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7KH�UDWKHU�QDLYH�LGHD�RI�IRUP LQJ�D�P XVHXP �RQ�WKH�-XUDVVLF�&RDVW�
6WHYH�( WFKHV�

7KH� SUREOHP V� LQYROYHG� LQ� VHWWLQJ� XS� D� FKDULWDEOH� WUXVW�� REWDLQLQJ� IXQGLQJ� DQG� ILQGLQJ� D�
VXLWDEOH�VLWH�WR�WU\ �DQG�HQVXUH�WKH�ORQJ�WHUP �VHFXULW\ �RI�D�VSHFLDOLVHG�FROOHFWLRQ��

�

) DNH�5RFN��5HDO�6DQG��7KH�P DNLQJ�RI�WKH�H[ KLELWLRQ�¶6DKDUD���OLYLQJ�GHVHUW·�
0 LFKDHOD�) RUWKXEHU�

6WDDWOLFKHV�1 DWXUKLVWRULVFKHV�0 XVHXP ��%UDXQVFKZHLJ��* HUP DQ\ �
�P LFKDHOD�IRUWKXEHU# VQKP �QLHGHUVDFKVHQ�GH��

�
,Q�� � � � ��WKH�6WDWH�0 XVHXP �RI�1 DWXUDO�+ LVWRU\ �LQ�%UDXQVFKZ HLJ��* HUP DQ\ ��KRVWHG�D�VSHFLDO�

H[ KLELWLRQ�RQ�WKH�6DKDUD�GHVHUW�� IRFXVVHG�RQ�WKH�DQLP DOV�DQG�SODQWV�DQG�WKHLU�DGDSWDWLRQV�WR�
WKH�HQYLURQP HQWDO�FKDOOHQJHV�RI�WKH�GHVHUW�FOLP DWH��WKH�FKDQJH�IURP �D�JUHHQ�GHVHUW�LQ�IRUP HU�
WLP HV�WR�WRGD\ ·V�RFHDQ�RI�VDQG��SOXV�DQ�DGGLWLRQDO�FRP SRQHQW�RQ�KRZ �KXP DQ�EHLQJV�DUH�DEOH�
WR�OLYH�WKHUH��

7KH�Z D\ �WKDW�WKH�LP SUHVVLRQ�RI�D�GHVHUW�Z DV�DFKLHYHG�E\ �XVLQJ�VW\ URIRDP ��WLOH�P RUWDU�DQG�
UHDO�6DKDUD�VDQG�WR�EXLOG�DQ�DUWLILFLDO�URFN�IDFH�DQG�D�VDQG�GXQH�DUHD�LV�GHVFULEHG��

,P DJHV�RI�WKH�ILQLVKHG�H[ KLELWLRQ�DUH�DOVR�VKRZ Q��
�

7KH�* RRG��7KH�%DG�DQG�7KH�8 JO\ ��3UHSDUDWLRQ�IURP �WKH�: LOG�: HVW�
&LQG\ �+ RZ HOOV�

1 DWLRQDO�0 XVHXP �RI�: DOHV�
�
) RVVLOV� RQ� VDOH� DW� WUDGH� VKRZ V� RIIHU� D� XQLTXH� RSSRUWXQLW\ � WR� YLHZ � GLIIHULQJ� VW\ OHV� DQG�

VWDQGDUGV� RI� SUHSDUDWLRQ�� 7KH� 7XFVRQ� 6KRZ � LQ� $ UL] RQD� LV� FRQVLGHUHG� WR� EH� WKH� ODUJHVW� VXFK�
CJHP 
�VKRZ �LQ�WKH�Z RUOG��DQG�WKH�YDULHW\ �DQG�TXDOLW\ �RI�VSHFLP HQV�LV�XQVXUSDVVHG��( TXDOO\ ��LW�
LV�D�P DUNHW�IRU�UHSOLFDV��DQG�LQ�VRP H�FDVHV�� IDNHV��7KH�WDON�Z LOO�LOOXVWUDWH�D�VP DOO�VHOHFWLRQ�RI�
WKH�EHVW�DQG�Z RUVW�WKDW�FDQ�EH�VHHQ�E\ �D�YLVLWRU�WR�WKLV�VKRZ ��

�

7KH�YLUWXDO�DQG�SK\ VLFDO�SUHSDUDWLRQ�RI�WKH�&ROODUG�3OHVLRVDXU�
1 LJHO�5��/ DUNLQ�

1 RUZLFK�&DVWOH�0 XVHXP ��DQG��1 DWXUDO�+ LVWRU\ �&RQVHUYDWLRQ�&RP �
�
7KH�¶&ROODUG�3OHVLRVDXU·��IRXQG�LQ�� � � � �LQ�%ULGJZ DWHU�%D\ �RQ�WKH�6RP HUVHW�FRDVW��KDV�EHHQ�

GHVFULEHG� DV� ¶SUREDEO\ � WKH� EHVW� SUHVHUYHG� DQG� P RVW� VFLHQWLILFDOO\ � YDOXDEOH� IRVVLO� SOHVLRVDXU� WR�
KDYH�EHHQ�IRXQG�LQ�WKH�8 . �IRU�DW�OHDVW�� � � �\ HDUV��SRVVLEO\ �HYHU·��5LFKDUG�) RUUHVW��633&�69 3&$ �
� � � � � ��7KH�VNHOHWRQ�LV�DOP RVW�FRP SOHWH�DQG�YDULDEO\ �P LQHUDOLVHG��

7KH� VNHOHWRQ� �SRVVLEO\ � D� MXYHQLOH� 5KRP DOHRVDXU�� Z DV� SUHVHUYHG� LQ� / RZ HU� / LDVVLF� . LOYH�
6KDOHV�� �D�ILQH�JUDLQHG��WKLQO\ �ODP LQDWHG�URFN�FRQWDLQLQJ�OLWWOH�RU�QR�FHP HQW��+ HOG�WRJHWKHU�E\ �
FRP SUHVVLRQ�� WKLV� OLWKRORJ\ � LV� QRWRULRXVO\ � VXVFHSWLEOH� WR� IOXFWXDWLRQV� LQ� KXP LGLW\ �� VHYHUHO\ �
FRP SURP LVLQJ�WKH�LQWHJULW\ �RI�VSHFLP HQV�RQFH�GU\ ��

7KH� SULRULWLHV� IRU� WKH� SURMHFW� Z HUH� WR� DUUHVW� VKDOH� GHODP LQDWLRQ� FDXVHG� E\ � HQYLURQP HQWDO�
IOXFWXDWLRQV� DQG� WR� SUHSDUH� WKH� VSHFLP HQ� IRU� UHVHDUFK�� 7KH� VSHFLP HQ� DSSHDUHG� WR� EH� Z HOO�
IRVVLOLVHG� LQ� D� KRP RJHQHRXV�� XQ�FHP HQWHG� P DWUL[ �� RIIHULQJ� H[ FHOOHQW� SRWHQWLDO� IRU� ; �
UDGLRJUDSK\ �� 7KHUHIRUH� EHIRUH� SUHSDUDWLRQ� FRP P HQFHG� WKH� VSHFLP HQ� Z DV� ; �UD\ HG� DQG� &7�
VFDQQHG� Z LWK� VWXQQLQJ� UHVXOWV�� GHVSLWH� VRP H� RI� WKH� OLP E� ERQHV� QRW� EHLQJ� Z HOO� P LQHUDOLVHG��
7KLV�YLUWXDO�SUHSDUDWLRQ�KHOSHG�WR�LQIRUP �WKH�VXEVHTXHQW�SK\ VLFDO�SUHSDUDWLRQ�RI�WKH�P DWHULDO��
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,QYHVWLJDWLRQV�Z HUH�XQGHUWDNHQ�WR�VHOHFW�WKH�P RVW�VXLWDEOH�WRROV��P DWHULDOV�DQG�WHFKQLTXHV�
WR� FRQVHUYH� DQG� SUHSDUH� WKH� VSHFLP HQ�� $ WWHP SWV� WR� FRQVROLGDWH� P DWUL[ � VDP SOHV� Z LWK� WKH�
P HWKDFU\ ODWH� FR�SRO\ P HU� 3DUDORLG� %� � � Z HUH� JHQHUDOO\ � XQVXFFHVVIXO� ² � WKH� VKDOH� OD\ HUV�
GLVWRUWHG� DQG� GHODP LQDWHG�� + RZ HYHU�� %� � � Z DV� VXFFHVVIXOO\ � DSSOLHG� WR� WKH� VLGHV� RI� WKH�
VSHFLP HQ�EORFNV�SURYLGLQJ�D�KXP LGLW\ �VHDO��

0 HFKDQLFDO� SUHSDUDWLRQ� FRP P HQFHG� Z LWK� WKH� UHP RYDO� RI� XQGHUEXUGHQ�� JUHDWO\ � UHGXFLQJ�
WKH�VSHFLP HQ·V�Z HLJKW��7KH�XVH�RI�D�VFDOSHO�SURYHG�WR�EH�WKH�P RVW�DSSURSULDWH�WHFKQLTXH� IRU�
GHYHORSLQJ�LWV�VXUIDFH�DQG�H[ SRVLQJ�WKH�VNHOHWRQ��UHP RYLQJ�RQH�SDSHU�WKLQ�OD\ HU�RI�VKDOH�DW�D�
WLP H��
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E�F�H��

3DODHRQWRORJLFDO�SUHVHUYDWLRQ�Z LWK�� � I

J

�&HQWXU\ �GRFXP HQWDWLRQ��XVLQJ�
SKRWRJUDP P HWU\ �WR�SURGXFH�KLJKO\ �GHWDLOHG�� ' �LP DJH�P RGHOV�

1 HIIUD�$ ��0 DWWKHZ V
K

�DQG�%UHQW�+ ��%UHLWKDXSW
L

�
M

8 6' 2 ,�%XUHDX�RI�/ DQG�0 DQDJHP HQW��1 DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\ �&HQWHU��' HQYHU��&2 �
� � � � � ��8 6$��QHIIUDBP DWWKHZV# EOP �JRY��

N

* HRORJLFDO�0 XVHXP ��8 QLYHUVLW\ �RI�: \ RP LQJ��/ DUDP LH��: <�� � � � � ��8 6$�
�XZJHRP V# XZ\ R�HGX��

�
3KRWRJUDP P HWU\ � KDV� ORQJ� EHHQ� FRQVLGHUHG� DQ� H[ FHOOHQW� P HDQV� IRU� FDSWXULQJ� WKUHH�

GLP HQVLRQDO� GDWD� DERXW� D� VXEMHFW�� ,Q� WKH� SDVW� SKRWRJUDP P HWU\ � Z DV� QRW� Z LGHO\ � XVHG� LQ�
SDODHRQWRORJ\ � GXH� WR� WKH� QHHG� IRU� H[ SHQVLYH� P HWULF� FDP HUDV�� DQDO\ WLFDO� HTXLSP HQW�� DQG�
WHFKQLFDO� H[ SHUWLVH�� + RZ HYHU�� GUDP DWLF� WHFKQRORJLFDO� DGYDQFHP HQWV� KDYH� UHVXOWHG� LQ� D�
VLP SOLILFDWLRQ�RI�WKH�SURFHVV�IRU�FDSWXULQJ�RYHUODSSLQJ�VWHUHRVFRSLF�SKRWRJUDSKV��$ IIRUGDEOH��
TXDOLW\ � GLJLWDO� FDP HUDV�� KLJK� SHUIRUP DQFH� ODSWRSV�� DQG� FRVW� HIIHFWLYH� VRIWZ DUH� DOORZ � IRU� WKH�
SURGXFWLRQ� RI� � ' � GDWD� ERWK� LQ� WKH� ILHOG� DQG� ODE�� 7KH� � ' � VXUIDFH� GDWD� �[ �� \ �� ] � SRLQWV�� DUH�
JHQHUDWHG� IURP � SKRWRJUDSKV�� WKXV� LP DJH� WH[ WXUHV� FDQ� EH� UHJLVWHUHG� WR� WKH� VXUIDFH� Z LWK� WKH�
TXDOLW\ �� UHOLDELOLW\ �� DQG� DXWKHQWLFLW\ � QHFHVVDU\ � IRU� VFLHQWLILF� XVH� DQG� YLVXDOL] DWLRQ�� 7KH�
UHVXOWLQJ� � ' � LP DJH� P RGHOV� FDQ� EH� XWLOL] HG� LQ� D� YDULHW\ � RI� VRIWZ DUHV� Z KHUH� YHUWLFDO�
H[ DJJHUDWLRQ�DQG�VFDOH�FDQ�EH�P DQLSXODWHG�WR�HQKDQFH�IHDWXUHV�GLIILFXOW�WR�VHH�RU�P HDVXUH�LQ�
WKH�ILHOG��0 DWWKHZ V�HW�DO���� � � � � ��7KLV�VWUHQJWKHQV�WKH�DFFXUDF\ �RI�P HDVXUHP HQWV��H�J���OHQJWK��
Z LGWK��GHSWK��E\ �RYHUFRP LQJ�WKH�ELDVHV�RI�WRSRJUDSK\ ��DFFHVVLELOLW\ ��DQG�OLJKWLQJ��%UHLWKDXSW�
HW�DO��� � � � � � �� ,Q�DGGLWLRQ��P RUH�ULJRURXV�P RUSKRP HWULF�FRP SDULVRQV�FDQ�EH�FRQGXFWHG�IURP �D�
P XOWLGLP HQVLRQDO�GLJLWDO�GDWD�VHW��7KHVH� � ' �LP DJH�P RGHOV�Z LOO�QRW�GHJUDGH�GXULQJ�KDQGOLQJ��
WUDQVSRUWDWLRQ��RU�UHSHDWHG�DQDO\ VLV�DQG�FDQ�EH�XVHG�WR�JHQHUDWH�VROLG�P RGHO�SURWRW\ SHV��DQG�
IRU�YLUWXDO�FDWDORJXLQJ�RQ�WKH�Z HE��7DNLQJ�VWHUHRVFRSLF�SKRWRJUDSKV�WRGD\ �QRW�RQO\ �SUHVHUYHV�
WKH�VSHFLP HQV�LQWR�WKH� IXWXUH�� EXW�LW�FDQ�DOVR�EH�XVHG�WR�WUDYHO�EDFN�LQ�WLP H��DV�P RQRVFRSLF�
KLVWRULFDO�SKRWRJUDSKV�FDQ�EH�LQFRUSRUDWHG�LQWR�SUHVHQW�SURMHFWV�IRU�DQDO\ VLV��
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( P HUJHQF\ �UHP HGLDO�FRQVHUYDWLRQ�RI�KRP HOHVV�P DP P RWK�P DWHULDO�
( P P D�/ RXLVH�1 LFKROOV�

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �&ROOHJH�/ RQGRQ��* RZHU�6WUHHW��/ RQGRQ��: &� ( �� %7��
8 . �� �H�QLFKROOV# XFO�DF�XN��

�
7KURXJK� D� SHFXOLDU� VHULHV� RI� HYHQWV� ,� P DQDJHG� WR� ILQG� P \ VHOI� Z LWK� D� ER[ � RI� P DP P RWK�

P DWHULDO� IDOOLQJ� DSDUW� LQ� P \ � ODE�� 7KH� ER[ � FRQWDLQHG� QXP HURXV� WRRWK� DQG� WXVN� IUDJP HQWV��
Z UDSSHG� LQ� QHZ VSDSHU� DQG� SODFHG� LQWR� VHSDUDWH� SODVWLF� VDQGZ LFK� EDJV�� $ V� D� UHVXOW�� WKH�
P DWHULDO� Z DV� LQ� GLUH� QHHG� RI� FRQVHUYDWLRQ� Z RUN�� 7KH� P RVW� HIIHFWLYH� IRUP � RI� UHP HGLDO�
FRQVHUYDWLRQ�Z DV�GHFLGHG�WR�EH�D�P L[ WXUH�RI�3DUDORLG�%� � �DV�DQ�DGKHVLYH�DQG�JODVV�EHDGV�DV�D�
SRO\ P HU� ILOOHU�LQ�RUGHU�WR�VWDELOLVH�WKH�P DWHULDO�DQG�WR�SUHYHQW� IXUWKHU�GHWHULRUDWLRQ�� ,�UHSRUW�
KHUH�RQ�WKH�QXP HURXV�SUREOHP V�IDFHG�WKURXJKRXW�WKH�Z RUN��DQG�WKH�RYHUDOO�RXWFRP H�DQG�OHYHO�
RI�VXFFHVV�DFKLHYHG��
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693&$ �3DSHUV�

7KH�VSHFLDOL] HG�GHQWLWLRQ�RI�GHULYHG�QRWRVXFKLDQV��&UXURWDUVL��0 HVRHXFURFRG\ OLD��
0 DUFR�%UDQGDOLVH�GH�$ QGUDGH

K6™
L

�DQG�5HLQDOGR�-��%HUWLQL
L

�
M

�' HSDUWP HQW�RI�( DUWK�6FLHQFHV��) DFXOW\ �RI�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��%6� �� 5-��%ULVWRO��
( QJODQG��8 . ��P DUFR�E�DQGUDGH# EULV�DF�XN��P DUFREUDQGD# \ DKRR�FRP �EU��

N

,QVWLWXWR�GH�* HRFLr QFLDV�H�&Lr QFLDV�( [ DWDV��8 QLYHUVLGDGH�( VWDGXDO�3DXOLVWD��&DP SXV�5LR�
&ODUR��&3�� � � ��� � � � � ² � � � ��5LR�&ODUR�63��%UD] LO��UEHUWLQL# UF�XQHVS�EU��

�
' HQWLWLRQ�KDV�EHHQ�XVHG�WR�LQIHU�GLHW�LQ�IRVVLO�FURFRGLORP RUSKV��H�J��&ODUN�HW�DO���� � � � ��: X�

HW� DO��� � � � � � ��&DQLQLIRUP �WHHWK�DUH�OLNHO\ �WR�EH� Z HOO�UHSUHVHQWHG�LQ�SUHGDWRUV��Z KLOH�FRP SOH[ �
P RODULIRUP � WHHWK� FDQ� EH� DVVRFLDWHG� Z LWK� RP QLYRU\ �KHUELYRU\ �� 1 RWRVXFKLDQV� DUH� IRVVLO�
P HVRHXFURFRGLOHV�� LQFOXGLQJ� VSHFLHV� Z LWK� P XOWLFXVSHG� WHHWK� Z LWKRXW� FDULQDH�� LQWHUSUHWHG� DV�
RP QLYRUHV�KHUELYRUHV� �H�J�� : X� HW� DO��� � � � � �� %XFNOH\ � HW� DO��� � � � � � �� %DXUXVXFKLG� QRWRVXFKLDQV�
DUH� K\ SHUSUHGDWRUV�� VKRZ LQJ� D� WKHURSRGRP RUSK� GHQWLWLRQ� Z LWK� ] LSKRGRQW� FDULQDH� �5LII� � 	 �
. HOOQHU�� � � � � � �� 1 RWRVXFKXV�� 0 DULOLDVXFKXV� DQG� 6SKDJHVDXUXV� DUH� GHULYHG� QRWRVXFKLDQV� IURP �
WKH� 8 SSHU� &UHWDFHRXV� RI� 6RXWK� $ P HULFD�� IRU� Z KLFK� WKH� GLHW� LV� VWLOO� SRRUO\ � XQGHUVWRRG�� 3RO�
�� � � � � � LQGLFDWHG� WKDW� 6SKDJHVDXUXV� VKRZ V� DQ� XQH[ SHFWHG� IHHGLQJ� EHKDYLRXU� IRU� D�
FURFRGLORP RUSK�� LQFOXGLQJ� WRRWK�WRRWK� RFFOXVLRQ�� IRUH�DIW� MDZ � P RYHP HQWV� DQG� DOWHUQDWH�
XQLODWHUDO� MDZ � RFFOXVLRQ�� 1 RWRVXFKXV� DQG� 0 DULOLDVXFKXV� KDYH� HORQJDWHG� DUWLFXODU� FRQG\ OHV��
VXSSRUWLQJ� IRUH�DIW� MDZ � P RYHP HQWV�� 1 RWRVXFKXV�� 0 DULOLDVXFKXV� DQG� 6SKDJHVDXUXV� DOVR� VKRZ �
WKH�SUHGRP LQDQFH�RI�VLQJOH�FURZ QHG�P RODULIRUP V��Z LWK�REOLTXH�RULHQWDWLRQ��2 QO\ �RQH�SDLU�RI�
SUHP D[ LOODU\ � K\ SHUWURSKLHG� FDQLQLIRUP V� LV� SUHVHQW�� Z LWKRXW� ODWHUDO� FRP SUHVVLRQ�DFXWH� DSH[ ��
&DULQDH� DUH� SUHVHQW� DW� P LGGOH� DQG� SRVWHULRU� WHHWK� RQO\ �� 0 ( 9 � VWXG\ � RI� 0 DULOLDVXFKXV� WHHWK�
VKRZ V�WKDW�FDULQDH�DUH�FRP SRVHG�E\ �WUXH�GHQWLFOHV�WKDW�GR�QRW�P DWFK�WKH�] LSKRGRQW�SDWWHUQ�LQ�
P RUSKRORJ\ � RU� GLVWULEXWLRQ� �$ QGUDGH� 	 � %HUWLQL�� � � � � � �� ' HVSLWH� WKH� DEVHQFH� RI� P XOWLFXVSHG�
WHHWK�� 1 RWRVXFKXV�� 0 DULOLDVXFKXV� DQG� 6SKDJHVDXUXV� GR� QRW� ILW� LQWR� D� SUHGDWRU� SURILOH� DQG�
FRXOG� UDWKHU� EH�XQGHUVWRRG�DV�RP QLYRURXV�KHUELYRURXV�VSHFLHV��7KH�P RUSKRORJ\ �RI�URVWUXP ��
VXSUDWHP SRUDO�IHQHVWUD�DQG�P DQGLEOH�VXSSRUWV�WKLV�K\ SRWKHVLV��5REXVWQHVV�RI�WHHWK�DQG�VNXOO�
HOHP HQWV�LQGLFDWHV�WKHVH�Z HUH�GXURSKDJRXV�IRUDJHUV��

�

�Z	[�������D�
�
Uw�
O

����	[�
O

����) $ 	C$R��fn�-v��
�a�a��š���UV���(,CP��
. �
�
'Y�
!D) P����/��	�) �
.D%����($ 	����n$ 	Y•?|�@69 5 9j|aA�•/26kr•�A

|�=?|�@�|
5 9do UV�
) ���-Q�%
PC$ ��tW�
	3��) P��Z,C�
) ) ���(	›&����($ ��) $ ��	c�
"c�
	C�Z!+�a���-$ ./•3���a%
����'�. �
"c���(,/P��a��i :n�

•d��	C�
����������uC�
) $ 	��aG ��"c���($ %���	3�*�D�n���
. �
�
	C)+��. �
�
$ ���D�{yZ���()+��^������D�a���a����’[4�5j>�B 9 =Vœ
fr$ �*�/�rv-��	3��$ �����

U<Q3����QbX���%
$ �
	��
. • ž�ŸDf�v
����š�GR�
lD�

O
Q�%
ea. ��'D��pZ���Y� �

O
���
%
P�Q[��•{���Y� �
x ���
Q����
�
����g �Z�
	3�m���
.+�
�����a���a�D���¡,/QC��G 	��
�����W%����a%��a��'a. $ !+���("

! ���
"‘) P3�1u���)+��•3���
) ��%��
�
Q��{�
!�UV���D�
���
��%������-‹*|�B •�@�>���`���š�o lD˜�l�š
tj��FDE�G+F
`/�

•[. ���(e/��v���U¢� ��v���%���^C����ud��ud�Z�
	3�m�n���Y	����
g£��fn�
E
F�HaFD��UV�
"b"c�
. G . $ e����/��	�) $ ) $ �
	b$ 	c�nUV�
���a¤���$ %

%��-�
%�����$ . $ �
	d��;C2(9R>�:d2�>��a��`���o latj�
E���l
`�GRE
�al�lD�

���
.+�
�����a�a��“���X]���m���
"c��$ 	��{�
!D;�¥�kd|�7�>�A�|/•�@�•�A�o •3���a%��a��'a. ��"c���(,CP�����UV�����a��Q3%��-�
%�����'a. $ �
tD! �-��"‘) P��

ž�,/,����r•3���
) ��%�����Q��{�
!
O

�-�
¤
$ .R�R¦�4
•�@(:d|
5[4Rƒ1§C>�@�B >�¨
@�|�B >{‡C|
56>
4�:[B 4-564�7-8[�a�a“�o `�t6�
HDE�˜�G H�“�E��

fr$ ! !R�
���Z�
	3�mx1�
. . 	��������Y��g ���Y�
�
����E��
©Z	b) P����/�
	C) $ ) $ �
	c��!�’[|D•
@�•�A�•/26kr•�A/¥{|�26kd>
2�4�9

o •3���a%��a��'a. $ ! ���("c������UV�
)+�
�-Q3%�P�$ ��t�! ���
"‘) P��nž�,/,C���r•3���
)+�
%����
Q��{��!
O

����¤
$ .j��’d4-56>�B 9 =•…D4{•V•�A�>�•

‹*|D2(9R4�:d|�5�ªY;/«�@69j>Z—r>
4�5j4�7�9j|/�aš
F/��E�GREaš��

gwQd��¬nG •{� �
sDQ������
S�G �­�
	3�®sDQ�	[���*�aE�F�F�š�����,/. �
	C)+G ���
) $ 	C��%����
%�����$ . $ ! ���("®���
,C) $ . �Z! �-��"‘) P��

•3���
) ��%�����Q��{�
!/•[PC$ 	��a�-‹*|�B •
@�>�†/“D˜�lDo l�š
`��
tj��lD˜�H
G+l�Ha�D�

0 HVR] RLF�GLQRVDXU�GLYHUVLW\ ��WD[ LF��SK\ ORJHQHWLF�DQG�VDP SOLQJ�DSSURDFKHV�
3DXO�0 ��%DUUHWW

K

��9 LFWRULD�3DJH
L

�DQG�$ OLVWDLU�0 F* RZ DQ
K

�
M

' HSDUWP HQW�RI�3DODHRQWRORJ\ ��7KH�1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ�6: � �
� %' ��8 . ��3�%DUUHWW# QKP �DF�XN��$�0 F* RZDQ# QKP �DF�XN��

N

' HSDUWP HQW�RI�( DUWK�6FLHQFH�DQG�( QJLQHHULQJ��6RXWK�. HQVLQJWRQ�&DP SXV��,P SHULDO�&ROOHJH�
/ RQGRQ��/ RQGRQ�6: � �� $=��8 . ��YLFWRULD�SDJH# LP SHULDO�DF�XN��

�
3DWWHUQV� RI� VSHFLHV�GLYHUVLW\ � SURYLGH� LP SRUWDQW� P DFURHYROXWLRQDU\ � LQIRUP DWLRQ�� 3UHYLRXV�

Z RUN�RQ�QRQ�DYLDQ�GLQRVDXU�GLYHUVLW\ �KDV�EHHQ�XVHG�WR�LQYHVWLJDWH�WKH�. �7 �H[ WLQFWLRQ��HIIHFWV�
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RI� VHD� OHYHO� RQ� SUHVHUYDWLRQ�� FODGH�FODGH� FRP SHWLWLRQ� DQG� SRVVLEOH� FRHYROXWLRQDU\ � VFHQDULRV�
�H�J�� : DQJ� 	 � � ' RGVRQ�� � � � � � ��0 RVW�RI�WKHVH�VWXGLHV�VLP SO\ �FRXQWHG�WD[ D�WR�HVWLP DWH�VWDQGLQJ�
GLYHUVLW\ � �WD[ LF� DSSURDFK��� Z KLOH� VHYHUDO� LQFRUSRUDWHG� LQIRUP DWLRQ� RQ� JKRVW� OLQHDJHV�
�SK\ ORJHQHWLF�DSSURDFK��RU�XVHG�UDUHIDFWLRQ�WHFKQLTXHV��RQH�SRWHQWLDO�VDP SOLQJ�DSSURDFK���

6WXGLHV�RQ�P DULQH�LQYHUWHEUDWHV�KDYH�VKRZ Q�WKDW�WKH�URFN�UHFRUG��RXWFURS�DUHD��QXP EHU�RI�
ORFDOLWLHV� HWF�� � KDV� D� VWURQJ� LQIOXHQFH� RQ� GLYHUVLW\ � SDWWHUQV� �H�J�� 6P LWK�� � � � � � �� EXW� VLP LODU�
FRUUHFWLRQV� KDYH� QRW� EHHQ� DSSOLHG� WR� WHUUHVWULDO� FODGHV�� : H� FRP SLOHG� GLYHUVLW\ � FXUYHV� IRU�
GLQRVDXUV� DV� D� Z KROH� �LQFOXGLQJ� 0 HVR] RLF� ELUGV�� DQG� YDULRXV� FRP SRQHQW� FODGHV�� 7D[ LF�
GLYHUVLW\ � FXUYHV� Z HUH� REWDLQHG� IRU� VSHFLHV� DQG� JHQHUD�� WKHVH� Z HUH� FRUUHFWHG� XVLQJ� JKRVW�
OLQHDJHV� REWDLQHG� IURP � SK\ ORJHQHWLF� DQDO\ VHV�� 6WDWLVWLFDO� WHVWV� �3HDUVRQ·V� DQG� 6SHDUP DQ·V�
FRUUHODWLRQV��UHYHDOHG�VWURQJ�SRVLWLYH�UHODWLRQVKLSV�EHWZ HHQ�WKH�VSHFLHV�JHQXV�FXUYHV�DQG�WKH�
WD[ LF�SK\ ORJHQHWLF� FXUYHV�� 7KLV� LQGLFDWHV� WKDW� WKH� VDP H� VLJQDOV� Z HUH� EHLQJ� VDP SOHG� LQ� HDFK�
FDVH�� $ � P RGHO� RI� H[ SHFWHG� VSHFLHV�ULFKQHVV� Z DV� WKHQ� FRQVWUXFWHG� IRU� HDFK� FODGH� XVLQJ� WKH�
QXP EHU� RI� GLQRVDXU� EHDULQJ� IRUP DWLRQV� � ' %) V�� SUHVHQW� LQ� HDFK� WLP H� LQWHUYDO� DV� D� SUR[ \ � IRU�
RXWFURS� DUHD�� &RP SDULVRQV� EHWZ HHQ� WKH� P RGHOV� DQG� WKH� GLYHUVLW\ � FXUYHV� LQGLFDWH� WKDW�
DSSDUHQW�SDWWHUQV�LQ�RUQLWKLVFKLDQ�DQG�WKHURSRG�GLYHUVLW\ �FDQ�EH�H[ SODLQHG�ODUJHO\ �DV�D�UHVXOW�
RI� FKDQJHV� LQ� WKH� QXP EHU� RI� ' %) V�� &RQYHUVHO\ �� VDXURSRGRP RUSK� GLYHUVLW\ � EHDUV� OLWWOH�
UHVHP EODQFH� WR� WKDW� H[ SHFWHG� IURP � WKH� P RGHO�� VXJJHVWLQJ� WKDW� DW� OHDVW� VRP H� IHDWXUHV� RI� WKLV�
FXUYH�UHVXOW�IURP �JHQXLQH�HYROXWLRQDU\ �VLJQDOV��
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&UDQLRGHQWDO�DQG�SRVWFUDQLDO�P RUSKRORJ\ �RI�D�SULP LWLYH�K\ UDFRLG��0 DP P DOLD��
3DHQXQJXODWD��IURP �WKH�HDUO\ �3ULDERQLDQ��ODWH�( RFHQH��RI�( J\ SW�
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' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�2 [ IRUG��3DUNV�5RDG��2 [ IRUG�2 ; � �� 35��8 . �
�( XJHQLH�%DUURZ# HDUWK�R[ �DF�XN��

N

' HSDUWP HQW�RI�$QDWRP LFDO�6FLHQFHV��6WRQ\ �%URRN�8 QLYHUVLW\ ��1 <�� � � � � � � � � � ��8 6$�
�HVHLIIHUW# QRWHV�FF�VXQ\ VE�HGX��

²

' LYLVLRQ�RI�) RVVLO�3ULP DWHV��' XNH�8 QLYHUVLW\ �3ULP DWH�&HQWHU��' XUKDP ��1 RUWK�&DUROLQD�
� � � � � ��8 6$��HVLP RQV# GXNH�HGX��

�
5HFHQWO\ �GLVFRYHUHG�ODWH� ( RFHQH� IRVVLO�EHDULQJ�VLWHV�LQ� WKH� %LUNHW�4 DUXQ�) RUP DWLRQ�LQ�WKH�

) D\ XP � ' HSUHVVLRQ�� ( J\ SW�� KDYH� SURGXFHG� D� SULP LWLYH� QHZ � K\ UDFRLG� UHSUHVHQWHG� E\ � D�
UHODWLYHO\ � Z HOO� SUHVHUYHG� FUDQLXP �� SRVWFUDQLDO� ERQHV�� P DQGLEXODU� IUDJP HQWV� DQG� QXP HURXV�
LVRODWHG�WHHWK��7KH�VLWHV�DUH�DSSUR[ LP DWHO\ �� � �P LOOLRQ�\ HDUV�ROG��� �P LOOLRQ�\ HDUV�ROGHU�WKDQ�WKH�
QH[ W� ROGHVW� K\ UDFRLG�\ LHOGLQJ� ORFDOLW\ � LQ� WKH� ) D\ XP �� ' HVSLWH� H[ WHQVLYH� VDP SOLQJ� DQG� WKH�
UHFRYHU\ � RI� D� GLYHUVH� P DP P DO� IDXQD� �6HLIIHUW� HW� DO��� � � � � �� 6HLIIHUW� HW� DO��� � � � � � � WKH� K\ UDFRLG�
P DWHULDO� IURP � WKH� %LUNHW� 4 DUXQ� ) RUP DWLRQ� FDQ� RQO\ � EH� DVVLJQHG� WR� D� VLQJOH� QHZ � JHQXV� DQG�
VSHFLHV�� ,W�VKDUHV�VRP H�SULP LWLYH�IHDWXUHV�Z LWK�ROGHU�K\ UDFRLGV�IURP �$ OJHULD� �H�J���VP DOO�ERG\ �
VL] H��EUDFK\ GRQW�DQG�EXQRGRQW�P RODUV�DQG�VLP SOH�SUHP RODUV���7KH�FUDQLXP �LV�FRP SDUDEOH�WR�
RWKHU� VP DOO� 3DODHRJHQH� K\ UDFRLGV� H[ FHSW� WKDW� WKH� RUELW� LV� SRVLWLRQHG� DERYH� WKH� SUHP RODUV�
�UDWKHU� WKDQ� DERYH� WKH� P RODUV�� DV� LQ� HDUO\ � VLUHQLDQV�� SURERVFLGHDQV� DQG� OLYLQJ� DQG� H[ WLQFW�
SURFDYLLGV�� 7KH� P DQGLEOH� KDV� D� FRURQRLG� FDQDO� EXW� WKHUH� LV� QR� HYLGHQFH� RI� DQ� LQWHUQDO�
P DQGLEXODU� IHQHVWUD�� 3RVWFUDQLDO� P DWHULDO� VKRZ V� WKDW� WKH� QHZ � K\ UDFRLG� Z DV� QRW� FXUVRULDOO\ �
DGDSWHG��XQOLNH�VRP H�ODUJHU�� \ RXQJHU�K\ UDFRLGV��7KH� ) D\ XP �KDV� \ LHOGHG� WKH�P RVW�QXP HURXV�
DQG� GLYHUVH� FROOHFWLRQ� RI� K\ UDFRLGV� NQRZ Q� �0 H\ HU�� � � � � �� 5DVP XVVHQ� DQG� 6LP RQV�� � � � � � ��
&OLP DWH� FKDQJH� DQG� FRP SHWLWLRQ� Z LWK� RWKHU� KHUELYRURXV� P DP P DOV� KDV� KDG� GUDP DWLF� HIIHFWV�
RQ� K\ UDFRLG� GLYHUVLW\ � DQG� WKH� GLVFRYHU\ � RI� WKH� ROGHVW� NQRZ Q� ) D\ XP � K\ UDFRLG� LV� RI� JUHDW�
LP SRUWDQFH�IRU�XQGHUVWDQGLQJ�WKH�DGDSWDWLRQV�RI�WKH�JURXS·V�P RVW�EDVDO�P HP EHUV��
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%DVDO�W\ UDQQRVDXURLGV��D�QHZ �WKHURSRG�GLQRVDXU�IURP �WKH�. LP P HULGJH�&OD\ ��/ DWH�
-XUDVVLF��7LWKRQLDQ��RI�' RUVHW��8 . �UHSUHVHQWLQJ�D�ODUJH�ERGLHG�VSHFLHV�RI�WKH�
1 RUWK�$P HULFDQ�JHQXV�6WRNHVRVDXUXV�

5RJHU�%��-��%HQVRQ
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' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�&DP EULGJH��' RZQLQJ�6WUHHW��&DP EULGJH�&%� �
� ( 4 ��8 . �

N

1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ��6: � �� %' ��8 . �
�
7\ UDQQRVDXULGDH� LV� D� GHULYHG� FODGH� RI� FDUQLYRURXV� WKHURSRG� GLQRVDXUV�� NQRZ Q� IURP � WKH�

/ DWH� &UHWDFHRXV� RI� 1 RUWK� $ P HULFD� DQG� $ VLD�� VRP H� P HP EHUV� RI� Z KLFK� DWWDLQHG� FRORVVDO� VL] H�
�+ ROW] �� � � � � � �� + RZ HYHU�� / DWH� -XUDVVLF� W\ UDQQRVDXURLGV� �P HP EHUV� RI� WKH� ODUJHU� JURXS�
FRQWDLQLQJ�7\ UDQQRVDXULGDH��Z KLFK�KDYH�SRWHQWLDO�WR�VKHG�OLJKW�RQ�WKH�RULJLQV�RI�WKLV�JURXS��
DUH�SRRUO\ �NQRZ Q��$ �SDUWLDO�SRVWFUDQLDO�VNHOHWRQ�IURP �WKH�/ DWH�-XUDVVLF��7LWKRQLDQ��RI�' RUVHW��
( QJODQG� LV� RQH� RI� RQO\ � WZ R� -XUDVVLF� W\ UDQQRVDXURLGV� NQRZ Q� IURP � DVVRFLDWHG� UHP DLQV� DQG�
UHSUHVHQWV� D� QHZ � VSHFLHV� RI� WKH� 1 RUWK� $ P HULFDQ� WKHURSRG� JHQXV� 6WRNHVRVDXUXV� �0 DGVHQ��
� � � � � �� 7KH� VSHFLP HQ� SURYLGHV� DGGLWLRQDO� DQDWRP LFDO� HYLGHQFH� LQ� VXSSRUW� RI� WKH�
W\ UDQQRVDXURLG� DIILOLDWLRQ� RI� 6WRNHVRVDXUXV�� D� GLVWLQFW� P HGLDQ� YHUWLFDO� ULGJH� RQ� WKH� ODWHUDO�
VXUIDFH� RI� WKH� LOLXP �� D� SURQRXQFHG� VKHOI� P HGLDO� WR� WKH� SUHDFHWDEXODU� QRWFK�� D� SURP LQHQW�
LVFKLDO�WXEHUFOH��DQG�D�WLELD�WKDW�LV�HORQJDWH�UHODWLYH�WR�WKH�IHP XU�� : LWK�DQ�HVWLP DWHG�P DVV�RI�
� � � NJ�� WKH� QHZ � VSHFLP HQ� LV� VXEVWDQWLDOO\ � ODUJHU� WKDQ� RWKHU� NQRZ Q� -XUDVVLF� DQG� ( DUO\ �
&UHWDFHRXV�W\ UDQQRVDXURLGV��5DXKXW��� � � � ��; X�HW�DO���� � � � ��� � � � � ��DQG�SURYLGHV�HYLGHQFH�IRU�D�
EDVDO�UDGLDWLRQ�RI�VP DOO�WR�P HGLXP �VL] HG�W\ UDQQRVDXURLGV�LQ�$ VLD��1 RUWK�$ P HULFD�DQG�( XURSH�
GXULQJ�WKH�/ DWH�-XUDVVLF��7KH�RFFXUUHQFH�RI�6WRNHVRVDXUXV�LQ�WKH�8 . �VXSSRUWV�WKH�K\ SRWKHVLV�
RI�D�SDODHRELRJHRJUDSKLF�OLQN�EHWZ HHQ�1 RUWK�$ P HULFD�DQG�( XURSH�GXULQJ�WKH�/ DWH�-XUDVVLF��
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0 DVV�H[ WLQFWLRQ�RI�WHWUDSRGV�DW�WKH�3HUP R�7ULDVVLF�ERXQGDU\ �LQ�5XVVLD�
0 LFKDHO�-��%HQWRQ

K

��5LFKDUG�-��7Z LWFKHWW
L

��7LP �. HDUVH\
L

��$ QGUHZ �-��1 HZ HOO± ��0 DUFHOOR�
5XWD

K

��0 LNKDLO�9 �6XUNRY½ ��* UDHP H�7D\ ORU
L

�DQG�9 DOHQWLQ�3��7YHUGRNKOHERY½ �
M

�' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��%ULVWRO��%6� �� 5-��8 . �
�P LNH�EHQWRQ# EULV�DF�XN��P �UXWD# EULVWRO�DF�XN��

N

�6FKRRO�RI�( DUWK��2 FHDQ�DQG�( QYLURQP HQWDO�6FLHQFHV��8 QLYHUVLW\ �RI�3O\ P RXWK��' UDNH�&LUFXV��
3O\ P RXWK��3/ � �� $$��8 . ��ULFKDUG�WZLWFKHWW# SO\ P RXWK�DF�XN��

²

�%ULWLVK�* HRORJLFDO�6XUYH\ ��0 DFOHDQ�%XLOGLQJ��: DOOLQJIRUG��2 ; � � �� %%��8 . �
�D�QHZHOO# EJV�DF�XN��

¾

�,QVWLWXWH�RI�1 DWXUH�6FLHQFHV�RI�6DUDWRY�6WDWH�8 QLYHUVLW\ ��$VWUDNKDQVND\ D�� � ��� � � � � � �
6DUDWRY��5XVVLD��6XUNRY0 9# LQIR�VJX�UX��

�
7KH�3HUP R�7ULDVVLF��37� �P DVV�H[ WLQFWLRQ�KDG�DV�SURIRXQG�DQ�HIIHFW�RQ�WHWUDSRG�GLYHUVLW\ �DV�

RQ�OLIH�LQ�WKH�VHD��6WXGLHV�RQ�WKH�37�VHTXHQFHV�LQ�6RXWK�$ IULFD�DQG�5XVVLD�KDYH�UHYHDOHG�VRP H�
GHWDLO�RI�WKH�P DJQLWXGH�DQG�SDWWHUQ�RI�HFRV\ VWHP �GHVWUXFWLRQ�DQG�UHFRYHU\ ��EXW�WKHVH�VWXGLHV�
DUH�GRJJHG�Z LWK�P DMRU�SUREOHP V��7KH�GDWLQJ�LV�GLVSXWHG��DFFRUGLQJ�WR�FXUUHQW�JHRORJLFDO�WLP H�
VFDOHV�� WKH� 5XVVLDQ� 7DWDULDQ�� IRUP HUO\ � WKH� WHUP LQDO� VWDJH� RI� WKH� 3HUP LDQ�� KDV� EHHQ� P RYHG�
GRZ Q�WR�WKH�0 LGGOH�3HUP LDQ� �* XDGDOXSLDQ��&DSLWDQLDQ��� ,I�WKLV�LV�WUXH��WKH�9 \ DWVNLDQ��XSSHU�
7DWDULDQ�� IDXQD�RI�5XVVLD�DQG�WKH�HTXLYDOHQW�' LF\ QRGRQ�$ VVHP EODJH�=RQH�RI�WKH�. DURR�P XVW�
OLH� Z HOO� EHORZ � WKH� 37� ERXQGDU\ �� 2 XU� ILHOGZ RUN� LQ� 5XVVLD� LQ� � � � � � LQFOXGHG� VWXGLHV� RI�
SDODHRP DJQHWLVP �DQG�VWDEOH�LVRWRSHV��P HDVXUHG�IURP �FDUERQDWH�SDODHRVROV��WKURXJK�WKH�HQWLUH�
37� VXFFHVVLRQ�� DQG� WKHVH� P RUH� RU� OHVV� FRQILUP � WKH� FODVVLF� YLHZ �� 4 XDQWLWDWLYH� VWXGLHV� RI� WKH�
5XVVLDQ� IDXQDV� VKRZ V� WKH� FDWDVWURSKLF� FROODSVH� RI� WHWUDSRG� HFRV\ VWHP V� DW� WKH� 37� ERXQGDU\ ��
DQG� WKDW� WKH\ � KDG� QRW� UHFRYHUHG� WR� D� IXOO\ � VWDEOH� FRQGLWLRQ� � � � 0 \ U� ODWHU� DW� WKH� HQG� RI� WKH�
0 LGGOH� 7ULDVVLF� �%HQWRQ� HW� DO��� � � � � � �� 6HGLP HQWRORJLFDO� VWXGLHV� RI� WKH� 5XVVLDQ� VHFWLRQV�
FRQILUP � P DMRU� FOLP DWH� DQG� HQYLURQP HQWDO� FKDQJHV� DW� WKH� 37� ERXQGDU\ �� JOREDO� Z DUP LQJ��
UHP RYDO�RI�SODQWV�DQG�VRLOV��FKDQJH�LQ�IOXYLDO�UHJLP H�IURP �P HDQGHULQJ�WR�EUDLGHG�VWUHDP V��DQG�
D� QHJDWLYH� FDUERQ� LVRWRSH� VKLIW�� 7KHVH� FRQILUP � WKH� JHQHUDOO\ � DFFHSWHG� P RGHO� RI� H[ WLQFWLRQ�
IROORZ LQJ�D�FRQFDWHQDWLRQ�RI�SURFHVVHV�WULJJHUHG�E\ �UHSHDWHG�HUXSWLRQ�RI�WKH�6LEHULDQ�WUDSV��

�

O
�
	C) �
	[�
Uw��v�� �
_[&����-�D�
eaPC. ��^/��&D��y]���d�Z�
	3�®sDQC�(e���&/��Uw��y��
�a�a�a`D��”�%��a��'��-)+�
"»�-��"c���D�
. . $ 	C���
"c��	C�
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)D) P��n�����("b$ ��	3G _[��$ �����-$ %1^C��QC	[�D���6'*$ 	›frQ����-$ �a��‹Y|�B •�@�>���`D“a����F/˜�¼DE
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7KH�SHFWRUDO�ILQ�RI�WKH�QHDU�WHWUDSRG�3DQGHULFKWK\ V�UKRP EROHSLV�
&DWKHULQH�$ ��%RLVYHUW�DQG�3HU�( ULN�$ KOEHUJ�

6XEGHSDUWP HQW�RI�( YROXWLRQDU\ �2 UJDQLVP DO�%LRORJ\ ��' HSDUWP HQW�RI�3K\ VLRORJ\ �DQG�
' HYHORSP HQWDO�%LRORJ\ ��8 SSVDOD�8 QLYHUVLW\ ��6ZHGHQ��FDWKHULQH�ERLVYHUW# HEF�XX�VH��
SHU�DKOEHUJ# HEF�XX�VH��

�
7KH� HOSLVWRVWHJLGV� 7LNWDDOLN� DQG� 3DQGHULFKWK\ V�� P HP EHUV� RI� WKH� WHWUDSRG� VWHP � JURXS�� DUH�

WKH� FORVHVW� NQRZ Q� UHODWLYHV� RI� OLP EHG� YHUWHEUDWHV�� 7KH� SHFWRUDO� ILQ� VNHOHWRQ� RI� 7LNWDDOLN�
FRQWDLQV� VP DOO� GLVWDO� ERQHV� WKDW� KDYH� EHHQ� LQWHUSUHWHG� DV� GLJLW� SUHFXUVRUV�� 7KLV� DJUHHV� Z HOO�
Z LWK� WKH� FRQGLWLRQ� LQ� VRP H� OHVV� FURZ QZ DUG� VWHP � WHWUDSRGV� VXFK� DV� WKH� UKL] RGRQW� ILVK�
6DXULSWHUXV��DQG�Z LWK�GHYHORSP HQWDO�DQG�P ROHFXODU�HYLGHQFH�WKDW�GLJLW�SUHFXUVRUV�DUH�SUHVHQW�
LQ� WKH� OXQJILVK� 1 HRFHUDWRGXV� DQG� WKH� SULP LWLYH� DFWLQRSWHU\ JLDQ� 3RO\ RGRQ�� + RZ HYHU��
3DQGHULFKWK\ V�KDV�EHHQ�GHVFULEHG�DV�ODFNLQJ�GLJLW�SUHFXUVRUV��+ HUH�Z H�SUHVHQW�WKH� ILUVW�[ �UD\ �
&7�VWXG\ �RI�WKH�SHFWRUDO�ILQ�RI�3DQGHULFKWK\ V��EDVHG�RQ�DQ�XQIODWWHQHG�VSHFLP HQ�LQ�Z KLFK�WKH�
ULJKW� SHFWRUDO� ILQ� LV� FRP SOHWH� DQG� EXULHG� LQ� P DWUL[ � EHQHDWK� WKH� ERG\ �� 7KH� GLVWDO� �XOQDUH�� RI�
SUHYLRXV�UHFRQVWUXFWLRQV�SURYHV�WR�EH�D�FRP SRXQG�VWUXFWXUH�FRP SULVLQJ�D�UHDO��VP DOO��XOQDUH�
DQG�DQ�DUUD\ �RI�GLVWDO�UDGLDOV�FRP SDUDEOH�WR�WKRVH�RI�7LNWDDOLN�RU�6DXULSWHUXV��2 WKHU�HOHP HQWV�
FRP SDUH� UHDVRQDEO\ � Z HOO� Z LWK� WKH� SXEOLVKHG� GHVFULSWLRQV�� WKRXJK� WKH� KXP HUXV� LV�
FRQVLGHUDEO\ � P RUH� WKUHH�GLP HQVLRQDO� WKDQ� SUHYLRXVO\ � WKRXJKW�� 2 YHUDOO�� WKH� SHFWRUDO� ILQ�
VNHOHWRQ�RI�3DQGHULFKWK\ V�FRP SDUHV�FORVHO\ �Z LWK�WKDW�RI�7LNWDDOLN��H[ FHSW�WKDW�WKH�ODWWHU�KDV�D�
ORQJHU� D[ LV�� ' LJLW� SUHFXUVRUV� DSSHDU� WR� EH� SUHVHQW� WKURXJKRXW� WKH� �ILVK�� SDUW� RI� WKH� WHWUDSRG�
VWHP �JURXS�DV�Z HOO�DV�LQ�P RUH�GLVWDQWO\ �UHODWHG�RVWHLFKWK\ DQV��,QWHUHVWLQJO\ ��WKH�ILQ�VNHOHWRQ�RI�
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7LNWDDOLN� DSSHDUV� DXWDSRP RUSKLF� Z LWK� UHVSHFW� WR� WKH� H[ WHQGHG� D[ LV�� 7KH� VKRUWHU� VNHOHWRQ� RI�
3DQGHULFKWK\ V��LQ�Z KLFK�WKH�XOQDUH�LV�WKH�ODVW�D[ LDO�HOHP HQW��P D\ �EH�D�EHWWHU�UHSUHVHQWDWLYH�RI�
WKH�DQFHVWUDO�FRQGLWLRQ�IRU�OLP EV��

�

* URZ LQJ�XS�LQ�WKH�0 LGGOH�-XUDVVLF��LFKQRORJLFDO�HYLGHQFH�IRU�IDP LO\ �JURXSV�RI�
WKHURSRGV�LQ�: \ RP LQJ��FRP SDULVRQ�RI�IRRWSULQWV�DQG�JURZ WK�UDWHV�RI�HP XV�DQG�
GLQRVDXUV�

%UHQW�+ ��%UHLWKDXSW
K

��1 HIIUD�$ ��0 DWWKHZ V
L

�DQG�7RGG�/ ��* UHHQ
K

�
M

* HRORJLFDO�0 XVHXP ��8 QLY��RI�: \ RP LQJ��/ DUDP LH��: <�� � � � � ��XZJHRP V# XZ\ R�HGX��
N

8 6' 2 ,�%XUHDX�RI�/ DQG�0 DQDJHP HQW��1 DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\ �&HQWHU��' HQYHU��&2 �
� � � � � ��QHIIUDBP DWWKHZV# EOP �JRY��

�
( YLGHQFH�IRU�JUHJDULRXV��IDP LO\ �OHYHO�EHKDYLRXUV�LQ�WKHURSRG�GLQRVDXUV��DOWKRXJK�UDUH��FDQ�

EH� IRXQG�LQ�WKH�LFKQRORJLFDO�UHFRUG��&RP SHOOLQJ�HYLGHQFH� IRU�WKHURSRG�IDP LO\ �JURXSV�FDQ�EH�
VHHQ� DW� 0 LGGOH� -XUDVVLF� �%DWKRQLDQ�� VLWHV� LQ� : \ RP LQJ� �$ GDP V� DQG� %UHLWKDXSW�� � � � � ��
%UHLWKDXSW� HW� DO��� � � � � �� � � � � D� � DQG� 6FRWODQG� �&ODUN� HW� DO��� � � � � � �� ,Q� : \ RP LQJ�� H[ WHQVLYH�
UHVHDUFK�DW�WKH�5HG�* XOFK�' LQRVDXU�7UDFNVLWH�DQG�RWKHU�DUHDV�Z LWKLQ�WKH�6XQGDQFH�9 HUWHEUDWH�
,FKQRIDXQDO�3URYLQFH�KDV�GRFXP HQWHG�WKH�SUHVHQFH�RI�WKRXVDQGV�RI�WULGDFW\ O�SHV�LP SUHVVLRQV�
RI�WKH�LFKQRWD[ RQ�&DUP HORSRGXV�LQ�WKH�/ RZ HU�6XQGDQFH�) RUP DWLRQ��7KHVH�WUDFNV�DUH�DUUDQJHG�
LQWR�KXQGUHGV�RI�WUDFNZ D\ V�LQWHUSUHWHG�DV�KDYLQJ�EHHQ�P DGH�E\ �D�JUHJDULRXV��P RQRWD[ RQRP LF�
SRSXODWLRQ� RI� \ HDUOLQJ� WR� DGXOW�� SULP LWLYH�� WHWDQXUDQ� WKHURSRGV�� 7R� EHWWHU� XQGHUVWDQG� WKH�
RQWRJHQHWLF� DQG� EHKDYLRXUDO� LP SOLFDWLRQV� RI� WKHVH� LFKQLWHV�� WKH� WUDFNV� RI� H[ WDQW� HP XV�
� ' URP DLXV� QRYDHKROODQGLDH�� KDYH� EHHQ� VWXGLHG�� $ V� HP XV� P DNH� WKHURSRG�OLNH�� WULGDFW\ O�
IRRWSULQWV��DUH�JUHJDULRXV��KDYH�SUHFRFLDO�\ RXQJ��DQG�H[ KLELW�SDUHQWDO�FDUH��WKH\ �DUH�H[ FHOOHQW�
P RGHUQ� DQDORJXHV� IRU�VWXG\ LQJ�JURZ WK�DQG�FRP P XQLW\ �G\ QDP LFV�RI�VP DOO��WR�P HGLXP �VL] HG�
FDUQLYRURXV�GLQRVDXUV��DV� Z HOO�DV�WUDFN� IRUP DWLRQ� �0 LODQ�� � � � � ��%UHLWKDXSW�HW�DO��� � � � � E���%\ �
FROOHFWLQJ� LFKQRORJLFDO� GDWD� IURP � HP XV� RI� YDULRXV� DJHV�� JURZ WK� FXUYHV� IRU� IRRWSULQWV� FDQ� EH�
GHYHORSHG�DQG�FRP SDUHG�WR�SUHYLRXVO\ �HVWDEOLVKHG�JURZ WK�UDWHV�IRU�GLQRVDXUV��( ULFNVRQ�HW�DO���
� � � � � �� %\ � LQWHJUDWLQJ� WKHVH� FXUYHV�� WKH� DSSUR[ LP DWH� DJHV� RI� WKHURSRGV� UHSUHVHQWHG� RQO\ � E\ �
WKHLU� IRRWSULQWV� FDQ� EH� LQIHUUHG�� ,Q� DGGLWLRQ�� WKH� REVHUYDWLRQV� RI� HP X� DFWLYLWLHV� DQG� WKH�
DVVRFLDWHG� WUDFNV� SURYLGH� YDOXDEOH� LQIRUP DWLRQ� WR� WKH� XQGHUVWDQGLQJ� RI� WKH� EHKDYLRXUV�
SUHVHUYHG�LQ�WKH�LFKQRORJLFDO�UHFRUG�RI�ELSHGDO�GLQRVDXUV��
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5HGHVFULSWLRQ�RI�1 HRYHQDWRU�VDOHULL�� ' LQRVDXULD��7KHURSRGD��DQG�LWV�LP SOLFDWLRQV�
IRU�WKHURSRG�HYROXWLRQ�DQG�SK\ ORJHQ\ �

6WHSKHQ�/ ��%UXVDWWH
K

��5RJHU�%��-��%HQVRQ
L

™

± �DQG�6WHSKHQ�+ XWW½ �
�VXSSRUWHG�E\ �-RQHV�) HQOHLJK�0 HP RULDO�) XQG��

M

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��: LOOV�0 HP RULDO�%XLOGLQJ��4 XHHQV�5RDG��
%ULVWRO�%6� �� 5-��8 . ��EUXVDWWH# XFKLFDJR�HGX��

N

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�&DP EULGJH��' RZQLQJ�6WUHHW��&DP EULGJH�&%� �
� ( 4 ��8 . ��UEE� � # FDP �DF�XN��

²

1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ�6: � �� %' ��8 . �
¾

' LQRVDXU�,VOH�0 XVHXP ��&XOYHU�3DUDGH��6DQGRZQ�32 � � �� 4 $��8 . �
�6WHSKHQ�+ XWW# LRZ�JRY�XN��

�
1 HRYHQDWRU� VDOHULL� � ' LQRVDXULD�� 7KHURSRGD�� LV� WKH� P RVW� FRP SOHWH� ODUJH� WKHURSRG� NQRZ Q�

IURP � ( XURSH�EXW�KDV�RQO\ �EULHIO\ �EHHQ�GHVFULEHG�LQ�WKH�OLWHUDWXUH� �+ XWW�HW�DO��� � � � � ��1 DLVK�HW�
DO��� � � � � � �� + HUH� Z H� SUHVHQW� D� UHGHVFULSWLRQ� RI� WKH� KRORW\ SH� DQG� UHIHUUHG�VSHFLP HQV� IURP �WKH�
( DUO\ � &UHWDFHRXV� : HVVH[ � ) RUP DWLRQ� �: HDOGHQ� * URXS�� RI� WKH� ,VOH� RI� : LJKW�� Z KLFK� WRJHWKHU�
FRP SULVH� DSSUR[ LP DWHO\ � � � � � RI� WKH� VNHOHWRQ�� 1 HRYHQDWRU� LV� VKRZ Q� WR� SRVVHVV� QXP HURXV�
DXWDSRP RUSKLHV�� LQFOXGLQJ� DQ� HQODUJHG� P D[ LOODU\ � IHQHVWUD�� D� SHJ�DQG�VRFNHW� DFFHVVRU\ �
DUWLFXODWLRQ� EHWZ HHQ� WKH� SUHP D[ LOOD� DQG� P D[ LOOD�� DQG� FXUYHG� IODQJHV� HP HUJLQJ� IURP � WKH�
] \ JDSRSK\ VHV� RI� SRVWHULRU� GRUVDO� YHUWHEUDH�� 1 HRYHQDWRU� FOHDUO\ � EHORQJV� WR� $ OORVDXURLGHD�� D�
FODGH� RI� EDVDO� WHWDQXUDQ� WKHURSRGV� WKDW� LQFOXGHV� $OORVDXUXV�� 6LQUDSWRU�� DQG� WKH�
&DUFKDURGRQWRVDXULGDH�� D� VXEJURXS� WKDW� FRQWDLQV� VRP H� RI� WKH� ODUJHVW� NQRZ Q� WKHURSRGV��
3K\ ORJHQHWLF�DQDO\ VLV� ILQGV�1 HRYHQDWRU�DV�WKH�EDVDO�P RVW�P HP EHU�RI�&DUFKDURGRQWRVDXULGDH��
D� SRVLWLRQ� VXSSRUWHG� E\ � QXP HURXV� V\ QDSRP RUSKLHV�� LQFOXGLQJ� FDP HOODWH� FHUYLFDO� YHUWHEUDH��
GHWDLOV� RI� WKH� SOHXURFRHOV� LQ� FHUYLFDO� DQG� GRUVDO� YHUWHEUDH�� D� K\ SHUWURSKLHG� SXELF� ERRW�� DQ�
DQWHULRUO\ �H[ SDQGHG� LVFKLDO� ERRW�� D� GRUVDOO\ �LQFOLQHG� IHP RUDO� KHDG�� DQG� D� K\ SHUWURSKLHG�
P HGLDO�P DOOHROXV� RI�WKH�WLELD��7KLV�SODFHP HQW�VXJJHVWV�WKDW�EDVDO�FDUFKDURGRQWRVDXULGV�Z HUH�
FRP SRQHQWV� RI� ( XURSHDQ� IDXQDV� EHIRUH� EHFRP LQJ� UHVWULFWHG� WR� * RQGZ DQD� ODWHU� LQ� WKHLU�
HYROXWLRQ�� $ GGLWLRQDOO\ �� FKDUDFWHU� DFTXLVLWLRQ� SDWWHUQV� LQGLFDWH� WKDW� ODUJH� ERG\ � VL] H� DQG� WKH�
KLJKO\ � DSRP RUSKLF� VNXOO� RI� GHULYHG� FDUFKDURGRQWRVDXULGV� HYROYHG� DIWHU� FKDQJHV� WR� WKH� D[ LDO�
DQG� DSSHQGLFXODU� VNHOHWRQ�� 7KHVH� FKDQJHV� LQFOXGH� DQ� LQFUHDVH� LQ� D[ LDO� SQHXP DWLFLW\ � DQG�
DOWHUDWLRQV�LQ�OLP E�DUWLFXODWLRQ��Z KLFK�FOHDUO\ �Z HUH�QRW�D�GLUHFW�UHVSRQVH�WR�WKH�ODUJH�ERG\ �VL] H�
RI� GHULYHG� FDUFKDURGRQWRVDXULGV� DV� GHP RQVWUDWHG� E\ � WKHLU� SUHVHQFH� LQ� WKH� P XFK� VP DOOHU�
1 HRYHQDWRU��
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7KH�FHUDWRSVLDQ�GLQRVDXU�3VLWWDFRVDXUXV�LQ�6RXWKHDVW�$VLD���D�UHYLHZ �RI�ROG�DQG�
QHZ �ILQGV�

( ULF�%XIIHWDXW
K

��9 DUDYXGK�6XWHHWKRUQ
L

�DQG�6DVLGKRUQ�. KDQVXEKD
L

�
M

&1 56��8 0 5�� � � � ��/ DERUDWRLUH�GH�* pRORJLH�GH�O·( FROH�1 RUP DOH�6XSpULHXUH���� � �FRXU�GX�
/ LpJDW��� � � � � �3DULV��) UDQFH��HULF�EXIIHWDXW# ZDQDGRR�IU��

N

) RVVLO�5HVHDUFK�DQG�0 XVHXP �' LYLVLRQ��%XUHDX�RI�* HRORJLFDO�6XUYH\ ��' HSDUWP HQW�RI�0 LQHUDO�
5HVRXUFHV��5DP D�9,�5RDG��%DQJNRN�� � � � � ��7KDLODQG��

�
7KH� HDUO\ � FHUDWRSVLDQ� GLQRVDXU� 3VLWWDFRVDXUXV� LV� Z LGHVSUHDG� LQ� WKH� ( DUO\ � &UHWDFHRXV� RI�

FHQWUDO� DQG� QRUWKHUQ� $ VLD�� IURP � 6LEHULD� WR� 0 RQJROLD� DQG� QRUWKHUQ� &KLQD�� ,WV� RFFXUUHQFH� LQ�
6RXWKHDVW�$ VLD�Z DV�ILUVW�UHSRUWHG�LQ�� � � � ��Z KHQ�WKH�GLVFRYHU\ �RI�DQ�XSSHU�DQG�D�ORZ HU�MDZ �LQ�
WKH� . KRN� . UXDW� ) RUP DWLRQ� �$ SWLDQ�� RI� QRUWKHDVWHUQ� 7KDLODQG� Z DV� DQQRXQFHG�� 7KDW� P DWHULDO�
Z DV� GHVFULEHG� DV� D� QHZ � VSHFLHV� RI� 3VLWWDFRVDXUXV�� 3�� VDWWD\ DUDNL�� LQ� � � � � �� $ OWKRXJK� GRXEWV�
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 � �

DERXW� WKLV� JHQHULF� LGHQWLILFDWLRQ� KDYH� EHHQ� H[ SUHVVHG�� WKH� 7KDL� VSHFLP HQV� VKRZ � GLVWLQFWLYH�
FKDUDFWHUV�RI�3VLWWDFRVDXUXV� �%XIIHWDXW� DQG�6XWHHWKRUQ�� � � � � � �� 0 RUH�P DWHULDO��FRQILUP LQJ�WKH�
RFFXUUHQFH� RI� 3VLWWDFRVDXUXV� LQ� WKH� . KRN� . UXDW� ) RUP DWLRQ�� KDV� UHFHQWO\ � EHHQ� IRXQG� LQ�
7KDLODQG��DQG�WKH�JHQXV�LV�DOVR�SUHVHQW�LQ�D�IRUP DWLRQ�RI�HTXLYDOHQW�DJH�LQ� / DRV�� ,Q�QRUWKHUQ�
DQG� FHQWUDO� $ VLD�� 3VLWWDFRVDXUXV� LV� RIWHQ� YHU\ � DEXQGDQW� LQ� IRUP DWLRQV� UDQJLQJ� LQ� DJH� IURP �
+ DXWHULYLDQ� WR� $ OELDQ� �/ XFDV�� � � � � �� $ YHULDQRY� HW� DO��� � � � � � �� ,W� VHHP V� WR� EH� OHVV� IUHTXHQW� LQ�
6RXWKHDVW� $ VLD�� DQG� QRW� WR� EH� SUHVHQW� WKHUH� EHIRUH� WKH� $ SWLDQ�� 7KLV� GLIIHUHQW� SDWWHUQ� RI�
VWUDWLJUDSKLF�GLVWULEXWLRQ�P D\ �EH�WKH�UHVXOW�RI�D�SHULRG�RI�UHODWLYH�LVRODWLRQ�RI�6RXWKHDVW�$ VLDQ�
WHUUHVWULDO�YHUWHEUDWH�IDXQDV�GXULQJ�SDUW�RI�WKH�( DUO\ �&UHWDFHRXV��Z KLFK�LV�VXJJHVWHG�E\ �YDULRXV�
OLQHV� RI� IDXQDO� HYLGHQFH� �LQFOXGLQJ� WKH� DSSDUHQW� ODFN� RI� RUQLWKLVFKLDQV� LQ� WKH� "+ DXWHULYLDQ�
%DUUHP LDQ� 6DR� . KXD� ) RUP DWLRQ��� 3VLWWDFRVDXUXV� P D\ � KDYH� UHDFKHG� 6RXWKHDVW� $ VLD�� WRJHWKHU�
Z LWK� RWKHU� RUQLWKLVFKLDQV� �LQFOXGLQJ� HDUO\ � KDGURVDXURLGV��� RQO\ � DW� WKH� HQG� RI� WKLV� SHULRG� RI�
LVRODWLRQ��WKH�FDXVHV�RI�Z KLFK�UHP DLQ�XQFHUWDLQ��
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3DODHRHQYLURQP HQWDO�FRQWUROV�RQ�WKH�GLVWULEXWLRQ�RI�&UHWDFHRXV�KHUELYRURXV�
GLQRVDXUV�

5LFKDUG�-��%XWOHU
K

��3DXO�0 ��%DUUHWW
K

��3DXO�. HQULFN
K

�DQG�0 DOFROP �* ��3HQQ
L

�
M

' HSDUWP HQW�RI�3DODHRQWRORJ\ ��7KH�1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ�6: � �
� %' ��8 . ��5�%XWOHU# QKP �DF�XN��

N

' HSDUWP HQW�RI�%RWDQ\ ��7KH�1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ�6: � �� %' ��8 . �
�
0 RVW� DWWHP SWV� WR� DVVHVV� SDODHRHQYLURQP HQWDO� SUHIHUHQFHV� IRU� GLQRVDXUV� KDYH� DVVHVVHG�

GLVWULEXWLRQ�Z LWKLQ�D�VLQJOH�IRUP DWLRQ��+ HUH�Z H�XVH�D�JOREDO�UHODWLRQDO�GDWDEDVH�RI�&UHWDFHRXV�
KHUELYRURXV� GLQRVDXU� RFFXUUHQFHV� WR� WHVW� K\ SRWKHVHV� RI� EURDG� HQYLURQP HQWDO� SUHIHUHQFHV� DW�
WKH� OHYHO� RI� VXSUDVSHFLILF� FODGHV�� 7KLV� GDWDEDVH� LV� SDUW� RI� D� EURDGHU� SURMHFW� RQ� &UHWDFHRXV�
GLQRVDXU� DQG� SODQW� GLVWULEXWLRQ�� FXUUHQWO\ � LW� FRQWDLQV� JHRJUDSKLF�� WD[ RQRP LF�� JHRORJLFDO� DQG�
SDODHRHQYLURQP HQWDO� GDWD� IRU� F�� � � � � GLQRVDXU� DQG� SODQW� RFFXUUHQFHV� DW� � � � � � ORFDOLWLHV�� 7KH�
FXUUHQW� DQDO\ VHV� XWLOLVHG� D� TXHU\ � FRQWDLQLQJ� WKH� GLQRVDXU� RFFXUUHQFHV� �� � � � � � DQG�DVVRFLDWHG�
HQYLURQP HQW� DQG� WD[ RQRP LF� LQIRUP DWLRQ�� 7KH� GHWDLOHG� HQYLURQP HQWDO� GDWD� Z DV� VLP SOLILHG�
LQWR�EURDG�GHSRVLWLRQDO�FDWHJRULHV�RI�P DULQH�� � � �RI�ORFDOLWLHV���FRDVWDO��� � � � ��WHUUHVWULDO��� � � � �
DQG� XQNQRZ Q�DP ELJXRXV� �� � � �� &KL�VTXDUHG� WHVWV� Z HUH� XVHG� WR� WHVW� VSHFLILF� K\ SRWKHVHV� RI�
DVVRFLDWLRQV��

$ � VLJQLILFDQW� SRVLWLYH� DVVRFLDWLRQ� Z DV� IRXQG� EHWZ HHQ� 1 RGRVDXULGDH� DQG� P DULQH�
GHSRVLWLRQDO� HQYLURQP HQWV� �S � �� � � � �� E\ � FRQWUDVW�� WKHLU� VLVWHU�FODGH� $ QN\ ORVDXULGDH� DUH�
SRVLWLYHO\ � DVVRFLDWHG� Z LWK� WHUUHVWULDO� HQYLURQP HQWV� �S � �� � � �� 7KH� RYHUUHSUHVHQWDWLRQ� RI�
QRGRVDXULG� VSHFLP HQV� LQ� P DULQH� HQYLURQP HQWV� VXJJHVWV� WKDW� WKH\ � RFFXSLHG� D� EURDGHU�
HQYLURQP HQWDO� UDQJH�� LQFOXGLQJ� FRDVWDO� DUHDV�� WKDQ� GLG� DQN\ ORVDXULGV� �&RRP EV� DQG� ' HP pUp��
� � � � � ��+ DGURVDXULGV�DUH�RYHUUHSUHVHQWHG�UHODWLYH�WR�RWKHU�KHUELYRUHV�LQ�P DULQH�HQYLURQP HQWV�
�S � �� � � � �� FRQVLVWHQW� Z LWK� VXJJHVWLRQV� WKDW� WKH\ � SUHIHUUHG� FRDVWDO� SODLQ� HQYLURQP HQWV��
+ RZ HYHU�� H[ LVWLQJ� HYLGHQFH� GRHV� QRW� VXSSRUW� WKH� K\ SRWKHVLV� WKDW� KDGURVDXULQH� KDGURVDXUV�
Z HUH� P RUH� DEXQGDQW� LQ� P DULQH� VHGLP HQWV� WKDQ� ODP EHRVDXULQHV� �+ RUQHU�� � � � � � �� %RWK�
FHUDWRSVLDQV� DQG� SDFK\ FHSKDORVDXUV� VKRZ � SRVLWLYH� DVVRFLDWLRQV� �S � �� � � � � Z LWK� WHUUHVWULDO�
HQYLURQP HQWV�� VXSSRUWLQJ� LQWHUSUHWDWLRQV� RI� LQODQG� HQYLURQP HQWDO� SUHIHUHQFHV�� 2 XU� UHVXOWV�
SURYLGH� TXDQWLWDWLYH� VXSSRUW� IRU� SUHYLRXV� TXDOLWDWLYH� K\ SRWKHVHV� RI� SDODHRHQYLURQP HQWDO�
SUHIHUHQFHV��HP SKDVLVLQJ�WKH�SRWHQWLDO�RI�ODUJH�GDWDEDVHV�LQ�EURDG�SDODHRHFRORJLFDO�DQDO\ VHV��

�
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7KH�FRQWULEXWLRQ�RI�SODFRGHUP V�WR�RXU�XQGHUVWDQGLQJ�RI�WKH�RQWRJHQ\ �DQG�
HYROXWLRQ�RI�HDUO\ �JQDWKRVWRP HV�

5REHUW�. ��&DUU
K

��=HULQD�-RKDQVRQ
L

��$ OH[ �5LWFKLH± ��+ HUYp�/ HOLqYUH½ �DQG�' DQLHO�* RXMHWÈ �
M

' HSDUWP HQW�RI�%LRORJLFDO�6FLHQFHV��,UYLQH�+ DOO��2 KLR�8 QLYHUVLW\ ��$WKHQV��2 + �� � � � � ��8 6$�
�FDUUU� # RKLR�HGX��

N

�' HSDUWP HQW�RI�3DODHRQWRORJ\ ��7KH�1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ�6: � �
� %' ��8 . �� ] �MRKDQVRQ# QKP �DF�XN��

²

$XVWUDOLDQ�0 XVHXP ��� �&ROOHJH�6WUHHW��6\ GQH\ ��1 6: �� � � � ��$XVWUDOLD�
�DOH[ �ULWFKLH# DXVWP XV�JRY�DX��

¾

3DOpRELRGLYHUVLWp��8 0 5�� � � � ��' pSDUWHP HQW�+ LVWRLUH�GH�OD�7HUUH��0 XVpXP �1 DWLRQDO�
G
+ LVWRLUH�1 DWXUHOOH��� ��UXH�%XIIRQ��� � � � � �3DULV��) UDQFH��OHOLHYUH# P QKQ�IU�

� �3DOpRELRGLYHUVLWp��8 0 5�� � � � ��' pSDUWHP HQW�+ LVWRLUH�GH�OD�7HUUH��0 XVpXP �1 DWLRQDO�
G
+ LVWRLUH�1 DWXUHOOH��� ��UXH�%XIIRQ��� � � � � �3DULV��) UDQFH��JRXMHW# P QKQ�IU��

�
3ODFRGHUP V��DV�WKH�RXWJURXS�WR�UHP DLQLQJ�JQDWKRVWRP HV��DUH�FULWLFDO�WR�RXU�XQGHUVWDQGLQJ�

RI�WKH�SRODULW\ �RI�FKDUDFWHU�VWDWH�WUDQVLWLRQV�Z LWKLQ�EDVDO�FKRQGULFKWK\ DQV�DQG�RVWHLFKWK\ DQV��
) RU� H[ DP SOH�� WKH\ � GRFXP HQW� WKH� SRODULW\ � RI� SHFWRUDO� ILQ� FKDUDFWHUV�� WKXV� WKH� SOHVLRP RUSKLF�
VWDWH� FRQVLVWV� RI� D� VLQJOH� SUR[ LP DO� HOHP HQW� Z LWK� D� QDUURZ � DWWDFKP HQW� WR� WKH� JLUGOH�� 7KH�
HYROXWLRQ� RI� H[ WDQW� FRQGLWLRQV� UHSUHVHQWV� WKH� EUHDNXS� DQG�RU� YDULDEOH� ORVV� Z LWKLQ� WKLV�
SUR[ LP DO�HOHP HQW��

' HYHORSP HQW� RI� WKH� JQDWKRVWRP H� QHXURFUDQLXP � LQFOXGHV� WKH� RULJLQ� DQG� IXVLRQ� RI� WKH�
RFFLSXW�DQG�WUDEHFXODH�WR�WKH�SULP LWLYH�YHUWHEUDWH�EUDLQFDVH��HYLGHQFHG�E\ �WKH�DQWHULRU�ILVVXUH�
DP RQJ� SODFRGHUP V� DQG� WKH� RWLF�RFFLSLWDO� ILVVXUH� LQ� FKRQGULFKWK\ DQV� DQG� WHOHRVWRP HV��
3ODFRGHUP V� UHWDLQ� SOHVLRP RUSKLF� VKRUW� WUDEHFXODH� Z LWK� WKH� SDODWRTXDGUDWH� DUWLFXODWLQJ� Z LWK�
WKH�SDUDFKRUGDOV��

) XVLRQ�DP RQJ�DQWHULRU�YHUWHEUDH�WR�IRUP �D�V\ QDUFXDO�LQ�SODFRGHUP V�P LP LFV�WKH�DQDWRP LFDO�
WUDQVIRUP DWLRQV�DVVRFLDWHG�Z LWK�P LVH[ SUHVVLRQ�RI�VHJP HQW�UHODWHG�JHQHV�LQ�P LFH�DQG�KXP DQV��
7KXV�� RQH� JURXS·V� P DODGDSWLYH� P LVH[ SUHVVLRQ� P D\ � EH� WKH� VRXUFH� RI� DQ� DGDSWLYH� FKDQJH� LQ�
RWKHU�WD[ D�Z KHUH�D�V\ QDUFXDO�LV�IRXQG��

* RRGULFK� VXJJHVWHG� D� SDLUHG� DQG� QHXUDO� FUHVW� RULJLQ� IRU� EDVLEUDQFKLDO� HOHP HQWV� RI� WKH�
YLVFHUDO� VNHOHWRQ�� 7KLV� LV� FRQILUP HG� LQ� &RZUDOHSLV� P FODFKODQL� �3K\ OOROHSLGD�� 3ODFRGHUP L��
Z KHUH�WKHVH�HOHP HQWV�DUH�SDLUHG�WKURXJKRXW�RQWRJHQ\ �DQG�SRVVHVV�VLJQLILFDQW�DWWDFKP HQW�VLWHV�
IRU�K\ SREUDQFKLDO�P XVFXODWXUH��GRFXP HQWLQJ�WKHLU�QHXUDO�FUHVW�RULJLQ���

5HQHZ HG� LQWHUHVW� LQ� SODFRGHUP V� LV� SURYLGLQJ� LP SRUWDQW� HYLGHQFH� WR� HVWDEOLVK� FKDUDFWHU�
SRODULW\ � IRU� D� QXP EHU� RI� DQDWRP LFDO� V\ VWHP V�� ,W� DOVR� GRFXP HQWV� WKH� SUHVHQFH� LQ� DGXOWV� RI�
FKDUDFWHUV�WKDW�DUH�QRZ �RQO\ �JOLP SVHG�DV�WUDQVLWRU\ � IHDWXUHV�LQ�RQWRJHQ\ �WKXV�D�SHUDP RUSKLF�
VKLIW�DP RQJ�H[ WDQW�WD[ D�UHODWLYH�WR�WKH�JQDWKRVWRP H�SULP LWLYH�FRQGLWLRQ��

�

1 HZ �GLVFRYHULHV�IURP �%HDUVGHQ��UHDVVHVVLQJ�WKH�HDUO\ �UHFRUG�RI�SRVW�' HYRQLDQ�
ILVKHV�

0 LFKDHO�,��&RDWHV
K

��3DWULFN�* DYLQ
L

�DQG�1 HLO�' ��/ ��&ODUN± �
M

2 UJDQLVP DO�%LRORJ\ �DQG�$QDWRP \ ��8 QLYHUVLW\ �RI�&KLFDJR��&KLFDJR��,/ �� � � � � ��8 6$�
�P FRDWHV# XFKLFDJR�HGX��

N

� �$XFKQDFUDLJ�5RDG�) DLIOH\ �&O\ GHEDQN�* � � �� $( ��6FRWODQG��S�JDYLQ� # QWOZRUOG�FRP ��
²

+ XQWHULDQ�0 XVHXP ��8 QLYHUVLW\ �RI�* ODVJRZ��* � � �� 4 4 ��6FRWODQG�
�Q�FODUN# P XVHXP �JOD�DF�XN��

�
7KH� 0 LVVLVVLSSLDQ� �6HUSXNKRYLDQ�� %HDUVGHQ� IDXQD� �* ODVJRZ �� 6FRWODQG�� LV� NQRZ Q� IRU� WKH�

H[ FHSWLRQDO�SUHVHUYDWLRQ�RI�LWV�IRVVLO�VKDUNV��7KH�HTXLYDOHQW�KRUL] RQ�Z DV�NQRZ Q�IURP �VLWHV�LQ�
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 � �

$ \ UVKLUH� DQG� / DQDUNVKLUH� LQ� WKH� ODWH� � � � � 
V�� EXW� LW� Z DV� QRW� XQWLO� 6WDQ� : RRG
V� GLVFRYHULHV�
�: RRG�� � � � � � � WKDW� UHSRUWV� KLJKOLJKWHG� WKH� TXDOLW\ � RI� FKRQGULFKWK\ DQV� IURP � WKH� 0 DQVH� %XUQ�
) RUP DWLRQ��DV�Z HOO�DV�WKH�GLYHUVLW\ �RI�DFWLQRSWHU\ JLDQ�ILVKHV�DQG�IRVVLO�FUXVWDFHDQV��,Q�JHQHUDO�
WHUP V��WKH�%HDUVGHQ�ELRWD�UHVHP EOHV�WKDW�RI�WKH�VOLJKWO\ �\ RXQJHU�%HDU�* XOFK�IDXQD�RI�0 RQWDQD��
8 6$ � � / XQG� DQG� 3RSOLQ�� � � � � � �� + RZ HYHU�� Z KLOH� %HDU� * XOFK� IRVVLO� ILVKHV� WHQG� WR� EH� OHVV� Z HOO�
SUHVHUYHG� WKDQ� WKHLU� 6FRWWLVK� FRXQWHUSDUWV�� LQ� WHUP V� RI� WD[ RQRP LF� DQG� P RUSKRORJLFDO�
GLYHUVLW\ ��WKH\ �IDU�H[ FHHG�WKHLU�%HDUVGHQ�HTXLYDOHQWV��

7KH� IRVVLO� UHFRUG� RI� P DULQH� ILVKHV� IURP � WKH� 8 SSHU� &DUERQLIHURXV� DQG� 3HUP LDQ� LV� SRRU�
�6HSNRVNL�� � � � � � �� DQG� WKH� %HDU� * XOFK� IDXQD� KDV� JDLQHG� VLJQLILFDQFH� DV� D� P DUNHU� IRU� HDUO\ �
UHSUHVHQWDWLYHV� RI� FODGHV� NQRZ Q� RWKHUZ LVH� RQO\ � IURP � P XFK� P RUH� UHFHQW� GHSRVLWV� �+ XUOH\ � HW�
DO���� � � � � ��7KLV�UDLVHV�TXHVWLRQV�DERXW�VDP SOLQJ�HUURU��Z KHWKHU�ILVK�GLYHUVLW\ �DW�RWKHU�UHOHYDQW�
ORFDOLWLHV� KDV� EHHQ� P LVLQWHUSUHWHG� RU� RYHUORRNHG�� + HUH�� Z H� UHSRUW� QHZ � GLVFRYHULHV� RI� ILVKHV�
IURP �ODWHUDO�HTXLYDOHQWV�RI�WKH�%HDUVGHQ�ORFDOLW\ �� ' LVFRYHUHG�DQG�SUHSDUHG�E\ � 3DWULFN�* DYLQ��
WKHVH� IRVVLOV�VKRZ �WKDW�WKH�UDQJH�RI�%HDUVGHQ�ILVKHV�RYHUODSV�WKDW�RI�WKH�%HDU�* XOFK�IDXQD�WR�
DQ� H[ WHQW� P XFK� JUHDWHU� WKDQ� SUHYLRXVO\ � VXVSHFWHG�� LQFOXGLQJ� JURXSV� XQWLO� QRZ � NQRZ Q� RQO\ �
IURP � 1 RUWK� $ P HULFD�� 7KHVH� QHZ � GLVFRYHULHV� VXSSRUW� WKH� VXJJHVWLRQ� WKDW� &DUERQLIHURXV� ILVK�
GLYHUVLW\ �LV�VLJQLILFDQWO\ �XQGHU�GHWHUP LQHG��

�

S�QC�(. ��'/��q-���Y� �
uC�
%
ea�($+�����1U?Q��
. . ������fn� �
�{Q�	C	[�
x����Y� ��s/%
PC"c$ ��)j�
”d�-v�� ��Ÿ/�($ ���D"c��	d��Uw� �
S�����fn��x�� �

�/�($ 	�%��
��y]��”d� ��´1�
	C�a��¸{� ��_dP��
"c������Uw��pZ� ���
	3�»•d�
�
)+�
�
��Uw��q��
�
���D˜a���¡	����m) $ "c��G ��%
�
. �n!+���[����'�G

! $ 	C	����T! $ �-Pc��&���. QC) $ �
	d���/���a%������D$ 	����{�
!D) P��1f ��'���.Cs/�a%�$ �
) '/��������$ ���
O

��˜�`/�
`�HaFaG `�FaHD�

u/QC	[�C��fn���
	3�m���
,/. $ 	[��•{�aE�F�FaFD��ŸC$ �-P›�1$ &����-�-$ ) 'Y�
!D) P��
O

�
���rp QC. %
P›u/$ "c���-) �
	��
��X]�
"bQ/�($ �
	[��u����W���

•d���(^/�
	C$ ! �����
Q��{��!DUV��	C)+�
	��
��ž*s��Y��pd”3©
O

q6©�s[��“��a�a�
H�š�GR�aF�š��

gh�a�a����s[���r�
E
FaH�����X����\^C������.�X��
"bQ/��$ �
	?o ž�,C,C���r•d���6^/�
	C$ ! �����
Q���t�! $ �-P����É�
	3�»%��(Q3�-) ��%��
�
	�� !+��Q�	3�

	������rp . ���-�����b��X]��) Q/���]�aFD˜���šD˜
`�G+šD˜a˜a�

s/�
,/e��
�-e�$�v(��� v��-v��
�
���������£%���"b,���	[��$ QC"º��!/! �a���-$ .�"c���($ 	��Z�
	C$ "c�
.����
	������a�
O

QC. . �
) $ 	c�
!���"c���($ %
�
	

���
. ���
	C) �
. ���
'W“al�“a��E�GRš
l����

3URFHVVHV�DQG�IODQJHV��WKH�HYROXWLRQ�RI�WKH�SOHVLRVDXU�EUDLQFDVH�DQG�SRVWHULRU�
SDODWH�

0 DUN�( YDQV�

1 DWXUDO�6FLHQFHV�6HFWLRQ��1 HZ �: DON�0 XVHXP �DQG�$UW�* DOOHU\ ��� � �1 HZ�: DON��/ HLFHVWHU��/ ( � �
� ( $��8 . ��0 DUN�( YDQV# OHLFHVWHU�JRY�XN��DQG�' HSDUWP HQW�RI�* HRORJ\ ��8 QLYHUVLW\ �RI�
/ HLFHVWHU��/ HLFHVWHU��/ ( � �� 5+ ��8 . �

�
7KH�DTXDWLF�DGDSWDWLRQV�RI�SOHVLRVDXUV�KDYH�UHVXOWHG�LQ�WZ R�REVWDFOHV�WR�XQUDYHOOLQJ�WKHLU�

HYROXWLRQDU\ � KLVWRU\ �� P RUSKRORJLFDO� ´VLP SOLILFDWLRQµ� DQG� D� KLJK� GHJUHH� RI� KRP RSODV\ �� 7KH�
EUDLQFDVH� FDQ� EH� WKRXJKW� RI� DV� EHLQJ� ´LVRODWHGµ� IURP � WKH� DQLP DO·V� FRQVWUDLQLQJ� DTXDWLF�
P HGLXP � WR� D� FHUWDLQ� H[ WHQW�� DQG�� Z KLOH� QRW� LP P XQH� IURP � WKHVH� REVWDFOHV�� LW� SURYLGHV� DQ�
LP SRUWDQW�P RUSKRORJLFDO�GDWDVHW�RI�IODQJHV�DQG�SURFHVVHV�Z KLFK�GHVHUYHV�DWWHQWLRQ��

0 DWHULDO� H[ DP LQHG� LQFOXGHV� D� VSHFLP HQ� IURP � WKH� ( DUO\ � -XUDVVLF� �3OLHQVEDFKLDQ�� RI�
* ORXFHVWHUVKLUH�� ( QJODQG��UHSUHVHQWLQJ�D�QHZ �WD[ RQ��DQG�VSHFLP HQV�RI�WKH�HDUO\ � -XUDVVLF�WD[ D�
7KDODVVLRGUDFRQ� KDZNLQVLL�� 5KRP DOHRVDXUXV� P HJDFHSKDOXV� DQG� 2 FFLWDQRVDXUXV�
WRXUQHP LHQVLV�� 7KH� 3OLHQVEDFKLDQ� VSHFLP HQ� VKRZ V� DQ� DQWHULRU� SURFHVV� RI� WKH� EDVLRFFLSLWDO�
SURMHFWLQJ�EHWZ HHQ�WKH�FRQMRLQHG�SWHU\ JRLGV�DQG�WKH�SRVWHULRU�SURFHVVHV�RI�WKH�SDUDVSKHQRLG�
RQ� WKH� P LGOLQH�� 7KLV� DSSDUHQWO\ � QRYHO� VWUXFWXUH� FDQ� DOVR� EH� UHFRJQLVHG� LQ� RWKHU� HDUO\ �
SOHVLRVDXUV�VXFK�DV�5��P HJDFHSKDOXV�DQG�7��KDZNLQVLL��Z KHUH�LW�Z DV�SUHYLRXVO\ �WKRXJKW�WR�EH�
IRUP HG�E\ �WKH�EDVLVSKHQRLG��2 ·. HHIH��� � � � � ��

7KH� QDWXUH� RI� WKH� YDULDEOH� FRQWDFW� RI� YDULRXV� SWHU\ JRLG� IODQJHV�Z LWK�RQH�DQRWKHU�DQG�WKH�
EDVLFUDQLXP � KDV� DOVR� EHHQ� LQYHVWLJDWHG�� 7KLV� KDV� EHHQ� IRXQG� WR� GLIIHU� IURP � WKH� SXEOLVKHG�
DFFRXQWV� LQ� 7�� KDZNLQVLL� DQG� 2 �� WRXUQHP LUHQVLV�� $ � UHYLHZ � RI� WKLV� DUHD� RI� WKH� SOHVLRVDXULDQ�
VNXOO� VKRZ V� WKDW� WKH� SWHU\ JRLG� IODQJHV� XQGHUSODWH� WKH� EDVLFUDQLXP � LQ� GLIIHUHQW� Z D\ V� LQ�
GLIIHUHQW�WD[ D��7KLV�QHFHVVLWDWHV�D�UHDVVHVVP HQW�RI�WKH�Z D\ �WKDW�WKHVH�VWUXFWXUHV�DUH�FRGHG�LQ�
SK\ ORJHQHWLF�DQDO\ VHV��DQG�D�UHYLVHG�VFKHP H�LV�SURSRVHG��
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� ' �LP DJLQJ�RI�HQLJP DWLF�WLQ\ �HJJV�Z LWK�HP EU\ RV�IURP �WKH�/ RZ HU�&UHWDFHRXV�RI�
7KDLODQG�XVLQJ�SKDVH�FRQWUDVW�; �UD\ �V\ QFKURWURQ�P LFURWRP RJUDSK\ �

9 LQFHQW�) HUQDQGH]
K

�3DXO�7DIIRUHDX
K6™

L

�DQG�( ULF�%XIIHWDXW± �
M

( XURSHDQ�6\ QFKURWURQ�5DGLDWLRQ�) DFLOLW\ ��� �UXH�+ RURZLW] �%3�� � � ��� � � � � �* UHQREOH�&HGH[ ��
) UDQFH��YLQFHQW�IHUQDQGH] # HVUI�IU��

N

/ DERUDWRLUH�GH�* pRORJLH��3DOpRJpRJUDSKLH�HW�3DOpRQWRORJLH�+ XP DLQH��8 0 5�&1 56�� � � � ��
8 QLYHUVLWp�GH�3RLWLHUV��� � �$YHQXH�GX�5HFWHXU�3LQHDX��� � � � � �3RLWLHUV�FHGH[ ��) UDQFH�

²

&1 56��8 0 5�� � � � ��/ DERUDWRLUH�GH�* pRORJLH�GH�O·( FROH�1 RUP DOH�6XSpULHXUH���� � �FRXU�GX�
/ LpJDW��� � � � � �3DULV��) UDQFH��

�
5HFHQWO\ �� YHU\ � VP DOO� HJJV� FRQWDLQLQJ� HP EU\ RV� KDYH� EHHQ� GLVFRYHUHG� LQ� WKH� ( DUO\ �

&UHWDFHRXV� 6DR� . KXD� ) RUP DWLRQ� RI� QRUWKHDVWHUQ� 7KDLODQG�� 6R� IDU�� WKH� V\ VWHP DWLF�SRVLWLRQ�RI�
WKHVH� HJJV� FRXOG� RQO\ � EH� LQIHUUHG� IURP � HJJVKHOO� FKDUDFWHUV�� 7KHLU� VXUIDFH� RUQDP HQWDWLRQ� LV�
W\ SLFDO� RI� QRQ�DYLDQ� VDXULVFKLDQ� GLQRVDXUV� �%XIIHWDXW� HW� DO��� � � � � � �� Z KLOH� WKH� WKUHH�OD\ HUHG�
SULVP DWLF� P LFURVWUXFWXUH� LV� FXUUHQWO\ � NQRZ Q� RQO\ � LQ� H[ WDQW� DQG� IRVVLO� ELUG� HJJV�� ' XH� WR� WKH�
VL] H�RI�WKHVH�HJJV��DERXW�WKH�VL] H�RI�D�JROGILQFK·V��DQG�WR�WKH�QDWXUH�RI�WKH�KDUG�FDOFLWLF�P DWUL[ �
WKDW�ILOOV�WKH�FUXVKHG�VKHOO��P DQXDO�RU�FKHP LFDO�H[ FDYDWLRQ�LV�QRW�SRVVLEOH�� ,Q�RUGHU�WR�VWXG\ �
WKHVH� LP SRUWDQW� VSHFLP HQV� Z LWKRXW� GHVWUR\ LQJ� WKHP �� Z H� XVHG� ; �UD\ � SURSDJDWLRQ� SKDVH�
FRQWUDVW� P LFURWRP RJUDSK\ � DW� WKH� ( XURSHDQ� 6\ QFKURWURQ� 5DGLDWLRQ� ) DFLOLW\ � �* UHQREOH��� 7KLV�
UHYHDOHG� WKH� HP EU\ RV� LQ� WKUHH� GLP HQVLRQV� Z LWK� D� YHU\ � KLJK� DFFXUDF\ � WKDW� Z RXOG� QRW� KDYH�
EHHQ� SRVVLEOH� XVLQJ� FODVVLFDO� DEVRUSWLRQ� P LFURWRP RJUDSK\ �� $ � QHDUO\ � FRP SOHWH� HP EU\ R� KDV�
QRZ �EHHQ�VHJP HQWHG�Z LWK�D�YR[ HO�VL] H�RI� � � �P LFURQV�SHUP LWWLQJ�WKH�LGHQWLILFDWLRQ�RI�P RVW�RI�
WKH� ERQHV�� 7KUHH� RWKHU� HJJV� KDYH� EHHQ� VFDQQHG� DQG� VHHP � WR� VKRZ � GLIIHUHQW� VWDJHV� RI� ERQH�
GHYHORSP HQW�� $ � KLJKHU� UHVROXWLRQ� VHJP HQWDWLRQ� LV� XQGHU� Z D\ � Z LWK� D� � � P LFURQV� YR[ HO� VL] H�
UHYHDOLQJ�VWUXFWXUHV�WKDW�Z HUH�LQYLVLEOH�RQ�WKH�ILUVW�GDWDVHWV��7KH�� ' �SURFHVVLQJ�RI�WKHVH�VFDQV�
Z LOO� DOORZ � D� FRP SOHWH� DQDWRP LFDO� VWXG\ � RI� WKHVH� WLQ\ � VNHOHWRQV� LQ� RUGHU� WR� GHWHUP LQH� WKHLU�
SRVLWLRQ�LQ�WKH�FRQWH[ W�RI�WKH�GLQRVDXU�ELUG�WUDQVLWLRQ��
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$OO�DW�VHD��/ DWH�-XUDVVLF�7HVWXGLQHV�IURP �( XURSH�
6DUDK�) LHOGLQJ�

) RXQGDWLRQ�' LUHFW��8 QLYHUVLW\ �/ LEUDU\ ��8 QLYHUVLW\ �RI�3RUWVP RXWK��&DP EULGJH�5RDG��
3RUWVP RXWK��+ $1 76�32 � �� 67��8 . ��VDUDK�ILHOGLQJ# KRWP DLO�FR�XN��

�
0 RVW� / DWH� -XUDVVLF� WHVWXGLQHV� IURP � ( XURSH� �3ODW\ FKHOLGDH�� 1 RWRHP \ GLGDH�� ( XU\ VWHUQLGDH�

DQG�3OHVLRFKHO\ LGDH��DUH�SXUSRUWHG�WR�KDYH�EHHQ�P DULQH�IRUP V�RFFXS\ LQJ�D�QHULWLF�KDELWDW��DQ�
DVVXP SWLRQ�Z KLFK�DSSHDUV�WR�EH�P RVWO\ �EDVHG�RQ�LQGLFDWLRQV�RI�WKH�GHSRVLWLRQDO�HQYLURQP HQW�
DQG�JHQHUDO�P RUSKRORJ\ �RI�WKH�VKHOO�RI�WKHVH�WD[ D��) HZ �VWXGLHV�RI�WKH�IXQFWLRQDO�P RUSKRORJ\ �
RI� WKHVH� IDP LOLHV� KDYH� EHHQ� FRQGXFWHG� WR� SURYH� RU� GLVSURYH� WKLV� DVVXP SWLRQ�� ' HVSLWH� WKH�
H[ FHSWLRQDO� SUHVHUYDWLRQ� RI� IRVVLOV� IURP � IRUP DWLRQV� VXFK� DV� WKH� 6ROQKRIHQ� / LP HVWRQH�
) RUP DWLRQ��* HUP DQ\ ��DQG�WKH�5HXFKHQHWWH�) RUP DWLRQ��6Z LW] HUODQG��WKLV�W\ SH�RI�P RUSKRORJLFDO�
VWXG\ � LV� KDP SHUHG� ERWK� E\ � WDSKRQRP LF� IHDWXUHV� SHFXOLDU� WR� WHVWXGLQHV� DQG� LQDGHTXDWH�
SUHVHUYDWLRQ�RI�WKH�OLP EV�DQG�VNXOOV��

7KH� LQDFFXUDF\ � RI� XVLQJ� ERWK� FRP P RQO\ �XVHG� LQGLFDWRUV� RI� VKHOO� IRUP � DQG� GHSRVLWLRQDO�
HQYLURQP HQW�KDV�EHHQ�QRWHG�E\ �VHYHUDO�Z RUNHUV� �-R\ FH�DQG�* DXWKLHU�� � � � � �� ,QGLFDWRUV�Z LWK�D�
P RUH�GLUHFW�FRUUHODWLRQ�WR�KDELWDW�SUHIHUHQFH�LQFOXGH�WKH�SUHVHQFH�RI�ODFKU\ P DO�JODQGV�DQG�WKH�
UHODWLYH� SURSRUWLRQV� RI� WKH� IRUHOLP E�� ' DWD� UHJDUGLQJ� WKH� IRUHOLP E� SURSRUWLRQV� RI� WKH�
( XU\ VWHUQLGDH�DQG�WKHLU�SDODHRHFRORJLFDO�LP SOLFDWLRQV�LV�SUHVHQWHG�KHUH�IRU�WKH�ILUVW�WLP H��1 HZ �
Z RUN� GXULQJ� WKH� FRXUVH� RI� WKLV� VWXG\ � KDV� DOVR� H[ DP LQHG� WKH� OLQNV� EHWZ HHQ� KXP HUDO�IHP RUDO�
LQGLFHV�DQG�DTXDWLF�FDSDELOLWLHV�IRU�WKH�ILUVW�WLP H�LQ�/ DWH�-XUDVVLF�WHVWXGLQHV��

�



SVPCA Papers�

 � �

v���'�%��
�
g£�Z�
	3�»p{�
QC) PC$ �����-v����Y�
�
����“����3��. �����
��%���. �
��'T��!/_[�($ �
���-$ %��-) �
"‘) QC�() . ���{�-P����D� 	����m. $ ��PC)C��	

) Q/��) . �Z���($ ��$ 	3�
��‡�@�4�2�>
>
…�9 :D7aA14Rƒ B kd>{‰r4(8�|
53;/4
269j>�B 8b4Rƒd¯�4�:d…�4�:�†
O

� �
���
`/���D˜aE
��E�¼�š��

1 HZ �LQVLJKWV�RQ�WKH�8 SSHU�&UHWDFHRXV�SDFK\ FRUP LG�¶3URWRVSK\ UDHQD·�JODGLXV�
�$FWLQRSWHU\ JLL��7HOHRVWHL��IURP �1 RUWK�$P HULFD�

0 DWW�) ULHGP DQ
K

��. HQVKX�6KLP DGD
L

�DQG�$ QWKRQ\ �0 DOWHVH± �
M

8 QLYHUVLW\ �RI�&KLFDJR��&RP P LWWHH�RQ�( YROXWLRQDU\ �%LRORJ\ ��� � � � �( �� � Ì Í �6W���&KLFDJR��,/ �
� � � � � ��8 6$�

N

' H3DXO�8 QLYHUVLW\ ��( QYLURQP HQWDO�6FLHQFH�3URJUDP �DQG�' HSDUWP HQW�RI�%LRORJLFDO�6FLHQFHV��
� � � � �1 RUWK�&OLIWRQ�$YHQXH��&KLFDJR��,OOLQRLV�� � � � � ��8 6$�

²

5RFN\ �0 RXQWDLQ�' LQRVDXU�5HVRXUFH�&HQWHU��� � � � � � � � � � � � �: RRGODQG�3DUN��&2 ��8 6$�
�

3URWRVSK\ UDHQD·� JODGLXV� LV� DQ� HQLJP DWLF� SDFK\ FRUP LG� IURP � WKH� / DWH� &UHWDFHRXV� RI� 1 RUWK�

$ P HULFD�� Z KHUH� LW� LV� NQRZ Q� IURP � WKH� &RQLDFLDQ�&DP SDQLDQ� 1 LREUDUD� FKDONV� DQG� WKH�
&DP SDQLDQ� 3LHUUH� 6KDOH� DQG� 6HOP D� ) RUP DWLRQV�� ' HVFULEHG� UHP DLQV� RI� WKLV� VSHFLHV� FRQVLVW�
H[ FOXVLYHO\ �RI�SHFWRUDO�ILQV��Z KLFK�FDQ�H[ FHHG�RQH�P HWUH�LQ�OHQJWK��) HDWXUHV�RI�WKHVH�ILQV�OLQN�
¶3�·� JODGLXV� WR� SDFK\ FRUP LGV� � / DP EHUV�� � � � � � �� EXW� SURYLGH� QR� HYLGHQFH� OLQNLQJ� LW� WR� RWKHU�
VSHFLHV�RI�
3URWRVSK\ UDHQD
��1 HZ O\ �SUHSDUHG�P DWHULDO�RI�¶3�·�JODGLXV�UHYHDOV�GHWDLOV�RI�WKH�VNXOO�
URRI�� QHXURFUDQLXP �� MDZ V�� K\ RLG� DQG� EUDQFKLDO� DUFKHV�� RSHUFXORJXODU� VHULHV�� DQG� VKRXOGHU�
JLUGOH�� 7KHVH� UHP DLQV� LQGLFDWH� WKDW� ¶3�·� JODGLXV� FDQQRW� EH� SODFHG� Z LWKLQ� 
3URWRVSK\ UDHQD
��
8 QOLNH� WKDW� JHQXV�� ¶3�·� JODGLXV� LV� HGHQWXORXV� DQG� ODFNV� DQWHULRU� H[ WHQVLRQ� RI� WKH�
URVWURGHUP HWKP RLG� LQWR� D� SURP LQHQW� URVWUXP �� : KLOH� ¶3�� JODGLXV� LV� QRW� FORVHO\ � UHODWHG� WR�

3URWRVSK\ UDHQD
�� LW� LV� YHU\ � VLP LODU� WR� WZ R� -XUDVVLF� SDFK\ FRUP LGV�� $VWKHQRFRUP XV� DQG�
/ HHGVLFKWK\ V��/ DP EHUV��� � � � � ��7KHVH�WZ R�WD[ D�DSSHDU�WR�KDYH�EHHQ�UDP �ILOWHU�IHHGHUV��DQG�RQH�
RI�WKHP ² / HHGVLFKWK\ V² UHDFKHG�HQRUP RXV�VL] HV� �/ LVWRQ� 	 � 1 Rq�� � � � � � �� ¶3�� JODGLXV�DOVR�GLVSOD\ V�
IHDWXUHV�FRQVLVWHQW�Z LWK�ILOWHU�IHHGLQJ��DQG�H[ WHQGV�WKH�UDQJH�RI�WKLV�ODUJH�ERGLHG�SDFK\ FRUP LG�
FODGH� IURP � WKH� / DWH� -XUDVVLF� WR� WKH� / DWH� &UHWDFHRXV�� 7KLV� UDQJH� H[ WHQVLRQ� DOVR� ILOOV� D�
FRQVSLFXRXV� HFRORJLFDO� JDS�� QR� ODUJH�ERGLHG� ILOWHU� IHHGHUV� Z HUH� NQRZ Q� SUHYLRXVO\ � IURP � WKH�
&UHWDFHRXV��7KH�DSSDUHQW�H[ WLQFWLRQ�RI�WKLV�JURXS�RI�SDFK\ FRUP LGV�DW�RU�QHDU�WKH�HQG�RI�WKH�
&UHWDFHRXV� LV� DOVR� LQWULJXLQJ�� EHFDXVH� LW� RFFXUV� VKRUWO\ � EHIRUH� WKH� HDUOLHVW� UHFRUGV� RI� ODUJH�
ERGLHG�� UDP � ILOWHU�IHHGLQJ� FKRQGULFKWK\ DQV� �UKLQFRGRQWLGV�� FHWRUKLQLGV�� P REXOLGV�� LQ� WKH�
HDUOLHVW�3DOHRJHQH��6KLP DGD��� � � � � ��
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' HYHORSP HQWDO�P RGXODULW\ �DQG�WKH�P DUVXSLDO�SODFHQWDO�GLFKRWRP \ �
$ QMDOL�* RVZ DP L

K

��9 HUD�: HLVEHFNHU
L

�DQG�0 DUFHOOR�5��6i QFKH] �9 LOODJUD± �
M

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�&DP EULGJH��' RZQLQJ�6WUHHW��&DP EULGJH��&%� �
� ( 4 ��8 . ��DJRV� � # HVF�FDP �DF�XN��

N

6FKRRO�RI�%LRORJLFDO��( DUWK��DQG�( QYLURQP HQWDO�6FLHQFHV��8 QLYHUVLW\ �RI�1 HZ�6RXWK�: DOHV��
6\ GQH\ �� � � � ��1 HZ�6RXWK�: DOHV��$XVWUDOLD��Y�ZHLVEHFNHU# VWXGHQW�XQVZ�HGX�DX��

²

3DOl RQWRORJLVFKHV�,QVWLWXW�XQG�0 XVHXP ��8 QLYHUVLWl W�=• ULFK��. DUO�6FKP LG�6WUDVVH�� ��&+ �
� � � � �=• ULFK��6ZLW] HUODQG��P �VDQFKH] # SLP �X] K�FK��

�
7KH�FRQWUDVWLQJ�HYROXWLRQDU\ �KLVWRULHV�RI�P DUVXSLDOV�DQG�SODFHQWDOV�KDYH�EHHQ�GHEDWHG�IRU�

GHFDGHV�� 7KH� VSHFLRVH� SODFHQWDO� P DP P DOV� KDYH� UDGLDWHG� LQWR� GLYHUVH� QLFKHV�� Z KLOH�
P DUVXSLDOV� DUH� OLP LWHG�LQ�WD[ RQRP LF��HFRORJLFDO��DQG�P RUSKRORJLFDO�GLYHUVLW\ �� 7KLV�GLVSDULW\ �
KDV�EHHQ�DWWULEXWHG�WR�WKH�GLIIHUHQW�UHSURGXFWLYH�P RGHV�RI�WKHVH�FODGHV��0 DUVXSLDOV�JLYH�ELUWK�
WR�DOWULFLDO�\ RXQJ�Z LWK�RQO\ �Z HOO�GHYHORSHG�IRUHOLP EV��WR�FUDZ O�WR�WKH�WHDW��DQG�RUDO�DSSDUDWXV�
WR� VXFNOH�� 7KH\ � H[ SHULHQFH� P RVW� RI� WKHLU� JURZ WK� RXWVLGH� RI� WKH� Z RP E�� 3ODFHQWDOV� GHYHORS�
P DLQO\ �LQ�XWHUR��DQG�\ RXQJ�DUH�UHODWLYHO\ �SUHFRFLDO�DW�ELUWK��
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7KHVH�GLIIHUHQFHV�LQ�UHSURGXFWLYH�SDWWHUQV�KDYH�EHHQ�WLHG�WR�FOHDU�GLIIHUHQFHV�LQ�VHTXHQFH�
KHWHURFKURQ\ �EHWZ HHQ�P DUVXSLDOV�DQG�SODFHQWDOV��6i QFKH] �9 LOODJUD��� � � � ��6P LWK��� � � � � ��,W�KDV�
DOVR� EHHQ� K\ SRWKHVL] HG� WKDW� FRRUGLQDWHG� VKLIWV� LQ� GHYHORSP HQWDO� WLP LQJ� RFFXU� DP RQJ�
IXQFWLRQDOO\ � �RU�GHYHORSP HQWDOO\ �UHODWHG�VWUXFWXUHV��VXFK�DV�WKH�IRUHOLP EV�DQG�RUDO�DSSDUDWXV�
LQ� P DUVXSLDOV� �* RVZ DP L�� � � � � � �� + HUH�� Z H� XVH� QHZ � GHYHORSP HQWDO� VHTXHQFH� GDWD� IRU� � � �
P DUVXSLDO� DQG� � � � SODFHQWDO� VSHFLHV� WR� DVVHVV� WKH� LQWHJUDWLRQ� RI� GHYHORSP HQWDO� WLP LQJ� LQ� WKH�
FUDQLDO� DQG� SRVWFUDQLDO� HOHP HQWV� DFURVV� P DP P DOV�� 5HVXOWV� GHP RQVWUDWH� WKDW� P DUVXSLDOV� DQG�
SODFHQWDOV� GLIIHU� P DUNHGO\ � LQ� WKH� LQWHJUDWLRQ� RI� GHYHORSP HQWDO� WLP LQJ�� 0 DUVXSLDOV� VKRZ �
VLJQLILFDQW� P RGXODULW\ � LQ� WKH� GHYHORSP HQW� RI� WKH� SRVWFUDQLDO� VNHOHWRQ�� Z LWK� LQGHSHQGHQW�
IRUHOLP E�DQG�KLQGOLP E�GHYHORSP HQWDO�P RGXOHV��Z KLOH�SODFHQWDOV�VKRZ �VLJQLILFDQW�LQWHJUDWLRQ�
RI� WKH� HQWLUH� DSSHQGLFXODU� VNHOHWRQ�� 7KHUH� DUH� IHZ � VLJQLILFDQW� GHYHORSP HQWDO� P RGXOHV� LQ�
FUDQLXP �� DOWKRXJK� SODFHQWDOV� VKRZ � JUHDWHU� LQWHJUDWLRQ� LQ� WKH� IDFLDO� UHJLRQ� WKDQ� P DUVXSLDOV��
7KHVH� GLIIHUHQFHV� LQ� GHYHORSP HQWDO� P RGXODULW\ � P D\ � UHODWH� WR� GLIIHUHQFHV� LQ� P RUSKRORJLFDO�
GLYHUVLW\ �EHWZ HHQ�WKHVH�FODGHV�DQG�DFURVV�WKH�VNHOHWRQ��
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&RP SDUDWLYH�RQWRJHQHWLF�DQDO\ VLV�RI�H[ WDQW�UKLQRV�DQG�7HOHRFHUDV�P DMRU��D�1 RUWK�
$P HULFDQ�UKLQR�

0 DUN�' ��+ DJJH�

' HSDUWP HQW�RI�* HRORJ\ ��DQG��* HRSK\ VLFV��/ RXLVLDQD�6WDWH�8 QLYHUVLW\ ��%DWRQ�5RXJH��/ $��8 6$�
�P KDJJH� # OVX�HGX��

�
( [ FHSWLRQDO�SUHVHUYDWLRQ�RI�WKH�1 RUWK�$ P HULFDQ�0 LRFHQH�UKLQR�VSHFLHV�7HOHRFHUDV�P DMRU�DW�

$ VKIDOO� ) RVVLO� %HGV�� 1 HEUDVND��DOORZ V� IRU�DQ�RQWRJHQHWLF�FRP SDULVRQ�Z LWK�WKH�H[ WDQW�UKLQRV��
7KH�VNXOO�RQWRJHQLHV�RI�WKH�H[ WDQW�UKLQRV�&HUDWRWKHULXP �VLP XP ��Z KLWH�UKLQR���' LFHURV�ELFRUQLV�
�EODFN� UKLQR��� 5KLQRFHURV� XQLFRUQLV� �,QGLDQ� UKLQR��� DQG� ' LFHURUKLQXV� VXP DWUHQVLV� �6XP DWUDQ�
UKLQR�� Z HUH� REWDLQHG� DQG� FRP SDUHG� Z LWK� 7HOHRFHUDV� P DMRU�� ( LJKWHHQ� GHYHORSP HQWDO� DJH�
FODVVHV�UDQJLQJ�IURP �LQIDQWV�WR�ROG�DGXOWV�Z HUH�GLVWLQJXLVKHG�IRU�HDFK�VSHFLHV�XVLQJ�SRVWHULRU�
P DQGLEXODU�GHQWDO�HUXSWLRQ�DQG�Z HDU�SDWWHUQV��VLP LODU�WR�WKRVH�GHYHORSHG�E\ �+ LWFKLQV��� � � � � ��

7HOHRFHUDV� VKDUHV� VHYHUDO� DGXOW� FKDUDFWHUV� Z LWK� WKH� H[ WDQW� UKLQRV�� VXFK� DV� D� VWURQJ�
P DQGLEXODU�DQJOH�� ' LFHURV��5KLQRFHURV���D�GHHS�P DQGLEXODU�ERG\ � �&HUDWRWKHULXP ���DQG�D�KLJK�
] \ JRP DWLF� DUFK� �5KLQRFHURV��� 7HOHRFHUDV� GLVSOD\ V� RQWRJHQHWLF� SDWWHUQV� QRW� SUHVHQW� LQ� H[ WDQW�
UKLQRV��) RU�H[ DP SOH��D�VWURQJ�P DQGLEXODU�DQJOH�DQG�D�UREXVW�] \ JRP DWLF�DUFK�GHYHORS�HDUOLHU�LQ�
7HOHRFHUDV�P DMRU�WKDQ�LQ�5KLQRFHURV�DQG�' LFHURV��,Q�DGGLWLRQ��WKH�P DQGLEXODU�ERG\ �LQ�MXYHQLOH�
7HOHRFHUDV� LV� VOHQGHU� DQG� WDSHUV� DQWHULRUO\ � DV� LQ� DGXOW� 5KLQRFHURV� DQG� ' LFHURUKLQXV�� \ HW� LW�
GHYHORSV� LQWR� D� GHHS� ERG\ � WKDW� LV� FKDUDFWHULVWLF� RI� &HUDWRWKHULXP � DW� DOO� DJH� FODVVHV�� ' HVSLWH�
WKHVH� GLIIHUHQFHV�� VRP H� GHYHORSP HQWDO� SDWWHUQV� DUH� FRQVLVWHQW�� VXFK� DV� WKH� WUDQVLWLRQ� RI� WKH�
ORZ HU� VHFRQG� LQFLVRU� LQWR� WXVN�IRUP � DW� $ JH� &ODVV� � � LQ� 7HOHRFHUDV�� 5KLQRFHURV�� DQG�
' LFHURUKLQXV�� $ � JHRP HWULF� P RUSKRP HWULF� DQDO\ VLV� RI� RQWRJHQHWLF� VKDSH� FKDQJH� IXUWKHU�
FRP SDUHV�GHYHORSP HQWDO�SDWWHUQV��
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$ �QHDUO\ �FRP SOHWH�HODVP RVDXU�IURP �WKH�/ DWH�&UHWDFHRXV�%HDUSDZ �) RUP DWLRQ�RI�
$OEHUWD��&DQDGD�

' RQDOG�0 ��+ HQGHUVRQ�

5R\ DO�7\ UUHOO�0 XVHXP �RI�3DODHRQWRORJ\ ��3�2 ��%R[ �� � � � ��' UXP KHOOHU��$%�&DQDGD�7� -�� <� �� �
GRQ�KHQGHUVRQ# JRY�DE�FD���

�
,Q� 0 D\ � � � � � � WKH� SDUWLDO� UHP DLQV� RI� D� ODUJH� P DULQH� UHSWLOH� Z HUH� XQFRYHUHG� E\ � H[ FDYDWLQJ�

HTXLSP HQW� DW� WKH� RSHQ� SLW� DP P ROLWH� P LQH� RSHUDWHG� E\ � . RULWH� ,QWHUQDWLRQDO� DSSUR[ LP DWHO\ �
� � NP � VRXWK� RI� / HWKEULGJH� LQ� VRXWKHDVWHUQ� $ OEHUWD�� 7KLV� P LQH� LV� VLWXDWHG� LQ� VHGLP HQWV� WKDW�
Z HUH� GHSRVLWHG� LQ� WKH� VKRUW�OLYHG�� HSHLULF� %HDUSDZ � 6HD� WKDW� FRYHUHG� P XFK� RI� Z HVW�FHQWUDO�
1 RUWK� $ P HULFD� LQ� WKH� / DWH� &UHWDFHRXV� �7VXMLWD� DQG� : HVWHUP DQQ�� � � � � � �� ) RU� WKUHH� Z HHNV� LQ�
-XQH� RI� � � � � � D� FUHZ � RI� � � IURP � WKH� 7\ UUHOO� 0 XVHXP � XQFRYHUHG� DQG� UHP RYHG� WKH� QHDUO\ �
FRP SOHWH� UHP DLQV� RI� DQ� � P � ORQJ� HODVP RVDXU�� 7KH� VSHFLP HQ� LV� ORFDWHG� LQ� D� Z HDNO\ � EHGGHG�
EODFN� VKDOH� Z KLFK� \ LHOGV� DEXQGDQW� DP P RQLWHV� RI� WKH� JHQXV� 3ODFHQWLFHUDV� VS�� DW� SDUWLFXODU�
KRUL] RQV��7VXMLWD�DQG�: HVWHUP DQQ�� � � � � � ��7KH�VNHOHWRQ�OLHV�DSSUR[ LP DWHO\ � � P �EHORZ �D�� � FP �
WKLFN� DOWHUHG� YROFDQLF� DVK� OD\ HU� WKDW� IRUP V� D� XQLTXH� P DUNHU� EHG� LQ� WKH� P LQH�� DQG� VKRXOG�
SURYLGH� D� P LQLP XP � UDGLRP HWULF� DJH� IRU� WKH� VSHFLP HQ�� $ W� SUHVHQW� WKH� HQWLUH� D[ LDO� VNHOHWRQ��
SHOYLF�DQG�SHFWRUDO�JLUGOHV��DQG�WKH�SUR[ LP DO�KDOYHV�RI�DOO�WKH�OLP EV��DQG�D�ODUJH�TXDQWLW\ �RI�
JDVWUROLWKV�KDYH�EHHQ�UHFRYHUHG��7KH�DQWHULRU�P RVW�FHUYLFDOV�KDYH�EHHQ�LGHQWLILHG��EXW�WKHUH�LV�
QR� LQGLFDWLRQ� RI� D� VNXOO� DV� \ HW�� $ � FRP SOHWH�� P LG�VHFWLRQ� FHUYLFDO� YHUWHEUDH� KDV� DQ� RYHUDOO�
KHLJKW�RI�� � FP �DQG�D�FHQWUXP �OHQJWK�RI�� � FP ��7KH�ODUJHVW�JDVWUROLWK�VHHQ�VR�IDU�KDV�D�GLDP HWHU�
RI� � � FP �� EXW� VWRQHV� DV� VP DOO� DV� � FP � DUH� DOVR� SUHVHQW�� 7Z R� WHHWK� RI� WKH� VKDUN� JHQXV�
6TXDOLFRUD[ �VS��KDYH�EHHQ�UHFRYHUHG�LQ�DVVRFLDWLRQ�Z LWK�WKH�ERQHV��EXW�QR�WRRWK�P DUNHG�ERQH�
KDV�EHHQ�REVHUYHG�VR�IDU��
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&RSH·V�5XOH�LQ�0 HVR] RLF�DUFKRVDXUV�
' DYLG�: �( ��+ RQH�

%D\ HULVFKH�6WDDWVVDP P OXQJ�I• U�3DOl RQWRORJLH�XQG�* HRORJLH��5LFKDUG�: DJQHU�6WU��� � ��� � � � � ��
0 XQLFK��* HUP DQ\ ��G�KRQH# OU] �XQL�P XHQFKHQ�GH��

�
&RSH·V� 5XOH� �&RSH�� � � � � � � VXJJHVWV� WKDW� DV� DQ� HYROXWLRQDU\ � OLQHDJH� DJHV�� WKH� VSHFLHV� WHQG�

WRZ DUGV� ODUJHU� VL] H�� $ OWKRXJK� LW� KDV� EHHQ� ODUJHO\ � LJQRUHG� RU� FULWLFLVHG� VLQFH� LWV� LQFHSWLRQ��
UHFHQW�VWXGLHV�KDYH�VXJJHVWHG�WKDW�LQGHHG�LW�P D\ �EH�FRP P RQ�DQG�EDVHG�RQ�VRXQG�SULQFLSOHV�
�. LQJVROYHU�DQG�3IHQQLJ��� � � � ��+ RQH�DQG�%HQWRQ��� � � � � ��

$ QDO\ VHV� RI� 0 HVR] RLF� DUFKRVDXUV� �ELUGV�� SWHURVDXUV� DQG� GLQRVDXUV� ² � + RQH� HW� DO��� � � � � ��
+ RQH� DQG� %HQWRQ�� � � � � � � VXJJHVW� WKDW�&RSH·V�5XOH� Z DV�LQ�RSHUDWLRQ�LQ�DOO�WKUHH�OLQHDJHV�DQG�
WKDW� HDFK� SURGXFHG� LQFUHDVLQJO\ � ODUJH� IRUP V� RYHU� WKHLU� HYROXWLRQDU\ � KLVWRU\ �� ' HVSLWH� WKH�
IXQFWLRQDO�OLP LWV�RI�IOLJKW�RQ�P RUSKRORJ\ ��DQG�HVSHFLDOO\ �ODUJH�VL] H��ERWK�ELUGV�DQG�SWHURVDXUV�
Z HUH�DEOH�WR�SURGXFH�LQFUHDVLQJO\ �ODUJH�LQGLYLGXDOV�GXULQJ�WKH�0 HVR] RLF��,Q�WKH�IRUP HU�WKLV�LV�
HVSHFLDOO\ � LQWHUHVWLQJ� DV� ELUGV� DUH� H[ SHFWHG� WR� KDYH� EHHQ� VP DOO� GXULQJ� WKHLU� HDUO\ � HYROXWLRQ��
+ RZ HYHU�WKH�2 UQLWKXURP RUSKD�DFWXDOO\ �VKRZ �FRXQWHU�VHOHFWLRQ�IRU�VP DOO�VL] H�LQ�DQ�RWKHUZ LVH�
JURZ LQJ�FODGH��Z KLFK�P D\ �KDYH�IDFLOLWDWHG�WKHLU�VXUYLYDO�DW�WKH�. 7 �ERXQGDU\ ��

�

•d��,����
”d� ���aE�H�FalD��–
kd>�¥�@69 =?|�@ 8{ƒ�|D2�B 4�@-A14Rƒ{4�@j7�|�:C9R2n>�³�4-5(•�B 9j4�:1�
©Z,C�
	c•d��QC�()���Q/^D.j��•d��� �
X���� ´1���(eD�

ž]s��£`�F���,C,[�

S��
	��
�
��� g � ”d���
	3�
O

�
	C)+��	d��Uw� v��
�
����š��
_dP�����&��
. QC) $ ��	c�
!D. ���(���Z�-$ ¤��a��P����»�D�a��� •d�
,C��¶ �rfrQC. �

�T���(e�Ò{–�@�>�:d…aAr0[2�4�5(œ�03³�4�5(œa�a�/��`�G lD�

S��
	��
�
��� g � ”r� ��x1��������'/��_1� Uw� �
�C$ ����$ 	C$R��������	[�m�CQ/�6&�$ �����Y�
�
����š���UV��%����a��&��
. QC) $ ��	����('*) �-�
	3�D� $ 	c) P��

�{$ 	��a���
Q/�($ ����•d�
,C��¶ �r�(QC. �a�+¦
œ
0�³�4-5(œ
’D9j4-5(œ�E
H/��šaHD˜�G+šaF�š��

S��
	��
�
��� g � ”r� �Z�
	3�
O

�
	C)+��	[�
Uw� v��
�
���D˜a��•d��,C��Ê �rfrQC. �n$ 	b) P��1��) �����a���
Q/�($ �
���
	3�®��$ ! !+���($ 	C�

,C����%���,C) $ �
	��{��!C•d��,C��Ê �rfrQC. ���
	3�®�D$ ! ! �����
	C)/) ��ÃD��	��
"b$ %n. ��&��
. �
�+¦
œ�03³�4-5(œ�’/9R4�5(œa�a�D�
E�E�la`aGjEaE�˜��D�



SVPCA Papers�

 � �

x{$ 	C�����
. &�������v�� pZ�Z�
	3�m�C!+�
	C	C$ �a����� g£�
�a�a�a`D��qR	3�D$ &�$+��Q��
. G . ��&��
.D���
. �
%
) $ �
	c���{�Z%��
Q�������!C•d��,��
Ê �rfrQC. �

��!/,/P/'�. �
) $ %��-$ ¤��Z$ 	3%��-���
���a��0�³�4-5(•�B 9j4�:1��šaHD�
E
la��H
GjE�lDE
���

$ �QHZ �SULP DWH�FODGH�IURP �WKH�( XURSHDQ�( RFHQH�
-�-��+ RRNHU

K

�DQG�' DYLG�/ ��+ DUULVRQ
L

�
M

' HSDUWP HQW�RI�3DODHRQWRORJ\ ��1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ��6: � �� %' ��
8 . ��M�KRRNHU# QKP �DF�XN��

N

+ DUULVRQ�,QVWLWXWH��%RZHUZRRG�+ RXVH��� � ��6W��%RWROSK
V�5RDG��6HYHQRDNV��. HQW��71 � � �� $4 ��
8 . ��K] P # EWLQWHUQHW�FRP ��

�
$GDSLV� XOP HQVLV� Z DV� GHVFULEHG� E\ � 6FKP LGW�. LWWOHU� �� � � � � � IURP � WKH� * HUP DQ� / DWH� ( RFHQH�

ILVVXUH� ILOOLQJ�RI� ( KUHQVWHLQ� � ��EDVHG�RQ�WZ R�FKHHN�WHHWK��6XEVHTXHQWO\ ��LW�Z DV�WUDQVIHUUHG�WR�
WKH�JHQXV�3URWRDGDSLV�Z KHQ�DGGLWLRQDO�LVRODWHG�FKHHN�WHHWK�Z HUH� IRXQG�DW�QHDUE\ � ILVVXUH�ILOO�
VLWHV��$GDSLV�DQG�3URWRDGDSLV�DUH�P HP EHUV�RI�WKH�H[ WLQFW�SULP DWH� IDP LO\ �$ GDSLGDH��Z KLFK�LV�
FKDUDFWHULVHG� E\ � D� QHDUO\ � FRP SOHWH� SODFHQWDO� GHQWDO� IRUP XOD�� Z LWK� ODUJH� FDQLQHV� DQG� VP DOO�
LQFLVRUV�� 1 HZ � GHQWDOO\ � FRP SUHKHQVLYH� P DWHULDO� RI� 3�� XOP HQVLV� IURP � WKH� / DWH� ( RFHQH� 6ROHQW�
* URXS�RI�WKH�,VOH�RI� : LJKW�VKRZ V�WKH�SUHVHQFH�RI�HQODUJHG�ILUVW�LQFLVRUV�DQG�UHGXFWLRQ�RI�WKH�
DQWHULRU�SUHP RODUV��7KHVH�GHQWDO�FKDUDFWHULVWLFV�LQGLFDWH�WKDW�¶3�·�XOP HQVLV�LV�D�P HP EHU�RI�WKH�
H[ WLQFW� SULP DWH� IDP LO\ � 2 P RP \ LGDH� �VXEIDP LO\ � 0 LFURFKRHULQDH��� QRW� $ GDSLGDH�� ¶3�·� XOP HQVLV�
FORVHO\ �UHVHP EOHV�ODWH�0 LGGOH�( RFHQH�1 DQQRSLWKH[ �TXD\ OHL��D�P LFURFKRHULQH�IURP �WKH�( QJOLVK�
VLWH� RI� &UHHFKEDUURZ �� $ � VOLJKWO\ � P RUH� GLVWDQW� UHODWLRQVKLS� H[ LVWV� Z LWK� HDUO\ � 0 LGGOH� ( RFHQH�
1 DQQRSLWKH[ � UDDEL� DQG� 1 �� KXP LOLGHQV� IURP � WKH� * HUP DQ� VLWH� RI� * HLVHOWDO�� 7KHVH� VSHFLHV�
WRJHWKHU�UHSUHVHQW�D�GLVWLQFW�FODGH�WKDW�Z DUUDQWV�WKH�VWDWXV�RI�QHZ �JHQXV��7KLV�FODGH�VSDQV�DW�
OHDVW� � � � P LOOLRQ� \ HDUV� RI� WKH� ( RFHQH� LQ� ( XURSH� DQG� SUREDEO\ � GLYHUJHG� IURP � RWKHU�
P LFURFKRHULQH�FODGHV�DV�HDUO\ �DV�WKH�( DUO\ �( RFHQH��
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,VRODWHG�ERQHV�YHUVXV�DUWLFXODWHG�VNHOHWRQV��WKH�SUREOHP �RI�SDUDWD[ RQRP \ �LQ�
IRVVLO�VTXDP DWHV�

$ OH[ DQGUD�+ RXVVD\ H�DQG�-HDQ�&ODXGH�5DJH�

8 0 5�� � � � �GX�&1 56��' pSDUWHP HQW�+ LVWRLUH�GH�OD�7HUUH��0 XVpXP �1 DWLRQDO�G
+ LVWRLUH�
1 DWXUHOOH��� � �UXH�&XYLHU�&3�� � �� � � � � �3DULV�&HGH[ �� ��) UDQFH��KRXVVD\ H# P QKQ�IU��
MFUDJH# P QKQ�IU��

�
6TXDP DWH� UHP DLQV� DUH� YHU\ � RIWHQ� FRQVWLWXWHG� E\ � RQO\ � LVRODWHG� ERQHV�� DP RQJ� Z KLFK�

YHUWHEUDH�DUH�E\ � IDU�WKH�P RVW�QXP HURXV��2 Q�WKH�RWKHU�KDQG��VRP H�VSHFLP HQV�DUH�SUHVHUYHG�DV�
P RUH� RU� OHVV� FRP SOHWH� DUWLFXODWHG� VNHOHWRQV�� 7KH� GHVFULSWLRQV� DQG� GLDJQRVHV� DUH� P DLQO\ �
HODERUDWHG� IURP � WKHVH� VSHFLP HQV� DQG� WKHUHIRUH� P RVWO\ � EDVHG� RQ� VNXOO� P DWHULDO� �+ DEHU� � DQG��
3ROF\ Q�� � � � � � �� 6XFK� SUHVHUYDWLRQ� UHTXLUHV� SDUWLFXODU� HQYLURQP HQWDO� GHSRVLWLRQDO� FRQGLWLRQV�
DQG� DUWLFXODWHG� IRVVLOV� DUH� FRQVHTXHQWO\ � UDUH�� 7KLV� H[ SODLQV� WKH� IDFW� WKDW�� HYHQ� LI� WKH\ � DUH�
LQIRUP DWLYH� SK\ ORJHQHWLFDOO\ �� WKH\ � FDQQRW� EH� XVHG� LQ� SDODHRELRJHRJUDSKLF� VWXGLHV� RU�
VWUDWLJUDSKLF� FRUUHODWLRQV�� 2 Q� WKH� FRQWUDU\ �� LVRODWHG� YHUWHEUDH� DUH� P RUH� IUHTXHQW� DQG� P D\ �
SURYLGH� GDWD� IRU� WKHVH� NLQGV� RI� VWXGLHV�� 7KDW� LV� Z K\ � WKHLU� WD[ RQRP LF� GHWHUP LQDWLRQ� LV�
UHTXLUHG��8 QIRUWXQDWHO\ ��WKH\ �FDQQRW�EH�FRP SDUHG�WKRURXJKO\ �WR�DUWLFXODWHG�IRVVLOV��WKH�ODWWHU�
SURYLGLQJ� RQO\ � LQFRP SOHWH� LQIRUP DWLRQ� UHODWLYH� WR� WKH� YHUWHEUDO� DQDWRP \ � DV� P RVW� RI� WKH�
GLDJQRVWLF�YHUWHEUDO�FKDUDFWHUV�DUH�RQ�WKH�DQWHULRU�DQG�SRVWHULRU�IDFHV�WKDW�DUH�QRW�REVHUYDEOH�
RQ�WKHVH�VSHFLP HQV��6HYHUDO�WD[ D�DUH�WKHUHIRUH�RQO\ �EDVHG�RQ�YHUWHEUDO�FKDUDFWHUV�DQG�P D\ �LQ�
IDFW�EH�V\ QRQ\ P V�RI�RWKHU�WD[ D�GHVFULEHG�IURP �DUWLFXODWHG�P DWHULDO��7KLV�UHVXOWV�LQ�WKH�XVH�RI�D�
SRVVLEOH� SDUDWD[ RQRP \ �� 7KLV� SUREOHP � LV� IUHTXHQW� Z LWKLQ� EDVDO� S\ WKRQRP RUSKV� OLNH� EDVDO�
P RVDVDXURLGV�� ´GROLFKRVDXUVµ� DQG� ´KLQG�OLP EHG� VQDNHVµ� DQG� Z LOO� WKXV� EH� LOOXVWUDWHG� Z LWKLQ�
WKHVH� WD[ D�� 7KH� IXWXUH� GLVFRYHULHV� RI� DVVRFLDWHG� VNXOO� UHP DLQV� DQG� GLVDUWLFXODWHG� YHUWHEUDH�
DQG�RU� WKH� LVRODWLRQ� RI� YHUWHEUDH� IURP � DUWLFXODWHG� VSHFLP HQV� �Z KHQ� SRVVLEOH�� FRXOG� UHYHDO�
WKHVH�V\ QRQ\ P LHV�DQG�VWDUW�WR�UHVROYH�WKLV�TXHVWLRQ��
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' U\ RVDXUXV�OHWWRZ YRUEHFNL�² �ILUVW�UHVXOWV�RI�D�SDODHRELRORJLFDO�VWXG\ �
7RP �+ • EQHU�

%D\ HULVFKH�6WDDWVVDP P OXQJ�I• U�3DOl RQWRORJLH�XQG�* HRORJLH�
5LFKDUG�: DJQHU�6WU��� � ��� � � � � ��0 XQLFK��* HUP DQ\ ��W�KXHEQHU# OU] �XQL�P XHQFKHQ�GH��
�
' U\ RVDXUXV� OHWWRZYRUEHFNL� EHORQJV� WR� WKH� EDVDO� LJXDQRGRQWLD� �1 RUP DQ�� � � � � � � DQG� Z DV�

IRXQG�GXULQJ�WKH�7HQGDJXUX�H[ SHGLWLRQ�WR�7DQ] DQLD�IURP � � � � � �WR� � � � � ��7Z R�ERQH�EHGV�LQ�D�
VLQJOH� TXDUU\ � Z HUH� IRXQG� WR� FRQWDLQ� XS� WR� � � � � � � VLQJOH� ERQHV� RI� P RVWO\ � GLVDUWLFXODWHG�
VNHOHWRQV�� 7KHVH� UHSUHVHQW� LQGLYLGXDOV� IURP � VHYHUDO� RQWRJHQHWLF� JURZ WK� VWDJHV� �-DQHQVFK��
� � � � � �RI�DQLP DOV�UDQJLQJ�IURP �� �� �WR�� �P HWUHV�LQ�WRWDO�OHQJWK��' XULQJ�P \ �3K' �UHVHDUFK��VHYHUDO�
GLIIHUHQW�P HWKRGV� �LQFOXGLQJ�VWDWLVWLFV��P RUSKRORJLFDO�FRP SDULVRQ�DQG�KLVWRORJ\ � �DUH�DSSOLHG�
WR�WKHVH�ERQHV�WR�JHW�D�FRP SUHKHQVLYH�SLFWXUH�RI�WKH�SDODHRELRORJ\ �RI� ' ��OHWWRZYRUEHFNL��) LUVW�
UHVXOWV�FRQILUP �WKH�GRP LQDQFH�RI�WZ R�GLVWLQFW�DJH�FODVVHV�LQ�WKH�IRVVLO�UHFRUG��UHFRJQL] HG�ILUVW�
E\ � + HLQULFK� � � � � � � �� 7KH� RYHUDOO� SRVWFUDQLDO� P RUSKRORJ\ � LV� H[ FHHGLQJO\ � VLP LODU� LQ� DOO�
UHSUHVHQWHG�VL] HV�DQG�ILUVW�KLVWRORJLFDO�LQVLJKWV�VKRZ �KLJK�JURZ WK�UDWHV�VLP LODU�WR�ODUJH�ELUGV�
FRQVLVWLQJ� JHQHUDOO\ � RI� ILEURODP HOODU� ERQH� Z LWK� GHQVH� YDVFXODULVDWLRQ�� $ GGLWLRQDOO\ � DIWHU�
IXUWKHU�SUHSDUDWLRQ�DQG�&7�VFDQV��WKH�Z HOO�SUHVHUYHG�MXYHQLOH�VNXOO�IURP �WKH�FROOHFWLRQV�RI�WKH�
%D\ HULVFKH� 6WDDWVVDP P OXQJ� LQ� 0 XQLFK� UHYHDOV� WKH� SUHVHUYHG� VSOHQLDOV�� DUWLFXODUV��
SUHDUWLFXODUV�DQG�RQH�FRURQRLG�SUHYLRXVO\ �XQNQRZ Q�LQ�WKLV�VSHFLHV��-DQHQVFK��� � � � � ��

7KH� ILUVW� WHQWDWLYH� FRQFOXVLRQ� IRU� WKH� SDODHRELRORJ\ � RI� ' �� OHWWRZYRUEHFNL� LQWHUSUHWV� WKLV�
VSHFLHV�DV�D�IDVW�UXQQLQJ�JUHJDULRXV�DQLP DO�Z KLFK�ILOOHG�D�VLP LODU�HFRORJLFDO�QLFKH�WR�P RGHUQ�
VHDVRQDOO\ �P LJUDWLQJ�VP DOO�DQWHORSHV�RI�WKH�UHFHQW�( DVW�$ IULFDQ�VDYDQQDKV��
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9HUWHEUDWH�SDODHRQWRORJ\ �RI�WKH�. HP �. HP �%HGV��0 RURFFR�DQG�SDODHRHFRORJ\ �RI�
1 RUWK�$ IULFD��

1 L] DU�,EUDKLP
K

��/ DKVVHQ�%DLGHU
L

��* DUHWK�' \ NH
K

��1 RXU�( GGLQH�-DOLO± ��) RXDG�2 XDQDLP L± ��
5HP P HUW�6FKRXWHQ½ �DQG�6DP LU�=RXKUL

L
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8 QLYHUVLW\ �&ROOHJH�' XEOLQ��6FKRRO�RI�%LRORJ\ �DQG�( QYLURQP HQWDO�6FLHQFH��' XEOLQ��,UHODQG�
�1 L] DU�,EUDKLP # XFG�LH��

N

8 QLYHUVLWp�+ DVVDQ�,,��' HSDUWHP HQW�GH�* pRORJLH��&DVDEODQFD��0 RURFFR�
²

8 QLYHUVLWp�&DGL�$\ \ DG��' HSDUWP HQW�RI�( DUWK�6FLHQFHV�² �¶9HUWHEUDWH�( YROXWLRQ�DQG�
3DODHRHQYLURQP HQWV·��0 DUUDNHVK��0 RURFFR�

¾

8 QLYHUVLW\ �RI�%ULVWRO��' HSDUWP HQW�RI�( DUWK�6FLHQFHV��%ULVWRO��8 . �
�
7KH� "&HQRP DQLDQ� . HP �. HP � EHGV� RI� 0 RURFFR� IRUP � SDUW� RI� WKH� 
&RQWLQHQWDO� ,QWHUFDODLUH
�

�/ DYRFDW��� � � � � ��DQG�H[ WHQG�DFURVV�P XFK�RI�1 RUWK�$ IULFD��6HGLP HQWDU\ �IHDWXUHV�LQGLFDWH�D�YHU\ �
ODUJH� QRUWKZ DUG�WUHQGLQJ� ULYHU� QHWZ RUN� VLP LODU� WR� FRQWHP SRUDQHRXV� GHOWDLF� HQYLURQP HQWV�
IURP �( J\ SW�DQG�7XQLVLD��%HQWRQ�HW�DO���� � � � ��6P LWK�HW�DO���� � � � � ��
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$ V� SDUW� RI� DQ� RQJRLQJ� ,ULVK² 0 RURFFDQ� UHVHDUFK� SURMHFW� Z H�KDYH�VDP SOHG� IRVVLO�YHUWHEUDWH�
UHP DLQV� DORQJ� D� � � � NP � QRUWK�VRXWK� WUDQVHFW�� DW� WKH� EDVH� RI� ODUJH� FURVV�EHGGHG� VDQGVWRQH�
XQLWV��7KH�IRVVLOV�FROOHFWHG�Z HUH�WKHQ�SODFHG�LQWR�D�VSDWLDO�DQG�VWUDWLJUDSKLF�GDWDEDVH��DV�SDUW�
RI� D� FRP SDUDWLYH� DQDO\ VLV� DFURVV� WKH� Z KROH� RI� 1 RUWK� $ IULFD�� 6XFK� DQ� DQDO\ VLV� LV� YHU\ �
LP SRUWDQW�� DV� P DQ\ � SXEOLVKHG� UHFRUGV� DUH� EDVHG� RQ� SXUFKDVHG� VSHFLP HQV�� Z LWK� QR�
LQIRUP DWLRQ�RQ�WKH�JHRORJLFDO�FRQWH[ W��' DO�6DVVR�HW�DO��� � � � � � �� 0 DQ\ � IRVVLOV�DOVR�GLVDSSHDU�LQ�
SULYDWH� FROOHFWLRQV� ² � WKH� VFDOH� RI� ¶IRVVLO� KXQWLQJ·� LQ� VRP H� DUHDV� EHFDP H� DSSDUHQW� GXULQJ� RXU�
ILHOGZ RUN�� 7KH� IRVVLOV� IRXQG� LQFOXGH� UHP DLQV� RI� ILVK�� FURFRGLOHV�� WXUWOHV�� VDXURSRG� DQG�
WKHURSRG� GLQRVDXUV�� SWHURVDXUV� DQG� ELUGV�� $ � UDQJH� RI� SUHVHUYDWLRQ�VW\ OHV�FDQ�EH� IRXQG��Z LWK�
FRQWUDVWLQJ�ERQH�WDSKRQRP \ ��VXUIDFH�GLDJHQHVLV�DQG�DUWLFXODWLRQ��

1 RUWK�$ IULFDQ�GLQRVDXU�DVVHP EODJHV�DUH�YHU\ �GLIIHUHQW�IURP �P RVW�NQRZ Q�GLQRVDXU�VLWHV�LQ�
WKHLU� IDXQDO� FRP SRVLWLRQ�� %DVHG� RQ� WKH� OLWHUDWXUH�� ODUJH� P XOWL�WRQ� SUHGDWRUV� DUH� IRXQG� LQ�
JUHDWHU� QXP EHUV� WKDQ� LQ� DQ\ � RWKHU� NQRZ Q� GLQRVDXU� HFRV\ VWHP �� 6HYHUDO� H[ SODQDWLRQV� DUH�
VXJJHVWHG��

7KLV� UHVHDUFK� SURMHFW� DLP V� WR� FRUUHODWH� GDWD� IURP � GLIIHUHQW� DUHDV� LQ� 1 RUWK� $ IULFD� DQG� WR�
XQGHUVWDQG� WKH� Z LGHU� FRQWH[ W� RI� WKH� 1 RUWK� $ IULFDQ� / DWH� &UHWDFHRXV�� ELRJHRJUDSKLFDOO\ � DQ�
LP SRUWDQW�WLP H�LQ�WKH�HYROXWLRQ�RI�D�QXP EHU�RI�YHUWHEUDWH�JURXSV��6HUHQR�HW�DO���� � � � ��� � � � � ��
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+ \ RP DQGLEXODH�RI�5KL] RGRQWLGV��6DUFRSWHU\ JLL��6WHP �7HWUDSRGD��
-RQDWKDQ�( ��-HIIHU\

K

�DQG�0 DUWLQ�' ��%UD] HDX
L

�
M

,QWHUQDWLRQDO�6FKRRO�RI�$P VWHUGDP ��6SRUWODDQ�� � ��� � � � 7%�$P VWHOYHHQ��7KH�1 HWKHUODQGV�
�MRQ# LVD�QO��

N

6XEGHSDUWP HQW�RI�( YROXWLRQDU\ �2 UJDQLVP DO�%LRORJ\ ��' HSDUWP HQW�RI�3K\ VLRORJ\ �DQG�
' HYHORSP HQWDO�%LRORJ\ ��( YROXWLRQDU\ �%LRORJ\ �&HQWUH��8 SSVDOD�8 QLYHUVLW\ ��1 RUE\ Yl JHQ�� � $��
8 SSVDOD�6( � � � � �� � ��6ZHGHQ��P DUWLQ�EUD] HDX# HEF�XX�VH��

�
,Q� GLJLWHG� VWHP �WHWUDSRGV�� WKH� K\ RP DQGLEXODU� �Z KLFK� SOD\ V� D� FHQWUDO� UROH� LQ� IHHGLQJ� DQG�

UHVSLUDWLRQ�� XQGHUZ HQW� D� P DMRU� P RUSKRORJLFDO� DQG� IXQFWLRQDO� WUDQVIRUP DWLRQ� WR� EHFRP H� WKH�
VWDSHV�RI�WKH�P LGGOH�HDU��7KH�K\ RP DQGLEXODH�RI�EDVDO��ILVK�OLNH��VWHP �WHWUDSRGV�FDQ�WKHUHIRUH�
SURYLGH� GDWD� RQ� WKH� SULP LWLYH� FRQGLWLRQV� SUHFHGLQJ� WKLV� LP SRUWDQW� FKDQJH�� 8 QIRUWXQDWHO\ ��
RQO\ �D�IHZ �Z HOO�SUHVHUYHG�H[ DP SOHV�DUH�NQRZ Q��KDP SHULQJ�Z LGH�UDQJLQJ�FRP SDULVRQV�² �HYHQ�
WKRXJK�WKH�EHVW�NQRZ Q�H[ DP SOH��WKDW�RI�WKH�WULVWLFKRSWHULG�( XVWKHQRSWHURQ�� -DUYLN�� � � � � � �KDV�
EHHQ� XVHG� DV� DQ� H[ HP SODU� RI� ILVK�OLNH� VWHP �WHWUDSRG� K\ RP DQGLEXOD� P RUSKRORJ\ �� WKH�
FRQGLWLRQV� DW� WKH� EDVH� RI� WKH� WHWUDSRG� UDGLDWLRQ� UHP DLQ� REVFXUH�� : H� UHSRUW� KHUH� IRXU�
K\ RP DQGLEXODH�� IURP � WKUHH� VHSDUDWH� ORFDOLWLHV�� Z KLFK� DUH� UHIHUDEOH� WR� WKH� 5KL] RGRQWLGD�� WKH�
P RVW� EDVDO� FODGH� RI� VWHP �WHWUDSRGV�� 7KHVH� VSHFLP HQV� VKDUH� D� QXP EHU� RI� FKDUDFWHULVWLFV�� DQG�
DUH�DSSUHFLDEO\ �GLIIHUHQW�IURP �WKH�VP DOO�QXP EHU�RI�K\ RP DQGLEXODH�UHSRUWHG�IRU�RWKHU�ILVK�OLNH�
VWHP �WHWUDSRGV�� : KLOH� LW� LV� XQFOHDU� LI� WKHVH� FKDUDFWHULVWLFV� UHSUHVHQW� V\ QDSRP RUSKLHV� RU�
V\ P SOHVLRP RUSKLHV��WKH\ �KLJKOLJKW�WKH�P RUSKRORJLFDO�GLYHUVLW\ �RI�K\ RP DQGLEXODH�Z LWKLQ�WKH�
HDUO\ �HYROXWLRQ�RI�WKH�WHWUDSRG�WRWDO�JURXS�� : HOO�SUHVHUYHG�P XVFOH�VFDUULQJ�RQ�VRP H�RI�WKHVH�
K\ RP DQGLEXODH�SHUP LW�LQIHUHQFHV�RI�K\ RLG�DUFK�P XVFXODWXUH�LQ�VWHP �WHWUDSRGV��
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6HJP HQWDO�LGHQWLW\ �Z LWKLQ�WKH�YHUWHEUDO�FROXP Q��Z KDW�FDQ�IRVVLOV�WHOO�XV"�
=HULQD�-RKDQVRQ

K

��5REHUW�&DUU�
L

�DQG�$ OH[ �5LWFKLH± �
M

3DODHRQWRORJ\ �' HSDUWP HQW��1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ��8 . ��6: � �
� %' ��] �MRKDQVRQ# QKP �DF�XN��

N

' HSDUWP HQW�RI�%LRORJLFDO�6FLHQFHV��,UYLQH�+ DOO��2 KLR�8 QLYHUVLW\ ��$WKHQV��2 + �� � � � � ��8 6$�
²

$XVWUDOLDQ�0 XVHXP ��� �&ROOHJH�6WUHHW��6\ GQH\ ��1 6: ��� � � � ��$XVWUDOLD�
�
7KH�LGHQWLW\ �RI�LQGLYLGXDO�VHJP HQWV�Z LWKLQ�WKH�YHUWHEUDWH�D[ LDO�VNHOHWRQ�LV�GHWHUP LQHG��LQ�

SDUW�� E\ � WKH� H[ SUHVVLRQ� ERXQGDULHV� RI� KRP HRWLF� JHQHV�� $ OWHUDWLRQV� RI� WKHVH� JHQHV� �H�J���
P LVH[ SUHVVLRQ�RU�GHOHWLRQ��FDQ�DOWHU�WKH�LGHQWLW\ �RI�DQ�D[ LDO�VHJP HQW��P LP LFNLQJ�HLWKHU�P RUH�
DQWHULRU� RU� SRVWHULRU� VHJP HQWV� �DQWHULRUL] DWLRQ� RU� SRVWHULRUL] DWLRQ�� UHVSHFWLYHO\ � �� 7KH�
H[ SUHVVLRQ� RI� + R[ � JHQHV� KDV� EHHQ� VKRZ Q� WR� EH� D� FULWLFDO� IDFWRU� LQ� HVWDEOLVKLQJ� WKH� DQWHULRU�
SRVWHULRU� D[ LV�� 0 LVH[ SUHVVLRQ� DQG�RU� GHOHWLRQ� RI� WKHVH� JHQHV� LQ� WKH� FHUYLFDO� UHJLRQ� RI� P LFH�
UHVXOW� LQ� D� YDULHW\ � RI� DQDWRP LFDO� P DOIRUP DWLRQV� �LQFOXGLQJ� DQWHULRUL] DWLRQ�� SRVWHULRUL] DWLRQ��
IXVLRQ��RU�GHOHWLRQ�² �DQDWRP LFDO�FRUUHODWHV�WR�WKH�XQGHUO\ LQJ�FKDQJHV�LQ�JHQH�H[ SUHVVLRQ���) RU�
H[ DP SOH�� H[ SHULP HQWDO� DQWHULRU� P LVH[ SUHVVLRQ� RI� + R[ G� � LQ� WKH� P RXVH� YHUWHEUDO� FROXP Q�
UHVXOWV�LQ�WKH�RFFLSLWDO�UHJLRQ�RI�WKH�VNXOO�UHVHP EOLQJ�WKH�DQWHULRU�FHUYLFDO�YHUWHEUDH��/ XINLQ�HW�
DO���� � � � � ��' HOHWLRQ�RI�+ R[ G� �KDV�DQ�RSSRVLWH�HIIHFW��Z LWK�WKH�DQWHULRU�FHUYLFDO�YHUWHEUDH��DWODV��
FRP LQJ�WR�UHVHP EOH�SDUWV�RI�WKH�RFFLSXW��&RQGL�DQG�&DSHFFKL��� � � � ��� � � � � ��,Q�WKH�� � � �P LOOLRQ�
\ HDU�ROG��/ DWH�' HYRQLDQ��SODFRGHUP �&RZUDOHSLV�P DFODFKODQL��5LWFKLH��� � � � � ��WKH�RFFLSLWDO�DQG�
WKH� IXVHG� DQWHULRU� UHJLRQ� RI� WKH� YHUWHEUDO� FROXP Q�� WKH� V\ QDUFXDO�� KDYH� D� QHDUO\ � LGHQWLFDO�
P RUSKRORJ\ �� : H� VXJJHVW� WKDW� P LVH[ SUHVVLRQ�GHOHWLRQ� RI� + R[ G� � DQG�RU� + R[ G� � RFFXUUHG� LQ�
&RZUDOHSLV��7KH�SXWDWLYH�SUHVHQFH�RI�WKHVH�+ R[ ' � JHQHV�VXJJHVWV�WKH�SUHVHQFH�RI�DOO�IRXU�+ R[ �
FOXVWHUV� LQ� SODFRGHUP V�� LQGLFDWLQJ� WKDW� WKH� JHQH� GXSOLFDWLRQ� JHQHUDWLQJ� WKH� IRXU� FOXVWHUV�
�+ R[ $² ' � � RFFXUUHG� SK\ ORJHQHWLFDOO\ � SULRU� WR� WKH� HYROXWLRQ� RI� FURZ Q� JURXS� JQDWKRVWRP HV��
Z LWKLQ� WKH� VWHP � * QDWKRVWRP DWD�� �&RQGL� � DQG� � &DSSHFKL�� � � � � � �� 0 LFH� KRP R] \ JRXV� IRU� D�
WDUJHWHG� GLVUXSWLRQ� RI� + R[ G�� � �+ R[ �� �� � � H[ KLELW� DQWHULRU� WUDQVIRUP DWLRQV� RI� WKH� ILUVW� DQG�
VHFRQG�FHUYLFDO�YHUWHEUDH��WKH�DWODV�DQG�WKH�D[ LV��' HYHORSP HQW�� � � ��� � � � � � � ��
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6NXOO�MRLQWV�LQ�6SKHQRGRQ�DQG�RWKHU�5K\ QFKRFHSKDOLD��' LDSVLGD��/ HSLGRVDXULD��
0 DUF�( ��+ ��-RQHV�

' HSDUWP HQW�RI�$QDWRP \ �DQG�' HYHORSP HQWDO�%LRORJ\ ��8 &/ ��8 QLYHUVLW\ �&ROOHJH�/ RQGRQ��* RZHU�
6WUHHW��/ RQGRQ��: &� ( �� %7��8 . ��P DUF�MRQHV# XFO�DF�XN��

�
7KH� 7XDWDUD� �6SKHQRGRQ�� RI� 1 HZ � =HDODQG� LV� WKH� RQO\ � VXUYLYLQJ� P HP EHU� RI� WKH�

5K\ QFKRFHSKDOLD��D�JURXS�RI�UHSWLOHV�WKDW�Z HUH�Z LGHVSUHDG�DQG�GLYHUVH�GXULQJ�WKH�0 HVR] RLF��
' LIIHUHQFHV� LQ� VNXOO� VKDSH�� MDZ � SURSRUWLRQV�� WRRWK� VWUXFWXUH� DQG� WRRWK� DUUDQJHP HQW� VXJJHVW�
WKDW� WKLV� VXFFHVV� Z DV� DVVRFLDWHG� Z LWK� D� GLYHUVLILFDWLRQ� RI� IHHGLQJ� VWUDWHJLHV� �-RQHV�� � � � � DE���
2 QH� DVSHFW� RI� UK\ QFKRFHSKDOLDQ� P RUSKRORJ\ � WKDW� KDV� QRW� SUHYLRXVO\ � EHHQ� H[ DP LQHG� IURP � D�
IXQFWLRQDO� SHUVSHFWLYH� LV� WKH� VWUXFWXUH� RI� WKH� VNXOO� MRLQWV� �VXWXUHV��� ,Q� OLIH� WKHVH� LQYROYH� VRIW�
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FRQQHFWLYH� WLVVXH� WKDW� LQIOXHQFHV� WKH� Z D\ � LQ� Z KLFK� VWUHVVHV� DUH� GLVWULEXWHG� DFURVV� WKH� VNXOO�
�H�J�� -DVORZ �� � � � � � �� 0 RUHRYHU�� LQ� YLYR� H[ SHULP HQWV� RQ� P DP P DOV� GHP RQVWUDWH� WKDW� VXWXUH�
P RUSKRORJ\ � LV� DIIHFWHG� E\ � WKH� VWUHVVHV� WKH\ � H[ SHULHQFH� �H�J�� 0 RVV� � � � � � �� ( [ DP LQDWLRQ� RI�
6SKHQRGRQ� VNXOO� P DWHULDO� UHYHDOV� WKDW� LQGLYLGXDO� MRLQWV� VKRZ � D� FRQVLVWHQW� P RUSKRORJ\ �� EXW�
VXWXUH� VWUXFWXUH� FDQ� GLIIHU� GUDP DWLFDOO\ � EHWZ HHQ� RQH� MRLQW� DQG� DQRWKHU�� 7KH� RYHUDOO� SDWWHUQ�
FRUUHVSRQGV�� DW� OHDVW� LQ� SDUW�� WR� WKH� H[ SHFWHG� GLVWULEXWLRQ� RI� VWUHVVHV� GXULQJ� IHHGLQJ�� ) RVVLO�
WD[ D� GHP RQVWUDWH� FUDQLDO� MRLQW� P RUSKRORJLHV� QRW� SUHVHQW� LQ� 6SKHQRGRQ�� DQG� WKLV� FRUUHODWHV�
Z LWK�GLIIHUHQFHV�LQ�WKH�DQDWRP \ �RI�WKH�IHHGLQJ�DSSDUDWXV��
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' LHWDU\ �FKDQJH�LQ�D�SODQW�HDWLQJ�P DP P DO�DFURVV�WKH�( RFHQH�2 OLJRFHQH�WUDQVLWLRQ�
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' HSDUWP HQW�RI�* HRORJ\ ��5R\ DO�+ ROORZD\ ��8 QLYHUVLW\ �RI�/ RQGRQ��( JKDP ��7: � � �� ( ; ��8 . �
�V�MRRP XQ# JO�UKXO�DF�XN��

N

' HSDUWP HQW�RI�3DODHRQWRORJ\ ��1 DWXUDO�+ LVWRU\ �0 XVHXP ��/ RQGRQ��6: � �� %' ��8 . �
�
7KH� / DWH� ( RFHQH� WR� ( DUO\ � 2 OLJRFHQH� Z DV� D� SHULRG� RI� FRQVLGHUDEOH� FOLP DWLF� FKDQJH�� IURP �

JUHHQKRXVH� WR� LFHKRXVH� FRQGLWLRQV�� 7KH� ´* UDQGH� &RXSXUHµ� �6WHKOLQ�� � � � � � � Z DV� D� P DMRU�
P DP P DOLDQ� IDXQDO� WXUQRYHU� Z KLFK� RFFXUUHG� LQ� WKH� ( DUO\ � 2 OLJRFHQH�� 0 RVW� RI� WKH� HQGHP LF�
( XURSHDQ�P DP P DO�IDXQD�EHFDP H�H[ WLQFW�DQG�WKHUH�Z DV�D�ODUJH�QXP EHU�RI�LQFRP LQJ�WD[ D�IURP �
VRXWKZ HVW�$ VLD��7KH�SHULVVRGDFW\ OV�Z HUH�RQH�RI�WKH�JURXSV�P RVW�VLJQLILFDQWO\ �DIIHFWHG�E\ �WKLV�
HYHQW��Z KLFK�Z DV�FRLQFLGHQW�Z LWK�WKH�ILUVW�P DMRU�JODFLDWLRQ�RI�WKH�&HQR] RLF��2 L�� � � �+ RRNHU�HW�
DO��� � � � � � ��7Z R�SRVVLEOH�FDXVHV�KDYH�EHHQ�VXJJHVWHG�IRU�WKH�* UDQGH�&RXSXUH��FOLP DWLF�HYHQWV�
�/ HJHQGUH�� � � � � �� %ORQGHO�� � � � � � � DQG� FRP SHWLWLYH� H[ FOXVLRQ� E\ � WKH� LQFRP LQJ� P DP P DOV� IURP �
$ VLD��+ RRNHU��� � � � � ��7KH�SHULVVRGDFW\ O�3ODJLRORSKXV�P LQRU�LV�WKH�RQO\ �P HP EHU�RI�WKH�HQGHP LF�
( XURSHDQ�IDP LO\ �3DODHRWKHULLGDH�WR�VXUYLYH�WKH�* UDQGH�&RXSXUH�DQG�Z KRVH�OLQHDJH�FRQWLQXHG�
LQWR�WKH�P LGGOH�2 OLJRFHQH��-HKHQQH�DQG�%UXQHW��� � � � � ��

' HQWDO�P LFURZ HDU�WDNHV�WKH�IRUP �RI�SLWV�DQG�VFUDWFKHV�RQ�WKH�WRRWK�HQDP HO�Z KLFK�DUH�RQO\ �
YLVLEOH� XQGHU� D� P LFURVFRSH�� ,W� LV� SURGXFHG� E\ � WKH� LQWHUDFWLRQ�RI�WKH� IRRG�DQG� RWKHU�LQJHVWHG�
P DWHULDO� Z LWK� WKH� WHHWK� DQG� FDQ� EH� XVHG� WR� GHWHUP LQH� FKDQJHV� LQ� WKH� GLHW� DQG�
SDODHRHQYLURQP HQW�� 7KH� GHQWDO� P LFURZ HDU� RI� 3ODJLRORSKXV� P LQRU� IURP � VLWHV� LQ� : HVWHUQ�
( XURSH�IURP �ERWK�EHIRUH� �0 3� � � �DQG�� � � �DQG�DIWHU�WKH�* UDQGH�&RXSXUH��0 3� � � � �Z DV�VWXGLHG�
LQ�RUGHU�WR�DVVHVV�DQ\ �FKDQJHV�LQ�WKH�GLHW�DFURVV�WKLV�WXUQRYHU��DQG�KHQFH�Z KHWKHU�WKHUH�LV�DQ\ �
HYLGHQFH�RI�SDODHRHQYLURQP HQWDO�FKDQJH��7KH�LP SOLFDWLRQV�RI�WKHVH�UHVXOWV�Z LOO�EH�GLVFXVVHG��
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' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�&DP EULGJH��' RZQLQJ�6WUHHW��&DP EULGJH��8 . �
�KNHW� � # HVF�FDP �DF�XN��

N

' HSDUWP HQW�RI�3DODHRQWRORJ\ ��7KH�1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO��
Road,  London SW7 5BD,  UK�
�
3OHVLRVDXULD�Z DV�D�GLYHUVH�FODGH�RI�SUHGDWRU\ �P DULQH�UHSWLOHV�VHFRQGDULO\ �DGDSWHG�WR�OLIH�LQ�

Z DWHU��WKDW�SOD\ HG�DQ�LP SRUWDQW�UROH�LQ�0 HVR] RLF�P DULQH�HFRV\ VWHP V��$ �QHZ �K\ SRWKHVLV�RI�WKH�
SK\ ORJHQ\ � RI� 3OHVLRVDXULD� LV� SUHVHQWHG� WKDW� LQFRUSRUDWHV� � � � WD[ D� VFRUHG� IRU� � � � � QHZ � DQG�
FULWLFDOO\ �UH�H[ DP LQHG�P RUSKRORJLFDO�FKDUDFWHUV��WKH�P DMRULW\ �RI�Z KLFK�DUH�EDVHG�RQ�SHUVRQDO�
H[ DP LQDWLRQ� RI� UHOHYDQW� VSHFLP HQV�� P DNLQJ� LW� WKH� ODUJHVW� DQG� P RVW� FRP SUHKHQVLYH� FODGLVWLF�
DQDO\ VLV�RI�3OHVLRVDXULD�WR�GDWH��

7KH� VWULFW� FRP SRQHQW� FRQVHQVXV� WUHH�RI�WKH� � � �P RVW�SDUVLP RQLRXV�WUHHV�UHFRYHUHG�E\ �WKH�
SDUVLP RQ\ � DQDO\ VLV� LV� Z HOO� UHVROYHG�� DQG� UHP RYDO� RI� RQO\ � WKUHH� ¶Z LOGFDUG·� WD[ D� E\ � UHGXFHG�
FRQVHQVXV� P HWKRGV� UHVXOWV� LQ� D� IXOO\ � UHVROYHG� UHGXFHG� FRQVHQVXV� WUHH�� KRZ HYHU�� ERRWVWUDS�
SURSRUWLRQV�DQG�%UHP HU�VXSSRUW�LQGLFHV�IRU�WKH�P DMRULW\ �RI�LQJURXS�UHODWLRQVKLSV�DUH�ORZ �� ,Q�
DJUHHP HQW�Z LWK�VRP H�SUHYLRXV�DQDO\ VHV� �H�J��2 ·. HHIH�� � � � � � �EXW�LQ�FRQWUDVW�WR�' UXFNHQP LOOHU�
DQG� 5XVVHOO� �� � � � � �� WKH� SUHVHQW� DQDO\ VLV� GRHV� QRW� VXSSRUW� WKH� WUDGLWLRQDO� K\ SRWKHVLV� RI� D�
VLP SOH� GLFKRWRP \ � EHWZ HHQ� WD[ D� Z LWK� ORQJ� QHFNV� DQG� VP DOO� KHDGV� �¶SOHVLRVDXUV·�� DQG� WKRVH�
Z LWK� VKRUW� QHFNV� DQG� ODUJH� KHDGV� �¶SOLRVDXUV·��� Z KLFK�KDG�GRP LQDWHG�SUH�FODGLVWLF�WD[ RQRP \ �
IRU� RYHU� � � � � \ HDUV�� ,QVWHDG�� WKH� ODUJH� KHDGHG�� VKRUW�QHFNHG� FODGH�� 3RO\ FRW\ OLGDH�� LV� P RUH�
FORVHO\ � UHODWHG� WR� 3OHVLRVDXUXV� GROLFKRGHLUXV� WKDQ� WR� 3OLRVDXUXV� EUDFK\ GHLUXV�� + RZ HYHU�� WKH�
UHFRYHUHG� WRSRORJ\ � GLIIHUV� LQ� P DQ\ � LP SRUWDQW� UHVSHFWV� IURP � WKRVH� JHQHUDWHG� E\ � SUHYLRXV�
DQDO\ VHV�� LQ� SDUWLFXODU� LQ� WKH� UHODWLRQVKLSV� RI� WKH� P RUH� EDVDO� WD[ D�� Z KLFK� QHFHVVLWDWHV� UH�
GHILQLWLRQ�RI�D�QXP EHU�RI�FODGHV�WR�SURGXFH�D�VWDEOH�SK\ ORJHQHWLF�WD[ RQRP \ ��
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7KH�YHUWHEUDWH�IRVVLO�FROOHFWLRQV�RI�: LOOLDP �+ XQWHU�
-HII�/ LVWRQ�

+ XQWHULDQ�0 XVHXP ��8 QLYHUVLW\ �RI�* ODVJRZ ��6FRWODQG��8 . ��M�OLVWRQ# P XVHXP �JOD�DF�XN��
�
7RGD\ �: LOOLDP �+ XQWHU��� � � � � � � � � � �P D\ �SULP DULO\ �EH�UHP HP EHUHG�IRU�KLV�SLRQHHULQJ�Z RUN�

LQ� REVWHWULFV� DQG� RXU� XQGHUVWDQGLQJ� RI� WKH� O\ P SKDWLF� V\ VWHP �� EXW� KLV� LQWHUHVWV� Z HUH� Z LGH�
UDQJLQJ��HQFRP SDVVLQJ�DUWZ RUNV��WKH�ILUVW�WR�FROOHFW�&KDUGLQ���DUFKDHRORJLFDO��QXP LVP DWLF�DQG�
ELEOLRJUDSKLFDO�LWHP V��$ V�D�NH\ �ILJXUH�LQ�WKH�( QOLJKWHQP HQW��KH�Z DV�RQH�RI�WKH�IHZ �LQ�WKH�P LG�
� � WK�FHQWXU\ �WR�DGYRFDWH�WKH�FRQFHSW�RI�H[ WLQFWLRQ�DV�UHFRUGHG�LQ� WKH� IRVVLO�UHFRUG��2 I�VRP H�
� � � � IRVVLO�VSHFLP HQV��Z ULWWHQ�UHFRUGV�DWWHVW�WR�WKH�SUHVHQFH�RI�DW�OHDVW�� � � IRVVLO�YHUWHEUDWHV�LQ�
KLV� FROOHFWLRQ� LQFOXGLQJ� ILVK� IURP � 0 RQWH� %ROFD�� DV� Z HOO� DV� VSHFLP HQV� UHIOHFWLQJ� KLV�
FRP SDUDWLYH� DQDWRP LFDO� Z ULWLQJV� RQ� WKH� P DVWRGRQ� DQG� 
,ULVK� HON
�� 6RP H� RI� WKH� P LVVLQJ� � � �
VSHFLP HQV� IURP � ' U��+ XQWHU
V�RULJLQDO�FROOHFWLRQ��UHFHQWO\ �XQHDUWKHG�GXULQJ�UHVHDUFKHV�IRU�WKH�
ELFHQWHQDU\ ��� � � � � � � � � � �UHGLVSOD\ �RI�WKH�+ XQWHULDQ�0 XVHXP ��Z LOO�EH�SUHVHQWHG��
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$QG�\ HW�LW�GRHV�UHSODFH"�6RP H�QHZ �WKRXJKWV�RQ�WKH�GLYHUVLW\ �DQG�WRRWK�
UHSODFHP HQW�LQ�WKH�0 HVR] RLF�P DP P DO�0 RUJDQXFRGRQ�Z DWVRQL�

) HOL[ �0 DU[ �DQG�3DP �* LOO�
�VXSSRUWHG�E\ �-RQHV�) HQOHLJK�0 HP RULDO�) XQG��

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��8 . ��) �* �0 DU[ �� � # EULV�DF�XN��
�
�
3UHYLRXV�Z RUN�KDV�P DLQO\ � IRFXVHG�RQ�WKH�UHFRQVWUXFWLRQ��UDWKHU�WKDQ�GLYHUVLW\ �RI�WKH�/ DWH�

7ULDVVLF�( DUO\ � -XUDVVLF� P DP P DO� 0 RUJDQXFRGRQ� ZDWVRQL�� RQH� RI� WKH� P RVW� SULP LWLYH� P DP P DOV�
NQRZ Q��<HW�WKH�GHQWDO�P RUSKRORJ\ �RI�WKLV�NH\ �VSHFLHV�KDV�SURYHG�GLIILFXOW�WR�LQWHUSUHW��GXH�WR�
WKH� IUDJP HQWDU\ � QDWXUH� RI� WKH� P DWHULDO�� 2 QH� RI� WKH� P RVW� GHEDWHG� TXHVWLRQV� LV� Z KHWKHU� 0 ��
ZDWVRQL�VKRZ V�WKH�W\ SLFDOO\ �P DP P DOLDQ�FRQGLWLRQ�RI�GLSK\ RGRQW\ ����

�
7KH�SUHOLP LQDU\ �UHVXOWV�RI�DQ�H[ DP LQDWLRQ�RI�WKLV�0 RUJDQXFRGRQ�P DWHULDO�IURP �WKH�ILVVXUH�

ILOO� GHSRVLWV� RI� * ODP RUJDQ�� 6RXWK� : DOHV� Z LOO� EH� JLYHQ�� Z LWK� DQ� HP SKDVLV� RQ� UHSODFHP HQW�
P RUSKRORJ\ ��

�
$ � P RUSKRP HWULF� LQYHVWLJDWLRQ� EDVHG� RQ� DSSUR[ LP DWHO\ � � � � � GHQWXORXV� SDUWLDO� GHQWDULHV�

IURP �WKH�ODUJH�FROOHFWLRQV�RI�WKH�8 QLYHUVLW\ �0 XVHXP �RI�=RRORJ\ ��&DP EULGJH�DQG�WKH�1 DWXUDO�
+ LVWRU\ � 0 XVHXP � Z DV� FRQGXFWHG�� 7KH� UHVXOWV� VKRZ � WKDW� VL] H� LQ� 0 RUJDQXFRGRQ� ZDWVRQL�
FRUUHODWHV�Z LWK�SUHP RODULIRUP �WRRWK�UHVRUSWLRQ�LQ�D�Z D\ �WKDW�FDQQRW�EH�H[ SODLQHG�E\ �VLP SOH�
LQWUDVSHFLILF� YDULDWLRQ� DORQH�� SRWHQWLDOO\ � LQGLFDWLQJ� SRO\ SK\ RGRQW� WRRWK� UHSODFHP HQW�� 7Z R�
K\ SRWKHVHV�DV�WR�Z KDW�P D\ �FDXVH�WKH�REVHUYHG�YDULDWLRQ�Z LOO�EH�GLVFXVVHG�DQG�UHIHUHQFH�Z LOO�
EH�P DGH�WR�UHSODFHP HQW�SDWWHUQV�IRXQG�LQ�WKH�DVVRFLDWHG�. XHKQHRWKHULXP �P DWHULDO��
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: DGLQJ�DFURVV�WKH�SRQG��D�SKRWRJUDP P HWULF��VSDWLDO��DQG�P RUSKRORJLFDO�
FRP SDULVRQ�RI�0 LGGOH�-XUDVVLF�GLQRVDXU�WUDFNV�IURP �1 RUWK�$P HULFD�DQG�WKH�
8 QLWHG�. LQJGRP �

1 HIIUD�$ ��0 DWWKHZ V
K

�DQG�%UHQW�+ ��%UHLWKDXSW
L

�
�VXSSRUWHG�E\ �-RQHV�) HQOHLJK�0 HP RULDO�) XQG��

M

8 6' 2 ,�%XUHDX�RI�/ DQG�0 DQDJHP HQW��1 DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\ �&HQWHU��' HQYHU��&2 �
� � � � � ��8 6$��QHIIUDBP DWWKHZV# EOP �JRY��

N

* HRORJLFDO�0 XVHXP ��8 QLYHUVLW\ �RI�: \ RP LQJ��/ DUDP LH��: <�� � � � � ��8 6$�
�XZJHRP V# XZ\ R�HGX��

�
7KH�0 LGGOH� -XUDVVLF� LV� DQ� LP SRUWDQW� WLP H� LQ� WKH� HYROXWLRQDU\ � KLVWRU\ � RI� GLQRVDXUV��

) RUWXQDWHO\ �� WKHUH� DUH� D� QXP EHU� RI� VLJQLILFDQW� GLQRVDXU� WUDFNVLWHV� IURP � WKLV� WLP H� SHULRG�
WKDW�SURYLGH�YDOXDEOH�LQIRUP DWLRQ�DERXW�WKH�WUDFNP DNHUV��WKHLU�HQYLURQP HQWV��EHKDYLRXUV��DQG�
JOREDO� GLVWULEXWLRQ�� $ � NH\ � WR� P RUH� IXOO\ � XQGHUVWDQGLQJ� WKH� DQLP DOV� RI� WKLV� WLP H� LV�
FRQVLVWHQW��GHWDLOHG�� ' � GRFXP HQWDWLRQ� IURP � VLWHV� Z RUOGZ LGH��&ORVH�UDQJH� SKRWRJUDP P HWU\ � LV�
DQ� H[ FHOOHQW� P HWKRG� IRU� WKH� � ' � GRFXP HQWDWLRQ� RI� IRVVLO� IRRWSULQWV�� $ � VLJQLILFDQW� EHQHILW� RI�
XWLOL] LQJ�SKRWRJUDP P HWU\ �WR�JHQHUDWH�YHU\ �KLJK�TXDOLW\ � � ' � LP DJH�P RGHOV�LV�WKDW�WKH�H[ WHUQDO�
VXUIDFH�RI� D�VSHFLP HQ��Z KHWKHU�LQ�WKH� ILHOG�RU�ODE��FDQ�EH�FDSWXUHG�WR�DQ�H[ WUDRUGLQDU\ �OHYHO�
Z LWK� UHODWLYHO\ � LQH[ SHQVLYH� FRP SRQHQWV�� 7KH� UHVXOWLQJ� � ' � GLJLWDO� GDWD� VHWV� SURYLGH� H[ WUHP H�
IOH[ LELOLW\ � IRU� FRP SDULVRQV� EHWZ HHQ� VSHFLP HQV�� DV� LQ� VLWX� WUDFNV� RU� WUDFNZ D\ V� WKDW� DUH� ILYH�
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P HWHUV� RU� � � � � � NLORP HWUHV� DSDUW� FDQ� EH� FRP SDUHG�� VLGH� E\ � VLGH�� LQ� WKUHH� GLP HQVLRQV�� ,Q�
DGGLWLRQ�� VRSKLVWLFDWHG� P RUSKRP HWULF� DQDO\ VLV� FDQ� EH� FRQGXFWHG� WKURXJK� WKH� HYDOXDWLRQ� RI�
VORSH��DVSHFW��FXUYDWXUH��DQG�RWKHU�P DWKHP DWLFDO�FDOFXODWLRQV��7KXV��GLJLWDO�LFKQRORJLFDO�GDWD�
IURP � 0 LGGOH� -XUDVVLF� VLWHV� LQ� : \ RP LQJ� DQG� 8 WDK� �%UHLWKDXSW� HW� DO��� � � � � �� 0 DWWKHZ V� DQG�
%UHLWKDXSW�� � � � � � �FDQ�EH�FRP SDUHG�Z LWK�VLP LODU�GDWD� IURP �RWKHU�ORFDOLWLHV�� ' LJLWDO�WUDFN�GDWD�
IRU� WKH� 8 QLWHG� . LQJGRP ��DOVR�NQRZ Q� IRU�VLJQLILFDQW�0 LGGOH� -XUDVVLF�GLQRVDXU�WUDFN� ORFDOLWLHV�
�&ODUN� HW� DO��� � � � � �� 5RP DQR� DQG� : K\ WH�� � � � � � �� FDQ� EH� FRP SDUHG� WKUHH�GLP HQVLRQDOO\ � DQG�
P RUSKRP HWULFDOO\ �WR�WKRVH� IURP �1 RUWK�$ P HULFD��7KLV�XQLTXH�FRP SDULVRQ�Z LOO�SURYLGH�D�UDUH�
JOLP SVH�RI�SDODHRHFRORJ\ ��SDODHRELRORJ\ ��DQG�WKH�EHKDYLRXUDO�FRP SOH[ LWLHV�RI�0 LGGOH�-XUDVVLF�
GLQRVDXU�FRP P XQLWLHV��
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7KH�ODUJH�WKHURSRGV�%HFNOHVSLQD[ �DQG�9 DOGRUDSWRU�IURP �WKH�/ RZ HU�&UHWDFHRXV�RI�
( QJODQG�

' DUUHQ�1 DLVK�
�VXSSRUWHG�E\ �-RQHV�) HQOHLJK�0 HP RULDO�) XQG��

6FKRRO�RI�( DUWK��DQG��( QYLURQP HQWDO�6FLHQFHV��%XUQDE\ �%XLOGLQJ��%XUQDE\ �5G��8 QLYHUVLW\ �RI�
3RUWVP RXWK��3RUWVP RXWK�32 � �� 4 / ��8 . ��HRW\ UDQQXV# JP DLO�FRP ��

�
2 XU� NQRZ OHGJH� RI� / RZ HU� &UHWDFHRXV� WKHURSRG� GLYHUVLW\ � LQ� WKH� : HDOGHQ� 6XSHUJURXS� KDV�

LP SURYHG� UHFHQWO\ �� WKDQNV� WR� WKH� GLVFRYHU\ � RI� 1 HRYHQDWRU� DQG� ( RW\ UDQQXV�� DQG� WKH�
UHLQWHUSUHWDWLRQ� RI� VHYHUDO� VP DOO�ERGLHG� WD[ D�� DOO� RI� Z KLFK� DUH� IURP � WKH� %DUUHP LDQ� : HVVH[ �
) RUP DWLRQ��+ XWW�HW�DO���� � � � ��� � � � ��1 DLVK�HW�DO���� � � � ��1 DLVK�DQG�0 DUWLOO��� � � � � ��+ RZ HYHU��WD[ D�
IURP �WKH�%HUULDVLDQ�9 DODQJLQLDQ�+ DVWLQJV�%HGV�* URXS�KDYH�JRQH�ODUJHO\ �XQVWXGLHG�VLQFH�WKHLU�
LQLWLDO��QLQHWHHQWK�FHQWXU\ �GHVFULSWLRQV��%HFNOHVSLQD[ �DOWLVSLQD[ ��NQRZ Q�IURP �WKUHH�DUWLFXODWHG�
WDOO�VSLQHG� GRUVDO� YHUWHEUDH� �%0 1 + � 5� � � � � �� Z DV� UHSRUWHG� E\ � 2 Z HQ� LQ� � � � � � DQG� UHIHUUHG� WR�
0 HJDORVDXUXV�� ,WV� WD[ RQRP \ � LV� FRQIXVHG� DQG� LW� KDV� RIWHQ� JRQH� E\ � WKH� QDP H� $OWLVSLQD[ �� 7KH�
QHXUDO�VSLQHV�RI�%HFNOHVSLQD[ �DUH�XQXVXDO�LQ�WKDW�WKH�VHFRQG�DQG�WKLUG�DUH�WDOOHU�WKDQ�WKH�ILUVW��
DQG�WKH�DSH[ �RI�WKH�VHFRQG�KDV�RYHUJURZ Q�WKH�DSH[ �RI�WKH�ILUVW��%HFNOHVSLQD[ �LV�FRP SDUDEOH�WR�
VSLQRVDXURLGV�DQG�DOORVDXURLGV�LQ�WKH�P RUSKRORJ\ �RI�LWV�FHQWUD�DQG�YHUWHEUDO�ODP LQDH��EXW�LW�
KDV� SURYHG� GLIILFXOW� WR� GHWHUP LQH� LWV� SUHFLVH� DIILQLWLHV�� $ � VHFRQG� + DVWLQJV� %HGV� * URXS�
WKHURSRG��9DOGRUDSWRU�RZHQL��LV�EDVHG�RQ�WKH�OHIW�P HWDWDUVXV�%0 1 + �5� � � � �� 0 W� ,,�LV�VWURQJO\ �
FRP SUHVVHG�P HGLRODWHUDOO\ �DQG�EHDUV�D�SURP LQHQW�GRUVRP HGLDO�ULGJH��7KH�GLVWDO�HQG�RI�P W� ,,�
GLYHUJHV�P RUH�VWURQJO\ �IURP �WKH�GLVWDO�HQG�RI�P W�,,,�WKDQ�LV�W\ SLFDO�IRU�WKHURSRGV��$ Q�LVRODWHG�
P W� ,,� H[ KLELWV� WKH� VDP H� FKDUDFWHUV� DQG� UHSUHVHQWV� WKH� RQO\ � 9�� RZHQL� VSHFLP HQ� NQRZ Q� LQ�
DGGLWLRQ�WR�WKH�KRORW\ SH��%HFNOHVSLQD[ �DQG�9DOGRUDSWRU�UHP DLQ�HQLJP DWLF�DQG�SRRUO\ �NQRZ Q��
7KH\ �� DQG� DGGLWLRQDO� ODUJH� WKHURSRG� IUDJP HQWV� IURP � WKH� : HDOGHQ� 6XSHUJURXS�� VKRZ � WKDW�
VHYHUDO� ODUJH� WKHURSRGV� IURP � WKH� / RZ HU� &UHWDFHRXV� RI� Z HVWHUQ� ( XURSH� UHP DLQ� SRRUO\ �
GRFXP HQWHG��
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8 VLQJ�VKDUNV�DV�LQGLFDWRUV�RI�WURSKLF�VWUXFWXUH�Z LWKLQ�¶P LG·�&UHWDFHRXV�
Z DWHUP DVVHV�

( P P D�/ RXLVH�1 LFKROOV�

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �&ROOHJH�/ RQGRQ��* RZHU�6WUHHW��/ RQGRQ��: &� ( �� %7��
8 . �� �H�QLFKROOV# XFO�DF�XN��

�
7KH�( ODVP REUDQFKLL�Z HUH�DSLFDO�SUHGDWRUV�GXULQJ�WKH�&UHWDFHRXV�SHULRG�DQG�WKHLU�SUHVHQFH�

Z DV�FUXFLDO�IRU�UHJXODWLQJ�WKH�EDODQFH�RI�RFHDQLF�IRRG�Z HEV��,Q�WKH�P LG�&UHWDFHRXV�D�SHULRG�RI�
WUDQVJUHVVLYH� HSLVRGHV� FDXVHG� D� HXVWDWLF� ULVH�� P HDQLQJ� WKH� GHVWUXFWLRQ� RI� VKDOORZ � Z DWHU�
HQYLURQP HQWV�DV�Z HOO�DV�WKH�GHHSHQLQJ�DQG�WKXV�FRROLQJ�RI�ODUJH�H[ SDQVHV�RI�RFHDQ��7KHUHIRUH�
WKH� HIIHFWV� RI� WKH� P LG�&UHWDFHRXV� WUDQVJUHVVLYH� HSLVRGHV� XSRQ� WKH� UDGLDWLRQ�� GLYHUVLW\ � DQG�
SDODHRELRJHRJUDSK\ � RI� WKH� ( ODVP REUDQFKLL� DUH� EHLQJ� LQYHVWLJDWHG� LQ� RUGHU� WR� HVWDEOLVK� WKH�
HIIHFWV�RI�WKH�WUDQVJUHVVLRQV�XSRQ�WKH�&UHWDFHRXV�HFRV\ VWHP V��

7KLV� UHVHDUFK� LV� WKH� ILUVW� VWXG\ � WR� XVH� RUJDQLVP V� RI� KLJK� WURSKLF� OHYHO� DV�
SDODHRHQYLURQP HQWDO� LQGLFDWRUV�� DV� VKDUNV� DUH� YLUWXDOO\ � XQLTXH� DP RQJVW� YHUWHEUDWHV� LQ�
\ LHOGLQJ� VWDWLVWLFDOO\ � ODUJH� QXP EHUV� RI� VSHFLILFDOO\ � LGHQWLILDEOH� UHP DLQV�� ,Q� RUGHU� WR� HVWDEOLVK�
WKH� GLYHUVLW\ � DQG� VSDWLDO� YDULDWLRQV� RI� WKH� HODVP REUDQFK� IDXQDV�� VHGLP HQW� IURP �D�QXP EHU�RI�
Z HOO�GHILQHG�WLP H�SODQHV�GXULQJ�FULWLFDO�LQWHUYDOV�RI�WKH�VHD�OHYHO�ULVH�DUH�EHLQJ�VDP SOHG��

/ RFDOLWLHV� Z LWKLQ� WKH� 8 . � LQFOXGH� WKH� $ QJOR�3DULV� %DVLQ�� WKH� 1 RUWK� 6HD� %DVLQ� DQG� WKH�
LQWHUYHQLQJ�VKDOORZ V�RI�WKH�( DVW�0 LGODQGV�6KHOI��
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7DOHV�IURP �WKH�¶/ HHGV�&ROOHFWLRQ·�² �D�XQLTXH�SDODHRQWRORJLFDO�DQG�DUFKLYDO�
UHVRXUFH�

/ HVOLH�) ��1 Rq
K

�DQG�-HII�-��/ LVWRQ
L

�
M

�' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�&DP EULGJH��' RZQLQJ�6WUHHW��&DP EULGJH�&%� �
� ( 4 ��( QJODQG��8 . ��OQRH� � # HVF�FDP �DF�XN��

N

�+ XQWHULDQ�0 XVHXP ��8 QLYHUVLW\ �RI�* ODVJRZ ��6FRWODQG��8 . ��M�OLVWRQ# P XVHXP �JOD�DF�XN��
�
7KH� / HHGV� &ROOHFWLRQ� RI� IRVVLOV� YHUWHEUDWHV� DQG�LQYHUWHEUDWHV�Z DV�DP DVVHG� IURP �WKH�EULFN�

SLWV�VXUURXQGLQJ�WKH�FLW\ �RI�3HWHUERURXJK��( QJODQG�LQ�WKH�ODWH�� � WK�DQG�HDUO\ �� � WK�&HQWXULHV��
7KH�FROOHFWLRQ�Z DV�FRP P HQFHG�E\ �&KDUOHV�( GZ DUG�/ HHGV�Z KHQ�KH�FDP H�XQGHU�WKH�WXWHODJH�RI�
-RKQ� 3KLOOLSV� Z KLOVW� DQ� XQGHUJUDGXDWH� DW� 2 [ IRUG� DURXQG� � � � � �� KRZ HYHU� WKH� YDVW� P DMRULW\ � RI�
WKH�FROOHFWLRQ�Z DV�P DGH�E\ �&KDUOHV·�\ RXQJHU�EURWKHU�$ OIUHG�1 LFKROVRQ�/ HHGV��Z KR�FRQWLQXHG�
FROOHFWLQJ�XQWLO�KLV�GHDWK�LQ� � � � � �� ' XULQJ�WKH� / HHGV�EURWKHUV·�OLIHWLP H�WKH�FROOHFWLRQ�EHFDP H��
DQG� UHP DLQV�� RI� LQWHUQDWLRQDO� VFLHQWLILF� LP SRUWDQFH�� 7KH� VLJQLILFDQFH� RI� WKLV� UHP DUNDEOH�
FROOHFWLRQ�DULVHV�IURP �WKH�Z HOO�VWXGLHG�DQG�NQRZ Q�SURYHQDQFH��WKH�2 [ IRUG�&OD\ �) RUP DWLRQ�RI�
3HWHUERURXJK�� DQG� IURP � WKH� P HFKDQLVDWLRQ� RI� WKH� EULFN� P DNLQJ� LQGXVWU\ � IROORZ LQJ� WKH� ) LUVW�
: RUOG�: DU�Z KLFK�KDV�FRQVLGHUDEO\ �GLP LQLVKHG�WKH�SRVVLELOLWLHV�RI�UHSHDWLQJ�VXFK�D�FROOHFWLRQ�
RI�IRVVLOV��
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7KH�/ HHGV�&ROOHFWLRQ�LV�QRZ �GLVSHUVHG�EHWZ HHQ�D�QXP EHU�RI�LQVWLWXWLRQV��P RVW�QRWDEO\ �WKH�
1 DWXUDO�+ LVWRU\ �0 XVHXP �LQ�/ RQGRQ��DQG�KHUH�LQ�WKH�+ XQWHULDQ�0 XVHXP �RI�WKH�8 QLYHUVLW\ �RI�
* ODVJRZ ��

7KH� / HHGV� FROOHFWLRQV·� YHUWHEUDWHV� LQFOXGH� ILVK�� VXFK� DV� WKH� JLDQW� SDFK\ FRUP LG�
/ HHGVLFKWK\ V� SUREOHP DWLFXV� � / LVWRQ� 	 � 1 Rq�� � � � � � �� D� UDQJH� RI� P DULQH� UHSWLOHV� VXFK� DV�
SOHVLRVDXUV�� SOLRVDXUV�� FURFRGLOHV� DQG� LFKWK\ RVDXUV� �H�J�� $ QGUHZ V�� � � � � �� � � � � �� %URZ Q�� � � � � ��
1 Rq�� � � � � � � DQG� LQFRP SOHWH� GLQRVDXUV�� + RZ HYHU�� LQ� DGGLWLRQ� WR� WKH� IRVVLOV�� WKHUH� LV� D� ODUJHO\ �
XQWDSSHG� DUFKLYH� Z KLFK� DGGV� VLJQLILFDQW� YDOXH� WR� WKH� / HHGV� FROOHFWLRQ�� WKH� GDWD� IURP � WKLV�
DUFKLYH� LV� EHJLQQLQJ� WR� ILOO� LQ� GHWDLOV� RI�� IRU� LQVWDQFH�� WKH� SLWV� LQ� Z KLFK� WKH� VSHFLP HQV� Z HUH�
RULJLQDOO\ � ORFDWHG�� WKH� P DWHULDOV� XVHG� WR� XQLWH� WKH� ERQHV�� DQG� WKH� SULFHV� IRU� Z KLFK� WKH�
VSHFLP HQV� Z HUH� VROG�� 7KH� / HHGV� &ROOHFWLRQ�� DUFKLYH� P DWHULDO�� DQG� RWKHU� VRXUFHV� DUH� KHUH�
Z RYHQ� WRJHWKHU� WR� DOORZ � XV� WR� GHOYH� GHHSHU� LQWR� WKLV� XQLTXH� SDODHRQWRORJLFDO� DQG� DUFKLYDO�
UHVRXUFH��
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&DOLEUDWHG�GLYHUVLW\ ��WUHH�WRSRORJ\ �DQG�WKH�P RWKHU�RI�P DVV�H[ WLQFWLRQV��WKH�OHVVRQ�
RI�WHP QRVSRQG\ OV�

0 DUFHOOR�5XWD�DQG�0 LFKDHO�-��%HQWRQ�

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��: LOOV�0 HP RULDO�%XLOGLQJ��4 XHHQ
V�5RDG��
%ULVWRO��%6� �� 5-��8 . ��0 �5XWD# EULVWRO�DF�XN��

�
7KUHH� IDP LO\ �OHYHO�FODGLVWLF�DQDO\ VHV�RI�WHP QRVSRQG\ O�DP SKLELDQV� �0 LOQHU�� � � � � ��<DWHV� 	 �

: DUUHQ� � � � � �� 5XWD� 	 � %ROW�� � � � � � � DUH� XVHG� WR� HYDOXDWH� WKH� LP SDFW� RI� WD[ RQRP LF� UDQN�� WUHH�
WRSRORJ\ �� DQG� VDP SOH� VL] H� RQ� GLYHUVLW\ � SURILOHV�� UDWHV� RI� RULJLQDWLRQV� DQG� H[ WLQFWLRQV�� DQG�
IDXQDO�WXUQRYHU��7HP QRVSRQG\ OV�DUH�XVHG�DV�D�FDVH�VWXG\ �IRU�LQYHVWLJDWLQJ�IDP LO\ �UHSODFHP HQW�
DFURVV� WKH� 3HUP R�7ULDVVLF� ERXQGDU\ � DQG� P RGDOLW\ � RI� UHFRYHU\ � LQ� WKH� DIWHUP DWK� RI� WKH� HQG�
3HUP LDQ� P DVV� H[ WLQFWLRQ� �H�J�� %HQWRQ� HW� DO��� � � � � � �� %RWK� REVHUYHG� DQG� LQIHUUHG� YDOXHV� RI�
IDP LO\ �GLYHUVLW\ �KDYH�D�QHJOLJLEOH�HIIHFW�RQ�GLYHUVLW\ �FXUYHV��+ RZ HYHU��LQIHUUHG�YDOXHV�SURGXFH�
D�IODWWHQLQJ�RI�WKH�FXUYHV�WKURXJKRXW�WKH�&LVXUDOLDQ��DV�Z HOO�DV�D�OHVV�FRQVSLFXRXV�LQFUHDVH�LQ�
IDP LO\ �GLYHUVLW\ � IURP �7DWDULDQ�WKURXJK�WR� ,QGXDQ��WKDQ�REVHUYHG�YDOXHV�GR�� ' LYHUVLW\ �FXUYHV�
EDVHG� XSRQ� FRXQWV� RI� JHQHUD� DQG� VSHFLHV� GLVSOD\ � D� FOHDUHU� GHP DUFDWLRQ� EHWZ HHQ� SHDNV� DQG�
WURXJKV�� : KHQ� JHQHUD� RU� VSHFLHV� DUH� UDUHILHG� Z LWKLQ� IDP LOLHV�� D� UHFDVW� SURILOH� RI� HVWLP DWHG�
IDP LO\ � GLYHUVLW\ � GXULQJ� ILYH� WLP H� ELQV� �&DUERQLIHURXV�� &LVXUDOLDQ�� * XDGDOXSLDQ² / RSLQJLDQ��
( DUO\ �7ULDVVLF��0 LGGOH�7ULDVVLF² &UHWDFHRXV��VKRZ V�WKDW�&LVXUDOLDQ�DQG�( DUO\ �7ULDVVLF�GLYHUVLW\ �
YDOXHV� DUH� FORVHU� WR� RQH� DQRWKHU� WKDQ� WKH\ � DUH� Z KHQ� REVHUYHG� IDP LOLHV� DUH� XVHG�� 7KH�
* XDGDOXSLDQ² / RSLQJLDQ�YDOXH�UHIOHFWV��LQ�SDUW��WKH�GHSDXSHUDWH�ODQG�YHUWHEUDWH�GLYHUVLW\ �IURP �
ODWH� &LVXUDOLDQ� WR� P LGGOH� * XDGDOXSLDQ� �2 OVRQ·V� JDS��� 7KH� WLP H�FDOLEUDWHG� RULJLQDWLRQ� DQG�
H[ WLQFWLRQ� UDWH� WUDMHFWRULHV� SORW� RXW� FORVH� WR� RQH� DQRWKHU� DQG� VKRZ � D� SHDN� LQ� WKH� ,QGXDQ��
UHJDUGOHVV�RI�WKH�WUHH�WRSRORJ\ �XVHG�WR�FRQVWUXFW�WKHP ��2 ULJLQDWLRQ�DQG�H[ WLQFWLRQ�WUDMHFWRULHV�
DSSHDU� GLVMXQFW� LQ� DW� OHDVW� VRP H� 3DODHR] RLF� LQWHUYDOV�� DQG� EDFNJURXQG� H[ WLQFWLRQV� H[ HUW� D�
VLJQLILFDQW�UROH�LQ�VKDSLQJ�WHP QRVSRQG\ O�GLYHUVLW\ �GXULQJ�WKH�ORZ HUP RVW�7ULDVVLF��
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6FDOLQJ�ELWH�IRUFH�LQ�SUHGDWRU\ �WHWUDSRGV��ELWH�IRUFH�LV�SURSRUWLRQDO�WR�ERG\ �P DVVïRð ñ �
0 DQDEX�6DNDP RWR�

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��%ULVWRO��8 . ��0 �6DNDP RWR# EULVWRO�DF�XN��
�
+ HUH� ,� VKRZ � WKDW� ELWH� IRUFHV� RI� WHUUHVWULDO� SUHGDWRUV� VFDOH� Z LWK� LQFUHDVLQJ� ERG\ � VL] H� DW� D�

VFDOLQJ� IDFWRU� RI� � �� �� 7KLV� QHJDWLYH� DOORP HWU\ � LQGLFDWHV� WKDW� ELWH� IRUFH� LQFUHDVH� LV� OHVV�WKDQ�
SURSRUWLRQDO�WR�WKH�LQFUHDVH�LQ�ERG\ �P DVV��7KLV�VFDOLQJ�IDFWRU�RI�� �� �FDQ�EH�REVHUYHG�LQ�P DQ\ �
LQVWDQFHV�RI�VFDOLQJ��VFDOLQJ�RI�VXUIDFH�DUHD�WR�LWV�YROXP H�LQ�LVRP HWULF�ERGLHV�LV�RQH�REYLRXV�
H[ DP SOH�� EXW� P RUH� UHOHYDQW� LV� WKDW� RI� P XVFOH� IRUFH� Z LWK� ERG\ � P DVV�� 6LQFH� WKH� FRQWUDFWLOH�
SURSHUWLHV�RI�P XVFOH�DUH�JHQHUDOO\ �DJUHHG�WR�EH�FRQVWDQW�WKURXJKRXW�YHUWHEUDWHV�Z LWK�YDU\ LQJ�
VFDOH� �7KRP DVRQ� HW� DO�� � � � � � �� P XVFOH� IRUFH� LV� P RVW� OLNHO\ � SURSRUWLRQDO� WR� WKH� SK\ VLRORJLFDO�
FURVV�VHFWLRQDO�DUHDV��3&6$ ��RI�P XVFOHV� �OHQJWKò6ó ô � �DQG�VLQFH�ERG\ �P DVV�LV�HVVHQWLDOO\ �YROXP H�
�OHQJWKõ6ó ô � ��P XVFOH�IRUFH�LV�SURSRUWLRQDO�WR�ERG\ �P DVVò ö õ ��7KLV�FRLQFLGHQFH�LQ�LGHQWLFDO�VFDOLQJ�
IDFWRUV�EHWZ HHQ�WKH�WKHRUHWLFDO�VFDOLQJ�RI�P XVFOH�IRUFH�DQG�WKH�REVHUYHG�VFDOLQJ�LQ�ELWH�IRUFH�
VXJJHVWV�WKDW�P XVFOH� IRUFH��QRW�WKH�OHQJWKV�RI�P RP HQW�DUP V��LV�WKH�GHWHUP LQLQJ� IDFWRU�RI�WKH�
RYHUDOO� VFDOLQJ� WUHQG� LQ� ELWH� IRUFH�Z LWK�LQFUHDVLQJ�ERG\ �VL] H�� 7KLV�KDV�JUHDW�SDODHRQWRORJLFDO�
LP SOLFDWLRQV��,Q�GHWHUP LQLQJ�ELWH�IRUFHV�LQ�H[ WLQFW�SUHGDWRUV��3&6$ �RI�DGGXFWRU�P XVFOHV�P XVW�
EH� UHFRQVWUXFWHG� Z LWK� DFFXUDF\ � LQ� RUGHU� WR� REWDLQ� UHOLDEOH� YDOXHV�� &RP SDUHG� Z LWK� WKLV�
WKHRUHWLFDO�VFDOLQJ�LQ�ELWH�IRUFH��P RVW�ELWH�IRUFH�HVWLP DWHV�LQ�H[ WLQFW�SUHGDWRUV�DUH�OLNHO\ �WR�EH�
XQGHUHVWLP DWHV� �( ULFNVRQ� HW� DO��� � � � � �� 5D\ ILHOG� HW� DO��� � � � � �� 0 D] ] HWWD� HW� DO��� � � � � D�� � � � � E� ��
7KXV��D�P RUH�UREXVW�P HWKRG�RI�UHFRQVWUXFWLQJ�P XVFXODWXUH�DQG�HVWLP DWLQJ�3&6$ �LV�QHHGHG��
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$ �VNHOHWDO�UHFRQVWUXFWLRQ�RI�5KRP DOHRVDXUXV�DQG�WKH�V\ VWHP DWLFV�RI�SOLRVDXUV�
$ GDP �6WXDUW�6P LWK�

6FKRRO�RI�%LRORJ\ �DQG�( QYLURQP HQWDO�6FLHQFH��8 QLYHUVLW\ �&ROOHJH�' XEOLQ��%HOILHOG��' XEOLQ�� ��
,UHODQG��DGDP �VP LWK# XFG�LH��

�
7KH� VNXOO� RI� WKH� KRORW\ SH� RI� 5KRP DOHRVDXUXV� FUDP SWRQL�� D� JLDQW� SOLRVDXURLG� SOHVLRVDXU�

IURP � WKH� 7RDUFLDQ� RI� <RUNVKLUH� KDV� EHHQ� SUHSDUHG� E\ � WKH� 3DOHRQWRORJ\ � &RQVHUYDWLRQ� 8 QLW�
�1 + 0 �� / RQGRQ���7KLV�DOORZ V�WKH� ILUVW�GHWDLOHG�H[ DP LQDWLRQ�RI�WKH�RVWHRORJ\ �RI�WKLV�VSHFLP HQ�
VLQFH� WKH� VXSHUILFLDO� GHVFULSWLRQ� RI� WKLV� VSHFLHV� E\ � &DUWH� DQG� %DLOH\ � �� � � � � �� 7KH� SRVWFUDQLDO�
VNHOHWRQ�LV�DOVR�LQWHQGHG�IRU�SUHSDUDWLRQ�DQG�RQFH�FRP SOHWHG��WKH�IXOO\ �SUHSDUHG�VSHFLP HQ�LV�
SODQQHG�WR�IRUP �WKH�FHQWUHSLHFH�RI�D�QHZ �HDUWK�VFLHQFH�P XVHXP �LQ�' XEOLQ��7KH�LQWHUSUHWDWLRQ�
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RI� WKLV� QHZ O\ � SUHSDUHG� VNXOO� LV� SUHVHQWHG� DQG� FRP SDUHG� Z LWK� WKH� ROGHU� + HWWDQJLDQ� IRUP �
5KRP DOHRVDXUXV�P HJDFHSKDOXV��Z DUUDQWLQJ�JHQHULF�VHSDUDWLRQ��7KH�QHZ �VNXOO�UHFRQVWUXFWLRQ�
LV�FRP ELQHG�Z LWK�SRVWFUDQLDO�GDWD�IURP �D�UHIHUUHG�VSHFLP HQ��5��WKRUQWRQL��WR�SURYLGH�WKH�ILUVW�
FRP SOHWH�VNHOHWDO�UHFRQVWUXFWLRQ�RI�WKLV�JHQXV��5KRP DOHRVDXULGV�FRP ELQH�D�ODUJH�VNXOO�Z LWK�D�
ORQJ� QHFN� DQG� VR� UHSUHVHQW� D� P RUSKRW\ SH� VRP HZ KDW� LQWHUP HGLDWH� EHWZ HHQ� HODVP RVDXULGV�
�ORQJ� QHFN�VP DOO� KHDG�� DQG� SOLRVDXULGV� �VKRUW� QHFN�ODUJH� KHDG��� 7R� DVVHVV� WKH� HFRORJLFDO�
VLJQLILFDQFH� RI� WKH� UKRP DOHRVDXULG� EDXSODQ�� WKH� SURSRUWLRQV� RI� WKH� QHFN�� VNXOO�� DQG� OLP E�
JLUGOHV� RI� 5KRP DOHRVDXUXV� DUH� FRP SDUHG� Z LWK� WKRVH� RI� RWKHU� SOHVLRVDXU� WD[ D� IRU� Z KLFK� WKH�
HFRORJ\ � LV� EHWWHU� NQRZ Q�� ) LQDOO\ �� D� SK\ ORJHQHWLF� DQDO\ VLV� RI� SOLRVDXUV� Z DV� FRQGXFWHG� WR�
HOXFLGDWH� WKH� V\ VWHP DWLF� SRVLWLRQ� RI� 5KRP DOHRVDXUXV� DQG� WR� WHVW� WKH� YDOLGLW\ � RI� WKH�
5KRP DOHRVDXULGDH�� 7KH� UHVXOWV� RI� WKH� FODGLVWLF� DQDO\ VLV� LQGLFDWH� WKDW� 5KRP DOHRVDXUXV� ILWV�
Z LWKLQ� D� P RQRSK\ OHWLF� UKRP DOHRVDXULG� FODGH�� DQG� VXSSRUWV� WZ R� RWKHU� P RQRSK\ OHWLF� FODGHV��
3OLRVDXULGDH�DQG�/ HSWRFOHLGLGDH��
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. LQHP DWLF�FRQVWUDLQWV�RQ�WKH�UHFRQVWUXFWLRQ�RI�GLQRVDXU�JDLWV�
. HQW�$ ��6WHYHQV�DQG�( ULF�' ��: LOOV�

' HSDUWP HQW�RI�&RP SXWHU�DQG�,QIRUP DWLRQ�6FLHQFH��' HVFKXWHV�+ DOO��8 QLYHUVLW\ �RI�2 UHJRQ��
( XJHQH�2 5�� � � � � ��8 6$��NHQW# FV�XRUHJRQ�HGX��HULF# FV�XRUHJRQ�HGX��

�
5HFRQVWUXFWLRQV� RI� GLQRVDXU� ORFRP RWLRQ� P D\ � GUDZ � RQ� P XOWLSOH� VRXUFHV� RI� HYLGHQFH��

LQFOXGLQJ� HVWLP DWHV� RI� OLP E� SRVWXUH�� MRLQW� UDQJHV� RI� P RWLRQ�� P XVFOH� OLQHV� RI� DFWLRQ� DQG�
P RP HQWV�� LQHUWLDO� SURSHUWLHV� RI� ERG\ � SDUWV�� DQG� HVWLP DWHV�RI�P HWDEROLF�FRVW��� 3UHVXP LQJ�WKDW�
WKH�VNHOHWDO�DQG�P XVFXODU�V\ VWHP V�Z RUN�LQ�FRQFHUW�WR�DFKLHYH�NLQHP DWLFDOO\ �DQG�G\ QDP LFDOO\ �
HIILFLHQW� ORFRP RWLRQ�� WR� Z KDW� H[ WHQW� P LJKW� WKH� NLQHP DWLFV� RI� WKH� DSSHQGLFXODU� VNHOHWRQ� LQ�
LVRODWLRQ� UHYHDO� DQ� HIILFLHQW� JDLW"�� 7RZ DUGV� WKDW� HQG�� GLP HQVLRQDOO\ � DQG� P RUSKRORJLFDOO\ �
DFFXUDWH� VNHOHWDO� P RGHOV� Z HUH� FUHDWHG� RI� GLQRVDXUV� � IURP � D� YDULHW\ � RI� VRXUFHV� LQFOXGLQJ�
GLJLWL] DWLRQ��DQG�MRLQW�UDQJH�RI�P RWLRQ�HVWLP DWHG�DQG�UHSUHVHQWHG��

* HQHWLF� $ OJRULWKP V� �* $ �� WKDW� ¶UHZ DUG·� SDUWLFXODU� REVHUYDEOHV� �H�J��� IRUZ DUG� WUDYHO�� DQG�
SHQDOL] H�RWKHUV� �H�J���P HWDEROLF�FRVW��KDYH�EHHQ�XVHG�VXFFHVVIXOO\ �WR�V\ QWKHVL] H�JDLWV� �6HOOHUV�
HW�DO���� � � � � ��7KHVH�DSSOLFDWLRQV�RI�* $ �UHO\ �RQ�SK\ VLFDO�VLP XODWLRQ��WR�P RGHO�P XVFOH�P RP HQWV�
DQG� LQHUWLDO� DQG� JUDYLWDWLRQDO� IRUFHV���� ' LVWLQFW� IURP � WKHVH� DSSURDFKHV�� Z H� XVH� * $ � WR� HYROYH�
SXUHO\ �NLQHP DWLF�VROXWLRQV��Z KLFK�DUH�WKHQ�FRP SDUHG�Z LWK�JDLWV�REVHUYHG�Z LWK�H[ WDQW�DQLP DOV�
DQG�DV�GHULYHG�E\ �RWKHU�P HWKRGV��
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0 XVFOLQJ�LQ�RQ�SODFRGHUP V�
. DWH�7ULQDMVWLF

K

��&DULQD�0 DUVKDOO
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½ �DQG�. DW�%LILHOG�
M

6FKRRO�RI�( DUWK�DQG�* HRJUDSKLFDO�6FLHQFHV��8 QLYHUVLW\ �RI�: HVWHUQ�$XVWUDOLD��3HUWK��: HVWHUQ�
$XVWUDOLD�� � � � ��$XVWUDOLD��NWULQDMV# F\ OOHQH�XZD�HGX�DX��

N

�' HSW��( DUWK�DQG�3ODQHWDU\ �6FLHQFHV��: HVWHUQ�$XVWUDOLDQ�0 XVHXP ��/ RFNHG�%DJ�� � ��
: HOVKSRRO��: HVWHUQ�$XVWUDOLD��$XVWUDOLD��� � � � �

²

0 XVHXP �9LFWRULD��32 �%R[ �� � � ��0 HOERXUQH��9LFWRULD�� � � � ��$XVWUDOLD�
¾

��6FKRRO�RI�( DUWK�DQG�0 DULQH�6FLHQFHV��$XVWUDOLDQ�1 DWLRQDO�8 QLYHUVLW\ ��&DQEHUUD��$�&�7��
� � � � ��$XVWUDOLD��MORQJ# P XVHXP �YLF�JRY�DX��

�
3UHVHUYDWLRQ�RI�VRIW�WLVVXH�LV�D�UDUH�SKHQRP HQRQ�LQ�' HYRQLDQ�YHUWHEUDWHV�DQG�DOWKRXJK�WKH�

* RJR�) RUP DWLRQ��) UDVQLDQ���&DQQLQJ�%DVLQ��: HVWHUQ�$ XVWUDOLD�LV�Z HOO�NQRZ Q�IRU�WKH�H[ TXLVLWH�
SUHVHUYDWLRQ� RI� LWV� IRVVLO� ILVK� IDXQD� DV� WKUHH�GLP HQVLRQDO�RULJLQDO�ERQH�LQ�OLP HVWRQH�QRGXOHV�
�$ KOEHUJ� � � � � � � ODELOH� WLVVXHV� DUH� XQFRP P RQ�� 2 QO\ � RQH� DUWKURGLUH� ( DVWP DQRVWHXV� FDOOLDVSLV�
' HQQLV�%U\ DQ� � � � � � KDV� EHHQ� UHFRYHUHG� Z KHUH� P XVFOH� P LFURVWUXFWXUH� LV� SUHVHUYHG� DV�
SKRVSKDWLVHG� WLVVXH� FRP SULVLQJ� VWULDWHG� P XVFOH� ILEUHV� DQG� QHUYH� HQGLQJV�� Z LWK� SRVVLEOH�
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DVVRFLDWHG�EORRG�FDSLOODULHV��7ULQDMVWLF�HW�DO��� � � � � � �� ,Q�WKH�DEGRP LQDO�UHJLRQ�RI�WKH�DUWKURGLUH�
,QFLVRVFXWXP � ULWFKLHL� ' HQQLV� DQG� 0 LOHV�� � � � � � DQG� DORQJ� WKH� GRUVDO� P DUJLQ� RI� WKH� ERG\ � LQ�
$XVWURSW\ FWRGXV� JDUGLQHUL� / RQJ� � � � � � P XVFOH� VHSWD�� Z KLFK� VHSDUDWH� WKH� P XVFOH� VHJP HQWV�� DUH�
LGHQWLILHG�DQG�WKH�LP SUHVVLRQV�RI�P XVFOH� ILEUHV�DUH�REVHUYHG�EHWZ HHQ�WKHP � �7ULQDMVWLF�HW�DO����
� � � � � ��

) XUWKHU� FROOHFWLQJ� KDV� \ LHOGHG� DGGLWLRQDO� VSHFLP HQV� LQ� Z KLFK� VRIW� WLVVXH� DQDWRP \ � LV�
UHYHDOHG�� 7KH� P XVFOHV� FRQQHFWLQJ� WKH� KHDG� DQG� WKRUDFLF� VKLHOGV� DUH� LGHQWLILHG� LQ� D� QHZ �
VSHFLP HQ� RI� ,�� ULWFKLHL� DQG� UHP QDQWV� RI� WKH� DEGRP LQDO� P XVFOHV� VKRZ � H[ FHSWLRQDO�� WKUHH�
GLP HQVLRQDO�SUHVHUYDWLRQ��,Q�DGGLWLRQ��WKH�GHUP DO�FRYHULQJ�RI�WKH�WDLO�KDV�DOVR�EHHQ�SUHVHUYHG��
7KH�UHDO�FRQWULEXWLRQ�RI�LQIRUP DWLRQ� IURP �H[ FHSWLRQDO�VRIW�WLVVXH�SUHVHUYDWLRQ�LV�LQ� ILOOLQJ�LQ�
WKH�P RUSKRORJLFDO�JDS�OHIW�E\ �VNHOHWDO�IRVVLOV��
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) XUWKHU�HYLGHQFH�IRU�D�EURDG�IRUHZ LQJ�LQ�SWHURVDXUV�
' DYLG�0 ��8 QZ LQ

K

��0 DWWKHZ �: LONLQVRQ
L

��/ • �-XQJFKDQJ ± �DQG�1 DWDOLH�%DNKXULQD½ �
M

�' HSW��RI�0 XVHXP �6WXGLHV��8 QLYHUVLW\ �RI�/ HLFHVWHU��� � � � � � � �3ULQFHVV�5RDG�( DVW��/ HLFHVWHU��
/ ( � �� / * ��8 . ��GP X� # OH�DF�XN��

N

�' HSW��RI�=RRORJ\ ��8 QLYHUVLW\ �RI�&DP EULGJH��' RZQLQJ�6WUHHW��&DP EULGJH��&%� �� ( -��8 . �
�P WZ� � # FDP �DF�XN��

²

�,QVWLWXWH�RI�* HRORJ\ ��&KLQHVH�$FDGHP \ �RI�* HRORJLFDO�6FLHQFHV��%HLMLQJ�� � � � � � ��&KLQD�
�OXMF� � � � # � � � �FRP ��

¾

�0 XVHXP �I• U�1 DWXUNXQGH��+ XP EROGW�8 QLYHUVLWl W�] X�%HUOLQ��,QYDOLGHQVWUDVVH�� � ��%HUOLQ�
� � � � � ��* HUP DQ\ ��QDWBXQZLQ# \ DKRR�FRP ��

�
7UDGLWLRQDOO\ ��SWHURVDXUV� KDYH�EHHQ�UHFRQVWUXFWHG�Z LWK�D�QDUURZ � IRUHZ LQJ�FRQVLVWLQJ�RI�D�

SURSDWDJLXP �WKDW�H[ WHQGHG�IURP �WKH�VKRXOGHU�WR�WKH�Z ULVW�DQG�VXSSRUWHG�DORQJ�WKH�GLVWDO�SDUW�
RI�LWV�OHDGLQJ�HGJH�E\ �WKH�P HGLDOO\ �GLUHFWHG�SWHURLG��6HYHUDO�DXWKRUV�KDYH�DUJXHG�IRU�D�EURDG�
IRUHZ LQJ� Z LWK� D� SURSDWDJLXP � WKDW� VWUHWFKHG� IURP � WKH� VKRXOGHU� WR� WKH� EDVH� RI� WKH� GLJLWV� DQG�
Z KLFK� Z DV� P DQLSXODWHG� E\ � D� IRUZ DUG�GLUHFWHG� SWHURLG�� EXW� WKLV� LV� KLJKO\ � FRQWURYHUVLDO� DQG�
VWLOO�Z LGHO\ �GRXEWHG��$ HURG\ QDP LF�DQDO\ VHV��RVWHRORJLFDO�DQG�DUWKURORJLFDO�GHWDLOV�VXSSRUW�WKH�
EURDG� IRUHZ LQJ� P RGHO�� EXW� WKLV� HYLGHQFH� KDV� QRW� SURYHQ� GHFLVLYH� �: LONLQVRQ� HW� DO��� � � � � ��
: LONLQVRQ��� � � � � ��

+ HUH� Z H� GHVFULEH� QHZ � P DWHULDO� RI� WKH� 8 SSHU� -XUDVVLF� DQXURJQDWKLG� -HKRORSWHUXV�
QLQJFKHQJHQVLV� LQ� ERWK� IRUHOLP EV� RI� Z KLFK� WKH� SURSDWDJLXP � LV� DVVRFLDWHG� Z LWK� DQ� DQWHULRUO\ �
GLUHFWHG� SWHURLG� DQG� FDQ� EH� FOHDUO\ � WUDFHG� IURP � WKH� VKRXOGHU� UHJLRQ� WR� WKH� GLVWDO� HQG� RI� WKH�
P HWDFDUSXV��7KRXJK�OHVV�Z HOO�SUHVHUYHG��D�VLP LODU�DUUDQJHP HQW�LV�REVHUYHG�LQ�WKH�KRORW\ SH�RI�
-�� QLQJFKHQJHQVLV�� 5KDP SKRUK\ QFKXV� P XHQVWHUL� �WKH� =LWWHO� Z LQJ�� DQG� D� EDVDO� D] KGDUFKRLG�
�60 1 . � � � � � � 3$ / � �� ,Q� DGGLWLRQ�� P RUSKRP HWULF� DQDO\ VLV� RI� � � � VSHFLHV� RI� SWHURVDXU��
UHSUHVHQWLQJ� � � � IDP LOLHV� DQG� D� VL] H� UDQJH� RI� � �� � � �� � P HWUHV� LQ� Z LQJVSDQ�� UHYHDOV� D� VWURQJ�
FRUUHODWLRQ� �U� �  � � �� � � � EHWZ HHQ� WKH� OHQJWK� RI� WKH� SWHURLG� DQG� WKH� Z LQJ�P HWDFDUSDO�� 7KLV� LV�
FRQVLVWHQW�Z LWK�D�EURDG�IRUHZ LQJ�P RGHO��LQ�Z KLFK�WKH�UHTXLUHP HQW�IRU�D�OHDGLQJ�HGJH�SURILOH�
IUHH�RI�VKDUS�GHIOHFWLRQV�VWURQJO\ �FRQVWUDLQV�SWHURLG�OHQJWK��EXW�LV�OHVV�HDVLO\ �H[ SODLQHG�E\ �WKH�
QDUURZ �IRUHZ LQJ�P RGHO�Z KHUH�WKHUH�LV�QR�GLUHFW�DQDWRP LFDO�RU�IXQFWLRQDO�FRQQHFWLRQ�EHWZ HHQ�
WKH�SWHURLG�DQG�WKH�Z LQJ�P HWDFDUSDO��
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( XKHORSXV�] GDQNV\ L�DQG�LWV�EHDULQJ�RQ�WKH�HYROXWLRQ�RI�( DVW�$VLDQ�VDXURSRG�
GLQRVDXUV�

3DXO�8 SFKXUFK
K

�DQG�-HIIUH\ �$ ��: LOVRQ
L

�
M

' HSW��( DUWK�6FLHQFHV��8 QLYHUVLW\ �&ROOHJH�/ RQGRQ��* RZHU�6WUHHW��/ RQGRQ��: &� ( �� %7��8 . �
�S�XSFKXUFK# XFO�DF�XN��

N

0 XVHXP �RI�3DOHRQWRORJ\ ��DQG��' HSW��* HRORJLFDO�6FLHQFHV��8 QLYHUVLW\ �RI�0 LFKLJDQ��� � � � �
* HGGHV�5RDG��$QQ�$UERU��0 ,�� � � � � � � � � � ��8 6$��ZLOVRQMD# XP LFK�HGX��

�
( XKHORSXV� Z DV� WKH� ILUVW� &KLQHVH� GLQRVDXU� WR� EH� QDP HG� �: LP DQ� � � � � �� 5RP HU� � � � � � �� ,WV�

HYROXWLRQDU\ �UHODWLRQVKLSV�DUH�FRQWURYHUVLDO��VRP H�Z RUNHUV�SODFH�LW�RXWVLGH�RI�1 HRVDXURSRGD��
RWKHUV� VXJJHVW� ( XKHORSXV� LV� WKH� VLVWHU� JURXS� WR� WLWDQRVDXUV�� 5H�H[ DP LQDWLRQ� RI� WKH� KRORW\ SLF�
DQG� UHIHUUHG� P DWHULDO� LQ� 8 SSVDOD�� FRP ELQHG� Z LWK� SK\ ORJHQHWLF� DQDO\ VLV�� GHP RQVWUDWHV� WKDW�
( XKHORSXV� LV� FORVHO\ � UHODWHG�WR�WLWDQRVDXUV�DFFRUGLQJ�WR�ERWK�WKH�8 SFKXUFK�HW�DO�� �� � � � � �DQG�
: LOVRQ� � � � � � � � FODGLVWLF� GDWD� VHWV�� 7UDGLWLRQDO� DQG� FODGLVWLF� FODLP V� WKDW� ( XKHORSXV��
2 P HLVDXUXV�� 0 DP HQFKLVDXUXV� DQG� 6KXQRVDXUXV� IRUP � D� P RQRSK\ OHWLF� ¶( XKHORSRGLGDH·�
HQGHP LF�WR�( DVW�$ VLD�DUH�QRW�VXSSRUWHG��5HFHQW�GLVFRYHULHV�KLQW�DW�WKH�H[ LVWHQFH�RI�D�KLWKHUWR�
XQUHFRJQLVHG�FODGH�DW�WKH�EDVH�RI�WLWDQRVDXUV��LQFOXGLQJ�( XKHORSXV�DQG�XQQDP HG�IRUP V�EDVHG�
RQ�WHHWK�IURP �/ LDRQLQJ��%DUUHWW�	 �: DQJ��LQ�SUHVV��DQG�6SDLQ��&DQXGR�HW�DO���� � � � � ��7KHUH�P D\ �
KDYH� EHHQ� DW� OHDVW� WZ R�UDGLDWLRQV�RI�YHU\ �ORQJ�QHFNHG�VDXURSRGV�LQ� ( DVW�$ VLD��RULJLQDWLQJ�LQ�
WKH� 0 LGGOH� -XUDVVLF� �2 P HLVDXUXV� 0 DP HQFKLVDXUXV�� DQG� / DWH� -XUDVVLF�( DUO\ � &UHWDFHRXV�
�( XKHORSXV��� Z LWK� WKH� ODWWHU� JURXS� SHUKDSV� DOVR� RFFXUULQJ� LQ� ( XURSH�� 1 HZ � LQIRUP DWLRQ� RQ�
( XKHORSXV� DQG� UHODWHG� IRUP V� \ LHOGV� LQVLJKWV� LQWR� P RUSKRORJLFDO� FKDQJH� GXULQJ� WKH� RULJLQ� RI�
WLWDQRVDXUV�� 7KH� ODUJH� QXP EHU� RI� EDVDO� WLWDQRVDXUV� IURP � ( DVW� $ VLD� KDV� EHHQ� LQWHUSUHWHG� WR�
P HDQ� WKDW� WKLV� DUHD� UHSUHVHQWV� WKHLU� ¶FHQWUH� RI� RULJLQ·� �<RX� HW� DO��� � � � � � �� + RZ HYHU�� WKH�
WLWDQRVDXU� IRVVLO� UHFRUG�� FRP ELQHG� Z LWK� FODGLVWLF� ELRJHRJUDSKLF� VWXGLHV�� LQGLFDWH� WKDW� WKH�
JURXS� SUREDEO\ � RULJLQDWHG� SULRU� WR� WKH� 0 LGGOH� -XUDVVLF� DQG� DFTXLUHG� D� YLUWXDOO\ � JOREDO�
GLVWULEXWLRQ�EHIRUH�3DQJDHDQ�IUDJP HQWDWLRQ��
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2 VWHRORJLFDO�UHGHVFULSWLRQ��DQG�WD[ RQRP LF�DQG�SK\ ORJHQHWLF�SRVLWLRQ�RI�
¶3OHVLRVDXUXV·�P DFURFHSKDOXV��VSHFLP HQ�1 + 0 �� � � � � ��IURP �WKH�/ LDV�RI�( QJODQG�

3HJJ\ �9 LQFHQW�

8 0 5�� � � � �GX�&1 56��' pSDUWHP HQW�+ LVWRLUH�GH�OD�7HUUH��0 XVpXP �1 DWLRQDO�G·+ LVWRLUH�
1 DWXUHOOH��� � �UXH�&XYLHU��� � � � � �3DULV�² �&HGH[ �� ��) UDQFH��SYLQFHQW# P QKQ�IU��

�
7KH�SOHVLRVDXU�VSHFLP HQ�1 + 0 �� � � � � �IURP �WKH�/ LDV�RI�/ \ P H�5HJLV�DQG�NHSW�LQ�WKH�1 DWLRQDO�

+ LVWRU\ � 0 XVHXP � RI� / RQGRQ�� LQFOXGHV� WKH� FRP SOHWH� VNXOO�� SDODWH� DQG� P DQGLEOH� Z LWK� VHYHUDO�
DVVRFLDWHG� FHUYLFDO� YHUWHEUDH�� ,W� LV� DQ� DGXOW� SOHVLRVDXU� RI� WKH� VSHFLHV� ¶3OHVLRVDXUXV·�
P DFURFHSKDOXV�� $ Q� RVWHRORJLFDO� UH�H[ DP LQDWLRQ� RI� WKH� VNXOO� RI� WKLV� VSHFLP HQ� DOORZ V� WKH�
DGGLWLRQ�RI�QHZ �P RUSKRORJLFDO�LQIRUP DWLRQ�WR�WKH�RULJLQDO�GHVFULSWLRQ�E\ �$ QGUHZ V�� � � � � � ��$ �
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SUHOLP LQDU\ � FODGLVWLF� DQDO\ VLV� Z DV� SHUIRUP HG� LQ� RUGHU� WR� XQGHUVWDQG� WKH� SK\ ORJHQHWLF�
DIILQLWLHV� RI� WKLV� VSHFLP HQ� Z LWKLQ� 3OHVLRVDXULD�� 7KH� 3OLRVDXURLGHD� DIILQLWLHV� RI� WKH� VSHFLP HQ�
LQGLFDWH� WKDW� WKLV� VSHFLP HQ� GRHV� QRW� EHORQJ� WR� 3OHVLRVDXUXV� DQG� LWV� XQLTXH� VHW� RI� FKDUDFWHUV�
FRP SDUHG� WR� RWKHU� SOLRVDXURLGV� VXJJHVWV� WKDW� LW� VKRXOG� EH� DVVLJQHG� WR� D� QHZ � JHQXV�� 7KH�
VSHFLP HQ�SRVVHVVHV�SOHVLRP RUSKLF�FKDUDFWHUV��LQFOXGLQJ�WKH�ODFN�RI�D�P HGLDQ�VXWXUH�EHWZ HHQ�
ERWK� WKH� DQWHULRU� DQG� SRVWHULRU� LQWHUSWHU\ JRLG� YDFXLWLHV�� 7KHVH� FKDUDFWHUV� P D\ � KHOS� LQ�
FODULI\ LQJ�WKH�HYROXWLRQDU\ �KLVWRU\ �RI�WKH�3OLRVDXURLGHD��

�

�Z	[�������T�{•{��g£�aE�H�F�l���©n	b) P���sD) ��Q�%
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: LVH�DV�DQ�RZ O�² �� � � �P LOOLRQ�\ HDUV�RI�DYLDQ�EUDLQ�HYROXWLRQ�
6WLJ�$ ��: DOVK

K

�DQG�$ QJHOD�&��0 LOQHU
L

�
M

6FKRRO�RI�( DUWK�DQG�( QYLURQP HQWDO�6FLHQFHV��8 QLYHUVLW\ �RI�3RUWVP RXWK��%XUQDE\ �5RDG��
3RUWVP RXWK��32 � �� ' 4 ��8 . �

N

' HSDUWP HQW�RI�3DODHRQWRORJ\ ��7KH�1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ��6: � �
� %' ��8 . �

�
$ OWKRXJK� WKH� WHUP � ¶ELUGEUDLQ·� LV� FRP P RQO\ � XVHG� DV� DQ� LQVXOW� LQGLFDWLQJ� ODFN� RI�

LQWHOOLJHQFH��P DQ\ �OLYLQJ�ELUG�VSHFLHV�GLVSOD\ �FRJQLWLYH�DELOLWLHV�HTXDOOLQJ�DQG�HYHQ�H[ FHHGLQJ�
WKRVH� RI� P DQ\ � P DP P DOV� �/ HIHEYUH�HW�DO��� � � � � � �� 7KH�DYLDQ�EUDLQ�KDV�HYROYHG�DORQJ�D�FRXUVH�
SDUDOOHO� WR� WKDW� RI� WKH� P DP P DOLDQ� EUDLQ� DQG�� IRU� P RVW� DYLDQ� VSHFLHV�� WKH� DELOLW\ � WR� IO\ � KDV�
DSSDUHQWO\ � UHVXOWHG� LQ� FRQVWUDLQWV� RQ� EUDLQ� YROXP H� UHODWLYH� WR� ERG\ � VL] H� �HQFHSKDOLVDWLRQ�
TXRWLHQW�� ( 4 �� DQG� RYHUDOO� EUDLQ� VKDSH� �-HULVRQ�� � � � � � �� 7KH� HQGRFUDQLDO� FDVW� DVVRFLDWHG� Z LWK�
WKH� KRORW\ SH� VSHFLP HQ� RI� $UFKDHRSWHU\ [ � � � � � � P D�� DQG� UHFHQW� P LFUR�&7� LQYHVWLJDWLRQV� RI� LWV�
VNXOO�� GHP RQVWUDWH� WKH�HDUOLHVW�NQRZ Q�ELUG�DOUHDG\ �SRVVHVVHG�D�EUDLQ� VLP LODU�LQ� ( 4 � WR�OLYLQJ�
VSHFLHV� � ' RP tQJXH] � HW� DO��� � � � � � �� + RZ HYHU�� UHFHQW� P LFUR�&7� DQDO\ VLV� RI� QRQ�DYLDQ� WKHURSRG�
VNXOOV��H�J��� . XQGUi W�� � � � � � �KDV�DOVR�VKRZ Q�WKDW�VRP H�DOVR�SRVVHVVHG�( 4 V�Z LWKLQ�WKH�UDQJH�RI�
OLYLQJ�DYLDQ�VSHFLHV��2 XU�UHFHQW�DQDO\ VLV��0 LOQHU�	 �: DOVK��LQ�SUHVV��RI�WKH�EUDLQV�RI�WZ R�/ RZ HU�
( RFHQH� �� � � P D�� IRVVLO� ELUGV� GHP RQVWUDWHV� WKDW� DYLDQ� EUDLQ� VKDSH� DQG� ( 4 � RI� WKHVH� WD[ D� Z HUH�
DOP RVW�HQWLUHO\ �OLNH�WKRVH�RI�OLYLQJ�ELUG�VSHFLHV��

+ HUH�Z H�GLVFXVV�WKH�VLJQLILFDQFH�RI�EUDLQ�HQODUJHP HQW�LQ�DYLDQ�DQG�QRQ�DYLDQ�WKHURSRGV�LQ�
WKH� FRQWH[ W� RI� WKH� HYROXWLRQ� RI� SRZ HUHG� IOLJKW� DQG� RYHUDOO� FRJQLWLYH�DELOLW\ �� : H�VXJJHVW�WKDW�
WKH� P RVW� LP SRUWDQW� QHXURORJLFDO� HYROXWLRQDU\ � WUHQGV� LQ� -XUDVVLF� WR� &HQR] RLF� ELUGV� DUH�
SUREDEO\ � P RVWO\ � UHODWHG� WR� VHQVRU\ � LQWHJUDWLRQ� DQG� FRJQLWLRQ� WKDQ� WR� IOLJKW� DGDSWDWLRQ��
+ RZ HYHU�� DOWKRXJK� VRP H� VNHOHWDO� VSHFLDOLVDWLRQV� IRU� IOLJKW� P D\ � KDYH� DIIHFWHG� RYHUDOO� EUDLQ�
HQODUJHP HQW��RWKHUV��VXFK�DV�WKH�GHYHORSP HQW�RI�WKH�WHOHQFHSKDOLF�Z XOVW�UHJLRQ� �LQYROYHG�LQ�
LQWHJUDWLRQ�RI�YLVXDO�VWLP XOL��P D\ �EH�UHODWHG�WR�WKRVH�VSHFLDOLVDWLRQV��
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%UDLQ�VL] H�DQG�LQVXODU�GZ DUILVP ��D�FDVH�VWXG\ �RI�WKH�H[ WLQFW�GZ DUI�
KLSSRSRWDP XVHV�IURP �0 DGDJDVFDU�

( OHDQRU�0 ��: HVWRQ�DQG�$ GULDQ�0 ��/ LVWHU�

' HSDUWP HQW�RI�3DODHRQWRORJ\ ��1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ��6: � �� %' ��
8 . �

�
7KH�HIIHFW�RI�LQVXODU�GZ DUILVP �RQ�WKH�EUDLQ�VL] H�RI�LVODQG�P DP P DO�VSHFLHV�UHODWLYH�WR�WKDW�

RI�WKHLU�P DLQODQG�DQFHVWRUV�LV�D�P DWWHU�RI�GHEDWH� �. | KOHU� 	 �0 R\ j �6ROj �� � � � � � �� $ OWKRXJK�LW�LV�
JHQHUDOO\ � DFFHSWHG� WKDW� D� UHGXFWLRQ� LQ� ERG\ � VL] H� Z LWKLQ� D� P DP P DOLDQ� VSHFLHV� LV� XVXDOO\ �
DVVRFLDWHG�Z LWK�UHODWLYHO\ � OLWWOH�EUDLQ�VL] H�UHGXFWLRQ��UHIOHFWLQJ�WKH�HDUO\ �FRP SOHWLRQ�RI�EUDLQ�
GHYHORSP HQW�� LW� UHP DLQV� XQFOHDU� Z KHWKHU� WKH� LQVXODU� GZ DUILQJ� SURFHVV� IROORZ V� WKLV� WUHQG��
0 RVW� GZ DUIHG� LVODQG� P DP P DOV� DUH� H[ WLQFW� DQG� LQFRP SOHWHO\ � SUHVHUYHG�� DFFRXQWLQJ� IRU� WKH�
GHDUWK� RI� HP SLULFDO� GDWD� XQWLO� QRZ �� + RZ HYHU�� WKH� H[ FHSWLRQDO� SUHVHUYDWLRQ� RI� WKH� UHFHQWO\ �
H[ WLQFW� GZ DUI� KLSSRSRWDP L� IURP � WKH� + RORFHQH� RI� 0 DGDJDVFDU� DUH� DQ� H[ FHSWLRQ�� 0 HDVXUHV� RI�
FUDQLDO�FDSDFLW\ �KDYH�EHHQ�WDNHQ� IURP �XS�WR�� � �Z HOO�SUHVHUYHG�FUDQLD�RI�WZ R�GZ DUI�VXEIRVVLO�
KLSSRSRWDP L�� + LSSRSRWDP XV� OHP HUOHL� DQG� + LSSRSRWDP XV� P DGDJDVFDULHQVLV� DQG� IURP � D�
FRP SOHWH� SRVWQDWDO� RQWRJHQHWLF� VHULHV� RI� GU\ � VNXOOV� RI� WKH� SUREDEOH� DQFHVWRU�� WKH� H[ WDQW�
P DLQODQG�+ ��DP SKLELXV��5HVXOWV� IURP �D�FRP SDUDWLYH�P RUSKRP HWULF�DQDO\ VLV�RI�JURZ WK�LQ�WKH�
ODUJHU� P DLQODQG� KLSSRSRWDP XV� DQG� WKH� WZ R� GZ DUI� VSHFLHV� DUH� SUHVHQWHG�� $ � K\ SRWKHVLV� RI�
RQWRJHQHWLF�VFDOLQJ�LV�HYDOXDWHG�LQ�WKH�FRQWH[ W�RI�WKH�UHGXFWLRQ�LQ�ERWK�EUDLQ�DQG�RYHUDOO�VNXOO�
VL] H�RI�WKHVH�GZ DUI�VSHFLHV��,Q�OLJKW�RI�WKH�FXUUHQW�FRQWURYHUV\ �RYHU�EUDLQ�VL] H�UHGXFWLRQ�LQ�WKH�
SXWDWLYH� GZ DUI� KRP LQLQ� + RP R� IORUHVLHQVLV� �0 DUWLQ� HW� DO�� � � � � � �� VWXGLHV� RI� RWKHU� P DP P DOLDQ�
DQDORJXHV� VXFK� DV� WKH� KLSSRV�� Z LWK� ODUJHU� VDP SOHV� DQG� RQWRJHQHWLF� VHULHV�� DUH� OLNHO\ � WR� EH�
LQIRUP DWLYH�RQ�P HFKDQLVP V�RI�GZ DUILQJ�LQ�P DP P DOV��
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&RP SXWHU�VLP XODWLRQ�RI�IHHGLQJ�EHKDYLRXU�LQ�P DUVXSLDO�DQG�SODFHQWDO�FDUQLYRUHV�
6WHSKHQ�: URH

K

��3KLOLS�&ODXVHQ
L

��&ROLQ�0 F+ HQU\ ± �DQG�. DUHQ�0 RUHQR
K

�
M

&RP SXWDWLRQDO�%LRP HFKDQLFV�5HVHDUFK�* URXS��6FKRRO�RI�%LRORJLFDO�( DUWK�DQG�
( QYLURQP HQWDO�6FLHQFHV��8 QLYHUVLW\ �RI�1 HZ �6RXWK�: DOHV��1 6: ��$XVWUDOLD��� � � � �
�V�ZURH# XQVZ�HGX�DX��

N

6FKRRO�RI�( QJLQHHULQJ��8 QLYHUVLW\ �RI�1 HZFDVWOH��1 6: ��$XVWUDOLD��� � � � �
²

6FKRRO�RI�( QYLURQP HQWDO�DQG�/ LIH�6FLHQFHV��8 QLYHUVLW\ �RI�1 HZFDVWOH��1 6: ��$XVWUDOLD��� � � � �
�
5HSUHVHQWDWLYH�P DUVXSLDO�DQG�SODFHQWDO�FDUQLYRUHV�DUH�FRP P RQO\ �LQYRNHG�DV�H[ DP SOHV�RI�

SKHQRW\ SLF� FRQYHUJHQFH� � : URH� 	 � 0 LOQH�� � � � � � �� + RZ HYHU�� IRUP �IXQFWLRQ� DQDO\ VHV� RI� YDULRXV�
FKDUDFWHU� V\ VWHP V� KDYH� RIWHQ� \ LHOGHG� FRQIOLFWLQJ� UHVXOWV�� + HUH� Z H� H[ DP LQH� FRQYHUJHQFH� LQ�
P HFKDQLFDO� EHKDYLRXU� EHWZ HHQ� VNXOOV� RI� WKH� WK\ ODFLQH� �7K\ ODFLQXV� F\ QRFHSKDOXV�� DQG� GLQJR�
�&DQLV� OXSXV� GLQJR��� DQG� $ IULFDQ� �3DQWKHUD� OHR�� DQG� P DUVXSLDO� �7K\ ODFROHR� FDUQLIH[ �� OLRQV��
XVLQJ�QHZ O\ �GHYHORSHG�� � ' �ILQLWH�HOHP HQW��) ( � �DQDO\ VLV�WHFKQLTXHV��: URH�HW�DO���LQ�SUHVV���2 XU�
) ( �P RGHOV�LQFRUSRUDWH�P XOWLSOH�SURSHUWLHV�IRU�FDQFHOORXV�DQG�FRUWLFDO�ERQH��%RWK�FUDQLXP �DQG�
P DQGLEOH� DUH� WUHDWHG� DV� IXQFWLRQDO� XQLWV�� Z LWK� MDZ � DGGXFWRU� IRUFHV� GHWHUP LQHG� XVLQJ� D� ¶GU\ �
VNXOO·� P HWKRG� �: URH� HW� DO��� � � � � �� &KULVWLDQVHQ� 	 � : URH�� � � � � � �� 6WUHVV� GLVWULEXWLRQV� LQ�
VLP XODWHG� EHKDYLRXUV� UHYHDO� FRQVLGHUDEOH� VLP LODULW\ � EHWZ HHQ� WK\ ODFLQH� DQG� GLQJR�� EXW� DOVR�
LQIRUP DWLYH� GLIIHUHQFHV�� 7KH� WK\ ODFLQH·V� P DQGLEOH� SHUIRUP V� UHODWLYHO\ � SRRUO\ � Z KHUH�RQO\ �WKH�
DFWLRQV� RI� WKH� MDZ � P XVFOHV� �LQWULQVLF�� DUH� FRQVLGHUHG�� 6WUHVVHV� DUH� FRP SDUDWLYHO\ � KLJK� LQ� WKH�
SRVWHULRU� RI� WKH� WK\ ODFLQH·V� FUDQLXP � XQGHU� ORDGV� WKDW� VLP XODWH� IRUFHV� JHQHUDWHG� E\ � WKH�
SUHGDWRU·V� FHUYLFDO� P XVFXODWXUH� RU� WKH� SUH\ � LWVHOI� �H[ WULQVLF��� : H� FRQFOXGH� WKDW� WKH� GLQJR� LV�
EHWWHU� DGDSWHG� WR� Z LWKVWDQG� WKH� KLJK� H[ WULQVLF� ORDGV� WKDW� DUH� OLNHO\ � WR� DFFRP SDQ\ � VRFLDO�
KXQWLQJ�RI�UHODWLYHO\ �ODUJH�SUH\ ��3UHOLP LQDU\ �UHVXOWV�VXJJHVW�WKDW�FRP SDUHG�WR�WKDW�RI�3��OHR��WKH�
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VNXOO�RI�WKH�P DUVXSLDO�OLRQ�LV�DGDSWHG�WR�UHVLVW�H[ WUHP HO\ �KLJK�LQWULQVLF�DQG�H[ WULQVLF� IRUFHV��
VXJJHVWLQJ�KDELWXDO�SUHGDWLRQ�RQ�ODUJH�DQLP DOV��
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$ �WD[ RQRP LF�WDOH��: KDW�H[ DFWO\ �DUH�0 HWULRUK\ QFKXV�DQG�* HRVDXUXV"�
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' HSDUWP HQW�RI�3DODHRQWRORJ\ ��1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ��6: � �� %' ��
8 . ��P DUN\ # QKP �DF�XN��

N

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��: LOOV�0 HP RULDO�%XLOGLQJ��4 XHHQ
V�5RDG��
%ULVWRO��%6� �� 5-��8 . �

�
2 YHU� WKH� FRXUVH� RI� WKH� SDVW� � � � � \ HDUV� YDULRXV� JHQHULF� QDP HV� KDYH� EHHQ� SURSRVHG� IRU� WKH�

QXP HURXV�VSHFLHV�RI�P HWULRUK\ QFKLG�FURFRG\ OLIRUP V��2 I�WKHVH�P RVW�KDYH�EHHQ�FRQVLGHUHG��DW�
VRP H�SRLQW��D�MXQLRU�V\ QRQ\ P �RI�* HRVDXUXV��0 HWULRUK\ QFKXV��RU�' DNRVDXUXV��/ \ GHNNHU�� � � � � ��
=LWWHO��� � � � � ��+ RZ HYHU��YHU\ �OLWWOH�Z RUN�KDV�EHHQ�GRQH�WR�GHWHUP LQH�WKHLU�LQWHUUHODWLRQVKLSV�RU�
WKH� P RQRSK\ O\ � RI� WKH� JHQHUD� DWWULEXWHG� WR� WKLV� IDP LO\ � �0 XOOHU�7| Z H�� � � � � �� * DVSDULQL� HW� DO���
� � � � � ��

,Q� RUGHU� WR� UHFWLI\ � WKLV�� D� SK\ ORJHQHWLF� DQDO\ VLV� Z DV� XQGHUWDNHQ� XVLQJ� � � � � RVWHRORJLFDO�
FKDUDFWHUV� DQG� � � � WD[ D�� 0 HWULRUK\ QFKLGDH� Z DV� IRXQG� WR� EH� P RQRSK\ OHWLF�� WKRXJK�
3HODJRVDXUXV� LV� WKH� VLVWHU� WD[ RQ� WR� 7HOHRVDXULGDH�� 7KH� JHQHUD� 7HOHLGRVDXUXV� DQG�
0 HWULRUK\ QFKXV� DUH� SDUDSK\ OHWLF�� Z LWK� WKH� ( XURSHDQ� EUHYLURVWULQH� IRUP V� RI� 0 HWULRUK\ QFKXV�
EHLQJ�DWWULEXWDEOH�WR�6XFKRGXV��DQG�WKH�6RXWK�$ P HULFDQ�VSHFLHV�WR�3XUUDQLVDXUXV��* HRVDXUXV�
LV� SRO\ SK\ OHWLF�� Z LWK� WKH� W\ SH� VSHFLHV� QHVWLQJ� Z LWK� ' DNRVDXUXV�� DV� GRHV� RQH� VSHFLHV� RI�
&ULFRVDXUXV�� P DNLQJ� ' DNRVDXUXV� D� MXQLRU� V\ QRQ\ P � RI� * HRVDXUXV�� + RZ HYHU�� DOO� WKH� RWKHU�
VSHFLHV�FXUUHQWO\ �Z LWKLQ�* HRVDXUXV�DUH�P RQRSK\ OHWLF��Z LWK�WKH�W\ SH�VSHFLHV�RI�( QDOLRVXFKXV��
&ULFRVDXUXV��DQG�1 HXVWRVDXUXV�QHVWLQJ�Z LWKLQ�WKLV�FODGH��$ V�1 HXVWRVDXUXV�LV�WKH�ROGHVW�QDP H��
DOO�VSHFLHV�DUH�WUDQVIHUUHG�WR�WKDW�JHQXV��Z LWK�WKH�H[ FHSWLRQ�RI� * HRVDXUXV�JUDFLOLV��DV�LW�ODFNV�
WKH� KLQGOLP E� V\ QDSRP RUSKLHV� RI� 1 HXVWRVDXUXV�� WKHUHIRUH� WKH� QDP H� 5KDFKHRVDXUXV� LV�
UHVXUUHFWHG�IRU�WKLV�VSHFLHV��

0 HWULRUK\ QFKXV�� 5KDFKHRVDXUXV�� DQG� 1 HXVWRVDXUXV� IRUP � D� P RQRSK\ OHWLF� FODGH� WKDW� DUH�
FKDUDFWHULVHG� E\ � EHFRP LQJ� VXFFHVVLYHO\ � P RUH� P DULQH� DGDSWHG�� ,WV� VLVWHU� JURXS� LV� D� FODGH�
IRUP HG� E\ � 6XFKRGXV�� 3XUUDQLVDXUXV� DQG� * HRVDXUXV�� Z KLFK� EHFDP H� VXFFHVVLYHO\ � DGDSWHG� WR�
KLJK�RUGHU�FDUQLYRU\ ��
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7KH�&KLP DHUDVXFKXV�SDUDGR[ ��D�FULWLFDO�UHYLHZ �RI�D�SRRUO\ �NQRZ Q�IRVVLO�
FURFRGLOH�

0 DUFR�%UDQGDOLVH�GH�$ QGUDGH
K6™

L

�DQG�5HLQDOGR�-��%HUWLQL
L

�
M

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��) DFXOW\ �RI�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��%6� �� 5-��%ULVWRO��
( QJODQG��8 . ��P DUFR�E�DQGUDGH# EULV�DF�XN��P DUFREUDQGD# \ DKRR�FRP �EU��

N

,QVWLWXWR�GH�* HRFLr QFLDV�H�&Lr QFLDV�( [ DWDV��8 QLYHUVLGDGH�( VWDGXDO�3DXOLVWD��&DP SXV�5LR�
&ODUR��&3�� � � ��� � � � � ² � � � ��5LR�&ODUR�63��%UD] LO��UEHUWLQL# UF�XQHVS�EU��

�
&KLP DHUDVXFKXV� SDUDGR[ XV� LV� DQ� DP D] LQJ� IRVVLO� P HVRHXFURFRGLOH�� FRQVLGHUHG� WHUUHVWULDO�

DQG�KHUELYRURXV��Z LWK�P XOWLFXVSHG�P RODULIRUP V�DQG�DQ�HORQJDWHG�MDZ �MRLQW�WKDW�DOORZ HG�SURDO�
P DVWLFDWRU\ � P RYHP HQWV�� 7KLV� FRQVWLWXWHV� D� VHW� RI� FKDUDFWHUV� XQH[ SHFWHG� IRU� FURFRGLOHV�� 7KH�
VROH� VSHFLP HQ� �,9 33�9 � � � � � � FRP HV� IURP � WKH� : XORQJ� ) RUP DWLRQ� �+ XEHL� 3URYLQFH�� &HQWUDO�
&KLQD���UHIHUUHG�WR�WKH�$ OELDQ��: X�HW�DO���� � � � �� : X�	 �6XHV�� � � � � � ��3K\ ORJHQHWLF�Z RUNV�VKRZ V�
&KLP DHUDVXFKXV� DV� VLVWHU�JURXS� WR� 6SKDJHVDXUXV�� DQG� QHVWHG� Z LWKLQ� 1 RWRVXFKLD�� 2 WKHU�
UHODWHG�WD[ D�LQFOXGH�WKH�* RQGZ DQLF�EDXUXVXFKLGV��QRWRVXFKLGV�DQG�&RP DKXHVXFKXV��DOO�IURP �
WKH�8 SSHU�&UHWDFHRXV�DQG�P RVW� IURP �6RXWK�$ P HULFD��&ODGRJUDP V� IURP �GLIIHUHQW� IUDP HZ RUNV�
GR� QRW� VXSSRUW� WKH� LGHD� RI� &KLP DHUDVXFKXV� DV� D� / RZ HU� &UHWDFHRXV� VSHFLHV�� $ OWKRXJK� WKH�
VSDWLDO� GLVWULEXWLRQ� RI� &KLP DHUDVXFKXV� P D\ � EH� H[ SODLQHG� WKURXJK� GLVSHUVLRQ� URXWH�V��� WKH�
ELRFKURQRORJLFDOO\ �SDUDGR[ LFDO�GLVWULEXWLRQ�QHHGV�UHHYDOXDWLRQ��$ �SUHOLP LQDU\ �UHYLHZ �RQ�WKH�
JHRORJLFDO�LQIRUP DWLRQ�IURP �&KLQHVH�EDVLQV�VKRZ V�WKDW�WKHUH�LV�OLWWOH�FRQILGHQFH�LQ�WKH�DJH�RI�
WKH� : XORQJ� ) RUP DWLRQ� �<DQJ� HW� DO��� � � � � �� + DR� HW� DO��� � � � � � �� $ � FULWLFDO� UHYLHZ � RI� WKH�
SK\ ORJHQHWLF� Z RUN� FRP SDUHG� WZ R� RI� WKH� P DMRU� DFFHSWHG� GDWDVHWV� �3RO� 	 � $ SHVWHJXLD�� � � � � ��
-RXYH� HW� DO��� � � � � � �� %RRWVWUDS� DQG� EUDQFK� GHFD\ � VKRZ � WKDW� WKHUH� LV� OLWWOH� VXSSRUW� IRU� WKH�
SK\ ORJHQLHV��DQG�&KLP DHUDVXFKXV�P D\ �UHSUHVHQW�D�P RUH�EDVDO�JURXS�Z LWKLQ�1 RWRVXFKLD��7KH�
ODFN� RI� SUHVHUYDWLRQ� RI� NH\ � P RUSKRORJLF� VWUXFWXUHV� LQ� &KLP DHUDVXFKXV� �H�J�� FKRDQDH��
EDVLFUDQLXP �� P D\ � LQWURGXFH� IXUWKHU� ELDV� WR� WKH� DQDO\ VLV�� &KLP DHUDVXFKXV� P D\ � RQO\ � EH�
DVVLJQHG�WR�WKH�&UHWDFHRXV��DQG�LV�FORVHO\ �UHODWHG�WR�6SKDJHVDXUXV�DQG�GHULYHG�QRWRVXFKLDQV��
7KH� UHYLVLRQ� VXJJHVWV� D� SRVVLEOH� SUHGLFWLYH� ELRFKURQRORJLFDO� IXQFWLRQ� WR� SK\ ORJHQHWLF�
DQDO\ VLV��
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2 YHUYLHZ �RI�WKH�/ HHGV�IRVVLO�YHUWHEUDWH�FROOHFWLRQ�LQ�WKH�1 DWLRQDO�0 XVHXP �RI�
,UHODQG�

5LFDUGR�$ UD~MR
K

�DQG�$ GDP �6WXDUW�6P LWK
L

�
M

0 XVHX�GD�/ RXULQKm��&HQWUR�GH�( VWXGRV�GR�-XUi VVLFR��5��-RmR�GH�/ XtV�GH�0 RXUD��/ RXULQKm��
3RUWXJDO��SDUDGR[ LGHV# JP DLO�FRP ��

N

�6FKRRO�RI�%LRORJ\ �DQG�( QYLURQP HQWDO�6FLHQFH��8 QLYHUVLW\ �&ROOHJH�' XEOLQ��%HOILHOG��' XEOLQ�� ��
,UHODQG��DGDP �VP LWK# XFG�LH��

�
7KH� $ OIUHG� / HHGV� FROOHFWLRQ� RI� IRVVLO� YHUWHEUDWHV� IURP � WKH� 0 LGGOH� -XUDVVLF� 2 [ IRUG�&OD\ �LV�

Z RUOG�IDP RXV��/ HHGV��� � � � � ��+ RZ HYHU��IHZ �SHRSOH�NQRZ �RI�WKH�/ HHGV�FROOHFWLRQ�KRXVHG�LQ�WKH�
1 DWLRQDO� 0 XVHXP � RI� ,UHODQG� �1 DWXUDO� + LVWRU\ ��� Z KLFK� LV� ERWK� KLVWRULFDOO\ � DQG� VFLHQWLILFDOO\ �
LP SRUWDQW��,W�LQFOXGHV�VHYHUDO�VSHFLP HQV�WKDW�KDYH�QHYHU��RU�RQO\ �YHU\ �UHFHQWO\ ��* DQGROD�HW�DO���
� � � � � �� UHFHLYHG� VFLHQWLILF� DWWHQWLRQ�� 2 I� SDUWLFXODU� QRWH� DUH� SDUWLDO� VNHOHWRQV� RI� D� MXYHQLOH�
SOHVLRVDXU� &U\ SWRFOLGXV� HXU\ P HUXV�� WKH� LFKWK\ RVDXU� 2 SKWKDOP RVDXUXV�� WKH� WKDODWWRVXFKLDQ�
FURFRGLOLIRUP HV� 0 HWULRUK\ QFKXV� VXSHUFLOLRVXV� �WZ R� VNXOOV� Z LWK� DVVRFLDWHG� ERQHV�� DQG� WKH�
UHODWHG�6WHQHRVDXUXV�HGZDUGVL� �DQ�H[ FHSWLRQDOO\ �Z HOO�SUHVHUYHG�DQWHULRU�SDUW�RI�WKH�VNXOO�DQG�
SDUWLDO�SRVW�FUDQLDO�P DWHULDO���

+ LVWRULFDOO\ �� WKH� FROOHFWLRQ� LV� QRWDEOH� EHFDXVH� LW� Z DV� DFTXLUHG� DW� D� FULWLFDO� SHULRG� LQ� WKH�
KLVWRU\ � RI� WKH� / HHGV� IRVVLO� FROOHFWLRQ�� Z KHQ� LW� ILUVW� EHJDQ� WR� EH� GLVSHUVHG� WKURXJKRXW� RWKHU�
P XVHXP V�LQ�( XURSH�DQG�$ P HULFD�� / LVWRQ�	 �1 Rq��� � � � � ��,W�DOVR�UHSUHVHQWV�RQH�RI�RQO\ �WZ R�ODUJH�
IRVVLO� YHUWHEUDWH� FROOHFWLRQV� LQ� WKH� 1 DWLRQDO� 0 XVHXP � RI� ,UHODQG�� WKH� VHFRQG� EHLQJ� / HH·V�
FROOHFWLRQ�RI� / LDV�UHSWLOHV��7KH�SXUFKDVH�RI�WKH�FROOHFWLRQ�Z DV�QHJRWLDWHG�LQ� � � � � ��WKH� IRVVLOV�
Z HUH�SXUFKDVHG� IRU�WKH�DP RXQW�RI�…� � � LQ�WKH�VDP H� \ HDU��UHSUHVHQWLQJ�WKH� ILUVW�WUDQVDFWLRQ�RI�
/ HHGV�P DWHULDO�RXWVLGH�RI�WKH�%ULWLVK�0 XVHXP ��$ �GHVFULSWLRQ�RI�WKH�' XEOLQ�/ HHGV�FROOHFWLRQ�LV�
WR�EH�SXEOLVKHG�VKRUWO\ ��
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7KH�V\ VWHP DWLF�SRVLWLRQ�RI�6HP OLNLLFKWK\ V��WKH�FDUDQJRLG�K\ SRWKHVLV�
%UXQR�&KDQHW�

K

�DQG�2 OJD�2 WHUR�
L

�
M

F�R�&��* XLQWDUG��( FROH�1 DWLRQDOH�9pWpULQDLUH�GH�1 DQWHV��8 QLWp�G·$QDWRP LH�FRP SDUpH��URXWH�
GH�* DFKHW��%3�� � � � � ��� � � � � �1 $1 7( 6�FHGH[ �� � ��) UDQFH��%UXQR�&KDQHW# DF�UHQQHV�IU��

N

/ DERUDWRLUH�GH�* pRELRORJLH��%LRFKURQRORJLH�HW�3DOpRQWRORJLH�KXP DLQH��&1 56�8 0 5�� � � � ��
) DFXOWp�GHV�6FLHQFHV�IRQGDP HQWDOHV�HW�DSSOLTXpHV��8 QLYHUVLWp�3RLWLHUV��� � �DY��GX�5HFWHXU�
3LQHDX��) � �� � �� � � �3RLWLHUV�FHGH[ ��) UDQFH��ROJD�RWHUR# XQLY�SRLWLHUV�IU��

�
6HP OLNLLFKWK\ V�LV�D�IRVVLO�JHQXV�RI�SHUFLIRUP �ILVK�IURP �WKH�1 HRJHQH�FRQWLQHQWDO�GHSRVLWV�RI�

$ IULFD��NQRZ Q�LQ�VHYHUDO�0 LR�3OLRFHQH�VLWHV�RI�WKH�* UHDW� / DNH�5HJLRQ��DQG�LQ�WKH�3OLRFHQH�RI�
WKH�5LYHU�1 LOH��* UHHQZ RRG�	 �+ RZ HV��� � � � ��2 WHUR�	 �* D\ HW��� � � � � �DQG�LQ�WKH�8 SSHU�0 LRFHQH�RI�
7RURV�0 HQDOOD� LQ� &KDG� �2 WHUR� HW� DO��� VXEP LWWHG��� ,QLWLDOO\ � UHODWHG� WR� JHQXV� / DWHV�� LW� Z DV� OHIW�
LQFHUWDH�VHGLV�DIWHU�WKH�SK\ ORJHQHWLF�VWXG\ �RI�WKH�IDP LO\ �/ DWLGDH��2 WHUR��� � � � � ��$ W�ILUVW�JODQFH��
RQH� RI� XV� �%&�� QRWLFHG� D� VWULNLQJ� VLP LODULW\ � EHWZ HHQ� 6HP OLNLLFKWK\ V� DQG� FHUWDLQ� FDUDQJRLG�
ILVKHV��DQG�SURSRVHG�WR�FRP SDUH�LWV�ERQ\ �DQDWRP \ �Z LWK�UHSUHVHQWDWLYHV�RI�HDFK�IDP LO\ �RI�WKLV�
KLJKO\ � GHULYHG� P DULQH� ILVK� JURXS�� LQFOXGLQJ� &DUDQJLGDH� �MDFNV� DQG� SRP SDQRV���
&RU\ SKDHQLGDH� �GROSKLQILVKHV� RU� P DKL�P DKLV�� DQG� ( FKHLQLGDH� �UHP RUDV��� DQG� UHODWLYHV�� + HUH�
Z H� SUHVHQW� WKH� UHVXOWV� RI� WKHVH� FRP SDULVRQV�� : H� IRFXVHG� RQ� QHXURFUDQLDO� FKDUDFWHUV��
HVSHFLDOO\ �WKH�VKDSH�RI�WKH�YRP HU�DQG�WKH�VXSUDRFFLSLWDO�DQG�LWV�P HGLDQ�FUHVW��7KH�REVHUYHG�
FKDUDFWHUV� DUH� SODFHG� RQ� D� SK\ ORJHQHWLF� WUHH� EDVHG� RQ� P RUSKRORJLFDO� GDWD� �/ HLV�� � � � � ��
2 ·7RROH��� � � � � �DQG�P ROHFXODU�GDWD��' HWWDw�	 �/ HFRLQWUH��� � � � � ��: H�GLVFXVV�WKHLU�KRP RORJ\ �DQG�
WKHQ� WKH� SRVVLEOH� SRVLWLRQ� RI� 6HP OLNLLFKWK\ V� Z LWKLQ� WKHVH� JURXSV�� : H� DOVR� SURSRVH� D� IXUWKHU�
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SDWK� WR� SUHFLVHO\ � DVFHUWDLQLQJ� WKH� V\ VWHP DWLF� SRVLWLRQ� RI� 6HP OLNLLFKWK\ V�� Z KLFK� Z LOO� DLG� LQ�
XQGHUVWDQGLQJ� WKH� KLVWRU\ � DQG� WKH� HYROXWLRQ� RI� DFDQWKRP RUSK� ILVKHV� QRWDEO\ � WKDW� RI� WKH�
FDUDQJRLG� JURXS� Z KRVH� SRVLWLRQ� LV� VWLOO� LQ� GHEDWH� � ' HWWDL� 	 � � / HFRLQWUH�� � � � � � �� 0 RUHRYHU�� LI� D�
SRVLWLRQ�Z LWKLQ�WKH�&DUDQJRLGHL�LV�FRQILUP HG��WKLV�Z RXOG�KDYH�LP SOLFDWLRQV� IRU�WKH�0 LRFHQH�
SDODHRJHRJUDSK\ �RI�WKH�EDVLQV�RI� WKH� 1 LOR�6XGDQHVH�UHJLRQ�DQG�WKHLU�FRORQLVDWLRQ�E\ �P DULQH�
VSHFLHV��
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&DWHJRULHV�RI�GLVDUWLFXODWLRQ�RI�WHVWXGLQH�VNHOHWRQV�
6DUDK�) LHOGLQJ�

) RXQGDWLRQ�' LUHFW��8 QLYHUVLW\ �/ LEUDU\ ��8 QLYHUVLW\ �RI�3RUWVP RXWK��&DP EULGJH�5RDG��
3RUWVP RXWK��+ $1 76�32 � �� 67��8 . ��VDUDK�ILHOGLQJ# KRWP DLO�FR�XN��

�
7HVWXGLQHV� SUHVHQW� D� QRYHO� SUREOHP � LQ� WDSKRQRP LF� VWXGLHV�� 7KH� FRQWLJXRXV� VKHOO�

HIIHFWLYHO\ � REVFXUHV� VRP H� RI� WKH� GHFD\ �DQG�GLVDUWLFXODWLRQ�QRUP DOO\ �VHHQ�LQ�RWKHU�YHUWHEUDWH�
FDUFDVVHV��LQFOXGLQJ�WKH�P DMRU�LQWHUQDO�RUJDQV��SHFWRUDO�DQG�SHOYLF�JLUGOHV��DQG�VRP H�SUR[ LP DO�
OLP E� HOHP HQWV�� $ � WRWDO� RI� HLJKW� FDWHJRULHV� RI� GLVDUWLFXODWLRQ� FDQ� EH� GLVFHUQHG� LQ� H[ WDQW� DQG�
H[ WLQFW� WHVWXGLQH� VNHOHWRQV�� 7KLV� LV� D� JUHDWHU� QXP EHU� WKDQ� GLVWLQJXLVKHG� LQ� RWKHU� VWXGLHV� RI�
YHUWHEUDWH�GHFRP SRVLWLRQ� �0 DUWLOO�� � � � �� � � � � �� . HP S�DQG�8 QZ LQ�� � � � �� . HP S�� � � � � ��KRZ HYHU�
WKLV� UHIOHFWV� WKH� QDWXUH� RI� WKH� P RUH� UHVLVWDQW� VKHOO� DV� D� VLQJOH� XQLW�� 7KH� UHODWLYHO\ � HDUO\ �
VHSDUDWLRQ�RI�VNXOOV�DQG�OLP EV��Z KLFK�WHQG�WR�GLVDUWLFXODWH�IURP �WKH�H[ WUHP LWLHV��IURP �WKH�UHVW�
RI�WKH�VNHOHWRQ�LV�GXH�WR��WKH�Z HLJKW�RI�WKH�KHDG��FDXVLQJ�LW�WR�KDQJ�GRZ Q�IURP �WKH�ERG\ ��WKH�
SDVVLYH� H[ WHQVLRQ� RI� WKH� OHJV� RI� FDUFDVVHV� �: HLJHOW�� � � � � � �� WKH� GLIIHUHQWLDO� SURSHUWLHV� RI�
WHVWXGLQH�VNXOOV�LQ�Z DWHU�FXUUHQWV�FRP SDUHG�WR�WKH�UHVW�RI�WKH�VNHOHWRQ� �%ORE�� � � � � � ��DQG�WKH�
SUHIHUUHG� VLWHV� RI� VFDYHQJLQJ� DFWLYLW\ � RQ� WKH� FDUFDVV�� 7KH� SUHVHQFH� RI� ¶VDFNV·� RI� UHVLVWDQW�
LQWHJXP HQW� UHWDLQLQJ� GLVDUWLFXODWHG� ERQHV� LQ� FORVH� DVVRFLDWLRQ�FRXOG�FDXVH�P LVLQWHUSUHWDWLRQ�
RI�VRP H�IRVVLO�VSHFLP HQV��DV�FRXOG�WKH�UROH�RI�WKH�NHUDWLQRXV�VFXWHV�LQ�ELQGLQJ�GLVDUWLFXODWHG�
VKHOO�ERQHV��
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1 HZ �GLVFRYHULHV�RI�ODP EHRVDXULQH�KDGURVDXULGV�IURP �WKH�7UHP S�%DVLQ�
�0 DDVWULFKWLDQ��6RXWKHUQ�3\ UHQHHV���GHVFULSWLRQ�DQG�VWUDWLJUDSKLF�VHWWLQJ�

5RGULJR�* DHWH
K

��$ OEHUW�3ULHWR�0 i UTXH]
L

��9 LROHWD�5LHUDY± ��2 ULRO�2 P V± DQG�­ QJHO�
* DOREDUW½ �

M

0 XVHX�GH�OD�&RQFD�' HOOj ��&��GHO�0 XVHX��� ��( � � � � � � �,VRQD��/ OHLGD��6SDLQ��UJDHWH# SDUF�
FUHWDFL�FRP ��

N

' HSDUWP HQW�RI�%LRORJLFDO�6FLHQFH��&RQUDGL�%XLOGLQJ��) ORULGD�6WDWH�8 QLYHUVLW\ ��7DOODKDVVHH��
) / �� � � � � � � � � � ��8 6$��DP DUTXH] # ELR�IVX�HGX��

²

8 QLYHUVLWDW�$XWzQRP D�GH�%DUFHORQD��) DFXOWDW�GH�&LqQFLHV��* HRORJLD���( � � � � � � �%HOODWHUUD��
%DUFHORQD��6SDLQ��9LROHWD/ HLOD�5LHUD# XDE�FDW��-RVHS2 ULRO�2 P V# XDE�FDW��

¾

,QVWLWXW�&DWDOj �GH�3DOHRQWRORJLD��&��( VFROD�,QGXVWULDO��� � ��( � � � � � � �6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�* DOREDUW# LFS�FDW��

�
: H� GRFXP HQW� GLVFRYHUHG� KDGURVDXULG� UHP DLQV� WKDW� GHP RQVWUDWH� WKH� SUHVHQFH� RI� WKH�

/ DP EHRVDXULQDH� FODGH� LQ� WKH� 0 DDVWULFKWLDQ� RI� WKH� VRXWKHUQ� 3\ UHQHHV�� 7KHVH� UHP DLQV� FRP H�
IURP �WKUHH�VLWHV�ORFDWHG�LQ�GLIIHUHQW�VWUDWLJUDSKLF�KRUL] RQV�DFURVV�� � �P �RI�VXFFHVVLRQ�WKDW�DUH�
SDUW� RI� D� ODUJHU� � � � � P � VHTXHQFH� RI� 0 DDVWULFKWLDQ� VWUDWD�� / DWHUDOO\ �� WKHVH� VLWHV� DUH� VFDWWHUHG�
WKURXJKRXW� � � � � �P ��EXW�FDQ�EH�GLUHFWO\ �FRUUHODWHG�LQ�WKH�EDGODQGV�RI�WKH�DUHD��7KXV��DOO�WKH�
VLWHV�FRUUHVSRQG�WR�DSSUR[ LP DWHO\ �WKH�VDP H�WLP H�VSDQ��7KH�P DMRULW\ �RI�WKH�VNHOHWDO�P DWHULDO�LV�
IRXQG�VFDWWHUHG�LQ�IOXYLDO�VDQGVWRQHV��

7KH� 6HUUDW� GHO� &RUE� VLWH� KDV� SURYLGHG� D� QHDUO\ � FRP SOHWH� SHOYLV�� 7KH� LVFKLD� KDYH�
ODP EHRVDXULQH�V\ QDSRP RUSKLHV�VXFK�DV�D�´ERRWHGµ�GLVWDO�VKDIW�DQG�D�FDXGRGRUVDOO\ �UHFXUYHG�
LOLDF� SHGXQFOH�� 7KH� 0 ROt� GHO� %DUy�� � VLWH� KDV� \ LHOGHG� DQ� LVFKLXP � WKDW� DOVR� VKRZ V� D�
FDXGRGRUVDOO\ �UHFXUYHG�LOLDF�SHGXQFOH�� ,Q�WKH� ( XURGD� 1 RUG�VLWH��DQ�LQFRP SOHWH�ULJKW�P D[ LOOD�
Z DV� UHFRYHUHG� VKRZ LQJ� D� Z LGH� DQG� ORQJ� URVWURGRUVDO� SUHP D[ LOODU\ � VKHOI�� FKDUDFWHULVWLF� RI�
/ DP EHRVDXULQDH��

7KH�DQDWRP LFDO�LQIRUP DWLRQ�GHULYHG�IURP �WKHVH�QHZ �P DWHULDOV�Z LOO�DOORZ �FRP SDULVRQV�Z LWK�
WD[ D� IURP � $ VLD� DQG� 1 RUWK� $ P HULFD�� 7KHVH� FRP SDULVRQV� DUH� FUXFLDO� LI� RQH� LV� WR� JDLQ� D� P RUH�
FRP SOHWH� XQGHUVWDQGLQJ� RI� KDGURVDXULG� RULJLQV�� HYROXWLRQDU\ � UHODWLRQVKLSV�� DQG� KLVWRULFDO�
ELRJHRJUDSK\ ��

�

7KH�SDODHRELRJHRJUDSKLF�GLVWULEXWLRQ�RI�/ LDVVLF�SOHVLRVDXUV�
) UDQ] LVND�* UR‰P DQQ�

,QVWLWXW�IXHU�* HRZLVVHQVFKDIWHQ��6LJZDUWVWU��� � ��� � � � � �7XHELQJHQ��* HUP DQ\ �
�JURVVP DQQ�I# ZHE�GH��

�
$ OWKRXJK�WKHLU�UHP DLQV�GDWH�IURP �WKH�HDUO\ �+ HWWDQJLDQ�RU�5KDHWLDQ��6WRUUV�	 ��7D\ ORU��� � � � � ��

WKH� SOHVLRVDXUV� Z HUH� VRRQ� GLVSHUVHG� RYHU� WKH� HQWLUH� Z RUOG�� DV� $ XVWUDOLDQ� SOHVLRVDXUV� RI�
7RDUFLDQ� DJH� LQGLFDWH� �7KXOERUQ� 	 � : DUUHQ�� � � � � � �� + RZ HYHU�� WKH\ � DUH� P RVW� DEXQGDQW� LQ�
( XURSH��Z KLFK�Z DV�FRYHUHG�E\ �D�VKDOORZ �HSLFRQWLQHQWDO�VHD�GXULQJ�WKH�/ RZ HU�-XUDVVLF��OHDYLQJ�
RQO\ �VRP H�VP DOO�LVODQGV��7KUHH�P DLQ�] RQHV�FDQ�EH�GLVWLQJXLVKHG�LQ�WKLV�DUHD��DQ�( QJOLVK�] RQH��
D�1 RUP DQ�%HQHOX[ �DQG�D�* HUP DQ�] RQH��7KH�EHVW�DQG�P RVW�DEXQGDQW�GLVFRYHULHV�DUH�IURP �WKH�
( QJOLVK� ] RQH�� IROORZ HG� E\ � WKH� 7RDUFLDQ� SOHVLRVDXUV� IURP � * HUP DQ\ �� ,W� LV� UHP DUNDEOH� WKDW��
DOWKRXJK� WKH� GLVWDQFH� EHWZ HHQ� WKHVH� ] RQHV� LV� QRW� JUHDW�� DQG� WKHUH� DUH� QR� REYLRXV� EDUULHUV��
VSHFLHV� VSHFLILFDWLRQ�� DQG� WR� D� VOLJKWO\ � OHVVHU� H[ WHQW� DOVR� JHQHULF� VSHFLILFDWLRQ�� LV� KLJK�� 1 R�
VSHFLHV�LV�IRXQG�LQ�P RUH�WKDQ�RQH�] RQH��DQG�RQO\ �WKH�JHQXV�5KRP DOHRVDXUXV�LV�IRXQG�LQ�ERWK�
WKH�( QJOLVK�DQG�WKH�* HUP DQ�] RQHV��+ RZ HYHU��WKH�IDXQDO�FRP SRVLWLRQ�LV�YHU\ �VLP LODU�DW�IDP LO\ �
OHYHO��7KURXJKRXW�WKH� / LDVVLF��HODVP RVDXURLGV�DUH�IRXQG�LQ�DOO� ] RQHV��Z KHUHDV�SOHVLRVDXURLGV�
DUH�OHVV�DEXQGDQW�LQ�WKH�7RDUFLDQ�WKDQ�LQ�WKH�+ HWWDQJLDQ�DQG�6LQHP XULDQ��DQG�FU\ SWRFOLGLGV�
KDYH�QRW�\ HW�DSSHDUHG��$ QG�DOWKRXJK�WKH�SOLRVDXURLG�VSHFLHV�LQ�WKH�( QJOLVK�DQG�* HUP DQ�] RQH�
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DUH� QRW� WKH� VDP H�� WKH\ � EHORQJ� WR� VLP LODU� P RUSKRW\ SHV� DQG�RU� DUH� FORVHO\ � UHODWHG�� LQGLFDWLQJ�
WKDW�WKH\ �RFFXSLHG�VLP LODU�HFRORJLFDO�QLFKHV��
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5HDVVHVVP HQW�RI�WKH�( QJOLVK�&UHWDFHRXV�LFKWK\ RVDXU�3ODW\ SWHU\ JLXV�FDP S\ ORGRQ�
%HQMDP LQ�3��. HDU

K

�DQG�3DXO�%DUUHWW
L

�
M

6FKRRO�RI�( DUWK�DQG�( QYLURQP HQWDO�6FLHQFHV��8 QLYHUVLW\ �RI�$GHODLGH��$GHODLGH��6RXWK�
$XVWUDOLD�� � � � �DQG�6RXWK�$XVWUDOLDQ�0 XVHXP ��1 RUWK�7HUUDFH��$GHODLGH��6RXWK�$XVWUDOLD�
� � � � ��NHDU�EHQ# VDXJRY�VD�JRY�DX��

N

' HSDUWP HQW�RI�3DODHRQWRORJ\ ��1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ�6: � �� %' ��
8 . ��S�EDUUHWW# QKP �DF�XN��

�
1 HZ � DQG� H[ LVWLQJ� VSHFLP HQV� RI� WKH� ( QJOLVK� P LGGOH� &UHWDFHRXV� �$ OELDQ�&HQRP DQLDQ��

LFKWK\ RVDXU�3ODW\ SWHU\ JLXV�FDP S\ ORGRQ��&DUWHU��DUH�GHVFULEHG�LQ�GHWDLO��. H\ �IHDWXUHV�LQFOXGLQJ�
FRDUVHO\ � VWULDWHG� FRQLFDO� WRRWK� FURZ QV�� TXDGUDQJXODU� WRRWK� URRWV�� EDVLRFFLSLWDO� Z LWK� UHGXFHG�
H[ WUDFRQG\ ODU� DUHD�� KXP HUXV� Z LWK� D� Z HOO� GHYHORSHG� GRUVDO� WURFKDQWHU�� DQG� FORVHO\ � ILWWLQJ��
EORFN�OLNH�SKDODQJHV�DUH�W\ SLFDO�RI�WKH�JHQXV� �0 F* RZ DQ�� � � � � ��0 DLVFK�	 �0 DW] NH�� � � � � � ��7KH�
SUHVHQFH� RI� DQ� H[ SDQGHG� SUR[ LP DO� KXP HUXV� Z LWK� URXQGHG� GRUVDO� WURFKDQWHU� DQG� RQO\ � WZ R�
GLVWDO� IDFHWV� IRU�WKH�UDGLXV�DQG�XOQD� �H[ WUD] HXJRSRGLDO� IDFHW�DEVHQW��LV�FORVHO\ �FRP SDUDEOH�WR�
3ODW\ SWHU\ JLXV� UHP DLQV� IURP � FRQWLQHQWDO� ( XURSH� �* HUP DQ\ � DQG� 5XVVLD�� DQG� LQGLFDWHV� D�
SUREDEOH� FRQVSHFLILF� UHODWLRQVKLS�� ' HVSLWH� LWV� ODUJH� VL] H� �OHQJWK� DURXQG� � � P HWUHV��� 3��
FDP S\ ORGRQ�VKRZ V�DGDSWDWLRQV�IRU�GHDOLQJ�Z LWK�UHODWLYHO\ �VP DOO�IRRG�LWHP V��7KH�ORQJ��QDUURZ �
VQRXW�Z RXOG�KDYH�DVVLVWHG�LQ�SUH\ �FDSWXUH�E\ �UHGXFLQJ�GUDJ�DV�WKH�MDZ V�Z HUH�VZ XQJ�VLGHZ D\ V�
DQG� VQDSSHG� VKXW� XQGHUZ DWHU�� 7KH� UREXVW� GHQWLWLRQ� P LJKW� LP SO\ � VHOHFWLYH� IHHGLQJ� RQ� KDUG�
VKHOOHG�LQYHUWHEUDWHV� �H�J�� DP P RQLWHV��DQG�RU�DFWLYH�SUH\ �GLVP HP EHUP HQW��SHUKDSV�E\ �¶VKDNH�
IHHGLQJ·�� / DUJH�RUELWV�VXJJHVW�D�SULP DULO\ �YLVXDO�KXQWHU��+ RZ HYHU��SURP LQHQW�FKDQQHOV�RQ�WKH�
H[ WHUQDO� VXUIDFHV� RI� WKH� VQRXW� DQG� P DQGLEOH� FRXOG� KDYH� KRXVHG� EUDQFKHV� RI� WKH� WULJHP LQDO�
DQG� IDFLDOLV� QHUYHV� VHUYLFLQJ� D� GHUP DO� VHQVRU\ � V\ VWHP � �H�J�� HOHFWURUHFHSWRUV��� 7KH� P DVVLYH�
VWDSHV�DSSHDUV�WR�KDYH�ORVW�DOO�VRXQG�FRQGXFWLYH�IXQFWLRQ��DQG�DOWHUQDWLYHO\ �IRUP V�D�VWUXFWXUDO�
EUDFH�EHWZ HHQ�WKH�EDVLFUDQLXP �DQG�TXDGUDWH�MDZ �DUWLFXODWLRQ��
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7KH�( FRORJ\ ��* URZ WK�DQG�2 VWHRORJ\ �RI�/ HHGVLFKWK\ V�
-HII�/ LVWRQ��DQG��%RE�1 LFKROOV�

+ XQWHULDQ�0 XVHXP ��8 QLYHUVLW\ �RI�* ODVJRZ ��6FRWODQG��8 . ��M�OLVWRQ# P XVHXP �JOD�DF�XN��
�
7KH� UHVXOWV� RI� D� VHYHQ� \ HDU� SURMHFW� RQ� WKH� -XUDVVLF� VXVSHQVLRQ�IHHGHU� / HHGVLFKWK\ V� DUH�

SUHVHQWHG�� Z LWK� FRQVWUDLQHG� HVWLP DWHV� RI� LWV� SDODHRHFRORJ\ �� ) ROORZ LQJ� D� UHYLHZ � RI� DYDLODEOH�
P DWHULDO� �/ LVWRQ�� � � � � � �� DUFKLYDO� GRFXP HQWDWLRQ� �/ LVWRQ� 	 � 1 RH�� � � � � � �� DQG� D� VXEVHTXHQW�
UHYLVLRQ� RI� RVWHRORJLFDO� LGHQWLILFDWLRQV� �/ LVWRQ�� � � � � �� � � � � � �� WKH� HVWLP DWHG� OHQJWKV� RI�
VSHFLP HQV� RI� / HHGVLFKWK\ V� KDYH� EHHQ� UHYLVLWHG�� &RQVWUDLQHG� HVWLP DWHV� RI� OHQJWKV� KDYH�
SHUP LWWHG� WKH� FRQVWUXFWLRQ� RI� D� P RGHUQ� P RGHO� RI� WKLV� DQLP DO�� LQFRUSRUDWLQJ� LWV� VZ LP P LQJ�
DELOLWLHV�DQG�RSWLP XP �IHHGLQJ�VSHHGV��,Q�SDUDOOHO�Z LWK�WKLV��JURZ WK�ULQJ�DQDO\ VLV��/ LVWRQ��6WHHO��
	 � � �&KDOODQGV�� � � � � � �DOORZ HG�WKH�JHQHUDWLRQ�RI� 
OHQJWK�DW�DJH
�HVWLP DWHV��HQDEOLQJ�FRP SDULVRQ�
Z LWK�JURZ WK�RI�FRQWHP SRUDU\ �ODUJH�VXVSHQVLRQ�IHHGHUV�VXFK�DV�WKH�EDVNLQJ�VKDUN��&HWRUKLQXV��
DQG�WKH�Z KDOH�VKDUN��5KLQFRGRQ���$ V�WKH�ILUVW�
ODUJH
�� ! �� �P HWUHV�6WDQGDUG�/ HQJWK��VXVSHQVLRQ�
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IHHGHU��WKH�JURZ WK�UDWHV�RI�WKLV�-XUDVVLF�ERQ\ �ILVK�DUH�Z LWKLQ�WKH�UDQJH�LQGLFDWHG�E\ �VSHFLP HQV�
RI�Z KDOH�DQG�EDVNLQJ�VKDUNV��
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$ �3DODHRFHQH�GHHS�Z DWHU�VKDUN�IDXQD�IURP �WKH�6RXWKZ HVW�3DFLILF�
$ O�0 DQQHULQJ�DQG�1 RUWRQ�+ LOOHU�

&DQWHUEXU\ �0 XVHXP ��5ROOHVWRQ�$YHQXH��&KULVWFKXUFK��1 HZ�=HDODQG�
�DOP DQ# VOLQJVKRW�FR�Q] ��QKLOOHU# FDQWHUEXU\ P XVHXP �FRP ��

�
$ SDUW� IURP � WKH� HQLJP DWLF� FQLGDULDQ�� : DLSDUDFRQXV� %XFNHULGJH�� � � � � � DQG� WKH� UHP DLQV� RI�

WKH� HDUO\ � SHQJXLQ�� : DLP DQX� -RQHV�� $ QGR� DQG� ) RUG\ FH�� � � � � �� WKH� 3DODHRFHQH� VHGLP HQWV� RI�
1 RUWK�&DQWHUEXU\ ��1 HZ �=HDODQG�DUH�QRW�QRWHG�IRU�WKHLU�IRVVLOV��+ RZ HYHU��FDUHIXO�VHDUFKLQJ�RI�
H[ SRVXUHV�DORQJ�WKH�EDQNV�RI�WKH�: DLSDUD�5LYHU�KDV�SURGXFHG�VHYHUDO�KXQGUHG�LVRODWHG�VKDUN�
WHHWK��GDWHG�RQ�WKH�EDVLV�RI�QDQQRIRVVLOV�DV�' DQLDQ�WR�6HODQGLDQ�IRU�WKH�P RVW�SDUW��

7KH�IDXQD�LQFOXGHV�DW�OHDVW�� � �HODVP REUDQFK�JHQHUD��RI�Z KLFK�VHYHUDO�DUH�QHZ �UHFRUGV�IRU�
WKH� 1 HZ � =HDODQG� IRVVLO� ELRWD�� 5HSUHVHQWDWLYHV� RI� WKH� OLYLQJ� IULOO� VKDUNV�� FRZ � VKDUNV�� JXOSHU�
VKDUNV�� GRJILVK�� NLWHILQ� VKDUNV�� VDQG� WLJHUV� DQG� JREOLQ� VKDUNV� DUH� SUHVHQW�� LQFOXGLQJ� WKH� ILUVW�
IRVVLO� UHSUHVHQWDWLYH� RI� &HQWURVHODFKXV�� ,Q� DGGLWLRQ�� D� QXP EHU� RI� H[ WLQFW� JHQHUD�� VXFK� DV�
1 RWLGDQRGRQ�� 6SKHQRGXV� DQG� 3DUDRUWKRFRGXV�� DUH� UHP QDQWV� RI� WKH� &UHWDFHRXV� IDXQD�� 7KLV�
IDXQD� DOORZ V� LQVLJKW� LQWR� WKH� VKDUN� VSHFLHV� SUHVHQW� LQ� WKH� VRXWKZ HVW� 3DFLILF� GXULQJ� WKH�
3DOHRFHQH�DQG�DGGV�WR�WKH�NQRZ OHGJH�RI�VKDUN�IDXQDV�RI�WKLV�DJH�Z RUOG�Z LGH��

&RP SDULVRQ� Z LWK� H[ WDQW� VSHFLHV� EHORQJLQJ� WR� VHYHUDO� RI� WKH� JHQHUD� SUHVHQW� VXJJHVWV� WKDW�
WKH� IDXQD� LV� D� GHHS� Z DWHU� RQH�� W\ SLFDO� RI� WKH� RXWHU� FRQWLQHQWDO� VKHOI� WR� XSSHU� FRQWLQHQWDO�
VORSH�� 7KLV� FRQFOXVLRQ� LV� DSSDUHQWO\ � DW� RGGV� Z LWK� WKH� LQWHUSUHWDWLRQ� RI� WKH� : DLSDUD�
* UHHQVDQG��IURP �Z KLFK�WKH�P DMRULW\ �RI�VSHFLP HQV�Z DV�GHULYHG��DV�KDYLQJ�EHHQ�GHSRVLWHG�LQ�D�
VKDOORZ �P DULQH�VHWWLQJ�XQGHU�FRQGLWLRQV�RI�YHU\ �VORZ �VHGLP HQWDWLRQ��%URZ QH�	 � � ) LHOG�� � � � � � �
DQG�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��
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( QYLURQP HQWDO�DQG�JHRORJLFDO�FRQWUROV�RQ�WKH�GLYHUVLW\ �DQG�GLVWULEXWLRQ�RI�WKH�
6DXURSRGRP RUSKD�

3KLOLS�' ��0 DQQLRQ�

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �&ROOHJH�/ RQGRQ��* RZHU�6WUHHW��/ RQGRQ��: &� ( �� %7�
�S�P DQQLRQ# XFO�DF�XN��

�
$ OWKRXJK�UHVHDUFK�RQ�WKH�6DXURSRGRP RUSKD�LV�D�WKULYLQJ�ILHOG��IHZ �VWXGLHV�KDYH�H[ DP LQHG�

WKH� HFRORJLFDO�� JHRJUDSKLF� DQG� JHRORJLFDO� IDFWRUV� WKDW� FRQWUROOHG� WKHLU� ELRGLYHUVLW\ � DQG�
ELRJHRJUDSK\ � �%DUUHWW� 	 � 8 SFKXUFK�� � � � � � �� 7KLV� Z RUN� Z LOO� H[ DP LQH� WKH� SRVVLEOH� FRUUHODWLRQ�
EHWZ HHQ� VXFK� IDFWRUV� DV� WKH� HFRORJLFDO� VHWWLQJ�� VSDWLDO� DQG� WHP SRUDO� GLVWULEXWLRQ�� DQG�
WDSKRQRP \ � RI� WKH� 6DXURSRGRP RUSKD�� DQG� K\ SRWKHVHV� FRQFHUQLQJ� P DFUR�HYROXWLRQDU\ �
SDWWHUQV�� 2 QH� LP SRUWDQW� K\ SRWKHVLV� WKDW� Z LOO� EH� WHVWHG� LV� KRZ � WKHLU� VWDWH� RI� SUHVHUYDWLRQ� LV�
DIIHFWHG� E\ � WKH� HQYLURQP HQW� LQ� Z KLFK� WKH\ � OLYHG�� WKLV� VKRXOG� KHOS� WHDVH� DSDUW� JHQXLQH�
SDWWHUQV�IURP �WDSKRQRP LF�ELDVHV��$ �ODUJH�GDWDVHW��DW�WKH�VSHFLP HQ�OHYHO��Z LOO�EH�FROOHFWHG�IURP �
P XVHXP � YLVLWV�� ILHOG� VLWHV�� H[ LVWLQJ� GDWDVHWV� DQG� WKH� SXEOLVKHG� OLWHUDWXUH� �8 SFKXUFK� HW� DO�� ��
� � � � � ��7KLV�Z LOO�WKHQ�EH�LQWHJUDWHG�LQWR�D�* HRJUDSKLF�,QIRUP DWLRQ�6\ VWHP ��DOORZ LQJ�D�YDULHW\ �
RI� VWDWLVWLFDO� DQDO\ VHV� WR� EH� XQGHUWDNHQ� LQ� RUGHU� WR� WHVW� SRVVLEOH� FRUUHODWLRQV� EHWZ HHQ�
SDUDP HWHUV�� 7KLV� Z LOO� SURYLGH� LQVLJKWV� LQWR� WKH� HYROXWLRQ� DQG� SDODHRHFRORJ\ � RI� WKH�
6DXURSRGRP RUSKD� DV� Z HOO� DV� HQDEOH� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� WDSKRQRP LF� HIIHFWV� WKDW�
VXFK� ODUJH� WHUUHVWULDO� YHUWHEUDWHV� XQGHUJR�� ,Q� DGGLWLRQ�� LW� P D\ � DOVR� EH� UHOHYDQW� WR� RXU�
XQGHUVWDQGLQJ�RI�JOREDO�FKDQJH�ERWK�GXULQJ�WKH�0 HVR] RLF�( UD�DQG�WRGD\ ��
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$ �QHZ �KDGURVDXULDQ�ERQHEHG�LQ�WKH�0 DDVWULFKWLDQ�RI�WKH�VRXWKHUQ�3\ UHQHHV��D�
VWUDWLJUDSKLF�DQG�WDSKRQRP LF�DSSURDFK�
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��5RGULJR�* DHWH
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��­ QJHO�* DOREDUW
L

��9 LROHWD�5LHUD± ��2 ULRO�2 P V± �
M

0 XVHX�GH�OD�&RQFD�' HOOj ��&��GHO�0 XVHX��� ��( � � � � � � �,VRQD��/ OHLGD��6SDLQ�
�EZDONHUL# KRWP DLO�FRP ��UJDHWH# SDUF�FUHWDFL�FRP ��

²

,QVWLWXW�&DWDOj �GH�3DOHRQWRORJLD��&��( VFROD�,QGXVWULDO��� � ��( � � � � � � �6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�* DOREDUW# LFS�FDW��

¾

8 QLYHUVLWDW�$XWzQRP D�GH�%DUFHORQD��) DFXOWDW�GH�&LqQFLHV��* HRORJLD���( � � � � � � �%HOODWHUUD��
%DUFHORQD��6SDLQ��9LROHWD/ HLOD�5LHUD# XDE�FDW��-RVHS2 ULRO�2 P V# XDE�FDW��

�
7KH� %DVWXUV� 3REOH� ERQHEHG� �0 DDVWULFKWLDQ�� VRXWK� 3\ UHQHHV�� KDV� \ LHOGHG� � � � � DUFKRVDXU�

�GLQRVDXU� DQG� FURFRGLOH�� ERQH� UHP DLQV� GXULQJ� VHYHUDO� ILHOG� FDP SDLJQV� EHWZ HHQ� � � � � � DQG�
� � � � ��EHFRP LQJ�RQH�RI�WKH�P RVW�LP SRUWDQW�8 SSHU�&UHWDFHRXV�VLWHV�LQ�WKH�,EHULDQ�3HQLQVXOD�LQ�
WHUP V� RI� WKH� QXP EHU� DQG� SUHVHUYDWLRQ� RI� WKH� UHP DLQV� IRXQG�� 1 HDUO\ � � � � � RI� GHWHUP LQDEOH�
FUDQLDO�DQG�SRVWFUDQLDO�UHP DLQV�FRUUHVSRQG�WR�KDGURVDXUV��+ DGURVDXULGDH�LQGHW����

$ P RQJ� WKH� VWXGLHG� KDGURVDXU� VNHOHWDO� HOHP HQWV� WKHUH� DUH� QR� GLDJQRVWLF� FKDUDFWHUV� LQ� WKH�
FUDQLDO�DQG�SRVWFUDQLDO�ERQHV�WKDW�SHUP LW�GLIIHUHQW�KDGURVDXU�VSHFLHV�WR�EH�GLVWLQJXLVKHG��2 Q�
WKH� EDVLV� RI� WKLV� IDFW�� Z H� FDQ� Z RUN� Z LWK� WKH� K\ SRWKHVLV� WKDW� WKH� ERQHEHG� LV� FRP SRVHG� RI� D�
VLQJOH�KDGURVDXU�VSHFLHV��,W�LV�WR�EH�QRWHG�WKDW�DOO�RQWRJHQHWLF�VWDJHV��H�J��P D[ LP XP �OHQJWK�RI�
WLELDH�UDQJLQJ�EHWZ HHQ�� � �� �FP �DQG�� � �� FP ���DUH�UHIOHFWHG�LQ�WKH�P DWHULDO�UHFRYHUHG��

7KLV� VLWH� UHSUHVHQWV� D� SDXFLVSHFLILF� SDODHRFRP P XQLW\ �� 7KH� ERQHV� FDQ� EH� IRXQG� LQ� WZ R�
VWUDWLJUDSKLF� KRUL] RQV�� WKH� ORZ HU� RQH� FRUUHVSRQGV� WR� ILQH� VDQGVWRQH� WKDW� VKRZ V� DEXQGDQW�
HGDSKLF� FDUERQDWH� QRGXOHV� DQG� P RWWOLQJ�� Z KLOH� WKH� XSSHU� LV� FRP SRVHG� E\ � D� YHU\ � ILQH�
VDQGVWRQH�Z LWK�QR�VHGLP HQWDU\ �VWUXFWXUHV��$ FFRUGLQJ�WR�WKH�WDSKRQRP LF�DQG�VHGLP HQWRORJLFDO�
GDWD� WKH� IRUP HU� LV� WKH� SURGXFW� RI� DQ� LQ� VLWX� ERQH� DFFXP XODWLRQ� LQ� D� SDODHRVRO� Z LWK� QR�
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VLJQLILFDQW�WUDQVSRUW�SURFHVVHV��Z KLOH�WKH�DFFXP XODWLRQ�LQ� WKH� ODWWHU�FRP HV�DV�WKH�UHVXOW�RI�D�
OLP LWHG�P DVV�WUDQVSRUW��%RQH�DEUDVLRQ�DQG�Z HDWKHULQJ�LV�VLP LODU�IRU�ERWK�OD\ HUV��7KLV��WRJHWKHU�
Z LWK�WKH�GLVFRYHU\ �RI�HYLGHQFH�RI�WUDP SOLQJ�LQ�WKH�SDODHRVRO��VXJJHVWV�WKDW�WKH�UHP DLQV�Z HUH�
H[ SRVHG�LQ�D�VXEDHULDO�HQYLURQP HQW�DIWHU�WKH�GHDWK�RI�WKH�DQLP DOV�DQG�WKH�XSSHU�OHYHO�LV�WKH�
UHVXOW�RI�DQ�HDUO\ �HURVLRQ�RI�WKH�SDODHRVRO��

�

( YROXWLRQDU\ �ELRP HFKDQLFV�RI�WKH�SUHVDFUDO�YHUWHEUDH�RI�VDXURSRG�GLQRVDXUV��D�
QHZ �DSSURDFK�

. DWULQ�0 RVHU
K

��2 OLYHU�5DXKXW
K

�DQG�8 OULFK�: LW] HO
L

�
M

%D\ HULVFKH�6WDDWVVDP P OXQJ�I• U�3DOl RQWRORJLH�XQG�* HRORJLH�5LFKDUG�: DJQHU�6WU��� � ��� � � � � �
0 XQLFK��* HUP DQ\ �

N

,QVWLWXW�I• U�. RQVWUXNWLRQVWHFKQLN��5XKU�8 QLYHUVLWl W�%RFKXP ��8 QLYHUVLWl WVVWUD‰H�� � � ��� � � � � �
%RFKXP ��* HUP DQ\ �

�
7KH� FRP SOH[ � VWUXFWXUH� RI� VDXURSRGRP RUSK� SUHVDFUDO� YHUWHEUDH�� Z LWK� WKHLU� VRSKLVWLFDWHG�

V\ VWHP � RI� ERQ\ � ODP LQDH�� KDV� ORQJ� EHHQ� LQWHUSUHWHG� DV� EHLQJ� GHWHUP LQHG� E\ � P HFKDQLFDO�
FRQVWUDLQWV�� : LOVRQ� �� � � � � � QRWHG� WKDW� WKLV� LV� ´���� D� SODXVLEOH�� EXW� FXUUHQWO\ � XQVXEVWDQWLDWHG�
DUJXP HQWµ�� + RZ HYHU�� WKLV� K\ SRWKHVLV� KDV� QHYHU� EHHQ� WHVWHG� HP SLULFDOO\ �� ,Q� D� QHZ � DSSURDFK��
) LQLWH�( OHP HQW�6WUXFWXUH�6\ QWKHVLV��) ( 66��Z LOO�EH�DSSOLHG�WR�SUHVDFUDO�YHUWHEUDH�WR�UHYHDO�WKH�
IRUP � ² IXQFWLRQ� UHODWLRQVKLSV�� DQG� WKH� UHVXOWV� Z LOO� EH� VHW� LQ� D� SK\ ORJHQHWLF� IUDP HZ RUN� WR�
DQDO\ VH� WKH� P RUSKRIXQFWLRQDO� HYROXWLRQ� RI� WKHVH� VWUXFWXUHV�� ) ( 66� LV� DQ� LQGXFWLYH� DQDO\ WLFDO�
P HWKRG� XVLQJ� ILQLWH� HOHP HQWV� DQG� LV� LGHDO� WR� WHVW� WKH� HP HUJHQFH� RI� GHWDLOHG� VWUXFWXUHV� IURP �
VWUHVVHV�DSSOLHG�WR�JHQHUDOL] HG�P RGHOV�RI�WKH�HOHP HQWV�LQ�TXHVWLRQV��7KLV�P HWKRG�LV�WKXV�LGHDO�
WR� WHVW� WKH� K\ SRWKHVLV� DW� KDQG�� ,Q� RUGHU� WR� HP SOR\ � VWUHVVHV� RQ� JHQHUDOLVHG� P RGHOV� RI� WKH�
HOHP HQWV�LQ�TXHVWLRQ��LW�LV�QHFHVVDU\ �WR�D��UHFRQVWUXFW�WKH�SRVVLEOH�SRVWXUH�DQG�P RELOLW\ �RI�WKH�
SUHVDFUDO�YHUWHEUDO�FROXP Q��DQG�E��WR�UHFRQVWUXFW�WKH�D[ LDO�P XVFXODWXUH�DQG�LWV�OLQH�RI�DFWLRQ�
DV�DFFXUDWHO\ �DV�SRVVLEOH��XVLQJ�WKH�( [ WDQW�3K\ ORJHQHWLF�%UDFNHW�DSSURDFK��,Q�D�ILUVW�VWHS��WKLV�
DQDO\ VLV� Z LOO� EH� FDUULHG� RXW� IRU� D� EDVDO� VDXURSRGRP RUSK� �3ODWHRVDXUXV�� DQG� D� QHRVDXURSRG�
�' LSORGRFXV�� WR� HVWDEOLVK� WKH� P HFKDQLFDO� SULQFLSOHV�RI�YHUWHEUDWH�GHVLJQ�LQ�WKHVH�WD[ D�� 7KHQ��
WKH� VLJQLILFDQFH� RI� WKH� UHVXOWV� Z LOO� EH� DQDO\ VHG� IRU� D� Z LGH� YDULHW\ � RI� VDXURSRGRP RUSK�
GLQRVDXUV��WR�HVWDEOLVK�WKH�LP SRUWDQFH�DQG�SDWWHUQ�RI� IXQFWLRQDO�DVSHFWV� IRU�WKH�HYROXWLRQ�RI�
VDXURSRGRP RUSK�SUHVDFUDO�YHUWHEUDH��
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$ IILQLWLHV�DQG�P RUSKRORJ\ �RI�D�SRRUO\ �NQRZ Q�FKRQGULFKWK\ DQ�IURP �WKH�8 SSHU�
&UHWDFHRXV�

( P P D�/ RXLVH�1 LFKROOV�

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �&ROOHJH�/ RQGRQ��* RZHU�6WUHHW��/ RQGRQ��: &� ( �� %7��
8 . �� �H�QLFKROOV# XFO�DF�XN��

�
: LWKLQ� WKH� &UHWDFHRXV� D� XQLTXH� FKRQGULFKWK\ DQ� DSSHDUHG� DQG� GLVDSSHDUHG� OHDYLQJ� OLWWOH�

P RUH�WKDQ�LVRODWHG�WHHWK�DV�D�IRVVLO�UHFRUG��$ OWKRXJK�D�IHZ �DVVRFLDWHG�WHHWK�DQG�YHUWHEUDH�KDYH�
EHHQ�UHFRYHUHG��WKH\ �DUH�IHZ �DQG�LQFRP SOHWH��

&RQVHTXHQWO\ � WKH� P RUSKRORJ\ � DQG� V\ VWHP DWLF� DIILQLWLHV� RI� WKH� 3W\ FKRGRQWLGDH� DUH�
XQNQRZ Q�� &DOFLILHG� FDUWLODJH� IRXQG� LQ� DVVRFLDWLRQ� Z LWK� WHHWK� SURYH� WKH� DQLP DO� WR� EH�
FKRQGULFKWK\ DQ� LQ� 2 UGHU�� EXW� Z KHWKHU� WKH\ � DUH� VKDUN� RU� UD\ �� RU� Z LWKLQ� WKHLU� RZ Q� XQLTXH�
JURXS��LV�VWLOO�WR�EH�GHWHUP LQHG��7KH�WHHWK�WKHP VHOYHV�DUH�UREXVW�DQG�KLJKO\ �RUQDP HQWHG��DQG�
IURP � WKH� IHZ � DUWLFXODWHG� VSHFLP HQV� UHFRYHUHG�� LW� KDV� EHHQ� HVWDEOLVKHG� WKDW� 3W\ FKRGXV�
SRVVHVVHG�D�FUXVKLQJ�GHQWLWLRQ�FRP SULVLQJ�KXQGUHGV�RI�WHHWK�LQ�HDFK�MDZ ��

,Q�D�XQLTXH�VWXG\ �LQYROYLQJ�P HDVXUHP HQWV�RI�WKH�GHQWDO�RUQDP HQWDWLRQV�DQG�P RUSKRORJ\ �
RI� WKH� RFFOXVDO� VXUIDFH�� D�SRVVLEOH�SK\ ORJHQ\ � KDV�EHHQ�FRQVWUXFWHG�LQ�DQ�DWWHP SW�WR�LGHQWLI\ �
WKH� SK\ ORJHQHWLF� UHODWLRQVKLSV� Z LWKLQ� WKH� ) DP LO\ � 3W\ FKRGRQWLGDH�� SOXV� WKHLU� V\ VWHP DWLF�
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DIILQLWLHV� Z LWKLQ� WKH� 2 UGHU� &KRQGULFKWK\ D�� ,W� LV� DQ� H[ SHULP HQWDO� VWXG\ � WR� DVFHUWDLQ� Z KHWKHU�
VXFK�D�P HWKRG�FDQ�EH�XVHG�LQ�WKLV�Z D\ ��
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7KH�FRQWLQHQWDO�YHUWHEUDWH�VXFFHVVLRQ�RI�WKH�9DOOFHEUH�6\ QFOLQH��0 DDVWULFKWLDQ��
VRXWKHUQ�3\ UHQHHV��

2 ULRO�2 P V
K

��%HUQDW�9 LOD
L

™

± ��( QULF�9 LFHQV
K

��5LWD�( VWUDGD
K

��9 LROHWD�5LHUD
K

��­ QJHO�
* DOREDUW

L

��-RVHS�0 DUP L± ��-DXP H�' LQDUqV�7XUHOO½ �
M

�8 QLYHUVLWDW�$XWzQRP D�GH�%DUFHORQD��) DFXOWDW�GH�&LqQFLHV��* HRORJLD���( � � � � � � �%HOODWHUUD��
%DUFHORQD��6SDLQ��-RVHS2 ULRO�2 P V# XDE�FDW��( QULF�9LFHQV# XDE�FDW��5LWD�( VWUDGD# XDE�FDW��
9LROHWD/ HLOD�5LHUD# XDE�FDW��

N

,QVWLWXW�&DWDOj �GH�3DOHRQWRORJLD��&��( VFROD�,QGXVWULDO��� � ��( � � � � � � �6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�* DOREDUW# LFS�FDW��%HUQDW�9LOD# LFS�FDW��

²

&RQVRUFL�5XWD�0 LQHUD��&DUUHWHUD�GH�5LEHV��� � ��� � � � � ��&HUFV��%DUFHORQD��6SDLQ�
�MP DUP L# KRWP DLO�FRP ��

¾

,VWLWXWR�1 D] LRQDOH�GL�* HRILVLFD�H�9XOFDQRORJLD��/ DERUDWRULR�GL�3DOHRP DJQHWLVP R��9LD�GL�
9LJQD�0 XUDWD��� � � ��,� � � � � � �5RP D��,WDO\ ��GLQDUHV# LQJY�LW��

�
,Q�WKH�9 DOOFHEUH�V\ QFOLQH�WKHUH�LV�D�VXFFHVVLRQ�RI�VWUDWD��EHORQJLQJ�WR�WKH�7UHP S�) RUP DWLRQ��

XS� WR� � � � � P HWUHV� WKLFN�� Z KLFK� GLVSOD\ V� D� FOHDU� HYROXWLRQ� IURP � WUDQVLWLRQDO� �Z LWK� FRDO�
IRUP DWLRQ�� WR� HQWLUHO\ � FRQWLQHQWDO� HQYLURQP HQWV� �UHG� EHGV��� 7KLV� VHFWLRQ� FRP SULVHV� WKH�
&UHWDFHRXV�7HUWLDU\ � �. �7 �� ERXQGDU\ � DQG� FRQWDLQV� DQ� H[ FHSWLRQDO� UHFRUG� RI� GLQRVDXUV� DQG�
RWKHU� YHUWHEUDWHV�� LQYHUWHEUDWHV�� DQG� SODQW� IRVVLOV� IRXQG� LQ� � � � � P HWUHV� RI� 0 DDVWULFKWLDQ�
VXFFHVVLRQ�� 7KH� DJH� RI� WKH� 9 DOOFHEUH� DUHD� LV� Z HOO� FRQVWUDLQHG� DIWHU� WKH� RFFXUUHQFH� RI� D� FOHDU�
P DJQHWRVWUDWLJUDSKLF� VXFFHVVLRQ� WKDW� FDQ� EH� FRP SDUHG� WR� WKH� VWDQGDUG� SRODULW\ � VFDOH� DIWHU�
ELRFKURQRORJLFDO� FRQVWUDLQWV�� 7KH� YHUWHEUDWH� UHFRUG� FRQVLVWV� RI� GLQRVDXUV�� FURFRGLOHV��
FKHORQLDQV� DQG� EDWRLGV�� ' LQRVDXU� WD[ D� LQFOXGH� WLWDQRVDXU� VDXURSRGV�� "GURP DHRVDXULG�
WKHURSRGV� DQG� KDGURVDXU� RUQLWKRSRGV�� 7KH� LFKQRORJLFDO� UHFRUG� FRP SULVHV� VHYHUDO� VLWHV� Z LWK�
WLWDQRVDXU� DQG� KDGURVDXU� WUDFNV� LQ� WKH� EDVDOP RVW� OHYHOV� DQG� FORVH� WR� WKH� . �7 � ERXQGDU\ ��
UHVSHFWLYHO\ �� $ Q� DEXQGDQW� HJJ� DQG� HJJVKHOO� UHFRUG� KDV� EHHQ� GRFXP HQWHG� WKURXJKRXW� WKH�
ORZ HU�XQLWV�RI�WKH�VXFFHVVLRQ��) RXU�P HJDORROLWKLG�RRVSHFLHV�KDYH�EHHQ�LGHQWLILHG�LQFOXGLQJ�0 ��
VLUXJXHL� DQG� 0 �� P DP P LOODUH�� 7KH� Z KROH� UHFRUG� P DNHV� WKH� 9 DOOFHEUH� DUHD� D� UHP DUNDEOH�
VXFFHVVLRQ� WR� FRQWULEXWH� WR� RXU� XQGHUVWDQGLQJ� RI� WKH� ODVW� ( XURSHDQ� GLQRVDXUV�� 2 XU� UHVXOWV�
LQGLFDWH� WKH� GRP LQDQFH� RI� VDXURSRGV� DQG� KDGURVDXUV� LQ� WKH� HDUO\ � DQG� ODWHVW� 0 DDVWULFKWLDQ�
HQYLURQP HQWV� RI� 9 DOOFHEUH� V\ QFOLQH�� UHVSHFWLYHO\ �� 7KHVH� DUH� IRXQG� ERWK� LQ� WUDQVLWLRQDO�
�EUDFNLVK�� � � WRJHWKHU� Z LWK� FURFRGLOHV�� FKHORQLDQV� DQG� EDWRLGV� �� DQG� FRQWLQHQWDO� �IOXYLDO��
VHWWLQJV�� WKH� KDGURVDXUV� DQG� WKHURSRGV� EHLQJ� P RVW� DEXQGDQW� �RU� VROHO\ � SUHVHQW�� LQ� IOXYLDO�
HQYLURQP HQWV��2 Q�WKH�RWKHU�KDQG��WKH�HJJVKHOO�UHFRUG�VKRZ V�WKH�W\ SLFDO�VRXWKZ HVW�( XURSHDQ�
VXFFHVVLRQ�RI�GLQRVDXU�RRVSHFLHV��

�
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: KHUH�DUH�WKH�( DUO\ �&UHWDFHRXV�SOHVLRVDXUV"��7KH�ILUVW�VDFUDO�YHUWHEUD�RI�
3OHVLRVDXULD��5HSWLOLD��6DXURSWHU\ JLD��IRXQG�LQ�WKH�$UFLOODV�GH�0 RUHOOD�) RUP DWLRQ�
�$SWLDQ��( DUO\ �&UHWDFHRXV��RI�( DVWHUQ�6SDLQ�

$ QGUpV�6DQWRV�&XEHGR
K6™

L

��$ QJHO�* DOREDUW
L

�DQG�&DUORV�6DQWLVWHEDQ± �
M

* UXS�* XL[ ��6DQWD�/ XFtD�� � ��� � � � � �9LOD�UHDO��&DVWHOOy��6SDLQ��DQGUHV�VDQWRV# LFS�FDW��
N

,QVWLWXW�&DWDOj �GH�3DOHRQWRORJLD��( VFROD�,QGXVWULDO�� � ��� � � � � �6DEDGHOO��%DUFHORQD��6SDLQ�
�
3OHVLRVDXU� UHP DLQV� DUH� NQRZ Q� IURP � DOO� RYHU� WKH� Z RUOG�� EXW� LQ� WKH� ( DUO\ � &UHWDFHRXV� RI�

: HVWHUQ� ( XURSH�� RQO\ � D� IHZ � ORFDOLWLHV� KDYH� EHHQ� GHVFULEHG� �<DJ• H�HW� DO��� � � � � ��%DUGHW�HW�DO���
� � � � � �� $ OWKRXJK� SOHVLRVDXUV� DUH� DEXQGDQW� GXULQJ� WKH� 8 SSHU� -XUDVVLF� DQG� 8 SSHU� &UHWDFHRXV�
IRVVLO�UHFRUG��WKH�ERQHV�RI�WKHVH�DQLP DOV�DUH�SRRUO\ �UHSUHVHQWHG�LQ�WKH�( DUO\ �&UHWDFHRXV��6XFK�
VSDUVH� UHFRUG� KDV� EHHQ� DWWULEXWHG� WR� H[ WLQFWLRQ� HYHQWV� �+ DJJDUW� HW� DO��� � � � � � � DQG� WR� WKH�
LQDGHTXDF\ � RI� WKH� IRVVLO� UHFRUG� �%DUGHW�� � � � � �� � � � � �� + DJJDUW� HW� DO��� � � � � � �� : H� DJUHH� Z LWK�
%DUGHW� RS�� FLW��� WKDW� WKH� SRRU� SOHVLRVDXU� IRVVLO� UHFRUG� RI� WKH� ( DUO\ � &UHWDFHRXV� RI� : HVWHUQ�
( XURSH�LV�ELDVHG�E\ �WKH�VFDUFLW\ �RI�VWXGLHV�RI�SOHVLRVDXU�P DWHULDO�DQG�RXWFURSV�RI�WKLV�DJH��7KH�
$ UFLOODV�GH�0 RUHOOD�) RUP DWLRQ�LV�D�VWUDWLJUDSKLF�XQLW�Z KLFK�FRYHUV�WKLV�DJH��,W�LV�FRP SRVHG�E\ �
P DULQH� DQG� QRQ�P DULQH� IDFLHV�� DQG� LV� P DLQO\ � NQRZ Q� IRU� LWV� GLQRVDXU� IDXQD�� 0 RVW� RI� WKH�
VWXGLHV� RQ� WKH� YHUWHEUDWH� IRVVLOV� RI� WKHVH� VLWHV� KDYH� GHDOW� Z LWK� WKLV� JURXS�� OHDYLQJ� VRP H�
YHUWHEUDWH� IRVVLOV� IURP � RWKHU� JURXSV� �VXFK� FURFRGLOHV�� WXUWOHV� RU� SOHVLRVDXUV�� XQSXEOLVKHG�
�5XL] �2 P HxDFD�DQG�6DQWRV�&XEHGR��� � � � �� : HLVKDP SHO�HW�DO��� � � � � � ��1 HZ �GLVFRYHULHV�SURYLGH�
HVVHQWLDO� FOXHV� WR� XQGHUVWDQG� WKH� GLVWULEXWLRQ� RI� WKH� &UHWDFHRXV� ,EHULDQ� SOHVLRVDXUV�� + HUHLQ��
Z H�UHSRUW�D�VDFUDO�YHUWHEUD�RI�D�SOHVLRVDXU�IURP �WKH�0 DV�GH�5DIDHO�VLWH��7RGROHOOD��6SDLQ���7KLV�
VSHFLP HQ� FRQVWLWXWHV� WKH� ILUVW� VDFUDO� YHUWHEUD� RI� 3OHVLRVDXULD� �5HSWLOLD�� 6DXURSWHU\ JLD��
GHVFULEHG� LQ� WKH� ( DUO\ � &UHWDFHRXV� �$ SWLDQ�� IURP � 6SDLQ� DQG� WKH� ILUVW� HYLGHQFH� RI� WKH� JURXS�
RXWZ LWK�WKH�W\ SH�ORFDOLW\ �RI�WKH�$ UFLOODV�GH�0 RUHOOD�) RUP DWLRQ��0 RUHOOD��6SDLQ���
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' LQRVDXU�IRVVLOV�LQ�P DULQH�IDFLHV�IURP �$1 $ �ORFDOLW\ ��$UFLOODV�GH�0 RUHOOD�
) RUP DWLRQ��$SWLDQ��/ RZ HU�&UHWDFHRXV��&LQFWRUUHV��6SDLQ��

0 DLWH�6XxHU
K

��&DUORV�6DQWLVWHEDQ
K

��$ QGUpV�6DQWRV�&XEHGR
L

™

± �DQG�$ QJHO�* DOREDUW± �
M

' HSDUWDP HQW�GH�* HRORJLD��8 QLYHUVLWDW�GH�9DOqQFLD��' U��0 ROLQHU�� � ��� � � � � �%XUMDVVRW��
9DOqQFLD��6SDLQ��P DLWH�VXQ\ HU# XY�HV��FDUORV�VDQWLVWHEDQ# XY�HV��

N

* UXS�* XL[ ��6DQWD�/ XFtD�� � ��� � � � � �9LOD�UHDO��6SDLQ�
�
7KH� $ 1 $ � VLWH� Z DV� GLVFRYHUHG� LQ� � � � � �� EXW� LW� UHP DLQHG� XQH[ FDYDWHG� XQWLO� � � � � �� Z KHQ� D�

WHDP � RI� SDODHRQWRORJLVWV� IRUP HG� E\ � P HP EHUV� RI� WKH� ,QVWLWXW� 3DOHRQWRORJtD� &UXVDIRQW� IURP �
6DEDGHOO�DQG�WKH�* UXS�* XL[ �IURP �9 LOD�UHDO�XQHDUWKHG�WKH�ILUVW�IRVVLO�IURP �WKH�ORFDOLW\ ��

1 RZ DGD\ V� WKHUH� DUH� � � � � IRVVLOV� FROOHFWHG�� LQFOXGLQJ� YHUWHEUDWH� DQG� LQYHUWHEUDWH� VSHFLHV��
' LQRVDXU� ERQHV� �7KHURSRGD� DQG� 2 UQLWKRSRGD�� DUH� DEXQGDQW� LQ� WKLV� DVVHP EODJH�� 7KH� VLWH� LV�
ORFDWHG�Z LWKLQ�WKH�$ UFLOODV�GH�0 RUHOOD� ) RUP DWLRQ� �$ SWLDQ�� ( DUO\ �&UHWDFHRXV���7KLV� IRUP DWLRQ�
FURSV�RXW�LQ�WKH�0 DHVWUDW�%DVLQ��ORFDWHG�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�,EHULDQ�ULIW�V\ VWHP ��,EHULDQ�
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&KDLQ��� 6DODV� HW� DO��� � � � � � � � VXJJHVWHG� VHYHUDO� XQLWV� IRU� WKH� 0 DHVWUDW� %DVLQ� �XS� WR� � �� � NP � RI�
0 HVR] RLF� VHGLP HQWV�� IRU� WKH� / RZ HU� $ SWLDQ� ' HSRVLWLRQDO� 6HTXHQFH� �/ RZ HU� &UHWDFHRXV�
0 HJDVHTXHQFH��� * j P H] � HW� DO��� � � � � � � � GHILQHG� ILYH� IDFLHV� DVVRFLDWLRQV� IRU� WKH� IRUP DWLRQ� WKDW�
WKH\ � LQWHUSUHWHG� DV� QRQ�P DULQH�� DQG� REVHUYHG� DW� WKH� XSSHU� SDUW� D� VKLIW� WRZ DUGV� P DULQH�
HQYLURQP HQWV��

,Q� WKH� $ 1 $ � ORFDOLW\ �� Z H� LGHQWLILHG� WKH� LFKQRVSHFLHV� 7HUHGROLWHV� FODYDWXV� / H\ P HULH�� � � � � ��
) HUUHU�DQG�* LEHUW��� � � � � �LQWHUSUHWHG�WKH�KRUL] RQ�FRQWDLQLQJ�7HUHGROLWHV�LQ�D�QHDUE\ �RXWFURS�DW�
WKH�7HXOHULD�0 LOLDQ�LQ�WKH�XSSHU�SDUW�RI�WKH�$ UFLOODV�GH�0 RUHOOD�) RUP DWLRQ�DV�LQGLFDWLYH�RI�D�
WUDQVJUHVVLYH� VXUIDFH� �76� �� WKHUHIRUH� $ 1 $ � Z RXOG� EH� ORFDWHG� RQ� D� WUDQVJUHVVLYH� VXUIDFH� �76��
DQG�LW�FRUUHVSRQGV�WR�P DULQH�IDFLHV��7KHUHIRUH��GLQRVDXU�IRVVLOV�IURP �$ 1 $ �Z HUH�ILQDOO\ �EXULHG�
LQ�D�P DULQH�HQYLURQP HQW��DQG�WKLV�Z RXOG�RFFXU�LQ�RWKHU�GLQRVDXU�VLWHV�Z LWKLQ�WKH�$ UFLOODV�GH�
0 RUHOOD�) RUP DWLRQ��
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2 VWHRORJ\ �DQG�SK\ ORJHQHWLF�SRVLWLRQ�RI�$ QRP RLRGRQ�OLOLHQVWHUQL��D�SURFRORSKRQLG�
UHSWLOH�IURP �WKH�0 LGGOH�7ULDVVLF�%XQGVDQGVWHLQ�RI�* HUP DQ\ �

/ DXUD�. ��6l LOl �

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��: LOOV�0 HP RULDO�%XLOGLQJ��4 XHHQ·V�5RDG��
%ULVWRO��%6� �� -8 ��8 . �� / DXUD�6DLOD# EULVWRO�DF�XN��

�
3URFRORSKRQRLGV�DUH�VP DOO�WR�P HGLXP �VL] HG�3HUP R�7ULDVVLF�SDUDUHSWLOHV��DQG�VHYHUDO�WD[ D�

KDYH� ELRVWUDWLJUDSKLF� SRWHQWLDO�� 7KH� SURFRORSKRQLG� UHSWLOH� $QRP RLRGRQ� OLOLHQVWHUQL�� IURP � WKH�
0 LGGOH�7ULDVVLF�RI� * HUP DQ\ �� LV�UHSUHVHQWHG�E\ �WZ R�FORVHO\ �DVVRFLDWHG�VNHOHWRQV�SUHVHUYHG�DV�
QDWXUDO� P RXOGV� LQ� VDQGVWRQH�� 7KHVH� VNHOHWRQV� Z HUH� GHVFULEHG� IURP � SODVWHU� FDVWV� Z LWK� OLWWOH�
GHWDLO� �+ XHQH�� � � � � � � DQG� VXEVHTXHQWO\ � WKH� P RXOGV� Z HUH� P LVSODFHG�� 7KLV� Z DV� XQIRUWXQDWH�
EHFDXVH�LQWHUHVW�LQ�$QRP RLRGRQ�Z DV�UHQHZ HG�DIWHU�VXJJHVWLRQV�WKDW�LW�LV�WKH�VHQLRU�V\ QRQ\ P �
RI�. DSHV��6SHQFHU�	 �6WRUUV��� � � � � �� . DSHV�LV�NQRZ Q�IURP �WKH�7ULDVVLF�RI�5XVVLD�DQG�WKH�8 QLWHG�
. LQJGRP ��Z KHUH�LW�KDV�EHHQ�XVHG�DV�DQ�LQIRUP DO�LQGH[ �WD[ RQ��1 RYLNRY�	 �6XHV��� � � � ��6SHQFHU�
	 �6WRUUV�� � � � � � �� ) RUWXQDWHO\ ��WKH�RULJLQDO�VSHFLP HQV�RI�$QRP RLRGRQ�UHVXUIDFHG�UHFHQWO\ ��1 HZ �
VLOLFRQH� UXEEHU� FDVWV� UHYHDO� WKH� DQDWRP \ � RI� $QRP RLRGRQ� LQ� P RUH� GHWDLO� DQG� DOORZ � D�
FRP SUHKHQVLYH�FRP SDULVRQ�Z LWK�. DSHV��

7KH� WZ R� VSHFLP HQV� RI� $QRP RLRGRQ� P HDVXUH� DERXW� � � � � P P � IURP � VQRXW� WR� WDLO�� 6HYHUDO�
FUDQLDO�VXWXUHV��WRJHWKHU�Z LWK�GHWDLOV�RI�WKH�GHQWLWLRQ�DQG�WKH�SRVWFUDQLDO�VNHOHWRQ�FDQ�EH�VHHQ��
$QRP RLRGRQ� VKDUHV� QXP HURXV� IHDWXUHV� Z LWK� . DSHV��LQFOXGLQJ�WKH�JHQHUDO�VKDSH�RI�WKH�VNXOO��
SRVWHULRUO\ � LQFUHDVLQJ� VL] H� DQG� KHLJKW� RI� WKH� P DUJLQDO� GHQWLWLRQ� DQG� WKH� VKDSHV� RI� WKH�
SUHIURQWDO� ERQH�� WKH� LQWHUSWHU\ JRLG�YDFXLW\ �DQG� WKH� GRUVDO�YHUWHEUDH��$QRP RLRGRQ�DQG� . DSHV�
IRUP �D�VLVWHU�JURXS�UHODWLRQVKLS�LQ�P \ �SK\ ORJHQHWLF�DQDO\ VLV�RI�WKH�3URFRORSKRQRLGHD��7KXV�D�
FORVH�UHODWLRQVKLS��RU�LQGHHG�V\ QRQ\ P \ ��LV�D�UHDO�FRQVLGHUDWLRQ��,Q�DGGLWLRQ��UH�H[ DP LQDWLRQ�RI�
DOO�VXJJHVWHG�VSHFLHV�RI�. DSHV�LV�XQGHUWDNHQ�WR�YHULI\ �LWV�DEXQGDQFH�LQ�5XVVLD�DQG�UHODWLRQVKLS�
Z LWK�$QRP RLRGRQ��
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3DODUFK��1 HWKHUODQGV�VFLHQWLILF�MRXUQDO�
$ QGUH�9 HOGP HLMHU�DQG�+ DQQHNH�0 HLMHU��SUHVHQWHG�E\ �1 DWDVMD�GHQ�2 XGHQ��

0 DQ\ �Z HOO�NQRZ Q�P DLQ�VWUHDP �MRXUQDOV�DUH�RIWHQ�RQO\ �LQWHUHVWHG�LQ�SXEOLVKLQJ�SLRQHHULQJ�
UHVHDUFK�� ,W� RIWHQ� SURYHV� GLIILFXOW� WR� SXEOLVK� RQJRLQJ� UHVHDUFK� RI� OHVV� SLRQHHULQJ�� EXW�
QHYHUWKHOHVV�� LP SRUWDQW� Z RUN� LQ� D� MRXUQDO� WKDW� LV� Z LGHO\ � DFFHVVLEOH�� ) XUWKHUP RUH�� WKHUH� DUH�
OLP LWV� WR� FRQYHQWLRQDO� SXEOLVKLQJ�� VXFK� DV� WKH� QXP EHU� RI� Z RUGV�� LOOXVWUDWLRQV�� DQG� FRORXU�
SKRWRJUDSKV��$ OVR��RIWHQ�WKH�SXEOLFDWLRQ�WLP HVFDOH�LV�H[ WUHP HO\ �ORQJ��7KH�3DO$ UFK�) RXQGDWLRQ�
DLP V�WR�RIIHU�DQ�DOWHUQDWLYH�WR�VXFK�WUDGLWLRQDO�RXWOHWV��

: RUN� LQ� WKH� ILHOG� RI� YHUWHEUDWH� SDODHRQWRORJ\ � LV� DFFHSWHG� IURP � �VHP L�SURIHVVLRQDOV� RI� DOO�
QDWLRQDOLWLHV�� $ � KLJK� VFLHQWLILF� VWDQGDUG� LV� JXDUDQWHHG� E\ � SHHU� UHYLHZ � E\ � WKH� LQWHUQDWLRQDO�
HGLWRULDO�ERDUG��3DSHUV�DV�Z HOO�DV�ERRN�UHYLHZ V�DUH�IUHH�WR�GRZ QORDG�DV�3' ) � ILOHV��WKHUH�LV�QR�
VXEVFULSWLRQ�IHH��$ IWHU�WKUHH�P RQWKV�\ RX�FDQ�RUGHU�WKH�SXEOLFDWLRQV�Z KLFK�Z LOO�EH�VHQW�IUHH�DV�
HP DLO�DWWDFKP HQWV��

3DO$ UFK·V� -RXUQDO� RI� 9HUWHEUDWH� 3DODHRQWRORJ\ � RIIHUV� D� IDVW� WXUQDURXQG� RI� SXEOLFDWLRQ��
W\ SLFDOO\ � Z LWKLQ� � �� � P RQWKV�� Z LWKRXW� OLP LWV� WR� VL] H� RU� QXP EHU� RI� LOOXVWUDWLRQV�� : H� RIIHU� D�
SODWIRUP � IRU� WKH� SXEOLFDWLRQ� RI� SDSHUV�� VXSSOHP HQWV� HWF�� DQG� DUH� HVSHFLDOO\ � VXLWHG� WR�
VXEP LVVLRQV�Z LWK�YDVW�QXP EHUV�RI�GDWD�DQG�FDWDORJXHV�Z KLFK�FDQ�EH�SXEOLVKHG�RQ�RXU�,P DJH�
&' ��<RX�FDQ�ILQG�LQIRUP DWLRQ�RQ�SXEOLVKLQJ�LQ�3DO$ UFK·V�-RXUQDO�RI�9HUWHEUDWH�3DODHRQWRORJ\ ��
Z KLFK� LV� RQO\ � RQH� RI� RXU� MRXUQDOV�� RQ� RXU� Z HEVLWH� Z Z Z �SDODUFK�QO�� 2 XU� ) RXQGDWLRQ� LV� QRQ�
FRP P HUFLDO� Z LWK�WKH�SULP DU\ � JRDO�WR�VWLP XODWH�VFLHQWLILF� UHVHDUFK��SURYRNLQJ�DQG�HQKDQFLQJ�
LQWHUDFWLRQ� DQG� VFLHQWLILF� GLVFXVVLRQ�� ' R� QRW� KHVLWDWH� WR� FRQWDFW� XV� Z LWK� LGHDV�� UHP DUNV��
TXHVWLRQV�RU�\ RXU�VXEP LVVLRQ��

�

( YLGHQFH�IRU�ELJ�VDXURSRGV�DQG�GURP DHRVDXULG�WKHURSRGV�IURP �D�QHZ �
0 DDVWULFKWLDQ�ORFDOLW\ �LQ�WKH�VRXWKHUQ�3\ UHQHHV�

%HUQDW�9 LOD
K6™

L

��%HJRxD�3R] D
L

��­ QJHO�* DOREDUW
K

��-RVHS�0 DUP L
L

�DQG�-RVHS�) RUWXQ\
K

�
M

,QVWLWXW�&DWDOj �GH�3DOHRQWRORJLD��&��( VFROD�,QGXVWULDO��� � ��( � � � � � � �6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�* DOREDUW# LFS�FDW��%HUQDW�9LOD# LFS�FDW��-RVHS�IRUWXQ\ # LFS�FDW��

N

&RQVRUFL�5XWD�0 LQHUD��&DUUHWHUD�GH�5LEHV��� � ��� � � � � ��&HUFV��%DUFHORQD��6SDLQ�
�MP DUP L# KRWP DLO�FRP ��

�
6DXURSRG�DQG�WKHURSRG�GLQRVDXUV�SUREDEO\ �H[ KLELW�RQH�RI�WKH�VFDUFHVW�IRVVLO�UHFRUGV�LQ�WKH�

/ DWH� &UHWDFHRXV� RI� WKH� 3\ UHQHHV� LQ� FRQWUDVW� WR� WKH� JUHDW� DEXQGDQFH� RI� KDGURVDXU� IRVVLOV��
5HFHQW� H[ FDYDWLRQV� RI� D� QHZ � 0 DDVWULFKWLDQ� YHUWHEUDWH� ORFDOLW\ � DW� WKH� 7UHP S� ) RUP DWLRQ�
GHSRVLWV� IURP � 9 DOOFHEUH� V\ QFOLQH� �&DWDORQLD�� VRXWKHUQ� 3\ UHQHHV�� EULQJ� QHZ � GDWD� DERXW� WKHVH�
WD[ D�� ) RVVLOV� IURP � 3HJXHUD�� � ORFDOLW\ � LQFOXGH� GLVDUWLFXODWHG� IRUH� DQG� KLQG�OLP E� ERQHV� RI� D�
VDXURSRG�� WKHURSRG� DQG� FURFRGLOH� WRRWK�� DQG� HJJVKHOO� IUDJP HQWV�� 7KH\ � DUH� DVVRFLDWHG� Z LWK�
IHUUXJLQRXV�FRQFUHWLRQV��DEXQGDQW�URRW�WUDFHV�DQG�VFDWWHUHG�ERQHV��

6DXURSRG�KXP HUL�DQG�IHP RUD��Z KLFK�XVXDOO\ �ODFN�HSLSK\ VLV�HQGV��KDYH�DQ�HVWLP DWHG�WRWDO�
OHQJWK� RI� � � � � DQG� � � � � FP �� UHVSHFWLYHO\ �� 7KLV� FOHDUO\ � LQGLFDWHV� D� ODUJH�VL] HG� VDXURSRG�� LQ�
DJUHHP HQW� Z LWK� KLS� KHLJKW� HVWLP DWLRQV� �� � � � � � � � FP �� IURP � WKH� QHDUE\ � ) XP DQ\ D� WLWDQRVDXU�
WUDFN�UHFRUG��

7KH�DOP RVW�WKLUW\ �VP DOO�DQG�VHUUDWHG�WKHURSRG�WHHWK�DVVRFLDWHG�Z LWK�VDXURSRG�ERQH�OLP EV�
LQFOXGH�YDULRXV�P RUSKRW\ SHV�Z LWK�OLNHO\ �GURP DHRVDXULG�DIILQLWLHV��) LQDOO\ ��WKH�VFDUFH�HJJVKHOO�
IUDJP HQWV�EHORQJ�WR�0 HJDORROLWKXV�VLUXJXHL�RRVSHFLHV��

6DXURSRGV�ERQHV�DQG�WUDFNV�IURP �3HJXHUD�DQG�) XP DQ\ D�ORFDOLWLHV�SURYH�WKH�RFFXUUHQFH�RI�
ELJ� WLWDQRVDXUV� LQ� / DWH� &UHWDFHRXV� HQYLURQP HQWV� RI� 6RXWKHUQ� ( XURSH�DQG�EULQJ�QHZ �GDWD�RQ�
VDXURSRG� GLYHUVLW\ � LQ� VRXWKHUQ� 3\ UHQHHV� EDVLQV� Z KHUH� YDULRXV� VSHFLHV� P D\ � KDYH� H[ LVWHG�� ,Q�
DGGLWLRQ�� WKHURSRG� �"GURP DHRVDXULG�� WHHWK� UHSUHVHQW� WKH� ILUVW� GDWD� RI� WKLV� JURXS� LQ� WKH� HDUO\ �
0 DDVWULFKWLDQ�RI�WKH�9 DOOFHEUH�V\ QFOLQH��
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,VRODWLQJ�IXQFWLRQDO�GHJUHHV�RI�IUHHGRP �LQ�OLP EV�GXULQJ�ORFRP RWLRQ�
( ULF�' ��: LOOV�DQG�. HQW�$ ��6WHYHQV�

' HSDUWP HQW�RI�&RP SXWHU�DQG�,QIRUP DWLRQ�6FLHQFH��' HVFKXWHV�+ DOO��8 QLYHUVLW\ �RI�2 UHJRQ��
( XJHQH�2 5�� � � � � ��8 6$��HULF# FV�XRUHJRQ�HGX��NHQW# FV�XRUHJRQ�HGX��

�
7KH�SDWWHUQ�RI�OLP E�P RYHP HQWV�FKDUDFWHULVWLF�RI�D�JLYHQ�YHUWHEUDWH�GXULQJ�ORFRP RWLRQ�LV��DW�

OHDVW� LQ� SDUW�� UHIOHFWHG� LQ� LWV� RVWHRORJ\ �� 7KH� OLP EV�� Z RUNLQJ� LQ� FRQFHUW�� SURGXFH� DQ� HIILFLHQW�
�KHQFH�VP RRWK��IRUZ DUG�P RYHP HQW�RI�WKH�ERG\ ��&DQGLGDWH�P RYHP HQWV�IRU�D�JLYHQ�OLP E�FDQ�EH�
IRUP DOL] HG�DV�WUDMHFWRULHV�Z LWKLQ�D�FRQILJXUDWLRQ�VSDFH�GHILQHG�E\ �DOO�SRVVLEOH�FRP ELQDWLRQV�RI�
MRLQW� GHIOHFWLRQ� DQJOHV�� WR� Z LWKLQ� VRP H� JLYHQ� DQJXODU� UHVROXWLRQ�� 7KLV� VSDFH� FDQ� WKHQ� EH�
H[ SORUHG� XVLQJ� * HQHWLF� $ OJRULWKP V� �* $ �� WHFKQLTXHV� >+ ROODQG�� � � � � @�� Z KHUH� D� FDQGLGDWH�
P RYHP HQW� LV� HYDOXDWHG� RQ� KRZ � Z HOO� LW� WUDQVSRUWV� WKH� ERG\ � Z KLOH� P LQLP L] LQJ� DQJXODU� DQG�
WUDQVODWLRQDO� GHYLDWLRQV� GXULQJ� WKH� IRUZ DUG� SDWK�� 7KLV� DSSOLFDWLRQ� IRFXVHV� RQ� WKH� SHFWRUDO�
JLUGOH� DQG� IRUHOLP EV� RI� WKH� VDXURSRG� $SDWRVDXUXV�� WR� GHWHUP LQH� KRZ � WKH� OLP E� P LJKW� KDYH�
IXQFWLRQHG� GXULQJ� ORFRP RWLRQ�� 7KH� Z ULVW�� HOERZ �� VKRXOGHU�� DQG� SHFWRUDO� JLUGOH� DUH� SURYLGHG�
DSSURSULDWH� IXQFWLRQDO� GHJUHHV� RI� IUHHGRP � �) ' 2 ) V�� SHU� MRLQW� �H�J��� IOH[ LRQ�H[ WHQVLRQ� DW� WKH�
HOERZ �� IOH[ LRQ�H[ WHQVLRQ� SOXV� DEGXFWLRQ�DGGXFWLRQ� DQG� P HGLDO�� DQG� ODWHUDO�URWDWLRQ� DW� WKH�
VKRXOGHU��� %\ � VHOHFWLYHO\ � DGGLQJ� DQG� UHP RYLQJ� VSHFLILF� ) ' 2 ) V� LI� LW� SRVVLEOH� WR� LVRODWH� WKH�
UHODWLYH� FRQWULEXWLRQ� RI� HDFK� WRZ DUGV� WKH� ORFRP RWLRQ� WDVN�� 7KLV� LV� SDUWLFXODUO\ � LP SRUWDQW� LQ�
H[ DP LQLQJ� WKH� SRWHQWLDO� P RELOLW\ � RI� WKH� SHFWRUDO� JLUGOHV�� IRU� Z KLFK� QR� VWURQJ� FRQVWUDLQW� RQ�
WKHLU�SRVLWLRQ�DQG�UDQJH�RI�P RWLRQ�LV�SURYLGHG�E\ �WKHLU�RVWHRORJ\ ��
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&UDQLDO�HYROXWLRQ�DQG�IHHGLQJ�ELRP HFKDQLFV�LQ�6DXURSRGRP RUSKD�
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K6™
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' HSDUWP HQW�RI�3DODHRQWRORJ\ ��1 DWXUDO�+ LVWRU\ �0 XVHXP ��&URP ZHOO�5RDG��/ RQGRQ��6: � �� %' ��
8 . ��P DUN\ # QKP �DF�XN��

N

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �RI�%ULVWRO��: LOOV�0 HP RULDO�%XLOGLQJ��4 XHHQ
V�5RDG��
%ULVWRO��%6� �� 5-��8 . �

²

' HSDUWP HQW�RI�( DUWK�6FLHQFHV��8 QLYHUVLW\ �&ROOHJH�/ RQGRQ��* RZHU�6WUHHW��/ RQGRQ��: &� ( �
� %7��8 . �

¾

' HSDUWP HQW�RI�%LRP HGLFDO�6FLHQFHV��2 KLR�8 QLYHUVLW\ ��$WKHQV��2 + �� � � � � ��8 6$�
�
6DXURSRGRP RUSKV� LQFOXGH� VRP H� RI� WKH� P RVW� EL] DUUH� DQG� ELRP HFKDQLFDOO\ � XQIHDVLEOH�

DQLP DOV� HYHU� WR� KDYH� H[ LVWHG�� + RZ � WKH\ � IXHOOHG� WKHLU� P XOWL�WRQQH� ERGLHV� RQ� DQ� DSSDUHQWO\ �
QXWULHQW� SRRU� GLHW� RI� ILEURXV� SODQW� P DWWHU� FKDOOHQJHV� RXU� XQGHUVWDQGLQJ� RI� ERWK� H[ WLQFW� DQG�
H[ WDQW� ELRORJLFDO� V\ VWHP V�� $ V� WKH� IRRG� DFTXLVLWLRQ� DQG� SURFHVVLQJ� FHQWUH�� WKH� VNXOO� DQG�
GHQWLWLRQ� KDYH� REYLRXVO\ � EHHQ� WKH� IRFXV� RI� P XFK� UHVHDUFK� LQ� UHODWLRQ� WR� IHHGLQJ� EHKDYLRXU�
�%DUUHWW��� � � � ��%DUUHWW�	 �8 SFKXUFK��� � � � ��6HUHQR�	 ��: LOVRQ��� � � � � ��7KHVH�VWXGLHV�KDYH�VKRZ Q�
WKDW� UDWKHU� WKDQ� KDYLQJ� UHODWLYHO\ � VLP SOH� WHHWK� DQG� MDZ V� DV� RQFH� WKRXJKW�� VDXURSRGRP RUSKV�
�HVSHFLDOO\ � VDXURSRGV�� DFWXDOO\ � VKRZ HG� FRQVLGHUDEOH� GLYHUVLW\ � LQ� FUDQLDO� DQG� GHQWDO�
P RUSKRORJ\ �DQG�IXQFWLRQ��8 SFKXUFK�	 � �%DUUHWW��� � � � � ��3UHYLRXV�VWXGLHV�IRFXVHG�RQ�WKH�VKDSH�
RI� WKH� VNXOO� DQG� WHHWK�� DQG� FKDUDFWHULVWLF� WRRWK� Z HDU� SDWWHUQV� SURGXFHG� E\ � WRRWK�WRRWK� RU�
WRRWK�IRRG� FRQWDFW�� $ OWKRXJK� LP P HQVHO\ � YDOXDEOH�� XQWLO� QRZ � QR� DWWHP SW� KDV� EHHQ� P DGH� WR�
TXDQWLI\ �WKH�ELRP HFKDQLFV�RI�WKH�VDXURSRGRP RUSK�VNXOO��

7KLV�SURMHFW�Z LOO�LQFRUSRUDWH�ELRP HFKDQLFDO�DQDO\ VLV�WHFKQLTXHV�Z LWK�QHZ �GDWD�WDNHQ�IURP �
&7� VFDQQHG� VNXOOV� �&DP DUDVDXUXV�� ' LSORGRFXV� DQG� 0 DVVRVSRQG\ OXV��� Z KLFK� Z LOO� EH� XVHG� WR�
FUHDWH� ) LQLWH� ( OHP HQW� P RGHOV�� ,Q� DGGLWLRQ�� JHRP HWULF� P RUSKRP HWULFV� Z LOO� EH� HP SOR\ HG� WR�
H[ SORUH� WKH� GLVSDULW\ � RI� VKDSH� RI� WHHWK� DQG� LVRODWHG� FUDQLDO� HOHP HQWV�� WR�SHUP LW�D�V\ QHUJ\ �RI�
TXDQWLWDWLYH� VWUXFWXUDO� DQG� IXQFWLRQDO� P RUSKRORJLFDO� WHFKQLTXHV� LQ� RUGHU� WR� FKDUDFWHULVH� WKH�
FUDQLRIDFLDO� HYROXWLRQ� DQG� GLYHUVLW\ � RI� IHHGLQJ� EHKDYLRXUV� Z LWKLQ� WKLV� IDVFLQDWLQJ� JURXS� RI�
GLQRVDXUV��
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10:00-12:00 Tours of new Hunterian and Kelvingrove Museum vertebrate palaeontological displays 

 Creating the vertebrate palaeontological 
displays for the Kelvingrove Museum. 

John-Paul Sumner 

12:00-13:00 Practical demonstration of historical glue-
making, and implications for conservation. 

Leslie F. Noè 
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 Session 2 - Chair: Richard Forrest  

14:00-14:20 The Rather Naive Idea of Forming a Museum 
on the Jurassic Coast 

Steve Etches 

14:20-14:40 Fake Rock, Real Sand: The making of the 
exhibition ‘Sahara - living desert’ 

Michaela Forthuber 

14:40-15:00 The virtual and physical preparation of the 
Collard Plesiosaur 

Nigel R. Larkin 

15:00-15:30 Coffee  

 
Session 3 - Chair: Leslie Noè 

 

15:30-15:50 Palaeontological preservation with 21st 
century documentation: using photogrammetry 
to produce highly detailed 3D image models 

Neffra A. Matthews and Brent H. Breithaupt 

15:50-16:10 The Good, The Bad  and  The Ugly: 
Preparation from the Wild West 

Cindy Howells 

16:10-16:30 Emergency remedial conservation of 
homeless mammoth material 

Emma-Louise Nicholls 

Evening Icebreaker in Zoology Museum (including JFMF charity auction) 
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09:00-09:10 Welcome from Ewen Smith, Director of the Hunterian Museum 

 Session 1 - Chair: Jon Jeffery  

09:10-09:30 Segmental identity within the vertebral column: 
what can fossils tell us? 

Zerina Johanson, Robert Carr and Alex 
Ritchie 

09:30-09:50 Muscling in on Placoderms Kate Trinajstic, Carina Marshall, John Long 
and Kat Bifield 

09:50-10:10 The contribution of placoderms to our 
understanding of the ontogeny and evolution 
of early gnathostomes 

Robert K. Carr, Zerina Johanson, Alex 
Ritchie, Herv�  Lelièvre and Daniel Goujet 

10:10-10:30 Using sharks as indicators of trophic structure 
within ‘mid’ Cretaceous watermasses 

Emma-Louise Nicholls 

10:30-11:00 Coffee  
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 Session 2 - Chair: Marcello Ruta  

11:00-11:20 New insights on the Upper Cretaceous 
pachycormid ‘Protosphyraena’ gladius 
(Actinopterygii: Teleostei) from North America 

Matt Friedman, Kenshu Shamida and 
Anthony Maltese 

11:20-11:40 Hyomandibulae of Rhizodontids 
(Sarcopterygii, Stem-Tetrapoda) 

Jonathan E. Jeffery and Martin D. Brazeau 

11:40-12:00 The pectoral fin of the near-tetrapod 
Panderichthys rhombolepis 

Catherine A. Boisvert and Per Erik Ahlberg 

12:00-12:20 Tales from the ‘Leeds Collection’ – a unique 
palaeontological and archival resource 

Leslie F. Noè and Jeff J. Liston 

12:20-14:00 Group photograph, then break for lunch 

 Session 3 - Chair: Matt Friedman  

14:00-14:20 Calibrated diversity, tree topology and the 
mother of mass extinctions: the lesson of 
temnospondyls 

Marcello Ruta and Michael J. Benton 

14:20-14:40 Isolated bones versus articulated skeletons: 
the problem of parataxonomy in fossil 
squamates 

Alexandra Houssaye and Jean-Claude Rage 

14:40-15:00 All at Sea: Late Jurassic Testudines from 
Europe 

Sarah Fielding 

15:00-15:20 Skull joints in Sphenodon and other 
Rhynchocephalia (Diapsida: Lepidosauria) 

Marc E. H. Jones 

15:20-15:40 New Discoveries from Bearsden: Reassessing 
the Early Record of Post-Devonian Fishes 

Michael I. Coates, Patrick Gavin and Neil D. 
L. Clark. 

15:40-16:00 Coffee  

 Session 4 - Chair: Mark Evans  

16:00-16:20 A Taxonomic Tale: What exactly are 
Metriorhynchus and Geosaurus? 

Mark Young 

16:20-16:40 The specialized dentition of derived 
notosuchians (Crurotarsi: Mesoeucrocodylia) 

Marco Brandalise de Andrade and Reinaldo 
J. Bertini 

16:40-17:00 Mass extinction of tetrapods at the Permo-
Triassic boundary in Russia 

Michael J. Benton, Richard J. Twitchett, Tim 
Kearsey, Andrew J. Newell, Marcello Ruta, 
Mikhail V.Surkov, Graeme Taylor and 
Valentin P. Tverdokhlebov 

17:00-17:20 A new global phylogeny of Plesiosauria 
(Reptilia: Sauropterygia) 

Hilary Ketchum 

Evening Lord Provost©s Civic Reception  

7KXUVGD\ �� � WK�$ XJXVW�
 Session 1 - Chair: Richard Forrest  

08:30-08:50 A skeletal reconstruction of Rhomaleosaurus 
and the systematics of pliosaurs 

Adam Stuart Smith 

08:50-09:10 A nearly complete elasmosaur from the Late 
Cretaceous Bearpaw Formation of Alberta, 
Canada 

Donald M. Henderson 

09:10-09:30 Osteological redescription, and taxonomic and 
phylogenetic position of ‘Plesiosaurus’ 
macrocephalus, specimen NHM 49202, from 
the Lias of England 

Peggy Vincent 

09:30-09:50 Processes and flanges: the evolution of the 
plesiosaur braincase and posterior palate 

Mark Evans 

9:50-10:10 Coffee  
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 Session 2 - Chair: Mike Coates  

10:10-10:30 Further evidence for a broad forewing in 
pterosaurs 

David M. Unwin, Matthew Wilkinson, L�  
Jungchang and Natalie Bakhurina 

10:30-10:50 Cope’s Rule in Mesozoic Archosaurs David W.E. Hone 

10:50-11:10 Mesozoic dinosaur diversity: taxic, 
phylogenetic and sampling approaches 

Paul M. Barrett, Victoria Page and Alistair 
McGowan 

11:10-11:30 Vertebrate Palaeontology of the Kem Kem 
Beds, Morocco  and  Palaeoecology of North 
Africa 

Nizar Ibrahim, Lahssen Baider, Gareth Dyke, 
Nour-Eddine Jalil, Fouad Ouanaimi, 
Remmert Schouten and Samir Zouhri 

11:30-11:50 3D imaging of enigmatic tiny eggs with 
embryos from the Lower Cretaceous of 
Thailand using phase contrast X-ray 
synchrotron microtomography 

Vincent Fernandez Paul Tafforeau and Eric 
Buffetaut 

11:50-13:30 Lunch  

 Session 3 - Chair: Brent Breithaupt  

13:30-13:50 Basal tyrannosauroids: a new theropod 
dinosaur from the Kimmeridge Clay (Late 
Jurassic: Tithonian) of Dorset, UK 
representing a large-bodied species of the 
North American genus Stokesosaurus 

Roger B. J. Benson 

13:50-14:10 The large theropods Becklespinax and 
Valdoraptor from the Lower Cretaceous of 
England 

Darren Naish 

14:10-14:30 Redescription of Neovenator salerii 
(Dinosauria: Theropoda) and its implications 
for theropod evolution and phylogeny 

Stephen L. Brusatte, Roger B. J. Benson and 
Stephen Hutt 

14:30-14:50 Scaling bite force in predatory tetrapods: bite 
force is proportional to body mass2/3 

Manabu Sakamoto 

14:50-15:10 Dryosaurus lettowvorbecki – First Results of a 
Paleobiological Study 

Tom H� bner 

15:10-15:40 Coffee  

15:40-16:30 Plenary on SVP 2009  

Evening Whisky-tasting with Dr. Jim Hansom at the Hunterian Museum, including a short introduction 
to William Hunter©s fossil vertebrate collection. 
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 Session 1 - Chair: Darren Naish  

09:10-09:30 Wading across the pond: a photogrammetric, 
spatial, and morphological comparison of 
Middle Jurassic dinosaur tracks from North 
America and the United Kingdom 

Neffra A. Matthews and Brent H. Breithaupt 

09:30-09:50 Growing up in the Middle Jurassic: 
ichnological evidence for family groups of 
theropods in Wyoming; comparison of 
footprints and growth rates of emus and 
dinosaurs 

Brent H. Breithaupt, Neffra A. Matthews and 
Todd L. Green 

09:50-10:10 Kinematic Constraints on the Reconstruction 
of Dinosaur Gaits 

Kent A. Stevens and Eric D. Wills, 

10:10-10:30 Euhelopus zdanksyi and its bearing on the 
evolution of East Asian sauropod dinosaurs 

Paul Upchurch and Jeffrey A. Wilson 

10:30-11:00 Coffee  
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 Session 2 - Chair: Jerry Hooker  

11:00-11:20 Palaeoenvironmental controls on the 
distribution of Cretaceous herbivorous 
dinosaurs 

Richard J. Butler, Paul M. Barrett, Paul 
Kenrick and Malcolm G. Penn 

11:20-11:40 The ceratopsian dinosaur Psittacosaurus in 
Southeast Asia : a review of old and new finds 

Eric Buffetaut, 9 DUDYXGK�6XWHHWKRUQò �DQG�
6DVLGKRUQ�. KDQVXEKD 

11:40-12:00 Wise as an owl – 147 million years of avian 
brain evolution 

Stig A. Walsh and Angela C. Milner 

12:00-12:20 And yet it does replace? Some new thoughts 
on the diversity and tooth replacement in the 
Mesozoic mammal Morganucodon watsoni 

Felix Marx and Pam Gil 

 
 

12:20-12:40 Developmental modularity and the marsupial-
placental dichotomy 

Anjali Goswami, Vera Weisbecker and 
Marcello R. Sánchez-Villagra 

12:40-14:00 Lunch  

 Session 3 - Chair: Anjali Goswami  

14:00-14:20 Computer simulation of feeding behaviour in 
marsupial and placental carnivores 

Stephen Wroe, Philip Clausen, Colin 
McHenry and Karen Moreno 

14:20-14:40 A new primate clade from the European 
Eocene 

J.J. Hooker and David L. Harrison 

14:40-15:00 Morphology and the Afrotheria Robert J. Asher 

15:00-15:20 Craniodental and postcranial morphology of a 
primitive hyracoid (Mammalia, Paenungulata) 
from the early Priabonian (late Eocene) of 
Egypt 

Eugenie C. Barrow, Erik R. Seiffert and 
Elwyn L. Simons 

   

 Session 4 - Chair: Tom Kemp  

15:40-16:00 Dietary change in a plant eating mammal 
across the Eocene/Oligocene transition 

Sarah C. Joomun, Jerry J. Hooker and 
Margaret E. Collinson 

16:00-16:20 Brain size and insular dwarfism: a case study 
of the extinct dwarf hippopotamuses from 
Madagascar 

Eleanor M. Weston and Adrian M. Lister 

16:20-16:40 Comparative Ontogenetic Analysis of Extant 
Rhinos and Teleoceras major, a North 
American Rhino 

Mark D. Hagge 

16:40-16:50 Ten minutes on Field Trip and Annual Dinner  

Evening Annual Symposium dinner (Arisaig)  
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 Field Trip  
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2006 - Paris (Ecole Nationale des Mines) 1979 - Oxford 
2005 - London (NHM) 1978 - Reading 
2004 - Leicester (Univ./New Walk Museum) 1977 - Newcastle upon Tyne 
2003 - Oxford (Univ. Mus. Natural History) 1976 - London (University College) 
2002 - Cambridge (Sedgwick Museum) 1975 - Edinburgh (Royal Scottish Museum) 
2001 - York (Yorkshire Museum) 1974 - Manchester 
2000 - Portsmouth 1973 - Leeds 
1999 - Edinburgh (Nat. Mus. of Scotland) 1972 - London (BMNH/Royal Holloway) 
1998 - Bournemouth 1971 - Bristol 
1997 - Derby 1970 - Cambridge 
1996 - London (University College) 1969 - Newcastle upon Tyne 
1995 - Newcastle upon Tyne (Dental School) 1968 - Reading 
1994 - Le Havre 1967 - London (Queen Elizabeth College) 
1993 - Cambridge (Univ. Mus. Zoology.) 1966 - Edinburgh (Royal Scottish Museum) 
1992 - Bristol 1965 - London (Royal Holloway) 
1991 - Oxford 1964 - Bristol 
1990 - Milton Keynes (Open University) 1963 - Cambridge 
1989 - Leicester 1962 - Newcastle upon Tyne 
1988 - Boulogne sur Mer 1961 - London (University College) 
1987 - London (BMNH) 1960 - Oxford 
1986 - Belfast (Queen’s) 1959 - London (Royal Holloway) 
1985 - Manchester 1958 - Bristol 
1984 - London (University College) 1957 - Cambridge 
1983 - Bristol 1956 - Newcastle upon Tyne 
1982 - Cambridge 1955 - Oxford 
1981 - Cardiff 1954 - London (University College) 
1980 - Kingston upon Thames 1953 - Cambridge 
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