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7KH�FXUUHQW�RYHUVXSSO\�RI�PDWXUH�DQG�RYHU�PDWXUH�3LQXV�FDULEDHD �3LQH��SODQWDWLRQV� LQ�6UL�
/DQND�QHFHVVLWDWHV�RSWLPDO�UHVRXUFH�XWLOL]DWLRQ��SDUWLFXODUO\�IRU�SULYDWH�IXUQLWXUH�PDQXIDFWXULQJ�
DQG�H[SRUW�LQGXVWULHV��7KLV�VWXG\�LQYHVWLJDWHG�WKH�UHODWLRQVKLS�EHWZHHQ�JURZWK�UDWH�DQG�ZRRG�
TXDOLW\�SDUDPHWHUV�E\�H[DPLQLQJ�UDGLDO UHODWLYH�GHQVLW\�DQG�ULQJ�ZLGWK�YDULDWLRQV�ZLWKLQ�DQG�
EHWZHHQ�WUHHV��IRFXVLQJ�RQ�VORZ��PHGLXP��DQG�IDVW�JURZQ�WUHHV��ZLWK�SDUWLFXODU�HPSKDVLV�RQ�
RYHU�PDWXUH�VSHFLPHQV��:RRG�TXDOLW\�DVVHVVPHQW�HPSOR\HG�WKH�PD[LPXP�PRLVWXUH�FRQWHQW�
PHWKRG�WR�GHWHUPLQH�UHODWLYH�GHQVLW\��ZLWK�PHDVXUHPHQWV�VWDQGDUGL]HG�DW�����PRLVWXUH�FRQWHQW�
WR�IDFLOLWDWH�FRPSDUDWLYH�DQDO\VLV��7KH�H[SHULPHQWDO�GHVLJQ�LQFRUSRUDWHG�%RURQ�WUHDWPHQW�RQ�
VHOHFWHG� VDPSOHV� WR� HYDOXDWH� LWV� LPSDFW� RQ�ZRRG� TXDOLW\� SDUDPHWHUV��'DWD� DQDO\VLV� XWLOL]HG�
GHVFULSWLYH�VWDWLVWLFV�DQG�RQH�ZD\�$129$�ZLWK�7XNH\
V�SRVW�KRF�FRPSDULVRQV�XVLQJ�0LQLWDE�
��� VRIWZDUH�� 5HVXOWV� UHYHDOHG� WKDW� IDVW�JURZQ� WUHHV� H[KLELWHG� VLJQLILFDQWO\� KLJKHU� UHODWLYH�
GHQVLW\� WKDQ� VORZ� DQG� PHGLXP�JURZQ� FRXQWHUSDUWV�� ZKLOH� QR� VLJQLILFDQW� GLIIHUHQFHV� ZHUH�
REVHUYHG�EHWZHHQ�VORZ�DQG�PHGLXP�JURZWK�UDWHV��7KLV�VXJJHVWV�WKDW�3LQHZRRG�UHODWLYH�GHQVLW\�
PD\�EH� ODUJHO\� LQGHSHQGHQW�RI�JURZWK� UDWH�ZLWKLQ� WKH� VORZ� WR�PHGLXP�JURZWK� UDQJH��5LQJ�
ZLGWK�DQDO\VLV�GHPRQVWUDWHG�D�FRQVLVWHQW�SDWWHUQ�DFURVV�DOO�JURZWK�UDWHV��FKDUDFWHUL]HG�E\�DQ�
LQLWLDO�GHFUHDVH�LQ�MXYHQLOH�ZRRG�DQG�VWDELOL]DWLRQ�LQ�PDWXUH�ZRRG��DWWULEXWHG�WR�FDPELDO�DJHLQJ�
RU� FDQRS\� FORVXUH��5HODWLYH� GHQVLW\� YDULDWLRQV� IURP�SLWK� WR� EDUN�GLVSOD\HG�GLVWLQFW� SDWWHUQV�
DFFRUGLQJ�WR�JURZWK�UDWHV��VORZ�JURZQ�WUHHV�H[KLELWHG�DQ�LQLWLDO�GHFOLQH�IROORZHG�E\�D�VOLJKW�
LQFUHDVH�WRZDUGV�WKH�EDUN��PHGLXP�JURZQ�WUHHV�PDLQWDLQHG�D�UHODWLYHO\�FRQVWDQW�GHQVLW\�DIWHU�
DQ�LQLWLDO�GHFOLQH��DQG�IDVW�JURZQ�WUHHV�VKRZHG�DQ�LQLWLDO�GHFUHDVH�IROORZHG�E\�LUUHJXODU�VOLJKW�
LQFUHDVHV�� 7KH WUDQVLWLRQ� IURP� MXYHQLOH� WR�PDWXUH� ZRRG� IRUPDWLRQ� RFFXUUHG� FRQVLVWHQWO\� DW�
DSSUR[LPDWHO\�WHQ�\HDUV��LQGHSHQGHQW�RI�JURZWK�UDWH��7KH�ILQGLQJV�VXJJHVW�WKDW�LPSOHPHQWLQJ�
VLOYLFXOWXUDO�SUDFWLFHV�SURPRWLQJ�IDVWHU�JURZWK�UDWHV�FRXOG�\LHOG�KLJK�TXDOLW\�PDWXUH�3LQH�ZRRG�
ZLWKRXW�FRPSURPLVLQJ�ZRRG�SURSHUWLHV��0RUHRYHU��%RURQ� WUHDWPHQW� VKRZHG�QR�VWDWLVWLFDOO\�
VLJQLILFDQW�HIIHFW�RQ�ZRRG�TXDOLW\��LQGLFDWLQJ�LWV�SRWHQWLDO�DV�D�SUHVHUYDWLYH�WUHDWPHQW�RSWLRQ�WR�
HQKDQFH� GXUDELOLW\� DQG� URW� UHVLVWDQFH�ZKLOH�PDLQWDLQLQJ�ZRRG� SURSHUWLHV�� 7KHVH� UHVXOWV� DUH�
LPSRUWDQW� IRU�RSWLPL]LQJ�3LQH�SODQWDWLRQ�PDQDJHPHQW�DQG�ZRRG�XWLOL]DWLRQ�VWUDWHJLHV� LQ�6UL�
/DQND�
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