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��� &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������



��

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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3KDVH�RI�DGROHVFHQFH 3KDVH�RI��IXOO�YLJRXU 3KDVH�RI�VHQHVFHQFH

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
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������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
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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

�

��

���

���

���

���� ���� ���� ���� ����

6FHQDULR��$ 6FHQDULR��% 6FHQDULR��

6FHQDULR��$ 6FHQDULR��%

7J�RI�&�



��

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\�������������




