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E\�KXQGUHGV�RI�NLORPHWHUV�RI�RSHQ�RFHDQ��7KLV�
LVRODWLRQ�KDV�UHVXOWHG�LQ�XQLTXH�DQG�GHSDXSHUDWH�
FRPPXQLWLHV�VKDSHG�E\�UHODWLYH�FRORQL]DWLRQ�DELOLW\�
DQG�LVODQG�DJH��5HVK�DQG�GH�6]DOD\�������&UDLJ��������
,Q�FRQWUDVW�WR�FRQWLQHQWDO�VWUHDPV��DTXDWLF�LQVHFWV�DUH�
QRW�PDMRU�FRPSRQHQWV�RI�3DFLILF�LVODQG�VWUHDP�
FRPPXQLWLHV��DQG�LQVHFW�DVVHPEODJHV�DUH�FRPSRVHG�
RQO\�RI�WKRVH�VSHFLHV�DEOH�WR�FRORQL]H�RYHU�KXJH�
GLVWDQFHV��5HVK�DQG�GH�6]DOD\��������,QVWHDG��VWUHDP�
FRPPXQLWLHV�RI�WKH�UHJLRQ�W\SLFDOO\�DUH�GRPLQDWHG�E\�
PDULQH�GHULYHG�GLDGURPRXV�WD[D��L�H���ILVKHV��VKULPSV��
DQG�VQDLOV��5HVK�HW�DO��������0DUFK�HW�DO������D��3DUKDP�
�������7KHVH�GLIIHUHQFHV�LQ�VSHFLHV�ULFKQHVV�DQG�
WD[RQRPLF�FRPPXQLW\�VWUXFWXUH�PDNH�3DFLILF�LVODQG�
VWUHDPV�SRWHQWLDOO\�YDOXDEOH�VLWHV�IRU�FRPSDUDWLYH�
HFRORJLFDO�VWXGLHV��SDUWLFXODUO\�WKRVH�H[SORULQJ�UHOD��
WLRQVKLSV�EHWZHHQ�ELRGLYHUVLW\�DQG�HFRV\VWHP�IXQF��
WLRQ��
2QH�LPSRUWDQW�UROH�RI�VWUHDP�FRQVXPHUV�LQ�GHWHU��

PLQLQJ�HFRV\VWHP�IXQFWLRQ�LV� WKH�SURFHVVLQJ�RI�
FDWFKPHQW�GHULYHG�FRDUVH�SDUWLFXODWH�RUJDQLF�PDWWHU�
LQWR�VPDOOHU�SDUWLFOHV��L�H���VKUHGGLQJ��&XPPLQV��������
,Q�WHPSHUDWH�VWUHDP�HFRV\VWHPV��VKUHGGLQJ�LV�FDUULHG�
RXW�SULQFLSDOO\�E\�LQVHFWV��H�J���7ULFKRSWHUD�ODUYDH�DQG�
3OHFRSWHUD�Q\PSKV���1XPHURXV�VWXGLHV�KDYH�GHPRQ��
VWUDWHG�WKH�LPSRUWDQFH�RI�LQVHFW�FRQVXPHUV�LQ�WKH�
SURFHVV�RI�RUJDQLF�PDWWHU�EUHDNGRZQ�LQ�WHPSHUDWH�
VWUHDPV��H�J���:DOODFH�HW�DO���������+RZHYHU��LQ�WURSLFDO�
VWUHDPV��SDUWLFXODUO\�WKRVH�RQ�LVODQGV��VKUHGGLQJ�
LQVHFWV�DUH�RIWHQ�UDUH�RU�DEVHQW��EXW�VHH�&KHVKLUH�HW�
DO��������<XOH�HW�DO���������ZKHUHDV�RWKHU�WD[RQRPLF�
JURXSV��H�J���&UXVWDFHD��ILOO�WKLV�IXQFWLRQDO�UROH��&RYLFK�
������:DQW]HQ�DQG�:DJQHU��������)RU�H[DPSOH��IHZ�
LQVHFW�VKUHGGHUV�DUH�IRXQG�LQ�3XHUWR�5LFDQ�VWUHDPV��
DQG�WKH�IUHVKZDWHU�VKULPS�;LSKRFDULV�HORQJDWD�LV�WKH�
GRPLQDQW�VKUHGGHU�RI�OHDI�OLWWHU��0DUFK�HW�DO��������
&URZO�HW�DO���������
*LYHQ�WKH�LPSRUWDQFH�RI�VXFK�QRQLQVHFW�PDFUR��

FRQVXPHUV�DV�VKUHGGHUV�LQ�PDQ\�&DULEEHDQ�LVODQG�
VWUHDPV��LW�VHHPV�OLNHO\�WKDW�QRQLQVHFW�VKUHGGHUV�DOVR�
PLJKW�EH�IRXQG�RQ�3DFLILF�LVODQGV��+RZHYHU��H[WUHPH�
JHRJUDSKLF�LVRODWLRQ�DQG�OLPLWHG�GLVSHUVDO�FDSDELOLWLHV�
RI�PDQ\�WD[D�FRXOG�FRPELQH�WR�ILOWHU�RXW�HYHQ�
VKUHGGLQJ�PDFURFRQVXPHU�WD[D�IURP�PDQ\�LVODQG�
FRPPXQLWLHV��&RYLFK��������)RU�H[DPSOH��;��HORQJDWD�
VKDUHV�LWV�KDELWDW�ZLWK�VHYHUDO�RWKHU�VKULPS�VSHFLHV�LQ�
3XHUWR�5LFDQ�VWUHDPV��EXW�LW�LV�WKH�RQO\�IXQFWLRQDO�
VKUHGGHU�DPRQJ�WKHP��0DUFK�HW�DO���������7KXV��
ELRJHRJUDSKLF�SURFHVVHV�RQ�LVRODWHG�3DFLILF�LVODQGV�
PLJKW�KDYH�UHVXOWHG�LQ�FRPPXQLWLHV�ZLWK�QHLWKHU�
LQVHFW�QRU�QRQLQVHFW�VKUHGGHUV�DQG�QR�UROH�IRU�
QRQPLFURELDO�FRQVXPHUV�LQ�RUJDQLF�PDWWHU�EUHDNGRZQ��
([SORULQJ�WKLV�SRVVLELOLW\�UHTXLUHV�LQIRUPDWLRQ�RQ�
FRPPXQLW\�VWUXFWXUH�DQG�WKH�UROH�RI�FRQVXPHUV�LQ�

RUJDQLF�EUHDNGRZQ�LQ�3DFLILF�VWUHDPV��8QIRUWXQDWHO\��
3DFLILF�LVODQG�VWUHDP�FRPPXQLWLHV�DUH�SRRUO\�FKDUDF��
WHUL]HG��DQG�OLWWHU�SURFHVVLQJ�VWXGLHV�IURP�WKH�3DFLILF�
UHJLRQ�DUH�HYHQ�PRUH�UDUH��EXW�VHH�/DUQHG�������
/DUQHG�HW�DO���������
:H�KDG���SULPDU\�REMHFWLYHV��)LUVW��ZH�VRXJKW�WR�

FKDUDFWHUL]H�WKH�FRPPXQLW\�RI�D� YLUWXDOO\�SULVWLQH�
3DFLILF�LVODQG�VWUHDP�LQ�HDVWHUQ�0LFURQHVLD��2XU�JRDO�LQ�
WKLV�ORQJLWXGLQDO�VXUYH\�ZDV�QRW�DQ�H[KDXVWLYH�VSHFLHV�
OLVW��EXW�D�GHVFULSWLRQ�RI�WKH�IXQFWLRQDO�VWUXFWXUH�RI�D�
UHSUHVHQWDWLYH�LQWDFW�FRPPXQLW\�WKDW�FRXOG�EH�FRP��
SDUHG�ZLWK�WKRVH�W\SLFDO�RI�FRQWLQHQWDO�VWUHDPV�DQG�
WKRVH�RI�UHODWLYHO\�ZHOO�VWXGLHG��EXW�GLVWXUEHG�3DFLILF�
LVODQG�V\VWHPV��H�J���+DZDLL��%UDVKHU��������6HFRQG��ZH�
H[DPLQHG�WKH�FRQVHTXHQFHV�RI�H[WUHPH�WD[RQRPLF�
VLPSOLFLW\�RQ�EUHDNGRZQ�DQG�XVH�RI�WHUUHVWULDO�RUJDQLF�
PDWWHU��6SHFLILFDOO\��ZH�DVNHG�WKH�TXHVWLRQ��,Q�WKH�
DEVHQFH�RI�LQVHFW�VKUHGGHUV��KDYH�GLDGURPRXV��QRQLQ��
VHFW��PDFURFRQVXPHU�WD[D�ILOOHG�WKLV�WURSKLF�QLFKH��RU�
FDQ�H[WUHPH�ELRJHRJUDSKLF�LVRODWLRQ�OHDYH�VRPH�3DFLILF�
LVODQG�VWUHDP�FRPPXQLWLHV�HVVHQWLDOO\�ZLWKRXW�IXQF��
WLRQDO�VKUHGGHUV"�

0HWKRGV�

6WXG\�VLWH�

7KH�LVODQG�RI�.RVUDH�LV�LQ�WKH�HDVWHUQ�&DUROLQH�
,VODQGV�LQ�WKH�HTXDWRULDO�ZHVWHUQ�3DFLILF�2FHDQ��ODW�
�r��
�WR��r��
1��ORQJ����r����WR����r��̽��)LJ������.RVUDH�
LV�WKH�HDVWHUQPRVW�LVODQG�VWDWH�LQ�WKH�)HGHUDWHG�6WDWHV�
RI�0LFURQHVLD��.RVUDH�LV�D�VPDOO������NP���YROFDQLF�
KLJK�LVODQG��PD[LPXP�HOHYDWLRQ� �����P��EHWZHHQ�����
DQG�����PLOOLRQ�\HDUV�ROG��.HDWLQJ�HW�DO���������$QQXDO�
PHDQ�WHPSHUDWXUH�LV���r&��DQG�DYHUDJH�DQQXDO�UDLQIDOO�
UDQJHV�IURP������PP�DW�WKH�FRDVW�WR������PP�LQ�WKH�
LQWHULRU��:KLWHVHOO�HW�DO���������0DUNHG�VHDVRQDOLW\�LQ�
UDLQIDOO�DQG�WHPSHUDWXUH�LV�QRW�HYLGHQW�RQ�.RVUDH�
�.UDXVV�HW�DO���������7KH�LVODQG�KDV�����IRUHVW�FRYHU�
FRPSRVHG�RI�QDWXUDO�IRUHVW��DJURIRUHVW��DQG�VHFRQGDU\�
IRUPDWLRQV��:KLWHVHOO�HW�DO���������
7KH�<HOD�5LYHU�LV�D�VPDOO���WK�RUGHU��VWUHDP�WKDW�

IORZV�LQWR�WKH�3DFLILF�RQ�.RVUDH
V�ZHVWHUQ�VLGH��)LJ�����
WKURXJK�ZKDW�PLJKW�EH�WKH�OHDVW�GLVWXUEHG�FDWFKPHQW�
LQ�0LFURQHVLD��7KH�FDWFKPHQW�YHJHWDWLRQ�FRQVLVWV�RI�
PDQJURYH�IRUHVW��GRPLQDWHG�E\�6RQQHUDWLD�DOED�DQG�
%UXJXLHUD�J\PQRUUKL]D��DW�LWV�HVWXDU\��PDWXUH�IUHVKZD��
WHU�VZDPS�IRUHVW��GRPLQDWHG�E\�7HUWQLQDOLD�FDUROLQHQVLV�
DQG�3DQGDQXV�VSS���XS�WR����P�DVO��DQG�XQGLVWXUEHG�
XSODQG�IRUHVW��GRPLQDWHG�E\�&DPSQRVSHUPD�EUHYLSHWLR��
ODWD��DERYH����P�DVO� �:KLWHVHOO�HW�DO���������7KH�
FDWFKPHQW�LV�QRW�LQKDELWHG��QR�URDGV�HQWHU�LW��DQG�
RFFDVLRQDO�KXQWLQJ�DQG�VFDWWHUHG�DJURIRUHVWU\�DUH�WKH�
RQO\�VLJQLILFDQW�KXPDQ�DFWLYLWLHV��
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)LJ����� 7KH�<HOD�5LYHU�RQ�.RVUDH��)HGHUDWHG�6WDWHV�RI�0LFURQHVLD��,QVHW�VKRZV�WKH�ORFDWLRQ�RI�.RVUDH�LQ�WKH�3DFLILF�2FHDQ��

&RPPXQLW\�VWUXFWXUH�

:H�FRQGXFWHG�WKH�VXUYH\�RQ�������1RYHPEHU�������
2Q����1RYHPEHU��ZH�HVWDEOLVKHG���VDPSOLQJ�VWDWLRQV�
DQG�WRRN�SK\VLFDO�PHDVXUHPHQWV�WKDW�LQFOXGHG��FKDQ��
QHO�ZLGWK��PD[LPXP�FKDQQHO�GHSWK��DQG���FDQRS\�
FRYHU�DW����P�LQWHUYDOV�DORQJ�D�UHSUHVHQWDWLYH����P�
UHDFK��ZDWHU�WHPSHUDWXUH�DQG�FRQGXFWLYLW\��ODWLWXGH��
ORQJLWXGH�FRRUGLQDWHV�DQG�DOWLWXGH��HVWLPDWHG�XVLQJ�D�
KDQG�KHOG�JOREDO�SRVLWLRQLQJ�V\VWHP�>0DJHOODQ�1DY��
LJDWLRQ��,QF���6DQWD�&ODUD��&DOLIRUQLD@�DQG�WRSRJUDSKLF�
PDS���DQG�GLVFKDUJH��:H�PHDVXUHG���FDQRS\�FRYHU�
ZLWK�D�VSKHULFDO�GHQVLWRPHWHU��%HQ�0HDGRZV�&RPSD��
Q\��-DQHVYLOOH��:LVFRQVLQ���DQG�ZH�PHDVXUHG�ZDWHU�
WHPSHUDWXUH�DQG�FRQGXFWLYLW\�ZLWK�D� GLJLWDO�PHWHU�
�+DQQD�,QVWUXPHQWV��:RRQVRFNHW��5KRGH�,VODQG���
%HIRUH�OHDYLQJ�HDFK�VWDWLRQ��ZH�OHIW���EDLWHG�PLQQRZ�
WUDS�IRU�VKULPS�VDPSOLQJ��
:H�VDPSOHG�ZDWHU�IRU�FKHPLFDO�YDULDEOHV�DQG�ELRWD�

WKH�IROORZLQJ�GD\��:H�FROOHFWHG�UHSOLFDWH�ILOWHUHG��������
ͮ̓ͩ�0LOOLSRUHp��0LOOLSRUH�&RUSRUDWLRQ��%LOOHULFD��
0DVVDFKXVHWWV��ZDWHU�VDPSOHV�IURP�HDFK�VWDWLRQ�IRU�
QXWULHQW�DQG�GLVVROYHG�RUJDQLF�&��'2&��DQDO\VLV��:H�
VWRUHG�VDPSOHV�LQ�D�FRROHU�DQG�IUR]H�WKHP�ZLWKLQ����K��
:H�PHDVXUHG�ZDWHU�WHPSHUDWXUH�DQG�FRQGXFWLYLW\�
DJDLQ�DW�HDFK�VWDWLRQ�DV�GHVFULEHG�DERYH��$W�HDFK�
VWDWLRQ��ZH�WRRN���6XUEHU�VDPSOHV�IURP�DUHDV�ZLWK�
UHSUHVHQWDWLYH�VXEVWUDWXP�DQG�ZDWHU�YHORFLW\��:H�DOVR�

FROOHFWHG���OHDI�SDFN�JUDEV��:H�SUHVHUYHG�DOO�EHQWKLF�
VDPSOHV�LPPHGLDWHO\�LQ�����HWKDQRO��7R�GRFXPHQW�WKH�
SUHVHQFH�RI�PDFURFRQVXPHU�WD[D��ZH�FROOHFWHG�WKH�
FRQWHQWV�RI�WKH�EDLWHG�WUDSV�DQG�VHDUFKHG�IRU�LQGLYLG��
XDOV�RI�DGGLWLRQDO�WD[D��7R�TXDQWLI\�WKH�DEXQGDQFH�RI�
PDFURFRQVXPHUV��ZH�FRQGXFWHG�WLPHG����PLQ��VQRU��
NHOLQJ�VXUYH\V�LQ�HDFK�RI�WKH�ILYH����P�VHFWLRQV�DW�HDFK�
VDPSOLQJ�VWDWLRQ��6QRUNHOHUV�H[DPLQHG�WKH�HQWLUH�
VWUHDPEHG�LQ�HDFK�VHFWLRQ�DQG�FRXQWHG�ILVKHV��JRELLGV��
$QJXLOOD�PDUPRUDWD��DQG�.XKOLD�VSS����DW\LG�VKULPSV��
0DFUREUDFKLXP�VSS���DQG�JDVWURSRGV��)LVKHV�DOVR�ZHUH�
FROOHFWHG�E\�DQJOLQJ��.XKOLD�VSS����E\�KDQG��$�
PDUPRUDWD���DQG�E\�VQRUNHOHUV�ZKR�FRUUDOOHG�LQGLYLG��
XDOV��L�H���VPDOO�JRELLGV��LQWR�6XUEHU�VDPSOHUV��
:H�WUDQVSRUWHG�ZDWHU�VDPSOHV�WR�WKH�8QLYHUVLW\�RI�

*HRUJLD��ZKHUH�ZH�DQDO\]HG�WKHP�IRU�12��,�12��1�
�&G�UHGXFWLRQ�PHWKRG���1+��1��SKHQDWH�PHWKRG���DQG�
VROXEOH�UHDFWLYH�͔� �DVFRUELF�DFLG�PHWKRG��ZLWK�DQ�
$OSNHP�5)$�����DXWRPDWHG�DQDO\]HU��2,�$QDO\WLFDO��
&ROOHJH�6WDWLRQ��7H[DV���$3+$��������:H�DQDO\]HG�
VDPSOHV�IRU�'2&� RQ�D�6KLPDG]X�72&�����$�WRWDO�
RUJDQLF�&�DQDO\]HU��6KLPDG]X�&RUSRUDWLRQ��&ROXPELD��
0DU\ODQG���
:H�UHPRYHG�OHDI�OLWWHU�IURP�OHDI�SDFN�VDPSOHV�

ZLWKLQ����K�RI�VDPSOLQJ��GULHG�LW�IRU���G�DW���r&��DQG�
FRROHG�DQG�ZHLJKHG�LW��:H�FRPEXVWHG�D�UHSUHVHQWD��
WLYH��ZHLJKHG�VXEVDPSOH�DW����r&�IRU���K��DQG�FRROHG�
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DQG�UHZHLJKHG�LW�IRU�GHWHUPLQDWLRQ�RI�OHDI�SDFN�DVK��
IUHH�GU\�PDVV��$)'0���:H�WUDQVSRUWHG�HQWLUH�EHQWKLF�
DQG�OHDI�SDFN�VDPSOHV�WR�WKH�8QLYHUVLW\�RI�*HRUJLD��
ZKHUH�ZH�VWDLQHG�WKHP�ZLWK�URVH�%HQJDO�G\H�DQG�
UHPRYHG�DOO�PDFURLQYHUWHEUDWHV��:H�PHDVXUHG�OHQJWKV�
�ORQJHVW�D[LV��RI�QRQGHFDSRG�LQYHUWHEUDWHV�WR�WK«�
QHDUHVW�����PP�XQGHU�D�VWHUHRPLFURVFRSH�ILWWHG�ZLWK�
DQ�H\HSLHFH�PLFURPHWHU��:H�PHDVXUHG�SRVWRUELWDO�
FDUDSDFH�OHQJWKV�RI�VKULPSV�DQG�FDUDSDFH�ZLGWKV�RI�
FUDEV��:H�FDOFXODWHG�ELRPDVV�XVLQJ�OHQJWK�PDVV�
UHJUHVVLRQV�IRU�LQYHUWHEUDWHV�LQ�WKH�VDPH�JHQXV��IDPLO\��
RU�RUGHU��/XSSL�HW�DO�� ������%HQNH�HW�DO�� ������
*UHDWKRXVH�������$��'��+XU\Q��8QLYHUVLW\�RI�$ODEDPD��
XQSXEOLVKHG�GDWD��:��)��&URVV��0RQWDQD�6WDWH�8QLYHU��
VLW\��XQSXEOLVKHG�GDWD���:H�H[SUHVVHG�EHQWKLF�DQG�OHDI�
SDFN�LQYHUWHEUDWH�ELRPDVV�GDWD�DV�PJ�GU\�PDVV�>'0@��
P��DQG�PJ�'0��J�$)'0�OHDI�OLWWHU��UHVSHFWLYHO\��
:H�H[SUHVVHG�VQRUNHOLQJ�REVHUYDWLRQ�GDWD�DV�PHDQ�

QXPEHUV�RI�JRELLGV��.XKOLD�VSS���$��PDUPRUDWD��DW\LGV��
0DFUREUDFKLXP�VSS���DQG�JDVWURSRGV�REVHUYHG�SHU�
PLQXWH��:H�LGHQWLILHG�IUHVKZDWHU�VKULPSV�ZLWK�NH\V�
LQ�&KDFH��������DQG�XQSXEOLVKHG�PDWHULDO��-:6��
XQSXEOLVKHG�GDWD���)LVKHV�ZHUH�LGHQWLILHG�E\�/\QQH�
3DUHQWL��6PLWKVRQLDQ�,QVWLWXWLRQ��:DVKLQJWRQ��'&���
6QDLOV�ZHUH�LGHQWLILHG�E\�$OLVRQ�+D\QHV��8QLYHUVLW\�
RI�WKH�6RXWK�3DFLILF��)LML���

/LWWHU�EUHDNGRZQ�

:H�FRQGXFWHG�D�OHDI�OLWWHU�EUHDNGRZQ�H[SHULPHQW�LQ�
ZKLFK�WKH�SUHVHQFH�DQG�DEVHQFH�RI�PDFURFRQVXPHU�
WD[D�ZDV�PDQLSXODWHG�ZLWK�HOHFWULF�H[FORVXUHV�IURP����
2FWREHU�WR����1RYHPEHU�������)RU�ORJLVWLFDO�UHDVRQV�
�L�H���QR�WUDLO�V\VWHP�H[LVWHG�LQ�WKH�<HOD�FDWFKPHQW���ZH�
FRQGXFWHG�WKH�H[SHULPHQW�LQ�WKH�ORZHU�<HOD�5LYHU�DW���
P�DVO������� P�GRZQVWUHDP�IURP�VWDWLRQ�����:H�
HVWDEOLVKHG�D�����P�UHDFK��DORQJ�ZKLFK�ZH�SODFHG���
SDLUV�RI�H[SHULPHQWDO�TXDGUDWV�QHDU�WKH�EDQNV�RI�WKH�
ULYHU��:H�DQFKRUHG�TXDGUDWV�WR�WKH�VWUHDP�ERWWRP�ZLWK�
SODVWLF�FDEOH�WLHV�DQG�ODUJH�FREEOHV�DQG�SRVLWLRQHG�
WKHP�!����P�DSDUW��4XDGUDWV�ZHUH�VTXDUH�IUDPHV�����;�
���FP��PDGH�RI����PP�FKORULQDWHG�SRO\�YLQ\O�FKORULGH�
�&39&��WXELQJ��ZLWK�DQ�LQQHU�DQG�RXWHU�VTXDUH�RI�
XQLQVXODWHG����JDXJH�&X�ZLUH�KHOG�WR�WKH�&39&�IUDPH�
ZLWK�SODVWLF�FDEOH�WLHV��:H�IOLSSHG�D�FRLQ�WR�GHWHUPLQH�
ZKLFK�IUDPH�ZRXOG�EH�HOHFWULILHG��PDFURFRQVXPHU�
H[FOXVLRQ��RU�EH�D�FRQWURO��PDFURFRQVXPHU�DFFHVV���:H�
XVHG�WKH�HOHFWULF�H[FORVXUH�WHFKQLTXH�ILUVW�GHVFULEHG�E\�
3ULQJOH�DQG�%ODNH��������DQG�ODWHU�PRGLILHG�E\�3ULQJOH�
DQG�+DPD]DNL���������(DFK�PDFURFRQVXPHU�H[FOXVLRQ�
TXDGUDW�ZDV�FRQQHFWHG�WR�D����9�VRODU�SRZHUHG�IHQFH�
FKDUJHU��3DUNHU�0F&URU\�0DQXIDFWXULQJ�&RPSDQ\��
.DQVDV�&LW\��0LVVRXUL���7KH�HOHFWULFLW\�H[FOXGHG�ODUJH�
ILVKHV�DQG�VKULPSV��!����FP��EXW�QRW�LQVHFWV��MXYHQLOH�

VKULPSV��DQG�RWKHU�VPDOO�LQYHUWHEUDWHV��:H�FKDQJHG�
EDWWHULHV�HYHU\���G�WR�PDLQWDLQ�D�VWURQJ�FKDUJH��:H�
PHDVXUHG�ZDWHU�GHSWK�DQG�YHORFLW\�LQ�WKH�PLGGOH�RI�
HDFK�TXDGUDW�RQ���GDWHV�WR�HQVXUH�WKDW�OHDI�SDFNV�RI�
ERWK�WUHDWPHQWV�ZHUH�H[SHULHQFLQJ�VLPLODU�SK\VLFDO�
FRQGLWLRQV��
:H�WHWKHUHG�ILYH����J�SDFNV�RI�DLU�GULHG�OHDYHV�RI�WKH�

GRPLQDQW�VZDPS�IRUHVW�WUHH�VSHFLHV��7��FDUROLQHQVLV��LQ�
HDFK�TXDGUDW��2Q�GD\����ZH�VDPSOHG����OHDI�SDFNV�WR�
REWDLQ�DQ�DLU��WR�RYHQ�GULHG�FRQYHUVLRQ�IDFWRU�WKDW�ZH�
XVHG�WR�DGMXVW�WKH�RULJLQDO�DLU�GULHG�PDVVHV�RI�WKH�OHDI�
SDFNV��:H�VDPSOHG���OHDI�SDFN�UDQGRPO\�IURP�HDFK�
TXDGUDW�RQ�GD\V���������������DQG�����:H�FROOHFWHG�OHDI�
SDFNV�ZLWK�D�ILQH�PHVK�QHW��ULQVHG�WKHP�ZLWK�ILOWHUHG�
ZDWHU��GULHG�WKHP�DW���r&�IRU�!���K��DQG�ZHLJKHG�
WKHP�WR�WKH�QHDUHVW�����J��:H�FDOFXODWHG�OHDI�GHFD\�UDWH�
�$���IRU�HDFK�TXDGUDW�VHSDUDWHO\�E\�UHJUHVVLQJ�WKH�
QDWXUDO�ORJ�RI���OHDI�PDVV�UHPDLQLQJ�DJDLQVW�HODSVHG�
GD\V��N�LV�WKH�QHJDWLYH�VORSH�RI�WKH�UHJUHVVLRQ��%HQILHOG�
�������:H�PHDVXUHG�WKH�UDWLR�RI�WRWDO�&�WR�͐ ��21��RI���
GD\���SDFNV�DQG�HYHU\�OHDI�SDFN�VDPSOHG�WR�H[DPLQH�
FKDQJHV�LQ�PLFURELDO�FRORQL]DWLRQ�DQG�OHDI�TXDOLW\�
WKURXJK�WLPH��6XEVDPSOHV�RI�OHDI�SDFNV�ZHUH�JURXQG�
LQWR�SRZGHU�ZLWK�D�EDOO�PLOO�DQG�DQDO\]HG�ZLWK�D�&DUOR�
(UED�1$������&+1�DQDO\]HU��&DUOR�(UED�,QVWUXPHQ��
WD]LRQH��0LODQ��,WDO\���
:H�SUHVHUYHG�LQYHUWHEUDWHV�IRXQG�LQ�HDFK�OHDI�SDFN�

LQ�����HWKDQRO�DQG�LGHQWLILHG�WKHP�WR�RUGHU�RU�IDPLO\��
:H�PDGH���PLQ�REVHUYDWLRQV�RI�HDFK�TXDGUDW�RQ���
GDWHV�WR�LGHQWLI\�PDFURFRQVXPHUV��VKULPSV�DQG�ILVKHV��
LQ�WKH�TXDGUDWV�DQG�WR�TXDQWLI\�WKH�HIIHFWLYHQHVV�RI�WKH�
HOHFWULFDO�H[FOXVLRQ�WHFKQLTXH��:H�FRQGXFWHG�REVHUYD��
WLRQV�GXULQJ�WKH�GD\�RQ���GDWHV�DQG�DW�QLJKW�RQ���GDWHV�
EHFDXVH�VKULPS�DQG�ILVK�DFWLYLW\�FDQ�YDU\�EHWZHHQ�
QLJKW�DQG�GD\��-RKQVRQ�DQG�&RYLFK��������:H�FRXQWHG�
DOO�VKULPSV�DQG�ILVKHV�REVHUYHG�ZLWKLQ�WKH�TXDGUDW�
�L�H���QRW�QHFHVVDULO\�RQ�WKH�OHDI�SDFNV���
:H�VDPSOHG�FKLURQRPLGV�DQG�0DFUREUDFKLXP�ODU��WKH�

RQO\�FRPPRQ�EHQWKLF�WD[D�DW�WKLV�VLWH��IRU�VWDEOH�
LVRWRSH�DQDO\VLV�����&�DQG�ͦ��͐��DQG�JXW�FRQWHQW�
DQDO\VLV�WR�H[DPLQH�WKH�UHODWLYH�LPSRUWDQFH�RI�OHDI�
OLWWHU�WR�WKH�IRRG�ZHE�DW�WKH�ORZHU�<HOD�VWXG\�VLWH��:H�
VDPSOHG�D�WRWDO�RI���LQGLYLGXDO�FKLURQRPLGV�DQG�0��ODU�
IRU�JXW�FRQWHQW�DQDO\VHV��:H�UHPRYHG�JXWV�IURP�
RUJDQLVPV�XQGHU�D�GLVVHFWLQJ�PLFURVFRSH��VXVSHQGHG�
WKHP�LQ�ZDWHU��DQG� ILOWHUHG�WKHP�RQWR����PP�
PHPEUDQH�ILOWHUV��0HWULFHO�*1���JULGGHG�������ͮ̓ͩ�
SRUH�VL]H��*HOPDQ�6FLHQFHV�,QF���$QQ�$UERU��0LFKLJDQ���
:H�GULHG�ILOWHUV�IRU����PLQ�DW���r&��SODFHG�WKHP�RQ�
VOLGHV��DQG�FOHDUHG�WKHP�ZLWK�LPPHUVLRQ�RLO��:H�
SODFHG�FRYHU�VOLSV�RQWR�WKH�ILOWHU�DQG�VHDOHG�WKHP�ZLWK�
FOHDU�QDLO�YDUQLVK��:H�FDWHJRUL]HG�JXW�FRQWHQWV�DV�
DPRUSKRXV�GHWULWXV��OHDI�DQG�ZRRG�GHWULWXV��GLDWRPV��
ILODPHQWRXV�DOJDH��DQG�DQLPDO�PDWHULDO��:H�VDPSOHG���
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7DEOH���� 3K\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH���VLWHV�VDPSOHG�RQ�WKH�<HOD�5LYHU��.RVUDH��)HGHUDWHG�6WDWHV�RI�0LFURQHVLD�����
WR����1RYHPEHU�������ͩ� ���IRU�HDFK�FKHPLFDO�YDULDEOH��WHPSHUDWXUH�DQG�FRQGXFWLYLW\�ZHUH�PHDVXUHG�RQ�ERWK����DQG����1RYHPEHU�
������%'� �EHORZ�GHWHFWLRQ�OLPLWV��

6WDWLRQ�

9DULDEOH� ��� �� �� ��

(OHYDWLRQ��P�DVO�� �� �� ��� ���� ����
0HDQ�FKDQQHO�ZLGWK��P�� ����� ���� ���� ���� ����
0HDQ�PD[LPXP�GHSWK��P�� ���� ���� ���� ���� ����
'LVFKDUJH��/�V�� ���� ���� ���� ��� ���
0HDQ�FDQRS\�FRYHU����� ��� ��� ��� ��� ���
12��12��1�IRJ�/�� ��� %'� %'� ��� ��
1+��1AJ�/�� %'� %'� %'� %'� %'�
6ROXEOH�UHDFWLYH�͔�AJ�/�� ��� ��� ��� ���� ���
'LVVROYHG�RUJDQLF�&��0J�/�� ���� ���� ���� ���� ����
7HPSHUDWXUH��r&�� ����� ����� ����� ����� �����
&RQGXFWLYLW\��ML6�FP�� ����� ����� ����� ������ ������

FKLURQRPLGV�DQG���0��ODU�IRU�LVRWRSH�DQDO\VLV��:H�
FRPELQHG�FKLURQRPLGV�WR�REWDLQ�VXIILFLHQW�PDVV�IRU�
DQDO\VLV��:H�DQDO\]HG�PXVFOH�WLVVXH�IURP�LQGLYLGXDO�
VKULPSV�VHSDUDWHO\��:H�FROOHFWHG���UHSOLFDWHV��Q� ����RI�
FRDUVH�SDUWLFXODWH�RUJDQLF�PDWWHU���320��IURP�WKH�
VWUHDP�ERWWRP�DORQJ�WKH�����P�UHDFK��:H�VDPSOHG�
SHULSK\WRQ��Q� � ���E\�VFUDSLQJ�VWUHDP�FREEOH��:H�
FROOHFWHG�ILQH�EHQWKLF�RUJDQLF�PDWWHU��)%20��ͩ � ����DV�
D� FRPSRVLWH�VDPSOH�IURP�WKH�VWUHDP�ERWWRP�DQG�
REWDLQHG�VHVWRQ��Q� ����E\�ILOWHULQJ���/�RI�VWUHDP�ZDWHU�
WKURXJK�D�JODVV�ILEHU�ILOWHU������ͮ̓ͩ�SRUH�VL]H���:H�GULHG�
DOO�VDPSOHV�DW���r&�IRU�!���K��:H�JURXQG�&320�LQWR�
SRZGHU�ZLWK�D�EDOO�PLOO��:H�FRPEXVWHG�DOO�VDPSOHV�WR�
&2��DQG�1��DQG�DQDO\]HG�LQ�D�&DUOR�(UED�1$������
&+1�DQDO\]HU�FRQQHFWHG�WR�D�)LQQHJDQ�'HOWD�&�PDVV�
VSHFWURPHWHU��:H�FDOFXODWHG�VWDEOH�LVRWRSH�VLJQDWXUHV�
DV��

���&RU¶��1��R�� �>�5VDPSLH�
�� 5VWDQGDUG��5VWDQGDUG@�;������

ZKHUH�5�LV����1���1��RU����&���&���6WDQGDUGV�ZHUH�
3'%�FDUERQDWH�IRU�&�DQG�DWPRVSKHULF�1��IRU�1��

6WDWLVWLFDO�DQDO\VHV�

:H�FRPSDUHG�PDFURFRQVXPHU�DEXQGDQFH��OHDI�
GHFD\�UDWH��$����ZDWHU�GHSWK��DQG�ZDWHU�YHORFLW\�
EHWZHHQ�WUHDWPHQWV��PDFURFRQVXPHU�DFFHVV�YV�PDFUR��
FRQVXPHU�H[FOXVLRQ��ZLWK���ZD\�DQDO\VHV�RI�YDULDQFH�
�$129$V���:H�XVHG�D�UHSHDWHG�PHDVXUHV�$129$�WR�
WHVW�IRU�GLIIHUHQFHV�LQ�QRQVKULPS�LQYHUWHEUDWH�DEXQ��
GDQFH�EHWZHHQ�WUHDWPHQWV��:H�,RJL��[��WUDQVIRUPHG�
DEXQGDQFH�GDWD�WR�LPSURYH�QRUPDOLW\��:H�FRPSDUHG�
GHFD\�UDWH�DQG�QRQVKULPS�LQYHUWHEUDWH�DEXQGDQFH�
ZLWK���UHSOLFDWH�SDLUV�RQ�GD\V���WKURXJK����EHFDXVH�RI�

PLVVLQJ�YDOXHV��ORVW�OHDI�SDFNV���:H�GLG�DOO�VWDWLVWLFDO�
DQDO\VHV�ZLWK�-03��������6$6�,QVWLWXWH��&DU\��1RUWK�
&DUROLQD���

5HVXOWV�

3K\VLFRFKHPLFDO�YDULDEOHV�

2XU�VDPSOLQJ�VWDWLRQV�UDQJHG�IURP�WKH��WK�RUGHU�
GRZQVWUHDP�VWDWLRQ���DW���P�DVO�WR�WKH��QG�RUGHU�
VWDWLRQ��� DW� ����� P�DVO� �7DEOH�����$ORQJ�WKLV�
FRQWLQXXP��EDVHIORZ�GLVFKDUJH�ZDV�����/�V�DW�VWDWLRQ�
��DQG����/�V�DW�VWDWLRQ����DYHUDJH�FKDQQHO�ZLGWK�
UDQJHG�EHWZHHQ������DQG�����P��DQG�DYHUDJH�PD[L��
PXP�FKDQQHO�GHSWK�UDQJHG�EHWZHHQ�����DQG�����P��
&DQRS\�FRYHU�ZDV�!����DW�HYHU\�VDPSOLQJ�VWDWLRQ��
:DWHU�WHPSHUDWXUH�UDQJHG�EHWZHHQ�����r&�DW�WKH�

GRZQVWUHDP�VWDWLRQ���DQG�����r&�DW�WKH�XSVWUHDP�
VWDWLRQ����7DEOH�����&RQGXFWLYLW\�GHFOLQHG�DORQJ�WKH�
VWUHDP�LQ�D�GRZQVWUHDP�GLUHFWLRQ�������������ͮͤ �ͣͩ���
&RQFHQWUDWLRQV�RI�12��12��1�DQG�1+��1�ZHUH�
H[WUHPHO\�ORZ�DW�DOO�VDPSOLQJ�VWDWLRQV��1+��1�ZDV�
FRQVLVWHQWO\�EHORZ� GHWHFWLRQ�OLPLWV��ZKHUHDV�
12��12��1�UDQJHG�IURP�FRQFHQWUDWLRQV�EHORZ�GH��
WHFWLRQ�OLPLWV�WR����ͮ J�/��&RQFHQWUDWLRQV�RI�VROXEOH�
UHDFWLYH�͔�ZHUH�UHODWLYHO\�KLJK�DQG�UDQJHG�EHWZHHQ����
DQG�����ͮJ�/��'2&� FRQFHQWUDWLRQV�ZHUH�ORZ�WR�
PRGHUDWH����������ͮJ�/���

%HQWKLF�DQG�OHDI�SDFN�JUDE�VDPSOHV�

7RWDO�EHQWKLF�LQYHUWHEUDWH�ELRPDVV�JHQHUDOO\�LQ��
FUHDVHG�ZLWK�HOHYDWLRQ��EXW�YDULDELOLW\�DPRQJ�6XUEHU�
VDPSOHV�DQG�OHDI�SDFN�JUDEV�ZDV�KLJK��)LJ���$��%���
'HFDSRGV�DQG�JDVWURSRGV�FRQVWLWXWHG�PRVW�RI�WKH�
EHQWKLF�LQYHUWHEUDWH�ELRPDVV�IURP�ERWK�6XUEHU�VDP��
SOHV�DQG�OHDI�OLWWHU��ZLWK�RWKHU�JURXSV�DW�H[WUHPHO\�ORZ�
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)LJ����� 0HDQ��s��6(�IRU�WRWDO�ELRPDVV��PDFURLQYHUWHEUDWH�
ELRPDVV�LQ�EHQWKLF�VDPSOHV��$��DQG�OHDI�OLWWHU�JUDE�VDPSOHV�
�%��DW��� VWDWLRQV�DORQJ�WKH�<HOD�5LYHU��0LFURQHVLD��LQ�
1RYHPEHU�������%LRPDVV�RI�&KLURQRPLGDH�DQG�RWKHU�
PDFURLQYHUWHEUDWHV�ZDV�RIWHQ�WRR�ORZ�WR�UHSUHVHQW��'0� �
GU\�PDVV��$)'0� �DVK�IUHH�GU\�PDVV��

GHQVLWLHV��)LJ���$��%���0HODQRLGHV�WXEHUFXODWD�ZDV�WKH�
RQO\�JDVWURSRG�IRXQG�LQ�6XUEHU�VDPSOHV�DQG�OHDI�SDFN�
JUDEV�DQG�ZDV�SUHVHQW�RQO\�DW�VWDWLRQV���DQG����$OO�
GHFDSRGV�IRXQG�LQ�EHQWKLF�VDPSOHV�ZHUH�DW\LG�
VKULPSV��H[FHSW���JUDSVLG�FUDE�DW�WKH�ORZHVW�VWDWLRQ�
DQG���0DFUREUDFKLXP�VKULPS�DW�WKH�KLJKHVW�VWDWLRQ��
&KLURQRPLGV�FRQVWLWXWHG�PRVW�������� RI�WKH�LQVHFW�
ELRPDVV��ZKLFK�ZDV�H[FHSWLRQDOO\�ORZ��PHDQ� �����PJ�
'0�P��LQ�WKH�EHQWKLF�VDPSOHV���:H�GLG�QRW�V\VWHP��
DWLFDOO\�LGHQWLI\�FKLURQRPLGV�EH\RQG�IDPLO\��EXW�ZH�
GLG�UHFRUG�WKH�JHQHUD�&KLURQRPXV�DQG�7DQ\WDUVXV�LQ�WKH�
ORZHU�UHDFKHV�RI�WKH�<HOD�5LYHU�DV�SDUW�RI�RXU�VWXG\��
2OLJRFKDHWD�ZDV�WKH�RQO\�RWKHU�WD[RQ�IUHTXHQWO\�
IRXQG��9HU\�UDUH�WD[D�LQFOXGHG�ODUYDO�FRHQDJULRQLG�
]\JRSWHUDQV��2GRQDWD���S\UDOLG�PRWK�ODUYDH��/HSLGRS��
WHUD���WLSXOLG�ODUYDH��'LSWHUD���DPSKLSRGV��DQG�SRO\��
FKDHWHV��

7DEOH���� )LVK��FUXVWDFHDQ��DQG�JDVWURSRG�VSHFLHV�VDPSOHG�
RU�REVHUYHG�DW�WKH���VWDWLRQV�DORQJ�WKH�<HOD�5LYHU��.RVUDH��
)HGHUDWHG�6WDWHV�RI�0LFURQHVLD�����WR����1RYHPEHU�������

6WDWLRQ�

6SHFLHV� ��� �� �� ��

)LVKHV�
$QJXLOOLGDH�

$QJXLOOD�PDUPRUDWD� ;;� ;;�
.XKOLLGDH�
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*RELLGDH�
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6WHQRJRELXV�JHQLYLWWDWXV� ;�
5HGLJRELXV�ELNRODQXV� ;�
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'HFDSRGD�
3DODHPRQLGDH�

0DFUREUDFKLXP�ODU� ;� ;� ;� ;� ;�
0DFUREUDFKLXP�ODWLPDQXV� ;� ;�

$W\LGDH�
&DULGLQD�W\SXV� ;� ;�
&DULGLQD�ZHEHUL� ;�
$W\RSVLV�VSLQLSHV� ;� ;�
$W\RLGD�SLOLSHV� ;� ;�

*DVWURSRGD�
1HULWLQD�FDQDOLV� ;� ;�
1HULWLQD�SXOOLJHUD� ;� ;�
&OLWKRQ�FDVWDQHD� ;�
0HODQRLGHV�WXEHUFXODWD� ;�

D�.��UXSHVWULV�DQG�.��PDUJLQDWD�

6QRUNHOLQJ�VXUYH\V�DQG�WUDSSLQJ�

6HYHUDO�ILVK�WD[D�ZHUH�UHFRUGHG�DW�DOO��RU�PRVW��RI�WKH�
VDPSOLQJ�VWDWLRQV�DORQJ�WKH�<HOD�5LYHU�FRQWLQXXP��
7KHVH�LQFOXGHG�WKH�JLDQW�PRWWOHG�HHO�$QJXLOOD�PDUPR��
UDWD��IODJWDLOV�.XKOLD�VSS��^.XKOLD�UXSHVWULV�DQG�.XKOLD�
PDUJLQDWD�FRXOG�QRW�EH�GLVWLQJXLVKHG���DQG�WKH�V\FLGL��
LQH�JRELLG�6WLSKRGRQ�VS���7DEOH�����7ZR�RWKHU�JRELLGV�
ZHUH�UHVWULFWHG�WR�WKH�ORZHUPRVW�VWDWLRQ��7DEOH�����7KH�
��SDODHPRQLG�VKULPS�WD[D�VKRZHG�GLIIHUHQW�GLVWULEX��
WLRQV��0��ODU�ZDV�SUHVHQW�DW�HYHU\�VWDWLRQ��ZKHUHDV�
0DFUREUDFKLXP�ODWLPDQXV�ZDV�UHVWULFWHG�WR�WKH���KLJKHVW�
VWDWLRQV��7KH�DW\LGV�&DULGLQD�W\SXV�DQG�$W\RSVLV�VSLQLSHV�
ZHUH�RQO\�IRXQG�DW�LQWHUPHGLDWH�VWDWLRQV��ZKHUHDV�
$W\RLGD�SLOLSHV�DSSHDUHG�WR�EH�UHVWULFWHG�WR�WKH���KLJKHVW�
VWDWLRQV��&DULGLQD�ZHEHUL�ZDV�RQO\�IRXQG�DW�VWDWLRQ���
�7DEOH�����*DVWURSRGV�LQ�WKH�<HOD�5LYHU�DOVR�GLVSOD\HG�
PDUNHG�HOHYDWLRQDO�]RQDWLRQ�DQG�ZHUH�SUHVHQW�HLWKHU�
DW�ORZ�VWDWLRQV�^1HULWLQD�SXOOLJHUD�DQG�&OLWKRQ�FDVWDQHD��
RU�DW�KLJK�VWDWLRQV�^1HULWLQD�FDQDOLV�DQG�0��WXEHUFXODWD��
�7DEOH�����
6QRUNHOLQJ�VXUYH\V�SURYLGHG�DGGLWLRQDO�GDWD�RQ�

UHODWLYH�DEXQGDQFHV�RI�PDFURFRQVXPHUV�DW�HDFK�
VDPSOLQJ�VWDWLRQ��)LJ������*RELLG�ILVKHV�ZHUH�WKH�PRVW�
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ͪ���
�P�� .XKOLD� �s�� *RELLGDH� �ͪ�� $W\LGDH� ͔�

͈� ͘� $QJXLOOD��J�� 0DFUREUDFKLXP�ͦ� *DVWURSRGD���

��� �� �� ��
'RZQVWUHDP���� !� 8SVWUHDP�

6WDWLRQ�

)LJ����� 0HDQ�HQFRXQWHU�IUHTXHQF\�RI�PDMRU�PDFURFRQ��
VXPHU�JURXSV�REVHUYHG�GXULQJ�WLPHG�VQRUNHOLQJ�VXUYH\V�DW���
VWDWLRQV�DORQJ�WKH�<HOD�5LYHU��0LFURQHVLD��LQ�1RYHPEHU�������

FRPPRQ�PDFURFRQVXPHUV�DW�VWDWLRQV���WKURXJK����DQG�
UHODWLYH�DEXQGDQFHV�GHFOLQHG�VWHDGLO\�XSVWUHDP��)LJ��
����.XKOLD�VSS��ZHUH�SUHVHQW�DW�ORZ�GHQVLWLHV�DW�HYHU\�
VDPSOLQJ�VWDWLRQ��)LJ�����7DEOH�����EXW�ZHUH�QRW�DOZD\V�
REVHUYHG�GXULQJ�VQRUNHOLQJ��7KH�JLDQW�PRWWOHG�HHO�ZDV�
REVHUYHG�LQ�ORZ�GHQVLWLHV�DW�DOO�VWDWLRQV�H[FHSW�6WDWLRQ�
���$W\LG�DQG�SDODHPRQLG�VKULPSV�ZHUH�SUHVHQW�DW�DOO�
VWDWLRQV�EXW�PRUH�ZHUH�REVHUYHG�DW�VWDWLRQV���DQG���
WKDQ�HOVHZKHUH��)LJ������2Q�WKH�EDVLV�RI�VQRUNHOLQJ�
REVHUYDWLRQV��UHODWLYH�VQDLO�DEXQGDQFH�ZDV�JUHDWHVW�DW�
WKH�ORZ�VWDWLRQV����DQG�������DW�WKH�PLGGOH�VWDWLRQV��DQG�
ORZ�DW�WKH�KLJKHVW�VWDWLRQV��)LJ�����DQG�UHIOHFWHG�WKH�
VSHFLHV�GLVWULEXWLRQV�GHVFULEHG�DERYH��

/LWWHU�EUHDNGRZQ�UDWH�

7KH�HOHFWULF�H[FOXVLRQ�H[SHULPHQW�VXFFHVVIXOO\�UH��
GXFHG�PDFURFRQVXPHU�DFFHVV�WR�OHDI�SDFNV��$�IHZ�
ILVKHV�DQG�VKULPSV�ZHUH�DEOH�WR�HQWHU�HOHFWULILHG�
TXDGUDWV�GXULQJ�SHULRGV�RI�ORZ�EDWWHU\�FKDUJH��EXW�
WKH�PHDQ�QXPEHU�RI�PDFURFRQVXPHUV�REVHUYHG�ZDV�
VLJQLILFDQWO\�KLJKHU�LQ�WKH�FRQWURO������s������6(��GI� �
����)� �������ͳ� �������WKDQ�WKH�HOHFWULF�H[FORVXUHV�������
s��������0RVW�̂�����RI�PDFURFRQVXPHUV�REVHUYHG�LQ�
FRQWURO�TXDGUDWV�ZHUH�VKULPSV��6KULPSV�ZHUH�QRW�
LGHQWLILHG�WR�VSHFLHV�GXULQJ�WKH�REVHUYDWLRQ�SHULRG��EXW�
DSSHDUHG�WR�EH�PRVWO\�0��ODU��7KH�IHZ�ILVKHV�REVHUYHG�
LQ�WKH�TXDGUDWV�ZHUH�VPDOO�MXYHQLOHV�DQG�XVXDOO\�ZHUH�
LQ�WKH�ZDWHU�FROXPQ�DERYH�WKH�OHDI�SDFNV��0HDQ�ZDWHU�
GHSWK��FRQWURO� ������s����FP��H[FORVXUH� ������s�����
FP��DQG�PHDQ�ZDWHU�YHORFLW\��FRQWURO� ������s� �����
P�V��FRQWURO� ������s������P�V��RYHU�WKH�OHDI�SDFNV�GLG�
QRW�GLIIHU�EHWZHHQ�WUHDWPHQWV��GI� �����)� ��������ͳ� �
�����DQG�GI� �����)� �������ͳ� �������UHVSHFWLYHO\���
/HDI�GHFD\�UDWHV��$���YDULHG�EHWZHHQ�������WR�������
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'D\�

)LJ����� 0HDQ��s�� 6(��SURSRUWLRQ�RI�DVK�IUHH�GU\�PDVV�
�$)'0��OHDI�OLWWHU�UHPDLQLQJ�LQ�PDFURFRQVXPHU�DFFHVV�
�FRQWURO��DQG�HOHFWULILHG�PDFURFRQVXPHU�H[FOXVLRQ�TXDGUDWV�
GXULQJ�WKH����G�OLWWHU�VWXG\�RQ�WKH�ORZHU�<HOD��)LWWHG�FXUYHV�
DUH�WKH�H[SRQHQWLDO�GHFD\�PRGHO��

DQG�GLG�QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�PDFURFRQ��
VXPHU�DFFHVV�WUHDWPHQWV��GI� ���)� �������ͳ� �������)LJ��
����21� UDWLR��DQ�LQYHUVH�LQGH[�RI�OLWWHU�TXDOLW\��ZDV�
VLPLODU�EHWZHHQ�WUHDWPHQWV�DQG�GHFUHDVHG�VWHDGLO\�
WKURXJK�WLPH��D�UHVXOW�WKDW�LQGLFDWHG�VLPLODU�UDWHV�RI�
PLFURELDO�FRORQL]DWLRQ�EHWZHHQ�PDFURFRQVXPHU�DFFHVV�
WUHDWPHQWV��)LJ������
0DFURFRQVXPHU�DFFHVV�WUHDWPHQWV�GLIIHUHG�ZLWK�

UHVSHFW�WR�WKH�QXPEHU�RI�QRQVKULPS�LQYHUWHEUDWHV�
�PRVWO\�FKLURQRPLGV�DQG�ROLJRFKDHWHV��WKDW�FRORQL]HG�
OHDI�SDFNV��S� �������)LJ������*XW�DQDO\VHV�UHYHDOHG�WKDW�
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ᒹ� ([FOXVLRQ�
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'D\�

)LJ����� 0HDQ��s��6(��&�1�UDWLR�RI�UHPDLQLQJ�OHDI�OLWWHU�LQ�
PDFURFRQVXPHU�DFFHVV��FRQWURO��DQG�HOHFWULILHG�PDFURFRQ��
VXPHU�H[FOXVLRQ�TXDGUDWV�GXULQJ�WKH����G�OLWWHU�VWXG\�RQ�WKH�
ORZHU�<HOD��$)'0� �DVK�IUHH�GU\�PDVV��
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'D\�

)LJ����� 0HDQ��s��6(��DEXQGDQFH�RI�QRQVKULPS�LQYHUWH��
EUDWHV�LQ�OHDI�OLWWHU�SDFNV�LQ�PDFURFRQVXPHU�DFFHVV��FRQWURO��
DQG�HOHFWULILHG�PDFURFRQVXPHU�H[FOXVLRQ�TXDGUDWV�RYHU�WKH�
���G�OLWWHU�VWXG\�RQ�WKH�ORZHU�<HOD��

FKLURQRPLGV��WKH�GRPLQDQW�QRQVKULPS�LQYHUWHEUDWH�
IRXQG�LQ�OHDI�SDFNV��FRQVXPHG�PRVWO\�DPRUSKRXV�
GHWULWXV��!����RI�SDUWLFOH�DUHD��DQG�QR�VLJQLILFDQW�
DPRXQWV�RI�OHDI�OLWWHU��GDWD�QRW�VKRZQ���*XW�DQDO\VHV�RI�
0��ODU��WKH�GRPLQDQW�VKULPS�DW�WKH�VLWH��DOVR�VKRZHG�
PLQLPDO�FRQVXPSWLRQ�RI�OHDI�OLWWHU��GDWD�QRW�VKRZQ���
7KHVH�SDWWHUQV�RI�FRQVXPSWLRQ�ZHUH�VXSSRUWHG�E\�WKH�
VWDEOH�LVRWRSH�DQDO\VLV��%DVHG�RQ����&�DQG�ͦ ��͐�YDOXHV��
FKLURQRPLGV�DSSHDUHG�WR�EH�PRUH�GHSHQGHQW�RQ�)320��
ZKLFK�FRXOG�KDYH�EHHQ�GHULYHG�IURP�&320��)LJ������
7KH����&�DQG�ͦ ��͐�YDOXHV�RI�WKH�VKULPS�0��ODU�LQGLFDWHG�
WKDW�LW�LV�D�SUHGDWRU�LQ�WKLV�IRRG�ZHE�DQG�XQOLNHO\�WR�EH�
DQ�LPSRUWDQW�VKUHGGHU�RI�OHDI�OLWWHU��)LJ������

'LVFXVVLRQ�

&RPPXQLW\�VWUXFWXUH�

5HVXOWV�IURP�RXU�ORQJLWXGLQDO�VXUYH\�VKRZHG�WKDW�
WKH�<HOD�VWUHDP�PDFURIDXQDO�FRPPXQLW\�ZDV�PXFK�
VLPSOHU�WKDQ�WKRVH�RI�WURSLFDO�FRQWLQHQWDO�VWUHDPV��H�J���
&KHVKLUH�HW�DO��������DQG�WKRVH�RI�RWKHU�WURSLFDO�LVODQG�
VWUHDPV��H�J���*UHDWKRXVH�DQG�3ULQJOH��������6SHFLHV�
ULFKQHVV�ZDV�ORZ��DQG�WKH�DVVHPEODJH�ZDV�WD[RQRP��
LFDOO\�UHVWULFWHG��,Q�SDUWLFXODU��LQVHFWV�ZHUH�SUHVHQW�DW�
H[WUHPHO\�ORZ�VSHFLHV�ULFKQHVV��DEXQGDQFH��DQG�
ELRPDVV��0HDQ�LQVHFW�ELRPDVV�LQ�EHQWKLF�VDPSOHV�IURP�
RXU�VXUYH\�ZDV�!����;�ORZHU�WKDQ�WKDW�W\SLFDO�RI�
IRUHVW�VWUHDPV�LQ�WKH�FRQWLQHQWDO�86��+XU\Q�HW�DO���������
1R�(SKHPHURSWHUD��3OHFRSWHUD��RU�7ULFKRSWHUD�ZHUH�
SUHVHQW��DQG�RQO\�FKLURQRPLGV��'LSWHUD��ZHUH�IRXQG�LQ�
DQ\�DEXQGDQFH��DOEHLW�DW�H[WUHPHO\�ORZ�ELRPDVV�
UHODWLYH�WR�GHFDSRGV�DQG�JDVWURSRGV���2WKHU�LQVHFW�
WD[D��H�J���WLSXOLGV��S\UDOLGV��DQG�]\JRSWHUDQV��ZHUH�
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)LJ����� 0HDQ��s��6(��VWDEOH�LVRWRSH��ͦ��͐�DQG�ͦ ��ͪ�
YDOXHV�RI�PDMRU�EDVDO�UHVRXUFHV�DQG���QXPHULFDOO\�GRPLQDQW�
LQYHUWHEUDWH�FRQVXPHUV�LQ�WKH�ORZHU�<HOD�5LYHU��3(5,� �
SHULSK\WRQ��&320���FRDUVH�SDUWLFXODWH�RUJDQLF�PDWWHU��6(67�
 �VHVWRQ��)%20� �ILQH�SDUWLFXODWH�RUJDQLF�PDWWHU��&+,526� �
FKLURQRPLGV��0$&/$5� �0DFUREUDFKLXP�ODU��9DOXHV�ZLWKRXW�
HUURU�EDUV�ZHUH�EDVHG�RQ�D�VLQJOH�PHDVXUHPHQW��

IRXQG�RQO\�YHU\�UDUHO\��8QGRXEWHGO\��PRUH�IUHVKZDWHU�
LQVHFW�WD[D�H[LVW�LQ�WKH�<HOD�5LYHU�ZDWHUVKHG�DQG�RQ�
.RVUDH��+RZHYHU��RXU�UHVXOWV�XQGHUVFRUH�WKH�H[WUHPH�
VLPSOLFLW\�RI�VWUHDP�LQVHFW�FRPPXQLWLHV�RQ�UHPRWH�
3DFLILF�LVODQGV��GULYHQ�E\�WKH�OLPLWV�RI�GLVSHUVDO�RYHU�
JUHDW�GLVWDQFHV�RI�RSHQ�RFHDQ��7KLV�VLPSOLFLW\�SUHVXP��
DEO\�KDV�OHIW�HPSW\�WURSKLF�DQG�KDELWDW�QLFKHV�WKDW�
XVXDOO\�DUH�RFFXSLHG�LQ�PRUH�FRPSOH[�FRPPXQLWLHV��
)RU�H[DPSOH��D�UHFHQW�H[WHQVLYH�VHDUFK�IRU�RGRQDWHV��D�
UHODWLYHO\�VWURQJ�IO\LQJ�JURXS�DV�DGXOWV��RQ�.RVUDH�
IRXQG�WKDW�IRUHVW�VWUHDPV�ZHUH�ODUJHO\�XQH[SORLWHG�RU�
XQGHUXWLOL]HG�KDELWDW��%XGHQ�DQG�3DXOVRQ��������0DQ\�
RWKHU�LQVHFW�JURXSV�GR� QRW�DSSHDU�WR�EH�SOD\�D�
VLJQLILFDQW�UROH�LQ�WKH�<HOD�5LYHU
V�EHQWKLF�FRPPXQLW\��
,Q�WKH�DEVHQFH�RI�D�GLYHUVH�DQG�DEXQGDQW�LQVHFW�

FRPPXQLW\��WKH�VWUHDP�IDXQD�RI�WKH�<HOD�5LYHU�ZDV�
GRPLQDWHG�LQVWHDG�E\�D�UHODWLYHO\�VLPSOH�FRPPXQLW\�
RI�GLDGURPRXV�PDFURFRQVXPHUV��FRPSRVHG�RI����
VSHFLHV�RI�ILVKHV��VKULPSV��DQG�VQDLOV��'RPLQDQFH�E\�
VXFK�PDULQH�GHULYHG�WD[D�LV�FKDUDFWHULVWLF�RI�LQVXODU�
VWUHDPV�JOREDOO\��H�J���0DUFK�HW�DO������E��6PLWK�HW�DO��
������5HVK��������+RZHYHU��VSHFLHV�ULFKQHVV�RI�PDFUR��
FRQVXPHU�WD[D�LQ�WKH�<HOD�5LYHU�ZDV�ORZ�UHODWLYH�WR�
RWKHU�WURSLFDO�LVODQG�VWUHDP�FRPPXQLWLHV��H�J���3XHUWR�
5LFR��&RYLFK�DQG�0F'RZHOO��������0RUHRYHU��PDQ\�
WD[D�LQ�WKLV�JURXS�VKRZHG�D�KLJK�GHJUHH�RI�]RQDWLRQ�
DORQJ�WKH�<HOD�5LYHU�FRQWLQXXP��7KLV�]RQDWLRQ�UHGXFHV�
VLWH�VSHFLILF�VSHFLHV�ULFKQHVV�DQG�KLJKOLJKWV�WKH�LPSRU��
WDQFH�RI�D�ORQJLWXGLQDO�DSSURDFK�WR�FKDUDFWHUL]LQJ�WKH�
FRPPXQLW\�RI�WKLV�UHODWLYHO\�VKRUW�ULYHU�V\VWHP��
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'HFDSRGV�ZHUH�WKH�PRVW�FRPPRQ�PDFURFRQVXPHU�
DQG�FRQWULEXWHG�PRVW�RI�WKH�EHQWKLF�LQYHUWHEUDWH�
ELRPDVV�DW�PRVW�VWDWLRQV��:H�IRXQG��� VSHFLHV�RI�
VKULPSV����SDODHPRQLGV�DQG���DW\LGV��RI�ZKLFK���
SDODHPRQLG��0��ODWLPDQXV��DQG���DW\LGV��&��W\SXV��&��
ZHEHUL��DQG�$��VSLQLSHV��KDYH�QRW�EHHQ�UHSRUWHG�IURP�
.RVUDH�SUHYLRXVO\��:H�GLG�QRW�ILQG�RQH�VSHFLHV�RI�DW\LG�
�&DULGLQD�VHUUDWLURVWULV��WKDW�KDV�EHHQ�UHSRUWHG�IURP�WKH�
,QHP�VWUHDP�RQ�WKH�HDVWHUQ�VLGH�RI�.RVUDH��0DUFK�HW�DO��
����D���7KH�SDODHPRQLGV�GLIIHUHG�LQ�WKHLU�GLVWULEXWLRQ��
0DFUREUDFKLXP�ODU�ZDV�SUHVHQW�DW�DOO���VWDWLRQV��ZKHUHDV�
0�� ODWLPDQXV�ZDV�UHVWULFWHG�WR�WKH�XSSHU���KLJK��
HOHYDWLRQ�VWDWLRQV��%RWK�VSHFLHV�DUH�IRXQG�RQ�3RKQSHL�
ZKHUH�WKH\�KDYH�VLPLODU�GLVWULEXWLRQV�WR�WKRVH�RE��
VHUYHG�RQ�.RVUDH��ZLWK�D� JUHDWHU�QXPEHU�RI�0��
ODWLPDQXV�IRXQG�LQ�KLJKHU�HOHYDWLRQ�KHDGZDWHU�VWUHDPV�
�%XGHQ�HW�DO������D���7KH�DW\LG�VSHFLHV�DOVR�YDULHG�LQ�
WKHLU�ORQJLWXGLQDO�GLVWULEXWLRQ��/DUJH�$��SLOLSHV�ZHUH�
IRXQG�RQO\�DW�WKH�KLJKHU�HOHYDWLRQV��VWDWLRQV���DQG�����
ZKHUH�WKH\�ZHUH�XQGHU�FDVFDGLQJ�ZDWHU�RQ�WKH�VLGHV�RI�
ERXOGHUV�DQG�ODUJH�FREEOH��$� VLPLODU�ORQJLWXGLQDO�
GLVWULEXWLRQ�DQG�PLFURKDELWDW�VHOHFWLRQ�IRU�$��SLOLSHV�
ZDV�UHSRUWHG�LQ�3RKQSHL��%XGHQ�HW�DO������D���&DULGLQD�
W\SXV��&��ZHEHUL��DQG�$��VSLQLSHV�ZHUH�RQO\�IRXQG�DW�
PLG�HOHYDWLRQ�VLWHV��VWDWLRQV�������7KHVH���WD[D�KDYH�D�
EURDG�GLVWULEXWLRQ�WKURXJKRXW�WKH�,QGR�:HVW�3DFLILF�
DQG�RFFXU�RQ�QHLJKERULQJ�3RKQSHL��0DFLROHN�DQG�)RUG�
������%XGHQ�HW�DO������D���
:H�IRXQG���VSHFLHV�RI�VQDLOV��1HULWLQD�SXOOLJHUD��1��

FDQDOLV��DQG�0��WXEHUFXODWD�DUH�IRXQG�WKURXJKRXW�WKH�
$VLD�3DFLILF�UHJLRQ��DQG�&��FDVWDQHD�KDV�EHHQ�UHSRUWHG�
IURP�WKH�&DUROLQH�,VODQGV��6DPRD��DQG�)LML��$��+D\QHV��
8QLYHUVLW\�RI�6RXWK�3DFLILF��SHUVRQDO�FRPPXQLFDWLRQ���
2QO\�1��SXOOLJHUD�KDV�EHHQ�SUHYLRXVO\�UHSRUWHG�RQ�
.RVUDH��0DUFK�HW�DO������D���0DUNHG�]RQDWLRQ�LQ�WKH�
GLVWULEXWLRQ�RI�VQDLOV�ZLWK�HOHYDWLRQ�RU�GLVWDQFH�IURP�
WKH�ULYHU�PRXWK�KDV�EHHQ�REVHUYHG�LQ�RWKHU�WURSLFDO�
LVODQG�VWUHDPV��H�J���+D\QHV��������:H�IRXQG�1��FDQDOLV�
DQG�0��WXEHUFXODWD�RQO\�DW�RXU���KLJKHVW�VWDWLRQV��7KLV�
SDWWHUQ�ZDV�VRPHZKDW�VXUSULVLQJ�EHFDXVH�0��WXEHU��
FXODWD�LV�SDUWKHQRJHQHWLF��D� KDELWDW�JHQHUDOLVW��DQG�
RIWHQ�RQH�RI�WKH�PRVW�FRPPRQO\�IRXQG�VQDLOV�LQ�
WURSLFDO�LVODQG�VWUHDPV��+D\QHV��������������1HULWLQD�
FDQDOLV��OLNH�RWKHU�QHULWLG�VQDLOV��LV�WKRXJKW�WR�EH�
DPSKLGURPRXV��ZLWK�ODUYDO�GHYHORSPHQW�RFFXUULQJ�
LQ�PDULQH�HQYLURQPHQWV��7LQD�/LX�DQG�5HVK�������5HVK�
�������:H�GLG�QRW�REVHUYH�QHULWLGV�DFWLYHO\�PLJUDWLQJ�
�H�J���6FKQHLGHU�DQG�)URVW��������EXW�ZH�PLJKW�KDYH�
PLVVHG�VPDOOHU�QHULWLGV�DW�WKH�ORZHU�HOHYDWLRQV��
)LYH�RI�WKH���ILVK�VSHFLHV�ZH�IRXQG�KDYH�EHHQ�

UHSRUWHG�HOVHZKHUH�RQ�.RVUDH��'RQDOGVRQ�DQG�0\HUV�
������0DUFK�HW�DO������D��DQG�DOVR�RFFXU�RQ�3RKQSHL�
�0DFLROHN�DQG�)RUG�������%XGHQ�HW�DO������E���7KH�ILVK�
DVVHPEODJH�RI�WKH�<HOD�ZDV�W\SLFDO�RI�KLJK�LVODQG�

VWUHDPV�LQ�WKDW��� RI�WKH��� VSHFLHV�ZHUH�JRELHV��
6WHQRJRELXV�JHQQLYLWWDWXV�KDV�QRW�EHHQ�UHSRUWHG�SUHYL��
RXVO\�IURP�.RVUDH�RU�3RKQSHL��+RZHYHU��WKLV�JRE\�KDV�
D�EURDG�,QGR�:HVW�3DFLILF�GLVWULEXWLRQ��H�J���)LML��5\DQ�
�������$GGLWLRQDO�ILVK�WD[D�VDPSOHG�LQ�VWUHDPV�RI�
.RVUDH�E\�WKH�DXWKRUV��-3%�DQG�-*0��LQFOXGH�
2SKLRFDUD�SRURFHSKDOD��6WHQRJRELXV�VS���0LFURSKLV�EUD��
FK\XUXV��6WLSKRGRQ�SHOH]YHQVLV��*ORVVRJRELXV�FHOHELXV��
2SKLHOHRWULV�DSRURV��&DUDQ[�VH[IDVFLDWXV��MXYHQLOHV���DQG�
/XWMDQXV�DUJHQWLPDFXODWXV��MXYHQLOHV���6HYHUDO�RI�WKHVH�
WD[D�DUH�HXU\KDOLQH�DQG�IRXQG�LQ�ORFDWLRQV�FORVHU�WR�WKH�
VDOWZDWHU�PDUJLQ�RI�WKH�HVWXDU\�WKDQ�ZKHUH�ZH�
VDPSOHG��VHH�'RQDOGVRQ�DQG�0\HUV������IRU�D�OLVW�RI�
IUHVKZDWHU�ILVKHV�IRXQG�RQ�.RVUDH���

/LWWHU�EUHDNGRZQ�

:H�IRXQG�QR�WUHDWPHQW�HIIHFW�RI�PDFURFRQVXPHU�
DFFHVV�RQ�OHDI�OLWWHU�EUHDNGRZQ�DW�RXU�ORZHU�<HOD�5LYHU�
VWXG\�VLWH��7KLV�UHVXOW�VXJJHVWV�WKDW�WKH�PDFURFRQVXP��
HU�WD[D�SUHVHQW��DQG�SDUWLFXODUO\�WKH�GRPLQDQW�VKULPS�
0�� ODU��ZHUH�QRW�VKUHGGHUV��+LJKHU�QXPEHUV�RI�
QRQVKULPS�LQYHUWHEUDWHV�LQ�PDFURFRQVXPHU�H[FOXVLRQ�
TXDGUDWV�LQGLFDWHG�WKDW�PDFURFRQVXPHUV�KDG�VRPH�
GLUHFW��SUREDEO\�SUHGDWRU\��HIIHFW�RQ�QRQVKULPS�
LQYHUWHEUDWHV��+RZHYHU��VLJQLILFDQW�LQFUHDVHV�LQ�QRQ��
VKULPS�LQYHUWHEUDWH�DEXQGDQFH�LQ�WKH�DEVHQFH�RI�
PDFURFRQVXPHUV��FRPELQHG�ZLWK�QR�WUHDWPHQW�GLIIHU��
HQFH�LQ�OLWWHU�GHFD\�UDWHV��VXJJHVWV�WKDW�WKH�QRQVKULPS�
LQYHUWHEUDWHV�WKDW�UHVSRQGHG�WR�ORZ�PDFURFRQVXPHU�
GHQVLWLHV�DOVR�ZHUH�QRW�VKUHGGHUV��7KH�OLWWHU�VSHFLHV�ZH�
FKRVH�IRU�WKH�H[FOXVLRQ�VWXG\�FRXOG�KDYH�EHHQ�
XQSDODWDEOH�WR�DQ\�VKUHGGHUV�SUHVHQW�DW�WKH�ORZHU�<HOD�
VLWH��:H�ODFN�OHDI�FKHPLVWU\�GDWD�IRU�7��FDUROLQHQVLV��EXW�
EUHDNGRZQ�UDWH�RI�D� VSHFLHV�LQ�WKH�VDPH�JHQXV�
�7HUPLQDOLD�REORQJD��ZDV�������G�LQ�D� &RVWD�5LFDQ�
VWUHDP��7KLV�YDOXH�ZDV�DQ�LQWHUPHGLDWH�UDWH�DPRQJ���
VSHFLHV�SLFNHG�WR�UHSUHVHQW�D�UDQJH�LQ�OHDI�FKHPLVWU\�
�$UGµQ�DQG�3ULQJOH��������&RPELQHG�ZLWK�WKH�HYL��
GHQFH�IRU�PLFURELDO�FRORQL]DWLRQ�SURYLGHG�E\�FKDQJHV�
LQ�21�UDWLR��WKHVH�GDWD�VXJJHVW�WKDW�WKH�OLWWHU�VSHFLHV�
ZH�FKRVH�IRU�WKH�EUHDNGRZQ�VWXG\�ZRXOG�KDYH�EHHQ�
SDODWDEOH�WR�VKUHGGHUV�KDG�WKH\�EHHQ�SUHVHQW��
6HYHUDO�DGGLWLRQDO�OLQHV�RI�HYLGHQFH�SRLQW�WR�D�

SDXFLW\�RU�DEVHQFH�RI�VKUHGGHU�WD[D�LQ�WKH�<HOD�ULYHU�
V\VWHP��:LWK�WKH�H[FHSWLRQ�RI���VPDOO�WLSXOLG�ODUYDH��QR�
UHSUHVHQWDWLYHV�RI�LQVHFW�JURXSV�XVXDOO\�DVVRFLDWHG�
ZLWK�VKUHGGLQJ��H�J���7ULFKRSWHUD��3OHFRSWHUD��ZHUH�
IRXQG�RQ�.RVUDH��7KH�IHZ�RWKHU�LQVHFW�WD[D�IRXQG�ZHUH�
HLWKHU�H[WUHPHO\�UDUH�UHSUHVHQWDWLYHV�RI�RWKHU�IXQFWLRQ��
DO�IHHGLQJ�JURXSV��H�J���JUD]LQJ�S\UDOLGV��RU�ZHUH�
VKRZQ�E\�JXW�DQDO\VLV�QRW�WR�FRQVXPH�OHDI�OLWWHU�
GLUHFWO\��H�J���FKLURQRPLGV���6WDEOH�LVRWRSH�DQDO\VLV�RI�
SRWHQWLDO�EDVDO�UHVRXUFHV�DQG�RI���GRPLQDQW�FRQVXPHUV�
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����@� 3DFLILF�,VODQG�6WUHDP�(FRORJ\� ����

�0��ODU�DQG�FKLURQRPLGV��DOVR�LQGLFDWHG�WKDW�FRQVXPS��
WLRQ�RI�OHDI�OLWWHU�ZDV�XQOLNHO\��DW�OHDVW�DW�WKH�ORZHU�<HOD�
VLWH��2WKHU�PDFURFRQVXPHU�WD[D�ZHUH�HLWKHU�QHYHU�
REVHUYHG�LQ�OHDI�SDFNV��H�J���ILVKHV��RU�XQOLNHO\�WR�EH�
VKUHGGHUV�EHFDXVH�RI�PRUSKRORJ\��H�J���ILOWHU�IHHGLQJ�
DW\LG�VKULPSV��VFUDSLQJ�VQDLOV���/DVW��ZH�QHYHU�VDZ�DQ\�
HYLGHQFH�RI�VKUHGGLQJ�DFWLYLW\�RQ� OHDI�PDWHULDO�
FROOHFWHG�IURP�OHDI�SDFNV��DQG�OHDI�GHFD\�UDWHV�LQ�WKH�
TXDGUDWV�ZHUH�UHODWLYHO\�VORZ�������������G��IRU�VXFK�
KLJK�ZDWHU�WHPSHUDWXUHV��D�UHODWLYHO\�FRQVWDQW���r&���
7KH�WD[D�SUHVHQW�DW�VLWHV�XSVWUHDP�IURP�RXU�H[FOXVLRQ�
H[SHULPHQW�FRXOG�KDYH�FRQVWLWXWHG�D�IXQFWLRQDO�VKUHG��
GHU�FRPPXQLW\��EXW�ZH�IDLOHG�WR�ILQG�VWURQJ�HYLGHQFH�
IRU�VXFK�D�SDWWHUQ�LQ�RXU�VXUYH\��9DULRXV�K\SRWKHVHV�
KDYH�EHHQ�SXW�IRUZDUG�WR�H[SODLQ�VFDUFLW\�RU�ORVV�RI�
LQVHFW�VKUHGGHUV�LQ�PRVW�WURSLFDO�VWUHDPV��EXW�VHH�
&KHVKLUH�HW�DO��������DQG�WKHLU�UHSODFHPHQW�E\�RWKHU�
WD[RQRPLF�JURXSV��7KHVH�K\SRWKHVHV�LQFOXGH�ELRJHR��
JUDSKLF�SURFHVVHV��&RYLFK�������:DQW]HQ�DQG�:DJQHU�
������DQG�FRPSHWLWLYH�LQWHUDFWLRQV�ZLWK�KHWHURWURSKLF�
PLFUREHV�DW�UHODWLYHO\�KLJK�ZDWHU�WHPSHUDWXUHV��,URQV�
HW�DO���������2XU�FRPPXQLW\�DQG�OLWWHU�EUHDNGRZQ�GDWD�
VXJJHVW�WKDW�ELRJHRJUDSKLF�SURFHVVHV�SOD\�DQ�RYHU��
ULGLQJO\�LPSRUWDQW�UROH�LQ�GHWHUPLQLQJ�WKH�UHVWULFWHG�
HFRV\VWHP�IXQFWLRQ�RI�VRPH�3DFLILF�LVODQG�VWUHDP�
FRPPXQLWLHV��
)HZ�ILHOG�VWXGLHV�RI�OLWWHU�EUHDNGRZQ�LQ�3DFLILF�

LVODQG�VWUHDPV�DUH�DYDLODEOH�IRU�FRPSDULVRQ�ZLWK�RXU�
GDWD��,Q�+DZDLL��/DUQHG��������DOVR�IRXQG�VORZ�OLWWHU�
EUHDNGRZQ�UDWHV��N�UDQJHG�IURP��������������DQG�QR�
HQGHPLF�VKUHGGHUV��,QGHHG��WKH�RQH�VKUHGGHU�LQ�
+DZDLL�WKDW�GLG�KDYH�D� VLJQLILFDQW�HIIHFW�RQ�OLWWHU�
EUHDNGRZQ�ZDV�WKH�H[RWLF�FUD\ILVK�3URFDPEDUXV�FODUNLL�
�/DUQHG�HW�DO���������2XU�UHVXOWV�FDQ�DOVR�EH�FRPSDUHG�
ZLWK�SXEOLVKHG�VWXGLHV�IURP�RWKHU�WURSLFDO�LVODQGV��,Q�D�
VWXG\�RI�PDFURFRQVXPHU�FRQWURO�RQ�OLWWHU�EUHDNGRZQ�
LQ�D�3XHUWR�5LFDQ�ULYHU��0DUFK�HW�DO���������IRXQG�WKDW�
WKH�HIIHFW�RI�PDFURFRQVXPHUV�GHSHQGHG�RQ�SRVLWLRQ�
DORQJ�WKH�ULYHU�FRQWLQXXP��ZKLFK�FRQWUROOHG�PDFUR��
FRQVXPHU�FRPPXQLW\�FRPSRVLWLRQ���$W�ORZ�HOHYDWLRQ�
VLWHV��ZKHUH�RQO\�0DFUREUDFKLXP�VSS��ZHUH�DEXQGDQW��
QR�HIIHFW�RI�PDFURFRQVXPHU�H[FOXVLRQ�ZDV�REVHUYHG��
2QO\�DW�WKH�KLJK�HOHYDWLRQ�VLWH��ZKHUH�WKH�VKUHGGLQJ�
VKULPS�VSHFLHV�;��HORQJDWD�ZDV� FRPPRQ��ZDV� D�
WUHDWPHQW�HIIHFW�RI�PDFURFRQVXPHU�H[FOXVLRQ�IRXQG��
6PDOO�RU�PL[HG�HIIHFWV�RI�0DFUREUDFKLXP�GRPLQDWHG�
VKULPS�FRPPXQLWLHV�RQ�OLWWHU�EUHDNGRZQ�KDYH�DOVR�
EHHQ�VHHQ�LQ�PDLQODQG�WURSLFDO�VWUHDPV��H�J���5RVH��
PRQG�HW�DO���������2XU�3DFLILF�LVODQG�VWXG\�DW�D�ORZ��
HOHYDWLRQ�VLWH�DOVR�VXJJHVWV�DQ�LQVLJQLILFDQW�UROH�RI�0��
ODU�LQ�OLWWHU�EUHDNGRZQ��0DFURFRQVXPHUV�LQ�WKH�<HOD�
5LYHU�PLJKW�SOD\�D�PRUH�LPSRUWDQW�UROH�DW�KLJK��
HOHYDWLRQ�VLWHV�ZKHUH�0��ODWLPDQXV�DQG�VHYHUDO�DW\LG�
VKULPSV�DUH�PRUH�DEXQGDQW��$V�ZDV�VHHQ�LQ�3XHUWR�

5LFR��VSHFLHV�LGHQWLW\�DQG�ORFDWLRQ�DORQJ�WKH�VWUHDP�
FRQWLQXXP�PLJKW�EH�LPSRUWDQW�LQ�GHWHUPLQLQJ�WKH�
UHODWLYH�UROH�RI�PDFURFRQVXPHUV�LQ�OLWWHU�EUHDNGRZQ��

,PSRUWDQFH�RI�LQWDFW�3DFLILF�LVODQG�VWUHDP�FRPPXQLWLHV�

,Q�VRPH�DVSHFWV��WKH�<HOD�5LYHU�LV�W\SLFDO�RI�SHUHQQLDO�
VWUHDPV�RQ�3DFLILF�KLJK�LVODQGV�LQ�WKDW�LW�LV�KLJK��
JUDGLHQW��KDV�UHODWLYHO\�ORZ�GLVVROYHG�1�3�UDWLRV��ORZ�
LQVHFW�ULFKQHVV�DQG�ELRPDVV��DQG�LV�GRPLQDWHG�E\�
DPSKLGURPRXV�PDFURFRQVXPHUV��,Q�FRQWUDVW��WKH�<HOD�
5LYHU�LV�DW\SLFDO�RI�3DFLILF�LVODQG�VWUHDPV�LQ�WKDW�QR�
DQWKURSRJHQLF�VWUXFWXUHV��H�J���GDPV�DQG�URDGV��
FXUUHQWO\�DIIHFW�WKH�PLJUDWLRQ�RI�LWV�IUHVKZDWHU�IDXQD��
DQG�QR�IORZ�GLYHUVLRQV��QR�LQWURGXFHG�DTXDWLF�VSHFLHV��
QR�VLJQLILFDQW�KXPDQ�KDUYHVW�RI�VSHFLHV��DQG�QR�
ODQGXVH�DOWHUDWLRQV�RFFXU�LQ�WKH�FDWFKPHQW��7KH�QHDU��
SULVWLQH�QDWXUH�RI�WKH�<HOD�5LYHU�ZDWHUVKHG�PDNHV�LW�
H[WUHPHO\�YDOXDEOH�IRU���UHDVRQV��)LUVW��D�WKRURXJK�
NQRZOHGJH�RI�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�UHODWLYHO\�
LQWDFW�ULYHU�V\VWHPV�VXFK�DV�WKH�<HOD�5LYHU�PLJKW�JXLGH�
UHJLRQDO�JRYHUQPHQW�DJHQFLHV�ZKHQ�DVVHVVLQJ�WKH�
HIIHFWV�RI�KXPDQ�DFWLYLWLHV�DQG�VXEVHTXHQWO\�PLJKW�
DLG�WKHP�ZKHQ�GHYHORSLQJ�VWUDWHJLHV�WR�PLWLJDWH�WKH�
HIIHFWV�RI�KXPDQ�GLVWXUEDQFH��H�J���%HQVWHDG�HW�DO��
�������6HFRQG��DV�PRUH�GDWD�RQ�WKH�VWUXFWXUH�DQG�
IXQFWLRQ�RI�VWUHDP�FRPPXQLWLHV�EHFRPH�DYDLODEOH�IURP�
RFHDQLF�LVODQGV��LW�ZLOO�EHFRPH�SRVVLEOH�WR�DVN�EURDGHU�
HFRORJLFDO�TXHVWLRQV�DQG�WR�WHVW�WKH�DSSOLFDELOLW\�RI�
WKHRU\�GHULYHG�IURP�FRQWLQHQWDO�VLWHV�RQ�RFHDQLF�
LVODQGV��7KH�H[WUHPH�VLPSOLFLW\�RI�3DFLILF�LVODQG�VWUHDP�
FRPPXQLWLHV�PDNHV�WKHP�SDUWLFXODUO\�YDOXDEOH�IRU�
FRPSDUDWLYH�ILHOG�VWXGLHV�WKDW�LQYHVWLJDWH�UHODWLRQVKLSV�
EHWZHHQ�ELRGLYHUVLW\�DQG�HFRV\VWHP�IXQFWLRQ��+RZ��
HYHU��WKLV�ZRUN�ZLOO�EH�SRVVLEOH�RQO\�WKURXJK�FRQWLQ��
XHG�FRQVHUYDWLRQ�RI�LQWDFW�DQG�XQGLVWXUEHG�VWUHDP�
VLWHV�WKURXJKRXW�WKH�3DFLILF�UHJLRQ��

$FNQRZOHGJHPHQWV�
7KLV�UHVHDUFK�ZDV�IXQGHG�WKURXJK�D� FRRSHUDWLYH�

DJUHHPHQW�EHWZHHQ�WKH�86�'HSDUWPHQW�RI�$JULFXOWXUH�
)RUHVW�6HUYLFH�,QVWLWXWH�RI�3DFLILF�,VODQGV�)RUHVWU\�DQG�
WKH�8QLYHUVLW\�RI�*HRUJLD��:H�DUH�JUDWHIXO�WR�6DUDK�
0DUFK��-DVRQ�-DFN��0RVHV�3DOLN��)DORN�3DOLN��DQG�
*LIIRUG�-RKQ�IRU�WKHLU�DVVLVWDQFH�ZLWK�ILHOGZRUN��
6LPSVRQ�$EUDKDP��(ULFN�:DJXN��DQG�HYHU\RQH�HOVH�
DW�WKH�.RVUDH�'HYHORSPHQW�5HYLHZ�&RPPLVVLRQ�
DVVLVWHG�ZLWK�ORJLVWLFV��:H�DUH�YHU\�JUDWHIXO�WR�3HWH�
&UDQVWRQ��$OLVRQ�+D\QHV��DQG�/\QQH�3DUHQWL�IRU�
LGHQWLI\LQJ�FKLURQRPLGV��VQDLOV��DQG�ILVKHV��UHVSHFWLYH��
O\��:H�WKDQN�0ROO\�1HHO\�%XUQDP�DQG�6RQMD�(NOXQG�
IRU�ODERUDWRU\�DQDO\VHV��DQG�/X]�%R\HUR��3DPHOD�
6LOYHU��DQG�5LFKDUG�0F.HQ]LH�IRU�WKHLU�YHU\�KHOSIXO�
VXJJHVWLRQV�WKDW�LPSURYHG�WKH�PDQXVFULSW��
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���� -��3��%HQVWHDG�HW�DO�� >9ROXPH����

/LWHUDWXUH�&LWHG�

$3+$��$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ���������6WDQGDUG�
PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWHZDWHU��
��WK�HGLWLRQ��$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ��$PHU��
LFDQ�:DWHUZRUNV�$VVRFLDWLRQ��DQG�:DWHU�(QYLURQPHQW�
)HGHUDWLRQ��:DVKLQJWRQ��'&��

$UGµQ��0���DQG�&�� 0�� 3ULQJOH��������'R� VHFRQGDU\�
FRPSRXQGV�LQKLELW�PLFURELDO��DQG�LQVHFW�PHGLDWHG�OHDI�
EUHDNGRZQ�LQ�D�WURSLFDO�UDLQIRUHVW�VWUHDP��&RVWD�5LFD"�
2HFRORHLD��%HUOLQ���������������

%HQILHOG��͈��͈ �������/HDI�GHFD\�LQ�VWUHDP�HFRV\VWHPV��3DJHV�
��������LQ�)��5��+DXHU�DQG�*��$��/DPEHUWL��HGLWRUV���
0HWKRGV�LQ�VWUHDP�HFRORJ\��$FDGHPLF�3UHVV��6DQ�'LHJR��
&DOLIRUQLD��

%HQNH��$��&��$��'��+XU\Q��/��$��6PRFN��DQG�-��%��:DOODFH��
������/HQJWK�PDVV�UHODWLRQVKLSV�IRU�IUHVKZDWHU�PDFUR��
LQYHUWHEUDWHV�LQ�1RUWK�$PHULFD�ZLWK�SDUWLFXODU�UHIHUHQFH�
WR�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV��-RXUQDO�RI�WKH�1RUWK�
$PHULFDQ�%HQWKRORJLFDO�6RFLHW\�������������

%HQVWHDG��-��3���-��*��0DUFK��&��0��3ULQJOH��DQG�)��1��6FDWHQD��
������(IIHFWV�RI�D�ORZ�KHDG�GDP�DQG�ZDWHU�DEVWUDFWLRQ�RQ�
PLJUDWRU\�WURSLFDO�VWUHDP�ELRWD��(FRORJLFDO�$SSOLFDWLRQV�
�����������

%UDVKHU��$��0��'��������,PSDFWV�RI�KXPDQ�GLVWXUEDQFHV�RQ�
ELRWLF�FRPPXQLWLHV�LQ�+DZDLLDQ�VWUHDPV��%LR6FLHQFH�����
�����������

%XGHQ��'��:���'��%��/\QFK��-��:��6KRUW��DQG�7��/HEHUHU������D��
'HFDSRG�FUXVWDFHDQV�RI�WKH�KHDGZDWHU�VWUHDPV�RI�
3RKQSHL��(DVWHUQ�&DUROLQH�,VODQGV��)HGHUDWHG�6WDWHV�RI�
0LFURQHVLD��3DFLILF�6FLHQFH�������������

%XGHQ��'��:���'��%��/\QFK��DQG�5��(��:DWVRQ������E��7KH�
JRELLG�ILVKHV��7HOHRVWHL��*RELRLGHL��6LF\GLLQDH��RI�WKH�
KHDGZDWHU�VWUHDPV�RI�3RKQSHL��(DVWHUQ�&DUROLQH�,VODQGV��
)HGHUDWHG�6WDWHV�RI�0LFURQHVLD��0LFURQHVLFD����������

%XGHQ��'��:���DQG�'��5��3DXOVRQ��������7KH�2GRQDWD�RI�
.RVUDH��(DVWHUQ�&DUROLQH�,VODQGV��0LFURQHVLD��3DFLILF�
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