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6WDELOLW\�DQG�IROGLQJ�VWXGLHV�RI�WZR�KRPRORJRXV�SURWHLQV��KXPDQ�VWHILQV�$�DQG�%�

(YD�äHURYQLN���5RPDQ�-HUDOD����/RXLVH�.URRQ�äLWNR��DQG�9LWR�7XUN�

��'HSDUWPHQW�RI�%LRFKHPLVWU\�DQG�0ROHFXODU�%LRORJ\��-R�HI�6WHIDQ�,QVWLWXWH�

-DPRYD����������/MXEOMDQD��6ORYHQLD
��/DERUDWRU\�IRU�0ROHFXODU�0RGHOLQJ�DQG�105�6SHFWURVFRS\��1DWLRQDO�,QVWLWXWH�RI�&KHPLVWU\�

+DMGULKRYD����������/MXEOMDQD��6ORYHQLD

'HGLFDWHG�WR�WKH�PHPRU\�RI�3URIHVVRU�6DYR�/DSDQMH

$EVWUDFW�� ,Q� D� VKRUWHU� ,QWURGXFWLRQ�ZH� GHVFULEH� WKH� XVXDO� H[SHULPHQWDO�PHDQV� RI� KRZ� WR� VWXG\� SURWHLQ
VWDELOLW\�DQG�IROGLQJ��2XU�ZRUN�RQ�VWDELOLW\�RI�KXPDQ�VWHILQV�$�DQG�%��GHWHUPLQHG�E\�FKHPLFDO��KHDW�DQG
S+�GHQDWXUDWLRQ��LV�GHVFULEHG�QH[W��:H�H[SODLQ�WKH�IROGLQJ�PHFKDQLVP�RI�KXPDQ�VWHILQ�%��DV�GHWHUPLQHG
WKXV�IDU��DQG�FRPSDUH�LW�WR�KRPRORJRXV�KXPDQ�VWHILQ�$���LQ��SDUWLFXODU��WKH�GHSHQGHQFH�RI�IROGLQJ�UDWHV�RQ
WKH� FRQFHQWUDWLRQ� RI�*X+&O�� S+� GHQDWXUDWLRQ� RI� KXPDQ� VWHILQ� %� �� (�äHURYQLN� HW� DO��� (XU�� -�� %LRFKHP�
���������������������DQG�LWV�IROGLQJ�WR�WKH�QDWLYH�VWDWH�DUH�GHVFULEHG�LQ�PRUH�GHWDLO�

,QWURGXFWLRQ

'HQDWXUDWLRQ� >���@� VWXGLHV� DOORZ� WKH� PHDVXUHPHQW� RI� VRPH� EDVLF� WKHUPRG\QDPLF

SURSHUWLHV� RI� SURWHLQV�� ZKLFK� DOVR� FDQ� EH� FDOFXODWHG� IURP� FRRUGLQDWHV� RI� WKH� �'

VWUXFWXUHV�>�@��7KH�PHFKDQLVP�RI�IROGLQJ�LV�PRUH�GLIILFXOW�WR�GHWHUPLQH�DV�WKHUH�PD\�EH

PDQ\�URXWHV�DQG�PDQ\�LQWHUPHGLDWH�VWDWHV�OHDGLQJ�WR�WKH�QDWLYH�VWDWH��7KH�PDMRU�GULYH�WR

WKH�QDWLYH�VWDWH�VWHPV�IURP�WKHUPRG\QDPLFV�HYHQ�WKRXJK��WKHUH�DUH�FDVHV�ZKHUH�NLQHWLF

EDUULHUV� URXWH�SURWHLQV� LQWR� WUDSSHG� LQWHUPHGLDWHV�RU�PHWD�VWDEOH�QDWLYH� VWDWHV� >�@�� ,W� LV

QRZ�DSSDUHQW��WKDW���VWDWH�IROGLQJ�ZLWK�D�VHTXHQWLDOO\�SODFHG�LQWHUPHGLDWH�RQ�WKH�URXWH

IURP�XQIROGHG� WR� WKH�QDWLYH�VWDWH� LV�QR�PRUH�DQ�H[FHSWLRQ� >���@��7KH��ROG��DQG��QHZ�



���

YLHZV� RI� SURWHLQ� IROGLQJ� >���@� GLIIHU� PDLQO\� LQ� WKH� ZD\� WKH\� GHVFULEH� WKLV� FRPSOH[

UHDFWLRQ��7KH�ROG�YLHZ�VWUHVVHV�FRPPRQ�FRQIRUPDWLRQV���VWDWHV��ZKHUHDV�WKH�QHZ�YLHZ

SRLQWV�WR�HDFK�VHSDUDWH�FRQIRUPDWLRQ�>�@�

([SHULPHQWDOLVWV� FROOHFW� GDWD�RQ� WKHUPRG\QDPLFV� DQG� NLQHWLFV� RI� SURWHLQ� IROGLQJ��2QH

XVXDOO\�VWDUWV�E\�GHWHUPLQLQJ� WKH�VWDELOLW\� IURP�KHDW��S+�DQG�FKHPLFDO�GHQDWXUDWLRQ�� ,I

PXOWLSOH� VSHFWURVFRSLF� SUREHV� JLYH� FRLQFLGHQW� WUDQVLWLRQV� WKLV�PHDQV� WKDW� WKHUH� DUH� QR

SRSXODWHG�LQWHUPHGLDWHV����VWDWH�WUDQVLWLRQ�LV�DOVR�UHYHDOHG�E\�LGHQWLW\�RI�9DQ
W�+RII�DQG

FDORULPHWULF�HQWKDOSLHV�ZKLFK�DUH�REWDLQHG�E\�GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\��'6&��

7R� GHWHUPLQH� WKH� NLQHWLFV� RI� IROGLQJ� DQG� XQIROGLQJ�� ORWV� RI� GDWD� KDYH� WR� EH� FROOHFWHG

XQGHU� GLIIHUHQW� H[SHULPHQWDO� FRQGLWLRQV�� 7KH� FKDQJHV� VKRXOG� EH� VWXGLHG� E\� GLIIHUHQW

VSHFWURVFRSLF� SUREHV� ZKLFK� PRQLWRU� GLIIHUHQW� VWUXFWXUDO� DVSHFWV� RI� WKH� SURFHVV�� 5DWH

FRQVWDQWV��VKRXOG�EH�GHWHUPLQHG�DV�D�IXQFWLRQ�RI�GHQDWXUDQW�FRQFHQWUDWLRQ��WHPSHUDWXUH�

S+�DQG�VHOHFWHG�PXWDWLRQV��(YHQ�WKRXJK�WKH�NLQHWLF�GDWD�FDQ�EH�ILW�WR�SODXVLEOH�PRGHOV

WKHVH� VWLOO� QHHG� WR� EH� FRQILUPHG�� 2QH� XVHIXO� H[SHULPHQW� WR� GLVWLQJXLVK� EHWZHHQ

LQWHUPHGLDWH� DQG� QDWLYH� VWDWHV� LV�PHDVXULQJ� XQIROGLQJ� DIWHU� YDULRXV� WLPHV� RI� UHIROGLQJ

>��@�

1HZ�ELRSK\VLFDO�WHFKQLTXHV�>��@�SHUPLW�UHVXOWV�RI�KLJK�TXDOLW\�DQG�WLPH�UHVROXWLRQ��)RU

H[DPSOH��DGYDQFHV�KDYH�EHHQ�PDGH�LQ�PXOWLGLPHQVLRQDO�105��ZKHUH�WKH�GLIILFXOW�WDVN

RI�LQYHVWLJDWLQJ�WKH�GHQDWXUHG�DQG�SDUWLDOO\�IROGHG�VWDWHV�LV�DFKLHYDEOH�>������@��7R�VHH

ZKLFK� K�ERQGHG� VWUXFWXUHV� RI� SURWHLQ� EHFRPH� SURWHFWHG� GXULQJ� IROGLQJ�� TXHQFKLQJ� RI

K\GURJHQ� WR� GHXWHULXP� H[FKDQJH� LV� IROORZHG� E\� 105� RU� 06� PHDVXUHPHQWV�� 7KH

FKDQJHV� LQ� FRPSDFWQHVV� GXULQJ� IROGLQJ� DUH� JHWWLQJ�PHDVXUHG� XVLQJ� VPDOO� DQJOH�;�UD\

VFDWWHULQJ�>���@�

+XPDQ�VWHILQV�$�DQG�%�ZHUH�FKRVHQ�IRU�VWXGLHV�RI�SURWHLQ�VWDELOLW\�DQG�IROGLQJ�GXH�WR

WKHLU� UHODWLYH�VLPSOLFLW\� �� VPDOO�0U�DQG�QR�GLVXOSKLGH�ERQGV��%RWK�SRVHVV�D�QXPEHU�RI

SUROLQHV�ZKLFK� DUH� LQ� WKH� WUDQV� FRQIRUPDWLRQ�� 6HTXHQFH� VLPLODULW\� RI� VWHILQV�$� DQG�%

DPRXQWV� WR� ��� �� DQG� WKH\� IROG� LQ� D� YHU\� VLPLODU� �'� FRQIRUPDWLRQV� �OHVV� WKDQ� �� c
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GHYLDWLRQ� RI� WKH� EDFNERQH� &�DWRPV��� 'HVSLWH� WKHVH� VLPLODULWLHV� WKH\� H[KLELW� PDUNHG

GLIIHUHQFLHV� LQ� VWDELOLW\� DQG�PHFKDQLVP� RI� IROGLQJ��:H� KDYH� GHWHUPLQHG� VWDELOLW\� DQG

NLQHWLFV�RI�IROGLQJ�XVLQJ�VHYHUDO�VSHFWURVFRSLF�SUREHV��DQG�KDYH�PHDVXUHG� WKH�NLQHWLFV

E\�IOXRUHVFHQFH�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH��S+�DQG�*X+&O�FRQFHQWUDWLRQ��,Q�RUGHU�WR

GHWHUPLQH�WKH�UDWH�OLPLWLQJ�VWHS��WKH�IROGLQJ�ZDV�VWDUWHG�IURP�YDULRXV�GHQDWXUHG�VWDWHV�

'HQDWXUDWLRQ�DQG�IROGLQJ�VWXGLHV�RI�KXPDQ�VWHILQV�$�DQG�%

7KH� WZR� SURWHLQV� ZHUH� ILUVW� LVRODWHG� IURP� KXPDQ� VRXUFHV� >�����@�� /DWHU�� PDQ\

KRPRORJXHV�ZHUH�LGHQWLILHG�LQ�WKH�DQLPDO�NLQJGRP�>�����@��DQG�LQ�SODQWV�>��@��,Q�7DEOH

��� VRPH� UHSUHVHQWDWLYH� DPLQRDFLG� VHTXHQFHV� DUH� DOLJQHG��+XPDQ� VWHILQV�$� DQG� %� DUH

PHPEHUV�RI�WKH�F\VWDWLQ�VXSHUIDPLO\�RI�F\VWHLQH�SURWHLQDVH�LQKLELWRUV�>�����@��7KH\�KDYH

EHHQ�FORQHG�DQG�H[SUHVVHG� LQ�(�FROL� >�����@� DQG� WKH� \LHOG� RI� H[SUHVVLRQ� VXEVHTXHQWO\

LPSURYHG� >��@�� 7KH� �� '� VWUXFWXUHV� RI� HDFK� DUH� GHWHUPLQHG� E\� ;�UD\� FU\VWDOORJUDSK\

�KXPDQ�VWHILQ�%� LQ�FRPSOH[�ZLWK�SDSDLQ�>���@�DQG�E\�VROXWLRQ�105��KXPDQ�VWHILQ�$

>������@��

,QLWLDO� VWXG\�ZDV� GRQH� RQ� IROGLQJ� RI� KXPDQ� VWHILQ�$� >��@��*X+&O� GHQDWXUDWLRQ� >��@� �

PRQLWRUHG�E\�QHDU�89�&'��IDU�89�&'�DQG�W\URVLQH�IOXRUHVFHQFH��ZLWK�D�PLGSRLQW�DW����

������0�*X+&O����R&��S+�����VKRZHG�D�UHYHUVLEOH��WZR�VWDWH�XQIROGLQJ�WUDQVLWLRQ��7KH

NLQHWLFV�RI�VORZ�IROGLQJ�ZDV�PHDVXUHG����R&��S+����E\�WKH�VDPH�WKUHH�SUREHV��,Q�����0

*X+&O��WKH�NLQHWLFV�ZHUH�UDWKHU�VORZ���N� �������V���E\�DOO�WKUHH�SUREHV���7KH�DPSOLWXGHV

RI�WKH�REVHUYDEOH�SKDVHV�ZHUH���������E\�W\URVLQH�IOXRUHVFHQFH�DQG�QHDU�89�&'��EXW

RQO\�����E\�WKH�IDU�89�&'��7KLV�FDQ�EH�LQWHUSUHWHG�DV�NLQHWLFDOO\���VWDWH�IROGLQJ�IURP

DQ�LQLWLDO�LQWHUPHGLDWH�SRVVHVVLQJ�����RI�WKH�VLJQDO�LQ�WKH�IDU�89�&'���'RXEOH�MXPS�

H[SHULPHQWV� ZHUH� SHUIRUPHG� DQG� KDYH� VKRZQ� WKDW� WKH� VORZ� FKDQJHV� LQ� W\URVLQH

IOXRUHVFHQFH�UHDFK�WKHLU�FRPSOHWH�DPSOLWXGH�RQO\�DIWHU�ORQJHU�WLPHV�RI�XQIROGLQJ��([FHSW

IRU�SUROLQH�LVRPHUL]DWLRQ�WKLV�PLJKW�EH�GXH�WR�VORZ�XQIROGLQJ�RI�WKH�FRUH�
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,Q�VXEVHTXHQW�\HDUV��ZH�KDYH�IRFXVHG�RQ�UHFRPELQDQW�KXPDQ�VWHILQ�%��,WV�GHQDWXUDWLRQ

E\� �KHDW�� DFLG�DQG�*X+&O��PRQLWRUHG�E\� IOXRUHVFHQFH�� QHDU�89�DQG� IDU�89�&'� >��@�

ZHUH�IRXQG�QRQFRLQFLGHQW�ZKLFK�ZDV�H[SODLQHG�E\� WKH�SUHVHQFH�RI�D�PROWHQ�JOREXOH� �

W\SH� >�����@� RI� LQWHUPHGLDWH� >���� ��@�� ,Q� FRQWUDVW� WR� VWHILQ� $� ZKLFK� LV� WKHUPDOO\

H[WUHPHO\� VWDEOH�� WKH� EHKDYLRU� RI� VWHILQ� %� LV� TXLWH� GLIIHUHQW�� 'LIIHUHQWLDO� VFDQQLQJ

FDORULPHWU\��'6&��ZDV�XVHG�WR�REWDLQ�WKHUPRG\QDPLF�GDWD�IURP�WKH�WKHUPDO�XQIROGLQJ

RI�ERWK�SURWHLQV�>��@�DV�ZHOO�DV�VRPH�F\VWDWLQV�>��@��7KH�UHDVRQV�IRU�WKH�ELJ�GLIIHUHQFH�LQ

WKHUPDO�VWDELOLW\�EHWZHHQ�VWHILQV�$�DQG�%�ZHUH�VRXJKW�XVLQJ�VWUXFWXUDO�WKHUPRG\QDPLFV

>��@��5HYHUVLEOH�'6&�VFDQV�RI�VWHILQ�$�FRXOG�EH�DQDO\VHG�LQ�WHUPV�RI�D���VWDWH�WUDQVLWLRQ

ZKHUHDV�VWHILQ�%�XQIROGHG�LQ�DQ�LUUHYHUVLEOH�WUDQVLWLRQ���DW�S+���DQG�����������0�VDOW��

7KH�DVLPHWU\�RI�WKH�'6&�SHDNV�ZDV�FKDUDFWHULVWLF�RI�XQIROGLQJ�RI�D�GLPHU��$W�S+����WKH

WUDQVLWLRQ�RI�VWHILQ�%�EHFDPH�UHYHUVLEOH�DQG��SHUPLWWHG�WKHUPRG\QDPLF�DQDO\VLV�>��@�

7DEOH��
6HTXHQFH�DOLJQPHQW�RI�VRPH�UHSUHVHQWDWLYH�VWHILQV��WKH�1�WHUPLQDO�H[WHQVLRQ�LV��RPLWWHG

IURP�SLJ� OHXNRF\WH�&3,� ��� UHVLGXHV�� >��@��7KH� EROG� OHWWHUV� VWUHVV� LGHQWLW\� WR� KXPDQ� VWHILQ�%�
XQGHUOLQHG�DUH� UHVLGXHV�ZKLFK�DUH� WKH� VDPH� WR�KXPDQ� VWHILQ�$��5HFRPELQDQW�KXPDQ� VWHILQ�%
GLIIHUV�LQ�WKH�WKLUG�UHVLGXH��6HU���IURP�WKH�ZLOG�W\SH�&\V��

UHV�1R ������������������������������������������������
KXPDQ�U��VWHI�% 006*$36$74�3$7$(74+,$�'49564/((.�<1..)39).$�96).6499$*
ERYLQH�VWHILQ�%��� 00&**76$74�3$7$(74$,$�'.9.64/((.�(1..)39).$�/().64/9$*
KXPDQ�VWHILQ�$ 0,3''/6($.�3$73(,4(,9�'.9.34/((.�71(7<*./($�94<.7499$*
ERYLQH�VWHILQ�$��� 0,3**/7($.�3$7,(,4(,$�109.34/((.�71(7<(()7$�,(<.6499$*
SLJ�OHXNR��&3,�� 0/$**/7(35�3$73(,4(,$�1.9.34/((.�71.7<(.)($�,,<56499$*

UHV�1R �������������������������������������
KXPDQ�U�VWHI�% 71<),.9+9*�'(')9+/59)�46/3+(1.3/�7/61<471.$�.+'(/7<)
ERYLQH�VWHILQ�%�� .1<),.949'�('')9+,59)�(6/3+(1.39�$/76<471.*�5+'(/7<)
KXPDQ�VWHILQ�$ 71<<,.95$*�'1.<0+/.9)�.6/3*41('/�9/7*<49'.1�.''(/7*)
ERYLQH�VWHILQ�$�� ,1<<,.,47*�'15<,+,.9)�.6/3446+6/�,/7*<49'.7�.''(/$*)
SLJ�OHXNR��&3,�� 71<<,.9+9*�*11<9+,59)�46/3+4('3/�./,*<49'.7�.''(/7*)

S+�GHQDWXUDWLRQ�RI�KXPDQ�VWHILQ�%�ZDV�VWXGLHG�LQ�PRUH�GHWDLO�E\�VSHFWURVFRSLF�DQG�'6&

WHFKQLTXHV�>��@��7KH�S+�WLWUDWLRQ�ZDV�SHUIRUPHG�DW��ORZ��VDOW��EXIIHUV�GHVFULEHG�LQ�>��@�

������0�1D&O��RU�DW��KLJK��VDOW��WKH�VDPH�EXIIHUV�>��@�������0�1D&O���1HDU�DQG�IDU�89

&'�VSHFWUD�ZHUH�UHFRUGHG�DV�D�IXQFWLRQ�RI�S+��6RPH�UHSUHVHQWDWLYH�IDU�89�&'�VSHFWUD

DUH�VKRZQ�LQ�)LJ���7KH�S+�GHQDWXUDWLRQ�ZDV�UHFRUGHG�DW���������������DQG�����QP��DQG



���

VKRZHG�WZR�WUDQVLWLRQV��DW�S+�����DQG������$W�S+�����RQO\�PLQRU�FKDQJHV�DW���������

DQG� ���� QP� DUH� REVHUYDEOH� �GXH� WR� PLQRU� FKDQJHV� LQ� VHFRQGDU\� VWUXFWXUH�� ZKLFK� LV

VXSSRUWHG�E\�UHFHQW�105�H[SHULPHQWV�RQ�1���ODEHOHG�VWHILQ�%��$W�S+������UDWKHU�ODUJH

DQG� FRRSHUDWLYH� FKDQJHV� RFFXU� DW� DOO� ZDYHOHQJWKV�� 7KH� ILQDO�� DFLG� LQWHUPHGLDWH

�GHQDWXUHG�� VWDWH� ,�� �EHORZ�S+� ����� KDV� VRPH� SURSHUWLHV� RI� D� �OHVV� VWUXFWXUHG��PROWHQ

JOREXOH�>��@��LQ�SDUWLFXODU��LQ�ELQGLQJ�$16��$GGLQJ�VDOW�WR�,��SURGXFHV�D�WUDQVLWLRQ�WR�D

�PRUH� VWUXFWXUHG�� PROWHQ� JOREXOH� ,��� $OO� &'� DQG� IOXRUHVFHQFH� GDWD� ZHUH� DFTXLUHG� DW

��R&�DV�WKH�SRSXODWLRQ�RI�LQWHUPHGLDWH�VWDWHV�FKDQJHV�ZLWK�WHPSHUDWXUH��,QVWHDG�RI
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)LJXUH����)DU�89�&'�VSHFWUD�RI�KXPDQ�VWHILQ�%�LQ�YDULRXV�GHQDWXUHG�DQG�LQWHUPHGLDWH�VWDWHV��1
������0� SKRVSKDWH� EXIIHU� S+� ������ ,�� �� ����� JO\FLQH� �����0� VXOSKDWH�� S+� ������ ,�� ������ 0
JO\FLQH���S+�������IURP�WRS�WR�WKH�ERWWRP�DW�����QP�

VWXG\LQJ�S+�GHQDWXUDWLRQ�DW�VHYHUDO�WHPSHUDWXUHV��ZH�KDYH�KHDWHG�VDPSOHV�DW�YDULRXV�S+

YDOXHV��'6&�GDWD��>��@�KDYH�VKRZQ�WKDW�WKHUPDO�GHQDWXUDWLRQ�GHYLDWHV�IURP���VWDWH�ZLWK

GHFUHDVLQJ�S+�ZKLFK��ZDV�H[SODLQHG�E\�D�UDWKHU� ORZ�HQWKDOS\�RI�XQIROGLQJ�RI� WKH�DFLG

LQWHUPHGLDWH� VWDWH� ,��� $V� WKLV� VWDWH� LV� SRSXODWHG� WR� ���� �� RQO\� EHORZ� S+� ���� ZKHUH
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HQWKDOS\�FRXOG�QRW�EH�PHDVXUHG�GXH�WR�WKH�ORZ�PHOWLQJ�WHPSHUDWXUH��QR�ILUP�FRQFOXVLRQ

RQ� WKH�HQWKDOS\�RI�XQIROGLQJ�RI� VWDWH� � ,�� FRXOG�EH�PDGH�� ,Q�FRQWUDVW�� WKH� VHFRQG��PRUH

VWUXFWXUHG�DFLG�LQWHUPHGLDWH�,��GHPRQVWUDWHV�D�PHDVXUDEOH�HQWKDOS\�RI�XQIROGLQJ�

�'�105�VSHFWUD� >��@�RI� WKH� DFLG� LQGXFHG� LQWHUPHGLDWHV�RI�KXPDQ� VWHILQ�%�KDYH�EHHQ

PHDVXUHG�DQG�KDYH�FRQILUPHG�WKDW�,��SRVHVVHV�VRPH�WHUWLDU\�VWUXFWXUH��KLJK�ILHOG�PHWK\O

UHVRQDQFHV��LQ�FRQWUDVW�WR�,���,W�LV�KRSHG�WKDW�E\�XVLQJ�1
���DQG�&���ODEHOOHG�VDPSOHV�DQG

DFTXLULQJ� �'� DQG� �'�105� VSHFWUD�PXFK�PRUH� GHWDLO� ZRXOG� EH� REWDLQHG� DOVR� RI� WKH

RWKHU� � WZR� DFLG� LQWHUPHGLDWH� VWDWHV� ,�� DQG� ,��� �5�-��� H[SHULPHQWV� XQGHUZD\��� 7KH

FRPSDFWQHVV�RI�WKH�DFLG�LQWHUPHGLDWH�VWDWHV�DQG�WKHLU�ROLJRPHULF�QDWXUH�ZDV�SUREHG�E\

6(&�>��@�
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)LJXUH����/RJDULWKP�RI�WKH�UDWH�FRQVWDQWV�DJDLQVW�*X+&O�PRODULW\��)ROGLQJ�RI�KXPDQ�VWHILQ�%
ZDV�VWDUWHG�IURP�WKH�DFLG�LQWHUPHGLDWH�VWDWH�DW�S+������7KLV�ZDV�IRXQG�WKH�VDPH�DV�ZKHQ�VWDUWHG
IURP�WKH�*X+&O�GHQDWXUHG�VWDWH�DW������0�*X+&O���QRW�VKRZQ���8QIROGLQJ�ZDV�VWDUWHG�IURP�WKH
QDWLYH�VWDWH�DW�S+����)ROGLQJ�RI�KXPDQ�VWHILQ�$�ZDV�VWDUWHG�IURP�WKH�*X+&O�GHQDWXUHG�VWDWH�����
0�*X+&O���7KH�LQLWLDO�YDOXHV�DW�]HUR�*X+&O�KDYH�EHHQ�REWDLQHG�E\�IROGLQJ�WKH�DFLG�GHQDWXUHG
VWDWH�WR�]HUR�*X+&O�DW�RWKHUZLVH�WKH�VDPH�FRQGLWLRQV��S+������R&��
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7KH�IROGLQJ�PHFKDQLVP�RI�VWHILQ�%�KDV�EHHQ�VWXGLHG� � >�����@�DQG�FRPSDUHG� WR� WKDW�RI

VWHILQ�$��:H�DOVR�KDYH�VWXGLHG�WKH�LQIOXHQFH�RI�S+�DQG�7)(�RQ�WKH�IROGLQJ�UHDFWLRQ>��@�

8VLQJ�VHYHUDO� VSHFWURVFRSLF�SUREHV� �&'� LQ� WKH�QHDU��&'� LQ� WKH� IDU�� W\URVLQH� DQG�$16

IOXRUHVFHQFH� �� 7DEOH� ���� LW�ZDV� IRXQG� WKDW� WKH� NLQHWLFV� RI� IROGLQJ� � RI� KXPDQ� VWHILQ� %

GLIIHU�IURP�WKRVH�RI�VWHILQ�$��1RW�RQO\�LV�WKH�PDMRU�SKDVH�RI�IROGLQJ����WLPHV�IDVWHU��DW

]HUR� *X+&O�� �� )LJ����� WKLV� SURWHLQ� GHPRQVWUDWHV� DQ� DGGLWLRQDO� VORZ� SKDVH�� 7KH� VORZ

SKDVH�RI������DPSOLWXGH� �7DEOH����FRXOG�EH�DVFULEHG� WR�SUROLQH� LVRPHUL]DWLRQ�EXW�S+

GHSHQGHQFH�RI�WKH�DPSOLWXGH�DQG�GRXEOH�MXPS�H[SHULPHQWV�GR�QRW�SURYH�LW�XQLYRFDOO\�

$Q�LQWHUPHGLDWH�VHHPV�D�PRUH�OLNHO\�K\SRWKHVLV��,Q�WKH�YHU\�LQLWLDO�VWDJHV�RI�IROGLQJ��D

�EXUVW��SKDVH�RI�WKH�VLJQDO�DW�����QP�ZDV�REVHUYHG�>��@��,WV�DPSOLWXGH�ZDV����������RI

WKH�WRWDO�FKDQJH�

,Q� D� VHFRQG� SDSHU� >��@�� IROGLQJ� ZDV� VWDUWHG� IURP� GLIIHUHQW� LQLWLDO� VWDWHV� �� *X+&O

XQIROGHG��7)(�GHQDWXUHG��DFLG�GHQDWXUHG�DQG�DFLG�LQWHUPHGLDWH�VWDWH��7KH�IROGLQJ�UDWHV

ZHUH�IRXQG�WR�EH��WKH�VDPH��VR�WKDW�WKH�UDWH�OLPLWLQJ�VWHS�PXVW�DOVR�EH�WKH�VDPH��,Q�)LJ���

IROGLQJ�IURP�DFLG�GHQDWXUHG�VWDWH�$'�LV�VKRZQ�DV�PRQLWRUHG�E\�$16�IOXRUHVFHQFH���$16

ELQGLQJ�RQ�IROGLQJ�RI�VWHILQ�%�DQG�PDQ\�RWKHU�SURWHLQV�LV�YHU\�LQIRUPDWLYH��7KH�LQLWLDO

LQFUHDVH� FDQ� EH� H[SODLQHG� DV� FRPSDFWL]DWLRQ� >�����@� ZKLFK� LV� VXSSRUWHG� E\� ;�UD\

VFDWWHULQJ�>��@��7KH�GHFUHDVH�RI�$16�IOXRUHVFHQFH�RFFXUV�DORQJ�ZLWK�DSSHDUDQFH�RI�WKH

QDWLYH�OLNH�VWDWHV��)LJ���%�&��

7R�FRQFOXGH���0DQ\�PRUH�H[SHULPHQWV�VWLOO�KDYH�WR�EH�GRQH�WR�EH�DEOH�WR�XQGHUVWDQG�WKH

IROGLQJ�RI�WKHVH�WZR�KRPRORJRXV�SURWHLQV��:H�KRSH�WR�VWXG\�WKHLU�PXWDQWV�DQG�WR�IROORZ

GLPHUL]DWLRQ� UHDFWLRQV�ZKLFK� VHHP� FRQQHFWHG� WR� VWHILQ�%� IROGLQJ�� ,Q� FRRSHUDWLRQ�ZLWK

RWKHU� ODERUDWRULHV� LW� ZLOO� EH� SRVVLEOH� WR� GHWHUPLQH� WKH� UDWH� RI� FRPSDFWL]DWLRQ� �WLPH�

UHVROYHG�;�UD\�VFDWWHULQJ�>��@�DQG�GHWDLOV�RI�VWUXFWXUH�IRUPDWLRQ��UHDO�WLPH�105�>��@��
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7DEOH��
&RPSDULVRQ�RI�WKH�IROGLQJ�NLQHWLFV�RI�KXPDQ�VWHILQV�$�DQG�%�DV�PHDVXUHG�E\�WKH

QHDU� DQG� IDU�89�&'�� W\URVLQH� DQG�$16� IOXRUHVFHQFH��'DWD� DUH� WDNHQ� IURP� >��@�� 7KH
IROGLQJ�RI�VWHILQ�%�ZDV�VWDUWHG�E\���WLPHV�GLOXWLRQ�IURP������0�*X+&O�DQG�RI�VWHILQ�$
IURP� ���� 0� *X+&O�� ERWK�� WR� S+� ��� 7KH� PHDVXUHPHQWV� ZHUH� GRQH� DW� ��� R&�� 5DWH
FRQVWDQWV� DUH� LQ� V��� DQG� DPSOLWXGHV� DV� �� RI� WKH� REVHUYHG� FKDQJH�� �%XUVW� SKDVH�
DPSOLWXGHV�LQ�WKH�IDU�89�&'��DUH������DQG������RI�WKH�WRWDO�FKDQJH��UHVSHFWLYHO\��IRU
VWHILQV�%�DQG�$��1R�DPSOLWXGH�LV�JLYHQ�IRU�$16�IOXRUHVFHQFH��RQO\�WKH�VLJQ�
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$FNQRZOHGJPHQWV

:H� WKDQN� WKH�0LQLVWU\� IRU� 6FLHQFH� DQG� 7HFKQRORJ\� RI� WKH�5HSXEOLF� 6ORYHQLD� IRU� WKH

ILQDQFLDO� VXSSRUW� WKURXJKRXW� WKLV�ZRUN� DQG� IRU� WKH�SURMHFWV�1R� �-���������������� DQG

1R� �-������������ *UDQWV� REWDLQHG� IURP� WKH� %ULWLVK� &RXQFLO� DQG� WKH� $XVWULDQ� )HGHUDO

0LQLVWU\� RI� 6FLHQFH� DQG� 5HVHDUFK� DUH� DFNQRZOHGJHG�� :H� DSSUHFLDWH� PDQ\� IUXLWIXO

GLVFXVVLRQV�ZLWK�RXU�FROOHJHV�'U��.�/RKQHU��,QVWLWXWH�RI�%LRSK\VLFV�DQG�;�5D\�VWUXFWXUH

5HVHDUFK�� $XVWULDQ� $FDGHP\� RI� 6FLHQFHV�� *UD]��� 'U�� -�3�� :DOWKR� �'HSDUWPHQW� RI

0ROHFXODU�%LRORJ\�DQG�%LRWHFKQRORJ\��8QLYHUVLW\�RI�6KHIILHOG���6SHFLDO�WKDQNV�JR�WR�'U�

5�9LUGHQ��8QLYHUVLW\�RI�1HZFDVWOH�XSRQ�7\QH��DQG�'U�0�&DUH\��$SSOLHG�3KRWRSK\VLFV�

8�.���IRU�WKH�VWRSSHG�IORZ�&'�PHDVXUHPHQWV��7KDQNV�DUH�GXH�WR�3URIHVVRU�5�+�3DLQ�IRU

UHDGLQJ�WKH�PDQXVFULSW�
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