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3K\WRVRFLRORJLFDO�$SSURDFK�IRU�WKH $VVHVVPHQW�RI�
3DVWRUDO�9DOXH�RI�3DVWXUHV�RI�WKH�1HEURGL�0RXQWDLQV�

�6LFLO\��

)DELR�*UHVWD���$QWRQLD�&ULVWDXGR���5RVDULR�*DOHVL���*LRYDQQL�$UJHQWL�

� 'LS��GL�6FLHQ]H�9HWHULQDULH��8QLY��0HVVLQD��,7��IJUHVWD#XQLPH�LW
� 'LS��GL�6FLHQ]H�%LRORJLFKH��*HRORJLFKH�H�$PELHQWDOL 8QLY��&DWDQLD��,7��DFULVWDX#XQLFW�LW

� 'LS��'$*5,��8QLY��)LUHQ]H��,7��JLRYDQQL�DUJHQWL#XQLIL�LW

,QWURGXFWLRQ
:LWKLQ� WKH� IUDPHZRUN� RI� DQ� DJUHHPHQW� EHWZHHQ� WKH� $]LHQGD� 6LOYR�SDVWRUDOH� RI� 7URLQD� DQG� WKH�
'HSDUWPHQW� RI�$JUDULD� GL� 5HJJLR�&DODEULD�� D� UHVHDUFK�ZDV� FDUULHG�RXW� WR� SURYLGH� JXLGHOLQHV� IRU� WKH�
VXVWDLQDEOH�SODQQLQJ�RI�DJUR�IRUHVWU\�SDVWRUDO�UHVRXUFHV��ZLWK�UHIHUHQFH�WR�WKH�SDVWXUHV�RI�WKH�1HEURGL�
0RXQWDLQV�DUHD��7KH�SURSHUW\�RI�WKH�$]LHQGD�6LOYR�SDVWRUDOH�RI�7URLQD��ZKLFK�FRYHUV�DERXW������KD��LV�
PRVWO\� FRYHUHG� E\� ZRRGV� DQG� WR� D� OHVVHU� H[WHQW� E\� SDVWXUHV�� 7KH� 1HEURGL� SDVWXUHV� IURP� D�
SK\WRVRFLRORJLFDO� SRLQW� RI� YLHZ� UHIHU WR� WKH�0ROLQLR�$UUKHQDWKHUHWHD�� D� SK\WRVRFLRORJLFDO� XQLW� WKDW�
LQFOXGHV� WKH� SDVWXUHV� RI� WKH� EURDGOHDI� GHFLGXRXV� WUHH� ]RQH�� 7KH� UHVHDUFK� SUHVHQWV� WKH� SRVVLELOLW\� RI�
LQWHJUDWLRQ�DQG�XVH�RI�GDWD�FROOHFWHG�ERWK�IRU�ERWDQLFDO�SXUSRVHV�DQG�IRU�SDVWRUDO�SODQQLQJ�

0DWHULDOV�DQG�0HWKRGV
9HJHWDWLRQ�ZDV�DVVHVVHG DW�DOWLWXGHV�EHWZHHQ�DERXW�����DQG������P��SHUIRUPLQJ����SK\WRVRFLRORJLFDO�
VXUYH\V�DFFRUGLQJ�WR�WKH�%UDXQ�%ODQTXHW�PHWKRGRORJ\��%UDXQ�%ODQTXHW���������)RU�HDFK�XQLIRUP�DUHD��
VDPSOH�DUHDV�QRW�OHVV�WKDQ����P� ZHUH�UDQGRPO\�FKRVHQ��&K\WU\��H�2W\SNRYD��������&ULVWDXGR�HW�DO���
������ *URXQG�FRYHU�RI�HDFK�VSHFLHV�ZDV�UHFRUGHG DFFRUGLQJ�WR�3LJQDWWL���������7KH�LGHQWLILFDWLRQ�RI�
SODQW�VSHFLHV�ZDV�FDUULHG�RXW�IROORZLQJ�)ORUD�RI�,WDO\��3LJQDWWL�HW�DO��������������
7R REWDLQ� WKH�SDVWRUDO�YDOXH�� WKH�VSHFLILF�FRQWULEXWLRQ�RI�SUHVHQFH� �&63��ZDV�DGRSWHG��DQ� LQGH[�WKDW�
UHSUHVHQWV�WKH�SHUFHQWDJH�RI�FRYHUDJH�RI�WKH�ODQG�DWWULEXWDEOH�WR�HDFK�LGHQWLILHG�VSHFLHV��7KH�&63�ZDV�
FDOFXODWHG�E\�UHODWLQJ�WR�����WKH�FHQWUDO�YDOXHV�RI�HDFK�FODVV��FRPSDULQJ�WKHP�WR�WKH�VXP�RI�DOO�WKH�FHQWUDO�
YDOXHV�UHODWHG�WR�WKH�VLQJOH�VXUYH\�

&63� �FHQWUDO�YDOXH���FHQWUDO�YDOXHV�����
6XEVHTXHQWO\��D�VSHFLILF�TXDOLW\�LQGH[��,6��ZDV�DVVLJQHG WR�HDFK�VSHFLHV�EDVHG�RQ�WKHLU�PDLQ�TXDQWLWDWLYH�
DQG�TXDOLWDWLYH�FKDUDFWHULVWLFV��UDQJLQJ IURP����VSHFLHV�UHMHFWHG��WR����H[FHOOHQW�IRUDJH�VSHFLHV���7R�WKLV�
DLP��WKH�YDOXHV�SURSRVHG�E\�&DYDOOHUR�HW�DO���������DQG�E\�5RJJHUR�HW�DO���������ZHUH�DGRSWHG��)LQDOO\�
WKH�SDVWRUDO�YDOXH��39��ZDV�REWDLQHG�WKURXJK�WKH�IROORZLQJ�IRUPXOD�

39 ��&63L�[�,6L���
39 LV�D�V\QWKHWLF�LQGH[��UDQJLQJ�WKHRUHWLFDOO\�EHWZHHQ���DQG������ZKLFK�GHVFULEHV�WKH�IRUDJH�SRWHQWLDO�RI�
WKH� SDVWRUDO� DUHD� XQGHU� H[DPLQDWLRQ� DQG� LW� LV� FRQVLGHUHG� SURSRUWLRQDO� WR� WKH� SRWHQWLDO VWRFNLQJ� UDWH�
DSSO\LQJ�WKH�IROORZLQJ�IRUPXOD�

3RWHQWLDO�VWRFNLQJ�UDWH W&ڄ�93 
ZKHUH�&W�LV�D�YDOXH�YDULDEOH�EHWZHHQ������DQG������LQ�UHODWLRQ�WR�WKH�HQYLURQPHQWDO�FRQGLWLRQV�RI�WKH�
JUDVVODQG FRYHU�DQG�DOORZV�XV�WR�REWDLQ�WKH�PDLQWDLQDEOH�VWRFNLQJ�UDWH�RI�WKH�VWXGLHG�DUHD�H[SUHVVHG�LQ�
/8 KD�� \HDU����,Q�WKH�FDVH�LQ�TXHVWLRQ��DQ�DYHUDJH�YDOXH�RI�������ZDV�XVHG�

5HVXOWV
2YHUDOO������VSHFLHV�KDYH�EHHQ�LGHQWLILHG�����RI�ZKLFK�EHORQJ�WR�WKH�)DEDFHDH�����WR�WKH�3RDFHDH�DQG�WKH�
UHPDLQLQJ����WR�RWKHU�ERWDQLFDO�IDPLOLHV��$VWHUDFHDH��$SLDFHDH��3ODQWDJLQDFHDH��3RO\JRQDFHDH��HWF����7KH�
EHVW�SDVWXUHV��FKDUDFWHUL]HG�E\�KLJKHVW IRUDJH�SRWHQWLDOLW\��DUH�WKRVH�ZLWK�D�KLJK�DEXQGDQFH�GRPLQDQFH�
��������� RI� JUDVVHV� VXFK� DV� /ROLXP� SHUHQQH��&\QRVXUXV� FULVWDWXV��'DFW\OLV� JORPHUDWD DQG�)HVWXFD�
PRULVLDQD VXEVS��VLFXOD��ZKLFK�DUH�DVVRFLDWHG�ZLWK�YDULRXV�URVXODWH�KHPLFU\SWRSK\WHV��PRVWO\�FRPSRVLWH�
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VXFK�DV�+\SRFKDHULV�UDGLFDWD��+��ODHYLJDWD��DQG�VRPH�VSHFLHV�RI�WKH�JHQXV�7ULIROLXP��,Q�WKH�SUHVHQFH�RI�
JUHDWHU�HGDSKLF�KXPLGLW\��HGJHV�RI�SRQGV��ZDWHUVKHGV��WKHUH DUH�JURXSLQJV�WKDW�GLIIHU�IRU�WKH�SUHVHQFH�RI�
ZHW�KDELWDW�VSHFLHV��VXFK�DV�0HQWKD�SXOHJLXP��-XQFXV VS��SO���&DUH[�IODFFD VXEVS��VHUUXODWD��2HQDQWKH�
SLPSLQHOORLGHV��HWF��7KHVH�JURXSLQJV�FDQ�EH�LQWHUSUHWHG�DV�K\JURSKLORXV�YDULDQWV�RI�WKH�SDVWXUH��,Q�GULHU�
HQYLURQPHQWV�DQG�ZLWK�KLJK�OHYHOV�RI�JUD]LQJ�WKHUH�LV�D�PDUNHG�VHOHFWLRQ��WR�WKH�GHWULPHQW�RI�WKH�PRVW�
SDODWDEOH� VSHFLHV�� ,Q� WKHVH� VLWXDWLRQV�� (U\QJLXP� FDPSHVWUH��&HQWDXUHD� VROVWL]LDOLV��3ODQWDJR� FXSDQL��
&LFKRULXP�LQW\EXV SUHYDLO��8QGHU�FRQGLWLRQV�RI�H[FHVVLYH�JUD]LQJ�DQG�KLJK� IHUWLOLW\� UHWXUQ�� WKHUH� LV�D�
FRQVLGHUDEOH�UHGXFWLRQ�LQ�WKH�YHJHWDWLRQ�FRYHU�DQG�QLWURSKLORXV�SHFLHV�VXFK�DV�&LUVLXP�YDOOLV�GHPRQL��&��
LWDOLFXP��*DODFWLWHV� WRPHQWRVXV��&DUGXXV�S\FQRFHSKDOXV DUH�SUHGRPLQDQW��:KHUH�H[FHVVLYH� LQWDNH� LV�
DFFRPSDQLHG�E\�KLJK�HURVLRQ��VR�DV�WR�UHGXFH�WKH�WKLFNQHVV�RI�WKH�VRLO��DQG�SURQRXQFHG�[HULFLW\��DVSHFWV�
RI�UHGXFHG SDEXODU�YDOXH�DQG�IORULVWLF�KHWHURJHQHLW\�KDYH�EHHQ�GHWHFWHG��7KH\�DUH�FKDUDFWHUL]HG�E\�WKH�
SUHYDOHQFH�RI� VSHFLHV�ZLWK�D� VKRUW�YHJHWDWLYH�F\FOH�VXFK�DV�%URPXV�KRUGHDFHXV��7ULIROLXP�VWHOODWXP��
7ULWLFXP�YDJDQV��7KHVH�VSHFLHV�DUH�DVVRFLDWHG�ZLWK�VRPH�SHUHQQLDO�VSHFLHV�OLQNHG�WR�WKH�GHJUDGDWLRQ�RI�
WKH�SDVWXUH��VXFK�DV�$VSKRGHOXV�UDPRVXV ZKLFK��WKDQNV�WR�XQGHUJURXQG�YHJHWDWLYH�RUJDQV��FDQ�WROHUDWH�
FRQGLWLRQV�RI�JUHDWHU�[HULFLW\�
2Q�WKH�EDVLV�RI�ZKDW�LV�UHSRUWHG�LQ�WKH�OLWHUDWXUH��$UJHQWL�HW�DO����������WKH����VXUYH\V�ZHUH�FODVVLILHG�LQWR�
WKH�IROORZLQJ�WKUHH�FDWHJRULHV�LQ�UHODWLRQ�WR�WKH�SDVWRUDO�YDOXHV�REWDLQHG�

3RRU�TXDOLW\�SDVWXUHV� �93V�� ����� 1������VDPSOHV
0HGLXP�TXDOLW\�SDVWXUHV�����!�93V�! ����� 1�����VDPSOHV
+LJK�TXDOLW\�SDVWXUHV �93V�!���� 1�����VDPSOHV

7KH�DYHUDJH�SDVWRUDO�YDOXH�RI�WKH����VXUYH\V�ZDV�HTXDO�WR����ZLWK�D�FRQVHTXHQW�PDLQWDLQDEOH�VWRFNLQJ�
UDWH RI������8%$�KD�� \HDU����HTXDO�WR�DERXW�WZLFH�WKH�VHDVRQDO�VWRFNLQJ�UDWH IRU�D�JUD]LQJ�SHULRG RI���
PRQWKV��7KLV�YDOXH�SODFHV�WKH�SDVWXUHV�RI�WKH�VWXG\ DUHD�DPRQJ�WKRVH�RI�PHGLXP�KLJK�TXDOLW\��HYHQ�LI�
WKHUH�LV�D�FHUWDLQ�YDULDELOLW\�GHSHQGLQJ�RQ�WKH�GLIIHUHQW�ORFDO�VLWXDWLRQV�WKDW�FDQ�DFW�DV�OLPLWLQJ�IDFWRUV��
DQG�ZKLFK�FDQ�EH�DWWULEXWHG�ERWK�WR�OLPLWDWLRQV�RI� ORFDWLRQ DQG�WR�PLVPDQDJHPHQW��LQ�WHUPV�RI�DQLPDO�
SUHVVXUH DQG�JUD]LQJ�PDQDJHPHQW�

&RQFOXVLRQV
7KH�VXUYH\�SHUPLWWHG�XV�WR�LQYHVWLJDWH�WKH�DUHD�XQGHU�VWXG\�XVLQJ�DQ�DSSURDFK�WKDW�ZRXOG�DOORZ�XV�WR�
LQWHJUDWH� ERWDQLFDO� LQYHVWLJDWLRQV� REWDLQLQJ� XVHIXO� GDWD� DOVR� IRU� SDVWRUDO� SODQQLQJ� SXUSRVHV�� )XUWKHU�
UHILQHPHQWV�DUH�QHHGHG�WR�FRPELQH�WKH�VL]LQJ�RI�WKH�SRWHQWLDO�VWRFNLQJ�UDWH��FRQVLGHUHG�RI�D�JRRG�DYHUDJH�
OHYHO�� ZLWK� D�PRUH� UDWLRQDO� PDQDJHPHQW� WHFKQLTXH�� DV� VLJQLILFDQW� LPEDODQFHV� RI� XWLOL]DWLRQ EHWZHHQ�
GLIIHUHQW�SDVWRUDO�DUHDV�DUH�HYLGHQW��ZKLFK�UHIOHFW�RQ WKH�YHJHWDWLRQ�FRPSRVLWLRQ�
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&K\WU\��0��2W\�SNRYD��=���������3ORW�VL]HV�XVHG�IRU�SK\WRVRFLRORJLFDO�VDPSOLQJ�RI�(XURSHDQ�YHJHWDWLRQ�� -�9HJ�6FL����
���±����
&ULVWDXGR�HW�DO��������6SHFLHV±DUHD�UHODWLRQVKLSV�DQG�PLQLPXP�DUHD�LQ�FLWUXV�JURYH�ZHHG�FRPPXQLWLHV��3ODQW�%LRV\VW���
���� ���±����
3LJQDWWL�6�������������,QWURGX]LRQH�DOOR�VWXGLR�ILWRVRFLRORJLFR�GHOOD�SLDQXUD�YHQHWD�RULHQWDOH�FRQ�SDUWLFRODUH�ULJXDUGR�DOOD�
YHJHWD]LRQH�OLWRUDQHD��$UFKLYLR�%RWDQLFR���� ������������ ��������� ���������� ��������
3LJQDWWL�6���HW�DO� �����������)ORUD�G
,WDOLD���D�(GL]LRQH��(GDJULFROH�
5RJJHUR�3�3���HW�DO� ������8Q�DUFKLYLR�GDWL�GL�,QGLFL�VSHFLILFL�SHU�OD�YDOXWD]LRQH�LQWHJUDWD�GHO�YDORUH�SDVWRUDOH��5LY�$JURQ���
������������


