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:H SUHVHQW D VLPSOH PDWKHPDWLFDO PRGHO IRU WKH WUDQVLWLRQ WR D VXVWDLQDEOH HFRQRP\ LQ WKH OLQH
SURSRVHG E\ 3HWHU 9LFWRU >9LFWRU DQG 5RVHQEOXWK� ����@ DQG 7LP -DFNVRQ >-DFNVRQ� ����@� 7KH
PRGHOOLQJ DSSURDFK LV LQ WKH FRQWLQXDWLRQ RI WKH ³/LPLWV WR *URZWK´ RI >0HDGRZV HW DO�� �����
����@ ZKLFK KDYH HPSKDVL]HG WKH XQVXVWDLQDEOH FKDUDFWHU RI WKH FXUUHQW HFRQRPLF WUHQG DQG
WKH QHFHVVLW\ RI D PDMRU FKDQJH LQ WKH HFRQRPLF VWUXFWXUH DQG WKH FRQVXPSWLRQ EHKDYLRXU� 7KH
³/LPLWV WR *URZWK´ SURMHFWLRQV DUH FRQILUPHG E\ >7XUQHU� ����@ LQ KLV UHFHQW FRPSDULVRQ ZLWK
HPSLULFDO GDWD�

6RPH DXWKRUV �H�J� >6SDVK� ����@� KDYH H[SUHVVHG WKHLU GRXEWV DV WR WKH SRVVLELOLW\ RI FRUUHFWO\
DQDO\VLQJ WKH VXVWDLQDEOH WUDQVLWLRQ ZLWK WKH WRROER[ RI PDLQVWUHDP HFRQRPLFV DQG DVN IRU WKH
GHYHORSPHQW RI DQ HSLVWHPRORJLFDO TXHVWLRQLQJ� $OWKRXJK ZH WRWDOO\ DJUHH ZLWK WKH UHOHYDQFH RI
WKH HSLVWHPRORJLFDO LVVXH� ZH EHOLHYH WKDW WKH FXUUHQW GHEDWH PD\ EH FODULILHG E\ ORRNLQJ PRUH
FORVHO\ LQWR WKH SRWHQWLDO DQG WKH OLPLWV RI WKH QHR�FODVVLFDO IRUPDOLVP IRU WKH XQGHUVWDQGLQJ RI
WKH VXVWDLQDELOLW\ WUDQVLWLRQ� ,Q WKLV SDSHU ZH LQWHQG WR VHW VRPH SUHOLPLQDU\ EDVLV IRU IXUWKHU
FULWLFDO GLVFXVVLRQ�

7KH PRGHO LV EXLOG WR DVVHVV SXEOLF SROLFLHV WR DWWDLQ VXVWDLQDELOLW\� 2XU XOWLPDWH REMHFWLYH LV WR XVH
WKH PRGHO WR H[SORUH ORQJ�UXQ HYROXWLRQ RI DQ HFRQRP\ WKDW DFKLHYHV OLPLWDWLRQ RI DWPRVSKHULF
JUHHQKRXVH JDV� HQYLURQPHQW SURWHFWLRQ DQG IXOO UHF\FOLQJ RI PDWHULDO UHVRXUFHV ZLWK KLJK SXEOLF
LQYHVWPHQW� +RZHYHU LQ WKLV FRPPXQLFDWLRQ� ZH UHVWULFW WKH IRFXV RQ JUHHQKRXVH JDV OLPLWDWLRQV�
DQG PRUH SUHFLVHO\ RQ FDUERQ GLR[LGH �&2�� ZKLFK LV WKH PDMRU FRQWULEXWRU WR JUHHQKRXVH JDV
HPLVVLRQV� 7KH LVVXHV RI PDWHULDO UHVRXUFHV DQG HQYLURQPHQW SURWHFWLRQ DUH DGGUHVVHG LQ D FRP�
SDQLRQ SDSHU�

7KH PRGHO LV D FRQFHSWXDO UHSUHVHQWDWLRQ RI D ³GHFHQWUDOL]HG HFRQRP\´ �VHH H�J� >:LFNHQV� �����
&KDSWHU �@� ZKHUH WKH GHFLVLRQV RI SURGXFHUV� FRQVXPHUV DQG JRYHUQPHQW DUH GLVWLQJXLVKHG� ,Q
RUGHU WR DGGUHVV WKH REMHFWLYHV PHQWLRQHG DERYH� WKH PRGHO LQYROYHV WKH PDLQ HFRQRPLF DQG
HQYLURQPHQWDO YDULDEOHV WKDW DUH HVVHQWLDO IRU DQDO\]LQJ D VXVWDLQDEOH HFRQRP\� ,Q DGGLWLRQ WR
VWDQGDUG PDFURHFRQRPLF YDULDEOHV �VXFK DV SURGXFWLRQ� FRQVXPSWLRQ� LQYHVWPHQW� FDSLWDO DQG
ODERXU�� ZH WKHUHIRUH DOVR FRQVLGHU HQYLURQPHQWDO YDULDEOHV �VXFK DV &2� HPLVVLRQV DQG DWPR�
VSKHULF &2� FRQFHQWUDWLRQ�� $V LW LV XVXDO LQ PDFURHFRQRPLF PRGHOLQJ� WKH PRGHO FRQVLVWV HV�
VHQWLDOO\ RI ³IORZ EDODQFH HTXDWLRQV´ WKDW FRPELQH DJJUHJDWH VWRFN YDULDEOHV DQG IORZ IXQFWLRQV�

:H UHVWULFW RXU DWWHQWLRQ WR EDODQFHG HFRQRPLF SDWKV� 2XU PDLQ FRQFHUQ LV WR LQYHVWLJDWH KRZ
EDODQFHG SDWKV DUH PRGLILHG XQGHU SXEOLF SROLFLHV IRU WUDQVLWLRQ WR VXVWDLQDELOLW\� 7KH UHDVRQ
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IRU UHVWULFWLQJ WR EDODQFHG SDWKV LV WR KDYH FRQVLVWHQW PRGHOV WKDW DUH DV VLPSOH DQG IOH[LEOH DV
SRVVLEOH� 6LPSOH WR EH HDVLO\ LPSOHPHQWHG� HYHQ E\ XVHUV ZKR DUH QRW IDPLOLDU ZLWK WKH XVH RI
RSWLPDO FRQWURO PHWKRGV LQ QHR�FODVVLFDO HFRQRPLF WKHRU\� )OH[LEOH WR HDVLO\ LQFOXGH H[WHQVLRQV
OLNH VXEUHJLRQV� HFRQRPLF VXEVHFWRUV RU H[SOLFLW ILVFDO SROLFLHV�

:H GHILQH D ILFWLRQDO SVHXGR�ZRUOG HFRQRP\ ZLWK WZR VXEUHJLRQV WKDW DUH HQGRZHG ZLWK WKH
&2� HPLVVLRQV RI 2(&' DQG QRQ�2(&' FRXQWULHV UHVSHFWLYHO\� 7KHQ� IRU WKH 2(&' VXEUHJLRQ�
ZH H[DPLQH WZR PDMRU RSWLRQV WRZDUGV VXVWDLQDELOLW\� WKH ³*UHHQ *URZWK´ RSWLRQ DQG WKH ³/RZ
*URZWK´ RSWLRQ� ,Q WKH JUHHQ JURZWK RSWLRQ� LW LV EHOLHYHG WKDW WKH JUHHQKRXVH JDV HPLVVLRQV
ZLOO EH OLPLWHG E\ GHYHORSLQJ SXEOLF QRYHO WHFKQLFDO LQQRYDWLRQV ZLWKRXW FKDQJLQJ WKH ILQDO RXWSXW
QRU WKH HFRQRPLF VWUXFWXUH� ,Q FRQWUDVW� WKH ORZ JURZWK RSWLRQ DLPV DW GHYHORSLQJ ]HUR RU ORZ
FDUERQ HPLVVLRQ DFWLYLWLHV ZLWKRXW KDYLQJ WR UHO\ RQ PDMRU GLVFRYHULHV RI QHZ JUHHQ WHFKQRORJLHV�
ZKLFK UHVXOWV LQ VWUXFWXUDO FKDQJH DQG ORZHU JURZWK�

7KH SDSHU LV RUJDQL]HG DV IROORZV� 7KH EDVHOLQH V\VWHP LV SUHVHQWHG LQ 6HFWLRQ �� ,W LV D VLPSOH
VLQJOH�VHFWRU HFRQRP\ ZLWK D VWDQGDUG QHR�FODVVLFDO SURGXFWLRQ IXQFWLRQ LQ FDSLWDO DQG ODERXU�
7KH V\VWHP LV VXSSRVHG WR IROORZ D EDODQFHG WUDMHFWRU\ DORQJ ZKLFK WKH PDUJLQDO SURGXFW RI
FDSLWDO DQG WKH RXWSXW�FDSLWDO UDWLR DUH FRQVWDQW� ,Q 6HFWLRQ �� ZH VHW XS D EHQFKPDUN QXPHULFDO
PRGHO ZKLFK LV LQLWLDOL]HG ZLWK RUGHUV RI PDJQLWXGH FRUUHVSRQGLQJ WR WKH VWDWH RI 2(&' HFRQRP\
GXULQJ WKH SHULRG ��������� DQG ZKLFK LV FRQVLVWHQW ZLWK WKH HPSLULFDO GDWD� 6HFWLRQ � LV GH�
YRWHG WR PRGHOOLQJ RI &2� LQWHQVLW\ DQG WR WKH TXDQWLWDWLYH HVWLPDWLRQ RI WKH UHODWLYH GHFRXSOLQJ
EHWZHHQ *'3 JURZWK DQG &2� HPLVVLRQV� )RU WKH VLPXODWLRQV� WKH PRGHO HTXDWLRQV DUH VROYHG
ZLWK 0DWODE�6LPXOLQN� $ ILUVW ³EXVLQHVV DV XVXDO´ VLPXODWLRQ H[SHULPHQW LV SUHVHQWHG LQ 6HFWLRQ ��
,Q WKLV VLPXODWLRQ� WKH HFRQRP\ FRQWLQXHV WR IROORZ LWV FXUUHQW WUHQG DQG PDNHV WKH SODQHW UHDFK�
LQJ XQVXSSRUWDEOH &2� DWPRVSKHULF FRQFHQWUDWLRQV DW WKH HQG RI WKH FHQWXU\� 6HFWLRQ � GHDOV
ZLWK WKH JUHHQ JURZWK SXEOLF SROLF\� 7KH EDVHOLQH V\VWHP LV H[WHQGHG ZLWK D VHFWRU SURGXFLQJ
JUHHQ WHFKQLFDO NQRZOHGJH� 7KH LQYHVWPHQW LQ WKLV VHFWRU LV DVVXPHG WR LQFUHDVH SURSRUWLRQDOO\
WR WKH H[FHVV RI &2� HPLVVLRQV� 7KH VLPXODWLRQ UHVXOW VKRZV KRZ WKH LQYHVWPHQW SROLF\ LQ SXEOLF
JUHHQ WHFKQRORJLHV VWDELOL]HV WKH DWPRVSKHULF &2� FRQFHQWUDWLRQ DW WKH YDOXH RI ��� SSP �UHFRP�
PHQGHG E\ ,3&&� ZLWK D SXEOLF FRVW LQ WKH UDQJH ��� � RI *'3� )LQDOO\� LQ 6HFWLRQ �� ZH H[DPLQH
KRZ WKH WUDQVLWLRQ WR VXVWDLQDELOLW\ PD\ EH DFKLHYHG ZLWK D ORZ�JURZWK SXEOLF SROLF\ WKDW FRQVLVWV
LQ IRVWHULQJ WKH GHYHORSPHQW DFWLYLWLHV ZLWK ORZ RU ]HUR FDUERQ LQWHQVLW\� ZLWK WKH UHVXOWV RI ORZ
SURGXFWLYLW\ JURZWK DQG VWUXFWXUDO FKDQJH� )RU WKLV SXUSRVH� ZH FRQVLGHU DQ HFRQRP\ ZLWK WZR
VHFWRUV� D FRQYHQWLRQDO VHFWRU HQGRZHG ZLWK WKH HFRQRPLF IHDWXUHV RI WKH EDVHOLQH V\VWHP DQG
D WUDQVLWLRQ VHFWRU RI DFWLYLWLHV KDYLQJ ]HUR FDUERQ LQWHQVLW\ DQG FRQVWDQW ODERXU SURGXFWLYLW\� ,Q
WKH SUHVHQWHG VLPXODWLRQ UHVXOWV� WKH HPSKDVLV LV RQ WKH SURJUHVVLYH UHDOORFDWLRQ RI FDSLWDO DQG
ODERXU EHWZHHQ WKH WZR VHFWRUV LQ RUGHU WR UHDFK VXVWDLQDELOLW\�

�� 7KH EDVHOLQH V\VWHP

:H FRQVLGHU DQ HFRQRP\ ZKHUH WKH DJJUHJDWH SURGXFWLRQ IORZ < RI WKH ILQDO JRRGV LV UHSUHVHQWHG
E\ D VWDQGDUG &REE�'RXJODV IXQFWLRQ

< = $.(�− )/ ���

ZKLWK . WKH VWRFN RI SK\VLFDO FDSLWDO IRU SURGXFWLRQ� / WKH DPRXQW RI ODERU XVHG IRU SURGXFWLRQ DQG
$ WKH SURGXFWLYLW\ FRHIILFLHQW FRUUHVSRQGLQJ WR WKH OHYHO RI WHFKQLFDO NQRZOHGJH LQ WKH HFRQRP\�
7KH FRQVWDQW SDUDPHWHU ∈ (�, �) LV WKH RXWSXW HODVWLFLW\ RI ODERXU�
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7KH G\QDPLFV RI WKH FDSLWDO VWRFN . DUH UHSUHVHQWHG E\ D VWDQGDUG EDODQFH HTXDWLRQ

G.
GW

= − .+ , ���

ZKHUH , LV WKH DJJUHJDWH LQYHVWPHQW DOORFDWHG WR WKH SURGXFWLRQ RI WKH ILQDO JRRGV� 7KH FRQVWDQW
SDUDPHWHU ∈ (�, �) LV WKH FDSLWDO GHSUHFLDWLRQ UDWH�

7KH PRGHO LV FRPSOHWHG ZLWK WKH HTXLOLEULXP FRQGLWLRQ

< = &+ ,+ ;−0 ���

ZKHUH &� ; DQG 0 GHQRWH FRQVXPSWLRQ� H[SRUW DQG LPSRUW IORZV UHVSHFWLYHO\� )RU VLPSOLFLW\� ZH
GR QRW GLVWLQJXLVK EHWZHHQ WKH IORZV VWHPPLQJ IURP WKH SULYDWH DQG SXEOLF VHFWRUV�

,Q DGGLWLRQ� ZH DVVXPH WKDW WKH WRWDO ODERXU / LV YDU\LQJ RYHU WLPH DFFRUGLQJ WR WKH G\QDPLFV

G/
GW

= (W)/ ���

ZKHUH WKH VSHFLILF HYROXWLRQ UDWH (W) LV D WLPH�YDU\LQJ H[RJHQRXV YDULDEOH�

7KH PDUJLQDO SURGXFW RI FDSLWDO LV

U(W) =
∂<(W)
∂.(W)

= (�− )$(W)
(
/(W)
.(W)

)
= (�− )

<(W)
.(W)

���

DQG WKH PDUJLQDO SURGXFW RI ODERXU LV

Z(W) =
∂<(W)
∂/(W)

= $(W)
(
.(W)
/(W)

)�−

=
<(W)
/(W)

. ���

:H LQWURGXFH WKH IROORZLQJ QRWDWLRQV IRU WKH VSHFLILF JURZWK UDWHV RI FDSLWDO DQG RXWSXW�

J.(W) =
�
.
G.
GW

, J<(W) =
�
<
G<
GW

. ���

7KHQ� IURP �������������������� ZH KDYH�

<(W)− ,(W) = &(W) + ;(W)−0(W) = .(W)
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U(W)
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���

DQG
�
U
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. ���

$ EDODQFHG SDWK LV GHILQHG DV WKH VSHFLDO FDVH ZKHUH WKH PDUJLQDO SURGXFW RI FDSLWDO �DQG FRQ�
VHTXHQWO\ WKH RXWSXW�FDSLWDO UDWLR� DUH FRQVWDQW�

U(W) = (�− )
<(W)
.(W)

= FRQVWDQW =⇒ J.(W) = J<(W) = J(W) ∀W. ����

$ORQJ D EDODQFHG SDWK� WKH HYROXWLRQ UDWHV RI WHFKQLFDO OHYHO $ DQG PDUJLQDO SURGXFW RI ODERXU Z
DUH�

�
$
G$
GW

=
(
J(W)− (W)

)
= (W)

�
Z
GZ
GW

=
(W)

. ����
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�� ,GHQWLILFDWLRQ RI D EHQFKPDUN QXPHULFDO PRGHO

7KH VHWWLQJ RI D QXPHULFDO VLPXODWLRQ PRGHO UHTXLUHV WR VHOHFW SDUDPHWHU YDOXHV DQG WR VSHFLI\
LQLWLDO FRQGLWLRQV� 7KH \HDU LV WDNHQ DV WKH WLPH XQLW� 1XPHULFDO YDOXHV RI WKH SDUDPHWHUV
�RXWSXW HODVWLFLW\ RI ODERXU� DQG �FDSLWDO GHSUHFLDWLRQ UDWH� LQ WKH LQWHUYDOV

∈ [�.��, �.��], ∈ [�.��, �.��],

DUH ZLGHO\ DFFHSWHG DV UHOHYDQW LQ WKH OLWHUDWXUH� ,Q IRRWQRWH� ZH JLYH D VHW RI UHIHUHQFHV� ZKHUH
VXFK YDOXHV DUH SURSRVHG DQG� LQ FHUWDLQ FDVHV� YDOLGDWHG IURP HPSLULFDO GDWD� :H ZLOO XVH WKH
FHQWUDO YDOXH RI HDFK LQWHUYDO LQ RXU VLPXODWLRQV� = �.��� = �.���

,Q RUGHU WR JHW VLPXODWLRQ UHVXOWV KDYLQJ D UHDOLVWLF IODYRXU� ZH VHW XS D EHQFKPDUN PRGHO ZKLFK
LV LQLWLDOL]HG ZLWK RUGHUV RI PDJQLWXGH FRUUHVSRQGLQJ WR WKH VWDWH RI 2(&' HFRQRP\ GXULQJ WKH
SHULRG ���� � ����� 7KH HYROXWLRQ RI *'3� FRQVXPSWLRQ� HPSOR\PHQW� LPSRUWV DQG H[SRUWV GXU�
LQJ WKLV SHULRG DUH VKRZQ LQ )LJ��������� (PSOR\PHQW LV WDNHQ DV WKH PHDVXUHPHQW RI ODERXU /�

7KHVH HPSLULFDO GDWD VKRZ VPDOO HFRQRPLF IOXFWXDWLRQV DURXQG DQ H[SRQHQWLDO SDWK �UHSUHVHQWHG
E\ WKH UHG FXUYHV ILWWHG RQ WKH GDWD� ZKLFK LV DVVXPHG WR EH D EDODQFHG SDWK� )URP WKH HPSLULFDO
GDWD RI )LJ��� WKH IROORZLQJ OHDVW�VTXDUHV HVWLPDWH LV FRPSXWHG�

�
<
G<
GW

= J " �.����. ����

)URP WKH GDWD RI )LJ��� ZH KDYH
�
/
G/
GW

= " �.��� ����

DQG WKHUHIRUH
�
$
G$
GW

= (J− ) = " �.����. ����

,W LV DVVXPHG WKDW LPSRUWV HTXDO H[SRUWV ;(W) = 0(W) ∀W DORQJ WKH EDODQFHG SDWK� VHH )LJ��� 7KH
LQLWLDO WLPH �W  �� IRU WKH QXPHULFDO VLPXODWLRQV RI WKH EHQFKPDUN HFRQRP\ LV WKH \HDU ����� 2Q
WKH EDODQFHG SDWK UHSUHVHQWHG LQ )LJ������� ZH KDYH GLUHFWO\ WKH LQLWLDO YDOXHV

<(�) = ��.��, &(�) = ��.��, /(�) = ���, ;(�) = 0(�) = �.�.

7KHUHIRUH
.(�) =

<(�)− &(�)
J+

= ��.�� DQG U = (�− )
<(�)
.(�)

= �.���.

)URP ���� ZH GHULYH

$(�) =
U

�−

(
.(�)
/(�)

)
= �.�� ����

7KH LQLWLDO YDOXHV DUH FROOHFWHG LQ 7DEOH � ZKHUH WKH FRUUHVSRQGLQJ XQLWV DUH DOVR JLYHQ�

�>%ODQFKDUG DQG *DOOL� ����@� >%RGDUW HW DO�� ����@� >%RXFHNKLQH DQG 5XL]�7DPDULW� ����@�
>%UpFKHW HW DO�� ����@� >*DLWDQ DQG 5RH� ����@� >*DSHQ DQG &RVLPDQR� ����@� >.LQJ HW DO�� ����@�
>/XFDV� ����@� >9LFWRU DQG 5RVHQEOXWK� ����@�
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9DULDEOH 9DOXH 8QLWV

&DSLWDO .(�) ��.�� 7 86 GROODUV
/DERXU /(�) ��� PLOOLRQV RI SHRSOH

2XWSXW UDWH <(�) ��.�� 7 86 GROODUV�\HDU
&RQVXPSWLRQ &(�) ��.�� 7 86 GROODUV�\HDU
7HFKQLFDO OHYHO $(�) �.�� �786�� ��PLOOLRQ SHRSOH� ×\HDU
&2� (PLVVLRQV ((�) ��.�� *7 &2��\HDU
&2� ,QWHQVLW\ K(�) �.� NJ &2��86 �

&DSLWDO UHQWDO UDWH U �.���� ��\HDU

7DEOH �� ,QLWLDO FRQGLWLRQV RI WKH EDODQFHG SDWK IRU WKH \HDU ����

1970 12,153 12,49 -0,769 14,79 9,34 5,45 1,2 1 0,75 -7,09 12,49 10,372
1971 12,648 12,95 -0,304 15,32 9,51 5,81 2 0,73 -19,11 12,95 10,762
1972 13,376 13,67 -0,289 15,96 9,98 5,98 3 0,73 -20,69 13,67 11,374
1973 14,256 14,54 -0,279 16,83 10,56 6,27 4 0,73 -22,47 14,54 12,102
1974 14,476 14,71 -0,236 16,85 10,30 6,55 5 0,70 -27,75 14,71 12,206
1975 14,623 14,77 -0,149000000000001 16,75 9,99 6,76 6 0,68 -45,37 14,77 12,272
1976 15,362 15,49 -0,131 17,73 10,50 7,23 7 0,68 -55,19 15,49 12,863
1977 15,997 16,07 -0,0700000000000003 18,32 10,73 7,59 8 0,67 -108,43 16,07 13,359
1978 16,706 16,78 -0,0749999999999993 18,54 11,03 7,51 9 0,66 -100,13 16,78 13,968
1979 17,400 17,43 -0,0250000000000021 19,57 11,30 8,27 10 0,65 -330,80 17,43 14,519
1980 17,722 17,65 0,070 19,37 11,03 8,34 11 0,62 119,14 17,65 14,702
1981 18,110 18,04 0,0739999999999981 18,77 10,60 8,17 12 0,59 110,41 18,04 15,034
1982 18,186 18,06 0,131 18,62 10,24 8,36 13 0,57 63,82 18,06 15,079
1983 18,695 18,57 0,120999999999999 18,55 10,19 8,36 14 0,55 69,09 18,57 15,519
1984 19,597 19,46 0,140000000000001 19,22 10,46 8,76 15 0,54 62,57 19,46 16,268
1985 20,364 20,20 0,163 19,79 10,57 9,22 16 0,52 56,56 20,20 16,925
1986 21,044 20,80 0,243000000000002 20,40 10,57 9,83 17 0,51 40,45 20,80 17,439
1987 21,793 21,51 0,279 20,91 10,91 10,00 18 0,51 35,84 21,51 18,026
1988 22,822 22,50 0,324999999999999 21,66 11,27 10,39 19 0,50 31,97 22,50 18,883
1989 23,684 23,36 0,326000000000001 22,09 11,55 10,54 20 0,49 32,33 23,36 19,625
1990 24,398 24,08 0,315000000000001 22,31 11,46 10,85 0,91 21 0,48 34,44 24,08 20,252
1991 24,783 24,42 0,360000000000003 22,63 11,61 11,02 22 0,48 30,61 24,42 20,512
1992 25,304 24,96 0,347999999999999 22,40 11,62 10,78 23 0,47 30,98 24,96 20,923
1993 25,753 25,32 0,437000000000001 22,37 11,86 10,51 24 0,47 24,05 25,32 21,210
1994 26,599 26,10 0,5 22,78 11,99 10,79 25 0,46 21,58 26,10 21,855
1995 27,363 26,74 0,626999999999999 23,29 12,13 11,16 26 0,45 17,80 26,74 22,397
1996 28,282 27,56 0,721 23,76 12,46 11,30 27 0,45 15,67 27,56 23,065
1997 29,359 28,61 0,748000000000001 24,20 12,60 11,60 28 0,44 15,51 28,61 23,884
1998 30,041 29,39 0,651 24,34 12,49 11,85 0,81 29 0,42 18,20 29,39 24,455
1999 31,028 30,39 0,634 24,14 12,45 11,69 30 0,41 18,44 30,39 25,246
2000 32,329 31,64 0,687000000000001 24,75 12,59 12,16 31 0,40 17,70 31,64 26,235
2001 32,874 32,08 0,792999999999999 25,36 12,52 12,84 32 0,39 16,19 32,08 26,577
2002 33,528 32,63 0,899999999999999 25,60 12,59 13,01 0,76 33 0,39 14,46 32,63 26,991
2003 34,444 33,30 1,14400000000001 27,12 12,80 14,32 34 0,38 12,52 33,30 27,526
2004 35,820 34,37 1,454 28,54 12,96 15,58 35 0,38 10,72 34,37 28,373
2005 37,061 35,29 1,767 29,65 12,99 16,66 0,80 36 0,37 9,43 35,29 29,075
2006 38,544 36,41 2,139 30,62 12,95 17,67 37 0,36 8,26 36,41 29,913
2007 40,062 37,41 2,65 31,33 13,01 18,32 38 0,35 6,91 37,41 30,684
2008 40,596 37,47 3,126 32,08 12,85 19,23 0,79 39 0,34 6,15 37,47 30,674
2009 39,685 36,11 3,576 36,11 29,467
2010 41,407 37,18 4,224 37,18 30,410
2011 42,530 37,86 4,674 37,86 30,863

World GDP OECD GDP World CO2 emissions OECD CO2 emissions NON-OECD CO2 emiss. World  OECD NON-OECD OECD GDP OECD GDP
Constant prices 2000 Constant prices 2005 Carbon intens Carbon Carbon Constant prices 2005 Constant prices 2000
Wold Bank Data OECD stat World Bank Data World Bank Data World Bank Data Intensity Intensity OECD stat World Bank Data
Tera Dollars/year Tera Dollars/Year GT/Year GT/Year GT/Year GT/T US $ GT/T US $ GT/T US $ Tera Dollars/Year Tera Dollars/Year
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)LJ��� *'3 LQ 2(&' IURP ���� WR ���� �FRQVWDQW SULFHV ������ 7KH JUHHQ GRWV DUH
HPSLULFDO GDWD IURP VWDW�RHFG�RUJ� 7KH UHG FXUYH UHSUHVHQWV D VXSHULPSRVHG /6
HVWLPDWH RI WKH EDODQFHG SDWK�

1998 25,090 29,309 23,154 92.5 509,393 522,022100 12,629 0,0242 1133,779000 22056 3.87224887 30,1943 29,8343 22,982 5,9224 12,452 10,53 95
1999 26,292 30,323 24,048 93.4 515,164 526,295000 11,131 0,0211 1141,640000 22956 5.19843687 31,2330 30,8154 23,071 6,0011 12,412 10,66 39
2000 28,106 31,596 24,964 96.4 522,660 532,003700 11,131 0,0209 1149,942000 24357 5.21633935 32,0121 32,2869 23,622 6,0798 12,555 11,07 53
2001 29,219 32,032 25,566 96.8 524,918 535,433600 10,516 0,0196 1158,276000 25132 -0.69602858 31,7524 32,7774 23,757 6,1569 12,474 11,28 168
2002 30,331 32,583 26,232 97.2 525,563 540,291500 14,729 0,0273 1166,381000 25903 -1.00897116 33,0509 33,3770 24,155 6,2329 12,551 11,60 10
2003 31,438 33,242 26,836 97.7 527,054 543,224700 16,171 0,0298 1174,389000 26655 2.24710142 36,9463 34,3580 25,581 6,3082 12,758 12,82 24
2004 33,336 34,316 27,556 98.9 531,362 549,195200 17,833 0,0325 1182,480000 28091 4.71268874 42,1402 35,7206 26,865 6,3834 12,924 13,94 38
2005 35,277 35,252 28,270 100.0 538,243 554,284400 16,041 0,0289 1189,624000 29549 4.90036839 45,7759 37,0286 27,633 6,4584 12,947 14,69 4
2006 37,848 36,372 29,010 101.8 547,369 561,265300 13,896 0,0248 1197,515000 31515 4.41698379 49,4116 38,4457 28,494 6,5340 12,913 15,58 53
2007 40,016 37,379 29,711 103.3 555,205 567,057100 11,852 0,0209 1205,856000 33099 2.60654375 55,6443 39,9717 29,335 6,6100 12,969 16,37 327
2008 41,259 37,429 29,877 104.0 558,437 572,476300 14,039 0,0245 1214,115000 33904 -2.41402236 61,3575 40,6257 29,862 6,6868 12,805 17,06 485
2009 40,251 35,985 29,634 102.1 547,062 575,241300 28,179 0,0490 1221,410000 32861 -12.30392393 58,2412 39,6447 6,7637 28
2010 41,876 37,109 30,205 102.5 550,474 579,232100 28,758 0,0496 1228,203000 33962 2.51472258 63,0486 41,3343 6,8405 23
2011 43,498 555,451

2
GDP(exp) GDP(exp) Consumption Employment Employment Active Population Unemployment Taux de chomage Total population GDP per capita Investment GDP GDP Emissions CO2 World Population Emissions CO2 EmissionsCO2 13
absolu absolu absolu relatif absolu absolu absolu absolu absolu absolu absolu absolu absolu absolu 50
OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE World World World OECD Reste du monde 150
TUS$ courants TUS$ constant prices TUS$ constant pricesTUS$ constant prices % annual growth TUS$ courants TUS$ constants98 GT/year milliards GT/year milliards ton/an 897

2005 2005 138
4

1998 5,907 5,943 5,104531 6,16 23,884 29,309 0,79 0,0 31,55 0 0 365 2000 12,00 12,62 41
1999 6,255 6,461 4,940951 6,27 24,455 30,323 0,0 40,39 0 0 383 2010 17,43 13,07 91
2000 7,018 7,268 3,906499 6,63 25,246 31,596 1,1744 51,09 0,6 0,60 403 2020 20,03 13,40 15
2001 7,055 7,265 2,533254 6,47 26,235 32,032 3,7689 60,23 3,32 2,27 420 2030 21,72 12,81 26
2002 7,205 7,480 2,719789 6,35 26,577 32,583 5,1782 71,26 6,31 3,69 434 2040 23,00 11,62 22
2003 7,414 7,814 5,508758 6,41 26,991 33,242 5,3257 83,37 8,33 4,44 444 2050 24,05 9,84 15
2004 8,096 8,538 8,804246 6,76 27,526 34,316 0,80 4,8405 98,75 9,24 4,78 449 2060 24,95 8,10 8
2005 8,579 9,089 10,499131 6,98 28,373 35,252 4,2751 115,32 9,65 4,93 452 2070 25,73 6,47 121
2006 9,355 9,852 11,563301 7,36 29,075 36,372 3,7100 134,50 9,83 4,99 453 2080 26,42 5,14 70
2007 10,002 10,419 15,628188 7,67 29,913 37,379 3,2099 156,39 9,91 5,02 453 2090 27,05 4,06 52
2008 10,227 10,462 20,098584 7,55 30,684 37,429 2,7755 181,59 9,95 5,04 453 2100 27,63 3,20 27
2009 9,084 9,170 17,989848 6,35 30,674 35,985 2002 11,60 288
2010 10,145 10,266 21,173067 6,90 29,467 37,109 0,81 2003 12,82 1293
2011 2004 13,94

COST Percentage YF YG COST 2005 14,69 4670
Exports Imports Y-C GDP 2006 15,58
absolu absolu absolu 2007 16,37
OCDE OCDE OCDE 2008 17,06
TUS$ constant prices TUS$ constant prices TUS$ constant pricesTUS$ constant prices

2005 2005 2000 CO2 atmosph CO2 emissions CO2 Emissions CO2 emissions
concentration RoW RoW OECD
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)LJ��� *'3 DQG &RQVXPSWLRQ LQ 2(&' IURP ���� WR ���� �FRQVWDQW SULFHV ������ 7KH
GRWV DUH DQQXDO HPSLULFDO GDWD IURP VWDW�RHFG�RUJ� 7KH UHG FXUYHV UHSUHVHQW
VXSHULPSRVHG /6 HVWLPDWHV RI WKH EDODQFHG SDWK�



30

1998 25,090 29,309 23,154 494,617 530,564 35,947 0,0678 1133,779000 22056 3.87224887 30,1943 29,8343 22,982 5,9224 12,452 10,53 95
1999 26,292 30,323 24,048 499,642 534,909 35,267 0,0659 1141,640000 22956 5.19843687 31,2330 30,8154 23,071 6,0011 12,412 10,66 39
2000 28,106 31,596 24,964 507,850 541,085 35,267 0,0652 1149,942000 24357 5.21633935 32,0121 32,2869 23,622 6,0798 12,555 11,07 53
2001 29,219 32,032 25,566 510,653 544,714 34,061 0,0625 1158,276000 25132 -0.69602858 31,7524 32,7774 23,757 6,1569 12,474 11,28 168
2002 30,331 32,583 26,232 512,134 549,554 37,420 0,0681 1166,381000 25903 -1.00897116 33,0509 33,3770 24,155 6,2329 12,551 11,60 10
2003 31,438 33,242 26,836 514,728 553,193 38,465 0,0695 1174,389000 26655 2.24710142 36,9463 34,3580 25,581 6,3082 12,758 12,82 24
2004 33,336 34,316 27,556 519,155 557,407 38,252 0,0686 1182,480000 28091 4.71268874 42,1402 35,7206 26,865 6,3834 12,924 13,94 38
2005 35,277 35,252 28,270 526,853 564,192 37,339 0,0662 1189,624000 29549 4.90036839 45,7759 37,0286 27,633 6,4584 12,947 14,69 4
2006 37,848 36,372 29,010 536,982 571,835 34,853 0,0609 1197,515000 31515 4.41698379 49,4116 38,4457 28,494 6,5340 12,913 15,58 53
2007 40,016 37,379 29,711 545,407 578,022 32,615 0,0564 1205,856000 33099 2.60654375 55,6443 39,9717 29,335 6,6100 12,969 16,37 327
2008 41,259 37,429 29,877 549,393 584,065 34,672 0,0594 1214,115000 33904 -2.41402236 61,3575 40,6257 29,862 6,6868 12,805 17,06 485
2009 40,251 35,985 29,634 538,525 586,299 47,774 0,0815 1221,410000 32861 -12.30392393 58,2412 39,6447 6,7637 28
2010 41,876 37,109 30,205 542,348 591,644 49,296 0,0833 1228,203000 33962 2.51472258 63,0486 41,3343 6,8405 23
2011 43,498

2
GDP(exp) GDP(exp) Consumption Employment Employment Active Population Unemployment Taux de chomage Total population GDP per capita Investment GDP GDP Emissions CO2 World Population Emissions CO2 EmissionsCO2 13
absolu absolu absolu relatif absolu absolu absolu absolu absolu absolu absolu absolu absolu absolu 50
OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE World World World OECD Reste du monde 150
TUS$ courants TUS$ constant prices TUS$ constant pricesTUS$ constant prices % annual growth TUS$ courants TUS$ constants98 GT/year milliards GT/year milliards ton/an 897

2005 2005 138
4

1998 5,907 5,943 5,104531 6,16 23,884 29,309 0,79 31,55 0 0,0 31,55 0 365 2000 12,00 12,62 41
1999 6,255 6,461 4,940951 6,27 24,455 30,323 40,39 0 0,0 40,39 0 383 2010 17,43 13,07 91
2000 7,018 7,268 3,906499 6,63 25,246 31,596 51,26 0,43 1,1995 51,69 0,62 403 2020 20,03 13,40 15
2001 7,055 7,265 2,533254 6,47 26,235 32,032 61,11 2,44 3,9024 63,55 2,48 420 2030 21,72 12,81 26
2002 7,205 7,480 2,719789 6,35 26,577 32,583 72,39 5,18 6,1493 77,57 4,77 434 2040 23,00 11,62 22
2003 7,414 7,814 5,508758 6,41 26,991 33,242 83,72 7,98 7,6336 91,70 7,00 444 2050 24,05 9,84 15
2004 8,096 8,538 8,804246 6,76 27,526 34,316 0,80 97,64 10,35 8,1489 107,99 8,80 449 2060 24,95 8,10 8
2005 8,579 9,089 10,499131 6,98 28,373 35,252 112,93 12,04 8,0099 124,97 10,01 452 2070 25,73 6,47 121
2006 9,355 9,852 11,563301 7,36 29,075 36,372 131,42 12,92 7,3230 144,34 10,57 453 2080 26,42 5,14 70
2007 10,002 10,419 15,628188 7,67 29,913 37,379 153,24 13,06 6,3379 166,30 10,54 453 2090 27,05 4,06 52
2008 10,227 10,462 20,098584 7,55 30,684 37,429 178,99 12,56 5,2310 191,55 10,02 453 2100 27,63 3,20 27
2009 9,084 9,170 17,989848 6,35 30,674 35,985 2002 11,60 288
2010 10,145 10,266 21,173067 6,90 29,467 37,109 0,81 2003 12,82 1293
2011 2004 13,94

gg-YH COST Percentage gg-YTOT COST 2005 14,69 4670
Exports Imports Y-C GDP 2006 15,58
absolu absolu absolu 2007 16,37
OCDE OCDE OCDE 2008 17,06
TUS$ constant prices TUS$ constant prices TUS$ constant pricesTUS$ constant prices

2005 2005 2000 CO2 atmosph CO2 emissions CO2 Emissions CO2 emissions
concentration RoW RoW OECD
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)LJ��� 3RSXODWLRQ DQG (PSOR\PHQW LQ 2(&' IURP ���� WR ���� �PLOOLRQV RI SHRSOH��
7KH GRWV DUH DQQXDO HPSLULFDO GDWD IURP VWDW�RHFG�RUJ� 7KH UHG FXUYHV UHSUHVHQW
VXSHULPSRVHG /6 HVWLPDWHV RI WKH EDODQFHG SDWK�

1998 25,090 29,309 23,154 92.5 509,393 522,022100 12,629 0,0242 1133,779000 22056 3.87224887 30,1943 29,8343 22,982 5,9224 12,452 10,53 95
1999 26,292 30,323 24,048 93.4 515,164 526,295000 11,131 0,0211 1141,640000 22956 5.19843687 31,2330 30,8154 23,071 6,0011 12,412 10,66 39
2000 28,106 31,596 24,964 96.4 522,660 532,003700 11,131 0,0209 1149,942000 24357 5.21633935 32,0121 32,2869 23,622 6,0798 12,555 11,07 53
2001 29,219 32,032 25,566 96.8 524,918 535,433600 10,516 0,0196 1158,276000 25132 -0.69602858 31,7524 32,7774 23,757 6,1569 12,474 11,28 168
2002 30,331 32,583 26,232 97.2 525,563 540,291500 14,729 0,0273 1166,381000 25903 -1.00897116 33,0509 33,3770 24,155 6,2329 12,551 11,60 10
2003 31,438 33,242 26,836 97.7 527,054 543,224700 16,171 0,0298 1174,389000 26655 2.24710142 36,9463 34,3580 25,581 6,3082 12,758 12,82 24
2004 33,336 34,316 27,556 98.9 531,362 549,195200 17,833 0,0325 1182,480000 28091 4.71268874 42,1402 35,7206 26,865 6,3834 12,924 13,94 38
2005 35,277 35,252 28,270 100.0 538,243 554,284400 16,041 0,0289 1189,624000 29549 4.90036839 45,7759 37,0286 27,633 6,4584 12,947 14,69 4
2006 37,848 36,372 29,010 101.8 547,369 561,265300 13,896 0,0248 1197,515000 31515 4.41698379 49,4116 38,4457 28,494 6,5340 12,913 15,58 53
2007 40,016 37,379 29,711 103.3 555,205 567,057100 11,852 0,0209 1205,856000 33099 2.60654375 55,6443 39,9717 29,335 6,6100 12,969 16,37 327
2008 41,259 37,429 29,877 104.0 558,437 572,476300 14,039 0,0245 1214,115000 33904 -2.41402236 61,3575 40,6257 29,862 6,6868 12,805 17,06 485
2009 40,251 35,985 29,634 102.1 547,062 575,241300 28,179 0,0490 1221,410000 32861 -12.30392393 58,2412 39,6447 6,7637 28
2010 41,876 37,109 30,205 102.5 550,474 579,232100 28,758 0,0496 1228,203000 33962 2.51472258 63,0486 41,3343 6,8405 23
2011 43,498 555,451

2
GDP(exp) GDP(exp) Consumption Employment Employment Active Population Unemployment Taux de chomage Total population GDP per capita Investment GDP GDP Emissions CO2 World Population Emissions CO2 EmissionsCO2 13
absolu absolu absolu relatif absolu absolu absolu absolu absolu absolu absolu absolu absolu absolu 50
OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE World World World OECD Reste du monde 150
TUS$ courants TUS$ constant prices TUS$ constant pricesTUS$ constant prices % annual growth TUS$ courants TUS$ constants98 GT/year milliards GT/year milliards ton/an 897

2005 2005 138
4

1998 5,907 5,943 5,104531 6,16 23,884 29,309 0,79 0,0 31,55 0 0 365 2000 12,00 12,62 41
1999 6,255 6,461 4,940951 6,27 24,455 30,323 0,0 40,39 0 0 383 2010 17,43 13,07 91
2000 7,018 7,268 3,906499 6,63 25,246 31,596 1,1744 51,09 0,6 0,60 403 2020 20,03 13,40 15
2001 7,055 7,265 2,533254 6,47 26,235 32,032 3,7689 60,23 3,32 2,27 420 2030 21,72 12,81 26
2002 7,205 7,480 2,719789 6,35 26,577 32,583 5,1782 71,26 6,31 3,69 434 2040 23,00 11,62 22
2003 7,414 7,814 5,508758 6,41 26,991 33,242 5,3257 83,37 8,33 4,44 444 2050 24,05 9,84 15
2004 8,096 8,538 8,804246 6,76 27,526 34,316 0,80 4,8405 98,75 9,24 4,78 449 2060 24,95 8,10 8
2005 8,579 9,089 10,499131 6,98 28,373 35,252 4,2751 115,32 9,65 4,93 452 2070 25,73 6,47 121
2006 9,355 9,852 11,563301 7,36 29,075 36,372 3,7100 134,50 9,83 4,99 453 2080 26,42 5,14 70
2007 10,002 10,419 15,628188 7,67 29,913 37,379 3,2099 156,39 9,91 5,02 453 2090 27,05 4,06 52
2008 10,227 10,462 20,098584 7,55 30,684 37,429 2,7755 181,59 9,95 5,04 453 2100 27,63 3,20 27
2009 9,084 9,170 17,989848 6,35 30,674 35,985 2002 11,60 288
2010 10,145 10,266 21,173067 6,90 29,467 37,109 0,81 2003 12,82 1293
2011 2004 13,94

COST Percentage YF YG COST 2005 14,69 4670
Exports Imports Y-C GDP 2006 15,58
absolu absolu absolu 2007 16,37
OCDE OCDE OCDE 2008 17,06
TUS$ constant prices TUS$ constant prices TUS$ constant pricesTUS$ constant prices

2005 2005 2000 CO2 atmosph CO2 emissions CO2 Emissions CO2 emissions
concentration RoW RoW OECD
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)LJ��� ,PSRUWV DQG ([SRUWV LQ 2(&' IURP ���� WR ���� �FRQVWDQW SULFHV ������ 7KH
GRWV DUH DQQXDO HPSLULFDO GDWD IURP VWDW�RHFG�RUJ� 7KH UHG FXUYH UHSUHVHQWV WKH
VXSHULPSRVHG /6 HVWLPDWH RI WKH EDODQFHG SDWK�

�� &DUERQ GLR[LGH G\QDPLFV

$V LQ >1RUGKDXV� ����@� ZH DVVXPH WKDW &2� HPLVVLRQV DUH UHSUHVHQWDWLYH RI WRWDO *+* HPLVVLRQV�
7KH IOX[ EDODQFH HTXDWLRQ IRU DWPRVSKHULF &2� LV ZULWWHQ�

G
GW
∆& = �

(
(Z − T(∆&)

)
ZLWK ∆& = [&2�]− [&2�]S, ����

ZKHUH [&2�] LV WKH DYHUDJH FRQFHQWUDWLRQ RI DWPRVSKHULF &2�� [&2�]S LV WKH QDWXUDO SUH�LQGXVWULDO
DWPRVSKHULF &2� FRQFHQWUDWLRQ� (Z LV WKH IORZ RI &2� HPLVVLRQV LQWR WKH DWPRVSKHUH IURP ZRUOG
KXPDQ HFRQRPLF DFWLYLWLHV� T(∆&2�) LV D PRQRWRQH LQFUHDVLQJ IXQFWLRQ UHSUHVHQWLQJ WKH QDWXUDO
SODQHW DEVRUSWLRQ UDWH RI &2� DQG � LV D FRQVWDQW FRHIILFLHQW�

7KH &2� HPLVVLRQ UDWHV IRU 2(&' DQG QRQ�2(&' FRXQWULHV GXULQJ WKH SHULRG ��������� DUH
VKRZQ LQ )LJ��� ,Q QRQ�2(&' FRXQWULHV &2� HPLVVLRQV DUH VWHDGLO\ LQFUHDVLQJ SURSRUWLRQDOO\



31

1970 12,153 12,49 -0,769 14,79 9,34 5,45 1,2 1 0,75 -7,09 12,49 10,372
1971 12,648 12,95 -0,304 15,32 9,51 5,81 2 0,73 -19,11 12,95 10,762
1972 13,376 13,67 -0,289 15,96 9,98 5,98 3 0,73 -20,69 13,67 11,374
1973 14,256 14,54 -0,279 16,83 10,56 6,27 4 0,73 -22,47 14,54 12,102
1974 14,476 14,71 -0,236 16,85 10,30 6,55 5 0,70 -27,75 14,71 12,206
1975 14,623 14,77 -0,149000000000001 16,75 9,99 6,76 6 0,68 -45,37 14,77 12,272
1976 15,362 15,49 -0,131 17,73 10,50 7,23 7 0,68 -55,19 15,49 12,863
1977 15,997 16,07 -0,0700000000000003 18,32 10,73 7,59 8 0,67 -108,43 16,07 13,359
1978 16,706 16,78 -0,0749999999999993 18,54 11,03 7,51 9 0,66 -100,13 16,78 13,968
1979 17,400 17,43 -0,0250000000000021 19,57 11,30 8,27 10 0,65 -330,80 17,43 14,519
1980 17,722 17,65 0,070 19,37 11,03 8,34 11 0,62 119,14 17,65 14,702
1981 18,110 18,04 0,0739999999999981 18,77 10,60 8,17 12 0,59 110,41 18,04 15,034
1982 18,186 18,06 0,131 18,62 10,24 8,36 13 0,57 63,82 18,06 15,079
1983 18,695 18,57 0,120999999999999 18,55 10,19 8,36 14 0,55 69,09 18,57 15,519
1984 19,597 19,46 0,140000000000001 19,22 10,46 8,76 15 0,54 62,57 19,46 16,268
1985 20,364 20,20 0,163 19,79 10,57 9,22 16 0,52 56,56 20,20 16,925
1986 21,044 20,80 0,243000000000002 20,40 10,57 9,83 17 0,51 40,45 20,80 17,439
1987 21,793 21,51 0,279 20,91 10,91 10,00 18 0,51 35,84 21,51 18,026
1988 22,822 22,50 0,324999999999999 21,66 11,27 10,39 19 0,50 31,97 22,50 18,883
1989 23,684 23,36 0,326000000000001 22,09 11,55 10,54 20 0,49 32,33 23,36 19,625
1990 24,398 24,08 0,315000000000001 22,31 11,46 10,85 0,91 21 0,48 34,44 24,08 20,252
1991 24,783 24,42 0,360000000000003 22,63 11,61 11,02 22 0,48 30,61 24,42 20,512
1992 25,304 24,96 0,347999999999999 22,40 11,62 10,78 23 0,47 30,98 24,96 20,923
1993 25,753 25,32 0,437000000000001 22,37 11,86 10,51 24 0,47 24,05 25,32 21,210
1994 26,599 26,10 0,5 22,78 11,99 10,79 25 0,46 21,58 26,10 21,855
1995 27,363 26,74 0,626999999999999 23,29 12,13 11,16 26 0,45 17,80 26,74 22,397
1996 28,282 27,56 0,721 23,76 12,46 11,30 27 0,45 15,67 27,56 23,065
1997 29,359 28,61 0,748000000000001 24,20 12,60 11,60 28 0,44 15,51 28,61 23,884
1998 30,041 29,39 0,651 24,34 12,49 11,85 0,81 29 0,42 18,20 29,39 24,455
1999 31,028 30,39 0,634 24,14 12,45 11,69 30 0,41 18,44 30,39 25,246
2000 32,329 31,64 0,687000000000001 24,75 12,59 12,16 31 0,40 17,70 31,64 26,235
2001 32,874 32,08 0,792999999999999 25,36 12,52 12,84 32 0,39 16,19 32,08 26,577
2002 33,528 32,63 0,899999999999999 25,60 12,59 13,01 0,76 33 0,39 14,46 32,63 26,991
2003 34,444 33,30 1,14400000000001 27,12 12,80 14,32 34 0,38 12,52 33,30 27,526
2004 35,820 34,37 1,454 28,54 12,96 15,58 35 0,38 10,72 34,37 28,373
2005 37,061 35,29 1,767 29,65 12,99 16,66 0,80 36 0,37 9,43 35,29 29,075
2006 38,544 36,41 2,139 30,62 12,95 17,67 37 0,36 8,26 36,41 29,913
2007 40,062 37,41 2,65 31,33 13,01 18,32 38 0,35 6,91 37,41 30,684
2008 40,596 37,47 3,126 32,08 12,85 19,23 0,79 39 0,34 6,15 37,47 30,674
2009 39,685 36,11 3,576 36,11 29,467
2010 41,407 37,18 4,224 37,18 30,410
2011 42,530 37,86 4,674 37,86 30,863

World GDP OECD GDP World CO2 emissions OECD CO2 emissions NON-OECD CO2 emiss. World  OECD NON-OECD OECD GDP OECD GDP
Constant prices 2000 Constant prices 2005 Carbon intens Carbon Carbon Constant prices 2005 Constant prices 2000
Wold Bank Data OECD stat World Bank Data World Bank Data World Bank Data Intensity Intensity OECD stat World Bank Data
Tera Dollars/year Tera Dollars/Year GT/Year GT/Year GT/Year GT/T US $ GT/T US $ GT/T US $ Tera Dollars/Year Tera Dollars/Year
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)LJ��� &2� HPLVVLRQV �'DWD IURP :RUOG %DQN 'HYHORSPHQW ,QGLFDWRUV��

WR *'3� ,Q FRQWUDVW� WKH LQFUHDVH RI &2� HPLVVLRQV LV PXFK VORZHU LQ 2(&' FRXQWULHV DQG HYHQ
DOPRVW ]HUR RYHU WKH ODVW WHQ \HDUV� $VVXPLQJ WKDW WKH &2� HPLVVLRQV DUH UHODWHG WR WKH HFRQRPLF
SURGXFWLRQ� WKHUH LV QR ORVV RI JHQHUDOLW\ LQ ZULWLQJ

((W) = K(W)<(W) ����

ZKHUH ((W) LV WKH &2� HPLVVLRQ IORZ DQG K(W) LV WKH FDUERQ LQWHQVLW\ RI WKH HFRQRPLF SURGXF�
WLRQ <(W)� 7KH 2(&' HPSLULFDO GDWD IRU K(W) DUH VKRZQ LQ )LJ�� DQG WKH IROORZLQJ H[SRQHQWLDOO\
GHFUHDVLQJ IXQFWLRQ FDQ EH ILWWHG RQ WKH GDWD�

K(W) = K(�)H− W NJ &2�/86$ ZLWK ! �.����. ����

1970 12,153 12,49 -0,769 14,79 9,34 5,45 1,2 1 0,75 -7,09 12,49 10,372
1971 12,648 12,95 -0,304 15,32 9,51 5,81 2 0,73 -19,11 12,95 10,762
1972 13,376 13,67 -0,289 15,96 9,98 5,98 3 0,73 -20,69 13,67 11,374
1973 14,256 14,54 -0,279 16,83 10,56 6,27 4 0,73 -22,47 14,54 12,102
1974 14,476 14,71 -0,236 16,85 10,30 6,55 5 0,70 -27,75 14,71 12,206
1975 14,623 14,77 -0,149000000000001 16,75 9,99 6,76 6 0,68 -45,37 14,77 12,272
1976 15,362 15,49 -0,131 17,73 10,50 7,23 7 0,68 -55,19 15,49 12,863
1977 15,997 16,07 -0,0700000000000003 18,32 10,73 7,59 8 0,67 -108,43 16,07 13,359
1978 16,706 16,78 -0,0749999999999993 18,54 11,03 7,51 9 0,66 -100,13 16,78 13,968
1979 17,400 17,43 -0,0250000000000021 19,57 11,30 8,27 10 0,65 -330,80 17,43 14,519
1980 17,722 17,65 0,070 19,37 11,03 8,34 11 0,62 119,14 17,65 14,702
1981 18,110 18,04 0,0739999999999981 18,77 10,60 8,17 12 0,59 110,41 18,04 15,034
1982 18,186 18,06 0,131 18,62 10,24 8,36 13 0,57 63,82 18,06 15,079
1983 18,695 18,57 0,120999999999999 18,55 10,19 8,36 14 0,55 69,09 18,57 15,519
1984 19,597 19,46 0,140000000000001 19,22 10,46 8,76 15 0,54 62,57 19,46 16,268
1985 20,364 20,20 0,163 19,79 10,57 9,22 16 0,52 56,56 20,20 16,925
1986 21,044 20,80 0,243000000000002 20,40 10,57 9,83 17 0,51 40,45 20,80 17,439
1987 21,793 21,51 0,279 20,91 10,91 10,00 18 0,51 35,84 21,51 18,026
1988 22,822 22,50 0,324999999999999 21,66 11,27 10,39 19 0,50 31,97 22,50 18,883
1989 23,684 23,36 0,326000000000001 22,09 11,55 10,54 20 0,49 32,33 23,36 19,625
1990 24,398 24,08 0,315000000000001 22,31 11,46 10,85 0,91 21 0,48 34,44 24,08 20,252
1991 24,783 24,42 0,360000000000003 22,63 11,61 11,02 22 0,48 30,61 24,42 20,512
1992 25,304 24,96 0,347999999999999 22,40 11,62 10,78 23 0,47 30,98 24,96 20,923
1993 25,753 25,32 0,437000000000001 22,37 11,86 10,51 24 0,47 24,05 25,32 21,210
1994 26,599 26,10 0,5 22,78 11,99 10,79 25 0,46 21,58 26,10 21,855
1995 27,363 26,74 0,626999999999999 23,29 12,13 11,16 26 0,45 17,80 26,74 22,397
1996 28,282 27,56 0,721 23,76 12,46 11,30 27 0,45 15,67 27,56 23,065
1997 29,359 28,61 0,748000000000001 24,20 12,60 11,60 28 0,44 15,51 28,61 23,884
1998 30,041 29,39 0,651 24,34 12,49 11,85 0,81 29 0,42 18,20 29,39 24,455
1999 31,028 30,39 0,634 24,14 12,45 11,69 30 0,41 18,44 30,39 25,246
2000 32,329 31,64 0,687000000000001 24,75 12,59 12,16 31 0,40 17,70 31,64 26,235
2001 32,874 32,08 0,792999999999999 25,36 12,52 12,84 32 0,39 16,19 32,08 26,577
2002 33,528 32,63 0,899999999999999 25,60 12,59 13,01 0,76 33 0,39 14,46 32,63 26,991
2003 34,444 33,30 1,14400000000001 27,12 12,80 14,32 34 0,38 12,52 33,30 27,526
2004 35,820 34,37 1,454 28,54 12,96 15,58 35 0,38 10,72 34,37 28,373
2005 37,061 35,29 1,767 29,65 12,99 16,66 0,80 36 0,37 9,43 35,29 29,075
2006 38,544 36,41 2,139 30,62 12,95 17,67 37 0,36 8,26 36,41 29,913
2007 40,062 37,41 2,65 31,33 13,01 18,32 38 0,35 6,91 37,41 30,684
2008 40,596 37,47 3,126 32,08 12,85 19,23 0,79 39 0,34 6,15 37,47 30,674
2009 39,685 36,11 3,576 36,11 29,467
2010 41,407 37,18 4,224 37,18 30,410
2011 42,530 37,86 4,674 37,86 30,863

World GDP OECD GDP World CO2 emissions OECD CO2 emissions NON-OECD CO2 emiss. World  OECD NON-OECD OECD GDP OECD GDP
Constant prices 2000 Constant prices 2005 Carbon intens Carbon Carbon Constant prices 2005 Constant prices 2000
Wold Bank Data OECD stat World Bank Data World Bank Data World Bank Data Intensity Intensity OECD stat World Bank Data
Tera Dollars/year Tera Dollars/Year GT/Year GT/Year GT/Year GT/T US $ GT/T US $ GT/T US $ Tera Dollars/Year Tera Dollars/Year
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)LJ��� &2� LQWHQVLW\ LQ 2(&' FRXQWULHV FRPSXWHG ZLWK GDWD IURP )LJ�� DQG )LJ���
�7KH H[SRQHQWLDO IXQFWLRQ K(W) LV UHSUHVHQWHG E\ WKH UHG OLQH��

%\ GLIIHUHQWLDWLQJ HTXDWLRQ ����� ZH REWDLQ�

G(
GW

=
GK
GW
<+ K

G<
GW

=

(
�
<
G<
GW

+
�
K
GK
GW

)
( = (J<(W)− )(. ����

$Q LPSRUWDQW SRLQW KHUH LV REYLRXVO\ WKDW ! �.���� < J< ! �.���� ZKLFK PHDQV WKDW WKH
HIILFLHQF\ RI &2� DEDWHPHQW LV QRW VXIILFLHQW WR FRPSHQVDWH IRU *'3 JURZWK� WKH GHFRXSOLQJ EH�
WZHHQ JURZWK DQG JUHHQKRXVH JDV HPLVVLRQV LV UHODWLYH EXW QRW DEVROXWH �>-DFNVRQ� ����� S���@��
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7KH IDPRXV .HHOLQJ¶V FXUYH LV VKRZQ LQ )LJ��� ,W UHSUHVHQWV WKH DFFXPXODWLRQ RI DWPRVSKHULF &2�
GXULQJ WKH ODVW �� \HDUV� ,W LV JHQHUDOO\ DFFHSWHG WKDW WKH QHW &2� LQIORZ UDWH LQ WKH DWPRVSKHUH
LV DERXW ��� RI WKH WRWDO HPLVVLRQV� $VVXPLQJ D OLQHDU &2� DEVRUSWLRQ IXQFWLRQ

T(∆&) = �

(
[&2�]− [&2�]S

)
����

ZLWK [&2�]S  ��� SSP� DQG XVLQJ WKH GDWD RI )LJ�� DQG )LJ��� ZH FDQ HVWLPDWH WKH SDUDPHWHU
YDOXHV � " �.�� SSP/*7 DQG � " �.��*7/SSP×\HDU�

)LJ��� 7KH .HHOLQJ¶V &XUYH RI DWPRVSKHULF &2� FRQFHQWUDWLRQV PHDVXUHG DW WKH 0DXQD
/RD 2EVHUYDWRU\� 6RXUFH� :LNLSHGLD�

�� )LUVW VLPXODWLRQ � %XVLQHVV DV 8VXDO

,Q WKLV ILUVW VLPXODWLRQ� ZH DVVXPH WKDW WKH HFRQRP\ FRQWLQXHV WR IROORZ WKH EDODQFHG SDWK WKDW
ZH KDYH LGHQWLILHG DERYH� 7KH EDODQFHG SDWK LV D VROXWLRQ RI WKH IROORZLQJ VHW RI VWDWH VSDFH
HTXDWLRQV�

G/
GW

= (W)/, ����

G$
GW

= (W)$, ����

G.
GW
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+ (W)
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2000 6 1,10
2020 7,5 1,37
2040 8,5 1,56
2060 8,9 1,63
2080 8,98 1,64
2100 9 1,65

6

7

8

9

10

2000 2020 2040 2060 2080 2100

World Population

1,20

1,40

1,60

1,80

2,00

2000 2020 2040 2060 2080 2100

OECD Population

)LJ��� (YROXWLRQ RI WKH SRSXODWLRQ IURP ���� WR ���� �PLOOLDUGV RI SHRSOH� LQ WKH EHQFK�
PDUN PRGHO�

2000 31,55 31,55 0,0 31,55
2010 40,39 40,39 0,0 40,39
2020 49,37 49,37 0,0 51,69
2030 60,52 60,52 0,0 63,55
2040 73,50 70,87 2,63 77,57
2050 87,47 78,70 8,77 91,70
2060 100,12 83,34 16,78 108,00
2070 110,57 85,17 25,40 124,97
2080 118,60 84,93 33,67 144,34
2090 123,66 83,54 40,12 166,30
2100 129,19 81,49 47,70 191,55

Low growth Low growth Low growth BaU
Y total Conventional low growth Y

sector sector
YF YS

Conventional sector
Low-growth sector

50

100

150

200

2000 2020 2040 2060 2080 2100

GDP

2000 31,55 31,55 0,0 31,55 12,62
2010 40,39 40,39 0,0 40,39 13,16
2020 49,37 49,37 0,0 51,69 13,72
2030 60,52 60,52 0,0 63,55 13,95
2040 73,50 70,87 2,63 77,57 13,67
2050 87,47 78,70 8,77 91,70 13,16
2060 100,12 83,34 16,78 108,00 12,63
2070 110,57 85,17 25,40 124,97 11,90
2080 118,60 84,93 33,67 144,34 11,20
2090 123,66 83,54 40,12 166,30 10,51
2100 129,19 81,49 47,70 191,55 9,86

Low growth Low growth Low growth BaU BaY
Y total Conventional low growth GDP Emissions

sector sector
YF YS
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)LJ��� %XVLQHVV DV XVXDO� /HIW� *'3 �786��\HDU�� 5LJKW� &2� HPLVVLRQV �*7�\HDU��

,Q WKLV PRGHO� WKH SRSXODWLRQ JURZWK UDWH (W) DQG WKH WHFKQRORJ\ JURZWK UDWH (W) DUH H[RJHQRXV
YDULDEOHV� )RU WKH SRSXODWLRQ G\QDPLFV ZH DGRSW WKH PHGLXP SUHGLFWLRQ RI WKH 8QLWHG 1DWLRQV
�VHH >81� ����@� VXFK WKDW WKH SRSXODWLRQ LQFUHDVHV XQWLO DERXW ���� DQG WKHQ VWDELOL]HV IRU D
ZKLOH DV VKRZQ LQ )LJ��� 7KH H[RJHQRXV VSHFLILF JURZWK UDWH (W) LV FRPSXWHG DFFRUGLQJO\� 7KH
HPSOR\PHQW LV VXSSRVHG WR EH D FRQVWDQW IUDFWLRQ RI WKH SRSXODWLRQ� )RU WKH WHFKQRORJ\� ZH
DVVXPH D FRQVWDQW JURZWK UDWH = �.���� DV FRPSXWHG LQ 6HFWLRQ �� 7KH PRGHO LV LQLWLDOL]HG
LQ ���� ZLWK WKH YDOXHV RI 7DEOH �� 7KH PRGHO HTXDWLRQV DUH HQFRGHG LQ 0DWODE�6LPXOLQN�

7KH UHVXOWV RI WKH VLPXODWLRQ H[SHULPHQW DUH LOOXVWUDWHG LQ )LJ��� $V LW FDQ EH H[SHFWHG� WKH HFRQ�
RP\ NHHSV JURZLQJ H[SRQHQWLDOO\ DQG GRHV QRW VLJQLILFDQWO\ UHGXFH WKH OHYHO RI &2� HPLVVLRQV�
7KHUH LV D VOLJKW UHGXFWLRQ GXULQJ WKH VHFRQG KDOI RI WKH FHQWXU\ ZKLFK LV GXH WR WKH FRQMXJDWH
HIIHFWV RI SRSXODWLRQ VWDELOL]DWLRQ DQG FDUERQ LQWHQVLW\ GHFUHDVH� %XW� DW WKH HQG RI WKH FHQWXU\�
WKH &2� HPLVVLRQ SHU FDSLWD LV DERXW �7�\HDU� ([WHQGHG WR WKH ZKROH SODQHW� VXFK DQ HPLVVLRQ
UDWH SHU FDSLWD ZRXOG PDNH WKH &2� DWPRVSKHULF FRQFHQWUDWLRQ UHDFKLQJ XQVXSSRUWDEOH YDOXHV
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LQ ���� �RYHU ��� SSP� VHH H�J�>1RUGKDXV� ����@� ZKHUHDV ZH NQRZ WKDW WKH VXSSRUWDEOH OLPLW
LV JHQHUDOO\ FRQVLGHUHG WR EH DW PRVW ��� SSP �VHH H�J� ,3&& UHSRUWV��

�� *UHHQ *URZWK

'HVSLWH WKH FDSLWDOLVW SURSHQVLRQ WR HIILFLHQF\ DQG GHVSLWH D VLJQLILFDQW GHFUHDVH RI FDUERQ LQWHQ�
VLW\ ���� VLQFH ������ LW FDQ FOHDUO\ EH VXVSHFWHG IURP WKH UHVXOWV RI WKH SUHYLRXV VHFWLRQ WKDW WKH
FXUUHQW HFRQRPLF WUHQG ZLOO QRW VXFFHHG LQ UHDFKLQJ D VXVWDLQDEOH HFRQRP\� 9LJRURXV QHZ SXEOLF
SROLFLHV DUH PRVW SUREDEO\ QHHGHG WR PRGLI\ WKLV WUHQG LQ WKH GHVLUHG GLUHFWLRQ� ,Q WKLV VHFWLRQ�
ZH LQYHVWLJDWH D VR�FDOOHG ³JUHHQ JURZWK´ SXEOLF SROLF\� )RU WKLV SXUSRVH ZH H[WHQG WKH PRGHO
E\ LQWURGXFLQJ WKH DGGLWLRQDO DVVXPSWLRQ WKDW D VKDUH RI WKH WRWDO LQYHVWPHQW LV IXQGHG E\ WKH
JRYHUQPHQW DQG H[SOLFLWO\ DOORFDWHG WR WKH GHYHORSPHQW RI ³1RYHO *UHHQ 7HFKQLFDO .QRZOHGJH �́
7KHVH LQQRYDWLRQV DUH SXUH SXEOLF JRRGV WKDW DUH ERWK QRQ�ULYDO DQG QRQ�H[FOXGDEOH� ,Q RWKHU
ZRUGV WKH\ DUH IUHHO\ PDGH DYDLODEOH WR DOO SURGXFHUV LQ RUGHU WR IXUWKHU UHGXFH WKH JUHHQKRXVH
JDV HPLVVLRQV�

7KHUHIRUH� ZH QRZ FRQVLGHU DQ HFRQRP\ ZLWK WZR VHFWRUV�

�� $ FRQYHQWLRQDO VHFWRU ZLWK SURGXFWLRQ IXQFWLRQ

<FV = $.(�− )
FV /FV, ����

ZKLFK LV HQGRZHG ZLWK WKH G\QDPLFV� WKH SDUDPHWHU YDOXHV DQG WKH LQLWLDO FRQGLWLRQV RI WKH
EHQFKPDUN PRGHO RI WKH SUHYLRXV VHFWLRQ�

�� $ ³JUHHQ WHFKQRORJ\´ VHFWRU WKDW SURGXFHV WKH SXEOLF JUHHQ WHFKQLFDO NQRZOHGJH GHQRWHG +�
7KH SURGXFWLRQ IORZ RI + LV UHSUHVHQWHG E\ D &REE�'RXJODV SURGXFWLRQ IXQFWLRQ�

G+
GW

= <JV = $.(�− )
JV /JV. ����

ZKHUH .JV DQG /JV DUH WKH SK\VLFDO FDSLWDO DQG WKH ODERU DOORFDWHG WR WKH SXEOLF UHVHDUFK LQ JUHHQ
WHFKQLFDO NQRZOHGJH� 7KH G\QDPLFV RI WKH FDSLWDO VWRFN .JV LV UHSUHVHQWHG E\ WKH HTXDWLRQ

G.JV
GW

= − .JV + ,JV, ����

ZKHUH ,JV GHQRWHV WKH JUHHQ LQYHVWPHQW�

)RU VLPSOLFLW\� ZH DVVXPH WKDW WKH WZR VHFWRUV KDYH LGHQWLFDO SURGXFWLRQ IXQFWLRQV� EXW WKLV FRXOG
EH UHOD[HG WR VRPH GHJUHH� 7KH WZR VHFWRUV DUH DJJUHJDWHG E\ GHILQLQJ WKH WRWDO FDSLWDO . =
.FV + .JV� WKH WRWDO LQYHVWPHQW , = ,FV + ,JV DQG WKH WRWDO RXWSXW < = <FV + <JV� ,W LV WKHQ UHDGLO\
FKHFNHG WKDW�

G.
GW

= − .+ ,. ����

:H FRQVLGHU HTXLOLEULXP HFRQRPLF SDWKV ZLWK FRPSHWLWLYH IDFWRU PDUNHWV� 7KLV LPSOLHV WKDW� DORQJ
WKH HFRQRPLF SDWK� WKH PDUJLQDO SURGXFW RI FDSLWDO LV LGHQWLFDO LQ WKH WZR VHFWRUV�

U(W) =
∂<FV(W)
∂.FV(W)

=
∂<JV(W)
∂.JV(W)

∀W. ����
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8VLQJ HTXDWLRQV ���������� ZH KDYH

U(W) = (�− )$(W)
(
/FV(W)
.FV(W)

)
= (�− )

<FV(W)
.FV(W)

����

= (�− )$(W)
(
/JV(W)
.JV(W)

)
= (�− )

<JV(W)
.JV(W)

. ����

= (�− )$(W)
(
/(W)
.(W)

)
= (�− )

<(W)
.(W)

����

7KHVH HTXDWLRQV PHDQ WKDW� DORQJ WKH SDWK� WKH SURGXFW�FDSLWDO DQG WKH ODERXU�FDSLWDO UDWLRV DUH
LGHQWLFDO LQ WKH WZR VHFWRUV� 7KLV DOVR LPSOLHV WKDW WKH WRWDO RXWSXW REH\V D JOREDO &REE�'RXJODV
IXQFWLRQ

< = <FV + <JV = $.(�− )/ ����

DQG WKHUHIRUH WKDW WKH VWUXFWXUH RI WKH HFRQRP\ LV QRW PRGLILHG ZLWK UHVSHFW WR EXVLQHVV DV XVXDO�
%XW WKH QDWXUH RI WKH SURGXFWLRQ LV GLIIHUHQW VLQFH WKH UHSUHVHQWDWLYH RXWSXW < LV QRZ SDUWO\ FRP�
SRVHG RI WKH SXEOLF JUHHQ NQRZOHGJH <JV �LQ DGGLWLRQ WR WKH FXUUHQW SULYDWH JUHHQ WHFKQRORJLHV
WKDW DUH DOUHDG\ LQFRUSRUDWHG LQ WKH FRQYHQWLRQDO SURGXFWLRQ��

/HW XV QRZ WXUQ WR WKH LVVXH RI WKH VXVWDLQDEOH WUDQVLWLRQ� &RQFHUQLQJ JUHHQKRXVH JDV� ZH DVVXPH
WKDW WKH REMHFWLYH RI WKH WUDQVLWLRQ WR D VXVWDLQDEOH HFRQRP\ LV WR JXDUDQWHH D FRQVWDQW &2�
DWPRVSKHULF FRQFHQWUDWLRQ DW WKH OHYHO RI ��� SSP ZLWK HTXLWDEOH HPLVVLRQV DOO RYHU
WKH SODQHW� 7KLV FDQ EH DFKLHYHG ZLWK VWHDG\�VWDWH WRWDO ZRUOG HPLVVLRQV�

(∗Z = � ×∆[&2�] = �.��× (���− ���) = ��.� *7/<HDU.

$V LW FDQ EH REVHUYHG IURP WKH GDWD RI )LJ��� WKLV YDOXH LV DOPRVW HTXDO WR WKH SUHVHQW OHYHO
RI ZRUOG HPLVVLRQV �LQ ������ ZLWK DERXW ��� IRU 2(&' DQG ��� IRU WKH UHVW RI WKH ZRUOG�
7KHUHIRUH� WKH VXVWDLQDEOH FKDOOHQJH LV QRW WR GHFUHDVH WKH JOREDO HPLVVLRQV ZLWK UHVSHFW WR WKH
SUHVHQW VLWXDWLRQ� 7KH JRDO LV UDWKHU WR PDLQWDLQ WKH HPLVVLRQ OHYHO DW LWV SUHVHQW YDOXH ZKLOH
HQVXULQJ SURJUHVVLYHO\ D IDLU GLVWULEXWLRQ ZLWK WKH VDPH HPLVVLRQV SHU FDSLWD HYHU\ZKHUH LQ WKH
ZRUOG� 2EYLRXVO\ WKLV LPSOLHV VWURQJO\ UHGXFLQJ WKH 2(&' HPLVVLRQV ZKLOH VWLOO DOORZLQJ IRU D
PRGHUDWH LQFUHDVH LQ QRQ�2(&' FRXQWULHV� 6LQFH WKH UDWLR RI 2(&' WR ZRUOG SRSXODWLRQ LV ������
WKH WDUJHW IRU 2(&' HPLVVLRQV LQ ���� PXVW EH �DW PRVW�

(∗ = �.���× (∗Z = �.���× ��.� = �.�� *7/<HDU.

,Q RUGHU WR DFKLHYH WKLV JRDO� WKH PRGHO RI &2� HPLVVLRQV LV H[WHQGHG WR LQFRUSRUDWH WKH HIIHFW
RI JUHHQ WHFKQRORJLHV DV IROORZV�

( = K(W)<(W)H− +(W).

:LWK WKLV PRGHO ZH WKXV QRZ DVVXPH WKDW ( LV QRW RQO\ OLQHDUO\ LQFUHDVLQJ ZLWK ILQDO RXWSXW
SURGXFWLRQ DV DERYH EXW DOVR H[SRQHQWLDOO\ GHFUHDVLQJ ZLWK WKH OHYHO RI SXEOLF JUHHQ WHFKQLFDO
NQRZOHGJH +� 7KH SDUDPHWHU LV DQ HODVWLFLW\ FRHIILFLHQW� 7KH IXQFWLRQ K(W) LV JLYHQ E\ H[SUHV�
VLRQ ���� DQG UHSUHVHQWV WKH FXUUHQW SULYDWH GHFUHDVH RI &2� LQWHQVLW\�

$V DERYH� D EDODQFHG SDWK LV GHILQHG DV WKH VSHFLDO FDVH ZKHUH U(W) LV FRQVWDQW� $ORQJ D EDODQFHG
SDWK� WKH G\QDPLFV WKDW FRQQHFW WKH SXEOLF JUHHQ LQYHVWPHQW WR WKH &2� HPLVVLRQV DUH WKHQ JLYHQ
E\ WKH WZR HTXDWLRQV

G(
GW

= (
(

+ (W)− − U
�− .JV

)
����

G.JV
GW

= − .JV + ,JV. ����
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1998 25,090 29,309 23,154 494,617 530,564 35,947 0,0678 1133,779000 22056 3.87224887 30,1943 29,8343 22,982 5,9224 12,452 10,53 95
1999 26,292 30,323 24,048 499,642 534,909 35,267 0,0659 1141,640000 22956 5.19843687 31,2330 30,8154 23,071 6,0011 12,412 10,66 39
2000 28,106 31,596 24,964 507,850 541,085 35,267 0,0652 1149,942000 24357 5.21633935 32,0121 32,2869 23,622 6,0798 12,555 11,07 53
2001 29,219 32,032 25,566 510,653 544,714 34,061 0,0625 1158,276000 25132 -0.69602858 31,7524 32,7774 23,757 6,1569 12,474 11,28 168
2002 30,331 32,583 26,232 512,134 549,554 37,420 0,0681 1166,381000 25903 -1.00897116 33,0509 33,3770 24,155 6,2329 12,551 11,60 10
2003 31,438 33,242 26,836 514,728 553,193 38,465 0,0695 1174,389000 26655 2.24710142 36,9463 34,3580 25,581 6,3082 12,758 12,82 24
2004 33,336 34,316 27,556 519,155 557,407 38,252 0,0686 1182,480000 28091 4.71268874 42,1402 35,7206 26,865 6,3834 12,924 13,94 38
2005 35,277 35,252 28,270 526,853 564,192 37,339 0,0662 1189,624000 29549 4.90036839 45,7759 37,0286 27,633 6,4584 12,947 14,69 4
2006 37,848 36,372 29,010 536,982 571,835 34,853 0,0609 1197,515000 31515 4.41698379 49,4116 38,4457 28,494 6,5340 12,913 15,58 53
2007 40,016 37,379 29,711 545,407 578,022 32,615 0,0564 1205,856000 33099 2.60654375 55,6443 39,9717 29,335 6,6100 12,969 16,37 327
2008 41,259 37,429 29,877 549,393 584,065 34,672 0,0594 1214,115000 33904 -2.41402236 61,3575 40,6257 29,862 6,6868 12,805 17,06 485
2009 40,251 35,985 29,634 538,525 586,299 47,774 0,0815 1221,410000 32861 -12.30392393 58,2412 39,6447 6,7637 28
2010 41,876 37,109 30,205 542,348 591,644 49,296 0,0833 1228,203000 33962 2.51472258 63,0486 41,3343 6,8405 23
2011 43,498

2
GDP(exp) GDP(exp) Consumption Employment Employment Active Population Unemployment Taux de chomage Total population GDP per capita Investment GDP GDP Emissions CO2 World Population Emissions CO2 EmissionsCO2 13
absolu absolu absolu relatif absolu absolu absolu absolu absolu absolu absolu absolu absolu absolu 50
OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE World World World OECD Reste du monde 150
TUS$ courants TUS$ constant prices TUS$ constant pricesTUS$ constant prices % annual growth TUS$ courants TUS$ constants98 GT/year milliards GT/year milliards ton/an 897

2005 2005 138
4

1998 5,907 5,943 5,104531 6,16 23,884 29,309 0,79 31,55 0 0,0 31,55 0 365 2000 12,00 12,62 41
1999 6,255 6,461 4,940951 6,27 24,455 30,323 40,39 0 0,0 40,39 0 383 2010 17,43 13,07 91
2000 7,018 7,268 3,906499 6,63 25,246 31,596 40,440 51,26 0,43 1,1995 51,69 0,62 403 2020 20,03 13,40 15
2001 7,055 7,265 2,533254 6,47 26,235 32,032 40,773 61,11 2,44 3,9024 63,55 2,48 420 2030 21,72 12,81 26
2002 7,205 7,480 2,719789 6,35 26,577 32,583 41,354 72,39 5,18 6,1493 77,57 4,77 434 2040 23,00 11,62 22
2003 7,414 7,814 5,508758 6,41 26,991 33,242 41,978 83,72 7,98 7,6336 91,70 7,00 444 2050 24,05 9,84 15
2004 8,096 8,538 8,804246 6,76 27,526 34,316 42,965 0,80 97,64 10,35 8,1489 107,99 8,80 449 2060 24,95 8,10 8
2005 8,579 9,089 10,499131 6,98 28,373 35,252 43,492 112,93 12,04 8,0099 124,97 10,01 452 2070 25,73 6,47 121
2006 9,355 9,852 11,563301 7,36 29,075 36,372 44,027 131,42 12,92 7,3230 144,34 10,57 453 2080 26,42 5,14 70
2007 10,002 10,419 15,628188 7,67 29,913 37,379 44,547 153,24 13,06 6,3379 166,30 10,54 453 2090 27,05 4,06 52
2008 10,227 10,462 20,098584 7,55 30,684 37,429 44,284 178,99 12,56 5,2310 191,55 10,02 453 2100 27,63 3,20 27
2009 9,084 9,170 17,989848 6,35 30,674 35,985 2002 11,60 288
2010 10,145 10,266 21,173067 6,90 29,467 37,109 0,81 2003 12,82 1293
2011 2004 13,94

gg-YH COST Percentage gg-YTOT COST 2005 14,69 4670
Exports Imports Y-C GDP Average 2006 15,58
absolu absolu absolu Salary 2007 16,37
OCDE OCDE OCDE OECD 2008 17,06
TUS$ constant prices TUS$ constant prices TUS$ constant pricesTUS$ constant prices constant prices 2005

2005 2005 2000 CO2 atmosph CO2 emissions CO2 Emissions CO2 emissions
concentration RoW RoW OECD
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)LJ���� *UHHQ JURZWK LQ WKH 2(&' EHQFKPDUN PRGHO� /HIW� *'3� 5LJKW� 3XEOLF FRVW RI
JUHHQ JURZWK DV D SHUFHQWDJH RI *'3�

(TXDWLRQ ���� LV D PRGLILFDWLRQ RI ���� ZKLFK DFFRXQWV IRU WKH LQIOXHQFH RI +� (TXDWLRQ ���� LV
LGHQWLFDO WR ����� 2EYLRXVO\ WKH HODVWLFLW\ LV D NH\ SDUDPHWHU LQ WKLV PRGHO VLQFH LW GHWHUPLQHV
KRZ PXFK FDQ EH DFKLHYHG LQ &2� DEDWHPHQW SHU XQLW RI WLPH ZLWK D JLYHQ LQYHVWPHQW� 7KH
DQVZHU WR WKLV TXHVWLRQ KDV JLYHQ ULVH WR DQ DEXQGDQW OLWHUDWXUH EXW LV VWLOO� QHYHUWKHOHVV� D
ZLGHO\ RSHQ TXHVWLRQ� 'HSHQGLQJ RI WKH DVVXPSWLRQV� WKH HVWLPDWHV RI WKH FRVW RI DFKLHYLQJ
��� UHGXFWLRQ LQ &2� HPLVVLRQV LQ ���� VSDQ D YHU\ ZLGH UDQJH� IURP �� WR �� RI *'3� ,Q
RXU VLPXODWLRQ� ZH VHW = �.��� ZKLFK SURYLGHV D FRVW LQ WKLV UDQJH� $OO WKH RWKHU FRQVWDQW
SDUDPHWHUV QHHGHG IRU WKH VLPXODWLRQ KDYH EHHQ JLYHQ SUHYLRXVO\� 7KH PRGHO LV LQLWLDOL]HG LQ
���� ZLWK WKH YDOXHV RI 7DEOH � IRU WKH FRQYHQWLRQDO VHFWRU DQG ZLWK ]HUR LQLWLDO FRQGLWLRQV IRU
WKH JUHHQ WHFKQRORJ\ VHFWRU� ,Q RUGHU WR DFKLHYH WKH JRDO RI &2� DEDWHPHQW� DQ HQGRJHQRXV
IHHGEDFN LQYHVWPHQW SROLF\ LV DSSOLHG WR WKH V\VWHP IURP ����� 7KH SXEOLF JUHHQ LQYHVWPHQW ,JV
LV VLPSO\ DVVXPHG WR FKDQJH SURSRUWLRQDOO\ WR WKH H[FHVV RI &2� HPLVVLRQV ZLWK UHVSHFW WR WKH
WDUJHW (∗�

G,JV
GW

= ((− (∗). ����

7KH FRQVWDQW SDUDPHWHU LV DGMXVWHG E\ WULDO DQG HUURU DW WKH YDOXH = �.����

7KH UHVXOW RI WKH VLPXODWLRQ H[SHULPHQW LV LOOXVWUDWHG LQ )LJ���� ,W PXVW EH FOHDUO\ XQGHUVWRRG
WKDW� LQ WKLV UHVXOW� WKH FRQYHQWLRQDO VHFWRU LQYROYHV WKH ³XVXDO´ WHFKQLFDO SURJUHVV WRZDUGV &2�
DEDWHPHQW DW WKH UDWH ZKLFK LV QRW VXIILFLHQW WR UHDFK VXVWDLQDELOLW\� ,Q DGGLWLRQ� WKH JUHHQ
SXEOLF VHFWRU SURGXFHV VXSSOHPHQWDU\ IUHH SXEOLF LQQRYDWLRQV WKDW DUH XVHG WR IXUWKHU DFFHOHUDWH
&2� DEDWHPHQW LQ RUGHU WR UHDFK WKH VXVWDLQDEOH WDUJHW�

,Q RUGHU WR HVWLPDWH WKH LPSDFW RI WKLV SROLF\ RQ WKH SODQHW DWPRVSKHULF &2� FRQFHQWUDWLRQ� ZH
DOVR QHHG WR KDYH D VFHQDULR IRU &2� HPLVVLRQV LQ QRQ�2(&' FRXQWULHV� 7KH IXWXUH HIIHFWLYH
HYROXWLRQ RI &2� HPLVVLRQV LQ QRQ�2(&' FRXQWULHV GHSHQGV RQ PDQ\ IDFWRUV VXFK DV WKH LQWHU�
QDWLRQDO WUDGH� WKH H[WHQW RI H[SRUWHG HPLVVLRQV >'DYLV DQG &DOGHLUD� ����@ RU WKH HIILFLHQF\ RI
LQWHUQDWLRQDO QHJRFLDWLRQV �.\RWR� &RSHQKDJHQ� 'RKD ����� ,Q DQ\ FDVH� WKH KLJKHVW DGPLVVLEOH
SURMHFWLRQ RI VXVWDLQDEOH &2� HPLVVLRQV IRU QRQ�2(&' LV JLYHQ LQ )LJ���� EHFDXVH KLJKHU HPLV�
VLRQV ZRXOG GHILQLWHO\ OHDG WR DQ H[FHVV RI DWPRVSKHULF &2� ZLWK UHVSHFW WR WKH WDUJHW RI ���
SSP� 7KH FRUUHVSRQGLQJ HYROXWLRQ RI HPLVVLRQV SHU FDSLWD LQ ERWK VXEUHJLRQV LV VKRZQ LQ )LJ����
%\ LQWHJUDWLQJ HTXDWLRQ ���� ZLWK WKH WRWDO &2� HPLVVLRQV IRU (Z� ZH WKHQ JHW WKH &2� DWPR�
VSKHULF HYROXWLRQ GHSLFWHG LQ )LJ���� )URP WKLV ILJXUH� ZH VHH WKDW� XQGHU WKH DVVXPSWLRQV RI WKH
VLPXODWLRQ� WKH LQYHVWPHQW SROLF\ LQ SXEOLF JUHHQ WHFKQRORJLHV LV HIIHFWLYHO\ DEOH WR VWDELOL]H WKH
&2� FRQFHQWUDWLRQ DW WKH VHW SRLQW RI ��� SSP ZKLFK LV UHDFKHG DIWHU �� \HDUV DSSUR[LPDWHO\�
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1998 25,090 29,309 23,154 92.5 509,393 522,022100 12,629 0,0242 1133,779000 22056 3.87224887 30,1943 29,8343 22,982 5,9224 12,452 10,53 95
1999 26,292 30,323 24,048 93.4 515,164 526,295000 11,131 0,0211 1141,640000 22956 5.19843687 31,2330 30,8154 23,071 6,0011 12,412 10,66 39
2000 28,106 31,596 24,964 96.4 522,660 532,003700 11,131 0,0209 1149,942000 24357 5.21633935 32,0121 32,2869 23,622 6,0798 12,555 11,07 53
2001 29,219 32,032 25,566 96.8 524,918 535,433600 10,516 0,0196 1158,276000 25132 -0.69602858 31,7524 32,7774 23,757 6,1569 12,474 11,28 168
2002 30,331 32,583 26,232 97.2 525,563 540,291500 14,729 0,0273 1166,381000 25903 -1.00897116 33,0509 33,3770 24,155 6,2329 12,551 11,60 10
2003 31,438 33,242 26,836 97.7 527,054 543,224700 16,171 0,0298 1174,389000 26655 2.24710142 36,9463 34,3580 25,581 6,3082 12,758 12,82 24
2004 33,336 34,316 27,556 98.9 531,362 549,195200 17,833 0,0325 1182,480000 28091 4.71268874 42,1402 35,7206 26,865 6,3834 12,924 13,94 38
2005 35,277 35,252 28,270 100.0 538,243 554,284400 16,041 0,0289 1189,624000 29549 4.90036839 45,7759 37,0286 27,633 6,4584 12,947 14,69 4
2006 37,848 36,372 29,010 101.8 547,369 561,265300 13,896 0,0248 1197,515000 31515 4.41698379 49,4116 38,4457 28,494 6,5340 12,913 15,58 53
2007 40,016 37,379 29,711 103.3 555,205 567,057100 11,852 0,0209 1205,856000 33099 2.60654375 55,6443 39,9717 29,335 6,6100 12,969 16,37 327
2008 41,259 37,429 29,877 104.0 558,437 572,476300 14,039 0,0245 1214,115000 33904 -2.41402236 61,3575 40,6257 29,862 6,6868 12,805 17,06 485
2009 40,251 35,985 29,634 102.1 547,062 575,241300 28,179 0,0490 1221,410000 32861 -12.30392393 58,2412 39,6447 6,7637 28
2010 41,876 37,109 30,205 102.5 550,474 579,232100 28,758 0,0496 1228,203000 33962 2.51472258 63,0486 41,3343 6,8405 23
2011 43,498 555,451

2
GDP(exp) GDP(exp) Consumption Employment Employment Active Population Unemployment Taux de chomage Total population GDP per capita Investment GDP GDP Emissions CO2 World Population Emissions CO2 EmissionsCO2 13
absolu absolu absolu relatif absolu absolu absolu absolu absolu absolu absolu absolu absolu absolu 50
OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE World World World OECD Reste du monde 150
TUS$ courants TUS$ constant prices TUS$ constant pricesTUS$ constant prices % annual growth TUS$ courants TUS$ constants98 GT/year milliards GT/year milliards ton/an 897

2005 2005 138
4

1998 5,907 5,943 5,104531 6,16 23,884 29,309 0,79 0,0 31,55 0 0 365 2000 12,00 12,62 41
1999 6,255 6,461 4,940951 6,27 24,455 30,323 0,0 40,39 0 0 383 2010 17,43 13,07 91
2000 7,018 7,268 3,906499 6,63 25,246 31,596 1,1744 51,09 0,6 0,60 403 2020 20,03 13,40 15
2001 7,055 7,265 2,533254 6,47 26,235 32,032 3,7689 60,23 3,32 2,27 420 2030 21,72 12,81 26
2002 7,205 7,480 2,719789 6,35 26,577 32,583 5,1782 71,26 6,31 3,69 434 2040 23,00 11,62 22
2003 7,414 7,814 5,508758 6,41 26,991 33,242 5,3257 83,37 8,33 4,44 444 2050 24,05 9,84 15
2004 8,096 8,538 8,804246 6,76 27,526 34,316 0,80 4,8405 98,75 9,24 4,78 449 2060 24,95 8,10 8
2005 8,579 9,089 10,499131 6,98 28,373 35,252 4,2751 115,32 9,65 4,93 452 2070 25,73 6,47 121
2006 9,355 9,852 11,563301 7,36 29,075 36,372 3,7100 134,50 9,83 4,99 453 2080 26,42 5,14 70
2007 10,002 10,419 15,628188 7,67 29,913 37,379 3,2099 156,39 9,91 5,02 453 2090 27,05 4,06 52
2008 10,227 10,462 20,098584 7,55 30,684 37,429 2,7755 181,59 9,95 5,04 453 2100 27,63 3,20 27
2009 9,084 9,170 17,989848 6,35 30,674 35,985 2002 11,60 288
2010 10,145 10,266 21,173067 6,90 29,467 37,109 0,81 2003 12,82 1293
2011 2004 13,94

COST Percentage YF YG COST 2005 14,69 4670
Exports Imports Y-C GDP 2006 15,58
absolu absolu absolu 2007 16,37
OCDE OCDE OCDE 2008 17,06
TUS$ constant prices TUS$ constant prices TUS$ constant pricesTUS$ constant prices

2005 2005 2000 CO2 atmosph CO2 emissions CO2 Emissions CO2 emissions
concentration RoW RoW OECD
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)LJ���� &2� HPLVVLRQV IRU WKH SHULRG ���������� VLPXODWLRQ UHVXOW IRU WKH 2(&' EHQFK�
PDUN DQG KLJKHVW DGPLVVLEOH SURMHFWLRQ IRU QRQ�2(&' FRXQWULHV� 7KH UHG GRWV
DUH HPSLULFDO GDWD�

2000 6 1,10 495,00 495 0 12,00 12,62 2 11,47
2020 7,5 1,37 617,63 610 8,43 20,03 13,40 2,67 9,76
2040 8,5 1,56 699,98 625 73,71 23,00 11,62 2,71 7,47
2060 8,9 1,63 732,92 479 253,84 24,95 8,10 2,80 4,97
2080 8,98 1,64 739,50 300 438,18 26,42 5,14 2,94 3,13
2100 9 1,65 741,15 180 561,09 27,63 3,20 3,07 2,00

World population OECD OECD Low Growth Low Growth CO2 Emissions CO2 Emissions
Population Employment Employment Employment non-OECD OECD
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)LJ���� &2� HPLVVLRQV SHU FDSLWD IRU WKH SHULRG ���������

1998 25,090 29,309 23,154 92.5 509,393 522,022100 12,629 0,0242 1133,779000 22056 3.87224887 30,1943 29,8343 22,982 5,9224 12,452 10,53 95
1999 26,292 30,323 24,048 93.4 515,164 526,295000 11,131 0,0211 1141,640000 22956 5.19843687 31,2330 30,8154 23,071 6,0011 12,412 10,66 39
2000 28,106 31,596 24,964 96.4 522,660 532,003700 11,131 0,0209 1149,942000 24357 5.21633935 32,0121 32,2869 23,622 6,0798 12,555 11,07 53
2001 29,219 32,032 25,566 96.8 524,918 535,433600 10,516 0,0196 1158,276000 25132 -0.69602858 31,7524 32,7774 23,757 6,1569 12,474 11,28 168
2002 30,331 32,583 26,232 97.2 525,563 540,291500 14,729 0,0273 1166,381000 25903 -1.00897116 33,0509 33,3770 24,155 6,2329 12,551 11,60 10
2003 31,438 33,242 26,836 97.7 527,054 543,224700 16,171 0,0298 1174,389000 26655 2.24710142 36,9463 34,3580 25,581 6,3082 12,758 12,82 24
2004 33,336 34,316 27,556 98.9 531,362 549,195200 17,833 0,0325 1182,480000 28091 4.71268874 42,1402 35,7206 26,865 6,3834 12,924 13,94 38
2005 35,277 35,252 28,270 100.0 538,243 554,284400 16,041 0,0289 1189,624000 29549 4.90036839 45,7759 37,0286 27,633 6,4584 12,947 14,69 4
2006 37,848 36,372 29,010 101.8 547,369 561,265300 13,896 0,0248 1197,515000 31515 4.41698379 49,4116 38,4457 28,494 6,5340 12,913 15,58 53
2007 40,016 37,379 29,711 103.3 555,205 567,057100 11,852 0,0209 1205,856000 33099 2.60654375 55,6443 39,9717 29,335 6,6100 12,969 16,37 327
2008 41,259 37,429 29,877 104.0 558,437 572,476300 14,039 0,0245 1214,115000 33904 -2.41402236 61,3575 40,6257 29,862 6,6868 12,805 17,06 485
2009 40,251 35,985 29,634 102.1 547,062 575,241300 28,179 0,0490 1221,410000 32861 -12.30392393 58,2412 39,6447 6,7637 28
2010 41,876 37,109 30,205 102.5 550,474 579,232100 28,758 0,0496 1228,203000 33962 2.51472258 63,0486 41,3343 6,8405 23
2011 43,498 555,451

2
GDP(exp) GDP(exp) Consumption Employment Employment Active Population Unemployment Taux de chomage Total population GDP per capita Investment GDP GDP Emissions CO2 World Population Emissions CO2 EmissionsCO2 13
absolu absolu absolu relatif absolu absolu absolu absolu absolu absolu absolu absolu absolu absolu 50
OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE OCDE World World World OECD Reste du monde 150
TUS$ courants TUS$ constant prices TUS$ constant pricesTUS$ constant prices % annual growth TUS$ courants TUS$ constants98 GT/year milliards GT/year milliards ton/an 897

2005 2005 138
4

1998 5,907 5,943 5,104531 6,16 23,884 29,309 0,79 31,55 0 0,0 31,55 0 365 2000 12,00 12,62 41
1999 6,255 6,461 4,940951 6,27 24,455 30,323 40,39 0 0,0 40,39 0 383 2010 17,43 13,07 91
2000 7,018 7,268 3,906499 6,63 25,246 31,596 51,26 0,43 1,1995 51,69 0,62 403 2020 20,03 13,40 15
2001 7,055 7,265 2,533254 6,47 26,235 32,032 61,11 2,44 3,9024 63,55 2,48 420 2030 21,72 12,81 26
2002 7,205 7,480 2,719789 6,35 26,577 32,583 72,39 5,18 6,1493 77,57 4,77 434 2040 23,00 11,62 22
2003 7,414 7,814 5,508758 6,41 26,991 33,242 83,72 7,98 7,6336 91,70 7,00 444 2050 24,05 9,84 15
2004 8,096 8,538 8,804246 6,76 27,526 34,316 0,80 97,64 10,35 8,1489 107,99 8,80 449 2060 24,95 8,10 8
2005 8,579 9,089 10,499131 6,98 28,373 35,252 112,93 12,04 8,0099 124,97 10,01 452 2070 25,73 6,47 121
2006 9,355 9,852 11,563301 7,36 29,075 36,372 131,42 12,92 7,3230 144,34 10,57 453 2080 26,42 5,14 70
2007 10,002 10,419 15,628188 7,67 29,913 37,379 153,24 13,06 6,3379 166,30 10,54 453 2090 27,05 4,06 52
2008 10,227 10,462 20,098584 7,55 30,684 37,429 178,99 12,56 5,2310 191,55 10,02 453 2100 27,63 3,20 27
2009 9,084 9,170 17,989848 6,35 30,674 35,985 2002 11,60 288
2010 10,145 10,266 21,173067 6,90 29,467 37,109 0,81 2003 12,82 1293
2011 2004 13,94

gg-YH COST Percentage gg-YTOT COST 2005 14,69 4670
Exports Imports Y-C GDP 2006 15,58
absolu absolu absolu 2007 16,37
OCDE OCDE OCDE 2008 17,06
TUS$ constant prices TUS$ constant prices TUS$ constant pricesTUS$ constant prices
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7KHUH DUH KRZHYHU PDQ\ PDMRU REMHFWLRQV WKDW FDQ EH LQYRNHG DJDLQVW WKH IHDVLELOLW\ RI JUHHQ
JURZWK� $ YHU\ IXQGDPHQWDO REMHFWLRQ LV WKDW JUHHQ JURZWK UHOLHV HVVHQWLDOO\ RQ D EOLQG IDLWK
LQWR WKH WHFKQRORJLFDO SURJUHVV� ,QGHHG LW VHHPV DV ZHOO UHDVRQDEOH WR EHOLHYH WKDW WKH UHTXLUHG
PDVVLYH WHFKQRORJLFDO EUHDNWKURXJK LV LQ IDFW RXW RI UHDFK� )RU WKLV UHDVRQ� D VRXQG SULQFLSOH LV
WR FRQVLGHU DOVR DOWHUQDWLYHV OLNH WKH ORZ�JURZWK VWUDWHJ\ GHIHQGHG IRU LQVWDQFH E\ 7LP -DFNVRQ
>-DFNVRQ� ����@� >9LFWRU� ����@ DQG 7KH &OXE RI 5RPH >0HDGRZV HW DO�� ����@�

�� /RZ*URZWK

7KH SULQFLSOH RI D ORZ JURZWK SXEOLF SROLF\ LV WR IRVWHU D VWUXFWXUDO VKLIW RI WKH HFRQRP\ FRPSRVLWLRQ
WRZDUGV DFWLYLWLHV ZKLFK KDYH ORZ �RU HYHQ ]HUR� FDUERQ LQWHQVLW\� 6XFK DFWLYLWLHV DUH E\ QDWXUH
ODERXU LQWHQVLYH DQG IDU OHVV VXEMHFW WR SURGXFWLYLW\ JURZWK �VHH H�J� >-DFNVRQ DQG 9LFWRU� ����@��
7KH VLPSOHVW FDVH LV WR FRQVLGHU DQ HFRQRP\ ZLWK WZR VHFWRUV�

�� D FRQYHQWLRQDO VHFWRU ZLWK SURGXFWLRQ IXQFWLRQ

<FV = $.(�− )
FV /FV, ����

ZKLFK LV HQGRZHG ZLWK WKH G\QDPLFV� WKH SDUDPHWHU YDOXHV DQG WKH LQLWLDO FRQGLWLRQV RI WKH
EHQFKPDUN PRGHO RI 6HFWLRQ ��

�� D ´WUDQVLWLRQ´ VHFWRU RI DFWLYLWLHV KDYLQJ ]HUR FDUERQ LQWHQVLW\ DQG D FRQVWDQW ODERXU SURGXF�
WLYLW\� ZLWK D SURGXFWLRQ IXQFWLRQ

<WV = %.(�− )
WV /WV, ����

ZKHUH WKH SURGXFWLYLW\ % LV FRQVWDQW� :H DVVXPH DOVR WKDW > ZKLFK LPSOLHV WKDW WKH WUDQVLWLRQ
VHFWRU LV PRUH ODERXU LQWHQVLYH WKDQ WKH FRQYHQWLRQDO VHFWRU�

/HW XV WDNH WKH FRQYHQWLRQDO RXWSXW DV QXPHUDLUH DQG GHQRWH E\ WKH UHODWLYH SULFH RI WKH
WUDQVLWLRQ VHFWRU RXWSXW� $ORQJ DQ HFRQRPLF HTXLOLEULXP SDWK� WKH IDFWRU PDUNHWV DUH FRPSHWLWLYH
DQG WKHUHIRUH WKH PDUJLQDO SURGXFWV RI FDSLWDO DQG ODERXU DUH HTXDO LQ WKH WZR VHFWRUV�

U(W) =
∂<FV(W)
∂.FV(W)

= (W)
∂<WV(W)
∂.WV(W)

∀W ����

Z(W) =
∂<FV(W)
∂/FV(W)

= (W)
∂<WV(W)
∂/WV(W)

∀W. ����

8VLQJ HTXDWLRQV ���������� ZH KDYH

U(W) = (�− )
<FV(W)
.FV(W)

= (�− ) (W)
<WV(W)
.WV(W)

, ����

Z(W) =
<FV(W)
/FV(W)

= (W)
<WV(W)
/WV(W)

. ����

,Q WKLV HFRQRP\� WKH &2� HPLVVLRQV DUH SURSRUWLRQDO WR <FV RQO\�

((W) = K(W)<FV(W) ����

ZLWK WKH FDUERQ LQWHQVLW\ IXQFWLRQ K(W) JLYHQ E\ ����� 7KH VWUDWHJ\ IRU WKH WUDQVLWLRQ WR D VXV�
WDLQDEOH HFRQRP\ LV D VHFWRULDO WR DFWLYLWLHV ZLWK ORZ RU ]HUR &2� HPLVVLRQV LQ RUGHU WR UHDFK WKH
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���� WDUJHW (∗  ����*7�<HDU� +HUHDIWHU ZH SUHVHQW D VLPXODWLRQ RI D ORZ�JURZWK VFHQDULR WKDW
SURGXFHV� DORQJ WLPH� WKH VDPH &2� HPLVVLRQV DV WKH JUHHQ JURZWK VFHQDULR RI WKH SUHYLRXV
VHFWLRQ� 7KHUHIRUH WKH HPLVVLRQ SURILOH ((W) RI )LJ��� ZKLFK KDV EHHQ FRPSXWHG LQ WKH JUHHQ
JURZWK VFHQDULR LV D UHIHUHQFH ZKLFK LV XVHG� LQ WKH VLPXODWLRQ� DV DQ H[RJHQRXV GULYLQJ YDULDEOH
WR FRPSXWH <FV(W) IURP HTXDWLRQ ����� $V LQ WKH SUHYLRXV VHFWLRQV� D EDODQFHG SDWK LV GHILQHG DV
WKH VSHFLDO FDVH ZKHUH U(W) LV FRQVWDQW� $ORQJ D EDODQFHG SDWK� ZH KDYH�

.FV = (
�−
U

)<FV, /FV = (
�
$
)(

U
�− ).FV, /WV = /− /FV, ����

.WV = (
�− )(

�−
)(
/WV
/FV

).FV, <WV = %.�−WV /WV, = ( )(
/WV
/FV

)(
<FV
<WV

). ����

7KH FRQVWDQW SURGXFWLYLW\ LQ WKH WUDQVLWLRQ VHFWRU LV VHW WR %  ���� ZKLFK LV WKH LQLWLDO SURGXFWLYLW\
$(�) LQ WKH FRQYHQWLRQDO VHFWRU� 7KH ODERXU HODVWLFLW\ LQ WKH WUDQVLWLRQ VHFWRU LV VHW WR  �����
L�H� ��� KLJKHU WKDQ LQ WKH FRQYHQWLRQDO VHFWRU� $OO WKH RWKHU FRQVWDQW SDUDPHWHUV QHHGHG IRU
WKH VLPXODWLRQ KDYH EHHQ JLYHQ SUHYLRXVO\�

2000 31,55 31,55 0,0 31,55 12,62 2,8
2010 40,39 40,39 0,0 40,39 13,16 2,8
2020 52,27 51,60 0,67 51,69 13,72 1 2,4
2030 63,69 61,78 1,91 63,55 13,95 1,05 1,8 7,92
2040 76,63 70,43 6,2 77,57 13,67 1,12 1,1 7,52
2050 88,41 74,83 13,58 91,70 13,16 1,22 0,48 6,50
2060 101,43 77,09 24,34 108,00 12,63 1,36 0,0 4,98
2070 114,07 76,76 37,31 124,97 11,90 1,53 -0,05 4,01
2080 128,60 75,92 52,68 144,34 11,20 1,71 -0,13 3,42
2090 145,20 75,01 70,19 166,30 10,51 1,91 -0,20 2,91
2100 162,70 74,30 88,40 191,55 9,86 2,13 -0,28 2,51

Low growth Low growth Low growth BaU BaU Low growth Low growth Low growth
Y total Conventional Plain GDP Emissions Price Conventional Plain

sector sector growth rate growth rate
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)LJ���� /RZ JURZWK LQ WKH 2(&' EHQFKPDUN PRGHO� /HIW� *'3 DW PDUNHW SULFHV �7KH
JUHHQ OLQH LV D UHPLQGHU RI WKH *'3 H[SRQHQWLDO JURZWK LQ WKH JUHHQ JURZWK
VFHQDULR�� 5LJKW� *URZWK UDWHV LQ WKH WZR VHFWRUV IRU WKH ORZ JURZWK VFHQDULR�
FRPSDUHG WR WKH JUHHQ JURZWK VFHQDULR�

7KH PRGHO LV LQLWLDOL]HG LQ ���� ZLWK WKH YDOXHV RI 7DEOH � IRU WKH FRQYHQWLRQDO VHFWRU DQG ZLWK
]HUR LQLWLDO FRQGLWLRQV IRU WKH WUDQVLWLRQ VHFWRU� 7KH QHZ ORZ�JURZWK SROLF\ LV DFWLYDWHG LQ �����
7KH JRYHUQPHQW VWUDWHJ\ WR IRVWHU WKH WUDQVLWLRQ LV WR WD[ WKH FRQYHQWLRQDO SURGXFWLRQ �XVLQJ H�J�
FDUERQ WD[HV� DQG VXEVLGL]H WKH WUDQVLWLRQ VHFWRU LQ RUGHU WR HTXDOL]H WKH PDUNHW SULFH EHWZHHQ
WKH WZR VHFWRUV� 7KH UHVXOW RI WKH VLPXODWLRQ H[SHULPHQW LV LOOXVWUDWHG LQ )LJ��� DQG )LJ����
1DWXUDOO\� LQ WKLV FDVH� D EDODQFHG HFRQRP\ PHDQV WKDW FDSLWDO DQG RXWSXW YDU\ DW WKH VDPH UDWH
ZLWKLQ HDFK VHFWRU� EXW DW GLIIHUHQW UDWHV EHWZHHQ WKH VHFWRUV EHFDXVH RI WKH UHDOORFDWLRQ RI ODERU
DQG FDSLWDO DV LOOXVWUDWHG LQ WKHVH ILJXUHV� $V H[SHFWHG� LQ WKLV VFHQDULR� WKH HFRQRPLF JURZWK LQ
WKH FRQYHQWLRQDO VHFWRU LV GUDVWLFDOO\ UHGXFHG �ZLWK HYHQ D VPDOO GH�JURZWK IURP ����� DQG RQO\
SDUWLDOO\ FRPSHQVDWHG E\ WKH H[SDQVLRQ RI WKH WUDQVLWLRQ VHFWRU� 7KLV UHVXOWV LQ D JOREDO HFRQRPLF
JURZWK VORZQHG GRZQ DV FRPSDUHG WR WKH JUHHQ JURZWK VFHQDULR� )LJ��� LOOXVWUDWHV TXDQWLWDWLYHO\
WKH ODERXU UHDOORFDWLRQ ZKLFK LV QHHGHG�



40

0

175

350

525

700

2000 2020 2040 2060 2080 2100

M
illi

on
s 

of
 p

eo
pl

e

2000 6 1,10 495,00 495 0 12,00 12,62 2 11,47
2020 7,5 1,37 617,63 610 8,43 20,03 13,40 2,67 9,76
2040 8,5 1,56 699,98 625 73,71 23,00 11,62 2,71 7,47
2060 8,9 1,63 732,92 479 253,84 24,95 8,10 2,80 4,97
2080 8,98 1,64 739,50 300 438,18 26,42 5,14 2,94 3,13
2100 9 1,65 741,15 180 561,09 27,63 3,20 3,07 2,00
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)LJ���� (PSOR\PHQW LQ WKH WZR VHFWRUV IRU WKH ORZ JURZWK VFHQDULR�

�� &RQFOXVLRQV

7KLV SDSHU KDV JLYHQ D PRGHVW FRQWULEXWLRQ WR WKH PRGHOOLQJ RI WKH WUDQVLWLRQ WR D VXVWDLQDEOH
HFRQRP\� 7KH IRFXV KDV EHHQ RQ DFFHOHUDWLQJ WKH JUHHQ WHFKQRORJLFDO FKDQJH LQ WKH JUHHQ
JURZWK RSWLRQ RU VKLIWLQJ WKH VWUXFWXUH RI WKH HFRQRP\ WRZDUGV ]HUR FDUERQ HPLVVLRQ DFWLYLWLHV
LQ WKH ORZ JURZWK RSWLRQ� :LWK WKH JUHHQ JURZWK RSWLRQ� WKH HFRQRPLF WUDMHFWRU\ UHDFKHV WKH
,3&& REMHFWLYH RI ���SSP ZLWKLQ DERXW VL[W\ \HDUV ZLWK D VSHFLILF SXEOLF GHYHORSPHQW RI PDVVLYH
DGGLWLRQDO JUHHQ WHFKQRORJLHV UHSUHVHQWLQJ D FRVW XS WR �� RI *'3� :LWK WKH ORZ JURZWK RSWLRQ�
LW LV SRVVLEOH WR DFKLHYH WKH VDPH REMHFWLYH� ZLWKLQ WKH VDPH WLPH KRUL]RQ� ZLWKRXW EOLQG IDLWK LQ
WHFKQRORJLHV� E\ V\VWHPDWLFDOO\ VXEVLGLVLQJ D WUDQVLWLRQ WR ORZ FDUERQ DQG ORZ FDSLWDO LQWHQVLYH
DFWLYLWLHV� OHDGLQJ WR D VHFWRUDO VKLIW IURP WKH FRQYHQWLRQDO VHFWRU �IURP ���� WR ��� RI *'3�
WR WKH WUDQVLWLRQ VHFWRU �IURP �� WR ��� RI *'3�� 2EYLRXVO\� E\ UXQQLQJ OLQHDU FRPELQDWLRQV RI
WKHVH WZR H[WUHPHV� DOO LQWHUPHGLDWH WUDMHFWRULHV DUH SRVVLEOH�

7KH PRGHO� DV LW KDV EHHQ VHW XS LQ WKLV SDSHU� UHSUHVHQWV D YHU\ QDUURZ DQG OLPLWHG SHUVSHFWLYH
UHJDUGLQJ WKH WUDQVLWLRQ WR VXVWDLQDELOLW\� 0DQ\ UHOHYDQW DVSHFWV RI WKH LPSDFW RI JOREDO ZDUPLQJ
RQ WKH HFRQRP\ DUH LJQRUHG DQG WKH VWUXFWXUH RI WKH HFRQRP\ LWVHOI KDV EHHQ H[WUHPHO\ VLPSOL�
ILHG� ,PSRUWDQW UHODWHG LVVXHV VXFK DV VRFLDO LQHTXDOLWLHV RU LQWHUQDWLRQDO ILQDQFH XQUHOLDELOLW\ DUH
QRW DGGUHVVHG� +RZHYHU� ZH KRSH WKDW RXU SDUFLPRQLRXV PRGHOOLQJ FRQWULEXWHV WR KLJKOLJKW VRPH
RI WKH IXQGDPHQWDO FKDOOHQJHV LQ WHUPV RI HFRQRPLF SROLF\� 0RUHRYHU DV ZH KDYH PHQWLRQHG LQ
WKH LQWURGXFWLRQ� WKH PRGHO FDQ EH HDVLO\ H[WHQGHG WR LQFOXGH PRUH VXEUHJLRQV DQG HFRQRPLF
VXEVHFWRUV RU H[SOLFLW ILVFDO SROLFLHV� 2QH LPSRUWDQW LVVXH ZKLFK KDV EHHQ RPLWWHG UHOLHV RQ WKH
PRGHOOLQJ RI WKH PHFKDQLVPV WKDW XQGHUO\ WKH SXEOLF SROLF\ DQG WKHLU LPSDFW RQ WKH HFRQRP\
G\QDPLFV� 7KLV LVVXH ZLOO EH GHDOW ZLWK LQ DQ H[WHQGHG YHUVLRQ RI WKLV SDSHU�
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