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/LIH�&\FOH�2EVHUYDWLRQV� RQ�$PSKLORFXV�QHDSROLWDQXV �'HOOD�9DOOH�� ������ �&UXVWDFHD�� $PSKLSRGD�� $VVRFLDWHG� ZLWK�6DUJDVVXP� F\PRVXP &�� $JDUGK�� ����� LQ� 8EDWXED�� �63���%UD]LO
)RVFD�3HGLQL�3HUHLUD�/HLWH'HSDUWDPHQWR�GH�=RRORJLD�� ,QVWLWXWR�GH�%LRORJLD��8QLYHUVLGDGH�(VWDGXDO�GH�&DPSLQDV� �81,&$03���&��3�������������������IRVFD#XQLFDPS�EU��&DPSLQDV�� 63�� %UD]LO

$%675$&7
'D\� DQG� QLJKW� GHQVLWLHV�� UHSURGXFWLYH� ELRORJ\� DQG� OLIH� F\FOH� RI� $PSKLORFXV� QHDSROLWDQXV �'HOOD� 9DOOH�� �������DVVRFLDWHG�ZLWK�6DUJDVVXP� F\PRVXP &��$JDUGK�� ������ZHUH� VWXGLHG� GXULQJ� ���PRQWKV�� 7KH� GHQVLW\� RI� MXYHQLOHV��PDOHV�DQG� IHPDOHV�ZDV�KLJKHU� LQ�QLJKW�VDPSOHV� WKDQ�LQ�GD\�VDPSOHV��6H[�UDWLR�ZDV�VWURQJO\� IDYRUDEOH� WRZDUG�WKH�IHPDOHV��2YLJHURXV� IHPDOHV�ZHUH�SUHVHQW� LQ�VLPLODU�GHQVLWLHV� LQ�ERWK� WKH�SHULRGV�ZKLOH� WKH�QRQ�RYLJHURXV� IHPDOHV�ZHUH� SUHGRPLQDQW� DW� QLJKW�� 7KH� HJJ� QXPEHU�ZDV� QRW� FRUUHODWHG�ZLWK� WKH� VL]H� RI� WKH� IHPDOHV�� %UHHGLQJ� RFFXUUHG�WKURXJKRXW�WKH�\HDU�
.H\ZRUGV��3RSXODWLRQ�VWUXFWXUH��UHSURGXFWLYH�ELRORJ\��OLIH�F\FOH��$PSKLSRGD��6DUJDVVXP
,1752'8&7,21
$PSKLORFXV�QHDSROLWDQXV� �'HOOD�9DOOH�������� LV�D�SDQWURSLFDO�� ZDUP� WHPSHUDWH� VSHFLHV� FRPPRQ� RQ�PDFURDOJDH� �7DUDUDP� HW� DO��� ������� VHDJUDVV��6FLSLRQH��������DQG�VSRQJHV��6HUHMR���������7KLV�VSHFLHV�ZDV�RQH�RI�WKH�PRVW�DEXQGDQW�ZLWKLQ�WKRVH�DVVRFLDWHG� WR� 6DUJDVVXP� F\PRVXP &�� $JDUGK������� DW� /DPEHUWR� %HDFK�� 8EDWXED�� �/HLWH�� ����������D�E��7DUDUDP�DQG�:DNDEDUD��������DQG�RWKHU�VLWHV�DORQJ�WKH�6mR�3DXOR�FRDVW��%UD]LO��:DNDEDUD�HW�DO���������&RUELVLHU�HW�DO���������*�WK�DQG�/HLWH��������� $OWKRXJK�� UHFHQW� DOWHUDWLRQ� RI� LWV� GHQVLW\�ZDV�REVHUYHG�LQ�/DPEHUWR�%HDFK��SUREDEO\�UHODWHG�WR� DQ� LQFUHDVH� LQ� KXPDQ� DFWLYLWLHV� �/HLWH� HW� DO���VXEP���

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�SUHVHQW�VDPH�DVSHFWV�RI�WKH�UHSURGXFWLYH�ELRORJ\�DQG�OLIH�KLVWRU\�RI�WKLV�DPSKLORFKLG� JDPPDULG� VLQFH� WKHUH� LV� QRW� PXFK�LQIRUPDWLRQ�DERXW�WKLV�VSHFLHV�DQG�WR�FRPSDUH�WKDW�ZLWK�IXWXUH VWXGLHV�
0$7(5,$/6�$1'�0(7+2'6
6DPSOLQJ� ZDV� SHUIRUPHG� LQ� /DPEHUWR� %HDFK� DW�8EDWXED�� D� ORZ� HQHUJ\� EHDFK�� VLWXDWHG� LQ� WKH�LQQHUPRVW�SDUW�RI�WKH�)ODPHQJR�%D\����R��¶���6���R��¶���:�� �)LJ����� 6DPSOHV� ZHUH� FROOHFWHG�PRQWKO\� DW� QLJKW� DQG� GD\� WLPH� GXULQJ� ORZ� WLGHV��IURP� -DQXDU\� O���� XS� WR� -DQXDU\� ������ LQ� WKH�LQIUDOLWWRUDO� IULQJH�� 7KH� PDFURDOJDH� 6�� F\PRVXPZDV�TXLFNO\�SODFHG�LQ�SODVWLF�EDJV�DW�WKH�FROOHFWLRQ�
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VLWH��,Q�WKH�ODERUDWRU\��WKH�PDFUR�DOJDH�IURQGV�ZHUH�VKDFNHG� LQ�ZDWHU� EXFNHWV� FRQWDLQLQJ� D� IHZ�GURSV�RI IRUPDOGHK\GH�� 6XEVHTXHQWO\� WKH� ZDWHU� ZDV�ILOWUDWHG� WKURXJK�D�����P�PHVK� VLHYH� LQ�RUGHU� WR�UHWDLQ� DOO� VWDJHV� RI� DPSKLSRGV�� 7KDW� UHVLGXH� ZDV�SUHVHUYHG� LQWR�����HWKDQRO�DQG� WKH�DQLPDOV�ZHUH�VRUWHG�RXW�XQGHU�D�VWHUHRPLFURVFRSH�7KH�SUHVHQFH�RI�RRVWHJLWHV�LQ�IHPDOHV�DQG�D�SDLU�RI�SHQLV� LQ� PDOHV� GHWHUPLQHG� VH[�� 6SHFLPHQV� WKDW�

FRXOG� QRW� EH� VH[HG�ZHUH� DVVLJQHG� WR� WKH� MXYHQLOH�FDWHJRU\�7KH�GHWHUPLQDWLRQ�RI�WKH�UHSURGXFWLYH�VWDWXV�RI�WKH�IHPDOHV� ZDV� EDVHG� RQ� WKH� DSSHDUDQFH�� SUHVHQFH�DQG� FRQGLWLRQ� RI� RRVWHJLWHV�� ,PPDWXUH� RU� QRQ�RYLJHURXV� IHPDOHV� KDG� RRVWHJLWHV� ODFNLQJ� VHWDH��2YLJHURXV� IHPDOHV� KDG� IXOO\� GHYHORSHG� VHWRVH�RRVWHJLWHV�DQG�HJJV�LQ�WKH�EURRG�SRXFK�

)LJXUH����0DS�RI�)ODPHQJR�%D\�ZLWK�WKH�/DPEHUWR�%HDFK��6mR�3DXOR�6WDWH�
&RQWHQWV� RI� WKH� EURRG� SRXFK� ZHUH� UHPRYHG��FRXQWHG��PHDVXUHG�DQG�VHSDUDWHG�LQ�IRXU�DUELWUDU\�VWDJHV��(JJ�VL]H�ZDV�GHWHUPLQHG�IRU�WKH�ILUVW�VWDJH��/HLWH� DQG�:DNDEDUD�� ������� 5HJUHVVLRQ� DQDO\VLV�RI� HJJV� QXPEHU� �\�� RQ� KHDG� OHQJWK� �[�� RI�RYLJHURXV� IHPDOHV� ZDV� FDUULHG� RXW�� ,Q� RUGHU� WR�PLQLPL]H�DV� IDU�DV�SRVVLEOH� WKH�HIIHFW�RI�HJJ� ORVV�DQG� HJJ� PRUWDOLW\� ZLWKLQ� WKH� EURRG� SRXFK�� RQO\�GDWD�RQ�IHPDOH�FDUU\LQJ�D�FORVHG�PDUVXSLXP�KDYH�EHHQ�LQFOXGHG�LQ�WKLV�DQDO\VLV�6L]H� ZDV� GHWHUPLQHG� XVLQJ� D� VWHUHRPLFURVFRSH�ILWWHG� ZLWK� FDPHUD� OXFLGD�� +HDG� OHQJWK ZDV�PHDVXUHG�IURP�WKH�DQWHULRU�PDUJLQ�WR�WKH�SRVWHULRU�HGJH�DQG�WKH�WRWDO�OHQJWK�IURP�WKH�DQWHULRU�PDUJLQ�

RI� WKH� KHDG� WR� WKH� DQWHULRU� ERUGHU� RI� WHOVRQ�XWLOL]LQJ�D� ODPLQD�ZLWK� D�PLOOLPHWHU� VFDOH��$V� WKH�UHODWLRQVKLS� EHWZHHQ� WRWDO� ERG\� OHQJWK� DQG� KHDG�OHQJWK�ZDV�SRVLWLYHO\�FRUUHODWHG��\ �����������[��5� ������)���� �������S��������1 ����KHDG�OHQJWK�ZDV�XVHG�LQVWHDG�RI�WKH�WRWDO�OHQJWK��LQ�YLHZ�RI�WKH�GLIILFXOW\� RI� PHDVXULQJ� WKH� DPSKLSRG¶V� UHFXUYHG�ERG\� �6XWFOLIIH�� ������ 6KHDGHU� DQG� &KLD�� ������:LOGLVK��������/HLWH�DQG�:DNDEDUD��������
5(68/76
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7RWDO�GHQVLW\�RI�$PSKLORFXV�QHDSROLWDQXV ��DQG�WKH�GHQVLWLHV� RI� PDOHV�� IHPDOHV� DQG� MXYHQLOHV� ZHUH�KLJKHU� DW� QLJKW� �:LOFR[RQ� SDLUHG�VDPSOHV� WHVW��= ������� S ������� = ������� S ������� = �������S �������= �������S ������� UHVSHFWLYHO\��)LJ�����'HQVLW\�RI�QRQ�RYLJHURXV�IHPDOHV�ZDV�DOVR�KLJKHU�DW� QLJKW� �= ������� S �������� GLIIHULQJ� IURP�RYLJHURXV� IHPDOHV� WKDW� VKRZHG� VLPLODU� GHQVLW\�EHWZHHQ� VDPSOLQJ� WLPHV� SHULRGV� �= �������S �������)LJ����
6H[�UDWLR
$�VNHZHG�VH[�UDWLR�KLJKO\�IDYRUDEOH�WR�WKH�IHPDOHV�ZDV� HQFRXQWHUHG� �F� ��������� GI ��� S���������7KH� SURSRUWLRQ� RI� PDOHV� ZDV� YDULDEOH� RYHU� WKH�VDPSOLQJ� SHULRGV� �PRQWKV� DQG� GD\�QLJKW� WLPH���)LJ����7KH� PXWXDO� LQGHSHQGHQFH� K\SRWKHVLV� DPRQJ�VH[HV��PRQWKV�DQG�GD\�QLJKW�WLPH�ZDV�WHVWHG XVLQJ�D�PXOWLGLPHQVLRQDO�FRQWLQJHQF\�WDEOH�

$� KLJK� GHSHQGHQFH� ZDV� YHULILHG� IRU� WKHVH� WKUHH�YDULDEOHV� �F� �������� GI ���� S��������� 3DUWLDO�LQGHSHQGHQFH��=DU��������ZDV�WHVWHG�EHWZHHQ�HDFK�YDULDEOH�DQG�D�FRPELQDWLRQ�RI�WKH�WZR�RWKHUV��$OO�FRPSDULVRQV� UHYHDOHG� GHSHQGHQFH� DPRQJ� WKH�WHVWHG� SDLUV� �F� ��������� GI ���� S��������F� ������� GI ���� S�������� F� �������� GI ����S��������UHVSHFWLYHO\��
/LIH�F\FOH�REVHUYDWLRQV
7KH� DQDO\VLV� RI� OLIH� F\FOH� RI� $PSKLORFXV�QHDSROLWDQXV ZDV� EDVHG� RQ� WKH� SUHVHQFH� RI�MXYHQLOHV�� QRQ�RYLJHURXV� DQG� RYLJHURXV� IHPDOHV�DQG�PDOHV�LQ�WKH�SRSXODWLRQ��)LJV��������

)LJXUH� ��� $PSKLORFXV� QHDSROLWDQXV� 'D\� DQG� QLJKW� GHQVLW\� �LQG�����J�ZHW� DOJDH�� IURP� -DQXDU\������ WR� -DQXDU\������
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)LJXUH� �� � $PSKLORFXV� QHDSROLWDQXV� 'D\� DQG� QLJKW� IHPDOH GHQVLW\� �LQG�����J�ZHW� DOJDH�� IURP� -DQXDU\� ����� WR�-DQXDU\������
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)LJXUH� �� � $PSKLORFXV� QHDSROLWDQXV�� 'D\� DQG� QLJKWWLPH� VH[� UDWLR� ������ IURP� -DQXDU\� ����� WR� -DQXDU\������
-XYHQLOHV� �KHDG� OHQJWK� EHWZHHQ� ����� WR� ����PP��VKRZHG� SHDNV� RI� DEXQGDQFH� LQ� LQWHUPHGLDWH� VL]H�FODVVHV�� 'XULQJ� )HEUXDU\�� -XQH�� $XJXVW� DQG�'HFHPEHU� D� ELPRGDO� VL]H� FODVV� GLVWULEXWLRQ� ZDV�REVHUYHG�7KH� KHDG� OHQJWK� RI� QRQ�RYLJHURXV� DQG� RYLJHURXV�IHPDOHV� UDQJHG� EHWZHHQ� ����� DQG� ����PP�� 7KH�XQLPRGDO� SHDNV� RI� WKH� QRQ�RYLJHURXV� IHPDOHV�YDULHG� EHWZHHQ� WKH� VL]H� FODVVHV� RI� ����� DQG�����PP� DQG� WKRVH� RI� WKH� RYLJHURXV� IHPDOHV�EHWZHHQ� ����� DQG� ����PP�� 7KH� PDOHV� VKRZHG�

KHDG� OHQJWKV� UDQJLQJ� EHWZHHQ� ����� DQG� ����PP�ZLWK� XQLPRGDO� SHDNV� EHWZHHQ� WKH� VL]H� FODVVHV� RI������DQG�����PP�7KH�MXYHQLOHV�ZHUH�WKH�PRVW�DEXQGDQW�JURXS�LQ�WKH�SRSXODWLRQ�WKURXJKRXW�WKH�\HDU��ZLWK�WKH�H[FHSWLRQ�RI�-DQXDU\�DQG�0DUFK������%UHHGLQJ� IHPDOHV� RFFXUUHG� WKURXJKRXW� WKH� \HDU�DQG� ZLWK� SHUFHQWDJHV� KLJKHU� WKDQ� ���� LQ� WKH�PDMRULW\� RI� PRQWKV�� -XYHQLOHV� ZHUH� SUHVHQW� LQ�KLJKHU� SHUFHQWDJHV� WKDQ� RYLJHURXV� IHPDOHV�� ,Q�-DQXDU\�������RYLJHURXV� IHPDOHV�FRQVWLWXWHG�RQO\����� RI� WKH� IHPDOHV�ZLWK� D� FRQFRPLWDQW� GHFUHDVH�LQ�QXPEHU�RI�MXYHQLOHV��)LJ�����7KH� PHDQ� KHDG� VL]H� RI� RYLJHURXV� IHPDOHV� ZDV�UHODWLYHO\� FRQVWDQW� WKURXJK� WKH� \HDU� �)LJ�� ��� DQG�UDQJHG� EHWZHHQ� ����� DQG� �����PP��7KH� VPDOOHVW�PHDQ�OHQJWKV�ZHUH�REWDLQHG�LQ�-DQXDU\�DQG�0DUFK������)HPDOHV� EHWZHHQ� ����� DQG� ����PP� KHDG� OHQJWK��FDUULHG� LQ� WKH� EURRG� SRXFK� �� WR� �� HJJV�� 7KH�PDMRULW\� VKRZHG� D� QXPEHU� RI� �� WR� �� HJJV�� 7KH�FOXWFK� VL]H�ZDV� QRW� D� IXQFWLRQ�RI� IHPDOH¶V� OHQJWK��5� ������� )���� ������ S�������� 1 ������ 7KH�HTXDWLRQ�REWDLQHG�ZDV�\ �����������[�
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)LJXUH� �� � $PSKLORFXV� QHDSROLWDQXV� 6L]H� IUHTXHQF\� KLVWRJUDPV� RI� MXYHQLOHV�� QRQ�RYLJHURXV� IHPDOH�� RYLJHURXV�IHPDOHV�DQG�PDOHV �LQG�����J�ZHW�DOJDH��IURP�-DQXDU\������WR�-DQXDU\������
',6&866,21
7KH�YDULDWLRQ�LQ�WKH�WHPSRUDO�DEXQGDQFH�RI�YDJLOH�DQLPDOV� RQ� PDFUR� DOJDH� LV� UHJXODWHG� PDLQO\� E\�VHDVRQDOLW\�LQ�UHSURGXFWLRQ�HIIRUW�DQG�E\�SUHGDWLRQ�SUHVVXUH��$�PLQRU�UROH�LV�SOD\HG�E\�SK\VLFDO�IDFWRU��6WRQHU�� ������� 3UHGDWLRQ� PD\� EH� VHOHFWLYH� E\�VLJKW�IHHGLQJ�DQG�LV�FRQVLGHUHG�WKH�SULQFLSDO�IDFWRU�SURPRWLQJ�PRGLILFDWLRQV�LQ�IDXQDO�DVVHPEODJH�DQG�SRSXODWLRQ� GHFOLQH� �6WRQHU�� ������ 1HOVRQ�� ������9DQ�'RODK�DQG�%LUG��������0RRUH��������$OOHQ� ������� K\SRWKHVL]HG� WKDW� WKH� ULVN� RI�SUHGDWLRQ� LV� DQ� LQFUHDVLQJ� IXQFWLRQ� RI� SUH\� VL]H�

DQG�WKDW�WKH�JUHDWHU�SUHGDWLRQ�ULVN�VKRXOG�RFFXU�LQ�GD\OLJKW��7KHUHIRUH�� ODUJHU�EHQWKLF�SUH\�VKRXOG�EH�PRUH� FRQVWUDLQHG� WR� QRFWXUQDO� DFWLYLW\� WKDQ�VPDOOHU� LQGLYLGXDOV� �1HZPDQ� DQG�:DWHUV�� �������0F%DQH� DQG� &URNHU� ������� QRWHG� WKDW� WKH�UHODWLRQVKLS� EHWZHHQ� D� VPDOO� ERG\� VL]H� ZLWK� ORZ�IHFXQGLW\� LQ� IHPDOHV� RI� +\DOH� QLOVVRQL PD\�FRQVWLWXWH� DQ� HIIHFWLYH� VWUDWHJ\� RI� UHGXFLQJ�SUHGDWLRQ� E\� DQLPDOV� ZKLFK� WHQG� WR� VHOHFW� ODUJHU�SUH\��1HOVRQ���������,Q�WKLV�ZD\�SUHGDWLRQ�KDV�DQ�LQGLUHFW�HIIHFW�RQ�IHFXQGLW\�E\�UHGXFLQJ�WKH�PHDQ�VL]H�RI�WKH�LQGLYLGXDOV�RI�D�JLYHQ�SRSXODWLRQ��6XGR�DQG�$]HWD���������
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)LJXUH� �� � $PSKLORFXV� QHDSROLWDQXV� 6L]H� IUHTXHQF\� KLVWRJUDPV� RI� MXYHQLOHV�� QRQ�RYLJHURXV� IHPDOH�� RYLJHURXV�IHPDOHV�DQG�PDOHV��LQG�����J�ZHW�DOJDH��IURP�-DQXDU\������WR�-DQXDU\������
7KH� KLJK� GHQVLW\� RI� $�� QHDSROLWDQXV� DPRQJ� WKH�JDPPDULG� VSHFLHV� DVVRFLDWHG� ZLWK� 6DUJDVVXP�F\PRVXP DW�8EDWXED��VHH�DOVR�/HLWH��������PD\�EH�UHIOHFW�DYRLGDQFH�IURP�YLVXDO�SUHGDWRUV�UHODWHG�WR�D�VPDOO�VL]H��6L]H�VHOHFWLYH�SUHGDWLRQ�RQ�DPSKLSRGV�ZDV� GHPRQVWUDWHG� �9DQ� 'RODK�� ������ 1HOVRQ�������� (GJDU�� ������ EXW� WKH� LQFUHDVH� RI� KDELWDW�FRPSOH[LW\�RI�WKH�PDFUR�DOJDH��DV�6DUJDVVXP��H�J��+DFNHU�DQG�6WHQHFN��������+ROPOXQG�HW�DO���������HQKDQFHG� SURWHFWLRQ� IRU� WKH� SUH\� DQG� DIIHFW� WKH�IRUDJLQJ�VXFFHVV�RI�WKH�SUHGDWRUV��+ROPOXQG�HW�DO���������6DOD��������

$PSKLORFXV�QHDSROLWDQXV�� UHSURGXFHV� DOO� RYHU� WKH�\HDU�� 0RUH� WKDQ� RQH� EURRG� SHU� IHPDOH� ZDV�H[SHFWHG� VLQFH� PDQ\� RYLJHURXV� IHPDOHV� RI� $��QHDSROLWDQXV VKRZHG� DGYDQFHG� RYDULDQ�GHYHORSPHQW��7KH�VPDOO�QXPEHU�RI�JURZWK�VWDJHV��/HLWH������E��DQG�VPDOO�YDULDWLRQV�LQ�WKH�VL]H�RI�MXYHQLOHV��PDOHV�DQG� IHPDOHV� DPRQJ� PRQWKO\� VDPSOHV�� VXJJHVW� D�VKRUW�OLIH�F\FOH�OLNH�RWKHU�ZDUP�ZDWHU�VSHFLHV��



/HLWH��)��3�3�

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

���

)LJXUH� �� � $PSKLORFXV� QHDSROLWDQXV� )UHTXHQF\� RI�RYLJHURXV� IHPDOHV� WR� WRWDO� IHPDOHV� DQG� IUHTXHQF\� RI�MXYHQLOHV� WR� WRWDO SRSXODWLRQ� IURP� -DQXDU\� ����� WR�-DQXDU\������
)LJXUH���� $PSKLORFXV�QHDSROLWDQXV��0HDQ�KHDG�OHQJWK�VL]H� �PP�� RI� RYLJHURXV� IHPDOHV� IURP� -DQXDU\� ����� WR�-DQXDU\�������+RUL]RQWDO�OLQHV�DUH�WKH�PHDQ�DQG�YHUWLFDO�EDUV� DUH� VWDQGDUG� GHYLDWLRQV� �6'��� ���� &/�

:DUP�ZDWHU�VSHFLHV�DUH�JHQHUDOO\�FKDUDFWHUL]HG�E\�PXOWLYROWLQLVP�� UDSLG� JURZWK�� HDUO\� PDWXULW\� DQG�VKRUW�OLIH�VSDQ��H�J��0RULQR��������:LOGLVK��������6DLQWH�0DULH�� �������6XFK� OLIH�KLVWRU\� WUDLW�� RIWHQ�PDNH� LW� LPSRVVLEOH� IRU� UHVHDUFKHUV� WR� GLVWLQJXLVK�DQG� WUDFN�FRKRUWV�RI�DPSKLSRG�VSHFLHV� LQ�ZDUPHU�ZDWHUV��6XGR�DQG�$]HWD��������7KH� ORZHVW� GHQVLWLHV� RI� $�� QHDSROLWDQXV ZHUH�REVHUYHG� LQ� WKH� VXPPHU�DQG�HDUO\� IDOO�� HVSHFLDOO\�LQ� 0DUFK�� ZKHQ� PDOHV� DUH� DEVHQW� DQG� IHPDOHV�VKRZHG� WKH� ORZHU� YDOXHV� RI� KHDG� PHDQ� VL]H��)OXFWXDWLRQV� LQ� SRSXODWLRQ� GHQVLW\� RI� JDPPDULGV�DUH� IUHTXHQWO\� REVHUYHG� DQG� UHODWHG� WR� SHULRGV� RI�LQWHQVH�UHSURGXFWLRQ��0DUVGHQ��������&DUGRVR�DQG�9HORVR�� ������� $� VLPLODU� SDWWHUQ� VHHPV� WR� RFFXU�ZLWK� $�� QHDSROLWDQXV HVSHFLDOO\� GXH� WR� LWV�DVVRFLDWLRQV� ZLWK�PDFURDOJDH� DQG� WKH� VWDELOLW\� RI�HQYLURQPHQWDO� FRQGLWLRQV� LQ� WURSLFDO� DUHDV� �/HLWH��������8VXDOO\�� PDOHV� DQG� IHPDOHV� VKRZ� DSSUR[LPDWHO\�HTXDO� QXPEHUV� LQ� SRSXODWLRQV�� 6NHZHG� VH[� UDWLRV�PD\�EH�DIIHFWHG�E\�IDFWRUV�GHSHQGHQW�RQ�OLIH�F\FOH��+DPLOWRQ�� ������� :HQQHU� ������� UHIHUUHG� WR�GLIIHUHQWLDO� PRUWDOLW\�� ORQJHYLW\� DQG� JURZWK� UDWH�EHWZHHQ� VH[HV�� ZKLOH� 9LWDJOLDQR� HW� DO�� �������DWWULEXWHG� VXFK� GLIIHUHQFHV� WR� SKRWRSHULRG� RU� WR�PLFURRUJDQLVPV� SUHVHQW� LQ� RRF\WHV�� 3RVVLEO\� RQH�PDOH�RI�$��QHDSROLWDQXV� LV�DEOH�WR�IHUWLOL]H�VHYHUDO�IHPDOHV�DV�FRPPRQO\�REVHUYHG�LQ�RWKHU�JDPPDULG�VSHFLHV��0RRUH���������7KHUH�ZDV�QR�HYLGHQFH�RI�PLJUDWLRQ� DQG� VH[� UHYHUVDO� DQG� WKH� FRQVWDQW� WKDW�PRQWKO\�PHDQ� VL]H�RI�PDWXUH�PDOHV�PD\� LQGLFDWH�

PDOHV� UHSURGXFH� RQO\� RQFH� EHIRUH� G\LQJ� �.HPS���HW DO���������:KHQ� WKH� ULVN� RI� DGXOW� PRUWDOLW\� LV� ORZ�� WKH�VWUDWHJ\� WR�LQFUHDVH�UHSURGXFWLYH�ILWQHVV�ZRXOG�EH�WR� PD[LPL]H� HQHUJ\� H[SHQGLWXUH� SHU� RIIVSULQJ� WR�LQFUHDVH� FRPSHWLWLYH� ILWQHVV� RI� VSHFLHV� �:LOGLVK�������� $PSKLORFXV� QHDSROLWDQXV SURGXFHG� IHZ�DQG� ODUJH� HJJV�� SUREDEO\� UHVXOWLQJ� LQ� D� KLJK�QXPEHU�RI�VXUYLYLQJ�MXYHQLOHV�LQ�WKH�SRSXODWLRQ��,Q�DQ�HQYLURQPHQW�ZLWK�UHODWLYHO\�VWDEOH�WHPSHUDWXUH�DQG� IRRG� DYDLODELOLW\� EUHHGLQJ�PLJKW� EH� H[SHFWHG�\HDU� URXQG�� $PSKLORFXV� QHDSROLWDQXV PDWXUHV�TXLFNO\� DQG� PDQ\� JHQHUDWLRQV� RI� UHSURGXFWLYHO\�DFWLYH�IHPDOHV�FDQ�EH�SURGXFHG�LQ�VKRUW�SHULRGV�RI�WLPH�7KH� ODUJH� HJJ� VL]H� PD\� LQGLFDWH� D� ORQJHU�LQFXEDWLRQ� SHULRG� IRU� $�� QHDSROLWDQXV ZKHQ�FRPSDUHV� WR� RWKHU� JDPPDULGHDQ� VSHFLHV� ZLWK�VPDOOHU� HJJ� VL]H� WKDW� RFFXS\� 6�� F\PRVXP�� �/HLWH������D��� 7KLV� UHODWLRQVKLS� EHWZHHQ� HJJV� VL]H� DQG�RQWRJHQHWLF� GHYHORSPHQW� UDWH� ZDV� GHPRQVWUDWHG�E\� 6WHHOH� DQG� 6WHHOH� ������� DQG� E\� 0DUVGHQ���������&DUGRVR�DQG�9HORVR��������REVHUYHG�DOVR�D� ORZ� IHFXQGLW\� RI� RQH� VDQG� KRSSHU� DQG� UHODWHG�WKDW� WR� WKH� GHFUHDVHG PDWXUDWLRQ� VL]H� RI� WKH�IHPDOHV�� 7KLV�� LQ� WXUQ�� DOORZV� WKH� SURGXFWLRQ� RI�PRUH� WKDQ� RQH� EURRG�� WKHUHIRUH� LQFUHDVLQJ� WKHLU�LQWULQVLF�SRSXODWLRQ�JURZWK�UDWH��6WHHOH�DQG�6WHHOH��������� 7KH� VPDOOHVW� RYLJHURXV� IHPDOH� RI� $��QHDSROLWDQXV KDG�D�KHDG�OHQJWK�RI�����PP��/HLWH���������7KLV�VPDOO�VL]H�DQG�WKH�REVHUYDWLRQV�DERXW�WKH�SUHVHQFH�RI�PDWXUH�DQG�FRORUHG�RYDULHV��YLVLEOH�
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E\� WUDQVSDUHQF\� RI� WKH� FXWLFOH� RI� RYLJHURXV�IHPDOHV� DQG� RQ� WKH� YHU\� ORZ� QXPEHU� RI� HPSW\�IHPDOHV� LQ� WKH� SRSXODWLRQ� VXJJHVW� FRQWLQXRXV�UHSURGXFWLRQ�7KHUH�ZDV� QR� FRUUHODWLRQ� EHWZHHQ� WKH� QXPEHU� RI�HJJV�DQG� WKH�VL]H�RI� WKH�IHPDOHV��SUREDEO\�GXH� WR�WKH�QDUURZ�VL]H�UDQJH�RI�WKH�UHSURGXFWLYH�IHPDOHV�����������PP� RI� KHDG� OHQJWK��� WR� WKH� ODUJH� VL]H�DQG�VPDOO�QXPEHU�RI�HJJV�DQG��SUREDEO\��WR�VRPH�HJJ�ORVV�,W�ZDV�QRW�SRVVLEOH�WR�GHWHUPLQH�WKH�PD[LPXP�OLIH�VSDQ�RI�$��QHDSROLWDQXV�GXH�WKH�RYHUODS�RI�FRKRUWV�DV� H[SODLQHG� E\� 6XGR� DQG� $]HWD� �������� ,W� WR�VXSSRVHG�D�VKRUW�OLIH�VSDQ�ZLWK�D�VHPL�DQQXDO�OLIH�KLVWRU\� LQ� FRQQHFWLRQ� ZLWK� WURSLFDO� FRQGLWLRQV��0RULQR�� ������ :LOGLVK�� ������ 6DLQWH�0DULH��������SURGXFLQJ�VXFFHVVLYH�JHQHUDWLRQV�LQ�D�VKRUW�SHULRG�
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$PSLWKRLGDH���DQItSRGHV�DVVRFLDGRV�j�DOJD�6DUJDVVXP�F\PRVXP��5HY��%UDV��=RRO����� �������������

/HLWH�� )�� 3�� 3�� DQG� :DNDEDUD�� <�� �������� $VSHFWV���������RI� PDUVXSLDO� DQG� SRVW�PDUVXSLDO� GHYHORSPHQW� RI�+\DOH� PHGLD �'DQD�� ����� �+\DOLGDH�� $PSKLSRGD��%XOO��0DU��6FL�� ����������������0F%DQH�� &�� '�� DQG� &URNHU�� 5�� $�� �������� 6RPH�REVHUYDWLRQV� RQ� WKH� OLIH� KLVWRU\� RI� WKH� DPSKLSRG�FUXVWDFHDQ�� +\DOH� QLOVVRQL �5DWKNH��� LQ� 1HZ�+DPSVKLUH��(VWXDULHV��� ����%�����������0RRUH� 3��*����������7KH�OLIH�KLVWRU\�RI�WKH�DPSKLSRGV�/HPERV�ZHEVWHUL %DWH�DQG�&RURSKLXP�ERQHOOLL 0LOQH�(GZDUGV� LQ� NHOS� KROGIDVWV� -�� ([S��0DU�� %LRO�� (FRO������ ����������0DUVGHQ��,��'����������.HOS�VDQGKRSSHU�LQWHUDFWLRQV�RQ�D� VDQG� EHDFK� LQ� 1HZ� =HDODQG�� ,,�� 3RSXODWLRQ�G\QDPLFV� RI�7DORUFKHVWLD�TXR\DQD �0LOQH�(GZDUGV���-��([S��0DU��%LRO��(FRO��������������0RULQR� +�� �������� 6WXGLHV� RQ� WKH� 7DOLWULGDH��$PSKLSRGD��&UXVWDFHD��LQ�-DSDQ�,,,��/LIH�+LVWRU\�DQG�EUHHG� DFWLYLW\� RI�2UFKHVWLD� SODWHQVLV .U|\HU� 3XEOV��6HWR�0DU��%LRO��/DE�����������������������1HZPDQ��5��0��DQG�:DWHUV��7��)����������6L]H�VHOHFWLYH�SUHGDWLRQ�RQ�*DPPDUXV�SVHXGROLPQDHXV�E\�WURXW�DQG�VFXOSLQV��(FRORJ\� ������������������1HOVRQ��:��*����������([SHULPHQWDO�VWXGLHV�RI�VHOHFWLYH�SUHGDWLRQ�RQ�DPSKLSRGV��FRQVHTXHQFHV�IRU�DPSKLSRG�GLVWULEXWLRQ�DQG�DEXQGDQFH� -��([S��0DU��%LRO��(FRO���������������1HOVRQ�� :�� *�� �������� 5HSURGXFWLYH� SDWWHUQV� RI�JDPPDULGHDQ�DPSKLSRGV��6DUVLD� ����������6DLQWH�0DULH�� %�� �������� $� UHYLHZ� RI� UHSURGXFWLYH�ELRQRPLFV� RI� DTXDWLF� JDPPDULGHDQ� DPSKLSRGV��YDULDWLRQV� RI� OLIH� KLVWRU\� WUDLWV� ZLWK� ODWLWXGH���������GHSWK�� VDOLQLW\� DQG� VXSHUIDPLO\��+\GURELRORJLD� �������������6DOD��(����������7KH�UROH RI�ILVKHV�LQ�WKH�RUJDQL]DWLRQ�RI�D�0HGLWHUUDQHDQ� VXEOLWWRUDO� FRPPXQLW\�� ,,��(SLIDXQDO�FRPPXQLWLHV� -��([S��0DU��%LRO��(FRO��������������6FLSLRQH��0�� %�� ��������$PSKLSRG� ELRGLYHUVLW\� LQ� WKH�IROLDU� VWUDWXP� RI� VKDOORZ�ZDWHU� 3RVLGRQLD� RFHDQLFDEHGV�LQ�WKH�0HGLWHUUDQHDQ�6HD��,Q� 6FKUDP��)��5��DQG�YRQ� 9DXSHO� .OHLQ�� -�� &�� %ULOO� 3XEO��� /HLGHQ�� 1�9���HGV�� &UXVWDFHDQV� DQG� WKH� ELRGLYHUVLW\� FULVLV��3URFHHGLQJ� � RI� WKH� )RXUWK� ,QWHUQDWLRQDO� &UXVWDFHDQ�&RQJUHVV�������������6HUHMR�� &�� 6�� �������� *DPPDULGHDQ� DQG� FDSUHOOLGHDQ�IDXQD��&UXVWDFHD��DVVRFLDWHG�ZLWK�WKH�VSRQJH�'\VLGHD�IUDJLOLV -RKQVWRQ�DW�$UUDLDO�GR�&DER��5LR�GH�-DQHLUR��%UD]LO��%XOO��0DU��6FL����� ���������������6KHDGHU�� 0�� DQG� &KLD�� )�� 6� �������� 'HYHORSPHQW��IHFXQGLW\� DQG� EURRGLQJ� EHKDYLRU� RI� WKH� DPSKLSRG�

0DULQRJDPPDUXV�REWXVDWXV��-��0DU��%LRO��$VV��8��.�����������������6XGR�� +�� DQG� $]HWD�� 0�� �������� /LIH� KLVWRU\� DQG�SURGXFWLRQ� RI� WKH� DPSKLSRG� %\EOLV� MDSRQLFXV 'DKO��*DPPDULGHD�� $PSHOLVFLGDH�� LQ� D� ZDUP� WHPSHUDWH�]RQH� KDELWDW�� 6KLMLNL� %D\�� -DSDQ�� -�� ([S�� 0DU�� %LRO��(FRO����������������6XWFOLIIH�� :�� 5�� �������� *URZWK� HVWLPDWHV� IURP�ULERQXFOHLF� DFLG� FRQWHQW� LQ� VPDOO� RUJDQLVPV� /LPQRO��2FHDQRJ�� ������������7DUDUDP��$�� 6�� DQG�:DNDEDUD��<� �������� 7KH�PRELOH�IDXQD�� HVSHFLDOO\� *DPPDULGHD�� RI� 6DUJDVVXPF\PRVXP��0DU��(FRO��3URJU��6HU�� �����������7DUDUDP�� $�� 6��� :DNDEDUD�� <�� DQG� /HLWH�� )�� 3�� 3���������� 9HUWLFDO� GLVWULEXWLRQ� RI� DPSKLSRGV� OLYLQJ� RQ�DOJDH� RI� D� %UD]LOLDQ� LQWHUWLGDO� URFN\� VKRUH��&UXVWDFHDQD���� ���������������9DQ� 'RODK�� 5�� )�� �������� )DFWRUV� UHJXODWLQJ� WKH�GLVWULEXWLRQ�DQG�SRSXODWLRQ�G\QDPLFV�RI�WKH�DPSKLSRG�*DPPDUXV� SDOXVWULV LQ� DQ� LQWHUWLGDO� VDOW� PDUVK�FRPPXQLW\��(FRO��0RQRJU���������������9DQ�'RODK��5��)��DQG�%LUG��(����������$�FRPSDULVRQ�RI�UHSURGXFWLYH� SDWWHUQV� LQ� HSLIDXQDO� DQG� LQIDXQDO�JDPPDULGHDQ� DPSKLSRGV� (VW�� &RDVW�� 0DU�� 6FL�� �����������9LWDJOLDQR��(���0DUFKHWWL��(��DQG�9LWDJOLDQR��*����������6NHZHG� VH[� UDWLR�� PRQRJ\Q\�� DQG� PDWHUQDO� VH[�GHWHUPLQDWLRQ� LQ� WZR� JHRJUDSKLFDO� SRSXODWLRQV� RI$VHOOXV�DTXDWLFXV �/����������,VRSRGD���&UXVWDFHDQD��� ���������������:DNDEDUD�� <��� 7DUDUDP�� $�� 6�� DQG� 7DNHGD�� $�� 0���������� &RPSDUDWLYH� VWXG\� RI� WKH� DPSKLSRG� IDXQD�OLYLQJ� RQ� 6DUJDVVXP� RI� WZR� ,WDQKDpP� VKRUHV� RI�%UD]LO��-��&UXVW��%LRO�� � ���������������:HQQHU��$��0��������� 6H[�UDWLR�DV�D�IXQFWLRQ�RI�VL]H�LQ�PDULQH�&UXVWDFHD��$P��1DW������� ��������:LOGLVK��'�� -�� �������� 3RVW�HPEU\RQLF� JURZWK� DQG� DJH�LQ� VRPH� OLWWRUDO� 2UFKHVWLD �$PSKLSRGD�� 7DOLWULGDH���&UXVWDFHDQD� �6XSSO�������������:LOGLVK� '�� -�� �������� (YROXWLRQDU\� HFRORJ\� RI�UHSURGXFWLRQ� LQ�JDPPDULGHDQ�DPSKLSRGD� ,QW��-�� ,QY��5HSU�� ��������=DU�� -�� +�� �������� %LRVWDWLVWLFDO� DQDO\VLV�� (QJOHZRRG�&OLIIV��1��-��3UHQWLFH�+DOO�
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