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%HORJ�'ULPD��'LMDPHWDU�RND��2K��L]QRVL����VWDQGDUQH�GXCLQH�WHOD��/��F�
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�������.RG�SRSXODFLMH�NOHQD�L]�UHNH�%DQMH�GLMDPHWDU�RND��2K��L]QRVL����
RG�GXCLQH�PH_XRaQRJ�SURVWRUD��GF���'LMDPHWDU�RND�L]QRVL�����RG�GXCLQH
JODYH�NRG�NOHQD�L]�UHNH�%DQMH��.RG�NOHQD�L]�-DGUDQVNRJ�VOLYD�GLMDPHWDU
RND�L]QRVL�����RG�GXCLQH�JODYH��
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2YLP�LVWUDCLYDQMHP�MH�XWYU_HQR�GD�VH�NRG�GYH�XGDOMHQH�SRSXODFLMH

NOHQD��NRMH�SULSDGDMX�UD]OLaLWLP�SRGYUVWDPD��QHNL�PHULVWLaNL�L�PRUIRPHWULMVNL
NDUDNWHUL�]QDaDMQR�UD]OLNXMX��%URM�NUOMX^WL�X�ERaQRM�OLQLML�NRG�/��FHSKDOXV
FHSKDOXV�L]QRVL��������D�NRG�/��FHSKDOXV�DOEXV��������8�OH_QRP�SHUDMX
SULPHUFL�SRGYUVWH�/��FHSKDOXV�FHSKDOXV�VD���L���PHNLK�CELFD�VX�SRGMHG�
QDNR�]DVWXSOMHQL��GRN�VH�NRG�SRGYUVWH�/��FHSKDOXV�DOEXV�VNRUR�LVNOMXaLYR
MDYOMDMX�SULPHUFL�VD�RVDP�PHNLK�CELFD��

/��FHSKDOXV�FHSKDOXV�LPD�YH`X�PDNVLPDOQX�YLVLQX�WHOD��DOL�PX�MH
GXCLQD�JODYH�]QDWQR�PDQMD��,DNR�LPD�PDQMX�GXCLQX�JODYH�QHJR�/��FHSKDOXV
DOEXV��VYH�RVWDOH�PRUIRPHWULMVNH�NDUDNWHULVWLNH�X�JODYHQRP�UHJLRQX
]QDaDMQR�VX�YH`H��YLVLQD�JODYH��PH_XRaQL�SURVWRU�L�GLMDPHWDU�RND�

8RaHQH�PHULVWLaNH�L�PRUIRPHWULMVNH�UD]OLNH�PRJOH�EL�GD�XNDCX�L�QD
L]YHVQH�JHQHWLaNH�UD]OLNH�L]PH_X�RYH�GYH�SRGYUVWH��7R�EL�VYDNDNR�WUHEDOR
SURYHULWL��MHU��XNROLNR�VX�WH�UD]OLNH�GRYROMQR�]QDaDMQH��REH�SRGYUVWH�EL�PR�
JOH�GD�GRELMX�VWDWXV�YUVWH�

=DKYDOQRVW��=DKYDOMXMHPR�VH�%RULVX�-RYDQRYL`X�QD�SRPR`L�SUL�VWD�
WLVWLaNRM�REUDGL�UH]XOWDWD�L�ILQDOQRM�UHFHQ]LML��=DKYDOMXMHPR�VH�SURI��GU�3UH�
GUDJX�6LPRQRYL`X�QD�GRVWDYOMHQRM�OLWHUDWXUL�L�YHRPD�NRULVQLP�VDYHWLPD
WRNRP�UDGD��=DKYDOQRVW�GXJXMHPR�L�GU�,YDQL�#LYL`��NRMD�QDP�MH�REH]EHGLOD
UH]XOWDWH�]D�SRUH_HQMH�

6OLND����
2GQRVL�SDUDPHWDUDJODYH�VD�GXCLQRPJODYH�NRG�/��F�
FHSKDOXV�L�/��F��DOEXV�
KF�¬�YLVLQD�JODYH
2K�¬�GLMDPHWDU�RND
GF�¬�PH_XRaQL�SURVWRU
)LJXUH���
5DWLRV�RI�KHDG
SDUDPHWHUV�¬�+HDGGHSWK��KF���(\HGLDPHWHU��2K���DQG
,QWHURUELWDO�GLVWDQFH�GF���ZLWK�+HDGOHQJWK��IRU�/��F�
FHSKDOXV�DQG�/��F�DOEXV��
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/LWHUDWXUD
'LPLWUL`�,���9XaHWL`�0��������,KWLRIDXQD�JRUQMHJ�WRND�UHNH�%DQMH�LGRQMHJ�WRND�UHNH�3RFLEUDYH��3HWQLaNH�VYHVNH��HG��%��6DYL`���9DOMHYR�,6�3HWQLFD�����,,��VWU���������
)URHVH�5���'��3DXO\��HG���������)LVK%DVH��:RUOG�:LGH�:HE�HOHFWURQLFSXEOLFDWLRQ��'RVWXSQR�QD�KWWS���ZZZ�ILVKEDVH�RUJ���YHU]LMD��������
6LPRQRYL`�3��������5LEH�6UELMH��%HRJUDG��=DYRG�]D�]D^WLWX�SULURGH�6UELMHL�%LROR^NL�IDNXOWHW�8QLYHU]LWHWD�X�%HRJUDGX
6LPRQRYL`�3���0DUNRYL`�*��������'XCLQVNL�UDVW�NOHQD�/HXFLVFXV�FHSKDOXV�/���L]�9DSH��6UELMD���,FKWKRORJLD��������������
>RUL`�9��������1HNH�PRUIROR^NR¬HNROR^NH�NDUDNWHULVWLNH�/HXFLVFXVFHSKDOXV�DOEXV��=ERUQLN�UDGRYD�30)�D�X�.UDJXMHYFX��������
9XNRYL`�7���,YDQRYL`�%��������6ODWNRYRGQH�ULEH�-XJRVODYLMH��6DUDMHYR�6YMHWORVW

%RJGDQ�-RYDQRYL`�DQG�-RYDQD�3HWURYL`
&RPSDULVRQ�RI�0HWULF�DQG�0RUSKRPHWULF�&KDUDFWHUV�RI
&KXE�6XEVSHFLHV�/HXFLVXV�FHSKDOXV�FHSKDOXV�DQG�/HXFLVFXV
FHSKDOXV�DOEXV�IURP�$GULDWLF�DQG�%ODFN�6HD�:DWHUVKHGV�

7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�GHWHUPLQH�PRUSKRPHWULF�DQG�PHULVWLF
GLIIHUHQFHV�EHWZHHQ�WKH�SRSXODWLRQ�RI�FKXE��/HXFLVFXV�FHSKDOXV�FHSKDOXV�
IURP�ULYHU�%DQMD��'DQXEH�EDVLQ��DQG�WKH�SRSXODWLRQ�RI�FKXE��/HXFLVFXV
FHSKDOXV�DOEXV��IURP�ULYHU�%HOL�'ULP��$GULDWLF�EDVLQ���%DVHG�RQ�VWDWLVWLFDO
DQDO\VLV�RI�DFTXLUHG�UHVXOWV�LW�ZDV�GHWHUPLQHG�WKDW�PHULVWLF�DQG�PRU�
SKRPHWULF�SDUDPHWHUV�EHWZHHQ�WZR�SRSXODWLRQV�VLJQLILFDQWO\�GLIIHU��/DWHUDO
OLQH�VFDOH�QXPEHU�RI�/��F��FHSKDOXV�YDULHV�IURP����WR�����ZKLOH�WKH�ODWHUDO
OLQH�VFDOH�QXPEHU�RI�/��F��DOEXV�YDULHV�IURP����WR�����,Q�WKH�GRUVDO�ILQ�RI
/��F��FHSKDOXV�WKH�QXPEHU�RI�VRIW�UD\V�LV�����DQG�WKH\�DUH�HTXDOO\�GLVWULE�
XWHG��ZKLOH�WKH�QXPEHU�RI�VRIW�UD\V�RI�/��F��DOEXV�LV�DOZD\V����/��F�
FHSKDOXV�KDV�D�ODUJHU�PD[LPDO�ERG\�KHLJKW��EXW�KDV�VPDOOHU�KHDG�OHQJWK�
(YHQ�WKRXJK�/��F��FHSKDOXV�KDV�VPDOOHU�KHDG�OHQJWK�WKDQ�/��F��DOEXV��WKH
RWKHU�PRUSKRPHWULF�KHDG�FKDUDFWHUV�DUH�FRQVLGHUDEO\�ODUJHU��KHDG�KHLJKW�
LQWHURFXOL�GLDPHWHU�DQG�H\H�GLDPHWHU��1RWHG�GLIIHUHQFHV�EDVHG�RQ�UHVXOWV
RI�WKLV�UHVHDUFK�FRXOG�SRLQW�WR�VRPH�JHQHWLF�GLIIHUHQFHV�EHWZHHQ�WKH�WZR
VXEVSHFLHV��,I�WKHVH�GLIIHUHQFHV�DUH�SURYHG�WR�EH�VLJQLILFDQW��ERWK�VXEVSH�
FLHV�FRXOG�JHW�VSHFLHV�VWDWXV�
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