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5DLMD�5LLWWD� (QURWK�� D� OLFHQWLDWH� LQ� IRUHVWU\�� LV� D� VHQLRU� UHVHDUFKHU� ZLWK� WKH� )LQQLVK
)RUHVW�5HVHDUFK�,QVWLWXWH��0(7/$��LQ�+HOVLQNL��ZKHUH�VKH�KDV�ZRUNHG�VLQFH�������+HU
PDLQ�LQWHUHVWV�LQFOXGH�WKH�PDUNHWLQJ�RI�IRUHVW�SURGXFWV�DQG�LQWHUQDWLRQDO�IRUHVWU\�

+DQV�)UHGULN�+RHQ�LV�DQ�DVVRFLDWH�SURIHVVRU�ZLWK�WKH�'HSDUWPHQW�RI�)RUHVW�6FLHQFHV�DW
WKH� $JULFXOWXUDO� 8QLYHUVLW\� RI� 1RUZD\�� +LV� PDLQ� ILHOGV� RI� LQWHUHVW� LQFOXGH� IRUHVW
UHVRXUFH� HFRQRPLFV� DQG� SODQQLQJ�� PXOWLSOH� XVH� IRUHVWU\�� IRUHVWU\� DQG� JOREDO� FOLPDWLF
FKDQJH��RSHUDWLRQ�DQDO\VLV��ILQDQFH�DQG�LQYHVWPHQW�

3DXOD� +RUQH� LV� D� VHQLRU� UHVHDUFKHU� ZLWK� WKH� )LQQLVK� )RUHVW� 5HVHDUFK� ,QVWLWXWH
�0(7/$���6KH�LV�FXUUHQWO\�ILQDOL]LQJ�KHU�3K'�LQ�IRUHVW�HFRQRPLFV�DW�WKH�8QLYHUVLW\�RI
+HOVLQNL�� +HU� LQWHUQDWLRQDO� H[SHULHQFH� LQFOXGHV� UHVHDUFK� ZRUN� LQ� WKH� 3KLOLSSLQHV� DQG
&DQDGD��DQG�HQYLURQPHQWDO�FRQVXOWLQJ�LQ�7DQ]DQLD�

0DUNNX�.DQQLQHQ� LV� WKH� UHVHDUFK� GLUHFWRU� RI� WKH�7URSLFDO�$JULFXOWXUH�5HVHDUFK� DQG
+LJKHU� (GXFDWLRQ� &HQWHU� �&$7,(�� &HQWUR� $JURQyPLFR� 7URSLFDO� GH� ,QYHVWLJDFLyQ� \
(QVHxDQ]D��LQ�7XUULDOED��&RVWD�5LFD��,QWHUHVWHG�LQ�IRUHVW�HFRORJ\��VLOYLFXOWXUH�DQG�IRUHVWV
PDQDJHPHQW�� DQG� JOREDO� FKDQJH� UHVHDUFK��'U�.DQQLQHQ� KDV� SXEOLVKHG�ZLGHO\� DQG� KDV
VHUYHG� DV� HGLWRU�LQ�FKLHI� RI� WKH� MRXUQDOV� $FWD� )RUHVWDOLD� )HQQLFD� DQG� 6LOYD� )HQQLFD
GXULQJ���������

3HNND� (�� .DXSSL� LV� D� SURIHVVRU� RI� HQYLURQPHQWDO� SURWHFWLRQ� DW� WKH� 8QLYHUVLW\� RI
+HOVLQNL��+LV�UHVHDUFK�LQWHUHVWV�OLH�LQ�ERUHDO�DQG�WHPSHUDWH�IRUHVWV�DQG�FDUERQ�EDODQFHV�

(UNNL�/HKWR�LV�D�FRPSXWHU�VSHFLDOLVW�ZKR�KDV�EHHQ�PRGHOOLQJ�WURSLFDO�GHIRUHVWDWLRQ�IRU
DERXW�D�GHFDGH�DW�WKH�)LQQLVK�)RUHVW�5HVHDUFK�,QVWLWXWH��0(7/$��LQ�+HOVLQNL��)LQODQG�

*HUDUGR� 0HU\� LV� D� VHQLRU� UHVHDUFKHU� ZLWK� WKH� )LQQLVK� )RUHVW� 5HVHDUFK� ,QVWLWXWH
�0(7/$��LQ�+HOVLQNL��7KH�DXWKRU�HGLWRU�RI�IRXU�ERRNV�DQG�QXPHURXV�DUWLFOHV��'U�0HU\
LV� LQWHUHVWHG� LQ� JOREDO� GHIRUHVWDWLRQ�ZLWK� D� SDUWLFXODU� HPSKDVLV� RQ� /DWLQ�$PHULFD� DQG
&KLOH�� DQG� KDV� FRQGXFWHG� UHVHDUFK� LQ� WKH� ILHOGV� RI� IRUHVW�EDVHG� GHYHORSPHQW�� FDUERQ
SROLF\�LVVXHV��FDUERQ�VHTXHVWUDWLRQ�DQG�WKH�DVVHVVPHQW�RI�IRUHVW�UHVRXUFHV�LQ�&KLOH�

0DWWL�3DOR� LV� D�SURIHVVRU�RI� IRUHVW� HFRQRPLFV�DW� WKH�)LQQLVK�)RUHVW�5HVHDUFK� ,QVWLWXWH
�0(7/$�� LQ�+HOVLQNL�� )LQODQG��+LV�PDLQ� UHVSRQVLELOLW\� OLHV� DV� WKH�'LUHFWRU� RI�:RUOG
)RUHVWV�� 6RFLHW\� DQG� (QYLURQPHQW� 5HVHDUFK� 3URJUDP� ZKLFK� LV� MRLQWO\� UXQ� E\� WKUHH
SDUWQHUV�� QDPHO\� 0(7/$�� (XURSHDQ� )RUHVW� ,QVWLWXWH� �-RHQVXX�� )LQODQG�� DQG� 8QLWHG
1DWLRQV�8QLYHUVLW\��7RN\R��-DSDQ���'U�3DOR�LV�DOVR�DGMXQFW�SURIHVVRU�RI�WKH�8QLYHUVLWLHV
RI�+HOVLQNL�DQG�-RHQVXX�LQ�)LQODQG��D�PHPEHU�RI�*OREDO�0RGHOOLQJ�)RUXP�VXSSRUWLQJ
&RPPLVVLRQ� IRU� 6XVWDLQDEOH� 'HYHORSPHQW� RI� WKH� 8QLWHG� 1DWLRQV�� DQG� D� IHOORZ� RI
,QWHUQDWLRQDO� ,QVWLWXWH� RI� (QYLURQPHQW� DQG� 'HYHORSPHQW� LQ� /RQGRQ�� 5HFHQWO\� KH
DXWKRUHG�DQG�HGLWHG�ERRNV�DGGUHVVLQJ�JOREDO�LVVXHV�RI�IRUHVWU\��HQYLURQPHQW�DQG�VRFLHW\�
'U�3DOR�LV�DPRQJ�WKH�SLRQHHULQJ�PRGHOOHUV�RI�WURSLFDO�GHIRUHVWDWLRQ�
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%RHQ� 3RHUQDPD� LV� FXUUHQWO\� WKH� KHDG� RI� WKH� &HQWUH� IRU� )RUHVWU\� DQG� (VWDWH� &URS
3ODQQLQJ�LQ�-DNDUWD�3XVDW��,QGRQHVLD��+H�DOVR�KDV�VHUYHG�LQ�WKH�FDSDFLW\�RI�KHDG��DW�WKH
&HQWUH� IRU� )RUHVW� DQG� 1DWXUH� &RQVHUYDWLRQ� 5HVHDUFK� DQG� 'HYHORSPHQW� LQ� %RJRU�
,QGRQHVLD�

(XVWiTXLR�-��5HLV�LV�WKH�GLUHFWRU�RI�0DFURHFRQRPLF�6WXGLHV�DW�WKH�,QVWLWXWH�RI�$SSOLHG
(FRQRPLF�5HVHDUFK��,3($��LQ�5LR�GH�-DQHLUR�DQG�WKH�UHVHDUFK�FRRUGLQDWRU�RI�5HVHDUFK
1HWZRUN� RQ� 6SDWLDO�0RGHOV� DQG�$QDO\VLV� �1(0(6,6��� +LV� UHVHDUFK� LQWHUHVWV� LQFOXGH
PDFURHFRQRPLFV�� LQWHUQDWLRQDO� HFRQRPLFV�� DQG� HFRQRPLFV� RI� QDWXUDO� UHVRXUFHV� DQG
HQYLURQPHQW��+H�KDV�DOVR�EHHQ�WKH�HGLWRU�RI�3HVTXLVD�H�3ODQHMDPHQWR�(FRQRPLFR�

%LUJHU�6ROEHUJ�LV�D�SURIHVVRU�ZLWK�WKH�'HSDUWPHQW�RI�)RUHVW�6FLHQFHV�DW�WKH�$JULFXOWXUDO
8QLYHUVLW\� RI�1RUZD\��+LV�PDLQ� ILHOGV� RI� UHVHDUFK� LQFOXGH� IRUHVW� UHVRXUFH� HFRQRPLFV
DQG�SODQQLQJ��IRUHVW�VHFWRU�PRGHOOLQJ��IRUHVW�SROLF\��IRUHVWU\�DQG�JOREDO�FOLPDWLF�FKDQJH�
3URIHVVRU� 6ROEHUJ� KDV� UHFHQWO\� FRPSOHWHG� D� WKUHH�\HDU� WHQXUH� DV� WKH� GLUHFWRU� RI� WKH
(XURSHDQ�)RUHVW�,QVWLWXWH�LQ�-RHQVXX��)LQODQG��$PRQJ�KLV�QXPHURXV�RWKHU�GXWLHV��KH�LV
DOVR�D�PHPEHU�RI�WKH�%RDUG�RI�WKH�,QWHUQDWLRQDO�8QLRQ�RI�)RUHVW�5HVHDUFK�2UJDQL]DWLRQV
�,8)52��

&DUORV�(GXDUGR�)ULFNPDQQ�<RXQJ�LV�FXUUHQWO\�DVVRFLDWH�SURIHVVRU�DW� WKH�,QVWLWXWH�RI
(FRQRPLFV��)HGHUDO�8QLYHUVLW\�RI�5LR�GH�-DQHLUR��+LV�PDLQ�UHVHDUFK�DUHDV�LQFOXGH�SXEOLF
SROLF\� DQDO\VLV� FRQFHUQLQJ� WKH� LQWHUDFWLRQ� EHWZHHQ� HQYLURQPHQWDO� DQG� GHYHORSPHQW
LVVXHV��ZLWK�SDUWLFXODU�LQWHUHVW�RQ�WKH�%UD]LOLDQ�H[SHULHQFH��<RXQJ�KDV�SXEOLVKHG�ZLGHO\
RQ� JUHHQ� DFFRXQWLQJ�� WKH� HFRQRPLFV� RI� GHIRUHVWDWLRQ�� HQYLURQPHQWDO� HIIHFWV� RI
LQWHUQDWLRQDO�WUDGH�DQG�RWKHU�H[WHUQDO�DGMXVWPHQW�SROLFLHV��YDOXDWLRQ�RI�QDWXUDO�UHVRXUFHV�
DQG� WKH� HFRQRPLFV� RI� JOREDO� ZDUPLQJ�� $V� WKH� SUHVLGHQW� RI� WKH� %UD]LOLDQ� 6RFLHW\� IRU
(FRORJLFDO� (FRQRPLFV� GXULQJ� ��������� KH� KDV� DFWLYHO\� SDUWLFLSDWHG� LQ� WKH� HFRORJLFDO
HFRQRPLFV�PRYHPHQW�
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7DEOH���� 'HVFULSWLRQ�RI�WUHQG�VFHQDULRV��D��E ��

7DEOH���� 7UHQG�VFHQDULRV�IRU�/DWLQ�$PHULFD��$IULFD��$VLD��DQG�WRWDO�WURSLFV
WR�WKH�\HDUV������DQG����� ��

7DEOH���� 6FHQDULR�UHJUHVVLRQ�PRGHOV�E\�VXEQDWLRQDO�XQLWV�RI�WURSLFDO
/DWLQ�$PHULFD��$IULFD��DQG�$VLD ��

7DEOH���� 6FHQDULR�PRGHO�DVVXPSWLRQV�DQG�UHVXOWV�IRU�/DWLQ�$PHULFD�
$IULFD��DQG�$VLD ��

7DEOH���� (VWLPDWHG�DUHD�ZHLJKWHG�FDUERQ�GHQVLWLHV�LQ�IRUHVW�YHJHWDWLRQ
DQG�VRLOV ��

7DEOH���� &XPXODWLYH�GHIRUHVWDWLRQ�DQG�FDUERQ�IOX[HV����������� ��

7DEOH���� (IIHFW�RI�SRSXODWLRQ�HVWLPDWH�FKDQJH�RQ�IRUHVW�FRYHU��������DQG������ ��

7DEOH���� 5DWHV�RI�FKDQJH�RI�WKH�PDMRU�FDUERQ�SRROV�LQ�:HVW�(XURSH�DQG
WKH�8QLWHG�6WDWHV ��

7DEOH���� $PD]RQ�GHIRUHVWDWLRQ�DQG�&2��HPLVVLRQV��������� ��

7DEOH���� %LRPDVV�DQG�FDUERQ�FRQWHQWV�IRU�GLIIHUHQW�YHJHWDWLRQ�RU�ODQG�XVHV ��

7DEOH���� 7RWDO�SODQWHG�DUHD�HVWDEOLVKHG�E\�WKH�HQG�RI������E\�DJH�FODVVHV
DQG�DGPLQLVWUDWLYH�UHJLRQV ��

7DEOH���� 3DUDPHWHU�YDOXHV�RI�HTXDWLRQ�����/Q�9� �D���E����(�
E\�DGPLQLVWUDWLYH�UHJLRQV ��

7DEOH���� 0HDQ�FXPXODWLYH�VWHP�YROXPH�LQ�IRUHVW�SODQWDWLRQV�DFFRUGLQJ�WR�DJH
FODVVHV�DQG�DGPLQLVWUDWLYH�UHJLRQV ��

7DEOH���� 7RWDO�VWDQGLQJ�VWHPZRRG�YROXPH�RI�WKH�JURZLQJ�VWRFN�E\�\HDU�HQG�
������DFFRUGLQJ�WR�DJH�FODVVHV�DQG�DGPLQLVWUDWLYH�UHJLRQV ��

7DEOH���� &XUUHQW�DQQXDO�YROXPH�LQFUHPHQW�E\�WKH�PHDQ�YDOXH�RI�WKH�DJH
FODVVHV�DQG�DGPLQLVWUDWLYH�UHJLRQV������ ��

7DEOH���� &DUERQ�SRROV�DQG�IOX[HV�LQ�&KLOHDQ�IRUHVW�SODQWDWLRQV ��

7DEOH���� 7KH�EDVLF�DVVXPSWLRQV�LQ�WKH�PRGHO ���

7DEOH���� ,QWHUFHSWV�DQG�VORSHV�RI�WKH�DJULFXOWXUDO�UHQWV�LQ�WKH�ELG�UHQW�VFKHGXOH ���

7DEOH���� 3URGXFWLRQ�OHYHO�RI�13912.�LQ�����12.��DQG�139&2��LQ�����WRQ
IRU�WKH�%$6(��&2��DQG�&20%�SUREOHP ���

7DEOH���� 7KH�PDUJLQDO�FRVWV�RI�LQFUHDVHG�139&2��OHYHOV�LQ�WKH�UHIRUPXODWHG
%$6(�SUREOHP ���

7DEOH���� 7KH�DYHUDJH�DUHD�JLYHQ�GLIIHUHQW�WUHDWPHQWV�LQ�WKH�%$6(�SUREOHP
ZLWK�55'�DW���SHU�FHQW�SHU�DQQXP ���
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7DEOH���� 7KH�DYHUDJH�DUHD�JLYHQ�GLIIHUHQW�WUHDWPHQWV�LQ�WKH�%$6(�SUREOHP
ZLWK�55'�DW���SHU�FHQW�SHU�DQQXP ���

7DEOH���� 7KH�DYHUDJH�DUHD�JLYHQ�GLIIHUHQW�WUHDWPHQWV�LQ�WKH�%$6(�SUREOHP
ZLWK�55'�DW���SHU�FHQW�SHU�DQQXP ���

7DEOH���� 7KH�DYHUDJH�DUHD�JLYHQ�GLIIHUHQW�WUHDWPHQWV�LQ�WKH�%$6(�SUREOHP
ZLWK�55'�DW���SHU�FHQW�SHU�DQQXP ���

7DEOH���� 13912.�LQ�����12.�DQG�139&2��LQ�����WRQ�IRU�WKH�%$6(��&2�

DQG�&20%�SUREOHP��QR�IHUWLOL]DWLRQ ���

7DEOH���� 13912.�LQ�����12.�DQG�139&2��LQ�����WRQ�IRU�WKH�%$6(��&2�

DQG�&20%�SUREOHP��QDWXUDO�UHJHQHUDWLRQ�RQO\ ���

7DEOH���� 13912.�LQ�����12.�DQG�139&2��LQ�����WRQ�IRU�WKH�%$6(��&2�

DQG�&20%�SUREOHP��LQFUHDVHG�QDWXUDO�PRUWDOLW\ ���

7DEOH����� 13912.�LQ�����12.�DQG�139&2��LQ�����WRQ�IRU�WKH�%$6(��&2�

DQG�&20%�SUREOHP������VDZWLPEHU�DQG�����SXOSZRRG�LQ�WRWDO
KDUYHVW ���

7DEOH���� 2YHUDOO�UDQNLQJ�RI�HQYLURQPHQWDO�VRXQGQHVV�RI�PDQDJHPHQW
VWUDWHJLHV�EDVHG�RQ�VHSDUDWH�HYDOXDWLRQ�UHVXOWV�IRU�GLIIHUHQW
HQYLURQPHQWDO�FULWHULD ���

7DEOH���� 3RWHQWLDO�DUHDV�DYDLODEOH�IRU�GLIIHUHQW�PDQDJHPHQW�DOWHUQDWLYHV ���

7DEOH���� &DUERQ�SRWHQWLDO�DFFXPXODWLRQ��HFRQRPLF�SUHIHUDELOLW\�DQG
HQYLURQPHQWDO�VRXQGQHVV�RI�WKH�YDULRXV�IRUHVW�PDQDJHPHQW�V\VWHPV ���

7DEOH���� &RVWV�RI�IRUHVW�SURWHFWLRQ�RU�UHGXFWLRQ�GHIRUHVWDWLRQ ���

7DEOH���� ,QLWLDO�FRVW�RI�H[SDQGLQJ�FDUERQ�VLQNV�E\�GLIIHUHQW�UHJLRQV
DQG�SUDFWLFHV ���

7DEOH���� 1HW�SUHVHQW�YDOXH�HVWLPDWHV�RI�RQH�KHFWDUH�RI�ODQG ���

7DEOH���� $JJUHJDWH�UHVXOWV�RI�WKH�VLPXODWLRQ�PRGHO��UHIHUHQFH�VFHQDULR� ���

7DEOH���� 2SSRUWXQLW\�FRVWV�DQG�FDUERQ�HPLVVLRQ�FRQWHQWV ���

7DEOH���� 'LVFRXQWHG�YDOXHV�RI�FDUERQ�FRQVHUYDWLRQ�RSSRUWXQLW\�FRVWV ���

$33(1',;�7$%/(

7DEOH�$��� 6LPXODWLRQV�RI�WKH�HIIHFWV�RI�WKH�&DUDMiV�3URJUDPPH ��
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)LJXUH���� 1DWXUDO�IRUHVW�DUHD�E\�FRQWLQHQWV ��

)LJXUH���� 5HGXFWLRQ�LQ�QDWXUDO�IRUHVW�DUHD�DQG�WRWDO�DERYH�JURXQG�ELRPDVV
LQ�WKH�WURSLFV��������� ��

)LJXUH���� 1DWXUDO�IRUHVW�DUHD�VFHQDULRV�IRU�WURSLFDO�/DWLQ�$PHULFD��$IULFD�
DQG�$VLD ��

)LJXUH���� 1DWXUDO�IRUHVW�DUHD�VFHQDULRV�IRU�WRWDO�WURSLFV ��

)LJXUH���� &DUERQ�F\FOH�LQ�VODVK�DQG�EXUQ�DJULFXOWXUH ��

)LJXUH���� 0DS�RI�/HJDO�$PD]RQLD ��

)LJXUH���� &XUUHQW�ODQG�XVH�DQG�IRUHVW�ODQG�FODVVLILFDWLRQ ��

)LJXUH���� 'LVWULEXWLRQ�RI�SRWHQWLDOO\�SURGXFWLYH�QDWXUDO�IRUHVWV�DQG�IRUHVW
SODQWDWLRQV�E\�DGPLQLVWUDWLYH�UHJLRQV ��

)LJXUH���� &XUUHQW�DUHD�FRYHUHG�E\�IRUHVW�SODQWDWLRQV��XS�WR������ ��

)LJXUH���� $QQXDO�DUHD�SODQWHG�GXULQJ�������� ��

)LJXUH���� 5DGLDWD�SLQH�DQG�(XFDO\SWXV�SODQWDWLRQV�DFFRUGLQJ�WR�DJH�FODVVHV�
\HDU�HQG����� ��

)LJXUH���� 5HODWLRQVKLS�EHWZHHQ�JURZWK�DQG�YROXPH�LQFUHPHQW�LQ�UDGLDWD�SLQH
SODQWDWLRQV�RI�WKH�,;WK�UHJLRQ�LQ�&KLOH ��

)LJXUH���� 5RXQGZRRG�XWLOL]DWLRQ�LQ�&KLOH��������� ��

)LJXUH���� &XUUHQW�DQQXDO�YROXPH�LQFUHPHQW�RI�3LQXV�UDGLDWD�SODQWDWLRQV
LQ�&KLOH�E\�DGPLQLVWUDWLYH�UHJLRQV ��

)LJXUH���� &XUUHQW�DQQXDO�YROXPH�LQFUHPHQW�RI�(XFDO\SWXV�VS��SODQWDWLRQV
LQ�&KLOH ��

)LJXUH����� %DODQFH�EHWZHHQ�FDUERQ�HPLVVLRQV�IURP�IRVVLO�IXHO�FRQVXPSWLRQ
DQG�FDUERQ�IOX[HV�WR�IRUHVW�SODQWDWLRQV�LQ�&KLOH������ ��

)LJXUH����� 7KH�ILYH�VFHQDULRV�IRU�VLPXODWLQJ�WKH�FDUERQ�SRRO�LQ�UDGLDWD�SLQH
SODQWDWLRQV�EHWZHHQ������DQG����� ��

)LJXUH�����$ 7RWDO�KDUYHVWHG�DUHDV�DFFRUGLQJ�WR�GLIIHUHQW�VFHQDULRV����������� ��

)LJXUH�����% 3ODQWHG�DUHDV�DFFRUGLQJ�WR�GLIIHUHQW�VFHQDULRV����������� ��

)LJXUH���� 7KH�QHW�PDUJLQDO�EHQHILW�FXUYHV�RI�ODQG�XVH ���
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&OLPDWH� FKDQJH� DQG� WKH� FDUERQ� F\FOH� DUH� LQ� VWURQJ� LQWHUDFWLRQ� ZLWK� IRUHVWV�� )RUHVWU\
RSHUDWLRQV� LPSDFW� RQ� WKH� FOLPDWH�� DQG� YLFH� YHUVD�� 7KLV� VWXG\�� ZKLFK� LV� EDVHG� RQ� WKH
818�:,'(5� SURMHFW� RQ� WKH� )RUHVW� LQ� WKH� 6RXWK� DQG� WKH� 1RUWK²7UDQVLWLRQ� IURP
'HIRUHVWDWLRQ� WR�6XVWDLQDEOH�)RUHVW�3ROLFLHV� LQ�5HGUHVVLQJ�*OREDO�:DUPLQJ�� GLVFXVVHV
WKH�VFHQDULRV�DQG�SROLFLHV�RQ�KRZ�WKH�GHIRUHVWDWLRQ�RI�QDWXUDO�IRUHVWV�DQG�WKH�H[SDQVLRQ
RI� IRUHVW� SODQWDWLRQV� LQIOXHQFH� WKH� JOREDO� FDUERQ� F\FOH� WKURXJK� HPLVVLRQV� DQG
VHTXHVWUDWLRQ�

7KLV� SXEOLFDWLRQ� FRQVWLWXWHV� D� SDUW� RI� WKH� UHVHDUFK� RXWSXW� IURP� WKH� DERYH� PHQWLRQHG
SURMHFW��7KH�HGLWRU�RI� WKLV� UHSRUW��3URIHVVRU�0DWWL�3DOR�RI� WKH�)LQQLVK�)RUHVW�5HVHDUFK
,QVWLWXWH�LQ�+HOVLQNL��ZDV�WKH�([WHUQDO�'LUHFWRU�RI�WKH�SURMHFW��DQG�0U�(XVWiTXLR�-��5HLV
LQ�5LR�GH�-DQHLUR�ZDV�WKH�([WHUQDO�3URMHFW�&RRUGLQDWRU��,Q�DGGLWLRQ�WR�WKLV�SXEOLFDWLRQ��D
SROLF\�IRFXVHG�VXPPDU\�UHSRUW�RI�WKH�ILQGLQJV�HQWLWOHG�)RUHVWV�LQ�*OREDO�:DUPLQJ�ZDV
SXEOLVKHG�E\�818�:,'(5�LQ������

/DXQFKHG�GXULQJ�D� WKUHH�GD\�ZRUNVKRS� LQ�1XUPHV� �)LQODQG�� LQ� -XQH������� WKH�SURMHFW
ZDV�GLYLGHG�LQWR�WKUHH�VXE�SURMHFWV�DQG�KDV�EHHQ�IRUWXQDWH�LQ�KDYLQJ�WKH�FROODERUDWLRQ�RI
RWKHU�ZHOO�NQRZQ� UHVHDUFK� LQVWLWXWHV��7KH� FDVH� VWXG\�RQ�%UD]LO�� XQGHU� WKH� JXLGDQFH� RI
(XVWiTXLR� -�� 5HLV�� ZDV� FDUULHG� RXW� ZLWK� WKH� DVVLVWDQFH� RI� WKH� ,QVWLWXWH� RI� $SSOLHG
(FRQRPLF�5HVHDUFK� �,3($�',3(6�� LQ�5LR� GH� -DQHLUR��7KH�1RUZHJLDQ� FDVH� VWXG\�ZDV
FRQGXFWHG�DW�WKH�(XURSHDQ�)RUHVW�,QVWLWXWH�LQ�-RHQVXX��)LQODQG��XQGHU�WKH�OHDGHUVKLS�RI
%LUJHU� 6ROEHUJ�� 7KH� VWXG\� RQ� WURSLFDO� GHIRUHVWDWLRQ� DQG� WKH� &KLOH� VXE�SURMHFW� ZHUH
LPSOHPHQWHG�DW�WKH�)LQQLVK�)RUHVW�5HVHDUFK�,QVWLWXWH��0(7/$��LQ�+HOVLQNL�ZLWK�0DWWL
3DOR�DV�SURMHFW�GLUHFWRU��,Q�-DQXDU\�������D�VHFRQG�ZRUNVKRS�ZDV�RUJDQL]HG�MRLQWO\�ZLWK
WKH� &HQWHU� IRU� ,QWHUQDWLRQDO� )RUHVW� 5HVHDUFK� �&,)25�� LQ� :HVWHUQ� -DYD�� ,QGRQHVLD�
)RFXVVLQJ� RQ� WKHRUHWLFDO� DQG� PHWKRGRORJLFDO� DVSHFWV�� WKH� VHFRQG� ZRUNVKRS� DOVR
UHYLHZHG�WKH�PLG�WHUP�SURJUHVV�PDGH�LQ�WKH�WKUHH�VXE�SURMHFWV��7KH�FRQFOXGLQJ�VHVVLRQ
RI�WKH�SURMHFW�ZDV�KHOG�LQ�2FWREHU������LQ�+HOVLQNL��)LQODQG�

7KH�WKHPH�RI�WKLV�SXEOLFDWLRQ�KDV�EHFRPH�PRVW�WLPHO\�LQ�WKH�JOREDO�SROLWLFDO�DJHQGD�LQ
YLHZ�RI�WKH�IROORZ�XS�RI�WKH�&OLPDWH�&KDQJH�&RQYHQWLRQ�UDWLILHG�DW�81&('�LQ�5LR�GH
-DQHLUR�LQ������,Q�WKH�DIWHUPDWK�RI�WKH�.\RWR��%XHQRV�$LUHV�DQG�%RQQ�PHHWLQJV��WKH�UROH
RI�IRUHVWV�DV�VWRFNV��VLQNV�DQG�VRXUFHV�RI�FDUERQ� LV�VWLOO�XQGHU�FRQVLGHUDEOH�GHEDWH�DQG
FRQWURYHUV\�

*LRYDQQL�$QGUHD�&RUQLD
'LUHFWRU��818�:,'(5

+HOVLQNL��'HFHPEHU�����
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)LUVW�RI�DOO��,�ZRXOG�OLNH�WR�DFNQRZOHGJH�ZLWK�JUDWLWXGH�WKH�HIIRUWV�RI�3URIHVVRU�0LKiO\
6LPDL�DQG�'U�5HLQR�+MHUSSH��IRUPHU�'LUHFWRU�DQG�IRUPHU�3ULQFLSDO�$FDGHPLF�2IILFHU�RI
818�:,'(5�� IRU� PRELOL]LQJ� WKLV� UHVHDUFK� SURMHFW�� %RWK� VFKRODUV� LQIOXHQFHG� WKH
FRQWHQWV�DQG�VFRSH�RI�WKH�ILQDO�SURMHFW�SODQ�

6HFRQG��P\�VLQFHUH�DSSUHFLDWLRQ�JRHV�WR�'U�-HIIUH\�6D\HU�DQG�'U�1HLO�%\URQ��'LUHFWRU
*HQHUDO�DQG�$VVLVWDQW�'LUHFWRU�*HQHUDO�RI�WKH�&HQWHU�IRU�,QWHUQDWLRQDO�)RUHVW�5HVHDUFK
�&,)25�� LQ� ,QGRQHVLD�� 7KH\� FR�ILQDQFHG� DQG� RUJDQL]HG� RXU� VHFRQG� ZRUNVKRS� LQ
,QGRQHVLD�LQ������

,� DOVR�ZLVK� WR� WKDQN� DOO� WKH� FRQWULEXWRUV� RI� WKH� SURMHFW� IRU� WKHLU� GHYRWHG� UHVHDUFK� DQG
H[FHOOHQW�FRRSHUDWLRQ��7KH�DXWKRUV�FRPH�IURP�VL[�GLIIHUHQW�FRXQWULHV�DQG�UHSUHVHQW�VL[
GLVFLSOLQHV��WKXV�PDNLQJ�WKH�UHSRUW�WUXO\�LQWHUQDWLRQDO�DQG�PXOWLGLVFLSOLQDU\��/DVW�EXW�QRW
OHDVW��ZH�DUH�JUDWHIXO�WR�WKH�DQRQ\PRXV�UHIHUHHV�ZKRVH�VXJJHVWLRQV�LPSURYHG�WKH�FRQWHQW
RI�WKH�UHSRUW�

0V� /LLVD� 5RSRQHQ� RI� 818�:,'(5� ZDV� UHVSRQVLEOH� IRU� WKH� ODQJXDJH� FKHFN�� FRS\�
HGLWLQJ�DQG�OD\RXW�RI�WKH�UHSRUW�DQG�ZH�ZLVK�WR�H[WHQG�RXU�VLQFHUH�WKDQNV�WR�KHU��)LQDOO\�
,� ZRXOG� DOVR� OLNH� WR� WKDQN� 0V� %DUEDUD� )DJHUPDQ� RI� 818�:,'(5� DQG� 0V�0DUJLW
.XURQHQ�RI�0(7/$�IRU�WKHLU�ILQDQFLDO�DGPLQLVWUDWLRQ�DQG�VHFUHWDULDO�VXSSRUW�GXULQJ�WKH
YDULRXV�SKDVHV�RI�WKLV�SURMHFW�

0DWWL�3DOR
(GLWRU��3URMHFW�'LUHFWRU

+HOVLQNL��'HFHPEHU�����
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)RUHVWV� DV� VWRFNV�� VLQNV� DQG� VRXUFHV� RI� FDUERQ� KDYH� EHFRPH� D� YLWDO� LVVXH� LQ� JOREDO
SROLWLFV�� DORQJ� ZLWK� WKH� .\RWR� 3URWRFRO� RI� WKH� )UDPHZRUN� &RQYHQWLRQ� RQ� &OLPDWH
&KDQJH�� 7KLV� SXEOLFDWLRQ�� HQFRPSDVVLQJ� QLQH� FKDSWHUV� E\� WZHOYH� DXWKRUV� IURP� VL[
FRXQWULHV��LV�WKH�RXWFRPH�RI�WKH�UHVSHFWLYH�UHVHDUFK�SURMHFW�FRQGXFWHG�DW�818�:,'(5�

$V�WKLV�VWXG\�LQGLFDWHV��D�YHU\�FRVW�HIILFLHQW�FDUERQ�FRQVHUYDWLRQ�FRXOG�EH�DFKLHYHG�E\
VORZLQJ�GRZQ�WURSLFDO�GHIRUHVWDWLRQ�DQG�IRUHVW�GHJUDGDWLRQ��,Q�WKLV�VWXG\��GHIRUHVWDWLRQ
DQG�FDUERQ� IOX[� VFHQDULRV�DUH�PRGHOOHG�DW� WKH�SDQWURSLFDO� DQG� FRQWLQHQWDO� OHYHOV��ZLWK
VSHFLDO�IRFXV�RQ�%UD]LO��WKH�FRXQWU\�ZLWK�WKH�ODUJHVW�IRUHVW�ELRPDVV�RI�DOO�FRXQWULHV�RI�WKH
ZRUOG��$OVR�DIIRUHVWDWLRQ�DQG�UHIRUHVWDWLRQ�SURYLGH�UHPDUNDEOH�RSWLRQV�DV�FDUERQ�VLQNV
DQG�VWRFNV�ERWK� LQ� WKH�VRXWK�DQG�QRUWK��DV�DUH� LOOXVWUDWHG�E\� WKH�FDVH� VWXGLHV�RQ�&KLOH�
,QGRQHVLD� DQG� 1RUZD\�� 7KH� UHSRUW� DOVR� XQGHUWDNHV� WR� DQDO\VH� IRUHVW� H[SDQVLRQ� DQG
FDUERQ�IOX[HV�LQ�(XURSH�DQG�1RUWK�$PHULFD��7KH�HFRQRPLFV�RI� WURSLFDO� IRUHVWODQG�XVH
DQG�JOREDO�ZDUPLQJ�LV�DOVR�VWXGLHG�DQG��ODVW�EXW�QRW�OHDVW��LQWHUQDWLRQDO�SROLF\�LVVXHV�RQ
FDUERQ� IOX[HV� DQG� IRUHVWV� LQ� WKH� VRXWK� DUH� UHYLHZHG�� 5HSODFLQJ� IRVVLO� IXHOV� ZLWK
ZRRGIXHOV�SURYLGHV�RQH�SROLF\�RSWLRQ��2WKHU�RSWLRQV�� LQFOXGLQJ� HFRQRPLF� LQVWUXPHQWV
VXFK�DV�WD[HV��RIIVHWV��DQG�WUDGDEOH�SHUPLWV��DUH�DOVR�DQDO\VHG�

.H\ZRUGV�� JOREDO� IRUHVWV�� FDUERQ� HPLVVLRQV�� FDUERQ� VHTXHVWUDWLRQ�� FDUERQ� VWRFNV�
GHIRUHVWDWLRQ� VFHQDULRV�� FDUERQ� IOX[� VFHQDULRV�� IRUHVW� H[SDQVLRQ�� LQWHUQDWLRQDO� SROLF\�
QRUWK��VRXWK�� WURSLFV�� WURSLFDO�GHIRUHVWDWLRQ��SODQWDWLRQ�IRUHVWV��%UD]LO��&KLOH�� ,QGRQHVLD�
1RUZD\
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0DWWL�3DOR�DQG�%LUJHU�6ROEHUJ�

�� ,1752'8&7,21

��� 3XUSRVH

7KLV�SXEOLFDWLRQ�SUHVHQWV�D�SDUW�RI� WKH� UHVXOWV� IURP� WKH�818�:,'(5�UHVHDUFK�SURMHFW

7KH�)RUHVW� LQ� WKH�6RXWK� DQG� WKH�1RUWK²7UDQVLWLRQ� IURP�'HIRUHVWDWLRQ� WR�6XVWDLQDEOH
)RUHVW�3ROLFLHV�LQ�5HGUHVVLQJ�*OREDO�:DUPLQJ
��ZKLFK�ZDV�LQLWLDWHG�LQ�-XQH�������7KH
SURMHFW�IRFXVHG�RQ�LVVXHV�UHOHYDQW�IRU� WKH�IROORZ�XS�RI� WKH�SURFHVV� LQLWLDWHG�E\�WKH�81
&RQIHUHQFH�RQ�(QYLURQPHQW�DQG�'HYHORSPHQW��81&('��LQ�5LR�GH�-DQHLUR�LQ�������7KH
VSHFLILF�UHVHDUFK�WDVNV�RI�WKH�SURMHFW�ZHUH�

�� 7R�SURYLGH�FDXVDO�H[SODQDWLRQV�RQ�WKH�WUDQVLWLRQ�IURP�GHIRUHVWDWLRQ�WRZDUGV
VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�

�� 7R�PDNH�VFHQDULRV�RI�IRUHVW�FKDQJHV�DQG�FDUERQ�IOX[HV�LQ�WKH�VRXWK�DQG�QRUWK�LQ�WKH
VKRUW�UDQJH����±���\HDUV��DQG�WKH�ORQJ�UDQJH����±����\HDUV��

�� 7R�HYDOXDWH�WKH�HIIHFWLYHQHVV�DQG�FRVW�HIILFLHQF\�RI�GLIIHUHQW�IRUHVWU\�PDQDJHPHQW
RSWLRQV�LQ�VHTXHVWHULQJ�&2��DQG�LQ�GHFHOHUDWLQJ�GHIRUHVWDWLRQ��DQG�

�� 7R�GLVFXVV�WKH�SRWHQWLDO�RI�WUDGDEOH�&2��SHUPLWV�LQ�YLHZ�RI�VRXWK�QRUWK�FRRSHUDWLRQ
RQ�GHYHORSPHQW�DQG�HQYLURQPHQW�

1LQH� SDSHUV� FRPPLVVLRQHG�ZLWKLQ� WKH� SURMHFW� IRFXVHG� RQ� WKH� WKUHH� ODVW� WDVNV�� DQG� DUH
SUHVHQWHG� LQ� WKLV�818�:,'(5�:RUOG�'HYHORSPHQW� 6HULHV� UHSRUW�� 7KH� ILUVW� WDVN�ZDV
DGGUHVVHG� E\� DQRWKHU� WHQ� SDSHUV� DQG� WKHVH� DUH� EHLQJ� SXEOLVKHG� E\� .OXZHU� $FDGHPLF
3XEOLVKHUV�LQ�WKHLU�:RUOG�)RUHVWV�VHULHV��3DOR�DQG�9DQKDQHQ��IRUWKFRPLQJ��

7KLV�FKDSWHU�JLYHV�DQ�RYHUYLHZ�RI� WKH�FRQWHQWV�RI� WKH�ERRN��DV�ZHOO�DV�RXU�RSLQLRQ�RQ
ZKDW�DUH�WKH�PDMRU�SROLF\�LPSOLFDWLRQV�RI�WKH�ILQGLQJV��,Q�DGGLWLRQ��WKH�FKDSWHU�SUHVHQWV
WKH�EDFNJURXQG�IRU�WKH�UHVHDUFK�SURMHFW�

��� %DFNJURXQG

3ROLFLHV� IRU� VXVWDLQDEOH� HFRQRPLF� GHYHORSPHQW� UHTXLUH� D� PRUH� FRPSUHKHQVLYH
XQGHUVWDQGLQJ�RI�JOREDO�HQYLURQPHQWDO�FKDQJH�DQG�LWV�GULYLQJ�IRUFHV�
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0DQ�DQG�IRUHVWV�KDYH�ORQJ�OLYHG�WRJHWKHU�LQ�KDUPRQ\��ZLWK�IRUHVWV�SURYLGLQJ�PDQ�ZLWK�D
ZLGH�UDQJH�RI�JRRGV�DQG�VHUYLFHV��+RZHYHU��DOUHDG\�IRU�VHYHUDO�PLOOHQQLD��FOHDULQJ�ODQG
IRU�DJULFXOWXUH�DV�ZHOO�DV�VHWWLQJ�GHOLEHUDWH�ILUHV�WR�SURPRWH�KXQWLQJ�DQG�LQFUHDVH�SDVWXUH
KDYH�GHSOHWHG�IRUHVWV�DV�WKH�JOREDO�SRSXODWLRQ�KDV�EHHQ�JURZLQJ�

$V�LQGXVWULDOL]DWLRQ�DGYDQFHG��PDQ�EHJDQ�VHYHUDO�FHQWXULHV�DJR�WR�VXEMHFW�WKH�IRUHVWV�LQ
WKH�QRUWK�WR�ODUJH�VFDOH�SUHVVXUHV��,Q�WKH�VRXWK��WKH�VDPH�VWUXJJOH�DSSHDUHG�PXFK�ODWHU�
GXULQJ� WKH� VHFRQG� KDOI� RI� WKH� WZHQWLHWK� FHQWXU\�� 7KXV� WKH� ODUJH�VFDOH� DQG� UDSLG
GHIRUHVWDWLRQ��SULPDULO\�LQ�WKH�WURSLFV��KDV�DZDNHQHG�WKH�JOREDO�FRPPXQLW\�DQG�IRUHVWV
EHFDPH�D�SDUW�RI�WKH�LQWHUQDWLRQDO�SROLWLFDO�DJHQGD�IURP�WKH�����V�

$W� SUHVHQW�� ZRUOG� IRUHVWV� H[WHQG� WR� ������ PLOOLRQ� KHFWDUHV� ���� PLOOLRQ� NP��� ZKLFK
FRUUHVSRQGV�WR����SHU�FHQW�RI�WKH�ZRUOG
V�WRWDO�ODQG�DUHD��)RUHVWV�LQ�WKH�VRXWK�DQG�QRUWK
DUH�DW�GLIIHUHQW�GHYHORSPHQW�VWDJHV��,Q�WKH�VRXWK��HLWKHU�LQ�FRQMXQFWLRQ�ZLWK�GRPLQDWLQJ
DJULFXOWXUH�RU�HDUO\�LQGXVWULDOL]DWLRQ��GHIRUHVWDWLRQ�RI�WKH�QDWXUDO�IRUHVWV�LV�DGYDQFLQJ�DW
DQ�DQQXDO�UDWH�RI�DERXW����PLOOLRQ�KHFWDUHV��,Q�WKH�SRVW�LQGXVWULDO�QRUWK��KRZHYHU��WRWDO
IRUHVW�DUHD�LV�LQFUHDVLQJ�VOLJKWO\��DW�DERXW�WZR�PLOOLRQ�KHFWDUHV�DQQXDOO\��)$2�������

*OREDO�IRUHVWV�SURGXFH�ERWK�PDUNHWHG�DQG�QRQ�PDUNHWHG�JRRGV�DQG�VHUYLFHV��7KH�YDOXH
RI�ZRRG�EDVHG�IRUHVW�SURGXFWV�LV�HVWLPDWHG�DW���SHU�FHQW�RI�WKH�JOREDO�*'3��)$2�������
)RUHVWU\�GRPLQDWHV�LQ�WKH�VRXWK�ZLWK�IXHOZRRG�DV�WKH�SULQFLSDO�SURGXFW��ZKHUHDV�LQ�WKH
QRUWK�� IRUHVW� LQGXVWULHV� JHQHUDWH� PRUH�� UHO\LQJ� SULPDULO\� RQ� YDULRXV� FRPPHUFLDO
SURGXFWV�

7KH� WRWDO� JURZLQJ� VWRFN� RI� JOREDO� IRUHVWV� DPRXQWV� WR� ���� ELOOLRQ� P�� DQG� WKH
FRUUHVSRQGLQJ�ELRPDVV�WR�����ELOOLRQ�WRQV��RI�ZKLFK��LQ�GU\�PDVV�HTXLYDOHQW��DERXW�KDOI
LV� FRPSRVHG� RI� FDUERQ�� )XUWKHUPRUH�� GRXEOH� WKDW� DPRXQW� RI� FDUERQ� LV� VHTXHVWHUHG� LQ
KXPXV�DQG�VRLO�DV�XQGHUJURXQG�UHVHUYRLUV��7KXV��IRUHVW�WUDQVLWLRQV�KDYH�D�PDMRU�LPSDFW
RQ�JOREDO�FDUERQ�IOX[HV��7KH�DYHUDJH�DQQXDO�QHW�UHOHDVH�RI�FDUERQ�LQWR�WKH�DWPRVSKHUH
IURP�JOREDO�IRUHVWV�GXH�WR�GHIRUHVWDWLRQ�LV�HVWLPDWHG�DW�����������3J��3J� ����LQ�SRZHU�RI
���RU�ELOOLRQ�WRQV���7KLV�HPLVVLRQ�HTXDOV�WR�DERXW����SHU�FHQW�RI�WKH�ZRUOG
V�WRWDO�FDUERQ
HPLVVLRQV�IURP�FRPEXVWLQJ�IXHOV��,3&&�������

,Q�DGGLWLRQ�WR�FDUERQ��ELRGLYHUVLW\�ZLWKLQ�IRUHVWV�LV�DQRWKHU�VRXUFH�RI�D�JOREDO�FRPPRQ
JRRG�� ,W� LV� DSSUR[LPDWHG� WKDW� VRPH� ������ PLOOLRQ� SODQWV�� DQLPDOV� DQG� RWKHU� OLYLQJ
VSHFLHV� H[LVW� RQ� HDUWK�� RI� WKHVH�� ������ SHU� FHQW� DUH� DVVXPHG� WR� EH� HQGHPLF� RQO\� WR
WURSLFDO�IRUHVWV��$V�WURSLFDO�GHIRUHVWDWLRQ�FRQWLQXHV��WKH�ULVN�RI�H[WLQFWLRQ�RI�DGGLWLRQDO
JHQHV�� VSHFLHV� DQG� HFRV\VWHPV� LV� LQFUHDVLQJ� �81(3� �������*OREDOL]DWLRQ� RI� EXVLQHVV�
SROLF\�DQG�FXOWXUH�DSSHDUV�WR�EH�RQH�RI�WKH�PHJDWUHQGV�RI�WKLV�WKLUG�PLOOHQQLXP�

,Q�WKH�PLG�����V��81&7$'�LQIOXHQFHG�JOREDO�IRUHVWU\�WKURXJK�WKH�HVWDEOLVKPHQW�RI�DQ
LQWHUQDWLRQDO�WURSLFDO�WLPEHU�DJUHHPHQW��,77$���DQG�LWV�UHVSHFWLYH�DJHQF\��WKH�,772��,Q
DGGLWLRQ� WKH� WURSLFDO� IRUHVWU\�DFWLRQ�SODQ� �7)$3��ZDV�FUHDWHG�E\� WKH�:RUOG�5HVRXUFHV
,QVWLWXWH�� WKH� :RUOG� %DQN�� DQG� )$2�� 7KH� FRQYHQWLRQ� RI� ,QWHUQDWLRQDO� 7UDGH� LQ
(QGDQJHUHG�6SHFLHV��&,7(6��ZDV�DOUHDG\�UDWLILHG�LQ������EXW�VWDUWHG�WR�H[SUHVV�FRQFHUQ
RYHU�VRPH�WUHH�VSHFLHV�LQ�WKH�����V�
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3DUWLFXODUO\�DIWHU�WKH������5LR�GH�-DQHLUR�81&('�&RQIHUHQFH��ZH�VHH�HYLGHQFH�RI�WKH
LQWURGXFWLRQ� DQG� VWUHQJWKHQLQJ� RI� JOREDO� IRUHVW� SROLFLHV�� 7KH� &RQIHUHQFH� ZDV� D
EUHDNWKURXJK�ZLWK�D�QXPEHU�RI�GRFXPHQWV�FRQFHUQLQJ�WKH�IRUHVW�VHFWRU��HYHQ�WKRXJK�D
JOREDO� IRUHVWU\� FRQYHQWLRQ� QHYHU�PDWHULDOL]HG� GHVSLWH� WLPH�FRQVXPLQJ� QHJRWLDWLRQV� RQ
WKH� SURSRVDO�� 7KH� PRVW� LPSRUWDQW� 81&('�IRUHVWU\� GRFXPHQWV� VLJQHG� LQ� 5LR� E\� WKH
KHDGV�RI�VWDWHV�DUH�

�� 8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH��81�������

�� &RQYHQWLRQ�RQ�%LRORJLFDO�'LYHUVLW\�

�� 1RQ�OHJDOO\� ELQGLQJ� 6WDWHPHQW� RQ� 3ULQFLSOHV� IRU� *OREDO� &RQVHQVXV� RQ� WKH
0DQDJHPHQW��&RQVHUYDWLRQ�DQG�6XVWDLQDEOH�'HYHORSPHQW�RI�DOO�W\SHV�RI�)RUHVWV�

�� $JHQGD�����&KDSWHU�����DQG

�� 5LR�'HFODUDWLRQ�

7KH�8QLWHG�1DWLRQV�HVWDEOLVKHG�D�VSHFLILF�81�&RPPLVVLRQ�RI�6XVWDLQDEOH�'HYHORSPHQW
�81&6'��WR�IROORZ�XS�RQ�WKH�LPSOHPHQWDWLRQ�RI�WKH�5LR�DJUHHPHQWV��81&6'��LQ�WXUQ�
VHW�XS� WKH� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� )RUHVWV� �,3)�� ZKLFK� KHOG� IRXU� VHVVLRQV� GXULQJ
��������� UHSRUWLQJ� WKH� ILQGLQJV� WR� LWV� PDLQ� ERG\�� 81&6'�� 81&6'� UHYLHZHG� WKHVH
ILQGLQJV�LQ�$SULO�������DQG�EDVHG�RQ�LWV�UHFRPPHQGDWLRQV��WKH�8QLWHG�1DWLRQV
�*HQHUDO
$VVHPEO\�6SHFLDO�6HVVLRQ��81*$66��XUJHG�WKH�LQWHUQDWLRQDO�FRPPXQLW\�LQ�-XQH�RI�WKDW
\HDU� WR� HVWDEOLVK� DQ� DG� KRF�� RSHQ�HQGHG� ,QWHUJRYHUQPHQWDO� )RUXP� RQ� )RUHVWV� �,))��
8QGHU�WKH�DHJLV�RI�81&6'��,))�ZDV�WR�SURPRWH�DQG�IDFLOLWDWH�WKH�LPSOHPHQWDWLRQ�RI�WKH
,3)
V� SURSRVDOV� IRU� DFWLRQ�� 81*$66� DOVR� FKDUJHG� WKH� )RUXP� WR� LGHQWLI\� SRVVLEOH
HOHPHQWV�RI�DJUHHPHQW�RQ� LQWHUQDWLRQDO� DUUDQJHPHQWV� DQG�PHFKDQLVPV�� IRU� H[DPSOH�� D
OHJDOO\�ELQGLQJ�LQVWUXPHQW�WR�FRYHU�DOO�W\SHV�RI�IRUHVWV�LQ�WKH�VRXWK�DQG�QRUWK��81&6'
������� DQG� WR� ZRUN� WRZDUGV� DFKLHYLQJ� WKHVH� JRDOV�� ,))� ZLOO� SURGXFH� LWV� SROLF\
UHFRPPHQGDWLRQV�LQ�)HEUXDU\������

��� 6RXWK�1RUWK�FKDOOHQJHV

'XULQJ����������QDWXUDO� IRUHVWV�� GHVSLWH� WKH� VXEVWDQWLDO� JOREDO� SROLF\� HIIRUWV� GHVFULEHG
DERYH��ZHUH�GHSOHWHG�LQ�WKH�VRXWK�E\�DERXW�����PLOOLRQ�KHFWDUHV��ZKLOH�WUHH�SODQWDWLRQV
LQFUHDVHG� IRUHVW� DUHD� E\� ��� PLOOLRQ� KHFWDUHV�� 3ODQWDWLRQV� DUH� QRW�� KRZHYHU�� IXOO
VXEVWLWXWHV� IRU� QDWXUDO� IRUHVWV�� SDUWLFXODUO\� ZLWK� UHJDUG� WR� ELRGLYHUVLW\� DQG� FDUERQ
UHVHUYRLUV��%XW��SODQWDWLRQV�ZRUN�ZHOO�LQ�SURGXFLQJ�IXHOZRRG�DQG�SXOSZRRG��&KLQD�DQG
,QGLD�KDYH�E\�IDU�WKH�ODUJHVW�SODQWDWLRQ�IRUHVWV�DQG�WKHVH�KDYH�EHHQ�SULPDULO\�HVWDEOLVKHG
DV�VKHOWHU�EHOWV�DJDLQVW�GHVHUWLILFDWLRQ�DQG�HURVLRQ��DQG�IRU�IXHOZRRG�SURGXFWLRQ��%UD]LO�
,QGRQHVLD� DQG�&KLOH�KDYH� WKH� ODUJHVW� FRPPHUFLDO� SODQWDWLRQV��ZKLFK� KDYH� VXFFHVVIXOO\
EHHQ�XVHG�IRU�LQGXVWULDO�SXUSRVHV��)$2�������

&RQWUDU\� WR� WKH�VRXWK��IRUHVWV� LQ� WKH�QRUWK�KDYH�EHHQ�H[SDQGLQJ� WKURXJKRXW� WKH�VHFRQG
KDOI� RI� WKH� WZHQWLWKJ� FHQWXU\�� )URP������ WR� ������ IRUHVW� H[SDQVLRQ� WRWDOOHG� ��PLOOLRQ
KHFWDUHV�� EXW� WKLV� LV� RQO\� D� IUDFWLRQ� RI� GHIRUHVWHG� DUHDV� RI� WKH� VRXWK� �)$2� ������
7UDGLWLRQDOO\� WKH� QRUWK� KDV� GRPLQDWHG� WKH� LQWHUQDWLRQDO� WUDGH� RI� IRUHVW� SURGXFWV� ZLWK
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&DQDGD�� )LQODQG�� DQG� 6ZHGHQ� WKH� ELJJHVW� QHW� H[SRUWHUV�� 2QO\� D� IHZ� FRXQWULHV� LQ� WKH
VRXWK� KDYH� EHHQ� DEOH� WR� GHYHORS� ODUJH�VFDOH� IRUHVW� LQGXVWULHV� ZLWK� FRPSDUDWLYH
DGYDQWDJHV� LQ� ZRUOG� PDUNHWV�� 0DOD\VLD� DQG� ,QGRQHVLD� SURYLGH� H[DPSOHV� RI� FRXQWULHV
ZKHUH�VDZPLOOLQJ�DQG�SO\ZRRG� LQGXVWULHV�KDYH�EHHQ�EDVHG�VR� IDU�SULPDULO\�RQ�QDWXUDO
IRUHVWV��%UD]LO�DQG�&KLOH��WR�WKH�FRQWUDU\��KDYH�FUHDWHG�YLDEOH�SXOS��SDSHU�DQG�VDZPLOOLQJ
LQGXVWULHV� EDVHG� RQ� SODQWDWLRQ� IRUHVWV�ZLWK� H[RWLF� WUHH� VSHFLHV� �3DOR� DQG�0HU\� ������
+RZHYHU��LQ�WKHVH�IRXU�FRXQWULHV��GHIRUHVWDWLRQ�RI�QDWXUDO�IRUHVWV�FRQWLQXHV�

�� 29(59,(:�2)�7+(�38%/,&$7,21

��� )RUHVW�WUDQVLWLRQV��FDUERQ�IOX[HV�DQG�VFHQDULRV

0DWWL�3DOR��(UNNL�/HKWR��DQG�5DLMD�5LLWWD�(QURWK��&KDSWHU����FRQGXFW�VFHQDULR�DQDO\VHV
RQ�WURSLFDO�GHIRUHVWDWLRQ�DQG�LWV�FRQVHTXHQFHV�IRU�FDUERQ�IOX[HV�XS�WR�WKH�\HDUV������DQG
������7KH� DQDO\VLV� FRPSULVHV� DOO� QDWXUDO� WURSLFDO� IRUHVWV��7KH� WUHQG� VFHQDULRV�JLYH� WKH
H[WUHPH�OLPLWV�DVVXPLQJ�WKDW�GHIRUHVWDWLRQ�ZLOO�IROORZ�WKH�GHYHORSPHQW�RI�WKH�����V�DQG
����V��3UDFWLFDOO\�DOO�GHIRUHVWDWLRQ�ZLOO�WDNH�SODFH�LQ�WKH�SHULRG�SULRU�WR������DFFRUGLQJ
WR� WKH� VFHQDULRV�EDVHG�RQ� WKH� WKUHH� HVWLPDWHG� UHJUHVVLRQ�PRGHOV��7KH� VFHQDULR�PRGHOV
DUH�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�FDXVDO�PRGHOOLQJ�UHVXOWV� WR� LQFOXGH�SRSXODWLRQ�� LQFRPH�
IRUHVW�GDWD�UHOLDELOLW\��DQG�HFRORJLFDO�]RQHV�

7KH� UHJUHVVLRQ� VFHQDULRV� SURMHFW� WKH� WRWDO� DFFXPXODWHG� SDQWURSLFDO� GHIRUHVWDWLRQ� IURP
�����WR������WR�EH�LQ�WKH�PDJQLWXGH�RI����������PLOOLRQ�KHFWDUHV��7KLV�WUDQVODWHV�LQWR�DQ
DQQXDO�DYHUDJH� UDWH�RI�������PLOOLRQ�KHFWDUHV�RI�GHIRUHVWDWLRQ�� FRPSDUHG� WR� WKH������
PLOOLRQ�KHFWDUHV�UHFHQWO\�HVWLPDWHG�E\�)$2��)RUHVW�DUHD�LV�H[SHFWHG�WR�GHFUHDVH�XS�WR�WKH
\HDU������LQ�WURSLFDO�$PHULFD�E\��������LQ�WURSLFDO�$IULFD�E\��������DQG�LQ�WURSLFDO�$VLD
E\�������SHU�FHQW��$�GHFHOHUDWLRQ�RI�GHIRUHVWDWLRQ� LV�DVVXPHG� WR� WDNH�SODFH�GXULQJ� WKH
����V�

,Q�W\SLFDO�WURSLFDO�GHIRUHVWDWLRQ�SURFHVVHV��IRUHVW�LV�FOHDUHG�IRU�DJULFXOWXUDO�SXUSRVHV�E\
EXUQLQJ�PRVW�WUHH�FRYHU��DIWHU�ZKLFK�WKH�UHPDLQLQJ�GHDG�ELRPDVV�GHFD\V��'XULQJ�WKHVH
SURFHVVHV�� FDUERQ� GLR[LGH� LV� UHOHDVHG� LQWR� WKH� DWPRVSKHUH� IURP� ERWK� WKH� ELRPDVV� DQG
VRLO��7KH�FDUERQ�IOX[�VFHQDULRV�GXH�WR� WURSLFDO�GHIRUHVWDWLRQ�DUH� LQ� WKH�RUGHU�RI�������
JLJDWRQV�RI�DFFXPXODWHG�FDUERQ�HPLWWHG�LQWR�WKH�DWPRVSKHUH��RU���������JLJDWRQV�DV�DQ
DQQXDO� DYHUDJH� RYHU� WKH� SHULRG� ����������� 7KHVH� DUH� KLJKHU� WKDQ� HDUOLHU� VFHQDULRV
�&KDSWHU����


)RUHVW� H[SDQVLRQ� DQG� FDUERQ� IOX[HV� LQ� WKH� QRUWK
� DUH� VWXGLHG� E\� 3HNND� (�� .DXSSL� LQ
&KDSWHU� ��� 'LUHFW� DQG� FRQFOXVLYH� HPSLULFDO� HYLGHQFH� VKRZV� WKDW� WKH� DPRXQW� RI
YHJHWDWLRQ�ELRPDVV�KDV�LQFUHDVHG�LQ�WKH�IRUHVWV�RI�ZHVWHUQ�(XURSH�DQG�WKH�86��DQG�KDV
DGGHG�WR�WKH�VHTXHVWUDWLRQ�RI�FDUERQ�GLR[LGH�IURP�WKH�DWPRVSKHUH��$FFRUGLQJ�WR�LQGLUHFW
HYLGHQFH��WKH�DPRXQW�RI�FDUERQ�LQ�WKH�VRLO�KDV�DOVR�LQFUHDVHG�LQ�WKHVH�QRUWKHUQ�IRUHVWV�
WKXV�DPSOLI\LQJ�VHTXHVWUDWLRQ��+RZHYHU�� WKH� LQFUHDVH�RI�FDUERQ� LQ� WKH�QRUWKHUQ� IRUHVWV
FRPSULVHV�RQO\�D�IUDFWLRQ�RI�WKH�FDUERQ�GHFUHDVH�LQ�WKH�IRUHVWV�RI�WKH�VRXWK��0RUHRYHU�
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WKH�DPRXQW�RI�FDUERQ�LQ�ZRRG�SURGXFWV�DQG�ODQGILOOV�LV�RQ�WKH�ULVH��EXW�LQ�D�OHVVHU�H[WHQW
WKDQ�WKH�JOREDO�FDUERQ�EXGJHW�

&KDSWHU���E\�(XVWiTXLR�-��5HLV�FRQFHUQV� WKH�PRGHOOLQJ�RI� 
FDUERQ�HPLVVLRQV� VFHQDULRV
IRU�WKH�%UD]LOLDQ�$PD]RQ
��'HIRUHVWDWLRQ�RI�WKH�%UD]LOLDQ�$PD]RQ�LV�UHFHQWO\�HVWLPDWHG
DW�����PLOOLRQ�KHFWDUHV�DQQXDOO\��DQG�WKLV�JHQHUDWHV�DERXW���SHU�FHQW�RI�WKH�ZRUOG
V�WRWDO
FDUERQ�HPLVVLRQV�

7KH�PRGHOV�GHVLJQHG�E\�5HLV� FRQVLVW� RI� WZR�PDLQ�SDUWV�� WKH� ILUVW� GHVFULEHV� WKH� VRFLR�
HFRQRPLF� LQWHUDFWLRQV� EHWZHHQ� LQIUDVWUXFWXUH�� SRSXODWLRQ�� ODQG� XVH�� DQG� GHIRUHVWDWLRQ�
DQG� WKH� VHFRQG�GHVFULEHV� WKH�G\QDPLFV�RI�FDUERQ�VWRFN� LQ� WKH�$PD]RQ�YHJHWDWLRQ�DQG
VRLOV� UHODWHG� WR�GLIIHUHQW� ODQG�XVHV��7KH�VRFLRHFRQRPLF� LQWHUDFWLRQV� DUH� HVWLPDWHG�ZLWK
HFRQRPHWULF�WHFKQLTXHV�DSSOLHG�WR�D�SDQHO�RI�GDWD�RQ�$PD]RQ�PXQLFLSDOLWLHV�IURP�����
WR������

6LPXODWLRQV�RI�JURZWK� WUDMHFWRULHV� IRU� WKH�����������SHULRG�DUH�PDGH� LQ� WKH� UHIHUHQFH
DQG� FRXQWHUIDFWXDO� VFHQDULRV� IRU� WKH�PRVW� LPSRUWDQW� HQGRJHQRXV� YDULDEOHV�� XUEDQ� DQG
UXUDO� SRSXODWLRQ�� XUEDQ� RXWSXW�� ODQG� XVHV�� ODQG� \LHOGV�� RXWSXW� LQ�PDMRU� UXUDO� DFWLYLWLHV�
GHIRUHVWHG�DUHDV��IDOORZ�DUHDV��DQG�FDUERQ�HPLVVLRQV�

,Q�WKH�UHIHUHQFH�VFHQDULR��GHIRUHVWDWLRQ�LQ�/HJDO�$PD]RQLD�H[SDQGV�IURP������WR�����
DW� D� UDWH� RI� ���� SHU� FHQW� SHU� DQQXP�� FRPSDUHG� WR� WKH� UDWH� RI� ���� SHU� FHQW� SHU� DQQXP
REVHUYHG�LQ� WKH�����V��7KH�VORZGRZQ�LV� ODUJHO\�H[SODLQHG�E\�WKH�XUEDQL]DWLRQ�SURFHVV
DQG�WKH�LQFUHDVHG�WXUQRYHU�RI�IDOORZ�DUHDV��'HIRUHVWDWLRQ��DV�D�SHU�FHQW�RI�WKH�JHRJUDSKLF
DUHD��LQFUHDVHV�IURP�����SHU�FHQW�LQ������WR������SHU�FHQW�LQ�������&DUERQ�HPLVVLRQV�LQ
WKH�UHIHUHQFH�VFHQDULR�GHFHOHUDWH�VLJQLILFDQWO\�LQ�WKH�VLPXODWLRQ�SHULRG��6WDUWLQJ�ZLWK����
PLOOLRQ�WRQV�SHU�\HDU�LQ�WKH���������SHULRG��WKH\�GHFOLQH�WR�����PLOOLRQ�WRQV�SHU�\HDU�E\
����������

7KH�HVWLPDWHG�EHQHILWV�SHU�XQLW�RI�FDUERQ�HPLVVLRQV�DUH�PFK�KLJKHU� WKDQ�WKH�86����W&
XVXDOO\�PHQWLRQHG�LQ�WKH�OLWHUDWXUH��7KLV�UHVXOW�KROGV�HYHQ�ZKHQ�EHQHILWV�DUH�PHDVXUHG
H[FOXVLYHO\�E\�UXUDO�DFWLYLW\�*'3��)LQDOO\��WKH�JURZWK�RI�*'3�SHU�XQLW�RI�FDUERQ�HPLWWHG
LV�KLJK��7KH�PDLQ� UHDVRQV�DUH� WKH� LQFUHDVLQJ� VKDUH�RI�XUEDQ� DFWLYLWLHV� FRXSOHG� WR� WKHLU
KLJKHU� SURGXFWLYLW\� OHYHOV�� WKH� LQFUHDVH� LQ� DJULFXOWXUDO� SURGXFWLYLW\� DQG� WKH� JURZLQJ
LPSRUWDQFH�RI�ELRPDVV�UHFRPSRVLWLRQ�LQ�VHFRQGDU\�YHJHWDWLRQ�LQ�IDOORZ�DUHDV��&KDSWHU
���


3ODQWDWLRQ�IRUHVWV�DQG�FDUERQ�VHTXHVWUDWLRQ�LQ�&KLOH
�ZLWK�VFHQDULRV�DUH�LQYHVWLJDWHG�E\
*HUDUGR�0HU\�DQG�0DUNNX�.DQQLQHQ�LQ�&KDSWHU����7KH�&KLOHDQ�IRUHVW�VHFWRU�KDV�JURZQ
UDSLGO\�GXULQJ� WKH� ODVW����\HDUV�� DQG� FXUUHQWO\�SOD\V� DQ� LPSRUWDQW� HFRQRPLF� UROH��7KLV
GHYHORSPHQW� KDV� EHHQ� EDVHG� RQ� WKH� HVWDEOLVKPHQW� RI� IDVW� JURZLQJ� PRQRFXOWXUHV� RI
UDGLDWD�SLQH�DQG�HXFDO\SWXV�SODQWDWLRQV��ZKLFK�WRGD\�H[WHQG�FORVH�WR���PLOOLRQ�KHFWDUHV�
7KH� &KLOHDQ� IRUHVWU\� LV� FKDUDFWHUL]HG� E\� HIILFLHQW� ZRRG� SURGXFWLRQ� IURP� IRUHVW
SODQWDWLRQV�DQG�WKH�QHJOHFW�RI�VXVWDLQDEOH�PDQDJHPHQW�RI�QDWXUDO�IRUHVWV��'XULQJ�WKH�ODVW
WZR� GHFDGHV�� SODQWDWLRQV� KDYH� EHHQ� HVWDEOLVKHG� PRVWO\� RQ� ODQGV� SUHYLRXVO\� XVHG� IRU
DJULFXOWXUH�
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7KH� UROH� RI� SODQWDWLRQ� IRUHVWV� DV� D� VLQN� RI� DWPRVSKHULF� FDUERQ� GLR[LGH� LV� DQDO\VHG� E\
0HU\�DQG�.DQQLQHQ��DQG�D�TXDQWLWDWLYH�HVWLPDWLRQ�LV�FDUULHG�RXW�WR�GHWHUPLQH�WKH�FXUUHQW
FDUERQ� SRROV� DQG� WKH� DQQXDO� IOX[HV�� ,Q� WKH� HVWLPDWLRQ� RI� FDUERQ� VHTXHVWUDWLRQ�� WZR
HVVHQWLDO� IDFWRUV� DUH� FRQVLGHUHG� WR� LQIOXHQFH� YROXPH� LQFUHPHQW�� DJH� GLVWULEXWLRQ� DQG
ODWLWXGLQDO�YDULDWLRQ�

7KH� DPRXQW� RI� FDUERQ� VHTXHVWUDWLRQ� RI� WKH�&KLOHDQ� IRUHVW� SODQWDWLRQV� XQWLO� WKH� HQG� RI
�����LV�HVWLPDWHG�DW������7J�DQG�WKH�DQQXDO�IOX[�IRU������DW������7J�\U����,W�LV�VWDWHG�WKDW
WKH� DQQXDO� FDUERQ� IOX[� WR� IRUHVW� SODQWDWLRQV� LQ� ����� H[FHHGV� DQQXDO� FDUERQ� HPLVVLRQV
IURP�IRVVLO�IXHOV�IRU�WKDW�\HDU��)LYH�VFHQDULRV�DUH�FRQVWUXFWHG�IRU�VLPXODWLQJ�WKH�FDUERQ
SRRO� LQ� UDGLDWD� SLQH� SODQWDWLRQV� EHWZHHQ� ����� DQG� ����� XQGHU� GLIIHUHQW� PDQDJHPHQW
UHJLPHV��,Q�WKHVH�VFHQDULRV��WKH�FDUERQ�SRRO�LQFUHDVHG�E\�������SHU�FHQW��GHSHQGLQJ�RQ
WKH�PDQDJHPHQW� RSWLRQ� DQG� WKH� DQQXDO� SODQWHG� DUHD�� WKXV� HPSKDVL]LQJ� WKH� QHHG� IRU� D
PRUH� EDODQFHG� IRUHVW� SROLF\� IRU� SURPRWLQJ� VXVWDLQDEOH� PDQDJHPHQW� RI� ERWK� QDWXUDO
IRUHVWV� DQG� SODQWDWLRQV�� 7KH� SROLF\� IRU� FDUERQ� PDQDJHPHQW� VKRXOG� EH� LQWHJUDWHG� LQWR
VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�DV�RQH�RI�LWV�EDVLF�FULWHULD��&KDSWHU����

��� 3ROLF\�DQDO\VHV

7KH� VXEVWXG\� �&KDSWHU� ��� E\� 3DXOD� +RUQH� FRYHUV� 
WKH� HFRQRPLFV� RI� WURSLFDO� IRUHVW
ODQG�XVH� DQG� JOREDO� ZDUPLQJ
�� SULPDULO\� IURP� D� WKHRUHWLFDO� SHUVSHFWLYH�� 7URSLFDO
GHIRUHVWDWLRQ� LV� RI� LQWHUQDWLRQDO� FRQFHUQ��PDLQO\� EHFDXVH� RI� WKH� IXQFWLRQ� RI� IRUHVWV� LQ
VDIHJXDUGLQJ�ELRGLYHUVLW\�DQG�VHUYLQJ�DV�FDUERQ�UHVHUYRLUV��/HVV�DWWHQWLRQ�LV�SDLG�WR�WKH
QHHGV�RI�ORFDO�SHRSOH�ZKR�PLJKW�EHQHILW�IURP�IRUHVW�FRQYHUVLRQ��DQG�WKLV�FKDSWHU�IRFXVHV
RQ� H[WHQVLYH� FXOWLYDWLRQ� RI� ODQG�� ,W� LV� RQH� RI� WKH� GULYLQJ� IRUFHV� RI� GHIRUHVWDWLRQ�� DQG
FKDUDFWHUL]HV� WKH� LQVWLWXWLRQDO� DQG� PDUNHW� IDLOXUHV� WKDW� KDPSHU� WKH� WUDQVLWLRQ� WR� PRUH
VXVWDLQDEOH�ODQG�XVH�

7KH�RSWLPL]DWLRQ�PRGHO�SUHVHQWV�D�VLPSOLILFDWLRQ�RI�GHFLVLRQ�PDNLQJ�ZLWK�UHJDUG�WR�ODQG
XVH�LQ�WURSLFDO�IRUHVWV�IURP�WKH�SRLQW�RI�YLHZ�RI�GLIIHUHQW�LQWHUHVW�JURXSV��,W�VKRZV�KRZ
WKH� RSWLPL]DWLRQ� RI� ODQG� XVH� XQGHU� GLIIHUHQW� SURSHUW\� ULJKWV� DQG� GLIIHUHQW� OHYHOV� RI
LQWHUQDOL]DWLRQ� RI� H[WHUQDOLWLHV� UHVXOWV� LQ� GLYHUVH� SUHIHUHQFHV� IRU� WKH� GHYHORSPHQW� RI
IRUHVW�FRQYHUVLRQ��7KH�SRVVLELOLWLHV�WR�LQWHJUDWH�JOREDO�GHIRUHVWDWLRQ�FRQFHUQV�WR�ODQG�XVH
SUDFWLFHV�ZKLFK�ZRXOG�EHQHILW�WURSLFDO�QDWLRQV�DQG�PDUJLQDOL]HG�IDUPHUV�DUH�GLVFXVVHG�LQ
WKLV�FKDSWHU�E\�+RUQH�

,Q�&KDSWHU����+DQV�)UHGULN�+RHQ�DQG�%LUJHU�6ROEHUJ�UHYLHZ�WKH�
SROLF\�RSWLRQV�LQ�FDUERQ
VHTXHVWUDWLRQ� YLD� VXVWDLQDEOH� IRUHVW� PDQDJHPHQW� LQ� WKH� QRUWK
�� ZLWK� WKH� SXUSRVH� RI
SUHVHQWLQJ� D� GHWDLOHG� DQDO\VLV� RI� HFRQRPLF� HIILFLHQF\� DQG� SRWHQWLDO� RI� FDUERQ
VHTXHVWUDWLRQ�RI�D�ERUHDO�IRUHVW�DUHD��7KH�DQDO\VLV�LV�EDVHG�RQ�GDWD�IURP�WKH�1RUZHJLDQ
QDWLRQDO� IRUHVW� LQYHQWRU\� IRU� D� UHJLRQ� FRPSULVLQJ� RI� �������� KHFWDUHV� RI� SURGXFWLYH
IRUHVW�

2SWLPDO�IRUHVW�PDQDJHPHQW�VFHQDULRV�IRFXVLQJ�RQ�WKH�ILUVW����\HDUV�DUH�FDOFXODWHG�DQG
SURGXFWLRQ� SRVVLELOLWLHV� IRU� FRPPHUFLDO� WLPEHU� DQG� FDUERQ� VHTXHVWUDWLRQ� DUH
LQYHVWLJDWHG�� &RPSDUHG� WR� HDUOLHU� VWXGLHV�� WKLV� LV� EDVHG� RQ� D� IDU� PRUH� GHWDLOHG
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UHSUHVHQWDWLRQ�RI�WKH�IRUHVW�GDWD��D�PRUH�UHDOLVWLF�PRGHOOLQJ�RI�UHJHQHUDWLRQ�DQG�QDWXUDO
PRUWDOLW\�DQG�D�VHQVLWLYLW\�DQDO\VLV�RI�WKH�HIIHFWV�RI�DQ�LQFUHDVH�LQ�QDWXUDO�PRUWDOLW\�IRU
ROG��GHQVH�VWDQGV��$�PDMRU�FRQFOXVLRQ�LV�WKDW�WKHUH�DUH�VLJQLILFDQW�GLIIHUHQFHV�LQ�FDUERQ
VHTXHVWUDWLRQ�EHWZHHQ�D�VWUDWHJ\�RI�PD[LPL]DWLRQ�RI�GLVFRXQWHG�WLPEHU�SURILWV�DQG�WKDW
RI�GLVFRXQWHG�QHW�FDUERQ�GLR[LGH�VHTXHVWUDWLRQ��&KDSWHU����


&RVW� HIILFLHQF\�� HQYLURQPHQWDO� LPSDFWV� DQG� SRWHQWLDO� RI� FDUERQ� VHTXHVWUDWLRQ� LQ
,QGRQHVLD
� DUH� DQDO\VHG� E\� %LUJHU� 6ROEHUJ� DQG� %RHQ� 3RHUQDPD� LQ� &KDSWHU� ��� %\
FRQVLGHULQJ� WKHVH� WKUHH� FULWHULD� MRLQWO\�� WKH� DQDO\VLV� VKRZV� WKDW� PL[HG� SODQWDWLRQV� RQ
JUDVVODQG� �DODQJ� DODQJ��ZLWK�3DUDVHULDQWKHV� IDOFDWDULD� DQG�$FDFLD�PDQJLXP� LQ� VKRUW
URWDWLRQV�����\HDUV��JHW�KLJK�SULRULW\��$OVR��SODQWDWLRQV�RI�ORQJ�WHUP�URWDWLRQV�����\HDUV�
RI� 6KRUHD� VSS�� JLYH� KLJK� FDUERQ� VHTXHVWUDWLRQ� DQG� HFRQRPLF� UHWXUQV�� %RWK� RI� WKHVH
DOWHUQDWLYHV� DUH� WKH� VR�FDOOHG� 
QR�UHJUHW
� RSWLRQV��ZKLFK�PHDQV� WKDW� WKH\� DUH� SURILWDEOH
HYHQ� LI� EHQHILWV� RI� WKH� FDUERQ� VHTXHVWUDWLRQ� DUH� GLVFRXQWHG�� H�J�� WKH� LQWHUQDO� UDWHV� RI
UHWXUQ�DUH� UHVSHFWLYHO\�DERXW����SHU�FHQW�SHU�DQQXP�DQG����SHU�FHQW�SHU� DQQXP�ZKHQ
DOWHUQDWLYH�ODQG�XVH�YDOXHV�DUH�DVVXPHG�]HUR�

%\�FRPSDULVRQ��PRQRFXOWXUH�SODQWDWLRQV�RI�3DUDVHULDQWKHV�IDOFDWDULD�����\HDU�URWDWLRQ�
KDYH� DERXW� ��� SHU� FHQW� SHU� DQQXP� KLJKHU� FDUERQ� VHTXHVWUDWLRQ� DQG� ��� SHU� FHQW� SHU
DQQXP� LQWHUQDO� UDWH� RI� UHWXUQ�� EXW� ORZHU� HQYLURQPHQWDO� VFRUH� WKDQ� WKH� DOWHUQDWLYH
PHQWLRQHG�DERYH��7KH�DYHUDJH�DQQXDO�FDUERQ�VHTXHVWUDWLRQ�SRWHQWLDO�LV�DERXW����PLOOLRQ
WRQV�&2�� IRU� WKH� ���\HDU� URWDWLRQ� DOWHUQDWLYHV�� DQG� DERXW� ���PLOOLRQ� WRQV�&2�� IRU� WKH
���\HDU� URWDWLRQ� DOWHUQDWLYHV�� DVVXPLQJ� WKDW� ��� SHU� FHQW� RI� WKH� ODQG� DYDLODEOH� IRU� WKH
DOWHUQDWLYHV�LV�XWLOL]HG�

$OWKRXJK�FRQWDLQLQJ�VRPH�XQFHUWDLQW\�� WKH� UHVXOWV� LQGLFDWH� WKDW� WKH� ,QGRQHVLDQ� IRUHVWU\
RIIHUV�SURPLVLQJ�FDUERQ�VHTXHVWUDWLRQ�SRVVLELOLWLHV��7KH�FKDOOHQJH�LV�WR�JHW�LQWHUQDWLRQDO
LQVWLWXWLRQDO� DUUDQJHPHQWV� RUJDQL]HG� VR� WKDW� WKHVH� SRVVLELOLWLHV� DUH� RSWLPDOO\� XWLOL]HG
�&KDSWHU����


,QWHUQDWLRQDO� SROLF\� LVVXHV� RQ� FDUERQ� IOX[HV� DQG� IRUHVWV� LQ� WKH� VRXWK
� DUH� DQDO\VHG� E\
&DUORV�<RXQJ�LQ�&KDSWHU����,W�LV�DUJXHG�WKDW�JOREDO�ZDUPLQJ�LV�D�SUREOHP�IRU�HYHU\ERG\�
WKH� ULFK� DQG� WKH� SRRU�� WKH� QRUWK� DQG� WKH� VRXWK�� &RRSHUDWLRQ� DQG� SDUWLFLSDWLRQ
HQGHDYRXULQJ� WR� FRQWURO� FDUERQ� HPLVVLRQV� DUH� YLWDO�� DQG� VROXWLRQV� VKRXOG� QRW� EH
UHVWULFWHG�WR�D�VSHFLILF�JURXS�RI�FRXQWULHV��%XW��HTXLW\�SULQFLSOHV�FDQQRW�EH�RYHUORRNHG
HLWKHU�� DQG� WKH� QRUWK�VRXWK� DJHQGD� IRU� FRRSHUDWLRQ� KDV� WR� EH� EDVHG� RQ� IDLUQHVV�
&RQWUROOLQJ�WKH�SUREOHP�RI�JUHHQKRXVH�JDVHV�DW�WKH�FRVW�RI�LQFUHDVLQJ�GLVSDULW\�EHWZHHQ
GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV�LV�QRW�D�SRVLWLYH�DFKLHYHPHQW�

(FRQRPLF�LQVWUXPHQWV�KDYH�D�FUXFLDO�UROH�LQ�DQ�HIILFLHQW�FRRSHUDWLRQ�EHWZHHQ�GHYHORSHG
DQG�GHYHORSLQJ�FRXQWULHV��7KH�XVH�RI�WKHVH�HFRQRPLF�LQVWUXPHQWV��FDUERQ�WD[HV��RIIVHWV
DQG� WUDGDEOH� SHUPLWV�� LQ� WKH� FRQWURO� RI� &2�� HPLVVLRQV� LV� DQDO\VHG� LQ� &KDSWHU� ��� 7KH
SUHVHUYDWLRQ� RI� WURSLFDO� IRUHVWV� DV� FDUERQ� SRROV� FDQ� EH� HQFRXUDJHG� LI� LQGXVWULDOL]HG
FRXQWULHV� SURYLGH� HFRQRPLF� LQFHQWLYHV� WR� 
LPSRUW
� WKHVH� HQYLURQPHQWDO� VHUYLFHV�ZKLFK
WRGD\�DUH�JLYHQ�IRU�IUHH�

+RZHYHU��WKHUH�DUH�PDQ\�LVVXHV�WKDW�VWLOO�QHHG�WR�EH�DGGUHVVHG��$OORFDWLRQ�RI�HPLVVLRQ
ULJKWV�� GHILQLWLRQ� RI� FRPSHQVDWLRQ� YDOXHV�� WKH� SRVVLELOLW\� RI� IUHH� ULGLQJ� E\� QRQ�
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FRRSHUDWLYH�FRXQWULHV��HQIRUFHPHQW��VHWWOHPHQW�RI�GLVSXWHV�DQG�RWKHU�FRQFUHWH�SUREOHPV
DUH�LPSRUWDQW�LQVWLWXWLRQDO�GLIILFXOWLHV�LQ�WKH�LPSOHPHQWDWLRQ�RI�PXOWLODWHUDO�SURJUDPPHV�
(YHQ� WKRXJK� WKHUH�KDYH�EHHQ� FRQVLGHUDEOH� DGYDQFHV� LQ� UHFHQW� WLPHV�� UHVHDUFK� LQ� WKHVH
WRSLFV�UHPDLQV�LPSRUWDQW�

2QH� VSHFLILF� UHVHDUFK� WRSLF� ZDV� GHYHORSHG� PRUH� FDUHIXOO\²WKH� SURSHU� HYDOXDWLRQ� RI
IRUHVW�� 7R� EH� HIIHFWLYH�� DQ\� FRPSHQVDWLRQ� LQVWUXPHQW� VKRXOG� EH� EDVHG� RQ� D� UHDOLVWLF
YDOXDWLRQ�RI�WKH�HFRQRPLF�SRWHQWLDO�RI�WKH�IRUHVWV�WR�EH�SUHVHUYHG��1HYHUWKHOHVV��VRPH�RI
WKH� FXUUHQW� SURSRVDOV� DUH� EDVHG� RQ� WKH� K\SRWKHVLV� WKDW� ODQG� SULFHV� UHIOHFW� WKH� WUXH
RSSRUWXQLW\�FRVW�RI�ODQG��2QH�LPSRUWDQW�ILQGLQJ�RI�WKLV�VWXG\�LV�WKDW�WKLV�SURFHGXUH�GRHV
QRW� UHVSHFW� WKH� SULQFLSOH� RI� HTXLW\�� 7KH� LPSOHPHQWDWLRQ� RI� FRPSHQVDWLRQV� EDVHG� RQ
DFWXDO�ODQG�SULFHV�ZLOO�LQGXFH�WKH�EHQHILWV�DFFUXLQJ�WR�WKH�LQGXVWULDOL]HG�ZRUOG�WR�H[FHHG
WKH�EHQHILWV�RI� WKH�FRXQWULHV� WKDW�ZRUN�HIIHFWLYHO\� WR�FRQWURO�FDUERQ�HPLVVLRQV��7KLV� LV
VKRZQ�LQ�WKH�H[HUFLVHV�FDUULHG�RXW�IRU�WKH�$PD]RQ��7KH�ULVN�RI�VXFK�D�VLWXDWLRQ�LV�WKDW�
LQVWHDG�RI�D�WUXH�ZLQ�ZLQ�VROXWLRQ��WKH�ZHDOWK�FRQFHQWUDWLRQ�SUREOHP�LV�SHUSHWXDWHG�WR�D
JOREDO�VFDOH��&KDSWHU����

�� 32/,&<�352326$/6

��� *OREDO�FRRSHUDWLRQ

*OREDOL]DWLRQ� WUHQGV� DQG� D� VKLIW� LQ� IRUHVWU\� DFWLYLWLHV� DQG� IRUHVW� LQGXVWU\� LQYHVWPHQWV
IURP�WKH�QRUWK�WR�WKH�VRXWK�EULQJ�QHZ�FKDOOHQJHV�WR�ERWK�KHPLVSKHUHV��&RXQWULHV�RI�WKH
VRXWK�DQG�QRUWK�DUH�UDWKHU�GLYHUVH��DQG�DUH�IDFHG�ZLWK�GLIIHUHQW�FKDOOHQJHV��7KH�GLYHUJLQJ
LQWHUHVWV�RI�WKH�KHPLVSKHUHV�ZLWK�UHJDUG�WR�JOREDO�IRUHVW�SROLF\�ZHUH�ILUVW�KLJKOLJKWHG�LQ
WKH� OHQJWK\� QHJRWLDWLRQV� SUHFHGLQJ� WKH� IRUHVWU\� SULQFLSOHV� RI� WKH� 5LR� 81&('
&RQIHUHQFH�LQ������

$W� WKDW� WLPH�� WKH� PDLQ� WKHPH� ZDV� WKH� FRQWURO� RI� WURSLFDO� GHIRUHVWDWLRQ� YLD� D� OHJDOO\
ELQGLQJ�JOREDO�IRUHVW�FRQYHQWLRQ��%XW�DV�LV�SRLQWHG�RXW�LQ�WKLV�VWXG\��LQVWHDG�RI�D�JOREDO
IRUHVW� FRQYHQWLRQ�� WKH� 5LR� PHHWLQJ� ILQDOO\� DJUHHG� XSRQ� YROXQWDU\� IRUHVWU\� SULQFLSOHV�
1HYHUWKHOHVV��WKH�FRQVHQVXV�DFKLHYHG�RQ�WKHVH�SULQFLSOHV�KDV�DOUHDG\�KDG�D�VWURQJ�HIIHFW
RQ� IRUHVWU\�SDUDGLJPV�DQG�RQ�SUDFWLFDO� DSSOLFDWLRQV�RI� VXVWDLQDEOH� IRUHVW�PDQDJHPHQW�
HVSHFLDOO\�LQ�WKH�QRUWK�EXW�JUDGXDOO\�DOVR�LQ�WKH�VRXWK�

7KH� ,3)� DQG� ,))� SURFHVVHV� KDYH�ZLWQHVVHG� VRPH� VKLIWLQJ� LQ� WKH� SROLWLFDO� DUHQD�� DV� LV
HYLGHQFHG� E\� WKH�ZLOOLQJQHVV� RQ� WKH� SDUW� RI� SUHYLRXVO\� UHOXFWDQW� FRXQWULHV� WR� FRQVLGHU
DQG� WR� VXSSRUW� DQ� LQWHUQDWLRQDO� FRQYHQWLRQ�� 7KH� UHVLVWDQFH� VHHQ� HDUOLHU� WR� HIIRUWV� WR
H[WHQG�LQWHUQDWLRQDO�IRUHVW�SROLF\�LV�VWLOO�VWURQJ��1DWLRQDO�VRYHUHLJQW\��DQG�ILQDQFLDO�DQG
WUDGH�UHODWHG�LVVXHV�VWLOO�VWDQG�EHWZHHQ�WKH�LQWHUQDWLRQDO�FRPPXQLW\�DQG�D�FRQVHQVXV�RQ
IRUHVWV�

7KLV�UHVHDUFK�SURMHFW�KDV�VKRZQ�WKDW� WKHUH�DUH�D�QXPEHU�RI�JOREDO�IRUHVW�SROLF\�UHODWHG
RSWLRQV�WR�SURPRWH�WKH�DLPV�RI�ERWK�WKH�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH�DQG
WKH� )RUHVWU\� 3ULQFLSOHV� RI� 5LR� �81&('��� 0RUHRYHU�� WKH� QDWLRQDO� VRYHUHLJQW\� RI
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LQGLYLGXDO� QDWLRQV� WR� H[SORLW� WKHLU� RZQ� QDWXUDO� UHVRXUFHV� DQG� WR� LPSOHPHQW� QDWLRQDO
IRUHVW�DQG�HQYLURQPHQWDO�SROLFLHV�LV�DOVR�UHFRJQL]HG��+RZHYHU��WKLV�UHSRUW�LQGLFDWHV�WKDW
XQOHVV� VLJQLILFDQW� SROLF\� UHIRUPV� DUH� PDGH�� WURSLFDO� GHIRUHVWDWLRQ� FRQWLQXHV� DQG�
DFFRUGLQJ�WR�RXU�VFHQDULRV��VXFK�JOREDO�FRPPRQV�DV�FDUERQ�UHVHUYRLUV�DQG�VLQNV�DV�ZHOO
DV�WKH�UDQJH�RI�ELRGLYHUVLW\�DUH�WKUHDWHQHG��(YHQ�WKRXJK�PRVW�RI�WKH�FDXVHV�XQGHUO\LQJ
GHIRUHVWDWLRQ� UHVW� LQ� WKH� KDQGV� RI� JRYHUQPHQWV�� WKH� SROLWLFDO� ZLOO� RI� QDWLRQDO
JRYHUQPHQWV�IRU�ODUJH�VFDOH�GHFHOHUDWLRQ�RI�GHIRUHVWDWLRQ�VHHPV�WR�EH�PLVVLQJ�

(IIRUWV�ZHUH�PDGH�GXULQJ� WKH�����V� IRU�D�JOREDO� IRUHVW� FRQYHQWLRQ��EXW� VR� IDU�ZLWKRXW
VXFFHVV�� $� IHZ� GUDIW� FRQYHQWLRQV�� KRZHYHU�� KDYH� EHHQ� FUHDWHG� �+XPSKUH\V� �����
$QQH[HV�$��'���$� VSHFLILF� VWXG\�ZDV� DOVR� SUHSDUHG� IRU� WKH� (XURSHDQ�&RPPXQLW\� RQ

2SWLRQV�IRU�VWUHQJWKHQLQJ�WKH�LQWHUQDWLRQDO�OHJDO�UHJLPH�IRU�IRUHVWV
��*O�FN�HW�DO��������
,Q� DGGLWLRQ� WR� ,))
V� SURSRVDOV� ZKLFK� DUH� H[SHFWHG� E\� )HEUXDU\� ������ WKH
,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&��LV�ZRUNLQJ�WR�FODULI\�VWDWH�RI�WKH�DUW
DVVHVVPHQWV�UHJDUGLQJ�WKH�LPSDFWV�RI�ODQG�XVH�FKDQJHV�DQG�IRUHVWU\�RQ�WKH�FDUERQ�F\FOH�
0RUHRYHU�� ,3&&�KDV�DQ� LPSRUWDQW�JOREDO� UROH�ZLWK� UHJDUG� WR� WKH� IXWXUH�DQG�VKRXOG�� LQ
RXU� RSLQLRQ�� VWULYH� WR� VXSSRUW� PRUH� UHVHDUFK� RQ� WKH� IXQFWLRQV� RI� WKH� ZRUOG� IRUHVWV� LQ
JOREDO�ZDUPLQJ�

��� &DUERQ�EDODQFH�FRQWURO

7KH�HVVHQWLDO�PHVVDJH�RI�WKH�WZR�VFLHQWLILF�DVVHVVPHQWV�E\�,3&&�������DQG�������LV�WKDW
FDUERQ�GLR[LGH�UHPDLQV�WKH�PRVW�LPSRUWDQW�DQWKURSRJHQLF�FRQWULEXWRU�WR�FOLPDWH�FKDQJH�
,Q�,3&&
V�VHFRQG�DVVHVVPHQW��IRUHVWU\�SUDFWLFHV�DUH�PHQWLRQHG�DV�D�PHDQV�RI�SURPRWLQJ
VXVWDLQDEOH�PDQDJHPHQW�RI�IRUHVWV�DQG��DW�WKH�VDPH�WLPH��RI�FRQVHUYLQJ�DQG�VHTXHVWHULQJ
FDUERQ��$PRQJ� WKH� SUDFWLFHV� UHFRPPHQGHG�ZHUH� YDULRXV�PDQDJHPHQW� DSSURDFKHV� IRU
FRQVHUYDWLRQ��HPLVVLRQV�SUHYHQWLRQ���IRU�FDUERQ�VWRUDJH��VKRUW�UDQJH�PHDVXUHV�RYHU�WKH
QH[W����\HDUV�RU�VR��DQG�IRU�VXEVWLWXWLRQ��ORQJ�WHUP�PHDVXUHV��

,W� KDV� EHHQ� VWDWHG� WKDW� WKH� PRVW� FRVW�HIILFLHQW� FDUERQ� FRQVHUYDWLRQ� ZRXOG� RFFXU� E\
UHGXFLQJ�WKH�UDWH�RI�WURSLFDO�GHIRUHVWDWLRQ�DQG�IRUHVW�GHJUDGDWLRQ��7KLV�FDQ�EH�GRQH�ZLWK
VWRUDJH�PDQDJHPHQW�ZKLFK�PHDQV�LQFUHDVLQJ�WKH�DPRXQW�RI�FDUERQ�VWRUHG�LQ�YHJHWDWLRQ�
VRLO�� DQG� GXUDEOH� ZRRG� SURGXFWV�� 2QH� FRPSOHPHQWDU\� DSSURDFK� LV� WR� HVWDEOLVK
SODQWDWLRQV��6XEVWLWXWLRQ�PDQDJHPHQW��RQ�WKH�RWKHU�KDQG��LQYROYHV�H[WHQGLQJ�WKH�XVH�RI
IRUHVWV�IRU�ZRRG�SURGXFWV�DQG�IXHOV��,Q� WKH�ORQJ�UDQJH��PRUH�WKDQ����\HDUV�RU�VR��� WKLV
ZRXOG� RIIHU� D� PRUH� HIILFLHQW� VWUDWHJ\� WKDQ� WHUUHVWULDO� FDUERQ� VWRUDJH�� ZKLFK� LQ� WLPH
UHDFKHV�D�VDWXUDWLRQ�SRLQW��+RZHYHU��IRUHVWHU\�UHJLPHV�WR�FRQVHUYH�DQG�LQFUHDVH�FDUERQ
VWRUDJH�RIIHU�DQ�HIIHFWLYH�PLWLJDWRU\�RSWLRQ�GXULQJ�D�WUDQVLWLRQ�SHULRG�WKDW�FDQ�WDNH�PDQ\
GHFDGHV�WR�VWDELOL]H�DWPRVSKHULF�FRQFHQWUDWLRQ�RI�FDUERQ�

6ROEHUJ� ������� VKRZV� WKH� SRWHQWLDOO\� KLJK� HFRQRPLF� YDOXH� RI� LQFUHDVHG� FDUERQ
VHTXHVWUDWLRQ� RI� ERUHDO� IRUHVWV�� (TXDOO\� LPSRUWDQW�� KH� SRLQWV� WR� DQ� DUJXPHQW�ZKLFK� LV
RIWHQ�IRUJRWWHQ�LQ�WKLV�GHEDWH��WKDW��JLYHQ�WKH�XQFHUWDLQWLHV�UHJDUGLQJ�WKH�LPSDFW�RI�JOREDO
ZDUPLQJ��WKH�LQFUHDVHG�IRUHVW�VWRFNV�RI�FDUERQ�SURYLGH�IOH[LELOLW\��,I�PDQ
V�DFWLYLWLHV�DUH
XOWLPDWHO\�SURYHQ� WR�FDXVH�JOREDO�FOLPDWH�FKDQJH�� LQFUHDVHG� VWRFNV�RI� FDUERQ� LQ�ZRRG
ELRPDVV��DV�WUHHV�DQG�RU�IRUHVW�LQGXVWU\�SURGXFWV��ZLOO�KDYH�D�ORQJ�UDQJH�SRVLWLYH�HIIHFW
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LQ� ORZHULQJ� WKH� TXDQWLWLHV� RI� DWPRVSKHULF�&2��� � 7KLV� SURYLGHV� H[WUD� WLPH� WR� LQWURGXFH
QHZ� HQHUJ\� WHFKQRORJLHV� RU� RWKHU� PHDVXUHV� WR� GHFUHDVH� WKH� HPLVVLRQ� RI� JUHHQKRXVH
JDVHV��,Q�DGGLWLRQ��WKH�LQFUHDVHG�VWRFNV�RI�URXQGZRRG�ZLOO�PRVW�OLNHO\�ORZHU�WKH�SULFH�RI
ZRRG��WKHUHE\�DGGLQJ�GHPDQG�IRU�ELRHQHUJ\�DQG�ZRRG�SURGXFWV��DQG�WKXV�FRQWULEXWLQJ
WR�D�VRFLHW\�EDVHG�RQ�UHQHZDEOH�HQHUJ\�UHVRXUFHV�LQVWHDG�RI�IRVVLO�IXHOV�

%XW� LQ� WUDQVIRUPLQJ� WKH� SUHVHQW� UDSLG� UDWH� RI� GHIRUHVWDWLRQ� WR� VXVWDLQDEOH� IRUHVWU\
PDQDJHPHQW�� D� FRQWURYHUV\� RI� JOREDO� YHUVXV� QDWLRQDO� LQWHUHVWV� H[LVWV�� 7KH� EHQHILWV� RI
FDUERQ� VHTXHVWUDWLRQ� DQG� ELRGLYHUVLW\� VXVWDLQDELOLW\� DUH� SULPDULO\� JOREDO�� EXW� WKH� FRVWV
DUH� QDWLRQDO� DQG� ORFDO�� 6XFK� FRXQWULHV� DV� *X\DQD�� 6XULQDP�� 3DSXD� 1HZ� *XLQHD� DQG
*DERQ�ZKLFK� DUH� VWLOO� DOPRVW� HQWLUHO\� XQGHU� IRUHVW� FRYHU�� PD\� KDYH� VSHFLILF� ODQG�XVH
SROLFLHV� WR� GHFUHDVH� WKHLU� IRUHVW� DUHDV� IRU� FRQYHUVLRQ� WR� VRPH� RWKHU� ODQG� XVHV�� ,I� WKH
JOREDO� FRPPXQLW\� ZDQWV� WR� SUHYHQW� WKH� LPSOHPHQWDWLRQ� RI� VXFK� QDWLRQDO� SROLFLHV�
HIIHFWLYH�FRPSHQVDWLRQ�SURJUDPPHV�QHHG�WR�EH�FUHDWHG�

6RPH�LQWHUQDWLRQDO�ERGLHV��IRU�H[DPSOH�)$2�DQG�WKH�:RUOG�%DQN��FRXOG�EH�PRWLYDWHG
WR� RUJDQL]H� SROLF\� ZRUNVKRSV� ZKHUH� VFHQDULR�PDNLQJ� UHVHDUFKHUV� ZRXOG� PHHW� SROLF\
PDNHUV�� 9DULRXV� VFHQDULRV�� VXFK� DV� WKH� RQHV� LQWURGXFHG� LQ� WKLV� SXEOLFDWLRQ�� FRXOG� EH
GLVFXVVHG� DQG� HYDOXDWHG� E\� SROLF\� PDNHUV� DQG� QHZ� VFHQDULRV� ZLWK� DOWHUQDWLYH
DVVXPSWLRQV�FRXOG�EH�SURGXFHG��6XFK�ZRUNVKRSV�FRXOG�EH�XVHIXO�OHDUQLQJ�SURFHVVHV�IRU
DOO�SDUWLHV�DQG�LPSURYH�ERWK�IXWXUH�UHVHDUFK�DQG�SROLFLHV�

��� 3ODQWDWLRQ�IRUHVWV

0HU\� DQG�.DQQLQHQ� �LQ� WKLV� YROXPH��GHVFULEH�KRZ� WKH�GHYHORSPHQW�SDWK� IROORZHG� E\
&KLOH�KDV�OHG�WR�D�WZR�IDFHG�IRUHVW�VHFWRU��RQ�WKH�RQH�VLGH��G\QDPLF�GHYHORSPHQW�RI�WKH
SODQWDWLRQ�EDVHG�IRUHVW�LQGXVWULHV�LV�HYLGHQW��ZKLOH�RQ�WKH�RWKHU��WKH�FRXQWU\�LV�KDPSHUHG
E\�LWV�EDFNZDUG�SHUFHSWLRQ�RI�QDWXUDO�IRUHVWV�DQG�LWV�OHVV�WKDQ�HIILFLHQW�LQGXVWU\�EDVHG�RQ
WKHVH�IRUHVWV��:KHWKHU�WKLV�VWUDWHJ\�FRQVWLWXWHV�D�VXVWDLQDEOH�DSSURDFK�WR�GHYHORSPHQW�LV
D�PDWWHU�RI�GHEDWH��$W�OHDVW�RQ�WKH�SDUW�RI�QDWXUDO�IRUHVW�PDQDJHPHQW��WKLV�GHYHORSPHQW
LQ� UHFHQW� \HDUV� FOHDUO\� LV� QRW� VXVWDLQDEOH��%XW� XQIRUWXQDWHO\� D� QXPEHU� RI� FRXQWULHV� DUH
IROORZLQJ�D�VLPLODU�SDWK��7KLV�LVVXH��KDYLQJ�JOREDO�UHOHYDQFH��VKRXOG�EH�VWXGLHG�PRUH�

7KH� &KLOHDQ� VFHQDULRV� RI� UDGLDWD� SLQH� VKRZ� WKDW� SODQWDWLRQ� IRUHVWU\�� ZKHUH� WKH� PDLQ
REMHFWLYH� LV� WR� SURGXFH�PDWHULDO� IRU� IRUHVW� LQGXVWULHV�� KDV� D� SRVLWLYH� HIIHFW� RQ� FDUERQ
EDODQFH��8QGHU� WKH� 
VLOYLFXOWXUDO�RSWLPXP
�DQG� 
FRQVHUYDWLYH�PDQDJHPHQW
�VFHQDULRV�� LQ
ZKLFK�UHODWLYHO\�ORQJ�URWDWLRQV�DUH�XVHG��WKH�FDUERQ�SRRO�LQ������LV�DSSUR[LPDWHO\�WZLFH
WKH� ����� OHYHO�� (YHQ� XQGHU� WKH� 
DJJUHVVLYH
� IRUHVW�PDQDJHPHQW� VFHQDULRV�ZLWK� VKRUWHU
URWDWLRQV�DQG�H[WUDFWLRQ�RI�UDZ�PDWHULDO�LQ�JUHDWHU�TXDQWLWLHV��WKH�FDUERQ�SRRO�LQFUHDVHV
E\� DSSUR[LPDWHO\� ��� SHU� FHQW�� 7KLV� FDVH� LOOXVWUDWHV� WKH� 
EDVH�OLQH
� SUREOHP� LQ� FDUERQ
DFFRXQWLQJ��DQ�LVVXH�ZKLFK�DOVR�QHHGV�PRUH�UHVHDUFK�



��

��� 6XVWDLQDEOH�IRUHVW�PDQDJHPHQW

7KH� IRUHVW� VHFWRU� RIIHUV� PDMRU� RSSRUWXQLWLHV� IRU� VXVWDLQDEOH� GHYHORSPHQW�� 7KH� ILUVW
SULRULW\� VKRXOG� EH� WR� DGRSW� D� PRUH� EDODQFHG� DSSURDFK� LQ� ZKLFK� WKH� SRWHQWLDO� RI
SODQWDWLRQ�IRUHVWU\�DQG�UDWLRQDO�PDQDJHPHQW�DQG�XWLOL]DWLRQ�RI�QDWXUDO� IRUHVWV�FRXOG�EH
FRPELQHG�DQG�FRPSOHPHQWHG��&DUERQ�SROLF\�WR�SURPRWH�WKH�PLWLJDWLRQ�RI� WKH�EXLOG�XS
RI� DWPRVSKHULF� FDUERQ� GLR[LGH� QHHGV� WR� EH� LQWHJUDWHG� LQ� IRUHVW� VHFWRU� VWUDWHJ\� IRU
VXVWDLQDEOH�GHYHORSPHQW�

7KLV�LQWHJUDWLRQ�LV�FHQWUDO�EHFDXVH�LW�LV�XQUHDOLVWLF�WR�H[SHFW�IRUHVWV�WR�EH�PDQDJHG�VROHO\
IRU� FDUERQ� VHTXHVWUDWLRQ� SXUSRVHV�� 2Q� WKH� FRQWUDU\�� IRUHVWV� PXVW� DOVR� EH� PDQDJHG²
DOEHLW� VXVWDLQDEO\²IRU� WKHLU� WUDGLWLRQDO� HFRQRPLF� UHZDUGV�� 7KH� WUDQVLWLRQ� WRZDUGV
VXVWDLQDEOH� IRUHVWU\� LV� H[SHFWHG� WR� FRQWULEXWH� QRW� RQO\� WR� LQFUHDVLQJ� WKH� FDUERQ� VLQN
HIIHFWV��EXW�DOVR�WR�KDOWLQJ�VLJQLILFDQW�QHW�DGGLWLRQV�RI�FDUERQ�LQWR�WKH�DWPRVSKHUH�FDXVHG
E\�GHIRUHVWDWLRQ�DQG�RWKHU�QRQ�VXVWDLQDEOH�IRUHVWU\�SUDFWLFHV�

7KH� UHVXOWV� RI� WKLV� VWXG\� LOOXVWUDWH� WKDW� WURSLFDO� IRUHVWU\� RIIHUV� D� QXPEHU� RI� LQWHUHVWLQJ
FDUERQ�VHTXHVWUDWLRQ�RSWLRQV�WKDW�DUH�HQYLURQPHQWDOO\�DFFHSWDEOH�DQG�WKDW��LQ�DGGLWLRQ�WR
WKHLU� FDUERQ� RIIVHWWLQJ� EHQHILWV�� DOVR� SURGXFH� KLJK� HFRQRPLF� UHWXUQV�� 2QH� PDLQ
FKDOOHQJH� LV� WR� VHW� XS� WKH� LQVWLWXWLRQDO� DUUDQJHPHQWV� DW� WKH� LQWHUQDWLRQDO� OHYHO� VR� WKDW
WKHVH� RSWLRQV� DUH� RSWLPDOO\� LPSOHPHQWHG�� WR� WKH� EHQHILW� RI� DOO�PDLQ� LQWHUHVWHG� JURXSV
LQYROYHG�� :H� UHFRPPHQG� WKDW� WKHVH� 
QR�UHJUHW
� IRUHVWU\� RSWLRQV� EH� SULRULWL]HG� IRU
LPSOHPHQWDWLRQ�LQ�ERWK�WURSLFDO�DQG�QRQ�WURSLFDO�FRXQWULHV�

-RLQW�LPSOHPHQWDWLRQ�RI�WKHVH�RSWLRQV�E\�WKH�QRUWK�DQG�VRXWK�SURGXFHV�DQ�LQWHUQDWLRQDO
ZLQ�ZLQ� VROXWLRQ�� 7UDGDEOH� SHUPLWV� DQG� RWKHU� ILQDQFLDO� LQVWUXPHQWV� DUH� H[DPSOHV� RI
SRWHQWLDOO\� HIIHFWLYH� SROLF\�PHDVXUHV� DYDLODEOH� IRU� JOREDO� XVH� LQ� WKH� FRQWURO� RI� FDUERQ
GLR[LGH�� 7KH� IROORZ�XS� RI� WKH� LQWHUQDWLRQDO� FRQYHQWLRQV� RI� FOLPDWH� FKDQJH
LPSOHPHQWDWLRQ� LQ� .\RWR�� %XHQRV� $LUHV� DQG� %RQQ� KDV� QRW� VSHFLILHG� DQG� DGHTXDWHO\
YDOLGDWHG�WKH�YDULRXV�SROLF\�LQVWUXPHQWV�DYDLODEOH��)RU�WKH�QH[W�PHHWLQJ��KRZHYHU��PRUH
UHVHDUFK�ILQGLQJV�DQG�SROLF\�SURSRVDOV�ZLOO�EH�DFFHVVLEOH�

127(6

��7KH�DXWKRUV�ZKLFK� WR�DFNQRZOHGJH�$OH[DQGHU�+RUVW� �*HUPDQ\��DQG�)HUJDO�0XOOR\� �,UHODQG�� IRU� WKHLU
KHOSIXO�FRPPHQWV�
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5()(5(1&(6

)$2���������)RUHVWU\�6WDWLVWLFV�7RGD\�IRU�7RPRUURZ��5RPH��)$2�����

)$2���������6WDWH�RI�WKH�:RUOG
V�)RUHVWV��5RPH��)$2�

*O�FN��3���5��7DUDVRIVN\��1��%\URQ�DQG�,��7LNNDQHQ���������2SWLRQV� IRU�6WUHQJWKHQLQJ
WKH�,QWHUQDWLRQDO�/HJDO�5HJLPH�IRU�)RUHVWV��-RHQVXX��(XURSHDQ�)RUHVW�,QVWLWXWH�

+XPSKUH\V�� '�� �������� 7KH� (YROXWLRQ� RI� ,QWHUQDWLRQDO� &RRSHUDWLRQ�� )RUHVW� 3ROLWLFV�
/RQGRQ��(DUWKVFDQ������

,3&&���������&OLPDWH�&KDQJH��7KH�,3&&�6FLHQWLILF�$VVHVVPHQW��&DPEULGJH��&DPEULGJH
8QLYHUVLW\�3UHVV�

,3&&� �������� 7KH� 6FLHQFH� RI� &OLPDWH� &KDQJH�� ,3&&� 6HFRQG� $VVHVVPHQW� 5HSRUW�
9ROXPH����&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

,3)� �������� 
$� EULHI�$QDO\VLV� RI� ,3(��
�� (1%�������� $YDLODEOH� RQ� +WWS���ZZZ�LLVG�FD
�OLQNDJHV�YRO�����������H�KWPO��6HSWHPEHU�������

3DOR��0�� DQG�*��0HU\� �HGV��� ��������6XVWDLQDEOH�)RUHVWU\�&KDOOHQJHV� IRU�'HYHORSLQJ
&RXQWULHV�� (QYLURQPHQWDO� 6FLHQFH� DQG� 7HFKQRORJ\� /LEUDU\� ���� 'RUGUHFKW�� 7KH
1HWKHUODQGV��.OXZHU�$FDGHPLF�3XEOLVKHUV�

3DOR��0��DQG�+��9DQKDQHQ��HGV����IRUWKFRPLQJ���)RUHVW�7UDQVLWLRQ�DQG�'HIRUHVWDWLRQ�±
*OREDO� 3HUVSHFWLYHV��:RUOG� )RUHVWV�� 9ROXPH� ��� 'RUGUHFKW�� 7KH� 1HWKHUODQGV�� .OXZHU
$FDGHPLF�3XEOLVKHUV�

6ROEHUJ�� %�� �������� 
)RUHVW� %LRPDVV� DV� &DUERQ� 6LQN±(FRQRPLF� 9DOXH� DQG� )RUHVW
0DQDJHPHQW�3ROLF\� ,PSOLFDWLRQV
�� &ULWLFDO� 5HYLHZ� RI� (QYLURQPHQWDO� 6FLHQFH� DQG
7HFKQRORJ\������6SHFLDO����������

81� �8QLWHG� 1DWLRQV�� �������� 8QLWHG� 1DWLRQV� )UDPHZRUN� &RQYHQWLRQ� RQ� &OLPDWH
&KDQJH��1HZ�<RUN��81�����

81&6'��81�&RPPLVVLRQ�RQ�6XVWDLQDEOH�'HYHORSPHQW����������
3URSRVHG�3URJUDPPH
RI� :RUN� RI� WKH� ,QWHUJRYHUQPHQWDO� )RUXP� RQ� )RUHVWV
�� $GYDQFH� XQHGLWHG� GUDIW� RI� �
$XJXVW��1HZ�<RUN��81&6'����

81(3� �������� *OREDO� %LRGLYHUVLW\� $VVHVVPHQW�� &DPEULGJH�� &DPEULGJH� 8QLYHUVLW\
3UHVV�������
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6&(1$5,26�21�7523,&$/�'()25(67$7,21�$1'�&$5%21�)/8;(6

0DWWL�3DOR��(UNNL�/HKWR�DQG�5DLMD�5LLWWD�(QURWK

�� ,1752'8&7,21

��� 7KH�SUREOHP

7KH� DWPRVSKHULF� FRQFHQWUDWLRQV� RI� JUHHQKRXVH� JDVHV�� ZLWK� FDUERQ� GLR[LGH� �&2��� DQG
PHWKDQH� �&+��� DV� SULQFLSDO� FRPSRQHQWV�� KDYH� EHHQ� LQFUHDVLQJ� VWHDGLO\� RYHU� WKH� ODVW
FHQWXU\�RU�VR�ZLWK�WKH�OLNHO\�FRQVHTXHQFH�RI�FKDQJHV�LQ�JOREDO�FOLPDWH�WKURXJK�WKH�VR�
FDOOHG� JUHHQKRXVH� HIIHFW�� ,QFUHDVHV� LQ� WKHVH� JDVHV� DUH� WKH� GLUHFW� UHVXOW� RI� FRPEXVWLQJ
IRVVLO� IXHOV�� FHUWDLQ� LQGXVWULDO� SURFHVVHV�� DQG� LQWHUYHQWLRQV� LQ� WKH� JOREDO� FDUERQ� F\FOH
VXFK�DV�GHIRUHVWDWLRQ�RU�RWKHU�FKDQJHV�LQ�ODQG�FRYHU�

7URSLFDO� IRUHVWV� KDYH� EHHQ� SURYHQ� WR� EH� UHODWLYHO\� ODUJH� QHW� FDUERQ� VRXUFHV�� &DUERQ
IOX[HV� LQ� ����� IURP� WURSLFDO� GHIRUHVWDWLRQ� DUH� HVWLPDWHG� WR� EH� ��������� *7�D
���*7� �ELOOLRQ� WRQV�  � �3J�  �����J��� 7KLV� LV� HTXLYDOHQW� WR� DOPRVW� ��� SHU� FHQW� RI� WKH
DQQXDO�HPLVVLRQV� UHVXOWLQJ�IURP�WKH�XVH�RI� IRVVLO� IXHOV� �%URZQ��������7KHUH�DUH�PDQ\
UHDVRQV� WR� DVVXPH� WKDW� WKLV� HVWLPDWH� PD\� EH� HYHQ� ODUJHU� EHFDXVH� RI� XQFHUWDLQWLHV� LQ
GHWHUPLQLQJ�WKH�UDWHV�RI�GHIRUHVWDWLRQ�DQG�IRUHVW�GHJUDGDWLRQ��DQG�WKH�IDWH�RI�GHIRUHVWHG
ODQG��ZKLFK�VXEVHTXHQWO\�UHVXOWV�LQ�WKH�FDUERQ�SRROV�RI�IRUHVWV�EHLQJ�HOLPLQDWHG��%URZQ
HW�DO��������

8QFHUWDLQW\�LQ�WKH�JOREDO�DVVHVVPHQW�RI�WKH�LPSDFWV�RI�GHIRUHVWDWLRQ�IRU�&2��HPLVVLRQV
DQG�ELRGLYHUVLW\�ORVV��IRU�H[DPSOH��LV�SDUWLDOO\�FDXVHG�E\�WKH�ODFN�RI�FRPSUHKHQVLYH�GDWD
RQ� WKH� UDWH� RI� GHIRUHVWDWLRQ� LWVHOI�� 7URSLFDO� GHIRUHVWDWLRQ� LV� D� GLYHUVH� SKHQRPHQRQ�
&DXVHV�DQG�FRQVHTXHQFHV�DUH�LQWHUOLQNHG��DQG�LW�LV�GLIILFXOW�WR�DVVHVV�WKH�UHODWLYH�HIIHFW�RI
WKH�YDULRXV�DJHQWV�RQ�GHIRUHVWDWLRQ��+RZHYHU��VLQFH� WKH�����V�PRUH� UHVHDUFK�KDV�EHHQ
IRFXVHG� RQ� WKH� FDXVHV� RI� GHIRUHVWDWLRQ� DV�ZHOO� DV� RQ� WKH� LPSDFWV� RI� WKH� SURFHVV� �H�J�
%URZQ�DQG�3HDUFH�������/DPELQ�������3DOR�DQG�0HU\�������.DLPRZLW]�DQG�$QJHOVHQ
������

��� 3XUSRVH�RI�WKLV�VWXG\

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�PDNH�VFHQDULR�DQDO\VHV�RQ�WURSLFDO�GHIRUHVWDWLRQ�DQG�LWV
FRQVHTXHQFHV� WR� FDUERQ� IOX[HV��7KH� WLPH� KRUL]RQ� RI� RXU� VFHQDULR�PRGHOV� LQ� WKH� VKRUW
UDQJH�ZLOO�EH�WR� WKH�\HDU������DQG�WR������LQ�WKH�ORQJ�UDQJH��7KH�UHVHDUFK�SUREOHP�LV
GLYLGHG�LQWR�WKUHH�FORVHO\�LQWHUUHODWHG�WDVNV�DV�IROORZV�



��

L�� HVWLPDWLQJ� WUHQG� PRGHOV� DQG� PXOWLSOH� UHJUHVVLRQ� PRGHOV� RQ� GHIRUHVWDWLRQ
VHSDUDWHO\�IRU�WURSLFDO�$IULFD��$VLD�DQG�/DWLQ�$PHULFD�

LL�� SURGXFLQJ�VFHQDULRV�RQ�WURSLFDO�GHIRUHVWDWLRQ��DV�EDVHG�RQ�WUHQGV�DQG�PXOWLSOH
UHJUHVVLRQ�PRGHOV��DQG

LLL�� ZLWK� WKH� DLG� RI� WKHVH� VFHQDULRV�� SURGXFLQJ� VFHQDULRV� RQ� FDUERQ� IOX[HV� DV� D
FRQVHTXHQFH�RI�WURSLFDO�GHIRUHVWDWLRQ�

:H�KDYH�UHVWULFWHG�RXU�DQDO\VLV�WR�FRYHU�QDWXUDO�IRUHVWV��ZKLFK�DUH�GHILQHG�DV�HFRV\VWHPV
ZLWK�D�PLQLPXP�RI����SHU�FHQW�FURZQ�FRYHU�RI�WUHHV�DQG�RU�EDPERR�RQ�D�SDUWLFXODU�ODQG
DUHD�� 1DWXUDO� IRUHVWV� DUH� JHQHUDOO\� DVVRFLDWHG� ZLWK� LQGLJHQRXV� ZLOG� IORUD�� IDXQD�� DQG
QDWXUDO�VRLO�FRQGLWLRQV��DQG�WKH\�DUH�QRW�VXEMHFW�WR�DJULFXOWXUDO�SUDFWLFHV��)$2������DQG
������

)RUHVW�SODQWDWLRQV�FRQVWLWXWH�DERXW�����SHU�FHQW�RI�DOO�WURSLFDO�QDWXUDO�IRUHVW�DUHDV��)$2
������ DQG� DUH� QRW� LQFOXGHG� LQ� WKH� DQDO\VLV�� EHFDXVH� WKH\� DUH� QRW� IXOO� VXEVWLWXWHV� IRU
QDWXUDO�IRUHVWV�DQG�EHFDXVH�WKHLU�WUDQVLWLRQ�SURFHVV�IROORZV�GLIIHUHQW�FDXVDO�PHFKDQLVPV�
$OVR�H[FOXGHG�IURP�WKLV�VWXG\�DUH�WUHHV�RXWVLGH�WKH�IRUHVW�DQG�LQ�SORWV�VPDOOHU�WKDQ����
KHFWDUHV�DV�ZHOO�DV�RWKHU�ZRRGHG�ODQG�

:H�OLPLW�WKH�GHILQLWLRQ�
GHIRUHVWDWLRQ
�WR�WKRVH�FKDQJHV�LQ�ODQG�FRYHU�ZKLFK�GHSOHWH�WKH
FURZQ�FRYHU�RI�QDWXUDO�IRUHVWV�WR�OHVV�WKDQ����SHU�FHQW�RI�IRUHVW�ODQG��$FFRUGLQJO\��RQ�WKH
RWKHU�KDQG��GHIRUHVWDWLRQ�LV�QRW�DSSOLHG�WR�IRUHVW�GHJUDGDWLRQ��ZKLFK�UHGXFHV�WKH�JURZLQJ
WUHH�VWRFN��DOWHUV�WKH�GLVWULEXWLRQ�RI�VSHFLHV��RU�PD\�GHJUDGH�WKH�VRLO�RI�D�IRUHVW�IRU�ZKLFK
WKH� GHILQLWLRQ� RI� 
QDWXUDO� IRUHVW
� ZRXOG� VWLOO� DSSO\�� 7\SLFDOO\�� IRUHVW� GHJUDGDWLRQ
WUDQVIRUPV�FORVHG�IRUHVW�LQWR�RSHQ�IRUHVW��)$2�������

)RUHVW� DUHD� LV� XVHG� LQ� WKH� GHIRUHVWDWLRQ�PRGHOOLQJ� LQVWHDG� RI� WUHH� ELRPDVV� RU� YROXPH
EHFDXVH� RI� JUHDWHU� UHOLDELOLW\�� /DWHU� LQ� WKH� FDUERQ� IOX[� VFHQDULRV��ZH� KDYH� DSSOLHG� WKH
VDPH�DYHUDJH�ELRPDVV�DQG�FDUERQ�FRQWHQWV�SHU�KHFWDUH�DV�LQ�VRPH�HDUOLHU�VWXGLHV�LQ�RUGHU
WR�PDLQWDLQ�D�EDVLV�IRU�FRPSDULVRQ��7KXV��IRUHVW�GHJUDGDWLRQ�KDV�DOVR�EHHQ�LQFRUSRUDWHG
LQ�WKH�VWXG\��6HFWLRQ������

2XU�VWXG\�LQFOXGHV����WURSLFDO�FRXQWULHV��)$2�������RI�ZKLFK����DUH�ORFDWHG�LQ�$IULFD�
��� LQ� $VLD� �DQG� 3DFLILF��� DQG� ��� FRXQWULHV� LQ� /DWLQ� $PHULFD� �DQG� WKH� &DULEEHDQ��� ,Q
������WKH\�FRPSULVHG�������PLOOLRQ�KHFWDUHV�RI�WURSLFDO�QDWXUDO�IRUHVWV�RU������SHU�FHQW
RI� WKH�WRWDO�IRUHVW�DUHD�LQ�DOO� WKH�ZRUOG
V����� WURSLFDO�FRXQWULHV��2XU�HPSLULFDO�GDWD�DUH
EDVHG�RQ�WKH�)25,6�GDWDEDVH�RI�WKH�7URSLFDO������)RUHVW�5HVRXUFHV�$VVHVVPHQW��)$2
������ZKLOH�WKH�
*OREDO�6\QWKHVLV
�RI�WZR�\HDUV�ODWHU��)$2�����D��LQFOXGHG�DQRWKHU���
VPDOO�WURSLFDO�FRXQWULHV�ZLWK�D�WRWDO�DGGLWLRQDO�QDWXUDO�IRUHVW�DUHD�RI����PLOOLRQ�KHFWDUHV�

�� 35(9,286�678',(6

:H�IRXQG�GLYHUJLQJ�UHVXOWV�RQ�WKH�UROH�RI�SRSXODWLRQ�SUHVVXUH�RQ�GHIRUHVWDWLRQ��2Q�WKH
RQH� KDQG�� VRPH� UHVHDUFKHUV� VD\� WKDW� QR� FRQYLQFLQJ� HYLGHQFH� KDV� EHHQ� IRXQG� ZKLFK



��

ZRXOG� LQGLFDWH� WKDW� SRSXODWLRQ� SUHVVXUH� LQFUHDVHV� GHIRUHVWDWLRQ� �%URZQ� DQG� 3HDUFH
������,3)��������2Q�WKH�RWKHU�KDQG��FHUWDLQ�VWXGLHV�VXSSRUW� WKH� WKHRU\� WKDW�SRSXODWLRQ
DQG�GHIRUHVWDWLRQ�DUH� UHODWHG��5HLV�DQG�*X]PDQ�������3DOR�DQG�/HKWR�������3DOR�DQG
9DQKDQHQ�� IRUWKFRPLQJ�� DQG� SRSXODWLRQ� SUHVVXUH� LV� IUHTXHQWO\� FLWHG� DV� D� FDXVH� RI
GHIRUHVWDWLRQ�� 3RSXODWLRQ� JURZWK�� E\� LQFUHDVLQJ� WKH� GHPDQG� IRU� IRRG� DQG� RWKHU
DJULFXOWXUDO� SURGXFWV�� SURPRWHV� WKH� FRQYHUVLRQ� RI� IRUHVW� ODQG� WR� RWKHU� XVHV�� 6LPLODUO\�
SRSXODWLRQ� JURZWK� DOVR� LQFUHDVHV� WKH� GHPDQG� IRU� IRUHVW� SURGXFWV� DQG� YDULRXV
LQIUDVWUXFWXUH�VHUYLFHV�WKDW�KDVWHQ�GHIRUHVWDWLRQ�

&KDQJHV�LQ�IDUPLQJ�V\VWHPV�DUH�DQ�LPSRUWDQW�PHGLDWLQJ�YDULDEOH�EHWZHHQ�GHPRJUDSKLF
FKDQJHV�DQG�GHIRUHVWDWLRQ�RU�IRUHVW�GHJUDGDWLRQ��7KH�DJUDULDQ�FKDQJH�FDQ�EH�FDWHJRUL]HG
DV� DJULFXOWXUDO� H[WHQVLILFDWLRQ�� DJULFXOWXUDO� LQWHQVLILFDWLRQ�� DQG� DJULFXOWXUDO� LQYROXWLRQ
�H�J��/DPELQ��������$FFRUGLQJ�WR�DJULFXOWXUDO�H[WHQVLILFDWLRQ�PRGHOV��LQFUHDVHG�GHPDQG
FDQ�HDVLO\�EH�VDWLVILHG�E\�H[SDQGLQJ�WKH�FXOWLYDWHG�DUHD��7KLV� LV�DFKLHYHG�E\�H[WHQGLQJ
FXOWLYDWLRQ� LQWR� YLUJLQ� DUHDV� RU� E\� PLJUDWLQJ� LQWR� XQVHWWOHG� ORFDWLRQV�� 7KHVH� RFFXU
HVVHQWLDOO\� LQ� UHJLRQV� ZLWK� D� ORZ� SRSXODWLRQ� GHQVLW\� DQG� D� KLJK� UDWH� RI� SRSXODWLRQ
JURZWK�� 8QGHU� WKHVH� FRQGLWLRQV�� DJULFXOWXUDO� H[SDQVLRQ� LQWR� RSHQ� DFFHVV� IRUHVW
HFRV\VWHPV�UHVXOWV�LQ�GHIRUHVWDWLRQ�

7KHRUHWLFDO� DQG� HPSLULFDO� VWXGLHV� VXJJHVW� WKDW� LQ� H[WHQVLYH�� ORZ�LQSXW� VXEVLVWHQFH
IDUPLQJ�V\VWHPV��DGGHG�GHPDQG�LQ�FRQVXPSWLRQ�OHDGV�WR�DQ�LQFUHDVH�LQ�WKH�IUHTXHQF\�RI
FXOWLYDWLRQ�DQG�D�UHGXFWLRQ�RI�WKH�IDOORZ�SHULRG��7KLV�GLUHFWO\�FDXVHV�D�ODUJHU�SHUFHQWDJH
RI� WKH� DUHD� WR�EH�XQGHU� IRUHVW� IDOORZ��(YHQWXDOO\�ZLWK�KLJKHU�SRSXODWLRQ� GHQVLWLHV�� WKH
IDOORZ�F\FOH�EHFRPHV� WRR�VKRUW� WR�DOORZ�QDWXUDO� UHIRUHVWDWLRQ� WR� WDNH�SODFH��6HH�+RUQH
�&KDSWHU� ��� IRU� WKH� LPSDFW� RI� ZHDN� WHQXUH� DQG� SURSHUW\� ULJKWV� LQ� WKLV� H[WHQVLILFDWLRQ
SURFHVV�

2QFH�DOO�RSHQ�DFFHVV�ODQG�KDV�EHHQ�XWLOL]HG�HLWKHU�IRU�FXOWLYDWLRQ�RU�IDOORZ��RU�DFFHVV�KDV
EHHQ�GHQLHG��DGGLWLRQDO�IRRG�GHPDQG�FDXVHG�E\�WKH�SRSXODWLRQ�JURZWK�FDQ�EH�VDWLVILHG
GRPHVWLFDOO\� RQO\� E\� LQFUHDVLQJ� WKH� LQWHQVLW\� RI� DJULFXOWXUH�� 'HVSLWH� D� KLJK� UDWH� RI
SRSXODWLRQ�JURZWK��WKH�DXWRQRPRXV�DGMXVWPHQW�PHFKDQLVPV�RI�WHFKQRORJLFDO�LQQRYDWLRQ
DQG� DJULFXOWXUDO� LQWHQVLILFDWLRQ�PD\� EH� VORZ� WR� GHYHORS²RU�PD\� QRW� GHYHORS� DW� DOO²
ZKLFK�OHDGV�WR�DQ�RYHUH[SORLWDWLRQ�RI�VRLO�UHVRXUFHV�

,W� LV� DOVR� SRVVLEOH� WKDW� IDOORZ� SHULRGV� DUH� UHGXFHG� ZLWKRXW� DQ� DFFRPSDQ\LQJ
LQWHQVLILFDWLRQ� EHFDXVH� RI� WKH� OLPLWHG� NQRZOHGJH� RI� WKH� SRSXODWLRQ�� ULVN�DYHUWLQJ
DWWLWXGHV��ODFN�RI�FUHGLWV�RU�FHUWDLQ�RWKHU�UHDVRQV��,Q�WKLV�FDVH��RYHUH[SORLWDWLRQ�RI�WKH�VRLO
DQG�GHFOLQLQJ�SURGXFWLYLW\�FDQ�OHDG�WR�ULVLQJ�PRUWDOLW\�RU�IRUFHG�PLJUDWLRQ��(YHQWXDOO\�
WKH� HQYLURQPHQW� LV� GHVWUR\HG� WKURXJK� H[FHVV� XWLOL]DWLRQ� DQG� LQYROXWLRQ�� DQG� WKH� WKLUG
SURFHVV�RI�GHIRUHVWDWLRQ�LQ�UHODWLRQ�WR�DJUDULDQ�FKDQJH��EHFRPHV�HYLGHQW�

7KH�OLQN�EHWZHHQ�SRSXODWLRQ�SUHVVXUH�DQG�GHIRUHVWDWLRQ�LV�D�FRPSOH[�DQG�LQGLUHFW�LVVXH
WKDW�LQYROYHV�LQWHUDFWLQJ�YDULDEOHV�DQG�SURFHVVHV��'HPRJUDSKLF�SUHVVXUH�FDQ�ERWK�FUHDWH
WKH� QHHG� WR� H[SORLW� IRUHVWV�� EXW� LW� DOVR� SURYLGHV� DEXQGDQW� ODERXU� WR� VXSSRUW� WKH
LQWHQVLILFDWLRQ�RI�FXOWLYDWLRQ�XQGHU�VWURQJ�DQG�FOHDU�WHQXUH�FRQGLWLRQV��EXW�WKHVH�DUH�QRW
FRPPRQ�LQ�WKH�WURSLFV��7KXV��WKH�LQIOXHQFH�RI�SRSXODWLRQ�SUHVVXUH�LV�RQO\�RQH�HOHPHQW�RI
D�EURDGHU�VRFLRHFRQRPLF�V\VWHP�DIIHFWLQJ�GHIRUHVWDWLRQ��H�J��3DOR�������/DPELQ�������



��

:KLOH� SRSXODWLRQ� SUHVVXUH� FRQWULEXWHV� WR� GHIRUHVWDWLRQ�� HFRQRPLF� JURZWK� DQG�PRGHUQ
WHFKQRORJ\�FDQ�PRGLI\�LWV�HIIHFWV��)RU�LQVWDQFH��WDNH�WKH�FDVH�RI�WZR�FRXQWULHV��ERWK�ZLWK
UDSLG�SRSXODWLRQ�JURZWK�UDWHV�DQG�VLJQLILFDQW�IRUHVW�UHVRXUFHV��EXW�GLIIHUHQW�OHYHOV�RI�SHU
FDSLWD� LQFRPH�� ,Q� DOO� OLNHOLKRRG�� GHIRUHVWDWLRQ� ZLOO� GHYHORS� DW� D� VORZHU� SDFH� LQ� WKH
KLJKHU�LQFRPH� FRXQWU\� ZLWK� FOHDU� DQG� VWURQJ� WHQXUH� FRQGLWLRQV�� EHFDXVH� SHRSOH�� DV
LQFRPH� LQFUHDVHV�� VZLWFK� WR� HQHUJ\� VRXUFHV� RWKHU� WKDQ� IXHOZRRG� DQG� DGDSW� PRGHUQ
DJULFXOWXUDO� WHFKQLTXHV�� WKHUHE\� UHGXFLQJ� SUHVVXUH� IRU� FOHDULQJ� IRUHVWV� IRU� DJULFXOWXUDO
SXUSRVHV��3DOR�������&URSSHU�DQG�*ULIILWV�������

,QFRPH� DQG� LWV� JURZWK� FDQ� KDYH� YDU\LQJ� HIIHFWV� RQ� GHIRUHVWDWLRQ�� LQLWLDOO\�� KLJKHU
LQFRPHV�JHQHUDWH�JUHDWHU�GHPDQG�IRU�DJULFXOWXUDO�DQG� IRUHVW�SURGXFWV�� WKXV� VWLPXODWLQJ
GHIRUHVWDWLRQ��QH[W��EHWWHU�LQFRPHV�SURYLGH�UHVRXUFHV�IRU�ODUJH��FDSLWDO�LQWHQVLYH�SURMHFWV
DQG�DJULFXOWXUDO�VXEVLGLHV�WKDW�DUH�RIWHQ�DVVRFLDWHG�ZLWK�GHIRUHVWDWLRQ��DQG�ILQDOO\��KLJKHU
LQFRPHV� DQG� JURZLQJ� HFRQRPLHV� FDQ� OHDG� WR� EHWWHU� HPSOR\PHQW� RSSRUWXQLWLHV�� WKXV
UHGXFLQJ� WKH� LQFHQWLYH� RI� SRRU� IDPLOLHV� WR� FOHDU� IRUHVW� ODQG� LQ� LVRODWHG� DUHDV�� ,Q
HQYLURQPHQWDO�HFRQRPLFV��WKLV�SKHQRPHQRQ�LV�FDOOHG�WKH�HQYLURQPHQWDO�.X]QHWV�FXUYH
RU� LQYHUWHG� X�VKDSH� UHVSRQVH� RI� LQFUHDVLQJ� LQFRPH� RQ� WKH� GHWHULRUDWLRQ� RI� WKH
HQYLURQPHQW��3DOR�DQG�/HKWR�������3DOR�DQG�9DQKDQHQ��IRUWKFRPLQJ��

$FFHVVLELOLW\� RI� IRUHVWV� LV� DQ� LPSRUWDQW� HFRQRPLF� IDFWRU� LQ� GHIRUHVWDWLRQ�� URDG
FRQVWUXFWLRQ� DQG� HDVLHU� DFFHVV� WR� IORDWLQJ� LQ� IRUHVW� DUHDV� LQFUHDVH� GHIRUHVWDWLRQ� �H�J�
/DPELQ� ������ 5HLV� DQG� *X]PDQ� ������ 3DQD\RWRX� ������� 'HPDQG� IRU� WURSLFDO
KDUGZRRGV�� RQ� WKH� RWKHU� KDQG�� GRHV� QRW� GLUHFWO\� FDXVH� WKH� W\SH� RI� GHIRUHVWDWLRQ�� DV
LPSOLHG� E\� FRPSOHWH� IRUHVW� UHPRYDO�� ,QGXVWULDO� ORJJLQJ�� FRPSRXQGHG�ZLWK� SRSXODWLRQ
SUHVVXUH�� KDV� DQ� LQGLUHFW� HIIHFW� EHFDXVH� WKH� FRQVWUXFWLRQ� RI� URDGV� IDFLOLWDWHV� DFFHVV� WR
IRUHVW�FOHDULQJ�E\�PDUJLQDO�IDUPHUV�XQGHU�RSHQ�DFFHVV�FRQGLWLRQV��$FFHVVLELOLW\�KDV�EHHQ
DSSUR[LPDWHG� DOVR� E\� WKH� GLVWDQFH� IURP� D�PHWURSROLV�� )XUWKHUPRUH�� EHWWHU� VRLO� TXDOLW\
OHDGV� WR� JUHDWHU� GHIRUHVWDWLRQ��ZKLOH� WKH� SRRUHU� KHDOWK� HQYLURQPHQW� RIWHQ� SUHYDOHQW� LQ
UDLQIRUHVWV�KDV�D�WHQGHQF\�WR�VORZ�GRZQ�GHIRUHVWDWLRQ��0RLVW�HFRORJLFDO�]RQHV�DV�D�SUR[\
WR�LQDFFHVVLELOLW\�KDYH�UHFHLYHG�HPSLULFDO�HYLGHQFH�ODWHO\��3DOR�DQG�/HKWR�������

2QO\� D� IHZ� VWXGLHV� RQ� VFHQDULRV� RI� SDQWURSLFDO� GHIRUHVWDWLRQ� DQG� LWV� FRQVHTXHQFHV� RQ
FDUERQ�IOX[HV�DUH�DYDLODEOH��0DWVXRND�HW�DO�� �������KDYH�HVWLPDWHG� WKH�FDUERQ�GLR[LGH
IOX[� DULVLQJ� IURP� WURSLFDO� GHIRUHVWDWLRQ�� $VVXPLQJ� D� GRPLQDQW� UROH� IRU� SRSXODWLRQ
SUHVVXUH�LQ�GHIRUHVWDWLRQ��WKH\�FRQVWUXFW�PRGHOV�EDVHG�VROHO\�RQ�WKH�UHODWLRQVKLS�EHWZHHQ
GHIRUHVWDWLRQ� DQG� SRSXODWLRQ� JURZWK�� DQG� DSSO\� GHIRUHVWDWLRQ� GDWD� IURP� WKH� )$2� DQG
81(3� ����� DVVHVVPHQW�� :LWK� WKUHH� VFHQDULRV� IRU� SRSXODWLRQ� FKDQJH�� WKHLU� VWXG\
HVWLPDWHV� FDUERQ� GLR[LGH� IOX[� GXULQJ� WKH� ����\HDU� SHULRG� IURP� ����� WR� ����� LQ� WKUHH
UHJLRQV��/DWLQ�$PHULFD��$IULFD�DQG�$VLD��

7UH[OHU�DQG�+DXJHQ��������KDYH�DVVHVVHG�ERWK�WKH�GHIRUHVWDWLRQ�UDWHV�E\�JDWKHULQJ�WKHLU
RZQ� HPSLULFDO� GDWD� DQG� WKH� IDFWRUV� DVVXPHG� WR� LQIOXHQFH� IXWXUH� GHIRUHVWDWLRQ� LQ� ��
VHOHFWHG� WURSLFDO� FRXQWULHV��7KHVH�SDUDPHWHUV� LQFOXGH� SRSXODWLRQ� JURZWK�� XUEDQL]DWLRQ�
DJULFXOWXUDO� WUHQGV�� ODQG�WHQXUH� SROLFLHV�� GHYHORSPHQW� RI� LQIUDVWUXFWXUH�� H[SDQVLRQ� RI
FDVK�FURSV��JRYHUQPHQW�DQG� ODQG�XVH�SODQV��H[WHQVLRQ�SURJUDPPHV��SXEOLF�SHUFHSWLRQV
RI�IRUHVW�UHVRXUFHV��HQHUJ\�QHHGV��ODZV�DQG�UHJXODWLRQV��,QVWHDG�RI�DSSO\LQJ�DQ�REMHFWLYH
PRGHOOLQJ�� 7UH[OHU� DQG� +DXJHQ� SUHIHUUHG� WR� XVH� D� 'HOSKL�W\SH� WHFKQLTXH� RI� LQTXLU\
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DGGUHVVHG� WR� H[SHUWV� LQ� HDFK� FRXQWU\�� 7KH\� DOVR� HVWLPDWHG� WKH� FKDQJH� LQ� FDUERQ
HPLVVLRQV�DVVRFLDWHG�ZLWK�HDFK�ODQG�XVH�FKDQJH�

-HSPD� ������� GHYHORSHG� D� JOREDO� LQWHUVHFWLRQDO� SROLF\� VLPXODWLRQ� PRGHO� EDVHG� RQ
V\VWHP� G\QDPLFV� WR� DQDO\VH� SRVVLEOH� IXWXUH� SURFHVVHV� RI� WURSLFDO� IRUHVWV�� 7KH
VLPXODWLRQV�RI�IRUHVW�DUHDV�ZHUH�EDVHG�RQ�)$2
V�3URGXFWLRQ�<HDUERRN�ZKLFK��DFFRUGLQJ
WR�3DOR�DQG�0HU\��������FDQQRW�SURGXFH�DV�YDOLG�DQG�UHOLDEOH�GDWD�RQ�GHIRUHVWDWLRQ�DV
WKH������)$2�DVVHVVPHQW��������

1LOVVRQ� DQG� 6FKRSIKDXVHU� ������� HVWLPDWHG� WKH� TXDQWLWLHV� RI� FDUERQ� ZKLFK� FRXOG� EH
VHTXHVWHUHG� E\� D� JOREDO� IRUHVWDWLRQ� SURJUDPPH�� 8VLQJ� PDQ\� VHFRQGDU\� VRXUFHV�� WKH\
HVWLPDWHG� WKH�DPRXQW�RI� ODQG� OLNHO\� WR�EH�DYDLODEOH�� IHDVLEOH�DQQXDO�SODQWLQJ� UDWHV� DQG
URWDWLRQ� OHQJWKV� IRU� GLIIHUHQW� FRXQWULHV� DQG� UHJLRQV�� )RU� LQIRUPDWLRQ� RQ� WKH� WURSLFV�
1LOVVRQ� DQG� 6FKRSIKDXVHU� DOVR� UHOLHG� RQ� WKH� DERYH�PHQWLRQHG� VWXGLHV� �7UH[OHU� DQG
+DXJHQ�������-HSPD�������

$FFRUGLQJO\��LW�ZRXOG�VHHP�WKDW�HDUOLHU�VWXGLHV�RQ�SDQWURSLFDO�GHIRUHVWDWLRQ�DQG�FDUERQ
IOX[�VFHQDULRV��KDYH�EHHQ�EDVHG�RQ�RWKHU�GDWD� VRXUFHV� WKDQ� WKH� ODWHVW�)$2�DVVHVVPHQW
�������ZKLFK�IRUPV�WKH�IRXQGDWLRQ�IRU�WKH�HPSLULFDO�GDWD�RI�WKH�VFHQDULR�DQDO\VHV�JLYHQ
KHUH�

�� 02'(/�63(&,),&$7,21�$1'�'$7$

��� 0RGHO�VSHFLILFDWLRQ

7KH�PRGHO�VSHFLILFDWLRQ�KHUH�LV�EDVHG�RQ�D�SUHYLRXV�FDXVDO�PRGHOOLQJ�UHVHDUFK�E\�3DOR
DQG� /HKWR� ������� DQG� 3DOR� DQG� 9DQKDQHQ� �IRUWKFRPLQJ��� )LUVW�� ZH� H[SHULPHQWHG
VXFFHVVIXOO\� ZLWK� ILYH� GLIIHUHQW� YDULDWLRQV� RI� GHSHQGHQW� YDULDEOHV�� 7KXV� EHFRPLQJ
IDPLOLDU�ZLWK�WKH�IXQFWLRQLQJ�RI�WKH�GLIIHUHQW�IXQFWLRQ�IRUPV�DQG�WUDQVIRUPDWLRQV�RI�WKH
LQGHSHQGHQW�YDULDEOHV��LW�FRQYLQFHG�XV�RI�WKH�YDOLGLW\�RI�WKH�H[SHFWHG�VLJQV�LQ�WKH�PRGHO
VSHFLILFDWLRQ�� 7KH� LGHQWLILFDWLRQ� RI� WKH� PRGHO� LV� H[SODLQHG� LQ� 3DOR� DQG� 9DQKDQHQ
�IRUWKFRPLQJ�

*LYHQ�WKH�LQWHUGHSHQGHQFH�EHWZHHQ�WKH�YDULRXV�IDFWRUV�RI�GHIRUHVWDWLRQ�GHVFULEHG�DERYH
�6HFWLRQ�����ZH�DVVXPH�WKDW�GHIRUHVWDWLRQ�LV�SULPDULO\�D�IXQFWLRQ�RI�IRUHVW�ODQG�GHPDQG
IRU�RWKHU�XVHV��SULPDULO\�IRU�DJULFXOWXUH��$OVR��WKH�GHPDQG�IRU�IRUHVW�SURGXFWV��HVSHFLDOO\
IRU� LQGXVWULDO� ORJV�DQG�IXHOZRRG��SOD\V�D� UROH� LQ� WKLV�SURFHVV��$FFRUGLQJO\��ZH�DVVXPH
WKDW� FKDQJHV� LQ� ERWK� SRSXODWLRQ� DQG� LQFRPH� DIIHFW� GHIRUHVWDWLRQ�� +RZHYHU�� ZH� DOVR
DVVXPH�WKDW�HFRORJLFDO�FRQGLWLRQV�DQG�HFRQRPLF�DFFHVVLELOLW\�RI�IRUHVWV�DUH�GHWHUPLQDQWV
RI�GHIRUHVWDWLRQ�

%HFDXVH�RI�WKH�SDXFLW\�RI�UHOLDEOH�GDWD�RQ�URDGV��WKH�HFRQRPLF�DFFHVVLELOLW\�RI�IRUHVWV�LV
PHDVXUHG�DFFRUGLQJ�WR�HFRORJLFDO�]RQHV��ZHW�RU�GU\���7KH�ZHWWHVW�]RQH�LV�DVVXPHG�WR�EH
WKH� OHDVW� DFFHVVLEOH� EHFDXVH� RI� LQFUHDVHG� FORVHG� IRUHVWV� DQG� ELRPDVV� FKDUDFWHULVWLFV� DV
ZHOO� DV� OLPLWHG� LQIUDVWUXFWXUH� DQG� GHWHULRUDWLQJ� KHDOWK� FRQGLWLRQV�� 7KH� GU\� HFRORJLFDO
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]RQH��RQ�WKH�FRQWUDU\��LV�DVVXPHG�WR�EH�WKH�PRVW�DFFHVVLEOH�GXH�WR�GLDPHWULFDOO\�RSSRVLWH
FRQGLWLRQV��3DOR�������

,Q�DGGLWLRQ��LW�LV�K\SRWKHVL]HG�WKDW�WKH�TXDOLW\�RI�LQIRUPDWLRQ�DIIHFWV�GHIRUHVWDWLRQ��%HWWHU
LQIRUPDWLRQ�RQ�IRUHVW�UHVRXUFHV�FDQ�LQGXFH�JUHDW�XVDJH�RI�IRUHVWV�DQG�VXEVHTXHQWO\�PRUH
GHIRUHVWDWLRQ�� $OVR� WKH� JHQHUDO� OHYHO� RI� VWDWLVWLFDO� GDWD� PD\� PHDVXUH� WKH� VDPH
SKHQRPHQRQ� DQG� KDYH� WKH� VDPH� NLQG� RI� HIIHFW�� 2XU� DVVXPSWLRQ� KHUH� LV� EDVHG� RQ� WKH
K\SRWKHVLV� WKDW� LPSHUIHFW� LQIRUPDWLRQ� LQFUHDVHV� WKH� ULVN� WR� WKH� HFRQRPLF� DJHQWV� RI
GHIRUHVWDWLRQ��+RZHYHU��WKH�TXDOLW\�RI�LQIRUPDWLRQ�PD\�EH�FRQWH[W�ERXQG�VR�WKDW�EHWWHU
GDWD�RQ� WKH�VFDOH�DQG�SDFH�RI�GHIRUHVWDWLRQ�DW� D� ODWHU� VWDJH�RI� WKH�SURFHVV�PD\�VWDUW� WR
OLPLW�GHIRUHVWDWLRQ�E\�FUHDWLQJ�FRXQWHUEDODQFLQJ�IRUFHV��3DOR�DQG�/HKWR�������3DOR�DQG
9DQKDQHQ��IRUWKFRPLQJ��

:KHQ�FDXVDO�PRGHOV�DUH�WUDQVIRUPHG�LQWR�VFHQDULR�PRGHOV��LW�LV�LPSRUWDQW�WR�VSHFLI\�WKH
UDWKHU� VLPSOH� PRGHOV� ZKLFK� FRQVLVW� RI� ODJJHG� YDULDEOHV� DQG�RU� YDULDEOHV� IRU� ZKLFK
SUHGLFWLRQV�DUH�DOUHDG\�DYDLODEOH��$SSUR[LPDWHG�ODJJHG�GDWD�IRUPV�IRU�FRQVWUXFWLQJ�WUHQG
PRGHOV�DUH�DOVR�DYDLODEOH�IRU�IRUHVW�DUHDV��9DULDEOHV�IRU�SRSXODWLRQ�DQG�HFRQRPLF�JURZWK
SURMHFWLRQV� H[LVW� DW� WKH� QDWLRQDO� OHYHO�� RU� LI� XQDYDLODEOH�� LW� LV� SODXVLEOH�� EDVHG� RQ� SDVW
WUHQGV��WR�HVWLPDWH�WKH�DOWHUQDWLYH�IXWXUH�VFHQDULRV�IRU�WKHP�

7KH�GHSHQGHQW�YDULDEOH�RI�WKH�VSHFLILHG�PRGHOV�KHUH�LV�IRUHVW�FRYHU��ZKLFK�LV�VSHFLILHG
ERWK� DV� ORJDULWKPLF� DQG� ORJLVWLF� IXQFWLRQV� �3DOR� DQG� 9DQKDQHQ�� IRUWKFRPLQJ��� 7KH
IRUPHU�LV�GHILQHG�DV�IRUHVW�DUHD�SHU�ODQG�DUHD��SHU�FHQW���ZKLOH�WKH�ODWWHU�LV�PHDVXUHG�DV
IRUHVW�DUHD�SHU�QRQIRUHVW�DUHD��SHU�FHQW��ZKLFK�GHVFULEHV�GHIRUHVWDWLRQ�DV�D�SURFHVV�WKDW
WHQGV�WRZDUG�VDWXUDWLRQ�ZLWKLQ�D�JLYHQ�JHRJUDSKLF�DUHD�RU�DV�D�GHFUHDVLQJ�V�IXQFWLRQ��,Q
PRVW�FRXQWULHV��WKHUH�XVXDOO\�DUH�LQDFFHVVLEOH�IRUHVW�DUHDV�DQG�RU�LQ�D�ODWHU�SKDVH��VRPH
SROLF\�LQVWUXPHQWV�DUH�WDNHQ�WR�GHFHOHUDWH�GHIRUHVWDWLRQ��3DOR�������6FRWWL�IRUWKFRPLQJ��

��� &RQVWUXFWLQJ�VFHQDULRV

,W�VKRXOG�EH�NHSW�LQ�PLQG�WKDW�ZKLOH�WKH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�FRQVWUXFW�DOWHUQDWLYH
VFHQDULRV�� WKHVH� DUH� QRW� SUHGLFWLRQV� EXW� DUH� LQWHQGHG� WR�PHUHO\� SURYLGH� DQ� DOWHUQDWLYH
LPDJH�RI�D�SRVVLEOH�IXWXUH�DQG�WKXV�D�FRQGLWLRQDO�SUHGLFWLRQ�WR�WKH�TXHVWLRQ��:KDW�ZLOO
KDSSHQ�LI"�)RU�H[DPSOH��LI�SRSXODWLRQ�DQG�*13�SHU�FDSLWD�ZHUH�WR�FKDQJH�DV�DVVXPHG�
WKHQ� GHIRUHVWDWLRQ� ZLOO� IROORZ� D� FHUWDLQ� VFHQDULR�� ,Q� RUGHU� WR� PDS� WKH� IXWXUH�� D� IHZ
DOWHUQDWLYH�VFHQDULRV�DUH�FUHDWHG�WR�GHVFULEH�QRW�RQO\�WKH�HQG�SRLQWV��EXW�DOVR�WKH�SDWKZD\
WR�UHDFK�WKHP�

:H�ILUVW�SURGXFHG�VFHQDULRV�EDVHG�RQ�WKH�K\SRWKHVLV�RI�
EXVLQHVV�DV�XVXDO
�DFFRUGLQJ�WR
ZKLFK� QR� PDMRU� SROLF\� VKLIW� RU� UDGLFDO� FKDQJHV� LQ� WKH� FDXVDO� V\VWHP� ZLOO� DIIHFW
GHIRUHVWDWLRQ�UDWHV�DQG�VXEVHTXHQW�FDUERQ�UHOHDVHV��1H[W��ZH�DVVXPHG�IXWXUH�FKDQJHV�LQ
SRSXODWLRQ� JURZWK� VFHQDULRV� EDVHG� RQ� DQ� DXWKRULWDWLYH� 81� ������� ����� DQG� �����
VRXUFH�� DQG� *13�FDSLWD� �)25,6�GDWDEDVH�� EDVHG� RQ� QDWLRQDO� WUHQGV� IRU� ��������
&RQVHTXHQWO\��RXU�GHIRUHVWDWLRQ�VFHQDULRV�DUH�EDVHG�RQ� WKH�PRVW� UHFHQW� HPSLULFDO� GDWD
RQ� IRUHVW� DUHDV�� WUHQGV�� DQG� PRGHOOLQJ� RI� WKH� IDFWRUV�� ZKLFK� DIIHFW� IXWXUH� IRUHVW� DUHD
FKDQJHV�DQG�WKXV�GHIRUHVWDWLRQ�
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2QH� PDMRU� DLP� LQ� RXU� VFHQDULR� PRGHOOLQJ� LV� WR� VLPXODWH� SRVVLEOH� IXWXUH� SDWKV� RI
GHIRUHVWDWLRQ� LQ� RUGHU� WR� SURYLGH� SROLF\�PDNHUV�ZLWK� HIIHFWLYH� WRROV� LQ� WKHLU� HIIRUWV� WR
DGYHUW�WKH�UHDOL]DWLRQ�RI�WKH�VFHQDULRV�SURMHFWHG�LQ�WKLV�FKDSWHU�

��� (PSLULFDO�GDWD

7KH� ODFN� RI� UHOLDEOH� DQG� YDOLG� GDWD� LV� WKH� PRVW� GLIILFXOW� SUREOHP� LQ� PRGHOOLQJ
GHIRUHVWDWLRQ��5HOLDEOH�WLPH�VHULHV�GDWD�RQ�IRUHVW�FRYHU�RU�GHIRUHVWDWLRQ�DUH�QRW�DYDLODEOH
�3DOR�DQG�0HU\��������$OVR��WKH�VRFLRHFRQRPLF�GDWD�RI�WKH�GHYHORSLQJ�FRXQWULHV�PD\�EH
LQDFFXUDWH��/DPELQ��������'XH�WR�GDWD�OLPLWDWLRQV��PDQ\�VWXGLHV�XVH�FURVV�VHFWLRQDO�GDWD
DQG�IRUHVW�FRYHU�DV�WKH�GHSHQGHQW�YDULDEOH�

7KH�IRUHVW�FRYHU��SHUFHQWDJH�RU�DEVROXWH��H[LVWLQJ�LQ�D�SDUWLFXODU�DUHD�LV�WKH�IXQFWLRQ�RI
WZR�IDFWRUV��DPRXQW�RI�WKH�RULJLQDO�IRUHVW�FRYHU�DQG�WKH�IRUHVW�FRYHU�ORVW�VLQFH�WKH�VWDUW
RI�WKH�GHIRUHVWDWLRQ�SURFHVV��,Q�RWKHU�ZRUGV��WKH�IRUHVW�FRYHU�H[LVWLQJ�WRGD\�LV�WKH�UHVXOW
RI�QDWXUDO�IDFWRUV�DQG�D�KLVWRU\�WKDW�PD\�FRYHU�VL[�WKRXVDQG�\HDUV�RI�GHIRUHVWLQJ�DFWLYLW\
E\�PDQ��DV�LQ�VRPH�SDUWV�RI�&KLQD��=KDQJ��IRUWKFRPLQJ���RU�D�FRXSOH�RI�PRQWKV��2Q�WKH
RWKHU� KDQG�� 3DOR� ������� DQG� 5HLV� DQG� *X]PDQ� ������� DUJXH� WKDW� WKH� FRXQWULHV� RU
PXQLFLSDOLWLHV�XVHG�LQ�WKHVH�DQDO\VHV�GHYLDWH�IURP�HDFK�RWKHU�ZLWK�UHJDUG�WR�WKH�VWDJH�RI
WKHLU�GHYHORSPHQW�DQG�FDQ�UHSUHVHQW�D�ORQJ�WLPH�GLPHQVLRQ�RI�GHFDGHV�RU�FHQWXULHV��7KLV
LQGLFDWHV�WKDW�D�WLPH�GLPHQVLRQ�LV�QHFHVVDU\�DQG�KDV�EHHQ�LQFOXGHG�LQ�RXU�VWXG\�

'HIRUHVWHG�DUHD� LV�SHUKDSV� WKH�PRVW� YDOLG�GHSHQGHQW�YDULDEOH�� EXW�PHDVXUHPHQW� HUURUV
DUH� PRUH� FRPPRQ� LQ� WKLV� YDULDEOH� WKDQ� LQ� WKH� YDULDEOH� RI� IRUHVW� FRYHU�� EHFDXVH
GHIRUHVWDWLRQ�FDQ�EH�JDXJHG�RQO\�DV�DQ�HVWLPDWH�RI�FKDQJH�ZKLFK��WR�EH�IXOO\�DQDO\VHG�
ZRXOG� UHTXLUH� WZR� LQYHQWRULHV� WR� EH� FRQGXFWHG� DW� GLIIHUHQW� LQWHUYDOV� ZLWK� VLPLODU
PHWKRGV�DQG�GHJUHHV�RI�DFFXUDF\��,Q�D�SUHYLRXV�FDXVDO�PRGHOOLQJ��3DOR�DQG�/HKWR������
3DOR� DQG� 9DQKDQHQ�� IRUWKFRPLQJ�� ZKLFK� IRUPV� WKH� EDVLV� RI� WKLV� VFHQDULR� GHVLJQ�� ZH
ZHUH� DEOH� WR� PRGHO� WKH� IRUHVW� FRYHU�� WKH� GHIRUHVWDWLRQ� UDWH� DQG� WKUHH� RWKHU� UHOHYDQW
DOWHUQDWLYHV�DV�GHSHQGHQW�YDULDEOHV�DQG�IRXQG�TXLWH�VLPLODU�H[SODQDWRU\�YDULDEOHV�

7KH�SULPDU\�GDWD�VRXUFH�IRU�WKLV�VWXG\�LV�WKH�7URSLFDO�)RUHVW�5HVRXUFH������$VVHVVPHQW
�)$2�������ZKLFK�SURYLGHV�GDWD�RQ�IRUHVW�DUHD�DQG�LWV�UHOLDELOLW\��ODQG�DUHD��HFRORJLFDO
]RQHV��*13�DQG�GHPRJUDSKLF�LQIRUPDWLRQ�IRU����WURSLFDO�FRXQWULHV��5HVSHFWLYH�GDWD�IRU
WKH�PRGHOOLQJ�LV�GUDZQ�IURP�WKH�)25,6�GDWDEDVH��SULPDULO\�IURP�WKH�VXEQDWLRQDO� OHYHO
RI� ���� JHRJUDSKLFDO� XQLWV� DV� ZHOO� DV� SDUWLDOO\� IURP� WKH� QDWLRQDO� OHYHO� �3DOR� DQG
9DQKDQHQ��IRUWKFRPLQJ��

'HIRUHVWDWLRQ�LQ�WKH�WURSLFV�KDV�DGYDQFHG�IURP������WR������DW�DQ�DYHUDJH�DQQXDO�UDWH�RI
���PLOOLRQ� KHFWDUHV� DQG� RQ� HDFK� FRQWLQHQW� DFFRUGLQJ� WR� WKH� VFDOH� RI� WRWDO� IRUHVW� DUHDV
�)LJXUH� ������ /RVV� RI� IRUHVW� ELRPDVV� KDV� SURJUHVVHG� DSSUR[LPDWHO\� DW� D� VLPLODU� SDFH
�)LJXUH�������ZLWK�VRPH�YDULDWLRQ�E\�FRQWLQHQW�
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FIGURE 2.1
NATURAL FOREST AREA BY CONTINENTS
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Data source: FAO (1995a).

FIGURE 2.2
REDUCTION IN NATURAL FOREST AREA AND TOTAL ABOVE-GROUND BIOMASS

IN THE TROPICS, 1980-90 (%)
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7KH�81�������������DQG�������SURYLGHV�HVWLPDWHV�DQG�SURMHFWLRQV�IRU� WKH�WRWDO�JOREDO
SRSXODWLRQ��7KH�SURMHFWLRQ�KRUL]RQ�ZDV�H[WHQGHG�WR�WKH�\HDU������LQ�RUGHU�WR�SUHVHQW�D
GHPRJUDSKLF�KLVWRU\�DQG�SURMHFWLRQ�IRU�DQ�HQWLUH�FHQWXU\��������������DQG�WKUHH�IHUWLOLW\
YDULDQWV�DQG�RQH�IHUWLOLW\�VFHQDULR�RI�SRSXODWLRQ�SURMHFWLRQV�ZHUH�SUHSDUHG�IRU�WKH�SHULRG
����������� WKH� KLJK��� PHGLXP��� DQG� ORZ�IHUWLOLW\� YDULDQWV�� DQG� WKH� FRQVWDQW�IHUWLOLW\
VFHQDULR��,Q�RXU�VFHQDULRV��ZH�XVH�WKH�PHGLXP�IHUWLOLW\�YDULDQW�

7KH� ZRUOG� SRSXODWLRQ� ZDV� HVWLPDWHG� DW� ���� ELOOLRQ� SHRSOH� LQ� ����� DQG� ���� ELOOLRQ� LQ
������ 7KH�PHGLXP� YDULDQW� VFHQDULRV� SURMHFW� ���� DQG� ���� ELOOLRQ� SHRSOH� IRU� ����� DQG
������UHVSHFWLYHO\��81��������%\�������ZRUOG�SRSXODWLRQ�PD\�WRWDO������ELOOLRQ�SHRSOH
EXW�HVWLPDWHV�UDQJH�IURP�����WR������ELOOLRQ��/XW]��������������0RVW�RI�WKH�DQWLFLSDWHG
LQFUHDVH�ZLOO�WDNH�SODFH�LQ�WKH�GHYHORSLQJ�ZRUOG�DQG�WKHVH�SURVSHFWV�FDXVH�FRQFHUQ�ZLWK
UHJDUG� WR� WURSLFDO�GHIRUHVWDWLRQ��%\������� WKH�SRSXODWLRQ�RI�$IULFD�ZLOO�EH�DERXW� WKUHH
WLPHV�WKH�FXUUHQW�OHYHO��DQG�SRSXODWLRQ�LV�SURMHFWHG�WR�VOLJKWO\�OHVV� WKDQ�GRXEOH�LQ�$VLD
DQG�/DWLQ�$PHULFD��DOWKRXJK�UHODWLYH�JURZWK�UDWHV�ZLOO�FRQWLQXH�WR�GHFOLQH�

3DVW�QDWLRQDO�WUHQGV�RYHU�WKH�SHULRG���������DUH�XVHG�WR�HVWLPDWH�WKH�IXWXUH�GHYHORSPHQW
RI�*13��7KH�DQQXDO�*13�FDSLWD�JURZWK�UDWHV�E\�FRQWLQHQW�UDQJH�EHWZHHQ�����SHU�FHQW
IRU�$VLD�DQG������SHU�FHQW�IRU�$IULFD��7KH�ILJXUHV�DUH�UDWKHU�SHVVLPLVWLF�EXW�ZH�FRQVLGHU
WKHVH� PRUH� UHDOLVWLF� WKDQ� RWKHU� DYDLODEOH� SURMHFWLRQV� WR� WKH� \HDU� ����� DFFRUGLQJ� WR
FRQWLQHQW�RQO\��1DNLFHQRYLF�DQG�-HIIHUVRQ��������/RZ�JURZWK�UDWH�YDULDQWV�RI�*'3�DUH
HVWLPDWHG� DW� ���� SHU� FHQW� DIWHU� ����� IRU� DOO� FRQWLQHQWV� DQG� KLJK� JURZWK� UDWH� YDULDQWV
EHWZHHQ� ���±���� SHU� FHQW�� ,Q� DQ\� FDVH�� VKRXOG� WKHUH� EH� QHHG� WR� DSSO\� GLIIHUHQW
DVVXPSWLRQV�RQ�*13��SRSXODWLRQ� DQG� IRUHVW� DUHD� UHOLDELOLW\� VFHQDULRV�� LW� LV� SRVVLEOH� WR
UHFDOFXODWH�WKH�VFHQDULRV�

�� (67,0$7,21�$1'�5(68/76

��� 7UHQG�VFHQDULRV�RQ�GHIRUHVWDWLRQ

$V� WKH� ILUVW� DSSURDFK��ZH� HVWLPDWHG� WUHQG� VFHQDULRV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH
GHFUHDVH� RI� IRUHVW� DUHD� FDQ� EH� SURSRUWLRQDO�� OLQHDU�� DFFHOHUDWLQJ� SURSRUWLRQDO� RU
DFFHOHUDWLQJ� OLQHDU� �7DEOH�������:LWK� WKLV�PHWKRG��ZH�HQGHDYRXUHG� WR�PDS�DOO�SRVVLEOH
IXWXUH�VFHQDULRV�LQKHUHQW�LQ�WKH�LQWHUQDO�HPSLULFDO�IRUHVW�FRYHU�GDWD�

7KH� IRXU� VFHQDULRV� GLIIHU�� GHSHQGLQJ� RQ� WKH� GLIIHUHQW� DVVXPSWLRQV� RI� WKH� QDWXUH� RI
GHFUHDVH�� 5HVXOWV�ZHUH� FRPSXWHG� IRU� ERWK� WKH� FRQWLQHQWDO� OHYHO� DQG� VXEQDWLRQDO� OHYHO
�7DEOH� ������ 7KH� GHFUHDVH� DW� WKH� FRQWLQHQWDO� OHYHO� LV� XVXDOO\� JUHDWHU�� 3URSRUWLRQDO
GHFUHDVH� JLYHV� WKH� VPDOOHVW� UHGXFWLRQ� LQ� DOO� FRQWLQHQWV�� $FFHOHUDWLQJ� OLQHDU� GHFUHDVH
SURGXFHV�WKH�ODUJHVW�UHGXFWLRQ�LQ�$IULFD��/DWLQ�$PHULFD�DQG�LQ�WKH�WURSLFV�DV�D�ZKROH��,Q
$VLD��WKH�UHGXFWLRQ�LV�ODUJHVW�ZKHQ�OLQHDU�GHFUHDVH�LV�DVVXPHG�
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TABLE 2.1
DESCRIPTION OF TREND SCENARIOS 1a-4b

1 PROPORTIONAL TREND

Assumption: Annual average deforestation rate % remains the same as between 1981-90.

(a) Continental decrease

FAt = FA90 * e[(t-1990)/10]*Ln(FA90/FA80)

where FAt = Forest area in year t

FA90 = Forest area in year 1990

FA80 = Forest area in year 1980.

(b) As sum of subnational units

FAt = S FA90 * e
[(t-1990)/10]*Ln(FA90/FA80).

2 LINEAR TREND

Assumption: Annual average deforested area remains the same as between 1981-90.

(a) FAt = FA90 - [(t-1990)/10]*(FA80 - FA90).

(b) FAt = S Max{FA90 - [(t-1990)/10]*(FA80 - FA90), 0}.

3 ACCELERATING PROPORTIONAL TREND

Assumption: Change in the proportional forest area change remains the same as between
1971-80 and 1981-90.

(a) FAt
 = FA(by proportional trend 1a.) * e([(t-1990)/10]*[((t-1990)/10)+1]/2)*Ln[(FA90/FA80)/(F

A80/FA70)]

     = FA90 * e
[(t-1990)/10]*Ln(FA90/FA80) + ([(t-1990)/10]*[((t-1990)/10)+1]/2)*Ln[(FA90/F

A80)/(FA80/FA70)]

(b) FAt = S Min{FA(by proportional trend 1b.) * e([(t-1990)/10]*[((t-1990)/10)+1]/2)*Ln[(FA90/F
A80)/(FA80/FA70)],  FA90

}

4 ACCELERATING LINEAR TREND

Assumption: Change in the linear forest area change remains the same as between 1971-80 and
1981-90

(a) FAt =  FA(by linear trend 2a.) - ([(t-1990)/10]*[((t-1990)/10)+1]/2)*[(FA80-FA90)-(FA70-
FA80)

     = FA90 - [(t-1990)/10]*(FA80 - FA90) - ([(t-1990)/10]*[((t-1990)/10)+1]/2)*[(FA80-FA90)-
(FA70-FA80)]

(b) FAt =  S Min{Max{FA(by linear trend 2b.) - ([(t-1990)/10]*[((t-1990)/10)+1]/2) * [(FA80-
FA90)-(FA70-FA80)], 0},  FA90}
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$FFRUGLQJ�WR�RXU�WUHQG�VFHQDULR�UHVXOWV��7DEOH�����EHORZ���WRWDO�WURSLFDO�IRUHVW�DUHD�FRXOG
GURS� IURP� WKH� ����� OHYHO� RI� ������PLOOLRQ� KHFWDUHV� WR� ����������PLOOLRQ� KHFWDUHV� E\
������7KH� UHODWLYH�DYHUDJH�DQQXDO�GHFUHDVH� �SHU� FHQW�� IRU� WKH�SHULRG����������� LV� WKH
IDVWHVW� LQ�$VLD�� WKHQ�/DWLQ�$PHULFD�DQG�ILQDOO\�$IULFD�� ,W� LV� LQWHUHVWLQJ� WR�QRWH� WKDW� WKH
PD[LPXP�GHFUHDVLQJ� UDWHV�RI�GHIRUHVWDWLRQ� DFFRUGLQJ� WR� FRQWLQHQWV� UXQ�SDUDOOHO� WR� WKH
*13�SHU�FDSLWD�GHYHORSPHQW�RI�HDFK�FRQWLQHQW��$YHUDJH�DQQXDO�JURZWK�UDWHV� IRU�*13
SHU�FDSLWD�KDYH�EHHQ�����������SHU�FHQW�LQ�$VLD������������SHU�FHQW�LQ�/DWLQ�$PHULFD�DQG
�������SHU�FHQW�LQ�$IULFD�DV�PHDVXUHG�WUHQGV�GXULQJ���������DQG���������

��� 5HJUHVVLRQ�VFHQDULRV�RQ�GHIRUHVWDWLRQ

����� 0RGHO�HVWLPDWLRQ

:H� GLVFRYHUHG� WKH� VWDWLVWLFDOO\� EHVW� UHJUHVVLRQ� PRGHOV� IRU� FRQVWUXFWLQJ� GHIRUHVWDWLRQ
VFHQDULRV�E\� FRQWLQHQWV�E\� DSSO\LQJ� VWHSZLVH� UHJUHVVLRQ� DQDO\VLV�ZLWK� VXEQDWLRQDO� DQG
QDWLRQDO� GDWD� �7DEOH� ������ 7KH� UHJUHVVLRQ� HTXDWLRQV� DUH� HVWLPDWHG� XVLQJ� ORJDULWKPLF
YDULDEOHV�DQG�RUGLQDU\� OHDVW�VTXDUHV��$OO�FRHIILFLHQWV�SURGXFHG� WKH�H[SHFWHG�VLJQV��DQG
WKH�FRHIILFLHQWV�RI�ZHW� HFRORJLFDO� ]RQH� DUHDV� DQG�QDWLRQDO� ODQG� DUHDV�ZHUH� VWDWLVWLFDOO\
VLJQLILFDQW�LQ�DOO�PRGHOV��:H�DVVXPHG�WKH�LQFUHDVH�LQ�GHIRUHVWDWLRQ�WR�SDUDOOHO�LQFUHDVLQJ
LQFRPHV� DW� ORZ� OHYHOV�� $IWHU� D� FHUWDLQ� LQFRPH� OHYHO�� LQFUHDVLQJ� LQFRPHV� ZLOO� VWDUW� WR
UHGXFH�GHIRUHVWDWLRQ��3DOR�DQG�9DQKDQHQ��IRUWKFRPLQJ���,Q�$IULFD�DQG�$VLD��ZKLFK�KDYH
ORZ� LQFRPH� OHYHOV�� WKH� FRHIILFLHQWV� RI�*13� DUH�� DV� H[SHFWHG�� QHJDWLYH�ZKLOH� LQ� /DWLQ
$PHULFD�ZKHUH�WKH�LQFRPH�OHYHO�LV�KLJK��WKH�UHVSHFWLYH�FRHIILFLHQWV�DUH�SRVLWLYH�

7KH�FRHIILFLHQWV�RI�SRSXODWLRQ��*13�DQG�UHOLDELOLW\�RI�IRUHVW�GDWD�DUH�PRVWO\�VWDWLVWLFDOO\
VLJQLILFDQW� LQ� WKH� PRGHOV� IRU� /DWLQ� $PHULFD� DQG� $IULFD�� ,Q� $VLD�� KRZHYHU�� WKH
FRHIILFLHQWV� RI� SRSXODWLRQ� DQG�*13� DUH� QRW� VLJQLILFDQW� DW� WKH� ��� SHU� FHQW� SUREDELOLW\
OHYHO��7KH�ULVNV��KRZHYHU��DUH�QRW�YHU\�KLJK�DQG�UDQJH�EHWZHHQ����DQG����SHU�FHQW��7KH
UHDVRQ� IRU�$VLD
V� QRQVLJQLILFDQFH�PD\�EH� WKH� IDFW� WKDW� WKH� QXPEHU� RI� REVHUYDWLRQV� IRU
$VLD�LV�PXFK�VPDOOHU�WKDQ�IRU�WKH�RWKHU�WZR�FRQWLQHQWV�H[DPLQHG��)RU�H[DPSOH��LQ�$VLD
WKHUH� DUH� ��� VXEQDWLRQDO� XQLWV� DQG� ��� FRXQWULHV�� DQG� WKH� FRUUHVSRQGLQJ� QXPEHUV� LQ
$IULFD�DUH�����DQG�����UHVSHFWLYHO\��3RSXODWLRQ�DQG�*13�DUH�DOVR�YDULDEOHV��ZKLFK�ZH
PRGHOOHG�RQO\�DW�WKH�QDWLRQDO�OHYHO�IRU�VFHQDULR�FRQVWUXFWLRQ�

+RZHYHU��RXU�PRGHOV�����IRU�$VLD�KDYH�KLJKHU�DGMXVWHG�5�VTXDUHV��������SHU�FHQW��WKDQ
FRPSDUDEOH�PRGHOV�����IRU�/DWLQ�$PHULFD�DQG�$IULFD��������SHU�FHQW���$VLDQ�PRGHO��
DOVR�KDV�WKH�VPDOOHVW�VWDQGDUG�HUURU�DPRQJ�WKH�VL[�PRGHOV�IRU�WKH�WKUHH�FRQWLQHQWV��7DEOH
������$OO�PRGHOV�KDYH� UHODWLYHO\� VWURQJ�PXOWLFROOLQHDULW\� �ERWWRP� URZ���'LVWULEXWLRQ� RI
UHVLGXDOV�PD\�QHHG�VRPH�IXUWKHU�DQDO\VLV��FI��3DOR�DQG�9DQKDQHQ��IRUWKFRPLQJ��



TABLE 2.2
 TREND SCENARIOS FOR LATIN AMERICA, AFRICA, ASIA, AND TOTAL TROPICS TO THE YEARS 2025 AND 2050

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3URSRUWLRQDO� �����D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ��� 0LQ�

/LQHDU ����P��KD�D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

$FFHOHUDWLQJ�SURSRUWLRQDO ������D���D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

$FFHOHUDWLQJ�OLQHDU �����P��KD�D���D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ��� 0D[

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

3URSRUWLRQDO� �����D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ��� 0LQ

/LQHDU ����P��KD�D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

$FFHOHUDWLQJ�SURSRUWLRQDO ������D���D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

$FFHOHUDWLQJ�OLQHDU ������P��KD�D���D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ��� 0D[

3URSRUWLRQDO� ������D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� �� ��� �� �� ��� ��� ��� ��� 0LQ

/LQHDU ����P��KD�D���������� �$ ��� ��� �� �� �� � ��� ��� �� �� ��� ��� ��� ��� 0D[

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

$FFHOHUDWLQJ�SURSRUWLRQDO ������D���D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

$FFHOHUDWLQJ�OLQHDU ������P��KD�D���D���������� �$ ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

�% ��� ��� ��� �� �� �� ��� ��� �� �� ��� ��� ��� ���

3URSRUWLRQDO� �����D���������� �$ ���� ���� ���� �� �� �� ��� ��� �� �� ���� ���� ��� ���

�% ���� ���� ���� �� �� �� ��� ��� �� �� ���� ��� ��� ��� 0LQ

/LQHDU �����P��KD�D���������� �$ ���� ���� ��� �� �� �� ��� ��� �� �� ���� ���� ��� ���

�% ���� ���� ��� �� �� �� ��� ��� �� �� ���� ���� � ��� ���

$FFHOHUDWLQJ�SURSRUWLRQDO ������D���D���������� �$ ���� ���� ��� �� �� �� ��� ��� �� �� ���� ���� ��� ���

�% ���� ���� ��� �� �� �� ��� ��� �� �� ���� ���� ��� ���

$FFHOHUDWLQJ�OLQHDU �����P��KD�D���D���������� �$ ���� ���� ��� �� �� �� ��� ��� �� �� ���� ���� ��� ��� 0D[

�% ���� ���� ��� �� �� �� � ��� ��� �� �� ���� ���� ��� ���

1RWH��$���FRQWLQHQWDO�OHYHO��%���VXP�RI�VXEQDWLRQDO�XQLWV
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TABLE 2.3
SCENARIO REGRESSION MODELS BY SUBNATIONAL UNITS

OF TROPICAL LATIN AMERICA, AFRICA, AND ASIA

5HJLRQ /DWLQ�$PHULFD $IULFD $VLD

0RGHO�� 0RGHO�� 0RGHO�� 0RGHO�� 0RGHO�� 0RGHO��

)RUHVW )RUHVW )RUHVW )RUHVW )RUHVW )RUHVW
�DUHD DUHD����RI �DUHD DUHD����RI �DUHD DUHD����RI

���RI�ODQG QRQIRUHVW ���RI�ODQG QRQIRUHVW ���RI�ODQG QRQIRUHVW
'HSHQGHQW�YDULDEOH DUHD� DUHD� DUHD� DUHD� DUHD� DUHD�

,QGHSHQGHQW�YDULDEOHV &RHIILFLHQW��VWDQGDUG�HUURU�LQ�SDUHQWKHVLV�

,QWHUFHSW ����  �����  ����  [ ����  ����� 
������ ������ ������ ������ ������

1DWLRQDO�SRSXODWLRQ�W�����WRWDO� �����  �����  ����� �����  ����� �����

������ ������ ������ ������ ������ ������

*URVV�QDWLRQDO�SURGXFW��W�����WRWDO� ����  ����  �����  �����  ����� �����

������ ������ ������ ������ ������ ������

:HW�DUHD�HFRORJLFDO�]RQH��KD� ����  ����  ����  ����  ����  ���� 
������ ������ ������ ������ ������ ������

'U\�DUHD�HFRORJLFDO�]RQH��KD� [ [ �����  �����  [ [
������ ������

5HOLDELOLW\�RI�IRUHVW�GDWD�KLJK������ �����  �����  �����  �����  [ [
������ ������ ������ ������

5HOLDELOLW\�RI�IRUHVW�GDWD�ORZ������ [ [ �����  �����  [ [
������ ������

3RSXODWLRQ�GDWD�IURP����������� [ [ �����  �����  [ [
������ ������

1DWLRQDO�ODQG�DUHD��KD� ����  ����  ����  ����  ����  ���� 
������ ������ ������ ������ ������ ������

&RXQWULHV �� �� �� �� �� ��
6XEQDWLRQDO�XQLWV ��� ��� ��� ��� �� ��
2EVHUYDWLRQV ��� ��� ��� ��� � �� ��
$GMXVWHG�5�VTXDUH ���� ���� ���� ���� ���� ����
5�VTXDUH ���� � ���� ���� ���� ���� ����
6WDQGDUG�HUURU ���� ���� ���� ���� ���� ����
)�VWDWLVWLF ���� ���� ���� ���� ���� ����
6LJQLILFDQFH�RI�) ���� ���� ���� ���� ���� ����
0D[LPXP�SDLUZLVH�3HDUVRQ�FRUUHODWLRQ�U ���� ���� ���� ���� ���� ����
�EHWZHHQ�LQGHSHQGHQW�YDULDEOHV�LQ ����� ����� ����� ����� ����� �����
SDUHQWKHVLV�

1RWHV�
 � �VLJQLILFDQFH�OHYHO�XQGHU���
 � �VLJQLILFDQFH�OHYHO�XQGHU���
 � �VLJQLILFDQFH�OHYHO�XQGHU����
[ � �VWDWLVWLFDOO\�QRQVLJQLILFDQW�YDULDEOH�H[FOXGHG�LQ�RUGHU�WR�PLQLPL]H�VWDQGDUG�HUURU�

0RGHOV�HVWLPDWHG�IURP�)25,6�GDWDEDVH��)$2��������IRUHVW�DUHD�DV�GHSHQGHQW�YDULDEOH�E\�VXEQDWLRQDO�XQLWV
RI�WURSLFDO�/DWLQ�$PHULFD��$IULFD�DQG�$VLD��DOO�YDULDEOHV�LQ�QDWXUDO�ORJDWLUWKPV��2/6�HVWLPDWLRQ��

����� 'HIRUHVWDWLRQ�VFHQDULRV

1H[W�ZH� LQWURGXFH� WKH� GHIRUHVWDWLRQ� VFHQDULRV� EDVHG� RQ� WKH� UHJUHVVLRQ�PRGHOV� �7DEOH
������ %\� WKH� \HDU� ������ WKH� WRWDO� SDQWURSLFDO� IRUHVW� DUHD� LV� HVWLPDWHG� WR� EH� EHWZHHQ
������������PLOOLRQ�KHFWDUHV��7KLV�VFHQDULR�UDQJH�PDWFKHV�WKH�XSSHU�VHFWRU�RI�WKH�WUHQG
IRUN� �7DEOH������)LJXUH�������7KH� HVVHQWLDO� GLIIHUHQFH� EHWZHHQ� WKH� WUHQG� VFHQDULRV� DQG
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UHJUHVVLRQ�PRGHO� VFHQDULRV� LV� WKDW� GHIRUHVWDWLRQ� LQ� WKH� ODWWHU� VFHQDULRV� LV� HVWLPDWHG� WR
RFFXU� GXULQJ� WKH� ���������� SHULRG�� ZKLFK� PHDQV� D� PRUH� UDSLG� SURFHVV� RI� HDUO\
GHIRUHVWDWLRQ��ZKLFK�ZH� UHJDUG� DV� WKH� UHDOLVWLF� DOWHUQDWLYH�� ,Q� IDFW�� WKH�ZKROH� VFHQDULR
UDQJH�OLHV�MXVW�EHORZ�RXU�WUHQG�IRUN�E\�������)LJXUH������

TABLE 2.4
SCENARIO MODEL ASSUMPTIONS AND RESULTS FOR LATIN AMERICA, AFRICA, AND ASIA

/DWLQ�$PHULFD $IULFD $VLD 7RWDO�WURSLFV

0RGHO��0RGHO�� 0RGHO��0RGHO�� 0RGHO��0RGHO��
6XP�RI�
PRGHOV�
������	��

6XP�RI�
PRGHOV�
������	��

3RSXODWLRQ�JURZWK�UDWH��DQQXDO���
��������� ��� ��� ��� ��� ��� ��� ��� ���

� ��������� ��� ��� ��� ��� ��� ��� ��� ���
�

*13�FDSLWD�JURZWK�UDWH��DQQXDO���
� ��������� ���� ���� ���� ���� ��� ��� ��� ����
5HOLDELOLW\ �
� ���� $ � $ � & & ' '

���� % � % % % ' '
�

)RUHVW�DUHD�UHPDLQLQJ��PLOOLRQ�KD
� ���� ��� ��� ��� ��� ��� ��� ���� ����

���� ��� ��� ��� ��� ��� ��� ���� ����
���� ��� ��� ��� ��� ��� ��� ���� ����

� �
)RUHVW�DUHD�UHPDLQLQJ����RI�ODQG�DUHD �

���� �� �� �� �� �� �� �� ��
� ���� �� �� �� �� �� �� �� ��

���� �� �� �� �� �� �� �� ��

7RWDO�UHGXFWLRQ����������
PLOOLRQ�KD ��� ��� ��� ��� ��� �� ��� ���
� �� �� �� �� �� �� �� ��

$QQXDO�UHGXFWLRQ�RYHU����������
PLOOLRQ�KD ���� ��� ��� ��� ��� ��� ���� ����
� ��� ��� ��� ��� ��� ��� ��� ���

1RWH� $ +LJK�GXPP\ ����LI�+LJK�GXPP\ ��LQ�����
% 'XPPLHV�H[FOXGHG
& +LJK�GXPP\ ����LI�+LJK�GXPP\ ��LQ�������/RZ�GXPP\ ����LI�/RZ�GXPP\ ��LQ�����
' 1R�GXPPLHV

7KH� FRQWLQHQWDO� GHIRUHVWDWLRQ� VFHQDULRV� SURGXFHG� E\� WKH� WZR� DSSURDFKHV� DUH� DOVR
FRPSDUHG� �)LJXUHV� ����������$� IDVWHU� UDWH� RI� GHIRUHVWDWLRQ� WR� WKH� \HDU� ������ EDVHG� RQ
UHJUHVVLRQ�PRGHOOLQJ�VFHQDULRV�DV�FRPSDUHG�WR�WKH�WUHQG�VFHQDULR�IRUN��ZLOO�GHYHORS�LQ
$IULFD� DQG� SDUWO\� LQ�/DWLQ�$PHULFD��%\� ������ WKH� UHJUHVVLRQ� VFHQDULRV� LQ�$VLD� DSSHDU
HYHQ� VOLJKWO\� DERYH� WKH� UHVSHFWLYH� WUHQG� VFHQDULR� IRUN� ZKHUHDV� LQ� $IULFD� DQG� /DWLQ
$PHULFD��WKH�PDWFK�RI�WKH�WZR�W\SHV�RI�VFHQDULRV�LV�IDLUO\�JRRG�
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FIGURE 2.3
NATURAL FOREST AREA SCENARIOS FOR TROPICAL LATIN AMERICA, AFRICA, AND ASIA
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Note: The cut line indicates low and high trend scenario, the asterisk and the cross low and high
model-based scenario.

FIGURE 2.4
NATURAL FOREST AREA SCENARIOS FOR TOTAL TROPICS
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low and high model-based scenario.
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��� 6FHQDULRV�RQ�FDUERQ�IOX[HV

����� $VVHVVLQJ�FDUERQ�IOX[HV

+XPDQ�LQGXFHG�QHW�UHOHDVHV�RI�FDUERQ�IURP�IRUHVWV�WR�WKH�DWPRVSKHUH�WKURXJK�FKDQJHV
LQ�IRUHVW�FRYHU�GHSHQG�RQ�WKH�TXDQWLWLHV�RI�FDUERQ�VWRUHG�ZLWKLQ�WKH�YHJHWDWLRQ�DQG�WKH
VRLO�� UDWH� DQG� IRUP� RI� GHIRUHVWDWLRQ�� IRUHVW� GHJUDGDWLRQ�� DQG� WKH� LQWHQVLW\� RI� VRLO
GLVWXUEDQFH�� 7KH� DPRXQW� RI� YHJHWDWLRQ� FDUERQ� LQ� D� KHFWDUH� RI� QDWXUDO� IRUHVW� FDQ� YDU\
VLJQLILFDQWO\�� DFFRUGLQJ� WR� WHPSHUDWXUH�� SUHFLSLWDWLRQ�� VRLO� UHJLPHV�� ODQG� IRUP�� IRUHVW
PDQDJHPHQW�� DQG� RWKHU� KXPDQ� RU� QDWXUDO� LQWHUYHQWLRQ�� 7KXV�� FDUERQ� HVWLPDWHV� SHU
KHFWDUH� FDQ� GHYLDWH� FRQVLGHUDEO\� HYHQ� ZLWKLQ� D� JLYHQ� FRXQWU\� RU� GLVWULFW�� 8VLQJ
DSSUR[LPDWLRQV� IRXQG� LQ� WKH� OLWHUDWXUH�� 7UH[OHU� DQG� +DXJHQ� ������� KDYH� FRQYHUWHG
KHFWDUH�HVWLPDWHV�RI�ELRPDVV�FDUERQ�GHQVLWLHV�IRU�WKUHH�WURSLFDO�FOLPDWLF�]RQHV��*LYHQ�DV
WRQV�SHU�KHFWDUH��WKHVH�DUH��������IRU�GU\���������IRU�PRLVW��DQG���������IRU�ZHW�FOLPDWLF
W\SHV�

,Q� WKLV� VWXG\�� WKH� HVWLPDWHV� IRU� FDUERQ� VWRUHG� LQ� YHJHWDWLRQ� SHU� XQLW� RI� IRUHVW� DUHD� DUH
EDVHG� RQ� WKH� FDUERQ� SRRO� DQG� IOX[� DQDO\VHV� FRQGXFWHG� E\� 'L[RQ� HW� DO�� �������� ZKR
FODVVLI\� WKH� ZRUOG
V� IRUHVWV� LQWR� WKUHH� ODWLWXGLQDO� EHOWV�� ORZ��� PLG��� DQG� KLJK�ODWLWXGH
IRUHVWV�WKDW�DUH�ORFDWHG�EHWZHHQ���WR��������WR�����DQG����WR����ODWLWXGHV��UHVSHFWLYHO\�
1DWLRQV�RU�UHJLRQV�DUH�JURXSHG�E\�ODWLWXGH�RQ�WKH�EDVLV�RI� WKH�DSSUR[LPDWH�JHRJUDSKLF
ORFDWLRQ� RI� WKHLU� IRUHVWV�� 7KH� HVWLPDWHG� DUHD�ZHLJKWHG� FDUERQ� GHQVLWLHV� IRU� IRUHVW
YHJHWDWLRQ� DQG� VRLO� GHQVLWLHV� YDU\� FRQVLGHUDEO\� ZLWKLQ� WKH� FRQWLQHQW� �7DEOH� ������ $V
'L[RQ� HW� DO�� ������� SRLQW� RXW�� XQFHUWDLQWLHV� H[LVW� IRU� DOO� IRUHVW� JURXSV�� EXW� PDMRU
LQFRQVLVWHQFLHV� DUH� LQ� WKH� ORZ�ODWLWXGH� IRUHVWV�� 6SDWLDO� YDULDWLRQ� LQ� YHJHWDWLRQ� FDUERQ
GHQVLW\� HVWLPDWHV� PD\� EH� XS� WR� ��� SHU� FHQW� RI� PHDQ� YDOXHV�� $OWKRXJK� HVWLPDWHV� RI
ELRPDVV�FDUERQ�GHQVLWLHV�KDYH�EHHQ�LPSURYHG��WKHVH�DUH�LQ�QHHG�RI�FRQVWDQW�UHILQHPHQW
WR�UHIOHFW�WKH�FRQWLQXRXV�IRUHVW�GHJUDGDWLRQ�

TABLE 2.5
ESTIMATED AREA-WEIGHTED CARBON DENSITIES IN FOREST VEGETATION AND SOILS

Vegetation Soil
Total (vegetation

and soil)

Carbon density
(Mg/ha)

Reduction
%

Carbon density
(Mg/ha)

Reduction
%

Carbon flux
(Mg/ha)

Africa 99 70 120 30 105.3

Asia 132-174 70 139 35 155.75

Latin America 130 80 120 40 152

Source: Dixon et al. (1994); Brown et al. (1993); Houghton et al. (1987); FAO (1996)

)RUHVW� GHJUDGDWLRQ�RIWHQ� DGYDQFHV� IDVWHU� LQ� WURSLFDO� UDLQIRUHVWV� WKDQ� GHIRUHVWDWLRQ�� )RU
H[DPSOH��WKH�SULPDU\�IRUHVWV�RI�WKH�0DOD\VLD�3HQLQVXODU�ZHUH�UHGXFHG�LQ�DUHD�E\����SHU
FHQW�� EXW� ORVW� DERXW� ��� SHU� FHQW� RI� WKHLU� ELRPDVV� FDUERQ� GHQVLW\� GXULQJ� �������� DV� D
UHVXOW�RI�KDUYHVWLQJ�ODUJH�GLDPHWHU� WUHHV��7KHVH�HVWLPDWHV�DUH�EDVHG�RQ� WZR�VXEVHTXHQW
QDWLRQDO� IRUHVW� LQYHQWRULHV� �'L[RQ�HW�DO���������$OVR�7UH[OHU�DQG�+DXJHQ� �������SRLQW
RXW� WKDW� LQIRUPDWLRQ� LV� VNHWFK\� RQ� WKH� PDJQLWXGH� DQG� SDWWHUQV� RI� GHJUDGHG� WURSLFDO
IRUHVWV� ZKLFK� DUH� QRW� \HW� IXOO\� GHIRUHVWHG�� DQG� WKH� LPSDFW� RI� WKHVH� RQ� FDUERQ� IORZV�
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7KHUH� DUH� DOVR� ZLGH� YDULDWLRQV� LQ� HVWLPDWHV� RI� WKH� RUJDQLF�PDWWHU� FRQWHQW� RI� WURSLFDO
IRUHVW�VRLOV��+RZHYHU�LQ�JHQHUDO��WKH�UDQJH�RI�JXHVVWLPDWHV�RQ�VRLO�FDUERQ�FRQWHQW�LV�QRW
DV�ZLGH�DV�IRU�WKH�HVWLPDWHV�IRU�OLYLQJ�ELRPDVV��1LOVVRQ�DQG�6FKRSIKDXVHU�������

7KH�DPRXQW�RI�FDUERQ�IOX[�GXULQJ�D�GHIRUHVWDWLRQ�SURFHVV�LV�GHWHUPLQHG�E\�WKH�W\SH�RI
ODQG�XVH�FRQYHUVLRQ�DQG�WKH�OHQJWK�RI�WLPH�DIWHU�GHIRUHVWDWLRQ��7KH�DEVROXWH�SURSRUWLRQ
RI� FDUERQ� ORVW� YDULHV� FRQVLGHUDEO\�� GHSHQGLQJ� RQ� WKH� FLUFXPVWDQFHV�� IRU� H[DPSOH�
ZKHWKHU� ODQG�KDV�EHHQ� FOHDUHG� IRU� FXOWLYDWLRQ�RU�SDVWXUH�SXUSRVHV��7KH�SDWWHUQ�RI� ORVV
RYHU� WLPH²IRU� H[DPSOH�� ELRPDVV� EXUQLQJ� YHUVXV� WUHHV� FXW� DQG� OHIW� WR� GHFD\²DOVR
DIIHFWV� FDUERQ� IOX[�� :KHQ� D� WURSLFDO� IRUHVW� LV� FRQYHUWHG� WR� SDVWXUH� RU� SHUPDQHQW
DJULFXOWXUH��WKH�DPRXQW�RI�FDUERQ�VWRUHG�LQ�WKH�VHFRQGDU\�YHJHWDWLRQ�LV�HTXLYDOHQW�WR�WKH
FDUERQ� FRQWHQW� RI� WKH� ELRPDVV� RI� SODQWHG� FURSV�� RU� JUDVV� JURZQ� RQ� SDVWXUH��:KHQ� D
VHFRQGDU\� IRUHVW� LV� DOORZHG� WR� JURZ�� FDUERQ� DFFXPXODWHV�� DQG� PD[LPXP� ELRPDVV
GHQVLW\�LV�DWWDLQHG�DIWHU�D�UHODWLYHO\�VKRUW�WLPH��7KH�JUHDWHVW�ORVV�RI�FDUERQ�RFFXUV�GXULQJ
ODQG�XVH�WUDQVIRUPDWLRQ�IURP�D�SULPDU\�FORVHG�IRUHVW�WR�SHUPDQHQW�DJULFXOWXUH�

9DULRXV�HVWLPDWHV�KDYH�EHHQ�PDGH�RI�WKH�QHW�DPRXQW�RI�FDUERQ�UHOHDVHG�IURP�WKH�VRLOV�LQ
FRQMXQFWLRQ� ZLWK� WURSLFDO� ODQG�XVH� FKDQJHV�� $FFRUGLQJ� WR� WKHVH� HVWLPDWHV�� ELRPDVV
FDUERQ�ORVVHV�UDQJH�IURP�DSSUR[LPDWHO\����SHU�FHQW�DV�D�UHVXOW�RI�VKLIWLQJ�FXOWLYDWLRQ�WR
QHDUO\�����SHU�FHQW�DV�D�UHVXOW�RI�SHUPDQHQW�DJULFXOWXUH��6RLO�FDUERQ�ORVVHV�DIWHU�IRUHVW
FOHDUDQFH� DUH� LQ� WKH� UDQJH� RI� ��±��� SHU� FHQW�� GHSHQGLQJ� RQ� WKH� ODQG�XVH� FRQYHUVLRQ
�%URZQ� HW� DO�� ������ +RXJKWRQ� HW� DO�� ������ 7UH[OHU� DQG� +DXJHQ� ������ 1LOVVRQ� DQG
6FKRSIKDXVHU�������

0XFK� RI� WKH� FOHDULQJ� RI� IRUHVWV� IRU� DJULFXOWXUH� LQ� WKH� WURSLFV� LV� F\FOLF� EHFDXVH� WKH
SUDFWLFH�RI�VKLIWLQJ�FXOWLYDWLRQ�HQDEOHV� UHIRUHVWDWLRQ� WR�GHYHORS�RQ� IDOORZ� ODQGV�GXULQJ
DQG�DIWHU�IRRG�FURS�KDUYHVWV��7KH�SHULRG�RI�IDOORZ��DIWHU�ZKLFK�WKH�IRUHVW�PD\�EH�EXUQHG
DQG�FOHDUHG�DJDLQ��PD\�ODVW�IURP���WR����\HDUV��DFFRUGLQJ�WR�FXOWXUDO�DQG�HQYLURQPHQWDO
FRQGLWLRQV��2YHU�WKH�ORQJ�WHUP��WKH�FRQVWDQW�UDWH�RI�GHIRUHVWDWLRQ�UHVXOWLQJ�IURP�VKLIWLQJ
FXOWLYDWLRQ�ZLOO�QRW�FRQWULEXWH�WR�D�QHW�IOX[�RI�FDUERQ�LQWR�WKH�DWPRVSKHUH��EHFDXVH�WKH
DPRXQWV� UHOHDVHG� GXULQJ� EXUQLQJ� DUH� RIIVHW� E\� FDUERQ� DFFXPXODWLRQ� DFKLHYHG� WKURXJK
UHJURZWK��+RXJKWRQ�HW�DO��������

,Q�WKH�DVVHVVPHQW�E\�)$2���������LW�ZDV�HVWLPDWHG�WKDW�WKH�PRVW�FRPPRQ�WUDQVLWLRQ�RI
IRUHVW� FRYHU� GXULQJ� �������� ZDV� WR� RWKHU� ODQG� FRYHU�� PDLQO\� WR� DFFRPPRGDWH� FDWWOH
UDQFKLQJ� DQG� SHUPDQHQW� DJULFXOWXUH� ���� SHU� FHQW��� IROORZHG� E\� VKRUW� IDOORZ� IRU
VXEVLVWHQFH� DJULFXOWXUH� ���� SHU�FHQW�� DQG� IUDJPHQWHG� IRUHVW� FRQVLVWLQJ� RI� D
IRUHVW�QRQ�IRUHVW�PRVDLF�����SHU�FHQW��

7KHVH�UHVXOWV�ZHUH�EDVHG�RQ�D�TXDQWLWDWLYH�VWXG\�RI�SDQWURSLFDO�IRUHVW�FRYHU�FKDQJHV�DV
DQDO\VHG�ZLWK� D� UHPRWH� VHQVLQJ� VXUYH\� RI� WKH� VDPH� ���� VDPSOH� SORWV� IURP� ����� DQG
������)$2��������7KH�VWXG\�LQGLFDWHG�QRW�RQO\�TXDQWLWDWLYH�GLIIHUHQFHV�DPRQJ�WKH�WKUHH
WURSLFDO� FRQWLQHQWV�� EXW� DOVR� VWURQJ� UHJLRQDO� FKDUDFWHULVWLFV� LQ� WKH� SURFHVV� RI� FKDQJH�
7URSLFDO�IRUHVWV�LQ�$IULFD�DUH�FKDUDFWHUL]HG�E\�WKH�WUDQVLWLRQ�IURP�FORVHG�IRUHVWV�WR�VKRUW
IDOORZ��7KHVH�DUH�GHILQHG�DV�WHPSRUDO�DJULFXOWXUDO�DUHDV�ZLWK�VKRUW� IDOORZ�SHULRGV��DQG
WKXV� GR� QRW� FRPSO\� ZLWK� WKH� IRUHVW� GHILQLWLRQ�� 7URSLFDO� IRUHVWV� LQ� /DWLQ� $PHULFD� DUH
GRPLQDWHG�E\�FRQYHUVLRQ�IURP�FORVHG�IRUHVWV� WR�RWKHU� ODQG�FRYHU��7KLV� W\SH�RI�FKDQJH
DSSHDUV�WR�EH�WKH�UHVXOW�RI�FHQWUDOO\�SODQQHG�RSHUDWLRQV�VXFK�DV�JRYHUQPHQW�UHVHWWOHPHQW



��

VFKHPHV�� ODUJH�VFDOH� FDWWOH� UDQFKLQJ� DQG� K\GURHOHFWULF� SURMHFWV�� $VLDQ� WURSLFDO� IRUHVWV
VKRZ�WZR�SULPDU\�FRQYHUVLRQV��IURP�FORVHG�IRUHVWV�WR�RWKHU�ODQG�XVH�RU�WR�VKRUW�IDOORZ�
WKH� IRUPHU� UHVXOWLQJ� IURP� JRYHUQPHQW� UHVHWWOHPHQW� VFKHPHV� DQG� ODUJH� SODQWDWLRQ
SURJUDPPHV��)$2�������

7KH� H[DPLQDWLRQ� RI� FDUERQ� IORZV� GXULQJ� D� ODQG� FRQYHUVLRQ� SURFHVV� YDULHV� DPRQJ
GLIIHUHQW�VWXGLHV��)RU�H[DPSOH��7UH[OHU�DQG�+DXJHQ���������EDVLQJ�WKHLU�VHOHFWLRQ�RQ�WKH
OLWHUDWXUH�� XVHG� WKH� ILJXUH� RI� ��� SHU� FHQW� IRU� HDFK� FRQWLQHQW� WR� UHSUHVHQW� WKH� ELRPDVV
FDUERQ� UHOHDVHG� GXULQJ� ODQG� FOHDULQJ�� 7KLV� VWXG\� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH
FKDUDFWHULVWLF�ODQG�XVH�FKDQJHV�ZLWKLQ�WKH�UHJLRQV��DQG�VXEVHTXHQW�FDUERQ�IOX[HV��JLYHQ
LQ�)$2
V�7URSLFDO�)RUHVW�$VVHVVPHQW��������ZLOO�FRQWLQXH�RYHU�WLPH�

,Q� FDOFXODWLQJ� FDUERQ� IOX[HV�� LW� LV� LPSRUWDQW� WR� GHWHUPLQH� ZKHWKHU� IDOORZ� IRUHVW� LV
SHUPDQHQWO\�WDNHQ�RYHU�DV�FXOWLYDWHG�ODQG�RU�UHYHUWHG�WR�ZRRGODQG��,Q�$VLD��IRU�LQVWDQFH�
WKLV� W\SH� RI� FKDQJH� JHQHUDOO\� IROORZV� WKH� VHTXHQFH²FORVHG� IRUHVW�� ORQJ� IDOORZ�� RWKHU
ODQG� FRYHU� DQG� FORVHG� IRUHVW�� VKRUW� IDOORZ�� DQG� RWKHU� ODQG� FRYHU²ZKLFK� UHIOHFWV� WKH
H[SDQVLRQ�DQG� LQWHQVLILFDWLRQ�RI�VKLIWLQJ�FXOWLYDWLRQ��7KH�DVVXPSWLRQ�KHUH� LV� WKDW�PRVW
IDOORZ� IRUHVWV� DUH� HYHQWXDOO\� WUDQVIRUPHG� WR� SHUPDQHQW� DJULFXOWXUH� RU� GHJUDGHG� ODQGV�
+RZHYHU��DV�IRUHVW�DUHDV�FOHDUHG�DQQXDOO\�IRU�VKLIWLQJ�FXOWLYDWLRQ�KDYH�LQFUHDVHG��)$2
��������WKH�DUHDV�RI�IDOORZ�IRUHVW�PD\�QRW�QHFHVVDULO\�GHFUHDVH�

����� 6FHQDULR�UHVXOWV

7KH�FDUERQ�ORVV�ILJXUHV�IRU�WKH�FRQWLQHQWV�ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�)$2
V�HVWLPDWHV
RI� WKH� SHUFHQWDJH� FRQYHUVLRQ� RI� FORVHG� IRUHVWV� WR� GLIIHUHQW� ODQG� FRYHU� W\SHV�� DQG� WKH
FRPSLOHG�DSSUR[LPDWLRQV�RI� FDUERQ� ORVVHV� UHVXOWLQJ� IURP� WKHVH� FRQYHUVLRQV� �%URZQ�HW
DO��������+RXJKWRQ�HW�DO��������)$2��������,W�LV�HVWLPDWHG�WKDW�FDUERQ�IOX[HV�UHOHDVHG
IURP�YHJHWDWLRQ�ZLOO�DPRXQW�WR����SHU�FHQW�RI�WKH�RULJLQDO�TXDQWLW\�LQ�$IULFD�DQG�$VLD�
DQG����SHU�FHQW�LQ�/DWLQ�$PHULFD��DQG�DV�D�UHVXOW�RI�GHIRUHVWDWLRQ��FDUERQ�IOX[HV�IURP�WKH
VRLO�ZLOO�EH��������DQG����SHU�FHQW�RI�WKH�RULJLQDO�DPRXQW��UHVSHFWLYHO\��7DEOH�������7KH
ILJXUHV� DUH�� RI� FRXUVH�� URXJK� DYHUDJH� HVWLPDWHV� RI� DFWXDO� YDULDWLRQV�� DV� QR� UHOLDEOH
HPSLULFDO�GDWD�H[LVW� IRU� WKHVH�YDULDWLRQV��+RZHYHU�� IRU� WKLV� W\SH�RI� DJJUHJDWH� DQDO\VLV�
WKHVH� DUH� IDLUO\� LOOXVWUDWLYH�� %HFDXVH� FDUERQ� UHOHDVHV� H[WHQG� RYHU� D� ORQJ� WLPHIUDPH�� D
FRQVWDQW�UDWH�RI�UHOHDVH�ZDV�DVVXPHG�XQWLO�������WRWDOOLQJ�������SHU�FHQW�IURP�YHJHWDWLRQ
DQG�������IURP�WKH�VRLO�

7KHVH� WUHQGV� FDQ� EH� UHJDUGHG� DV� WKH� EDVH� VFHQDULRV�� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH
FDXVDO� PHFKDQLVP� RI� GHIRUHVWDWLRQ� SUHYDLOLQJ� LQ� �������� ZLOO� FRQWLQXH� XQWLO� �����
$FFRUGLQJ�WR�WKH�WUHQG�VFHQDULRV��WRWDO�WURSLFDO�IRUHVW�DUHD�FRXOG�GHFUHDVH�E\����������
PLOOLRQ�KHFWDUHV�E\�������7KLV�LPSOLHV�FDUERQ�IOX[HV�LQ�WKH�UDQJH�RI��������*7��7DEOH
���� DQG� )LJXUH� ������ 2Q� WKH� RWKHU� KDQG�� WUHQG� FRPSXWDWLRQV� SURGXFHG� DQ� LQWHUHVWLQJ
UHVXOW�� SDQWURSLFDO� GHIRUHVWDWLRQ� KDV� DFFHOHUDWHG� VOLJKWO\� IURP� WKH� ����V� WR� WKH� ����V
�7DEOHV�����DQG�������,Q�RUGHU�WR�EH�DEOH�WR�FDOFXODWH�WUHQGV������ZH�FRPSXWHG�EDFNZDUGV
WR������IURP�WKH�RULJLQDO�\HDU�REVHUYDWLRQV�ZLWK�WKH�&KDSPDQ�5LFKDUG�PRGHO��DV�)$2
�������KDG�XVHG�WKLV�PRGHO�IRU�WKH������DQG������XSGDWHV�
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%DVHG� RQ� RXU� UHJUHVVLRQ� VFHQDULRV� RQ� GHIRUHVWDWLRQ� IRU� ����������� VRPH� �������
PLOOLRQ� KHFWDUHV� DUH� SURMHFWHG� WR� EHFRPH� GHIRUHVWHG� DQG� ������� *7� RI� FDUERQ� WR� EH
HPLWWHG� LQWR� WKH� DWPRVSKHUH� �7DEOH� ������ 7KLV� DQDO\VLV� LQGLFDWHV� WKDW� LI� GHIRUHVWDWLRQ
FRXOG�EH�SUHYHQWHG�DQG�WKH�H[LVWLQJ�WURSLFDO�IRUHVW�FRYHU�VXVWDLQHG�RYHU�WKH�VDPH�SHULRG�
WKH�FXPXODWLYH�FRQVHUYHG�DPRXQW�RI�FDUERQ�ZRXOG�PDWFK�FDUERQ�HPLVVLRQV�JLYHQ�DERYH�
7URSLFDO�FDUERQ�FRQVHUYDWLRQ�SRWHQWLDO�LV�WKH�JUHDWHVW�LQ�WURSLFDO�$PHULFD��������*7�&��
IROORZHG�E\�$IULFD��������*7�&��DQG�$VLD��������*7�&��

TABLE 2.6
CUMULATIVE DEFORESTATION (MILLION HA) AND CARBON FLUXES (GT C), 1990-2025

This study

Trexler & Haugen (1 Matsuoka et al. (2 Trends Regression models

� 'HIRUHVW� 'HIRUHVW� 'HIRUHVW� 'HIRUHVW�
DWLRQ &�IOX[�(3 DWLRQ &�IOX[�(2 DWLRQ &�IOX[ DWLRQ &�IOX[

Africa 196 12.0-20.6 290 25 181-250 19.0-26.3 198-214 20.8-22.5

Asia 148 11.6-20.4 106 15 130-235 20.2-36.6 97-112 15.1-17.4

Latin America 305 17.4-35.7 304 28 276-558 42.0-84.8 264-362 40.1-55.0

Total tropics 648 41.0-76.7 701 68 587-1043 81-148 559-688 76-95

Notes: (1 1990-2045;

(2 Medium scenario;

(3 Low and high estimates of carbon.

TABLE 2.7
EFFECT OF POPULATION ESTIMATE CHANGE ON FOREST COVER, 2025 (AND 2050)

Region Latin America Africa Asia Total tropics

Kind of decrease
Model

1
Model

2
Model

3
Model

4
Model

5
Model

6

Sum of
models
1, 4, 5

Sum of
models
2, 3, 6

Population coefficient -0.71 -1.34 -0.12 -0.31 -0.20 -0.32

Population change 2015

millions (1 -17 -17 -26 -26 -92 -92 -134 -134

% (1 -2.9 -2.9 -2.7 -2.7 -3.8 -3.8 -3.4 -3.4

Dependent change
2025 (%) +2.1 +3.9 +0.3 +0.8 +0.8 +1.2

Forest area change
2025

% +2.1 +2.3 +0.3 +0.5 +0.8 +0.9 +1.4 +1.5

million ha +11 +15 +1 +2 +2 +2 +15 +18

% of land area +0.7 +0.9 +0.0 +0.1 +0.2 +0.2 +0.3 +0.4

Note: (1 Change from 1994 edition estimate to 1996 edition estimate in UN World Population
Prospects Medium Variant.

2XU� UHJUHVVLRQ�PRGHOV�ZHUH�FDOFXODWHG�RQ� WKH�EDVLV�RI� WKH������ UHYLVLRQ�RI� WKH�ZRUOG
SRSXODWLRQ�SURVSHFWV��81��������7KH������UHYLVLRQV��81�������EHFDPH�DYDLODEOH�MXVW
EHIRUH� WKH� FRPSOHWLRQ� RI� WKLV� VWXG\� DQG� SURMHFWHG� D� �������� SHU�FHQW� ORZHU� SRSXODWLRQ
JURZWK� E\� ����� UHVSHFWLYHO\� IRU� WKH� WKUHH� WURSLFDO� FRQWLQHQWV�� 7KH� VHQVLWLYLW\� DQDO\VLV
DFFRUGLQJO\� UHIOHFWV� WKH� HIIHFWV� RI� WKLV� FKDQJH� RQ� WURSLFDO� GHIRUHVWDWLRQ� VFHQDULRV�� ,Q
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$IULFD��WKH�HIIHFWV�DUH�QHJOLJLEOH�DQG�LQ�$VLD�UDWKHU�PRGHVW��EXW�E\�������DQG�LQ������
WKH� UHPDLQLQJ� IRUHVW� DUHD� LQ� /DWLQ� $PHULFD� ZRXOG� EH� ���±���� SHU� FHQW� KLJKHU� WKDQ
UHSRUWHG�LQ�7DEOHV�����DQG�������7KH�GHIRUHVWDWLRQ�LPSDFWV�GHYLDWH�IURP�WKH�SHUFHQWDJH
GHFOLQHV� RI� SRSXODWLRQ� JURZWK� SURVSHFWV� GXH� WR� WKH� YDULDWLRQ� LQ� WKH� UHJUHVVLRQ
FRHIILFLHQWV��7DEOH������URZ����

�� ',6&866,21

��� (YDOXDWLRQ�RI�RXU�UHVXOWV

,Q� RXU� RSLQLRQ�� DQ� H[SDQVLRQ� LQ� QDWXUDO� IRUHVW� FRYHUV� GXULQJ� �������� LV� XQOLNHO\�
DOWKRXJK� PRVW� WURSLFDO� IRUHVWV� UHJHQHUDWH� QDWXUDOO\� �H�J�� .XFKOL� ������ DQG� VXFFHVVIXO
UHIRUHVWDWLRQ�PD\� RFFXU�ZLWKRXW� H[FHVVLYH� KXPDQ� HIIRUW�� 7KH� VFDOH� ZLWKLQ� ZKLFK� WKLV
PD\� EH� IHDVLEOH�� KRZHYHU�� KDV� EHHQ� H[DJJHUDWHG� �H�J�� .XFKOL� ������� 7KH� RQO\
SDQWURSLFDO� TXDQWLWDWLYH� DQDO\VLV� ZKLFK� ZH� DUH� IDPLOLDU� ZLWK�� GRHV� QRW� LQGLFDWH� DQ\
RYHUDOO�QDWXUDO�UHIRUHVWDWLRQ��EXW�GRHV�VXJJHVW�D�VOLJKW�LQFUHDVH�LQ�$VLD�ZLWK�D�UDWKHU�KLJK
VDPSOLQJ�HUURU��)$2�������

)RUHVW� SODQWDWLRQV� LQ�GHYHORSLQJ� FRXQWULHV�KDYH�GRXEOHG� IURP������ WR� ������ DQG� QRZ
WRWDO��������PLOOLRQ�KHFWDUHV��$ERXW�KDOI�RI�WKHVH�DUH�ORFDWHG�LQ�WKH�WURSLFV��$FFRUGLQJ
WR�DQ�RXWORRN�E\�)$2���������SODQWDWLRQ�DUHD�ZLOO�LQFUHDVH�DW�OHDVW�XQWLO�������+RZHYHU�
LQ� RXU� VFHQDULRV� ZH� DUH� FRQFHUQHG� ZLWK� QDWXUDO� IRUHVWV� RQO\�� DQG� LW� LV� LPSRUWDQW� WR
UHPHPEHU�WKDW�QDWXUDO�DQG�SODQWDWLRQ�IRUHVWV�DUH�VR�GLIIHUHQW� LQ�PRVW�UHVSHFWV� WKDW� WKH\
FDQQRW�FRPSHQVDWH�HDFK�RWKHU�RU�PDLQWDLQ�VLPLODU�EHQHILW�VWUHDPV��3ODQWDWLRQV�KDYH�RQO\
DERXW�KDOI�WKH�DPRXQW�RI�FDUERQ�LQ�WKHLU�ELRPDVV��DV�FRPSDUHG�WR�QDWXUDO�WURSLFDO�IRUHVWV
�)$2��������&DUERQ�FRQWHQWV�RI�WKH�VRLO�DUH�PRVW�OLNHO\�HYHQ�ORZHU��EHFDXVH�RI�HURVLRQ
ULVN�RQ�SODQWDWLRQ�VLWHV�

:H� EHOLHYH� WKDW� WKH� UHJUHVVLRQ� PRGHOOLQJ� SURGXFHG� VRXQGHU� VFHQDULRV� WKDQ� WKH� WUHQG
PRGHOOLQJ��7KLV�LV�EDVHG�RQ�WKH�IDFW�WKDW�WKH�UHJUHVVLRQ�PRGHOV�KDYH�HLJKW�LQGHSHQGHQW
YDULDEOHV�WR�FRQWURO�WKH�GHIRUHVWDWLRQ�SURFHVV��DQG�H[WHUQDO�VFHQDULRV�ZHUH�DYDLODEOH�IRU
ILYH�RI�WKHVH��,Q�WKH�UHJUHVVLRQ�PRGHOOLQJ��D�VFLHQWLILF�EDVLV�ZDV�XVHG�WR�VHOHFW�WKH�IXWXUH
DOWHUQDWLYHV� IRU� WKH� LQGHSHQGHQW� YDULDEOHV�� ,I� WKHUH� DUH� GHYLDWLQJ� YLHZV� RQ� WKHVH
SURVSHFWV��LW�LV�SRVVLEOH�WR�UHUXQ�WKH�PRGHOOLQJ�ZLWK�DPHQGHG�YDOXHV��ZKHUHDV�WKH�WUHQG
VFHQDULRV�DUH�IL[HG�DFFRUGLQJ�WR�WKH�FKRLFH�RI�HTXDWLRQ�

7KH� UHJUHVVLRQ� VFHQDULRV� VKRZ� WKDW� GHIRUHVWDWLRQ� ZLOO� VWDJQDWH� DIWHU� ������ (FRQRPLF
JURXQGV�DOVR� VXSSRUW� WKH�DVVXPSWLRQ� WKDW�GHIRUHVWDWLRQ�ZLOO� HYHQWXDOO\� VORZ�GRZQ��$V
HDFK�IRUHVW�KHFWDUH�LV�GHVWUR\HG��WKH�YDOXH�RI�WKH�UHPDLQLQJ�UHJLRQV�ZLOO�VORZO\�LQFUHDVH
VLQFH�WKH�DJULFXOWXUDOO\�PRUH�SURGXFWLYH�DQG�DFFHVVLEOH�DUHDV�DUH�FRQYHUWHG�ILUVW��PDNLQJ
WKH�FRQYHUVLRQ�RI�DGGLWLRQDO�KHFWDUHV�OHVV�SURILWDEOH��H�J��%\URQ�DQG�3HUH]��������,Q�WKH
VFHQDULRV�� HFRQRPLF� JURZWK� LV� H[SHFWHG� WR� FRQWLQXH� UHODWLYHO\� IDVW� ������ SHU� FHQW� SHU
DQQXP�� 7DEOH� ����� LQ� $VLD�� ZKHUH� WKH� FULWLFDO� WKUHVKROG� RI� 86�� ������ LQ� .X]QHWV
K\SRWKHVLV�ZLOO�EH�VXUSDVVHG�E\������
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,Q�/DWLQ�$PHULFD��WKH�LQFRPH�WKUHVKROG�SRLQW�KDV�EHHQ�DOUHDG\�SDVVHG��7KLV�PHDQV�WKDW
LI� LQVWHDG� RI� WKH� ]HUR� JURZWK� WUHQG� ���������� DVVXPHG� KHUH�� WKH� RQJRLQJ� HFRQRPLF
JURZWK�FRQWLQXHV�DW�DERXW���SHU�FHQW�SHU�DQQXP�ZKLFK�LV�WKH���������DYHUDJH�OHYHO��WKLV
ZRXOG�GHFUHDVH�GHIRUHVWDWLRQ�SUHVVXUHV��7DEOH�������2Q�WKH�RWKHU�KDQG��RXU�DVVXPSWLRQ
RI�DQ�HFRQRPLF�JURZWK�LQ�$IULFD�RI������SHU�FHQW�SHU�DQQXP�VXSSRUWV�WKH�VORZLQJ�GRZQ
RI�GHIRUHVWDWLRQ�EHFDXVH�WKH�LQFRPH�WKUHVKROG�SRLQW�KDV�QRW�\HW�EHHQ�SDVVHG�LQ�$IULFD�
+RZHYHU��WKH�UHJUHVVLRQ�FRHIILFLHQW�RI�*13�LV�VR�ORZ��������LQ�7DEOH������WKDW�WKH�HIIHFW
RI�LQFUHDVHG�GHIRUHVWDWLRQ�UHVXOWLQJ�IURP�SRVLWLYH�HFRQRPLF�JURZWK�H[SHFWDWLRQV�RI����
SHU�FHQW�ZRXOG�UHPDLQ�UDWKHU�ORZ��'HOOD�6HQWD�DQG�3DUN��������,Q�WKLV�VWXG\��WKH�DQQXDO
UHGXFWLRQ�RI�IRUHVW�DUHD�LQ�$IULFD�LV�����PLOOLRQ�KHFWDUHV��ZKLOH�D�PRUH�UHFHQW�SDSHU�RQ
VFHQDULRV� RI� $IULFDQ� GHIRUHVWDWLRQ� E\� 3DOR� DQG� /HKWR� ������� ZLWK� WKH� VDPH� ORJLVWLF
IXQFWLRQ�LQGLFDWHG�����PLOOLRQ�KHFWDUHV��+RZHYHU��WKH�UDQJH�RI�WKH�VHQVLWLYLW\�DQDO\VLV�LV
IURP����� WR�����PLOOLRQ�KHFWDUHV�� ,Q� WKH������VWXG\�� WKH�PRGHOLQJ�ZDV�H[SDQGHG� WR���
LQGHSHQGHQW�YDULDEOHV� LQVWHDG�RI� WKH�HLJKW�XVHG� LQ� WKLV�DQDO\VLV�� DQG�DOVR�XVHG�RULJLQDO
\HDU�YDULDEOHV�LQVWHDG�RI�XSGDWHG������DQG������YDULDEOHV�DV�SULPDU\�LQSXW�GDWD��0RUH
FRPSUHKHQVLYH�VHQVLWLYLW\�DQDO\VLV�RQ�WKH�HIIHFWV�RI�WKUHH�DOWHUQDWLYHV�RI�SRSXODWLRQ�DQG
LQFRPH�JURZWK�ZHUH�DOVR�FRQGXFWHG�

,Q�DQRWKHU�PRUH� UHFHQW�$IULFDQ�VWXG\� �*DVWRQ�HW�DO��������D�PRUH�GHWDLOHG�VXUYH\�DQG
HVWLPDWLRQ�RI�FDUERQ�GHQVLWLHV�IRU�ELRPDVV�IRU�ERWK�DERYH�DQG�EHORZ�JURXQG�ZHUH�PDGH�
7KH\�DUULYHG�DW�VRPHZKDW�ORZHU�FDUERQ�GHQVLWLHV�����0J�SHU�KD�WKDQ�WKH����0J�SHU�KD
RI�RXU�VWXG\��,I�WKLV�ILJXUH�E\�*DVWRQ�LV�WKH�PRUH�UHOLDEOH�HVWLPDWLRQ��LW�ZRXOG�VHHP�WKDW
ZH�KDYH�XVHG����SHU�FHQW�WRR�KLJK�LQSXW�FDUERQ�GHQVLW\�

7KH�%UD]LOLDQ�$PD]RQLDQ� GHIRUHVWDWLRQ� VFHQDULRV� FDOFXODWHG� E\� 5HLV� �LQ� WKLV� YROXPH�
SURGXFHG� D� GLPLQLVKLQJ� UDWH� RI� GHIRUHVWDWLRQ� DOUHDG\� E\� WKH� \HDU� ������ 7KH� UHVXOW� LV
EDVHG� RQ� WKH� IDFW� WKDW� JRYHUQPHQW� SROLFLHV²IRU� LQVWDQFH�� FUHGLW� VXEVLGLHV� DQG
FRORQL]DWLRQ� SURJUDPPHV²KDYH� FKDQJHG��:KLOH� UHFRJQL]LQJ� WKH� LPSRUWDQFH� RI� WKHVH
SROLF\�LQVWUXPHQWV��LW�ZDV�QRW�SRVVLEOH�WR�LQFOXGH�WKHVH�LQ�RXU�PRGHOOLQJ��,Q�DGGLWLRQ��WKH
UHFHQW�JUHDW�ILUHV�LQ�%UD]LO��0H[LFR��DQG�,QGRQHVLD�KDYH�LQFUHDVHG�GHIRUHVWDWLRQ�

,W� LV� LQWHUHVWLQJ� WR� FRPSDUH� WKH� SUHVHQW� UHVXOWV� WR� VRPH� FRQFOXVLRQV� IURP� SLRQHHULQJ
VWXGLHV��)RU�LQVWDQFH��3DOR�DQG�0HU\��������SURGXFHG�ILYH�GLIIHUHQW�WUHQG�VFHQDULRV�IRU
WURSLFDO� GHIRUHVWDWLRQ� LQ� ��� FRXQWULHV�� 7KH� WKUHH� QRQ�OLQHDU� VFHQDULRV� RI� WKLV� ����
DQDO\VLV�VKRZ�WKDW�E\�������WKH�UHPDLQLQJ�IRUHVW�DUHD�ZLOO�EH�LQ�WKH�UDQJH�RI����������
PLOOLRQ� KHFWDUHV�� DQ� RXWFRPH� ZKLFK� FRPSDUHV� IDYRXUDEO\� ZLWK� WKH� SUHVHQW� UHVXOWV� RI
������������� 7KH� OLQHDU� VFHQDULRV� VKRZ� OHVV� GUDPDWLF� GHFOLQHV� LQ� IRUHVW� DUHDV
�������������� EXW� 3DOR� DQG� 0HU\� ZHUH� FRQYLQFHG� WKDW� WKH� ����� UHVXOWV� ZHUH� PRUH
UHDOLVWLF� LQ� UHODWLRQ� WR� WKH�SURYLVLRQDO� WKHRU\�RI�GHIRUHVWDWLRQ� WKH\� ODXQFKHG�DOUHDG\� LQ
WKH�HDUO\�VWDJHV�LQ�WKH�KLVWRU\�RI�GHIRUHVWDWLRQ�PRGHOOLQJ�

,W�LV�HYLGHQW�WKDW�RXU�FDUERQ�IOX[�VFHQDULRV��LQ�FRPSDULVRQ�ZLWK�HVWLPDWHV�E\�0DWVXRND�HW
DO�� �������� DUH� UDWKHU� VLPLODU� IRU� $VLD�� EXW� VRPHZKDW� ORZHU� IRU� $IULFD�� +RZHYHU�� WKH
DSSUR[LPDWLRQV� IRU� /DWLQ� $PHULFD� DUH� KLJKHU� LQ� RXU� VWXG\�� DOWKRXJK� GHIRUHVWDWLRQ
VFHQDULRV�DUH�LQ�WKH�VDPH�IRUN��7KH�0DWVXRND�HW�DO��VWXG\�LV�EDVHG�WKH������)$2�81(3
WURSLFDO� IRUHVW� UHVRXUFHV� DVVHVVPHQW� GDWD� �/DQO\� ������ ������ +RZHYHU�� DFFRUGLQJ� WR
)$2� �����D�� ���� WKH� ����� DVVHVVPHQW�� DV� FRPSDUHG� WR� WKH� ����� DVVHVVPHQW�� KDG
RYHUHVWLPDWHG�WRWDO�WURSLFDO�QDWXUDO�IRUHVW�DUHD�E\�����SHU�FHQW��,Q�DGGLWLRQ��WKH�VFHQDULRV
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E\�0DWVXRND�HW�DO��DUH�EDVHG�RQ�PRGHOLQJ�ZKLFK�XWLOL]HV�RQO\�SRSXODWLRQ�VFHQDULRV�ZKLOH
WKLV� H[DPLQDWLRQ� DSSOLHV� HLJKW� LQGHSHQGHQW� YDULDEOHV�� ILYH� RI�ZKLFK� DUH� SURYLGHG�ZLWK
H[WHUQDO�VFHQDULRV�

7KH� FDUERQ� IOX[� HVWLPDWHV� E\�7UH[OHU� DQG�+DXJHQ� ������� DUH� ORZ� FRPSDUHG�ZLWK� WKH
VFHQDULRV�FRQGXFWHG�KHUH��SHUKDSV�EHFDXVH�7UH[OHU�DQG�+DXJHQ�LQFOXGH�RQO\�YHJHWDWLRQ
FDUERQ��D�IDFW�ZKLFK�XQGHUHVWLPDWHV�WKH�RXWFRPH��7DEOH�������3UHIHUULQJ�WR�XVH�D�NLQG�RI
'HOSKL�WHFKQLTXH�� 7UH[OHU� DQG� +DXJHQ� GLG� QRW� DSSO\� DQ� REMHFWLYH� PRGHOOLQJ� LQ� WKHLU
VFHQDULR�PDNLQJ��7KH\�VHQW�DERXW�����TXHVWLRQQDLUHV�WR�UHOHYDQW�H[SHUWV�LQ����FRXQWULHV
LQ� RUGHU� WR� DVVHVV� KRZ� D� QXPEHU� RI� UHOHYDQW� GHIRUHVWDWLRQ�GHWHUPLQLQJ� IDFWRUV� ZRXOG
SRVVLEO\�FKDQJH�LQ�WKH�IXWXUH��$�VLPLODU�TXHVWLRQQDLUH�DSSURDFK�ZDV�XVHG�E\�)$2�XQWLO
WKH�����V�ZKHQ�LW�ZDV�DEDQGRQHG�DV�XQUHOLDEOH��3HUVVRQ�������

&RPSDUHG� WR� HDUOLHU�ZRUNV� E\� RWKHU� UHVHDUFKHUV� �7DEOH� ������ WKLV� DQDO\VLV� XWLOL]HV� WKH
PRVW� UHOLDEOH� DQG� XS�WR�GDWH� IRUHVW� UHVRXUFHV� GDWD� JLYHQ� LQ� WKH� ����� )$2� DVVHVVPHQW
�������DQG�ZH�WKXV�EHOLHYH�WKDW� WKH�UHJUHVVLRQ�VFHQDULRV�DSSOLHG�SURGXFH�YHU\�UHDOLVWLF
LQGLFDWLRQV�RI�RSWLRQV�DYDLODEOH�WR�IXWXUH�GHFLVLRQ�PDNHUV��6LPLODUO\��RXU�WUHQG�IRUNV�DOVR
PDS�WKH�SRWHQWLDO�IXWXUH�DV�EDVH�VFHQDULRV�IRXQGHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKHUH�ZLOO�EH
QR� FKDQJHV� LQ� FDXVDO� IDFWRUV�� 7KH� ����� DVVHVVPHQW� DOVR� IDFLOLWDWHG� WKH� XVH� RI� D� ODUJH
QXPEHU�RI�REVHUYDWLRQV������VXEQDWLRQDO�XQLWV�LQ�DOO�WKH�WURSLFV��IURP�)25,6�GDWDEDVH
�)$2�������

2XU� VFHQDULR�RULHQWHG� UHJUHVVLRQ�PRGHOOLQJ� LV� DOVR� TXLWH� H[SOLFLW� DQG� WKH� LQGHSHQGHQW
YDULDEOHV� ZHUH� VHOHFWHG� RQ� WKH� EDVLV� RI� WKH� WKHRUHWLFDO� FRQVLGHUDWLRQV� LQ� RXU� SUHYLRXV
FDXVDO�PRGHOOLQJ� RI� WURSLFDO� GHIRUHVWDWLRQ� �3DOR� DQG�/HKWR� ������3DOR� DQG�9DQKDQHQ�
IRUWKFRPLQJ���2XU�PRGHOV�FRSH�UHDVRQDEO\�ZHOO�ZLWK�WKH�VWDQGDUG�TXDOLW\�FULWHULD��7DEOH
�����

��� &RPSDULVRQ�RI�GHIRUHVWDWLRQ�HVWLPDWHV

7KH�PRVW�FKDOOHQJLQJ�LVVXH�UHJDUGLQJ�WKH�UHOLDELOLW\�RI�RXU�UHVXOWV�FRQFHUQV�D�FRPSDULVRQ
RI�YDOXHV�SURGXFHG�E\�)$2��������ZKLFK�UH�HVWLPDWHG�DQQXDO�GHIRUHVWDWLRQ�RI�WURSLFDO
QDWXUDO�IRUHVWV�RYHU���������DW������PLOOLRQ�KHFWDUHV�DQG�D�QHZ�UHVSHFWLYH�HVWLPDWH�IRU
�������� DW� ����� PLOOLRQ� KHFWDUHV�� 7KLV� ZRXOG� LQGLFDWH� D� GHFHOHUDWLQJ� SDFH� RI
GHIRUHVWDWLRQ�� 2Q� WKH� RWKHU� KDQG�� RXU� GDWD� VRXUFH� LGHQWLILHG� DQ� DQQXDO� DYHUDJH
GHIRUHVWDWLRQ� UDWH� RI� �����PLOOLRQ� KHFWDUHV� IRU� DOO� WURSLFDO� IRUHVWV� RYHU� �������� �)$2
�������2XU�UHJUHVVLRQ�VFHQDULRV�SURGXFHG�D�UHVSHFWLYH�YDULDEOH�LQ�WKH�UDQJH�RI����������
PLOOLRQ� KHFWDUHV� IURP� ����� WR� ����� �7DEOH� ������ 2XU� UHVXOWV� LQGLFDWH� KLJKHU
GHIRUHVWDWLRQ� WKDQ�)$2
V� ILQGLQJV��+RZHYHU�� ERWK�PRGHOV� LQGLFDWH� D� JUDGXDO� VORZLQJ�
GRZQ�RI�GHIRUHVWDWLRQ�

,Q�WZR�VXEVHTXHQW�UHSRUWV��)$2������������H[SODLQV�WKH�GHYLDWLQJ�UHVXOWV�IRU���������DV
IROORZV��
$�UHYLVHG�ILJXUH�RI�IRUHVW�FRYHU�LQ������LV�EDVHG�RQ�XSGDWHG�SRSXODWLRQ�ILJXUHV
IRU� ����� DQG� VRPH� QHZ� LQYHQWRU\� UHSRUWV� ZKLFK� ZHUH� DYDLODEOH� LQ� ����
�� 7KLV
DPHQGPHQW� ZKLFK� FRXOG� QRW� EH� FRQVLGHUHG� LQ� RXU� FRPSXWDWLRQV� PD\� KDYH� SURGXFHG
RYHUHVWLPDWLRQV�RI�D�PD[LPXP�RI�ILYH�SHU�FHQW�FRPSDUHG�WR�WKH������EDVH�\HDU�IRU�RXU
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VFHQDULRV��%\�UHGXFLQJ�RXU�VFHQDULR�UDQJH�E\�ILYH�SHU�FHQW��ZH�DUULYH�DW�����������DV�WKH
DQQXDO�DYHUDJH�IRU������������7KLV�LV�VWLOO�KLJKHU�WKDQ�WKH�)$2�DSSUR[LPDWLRQ�RI�����
IRU����������)$2�������

,W�LV�SRVVLEOH�WKDW�WKH�ILQDO�DQVZHU�ZLOO�UHPDLQ�XQUHVROYHG��EXW�VRPH�DUJXPHQWDWLRQ�FDQ
EH�SXW�IRUZDUG��)$2�FRPSXWHG�WKH�������������DQG������IRUHVW�DUHD�HVWLPDWHV�IURP�WKH
RULJLQDO� UDQGRP� \HDU� QDWLRQDO� LQYHQWRU\� GDWD� E\� PHDQV� RI� WKH� VR�FDOOHG� &KDSPDQ�
5LFKDUGV�PRGHO� �)$2������� 6FRWWL�� IRUWKFRPLQJ��� 7KH� DV\PSWRWLF� IXQFWLRQ� IRUP�ZLOO
KDYH�D�VWURQJHU�GHFHOHUDWLQJ�HIIHFW�WKH�ORQJHU�WKH�WLPH�VSDQ�LQ�WKH�FDOFXODWLRQV��7KH�)$2
PRGHO�DOVR�XVHV�UHODWLYH�SRSXODWLRQ�JURZWK�GDWD�DQG�LW�LV�WUXH�WKDW�LQ�/DWLQ�$PHULFD�DQG
$VLD� UHODWLYH� SRSXODWLRQ� JURZWK� UDWHV� KDYH� EHHQ� SURJUHVVLYHO\� GHFUHDVLQJ�� ZKLOH� LQ
$IULFD�WKHVH�KDYH�EHHQ�VXFFHVVLYHO\�LQFUHDVLQJ��81�������

,Q�RXU�FDOFXODWLRQV��ZH�KDYH�DSSOLHG�ORJLVWLF�DQG�ORJDULWKPLF�IXQFWLRQV��7DEOH������� WKH
IRUP� RI� ZKLFK� GHYLDWHV� IURP� WKH� &KDSPDQ�5LFKDUGV� PRGHO�� 7KH� HIIHFW� RI� WKH� WZR
IXQFWLRQ� IRUPV� DSSHDUV� DV� ���� PLOOLRQ� KHFWDUHV� DV� WKH� DQQXDO� DYHUDJH� GHIRUHVWDWLRQ
VFHQDULR� IURP������ WR� ����� �7DEOH� ������:H� DOVR� DSSOLHG� DEVROXWH� SRSXODWLRQ� JURZWK
GDWD�DV�WKH�QXPEHU�RI�LQKDELWDQWV��ZKLFK�KDV�LQFUHDVHG²DQG�ZLOO�VXFFHVVLYHO\�FRQWLQXH
WR�GR�VR�XQWLO�������81��������%RWK�PRGHOV�DSSO\�HFRORJLFDO�]RQHV��DOEHLW�LQ�VRPHZKDW
GLIIHUHQW�ZD\V��)$2�DSSOLHG�ODJJHG�IRUHVW�FRYHU�DV�D�WKLUG�LQGHSHQGHQW�YDULDEOH��ZKLFK
PRVW�OLNHO\�KDV�D�SUHYDLOLQJ�HIIHFW��ZKLOH�RXU�H[DPLQDWLRQ�XVHG�*13�DQG�GDWD�UHOLDELOLW\
YDULDEOHV��&RQVHTXHQWO\�LQ�RXU�VWXG\��LQFUHDVLQJ�YDOXHV�RI�WKHVH�YDULDEOHV�DUH�FRQVLGHUHG
WR�FRQWULEXWH�WR�H[SDQGLQJ�GHIRUHVWDWLRQ�XQWLO������

7KH� PRVW� UHOLDEOH� DVVHVVPHQW� RI� SDQWURSLFDO� IRUHVWV� DQG� WKHLU� GHIRUHVWDWLRQ� ZHUH
H[HFXWHG�DV�D�PXOWL�GDWH�VDWHOOLWH�LPDJH�VDPSOH�VXUYH\�E\�)$2���������%RWK�WKLV�VWXG\
DQG� WKH� )25,6�GDWDEDVH� �XWLOL]HG� KHUH��� SURGXFH� DOPRVW� LGHQWLFDO� JXHVVWLPDWHV� RQ� WKH
WRWDO� ����� DQG� ����� WURSLFDO� IRUHVW� DUHDV� �)$2� ������ ������� 7KH� VLPSOH� 3HDUVRQ
FRUUHODWLRQ�FRHIILFLHQW�IRU�WKH�WZR�DUHD�HVWLPDWHV�ZDV��������7KH�UHVSHFWLYH�FRUUHODWLRQ
IRU�WKH�GHIRUHVWDWLRQ�HVWLPDWHV�ZDV�FOHDUO\�RQO\��������)URP�WKLV�DVSHFW��LW�ZRXOG�VHHP
WKDW�QR�VWURQJ�HPSLULFDO�HYLGHQFH�VXSSRUWV�)$2
V��������FDOFXODWLRQ�RI�D�ILYH�SHU�FHQW
UHGXFWLRQ� LQ� WKH� ����� IRUHVW� DUHD�� FRPSDUHG� WR� WKHLU� HDUOLHU� DVVHVVPHQW� �������� ,W� LV
SRVVLEOH� WKDW�� LI� WKH�PXOWL�GDWH� VDWHOOLWH� VXUYH\�ZHUH� WR� EH� UHSHDWHG�� WKH�:RUOG� )RUHVW
5HVRXUFHV� ����� $VVHVVPHQW� FRXOG� EULQJ� QHZ� HPSLULFDO� OLJKW� WR� WKLV� IURQW�� EXW� DV� RI
1RYHPEHU� ������ WKLV� VSHFLDO� VWXG\� KDG� QRW� EHHQ� IXOO\� IXQGHG� �3DOR
V� LQWHUYLHZ� DW� WKH
)RUHVWU\�'HSDUWPHQW�RI�)$2��

��� )XWXUH�UHVHDUFK

7KH� ZHDNHVW� DVSHFW� RI� WKH� SUHVHQW� DQDO\VLV� LV� WKH� WUDQVIRUPDWLRQ� RI� GHIRUHVWDWLRQ
VFHQDULRV�LQWR�FDUERQ�IOX[�VFHQDULRV��SDUWLFXODUO\�RQ�WKH�SDUW�RI�$IULFD��7KHVH�FRXOG�EH
LPSURYHG�E\� LQWHJUDWLQJ� WKH�UHVXOWV�RI� WKH�VWXG\�E\�*DVWRQ�HW�DO�� �������DV� LQSXWV� LQWR
RXU�PRGHOOLQJ��6LPLODU�VWXGLHV�FRXOG�DOVR�EH�H[WHQGHG�WR�WKH�RWKHU�SDUWV�RI�WKH�WURSLFV�

)XWXUH� UHVHDUFK� FRXOG� DOVR� LQFOXGH� PRGHOOLQJ� E\� IRUHVW� HFRV\VWHPV�� 7KH� IXWXUH� RI
WURSLFDO� UDLQIRUHVWV� LV� WKH� IRFXV�RI� DFXWH� LQWHUQDWLRQDO� LQWHUHVW�� EXW� WKH� SUHVHQW� )25,6�
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GDWDEDVH� SURYLGHV� LQIRUPDWLRQ� RQO\� DW� WKH� QDWLRQDO� OHYHO�� ZKLFK� OLPLWV� WKH� TXDOLW\� RI
PRGHOOLQJ�

:H�DLP�WR�H[SDQG�RXU�PRGHOOLQJ�IURP�WKH����FRXQWULHV� LQFOXGHG�LQ�WKLV�DQDO\VLV� WR�DOO
����WURSLFDO�FRXQWULHV�DQG�DOO����QRQWURSLFDO�GHYHORSLQJ�FRXQWULHV�LQFOXGHG�LQ�WKH�QHZO\
DYDLODEOH� HQODUJHG� YHUVLRQ� RI� )25,6�GDWDEDVH� IURP� )$2�� 7KLV� ZRXOG� LQFOXGH� DQ
DGGLWLRQDO�RQH�PLOOLRQ�KHFWDUHV� RI� DQQXDO� DYHUDJH� GHIRUHVWDWLRQ� LQ� RXU�PRGHOOLQJ� RYHU
WKH�SHULRG����������1DWXUDO�IRUHVWV�DQG�IRUHVW�SODQWDWLRQV�VKRXOG�EH�VHSDUDWHO\�PRGHOOHG
�)$2� ����D�� E��� $OVR�� ZH� SURSRVH� WR� IRFXV� IXWXUH� PRGHOOLQJ� VSHFLILFDOO\� RQ� WKH� WHQ
ODUJHVW�WURSLFDO�FRXQWULHV�ZLWK�UHJDUG�WR�IRUHVW�DUHD��%UD]LO��'HPRFUDWLF�5HSXEOLF�RI�WKH
&RQJR� �=DLUH��� ,QGRQHVLD�� 3HUX�� &RORPELD�� ,QGLD�� %ROLYLD�� 0H[LFR�� 9HQH]XHOD�� DQG
6XGDQ�ZKLFK�WRJHWKHU�FRYHU����SHU�FHQW�RI�DOO�WURSLFDO�QDWXUDO�IRUHVWV��%UD]LO��,QGRQHVLD�
DQG� WKH� 'HPRFUDWLF� 5HSXEOLF� RI� WKH� &RQJR� WRJHWKHU� DFFRXQW� IRU� ��� SHU� FHQW� RI� DOO
WURSLFDO� IRUHVWV� �)$2� ������� $V� %UD]LO� DQG� ,QGRQHVLD� KDYH� EHHQ� LQGLYLGXDOO\� VWXGLHG
�5HLV� LQ� WKLV� YROXPH�� 5HLV� DQG� %ODQFR�� IRUWKFRPLQJ�� <RXQJ�� DV� ZHOO� DV� 6ROEHUJ� DQG
3XUQDPD�LQ�WKLV�YROXPH���ZRXOG�EH�WKH�QH[W�UHOHYDQW�FRXQWU\�IRU�DQ�LQGLYLGXDO�PRGHOOLQJ
DQDO\VLV�

0RGHOOLQJ� RI� GHIRUHVWDWLRQ� FRXOG� DOVR� EH� LPSURYHG� IURP� WKH� SUHVHQW� H[DPLQDWLRQ� E\
H[SDQGLQJ�WKH�PHWKRGRORJ\�RI�$IULFDQ�GHIRUHVWDWLRQ�VFHQDULRV��3DOR�DQG�/HKWR�������WR
FRYHU� WKH�RWKHU� WURSLFDO�FRQWLQHQWV��$IWHU�D�FORVHU� UHVLGXDO�DQDO\VLV�� LQVWHDG�RI� WKH� WZR
GLIIHUHQW�PRGHOV�RI�WKH�FXUUHQW�DQDO\VLV��ZH�ZRXOG�DSSO\�RQO\�WKH�ORJLVWLF�IXQFWLRQ�IRUP
�PRGHOV���������LQ�7DEOH�������$OVR�PRGHOOLQJ�ZRXOG�VWDUW�IURP�WKH�RULJLQDO�UDQGRP�\HDU
QDWLRQDO� IRUHVW� LQYHQWRU\�GDWD�� LQVWHDG�RI� WKH�XSGDWHG�EDVH�\HDUV
� GDWD� DV� LQ� WKLV� VWXG\�
7KH�QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV�ZRXOG�DOVR�EH�LQFUHDVHG�

1DWXUDOO\�� WKH�PRGHOOLQJ�RI�IRUHVW� WUDQVLWLRQV�DQG�FDUERQ�IOX[HV�VKRXOG�EH�H[SDQGHG� WR
LQFOXGH�DOO� WKH�����FRXQWULHV�RI� WKH�ZRUOG� WKDW�DUH�FRYHUHG�E\�)$2
V�*OREDO�6\QWKHVLV
$VVHVVPHQW������D�DQG��������7KLV�ZRXOG�SURYLGH�DQ�LQWHJUDWHG�EDVLV�IRU�JOREDO�IRUHVW
WUDQVLWLRQ��FDUERQ�IOX[�VFHQDULRV��DQG�SROLFLHV��$�SLORW�VWXG\�KDV�EHHQ�FDUULHG�RXW�RQ�WKLV
IURQW�E\�3DOR�DQG�/HKWR��������

127(6

�:H�ZLVK�WR�WKDQN�3HNND�.DXSSL�IRU�KLV�DGYLFH�RQ�FDUERQ�IOX[�GDWD�VRXUFHV�

��+RZHYHU��WKHUH�DUH�H[SHFWDWLRQV�WKDW�VRPH�VWDELOL]DWLRQ�RI�WKH�ZRUOG�SRSXODWLRQ�FRXOG�KDSSHQ�DIWHU�����
�/XW]������������

��7KHVH� LQFOXGH�SODQWDWLRQ��RSHQ� IRUHVW�� ORQJ� IDOORZ�� IUDJPHQWHG� IRUHVW�� VFUXEV�� VKRUW� IDOORZ��RWKHU� ODQG
FRYHU�
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5()(5(1&(6

%URZQ�� .�� DQG� '�� :�� 3HDUFH� �HGV��� �������� 7KH� &DXVHV� RI� 7URSLFDO� 'HIRUHVWDWLRQ�
/RQGRQ��8&/�3UHVV������

%URZQ��6���������� 
3UHVHQW�DQG�3RWHQWLDO�5ROHV�RI�)RUHVW�LQ�WKH�*OREDO�&OLPDWH�&KDQJH
'HEDWH
��8QDV\OYD�����������������

%URZQ��6���&��$��6��+DOO��:��.QREH�� -��5HLFK��0��&��7UH[OHU�DQG�3��:RRPHU� �������

7URSLFDO�)RUHVWV��7KHLU�3DVW��3UHVHQW�DQG�3RWHQWLDO�)XWXUH�5ROH�LQ�WKH�7HUUHVWULDO�&DUERQ
%XGJHW
��:DWHU��$LU�DQG�6RLO�3ROOXWLRQ������������

%\URQ��1�� DQG�0��3HUH]� �������� 
:KDW�)XWXUH� IRU� WKH�7URSLFDO�0RLVW� )RUHVW� ���<HDUV
+HQFH"
�&RPPRQZHDOWK�)RUHVWU\�5HYLHZ�����������������

&URSSHU�� 0�� DQG� &�� *ULIILWV� �������� 
7KH� ,QWHUDFWLRQ� RI� 3RSXODWLRQ� *URZWK� DQG
(QYLURQPHQWDO�4XDOLW\
��7KH�$PHULFDQ�(FRQRPLF�5HYLHZ��0D\���������

'HOOD�6HQWD��7��DQG�-��3DUN���������
*OREDO�7KUHDWV�DQG�2SSRUWXQLWLHV
��LQ�0��3DOR�DQG�-�
8XVLYXRUL� �HGV����:RUOG�)RUHVWV�� 6RFLHW\�DQG�(QYLURQPHQW��:RUOG�)RUHVWV��9ROXPH���
'RUGUHFKW��7KH�1HWKHUODQGV��.OXZHU�$FDGHPLF�3XEOLVKHUV��������

'L[RQ�� 5�� .��� 6�� %URZQ�� 5�� $�� +RXJKWRQ�� $�� 0�� 6RORPRQ�� 0�� &�� 7UH[OHU� DQG
-��:LVQLHZVNL� �������� 
&DUERQ�3RROV� DQG� )OX[� RI�*OREDO� )RUHVW� (FRV\VWHPV
��6FLHQFH�
������������

)$2� �������� 
)RUHVW� 5HVRXUFHV�$VVHVVPHQW� ������ 7URSLFDO� &RXQWULHV
�� )RUHVWU\� 3DSHU
�����5RPH��)$2�������

)$2� �����D��� 
)RUHVW� 5HVRXUFHV� $VVHVVPHQW� ������ *OREDO� 6\QWKHVLV
�� )RUHVWU\� 3DSHU
�����5RPH��)$2�����

)$2� �����E��� 
)RUHVW� 5HVRXUFHV� $VVHVVPHQW� ������ 1RQ�7URSLFDO� 'HYHORSLQJ
&RXQWULHV
��7HFKQLFDO�5HSRUW�)2��*&3�,17�����)5$��)2��&3�,17�����1(7��5RPH��)$2�
���

)$2���������
)RUHVW�5HVRXUFHV�$VVHVVPHQW�������6XUYH\�RI�7URSLFDO�)RUHVW�&RYHU�DQG
6WXG\� RI� &OXQJH� 3URFHVVHV� %DVHG� RQ� 0XOWL�'DWH� +LJK�5HVROXWLRQ� 6DWHOOLWH� 'DWD�
)RUHVWU\�3DSHU������5RPH��)$2������

)$2���������6WDWH�RI�WKH�:RUOG¶V�)RUHVWV��5RPH��)$2������

*DVWRQ�� *��� 6�� %URZQ�� 0�� /RUHQ]LQL� DQG� .�� '�� 6LQJK� �������� 
6WDWH� DQG� &KDQJH� LQ
&DUERQ�3RROV�LQ�WKH�)RUHVWV�RI�7URSLFDO�$IULFD
��*OREDO�&KDQJH�%LRORJ\������������

+RXJKWRQ��5��$���5��'��%RRQH��-��5��)UXFL��-��(��+REELH��-��0��0HOLOOR��&��$��3DOP��%��-�
3HWHUVRQ�� *��5�� 6KDYHU� DQG� *�� 0�� :RRGZHOO� �������� 
7KH� )OX[� RI� &DUERQ� IURP
7HUUHVWULDO� (FRV\VWHPV� WR� WKH� $WPRVSKHUH� LQ� ����� GXH� WR� &KDQJHV� LQ� /DQG� 8VH�
*HRJUDSKLF�'LVWULEXWLRQ�RI�WKH�*OREDO�)OX[��7HOOXV�����%���������

,3)� �������� 
8QGHUO\LQJ� &DXVHV� RI� 7URSLFDO� 'HIRUHVWDWLRQ� DQG� 'HJUDGDWLRQ
�� 8QLWHG
1DWLRQV��(FRQRPLF�DQG�6RFLDO�&RXQFLO��&RPPLVVLRQ�RQ�6XVWDLQDEOH�'HYHORSPHQW��$G�



��

KRF� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� )RUHVWV�� 6HFRQG� 6HVVLRQ�� ������ 0DUFK�� 3URYLVLRQDO
$JHQGD�����

-HSPD�� &�� -�� �������� 7URSLFDO� 'HIRUHVWDWLRQ�� $� 6RFLRHFRQRPLF� $SSURDFK�� /RQGRQ�
(DUWKVFDQ������

.DLPRZLW]��'��DQG�$��$QJHOVHQ���������(FRQRPLF�0RGHOV�RI�7URSLFDO�'HIRUHVWDWLRQ��$
5HYLHZ��%RJDU��,QGRQHVLD��&,)25������

.XFKOL��&����������)RUHVWV�RI�+RSH��6WRULHV�RI�5HJHQHUDWLRQ��/RQGRQ��(DUWKVFDQ������

/DPELQ�� (�� �������� 
0RGHOOLQJ� 'HIRUHVWDWLRQ� 3URFHVVHV�� $� UHYLHZ
�� 7UHHV� VHULHV� %�
5HVHDUFK�5HSRUW�QR�����(85�������(1�(&��/X[HPERXUJ��,QVWLWXWH�IRU�5HPRWH�6HQVLQJ
$SSOLFDWLRQV�DQG�(65,1��(DUWKQHW�3URJUDPPH�2IILFH�

/DQO\��-�3����������
7URSLFDO�)RUHVW�5HVRXUFHV
��)RUHVWU\�3DSHU�����5RPH��)$2�

/XW]�� :�� �HG��� �������� 7KH� )XWXUH� 3RSXODWLRQ� RI� WKH� :RUOG�� :KDW� &DQ� :H� $VVXPH
7RGD\"�5HYLVHG�DQG�XSGDWHG�YHUVLRQ��/RQGRQ��,,$6$�(DUWKVFDQ�

0DWVXRND��<���7��0RULWD�DQG�+��+DUDVRZD��������� 
(VWLPDWLRQ�RI�&DUERQ�'LR[LGH�)OX[
IURP�7URSLFDO�'HIRUHVWDWLRQ
��,EDUDNL��-DSDQ��&HQWHU�IRU�*OREDO�(QYLURQPHQWDO�5HVHDUFK�
1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�6WXGLHV��(QYLURQPHQW�$JHQF\�RI�-DSDQ��6HSWHPEHU�
���

1DNLFHQRYLF��1�� DQG� -��0�� -HIIHUVRQ� �������� 
*OREDO�(QHUJ\�3HUVSHFWLYHV� WR� ����� DQG
%H\RQG
�� ,,$6$� :RUNLQJ� 3DSHU� �������� /RQGRQ�� ,QWHUQDWLRQDO� ,QVWLWXWH� IRU� $SSOLHG
6\VWHPV�$QDO\VLV�

1LOVVRQ�� 6�� DQG� :�� 6FKRSIKDXVHU� �������� 
7KH� &DUERQ�6HTXHVWUDWLRQ� 3RWHQWLDO� RI� D
*OREDO�$IIRUHVWDWLRQ�3URJUDP
��&OLPDWLF�&KDQJH�������������

3DOR��0����������
'HIRUHVWDWLRQ�3HUVSHFWLYHV�IRU�WKH�7URSLFV��D�3URYLVLRQDO�7KHRU\�ZLWK
3LORW�$SSOLFDWLRQV
��LQ�'��'\NVWUD��0��.DOOLR�DQG�&��%LQNOH\��HGV����7KH�*OREDO�)RUHVW
6HFWRU��$Q�$QDO\WLFDO�3HUVSHFWLYH��/RQGRQ��,QWHUQDWLRQDO�,QVWLWXWH�IRU�$SSOLHG�6\VWHPV
$QDO\VHV��DQG�-RKHQ�:LOH\��������

3DOR��0���������� 
'HIRUHVWDWLRQ�DQG�'HYHORSPHQW�LQ�WKH�7KLUG�:RUOG��5ROHV�RI�6\VWHP
&DXVDOLW\�DQG�3RSXODWLRQ
��LQ�0��3DOR�DQG�*��0HU\��HGV����'HIRUHVWDWLRQ�RU�'HYHORSPHQW
LQ� WKH� 7KLUG� :RUOG�� 9ROXPH� ,,,�� 07� ����� +HOVLQNL�� 7KH� )LQQLVK� )RUHVW� 5HVHDUFK
,QVWLWXWH���������

3DOR�� 0�� DQG� (�� /HKWR� �������� 
0RGHOOLQJ� 8QGHUO\LQJ� &DXVHV� RI� 3DQWURSLFDO
'HIRUHVWDWLRQ
�� LQ� 0�� 3DOR� DQG� *�� 0HU\� �HGV���� 6XVWDLQDEOH� )RUHVWU\� &KDOOHQJHV� IRU
'HYHORSLQJ� &RXQWULHV�� $� 0XOWLGLVFLSOLQDU\� DQG� 0XOWLOHYHO� $SSURDFK�� (QYLURQPHQWDO
DQG�7HFKQRORJ\�/LEUDU\�����'RUGUHFKW��7KH�1HWKHUODQGV��.OXZHU�$FDGHPLF�3XEOLVKHUV�
������

3DOR��0�� DQG�(��/HKWR� �������� 
&DXVHV� DQG�6FHQDULRV�RI�$IULFDQ�'HIRUHVWDWLRQ
�� 3DSHU
SUHVHQWHG� DW� WKH� ILUVW� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� (FRV\VWHPV� DQG� 6XVWDLQDEOH
'HYHORSPHQW��KHOG�LQ�3HQLVFROD��6SDLQ�



��

3DOR��0��DQG�(��/HKWR���������
&DXVHV�RI�*OREDO�)RUHVW�&RYHU�&KDQJHV
��3DSHU�SUHVHQWHG
DW�WKH�,*8�6\PSRVLXP��KHOG�LQ�/LVERQ�

3DOR��0���(��/HKWR�DQG�-��8XVLYXRUL��IRUWKFRPLQJ��� 
0RGHOOLQJ�&DXVHV�RI�'HIRUHVWDWLRQ
ZLWK� ����6XEQDWLRQDO�*HRJUDSKLFDO�8QLWV
�� LQ�0��3DOR� DQG�+��9DQKDQHQ� �HGV����)URP
'HIRUHVWDWLRQ� WR� )RUHVW� 7UDQVLWLRQ�� :RUOG� )RUHVWV�� 9ROXPH� ��� 'RUGUHFKW�� %RVWRQ�
/RQGRQ��.OXZHU�$FDGHPLF�3XEOLVKHUV�

3DOR��0��DQG�*��0HU\��������� 
'HIRUHVWDWLRQ�3HUVSHFWLYHV�LQ�WKH�7URSLFV�ZLWK�D�*OREDO
9LHZ��$�3LORW�4XDQWLWDWLYH�+XPDQ�3RSXODWLRQ�*URZWK�$SSURDFK
�� LQ�&RQJUHVV�5HSRUW
RI�WKH���WK�,8)52�:RUOG�&RQJUHVV��KHOG�LQ�/MXEOMDQD���������

3DOR��0�� DQG�0HU\�*�� �HGV��� ��������6XVWDLQDEOH�)RUHVWU\�&KDOOHQJHV� IRU�'HYHORSLQJ
&RXQWULHV�� (QYLURQPHQWDO� 6FLHQFH� DQG� 7HFKQRORJ\� /LEUDU\� ���� 'RUGUHFKW�� 7KH
1HWKHUODQGV��.OXZHU�$FDGHPLF�3XEOLVKHUV������

3DOR�� 0�� DQG� +�� 9DQKDQHQ� �HGV��� �IRUWKFRPLQJ��� )URP� 'HIRUHVWDWLRQ� WR� )RUHVW
7UDQVLWLRQ��:RUOG�)RUHVWV��9ROXPH� ���'RUGUHFKW��%RVWRQ�� /RQGRQ��.OXZHU�$FDGHPLF
3XEOLVKHUV�

3DQD\RWRX�� 7�� DQG� 6�� 6XQJVXZDQ� �������� 
$Q�(FRQRPHWULF�$QDO\VLV� RI� WKH�&DXVHV� RI
7URSLFDO�'HIRUHVWDWLRQ�� 7KH�&DVH� RI�1RUWKHDVW� 7KDLODQG
�� LQ�.��%URZQ� DQG�'�� 3HDUFH
�HGV����7KH�&DXVHV�RI�7URSLFDO�'HIRUHVWDWLRQ��/RQGRQ��8&/�3UHVV����������

3HUVVRQ�� 5�� �������� 
6FRSH� DQG� $SSURDFK� WR� :RUOG� )RUHVW� 5HVRXUFH� $SSUDLVDOV
�
5HVHDUFK�1RWHV� 1R� ���� 6WRFNKROP�� 5R\DO� &ROOHJH� RI� )RUHVWU\�� 'HSDUWPHQW� RI� )RUHVW
6XUYH\�

5HLV�� (�� -�� DQG� )�� $�� %ODQFR� �IRUWKFRPLQJ��� 
&DXVHV� RI� %UD]LOLDQ� $PD]RQLDQ
'HIRUHVWDWLRQ
�� LQ� 0�� 3DOR� DQG� +�� 9DQKDQHQ� �HGV���� )URP� 'HIRUHVWDWLRQ� WR� )RUHVW
7UDQVLWLRQ��:RUOG�)RUHVWV��9ROXPH� ���'RUGUHFKW��%RVWRQ�� /RQGRQ��.OXZHU�$FDGHPLF
3XEOLVKHUV�

5HLV��(��-��DQG�5��*X]PDQ���������
$Q�(FRQRPHWULF�0RGHO�RI�$PD]RQ�'HIRUHVWDWLRQ
��LQ
.��%URZQ�DQG�'��3HDUFH� �HGV����7KH�&DXVHV� RI� 7URSLFDO�'HIRUHVWDWLRQ�� /RQGRQ��8&/
3UHVV���������

6FRWWL��5���IRUWKFRPLQJ���
'HPRJUDSKLF�DQG�(FRORJLFDO�)DFWRUV�LQ�7URSLFDO�'HIRUHVWDWLRQ
0RGHOOLQJ
�� LQ� 0�� 3DOR� DQG� +�� 9DQKDQHQ� �HGV���� 3DOR�� 0�� DQG� +�� 9DQKDQHQ� �HGV��
�IRUWKFRPLQJ��� )URP� 'HIRUHVWDWLRQ� WR� )RUHVW� 7UDQVLWLRQ��:RUOG� )RUHVWV�� 9ROXPH� ��
'RUGUHFKW��%RVWRQ��/RQGRQ��.OXZHU�$FDGHPLF�3XEOLVKHUV�

7UH[OHU�� 0�� &�� DQG� &�� +DXJHQ� �������� .HHSLQJ� ,W� *UHHQ�� 7URSLFDO� )RUHVWU\
2SSRUWXQLWLHV� IRU� 0LWLJDWLQJ� &OLPDWH� &KDQJH�� :DVKLQJWRQ�� '&�� :RUOG� 5HVRXUFHV
,QVWLWXWH�DQG�(3$�

81� �8QLWHG� 1DWLRQV�� ��������:RUOG� 3RSXODWLRQ� 3URVSHFWV�� 7KH� ����� 5HYLVLRQ�� 1HZ
<RUN��81�3RSXODWLRQ�'LYLVLRQ������

81� �8QLWHG� 1DWLRQV�� �������� :RUOG� 3RSXODWLRQ� 3URVSHFWV� ���������� �7KH� ����
UHYLVLRQ�GLVNHWWH��



��

81� �8QLWHG� 1DWLRQV�� ��������:RUOG� 3RSXODWLRQ� 3URVSHFWV�� 7KH� ����� 5HYLVLRQ�� 1HZ
<RUN��81�3RSXODWLRQ�'LYLVLRQ������

=KDQJ��<���IRUWKFRPLQJ���
'HIRUHVWDWLRQ�DQG�)RUHVW�7UDQVLWLRQ��7KHRU\�DQG�(YLGHQFH�LQ
&KLQD
��LQ�0��3DOR�DQG�+��9DQKDQHQ��HGV���� �)URP�'HIRUHVWDWLRQ�WR�)RUHVW�7UDQVLWLRQ�
:RUOG�)RUHVWV��9ROXPH����'RUGUHFKW��%RVWRQ��/RQGRQ��.OXZHU�$FDGHPLF�3XEOLVKHUV�



��

&+$37(5��

)25(67�(;3$16,21�$1'�&$5%21�)/8;(6�,1�7+(�1257+

3HNND�(��.DXSSL

�� ,1752'8&7,21

)RUHVWU\�DIIHFWV�WKH�IOX[HV�RI�FDUERQ�GLR[LGH�EHWZHHQ�WKH�DWPRVSKHUH��YHJHWDWLRQ��VRLOV
DQG�IRUHVW�SURGXFWV��DQG�LV�D�SRWHQWLDO�DJHQW�ERWK�LQ�FRQWULEXWLQJ�WR�DQG�LQ�FRQWUROOLQJ�WKH
HPLVVLRQV�RI�FDUERQ�GLR[LGH��7DQV�HW�DO�� ��������4XD\�HW�DO�� �������DQG�.HHOLQJ�HW�DO�
�������KDYH�FRQFOXGHG��EDVHG�RQ�IOX[�PHDVXUHPHQWV�RI�DWPRVSKHULF�JDVHV��WKDW�WKHUH�KDV
EHHQ� D� QHW� IOX[� RI� FDUERQ� GLR[LGH� IURP� WKH� DWPRVSKHUH� WR� ODQG� HFRV\VWHPV� LQ� WKH
QRUWKHUQ� KHPLVSKHUH�� ,Q� RWKHU� ZRUGV�� WHUUHVWULDO� HFRV\VWHPV� LQ� WKH� QRUWK� KDYH
VHTXHVWHUHG�FDUERQ�GLR[LGH�IURP�WKH�DWPRVSKHUH��7KH�ODQG�DUHD�RI�&KLQD��(XURSH��-DSDQ�
IRUPHU�8665��DQG�1RUWK�$PHULFD�WRWDOV�����ELOOLRQ�KHFWDUHV��$OWKRXJK�IRUHVWV�DQG�RWKHU
ZRRGHG�ODQG�FRYHU�RQO\�����ELOOLRQ�KHFWDUHV�RI�WKLV�DUHD��)$2��������WKH\�FDQ�EH�YHU\
VLJQLILFDQW�LQ�WKH�JOREDO�FDUERQ�EXGJHW��7KH�FDUERQ�SRRO�SHU�XQLW�RI�ODQG�LV�PXFK�ODUJHU
LQ�IRUHVWV�WKDQ�LQ�DJURHFRV\VWHPV��LQ�DOSLQH�DQG�DUFWLF�UHJLRQV��RU�LQ�GHVHUWV�

'HZDU� ������� KDV� VKRZQ� WKDW� ZKHQ� IRUHVWV� DUH� PDQDJHG� IRU� WKH� PD[LPXP� \LHOG� RI
ELRPDVV��WKH�FRQWULEXWLRQ�WR�FDUERQ�VWRUDJH�IURP�WLPEHU�SURGXFWV�LV�DERXW����'�7�WLPHV
WKH� FRQWULEXWLRQ� IURP� OLYLQJ� WUHHV�� ZKHUH� '� LV� WKH� FKDUDFWHULVWLF� GHFD\� WLPH� IRU
UHFRQYHUVLRQ� RI� WLPEHU� SURGXFWV� WR� FDUERQ� GLR[LGH�� DQG� 7� LV� WKH� URWDWLRQ� SHULRG� IRU
PD[LPXP�VXVWDLQHG�\LHOG��:KHQ�'�7�H[FHHGV�D�FULWLFDO�YDOXH�RI�DERXW������PDQDJHG
IRUHVWV� DQG� WKHLU� SURGXFWV� WRJHWKHU� VWRUH� PRUH� FDUERQ� WKDQ� XQPDQDJHG� IRUHVWV� DORQH�
DVVXPLQJ�WKDW�VRLO�FDUERQ�LV�QRW�DIIHFWHG��7KH�DV\PSWRWLF�� ORQJ�WHUP�VWRUDJH�RI�FDUERQ
LQFUHDVHV�OLQHDUO\�ZLWK�LQFUHDVLQJ�'�

:KHQ� IRUHVWV� DUH� FRQYHUWHG� WR� DJULFXOWXUDO� ODQG�� WKH� FDUERQ� SRRO� LV� GLPLQLVKHG��$OVR�
ZKHQ�ROG�JURZWK�SULPDU\�IRUHVW�LV�FOHDUHG�DQG�FRQYHUWHG�LQWR�IRUHVW�ZKLFK�LV�PDQDJHG
IRU�PD[LPXP�VXVWDLQHG�\LHOG�� WKH� VWDQGLQJ�ELRPDVV� LV� UHGXFHG�E\� DERXW� WZR�WKLUGV� RU
PRUH� �&RRSHU� ������ +DUPRQ� HW� DO�� ������� 7KH� UDWLR� '�7� LQ� WKLV� FDVH� LV� YHU\� ORZ�
DVVXPLQJ�WKDW�QHZ�IRUHVWV�DW�WKH�HQG�RI�WKH�URWDWLRQ�ZRXOG�EH�VLPLODU�WR��JURZWK�IRUHVW�

$OPRVW� DOO� RI� WKH� ROG�JURZWK� IRUHVWV� LQ� FHQWUDO� (XURSH� ZHUH� FOHDUHG� DOUHDG\� E\� WKH
0LGGOH�$JHV��.DQGOHU��������(XURSHDQ�IRUHVWV�DUH�HVVHQWLDOO\�VHFRQGDU\�IRUHVWV��$OVR�LQ
WKH�8QLWHG�6WDWHV�� VHWWOHUV�KDG�XWLOL]HG� WKH�HDVWHUQ� IRUHVWV�DV�ZHOO� DV� ODUJH� DUHDV�RI� WKH
ZHVWHUQ� IRUHVWV� E\� WKH� ��WK� FHQWXU\�� 2QO\� D� VPDOO� IUDFWLRQ� RI� ODQG� UHPDLQHG� DV� ROG�
JURZWK��$IWHU�WKH�GHIRUHVWDWLRQ�SKDVH�LQ�WKH�86��IRUHVWV�DUHDV�FHDVHG�WR�GHFOLQH�DURXQG
������DQG�WKH�IRUHVWV�KDYH�VLQFH�WKHQ�UHFRYHUHG�LQ�WHUPV�RI�DUHD��JURZLQJ�VWRFN�DQG�WKH
QHW�DQQXDO�LQFUHPHQW��&ODZVRQ�������
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7KH� ELRPDVV� RI� VHFRQGDU\� IRUHVWV� KDV� LQFUHDVHG�� EHFDXVH� WKH� DQQXDO� GUDLQ� �FXWWLQJ
UHPRYDOV�SOXV� WKH�EROHV� ORVW� LQ� IHOOLQJV��KDV�EHHQ� OHVV� WKDQ� WKH�DQQXDO�QHW� LQFUHPHQW��
7KH�DQDO\VLV�RI�WKLV�GHYHORSPHQW�PXVW�DGGUHVV�WZR�FULWLFDO�TXHVWLRQV��ILUVW��ZK\�KDV�WKH
GUDLQ��FXWWLQJV��EHHQ�VR�VPDOO"��DQG�VHFRQG��ZK\�KDV�WKH�QHW�DQQXDO�LQFUHPHQW�EHHQ�VR
ODUJH"�7KH�IROORZLQJ�EULHI�UHPDUNV�DUH�PDGH�DV�D�EDVLV�IRU�WKH�FDUERQ�DQDO\VLV�

7KH� GUDLQ� LQ� LQGXVWULDO� FRXQWULHV� KDV� QRW� LQFUHDVHG� YHU\� PXFK� RYHU� WKH� ODVW� ��� \HDUV
EHFDXVH�RLO��QDWXUDO�JDV�DQG�HOHFWULFLW\�KDYH�UHSODFHG�WKH�XVH�RI�ZRRG�IRU�VSDFH�KHDWLQJ�
WKXV�UHGXFLQJ�GHPDQG�IRU�ILUHZRRG��$W�WKH�VDPH� WLPH�� IRUHVW� LQGXVWULHV²OLNH�DOO�RWKHU
ODUJH� LQGXVWULHV²KDYH� LPSURYHG� WKHLU� HIILFLHQF\��0RUH� DQG�PRUH� SURGXFWV� DUH� GUDZQ
IURP�RQH�XQLW�RI�UDZ�PDWHULDO��$XVXEHO�������DQG�WKH�UHF\FOLQJ�RI�IRUHVW�SURGXFWV�KDV
EHHQ�RQH�GLPHQVLRQ�RI�WKLV�HYROXWLRQ��,Q�FRQFOXVLRQ��DW�OHDVW�WZR�WUHQGV�KDYH�FRQWULEXWHG
WR�D�GHFUHDVH�RI�KDUYHVWLQJ��L��UHSODFHPHQW�RI�ZRRG�E\�QRQ�UHQHZDEOH�PDWHULDOV��DQG�LL�
HIILFLHQF\�LPSURYHPHQWV�LQ�IRUHVW�LQGXVWU\�DQG�UHF\FOLQJ�

7KH�QHW�LQFUHPHQW�RI�1RUWK�$PHULFDQ�DQG�(XURSHDQ�IRUHVWV�KDV�LQFUHDVHG�LQ�WKH�VHFRQG
KDOI�RI� WKH�WZHQWLWK�FHQWXU\��&ODZVRQ�������.XXVHOD��������6LOYLFXOWXUDO�H[SHUWLVH�KDV
EHHQ�ZLGHO\�XVHG�IRU�REWDLQLQJ�KLJK�WLPEHU�\LHOGV��7KH�REMHFWLYHV�RI�VLOYLFXOWXUH�KDYH�LQ
SDUWLFXODU� IRFXVVHG� RQ� WKH� HIILFLHQW� UHJHQHUDWLRQ� RI� QHZ� IRUHVW� VWDQGV� DQG� WKH
PDLQWHQDQFH�RI�D�ODUJH�JURZLQJ�VWRFN�GXULQJ�DOO�SKDVHV�RI�VWDQG�URWDWLRQ��$OO�HYLGHQFH
LQGLFDWHV� WKDW� IRUHVWU\� KDV� EHHQ� VXFFHVVIXO� LQ� WKLV� UHVSHFW�� DQG� WKH� LPSOLFDWLRQV� DUH
PDQLIROG� RQ� WKH� IOX[HV� DQG� SRROV� RI� FDUERQ�� ERWK� LQ� HFRORJLFDO� DQG� HFRQRPLF� WHUPV
�+RHQ�DQG�6ROEHUJ�������

3DUDOOHO� WR� WKH� VLOYLFXOWXUH� SURJUHVV�� WKH� SUHYDOLQJ� WUHQG� LQ� SURGXFWLYH� DJULFXOWXUH� KDV
FRQFHQWUDWHG�RQ�VPDOOHU�DQG�PRVW�SURGXFWLYH�DUHDV� �:DJJRQHU��������/HVV�SURGXFWLYH
ODQG�KDV�EHHQ�DEDQGRQHG�WR�EHFRPH�DYDLODEOH�IRU�RWKHU�XVHV�LQFOXGLQJ�IRUHVWU\��*UD]LQJ
LQ�SDUWLFXODU�KDV�EHFRPH�PRUH�FRQFHQWUDWHG��QRW�RQO\�EHFDXVH� WHFKQLFDO� HIILFLHQF\�KDV
LPSURYHG�� EXW� EHFDXVH� LW� KDV� EHHQ� 
GLIILFXOW� WR� JHW� IRFNPDVWHUV� �VKHSKHUGV�� DQG� WKHLU
IDPLOLHV�WR�OLYH�DQG�ZRUN�LQ�LVRODWHG�FRQGLWLRQV�LQ�UHPRWH�DUHDV
��81�(&(�)$2�������
5HGXFHG� SUHVVXUHV� RI� JUD]LQJ� KDYH� SURPRWHG� IRUHVW� UHJHQHUDWLRQ� DQG� UHJURZWK�� ,Q
(XURSH�� DLU� SROOXWLRQ� KDV� SUHGRPLQDWHO\� KDG� D� SRVLWLYH� HIIHFW� RQ� WKH� JURZWK� UDWH� RI
LQGLYLGXDO� WUHHV�� WKDW� LV�� SROOXWLRQ� KDV� HQKDQFHG� IRUHVW� LQFUHPHQW�� QRWDEO\� EHFDXVH� RI
QLWURJHQ�GHSRVLWLRQ��6SLHFNHU�HW�DO��������

+HQFH��WKHUH�KDYH�EHHQ�DW�OHDVW�IRXU�GLIIHUHQW� WUHQGV�FRQWULEXWLQJ�WR�WKH�LQFUHDVH�LQ�QHW
IRUHVW� LQFUHPHQW�� L�� LQWHQVLYH� VLOYLFXOWXUH�� LL�� H[SDQVLRQ� RI� IRUHVW� ODQG�� LLL�� UHGXFHG
JUD]LQJ�SUHVVXUHV��DQG�LY��LQFUHDVHG�UDWHV�RI�QLWURJHQ�GHSRVLWLRQ�

,W� IROORZV� IURP� WKLV� EULHI� DQDO\VLV� WKDW� WKH� IRUHVW� YHJHWDWLRQ� FDUERQ� SRRO� LV� QRW� LQ
HTXLOLEULXP�EXW�LV�H[SDQGLQJ��7KH�DLP�RI�WKLV�FKDSWHU�LV�WR�GHVFULEH�DQG�TXDQWLI\��EDVHG
RQ�UHFHQW�UHSRUWV���WKLV�IRUHVWU\�GHYHORSPHQW�LQ�ZHVWHUQ�(XURSH�DQG�WKH�86��7KH�JHQHUDO
WUHQGV� DUH� SUHVHQWHG� DQG� GLVFXVVHG� ZLWK� VSHFLILF� UHIHUHQFHV� WR� WKH� JOREDO� QRUWKHUQ
IRUHVWV��WKXV�UHYLVLWLQJ�WKH�DQDO\VLV�E\�6HGMR���������$Q�RXWORRN�LV�DOVR�SUHVHQWHG�RQ�WKH
HYHQWXDO�IXWXUH�GHYHORSPHQW�RI�FDUERQ�SRROV�
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�� 0(7+2'6�$1'�5(68/76

��� 9HJHWDWLRQ

����� (XURSH

%DVHG�RQ� WKH�)RUHVW�5HVRXUFH�$VVHVVPHQW�RI������ �)$2��������.DXSSL� DQG�7RPSSR
�������KDYH�HVWLPDWHG�WKH�DQQXDO�&�IOX[HV�UHODWHG�WR�IRUHVW�YHJHWDWLRQ�LQ�VHYHQWHHQ�ZHVW
(XURSHDQ� FRXQWULHV��� 1HW� DQQXDO� LQFUHPHQW� DQG� GUDLQ� ZHUH� FRQYHUWHG� WR� FDUERQ� IOX[
HVWLPDWHV�E\�WDNLQJ�LQWR�DFFRXQW�WKH�GHQVLW\�RI�GU\�PDWWHU�LQ�ZRRG��FDUERQ�FRQWHQW�LQ�GU\
PDWWHU��DQG�WKH�UDWLR�RI�VWHPZRRG�WR�WRWDO�ELRPDVV��LQFOXGLQJ�FURZQV�DQG�URRWV�

7KH�GDWD�ZHUH�EDVHG�RQ� WKH�RIILFLDO� VWDWLVWLFV�RI�HDFK�FRXQWU\�DQG� IRFXVHG�RQ� WKH�\HDU
������$W�WKH�HQG�RI�WKH�����V��RQO\�WKUHH�FRXQWULHV�LQ�(XURSH��QRWDEO\�$XVWULD��)LQODQG
DQG� 6ZHGHQ�� PRQLWRUHG� QHW� IRUHVW� LQFUHPHQW� GLUHFWO\� E\� WDNLQJ� VWDWLVWLFDOO\
UHSUHVHQWDWLYH�PHDVXUHPHQWV�RI�IRUHVW�JURZWK�LQ�WKH�ILHOG��7KH�RWKHU�IRXUWHHQ�FRXQWULHV
UHOLHG� RQ� \LHOG� WDEOHV� DQG� RWKHU� PHWKRGV� WR� HVWLPDWH� WKH� QHW� LQFUHPHQW�� 7KH� DQDO\VLV
DLPHG�IRU� WKH�\HDU������EXW� LQ�PRVW�FDVHV�SULPDU\�PHDVXUHPHQWV�KDG�EHHQ�FRQGXFWHG
GXULQJ� ��������� ,Q� FHUWDLQ� H[WUHPH� FDVHV�� PHDVXUHPHQWV� ZHUH� ������ \HDUV� ROG�� WKXV
UHIHUULQJ� WR� IRUHVWV� H[LVWLQJ� LQ� ��������� 7KH� HVWLPDWLRQV� RI� GUDLQ� ZHUH� EDVHG� RQ
LQGXVWULDO� DQG� RWKHU� VWDWLVWLFV�ZKLFK�ZHUH�PRUH� UHFHQW� DQG�PRUH� FRPSDUDEOH� EHWZHHQ
FRXQWULHV�

,Q� DOO� FRXQWULHV� WKH� GUDLQ� ZDV� OHVV� WKDQ� WKH� QHW� DQQXDO� LQFUHPHQW� LQGLFDWLQJ� DQ
DFFXPXODWLRQ� RI� YHJHWDWLRQ� ELRPDVV� LQ� WKH� IRUHVWV�� 7KH� WRWDO� DUHD� RI� IRUHVW� DQG� RWKHU
ZRRGHG�ODQG�LQ�WKHVH�VHYHQWHHQ�FRXQWULHV� LV������PLOOLRQ�KHFWDUHV��7KH�FDUERQ�SRRO� LQ
YHJHWDWLRQ� LV�HVWLPDWHG� WR� LQFUHDVH�DW� D� UDWH�RI�������7J�\U��� � �7HUDJUDPV�SHU� \HDU� 
�����J�\U��� �PLOOLRQ� WRQV�SHU� \HDU���7KLV� LPSOLHV� DQ� DFFXPXODWLRQ�RI�����������0J�&
KD��\U���� RU� ������ J� &� P��\U���� 7KH� H[WUHPHV� ZHUH� *UHHFH� DQG� ,UHODQG� ZKHUH� WKH
DFFXPXODWLRQ�UDWHV�ZHUH�DERXW�����DQG�������J�&�P��\U����UHVSHFWLYHO\��,Q�,UHODQG��ZKHUH
WKH� IRUHVWV� DUH�PDLQO\� \RXQJ� DQG� IDVW�JURZLQJ� FRQLIHU� SODQWDWLRQV�� WKH� GUDLQ� KDV� EHHQ
RQO\�DERXW�RQH�KDOI�RI�WKH�QHW�DQQXDO�LQFUHPHQW��.XXVHOD�������

����� 7KH�8QLWHG�6WDWHV

,Q�WKHLU�DQDO\VLV�7XUQHU�HW�DO�� �������UHIHU� WR�FRQWHUPLQRXV�86��H[FOXGLQJ�$ODVND��7KH
GDWD�DUH� IURP�IRUHVW� LQYHQWRULHV�DQG�DUH� VWDWLVWLFDOO\� UHSUHVHQWDWLYH� �+HDWK�DQG�%LUGVH\
������� 0HWKRGV� ZLWKLQ� WKH� GLIIHUHQW� UHJLRQV� RI� WKH� 86� DUH� OHVV� KHWHURJHQHRXV� WKDQ
EHWZHHQ�WKH�VHYHQWHHQ�(XURSHDQ�FRXQWULHV��7KH�ODQGEDVH�LQ�7XUQHU�HW�DO���������LV������
PLOOLRQ�KHFWDUHV�RI�WLPEHUODQG��WKDW�LV��PRUH�WKDQ�WZLFH�WKH�VL]H�RI�WKH�DUHD�RI�WKH�ZHVW
(XURSHDQ�VWXG\��7XUQHU�HW�DO���������LQFOXGH�RQO\�IRUHVW�ODQG��ZKLFK�LV�GHILQHG�DV�ODQG
FDSDEOH�RI�SURGXFLQJ�����P��KD��\U���RI�LQGXVWULDO�ZRRG��7KH�86�KDV�D�WRWDO�DUHD�RI����
PLOOLRQ�KHFWDUHV�RI�IRUHVWV�DQG�RWKHU�ZRRGHG�ODQG��)$2�������

/LYLQJ� WUHHV� LQ� WKH� FRQWHUPLQRXV� 8QLWHG� 6WDWHV�� DFFRUGLQJ� WR� 7XUQHU� HW� DO�� �������
FRQWDLQ��������7J�FDUERQ��7KLV�SRRO�LV�LQFUHDVLQJ�DW�UDWH�RI����7J�\U����7KLV�LPSOLHV�DQ
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DYHUDJH�DFFXPXODWLRQ�UDWH�RI����J�&�P���\U����ZKLFK�LV�VOLJKWO\�OHVV�WKDQ�WKH�UDWH�UHSRUWHG
IRU� ZHVWHUQ� (XURSH�� 7KH� KLJKHVW� DFFXPXODWLRQ� UDWH� ZLWKLQ� WKH� 86� LV� LQ� WKH� QRUWKHDVW
UHJLRQ��1HZ�(QJODQG��RQ�SULYDWH�ODQGV�

����� 5XVVLD�DQG�&DQDGD

/DUJH� DUHDV� RI� IRUHVWV� LQ� 5XVVLD� DQG� &DQDGD� KDYH� UHPDLQHG� LQ� D� VWDWH� RI� XQPDQDJHG
ZLOGHUQHVV�� D� VLWXDWLRQ� GLIIHUHQW� IURP� (XURSH�� ,Q� 5XVVLD�� IRU� H[DPSOH�� PHDVXUHV� WR
SURYLGH�SURWHFWLRQ�DJDLQVW�ILUHV�DQG�SHVWV�FRYHU�RQO\����SHU�FHQW�RI�WKH�IRUHVWV��1LOVVRQ
DQG�6KYLGHQNR��������(YHQ�LQ�WKH�SURWHFWHG�]RQH��ODUJH�DUHDV�DUH�VSDUVHO\�SRSXODWHG�DQG
ILUHV� LQ� KLJK� IRUHVWV� LQ� WKHVH� DUHDV� DUH� D� PRUH� FRPPRQ� RFFXUUHQFH� WKDQ� LQ� ZHVWHUQ
(XURSH��)RUHVW�ILUHV�DQG�RWKHU�QDWXUDO�GLVWXUEDQFHV�WHQG�WR�YDU\�JUHDWO\�LQ�UHPRWH�DUHDV
DV�D�UHVXOW�RI�GLYHUVH�FOLPDWH�DQG�IRUHVW�FKDUDFWHULVWLFV��.XU]�HW�DO��������.XU]�DQG�$SSV
������

7KH� FDUERQ� UHVHUYRLU� SHU� KHFWDUH� RI� YHJHWDWLRQ� LQ� ERUHDO� IRUHVWV� LV� DSSUR[LPDWHO\� WKH
VDPH� LQ� WKH�ZLOGHUQHVV� DUHDV� RI�&DQDGD� DQG�5XVVLD� WKDQ� LQ� 6FDQGLQDYLD� DQG� )LQODQG�
ZKHUH�ORJJLQJ�KDV�UHSODFHG�QDWXUDO�GLVWXUEDQFHV��%RWNLQ�DQG�6LPSVRQ�������$OH[HMLHY
HW�DO��������.DXSSL�HW�DO���������7UDQVLWLRQ�IURP�YLUJLQ�WR�PDQDJHG�IRUHVW�PD\�QRW�LPSO\
D� GHFUHDVH� RI� WKH� FDUERQ� UHVHUYRLU�� DOWKRXJK� FDVHV� RI� ODUJH� UHGXFWLRQV� KDYH� EHHQ
GRFXPHQWHG��+DUPRQ�HW�DO��������

��� 6RLO�DQG�RWKHU�IRUHVW�FRPSRQHQWV

9HJHWDWLRQ� FDUERQ� DV� FDOFXODWHG� DERYH� LQFOXGHV� WKH� FDUERQ� LQ� URRWV� EXW� H[FOXGHV� WKH
FDUERQ�LQ�WKH�VRLO��IRUHVW�IORRU��ZRRG\�GHEULV��DQG�XQGHUVWRU\��,Q�WKH�86��WKH�VRLO�SRRO�LV
HVWLPDWHG�WR�FRQWDLQ��������7J�&��DQ�DYHUDJH�RI�����NJ�P����7XUQHU�HW�DO���������,Q�WKH
PDWXUH�FRQLIHURXV�IRUHVWV�RI�)LQODQG��WKH�&�GHQVLW\�LQ�WKH�RUJDQLF�KRUL]RQ�SOXV�PLQHUDO
VRLO�OD\HU�WR�D�GHSWK�RI�RQH�PHWUH�LV�PHDVXUHG�WR�UDQJH�IURP�����WR������NJ�P����DQG�WKHUH
LV� DQ� DGGLWLRQDO� �������� NJ� P��� VWRUHG� LQ� WKH� OD\HU� EHWZHHQ� WKH� RQH�PHWUH� GHSWK� DQG
JURXQGZDWHU��/LVNL�DQG�:HVWPDQ��������$FFRUGLQJ�WR�7XUQHU�HW�DO����������WKH�VXP�RI
WKH�DGGLWLRQDO�SRROV�LQ�IRUHVW�IORRUV��ZRRG\�GHEULV�DQG�XQGHUVWRU\�LV�����NJ�P���

(YHQ� WKRXJK� WKH�VRLO�FDUERQ�SRRO�DQG�RWKHU� VWRUHV�DUH� UHODWLYHO\�ZHOO�GRFXPHQWHG�� WKH
HYHQWXDO� UDWHV� RI� FKDQJH� RI� WKHVH� SRROV� DUH� SRRUO\� NQRZQ�� $V� WKHUH� DUH� QR� GLUHFW
PHDVXUHPHQWV�RU�VWDWLVWLFV�RQ�WKHVH�IOX[HV��WKH�RQO\�ZD\�WR�HVWLPDWH�HYHQWXDO� LQFUHDVHV
RU�GHFUHDVHV�LV�WR�XVH�HFRORJLFDO�PRGHOV�DQG�WR�KDYH�DQ�XQGHUVWDQGLQJ�RI�WKH�HFRORJLFDO
SURFHVVHV�LQYROYHG�

0HOOLOOR� HW� DO�� ������� HVWLPDWH� WKDW� WKH� PHDQ� QHW� SULPDU\� SURGXFWLRQ� �133�� RI� D
FRQLIHURXV� IRUHVW� LV� ���� DQG� ���� J� &� P��� \U��� LQ� WKH� ERUHDO� DQG� WHPSHUDWH� ]RQHV�
UHVSHFWLYHO\�� 133� LV� WKH� VXP� RI� IRUHVW� LQFUHPHQW�� PRUWDOLW\�� DQG� OLWWHU� SURGXFWLRQ�� ,Q
ERUHDO� FRQLIHURXV� IRUHVWV�� WKH� SURGXFWLRQ� RI� QHHGOH� DQG� ILQH� URRW� OLWWHU� FRQVWLWXWHV
DSSUR[LPDWHO\�RQH�KDOI�RI�WKH�133��$OEUHNWVRQ�������3HUVVRQ�������
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,W� LV� UHDVRQDEOH� WR�DVVXPH� WKDW�DW� OHDVW� D�KDOI� RI� WKH� DQQXDO�133�HQWHUV� WKH� VRLO� LQ� WKH
IRUP�RI�OLWWHUIDOO�PDLQO\�IURP�URRWV��QHHGOHV�DQG�EUDQFKHV��DGGLQJ���������J�&�P���\U��
LQWR�WKH�VRLO��$Q�DGGLWLRQDO�DFFXPXODWLRQ�LQ�WKH�RUGHU�RI����J�&�P���\U���LV�UHOHDVHG�LQWR
WKH� VRLO� IURP� UHPRYDOV�� DV� RQO\� WKH� VWHP� LV� XWLOL]HG� IRU� LQGXVWULDO� DQG� RWKHU� XVHV�
&RQVHTXHQWO\�� D� WRWDO� RI� DERXW� �������� J� &� P��� \U��� DQQXDOO\� HQWHUV� IRUHVW� VRLO�� 7KH
LQWHUHVWLQJ�TXHVWLRQ� LV�ZKHWKHU� WKH� VRLO� FDUERQ�SRRO� LV� LQ� HTXLOLEULXP�� WKDW� LV��ZKHWKHU
GHFRPSRVLWLRQ�� OHDFKLQJ�� DQG� ILUH� FDXVH� D� VLPLODU� IOX[� RI� �������� J� &�P��� \U��� WR� EH
UHPRYHG�IURP�WKH�VRLO��2OVRQ�������

4XDOLWDWLYHO\�LW�ZRXOG�DSSHDU�ORJLFDO�WKDW�LI�WKH�FDUERQ�SRRO� LQ�YHJHWDWLRQ�LV� LQFUHDVLQJ
DQG� VXEVHTXHQWO\� YHJHWDWLRQ� VHTXHVWHUV� LQFUHDVLQJ� DPRXQWV� RI� FDUERQ�� WKHQ� DOVR� WKH
FDUERQ�SRRO�RI�WKH�VRLO�PXVW�LQFUHDVH�DQG�VHTXHVWHU�DGGLWLRQDO�FDUERQ��&XUUHQWO\��WKHUH�LV
QR� GLUHFW� HYLGHQFH� DYDLODEOH�ZKLFK� FRXOG� VKRZ� WKDW� WKLV� LV� DFWXDOO\� RFFXUULQJ�� /HW� XV
DVVXPH� WKDW� IRUHVW� VRLOV� LQ�ZHVWHUQ� (XURSH� DQG� WKH�86� FDQ� DFFXPXODWH� FDUERQ� DW� WKH
VDPH�UDWH�DV�YHJHWDWLRQ��������DQG����J�&�P���\U��� LQ�(XURSH�DQG�WKH�86��UHVSHFWLYHO\�
7KH�DQQXDO�LQSXW�RI�FDUERQ�LQWR�WKH�VRLOV�LV�HVWLPDWHG�DERYH�DW���������J�&�P���\U����$Q
DFFXPXODWLRQ�RI�������J�&�P���\U���ZRXOG�LPSO\�DQ�RXWSXW�IOX[�IURP�WKH�VRLO�RI��������
J�&�P���\U����(FRORJLFDOO\��VXFK�D�GLVHTXLOLEULXP�VHHPV�UHDVRQDEOH��DQG�DQ�HYHQ�KLJKHU
GLVHTXLOLEULXP�LV�SRVVLEOH��FRUUHVSRQGLQJ�WR�D�VHTXHVWUDWLRQ�UDWH�RI��VD\���������J�&�P��

\U���

)RU�WKH�ODQGEDVH�RI�WKH�(XURSHDQ�VWXG\��D�UDWH�RI�������J�&�P���\U��� LPSOLHV�DQ�DQQXDO
VHTXHVWUDWLRQ�RI�������7J�FDUERQ�LQWR�WKH�IRUHVW�VRLO��$VVXPLQJ�D�UDWH�RI����J�&�P���\U��
ZRXOG�\LHOG�D�VOLJKWO\�JUHDWHU�VHTXHVWUDWLRQ�LQ�WKH�86�����7J�\U����EHFDXVH�WKH�ODQGEDVH�LV
ODUJHU�� +RZHYHU�� WKHVH� HVWLPDWHV� DUH� EDVHG� RQ� HFRORJLFDO� UHDVRQLQJ� DQG� LQGLUHFW
HYLGHQFH��ZLWKRXW�VXFK�GLUHFW�PHDVXUHPHQWV�DV�HVWLPDWHV�RI�IRUHVW�YHJHWDWLRQ�

��� 3URGXFWV�DQG�ODQGILOOV

6WDWLVWLFV�RQ�ZRRG�UHPRYDO�LQGLFDWH�D�KDUYHVW�RI�DERXW�����PLOOLRQ�FXELF�PHWUHV�LQ�WKH
VHYHQWHHQ�ZHVW�(XURSHDQ�FRXQWULHV� �)$2��������7KLV� IOX[�RI�ZRRG�FRQWDLQV�DERXW���
7J� FDUERQ�� $ERXW� RQH�WKLUG� LV� ORVW� GXULQJ� WKH� LQGXVWULDO� SURFHVVHV� DQG� ��� 7J� LV
WUDQVIHUUHG�DQQXDOO\�WR�WKH�SURGXFWV��3LQJRXG�HW�DO���������5HPRYDOV�LQ�WKH�86�LQ�����
WRWDOOHG�����PLOOLRQ�FXELF�PHWUHV��ZKLFK�RQ�DVVXPLQJ�VLPLODU�WHFKQRORJ\�DV�LQ�)LQODQG�
ZRXOG� LPSO\� DERXW� ���� 7J� EHLQJ� UHPRYHG� IURP� WKH� IRUHVWV� DQG� DERXW� ��� 7J� EHLQJ
WUDQVIHUUHG�LQWR�SURGXFWV�DQQXDOO\�

7KHVH� SURGXFWLRQ� ILJXUHV� UHIHU� WR� WKH� LQSXW� RI� FDUERQ� WR� WKH� SURGXFW� SRRO��7KH� RXWSXW
IURP� WKH� SRRO� LV� WKH� EDODQFLQJ� SURFHVV�� WKDW� LV�� GHJUDGDWLRQ� DQG� UHWLUHPHQW� RI� ROG
SURGXFW��&KDQJHV�LQ�FDUERQ�VWRFN�FDQ�EH�HVWLPDWHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�LQSXW�DQG
RXWSXW��,QFUHDVHV�GHFUHDVHV�LQ�WKH�VWRFN�FDQ�EH�GHWHUPLQHG�WKURXJK�WKH�FROOHFWLRQ�RI�GDWD
IRU� FRQVHFXWLYH� \HDUV�� %DVHG� RQ� VWDWLVWLFV� RQ� )LQQLVK� SURGXFWV�� 3LQJRXG� HW� DO�� ������
HVWLPDWH�WKDW�WKH�VWRFN�LQ������LQFUHDVHG�RQO\�E\�����7J�&�\U����DOWKRXJK�WKH�LQSXW�UDWH
ZDV�WHQ�WLPHV�DV�KLJK��/DQGILOOV�DUH�HIIHFWLYH�DFFXPXODWRUV�RI�FDUERQ��WKH�LQIORZ�UDWH�LV
HVWLPDWHG�DW�����7J�&�\U����DQG�WKH�QHW�FKDQJH�RI�WKH�VWRUDJH�DW�����7J�&�\U���
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)RU�D�VHTXHVWUDWLRQ�WUDQVIHU�RI�����7J�&�\U���WR�SURGXFWV��WKH�)LQQLVK�LQGXVWU\�XVHG�D�IOX[
RI������7J�&�\U���DV� WLPEHU�UHPRYDOV��7KH�UDWLR�RI�SURGXFW�VHTXHVWUDWLRQ�UHPRYDOV�ZDV
��������� ��������6LPLODUO\�� WKH�UDWLR�RI� ODQGILOO� VHTXHVWUDWLRQ�UHPRYDOV�ZDV���������� 
������� 5HPRYDO� HVWLPDWHV� DUH� DYDLODEOH� IRU� ZHVWHUQ� (XURSH� DQG� WKH� 86�� DQG� DQ
H[WUDSRODWLRQ� LV� SRVVLEOH�� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH� )LQQLVK� GDWD� DUH� D� IDLU
UHSUHVHQWDWLRQ� RI� ZHVWHUQ� (XURSH� DQG� WKH� 86� LQ� WHUPV� RI� SURGXFW� PL[� DQG� XVDJH� RI
SURGXFWV�

5HPRYDOV� LQ� WKH� VHYHQWHHQ� ZHVW� (XURSHDQ� FRXQWULHV� FRQWDLQHG� DQQXDOO\� DERXW� ��� 7J
FDUERQ��.DXSSL�DQG�7RPSSR��������7KLV�ZRXOG�LPSO\�DQ�DFFXPXODWLRQ�RI� WKH�SURGXFW
SRRO�RI�������[���� �����7J�&�\U����DQG�DQ�DFFXPXODWLRQ�RI�ODQGILOO�SRRO�RI�������[���� 
���7J�&�\U����,Q�WKH�86�ZLWK�DQ�DQQXDO�UHPRYDO�RI�����7J��WKH�UHVSHFWLYH�DFFXPXODWLRQ
ZRXOG�EH� DERXW��� DQG����7J�&�\U��� LQ�SURGXFWV� DQG� ODQGILOOV�� UHVSHFWLYHO\��$GGLWLRQDO
FDUERQ�LV�LPSRUWHG��HVSHFLDOO\�LQWR�WKH�86��DV�ZRRG�SURGXFWV��,Q�WKH�����V�WKH�IHOOLQJV�LQ
&DQDGD� ZHUH� DERXW� �������� PLOOLRQ� FXELF� PHWUHV�� RI� ZKLFK� DERXW� WZR�WKLUGV� ZHUH
H[SRUWHG��PDLQO\�LQWR�WKH�86��$�WRWDO�RI����DQG����7J�&�\U���FDQ�WKXV�EH�VHTXHVWHUHG�LQ
ZHVW�(XURSH�DQG�WKH�86��UHVSHFWLYHO\��LQ�IRUHVW�SURGXFWV�DQG�DV�UHWLUHG�IRUHVW�SURGXFWV�LQ
ODQGILOOV��7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH����

TABLE 3.1
RATES OF CHANGE OF THE MAJOR CARBON POOLS IN WEST EUROPE

AND THE UNITED STATES

Western Europe United States

Carbon reservoir g C m-2 yr-1 Tg C yr-1 g C m-2 yr-1 Tg C yr-1

Living trees 45-65 40-60 32 65

Soil 45-65 40-60 32 65

Other forest components - - - -

Products 3.4 10

Landfill 16 50

Total 100-140 190

Note: See text for definitions of the area and other explanations. Estimates for living trees are based
on direct measurements; other estimates are indirect evaluations based on expert opinion.

�� ',6&866,21

7KH�IRUHVW�KLVWRULHV�RI�ZHVW�(XURSH�DQG�RI�WKH�86�DUH�VLPLODU�LQ�WKDW�ODQG�FOHDUDQFH�IRU
SDVWXUH� DQG�DJULFXOWXUH�� DQG� WKH�XWLOL]DWLRQ�RI� ILUHZRRG�DQG� RWKHU� QRQ�LQGXVWULDO�ZRRG
KDG�HDUOLHU�UHVXOWHG�LQ�D�VXEVWDQWLDO�GHFOLQH�RI�IRUHVW�UHVRXUFHV��2OG�JURZWK�IRUHVWV�ZHUH
PDLQO\�KDUYHVWHG�GXULQJ�WKDW�SHULRG��7KHVH�WUHQGV�KDYH�UHYHUVHG�GUDPDWLFDOO\��DQG�IRUHVW
UHVRXUFHV��LQ�WHUPV�RI�ODQG�DUHD��DYHUDJH�JURZLQJ�VWRFN��DQG�QHW�DQQXDO�LQFUHPHQW�KDYH
LQFUHDVHG�GXULQJ� WKH�VHFRQG�KDOI�RI� WKLV�FHQWXU\�DW�DQ�DFFHOHUDWLQJ�UDWH��7KH�VHFRQGDU\
IRUHVWV�DUH� UHJURZLQJ�YLJRURXVO\�� DQG�VHTXHVWHULQJ� D� FRQVLGHUDEOH� IOX[�RI� FDUERQ� IURP
WKH�DWPRVSKHUH�
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)RUHVW�DUHDV�LQ�ZHVWHUQ�(XURSH�DQG�LQ�WKH�86�WRWDO�DERXW�����ELOOLRQ�KHFWDUHV��RU�DERXW���
SHU�FHQW�RI�WKH�DUHD�FRQVWLWXWHV�QRUWKHUQ�IRUHVWV�LQ�WKH�ERUHDO�DQG�WHPSHUDWH�]RQH��,W�FDQ
EH� ILUPO\� HVWDEOLVKHG� IURP� GLUHFW� REVHUYDWLRQV� WKDW� WKH� FDUERQ� SRRO� RI� OLYLQJ� WUHHV� LV
H[SDQGLQJ�DQG�VHTXHVWHULQJ�FDUERQ�DW�D�UDWH�RI�DERXW���������7J�\U�����,W�LV�SRVVLEOH�WKDW
WKLV�LV�DQ�XQGHUHVWLPDWLRQ��)RUHVW�LQYHQWRULHV�DUH�LQFRPSOHWH��DQG�D�SDUW�RI�WKH�GDWD�GDWHV
IURP�WKH�����V�DQG�WKH�����V��DQG�FDQ�EH�ORZHU�WKDQ�IRU�WKH�����V�

%DVHG� RQ� LQGLUHFW� HYLGHQFH� DQG� HFRORJLFDO� UHDVRQLQJ�� LW� LV� HVWLPDWHG�� DOEHLW� ZLWK
XQFHUWDLQW\��WKDW�WKH�IRUHVW�VRLO�RI�WKLV�DUHD�FDQ�VHTXHVWHU�D�VLPLODU�RU�VOLJKWO\�ODUJHU�OHYHO
RI� DWPRVSKHULF� FDUERQ� WR� WKH� HFRV\VWHP� WKDQ� WKDW� VHTXHVWHUHG� E\� OLYLQJ� YHJHWDWLRQ�� ,Q
DGGLWLRQ��WKH�FDUERQ�SRRO�RI�IRUHVW�SURGXFWV�DQG�ODQGILOOV�LV�LQFUHDVLQJ�DW�D�UDWH�RI�DERXW
�������7J�\U����7RWDO�VHTXHVWUDWLRQ��LQFOXGLQJ�YHJHWDWLRQ��VRLO��SURGXFWV�DQG�ODQGILOOV�LQ
ZHVW�(XURSH�DQG� WKH�86��FDQ�EH� LQ� WKH�PDJQLWXGH�RI���������7J�&�\U����7KLV� LV�PRUH
WKDQ�6HGMR��������HVWLPDWHG�IRU�WKHVH�DUHDV�IRU�WKH�\HDUV���������

&ULWLFDO� LQ� WKLV� HVWLPDWH� LV� WKH� XQFHUWDLQW\� DERXW� WKH� UDWH� RI� VRLO� FDUERQ� VHTXHVWUDWLRQ
ZKLFK�LV�EHOLHYHG�WR�EH�DV�KLJK�RU�KLJKHU� WKDQ�YHJHWDWLRQ�VHTXHVWUDWLRQ��7KLV�VRLO� IOX[�
ZKLFK� DSSHDUV� UHDVRQDEOH� IURP� DQ� HFRORJLFDO� SHUVSHFWLYH�� ZRXOG� LPSO\� DQ� DQQXDO
JURZWK�UDWH�RI�������SHU�FHQW�RI�WKH�VRLO�FDUERQ�SRRO��7KLV�ZRXOG�EH�DERXW�WKH�VDPH�DV
WKH� UDWH� RI� LQFUHDVH� RI� &2�� FRQFHQWUDWLRQV� LQ� WKH� DWPRVSKHUH�� .HHOLQJ� HW� DO�� ������
REVHUYH� WKDW� GXULQJ� WKH� SDVW� IRXU� GHFDGHV�� WKHUH� KDV� EHHQ� D� SURSRUWLRQDOLW\� EHWZHHQ
ULVLQJ�FRQFHQWUDWLRQV�RI�&2��LQ�WKH�DWPRVSKHUH�DQG�&2��HPLVVLRQV��7KLV�LPSOLHV�WKDW�DV
D�ORQJ�WHUP�DYHUDJH��D�SURSRUWLRQDOLW\�DOVR�H[LVWV�EHWZHHQ�WKH�UDWH�RI�VHTXHVWUDWLRQ�DQG
HPLVVLRQV�

,I� RQO\� ��� SHU� FHQW� RI� WKH� QRUWKHUQ� IRUHVWV� VHTXHVWHUHG� DV� PXFK� DV� �������� 7J� &
DQQXDOO\��WKH�UHVW�ZRXOG�SUREDEO\�VHTXHVWHU�OHVV�RQ�D�SHU�KHFWDUH�EDVLV��7KH�IRUHVW�KLVWRU\
LQ�&DQDGD�DQG� ODUJH�SDUWV�RI�5XVVLD�GLIIHUV� VXEVWDQWLDOO\� IURP� WKH�RQH� LQ�ZHVW�(XURSH
DQG�WKH�86��PRVW��LI�QRW�DOO��RI�WKH�WUHQGV�GLVFXVVHG�LQ�WKLV�VWXG\�DUH�ODFNLQJ��+RZHYHU�
ILUH�VXSSUHVVLRQ�KDV�EHHQ�LQWURGXFHG�LQWR�ODUJH�DUHDV�RI�WKHVH�IRUHVWV��DQG�WKLV�PD\�KDYH
FDUERQ�LPSOLFDWLRQV�

2Q� D� JOREDO� VFDOH�� LW� LV� FDOFXODWHG� WKDW� DIIRUHVWDWLRQ� RI� ���� PLOOLRQ� KHFWDUHV� FRXOG
VWDELOL]H�DWPRVSKHULF�&2��FRQFHQWUDWLRQV�RYHU�D�SHULRG�RI�VHYHUDO�GHFDGHV��6HGMR�������
3ODQWLQJ�QHZ�IRUHVWV��KRZHYHU��LV�RQO\�RQH�RI�PDQ\�SRWHQWLDO�DFWLYLWLHV�ZLWKLQ�WKH�IRUHVW
VHFWRU��+RHQ�DQG�6ROEHUJ�������

$VVXPLQJ�FRQWLQXLW\�DQG�FRQVLGHULQJ�WKH� ORQJ�WHUP�G\QDPLFV�RI� WKH� IRUHVW�VHFWRU�� LW� LV
HDV\� WR� SUHGLFW� WKDW� WKH� VHTXHVWUDWLRQ� RI� FDUERQ�ZLOO� UHPDLQ� HIIHFWLYH� LQ� WKH� IRUHVWV� RI
ZHVW� (XURSH� DQG� WKH� 86� IRU� DW� OHDVW� DQRWKHU� �� WR� ��� \HDUV�� +RZHYHU�� WKH� VLQN� ZLOO
SUREDEO\�GLVDSSHDU�ZLWKLQ����WR�����\HDUV�DW�WKH�ODWHVW�EHFDXVH�WKH�JURZLQJ�VWRFN�FDQQRW
H[SDQG� LQGHILQLWHO\�� $FFRUGLQJ� WR� WKLV� HVWLPDWH�� IRUHVWV� LQ� ZHVW� (XURSH� DQG� WKH� 86
ZRXOG� KDYH� FRPSHQVDWHG� IRU� ������ SHU� FHQW� RI� WKH� &2�� HPLVVLRQV� RI� WKH� DUHD� �F�I�
0DUODQG� HW� DO�� ������� )RUHVWV� KDYH� VWRUHG� FDUERQ� ZLWK� QR� H[SOLFLW� HFRQRPLF� FRVW
DWWULEXWHG�WR�WKH�VHTXHVWUDWLRQ�
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��6HH�.XXVHOD��������IRU�ZHVWHUQ�(XURSH��DQG�7XUQHU�HW�DO���������IRU�WKH�8QLWHG�6WDWHV�

��,Q�SDUWLFXODU��VHH�.DXSSL�DQG�7RPSSR���������7XUQHU�HW�DO����������DQG�3LQJRXG�HW�DO���������

��7KH� FRXQWULHV� LQFOXGH�$XVWULD�� %HOJLXP��'HQPDUN�� )LQODQG�� )UDQFH��*HUPDQ\��*UHHFH�� ,UHODQG�� ,WDO\�
/X[HPERXUJ��WKH�1HWKHUODQGV��1RUZD\��6SDLQ��6ZHGHQ��6ZLW]HUODQG��3RUWXJDO�DQG�WKH�8QLWHG�.LQJGRP�

5()(5(1&(6

$OEUHNWVRQ�� $�� �������� 
5HODWLRQV� EHWZHHQ� 7UHH� %LRPDVV� )UDFWLRQV� DQG� &RQYHQWLRQDO
6LOYLFXOWXUDO�0HDVXUHPHQWV
�� LQ� 7�� 3HUVVRQ� �HG���� 6WUXFWXUH� DQG� )XQFWLRQ� RI� 1RUWKHUQ
&RQLIHURXV� )RUHVWV�� 9ROXPH� ���� 6WRFNKROP�� 6ZHGLVK� 1DWXUDO� 6FLHQFH� 5HVHDUFK
&RXQFLO���������

$XVXEHO��-����������
&DQ�7HFKQRORJ\�6SDUH�WKH�(DUWK"
�$PHULFDQ�6FLHQWLVW�������������

&ODZVRQ��0�� �������� 
)RUHVWV� LQ� WKH� /RQJ� 6ZHHS� RI�$PHULFDQ�+LVWRU\
��6FLHQFH�� ����
��������

&RRSHU��&��)����������
&DUERQ�6WRUDJH�LQ�0DQDJHG�)RUHVWV
��&DQDGLDQ�-RXUQDO�RI�)RUHVW
5HVHDUFK�������������

'HZDU��5��'����������
$�0RGHO�RI�&DUERQ�6WRUDJH�LQ�)RUHVWV�DQG�)RUHVW�3URGXFWV
��7UHH
3K\VLRORJ\������������

)$2���������
7KH�)RUHVW�5HVRXUFHV�RI�WKH�7HPSHUDWH�=RQHV
��0DLQ�ILQGLQJV�RI�WKH�81�
(&(�)$2������)RUHVW�5HVRXUFH�$VVHVVPHQW��(&(�7,0�����81�3XEOLFDWLRQV�6DOHV�1R�
(����,,�(����

)$2���������
)RUHVW�5HVRXUFH�$VVHVVPHQW�������*OREDO�6\QWKHVLV
��)RUHVWU\�3DSHU�����
5RPH��)$2�

+DUPRQ��0��(���:��.��)HUUHOO�DQG�-��)��)UDQNOLQ��������� 
(IIHFWV�RQ�&DUERQ�6WRUDJH�RI
&RQYHUVLRQ�RI�2OG�*URZWK�)RUHVWV�WR�<RXQJ�)RUHVWV
��6FLHQFH���������������

+HDWK��/��6��DQG�5��$��%LUGVH\���������
&DUERQ�7UHQGV�RI�3URGXFWLYH�WHPSHUDWH�)RUHVWV
RI�WKH�&RQWHUPLQRXV�8QLWHG�6WDWHV
��:DWHU��$LU��DQG�6RLO�3ROOXWLRQ�������������

+RHQ�� +�� )�� DQG� %�� 6ROEHUJ� �������� 
3RWHQWLDO� DQG� (FRQRPLF� (IILFLHQF\� RI� &DUERQ
6HTXHVWUDWLRQ�LQ�)RUHVW�%LRPDVV�WKURXJK�6LOYLFXOWXUDO�0DQDJHPHQW
��)RUHVW�6FLHQFH����
������������

.DQGOHU��2����������
+LVWRULFDO�'HFOLQHV�DQG�'LHEDFNV�RI�&HQWUDO�(XURSHDQ�)RUHVWV�DQG
3UHVHQW�&RQGLWLRQV
��(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\��������������

.DXSSL��3��(��DQG�(��7RPSSR��������� 
,PSDFW�RI�)RUHVWV�RQ�1HW�1DWLRQDO�(PLVVLRQV�RI
&DUERQ�'LR[LGH�LQ�:HVW�(XURSH��:DWHU��$LU��DQG�6RLO�3ROOXWLRQ�������������
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.HHOLQJ��&��'���7��3�:KRUI��0��0DKOHQ�DQG�YDQ�GHU�3OLFKW���������
,QWHUDQQXDO�([WUHPHV
LQ�WKH�5DWH�RI�5LVH�RI�$WPRVSKHULF�&DUERQ�'LR[LGH�VLQFH�����
��1DWXUH��������������

.HHOLQJ��5��)���6��&��3LSHU�DQG�0��+HLPDQQ���������
*OREDO�DQG�+HPLVSKHULF�&2��6LQNV
'HGXFHG�IURP�&KDQJHV�LQ�$WPRVSKHULF�2��&RQFHQWUDWLRQV��1DWXUH��������������

.XXVHOD��.�� �������� 
)RUHVW� 5HVRXUFHV� LQ� (XURSH
�� (XURSHDQ� )RUHVW� ,QVWLWXWH� 5HVHDUFK
5HSRUW����&DPEULGJH�8QLYHUVLW\�3UHVV������

/LVNL�� -�� DQG�&�� -��:HVWPDQ� �������� 
'HQVLW\�RI�2UJDQLF�&DUERQ� LQ�6RLO� DW�&RQLIHURXV
)RUHVW�6LWHV�LQ�6RXWKHUQ�)LQODQG
��%LRJHRFKHPLVWU\�������������

0DUODQG��*���5��-��$QGUHV�DQG�7��$��%RGHQ���������
*OREDO��5HJLRQDO��DQG�1DWLRQDO�&2�

(PLVVLRQV
��LQ�7��$��%RGHQ��'��3��.DLVHU��5��-��6HSDQVNL�DQG�)��:��6WRVV��HGV����7UHQGV

���� $� &RPSHQGLXP� RI� 'DWD� RQ� *OREDO� &KDQJH�� 251/�&',&����� 2DN� 5LGJH�� 71�
&DUERQ�'LR[LGH�,QIRUPDWLRQ�&HQWHU��2DN�5LGJH�1DWLRQDO�/DERUDWRU\���������

0HOOLOOR�� -��0���$��'��0F*XLUH��'��:��.LFNOLJKWHU�� %��0RRUH�� &�� -�� 9RURVPDUW\� DQG
$��/��6FKORVV��������� 
*OREDO�&OLPDWH�&KDQJH�DQG�7HUUHVWULDO�1HW�3ULPDU\�3URGXFWLRQ
�
1DWXUH��������������

2OVRQ��-��6����������
(QHUJ\�6WRUDJH�DQG�WKH�%DODQFH�RI�3URGXFHUV�DQG�'HFRPSRVHUV�LQ
(FRORJLFDO�6\VWHPV
��(FRORJ\�������������

3HUVVRQ�� +�� $�� �������� 
7KH� 'LVWULEXWLRQ� DQG� 3URGXFWLYLW\� RI� )LQH� 5RRWV� LQ� %RUHDO
)RUHVWV
��3ODQW�DQG�6RLO�������������

3LQJRXG��.��� ,��6DYRODLQHQ� DQG�+��6HSSlOl� �������� 
*UHHQKRXVH� ,PSDFW�RI� WKH�)LQQLVK
)RUHVW�6HFWRU�,QFOXGLQJ�)RUHVW�3URGXFWV�DQG�:DVWH�0DQDJHPHQW
��$PELR�������������

4XD\��3��'���%��7LOEURRN�DQG�&��6��:RQJ��������� 
2FHDQLF�8SWDNH�RI�)RVVLO�)XHO�&2��
&DUERQ����(YLGHQFH
��6FLHQFH������������

6HGMR��5��$���������� 
)RUHVWV� WR�2IIVHW� WKH�*UHHQKRXVH�(IIHFW
��-RXUQDO�RI�)RUHVWU\����
����������

6HGMR��5��$����������
7HPSHUDWH�)RUHVW�(FRV\VWHPV�LQ�WKH�*OREDO�&DUERQ�&\FOH
��$PELR�
����������

6SLHFNHU��+���.��0LHOLNlLQHQ��0��.|KO�DQG�-��6NRYJDDUG��HGV�����������*URZWK�7UHQGV
LQ� (XURSHDQ� )RUHVWV�� (XURSHDQ� )RUHVW� ,QVWLWXWH� 5HVHDUFK� 5HSRUW� 1R�� ��
%HUOLQ�+HLGHOEHUJ�1HZ�<RUN��6SULQJHU�9HUODJ������

7DQV�� 3�� 3��� ,�� <�� )XQJ� DQG� 7�� 7DNDKDVKL� �������� 
2EVHUYDWLRQDO� &RQVWUDLQWV� RQ� WKH
JOREDO�$WPRVSKHULF�&2��%XGJHW
��6FLHQFH��������������

7XUQHU�� '�� 3��� *�� -�� .RHUSHU�� 0�� (�� +DUPRQ� DQG� -�� -�� /HH� �������� (FRORJLFDO
$SSOLFDWLRQV������������

81�(&(�)$2� ��������(XURSHDQ�7LPEHU�7UHQGV� DQG�3URVSHFWV� WR� WKH�<HDU� �����DQG
%H\RQG��9ROXPH����3XEO�(����,,�(�����1HZ�<RUN��8QLWHG�1DWLRQV�(&(�)$2������
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81�(&(�)$2� �������� 
)RUHVW� 5HVRXUFH� $VVHVVPHQW�� 9ROXPH� ��� *HQHUDO� )RUHVW
5HVRXUFH�,QIRUPDWLRQ
��(&(�7,0�����81�3XEOLFDWLRQ�6DOHV�1R��(����,,�(���������

:DJJRQHU��3��(�� �������� 
+RZ�0XFK�/DQG�&DQ�7HQ�%LOOLRQ�3HRSOH�6SDUH� IRU�1DWXUH"

7DVN� )RUFH� 5HSRUW� 1R�� ����� $PHV�� ,$�� &RXQFLO� IRU� $JULFXOWXUDO� 6FLHQFH� DQG
7HFKQRORJ\�����
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7KH� DFFHOHUDWHG� SDFH� RI� GHIRUHVWDWLRQ� RI� WKH�%UD]LOLDQ�$PD]RQ� LQ� UHFHQW� GHFDGHV� LV� D
PDMRU� VRXUFH� RI� FDUERQ� GLR[LGH� HPLVVLRQV� LQWR� WKH� DWPRVSKHUH� �VHH� 7DEOH� �����
$JULFXOWXUH�LQ�WKH�UHJLRQ�UHSUHVHQWV�OHVV�WKDQ�RQH�ILIWK�RI�$PD]RQ�*'3�ZKLFK��LQ�WXUQ�
LV�OHVV�WKDQ�RQH�WHQWK�RI�WKH�%UD]LOLDQ�*'3��,Q�FRPSDULQJ�WKH�UHJLRQ
V�VPDOO�FRQWULEXWLRQ
WR�WKH�ZRUOG�*'3��WKHVH�ILJXUHV�VXJJHVW�WKDW�VORZLQJ�GRZQ�GHIRUHVWDWLRQ�RI�WKH�$PD]RQ
FDQ�EH�RQH�RI�WKH�FKHDSHVW�DOWHUQDWLYHV�WR�PLWLJDWLQJ�WKH�JUHHQKRXVH�HIIHFW��+RHOOHU�HW�DO�
������1RUGKDXV�������&OLQH�������

TABLE 4.8
AMAZON DEFORESTATION AND CO2 EMISSIONS, 1975-94

Area Growth rates p.a. Carbon missions/year

Year 103km2 % 103km2 % 109t % world

1975 125 2.6 - -

1978 153 3.1 9.3 7.0 0.08 1.1

1988 378 7.7 22.4 9.5 0.20 2.8

1994 470 9.6 15.3 3.7 0.14 1.9

Source: Deforestation in legal Amazon according to INPE; Carbon content of 90.8 t.C/ha estimated by
the author.

7KHUH�DUH��KRZHYHU�� FRQVLGHUDEOH�XQFHUWDLQWLHV�ZLWK� UHVSHFW� WR�ERWK� WKH� IXWXUH� UDWHV�RI
%UD]LOLDQ� $PD]RQ� GHIRUHVWDWLRQ�� DQG� WR� WKH� FRVWV� DQG� EHQHILWV� RI� SROLFLHV� WR� KDOW� LW
�3HDUFH������� 6FKQHLGHU�������$OPHLGD� ������� ,Q� DQ� HIIRUW� WR� FRQWULEXWH� WR� UHGXFLQJ
WKHVH�XQFHUWDLQWLHV�� WKLV� FKDSWHU�SURSRVHV� DQG� VLPXODWHV� D�PRGHO�RI�%UD]LOLDQ�$PD]RQ
GHIRUHVWDWLRQ�DQG�LWV�LPSDFW�RQ�FDUERQ�GLR[LGH�HPLVVLRQV�WR�WKH�DWPRVSKHUH�

7R� LOOXVWUDWH� WKH� SRWHQWLDO� DSSOLFDWLRQV� RI� WKH� PRGHO� IRU� ERWK� SURMHFWLRQV� DQG� SROLF\
DVVHVVPHQW�SXUSRVHV�� WKH�FKDSWHU�SUHVHQWV�VLPXODWLRQV�IRU� WZR�DOWHUQDWLYH�VFHQDULRV� IRU
WKH� GHYHORSPHQW� RI� WKH� $PD]RQ� UHJLRQ� IRU� WKH� SHULRG� �����������7KH� VFHQDULRV� DUH
GHVLJQHG�WR�VLPXODWH�WKH�HIIHFWV�RI�WKH�&DUDMiV�,QYHVWPHQW�3URJUDPPH²D�KXJH�PLQLQJ
DQG�VWHHO�SURGXFLQJ� LQGXVWULDO� FRPSOH[� ORFDWHG� LQ� WKH� VRXWKHDVW�RI� WKH�$PD]RQ� UHJLRQ
ZKLFK�LV�H[SHFWHG�WR�KDYH�RYHUZKHOPLQJ�HFRQRPLF�DQG�HQYLURQPHQWDO�FRQVHTXHQFHV²
IRU�GHIRUHVWDWLRQ�DQG�FDUERQ�GLR[LGH�HPLVVLRQV��LQ�SDUWLFXODU��$QGHUVRQ�������$OPHLGD
������
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7KH�PRGHO�FRQVLVWV�RI�WZR�PDLQ�SDUWV��WKH�ILUVW�GHVFULEHV�WKH�VRFLRHFRQRPLF�LQWHUDFWLRQ
EHWZHHQ�LQIUDVWUXFWXUH��SRSXODWLRQ��ODQG�XVH��DQG�GHIRUHVWDWLRQ��DQG�WKH�VHFRQG�GHVFULEHV
WKH�G\QDPLFV�RI�FDUERQ�VWRFNV�LQ�WKH�$PD]RQ�YHJHWDWLRQ�DQG�VRLOV�LQ�UHODWLRQ�WR�GLIIHUHQW
ODQG�XVHV�

7KH� VRFLRHFRQRPLF� LQWHUDFWLRQ�ZDV� HVWLPDWHG� E\� HFRQRPHWULF� WHFKQLTXHV� DSSOLHG� WR� D
SDQHO�RI�GDWD�RQ�$PD]RQ�PXQLFLSDOLWLHV�IURP������WR�������7KH�PDLQ�VRXUFHV�RI�GDWD
DUH�WKH�DJULFXOWXUDO�DQG�LQGXVWULDO�FHQVXV�RI�������������DQG�������DQG�WKH�GHPRJUDSKLF
FHQVXV�RI�������������DQG������IRU�DOO�WKH�PXQLFtSLRV�LQ�/HJDO�$PD]RQLD��0HWKRGRORJ\
DQG�HVWLPDWLRQ�UHVXOWV��KRZHYHU��ZLOO�QRW�EH�GLVFXVVHG�LQ�WKLV�FKDSWHU�

%DVLF�DVVXPSWLRQV�RI�WKH�VRFLRHFRQRPLF�PRGHO�LQFOXGH�IDFWRUV�VXFK�DV�L��WKH�VRXUFHV�RU
SUR[LPDWH�FDXVHV�RI�%UD]LOLDQ�$PD]RQ�GHIRUHVWDWLRQ�DUH�WKH�XVHV�RI�ODQG�LQ�DJURSDVWRUDO
DFWLYLWLHV��WKH�PRGHO�DVVXPHV�WKDW�ORJJLQJ�LV�D�VXEVLGLDU\�RU�LQGXFHG�DFWLYLW\��LL��WKH�ORQJ
UXQ�XQGHUO\LQJ�FDXVHV�RI�WKH�SDWWHUQV�RI�ODQG�XVH�DQG�GHIRUHVWDWLRQ�DUH�WKH�H[SDQVLRQ�RI
WKH� URDG� QHWZRUN� DQG� WKH� SDWWHUQV� RI� GHPRJUDSKLF� JURZWK�� LLL�� WKH� H[SDQVLRQ� RI� URDG
QHWZRUN� LV� DQ� H[RJHQRXV�SROLF\�YDULDEOH�ZKLFK�� LQ� IDFW�� FDQ�EH� FRQVLGHUHG� DV� D� SUR[\
YDULDEOH� IRU� JRYHUQPHQW� LQYHVWPHQWV� LQ� DOO� NLQGV� RI� LQIUDVWUXFWXUH�� LY�� WKH� SDWWHUQV� RI
GHPRJUDSKLF�JURZWK²UXUDO�XUEDQ�GLIIHUHQWLDOV�DQG�GLIIHUHQFHV�DPRQJ�PXQLFLSDOLWLHV²
DUH�SUHGHWHUPLQHG�E\�GHPRJUDSKLF�DQG�HFRQRPLF�FKDUDFWHULVWLFV�SUHYDLOLQJ�LQ�SUHYLRXV
SHULRGV��5HLV�DQG�%ODQFR��IRUWKFRPLQJ��

FIGURE 4.5
CARBON CYCLE IN SLASH-AND-BURN AGRICULTURE

9HJHWDWLRQ
FDUERQ ,QLWLDO�FDUERQ

��EXUQLQJVW

$EDQGRQPHQW

'HFRPSRVLWLRQ���8VH 5HFRPSRVLWLRQ 7LPH

7KH� PRGHO� RQ� WKH� G\QDPLFV� RI� FDUERQ� VWRFNV� LQ� %UD]LOLDQ� $PD]RQ� LV� EDVHG� RQ
VSHFLILFDWLRQV� DQG� SDUDPHWHU� HVWLPDWHV� DYDLODEOH� LQ� VHFRQGDU\� VRXUFHV�� *LYHQ� WKH
SDWWHUQV�RI� ODQG�XVH�DQG�GHIRUHVWDWLRQ�� WKLV�PRGHO�TXDQWLILHV� WKH�EDODQFH�EHWZHHQ�&2�

HPLVVLRQV�IURP�WKH�EXUQLQJ�DQG�GHFRPSRVLWLRQ�RI�ELRPDVV�LQ�DERYH�JURXQG�YHJHWDWLRQ
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DQG� VRLOV�� DV� ZHOO� DV� WKH� UH�DEVRUSWLRQ� RI� FDUERQ� ZLWK� WKH� JURZWK� RI� VHFRQGDU\
YHJHWDWLRQ�

7KH� EDVLF� DVVXPSWLRQ� RI� WKH� FDUERQ� G\QDPLFV�PRGHO� LV� VODVK�DQG�EXUQ� DJULFXOWXUH� LQ
ZKLFK�WKUHH�VXFFHVVLYH�SKDVHV�DUH�GLVWLQJXLVKHG��L��ODQG�FOHDULQJ�DQG�IRUHVW�EXUQLQJ��LL�
DJURSDVWRUDO�XVH�RI�ODQG��LLL��VRLO�H[KDXVWLRQ��ODQG�DEDQGRQPHQW��DQG�WKH�UHFRPSRVLWLRQ
RI� VHFRQGDU\� YHJHWDWLRQ� LQ� IDOORZ� DUHD�� )LJXUH� ���� DERYH� LOOXVWUDWHV� WKH� FDUERQ� F\FOH
DVVRFLDWHG�ZLWK�WKLV�SDWWHUQ�RI�DJULFXOWXUDO�VHWWOHPHQW�

,Q�WKH�IROORZLQJ��WKH�ZKROH�PRGHO�LV�SUHVHQWHG�LQ�VHYHQ�VHFWLRQV��7KH�ILUVW�GHVFULEHV�WKH
H[RJHQRXV�JURZWK�RI�WKH�URDG�QHWZRUN��DV�ZHOO�DV�LWV�FRPSRVLWLRQ�LQ�WHUPV�RI�SDYHG�DQG
QRQ�SDYHG� URDGV�� 7KH� VHFRQG� VHFWLRQ� VSHFLILHV� WKH� G\QDPLFV� RI� XUEDQ� DQG� UXUDO
SRSXODWLRQV��ZKLOH�WKH�WKLUG�GHWHUPLQHV�WKH�RXWSXW�RI�XUEDQ�DFWLYLWLHV��7KH�IRXUWK�VHFWLRQ
VSHFLILHV� WKH� GHWHUPLQDQWV� RI� RXWSXW� DQG� WKH� GHULYHG� GHPDQG� IRU� ODQG� LQ� DJURSDVWRUDO
DFWLYLWLHV�� 7KH� ILIWK� GHWHUPLQHV� GHIRUHVWDWLRQ�� DV� ZHOO� DV� LWV� GLVWULEXWLRQ� DPRQJ�PDMRU
W\SHV� RI� YHJHWDWLRQ� DV� D� IXQFWLRQ� RI� ODQG� XVH� LQ� DJURSDVWRUDO� DFWLYLWLHV�� 7KH� VL[WK
GHWHUPLQHV�WKH�DJH�VWUXFWXUH�RI�IDOORZ�DUHDV��)LQDOO\��WKH�ODVW�VHFWLRQ�PRGHOV�WKH�HIIHFWV
RI�GHIRUHVWDWLRQ�DQG�ODQG�XVH�RQ�&2��HPLVVLRQV�IURP�DERYH�JURXQG�YHJHWDWLRQ�DQG�VRLO�

��� 5RDG�QHWZRUN�H[SDQVLRQ

,Q� HDFK� PXQLFLSDOLW\�� WKH� H[SDQVLRQ� RI� IHGHUDO� DQG� VWDWH� URDGV� DUH� SROLF\� YDULDEOHV�
H[RJHQRXVO\� GHWHUPLQHG� E\� WKH� JRYHUQPHQW�� 3ROLF\� GHFLVLRQV� DUH� H[SUHVVHG� DV� WKH
TXDQWLW\�RI�URDGV�SODQQHG�LQ������IRU�HDFK�PXQLFLSDOLW\��3ODQQHG�URDGV�DUH�DVVXPHG�WR
EH�DW�FRQVWDQW�OLQHDU�UDWH�LQ�WLPH�DQG�WR�EH�FRPSOHWHG�ZLWKLQ����\HDUV��WKDW�LV��XS�WR�����
�(TXDWLRQ���LQ�$SSHQGL[��

,W� VKRXOG� EH� QRWHG� WKDW� LQYHVWPHQWV� LQ� URDG� QHWZRUN� DV� ZHOO� DV� LQ� RWKHU� NLQGV� RI
HFRQRPLF� DQG� VRFLDO� LQIUDVWUXFWXUH� DUH�� WR� D� ODUJH� H[WHQW�� HQGRJHQRXVO\� GHWHUPLQHG� E\
HFRQRPLF� DFWLYLW\� �%LQVZDQJHU� DQG�.KDQGNHU� ������ 3LWW� HW� DO�� ������� 7R� WKDW� H[WHQW�
URDGV� ZRXOG� H[SDQG� DW� UDWHV� DQG� LQ� GLUHFWLRQV� YHU\� GLIIHUHQW� IURP� WKRVH� RULJLQDOO\
SODQQHG�

*LYHQ� WKH� H[WHQVLRQ� RI� URDGV� ZLWKLQ� D� PXQLFLSDOLW\�� WKH� PRGHO� GHWHUPLQHV� WKH
GLVWULEXWLRQ�EHWZHHQ�SDYHG�DQG�QRQ�SDYHG�URDGV�DV�IXQFWLRQ�RI�WKH�JHRJUDSKLF�GHQVLW\�RI
UXUDO�DQG�XUEDQ�SRSXODWLRQ�DQG�RXWSXW��DV�ZHOO�DV�RI�WKH�GHQVLW\�RI�RWKHU�VRFLRHFRQRPLF
DQG�JHR�HFRORJLFDO�FRQGLWLRQV� �LQYDULDQW�ZLWK� WLPH��SUHYDLOLQJ�ZLWKLQ� WKH�PXQLFLSDOLW\�
DV�ZHOO�DV�LQ�WKH�QHLJKERXULQJ�PXQLFLSDOLWLHV��(TXDWLRQ���LQ�$SSHQGL[��

7KXV�� URDG� H[SDQVLRQ� LV� DQ� H[RJHQRXV� SURFHVV�� EXW� WKH� H[WHQVLRQ� RI� SDYHG� URDGV� LV
HQGRJHQRXVO\� GHWHUPLQHG� E\� WKH� 
GHPDQG
� GHULYHG� IURP� WKH� VRFLRHFRQRPLF� FRQGLWLRQV
SUHYDLOLQJ� LQ� HDFK� PXQLFLSDOLW\�� 7KLV� 
GHPDQG
� IRU� SDYHPHQW� LV� VDWLVILHG� E\� D� SDUWLDO
DGMXVWPHQW�SURFHVV�MXVWLILHG�E\�WKH�H[LVWHQFH�RI�G\QDPLF�FRVWV�RI�DGMXVWPHQW�
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��� 3RSXODWLRQ�G\QDPLFV

7KH� UDWHV� RI� JURZWK� RI� UXUDO� DQG� XUEDQ� SRSXODWLRQ� DUH� SUHGHWHUPLQHG� E\� WKH
VRFLRHFRQRPLF�FRQGLWLRQV�REVHUYHG�LQ�WKH�UHFHQW�SDVW��WKDW�LV��WKH�SUHYLRXV�FHQVXV�\HDU��
ERWK� ZLWKLQ� WKH� PXQLFLSDOLW\� DQG� LQ� WKH� QHLJKERXULQJ� PXQLFLSDOLWLHV�� 7KXV�� WKH\� DUH
DVVXPHG� WR� EH� D� IXQFWLRQ� RI�� L�� SRSXODWLRQ� DQG� LQFRPH� SHU� FDSLWD� LQ� UXUDO� DQG� XUEDQ
DUHDV��LL��WUDQVSRUW�FRVWV�RU�DFFHVVLELOLW\�FRQGLWLRQV��DV�UHIOHFWHG�LQ�WKH�GLVWDQFH�WR�PDMRU
PDUNHWV�FDSLWDOV� DQG� LQ� WKH� URDG� QHWZRUN� GHQVLW\�� LLL�� VRFLRHFRQRPLF� LQIUDVWUXFWXUH� LQ
XUEDQ�DUHDV��WKH�SHU�FHQW�RI�KRXVHKROGV�ZLWK�DFFHVV�WR�HOHFWULFLW\��ZDWHU� WUHDWPHQW��DQG
VDQLWDWLRQ��DQG�ODQG�WHQXUH�FRQGLWLRQV�LQ�UXUDO�DUHDV��GHVFULEHG�E\�WKH�H[WHQVLRQ�RI�IUHH
ODQG�DYDLODEOH��VL]H�RI�IDUPV��HWF����,Q�DGGLWLRQ��WKH\�DOVR�GHSHQG�XSRQ�WKH�JHR�HFRORJLFDO
FRQGLWLRQV�LGHQWLILHG�E\�WKH�DUHDV�RI�GLIIHUHQW�W\SHV�RI�YHJHWDWLRQ�DQG�VRLO��DV�ZHOO�DV�WKH
H[WHQVLRQ�RI�PDLQ�ULYHUV�FURVVLQJ�WKH�PXQLFLSDOLW\��(TXDWLRQV�����LQ�$SSHQGL[��

��� 8UEDQ�RXWSXW

8UEDQ�RXWSXW�LV�GHWHUPLQHG�E\�D�SURGXFWLRQ�IXQFWLRQ�ZLWK�WKH�IROORZLQJ�DUJXPHQWV��VL]H
RI� WKH�XUEDQ�SRSXODWLRQ��VRFLRHFRQRPLF� LQIUDVWUXFWXUH� LQ�XUEDQ�DUHDV�� DQG�DFFHVVLELOLW\
FRQGLWLRQV��ERWK�ZLWKLQ�WKH�PXQLFLSDOLW\�DQG�LQ�QHLJKERXULQJ�PXQLFLSDOLWLHV��(TXDWLRQ��
LQ�$SSHQGL[��� ,Q� DGGLWLRQ�� WKH�PRGHO� DVVXPHV� WKH� H[LVWHQFH� RI� HFRQRPLHV� RI� VFDOH� RI
XUEDQ�RXWSXW� LQ�UHODWLRQ�WR�XUEDQ�SRSXODWLRQ�DQG�DGMXVWPHQW�FRVWV�ZKLFK�JLYH�ULVH� WR�D
SDUWLDO�DGMXVWPHQW�SURFHVV��+HQGHUVRQ�������+DOO�������.UXJPDQ�DQG�%UH]LV�������

��� /DQG�XVH��SURGXFWLYLW\��DQG�RXWSXW�LQ�DJURSDVWRUDO�DFWLYLWLHV

7KH�PRGHO�GLVWLQJXLVKHV�WKH�IROORZLQJ�UXUDO�DFWLYLWLHV�RU�ODQG�XVHV��DQQXDO�DQG�SHUHQQLDO
FURSV�� FDWWOH� UDLVLQJ� �SODQWHG� SDVWXUHV��� IDOORZ�ODQGV�� DQG� ORJJLQJ�� )DOORZ�ODQGV� DUH
DVVXPHG� WR� KDYH� QR� RXWSXW²RSHQ� DFFHVV� WR� QDWXUDO� IRUHVWV� MXVWLILHV� WKLV� DVVXPSWLRQ�
/RJJLQJ� LV� D� E\�SURGXFW� RI� DJURSDVWRUDO� DFWLYLWLHV�� DQG� WKHUHIRUH� LV� QRW� FRQVLGHUHG� D
FDXVH�RI�ODQG�FOHDULQJ��2XWSXW�DQG�IDFWRU�SULFHV�IRU�DOO�WKHVH�DFWLYLWLHV�DUH�DVVXPHG�WR�EH
H[RJHQRXV�

)RU� HDFK� DJURSDVWRUDO� DFWLYLW\�� WKH� GHULYHG� GHPDQG� IRU� ODQG� DQG� ODQG� SURGXFWLYLW\� DUH
HVWLPDWHG�DV�D�IXQFWLRQ�RI�VRFLRHFRQRPLF��RXWSXW�DQG�ODQG�SULFHV��ZDJHV��SRSXODWLRQ�DQG
LQFRPH� SHU� FDSLWD� LQ� XUEDQ� DQG� UXUDO� DUHDV��� JHR�HFRORJLFDO� �OLNH� VRLOV�� YHJHWDWLRQ�
JHRJUDSKLF�DUHD��ULYHUV��HWF����DQG�DFFHVVLELOLW\�FRQGLWLRQV��DV�UHIOHFWHG�LQ�URDG�DQG�ULYHU
QHWZRUN�GHQVLW\��SRUWV��GLVWDQFH� WR�PDMRU�PDUNHWV��SUHYDLOLQJ� LQ�HDFK�PXQLFLSDOLW\�DQG
LWV� QHLJKERXUV� �%LQVZDQJHU� HW� DO�� ������� )XUWKHUPRUH�� WKH�PRGHO� DVVXPHV� DGMXVWPHQW
FRVWV�ZKLFK�JLYH�ULVH�WR�D�SDUWLDO�DGMXVWPHQW�SURFHVV��(TXDWLRQV�����LQ�$SSHQGL[��

/DQG�XVH� GHFLVLRQV� DUH� DVVXPHG� WR� EH� KLHUDUFKLFDO�� 7KXV�� WKH� PRGHO� HVWLPDWHV� DQG
VLPXODWHV� VHTXHQWLDOO\� ODQG�DUHD� GHPDQG� IRU� DJURSDVWRUDO� SXUSRVHV� �LQFOXGLQJ� ERWK
IDOORZ�DQG�FXOWLYDWHG�DUHDV��� IRU�FXOWLYDWLRQ� �FURSV�DQG�SDVWXUHV��� IRU� FURSSLQJ� �DQQXDO
DQG�SHUHQQLDO���DQG�ILQDOO\�IRU�DQQXDO�FURSV�
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7KH�RXWSXW�RI�ORJJLQJ�DFWLYLWLHV�LV�GHULYHG�IURP�GHIRUHVWDWLRQ�FDXVHG�E\�WKH�H[SDQVLRQ�RI
DJURSDVWRUDO�DFWLYLWLHV��,Q�WKLV�ZD\��LW�GRHV�QRW�FDXVH�GHIRUHVWDWLRQ��7KH�YROXPH�RI�ORJV
FRPPHUFLDOO\� H[SORLWHG� GHSHQGV� RQ� ORJ� SULFHV�� WKH� QXPEHU� RI� OXPEHU� LQGXVWU\
HVWDEOLVKPHQWV��URDG�QHWZRUN��XUEDQ�SRSXODWLRQ��DV�D�SUR[\�IRU�XUEDQ�DFWLYLW\��DQG�JHR�
HFRORJLFDO� FKDUDFWHULVWLFV� �OLNH� YHJHWDWLRQ�� VRLO�� GLVWDQFHV�� HWF�²(TXDWLRQ� �� LQ
$SSHQGL[��� 7KH� DVVXPSWLRQ� RI� QR� UHYHUVH� HIIHFW� RI� ORJJLQJ� RQ� GHIRUHVWDWLRQ� LV
SDUWLFXODUO\�MXVWLILHG�E\�WKH�IDFW�WKDW�ORJJLQJ�GDWD�LQ�WKH�,%*(�$JULFXOWXUDO�&HQVXV�UHIHU
H[FOXVLYHO\�WR�WKH�RXWSXW�RI�DJULFXOWXUDO�HVWDEOLVKPHQWV�

��� 'HIRUHVWDWLRQ

'HIRUHVWDWLRQ� LV� GHILQHG� DV� WKH� QHW� FKDQJH� LQ� DQ� DUHD� RI� ODQG�� LQFOXGLQJ� IDOORZ�ODQGV�
XVHG� IRU� DJURSDVWRUDO� SXUSRVHV�� 7KLV� GHILQLWLRQ� LJQRUHV� WKH� GLUHFW� LPSDFW� RQ
GHIRUHVWDWLRQ��E\�RWKHU�NLQGV�RI� ODQG�XVH�VXFK�DV� ORJJLQJ�RU�RWKHU�H[WUDFWLYH�DFWLYLWLHV�
XUEDQ�VHWWOHPHQWV��PLQLQJ��URDG�FRQVWUXFWLRQ��GDPV��HWF���(TXDWLRQ����LQ�$SSHQGL[�

(VWLPDWHV�RI�WKH�LPSDFWV�RI�URDGV��XUEDQ�VHWWOHPHQWV��DQG�GDPV�SRVH�QR�SUREOHP��0DMRU
SUREOHPV��KRZHYHU��DULVH�LQ�WKH�FDVH�RI� ORJJLQJ�DQG�SODFHU�PLQLQJ��)LUVW��EHFDXVH� WKH\
DUH� IRRWORRVH� LI�QRW� LOOHJDO�DFWLYLWLHV�� WKXV�PDNLQJ� LW�GLIILFXOW� WR�REWDLQ� UHOLDEOH�GDWD�RQ
WKHLU�VSDWLDO�LQFLGHQFH��0RUHRYHU��LW�LV�WR�GLIILFXOW�WR�DVVHV�WKHLU�GLUHFW�LPSDFW�RQ�IRUHVW
FOHDULQJ�EHFDXVH�PRVW�RI�WKH�WLPH�WKH\�PHUHO\�GHJUDGH�IRUHVW�FRYHU�

)LQDOO\��WKH�PRGHO�DOORFDWHV�GHIRUHVWDWLRQ�DFFRUGLQJ�WR�WZR�PDMRU�W\SHV�RI�YHJHWDWLRQ²
IRUHVWHG� DUHDV� �ZKLFK� LQFOXGH� GHQVH� DQG� RSHQ� IRUHVW�� HFRORJLFDO� WUDQVLWLRQ�� DQG� QRQ�
IRUHVWHG� VLWHV� �ZKLFK� LQFOXGH� VDYDQQDKV�� FDPSLQDUDQDV�� DQG�ZHWODQGV�²EDVHG� RQ� WKH
DPRXQW�RI�GHIRUHVWDWLRQ�� WKH� DUHD� DYDLODEOH� IRU� GLIIHUHQW� W\SHV� RI� YHJHWDWLRQ� DQG� VRLOV�
ODQG� XVH� LQ� DJURSDVWRUDO� DFWLYLWLHV�� DFFHVVLELOLW\�� DQG� VRFLRHFRQRPLF� FRQGLWLRQV
�(TXDWLRQ����LQ�$SSHQGL[��

��� 7KH�DJH�VWUXFWXUH�RI�IDOORZ�DUHDV

7KH� DEVRUSWLRQ� RI� FDUERQ� LQ� IDOORZ� DUHDV� LV� GHWHUPLQHG� E\� WKH� ELRPDVV� UHFRYHU\
�SULPDU\� SURGXFWLYLW\�� RI� VHFRQGDU\� YHJHWDWLRQ� WKDW� LV� FRQGLWLRQHG� E\�� L�� WKH� ILWR�
HFRORJLFDO� FKDUDFWHULVWLFV� RI� SULVWLQH� YHJHWDWLRQ�� LQ� SDUWLFXODU� UDWHV� RI� FDUERQ
DFFXPXODWLRQ�DQG�WKH�FOLPD[�FDUERQ�GHQVLW\��LL��WKH�W\SHV�RI�ODQG�XVH�WKH�IDOORZ�DUHD�KDV
EHHQ�SUHYLRXVO\�H[SRVHG�WR��DQG�� LLL�� WKH� 
YLQWDJH
�RU�DYHUDJH�DJH�RI� IDOORZ�� WKDW� LV�� WKH
WLPH�HODSVHG�VLQFH�WKH�VWDUW�RI�WKH�IDOORZ�SHULRG�

7R�GHWHUPLQH�WKH�
YLQWDJHV
�RI�IDOORZ�DUHDV��WKH�PRGHO�DVVXPHV�D�VHTXHQWLDO�SURFHVV�IRU
WKH�UHWXUQ�RI�IDOORZ�DUHDV�WR�FXOWLYDWLRQ��DFFRUGLQJ�WR�ZKLFK�ROGHU�DUHDV�DUH�DOZD\V�XVHG
EHIRUH� WKH� \RXQJHU� RQHV�� 7KXV�� IDOORZ� DUHDV� RI� WKH� YLQWDJH� �Q���� DUH� RQO\� UHWXUQHG� WR
FXOWLYDWLRQ� ZKHQ� IDOORZ� DUHDV� RI� YLQWDJH� Q� DUH� H[KDXVWHG�� ,Q� DGGLWLRQ�� WKHUH� LV� D
PLQLPXP�DJH�UHTXLUHG�IRU�UHWXUQLQJ�IDOORZ�DUHD�WR�FXOWLYDWLRQ��WKLV�LV�DVVXPHG�WR�EH�WKH
VDPH�DFURVV�WKH�PXQLFLSDOLWLHV�H[DPLQHG�
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(VWLPDWLRQ�RI�WKH�DJH�VWUXFWXUH�RI�IDOORZ�DUHDV�LQ�WKH�LQLWLDO�SHULRG�RI�VLPXODWLRQ�LV�EDVHG
RQ�WZR�VLPSOH�DUELWUDU\�DVVXPSWLRQV��L��WKH�DYHUDJH�DJH�RI�IDOORZ�LQ�HDFK�PXQLFLSDOLW\�LV
GHWHUPLQHG� E\� WKH� VKDUH� RI� IDOORZ� LQ� WRWDO� DJURSDVWRUDO� DUHDV�� DQG� LL�� E\� H[RJHQRXVO\
DVVXPLQJ�����\HDUV�DV�WKH�DYHUDJH�DJH�RI�WKH�IDOORZ�DUHDV�LQ������IRU�WKH�ZKROH�$PD]RQ
UHJLRQ�

��� &DUERQ�VWRFNV�LQ�YHJHWDWLRQ�DQG�VRLO

7KH� FDUERQ� VWRFN� RI� DERYH�JURXQG� YHJHWDWLRQ� IRU� D� JLYHQ� SHULRG� RI� WLPH� DQG
PXQLFLSDOLW\� GHSHQGV� RQ� WKH� DYHUDJH� FDUERQ� GHQVLW\� RI� WKH� DERYH�JURXQG� YHJHWDWLRQ
ZKLFK�LV�UHODWHG�WR�WKH�UHODWLYH�VL]H�RI�WKH�DUHDV�RI�GLIIHUHQW�W\SHV�RI�ODQG�FRYHU��QDWXUDO
YHJHWDWLRQ�DQG�DJURSDVWRUDO�ODQG�XVHV���DV�ZHOO�DV�WR�WKH�GLIIHUHQW�
YLQWDJHV
�RI�IDOORZ�DQG
SODQWHG�DUHDV��WKH�ODWWHU�HQFRPSDVV�FURS�DQG�SODQWHG�SDVWXUH�DUHDV��EXW�H[FOXGH�QDWXUDO
SDVWXUHV��

$V� VKRZQ� LQ� )LJXUH� ����� VODVK�DQG�EXUQ� FOHDULQJ� FDXVHV� D� VXGGHQ� GURS� LQ� WKH� FDUERQ
GHQVLW\�DQG� LV� IROORZHG�E\�D�JUDGXDO�GHFRPSRVLWLRQ�RI�ELRPDVV� LQ�SODQWHG�DUHDV�DQG�D
JUDGXDO� UHFRPSRVLWLRQ�RI�ELRPDVV� LQ� IDOORZ�DUHDV��7KXV�ELRPDVV� DQG� FDUERQ�GHQVLWLHV
GLIIHU�DFFRUGLQJ�WR�WKH�DJH�VWUXFWXUH�RI�IDOORZ�DQG�SODQWHG�DUHDV�

(VWLPDWLRQ�RI�WKH�FDUERQ�EXGJHW�LQ�WKH�VRLO�IRU�D�JLYHQ�SHULRG�DQG�PXQLFLSDOLW\�LV�PDGH
DQDORJRXVO\��7KH�RQO\�GLIIHUHQFH�LQ�WKH�VSHFLILFDWLRQ�LV�WKH�DEVHQFH�RI�WKH�VXGGHQ�GURS
LQ�FDUERQ�VWRFNV�DIWHU�IRUHVW�FOHDULQJ�DQG�EXUQLQJ��7KH�SUHVHQW�VSHFLILFDWLRQ�RI�WKH�PRGHO
GRHV�QRW� WDNH� LQWR� DFFRXQW� WKH� LQFUHDVH� RI� FDUERQ� VWRFNV� LQ� WKH� VRLO� LPPHGLDWHO\� DIWHU
FOHDULQJ� DQG� EXUQLQJ� EHFDXVH� WKLV� LV� QRW� UHOHYDQW� LQ� WKH� WLPH� XQLW� RI� WKH� PRGHO� �ILYH
\HDUV��

7DEOH�����SUHVHQWV� WKH�HVWLPDWHV�RI�ELRPDVV�DQG�FDUERQ�FRQWHQW�XVHG� LQ� WKH�PRGHO� IRU
GLIIHUHQW�YHJHWDWLRQ�RU�ODQG�FRYHU��)RU�DERYH�JURXQG�SULVWLQH�YHJHWDWLRQ�DUHDV��WKH�PRGHO
XVHV� HVWLPDWHV� FRPSLOHG� E\� %RKUHU� ������� ZKLFK� DVVXPH� WKDW� WKH� GU\� ZHLJKW� FDUERQ
FRQWHQW� LV����SHU�FHQW�RI�ELRPDVV� �)HDUQVLGH�HW�DO��������%URZQ�DQG�/XJR��������)RU
FXOWLYDWHG�DUHDV��WKH�DVVXPSWLRQ�LV���WRQV�RI�FDUERQ�SHU�KHFWDUH���W&�KD���%RKUHU��������D
ORZ�YDOXH�FRPSDUHG�WR�+RXJKWRQ�HW�DO���������ZKR�HVWLPDWH����W&�KD�IRU�SDVWXUHV�DQG��
W&�KD�IRU�FURSV�LQ�/DWLQ�$PHULFD�

)RU�IRUHVW�DUHDV��WKH�PRGHO�DVVXPHV�WKDW�VRLO�RU�EHORZ�JURXQG��ELRPDVV�LV�HTXLYDOHQW�WR
���SHU�FHQW�RI�WKH�DPRXQW�FRQWDLQHG�LQ�DERYH�JURXQG�YHJHWDWLRQ��LQFOXGLQJ�OLWWHU���7KLV
DVVXPSWLRQ� LV�EDVHG�RQ�HVWLPDWHV� IRU� WURSLFDO� UDLQIRUHVWV�E\�%URZQ�DQG�/XJR� ��������
7KLV� UDWLR� LV� DOVR� XVHG� IRU� VHFRQGDU\� IRUHVWV�� )RU� VDYDQQDKV�� WKH� PRGHO� DVVXPHV� WKDW
EHORZ�JURXQG�YHJHWDWLRQ�LV�����WLPHV�WKH�ELRPDVV�FRQWDLQHG�LQ�DERYH�JURXQG�YHJHWDWLRQ
�6FKURHGHU� DQG�:LQMXP���������)LQDOO\�� IRU� FURS� DUHDV�� LQFOXGLQJ�SDVWXUHV�� WKH�PRGHO
DVVXPHV� ���W&�KD�ZKLFK�� DFFRUGLQJ� WR� 6DQFKH]� HW� DO�� ������ FRUUHVSRQGV� WR� D� UDWLR� RI
URRW�DERYH�JURXQG�ELRPDVV�FRQWHQW�RI����SHU�FHQW�
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TABLE 4.9
BIOMASS AND CARBON CONTENTS FOR DIFFERENT VEGETATION

OR LAND USES (T/HA)

r (a
Above-ground plus

litter (b Soil (c

Vegetation/Land use Biomass Carbon Biomass Carbon

Dense forest 0,5 300 150  51  25.5

Seasonal forest 0,4 186  93  31.6  15.8

Savannahs 0,3  75   37.5 120 60

Ecological Transition 0,4 130  65   22.1  11.1

Wetlands, etc. 0,4 115  57.5   19.6  9.8

Campinarana 0,4 120  60   20.4  10.2

Agropastoral  10  5  16   0.9

Secondary vegetation (climax) (d  75  37.5   12.8   6.4

Source: (a Houghton (1992)
(b Bohrer (1993)
(c Brown and Lugo (1992); Schroeder and Winjum (1994); Sanchez et al. (1989)
(d Author’s estimate.

Note: Observation: r is the rate of carbon decomposition after burning.

��� &DUERQ�G\QDPLFV�LQ�DERYH�JURXQG�YHJHWDWLRQ�DQG�VRLO

%DVHG�RQ�DYDLODEOH�HYLGHQFH���WKH�PRGHO�DVVXPHV�D����SHU�FHQW�FRPEXVWLRQ�HIILFLHQF\�LQ
IRUHVW�EXUQLQJ��7KLV� LPSOLHV� WKDW� LPPHGLDWHO\� DIWHU�EXUQLQJ�����SHU� FHQW�RI� WKH� DERYH�
JURXQG�FDUERQ�LV�HPLWWHG�LQWR�WKH�DWPRVSKHUH���,Q�D�VHFRQG�SKDVH��WKH�UHPDLQLQJ�FDUERQ
GHFRPSRVHV�DFFRUGLQJ�WR�DQ�H[SRQHQWLDO�GHFD\�IXQFWLRQ�

)RU�DERYH�JURXQG�YHJHWDWLRQ��+RXJKWRQ�HW�DO�� �������HVWLPDWH� WKDW� WKH� UDWHV�RI�FDUERQ
GHFRPSRVLWLRQ� DIWHU� ILUVW� EXUQLQJ� DW� ���� LQ� WKH� FDVH� RI� FORVHG� IRUHVWV�� DQG� ���� IRU
VDYDQQDKV� �VHH�7DEOH� ������ 7KHVH� UDWHV� LPSO\� WKDW� ��� SHU� FHQW� DQG� ��� SHU� FHQW� RI� WKH
DERYH�JURXQG� FDUERQ� FRQWHQW� RI� IRUHVWV� DQG� VDYDQQDKV�� UHVSHFWLYHO\�� ZLOO� EH� HPLWWHG
ZLWKLQ�ILYH�\HDUV�RI�IRUHVW�EXUQLQJ��ZLWKLQ����\HDUV�PRUH�WKDQ����SHU�FHQW�RI�FDUERQ�ZLOO
EH�HPLWWHG�LQ�ERWK�FDVHV�

$ERYH�JURXQG� ELRPDVV� UHFRPSRVLWLRQ� LQ� IDOORZ� DUHDV� LV� PRGHOOHG� DV� IROORZV�� 7KH
ELRPDVV� FRQWHQW� RI� YHJHWDWLRQ� DW� WKH� WLPH� RI� ODQG� DEDQGRQPHQW� LV� HTXLYDOHQW� WR� WKDW
IRXQG�LQ�FURS�DUHDV��WKDW�LV���W&�KD�FURS��,Q�WKH�ILUVW�SKDVH��GXH�WR�UDSLG�IDVW�JURZWK�RI
SLRQHHU� VSHFLHV�� WKH� ELRPDVV� UHFRPSRVLWLRQ� RI� DEDQGRQHG� DUHDV� LV� GHVFULEHG� E\� OLQHDU
UDWHV� RI� JURZWK� �8KO� HW� DO�� ������ 8KO� ������ +RXJKWRQ� HW� DO�� ������� 2YHU� WLPH�� WKH
GLYHUVLILFDWLRQ�RI�VSHFLHV�VORZV�GRZQ�WKH�UHFRPSRVLWLRQ�RI�ELRPDVV�ZKLFK�FRQYHUJHV�WR
D�QHZ�FOLPD[��ZKHUH�WKH�ELRPDVV�FRQWHQW�RI�WKH�VHFRQGDU\�YHJHWDWLRQ��IRUHVW�UHJURZWK�
LV�VXSSRVHG�WR�EH�HTXDO�WR�WKDW�IRXQG�LQ�VDYDQQDK�DUHDV��WKDW�LV�������W&�KD��,W�LV�DVVXPHG
WKDW�IDOORZ�YHJHWDWLRQ�WDNHV����\HDUV�WR�UHDFK�WKLV�QHZ�FOLPD[��
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7KH�PRGHO�DVVXPHV�WKDW�WKHUH�LV�QR�LPPHGLDWH�HPLVVLRQ�RI�EHORZ�JURXQG�FDUERQ�ZKHQ
IRUHVW� LV� EXUQHG�� &DUERQ� GHFRPSRVLWLRQ� LQ� WKH� VHFRQG� SKDVH� LV� GHVFULEHG� E\� DQ
H[SRQHQWLDO�GHFD\�IXQFWLRQ��7KH�YDOXHV�DGRSWHG� IRU� WKH�GHFRPSRVLWLRQ� UDWHV�RI�EHORZ�
JURXQG�FDUERQ�DUH�VLPLODU�WR�WKRVH�XVHG�IRU�DERYH�JURXQG�FDUERQ��WKDW�LV������IRU�GHQVH
IRUHVWV�DQG�����IRU�VDYDQQDKV�

)LQDOO\�� WKH�G\QDPLFV�RI�EHORZ�JURXQG�FDUERQ� LQ� DEDQGRQHG�DUHDV� LV� DQDORJRXV� WR� WKH
RQH�DVVXPHG�IRU�DERYH�JURXQG�FDUERQ��7KXV��EHORZ�JURXQG�FDUERQ�FRQWHQW�VWDUWV�IURP
WKH� YDOXH� REVHUYHG� LQ� FURS� DUHDV� �LQFOXGLQJ� SODQWHG� SDVWXUHV��� WKDW� LV�� ���W&�KD�� DQG
JUDGXDOO\�FRQYHUJHV�WR�WKH�FOLPD[�RI�VHFRQGDU\�IRUHVWV�ZKLFK�LV�DVVXPHG�WR�EH�HTXDO�WR
WKDW�RI�VDYDQQDK�DUHDV������W&�KD��7KLV�SURFHVV�WDNHV����\HDUV��

�� 6,08/$7,216

��� 6FHQDULRV

7KH� PRGHO� LV� XVHG� WR� VLPXODWH� WKH� HIIHFWV� RI� WKH� &DUDMiV� ,QYHVWPHQW� 3URJUDPPH� RQ
GHIRUHVWDWLRQ� DQG� FDUERQ� GLR[LGH� HPLVVLRQV� LQ� WKH� SHULRG� ����������� 7KLV� KXJH
LQYHVWPHQW� SURJUDPPH� LQFOXGHV� D� � WKUHH�ELOOLRQ� GROODU� LURQ� RUH�PLQLQJ� SURMHFW�ZLWK� D
SURGXFWLRQ� FDSDFLW\� RI� ���PLOOLRQ� WRQV� SHU� \HDU� RI� VLQWHU� IHHG� DQG� SHOOHWV�� ���� NP� RI
UDLOURDG�FRQQHFWLRQ�WR�VHD�SRUW��D�����ELOOLRQ�GROODU�K\GURHOHFWULF�GDP��DQG�VL[�VWHHO�PLOO
SURMHFWV�ZLWK�D�FDVW�LURQ�SURGXFWLRQ�FDSDFLW\�RI�����WKRXVDQG�WRQV�SHU�\HDU�

&DUDMiV�LV�H[SHFWHG�WR�KDYH�RYHUZKHOPLQJ�HFRQRPLF�DQG�HQYLURQPHQWDO�FRQVHTXHQFHV�
ZKLFK� LQFOXGH�� DPRQJ�RWKHUV�� GHIRUHVWDWLRQ��SROOXWLRQ�� DQG� SRRU� VDQLWDU\� FRQGLWLRQV� LQ
XUEDQ�DUHDV��7KH�VLPXODWLRQV�SUHVHQWHG��KRZHYHU��UHIHU�H[FOXVLYHO\�WR�GHIRUHVWDWLRQ�DQG
WKH�VXEVHTXHQW�&2��HPLVVLRQV��0RUHRYHU��WKH\�GR�QRW�LQFOXGH�WKH�GHIRUHVWDWLRQ�FDXVHG
E\�WKH�FKDUFRDO�UHTXLUHPHQWV�RI�WKH�VWHHO�PLOOV�

7KH� GLUHFW� LPSDFW� RI� FKDUFRDO� SURGXFWLRQ� RQ� GHIRUHVWDWLRQ�� DOWKRXJK� VLJQLILFDQW�� LV
SUHVXPHG�WR�EH�UHODWLYHO\�VPDOO�DQG�ORFDOL]HG�ZKHQ�FRPSDUHG�WR�WKH�LQGLUHFW�HIIHFWV�RI
WKH� H[SDQVLRQ� RI� DJURSDVWRUDO� DFWLYLWLHV� WKURXJKRXW� WKH� ZKROH� UHJLRQ� LQGXFHG� E\� WKH
LQYHVWPHQWV� LQ�&DUDMiV��)XUWKHUPRUH�� D� ODUJH�SDUW� RI� WKH� FKDUFRDO� VXSSOLHG� WR� WKH� VWHHO
XQLWV�LV�UHVLGXDO�IURP�ORJJLQJ�RU�DJURSDVWRUDO�DFWLYLWLHV��,Q�������IRU�LQVWDQFH��WKH�VKDUH
RI� WKHVH� DFWLYLWLHV� LQ� WKH� VXSSO\� RI� FKDUFRDO� ZDV� ��� DQG� ��� SHU� FHQW�� UHVSHFWLYHO\�� ,Q
WHUPV�RI� DUHD�� DQ� HVWLPDWH� RI� WKH� GHIRUHVWDWLRQ� FDXVHG� GLUHFWO\� LQ� �����E\� WKH�&DUDMiV
FKDUFRDO�UHTXLUHPHQW�LV�������KHFWDUHV�

7R�HYDOXDWH� WKH�HIIHFWV�RI�&DUDMiV��VLPXODWLRQV�RI� WZR�DOWHUQDWLYH� VFHQDULRV²UHIHUHQFH
DQG� FRXQWHUIDFWXDO²ZHUH� VLPXODWHG� DQG� FRPSDUHG� IRU� WKH� SHULRG� ����������� 7KH
FRXQWHUIDFWXDO� VFHQDULR� DVVXPHV� WKDW� WKH� &DUDMiV� ,QYHVWPHQW� 3URJUDPPH� GRHV� QRW
PDWHULDOL]H�� LPSO\LQJ� WKDW� WKH� PLQLQJ�� UDLOURDG�� DQG� VWHHO� PLOO� SURMHFWV� ZLOO� QRW� EH
LPSOHPHQWHG��QRU�ZLOO�WKH\�EH�GHYHORSHG�DQ\�WLPH�XS�WR�WKH�\HDU�������,Q�WKH�UHIHUHQFH
VFHQDULR�� KRZHYHU�� &DUDMiV� LV� HIIHFWLYHO\� LPSOHPHQWHG� ZLWK� WKH� UDLOURDG�� PLQLQJ�� DQG
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VWHHO� PLOO� RSHUDWLRQV� SURMHFWHG� WR� VWDUW� LQ� ������ 3URGXFWLRQ� LV� DQWLFLSDWHG� WR� GHYHORS
DFFRUGLQJ�WR�WKH�SURMHFWHG�WDUJHWV�RI�WKH�SURMHFWV��5H]HQGH�DQG�6DPSDLR�������

6LPXODWLRQV� RI� WKH� LPSDFW� RI� UDLOURDGV� DUH� EDVHG� XSRQ� WKH� DVVXPSWLRQ� WKDW� WKHVH� DUH
HTXLYDOHQW� WR� WKH� VWUXFWXUH�RI�D�GRXEOH�H[WHQVLRQ�RI�SDYHG� URDGV��7KLV� LV�REYLRXVO\� DQ
DUELWUDU\� DVVXPSWLRQ� ZKLFK� LV� RQO\� MXVWLILHG� E\� WKH� ODFN� RI� EHWWHU� LQIRUPDWLRQ�� ,Q
DGGLWLRQ�� WKH� LPSDFW� RI� LURQ� RUH� PLQLQJ� DQG� VWHHO� PLOO� SURMHFWV� LV� VLPXODWHG� DV� DQ
H[RJHQRXV� LQFUHDVH� LQ� WKH� XUEDQ� *'3� RI� WKH� PXQLFLSDOLWLHV� RI� PLOO� ORFDWLRQV� LQ
HTXLYDOHQW�DPRXQWV�WR�WKH�LQFUHDVH�WKH\�EULQJ�WR�WKH�YDOXH�RI�RXWSXW�RI�LURQ�RUH�RU�VWHHO
SURGXFWLRQ�

%RWK�VFHQDULRV�DVVXPH�WKDW�DOO�SODQQHG�URDGV��DW�VWDWH�DQG�IHGHUDO�OHYHO��DUH�EXLOW�ZLWKLQ
���\HDUV��7KXV��IRU�HDFK�PXQLFLSDOLW\��WKH�H[SDQVLRQ�RI�WKH�URDG�QHWZRUN�IURP������WR
�����ZLOO�EH�VLPLODU�WR�WKH�URDGV�SODQQHG�LQ�������)XUWKHUPRUH��URDG�H[SDQVLRQ�LV�PDGH
DW�D�FRQVWDQW�OLQHDU�UDWH�DQG�WKH�WUHQG�LV�H[WUDSRODWHG�XS�WR�WKH�\HDU������

$QRWKHU� LPSRUWDQW�DVVXPSWLRQ�RI� WKH�FRXQWHUIDFWXDO�VFHQDULR�LV� WKDW�SRSXODWLRQ�JURZWK
LQ�HDFK�PXQLFLSDOLW\�LV�OLQHDUO\�DGMXVWHG�WR�PDNH�WKH�SRSXODWLRQ�JURZWK�RI�HQWLUH�/HJDO
$PD]RQ� HTXDO� WR� WKH� H[RJHQRXV� GHPRJUDSKLF� SURMHFWLRQV� PDGH� E\� ,3($� ������� DQG
0DFKDGR� ��������7KH� VDPH�SDUDPHWHUV� DUH�XVHG� LQ� WKH� UHIHUHQFH� VFHQDULR� EXW�ZLWKRXW
FRQVWUDLQLQJ�WRWDO�SRSXODWLRQ�

7KH�RWKHU�H[RJHQRXV�YDULDEOHV�RI�WKH�PRGHO�DUH�WKH�H[WHQVLRQ�RI�SODQQHG�URDGV�LQ������
SULFH�RI�ODQG��FDWWOH��FURSV��DQG�ORJV��WKH�YDOXH�RI�DJULFXOWXUDO�FUHGLW�LQ�UHODWLRQ�WR�RXWSXW�
WKH�FXPXODWLYH�YDOXH�RI�68'$0��WKH�UHJLRQDO�GHYHORSPHQW�DJHQF\��LQYHVWPHQW�FUHGLWV�
WKH�SHU�FHQW�RI�KRXVHKROGV�ZLWK�DFFHVV�WR�HOHFWULFLW\��SXEOLF�ZDWHU�DQG�VHZHUDJH�V\VWHP�
FLWLHV�ZLWK�SRUWV�H[FHHGLQJ�RQH�PLOOLRQ�WRQV�RI�WXUQRYHU�\HDU�LQ�����

$OO�RI�WKHVH�IDFWRUV�DUH�DVVXPHG�WR�EH�HTXDO�DQG�FRQVWDQW�LQ�ERWK�VFHQDULRV��7KLV�LPSOLHV
WKDW�WKH�VWUXFWXUH�RI�UHODWLYH�SULFHV�DFURVV�VHFWRUV�DQG�VSDFH�LV�NHSW�XQFKDQJHG�GXULQJ�WKH
VLPXODWLRQ�SHULRG�� ,W�DOVR� LPSOLHV� WKDW�DJULFXOWXUDO�FUHGLW�ZLOO�JURZ�DW� WKH� VDPH� UDWH�DV
SURGXFWLRQ�� DQG� WKDW� 68'$0� LQYHVWPHQW� FUHGLWV� DUH� FRPSOHWHO\� KDOWHG�� )LQDOO\�� WKH
LPSOLFDWLRQ� IRU�JRYHUQPHQW� LQIUDVWUXFWXUH� LV� WKDW� LW�ZLOO� JURZ�DW� WKH� VDPH� UDWH� DV� WRWDO
SRSXODWLRQ�

��� 5HVXOWV

6LPXODWLRQV� RI� JURZWK� WUDMHFWRULHV� IRU� WKH� ���������� SHULRG� IRU� WKH� PRVW� LPSRUWDQW
HQGRJHQRXV�YDULDEOHV²XUEDQ�DQG�UXUDO�SRSXODWLRQ��XUEDQ�RXWSXW��ODQG�XVHV��ODQG�\LHOGV�
DQG� RXWSXW� LQ� PDMRU� UXUDO� DFWLYLWLHV�� GHIRUHVWHG� DUHDV�� IDOORZ� DUHDV�� DQG� FDUERQ
HPLVVLRQV²LQ�WKH�UHIHUHQFH�DQG�FRXQWHUIDFWXDO�VFHQDULRV�DUH�VXPPDUL]HG� LQ�$SSHQGL[
7DEOH�$�����7R�LOOXVWUDWH�WKH�GLIIHUHQWLDO�JHRJUDSKLFDO�HIIHFWV�RI�WKH�&DUDMiV�,QYHVWPHQW
3URJUDPPH�� WKH� UHVXOWV�RI�7DEOH�$����DUH�SUHVHQWHG� IRU� WKUHH�HQFRPSDVVLQJ�DUHDV�� WKH

UDLOURDG�FRUULGRU
��55&���WKH�
LQIOXHQFH�DUHD�RI�&DUDMiV
��,$&���DQG�WKH�ZKROH�
$PD]RQLD
/HJDO
��$0/���7KHVH�DUH�VKRZQ�LQ�)LJXUH������WRJHWKHU�ZLWK�WKH�ORFDWLRQ�RI�VWHHO�PLOOV�
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FIGURE 4.6
MAP OF LEGAL AMAZONIA

Legend: IAC = Influence area
RRC = Railroad corridor
AML = Amazonia Legal

,Q� WKH� UHIHUHQFH� VFHQDULR�� GHIRUHVWDWLRQ� LQ� $0/� JURZV� ���� SHU� FHQW� SHU� DQQXP� IURP
����� WR������� FRPSDUHG�ZLWK� WKH�����SHU� FHQW�SHU� DQQXP�REVHUYHG� LQ� WKH�����V��7KH
VORZGRZQ�LV�ODUJHO\�H[SODLQHG�E\�WKH�XUEDQL]DWLRQ�SURFHVV�DQG�WKH�LQFUHDVHG�WXUQRYHU�RI
IDOORZ�DUHDV��'HIRUHVWDWLRQ��DV�SHU�FHQW�RI�JHRJUDSKLF�DUHD��LQFUHDVHV�IURP�����SHU�FHQW
LQ� ����� WR� ����� SHU� FHQW� LQ� ������ 7KH� VFHQDULRV�� DOWKRXJK� ZRUULVRPH�� DUH� QRW� DV
FDWDVWURSKLF�DV�XVXDOO\�LPSOLHG�E\�PHGLD�

&DUERQ� HPLVVLRQV� LQ� WKH� UHIHUHQFH� VFHQDULR� GHFHOHUDWH� VLJQLILFDQWO\� LQ� WKH� VLPXODWLRQ
SHULRG��VWDUWLQJ�DW�����WRQV�SHU�\HDU�LQ�WKH���������SHULRG��WKH\�GHFOLQH�WR�����WRQV�SHU
\HDU� LQ� ����������� (VWLPDWHV� RI� WKH� YDOXH� RI� WRWDO� *'3� SHU� XQLW� RI� FDUERQ� �LQ� ����
GROODUV�� DUH� 86�� ���W&� LQ� ����� DQG� 86�� ����W&� LQ� ������ (TXLYDOHQW� ILJXUHV� IRU
DJULFXOWXUDO�*'3�DUH��UHVSHFWLYHO\��86����W&�DQG�86�����W&�

(VWLPDWHG� EHQHILWV� SHU� XQLW� RI� FDUERQ� HPLVVLRQV�� WKHUHIRUH�� DUH� PXFK� KLJKHU� WKDQ� WKH
86����W&�XVXDOO\�PHQWLRQHG�LQ�WKH�OLWHUDWXUH��1RUGKDXV�������&OLQH��������7KLV�UHVXOW�LV
WUXH� HYHQ�ZKHQ�EHQHILWV� DUH�PHDVXUHG� H[FOXVLYHO\�E\� WKH�*'3�RI� UXUDO� DFWLYLWLHV��7KH
PXFK�KLJKHU�ILJXUHV�RI�XUEDQ�*'3�SHU�XQLW�RI�FDUERQ�HPLWWHG�VXJJHVW��KRZHYHU��WKDW�WKH
FRQVLGHUDWLRQ�RI�IHHGEDFN�EHWZHHQ�DJULFXOWXUH�DQG�XUEDQ�DFWLYLWLHV�FDQ�KDYH�D�GHFLVLYH
HIIHFW�RQ�WKH�HYDOXDWLRQ�RI�EHQHILWV�
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)LQDOO\�� WKH� JURZWK� RI� *'3� SHU� XQLW� RI� FDUERQ� HPLWWHG� LV� LPSUHVVLYH�� 0DLQ� UHDVRQV
LQFOXGH�WKH�LQFUHDVLQJ�VKDUH�RI�XUEDQ�DFWLYLWLHV�FRPSRXQGHG�E\�WKHLU�KLJKHU�SURGXFWLYLW\
OHYHOV��WKH�LQFUHDVH�RI�DJULFXOWXUDO�SURGXFWLYLW\��DQG�WKH�JURZLQJ�LPSRUWDQFH�RI�ELRPDVV
UHFRPSRVLWLRQ�LQ�VHFRQGDU\�YHJHWDWLRQ�LQ�IDOORZ�DUHDV�

(VWLPDWHV�RI� WKH� HIIHFWV�RI�&DUDMiV� ,QYHVWPHQW�3URJUDPPH�DUH� REWDLQHG� E\� FRPSDULQJ
WKH�VLPXODWLRQ�UHVXOWV�LQ�WKH�WZR�VFHQDULRV��,Q�WHUPV�RI�SRSXODWLRQ�DVSHFWV��WKH�LPSDFW�RI
&DUDMiV�LV�VXUSULVLQJO\�VPDOO��,QGHHG��WKH�HIIHFWV�DUH�QHJOLJLEOH�LQ�WKH� 
LQIOXHQFH�DUHD�RI
&DUDMiV
� �,$&�� DQG�$PD]RQLD� /HJDO� �$0/��ZKLOH� LQ� WKH� 
UDLOURDG� FRUULGRU
� �55&�� DQ
LQFUHDVH�RI�����SHU�FHQW�LV�SURMHFWHG�IRU�WKH�SRSXODWLRQ�RI�WKH�DUHD�E\�������7KLV�VPDOO
GHPRJUDSKLF�HIIHFW� LV�H[SODLQHG�E\� WKH� LQFUHDVH�RI� LQFRPH�SHU� FDSLWD� DQG� WKH� FORVHO\�
OLQNHG�WKH�PLJUDWLRQ�WR�XUEDQ�DUHDV��DV� LQGXFHG�E\�WKH�&DUDMiV�,QYHVWPHQW�3URJUDPPH�
$FFRUGLQJ�WR�WKH�PRGHO��ERWK�KLJKHU�LQFRPH�DQG�XUEDQL]DWLRQ�WHQG�WR�GHFUHDVH�UDWHV�RI
SRSXODWLRQ�JURZWK�

7KH�HIIHFWV�RQ�*'3�DUH�VSHFWDFXODU��$YHUDJH�UDWHV�RI�JURZWK�RYHU�WKH�����������SHULRG
DUH�����SHU�FHQW�KLJKHU�LQ�WKH�
UDLOURDG�FRUULGRU
��55&�������SHU�FHQW�LQ�WKH�
LQIOXHQFH�DUHD
RI� &DUDMiV
� �,$&��� DQG� ���� SHU� FHQW� LQ� WKH� HQWLUH� $PD]RQLD� /HJDO� �$0/��� 7KHUHIRUH�
*'3�SHU�FDSLWD�LQ������ZLOO�EH����SHU�FHQW�����SHU�FHQW��DQG���SHU�FHQW�KLJKHU�LQ�55&�
,$&��DQG�$0/��UHVSHFWLYHO\��%XW� LW� LV� LPSRUWDQW� WR�UHPHPEHU�WKDW� WKHVH�DUH�HIIHFWV�RQ
*'3� ZKLFK� GR� QRW� QHFHVVDULO\� WUDQVODWH� LQWR� LQFRPH� WR� EH� DSSURSULDWHG� E\� ORFDO
SRSXODWLRQ�� 7KLV� LV� SDUWLFXODUO\� WUXH� EHFDXVH� PLQLQJ� DQG� VWHHO� SURGXFWLRQ� DUH
FDSLWDO�LQWHQVLYH� DFWLYLWLHV� DQG� PRVW� RI� WKH� SURILWV� DUH� UHPLWWHG� RXWVLGH� WKH� UHJLRQ�
1DWXUDOO\��PRVW�RI� WKH�*'3�HIIHFWV�DFFXPXODWH� WR� WKH�XUEDQ�VHFWRU�� DQG� WKH� LPSDFW�RQ
DJULFXOWXUDO� DFWLYLWLHV� LV� QHJOLJLEOH� H[FHSW� LQ� WKH� &DUDMiV� FRUULGRU� �55&��� $V� D
FRQVHTXHQFH��WKH�GHIRUHVWDWLRQ�LPSDFWV�RI�WKH�SURJUDPPH�DUH�UHODWLYHO\�VPDOO��H[FHSW�LQ
WKH�55&�DUHD�ZKHUH�WKH�GHIRUHVWDWLRQ�DUHD�LQ������ZLOO�LQFUHDVH�����SHU�FHQW�FRPSDUHG
WR�WKH�FRXQWHUIDFWXDO�VFHQDULR�

2QFH�DJDLQ��WKH�VXUSULVLQJ�UHVXOWV�DUH�H[SODLQHG�E\�WKH�VWURQJ�PLJUDWLRQ�DQG�XUEDQL]DWLRQ
SURFHVV� LQGXFHG� E\� WKH�&DUDMiV� ,QYHVWPHQW� 3URJUDPPH��%\�PRYLQJ� SHRSOH� RXW� RI� WKH
UXUDO� VHFWRU� DQG� FRQFHQWUDWLQJ� WKHP� DURXQG� WKH�&DUDMiV�&RUULGRU�� WKH� SURJUDPPH�ZLOO
SURPRWH�D�UHGXFHG�GHPDQG�IRU�ODQG��LQ�SDUWLFXODU�LQ�WKH�PRUH�GHQVHO\�IRUHVWHG�DUHDV��DQG
IRVWHU�WKH�DGRSWLRQ�RI�PRUH�ODERXU�LQWHQVLYH�WHFKQLTXHV�

)LQDOO\�� LQ� WHUPV� RI� FDUERQ� HPLVVLRQV�� WKH� LPSDFWV� RI� WKH� &DUDMiV� 3URJUDPPH� DUH
UHODWLYHO\�VPDOO��)RU�WKH�ZKROH�$0/��LW�LPSOLHV�DQ�LQFUHDVH�RI������PLOOLRQ�WRQV�SHU�\HDU�
WKDW� LV�� ����� SHU� FHQW� LQFUHDVH� LQ� WKH� DYHUDJH� DQQXDO� HPLVVLRQV� SURMHFWHG� LQ� WKH
FRXQWHUIDFWXDO� VFHQDULR�� &RPSDUHG� WR� *'3� WKLV� UHVXOW� LPSOLHV� WKDW� WKH� &DUDMiV
,QYHVWPHQW� 3URJUDPPH� JHQHUDWHV� 86�� ���ZRUWK� RI� RXWSXW� SHU� HDFK� DGGLWLRQDO� WRQ� RI
FDUERQ� HPLWWHG�� 7KXV�� WKH� EHQHILWV� DUH� H[WUHPHO\� KLJK�� %XW� DV� SHU� XQLW� RI� DJULFXOWXUDO
*'3��WKH�ILJXUH�LV�RQO\�86�������SHU�WRQ�RI�FDUERQ�HPLWWHG�

,Q� FRQFOXGLQJ�� LW� FDQ� EH� VXPPDUL]HG� WKDW� WKH� VLPXODWLRQ� VKHG� OLJKW� RQ� VRPH� FUXFLDO
DVSHFWV�IRU�SURMHFWLRQV�DQG�SROLF\�HYDOXDWLRQ�RI�$PD]RQ�GHIRUHVWDWLRQ��)LUVW�RI�DOO��WKH\
SRLQW� WR� WKH� QHHG� RI� D� V\VWHPLF� DSSURDFK� FDSDEOH� RI� UHFRQFLOLQJ� D�EURDG� JHRJUDSKLFDO
SHUVSHFWLYH�ZLWK�DGHTXDWH�FRQVLGHUDWLRQ�RI�VHFWRU�DQG�VSDWLDO�LQWHUDFWLRQV��([WUDSRODWLRQ
RI�UHVXOWV�REWDLQHG�IURP�VSHFLILF�DUHDV�DQG�RU�VKRUW�SHULRGV�RI�WLPH�WR�WKH�ZKROH�UHJLRQ
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LQ� WKH� ORQJ� UXQ� VKRXOG� GHILQLWHO\� EH� DYRLGHG� EHFDXVH� HIIHFWV� WHQG� WR� FRPSHQVDWH� HDFK
RWKHU�ERWK�LQ�WLPH�DQG�VSDFH��7KLV�LV�SDUWLFXODUO\�WUXH�IRU�WKH�DQDO\VLV�RI�&2��HPLVVLRQV
ZKHUH� GLIIHUHQFHV� ERWK� IURP� WKH� GLYHUVLW\� RI� SULVWLQH� YHJHWDWLRQ�� DV� ZHOO� DV� IURP� WKH
JURZWK�RI�VHFRQGDU\�YHJHWDWLRQ�LQ�IDOORZ�DUHDV�FDQ�KDYH�VLJQLILFDQW�HIIHFWV�

$33(1',;���02'(/�(48$7,216

��� ����W����IRU���������W�����55 S
W ��-=D
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3X�W� �XUEDQ�SRSXODWLRQ�LQ�WLPH�W�

3U�W� �UXUDO�SRSXODWLRQ�LQ�WLPH�W�
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&D��W�  DERYH�JURXQG�FDUERQ�VWRFN��WRQV��LQ�WLPH�W��PXQLFLSDOLW\�M

FD��Y  DERYH�JURXQG�FDUERQ�FRQWHQW�RI�YHJHWDWLRQ�Y

$Y��  DUHD�RI�YHJHWDWLRQ�Y�LQ�WLPH�W�LQ�PXQLFLSDOLW\�M

$'Y��W  FOHDUHG�DUHD�LQ�YHJHWDWLRQ�M��WLPH�W��PXQLFLSDOLW\�M

F  DYHUDJH� DERYH�JURXQG� FDUERQ� FRQWHQW� RI� PXQLFLSDOLW\� M� �ZHLJKWHG
DYHUDJH�RI�GLIIHUHQW�YHJHWDWLRQ�

$&N��K��W FURSSHG�DUHD�LQ�DFWLYLW\�N��
YLQWDJH
�K��WLPH�W��PXQLFLSDOLW\�M

GD��K��Y  GHFD\�IDFWRU�RI�DERYH�JURXQG�ELRPDVV�RI�YHJHWDWLRQ�M

UD��Y  H[SRQHQWLDO�GHFD\�IDFWRU�IRU�DERYH�JURXQG�ELRPDVV�LQ�YHJHWDWLRQ�Y

UD  H[SRQHQWLDO� GHFD\� RI� DERYH�JURXQG� ELRPDVV� LQ� PXQLFLSDOLW\� M� �DUHD
ZHLJKWHG�DYHUDJH�RI�UD��Y�

FD��N  FDUERQ�FRQWHQW�RI�FURSSHG�DUHDV��LQFOXGLQJ�SODQWHG�SDVWXUHV��LQ�DFWLYLW\
N��DJH�K

FN�D  DYHUDJH� DERYH�JURXQG� FDUERQ� FRQWHQW� RI� FURSSHG� DUHDV� �LQFOXGLQJ
SODQWHG�SDVWXUHV��ZHLJKWHG�E\�FURS�DUHDV

FD��I��L  DERYH�JURXQG�FDUERQ�FRQWHQW�RI�IDOORZ�DUHDV�RI�YLQWDJH�L

)L��W  IDOORZ�DUHDV�RI�YLQWDJH�L��WLPH�W��PXQLFLSDOLW\�M

0D  PD[LPXP�GHQVLW\�RI�DERYH�JURXQG�FDUERQ�LQ�UHFRPSRVHG�YHJHWDWLRQ�RI
PXQLFLSDOLW\�M
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�RI�FURSSHG�DUHD��L�IRU�
YLQWDJH

RI�IDOORZ�DUHDV��N�IRU�DFWLYLW\��W�IRU�WLPH��DQG�

&E��W�  EHORZ�JURXQG�FDUERQ�VWRFN��WRQV��LQ�WLPH�W

FE��Y  EHORZ�JURXQG�FDUERQ�FRQWHQW�RI�YHJHWDWLRQ�Y
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$Y�W  DUHD�RI�YHJHWDWLRQ�Y�LQ�WLPH�W

'Y��W  FOHDUHG��GHIRUHVWHG��DUHD�LQ�YHJHWDWLRQ�Y�LQ�WLPH�W

FE  DYHUDJH�EHORZ�JURXQG�FDUERQ�FRQWHQW�SHU�KHFWDUH��ZHLJKWHG�E\�DUHDV�RI
YHJHWDWLRQ�RU�ODQG�XVH�

$&N��K��W� FURSSHG�DUHD�LQ�DFWLYLW\�N��
YLQWDJH
�K��WLPH�W

GE��K��Y  GHFD\�IDFWRU�RI�EHORZ�JURXQG�ELRPDVV�RI�YHJHWDWLRQ�Y

UE��Y  H[SRQHQWLDO�GHFD\�IDFWRU�IRU�EHORZ�JURXQG�ELRPDVV�LQ�YHJHWDWLRQ�Y

UE  H[SRQHQWLDO�GHFD\�RI�EHORZ�JURXQG�ELRPDVV��DUHD�ZHLJKWHG�DYHUDJH�RI
UD��Y�

FE��N  FDUERQ� FRQWHQW� RI� FURSSHG� DUHDV� LQ� DFWLYLW\� N� �LQFOXGLQJ� SODQWHG
SDVWXUHV��EXW�H[FOXGLQJ�IDOORZ�DUHDV�DQG�QDWXUDO�SDVWXUHV�

FE��I��L  EHORZ�JURXQG�FDUERQ�FRQWHQW�RI�IDOORZ�DUHDV�RI�YLQWDJH�L

)L��W  IDOORZ�DUHDV�RI�YLQWDJH�L��WLPH�W

.E  PD[LPXP�GHQVLW\�RI�EHORZ�JURXQG�FDUERQ�LQ�UHFRPSRVHG�YHJHWDWLRQ

D  OQ�0E�FE��N�

VE  
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APPENDIX TABLE A4.1
SIMULATIONS OF THE EFFECTS OF THE CARAJÁS PROGRAMME

2EVHUYDWLRQV 6LPXODWLRQV����� *URZWK�UDWH����������� 'LIIHUHQFH

LQ����� %DVLF 3RWHQW %DVLF� 3RWHQW 9DOXH �

()&�&RUULGRU

0XQLFLSDOLWLHV �� � �� �� �� �� ��

$UHD��NP
�
� ������ � � �� �� �� ��

3RSXODWLRQ��LQKDELWDQWV�

5XUDO ������� ��������� ��������� ���� ���� �������� ������

8UEDQ ������� ��������� ��������� ���� ���� ������� �����

7RWDO ��������� ��������� ��������� ���� ���� ������ ����

5RDGV��NP�

3DYHG ��� ����� ����� ���� ���� ��� �����

1RQ�SDYHG ��� ��� ����� ����� ���� ��� ������

7RWDO ����� ����� ����� ���� ���� ����� �����

/DQG�XVH��KD�

7HPSRUDU\�FURSV ������� ������� ������� ���� ���� ������ ����

3HUHQQLDO�FURSV� ������ ������ ������ ���� ���� ����� ����

3ODQWHG�SDVWXUHV ��������� ��������� ����� ���� ������ ���������� ������

)DOORZ�ODQG ������� ��������� ��������� ���� ���� ������ ����

7RWDO�DJURSDVWRUDO�DUHD ��������� ��������� ��������� ���� ���� ������ ����

8QDOWHUHG�YHJHWDWLRQ�DUHD ��������� ��������� ��������� ����� ����� ������� �����

2XWSXW�YDOXH��PLOOLRQV�86��

7HPSRUDU\�FURSV �� �� �� ���� ���� � ����

3HUHQQLDO�FURSV� � �� �� ���� ���� � �����

3ODQWHG�SDVWXUHV �� �� �� ���� ���� �� �����

)DOORZ�ODQG �� ��� ��� ���� ���� � ����

/DQG�\LHOG��86��KD�

7HPSRUDU\�FURSV ��� ��� ��� ���� ���� � ����

3HUHQQLDO�FURSV� ��� ��� ��� ���� ���� ��� �����

3ODQWHG�SDVWXUHV �� �� �� ����� ����� �� �����

)DOORZ�ODQG �� �� �� ���� ���� � ����

+HUG��XQG� ������� ��������� ��������� ���� ���� ������� �����

2XWSXW�YDOXH��PLOOLRQV�86�� �� ��� ��� ���� ���� �� �����

+HUG�\LHOG��86��XQG� ����� ����� ����� ���� ���� �� �����

*UD]H��=���XQG�KD� ������� ������� ������� ���� ���� ������� �����

*'3��PLOOLRQV�86��

$JULFXOWXUDO �� ��� ��� ���� ���� � ����

8UEDQ ����� ����� ����� ���� ���� ����� �����

7RWDO ����� ����� ����� ���� ���� ����� �����

/RJJLQJ ������� ��������� ��������� ���� ���� ������� �����

&2��HPLWWHG��PLOOLRQV�WRQ�� ��� ��� ��� ���� ���� �� ����

$LU��PLOOLRQV�WRQ�� ��� ��� ��� ���� ���� �� ����

6RLO��PLOOLRQV�WRQ�� �� �� �� ���� ���� � ����

0XQLFLSDOV�ZLWK�&2� �� �� �� ���� ����

�7DEOH�FRQWLQXHV�
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$SSHQGL[�7DEOH�$�����FRQW��

2EVHUYDWLRQV 6LPXODWLRQV����� *URZWK�UDWH����������� 'LIIHUHQFH

LQ����� %DVLF 3RWHQW %DVLF� 3RWHQW 9DOXH �

,QIOXHQFH�DUHD�RI�&DUDMDV��,$&�

0XQLFLSDOLWLHV ��� � �� �� �� �� ��

$UHD��NP
�
� ������ � � �� �� �� ��

3RSXODWLRQ��LQKDELWDQWV�

5XUDO ��������� ��������� ��������� ���� ���� �������� �����

8UEDQ ��������� ��������� ��������� ���� ���� ������� ����

7RWDO ��������� ��������� ��������� ���� ���� ������� �����

5RDGV��NP�

3DYHG ����� ����� ����� ���� ���� ��� �����

1RQ�SDYHG ������ ������ ������ ���� ���� ����� ����

7RWDO ������ ������ ������ ���� ���� ����� ����

/DQG�XVH��KD�

7HPSRUDU\�FURSV ��������� ��������� ��������� ���� ���� ������ ����

3HUHQQLDO�FURSV� ������� ������� ������� ���� ���� ������ �����

3ODQWHG�SDVWXUHV ��������� ���������� ���������� ���� ���� ������� ����

)DOORZ�ODQG ��������� ���������� ���������� ���� ���� ������ ����

7RWDO�DJURSDVWRUDO�DUHD ���������� ���������� ���������� ���� ���� ������� ����

8QDOWHUHG�YHJHWDWLRQ�DUHD ���������� ���������� ���������� ����� ����� �������� �����

2XWSXW�YDOXH��PLOOLRQV�86��

7HPSRUDU\�FURSV ��� ��� ��� ���� ���� � ����

3HUHQQLDO�FURSV� �� ��� ��� ���� ���� � ����

3ODQWHG�SDVWXUHV ��� ��� ��� ���� ���� �� �����

)DOORZ�ODQG ��� ����� ����� ���� ���� � ����

/DQG�\LHOG��86��KD�

7HPSRUDU\�FURSV ��� ��� ��� ���� ���� � ����

3HUHQQLDO�FURSV� ��� ��� ��� ���� ���� �� ����

3ODQWHG�SDVWXUHV �� �� �� ����� ����� �� �����

)DOORZ�ODQG �� �� �� ����� ����� � ����

+HUG��XQG� ��������� ���������� ���������� ���� ���� ������� ����

2XWSXW�YDOXH��PLOOLRQV�86�� ��� ����� ����� ���� ���� �� ����

+HUG�\LHOG��86��XQG� �� �� �� ���� ���� � ����

*UD]H��=���XQG�KD� ������� ������� ������ ���� ���� ������� ����

*'3��PLOOLRQV�86��

$JULFXOWXUDO ��� ����� ����� ���� ���� � ����

8UEDQ ����� ����� ����� ���� ���� ����� �����

7RWDO ����� ����� ������ ���� ���� ����� �����

/RJJLQJ ��������� ��������� ��������� ���� ���� ������� ����

&2��HPLWWHG��PLOOLRQV�WRQ�� ����� ����� ����� ���� ���� �� ����

$LU��PLOOLRQV�WRQ�� ����� ����� ����� ���� ���� �� ����

6RLO��PLOOLRQV�WRQ�� ��� ����� ����� ���� ���� � ����

0XQLFLSDOV�ZLWK�&2� ��� ��� ��� �7DEOH�FRQWLQXHV�
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$SSHQGL[�7DEOH�$�����FRQW��

2EVHUYDWLRQV 6LPXODWLRQV����� *URZWK�UDWH����������� 'LIIHUHQFH

LQ����� %DVLF 3RWHQW %DVLF� 3RWHQW 9DOXH �

/HJDO�$PD]RQLD

0XQLFLSDOLWLHV ��� � �� �� �� �� ��

$UHD��NP
�
� ��������� � � �� �� �� ��

3RSXODWLRQ��LQKDELWDQWV�

5XUDO ��������� ��������� ��������� ���� ���� �������� �����

8UEDQ ��������� ���������� ���������� ���� ���� ������� ����

7RWDO ���������� ���������� ���������� ���� ���� ������� �����

5RDGV��NP�

3DYHG ������ ������ ������ ���� ���� ��� ����

1RQ�SDYHG ������ ������ ������ ���� ���� ����� ����

7RWDO ������ ������� ������� ���� ���� ����� ����

/DQG�XVH��KD�

7HPSRUDU\�FURSV ��������� ���������� ���������� ���� ���� ������ ����

3HUHQQLDO�FURSV� ������� ��������� ��������� ���� ���� ������ �����

3ODQWHG�SDVWXUHV ���������� ���������� ���������� ���� ���� ������� ����

)DOORZ�ODQG ���������� ���������� ���������� ���� ���� ������ ����

7RWDO�DJURSDVWRUDO�DUHD ���������� ���������� ���������� ���� ���� ������� ����

8QDOWHUHG�YHJHWDWLRQ�DUHD ����������� ����������� ����������� ����� ����� �������� �����

2XWSXW�YDOXH��PLOOLRQV�86��

7HPSRUDU\�FURSV ����� ����� ����� ���� ���� � ����

3HUHQQLDO�FURSV� ��� ��� ��� ���� ���� �� ����

3ODQWHG�SDVWXUHV ��� ����� ����� ���� ���� �� �����

)DOORZ�ODQG ����� ����� ����� ���� ���� � ����

/DQG�\LHOG��86��KD�

7HPSRUDU\�FURSV ��� ��� ��� ���� ���� � ����

3HUHQQLDO�FURSV� ��� ��� ��� ����� ����� � ����

3ODQWHG�SDVWXUHV �� �� �� ����� ����� �� �����

)DOORZ�ODQG �� �� �� ���� ���� � ����

+HUG��XQG� ���������� ���������� ���������� ���� ���� ������� ����

2XWSXW�YDOXH��PLOOLRQV�86�� ��� ����� ����� ���� ���� �� ����

+HUG�\LHOG��86��XQG� �� �� �� ���� ���� � ����

*UD]H��=���XQG�KD� ������� ������� ����� ���� ���� � ����

*'3��PLOOLRQV�86��

$JULFXOWXUDO ����� ����� ����� ���� ���� � ����

8UEDQ ������ ������ ������ ���� ���� ����� ����

7RWDO ������ ������ ������ ���� ���� ����� ����

/RJJLQJ ���������� ���������� ���������� ���� ���� ������� ����

&2��HPLWWHG��PLOOLRQV�WRQ�� ����� ������ ������ ���� ���� �� ����

$LU��PLOOLRQV�WRQ�� ����� ����� ����� ���� ���� �� ����

6RLO��PLOOLRQV�WRQ�� ����� ����� ����� ���� ���� � ����
0XQLFLSDOV�ZLWK�&2� ��� ��� ���

6RXUFH�$XWKRU
V�VLPXODWLRQV

1RWH� &2��YDOXHV�IRU������DUH�HVWLPDWHG�
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��7KH�GLIIHUHQFHV�EHWZHHQ�VRLO��EHORZ�JURXQG��DQG�URRW�ELRPDVV�LQ�WKH�UHIHUHQFHV�DUH�QRW�SHUIHFWO\�FOHDU�
$V�IDU�DV�SRVVLEOH��GDWD�WKURXJKRXW�WKLV�FKDSWHU�RQ�EHORZ�JURXQG�ELRPDVV�UHIHU�WR�URRWV��EHFDXVH�WKLV�LV�WKH
PRVW�G\QDPLF�SDUW�RI�EHORZ�JURXQG�YHJHWDWLRQ�

��6LQFH� WKLV� YDOXH� FRPHV� IURP�$VLDQ� UDLQ� IRUHVWV��)HDUQVLGH� ������� VXJJHVWV� LQVWHDG� WKH� IDFWRU� XVHG� E\
.OLQJH� DQG� 5RGULJXHV� �������� +RZHYHU�� )HDUQVLGH� ������� XVHV� D� VLPLODU� YDOXH� ���� SHU� FHQW��� 2WKHU
UHIHUHQFHV�DUH�0DQDXV��.OLQJH�DQG�5RGULJXHV��������ZKR�IRXQG�WKDW�QHDU�0DQDXV�EHORZ�JURXQG�ELRPDVV
UHSUHVHQWV������SHU�FHQW�RI�WRWDO�DERYH�JURXQG�ELRPDVV��5XVVHOO�������������IRXQG������SHU�FHQW�IRU�-DUL�
3$��DQG�1HSVWDG��������IRXQG����SHU�FHQW�LQ�3DUDJRPLQDV��3$��WKH�ODWWHU�LV�DOVR�DGRSWHG�E\�)RVWHU�%URZQ
HW�DO���

�� 7KLV� ZDV� WKH� RQO\� DFFHVVLEOH� UHIHUHQFH� RQ� WKH� SURSRUWLRQ� RI� ELRPDVV� LQ� URRWV� DQG� DERYH�JURXQG
YHJHWDWLRQ�IRU�FHUUDGR�DUHDV��ILJXUHV�DUH�EDVHG�XSRQ�6LQJK�DQG�-RVKL��������DQG�)LDOD�HW�DO����������)RU
IRUHVW� DUHDV�� VLPLODU� WR� %URZQ� DQG� /XJR� �������� WKH\� DGRSWHG� D� ��� SHU� FHQW� SURSRUWLRQ� RI� ELRPDVV� LQ
EHORZ�JURXQG�YHJHWDWLRQ�

���6HH��IRU�LQVWDQFH��)HDUQVLGH�HW�DO����������&DUYDOKR�-U��HW�DO����������+RXJKWRQ�HW�DO���������

��7KH�FRHIILFLHQW�RI�FRPEXVWLRQ�HIILFLHQF\�LQ�WURSLFDO�IRUHVWV�LV�XVXDOO\�DVVXPHG�WR�EH�DSSUR[LPDWHO\���
SHU� FHQW� �+RXJKWRQ� HW� DO�� ������� +RZHYHU�� )HDUQVLGH� HW� DO�� ������� H[SHULPHQWDO� UHVXOWV� LQGLFDWH� RQ
DYHUDJH������SHU�FHQW�RI�FRPEXVWLRQ�HIILFLHQF\��ZKLOH�&DUYDOKR�-U�HW�DO���������ILQGV�D�YDOXH�RI�������SHU
FHQW�

��2GXP��������DQG�6RORPRQ��������VXJJHVW�WKH�IROORZLQJ�VSHFLILFDWLRQ�IRU�WKH�UHFRPSRVLWLRQ�RI�ELRPDVV
LQ�DEDQGRQHG�DUHDV���%

0
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=
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ZKHUH� %L�  � DERYH�JURXQG� �LQFOXGLQJ� OLWWHU�� ELRPDVV� FRQWHQW� LQ� D� JLYH� DUHD� DIWHU� L� SHULRGV� RI� IDOORZ
�DEDQGRQPHQW��DQG�0� �PD[LPXP�FRQWHQW�RI�DERYH�JURXQG�FDUERQ�LQ�VHFRQGDU\�YHJHWDWLRQ�RI�WKH�DUHD�

$VVXPLQJ�%�� ���DQG�0� �������WKHQ�D� ��������DQG�V� ��������

�� 8VLQJ� WKH� IRUPXOD� LQ� SUHYLRXV� HQGQRWH� �ZLWK� H�  � ������ WKHVH� DVVXPSWLRQV� JLYH� D�  � ������� DQG� V�  
�������

5()(5(1&(6

$OPHLGD��$��/��2�� �������� 
&RORQL]DomR�'LULJLGD� QD�$PD]{QLD
�� 6pULH� ,3($�1R�� ����
5LR�GH�-DQHLUR��,3($�

$OPHLGD�� -�� 0�� *�� GH� �RUJ��� �������� 
&DUDMiV�� 'HVDILR� 3ROtWLFR�� (FRORJLD� H
'HVHQYROYLPHQWR
��&13�(GLWRUD�%UDVLOLHQVH��6mR�3DXOR�

$QGHUVRQ��$��%�� �������� 
6PRNHVWDFNV� LQ� WKH�5DLQ�)RUHVW�� ,QGXVWULDO�'HYHORSPHQW�DQG
'HIRUHVWDWLRQ�LQ�WKH�$PD]RQ�%DVLQ
��:RUOG�'HYHORSPHQW�

%LQVZDQJHU��+��3��DQG�+��6��.KDQGNHU���������
7KH�,PSDFW�RI�)RUPDO�)LQDQFH�RQ�5XUDO
(FRQRP\� RI� ,QGLD
�� 7KH� :RUOG� %DQN� 3ROLF\� 5HVHDUFK� :RUNLQJ� 3DSHUV�� $XJXVW�
:DVKLQJWRQ��'&��:RUOG�%DQN�
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%LQVZDQJHU�� +�� 3�� HW� DO�� �������� 
2Q� WKH� 'HWHUPLQDQWV� RI� &URVV� &RXQWU\� $JJUHJDWH
$JULFXOWXUDO�6XSSO\
��-RXUQDO�RI�(FRQRPHWULFV�����

%RKUHU�� &�� %�� $�� �������� 
%DVH� GH� GDGRV� PXQLFLSDLV� VREUH� R� YROXPH� GH� PDGHLUD� H� D
ELRPDVVD� IORUHVWDO� GD� DPD]{QLD� OHJDO�� 5HODWyULR� WpFQLFR� DSUHVHQWDGR� DR�*(6(3�,3($
FRPR� SDUWH� GD� SHVTXLVD� �$�(FRQRPLD� GR�'HVIORUHVWDPHQWR� GD�$PD]{QLD� %UDVLOHLUD��

5LR�GH�-DQHLUR��,3($��0HPR�

%URZQ��6�� DQG�$��(��/XJR� �������� 
7KH�6WRUDJH� DQG� 3URGXFWLRQ� RI�2UJDQLF�0DWWHU� LQ
7URSLFDO�)RUHVWV�DQG�7KHLU�5ROH�LQ�WKH�*OREDO�&DUERQ�&\FOH
��%LRWURSLFD�����������������

%URZQ��6��DQG�$��(��/XJR���������
$ERYH�JURXQG�%LRPDVV�(VWLPDWHV�IRU�7URSLFDO�0LVW
)RUHVWV�RI�WKH�%UD]LOLDQ�$PD]RQ
��,QWHUFLHQFLD��������������

&DUYDOKR�� -�� $�� -U��� -�� &�� 6DQWRV�� -�� 0�� 6DQWRV� DQG� 1�� +LJXFKL� �������� 
(VWLPDWH� RI
&RPEXVWLRQ�(IILFLHQF\�LQ�D�)RUHVW�&OHDULQJ�([SHULPHQW�LQ�WKH�0DQDXV�5HJLRQ
��5HYLVWD
%UDVLOHLUD�GH�*HRItVLFD���������������

&OLQH��:��5����������
7KH�(FRQRPLFV�RI�*OREDO�:DUPLQJ
��:DVKLQJWRQ��'&��,QVWLWXWH�RI
,QWHUQDWLRQDO�(FRQRPLFV�

)HDUQVLGH�� 3�� 0�� �������� 
)RUHVW� %LRPDVV� LQ� %UD]LOLDQ� $PD]RQLD�� &RPPHQWV� RQ� WKH
HVWLPDWH�E\�%URZQ�DQG�/XJR
��,QWHUFLHQFLD���������������

)HDUQVLGH��3��0���1��/HDO��-U��DQG�)��0RUHLUD�)HUQDQGHV���������
5DLQIRUHVW�%XUQLQJ�DQG
WKH�*OREDO�&DUERQ�%XGJHW��%LRPDVV��&RPEXVWLRQ�(IILFLHQF\�� DQG�&KDUFRDO�)RUPDWLRQ
LQ�WKH�%UD]LOLDQ�$PD]RQ
��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK������'������������

)LDOD�� .��� /�� +HUQDQGH]�� (�� 3HUH]�� DQG� $�� &DUGHQDV� �������� 
%LRPDVV� 3DUWLWLRQLQJ� LQ
3DVSDOXP�QRWDWXP�6WDQGV�RQ�6ORSH�5HOLHI�LQ�WKH�$QWKURSLF�6DYDQQDK�RI�&XED
��3UHVOLD�
�����������������

)RVWHU�%URZQ��,���'��&��1HSVWDG��,��3LUHV��/��/X]�DQG�$��$OHFKDQGUH��V�G��� 
(VWRTXH�GH
FDUERQR�H�XVR�GD�WHUUD�HP�UHVHUYDV�H[WUDWLYLVWDV��$FUH��%UDVLO
��5HODWyULR�7pFQLFR�3URMHWR
0DSHDPHQWR�� (QULTXHFLPHQWR� %LROyJLFR� H� (GXFDomR�� &RQVHOKR� 1DFLRQDO� GRV
6HULQJXHLURV�H�8QLYHUVLGDGH�)HGHUDO�)OXPLQHQVH��0HPR�

+DOO��5��(��DQG�$��&LFFRQH���������
3URGXFWLYLW\�DQG�WKH�'HQVLW\�RI�(FRQRPLF�$FWLYLW\
�
1%(5�:RUNLQJ�3DSHU��&DPEULGJH��0$��1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK�

+RHOOHU��3���$��'HDQ�� -��1LFRODLVHQ� �������� 
0DFURHFRQRPLF� ,PSOLFDWLRQV� RI�5HGXFLQJ
*UHHQKRXVH�*DV�(PLVVLRQV
��2(&'�(FRQRPLF�6WXGLHV�������6SULQJ���������

+RXJKWRQ��5��$����������
$�%OXHSULQW�IRU�0RQLWRULQJ�WKH�(PLVVLRQV�RI�&DUERQ�'LR[LGH
DQG� 2WKHU� *UHHQKRXVH� *DVHV� IURP� 7URSLFDO� 'HIRUHVWDWLRQ
�� 0DVV�� 7KH� :RRGV� +ROH
5HVHDUFK�&HQWHU�

+RXJKWRQ��5��$�� �������� 
&DUERQ�6WRUDJH
��3DSHU�SUHVHQWHG�DW� WKH� ,13$�&(1$�1$6$
ZRUNVKRS�
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+RXJKWRQ��5��$���'��/��6NROH�DQG�'��6��/HINRZLW]���������
&KDQJHV�LQ�WKH�/DQGVFDSH�RI
/DWLQ� $PHULFD� %HWZHHQ� ����� DQG� ������ ,,�� 1HW� 5HOHDVH� RI� &2�� WR� WKH� $WPRVSKHUH
�
)RUHVW�(FRORJ\�DQG�0DQDJHPHQW�������������

+RXJKWRQ��5��$���-��(��+REELH��-��0��0HOLOOR��%��0RRUH��%��-��3HWHUVRQ��*��5��6KDYHU�
DQG�*��0��:RRGZHOO� �������� 
&KDQJHV� LQ� WKH�&DUERQ�&RQWHQW�RI�7HUUHVWULDO�%LRWD�DQG
6RLOV�%HWZHHQ������DQG�������$�1HW�5HOHDVH�RI�&2�� WR� WKH�$WPRVSKHUH
��(FRORJLFDO
0RQRJUDSKV�����������������

,3($���������(VWLPDWLYD�$QXDLV�GD�3RSXODomR��������������5HJL}HV�%UDVLOHLUDV�YHUVXV
6LWXDomR�GH�'RPLFtOLR��'RFXPHQWR�$YXOVR����0DULR�GH������

.OLQJH��+��DQG�:��$��5RGULJXHV� �������� 
%LRPDVV�(VWLPDWLRQ� LQ�D�&HQWUDO�$PD]RQLDQ
5DLQ�)RUHVW
��$FWD�&LHQWLILFD�9HQH]XHODQD�������������

.UXJPDQ��3��DQG�(��6��%UH]LV���������
,PPLJUDWLRQ��,QYHVWPHQW�DQG�5HDO�:DJHV
��1%(5
:RUNLQJ�3DSHU�6HULHV��������&DPEULGJH��0$��1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK�

0DFKDGR�� &�� &�� �������� 
3URMHo}HV� 0XOWLUHJLRQDLV� GH� 3RSXODomR�� 2� &DVR� %UDVLOHLUR
�����������
��8)0*�&('(3/$5��7HVH�GH�'RXWRUDGR�

1HSVWDG��'��&����������
)RUHVW�5HJURZWK�RQ�$EDQGRQHG�3DVWXUHV�LQ�(DVWHUQ�$PD]RQLD�
/LPLWDWLRQV�WR�7UHH�6HHGOLQJ�6XUYLYDO�DQG�*URZWK��1HZ�+DYHQ��<DOH�8QLYHUVLW\�

1RUGKDXV��:���������� 
7R�6ORZ�RU�1RW�WR�6ORZ��7KH�(FRQRPLFV�RI�*UHHQKRXVH�(IIHFW

7KH�(FRQRPLF�-RXUQDO������������������

2GXP��(��3����������(FRORJLD��(G��*XDQDEDUD�6��$��5LR�GH�-DQHLUR�

3HDUFH�� '�� �������� 
'HIRUHVWLQJ� WKH� $PD]RQ�� 7RZDUG� DQ� (FRQRPLF� 6ROXWLRQ
�
(FRGHFLVLRQ����������

3LWW�� 0�� 0��� 0�� 5�� 5RVHQ]ZHLJ� DQG� 0�� '�� *LEERQV� �������� 
7KH� 'HWHUPLQDQWV� DQG
&RQVHTXHQFHV� RI� 3ODFHPHQW� *RYHUQPHQW� 3URJUDPV� LQ� ,QGRQHVLD
�� 7KH� :RUOG� %DQN
(FRQRPLF�5HYLHZ��������������

5HLV�� (�� -�� DQG� )�� $�� %ODQFR� �IRUWKFRPLQJ��� 
&DXVHV� RI� %UD]LOLDQ� $PD]RQLDQ
'HIRUHVWDWLRQ
�� LQ� 0�� 3DOR� DQG� +�� 9DQKDQHQ� �HGV���� )URP� 'HIRUHVWDWLRQ� WR� )RUHVW
7UDQVLWLRQ��:RUOG�)RUHVWV��9ROXPH� ���'RUGUHFKW��%RVWRQ�� /RQGRQ��.OXZHU�$FDGHPLF
3XEOLVKHUV�

5H]HQGH��(��$��5���DQG�5��6��6DPSDLR���������
(VWXGR�GDV�$OWHUQDWLYDV�(QHUJpWLFDV�SDUD
R�3ROR�6LGHU~UJLFR�GR�3URJUDPD�*UDQGH�&DUDMiV
��%LRFDUER��%HOR�+RUL]RQWH��$EULO�

5XVVHOO�� &�� (�� �������� 
1XWULHQW� &\FOLQJ� DQG� 3URGXFWLYLW\� RI� 1DWLYH� DQG� 3ODQWDWLRQ
)RUHVWV� DW� -DUL� )ORUHVWDO�� 3DUi�� %UD]LO
�� $WKHQV�� 86$�� 8QLYHUVLW\� RI� *HRUJLD
3K'�GLVVHUWDWLRQ������

6DQFKH]��3��$���&��$��3DOP��/��7��6]RWW��(��&XHYDV� DQG�5��/DO� �������� 
2UJDQLF� LQSXW
PDQDJHPHQW� LQ� WURSLFDO� DJUR�HFRV\VWHPV
�� LQ�'��&��&ROHPD� HW� DO�� �HGV����'\QDPLFV� RI
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6RLO� 2UJDQLF� 0DWWHU� LQ� 7URSLFDO� (FRV\VWHPV�� 1LI7$/� SURMHFW�� +RQROXOX�� &ROOHJH� RI
7URSLFDO�$JULFXOWXUH�DQG�+XPDQ�5HVRXUFHV��8QLYHUVLW\�RI�+DZDLL���������

6FKQHLGHU��5����������
7KH�3RWHQWLDO�IRU�7UDGH�ZLWK�WKH�$PD]RQ�LQ�WKH�*UHHQKRXVH�*DV
5HGXFWLRQ
��/$7(1�'LVVHPLQDWLRQ�1RWH�1R�����:DVKLQJWRQ��'&��:RUOG�%DQN�

6FKURHGHU��3��(��DQG�-��.��:LQMXP���������
$VVHVVLQJ�%UD]LO
V�&DUERQ�%XGJHW��,��%LRWLF
&DUERQ�3RROV
��)RUHVW�(FRORJ\�DQG�0DQDJHPHQW������

6LQJK�� -�� 6�� DQG� 0�� &�� -RVKL� �������� 
3ULPDU\� 3URGXFWLRQ
�� LQ� 5�� 7�� &RXSODQG� �HG���
*UDVVODQG� (FRV\VWHPV� RI� WKH� :RUOG�� $QDO\VLV� RI� *UDVVODQGV� DQG� 7KHLU� 8VHV�
&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

8KO��&���������� 
)DFWRUV�&RQWUROOLQJ�6XFFHVVLRQ�)ROORZLQJ�6ODVK�DQG�%XUQ�$JULFXOWXUH
LQ�$PD]RQLD
��-RXUQDO�RI�(FRORJ\��������������

8KO��&���5��%XVFKEDFKHU� DQG�(��$�� 6�� 6HUUmR� �������� 
$EDQGRQHG� 3DVWXUHV� LQ�(DVWHUQ
$PD]RQLD��,��3DWWHUQV�RI�3ODQW�6XFFHVVLRQ
��-RXUQDO�RI�(FRORJ\�������������
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)25(67�3/$17$7,216�$1'�&$5%21�6(48(675$7,21�,1�&+,/(

*HUDUGR�0HU\�DQG�0DUNNX�.DQQLQHQ

�� ,1752'8&7,21

��� &OLPDWH�FKDQJH�DQG�IRUHVWV

,QFUHDVHV�LQ�FRQFHQWUDWLRQV�RI�FDUERQ�GLR[LGH��&2���DQG�RWKHU�JUHHQKRXVH�JDVHV�LQ�WKH
DWPRVSKHUH�KDYH�HPHUJHG�DV�D�PDMRU�HQYLURQPHQWDO�FRQFHUQ�EHFDXVH�RI�WKHLU�LPSDFW�RQ
JOREDO�FOLPDWH�DQG�WKH�DWWHQGDQW�VRFLDO�DQG�HQYLURQPHQWDO�FRQVHTXHQFHV��7KH�DODUPLQJ
LQFUHDVH� LQ� WKH� FRQFHQWUDWLRQ� RI� &2�²LQFUHDVLQJ� VRPH� ��� SHU� FHQW� VLQFH� WKH� SUH�
LQGXVWULDO�HUD��,3&&������²KDV�OHG�WR�D�ZRUOGZLGH�GHEDWH�RQ�WKLV�LVVXH�

0DMRU� UHVHUYRLUV� RI� FDUERQ� DUH� WKH� RFHDQV�� WKH� DWPRVSKHUH�� WKH� WHUUHVWULDO� ELRWD�� IRVVLO
IXHOV� DQG� WKH� VRLOV�� DQG� GLIIHUHQW� VWUDWHJLHV� KDYH� EHHQ� SURSRVHG� IRU� UHGXFLQJ� RU
FRQWUROOLQJ� DWPRVSKHULF� FDUERQ�� 7ZR� RI� WKHVH� VWUDWHJLHV�� FOHDUO\� FRPSOHPHQWDU\�� DUH
IUHTXHQWO\� PHQWLRQHG� DV� HIILFLHQW� ZD\V� RI� WDFNOLQJ� WKH� SUREOHP�� WKH� UHGXFWLRQ� RU
OLPLWDWLRQ�RI�&2��HPLVVLRQV�DQG�WKH�VHTXHVWUDWLRQ�RI�DWPRVSKHULF�FDUERQ�GLR[LGH�

7KH� UROH� SOD\HG� E\� IRUHVWV� LQ� FDUERQ� VHTXHVWUDWLRQ� KDV� EHHQ� UHSHDWHGO\� KLJKOLJKWHG
GXULQJ�GHOLEHUDWLRQV�RQ�FOLPDWLF�FKDQJH��)RUHVWV�DUH�LPSRUWDQW�LQ�WKH�JOREDO�FDUERQ�F\FOH
EHFDXVH� WKH\� VWRUH� ODUJH� TXDQWLWLHV� RI� FDUERQ� LQ� YHJHWDWLRQ� DQG� VRLO�� H[FKDQJH� FDUERQ
WKURXJK�SKRWRV\QWKHVLV�DQG�UHVSLUDWLRQ�ZLWK�WKH�DWPRVSKHUH��%URZQ��������DQG�SURGXFH
SURGXFWV�ZLWK�D�KLJK�FDUERQ�FRQWHQW��+RZHYHU��WKH�FDUERQ�VWRUHG�LQ�IRUHVWV�LQ�WKH�IRUP
RI� ZRRG� LV� UHOHDVHG� ZKHQ� ZRRG� LV� EXUQHG� RU� GHFD\V�� WKXV� DOVR� PDNLQJ� IRUHVWV� QHW
HPLWWHUV� RI� &2��� 5HSODFLQJ� IRVVLO� IXHOV� LQ� HQHUJ\� SURGXFWLRQ� DQG� XVLQJ� ZRRG� LQ� WKH
PDQXIDFWXUH� RI� GXUDEOH� SURGXFWV� DUH� LPSRUWDQW� DSSURDFKHV� WR� VROYLQJ� WKH� SUREOHP
�.DQQLQHQ��������,Q�DGGLWLRQ��LQFUHDVLQJ�RU�DW�OHDVW�PDLQWDLQLQJ�SHUPDQHQW�IRUHVW�FRYHU
ZLWK� D� KLJK� FDUERQ� GHQVLW\� FDQ� FRQWULEXWH� WR� WKH� VHTXHVWUDWLRQ� RI� DWPRVSKHULF� FDUERQ
LQWR� WKH� ELRVSKHUH�� 7KLV� LV� HVSHFLDOO\� UHOHYDQW� LQ� YLHZ� RI� WKH� IDFW� WKDW� DERYH�JURXQG
IRUHVW�HFRV\VWHPV�KROG�D�VLPLODU�DPRXQW�RI�FDUERQ�DV� WKH�FDUERQ�FRQWHQW�RI� WKH�HDUWK
V
DWPRVSKHUH��1LOVVRQ�DQG�6FKRSIKDXVHU�������

&XUUHQWO\��VRFLHW\�FDQ�DGRSW�GLIIHUHQW�IRUHVW�PDQDJHPHQW�V\VWHPV�WKDW�FRXOG�FKDQJH�WKH
VL]H�RI�WHUUHVWULDO�FDUERQ�UHVHUYRLUV�DQG�DOWHU�WKH�IORZ�RI�FDUERQ�EHWZHHQ�YHJHWDWLRQ�DQG
WKH�DWPRVSKHUH��DQG�WKXV�KDYH�D�SRVLWLYH�HIIHFW�RQ�WKH�FDUERQ�F\FOH�DQG�FOLPDWH�FKDQJH�
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��� (FRQRPLF�UROH�RI�WKH�&KLOHDQ�IRUHVW�VHFWRU

6LQFH�WKH�EHJLQQLQJ�RI�WKH�����V��WKH�IRUHVW�VHFWRU�LQ�&KLOH�KDV�LQFUHDVHG�LQ�LPSRUWDQFH
DQG� G\QDPLVP�� DWWUDFWLQJ� D� VLJQLILFDQW� DPRXQW� RI� LQYHVWPHQWV�� &XUUHQWO\�� WKH� VHFWRU
UHSUHVHQWV�PRUH�WKDQ���SHU�FHQW�RI�*13��&HUGD�HW�DO���������7KH�H[SRUW�RI�&KLOHDQ�IRUHVW
SURGXFWV�KDV�LQFUHDVHG�FRQVLGHUDEO\��SDUWLFXODUO\�GXULQJ�WKH�ODVW����\HDUV��DQG�FXUUHQWO\
DFFRXQWV�IRU�DERXW����SHU�FHQW�RI�WRWDO�H[SRUWV��7RWDO�LQGXVWULDO�URXQGZRRG�FRQVXPSWLRQ
LQFUHDVHG�IURP���PLOOLRQ�P��LQ������WR�DOPRVW����PLOOLRQ�P�� LQ�������,1)25�������
)RUHVW�SROLFLHV�LPSOHPHQWHG�LQ�UHFHQW�GHFDGHV�KDYH�PDLQO\�VXSSRUWHG�WKH�HVWDEOLVKPHQW
RI� IRUHVW� SODQWDWLRQV� IRU� SURGXFLQJ� LQGXVWULDO� URXQGZRRG�� )DVW� JURZLQJ� H[RWLF� WUHH
VSHFLHV�� SULPDULO\� 3LQXV� UDGLDWD� DQG� (XFDO\SWXV� VS��� KDYH� EHHQ� SODQWHG�� %XW� WKH
PDQDJHPHQW�RI�QDWXUDO�IRUHVWV�DQG�UHJXODWLQJ�WKHLU�UDWLRQDO�XWLOL]DWLRQ�KDYH�EHHQ�ZLGHO\
QHJOHFWHG�

6HYHUDO� IDFWRUV� FRQILUP� WKH� SODQWDWLRQ�EDVHG� IRUHVW� GHYHORSPHQW� DSSURDFK� DV� DQ
DWWUDFWLYH� IRUP� RI� ODQG� XVH�� L�� LQYHVWPHQWV� KDYH� EHHQ� KLJKO\� SURILWDEOH�� LL�� ULVN� LV
FRQILQHG�ZLWKLQ�DFFHSWDEOH�OLPLWV��LLL��KLJK�JURZWK�UDWHV�IRU�IRUHVW�SODQWDWLRQV�RI�UDGLDWD
SLQH�DQG�HXFDO\SWXV��QRUPDOO\�KLJKHU�WKDQ�LQ�QDWXUDO�VWDQGV��HQVXUH�D�FRQWLQXRXV�VXSSO\
RI� UDZ� PDWHULDO� IRU� WKH� UDSLGO\� H[SDQGLQJ� IRUHVW� LQGXVWULHV�� LY�� WKH� VLPSOLFLW\� RI
PDQDJLQJ� DQG� UDWLRQDOL]LQJ� WKH� FRPPHUFLDO� XWLOL]DWLRQ� RI� WKHVH� DUWLILFLDOO\� FUHDWHG
HFRV\VWHPV�LQWURGXFHV�LPSRUWDQW�FRVW�UHGXFWLRQV��Y��JRRG�PDUNHW�SURVSHFWV�IRU�SURGXFWV
GHULYHG� IURP� WKH� SODQWDWLRQV�� YL�� IRUHVW� UHYHQXH� LV� UHDOL]HG� TXLFNO\�� DQG�� YLL�� WKH
JRYHUQPHQW� KDV� SURYLGHG� VXEVLGLHV� IRU� IRUHVW� SODQWDWLRQV� IRU�PRUH� WKDQ� WZHQW\� \HDUV�
7KH� KLJK� UDWH� RI� FDUERQ� VHTXHVWUDWLRQ� LQ� WKH� SODQWDWLRQV� FRXOG� EH� PHQWLRQHG� DV� DQ
DGGLWLRQDO�EHQHILW��$FFRUGLQJO\�� IRUHVW�FRPSDQLHV�FDQ�EH�H[SHFWHG� WR�FRQWLQXH� WR�SODQW
PRQRFXOWXUHV� RI� IDVW�JURZLQJ� WUHHV�ZKHUHYHU� SURILWDEOH�� ,W� VKRXOG�� KRZHYHU�� EH� QRWHG
WKDW� WKLV�DSSURDFK��ZKLFK� LV�RULHQWHG� WRZDUG�ZRRG�SURGXFWLRQ�� LV�PDLQO\�PRWLYDWHG�E\
ILQDQFLDO�DQG�HFRQRPLF�LVVXHV��GLVUHJDUGLQJ�LPSRUWDQW�HFRORJLFDO�DQG�VRFLDO�DVSHFWV�

7KH�VFDOH�RI�IRUHVWU\�DFWLYLWLHV�DQG�IRUHVW�LQGXVWULHV�KDV�UDSLGO\�LQFUHDVHG�GXULQJ�WKH�ODVW
WKLUW\�\HDUV��7KLV�ZDV�QRW�WKH�UHVXOW�RI�D�XQLTXH�RU�VSHFLILF�SODQ��2Q�WKH�FRQWUDU\��LW�ZDV
SURGXFHG� E\� WKH� VXPPDWLRQ� RI� YDULRXV�� RIWHQ� TXLWH� GLYHUVH�� SROLWLFDO� GHFLVLRQV�� 7KH
XOWLPDWH� UHVXOW�RI� WKLV�GHYHORSPHQW�DSSURDFK� LV�D� WZR�VLGHG�IRUHVW� VHFWRU��RQ�RQH�VLGH�
ZH� KDYH� WKH� G\QDPLF� SODQWDWLRQ�EDVHG� IRUHVW� LQGXVWULHV�� DQG� RQ� WKH� RWKHU� VLGH�� WKH
EDFNZDUG�SHUFHSWLRQ�RI�QDWXUDO�IRUHVWV�DQG�OHVV�WKDQ�HIILFLHQW�LQGXVWU\��7KLV�GXDO�UHDOLW\
QHHGV�WR�EH�UHFRJQL]HG�LQ�WKH�IRUPXODWLRQ�RI�QHZ�IRUHVW�SROLFLHV��VR�WKDW�ERWK�DVSHFWV�FDQ
EH�LQWHJUDWHG�LQ�D�EDODQFHG�PDQQHU�

��� 7KH�SXUSRVH�RI�WKLV�VWXG\

7KH� SXUSRVH� RI� WKLV� FKDSWHU� LV� WR� DQDO\VH� WKH� H[WHQW� RI� WKH� FRQWULEXWLRQ� PDGH� E\
SODQWDWLRQV� HVWDEOLVKHG� LQ� &KLOH� GXULQJ� UHFHQW� GHFDGHV� WR� WKH� VHTXHVWUDWLRQ� RI
DWPRVSKHULF�FDUERQ��:KLOH�RQO\�URXJK�DYHUDJH�DSSUR[LPDWLRQV�KDYH�EHHQ�XVHG�LQ�HDUOLHU
SDSHUV� WR� GHWHUPLQH� FDUERQ� VHTXHVWUDWLRQ�� WKLV� FKDSWHU� GHYHORSV� D� PRUH� GHWDLOHG
DSSURDFK�WR�HVWLPDWH�WKH�DPRXQW�RI�FDUERQ�VWRUHG�LQ�H[LVWLQJ�UDGLDWD�SLQH�SODQWDWLRQV�DQG
WKH�DQQXDO�IOX[�RI�FDUERQ�VHTXHVWUDWLRQ�LQ�WKH�&KLOHDQ�IRUHVW�SODQWDWLRQV��)LQDOO\��WKH�UROH
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RI�&KLOHDQ�IRUHVW�SODQWDWLRQV�DV�D�VLQN�RI�&2��LV�GLVFXVVHG��&RQVLGHUDWLRQ�LV�DOVR�JLYHQ
WR� FHUWDLQ� VRFLDO� DQG� HQYLURQPHQWDO� IDFWRUV�� LQ� SDUWLFXODU�� WKH� FULWHULD� GHYHORSHG
LQWHUQDWLRQDOO\�WR�SURPRWH�VXVWDLQDEOH�IRUHVWU\�PDQDJHPHQW�

�� )25(67�5(6285&(6

��� /DQG�XVH

,W�QHHGV� WR�EH�PHQWLRQHG� WKDW�RIILFLDO� ILJXUHV�RQ� IRUHVW� UHVRXUFHV� LQ�&KLOH�� SDUWLFXODUO\
WKRVH� UHIHUULQJ� WR� QDWXUDO� IRUHVWV�� VKRXOG� EH� YLHZHG�ZLWK� VRPH� UHVHUYDWLRQ�� EHFDXVH� D
QDWLRQDO�IRUHVW�LQYHQWRU\�KDV�QHYHU�EHHQ�FRQGXFWHG�LQ�WKH�FRXQWU\��$�QDWLRQDO�FDGDVWUH�RI
WKH�YHJHWDWLRQ�ZDV�LQLWLDWHG�LQ������IRU�WKH�SXUSRVH�RI�IRUHVW�ODQG�FODVVLILFDWLRQ�DQG��WR
VRPH�H[WHQW��WKH�HYDOXDWLRQ�RI�WKH�VWDWH�RI�IRUHVWV�

$SSUR[LPDWHO\������PLOOLRQ�KHFWDUHV�KDYH�EHHQ�FODVVLILHG�DV�IRUHVW�ODQG��RU�ODQG�VXLWDEOH
IRU� IRUHVW� JURZLQJ� �&HUGD� HW� DO�� ������� )LJXUH� ���� LQGLFDWHV� WKH� FXUUHQW� ODQG�XVH
FODVVLILFDWLRQ�� LGHQWLI\LQJ� ZDVWH� ODQG� FRPSULVHG� RI� PRXQWDLQ� SHDNV�� GHVHUWV�� JODFLHUV�
ZHWODQGV��DQG�XUEDQ�DUHDV��)RUHVW�ODQG�FDQ�EH�FODVVLILHG�LQ�IRXU�FDWHJRULHV��)LJXUH������
RQH�RI�WKHVH�EHLQJ�SURGXFWLYH�IRUHVW��ZKLFK�LV�GHILQHG�DV�
DUHDV�GRPLQDWHG�E\�IRUHVW�WUHH
VSHFLHV� ZKLFK� EUHDVW� KLJK� GLDPHWHU� VXUSDVV� ��� FP� DQG� ZKHUH� WKH� VROLG� WUHH� YROXPH
H[FHHGV����P��KD
��,1)25��������3URGXFWLYH�IRUHVWV�FRQVWLWXWH�GLIIHUHQW�W\SHV�RI�QDWXUDO
IRUHVWV�������SHU�FHQW��DQG�IRUHVW�SODQWDWLRQV�������SHU�FHQW���,1)25�������

FIGURE 5.1
CURRENT LAND USE AND FOREST LAND CLASSIFICATION

Agricultural land 7.3%

Prairies 10.8%

Forest land 44.6%

Waste lands 37.3%

Land Use

Productive 27.2%

Protective 7.1%

Shrubs 48.5%

Denuded areas 17.2%

Forest Land

Source: Cerda et al. (1992)

7KH�WRWDO�VWDQGLQJ�WLPEHU�YROXPH�RI�SRWHQWLDOO\�SURGXFWLYH�QDWXUDO�IRUHVWV�LQ�&KLOH�ZDV
HVWLPDWHG� LQ� ����� DW� ���� PLOOLRQ� P�� �,1)25� ������� 7KH� FRXQWU\� DOVR� KDV� D� ULFK
GLYHUVLW\�RI�QDWXUDO� IRUHVWV� FRQVLVWLQJ� RI� ���PDLQ� IRUHVW� W\SHV� DQG�PRUH� WKDQ� ���� WUHH
VSHFLHV� �'RQRVR� ������ 6FKPLGW� DQG� /DUD� �������$OWKRXJK� VHYHUDO� LPSRUWDQW� FRQLIHUV
H[LVW��WKH�PRVW�FRPPRQ�VSHFLHV�DUH�EURDG�OHDIHG��ZLWK�WKH�JHQXV�1RWKRIDJXV�GRPLQDQW
'RQRVR�������9HEOHQ�HW�DO��������
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FIGURE 5.2
DISTRIBUTION OF POTENTIALLY PRODUCTIVE NATURAL FORESTS

AND FOREST PLANTATIONS BY ADMINISTRATIVE REGIONS

Million ha

Radiata pine

Eucalyptus

Natural forests

Source: INFOR (1996)

1DWXUDO� IRUHVWV� YDU\� IURP� DULG� DQG� VHPL�DULG� RSHQ� VLWHV� QRUPDOO\�PL[HG�ZLWK� VFUXEE\
YHJHWDWLRQ� LQ� WKH� QRUWKHUQ� DQG� FHQWUDO� SDUW� RI� WKH� FRXQWU\�� WR� FORVHG� UDLQIRUHVWV� LQ� WKH
VRXWK�FHQWUDO�DQG�VRXWKHUQPRVW�UHJLRQV��2YHU�WZR�WKLUGV�RI�WKH�IRUHVWV�DUH�ORFDWHG�LQ�WKH
VRXWKHUQ�UHJLRQV��)LJXUH������

��� )RUHVW�SODQWDWLRQ�SURJUDPPHV

)RUHVW� SODQWDWLRQV�EHJDQ� WR�EH� HVWDEOLVKHG� HDUO\� WKLV� FHQWXU\�� EXW� ODUJH�VFDOH� LQGXVWULDO
SODQWDWLRQV�RI� H[RWLF� UDSLG�JURZLQJ� VSHFLHV�ZHUH� QRW� VWDUWHG� XQWLO� WKH� HDUO\� ����V��%\
������DERXW������PLOOLRQ�KD�RI�ODQG�KDG�EHHQ�FRQYHUWHG�WR�IRUHVW�SODQWDWLRQV�ZLWK�UDGLDWD
SLQH� �3LQXV� UDGLDWD�� DFFRXQWLQJ� IRU� ��� SHU� FHQW� RI� WKH� SODQWHG� DUHD�� 2WKHU� FRPPRQ
VSHFLHV�LQFOXGH�(XFDO\SWXV�VS���DWULSOH[��$WULSOH[�UHSDQGD�DQG�$��QXPXODULD���WDPDUXJR
�3URVRSLV� WDPDUXJR��� 'RXJODV�ILU� �3VHXGRWVXJD�PHQ]LHVLL��� DQG� SRSODU� �3RSXOXV� VS��
�)LJXUH�������7KH�SURSRUWLRQ�RI�QRQ�LQGXVWULDO�SODQWDWLRQV�LV�TXLWH�PDUJLQDO�

5DGLDWD�SLQH�WKULYHV�LQ�D�EURDG�UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV��JURZLQJ�DORQJ�VRPH
�����NP�RI�&KLOH
V�WHUULWRU\��IURP�WKH�VHD�OHYHO�XS�WR�DQ�DOWLWXGH�RI�����P�D�V�O���RQ�VRLOV
UDQJLQJ�IURP�VDQG\�WR�FOD\LVK��DQG�ZLWK�SUHFLSLWDWLRQ�OHYHOV�RI�����WR������PP�\U����7KH
DGDSWDELOLW\�RI�UDGLDWD�SLQH�WR�WKH�FOLPDWH�DQG�WHUUDLQ�FRQGLWLRQV�SUHYDLOLQJ�LQ�WKH�FHQWUDO
]RQH� RI� &KLOH� KDV� SURGXFHG� UDSLG� JURZWK� WKDW� FDQ� EH� URXJKO\� HVWLPDWHG� WR� EH�� RQ
DYHUDJH�� ��� P�� KD��\U���� ,WV� KLJK� \LHOG� DQG� QXPHURXV� XVHV� KDV� UHVXOWHG� LQ� WKLV� SLQH
EHFRPLQJ�WKH�EDFNERQH�RI� WKH�&KLOHDQ�IRUHVW� LQGXVWULHV�DQG�SODQWDWLRQV�RI�UDGLDWD�SLQH
KDYH�EHHQ�HVWDEOLVKHG�FRQWLQXDOO\�RYHU� WKH�ODVW� WZHQW\�\HDUV� �)LJXUH�������5DGLDWD�SLQH
SODQWDWLRQV�QRZ�SURYLGH�DSSUR[LPDWHO\����SHU�FHQW�RI�WKH�WRWDO�FRQVXPSWLRQ�RI�LQGXVWULDO
URXQGZRRG��0RVW�SLQH�SODQWDWLRQV��PRUH�WKDQ����SHU�FHQW��DUH�FRQFHQWUDWHG�DURXQG�WKH
�WK�WR���WK�UHJLRQV��DQG�UHJLRQ���DORQH�FRQWDLQV����SHU�FHQW��)LJXUH������
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FIGURE 5.3
CURRENT AREA COVERED BY FOREST PLANTATIONS (UP TO 1995)

� ��� ��� ��� ��� ���

3LQXV�UDGLDWD

(XFDO\SWXV�VS�

2WKHUV

$WULSOH[�VS�

7DPDUXJR

'RXJODV�ILU

0LOOLRQ�KD

Source: INFOR 1996

)RUHVW� SODQWDWLRQV� KDYH� EHHQ� SURPRWHG� WKURXJK� VXEVLGLHV� DQG� WD[� H[HPSWLRQV�� DQG� E\
������ FORVH� WR�86������PLOOLRQ� KDG� EHHQ� SDLG� LQ� GLUHFW� VXEVLGLHV� E\� WKH� JRYHUQPHQW
�,1)25��������/HJLVODWLRQ�LQWURGXFHG�LQ������HQDEOHG�GLUHFW�VXEVLGLHV�WR�EH�SDLG�XS�WR
���SHU�FHQW�RI�WKH�FRVWV�IRU�SODQWLQJ��SUXQLQJ��DQG�PLVFHOODQHRXV�PDQDJHULDO�H[SHQVH��$V
VXEVLGL]HG� ODQG� ZDV� WR� EH� UH�IRUHVWHG� E\� WKH� UHFLSLHQW�� WKLV� UHVXOWHG� LQ� VLJQLILFDQW
LQFUHDVHV�LQ�SODQWHG�DUHDV�RYHU� WKH�ODVW� WZHQW\�\HDUV��)LJXUH�������H[FHHGLQJ��������KD
DQQXDOO\��PRVWO\�LQ�UDGLDWD�SLQH��6LQFH�������PRVW�RI�WKH�SODQWLQJ�RSHUDWLRQV�KDYH�EHHQ
FRQGXFWHG�E\�WKH�SULYDWH�VHFWRU��ZLWK�SULYDWH�FRPSDQLHV�DFFRXQWLQJ�IRU�RYHU����SHU�FHQW
RI� QHZ� SODQWDWLRQV� �-pOYH]� HW� DO�� ������� ,QGHHG�� DOPRVW� DOO� SODQWDWLRQV� DUH� RZQHG� E\
SULYDWH�FRUSRUDWLRQV�RU�LQGLYLGXDOV��7KH�VWDWH�RZQV�RU�DGPLQLVWHUV�RQO\�VRPH��������KD
RI�UDGLDWD�SLQH�SODQWDWLRQV��&HUGD�HW��DO��������0RUH�WKDQ����SHU�FHQW�RI�WKH�WRWDO�SODQWHG
DUHD�LV�RZQHG�E\�WKUHH�ODUJH�FRUSRUDWLRQV��HDFK�ZLWK�KROGLQJV�RI�DSSUR[LPDWHO\�������±
�������� KD�� $QRWKHU� ��� SHU� FHQW� LV� LQ� WKH� KDQGV� RI� VRPH� ������ ODQGRZQHUV� ZKRVH
LQGLYLGXDO�KROGLQJV� UDQJH�EHWZHHQ��������KD�� DQG�RZQHUVKLS�RI� WKH� UHPDLQLQJ� ��� SHU
FHQW�LV�ZLWK�PHGLXP�VL]HG�FRPSDQLHV��DSSUR[LPDWHO\����RZQHUV��

0RVW�UDGLDWD�SLQH�SODQWDWLRQV�DUH�\RXQJ�����SHU�FHQW�DUH�OHVV� WKDQ����\HDUV�ROG��)LJXUH
������$V�WKH�DYHUDJH�URWDWLRQ�DJH�RI�SLQH�LV�DURXQG����\HDUV��D�FRQVLGHUDEOH�SURSRUWLRQ�RI
WKHVH� \RXQJ� VWDQGV�ZLOO�PDWXUH� E\� �����������$OWKRXJK� GLIIHUHQW� ILJXUHV� RQ� WKH� WRWDO
YROXPH�RI�KDUYHVW�EHFRPLQJ�DYDLODEOH�IURP�WKHVH�SLQH�SODQWDWLRQV�E\� WKH�EHJLQQLQJ�RI
WZHQW\�ILUVW� FHQWXU\�KDYH�EHHQ� LQWURGXFHG� �,1)25������DQG�������� DQ� HVWLPDWH�RI���
PLOOLRQ�P�� SHU� DQQXP� E\� WKH� \HDU� ����� DQG� ���PLOOLRQ� E\� ����� VHHPV� OLNHO\�� (YHQ
DFFRUGLQJ�WR�D�YHU\�FRQVHUYDWLYH�VFHQDULR��IXWXUH�FXWWLQJ�SRWHQWLDO�IRU�WKH�3LQXV�UDGLDWD
LV�HQRUPRXV��7KLV�IDFW�HQVXUHV�D�VROLG�EDVLV�IRU�IXWXUH�LQYHVWPHQWV�LQ�IRUHVW�LQGXVWULHV�
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&KLOH�DOUHDG\�KDV�WKH�PRVW�H[WHQVLYH�DUHDV�RI�UDGLDWD�SLQH�LQ�WKH�ZRUOG��0RUHRYHU��D�YDVW
QRQ�SURGXFWLYH�ODQG�DUHD��HVWLPDWHG�DW�����PLOOLRQ�KD��KDV�EHHQ�LGHQWLILHG�DV�VXLWDEOH�IRU
IRUHVWU\�RSHUDWLRQV��,W�LV�WKHUHIRUH�OLNHO\�WKDW�WKH�WRWDO�DUHD�GHYRWHG�WR�IRUHVW�SODQWDWLRQV
ZLOO� JUDGXDOO\� LQFUHDVH� WR�����PLOOLRQ� KD�� ,Q� DGGLWLRQ�� ORZ�\LHOGLQJ� IDUPODQG� FXUUHQWO\
XVHG� IRU� DJULFXOWXUH� LQ� WKH� SUR[LPLW\� RI� IRUHVW� LQGXVWULHV� LV� EHLQJ� SODQWHG� LQFUHDVLQJO\
ZLWK�IRUHVW�WUHH�VSHFLHV�

FIGURE 5.4
ANNUAL AREA PLANTED DURING 1975-95
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FIGURE 5.5
RADIATA PINE AND EUCALYPTUS PLANTATIONS ACCORDING TO AGE CLASSES,

YEAR END 1995
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7KH�IDYRXUDEOH�UDWH�RI�UHWXUQ�RQ�LQYHVWPHQW�LQ�IRUHVW�SODQWDWLRQV�LV�RQH�RI�WKH�NH\�IDFWRUV
WR�H[SODLQ�WKH�ODUJH�LQYHVWPHQWV�DOORFDWHG�LQ�&KLOH�IRU�WKHVH�RSHUDWLRQV��,Q�D�FRPSDUDWLYH
VWXG\���������6HGMR�H[DPLQHG�VL[WHHQ�RI� WKH�PRVW�VXFFHVVIXO� IRUHVW�SODQWDWLRQ�FDVHV� LQ
GLIIHUHQW� UHJLRQV� RI� WKH� ZRUOG�� +LV� UHVXOWV� VKRZHG� KLJK� SURILWDELOLW\� IRU� D� VWDQGDUG
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UDGLDWD� SLQH� SODQWDWLRQ� LQ� &KLOH�� $OVR�� WKH� VSHFLDO� VWDWH� VXEVLG\� SURJUDPPH� IRU
SURPRWLQJ� IRUHVW� SODQWDWLRQV� DQG� LQFUHDVLQJ� NQRZOHGJH� RI� LQWHQVLYH� IRUHVWU\
PDQDJHPHQW� KDYH� UHVXOWHG� LQ� YDVW� DUHDV� EHLQJ� SODQWHG� DQQXDOO\�ZLWK� UDGLDWD� SLQH� DQG
HXFDO\SWXV�

+RZHYHU��WKHUH�DUH�DFWXDO�DQG�SRWHQWLDO�ULVNV�LQYROYHG�ZLWK�PRQRFXOWXUHV��7KHVH�LQFOXGH
HQYLURQPHQWDO�ULVNV�VXFK�DV�VHYHUH�SHVWV�DOUHDG\�DWWDFNLQJ�SODQWDWLRQV��DQG�VRFLDO� ULVNV
VXFK�DV�UHMHFWLQJ�SODQWDWLRQV�RI�H[RWLF� WUHH�VSHFLHV�DV�D�VXEVWLWXWLRQ�IRU�QDWXUDO� IRUHVWV�
'LYHUVLILFDWLRQ� RI� WKH� SODQWDWLRQV� VKRXOG� EH� HQFRXUDJHG� E\� DOVR� LQWURGXFLQJ� RWKHU
VSHFLHV��HLWKHU�LQ�SXUH�RU�PL[HG�VWDQGV��/DUD�������0HU\�������

'XULQJ� WKH� ODVW� IHZ� \HDUV�� LQ� DGGLWLRQ� WR� WKH� SRSXODU� (XFDO\SWXV� JOREXOXV�� GLIIHUHQW
HXFDO\SWXV� VSHFLHV�KDYH�EHHQ� LQFUHDVLQJO\� DQG� VXFFHVVIXOO\� LQWURGXFHG� WR� SODQWDWLRQV��
$XVSLFLRXV� H[SHULHQFHV�KDYH� HQFRXUDJHG� SULYDWH� LQYHVWRUV� WR� VHOHFW� WKHVH� QHZ� VSHFLHV
PRUH� RIWHQ�� $OVR�� WKH� H[FHSWLRQDO� \LHOG� RI� HXFDO\SWXV�� LWV� GHPDQG� IRU� PDQ\� GLIIHUHQW
LQGXVWULDO� SXUSRVHV� DQG� LWV� FRUUHVSRQGLQJ� SULFH� RQ� WKH� LQWHUQDO� DQG� H[WHUQDO� PDUNHWV
SURSKHVL]H�UDSLG�H[SDQVLRQ�IRU�WKHVH�SODQWDWLRQV��$FKLHYLQJ�PRUH�WKDQ����P��KD��\U���LQ
YHU\�JRRG�VLWHV��WKH�DYHUDJH�DQQXDO�LQFUHPHQW�RI�HXFDO\SWXV�LV�HYHQ�KLJKHU�WKDQ�UDGLDWD
SLQH��0RVW� HXFDO\SWXV�SODQWDWLRQV�KDYH�EHHQ� HVWDEOLVKHG� UHFHQWO\�� ��� SHU� FHQW� DUH� OHVV
WKDQ� ��� \HDUV� ROG� �)LJXUH� ������ 7KH� DYHUDJH� URWDWLRQ� DJH� RI� HXFDO\SWXV� LV� RIWHQ� �����
\HDUV��DQG�D�FRQVLGHUDEOH�SURSRUWLRQ�RI�WKH�FXUUHQW�\RXQJ�VWDQGV�ZLOO�PDWXUH�E\���������
,W� LV�� WKHUHIRUH��H[SHFWHG�WKDW�E\�WKH�\HDU�������&KLOH�ZLOO�KDYH�FORVH� WR���������KD� LQ
HXFDO\SWXV�

��� )RUHVW�SODQWDWLRQV�DQG�FDUERQ

7KH� IRUHVW� SODQWDWLRQV� RI�&KLOH� FRQVWLWXWH� DQ� LPSRUWDQW� VRXUFH� RI� UDZ�PDWHULDO� IRU� WKH
IRUHVW� LQGXVWULHV��0RVW�RI� WKH�FRXQWU\
V�PDQ�PDGH� IRUHVWV�ZHUH�HVWDEOLVKHG�VSHFLILFDOO\
IRU� LQGXVWULDO� SXUSRVHV� DQG� PRVW� KDYH� PDQDJHG� WR� HQVXUH� D� VWHDG\� IORZ� RI� ZRRG� WR
LQGXVWULDO�PLOOV��VHH�VHFWLRQ�������&RQVHTXHQWO\��WKHVH�SODQWDWLRQV�DUH�SHUFHLYHG�PRUH�LQ
WHUPV�RI� FURS�SURGXFWLRQ� WKDQ�QDWXUDO� HFRV\VWHPV��7KH\� DOVR� VHUYH�� KRZHYHU�� DV� VLQNV
DQG�UHVHUYRLUV�RI�JUHHQKRXVH�JDVHV�DQG�LW�VKRXOG�EH�PHQWLRQHG�WKDW�VKRUW�URWDWLRQ�IRUHVWV
XVXDOO\�DFKLHYH�WKH�KLJKHVW�DYHUDJH�QHW�DQQXDO�UDWHV�RI�FDUERQ�IL[DWLRQ��$SSV�DQG�3ULFH
������

$V� RI� 'HFHPEHU� ������ &KLOH� KDG� ���� PLOOLRQ� KD� RI� IRUHVW� SODQWDWLRQV�� RI� ZKLFK� ���
PLOOLRQ� LQ� UDGLDWD�SLQH�� ����PLOOLRQ� LQ�(XFDO\SWXV� VS�� �,1)25�������� DQG����� LQ� RWKHU
VSHFLHV��)LJXUH�������2QH�RI� WKH�PDLQ�DLPV�RI� WKH� LQWHQVLYH�PDQDJHPHQW�SUDFWLFH� LV� WR
DFKLHYH�IXOO�EHQHILW�IURP�WKH�IRUHVW�VLWH�E\�PD[LPL]LQJ�YROXPH�LQFUHPHQW��$FFRUGLQJ�WR
FRPPRQ�SUDFWLFH��D�URWDWLRQ�F\FOH�RI�������\HDUV�IRU�UDGLDWD�SLQH�DQG����\HDUV�RU�OHVV�IRU
HXFDO\SWXV� LQFOXGHV� RQH� RU� WZR� FRPPHUFLDO� WKLQQLQJV� �DW� WKH� DJH� RI� ������ DQG� �����
\HDUV�� UHVSHFWLYHO\�� DQG� RQH� QRQ�FRPPHUFLDO� WKLQQLQJ� �+DNNLOD� DQG� 0HU\� ������
*HQHUDOO\�� WKH� DLP� RI� FRPPRQO\� DSSOLHG� VLOYLFXOWXUDO� PDQDJHPHQW� SURJUDPPHV� LV� WR
SURGXFH�VDZQ�ZRRG�IURP�WKH�ODVW�WKLQQLQJ�DQG�ILQDO�FXWWLQJ��DQG�SXOSZRRG�PDLQO\�IURP
WKH� FRPPHUFLDO� WKLQQLQJV��2EYLRXVO\� D�ZLGH� YDULHW\� RI�PDQDJHPHQW� SODQV� DGDSWHG� WR
GLYHUVH�FRQGLWLRQV�DUH�LQ�RSHUDWLRQ�
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FIGURE 5.6
RELATIONSHIP BETWEEN GROWTH AND VOLUME INCREMENT IN RADIATA PINE PLANTATIONS

OF THE IXTH REGION IN CHILE
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Data source: INFOR 1981

Note: CAI = current annual increment, MAI = mean annual increment, PAI = periodic annual
increment.

,Q�YLHZ�RI�WKH�IDFW�WKDW�WKH�LQFUHPHQW�FXUYH�FRUUHVSRQGV�WR�WKH�DGROHVFHQW�DQG�IXOO�YLJRXU
SKDVHV�RI�JURZWK�DQG�LQ�YLHZ�RI�WKH�W\SLFDO�PDQDJHPHQW�SURJUDPPHV�GHVFULEHG�DERYH�
LW� LV� DSSDUHQW� WKDW� VLOYLFXOWXUDO� SUDFWLFHV� DUH� DSSOLHG� DW� D� WLPH�ZKHQ� WKH� SK\VLRORJLFDO
DFWLYLW\�RI�WUHHV�UHTXLUHV�D�KLJK�DPRXQW�RI�FDUERQ�VHTXHVWUDWLRQ��)LJXUH�������,W�VKRXOG�EH
UHPHPEHUHG�WKDW�D�IRUHVW�DFWV�DV�D�FDUERQ�VLQN�ZKHQHYHU�WRWDO�KDUYHVWLQJ�DQG�PRUWDOLW\
GR�QRW�H[FHHG�YROXPH� LQFUHPHQW��7KHUHIRUH�� IRUHVW�SODQWDWLRQV� DGPLQLVWHUHG� DFFRUGLQJ
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WR� VRXQG�PDQDJHPHQW� UHJLPHV�ZLOO� FRQVWLWXWH� D� VLJQLILFDQW� DQG� HIILFLHQW� FDUERQ� VLQN�
6XVWDLQDEOH� ORJJLQJ�� E\� GHILQLWLRQ�� GRHV� QRW� KDYH� D� GHFUHDVLQJ� LPSDFW� RQ� FDUERQ
UHVHUYRLUV� �.DXSSL� ������� /HJLVODWLRQ� LQ� &KLOH� VWLSXODWHV� WKDW� ORJJHG�RYHU� DUHDV� EH
VXFFHVVIXOO\� UHIRUHVWHG�� &RQVHTXHQWO\�� KDUYHVWLQJ� DQG� WKLQQLQJ� RSHUDWLRQV� UHVXOW� LQ� D
WHPSRUDU\�UHGXFWLRQ�RI�FDUERQ�VWRUHV²VRPH�RI�ZKLFK�LV�WUDQVIHUUHG�WR�IRUHVW�SURGXFWV²
EXW� IRUHVWV� UHVXPH� FDUERQ� DFFXPXODWLRQ� RQFH� WKH� VWDQGV� UHFXSHUDWH� IURP� WKHLU
LQWHUUXSWHG�GHYHORSPHQW�RU�DUH�UHJHQHUDWHG�

$QRWKHU� UHOHYDQW� FRQVLGHUDWLRQ� LV� WKH� UDQJH� RI� SURGXFWV� JHQHUDWHG� IURP� WKH� ZRRG� RI
WKHVH�IDVW�JURZLQJ�WUHHV��5DGLDWD�SLQH�DQG�HXFDO\SWXV�KDYH�EHHQ²DQG�VWLOO�DUH²PDLQO\
XVHG�DV�EDVLF�UDZ�PDWHULDO��SURYLGLQJ�LQ�������IRU�LQVWDQFH�����SHU�FHQW�DQG����SHU�FHQW�
UHVSHFWLYHO\�RI� WKH�GHPDQG� �,1)25��������$� ODUJH�SURSRUWLRQ�RI� WKLV� LV�FRQVXPHG�E\
WKH�SXOS�DQG�SDSHU�LQGXVWU\��ZKLFK�DV�WKH�PRVW�LPSRUWDQW�VHJPHQW�RI�WKH�FRXQWU\
V�IRUHVW
LQGXVWULHV�� FRQVWLWXWHV� WKH� PDMRU� EXON� RI� SURGXFWLRQ�� LQYHVWPHQWV�� DQG� WHFKQRORJLFDO
LQSXW��$QQXDO�SXOS�SURGXFWLRQ�LQ������WRWDOOHG�����PLOOLRQ�WRQV�DQG�WKH�SDSHU�SURGXFWLRQ
����PLOOLRQ�WRQV��2Q�WKH�RWKHU�KDQG��WKH�UDSLGO\�H[SDQGLQJ�VDZZRRG�LQGXVWU\�SURGXFHG
����PLOOLRQ�P��DQG�SURGXFWLRQ�RI�ZRRG�EDVHG�SDQHOV�ZDV�����PLOOLRQ� LQ�������,1)25
������� 2WKHU� LPSRUWDQW� SURGXFWV� DUH� ZRRGHQ� FKLSV� DQG� OHVVHU� YROXPHV� RI� WLPEHU� IRU
KRXVHV�� IXUQLWXUH�� DJULFXOWXUDO�DQG�PLQLQJ�FRQVWUXFWLRQV�� IUXLW� FUDWHV�� HWF��0RUHRYHU�� LQ
UHFHQW�\HDUV� WKH� UDQJH�RI�SURGXFWV�PDQXIDFWXUHG� IURP� UDGLDWD�SLQH� DQG�HXFDO\SWXV�KDV
EHHQ� LQFUHDVLQJ�� 7KLV� LV� DQ� LPSRUWDQW� GHYHORSPHQW� EHFDXVH� WKH� SURGXFWLRQ� RI� GLYHUVH
IRUHVW�SURGXFWV�QRUPDOO\�\LHOG�D�JUHDWHU�SRWHQWLDO�IRU�FDUERQ�VWRUDJH�

FIGURE 5.7
ROUNDWOOD UTILIZATION IN CHILE, 1975-95
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2Q� WKH� RWKHU� KDQG�� WKH� SURSRUWLRQ� IRU� IXHOZRRG� FRQVXPSWLRQ� RI� WKH� WRWDO� DPRXQW� RI
URXQGZRRG� ����PLOOLRQ�P�� LQ� ������ LV� GLPLQLVKLQJ� LQ� UHODWLYH� WHUPV� EXW� LV� VWLOO� KLJK
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�H[FHHGLQJ����PLOOLRQ�P��LQ�������)LJXUH�������)RUHVW�SODQWDWLRQV�SURYLGH�DSSUR[LPDWHO\
���SHU�FHQW�RI� WKH� WRWDO�GHPDQG� IRU� IXHOZRRG� ����SHU�FHQW�HXFDO\SWXV�DQG����SHU�FHQW
UDGLDWD�SLQH���,1)25��������7KXV��LW�FDQ�EH�FRQFOXGHG�WKDW�UDGLDWD�SLQH�DQG�HXFDO\SWXV
SODQWDWLRQV�DUH�PDLQO\�XVHG�IRU�SURGXFLQJ�PHGLXP��DQG�ORQJ�OLIH�SURGXFWV��VXEVHTXHQWO\
SUHYHQWLQJ�WKH�UDSLG�UHOHDVH�RI�VHTXHVWHUHG�&2��LQWR�WKH�DWPRVSKHUH�

,W� LV� D� IDFW� WKDW� FDUERQ� VHTXHVWUDWLRQ� LV� QRW� WKH� SULPDU\� DLP�RI� IRUHVW� SODQWLQJ� QRU� WKH
VSHFLILF�JRDO�RI� WKH�PDQDJHPHQW�SODQV�XVXDOO\� DSSOLHG� WR� IRUHVW� SODQWDWLRQV�� ,W� VKRXOG�
QHYHUWKHOHVV�� EH� UHFRJQL]HG� WKDW� KXPDQ� EHLQJV�� WKURXJK� IRUHVW�PDQDJHPHQW�� KDYH� WKH
RSSRUWXQLW\� WR� LQFUHDVH� FDUERQ� UHVHUYRLUV� DQG� WR� PRGLI\� FDUERQ� IORZV�� VXEVHTXHQWO\
FRQWULEXWLQJ� WR� WKH� VWDELOL]DWLRQ� RI� WKH� FDUERQ� F\FOH� DQG� WR� DYHUWLQJ� FOLPDWLF� FKDQJH
�%URZQ� ������� &RQVHTXHQWO\�� WKH� FDUERQ� LVVXH� LV� EHFRPLQJ� D� YLWDO� HOHPHQW� RI
VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�

�� &$5%21�6(48(675$7,21

��� )RUHVWV�DQG�FDUERQ�VHTXHVWUDWLRQ

&DUERQ� GLR[LGH� LV� UHPRYHG� IURP� WKH� DWPRVSKHUH� E\� WKH� SKRWRV\QWKHWLF� DFWLYLW\� RI
WHUUHVWULDO�YHJHWDWLRQ�DQG�SK\WRSODQNWRQ��7KH�WZR�PDMRU�WHUUHVWULDO�UHVHUYRLUV�DUH�FDUERQ
LQ� WKH� VRLO� DQG� FDUERQ� LQ� OLYLQJ� IRUHVW� YHJHWDWLRQ� �.DXSSL� ������� )RUHVWV�� DV� WKH�PRVW
LPSRUWDQW�HFRV\VWHP�FRPSRQHQW�RI�YHJHWDWLRQ��FDQ�EH�FDUERQ�VLQNV��GHSRVLWV�RU�VRXUFHV
RI� &2��� )RUHVW� HFRV\VWHP� FRPSRQHQWV� FDQ� EH� JURXSHG� LQWR� WKUHH� PDMRU� FDUERQ
UHVHUYRLUV��OLYH�ELRPDVV��GHWULWXV��DQG�VRLOV��$SSV�DQG�3ULFH�������.DXSSL�HW�DO��������
7KH� G\QDPLFV� RI� FDUERQ� H[FKDQJH� DPRQJ²DQG� EHWZHHQ²WKHVH� FRPSRQHQWV� DQG� WKH
DWPRVSKHUH�LV�D�EDVLF�SUREOHP�WKDW�QHHGV�WR�EH�XQGHUVWRRG��.DXSSL��������,Q�DGGLWLRQ�
WKH�LPSRUWDQFH�RI�IRUHVW�SURGXFWV�VKRXOG�DOVR�EH�FRQVLGHUHG�HYHQ�WKRXJK�WKH\�UHSUHVHQW
RQO\�D�VPDOO�IUDFWLRQ�RI�WKH�IL[HG�FDUERQ�

7UHHV� DFW� DV� D� FDUERQ� VLQN� ZKHQ�� WKURXJK� SKRWRV\QWKHVLV�� WKH\� DEVRUE� &2�� IURP� WKH
DWPRVSKHUH��VXEVHTXHQWO\�UHOHDVLQJ�R[\JHQ�EXW�UHWDLQLQJ�FDUERQ��7KH�EXON�RI�WKH�VWRUHG
IRUHVW�FDUERQ�LV�LQ�WKH�IRUP�RI�ZRRG��'DEDV�DQG�%KDWLD��������&DUERQ�LV�PDLQO\�IL[HG�LQ
WKH�ZRRG�DV�OLJQLQ�DQG�FHOOXORVH��%XW��WKH�VRLOV�DQG�XQGHUJURZWK�YHJHWDWLRQ�DOVR�FRQWDLQ
VXEVWDQWLDO�TXDQWLWLHV�RI�IL[HG�FDUERQV��1LOVVRQ�DQG�6FKRSIKDXVHU�������

7KH� DELOLW\� RI� D� IRUHVW� WR� VHTXHVWHU� DWPRVSKHULF� FDUERQ� GHSHQGV� RQ� LWV� FRPSRVLWLRQ�
VWUXFWXUH�RI� WKH� VWDQG�� JHQHWLF� FKDUDFWHULVWLFV�RI� WKH� WUHHV� DQG� SODQWV�� DQG� FOLPDWLF� DQG
HGDSKLF� IDFWRUV�� $JH� LV� DQRWKHU� FUXFLDO� IDFWRU�� &DUERQ� VHTXHVWUDWLRQ� DQG� WKH
DFFXPXODWLRQ� RI� RUJDQLF� FDUERQ� LQ� GHWULWXV� DQG� VRLO� UHVHUYRLUV� FKDQJH� DV� WKH� VWDQG
PDWXUHV�RU�GHFD\V��RU�ZKHQHYHU�QDWXUDO�RU�PDQ�PDGH�GLVWXUEDQFHV�RFFXU��&RQVHTXHQWO\�
WKH� VWDJH� RI� GHYHORSPHQW� RI� D� SDUWLFXODU� IRUHVW� VWDQG� LV� RQH� RI� WKH� FUXFLDO� IDFWRUV
DIIHFWLQJ� LWV� VWUXFWXUH�� FRPSRVLWLRQ� DQG� FXPXODWLYH� ELRPDVV� YROXPH�� DQG� WKHUHE\� DOVR
DIIHFWLQJ� FDUERQ� G\QDPLFV�� 2QFH� D� VWDEOH� GLVWULEXWLRQ� LQ� WHUPV� RI� DJH� KDV� EHHQ
HVWDEOLVKHG�DQG�LI�JURZWK�FRQGLWLRQV�UHPDLQ�XQFKDQJHG��WKH�ELRPDVV�FDUERQ�SRROV�UHDFK
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D�SRLQW�RI�VWHDG\�VWDWH�ZKHQ�DYHUDJH�QHW�ELRPDVV�&�DFFXPXODWLRQ�HIIHFWLYHO\�EHFRPHV
]HUR��$SSV�DQG�3ULFH��������7KH�SRLQW�RI�WKH�VWHDG\�VWDWH�LV�DWWDLQHG�RQO\�LI�WKH�SHULRGLF
FDUERQ�VHTXHVWUDWLRQ�RI�IRUHVW�HFRV\VWHPV�LV�QRW�H[FHHGHG�E\�FDUERQ�UHOHDVHV�IURP�IRUHVW
ILUHV�DQG�RWKHU�GLVWXUEDQFHV�RYHU�WKH�VDPH�SHULRG��%URZQ�HW�DO������E��

7KH�JURZWK�RI�D�WUHH�RU�VWDQG�IROORZV�D�FKDUDFWHULVWLF�6�VKDSHG�FXUYH��)LJXUH�������7KH
VHFWLRQ�EHWZHHQ�WKH�RULJLQ�DQG�WKH�ILUVW�LQIOHFWLRQ�SRLQW�UHSUHVHQWV�WKH�DGROHVFHQW�DJH�RI
WKH� SODQW� ZLWK� D� UDSLG� JURZWK� UDWH�� 7KH� VHFWLRQ� EHWZHHQ� WKH� WZR� LQIOHFWLRQV� SRLQWV
UHSUHVHQWV� D� IDVWHU� JURZWK� SKDVH� RI� WKH� SODQW� �IXOO� YLJRXU� SKDVH�� ZKHQ� &$,� �FXUUHQW
DQQXDO� LQFUHPHQW�� UHDFKHV� LWV� PD[LPXP�� )LQDOO\�� WKH� VHFWLRQ� EH\RQG� WKH� VHFRQG
LQIOHFWLRQ�SRLQW�FRUUHVSRQGV�WR�WKH�VHQHVFHQFH�VWDJH�ZKHQ�JURZWK�JUDGXDOO\�GHFOLQHV��$W
WKLV� SKDVH�� WKH� PHDQ� DQQXDO� LQFUHPHQW� �0$,�� WKH� UDWLR� RI� WKH� ILQDO� JURZWK� TXDQWLW\
GLYLGHG�E\�WKH�QXPEHU�RI�\HDUV��GLPLQLVKHV��/RHWVFK�HW�DO���������$�VWDQG�FRPSRVHG�RI
IDVW�JURZLQJ�\RXQJ�WUHHV�ZLOO�DEVRUE�DQ�LPSRUWDQW�DPRXQW�RI�&2��IURP�WKH�DWPRVSKHUH�
EXW�D�\RXQJHU�IRUHVW�FRQWDLQV�OHVV�ELRPDVV�DQG�WKHUHIRUH�LWV�FDUERQ�SRRO�LV�VPDOOHU��,Q�DQ
ROG�JURZWK� IRUHVW�� WKH� DEVRUSWLRQ� DFKLHYHG� WKURXJK� JURZWK� LV� ODUJHO\� RII�VHW� E\� ZRRG
GHFD\��/HIW�XQGLVWXUEHG��PDWXUH�IRUHVWV�QR�ORQJHU�VHTXHVWHU�DWPRVSKHULF�FDUERQ�EXW�DUH
DEOH� WR� UHWDLQ� D� IL[HG� DPRXQW� RI� FDUERQ� ZLWKLQ� WKH� YHJHWDO� WLVVXHV�� DFWLQJ� DV� FDUERQ
GHSRVLWV��.DQQLQHQ�������$SSV�DQG�3ULFH�������

)RUHVWV�DQG�RWKHU�W\SHV�RI�YHJHWDWLRQ�FRYHUV�EHFRPH�VRXUFHV�RI�&2��ZKHQ�GLVWXUEHG�DQG
WKH�FDUERQ�DSSURSULDWHG�HDUOLHU�LV�UHOHDVHG�LQWR�WKH�DWPRVSKHUH��1DWXUDO�RU�DQWKURSRJHQLF
LQ�RULJLQ�� GLVWXUEDQFHV� LQFOXGH�GHIRUHVWDWLRQ�RU� WKH� FRQYHUVLRQ� RI� IRUHVWV� WR� QRQ�IRUHVW
XVHV� VXFK� DV� DJULFXOWXUH� ODQG� DQG� SDVWXUHV�� XQVXVWDLQDEOH� ORJJLQJ� RU� GHJUDGDWLRQ� WKDW
RFFXUV� IURP�GDPDJH� WR� UHVLGXDO� WUHHV� DQG� WR� WKH� VRLO� WKURXJK�ZLOG� ILUHV�� SRRU� ORJJLQJ
SUDFWLFHV�� RYHUJUD]LQJ�� H[FHVVLYH� IXHOZRRG� JDWKHULQJ� DQG� RWKHU� HYHQWV�� GLVHDVHV� DQG
GHFD\��(YHQ�WKRXJK�ORJJLQJ�UHGXFHV�WKH�DPRXQW�RI�FDUERQ�VWRUHG�SHU�XQLW�DUHD�� ORJJHG
IRUHVWV�FDQ�EH�UHJHQHUDWHG�XQGHU�VRXQG�PDQDJHPHQW�UHJLPHV�WR�DFFXPXODWH�FDUERQ�DJDLQ
�%URZQ�������

$W�WKH�JOREDO�OHYHO��LW�LV�HVWLPDWHG�WKDW�IRUHVWV�DUH�WKH�EDVLF�QHW�VRXUFH�RI�FDUERQ�GLR[LGH
DQG�RWKHU� JUHHQKRXVH� JDVHV� OLNH�PHWKDQH� �&+���� FDUERQ�PRQR[LGH� �&2�� DQG� QLWURJHQ
R[LGHV��12Q��WR�WKH�DWPRVSKHUH��,3&&��������7KH�IRUHVW�DOVR�FRQVWLWXWHV�D�YLWDO�OLQN�LQ
WKH�SODQW�WR�VRLO�VLQN�PHFKDQLVP��DFWLQJ�DV�D�SXPS�ZKLFK�GLVFKDUJHV�VRPH�RI�WKH�FDUERQ
FRQWDLQHG� LQ� WKH� OLWWHU� LQWR�GHHSHU� VRLO� OD\HUV�ZKHUH� LW� LV� ILQDOO\� VWRUHG� �.DXSSL�������
7KH�FDUERQ�SXPS�SKHQRPHQRQ�YDULHV�ZLGHO\�DFFRUGLQJ�WR�WKH�LQKHUHQW�FKDUDFWHULVWLFV�RI
WKH�GLIIHUHQW� HFRV\VWHPV��%XW� WKH�YDVW� DUHDV�EHLQJ�GHIRUHVWHG� DQG�GHJUDGHG�HYHU\�\HDU
�)$2� ������ FDQQRW� EH� FRPSHQVDWHG� DGHTXDWHO\� ZLWK� QHZ� IRUHVW� SODQWDWLRQV� DQG�RU
LQFUHDVHG� TXDQWLWLHV� RI� ELRPDVV� SHU� XQLW� DUHD� DV� SURSRVHG� E\� FXUUHQW� PDQDJHPHQW
SURJUDPPHV�
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��� (VWLPDWLRQ�RI�FDUERQ�SRROV��IOX[HV�DQG�EDODQFH

����� (VWLPDWLRQ�SURFHGXUH

7R� HVWLPDWH� WKH� FDUERQ� VHTXHVWUDWLRQ� RI� IRUHVW� SODQWDWLRQV� LQ� &KLOH�� WZR� EDVLF
DVVXPSWLRQV� KDYH� WR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ�� $Q� LPSRUWDQW� DPRXQW� RI� FDUERQ� LV
DOUHDG\� VWRUHG� LQ� WKH� H[LVWLQJ� UDGLDWD� SLQH� DQG� HXFDO\SWXV� SODQWDWLRQV� WKDW� KDG� EHHQ
HVWDEOLVKHG� SULRU� WR� 'HFHPEHU� ������ 7KH� LQFUHPHQW� RI� WKLV� VWRUHG� FDUERQ� SRRO� LV� D
FXPXODWLYH�SKHQRPHQRQ��6HH�VHFWLRQ�������IRU�DQ�HVWLPDWLRQ�RI�WKLV�FDUERQ�SRRO�

7KH� DQQXDO� IORZ� RI� FDUERQ� LV� FDOFXODWHG� RQ� WKH� EDVLV� RI� ERWK� H[LVWLQJ� DQG� QHZ
SODQWDWLRQV�� 7KH� SODQWDWLRQ� YROXPHV� UHGXFHG� E\� KDUYHVWLQJ�� IRUHVW� ILUH�� RU� GLVHDVH� DUH
VXEWUDFWHG�IURP�WKH�UHVSHFWLYH�YROXPH�RI�JURZLQJ�VWRFN��+RZHYHU�� WKLQQLQJV�KDYH�QRW
EHHQ� WDNHQ� LQWR� FRQVLGHUDWLRQ� QRU� WKH� DPRXQW� RI� FDUERQ� VWRUHG� LQ� WKH� VRLO� DQG� IRUHVW
SURGXFWV��6HH�VHFWLRQ�������IRU�WKLV�HVWLPDWLRQ�

����� (VWLPDWLRQ�RI�WKH�VWDQG�YROXPH�DQG�YROXPH�LQFUHPHQW

7KH� WRWDO�YROXPH�RI� WKH�JURZLQJ�VWRFN�ZDV�HVWLPDWHG�RQ� WKH�EDVLV�RI� WKH� WRWDO� DUHD�RI
IRUHVW� SODQWDWLRQV� DV� RI�'HFHPEHU� ����� �7DEOH� ����� DQG� WKH�PHDQ� FXPXODWLYH� YROXPH
ZKLFK�IRU�UDGLDWD�SLQH�SODQWDWLRQV�ZDV�HVWLPDWHG�ZLWK�WKH�\LHOG�IXQFWLRQV��VHH�HTXDWLRQ��
DQG�7DEOH� ����� GHYHORSHG� E\� ,QVWLWXWR� )RUHVWDO� �,1)25������� IRU� HDFK� DGPLQLVWUDWLYH
UHJLRQ��7KHVH�IXQFWLRQV�HVWLPDWH�WKH�DYHUDJH�YDOXHV�RI�D�VWDQG
V�VWHPZRRG�YROXPH��DQG
KDYH�EHHQ�FDOFXODWHG�RQ�WKH�EDVLV�RI�QXPHURXV�VDPSOH�SORWV��7KH�GHSHQGHQW�YDULDEOH�RI
WKHVH�PRGHOV�LV�WKH�FXPXODWLYH�VWDQG�YROXPH��9��P��KD����DQG�WKH�LQGHSHQGHQW�YDULDEOH
LV�WKH�VWDQG�DJH��(��\HDUV����)RU�WKH�YDOXHV�RI�SDUDPHWHUV�D�DQG�E�VHH�WKH�7DEOH������

��� /Q�9� �D���E����(���ZKHUH�9� �VWDQG�YROXPH��P��KD�����DQG�(� �VWDQG�DJH��\HDUV��

TABLE 5.1
TOTAL PLANTED AREA ESTABLISHED BY THE END OF 1995
BY AGE CLASSES AND ADMINISTRATIVE REGIONS (’000 HA)

Age classes (in years)

Region 0 -5 6-10 11-15 16-20 21-25 26-... Total

Radiata pine

V and RM 4 3 3 3 2 1 17

VI 21 10 11 15 4 0 60

VII 78 90 92 36 24 1 320

VIII 192 135 147 147 19 3 640

IX and X 125 78 73 52 9 2 337

Sub-total 420 316 326 253 58 7 1374

Eucalyptus

All regions 229 44 7 3 3 286

Total 649 360 333 256 61 7 1660

Source: INFOR (1996)
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TABLE 5.2
PARAMETER VALUES OF EQUATION (1) Ln V = a - b (1/E)

BY ADMINISTRATIVE REGIONS

Parameter values

Region a b

V and RM 6.909100 26.7026

VI 7.294867 29.3753

VII 7.608300 32.1089

VIII 7.282900 23.8646

IX and X 7.621200 28.4121

TABLE 5.3
MEAN CUMULATIVE STEM VOLUME (M3 HA-1) IN FOREST PLANTATIONS

ACCORDING TO AGE CLASSES AND ADMINISTRATIVE REGIONS

Mean cumulative stem volume (m3 ha-1)

Region Age classes (in years)

0-5 6-10 11-15 16-20 21-25 26-...

Radiata pine

V and RM 5.0 35.6 128.4 227.2 313.6 411.2

VI 5.0 37.5 153.7 288.0 410.6 553.2

VII 5.0 36.4 170.4 338.5 498.8 690.9

VIII 6.0 73.7 232.1 386.5 515.6 656.8

IX and X 5.0 58.5 229.4 421.1 593.4 791.7

Eucalyptus

All regions 2.0 35.3 135.4 285.7 517.0 N.A.

TABLE 5.4
TOTAL STANDING STEMWOOD VOLUME OF THE GROWING STOCK BY YEAR END, 1995

ACCORDING TO AGE CLASSES AND ADMINISTRATIVE REGIONS (MILLION M3)

Age classes (in years)

Region 0-5 6-10 11-15 16-20 21-25 26-... Total

Radiata pine

V and RM 0.02 0.11 0.41 0.66 0.66 0.48 2.34

VI 0.10 0.38 1.66 4.23 1.51 0.22 8.10

VII 0.39 3.27 15.61 12.11 12.07 0.79 44.23

VIII 1.15 9.95 34.21 56.64 9.90 1.72 113.56

IX and X 0.62 4.59 16.72 21.90 5.27 1.59 50.70

Sub-total 2.28 18.3 68.61 95.54 29.41 4.8 218.93

Eucalyptus

All regions 0.46 1.56 0.99 0.78 1.41 0.0 5.19

Total 2.74 19.86 69.60 96.32 30.82 4.79 224.12

7KH�IXQFWLRQV�ZHUH�DSSOLHG�IRU�FDOFXODWLQJ�WKH�FXPXODWLYH�YROXPH�RI�UDGLDWD�SLQH��7DEOH



��

������7KH�WRWDO�VWHPZRRG�YROXPH�RI�UDGLDWD�SLQH�SODQWDWLRQV�ZDV�����PLOOLRQ�P��E\�WKH
HQG�RI�������7DEOH������

8QIRUWXQDWHO\�� LW� ZDV� QRW� SRVVLEOH� WR� DSSO\� WKH� VDPH� PHWKRGRORJ\� WR� HXFDO\SWXV
SODQWDWLRQV�� EHFDXVH� \LHOG� IXQFWLRQV� E\� DGPLQLVWUDWLYH� UHJLRQV� ZHUH� QRW� DYDLODEOH�
,QVWHDG��WKH�PHDQ�FXPXODWLYH�YROXPH��7DEOH������ZDV�HVWLPDWHG��XVLQJ�D�JURZWK�PRGHO
GHYHORSHG� IRU� WKH� JHQXV� HXFDO\SWXV� LQ� &KLOH� �,1)25� �������:H� DVVXPHG� WKDW� LQ� DQ

DYHUDJH�VLWH
�DQG�ZLWK�DQ�
DYHUDJH�PDQDJHPHQW�UHJLPH
��DQ�HXFDO\SWXV�VWDQG�UHDFKHV�DQ
DYHUDJH� KHLJKW� RI� ��� PHWUHV� LQ� ��� \HDUV� DQG� WKDW� WKH� VWDQG� KDV� D� GHQVLW\� RI� �����
VHHGOLQJV� KD���� 7KH� WRWDO� VWDQGLQJ� YROXPH� RI� HXFDO\SWXV� SODQWDWLRQV� LQ� ����� ZDV� ���
PLOOLRQ�P���7DEOH������

9ROXPH�LQFUHPHQW��7KH�\LHOG�IXQFWLRQV�H[SODLQHG�DERYH��(TXDWLRQ����ZHUH�DSSOLHG�IRU
FDOFXODWLQJ�WKH�FXUUHQW�DQQXDO�YROXPH�LQFUHPHQW��&$,���P��KD���\U����IRU�UDGLDWD�SLQH

TABLE 5.5
CURRENT ANNUAL VOLUME INCREMENT (M3 HA-1YR-1) BY THE MEAN VALUE

OF THE AGE CLASSES AND ADMINISTRATIVE REGIONS, 1996

Age classes (in years)

Region 5 8 13 18 23 28

Radiata pine

V and RM 3.5 13.5 20.2 19.0 16.1 13.4

VI 3.2 15.3 26.4 26.4 23.2 19.7

VII 6.3 20.5 32.9 33.3 29.9 25.8

VIII 8.6 25.6 32.9 29.0 23.8 19.3

IX and X 5.3 23.3 38.2 37.3 32.4 27.3

Eucalyptus

All regions 2.0 11.7 25.3 32.0 33.4 n.a.

FIGURE 5.8
CURRENT ANNUAL VOLUME INCREMENT (CAI) (M3 

HA-1 
YR-1) OF PINUS RADIATA PLANTATIONS

IN CHILE BY ADMINISTRATIVE REGIONS
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DQG� WKH� PHDQ� DQQXDO� YROXPH� LQFUHPHQW� �0$,�� �P�� KD��� \U���� E\� DJH� JURXSV� DQG� E\
DGPLQLVWUDWLYH� UHJLRQV��$V�ZDV� H[SODLQHG� DERYH�� HVWLPDWLRQ� E\� DGPLQLVWUDWLYH� UHJLRQV
DQG�DJH�LV�UHOHYDQW�EHFDXVH�LPSRUWDQW�GLIIHUHQFHV�LQ�WKH�ILJXUHV�IRU�YROXPH�JURZWK�DQG
YROXPH�LQFUHPHQW�H[LVW�EHWZHHQ�UHJLRQV��DV�7DEOH�����DQG�)LJXUH�����LQGLFDWH�

'XH� WR� WKH� ODFN� RI� GDWD�� WKH� DERYH�PHWKRG�ZDV� QRW� DSSOLHG� WR� HXFDO\SWXV� SODQWDWLRQV�
,QVWHDG��WKH�FXUUHQW�YROXPH�LQFUHPHQW�JLYHQ�LQ�7DEOH�����DQG�)LJXUH�����ZDV�FDOFXODWHG
ZLWK�WKH� 
DYHUDJH�VLWH
�DQG� 
DYHUDJH�PDQDJHPHQW� UHJLPH
�PHWKRG�H[SODLQHG�DERYH�� ,W� LV
SRVVLEOH�WKDW�WKLV�PD\�EH�DQ�XQGHU�HVWLPDWLRQ�RI�JURZLQJ�VWRFN�IRU�SODQWDWLRQV�H[FHHGLQJ
���\HDUV�� EHFDXVH� WKH�JURZWK� IXQFWLRQV�XVHG�ZHUH�GHILQHG� IRU�SODQWDWLRQ�PDWXULW\� OHVV
WKDQ����\HDUV�RQO\�

FIGURE 5.9
CURRENT ANNUAL VOLUME INCREMENT (CAI)(M3 HA-1YR-1)

OF EUCALYPTUS SP. PLANTATIONS IN CHILE
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$JH��\HDUV�

����� (VWLPDWLRQ�RI�WKH�FXUUHQW�FDUERQ�SRRO�DQG�DQQXDO�IOX[

7RWDO� FDUERQ�SRRO��7R�HVWLPDWH� WKH� WRWDO� DPRXQW�RI� FDUERQ� VWRUHG� LQ� WKH� VWHPZRRG�RI
WUHHV��&SRRO��WKH�WRWDO�VWDQGLQJ�YROXPH�LV�PXOWLSOLHG�E\�WKH�DYHUDJH�ZRRG�GHQVLW\�DQG�E\
WKH�HVWLPDWHG�FDUERQ�FRQWHQW�RI�WKH�ELRPDVV��+ROOLQJHU�HW�DO���������+RZHYHU��FDUERQ�LV
VWRUHG�QRW�RQO\�LQ�WKH�VWHPZRRG��EXW�DOVR�LQ�EUDQFKHV�� IROLDJH�� URRWV�� IRUHVW� IORRU� OLWWHU
DQG�LQ�WKH�YHJHWDWLRQ�JURZLQJ�LQ�WKH�XQGHUVWRUH\��9DULRXV�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW
IRU�HVWLPDWLQJ�WKH�FRQYHUVLRQ�RI�VWHPZRRG�ELRPDVV�WR�WRWDO�ELRPDVV��+HUH��ZH�XVH�WKH
PRGHOV� GHYHORSHG� E\� WKH�1HZ�=HDODQG�)RUHVW�5HVHDUFK� ,QVWLWXWH� IRU� WKHLU� ORFDO�3LQXV
UDGLDWD� VWDQGV�� 7KH� PRGHO� LV� EDVHG� RQ� VWXGLHV� RQ� IRUHVW� ELRPDVV� DQG� LW� WDNHV� LQWR
FRQVLGHUDWLRQ�WKH�HIIHFW�RI�WUHH�DJH��SODQWDWLRQ�GHQVLW\�DQG�VLWH�IHUWLOLW\��0LQLVWU\�IRU�WKH
(QYLURQPHQW�������0DF/DUHQ�HW�DO���������(TXDWLRQ�����7KXV��WKH�FDUERQ�SRRO�IL[HG�LQ
WKH�WRWDO�ELRPDVV�RI�UDGLDWD�SLQH�DQG�HXFDO\SWXV�SODQWDWLRQV��&SRRO��LV�JLYHQ�E\

��� &SRRO� �9���r���F���a



��

ZKHUH�

9� WRWDO�VWDQGLQJ�YROXPH�DV�HVWLPDWHG�LQ�7DEOH������P��

r� ����� ���� J�P��� IRU� UDGLDWD� SLQH�� DYHUDJH�ZRRG� GHQVLW\� �GU\�PDWWHU�
�3HUH]������

r� ���������J�P��� IRU�(XFDO\SWXV�JOREXOXV�� DYHUDJH�ZRRG�GHQVLW\� �GU\
PDWWHU���3HUH]������

F� ���SHU�FHQW�FDUERQ�FRQWHQW�RI�WKH�ELRPDVV��+ROOLQJHU�HW�DO�������

a� ����� WKH� UDWLR� RI� WRWDO� ELRPDVV� WR� VWHP� ELRPDVV� �+ROOLQJHU� HW� DO�
������

$QQXDO� IOX[HV� RI� FDUERQ� DUH� XVXDOO\� FDOFXODWHG� RQ� WKH� EDVLV� RI� WKH� LQFUHPHQW� RI� WKH
FDUERQ�SRRO�DQG�LWV�GHFUHDVH�GXH�WR�UHPRYDOV�DQG�PRUWDOLW\��,Q�RXU�FDVH��DYDLODEOH�GDWD
LQFOXGHG� WKH� QHW� DUHD� RI� IRUHVW� SODQWDWLRQV�� $� URXJK� HVWLPDWH� RI� WKH� DQQXDO� IORZ� RI
FDUERQ�WR�IRUHVW�SODQWDWLRQV�LQ������LV�REWDLQHG�E\�VXPPLQJ�WKH�FDUERQ�IOX[�WR�H[LVWLQJ
SODQWDWLRQV��6���(TXDWLRQ����DQG�WKH�IOX[�WR�QHZO\�HVWDEOLVKHG�SODQWDWLRQV��6���(TXDWLRQ
����7KXV��6� �6����6���,Q�������WKH�WRWDO�SODQWHG�DUHD�LQFUHDVHG�E\��������KD��D�ILJXUH
ZKLFK� DOVR� LQFOXGHV� UHGXFWLRQV� GXH� WR� ILQDO� FXWWLQJV� DQG� IRUHVW� ILUHV�� 6�� DQG� 6��ZHUH
FDOFXODWHG�IRU�ERWK�VSHFLHV�DV�

��� 6�� �&$,���r���F���a���DR�

��� 6�� �&$,���r���F���a���DQ�

ZKHUH�

6�� � DQQXDO�FDUERQ�VHTXHVWUDWLRQ�LQ�WKH�DUHD�SODQWHG�XS�WR�WKH�HQG�RI�����

6�� � DQQXDO�FDUERQ�VHTXHVWUDWLRQ�LQ�WKH�QHZ�SODQWHG�DUHD�LQ�����

&$,� FXUUHQW� DQQXDO� LQFUHPHQW� LQ� P�� KD��� \U��� IRU� UDGLDWD� SLQH� DQG
HXFDO\SWXV��7DEOH�����

r� ����� ���� J�P��� IRU� UDGLDWD� SLQH�� DYHUDJH�ZRRG� GHQVLW\� �GU\�PDWWHU�
�3HUH]������

r� ���������J�P��� IRU�(XFDO\SWXV�JOREXOXV�� DYHUDJH�ZRRG�GHQVLW\� �GU\
PDWWHU���3HUH]������

F� ���SHU�FHQW�FDUERQ�FRQWHQW�RI�WKH�ELRPDVV��+ROOLQJHU�HW�DO�������

a� �����WKH�UDWLR�RI�WRWDO�ELRPDVV�WR�VWHP�ELRPDVV��+ROOLQJHU�HW�DO�������

DR� SODQWHG�DUHD�XS�WR�WKH�HQG�RI�������KD�
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DQ� SODQWHG�DUH�GXULQJ�WKH�\HDU�������KD��

7KH� YDOXHV� RI� FXUUHQW� DQQXDO� LQFUHPHQW� JLYHQ� LQ� 7DEOH� ���� KDYH� EHHQ� DSSOLHG� IRU
HVWLPDWLQJ� WKH� DQQXDO� FDUERQ� VHTXHVWUDWLRQ� �6�� GXULQJ� ������ ,W� VKRXOG� EH� VWUHVVHG� WKDW
&$,��r��F�DQG�a�PD\�YDU\�ZLWK�VSHFLHV��WUHH�DJH��IRUHVW�ORFDWLRQ�DQG�HGDSKLF�IDFWRUV��DQG
VLOYLFXOWXUDO�UHJLPHV�

��� &DUERQ�SRROV��IOX[HV��DQG�EDODQFH

8VLQJ�WKH�(TXDWLRQ����ZH�REWDLQ�D�WRWDO�FDUERQ�SRRO�RI�DSSUR[LPDWHO\������7J��WHUD�JUDP
RU�PLOOLRQ�WRQV��LQ�UDGLDWD�SLQH�SODQWDWLRQV�RU������WRQ�KD����7KH�FDUERQ�SRRO�HVWLPDWHG
LQ�(XFDO\SWXV�VS�SODQWDWLRQV� LV���7J��7KHUHIRUH�� IRUHVW�SODQWDWLRQV�HVWDEOLVKHG� LQ�&KLOH
XS� WR� 'HFHPEHU� ����� FRQVWLWXWH� D� FDUERQ� SRRO� FORVH� WR� ��� 7J� �7DEOH� ������ 7KLV� LV
HTXLYDOHQW�WR������WRQV�KD���RI�FDUERQ�VWRUHG�LQ�IRUHVW�SODQWDWLRQV�

TABLE 5.6
CARBON POOLS AND FLUXES IN CHILEAN FOREST PLANTATIONS

Age classes (in years)

0-5 6-10 11-15 16-20 21-25 26-... Total

Cpool (Tg)

Radiata pine 0.93 7.42 27.82 38.73 11.92 1.94 88.75

Eucalyptus 0.27 0.92 0.58 0.46 0.83 3.06

Total 1.20 8.33 28.40 39.19 12.75 1.94 91.81

Flux S1(Tg yr-1)

Radiata pine 1.17 2.97 4.46 3.17 0.64 0.06 12.47

Eucalyptus 0.27 0.30 0.11 0.05 0.05 0.79

Total 1.44 3.27 4.57 3.22 0.70 0.06 13.26

$SSO\LQJ�(TXDWLRQV���DQG����ZH�KDYH�6�� ������7J�\U����6�� LV�QHJOLJLEOH�EHFDXVH� WKH
YDOXH�RI�&$,�LV�FORVH�WR���GXULQJ�WKH�ILUVW�\HDU��6R��6��FDQ�EH�H[FOXGHG�IURP�WKH�WDEOH�RI
UHVXOWV��7KXV��ZH�HVWLPDWH�WKDW�WKH�WRWDO�FDUERQ�IOX[�LV������7J�\U���IRU�WKH�UDGLDWD�SLQH
SODQWDWLRQV� LQ� ������ 7KLV� LV� HTXLYDOHQW� RI� ���� WRQ� KD��� \U���� ,Q� WKH� FDVH� RI� HXFDO\SWXV
SODQWDWLRQV�WKH�WRWDO�FDUERQ�IOX[��6���IRU�WKH�\HDU������LV�����7J�\U����7DEOH�������ZKLFK
LV�HTXLYDOHQW�WR�����WRQ�KD���\U����&RQVHTXHQWO\��WKH�WRWDO�IOX[�RI�DWPRVSKHULF�FDUERQ�IRU
IRUHVW�SODQWDWLRQV�LQ�&KLOH�ZDV�DSSUR[LPDWHO\������7J�\U���LQ�������7KH�YDOXHV�REWDLQHG
KHUH� IRU� WKH� DQQXDO� FDUERQ� VHTXHVWUDWLRQ� DUH� KLJKHU� WKDQ� WKH� YDOXHV� UHSRUWHG� E\� RWKHU
UHVHDUFKHUV��0HOOLOOR�HW�DO��������'L[RQ�HW�DO���������&RQVLGHULQJ�WKDW�WKH�FDUERQ�FRQWHQW
LQ� WKH�PROHFXOH�RI�&2�� LV������SHU�FHQW��RXU�FDOFXODWLRQV� LQGLFDWH� WKDW������7J�\U��

�RI
DWPRVSKHULF�&2��LV�VHTXHVWHUHG�DQQXDOO\�E\�WKH�&KLOHDQ�IRUHVW�SODQWDWLRQV�

,Q�FRPSDULQJ�WKH�HVWLPDWHV�SUHVHQWHG�DERYH�ZLWK�WKH�FDUERQ�GLR[LGH�HPLVVLRQV�LQ�&KLOH
IRU� ������ RQH� FDQ� FRQFOXGH� WKDW� DQQXDO� FDUERQ� IOX[HV� WR� IRUHVW� SODQWDWLRQV� H[FHHGHG
DQQXDO�FDUERQ�HPLVVLRQV�ZKLFK�ZHUH�HVWLPDWHG�DV�������7J��(,$���)LJXUH�������LQ�WKDW
\HDU��7KH�HPLVVLRQV�DUH�HVWLPDWHG�IURP�IRVVLO�IXHO�FRQVXPSWLRQ�RI�SHWUROHXP��FRDO�DQG
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QDWXUDO�JDV��7KHUHIRUH�� IRUHVW�SODQWDWLRQV�KDYH�D�SRVLWLYH� UROH� LQ� WKH�FDUERQ�EDODQFH�RI
WKH�FRXQWU\�EHFDXVH�WKH\�FRQWULEXWH�WR�DEVRUELQJ�H[FHVVLYH�&2��HPLVVLRQV�PRYLQJ�LQWR
WKH�DWPRVSKHUH��DQG�WKXV�SUHVHUYH�WKH�HTXLOLEULXP�EHWZHHQ�GLIIHUHQW�FRPSRQHQWV�RI�WKH
FDUERQ� F\FOH�� &DUERQ� EDODQFH� LV� FUXFLDO� IRU� PDLQWDLQLQJ� WKH� DELOLW\� RI� WKH� HDUWK
V
ELRORJLFDO�HFRV\VWHPV�WR�SURYLGH�WKH�JRRGV�DQG�VHUYLFHV�WKDW�DUH�HVVHQWLDO�IRU�VXVWDLQDEOH
HFRQRPLF�GHYHORSPHQW��

FIGURE 5.10
BALANCE BETWEEN CARBON EMISSIONS FROM FOSSIL FUEL CONSUMPTION

 AND CARBON FLUXES TO FOREST PLANTATIONS IN CHILE, 1996
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��� 6FHQDULRV�IRU�FDUERQ�VHTXHVWUDWLRQ�LQ�UDGLDWD�SLQH�SODQWDWLRQV

)RUHVWV�KDYH�WKH�SRWHQWLDO�WR�FRQWULEXWH�WR�FOLPDWH�FKDQJH�WKURXJK�WKHLU�LQIOXHQFH�RQ�WKH
JOREDO�FDUERQ�F\FOH��,Q�SDUWLFXODU�� WKH�LPSRUWDQFH�RI� ORFDO�PHDVXUHV�WR�SURPRWH�FDUERQ
VHTXHVWUDWLRQ� DQG� FRQVHUYDWLRQ� KDV� EHHQ� HPSKDVL]HG� �%URZQ� �������+HUH��ZH� SUHVHQW
VRPH� VFHQDULRV� RQ� WKH� SRWHQWLDO� GHYHORSPHQW� RI� FDUERQ� SRROV� LQ� WKH� UDGLDWD� SLQH
SODQWDWLRQV�XS�WR�WKH�\HDU�������8QIRUWXQDWHO\��WKH�ODFN�RI�IRUHVWU\�VWDWLVWLFV��HVSHFLDOO\
IRU�FXWWLQJV��PDNHV�WKH�GHYHORSPHQW�RI�WKHVH�VFHQDULRV�GLIILFXOW��(XFDO\SWXV�SODQWDWLRQV
FRXOG�QRW�EH� LQFOXGHG� LQ� WKHVH�VFHQDULRV��GXH� WR� ODFN�RI� UHOLDEOH�GDWD�DQG�XQFHUWDLQWLHV
UHJDUGLQJ�WKH�IXWXUH�GHYHORSPHQW�RI�WKHVH�SODQWDWLRQV�

7KH�ILYH�VFHQDULRV�GHYHORSHG�LQ�WKLV�VWXG\�EHORQJ�WR�WKUHH� 
JURXSV
��*URXS����VFHQDULRV
�$� DQG� �%�� LQ� ZKLFK� IXWXUH� SODQWDWLRQV� �ERWK� UHIRUHVWDWLRQ� DQG� DIIRUHVWDWLRQ�� DUH
HVWDEOLVKHG� DW� WKH� UDWH� DWWDLQHG� LQ� UHFHQW� \HDUV�� L�H�� DSSUR[LPDWHO\� ������� KD� \U���
UHVXOWLQJ�LQ�D�������SHU�FHQW�LQFUHPHQW�RI�WRWDO�SODQWDWLRQ�DUHD�E\�WKH�\HDU�������*URXS��
�VFHQDULR� ��� DVVXPHV� WKDW� WKH� FXUUHQW� SODQWDWLRQ� DUHD� LV� PDLQWDLQHG�� DQG� RQO\� WKH
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KDUYHVWHG�DUHDV�DUH�UHIRUHVWHG��QR�DIIRUHVWDWLRQ�LV�FDUULHG�RXW��*URXS���VFHQDULRV���$�DQG
�%�� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� IXWXUH� SODQWDWLRQV� �ERWK� UHIRUHVWDWLRQ� DQG
DIIRUHVWDWLRQ��DUH�HVWDEOLVKHG�DW�DSSUR[LPDWHO\��������KD�\U����ZKLFK�LV�KDOI�RI�WKH�LQLWLDO
UDWH�RI�UHFHQW�\HDUV��DQG�ODWHU�DW�D�UDWH�WR�FRPSHQVDWH�DUHDV�KDUYHVWHG��7KLV�ZRXOG�PHDQ
DQ� LQFUHPHQW� RI� ������ SHU� FHQW� RI� WKH� WRWDO� SODQWDWLRQ� DUHD� E\� ������ EDVHG� RQ� WKH
DVVXPSWLRQ�WKDW�WKH�JRYHUQPHQW�LV�ZLOOLQJ�WR�FRQWLQXH�LWV�VXSSRUW�IRU�FUHDWLQJ�QHZ�DUHDV
WKURXJK�VXEVLGLHV�IRU�DIIRUHVWDWLRQ��EXW�QRW�IRU�UHIRUHVWDWLRQ�

)RU�WZR�JURXSV����DQG�����ZH�GHYHORSHG�GLIIHUHQW�VXE�VFHQDULRV��$�DQG�%��WR�LOOXVWUDWH
WKH�LPSDFW�RI�GLIIHUHQW�IRUHVW�PDQDJHPHQW�RSWLRQV�RQ�FDUERQ�SRROV��,Q�VXEFODVV��$��DOO
SODQWDWLRQV�ROGHU� WKDQ����\HDUV� DQG����SHU� FHQW� RI� SODQWDWLRQV� LQ� WKH� DJH� JURXS������
\HDUV�DUH�KDUYHVWHG��,Q�VXEFODVV��%��DOO�SODQWDWLRQV�ROGHU�WKDQ����\HDUV�DQG����SHU�FHQW�RI
SODQWDWLRQV� LQ� WKH�DJH�JURXS�������\HDUV�DUH�KDUYHVWHG��7KXV�VFHQDULR��$�UHSUHVHQWV�D

FRQVHUYDWLYH� IRUHVW� PDQDJHPHQW
� RSWLRQ� ZLWK� UDWKHU� ORQJ� URWDWLRQV�� DQG� �%� DQ

DJJUHVVLYH�PDQDJHPHQW
�DOWHUQDWLYH�ZLWK�YHU\�VKRUW�URWDWLRQV�WKDW�SURPRWH�DQ�LPPHGLDWH
VXSSO\�RI�UDZ�PDWHULDO�IURP�WKH�SODQWDWLRQV��,Q�VFHQDULR��$��DOO�SODQWDWLRQV�ROGHU�WKDQ���
\HDUV�DUH�KDUYHVWHG��DQG� LQ�VFHQDULR��%��DOO�SODQWDWLRQV�ROGHU� WKDQ����\HDUV�DQG����SHU
FHQW�RI�SODQWDWLRQV�LQ�WKH�DJH�JURXS�������\HDUV�DUH�KDUYHVWHG��VLPLODU�WR�VFHQDULR��$��
7KXV�� �$� FDQ� EH� FRQVLGHUHG� 
VLOYLFXOWXUDO� RSWLPXP
� VFHQDULR�� ZKLOH� �%� UHSUHVHQWV� D

FRQVHUYDWLYH�IRUHVW�PDQDJHPHQW
�VFHQDULR�

7KH�UHVXOWV��)LJXUH�������VKRZ�WKDW�LQ�DOO�FDVHV��H[FHSW�VFHQDULR�����WKH�FDUERQ�SRRO�RI
WKH� UDGLDWD� SLQH� SODQWDWLRQV� LQFUHDVHV� ZLWK� WKH� PDWXULW\� RI� WKH� IRUHVW� VWDQGV� DQG
LQFUHPHQW�RI�WRWDO�SODQWDWLRQ�DUHD��7KH�
DJJUHVVLYH�PDQDJHPHQW
�VFHQDULR���%��\LHOGV�WKH

FIGURE 5.11
THE FIVE SCENARIOS FOR SIMULATING THE CARBON POOL IN RADIATA PINE PLANTATIONS

BETWEEN 1995 AND 2015
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ORZHVW� ����� 7J��� ZKLOH� WKH� VFHQDULRV� IRU� 
FRQVHUYDWLYH� PDQDJHPHQW
� ��$�� DQG� WKH

VLOYLFXOWXUDO� RSWLPXP
� ��$�� LQGLFDWH� WKH� KLJKHVW� FDUERQ� SRRO� DW� ���� DQG� ���� 7J�
UHVSHFWLYHO\�E\�WKH�\HDU�������7KH�FDUERQ�SRRO�LQ�VFHQDULR���LQFUHDVHV�XQWLO�WKH�\HDU������

FIGURE 5.12A
TOTAL HARVESTED AREAS ACCORDING TO DIFFERENT SCENARIOS, 1995-2015
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FIGURE 5.12B
PLANTED AREAS ACCORDING TO DIFFERENT SCENARIOS, 1995-2015
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DQG�GHFUHDVHV�WKHUHDIWHU��7KLV�LV�H[SODLQHG�E\�WKH�IDFW�WKDW�LQ�VFHQDULR����RQO\�KDUYHVWHG
DUHDV� DUH� UHIRUHVWHG� DQG� QR� DIIRUHVWDWLRQ� LV� FDUULHG� RXW�� &RQVHTXHQWO\� DIWHU� �����
SODQWDWLRQV�DUH�GRPLQDWHG�E\�\RXQJ�DJH�JURXSV��ZKLFK�KDYH�ORZ�FDUERQ�GHQVLW\�SHU�XQLW
DUHD��,Q�VFHQDULR��%��URWDWLRQ�LV�VXE�RSWLPDO��DQG�GHVSLWH�WRWDO�SODQWDWLRQ�DUHD�LQFUHDVLQJ
E\� ��� SHU� FHQW�� LW� LV� QRW� VXIILFLHQW� WR� FRPSHQVDWH� WKH� ORZ� FDUERQ� GHQVLW\� RI� \RXQJ
SODQWDWLRQV� HVWDEOLVKHG� DIWHU� KDUYHVWLQJ�� 7KH� DERYH� VFHQDULRV� DOVR� KDYH� GLIIHUHQWLDWHG
FRQVHTXHQFHV�DQG�LPSDFWV�RQ�WKH�WRWDO�SODQWDWLRQ�DUHD��DQG�DUHDV�KDUYHVWHG�DQG�SODQWHG
DQQXDOO\� �)LJXUH� ����$� DQG� ����%� UHVSHFWLYHO\��� 7KH� 
VLOYLFXOWXUDO� RSWLPXP
� VFHQDULR�
ZKLFK� LV� EDVHG� RQ� D� QHW� DQQXDO� SODQWDWLRQ� DUHD� RI� DSSUR[LPDWHO\� ������� KD� LQ� �����
SURGXFHV� DIWHU� WKH� \HDU� ����� WKH� KLJKHVW� DQQXDO� UDWH� RI� SODQWDWLRQ� HVWDEOLVKPHQW
�DSSUR[LPDWHO\� ������� KD��� \LHOGLQJ� D� ��� SHU� FHQW� LQFUHPHQW� LQ� WKH� WRWDO� DUHD� RI
SODQWDWLRQV�E\������

��� 6XVWDLQDEOH�IRUHVWU\�DQG�FDUERQ�SROLFLHV

7KH�GHYHORSPHQW�SDWK�IROORZHG�E\�&KLOH�KDV�OHG�WR�D�WZR�IDFHWHG�IRUHVW�VHFWRU��RQ�RQH
VLGH� DUH� WKH� G\QDPLF� SODQWDWLRQ�EDVHG� IRUHVW� LQGXVWULHV�� DQG� RQ� WKH� RWKHU� VLGH�� WKH
EDFNZDUG� SHUFHSWLRQ� RI� QDWXUDO� IRUHVWV� DQG� WKH� OHVV�WKDQ�HIILFLHQW� LQGXVWU\� EDVHG� RQ
WKHVH�QDWXUDO� IRUHVWV��7KXV�� LW� LV� D�PDWWHU� RI� GHEDWH�ZKHWKHU� WKLV� GHYHORSPHQW� VWUDWHJ\
FRQVWLWXWHV� D� VXVWDLQDEOH� DSSURDFK�� ,Q� UHFHQW� \HDUV�� GHYHORSPHQW� KDV� EHHQ� FOHDUO\
XQVXVWDLQDEOH�DW�OHDVW�RQ�WKH�SDUW�RI�QDWXUDO�IRUHVWV�

7KH�DERYH�VFHQDULRV�IRU�UDGLDWD�SLQH��)LJXUH�������VKRZ�WKDW�SODQWDWLRQ�IRUHVWU\²ZLWK
LWV�PDLQ�REMHFWLYH�RI�SURGXFLQJ�UDZ�PDWHULDO�IRU�UHODWHG�LQGXVWULHV²FDQ�SOD\�D�GLYHUVH
UROH� LQ� FRQWULEXWLQJ� WR� &KLOH
V� FDUERQ� EDODQFH�� 8QGHU� WKH� 
VLOYLFXOWXUDO� RSWLPXP
� DQG

FRQVHUYDWLYH� PDQDJHPHQW
� VFHQDULRV� ZLWK� UHODWLYHO\� ORQJ� URWDWLRQ� F\FOHV�� WKH� FDUERQ
SRRO� LQ� ����� LV� HVWLPDWHG� WR� EH� DSSUR[LPDWHO\� WZLFH� WKH� ����� OHYHO�� (YHQ� XQGHU� WKH

DJJUHVVLYH
� IRUHVW�PDQDJHPHQW� VFHQDULRV�ZLWK� VKRUWHU� URWDWLRQV� DQG� ODUJH�TXDQWLWLHV�RI
UDZ� PDWHULDO� EHLQJ� H[WUDFWHG� IRU� LQGXVWULDO� XVH�� WKH� FDUERQ� SRRO� LQFUHDVHV� E\
DSSUR[LPDWHO\����SHU�FHQW�

,W�LV�DOVR�LQWHUHVWLQJ�WR�FRPSDUH�WKHVH�VFHQDULRV�LQ�WHUPV�RI�DUHDV�SODQWHG�DQQXDOO\�DQG
WKH� WRWDO� SODQWDWLRQ� DUHD�� +LJK� FDUERQ� SRRO� YDOXHV� XQGHU� WKH� 
VLOYLFXOWXUDO� RSWLPXP

VFHQDULR� DUH� REWDLQHG� WKURXJK� WKH� H[SDQVLRQ� RI� WKH� SODQWDWLRQ� DUHD� E\� ��� SHU� FHQW�
ZKHUHDV� HTXDOO\� KLJK� SRRO� YDOXHV� XQGHU� 
FRQVHUYDWLYH� PDQDJHPHQW
� VFHQDULRV� DUH
REWDLQHG� XVLQJ� ORQJ� URWDWLRQV� DQG� D� ��� SHU� FHQW� LQFUHDVH� LQ� WKH� SODQWDWLRQ� DUHD�� /RZ
FDUERQ�SRRO�YDOXHV�E\������DUH�REWDLQHG�ZKHQ�WKH�FXUUHQW�SODQWDWLRQ�DUHD�LV�PDLQWDLQHG
�VFHQDULR����RU�ZLWK�
DJJUHVVLYH
�IRUHVW�PDQDJHPHQW�DSSURDFK�ZLWK�D����SHU�FHQW�LQFUHDVH
LQ�WKH�SODQWDWLRQ�DUHD�

7KH� IRUHVW� VHFWRU� RIIHUV� PDMRU� RSSRUWXQLWLHV� IRU� VXVWDLQDEOH� GHYHORSPHQW�� 7KH� ILUVW
SULRULW\� VKRXOG� EH� WR� DGRSW� D� PRUH� EDODQFHG� DSSURDFK� LQ� ZKLFK� WKH� SRWHQWLDO� RI
SODQWDWLRQ� IRUHVWU\�� WKH� UDWLRQDO� PDQDJHPHQW�� DQG� XWLOL]DWLRQ� RI� QDWXUDO� IRUHVWV
FRPSOHPHQW�HDFK�RWKHU��$�FDUERQ�SROLF\�IRU�WKH�PLWLJDWLRQ�RI�DWPRVSKHULF�&2��EXLOG�XS
QHHGV�WR�EH�LQWHJUDWHG�LQ�WKH�VXVWDLQDEOH�GHYHORSPHQW�VWUDWHJ\�RI�WKH�IRUHVW�VHFWRU��7KLV
LQWHJUDWLRQ� LV� LQGLVSHQVDEOH� EHFDXVH� LW� LV� XQUHDOLVWLF� WR� DVVXPH� WKDW� IRUHVWV� ZLOO� EH
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PDQDJHG�VROHO\�IRU�WKH�SXUSRVH�RI�FDUERQ�VHTXHVWUDWLRQ��2Q�WKH�FRQWUDU\��LW�LV�YLWDO�WKDW
IRUHVWV� FRQWLQXH� WR� EH� PDQDJHG� IRU� WKHLU� WUDGLWLRQDO� HFRQRPLF� EHQHILWV�� EXW� LQ� D
VXVWDLQDEOH�ZD\� �$SSV� DQG� 3ULFH� ������� 6XVWDLQDEOH� IRUHVWU\� FRQWULEXWHV� WR� LQFUHDVLQJ
WKH� FDUERQ� VLQN� HIIHFWV�� EXW� DOVR� WR� KDOWLQJ� VLJQLILFDQW� QHW� DGGLWLRQV� RI� FDUERQ� WR� WKH
DWPRVSKHUH�WKDW�UHVXOW�IURP�GHIRUHVWDWLRQ�DQG�PLVPDQDJHG�IRUHVWU\�SUDFWLFHV�

&RQVHTXHQWO\�� WKH� FULWHULD� LQWURGXFHG� E\� WKH� 0RQWUHDO� 3URFHVV� ������� IRU� DVVHVVLQJ
VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�KDYH�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ�WKH�IRUPXODWLRQ�RI
IRUHVW� SROLFLHV� ZKLFK� HQGHDYRXU� WR� SURPRWH� FDUERQ� VHTXHVWUDWLRQ�� $FFRUGLQJO\�� GXH
DWWHQWLRQ� VKRXOG� EH� JLYHQ� WR� RWKHU� LVVXHV� OLNH� WKH� FRQVHUYDWLRQ� RI� ELRORJLFDO� GLYHUVLW\�
PDLQWHQDQFH� RI� SURGXFWLYH� FDSDFLW\� RI� IRUHVW� HFRV\VWHPV�� PDLQWHQDQFH� RI� IRUHVW
HFRV\VWHP�KHDOWK�DQG�YLWDOLW\��DQG� WKH�FRQVHUYDWLRQ�DQG�PDLQWHQDQFH�RI�VRLO� DQG�ZDWHU
UHVRXUFHV��,Q�DGGLWLRQ��UHFRJQLWLRQ�PXVW�EH�JLYHQ�WR�LVVXHV�VXFK�DV�WKH�PDLQWHQDQFH�DQG
HQKDQFHPHQW� RI� ORQJ�WHUP�PXOWLSOH� VRFLRHFRQRPLF� EHQHILWV� WR� PHHW� WKH� QHHGV� RI� WKH
VRFLHW\�� OHJDO�� LQVWLWXWLRQDO�� DQG� HFRQRPLF� IUDPHZRUN� IRU� IRUHVW� FRQVHUYDWLRQ�� DQG
VXVWDLQDEOH�PDQDJHPHQW��7KH�ILQGLQJV�RI�WKH�DQDO\VLV�RQ�WKH�OLPLWDWLRQV�DQG�UHZDUGV�RI
VXVWDLQDEOH�IRUHVWU\�PDQDJHPHQW�LQ�&KLOH�FRXOG�SURYLGH�D�VROLG�IRXQGDWLRQ�IRU�GLFWDWLQJ
D�QHZ�IRUHVW�SROLF\�RQ�D�UDWLRQDO�EDVLV��DQG�IRU� ODXQFKLQJ�QHZ�IRUHVWU\�SURJUDPPHV��$
VLPLODU�DSSURDFK�LV�UHFRPPHQGHG�IRU�RWKHU�GHYHORSLQJ�FRXQWULHV�

7R�HQKDQFH� WKH�PDLQWHQDQFH�RI� FDUERQ�SRROV� LQ� IRUHVW� HFRV\VWHPV� DQG� WR� LQFUHDVH� WKH
IOX[�RI�&2��WR�IRUHVW�ELRPDVV��VHYHUDO�IRUHVW�SROLF\�SURJUDPPHV�VKRXOG�EH�DGRSWHG�DQG
LPSOHPHQWHG�� 7KH� PRVW� LPSRUWDQW� SROLF\� FRQVLGHUDWLRQV� DUH� WKH� SURPRWLRQ� RI
SODQWDWLRQV�� WKH� SUHVHUYDWLRQ� RI� QDWXUDO� IRUHVWV�� WKH� DGRSWLRQ� RI� PDQDJHPHQW� UHJLPHV
EDVHG�RQ�VXVWDLQDEOH�IRUHVWU\��WKH�UHKDELOLWDWLRQ�RI�HURGHG�ODQG�RU�GHJUDGHG�IRUHVWV��WKH
SUHYHQWLRQ�RI�GHIRUHVWDWLRQ�� DQG� WKH�SURGXFWLRQ�RI� LQGXVWULDO�ZRRG�DQG� IXHOZRRG��7KH
IROORZLQJ� UHOHYDQW� PHDVXUHV� QHHG� WR� EH� LQFOXGHG� LQ� VXFK� SURJUDPPHV� �%URZQ� HW� DO�
����D��1LOVVRQ�DQG�6FKRSIKDXVHU�������.DQQLQHQ�������

L�� PHDVXUHV�WR�SUHYHQW�FDUERQ�HPLVVLRQV�E\�FRQVHUYLQJ�H[LVWLQJ�FDUERQ�SRROV� LQ
IRUHVW�YHJHWDWLRQ�DQG�VRLO�WKURXJK�GHIRUHVWDWLRQ�FRQWURO��LQFUHDVLQJ�WKH�DUHD�RI
SURWHFWHG� IRUHVWV�� FKDQJLQJ� KDUYHVWLQJ� UHJLPHV� DQG� WKH� ILQDO� XWLOL]DWLRQ� RI
ZRRG��DQG�FRQWUROOLQJ�DQWKURSRJHQLF�GHVWUXFWLYH�DFWLRQV�OLNH�IRUHVW�ILUHV�

LL�� PHDVXUHV� WR� H[SDQG� WKH� VWRUDJH� RI� FDUERQ� LQ� IRUHVW� HFRV\VWHPV�E\� LQFUHDVLQJ
WKH�DUHD�DQG�TXDQWLW\�RI�ELRPDVV�DQG�VRLO�FDUERQ�GHQVLW\��DQG�LQFUHDVLQJ�FDUERQ
VWRUDJH�LQ�GXUDEOH�ZRRG�SURGXFWV�

LLL�� PHDVXUHV� WR� WUDQVIHU� IRUHVW� ELRPDVV� FDUERQ� LQWR� ORQJ�OLIH� SURGXFWV�� VXEVWLWXWH
IRVVLO�IXHO�EDVHG�HQHUJ\�DQG�VXEVWLWXWH�FHPHQW�EDVHG�SURGXFWV�ZLWK�ZRRG�

,Q�&KLOH��RI�WKH�WKUHH�RSWLRQV�PHQWLRQHG�DERYH��RQO\�PHDVXUHV�WR�H[SDQG�FDUERQ�VWRUDJH
WKURXJK�WKH�H[SDQVLRQ�RI�IRUHVW�SODQWDWLRQV�KDYH�EHHQ�SDUWLDOO\�DGRSWHG��2WKHU�HOHPHQWV�
VXFK� DV� VXEVWLWXWLQJ� IRVVLO�IXHOV�ZLWK�ELRPDVV� HQHUJ\�� KDYH� IXWXUH� SRWHQWLDO�� EXW� VR� IDU
KDYH� QRW� EHHQ� FRQVLGHUHG�� 1DWXUDO� IRUHVWV� DQG� WKHLU� PDQDJHPHQW� KDYH� EHHQ� ODUJHO\
QHJOHFWHG� DQG� KDYH�� WR� VRPH� GHJUHH�� EHHQ� FRQYHUWHG� WR� RWKHU� ODQG� XVHV�� LQFOXGLQJ
SODQWDWLRQV��7KH�&2��HPLVVLRQV�FDXVHG�E\�WKLV�FRQYHUVLRQ�DQG�WKH�ORZ�SULRULW\�JLYHQ�WR
VXVWDLQDEOH�PDQDJHPHQW�RI�FDUERQ�SRROV�LQ�QDWXUDO�IRUHVWV�KDYH�RQO\�UHFHQWO\�EHHQ�RII�
VHW�E\�WKH�FDUERQ�VHTXHVWUDWLRQ�RI�IRUHVW�SODQWDWLRQV�



��

��� 'LVFXVVLRQ

:LWKRXW�D�GRXEW�� WKH�H[SDQVLRQ�RI� IRUHVW�SODQWDWLRQV�� IUHTXHQWO\�RYHU� WKH� ODVW����\HDUV
VXUSDVVLQJ� �������� KD� RI� DQQXDOO\� SODQWHG� DUHDV�� KDV� SURPRWHG� WKH� GHYHORSPHQW� RI
IRUHVW� LQGXVWULHV� LQ�&KLOH��7KH�VKDUH�RI� IRUHVW�SURGXFWV�RI� WRWDO� H[SRUWV�RI� WKH� ODVW� WZR
GHFDGHV�KDV�LQFUHDVHG�IURP�����WR������SHU�FHQW��,1)25��������+RZHYHU��IRUHVW�SROLFLHV
KDYH� PDLQO\� VXSSRUWHG� WKH� HVWDEOLVKPHQW� RI� SODQWDWLRQV� RI� IDVW� JURZLQJ� H[RWLF� WUHH
VSHFLHV� WR� PHHW� LQGXVWULDO� QHHGV�� ,Q� FRQWUDVW�� SURPRWLQJ� VXVWDLQDEOH� PDQDJHPHQW� DQG
XWLOL]DWLRQ�RI�QDWXUDO�IRUHVWV�KDYH�EHHQ�ZLGHO\�QHJOHFWHG��,I�RQH�WDNHV�LQWR�FRQVLGHUDWLRQ
WKH�KLJK�TXDQWLWLHV�RI�ELRPDVV�DQG�ODUJH�FDUERQ�SRROV�H[LVWLQJ� LQ� WKHVH�QDWXUDO� IRUHVWV�
WKLV�SROLF\�LV�LQDGHTXDWH�IURP�WKH�SRLQW�RI�YLHZ�RI�FDUERQ�PDQDJHPHQW�

$QQXDO� DPRXQW� RI� FDUERQ� GLR[LGH� UHPRYHG� IURP� WKH� DWPRVSKHUH� E\� &KLOH
V� IRUHVW
SODQWDWLRQV�����7J�\U����LV�VXEVWDQWLDO�LQGHHG�DQG�KLJKOLJKWV�WKHLU�LPSRUWDQFH�IRU�FDUERQ
VHTXHVWUDWLRQ�� 2XU� VFHQDULRV� VKRZ� WKDW� ERWK� WKH� FDUERQ� SRRO� DQG� FDUERQ� GHQVLW\� ZLOO
LQFUHDVH�FRQVLGHUDEO\� LQ� WKH� IXWXUH�EHFDXVH�ELRPDVV�ZLOO� LQFUHDVH� DV� IRUHVW� SODQWDWLRQV
PDWXUH��&XUUHQWO\��WKH�IRUHVW�SODQWDWLRQV�DUH�FKDUDFWHUL]HG�E\�D�VNHZHG�DJH�GLVWULEXWLRQ
LQ�ZKLFK�\RXQJ�VWDQGV�DUH�GRPLQDQW�

'DWD�DYDLODELOLW\�LV�WKH�PRVW�LPSRUWDQW�FRQVWUDLQW�LQ�GHILQLQJ�D�PHWKRG�IRU�HVWLPDWLQJ�WKH
FDUERQ� SRROV� DQG� IOX[HV� LQ� WKH� &KLOHDQ� IRUHVW� SODQWDWLRQV�� ,Q� DQ� LGHDO� VLWXDWLRQ�
HVWLPDWLRQV� DUH� FRQGXFHG� ZLWK� GHWDLOHG� GDWD� RQ� VWDQG� YROXPH�� LQFUHPHQW� DQG� \LHOG
�GLVWULEXWLRQ� E\� DJH� JURXSV�� VLWH� FODVVLILFDWLRQV�� DOWLWXGLQDO� YDULDWLRQV�� HWF���� &XUUHQWO\�
KRZHYHU�� QXPHURXV� *,6�EDVHG� �JHRJUDSKLFDO� LQIRUPDWLRQ� V\VWHP�� PHWKRGV� DUH
DYDLODEOH�� DQG� WKLV� W\SH� RI� GHWDLOHG� VSDWLDO� DQDO\VLV� FDQ� EH� LPSOHPHQWHG�� EXW� DOVR
DFFHQWXDWHV�WKH�QHHG�IRU�PRGHUQ�IRUHVW�LQYHQWRULHV�WR�SURYLGH�WKH�EDVLF�VWDQG�DQG�VSDWLDO
GDWD��%URZQ�HW�DO������E���8QIRUWXQDWHO\��DV�QDWLRQDO�OHYHO�IRUHVW�LQYHQWRU\�GDWD�DUH�QRW
DYDLODEOH� IRU�&KLOH�� GHWDLOHG� VSDWLDO� LQIRUPDWLRQ� LV� DOVR� XQREWDLQDEOH��+RZHYHU�� LQ� WKH
FDVH� RI� UDGLDWD� SLQH� SODQWDWLRQV�� DSSOLFDWLRQ� RI� WKH� \LHOG� PRGHOV� E\� DGPLQLVWUDWLYH
UHJLRQV� DW� OHDVW� SDUWLDOO\� WDNHV� ODWLWXGLQDO� YDULDWLRQV� LQWR� FRQVLGHUDWLRQ�� ,Q� WKH� FDVH� RI
HXFDO\SWXV� SODQWDWLRQV�� GDWD� DYDLODELOLW\� LV� HYHQ� SRRUHU� DQG� WKH� YROXPH� HVWLPDWLRQ� LV
FDUULHG�RXW�E\�XVLQJ�D�VLPSOH�JURZWK�PRGHO�

0RQLWRULQJ� FKDQJHV� LQ� WKH� FDUERQ� UHVHUYRLUV� LV� LPSRUWDQW� IRU� WUDFLQJ� WKH� QHW� IOX[� RI
FDUERQ�EHWZHHQ�IRUHVWV�DQG�WKH�DWPRVSKHUH��)RUHVW�LQYHQWRULHV�SURYLGH�WKH�EHVW�VRXUFHV
RI� GDWD� RQ� WUHH� YROXPH� DQG� ELRPDVV� EHFDXVH� WKH� GDWD� DUH� JHQHUDOO\� FROOHFWHG� LQ� D
VWDWLVWLFDOO\� VRXQG� PDQQHU�� EXW� WKLV� DOVR� LPSOLHV� WKDW� QDWLRQDO� IRUHVW� LQYHQWRULHV� DUH
FRQGXFWHG�DW�IUHTXHQW�LQWHUYDOV�RU�RQ�D�SHUPDQHQW�EDVLV�

6RLOV�DUH�LPSRUWDQW�UHVHUYRLUV�RI�FDUERQ²WKHLU�FDUERQ�FRQWHQW�LV�RIWHQ�ODUJHU�WKDQ�LQ�WKH
WHUUHVWULDO�YHJHWDWLRQ²DQG�WKLV�IDFW�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ�VLPLODU� W\SHV
RI� HVWLPDWLRQ� �.DXSSL� ������� 8QIRUWXQDWHO\�� DQRWKHU� OLPLWDWLRQ� LQ� WKH� VWXG\� LV� WKH
SDXFLW\�RI�GDWD�RQ�WKH�TXDQWLWLHV�RI�FDUERQ�IL[HG�LQ�IRUHVW�VRLOV��6HYHUDO�VWXGLHV�RQ�WKLV
LVVXH�KDYH�EHHQ�SHUIRUPHG�LQ�RWKHU�FRXQWULHV��EXW�ZH�FRQVLGHUHG�LW�ZLVHU� WR�RPLW� WKHVH
FDOFXODWLRQV�� 7KH� VDPH� FULWHULRQ� ZDV� DSSOLHG� LQ� UHODWLRQ� WR� DYRLG� HVWLPDWLRQV� RQ� WKH
DPRXQW� RI� FDUERQ� VWRUHG� LQ� IRUHVW� SURGXFWV�� WKHLU� DYHUDJH� OLIH�� DQG� WKH� HIIHFW� RQ� WKH
FDUERQ�EDODQFH�RI�UHF\FOLQJ�PDWHULDO�XVHG�LQ�WKH�LQGXVWULDO�SURFHVVHV�



��

)XWXUH� VWXGLHV� DUH� QHHGHG� WR� SURYLGH� GHWDLOHG� HVWLPDWLRQV� RQ� WKH� DPRXQW� RI� FDUERQ
VHTXHVWHUHG�LQ�IRUHVW�SODQWDWLRQV�DQG�DOVR�LQ�QDWXUDO�IRUHVWV��1DWXUDO�IRUHVWV��GXH�WR�WKHLU
ODUJHU� VWDQGLQJ� YROXPH� DQG� ELRPDVV�� XVXDOO\� FRQWDLQ� ODUJHU� UHVHUYRLUV� RI� FDUERQ� WKDQ
IRUHVW�SODQWDWLRQV��7KXV��WKH�FRQVHUYDWLRQ�RI�QDWXUDO�IRUHVWV�KDV�D�SRVLWLYH�HIIHFW�RQ�WKH
QDWLRQDO�FDUERQ�EDODQFH��&XUUHQWO\��WKHUH�DUH�VRPH���PLOOLRQ�KHFWDUHV�RI�QDWLRQDO�SDUNV�
���� PLOOLRQ� KHFWDUHV� RI� IRUHVW� UHVHUYHV�� DQG� VRPH� PLQRU� DUHDV� GHFODUHG� DV� QDWXUDO
PRQXPHQWV�� $OWKRXJK� RQO\� D� IUDFWLRQ� RI� WKHVH� SURWHFWHG� DUHDV� LV� FRYHUHG� E\� FORVHG
IRUHVWV�� LW� LV�D�FOHDU� IDFW� WKDW� WKH�SROLF\�RI�FRQVHUYDWLRQ�KDV�FRQWULEXWHG� WR�PDLQWDLQLQJ
WKH�H[LVWLQJ�FDUERQ�SRROV�

,Q� &KLOH�� SODQWDWLRQV� DUH� LQ� D� NH\� SRVLWLRQ� LQ� WKH� IRUPXODWLRQ� RI� FDUERQ� SROLFLHV�
&XUUHQWO\��RQO\����SHU�FHQW�RI�WKH�ODQG�FRQVLGHUHG�VXLWDEOH�IRU�IRUHVW�JURZLQJ�LV�FRYHUHG
E\�GLIIHUHQW� W\SHV�RI� IRUHVWV��$W� WKH�PRPHQW�� WKHUH� LV� FOHDU�SRWHQWLDO� WR� LQFUHDVH� IRUHVW
UHVRXUFHV� WKURXJK� IRUHVW� SODQWDWLRQV�� SDUWLFXODUO\� E\� HVWDEOLVKLQJ� SODQWDWLRQV� IRU
UHKDELOLWDWLQJ� GHJUDGHG� IRUHVW� HFRV\VWHPV�� HURGHG� DQG�RU� GHQXGHG� ODQGV�� DQG� IRU
DIIRUHVWDWLRQ� RI� PDUJLQDO� DJULFXOWXUDO� DQG� JUD]LQJ� ODQGV�� 1HYHUWKHOHVV�� PRVW� RI� WKHVH
DUHDV�DUH�ORFDWHG�LQ�UHPRWH�SODFHV�ZKHUH�WKH�FUHDWLRQ�RI�SODQWDWLRQV�LV�QRW�HFRQRPLFDOO\
IHDVLEOH�� ,Q� VSLWH� RI� WKHLU� SRWHQWLDO�� QHZ� SODQWLQJ� LQYHVWPHQWV� DUH� FRQVWUDLQHG� E\� ODQG
DYDLODELOLW\�� +RZHYHU�� LI� WKH� FXUUHQW� VXEVLGLHV� IRU� HVWDEOLVKLQJ� IRUHVW� SODQWDWLRQV� DUH
PDLQWDLQHG��QR�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�DQQXDOO\�SODQWHG�DUHD�LV�WR�EH�H[SHFWHG�LQ�WKH
QHDU�IXWXUH�

127(6

��7KHVH� LQFOXGH��DPRQJ�RWKHUV��(��JOREXOXV��(��QLWHQV��(��GHOHJDWHQVLV��(�� IDVWLJDWD��(��UHJQDQV�� DQG�(�
FDPDOGXOHVLV�

��7KH�HPLVVLRQ�VWDWLVWLFV�ZHUH�REWDLQHG�IURP�WKH�LQWHUQHW�SDJH�RI�WKH�(QHUJ\�,QIRUPDWLRQ�$GPLQLVWUDWLRQ
�(,$��KWWS���ZZZ�HLD�GRH�JRY���DQG�LQFOXGH�HPLVVLRQV�IURP�IRVVLO�IXHO�FRQVXPSWLRQ��IURP�WKH�FRQVXPSWLRQ
RI�SHWUROHXP��QDWXUDO�JDV��FRDO��DQG�WKH�IODULQJ�RI�QDWXUDO�JDV�LQ������

5()(5(1&(6

$SSV��0�� DQG�'�� 3ULFH� �������� 
,QWURGXFWLRQ
�� LQ�0��$SSV� DQG�'�� 3ULFH� �HGV����)RUHVW
(FRV\VWHPV�� )RUHVW�0DQDJHPHQW� DQG� WKH�&DUERQ�&\FOH�� 1$72�$6,� 6HULHV�� 6HULHV� ,�
*OREDO�(QYLURQPHQWDO�&KDQJH������������6SULQJHU�9HUODJ�

%URZQ��6���������� 
3UHVHQW�DQG�3RWHQWLDO�5ROH�RI�)RUHVWV�LQ�WKH�*OREDO�&OLPDWH�&KDQJH
'HEDWH
��8QDV\OYD����������������

%URZQ�� 6��� -�� 6DWKD\H�� 0�� &DQQHOO�� DQG� 3�� .DXSSL� �����D��� 
0LWLJDWLRQ� RI� &DUERQ
(PLVVLRQV�WR�WKH�$WPRVSKHUH�E\�)RUHVW�0DQDJHPHQW
��&RPPRQZHDOWK�)RUHVWU\�5HYLHZ�
��������������



��

%URZQ��6���$��=��6KYLGHQNR��:��*DOLQVNL��5��$��+RXJKWRQ��(��6��.DVLVFKNH��3��.DXSSL�
:��$��.XU]��,��$���1DOGHU��DQG�9��$��5RMNRY������E���
:*��6XPPDU\��)RUHVWV�DQG�WKH
*OREDO�&DUERQ�&\FOH�� 3DVW�� 3UHVHQW�� DQG� )XWXUH�5ROH
�� LQ�0LFKDHO� -��$SSV� DQG�'DYLG
3ULFH��HGV����)RUHVW�(FRV\VWHPV��)RUHVW�0DQDJHPHQW�DQG�*OREDO�&DUERQ�&\FOH��1$72
$6,�6HULHV��6HULHV�,��*OREDO�(QYLURQPHQWDO�&KDQJH���������������6SULQJHU�9HUODJ�

&HUGD�� ,��� -�� 2ODYDUUtD�� DQG�0�� $EDORV� �������� 
(O� VHFWRU� IRUHVWDO� HQ� &KLOH�� /RJURV� \
GHVDItRV
��,1)25�,QIRUPH�7pFQLFR������������6DQWLDJR��,1)25�

'DEDV��0��DQG�6��%KDWLD� �������� 
&DUERQ�6HTXHVWUDWLRQ� WKURXJK�$IIRUHVWDWLRQ��5ROH�RI
7URSLFDO�,QGXVWULDO�3ODQWDWLRQV
��$PELR�����������������

'L[RQ�� 5�� .��� 6�� %URZQ�� 5�� $�� +RXJKWRQ�� $�� 0�� 6RORPRQ�� 0�� &�� 7UH[OHU�� DQG
-��:LVQLHZVNL� �������� 
&DUERQ�3RROV� DQG� )OX[� RI�*OREDO� )RUHVW� (FRV\VWHPV
��6FLHQFH�
������������

'RQRVR��&���������� 
7LSRV�)RUHVWDOHV�GH�ORV�%RVTXHV�1DWLYRV�GH�&KLOH
��'RFXPHQWR�GH
7UDEDMR�1R����������6DQWLDJR��&21$)�)$2�

'RQRVR��&���������� 
9DULDFLyQ�1DWXUDO�HQ�(VSHFLHV�GH�1RWKRIDJXV�HQ�&KLOH
��%RVTXH���
������������8QLYHUVLGDG�$XVWUDO�GH�&KLOH�

(,$� �(QHUJ\� ,QIRUPDWLRQ� $GPLQLVWUDWLRQ�� LQWHUQHW� SDJH�� KWWS���ZZZ�HLD�GRH�JRY�
HPHX�LQWHUQDWLRQDO�HQYLURQPHQW�KWPO�'DWD�

)$2���������6WDWH�RI�WKH�:RUOG
V�)RUHVWV��5RPH��)$2������

+DNNLOD��3��DQG�*��0HU\���������
3XXQ�NRUMXX�MD�Nl\WW|�&KLOHVVl
��([SORWDFLyQ�\�XVR�GH
OD�PDGHUD�HQ�&KLOH���+HOVLQNL��0HWVlQWXWNLPXVODLWRNVHQ�WLHGRQDQWDMD��5HVHDUFK�%XOOHWLQ
RI�WKH�)LQQLVK�)RUHVW�5HVHDUFK�,QVWLWXWH����������

+ROOLQJHU�� '�� <��� -�� 3�� 0DF/DUHQ�� 3�� 1�� %HHWV�� DQG� -�� 7XUODQG� �������� 
&DUERQ
6HTXHVWUDWLRQ�E\�1HZ�=HDODQG
V�3ODQWDWLRQ�)RUHVWV
��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\
6FLHQFH������������������

,1)25� �,QVWLWXWR� )RUHVWDO�� �������� 
)XQFLRQHV� GH� 5HQGLPLHQWR� 3DUD� 3LQXV� 5DGLDWD
'�'RQ
��0DQXVFULSW�

,1)25��,QVWLWXWR�)RUHVWDO�� �������� 
'LVSRQLELOLGDG�)XWXUD�GH�0DGHUD�GH�3LQR�5DGLDWD�
6HULH�,QIRUPiWLFD�1R�����������6DQWLDJR��,1)25�

,1)25� �,QVWLWXWR� )RUHVWDO�� �������� 
(VWDGtVWLFDV� )RUHVWDOHV� ����
�� &25)2�,1)25�
%ROHWtQ�(VWDGtVWLFR���������6DQWLDJR��,1)25�

,1)25��,QVWLWXWR�)RUHVWDO���������� 
0RGHOR�([SHULPHQWDO�GH�(XFDOLSWRV�;��
��3UR\HFWR
)21'()�������%LRPHWUtD�GH�(XFDOLSWRV��0DQXVFULSW�

,1)25� �,QVWLWXWR� )RUHVWDO�� �������� 
(VWDGtVWLFDV� )RUHVWDOHV� ����
�� &25)2�,1)25�
%ROHWtQ�(VWDGtVWLFR����������6DQWLDJR��,1)25�



��

,3&&� ��������&OLPDWH� &KDQJH� ������ 7KH� 6XSSOHPHQW� 5HSRUW� WR� WKH� ,3&&� 6FLHQWLILF
$VVHVVPHQW�� HGLWHG� E\� 7�� +RXJKWRQ� DQG� -�� -�� (SKUDXPV�� &DPEULGJH�� &DPEULGJH
8QLYHUVLW\�3UHVV�

,3&&� �������� &OLPDWH� &KDQJH� ������ 7KH� 6FLHQFH� RI� &OLPDWH� &KDQJH�� HGLWHG� E\
-��7��+RXJKWRQ�� /��*�� 0HLUD� )LOKR�� %��$�� &DOODQGHU�� 1�� +DUULV�� $�� .DWWHQEHUJ� DQG
.��0DVNHOO��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV������

-pOYH]��$���.��%ODWQHU��5��*RYHWW�� DQG�3�� 6WHLQKDJHP� �������� 
&KLOH
V�(YROYLQJ�)RUHVW
3URGXFWV�,QGXVWU\��3DUW����,WV�5ROH�LQ�,QWHUQDWLRQDO�0DUNHWV
��)RUHVW�3URGXFWV�-RXUQDO����
�����������

.DQQLQHQ��0�� �������� 
:RUOG
V� )RUHVWV� DQG� WKH�*OREDO� &DUERQ�%DODQFH�� ,Q� 6HDUFK�2I
6XVWDLQDEOH�6ROXWLRQV
��3DSHU�DQG�7LPEHU������������

.DXSSL��3�� �������� 
&DUERQ�%XGJHW�RI�7HPSHUDWH�=RQH�)RUHVWV�GXULQJ�����������
�� LQ
0LFKDHO� -��$SSV� DQG�'DYLG�3ULFH� �HGV����)RUHVW� (FRV\VWHPV�� )RUHVW�0DQDJHPHQW� DQG
*OREDO�&DUERQ�&\FOH��1$72�$6,�6HULHV�,�*OREDO�(QYLURQPHQWDO�&KDQJH��9ROXPH����
6SULQJHU�9HUODJ��������

.DXSSL��3���0��3RFK��3��+lQQLQHQ��+��+HQWWRQHQ��$��,KDODLQHQ��(��/DSSDODLQHQ��0��6WDUU
DQG� 3�� 7DPPLQHQ� �������� 
&DUERQ� 5HVHUYRLUV� LQ� 3HDWODQGV� DQG� )RUHVWV� LQ� WKH� %RUHDO
5HJLRQ�RI�)LQODQG
��6LOYD�)HQQLFD����������������

/DUD��$����������
&DVH�6WXG\��&KLOH
��LQ�1��'XGOH\��HG����)RUHVWV�LQ�7URXEOH��$�5HYLHZ�RI
WKH�6WDWXV�RI�7HPSHUDWH�)RUHVWV�:RUOGZLGH��*ODQG��6ZLW]HUODQG��::)�

/RHWVFK�� )��� )�� =|KUHU� DQG� .�� +DOOHU� ��������)RUHVW� ,QYHQWRU\�� 9ROXPH� ���0�QFKHQ�
%/9�9HUODJVJHVHOOVFKDIW������

0DF/DUHQ�� -���'��+ROOLQJHU��3��%HHWV� DQG� -��7XUODQG� �������� 
&DUERQ�6HTXHVWUDWLRQ� E\
1HZ�=HDODQG
V� 3ODQWDWLRQ� )RUHVWV
�� LQ�0��.DQQLQHQ� �HG����&DUERQ� %DODQFH� RI�:RUOG
V
)RUHVWHG�(FRV\VWHPV��7RZDUGV�D�*OREDO�$VVHVVPHQW�� 3XEOLFDWLRQV� RI� WKH�$FDGHP\�RI
)LQODQG����������������+HOVLQNL��)LQODQG�

0HOOLOOR�� -��0���$��'��0F*XLUH��'��:��.LFNOLJKWHU��%��0RRUH��&�� -��9RURVPDUWK\� DQG
$��/��6FKORVV��������� 
*OREDO�&OLPDWH�&KDQJH�DQG�7HUUHVWULDO�1HW�3ULPDU\�3URGXFWLRQ
�
1DWXUH��������������

0HU\��*����������
6XVWDLQDEOH�0DQDJHPHQW�RI�)RUHVW�3ODQWDWLRQV�DQG�1DWXUDO�)RUHVWV�LQ
&KLOH
��LQ�0��3DOR�DQG�*��0HU\��HGV����6XVWDLQDEOH�)RUHVWU\�&KDOOHQJHV�IRU�'HYHORSLQJ
&RXQWULHV��'RUGUHFKW��7KH�1HWKHUODQGV��.OXZHU�$FDGHPLF�3XEOLVKHUV���������

0LQLVWU\� IRU� WKH� (QYLURQPHQW� RI� 1HZ� =HDODQG� �������� 
&OLPDWH� &KDQJH�� 7KH� 1HZ
=HDODQG�5HVSRQVH
��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW�RI�1HZ�=HDODQG�����

0RQWUHDO�3URFHVV���������6DQWLDJR�'HFODUDWLRQ��6WDWHPHQW�RQ�WKH�&ULWHULD�DQG�,QGLFDWRUV
IRU� WKH� &RQVHUYDWLRQ� DQG� 6XVWDLQDEOH�0DQDJHPHQW� RI� 7HPSHUDWH� DQG� %RUHDO� )RUHVWV�
6DQWLDJR��&KLOH�����

1LOVVRQ�� 6�� DQG� :�� 6FKRSIKDXVHU� �������� 
7KH� &DUERQ� 6HTXHVWUDWLRQ� 3RWHQWLDO� RI� D
*OREDO�$IIRUHVWDWLRQ�3URJUDP
��&OLPDWLF�&KDQJH�������������



���

3HUH]�� 9�� �������� 
7HVLV� GH� *UDGR� 6REUH� XQ� (VWXGLR� GH� 'HQVLGDG� 3URPHGLR� GH
3ODQWDFLRQHV� GH� 3LQXV� 5DGLDWD� \� (XFDO\SWXV� VSS�� HQ� &KLOH
�� 3UR\HFWR
&21$)�)$2�318'�'RFXPHQWR�GH�7UDEDMR�����6DQWLDJR��&21$)�)$2�318'�

6FKPLGW��+�� DQG�$��/DUD� �������� 
'HVFULSFLyQ� \�3RWHQFLDOLGDGHV� GH� OD�5HJLyQ�$QGLQD
FRQ� %RVTXHV
�� 6DQWLDJR�� 8QLYHUVLGDG� GH� &KLOH�� )DFXOWDG� GH� &LHQFLDV� $JUDULDV�
9HWHULQDULDV�\�)RUHVWDOHV��'HSDUWDPHQWR�GH�6LOYLFXOWXUD�\�0DQHMR��0DQXVFULSW�����

6HGMR�� 5�� �������� 
)RUHVWV
�� 7KH� &RPSDUDWLYH� (FRQRPLFV� RI� 3ODQWDWLRQ� )RUHVWU\�� $
*OREDO�$VVHVVPHQW��:DVKLQJWRQ��5HVRXUFHV�IRU�WKH�)XWXUH������

9HEOHQ�� 7��� &�� 'RQRVR�� )�� 6FKOHJHO� DQG� %�� (VFREDU� �������� 
)RUHVW� '\QDPLFV� LQ� 6RXWK�&HQWUDO� &KLOH
�
-RXUQDO�RI�%LRJHRJUDSK\�������������
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&+$37(5��
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3DXOD�+RUQH

�� ,1752'8&7,21

7KH� ZLGH� LQWHUQDWLRQDO� FRQFHUQ� RYHU� WURSLFDO� IRUHVWV� DQG� GHIRUHVWDWLRQ� VWHPV� PDLQO\
IURP� WKHLU� JOREDO� LPSRUWDQFH� LQ� VXSSRUWLQJ� ELRGLYHUVLW\� DQG� KDUERXULQJ� FDUERQ� VWRUHV�
7KH� SURVSHFW� RI� JOREDO� ZDUPLQJ� KDV� JLYHQ� ULVH� WR� GHPDQGV� IRU� KDOWLQJ� GHIRUHVWDWLRQ�
/HVV� DWWHQWLRQ�� KRZHYHU�� KDV� EHHQ� SDLG� WR� XQGHUVWDQGLQJ� WKH� XQGHUO\LQJ� IDFWRUV� RI
GHIRUHVWDWLRQ��2QH�RI�WKH�SURPLQHQW�DJHQWV�LQ�WKH�GHIRUHVWDWLRQ�SURFHVV�LV�ODQG�H[WHQVLYH
IDUPLQJ�� ZKLFK� DFFRXQWV� IRU� RYHU� KDOI� RI� DOO� GHIRUHVWDWLRQ� �0\HUV� ����D��� ([WHQVLYH
DJULFXOWXUH� LQ� IRUHVWV� RU� IRUHVW� IULQJHV� SURYLGHV� OLYHOLKRRG� WR� PLOOLRQV� RI� IDPLOLHV� LQ
WURSLFDO�FRXQWULHV��0\HUV�����E���7KH�FOHDULQJ�DQG�EXUQLQJ�RI�IRUHVW�ODQG�IRU�DJULFXOWXUH
FRQWULEXWHV�WR�JOREDO�ZDUPLQJ�EXW�RQ�WKH�RWKHU�KDQG��SURYLGHV�VXEVLVWHQFH�IRU�SHRSOH�

7KLV� VWXG\�SUHVHQWV� D� WKHRUHWLFDO� IUDPH� IRU� FRQVLGHULQJ� WKH� FRQYHUVLRQ�RI� IRUHVWV� IURP
WKH�SRLQW�RI�YLHZ�RI�GLIIHUHQW� LQWHUHVWV��7KH�PDLQ�DLP�LV� WR� IRUPXODWH�DQ�HFRQRPLFDOO\
RSWLPDO� GHFLVLRQ�PDNLQJ� SROLF\� RQ� ODQG� XVH� LQ� UHODWLRQ� WR� SURSHUW\� ULJKWV�� DQG
IXQFWLRQLQJ� RI� PDUNHWV�� 6HFWLRQ� �� GLVFXVVHV� GHIRUHVWDWLRQ� DQG� LWV� LPSDFW� RQ� FDUERQ
EDODQFH�� DQG� FRQVLGHUV� H[WHQVLYH� FXOWLYDWLRQ� DQG� LWV� DOWHUQDWLYHV� LQ� WKH� IDFH� RI� WKH
GHIRUHVWDWLRQ� SURFHVV�� 7KH� XQGHUO\LQJ� VHWWLQJ� RI� GHFLVLRQV� RQ� ODQG� XVH� LV� GHILQHG� LQ
VHFWLRQ� ��� 6HFWLRQ� �� GHYHORSV� D�PRGHO� IRU� DQDO\VLQJ� WKH� GLIIHUHQW� LQWHUHVWV� LQ� IRUHVWHG
ODQG� DUHDV�� VSHFLI\LQJ� WKH� UHDVRQV� IRU� GLYHUJHQFH� LQ� WKH� GHFLVLRQ�PDNLQJ� SURFHVV�
)LQDOO\��WKH�PRGHO�DQG�LWV�FRQFOXVLRQV�DUH�GLVFXVVHG�LQ�VHFWLRQ���

��� &DUERQ�VWRFNV�DQG�WURSLFDO�IRUHVWV

7URSLFDO�IRUHVWV�DQG�GHIRUHVWDWLRQ�KDYH�EHHQ�RQH�RI�WKH�PDLQ�LVVXHV�LQ�WKH�GLVFXVVLRQ�RQ
JOREDO�ZDUPLQJ��7ZR�FRQFHSWV�DUH�HVVHQWLDO� LQ�DVVHVVLQJ� WKH� UROH�RI� WURSLFDO� IRUHVWV� LQ
WKH�FDUERQ�EDODQFH��FDUERQ�VWRFN�DQG�FDUERQ�IOX[HV��7KH�PDLQ�VWRFN�RI�FDUERQ��DERXW���
SHU�FHQW��LV�VWRUHG�LQ�WKH�RFHDQV��:LQMXP��'L[RQ�DQG�6FKURHGHU��������2I�WKH�WHUUHVWULDO
VWRFN�� DERYH�JURXQG� YHJHWDWLRQ� VWRUHV� DERXW� RQH�WKLUG��ZKLOH� WZLFH� DV�PXFK� KDV� EHHQ
HVWLPDWHG� WR� EH� VWRUHG� EHORZ� JURXQG� LQ� WKH� VRLO�� OLWWHU� DQG� SHDW� �'L[RQ� HW� DO�� ������
)RUHVWV�FRQWDLQ�������SHU�FHQW�RI�DOO�DERYH�JURXQG�WHUUHVWULDO�FDUERQ�DQG����SHU�FHQW�RI
DOO�EHORZ�JURXQG�FDUERQ��'L[RQ�HW�DO���������7URSLFDO�IRUHVWV�DFFRXQW�IRU�������SHU�FHQW
RI�WKH�FDUERQ�VWRFNV�IRXQG�LQ�WKH�ZRUOG
V�IRUHVWV��0\HUV�����D���6R��RYHUDOO�OHVV�WKDQ���
SHU�FHQW�RI�WKH�WRWDO�FDUERQ�VWRFNV�DUH�VWRUHG�LQ�WURSLFDO�IRUHVWV��+RZHYHU��ZLWK�UHJDUG�WR



���

FDUERQ�IOX[HV�� WKH�DQQXDO�UDWH�RI�GHIRUHVWDWLRQ� LQ� WKH� WURSLFV�ZDV�����SHU�FHQW�RYHU� WKH
����V��)$2��������:LWK�UHJDUG�WR�WKH�FDUERQ�EDODQFH��LQVWDELOLW\�RI�WKH�VWRFN�LQ�WURSLFDO
IRUHVWV�SOD\V�DQ�LPSRUWDQW�UROH�

1DWXUDO�FDUERQ�IOX[HV�RI�WKH�PDULQH�DQG�WHUUHVWULDO�V\VWHPV�DUH�LQ�EDODQFH��DERXW�����*W
DUH� HPLWWHG� LQ� HDFK� V\VWHP�� DQG� WKH\� ERWK� VHTXHVWHU� DERXW� WKH� VDPH� DPRXQW� DQQXDOO\
�:LQMXP��'L[RQ�DQG�6FKURHGHU��������0DQ�PDGH�FDXVHV�KDYH�UHVXOWHG�LQ�DQ�LPEDODQFH
LQ�FDUERQ�IOX[HV��,Q�PDQ\�WURSLFDO�GHYHORSLQJ�FRXQWULHV��WKH�SURFHVV�RI�GHIRUHVWDWLRQ�LV
WKH�PDLQ�HPLWWHU�RI�JUHHQKRXVH�JDVHV��%URZQ��/XJR�DQG�&KDSPDQ�������)DHWK��7UH[OHU
DQG� 3DJH� ������ +RXJKWRQ� ������ ,33&� ������ HYHQ� WKRXJK� RSSRVLQJ� YLHZV� KDYH� DOVR
EHHQ� SUHVHQWHG� �H�J�� 0DF.HQ]LH� ������� &KDQJHV� LQ� ODQG� XVH� LQ� WURSLFDO� IRUHVW� DUHDV
UHOHDVH���������*W�RI�FDUERQ�SHU�DQQXP��'L[RQ�HW�DO��������+RXJKWRQ�������.LQJ�HW�DO�
������

7KH�FDUERQ�EDODQFH�GHSHQGV�QRW�RQO\�RQ�WKH�TXDQWLW\�RI�FDUERQ�VWRFNHG�LQ�WUHHV�DQG�VRLO�
EXW�DOVR�RQ�WKH�UDWH�DW�ZKLFK�WKH�FDUERQ�LV�UHOHDVHG�LQWR�WKH�DLU��%XUQLQJ�IRUHVWV�UHOHDVHV
VWRFNV�TXLFNO\� LQWR� WKH� DWPRVSKHUH�� EXW� DOVR�SURGXFHV�RWKHU� JUHHQKRXVH� JDVHV� VXFK� DV
PHWKDQH�DQG�QLWURXV�R[LGH��0DUODQG��������(YHQ�ZKHQ�D�EXUQHG�RU�ORJJHG�IRUHVW�DUHD�LV
OHIW�WR�UHJHQHUDWH��WRWDO�ELRPDVV�GHFOLQHV�GUDVWLFDOO\��$V�FDUERQ�FRQVWLWXWHV�URXJKO\�KDOI
RI� WKH� WRWDO� WUHH� ELRPDVV� �'L[RQ��:LQMXP� DQG� 6FKURHGHU� ������0\HUV� ������� FDUERQ
VWRFNV�DUH� OLNHZLVH�GHSOHWHG��7KH�ELRPDVV�RI�D�SULPDU\� IRUHVW�H[FHHGV����� W�KD��ZKLOH
WKDW�RI�D� VHFRQGDU\� IRUHVW� LV�������� W�KD��:KHQ�DQ�DUHD� LV� EXUQHG� UHSHWLWLYHO\�ZLWK�QR
RWKHU� YHJHWDWLRQ� H[FHSW� IRU� JUDVVODQGV� XOWLPDWHO\� UHPDLQLQJ�� ELRPDVV� GHFOLQHV� WR� WKH
OHYHO�RI������W�KD��3HWHUV�DQG�1HXHQVFKZDQGHU�������

:KLOH� WURSLFDO� GHIRUHVWDWLRQ� LV� VHHQ� DW� WKH� LQWHUQDWLRQDO� OHYHO� DV� RQH� RI� WKH� FXOSULWV
EHKLQG�JOREDO�ZDUPLQJ��GHIRUHVWDWLRQ�IURP�WKH�YLHZ�SRLQW�RI�D�WURSLFDO�FRXQWU\�KDV�WZR
IDFHV�� VRFLDOO\� GHVLUDEOH� FRQYHUVLRQ� RI� IRUHVWV�� DQG� H[FHVV� GHIRUHVWDWLRQ�� 7KH� IRUPHU
FRQFHSW�FRXOG�EH�FDOOHG�GHYHORSPHQW�LQVWHDG�RI�GHIRUHVWDWLRQ��)URP�DQ�HFRQRPLF�SRLQW
RI�YLHZ�� ODQG�XQGHU� IRUHVW�FRYHU� LV�QRW�XWLOL]HG� WR� LWV� IXOOHVW�� LI� DQ�DOWHUQDWLYH� ODQG�XVH
EULQJV�PRUH�QHW�EHQHILWV� WR� WKH� VRFLHW\� LQ� WKH� ORQJ� UXQ��([FHVV�GHIRUHVWDWLRQ� UHVXOWV� LQ
DFWLRQV� ZKLFK� \LHOG� QHW� FRVWV� WR� WKH� VRFLHW\� DV� D� ZKROH�� ,Q� WKHVH� WHUPV�� H[WHQVLYH� RU
PDUJLQDO�FXOWLYDWLRQ�LV�ODUJHO\�H[FHVV�GHIRUHVWDWLRQ�DQG�ZLOO�EH�ORRNHG�DW�PRUH�FORVHO\�LQ
WKH�IROORZLQJ�

��� 5ROH�RI�H[WHQVLYH�FXOWLYDWLRQ�LQ�WURSLFDO�GHIRUHVWDWLRQ

([WHQVLYH�FXOWLYDWLRQ��RU�VKLIWLQJ�FXOWLYDWLRQ��VZLGGHQ�RU�VODVK�DQG�EXUQ�DJULFXOWXUH�� LV
EDVHG�RQ�WUDGLWLRQDO�PHWKRGV�DQG�LV�VWLOO�SUDFWLVHG�ZLGHO\�LQ�GHYHORSLQJ�FRXQWULHV��,W�LV�D
ODQG�H[WHQVLYH�IDUPLQJ�V\VWHP�ZLWK�D�KLJK�UHWXUQ�WR�ODERXU�DQG�LV�WKXV�VXLWDEOH�IRU�DUHDV
ZLWK�ORZ�SRSXODWLRQ�GHQVLW\��7KHUH�DUH�UHJLRQDO�DQG�WULEDO�GLIIHUHQFHV�LQ�WKH�PHWKRG��EXW
D� IHZ� VLPLODULWLHV� SUHYDLO�� 7KH� URWDWLRQ� F\FOH� RI� VODVK�DQG�EXUQ� VWDUWV� ZLWK� WKH� LQLWLDO
FOHDULQJ� RI� IRUHVWHG� ODQG� �RU� VKUXEV�� DQG� EXUQLQJ� RI� WKH� ELRPDVV� GXULQJ� D� GU\� SHULRG�
'LIIHUHQW�FRPELQDWLRQV�RI�FURSV�DUH�SODQWHG�EHIRUH�RU�DIWHU�WKH�EXUQ��&XOWLYDWLRQ�LV�RIWHQ
GRQH�ZLWK�EDVLF� WRROV�SRZHUHG�E\�PDQ��7KH� LPSRUWDQFH�RI�PDLQWHQDQFH�ZRUN� VXFK� DV
ZHHGLQJ� LQFUHDVHV� ZLWK� WKH� DJH� RI� FXOWLYDWLRQ�� $� VLWH� LV� SODQWHG� FRQVHFXWLYHO\� D� IHZ
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WLPHV� DQG� DV� \LHOGV� GLPLQLVK�� WKH� VLWH� LV� OHIW� WR� IDOORZ� IRU� ����� \HDUV�� $� QHZ� SORW� LV
RSHQHG�LQ�DQRWKHU�IDOORZ�VLWH�RU�LQ�WKH�IRUHVW��7UDGLWLRQDO�UHJLPHV�RI�VKLIWLQJ�FXOWLYDWLRQ
ZHUH� XVXDOO\� FKDUDFWHUL]HG� E\²DQG� EDVHG� RQ²ORZ� SRSXODWLRQ� GHQVLWLHV� DYHUDJLQJ
EHORZ����NP���$LNHQ�DQG�/HLJK��������,Q�WKH�SDVW��ORQJ�IDOORZ�SHULRGV�DOORZHG�WKH�VRLO
WR� UHFRYHU� DQG� WKHUHE\� HQVXUHG� WKH� VXVWDLQDELOLW\� RI� ODQG� XVH� �3HWHUV� DQG
1HXHQVFKZDQGHU�������

,Q�PDQ\�FRXQWULHV��SRSXODWLRQ�JURZWK�DPRQJ� WKH� VODVK�DQG�EXUQ�SHDVDQWV� LV�DERYH� WKH
QDWLRQDO�DYHUDJH��0\HUV�����D���:LWK�LQFUHDVLQJ�SRSXODWLRQ�DQG�FKDQJHV�LQ�LQVWLWXWLRQDO
VWUXFWXUHV�� WUDGLWLRQDO� VKLIWLQJ� FXOWLYDWLRQ� V\VWHPV� DUH� QR� ORQJHU� VXVWDLQDEOH��ZKLOH� WKH
ODFN� RI� DOWHUQDWLYHV�� VFDUFLW\� RI� DUDEOH� ODQG�� XQHTXDO� ODQG� RZQHUVKLS� V\VWHPV�� DQG
GHPRJUDSKLF� SUHVVXUH� FRQWLQXH� WR� DFFHOHUDWH� PLJUDWLRQ� WR� PDUJLQDO� DUHDV� WR� SUDFWLVH
H[WHQVLYH�IDUPLQJ��&RUQLVWD��-DYLHU�DQG�(VFXHWD�������+\GH�DQG�1HZPDQ�������.DXO�
.DQHWNDU� DQG� $FKDQWD� ������ .DXO� DQG� 6KDK� ������� .QRZOHGJH� RI� DSSURSULDWH
DJULFXOWXUDO� V\VWHPV� LV� RIWHQ� QRQ�H[LVWHQW� DPRQJ�PLJUDQW� IDUPHUV� DQG� WKH\� XVH� VODVK�
DQG�EXUQ�PHWKRGV�RQ�KLOO\�VLWHV�FDXVLQJ�HURVLRQ�

([WHQVLYH� IDUPLQJ� LV� RQH� RI� WKH� PDLQ� FDXVHV� RI� WURSLFDO� GHIRUHVWDWLRQ�� )$2
V� )RUHVW
$VVHVVPHQW� 5HSRUW� ������� FLWHV� H[WHQVLYH� IDUPLQJ� DV� WKH� SURPLQHQW� UHDVRQ� IRU
GHIRUHVWDWLRQ�LQ�$IULFD��WURSLFDO�$PHULFD�DQG�WURSLFDO�$VLD��,W�VKRXOG�EH�QRWHG��KRZHYHU�
WKDW� WURSLFDO� FRXQWULHV� DUH�QRW� D�KRPRJHQHRXV�JURXS� LQ� WKLV� UHJDUG�� FDVH� VWXGLHV� VKRZ
WKDW�H[WHQVLYH�DJULFXOWXUH�FDQQRW�EH�EODPHG�IRU�WKH�GHIRUHVWDWLRQ�RI�,QGLD��IRU�H[DPSOH�
�&KDNUDERU\�������RU�RI� ,QGRQHVLD� �2VJRRG��������2IWHQ� H[WHQVLYH� IDUPLQJ� DGYDQFHV
DORQJ� ORJJLQJ� URDGV� LQWR� IRUHVWV� DQG� WKH� DOUHDG\� GHJUDGHG� VHFRQGDU\� IRUHVWV� DUH� WDNHQ
RYHU� IRU� IDUPLQJ��:KLOH� VHOHFWLYH� ORJJLQJ� V\VWHPV� VHOGRP� GHIRUHVW� DQ� DUHD� EXW� GRHV
GHJUDGH�LW��H[WHQVLYH�IDUPLQJ�ZKHQ�SUDFWLVHG�LQ�DQ�XQVXVWDLQDEOH�PDQQHU�FDXVHV�IRUHVWV
WR�EH��PRUH�RU�OHVV�SHUPDQHQWO\�FRQYHUWHG�LQWR�RWKHU�ODQG�XVHV�

��� $OWHUQDWLYHV�WR�H[WHQVLYH�FXOWLYDWLRQ

7KHUH�DUH�WZR�IRUHVW�PDQDJHPHQW�RSWLRQV�IRU�FRQWUROOLQJ�WKH�EDODQFH�RI�FDUERQ�IOX[HV�
7KH\� FDQ� EH� FODVVLILHG� DV� L�� LQFUHDVLQJ� RI� FDUERQ� VHTXHVWUDWLRQ� WKURXJK� HQKDQFHG
LQWHQVLW\� DQG� H[WHQVLW\� RI� IRUHVWV� DQG� LL�� SUHVHUYLQJ� WKH� H[LVWHQW� VHTXHVWHUHG� VWRFN� RI
FDUERQ�WKURXJK�IRUHVW�FRQVHUYDWLRQ�DQG�KDOWLQJ�GHIRUHVWDWLRQ�

$Q� LQFUHDVH� LQ� FDUERQ� VHTXHVWUDWLRQ� OHYHOV� FRXOG� EH� DFKLHYHG� WKURXJK� EHWWHU
PDQDJHPHQW�RI�H[LVWLQJ�IRUHVWV�DQG�WKH�H[SDQVLRQ�RI�IRUHVWHG�DUHDV��(VWLPDWLRQV�RI�WKH
SRWHQWLDO� FDUERQ� VHTXHVWUDWLRQ� SRVVLELOLWLHV�� EXW� \HW� XQUHDOL]HG� E\�ZRUOG� IRUHVWV�� UDQJH
IURP� �� WR� �� *W� SHU� DQQXP� IRU� DV� ORQJ� DV� D� FHQWXU\� �'L[RQ� HW� DO�� ������� (QVXULQJ
UHJURZWK�RI�ORJJHG�RYHU�DUHDV�DQG�DYRLGLQJ�GDPDJH�WR�WKH�VWDQGLQJ�VWRFN�GXULQJ�ORJJLQJ
RSHUDWLRQV�ZRXOG�KHOS�LQWHQVLI\�WKH�ORQJ�WHUP�FDUERQ�VWRFN�LQ�IRUHVWU\�VLWHV��([SDQVLRQ
RI� IRUHVWV� WR� GHJUDGHG� ODQGV� WKURXJK� UHIRUHVWDWLRQ� DQG� DIIRUHVWDWLRQ� ZRXOG� VHTXHVWHU
VXEVWDQWLDO� DPRXQWV� RI� FDUERQ� �'L[RQ� HW� DO�� ������� 2YHU� ���� PLOOLRQ� KHFWDUHV� RI
SODQWDWLRQV� DUH� QHHGHG� WR� VHTXHVWHU� DQ� DQQXDO� FDUERQ� LQFUHPHQW� RI� �� *W� LQWR� WKH
DWPRVSKHUH��$FFRUGLQJ�WR�HVWLPDWHV������������PLOOLRQ�KHFWDUHV�RI�GHIRUHVWHG�ODQG�DUH
WHFKQLFDOO\�VXLWDEOH�IRU�IRUHVWDWLRQ��'L[RQ��:LQMXP�DQG�6FKURHGHU��������DQG�SODQWDWLRQ
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FRVWV� ZRXOG� ULVH� ZHOO� DERYH�86������ ELOOLRQ�� HYHQ�ZLWK� WKH� RSSRUWXQLW\� FRVW� RI� ODQG
H[FOXGHG� �6HGMR� ������� ,W� LV� WKHUHIRUH� QRW� UHDOLVWLF� WR� DVVXPH� WKDW� IRUHVWV� ZRXOG� EH
FRQVHUYHG�RU�SODQWHG�PHUHO\�IRU�WKH�EHQHILW�RI�FDUERQ�VHTXHVWUDWLRQ��7KH�PDLQ�SULRULW\�RI
WURSLFDO� IRUHVWU\� VKRXOG� EH� WKH� PRUH� GLUHFW� EHQHILWV� ZLWK� FDUERQ� VHTXHVWUDWLRQ� DV� D
SRVLWLYH�VLGH�HIIHFW�

,Q�RUGHU� WR�KDOW� GHIRUHVWDWLRQ� DQG� WR� FRQVHUYH� H[LVWLQJ� VWRFNV�RI� FDUERQ�� WKH� FDXVHV� RI
GHIRUHVWDWLRQ�VKRXOG�EH�H[DPLQHG�DQG�DGGUHVVHG��0LWLJDWLRQ�PHDVXUHV�VKRXOG�QRW�RQO\
EH�HIIHFWLYH��EXW�DOVR�VRFLDOO\�DQG�HFRQRPLFDOO\�DFFHSWDEOH��,Q�PDQ\�WURSLFDO�FRXQWULHV�
IRUHVW�DUHDV�VXSSRUW�VXEVWDQWLDO�SRSXODWLRQV��D�IDFW�ZKLFK�QHHGV�WR�EH�DFNQRZOHGJHG�LQ
DQ\�SROLF\�IRUPXODWLRQ��0LWLJDWLRQ�PHDVXUHV�ZLOO�EH�IHDVLEOH�RQO\�LI�WKH\�VHUYH�WKH�QHHGV
RI�ORFDO�SHRSOH�LQYROYHG�LQ�DFWLYLWLHV�FDXVLQJ�GHIRUHVWDWLRQ��,Q�RUGHU�WR�FKDQJH�WKH�ODQG�
XVH� SUDFWLFH� RI� PDUJLQDO� IDUPHUV�� WKH� DOWHUQDWLYH� RIIHUHG� PXVW� EH� VRFLDOO\�� FXOWXUDOO\�
SROLWLFDOO\�DQG�HFRQRPLFDOO\�DFFHSWDEOH��7KH�PHWKRGV�LQ�ZKLFK�VXEVLVWHQFH�LV�HNHG�RXW
IURP�WKH�PDUJLQDO�DUHDV�PLJKW�EH�FKDQJHG��EXW�WKH�SHRSOH�FDQQRW�EH�H[SHOOHG�IURP�WKHVH
DUHDV� LQ� WKH� IRUHVHHDEOH� IXWXUH�� 'HVSLWH� HIIRUWV� WR� UHJXODWH� WKH� FRQYHUVLRQ� RI� WURSLFDO
IRUHVWV� LQWR�H[WHQVLYH�DJULFXOWXUH�� LW� LV� DQ� LQVLVWHQW�SUREOHP� LQ�PDQ\� WURSLFDO� FRXQWULHV
�VHH�� IRU� H[DPSOH�� &UX]� DQG� &UX]� ������� $V� WKH� WURSLFDO� IRUHVW� DUHDV� VXSSRUW� ODUJH
SRSXODWLRQV�ZLWK� OLPLWHG� DOWHUQDWLYH� VRXUFHV� RI� LQFRPH�� WKH� TXHVWLRQ� RI� RSWLPDO� IRUHVW
DUHDV� KDV� WR� EH� VXEMHFWHG� WR� WKH� QHHGV� RI� ORFDO� SHRSOHV� IRU� DQ\� SROLF\� DFWLRQ� WR� EH
HIIHFWLYH�

$JURIRUHVWU\� V\VWHPV�ZLWK� WHPSRUDO� RU� VSDWLDO� LQWHUFURSSLQJ� RI� SODQWV� DQG� WUHHV� FRXOG
SURYLGH� ERWK� IRRG� DQG� LQFRPH� WR� ORFDO� FRPPXQLWLHV� DQG� FRQWULEXWH� WR� FDUERQ
VHTXHVWUDWLRQ�� 2QH� KHFWDUH� RI� DJURIRUHVWU\�� UHSODFLQJ� ����� KHFWDUHV� RI� H[WHQVLYH
FXOWLYDWLRQ��FRXOG�VHTXHVWHU�DQ�DYHUDJH�RI����WRQV�RI�FDUERQ�DQQXDOO\��6FKURHGHU��'L[RQ
DQG�:LQMXP��������+HQFH��WKH�FRQWULEXWLRQ�WR�FDUERQ�VHTXHVWUDWLRQ�ZRXOG�EH�WZRIROG�
OHVV� SUHVVXUH� RQ� WKH� UHPDLQLQJ� IRUHVWV� DQG� JUHDWHU� FDUERQ� VWRUDJH� LQ� WKH� DJULFXOWXUDO
V\VWHPV�� +RZHYHU�� WKH� GLUHFW� FRVWV� RI� HVWDEOLVKLQJ� DQ� DJURIRUHVWU\� DUH� KLJK�� RYHU
86������KD� RQ� DYHUDJH� �6FKURHGHU��'L[RQ� DQG�:LQMXP� ������� DQG� WKH� \LHOGV� FDQ� EH
KDUYHVWHG�RQO\�DIWHU�VRPH�WLPH�ODJ��0DQ\�IDUPHUV�SUDFWLVLQJ�H[WHQVLYH�FXOWLYDWLRQ�KDYH
RQO\�OLPLWHG�UHVRXUFHV�RQ�KDQG�SOXV�D�KLJK�WLPH�SUHIHUHQFH��+HQFH��LW�LV�HVVHQWLDO�WR�ORRN
DW�WKH�HFRQRPLFV�RI�ODQG�XVH�LQ�RUGHU�WR�HVWLPDWH�WKH�SRVVLELOLWLHV�RI�WUDQVLWLRQ�

�� 7+(�)5$0(�2)�/$1'�86(�'(&,6,21�0$.,1*

7RWDO�YDOXH�RI� WKH�ODQG�LV�D�VXEMHFWLYH�FRQFHSW�� ,QWHUQDWLRQDO� LQWHUHVW� LQ�WURSLFDO�IRUHVWV
PDLQO\�FRQFHUQV� WKH�EHQHILWV� UHODWHG� WR�ELRGLYHUVLW\�DQG� FDUERQ� VHTXHVWUDWLRQ��QDWLRQDO
LQWHUHVWV� OLH� SHUKDSV� LQ� ZDWHUVKHG�PDQDJHPHQW�� WRXULVP� DQG� ORJJLQJ�� ZKLOH� WKH� PDLQ
FRQFHUQ�RI�DQ� LQGLYLGXDO� IDUPHU� LV� WKH� VXEVLVWHQFH�RI�KLV�KRXVHKROG��:KLOH� WKH� UROH�RI
WURSLFDO� IRUHVWV� LQ� FDUERQ� GLR[LGH� VHTXHVWUDWLRQ� PD\� EH� FRQFHLYHG� DV� D� EHQHILW� E\
LQWHUQDWLRQDO�LQWHUHVW�JURXSV��LW�LV�ODUJHO\�LJQRUHG�E\�WKH�LQGLYLGXDO�IDUPHU�



���

7KH� LQGLYLGXDO� IDUPHU� PDNHV� ODQG�XVH� GHFLVLRQV� VXEMHFW� WR� DQ� GHFLVLRQ�PDNLQJ
HQYLURQPHQW�ZKLFK�LQFOXGHV�GLIIHUHQW�PDUNHW��LQVWLWXWLRQDO�DQG�LQIRUPDWLRQDO�IDFWRUV�WKDW
UHJXODWH� WKH� FRVWV� DQG� EHQHILWV� IURP� FHUWDLQ� ODQG� XVH�� ([WHQVLYH�ZRUN� DPRQJ�PLJUDQW
IDUPHUV�ZRXOG�KHOS�WR�FRUUHFW� WKH� ODFN�RI� LQIRUPDWLRQ�RQ�DSSURSULDWH� IDUPLQJ�V\VWHPV�
EXW� WKDW� LV� LQVXIILFLHQW� IRU� D� WUDQVLWLRQ� LQ� IDUPLQJ� V\VWHPV� WR� WDNH�SODFH�'X%RLV������
81(6&2��������7KH�XVH�RI�XQVXVWDLQDEOH�FXOWLYDWLRQ�PHWKRGV�LQ�H[WHQVLYH�IDUPLQJ�FDQ
RIWHQ�EH�DWWULEXWHG�WR�PDUNHW�DQG�LQVWLWXWLRQDO�IDLOXUHV�

,PSHUIHFWO\� IXQFWLRQLQJ� RU� QRQ�H[LVWHQW�PDUNHWV� DUH� D� FRPPRQ� IHDWXUH� RI� GHYHORSLQJ
FRXQWULHV�LQ�JHQHUDO��DQG�RI�HQYLURQPHQWDO�JRRGV�DQG�VHUYLFHV�LQ�SDUWLFXODU��0DQ\�IRUHVW
JRRGV�DQG�VHUYLFHV�GR�QRW�KDYH�PDUNHWV��DQG�PDQ\�DUH�RI�WKH�QDWXUH�RI�D�SXEOLF�JRRG��$
PDQDJHU�ZKR�GRHV�QRW�GLUHFWO\�EHQHILW�IURP�D�FRPPRQ�JRRG�ZRXOG�QRW�EH�LQIOXHQFHG�E\
LW�LQ�KLV�ODQG�PDQDJHPHQW�GHFLVLRQV��HYHQ�WKRXJK�WKH�JRRG�PLJKW�EH�RI�EHQHILW�WR�RWKHUV�
6XFK�D�JRRG�LV�VDLG�WR�EH�DQ�H[WHUQDOLW\�LQ�DQ�LQGLYLGXDO
V�GHFLVLRQ�

2QH� SURPLQHQW� IDFWRU� LV� WKH� ODQG� WHQXUH� V\VWHP� �%DUELHU� ������ 6RXWKJDWH� �����
6RXWKJDWH�DQG�3HDUFH�������+\GH�DQG�1HZPDQ��������:LWKRXW�ODQG�XVH�ULJKWV��D�IDUPHU
ZLOO�QRW�LQYHVW�UHVRXUFHV�LQ�VRLO�FRQVHUYDWLRQ��EHFDXVH�WKH�UHWXUQ�LV�XQFHUWDLQ��$�IDUPHU
ZLWK� D� PRUH� SHUPDQHQW� WHQXUH� DUUDQJHPHQW�� IRU� H[DPSOH�� XVXIUXFWXDU\� ULJKWV� RU
RZQHUVKLS��ZRXOG�FRQVLGHU�WKH�IXWXUH�ODQG�IHUWLOLW\�LPSRUWDQW�EXW�ZRXOG�QRW�EH�LQWHUHVWHG
LQ�ZKHWKHU�FXOWLYDWLRQ�FDXVHV�RII�VLWH�FRVWV��%HFDXVH�RI�WKH�LQVWLWXWLRQDO�IDLOXUH�WR�DVVLJQ
SURSHUW\� ULJKWV� RU� WR� VHH� WR� WKHP� EHLQJ� UHDOL]HG�� WKH� XVH� RI� QDWXUDO� UHVRXUFHV� LV
H[SORLWLYH��6RFLDOO\� VXERSWLPDO� ODQG�XVH�RI�D�PDUJLQDO� IDUPHU� LV�D� W\SLFDO� RSHQ�DFFHVV
SUREOHP�� ,QDGHTXDWH� PRQLWRULQJ� DQG� FRQWURO� RI� ODQG� XVH� KDYH� HIIHFWLYHO\� UHQGHUHG
XSODQGV�DQ�RSHQ�DFFHVV�UHVRXUFH��&UX]�DQG�&UX]��������7KLV�LV�D�ZHOO�H[SORUHG�HOHPHQW
LQ�WKH�OLWHUDWXUH�RI�WKH�HFRQRPLFV�RI�QDWXUDO�UHVRXUFHV��H�J��+DUWZLFN�DQG�2OHZLOHU������
1HKHU��������(URVLRQ�FRQWURO�PHWKRGV�LQYROYH�LPPHGLDWH�LQYHVWPHQW�LQ�WHUPV�RI�ODERXU
²DQG�DW�WLPHV�FDSLWDO²IRU�JDLQV�WKDW�EHFRPH�DSSDUHQW�RQO\�LQ�WKH�IXWXUH��:LWK�LQVHFXUH
ODQG�XVH� ULJKWV�� WKH� EHQHILWV� IURP� FRQWUROOHG� VRLO� HURVLRQ� DUH� GLVUHJDUGHG� LQ� SULYDWH
GHFLVLRQ�PDNLQJ��$Q\� DWWHPSW� WR� LPSURYH� FXOWLYDWLRQ�PHWKRGV�ZLWKRXW� DGGUHVVLQJ� WKH
TXHVWLRQ� RI� ODQG�XVH� ULJKWV� ZLOO� QRW� DFKLHYH� ORQJ�WHUP� UHVXOWV� �GH� ORV� $QJHOHV� �����
%DUELHU� ������+RUQH� ������+\GH� DQG�1HZPDQ� ������ 6DZ\HU� ������ 6RXWKJDWH� �����
6RXWKJDWH�DQG�3HDUFH�������

�� 02'(//,1*�/$1'�86(�'(&,6,21�0$.,1*

��� %DVLF�DVVXPSWLRQV�DQG�GHILQLWLRQV

7KLV�PRGHOOLQJ�RI� ODQG�XVH�GHFLVLRQV�FRQFHQWUDWHV�RQ� WKH� LVVXHV�RI�SURSHUW\� ULJKWV�DQG
HQYLURQPHQWDO�H[WHUQDOLWLHV��7KHVH�LVVXHV�KDYH�YDU\LQJ�LPSOLFDWLRQV�IRU�GLIIHUHQW�LQWHUHVW
JURXSV�ZLWK�YDULHG�DLPV�RYHU�WKH�XVH�RI�WURSLFDO�IRUHVW�DUHDV��7KH�XVH�RI�WURSLFDO�IRUHVW
DUHDV� LV�FRQVLGHUHG� IURP� WKH�YLHZ�SRLQW�RI� IRXU�DJHQWV��JOREDO� LQWHUHVW�� VRFLDO� SODQQHU�
VHGHQWDU\�IDUPHU��DQG�PDUJLQDO�IDUPHU�



���

*OREDO� LQWHUHVW� UHSUHVHQWV� WKH� JHQHUDO� DLP� WR� FRQVHUYH� WURSLFDO� IRUHVWV�� )RU
VLPSOLILFDWLRQ�� JOREDO� LQWHUHVW� LV� UHSUHVHQWHG� RQO\� DV� WKH� FRQFHUQ� RYHU� WKH� IXQFWLRQ� RI
IRUHVWV�DV�D�FDUERQ�VLQN�DQG�D�ELRGLYHUVLW\�UHVHUYH��7KHUHIRUH��DVVXPLQJ�QHLWKHU�DOWUXLVP
QRU�GHPDQG�IRU�WLPEHU�SURGXFWV��FRQYHUVLRQ�RI�WKH�IRUHVWV�LV�QRW�GHVLUHG��+RZHYHU��WKH
JOREDO�FRPPXQLW\�KDV�QR�SURSHUW\�ULJKWV�RYHU�IRUHVWHG�DUHDV�LQ�WKH�WURSLFV��7DEOH������

6RFLDO� SODQQHU� UHSUHVHQWV� QDWLRQDO� LQWHUHVW� IRU� WKH� ZHOIDUH� RI� WKH� HQWLUH� QDWLRQ�� 7KH
RSWLPDO� SURGXFWLRQ� RI� D� VRFLDO� SODQQHU� ZRXOG� HTXDO� WKDW� RI� DJJUHJDWH� SULYDWH� RSWLPD
DVVXPLQJ�QHLWKHU�PDUNHW�QRU� LQVWLWXWLRQDO� IDLOXUHV� �H�J��9DULDQ��������$�VRFLDO�SODQQHU
KDV� SURSHUW\� ULJKWV� DQG� ZRXOG� LQWHUQDOL]H� H[WHUQDOLWLHV� EHFDXVH�� IRU� H[DPSOH�
GRZQVWUHDP� HIIHFWV� RI� VRLO� HURVLRQ�ZRXOG� EH� MXVW� DV�PXFK� D�PDWWHU� RI� FRQFHUQ� DV� WKH
\LHOGV�RI�XSODQG�FXOWLYDWLRQ��$V�JOREDO�ZDUPLQJ�LV�E\�GHILQLWLRQ�D�JOREDO�LVVXH��LW�LV�QRW
LQ� WKH� LQWHUHVW� RI� D� VLQJOH� FRXQWU\� WR�PDNH� RQH�VLGHG� FRQFHVVLRQV� WR� FRVWO\�PLWLJDWLRQ
PHDVXUHV�XQOHVV�WKH�GLUHFWO\�DFFUXHG�EHQHILWV�LQ�WKH�FRXQWU\
V�RZQ�LQWHUHVW�DUH�H[SHFWHG
WR� EH� KLJKHU� WKDQ� WKH� FRVWV�� +HQFH�� WKH� EHQHILWV� RI� FDUERQ� VHTXHVWUDWLRQ� ZRXOG� EH
RYHUORRNHG�

6HGHQWDU\� IDUPHU� LV� GHILQHG� KHUH� DV� RQH� ZLWK� SURSHUW\� ULJKWV�� :HOO�HVWDEOLVKHG
XVXIUDFWXDU\�ULJKWV�ZRXOG�UHVXOW� LQ�WKH�VDPH�HIIHFW��D� IDUPHU��EHLQJ�HQVXUHG�RI�JDLQLQJ
IXWXUH�EHQHILWV��KDV�WKH�LQFHQWLYH�WR�VHFXUH�IHUWLOLW\�RI�WKH�ODQG��,QGLYLGXDO�IDUPHUV�KDYH
QR�FRQFHUQ�RI�WKH�H[WHUQDOLWLHV�RU�RI�FDUERQ�VHTXHVWUDWLRQ�

0DUJLQDO�IDUPHU�KDV�QR�SURSHUW\�ULJKWV��KHQFH�QR�LQFHQWLYH�WR�UHWDLQ�IHUWLOLW\�RI�WKH�ODQG�
$JDLQ��WKH�IDUPHU�KDV�QR�UHJDUG�IRU�H[WHUQDOLWLHV�

TABLE 6.17
THE BASIC ASSUMPTIONS IN THE MODEL

Property Internalization Internalization of
rights of externalities sequestration benefits

Global interest no no yes

Social planner yes yes no

Sedentary farmer yes no no

Marginal farmer no no no

7KH� DFFHVVLELOLW\� RI� D� IRUHVW� VLWH� LV� DSSUR[LPDWHG� E\� WUDQVSRUWDWLRQ� FRVWV� RI� WKH� ILQDO
DJULFXOWXUDO�JRRGV��,W�LV�DVVXPHG�WKDW�WKH�PDUNHW�SULFH�RI�DQ�DJULFXOWXUDO�SURGXFH�UHIOHFWV
LWV�KRPH�FRQVXPSWLRQ�YDOXH�DV�ZHOO��7KH�IDUPHU�LV�DVVXPHG�WR�SD\�IRU�WKH�WUDQVSRUWDWLRQ
RI� PDUNHW� JRRGV�� LQVWHDG� RI� GHYRWLQJ� KLV� RZQ� WLPH� WR� WKH� WDVN�� 7KLV� VLPSOLILHV� WKH
KDQGOLQJ�RI�ODERXU�LQ�WKH�DQDO\VLV��7KH�SD\PHQW�LV��QDWXUDOO\��UHODWHG�WR�WKH�GLVWDQFH�WR
PDUNHW�

2XWSXW� SULFH� LV� WDNHQ� DV� DQ� H[RJHQRXV� YDULDEOH�� UHIOHFWLQJ� DQ� LQHODVWLF� GHPDQG� FXUYH�
7KLV�DVVXPSWLRQ�LV�EDVHG�RQ�WKH�ORZ�SULFH�HODVWLFLW\�RI�GHPDQG�IRU�IRRG��,Q�WKH�FDVH�RI�D
VRFLDO� UHVRXUFH� SODQQHU�� WKLV� LV� FOHDUO\� DQ� RYHUVLPSOLILFDWLRQ�� DV� KH� ZRXOG� EH� D� SULFH
VHWWHU��+RZHYHU��WKH�DVVXPSWLRQ�LV�QRW�H[SHFWHG�WR�FKDQJH�WKH�EDVLF�UHVXOWV�RI�WKH�PRGHO�



���

��� 0RGHOOLQJ�RI�RSWLPDO�IRUHVW�DUHD

*LYHQ�WKH�DVVXPSWLRQV��WKH�JOREDO�LQWHUHVW�ZRXOG�EH�WR�PD[LPL]H�IRUHVW�DUHD��WKH�VRFLDO
SODQQHU� DQG� WKH� VHGHQWDU\� IDUPHU� VWULYH� WR� RSWLPL]H� WKH� ODQG� DUHD� XQGHU� DJULFXOWXUDO
SURGXFWLRQ��DQG�WKH�PDUJLQDO�IDUPHU�ZRXOG�PD[LPL]H�DJULFXOWXUDO�SURGXFWLRQ�

����� *OREDO�LQWHUHVW

*LYHQ�WKDW�WKH�JOREDO�LQWHUHVW�OLHV�RQO\�LQ�WKH�FRQVHUYDWLRQ�RI�IRUHVWV�DV�D�FDUERQ�VLQN�DQG
D�ELRGLYHUVLW\� UHVHUYH��QR�FRQYHUVLRQ�RI� IRUHVW� LV�GHVLUDEOH��7KH�REMHFWLYH�ZRXOG�EH� WR
PD[LPL]H�IRUHVW�DUHD�� WKDW� LV�� WR�UHWDLQ�WKH�SUHVHQW�IRUHVW�FRYHU��7KHUH� LV�QR�GLUHFW�FRVW
LQYROYHG�LQ�FRQVHUYDWLRQ��WKXV�WKH�QHW�EHQHILW�ZRXOG�HTXDO�JURVV�EHQHILW��7KH�QHW�EHQHILW
�%*��FDQ�EH�ZULWWHQ�

��� %* W & 6 W ' 6 W� � � � � �= +

ZKHUH� ��6�W�� �VWRFN�RI�IRUHVWHG�ODQG�DQG�LWV�VRLO�UHVRXUFHV

��&>6�W�@� �EHQHILW�RI�FDUERQ�VWRFN�SURYLGHG�E\�6�W�

��'>6�W�@� �EHQHILW�RI�ELRGLYHUVLW\�FRQVHUYDWLRQ�SURYLGHG�E\�6�W�

%RWK�EHQHILWV�LQFUHDVH�ZLWK�WKH�DUHD�RI�IRUHVW���&��6�!���DQG��'��6�!����7KH�REMHFWLYH�LV
QRW�WLPH�GHSHQGHQW�

����� 6RFLDO�SODQQHU

7KH� VRFLDO� SODQQHU� ZRXOG� RSWLPL]H� UDWKHU� WKDQ� PD[LPL]H� DJULFXOWXUDO� SURGXFWLRQ�
EHFDXVH�KH�ZRXOG�DOVR�EH�FRQFHUQHG�ZLWK�� IRU�H[DPSOH�� WKH�RII�VLWH�HURVLRQ� FRQWURO�RI
IRUHVW�VWRFN��$JULFXOWXUDO�SURGXFWLRQ�IXQFWLRQ��4�W��LV�JLYHQ�DV�

��� 4 W I = W 6 W ; W� � � �� � �� � �=

ZKHUH� ��4�W�� �DJULFXOWXUDO�SURGXFWLRQ

��=�W�� �ODERXU

��;�W�� �GLVWDQFH�WR�PDUNHW

$YDLODEOH� ODERXU� KRXUV�� =�� FDQ� EH� GLYLGHG� EHWZHHQ� DJULFXOWXUDO� WDVNV�� =D�� DQG� VRLO
FRQVHUYDWLRQ�PHDVXUHV��=F��VR�WKDW�=� �=D���=F��7KH�QXPEHU�RI�KRXUV�WKH�IDUPHU�GHFLGHV
WR� GHYRWH� WR� DJULFXOWXUDO� DFWLYLWLHV��=D�� GHWHUPLQHV� WKH� OHYHO� RI� DJULFXOWXUDO� SURGXFWLRQ
DQG� LV� WKHQ� WKH� FRQWURO�YDULDEOH��%RWK� WKH� RXWSXW� OHYHO� DQG� WKH� OHYHO� RI� HQYLURQPHQWDO
VHUYLFHV� DUH� GHWHUPLQHG� DFFRUGLQJ� WR� WKH� IDUPHU
V� FKRLFH�� DV� VKRZQ� EHORZ�� $V
DJULFXOWXUDO�RXWSXW�DQG�HQYLURQPHQWDO�VHUYLFHV�GHSHQG�RQ�WKH�VWRFN�RI�IRUHVW�� WKH�VWRFN



���

RI� IRUHVWHG� ODQG� LV� WKHQ� WKH� VWDWH� YDULDEOH�� (IIHFWLYHO\�� WKH� FRQWURO� YDULDEOH�� =D�
GHWHUPLQHV�WKH�OHYHO�RI�WKH�VWDWH�YDULDEOH��6��+HQFH�WKH�G\QDPLVP�RI�WKH�PRGHO��WKH�VWRFN
OHYHO� LV� GHSHQGHQW� RQ� WLPH� WKURXJK� WKH� SDVW� DJULFXOWXUDO� SURGXFWLRQ�� 7KH� REMHFWLYH
IXQFWLRQ�RI�D�VRFLDO�SODQQHU�FDQ�EH�ZULWWHQ�DV�
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ZKHUH� ��S� �SULFH�RI�RXWSXW

��Z� �SULFH�RI�LQSXW�SDFNDJH

��F� �FRVW�RI�WUDQVSRUWDWLRQ

��(>6�W�@� �EHQHILW�RI�HURVLRQ�FRQWURO�SURYLGHG�E\�6�W�

��U� �GLVFRXQW�UDWH

��6���� �LQLWLDO�VWRFN�RI�IRUHVW�ODQG

��6�7�� �VWRFN�OHYHO�DW�WLPH�7

��D� �UDWH�RI�VRLO�HURVLRQ�DQG�QXWULHQW�GHSOHWLRQ��IXQFWLRQ�RI��=D������=F�����

7KH�UDWH�RI�FKDQJH�RI�6�W��LV�

��� &� � � �6 W D4 W= -

7KH� QHW� EHQHILWV� DW� WLPH� W� RI� D� VRFLDO� SODQQHU� FDQ� EH� SUHVHQWHG� XVLQJ� D� FXUUHQW� YDOXH
+DPLOWRQLDQ��VHH�H�J��&KLDQJ�������

��� % � � � � � � � � � � � �+6 S4 W Z= W F; W ( 6 W X W D4 W= - - + -

�� X�W��  � WKH� SURGXFW� RI� WKH�/DJUDQJLDQ�PXOWLSOLHU��l�� DQG�H�UW�� VKDGRZ� SULFH� RI
ODQG�



���

7KHUH�DUH�WZR�FRXQWHUDFWLQJ�IDFWRUV�GHWHUPLQLQJ�WKH�RSWLPDO�OHYHO�RI�IRUHVWHG�ODQG�VWRFN�
DJULFXOWXUDO� SURGXFWLRQ� DQG� HURVLRQ� FRQWURO�� 7KH� VWRFN� RI� IRUHVW� DQG� VRLO� UHVRXUFHV� LV
UHGXFHG� DV� SURGXFWLRQ� LQFUHDVHV�� WKHUHIRUH� >�6��4�W�@� �� ��� $V� FXOWLYDWLRQ� HQFURDFKHV
RQWR� IRUHVWHG� ODQG�� LQFUHDVHG� HURVLRQ� UHGXFHV� WKH� SURGXFWLYLW\� RI� ODQG�� 7KLV� FDQ� EH
LQWHUSUHWHG�DV�DQ�LQFUHDVH�LQ�WKH�FRVW�RI�DJULFXOWXUDO�SURGXFWLRQ�DV�UHVRXUFHV�DUH�GHSOHWHG�
DQG�D�UHGXFWLRQ�LQ�WKH�IXWXUH�YDOXH�RI�ODQG��7KH�GHFUHDVLQJ�RQ�VLWH�SURGXFWLYLW\�RI�ODQG
GXH� WR� HURVLRQ� LV� DQ� LQGLUHFW� FRVW� RI� DJULFXOWXUDO� SURGXFWLRQ�� 7KH� VKDGRZ� SULFH� RI� WKH
ODQG�� X�W��� UHSUHVHQWV� WKH� IRUHJRQH� IXWXUH� EHQHILWV� RI� DJULFXOWXUH�� ORVW� EHFDXVH� RI� ODQG
GHJUDGDWLRQ�

7KH�FKRLFH�RI�ODERXU�DOORFDWLRQ��=D�=F��LV�UHIOHFWHG�LQ�WKH�YDOXH�RI�D��7KH�FRQVWDQW�D�WKXV
GHQRWHV� WKH� UHGXFWLRQ�RI� IRUHVW� DQG� VRLO� VWRFN� UHVXOWLQJ� IURP� DJULFXOWXUDO� DFWLYLW\��7KH
KLJKHU�WKH�YDOXH�RI�D��WKH�KLJKHU�WKH�UDWH�RI�ODQG�GHWHULRUDWLRQ��7KH�FRHIILFLHQW�WDNHV�WKH
KLJKHVW� YDOXH� LI� DOO� LQSXWV� DUH� DOORFDWHG� WR� DJULFXOWXUDO� WDVNV�� ,QYHVWPHQW� LQ� VRLO
FRQVHUYDWLRQ�PHDVXUHV�ZRXOG�ORZHU�WKH�YDOXH�RI�D��EXW�EHQHILWV�ZRXOG�HQVXH�DIWHU�D�WLPH
ODJ�� 7KLV� FRHIILFLHQW� VHWV� WKH� LQYHUVH� UHODWLRQ� EHWZHHQ� WKH� RXWSXW� DQG� WKH� VWRFN�
�G6�G4����

:KLOH�WKH�RQ�VLWH�HIIHFW�RI�HURVLRQ�LV�LQFRUSRUDWHG�LQ�6�W���WKH�RII�VLWH�HURVLRQ�DORQJ�ZLWK
RWKHU�HQYLURQPHQWDO� VHUYLFHV� LV� LQFOXGHG� LQ�(�W���$ELOLW\�RI� WKH� ODQG� WR�FRQWURO�RII�VLWH
HURVLRQ�LV�DQ�LQFUHDVLQJ�IXQFWLRQ�RI�WKH�VWRFN�RI�IRUHVW�ODQG���(��6�W��!����$V�DJULFXOWXUDO
SURGXFWLRQ�LV�H[SDQGHG�DW�WKH�H[SHQVH�RI�IRUHVWHG�ODQG�VWRFN��WKH�HQYLURQPHQWDO�VHUYLFHV
DUH�ORVW��7KHUHIRUH��WKH�IRUHJRQH�VHUYLFHV�DUH�D�GLUHFW�FRVW�RI�DJULFXOWXUDO�SURGXFWLRQ�

2WKHU�FRVWV�RI�SURGXFWLRQ�LQFOXGH�WUDQVSRUWDWLRQ�DQG�WKH�FRVW�RI�ODERXU��7KH�XQLW�FRVW�RI
ODERXU�� Z�� LV� LWV� RSSRUWXQLW\� FRVW� IRU� H[DPSOH� LQ� QRQ�IDUP� HPSOR\PHQW�� $VVXPLQJ
GLPLQLVKLQJ�UHWXUQV�JLYHV�XV���4��=�W���!����DQG����4��=���W��������7UDQVSRUWDWLRQ�FRVW
LV�WKH�XQLW�FRVW��F��WLPHV�GLVWDQFH��;�W���7KH�GLVWDQFH�LV�DQ�LQYHUVH�IXQFWLRQ�RI�WKH�VWRFN�
G;�W��G6�W�������,W�LV�DVVXPHG�WKDW�WKH�GLVWDQFH�LV�GLUHFWO\�UHODWHG�WR�WKH�WRWDO�DJULFXOWXUDO
DUHD�� ZKLFK�� JLYHQ� WKH� G\QDPLF� FRQVWUDLQW� DERYH�� LV� UHODWHG� WR� WKH� VWRFN�� &RQVWDQW
WUDQVSRUW�FRVWV�SHU�XQLW�RI�RXWSXW�DUH�DVVXPHG�

����� 6HGHQWDU\�IDUPHU

7KH� VHGHQWDU\� IDUPHU� GLIIHUV� IURP� WKH� VRFLDO� SODQQHU� LQ� WKDW� KH� SODFHV� ]HUR� YDOXH� WR
H[WHUQDOLWLHV�� WKHUHE\� LJQRULQJ� WKH� RII�VLWH� HURVLRQ� FRQWURO��(>6�W�@� LV� WKHUHE\� RPLWWHG
IURP�WKH�REMHFWLYH�IXQFWLRQ�
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$V�WKH�VHGHQWDU\�IDUPHU�KDV�WLWOH�WR�WKH�ODQG��KH�ZRXOG�WDNH�LQWR�DFFRXQW�WKH�LPSDFW�RI
ODQG�GHJUDGDWLRQ�RQ� WKH�SURGXFWLYLW\�RI�KLV�RZQ� ODQG�� WKXV� WKH� VWRFN� FRQVWUDLQW�ZRXOG
KROG�� VLPLODUO\� WR� WKH�SUHYLRXV� FDVH��7KH�QHW�EHQHILWV� DV�SUHVHQWHG� WKURXJK� WKH� FXUUHQW
YDOXH�+DPLOWRQLDQ�ZRXOG�EH�
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����� 0DUJLQDO�IDUPHU

7KH�IDUPHU�ZLWKRXW�ODQG�WLWOH�IDFHV�WKH�VDPH�REMHFWLYH�IXQFWLRQ�DV�WKH�VHGHQWDU\�IDUPHU�
EXW�DOO�ODERXU�LV�GHYRWHG�WR�DJULFXOWXUDO�WDVNV��&RQVHTXHQWO\��VRLO�GHWHULRUDWLRQ�ZRXOG�EH
PRUH�UDSLG��7KH�IDUPHU�GRHV�QRW� WDNH� WKH� VWRFN�FRQVWUDLQW� LQWR�DFFRXQW��KH�PD[LPL]HV
WKH�RXWSXW�DQG�JDLQV�D�QHW�EHQHILW�

���� %
/
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2SWLPDO� DJULFXOWXUDO� SURGXFWLRQ� ZRXOG� EH� LQLWLDOO\� KLJKHU� WKDQ� LQ� WKH� FDVH� RI� WKH
VHGHQWDU\�IDUPHU�EHFDXVH�DOO�HIIRUWV�DUH�SXW�LQWR�DJULFXOWXUH��/DWHU��WKH�KLJKHU�UDWH�RI�ODQG
GHJUDGDWLRQ�ZRXOG� UHTXLUH�D� ODUJHU�DUHD� WR�EH�FXOWLYDWHG� DQG� WKH� FRVW� RI� WUDQVSRUWDWLRQ
ZRXOG�LQFUHDVH�

����� 5HQW�ELG�VFKHGXOH

$FFHVVLELOLW\�LV�RQH�RI�WKH�PDLQ�IDFWRUV�FRQWUROOLQJ�WKH�SURFHVV�RI�GHIRUHVWDWLRQ��6HYHUDO
HFRQRPHWULF� VWXGLHV� KDYH� GHPRQVWUDWHG� WKH� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� URDG� GHQVLW\�
WRWDO� URDGV� RU� SUR[LPLW\� WR� PDUNHWV� DQG� GHIRUHVWDWLRQ� �H�J�� 3LxD� ������� 2SHQLQJ� XS
ORJJLQJ�URDGV�KDV�IDFLOLWDWHG�WKH�HQWU\�RI�IDUPHUV�WR�SUHYLRXVO\�LQDFFHVVLEOH�IRUHVW�ODQG�
$SDUW�IURP�WKH�SK\VLFDO�GLIILFXOW\�RI� UHDFKLQJ�D�SORW�� ODFN�RI� URDGV�RU� ORQJ�GLVWDQFH� WR
PDUNHW�ZRXOG�LQFUHDVH�WUDQVSRUW�FRVW��DQG�FXOWLYDWLRQ�ZRXOG�EHFRPH�OHVV�SURILWDEOH��7KH
UHQW�ELG� IXQFWLRQ� H[SODLQV� WKH� YDULDQFH� LQ� UHQWV� RI� GLIIHUHQW� VLWHV� LQ� WHUPV� RI� WKHLU
ORFDWLRQ��+ROGLQJ� RWKHU� YDULDEOHV� FRQVWDQW�� UHQW� EHFRPHV� D� IXQFWLRQ� RI� GLVWDQFH�� 5HQW
IURP�D�PDUJLQDO�SORW�LV�]HUR��WKDW�LV��PDUJLQDO�EHQHILW�HTXDOV�PDUJLQDO�FRVW�

8VLQJ� D� UHQW�ELG� VFKHGXOH� ZH� FDQ� VKRZ� WKH� GLIIHUHQW� RSWLPDO� VWRFN� OHYHOV
GLDJUDPPDWLFDOO\��7KH� UHQW�ELG� VFKHGXOH� LV� UHODWHG� WR� WKH� WRWDO� ODQG� DUHD� WKDW� KDV� EHHQ
FXOWLYDWHG�E\� WKH� WLPH� W��D4�W���*LYHQ�D� FKRLFH�� WKH� IDUPHU� ORFDWHV� LQ� WKH�SUR[LPLW\�RI
PDUNHWV� WR� PLQLPL]H� WUDQVSRUWDWLRQ� FRVWV�� 7KH� UHODWLRQ� RI� WUDQVSRUWDWLRQ� FRVWV� WR� WKH
FXOWLYDWHG�DUHD�RYHU�WLPH�LV�DVVXPHG�WR�EH�OLQHDU�WR�IDFLOLWDWH�LQWXLWLYH�DQG�GLDJUDPPDWLF
LQWHUSUHWDWLRQ��7KH�GLVWDQFH�IURP�PDUNHWV�DW�WKH�WLPH�W��;�W���LV�WKHQ�D�IXQFWLRQ�RI�D4�W��

2WKHU�FRPSRQHQWV�UHODWHG�WR�WKH�DJULFXOWXUDO�DUHD�DUH�WKH�VKDGRZ�SULFH�RI�ODQG��DQG�WKH
RII�VLWH�HURVLRQ�FRQWURO��7KH�UHQW�SHU�XQLW�RI�ODQG�IURP�DJULFXOWXUH��5L��FDQ�EH�ZULWWHQ�DV�
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ZKHUH�L�GHQRWHV�WKH�GHFLVLRQ�PDNHU�

)RU� WKH� SXUSRVH� RI� GUDZLQJ� WKH� GLDJUDP�� WKH� LQWHUFHSWV� DQG� VORSHV� RI� WKH� DJULFXOWXUDO
UHQWV�DUH�LGHQWLILHG�LQ�WKH�IROORZLQJ�WDEOH�
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TABLE 6.18
INTERCEPTS AND SLOPES OF THE AGRICULTURAL RENTS

IN THE BID-RENT SCHEDULE

Intercept Slope

Marginal farmer pQk(t) - wZas (t) - c

Sedentary farmer pQs(t) - wZas(t) - c - us(t)

Social planner pQm(t) - wZam(t) - c - E - um(t)

7KH� EHQHILW� FXUYH� RI� JOREDO� LQWHUHVW� VWDUWV� IURP� WKH� ULJKW� KDQG� VLGH� RI� WKH� GLDJUDP
SUHVHQWLQJ� WKH� UHQW� IURP� IRUHVW� FRQVHUYDWLRQ��:H� FDQ� DVVXPH� GLPLQLVKLQJ� UHWXUQV�� WKH
JUHDWHU�WKH�VXSSO\�RI�IRUHVWHG�ODQG��WKH�OHVV�YDOXDEOH�WKH�PDUJLQDO�XQLW�RI�IRUHVWHG�ODQG�
VR�WKH�FXUYH�LV�GRZQZDUG�VORSLQJ��:LWK�QR�FRVW�IRU�IRUHVW�FRQVHUYDWLRQ��WKH�SUHIHUHQFH
ZRXOG�EH�WR�FRQVHUYH�DOO�IRUHVWV�

7KH�LQWHUFHSW�RI�WKH�PDUJLQDO�QHW�EHQHILW�FXUYH�LV�GHWHUPLQHG�E\�WKH�YDOXH�RI�RXWSXW�DQG
WKH�ODERXU�FRVW��7KH�PDUJLQDO�IDUPHU�ZRXOG�LQYHVW�DOO�ODERXU�WR�DJULFXOWXUDO�SURGXFWLRQ
DQG� WKHUHIRUH� WKH�RXWSXW� LV� KLJKHVW�� ,I�ZH� UHOHDVH� WKH� DVVXPSWLRQV� WKDW� WKH�RXWSXW� RI� D
PDUJLQDO�IDUPHU�LV�DOVR�VROG�DW�PDUNHWV�DW�D�SULFH�S��DQG�WKDW�WKHUH�LV�DQ�RSSRUWXQLW\�FRVW
WR�KLV�ODERXU��Z��WKH�EDVLF�UHVXOWV�ZRXOG�QRW�FKDQJH�

7KH�VORSH�RI� WKH�FXUYH� LV�GHWHUPLQHG�E\� WKUHH�FRPSRQHQWV�� WUDQVSRUWDWLRQ�FRVW��RQ�VLWH
HURVLRQ�FRVW��DQG�RII�VLWH�HURVLRQ�FRVW��2QO\�WKH�VRFLDO�UHVRXUFH�PDQDJHU�WDNHV�DFFRXQW�RI
WKHP� DOO��7KH� VHGHQWDU\� IDUPHU� LJQRUHV� WKH� RII�VLWH� HURVLRQ� FRVW� EXW� WDNHV� WKH� VKDGRZ
SULFH�RI� ODQG� LQWR�FRQVLGHUDWLRQ��7KH�PDUJLQDO� IDUPHU�GLVUHJDUGV�DOO� HURVLRQ�FRVWV�� DQG
WKH�VORSH�RI�KLV�PDUJLQDO�EHQHILW�FXUYH�LV�IODWWHVW�

:H� ZRXOG� WKHQ� KDYH� IRXU� GLIIHUHQW� RSWLPDO� RSWLRQV� IRU� IRUHVW� FRYHU�� )LJXUH� ���
GHPRQVWUDWHV� WKH� GLIIHUHQFH� EHWZHHQ� WKH� UHVXOWDQW� IRUHVW� FRYHUV�� :KHQ� PDUJLQDO� QHW
EHQHILW� FXUYHV� RI� DJULFXOWXUDO� SURGXFWLRQ� IRU� WKH� VRFLDO� SODQQHU� �63��� WKH� VHGHQWDU\
IDUPHU��)��DQG�WKH�PDUJLQDO�IDUPHU��0��FXW�WKH�;�D[LV��WKH�QHW�EHQHILW� LV�]HUR��DQG�WKH
UHPDLQLQJ� �WR� WKH� ULJKW�� ODQG� DUHD� ZRXOG� EH� FRQVHUYHG� XQGHU� IRUHVW� FRYHU�� 7KH
LQWHUQDWLRQDO� LQWHUHVW� LQ� WKH�PD[LPXP�SRVVLEOH� IRUHVW� FRQVHUYDWLRQ� LV� LQGLFDWHG� E\� WKH
EHQHILW�FXUYH�*��7KH�GRWWHG�OLQHV�RI�WKH�PDUJLQDO�QHW�EHQHILW�FXUYHV�DUH�D�UHPLQGHU�RI�WKH
IDFW�WKDW�D�SDUW�RI�WKH�SUHYLRXVO\�FXOWLYDWHG�ODQG�KDV�GHWHULRUDWHG�WKURXJK�VRLO�GHSOHWLRQ
DQG�HURVLRQ��LI�D�LV�DVVXPHG�WR�EH�SRVLWLYH�IRU�DOO�IDUPHUV�

7KH� PDUJLQDO� IDUPHU�� KDYLQJ� QR� GLUHFW� EHQHILWV� IURP� WKH� IRUHVW�� LV� LQWHUHVWHG� LQ
DJULFXOWXUDO�SURGXFH��,I�KH�KDG�WLWOH�WR�WKH�ODQG��OLNH�LQ�WKH�FDVH�RI�WKH�VHGHQWDU\�IDUPHU�
KH�ZRXOG�EH�LQWHUHVWHG�LQ�VXVWDLQLQJ�WKH�VLWH
V�SURGXFWLYLW\�DQG�IDUPLQJ�ZRXOG�EH�PRUH
LQWHQVLYH� DQG� OHVV� ODQG� H[WHQVLYH�� /HVV� IRUHVW� ODQG�� IURP� /�0�� WR� /�)��� ZRXOG� EH
FRQYHUWHG�IRU�DJULFXOWXUDO�SURGXFWLRQ�

,W�ZRXOG�EH�RI�QDWLRQDO�LQWHUHVW�WR�FRQVHUYH�HYHQ�D�ODUJHU�IRUHVW�DUHD�EHFDXVH�WKH�IRUHVW
SURYLGHV� HQYLURQPHQWDO� VHUYLFHV� VXFK� DV� VRLO� FRQVHUYDWLRQ�� ,I� IRUHVW� FRQYHUVLRQ� ZDV
KDOWHG�DW�WKH�RSWLPDO�OHYHO�RI�WKH�VRFLDO�SODQQHU��VHGHQWDU\�IDUPHUV�VKRXOG�EH�JLYHQ�WKH
LQFHQWLYH� WR� UHGXFH� DJULFXOWXUDO� DUHD� IURP� /�)�� WR� /�63�� EHFDXVH� WKH\� IDFH� D� ORVV� RI
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UHYHQXH�D�E�F��1DWLRQDOO\��VXSSRUWLQJ� WKH� WUDQVLWLRQ�IURP�VHGHQWDU\� IDUPLQJ� WR�DQ�HYHQ
OHVV�ODQG�H[WHQVLYH�DJULFXOWXUDO�V\VWHP�LV�SUHIHUUHG�RQO\�XS�WR�WKH�OHYHO�LQGLFDWHG�E\�WKH
QDWLRQDO� RSWLPXP� /�63��� 7KH� LQWHUQDWLRQDO� FRPPXQLW\� LV� D� IUHH� ULGHU� HQMR\LQJ� WKH
EHQHILWV� RI� IRUHVWV� DW� QR� FRVW� DQG� ZLWK� QR� SURSHUW\� ULJKWV�� $W� WKH� OHYHO� RI� QDWLRQDO
RSWLPXP�/�63��� WKHUH�ZRXOG�VWLOO�EH�D�EHQHILW�RI� F�G�H�I�� FRQVHTXHQWO\�� LW� VKRXOG�EH�RI
JOREDO�LQWHUHVW�WR�VXEVLGL]H�WKH�WUDQVLWLRQ�RI�IDUPLQJ�SUDFWLFHV�

FIGURE 6.19
THE NET MARGINAL BENEFIT CURVES OF LAND USE
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7KH� PRGHO� SUHVHQWHG� LQ� WKLV� VWXG\� LV� D� VLPSOLILFDWLRQ� RI� WKH� GHFLVLRQ�PDNLQJ
HQYLURQPHQW� UHODWHG� WR� ODQG� XVH� LQ� WURSLFDO� IRUHVWV�� ,W� VKRZV� WKDW� GHIRUHVWDWLRQ� KDV� DV
PDQ\� IDFHWV� DV� WKHUH� DUH� LQWHUHVW� JURXSV� FRQFHUQHG� ZLWK� WURSLFDO� IRUHVW� ODQGV�
'HIRUHVWDWLRQ�ZLOO� FRQWLQXH� DV� ORQJ� DV� LW� SURYLGHV�PRUH� EHQHILWV� WKDQ� FRVWV� WR� FHUWDLQ
SDUWLHV��6RPH�RI�WKH�VLPSOH�DVVXPSWLRQV�PDGH�LQ�WKH�PRGHO�PD\�QRW�VHHP�UHDOLVWLF�EXW
GR� QRW� FKDQJH� WKH� EDVLF� UHVXOWV�� 'LVFRXQW� UDWH� IRU� FDOFXODWLQJ� WKH� SUHVHQW� YDOXH� RI
DJULFXOWXUDO�SURGXFWLRQ�LV�DVVXPHG�WR�EH�WKH�VDPH�IRU�DOO�SDUWLHV��WKRXJK�LQ�SUDFWLVH�WKHLU
WLPH� SUHIHUHQFH� DQG� DFFHVVLEOH� ORDQ� PDUNHWV� ZRXOG� GLIIHU� VXEVWDQWLDOO\�� +RZHYHU�
FKDQJLQJ� WKH� DVVXPSWLRQ� ZRXOG� RQO\� PDNH� WKH� DUJXPHQW� VWURQJHU� �+RUQH� ������
6LPLODUO\��WKH�UROH�RI�GHPRJUDSKLF�SUHVVXUH�LV�QRW�LQFOXGHG�LQ�WKH�PRGHO��EXW� LQFOXVLRQ
RI�WKH�LQFUHDVLQJ�GHPDQG�IRU�DJULFXOWXUDO�ODQG�ZRXOG�HQODUJH�WKH�DUHDV�FRQYHUWHG�

6RPH� GHIRUHVWDWLRQ� FRXOG� EH� LQ� WKH� LQWHUHVW� RI� D� FRXQWU\�� LI� DQ� DOWHUQDWLYH� ODQG� XVH� LV
VRFLDOO\� PRUH� DGYDQWDJHRXV� WKDQ� NHHSLQJ� ODQG� XQGHU� IRUHVW� FRYHU�� 6XVWDLQDEOH� DQG
SURGXFWLYH�DJULFXOWXUH�LV�D�SUHUHTXLVLWH�IRU�IXOILOOLQJ�EDVLF�KXPDQ�QHHGV�DQG�IRU�UHOLHYLQJ
SUHVVXUH� RQ� IRUHVW� UHVRXUFHV�� 7KH� QHHG� IRU� DJULFXOWXUDO� ODQG� LV� H[SHFWHG� WR� LQFUHDVH
FRQVLGHUDEO\� E\� WKH� \HDU� ����� �)$2� ������� 7KH� ODFN� RI� FDSLWDO� IRU� VRLO� FRQVHUYDWLRQ
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PHDVXUHV� DQG� WKH� LQFUHDVLQJ� VFDUFLW\�RI� DUDEOH� ODQG� FRQWLQXH� WR� SXW� SUHVVXUH� RQ� IRUHVW
IURQWLHUV�DQG�DUHDV�RSHQHG�XS�E\�ORJJLQJ�

,W� LV�ZLGHO\� UHFRJQL]HG� WKDW� WU\LQJ� WR� SURKLELW� IDUPHUV� IURP� IRUHVW� ODQGV� LV� SUDFWLFDOO\
LPSRVVLEOH�GHVSLWH�WKH�IDFW�WKDW�WKHVH�SHRSOH�GR�QRW�KROG�ODQG�WLWOHV��:RUOG�%DQN�������
$V�KDV�EHHQ�VHHQ��ZKHQ�SHRSOH�DUH�VWUXJJOLQJ�WR�PHHW�WKHLU�EDVLF�QHHGV��WKH�FRPPDQG�
DQG�FRQWURO�PHWKRG�LV�DQ�HIIHFWLYH�PHDVXUH�QHLWKHU�LQ�SUDFWLFH�QRU�WKHRU\��7KH�FROOHFWLRQ
RI�SHQDOWLHV�IURP�RIIHQGHUV�LV�LPSUDFWLFDO�ZKHQ�IDPLOLHV�OLYH�EHORZ�WKH�SRYHUW\�OLQH��,I
H[LVWLQJ� ODQG�XVH� SUDFWLFHV� DUH� XQVXVWDLQDEOH� E\� WKHPVHOYHV�� DQG� SURGXFH� D� OHVV� WKDQ
RSWLPDO� IRUHVW�FRYHU�� WKHQ� DOWHUQDWLYHV� WKDW� DUH� VRFLDOO\�� HFRORJLFDOO\� DQG� HFRQRPLFDOO\
DFFHSWDEOH� VKRXOG� EH� VXSSRUWHG� E\� QDWLRQDO� SROLFLHV�� &RPPXQLW\�EDVHG� IRUHVW
PDQDJHPHQW�RU�DJURIRUHVWU\�V\VWHPV�DUH�RIWHQ�DGDSWDEOH�WR�ORFDO�FRQGLWLRQV�VRFLDOO\�DQG
HFRORJLFDOO\�� DQG� QHZ� DJULFXOWXUDO� WHFKQRORJLHV� JHQHUDWH� FURS� YDULHWLHV� WKDW� SURYLGH
KLJKHU� \LHOGV�� DQG� PRUH� HIILFLHQW� FXOWLYDWLRQ� PHWKRGV�� 3RRU� IDUPHUV�� KRZHYHU�� RIWHQ
FDQQRW� DIIRUG� WKH� LQLWLDO� LQSXWV� QHHGHG�� RFFXS\� ODQG� WRR� SRRU� RU� XQVXLWDEOH� IRU� QHZ
PHWKRGV��$LNHQ�DQG�/HLJK��������RU�ODFN�VHFXUH�ODQG�WHQXUHV�

&RUUHFWLQJ�WKH�H[LVWLQJ�LQVWLWXWLRQDO�DQG�PDUNHW�IDLOXUHV�ZRXOG�EULQJ�ODQG�XVH�FORVHU� WR
WKH� VRFLDOO\� RSWLPDO� SDWWHUQ�� $V� JRYHUQPHQWDO� UHVRXUFHV� DUH� RIWHQ� LQVXIILFLHQW� IRU
HIIHFWLYH� PDQDJHPHQW� RI� IRUHVW� ODQGV�� ODQG� UHIRUP� ZRXOG� LPSURYH� UHVRXUFH
PDQDJHPHQW�� 7KH� QHHG� IRU� ODQG� UHIRUP� VWHPV� IURP� DFWXDO� RSHQ� DFFHVV� VLWXDWLRQV
FXUUHQWO\�XQGHU�LQDGHTXDWH�PDQDJHPHQW�DQG�FRQWURO��)LUVWO\��LW�ZRXOG�DOORZ�WKH�OLPLWHG
UHVRXUFHV�WR�EH�FRQFHQWUDWHG�WR�D�QXPEHU�RI�VLWHV�RI�VSHFLDO�LPSRUWDQFH��HQVXULQJ�SURSHU
FRQWURO�DQG�PRQLWRULQJ�RI�WKHVH�DUHDV��7KLV�LQYROYHV�WKH�LGHQWLILFDWLRQ�RI�WKH�SURWHFWLRQ
SULRULWLHV�� DQG� WKH� HVWDEOLVKPHQW� RI� EXIIHU� ]RQHV�� 6HFRQGO\�� ERWK� WKHRU\� DQG� SUDFWLFH
KDYH�VKRZQ�WKDW�UHVRXUFH�PDQDJHPHQW�E\�SULYDWH�DJHQWV�ZLWK�HVWDEOLVKHG�SURSHUW\�ULJKWV
LV� OHVV� GHVWUXFWLYH� WKDQ� XQGHU� DQ� RSHQ� DFFHVV� VLWXDWLRQ��7KH� VHGHQWDU\� IDUPLQJ� V\VWHP
SUHVHQWHG� LQ� WKLV� FKDSWHU� ZRXOG� UHVXOW� LQ� D� KLJKHU� OHYHO� RI� IRUHVW� FRQYHUVLRQ� WKDQ� LV
VRFLDOO\� GHVLUDEOH�� 7UDQVLWLRQ� WR� PRUH� LQWHQVLYH� FXOWLYDWLRQ� V\VWHPV�� H�J�� DJURIRUHVWU\�
PLJKW� QHHG� LQLWLDO� VXSSRUW� HYHQ� WKRXJK� WKH� LQFHQWLYH� IRU� DGRSWLQJ� D� ODQG�FRQVHUYLQJ
IDUPLQJ�V\VWHP�VKRXOG�EH�LQ�LWV�ILQDQFLDO�SURILWDELOLW\��QRW�LQ�H[WHUQDO�DOORZDQFHV��:RUOG
%DQN��������7KLV�VXSSRUW�LV�QRW�UHDGLO\�DIIRUGDEOH�LQ�PDQ\�FRXQWULHV�

7KH� LQWHUQDWLRQDO� FRPPXQLW\� LV� SUHVHQWHG� KHUH� DV� D� IUHH�ULGLQJ� EHQHILFLDU\� RI� WURSLFDO
IRUHVWV� H[LVWLQJ� DV� D� FDUERQ� VLQN�� 7R� WKH� H[WHQW� WKDW� JOREDO� ZDUPLQJ� LV� FRQVLGHUHG� D
FRVWO\�SUREOHP�DQG�KDOWLQJ�WURSLFDO�GHIRUHVWDWLRQ�FRQVLGHUHG�WKH�FXUH��HFRQRPLF�VXSSRUW
WR�WKH�WUDQVLWLRQ�RI�ODQG�XVH�VHHPV�WR�EH�D�UDWLRQDO�SRVVLELOLW\��7UDQVIHU�VFKHPHV��VXFK�DV
WKH�MRLQW� LPSOHPHQWDWLRQ�VFKHPH��HQDEOH�FRXQWULHV�ZLWK�KLJK�PDUJLQDO�DEDWHPHQW�FRVWV
WR� LQYHVW� LQ� FRXQWULHV�ZLWK� ORZHU�PDUJLQDO� FRVWV� �.DXO��.DQHWNDU� DQG�$FKDQWD� ������
7KH�WUDQVIHUV�ZRXOG�SURYLGH�EHQHILWV� WR�ERWK� WKH� LQGXVWULDOL]HG�QDWLRQV�ZKLFK�FDQ� WKXV
PHHW� WKH� UHTXLUHG� HPLVVLRQ� FXWV� ZLWKRXW� FRPSURPLVLQJ� WKH� FRPSHWLWLYHQHVV� RI� WKHLU
LQGXVWULHV�� DQG� WR� WKH� WURSLFDO� FRXQWULHV� WKDW� DUH� VWUXJJOLQJ� ZLWK� EXGJHW� GHILFLWV�
+RZHYHU�� WUDQVIHUV�ZRXOG�RQO\�EH�HIIHFWLYH�LI� WKH\�WULFNOH�GRZQ�WR�FKDQJH�WKH�IDUPLQJ
V\VWHPV�FDXVLQJ�GHIRUHVWDWLRQ�



���

5()(5(1&(6

$LNHQ�� 5�� 6�� DQG� &�� +�� /HLJK� �������� 
9DQLVKLQJ� 5DLQ� )RUHVWV²7KH� (FRORJLFDO
7UDQVLWLRQ� LQ� 0DOD\VLD
�� 2[IRUG� 0RQRJUDSKV� RQ� %LRJHRJUDSK\� 1R�� ��� 1HZ� <RUN�
2[IRUG�8QLYHUVLW\�3UHVV�

%DFRQTXLV��6��5���������� 
6RLO�DQG�:DWHU�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�6WUDWHJLHV�IRU
6XVWDLQDEOH�8SODQG�)DUPLQJ�LQ�WKH�3KLOLSSLQHV
��3DSHU�SUHVHQWHG�DW� WKH�6RLO�DQG�:DWHU
&RQVHUYDWLRQ�DQG�0DQDJHPHQW�6KRUW�7UDLQLQJ�&RXUVH��KHOG�LQ�/DJXQD��WKH�3KLOLSSLQHV�
0D\����-XQH���

%DUELHU�� (�� �������� 
7KH� (FRQRPLFV� RI� )DUP�/HYHO� $GRSWLRQ� RI� 6RLO� &RQVHUYDWLRQ
0HDVXUHV� LQ� WKH� 8SODQGV� RI� -DYD
�� (QYLURQPHQW� 'HSDUWPHQW�:RUNLQJ� 3DSHU� 1R�� ���
:DVKLQJWRQ��'&��:RUOG�%DQN�

%URZQ��6���$��(��/XJR�DQG�-��&KDSPDQ� �������� 
%LRPDVV�RI�7URSLFDO�7UHH�3ODQWDWLRQV
DQG� LWV� ,PSOLFDWLRQV� IRU� WKH� *OREDO� &DUERQ� %XGJHW
�� &DQDGLDQ� -RXUQDO� RI� )RUHVW
5HVRXUFHV������������

&KDNUDERU\��0�� �������� 
$Q� $QDO\VLV� RI� WKH� &DXVHV� RI� 'HIRUHVWDWLRQ� LQ� ,QGLD
�� LQ� .�
%URZQ�DQG�'��3HDUFH��HGV����7KH�&DXVHV�RI�'HIRUHVWDWLRQ��/RQGRQ��8&/�3UHVV�/LPLWHG�

&KLDQJ��$��&����������)XQGDPHQWDO�0HWKRGV�RI�0DWKHPDWLFDO�(FRQRPLFV���UG�HGLWLRQ�
6LQJDSRUH��0F*UDZ�+LOO�,QWHUQDWLRQDO�(GLWLRQV�

&RUQLVWD��/��%���)��$��-DYLHU�DQG�(��)��(VFXHWD��������� 
/DQG�7HQXUH�DQG�5HVRXUFH�8VH
DPRQJ�8SODQG�)DUPHUV
��/DJXQD��3KLOLSSLQHV��$JUDULDQ�5HIRUP�,QVWLWXWH��8QLYHUVLW\�RI
3KLOLSSLQHV�DW�/RV�%DxRV�

&UX]��:��'�� DQG�0��&�� -��&UX]� �������� 
3RSXODWLRQ�3UHVVXUH� DQG�'HIRUHVWDWLRQ� LQ� WKH
3KLOLSSLQHV
��$6($1�(FRQRPLF�%XOOHWLQ����������������

GH� ORV� $QJHOHV�� 0�� �������� 
(FRQRPLFV� RI� 8SODQG� 5HVRXUFH� 'HSOHWLRQ�� 6KLIWLQJ
&XOWLYDWLRQ� LQ� WKH�3KLOLSSLQHV
��:RUNLQJ�3DSHU�1R���������0DNDWL��3KLOLSSLQH� ,QVWLWXWH
IRU�'HYHORSPHQW�6WXGLHV�

'L[RQ�� 5�� .��� -�� .�� :LQMXP� DQG� 3�� (�� 6FKURHGHU� �������� 
&RQVHUYDWLRQ� DQG
6HTXHVWUDWLRQ�RI�&DUERQ��7KH�3RWHQWLDO�RI�)RUHVW�DQG�$JURIRUHVW�0DQDJHPHQW�3UDFWLFHV�
*OREDO�(QYLURQPHQWDO�&KDQJH��-XQH���������

'L[RQ�� 5��.��� -�� .��:LQMXP��.�� -�� $QGUDVNR� DQG� 3�� (�� 6FKURHGHU� �������� 
,QWHJUDWHG
/DQG�8VH� 6\VWHPV�� $VVHVVPHQW� RI� 3URPLVLQJ� $JURIRUHVW� DQG� $OWHUQDWLYH� /DQG�8VH
3UDFWLFHV�WR�(QKDQFH�&DUERQ�&RQVHUYDWLRQ�DQG�6HTXHVWUDWLRQ
��&OLPDWH�&KDQJH���������
���

'X%RLV� 5�� �������� 
6RLO� (URVLRQ� LQ� D� &RDVWDO� 5LYHU� %DVLQ�� $� &DVH� 6WXG\� IURP� WKH
3KLOLSSLQHV
��*HRJUDSK\�5HVHDUFK�3DSHU�1R�������&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�



���

)DHWK��3���0��7UH[OHU�DQG�'��3DJH���������
6XVWDLQDEOH�)RUHVWU\�DV�D�5HVSRQVH�WR�*OREDO
:DUPLQJ��$�&HQWUDO�$PHULFDQ�3HUVSHFWLYH
��5HSRUW�RI�D�:RUNVKRS�+HOG�LQ�*XDWHPDOD
&LW\
��:DVKLQJWRQ��'&��:RUOG�5HVRXUFHV�,QVWLWXWH�

)$2���������7URSLFDO�)RUHVW�5HVRXUFHV��)RUHVWU\�3DSHU�����5RPH��)$2�

)$2� �������� &OLPDWH� &KDQJH� DQG� *OREDO� )RUHVWV�� &XUUHQW� .QRZOHGJH� RI� 3RWHQWLDO
(IIHFWV��$GDSWDWLRQ�DQG�0LWLJDWLRQ�2SWLRQV��)2��0,6&�������5RPH��)$2�

)$2���������
)RUHVW�5HVRXUFHV�$VVHVVPHQW�������*OREDO�6\QWKHVLV
��)RUHVWU\�3DSHU�����
5RPH��)$2�����

+DUWZLFN� -��0�� DQG�1��'��2OHZLOHU� ��������7KH�(FRQRPLFV� RI�1DWXUDO�5HVRXUFH�8VH�
1HZ�<RUN��+DUSHU�&ROOLQV�3XEOLVKHUV�

+RUQH�� 3�� 6�� �������� 
'HIRUHVWDWLRQ� DV� DQ� (QYLURQPHQWDO�(FRQRPLF� 3UREOHP� LQ� WKH
3KLOLSSLQHV
�� LQ� 0�� 3DOR� DQG� *�� 0HU\� �HGV���� 6XVWDLQDEOH� )RUHVWU\� &KDOOHQJHV� IRU
'HYHORSLQJ�&RXQWULHV��'RUGUHFKW��7KH�1HWKHUODQGV��.OXZHU�$FDGHPLF�3XEOLVKHUV������
���

+RXJKWRQ��5��$�� �������� 
7KH�)XWXUH�5ROH�RI�7URSLFDO� IRUHVWV� LQ�$IIHFWLQJ� WKH�&DUERQ
'LR[LGH�&RQFHQWUDWLRQ�RI�WKH�$WPRVSKHUH
��$PELR��������������

+\GH��:�� )�� DQG�'��+��1HZPDQ� �������� 
)RUHVW� (FRQRPLFV� DQG� 3ROLF\�$QDO\VLV�� $Q
2YHUYLHZ
��:RUOG�%DQN�'LVFXVVLRQ�3DSHU�1R�������:DVKLQJWRQ��'&��:RUOG�%DQN�

,3&&���������3ROLF\PDNHUV�6XPPDU\��7KH�)RUPXODWLRQ�RI�5HVSRQVH�6WUDWHJLHV��:RUOG
0HWHRURORJLFDO�2UJDQL]DWLRQ�DQG�81(3�

.DXO�� 2�� 1��� 5�� 6�� .DQHWNDU� DQG� $�� 1�� $FKDQWD� �������� 
)RUHVWV� DQG� &DUERQ
6HTXHVWUDWLRQ
��3DSHU�SUHVHQWHG� LQ�DQ� LQWHUQDWLRQDO�VHPLQDU�RQ�-RLQW� ,PSOHPHQWDWLRQ�RI
$EDWHPHQW�&RPPLWPHQWV�XQGHU�)&&&��KHOG�LQ�1HZ�'HOKL��������-DQXDU\�

.DXO��2��1��DQG�9��1��6KDK��������� 
)RUHVW�%LRPDVV�%XUQLQJ�LQ�,QGLD
�� LQ�7KH�&OLPDWH
&KDQJH�$JHQGD��$Q�,QGLDQ�3HUVSHFWLYH��1HZ�'HOKL��7DWD�(QHUJ\�5HVHDUFK�,QVWLWXWH�

.LQJ��*��$���-��.��:LQMXP��5��.��'L[RQ�DQG�/��<��$UQDXW��HGV�����������5HVSRQVH�DQG
)HHGEDFNV� RI� )RUHVW� 6\VWHPV� WR� *OREDO� &OLPDWH� &KDQJH�� :DVKLQJWRQ�� '&�� 8QLWHG
6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�

0DF.HQ]LH��'����������
:KHUH�+DV�$OO�WKH�&DUERQ�*RQH"
�1HZ�6FLHQWLVW��-DQXDU\�������

0DUODQG�� *�� �������� 
7KH� 3URVSHFW� RI� 6ROYLQJ� WKH� &2�� 3UREOHP� 7KURXJK� *OREDO
5HIRUHVWDWLRQ
��'2(�1%%�������752����:DVKLQJWRQ��'&��86�'HSDUWPHQW�RI�(QHUJ\�
2IILFH�RI�%DVLF�(QHUJ\�

0\HUV�� 1�� �������� 
7URSLFDO� )RUHVWV�� 3UHVHQW� 6WDWXV� DQG� )XWXUH� 2XWORRN�
� &OLPDWLF
&KDQJH�����������



���

0\HUV��1�������D���
0LVVLQJ�0LOOLRQV
��7KH�*XDUGLDQ��7KXUVGD\���$SULO�

0\HUV��1�� �����E��� 
7URSLFDO� )RUHVWV�� 7KH�0DLQ�'HIRUHVWDWLRQ� )URQWV
��(QYLURQPHQWDO
&RQVHUYDWLRQ���������������

1HKHU�� 3�� �������� 1DWXUDO� 5HVRXUFH� (FRQRPLFV�� &DPEULGJH�� &DPEULGJH� 8QLYHUVLW\
3UHVV�

2VJRRG��'�� �������� 
*RYHUQPHQW�)DLOXUH�DQG�'HIRUHVWDWLRQ� LQ� ,QGRQHVLD
�� LQ�.��%URZQ
DQG�'��3HDUFH��HGV����7KH�&DXVHV�RI�'HIRUHVWDWLRQ��/RQGRQ��8&/�3UHVV�/LPLWHG�

3HWHUV��:��-��DQG�/��)��1HXHQVFKZDQGHU���������6ODVK�DQG�%XUQ²)DUPLQJ�LQ�WKH�7KLUG
:RUOG�)RUHVW��,GDKR��8QLYHUVLW\�RI�,GDKR�3UHVV�

6DZ\HU��'�� �������� 
7KH� )XWXUH� RI�'HIRUHVWDWLRQ� LQ�$PD]RQLD��$�6RFLRHFRQRPLF� DQG
3ROLWLFDO�$QDO\VLV
��LQ�$��%��$QGHUVRQ��HG����$OWHUQDWLYHV�WR�'HIRUHVWDWLRQ��6WHSV�7RZDUG
6XVWDLQDEOH� 8VH� RI� WKH� $PD]RQ� 5DLQ� )RUHVW�� 1HZ�<RUN�� &ROXPELD� 8QLYHUVLW\� 3UHVV�
�������

6FKURHGHU�� 3��� 5�� .�� 'L[RQ� DQG� -�� .�� :LQMXP� �������� 
)RUHVW� 0DQDJHPHQW� DQG
$JURIRUHVWU\� WR� 6HTXHVWHU� DQG� &RQVHUYH� $WPRVSKHULF� &DUERQ� 'LR[LGH
�� 8QDV\OYD�
����������������

6HGMR�� 5�� $�� �������� 
)RUHVWV� WR� 2IIVHW� WKH� *UHHQKRXVH� (IIHFW"
� -RXUQDO� RI� )RUHVWU\�
�������������

6RXWKJDWH�� '�� �������� 
7KH� (FRQRPLFV� RI� /DQG� 'HJUDGDWLRQ� LQ� WKH� 7KLUG� :RUOG
�
(QYLURQPHQW�'HSDUWPHQW�:RUNLQJ�3DSHU����:DVKLQJWRQ��'&��:RUOG�%DQN�

6RXWKJDWH�� '�� DQG� '�� 3HDUFH� �������� 
$JULFXOWXUDO� &RORQL]DWLRQ� DQG� (QYLURQPHQWDO
'HJUDGDWLRQ� LQ� )URQWLHU� 'HYHORSLQJ� (FRQRPLHV
�� (QYLURQPHQW� 'HSDUWPHQW� :RUNLQJ
3DSHU����:DVKLQJWRQ��'&��:RUOG�%DQN�

81(6&2� �������� 6ZLGGHQ� &XOWLYDWLRQ� LQ� $VLD�� 9ROXPH� ,�� &RQWHQW� $QDO\VLV� RI� WKH
([LVWLQJ�/LWHUDWXUH��$� 6WRFNWDNLQJ� ([HUFLVH�� %DQJNRN��81(6&2�5HJLRQDO�2IILFH� IRU
(GXFDWLRQ�LQ�$VLD�DQG�WKH�3DFLILF�

9DULDQ��+��5����������0LFURHFRQRPLF�$QDO\VLV���UG�HGLWLRQ��1HZ�<RUN��:��:��1RUWRQ
DQG�&RPSDQ\������DQG�DSSHQGLFHV�

:LQMXP��-���5��.��'L[RQ�DQG�3��(��6FKURHGHU���������
(VWLPDWLQJ�WKH�*OREDO�3RWHQWLDO�RI
)RUHVW�DQG�$JURIRUHVW�0DQDJHPHQW�3UDFWLFHV�WR�6HTXHVWHU�&DUERQ
��:DWHU��$LU��DQG�6RLO
3ROOXWLRQ�������������
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+DQV�)UHGULN�+RHQ�DQG�%LUJHU�6ROEHUJ

�� ,1752'8&7,21

%LRPDVV�SURGXFWLRQ�RQ�IRUHVW�DUHDV� UHSUHVHQWV�D�PDLQ�DFWLYH� VLQN� LQ� WKH�JOREDO�FDUERQ
F\FOH�� 7KH� PD[LPXP� OHYHO� RI� ELRPDVV� SURGXFWLRQ� LV� OLPLWHG� E\� DUHD� DQG� DYDLODEOH
WHFKQRORJ\��H�J��WUHH�VSHFLHV�FRPSRVLWLRQ�DQG�GLIIHUHQW�VLOYLFXOWXUDO�PDQDJHPHQW�RSWLRQV
OLNH�UHJHQHUDWLRQ�PHWKRG��IHUWLOL]DWLRQ��UHOHDVH�WKLQQLQJ�LQ�\RXQJ�JURZWK�RU�WKLQQLQJ��2Q
D� JOREDO� OHYHO�� ZH� DUH� IDU� DZD\� IURP� XWLOL]LQJ� WKH� PD[LPXP� SRWHQWLDO� JURZWK�
$IIRUHVWDWLRQ� DQG� LQWHQVLILHG� PDQDJHPHQW� RI� IRUHVWHG� DUHDV� FDQ� LQFUHDVH� WKH� UDWH� RI
FDUERQ�DVVLPLODWLRQ� IURP� WKH�DWPRVSKHUH��2YHU� WKH� ODVW� GHFDGHV�� WKH� IRUHVWV�RI� VHYHUDO
(XURSHDQ�FRXQWULHV�KDYH�EHHQ�D�QHW� VLQN�RI�FDUERQ� �.DXSSL��0LHOLNlLQHQ�DQG�.XXVHOD
�������$Q� LQWHUHVWLQJ� TXHVWLRQ� LV�ZKHWKHU� WKLV� FDQ� FRQWLQXH� LQ� WKH� IXWXUH� E\� FKDQJLQJ
IRUHVW�PDQDJHPHQW� UHJLPHV� RU�ZKHWKHU� WKH� DEVRUSWLYH� FDSDFLW\� RI� WKHVH� HFRV\VWHPV� LV
PHW�

6HYHUDO�W\SHV�RI�PRGHOV�KDYH�EHHQ�XVHG�WR�VWXG\�WKLV�TXHVWLRQ��PRVW�RI�ZKLFK�KDYH�EHHQ
SXUH�VLPXODWLRQ�PRGHOV���+RHQ�DQG�6ROEHUJ�������� LV� WKH� ILUVW� �DQG� WR�RXU�NQRZOHGJH�
VWLOO� WKH� RQO\�� GRFXPHQWHG� VWXG\� RI� FDUERQ� VHTXHVWUDWLRQ� LQ� IRUHVWU\� XVLQJ� D� G\QDPLF
RSWLPL]DWLRQ� PRGHO�� &RPSDUHG� ZLWK� SXUH� VLPXODWLRQ� PRGHOV�� RSWLPL]DWLRQ� VHFXUHV
FRQVLVWHQF\� LQ� WKH� HYDOXDWLRQ� RI� DOWHUQDWLYH� IRUHVW� PDQDJHPHQW� VWUDWHJLHV�� 7KH� PRGHO
XVHG� LQ� WKH� VWXG\� KDV� LQ� UHFHQW� \HDUV� EHHQ� IXUWKHU� GHYHORSHG� UHJDUGLQJ� GHWDLOV� DQG
UHDOLVP��7KH�SXUSRVH�RI�WKLV�FKDSWHU�LV�WR�SUHVHQW�DQ�XSGDWHG�DQG�PRUH�GHWDLOHG�DQDO\VLV
RI�SRWHQWLDO�DQG�HFRQRPLF�HIILFLHQF\�RI�FDUERQ�VHTXHVWUDWLRQ�RQ�D� IRUHVWHG�DUHD��EDVHG
RQ� WKH� IUDPHZRUN� SUHVHQWHG� E\�+RHQ� DQG� 6ROEHUJ� �������� &RPSDUHG�ZLWK� +RHQ� DQG
6ROEHUJ� ������� WKH� DQDO\VHV� SUHVHQWHG� KHUH� DUH� EDVHG� RQ� D� IDU� PRUH� GHWDLOHG
UHSUHVHQWDWLRQ� RI� WKH� IRUHVW�GDWD�� DQG� PRUH� UHDOLVWLF� PRGHOOLQJ� RI� UHJHQHUDWLRQ� DQG
QDWXUDO�PRUWDOLW\��:H�KDYH�DOVR�LQFOXGHG�UHVXOWV�ZKHQ�WKH�IORZ�RI�&2��RXW�RI�DQG�LQWR
WKH� DWPRVSKHUH� LV� YDOXHG� E\� D� VKDGRZ� SULFH� DQG� LV� LQFOXGHG� LQ� WKH� FDVKIORZ� RI� HDFK
WLPEHU�PDQDJHPHQW�VFKHGXOH�

7KH�FKDSWHU�LV�VWUXFWXUHG�DV�IROORZV��ILUVW�ZH�GLVFXVV�VRPH�NH\�PHWKRGRORJLFDO�LVVXHV�LQ
JHQHUDO�� WKHQ� ZH� SUHVHQW� WKH� QHZ� IHDWXUHV� RI� RXU� PRGHO� FRPSDUHG� ZLWK� WKH� DQDO\VLV
UHSRUWHG�LQ�+RHQ�DQG�6ROEHUJ���������7KLV�LV�IROORZHG�E\�WKH�UHVXOWV�RI�WKH�TXDQWLWDWLYH
DQDO\VLV�DORQJ�ZLWK�GLVFXVVLRQ�DQG�FRQFOXVLRQV�EDVHG�RQ�WKH�FDVH�VWXG\�



���

�� 0(7+2'2/2*<

��� 6RPH�JHQHUDO�PHWKRGRORJLFDO�LVVXHV

$Q�DQDO\VLV�RI�WKH�SRWHQWLDO�IRU�LQFUHDVHG�FDUERQ�VHTXHVWUDWLRQ�RQ�IRUHVWHG�DUHDV�FDQ�EH
GLYLGHG�LQWR�WZR�IXQGDPHQWDO�SDUWV��$��HVWLPDWLRQ�RU�FDOFXODWLRQ�RI�WKH�SK\VLFDO�IORZ�RI
FDUERQ� �DV� FDUERQ� GLR[LGH�� EHWZHHQ� WKH� DWPRVSKHUH� DQG� IRUHVW� ELRPDVV�� DQG� %�� WKH
HYDOXDWLRQ��RU� UDQNLQJ��RI� DOWHUQDWLYH� IRUHVW�PDQDJHPHQW� VWUDWHJLHV�SURGXFLQJ�GLIIHUHQW
&2��IORZV�WKURXJK�WLPH��3UREOHP�$�FDQ�EH�IXUWKHU�VXEGLYLGHG� LQWR� L�� LVVXHV� UHODWHG� WR
WKH�HVWLPDWLRQ�RI� IRUHVW�ELRPDVV�SURGXFWLRQ�VXFK�DV�JURZWK� UDWHV��JURZWK� UHVSRQVHV� WR
GLIIHUHQW�PDQDJHPHQW�WUHDWPHQWV��JURZWK�UHVSRQVHV�WR�FKDQJHV�LQ�WKH�HQYLURQPHQW��IRU
H[DPSOH� FOLPDWH� FKDQJHV�� DQ� LVVXH� QRW� DGGUHVVHG� LQ� WKLV� FKDSWHU��� UHJHQHUDWLRQ
SUREDELOLWLHV�DQG�QDWXUDO�PRUWDOLW\��DQG�LL��LVVXHV�UHODWHG�WR�WKH�HVWLPDWLRQ�RI�KRZ�IRUHVW
ELRPDVV�GHFD\V�RYHU�WLPH�DIWHU�UHPRYDO�IURP�WKH�JURZLQJ�VWDQG��ZKHUH�UHPRYDO�FDQ�EH
E\� QDWXUDO�PRUWDOLW\� RU� E\� FRPPHUFLDO� KDUYHVWV�� 7KH� HQG� XVH� RI� WKH� ELRPDVV� LV� D� NH\
SDUDPHWHU�LQ�GHWHUPLQLQJ�WKH�WLPH�SURILOH�RI�ELRPDVV�GHFD\��7UDGLWLRQDOO\��SXOSZRRG�KDV
EHHQ�DVVXPHG�WR�KDYH�D�VKRUW�
OLIH�F\FOH
�UHVXOWLQJ�LQ�FRPSOHWH�GHFD\�DIWHU�H�J������\HDUV�
ZKLOH� VDZWLPEHU�REYLRXVO\�KDV�PXFK� ORQJHU� 
OLIH�F\FOHV
� RI�PD\EH���� WR�����\HDUV�RQ
DYHUDJH�

3UREOHP� %� UHODWHV� WR� WKH� HYDOXDWLRQ� RI� DOWHUQDWLYH� SURMHFWV� ZLWK� GLIIHUHQW� WLPLQJ� RI
EHQHILWV�DQG�FRVWV�WKURXJK�WLPH��'LIIHUHQW�PDQDJHPHQW�VWUDWHJLHV�IRU�D�IRUHVW�DUHD�PLJKW
OHDG�WR�TXLWH�GLIIHUHQW�&2��IORZV�RYHU�WLPH��FDUERQ�VHTXHVWUDWLRQ�SURILOHV���DQG�WKXV�RQH
ZRXOG�OLNH�WR�HYDOXDWH�WKHVH�WR�VRUW�RXW�WKH�SUHIHUDEOH�VWUDWHJLHV��6HH�3ULFH�������������
IRU�D�GLVFXVVLRQ�RI�VHYHUDO�DVSHFWV�UHODWHG�WR�WKLV�LVVXH��,Q�DGGLWLRQ��DFWLRQV�WDNHQ�ZLWKLQ
IRUHVWU\�VHFWRU�KDYH� WR�EH�HYDOXDWHG� WRJHWKHU�ZLWK�DFWLRQV� WDNHQ� LQ�RWKHU�VHFWRUV�RI� WKH
HFRQRP\�VXFK�DV�HQHUJ\�HFRQRPL]LQJ�RU�IRVVLO�IXHO�WD[HV��,Q�WKLV�FRQWH[W�LW�LV�LPSRUWDQW
WR�FODULI\�WKH�SDUWLFXODU�IHDWXUHV�RI�IRUHVW�ELRPDVV�SURGXFWLRQ�LQ�WKH�JOREDO�FDUERQ�F\FOH
FRPSDUHG�ZLWK�RWKHU�PHDVXUHV��:H�ZLOO�SRLQW�WR�WKUHH�VXFK�IHDWXUHV��WUHH�ELRPDVV�IL[HV
ODUJH�TXDQWLWLHV�RI�&2��IRU�D�ORQJ�SHULRG�RI�WLPH��LQFUHPHQWV�LQ�WKH�VWRFN�RI�OLYLQJ�WUHH
ELRPDVV�SURYLGHV�DGGHG�IOH[LELOLW\�VLQFH�WKH�GHFLVLRQ�RQ�WKH�XWLOL]DWLRQ�RI� WKLV�ELRPDVV
FDQ�EH�SRVWSRQHG�IRU�VHYHUDO�GHFDGHV�LQ�ERUHDO�HFRV\VWHPV��DQG�ILQDOO\�IRUHVW�SURGXFWLRQ
UHSUHVHQWV� D� ZHOO�NQRZQ� WHFKQRORJ\�� FRPELQHG� ZLWK� ZHOO�IXQFWLRQLQJ� OHJLVODWLRQ� DQG
RWKHU�IRUHVW�SROLF\�WUDGLWLRQV��LQ�PRVW�LQGXVWULDOL]HG�FRXQWULHV��%DVHG�RQ�WKLV�ZH�WKLQN�LW
LV�RI�SDUWLFXODU�LQWHUHVW�IURP�D�FOLPDWH�FKDQJH�SHUVSHFWLYH�WR�ORRN�DW�IRUHVWU\�DFWLRQV�ZLWK
D�PHGLXP�WHUP�WLPH�KRUL]RQ�RI����WR����\HDUV�

��� 0RGHO�DQG�DVVXPSWLRQV

$� FDVH� VWXG\� LV� SHUIRUPHG� ZLWK� D� PRGHO� IRU� ORQJ�UDQJH� IRUHVW� PDQDJHPHQW� SODQQLQJ
�/)03��FDOOHG�*$<$�-/3��+RHQ�DQG�(LG��������7KH�TXDQWLWDWLYH�DQDO\VLV�LV�WKXV�EDVHG
RQ� FDOFXODWLRQ� RI� IRUHVW�ZLGH� PDQDJHPHQW� VWUDWHJLHV� E\� VLPXODWLQJ� D� QXPEHU� RI
DOWHUQDWLYH� WUHDWPHQW� VFKHGXOHV� IRU� HDFK� LQGLYLGXDO�PDQDJHPHQW� XQLW� LQ� WKH� IRUHVW� DQG
VROYLQJ� WKH� IRUHVW� PDQDJHPHQW� SUREOHPV� ZKLFK� DUH� OLQNHG� WRJHWKHU� E\� IRUHVW�OHYHO
FRQVWUDLQWV�� H�J�� UHODWHG� WR� WKH� KDUYHVWLQJ� SURILOH� RYHU� WLPH�� E\� PHDQV� RI� OLQHDU



���

SURJUDPPLQJ��/3���7KH�VWDQG�VLPXODWRU�*$<$�LV�XVHG�WR�VLPXODWH�DOWHUQDWLYH�WUHDWPHQW
VFKHGXOHV� IRU�HDFK�PDQDJHPHQW�XQLW� �IRUHVW�VWDQG���$V�GHVFULEHG� LQ�+RHQ�DQG�6ROEHUJ
������� D� WRWDO� WUHH� ELRPDVV� DQG� FDUERQ� IORZ� PRGHO� LV� OLQNHG� WR� *$<$�� 7KLV� PRGHO
HVWLPDWHV�WKH�WRWDO�ELRPDVV�RI�D�WUHH��GLYLGHG�LQWR�VL[�FDWHJRULHV��L��EDUN��LL��QHHGOHV��LL�
EUDQFKHV� DQG� VWXPSV�� LY�� URRW� V\VWHP�� Y�� VDZWLPEHU�� DQG� YL�� SXOSZRRG�� :KHQ� WKH
UHPRYDO�FRQVWLWXWHV�D�KDUYHVW�� VDZWLPEHU�DQG�SXOSZRRG�DUH� IXUWKHU�GLYLGHG� LQWR� VHYHQ
DQG�WZR�HQG�XVHV��UHVSHFWLYHO\��7KH�FDUERQ�IORZ�PRGHO�FRQYHUWV�WKH�WRWDO�ELRPDVV�LQWR
&2��LQ�WRQV�DQG�EDVHG�RQ�VSHFLILF�DVVXPSWLRQV�RI�GHFD\�ZLWKLQ�HDFK�HQG�XVH�FDWHJRU\�
GHFD\� UDWLRV� DQG� GHFD\� SURILOHV� DIWHU� UHPRYDO� DUH� FDOFXODWHG�� 7KH� GHWDLOV� RI� WKH
DVVXPSWLRQV�FDQ�EH�IRXQG�LQ�DSSHQGL[�$�RI�+RHQ�DQG�6ROEHUJ��������

:H�DSSOLHG�WKH�JHQHUDO�/3�IRUPXODWLRQ�IRU�D�IRUHVW�PDQDJHPHQW�SUREOHP�FRQVLVWLQJ�RI�N
VWDQGV��FDOFXODWLRQ�XQLWV��

��� PD[ =S  �F7[

VXEMHFW�WR

��� $�[ � E�

��� $�[  E�

��� [ � �

ZKHUH�

=S � 7KH� REMHFWLYH� IXQFWLRQ�� LQ� WKLV� H[DPSOH� HLWKHU� 13912.�� 139&2�� RU
139727� �VHH� VHFWLRQ� ���� IRU� GHILQLWLRQ�� UHODWHG� WR� HDFK� VWDQG� WUHDWPHQW
VFKHGXOH�

[ � 1�[����FROXPQ��YHFWRU�RI�GHFLVLRQ�YDULDEOHV��L�H��WKH�QXPEHU�RI�KHFWDUHV
WR�EH�WUHDWHG�E\�D�VSHFLILF�PDQDJHPHQW�VFKHGXOH��DFWLYLW\��

F7 � ��[�1��URZ��YHFWRU�RI�NQRZQ�PDUJLQDO�QHW�LQFRPH�UHODWHG�WR�HDFK�DFWLYLW\
UHSUHVHQWHG� LQ� [�� 7KH� LQWHUWHPSRUDO� GLPHQVLRQ� LV� WDNHQ� FDUH� RI� DV� WKH
PDUJLQDO�QHW�LQFRPH�LV�UHSUHVHQWHG�DV�WKH�QHW�SUHVHQW�YDOXH��139��RI�WKH
VHTXHQFH�RI�QHW�SD\PHQWV�UHODWHG�WR�WKH�DFWLYLW\�

$� � 0� [� 1� �0� URZV� DQG� 1� FROXPQV�� PDWUL[� RI� LQSXW�RXWSXW� SURGXFWLRQ
FRHIILFLHQWV�� H�J�� WKH� WRWDO� KDUYHVWHG� TXDQWLW\�� YROXPH� RI
VDZWLPEHU�SXOSZRRG� KDUYHVWHG�� QHW� SD\PHQW� RU� RWKHU� VWDWH� RU� IORZ
YDULDEOHV�UHODWHG�WR�WKH�GHYHORSPHQW�RQ�WKH�IRUHVW�DUHD�

E� � 0� [� �� �FROXPQ�� YHFWRU� RI� UHVRXUFH� FRQVWUDLQWV� �5+6� YDOXHV��� RQH
FRQVWUDLQW�UHODWHG�WR�HDFK�UHVRXUFH�URZ��

$� � .�[�1��.�URZV�DQG�1�FROXPQV��PDWUL[�RI�DUHD�UHODWHG�FRHIILFLHQWV��ZKLFK
LV���IRU�HOHPHQW��L�M��LI�DFWLYLW\�M�EHORQJV�WR�WLPEHU�FODVV�L�DQG�HOVH���



���

E� � .�[��� �FROXPQ��YHFWRU� FRQVLVWLQJ�RI� WKH� LQLWLDO� DUHD�ZLWKLQ� HDFK� WLPEHU
FODVV�

7KXV�WKH�DQDO\VLV�UHVWV�RQ�WKH�IXQGDPHQWDO�DVVXPSWLRQV�EHKLQG�/3��:LWK�UHJDUG�WR�IRUHVW
ELRPDVV� JURZWK�� WKH� DQDO\VLV� FDQ� EH� UHJDUGHG� DV� SLHFH�ZLVH� OLQHDU�� VLQFH� WKH� DUHD� LV
GLYLGHG� LQWR� D� QXPEHU� RI� GLIIHUHQW� PDQDJHPHQW� XQLWV� ZLWK� LQGLYLGXDO� SURGXFWLYLW\
SRWHQWLDOV�H[SUHVVHG�E\�VWDWH�YDULDEOHV�UHODWHG�WR�VLWH�LQGH[��WUHH�VSHFLHV�FRPSRVLWLRQ�DQG
GHQVLW\� �QXPEHU� RI� VWHPV� SHU� KHFWDUH��� DJH� DQG� EDVDO� DUHD�� 7KH� YDOXDWLRQ� RI� WLPEHU
KDUYHVWV� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� RI� D� IL[HG� OHYHO� IRU� WLPEHU� SULFHV� DQG� KDUYHVWLQJ
FRVWV� LUUHVSHFWLYH� RI� WKH� WRWDO� YROXPH� KDUYHVWHG�� 7KLV� PD\� SRWHQWLDOO\� EH� D� VHULRXV
SUREOHP�ZKHQ�DQDO\VLQJ�ODUJHU�DUHDV��DV�RQH�ZRXOG�H[SHFW�DQ�LQYHUVH�UHODWLRQ�EHWZHHQ
WKH�TXDQWLW\�KDUYHVWHG�DQG�WKH�PDUJLQDO�WLPEHU�SULFH�ZLWKLQ�D�FHUWDLQ�SHULRG�RI�WLPH��,Q
WKH� FDVH� VWXG\� SUHVHQWHG� KHUH�� WKLV� LV� QRW� D� PDMRU� SUREOHP� DV� WKH� SHULRGLF� KDUYHVW
YROXPHV�GXULQJ� WKH�SODQQLQJ�SHULRG�KDYH�EHHQ�UHVWULFWHG� WR�HTXDO� WKH�DYHUDJH�KDUYHVWV
GXULQJ�WKH����\HDU�SHULRG�IURP���������

��� 'DWD�DQG�VLPXODWLRQ�RI�VWDQG�WUHDWPHQW�VFKHGXOHV

$� FDVH� VWXG\� LV� GRQH� IRU� WKH� SURGXFWLYH� IRUHVW� DUHD� RI� D� UHJLRQ� LQ� VRXWK�HDVW�1RUZD\
FRQVLVWLQJ� RI� WZR� FRXQWLHV�� %XVNHUXG� DQG�9HVWIROG�� 7KH� DUHD� RI� SURGXFWLYH� IRUHVWV� LV
��������KHFWDUHV��$W�WKH�WLPH�RI�LQYHQWRU\�����������WKH�JURZLQJ�VWRFN�ZDV�HVWLPDWHG�WR
EH�������P�

ZE��ZLWK�EDUN���ZLWK����SHU�FHQW�LQ�VSUXFH�����SHU�FHQW�LQ�SLQH�DQG����SHU
FHQW�LQ�EURDG�OHDIHG�WUHHV��$ERXW����SHU�FHQW�RI�WKH�JURZLQJ�VWRFN�LV�ROG�JURZWK�WLPEHU�
FRYHULQJ� ��� SHU� FHQW� RI� WKH� DUHD�� 7KH� LQYHQWRU\� FRQVLVWV� RI� ������ REVHUYDWLRQV�� HDFK
UHSUHVHQWLQJ�D�UHODVFRSH�VDPSOH�SORW��7KH�SORWV�ZHUH�DJJUHJDWHG�WR�����FDOFXODWLRQ�XQLWV
E\�XVLQJ�FOXVWHU�DQDO\VLV��$� WRWDO�RI����FOXVWHULQJ�YDULDEOHV�ZDV�XVHG� LQ� WKH� FOXVWHULQJ
SURFHGXUH�� 7KH� FOXVWHULQJ� YDULDEOHV� UHSUHVHQW� WKH� NH\� H[SODQDWRU\� YDULDEOHV� IRU� WKH
JURZWK�PRGHO�DV�ZHOO�DV�WKH�PRVW�LPSRUWDQW�YDULDEOHV�IRU�FDOFXODWLQJ�WKH�ORJJLQJ�FRVWV�
:H�KDYH�DSSOLHG�ZKDW�ZH�UHJDUG�WR�EH�D�PHGLXP�OHYHO�IRU�WLPEHU�SULFHV�DQG�KDUYHVWLQJ
FRVWV��7KH�SULFH�IRU�VSUXFH�LV�����12.�P�������12.�P��IRU�VDZWLPEHU�DQG�SXOSZRRG�
����12.�P��DQG�����12.�P��IRU�SLQH�FRUUHVSRQGLQJO\��DQG�����12.�P��DV�DYHUDJH
IRU�DOO�DVVRUWPHQWV�RI�EURDGOHDIHG�WUHHV�

7KH� FDOFXODWLRQV�ZHUH�GRQH� IRU� D�SODQQLQJ�SHULRG�RI���� \HDUV�� GLYLGHG� LQWR� VL[� ��\HDU
SHULRGV��7KXV��WKH�VLPXODWHG�VWDQG�WUHDWPHQW�VFKHGXOHV�FRQVLVW�RI�GLIIHUHQW�FRPELQDWLRQV
RI� WKH� DYDLODEOH� WUHDWPHQW� RSWLRQV� RYHU� WKH� VL[� ��\HDU� SHULRGV�� $OO� WUHDWPHQWV� ZHUH
DVVXPHG� WR� WDNH� SODFH� LQ� WKH� PLGGOH� RI� HDFK� SHULRG�� 6LQFH� WKH� IRUHVW� LQYHQWRU\
UHJLVWUDWLRQ�ZDV�GRQH�LQ����������SHULRG���UHSUHVHQWV�������SHULRG���������DQG�SHULRGV
���������DQG���UHSUHVHQW�WKH�\HDUV�������������������DQG������UHVSHFWLYHO\�

6LPXODWLRQ�RI�VWDQG�WUHDWPHQW�VFKHGXOHV�ZDV�GRQH�E\�DOORZLQJ�IRU���RXW�RI���DYDLODEOH
WUHDWPHQW� RSWLRQV� WR� EH� DSSOLHG� LQ� HDFK� SHULRG�� 7KH� PDQDJHPHQW� RSWLRQV� ZHUH� L�� QR
WUHDWPHQW��L�H��FRQWLQXHG�JURZWK��DGMXVWHG�ZLWK�QDWXUDO�PRUWDOLW\���LL��UHOHDVH�WKLQQLQJ�LQ
\RXQJ� JURZWK�� LLL�� WKLQQLQJ�� LY�� IHUWLOL]DWLRQ�� Y�� FOHDUIHOOLQJ�� YL�� FOHDUIHOOLQJ� ZLWK
UHWHQWLRQ� RI� VHHG� WUHHV� �SLQH�� RU� VKHOWHU�ZRRG� FXWWLQJ� �VSUXFH��� DQG� YLL�� SODQWLQJ� RU
QDWXUDO�UHJHQHUDWLRQ�GHSHQGLQJ�RQ�WKH�FXWWLQJ�UHJLPH��$�SULRUL� IHDVLELOLW\� UHTXLUHPHQWV
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ZHUH�GHILQHG�IRU�HDFK�RI�WKH�PDQDJHPHQW�RSWLRQV�H[FHSW�QXPEHU�L���LQ�RUGHU�WR�SUHYHQW
WKH�FDOFXODWLRQ�RI�WRWDOO\�XQUHDOLVWLF�WUHDWPHQW�VFKHGXOHV��:H�KDYH�WKXV�DSSOLHG�WKH�VDPH
WUHDWPHQW�RSWLRQV�DV� LQ�+RHQ�DQG�6ROEHUJ� ��������EXW� WKH�GHILQLWLRQ�RI� HDFK� WUHDWPHQW
RSWLRQ� DQG� WKH� IHDVLELOLW\� UHTXLUHPHQWV� DUH� PRUH� GHWDLOHG� LQ� WKH� FXUUHQW� DQDO\VLV��:H
KDYH� DOVR� FRQGXFWHG� D� VHQVLWLYLW\� DQDO\VLV� ZLWK� YDULDEOH�PRUWDOLW\� UDWHV� GHSHQGLQJ� RQ
VWDQG� FKDUDFWHULVWLFV��$SSHQGL[� �� JLYHV� D� GHWDLOHG� RYHUYLHZ� RI� WKH� WUHDWPHQWV� DQG� WKH
IHDVLELOLW\�UHTXLUHPHQWV��$�WRWDO�HQXPHUDWLRQ�RI�DOO�FRPELQDWLRQV�RI�DOORZHG�WUHDWPHQWV�
RYHU�VL[���\HDU�SHULRGV��IRU�����FDOFXODWLRQ�XQLWV�UHVXOWHG�LQ�EHWZHHQ��������DQG�������
VWDQG�WUHDWPHQW�VFKHGXOHV�IRU�WKH�GLIIHUHQW�UHDO�UDWHV�RI�GLVFRXQW��55'��

��� 0RGHOOLQJ�DGYDQFHV

7KH�PDLQ�DGYDQFHV�RI�WKH�PRGHOOLQJ�IUDPHZRUN�LV�UHODWHG�WR�D�PRUH�GHWDLOHG�PRGXOH�IRU
KDQGOLQJ� QDWXUDO�PRUWDOLW\�ZLWKLQ� VWDQGV� DQG� IDU�PRUH� GHWDLOHG� DVVXPSWLRQV� UHJDUGLQJ
UHJHQHUDWLRQ�RI�VWDQGV�DIWHU�FOHDUIHOOLQJ��1DWXUDO�PRUWDOLW\�FDQ�EH�JLYHQ�DV�WKH�SURSRUWLRQ
RI� WKH�QXPEHU�RI� OLYLQJ� WUHHV� WKDW�ZLOO�GLH�HDFK�\HDU�� DQG� WKLV� UDWH�RI�PRUWDOLW\�FDQ�EH
YDULHG�DV�D�IXQFWLRQ�RI�WKH�VWDWH�YDULDEOHV�IRU�D�VWDQG��7KXV�ZH�FDQ�LQFUHDVH�WKH�PRUWDOLW\
UDWH��H�J��IRU�ROG��GHQVH�VWDQGV�RQ�KLJKO\�SURGXFWLYH�ODQG��7KHUH�LV�D�ODFN�RI�HPSLULFDOO\
EDVHG�PRUWDOLW\�IXQFWLRQV��EXW�RXU�DSSURDFK�DOORZV�IRU�VHQVLWLYLW\�DQDO\VHV�RI�ZKDW�FDQ
EH�UHJDUGHG�DV�SODXVLEOH�VXEMHFWLYH�DVVXPSWLRQV��,Q�DGGLWLRQ�WR�WKLV��ZH�KDYH�LQFOXGHG�D
FKHFN�RQ�WKH�6���L�H��WKH�UHODWLRQ�EHWZHHQ�GRPLQDQW�KHLJKW�DQG�QXPEHU�RI�VWHPV��+DUW�
%HFNLQJ
V�VSDFLQJ�LQGH[��LQ�WKH�VWDQG��,I�WKH�6��IDOOV�EHORZ����RQ�WKH�EHVW�VLWHV��QDWXUDO
PRUWDOLW\�LV�LQFUHDVHG�LQ�RUGHU�WR�UHGXFH�WKH�QXPEHU�RI�VWHPV�LQ�WKH�VWDQG�VR�WKDW�WKH�6�
LV�EURXJKW�XS�WR�WKH�
KLJK
�WDUJHW�RI�����$V�WKH�VLWH�LQGH[�EHFRPHV�SRRUHU��WKH�YDOXH�RI�WKH
ORZ�WDUJHW�RQ�WKH�6��LV�LQFUHDVHG�JUDGXDOO\�XS�WR�����ZKLOH�WKH�GLIIHUHQFH�EHWZHHQ�WKH
ORZ�DQG�
KLJK
�WDUJHW�LV�NHSW�FRQVWDQW�DW�RQH����SHU�FHQW�XQLW���7KH�LQFOXVLRQ�RI�DQ�6��
LQGXFHG� QDWXUDO� PRUWDOLW\� ZLOO� OHDG� WR� UHGXFHG� HVWLPDWHV� RI� WLPEHU� SURGXFWLRQ� DQG
ELRPDVV�JURZWK�LQ�VWDQGV�ZLWK�KLJK�LQLWLDO�GHQVLW\�WKDW�LV�H[WHQVLYHO\�PDQDJHG��QRQH�RU
DW�PRVW�RQH�WKLQQLQJ��

7KH�DVVXPSWLRQV�UHODWHG�WR�UHJHQHUDWLRQ�DUH�IDU�PRUH�GHWDLOHG�FRPSDUHG�WR�WKH�SUHYLRXV
VWXG\�� )LUVW�� WKH� QXPEHU� RI� FDOFXODWLRQ� XQLWV� �PDQDJHPHQW�� LV� LQFUHDVHG� GUDPDWLFDOO\�
OHDGLQJ�WR�D�ODUJHU�YDULDWLRQ�LQ�NH\�YDULDEOHV�DV�YHJHWDWLRQ�W\SH��DOWLWXGH�DQG�VLWH�LQGH[�
7KH�DVVXPSWLRQV�IRU�UHJHQHUDWLRQ�DUH�VSHFLILHG�DV�D�GHFLVLRQ�WUHH��$Q�LQFUHDVHG�QXPEHU
RI�FDOFXODWLRQ�XQLWV�DOORZV�IRU�PRUH�IOH[LELOLW\�LQ�WKH�UHJHQHUDWLRQ�DVVXPSWLRQV��L�H��PRUH
EUDQFKHV�RQ�WKH�GHFLVLRQ�WUHH��9HJHWDWLRQ�W\SH�LV�LQFOXGHG�DV�D�YDULDEOH�IRU�
EXLOGLQJ
�WKH
GHFLVLRQ� WUHH�� %DVHG� RQ� VXEMHFWLYH� UHDVRQLQJ� ZH� KDYH� VSHFLILHG� WKH� WUHH� VSHFLHV
FRPSRVLWLRQ� DQG� GHQVLW\� IRU� WKH� GLIIHUHQW� DOWHUQDWLYHV� RI� QDWXUDO� UHJHQHUDWLRQ�� 7KH
HVWDEOLVKHG� WUHH� QXPEHU� �VXP� RI� DOO� VSHFLHV�� YDULHV� IURP� ������ WR� ������ VWHPV� SHU
KHFWDUH��DQG�WKH�UHJHQHUDWLRQ�ODJ�YDULHV�IURP�������WR���������\HDUV�ZKHQ�VSUXFH��SLQH��LV
WKH� PDLQ� VSHFLHV�� 7KH� FRVWV� UHODWHG� WR� QDWXUDO� UHJHQHUDWLRQ� YDULHV� IURP� �� WR� �����
12.�KHFWDUH��DQG�PD\�LQFOXGH�VLWH�SUHSDUDWLRQ��ZHHG�FRQWURO�RU�PRGHVW�VXSSOHPHQWDU\
SODQWLQJ�� 7KH� DVVXPSWLRQV� IRU� UHJHQHUDWLRQ� EDVHG� RQ� SODQWLQJ� LPSO\� LPPHGLDWH
UHSODQWLQJ� DIWHU� FOHDUIHOOLQJ� DQG� WKH� WUHH� QXPEHU� RI� WKH� PDLQ� VSHFLHV� YDULHV� EHWZHHQ
������DQG�������ZLWK�FRVWV�IURP�������12.�KHFWDUH�WR�������12.�KHFWDUH�
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$Q� LPSRUWDQW� SDUW� RI� WKH� WLPEHU� JURZWK� SURMHFWLRQV� LQ�*$<$� LV� UHODWHG� WR� WKH� LQLWLDO
GHWHUPLQDWLRQ�RI�WKH�EDVDO�DUHD�ZKHQ�WKH�GRPLQDQW�KHLJKW�RI�D�VWDQG�LV�SDVVLQJ�D�FHUWDLQ
SUHVHW�OLPLW�� ,Q�WKH�LQLWLDO�VWDQG�VLPXODWRU�� WKLV�ZDV�GRQH�VLPXOWDQHRXVO\�IRU�DOO�VSHFLHV
�LQ�PL[HG�VWDQGV��ZKHQ�WKH�KHLJKW�RI�WKH�PDLQ�VSHFLHV�SDVVHG�WKH�SUHVHW�OLPLW��7KH�DFWXDO
KHLJKW�YHUVXV� WKH�SUHVHW�KHLJKW� OLPLW�ZDV�FKHFNHG�RQFH� IRU�HDFK���\HDU�SHULRG��7KLV� LV
QRZ� FKDQJHG� VR� WKDW� EDVDO� DUHD� LV� LQLWLDWHG� VHSDUDWHO\� IRU� HDFK� VSHFLHV� DQG� WKH� DFWXDO
KHLJKW� LV� FKHFNHG� \HDU� E\� \HDU� ZLWKLQ� WKH� ��\HDU� SHULRG�� 7KH� LQLWLDO� DSSURDFK� JDYH� D
V\VWHPDWLF�RYHU�SUHGLFWLRQ�RI�JURZWK�OHYHOV�IRU�VSUXFH�DQG�DQ�XQGHU�SUHGLFWLRQ�IRU�SLQH
DQG�EURDGOHDI� WUHHV��7KH� V\VWHPDWLF� HUURU�ZDV�PRVW� SURIRXQG� LQ� UHODWLRQ� WR� VSUXFH�� ,Q
DGGLWLRQ� WR� WKLV�� WKH� PRGXOH� HVWLPDWLQJ� WKH� LQLWLDO� EDVDO� DUHD� JDYH� VOLJKWO\� HUURQHRXV
HVWLPDWHV�IRU�VWDQGV�ZLWK�WZR�RU�PRUH�VSHFLHV��OHDGLQJ�WR�DQ�RYHUHVWLPDWLRQ�RI�WKH�WRWDO
LQLWLDO� EDVDO� DUHD� RI� VXFK� VWDQGV�� 7KH� JURZWK� PRGHO� FRXQWHUDFWHG� WKLV� HUURU� WR� VRPH
H[WHQW��GXH�WR�WKH�QHJDWLYH�VLJQ�RQ�WKH�UHJUHVVLRQ�SDUDPHWHU�UHODWHG�WR�EDVDO�DUHD�PHDQ
GLDPHWHU� LQ� WKH� GLDPHWHU� LQFUHPHQW� IXQFWLRQV��:LWK� WKH� DVVXPSWLRQV� DSSOLHG� E\�+RHQ
DQG�6ROEHUJ��������WKH�HUURUV�UHODWHG�WR�LQLWLDOL]DWLRQ�RI�EDVDO�DUHD�LQ�PL[HG�VWDQGV�FRXOG
OHDG�WR������SHU�FHQW�WRR�KLJK�YROXPH�SURGXFWLRQ�RYHU�RQH�URWDWLRQ��,Q�VXP��WKH�FKDQJHV
LQ�DVVXPSWLRQV��WRJHWKHU�ZLWK�LPSURYHPHQWV�DQG�FRUUHFWLRQV�RI�WKH�VWDQG�VLPXODWRU��OHDG
WR� VRPHZKDW� ORZHU� HVWLPDWHV� RI� WKH� WLPEHU� SURGXFWLRQ� OHYHO� RYHU� WKH� HQWLUH� URWDWLRQ�
&RQVHTXHQWO\�WKLV�LPSOLHV�D�UHGXFWLRQ�LQ�WKH�SRWHQWLDO�IRU�FDUERQ�VHTXHVWUDWLRQ�

��� )RUHVW�PDQDJHPHQW�REMHFWLYHV

$V�PHQWLRQHG�WKH�WLPH�KRUL]RQ�LV�VHW�IRU����\HDUV��7KLV�PHDQV�WKDW�IRUHVW�PDQDJHPHQW�LV
DOORZHG�WR�YDU\�ZLWKLQ�WKLV����\HDU�SHULRG��ZKLOH�HDFK�VWDQG�LV�WUHDWHG�DFFRUGLQJ�WR�SUH�
VSHFLILHG� VLOYLFXOWXUDO� UHJLPHV� EH\RQG� WKH� ���\HDU� WLPH�KRUL]RQ�� (DFK� VWDQG� WUHDWPHQW
VFKHGXOH� LV� WKXV� FRQWLQXHG� XQWLO� WKH� SUHVHW� URWDWLRQ� DJH� LV� UHDFKHG�� )RU� HDFK� VWDQG�� D
VWDQGDUG� URWDWLRQ� DFFRUGLQJ� WR� WKH� SUH�VSHFLILHG� VLOYLFXOWXUDO� UHJLPHV� LV� VLPXODWHG� DQG
WKH�QHW�SUHVHQW�YDOXH�RI�D�SHUSHWXDO�VHULHV�RI�WKLV�VWDQGDUG�URWDWLRQ�LQ�WHUPV�RI�WLPEHU�DQG
&2��LV�DGGHG��7KXV��WKH�YDOXDWLRQ�RI�WKH�VWDQG�WUHDWPHQW�VFKHGXOHV�LV�GRQH�DFFRUGLQJ�WR
WKH� )DXVWPDQ� WUDGLWLRQ�� 7KHVH� VLOYLFXOWXUDO� UHJLPHV� DSSOLHG� LQ� WKH� HQGLQJ�LQYHQWRU\
YDOXDWLRQ� DUH� GHILQHG� IRU� HDFK�PDLQ� VSHFLHV� �VSUXFH�� SLQH� RU� ELUFK�� DQG� IRU� GLIIHUHQW
OHYHOV� RI� WKH� 55'�� 7KH� UHJLPHV� DUH� VHW� XS� WR� EH� FORVH� WR� D� SURILW� PD[LPL]LQJ
PDQDJHPHQW�UHJLPH�ZKHUH�RQO\�WLPEHU�LV�JLYHQ�D�PRQHWDU\�YDOXH��7KH�KDUYHVW�OHYHO�LQ
HDFK���\HDU�SHULRG�ZDV�UHVWULFWHG�WR�HTXDO����������P�

ZE�RI�VDZWLPEHU�DQG��������
�

P�
ZE� RI� SXOSZRRG�� 7KLV� UHSUHVHQWV� WKH� PHDQ� RI� WKH� DFWXDO� KDUYHVWV� RI� WKH� ORJJLQJ

VHDVRQV�IURP���������EDVHG�RQ�VWDWLVWLFV� IURP�WKH�&HQWUDO�%XUHDX�RI�6WDWLVWLFV� �&%6��
7KLV�FRQVWLWXWHV����SHU�FHQW�RI�WKH�FXUUHQW�WRWDO�LQFUHPHQW�DQG�DERXW����SHU�FHQW�RI�WKH
KDUYHVW� OHYHO� LQ� D� IRUHVW�PDQDJHPHQW� VWUDWHJ\� VDWLVI\LQJ� D� QRQ�GHFOLQLQJ� KDUYHVW� IORZ
FRQVWUDLQW�� :H� VROYHG� WKUHH� /3�SUREOHPV� LQLWLDOO\�� WKH� %$6(� SUREOHP� ZLWK� WKH� QHW
SUHVHQW�YDOXH�RI�WKH�WLPEHU�PDQDJHPHQW�FDVK�IORZ��13912.��DV�WKH�REMHFWLYH�IXQFWLRQ�
WKH�&2��SUREOHP�ZLWK�WKH�QHW�SUHVHQW�YDOXH�RI�WKH�IORZ�&2��IL[DWLRQV��139&2���DV�WKH
REMHFWLYH�DQG�WKH�&20%�SUREOHP�ZLWK�WKH�QHW�SUHVHQW�YDOXH�RI�WKH�FDVK�IORZ�ZKHQ�ERWK
WLPEHU�DQG�&2��RXWSXWV�DUH�YDOXHG� LQ�PRQHWDU\� WHUPV��139727���7KH�VKDGRZ�SULFH�RI
&2��ZDV�VHW�WR�����12.�WRQ��ZKLFK�UHIOHFWV�WKH�LPSOLFLW�VKDGRZ�SULFH�RI�&2��HPLVVLRQV
IURP�D�WD[�RQ�JDVROLQH�RI�12.������SHU� OLWUH��7KH�&2��IORZ�KDV�D�SRVLWLYH�VLJQ�ZKHQ
&2�� LV� WDNHQ� IURP� WKH� DWPRVSKHUH� DQG� WUDQVIRUPHG� WR� RUJDQLF� FDUERQ�� DQG� D� QHJDWLYH
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VLJQ� ZKHQ� RUJDQLF� FDUERQ� GHFD\V� DQG� &2�� LV� HPLWWHG� EDFN� WR� WKH� DWPRVSKHUH�� 7KH
GLIIHUHQFH�LQ�139&2��EHWZHHQ� WKH�&2��SUREOHP�DQG� WKH�%$6(�SUREOHP�JLYH� WKH� WRWDO
DYDLODEOH�LQFUHDVH�LQ�139&2��E\�FKDQJLQJ�IRUHVW�PDQDJHPHQW�SUDFWLFHV�GXULQJ�WKH�VL[���
\HDU�SHULRGV��7KHQ�ZH� UHIRUPXODWHG� WKH�%$6(�SUREOHP�ZLWK�139&2�� DV�DQ�DGGLWLRQDO
FRQVWUDLQW������6HYHQ�DOWHUQDWLYHV�RI�WKLV�UHIRUPXODWHG�%$6(�SUREOHP�ZHUH�VROYHG�ZLWK
D�5+6�YDOXH�RI�139&2��RI�����SHU�FHQW�2����SHU�FHQW�����SHU�FHQW�����SHU�FHQW�����SHU
FHQW�����SHU�FHQW�DQG���SHU�FHQW�RI�WKH�DYDLODEOH�LQFUHDVH�DGGHG�WR�WKH�139&2��OHYHO�IURP
WKH�LQLWLDO�%$6(�SUREOHP��7ZR�VHQVLWLYLW\�DQDO\VHV�ZHUH�PDGH��,Q�WKH�ILUVW�ZH�H[DPLQHG
WKH� HIIHFWV� RQ�139&2�� RI� SURKLELWLQJ� IHUWLOL]DWLRQ� DQG� SODQWLQJ� DQG� LQ� WKH� VHFRQG�ZH
H[DPLQHG�WKH�HIIHFWV�RI�FKDQJHV�LQ�WKH�PRUWDOLW\�UDWHV�IRU�ROG�JURZWK�VWDQGV�RQ�139&2��

�� 5(68/76

7KH�SURGXFWLRQ�OHYHOV�RI�139&2��DQG�13912.�IRU�WKH�%$6(��&2��DQG�&20%�SUREOHP
DUH�JLYHQ�LQ�7DEOH�����

TABLE 7.1
PRODUCTION LEVEL OF NPVNOK IN 109 NOK� AND NPVCO2 IN 106 TON

FOR THE BASE, CO2 AND COMB PROBLEM

BASE problem CO2 problem COMB problem

RRD NPVNOK NPVCO2 NPVNOK NPVCO2 NPVTOT NPVCO2

2% 17.1 37.0 14.4 52.4 28.7 50.2

3% 11.1 25.6 9.0 39.0 19.6 37.3

4% 8.2 19.7 6.4 31.1 14.9 29.7

5% 6.4 18.1 4.8 27.6 12.5 26.3

Note: The exchange rate for October 1999 is US$ 1 = 7.74 NOK.

)URP� 7DEOH� ���� ZH� VHH� WKDW� WKH� GLIIHUHQFH� LQ� 139&2�� EHWZHHQ� WKH� %$6(� DQG� &2�

SUREOHP�LV���������WRQ�&2��RU����SHU�FHQW�RI�WKH�OHYHO�LQ�WKH�%$6(�SUREOHP�ZKHQ�WKH
55'�LV���SHU�FHQW��)RU�55'V�RI���SHU�FHQW����SHU�FHQW�DQG���SHU�FHQW��WKH�GLIIHUHQFH�LQ
139&2��LV����SHU�FHQW�����SHU�FHQW�DQG����SHU�FHQW�RI�WKH�OHYHO�REWDLQHG�LQ�WKH�UHVSHFWLYH
%$6(�SUREOHPV��7KH�GLIIHUHQFH�LQ�139&2��EHWZHHQ�WKH�%$6(�DQG�&2��SUREOHPV�FDQ
EH� VSOLW� LQWR� WZR� SDUWV�� QDPHO\� WKH� GLIIHUHQFH� LQ� &2��IORZ� GXULQJ� WKH� ���\HDU� SHULRG
ZKHQ�WLPEHU�PDQDJHPHQW�LV�DOORZHG�WR�YDU\�DQG�WKH�GLIIHUHQFH�LQ�&2��IORZ�DIWHU�WKH����
\HDU� WLPH�KRUL]RQ� LV�SDVVHG��:KHQ�VSOLWWLQJ� WKH�139&2��PHDVXUH� LQ� WZR�SDUWV�ZH�ILQG
WKDW������SHU�FHQW�LV�UHODWHG�WR�GLIIHUHQFHV�GXULQJ�WKH�ILUVW����\HDUV�ZKHQ�WKH�55'�LV��
SHU�FHQW��)RU�55'V�RI���SHU�FHQW����SHU�FHQW�DQG���SHU�FHQW��WKH�ILUVW����\HDUV�FRQWULEXWH
�����SHU�FHQW�������SHU�FHQW�DQG������SHU�FHQW��UHVSHFWLYHO\��:H�VHH�WKDW�WKH�UHVXOWV�RI�WKH
&20%�SUREOHP�DUH�TXLWH�FORVH�WR�WKH�&2��SUREOHP��7KLV�LQGLFDWHV�WKDW�WKH�VKDGRZ�SULFH
RQ� &2�� VHTXHVWUDWLRQ� �DQG� HPLVVLRQ�� RI� ���� 12.�WRQ� &2�� LV� VXIILFLHQWO\� KLJK� WR
GRPLQDWH� WKH� VROXWLRQ�� 7KLV� LV� FRQILUPHG� ZKHQ� ZH� ORRN� DW� WKH� PDUJLQDO� FRVWV� RI
LQFUHDVHG�139&2��OHYHOV�LQ�WKH�%$6(�SUREOHP�ZKLFK�DUH�SUHVHQWHG�LQ�7DEOH������(YHQ
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ZKHQ����SHU�FHQW�RI�WKH�DYDLODEOH�LQFUHDVH�LQ�139&2�� LV�REWDLQHG�� WKH�PDUJLQDO�FRVW� LV
ZHOO�EHORZ�����12.�WRQ�&2��

TABLE 7.2
THE MARGINAL COSTS OF INCREASED NPVCO2-LEVELS IN THE REFORMULATED BASE PROBLEM

Real rate of discount (RRD) per annum
                                                                                                                          

RHS 2% 3% 4% 5%

CO2 [3.09]  [2.68]  [2.26]  [1.91]

0% 0.2 0.0 0.1 0.1
(17.089)  (11.092) (8.163) (6.426)

+20% 20.7 26.6 26.4 25.1
 (17.055) (11.061) (8.134) (6.403)

+40%  51.2  47.5  52.5  53.9
(16.940) (10.960) (8.044) (6.333)

+60%  90.7  81.6  82.9  83.4
(16.740) (10.793) (7.896) (6.210)

+80% 201.8 186.5 166.1 153.4
(16.345) (10.463) (7.638) (5.998)

+95% 713.9 581.0 607.8 641.5
(15.591) (9.866) (7.147) (5.549)

99.99% 12058.9 13492.2 7090.4 9603.4
(14.527) (9.087) (6.432) (4.851)

Note: The marginal costs, in NOK invested at time zero per ton increase in discounted net CO2 fixation
i.e. d(NPVNOK)/d(NPVCO2), at increasing levels of the NPVCO2 constraint. RHS CO2 gives the value
of the NPVCO2 constraint, as the percentage of the maximum potential increase in NPVCO2 added
to the NPVCO2 level obtained in the BASE problem. The figures in parentheses gives the value of
NPVNOK in 109 NOK, i.e. the objective function value in each LP-problem. The numbers in
parentheses give the value of a 20 per cent fraction of the maximum potential increase in NPVCO2
in 106 tons, i.e. the difference between the BASE and CO2 problem for the corresponding real rate
of discount.

7KH�PDUJLQDO�FRVWV�RI�&2��VHTXHVWUDWLRQ�LV�LQFUHDVLQJ�DV�WKH�5+6�YDOXH�RI�WKH�139&2��
FRQVWUDLQW�LV�WLJKWHQHG��7KH�VDPH�SDWWHUQ�LV�IRXQG�IRU�DOO�55'V�

TABLE 7.3
THE AVERAGE AREA GIVEN DIFFERENT TREATMENTS IN THE BASE PROBLEM

WITH RRD AT 2 PER CENT PER ANNUM

RHS Natural Release
CO2 Planting regeneration thinning Thinning Fertilization Seed tree Clearfell

0% 7.9 24.3 23.3 3.4 22.5 1.4 26.2

20% 8.8 24.8 21.7 3.6 23.3 3.6 27.6

40% 9.7 25.7 20.9 4.0 25.4 7.7 29.3

60% 12.7 23.9 17.6 5.2 26.9 9.0 30.6

80% 16.6 23.6 14.1 5.4 28.7 12.0 34.2

95% 20.6 21.9  9.8 6.7 28.4 12.4 36.4

100% 25.8 29.8  5.9 7.3 28.5 10.1 39.5

Note: For release thinning in young growth, only the first five periods are included to avoid ending-
inventory effects.
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TABLE 7.4
THE AVERAGE AREA GIVEN DIFFERENT TREATMENTS IN THE BASE PROBLEM

WITH RRD AT 3 PER CENT PER ANNUM

RHS Natural Release
CO2 Planting regeneration thinning Thinning Fertilization Seed tree Clearfell

0% 6.8 26.7 17.4  2.7  17.6  2.4  27.4

20%  7.8 25.4 14.7  3.1  19.7  3.5  27.2

40%  9.5 25.3 13.8  4.2  22.7  6.5  28.7

60% 13.5 23.1 12.1  4.4  26.2  9.4  30.6

80% 16.6 22.1 8.0  5.6  28.4 11.9  32.6

95% 21.4 19.7  4.6  6.6  27.1 11.2  35.0

100% 26.7 16.4  3.5  8.6  27.3 10.3  37.0

Note: For release thinning in young growth, only the first five periods are included to avoid ending-
inventory effects.

TABLE 7.5
THE AVERAGE AREA GIVEN DIFFERENT TREATMENTS IN THE BASE PROBLEM

WITH RRD AT 4 PER CENT PER ANNUM

RHS Natural Release
CO2 Planting regeneration thinning Thinning Fertilization Seed tree Clearfell

0% 6.1 26.7 13.2 2.7 15.3 2.8 26.8

20% 6.6 26.6 10.7 3.5 19.1 4.3 27.1

40% 7.1 28.1  9.0 4.1 22.7 7.4 29.1

60% 7.6 28.4  4.8 5.1 26.2 9.0 30.0

80%  12.9 25.1  2.7 6.3 27.6  10.8 31.9

95%  20.2 20.3  2.0 7.0 27.4  11.8 34.5

100% 26.0 16.7  1.9 7.6 28.1 9.3 36.6

Note: For release thinning in young growth, only the first five periods are included to avoid ending-
inventory effects.

TABLE 7.6
THE AVERAGE AREA GIVEN DIFFERENT TREATMENTS IN THE BASE PROBLEM

WITH RRD AT 5 PER CENT PER ANNUM

RHS Natural Release
CO2 Planting regeneration thinning Thinning Fertilization Seed tree Clearfell

0% 6.5 26.7  8.9 1.8 11.7 2.6 27.2

20% 6.5 26.6  6.5 2.6 15.1 4.1 27.0

40% 7.0 25.7  2.8 4.0 19.4 5.1 26.6

60% 8.6 26.2  2.3 4.8 23.4 8.6 28.7

80%  12.9 24.1  1.3 6.1 24.9  10.7 30.9

95%  20.5 19.5  1.2 7.8 27.1  12.2 33.9

100% 28.4 13.5  1.6 8.1 27.6 8.7 35.9

Note: For release thinning in young growth, only the first five periods are included to avoid ending-
inventory effects.
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7DEOHV����� WR����� DERYH� SUHVHQW� WKH� FKDQJHV� LQ� DYHUDJH� DUHD� SHU� ��\HDU� SHULRG� WUHDWHG
ZLWK�GLIIHUHQW�VLOYLFXOWXUDO� WUHDWPHQWV� LQ�WKH�%$6(�SUREOHP�ZLWK�GLIIHUHQW�5+6�YDOXHV
RQ�WKH�139&2��FRQVWUDLQW�

�� ',6&866,21

��� &KDQJHV�EHWZHHQ�PD[LPL]LQJ�WLPEHU�UHYHQXH�DQG�&2��VHTXHVWUDWLRQ

%\�LQVSHFWLQJ�WKH�IRUHVW�PDQDJHPHQW�SUHVFULSWLRQV�LQ�WKH�GLIIHUHQW�/3�SUREOHPV�VROYHG�
ZH�FDQ� WUDFH� WKH� FKDQJHV� LQ� IRUHVW�PDQDJHPHQW� WUHDWPHQWV��7KUHH�PDLQ� FKDQJHV� VHHP
HYLGHQW�� LQFUHDVHG� IHUWLOL]DWLRQ�� UHGXFHG� DUHD� WUHDWHG� ZLWK� UHOHDVH� WKLQQLQJ� LQ� \RXQJ
JURZWK�DQG�LQFUHDVHG�SODQWHG�DUHD�FRPELQHG�ZLWK�LQFUHDVHG�DUHD�IRU�ILQDO�IHOOLQJ��VHHG
WUHH�VKHOWHU�ZRRG�FXWWLQJ�DQG�FOHDUIHOOLQJ���7KHUH� LV�DOVR�D� WHQGHQF\� WRZDUGV� LQFUHDVHG
WKLQQLQJ�LQ�WKH�&2��SUREOHPV�FRPSDUHG�ZLWK�WKH�%$6(�SUREOHPV�

7KH�DUHD�SUHVFULEHG�IRU�WKLQQLQJ�VKRZV�D�ODUJH�UHODWLYH�LQFUHDVH�IURP�WKH�%$6(�SUREOHP
WR� WKH� &2�� SUREOHP�� 7KH� LQLWLDO� DUHD�� WKRXJK�� LV� IDLUO\� ORZ�� ,Q� WKH� %$6(� SUREOHP
WKLQQLQJ� LV�PDLQO\�GRQH� LQ�GHQVH� VWDQGV� WR� DYRLG�QDWXUDO�PRUWDOLW\� FDXVHG�E\� WKH�6��
IDOOLQJ� EHORZ� WKH� SUHVHW� ORZHU� WDUJHW� DV� H[SODLQHG� HDUOLHU�� ,Q�PDQ\� VWDQGV� WKLQQLQJ� LV
QRQSURILWDEOH�LQ�WHUPV�RI�WKH�13912.�PHDVXUH��6LQFH�WKH�KDUYHVW�YROXPHV�DUH�IL[HG��LW
PLJKW�EH�D�JRRG�RSWLRQ�LQ�WKH�&2��SUREOHPV�WR�WKLQ�GHQVH�VWDQGV�DQG�XWLOL]H�WKH�WKLQQLQJ
UHPRYDOV�IRU�SXOSZRRG�DQG�VDZWLPEHU�LQVWHDG�RI�OHWWLQJ�WKLV�YROXPH�EH�
UHPRYHG
�IURP
WKH�JURZLQJ�VWRFN�DV�QDWXUDO�PRUWDOLW\��7KLV�DOVR�DOORZV�FRQWLQXHG�JURZWK�DQG�ELRPDVV
SURGXFWLRQ� LQ� VRPH� RWKHU� VWDQGV� ZKLFK� DUH� SUHVFULEHG� IRU� FOHDUIHOOLQJ� LQ� WKH� %$6(
SUREOHP�� 7KH� HIIHFW� RI� IHUWLOL]DWLRQ� LV� VWUDLJKWIRUZDUG� VLQFH� WKLV� WUHDWPHQW� GLUHFWO\
LQFUHDVHV� WLPEHU� SURGXFWLRQ� �ELRPDVV� JURZWK�� LQ� DQ� H[LVWLQJ� VWDQG�� 7KH� DYHUDJH� DUHD
IHUWLOL]HG� GXULQJ� WKH� VL[� ��\HDU� SHULRGV� LV� DSSUR[LPDWHO\� ������� KHFWDUHV� LQ� WKH� &2�

SUREOHP�IRU�DOO�55'V��&RPSDUHG�ZLWK�WKH�%$6(�SUREOHP��WKH�IHUWLOL]HG�DUHD�LQFUHDVHG
IURP����SHU�FHQW�ZLWK���SHU�FHQW�55'�WR����SHU�FHQW�����SHU�FHQW�DQG�����SHU�FHQW�IRU
55'V�RI���SHU� FHQW�� �� SHU� FHQW� DQG� �� SHU� FHQW�� UHVSHFWLYHO\��'XULQJ� WKH� ODVW� ��� \HDUV
WKHUH�KDV�EHHQ�YLUWXDOO\�QR�WUDGLWLRQ�IRU�IHUWLOL]DWLRQ�RI�IRUHVW�ODQG�DPRQJ�IRUHVW�RZQHUV
LQ�WKH�DFWXDO�UHJLRQ��7DEOH�����JLYHV�WKH�UHVXOWV�IURP�WKH�VDPH�/3�SUREOHPV�DV�LQ�7DEOH
�����ZKHQ�IHUWLOL]DWLRQ�LV�RPLWWHG�DV�DQ�WUHDWPHQW�RSWLRQ�

TABLE 7.7
NPVNOK IN 109 NOK AND NPVCO2 IN 106 TON FOR THE BASE, CO2 AND COMB PROBLEM

NO FERTILIZATION

BASE problem CO2 problem COMB problem

RRD NPVNOK NPVCO2 NPVNOK NPVCO2 NPVTOT NPVCO2

2%  16.9 35.2 14.3 50.4 28.1 48.2

3%  11.0 24.4  9.1 37.2 19.1 35.7

4% 8.1 18.9  6.4 29.4 14.5 28.2

5% 6.4 17.5 4.9 26.1 12.1 25.0
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7KH�139&2�� YDOXH� LQ� WKH�&2�� SUREOHP� LV� GHFUHDVHG�ZLWK� ���������
�� WRQ�&2�� ZKHQ

IHUWLOL]DWLRQ� LV� RPLWWHG�� 7KH� FRUUHVSRQGLQJ� UHGXFWLRQ� LQ� WKH� %$6(� SUREOHP� LV� ����
�������WRQ�&2��

7KH�DYHUDJH�DUHD�WUHDWHG�ZLWK�UHOHDVH�WKLQQLQJ�GXULQJ�WKH�ILUVW�ILYH�SHULRGV�LQ�WKH�%$6(
SUREOHP�LV��������KHFWDUHV�ZLWK���SHU�FHQW�55'�DQG��������KD���������KD�DQG�������KD
IRU���SHU�FHQW����SHU�FHQW�DQG���SHU�FHQW�55'�UHVSHFWLYHO\��,Q�WKH�&2��SUREOHPV��WKLV�LV
UHGXFHG� ZLWK� DSSUR[LPDWHO\� ��� SHU� FHQW�� 5HOHDVH� WKLQQLQJ� UHGXFHV� VWDQG� GHQVLW\� DQG
WLPEHU� SURGXFWLRQ�� 2Q� WKH� RWKHU� KDQG�� UHOHDVH� WKLQQLQJ� UHGXFHV� WKH� SURSRUWLRQ� RI
EURDGOHDI�WUHHV�DQG�LQFUHDVHV�WKH�VL]H�RI�WKH�WUHHV�LQ�WKH�VWDQG�ZKHQ�FOHDUIHOOHG��7KLV�ZLOO
EH�EHQHILFLDO�LQ�WHUPV�RI�WKH�&2��IORZ��VLQFH�EURDGOHDI�WUHHV�SURGXFH�RQO\�SXOSZRRG��LQ
WKH�PRGHO��DQG�ODUJHU�WUHHV�KDYH�D�KLJKHU�VDZWLPEHU�SURSRUWLRQ�ZLWK�VXEVWDQWLDOO\�ORQJHU
WLPH�SHULRGV�IRU�GHFD\�FRPSDUHG�ZLWK�SXOSZRRG��7KH�DUHD�WUHDWHG�ZLWK�UHOHDVH�WKLQQLQJ
LQ�\RXQJ�JURZWK�LQ�WKH�&2��SUREOHP�LV�QHDUO\�IRXU�WLPHV�KLJKHU�ZKHQ�WKH�55'�LV���SHU
FHQW�WKDQ�ZKHQ�WKH�55'�LV���SHU�FHQW�

TABLE 7.8
NPVNOK IN 109 NOK AND NPVCO2 IN 106 TON FOR THE BASE, CO2 AND COMB PROBLEM,

 NATURAL REGENERATION ONLY

BASE problem CO2 problem COMB problem

RRD NPVNOK NPVCO2 NPVNOK NPVCO2 NPVTOT NPVCO2

2% 16.8 36.6 15.1 49.7 28.1 48.2

3% 10.9 24.8 9.6 36.0 19.0 35.1

4% 8.0 19.7  6.9 28.8 14.5 28.1

5% 6.3 18.1  5.4 25.5 12.1 24.8

7KH� DYHUDJH� DUHD� SODQWHG� SHU� ��\HDU� SHULRG� LV� EHWZHHQ� ������ DQG� ������ KD� DQG� WKH
DYHUDJH� DUHD� FOHDUIHOOHG� LV� EHWZHHQ� ������� DQG� ������� KD� IRU� DOO� 55'V� LQ� WKH� %$6(
SUREOHP�� 7KH� FRQVWUDLQW� RQ� WLPEHU� KDUYHVWLQJ� YROXPHV� OLPLWV� WKH� DUHD� WKDW� FDQ� EH
FOHDUIHOOHG�DQG�UHJHQHUDWHG��7KLV�H[SODLQV�WKH�QHDUO\�FRQVWDQW�OHYHO�IRU�DOO�55'V�LQ�WKH
%$6(�SUREOHP��,Q�WKH�&2��SUREOHP��WKH�DUHD�FOHDUIHOOHG�LV�LQFUHDVHG�E\������������DQG
���SHU�FHQW�IRU�55'V�RI���������DQG���SHU�FHQW��7KH�FRUUHVSRQGLQJ�LQFUHDVH�LQ�SODQWHG
DUHD�LV���������������DQG�����SHU�FHQW��7KH�JDLQ�LQ�WHUPV�RI�&2��VHTXHVWUDWLRQ�PD\�EH
FDXVHG� E\� VHYHUDO� HIIHFWV�� )LUVW�� LQ� WKH� &2�� SUREOHP�� SODQWLQJ� LV� SUHIHUUHG� WR� QDWXUDO
UHJHQHUDWLRQ�VLQFH�PRUH�GHQVH� VWDQGV�DUH�HVWDEOLVKHG�DQG�HVWDEOLVKPHQW� LV�GRQH� IDVWHU�
6HFRQGO\�� ZH� PLJKW� KDYH� DQ� HQGLQJ�LQYHQWRU\� HIIHFW� UHODWHG� WR� UHJHQHUDWLRQ�� ,Q� WKH
PDQDJHPHQW� SURJUDPPHV� IRU� FDOFXODWLQJ� WKH� HQGLQJ�LQYHQWRU\� YDOXH�� QDWXUDO
UHJHQHUDWLRQ�LV�DVVXPHG�DV�WKH�UHJHQHUDWLRQ�PHWKRG�RQ� LQFUHDVLQJO\�KLJKHU�VLWHV�DV� WKH
55'� LQFUHDVHV�� 7KH� /3�PRGHO� ZLOO� HYDOXDWH� WKH� JDLQ� RI� FRQFHQWUDWLQJ� FOHDUIHOOLQJ� WR
ORZHU�VLWHV�GXULQJ�WKH�VLPXODWLRQ�SHULRG��VL[���\HDU�SHULRGV��WR�DYRLG�KDYLQJ�WKHVH�VWDQGV
UHJHQHUDWHG�QDWXUDOO\�LQ�WKH�HQGLQJ�LQYHQWRU\�HYDOXDWLRQ��6WDQGV�RQ�WKH�EHVW�VLWHV�ZLOO�EH
UHJHQHUDWHG� ZLWK� SODQWLQJ� LQ� WKH� HQGLQJ�LQYHQWRU\� HYDOXDWLRQ�� VR� LW� PLJKW� QRW� EH
ZRUWKZKLOH�WR�FOHDUIHOO�DQG�UHJHQHUDWH�WKHVH�VWDQGV��JLYHQ�WKH�OLPLWDWLRQ�RQ�FOHDUIHOOLQJ
DUHD� FDXVHG� E\� WKH� FRQVWUDLQWV� RQ� KDUYHVWLQJ� YROXPHV� GXULQJ� WKH� ���\HDU� SHULRG��:H
KDYH�QRW�\HW�WULHG�WR�LVRODWH�WKH�PDJQLWXGH�RI�WKLV�SRWHQWLDO�HIIHFW��7DEOH�����SURYLGHV�WKH



���

UHVXOWV�RI�D�VHQVLWLYLW\�DQDO\VLV�RQ�13912.�DQG�139&2���ZKHQ�SODQWLQJ�LV�RPLWWHG�DV�DQ
DYDLODEOH�PHWKRG�IRU�UHJHQHUDWLRQ�GXULQJ�WKH�VL[���\HDU�SHULRGV�

,I�ZH� FRPSDUH� WKH� HIIHFWV� DFKLHYHG� E\� RPLWWLQJ� SODQWLQJ�ZLWK� WKH� HIIHFWV� RI� RPLWWLQJ
IHUWLOL]DWLRQ�� L�H��7DEOH�����YHUVXV�7DEOH������ZH� VHH� WKDW�SODQWLQJ� VHHPV� VOLJKWO\�PRUH
LPSRUWDQW�WKDQ�IHUWLOL]DWLRQ�IRU�LQFUHDVLQJ�&2��VHTXHVWUDWLRQ�

%\�FRPSDULQJ�WKH�FKDQJHV�LQ�IRUHVW�PDQDJHPHQW�ZKHQ����SHU�FHQW�DQG�����SHU�FHQW�RI
WKH�DYDLODEOH�139&2�� LQFUHDVH� LV� IRUFHG�RQ� WKH�%$6(�SUREOHP�� LW� VHHPV� WKDW� WKH�PRVW
FRVWO\� DFWLRQV� DUH� UHODWHG� WR� FKDQJHV� LQ� FOHDUIHOOLQJ� DQG� UHJHQHUDWLRQ� SULRULWLHV�� 6LQFH
WKHVH�PLJKW�EH�GXH�WR�HQGLQJ�LQYHQWRU\�HIIHFWV��WKH\�FDQQRW�EH�UHJDUGHG�DV�YHU\�UHDOLVWLF
HVWLPDWHV�

7KH�UHVWULFWLRQV�RQ�KDUYHVW�OHYHO�LPSOLHV�WKDW�WKH�YROXPH�RI�UHPRYDO��KDUYHVWHG�YROXPH
SOXV�YROXPH�RI�QDWXUDOO\�GLHG�WUHHV��LV�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�FXUUHQW�JURZWK��7KLV
LPSOLHV�WKDW�WKH�YROXPH�RI�WKH�JURZLQJ�VWRFN�LV�LQFUHDVLQJ�RYHU�WKH����\HDU�SHULRG��7KH
DYHUDJH� DJH� RI� WKH� VWDQGV� �DUHD�ZHLJKWHG�� DOVR� LQFUHDVHV� RYHU� WKH� ���\HDU� SHULRG�
$VVXPSWLRQV� UHODWHG� WR� QDWXUDO� PRUWDOLW\� DUH� XQFHUWDLQ�� DQG� ZH� EHOLHYH� WKDW� WKLV
XQFHUWDLQW\�LQFUHDVHV�ZLWK�WKH�DJH�RI�WKH�VWDQGV��:H�DSSOLHG�WKH�IROORZLQJ�DVVXPSWLRQV
IRU�QDWXUDO�PRUWDOLW\�WR�FKHFN�WKH�VHQVLWLYLW\�UHODWHG�WR�WKH�139&2��PHDVXUH��7KH�JHQHUDO
PRUWDOLW\� UDWH�ZDV� LQFUHDVHG� IURP� ���� SHU� FHQW� WR� ����� SHU� FHQW� RI� WKH� WUHHV� SHU� \HDU�
:KHQ�VWDQGV�ZLWK�D�WUHH�QXPEHU�DERYH�����VWHPV�SHU�KHFWDUH�SDVVHG�D�FHUWDLQ�DJH��WKH
DQQXDO� PRUWDOLW\� UDWH� ZDV� GRXEOHG� WR� ����� SHU� FHQW�� 7KH� UHODWLYH� GLDPHWHU� RI� WLPEHU
G\LQJ� QDWXUDOO\� LV� DVVXPHG� WR� EH� ���� LQ� DOO� FDVHV�� 7KLV� DJH� OLPLW�ZDV� YDULHG�ZLWK� VLWH
LQGH[��ZKLFK�ZDV�GLYLGHG�LQWR� WKUHH�FODVVHV��7KH�DJH� OLPLW�ZDV����\HDUV� IRU�+��!�����
����\HDUV�IRU�����!+��!�����DQG�����\HDUV�IRU�����!+����7DEOH�����JLYHV�UHVXOWV�IURP
WKLV�DQDO\VLV�

TABLE 7.9
NPVNOK IN 109 NOK AND NPVCO2 IN 106 TON FOR THE BASE, CO2 AND COMB PROBLEM,

INCREASED NATURAL MORTALITY

BASE problem CO2 problem COMB problem

RRD NPVNOK NPVCO2 NPVNOK NPVCO2 NPVTOT NPVCO2

2% 15.9 33.1 13.5 49.2 26.9 47.0

3% 10.5 22.7 8.5 36.4 18.4 34.8

4% 7.8 17.7 6.0 28.8 14.0 27.3

5% 6.2 15.9 4.6 25.5 11.7 24.1

7KH�UHVXOWV�JLYHQ�7DEOH�����VKRZ�WKDW�WKHVH�FKDQJHV�LQ�PRUWDOLW\�DVVXPSWLRQV�FDXVH�DQ
HIIHFW� RQ� 139&2�� LQ� WKH� &2�� SUREOHP� RI� URXJKO\� WKH� VDPH� PDJQLWXGH� DV� RPLWWLQJ
IHUWLOL]DWLRQ�RU�SODQWLQJ��,W�VKRXOG�EH�PHQWLRQHG�WKDW�D����\HDU�SHULRG�LV�D�VKRUW�WLPH�IRU
DFKLHYLQJ� WKH� IXOO� HIIHFW� RI� WKHVH� DVVXPSWLRQV�� VLQFH� URWDWLRQ� DJHV� LQ� WKH� HQGLQJ�
LQYHQWRU\� HYDOXDWLRQ� H[FHHG� WKH� DJHV� IRU� LQWURGXFLQJ� WKH� KLJK� OHYHO� RI�PRUWDOLW\� �����
SHU�FHQW�RI�WKH�WUHH�QXPEHU�SHU�\HDU��RQO\�RQ�WKH�SRRUHVW�VLWHV�
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��� &KDQJHV�LQ�UHODWLRQ�WR�SUHYLRXV�VWXG\

7KH� UHVXOWV� REWDLQHG� LQ� WKLV� DQDO\VLV� LQGLFDWH� D� PXFK� ODUJHU� GLIIHUHQFH� LQ� 139&2�

EHWZHHQ� WKH� %$6(� DQG� &2�� SUREOHP� WKDQ� ZKDW� ZDV� REWDLQHG� LQ� +RHQ� DQG� 6ROEHUJ
�������� 7KHUH� DUH� VHYHUDO� H[SODQDWLRQV� IRU� WKLV�� )LUVW�� WKH� LQFUHDVHG� YDULDWLRQ� LQ� WKH
DVVXPSWLRQV� UHJDUGLQJ� UHJHQHUDWLRQ� ZLOO� OHDG� WR� D� JUHDWHU� YDULHW\� LQ� WKH� HVWLPDWHV� RI
IRUHVW� ELRPDVV� SURGXFWLRQ�� 6HFRQG�� WKH� LQFUHDVHG� QXPEHU� RI� FDOFXODWLRQ� XQLWV� LQ� WKLV
VWXG\�JLYHV�PRUH�IOH[LELOLW\�IRU�WKH�VROXWLRQ�RI�WKH�/3�PRGHO�DQG�WKXV�RQH�ZRXOG�H[SHFW
D� ODUJHU� GLIIHUHQFH� EHWZHHQ� WKH� WZR� VROXWLRQV�� /RRNLQJ� DW� WKH� DJJUHJDWHG� YDOXH� RI
139&2�� IRU� WKH� GLIIHUHQW� 55'V�� WKLV� DQDO\VLV� SURYLGHV� ORZHU� HVWLPDWHV� SHU� KHFWDUH
FRPSDUHG�WR�+RHQ�DQG�6ROEHUJ��7KH�UHGXFWLRQ�LV�LQ�WKH�UDQJH�RI�������SHU�FHQW��7KLV�FDQ
EH�H[SODLQHG�SDUWO\�E\� WKH�YDULDWLRQ� LQ� LQSXW�GDWD�DQG�SDUWO\�E\� WKH� LPSURYHPHQWV�DQG
FRUUHFWLRQV�RI� WKH� VWDQG�VLPXODWRU�� ,Q� WKH�FRXQW\�RI�9HVWIROG�ZKLFK� LV� LQFOXGHG� LQ� WKLV
VWXG\��EXW�QRW�LQ�WKH�SUHYLRXV�VWXG\��QHDUO\����SHU�FHQW�RI�WKH�JURZLQJ�VWRFN�LV�EURDGOHDI
WUHHV��ZKLFK�LQ�WKLV�FDVH�LV�DVVXPHG�WR�SURGXFH�RQO\�SXOSZRRG��,Q�%XVNHUXG����SHU�FHQW
RI�WKH�JURZLQJ�VWRFN�LV�EURDGOHDI�WUHHV�� LQGLFDWLQJ�WKDW�D�PXFK�ODUJHU�SURSRUWLRQ�RI� WKH
JURZLQJ�VWRFN�FDQ�EH�XVHG�DV�VDZWLPEHU��$OVR�� WKH�SXOSZRRG�UDWLR�RI� WKH�WRWDO�KDUYHVW
GXULQJ�WKH����\HDU�SHULRG�LV������LQ�WKLV�DQDO\VLV��ZKLOH�LQ�+RHQ�DQG�6ROEHUJ��������WKH
SXOSZRRG�UDWLR�ZDV�������2QH�FRXOG�H[SHFW�WKH�139&2��PHDVXUH�WR�EH�IDLUO\�VHQVLWLYH�WR
D��SHUPDQHQW��FKDQJH�LQ�WKH�PL[�EHWZHHQ�VDZWLPEHU�DQG�SXOSZRRG��:H�WULHG�WR�FKHFN
WKLV� E\� FKDQJLQJ� WKH�PL[� RI� VDZWLPEHU� DQG� SXOSZRRG� IRU� WKH� VL[� ��\HDU� SHULRGV� DQG
UHVROYHG� WKH�%$6(��&2�� DQG�&20%�SUREOHPV��2XW�RI� WKH� WRWDO� KDUYHVW� RI� ��������
P�

ZE� SHU� ��\HDU� SHULRG�� ��� SHU� FHQW� ZDV� UHVWULFWHG� WR� EH� SXOSZRRG� DQG� ��� SHU� FHQW
VDZWLPEHU��5HVXOWV�RI�WKLV�VHQVLWLYLW\�DQDO\VLV�DUH�JLYHQ�LQ�7DEOH������

TABLE 7.10
NPVNOK IN 109 NOK AND NPVCO2 IN 106 TON FOR THE BASE, CO2 AND COMB PROBLEM,

60% SAWTIMBER AND 40% PULPWOOD IN TOTAL HARVEST

BASE problem CO2 problem COMB problem

RRD NPVNOK NPVCO2 NPVNOK NPVCO2 NPVTOT NPVCO2

2%  17.3 37.6 14.8 52.1 28.8 49.9

3%  11.4 27.0 9.5 39.1 19.9 37.4

4% 8.5 21.1 6.9 31.2 15.3 29.7

5% 6.8 19.2 5.4 27.9 12.9 26.7

%\�FRPSDULQJ�7DEOH�����ZLWK�7DEOH������ZH�VHH�WKDW�WKH�HIIHFW�RI�FKDQJHV�LQ�WKH�UDWLR�RI
VDZWLPEHU�SXOSZRRG�GRHV�QRW�DOWHU�WKH�OHYHO�RI�WKH�139&2��SDUDPHWHU�YHU\�PXFK�LQ�WKH
&2�� SUREOHP�� ,Q� WKH� %$6(� SUREOHP� 139&2�� LV� VRPHZKDW� KLJKHU� ZLWK� D� KLJKHU
VDZWLPEHU� UDWLR�� DQG� WKH� GLIIHUHQFH� LV� LQFUHDVLQJ� LQ� UHODWLYH� WHUPV� ZKHQ� WKH� 55'
LQFUHDVHV�� ,W� LV� KRZHYHU� DOVR� OLNHO\� WKDW� WKH� HQGLQJ�LQYHQWRU\� YDOXDWLRQ�PLJKW� SURGXFH
XQH[SHFWHG�DQG�FRXQWHULQWXLWLYH�UHVXOWV�LQ�WKLV�FDVH�

7KH� UHVXOWV� LQ� WKLV� VWXG\� FOHDUO\� GHPRQVWUDWH� WKDW� WKHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV� LQ
FDUERQ�VHTXHVWUDWLRQ�EHWZHHQ�D� IRUHVW�PDQDJHPHQW� VWUDWHJ\�EDVHG�RQ�PD[LPL]DWLRQ�RI
GLVFRXQWHG� WLPEHU� SURILWV� �13912.�� DQG� PD[LPL]DWLRQ� RI� GLVFRXQWHG� QHW� &2�

VHTXHVWUDWLRQ��139&2���IRU�WKH�DFWXDO�UHJLRQ��7KH�VWUDWHJ\�EDVHG�RQ�WKH�PD[LPL]DWLRQ�RI
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WKH� GLVFRXQWHG� FDVK�IORZ� ZKHQ� ERWK� WLPEHU� DQG� &2�� VHTXHVWUDWLRQ� DUH� YDOXHG� LQ
PRQHWDU\�WHUPV�LV�YHU\�FORVH�WR�WKH�SXUH�&2��VWUDWHJ\�IRU�WKH�139&2��PHDVXUH��ZKLOH�WKH
VDFULILFH� UHODWHG� WR� SXUH� WLPEHU� SURILWV� �13912.�� LV�PRGHVW��7KLV� UHVXOW� XQGHUSLQV� WKH
IDFW�WKDW�WKH�PDUJLQDO�FRVW�RI�139&2��LV�LQFUHDVLQJ�VKDUSO\�IRU�WKH�ODVW�������SHU�FHQW�RI
WKH� SRWHQWLDO� LQFUHDVH� LQ� WKLV� IDFWRU�� 7KH� GLIIHUHQFH� LQ� 139&2�� EHWZHHQ� WKH� %$6(
SUREOHP� ZLWKRXW� IHUWLOL]DWLRQ� DQG� WKH� &2�� SUREOHP� ZLWK� IHUWLOL]DWLRQ� LV� ��������
��������� �������� DQG� �������� WRQ� &2�� ZLWK� 55'V� RI� ��� ��� �� DQG� �� SHU� FHQW� SHU
DQQXP��%\�WDNLQJ����SHU�FHQW�RI�WKLV�LQFUHDVH�DQG�FDOFXODWLQJ�WKH����\HDU�DQQXLW\��ZH�JHW
������� ������� ������ DQG� ������ PLOOLRQ� WRQ� &2�� DV� WKH� \HDUO\� LQFUHDVH� LQ� QHW� &2�

VHTXHVWUDWLRQ� IRU� WKH� 55'V� RI� �� SHU� FHQW�� �� SHU� FHQW�� �� SHU� FHQW� DQG� �� SHU� FHQW
UHVSHFWLYHO\�

7KH�UHVXOWV�IURP�WKH�DQDO\VHV�XQGHUWDNHQ�LQ�WKLV�FKDSWHU�FRQILUP�WKH�ILQGLQJV�SUHVHQWHG
LQ�+RHQ�DQG�6ROEHUJ��������WKDW�DOVR�LQ�ERUHDO�IRUHVW�RQH�FDQ�JHW�FRQVLGHUDEOH�LQFUHDVH
LQ�FDUERQ�VHTXHVWUDWLRQ�E\�FKDQJLQJ�IRUHVW�PDQDJHPHQW�UHJLPHV��)XUWKHUPRUH��WKH�PRUH
GHWDLOHG� GDWD� DQG� DVVXPSWLRQV� IRU� WLPEHU�PDQDJHPHQW� DQG� HVSHFLDOO\� IRU� UHJHQHUDWLRQ
DSSOLHG�LQ�WKLV�VWXG\�JDYH�PXFK�KLJKHU�GLIIHUHQFHV� LQ�139&2��EHWZHHQ� WKH�%$6(�DQG
WKH�&2�� SUREOHP�FRPSDUHG�ZLWK� WKH� ILUVW� DQDO\VHV��%\�YDOXLQJ� WKH�&2��IORZ� IRU� HDFK
WLPEHU�PDQDJHPHQW�VFKHGXOH�ZLWK�D�VKDGRZ�SULFH�RI�����12.�WRQ�&2��DQG�PD[LPL]LQJ
WKH� 139727�� WKLV� SURYLGHV� VROXWLRQV� YHU\� FORVH� WR� WKH� &2�� SUREOHPV� �SXUH� 139&2�

PD[LPL]LQJ�SUREOHPV��

$33(1',;

$�SUHVHQWDWLRQ� RI� KRZ� WKH� VWDQG� WUHDWPHQW�PDQDJHPHQW� RSWLRQV� DUH� GHILQHG� DQG�ZKDW
UHTXLUHPHQWV�D�VWDQG�PXVW�PHHW�LQ�RUGHU�WR�EH�DOORZHG�WR�DGRSW�WKH�DFWXDO�WUHDWPHQW��LV
JLYHQ�LQ�WKLV�DSSHQGL[��7UHDWPHQWV�DQG�IHDVLELOLW\�UHTXLUHPHQWV�ZHUH�GHILQHG�LQ�RUGHU�WR
UHIOHFW�WKH�SUHVHQW�IRUHVW�PDQDJHPHQW�SUDFWLFHV�DPRQJ�IRUHVW�RZQHUV�LQ�WKH�FRXQWLHV�RI
%XVNHUXG�DQG�9HVWIROG��,Q�DGGLWLRQ��WKH�IOH[LELOLW\�JLYHQ�LQ�WKH�IHDVLELOLW\�UHTXLUHPHQWV
DVVXUHV� WKH� VLPXODWLRQ� RI� D� QXPEHU� RI� 
XQXVXDO
� WUHDWPHQWV�� 7KH� IROORZLQJ� WUHDWPHQWV
ZHUH�FRQVLGHUHG�SRVVLEOH�LQ�HDFK�SHULRG�

�� 1R�WUHDWPHQW��7KH�PD[LPXP�OLIH�WLPH�RI�D�VWDQG�ZDV�VHW�VXIILFLHQWO\�KLJK�WR�DOORZ
DOO�VWDQGV�WR�EH�VXEPLWWHG�WR�WKLV�WUHDWPHQW�LQ�DOO�VL[���\HDU�SHULRGV�

�� 5HOHDVH� WKLQQLQJ� LQ� \RXQJ� JURZWK�� WKH� UHJXODWHG� WUHH� QXPEHU� ZDV� VHW� WR� �����
WUHHV�KD�� ������ WUHHV�KD� DQG� ������ WUHHV�KD� IRU� WKH� VLWH� FODVVHV� �+���� DERYH� )�����
EHWZHHQ�)�����DQG�)�����DQG�EHORZ�)�����UHVSHFWLYHO\��7KH�DOORZDEOH� WRS�KHLJKW
UDQJH�ZDV�VHW�IURP���WR��P�

�� 7KLQQLQJ�� UHPRYDO�RI����SHU� FHQW�RI� WKH� EDVDO� DUHD�ZLWK� D� ����� UDWLR� EHWZHHQ� WKH
GLDPHWHU� LQ�WKH�UHPRYDO�DQG�WKH� LQLWLDO�VWDQG��7KH�PLQLPXP�LQLWLDO�EDVDO�DUHD�ZDV
VHW� WR� ��P��KD��7KH� WRS� KHLJKW� RI� WKH� VWDQG�ZDV� WR� EH� EHWZHHQ� ��� DQG� ��P�� DQG
WKLQQLQJ�FRXOG�RQO\�WDNH�SODFH�XS�WR�WZR�WLPHV�GXULQJ�RQH�URWDWLRQ�
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�� )HUWLOL]DWLRQ�� ���� NJ� RI� DPPRQLXP� QLWUDWH� ZKLFK� LV� HTXLYDOHQW� WR� ������ NJ� RI
QLWURJHQ��IRU�VLWHV�EHWZHHQ�*���DQG�*���ZLWK�D�WRWDO�DJH�EHWZHHQ����DQG����\HDUV�
)HUWLOL]DWLRQ� FRXOG�RQO\� WDNH� SODFH� WZLFH� GXULQJ� RQH� URWDWLRQ��ZLWK� D�PLQLPXP�RI
WZR�SHULRG�ODJV��L�H�����\HDUV��EHWZHHQ�WKH�RSHUDWLRQV�

�� &OHDUIHOOLQJ��WKH�PLQLPXP�DQG�PD[LPXP�DJH�ZDV�VHW�DW����DQG�����\HDUV�IRU�VLWH
FODVVHV�DERYH�)���������DQG�����\HDUV� IRU� VLWH�FODVVHV�EHWZHHQ�)���� WR�)�����DQG
����DQG�����\HDUV�IRU�VLWH�FODVVHV�EHORZ�)����

�� &OHDUIHOOLQJ�ZLWK� UHWHQWLRQ�RI�VHHG� WUHHV� LQ�SLQH�IRU�DOO� VLWH�FODVVHV��7KH�PLQLPXP
WRS� KHLJKW� IRU� WKLV� WUHDWPHQW� ZDV� VHW� WR� FRUUHVSRQG� ZLWK� WKH� PLQLPXP� DJHV� IRU
FOHDUIHOOLQJ� XVHG� IRU� SLQH�� 6KHOWHUZRRG� FXWWLQJ� LQ� RUGHU� WR� VWLPXODWH� QDWXUDO
UHJHQHUDWLRQ� LQ� VSUXFH� ZDV� DYDLODEOH� IRU� WZR� YHJHWDWLRQ� W\SHV� FRYHULQJ
DSSUR[LPDWHO\����SHU�FHQW�RI�WKH�VSUXFH�DUHD��7KH�WRS�KHLJKW�LQWHUYDO�ZDV�VHW�WR����
��P�DQG�WKH�LQWHUYDO�IRU�WRWDO�DJH�ZDV�VHW�DW��������\HDUV�

�� 3ODQWLQJ�RU�QDWXUDO�UHJHQHUDWLRQ�GHSHQGLQJ�RQ�WKH�FXWWLQJ�UHJLPH�� L�H��FOHDU�FXWWLQJ
RU�UHJHQHUDWLRQ�KDUYHVWLQJ�

127(6

��&I���IRU�H[DPSOH��$SSV�DQG�3ULFH��������RU�%LUGVH\�DQG�+HDWK��������

��7KH�5+6�OHYHO�ZDV�VHW�DW�������SHU�FHQW�WR�DYRLG�WKH�H[WUHPH�VKDGRZ�SULFH�WKDW�ZRXOG�EH�REWDLQHG�LI�WKH
5+6�OHYHO�ZHUH�VHW�DW�����SHU�FHQW��QR�IOH[LELOLW\��

5()(5(1&(6

$SSV��0��-��DQG�'��7��3ULFH��HGV�����������)RUHVW�(FRV\VWHPV��)RUHVW�0DQDJHPHQW�DQG
WKH�*OREDO�&DUERQ�&\FOH��1$72�$6,�6HULHV��6HULHV� ,��*OREDO�(QYLURQPHQWDO�&KDQJH�
����6SULQJHU�9HUODJ�

%LUGVH\��5��$��DQG�/��6��+HDWK��������� 
&DUERQ�6WRUDJH� LQ�86�)RUHVWV
�� LQ�/��$��-R\FH
�HG����3URGXFWLYLW\�RI�$PHULFD
V�)RUHVWV�DQG�&OLPDWH�&KDQJH��*HQHUDO�7HFKQLFDO�5HSRUW
50������86'$�)RUHVW�6HUYLFH��������

+RHQ��+�� )�� DQG� 7�� (LG� �������� 
$�0RGHO� IRU� $QDO\VLV� RI� 7UHDWPHQW� 6WUDWHJLHV� IRU� D
)RUHVW�$SSO\LQJ�6WDQG�6LPXODWLRQV�DQG�/LQHDU�3URJUDPPLQJ
��5HVHDUFK�3DSHU����2VOR�
1RUZHJLDQ�)RUHVW�5HVHDUFK�,QVWLWXWH���,Q�1RUZHJLDQ�ZLWK�(QJOLVK�DEVWUDFW��

+RHQ��+��)��DQG�%��6ROEHUJ���������
3RWHQWLDO�DQG�(IILFLHQF\�RI�&DUERQ�6HTXHVWUDWLRQ�LQ
)RUHVW�%LRPDVV�WKURXJK�6LOYLFXOWXUDO�0DQDJHPHQW
��)RUHVW�6FLHQFH�����������������



���

+RHQ��+��)��DQG�%��6ROEHUJ���������
2Q��9DOXDWLRQ�RI�*OREDO�$IIRUHVWDWLRQ�3URJUDPV�IRU
&DUERQ�0LWLJDWLRQ��E\�6WHQ�1LOVVRQ
��&OLPDWLF�&KDQJH�������������

.DXSSL��3��(���.��0LHOLNlLQHQ�DQG�.��.XXVHOD��������� 
%LRPDVV�DQG�&DUERQ�%XGJHW�RI
(XURSHDQ�)RUHVWV�������WR�����
��6FLHQFH������������

3ULFH��&�� �������� 
7LPH�3URILOHV� DQG� 3ULFLQJ� RI� &2�� ([WHUQDOLWLHV
�� LQ�0�� /LQGDKO� DQG
)��+HOOHV� �HGV����3URFHHGLQJV� RI� WKH� %LHQQLDO�0HHWLQJ� RI� WKH� 6FDQGLQDYLDQ� 6RFLHW\� RI
)RUHVW�(FRQRPLFV��KHOG�LQ�*LOOHOHMH��'HQPDUN��������1RYHPEHU������

3ULFH��&�� �������� 
(YDOXDWLQJ�)RUHVW� ,QYHVWPHQWV�:KHQ�5DWHV�RI�5HWXUQ�$UH�+LJK� DQG
'LVFRXQW� 5DWHV� $UH� /RZ
�� 3DSHU� SUHVHQWHG� DW� %LHQQLDO� PHHWLQJ� RI� 66)(�� KHOG� LQ
0HNULMlUYL��)LQODQG��������0DUFK������



���

&+$37(5��

&267�()),&,(1&<��(19,5210(17$/�,03$&76�$1'�327(17,$/
2)�&$5%21�6(48(675$7,21�,1�)25(675<�,1�,1'21(6,$

%LUJHU�6ROEHUJ�DQG�%RHQ�3RHUQDPD

�� ,1752'8&7,21

3RVVLEOH�JOREDO�FOLPDWH�FKDQJHV�GXH�WR�LQFUHDVHG�FRQFHQWUDWLRQ�RI�FOLPDWH�JDVVHV�DUH�RQH
VHYHUH� FKDOOHQJH� IDFLQJ� KXPDQLW\� WRGD\�� &KDQJHV� LQ� IRUHVW� PDQDJHPHQW� PD\� EH� RQH
LPSRUWDQW�IDFWRU�LQ�UHGXFLQJ�WKH�FRQFHQWUDWLRQ�RI�&2��LQ�WKH�DWPRVSKHUH��7KH�SRWHQWLDO
RI�&2�� VHTXHVWUDWLRQ� LQ� IRUHVWU\�YDULHV�JUHDWO\�EHWZHHQ�GLIIHUHQW� FOLPDWH� UHJLRQV��ZLWK
WKH�WURSLFDO�UHJLRQ�KDYLQJ�WKH�KLJKHVW�JURZWK�SRWHQWLDO�SHU�DUHD��,QGRQHVLD�LV�RQH�RI�WKH
PRVW� LPSRUWDQW� WURSLFDO� IRUHVWU\� FRXQWULHV� LQ� WKH� ZRUOG�� +RZHYHU�� RQO\� D� IHZ� VWXGLHV
KDYH�SUHYLRXVO\�EHHQ�GRQH�RQ�FDUERQ�VHTXHVWUDWLRQ�IRU�WKLV�FRXQWU\��%URWRLVZRUR������
0DNXQGL� HW� DO�� ������0XUGL\DUVR� ������ 6XZDQGD� �������$� FRPPRQ� IHDWXUH� RI� WKHVH
VWXGLHV� LV� WKDW� WKH\� GR� QRW� JLYH� DQ\� HFRQRPLF� DQDO\VLV� RI� WKH� FRVWV� DQG� EHQHILWV� RI
YDULRXV�VHTXHVWUDWLRQ�RSWLRQV�

7KH� PDLQ� REMHFWLYH� RI� WKLV� FKDSWHU� LV� WR� DQDO\VH� WKH� FRVW� HIILFLHQFLHV�� HQYLURQPHQWDO
VRXQGQHVV��DQG�FDUERQ�VHTXHVWUDWLRQ�SRWHQWLDO�RI�VRPH�IRUHVW�PDQDJHPHQW�VWUDWHJLHV�LQ
,QGRQHVLD�

$�VKRUW�VWXG\�VXFK�DV�WKLV�FDQ�RQO\�JLYH�WKH�PDLQ�DVVXPSWLRQV�DQG�UHVXOWV��)RU�D�PRUH
GHWDLOHG�GHVFULSWLRQ��WKH�UHDGHU�LV�UHIHUUHG�WR�$QRQ���������/LOOHWKXQ������D��E���6ROEHUJ
DQG�3XUQDPD���������DQG�6¡UHQVHQ���������$OWKRXJK�EDVHG�RQ�WKHVH�VWXGLHV��WKLV�VWXG\
JLYHV�D�GHHSHU�DQG�PRUH�WKRURXJK�DQDO\VLV�RI�WKHLU�FRPELQHG�UHVXOWV�

�� 0(7+2'2/2*<�$1'�0$,1�$668037,216

��� )RUHVW�PDQDJHPHQW�VWUDWHJLHV

7KH�IROORZLQJ�PDQDJHPHQW�VWUDWHJLHV�DUH�DQDO\VHG��*�UHIHUV�WR�VWUDWHJLHV�RQ�ODQG�ZKLFK
LV� JUDVVODQG�� 3� UHIHUV� WR� VWUDWHJLHV� LQ� ORZODQG� HYHUJUHHQ� UDLQIRUHVWV� DOORFDWHG� WR
SURGXFWLRQ� IRUHVWV� KDYLQJ� OHVV� WKDQ� ���P�� SHU� KD� RI� VWDQGLQJ� YROXPH� RI� FRPPHUFLDO
VSHFLHV�ZLWK�GEK�JUHDWHU�WKDQ����FP���



���

* 0DQDJHPHQW�VWUDWHJLHV�IRU�,PSDUDWH�JUDVVODQG��DODQJ�DODQJ�ODQG�

*� 6HFRQGDU\� IRUHVW� HVWDEOLVKPHQW� �E\� LQWURGXFLQJ� ILUH� FRQWURO�� QDWXUDO� UHJHQHUDWLRQ�
VRPH� HQULFKPHQW� SODQWLQJ���$IWHU� ��� \HDUV� LW� LV� DVVXPHG� WKDW� VHOHFWLYH� IHOOLQJ� DUH
SUDFWLVHG�DV�WKH�737,�V\VWHP�ZLWK����\HDUV�EHWZHHQ�IHOOLQJV�

*�� 0RQRFXOWXUH�SODQWDWLRQ��SODQWLQJ�3DUDVHULDQWKHV�IDOFDWDULD�����\HDUV�URWDWLRQ�

*�� 0RQRFXOWXUH�SODQWDWLRQ��SODQWLQJ�3LQXV�PHUNXVLL�����\HDUV�URWDWLRQ�

*�� 0L[HG� SODQWDWLRQV�� SODQWLQJ� 3DUDVHULDQWKHV� IDOFDWDULD�� $FDFLD� PDJQXV�� DQG
(XFDO\SWXV�VSS������\HDUV�URWDWLRQ�

*�� 0RQRFXOWXUH�SODQWDWLRQ��SODQWLQJ�6KRUHD�VSS��ZLWK�VKDGLQJ�WUHHV�LQ�WKH�LQLWLDO�VWDJH�
���\HDUV�URWDWLRQ�

*�� 0RQRFXOWXUH�SODQWDWLRQ��SODQWLQJ�7HFWRQD�JUDQGLV�����\HDUV�URWDWLRQ�

*� 3HUPDQHQW�JUDVVODQG��1R�DFWLRQV��7KLV�LV�WKH�EDVH�VFHQDULR�IRU�WKLV�JURXS�RI�IRUHVW
PDQDJHPHQW�VWUDWHJLHV�

3 0DQDJHPHQW� VWUDWHJLHV� IRU� ORZODQG� HYHUJUHHQ� UDLQIRUHVW� ODQG� DOORFDWHG� WR
SURGXFWLRQ�IRUHVWV�KDYLQJ�OHVV�WKDQ����P��SHU�KD�RI�VWDQGLQJ�YROXPH�RI�FRPPHUFLDO
VSHFLHV�ZLWK�GEK�JUHDWHU�WKDQ����FP�

3� 6HOHFWLYH�IHOOLQJ��737,��

3� &OHDUIHOOLQJ�RI�UDLQIRUHVWV��WKHQ�*��

3� &OHDUIHOOLQJ�RI�UDLQIRUHVW��WKHQ�*��

3� &OHDUIHOOLQJ�RI�UDLQIRUHVW��WKHQ�*��

3� &OHDUIHOOLQJ�RI�UDLQIRUHVW��WKHQ�*��

3� &OHDUIHOOLQJ�RI�UDLQIRUHVW��WKHQ�*��

3� 1R�KDUYHVW²OHDYHV�WKH�IRUHVW�DV�LV��7KLV�LV�WKH�EDVH�VFHQDULR�IRU�WKLV�JURXS�RI�IRUHVW
PDQDJHPHQW�VWUDWHJLHV�

��� &2��VHTXHVWUDWLRQ

)RU�HDFK�IRUHVW�PDQDJHPHQW�VWUDWHJ\��WKH�QHW�IL[DWLRQ�RI�&2��LQ�\HDU�W��5W��LV�FDOFXODWHG
DV�

��� LW�

1
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ZKHUH

*W�LV�WKH�JURVV�IL[DWLRQ�RI�&2��LQ�IRUHVW�ELRPDVV�DW�WLPH�W

'W�L�LV�WKH�GHFD\�RI�&2��DW�WLPH�W�IURP�IRUHVW�ELRPDVV�FRPSRQHQW�L

1�LV�WKH�WRWDO�QXPEHU�RI�ELRPDVV�FRPSRQHQWV�FRQVLGHUHG

YW�LV�WKH�YROXPH�JURZWK�RI�IRUHVW�LQ�\HDU

V�LV�WKH�VSHFLILF�ZHLJKW�RI�WKH�VSHFLHV�DQDO\VHG

I�LV�WKH�IUDFWLRQ�RI�FDUERQ�LQ�GU\�ZRRG��IRU�QHDUO\�DOO�VSHFLHV�HTXDOOLQJ�����

N� LV� WKH� IUDFWLRQ� EHWZHHQ� WKH� PROHFXODU� ZHLJKW� RI� &2�� DQG� DWRPLF� ZHLJKW� RI
FDUERQ��L�H�������

��� S�W
LLLLW� �T����TN���$� �' ¼¼

ZKHUH

$L�LV�WKH�FDUERQ�FRQWHQW�RI�WKH�ELRPDVV�FRPSRQHQW�L�VWDUWLQJ�WR�GHFD\
DW�WLPH�S��S�W�

S�LV�WKH�WLPH�ZKHQ�WKH�ELRPDVV�FRPSRQHQW�L�VWDUWV�GHFD\LQJ

'W�L�LV�DV�GHILQHG�LQ����

TL�LV�WKH�SHUFHQWDJH�GHFD\�SHU�\HDU�RI�WKH�ELRPDVV�FRPSRQHQW�L

��� Q
�

L �������� �T

ZKHUH

Q�LV�WKH�WLPH��LQ�\HDUV��IURP�ZKHQ�WKH�ELRPDVV�FRPSRQHQW�VWDUWV�GHFD\LQJ�XQWLO
����SHU�FHQW�RI�WKH�ELRPDVV�KDV�GHFD\HG

TL�DQG�L�DUH�DV�GHILQHG�LQ�����DQG�����

7KH� ELRPDVV� DQG� FDUERQ� FRQWHQW� KDYH� EHHQ� HVWLPDWHG� EDVHG� RQ� 6RHULDQHJDUD� �������
6RHPDUQD������D��E���6RHZDUVRQR��������DQG�6XKDUODQ�HW�DO���������
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��� &RVW�HIILFLHQF\

&RVW�HIILFLHQF\�LV�XVHG�WR�FRPSDUH�DOWHUQDWLYH�ZD\V�RI�UHGXFLQJ�DWPRVSKHULF�FDUERQ�DQG
WR�UDQN�WKHVH�DOWHUQDWLYHV�DFFRUGLQJ�WR�WKHLU�FRVW�HIILFLHQF\�LQ�UHGXFLQJ�WKH�FRQFHQWUDWLRQ
RI�DWPRVSKHULF�&2���DV�ZH�FDQQRW�HVWLPDWH�WKH�HFRQRPLF�EHQHILWV�RI�VXFK�D�UHGXFWLRQ�
RQO\� WKH� SK\VLFDO� TXDQWLW\� DQG� WKH� FRVWV�� 6RPHZKDW� LPSUHFLVHO\�� ZH� HVWLPDWH� WKH

HQYLURQPHQWDO� EHQHILW� SHU�QHW� LQYHVWHG�GROODU
��ZKHUH� WKH� HQYLURQPHQWDO� EHQHILW� LV� WKH
QHW�IL[DWLRQ�RI�DWPRVSKHULF�&2��PHDVXUHG�LQ�SK\VLFDO�WHUPV��WRQV���0RUH�SUHFLVHO\��FRVW
HIILFLHQF\�LV�FDOFXODWHG�DV
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+HUH��5W� LV� WKH� IL[DWLRQ� �RU� HPLVVLRQ��RI� DWPRVSKHULF�&2�� �LQ� WRQV�SHU�KD�SHU� \HDU�� DW
WLPH� W�� U� LV� WKH� GLVFRXQW� UDWH�� S� LV� WKH� UHODWLYH� UHGXFHG� YDOXH� RI� IXUWKHU� UHGXFWLRQ� RI
HPLVVLRQV���&W�LV�JURVV�FRVWV��QHJDWLYH�QXPEHUV��RI�WKH�SURMHFW�LPSOHPHQWDWLRQ�DW�WLPH�W
DQG�8W�LV�WKH�JURVV�LQFRPH�DW�WLPH�W��7�LV�WKH�OHQJWK�RI�SHULRG�WKH�DQDO\VLV�FRYHUV��LQ�WKLV
UHSRUW��7� LV� LQILQLWH� DV�ZH�KDYH� DVVXPHG� DQ� LQILQLWH� QXPEHU� RI� IRUHVW� URWDWLRQ� SHULRGV
�LQFOXGLQJ�WKH�HQG�XVH�RI�WKH�ZRRG�SURGXFWV��IRU�HDFK�DOWHUQDWLYH�DQDO\VHG��&W�DQG�8W�DUH
VSHFLILHG�LQ�6ROEHUJ�DQG�3XUQDPD��������

7KH� GLIIHUHQFH� EHWZHHQ� &W� DQG� 8W� PD\� EH� HLWKHU� SRVLWLYH� RU� QHJDWLYH�� ,I� D� SURMHFW� LV
SURILWDEOH� LQ� LWVHOI� ZLWKRXW� FRQVLGHUDWLRQ� IRU� WKH� SRVLWLYH� &2�� HIIHFWV�� ZH� KDYH� D� VR�
FDOOHG�
QR�UHJUHW
�DOWHUQDWLYH�

1HJDWLYH�5W�LQGLFDWHV�D�QHW�HPLVVLRQ�RI�&2��WR�WKH�DWPRVSKHUH��)RU�IRUHVW�SODQWDWLRQV�ZH
XVXDOO\� JHW� D� SRVLWLYH� 5W� WKH� ILUVW� ������� \HDUV�� DQG� WKHQ� D� QHJDWLYH� 5� UHIOHFWLQJ� WKH
GHFD\�RI�WKH�ZRRG�ILEUH�DQG�D�FRUUHVSRQGLQJ�QHW�HPLVVLRQ�RI�&2���7�LV�KHUH�WKH�LQILQLWH
KRUL]RQ�

%DVHG�RQ�(TXDWLRQ�����������WKH�YDULRXV�PHDVXUHV��SURMHFWV��WR�UHGXFH�WKH�FRQFHQWUDWLRQ
RI�DWPRVSKHULF�&2���FDQ�EH�FODVVLILHG�LQ�WKUHH�JURXSV�

L�� 7KH�ILUVW�JURXS�RI�SURMHFWV�LV�FKDUDFWHUL]HG�E\�D�SRVLWLYH�0�DQG�D�QHJDWLYH�.�
7KHVH� DUH� SURMHFWV� ZKLFK� DUH� SURILWDEOH� WR� LPSOHPHQW� HYHQ� ZLWKRXW
FRQVLGHUDWLRQ� IRU� WKH� &2�� HIIHFW�� $V� VXFK�� WKH\� DUH� 
QR� UHJUHW
� RSWLRQV� ZLWK
UHVSHFW�WR�UHGXFLQJ�WKH�FRQFHQWUDWLRQ�RI�DWPRVSKHULF�&2��

LL�� 7KH�VHFRQG�JURXS�FRQVLVWV�RI�PHDVXUHV�ZKLFK�KDYH�D�SRVLWLYH�0�DQG�D�SRVLWLYH
.��L�H��WKH�FRVWV�&�DUH�ODUJHU�WKDQ�WKH�PRQHWDU\�EHQHILWV�8��GLVFRXQWHG���+HUH�



���

(TXDWLRQ�����JLYHV�D�FHUWDLQ�QXPEHU��IRU�H[DPSOH����LQGLFDWLQJ�WKDW�ZH�KDYH�D
FRVW� HIILFLHQF\� RI� �� NJ�&2�� SHU� �� QHW� LQYHVWPHQW�� 7KH� KLJKHU� WKH� ILJXUH�� WKH
PRUH�FRVW�HIILFLHQW�LV�WKH�SURMHFW�UHODWLYH�WR�RWKHU�SURMHFWV�

LLL�� 7KH� WKLUG�JURXS�RI�SURMHFWV�KDV� QHJDWLYH�0��PHDQLQJ� WKDW� WKH� GLVFRXQWHG� QHW
HPLVVLRQ� LV� KLJKHU� WKDQ� WKH� IL[DWLRQ�� 7KLV� FDQ� KDSSHQ� LI� WKH� SURMHFW�� IRU
H[DPSOH��QHJDWLYHO\�LQIOXHQFHV�WKH�FRQFHQWUDWLRQ�RI�FDUERQ�LQ�WKH�VRLO��RU�DV�IRU
VWUDWHJ\�3��ZKHUH�WKHUH�LV�D�QHJDWLYH�HPLVVLRQ�RI�&2��RYHU�WLPH��6XFK�SURMHFWV
DUH�RI�UDWKHU�OLPLWHG�LQWHUHVW�ZLWK�UHJDUG�WR�VHTXHVWHULQJ�DWPRVSKHULF�&2��

7KH�FKRLFH�RI�FDOFXODWLRQ�UDWH�RI� LQWHUHVW� LV�GHFLVLYH�IRU�ZKLFK�RI�WKH�JURXSV�L��RU� LL��D
SURMHFW�IDOOV�LQWR��,Q�WKLV�DQDO\VLV�ZH�KDYH�XVHG��������DQG����SHU�FHQW�SHU�DQQXP�UHDO�UDWH
RI�LQWHUHVW��,Q�1RUZD\��D�UDWH�RI�LQWHUHVW�DW���SHU�FHQW�SHU�DQQXP�LV�UHFRPPHQGHG�E\�WKH
0LQLVWU\�RI�)LQDQFH�LQ�WKH�HYDOXDWLRQ�RI�SXEOLF�SURMHFWV��DQG�WKH�1RUZHJLDQ�DQDO\VLV�RQ
FRVW�HIILFLHQF\�RI�FDUERQ�VHTXHVWUDWLRQ�LQ�IRUHVW�ELRPDVV��FI��6ROEHUJ�DQG�+RHQ�������LV
EDVHG�RQ�WKLV�ILJXUH��2QH�PD\�DUJXH�WKDW�D�KLJKHU�LQWHUHVW�UDWH�LV�MXVWLILHG�IRU�,QGRQHVLD�
�EHFDXVH��DPRQJ�RWKHU�WKLQJV��RI�SUREDEOH�KLJKHU�QHHGV�IRU�LQFUHDVHG�FRQVXPSWLRQ�WRGD\
WR�FRYHU�EDVLF�QHHGV�DV�FRPSDUHG�WR�1RUZD\���7KHUHIRUH��WKH�DQDO\VHV�LQ�WKLV�UHSRUW�KDYH
EHHQ�FDOFXODWHG�DW�WKH����SHU�FHQW�DQG����SHU�FHQW�SHU�DQQXP�UDWH�RI�LQWHUHVW��,W�VKRXOG�EH
PHQWLRQHG��KRZHYHU��WKDW�D�UHDO��DQG�ULVN�IUHH��UDWH�RI�LQWHUHVW�LQ�WKH�UDQJH������SHU�FHQW
SHU�DQQXP�LV�KLJK�

6HFWLRQ���VKRZV�WKDW�RQO\�PDQDJHPHQW�VWUDWHJLHV�*��DQG�*��IDOO�LQ�WKH�DERYH�PHQWLRQHG
FDWHJRU\�LL���$OO�WKH�RWKHU�PDQDJHPHQW�VWUDWHJLHV�DQDO\VHG�DUH�VR�SURILWDEOH�WKDW�WKH\�IDOO
LQ�FDWHJRU\�L���L�H���WKH\�DUH�QR�UHJUHW�RSWLRQV�

7KH� HQG�XVH� RI� IRUHVW� SURGXFWV� DQG� GHFD\LQJ� RI� ZRRG� UHVLGXHV� DUH� LQFOXGHG� LQ� WKH
DQDO\VHV� RI� WKH� QHW� FDUERQ� HPLVVLRQV�� +RZHYHU�� LW� VKRXOG� EH� HPSKDVL]HG� WKDW� WKH
SRVVLELOLWLHV�RI�EXUQLQJ�ZRRG�SURGXFWV��WKXV�SURYLGLQJ�D�VXEVWLWXWH�IRU�IRVVLO�IXHOV�DIWHU
WKHLU� DQWKURSRJHQLF� XVH�� LV� QRW� LQFOXGHG� LQ� WKH� DQDO\VLV�� 7R� WKH� H[WHQW� WKDW� VXFK� D
VXEVWLWXWLRQ�LV�SRVVLEOH�LQ�,QGRQHVLD��WKH�DQDO\VLV�ZLOO�WKHUHIRUH�XQGHUHVWLPDWH�WKH�YDOXH
RI�IRUHVWV�DV�FDUERQ�VLQN�

7KH�IROORZLQJ�IRUHLJQ�H[FKDQJH�UDWHV�KDYH�EHHQ�XVHG�

�����5SV�SHU�86��IRU�����

�����5SV�SHU�86��IRU�����

�����5SV�SHU�86��IRU������

&RVWV��UHYHQXHV��ZRRG�HQG�XVHV��GHFD\�WLPHV�RI�ZRRG�DQG�IRUHVW�SURGXFWV��WUHH�SODQWLQJ
JURZWK�� WUHH�VSHFLILF� ZHLJKWV�� HWF�� DUH� DV� VWDWHG� LQ� 6ROEHUJ� DQG� 3XUQDPD� �������� $OO
XWLOL]HG�HFRQRPLF�GDWD�DUH�LQ�UHDO�WHUP������SULFHV��$OWHUQDWLYH�ODQG�FRVWV�DUH�YDOXHG�DW
]HUR�� DV� LW� LV� DVVXPHG� WKDW� WKH�PDUJLQDO� JUDVVODQG� FRQVLGHUHG� KHUH� JLYHV� FORVH� WR� ]HUR
HFRQRPLF�EHQHILWV��DQG�WKDW�DUHDV�FXUUHQWO\�DV�IRUHVW�ODQG�FDQQRW�E\�ODZ�EH�WUDQVIHUUHG�WR
RWKHU�ODQG�XVHV�
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��� (QYLURQPHQWDO�LPSDFWV�DQG�DUHD�SRWHQWLDO

7KH� HQYLURQPHQWDO� LPSDFWV� �H[FHSW� FDUERQ� VHTXHVWUDWLRQ�� RI� WKH� IRUHVW� PDQDJHPHQW
VWUDWHJLHV� GHILQHG� LQ� VHFWLRQ� ���ZHUH� DVVHVVHG� DV� GHVFULEHG� LQ� /LOOHWKXQ� �����E���1LQH
FULWHULD�ZHUH�XVHG�

L�� 2FFXUUHQFH�DQG�VWDELOLW\�RI�D�WUHH�OD\HU

LL�� &DQRS\�VWUXFWXUH�DQG�KHLJKW�LQ�PDWXUH�VWDQGV

LLL�� 6SHFLHV�FRPSRVLWLRQ�RI�WUHH�OD\HU

LY�� +DELWDW�IRU�RWKHU�YHJHWDWLRQ�DQG�YDOXDEOH�IDXQD�HIIHFW�RQ�ELRGLYHUVLW\

Y�� 3URWHFWLRQ�IXQFWLRQ�ZLWK�UHJDUG�WR�HURVLRQ

YL�� +\GURORJ\��VXUIDFH�ZDWHU�IORZ��VRLO�PRLVWXUH��DQG�JURXQGZDWHU�UHFKDUJH

YLL�� 6RLO� SURSHUWLHV�� QXWULHQW� UHF\FOLQJ� �LPSRUW�H[SRUW� RI� QXWULHQWV�FDUERQ�� DQG
VXVWDLQDELOLW\�RI�WLPEHU�SURGXFWLRQ

YLLL�� (IIHFW�RQ�ORFDO�FOLPDWH

L[�� $FWXDO�DQG�SUREDEOH�XVH�RI�FKHPLFDOV�

)RU�HDFK�RI� WKHVH�FULWHULD��D�VFRULQJ�VFDOH�RI��� ��� ORZHVW����KLJKHVW��ZDV�XVHG��DQG� WKH
WRWDO� VFRUH� ZDV� VXPPHG� OLQHDUO\�� 7KH� VFRULQJ� ZDV� VHW� LQ� FRRSHUDWLRQ� ZLWK� WKH
%LRGLYHUVLW\�:RUNLQJ�*URXS�RI�,QGRQHVLD�

%DVHG�RQ�H[LVWLQJ�VWDWLVWLFV�IURP�YDULRXV�VRXUFHV��WKH�ODQG�SRWHQWLDO�IRU�WKH�YDULRXV�IRUHVW
PDQDJHPHQW�VWUDWHJLHV�ZDV�HVWLPDWHG�DV�GHVFULEHG�LQ�6¡UHQVHQ���������DQG�DV�VKRZQ�LQ
7DEOH� ����� 7KH� PD[LPXP� DQG� PLQLPXP� HVWLPDWHV� UHIHU� WR� ZKDW� LV� DVVXPHG� WR� EH
UHDOLVWLF�LPSOHPHQWDWLRQ�RI�WKH�YDULRXV�IRUHVW�PDQDJHPHQW�VWUDWHJLHV��UHVSHFWLYHO\����SHU
FHQW�DQG����SHU�FHQW�RI�WKH�WRWDO�DYDLODEOH�DUHD�

�� 5(68/76

7DEOH�����VKRZV�WKH�RYHUDOO�UDQNLQJ�ZLWK�UHJDUG�WR�HQYLURQPHQWDO�VRXQGQHVV��7DEOH����
JLYHV�WKH�SRWHQWLDO�DUHDV�DYDLODEOH��+HUH��FRPSDUHG�WR�6¡UHQVHQ���������ZH�KDYH�UHGXFHG
WKH� DUHD� DYDLODEOH� IRU� WHDN� E\� ��� SHU� FHQW�� EHFDXVH� ZH� EHOLHYH� WKLV� VSHFLHV� LV� PRUH
VLWH�TXDOLW\�GHPDQGLQJ�WKDQ�RWKHU�VSHFLHV�FRQVLGHUHG�

7DEOH�����JLYHV�WKH�HVWLPDWHG�FDUERQ�SRWHQWLDO�VHTXHVWUDWLRQ��HFRQRPLF�SUHIHUDELOLW\��DQG
HQYLURQPHQWDO� VRXQGQHVV� RI� WKH� IRUHVW� PDQDJHPHQW� VWUDWHJLHV� FRQVLGHUHG� WR� EH
DFFHSWDEOH� �QHLWKHU� 3�� QRU� 3�� DUH� FRQVLGHUHG� DFFHSWDEOH� IURP� DQ� HQYLURQPHQWDO
VRXQGQHVV� SRLQW� RI� YLHZ���:KHQ� JRLQJ� IURP� WKH� RYHUDOO� UDQNLQJ� LQ� 7DEOH� ���� WR� WKH
WKUHH�FDWHJRUL]HG� UDQNLQJ�RI� HQYLURQPHQWDO� VRXQGQHVV� LQ�7DEOH����� �ODVW� FROXPQ��� ORZ
PHDQV�EHORZ����SRLQWV�DQG�KLJK�PHDQV�DERYH����SRLQWV�LQ�7DEOH�����
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TABLE 8.1
OVERALL RANKING OF ENVIRONMENTAL SOUNDNESS OF MANAGEMENT STRATEGIES BASED

ON SEPARATE EVALUATION RESULTS FOR DIFFERENT ENVIRONMENTAL CRITERIA1)
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G = Grasslands allocated to conversion, production and limited production forest

G1 Sec. forest,
TPTI

G2 Paraserianthes
pl.

G3 Pinus
plantations

G4 Mixed
plantations

G5 Shorea
plantations

G6 Teak
plantations

G7 Permanent
grass

4

2

4

2

5

5

1

5

2

2

4

3

3

1

5

3

2

4

2

2

1

5

3

1

4

3

2

1

5

1

1

4

2

1

6

6

3

3

5

4

3

1

6

3

3

5

4

3

1

6

5

2

5

4

3

2

6

3

3

4

5

5

6

48

25

21

37

32

27

20

P = Lowland evergreen rainforest allocated to production forests

P1 Natural reg.
TPTI

P2 Paraserianthes
pl.

P3 Pinus
plantations

P4 Mixed
plantations

P5 Shorea
plantations

P6 Teak
plantations

P7 Unlogged
forest

4

2

4

2

5

5

6

5

2

2

4

3

3

6

5

3

2

4

2

2

6

5

4

2

4

4

3

6

5

3

2

4

4

2

6

5

1

1

4

2

1

6

5

1

1

2

2

1

6

5

3

3

4

2

3

6

6

3

3

4

5

5

6

45

22

20

32

29

25

54

L = Lowland evergreen rainforest allocated to limited production forest

L1 Natural reg.
TPTI

L2 Unlogged
forest

4

6

5

6

5

6

4

6

5

6

5

6

5

6

5

6

6

6

44

54

Note: 1) Comparison of the results can be done only within the three area/vegetation categories
(G, P & L), and not between them.
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TABLE 8.2
POTENTIAL AREAS AVAILABLE FOR DIFFERENT MANAGEMENT ALTERNATIVES

 (All figures in 1,000 ha)

Management strategies Total available Maximum (40 %) Minimum (10 %)

G1 Sec. forest, TPTI

G2 Paraserianthes pl.

G3 Pinus plantations

G4 Mixed plantations

G5 Shorea plantations

G6 Teak plantations

G7 Permanent grass

P1 Natural reg. TPTI

P2 Paraserianthes pl.

P3 Pinus plantations

P4 Mixed plantations

P5 Shorea plantations

P6 Teak plantations

P7 Unlogged forests

 7,900

 7,900

 6,816

 6,816

 6,816

 3,808

 6,816

15,453

 5,409

 5,409

 5,409

 5,409

 2,704

 5,409

3,160

3,160

2,726

2,726

2,726

1,363

2,726

6,181

2,163

2,163

2,163

2,163

1,081

2,163

 790

 790

 682

 682

 682

 341

 682

1,545

 541

 541

 541

 541

 270

 541

Source: Sørensen (1994)

TABLE 8.3
CARBON POTENTIAL ACCUMULATION, ECONOMIC PREFERABILITY AND ENVIRONMENTAL

SOUNDNESS OF THE VARIOUS FOREST MANAGEMENT SYSTEMS

Accumulation potential
in 106 tons CO2 Economic preferabilityRotation length and

management
systems Max. 40% Min. 10 % (1

Cost
efficiency (2 IRR (% p.a.)

Environmental
soundness

10 years

G2 (Paras.)

G4 (Mixed)

P4 (Mixed)

986

1,235

 837

246 (25)

309 (31)

209 (21)

29

14

16

low

medium

low

30 years

G3 (Pinus) 1,292 323 (11) 434 10 low

60 years

G1 (Sec.for.)

G5 (Shorea)

G6 (Teak)

P5 (Shorea)

P6 (Teak)

711

3,751

1,833

2,228

1,357

178 (3)

938 (16)

469 (8)

557 (9)

339 (6)

58 3

20

17

22

19

high

medium

medium

low

low

Notes: (1 Estimates of the mean annual net sequestration of CO2 during the rotation period are given
in parentheses (cf. text).

(2 Measured as kg CO2 per US$ at 13% p.a. rate of interest, as defined in Eq. (5).

&ROXPQV���DQG���LQ�7DEOH�����JLYHV�WKH�WRWDO�QHW�DFFXPXODWLRQ�RI�&2�� LQ� WKH�VWDQGLQJ
VWRFN�DW�WKH�HQG�RI�WKH�URWDWLRQ�SHULRG��L�H��EHIRUH�IHOOLQJ��DVVXPLQJ�WKDW�UHVSHFWLYHO\���
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SHU�FHQW�DQG����SHU�FHQW�RI�WKH�ODQG�DUHD�DYDLODEOH�IRU�WKH�IRUHVW�PDQDJHPHQW�VWUDWHJLHV
ZHUH� XWLOL]HG� DW� WKH� VDPH� WLPH� IRU� FDUERQ� VHTXHVWUDWLRQ�� ,I� WKH� ILJXUH� RI� WKLV� QHW
DFFXPXODWLRQ�LV�GLYLGHG�E\�WKH�URWDWLRQ�OHQJWK��ZH�JHW�DQ�HVWLPDWH�RI�WKH�DQQXDO�DYHUDJH
QHW�FDUERQ�VHTXHVWUDWLRQ�ZH�FDQ�H[SHFW�GXULQJ�WKH�ILUVW�URWDWLRQ�SHULRG��DQG�WKLV�HVWLPDWH
LV�JLYHQ�LQ�SDUHQWKHVHV�LQ�FROXPQ���RI�7DEOH�����IRU�WKH�DOWHUQDWLYH�WKDW����SHU�FHQW�RI
WKH�ODQG�LV�XWLOL]HG��$IWHU�WKH�ILUVW�URWDWLRQ��WKH�QHW�FDUERQ�VHTXHVWUDWLRQ�HIIHFW�RI�IRUHVWU\
RQ�WKDW�DUHD�ZLOO�EH�FORVH�WR�]HUR�LI�WKH�VDPH�IRUHVW�PDQDJHPHQW�VWUDWHJ\�LV�PDLQWDLQHG�

�� ',6&866,21

��� $FWLRQV�LQ�D����\HDU�SHUVSHFWLYH

7DEOH� ���� VKRZV� WKDW� VWUDWHJ\� *�� �PL[HG� SODQWDWLRQ� ZLWK� 3DUDVHULDQWKHV� IDOFDWDULD�
$FDFLD�PDJQXV�DQG�(XFDO\SWXV�VSS��RQ�JUDVVODQG��KDV�WKH�ODUJHVW�VHTXHVWUDWLRQ�SRWHQWLDO
�EHFDXVH�RI�KLJKHU�ZRRG�GHQVLWLHV�RI�WKH�ODVW�WZR�VSHFLHV���EXW�WKH�LQWHUQDO�UDWH�RI�UHWXUQ
LV� QRW� DV� KLJK� DV� IRU� VWUDWHJ\� *�� �PRQRFXOWXUH� ZLWK� 3DUDVHULDQWKHV� IDOFDWDULD� RQ
JUDVVODQG���7KH�DUHD�VXLWDEOH�IRU�WKHVH�VWUDWHJLHV�RYHUODSV�FRQVLGHUDEO\��7KLV�PHDQV�WKDW
ERWK� VWUDWHJLHV� FDQQRW� EH� LPSOHPHQWHG� DW� IXOO� VFDOH�� 7KH�PRQRFXOWXUH� LQ� VWUDWHJ\� *�
LPSOLHV� VRPH� QHJDWLYH� HQYLURQPHQWDO� LPSDFWV� VXFK� DV� ORZ� ELRGLYHUVLW\�� SRVVLEOH
GHJUDGDWLRQ� RI� VRLO� DQG� QXWULHQW� FRQWHQW�� DQG� HURVLRQ�� :LWK� D� PL[WXUH� RI� RWKHU� WUHH
VSHFLHV�� WKHVH� SUREOHPV� DUH� UHGXFHG� LQ� VWUDWHJ\�*��� EXW� WKH� HFRQRPLF� JDLQ� RI� WLPEHU
SURGXFWLRQ�LV�PXFK�ORZHU�LQ�*��WKDQ�LQ�*���,I�DFFXPXODWLRQ�SRWHQWLDO�DQG�HQYLURQPHQWDO
VRXQGQHVV�DUH�JLYHQ�PXFK�KLJKHU�ZHLJKW�WKDQ�HFRQRPLF�SURILWDELOLW\��VWUDWHJ\�*��ZLOO�EH
SUHIHUUHG� DV� WKH� EHVW� DFWLRQ� LQ� D� ���\HDU� SHUVSHFWLYH�� RWKHUZLVH� VWUDWHJ\� *�� LV� WKH
REYLRXV�FKRLFH��7KH�DQQXDO�QHW�FDUERQ�IL[DWLRQ�RI�VWUDWHJ\�*��DQG�*��LV�UHVSHFWLYHO\���
DQG����PLOOLRQ�WRQV�&2��IRU����\HDUV��DVVXPLQJ�WKDW����SHU�FHQW�RI�WKH�DYDLODEOH�ODQG�LV
XVHG��FI��FROXPQ���RI�7DEOH������

6WUDWHJ\�3��KDV�D�ORZ�VFRUH�RQ�HQYLURQPHQWDO�VRXQGQHVV�DQG�ZLOO�KDYH�VHYHUH�QHJDWLYH
HQYLURQPHQWDO� LPSDFWV� LI� LPSOHPHQWHG� RQ� YLUJLQ� ORZODQG� HYHUJUHHQ� UDLQIRUHVW�
7KHUHIRUH�� LW� LV� RI� LQWHUHVW� RQO\� IRU� ORJJHG�RYHU�RU� VHFRQGDU\� IRUHVWV��7KH� VWUDWHJ\� KDV
KLJK� SURILWDELOLW\� ���� SHU� FHQW� S�D�� LQWHUQDO� UDWH� RI� UHWXUQ�� DV� ZHOO� DV� KLJK� FDUERQ
VHTXHVWUDWLRQ�SRWHQWLDO��DERXW����PLOOLRQ�WRQ�&2��SHU�\HDU�IRU����\HDUV�ZKHQ����SHU�FHQW
RI� WKH� SRWHQWLDO� DUHD� LV� XVHG��� DQG� VWUDWHJ\� 3�� VKRXOG� EH� RI� FRQVLGHUDEOH� LQWHUHVW� IRU
ORJJHG�RYHU�RU�VHFRQGDU\�IRUHVWV�

*��DQG�3��WRJHWKHU�ZLOO�JLYH�D�QHW�DQQXDO�VHTXHVWUDWLRQ�LQ�WKH�RUGHU�RI����PLOOLRQ�WRQV
&2�� IRU����\HDUV��DVVXPLQJ����SHU�FHQW�RI� WKH� ODQG�DUHD�DYDLODEOH� IRU� WKH� VWUDWHJLHV� LV
XVHG��,I�*��LV�XVHG�LQVWHDG�RI�*���WKH�HVWLPDWH�LQFUHDVHV�WR����PLOOLRQ�WRQV�&2��
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��� $FWLRQ�LQ�D�SHUVSHFWLYH�RI����\HDUV

6WUDWHJ\� *��� PRQRFXOWXUH� SODQWDWLRQ� ZLWK� 3LQXV� PHUNXVLL�� KDV� KLJK�� EXW� QRW
XQDFFHSWDEOH��QHJDWLYH�HQYLURQPHQWDO�LPSDFWV��7KH�HQYLURQPHQWDO�FRQVHTXHQFHV�ZLOO�EH
PRVWO\�WKH�VDPH�DV�IRU�PRQRSODQWDWLRQ�ZLWK�3DUDVHULDQWKHV��7KH�VHTXHVWUDWLRQ�SRWHQWLDO
LV�PRGHUDWH²RQO\����PLOOLRQ� WRQ�&2�� SHU� \HDU� IRU� ��� \HDUV� �FI��7DEOH� ������ZKLFK� LV
FRQVLGHUDEO\�ORZHU�WKDQ�ZKDW�VWUDWHJ\�*��KDV�IRU����\HDUV��,Q�DGGLWLRQ��WKH�SURILWDELOLW\
RI� *�� LV� PXFK� KLJKHU� WKDQ� IRU� *��� DQG� WKH� IRUPHU� DOVR� KDV� EHWWHU� HQYLURQPHQWDO
VRXQGQHVV��*��LV�WKHUHIRUH�QRW�DQ�DOWHUQDWLYH�WR�UHFRPPHQG�

��� $FWLRQV�LQ�D����\HDU�SHUVSHFWLYH

%RWK�6KRUHD�VSS��DQG�7HFWRQD�JUDQGLV�SODQWDWLRQV�JLYH�KLJK�VHTXHVWUDWLRQ�SRWHQWLDO��7KH
UDWHV�RI�UHWXUQ�DUH�JRRG��DQG�WKH�HQYLURQPHQWDO�LPSDFWV�DUH�PRGHUDWH��7KH�VWUDWHJLHV�3�
DQG� 3��ZLOO� KDYH� VHYHUH� QHJDWLYH� HQYLURQPHQWDO� LPSDFWV� LI� WKH\� DUH� LPSOHPHQWHG� RQ
YLUJLQ�ORZODQG�HYHUJUHHQ�UDLQIRUHVW��DQG�VKRXOG�RQO\�EH�LPSOHPHQWHG�RQ�ORJJHG�RYHU�RU
VHFRQGDU\� IRUHVW�� *UDVVODQG� VWUDWHJLHV� DQG� SURGXFWLRQ� IRUHVW� VWUDWHJLHV� DUH� ORFDWHG� WR
GLIIHUHQW� DUHDV�� DQG�FDQ�SRVVLEO\�EH� LPSOHPHQWHG� DW� WKH� VDPH� WLPH��$� FRPELQDWLRQ� RI
VWUDWHJ\�*�� DQG�3��ZRXOG� JLYH� D� FRQVLGHUDEOH� KLJK� VHTXHVWUDWLRQ� DQG� JRRG� HFRQRPLF
SURILW�� ,I� ���SHU� FHQW�RI� WKH� DYDLODEOH� ODQG� IRU� HDFK�RI� WKHVH� VSHFLHV�ZHUH� SODQWHG�� WKH
DQQXDO�QHW�&2��VHTXHVWUDWLRQ�ZRXOG�EH�LQ�WKH�RUGHU�RI����PLOOLRQ�WRQV�&2��IRU����\HDUV�

6WUDWHJ\�*��KDV�KLJK�FRVWV�DQG�WKH�FDUERQ�VHTXHVWUDWLRQ�LV�ORZ��,W�VFRUHV��KRZHYHU��KLJK
RQ�HQYLURQPHQWDO�VRXQGQHVV��DQG�FRXOG�WKHUHIRUH��LQ�VRPH�DUHDV�EH�RI�LQWHUHVW�

��� &RQFOXVLRQV

7KH� DQDO\VHV� DUH� EXUGHQHG� ZLWK� FRQVLGHUDEOH� XQFHUWDLQW\�� ERWK� UHJDUGLQJ� ELRPDVV
JURZWK��GHFD\�WLPH�RI�ZRRG�DQG�IRUHVW�LQGXVWU\�SURGXFWV��DUHD�SRWHQWLDO��DQG�HFRQRPLF
GDWD��7KH�VLWH�FODVVHV�FKRVHQ�DUH�DVVXPHG�WR�UHIOHFW�DYHUDJH�VLWXDWLRQV��ZKLFK�LQ�UHDOLW\
DUH�KDUG�WR�HVWLPDWH��,W�LV�DOVR�DVVXPHG�DQ�DYHUDJH�QDWXUDO�ORVV�DV�LQFOXGHG�LQ�WKH�\LHOG
WDEOHV�� LQ� SUDFWLFH� VXFK� ORVVHV� YDU\� D� ORW�� 7KH� HFRQRPLF� GDWD� LV� EDVHG� RQ� WKH� SUHVHQW
HFRQRPLF� VLWXDWLRQ� LQ� ,QGRQHVLD�� ZLWK� UHODWLYHO\� ORZ� ODERXU� FRVWV� DQG� KLJK� VDZZRRG
SULFHV��$OVR��WKH�DQDO\VHV�DUH�PDUJLQDO�LQ�WKH�VHQVH�WKDW�QR�RYHUDOO�DGPLQLVWUDWLYH�FRVWV
RQ�UHJLRQDO�OHYHO�DUH�LQFOXGHG��,I�D�PDVVLYH�SODQWLQJ�SURJUDP�LV�HVWDEOLVKHG��ERWK�ZRRG
SULFHV�DQG�DGPLQLVWUDWLYH�FRVWV�PD\�FKDQJH�FRQVLGHUDEO\��$V�VXFK� WKH� DQDO\VHV� LQ� WKLV
FKDSWHU�VKRXOG�EH�YLHZHG�DV�LQGLFDWLYH�PRUH�WKDQ�DV�ILQDO�UHVXOWV�

7DEOH�����VKRZV�WKDW�VHYHUDO�SODQWDWLRQ�SRVVLELOLWLHV�H[LVW�RQ�JUDVVODQG�ZKLFK�DUH�KLJKO\
SURILWDEOH��0RVW� SURILWDEOH� LV�3DUDVHULDQWKHV� IDOFDWDULD�� IROORZHG� E\� 6KRUHD� VSS�� DQG
WHDN�� $OO� RI� WKHVH� PDQDJHPHQW� VWUDWHJLHV� DUH� 
QR� UHJUHW
� RSWLRQV� DV� WKH\� VHTXHVWHU
DWPRVSKHULF�FDUERQ�ZLWKRXW�QHW�FRVWV��$V�VXFK�WKH\�VKRXOG�EH�LPSOHPHQWHG�LQ�D�FDUERQ
VHTXHVWUDWLRQ�VWUDWHJ\��:KHQ�OLPLWHG�IXQGV�DUH�DYDLODEOH��ZKLFK�PRVW�OLNHO\�LV�WKH�FDVH��
RQH� FRXOG� SULRULWL]H� DFFRUGLQJ� WR� SURILWDELOLW\�� FDUERQ� VHTXHVWUDWLRQ� SURILOH�� DQG
FRQVLGHUDWLRQV�RI�RWKHU�HFRORJLFDO�IDFWRUV�WKDQ�FDUERQ�VHTXHVWUDWLRQ�
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,W�LV�DOVR�VHHQ�IURP�7DEOH������WKLUG�FROXPQ��WKDW�WKH�DQQXDO�QHW�VHTXHVWUDWLRQ�LV�KLJKHVW
IRU�WKH����\HDU�URWDWLRQ�IRUHVW�PDQDJHPHQW�VWUDWHJLHV��������PLOOLRQ�WRQV�&2��SHU�\HDU
DVVXPLQJ����SHU�FHQW�RI�WKH�DYDLODEOH�DUHD�LV�XWLOL]HG���ZKHUHDV�WKH�FRUUHVSRQGLQJ�ILJXUHV
IRU����\HDUV�DQG����\HDUV�URWDWLRQV�DUH����DQG������PLOOLRQ�WRQV�&2���UHVSHFWLYHO\��7KLV
LOOXVWUDWHV� WKH� WUDGH�RII� EHWZHHQ� KLJK� DQQXDO� VHTXHVWUDWLRQ� IRU� D� VKRUW� SHULRG� YHUVXV
ORZHU�VHTXHVWUDWLRQ�IRU�D�ORQJHU�SHULRG�

7DEOH�����DOVR�VKRZV�WKDW�DOO�WKH�PDQDJHPHQW�VWUDWHJLHV�DQDO\VHG�LQ�WKLV�FKDSWHU��H[FHSW
VWUDWHJ\�*��� DUH�PRUH� UHZDUGLQJ� WKDQ�PRVW� RI� SURILWDEOH�PHWKRGV� WKDW� DUH� SRVVLEOH� WR
XQGHUWDNH�LQ�WKH�1RUZHJLDQ�IRUHVWU\�IRU�VHTXHVWUDWLRQ�RI�DWPRVSKHULF�FDUERQ�DV�VKRZQ
LQ� 6ROEHUJ� DQG�+RHQ� �������� 7KLV� LQGLFDWHV� WKH� SRWHQWLDO� KLJKHU� JDLQ� E\� LQYHVWLQJ� LQ
IRUHVWU\� LQ� WURSLFDO� FRXQWULHV� WKDQ� LQ� ERUHDO� FRXQWULHV� OLNH� 1RUZD\� WR� UHGXFH� WKH
FRQFHQWUDWLRQ�RI�FOLPDWH�JDVHV�LQ�WKH�DWPRVSKHUH�

,W�VKRXOG�EH�HPSKDVL]HG� WKDW� WKH� WKLQQLQJ�VWUDWHJLHV�DVVXPHG�DQG� WKH�DVVXPSWLRQV� WKDW
QRWKLQJ�RI�WKH�ZRRG�PDWHULDO�LV�XVHG�IRU�WKH�VXEVWLWXWLRQ�RI�IRVVLO�IXHO��XQGHUHVWLPDWH�WKH
FDUERQ�VHTXHVWUDWLRQ�HVWLPDWHV�LQ�WKLV�DUWLFOH��$QRWKHU�IDFWRU��ZKLFK�GUDZV�LQ�WKH�RWKHU
GLUHFWLRQ�� LV� WKDW� JUDVVODQG� DQG� VRLO� PD\� DFFXPXODWH� PRUH� FDUERQ� RYHU� WLPH� WKDQ
DVVXPHG� LQ� WKLV� VWXG\�� DQG� DOVR� EULQJ� VRPH� EHQHILWV� IRU� ORFDO� SRSXODWLRQV�� ,Q� ODWHU
DQDO\VHV�� DQG� LQ�SRVVLEOH�SURMHFW� LPSOHPHQWDWLRQV�� WKLV� VKRXOG� EH� ORRNHG� LQWR�PRUH� LQ
GHWDLO�

(YHQ�WKRXJK�WKH�DQDO\VHV�DUH�EXUGHQHG�ZLWK�FRQVLGHUDEOH�XQFHUWDLQW\��WKH�UHVXOWV�RI�WKLV
VWXG\� LOOXVWUDWH� WKDW� ,QGRQHVLD� LQ� IRUHVWU\� KDV� D� ORW� RI� LQWHUHVWLQJ� FDUERQ� VHTXHVWUDWLRQ
RSWLRQV�ZKLFK�DUH�HQYLURQPHQWDOO\�DFFHSWDEOH�DQG�JLYH�KLJK�HFRQRPLF�UHWXUQ�LQ�DGGLWLRQ
WR� WKHLU� FDUERQ� RII�VHWWLQJ� EHQHILWV�� 2QH� PDLQ� FKDOOHQJH� LV� WR� JHW� LQVWLWXWLRQDO
DUUDQJHPHQWV�DW�WKH�LQWHUQDWLRQDO�OHYHO�VR�WKDW�WKHVH�RSWLRQV�DUH�RSWLPDOO\�LPSOHPHQWHG�
WR�WKH�EHQHILW�RI�DOO�PDLQ�LQWHUHVW�JURXSV�LQYROYHG�

127(6

��7KLV�FODVVLILFDWLRQ�LV�EDVHG�RQ�WKH�GLIIHUHQW�ODQG�FDWHJRULHV�DGPLQLVWHUHG�E\�WKH�,QGRQHVLDQ�0LQLVWU\�RI
)RUHVWU\�ZKHUH�KDUYHVWLQJ�PD\�RFFXU�

L�� FRQYHUVLRQ�ODQG��L�H��ODQG�ZKLFK�FDQ�EH�GHVLJQDWHG�IRU�DJULFXOWXUH�SXUSRVHV�

LL�� SURGXFWLRQ�IRUHVWV

LLL� OLPLWHG�SURGXFWLRQ�IRUHVW�

$�PRUH�GHWDLOHG�GHVFULSWLRQ�LV�JLYHQ�LQ�/LOOHWKXQ������D��

��7KLV�LV�UDLQIRUHVW�ZKHUH�KDUYHVW�LV�SHUPLWWHG��7KH�JHQHUDO�FRQGLWLRQV�DUH�OHVV�ODQG�VORSLQJ��VRLOV�QRW�DV
HURGLEOH��DQG�UDLQIDOO�QRW�VR�LQWHQVH�DV�LQ�OLPLWHG�SURGXFWLRQ�IRUHVWV�

��7KLV�LV�D�ZD\�RI�JLYLQJ�GLIIHUHQW�ZHLJKW��SULRULW\��WR�&2��IL[DWLRQ�FRPLQJ�DW�GLIIHUHQW�WLPHV��LQ�DGGLWLRQ
WR�WKH�ZHLJKW�LPSOLHG�E\�U��,Q�WKLV�DQDO\VLV�ZH�KDYH�VHW�S ����L�H��ZH�DVVXPH�WKDW�D�PDUJLQDO�FKDQJH�RI�WKH
FRQFHQWUDWLRQ�RI�&2��KDV�FRQVWDQW�YDOXH�RYHU�WLPH�LQGHSHQGHQW�RI�ZKDW�WLPH�W�LW�RFFXUV�
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5()(5(1&(6

$QRQ� ������ &OLPDWH� &KDQJH� DQG� )RUHVWU\�� ,QGRQHVLD� �� (FRVWUDWHJLHV� IRU� 7HUUHVWULDO
&2��)L[DWLRQ��5HSRUW�7(������'LUHFWRUDWH�IRU�1DWXUH�0DQDJHPHQW��7URQGKHLP�

%URWRLVZRUR�� (�� �������� 
&XUUHQW� 6LWXDWLRQ� RI� )RUHVWV� LQ� ,QGRQHVLD� ZLWK� 3UHOLPLQDU\
(VWLPDWLRQ�RI�&DUERQ�%DODQFH
��%DQGXQJ�� ,QGRQHVLD�� ,QVWLWXWH� RI�(FRORJ\��3DGMDGMDUDQ
8QLYHUVLW\��0LPHR�

/LOOHWKXQ�� $�� �����D��� 
0DQDJHPHQW� 6WUDWHJLHV
�� LQ� $QRQ� ������ &OLPDWH� &KDQJH� DQG
)RUHVWU\�� ,QGRQHVLD²(FRVWUDWHJLHV� IRU� 7HUUHVWULDO� &2�� )L[DWLRQ�� 5HSRUW� 7(� ����
'LUHFWRUDWH�IRU�1DWXUH�0DQDJHPHQW��7URQGKHLP�

/LOOHWKXQ�� $�� �����E��� 
$VVHVVPHQW� RI� (QYLURQPHQWDO� 6RXQGQHVV
�� LQ� $QRQ� �����
&OLPDWH�&KDQJH�DQG�)RUHVWU\�� ,QGRQHVLD²(FRVWUDWHJLHV� IRU�7HUUHVWULDO�&2��)L[DWLRQ�
5HSRUW�7(������'LUHFWRUDWH�IRU�1DWXUH�0DQDJHPHQW��7URQGKHLP�

0DNXQGL�� :��� -�� 6DWKD\H� DQG� 2�� $VHUD� &HUXWWL� �������� 
&DUERQ� (PLVVLRQV� DQG
6HTXHVWUDWLRQ� LQ�)RUHVWV��&DVH�6WXGLHV� IURP�6HYHQ�'HYHORSLQJ�&RXQWULHV
��9ROXPH� ��
6XPPDU\��:DVKLQJWRQ�'&��(3$��&OLPDWH�&KDQJH�'LYLVLRQ�DQG�%HUNHOH\��(QHUJ\�DQG
(QYLURQPHQWDO�'LYLVLRQ��/DZUHQFH�%HUNHOH\�/DERUDWRU\�

0XUGL\DUVR�� '�� �������� 
3ROLF\� 2SWLRQV� WR� 5HGXFH� &2�� 5HOHDVHV� 5HVXOWLQJ� IURP
'HIRUHVWDWLRQ� DQG� %LRPDVV� %XUQLQJ� LQ� ,QGRQHVLD
�� 3DSHU� SUHSDUHG� IRU
81(6&2�81(3�,+3�'2(� 5HJLRQDO� :RUNVKRS� RQ� WKH� &DUERQ� &\FOH� DQG� &OLPDWH
&KDQJH�� ������ 2FWREHU�� .XDOD� /XPSXU�� 0DOD\VLD�� 'HSDUWPHQW� RI� *HRSK\VLFV� DQG
0HWHRURORJ\��%RJRU�$JULFXOWXUDO�8QLYHUVLW\��,QGRQHVLD�

6RHPDUQD��.�� �����D��� 
%LRPDVV� LQ�)RUHVW�3ODQWDWLRQV� LQ� ,QGRQHVLD
��%RJRU�� ,QGRQHVLD�
0LQLVWU\�RI�)RUHVWU\��)RUHVW�5HVHDUFK�DQG�'HYHORSPHQW�&HQWUH��8QSXEOLVKHG�UHSRUW�����

6RHPDUQD�� .�� �����E��� 
%LRPDVV� RI� 1DWXUDO� 3URGXFWLRQ� )RUHVWV� RI� ,QGRQHVLD
�� %RJRU�
,QGRQHVLD��0LQLVWU\�RI�)RUHVWU\��)RUHVW�5HVHDUFK�DQG�'HYHORSPHQW�&HQWUH��8QSXEOLVKHG
UHSRUW�

6RHULDQHJDUD�� ,�� �������� 
7KH� 3ULPDU\� 3URGXFWLYLW\� RI� 6HOHFWHG� )RUHVWV� LQ� ,QGRQHVLD�
5LPER��,QGRQHVLD��7+�;�1R������������

6RHZDUVRQR��2��+���������� 
6SHFLILF�*UDYLW\�RI�,QGRQHVLDQ�:RRGV�DQG�LWV�6LJQLILFDQFH
IRU�3UDFWLFDO�8VH��3HQJXPXPDQ�FRPPXQLFDWLRQ��1U������%RJRU��,QGRQHVLD��0LQLVWU\�RI
)RUHVWU\��)RUHVW�5HVHDUFK�DQG�'HYHORSPHQW�&HQWUH������

6ROEHUJ��%��DQG�+��)��+RHQ���������
(FRQRPLF�$VSHFWV�RI�&DUERQ�6HTXHVWUDWLRQ��6RPH
)LQGLQJV� IURP� 1RUZD\
�� LQ� 0�� $SSV� DQG� '�� 3ULFH� �HGV���� )RUHVW� (FRV\VWHPV�� )RUHVW
0DQDJHPHQW� DQG� WKH� *OREDO� &DUERQ� &\FOH�� 1$72� $6,� 6HULHV�� 6HULHV� ,�� *OREDO
(QYLURQPHQWDO�&KDQJH�������������



���

6ROEHUJ��%�� DQG�%��3XUQDPD� �������� 
&2�� 6HTXHVWUDWLRQ� DQG�&RVW�(IILFLHQF\�� LQ�$QRQ
������ &OLPDWH� FKDQJH� DQG� IRUHVWU\�� ,QGRQHVLD� �� (FRVWUDWHJLHV� IRU� 7HUUHVWULDO� &2�

)L[DWLRQ��5HSRUW�7(������'LUHFWRUDWH�IRU�1DWXUH�0DQDJHPHQW��7URQGKHLP�

6XKDUODQ�� $��� .�� 6XPDUQD� DQG� <�� 6XGLRQR� �������� 
<LHOG� 7DEOHV� IRU� 7HQ� ,QGXVWULDO
:RRG�6SHFLHV
��/HPEDJD�3HQHOLWLDQ�+XWDQ�����

6XZDQGD�� $�� ,�� +�� �������� 
5HKDELOLWDWLRQ� RI� /RJJHG�RYHU� )RUHVWV� LQ� $VLD�3DFLILF
5HJLRQ
��&RXQWU\�6WXGLHV�$QQH[�,,��,QGRQHVLD�DQG�0DOD\VLD��3UHSDUHG�IRU�,772�E\�-DSDQ
2YHUVHDV�)RUHVWU\�&RQVXOWDQWV�$VVRFLDWLRQ��-2)&$�� ��

6¡UHQVHQ��0���������� 
0DSSLQJ�RI�$UHD�3RWHQWLDO�� LQ�$QRQ�������&OLPDWH�&KDQJH�DQG
)RUHVWU\�� ,QGRQHVLD²(FRVWUDWHJLHV� IRU� 7HUUHVWULDO� &2�� )L[DWLRQ�� 5HSRUW� 7(� ����
'LUHFWRUDWH�IRU�1DWXUH�0DQDJHPHQW��7URQGKHLP�
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&DUORV�(GXDUGR�)ULFNPDQQ�<RXQJ

�� $%$7(0(17�2)�&2��(0,66,216�$1'�7+(�'(9(/23,1*�:25/'

7KH�GLIIHUHQFHV�LQ�KLVWRULFDO�FXPXODWLYH�VKDUH�RI�FDUERQ�GLR[LGH��&2���HPLVVLRQV�DPRQJ
FRXQWULHV�UHIOHFW�WKHLU�XQHTXDO�SDWWHUQV�RI�HFRQRPLF�GHYHORSPHQW��'HYHORSHG�FRXQWULHV
EHQHILW� WRGD\�IURP�WKH�DFFXPXODWLRQ�RI�PDQ�PDGH�DVVHWV�PDGH�PDLQO\�SRVVLEOH�E\� WKH
LQGXVWULDO� UHYROXWLRQ� DQG� WKH� VXEVHTXHQW� SDWWHUQ� RI� KLJK� OHYHOV� RI� IRVVLO� IXHOV
FRQVXPSWLRQ�DQG�&2��HPLVVLRQV��,Q�FRQWUDVW�FRPSDUHG� WR� WKH�GHYHORSHG�FRXQWULHV�� WKH
HFRQRPLF�SHUIRUPDQFH�RI�GHYHORSLQJ�FRXQWULHV�ZDV�UHODWLYHO\�SRRU��DV�ZDV�WKHLU�HQHUJ\
FRQVXPSWLRQ��$FFRUGLQJ�WR�HVWLPDWHV��GHYHORSLQJ�FRXQWULHV�ZHUH�UHVSRQVLEOH�IRU�RQO\���
SHU�FHQW�RI�WKH�WRWDO�&2��HPLVVLRQV�EHWZHHQ������DQG�������6DWKD\H�DQG�5HGG\�������

8QIRUWXQDWHO\�� WHFKQRORJ\� KDV� QRW� \HW� DGYDQFHG� WR� WKH� VWDJH� ZKHUH� HFRQRPLF
GHYHORSPHQW�FRXOG�EH�DFKLHYHG�ZLWKRXW�IRVVLO�IXHOV�FRQVXPSWLRQ��$V�D�IRUPHU�VHFUHWDU\�
JHQHUDO�RI�81&7$'�DFNQRZOHGJHV�

$OWKRXJK�WKHUH�LV�QR�UHDVRQ�WR�EHOLHYH�WKDW�FRPSOHWLRQ�RI�WKLV�SURFHVV��RI
LQGXVWULDOL]DWLRQ��UHTXLUHV�RWKHU�FRXQWULHV�WR�IROORZ�VWHS�E\�VWHS�WKH�SDWKV
HVWDEOLVKHG� E\� GHYHORSHG� FRXQWULHV�� WKH� EURDG� FKDUDFWHULVWLFV� RI� WKH
SURFHVV� RI� GHYHORSPHQW� DUH� FOHDU� HQRXJK�� GHYHORSPHQW� PHDQV
LQGXVWULDOL]DWLRQ�� DQG� LQGXVWULDOL]DWLRQ� HQWDLOV� WKH� V\VWHPDWLF� DSSOLFDWLRQ
RI�FRQWUROOHG�PHFKDQLFDO�HQHUJ\�WR�DQ�HYHU�ZLGHQLQJ�UDQJH�RI�SURGXFWLYH
DFWLYLWLHV��81&7$'�������LL��

,Q� RWKHU�ZRUGV�� WKHUH� LV� DQ� DSSDUHQW� FRQIOLFW� EHWZHHQ� WKH� REMHFWLYHV� RI� UHGXFLQJ�&2�

HPLVVLRQV� DQG� FORVLQJ� WKH� VRFLRHFRQRPLF� JDS� EHWZHHQ� GHYHORSHG� DQG� GHYHORSLQJ
FRXQWULHV��'HYHORSLQJ� FRXQWULHV� QHHG� WR� LQFUHDVH� WKHLU� DYHUDJH� HQHUJ\� FRQVXPSWLRQ� DW
IDVWHU�UDWHV�WKDQ�WKH�GHYHORSHG�ZRUOG�LI�WKH�JDS�EHWZHHQ�WKHLU�UHVSHFWLYH�SURGXFWLRQ�DQG
FRQVXPSWLRQ�SDWWHUQV�LV�WR�EH�UHGXFHG��+RZHYHU��WKH�FRVWV�RI�DEDWHPHQW�RI�JUHHQKRXVH
JDVHV��*+*��HPLVVLRQV�DUH�FRQVLGHUDEO\�VPDOOHU�LQ�WKH�GHYHORSLQJ�FRXQWULHV��0RUHRYHU�
WKHLU�VKDUH�LQ�WRWDO�HPLVVLRQV�LV�LQFUHDVLQJ�ZLWK�WLPH��DQG�VRPH�GHYHORSLQJ�FRXQWULHV�DUH
DPRQJ� WKRVH�PRVW� DIIHFWHG� E\� SRVVLEOH� GDPDJHV� LQWURGXFHG� E\� WKH� FOLPDWH� FKDQJH²
WKXV�� GHYHORSLQJ� FRXQWULHV� DUH� DQ� HVVHQWLDO� FRPSRQHQW� RI� DQ\� HIIHFWLYH� LQWHUQDWLRQDO
VWUDWHJ\�DLPLQJ�DW�HPLVVLRQV�DEDWHPHQW�
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7KH� ELJJHVW� FKDOOHQJH� SUHVHQWHG� E\� WKH� *+*� DEDWHPHQW� DJUHHPHQWV� LV� WR� FRQFLOLDWH
HTXLW\�DQG�HIILFLHQF\� LQ�D�FRPPRQ�VWUDWHJ\��7KH�SULQFLSOH� WKDW�KDV�EHHQ�XVHG�VR�IDU� LQ
VLPLODU� DJUHHPHQWV� �IRU� H[DPSOH�� WKH� 0RQWUHDO� 3URWRFRO��� EDVHG� RQ� 
JUDQGIDWKHULQJ

ULJKWV��L�H���IXWXUH�OHYHOV�RI�HPLVVLRQ�VKRXOG�EH�GHWHUPLQHG�DV�D�IXQFWLRQ�RI�WKH�FXUUHQW
OHYHO��� FDQQRW� EH� DFFHSWHG� XQGHU� WKHVH� WHUPV�� (TXDO� SHUFHQWDJH� UHGXFWLRQV� DUH
LQWULQVLFDOO\�XQIDLU�VLQFH�WKH\�IUHH]H�WKH�VWDWXV�TXR�RI�HQHUJ\�DQG�UHVRXUFH�FRQVXPSWLRQ
�ZKLFK�LV�ZLGHO\�UHFRJQL]HG�DV�DQ�XQIDLU�GLVWULEXWLRQ�EHWZHHQ�ULFK�DQG�SRRU�FRXQWULHV��
7KLV� ZRXOG� DOVR� SHQDOL]H� WKH� HFRQRPLHV� WKDW� DUH� SUHVHQWO\� LQYHVWLQJ� WR� UHGXFH� WKH
HPLVVLRQ�LQWHQVLW\�RI�WKHLU�SURGXFWLRQ��HPLVVLRQV�SHU�XQLW�RI�RXWSXW�²WKHVH�HFRQRPLHV
FRXOG� EH� 
JLYLQJ� DZD\
� IXWXUH� HPLVVLRQ� ULJKWV� WKURXJK� FXUUHQW� DEDWHPHQW� PHDVXUHV�
)LQDOO\�� HPLVVLRQV� DEDWHPHQW� EDVHG� RQ� XQLIRUP� FXWV� GRHV� QRW� UHVSHFW� WKH� HIILFLHQF\
SULQFLSOH� VLQFH� WKH�DVVRFLDWHG�PDUJLQDO�FRVWV�RI� HPLVVLRQ� UHGXFWLRQV�YDU\� FRQVLGHUDEO\
DPRQJ�FRXQWULHV�

7KHUH� DUH� DOVR� 
DOWUXLVWLF
� SURSRVDOV� ZKLFK� HPSKDVL]H� WKDW� RQO\� GHYHORSHG� FRXQWULHV
VKRXOG�EH�SHQDOL]HG�E\�WKHLU�SDVW�DQG�SUHVHQW�KLJKHU�OHYHOV�RI�HPLVVLRQ��+RZHYHU��WKHVH
SURSRVDOV�ZRXOG� IDFH� WZR�PDLQ� SUREOHPV�� )LUVW�� WKHUH�ZRXOG� EH� JUHDW� UHVLVWDQFH� IURP
GHYHORSHG� FRXQWULHV� WR� DFFHSW� WKH� LGHD� WKDW� PDVVLYH� WUDQVIHU� SD\PHQWV�� ZLWKRXW
UHFLSURFDO� HIIRUWV�� FRXOG� EH� VHQW� WR� GHYHORSLQJ� FRXQWULHV�� ZKLFK� PDNHV� WKH� SURSRVDO
XQDFFHSWDEOH� LQ� SROLWLFDO� WHUPV�� 6HFRQG�� WKH� LPSDFWV� RI� WKH� UHGXFWLRQ� LQ� HFRQRPLF
DFWLYLWLHV� LQ� WKH� GHYHORSHG� ZRUOG� ZRXOG� KDYH� FRQVLGHUDEOH� VRFLDO� FRVWV�� DIIHFWLQJ� WKH
ZHOIDUH�RI� WKH�HQWLUH�KXPDQ�SRSXODWLRQ��)RU� LQVWDQFH��D� UHGXFWLRQ� LQ� WKH�SURGXFWLRQ�RI
JRRGV�ZRXOG�DIIHFW�H[SRUWV�WR�WKH�WKLUG�ZRUOG��PDNLQJ�WKHP�PRUH�VFDUFH�DQG�H[SHQVLYH�
ZKLOH�DW� WKH� VDPH� WLPH�� LPSRUWV� IURP� WKH�GHYHORSLQJ�FRXQWULHV�ZRXOG�EH� FRQVLGHUDEO\
UHGXFHG��7KH�H[SHULHQFH�RI�WKH�����V�LOOXVWUDWHV�WKLV�SUREOHP��WKH�HFRQRPLF�UHWUDFWLRQ�RI
WKH� GHYHORSHG� FRXQWULHV� LQGXFHG� D� ZRUOG� UHFHVVLRQ� ZLWK� GUDPDWLF� FRQVHTXHQFHV� WR
GHYHORSLQJ� FRXQWULHV� �UHGXFWLRQ� RI� SULPDU\� JRRGV� H[SRUWV� FRPELQHG�ZLWK� WKH� H[WHUQDO
GHEW�FULVLV���VRPH�RI�ZKLFK�DUH�VWLOO�SD\LQJ�WKH�FRVWV�RI�DGMXVWLQJ�WR�WKH�QHZ�ZRUOG�RUGHU�

7KHUHIRUH��WKH�HVWDEOLVKPHQW�RI�LQWHUQDWLRQDO�LQVWUXPHQWV�WR�OLPLW�&2��HPLVVLRQV�VKRXOG
EH� FRQVLGHUHG� LQ� D� FRQWH[W� RI� RSHQ� HFRQRPLHV²WKDW� LV�� UHFRJQL]LQJ� WKDW� LQWHUQDWLRQDO
IORZV� RI� LQFRPH� KDYH� EDFNJURXQG� HIIHFWV� WR� QDWLRQDO� HFRQRPLHV�� 7KLV� FDQ� EH
H[HPSOLILHG� LQ� D� YHU\� VLPSOH� VLWXDWLRQ�� &RQVLGHU� WZR� FRXQWULHV� �$�� %�� ZLWK� GLIIHUHQW
FRVWV� RI� DEDWHPHQW�� EXW� WKH� RQH� ZLWK� KLJKHU� FRVWV� RI� DEDWHPHQW� �$�� EHLQJ� SROLWLFDOO\
LQWHUHVWHG� LQ� WKH� FRQWURO� RI� JUHHQKRXVH� JDVHV�� ,W� LV� SRVVLEOH� WKDW� D� GHDO� EHWZHHQ� ERWK
FRXQWULHV� LV� UHDFKHG��FRXQWU\�$�LV�ZLOOLQJ� WR�SD\�FRPSHQVDWLRQ� WR� UHGXFH�HPLVVLRQV� LQ
FRXQWU\�%�XS�WR�D�SRLQW�ZKHUH�WKH�PDUJLQDO�FRQWULEXWLRQ�HTXDOV�WKH�EHQHILW�RI�UHGXFLQJ
*+*�HPLVVLRQV��IRU�FRXQWU\�$���VLPLODUO\��FRXQWU\�%�LV�ZLOOLQJ�WR�DFFHSW�FRPSHQVDWLRQ
WR�UHGXFH� LWV�HFRQRPLF�DFWLYLW\�XS� WR�D�SRLQW�ZKHUH� WKH�PDUJLQDO�FRPSHQVDWLRQ�HTXDOV
WKH� PDUJLQDO� FRVW� RI� VDFULILFHG� SURGXFWLRQ�� 7KH� XVH� RI� HFRQRPLF� LQVWUXPHQWV� DOORZV
WKHVH� WUDQVIHUV� WR� WDNH� SODFH� LQ� D� IOH[LEOH�� FRVW�HIIHFWLYH� ZD\�� 7KH� RSWLRQV� FXUUHQWO\
GLVFXVVHG�WR�LPSOHPHQW�WKHP�DUH�H[DPLQHG�LQ�WKH�QH[W�VHFWLRQ�
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7KH� )UDPHZRUN� &RQYHQWLRQ� RQ� &OLPDWH� &KDQJH� ZDV� VLJQHG� LQ� -XQH� ����� LQ� 5LR� GH
-DQHLUR�� 6LQFH� WKH� GLYHUJHQFH� DPRQJ� WKH� SDUWLFLSDQW� FRXQWULHV� DW� WKH� WLPH� ZDV
FRQVLGHUDEOH��WKH�WHUPV�RI�WKH�&RQYHQWLRQ�ZHUH�OHIW�PRVWO\�XQVSHFLILHG�LQ�RUGHU�WR�DOORZ
QHJRWLDWLRQV�WR�WDNH�RYHU�WKH�FRPLQJ�\HDUV��7KH�PRVW�LPSRUWDQW�WDUJHW��WKH�
VWDELOL]DWLRQ
RI� JUHHQKRXVH� JDV� FRQFHQWUDWLRQV� LQ� WKH� DWPRVSKHUH� DW� D� OHYHO� WKDW� ZRXOG� SUHYHQW
GDQJHURXV� DQWKURSRJHQLF� LQWHUIHUHQFH� ZLWK� WKH� FOLPDWH� V\VWHP
� �$UWLFOH� ���� KDV� EHHQ
GLVFRQQHFWHG�IURP�GHWDLOHG�WDUJHWV�DQG�WLPHWDEOHV��2QO\�GHYHORSHG�FRXQWULHV�DQG�D�VPDOO
QXPEHU�RI�HPHUJLQJ�GHYHORSLQJ�FRXQWULHV�KDYH�FRPPLWWHG�WKHPVHOYHV�WR�WKH� 
UHWXUQ�E\
WKH�HQG�RI�WKH�GHFDGH�WR�HDUOLHU�OHYHOV�RI�DQWKURSRJHQLF�HPLVVLRQV�RI�FDUERQ�GLR[LGH�DQG
RWKHU�JUHHQKRXVH�JDVHV
��$UWLFOH�����ZKLFK�LV�FRPPRQO\�DVVRFLDWHG�ZLWK�VWDELOL]LQJ�&2�

HPLVVLRQV� E\� WKH� \HDU� ����� DW� WKH� ����� OHYHO�� +RZHYHU�� QDWLRQDO� WDUJHWV� IRU� &2�

DEDWHPHQW� DGRSWHG� YROXQWDULO\� E\� VRPH�(XURSHDQ� FRXQWULHV� DUH�PRUH� VWULFW� WKDQ� WKHVH
�IRU�H[DPSOH��'HQPDUN�KDV�DQ�DPELWLRXV�WDUJHW�OHYHO�RI����SHU�FHQW�&2��UHGXFWLRQ�RI�WKH
�����OHYHO�E\�WKH�\HDU�������VHH�6YHQGVHQ�������

7KH� &RQYHQWLRQ� DOVR� HVWDEOLVKHV� WKH� *OREDO� (QYLURQPHQWDO� )DFLOLW\� �*()�� DV� WKH
ILQDQFLDO�PHFKDQLVP�IRU�WKH�SURYLVLRQ�RI�UHVRXUFHV�RQ�D�JUDQW�RU�FRQFHVVLRQDO�EDVLV��7KH
SURJUDPPH� SULRULWLHV� DQG� HOLJLELOLW\� FULWHULD� ZHUH� OHIW� WR� EH� GHWHUPLQHG� E\� WKH
&RQIHUHQFH�RI� WKH�3DUWLHV�� DQG� WKHUH�ZDV�DOVR�D�YDJXH� UHIHUHQFH� WR� ILQDQFLDO� UHVRXUFHV
UHODWHG� WR� WKH� LPSOHPHQWDWLRQ�RI�ELODWHUDO�� UHJLRQDO�� DQG�PXOWLODWHUDO� FKDQQHOV� EHWZHHQ
GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV�

7KH�IOH[LELOLW\�RI�WKH�WHUPV�XVHG�LQ�WKH�&RQYHQWLRQ�UHIOHFWV�WKH�XQFHUWDLQW\�DERXW�WKH�UHDO
FRPPLWPHQW� DQG� SROLWLFDO� ZLOOLQJQHVV� RI� HDFK� SDUWLFLSDQW� FRXQWU\� WR� GHDO� ZLWK� WKH
DGMXVWPHQWV�LPSRVHG�E\�WKH�QHHG�IRU�HPLVVLRQV�UHGXFWLRQ��7KLV�DOVR�PHDQV�WKDW�WKHUH�LV
D�ZLGH�UDQJH�RI�LPSOHPHQWDWLRQ�RSWLRQV�LI�GHYHORSHG�FRXQWULHV�HIIHFWLYHO\�GHFLGH�WR�SD\
ILQDQFLDO� FRPSHQVDWLRQV� WR� GHYHORSLQJ� FRXQWULHV� LQ� RUGHU� WR� 
LPSRUW
� &2�� DEDWHPHQW
IURP�GHYHORSLQJ�FRXQWULHV�

7KH�OLWHUDWXUH�KDV�HPSKDVL]HG�HFRQRPLF�LQVWUXPHQWV��FDUERQ�WD[HV��H[WHUQDO�RIIVHWV�DQG
WUDGDEOH� SHUPLWV�� 7KHVH�PHFKDQLVPV� UHVSHFW� WKH� 
SROOXWHU�SD\V
� SULQFLSOH�� LQWHUQDOL]LQJ
SROOXWLRQ�FRVWV��EXW�SURYLGLQJ�IOH[LELOLW\�WR�WKH�HFRQRPLF�DJHQWV�WR�PLQLPL]H�FRVWV�LQ�WKH
DGMXVWPHQW�WR�ORZHU�OHYHOV�RI�HPLVVLRQV��VR�WKDW�

WKH\� VHSDUDWH� WKH� TXHVWLRQ� RI� ZKHUH� DEDWHPHQW� FDQ� EH� XQGHUWDNHQ
�KRSHIXOO\�� DW� WKH� ORZHVW� FRVW��� IURP� WKH� TXHVWLRQ� RI� ZKR� VKRXOG� SD\�
ZKLFK� LV� GHWHUPLQHG� E\� WKH� LQLWLDO� DOORFDWLRQ�WDUJHWV�� RU� WD[
UHGLVWULEXWLRQV
��*UXEE�����������

1HYHUWKHOHVV�� WKHUH� DUH� LPSRUWDQW� GLIIHUHQFHV� LQ� WKHLU� LPSOHPHQWDWLRQ�� $� V\VWHP� RI
LQWHUQDWLRQDO�HPLVVLRQ�WD[HV�FDQ�EH�HVWDEOLVKHG�ZLWK�UHYHQXHV�IURP�FDUERQ� WD[HV�EHLQJ
FROOHFWHG� LQ�FRXQWULHV�ZLWK�KLJK� OHYHOV�RI�HPLVVLRQ��DQG� WUDQVIHUUHG� WR�FRXQWULHV�ZKLFK
SUHVHUYH�FDUERQ�VLQNV��7KH�HVVHQFH�RI� WKH� WD[� LV� WR� HQFRXUDJH� WD[�DYRLGLQJ�EHKDYLRXU�
WKURXJK� WKH� SHUPDQHQW� LQFHQWLYH� RI� HQHUJ\� FRQVHUYDWLRQ�� VXEVWLWXWLRQ� RI� QRQ�FDUERQ
HQHUJ\�IRU�FDUERQ�HQHUJ\��DQG�DQ\�RWKHU�LQQRYDWLRQ�WKDW�UHGXFHV�SROOXWLRQ��3HDUFH�������



���

6SHFLDO�DOORZDQFHV�FDQ�EH�PDGH�WR�SUHYHQW�SRRU�FRXQWULHV�IURP�EHFRPLQJ�QHW�SD\HUV�RI
FDUERQ�WD[HV��UHVSHFWLQJ�WKH�HTXLW\�SULQFLSOH�

&XUUHQW� H[SHULHQFHV� VKRZ� WKDW� WKH� HVWDEOLVKPHQW� RI� LQWHUQDWLRQDO� FDUERQ� WD[HV� LV� QRW
SUREOHP� IUHH��2QH� SRLQW� LQ� SDUWLFXODU� GHVHUYHV� VSHFLDO� DWWHQWLRQ�� WKHUH� LV� FRQVLGHUDEOH
XQFHUWDLQW\� DERXW� WKH� HIIHFWLYH� UHGXFWLRQ� LQ� HPLVVLRQV� UHODWHG� WR� D� FHUWDLQ� WD[� OHYHO�
7KHUHIRUH� SROLF\�PDNHUV� KDYH� WR� JXHVV� WKH� WD[� OHYHO� QHFHVVDU\� WR� DFKLHYH� WKH� GHVLUHG
WDUJHW� LQ� HPLVVLRQV� UHGXFWLRQ��0RUHRYHU�� LI� WKLV� WD[� OHYHO� LV� KLJK�� WKHUH�ZLOO� EH� VWURQJ
UHVLVWDQFH�IURP�SHQDOL]HG�HFRQRPLF�DJHQWV�WR�DFFHSW�WKH�LQFUHDVH�LQ�WKHLU�FRVWV��FUHDWLQJ
WKH�ULVNV�RI�XQHPSOR\PHQW�DQG�GHFOLQLQJ�FRPSHWLWLYHQHVV���7KLV�SUREOHP�LV�KLJKOLJKWHG
E\�6YHQGVHQ��������LQ�WKH�DQDO\VLV�RI�WKH�'DQLVK�H[SHULHQFH��WKH�&2��WD[�LPSOHPHQWHG
LQ�������KRXVHKROGV�SD\�86�����SHU�WRQ�RI�&2��HPLWWHG��DQG�9$7�UHJLVWHUHG�ILUPV�SD\
KDOI� WKH� WD[�� LV�FRQVLGHUHG� WRR� ORZ� � WR� DFKLHYH� WKH�SROLWLFDOO\�GHFLGHG� WDUJHW�RI����SHU
FHQW�UHGXFWLRQ�E\�WKH�\HDU�����²LW�LV�HVWLPDWHG�WKDW�WKLV�WDUJHW�FDQ�RQO\�EH�DFKLHYHG�LI
WKH�WD[�LV�UDLVHG�WR�86�����

)LQDOO\��DW�WKH�LQWHUQDWLRQDO�OHYHO��SHQDOL]LQJ�FRXQWULHV�WKDW�GR�QRW�UHVSHFW�WKH�DJUHHPHQWV
�IRU� H[DPSOH�� QRW� SD\LQJ� WKH� VWLSXODWHG� WD[� DPRXQWV�� LV� D� IRUPLGDEOH� SUREOHP�� $Q
LQWHUQDWLRQDO� DJHQF\� UHVSRQVLEOH� IRU� PRQLWRULQJ� DQG� HQIRUFHPHQW� ZRXOG� QRW� KDYH� WKH
QHFHVVDU\�SRZHU� WR�REOLJDWH�DOO�FRXQWULHV� WR�DGKHUH� WR� LWV�GHFLVLRQV�DQG��DV�DJUHHPHQWV
DUH� YROXQWDU\�� WRR� PXFK� SUHVVXUH� FRXOG� LQGXFH� WKH� ZLWKGUDZDO� RI� WKH� WUDQVJUHVVRU
FRXQWU\��D�ZRUVH�RII�VROXWLRQ��

,Q�DQ\�FDVH��HYHQ�LI�HPLVVLRQ�WDUJHWV�DUH�QRW�DFKLHYHG��FDUERQ�WD[HV�DUH�D�YHU\�HIILFLHQW
V\VWHP�WR�REWDLQ�UHYHQXHV�HDUPDUNHG�IRU�HQYLURQPHQWDO�DFWLRQ��)RU�LQVWDQFH��6YHQGVHQ
������� DUJXHV� WKDW� WKH� PDLQ� PRWLYDWLRQ� EHKLQG� WKH� 'DQLVK� LQLWLDWLYH� RI� WD[LQJ� &2�

HPLVVLRQV�LV�WR�
MXVWLI\
²WKURXJK�
JUHHQ
�REMHFWLYHV²KLJKHU�OHYHOV�RI�WD[DWLRQ�UHODWLYH�WR
WKH�(XURSHDQ�8QLRQ�VWDQGDUGV��7KHUHIRUH��FRQYHQWLRQDO�WD[HV�FRXOG�EH�ORZHUHG�ZLWKRXW
DIIHFWLQJ�WKH�WRWDO�WD[�UHYHQXH��WKDW�LV��D�GRXEOH�GLYLGHQG�VWUDWHJ\��

7KLV�SURSHUW\�LV�YHU\�LPSRUWDQW�LI�FDUERQ�WD[HV�DUH�WR�EH�FRXSOHG�ZLWK�IXQGLQJ�DEDWHPHQW
VFKHPHV� LQ� RWKHU� FRXQWULHV�� ,QGHHG�� WKLV� LV� WKH� PDLQ� LGHD� EHKLQG� H[WHUQDO� RIIVHWV�� D
FRXQWU\�FDQ�PHHW�LWV�RZQ�QDWLRQDO�HPLVVLRQ�WDUJHW�E\�UHGXFLQJ�HPLVVLRQV�GRPHVWLFDOO\�RU

RIIVHW
�WKLV�E\�LQYHVWPHQWV�WR�UHGXFH�HPLVVLRQV�LQ�HTXLYDOHQW�DPRXQWV�HOVHZKHUH��VR�WKDW
WKH�WRWDO�RI�QDWLRQDO�HPLVVLRQV�PLQXV�WKH�H[WHUQDO�
VDYLQJV
�ZRXOG�PHHW�WKH�WDUJHW��*UXEE
������

7KH�LPSOLFLW�DVVXPSWLRQ�LV�WKDW�GHYHORSLQJ�FRXQWULHV�KDYH�D�ODUJH�VWRFN�RI�HFRQRPLFDOO\
LQHIILFLHQW� &2�� VRXUFHV� �WKDW� LV�� HFRQRPLF� UHWXUQV� SHU� XQLW� RI� &2�� DUH� ORZHU� WKDQ� LQ
GHYHORSHG� FRXQWULHV�� ZLWK� FKHDS� DEDWHPHQW� RSWLRQV�� 7KLV� ZRXOG� EULQJ� IOH[LELOLW\� WR
GHYHORSHG�FRXQWULHV� LQ� WKH�SURFHVV�RI� UHGXFLQJ� WKHLU�RZQ�&2�� HPLVVLRQV��ZKLOH� DW� WKH
VDPH�WLPH�FUHDWH�DQ�HFRQRPLF�YDOXH�IRU�WKH�IRUHVWU\�FDUERQ�IL[DWLRQ�FDSDFLW\�SUHVHUYHG
LQ�GHYHORSLQJ�FRXQWULHV��,Q�RWKHU�ZRUGV��WKH�&2��DEDWHPHQW�VHUYLFHV�FXUUHQWO\�SURYLGHG
IUHHO\�IURP�WKH�VRXWK�WR�WKH�QRUWK�ZRXOG�EH�FRQVLGHUHG�DV�D�NLQG�RI�H[SRUW�VHUYLFH��WKXV
WR�EH�SDLG�IRU�

7KH�HVWDEOLVKPHQW�RI�DQ�LQWHUQDWLRQDO�V\VWHP�RI�&2��HPLVVLRQV�UHGXFWLRQ�RIIVHW�ZRXOG
UHTXLUH� WKDW� FRXQWULHV� FRPPLW� WKHPVHOYHV� WR� HPLVVLRQ� UHGXFWLRQ� WDUJHWV� ZKLFK� DUH



���

PXWXDOO\� UHVSHFWHG�� DFFHSWLQJ� WKH� SULQFLSOH� WKDW� HPLVVLRQ� VDYLQJV� FDQ� EH� REWDLQHG
WKURXJK� DEDWHPHQW� LQYHVWPHQW� LQ� RWKHU� FRXQWULHV�� 7KH� UHVSRQVLELOLW\� WR� PHHW� WKH
DEDWHPHQW�FRPPLWPHQWV�FDQ�EH�WUDQVIHUUHG�RQWR�SXEOLF�DQG�SULYDWH�HQWLWLHV�ZLWKLQ�WKHVH
FRXQWULHV��7KLV�PHDQV�WKDW�DEDWHPHQW�VHUYLFHV�FDQ�DOVR�EH�SURYLGHG�E\�SULYDWH�HQWLWLHV�
QRW� QHFHVVDULO\� UHTXLULQJ� LQWHUVWDWH� DJUHHPHQW�� ,Q� IDFW�� WKHUH� DUH� DOUHDG\� H[DPSOHV� RI
MRLQWO\� LPSOHPHQWHG� IRUHVWU\� RIIVHW� SURMHFWV� IXQGHG� E\� SULYDWH� 86� HOHFWULFLW\� XWLOLWLHV
ZKLFK� LQYHVWHG� LQ� FDUERQ� IL[LQJ� UHIRUHVWDWLRQ� LQ� GHYHORSLQJ� FRXQWULHV� �+D\HV� �����
,3&&�������

)URP�WKH�DQDO\VLV�DERYH��LW�LV�FOHDU�WKDW�H[WHUQDO�RIIVHWV�KDYH�JUHDW�SRWHQWLDO�DV�D�WUDQVIHU
PHFKDQLVP�WR�FRPSHQVDWH�WKH�GHYHORSLQJ�FRXQWULHV�ZKLFK�GHFLGH�DJDLQVW�GHSOHWLQJ�WKHLU
QDWXUDO� IRUHVWV� �RU�� DW� OHDVW�� WR� UHGXFH� WKH� GHIRUHVWDWLRQ� SURFHVV��� ,Q� WKH� ORQJ� WHUP�
KRZHYHU��RQH�SUREOHP�UHPDLQV��7KH�V\VWHP�LV�EDVHG�RQ�WUDQVIHUV�WR�GHYHORSLQJ�FRXQWULHV
LQGHSHQGHQWO\� RI� WKH� HIIRUWV� EHLQJ� PDGH� WR� UHGXFH� HPLVVLRQV� RXWVLGH� WKH� DEDWHPHQW
SURMHFWV��)RU�H[DPSOH��RQH�FRXQWU\�PD\�UHFHLYH�FRPSHQVDWLRQ�EHFDXVH�LW�KDV�SUHVHUYHG
QDWXUDO�IRUHVWV��EXW�DW� WKH�VDPH�WLPH��RWKHU�HPLVVLRQ�VRXUFHV�KDYH�EHHQ�DFFHOHUDWHG��LQ
WKH�HQHUJ\��LQGXVWU\�RU�WUDQVSRUWDWLRQ�VHFWRUV���6LQFH�WKHVH�RWKHU�VRXUFHV�RI�HPLVVLRQV�DUH
H[SHFWHG�WR�LQFUHDVH�LQ�GHYHORSLQJ�FRXQWULHV��WKH�H[WHUQDO�RIIVHWV�FDQQRW�EH�FRQVLGHUHG�D
ORQJ�WHUP�JOREDO�VROXWLRQ��)XUWKHUPRUH��LW�LV�H[SHFWHG�WKDW�WKH�YROXPH�RI�UHVRXUFHV�WR�EH
WUDQVIHUUHG� IURP� GHYHORSHG� FRXQWULHV� WR� GHYHORSLQJ� FRXQWULHV� FRXOG� EH� VXEVWDQWLDO�
DURXVLQJ� VWURQJ� RSSRVLWLRQ� IURP� QHW� SD\HUV� LQ� WKH� QRUWK� �WKH� VLWXDWLRQ� LQ� VRPH
LQGXVWULDOL]HG� FRXQWULHV� FRXOG� EH�ZRUVH� RII� DIWHU� WKH� WUDQVIHUV� WKDQ� EHIRUH�� VHH� 3HDUFH
�������7KHUHIRUH��PDQ\�DXWKRUV�FRQVLGHU�WKDW�H[WHUQDO�RIIVHWV�FDQ�RQO\�EH�WKH�ILUVW�VWDJH
RI�WKH�LPSOHPHQWDWLRQ�RI�LQWHUQDWLRQDO�WUDGDEOH�HPLVVLRQ�SHUPLWV�

7UDGDEOH� SHUPLWV� KDYH� WKH� DGYDQWDJH� RI� GLUHFWO\� HVWDEOLVKLQJ� D� PD[LPXP� DPRXQW� RI
HPLVVLRQV�IRU�WKH�V\VWHP�DV�D�ZKROH��WD[HV��IRU�H[DPSOH��FDQ�RQO\�DIIHFW�WKH�WRWDO�OHYHO�RI
HPLVVLRQ�LQGLUHFWO\���$W�WKH�VDPH�WLPH��UHOHYDQW�DJHQWV�KDYH�WKH�IUHHGRP�WR�DGRSW�WKHLU
RZQ�FRVW�VWUXFWXUHV��WKXV�DVVXULQJ�HFRQRPLF�HIILFLHQF\�

7KH� H[SHULHQFH� RI� WKH� 8QLWHG� 6WDWHV� LV� DQ� REOLJDWRU\� UHIHUHQFH� ZLWK� UHJDUG� WR� WKH
IHDVLELOLW\� RI� WUDGDEOH� SHUPLWV� �IRU� D� UHYLHZ�� VHH�6YHQGVHQ� ������� 6RPH�RI� WKH� SHUPLW
SURJUDPPHV�ZHUH�HVWDEOLVKHG�DW� WKH� IHGHUDO� OHYHO�E\� WKH�86�(QYLURQPHQWDO�3URWHFWLRQ
$JHQF\� �(3$��� DOO� RI� WKHP� GHDOLQJ� ZLWK� DLU� SROOXWLRQ�� 7KH� ILUVW� SURJUDPPH� ZDV� WKH
(PLVVLRQ� 7UDGLQJ� 3URJUDPPH� �VWDUWHG� LQ� ������� DLPLQJ� IRU� WKH� LQGXVWU\� WR� DFKLHYH
QDWLRQDO� DLU� TXDOLW\� VWDQGDUGV� RQ� VXOSKXU� R[LGHV�� QLWURJHQ� R[LGHV�� SDUWLFXODWHV�� FDUERQ
PRQR[LGH��K\GURFDUERQV�� OHDG�DQG�R]RQH�� ,Q� WKH�����V�� WZR�VLPLODU�SURJUDPPHV�ZHUH
HVWDEOLVKHG�WR�SKDVH�RXW�OHDGHG�JDVROLQH������������DQG�FKORURIOXRURFDUERQV��&)&��DQG
KDORQV� ����������� 7KH� PRVW� UHFHQW� H[SHULHQFH� LV� DOUHDG\� FRQVLGHUHG� D� VXFFHVVIXO
H[DPSOH�RI�FRVW�HIIHFWLYH�SROOXWLRQ�FRQWURO�VWUDWHJ\��WKH�$FLG�5DLQ�3URJUDPPH��DLPLQJ
DW�WKH�UHGXFWLRQ�RI�VXOSKXU�GLR[LGH�HPLVVLRQV�E\�HOHFWULFDO�XWLOLWLHV�����SHU�FHQW�UHGXFWLRQ
RI�WKH������OHYHO�E\�WKH�\HDU��������2WKHU�SURJUDPPHV��PDQDJHG�E\�VWDWH�DJHQFLHV��GHDO
ZLWK�DLU�DQG�ZDWHU�SROOXWLRQ�FRQWURO��$Q�LPSRUWDQW�IHDWXUH�RI�DOO�86�SURJUDPPHV�LV�WKH
LQLWLDO�FRQFHVVLRQ�RI�SHUPLWV�EDVHG�RQ�SDVW�HPLVVLRQ�OHYHOV��JUDQGIDWKHULQJ��

7KH� DGYDQWDJHV� RI� WUDGDEOH� SHUPLWV� LQFOXGH� WKH� IOH[LELOLW\� WR� UHGXFH� HPLVVLRQV� DW� ORZ
FRVWV�� DQG� WKH�SHUPDQHQW� LQFHQWLYH� IRU�XVHUV� WR� LQYHVW� LQ� WHFKQRORJLFDO� LQQRYDWLRQ� WKDW
UHGXFHV� WKH� QHHG� WR� SD\� IRU� DGGLWLRQDO� SHUPLWV�� $W� WKH� LQWHUQDWLRQDO� OHYHO�� D� SHUPLW
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PDUNHW� FDQ� EH� FRQVLGHUHG� DV� D� V\VWHP� DFFRUGLQJ� WR� ZKLFK� RQH� FRXQWU\� UHGXFHV� LWV
HPLVVLRQV� LQ� IDYRXU�RI�FRPSHQVDWLRQ�SDLG�E\� DQRWKHU� WKDW� FRQWLQXHV� WR� HPLW�� SURYLGHG
WKDW� WKH� VXP�RI� HPLVVLRQV� RI� WKH� WZR� FRXQWULHV� GR� QRW� H[FHHG� WKHLU� FRPELQHG� TXRWDV�
6XFK�D�V\VWHP�ZRXOG�DOORZ�QHW�WUDQVIHUV�WR�GHYHORSLQJ�FRXQWULHV�LI�FUHGLWV�DUH�SURYLGHG
IRU�WKH�SUHVHUYDWLRQ�RI�QDWLYH�RU�QHZ�IRUHVWV�DV�FDUERQ�VLQNV�

+RZHYHU��WKH�LPSOHPHQWDWLRQ�RI�WUDGDEOH�SHUPLWV�LV�WKH�VXEMHFW�RI�PXFK�FULWLFLVP��)LUVW�
DV�LQ�WKH�FDVH�RI�FDUERQ�WD[HV��WKH�QHHG�RI�DQ�DJHQF\�WR�RYHUVHH�WKH�WUDGH�LQ�SHUPLWV�GRHV
QRW� VROYH� WKH� SUREOHP� RI� SHQDOW\� HQIRUFHPHQW� IRU� FRXQWULHV� H[FHHGLQJ� WKHLU� HPLVVLRQ
TXRWDV��6HFRQG��WKH�LQWHUQDWLRQDO�SHUPLW�PDUNHW�ZRXOG�EH�VXEMHFW�WR�PDQ\�LPSHUIHFWLRQV�
VLQFH� WKHUH� LV� D� JUHDW� LPEDODQFH� EHWZHHQ� WKH� VL]H� RI� WKH� SRWHQWLDO� EX\HUV� �ODUJH
HFRQRPLHV��DQG�VHOOHUV��PRVWO\�VPDOO�HFRQRPLHV���7KLUG��DQG�SUREDEO\�WKH�PRVW�FUXFLDO�
LV�WKH�YLUWXDO�LPSRVVLELOLW\�RI�UHDFKLQJ�D�FRQVHQVXV�RYHU�WKH�GHILQLWLRQ�RI�LQLWLDO�TXRWDV�
7KHUH�LV�FRQVLGHUDEOH�GHEDWH�DERXW�WKH�EHVW�ZD\�RI�GLVWULEXWLQJ�WKH�SHUPLWV��2Q�WKH�RQH
KDQG�� WKH� SURSRVDO� RI� 
JUDQGIDWKHULQJ
� WKH� SHUPLWV� DFFRUGLQJ� WR� WKH� H[LVWLQJ� OHYHOV� RI
HPLVVLRQV� �DV� LQ� WKH� 86� H[SHULHQFH�� ZRXOG� QRW� EH� DFFHSWDEOH� WR� WKH� GHYHORSLQJ
FRXQWULHV��VLQFH�WKLV�DSSURDFK�GRHV�QRW�UHVSHFW�WKH�HTXLW\�SULQFLSOH��LQ�WKH�VHQVH�WKDW� LW
EHQHILWV�WKH�FXUUHQWO\�KLJK�SROOXWDQW�FRXQWULHV���2Q�WKH�RWKHU�KDQG��SURSRVDOV�DLPLQJ�DW

IDLU
�DOORFDWLRQ��VXFK�DV�JUDQWLQJ�TXRWDV�SURSRUWLRQDOO\�WR�WKH�QXPEHU�RI�LQKDELWDQWV��WKH
LGHD�RI�DQ�HTXDO�� LQGLYLGXDO� ULJKW� WR�HPLW��ZRXOG�IDFH�JUHDW� UHVLVWDQFH�IURP� WKH� ODUJHVW
LQGXVWULDOL]HG�FRXQWULHV�

,W�VKRXOG�EH�QRWHG�WKDW� WKH�H[SHULHQFHV�UHYLHZHG�DERYH�UHIHU� WR�GRPHVWLF�SURJUDPPHV�
VR�WKHUH�LV�QR�DVVXUDQFH�WKDW�VRPH�RI�WKHLU�VXFFHVVIXO�DVSHFWV�FDQ�DOVR�EH�DFKLHYHG�LQ�WKH
LQWHUQDWLRQDO�FRQWH[W��$OVR��DV�DUJXHG�E\�3HDUFH���������PRVW�VWXGLHV�DVVXPH�LPSOLFLWO\
WKDW� FRVWV� RI� FDUERQ� HPLVVLRQ� FRQWUROV� YDU\� VLJQLILFDQWO\� EHWZHHQ� WUDGLQJ� SDUWLHV�� DQG
WKDW� WUDQVDFWLRQ�FRVWV�GR�QRW�UHSUHVHQW�DQ�REVWDFOH��7KH�ILUVW�SRLQW� LV�FKDOOHQJHG�E\� WKH
IDFW�WKDW�GHYHORSHG�FRXQWULHV�ZLWK�EHWWHU�DYDLODELOLW\�RI�FDSLWDO�DQG�WHFKQRORJ\��PD\�IDFH
HTXDO�RU�HYHQ� ORZHU�DEDWHPHQW�FRVWV� WKDQ�SRRUHU�FRXQWULHV��7KH�VHFRQG�SRLQW� UHIHUV� WR
WKH�SUREOHP� WKDW� WKH� 
WKLQQHU
� WKH�PDUNHW� WKH� KLJKHU� WKH� WUDQVDFWLRQ� FRVWV�� OHDGLQJ� WR� D
SDUDGR[�� DQ� HIIHFWLYH� MRLQW� LPSOHPHQWDWLRQ� SURJUDPPH� UHTXLUHV� ODUJH�VFDOH� WUDGLQJ�
KRZHYHU��ODUJH�VFDOH�WUDGLQJ�FDQQRW�RFFXU�XQWLO�LW�KDV�EHHQ�GHPRQVWUDWHG�WKH�HIILFLHQF\
RI�MRLQW�LPSOHPHQWDWLRQ�

$QRWKHU� LQVWLWXWLRQDO�SUREOHP�HPSKDVL]HG�E\�3HDUFH� ������� UHIHUV� WR� WKH� GHILQLWLRQ� RI
ZKDW� FDQ� EH� FRQVLGHUHG� 
JHQXLQH
� FRPSHQVDWLRQ� IRU� &2�� HPLVVLRQV� UHGXFWLRQ�� 7KH
&OLPDWH�&KDQJH�&RQYHQWLRQ��DQG�WKH�0RQWUHDO�3URWRFRO��FRQVLGHUV�WKDW�HPLVVLRQ�FRQWURO
REOLJDWLRQV�FDQ�EH�MRLQWO\�LPSOHPHQWHG�E\�GHYHORSHG�FRXQWULHV�DQG�RWKHU�SDUWLHV��-RLQW
LPSOHPHQWDWLRQ� FDQ�EH� REWDLQHG� WKURXJK� FRPSHQVDWLRQV� IURP�GRQRUV� WR� FRXQWULHV� WKDW
KRVW�FDUERQ�DEDWHPHQW�SURJUDPPHV��DQG�FRPSHQVDWLRQ�YDOXHV�VKRXOG�EH�GHWHUPLQHG�E\
WKH� 
DJUHHG� IXOO� LQFUHPHQWDO� FRVWV
� RI� WKHVH� SURJUDPPHV�� +RZHYHU�� WKHUH� LV� QR� SURSHU
GHILQLWLRQ� RI� 
IXOO� LQFUHPHQWDO� FRVWV
�� ,W� LV� XQGHUVWRRG� WKDW� LQFUHPHQWDO� FRVWV� VKRXOG
FRPSDUH�DFWXDO�UHVXOWV�DJDLQVW�D�FRXQWHUIDFWXDO�EDVHOLQH��ZKDW�WKH\�ZRXOG�KDYH�GRQH�LI
WKH�HPLVVLRQ�FRQWURO�SURJUDPPHV�GLG�QRW�WDNH�SODFH���7KLV�LV�D�SDUWLFXODUO\�FRPSOLFDWHG
WDVN�� HVSHFLDOO\� EHFDXVH� WKH� &RQYHQWLRQ� GLG� QRW� HVWDEOLVK� UHGXFWLRQ� WDUJHWV� IRU
GHYHORSLQJ�FRXQWULHV��3HDUFH��������DUJXHV�WKDW�WKHUH�LV�QR�UHDO�QHHG�IRU�DQ�H[SOLFLW�VHW
RI�JXLGHOLQHV�RQ�KRZ�WR�HVWLPDWH�LQFUHPHQWDO�FRVWV�VLQFH� 
GRQRU
�DQG� 
KRVW
�ZLOO�DJUHH�D
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SULFH�� HDFK�RI�ZKRP�ZLOO� NQRZ�ZKHWKHU�RU�QRW� WKH� DUUDQJHPHQW� LV� LQ� WKHLU� DGYDQWDJH�
1HYHUWKHOHVV��DV�GLVFXVVHG�EHIRUH��WKH�
PDUNHW
�IRU�&2��WUDQVDFWLRQV�LV�IDU�IURP�D�SHUIHFW
FRPSHWLWLRQ� K\SRWKHVLV�� ,W� LV� SRVVLEOH� WKDW� D� IHZ� LQGXVWULDOL]HG� FRXQWULHV�� DFWLQJ� LQ
FRRSHUDWLRQ�� ZLOO� KDYH�PXFK�PRUH� SRZHU� LQ� WKH� QHJRWLDWLRQV� WKDQ� D� ODUJH� QXPEHU� RI
LQGHEWHG�DQG�DWRPL]HG�GHYHORSLQJ�FRXQWULHV��$�SRVVLEOH�UHVXOW�LV�WKDW�RSSRUWXQLW\�FRVWV
ZRXOG� EH� RPLWWHG� IURP� WKHVH� QHJRWLDWLRQV�� WKHUHE\� UHGXFLQJ� FRPSHQVDWLRQ� YDOXHV� DQG
FUHDWLQJ�DQ�LPSOLFLW�VXEVLG\�WR�GHYHORSHG�FRXQWULHV��7KH�UHOHYDQFH�RI�RSSRUWXQLW\�FRVWV
LV�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQV�

)URP�WKH�GLVFXVVLRQ�DERYH��LW�LV�FOHDU�WKDW�GLIILFXOWLHV�LQ�WKH�LPSOHPHQWDWLRQ�RI�HFRQRPLF
LQVWUXPHQWV�WR�FRQWURO�&2��HPLVVLRQV�DW�WKH�JOREDO�VFDOH�ZLOO�UHTXLUH�D�ORQJ�SURFHVV�RI
QHJRWLDWLRQ�� $Q� HIIHFWLYH� V\VWHP� ZLOO� SUREDEO\� FRPELQH� VRPH� RI� PDQ\� GLIIHUHQW
SURSRVDOV��PL[LQJ�FRPPDQG�DQG�FRQWURO�DQG�PDUNHW�RULHQWHG� WRROV��1DWLRQDO� VWUDWHJLHV
LQ� GHYHORSHG� DQG� GHYHORSLQJ� FRXQWULHV� PLJKW� FRQWHPSODWH� FDUERQ� HPLVVLRQ� WD[HV� LQ
RUGHU� WR� HQFRXUDJH� D� SHUPDQHQW� VWUHDP�RI� LQQRYDWLRQV� WKDW� VWULYH� IRU� WKH� UHGXFWLRQ� RI
PDUJLQDO�FRVWV�RI�DEDWHPHQW�IRU�DOO�FRQFHUQHG��2IIVHW�LQYHVWPHQWV�LQ�DEDWHPHQW�PLJKW�EH
FRQVLGHUHG�E\�GHYHORSHG�FRXQWULHV�WR�WDNH�DGYDQWDJH�RI�ORZHU�PDUJLQDO�DEDWHPHQW�FRVWV
LQ� GHYHORSLQJ� FRXQWULHV�� )LQDOO\�� WUDGDEOH� SHUPLWV� PLJKW� EH� XVHG� WR� FRQVROLGDWH� WKH
V\VWHP� RSHUDWLRQ� RQFH� LW� KDV� UHDFKHG� D� PDWXUH� VWDJH� ZKHQ� WKH� FRVWV� DQG� UHZDUGV� RI
UHGXFLQJ�&2��HPLVVLRQV�DUH�UHODWLYHO\�FOHDU�WR�PRVW�QDWLRQV�

7LPH� ZLOO� FHUWDLQO\� EH� QHHGHG� IRU� WKH� HODERUDWLRQ� RI� D� MRLQW� IUDPHZRUN� ZKHUHE\� WKH
KLVWRULFDO� UHVSRQVLELOLW\�RI�GHYHORSHG�FRXQWULHV�FDQ�EH�PDWFKHG�E\� WKHLU�ZLOOLQJQHVV� WR
SD\��DQG�WKH�FXUUHQW�SDWWHUQ�RI�GHIRUHVWDWLRQ�LQ�GHYHORSLQJ�FRXQWULHV�FDQ�EH�UHYHUVHG�E\
WKH�SRWHQWLDO�EHQHILWV�RI�FRQVHUYDWLRQ��1HYHUWKHOHVV��WKLV�GRHV�QRW�PHDQ�WKDW�LQLWLDO�VWHSV
FDQQRW�EH� WDNHQ��2QH�RI� WKHVH�VWHSV� LV� WKH�HVWDEOLVKPHQW�RI�FRPSHQVDWLRQ�VFKHPHV� IRU
GHYHORSLQJ� FRXQWULHV� WKDW� HIIHFWLYHO\� LQYHVW� LQ� IRUHVW� SUHVHUYDWLRQ�� WKXV� DYHUWLQJ� DQ
LQFUHDVH�LQ�&2��HPLVVLRQV��7KH�QH[W�VHFWLRQ�GHDOV�LQ�PRUH�GHWDLO�ZLWK�WKH�JUHDW�SRWHQWLDO
RI�DEDWHPHQW�VFKHPHV�EDVHG�RQ�QRUWK�VRXWK�WUDQVIHUV�

�� 7523,&$/�)25(676�$1'�&2��(0,66,216

7KH� IXWXUH� RI� WURSLFDO� IRUHVWV� ZLOO� EH� GHFLVLYH� LQ� WKH� H[SDQVLRQ� RU� UHGXFWLRQ� RI� WKH
FRQFHQWUDWLRQ� RI� &2�� LQ� WKH� DWPRVSKHUH�� )RUHVWV� DUH� QDWXUDO� VLQNV� RI� FDUERQ�� DQG� WKH
FXUUHQW�WUHQG�RI�IRUHVW�GHSOHWLRQ�DQG�GHJUDGDWLRQ�LQ�WKH�WURSLFV�LV�D�VXEVWDQWLDO�VRXUFH�RI
&2��DQG�RWKHU�*+*�HPLVVLRQV²LQ�WKHVH�DUHDV��GHIRUHVWDWLRQ�LV�XVXDOO\�DVVRFLDWHG�ZLWK
WKH� EXUQLQJ� RI� ELRPDVV�� ZKLFK� OLEHUDWHV� JDVHV� LQWR� WKH� DWPRVSKHUH�� 7KH� ,QWHUQDWLRQDO
3DQHO� RQ� &OLPDWH� &KDQJH� �,3&&� ������ HVWLPDWHV� WKDW� ORZ�ODWLWXGH� IRUHVWV� ZHUH
UHVSRQVLEOH�IRU�DQ�DQQXDO�LQFUHDVH�RI�DSSUR[LPDWHO\�����*W�RI�FDUERQ�WR�WKH�DWPRVSKHUH
E\�������&RQVLGHULQJ�WKDW�WKH�DQQXDO�UDWH�RI�GHIRUHVWDWLRQ�LV�DERXW������PLOOLRQ�KHFWDUHV�
WKLV�FRUUHVSRQGV�WR�RQH�KHFWDUH�RI�GHIRUHVWDWLRQ�LQ�D�ORZ�ODWLWXGH�FRXQWU\�SURGXFLQJ��RQ
DYHUDJH��D�QHW�IOX[�RI�DURXQG�RQH�KXQGUHG�WRQV�RI�FDUERQ�
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7KHUHIRUH�� VORZLQJ� GRZQ� WKH� FXUUHQW� UDWHV� RI� WURSLFDO� GHIRUHVWDWLRQ�ZRXOG� UHSUHVHQW� D
VLJQLILFDQW�FRQWULEXWLRQ�WR�FRQWUROOLQJ�FDUERQ�GLR[LGH�DQG�RWKHU�*+*�HPLVVLRQV��,Q�WKH
PHGLXP�WHUP�� LI� IRUHVW�PDQDJHPHQW� RSWLRQV� DUH� HFRQRPLFDOO\� IHDVLEOH�� WKH� UROH� RI� WKH
WURSLFV� LQ� WKH� EDODQFH� RI� *+*V� FDQ� EH� UHYHUVHG� WKURXJK� WKH� H[SDQVLRQ� RI� IRUHVWU\
DFWLYLWLHV�ZLWK�QHW� JDLQV� LQ� WKH� VWRUDJH�RI� FDUERQ�� ,Q� IRUHVWU\� H[SDQVLRQ�� WZR� HOHPHQWV
VKRXOG� EH� FRQVLGHUHG�� WKH� SRWHQWLDO� FDSDFLW\� IRU� FDUERQ� VWRUDJH� DQG� WKH� FRVWV� RI
PLWLJDWLQJ�RSWLRQV�

$FFRUGLQJ� WR� ,3&&� ������� HVWLPDWHV�� WKH� SRWHQWLDO� RI� ORZ�ODWLWXGH� IRUHVWV� WR� FRQVHUYH
DQG� VHTXHVWHU� FDUERQ� UDQJHV�EHWZHHQ���� WR����*WRQV��PRUH� WKDQ�KDOI�RI�ZKLFK�ZRXOG
UHVXOW� IURP� SURPRWLQJ� IRUHVW� UHJHQHUDWLRQ� DQG� VORZLQJ� GRZQ� GHIRUHVWDWLRQ�� 7KLV� LV
FRQVLGHUDEO\�ODUJHU�WKDQ�WKH�SRWHQWLDO�RI�WHPSHUDWH�DQG�ERUHDO�]RQHV��DERXW����*WRQV�DQG
���� *WRQV�� UHVSHFWLYHO\�� 7URSLFDO� $PHULFD� KDV� WKH� ODUJHVW� SRWHQWLDO� IRU� FDUERQ
FRQVHUYDWLRQ�DQG�VHTXHVWUDWLRQ�����SHU�FHQW�RI�WURSLFDO�WRWDO���IROORZHG�E\�WURSLFDO�$VLD
����SHU�FHQW��DQG�WURSLFDO�$IULFD�����SHU�FHQW��

TABLE 9.1
COSTS OF FOREST PROTECTION OR REDUCTION DEFORESTATION

Country Cost ($/t C) Source and notes

Brazil 2.3 (a - 4 (b (a Darmstadter and Plantinga (1991)
(b Cline (1993)

Côte d'Ivore 8 Darmstadter and Plantinga (1991)

Indonesia 15 Darmstadter and Plantinga (1991)

Thailand 0.4 - 0.8 Based on Wangwacharakul and Bowonwiwat (1995),
which includes government budget for protection and
opportunity cost of land for agriculture production

Mexico 1 - 6 Based on data in Masera et al. (1995); lower bound on
cost of protection of tropical evergreen forest of Tabasco

India 0.5 Based on $5/ha cost for a tiger sanctuary and 50t C/ha of
biomass density

Central America 1 - 3 Swisher (1991) estimate, based on cost of protected
areas reported in the Tropical Forest Action Plan (TFAP)
proposals for Cost Rica, Honduras, and Panama

Russia 1 - 3 Krankina and Dixon (1994)

Source: IPCC (1996)

7KH� SRWHQWLDO� JDLQV� LQ� FDUERQ� VWRUDJH� DUH� FRQVLGHUDEOH�� 7KH� ,3&&� ������� EDVHOLQH
VFHQDULR� �XQGHU� FXUUHQW� FOLPDWH� FRQGLWLRQV� DQG� DVVXPLQJ� QR� FKDQJH� LQ� WKH� HVWLPDWHG
DYDLODEOH� ODQGV� RYHU� WKH� SHULRG� RI� LQWHUHVW�� HVWLPDWHV� WKDW� WKH� FXPXODWLYH� DPRXQW� RI
FDUERQ�WKDW�FRXOG�SRWHQWLDOO\�EH�FRQVHUYHG�DQG�VHTXHVWHUHG�RYHU� WKH�SHULRG����������
E\� VORZLQJ� GHIRUHVWDWLRQ� ����� PLOOLRQ� KHFWDUHV�� DQG� SURPRWLQJ� QDWXUDO� IRUHVW
UHJHQHUDWLRQ������PLOOLRQ�KHFWDUHV��LQ�WKH�WURSLFV��FRPELQHG�ZLWK�WKH�LPSOHPHQWDWLRQ�RI
D�JOREDO� IRUHVWDWLRQ�SURJUDPPH������PLOOLRQ�KHFWDUHV�RI�SODQWDWLRQV�DQG�DJURIRUHVWU\��
ZRXOG�EH�HTXLYDOHQW�WR�������SHU�FHQW�RI�WKH�FXPXODWLYH�IRVVLO�IXHO�HPLVVLRQV�RI�FDUERQ
RYHU�WKH�VDPH�SHULRG��SURMHFWHG�DFFRUGLQJ�WR�WKH�,3&&��������VFHQDULR�
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7KH�RWKHU�UHOHYDQW�GLPHQVLRQ�UHIHUV�WR�WKH��UHSRUWHGO\��ORZ�FRVWV�RI�FDUERQ�FRQVHUYDWLRQ
DQG� VHTXHVWUDWLRQ� SURMHFWV� LQ� WKH� WURSLFV�� 7KHVH� FRVWV� XVXDOO\� FRQVLGHU� RQO\� WKH� GLUHFW
FRVWV�RI�IRUHVW�SURMHFWV��SURWHFWLRQ��PDQDJHPHQW��HWF���EXW�QRW�WKH�RSSRUWXQLW\�FRVW�RI�WKH
ODQG��7KHUHIRUH�� WKHUH� LV�D�ELDV� WR�SUHVHQW�PLWLJDWLQJ�VWUDWHJLHV� LQ�GHYHORSLQJ�FRXQWULHV
FRQVLGHUDEO\�FKHDSHU�WKDQ�LQ�GHYHORSHG�FRXQWULHV��7KH�FRQVHTXHQFHV�RI�WKLV�SUREOHP�DUH
GLVFXVVHG�ODWHU�

7KH�,3&&�UHYLHZ�RQ�WKH�FRVWV�RI�IRUHVW�SURWHFWLRQ�DQG�GHIRUHVWDWLRQ�UHGXFWLRQ�IROORZHG
WKH� SDWWHUQ� RI� FRQVLGHULQJ� RQO\� GLUHFW� FRVWV� RI� FDUERQ� VHTXHVWUDWLRQ²WKH� RSSRUWXQLW\
FRVW�RI� ODQG�ZDV�RPLWWHG��7DEOH�������7KH�UHVXOWV�UDQJHG�IURP�DERXW�86����WRQ�FDUERQ
IRU� DIIRUHVWDWLRQ� DQG� UHGXFWLRQ� RI� GHIRUHVWDWLRQ� LQ� WKH� WURSLFV�� LQFUHDVLQJ� WR� DERXW
86�����WRQ� FDUERQ� IRU� DIIRUHVWDWLRQ� LQ� QRQ�86� 2(&'� FRXQWULHV�� 7KH� FRVWV� IRU
HVWDEOLVKLQJ� D� IRUHVW� SODQWDWLRQ� �RSSRUWXQLW\� FRVW� RI� ODQG� H[FOXGHG��ZHUH� HVWLPDWHG� WR
UDQJH�EHWZHHQ�86������DQG�86��������SHU�KHFWDUH��ZLWK�DQ�DYHUDJH�FRVW�RI�86������
SHU�KHFWDUH�

7KH� ����� ,3&&� UHSRUW� VXUYH\V�PRUH� UHFHQW� VWXGLHV� HVWLPDWLQJ� WKH� FRVWV� RI� SUHVHUYLQJ
DQG�H[SDQGLQJ�FDUERQ�VLQNV�� LQFOXGLQJ�WKH�EHQHILWV� WKDW� IRUHVWU\�RSWLRQV�ZRXOG�SUHVHQW
IRU�GZHOOHUV��2SSRUWXQLW\�FRVWV�RI�ODQG��KRZHYHU��UHPDLQHG�RPLWWHG��7KH�FRQVHTXHQFH�LV
WKDW� PRVW� RI� WKH� LQLWLDO� FRVWV� RI� H[SDQGLQJ� FDUERQ� VLQNV� DUH� VPDOOHU� WKDQ� WKH� RQHV
SUHVHQWHG�LQ�WKH�SUHYLRXV�UHSRUW��7DEOH������

TABLE 9.2
INITIAL COST OF EXPANDING CARBON SINKS

BY DIFFERENT REGIONS AND PRACTICES

Region/country Practice Cost (a (US$/t C) Source

Boreal Natural regeneration (b 5 (4-11) Dixon et al. (1994)

Reforestation 8 (3-27)

Temperate Natural regeneration (b 1 Dixon et al. (1994)

Afforestation 2 (1-5)

Reforestation 6 (3-29)

Tropical Natural regeneration (b 1 (1-2) Dixon et al. (1994)

Agroforestry 5 (b-11)

Reforestation 7 (3-29)

Central America Regeneration 4 Swisher (1991)

Agroforestry 4

Plantations 13

Argentina Reforestation 31 Winjum et al. (1993)

Afforestation 18

Australia Reforestation 5 Winjum et al. (1993)

Brazil Reforestation 10 Winjum et al. (1993)

FLORAN 3-8 (c Andrasko et al. (1991)

Canada Reforestation 11 Winjum et al. (1993)

Regeneration 6
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Table 9.2 (con’t)

Region/country Practice Cost (a (US$/t C) Source

China Reforestation 10 Winjum et al. (1993)

Forest management 3-4 Xu (1995)

Eucalyptus plantations 8

Agroforestry 6-21

Germany Reforestation 29 Winjum et al. (1993)

India Reforestation 15 Winjum et al. (1993)

Regeneration 2 Ravindranath et al. (1995)

Teak plantation 3

Agroforestry 9

Malaysia Reforestation 5 Winjum et al. (1993)

Mexico Reforestation 4 Winjum et al. (1993)

Plantations 5-11 Masera et al. (1995)

Forest management 03-3

South Africa Reforestation 9 Winjum et al. (1993)

Thailand Teak plantations 13-26 Wangwacharakul and
Bowonwiwat (1995)

Eucalyptus plantations 5-8

Agroforestry 8-12

USA Reforestation 5 Winjum et al. (1993)

Afforestation 2

Various options 5-43 (d Moulton and Richards (1990)

Various options 19-95 (e Adams et al. (1993)

Former Soviet
Union

Reforestation 6 Winjum et al. (1993)

Regeneration 5

Russia Plantation 1-8 Krankina and Dixon (1994)

Source: IPCC (1996)

Notes: (a Forest components for sequestering carbon vary by source: Dixon et al. (1994), Krankina
and Dixon (1994), and Winjum et al. (1993) include only carbon in vegetation; Xu (1995),
Ravindranath and Somashekhar (1995), Wangwacharakul and Bowonwiwat (1995), and
Masera et al. (1995) include vegetation and soil carbon; Swisher (1991), Moulton and
Richards (1990), and Adams et al. (1993) account for C in vegetation, soil, and litter.

(b Values in parentheses are interquartile ranges.
(c Figures vary depending on land rental costs per ha from US$ 400 to US$ 1,000;

Floram=Florestales Amazonia.
(d Marginal costs include planting and land rental costs.
(e Includes land rental costs.

7KH�,3&&�UHSRUWV�DQG�RWKHU�VWXGLHV�VXJJHVW� WKDW� ODQG�SULFHV�VKRXOG�EH�XVHG�DV�SUR[LHV
IRU� WKH�RSSRUWXQLW\�FRVW�RI� ODQG�� ,Q�PDQ\�DUHDV�DFURVV�GHYHORSLQJ�FRXQWULHV�� WKLV�SULFH
ZRXOG� EH� FORVH� WR� ]HUR�� DV� LQ� WKH� FDVH� RI� GHJUDGHG� ODQG� VXLWDEOH� IRU� UHIRUHVWDWLRQ�
8QIRUWXQDWHO\�� KRZHYHU�� ODQG� SURGXFWLYLW\� LV� QRW� WKH� RQO\� IDFWRU� DIIHFWLQJ� ODQG� SULFHV�
8QFHUWDLQW\�FRQFHUQLQJ�SURSHUW\� ULJKWV�� DEXQGDQW� VXSSO\�RI� 
TXDVL�RSHQ
� DFFHVV� ODQG� LQ
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WKH�IURQWLHU�EHWZHHQ�WKH�IRUHVW�DQG�DJULFXOWXUDO�DUHDV��ODFN�RI�FDSLWDO�WR�LQYHVW�LQ�SURSHU
PDQDJHPHQW�� QRQ�H[LVWHQW� FUHGLW� VFKHPHV� IRU� VPDOO� IDUPHUV� DQG� PDQ\� RWKHU� IDFWRUV
QHJDWLYHO\� DIIHFW� ODQG� SULFHV� �IRU� DQ� RYHUDOO� DQDO\VLV� RI� WKH� FDXVHV� RI� GHIRUHVWDWLRQ� LQ
GHYHORSLQJ�FRXQWULHV��VHH�3DOR�DQG�0HU\��������7KH�FRQVHTXHQFH�LV�WKDW�ODQG�SULFHV�GR
QRW�DFFXUDWHO\�UHSUHVHQW�WKH�RSSRUWXQLW\�FRVW�RI�ODQG��LI�D�V\VWHP�RI�LQWHUQDWLRQDO�WUDQVIHU
SD\PHQWV�IRU�DUUHVWLQJ�DJULFXOWXUDO�GHYHORSPHQW�LQ�WURSLFDO�IRUHVWV� LV�EDVHG�RQ�H[LVWLQJ
ODQG�SULFHV��WKHUH�ZRXOG�EH�DQ�LPSOLFLW�VXEVLG\�IURP�GHYHORSLQJ�FRXQWULHV�WR�GHYHORSHG
FRXQWULHV�EHFDXVH�ODQG�SULFHV�XQGHUHVWLPDWH�WKH�RSSRUWXQLW\�FRVW�RI�ODQG��7KH�GLVFXVVLRQ
RI�WKLV�SUREOHP�LQ�WKH�FRQWH[W�RI�WKH�$PD]RQ�LV�DQDO\VHG�LQ�WKH�QH[W�VHFWLRQ�

�� 7+(�23325781,7<�&267�2)�)25(67�&216(59$7,21�
(9,'(1&(6�)520�7+(�$0$=21

$FFRUGLQJ� WR� WKH� WKHRU\�RI�HFRQRPLFV�� LI� WKHUH�DUH�QR�PDUNHW�GLVWRUWLRQV��DFWXDO�SULFHV
DUH�WKH�SURSHU�PHDVXUH�RI�WKH�RSSRUWXQLW\�FRVW�RI�DQ�DVVHW��%DVHG�RQ�WKLV�SULQFLSOH��PDQ\
VWXGLHV�FRQVLGHU�ODQG�SULFHV�DV�D�SUR[\�IRU�WKH�RSSRUWXQLW\�FRVW�RI�ODQG��DV�LQ�WKH�FDVH�RI
WKH�,3&&�UHSRUW��GLVFXVVHG�DERYH��

,Q�D�VLPLODU�ZD\��D�:RUOG�%DQN�GLVVHPLQDWLRQ�SDSHU��6FKQHLGHU�������DUJXHV�WKDW�WKHUH
FRXOG�EH�FRQVLGHUDEOH�JDLQV�IURP�WKH� WUDGH� LQ�FDUERQ�HPLVVLRQV�EHWZHHQ� LQGXVWULDOL]HG
FRXQWULHV�DQG�ODQGRZQHUV�DQG�JRYHUQPHQWV�LQ�WKH�$PD]RQ��7KH�PHWKRGRORJ\�ZDV�EDVHG
RQ� D� FRPSDULVRQ� RI� WKH� JOREDO� EHQHILW� SHU� KHFWDUH� RI� IRUHVW� DV� D� VWRUH� RI� FDUERQ
�FRPELQLQJ�WKH�DPRXQW�RI�FDUERQ�VHTXHVWHUHG�LQ�D�KHFWDUH�RI�IRUHVW�DQG�WKH�SHU�WRQ�YDOXH
WR�VRFLHW\�RI�UHGXFLQJ�FDUERQ�HPLVVLRQ��DQG�LWV�YDOXH�DV�DJULFXOWXUDO�ODQG��DVVXPLQJ�WKDW�

7KH�YDOXH�RI�IRUHVW�ODQG�LQ�DJULFXOWXUDO�XVH�LV�EHVW�HVWLPDWHG�E\�WKH�VHOOLQJ
SULFH�RI�IRUHVW�ODQG
��6FKQHLGHU���������

7KLV� DSSURDFK� DVVXPHV� LPSOLFLWO\� WKDW� DQ\� SRVLWLYH� GLIIHUHQFH� EHWZHHQ� WKH� EHQHILWV� RI
FDUERQ� VHTXHVWHULQJ� �ZKLFK� DOORZV� H[WUD� HFRQRPLF� DFWLYLW\� LQ� WKH� QRUWK�� DQG� WKH
FRPSHQVDWLRQ� SD\PHQWV� EDVHG� RQ� DFWXDO� IRUHVW� SULFHV� LQ� WKH� VRXWK� ZRXOG� DFFUXH� DV
FRQVXPHU�VXUSOXV�WR�WKH�SD\HUV��GHYHORSHG�FRXQWULHV���,QGHHG��LW�LV�WKH�GLVSDULW\�EHWZHHQ
WKHVH� YDOXHV� WKDW� 6FKQHLGHU� ������� FRQVLGHUV� DQ� HQFRXUDJHPHQW� WR� WKH� SURSRVDO� RI
FRPSHQVDWLRQ�VFKHPHV��,Q�KLV�HVWLPDWHV�� WKH�YDOXH�RI�RQH�KHFWDUH�RI�$PD]RQLDQ�IRUHVW
ODQG�UDQJH�IURP�86������WR�86���������EDVHG�RQ�WKH�YDOXH�WKDW�LQGXVWULDOL]HG�VRFLHWLHV
KDYH�DFWXDOO\�GHPRQVWUDWHG�DV� WKHLU�ZLOOLQJQHVV� WR�SD\� IRU�FDUERQ� VHTXHVWUDWLRQ��ZKLOH
DFWXDO�ODQG�SULFHV�YDU\�IURP�86������KD�WR�86������KD�

+RZHYHU�� WKHUH� DUH� FRQVLGHUDEOH� GLVWRUWLRQV� LQ� ODQG� PDUNHWV� LQ� WKH� $PD]RQ�� $PRQJ
RWKHU�IDFWRUV��WKH�DEXQGDQFH�RI�TXDVL�RSHQ�DFFHVV�ODQG�LQ�WKH�IURQWLHU��FRXSOHG�ZLWK�WKH
LQVHFXULW\�RYHU�SURSHUW\�ULJKWV�RI�ODQG�DOUHDG\�RFFXSLHG��SURGXFHV�D�QHJDWLYH�ELDV�WR�ODQG
SULFHV� DV� DQ� LQGLFDWRU� RI� WKH� RSSRUWXQLW\� FRVW� RI� ODQG�� +HQFH�� SD\PHQWV� WR� DUUHVW� WKH
H[LVWLQJ�SDWWHUQV�RI�HFRQRPLF�GHYHORSPHQW�LQ�WKH�$PD]RQ�EDVHG�RQ�FXUUHQW�ODQG�SULFHV
UHSUHVHQW�DQ�LPSOLFLW�VXEVLG\�WR�WKH�GHYHORSHG�ZRUOG��VLQFH�GHYHORSLQJ�FRXQWULHV�ZRXOG
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QRW� JHW� GHFHQW� 
YDOXH� IRU� WKHLU�PRQH\
�� ,Q� RWKHU�ZRUGV��$PD]RQLDQ� FRXQWULHV� FRXOG� EH
VHOOLQJ� WKH� VHUYLFHV� RI� &2�� VHTXHVWUDWLRQ� DW� D� SULFH� VPDOOHU� WKDQ� WKH� IORZ� RI� IXWXUH
EHQHILWV�WKH\�FRXOG�H[SHFW�IURP�WKH�ODQG��KDG�WKH�IRUHVW�QRW�EHHQ�SUHVHUYHG��7KLV�ZRXOG
QRW�UHVSHFW�WKH�HTXLW\�SULQFLSOH��VLQFH�PRVW�RI�WKH�GHYHORSHG�ZRUOG�LV�DOUHDG\�UHFHLYLQJ
HFRQRPLF�EHQHILWV�IURP�KLJKHU�SDWWHUQV�RI�&2��HPLVVLRQV�

,Q� RUGHU� WR� LOOXVWUDWH� WKH� SUREOHP� RI� XQGHUYDOXDWLRQ�� D� IHZ� YDOXDWLRQ� VWXGLHV� LQ� WKH
$PD]RQ�DUH�UHYLHZHG�LQ�WKLV�VHFWLRQ��7KH�VHOHFWHG�VWXGLHV�HVWLPDWH�WKH�HFRQRPLF�UHWXUQV
RI�DOWHUQDWLYH� ODQG�XVH�RSWLRQV� WKDW� FDQ�EH� FRQVLGHUHG� DV�EHWWHU�SUR[LHV�RI�RSSRUWXQLW\
FRVWV�RI�ODQG�WKDQ�ODQG�SULFHV��7KHVH�LQFOXGH�3HWHUV�HW�DO���������ZKRVH�VWXG\�FRQFHUQV
WKH� YDOXDWLRQ� RI� RQH� KHFWDUH� RI� IRUHVW� UHVHUYH� LQ�0LVKDQD�� 3HUXYLDQ�$PD]RQ�� 3LQHGR�
9DVTXH]�HW�DO���������ZKR�DQDO\VH�WKH�ORFDO�SRSXODWLRQ
V�ODQG�XVH�RSWLRQV�LQ�RQH�KHFWDUH
RI� IRUHVW� UHVHUYH� LQ�6DQ�5DIDHO�� 3HUXYLDQ�$PD]RQ��7RQLROR� DQG�8KO� �������ZKR� GHDO
ZLWK� FRPPHUFLDO� DJULFXOWXUH� RSWLRQV� LQ�8UDLP�� D� VWDWH� RI� 3DUi� �VRXWKHDVWHUQ�%UD]LOLDQ
$PD]RQ��DQG�8KO��HW�DO���������RQ�ODQG�XVH�RSWLRQV�LQ�7DLOkQGLD��D�VWDWH�RI�3DUi�

TABLE 9.3
NET PRESENT VALUE ESTIMATES OF ONE HECTARE OF LAND

(discount rate: 5 per cent)

Peru (Mishana) selective logging plus extractivism 6820,00

Eastern Amazon (a commercial agriculture plus dairy herd 3974,07

Peru (San Rafael) one-time timber removal plus swidden agriculture 2997,88

Eastern Amazon (b one-time timber removal plus dairy production (intensive) 1385,19

Peru (San Rafael) one-time timber removal plus extractivism 741,90

Eastern Amazon (b one-time timber removal plus dairy production (extensive) 624,92

Eastern Amazon (c one-time timber removal plus beef production (extensive) 282,20

Eastern Amazon (Pará) average forested land price (1989) (d 252,30

Eastern Amazon (e selective logging 214,07

Notes: (a Based on the average composition of a farm in Uraim (Toniolo and Uhl 1992).
(b Combining data for one-time timber removal in the Paragominas region (Veríssimo et al.

1992) and dairy herd productivity in Uraim (Toniolo and Uhl 1992).
(c Combining data for one-time timber removal in the Paragominas region (Veríssimo et al.

1992) and extensive ranching in Paragominas (Mattos and Uhl 1994).
(d Based on land prices data collected by Fundação Getúlio Vargas.
(e Based on data from Tailândia (Uhl et al. 1991).

9DOXDWLRQ�VWXGLHV�DUH�FDUULHG�RXW�DFFRUGLQJ�WR�GLIIHUHQW�DVVXPSWLRQV�DQG�PHWKRGRORJLHV�
0RUHRYHU�� HDFK� VLWH� SUHVHQWV� PDQ\� HFRORJLFDO� DQG� VRFLRHFRQRPLF� VSHFLILFLWLHV� �IRU
H[DPSOH�� VRLO� TXDOLW\�� WRSRJUDSK\�� ELRGLYHUVLW\�� HFRQRPLF� LQIUDVWUXFWXUH�� ORFDWLRQ�
PLJUDWLRQ�IORZV��HWF����PDNLQJ�WKH�FRPSDULVRQ�RI�UHVXOWV�QRW�DQ�HDV\�WDVN��7KH�FKRLFH�IRU
WKHVH�VWXGLHV�ZDV�EDVHG�RQ� WKH�SRVVLELOLW\�RI�FRPSDULQJ�UHODWLYHO\�FORVHO\�ORFDWHG�VLWHV
�0LVKDQD� DQG� 6DQ�5DIDHO��8UDLP� DQG� 7DLOkQGLD�� DQG� GDWD� DYDLODELOLW\� WKDW� DOORZV� WKH
DGRSWLRQ�RI�D�VWDQGDUG�PHWKRGRORJLFDO�DSSURDFK�

7KH� H[HUFLVH� ZDV� EDVHG� RQ� WKH� HVWLPDWH� RI� QHW� SUHVHQW� YDOXHV� RI� DOWHUQDWLYH� ODQG�XVH
RSWLRQV�LQ�RQH�KHFWDUH�RI�IRUHVWHG�ODQG��DVVXPLQJ�D���SHU�FHQW�GLVFRXQW�UDWH��3ULFHV�DUH
H[SUHVVHG� LQ� ����� 86� GROODUV�� 7DEOH� ���� DERYH� SUHVHQWV� WKH� UHVXOWV� IRU� WKH� VHOHFWHG
VWXGLHV�



���

,W�LV�FOHDU�WKDW�WKH�UHWXUQV�IURP�VXVWDLQDEOH�H[WUDFWLRQ�RI�WLPEHU�DQG�QRQ�WLPEHU�SURGXFWV
REWDLQHG�E\�3HWHUV�HW�DO���������LQ�0LVKDQD��3HUXYLDQ�$PD]RQ��DUH�H[FHSWLRQDOO\�KLJK�
7KLV� VWXG\� LV� WKH�PRVW� UHIHUUHG� WR� YDOXDWLRQ� H[HUFLVH� IRU� WKH�$PD]RQ� IRUHVW�� SUREDEO\
EHFDXVH� WKH� KLJK� UHWXUQV� IURP� IRUHVWU\� DQG� H[WUDFWLYLVW� DFWLYLWLHV� DSSHDU� WR� MXVWLI\� WKH
ZLGHVSUHDG�RSWLPLVP�DPRQJ�HQYLURQPHQWDOLVWV�WKDW�JUHDWHU�SURILW�FDQ�EH�DFKLHYHG�ZLWK
VXVWDLQDEOH� DFWLYLWLHV� ZKLFK� UHWDLQ� WKH� IRUHVWV� WKDQ� ZLWK� WKH� FRQYHQWLRQDO� DJULFXOWXUDO
SUDFWLFHV��7KH�KLJK�UHWXUQV�DUH�H[SODLQHG�E\�WKH�XQXVXDO�FRPSRVLWLRQ�RI�WUHH�VSHFLHV��WKH
0LVKDQD� IRUHVW� UHVHUYH� SUHVHQWV� D� FRQFHQWUDWLRQ� RI� KLJK� YDOXH� VSHFLHV� WKDW� LV� QRW
UHSUHVHQWDWLYH�RI�RWKHU�DUHDV�LQ�WKH�$PD]RQ��,QGHHG��WKH�GDWD�ZRXOG�VXJJHVW�D�SURFHVV�RI
IRUHVW�
HQULFKPHQW
��ZLWK�YHU\�KLJK�LQFLGHQFH�RI�FRPPHUFLDO�IUXLWV�DQG�KLJK�YDOXH�WLPEHU
VSHFLHV��)RU�H[DPSOH�� LQ�RQO\�RQH�KHFWDUH�� WKHUH�DUH���� WUHHV�RI� WKH� ,U\DQWKHUD��9LUROD
IDPLO\�� D� KLJK� FRPPHUFLDO� YDOXH� WLPEHU�� DQG� ��� WUHHV� RI� WKH� -HVHQLD� EDWDYD� �PDUW��
%XUUHW�VSHFLHV��D�IUXLW�WUHH�ZLWK�KLJK�SURGXFWLYLW\��$QRWKHU�XQXVXDO�FKDUDFWHULVWLF�RI�WKH
VLWH� LV� LWV� SUR[LPLW\� WR� ,TXLWRV�� D� PDMRU� XUEDQ� FHQWUH�� WKXV� FRQVLGHUDEO\� UHGXFLQJ
WUDQVSRUWDWLRQ�FRVWV�

7KH�QHW�SUHVHQW�YDOXH�H[SHFWHG��139��IURP�IUXLW�H[WUDFWLRQ�ZDV�HVWLPDWHG�DW�86��������
DQG�86�� ���� IRU� WKH�139� IURP� VHOHFWLYH� ORJJLQJ�� IRU� D� WRWDO�139�RI�86�� ������ IRU
HFRQRPLF�DFWLYLWLHV�QRW� UHTXLULQJ�IRUHVW�GHSOHWLRQ��$FFRUGLQJ� WR� WKLV� UHVXOW�� VLQFH� ORFDO
QHW� EHQHILWV� IURP� WKH� FRQVHUYDWLRQ� RI� WKH� IRUHVW� DUH� KLJKHU� WKDQ� IURP� DQ\� DFWLYLW\
DVVRFLDWHG� ZLWK� GHIRUHVWDWLRQ�� WKHUH� LV� MXVWLILFDWLRQ� IRU� WUDQVIHU� SD\PHQWV� EDVHG� RQ
FDUERQ�FRQVHUYDWLRQ�DQG�VHTXHVWHULQJ��,Q�RWKHU�ZRUGV��WKH�FXUUHQW�GHIRUHVWDWLRQ�SURFHVV
FDQQRW�EH�H[SODLQHG�E\�UDWLRQDO�HFRQRPLF�EHKDYLRXU��DV�QHW�UHWXUQV�IURP�SUHVHUYLQJ�WKH
IRUHVW�DUH�KLJKHU�WKDQ�WKRVH�REWDLQHG�E\�LWV�GHSOHWLRQ�

3LQHGR�9DVTXH]�HW�DO���������XVHG�WKH�VDPH�DSSURDFK²LQYHQWRU\�RI�WUHH�VSHFLHV�LQ�RQH
KHFWDUH�RI�IRUHVW��EXW�LQ�D�VLWH�UHVHPEOLQJ�PRUH�FORVHO\�WKH�DYHUDJH�VLWXDWLRQ�RI�$PD]RQ
IRUHVWV�� 6DQ� 5DIDHO� LV� QRW� ORFDWHG� DV� DGYDQWDJHRXV� WR� DQ� XUEDQ� FHQWUH� �,TXLWRV�� DV
0LVKDQD�� DQG� WKHUH� LV� QR� VSHFWDFXODU� FRQFHQWUDWLRQ� RI� VSHFLHV� ZLWK� KLJK� FRPPHUFLDO
YDOXH�� 7KH� UHVXOWV� LQGLFDWHG� D� FRQIOLFWLQJ� FRQFOXVLRQ�� FXUUHQW� DJULFXOWXUDO� SUDFWLFHV
�139 86�� ���������� FRXSOHG� ZLWK� RQH�WLPH� KDUYHVWLQJ� RI� DOO� PHUFKDQWDEOH� WLPEHU
�139 86����������DUH�FRQVLGHUDEO\�PRUH�DWWUDFWLYH�WR�ORFDO�GZHOOHUV�WKDQ�FROOHFWLRQ�RI
IUXLWV� DQG� ODWH[HV� �139 86�� �������� RU� VHOHFWLYH� WLPEHU� �139 86�� ��������� 7ZR
LPSRUWDQW� ILQGLQJV�ZHUH� WKH�REVHUYDWLRQV� WKDW�RQO\�KDOI�RI� WKH�GR]HQ�FRPPHUFLDO� IUXLW
DQG�ODWH[�VSHFLHV�LQYHQWRULHG�LQ�0LVKDQD�ZHUH�DYDLODEOH�LQ�6DQ�5DIDHO��DQG�WKHUH�ZDV�QR
KDUYHVWLQJ� RI� IUXLW� RU� ODWH[� IURP� WKH� UHVHUYH� IRU� WKH� ,TXLWRV� PDUNHW�� HYHQ� WKRXJK
DGGLWLRQDO� VSHFLHV� ZLWK� SRWHQWLDO� PDUNHWV� VLPLODU� WR� WKRVH� LGHQWLILHG� LQ� WKH� 0LVKDQD
UHVHUYH�ZHUH�SUHVHQW��7KHVH�UHVXOWV�ZRXOG�MXVWLI\�WKH�EHKDYLRXU�RI� ORFDO�SRSXODWLRQV�LQ
HFRQRPLF�WHUPV��JLYHQ�WKHLU�FDSLWDO�HQGRZPHQW�DQG�WLPH�KRUL]RQ�

([DPLQLQJ� WKH� DFWXDO� ODQG�XVH� FKRLFHV� PDGH� E\� WKH� 6DQ� 5DIDHO
SRSXODWLRQ� HPSKDVL]HV� WKH� ORJLF� RI� WKHLU� GHFLVLRQ� PDNLQJ� ZLWKLQ� WKH
FXUUHQW� FRQWH[W� LQ� ZKLFK� UXUDO� SRSXODWLRQ� SULRULWL]H� WKHLU� HFRQRPLF
DFWLYLWLHV�� :LWKLQ� WKDW� FRQWH[W�� ULEHUHxRV� FDQ� EH� H[SHFWHG� WR� FRQWLQXH
FRQYHUWLQJ� IRUHVWHG� ODQG� WR� VZLGGHQ� DJULFXOWXUH� XQOHVV� DOWHUQDWLYH� ODQG
XVHV�EHFRPH�PRUH�DWWUDFWLYH�HFRQRPLFDOO\��3LQHGR�9DVTXH]�HW�DO�������
�����
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$� EHWWHU� FRPSDULVRQ� RI� DOWHUQDWLYH� ODQG�XVH� RSWLRQV� LV� SURYLGHG� E\� D� QXPEHU� RI
YDOXDWLRQ�H[HUFLVHV�LQ�WKH�3DUDJRPLQDV�UHJLRQ��VWDWH�RI�3DUi��%UD]LOLDQ�(DVWHUQ�$PD]RQ��
7KH�VWXGLHV� FRYHUHG�GLIIHUHQW�SURGXFWLRQ� FRQGLWLRQV�� IURP�FDSLWDO�LQWHQVLYH� DJULFXOWXUH
DQG�GDLU\�SURGXFWLRQ�DFWLYLWLHV�WR�H[WHQVLYH�UDQFKLQJ�DQG�WLPEHU�H[WUDFWLRQ��UHSURGXFLQJ
WKH�HFRQRPLF�UDWLRQDOLW\�RI�GLVWLQFW�ODQG�XVH�GHFLVLRQV�

7KH�KLJKHVW�SURGXFWLYLW\�ZDV�REWDLQHG� LQ�8UDLP��7KH�VLWH� LV� ORFDWHG� LQ�D� UHJLRQ�ZKHUH
WKH�ILUVW�VHWWOHUV�HVWDEOLVKHG�WKHPVHOYHV�DV�VPDOO��DQG�PHGLXP�VL]HG�IDUPHUV�LQ�WKH�HDUO\
����V�� DQG� LV� FORVH� WR� WKH� WRZQ� RI� 3DUDJRPLQDV� DQG� WKH� %HOpP�%UDVtOLD� URDG�� 7KHVH
VSHFLDO� IHDWXUHV� UHVXOWHG� LQ� D� SURFHVV� RI� DJULFXOWXUDO� LQWHQVLILFDWLRQ� DQG� GLYHUVLILFDWLRQ
WKDW�LV�QRW�W\SLFDO�LQ�RWKHU�$PD]RQ�DUHDV��7RQLROR�DQG�8KO��������7KHUHIRUH��WKH�UHWXUQV
IURP�DJULFXOWXUH�DUH�FRQVLGHUDEO\�KLJKHU�WKDQ�WKH�$PD]RQLDQ�DYHUDJH��7KH�GLVWULEXWLRQ
RI�SURGXFWLYH�ODQG�LQ�8UDLP�LV�DV�IROORZV��������SHU�FHQW�IRU�FDWWOH��GDLU\�KHUG��������
SHU�FHQW�IRU�VKLIWLQJ�FXOWLYDWLRQ�������SHU�FHQW�IRU�YHJHWDEOH�FURSSLQJ��DQG�������SHU�FHQW
IRU� SHUHQQLDO� FURSV�� 7KH� UHOHYDQFH� RI� SHUHQQLDOV� �EODFN� SHSSHUV� DQG� RUDQJHV��� ZKLFK
UHTXLUH� D� WLPH� ODJ� EHWZHHQ� LQYHVWPHQW� DQG� KDUYHVW�� OHDGV� WR� WKH� LPSRUWDQFH� RI� WKH
GLVFRXQW�UDWH�RSWLRQ�IRU�XOWLPDWH�UHVXOWV��%RWK�SHUHQQLDO�FURSV�UHTXLUH�KLJK�LQYHVWPHQWV
DW� WKH� EHJLQQLQJ��PRUHRYHU�� WKH� ILUVW� KDUYHVW� LV� DYDLODEOH� RQO\� DIWHU� WZR� RU� WKUHH� \HDU�
+LJKHU�GLVFRXQW�UDWHV�PHDQ�WKDW�WKH�QHW�SUHVHQW�YDOXH�RI�IXWXUH�EHQHILWV� LV�UHGXFHG��RU�
V\PPHWULFDOO\��KLJKHU�FDSLWDO�FRVWV�SHU�XQLW�RI�RXWSXW���WKXV�UHGXFLQJ�WKH�SURILWDELOLW\�RI
FXOWLYDWLRQ�

7KLV�SRLQW�LOOXVWUDWHV�WKH�UHOHYDQFH�RI�FDSLWDO�DYDLODELOLW\�LQ�YDOXDWLRQ�H[HUFLVHV��8VXDOO\�
DOO� PHDVXUHV� DUH� FDOFXODWHG� DV� SHU� XQLW� RI� DUHD� �KHFWDUH��� 1HYHUWKHOHVV�� WKLV� HTXDOV� WR
FRQVLGHULQJ� WKDW� ODQG� LV� D� VFDUFH� UHVRXUFH²LQGHHG�� LQ� RUGHU� WR� SURSHUO\� DVVHVV
GLIIHUHQFHV�DPRQJ�ODQG�XVH�RSWLRQV�ZKLFK�DUH�PRUH�RU�OHVV�LQWHQVLYH�LQ�HDFK�SURGXFWLRQ
IDFWRU��SURSHU�YDOXDWLRQ�H[HUFLVHV�VKRXOG�DOVR�FRQVLGHU�PHDVXUHV�SHU�XQLW�RI�ODERXU�DQG
SHU�XQLW�RI�FDSLWDO�LQYHVWHG��7KH�KLJK�UHWXUQV�REWDLQHG�IRU�8UDLP�DUH�WKH�FRQVHTXHQFH�RI
SUHYLRXV� LQYHVWPHQWV� WKDW� QHFHVVLWDWHG� VRPH� VRUW� RI� FDSLWDO� HQGRZPHQW� RU� DFFHVV� WR
FUHGLW� IDFLOLWLHV�� 7KHVH� XVXDOO\� GR� QRW� H[LVW� IRU� PRVW� VPDOO� IDUPHUV� LQ� WKH� $PD]RQ�
7KHUHIRUH�� WKH� RSSRUWXQLW\� FRVW� RI� ODQG� LV� D� IXQFWLRQ� RI� FUHGLW� DFFHVV�� DQG� WKH� WUXH
SRWHQWLDO� RI� IXWXUH� UHYHQXHV� VKRXOG� EH� FRQVLGHUHG� LQ� D� FRQWH[W� WKDW� KDV� VROYHG� WKLV
PDUNHW�IDLOXUH�

&RPELQLQJ� GDWD� REWDLQHG� IURP� 8UDLP� �ZKLFK� LQFOXGH� ODQG� FOHDUDQFH� DQG� RWKHU
LQYHVWPHQW� UHTXLUHPHQWV�� WR� WKH� QHW� UHWXUQV� IURP� RQH�WLPH� WLPEHU� KDUYHVWLQJ� LQ� WKH
3DUDJRPLQDV�FRXQW\��9HUtVVLPR�HW�DO���������LW�ZDV�SRVVLEOH�WR�HVWLPDWH�WKH�QHW�UHWXUQV
IURP� GHIRUHVWDWLRQ� IROORZHG� E\� LQWHQVLYH� RU� VHPL�LQWHQVLYH� GDLU\� UDQFKLQJ�� $� VLPLODU
H[HUFLVH�ZDV�FDUULHG�RXW�IRU�H[WHQVLYH�EHHI�SURGXFWLRQ��XVLQJ�GDWD�IURP�0DWWRV�DQG�8KO
�������$OO�REWDLQHG�UHVXOWV�ZHUH�DERYH�WKH�DYHUDJH�SULFH�IRU�IRUHVWHG�ODQG�LQ�WKH�VWDWH�RI
3DUi��VKRZLQJ�WKDW�DFWXDO�ODQG�SULFHV�XQGHUHVWLPDWH�WKH�HFRQRPLF�SRWHQWLDO�RI�WKH�ODQG�
7KLV� SUREOHP� LV� PRUH� LPSRUWDQW� LQ� FDSLWDO�LQWHQVLYH� DFWLYLWLHV�� DQG� VXJJHVWV� WKDW� WKH
RSSRUWXQLW\� FRVW� RI� UHGXFLQJ� DJULFXOWXUDO� H[SDQVLRQ� LV� FRQVLGHUDEOH� IRU� WKH� ORFDO
HFRQRP\�

7KH�RQO\�DFWLYLW\�WKDW�UHPDLQHG�EHORZ�WKH�DYHUDJH�ODQG�SULFH�ZDV�VHOHFWLYH�ORJJLQJ��7KH
GDWD��H[WUDFWHG� IURP�VLWHV�QHDU� WKH� WRZQ�RI�7DLOkQGLD�DQG�D�SDYHG�KLJKZD\� �8KO�HW�DO�
������� DUH� EDVHG� RQ� D� ���\HDU� F\FOH�� 1R� GDWD� ZHUH� DYDLODEOH� IRU� QRQ�WLPEHU� IRUHVW
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SURGXFWV�� WKHUHIRUH� LW� ZDV� QRW� SRVVLEOH� WR� HVWLPDWH� WKH� SURSHU� 139� RI� H[WUDFWLYLVP�
1HYHUWKHOHVV�� WKH� DEVHQFH� RI� LQIRUPDWLRQ� VXJJHVWV� WKDW� QRQ�WLPEHU� IRUHVW� SURGXFWV� DUH
QRW�ILQDQFLDOO\�UHOHYDQW�WR�ORFDO�IDUPHUV��7KHUHIRUH��FRPSHQVDWLRQV�WR�ORFDOV�DUH�MXVWLILHG
LI�DJULFXOWXUDO�H[SDQVLRQ�LV�UHGXFHG�LQ�WKH�UHJLRQ�IRU� WKH�SXUSRVH�RI�DEDWLQJ� WKH�JOREDO
&2��HPLVVLRQ�SUREOHP�

�� 7+(�23325781,7<�&267�2)�&85%,1*�$*5,&8/785$/
$&7,9,7,(6�,1�7+(�%5$=,/,$1�$0$=21��$�6,08/$7,21
(;(5&,6(

7KH� SUHYLRXV� VHFWLRQ� VKRZV� WKDW� UHGXFLQJ� FRPPHUFLDO� DJULFXOWXUDO� H[SDQVLRQ� LQ� WKH
$PD]RQ�ZRXOG�UHVXOW�LQ�D�SRVLWLYH�RSSRUWXQLW\�FRVW�IRU�WKH�ORFDO�HFRQRP\��+RZHYHU��LW
LV�VRPHZKDW�TXHVWLRQDEOH�WR�XVH�YDOXHV�REWDLQHG�IURP�D�OLPLWHG�QXPEHU�RI�VLWH�VWXGLHV
IRU�HYDOXDWLQJ�WKH�HQWLUH�$PD]RQ�UHJLRQ�EHFDXVH�WKH�SDUWLFXODULWLHV�RI�WKH�VLWHV�H[DPLQHG
PD\�LQWURGXFH�PDMRU�ELDVHV�LQWR�WKH�DQDO\VLV�

,Q� RUGHU� WR� SURYLGH� VRPH� ILJXUHV� IRU� FRQVLGHULQJ� WKH� %UD]LOLDQ� $PD]RQ� DV� DQ� HQWLW\�
VRPH�SURMHFWLRQV�ZHUH�REWDLQHG�E\�D�VLPXODWLRQ�PRGHO�EDVHG�RQ�WKH�'(60$7�GDWDEDVH�
7KH�VLPXODWLRQ�PRGHO�ZDV�RULJLQDOO\�HODERUDWHG�E\�5HLV�DQG�0DUJXOLV��������WR�HVWLPDWH
JOREDO�ZDUPLQJ�LPSDFWV�RI�GHIRUHVWDWLRQ�LQ�WKH�$PD]RQ��DQG�WKHQ�UHYLHZHG�WR�HVWLPDWH
WKH� GHIRUHVWDWLRQ� LPSDFWV� RI� WKH� &DUDMiV� LURQ� SURMHFW� LQ� WKH� 1RUWKHDVWHUQ� %UD]LOLDQ
$PD]RQ� �5HLV� �������'(60$7� FRQVROLGDWHV� HFRQRPLF�� VRFLDO� DQG� HFRORJLFDO� GDWD� DW
PXQLFLSDO�DQG�VWDWH� OHYHOV� IRU� WKH�%UD]LOLDQ�$PD]RQ�� IURP�FHQVXVHV�DQG�RWKHU� VXUYH\V
EHLQJ�DSSOLHG�LQ�PDQ\�HPSLULFDO�H[HUFLVHV�

TABLE 9.4
AGGREGATE RESULTS OF THE SIMULATION MODEL (REFERENCE SCENARIO)

1990 1995 2000 2005 2010

Agriculture GDP (US$ millions) 2,832 3,469 4,116 4,689 5,149

Total GDP (US$ millions) 20,549 24,467 29,141 34,898 41,627

Accumulated carbon emissions (tons, millions) 5,697 7,033 8,226 9,255 10,090

Agricultural land (hectares, millions) 56.6 68.4 79.3 88.7 96.6

Source: Reis (1996)

7KH� VLPXODWLRQ�PRGHO� FRPELQHV� SURMHFWHG� FKDQJHV� LQ� URDG� VWUXFWXUH� WR� GHPRJUDSKLF�
HFRQRPLF� DQG� HFRORJLFDO� YDULDEOHV� WKDW� DUH� WLPH�ODJJHG��� 7RWDO� LQFUHDVH� LQ� WKH� URDG
QHWZRUN� LV� GHWHUPLQHG� H[RJHQRXVO\� DFFRUGLQJ� WR� SODQV� IRU� URDG� H[SDQVLRQ� LQ� HDFK
PXQLFLSDOLW\�� +RZHYHU�� WKH� GLVWULEXWLRQ� EHWZHHQ� SDYHG� DQG� QRQ�SDYHG� URDGV� LV
GHWHUPLQHG� HQGRJHQRXVO\� E\� D� IXQFWLRQ� FRQVLGHULQJ� �ODJJHG�� HFRQRPLF�� GHPRJUDSKLF
DQG� HFRORJLFDO� YDULDEOHV�� 6LPLODU� SURFHGXUHV� DUH� XVHG� WR� HVWLPDWH� GHPRJUDSKLF� DQG
HFRQRPLF�YDULDEOHV��)RU�H[DPSOH��SRSXODWLRQ�JURZWK�LV�D�IXQFWLRQ�RI�WKH�SUHYLRXV�WUHQG
LQ�SRSXODWLRQ�JURZWK� LWVHOI��SOXV�HFRQRPLF�JURZWK�DQG�RWKHU� VRFLRHFRQRPLF�YDULDEOHV�
'HIRUHVWDWLRQ�LV�GHILQHG�E\�WKH�QHW�FKDQJHV�LQ�DJULFXOWXUDO�DUHDV��LQFOXGLQJ�IDOORZ�ODQGV��
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&DUERQ� �HPLVVLRQV�DUH�HVWLPDWHG�DFFRUGLQJ� WR�H[SHFWHG�FKDQJHV� LQ� ODQG�XVH� �LQFOXGLQJ
DYHUDJH� IDOORZ� WLPH��� ELRPDVV� DQG� FDUERQ� FRQWHQW� SDUDPHWHUV�� 7KH� PRVW� LPSRUWDQW
UHVXOWV�DUH�VKRZQ�LQ�7DEOH�����

,W�LV�DVVXPHG�WKDW�WKH�RSSRUWXQLW\�FRVW�RI�ODQG�LV�GHWHUPLQHG�E\�WKH�SRWHQWLDO�DJULFXOWXUDO
SURGXFW�WR�EH�VDFULILFHG�LI�IRUHVW�DUHDV�ZHUH�UHVHUYHG�IRU�FDUERQ�FRQVHUYDWLRQ��7KHUHIRUH�
�DYHUDJH�� RSSRUWXQLW\� FRVWV� FDQ� EH� HVWLPDWHG� E\� GLYLGLQJ� WKH� FKDQJHV� LQ� FDUERQ
HPLVVLRQV�DQG� WKH�FKDQJHV� LQ� WRWDO�*'3�IRU�HDFK�SHULRG��7ZR�HVWLPDWHV� DUH�SURYLGHG�
DJULFXOWXUDO� *'3� DQG� WRWDO� *'3�� 7RWDO� *'3� LV� FRQVLGHUHG� LQ� WKH� DQDO\VLV� EHFDXVH
DJULFXOWXUH� KDV� LPSRUWDQW� PXOWLSOLHU� HIIHFWV� LQ� XUEDQ� DFWLYLWLHV²D� ODUJH� SDUW� RI� XUEDQ
*'3�SUREDEO\�FRXOG�QRW�EH�JHQHUDWHG�ZLWKRXW�DFFRPSDQ\LQJ�ODQG�FOHDUDQFH��$QGHUVHQ
�������7KH�
WUXH
�RSSRUWXQLW\�FRVW�IRU�WKH�HQWLUH�$PD]RQ�HFRQRP\�OLHV�EHWZHHQ�WKHVH�WZR
YDOXHV��7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH�����

TABLE 9.5
OPPORTUNITY COSTS AND CARBON EMISSION CONTENTS

1990 1995 2000 2005 2010

Agricultural GDP: US$/ton C 7.1 12.0 16.2 21.7 29.8

Agricultural GDP: US$/ha 959 1,359 1,772 2,359 3,160

Total GDP: US$/ton C 51.8 84.3 114.8 161.9 240.9

Total GDP: US$/ha 6,958 9,586 12,548 17,555 25,548

Emission per area (ton C/ha) 134 114 109 108 106

,W�LV�FOHDU�WKDW�WKH�VWUDWHJ\�RI�FRQVHUYLQJ�FDUERQ�LQ�IRUHVWODQGV�ZRXOG�UHVXOW�LQ�LQFUHDVHG
RSSRUWXQLW\� FRVWV� RYHU� WLPH�� WKH� YDOXH� IRU� WKH� \HDU� ����� �86�� �����WRQ� IRU� WKH
DJULFXOWXUDO�*'3�RQO\��DQG�86�������� IRU� WKH� WRWDO�*'3�� LV�PRUH� WKDQ� IRXU� WLPHV� WKH
LQLWLDO� YDOXH� RI� 86�� �����WRQ�� 7KHVH� FRVWV� LQFUHDVH� ZLWK� *'3�� LQGLFDWLQJ� WKDW� WKH
RSSRUWXQLW\� FRVW� LV� D� IXQFWLRQ� RI� WKH� OHYHO� RI� HFRQRPLF� JURZWK�� 1HW� HPLVVLRQV� SHU
KHFWDUH� DUH� FORVH� WR� 6FKQHLGHU
V� HVWLPDWHV� �UDQJLQJ� IURP� ���� WRQV�KD� WR� ���� WRQV�KD��
LQGLFDWLQJ� D� GHFOLQLQJ� WUHQG�� 7KH� FRPELQDWLRQ� RI� ERWK� UHVXOWV� SURYLGH� WKH� RSSRUWXQLW\
FRVWV�SHU�KHFWDUH��WKH�RSSRUWXQLW\�FRVWV�VWDUW�DW�86������IRU������ZKHQ�RQO\�WKH�ORVV�RI
DJULFXOWXUDO�RXWSXW�LV�FRQVLGHUHG�DQG�UHDFK�86��������E\�����²HYHQ�WKH�ORZHVW�YDOXH
H[FHHGV��E\�IDU��WKH�EHVW�ODQG�SULFH�FRQVLGHUHG�E\�6FKQHLGHU��������

1RWH�WKDW�WKH�DQQXDO�UDWH�RI�JURZWK�RI�WKH�RSSRUWXQLW\�FRVW�RI�IRUHVW� ODQG��PHDVXUHG�LQ
WHUPV�RI�H[SHFWHG�DJULFXOWXUDO�RXWSXW�JURZWK��LV�����SHU�FHQW�SHU�DQQXP������SHU�FHQW�LI
WRWDO� *'3� LV� FRQVLGHUHG��� 7KLV� YDOXH� H[FHHGV� WKH� XVXDO� UDQJH� DVVXPHG� IRU� WKH� VRFLDO
GLVFRXQW�UDWH����SHU�FHQW� WR���SHU�FHQW���VKRZLQJ� WKDW��HYHQ� LQ�SUHVHQW�YDOXH� WHUPV�� WKH
RSSRUWXQLW\�FRVW�RI�WKH�IRUHJRQH�RXWSXW�ZRXOG�VWLOO�LQFUHDVH�LQ�WLPH��7DEOH������

,Q�RWKHU�ZRUGV��HYHQ�LI�GLVFRXQWLQJ�LV�FRQVLGHUHG���WKH�PDLQ�SRLQW�UHPDLQV�YDOLG��QRUWK�
VRXWK�FRPSHQVDWLRQV�VKRXOG�QRW�RPLW�WKH�RSSRUWXQLW\�FRVW�RI�ODQG��PHDVXUHG�LQ�WHUPV�RI
IRUHJRQH�LQFRPH�WKDW�ORFDO�HFRQRPLHV�ZRXOG�KDYH�WR�VDFULILFH�LI�WKH�FXUUHQW�WUHQG�RI�ODQG
FOHDULQJ�LV�KDOWHG�IRU�JOREDO�UHDVRQV�
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TABLE 9.6
DISCOUNTED VALUES OF CARBON CONSERVATION OPPORTUNITY COSTS (T0=1990)

1990 1995 2000 2005 2010

Discount rate 2%

Agricultural GDP (US$/ton C) 7.1 10.8 13.3 16.2 20.1

Total GDP (US$/ton C) 51.8 76.4 94.2 120.3 162.1

Discount rate 6%

Agricultural GDP (US$/ton C) 7.1 9.4 10.0 10.5 11.2

Total GDP (US$/ton C) 51.8 66.1 70.5 77.9 90.8

2Q� WKH� RWKHU� KDQG�� WKHVH� UHVXOWV� GR� QRW� HOLPLQDWH� WKH�PDLQ�PRWLYDWLRQ� RI� QRUWK�VRXWK
WUDQVIHUV²DYRLGLQJ�HLWKHU�WKH�GDPDJHV�FDXVHG�E\�JOREDO�ZDUPLQJ�RU�WKH�PRUH�H[SHQVLYH
VWUDWHJLHV� RI� FDUERQ� HPLVVLRQ� DEDWHPHQW�� )DQNKDXVHU� �������� IRU� LQVWDQFH�� FRQVLGHUV� D
EHQFKPDUN�RI�86�����W�&�IRU�WKH�VRFLDO�FRVWV�LPSRVHG�E\�FDUERQ�HPLVVLRQV�LQ�WKH�SHULRG
���������� �UDQJLQJ� IURP�86����W�&� WR�86�����W�&��� ([LVWLQJ� FDUERQ� WD[HV� LQ�(XURSH
YDU\� IURP�������W�&� WR�86�����W�&� �6KDK� DQG�/DUVRQ� ������� DQG� RWKHU� VWXGLHV� SUHVHQW
XSSHU�OLPLW�YDOXHV�RI�PRUH�WKDQ�86������W�&�IRU�WKH�����������SHULRG��IRU�D�UHYLHZ��VHH
$QGHUVHQ��������7KHVH�YDOXHV�FOHDUO\�VKRZ�WKDW�DW�OHDVW�LQ�D�KXJH�QXPEHU�RI�FDVHV��WRWDO
FRVWV� RI� FDUERQ� FRQVHUYDWLRQ� LQ� WURSLFDO� IRUHVWV� �GLUHFW� DQG� RSSRUWXQLW\� FRVWV�� ZLOO� EH
ORZHU�WKDQ�WKH�JOREDO�EHQHILWV�

�� &21&/86,21

*OREDO�ZDUPLQJ� LV�D�SUREOHP�IRU�HYHU\ERG\²WKH�ULFK�DQG� WKH�SRRU�� WKH�QRUWK�DQG� WKH
VRXWK�� &RRSHUDWLRQ� DQG� SDUWLFLSDWLRQ� DLPLQJ� DW� WKH� FRQWURO� RI� FDUERQ� HPLVVLRQV� DUH
HVVHQWLDO�� DQG� VROXWLRQV� VKRXOG� QRW� EH� UHVWULFWHG� WR� D� VSHFLILF� JURXS� RI� FRXQWULHV�
1HYHUWKHOHVV��HTXLW\�SULQFLSOHV�FDQQRW�EH�LJQRUHG��7KHUHIRUH��WKH�QRUWK�VRXWK�DJHQGD�IRU
FRRSHUDWLRQ� VKRXOG� EH� EDVHG� RQ� IDLUQHVV�� 7KHUH� LV� QR� SRVLWLYH� DGYDQFHPHQW� LI� WKH
SUREOHP�RI� JUHHQKRXVH� JDVHV� LV� FRQWUROOHG� DW� WKH� FRVW� RI� LQFUHDVLQJ� GLVSDULW\� EHWZHHQ
GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV�

7KLV� FKDSWHU� GLVFXVVHG� WKH� XVH� RI� HFRQRPLF� LQVWUXPHQWV� �FDUERQ� WD[HV�� RIIVHWV� DQG
WUDGDEOH�SHUPLWV��LQ�WKH�FRQWURO�RI�&2��HPLVVLRQV��(FRQRPLF�LQVWUXPHQWV�KDYH�D�FUXFLDO
UROH� LQ� DQ� HIILFLHQW� FRRSHUDWLRQ� EHWZHHQ� GHYHORSHG� DQG� GHYHORSLQJ� FRXQWULHV�� 7KH
SUHVHUYDWLRQ�RI�WURSLFDO�IRUHVWV�DV�FDUERQ�SRROV�FDQ�EH�HQFRXUDJHG�LI� WKH� LQGXVWULDOL]HG
FRXQWULHV� SURYLGH� HFRQRPLF� LQFHQWLYHV� WR� 
LPSRUW
� WKHVH� HQYLURQPHQWDO� VHUYLFHV�ZKLFK
WRGD\�DUH�JLYHQ�IRU�IUHH�

+RZHYHU��WKHUH�DUH�LPSRUWDQW�OLPLWDWLRQV�WR�EH�FRQVLGHUHG��$OORFDWLRQ�RI�HPLVVLRQ�ULJKWV�
GHILQLWLRQ� RI� FRPSHQVDWLRQ� YDOXHV�� WKH� SRVVLELOLW\� RI� IUHH� ULGLQJ� E\� QRQ�FRRSHUDWLYH
FRXQWULHV�� HQIRUFHPHQW�� VHWWOHPHQW� RI� GLVSXWHV� DQG� RWKHU� FRQFUHWH� SUREOHPV� DUH
LPSRUWDQW�LQVWLWXWLRQDO�GLIILFXOWLHV�LQ�WKH�LPSOHPHQWDWLRQ�RI�PXOWLODWHUDO�SURJUDPPHV��,Q
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VSLWH�RI�WKH�FRQVLGHUDEOH�DGYDQFHV�PDGH�LQ�UHFHQW�WLPHV��UHVHDUFK�RI�WKHVH�WRSLFV�UHPDLQV
D�FUXFLDO�LVVXH�

$PRQJ� WKHP�� RQH� VSHFLILF� WRSLF�ZDV� GHYHORSHG�PRUH� FDUHIXOO\� LQ� WKLV� FKDSWHU�� 7R� EH
HIIHFWLYH�� DQ\� FRPSHQVDWLRQ� LQVWUXPHQW� VKRXOG� EH� EDVHG� RQ� SURSHU� YDOXDWLRQ� RI� WKH
HFRQRPLF�SRWHQWLDO�RI�WKH�IRUHVW�DUHDV�WR�EH�SUHVHUYHG��1HYHUWKHOHVV��VRPH�RI�WKH�FXUUHQW
SURSRVDOV�DUH�EDVHG�RQ�WKH�K\SRWKHVLV�WKDW�ODQG�SULFHV�UHIOHFW�WKH�WUXH�RSSRUWXQLW\�FRVW�RI
ODQG��2QH�LPSRUWDQW�ILQGLQJ�RI�WKLV�VWXG\�LV� WKDW�VXFK�D�SURFHGXUH�GRHV�QRW�UHVSHFW� WKH
HTXLW\� SULQFLSOH�� 7KH� LPSOHPHQWDWLRQ� RI� FRPSHQVDWLRQV� EDVHG� RQ� DFWXDO� ODQG� SULFHV
UHVXOW�LQ�EHQHILWV�WR�LQGXVWULDOL]HG�FRXQWULHV�ZKLFK�PD\�ODUJHO\�H[FHHG�WKH�EHQHILWV�WR�WKH
FRXQWULHV� WKDW� HIIHFWLYHO\� DFW� LQ� WKH� FRQWURO� RI� FDUERQ� HPLVVLRQV��7KLV� LV� VKRZQ� LQ� WKH
H[HUFLVHV� FDUULHG� RXW� XVLQJ� GDWD� IRU� WKH�$PD]RQ�� 7KH� ULVN� RI� VXFK� D� VLWXDWLRQ� LV� WKDW�
LQVWHDG� RI� D� WUXH� ZLQ�ZLQ� VROXWLRQ�� WKH� UHVXOW� LV� D� SHUSHWXDWLRQ� RI� WKH� ZHDOWK
FRQFHQWUDWLRQ�SUREOHP�RQ�D�JOREDO�VFDOH�

127(6

�,�DP�JUDWHIXO�WR�(XVWiTXLR�-��5HLV�DQG�)HUQDQGR�%ODQFR��IRU�WKHLU�YDOXDEOH�FRPPHQWV��0DUFLD�3LPHQWHO�
IRU�FRPSXWDWLRQDO�KHOS��DQG�-RVp�5��)DXVWR��IRU�UHVHDUFK�DVVLVWDQFH�

��$�PHWKRGRORJLFDO�GHVFULSWLRQ�LV�SUHVHQWHG�LQ�5HLV��������

�� 'LVFRXQWLQJ� LV� D� FRPSOH[� LVVXH�� JLYHQ� WKH� FRPSOH[LW\� RI� JUHHQKRXVH� JDVHV� GLVFRXQWLQJ� DQG� WKH
FRQWURYHUV\�DERXW�LQWHUJHQHUDWLRQDO�HTXLW\�

5()(5(1&(6

$GDPV��5��HW� DO�� �������� 
6HTXHVWHULQJ�&DUERQ�RQ�$JULFXOWXUDO�/DQG��6RFLDO�&RVW� DQG
,PSDFWV�RQ�7LPEHU�0DUNHWV
��&RQWHPSRUDU\�3ROLF\�,VVXHV������������

$QGHUVHQ��/��(����������
7KH�(FRQRPLFV�RI�'HIRUHVWDWLRQ
��5LR�GH�-DQHLUR��,3($�

$QGUDVNR��.���.��+HDWRQ�DQG�6��:LQQHWW���������
(YDOXDWLQJ�WKH�&RVWV�DQG�(IILFLHQF\�RI
2SWLRQV� WR�0DQDJH�*OREDO� )RUHVWV�� $� &RVW� &XUYH�$SSURDFK
�� 3DSHU� SUHSDUHG� IRU� WKH
7HFKQLFDO�:RUNVKRS�WR�([SORUH�2SWLRQV�IRU�*OREDO�)RUHVWU\�0DQDJHPHQW��LQ�%DQJNRN
�,QWHUQDWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQW�DQG�'HYHORSPHQW�����������

&OLQH��:���������� 
7KH�(FRQRPLFV�RI�*OREDO�:DUPLQJ
��:DVKLQJWRQ��'&�� ,QVWLWXWH� IRU
,QWHUQDWLRQDO�(FRQRPLFV�

'DUPVWDGWHU�� -�� DQG� $�� 3ODQWLQJD� �������� 
7KH� (FRQRPLF� &RVW� RI� &2��0LWLJDWLRQ�� $
5HYLHZ� RI� (VWLPDWHV� IRU� 6HOHFWHG� :RUOG� 5HJLRQV
�� 'LVFXVVLRQ� 3DSHU� (15������
:DVKLQJWRQ��'&��5HVRXUFHV�IRU�WKH�)XWXUH�
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'L[RQ��5��.��HW�DO���������� 
,QWHJUDWHG�6\VWHPV��$VVHVVPHQW�RI�3URPLVLQJ�$JURIRUHVWU\
DQG� $OWHUQDWLYH� /DQG�8VH� 3UDFWLFHV� WR� (QKDQFH� &DUERQ� &RQVHUYDWLRQ� DQG
6HTXHVWUDWLRQ
��&OLPDWLF�&KDQJH�����������

)DQNKDXVHU�� 6�� �������� 9DOXLQJ� &OLPDWH� &KDQJH�� 7KH� (FRQRPLFV� RI� WKH� *UHHQKRXVH
(IIHFW��/RQGRQ��(DUWKVFDQ�

*UXEE�� 0�� �������� 
2SWLRQV� IRU� DQ� ,QWHUQDWLRQDO� $JUHHPHQW
�� LQ� 81&7$'� �HG���
&RPEDWLQJ�*OREDO�:DUPLQJ��6WXG\�RQ�D�*OREDO�6\VWHP�RI�7UDGDEOH�&DUERQ�(PLVVLRQ
(QWLWOHPHQWV��1HZ�<RUN��8QLWHG�1DWLRQV�

+D\HV��3���������� 
1RUWK�6RXWK�7UDQVIHU
�� LQ�3��+D\HV�DQG�.��6PLWK��HGV����7KH�*OREDO
*UHHQKRXVH�5HJLPH��:KR�3D\V"��/RQGRQ��(DUWKVFDQ�

+D\HV�� 3�� DQG� .�� 6PLWK� �HGV��� �������� 7KH� *OREDO� *UHHQKRXVH� 5HJLPH�� :KR� 3D\V"
/RQGRQ��(DUWKVFDQ�

,3&&� �������� 
&OLPDWH� &KDQJH� ������ ,PSDFWV�� $GDSWDWLRQ� DQG�0LWLJDWLRQ� RI� &OLPDWH
&KDQJH�� 6FLHQWLILF�7HFKQLFDO� $QDO\VHV
�� &RQWULEXWLRQ� RI� :RUNLQJ� *URXS� ,,� WR� WKH
DVVHVVPHQW�UHSRUW�RI�WKH�,3&&��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

.UDQNLQD��2��1��DQG�5��.��'L[RQ���������
)RUHVW�0DQDJHPHQW�LQ�5XVVLD��&KDOOHQJH�DQG
2SSRUWXQLWLHV�LQ�WKH�(UD�RI�3HUHVWURLND
��:RUOG�5HVRXUFHV�5HYLHZ������������

0DVHUD�� 2�� HW� DO�� �������� 
5HVSRQVH� 2SWLRQV� IRU� 6HTXHVWHULQJ� &DUERQ� LQ� 0H[LFR
V
)RUHVWV
��%LRPDVV�	�%LRHQHUJ\�����������TXRWHG�LQ�,3&&�������

0DWWRV��0��0��DQG�&��8KO���������
(FRQRPLF�DQG�(FRORJLFDO�3HUVSHFWLYHV�RQ�5DQFKLQJ
LQ�WKH�(DVWHUQ�$PD]RQ
��:RUOG�'HYHORSPHQW�����������������

0RXOWRQ�� 5�� -�� DQG�.�� 5�� 5LFKDUGV� �������� 
&RVWV� RI� 6HTXHVWHULQJ� &2�� WKURXJK� 7UHH
3ODQWLQJ�DQG�)RUHVW�0DQDJHPHQW�LQ�WKH�8QLWHG�6WDWHV
��*HQHUDO�7HFKQLFDO�5HSRUW�:2�
����:DVKLQJWRQ��'&��86'$�)RUHVW�6HUYLFH�

3DOR��0�� DQG�*��0HU\� �HGV��� ��������6XVWDLQDEOH�)RUHVWU\�&KDOOHQJHV� IRU�'HYHORSLQJ
&RXQWULHV�� (QYLURQPHQWDO� 6FLHQFH� DQG� 7HFKQRORJ\� /LEUDU\� ���� 'RUGUHFKW�� 7KH
1HWKHUODQGV��.OXZHU�$FDGHPLF�3XEOLVKHUV�

3HDUFH�� '�� :�� �������� 
(FRQRPLFV� DQG� WKH� *OREDO� (QYLURQPHQWDO� &KDOOHQJH
�� LQ� $�
0DUNDQG\D� DQG� -�� 5LFKDUGVRQ� �HGV���� 7KH� (DUWKVFDQ� 5HDGHU� LQ� (QYLURQPHQWDO
(FRQRPLFV��/RQGRQ��(DUWKVFDQ����������

3HDUFH��'��:����������
-RLQW�,PSOHPHQWDWLRQ��$�*HQHUDO�2YHUYLHZ
��&6(5*(�:RUNLQJ
3DSHU�*(&��������/RQGRQ�DQG�1RUZLFK��&6(5*(�

3HWHUV��&��HW�DO����������
9DOXDWLRQ�RI�DQ�$PD]RQLDQ�5DLQIRUHVW
��1DWXUH�������������

3LQHGR�9DVTXH]��0�� HW� DO�� �������� 
(FRQRPLF� 5HWXUQV� IURP� )RUHVW� &RQYHUVLRQ� LQ� WKH
3HUXYLDQ�$PD]RQ
��(FRORJLFDO�(FRQRPLFV������������
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5DYLQGUDQDWK�� 1�� +�� DQG� %�� 6�� 6RPDVKHNKDU� �������� 
3RWHQWLDO� DQG� (FRQRPLFV� RI
)RUHVWU\� 2SWLRQV� IRU� &DUERQ� 6HTXHVWUDWLRQ� LQ� ,QGLD
�� %LRPDVV� 	� %LRHQHUJ\�� �������
�TXRWHG�LQ�,3&&�������

5HLV��(��-����������
2V�LPSDFWRV�GR�3yOR�6LGHU~UJLFR�GH�&DUDMiV�QR�GHVIORUHVWDPHQWR�GD
$PD]{QLD� %UDVLOHLUD
�� LQ� ,3($� �HG���� $� (FRQRPLD� %UDVLOHLUD� HP� 3HUVSHFWLYD� �����
YROXPH����5LR�GH�-DQHLUR��,3($�

5HLV��(��-��DQG�6��0DUJXOLV���������
2SWLRQV�IRU�6ORZLQJ�$PD]RQ�-XQJOH�&OHDULQJ
��LQ�5�
'RUQEXVFK� DQG� 5�� 3RUWHUD� �HGV���� *OREDO� :DUPLQJ�� (FRQRPLF� 3ROLF\� 5HVSRQVHV�
&DPEULGJH��0$��0,7�3UHVV�

5RODQG��.�� �������� 
)URP�2IIVHWV� WR�7UDGDEOH�(QWLWOHPHQWV
�� LQ�81&7$'��&RPEDWLQJ
*OREDO�:DUPLQJ��6WXG\�RQ�D�*OREDO�6\VWHP�RI�7UDGDEOH�&DUERQ�(PLVVLRQ�(QWLWOHPHQWV�
1HZ�<RUN��8QLWHG�1DWLRQV�

6DWKD\H�� -�� DQG� $�� 5HGG\� �������� 
,QWHJUDWLQJ� (FRORJ\� DQG� (FRQRP\� LQ� ,QGLD
�� LQ� 3�
+D\HV� DQG� .�� 6PLWK� �HGV���� 7KH� *OREDO� *UHHQKRXVH� 5HJLPH�� :KR� 3D\V"� /RQGRQ�
(DUWKVFDQ�

6FKQHLGHU��5����������
7KH�3RWHQWLDO�IRU�7UDGH�ZLWK�WKH�$PD]RQ�LQ�WKH�*UHHQKRXVH�*DV
5HGXFWLRQ
��/$7(1�'LVVHPLQDWLRQ�1RWH�1R�����:DVKLQJWRQ��'&��:RUOG�%DQN�

6KDK��$��DQG�%��/DUVRQ��������� 
&DUERQ�7D[HV��WKH�*UHHQKRXVH�(IIHFW�DQG�'HYHORSLQJ
&RXQWULHV��%DFNJURXQG�SDSHU�WR�:RUOG�%DQN��:RUOG�'HYHORSPHQW�5HSRUW��1HZ�<RUN�
8QLWHG�1DWLRQV�

6YHQGVHQ��*��7����������
3XEOLF�&KRLFH�DQG�(QYLURQPHQWDO�5HJXODWLRQ��7UDGDEOH�3HUPLW
6\VWHPV�LQ�WKH�8QLWHG�6WDWHV�DQG�&2��7D[DWLRQ� LQ�(XURSH
��$DUKXV��'HQPDUN��$DUKXV
6FKRRO�RI�%XVLQHVV��3K'�GLVVHUWDWLRQ�
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