
6WUXFWXUDO�DQG�(OHFWULFDO�3URSHUWLHV�RI�,URQ�3KRVSKDWH�

*ODVVHV�

$�� 0RJXV�0LODQNRYLF��$��6DQWLF��DQG�'HOEHUW�(��'D\��
�5XGMHU�%RVNRYLF�,QVWLWXWH��'HSDUWPHQW�RI�3K\VLFV��������=DJUHE��&URDWLD�

�8QLYHUVLW\�RI�0LVVRXUL�5ROOD��&HQWHU�IRU�0DWHULDOV�5HVHDUFK��5ROOD��02��������86$�
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7KH�UHODWLRQVKLS�EHWZHHQ�VWUXFWXUH�DQG�HOHFWULFDO�SURSHUWLHV�IRU�LURQ�SKRVSKDWH�JODVVHV�FRQWDLQLQJ�

GLIIHUHQW�FRQWHQW�RI�DONDOL�DQG�DONDOLQH�HDUWK�R[LGHV�KDV�EHHQ�VWXGLHG��7KH�VWUXFWXUDO�FKDQJHV�RI�WKHVH�

JODVVHV�KDYH�EHHQ�LQYHVWLJDWHG�E\�5DPDQ�VSHFWURVFRS\��7KH�5DPDQ�VSHFWUD�VKRZ�WKDW�WKH�LURQ�SOD\�DQ�

LPSRUWDQW� UROH� LQ� IRUPDWLRQ�RI�3�2�)H�ERQGV� WKDW� VWUHQJWKHQV� WKH�FURVV�ERQGLQJ�RI� VKRUWHU�SKRVSKDWH�

FKDLQV��7KH�HOHFWULFDO�FRQGXFWLYLW\�RI�WKHVH�JODVVHV�KDV�EHHQ�PHDVXUHG�E\�WKHUPDOO\�VWLPXODWHG�FXUUHQW�

DQG� LPSHGDQFH� VSHFWURVFRS\��7KH� LQYHVWLJDWLRQ�RI� FHVLXP� LURQ�SKRVSKDWH�JODVVHV� KDV� VKRZQ� WKDW� WKH�

VORZO\� PRYLQJ� FHVLXP� LRQV� DUH� PRUH� WLJKWO\� ERXQG� WR� WKH� QRQ�EULGJLQJ� R[\JHQ� LRQV� DQG� PDNH� QR�

PHDVXUDEOH� FRQWULEXWLRQ� WR� WKH� GF� FRQGXFWLYLW\� LQ� JODVVHV� FRQWDLQLQJ� XS� WR� ��� PRO�� &V�2�� 7KH� GF�

FRQGXFWLYLW\� LQ� WKHVH� FHVLXP�FRQWDLQLQJ� JODVVHV� LV� WRWDOO\� HOHFWURQLF�� FRQWUROOHG� E\� KRSSLQJ� EHWZHHQ�

LURQ�LRQV��7KH�HOHFWULFDO�FRQGXFWLYLW\�LQ�WKH�PL[HG�DONDOL��VRGLXP�DQG�SRWDVVLXP��LURQ�SKRVSKDWH�JODVVHV�

LV�DOVR�QHDUO\�LQGHSHQGHQW�RI�WKH�GLIIHUHQW�VRGLXP�DQG�SRWDVVLXP�FRQWHQW��7KLV�LQGHSHQGHQFH�LQGLFDWHV�

WKDW� WKH� PRELOLW\� RI� VRGLXP� DQG� SRWDVVLXP� LV� DOPRVW� LQYDULDQW� LQ� WKH� VLQJOH� DQG� PL[HG� DONDOL� LURQ�

SKRVSKDWH�JODVVHV��7KH�HOHFWULFDO�FKDQJHV�WKDW�DUH�DSSHDUHG�LQ�WKH�DOXPLQR�SKRVSKDWH�JODVVHV�VKRZ�WKDW�

WKH� DGGLWLRQ� RI� )H�2�� FRQWHQW� KDYH� DQ� HIIHFW� RQ� WKH� GF� FRQGXFWLYLW\��:LWK� LQFUHDVLQJ� )H�2�� FRQWHQW�

HOHFWULFDO�FRQGXFWLYLW\�GHSHQGV�XSRQ�GLVWDQFH�EHWZHHQ�LURQ�LRQV�VXJJHVWLQJ�HOHFWURQLF�FRQGXFWLRQ��7KH�

LPSHGDQFH�DQDO\VLV� IRU� WKHVH�JODVVHV�VKRZV� WKDW� WKH�FKDQJHV� LQ� WKH�HOHFWULFDO�FRQGXFWLRQ�PHFKDQLVPV�

FRLQFLGH�ZLWK�WKH�FKDQJHV�LQ�WKH�VWUXFWXUH������

���,QWURGXFWLRQ�

7KH�VWUXFWXUH�DQG�SURSHUWLHV�RI�SKRVSKDWH�JODVVHV�KDYH�DWWUDFWHG�FRQVLGHUDEOH�LQWHUHVW�
��LQ�UHFHQW�\HDUV�EHFDXVH�RI�WKHLU�XQLTXH�VWUXFWXUDO�DQG�HOHFWULFDO�SURSHUWLHV��,Q�ELQDU\�LURQ�
SKRVSKDWH� JODVVHV�� ZLWK� LQFUHDVLQJ� )H�2�� FRQWHQW�� WKH� QXPEHU� RI� )H�2�3� ERQGV�
LQFUHDVHG�� ZKLOH� WKH� QXPEHU� RI� EULGJLQJ� R[\JHQ� 3�2�3� ERQGV� GHFUHDVHG� �� VR� WKDW� WKH�
SKRVSKDWH� QHWZRUN� FKDQJHG� IURP� WKH� FKDLQ�OLNH�PHWDSKRVSKDWH� VWUXFWXUH� WKURXJK� WKH�
GLPHULF� S\URSKRVSKDWH� WR� WKH� LVRODWHG� RUWKRSKRVSKDWH� VWUXFWXUH� ��� 3KRVSKDWH� JODVVHV�
FRQWDLQLQJ� WUDQVLWLRQ� PHWDO� LRQV� VXFK� DV� LURQ� DUH� HOHFWURQLFDOO\� FRQGXFWLQJ�
VHPLFRQGXFWRUV�� &RQGXFWLRQ� LV� DFKLHYHG� E\� HOHFWURQV� KRSSLQJ� IURP� ORZ�� LURQ� �,,��� WR�
KLJK�YDOHQFH�� LURQ��,,,���VLWHV�DQG�GHSHQGV�XSRQ�WKH�DYHUDJH�GLVWDQFH�EHWZHHQ� LURQ� LRQV�
DQG� WKH� UHODWLYH� IUDFWLRQ� RI� LURQ�,,�DQG� LURQ�,,,�� LRQV� ��� 7KH� FKDUJH� WUDQVIHU� LV� XVXDOO\�
WHUPHG�D�´VPDOO�SRODURQ�KRSSLQJµ���� ,Q�WKH�SUHVHQW�VWXG\�WKH�FRQWULEXWLRQ�RI�WKH�DONDOL�
LRQV� LQ� ERWK� VLQJOH� DQG� PL[HG� DONDOL� LURQ� SKRVSKDWH� JODVVHV� WR� WKH� WRWDO� HOHFWULFDO�
FRQGXFWLYLW\� DQG� WKH� HIIHFW� RI� JODVV� VWUXFWXUH� RQ� WKH� HOHFWULFDO� FRQGXFWLYLW\� LQ� WKHVH�
JODVVHV�ZDV�H[DPLQHG�E\�LPSHGDQFH�VSHFWURVFRS\��$OVR��WKH�DLP�RI�WKH�SUHVHQW�ZRUN�ZDV�
WR� LQYHVWLJDWH� KRZ� WKH� DGGLWLRQ� RI�$O�2�� DQG� )H�2�� WR� WKH� VWDUWLQJ� VRGLXP� SKRVSKDWH�
JODVV�DIIHFWHG�WKH�HOHFWULFDO�FRQGXFWLYLW\���

���([SHULPHQWDO�

7KH�JODVVHV�ZHUH�PHOWHG�LQ�DQ�DOXPLQD�FUXFLEOH�LQ�DLU�DW�a������.�IRU�DSSUR[LPDWHO\���K�
XVLQJ� D� PL[WXUH� RI� UHDJHQW� JUDGH� R[LGHV� RU� FDUERQDWHV� DQG� DPPRQLXP� GLK\GURJHQ�
SKRVSKDWH��$OO�WKH�FRPSRVLWLRQ�LQ�7DEOH���IRUPHG�JODVV�DQG�DUH�WKH�EDWFK�FRPSRVLWLRQ�LQ�
PRO��� 7KH� FKDQJHV� LQ� WKH� SKRVSKDWH� QHWZRUN� IRU� JODVVHV� LQYHVWLJDWHG�ZHUH�PHDVXUHG�
XVLQJ�5DPDQ�VSHFWURVFRS\��7KH�HOHFWULFDO� LPSHGDQFH�ZDV�PHDVXUHG�ZLWK�DQ�,PSHGDQFH�
$QDO\]HU� ,����� ZKLOH� WKH� WKHUPDOO\� VWLPXODWHG� FXUUHQW� �76&�� ZDV� PHDVXUHG� ZLWK� D�
.HLWKOH\� ����(OHFWURPHWHU��*ROG� HOHFWURGHV�� ��PP� LQ� GLDPHWHU��ZHUH� HYDSRUDWHG� RQWR�
ERWK�VLGHV�RI�D���PP�WKLFN�SLHFH�RI�DQQHDOHG�JODVV��
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7KH� 5DPDQ� VSHFWUD� PHDVXUHG� IRU� WKH�
VLQJOH��DQG�PL[HG�DONDOL�LURQ�SKRVSKDWH�
JODVVHV� DUH� VKRZQ� LQ� )LJ���� ,Q� PL[HG�
DQG�VLQJOH�DONDOL�LURQ�SKRVSKDWH�JODVVHV�
WKH� S\URSKRVSKDWH�� �3�2��

���� XQLWV�
GRPLQDWH� WKH� VWUXFWXUH� DORQJ� ZLWK� D�
ORZ� FRQFHQWUDWLRQ� RI� PHWDSKRVSKDWH�
�32��

��� JURXSV�� � DQG� LVRODWHG� �32��
���

WHWUDKHGUD�� 7KH� LGHQWLFDO� 5DPDQ�
VSHFWUD� IRU� DOO� WKHVH� JODVVHV� FOHDUO\�
LQGLFDWH�WKDW�WKH�VWUXFWXUH�RI�WKHVH�LURQ�
SKRVSKDWH� JODVVHV� GRHV� QRW� GHSHQG� LQ�
DQ\�GHWHFWDEOH�ZD\�XSRQ� WKH� W\SH� �1D�

RU�.��RU�FRQFHQWUDWLRQ�RI�DONDOL�LRQ�SUHVHQW�LQ�WKH�JODVV��6LPLODUO\��WKH�5DPDQ�VSHFWUD�IRU�
WKH� FHVLXP� LURQ� SKRVSKDWH� JODVVHV� FRQVLVW� SUHGRPLQDQWO\� RI� S\URSKRVSKDWH� �3�2��

���

XQLWV�ZLWK� D� VPDOO� DPRXQW� RI� FKDLQV� RI� �32��
�� JURXSV��7KH� VWUXFWXUDO� FKDQJHV� LQ� WKH�

VRGLXP�SKRVSKDWH�JODVVHV�VKRZ�WKDW�WKH�DGGLWLRQ�RI�$O�2��FRQWHQW�KDV�D�GLIIHUHQW�HIIHFW�
RQ� WKH� SKRVSKDWH� QHWZRUN� WKDQ� WKH� DGGLWLRQ� RI� )H�2��� )LJV�� ��D�� DQG� ��E��� :LWK�
LQFUHDVLQJ� )H�2�� FRQWHQW� XS� WR� ��� PRO�� WKH� VWUXFWXUH� FKDQJHV� IURP� WKH� FKDLQ�OLNH�
PHWDSKRVSKDWH�WR�WKH�S\URSKRVSKDWH�VWUXFWXUH��7KH�LURQ�LRQV�SOD\�DQ�LPSRUWDQW�UROH�LQ�
IRUPLQJ� 3�2�)H� ERQGV� WKDW� VWUHQJWKHQ� WKH� FURVV�ERQGLQJ� RI� VKRUWHU� S\URSKRVSKDWH�
FKDLQV��2Q� WKH�RWKHU�KDQG��ZLWK� LQFUHDVLQJ�$O�2�� FRQWHQW�XS� WR����PRO��� WKH� VRGLXP�
PHWDSKRVSKDWH� LV�UHSODFHG�E\�DOXPLQXP�PHWDSKRVSKDWH�ZKHUH�$O�23���XQLWV�FURVV�OLQN�
SKRVSKDWH�FKDLQV���

�����(OHFWULFDO�FRQGXFWLYLW\�

)LJ����VKRZV�WKH�GF�FRQGXFWLYLW\�IRU�FHVLXP�LURQ�SKRVSKDWH�JODVVHV�FDOFXODWHG�IURP�
76&�PHDVXUHPHQWV��7KH�GF�FRQGXFWLYLW\�LV�WKHUPDOO\�DFWLYDWHG�DQG�WKH�DFWLYDWLRQ�HQHUJ\��
(GF��FDQ�EH�GHWHUPLQHG�IURP�WKH�VORSH�RI�ORJ�σGF�76&��YV����7�FXUYHV�DV�VKRZQ�LQ�)LJ�����
7KH� GF� FRQGXFWLYLW\� H[KLELWV� DQ� $UUKHQLXV� WHPSHUDWXUH� GHSHQGHQFH�� σGF � σR� H[S��
(GF�N%7��� ZKHUH� σGF� LV� WKH� FRQGXFWLYLW\�� σR� LV� WKH� SUH�H[SRQHQW�� (GF� LV� WKH� DFWLYDWLRQ�
HQHUJ\� IRU� WKH� GF� FRQGXFWLYLW\�� N%� LV� WKH�%ROW]PDQ� FRQVWDQW� DQG�7� LV� WHPSHUDWXUH� �.���
7KH�DFWLYDWLRQ�HQHUJ\�IRU�GF�FRQGXFWLYLW\�DQG�WKH�PHDVXUHG�GF�FRQGXFWLYLW\��σGF�76&��
DW�����.�IRU�WKH�FHVLXP�LURQ�SKRVSKDWH�JODVVHV�UHPDLQHG�FRQVWDQW�ZLWKLQ�H[SHULPHQWDO�

HUURU�� )LJ� ��D��� 6LPLODUO\�� QHLWKHU� WKH� DFWLYDWLRQ� HQHUJ\�� (GF�� QRU� WKH� PHDVXUHG� GF�
FRQGXFWLYLW\��σGF��DW�����.�IRU�WKH�PL[HG�DONDOL��1D�DQG�.��LURQ�SKRVSKDWH�JODVVHV�VKRZV�
DQ\�HYLGHQFH�RI�D�PD[LPXP�RU�PLQLPXP��)LJ����E���ZKLFK�LV�W\SLFDO�RI�WKH�PL[HG�DONDOL�
HIIHFW�VHHQ�LQ�PL[HG�DONDOL�VLOLFDWH�RU�SKRVSKDWH�JODVVHV���

7KH� GF� FRQGXFWLYLW\� IRU� WKH� VRGLXP� SKRVSKDWH� JODVVHV� FRQWDLQLQJ� $O�2�� DQG�RU�
)H�2�� ZDV� FDOFXODWHG� IURP� WKH� IUHTXHQF\� GHSHQGHQFH� RI� WKH� FRQGXFWLYLW\� DW� GLIIHUHQW�
WHPSHUDWXUHV�� 7KH� SODWHDX� LQ� WKH� FRQGXFWLYLW\� DW� IUHTXHQFLHV� EHORZ� a� ���� +]�
FRUUHVSRQGV� WR� WKH� GF� FRQGXFWLYLW\� IRU� HDFK� JODVV� DW� WKH� WHPSHUDWXUH� XVHG�� $W� ORZ�
IUHTXHQF\��WKH�GF�FRQGXFWLYLW\��σGF�ω���LQFUHDVHV�ZLWK�LQFUHDVLQJ�WHPSHUDWXUH�DQG�VKRZV�D�



ZHDN� IUHTXHQF\� GHSHQGHQFH� ��� 7KH� GHFUHDVH� LQ� WKH� GF� FRQGXFWLYLW\� DQG� WKH� DFWLYDWLRQ�
HQHUJ\��7DEOH����IRU�WKH�1�2�$O�2��3�2��JODVVHV�LV�DWWULEXWHG�WR�WKH�GHFUHDVH�LQ�WKH�1D�2�
FRQWHQW�IURP����WR����PRO���7KH�DFWLYDWLRQ�HQHUJ\�RI������WR������N-PRO���LQ�WKH�1�2�
$O�2��3�2��JODVVHV�LV�VLPLODU�WR�WKH�DFWLYDWLRQ�HQHUJ\�RI�LRQLF�FRQGXFWRUV�

���2Q�WKH�RWKHU�
KDQG�� DQ� LQFUHDVH� LQ� GF� FRQGXFWLYLW\� DQG� D� GHFUHDVH� LQ� DFWLYDWLRQ� HQHUJ\� IRU� JODVV�
FRQWDLQLQJ����DQG����PRO��)H�2��VXJJHVWV�VRPH�FKDQJHV�LQ�FRQGXFWLRQ�PHFKDQLVPV��,W�
KDV� EHHQ� SUHYLRXVO\� UHSRUWHG� ���� WKDW� LQ� LURQ� SKRVSKDWH� JODVVHV� WKH� GF� FRQGXFWLYLW\� LV�
HOHFWURQLF�DQG�GHSHQGV�VWURQJO\�XSRQ�WKH�GLVWDQFH�5�EHWZHHQ�WKH�)H�LRQV��$VVXPLQJ�WKDW�
WKH�FRQGXFWLYLW\�LV�GXH�WR�HOHFWURQ�KRSSLQJ�IURP�)H�,,��WR�)H�,,,��WKHQ�ZLWK�GHFUHDVLQJ�5�
IURP�5� ������c�IRU�WKH���������JODVV�WR�5� ������c�IRU����������JODVV�LQ�1D�2��)H�2��
3�2��VHULHV�LW�LV�UHDVRQDEOH�WR�H[SHFW�DQ�LQFUHDVH�LQ�GF�FRQGXFWLYLW\��$W�WKH�VDPH�WLPH��WKH�
DFWLYDWLRQ�HQHUJ\�RI������N-PRO���IRU�WKH����������JODVV�VXJJHVWV�WKDW�WKH�GF�FRQGXFWLYLW\�
LV�FRQWUROOHG�E\�HOHFWURQ�KRSSLQJ�DQG�GHSHQGV�XSRQ�WKH�GLVWDQFH�5�EHWZHHQ�WKH�)H�LRQV��
6XFK�FKDQJHV�LQ�FRQGXFWLRQ�PHFKDQLVPV�LV�RIWHQ�UHODWHG�WR�FKDQJHV�LQ�WKH�VWUXFWXUH�RI�D�
JODVV��$OWKRXJK� WKH�UHODWLYH�1D��$O�DQG�3�FRQWHQW�DIIHFWV� WKH�FRQGXFWLYLW\��)H�VHHPV� WR�
SOD\�DQ�LPSRUWDQW�VWUXFWXUDO�UROH�LQ�WKH�SKRVSKDWH�QHWZRUN�LURQ�FRQWDLQLQJ�JODVVHV��7KH�
5DPDQ�VSHFWUD�IRU�WKHVH�JODVVHV�VKRZ�WKDW� WKH�VXEVWLWXWLRQ�RI�)H�2�� IRU�$O�2��FKDQJHV�
WKH� VWUXFWXUH� IURP� PHWDSKRVSKDWH� GRPLQDWHG� E\� WKH� 3�2�3� FKDLQV� WR� S\URSKRVSKDWH�
ZKHUH��3�2��

���JURXSV�DUH�FRQQHFWHG�E\�R[\JHQ�SRO\KHGUD�WKDW�FRQWDLQ�WKH�LURQ�LQ�ERWK�
R[LGDWLRQ�VWDWHV��DV�)H�,,��DQG�)H�,,,���������,W�VHHPV�WKDW�WKH�LURQ�LRQV�VKRUWHQ�WKH�3�2�3�
FKDLQV�DQG�WKXV��LQFUHDVH�WKH�QRQ�EULGJLQJ�3�2��R[\JHQ�ERQGV�WKDW�IRUP�VWURQJ�3�2�)H�
ERQGV� DQG� FURVV�OLQN� VKRUWHU� SKRVSKDWH� FKDLQV�� 7KLV� HIIHFW� RI� )H�2�� FRQWHQW� RQ�
SURSHUWLHV�RI�WKH�JODVVHV�LV�FRQVLVWHQW�ZLWK�WKH�VWUXFWXUDO�UROH�RI�LURQ�LRQV�WKDW�VWUHQJWKHQ�
WKH�JODVV�QHWZRUN��

���&RQFOXVLRQ�

7KH� HOHFWULFDO� FRQGXFWLYLW\� RI� DONDOL� DQG� PL[HG� DONDOL� LURQ� SKRVSKDWH� JODVVHV� LV�
GRPLQDWHG� E\� HOHFWURQ� KRSSLQJ� EHWZHHQ� )H�,,�� WR� )H�,,,�� VLWHV� LQ� WKH� JODVV� DQG� WKH�
PRELOLW\� RI� WKH� DONDOL� LRQV� LV� VR� ORZ� WKDW� WKH\�PDNH� QR� GHWHFWDEOH� FRQWULEXWLRQ� WR� WKH�
RYHUDOO� HOHFWULFDO� FRQGXFWLYLW\�� � 7KH� VWUXFWXUDO� DQG� HOHFWULFDO� FKDQJHV� VKRZ� WKDW� ZLWK�
LQFUHDVLQJ�)H�2��FRQWHQW�LQ�VRGLXP�SKRVSKDWH�JODVVHV�WKHUH�LV�D�FRUUHVSRQGLQJ�GHFUHDVH�
LQ�WKH�QXPEHU�RI�3�2�3�ERQGV�DV�S\URSKRVSKDWH��3�2��

���XQLWV�DUH�IRUPHG��7KH�GHFUHDVH�
LQ� DFWLYDWLRQ� HQHUJ\� ZLWK� LQFUHDVLQJ� )H�2�� FRQWHQW� OHDG� WR� WKH� FRQFOXVLRQ� WKDW� WKH�
HOHFWULFDO� FRQGXFWLYLW\� GHSHQGV� XSRQ� WKH� GLVWDQFH� EHWZHHQ� LURQ� LRQV�� ZKLFK� VXJJHVWV�
HOHFWURQLF� FRQGXFWLRQ�� 7KH� FKDQJHV� LQ� FRQGXFWLRQ� PHFKDQLVPV� DUH� DWWULEXWHG� WR� WKH�
VLJQLILFDQW�HIIHFW�RI�LURQ�LRQV�RQ�WKH�SKRVSKDWH�VWUXFWXUH��

�

�

��7��.DQD]DZD��LQ�,QRUJDQLF�3KRVSKDWH�0DWHULDOV��HGLWHG�E\�7��.DQD]DZD��(OVHYLHU��

$PVWHUGVP��������9RO������

���;��<X��'�(��'D\��*�-��/RQJ��5�.��%URZ��-��1RQ�&U\VW��6ROLGV������S������������

��$��0RJXV�0LODQNRYLF��%��3LYDF��.��)XULF��'��(��'D\��3K\V��&KHP��*ODVVHV�����S������������

���$��0RJXV�0LODQNRYLF��'��(��'D\��-��1RQ�&U\VW��6ROLGV������S�������������

�
��1��)��0RWW�-��1RQ�&U\VW��6ROLGV����S������������

�
� �$��0RJXV�0LODQNRYLF��$��6DQWLF��$��*DMRYLF��'��(��'D\�� -��1RQ�&U\VW��6ROLGV������ S����

��������

�
��6��:��0DUWLQ��-��$P��&HUDP��6RF�����S����������������



���)LJXUH�&DSWLRQ�

)LJ�����5DPDQ�VSHFWUD�IRU�WKH�VLQJOH��DQG�PL[HG�DONDOL�LURQ�SKRVSKDWH�JODVVHV��

)LJ�����5DPDQ�VSHFWUD�IRU�1�2�$O�2��3�2���D��DQG�1D�2��)H�2��3�2���E��JODVVHV�ZKHUH�

JODVVHV�DUH�LGHQWLILHG�E\�WKHLU�EDWFK�FRPSRVLWLRQ�JLYHQ�LQ�7DEOH����

)LJ�����7KH�GHSHQGHQFH�RI�GF�FRQGXFWLYLW\�PHDVXUHG�DW�����.�XSRQ�WKH�&V�2�FRQWHQW��D��

WKH� PL[HG�DONDOL� FRQWHQW� �E��� ,QVHW�� GF� FRQGXFWLYLW\� IRU� FHVLXP� LURQ� SKRVSKDWH� JODVVHV�

FDOFXODWHG�IURP�76&��PHDVXUHPHQWV��

�



7DEOH����&RPSRVLWLRQ�LQ�PRO��DQG�VHOHFWHG�GDWD�IRU�LURQ�SKRVSKDWH�JODVVHV�

%DWFK�FRPSRVLWLRQV��PRO��� 2�3� )H�,,��)HWRW
� '�� 5�� σGF�76&�

� (GF�

1D�2� .�2� &V�2� $O�2�� )H�2�� 3�2�� � � �JFP���� �c�� �ΩP���� �N-PRO����
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