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�
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�
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'HSRN��������,QGRQHVLD���

5HFHLYHG����'HFHPEHU��������$FFHSWHG����-DQXDU\�����

$%675$&7

� 7KH�PDLQ�HIIHFWV�RI �KXPDQ�DFWLYLWLHV�RQ�WKH�HQYLURQPHQW�UHVXOW�LQ�ODQG�XVH�DQG�ODQG�FRYHU�FKDQJHV��/DQG�RYHU�
H[SORLWDWLRQ�DQG�GHYHORSPHQW�DFWLYLWLHV�LQ�:HVW�.DOLPDQWDQ�RI �,QGRQHVLD�QHFHVVLWDWHG�WKH�IRFXV�RI �WKLV�UHVHDUFK�ZKLFK�
DLPV�WR�DQDO\]LQJ�DQG�SUHGLFWLQJ�ODQG�XVH�FKDQJHV�LQ�:HVW�.DOLPDQWDQ��7KH�UHVXOWV�RI �VXFK�D�VWXG\�DVVLVW�UHVHDUFKHUV��
SODQQHUV� DQG�SROLF\�PDNHUV� WR� IRUPXODWH� VXLWDEOH� ODQG� XVH� SROLFLHV� LQ� WKH� IXWXUH� LQ� RUGHU� WR� EDODQFH� HFRQRPLF�
GHYHORSPHQW�DQG�QDWXUDO�UHVRXUFH�FRQVHUYDWLRQ��0RUHRYHU��LW�PDNHV�,QGRQHVLD�VKLIW�IURP�PLGGOH�LQFRPHV�WR�EHFRPH�D�
GHYHORSHG� FRXQWU\� LQ� ������ � 0HWKRGRORJ\� HPSOR\V� ILHOG� REVHUYDWLRQ�� NH\� LQIRUPDQW� LQWHUYLHZV�� IRFXV� JURXS�
GLVFXVVLRQV�DQG�V\VWHP�G\QDPLFV�PRGHOLQJ��7KH�ILHOG�REVHUYDWLRQ�FRYHUHG�FRPPXQLWLHV�LQ�VHYHUDO�ORFDWLRQV�LQ�WKH�
VWXG\�VLWH�WR�LGHQWLI\�SDWWHUQ�RI �ODQG�XVH��7KH�V\VWHP�G\QDPLFV�ZDV�DSSOLHG�WR�DQDO\]H�WKH�ODQG�XVH�FKDQJH�V\VWHP�DQG�
HVWLPDWH�WKH�H[WHQWV�RI �ODQG�FRYHU�FKDQJH�LQ�WKH�IXWXUH��7KH�VWXG\�VKRZHG�VHYHUDO�RXWFRPHV���L��7KH�PDLQ�OHYHUDJH�
IDFWRUV�LQ�WKH�ODQG�XVH�FKDQJH�V\VWHP�LQ�:HVW�.DOLPDQWDQ�ZHUH�WKH�GHVLUH�WR�UHDFK�WKH�H[SHFWHG�HFRQRPLF�JURZWK�DQG�
WKH�LQFUHDVHG�SHU�FDSLWD�FRQVXPSWLRQ�RI �HGLEOH�RLO�JOREDOO\���LL��,Q�WKH�EXVLQHVV�DV�XVXDO�PRGHOLQJ��WKH�LQFUHDVLQJ�JOREDO�
GHPDQG��IRU�HGLEOH�RLO�ZLOO�OHDG�WR�VLJQLILFDQW�LQFUHPHQW�RI �RLO�SDOP�SODQWDWLRQ�DUHD��HYHQ�WKH�WRWDO�DUHD�RI �SODQWDWLRQ�
FRXOG�EH�ZLGHU�FRPSDUH�WR�WKDW�RI �WKH�UHPDLQLQJ�IRUHVW�DUHD�E\��������LLL��.H\�LQWHUYHQWLRQV�WKDW�QHHG�WR�EH�FRQVLGHUHG�
LQ� WKH� IXWXUH� LV� WR�FRQGXFW� UHIRUHVWDWLRQ� �ZLWK� UHIRUHVWDWLRQ�UDWH�RI �DW� OHDVW������SHU�\HDU�� DQG� OLPLWHG�RLO�SDOP�
SODQWDWLRQ�GHYHORSPHQW�WR�PD[LPXP�RI �����RI �GHYHORSHG��DUHD��

� .H\ZRUGV��DJURIRUHVWU\��ODQG�XVH��RLO�SDOP�GHYHORSPHQW��V\VWHP�G\QDPLFV��:HVW�.DOLPDQWDQ
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7KLV�SDSHU�LV�DERXW�WKH�LQVXIILFLHQF\�RI �ODQG�
XVH� SROLF\� LQ� ,QGRQHVLD�� SDUWLFXODUO\� LQ� :HVW�
.DOLPDQWDQ� SURYLQFH�� 7KH� FXUUHQW� SROLF\� KDV�
DFFHOHUDWHG� GHIRUHVWDWLRQ� LQ� WKH� 3URYLQFH� ZLWK�
DYHUDJH� IRUHVW� FRQYHUVLRQ� UDWH� RI � �����\HDU�
GXULQJ�WKH�SHULRG�RI ������WR�������&DUOVRQ�HW�DO��
������� 'HIRUHVWDWLRQ� LV� RQH� RI � WKH� NH\� KXPDQ�
WUDQVIRUPDWLRQV�JOREDOO\��:LOOLDPV�������DQG�ODQG�
XVH�FRYHU� FKDQJH� LQ� WURSLFDO� UHJLRQV� LV� ZLGHO\�
DFFHSWHG� DV� DQ� LPSRUWDQW� FRPSRQHQW�RI � JOREDO�

FKDQJH� �+RXJKWRQ�������/DXUDQFH��������/DQG�
XVH� FKDQJH� KDV� FRQVLGHUDEOH� LPSDFWV� RQ�
ZRUOGZLGH�ELRGLYHUVLW\��JOREDO�DQG� ORFDO�FOLPDWH��
ELRJHRFKHPLFDO� F\FOHV�� VRLO� GHJUDGDWLRQ��
K\GURORJ\��IRRG�VHFXULW\��VRLO�TXDOLW\�DQG�KXPDQ�
ZHOO�EHLQJ� �)RRG\� ������ ,3&&� ������ ������
/DPELQ� HW� DO�� ������ 0DQDQGKDU� HW� DO�� ������
6DOD� HW� DO�� ������ 7ULPEOH� 	� &URVVRQ� �������
1RQHWKHOHVV��ODQG�FRYHU�ODQG�XVH�FKDQJHV�GR�QRW�
RQO\�KDYH�QHJDWLYH�HIIHFWV��DV�VRPH�FKDQJHV�DUH�
UHODWHG� WR� SRVLWLYH� LQFUHDVH� RI � IRRG� DQG� ILEHU�
\LHOGV�IRU�SHRSOHV
�KHDOWK�DQG�ZHDOWK��/DPELQ�	�
*HLVW�������SDUWLFXODUO\� LQ�GHYHORSLQJ�FRXQWULHV�
'HIRUHVWDWLRQ� DOVR� FRQWULEXWHV� WR� MRE� FUHDWLRQV�
�&RUUHVSRQGLQJ�DXWKRU��SDKULDQ#JPDLO�FRP
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�5LVW�HW�DO��������DQG�HFRQRPLF�JURZWK��1DLGRR�
������

,QGRQHVLD�LQFOXGHV�:HVW�.DOLPDQWDQ�3URYLQFH��
ZKLFK�QHHGV�WR�PDLQWDLQ�HFRQRPLF�JURZWK�WR�VKLIW�
IURP�PLGGOH� LQFRPH� WR� EHFRPLQJ� D� GHYHORSHG�
FRXQWU\� E\� ������ 0HDQZKLOH�� LW� DOVR� QHHGV� WR�
PDLQWDLQ�DQG�FRQVHUYH�WKH�UHPDLQLQJ�IRUHVWV�DQG�
ELRGLYHUVLW\��,QGRQHVLD�UHOLHV�RQ�IRUHVW�UHVRXUFHV�
IRU�LWV�HFRQRPLF�GHYHORSPHQW�IRU�PRUH�WKDQ�IRXU�
GHFDGHV��7KH�IRUHVWU\�VHFWRU�EHFDPH�WKH�VHFRQG�
KLJKHVW� FRQWULEXWRU� RI � IRUHLJQ� H[FKDQJH� WR�
,QGRQHVLDQ�HFRQRP\�DIWHU�RLO�DQG�JDV�VHFWRU�LQ�WKH�
����V��7KH�HVWLPDWHG�IRUHVW�FRYHU�RI �����PLOOLRQ�
KHFWDUHV�DURXQG������GHFUHDVHG�WR�OHVV�WKDQ�����
PLOOLRQ�KHFWDUHV�E\�WKH�HQG�RI �WKH���WK�FHQWXU\�
GXH�WR�RYHU�H[SORLWDWLRQ�LQ�WKH�VHFWRU��$ORQJ�ZLWK�
IRUHVWV� ORVV�� ,QGRQHVLD� DOVR� ORVW� LWV� ELRGLYHUVLW\��
ZRRG� VXSSO\�� LQFRPH�� DQG� YDULRXV� HFRV\VWHP�
VHUYLFHV��%DUEHU�HW�DO���������8QGHUO\LQJ�FDXVHV�RI �
GHIRUHVWDWLRQ�LQ�,QGRQHVLD�DUH�FRPSOH[��DQG�FRYHU�
YDULRXV� DVSHFWV� RI �PDUNHW� IDLOXUH�� LQDSSURSULDWH�
SROLF\� LPSOHPHQWDWLRQ� LQ� UHODWLRQ� WR� IRUHVW�
PDQDJHPHQW�� ODFN� RI � JRYHUQDQFH� FDSDFLW\� DW�
FHQWUDO� DQG� GLVWULFW� OHYHOV�� DQG� RWKHU�� EURDGHU�
VRFLRHFRQRPLF�DQG�SROLWLFDO�LVVXHV��5HVRVXGDUPR�
HW�DO��������

)RUHVW� FRYHU� GHFOLQH� FRQWLQXHV� LQ� :HVW�
.DOLPDQWDQ��DV�VKRZQ�LQ�)LJ�����/LNH�RWKHU�SDUWV�RI �
.DOLPDQWDQ�� ODUJH�VFDOH� GHIRUHVWDWLRQ� DQG�
GHJUDGDWLRQ� LQ� :HVW� .DOLPDQWDQ� ZDV� LQLWLDOO\�
FDXVHG� E\� WKH� H[WUDFWLRQ� RI � WKH� FRPPHUFLDOO\�
LPSRUWDQW� 'LSWHURFDUS� WUHH� VSHFLHV� IRU� GXUDEOH�

KDUGZRRG��EXW�LQ�UHFHQW�\HDUV�WKH�FRQYHUVLRQ�RI �
GHJUDGHG�IRUHVW�WR�PRQRFXOWXUH�SODQWDWLRQV��VXFK�
DV��RLO�SDOP�SODQWDWLRQ��ILEHU�SODQWDWLRQ��SXOS�DQG�
SDSHU��DQG�UXEEHU�SODQWDWLRQ��KDV�SOD\HG�D�JUHDWHU�
UROH� �*DYHDX� HW� DO�� ������$ERRG� HW� DO�� ������� ,Q�
:HVW�.DOLPDQWDQ�� RLO� SDOP� SODQWDWLRQ� EHJDQ� LQ�
����V� DQG� UHDFKHG� ���������� KHFWDUHV� LQ� ������
7KH�*RYHUQPHQW�RI �:HVW�.DOLPDQWDQ� UHOHDVHG�
WKH�WDUJHW�IRU�RLO�SDOP�SODQWDWLRQ�LQ�WKLV�UHJLRQ�RI �
����PLOOLRQ�KHFWDUHV�LQ�������'LQDV�3HUNHEXQDQ�
.DOLPDQWDQ�%DUDW��������*OREDO�GHPDQG�RI �SDOP�
RLO�SUHGLFWHG�ZLOO�EH�LQFUHDVHG�LQ�IXWXUH�WR�PHHW�
JURZLQJ� JOREDO� YHJHWDEOH� RLO� GHPDQG�� ERWK� IRU�
IRRG� DQG� IRU� ELRGLHVHO� �0F&DUWK\�	�/HL� ������
0LHWWLQHQ�HW�DO���������7KLV�VLWXDWLRQ�ZLOO�OHDG�WR�
PRUH�GHIRUHVWDWLRQ�LQ�:HVW�.DOLPDQWDQ��EHFDXVH�
RLO�SDOP�SODQWDWLRQ�GHYHORSPHQW�KDV�WUDGLWLRQDOO\�
LQFUHDVHG� E\� WKH� FRQYHUVLRQ� RI � SULPDU\� RU�
VHFRQGDU\�IRUHVW��6KHLO�HW�DO��������

5HFHQW�OLWHUDWXUH�ODUJHO\�GLVFXVVHG�WKH�GULYHUV�
RU� LPSDFW� RI � GHIRUHVWDWLRQ�� EXW� WKHUH� LV� D�
PLQLPXP� DWWHQWLRQ� RQ� KRZ� PXFK� IRUHVW� ODQG�
QHHGV�WR�EH�UHVHUYHG�IRU�VXVWDLQDEOH�JURZWK�DQG�
ZKDW�PD[LPXP�DUHD�RI �RLO�SDOP�SODQWDWLRQ�FRXOG�
EH�DOORZHG�WR�GHYHORS�ZLWKLQ�WKH�ODQGVFDSH�7KLV�
UHVHDUFK� WULHG� WR� DGGUHVV� WKHVH� LVVXHV� DQG�
WKHUHIRUH� DLPHG� WR� ���� � LGHQWLI\� WKH� OHYHUDJH�
IDFWRUV�RI �ODQG�XVH�V\VWHPV������ �SUHGLFW�WKH�ODQG�
XVH�FKDQJH�LQ�IXWXUH�EDVHG�RQ�EXVLQHVV�DV�XVXDO�
DQG� RWKHU� SRVVLEOH� VFHQDULRV�� DQG� ���� � LGHQWLI\�
EHWWHU�ODQG�XVH�SROLFLHV�LQWHUYHQWLRQV�LQ�WKH�IXWXUH�
LQ�RUGHU�WR�EDODQFH�HFRQRPLF�GHYHORSPHQW�DQG�

6RXUFHV��0LQLVWU\�RI �)RUHVWU\������������

)LJXUH���)RUHVW�FRYHU�FRQGLWLRQ�LQ�:HVW�.DOLPDQWDQ������������
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0D\�������7KH�LQIRUPDWLRQ�JDWKHUHG�ZDV�XVHG�DV�
LQSXW�IRU�GHVLJQLQJ�FDXVDO�ORRS�GLDJUDP�LQ�V\VWHP�
G\QDPLFV�PRGHOLQJ�

6\VWHP�'\QDPLF�0RGHOLQJ

� /DQG�XVH� DQG� IRUHVW� FRYHU� LQ� WKH� VWXG\� DUHD�
RFFXUUHG� WKURXJK�G\QDPLF�FRPSOH[�FDXVHV�DQG�
IDFWRUV��2EVHUYLQJ� WKHVH�FRQGLWLRQV�� WKH�V\VWHP�
G\QDPLFV � PRGH O LQJ � ZDV � V H O HF W HG � WR �
XQGHUVWDQGLQJ�ODQG�XVH�FKDQJH�V\VWHP��HVSHFLDOO\�
WR�LGHQWLI\�OHYHUDJH�IDFWRUV�DQG�SUHGLFW�FKDQJHV�LQ�
WKH� IXWXUH�� 6\VWHP� G\QDPLFV� LV� D� PHWKRGRORJ\�
XVHG�WR�XQGHUVWDQG�KRZ�V\VWHPV�FKDQJH�RYHU�WLPH�
�0DUWLQ�������DQG�D�PHWKRG�IRU�VWXG\LQJ�FRPSOH[�
V\VWHPV�� EDVHG� RQ� WKH� WKHRU\� RI � QRQ�OLQHDULW\��
G\QDPLFV�DQG�IHHGEDFN�FRQWURO��6WHUPDQ��������
0RGHOLQJ�RI �V\VWHP�G\QDPLFV�LV�D�F\FOH�SURFHVV��
VWDUWLQJ�IURP�WKH� LGHQWLILFDWLRQ�RI �SUREOHPV�RI �
WKH�V\VWHP��WKH�WUDQVODWLRQ�RI �WKH�SUREOHPV�WR�WKH�
VWUXFWXUH� �IURP� VWRU\� WR� VWUXFWXUH��� PRGHOLQJ�
WKURXJK� VWRFN� IORZ� GLDJUDP�� VLPXODWLRQ� DQG�
YDOLGDWLRQ�� DV� ZHOO� DV� VHQVLWLYLW\� DQG� SROLF\�
DQDO\VHV�� 9DOLGDWLRQ� ZDV� FRQGXFWHG� ZLWK� WKH�
GHIRUHVWDWLRQ� GDWD� LQ� :HVW� .DOLPDQWDQ� ZKLFK�
RFFXUUHG�EHWZHHQ�����������
� 6\VWHP�G\QDPLFV�PRGHOLQJ�ZDV�FRQGXFWHG�IRU�
SURYLQFLDO� OHYHO�GXH� WR� OLPLWDWLRQ�RI � WLPH�VHULHV�
GDWD�� 7KH� FRQFHSWXDO� IUDPHZRUN� RI � WKH�PRGHO�
ZDV�� ´,QFUHDVLQJ� KXPDQ� SRSXODWLRQ� DQG� JOREDO�
PDUNHW� GHPDQG� IRU� SDOP� RLO� ZLOO� HQFRXUDJH�
GHIRUHVWDWLRQ�� 2WKHUZLVH�� DIIRUHVWDWLRQ� FDQ� EH�
FRQGXFWHG�WKURXJK�UHIRUHVWDWLRQ�DQG�UHVWRUDWLRQ�
LQLWLDWLYHV��7KH�GHFOLQLQJ�RI �IRUHVW�FRQGLWLRQ�DQG�
IXQFWLRQ�ZRXOG�UHVXOW�LQ�H[WHUQDOLWLHV�DIIHFWLQJ�WKH�
HFRQRP\�� ZKLFK� LQ� WXUQ� ZLOO� DIIHFW� WKH� SRRU��
3RYHUW\�LWVHOI �LV�LGHQWLILHG�DV�RQH�RI �GULYLQJ�IDFWRU�

QDWXUDO�UHVRXUFH�FRQVHUYDWLRQ��7KLV�UHVHDUFK�ZDV�
FRQGXFWHG� LQ� :HVW� .DOLPDQWDQ�� ,QGRQHVLD� IRU�
VHYHUDO� UHDVRQV�� )LUVW�� WKLV� SURYLQFH� LV� WKH� ILIWK�
ODUJHVW� DUHD� DQG� RQH� RI � WKH� IDVWHVW� JURZLQJ� RLO�
SDOP�SODQWDWLRQV�LQ�,QGRQHVLD��'LQDV�3HUNHEXQDQ�
.DOLPDQWDQ�%DUDW��������6HFRQGO\��WKLV�DUHD�LV�DQ�
LPSRUWDQW� FDWFKPHQW� DUHD� RI � .DSXDV� 5LYHU�
V\VWHP� ZLWK� DSSUR[LPDWHO\� ���� PLOOLRQ� SHRSOH�
GHSHQGLQJ�RQ�WKLV�ULYHU�V\VWHP��+DWWD�HW�DO���������
7KLUGO\��PRVW�IRUHVWHG�ODQG�LQ�WKLV�DUHD�LV�DOVR�D�
SDUW� RI � %RUQHR� +HDUW� ZKLFK� LV� LGHQWLILHG� DV�
LPSRUWDQW�IRUHVW�DUHD�IRU�WKH�LVODQG��::)�	�3Z&�
������

0$7(5,$/6�$1'�0(7+2'6

'DWD�IRU�6\VWHP�'\QDPLF�0RGHOLQJ

� 7KH�UHIHUHQFH�GDWD� LQ�WKH�PRGHOLQJ�ZDV�ODQG�
XVH�GDWD�RI �:HVW�.DOLPDQWDQ�EDVHG�RQ� VDWHOOLWH�
LPDJHV�UHOHDVHG�E\�WKH�'HSDUWPHQW�0LQLVWU\�RI �
)RUHVWU\� �(QYLURQPHQW� DQG� )RUHVWV��� HVSHFLDOO\�
IRU� IRUHVW� FRYHU�� RLO� SDOP�SODQWDWLRQ�� DQG� RWKHU�
QRQ�IRUHVW�FDWHJRU\��7KH�SHULRG�RI �REVHUYDWLRQ�LQ�
WKLV�VWXG\�ZDV�IURP������WR������DQG�VLPXODWLRQ�
SHULRG�ZDV� FRQGXFWHG� IURP������ WR� ������7KH�
UHDVRQ� IRU� WKLV� VLPXODWLRQ� XQWLO� ����� ZDV� WR�
V\QFKURQL]H�ZLWK�JRYHUQPHQW�SODQQLQJ�F\FOH�DQG�
HQG�RI �WKH�VXVWDLQDEOH�GHYHORSPHQW�JRDOV��6'*V��
SHULRG��)LHOG�REVHUYDWLRQ��NH\�LQIRUPDQW��YLOODJH�
DQG� ORFDO� OHDGHUV�� LQWHUYLHZV� DQG� IRFXV� JURXS�
GLVFXVVLRQV�ZLWK�VHYHUDO�ORFDO�VWDNHKROGHU�JURXSV�
�ORFDO� FRPPXQLW\� RUJDQL]HUV�� UHVHDUFKHUV� DQG�
ORFDO� JRYHUQPHQW� RIILFHUV�� LQ�:HVW� .DOLPDQWDQ�
ZHUH� FRQGXFWHG� WR� REWDLQ� LQIRUPDWLRQ� RQ� WKH�
WUHQG�RI � ODQG�XVH�SDWWHUQ� LQ�'HFHPEHU������WR�

)LJXUH���&RQFHSWXDO�IUDPHZRUN�RI �V\VWHP�G\QDPLFV�PRGHO

6\VWHP�G\QDPLFV�PRGHOLQJ�RI �ODQG�XVH�FKDQJH�²�6LUHJDU�HW�DO�
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RI � IRUHVW� FRQYHUVLRQ�� )RUHVW� FRQYHUVLRQ� ZDV�
FRQGXFWHG�IRU�SXUVXLQJ�HFRQRPLF�JURZWK��2Q�WKH�
FRQWUDU\��WKH�KLJK�JURZWK�LQ�UHJLRQDO�HFRQRP\�ZLOO�
DOVR� KDVWHQ� GHIRUHVWDWLRQ�µ� 7KH� VFKHPH� RI �
FRQFHSWXDO�IUDPHZRUN�RI �WKH�PRGHO�FDQ�EH�VHHQ�
LQ� )LJ�� ��� 6\VWHP� G\QDPLFV� PRGHOLQJ� ZDV�
FRQGXFWHG� ZLWK� 3RZHUVLP� 6WXGLR� ��� �/LFHQVH�
QXPEHU�36678',2���������&�%���

�
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/DQG�8VH�&KDQJH�3DWWHUQ

� )RUHVW�FRQYHUVLRQV�ZLWKLQ�WKH�VWXG\�DUHD�ZHUH�
IRXQG�WR�EH�PRVWO\�LQLWLDWHG�E\�WXUQLQJ�WKHP�LQWR�
UDLQ�IHG�SDGG\�ILHOG��/DGDQJ���DOWKRXJK�WKHUH�ZHUH�
VRPH� DUHDV� RI � IRUHVW� FRQYHUWHG� GLUHFWO\� LQWR�
UXEEHU� RU� RLO� SDOP� SODQWDWLRQ�� 0RVWO\� GLUHFW�
FRQYHUVLRQ� RI � IRUHVWV� LQWR� RLO� SDOP� SODQWDWLRQ�
RFFXUUHG�ZLWKLQ�WKH�SDOP�RLO�FRQFHVVLRQ�ZKHUH�WKH�
SRWHQWLDO� WLPEHU� UHVRXUFHV� KDYH� EHHQ� H[SORLWHG��
7KH�WUDQVIRUPDWLRQ�RI �UDLQ�IHG�SDGG\�ILHOG�LQWR�
RWKHU� IRUPV� RI � ODQG� XVH�ZDV� GHSHQGHG� RQ� WKH�
ILQDQFLDO�FDSLWDO�FDSDFLW\�RI � WKH� ODQG�RZQHU�DQG�
OHJDO�VWDWXV�RI �WKH�ODQG�LWVHOI��7KH�OHJDO�VWDWXV�ZDV�
UHIHUUHG�WR�JRYHUQPHQW�IRU�DSSURYDO�DV�D�IRUHVW�
]RQH� DQG� QRQ�IRUHVW�� GHYHORSPHQW� ]RQH�� 7KH�
SDWWHUQ��FKDQJH�GLUHFWLRQ�DQG�LQWHQVLW\�RI �ODQG�XVH�
FKDQJH�ZLWKLQ�WKH�VWXG\�DUHD�FDQ�EH�VHHQ�LQ�)LJ����

7KH�UDLQ�IHG�SDGG\�ILHOG�ZDV�ORFDWHG�LQ�QRQ�IRUHVW�
]RQH� DQG� QRW� ZLWKLQ� DFWLYH� SODQWDWLRQ�
FRQFHVVLRQV�� LI � WKH� ODQGRZQHU� KDV� DGHTXDWH�
ILQDQFLDO�FDSLWDO�� WKH� ODQG�ZDV�PRUH� OLNHO\� WR�EH�
FRQYHUWHG� LQWR� SDOP� RLO� RU� UXEEHU� SODQWDWLRQV��
+RZHYHU��LI �QRW��WKH�ODQG�ZLOO�EH�XVHG�DV�UDLQ�IHG�
SDGG\�ILHOG�DQG�JUDGXDOO\�SODQWHG�ZLWK�SHUHQQLDO�
WUHHV��VXFK�DV�IUXLW�DQG�WLPEHU�WUHHV��+HQFH��DIWHU�
VRPH�WLPH�LW�ZLOO�WUDQVIRUP�LQWR�DJURIRUHVWU\�ODQG�
DQG�ZLOO�QRW�EH�XVHG�IRU�XQLUULJDWHG�DJULFXOWXUDO�
ILHOG��7KHUH�ZHUH�DOVR�PDQ\�UDLQ�IHG�SDGG\�ILHOGV�
ZKLFK�ODWHU�WXUQHG�LQWR�VFUXEODQG��DV�QHJOHFWHG�E\�
WKHLU�RZQHUV�RU�GDPDJHG�GXH�WR�ILUHV��7KH�VWXG\�
KDV� UHYHDOHG� WKDW� ODQGRZQHUV� WUDQVIRUPHG� WKHLU�
UDLQ�IHG� SDGG\� ILHOGV�� DJURIRUHVWU\� ODQG��
VFUXEODQG� RU� UXEEHU� SODQWDWLRQ� LQWR� RLO� SDOP�
SODQWDWLRQ� ZKHQ� WKH\� VXFFHVVIXOO\� DFFXPXODWHG�
HQRXJK� ILQDQFLDO� FDSLWDO� RU� REWDLQ� ORDQ� IURP�
ILQDQFLDO�LQVWLWXWLRQV��VXFK�DV��FUHGLW�XQLRQ�
� 2LO�SDOP�SODQWDWLRQV�EHFDPH�WKH�ILQDO�ODQG�XVH�
ZLWKLQ�WKH�UHVHDUFK�VLWH��7KH�VWXG\�IRXQG�LW�ZDV�
UDUHO\� WKH� FDVH� WKDW�� RLO� SDOP� SODQWDWLRQ� WXUQHG�
LQWR�RWKHU�ODQG�XVHV��HYHQ�XQSURGXFWLYH�RLO�SDOP�
SODQWDWLRQV�KDYH�EHHQ�UHSODQWHG�ZLWK�QHZ�SODQW�
VSHFLHV�� ,Q� WKH� IRUHVW� ]RQH�� ORFDO� FRPPXQLWLHV�
WHQG� WR� XVH� WKHLU� ODQG� IRU� UXEEHU� SODQWDWLRQ�RU�
DJURIRUHVWU\��DIWHU�EHLQJ�XVHG�DV�/DGDQJ��UDLQ�IHG�
SDGG\�ILHOG���7KH\�NQHZ�WKDW�RLO�SDOP�SODQWDWLRQ�LV�
QRW�DOORZHG�LQ�WKH�IRUHVW�]RQH��,Q�VRPH�SODFHV��LW�
ZDV� IRXQG� WKDW� VRPH� FRPPXQLWLHV� PDLQWDLQHG�

)LJXUH���3DWWHUQ��FKDQJH�GLUHFWLRQ�DQG�LQWHQVLW\�RI �ODQG�XVH�FKDQJH�DW�FRPPXQLW\�OHYHO�LQ�:HVW�.DOLPDQWDQ
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WKHLU�/DGDQJ�GXH�WR�FXOWXUDO�UHDVRQ��LQ�RUGHU�WR�EH�
HOLJLEOH� WR�SDUWLFLSDWH� LQ�*DZDL��D�\HDUO\�FXOWXUDO�
HYHQW�WR�FHOHEUDWH�SDGG\�KDUYHVWLQJ��7KH�SURGXFWV�
IURP� /DGDQJ� DQG� DJURIRUHVWU\� ZHUH� PRVWO\�
FRQVXPHG� DQG� WUDGHG� ORFDOO\�� 7LPEHU� IURP� WKH�
IRUHVW� ZHUH� SURFHVVHG� LQWR� VDZQ� WLPEHU� RU�
SO\ZRRG�LQ�WKH�ORFDO�LQGXVWULHV��WKHQ�WUDGHG�ORFDOO\�
RU� H[SRUWHG�� � 0HDQZKLOH�� IUHVK� IUXLW� EXQFKHV�
�))%��RI �SDOP�RLO�DQG�UXEEHU�VKHHWV��OXPSV�ZHUH�
SURFHVVHG� LQWR� LQWHUPHGLDWH� PDWHULDOV� IRU�
LQGXVWULHV�ORFDWHG�QHDU�WKH�SURGXFWLRQ�DUHD��7KH�
LQWHUPHGLDWH� PDWHULDOV�� VXFK� DV�� FUXGH� SDOP� RLO�
�&32���SDOP�NHUQHO�RLO��3.2��DQG�ULEEHG�VPRNH�
VKHHW��566��DUH�H[SRUWHG�WR�IXOILOO�JOREDO�GHPDQG�

6\VWHP�'\QDPLFV�0RGHOLQJ�5HVXOWV

� /DQG� XVH� SDWWHUQ� LQIRUPDWLRQ� ZDV� XVHG� LQ�
GHYHORSLQJ� FDXVDO� ORRS� GLDJUDP� �&/'�� RI � WKH�
V\VWHP� G\QDPLFV� PRGHOLQJ�� 7KH� &/'� RI � WKH�
PRGHO�LV�VKRZQ�LQ�)LJ�����ZLWK���EDODQFH�ORRSV�DQG�
�� UHLQIRUFH� ORRS�� 7KH� ILUVW� EDODQFH� ORRS� �%���
FRQVLVWV�RI �WKH�)RUHVW�(QYLURQPHQW��3URWHFWLRQ�
(FRQRPLF�� *URZWK�3RYHUW\�1HHG� RI � /DQG�
'HIRUHVWDWLRQ�1RQ� )RUHVW�5HIRUHVWDWLRQ�)RUHVW��
7KH� UHLQIRUFH� ORRS� �5��� FRQVLVWV� RI � )RUHVW�
'HIRUHVWDWLRQ�1RQ� )RUHVW�5HIRUHVWDWLRQ��
0HDQZKLOH��WKH�VHFRQG�EDODQFH�ORRS��5���FRQVLVWV�
RI � )RUHVW�'HIRUHVWDWLRQ�(FRQRPLF� *URZWK�
3RYHUW\�1HHGV� RI � /DQG�'HIRUHVWDWLRQ�1RQ�
)RUHVW�5HIRUHVWDWLRQ�)RUHVW�
� 7KH� WDEOH� DQG� JUDSK� UHVXOWV� RI � V\VWHP�
G\QDPLFV�PRGHOLQJ� �)LJ�� �$��ZHUH� HYDOXDWHG� LQ�

WZR�VWHSV��QDPHO\�YLVXDO�DQG�VWDWLVWLFDO�YDOLGDWLRQ��
)LUVW� LQ� YLVXDO� HYDOXDWLRQ�� WKH� UHVXOWV� VKRZHG�
VLPLODU� EHKDYLRU� ZLWK� WKH� UHIHUHQFH� GDWD�� 7KHQ�
WURXJK�VWDWLVWLFDO�YDOLGDWLRQ��WKH�PRGHO�ZDV�YDOLG�
EHFDXVH� WKH� PHDQ� DEVROXWH� SHUFHQWDJH� HUURU�
�0$3(��RI �WKH�WKLUG�UHIHUHQFH�GDWD�ZDV�OHVV�WKDQ�
�����)RUHVW�� ��� )RUHVW�� ���DQG�2LO�SDOP�� 1RQ� �
SODQWDWLRQ�� ���� 7KH� OHYHUDJH� SRLQWV��� RI � WKH�
V\VWHP�DUH�YDULDEOHV� WKDW�KDG�JUHDW�HIIHFWV�RQ�D�
V\VWHP� RU� HQYLURQPHQW� ZLWK� OLWWOH� HIIRUW� WR�
FKDQJH��7R�LGHQWLI\� V ��OHYHUDJH�SRLQW �RI �WKH�V\VWHP
VRPH� YDULDEOHV� LQ� WKH� PRGHO� ZHUH� FKDQJHG� WR�
REVHUYH�WKH�HIIHFWV�RQ�WKH�UHVXOWV��$IWHU�VHYHUDO�
WULDO�DQG�HUURUV�H[HUFLVHV�� LW�ZDV�FRQFOXGHG�WKDW��
WKH� OHYHUDJH�SRLQWV�ZHUH� WZR�YDULDEOHV�� QDPHO\��
QDWLRQDO� HFRQRPLF� JURZWK� DQG� JOREDO� �HGLEOH

SHU� FDSLWD�� 7KH� VLPXODWLRQ�RLO� FRQVXPSWLRQ�
UHVXOWV�RQ�LGHQWLI\LQJ�OHYHUDJH�SRLQWV�DUH�VKRZQ�LQ�
)LJ���%�
� ,Q� WKH� QH[W� VWHS� RI � WKH� V\VWHP� G\QDPLFV�
PRGHOLQJ�� VLPXODWLRQ� ZLWK� EXVLQHVV� DV� XVXDO�
VFHQDULR� ZDV� FRQGXFWHG� WR� GHWHUPLQH� IXWXUH�
FRQGLWLRQ�E\�������7KH�VLPXODWLRQ�UHVXOWV�VKRZHG�
WKDW��IRUHVW�FRYHU�ZLOO�FRQWLQXH�WR�GHFOLQH�WR�DERXW�
����������KHFWDUHV�RU�����RI �WKH��DUHD��RWKHUZLVH�
QRQ�IRUHVWHG�DUHD�ZLOO�EH�H[SDQGHG�WR�����������
KHFWDUHV�RU�����RI �WKH�WRWDO�DUHD��$V�SUHGLFWHG�E\�
VRPH� UHVHDUFKHUV�� HGLEOH� RLO� FRQVXPSWLRQ� ZLOO�
LQFUHDVH� LQ� WKH� IXWXUH� UHVXOWLQJ� IURP� WKH�
H[SDQVLRQ� RI � PDUNHW� GLVWULEXWLRQ�FRQVXPHU�
H[SDQVLRQ�� FRQVXPSWLRQ� EHKDYLRU� FKDQJHV� DQG�
ELRGLHVHO� H[SDQVLRQ� �2ELG]LQVNL� HW� DO�� ������
)LW]KHUEHUW�HW�DO��������8QLWHG�6WDWHV�'HSDUWPHQW�

)LJXUH���&DXVDO�ORRS�GLDJUDP�RI �V\VWHP�G\QDPLFV�PRGHOLQJ

���

6\VWHP�G\QDPLFV�PRGHOLQJ�RI �ODQG�XVH�FKDQJH�²�6LUHJDU�HW�DO�



RI �$JULFXOWXUH��������7R�DQWLFLSDWH�WKLV�VLWXDWLRQ��
VLPXODWLRQ� ZDV� FRQGXFWHG� ZLWK� GLIIHUHQW�
FRQVXPSWLRQ� UDWH�� QDPHO\�� WKH� FXUUHQW� OHYHO� RI �
FRQVXPSWLRQ� ������� WRQV�SHUVRQ�\HDU���
FRQVXPSWLRQ� LQFUHDVHG� E\� ���� ������WRQV��
SHUVRQ�\HDU��� FRQVXPSWLRQ� LQFUHDVHG� E\� ����
������WRQV�SHUVRQ�\HDU���FRQVXPSWLRQ�LQFUHDVHG�
E\� ����� ������ WRQV�SHUVRQ�\HDU��� DQG�
FRQVXPSWLRQ� LQFUHDVHG� E\� ����� ������� WRQV�
�SHUVRQ�\HDU���7KH�VLPXODWLRQ�UHVXOWV�RQ�EXVLQHVV�
DV�XVXDO�VFHQDULR�LV�DOVR�VKRZQ�LQ�)LJ���&��%DVHG�RQ�
EXVLQHVV�DV�XVXDO�VFHQDULR��LW�DSSHDUHG�LQFUHDVLQJ�
RI � HGLEOH� RLO� GHPDQG� LQ� WKH� JOREDO�PDUNHW� ZLOO�
VWLPXODWH�SDOP�RLO�GHYHORSPHQW� LQ�WKH�REVHUYHG�
ORFDWLRQ��0RUHRYHU��WKH�SDOP�RLO�H[SDQVLRQ�LQ�WKH�
IXWXUH�FDQ�EH�JUHDWHU�WKDQ�WKH�UHPDLQLQJ�IRUHVW��
HVSHFLDOO\�ZKHQ�FRQVXPSWLRQ�LQFUHDVHG�E\������
RU�������WZLFH�RU�WULSOH�RI �FXUUHQW�FRQVXPSWLRQ�
OHYHOV���7KLV�VLWXDWLRQ�ZRXOG�QHJDWLYHO\�DIIHFW�WKH�
H[LVWLQJ� HQYLURQPHQWDO� FDSDFLW\�� 6LPXODWLRQ�ZDV�
DJDLQ�FRQGXFWHG��ZLWK�QDWLRQDO�HFRQRPLF�JURZWK�
RI����SHU�\HDU�LQVWHDG�RI �������SHU�\HDU�ZKLFK�LV�
WKH�DYHUDJH�UDWH�IRU�WKH�ODVW�WZHQW\�\HDUV��7KH���

SHU�\HDU�LV�D�UDWH�WKDW�,QGRQHVLD�QHHGHG�WR�PRYH�
IURP�PLGGOH� LQFRPHVWDWXV�� 7KH� UHVXOWV� VKRZHG�
IRUHVW� FRYHU� LQ� ����� ZLOO� EH� OHVV� WKDQ� ��������
KHFWDUHV��,W�ZDV�FRQFOXGHG�WKDW��WKH�FRQGLWLRQ�RI �
EXVLQHVV� DV� XVXDO� LV� QRW� VDWLVIDFWRU\� DQG�
SRWHQWLDOO\�WKUHDWHQV�WKH�VXVWDLQDELOLW\�FRQGLWLRQV��
,W�LV�WKHUHIRUH�QHFHVVDU\�WR�GHYHORS�DOWHUQDWLYH�DQG�
VXLWDEOH�LQWHUYHQWLRQV�WR�PLWLJDWH�GHIRUHVWDWLRQ�
� 7ZR� LQWHUYHQWLRQV� ZKLFK� DUH� QHFHVVDU\� WR�
DFKLHYH�EHWWHU�FRQGLWLRQ�LQ�IXWXUH�ZHUH�LGHQWLILHG��
QDPHO\�� ���� LQFUHDVH�UHIRUHVWDWLRQ�DFWLYLWLHV�ZLWK�
UHIRUHVWDWLRQ� UDWH� RI � ����� SHU� \HDU�� DQG� ����
OLPLWLQJ�SDOP�RLO�GHYHORSPHQW�ZLWK�D�PD[LPXP�
RI �����RI �QRQ�IRUHVW�]RQH��DVVXPLQJ�QR�FKDQJH�
RI � OHJDO� VWDWXV��� 7KH� ILUVW� LQWHUYHQWLRQ� ZDV�
LQVSLUHG� E\� WKH� SKHQRPHQRQ� RI � FRPPXQLW\�
IRUHVWV� LQ� -DYD� IRU� WKH� ODVW� ��� \HDUV� WKDW�
VXFFHVVIXOO\� IRUHVWHG� �������� KHFWDUHV� ODQG�
EHWZHHQ� ���������� �%3.+�5HJLRQ�;,�	� )*�
0)3�,,��������7KH�WDUJHW�RI ������SHU�\HDU�FDQ�EH�
DFKLHYHG�WKURXJK�VXSSRUWLYH�JRYHUQPHQW�SROLFLHV�
DQG� FDSDFLW\� EXLOGLQJ� DFWLYLWLHV� WR� ODQGRZQHUV��
7KH�VLPXODWLRQ�UHVXOW�RI �LQWHUYHQWLRQ�LV�VKRZQ�LQ�

�$��9DOLGDWLRQ�EHWZHHQ�GHIRUHVWDWLRQ�GDWD� DQG� VLPXODWLRQ�
UHVXOW

�%��6LPXODWLRQ�WR�GHILQH�OHYHUDJH�LQ�WKH�V\VWHP

&��6LPXODWLRQ�RI �EXVLQHVV�DV�XVXDO�FRQGLWLRQ

)LJXUH���6LPXODWLRQ�RI �JUDSK�UHVXOWV
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)LJ���'��LW�DSSHDUV�WKHUH�ZLOO�EH�DGGLWLRQDO�IRUHVW�
FRYHU�RI ���������KHFWDUHV�E\������FRPSDUHG�WR�
EXVLQHVV�DV�XVXDO�FRQGLWLRQ��1RQHWKHOHVV��WKLV�DUHD�
LV� VWLOO� OHVV� WKDQ� SDOP� RLO� SODQWDWLRQ� DUHD� ZKHQ�
FRQVXPSWLRQ� LQFUHDVHG� E\� ����� RU� ������ 7R�
DQWLFLSDWH�QHJDWLYH�HIIHFW�GXH�WR�GRPLQDQFH�RI �RLO�
SDOP�SODQWDWLRQ��WKH�VHFRQG�LQWHUYHQWLRQ�PXVW�EH�
LPSOHPHQWHG�� 7KH� OLPLWDWLRQ� RI � SDOP� RLO�
GHYHORSPHQW� LQ� QRQ�IRUHVW� ]RQH� FDQ� GHWHUPLQH�
WKH� EHDULQJ� FDSDFLW\� WKDW� ZLOO� EH� XVHG� DV� D� NH\�
GHYLFH� IRU� PHDVXULQJ� SURGXFWLYH� OLPLW� RI � D�
SDUWLFXODU�ODQGVFDSH��7KLV�FRQGLWLRQ�LV�LQ�OLQH�ZLWK�
/DQH���������ZKLFK�HPSKDVL]HV�WKH�QHHG�WR�GHILQH�
WKH� OLPLW� RI � VRPHWKLQJ� PDVVLYH� WR� HQVXUH�
VXVWDLQDELOLW\�LQ�ODQG�XVH�SODQQLQJ��7KH�GRPLQDQFH�
RI �ODQG�XVH�WKDW�RFFXUUHG�VKRXOG�EH�DYRLGHG��LQ�
RUGHU�IRU�ODQGVFDSHV�WR�UHPDLQ�SURGXFWLYH�
� %DVHG�RQ�WKH�VLPXODWLRQ�UHVXOWV�RI �WKH�V\VWHP�
G\QDPLFV�PRGHOLQJ�� WKH�DOWHUQDWLYH�FRPSRVLWLRQ�
RI � ODQG� XVH� LQ�:HVW� .DOLPDQWDQ� E\� ����� LV� DV�
IROORZV�

��� %XVLQHVV� DV� XVXDO� FRQGLWLRQ� ZLWK� HGLEOH� RLO�
FRQVXPSWLRQ� UDWH�RQ� WKH� FXUUHQW� FRQGLWLRQV��
L�H���IRUHVW�FRYHU�RI�����������KHFWDUHV��RLO�SDOP�
SODQWDWLRQV�RI���������KHFWDUHV�DQG�RWKHU�QRQ�
IRUHVW�DUHD�RI�����������KHFWDUHV�

��� %XVLQHVV� DV� XVXDO� FRQGLWLRQ� ZLWK� HGLEOH� RLO�
FRQVXPSWLRQ�SHU�FDSLWD�LQFUHDVHG�E\������DQG�
WKH�QDWLRQDO�HFRQRPLF�JURZWK�UDWH�RI �����L�H���
IRUHVW� FRYHU� RI� ���������� KHFWDUHV�� RLO� SDOP�
SODQWDWLRQV� RI� ���������� KHFWDUHV� DQG� RWKHU�
QRQ�IRUHVW�DUHD�RI�����������KHFWDUHV�

��� ,QWHUYHQWLRQ�FRQGLWLRQ��UHIRUHVWDWLRQ�RI ������
SHU�\HDU�DQG�OLPLWV�WKH�GHYHORSPHQW�RI �RLO�SDOP�
WR�D�PD[LPXP�RI �����GHYHORSPHQW�]RQH���L�H���
IRUHVW� FRYHU� RI� ���������� KHFWDUHV�� RLO� SDOP�
SODQWDWLRQ�RI�����������KHFWDUHV�DQG�RWKHU�QRQ�
IRUHVW�DUHD�RI �����������KHFWDUHV�

)XWXUH�/DQG�8VH�'HYHORSPHQW�'LUHFWLRQ

� /LPLWDWLRQ�RI �SDOP�RLO�GHYHORSPHQW�ZLOO�PDNH�
ORFDO�JRYHUQPHQWV�LQ�WKH�REVHUYHG�VLWH�XQSRSXODU�
GXH� WR� SROLWLFV� DQG� HFRQRPLF� UHDVRQV�� ,W� QHHGV�
VWURQJ� SROLF\� HQGRUVHPHQW� IURP� WKH� FHQWUDO�
JRYHUQPHQW� RI � ,QGRQHVLD�� 7KH� LPSOHPHQWDWLRQ�
RI �OLPLWLQJ�SDOP�RLO�GHYHORSPHQW�QHHGV�WR�VXSSRUW�
WKH� GHYHORSPHQW� RI � SDOP� RLO� EDVHG� DGYDQFH�
SURFHVVLQJ� LQGXVWULHV� ZLWKLQ�� QHDU� SURGXFWLRQ�
VLWHV��LQ�RUGHU�WR�EH�DEOH�WR�ZLWKVWDQG�WKH�DGGHG�
YDOXH� DQG� DOVR� WR� DEVRUE� ODERU� IRUFH��%DVHG� RQ�
LQSXW�RXWSXW� DQDO\VLV� LQ� ������ WKH� SDOP� RLO�

LQGXVWU\�LQ�:HVW�.DOLPDQWDQ�RQO\�KDV�D�IRUZDUG�
OLQNDJH�RI �������%DGDQ�3XVDW�6WDWLVWLN��������WKLV�
YDOXH�LV�VWLOO�ORZHU�WKDQ�WKH�IRUZDUG�OLQNDJH�SDOP�
RLO�SURFHVVLQJ�LQGXVWU\�LQ�0DOD\VLD��ZKLFK�LV�QRZ�
DERXW�������-DDIDU�HW�DO���������7KH�RSSRUWXQLW\�RI �
SDOP� RLO� GRZQVWUHDP� LQGXVWU\� GHYHORSPHQW� LQ�
:HVW� .DOLPDQWDQ� LV� YHU\� SURVSHFWLYH� VLQFH� WKH�
JRYHUQPHQW�SURPRWHG�ELRGLHVHO�XVHG�DV�RQH�RI �
DOWHUQDWLYH�HQHUJ\�VRXUFH�LQ�IXWXUH��7KH�0LQLVWU\�
RI � (QHUJ\� DQG�0LQHUDO� 5HVRXUFHV�1XPEHU� ���
<HDU� ����� LV� FRQFHUQHG� ZLWK� WKH� 3URYLVLRQ��
8WLOL]DWLRQ��DQG�3URFHGXUHV�RI �&RPPHUFH�ZLWK�
ELRIXHO� DV� 2WKHU� )XHO� HQFRXUDJHG� WKH� XVH� RI �
ELRGLHVHO�WR�DERXW�����RI �WRWDO�QDWLRQDO�VXSSO\�E\�
�����
� 7KH�HFRQRPLF�SURGXFWLYLW\�ZLWKLQ�WKH�H[LVWLQJ�
RLO�SDOP�SODQWDWLRQ�QHHGV�WR�LQFUHDVH�DQG�FDQ�EH�
LPSURYHG� E\� ZD\� RI�� ���� LQWHQVLI\LQJ� SDOP� RLO�
SURGXFWLRQ�� DQG� ���� GHYHORSPHQW� RI � RWKHU�
HFRQRPLF�DFWLYLWLHV�ZLWKLQ� WKH�H[LVWLQJ�RLO�SDOP�
SODQWDWLRQ� DUHD�� 7KH� IRUPHU� FDQ� EH� DFKLHYHG�
WKURXJK� LQFUHDVHG� NQRZOHGJH� DQG� FDSDFLW\�
EXLOGLQJ�IRU�WKH�RLO�SDOP�SODQWDWLRQ�IDUPHUV��7KH�
UHVXOWV� RI � WKH� VWXG\� VKRZHG� WKDW�� WKH� SDOP� RLO�
SURGXFWLYLW\��))%��������WRQQHV�KHFWDUH��LQ�WKH�
REVHUYHG�VLWH�LV�VWLOO� ORZHU�FRPSDUHG�WR�DYHUDJH�
QDWLRQDO� SURGXFWLYLW\� ������� WRQQHV�KHFWDUH�� RU�
0DOD\VLD� ������� WRQQHV�KHFWDUH�� �'LQDV�
3HUNHEXQDQ�.DOLPDQWDQ�%DUDW��������0HDQZKLOH��
WKH� GHYHORSPHQW� RI � RWKHU� HFRQRPLF� DFWLYLWLHV�
ZLWKLQ�WKH�H[LVWLQJ�RLO�SDOP�SODQWDWLRQ�DUHD�FDQ�EH�
DFKLHYHG�WKURXJK�WKH�SODQWLQJ�RI �WLPEHU�WUHHV�RU�
OLYHVWRFN� LQWHJUDWLRQ�ZLWKLQ�RLO�SDOP�SODQWDWLRQ��
7KH� JRYHUQPHQW� DFWXDOO\� KDV� HQFRXUDJHG� WKH�
FDWWOH� DQG� SDOP� RLO� LQWHJUDWLRQ� SURJUDP� VLQFH�
������ EXW� WKH� SURJUDP� KDV� QRW� UHFHLYHG� IXOO�
VXSSRUW� IURP� WKH� FRPSDQLHV� DQG� WKH� ORFDO�
IDUPHUV��2QO\����RXW�RI ������������FRPSDQLHV�
IROORZHG�DQG� LPSOHPHQWHG� WKLV�SURJUDP� �6DZLW�
,QGRQHVLD� ������� 7KH� SURJUDP� LV� H[SHFWHG� WR�
LPSURYH� IRRG� VHFXULW\�� WKURXJK� LQFUHDVHG�
SURGXFWLRQ�RI �ORFDO�FDWWOH��DQG�UHGXFH�SURGXFWLRQ�
FRVWV��WKURXJK�WKH�SURYLVLRQ�RI �IHUWLOL]HU��ZKLFK�LV�
GHULYHG�IURP�ZDVWHV�SURGXFHG�LQ�WKH�IDUPV�
� ,W
V� DOVR� FRQVLGHUHG� WKDW�� WKHUH� LV� D� QHHG� WR�
HQFRXUDJH� WKH� GHYHORSPHQW� RI � ODQG� XVH�ZKLFK�
SURYLGHV� JRRG� HFRQRPLF� UHWXUQV� DQG�
HQYLURQPHQWDOO\� IULHQGO\�� VXFK� DV�� DJURIRUHVWU\��
7KH�DJURIRUHVWU\�ZLWK�FRPELQDWLRQ�RI �VRPH�IUXLW�
DQG�WLPEHU�SODQWV�FDQ�EH�DQ�DOWHUQDWLYH�ODQG�XVH�
GHYHORSPHQW�ZLWKLQ� WKH�REVHUYHG� VLWH��3ODQWLQJ�
WLPEHU�SODQWV�LQ�DJURIRUHVWU\�SURJUDPV�FDQ�EH�D�
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VWHS� WR� DQWLFLSDWH� WKH� VFDUFLW\� RI � WLPEHU� LQ� WKH�
IXWXUH��6PDOO�LQGXVWULDO�SURFHVVLQJ�RI �DJURIRUHVWU\�
SURGXFH�� VXFK� DV� IUXLW� SURFHVVLQJ�� DUH� DOVR�
LPSRUWDQW�WR�GHYHORS�DQG�VXSSRUW�WKH�XVH�RI �WKH�
DGGHG� YDOXH� RI � WKH� SURGXFWV�� 6XLWDELOLW\� DQG�
FDSDEL O L W\� RI � IUXLW�EDVHG� DJ URIRUHVWU \�
GHYHORSPHQW� WR� HPSRZHU� ORFDO� FRPPXQLW\�
HFRQRP\�KDV�EHHQ�LGHQWLILHG�E\�VHYHUDO�SUHYLRXV�
VWXGLHV� �:LWKURZ�5RELQVRQ� 	� +LEEV� ������
5RVKHWNR� 	� 3XUQRPRVLGKL� ������� ,Q� DGGLWLRQ��
DJURIRUHVWU\�LV�SDUW�RI �WKH�IRUHVW�JDUGHQ�V\VWHP��
ZKLFK�KDV�JHQXLQH�ODQGVFDSH�XWLOL]DWLRQ�DQG�KDV�
EHHQ�LPSOHPHQWHG�LQ�.DOLPDQWDQ��6DODIVN\�������

&21&/86,21

� 7KH� PDLQ� OHYHUDJH� IDFWRUV� LQ� WKH� ODQG� XVH�
FKDQJH�V\VWHP�LQ�:HVW�.DOLPDQWDQ�ZHUH�WKH�GHVLUH�
WR�UHDFK�WKH�H[SHFWHG�HFRQRPLF�JURZWK�DQG�WKH�
LQFUHDVHG� SHU� FDSLWD� FRQVXPSWLRQ� RI � HGLEOH� RLO�
JOREDOO\��,Q�WKH�EXVLQHVV�DV�XVXDO�PRGHOLQJ��LW�ZDV�
IRXQG� WKDW�� WKH� LQFUHDVLQJ� JOREDO� GHPDQG� RI �
HGLEOH�RLO�ZRXOG�OHDG�WR�VLJQLILFDQW�LQFUHPHQW�RI �
RLO� SDOP�SODQWDWLRQ� DUHD�� HYHQ� WKH� WRWDO� DUHD� RI �
SODQWDWLRQ�FRXOG�EH�ZLGHU�FRPSDUH�WR�WKDW�RI �WKH�
UHPDLQLQJ�IRUHVW�DUHD�E\�������0HDQZKLOH��WKH�NH\�
LQWHUYHQWLRQV� WKDW�QHHG� WR�EH�FRQVLGHUHG� LQ� WKH�
IXWXUH� DUH� WR� FRQGXFW� UHIRUHVWDWLRQ� �ZLWK�
UHIRUHVWDWLRQ�UDWH�RI �DW�OHDVW������SHU�\HDU��DQG�
OLPLWDWLRQV�WR�RLO�SDOP�SODQWDWLRQ�GHYHORSPHQW�WR�
D� PD[LPXP� RI � ���� RI � GHYHORSHG� DUHDV�� :H�
VXJJHVWHG� IXWXUH� VWUDWHJLHV� IRU� ODQG� XVH�
GHYHORSPHQW�LQ�:HVW�.DOLPDQWDQ�VKRXOG�RQO\�EH�
QRW�IRFXVHG�RQ�WKH�H[WHQW�RI �RLO�SDOP�SODQWDWLRQ��
,W� VKRXOG� EH� FKDQJH� WR� GHYHORS� SDOP�RLO� EDVHG�
DGYDQFH� SURFHVVLQJ� LQGXVWULHV� ZLWKLQ�� QHDU�
SURGXFWLRQ� VLWHV�� DQG� DOVR� LQWURGXFH� RWKHU�
HFRQRPLF� DFWLYLWLHV�ZLWKLQ� WKH� H[LVWLQJ�RLO� SDOP�
SODQWDWLRQ�DUHD�DQG�H[SDQVLRQ�RI �DJURIRUHVWU\�

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

� 7KLV� UHVHDUFK� ZDV� SDUWLDOO\� VXSSRUWHG� E\�
)RUXP� 2UDQJXWDQ� ,QGRQHVLD� �2UDQJXWDQ�
,QGRQHVLD�)RUXP���:H�WKDQN�RXU�FROOHDJXHV�IURP�
6 FKRR O � R I � (QY L U R QPHQ W D O � 6 F L H Q F H � �
0XOWLGLVFLSOLQDU\�*UDGXDWH�3URJUDP��8QLYHUVLWDV�
,QGRQHVLD�� ZKR� SURYLGHG� LQVLJKW� DQG� H[SHUWLVH�
WKDW� JUHDWO\� DVVLVWHG� WKH� UHVHDUFK�� DOWKRXJK� WKH\�

PD\� QRW� DJUHH� ZLWK� DOO� WKH� LQWHUSUHWDWLRQV��
FRQFOXVLRQV�RI �WKLV�SDSHU�

5()(5(1&(6

$ERRG�6$��/HH�-6+��%XULYDORYD�=��*DUFLD�8OORD�-��.RK�/3��
������5HODWLYH�FRQWULEXWLRQV�RI �WKH�ORJJLQJ��ILEHU��RLO�
SDOP� DQG� PLQLQJ� LQGXVWULHV� WR� IRUHVW� ORVV� LQ�
,QGRQHVLD��&RQVHUY�/HWW��������²���

%DGDQ� 3XVDW� 6WDWLVWLN�� ������ ,QSXW� RXWSXW� .DOLPDQWDQ�
%DUDW�� >,QSXW� DQG� RXWSXW� RI � :HVW� .DOLPDQWDQ@��
3RQWLDQDN� �,'���%DGDQ�3XVDW�6WDWLVWLN�.DOLPDQWDQ�
%DUDW�

%DUEHU�&9��0DWWKHZV�(��%URZQ�'��%URZQ�7+��&XUUDQ�/��
3OXPH�&��������7KH�6WDWH�RI �WKH�IRUHVW��,QGRQHVLD��
%RJRU� �,'���:RUOG�:DWFK� ,QGRQHVLD��:DVKLQJWRQ�
'&��86���*OREDO�)RUHVW�:DWFK�

%3.+�5HJLRQ�;,��)*�0)3�,,��������$OORPHWULN�EHUEDJDL�
MHQLV�SRKRQ�XQWXN�PHQDNVLUNDQ�GXQJDQ�ELRPDVVD�
GDQ�NDUERQ�GL�KXWDQ�UDN\DW��>$OORPHWULFV�RI �YDULRXV�
W\SHV�RI �WUHHV�WR�HVWLPDWH�WKH�ELRPDVV�DQG�FDUERQ�
FRQWHQW� LQ� FRPPXQLW\� IRUHVWV@�� <RJ\DNDUWD� �,'���
%3.+� 5HJLRQ� ;,� -DZD�0DGXUD� DQG� )RUHVW�
*RYHUQDQFH� DQG� 0XOWL�VWDNHKROGHUV� )RUHVWU\�
3URJUDPPH��0)3�,,��

&DUOVRQ�.0��&XUUDQ�/0��5DWQDVDUL�'��3LWWPDQ�$0��6RDUHV�
)LOKR� %6�� $VQHU� *3�� «� 5RGULJXHV� +2�� ������
&RPPLWWHG� FDUERQ� HPLVVLRQV�� GHIRUHVWDWLRQ� DQG�
FRPPXQLW\� ODQG� FRQYHUVLRQ� IURP� RLO� SDOP�
SODQWDWLRQ� H[SDQVLRQ� LQ� :HVW� .DOLPDQWDQ��
,QGRQHVLD��31$6�������������

'LQDV� 3HUNHEXQDQ� .DOLPDQWDQ� %DUDW�� ������ 6WDWLVWLN�
SHUNHEXQDQ�.DOLPDQWDQ�%DUDW��>3ODQWDWLRQ�6WDWLVWLFV�
RI � :HVW� .DOLPDQWDQ@�� 3RQWLDQDN� �,'��� 'LQDV�
3HUNHEXQDQ�.DOLPDQWDQ�%DUDW�

)LW]KHUEHUW�(%��6WUXHELJ�0-��0RUHO�$��'DQLHOVHQ�)��%U�KO�
&$��'RQDOG�3)��3KDODQ�%��������+RZ�ZLOO�RLO�SDOP�
H[SDQVLRQ� DIIHFW� ELRGLYHUVLW\"� 7UHQGV� (FRO� (YRO�
����������²���

)RRG\� *0�� ������ 6WDWXV� RI � ODQG� FRYHU� FODVVLILFDWLRQ�
DFFXUDF\� DVVHVVPHQW�� 5HPRWH� 6HQV� (QYLURQ�
���������²����

*DQYHDX� �'/$�� 6ORDQ�6��0ROLGHQD�(��<DHQ�+�� 6KHLO�'��
$EUDP�1.������0HLMDDUG�(��������)RXU�GHFDGHV�RI �
IRUHVW�SHUVLVWDQFH��FOHDUDQFH�DQG�ORJJLQJ�RQ�%RUQHR��
3OR6� 21(� �����H�������� $YDLODEOH� IURP��
KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������

+DWWD� *�� +DOLP� +�� 0DQJDOLN� $�� ������ 7KH� HFRORJ\� RI �
.DOLPDQWDQ�� ,QGRQHVLDQ� %RUQHR�� 9ROXPH� ,,,�� ,Q��
7KH� (FRORJ\� RI � ,QGRQHVLD� 6HULHV�� (GLWHG� E\�
0DF.LQQRQ�.��-DNDUWD��,'���3HULSOXV�(GLWLRQV�

+RXJKWRQ�5$��������7URSLFDO�GHIRUHVWDWLRQ�DV�D�VRXUFH�RI �
JUHHQKRXVH� JDV� HPLVVLRQV�� ,Q�� 0RXWLQKR� 3��
6FKZDUW]PDQ�6��HGLWRUV��7URSLFDO�'HIRUHVWDWLRQ�DQG�
&OLPDWH�&KDQJH��%HOHP��%5���S����²���

%,27523,$�9RO�����1R���������

���



,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&���������
&OLPDWH� &KDQJH� ������ ,PSDFWV�� $GDSWDWLRQ� DQG�
9XOQHUDELOLW\��1HZ�<RUN��86���&DPEULGJH�8QLYHUVLW\�
3UHVV�

,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&���������
&OLPDWH� &KDQJH� ������ ,PSDFWV�� $GDSWDWLRQ� DQG�
9XOQHUDELOLW\��1HZ�<RUN��86���&DPEULGJH�8QLYHUVLW\�
3UHVV�

-DDIDU� $+�� 6DOOHK� 1+0��0DQDI � =$�� ������ ,QWHUVHFWRUDO�
OLQNDJHV�LQ�RLO�SDOP�LQGXVWU\�EHWZHHQ�0DOD\VLD�DQG�
,QGRQHVLD�� -(0� ������������� $YDLODEOH� IURP��
KWWS���G[�GRL�RUJ����������-(0�������������

/DPELQ�()��*HLVW�+-��/HSHUV�(��������'\QDPLFV�RI �ODQG�XVH�
DQG�ODQG�FRYHU�FKDQJH�LQ�WURSLFDO�UHJLRQV��$QQ�5HY�
(QYLURQ�5HVRXU�����������

/DPELQ�()��*HLVW�+-��������/DQG�XVH�DQG�ODQG�FRYHU�FKDQJH��
/RFDO� SURFHVVHV� DQG� JOREDO� LPSDFWV�� %HUOLQ� �'(���
6SULQJHU�

/DQH�0��������7KH�FDUU\LQJ�FDSDFLW\�LPSHUDWLYH��$VVHVVLQJ�
UHJLRQDO� FDUU\LQJ� FDSDFLW\� PHWKRGRORJLHV� IRU�
VXVWDLQDEOH� ODQG�XVH� SODQQLQJ�� /DQG� 8VH� 3ROLF\�
��������������

/DXUDQFH� :)�� ������ 5HIOHFWLRQV� RQ� WKH� WURSLFDO�
GHIRUHVWDWLRQ�FULVLV��%LRO�&RQVHUY�����������

0DQDQGKDU�5��2GHK�,2$��$QFHY�7��������,PSURYLQJ�WKH�
DFFXUDF\�RI �ODQG�XVH�DQG�ODQG�FRYHU�FODVVLILFDWLRQ�RI �
ODQGVDW�GDWD�XVLQJ�SRVW�FODVVLILFDWLRQ�HQKDQFHPHQW��
5HPRWH�6HQV������²���

0DUWLQ�/$��������5RDG�PDS����7KH�ILUVW�VWHS��0,7�6\VWHP�
'\QDPLFV� LQ� (GXFDWLRQ� 3URMHFW�� 5HWULHYHG� IURP�
0DVVDFKXVHWWV�,QVWLWXWH�RI �7HFKQRORJ\�

0F&DUWK\�3��/HL�/��������5HJLRQDO�GHPDQGV�IRU�SXOS�DQG�
SDSHU�SURGXFWV��-)(��������������

0LHWWLQHQ� -�� +RRLMHU� $�� 7ROOHQDDU� '�� 3DJH� 6�� 0DOLQV� &��
9HUQLPPHQ�5��«�/LHZ�6&��������+LVWRULFDO�DQDO\VLV�
DQG�SURMHFWLRQ�RI �RLO�SDOP�SODQWDWLRQ�H[SDQVLRQ�RQ�
SHDWODQG� LQ� 6RXWKHDVW�$VLD��:DVKLQJWRQ�'&� �86���
,QWHUQDWLRQDO�&RXQFLO�RQ�&OHDQ�7UDQVSRUWDWLRQ�

1DLGRR� 5�� ������ 6SHFLHV� ULFKQHVV� DQG� FRPPXQLW\�
FRPSRVLWLRQ� RI � VRQJELUGV� LQ� D� WURSLFDO�
IRUHVWøDJULFXOWXUDO�ODQGVFDSH��$QLP�&RQVHUY���������
����

2ELG]LQVNL� .�� $QGULDQL� 5�� .RPDUXGLQ� +�� $QGULDQWR� $��
������(QYLURQPHQWDO�DQG�VRFLDO�LPSDFWV�RI �RLO�SDOP�
SODQWDWLRQV� DQG� WKHLU� LPSOLFDWLRQV� IRU� ELRIXHO�
SURGXFWLRQ�LQ�,QGRQHVLD��(FRO�6RF��������²���

5HVRVXGDUPR�%3��1DZLU�$$��5HVRVXGDUPR�,$3��6XELPDQ�
1/��������)RUHVW�ODQG�XVH�G\QDPLFV�LQ�,QGRQHVLD��,Q��
:RUNLQJ� 3DSHUV� LQ� 7UDGH� DQG� 'HYHORSPHQW� QR��

���������(GLWHG�E\�%RRWK�$��:LH�7.��0DQQLQJ�&��
&DQEHUUD��$8���$XVWUDOLDQ�1DWLRQDO�8QLYHUVLW\�

5LVW�/��)HLQWUHQLH�/��/HYDQJ�3��������7KH�OLYHOLKRRG�LPSDFWV�
RI �RLO�SDOP��6PDOOKROGHUV�LQ�,QGRQHVLD��%LR�&RQVHUY�
����������²���

5RVKHWNR� -0�� 3XUQRPRVLGKL� 3�� ������ 6PDOOKROGHU�
DJURIRUHVWU\� IUXLW� SURGXFWLRQ� LQ� /DPSXQJ��
,QGRQHVLD��+RUWLFXOWXUDO�VWUDWHJLHV�IRU�VPDOOKROGHU�
OLYHOLKRRG� HQKDQFHPHQW�� $FWD� +RUWLF� ����� GRL��
���������$FWD+RUWLF������������

6DOD�2(��&KDSLQ�)6��$UPHVWR�--��%HUORZ�(��%ORRPILHOG�-��
'LU]R� 5��«�.LQ]LJ� $�� ������*OREDO� ELRGLYHUVLW\�
V FHQDU LRV � IR U � WKH � \HD U � ���� � � 6F L HQFH �
��������������²��

6DODIVN\�1�� ������ )RUHVW� JDUGHQV� LQ� WKH�*XQXQJ� 3DOXQJ�
UHJLRQ�RI �:HVW�.DOLPDQWDQ��,QGRQHVLD��'HILQLQJ�D�
ORFDOO\�GHYHORSHG�� PDUNHW�RULHQWHG� DJURIRUHVWU\�
V\V WHP� � $J URIRUHV W � 6\V W � �� �� � ������� � �
GRL���������%)��������

6DZLW�,QGRQHVLD�>,QWHUQHW@��������0HPEDFD�DUDK�LQWHJUDVL�
VDSL�VDZLW��>5HDGLQJ�WKH�GLUHFWLRQ�RI �LQWHJUDWLRQ�RI �
FDWWOH�SDOP�RLO@��>FLWHG������-XO\���@��$YDLODEOH�IURP��
KWWS���VDZLWLQGRQHVLD�FRP

6KHLO�'��&DVVRQ�$��0HLMDDUG�(��YDQ�1RUGZLMN�0��*DVNHOO�-��
6XQGHUODQG�*URYHV�-��«� �.DQQLQHQ�0��������7KH�
LPSDFWV�DQG�RSSRUWXQLWLHV�RI �RLO�SDOP�LQ�6RXWKHDVW�
$VLD��:KDW�GR�ZH�NQRZ�DQG�ZKDW�GR�ZH�QHHG�WR�
NQRZ"� ,Q�� 2FFDVLRQDO� SDSHU� QR�� ���� %RJRU� �,'���
&,)25�

6WHUPDQ�-��������%XVLQHVV�G\QDPLFV��6\VWHP�WKLQNLQJ�DQG�
PRGHOLQJ� IRU� D� FRPSOH[� ZRUOG�� %RVWRQ� �86���
,UZLQ�0F*UDZ�+LOO�

7ULPEOH�6:��&URVVRQ�3��������8�6��6RLO�HURVLRQ�UDWHV��0\WK�
DQG�UHDOLW\��6FLHQFH��������������²���

8QLWHG�6WDWHV�'HSDUWPHQW�RI �$JULFXOWXUH�>,QWHUQHW@��������
,QGRQHVLD��3DOP�RLO�H[SDQVLRQ�XQDIIHFWHG�E\�IRUHVW�
PRUD WR U LXP� � $YD L O DE O H � I URP� � K W WSV ��� �
LSDG�IDV�XVGD�JRY�KLJKOLJKWV���������LQGRQHVLD�

:LOOLDPV� 0�� ������ 'DUN� DJHV� DQG� GDUN� DUHDV�� *OREDO�
GHIRUHVWDWLRQ� LQ� WKH� GHHS� SDVW�� -� +LVW� *HRJU�
��������²���

:LWKURZ�5RELQVRQ� %$�� +LEEV� '(�� ������ 7HVWLQJ� DQ�
HFRORJLFDOO\�EDVHG�FODVVLILFDWLRQ�WRRO�RQ�IUXLW�EDVHG�
DJURIRUHVWU\�� $JURIRUHVW� 6\VW� ���������²���� GRL��
��������V���������������]

::)�� 3Z&� >,QWHUQHW@�� ������ 5RDGPDS� IRU� D� JUHHQ�
HFRQRP\�LQ�WKH�KHDUW�RI �%RUQHR��$�VFRSLQJ�VWXG\��
$YDLODEOH� IURP�� KWWS���DZVDVVHWV�SDQGD�RUJ��
GRZQORDGV�SZFBUHSRUWBJUHHQBHFRQRP\BURDGPD
SB��SGI�
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