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)XQJDO�SDWKRJHQV�DUH�RQH�RI�WKH PDMRU�WKUHDWV�RQ�FXOWLYDWHG�UXEEHU��+HYHD�EUDVLOLHQVLV��
WUHHV�JOREDOO\��$OWKRXJK�UXEEHU�SDWKRJHQV�DUH�WUDGLWLRQDOO\�NQRZQ�EDVHG�RQ�PRUSKRORJ\��
OHVV� RU� QR� PROHFXODU� GDWD� DUH� DYDLODEOH� IRU� VRPH� SDWKRJHQLF� VSHFLHV� LQ� 6UL� /DQND��
(PHUJHQFH�RI�SDWKRJHQV�FDQ�EH�GXH�WR�FOLPDWLF�FKDQJHV�DQG�LQWURGXFWLRQ�RI�QHZ�FORQHV�
7KHUHIRUH��DVVHVVPHQW�RI�IXQJDO�SDWKRJHQV�DVVRFLDWHG�ZLWK�UXEEHU�WUHHV�LQ�6UL�/DQND�LV�
HVVHQWLDO�� 7KH� PDMRU� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� DFFXUDWHO\� LGHQWLI\� IROLDU� IXQJDO�
SDWKRJHQV� DVVRFLDWHG� ZLWK� UXEEHU� SODQWV� LQ� 6UL� /DQND� EDVHG� RQ� PRUSKRORJ\� DQG�
SK\ORJHQHWLF�DQDO\VLV��6LQJOH�VSRUH�LVRODWLRQ�ZDV�FDUULHG�RXW�WR�REWDLQ�SXUH�FXOWXUHV�RI�
IXQJL� IURP� GLVHDVHG� OHDI� VDPSOHV� FROOHFWHG� UDQGRPO\� IURP� VHOHFWHG� VLWHV�� ,QWHUQDO�
WUDQVFULEHG�VSDFHU��,76��UHJLRQ�RI�DOO�LVRODWHV�ZHUH�VHTXHQFHG�WR�GHWHUPLQH�WKH�JHQHULF�
SODFHPHQW�RI�LVRODWHV��3K\ORJHQHWLF�DQDO\VLV�ZDV�SHUIRUPHG�EDVHG�RQ�ILYH�JHQH�UHJLRQV�
LQFOXGLQJ� SDUWLDO� DFWLQ� �$&7��� EHWD� WXEXOLQ� �78%���� FKLWLQ� V\QWKDVH� �&+6�����
JO\FHUDOGHK\GH���SKRVSKDWH�GHK\GURJHQDVH��*$3'+��DQG�,76�IRU�WKH�LVRODWHV�ZLWKLQ�WKH�
&ROOHWRWULFKXP�JLJDVSRUXP DQG�&�� WUXQFDWXP VSHFLHV�FRPSOH[HV��3XWDWLYH�'1$�O\DVH�
�$SQ����'1$�O\DVH�PDWLQJ�W\SH���LQWHUJHQLF�UHJLRQ��$SQ��0$7���DQG�,76�UHJLRQV�ZHUH�
XVHG�IRU�&��JORHRVSRULRLGHV�VSHFLHV�FRPSOH[��7KH�DQDO\VLV�ZDV�GRQH�EDVHG�RQ�,76�DQG�
*3'+� IRU� LVRODWHV� EHORQJHG� LQ� &XUYXODULD�� $FFRUGLQJ� WR� WKH� PRUSKRORJLFDO� DQG�
PROHFXODU� GDWD��&XUYXODULD� YHUUXFXORVD��&ROOHWRWULFKXP� WUXQFDWXP DQG� RQH� XQNQRZQ�
VSHFLHV�EHORQJHG�LQ�&ROOHWRWULFKXP�JLJDVSRUXP FRPSOH[�LGHQWLILHG�LQ�WKLV�VWXG\�ZHUH�WKH�
ILUVW�JOREDO�IXQJXV�KRVW�DVVRFLDWLRQ�UHFRUGV�RQ�+HYHD��7KUHH�LVRODWHV�ZHUH�ILUVW�UHFRUGV�RI�
KRVW�SDWKRJHQ� DVVRFLDWLRQ� LQ� 6UL� /DQND�� QDPHO\�&ROOHWRWULFKXP� VLDPHQVH��&XUYXODULD�
VHQHJDOHQVLV DQG� 3K\OORVWLFWD� FDSLWDOHQVLV�� %RWK� &XUYXODULD VSS�� UHFRUGHG� DUH� ILUVW�
UHFRUGV�RI� WKRVH�IXQJL� LQ�6UL�/DQND��3DWKRJHQLFLW\� WHVWV�FRQILUPHG� WKDW�&ROOHWRWULFKXP
LVRODWHV�OHDGLQJ�WR�W\SLFDO�DQWKUDFQRVH�V\PSWRPV�DUH�FRUUHODWHG�ZLWK�WKH�VSHFLHV�EHORQJ�
LQ� JORHRVSRULRLGHV� FRPSOH[� ZKLOH�&�� JLJDVSRULXP DQG�&�� WUXQFDWXP VSHFLHV� DUH� DOVR�
FDSDEOH� RI� VXFFHVVIXOO\� FRORQL]LQJ� RQ� UXEEHU� OHDYHV�� +HQFH�� WKLV� VWXG\� UHYHDOV� D�
SUHYLRXVO\�XQNQRZQ�GLYHUVLW\�RI�IROLDU�IXQJL�DVVRFLDWHG�ZLWK�FXOWLYDWHG�UXEEHU�WUHHV�LQ�6UL�
/DQND�

.H\ZRUGV� OHDI�GLVHDVHV��SODQWDWLRQ�FURSV� VSHFLHV�FRPSOH[HV

$FNQRZOHGJHPHQW² 7KLV�SURMHFW�ZDV�VXSSRUWHG�E\�8QLYHUVLW\�RI�6UL�-D\HZDUGHQHSXUD�
XQGHUJUDGXDWH�UHVHDUFK�JUDQW�DQG�0DUWLQ�%DNHU�5HVHDUFK�$ZDUG WR�'� 8GD\DQJD IURP�
0\FRORJLFDO�6RFLHW\�RI�$PHULFD�


