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'HSDUWPHQW�RI�$JULFXOWXUH

����$OEDQ\�+LJKZD\��$OEDQ\��:HVWHUQ�$XVWUDOLD�����

$%675$&7
,Q�WKH�DJULFXOWXUDO�UHJLRQ�RI�:HVWHUQ�$XVWUDOLD�DOOH\�IDUPLQJ�V\VWHPV�DUH�FRPPRQO\�HVWDEOLVKHG

RQ�VDOLQH�ODQG��RU�RQ�ODQG�DW�ULVN�RI�EHFRPLQJ�VDOLQH��IRU�JURXQGZDWHU�UHFKDUJH�DQG�ZDWHUWDEOH

UHGXFWLRQ�SXUSRVHV��$W� WKHVH�VLWHV�D�GLYHUVH�UDQJH�RI� WUHHV�DQG�SDVWXUHV�KDYH�EHHQ�HVWDEOLVKHG�

$QHFGRWDO�HYLGHQFH�VXJJHVWV� WKDW�VRPH�WUHH�VSHFLHV�FRPSHWH�ZLWK�QHLJKERXULQJ�SDVWXUHV�PRUH

VWURQJO\� IRU� UHVRXUFHV� WKDQ� RWKHU� VSHFLHV�� 7KLV� VWXG\� LQYHVWLJDWHG� LQWHUDFWLRQV� EHWZHHQ� WKUHH

VHYHQ�\HDU�ROG� WUHH�VKUXE�VSHFLHV�� IURP�GLIIHUHQW� IDPLOLHV� �(XFDO\SWXV�RFFLGHQWDOLV��&DVXDULQD

REHVD�DQG� $FDFLD� VDOLJQD��� DQG� QHLJKERXULQJ� SDVWXUH��0RUH� SDVWXUH�ZDV� SURGXFHG� XQGHU� DQG

DGMDFHQW� WR� $FDFLD� VDOLJQD� DQG� &DVXDULQD� REHVD� WKDQ� XQGHU� (XFDO\SWXV� RFFLGHQWDOLV�� 7RWDO

QLWURJHQ�VWRUHG�LQ�WKH�DERYH�JURXQG�ELRPDVV��H[FOXGLQJ�WKH�WUHH�WKHPVHOYHV��ZDV�VLJQLILFDQWO\

KLJKHU�����NJ�KD����XQGHU�WKH�$FDFLD�WUHHV�FRPSDUHG�WR�WKH�WZR�RWKHU�WUHH�VSHFLHV�����NJ�KD���&�

REHVD����NJ�KD���(��RFFLGHQWDOLV���7KH�UHVXOWV�VXJJHVW�WKDW�WKH�WUHH�VSHFLHV�XVHG�LQ�DOOH\�IDUPLQJ

QHHG� WR� EH� FKRVHQ� FDUHIXOO\� DQG� WKDW� WKH� K\GURORJLFDO� DQG� SURGXFWLRQ� LPSOLFDWLRQV� RI� VSHFLHV

VHOHFWLRQ�QHHG�WR�EH�FRQVLGHUHG�EHIRUH�HVWDEOLVKPHQW�

,1752'8&7,21

$SSUR[LPDWHO\� ��� �� RI� WKH�:$� ZKHDWEHOW� KDV� WKH� SRWHQWLDO� WR� EHFRPH� VDOW� DIIHFWHG� �$QRQ

������� %HFDXVH� ODUJH� DUHDV� RI� DJULFXOWXUDO� ODQG� ZLOO� EHFRPH� VDOLQH�� XQGHU� PRVW� UHFKDUJH

PDQDJHPHQW�VFHQDULRV��WKHUH�QHHGV�WR�EH�DQ�HPSKDVLV�RQ��OLYLQJ�ZLWK�VDOLQLW\���$QRQ��������,W

LV�JHQHUDOO\�FRQVLGHUHG�WKDW�WKHUH�QHHGV�WR�EH�D�ODUJHU�IRFXV�RQ�WKH�XVHV�DQG�RSWLRQV�IRU�VDOLQH

ODQG�DQG�ZDWHU��6DOWODQG�PXVW�EH�PDQDJHG� IRU�HFRQRPLF�DQG�HQYLURQPHQWDO�RXWFRPHV�EXW� WKH

UDQJH� RI� SHUHQQLDOV� LV� OLPLWHG�� DQQXDOV� DQG� KHUEDFHRXV� SHUHQQLDOV� PD\� SHUIRUP� EHWWHU� ZKHQ

LQWHJUDWHG� ZLWK� VDOW� WROHUDQW� ZRRG\� SHUHQQLDOV� WKDW� FRQWURO� ZDWHU� WDEOHV�� SURYLGH� D� PRUH

IDYRXUDEOH� JURZWK� HQYLURQPHQW� IRU� DQQXDO� DQG� KHUEDFHRXV� SHUHQQLDO� IRUDJH� FURSV�� DQG� PD\

SURGXFH�ZRRG�SURGXFWV�RQ�ORZ�YDOXH�ODQG�

$OOH\� IDUPLQJ� V\VWHPV� KDYH� GHYHORSHG� DV� D� PHDQV� RI� PDNLQJ� EURDG� VFDOH� WUHH� SODQWLQJ� DQG

DJULFXOWXUDO�SURGXFWLRQ�FRPSDWLEOH��.QLJKW�HW�DO��������,Q�VXFK�V\VWHPV��FURSV�DQG�RU�SDVWXUHV

DUH�JURZQ�LQ�WKH�DOOH\V��XVXDOO\�������P�ZLGH��WKDW�DUH�IRUPHG�EHWZHHQ�EHOWV�RI�WUHHV�RU�VKUXEV�

$OOH\� IDUPLQJ� FDQ� EHQHILW� DJULFXOWXUDO� V\VWHPV� WKURXJK� WKH�� ��� SURYLVLRQ� RI� VKHOWHU� WR

FURSV�SDVWXUH� DQG� OLYHVWRFN� ��� SURYLVLRQ� RI� FRPPHUFLDO� SURGXFWV� IURP� WKH� WUHHV� RU� VKUXEV�� ��

UHGXFHG�JURXQGZDWHU�UHFKDUJH�DQG�ZDWHU�WDEOH�ULVH����SURYLVLRQ�RI�KDELWDW�IRU�EHQHILFLDO�ZLOGOLIH�

���HQKDQFHPHQW�RI�IDUP�DHVWKHWLFV��2YHU�WKH�ODVW�WZHQW\�\HDUV�:HVWHUQ�$XVWUDOLDQ�IDUPHUV�KDYH

HVWDEOLVKHG�DOOH\�IDUPLQJ�V\VWHPV�LQ�RUGHU� WR� ORZHU�RU�VWDELOLVH�VDOLQH�ZDWHUWDEOHV�RQ� ODQG� WKDW

ZDV�VDOW�DIIHFWHG�RU�ZDV�DW�KLJK�ULVN�RI�EHFRPLQJ�VDOLQH��,Q�FHUWDLQ�FLUFXPVWDQFHV�WKHUH�KDV�EHHQ

VRPH�K\GURORJLFDO�VXFFHVV��KRZHYHU��SDVWXUH�JURZWK�KDV�RIWHQ�EHHQ�UHODWLYHO\�SRRU��0DUFDU�HW�DO

������GXH�WR�UHVRXUFH�FRPSHWLWLRQ�SDUWLFXODUO\�LQ�QDUURZ�DOOH\V�ORFDWHG�LQ�ORZ�UDLQIDOO�DUHDV��

7KHUH�LV�VFDQW�LQIRUPDWLRQ�DYDLODEOH�RQ�SDVWXUH�SURGXFWLRQ�XQGHU�WUHHV�JURZQ�RQ�ODQG�WKDW�KDV�D

VKDOORZ� DQG� VDOLQH� ZDWHUWDEOH�� 2Q� PLOGO\� VDOLQH� ODQG� WKH� DXWKRUV� KDYH� REVHUYHG� WKDW� DQQXDO

SDVWXUH� DSSHDUV� WR� EH� DEXQGDQW� XQGHU� DQG� DGMDFHQW� WR� VRPH� PDWXUH� $FDFLD� VDOLJQD� EXVKHV

ZKHUHDV�� SDVWXUH� XQGHU� DQG� DGMDFHQW� WR� (XFDO\SWXV� VSHFLHV� DSSHDUV� WR� EH� VSDUVH�� 6FRWW� DQG

&URVVOH\��������QRWHG�IURP�YLVXDO�REVHUYDWLRQV�WKDW�VRPH�WUHH�VSHFLHV�VXFK�DV�&DVXDULQD�REHVD

GLG�QRW�UHGXFH�SDVWXUH�SURGXFWLRQ�DV�PDUNHGO\�DV�VRPH�RI� WKH�(XFDO\SWXV� VSHFLHV��7KH�DLP�RI



)�?6KDURQ3?:25''2&6?3856/?)LQDO�3DSHUV���SGI�ILOHV?:RRGDOO�*HRII�UWI �

WKLV�SUHOLPLQDU\�VWXG\�ZDV�WR�GHWHUPLQH�WKH�HIIHFW�RI�WUHH�VSHFLHV�RQ�SDVWXUH�JURZWK�RQ�ODQG�ZLWK

D�VKDOORZ�VDOLQH�ZDWHUWDEOH�

0$7(5,$/6�$1'�0(7+2'6

6LWH�DQG�VSHFLHV�GHVFULSWLRQ

,Q� ����� DQ� DOOH\� IDUPLQJ� WULDO� ZDV� HVWDEOLVKHG� DGMDFHQW� WR� 7RROLELQ� /DNH� RQ� ODQG� DW� ULVN� RI

EHFRPLQJ� VDOLQH�� /DNH� 7RROLELQ� LV� OLVWHG� XQGHU� WKH� UDPVDU� FRQYHQWLRQ� DV� D� ZHWODQG� RI

LQWHUQDWLRQDO� LPSRUWDQFH�� 7KH� DOOH\� IDUPLQJ� WULDO� XVHG� QLQH� WUHH� VSHFLHV� SODQWHG� LQ� GLIIHUHQW

OD\RXWV��$FDFLD�VDOLJQD��&DVXDULQD�REHVD�DQG�(XFDO\SWXV�RFFLGHQWDOLV�ZHUH�WKUHH�RI�WKH�VSHFLHV

SODQWHG��&��REHVD�LV�D�KLJKO\�VDOW�DQG�ZDWHUORJJLQJ�WROHUDQW�ZRRG\�SHUHQQLDO��QDWXUDOO\�RFFXUULQJ

DQG�ZLGHO\�SODQWHG��WZR�:$�WZR�QXUVHULHV�VROG���������&��REHVD�VHHGOLQJV�LQ��������&��REHVD

DQG� $�� VDOLJQD� ERWK� KDYH� WKH� FDSDFLW\� WR� IL[� DWPRVSKHULF� QLWURJHQ�� 7KHUH� DUH� FRQWUDVWLQJ

WKRXJKWV� UHJDUGLQJ� WKH� VDOW� DQG�ZDWHUORJJLQJ� WROHUDQFH�RI�$FDFLD� VDOLJQD��0DUFDU� HW� DO� ������

GHVFULEHV� LW� DV� EHLQJ� PRGHUDWHO\� WROHUDQW� RI� VDOLQLW\� DQG� ZDWHUORJJLQJ�� ZKHUHDV�� %HOO� ������

FODVVLILHG�WKH�VSHFLHV�DV�EHLQJ�PRVWO\�LQWROHUDQW��(XFDO\SWXV�RFFLGHQWDOLV�LV�D�WUHH�RI�KHLJKW�UDQJH

������P�DQG�KDV�PRGHUDWH�WR�KLJK�WROHUDQFH�RI�VDOLQH�DQG�ZDWHUORJJHG�FRQGLWLRQV��0DUFDU�HW�DO

������%HOO�������

6RLO�VDOLQLW\�DQG�JURXQGZDWHU�OHYHOV�

'HSWK� WR� JURXQGZDWHU� ZDV� PRQLWRUHG� E\� WKH� 'HSDUWPHQW� RI� &RQVHUYDWLRQ� DQG� /DQG

0DQDJHPHQW��&$/0��DW�1DUURJLQ��2EVHUYDWLRQ�ZHOOV��GRZQ�WR���P��:����:���:����DQG�:

���ZHUH�FORVH�WR�WKH�VWXG\�DUHD�DQG�GDWD�SURYLGHG�E\�&$/0�ZDV�XVHG�IRU�DQDO\VLV�

$SSDUHQW�VRLO�VDOLQLW\��(&D��*HRQLFV�(0����ZDV�PHDVXUHG�XQGHU�HDFK�WUHH�VSHFLHV�DQG�DW������

DQG����P�RXW�IURP�WKH�WUHH�EHOWV��(OHFWULFDO�FRQGXFWLYLW\�RI�D�����VRLO�ZDWHU��(&Z��H[WUDFW�ZDV

DOVR�XVHG�WR�PHDVXUH�VRLO�VDOLQLW\��(&Z�ZDV�GHWHUPLQHG�RQ�VRLO�VDPSOHV�FROOHFWHG�IURP�D�GHSWK

RI� �������P� DW� ���P� IURP� WKH� WUHHV�� 7R� FRPSDUH�ZLWK� WKH� XQLYHUVDOO\� DSSOLFDEOH� VRLO� VDOLQLW\

FDWHJRULHV�GHYHORSHG�E\�WKH�8QLWHG�6DWHV�6DOLQLW\�/DERUDWRU\��866/��������(&Z�ZDV�FRQYHUWHG

WR� HOHFWULFDO� FRQGXFWLYLW\� RI� D� VDWXUDWHG� VRLO� H[WUDFW� �(&H�� XVLQJ� WKH� IROORZLQJ�� (&H

 ����[(&Z��63��0RRUH������

$ERYH�JURXQG�ELRPDVV

7KH� VLWH�ZDV� ILUVW� YLVLWHG�RQ������������� GXULQJ�ZKLFK�� SDVWXUH� ELRPDVV� XQGHUQHDWK� HDFK� WUHH

VSHFLHV�ZDV�HVWLPDWHG�E\�KDUYHVWLQJ�DERYH�JURXQG�ELRPDVV�ZLWKLQ�IRXU�UDQGRPO\�SODFHG����P�

TXDGUDWV��7UHH�OHDYHV�DQG�WZLJV�ZHUH�UHPRYHG�IURP�VDPSOHV��WKHQ�RYHQ�GULHG����R&�IRU���GD\V�

DQG�ZHLJKHG�

2Q� WKH�����������DQG�RQ� WKH�����������DERYH�JURXQG�ELRPDVV�ZDV�HVWLPDWHG�XQGHU�HDFK� WUHH

VSHFLHV�DQG�DW�������DQG����P�RXW�IURP�WKH�WUHH�EHOWV��%LRPDVV�ZDV�HVWLPDWHG�DV�DERYH�KRZHYHU�

IDOOHQ�WUHH�OHDYHV�DQG�WZLJV�ZHUH�LQFOXGHG�LQ�VDPSOHV�FROOHFWHG�RQ�WKH�����������

1LWURJHQ�DQDO\VHV�

1LWURJHQ�LQ�WKH�WRSVRLO��������P��DQG�LQ�WKH�DERYH�JURXQG�ELRPDVV��H[FOXGLQJ�OLYLQJ�WKH�OLYLQJ

WUHHV��ZDV�PHDVXUHG�LQ�ODWH�0DUFK�������7KH�ELRPDVV�VDPSOHV�KDUYHVWHG�RQ�WKH�����������ZHUH

JURXQG�LQWR�D�ILQH�SRZGHU�DQG�WRWDO�QLWURJHQ�FRQWHQW�PHDVXUHG�E\�WKH�FKHPLVWU\�FHQWUH��:HVWHUQ

$XVWUDOLD�

6WDWLVWLFDO�$QDO\VHV

*HQVWDW� ��� UHOHDVH� ���� �5RWKDPVWHG� ([SHULPHQWDO� 6WDWLRQ�� +DUSHQGHQ�� 8.�� ZDV� XVHG� IRU� DOO

VWDWLVWLFDO� DQDO\VHV�� 8QOHVV� RWKHUZLVH� VWDWHG�� D� JHQHUDO� DQDO\VLV� RI� YDULDQFH� ZDV� XVHG�� IURP

ZKLFK�WKH�OHDVW�VLJQLILFDQW�GLIIHUHQFH��/6'��DW�3� ������ZDV�XVHG�WR�FRPSDUH�PHDQV�

5(68/76

6RLO�VDOLQLW\�DQG�GHSWK�WR�JURXQGZDWHU�
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7KH�WRSVRLO�DW�PRVW�VDPSOLQJ�VLWHV�ZDV�QRQ�VDOLQH��0HDQ�VRLO�VDOLQLW\��(&H��DW�WKH�VLWH�ZDV����

P6�P����ZKLFK�ZRXOG�EH�UDWHG�DV�QRQ�VDOLQH�E\�WKH�866/��������FODVVLILFDWLRQ�V\VWHP��7ZR�RI

WKH�WZHOYH�VDPSOLQJ�VLWHV�KDG�D�VRLO�VDOLQLW\�RI���������P6�P���DQG�FODVVLILHG�DV�VOLJKWO\�VDOLQH

866/� �������� 7KH�PHDQ� DSSDUHQW� VDOLQLW\� RYHU� WKH� �����P� UDQJH� �DV�PHDVXUHG� E\�(0���� LQ

YHUWLFDO�PRGH��DW�WKH�VWXG\�VLWH�ZDV����P6�P���

6LQFH�WKH�HVWDEOLVKPHQW�RI�WKH�DOOH\�IDUPLQJ�WULDO�D�IDOOLQJ�JURXQGZDWHU�OHYHO�KDV�EHHQ�REVHUYHG

DW� WKH� VWXG\� VLWH�� 7KLV�PD\� EH� SDUWO\� GXH� WR�ZDWHU� XVH� E\� WKH� WUHHV� EXW�ZRXOG� DOVR� EH� GXH� WR

EHORZ�DYHUDJH�VXPPHU�DQG�ZLQWHU�UDLQIDOO�VLQFH�WKH�HVWDEOLVKPHQW�RI�WKH�DOOH\�IDUPLQJ�WULDO��$

VKDOORZ�ZDWHUWDEOH����P��RFFXUUHG�DW� WKH�VLWH�DW� WLPHV�ZKHQ�UDLQIDOO�KDV�EHHQ� LQ�H[FHVV�RI� WKH

DYHUDJH��ILJXUH�""��

$QQXDO�SDVWXUH�DQG�DERYH�JURXQG�ELRPDVV

7KH� DQQXDO� SDVWXUH� FRPSRVLWLRQ� YDULHG� VSDWLDOO\� DW� WKH� H[SHULPHQWDO� VLWH�� RIWHQ� RYHU� VPDOO

GLVWDQFHV�RI������P��7KH�PDLQ�JUDVV�SDVWXUH�VSHFLHV�ZHUH�+RUGHXP�PDULQXP�DQG�/ROLXP�VS��

PDMRU�GLFRW�SDVWXUHV�ZHUH�$UFWRWKHFD�FDOHQGXOD��(URGLXP�VS�DQG�7ULIROLXP�VS�

$W� WKH� HQG� RI� WKH� ����� DQQXDO� SODQW� JURZLQJ� VHDVRQ� WKHUH� ZDV� VLJQLILFDQWO\� PRUH� SDVWXUH

ELRPDVV�XQGHU�$FDFLD� VDOLJQD� ����W�KD�� DQG�&DVXDULQD�REHVD� ����W�KD�� WKDQ� XQGHU�(XFDO\SWXV

RFFLGHQWDOLV�����W�KD��)LJXUH�"���$�VLPLODU�UHVXOW�ZDV�REVHUYHG�LQ�0DUFK�������KRZHYHU��DW�WKLV

WLPH�WKH�$FDFLD�VDOLJQD�WUHHV�KDG�VKHG�QXPHURXV�OHDYHV�UHVXOWLQJ�LQ�D�WRWDO�ELRPDVV��SDVWXUH��

OHDI� OLWWHU�� RI� ���� W�KD� XQGHUQHDWK� WKLV� VSHFLHV��'XULQJ� WKH�2FWREHU� ����� VDPSOLQJ� LW�ZDV� DOVR

YLVXDOO\�DSSDUHQW�WKDW�WKH�SDVWXUH�XQGHU�$��VDOLJQD�ZDV�JUHHQHU�WKDQ�WKDW�XQGHU�DQG�DGMDFHQW�WR

&��REHVD�DQG�(��FFLGHQWDOLV�ZKLFK�ZDV�GHDG�RU�VHQHVFHQW�

,QWHQVLYH�SDVWXUH�VDPSOLQJ�LQ�$XJXVW������VKRZHG�WKDW�DOO�WKUHH�VSHFLHV�UHGXFHG�QHLJKERXULQJ

SDVWXUH�JURZWK�WR�VRPH�H[WHQW��%LRPDVV�XQGHU�DQG���P�IURP�WKH�WUHHV�ZDV�VLJQLILFDQWO\�JUHDWHU

XQGHU�$��VDOLJQD�DQG�&��REHVD�WKDQ�XQGHU�(��RFFLGHQWDOLV��)LJXUH����,QWHJUDWLRQ�RI�WKH�GDWD�VKRZQ

LQ�)LJXUH�"�VXJJHVWV� WKDW�$��VDOLJQD��&��REHVD�DQG�(��RFFLGHQWDOLV� UHVXOW� LQ�D��������DQG�����

GHFUHDVH�LQ�SDVWXUH�SURGXFWLRQ�UHODWLYH�WR�D��QR�WUHH�6\VWHP��DVVXPLQJ�DQ�DOOH\�ZLGWK�RI����P��D

WUHH�EHOW�ZLGWK�RI���P�DQG�WKDW�WKH�\LHOG�DW����P�IRU�HDFK�VSHFLHV�LV�DQ�DSSUR[LPDWH�HVWLPDWH�RI

RSHQ�ILHOG�SDVWXUH�\LHOG�

1LWURJHQ

7UHH� VSHFLHV� LQIOXHQFHG� WKH� VRLO� DQG� ELRPDVV� QLWURJHQ� SRRO�� (�� RFFLGHQWDOLV� KDG� D� SURIRXQG

QHJDWLYH�LQIOXHQFH�RQ�WKH�QLWURJHQ�SRRO�VWRUHG�LQ�WKH�DERYH�JURXQG�ELRPDVV��7KLV�ZDV�GXH�WR�D

ORZ�WRWDO�ELRPDVV�DQG�ORZ�QLWURJHQ�FRQWHQW�RI�WKH�ELRPDVV�XQGHU�DQG�DGMDFHQW�WR�(��RFFLGHQWDOLV�

$��VDOLJD��LQ�FRQWUDVW�WR�WKH�HXFDO\SWV��VLJQLILFDQWO\�LQFUHDVHG�WKH�ELRPDVV�QLWURJHQ�SRRO��XQGHU

DQG�DGMDFHQW�WR�WKHP��&DVXDULQDV�GLG�QRW�VLJQLILFDQWO\�DOWHU�WKH�WRWDO�DERYH�JURXQG�QLWURJHQ�SRRO�

7RWDO� VRLO� QLWURJHQ� LQ� 0DUFK� ����� ZDV� VOLJKWO\� KLJKHU� XQGHU� $�� VDOLJQD� ��������� EXW� QRW

VLJQLILFDQWO\�GLIIHUHQW�IURP�&��REHVD�����������DQG�(��RFFLGHQWDOLV���������
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)LJXUH� ��'HSWK� WR� JURXQGZDWHU� DQG� GHYLDWLRQ� IURP� DYHUDJH� ������������ UDLQIDOO� DW� WKH� /DNH

7RROLELQ�DOOH\�IDUPLQJ�WULDO�

)LJXUH���3DVWXUH�ELRPDVV�KDUYHVWHG�XQGHU�WKUHH�WUHH�VSHFLHV��2FWREHU�����
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)LJXUH���3DVWXUH�ELRPDVV�DW�GLVWDQFH�IURP�WKUHH�WUHH�VSHFLHV��$XJXVW�����

� �� ��
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&DVXDULQD $FDFLD (XFDO\SWXV
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)LJXUH���1LWURJHQ�FRQWHQW�� WRWDO�ELRPDVV�DQG�WRWDO�QLWURJHQ�VWRUHG� LQ�DERYH�JURXQG�ELRPDVV�DW

GLVWDQFH�IURP�WKUHH�WUHH�VSHFLHV��0DUFK������
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)LJXUH� �� 6XPPHU� DQG� ZLQWHU� VRLO� PRLVWXUH� FRQWHQW� RYHU� VRLO� GHSWKV� RI� ������ P�� DW� YDULRXV

GLVWDQFHV�IURP�WKUHH�WUHH�VSHFLHV

',6&866,21

$OO� WKH� VSHFLHV� LQ� WKLV� VWXG\� FRPSHWHG� ZLWK� SDVWXUH� IRU� UHVRXUFHV�� WKH� UHVXOW� RI� ZKLFK� ZDV

UHGXFHG�SDVWXUH�SURGXFWLRQ�XQGHU�DQG�DGMDFHQW�WR�WKH�WUHHV��,QWURGXFLQJ�(��RFFLGHQWDOLV�LQWR�WKH

IDUPLQJ� V\VWHP� ��� P� WUHH� EHOWV� DQG� ��� P� DOOH\V�� JHQHUDWHG� D� ���� UHGXFWLRQ� LQ� SDVWXUH

SURGXFWLRQ�� ,Q� FRQWUDVW�� WKH� LQWURGXFWLRQ� RI� $�� VDOLJD� RU� &�� REHVD� RU� LQWR� D� VLPLODU� IDUPLQJ

V\VWHP�UHVXOWHG�LQ�RQO\�D����DQG�����UHGXFWLRQ�LQ�SDVWXUH�SURGXFWLRQ��)RU�WKH�HFRQRPLF�FRVW�RI

UHGXFHG� SDVWXUH� JURZWK� WR� EH� RIIVHW�� DQ� (�� RFFLGHQWDOLV� DOOH\�IDUPLQJ� V\VWHP� ZRXOG� QHHG� WR

SURGXFH� VLJQLILFDQWO\� PRUH� QRQ� SDVWXUH� UHODWHG� UHYHQXH� WKDQ� DQ� HTXLYDOHQW� $�� VDOLJQD� RU� &�

REHVD� V\VWHP�� � &�� REVHD� DQG� (�� RFFLGHQWDOLV� FRXOG�� LI� PDQDJHG�� SURGXFH� KLJK� YDOXH� ZRRG

SURGXFWV�� 7KH� IRUDJH� YDOXH� RI� $�� VDOLJQD� DQG� WKH� QLWURJHQ� LW� IL[HV� ZRXOG� RIIVHW� WKH� SDVWXUH

SURGXFWLRQ�FRVW�RI�WKLV�VSHFLHV�

:KLOH�WKLV�VWXG\�KDV�VKRZQ�WKDW�PRUH�SDVWXUH�FDQ�EH�SURGXFHG�XQGHU���\HDU�ROG�$��VDOLJQD�DQG

&�REHVD� WKDQ�XQGHU�(��RFFLGHQWDOLV�� LW� KDV�QRW�GHWHUPLQHG�ZK\� WKLV� VLWXDWLRQ�H[LVWV��7UHHV� DQG

SDVWXUHV�FRPSHWH� IRU� OLPLWHG� UHVRXUFHV� �OLJKW��ZDWHU� DQG�QXWULHQWV�� DQG� WKH� FRPSHWLWLYHQHVV�RI

HDFK� VSHFLHV� �IRU� HDFK� UHVRXUFH�� PXVW� EH� GLIIHUHQW�� 6RXWKHUQ� :HVWHUQ� $XVWUDOLD� KDV� D

0HGLWHUUDQHDQ� FOLPDWH� DQG� LV� ZDWHU� OLPLWHG� GXULQJ� DOO� EXW� D� IHZ� ZLQWHU� PRQWKV�� ,Q� WKLV

HQYLURQPHQW�� VWXGLHV� KDYH� VKRZQ� WKDW�ZDWHU� LV� WKH�PDLQ� UHVRXUFH� WKDW� OLPLWV� FURS� DQG�SDVWXUH

$FDFLD &DVXDULQD (XFDO\SWXV
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JURZWK�XQGHU�DQG�DGMDFHQW�WR�WUHHV��7KH�SDVWXUH�UHVXOWV�PD\�WKHUHIRUH�EH�GXH�WR�(��RFFLGHQWDOLV

GU\LQJ�RXW�WKH�VRLO�WR�D�JUHDWHU�H[WHQW��RU�IRU�D�ORQJHU�SDUW�RI�WKH�\HDU��WKDQ�WKH�WZR�RWKHU�VSHFLHV

VWXGLHG�� � ,Q� FRQWUDVW� &�� REHVD� LV� VORZHU� JURZLQJ� FRPSDUHG� WR� WKH� RWKHU� VSHFLHV� DQG�PD\� QRW

FXUUHQWO\�UHGXFH�VRLO�PRLVWXUH�WR�WKH�VDPH�H[WHQW�DV�WKH�RWKHU�WZR�VSHFLHV��%HFDXVH�PRVW�DOOH\

IDUPLQJ� V\VWHPV� LQ�:HVWHUQ� $XVWUDOLDQ� KDYH� EHHQ� HVWDEOLVKHG� IRU� JURXQGZDWHU� UHFKDUJH� DQG

ZDWHU�WDEOH�FRQWURO�� WKH�FDSDFLW\�RI�HDFK�VSHFLHV� WR�DOORZ�SDVWXUH�JURZWK�QHHGV�WR�EH�EDODQFHG

ZLWK�WKH�VSHFLHV�DELOLW\�WR�PDQDJH�UHFKDUJH�DQG�ZDWHUWDEOHV�

7KH�PDQDJHPHQW� RI� WKH�$�� VDOLJQD� DW� WKH� VWXG\� VLWH� DQG� LWV� SKHQRORJLFDO� FKDUDFWHULVWLFV�PD\

SURYLGH� D� IDYRXUDEOH� PRLVWXUH� HQYLURQPHQW� IRU� ZLQWHU� SDVWXUH� JURZWK� ZKLOH� DOVR� SURYLGLQJ

JURXQGZDWHU� UHFKDUJH�FRQWURO��$��VDOLJQD�PDLQWDLQHG�D�GHQVH�FDQRS\�GXULQJ�VSULQJ� WKURXJK� WR

PLG� VXPPHU� ����������� ZKLFK� ZRXOG� GU\� WKH� VRLO� DQG� EXIIHU� DJDLQVW� JURXQGZDWHU� UHFKDUJH�

'XULQJ� ODWH� VXPPHU� DQG� WKURXJK� DXWXPQ� WKH� WUHHV� VKHG� QXPHURXV� OHDYHV�� IRUPLQJ� D

FRQVLGHUDEOH� PXOFK� XQGHU� DQG� DGMDFHQW� WR� WKH� WUHHV�� :DWHU� XVH� LV� UHODWHG� WR� OHDI� DUHD� LQGH[

�UHIHUHQFH��DQG�WKH�UHGXFWLRQ�LQ�$��VDOLJQD©V�OHDI�DUHD�LQ�DXWXPQ�PD\�UHGXFH�WUHH�ZDWHU�XVH�DQG

DOORZ�PRUH�PRLVWXUH�WR�DFFXPXODWH�LQ�WKH�VRLO��$IWHU�WKH�ILUVW�JHUPLQDWLRQ�RI�DQQXDO�SDVWXUH�WKH

VLWH� LV�PDQDJHG�RQ�D� URWDWLRQDO�JUD]LQJ�EDVLV� �:KLWHV��SHUV�FRPP���GXULQJ� WKH� ILUVW�JUD]LQJ� LQ

DXWXPQ�WKH� ORZHU� OHDYHV�RI�$��VDOLJQD�DUH�UHPRYHG�E\� WKH�VKHHS��7KLV� IXUWKHU� UHGXFWLRQ� LQ�$�

VDOLJQD©V��OHDI�DUHD�LQ�DXWXPQ�PD\�DOVR�DOORZ�DGGLWLRQDO�PRLVWXUH�WR�DFFXPXODWH�LQ�WKH�VRLO��7KH

FRQVLGHUDEOH� PXOFK� OD\HU� XQGHU� WKHVH� WUHHV� ZRXOG� LQIOXHQFH� WKH� VRLO� ZDWHU� EDODQFH� �:DOODFH

������ DQG�FRXOG� UHVXOW� LQ� D�QHW� VRLO�PRLVWXUH�JDLQ��GHSHQGHQW�RQ� WKH� UHODWLYH� HIIHFWV� LW� KDV�RQ

HYDSRUDWLRQ�DQG�LQILOWUDWLRQ��7KH�PXOFK�PD\�DOVR�SURYLGH�D�IDYRXUDEOH�JHUPLQDWLRQ�HQYLURQPHQW

IRU�SDVWXUH�VSHFLHV�

5()(5(1&(6

$QRQ\PRXV��������'U\ODQG�VDOLQLW\�DQG�LWV�LPSDFW�RI�UXUDO�LQGXVWULHV�DQG�WKH�ODQGVFDSH��3ULPH

0LQLVWHU
V� 6FLHQFH� DQG� (QJLQHHULQJ� DQG� ,QQRYDWLRQ� &RXQFLO� 2FFDVLRQDO� 3DSHU� 1R��

&RPPRQZHDOWK�RI�$XVWUDOLD��'HSDUWPHQW�RI�,QGXVWU\��6FLHQFH�DQG�5HVRXUFHV��&DQEHUUD��$&7

$QRQ\PRXV� �����1DWXUDO�5HVRXUFH�0DQDJHPHQW� LQ�:HVWHUQ�$XVWUDOLD��7KH�6DOLQLW\� 6WUDWHJ\

6WDWH�6DOLQLW\�&RXQFLO��*RYHUQPHQW�RI�:HVWHUQ�$XVWUDOLD

%HOO� '7� ������� $XVWUDOLDQ� WUHHV� IRU� WKH� UHKDELOLWDWLRQ� RI� ZDWHUORJJHG� DQG� VDOLQLW\� GDPDJHG

ODQGVFDSHV��$XVWUDOLDQ�-RXUQDO�RI�%RWDQ\�����������

.QLJKW�$���0F*UDWK�'��DQG�/DZHV�5���������/RZ�5DLQIDOO�$OOH\�)DUPLQJ�6\VWHPV��D�JXLGH�WR

DOOH\�IDUPLQJ�LQ�WKH���������PP�UDLQIDOO�]RQH�RI�WKH�0XUUD\�'DUOLQJ�%DVLQ��3ULPDU\�,QGXVWULHV

DQG�5HVRXUFHV�6RXWK�$XVWUDOLD��$GHODLGH�

0DUFDU�1���&UDZIRUG�'��/HSSHUW�3���-RYDQRYLF�7���)OR\G�5��DQG�)DUURZ�5���������7UHHV�)RU

6DOWODQG�&6,52�3UHVV���(DVW�0HOERXUQH��$XVWUDOLD�

0RRUH�*������6RLO�6DOLQLW\��,Q��6RLO�*XLGH��D�KDQGERRN�IRU�XQGHUVWDQGLQJ�DQG�PDQDJLQJ

DJULFXOWXUDO�VRLOV��(G�*��0RRUH��'HSDUWPHQW�RI�$JULFXOWXUH�%XOOHWLQ�1R�������S���

6FRWW�35�DQG�&URVVOH\��������5HKDELOLWDWLRQ�RI�VDOLQH�ODQGV�XVLQJ�DOOH\�IDUPLQJ��LPSOLFDWLRQV�RI

SURGXFWLYLW\��3URFHHGLQJV�RI�WKH��WK�FRQIHUHQFH�DQG�ZRUNVKRS�RQ�WKH�SURGXFWLYH�XVH�DQG

UHKDELOLWDWLRQ�RI�VDOLQH�ODQGV��$OEDQ\�:HVWHUQ�$XVWUDOLD�������0DUFK������

866/������'LDJQRVLV�DQG�LPSURYHPHQW�RI�VDOLQH�DQG�DONDOL�VRLOV���(G�/$�5LFKDUGV��86

'HSDUWPHQW�RI�$JULFXOWXUH�+DQGERRN�1R����
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:DOODFH�-6������7KH�ZDWHU�EDODQFH�RI�PL[HG�WUHH�FURS�V\VWHPV��,Q��7UHH�FURS�,QWHUDFWLRQV��$

SK\VLRORJLFDO�DSSURDFK�HGV�&.�2QJ�DQG�3�+X[OH\��&$%�,QWHUQDWLRQDO��:DOOLQJIRUG�8.

$&.12:/('*0(176

7KH�DXWKRUV�ZRXOG�WKDQN�VWDII�DW�WKH�1DUURJLQ�RIILFH�RI�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ�DQG�/DQG

0DQDJHPHQW�IRU�WKHLU�DVVLVWDQFH��:H�DUH�JUDWHIXO�WR�WKH�ODQGKROGHUV��:KLWHV��IRU�DFFHVV�WR�WKH�VLWH��7KLV

VWXG\�ZDV�IXQGHG�E\�WKH�1DWXUDO�+HULWDJH�7UXVW�DQG�WKH�'HSDUWPHQW�RI�$JULFXOWXUH��:HVWHUQ�$XVWUDOLD�


