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Tropical rainforest in Malaysia
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7KH�PXOWLGLVFLSOLQDU\�UHVHDUFK�SURMHFW�RQ�WKH�)RUHVW� LQ� WKH�1RUWK�DQG�WKH�6RXWK�
RUJDQL]HG�E\�818�:,'(5��VKRZV�WKDW�� LQ�VSLWH�RI�PRGHVW� IRUHVW�H[SDQVLRQV� LQ
WKH�1RUWK��WKH�RQJRLQJ�GHIRUHVWDWLRQ�RI�WKH�ZRUOG
V�IRUHVWV�LV�JUHDWO\�FRQWULEXWLQJ
WR�WKH�JUHHQKRXVH�HIIHFW�

�� 'HIRUHVWDWLRQ�LV�RIWHQ�D�FRQVHTXHQFH�RI�PDUNHW�GLVWRUWLRQV�WKDW�KLGH�WKH�UHDO
HFRQRPLF� YDOXH� RI� IRUHVWV� DQG� UHVXOW� LQ� WKH� LQHIILFLHQW� XVH� RI� DQ� LPSRUWDQW
UHVRXUFH�

�� 3ROLFLHV� IRU� VORZLQJ� GRZQ� GHIRUHVWDWLRQ� DUH� QRW�� WKHUHIRUH�� LQ� FRQIOLFW�ZLWK
SURPRWLQJ�VXVWDLQDEOH�HFRQRPLF�GHYHORSPHQW�

7KH�PDLQ�XQGHUO\LQJ�FDXVHV�RI�GHIRUHVWDWLRQ�DUH�

�� ULVLQJ�QDWLRQDO�LQFRPH�SHU�FDSLWD��XS�WR�D�FHUWDLQ�WKUHVKROG�OHYHO�RI� LQFRPH�
DQG�WKH�JURZWK�RI�WKH�ORFDO�SRSXODWLRQ�

�� XQFHUWDLQ�SURSHUW\�ULJKWV��ZKLFK�UHGXFH�WKH�LQFHQWLYH�WR�LQWHQVLI\�DJULFXOWXUH
DQG�VXVWDLQDEO\�PDQDJH�IRUHVWV�

�� VWDWH� RU� RWKHU� SXEOLF� RZQHUVKLS� RI� IRUHVWV�� ZKHUH� D� ORZ� SULFH� LV� VHW� RQ
VWDQGLQJ�WUHHV�WKDW�GRHV�QRW�UHVSRQG�WR�VFDUFLW\�DQG�LJQRUHV�WKH�YDOXH�RI�QRQ�
ZRRG�IRUHVW�SURGXFWV�DQG�VHUYLFHV��DQG

�� RWKHU�JRYHUQPHQW�SROLFLHV��IRU�H[DPSOH��WD[HV��VXEVLGLHV�DQG�ILVFDO�SROLFLHV�

7KH�SDFH�RI�GHIRUHVWDWLRQ�LV�IDVWHU�

�� LI�HFRORJLFDO�FRQGLWLRQV�DUH�ZHOO�VXLWHG�IRU�DJULFXOWXUH�

�� ZKHQ�LQIRUPDWLRQ�DERXW�FKDQJHV�LQ�IRUHVW�UHVRXUFHV�EHFRPHV�PRUH�DFFXUDWH�
XS�WR�D�FHUWDLQ�OHYHO�RI�LQIRUPDWLRQ��DQG

�� LQ�DUHDV�WKDW�DUH�PRUH�DFFHVVLEOH�

7KH�LQVWUXPHQWV�IRU�FRPEDWLQJ�GHIRUHVWDWLRQ�DUH�

�� UHPRYH� ELDVHG� VXEVLGLHV� RU� WD[HV�� DQG� VORZ� GRZQ� URDG� FRQVWUXFWLRQ�� 7KHVH
ZRXOG�KDYH�WKH�PRVW�UDSLG�HIIHFWV�
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�� LPSURYH� V\VWHPV� IRU� PRQLWRULQJ� IRUHVW� UHVRXUFHV�� 7KLV� LV� D� PHGLXP�WHUP
LQVWUXPHQW��DQG

�� FRQWURO�SRSXODWLRQ�DQG�SURPRWH�HFRQRPLF�JURZWK�DQG�GLYHUVLILFDWLRQ��7KHVH
DUH�ORQJ�WHUP�PHDVXUHV�

2WKHU�SROLFLHV�FDQ�IRFXV�GLUHFWO\�RQ�WKH� OLQN�EHWZHHQ�IRUHVW�JURZWK�DQG�WKH
TXDQWLW\�RI�WKH�JUHHQKRXVH�JDV��FDUERQ�GLR[LGH��LQ�WKH�DWPRVSKHUH�

�� RQ�D�QDWLRQDO�OHYHO��SROLFLHV�IRU�PDQDJLQJ�DQG�H[SORLWLQJ�IRUHVWV�VR�WKDW�WKH\
VWRUH�PRUH�FDUERQ��KDYH�ORZ�FRVWV�

�� RQ� WKH� LQWHUQDWLRQDO� OHYHO�� PDUNHW� PHFKDQLVPV� DUH� YLWDO� IRU� WKH� HIILFLHQW
DOORFDWLRQ�RI� WKH�FRVWV�RI�FRPEDWLQJ�FOLPDWH�FKDQJH��$�FRXQWU\� WKDW� ILQGV� LW
H[SHQVLYH� WR� UHGXFH� HPLVVLRQV� VKRXOG� EH� DEOH� WR� EX\� H[WUD� ULJKWV� IURP� D
FRXQWU\� ZKRVH� QHW� HPLVVLRQV� FDQ� EH� PRUH� FKHDSO\� FRQWUROOHG�� SRVVLEO\
WKURXJK�H[SDQGLQJ�LWV�IRUHVW�DUHD�
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7KHUH� LV�DQ�ROG��ROG� MRNH� WKDW�HYHU\RQH� WDONV�DERXW� WKH�ZHDWKHU�EXW�QR�RQH�HYHU
GRHV�DQ\WKLQJ�DERXW�LW��7KLV�LV�QRW�WUXH�DQ\�PRUH�

7KH� SDVW� IHZ� WKRXVDQG� \HDUV� KDYH� VHHQ� D� SURIRXQG� FKDQJH� LQ� WKH� IDFH� RI� WKH
ZRUOG��7KHUH�PD\�KDYH�EHHQ�JUHDWHU� FDWDFO\VPV� LQ� WKH�KLVWRU\�RI�RXU�SODQHW�EXW
WKLV�RQH�GLIIHUV�IURP�HDUOLHU��QDWXUDO�FRQYXOVLRQV��,W�KDV�EHHQ�FDXVHG�E\�PDQ�

7KH�FKDQJH�KDV�EHHQ�VR�YDVW�WKDW�LW�KDV�WR�EH�VHHQ�IURP�D�GLVWDQFH��*UHDW�DUHDV�RI
IRUHVW�LQ�WKH�QRUWK�RI�WKH�ZRUOG�KDYH�EHHQ�VWULSSHG�DZD\��7KH�SURFHVV�FRQWLQXHV
WRGD\�DW�DQ�DFFHOHUDWLQJ�UDWH�LQ�WKH�VRXWKHUQ�KHPLVSKHUH��1RZ��WKH�FRQVHTXHQFHV
DUH�VWDUWLQJ�WR�HPHUJH�

7KH�HYLGHQFH�LV�VWURQJ��DQG�JURZLQJ�VWURQJHU��WKDW�WKH�FOLPDWH�LV�FKDQJLQJ�DQG�WKH
ZRUOG�LV�EHFRPLQJ�ZDUPHU��7KH�LPSOLFDWLRQV�RI�WKLV�DUH�QRW�IXOO\�NQRZQ�EXW�DUH
XQOLNHO\� WR� EH� JHQHUDOO\� EHQHILFLDO� WR� PDQNLQG�� ZKRVH� SUHVHQW� VHWWOHPHQWV� DQG
VRFLHWLHV�KDYH�HYROYHG�LQ�UHVSRQVH�WR�WKH�ROG�ZHDWKHU�SDWWHUQV�

7KH�PDLQ�FXOSULW�LQ�WKH�JUHHQKRXVH�HIIHFW�LV�FDUERQ��)RUHVWV�DUH�D�ODUJH�UHVHUYRLU
RI� FDUERQ��:KHQ� WUHHV� DQG� SODQWV� JURZ� WKH\� UHPRYH� LW� IURP� WKH� DLU��:KHQ� WKLV
ELRPDVV�GHFD\V�RU�LV�EXUQW��FDUERQ�JRHV�EDFN�LQWR�WKH�DLU��7KHUH�LV�QR�GRXEW�DERXW
WKLV� SURFHVV�� EXW� PDQ� LV� VWLOO� IDU� IURP� FRQWUROOLQJ� WKH� ZD\V� KH� KDV� EHHQ
DFFHOHUDWLQJ�LW�

$W� OHDVW�ZH�DUH� VWDUWLQJ� WR�QRWLFH�� ,Q� WKH�SDVW� IHZ�\HDUV� UHVHDUFKHUV�KDYH�EHJXQ
ORRNLQJ� DW� IRUHVW�EDVHG� LQGXVWULHV� DQG� IRUHVW� SROLFLHV� RQ� D� JOREDO� OHYHO�� 7KH
VXEMHFW� LV�VWLOO� LQ� LWV� LQIDQF\��7KHUH� LV� VWLOO�D�YDULHW\�RI�GLIIHULQJ�GHILQLWLRQV�RI�D
IRUHVW��:LGHO\�XVHG�VWDWLVWLFV�FDQ�EH�XQUHOLDEOH�DQG�DUH�RIWHQ�LQFRPSDWLEOH�

7KLV� VXPPDU\� LV� DQ� RYHUYLHZ� RI� WKH� UHVXOWV� RI� D� WKUHH�\HDU� SURMHFW� E\
818�:,'(5� WR� UHVHDUFK� WKH� FDXVHV� RI� GHIRUHVWDWLRQ��ZKDW� LV� OLNHO\� WR� KDSSHQ
RYHU� WKH� \HDUV� DKHDG� LQ� GHIRUHVWDWLRQ� DQG� IRUHVW� H[SDQVLRQ�� DQG� KRZ� WKLV� ZLOO
DIIHFW�WKH�FOLPDWH�YLD�FDUERQ�HPLVVLRQV�DQG�VHTXHVWUDWLRQ�

)LQDOO\�WKH�UHSRUW�ORRNV�DW�1RUWK�6RXWK�LQWHUGHSHQGHQF\�DQG�GLIIHUHQW�SROLFLHV�WR
ILQG�WKH�PRVW�FRVW�HIIHFWLYH�ZD\V�RI�UHPRYLQJ�FDUERQ�IURP�WKH�DLU�
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)RUHVW�FRYHU�LQ�WKH�WURSLFV�

Natural forest cover (natural forest area /total land area) % in 90 tropical countries in 1990 (data
source: FAO FORIS 1995) [10 value ranges]. Refer to book chapter 5.

FIGURE 2
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'HIRUHVWDWLRQ�UDWH�LQ�WKH�WURSLFV�

Annual national deforestation rate (deforested area /forest area) % in 90 tropical countries
between 1981-90 (data source: FAO FORIS 1995) [5 value ranges]. Refer to book chapter 5.
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)RU� VHYHUDO� WKRXVDQG� \HDUV�PDQ� KDV� EHHQ� FOHDULQJ� IRUHVW� IRU� DJULFXOWXUH�� ,Q� WKH
QRUWKHUQ�KHPLVSKHUH��LQGXVWULDOL]DWLRQ�DOVR�LQFUHDVHG�WKH�SUHVVXUH�RQ�IRUHVWV��7KLV
LV�QRZ�KDSSHQLQJ�LQ�WKH�6RXWK�

7KH�IRUHVWV�RI�WKH�ZRUOG�FRYHU������PLOOLRQ�KHFWDUHV��ZKLFK�LV����SHU
FHQW� RI� WRWDO� ODQG� DUHD�� ,Q� WKH� 6RXWK� DERXW� ��� PLOOLRQ� KHFWDUHV� RI
QDWXUDO� IRUHVW� DUH� EHLQJ� UHPRYHG� DQQXDOO\� �)LJXUHV� �� DQG� ���� 7KH
DPRXQW�E\�ZKLFK�IRUHVW�DUHD�LV�LQFUHDVLQJ�LQ�WKH�1RUWK��QHDUO\���PLOOLRQ�KHFWDUHV�D
\HDU�� LV� VPDOO� E\� FRPSDULVRQ� �)$2� ������� 7KHVH� DUH� IDLUO\� URXJK� ILJXUHV� EXW
FHUWDLQO\�VKRZ�WKH�GLUHFWLRQ�ZH�DUH�JRLQJ�

,Q� VRPH� SDUWV� RI� WKH�ZRUOG�� IRUHVW� FOHDULQJ� KDV� EHHQ� JRLQJ� RQ� IRU� KXQGUHGV� RU
HYHQ� WKRXVDQGV� RI� \HDUV��8QWLO� UHFHQWO\�� LW� VHHPHG� WR� EH� DQ� HIILFLHQW� HFRQRPLF
DFWLYLW\��SXWWLQJ�XQGHUXVHG�UHVRXUFHV�WR�EHWWHU�XVH��OLNH�IDUPLQJ�

7KH� SXEOLF� LQ� GHYHORSHG� FRXQWULHV� LV� QRZ� VWDUWLQJ� WR� WDNH� D� JOREDO
YLHZ�� ,W� ZDQWV� WURSLFDO� IRUHVWV� WR� EH� SUHVHUYHG� DV� DQ� LPSRUWDQW
HQYLURQPHQW�� WR� SUHYHQW� FOLPDWLF� FKDQJH� DQG� SUHVHUYH� ELRORJLFDO
GLYHUVLW\�� ,Q� GHYHORSLQJ� FRXQWULHV�� RQ� WKH� RWKHU� KDQG�� WKH� ORFDO� SRSXODWLRQ� VHHV
IRUHVWV� DV� HVVHQWLDO� UHVRXUFHV� WR� EH� H[SORLWHG�� ,W� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKH
ORFDO��QDWLRQDO�DQG�LQWHUQDWLRQDO�FRQGLWLRQV�EHKLQG�WKLV�

7R�VHH�ZKDW�LV�KDSSHQLQJ��ZH�ILUVW�QHHG�GHILQLWLRQV�RI�GLIIHUHQW�NLQGV
RI� IRUHVW��7KHQ�� D�QXPEHU�RI� IRUHVW� LQYHQWRULHV�QHHG� WR�EH� FRQGXFWHG
RYHU� D� SHULRG� RI� WLPH�� :KHQ� WKH� )$2� ZDV� SUHSDULQJ� LWV� )RUHVW
5HVRXUFHV� $VVHVVPHQW� ������ LW� IRXQG� WKDW� LQ� WKH� JUHDW� PDMRULW\� RI� WURSLFDO
FRXQWULHV��RQO\�RQH�QDWLRQDO� LQYHQWRU\�KDG�HYHU�EHHQ�XQGHUWDNHQ��7KH�TXDOLW\�RI
GDWD�LV�QRZ�LPSURYLQJ�DQG�D�JOREDO�SLFWXUH�LV�VWDUWLQJ�WR�HPHUJH�

7KH� FDXVHV� RI� GHIRUHVWDWLRQ� IDOO� LQWR� IRXU� JURXSV�� HFRQRPLF�� GHPRJUDSKLF�
HFRORJLFDO� DQG� SROLWLFDO�VRFLDO� IDFWRUV�� (FRQRPLF� IDFWRUV� LQFOXGH� WKLQJV� OLNH
LQFRPH��WKH�GHPDQG�IRU�ZRRG�DQG�DJULFXOWXUDO�SURGXFWV��HWF��'HPRJUDSKLF�IDFWRUV
FRQFHUQ�SRSXODWLRQ�SUHVVXUH��(FRORJLFDO�IDFWRUV�DUH�UHODWHG� WR� WKH� IHUWLOLW\�RI� WKH
VRLO�� LWV� VXVFHSWLELOLW\� WR� HURVLRQ�� WKH� WRSRJUDSK\� DQG� WKH� FOLPDWH�� -XVW� DERXW
DQ\WKLQJ�HOVH�IDOOV�XQGHU�WKH�FDWHJRU\�RI�SROLWLFDO�RU�VRFLDO�IDFWRUV�

Book
chapter 1

Book
chapter 5

Book
chapter 4
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7KLV� VLPSOH� VWUXFWXUH� KLGHV� D� PRUH� FRPSOH[� PHFKDQLVP�� EHFDXVH� WKHUH� LV
LQWHUDFWLRQ�EHWZHHQ�WKHVH�GLIIHUHQW� IDFWRUV��)RU�H[DPSOH��ZKHQ� LQFRPHV�DUH� ORZ
DQG�DJULFXOWXUDO�SURGXFWLYLW\�LV�SRRU��SRSXODWLRQ�JURZWK�LQFUHDVHV�WKH�SUHVVXUH�RQ
IRUHVWV�EHFDXVH�WKH�H[WUD�GHPDQG�IRU�IRRG�UHTXLUHV�H[WUD�FXOWLYDWHG�DUHD�RU�VKRUWHU
IDOORZ� SHULRGV�� $� ULVLQJ� SRSXODWLRQ� FDQ� DOVR� FUHDWH� PRUH� GHPDQG� IRU� IRUHVW
SURGXFWV�� OHDGLQJ� WR� WKH�RYHUH[SORLWDWLRQ�RI� IRUHVWV��%XW�DW�KLJKHU� LQFRPH� OHYHOV
WKH�SRSXODWLRQ�HIIHFW�VHHPV�WR�GLVDSSHDU�

,QFRPH� LV� DQRWKHU� IDFWRU� DIIHFWLQJ� GHIRUHVWDWLRQ� EXW� DJDLQ� LQ� WZR� GLIIHUHQW
GLUHFWLRQV�� ,Q� D� SRRU� VRFLHW\�� H[WUD� LQFRPH� LV� OLNHO\� WR� FUHDWH� H[WUD� GHPDQG� IRU
DJULFXOWXUDO�DQG�IRUHVW�SURGXFWV��$OVR�H[WUD�FDSLWDO�FDQ�HQDEOH�WKH�SRRU�WR�VWHS�XS
WKHLU�UDWH�RI�GHIRUHVWDWLRQ��%XW�LQ�ZHDOWKLHU�VRFLHWLHV��DW�OHDVW�ZKHUH�ZHDOWK�LV�QRW
WRR�XQHYHQO\�VSUHDG��ULVLQJ�LQFRPH�LV�DFFRPSDQLHG�E\�D�ULVLQJ�IRUHVW�DUHD�

,W�UHPDLQV�WUXH�WKDW��DW�DQ\�OHYHO�RI�LQFRPH��H[WUD�ZHDOWK�FRXOG�EH�FKDQQHOOHG�LQWR
ODUJH� LQYHVWPHQW� SURMHFWV� DQG� DJULFXOWXUDO� VXEVLGLHV� RIWHQ� DVVRFLDWHG� ZLWK
GHIRUHVWDWLRQ�� 7KLV� SRLQWV� WR� DQRWKHU� FUXFLDO� HOHPHQW� LQ� GHIRUHVWDWLRQ�� WKH
GLVWRUWLRQ�RI�PDUNHW�IRUFHV�FDXVHG�E\�DUWLILFLDOO\�ORZ�SULFLQJ�RI�IRUHVW�UHVRXUFHV�

,Q�PDQ\�RI�WKH�WURSLFDO�FRXQWULHV�ZKHUH�GHIRUHVWDWLRQ�LV�QRZ�VR�UDSLG��WKH�IRUHVW�LV
HLWKHU� RSHQ�DFFHVV�� FRPPRQ� RU� JRYHUQPHQW�FRQWUROOHG� ODQG�� $V� D� UHVXOW�� WKH
HFRQRPLF�YDOXH�RI� D� OLYLQJ� WUHH� LV� HLWKHU� ]HUR� RU� GHFLGHG� DFFRUGLQJ� WR� DUELWUDU\
SULQFLSOHV�� 7KHUH� LV� QR� FRPSHWLWLYH� SULFLQJ� RI� WKH� VWDQGLQJ� IRUHVW� VR� LQFUHDVLQJ
VFDUFLW\�KDV�OLWWOH�RU�QR�HIIHFW�RQ�KRZ�LW�LV�PDQDJHG�

$QRWKHU�FRPPRQ�IHDWXUH�LQ�WKH�WURSLFV�LV�URWDWLRQDO�DJULFXOWXUH��ZKHUH
IRUHVW� LV� FOHDUHG� DQG� WKH� ODQG� IDUPHG� XQWLO� FURS� \LHOGV� VWDUW� WR
GHWHULRUDWH�� DIWHU� ZKLFK� PRUH� IRUHVW� LV� FOHDUHG�� ,I� ULJKWV� WR� ODQG

RZQHUVKLS�DUH�ZHDN��WKH�IDUPHU�KDV�QR�LQFHQWLYH�WR�LQYHVW�LQ�PRUH�LQWHQVLYH�ODQG
XVH�DQG�VXVWDLQDEOH�PHWKRGV��%HWWHU�WR�FDUU\�RQ�FOHDULQJ�WKH�DSSDUHQWO\�ZRUWKOHVV
IRUHVW�

5RWDWLRQDO� DJULFXOWXUH� FDQ� VWLOO� EH� VXVWDLQDEOH� LI� WKH� SHULRG� RI� IDUPLQJ� LV� VKRUW
HQRXJK�WR�SUHYHQW�SHUPDQHQW�GDPDJH�DQG�WKH�IDOORZ�SHULRG�ORQJ�HQRXJK�WR�DOORZ
WKH�IRUHVW�WR�UHWXUQ�DQG�UHYLWDOL]H�WKH�VRLO��8QGHU�SRSXODWLRQ�SUHVVXUH��ODQG�LV�RIWHQ
IDUPHG�WR�WKH�SRLQW�RI�H[KDXVWLRQ��LQFOXGLQJ�XQVXLWDEOH�DUHDV�VXFK�DV�VWHHS�VORSHV�
7KH�UHVXOW�LV�SHUPDQHQW�GHIRUHVWDWLRQ�DQG�HURVLRQ�

2I�FRXUVH��GHIRUHVWDWLRQ�GHSHQGV�QRW�RQO\�RQ� LQFRPH��SRSXODWLRQ�DQG
ODQG�RZQHUVKLS�EXW�DOVR�RQ�KRZ�ZHOO� WKH�DUHD�VXLWV�DJULFXOWXUH��0RUH
IRUHVWODQG�LV�GHVWUR\HG�SHU�KHDG�RI�SRSXODWLRQ�ZKHUH�WKH�FRQGLWLRQV�DUH
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EHVW�VXLWHG�WR�DJULFXOWXUH��:HW� ORZODQGV�H[SHULHQFH� OHVV�GHIRUHVWDWLRQ�SHU�FDSLWD
EHFDXVH�WKH\�DUH�OHVV�VXLWDEOH��OHVV�DFFHVVLEOH�DQG�PRUH�GLVHDVH�ULGGHQ�

7KHQ� WKHUH� LV� WKH� LQIRUPDWLRQ� HIIHFW�� $V� WKH� DPRXQW� RI� GDWD� DERXW
IRUHVWV� LQFUHDVHV�� WKH� UDWH� RI� GHIRUHVWDWLRQ� VHHPV� WR� SLFN� XS�� SHUKDSV
EHFDXVH�LQIRUPDWLRQ�UHGXFHV�WKH�ULVNV�IRU�HFRQRPLF�DJHQWV�WKDW�H[SORLW
IRUHVWODQG�� 7KLV� LV� REYLRXVO\� QRW� WUXH� LQGHILQLWHO\�� $V� UHOLDEOH� GDWD� EHFRPHV
DYDLODEOH�IRU�D�UHDVRQDEOH�KLVWRULFDO�SHULRG��WKH�SUHVVXUH�WR�VDYH�IRUHVWV�LQFUHDVHV�

�����7KH�$PD]RQ

7ZR�WKLUGV� RI� WKH�$PD]RQ� FRQVLVWV� RI� FORVHG� DQG� RSHQ� IRUHVWV�� 7KH� UDLQ� IRUHVW
FRYHUV�DERXW�����PLOOLRQ�VTXDUH�NLORPHWUHV��RI�ZKLFK����SHU�FHQW�LV�LQVLGH�%UD]LO�
)RU�PRUH�WKDQ�WZR�FHQWXULHV�IURQWLHU�VHWWOHPHQWV�LQ�%UD]LOLDQ�$PD]RQ�ZHUH�EDVHG
RQ�VSRQWDQHRXV�PLJUDWLRQ��'HIRUHVWDWLRQ�ZDV�UHVWULFWHG�WR�DUHDV�DORQJ�PDLQ�ULYHUV
DQG�WKH�VRXWK�RI�WKH�$PD]RQ�GHOWD�

,Q� WKH� ����V� GHIRUHVWDWLRQ� UDWHV� VWDUWHG� LQFUHDVLQJ� FRQVLGHUDEO\�� DQG� DERXW� ��
PLOOLRQ�KHFWDUHV�KDYH�EHHQ� UHPRYHG� LQ� WKH� ODVW����\HDUV��7KLV�ZDV� WKH� UHVXOW� RI
UHJLRQDO� SROLFLHV�� EDVHG� RQ�PLOLWDU\� FRQFHUQ� DERXW� LQWHUQDO� VHFXULW\�� &UHGLW� DQG
VXEVLGLHV�WR�DJULFXOWXUH�FRPELQHG�ZLWK�H[SDQVLRQ�RI�WKH�URDG�QHWZRUN�SXVKHG�WKH
DJULFXOWXUDO�IURQWLHU�WRZDUGV�WKH�QRUWKZHVW�ZKLOH�UHJLRQDO� LQFHQWLYHV�HQFRXUDJHG
VHWWOHPHQWV�LQVLGH�WKH�$PD]RQ�

0RVW� RI� WKH� QHZ� 
IDUPLQJ
� XQLWV� ZHUH� XQSURGXFWLYH� EHFDXVH� WKH\� LJQRUHG� VRLO
IHUWLOLW\��VR�WKH�PLJUDQWV�VRRQ�UHWXUQHG�WR�XUEDQ�DUHDV�RU�PRYHG�RQ�WR�FOHDU�QHZ
DUHDV�� &DWWOH� UDQFKLQJ� EHFDPH� WKH�PDLQ� DJHQW� RI� GHIRUHVWDWLRQ�� 2WKHU� DFWLYLWLHV
OLNH� WLPEHU� H[WUDFWLRQ�� FKDUFRDO� SURGXFWLRQ��PLQLQJ� DQG� K\GURHOHFWULF� GDPV� KDG
PLQRU�UROHV�

,Q� WKH�PLG�����V�JRYHUQPHQW�SROLFLHV�VKLIWHG�EDFN� WR� WKH� LGHD�RI� 
JURZWK�SROHV

ZKHUH� GHYHORSPHQW�ZDV� IRFXVHG� RQ� ODUJH�VFDOH� SULYDWH� SURMHFWV� RI� DJULFXOWXUDO�
OLYHVWRFN�DQG�PLQHUDO�GHYHORSPHQW�

6WXGLHV�RI�WKH���������SHULRG�VKRZ�WKDW�UHJLRQDO�SROLFLHV�FUHDWHG�DQ�H[WUD����SHU
FHQW� RI� GHIRUHVWDWLRQ��PRVW� RI� WKLV� GXH� WR� EHWWHU� DFFHVVLELOLW\� YLD� URDG� EXLOGLQJ�
*URZWK�SROHV�KDG�QR�VLJQLILFDQW�HIIHFWV�

/RJJLQJ� KDV� VR� IDU� EHHQ� D� PLQRU� IDFWRU� LQ� WKH� GHIRUHVWDWLRQ� RI� WKH� %UD]LOLDQ
$PD]RQ��&RPSDUHG�ZLWK� 6RXWKHDVW�$VLD� WKLV� LV�PDLQO\� H[SODLQHG� E\� WKH� ORZHU
GHQVLW\� RI� YDOXDEOH� WUHHV� LQ� WKH� $PD]RQ� DQG� KLJKHU� WUDQVSRUWDWLRQ� FRVWV� WKHUH�
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/RJJLQJ� KDV� PDLQO\� EHHQ� D� E\�SURGXFW� RI� WKH� SURFHVV� RI� WXUQLQJ� ODQG� RYHU� WR
DJULFXOWXUH�

%UD]LOLDQ� $PD]RQ� LV� VWLOO� LQ� WKH� ILUVW� VWDJHV� RI� IURQWLHU� H[SDQVLRQ�
FKDUDFWHUL]HG� E\� SOHQW\� RI� FKHDS� WLPEHU�� KLJK� WUDQVSRUW� FRVWV� DQG
XQFHUWDLQ�SURSHUW\� ULJKWV��0RUH� UHFHQWO\�� WKRXJK�� WKH�FRQVROLGDWLRQ�RI

WKH�IURQWLHU�KDV�OHG�WR�D�UDSLG�H[SDQVLRQ�RI�ORJJLQJ�

�����,QGRQHVLD

,QGRQHVLD�FRYHUV�DERXW�����PLOOLRQ�KHFWDUHV��RI�ZKLFK�QHDUO\����SHU�FHQW�LV�XQGHU
IRUHVW� FRYHU�� 7KH� XQGHUO\LQJ� VRXUFH� RI� ,QGRQHVLDQ� GHIRUHVWDWLRQ� LV� WKH� ODUJH
SRSXODWLRQ�SUHVVXUH�DQG�D�ORZ�LQFRPH�OHYHO�

Tropical rainforest cleared for shifting cultivation in Indonesia

Photo by Ari Siiriäinen

7KH�DYHUDJH�LQFRPH�RI�,QGRQHVLDQV�KDV�LQFUHDVHG�FRQVLGHUDEO\�LQ�WKH�SDVW�WZHQW\
\HDUV�� DQG� WKHUH� KDYH� EHHQ� JDLQV� LQ� DJULFXOWXUDO� SURGXFWLYLW\�� +RZHYHU�� WKH
,QGRQHVLDQ� )RUHVWU\� 6HFWRU� 0RGHO� LQGLFDWHV� WKDW� WKH� LQFUHDVH� LQ� IRUHVW� FRYHU
ZKLFK�WKHVH�JDLQV�ZRXOG�RWKHUZLVH�KDYH�FDXVHG��KDV�EHHQ�HOLPLQDWHG�E\�WKH�ULVH
LQ� SRSXODWLRQ� GHQVLW\�� 6XFK� LV� WKH� HIIHFW� RI� LQFUHDVLQJ� SRSXODWLRQ� WKDW� LW� LV
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SUHGLFWHG�WKDW�,QGRQHVLD
V�RXWHU�LVODQGV�ZLOO�ORVH�IRUHVW�FRYHU�XQWLO�LW�IDOOV�WR�DERXW
������SHU�FHQW�

7KH�IRUHVWV�SURYLGH�HPSOR\PHQW�DQG�JHQHUDWH�H[SRUWV��FRQWULEXWLQJ����SHU�FHQW�RI
DOO�IRUHLJQ�H[FKDQJH�HDUQLQJV�LQ�WKH�SDVW�GHFDGH��7LPEHU�SURGXFWLRQ�LV�VWLOO�PRVWO\
IURP� QDWXUDO� IRUHVWV� EXW� WKLV� LV� GHFOLQLQJ�� 7KH� JRYHUQPHQW� LV� QRZ� SURPRWLQJ
YDOXH�DGGHG� ZRRG�EDVHG� LQGXVWULHV�� VXFK� DV� SXOS� DQG� SDSHU� SURGXFWLRQ�� DQG
FRUSRUDWLRQV� DUH� QRZ� HVWDEOLVKLQJ� SODQWDWLRQV� WR� SURYLGH� URXQGZRRG� DQG
SXOSZRRG�LQ�SDUWLFXODU�

:LWKLQ�D�QDWLRQDO�FRQWH[W��GHIRUHVWDWLRQ� LV�VHHQ�DV�GHVWUXFWLYH�RQO\�ZKHQ�KLJKO\
YDOXHG�IORZ�RI�WLPEHU�DQG�IRUHVW�VHUYLFHV�DUH�UHSODFHG�ZLWK�D�ODQG�XVH�WKDW�\LHOGV
OHVV�� 7KLV� LV� QRW� WKH� FDVH� LI� YLUJLQ� RU� ORJJHG� IRUHVW� LV� FRQYHUWHG� WR� VXVWDLQDEOH
VKLIWLQJ�FXOWLYDWLRQ��SODQWDWLRQV�RU�DJURIRUHVWU\��8UEDQ�ODQG��WRR��FDQ�KDYH�KLJKHU
QDWLRQDO�YDOXH�WKDQ�IRUHVWODQG�

+RZHYHU��ZDVWHIXO�GHIRUHVWDWLRQ� LV�ZLGHVSUHDG�� WKH�UHVXOW�RI�SRRU� LQFHQWLYHV� IRU
ODQG�PDQDJHPHQW�DQG� WKH� IDLOXUH� WR� WDNH� LQWR�DFFRXQW� LQWDQJLEOH� IRUHVW� VHUYLFHV�
$ERXW����PLOOLRQ�KHFWDUHV��HTXLYDOHQW�WR����SHU�FHQW�RI�QDWXUDO�IRUHVWV��LV�FRYHUHG
E\� GHIRUHVWHG� ODQG� DQG� GHIRUHVWDWLRQ� LV� FRQWLQXLQJ� E\� RQH� PLOOLRQ� KHFWDUHV
DQQXDOO\�

,QGRQHVLD
V� HIIRUWV� WR� WXUQ� LWV� IRUHVW� UHVRXUFHV� LQWR� TXLFN� H[SRUWV� DQG
HPSOR\PHQW� KDYH� UHVXOWHG� LQ� QRQ�VXVWDLQDEOH� ORJJLQJ� DQG� RWKHU� ODQG
XVH�� /RJJLQJ� FRQFHVVLRQV� XVXDOO\� FRYHU� SHULRGV� RI� ��� \HDUV�� 7KLV� LV
VLJQLILFDQWO\� VKRUWHU� WKDQ� WKH� ������� \HDUV� WKDW� QDWXUDO� WLPEHU� VWDQGV� QHHG� WR
UHJHQHUDWH� QDWXUDOO\�� 7KLV� LV� RQH� RI� WKH� IDFWRUV� KLQGHULQJ� LWV� WUDQVLWLRQ� WR
VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�

�����&KLQD

5HFRUGV� RQ� WKH� HYROXWLRQ� RI� &KLQD¶V� IRUHVWV� VWUHWFK� IDU� EDFN� LQWR� WKH� SDVW�
$OWKRXJK�GHILQLWLRQV�DQG�FRQFHSWV�KDYH�FKDQJHG�RYHU� WLPH�� WKHUH� LV� VWLOO� D� FOHDU
KLVWRULFDO�SLFWXUH�RI�WKH�FKDQJLQJ�ODQGVFDSH�

,Q� DQFLHQW� &KLQD� DERXW� KDOI� RI� WKH� ODQG� ZDV� FRYHUHG� E\� IRUHVW�� 'HIRUHVWDWLRQ
EHJDQ�DURXQG������\HDUV�DJR��5LYHUV� WKDW�KDYH�EHHQ�\HOORZ�ZLWK� WKH�VLOW�RI�VRLO
HURVLRQ� IRU� WKRXVDQGV� RI� \HDUV� ZHUH� RQFH� FOHDU�� DFFRUGLQJ� WR� HDUO\� OLWHUDWXUH�
&OLPDWLF� FKDQJH� FDQ� KDYH� FDXVHG� VRPH� GHIRUHVWDWLRQ� EXW� LWV� PDLQ� HIIHFW� ZDV
SUREDEO\�WR�PDNH�YHJHWDWLRQ�UHFRYHU\�PRUH�GLIILFXOW�
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/RJJLQJ� DQG� VXEVLVWHQFH� DJULFXOWXUH� KDYH� OHG� WR� ODQG� GHJUDGDWLRQ�� VRLO� HURVLRQ
DQG� GHVHUWLILFDWLRQ�� $ERXW� ���� \HDUV� DJR� RQO\� D� TXDUWHU� RI� WKH� ODQG� KDG� IRUHVW
FRYHU� DQG�� DW� WKH� WLPH� RI� WKH� ILUVW� QDWLRQDO� LQYHQWRU\� LQ� ������ DERXW� DQ� HLJKWK�
'HIRUHVWDWLRQ� LQ� WKH� &RPPXQLVW� HUD� ZDV� WKH� GHOLEHUDWH� UHVXOW� RI� WXUQLQJ
VLJQLILFDQW�DPRXQWV�RI� IRUHVW� WR� DJULFXOWXUDO� XVH��7KH� DPRXQW�RI� FXOWLYDWHG� ODQG
GLG�QRW� ULVH� VLJQLILFDQWO\�� HYLGHQWO\�EHFDXVH�PXFK�ZDV� ORVW� WKURXJK� VRLO� HURVLRQ
DQG�QDWXUDO�GDPDJH�

$IWHU�WKH�VHFRQG�QDWLRQDO�IRUHVW�LQYHQWRU\�KDG�VKRZQ�D�GUDPDWLF�GHFOLQH�LQ�IRUHVW
DUHD�� SROLFLHV� ZHUH� UHYLVHG� DQG� IRUHVW� PDQDJHPHQW� DQG� SODQWDWLRQ� VFKHPHV
LQWURGXFHG�� %\� ����� WRWDO� IRUHVW� DUHD� DQG� JURZLQJ� VWRFN� ZHUH� ERWK� LQFUHDVLQJ
�DOWKRXJK�GHIRUHVWDWLRQ�RI�QDWXUDO�IRUHVWV�LV�FRQWLQXLQJ�RQ�D�PLQRU�VFDOH��

7KH� UHFRYHU\� RI� &KLQD
V� IRUHVWV� ZDV� GXH� WR� WKH� VFDUFLW\� UHVSRQVH�� WKH� IDFW� WKDW
GHIRUHVWDWLRQ�UHDFKHV�D�SUDFWLFDO�OLPLW�EHIRUH�WKH�SK\VLFDO�RQH��,Q�SDUW��WKLV�LV�WKH
LQIRUPDWLRQ�HIIHFW�±�EHWWHU�GDWD�RQ�IRUHVWV�OHDGLQJ�WR�FRQVHUYDWLRQ��0DUNHW�IRUFHV
ZHUH�DOVR�DW�ZRUN�KHUH��DOWKRXJK�ODQG�LV�VWLOO�RZQHG�E\�WKH�VWDWH��XVHU�ULJKWV�KDYH
EHHQ�YHVWHG�LQ�IDPLOLHV��YLOODJHV�DQG�FRUSRUDWLRQV�

6LQFH�WKH�����V�� IRUHVWDWLRQ� LQYHVWPHQW�KDV�EHHQ�SURMHFW�RULHQWHG�DQG
KDV�OHG�WR�ODUJH�VFDOH�SODQWDWLRQ�RI�IRUHVW�WR�SURWHFW�DJULFXOWXUH��FRPEDW
VRLO�HURVLRQ�DQG�\LHOG�WLPEHU��:LWK����PLOOLRQ�KHFWDUHV��&KLQD�WRSV�WKH

OHDJXH�RI�FRXQWULHV�ZLWK�SODQWDWLRQ� IRUHVWV�� ,W� LV� HVWLPDWHG� WKDW��E\����������SHU
FHQW�RI�ODQG�FRXOG�EH�FRYHUHG�E\�IRUHVW��FRPSDUHG�ZLWK�DQ�HVWLPDWHG���SHU�FHQW�LQ
������

%XW� WKH� FRQWLQXLQJ� H[SDQVLRQ� RI� &KLQD¶V� SRSXODWLRQ� FRXOG� MHRSDUGL]H� WKLV�
$OWKRXJK�WKH�ELUWK�UDWH�KDV�EHHQ�ORZHUHG��DQQXDO�DEVROXWH�SRSXODWLRQ�LQFUHDVH�LV
VWLOO� KLJK�� ,I� UDSLG� HFRQRPLF� JURZWK� FDQ� EH�PDLQWDLQHG�� VRPH� SUREOHPV� FDQ� EH
DYRLGHG�EXW�WKHUH�ZLOO�LQHYLWDEO\�EH�FRQWLQXLQJ�SUHVVXUH�RQ�WKH�HQYLURQPHQW�

�����$IULFD�YHUVXV�1HZ�(QJODQG

0DQ
V�DOWHUDWLRQ�RI�WKH�$IULFDQ�HQYLURQPHQW�EHJDQ�ZLWK�QHROLWKLF�IDUPLQJ��ZKLFK
VWDUWHG�����������\HDUV�DJR�LQ�QRUWKHUQ�$IULFD�DQG�WKH�6DKHO�EHOW�DQG�VRPHZKDW
ODWHU�LQ�VXE�6DKDUDQ�$IULFD��7KLV�ZDV�ZHOO�EHIRUH�DQ\�FRQWDFWV�ZLWK�(XURSHDQ�RU
RWKHU�RXWVLGH�VRFLHWLHV�

)RUHVWV� ZHUH� UHSODFHG� E\� JUDVVODQG� DQG� EXVK� ORQJ� DJR� LQ� (WKLRSLD�� 8JDQGD�
.HQ\D�� 1LJHULD� DQG� =DPELD�� DUHDV� ZKHUH� KXPDQ� KDELWDWLRQ� ZDV� DW� LWV� PRVW
LQWHQVLYH��7KH� IRUHVWV� ILUVW�EHJDQ�UHWUHDWLQJ�DERXW������\HDUV�DJR��DQG�D� VHFRQG
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VWDJH�RI�GHIRUHVWDWLRQ� WRRN�SODFH� DERXW������\HDUV� DJR�� D� WLPH�RI�JURZLQJ� LURQ
SURGXFWLRQ� ZKLFK� UHTXLUHG� JUHDW� DPRXQWV� RI� ZRRG� FKDUFRDO� DQG� FUHDWHG� EHWWHU
WRROV�IRU�IHOOLQJ�WUHHV�

7KH� SUHGRPLQDQW� IRUFH� GULYLQJ� GHIRUHVWDWLRQ� DW� WKH� SUHVHQW� WLPH� LV
DVVXPHG� WR� EH� SRSXODWLRQ�� HVSHFLDOO\� DV� WUDGLWLRQDO� PHWKRGV� RI
DJULFXOWXUH�DQG�ODQG�XVH�DUH�XQFKDQJHG�LQ�PRVW�SDUWV�RI�$IULFD�VRXWK�RI
WKH�6DKDUD��$IULFD�KDV�WKH�ZRUOG
V�KLJKHVW�SRSXODWLRQ�JURZWK�UDWH��DQG�LV�WKH�RQO\
UHJLRQ�ZKHUH�LW�LV�QRW�IDOOLQJ�

5LVLQJ� SRSXODWLRQ� GRHV� QRW� DOZD\V� UHVXOW� LQ� GHIRUHVWDWLRQ�� ,Q� WKH�1HZ�(QJODQG
UHJLRQ�RI� WKH�86$�� WKH�UHYHUVH�RFFXUUHG��:KHQ�WKH�3LOJULPV�ODQGHG�WKHUH� LQ� WKH
HDUO\���WK�FHQWXU\�DERXW����SHU�FHQW�RI�WKH�ODQG�ZDV�XQGHU�IRUHVW��EXW�E\�WKH�PLG�
��WK�FHQWXU\�LW�ZDV�GRZQ�WR�DERXW����SHU�FHQW��2YHU�WKH�QH[W����\HDUV�IRUHVW�FRYHU
VWDELOL]HG�� WKHQ� EHJDQ� LQFUHDVLQJ�� DQG� E\� �����ZDV� DERYH� ��� SHU� FHQW��<HW� WKH
SRSXODWLRQ�ZDV�ULVLQJ�VWHDGLO\�WKURXJKRXW�WKLV�WLPH�

7KLV� VHHPV� WR� KDYH� EHHQ� WKH� UHVXOW� RI� KLJKHU� LQFRPHV� DQG� LQGXVWULDO
GHYHORSPHQW�� 7KH� PDQXIDFWXULQJ� VHFWRU� H[SDQGHG� DW� WKH� H[SHQVH� RI
DJULFXOWXUH��DQG�EHWWHU�WUDQVSRUW�LQIUDVWUXFWXUH�DOORZHG�WUDGH�ZLWK�RWKHU
DUHDV��ERWK�DIIHFWLQJ�ORFDO�ODQG�XVH��+RZHYHU��WKH�LQFUHDVLQJ�IRUHVW�DUHD�GHSHQGHG
RQ�WKH�DELOLW\�RI�1HZ�(QJODQG�WR�LPSRUW�IRRG�IURP�HOVHZKHUH�DQG�VR�FRXOG�QRW�EH
UHSHDWHG�LQ�DOO�UHJLRQV�ZLWKRXW�LPSURYHPHQWV�LQ�DJULFXOWXUH�

7KH� KLVWRU\� RI�1HZ�(QJODQG� GRHV� QRW� FRQIOLFW�ZLWK� WKH�$IULFDQ� H[SHULHQFH�� RI
GHIRUHVWDWLRQ�DW� D� WLPH�ZKHQ� WKH�SRSXODWLRQ� LV� ULVLQJ�� LQFRPHV�DUH� ORZ�� IDUPLQJ
PHWKRGV� DUH�XQFKDQJHG�� SURSHUW\� ULJKWV� DUH�XQFOHDU� DQG� WKHUH� LV� RSHQ� DFFHVV� WR
IRUHVWV��:LWKRXW� UHVROXWLRQ� RI� WKHVH� FULWLFDO� IDFWRUV�$IULFD� LV� XQOLNHO\� WR� IROORZ
1HZ�(QJODQG¶V�SDWWHUQ�RI�IRUHVW�GHYHORSPHQW�

�����7DQ]DQLD

$�FDVH�VWXG\�RI�D�YLOODJH� LQ� WKH�1JXUX�PRXQWDLQ�UDLQIRUHVW�RI�7DQ]DQLD�UHDFKHG
WKH�VDPH�EURDG�FRQFOXVLRQV�DV�PDQ\�PDFUR�VWXGLHV�VSDQQLQJ�UHJLRQV�RU�QDWLRQDO
HFRQRPLHV�� 3HDVDQW� IDUPHUV� DUH� KLJKO\� DYHUVH� WR� ULVN� DQG� KDYH� VHWWOHG� LQWR
IDUPLQJ�SUDFWLFHV�WKDW�DUH�IDU�OHVV�SURGXFWLYH�WKDQ�WKH�RSWLPDO��)DOORZ�SHULRGV��IRU
H[DPSOH��DUH�WRR�VKRUW�

$Q� LQFUHDVHG� VXSSO\� RI� FDSLWDO� ZRXOG� OHDG� WR� PRUH� HIILFLHQW� DJULFXOWXUH�� IRU
H[DPSOH� WKURXJK� WKH� XVH� RI� PRUH� IHUWLOL]HU�� VR� ORQJ� DV� WKH� VXSSO\� RI� ODQG� LV
UHVWULFWHG��,I�ODQG�ZHUH�QRW�UHVWULFWHG��WKRXJK��LW�ZRXOG�OHDG�WR�PRUH�GHIRUHVWDWLRQ�
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,Q� WKH� VDPH� ZD\�� KLJKHU� FURS� SULFHV� DOVR� LQFUHDVH� GHIRUHVWDWLRQ�� ,Q� WKH� 1JXUX
IRUHVW�� LI� DFFHVV� WR� DJULFXOWXUDO� LQSXWV� VXFK� DV� IHUWLOL]HUV� ZHUH� LPSURYHG�� WKH
IDUPHUV�ZRXOG�QRW�EH�OLNHO\�WR�FOHDU�PRUH�IRUHVW�EHFDXVH�RI�WKH�UHODWLYH�FRVWV�RI
ODQG�FOHDULQJ�

3RSXODWLRQ�JURZWK�ZDV�IRXQG�WR�EH�D�YHU\�LPSRUWDQW�IDFWRU�EHKLQG�GHIRUHVWDWLRQ�
$W�WKH�SUHVHQW�JURZWK�UDWH�RI�����SHU�FHQW�SHU�\HDU��H[LVWLQJ�IDUPLQJ�V\VWHPV�ZLOO
EH� DEOH� WR� VXVWDLQ� WKH� SRSXODWLRQ� IRU� QR� PRUH� WKDQ� ������ \HDUV�� 'ULYHQ� E\
GHFOLQLQJ� FURS� SURGXFWLYLW\� DQG� JURZLQJ� IRRG� GHPDQG�� WKH� IRUHVW� DUHD� ZLOO� EH
UHGXFHG�

,I�SRSXODWLRQ�FDQQRW�EH�FRQWUROOHG��WKH�SUHVVXUH�RQ�IRUHVWV�FRXOG�EH
UHGXFHG�E\�UHDOORFDWLQJ�UHVRXUFHV�DQG�ULVN�PDQDJHPHQW�LQ�WKH�VKRUW
WHUP� DQG� LQWURGXFLQJ� PRUH� DSSURSULDWH� IDUPLQJ� WHFKQRORJ\� LQ� WKH

ORQJ�WHUP�
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)URP������ WR������QDWXUDO� IRUHVWV� LQ� WKH�6RXWK�GHFUHDVHG�E\�DERXW�����PLOOLRQ
KHFWDUHV� ZKLOH� SODQWDWLRQ� IRUHVWV� LQFUHDVHG� E\� ��� PLOOLRQ� KHFWDUHV�� 0RVW
SODQWDWLRQ�IRUHVWV�DUH�LQ�WHPSHUDWH�ODWLWXGHV��SULPDULO\�&KLQD��EXW�DERXW�D�TXDUWHU
DUH�LQ�WKH�WURSLFV�

FIGURE 3
FOREST AREA (MILLION HECTARES)
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Forest area scenarios for tropical Latin America, Africa and Asia (a dotted line indicates low and
high trend scenario, an asterix low and high model-based scenario). Refer to book chapter 11.

Data source: FAO FORIS 1995.

3ODQWDWLRQV�GR�QRW�FRQWDLQ�WKH�VDPH�DPRXQW�RI�ELRORJLFDO�GLYHUVLW\�DQG�FDUERQ�DV
QDWXUDO� IRUHVWV�� EXW� WKH\�GR�ZRUN�ZHOO� LQ�SURGXFLQJ� IXHO� DQG�ZRRG� IRU� SXOSLQJ�
&KLQD�DQG�,QGLD�KDYH�E\� IDU� WKH� ODUJHVW�SODQWDWLRQ� IRUHVWV��PDLQO\�HVWDEOLVKHG� WR
VWRS�VRLO�HURVLRQ�DQG�WKH�VSUHDG�RI�GHVHUWV��DQG�WR�SURGXFH�IXHO��%UD]LO��,QGRQHVLD
DQG�&KLOH�KDYH�WKH�ODUJHVW�LQGXVWULDO�SODQWDWLRQV��)$2�������
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7KH�1RUWK�GRPLQDWHV� WKH� LQWHUQDWLRQDO� WUDGH�RI�IRUHVW�SURGXFWV��&DQDGD��)LQODQG
DQG�6ZHGHQ�DUH�WKH�ELJJHVW�QHW�H[SRUWHUV��2QO\�D�IHZ�FRXQWULHV�LQ�WKH�6RXWK�KDYH
PDQDJHG� WR� GHYHORS� FRPSHWLWLYH� ODUJH�VFDOH� IRUHVW� LQGXVWULHV�� ,Q� 0DOD\VLD� DQG
,QGRQHVLD�VDZPLOOLQJ�DQG�SO\ZRRG�LQGXVWULHV�KDYH�VR�IDU�EHHQ�EDVHG�SULPDULO\�RQ
QDWXUDO� IRUHVWV�� %UD]LO� DQG� &KLOH� KDYH� FUHDWHG� SXOS�� SDSHU� DQG� VDZPLOOLQJ
LQGXVWULHV�XVLQJ�SODQWDWLRQ�IRUHVWV�ZLWK�H[RWLF�WUHH�VSHFLHV�

:KDW�KDSSHQV�WR�IRUHVWV�GHSHQGV�SDUWO\�RQ�ZKDW�ZLOO�KDSSHQ�WR�JOREDO
SRSXODWLRQ�� 7KHUH� DUH� GLIIHUHQW� VFHQDULRV� IRU� WKLV�� 6RPH� H[SHFW� LW� WR
VWDELOL]H�EHWZHHQ������DQG������DW�MXVW�DERYH����ELOOLRQ��RWKHUV�SUHGLFW

LW� ZLOO� VWLOO� EH� ULVLQJ� VWURQJO\�� (YHQ� LI� LW� VWD\V� DW� ��� ELOOLRQ� WKH� SRSXODWLRQ� RI
GHYHORSLQJ� FRXQWULHV� ZLOO� KDYH� ULVHQ� IURP� ��� WR� ��� SHU� FHQW� RI� WKH� WRWDO
SRSXODWLRQ�

Tr
Tropical deforestation followed by erosion in India

Photo through the courtesy of FAO (H. Null)

$V� QRWHG� HDUOLHU�� WKH� HIIHFW� RI� SRSXODWLRQ� RQ� IRUHVW� DUHD� GHSHQGV� RQ� RWKHU
YDULDEOHV�� $W� ORZ� LQFRPH� OHYHOV� LW� LQGXFHV� PRUH� GHIRUHVWDWLRQ� EXW� DW� KLJKHU
LQFRPH�OHYHOV�WKLV�HIIHFW�FDQ�EH�RYHUFRPH��,Q�WKH�1RUWK�IRUHVW�FRYHU�LV�VWDEOH�DQG�
LQ�(XURSH�LQ�SDUWLFXODU��WKH�IRUHVWV�KDYH�EHHQ�H[SDQGLQJ�IRU�PXFK�RI�WKLV�FHQWXU\�
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,Q�WKH�6RXWK��VXVWDLQDEOH�HFRQRPLF�GHYHORSPHQW�KDV�D�NH\�UROH�IRU�WKH�IXWXUH�RI
IRUHVWV�

7KHUH� LV� D� ODUJH� DQG� LQHYLWDEOH� JDS� EHWZHHQ� DWWLWXGHV� LQ� WKH� GHYHORSHG� DQG
GHYHORSLQJ�ZRUOG��(XURSH
V�WUDGLWLRQDO�UHVSRQVH�WR�VFDUFLW\�KDV�EHHQ�WR�EX\�ZRRG
IURP� IXUWKHU� DILHOG�� 1RZ� WKDW� WKHUH� DUH� UHODWLYHO\� IHZ� QHZ� DFFHVVLEOH� DUHDV� RI
H[SORLWDEOH�IRUHVW��IRUHVW�PDQDJHPHQW�DQG�IRUHVW�SODQWDWLRQV�PDNH�EHWWHU�EXVLQHVV
VHQVH�

$FWLYH�PDQDJHPHQW�EHJDQ� LQ�(XURSH� IURP�WKH���WK�FHQWXU\�RQZDUGV�DQG� LQ� WKH
8QLWHG� 6WDWHV� DW� WKH� VWDUW� RI� WKH� ��WK� FHQWXU\�� ,W� ZDV� HQFRXUDJHG� QRW� RQO\� E\
VFDUFLW\� EXW� DOVR� E\� WKH� UHDOL]DWLRQ� WKDW� WKH� IRUHVW� SHUIRUPV� RWKHU� QRQ�ZRRG
IXQFWLRQV��VXFK�DV�SUHYHQWLQJ�IORRGLQJ��HURVLRQ�DQG�DYDODQFKHV�

FIGURE 4
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Five alternative scenarios of carbon pool development (in Tg) of the plantation forests in Chile
from 1995 to 2015. Refer to book chapter 15.

2YHU� WKH� \HDUV�� WKH� SXEOLF¶V� DWWLWXGH� WR� IRUHVW� KDV� FKDQJHG� FRQVLGHUDEO\� LQ� WKH
GHYHORSHG� FRXQWULHV�� )RUHVW� LV� LQFUHDVLQJO\� VHHQ� DV� DQ� HQYLURQPHQW� UDWKHU� WKDQ
MXVW� D� VRXUFH� RI� ZRRG�� 7KLV� FKDQJH� RULJLQDOO\� FRQFHUQHG� QDWXUDO� IRUHVWV� LQ
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FRXQWULHV�VXFK�DV�$XVWUDOLD�DQG�1HZ�=HDODQG�EXW� LQ�(XURSH�D�VLPLODU�FKDQJH� LQ
DWWLWXGH�LV�QRZ�WDNLQJ�SODFH�WRZDUGV�SODQWDWLRQ�IRUHVW�

3XEOLF�DWWLWXGHV�LQ�GHYHORSHG�FRXQWULHV��KRZHYHU�HQOLJKWHQHG��ZLOO�EH�UHOHYDQW�WR
WKH�LVVXH�RI�ZRUOG�IRUHVWV�DQG�JOREDO�ZDUPLQJ�RQO\�LI�WKH\�FRPH�WR�EH�VKDUHG�E\
GHYHORSLQJ�FRXQWULHV��&KDQJHV�ZLOO�EH�PRUH�SDLQIXO�WKHUH�

7KH� JOREDOL]DWLRQ� RI� IRUHVW� UHVRXUFHV� SUHVHQWV� ERWK� RSSRUWXQLWLHV� DQG� WKUHDWV�
0RVW�ZRRG�DQG�IRUHVW�SURGXFWV�DUH�VWLOO�FRQVXPHG�LQ�WKH�FRXQWU\�ZKHUH�WKH\�DUH
SURGXFHG� EXW� D� JURZLQJ� SURSRUWLRQ� RI� SURGXFWV� LV� WUDGHG�� 86�� 6FDQGLQDYLDQ�
-DSDQHVH� DQG� 1HZ� =HDODQG� FRPSDQLHV� KDYH� EHHQ� WKH� PRVW� DFWLYH� LQ� RYHUVHDV
RSHUDWLRQV�DQG�LQYHVWPHQW�

7KH� GHYHORSHG�ZRUOG� LV� VWLOO� FRPSOHWHO\� GRPLQDQW� LQ� SURGXFWLRQ� DQG
WUDGH��HYHQ�WKRXJK�WKH�6RXWK�KDV����SHU�FHQW�RI�WKH�JOREDO�IRUHVW�DUHD�
0DQ\�VRXWKHUQ�DUHDV�HQMR\�FRPSDUDWLYH�DGYDQWDJHV� LQ� WHUPV�RI� UDSLG

WUHH�JURZWK��EXW�WKH\�PD\�DOVR�LPSRUW�WKH�HQYLURQPHQWDO�GUDZEDFNV�
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7KH� SUREDELOLW\� LV� KLJK� WKDW� GHIRUHVWDWLRQ�� LI� LW� FRQWLQXHV�� ZLOO� DFFHOHUDWH� WKH
FKDQJHV�LQ�WKH�FOLPDWH�RI�WKH�ZRUOG�WKDW�DUH�NQRZQ�DV�WKH�JUHHQKRXVH�HIIHFW��7KH
JUHHQKRXVH�HIIHFW�LV�GXH�ODUJHO\�WR�WKH�UHOHDVH�RI�FDUERQ�LQWR�WKH�DLU�

0RVW� RI� WKH�ZRUOG
V� FDUERQ�� DERXW� ��� SHU� FHQW�� LV� VWRUHG� LQ� WKH� RFHDQV�� 2I� WKH
FDUERQ�RQ�WKH�JURXQG�DERXW�D�WKLUG�LV�LQ�WKH�IRUP�RI�YHJHWDWLRQ�DQG�DQ�HVWLPDWHG
WZR�WKLUGV�LV�EHORZ�WKH�JURXQG��LQ�VRLO��HWF�

0RVW�FDUERQ�HPLVVLRQV�FRPH�IURP�EXUQLQJ�IXHOV�EXW�D�ODUJH�DPRXQW�LV
IURP� WKH� IRUHVWV�� *OREDO� IRUHVWV� FRQWDLQ� VRPH� ���� ELOOLRQ� WRQV� RI
FDUERQ� DERYH� JURXQG��0RUH� WKDQ� WZLFH� WKDW� DPRXQW� RI� FDUERQ� H[LVWV
XQGHUJURXQG�LQ�WKH�IRUP�RI�KXPXV��SHDW�DQG�VRLO�

�����7KH�6RXWK

%HWZHHQ����DQG����SHU�FHQW�RI�WKH�FDUERQ�VWRUHG�LQ�IRUHVWV�LV�LQ�WURSLFDO�ODWLWXGHV�
7KHVH�DUH�WKH�PDLQ�DUHDV�ZKHUH�GHIRUHVWDWLRQ�LV�WDNLQJ�SODFH�

2QH� UHDVRQ� LV� WKDW� WKH� SRSXODWLRQ� LV� JURZLQJ� IDVW��7KH�8QLWHG�1DWLRQV�PHGLXP
IHUWLOLW\� SURMHFWLRQ� HVWLPDWHV� WKH�ZRUOG� SRSXODWLRQ� DW� ���� ELOOLRQ� SHRSOH� LQ� ����
DQG� ���� ELOOLRQ� LQ� ������ 7KH� SRSXODWLRQ� RI� $IULFD� LQ� ����� ZLOO� EH� DERXW� WKUHH
WLPHV�WKH�SUHVHQW�OHYHO�DQG�WKH�SRSXODWLRQV�RI�$VLD�DQG�/DWLQ�$PHULFD�QHDUO\�WZR
WLPHV�WKHLU�SUHVHQW�OHYHOV��7KLV�ZLOO�SXW�FRQVLGHUDEOH�SUHVVXUH�RQ�WURSLFDO�IRUHVWV�

$QRWKHU� LQIOXHQFH� RQ� WKH� IRUHVWV� ZLOO� FRPH� IURP� FKDQJHV� LQ� LQFRPH�� ,I� WKH
QDWLRQDO�WUHQGV�EHWZHHQ������DQG������FRQWLQXH��*13�SHU�FDSLWD�ZLOO�IDOO�����SHU
FHQW� LQ� $IULFD� EHWZHHQ� ����� DQG� ������ 7KHUH� ZLOO� EH� D� VORZHU� IDOO� LQ� /DWLQ
$PHULFD������SHU�FHQW��DQG�DQ�LQFUHDVH�RI�����SHU�FHQW�LQ�$VLD��,Q�WKH�WURSLFV�DV�D
ZKROH��*13�SHU�FDSLWD�ZLOO�LQFUHDVH�����SHU�FHQW�

$SSO\LQJ�WKHVH�DVVXPSWLRQV�LW�KDV�EHHQ�HVWLPDWHG�WKDW�WKH�WRWDO�IRUHVW�DUHD�RI�WKH
WURSLFV�FRXOG� IDOO�E\� URXJKO\���������PLOOLRQ�KHFWDUHV�EHWZHHQ������DQG������
7KLV�LV�D�UHGXFWLRQ�RI�DW�OHDVW�D�WKLUG��%H\RQG������GHIRUHVWDWLRQ�ZLOO�VORZ�GRZQ
DQG� IRUHVW� DUHDV� ZLOO� VWDELOL]H�� WKDQNV� WR� ORZHU� SRSXODWLRQ� JURZWK�� LPSURYHG
LQIRUPDWLRQ�RQ�IRUHVW�UHVRXUFHV�DQG�LQFUHDVLQJ�LQFRPHV��)LJXUH����

7KH�DPRXQW�RI�FDUERQ�UHOHDVHG�LQWR�WKH�DLU�E\�WKH�FKDQJH�LQ�ODQG�XVH�GHSHQGV�RQ
KRZ�PXFK�LV�VWRUHG�LQ�YHJHWDWLRQ�DQG�WKH�VRLO��KRZ�GHIRUHVWDWLRQ�WDNHV�SODFH��DQG
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KRZ� PXFK� WKH� VRLO� LV� GLVWXUEHG�� ,I� WURSLFDO� IRUHVW� LV� FRQYHUWHG� WR� VKLIWLQJ
FXOWLYDWLRQ��DERXW����SHU�FHQW�RI�WKH�FDUERQ�FRQWDLQHG�LQ�LWV�SODQW�OLIH�ZLOO�EH�ORVW�
,Q�WLPH��WKRXJK��VRPH�RI�WKLV�ODQG�ZLOO�FRPH�WR�EH�XVHG�IRU�SHUPDQHQW�DJULFXOWXUH
DQG�DOPRVW�����SHU�FHQW�RI�WKH�FDUERQ�LQ�LWV�SODQW�OLIH�ZLOO�EH�UHOHDVHG��6RLO�FDUERQ
ORVV�ZLOO�YDU\�EHWZHHQ����DQG����SHU�FHQW�

7KH� UHVXOW�ZLOO�EH� WKH� HPLVVLRQ�RI��������ELOOLRQ� WRQV�RI� FDUERQ� LQWR
WKH� DWPRVSKHUH� EHWZHHQ� ����� DQG� ������ RU� �������� ELOOLRQ� WRQV� SHU
\HDU��7KH� WDUJHW�RI�KROGLQJ� GRZQ�JOREDO� HPLVVLRQV� RI� FDUERQ�ZLOO� EH

H[WUHPHO\�GLIILFXOW�WR�DFKLHYH�

%XW�LW�DOVR�IROORZV�WKDW�PHDVXUHV�WR�UHGXFH�WKH�UDWH�RI�GHIRUHVWDWLRQ�LQ�WKH�WURSLFV
ZRXOG� KDYH� D� VLJQLILFDQW� HIIHFW� RQ� FDUERQ� HPLVVLRQV��7URSLFDO�$PHULFD� KDV� WKH
JUHDWHVW�SRWHQWLDO�IRU�VWRULQJ�FDUERQ�IROORZHG�E\�WURSLFDO�$IULFD�DQG�WURSLFDO�$VLD�

�����7KH�1RUWK

'HIRUHVWDWLRQ� LQ� ZHVWHUQ� (XURSH� DQG� WKH� 8QLWHG� 6WDWHV� KDV� DOUHDG\� JRQH� LQWR
UHYHUVH�� WKHUHE\� UHPRYLQJ� FDUERQ� IURP� WKH� DLU� DQG� VWRULQJ� LW� LQ� ZRRG�� RWKHU
YHJHWDWLRQ�DQG�WKH�VRLO��$OWKRXJK�WKH�GHYHORSLQJ�ZRUOG�FDQQRW�HDVLO\�IROORZ�WKH
VDPH�SDWK��LW�LV�ZRUWK�ORRNLQJ�DW�ZKDW�KDSSHQHG�

$OPRVW� DOO� RI� WKH�ROG�JURZWK� IRUHVWV� RI� FHQWUDO�(XURSH�KDG�EHHQ� FOHDUHG� E\� WKH
0LGGOH�$JHV� VR� WRGD\
V�(XURSHDQ� IRUHVWV� DUH� VHPL�QDWXUDO� RU� SODQWDWLRQ� IRUHVWV�
0RVW� 86� IRUHVWV� ZHUH� ORJJHG� RYHU� LQ� WKH� ��WK� FHQWXU\� EXW� WKH� DUHD� FHDVHG� WR
GHFOLQH� DIWHU� ������ ,Q� WKH� VHFRQG� KDOI� RI� WKLV� FHQWXU\�� (XURSHDQ� DQG� 1RUWK
$PHULFDQ� IRUHVWV� KDYH� EHHQ� JURZLQJ� IDVWHU� WKDQ� EHIRUH�� ZKLOH� WKH� DPRXQW� RI
IHOOLQJ�KDV�EHHQ�VPDOO�

7KH�GHPDQG�IRU�ZRRG�KDV�FKDQJHG�EHFDXVH�RWKHU�PDWHULDOV�KDYH�UHSODFHG�LW��DQG
EHFDXVH�IRUHVW�LQGXVWULHV�KDYH�EHFRPH�PRUH�HIILFLHQW��5HF\FOLQJ�KDV�DOVR�SOD\HG�D
SDUW�

1HW�JURZWK�RI�(XURSHDQ�DQG�1RUWK�$PHULFDQ�IRUHVWV�KDV�EHHQ�IDVWHU�EHFDXVH�RI
LPSURYHPHQWV� LQ�VLOYLFXOWXUH�� WKH�PDQDJHG�JURZWK�RI� IRUHVW� WUHHV�� ,WV� DLPV�KDYH
EHHQ�WR�UHJHQHUDWH�IHOOHG�DUHDV�DQG�WR�PDLQWDLQ�D�ODUJH�JURZLQJ�VWRFN�DW�DOO�SKDVHV
LQ�WKH�DJH�RI�WKH�IRUHVW�

$GGLWLRQDOO\��LQ�(XURSH��WKH�GRPLQDQW�HIIHFW�RI�DLU�SROOXWLRQ�KDV�EHHQ�WR�LQFUHDVH
WKH� JURZWK� UDWH� RI� LQGLYLGXDO� WUHHV�� 7KLV� KDV� EHHQ�PDLQO\� EHFDXVH� RI� LQFUHDVHG
QLWURJHQ�SUHFLSLWDWLRQ�DQG�WKH�KLJKHU�FRQFHQWUDWLRQ�RI�FDUERQ�LQ�WKH�DLU�
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$W� WKH� VDPH� WLPH�� WKH� WUHQG� LQ� DJULFXOWXUH� KDV� EHHQ� WRZDUGV� VPDOOHU�� PRUH
SURGXFWLYH� DUHDV�� HVSHFLDOO\� LQ� JUD]LQJ�� 7KH� ODQG� UHOHDVHG� IURP� DJULFXOWXUH� KDV
EHFRPH�DYDLODEOH�IRU�DIIRUHVWDWLRQ�

$�VWXG\�RI����ZHVW�(XURSHDQ�FRXQWULHV�LQ������HVWLPDWHG�WKDW�WKH�FDUERQ�VWRUHG�LQ
WKHLU�YHJHWDWLRQ�ZDV�ULVLQJ�E\�������PLOOLRQ�WRQV�D�\HDU��7KH�IDVWHVW�JURZWK�ZDV
LQ�,UHODQG��WKH�VORZHVW�LQ�*UHHFH��7KH�IRUHVW�DUHD�LQ�WKH�8QLWHG�6WDWHV�LV�WZLFH�DV
KLJK� VR� HYHQ� WKRXJK� WKH� UDWH� RI� FDUERQ� DFFXPXODWLRQ� VHHPV� WR� EH� VRPHZKDW
VORZHU�WKDQ�LQ�(XURSH��WKH�FDUERQ�SRRO�LV�HVWLPDWHG�WR�EH�LQFUHDVLQJ�E\����PLOOLRQ
WRQV�D�\HDU�

&DUERQ�KDV�QRW�RQO\�EHHQ�EXLOGLQJ�XS� DERYH� WKH�JURXQG� LQ�ELRPDVV�EXW� DOVR� LQ
IRUHVW� VRLOV�� ZKHUH� LW� LV� VWRUHG� LQ� WKH� IRUP� RI� SHDW� DQG� KXPXV�� 'HDG� OHDYHV�
QHHGOHV��EDUN�DQG�RWKHU�ELRPDVV�WKDW�IDOOV�WR�WKH�JURXQG�GHFD\V�PRUH�VORZO\�LQ�WKH
QRUWK� WKDQ� LQ� VRXWKHUQ� ODWLWXGHV�� ,W� KDV� DOVR� EHHQ� VXJJHVWHG� WKDW� WUHH� KDUYHVWLQJ
SURPRWHV� WKH� DFFXPXODWLRQ� RI� FDUERQ� LQ� WKH� VRLO� EHFDXVH� RQO\� WKH� WUXQN� LV
UHPRYHG�

7KH�LQFUHDVH�LQ�FDUERQ�LQ�QRUWKHUQ�IRUHVW�VRLOV�LV�EDVHG�RQ�LQGLUHFW�HYLGHQFH��7KLV
LQGLFDWHV�WKDW�DERXW����SHU�FHQW�RI�WKH�FDUERQ�LQ�QRUWKHUQ�FRQLIHURXV�]RQH��IRUHVWV
OLHV�LQ�WKH�VRLO�DQG�RQO\����SHU�FHQW�LQ�DERYH�JURXQG�ELRPDVV�

$W� WKH� VDPH� WLPH�� LW� LV�ZRUWK� HPSKDVL]LQJ� WKDW� WKH� LQFUHDVHG� DPRXQW� RI� FDUERQ
ODLG�GRZQ�LQ�WKH�1RUWK�KDV�EHHQ�IDU�IURP�HQRXJK�WR�FRXQWHU�GHIRUHVWDWLRQ�LQ�WKH
6RXWK�� ,Q� DGGLWLRQ�� UHSODFLQJ� IXHOZRRG� ZLWK� IRVVLO� IXHOV�� DV� KDV� KDSSHQHG� LQ
GHYHORSHG� FRXQWULHV�� ZLOO� QRW� LPSURYH� WKH� FDUERQ� EDODQFH� XQOHVV� SRZHU
JHQHUDWLRQ�FDQ�EH�PDGH�PRUH�HIILFLHQW�

/DUJH� DPRXQWV� RI� FDUERQ� ZLOO� FRQWLQXH� WR� EH� DEVRUEHG� E\� ZHVWHUQ
(XURSHDQ�DQG�86�IRUHVWV�IRU�DW�OHDVW������PRUH�\HDUV�EXW�WKH�JURZLQJ
VWRFN�FDQQRW�H[SDQG�LQGHILQLWHO\��:LWKLQ��������\HDUV�� WKH\�ZLOO�KDYH
VWRSSHG�UHGXFLQJ�WKH�DPRXQW�RI�FDUERQ�LQ�WKH�DLU��,I�WKLV�HVWLPDWH�LV�FRUUHFW��WKH\
ZLOO� WKHQ� KDYH� FRPSHQVDWHG� IRU� ������ SHU� FHQW� RI� WKH� FDUERQ� HPLVVLRQV� RI� WKH
DUHD�

7R�DFKLHYH�DQ\�PRUH�UHGXFWLRQV� LQ�FDUERQ�HPLVVLRQ�OHYHOV��DGGLWLRQDO�SODQWDWLRQ
IRUHVWV� ZLOO� EH� QHHGHG� LQ� WKH� VRXWKHUQ� KHPLVSKHUH�� /DUJH� SODQWDWLRQ� IRUHVWV
DOUHDG\� H[LVW� EXW� WKH\� KDYH� QRW� EHHQ� PDQDJHG� WR� WDNH� DFFRXQW� RI� KRZ� PXFK
FDUERQ�WKH\�FDQ�KROG�
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$� VWXG\� EDVHG� RQ� GDWD� IURP� 1RUZD\� VKRZV� D� GLIIHUHQFH� LQ� RSWLPDO
IRUHVW�PDQDJHPHQW�VWUDWHJLHV��UHJDUGLQJ�IHUWLOL]DWLRQ�� WKLQQLQJ�DQG�WKH
WLPLQJ�RI�ILQDO�IHOOLQJ��GHSHQGLQJ�RQ�ZKHWKHU�WKH�SULQFLSDO�REMHFWLYH�LV

FDVK�IORZ�RU�FRQWUROOLQJ�FDUERQ�HPLVVLRQV�

�����$PD]RQ

%UD]LO� KDV� WKH� ODUJHVW� JURZLQJ� VWRFN� RI� WUHHV� LQ� WKH� ZRUOG�� PRVW� ORFDWHG� LQ
$PD]RQLD��7KH�IDVWHU�SDFH�RI�GHIRUHVWDWLRQ� LQ� WKH�%UD]LOLDQ�$PD]RQ�KDV�EHHQ�D
PDMRU�VRXUFH�RI�FDUERQ�HPLVVLRQV�WR�WKH�DWPRVSKHUH��,Q�������DQ�HVWLPDWHG���SHU
FHQW�RI�ZRUOG�FDUERQ�HPLVVLRQV�ZDV�DWWULEXWHG�WR�$PD]RQ�GHIRUHVWDWLRQ��%\�����
WKH�SURSRUWLRQ�KDG�ULVHQ�WR�DERXW���SHU�FHQW�

*LYHQ�WKDW�DJULFXOWXUH�UHSUHVHQWV�RQO\�D�VPDOO�SDUW�RI�$PD]RQ�*'3��ZKLFK�LQ�WXUQ
LV�OHVV�WKDQ�D�WHQWK�RI�%UD]LOLDQ�*'3��VORZLQJ�GRZQ�$PD]RQ�GHIRUHVWDWLRQ�FRXOG
EH�RQH�RI�WKH�FKHDSHVW�ZD\V�RI�UHGXFLQJ�WKH�JUHHQKRXVH�HIIHFW�

(VWLPDWLQJ� WKH� IXWXUH� UDWH�RI�GHIRUHVWDWLRQ� LV� GLIILFXOW�� ,W� KDV� QRW� EHHQ� FOLPELQJ
FRQWLQXRXVO\�DQG�ZDV�ORZHU�LQ������WKDQ�LQ�������WKRXJK�VWLOO�ODUJH��$�PRGHO�WR
SUHGLFW�GHIRUHVWDWLRQ�DQG�WKH�HIIHFWV�RQ�FDUERQ�HPLVVLRQV�KDV�WR�WDNH�LQWR�DFFRXQW
WKH�HIIHFWV�RI�LQIUDVWUXFWXUH��SRSXODWLRQ�DQG�ODQG�XVH�DQG�WKHQ�UHODWH�WKH�FKDQJHV
LQ� ODQG�XVH� WR�PRYHPHQWV� LQ� WKH�VWRFN�RI�FDUERQ� LQ�$PD]RQ�YHJHWDWLRQ�DQG� WKH
VRLO�

7KH� PRGHO� DGRSWHG� DVVXPHV� WKDW� WKH� SULQFLSDO� VRXUFH� RI� GHIRUHVWDWLRQ� LV� WKH
FRQYHUVLRQ�RI�IRUHVW�WR�DJULFXOWXUDO�XVH�DQG�WKDW�ORJJLQJ�LV�PHUHO\�D�E\�SURGXFW�RI
WKLV�� 7KH� SDWWHUQV� RI� GHIRUHVWDWLRQ� DUH� DVVXPHG� WR� EH� VHW� E\� ZKHUH� WKH� URDG
QHWZRUN�H[SDQGV�DQG�ZKHUH�WKH�SRSXODWLRQ�JURZV�

7KH� LPSDFW�RI� GHIRUHVWDWLRQ�RQ� FDUERQ� HPLVVLRQV� GHSHQGV� RQ� WKH� W\SH� RI� IRUHVW
FOHDUHG�DQG�LWV�FDUERQ�FRQWHQW�DQG�WKH�W\SH�DQG�LQWHQVLW\�RI�DJULFXOWXUH�WKDW�WDNHV
SODFH�RQ�WKH�FOHDUHG�ODQG��6ODVK�DQG�EXUQ�FOHDULQJ��IRU�H[DPSOH��HPLWV�RQO\�DERXW
D� WKLUG� RI� WKH� FDUERQ� FRQWHQW� RI� YHJHWDWLRQ� LPPHGLDWHO\� EHFDXVH� FRPEXVWLRQ� LV
LQHIILFLHQW�

7KH�PRGHO�XVHG�\LHOGHG�VXUSULVLQJ�UHVXOWV�ZKHQ�DSSOLHG�WR�WKH�&DUDMiV�,QYHVWPHQW
3URJUDPPH�� WKH� H[SORLWDWLRQ�RI� D�YHU\� ULFK�PLQHUDO� DUHD� LQ� WKH� VRXWKHDVW� RI� WKH
$PD]RQ�� 7KLV� KDV� ZLGHO\� EHHQ� H[SHFWHG� WR� KDYH� RYHUZKHOPLQJ� HQYLURQPHQWDO
DQG�HFRQRPLF�FRQVHTXHQFHV��EXW�WKH�PRGHO�LQGLFDWHV�WKDW�LWV�GHIRUHVWDWLRQ�HIIHFW
LV�QRW�YHU\�VHULRXV�DQG�WKDW�WKH�LPSDFW�RQ�FDUERQ�HPLVVLRQV�LV�UHODWLYHO\�VPDOO�
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2QH�RI� WKH� UHDVRQV� LV� WKDW�GHYHORSPHQW� LQ�&DUDMiV�ZLOO�DWWUDFW�SHRSOH�RXW�RI� WKH
UXUDO� VHFWRU� DQG� GHFUHDVH� WKH� GHPDQG� IRU� ODQG�� HVSHFLDOO\� LQ� WKH� PRUH� GHQVHO\
IRUHVWHG�DUHDV��0HDQZKLOH��WKH�LQFUHDVH�LQ�LQFRPH�ZLOO�EH�FRQVLGHUDEOH�

7KH� VLPXODWLRQ� VKRZV� WKH� LPSRUWDQFH� RI� DQ� DSSURDFK� WKDW� WDNHV� DOO
PDMRU� UHODWHG� IDFWRUV� LQWR� DFFRXQW� ZKHQ� DVVHVVLQJ� WKH� LPSDFW� RI
GHYHORSPHQW�RQ�IRUHVWV�DQG�FDUERQ�HPLVVLRQV�

�����,QGRQHVLD

7URSLFDO� IRUHVWV� KDYH� WKH�JUHDWHVW� JURZWK�SRWHQWLDO� DQG� ,QGRQHVLD� LV� WKH�ZRUOG
V
PRVW� LPSRUWDQW� FRXQWU\� IRU� WKH� WURSLFDO� WLPEHU� WUDGH�� ,W� FRXOG� WKHUHIRUH� SOD\� DQ
LPSRUWDQW�UROH�LQ�FRQWUROOLQJ�FDUERQ�HPLVVLRQV�

$Q\� ODUJH�VFDOH� SURJUDPPH� IRU� IRUHVW� FRQVHUYDWLRQ� RU� SODQWDWLRQ� QHHGV� WR
H[DPLQH� WKH� FRVWV� RI� GLIIHUHQW� VWUDWHJLHV� DQG� WKHLU� EHQHILWV�� LQFOXGLQJ� WKH�PDLQ
HQYLURQPHQWDO�FRQVLGHUDWLRQV�

$SDUW�IURP�WKH�HIIHFW�RI�DEVRUELQJ�FDUERQ�IURP�WKH�DLU��WKHVH�EHQHILWV�UHODWH�WR�WKH
VWDELOLW\�RI� WKH� WUHH� OD\HU�� WKH�VWUXFWXUH�DQG�VSHFLHV�PL[�RI� WKH�PDWXUH� IRUHVW�� LWV
RWKHU� IORUD�DQG� IDXQD�� DQG�SURSHUWLHV� UHODWHG� WR� WKH� VRLO� VXFK�DV�SURWHFWLRQ� IURP
HURVLRQ� DQG� VXUIDFH�ZDWHU� IORZ��$OVR� WR� EH� FRQVLGHUHG� DUH� WKH� HIIHFWV� RQ� ORFDO
FOLPDWH�DQG�WKH�DFWXDO�DQG�SUREDEOH�XVH�RI�FKHPLFDOV�UHTXLUHG�

,Q�DQ�,QGRQHVLDQ�FRQWH[W��WKH�FKRLFH�RI�VWUDWHJ\�ZLOO�DOVR�GHSHQG�RQ�ZKHWKHU�WKH
DUHD� LQ�TXHVWLRQ� LV�FXUUHQWO\�JUDVVODQG��KDV�DOUHDG\�EHHQ� VHOHFWLYHO\� IHOOHG��RU� LV
QRQ�ORJJHG�UDLQ�IRUHVW�

&RPELQLQJ� PHDVXUHV� RI� FRVW� HIILFLHQF\�� HQYLURQPHQWDO� VRXQGQHVV� DQG� WKH
SRWHQWLDO�IRU�DEVRUELQJ�FDUERQ��D�PL[HG�SODQWDWLRQ�RQ�JUDVVODQG�RI�SDUDVHULDQWKHV
IDOFDWDULD� DQG�DFDVLD�PDQJLXP� LQ� VKRUW� URWDWLRQV� �WHQ� \HDUV�� UDQNHG� YHU\� KLJK�
$OVR�D� ORQJ�WHUP�URWDWLRQ�RI�VKRUHD�VSS� DEVRUEHG�D�KLJK�DPRXQW�RI�FDUERQ�DQG
SURGXFHG� D� JRRG� HFRQRPLF� UHVXOW�� %RWK� DOWHUQDWLYHV� DUH� QR�UHJUHW� RSWLRQV�
PHDQLQJ�WKDW�WKH\�DUH�SURILWDEOH�ZLWKRXW�FRQVLGHULQJ�WKH�HIIHFW�RQ�FDUERQ�

7HQ�\HDU�SODQWDWLRQV�RI�MXVW�RQH�WUHH�VSHFLHV��SDUDVHULDQWKHV�IDOFDWDULD��SURGXFHG
EHWWHU� HIIHFWV� RQ� FDUERQ� DQG� D� KLJKHU� HFRQRPLF� \LHOG� EXW� KDG� D� ORZHU
HQYLURQPHQWDO�VFRUH�WKDQ�WKH�PL[HG�DOWHUQDWLYH�

7KH� VWXG\� PDNHV� D� QXPEHU� RI� VLPSOLILFDWLRQV� WKDW� PD\� QRW� KROG� WUXH� LI� WKH
VWUDWHJLHV�DUH�LPSOHPHQWHG�RQ�D�ODUJH�VFDOH��)RU�H[DPSOH��LW�DVVXPHV�ORZ�ODERXU
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FRVWV�DQG�KLJK�VDZQZRRG�SULFHV��%XW�LW�LV�FDXWLRXV�LQ�LWV�HVWLPDWHV�RI�WKH�DPRXQW
RI�FDUERQ�WKDW�ZLOO�EH�DEVRUEHG��DQG�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKDW�VRPH�RI�WKH
ZRRG�SURGXFHG�PD\�EH�XVHG�WR�UHSODFH�IRVVLO�IXHOV�

7KXV�� DOWKRXJK� FRQWDLQLQJ� LQHYLWDEOH� LQDFFXUDF\�� WKH� VWXG\� LQGLFDWHV
WKH� SURPLVLQJ� SRWHQWLDO� RI� ,QGRQHVLD� IRU� FRQWUROOLQJ� FDUERQ� OHYHOV� LI
LQWHUQDWLRQDO�LQVWLWXWLRQDO�DUUDQJHPHQWV�FDQ�FUHDWH�WKH�ULJKW�LQFHQWLYHV�

�����&KLOH

7KH� IRUHVW� VHFWRU� RI� &KLOH� KDV� H[SDQGHG� UDSLGO\� LQ� WKH� SDVW� ��� \HDUV� DQG� QRZ
DFFRXQWV� IRU���SHU�FHQW�RI�*'3�DQG����SHU�FHQW�RI� H[SRUWV�� ,W� LV�EDVHG�RQ� IDVW�
JURZLQJ� PRQRFXOWXUDO� SODQWDWLRQV�� HLWKHU� RI� UDGLDWD� SLQH� RU� HXFDO\SWXV�� $W� WKH
VDPH� WLPH�� KRZHYHU�� QDWXUDO� IRUHVWV� KDYH� EHHQ� ZLGHO\� QHJOHFWHG� DQG� WKHLU
GHIRUHVWDWLRQ�KDV�FRQWLQXHG�

7KH�DWWUDFWLRQ�RI�SODQWDWLRQV� LV�SULPDULO\�HFRQRPLF�� ,QYHVWPHQWV�KDYH�EHHQ�YHU\
SURILWDEOH�DQG� WKH� ULVNV�DFFHSWDEOH�� ,Q�SODQWDWLRQV��SLQXV� UDGLDWD� DQG�HXFDO\SWXV
VS��QRUPDOO\�JURZ� IDVWHU� WKDQ�QDWXUDO� IRUHVW� VWDQGV�DQG�DUWLILFLDO� HFRV\VWHPV�DUH
FKHDS�DQG�HDV\� WR�PDQDJH��7KH�SURGXFWV� WKH\�DUH�XVHG� WR�PDNH�FRPPDQG�JRRG
SULFHV�DQG�UHYHQXH�LV�UHDOL]HG�PRUH�TXLFNO\�WKDQ�IURP�D�QDWXUDO�IRUHVW�

3ODQWDWLRQV�KDYH�EHHQ�VWLPXODWHG�ZLWK�VXEVLGLHV�DQG�WD[�H[HPSWLRQV��7KH\�DOUHDG\
FRYHU���PLOOLRQ�KHFWDUHV�DQG�DUH�FHUWDLQ�WR�EH�H[SDQGHG�JUHDWO\�LQ�WKH�\HDUV�DKHDG�
7KH�DPRXQW�RI�FDUERQ�KHOG� LQ� WKHVH�SODQWDWLRQV� LV�HVWLPDWHG�DW�DERXW����PLOOLRQ
WRQV��ZLWK�DERXW������PLOOLRQ�EHLQJ�ODLG�GRZQ�SHU�\HDU�

+DUYHVWLQJ� DQG� WKLQQLQJ� FDQ� EH� UHJDUGHG� DV� RQO\� D� WHPSRUDU\� UHGXFWLRQ� RI� WKH
FDUERQ� VWRUHG�� DV� WKLV� ZLOO� EH� UHFRYHUHG� DV� WKH� IRUHVWV� UHVXPH� JURZWK� RU� DUH
UHJHQHUDWHG�� &KLOHDQ� ODZ� UHTXLUHV� WKDW� ORJJHG� DUHDV� PXVW� EH� VXFFHVVIXOO\
UHIRUHVWHG��7KH�LPSDFW�RQ�WKH�WRWDO�DPRXQW�RI�VWRUHG�FDUERQ�FRXOG�EH�LQFUHDVHG�E\
H[SDQGLQJ� WKH� UDQJH� RI� SURGXFWV� PDGH� IURP� UDGLDWD� SLQH� DQG� HXFDO\SWXV�
SDUWLFXODUO\�GXUDEOH�SURGXFWV�

7KH�LPSDFW�RQ�DWPRVSKHULF�FDUERQ�ZLOO�LQFUHDVH�DV�SODQWDWLRQ�DUHDV�H[SDQG�DQG�DV
H[LVWLQJ� SODQWDWLRQV� EHFRPH� PRUH� PDWXUH�� (YHQ� XQGHU� DJJUHVVLYH� IRUHVW
PDQDJHPHQW�±�IHOOLQJ�DOO�SODQWDWLRQV�ROGHU� WKDQ����\HDUV�DQG�KDOI�RI� WKRVH�DJHG
������ ±� WKH� FDUERQ� SRRO� LQ� �����ZLOO� EH� DERXW� ��� SHU� FHQW� KLJKHU� WKDQ� WRGD\�
8QGHU� RSWLPDO� RU� FRQVHUYDWLYH� PDQDJHPHQW� VFHQDULRV� LW� ZLOO� EH� DSSUR[LPDWHO\
WZLFH�DV�KLJK��)LJXUH����
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,W�LV�XQUHDOLVWLF�WR�H[SHFW�IRUHVWV�WR�EH�PDQDJHG�VROHO\�IRU�WKH�SXUSRVH
RI�FRQWUROOLQJ� FDUERQ� OHYHOV�� EXW� WKLV� DVSHFW� FDQ�EH� UHDGLO\� LQWHJUDWHG
LQWR�D�VHW�RI�FULWHULD�IRU�VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�

Thirteen-year old pine plantation forest (pinus radiata) in Chile

Photo by Gerardo Mery

Book
chapter 15



Forests in global warming – a summary

���:+$7�&28/'�%(�'21(�$%287�&/,0$7(�&+$1*("

7KH� IDVW� UDWH� RI� IRUHVW� ORVV� LQ� WKH� WURSLFV� LV� VLJQLILFDQWO\� UDLVLQJ� WKH
DPRXQW�RI�JUHHQKRXVH�JDV��&RQYHUVHO\��WKH�UDSLG�UDWH�RI�IRUHVW�JURZWK
SRVVLEOH�LQ�WKH�WURSLFV�FRXOG�FXUE�FDUERQ�HPLVVLRQV�

7KHUH�DUH�YDULRXV�HVWLPDWHV�IRU�WKH�DPRXQW�RI�IRUHVW�WKDW�ZRXOG�QHHG�WR�EH�SODQWHG
LQ�RUGHU�WR�VWDELOL]H�WKH�DPRXQW�RI�FDUERQ�LQ�WKH�DLU��,Q�DQ\�FDVH��WKH�DUHD�LV�YDVW
DQG�VR�LV�WKH�FRVW��HYHQ�LI�WKH�RSSRUWXQLW\�FRVW�RI�WKH�ODQG�LV�LJQRUHG�

Country-side in Kangasala, Finland

Photo by E. Oksanen, METLA

7KH�DUHD�UHTXLUHG�ZRXOG�EH�OHVV�LI�VRPH�RI�WKH�ZRRG�SURGXFHG�FRXOG�EH�XVHG�WR
UHGXFH� WKH� ZRUOG
V� FRQVXPSWLRQ� RI� IRVVLO� IXHOV� DQG� LI� WKH� GHFUHDVH� RI� QDWXUDO
IRUHVWV�LQ�WKH�WURSLFV�FDQ�EH�KDOWHG��%XW�PXFK�RI�WKH�IRUHVW�SODQWDWLRQ�WDNLQJ�SODFH
WRGD\� LV� IRFXVHG� RQ� HIILFLHQW� ZRRG� SURGXFWLRQ� DQG� D� YLDEOH� UHWXUQ� RQ� FDSLWDO
LQYHVWHG��(QYLURQPHQWDO�HIIHFWV�DUH�H[WHUQDO�IDFWRUV�
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$� FRVW�EHQHILW� DQDO\VLV� RI� SODQWDWLRQV� LQ� WKH� 3KLOLSSLQHV� IRXQG� WKDW�
ZKHQ�D� WHQWDWLYH�HYDOXDWLRQ�RI�VRPH�RI� WKHLU� HQYLURQPHQWDO� LPSDFW� LV
LQFOXGHG��WKHLU�HFRQRPLF�SURILWDELOLW\�LPSURYHG�E\�������SHU�FHQW��7KH
LPSOLFDWLRQ� LV� WKDW� WKHUH� LV� VROLG� HFRQRPLF� MXVWLILFDWLRQ� IRU� DGDSWLQJ� WKH�PDUNHW
PHFKDQLVP� WR� UHIOHFW� WKH� IXOO� DUUD\� RI� HIIHFWV��2QH�PHWKRG�ZRXOG� EH� YLD� ORZHU
LQWHUHVW�UDWHV�

2WKHU� PHFKDQLVPV� VKRXOG� IRFXV� RQ� FUHDWLQJ� D� ORFDO� HFRQRPLF� EHQHILW� IURP
WURSLFDO�IRUHVWU\��3HQDOW\�EDVHG�V\VWHPV�DUH�QRW�VHHQ�DV�DQ�HIIHFWLYH�FRQWURO�RYHU
IDUPLQJ�IDPLOLHV�RSHUDWLQJ�EHORZ�WKH�SRYHUW\�OLQH��6LPLODUO\��SRRU�IDUPHUV�RIWHQ
FDQQRW� DIIRUG� WKH� LQLWLDO� LQSXWV� UHTXLUHG� IRU� PRUH� HIILFLHQW� DQG� VXVWDLQDEOH
FXOWLYDWLRQ� PHWKRGV�� 7R� WKH� H[WHQW� WKDW� JOREDO� ZDUPLQJ� LV� FRQVLGHUHG� D� FRVWO\
SUREOHP�� DQG� WURSLFDO� IRUHVWV� D� VROXWLRQ�� LQFRPH� WUDQVIHUV� ZRXOG� EH� PRUH
HIIHFWLYH�

7UDQVIHU�VFKHPHV�FRXOG�DOORZ�LQGXVWULDOL]HG�QDWLRQV� WR�PHHW�HPLVVLRQ
WDUJHWV� ZLWKRXW� FRPSURPLVLQJ� WKH� FRPSHWLWLYHQHVV� RI� WKHLU� LQGXVWU\�
+RZHYHU�� LQFRPH� WUDQVIHUV� ZRXOG� EH� HIIHFWLYH� RQO\� LI� WKH\� WULFNOHG
GRZQ�WR�FKDQJH�WKH�IDUPLQJ�V\VWHPV�FXUUHQWO\�FDXVLQJ�GHIRUHVWDWLRQ�

�����7KH�QDWLRQDO�OHYHO

0RVW�RI�WKH�FDXVHV�RI�GHIRUHVWDWLRQ�OLH�LQ�WKH�KDQGV�RI�QDWLRQDO�JRYHUQPHQWV��7KH
GLYHUJHQFH�LQ�YLHZV�EHWZHHQ�GHYHORSLQJ�DQG�GHYHORSHG�QDWLRQV�ILUVW�HPHUJHG�LQ
WKH� OHQJWK\� QHJRWLDWLRQV� SUHFHGLQJ� WKH� IRUHVWU\� SULQFLSOHV� RI� WKH� 5LR� 81&('
&RQIHUHQFH�LQ������

7KH� QRQ�ELQGLQJ� VWDWHPHQW� DJUHHG� DW� 5LR� VHW� D� OLVW� RI� REMHFWLYHV� IRU

VXVWDLQDEOH
� IRUHVW� PDQDJHPHQW� LQ� WHUPV� RI� D� QXPEHU� RI� HFRORJLFDO�
VRFLDO��HFRQRPLFDO��FXOWXUDO�DQG�VSLULWXDO�QHHGV��7KH�OLVW�RI�QHHGV�ZDV
FRPSUHKHQVLYH��7KH�VLPXOWDQHRXV�XQUHVWULFWHG�SXUVXLW�RI�DOO�RI�WKHP�LV�REYLRXVO\
QRW�FRPSDWLEOH�ZLWK�VXVWDLQDEOH�IRUHVWU\�

7KH� UHVXOWV� RI� WKH� 818�:,'(5� UHVHDUFK� SURMHFW�� RQ� ZKLFK� WKLV� VXPPDU\� LV
EDVHG��SRLQW� WR� WZR� LPSRUWDQW� IDFWRUV� LQIOXHQFLQJ�GHIRUHVWDWLRQ� WKDW� FRXOG�HDVLO\
EH�FRQYHUWHG�LQWR�QDWLRQDO�SROLFLHV�

6LQFH�WURSLFDO�IRUHVWV�FRPH�XQGHU�SUHVVXUH�EHFDXVH�RI�ULVLQJ�SRSXODWLRQ�DQG�ULVLQJ
LQFRPH� DW� FHUWDLQ� ORZ� OHYHOV�� WKH� SUHVVXUH� FRXOG� EH� UHGXFHG� E\� FRQWUROOLQJ
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SRSXODWLRQ��GLYHUVLI\LQJ�HFRQRPLHV��UDLVLQJ�IRRG�\LHOGV�IURP�H[LVWLQJ�DJULFXOWXUDO
DUHDV�DQG�FUHDWLQJ�QHZ�VRXUFHV�RI�IXHOZRRG�
,I� ULJKWV� RI� IDUP� RZQHUVKLS� RU� RFFXSDQF\� ZHUH� VWURQJHU�� IDUPHUV� ZRXOG� KDYH
PRUH� LQFHQWLYH� WR� LQYHVW� LQ� HTXLSPHQW� DQG� PHWKRGV� WKDW� ZRXOG� LPSURYH� WKH
SURGXFWLYLW\� RI� WKHLU� ODQG�� &OHDU� WLWOH� WR� SURSHUW\� ZRXOG� SURYLGH� FROODWHUDO� IRU
ORDQV��$Q�DGHTXDWH�VXSSO\�RI�ORDQV�RQ�IDLU�WHUPV�LV�DQRWKHU�SUHUHTXLVLWH�

6WURQJHU�SURSHUW\� ULJKWV�ZRXOG�DOVR�KHOS� WR� LPSURYH� WKH�PDQDJHPHQW�RI�QDWXUDO
IRUHVWV�� 'HUHJXODWLQJ� WKH� SULFHV� RI� VWDQGLQJ� WUHHV� ZRXOG� EULQJ� QRUPDO� UXOHV� RI
SURILWDELOLW\�WR�WKH�PDQDJHPHQW�RI�QDWXUDO�IRUHVWV��1RZ�WKDW�PRVW�WURSLFDO�IRUHVWV
DUH� SXEOLFO\� RZQHG� DQG� RSHQ�DFFHVV�� SULFHV� WHQG� WR� EH� IL[HG� DW� D� ORZ� OHYHO�� VR
GHIRUHVWDWLRQ� LV� ILQDQFLDOO\� PRUH� EHQHILFLDO�� ,I� IRUHVWV� DUH� WR� EH� SURSHUO\
FRQVHUYHG�� WKHLU� YDOXH�PXVW� EH� UHIOHFWHG� LQ� WKH� SULFH� RI� WUHHV� YLD� D� FRPSHWLWLYH
PDUNHW�V\VWHP�

(FRORJLFDO�IDFWRUV�DUH�WKH�QH[W�PRVW�LPSRUWDQW�FDXVHV�RI�GHIRUHVWDWLRQ��RI�ZKLFK
WKH� NH\� RQH� VHHPV� WR� EH� DFFHVVLELOLW\� RI� WKH� IRUHVW�� 7KH� PRVW� LPPHGLDWH� DQG
HIIHFWLYH�SROLFLHV�ZRXOG�WKHUHIRUH�EH�WR�VORZ�GRZQ�RU�VWRS�URDG�FRQVWUXFWLRQ�DQG
RWKHU�IRUPV�RI�LQIUDVWUXFWXUH��7KHUH�ZLOO�FHUWDLQO\�EH�VWURQJ�EXVLQHVV�DQG�SROLWLFDO
RSSRVLWLRQ�WR�WKLV�

0RUH�IRUHVW�UHVRXUFH�PRQLWRULQJ�LV�GHVLUDEOH��7R�VRPH�H[WHQW�WKLV�LV�FRQWUDGLFWHG
E\�WKH�ILQGLQJ�WKDW�PRUH�UHOLDEOH�GDWD�DERXW�IRUHVWV�SURPRWHV�GHIRUHVWDWLRQ��EXW�LW
LV� SUREDEO\� RQO\� D� VKRUW�WHUP� HIIHFW�� ,I� QDWLRQDO� JRYHUQPHQWV� KDYH� IRUHVW
LQIRUPDWLRQ�RI�EHWWHU�TXDOLW\�DQG�TXDOLW\�� WKH\�DUH�EHWWHU�SODFHG� WR�PDQDJH� WKHLU
UHVRXUFHV�

1DWXUDO� DQG� VHPL�QDWXUDO� IRUHVWV� FDQ� EH� PDQDJHG� WR� FRQVHUYH� WKH� DPRXQW� RI
FDUERQ�WKH\�VWRUH��ZKLOH�IRUHVW�SODQWDWLRQ�PDQDJHPHQW�SROLFLHV�FRXOG�EH�DGDSWHG
WR�LQFUHDVH�WKH�DPRXQW�RI�FDUERQ�VWRUHG�LQ�YHJHWDWLRQ�DQG�VRLO��$�PRUH�HIILFLHQW
ORQJ�WHUP�VWUDWHJ\�ZRXOG�LQYROYH�H[WHQGLQJ�WKH�XVH�RI�IRUHVWV�IRU�ZRRG�SURGXFWV
DQG�IXHO�

,W� LV�XQUHDOLVWLF�WR�H[SHFW�IRUHVWV�WR�EH�PDQDJHG�VROHO\�IRU� WKHLU�HIIHFW
RQ� FDUERQ� HPLVVLRQV�� PDQDJHPHQW� ZLOO� FRQWLQXH� WR� EH� JXLGHG� E\
WUDGLWLRQDO� HFRQRPLF� EHQHILWV�� +RZHYHU�� D� QXPEHU� RI� PDQDJHPHQW

VWUDWHJLHV�DUH�QR�UHJUHW�RSWLRQV�� LQFUHDVLQJ� WKH�DPRXQW�RI�FDUERQ�VWRUHG�ZLWKRXW
QHW�FRVWV�
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�����7KH�LQWHUQDWLRQDO�OHYHO

7KH� FDUERQ� EDODQFH� FDQ� EH� LQIOXHQFHG� E\� HPLVVLRQ� FRQWURO� DQG� IRUHVWU\
PDQDJHPHQW�DQG�SODQWDWLRQ��(IIHFWLYH�ORQJ�WHUP�DFWLRQ�ZLOO�UHTXLUH�FRRUGLQDWLRQ
RQ� WKH� LQWHUQDWLRQDO� OHYHO�EHFDXVH� WKH�EHQHILWV�RI�SUHYHQWLQJ�FOLPDWH�FKDQJH�DUH
PDLQO\�JOREDO�ZKLOH�WKH�FRVWV�DUH�QDWLRQDO�DQG�ORFDO�

7KHUH� LV� ZLGHVSUHDG� DJUHHPHQW� WKDW� WKH� OHYHO� RI� JUHHQKRXVH� JDVHV� LQ� WKH
DWPRVSKHUH� VKRXOG� EH� VWDELOL]HG�� 5HGXFLQJ� FDUERQ� HPLVVLRQV�� UHPRYLQJ� FDUERQ
IURP� WKH� DLU�� RU� ERWK� FRXOG� GR� WKLV��7KH� SUREOHP� LV� WR� ILQG�ZD\V� RI� FRPELQLQJ
ZKDW�LV�IDLU�DQG�ZKDW�ZLOO�ZRUN���0HDQZKLOH�HPLVVLRQV�DUH�LQFUHDVLQJ�

6LPSO\�IUHH]LQJ�HPLVVLRQV�DW�WKHLU�SUHVHQW�OHYHOV�ZRXOG�EH�XQIDLU�LQ�IUHH]LQJ�WKH
GLVWULEXWLRQ�EHWZHHQ�ULFK�DQG�SRRU�FRXQWULHV��DQG�LQHIILFLHQW�E\�LJQRULQJ�WKH�IDFW
WKDW� WKH� FRVW� RI� FXWWLQJ� HPLVVLRQV� YDULHV� FRQVLGHUDEO\� DPRQJ� FRXQWULHV�� $W� WKH
RWKHU�HQG�RI�WKH�VFDOH��SURSRVDOV�WKDW�ZRXOG�SHQDOL]H�RQO\�WKH�GHYHORSHG�FRXQWULHV
ZRXOG�SUREDEO\�DIIHFW�WKH�ZKROH�ZRUOG�HFRQRP\�LQ�D�QHJDWLYH�ZD\�

7KH� DOWHUQDWLYH� WR� WKHVH� H[WUHPHV� LV� WR� HVWDEOLVK� LQVWUXPHQWV� WR� OLPLW� FDUERQ
HPLVVLRQV� YLD� PDUNHW� PHFKDQLVPV�� $� FRXQWU\� WKDW� ILQGV� LW� H[SHQVLYH� WR� FXW
HPLVVLRQV�ZRXOG�EH�DEOH�WR�EX\�H[WUD�ULJKWV�IURP�D�FRXQWU\�ZKHUH�HPLVVLRQV�FDQ
EH� PRUH� HDVLO\� DQG� FKHDSO\� FRQWUROOHG�� SHUKDSV� E\� JURZLQJ� IRUHVWV�� 7KH� UHVXOW
VKRXOG�EH�HIILFLHQW�DQG�IDLU�DW�WKH�VDPH�WLPH��6HYHUDO�GLIIHUHQW�LQVWUXPHQWV�KDYH
EHHQ�SURSRVHG�

2QH�LV�D�WD[�RQ�FDUERQ�HPLVVLRQV��FROOHFWHG�IURP�WKH�GHYHORSHG�FRXQWULHV�WKDW�DUH
WKH� ODUJH�QHW� HPLWWHUV� WRGD\� DQG�SDLG� WR� WKH�GHYHORSLQJ� FRXQWULHV�� ,Q� HIIHFW�� WKH
HQYLURQPHQWDO�VHUYLFHV� WKDW� WKH�6RXWK� LV�QRZ�SURYLGLQJ�IUHH� WR� WKH�1RUWK�ZRXOG
EHFRPH� D� SDLG� H[SRUW�� 1DWLRQDO� JRYHUQPHQWV� FRXOG� VWLOO� GHOHJDWH� VRPH
UHVSRQVLELOLW\� IRU� PHHWLQJ� FRPPLWPHQWV�� IRU� H[DPSOH�� E\� UHTXLULQJ� SRZHU
FRPSDQLHV�WR�RIIVHW�WKHLU�FDUERQ�HPLVVLRQV�E\�LQYHVWLQJ�LQ�IRUHVWDWLRQ�

7KH� IXQGDPHQWDO� GUDZEDFN� WR� D� WD[�EDVHG� V\VWHP� LV� WKDW� SROLF\� PDNHUV� ZRXOG
KDYH�WR�JXHVV�WKH�OHYHO�RI�WD[�QHFHVVDU\�WR�DFKLHYH�D�FHUWDLQ�HPLVVLRQ�OHYHO��7KH\
ZRXOG� SUREDEO\� VHW� LW� DW� D� ORZ� OHYHO�� LQ� RUGHU� WR� UHGXFH� RXWFU\� DQG� WR� DYRLG
GHSUHVVLQJ�WKHLU�QDWLRQDO�HFRQRPLHV�

7KH� DOWHUQDWLYH� RI� WUDGDEOH� SHUPLWV� KDV� WKH� DGYDQWDJH� RI� VHWWLQJ� GLUHFWO\� WKH
PD[LPXP�DPRXQW�RI�HPLVVLRQV�IRU�WKH�V\VWHP�DV�D�ZKROH��3D\DEOH�SHUPLWV�JLYH�D
SHUPDQHQW� LQFHQWLYH� IRU�XVHUV� WR� LQYHVW� LQ� WHFKQRORJ\� WKDW�ZLOO� ORZHU� HPLVVLRQV
DQG�� WKHUHE\�� UHGXFH� WKH�QHHG� WR�SD\� IRU�DGGLWLRQDO�SHUPLWV��$W� WKH� LQWHUQDWLRQDO
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OHYHO�D�SHUPLW�PDUNHW�ZRXOG�OHW�RQH�FRXQWU\�SD\�DQRWKHU�IRU�FDUERQ�VWRFNSLOLQJ��,W
ZRXOG�REYLRXVO\�FUHDWH�QHW�WUDQVIHUV�WR�GHYHORSLQJ�FRXQWULHV�

7KHUH�DUH�VWLOO�IXQGDPHQWDO�SUREOHPV�FRQFHUQLQJ�ZKR�ZLOO�DGPLQLVWHU�DQ\�V\VWHP
DQG� HQIRUFH� FRUUHFW� SD\PHQWV�� KRZ� WD[HV� VKRXOG� EH� GHWHUPLQHG� RU� SHUPLWV
GLVWULEXWHG��DQG�KRZ�WKH�YHU\�SRRUHVW�FRXQWULHV�VKRXOG�EH�GHDOW�ZLWK��7KH�OLNHOLHVW
VROXWLRQ�ZLOO�EH�D�V\VWHP�FRPELQLQJ�HOHPHQWV�RI�WKH�GLIIHUHQW�SURSRVDOV��PRYLQJ
WRZDUGV�JUHDWHU�GHSHQGHQFH�RI� WUDGDEOH�SHUPLWV�RQFH� LW� LV� FOHDU�ZKHUH� WKH� FRVWV
DQG�EHQHILWV�RI�UHGXFLQJ�FDUERQ�HPLVVLRQV�OLH�

,I�WKH�DOUHDG\�LQGXVWULDO�FRXQWULHV�ZDQW�WKH�WURSLFDO�ZRUOG�WR�VWRFNSLOH
FDUERQ�� WKH\� ZLOO� KDYH� WR� SURYLGH� LQFHQWLYHV� WR� WKH� FRXQWULHV� RI� WKH
6RXWK� QRW� WR� FRQYHUW� WKHLU� IRUHVWV� WR� RWKHU� XVHV�� $Q\� IRUP� RI

FRPSHQVDWLRQ�QHHGV�WR�EH�EDVHG�RQ�SURSHU�YDOXDWLRQ�RI�WKH�HFRQRPLF�SRWHQWLDO�RI
WKH�IRUHVW�DUHD�WR�EH�SUHVHUYHG�
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���287/,1(�2)�7+(�%22.�0$186&5,37
:RUOG�)RUHVWV�DQG�*OREDO�:DUPLQJ��6FHQDULRV�DQG�3ROLFLHV

(GLWHG�E\�0DWWL�3DOR��(XVWiTXLR�-��5HLV�DQG�%LUJHU�6ROEHUJ

$�UHVHDUFK�SURMHFW�RI� WKH�:RUOG�,QVWLWXWH�IRU�'HYHORSPHQW�(FRQRPLFV�5HVHDUFK
RI�WKH�8QLWHG�1DWLRQV�8QLYHUVLW\��818�:,'(5�

3$57�,��*/2%$/�287/22.

�� *OREDOL]DWLRQ�RI�IRUHVW�SROLFLHV�WR�PLWLJDWH�JOREDO�ZDUPLQJ
0DWWL�3DOR��(XVWiTXLR�-��5HLV�DQG�%LUJHU�6ROEHUJ

�� 6RXWK�1RUWK�FKDOOHQJHV�LQ�JOREDO�IRUHVWU\
$OH[DQGHU�0DWKHU

�� ,QWHUQDWLRQDO�SROLF\�LVVXHV�RQ�FDUERQ�IOX[HV�DQG�IRUHVWV�LQ�WKH�6RXWK
&DUORV�(GXDUGR�)ULFNPDQ�<RXQJ

3$57�,,��&$86(6�2)�'()25(67$7,21

�� 'HPRJUDSKLF�DQG�HFRORJLFDO�IDFWRUV�LQ�WURSLFDO�GHIRUHVWDWLRQ�PRGHOOLQJ
5REHUWR�6FRWWL

�� 0RGHOLQJ�FDXVHV�RI�GHIRUHVWDWLRQ�ZLWK�����REVHUYDWLRQV
0DWWL�3DOR��(UNNL�/HKWR�DQG�-XVVL�8XVLYXRUL

�� &DXVHV�RI�%UD]LOLDQ�$PD]RQLDQ�GHIRUHVWDWLRQ
(XVWiTXLR�-��5HLV�DQG�)HUQDQGR�$��%ODQFR

�� 'HIRUHVWDWLRQ�DQG�IRUHVW�SROLFLHV�LQ�,QGRQHVLD
%HQL�'��1DVHQGL

�� 'HIRUHVWDWLRQ�DQG�IRUHVW�WUDQVLWLRQ�LQ�&KLQD
<DRTL�=KDQJ

�� (QYLURQPHQWDO�KLVWRU\�RI�GHIRUHVWDWLRQ�LQ�$IULFD
$UL�6LLULlLQHQ

��� )URP�GHIRUHVWDWLRQ�WR�UHIRUHVWDWLRQ�LQ�1HZ�(QJODQG
$OH[DQGHU�6�3��3IDII
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3$57�,,,��)25(67�75$16,7,216��&$5%21�)/8;(6��6&(1$5,26

��� 6FHQDULRV�RQ�WURSLFDO�GHIRUHVWDWLRQ�DQG�FDUERQ�IOX[HV
0DWWL�3DOR��(UNNL�/HKWR�DQG�5DLMD�5LLWWD�(QURWK

��� )RUHVW�H[SDQVLRQ�DQG�FDUERQ�IOX[HV�LQ�WKH�1RUWK
3HNND�.DXSSL

��� &DUERQ�HPLVVLRQ�VFHQDULRV�IRU�%UD]LOLDQ�$PD]RQ
(XVWiTXLR�-��5HLV

��� &RVW�HIILFLHQF\��HQYLURQPHQWDO�LPSDFWV�DQG�SRWHQWLDO�RI�FDUERQ
VHTXHVWUDWLRQ�LQ�IRUHVWU\�LQ�,QGRQHVLD
%LUJHU�6ROEHUJ�DQG�%RHQ�%XUQDPD

��� )RUHVW�SODQWDWLRQV�DQG�FDUERQ�VHTXHVWUDWLRQ�LQ�&KLOH
*HUDUGR�0HU\�DQG�0DUNNX�.DQQLQHQ

3$57�,9��32/,&<�3(563(&7,9(6

��� (FRQRPLFV�RI�WURSLFDO�IRUHVW�ODQG�XVH�DQG�JOREDO�ZDUPLQJ
3DXOD�+RUQH

��� 7RZDUGV�PRQHWL]LQJ�WKH�FRVWV�DQG�EHQHILWV�RI�GHIRUHVWDWLRQ�LQ�WKH
3KLOLSSLQHV
2OOL�6DDVWDPRLQHQ

��� $JULFXOWXUDO�H[SDQVLRQ�DQG�GHIRUHVWDWLRQ�LQ�7DQ]DQLD
*HUDOG�&��0RQHOD�DQG�%LUJHU�6ROEHUJ

��� )RUHVW�SODQWDWLRQV�LQ�WKH�6RXWK��HQYLURQPHQWDO�HFRQRPLF�HYDOXDWLRQ
$QVVL�1LVNDQHQ

��� 3ROLF\�RSWLRQV�LQ�FDUERQ�VHTXHVWUDWLRQ�YLD�VXVWDLQDEOH�IRUHVW�PDQDJHPHQW�±
DQ�H[DPSOH�IURP�WKH�1RUWK
+DQV�)UHGHULN�+RHQ�DQG�%LUJHU�6ROEHUJ
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���/,67�2)�&2175,%87256

$� WRWDO� RI� ��� FRQWULEXWRUV� KDV� SDUWLFLSDWHG� LQ� WKH�818�:,'(5� SURMHFW� RQ� WKH
)RUHVW�LQ�WKH�6RXWK�DQG�1RUWK��FRPSULVLQJ����GLIIHUHQW�QDWLRQDOLWLHV�����GRFWRUV�
��SURIHVVRUV�DQG���GLIIHUHQW�GLVFLSOLQHV�

)(51$1'2�$��%/$1&2��,3($�',3(6��5LR�GH�-DQHLUR��%UD]LO

5$,-$�5,,77$�(1527+��)LQQLVK�)RUHVW�5HVHDUFK�,QVWLWXWH��+HOVLQNL

+$16�)5('(5,.�+2(1��$JULFXOWXUDO�8QLYHUVLW\�1/+��cV��1RUZD\

3$8/$�+251(��)LQQLVK�)RUHVW�5HVHDUFK�,QVWLWXWH��+HOVLQNL

0$5..8� .$11,1(1�� 7URSLFDO� $JULFXOWXUH� 5HVHDUFK� DQG� +LJKHU� (GXFDWLRQ
&HQWHU��7XUULDOED��&RVWD�5LFD

3(..$�.$833,��)LQQLVK�)RUHVW�5HVHDUFK�,QVWLWXWH�DQG�8QLYHUVLW\�RI�+HOVLQNL

(5..,�/(+72��8QLYHUVLW\�RI�+HOVLQNL

$/(;$1'(5�0$7+(5��8QLYHUVLW\�RI�$EHUGHHQ��6FRWODQG��8.

*(5$5'2�0(5<��)LQQLVK�)RUHVW�5HVHDUFK�,QVWLWXWH��+HOVLQNL

*(5$/'�&��021(/$��6RNRLQH�8QLYHUVLW\�RI�$JULFXOWXUH��0RURJRUR��7DQ]DQLD

%(1,�'��1$6(1',��0LQLVWU\�RI�)RUHVWU\��,QGRQHVLD

$166,�1,6.$1(1��8QLYHUVLW\�RI�-RHQVXX��)LQODQG

0$77,�3$/2��)LQQLVK�)RUHVW�5HVHDUFK�,QVWLWXWH��+HOVLQNL

$/(;$1'(5�6��3��3)$))��&ROXPELD�8QLYHUVLW\��1HZ�<RUN��86$

%2(1� 3851$0$�� )RUHVW� DQG� 1DWXUH� &RQVHUYDWLRQ� 5HVHDUFK� DQG� 'HYHORSPHQW
&HQWHU��%RJRU��,QGRQHVLD

(867È48,2�-��5(,6��,3($�',3(6��5LR�GH�-DQHLUR��%UD]LO
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2//,�6$$67$02,1(1��8QLYHUVLW\�RI�-RHQVXX��)LQODQG

52%(572�6&277,��8QLYHUVLWD�GHJOL�6WXGL�GL�)LUHQ]H��,WDO\

$5,�6,,5,b,1(1��8QLYHUVLW\�RI�+HOVLQNL��)LQODQG

%,5*(5�62/%(5*��1RUZHJLDQ�)RUHVW�5HVHDUFK�,QVWLWXWH�1,6.��cV��1RUZD\

-866,� 886,9825,�� :RUOG� )RUHVWV�� 6RFLHW\� DQG� (QYLURQPHQW� 3URMHFW�� +HOVLQNL�
)LQODQG

<$24,�=+$1*��8QLYHUVLW\�RI�+HOVLQNL��)LQODQG

&$5/26�('8$5'2�)5,&.0$1�<281*��,3($�',3(6��5LR�GH�-DQHLUR��%UD]LO


