��������'RRPHG�3LRQHHUV�
$OORFKWRQRXV� &UXVWDFHDQ� 7UDFHPDNHUV� LQ
$QDHURELF� %DVLQDO� 6WUDWD�� 2ORJR�0LRFHQH� 6DQ
*UHJRULR�)RUPDWLRQ��%DMD�&DOLIRUQLD�6XU�0H[LFR�
3DODLRV�������������

.HOOLQJ�� *��� DQG� (�� .�� :DOWRQ�� ������ /RDG�FDVW
6WUXFWXUHV�� 7KHLU� 5HODWLRQVKLS� WR� 8SSHU�6XUIDFH
6WUXFWXUHV��� DQG��� WKHLU��� 0RGH��� RI��� )RUPDWLRQ�
*HRORJLFDO� � � 0DJD]LQH�� � � ������� � � ���±�����GRL�
��������6�����������������

.QDXVW�� ������ 7KH� LFKQRJHQXV� 5KL]RFRUDOOLXP�
&ODVVLILFDWLRQ�� WUDFH� PDNHUV�� SDODHRHQYLURQPHQWV
DQG� ��HYROXWLRQ��(DUWK�6FLHQFH�5HYLHZV���������±
���� (OVHYLHU� %9�� GRL�� ��������
M�HDUVFLUHY������������

/RZH��'�� 5��� ������ 6HGLPHQW� JUDYLW\� IORZV�� ,,�� � � �
'HSRVLWLRQDO� PRGHOV� ZLWK� VSHFLDO� UHIHUHQFH� WR
WKH� GHSRVLWV� RI� KLJK�GHQVLW\� WXUELGLW\� FXUUHQWV�
-RXUQDO� RI� 6HGLPHQWDU\� 3HWURORJ\�� ������� ���±
����� GRL�� �����������I�I����E�����G��
����������F����G�

0iQJDQR��0��*���%XDWRLV��/��$���:HVW��5��5���0DSOHV��&�
*��������,FKQRORJ\�RI�D�3HQQV\OYDQLDQ�(TXDWRULDO
7LGDO� )ODW�� 7KH� 6WXOO� 6KDOH�0HPEHU� DW�:DYHUO\�
(DVWHUQ� .DQVDV�� %XOOHWLQ� RI� .DQVDV� *HRORJLFDO
6XUYH\�������������

0DUWRGMRMR�� 6��� ������ (YROXVL� &HNXQJDQ� %RJRU�� -DZD
%DUDW��'LVHUWDVL�'RNWRU�,7%��XQSXEOLVKHG�

0LXUD�� 7��� -�� 7VXNDKDUD�� DQG� -�� +DVKLPRWR�� �����
/DPHOOLEUDFKLD� VDWVXPD�� D� QHZ� VSHFLHV� RI
9HVWLPHQWLIHUDQ�ZRUPV� �$QQHOLGD�� 3RJRQRSKRUD�
IURP�D� VKDOORZ�K\GURWKHUPDO�YHQW� LQ�.DJRVKLPD
%D\��-DSDQ��3URFHHGLQJV�RI�WKH�%LRORJLFDO�6RFLHW\
RI�:DVKLQJWRQ�������������±����

1LHOVHQ�� -�� .��� +DQVHQ�� .�� 6��� 6LPRQVHQ�� /��� �����
6HGLPHQWRORJ\� DQG� LFKQRORJ\� RI� WKH� 5REEHGDOH
)RUPDWLRQ� � �/RZHU� &UHWDFHRXV��� %RUQKROP�
'HQPDUN�� %XOOHWLQ� RI� WKH� *HRORJLFDO� 6RFLHW\� RI
'HQPDUN��������������

1RYD��0�� =��$EGXUURNKLP��)LUPDQV\DK��<��� ������6WXGL
/LWRIDVLHV�GDQ�/LQJNXQJDQ�3HQJHQGDSDQ��)RUPDVL
+DODQJ�SDGD�/LQWDVDQ�VXQJDL�&LZDUX�0DMDOHQJND
�� -DZDEDUDW�� 3DGMDGMDUDQ� *HRVFLHQFH� -RXUQDO�
9RO����QR����

3HPEHUWRQ�� 6�� *��� ������ $SSOLFDWLRQV� RI� LFKQRORJ\� WR
SHWUROHXP�H[SORUDWLRQ��$SSOLFDWLRQV�RI� LFKQRORJ\
WR�SHWUROHXP�H[SORUDWLRQ��GRL���������FRU�������

3HPEHUWRQ�� 6�� *��� )UH\�� 5�� :��� ������ 7UDFH� IRVVLO
QRPHQFODWXUH� DQG� WKH� 3ODQROLWHV�3DODHRSK\FXV
GLOHPPD��-RXUQDO�RI�3DOHRQWRORJ\��Y�����QR�����S�
���� ±� ����3RVDPHQWLHU�� +�:�� DQG�:DONHU�� 5�*��
������'HHS�ZDWHU�7XUELGLWH�DQG�6XEPDULQH�)DQV�
6(30��6RFLHW\�IRU�6HGLPHQWDU\�*HRORJ\����������
����

6FKROOH�� 3�� $��� DQG� '�� 6SHDULQJ�� ������ 6DQGVWRQH
'HSRVLWLRQDO� (QYLURQPHQWV�� $$3*� 0HPRLU� ���
$$3*�

6HLODFKHU�� $����� ��������%DWK\PHWU\��� RI��� WUDFH��� IRVVLOV�
0DULQH� � � *HRORJ\�� ���±���� � � ���±����� GRL�
�����������������������������

6KDQPXJDP��*���������'HHS�ZDWHU�SURFHVVHV�DQG�IDFLHV
PRGHOV�� ,PSOLFDWLRQV� IRU� VDQGVWRQH� SHWUROHXP
UHVHUYRLUV��(OVHYLHU�

6KDQPXJDP�� *��� ������ +LJK�GHQVLW\� WXUELGLW\� FXUUHQWV�
$UH� WKH\� VDQG\� GHEULV� IORZV"� -RXUQDO� RI
6HGLPHQWDU\�5HVHDUFK����������±����GRL����������
'������(��%�����'������������&����'�

6KDQPXJDP�� *��� /�� 5�� /HKWRQHQ�� 7�� 6WUDXPH�� 6�� (�
6\YHUWVHQ�� 5�� -�� +RGJNLQVRQ�� DQG� 0�� 6NLEHOL�
������ 6OXPS� DQG� GHEULV�IORZ� GRPLQDWHG� XSSHU
VORSH� IDFLHV� LQ� WKH� &UHWDFHRXV� RI� WKH� 1RUZHJLDQ
DQG�1RUWKHUQ�1RUWK�6HDV����±���1���LPSOLFDWLRQV
IRU�VDQG�GLVWULEXWLRQ��$$3*�%XOOHWLQ������������±
����

7KRPSVRQ��)��&��������1RPHQFODWXUH�DQG�&ODVVLILFDWLRQ�
3ULQFLSOHV� RI�� 3S�� ��������� ,Q� 5HVK�� 9�� +�� 	
&DUGH��5��7���(GV����������(QF\FORSHGLD�RI�,QVHFWV�
[[[��������SS��$FDGHPLF�3UHVV��6DQ�'LHJR

9LQQ�� 2��� :LOVRQ�� 0�� $��� ������ � $Q� HYHQW� EHG� ZLWK
DEXQGDQW�6NROLWKRV�EXUURZV� IURP�WKH� ODWH�3ULGROL
�6LOXULDQ�� RI� 6DDUHPDD� �(VWRQLD��� &DUQHWV� GH
*pRORJLH���������������GRL��������������������

<DQLQ�� %�� 7��� %DUDERVKNLQ�� (��<��� ������ 7KDODVVLQRLGHV
EXUURZV��GHFDSRGD�GZHOOLQJ�VWUXFWXUHV�� LQ�/RZHU
&UHWDFHRXV� VHFWLRQV� RI� VRXWKZHVWHUQ� DQG� FHQWUDO
&ULPHD��6WUDWLJUDSK\�DQG�*HRORJLFDO�&RUUHODWLRQ�
��������������� 'RL�� ��������
6���������������;�
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67$7,67,&$/�3$5$0(7(56�$1$/<6,6�2)�6(',0(17�*5$,1�
6,=(�)520�5$<$�5,9(5�%(1*.$<$1*�5(*(1&<��
:(67�%251(2

$1$/,6,6�3$5$0(7(5�67$7,67,.�8.85$1�%87,5�6(',0(1�
'$5,�681*$,�5$<$�.$%83$7(1�%(1*.$<$1*��
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0XKDUGL���<XVXI�$ULHI�1XUUDKPDQ���5LVNR���0XOLDGL���.DQWL�5DKD\X���+HQL�6XVLDWL�

� 'HSDUWPHQW�RI�*HRSK\VLFV��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��7DQMXQJSXUD�8QLYHUVLW\��3RQWLDQDN��
,QGRQHVLD

� 'HSDUWPHQW�RI�0DULQH�6FLHQFH��)DFXOW\�RI�0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV��7DQMXQJSXUD�8QLYHUVLW\��3RQWLDQDN��
,QGRQHVLD

� 1DWLRQDO�$WRPLF�(QHUJ\�$JHQF\��,QGRQHVLD

$PSSFTQPOEJOH�BVUIPS��NVIBSEJ!QIZTJDT�VOUBO�BD�JE

	3FDFJWFE�����4FQUFNCFS�������JO�SFWJTFE�GSPN����4FQUFNCFS�������BDDFQUFE�����'FCSVBSZ�����


%0*�����������CPNH��������������

$%675$&7���7KH�VWXG\�RI�WKH�VWDWLVWLFDO�DQDO\VLV�SDUDPHWHUV�RI�JUDLQ�VL]H�LQ�WKH�ZDWHUV�RI�6XQJDL�5D\D�ZDV
FDUULHG�RXW�LQ�RUGHU�WR�XQGHUVWDQG�WKH�FKDUDFWHULVWLF�RI�WKH�VHGLPHQW�LQ�WKH�ULYHU�DQG�FRDVWDO�DUHDV��7KH�JUDLQ
VL]H�DQDO\VLV�ZDV�FRQGXFWHG�E\�VLHYLQJ�PHWKRG��DIWHUZDUGV���WKH�VWDWLVWLFDO�SDUDPHWHUV�LQFOXGLQJ�WKH�DYHUDJH
JUDLQ�VL]H��VRUWLQJ��VNHZQHVV��DQG�NXUWRVLV��ZHUH�DOVR�DQDO\]HG��6HGLPHQW�VDPSOHV�ZHUH�DFTXLUHG�IURP�VL[
VWDWLRQV�ZLWK�HDFK�VWDWLRQ�FRQVLVWLQJ�RI�WKUHH�VDPSOLQJ�SRLQWV�UHSUHVHQWLQJ�ULYHU�ZHVW�EDQN��ULYHU�PLGVWUHDP�
ULYHU�HDVW�EDQN��DQG�WKH�FRDVWDO�DUHD�FRQVLVWLQJ�RI�ILYH�VWDWLRQV��7KH�UHVXOWV�RI�WKH�VHGLPHQW�DQDO\VHV�VKRZHG
WKDW�WKH�DYHUDJH�JUDLQ�VL]H�LQ�WKH�ULYHU�UDQJHV�IURP������WR������PP��DQG�RQ�WKH�EHDFK�DUHD�LV�EHWZHHQ�������
�����PP��FODVVLILHG�DV�ILQH�VDQG��PHGLXP�VDQG��YHU\�ILQH�VDQG��DQG�FRDUVH�VDQG�ZLWK�SUHGRPLQDQW�ILQH�VDQG
LQ�DOO�VWDWLRQV��7KH�UHVXOWV�RI�WKH�VWDWLVWLFDO�SDUDPHWHU�DQDO\VLV�RI�WKH�JUDLQ�VL]H�RI�WKH�ERWWRP�VHGLPHQW�LQ�WKH
ZDWHUV�RI�6XQJDL�5D\D�H[KLELW�WKH�DYHUDJH�GLDPHWHU�YDOXH�UDQJLQJ�IURP������WR������PP��FODVVLILHG�DV�ILQH
VDQG�WR�PHGLXP�VDQG��7KLV�YDOXH�LQGLFDWHV�WKDW�WKH�W\SH�RI�VHGLPHQW�LQ�WKLV�ORFDWLRQ�LV�GRPLQDWHG�E\�VLOW�ZLWK
JUDLQ�VL]HV�UDQJLQJ�IURP����������������PP��7KH�VRUWLQJ�YDOXH�UDQJHV�IURP������WR������PP��FDWHJRUL]HG�LQWR
PRGHUDWHO\�VRUWHG��PRGHUDWHO\�ZHOO�VRUWHG��YHU\�ZHOO�VRUWHG��DQG�SRRUO\�VRUWHG�FODVVHV��7KH�DYHUDJH�YDOXH�RI
VNHZQHVV�LV������ZLWK�WKH�FODVVLILFDWLRQ�RI�WKH�EHG�ORDG�EHLQJ�YHU\�ILQH��7KH�NXUWRVLV�YDOXH�UDQJHV�IURP�����
WR� ����� LQGLFDWLQJ� WKH� FODVVLILFDWLRQ� LQ� WKHVH� ZDWHUV� LV� SODW\FXULF�� PHVRNXUWLF�� OHSWRNXUWLF�� DQG� YHU\
OHSWRNXUWLF��7KHVH� ILQGLQJV�FRQFOXGHG� WKDW� LQ� WKH� VWXG\�DUHD�WKHUH� LV�D�YDULDWLRQ� LQ� WKH�DQJXODULW\�RI� WKH
VHGLPHQW�JUDLQV�GXH�WR�WKH�GLIIHUHQW�K\GURG\QDPLF�SURFHVVHV�
.H\ZRUGV��6HGLPHQW��JUDLQ�VL]H��VWDWLVWLFDO�SDUDPHWHUV��5D\D�5LYHU�ZDWHUV

$%675$.��.DMLDQ�WHQWDQJ�DQDOLVLV�SDUDPHWHU�VWDWLVWLN�XNXUDQ�EXWLU�GL�SHUDLUDQ�6XQJDL�5D\D�GLODNXNDQ
XQWXN�PHPDKDPL�NDUDNWHULVWLN�VHGLPHQ�GL�EDJLDQ�VXQJDL�GDQ�GDHUDK�SHUDLUDQ�SDQWDL��$QDOLVLV�XNXUDQ�EXWLU
GLODNXNDQ�GHQJDQ�PHWRGH�SHQJD\DNDQ��NHPXGLDQ�GLODNXNDQ�SXOD�DQDOLVLV�SDUDPHWHU�VWDWLVWLN�\DLWX�UDWD�UDWD
XNXUDQ�EXWLU��VRUWDVL��VNHZQHVV�GDQ�NXUWRVLV��6DPSHO�VHGLPHQ�GL�VXQJDL�GLSHUROHK�GDUL�HQDP�VWDVLXQ�GHQJDQ
PDVLQJ�PDVLQJ� VWDVLXQ� WHUGLUL� GDUL� WLJD� WLWLN� SHQJDPELODQ� VDPSHO� GDQ� EDJLDQ� SDQWDL� WHUGLUL� GDUL� OLPD
VWDVLXQ��+DVLO� DQDOLVLV� SDUDPHWHU� VWDWLVLN� XNXUDQ� EXWLU� VHGLPHQ� GDVDU� GL� EDJLDQ� VXQJDL� GLSHUROHK� QLODL
GLDPHWHU�UDWD�UDWD�EHUNLVDU�DQWDUD�������������PP�GDQ�DUHD�SDQWDL�������������PP�GHQJDQ�NODVLILNDVL�SDVLU
KDOXV�KLQJJD�SDVLU�VHGDQJ��1LODL�WHUVHEXW�PHQXQMXNNDQ�EDKZD�MHQLV�VHGLPHQ�GL�ORNDVL�LQL�GLGRPLQDVL�ROHK
ODQDX� GHQJDQ� XNXUDQ� EXWLU� EHUNLVDU� DQWDUD� ������ �� ������ PP�� 1LODL� VRUWDVL� VHOXUXK� VDPSHO� VHGLPHQ
GLSHUROHK�QLODL�EHUNLVDU�DQWDUD�������������PP�GHQJDQ�HPSDW�MHQLV�NODVLILNDVL�\DLWX�WHUSLODK�VHGDQJ��WHUSLODK
FXNXS�EDLN��WHUSLODK�VDQJDW�EDLN��GDQ�WHUSLODK�EXUXN��8QWXN�QLODL�VNHZQHVV�QLODL�UDWD�UDWD�VHEHVDU������PP
GHQJDQ�NODVLILNDVL�VHGLPHQ�GDVDU�FRQGRQJ�VDQJDW�KDOXV�GDQ�QLODL�NXUWRVLV�GLSHUROHK�EHUNLVDU�DQWDUD�������
�����PP�\DQJ�PHQXQMXNNDQ�NODVLILNDVL�GL�SHUDLUDQ�LQL�DGDODK�WXPSXO��FXNXS�WXPSXO��UXQFLQJ�GDQ�VDQJDW



��� 0XKDUGL��HW�DO�

UXQFLQJ�� +DVLO� LQL� PHQXQMXNDQ� EDKZD� GL� ORNDVL� LQL� WHUMDGL� YDULDVL� NHUXQFLQJDQ� EXWLUDQ� VHGLPHQ� \DQJ
GLVHEDENDQ�DGDQ\D�SURVHV�KLGURGLQDPLND�
.DWD�NXQFL��6HGLPHQ��XNXUDQ�EXWLU��SDUDPHWHU�VWDWLVWLN��SHUDLUDQ�6XQJDL�5D\D



�������������������������������������������������������������������������������������������������������������������������������%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\���
��������������������������������������������������������������������������������������������������������������������������������9RO������1R�����'HFHPEHU�����

,1752'8&7,21
5LYHUV� DUH�YHU\� G\QDPLF�ZDWHUV�GXH� WR� WKHLU� IORZV

ZKLFK� WUDQVSRUW� VHGLPHQW� WR� WKH� HVWXDU\�� 6HGLPHQW� DQG
QXWULHQW� UXQ�RII� FDXVH� VLOWDWLRQ� LQ� WKH� ZDWHUV�� WKXV
GHFUHDVLQJ�WKH�WUDQVSRUW�FDSDFLW\�RI�WKH�ULYHUV��OHDGLQJ�WR
WKH� IORRG� KD]DUG� �6RHPDUZRWR�� ������� 7KH� SURFHVV� RI
VHGLPHQW� GHSRVLWLRQ� FDQ� EH� HVWLPDWHG� WKURXJK� WKH
GLVWULEXWLRQ� RI� VHGLPHQW� JUDLQ� VL]H� �1XJURKR� DQG�%DVLW�
������3XUQDZDQ�HW�DO����������*UDLQ�VL]H�LV�WKH�PRVW�EDVLF
DVSHFW�RI�VHGLPHQWDU\�SDUWLFOHV�WKDW�DIIHFWV�VHGLPHQWDWLRQ�
WUDQVSRUW��DQG�GHSRVLWLRQ�SURFHVVHV��%ORWW�DQG�3\H�������
*HPLODQJ�HW�DO����������2QH�RI�WKH�PHWKRGV�XVHG�WR�H[SORUH
VHGLPHQW�WUDQVSRUW�SDWKZD\V�LV�E\�XVLQJ�WKH
JUDQXORPHWULF� PHWKRG�� *UDLQ� VL]H
REVHUYDWLRQ� LV� GHWHUPLQHG� E\� JUDLQ� VL]H
DQDO\VLV� �PHWKRGV�� VLHYH�� SLSHWWH�� SDUWLFOH
VL]H�DQDO\]HU�E\�ODVHU�RU�VHWWOLQJ��HWF����)URP
WKH�DQDO\VLV��ZH�FRXOG�HYDOXDWH�WKH�DYHUDJH
JUDLQ� VL]H�� VRUWLQJ�� VNHZQHVV� DQG� NXUWRVLV�
7KHVH� YDOXHV� DUH� XVHG� WR� LQWHUSUHW� WKH
GLVWULEXWLRQ�� WUDQVSRUW�� DQG� GHSRVLWLRQ
PHFKDQLVPV�RI�VHGLPHQW�LQ�ZDWHUV��.RUZD�HW
DO���������1XJURKR�DQG�%DVLW��������

7KH�JUDLQ�VL]H�GLVWULEXWLRQ�LQ�ULYHUV� LV
LQIOXHQFHG� E\� VHYHUDO� K\GURORJLFDO� IDFWRUV�
RQH�RI�ZKLFK�LV�FXUUHQW�YHORFLW\��SDUWLFXODUO\
IRU� VXVSHQGHG� VHGLPHQW� �3XUQDZDQ� HW� DO��
�������6ORZ�FXUUHQW�VSHHGV�DUH�RQO\�DEOH�WR
WUDQVSRUW� VHGLPHQWV� ZLWK� VPDOOHU� SDUWLFOH
VL]HV�DQG�VWURQJHU�FXUUHQW�VSHHGV�ZLOO�EH�DEOH
WR� FDUU\� FRDUVHU� VHGLPHQW� SDUWLFOH� VL]HV�
)LQHU� VHGLPHQWV� DUH� XVXDOO\� IRXQG� IXUWKHU
IURP�ULYHU�PRXWKV�DQG�VKRUHV��ZKLOH�FRDUVHU
VHGLPHQWV� DUH� JHQHUDOO\� IRXQG� LQ� FRDVWDO
DUHDV��0XNPLQLQ��������7DQWR�HW�DO���������
7KH� ODUJH� SRWHQWLDO� IRU� VHGLPHQWDWLRQ� LV
LQIOXHQFHG� E\� WKH� UHGXFHG� FXUUHQW� YHORFLW\
DQG�ZLGH�ULYHU�FRQGLWLRQV��/HVWDUL�HW�DO���������%URRNHV�
������/L�HW�DO����������&RDUVH�VHGLPHQWV�VXFK�DV�JUDYHO�DQG
VDQG�ZLOO�VHWWOH�IDVWHU�LQ�KLJK�WXUEXOHQW�DUHDV�DV�RSSRVHG�WR
ILQH�JUDLQ�VHGLPHQWV�VXFK�DV�PXG��'DUODQ��������1XJURKR
DQG�%DVLW��������

7KLV�UHVHDUFK�ZDV�FRQGXFWHG�LQ�WKH�ZDWHUV�RI�5D\D
5LYHU� %HQJND\DQJ� 5HJHQF\�� :HVW� .DOLPDQWDQ�� 7KH
SUREOHP�LV�WKDW�WKHUH�LV�VLOWDWLRQ�LQ�WKH�GRZQVWUHDP�SDUW�RI
WKH�ULYHU�VR�LW� LQWHUIHUHV�ZLWK�DFFHVV�WR�DQG�IURP�ILVKLQJ
ERDWV��0RUHRYHU�� FRQVLGHULQJ� WKLV� DUHD� LV� GHVLJQDWHG� IRU
1XFOHDU� 3RZHU� 3ODQW� �3/71�� E\� WKH� JRYHUQPHQW�� LW� LV
LPSHUDWLYH�WR�XQGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�WKH�ERWWRP
VHGLPHQWV� WR� SURYLGH� LQLWLDO� LQIRUPDWLRQ��7KHUHIRUH�� WKLV
VWXG\�ZDV� FRQGXFWHG� WR� GHWHUPLQH� WKH� JUDLQ� VL]H� RI� WKH
VHGLPHQWV�EDVHG�RQ�VWDWLVWLFDO�SDUDPHWHUV�LQ�WKH�ZDWHUV�RI
WKH�5D\D�5LYHU��LQ�RUGHU�WR�XQGHUVWDQG�WKH�FKDUDFWHULVWLFV
RI�WKH�VHGLPHQW�LQ�WKH�ULYHU�DQG�LQ�WKH�FRDVWDO�DUHD��

0$7(5,$/6�$1'�0(7+2'6
7LPH�DQG�6WXG\�$UHD
7KLV� VWXG\�ZDV� FRQGXFWHG� LQ�0DUFK� ����� LQ�5D\D

5LYHU��%HQJND\DQJ�5HJHQF\��:HVW�.DOLPDQWDQ��)LJXUH����
)LHOG� DFWLYLWLHV� LQYROYHG� K\GURORJLF� SDUDPHWHU
PHDVXUHPHQWV� LQFOXGLQJ� ULYHU� FXUUHQW� YHORFLW\�� ZDWHU
GHSWK� DQG� VHGLPHQW� VDPSOLQJ�� 6HGLPHQW� VDPSOLQJ� ZDV
FDUULHG�RXW�E\�XVLQJ�DQ�(NPDQ�*UDE�VDPSOHU��:H�FROOHFWHG
��VDPSOHV�IURP�HDFK�VWDWLRQ�RI�VWD������LQ�WKH�ULYHU�DUHD��DQG
RQO\� RQH� VDPSOH�ZDV� WDNHQ� IURP� VWDWLRQV� �� ±� ��� LQ� WKH
FRDVWDO�DUHD��WKXV�LQ�WRWDO�WKHUH�DUH����VDPSOHV�IRU�WKLV�JUDLQ
VL]H�DQDO\VLV�

'DWD�DQDO\VLV
6WDWLVWLFDO�SDUDPHWHUV�DQDO\VLV�RI�VHGLPHQW�JUDLQ�VL]H

LV� JHQHUDOO\� FKDUDFWHUL]HG� E\� IRXU� SDUDPHWHUV�� QDPHO\
PHDQ�� VRUWLQJ�� VNHZQHVV�� DQG� NXUWRVLV�� 7KH� JUDLQ� VL]H
LQGLFDWHV�WKH�DPRXQW�RI�HQHUJ\�GHULYHG�IURP�WKH�IORZ�RI
ZDWHU�RU�ZLQG�DFWLQJ� LQ� WKH�DUHD� �)RON�DQG�:DUG�������
)ULHGPDQ�� ������ 3XUQDZDQ� HW� DO�� ������� 6HSDUDWLRQ� RI
JUDLQ� VL]H� LV� FDUULHG� RXW� E\� VLHYH� PHWKRG� XVLQJ� WKH
IROORZLQJ�VLHYH�VL]HV����������������������������������DQG
������PP��'HWHUPLQDWLRQ�RI�WKH�VHGLPHQW�W\SH�LV�EDVHG�RQ
WKH� FODVVLILFDWLRQ� RI� 6KHSDUG� 7ULDQJOH� 'LDJUDP� �'\HU�
�������6WDWLVWLFDO�SDUDPHWHUV�DQDO\VLV�RI�VHGLPHQW� LQ� WKH
IRUP�RI�PHDQ�VL]H��VRUWLQJ��VNHZQHVV�DQG�NXUWRVLV�XVLQJ
:HQWZRUWK�FODVVLILFDWLRQ���������

)LJXUH����/RFDWLRQ�RI�VHGLPHQW�VDPSOLQJ�DORQJ�5D\D�ULYHU�DQG�FRDVWDO�DUHDV
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7KH�VHGLPHQW�JUDLQ�VL]H�LV�SUHVHQWHG�LQ�SKL��ĳ��VFDOH�WKDW�LV
GHILQHG�E\��)RON�DQG�:DUG��������DV�

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

:KHUH� � DQG� G� DUH� JUDLQ� VL]H� DQG� JUDLQ� GLDPHWHU
�PP���UHVSHFWLYHO\�

7KH�DYHUDJH�JUDLQ�VL]H�LV�WKH�DYHUDJH�JUDLQ�VL]H�YDOXH
DQG�FDQ�EH�FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ�

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

'HWHUPLQDWLRQ� RI� VRUWLQJ� ZLOO� EH� EHWWHU� XVLQJ� D
PDWKHPDWLFDO� DSSURDFK� E\� ILQGLQJ� WKH� YDOXH� RI� WKH
VWDQGDUG�GHYLDWLRQ�GHWHUPLQHG�E\�WKH�HTXDWLRQ�

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

'HWHUPLQDWLRQ�RI�VNHZQHVV�LV�EDVHG�RQ�WKH�VWDQGDUG
GHYLDWLRQ�YDOXH��,I�LQ�D�JUDLQ�VL]H�GLVWULEXWLRQ�WKHUH�LV�DQ
H[FHVV�RI�FRDUVH�SDUWLFOHV��WKHQ�WKH�VKULQNDJH�LV�QHJDWLYH
DQG� YLFH� YHUVD� DQG� LI� WKH� JUDLQ� VL]H� GLVWULEXWLRQ� LV
H[FHVVLYH�� WKH� ILQH� SDUWLFOH� VL]H� GLVWULEXWLRQ� LV� SRVLWLYH�
ZKLFK�FDQ�EH�FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ��)RON��������

�������������������������

.XUWRVLV� LV� FDOFXODWHG� E\� WKH� HTXDWLRQ�RI� )RON� DQG
:DUG��������

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

5(68/76
7KH�VWDWLVWLFDO�SDUDPHWHUV�RI�SDUWLFOH�VL]H�WKDW�DUH

FRPPRQO\� XVHG� DUH� PHDQ� JUDLQ� VL]H�� VRUWLQJ� �27��
VNHZQHVV��6.,���DQG�NXUWRVLV��.*���7KLV�UHVHDUFK�ZDV
FRQGXFWHG�LQ���VWXG\�DUHDV��HDFK�UHSUHVHQWLQJ�D�SDUW�RI
WKH�ULYHU�DQG�FRDVWDO�ZDWHUV��7KH�UHVXOWV�RI�WKH�RYHUDOO
VHGLPHQW� JUDLQ� VL]H� FODVVLILFDWLRQ� DUH� SUHVHQWHG� LQ
7DEOH���

%DVHG�RQ�WKH�FDOFXODWLRQ�RI�VWDWLVWLFDO�SDUDPHWHUV�RI
WKH� ERWWRP� VHGLPHQW� JUDLQ� VL]H� LQ� WKH� ULYHU� DUHD�� WKH
DYHUDJH�GLDPHWHU�YDOXH�UDQJHV�IURP������WR������PP��DQG
LQ� WKH� FRDVWDO� DUHD� LW� UDQJHV� IURP� ����� WR� ����� PP�
FODVVLILHG�DV�ILQH�VDQG�WR�PHGLXP�VDQG��7KH�VRUWLQJ�YDOXH
RI�DOO�EDVLF�VHGLPHQW�VDPSOHV�DW�HDFK�VWDWLRQ�UDQJHV�IURP
������������PP��DV�D�UHVXOW��WKH�UHVHDUFK�DUHD�LV�GLYLGHG�LQWR
�� FODVVLILFDWLRQ�� DUH�PRGHUDWHO\� VRUWHG��PRGHUDWHO\�ZHOO
VRUWHG�� YHU\� ZHOO� VRUWHG�� DQG� SRRUO\� VRUWHG��7KH� KLJKHU
VRUWLQJ�YDOXH�LQ�WKH�ULYHU�ZDV�IRXQG�DW�6WDWLRQV�������DQG��
ZLWK�DQ�DYHUDJH�YDOXH�RI������PP�������PP��DQG������PP�
,Q�WKH�FRDVWDO�DUHD��WKH�VHGLPHQW�LV�UHODWLYHO\�FDWHJRUL]HG
LQWR� D� SRRUO\� VRUWHG�JURXS��7KH� DYHUDJH� YDOXH� LQGLFDWHV
WKDW�WKH�FODVVLILFDWLRQ�LV�SRRUO\�GLVDJJUHJDWHG�

$FFRUGLQJ� WR� ,QJPDQVRQ� DQG�:DOODFH� �������� WKH
SRRUO\�VRUWHG�FODVVLILFDWLRQ�LV�GXH�WR�WKH�SDUWLFOH�VL]H�WKDW
DFFXPXODWHG�UDQGRPO\��0DQ\�ILVKLQJ�ERDWV�DUH�DQFKRUHG
DW�6WDWLRQV�������DQG���PD\�PRGLI\�DQG�EORFN�WKH�FXUUHQW
IORZV�� OHDG� WR� WKH� RFFXUUHQFH� RI� XQVWDEOH� FXUUHQWV�� ,Q
DGGLWLRQ��WKH�PRUSKRORJ\�RI�WKH�ULYHU�ERWWRP�WRSRJUDSK\
DOVR�DIIHFWV�WKH�FODVVLILFDWLRQ�RI�WKH�VRUWLQJ�YDOXH��5LIDUGL
������� VWDWHG� WKDW� SRRU� VRUWLQJ� LV� LQIOXHQFHG� E\� FXUUHQW
YHORFLW\� WKDW� LV� LQKRPRJHQRXV�PRVW� RI� WKH� WLPH�� VR� WKH

7DEOH����*UDLQ�6L]H�3DUDPHWHU�DQG�&ODVVLILFDWLRQ
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DFFXPXODWHG�VHGLPHQW�JUDLQV�ZRXOG�EH�UHODWLYHO\�YDULRXV�
7KH�VKDSH�RI�WKH�ULYHUEHGV�DW�HDFK�VWDWLRQ�LV�DV�VKRZQ�LQ
)LJXUH���

7KH�YDOXH�RI� VNHZQHVV� LQ� WKH� ULYHU�DUHD� LV�GLYHUVH�
UDQJLQJ� IURP� ����� WR� ����� PP� ������ PP� RQ� DYHUDJH��
%DVHG�RQ�WKH�DYHUDJH�YDOXH�RI�WKH�VNHZQHVV���WKH�VHGLPHQWV
DUH� GHILQHG� WR� EH� YHU\� ILQH�� ,Q� WKH� FRDVWDO� DUHD�� WKH
VNHZQHVV�YDOXH�LV������±������ZLWK�WKH�VDPH�FODVVLILFDWLRQ�
ZKLFK�LV�YHU\�VPRRWK��:KLOH� WKH�NXUWRVLV�YDOXHV� UDQJHG
IURP������WR������PP��FDQ�EH�FDWHJRUL]HG�DV�SODW\FXULF�
PHVRNXUWLF��OHSWRNXUWLF�DQG�YHU\�OHSWRNXUWLF�

',6&866,21
6HGLPHQW�&KDUDFWHULVWLFV
%DVHG�RQ�WKH�UHVXOWV�RI�VWDWLVWLFDO�SDUDPHWHU�DQDO\VLV

LQ�WKH�ULYHU�DQG�FRDVWDO�VHFWLRQV��WKH�FODVVLILFDWLRQ�RI�ERWK
DUHDV� LQGLFDWHV� UHODWLYHO\� VLPLODU� ILQGLQJV�� 7KH� FRKHUHQW
UHVXOW�FDQ�EH�REVHUYHG� IURP� WKH�FRUUHODWLRQ�EHWZHHQ� WKH
NXUWRVLV�DQG�VNHZQHVV�YDOXH�RI�ERWK�DUHDV��)LJXUH�����7KH
DYHUDJH�NXUWRVLV�DQG�VNHZQHVV�YDOXHV�LQ�WKH�ULYHU�DUH�����
DQG������UHVSHFWLYHO\��0HDQZKLOH��RQ�WKH�FRDVW��WKH�DYHUDJH
NXUWRVLV� DQG� VNHZQHVV� YDOXHV� DUH� ����� DQG� ������ 7KHVH
UHVXOWV�LQGLFDWH�WKDW�WKH�YDOXHV�RI�NXUWRVLV�DQG�VNHZQHVV�LQ
ERWK�DUHDV�DUH�ZLWKLQ� VLPLODU�JURXS��ZKLFK� LV� �YHU\� ILQH
VNHZ�DQG�OHSWRNXUWLF��$ULWRQDQJ�HW�DO���������DUJXHG�WKDW
SRVLWLYH�YDOXH�RI��VNHZQHVV�JHQHUDOO\�LQGLFDWH�ILQH�VL]HG
VXEVWUDWH��VLOW�WR�PXG���6XUEDNWL��������DOVR�PHQWLRQHG�WKDW
WKH� VNHZQHVV� LQ� WKH� HVWXDU\� LV� LQ� WKH� DYHUDJH� UDQJH� RI
V\PPHWULFDO��VPRRWK��WR�YHU\�ILQH��$FFRUGLQJ�WR�3XUQDZDQ
HW�DO���������WKH�YHU\�KLJK�NXUWRVLV�YDOXH�LV�SURGXFHG�E\�WKH
GLVWULEXWLRQ�SDWWHUQ��ZKLFK�LV�GRPLQDWHG�E\�PHGLXP�DQG
ILQH� VDQG� IUDFWLRQV�� %RJJV� ������� DOVR� H[SODLQHG�� WKH
SHDN¶V� KLJK�GHJUHH� LV� SDUDOOHO�ZLWK� WKH�REVHUYHG� VRUWLQJ
FRQGLWLRQV��ZKHUH�DOO�VWDWLRQV�DUH�TXLWH�ZHOO�VRUWHG��

7KH� JUDLQ� VL]H� YDOXHV� REWDLQHG� UDQJHG� IURP������
PP�±�������PP��LQGLFDWLQJ�WKDW�WKH�RYHUDOO�VHGLPHQW�W\SH
ZDV�GRPLQDWHG�E\�VLOW��6HGLPHQW�JUDLQ�VL]H�LQ�JHQHUDO� LV
VWURQJO\� LQIOXHQFHG� E\� WKH� FXUUHQW� VSHHG� LQ� WKH� ZDWHUV
�7KUXPDQ�LQ�$ULILQ���������)LQH�JUDLQ�VL]HV�GRPLQDWH�VORZ
FXUUHQWV� DQG� VWURQJ� FXUUHQWV� DUH� GRPLQDWHG� E\� FRDUVHU
RQHV��$FFRUGLQJ�WR�'MXUGMDQL���������LQ�6XNXU\DGL��������
WKH�ZHDN�VORZ�FXUUHQW� LV�GHILQHG� IRU� FXUUHQW� VSHHG�����
P�V�� 7KH� DYHUDJH� RI� FXUUHQW� VSHHG�PHDVXUHPHQW� LQ� WKH
ULYHU�RI�RXU�VWXG\�LV������P�V��ZKLOH�LQ�WKH�FRDVWDO�PRVW�SDUW
LV� ����� P�V� LQ� DYHUDJH�� FRQVLGHUHG� DV� D� ZHDN� FXUUHQW�
UHVXOWLQJ� LQ� UHODWLYHO\� ILQH�JUDLQ� VL]H� RI� VHGLPHQW� DV�ZH
KDYH�GLVFXVVHG�DERYH��

&21&/86,21
%DVHG�RQ�VWDWLVWLFDO�SDUDPHWHU�DQDO\VLV�RI�VHGLPHQW

JUDLQ�VL]H�� WKH�DYHUDJH�GLDPHWHU�RI�VHGLPHQW� LQ�WKH�ULYHU
DUHD�UDQJHG�IURP������WR������PP���DQG�ZLWKLQ�WKH�EHDFK
DUHD��WKH�JUDLQ�VL]H�YDOXH�ZDV������WR������PP��WKDW�FDQ�EH

)LJXUH���� &URVV�VHFWLRQ� RI� WKH� ULYHU� VKDSHV� LQ� WKH�ZDWHU� RI
5D\D�5LYHU�%HQJND\DQJ�5HJHQF\�:HVW�%RUQHR

)LJXUH���� 7KH� VFDWWHU� RI� JUDSKLF� NXUWRVLV�9V� VNHZQHVV� LQ� WKH
ULYHU� DQG� EHDFK� DUHD� GLVSOD\� D� FORVH� FRUUHODWLRQ
EHWZHHQ�ERWK�DUHDV



��� 0XKDUGL��HW�DO�

FODVVLILHG�LQWR�ILQH�VDQG��PHGLXP�VDQG��YHU\�ILQH�VDQG��DQG
FRDUVH�VDQG��+RZHYHU���WKH�DYHUDJH�YDOXH�RI�WKH�JUDLQ�VL]H
LV�������ZKLFK�LQGLFDWHV�WKDW�ILQH�VDQG�LV�GRPLQDQW��6RUWLQJ
YDOXHV�LQ�WKH�ULYHU�DQG�FRDVWDO�ZDWHUV�UDQJHG�IURP�������
�����DQG��������������UHVSHFWLYHO\��GHILQHG�DV�PRGHUDWHO\
VRUWHG�� PRGHUDWHO\� ZHOO�VRUWHG�� YHU\� ZHOO� VRUWHG�� DQG
SRRUO\�VRUWHG��2YHUDOO��WKH�DYHUDJH�RI�VRUWLQJ�YDOXH�LV������
VLJQLILHV�PRGHUDWHO\� VRUWHG��7KLV� FODVVLILFDWLRQ� LQGLFDWHV
WKDW�WKH�VRUWLQJ�SURFHVV�LV�QRW�JRRG�LQGLFDWHG�E\�WKH�PRUH
GLYHUVH�GLVWULEXWLRQ�RI�VHGLPHQW�JUDLQ�VL]HV��7KH�VNHZQHVV
RI�ERWK�LQ�WKH�ULYHU�DQG�LQ�WKH�FRDVW�FDQ�EH�FDWHJRUL]HG�DV
YHU\�ILQH�VNHZHG��FRQILUPHG�IURP�UHODWLYHO\�ORZ�VNHZQHVV
YDOXH��ZKLFK�DUH�LV�EHWZHHQ������WR������PP��DQG�EHWZHHQ
�����WR������PP�UHVSHFWLYHO\��7KHVH�UHVXOWV�LQGLFDWH�WKDW
WKH�GHQVLW\�RU�JUDLQ�VL]H�RI�WKH�VHGLPHQW�LV�PRUH�GLVWULEXWHG
WR� WKH� ILQHU� JUDLQ� VL]H�� 7KH� YDOXH� RI� NXUWRVLV� LQ� ULYHUV
UDQJHV� IURP� ����� WR� ����� PP�� FODVVLILHG� DV� SODW\FXULF�
PHVRNXUWLF�� OHSWRNXUWLF�� DQG� YHU\� OHSWRNXUWLF��:KLOH� LQ
FRDVWDO� DUHDV� LW� UDQJHV� IURP� ����� WR� ������ FODVVLILHG� DV
OHSWRNXUWLF�DQG�YHU\�OHSWRNXUWLF�

$&.12:/('*(0(176
7KH� DXWKRU�ZRXOG� OLNH� WR� WKDQN� WKH�&HQWHU� IRU� WKH

6WXG\� RI� 1XFOHDU� (QHUJ\� 6\VWHPV�� WKH� ,QGRQHVLDQ
1DWLRQDO�1XFOHDU�(QHUJ\�$JHQF\��%$7$1��WKURXJK�WKH
5,67(.� %5,1� /3'3� IXQGLQJ�� ZKLFK� KDV� SURYLGHG
IXQGLQJ�WR�FRPSOHWH�WKLV�UHVHDUFK�

5()(5(1&(6
$ULILQ�� %��� ������ .DUDNWHULVWLN� 6HGLPHQ� GLWLQMDX� GDUL

$NWLILWDV� $QWKURSRJHQLN� GL� 3HUDLUDQ� 'XPDL
�6NULSVL�6DUMDQD���8QLYHUVLWDV�5LDX��5LDX�

$ULWRQDQJ�� $�(��� 6XEDNWL�� +��� GDQ� 3XUZL\DQWR�� $�,�6��
������ /DMX� 3HQJHQGDSDQ� 6HGLPHQ� GL� 3XODX
$QDNDQ� 0XDUD� 6XQJDL� %DQ\XDVLQ� 3URYLQVL
6XPDWHUD�6HODWDQ��0DVSDUL�-RXUQDO�������������

%ORWW�� � 6�-��� 3\H�� .��� ������ *UDGLVWDW� �� $� JUDLQ� VL]H
GLVWULEXWLRQ�DQG�VWDWLVWLFV�SDFNDJH�IRU�WKH�DQDO\VLV
RI� XQFRQVROLGDWHG� VHGLPHQWV�� (DUWK� 6XUIDFH
3URFHVVHV�DQG�/DQGIRUPV��������������±�����

%RJJV��6��-U���������3HWURORJ\�RI�6HGLPHQWDU\�5RFNV���WK
HG�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� &DPEULGJH�
���S�

%URRNHV��$��� ������5LYHU� FKDQQHO� FKDQJH�� ,Q�&DORZ��3��
DQG� 3HWWV�� *�(� �HGV��� 7KH� ULYHU� KDQGERRN�
K\GURORJLFDO�DQG�HFRORJLFDO�SULQFLSOHV��YROXPH���
2[IRUG��%ODFNZHOO�6FLHQWLILF�������S�

'DUODQ��<���������*HRPRUIRORJL�:LOD\DK�3HVLVLU��$SOLNDVL
XQWXN� SHQHOLWLDQ� ZLOD\DK� SDQWDL�� 3XVDW
3HQJHPEDQJDQ�*HRORJL�.HODXWDQ��%DQGXQJ����S�

'\HU�� .�5�� ������ &RDVWDO� DQG� HVWXDULQH� VHGLPHQW
G\QDPLFV�� -RKQ�:LOH\� GDQ� 6RQV� /WG�� 1HZ�<RUN�
���S�

)RON��5�/���:DUG��:�&���������%UD]RV�ULYHU�ED\��D�VWXG\
LQ� WKH� VLJQLILFDQFH� RI� JUDLQ� VL]H� SDUDPHWHUV�
-RXUQDO�6HGLPHQW�3HWURO������������

)RON�� 5�/�� ������ 3HWURORJ\� RI� 6HGLPHQWDU\� 5RFNV�
+HPSKLOO� 3XEOLVKLQJ� &RPSDQ\� $XVWLQ�� 7H[DV�
86$�����K�

)ULHGPDQ��*�0���������'\QDPLF�3URFHVVHV�DQG�6WDWLVWLFDO
3DUDPHWHUV� &RPSDUHG� )RU� 6L]H� )UHTXHQF\
'LVWULEXWLRQ�RI�%HDFK�DQG�5LYHU�6DQG��-RXUQDO�RI
6HGLPHQWDU\�5HVHDUFK�������������±������

*HPLODQJ�� :�$��� :LVKD�� 8�-��� 5DKPDZDQ�� *�$��� GDQ
'KLDXGGLQ�� ������.DUDNWHULVWLN� 6HEDUDQ� 6HGLPHQ
3DQWDL�8WDUD�-DZD�6WXGL�.DVXV��.HFDPDWDQ�%UHEHV
-DZD� 7HQJDK�� -XUQDO� .HODXWDQ� 1DVLRQDO�� ������
������

,QJPDQVRQ��'��(���:DOODFH��:�� -��������� ,QWURGXFWLRQ� WR
2FHDQRJUDSK\���WK�HG��%HOPRQW��&DOLIRUQLD����S�

.RUZD�� -�,�6��� 2SD�� (�7��� GDQ� 'MDPDOXGLQ�� 5��� �����
.DUDNWHULVWLN�6HGLPHQ�/LWRUDO�GL�3DQWDL�6LQGXODQJ
6DWX��-XUQDO�3HVLVLU�GDQ�/DXW�7URSLV����������±���

/HVWDUL��$��'���3UDPDGLWD��6���6LPDWXSDQJ��-��0��7�������
6HGLPHQWDVL� GL� 6XQJDL� .DSXDV� .HFLO�� 3RQWLDQDN
3URYLQVL� .DOLPDQWDQ� %DUDW�� 6HPLQDU� 1DVLRQDO
6DLQV�GDQ�7HNQRORJL��76����������

/L�� /XTLDQ��� /X�� ;L[L��� &KHQ�� =��� ������ 5LYHU� FKDQQHO
FKDQJHV� GXULQJ� WKH� ODVW� ��� \HDUV� LQ� WKH� PLGGOH
<DQJW]H�5LYHU�� WKH� -LDQOL� UHDFK��*HRPRUSKRORJ\�
����������������

0XNPLQLQ�� $��� ������ 3URVHV� 6HGLPHQWDVL� GL� SHUDLUDQ
SDQWDL�'RPSDN�.HFDPDWDQ�%XNLW�%HVWDUL�3URYLQVL
.HSXODXDQ� 5LDX� �6NULSVL� 6DUMDQD��� 8QLYHUVLWDV
5LDX��5LDX�

1XJURKR�� 6�+��� GDQ� %DVLW��$�� ������ 6HEDUDQ� 6HGLPHQ
%HUGDVDUNDQ� $QDOLVLV� 8NXUDQ� %XWLU� GL� 7HOXN
:HGD��0DOXNX�8WDUD�� -XUQDO� ,OPX�GDQ�7HNQRORJL
.HODXWDQ�7URSLV�����������������

3XUQDZDQ��6���6HWLDZDQ�� ,���GDQ�:DUPDQWLQ�� ������6WXGL
VHEDUDQ� VHGLPHQ� EHUGDVDUNDQ� XNXUDQ� EXWLU� GL
SHUDLUDQ� �.XDOD�*LJLHQJ��.DEXSDWHQ�$FHK�%HVDU�
3URYLQVL�$FHK��'HSLN�������������S�

3XUQDZDQ�� 6��� +DULGKL�� +�� $��� 6HWLDZDQ�� ,�� GDQ
0DUZDQWLP�� ������ 3DUDPHWHU� VWDWLVWLN� XNXUDQ
EXWLUDQ� SDGD� VHGLPHQ� EHUSDVLU� GL� 0XDUD� .XDOD
*LJLHQJ��.DEXSDWHQ�$FHK�%HVDU��-XUQDO�,OPX�GDQ
7HNQRORJL�.HODXWDQ�7URSLV�����������±����

5LIDUGL�� ������ *HRORJL� 6HGLPHQ� 0RGHUQ�� 8QLYHUVLWDV
5LDX�3UHVV��3HNDQ�%DUX�����K�

6XUEDNWL�� +�� ������ 3HPRGHODQ� 6HEDUDQ� 6HGLPHQ
7HUVXVSHQVL� GDQ� 3ROD�$UXV� GL� 3HVLVLU� %DQ\XDVLQ�
6XPDWHUD�6HODWDQ��-XUQDO�6HJDUD��������������

6RHPDUZRWR�� 2��� ������ $VSHN� (NRORJL� GDODP
3HQJHORODDQ� 'DHUDK� $OLUDQ� 6XQJDL�� <D\DVDQ
3HQHUELW�387/��0DMDODK�1RPRU����;9������
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6XNXU\DGL���������$QDOLVLV�$UXV�GDQ�*HORPEDQJ�3HUDLUDQ
%DWX� %HODQGH� *LOL� $VDKDQ� � 'HVD� %DWX� 3XWLK
.HFDPDWDQ� 6HNRWRQJ� /RPERN� %DUDW�� -XUQDO
3DHGDJRULD��������������

7DQWR�� 7�$�� 3XWUD�� $��� .XVXPDK�� *��� )DUKDQ�� $�5��
3URQRZR�� :�6��� +XVULQ�� 6�� ,OKDP�� �����

3HQGXJDDQ� /DMX� 6HGLPHQWDVL� GL� 3HUDLUDQ� 7HOXN
%HQRD� �� %DOL� %HUGDVDUNDQ� &LWUD� 6DWHOLW�� -XUQDO
.HODXWDQ�1DVLRQDO�����������������

:HQWZRUWK��&�.���������$�VFDOH�RI�JUDGH�DQG�FODVV�WHUPV
IRU�FODVWLF�VHGLPHQWV��-RXUQDO�RI�*HRORJ\����������
�����
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