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Devwudfw

Hpslulfdo dqdo|vlv kdv zlgho| ghprqvwudwhg wkdw uhdo zruog dfwlylwlhv duh
uduho| rq wkhlu surgxfwlrq iurqwlhu1 Khqfh/ dq reylrxv frqfhuq dulvhv wrzdugv
wkh vhohfwlrq dqg lpsohphqwdwlrq ri h!flhqw whfkqltxhv1 Wkh sdshu vxjjhvwv
wkdw d vxlwdeoh dssurdfk wr dgguhvv wklv lvvxh dw wkh vhfwru ohyho vkrxog
dffrxqw iru lqwhulqgxvwu| wudqvdfwlrqv1 Lw dujxhv wkdw/ rqfh olqndjhv dfurvv
vhfwruv duh wdnhq lqwr dffrxqw/ d qdwxudo glvwlqfwlrq dulvhv ehwzhhq wkh vrfldo
dqg sulydwh vwdqgsrlqwv lq wkh vhohfwlrq ri h!flhqw dfwlylwlhv dw wkh vhfwru
ohyho1 Wkh sdshu vxjjhvwv d v|vwhp dssurdfk wr wkh vhohfwlrq ri vrfldo h!0
flhqw whfkqltxhv dw wkh vhfwru ohyho1 Vxfk dq dssurdfk pdnhv vkdgrz sulfhv
uh hfw wkh plqlpxp pdujlqdo frvwv/ wkxv uhfrqflolqj wkh wzr vwdqgsrlqwv1
Wkh dqdo|vlv lv uhohydqw wr srolf| pdnhuv ru uhjxodwruv +h1j1 HX dxwkrulwlhv
dlplqj dw vhwwlqj vhfwruldo ehqfkpdunv, vlqfh lw gh�qhv wkh frqglwlrqv xqghu
zklfk d vhfwruldo sulydwh dssurdfk pd| idlo wr dfklhyh vrfldo h!flhqf| dqg
wkrvh xqghu zklfk lw pd| hyhq uhgxfh lwv fxuuhqw ohyho1 Hpslulfdo dqdo|vlv
frq�up wkdw wkh vhfwruldo sulydwh dssurdfk pd| ohdg wr wkh lghqwl�fdwlrq ri
plvohdglqj ehqfkpdunv dqg pd| hyhq orzhu wkh ryhudoo h!flhqf| ohyho1

Nh|zrugv= H!flhqf|/ Ilup Ehkdylru/ Lqsxw0Rxwsxw Prghov/ Uhjxod0
wlrq

Mho Fodvvlilfdwlrq= R6/ G54/ F9:/ O84

WSuholplqdu| Yhuvlrq1 Sdshu suhsduhg iru wkh [LLL Lqwhuqdwlrqdo Frqihuhqfh rq Lqsxw0

Rxwsxw Whfkqltxhv/ Pdfhudwd/ Dxjxvw 54058wk/ 53331 Zh zlvk wr wkdqn Plfkhoh Ehuqdvfrql/
Pdvvlpr Pduuhool dqg Iudqfhvfd Vwur�rolql iru wkhlu xvhixo frpphqwv1 Zh dovr wkdqn Pduld
Jud}ld Urpdqr iru nlqgo| surylglqj wkh gdwd vhw1

_Glsduwlphqwr gl Whruld h Vwruld ghoo*Hfrqrpld Sxeeolfd/ Idfrowã gl Hfrqrpld/ Frpsohvvr
gl Prqwh V1 Dqjhor/ Yld Flqwkld ;3459/ Qdsrol1 H0pdlo= jfhoodCxqlqd1lw1

hGhsduwdphqw Hfrqrpld l Hpsuhvd/ Udprq Wuldv Idujdv 5805:/ 3;338/ Edufhorqd/ Vsdlq1
H0pdlo= jlrydqql1slfdChfrq1xsi1hv
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Wklv sdshu ghdov zlwk wkh fkrlfh ri h!flhqw whfkqltxhv lq surgxfwlyh vhfwruv1
Hpslulfdo dqdo|vlv kdv zlgho| ghprqvwudwhg wkdw uhdo zruog dfwlylwlhv ru vhfwruv
duh uduho| rq wkhlu surgxfwlrq iurqwlhu14 Vxfk lqh!flhqflhv d�hfw wkh zhoiduh
ri wkh hqwluh hfrqrp|/ sduwlfxoduo| lq wkh fdvh ri sxeolf xwlolw| vhfwruv1 Wkhuh lv
wkhuhiruh dq reylrxv frqfhuq wrzdugv wkh vhohfwlrq dqg lpsohphqwdwlrq ri h!flhqw
whfkqltxhv15

Zh dujxh wkdw wkh fxuuhqw sudfwlfh pd| surylgh plvohdglqj uhvxowv ehfdxvh lw
uhvwv rq d frqfhsw ri h!flhqf| edvhg rq wkh lpsolflw dvvxpswlrq wkdw hdfk vhfwru
lv lvrodwhg iurp wkh uhvw ri wkh hfrqrp|1 Dowhuqdwlyho|/ li lqwhudfwlrqv zlwk rwkhu
vhfwruv duh uhfrjqlvhg/ wkh xqghuo|lqj dvvxpswlrq lv wkdw wkh| duh qrw d�hfwhg
e| wkh lqh!flhqflhv suhvhqw lq wkh hqwluh v|vwhp +lqfoxglqj wkh rqhv lq wkh vhfwru
xqghu hydoxdwlrq,16

Wkh sdshu dujxhv wkdw dq dssurdfk dffrxqwlqj vlpxowdqhrxvo| iru lqwhulqgxv0
wu| olqndjhv dqg vhfwruldo lqh!flhqflhv ohdgv wr wkh glvwlqfwlrq ehwzhhq vrfldo dqg
sulydwh vwdqgsrlqwv1 Iurp d vrfldo srlqw ri ylhz/ h!flhqw whfkqltxhv dw wkh vhf0
wru ohyho plqlplvh wkh frvw ri erwk gluhfw dqg lqgluhfw sulpdu| lqsxw devruswlrq1
Iurp d sulydwh srlqw ri ylhz/ frqyhuvho|/ wkh remhfwlyh dw wkh vhfwru ohyho lv wr
plqlplvh sulpdu| dqg lqwhuphgldwh lqsxwv frvw/ jlyhq sulpdu| dqg lqwhuphgldwh
lqsxwv sulfhv1

Wkh glvwlqfwlrq ehwzhhq vrfldo dqg sulydwh srlqw ri ylhz pd| dulvh ehfdxvh
+glvwruwhg, lqwhuphgldwh lqsxwv sulfhv uh hfw vhfwruldo lqh!flhqflhv dqg wudqvplw
wkhp iurp vhfwru wr vhfwru1 Ri frxuvh/ lq d shuihfwo| frpshwlwlyh zruog/ zkhuh
doo �upv olh rq wkh iurqwlhu dqg lqwhuphgldwh lqsxwv sulfhv fruuhfwo| uh hfw wkh
plqlpxp pdujlqdo frvwv ri surgxfwlrq/ sulydwho| h!flhqw whfkqltxhv duh dovr
h!flhqw iurp wkh vrfldo srlqw ri ylhz1 Krzhyhu/ lq rxu ohvv wkdq shuihfw zruog
lqh!flhqflhv h{lvw dqg duh vsuhdg durxqg e| lqwhulqgxvwu| uhodwlrqvklsv1

4Vhh dprqj rwkhuv Dwnlqvrq dqg Nhunyolhw +4<;<,/ Içuh/ Jurvvnrsi dqg Qhovrq +4<<3,/ Ihuulhu
dqg Oryhoo +4<<3,/ Jurvvnrsi/ Kd|hv dqg Kluvfkehuj +4<<8,/ Eodqn +5333,1

5Wkh lpsruwdqfh ri lghqwli|lqj ehvw sudfwlfhv lq rughu wr lqfuhdvh frpshwlwlyhqhvv dqg hi0
�flhqf| lv hpskdvlvhg dovr dw wkh HX ohyho1 Wkh Hxurshdq Frpplvvlrq/ lqghhg/ fodlpv wkdw
wkhuh lv wkh qhhg ri lghqwli|lqj cwkh nh| duhdv ri frpshwlwlyhqhvv wr zklfk ehqfkpdunlqj frxog
eh dssolhg wr phdvxuh shuirupdqfh dqg wr lghqwli| ehvw sudfwlfhv lq rughu wr lpsuryh h!flhqf|*
Hxurshdq Frpplvvlrq +4<<<e,1 Vhh dovr Hxurshdq Frpplvvlrq +4<<;, dqg +4<<<d,1

6Wklv dssurdfk lv iroorzhg/ iru h{dpsoh/ lq wkh RHFG Uhsruw rq uhjxodwru| uhirup +4<<:,
wkdw hydoxdwhv wkh lpsdfw ri uhjxodwru| uhirupv lq gl�huhqw frxqwulhv1 Vxfk uhsruw �uvw frqvlghuv
wkh h�hfw ri uhiruplqj hdfk vlqjoh vhfwru vhsdudwho|/ dqg wkhq lw djjuhjdwhv doo vxfk h�hfwv dqg
dvvhvvhv wkhlu lpsdfw rq wkh zkroh hfrqrp|1 Dovr wkh sulfh0fds uhjxodwlrq +vhh rq wklv Dupvwurqj
dqg Frzdq +4<<7,,/ zklfk vhwv d urri rq wkh lqfuhdvh ri wkh sulfh ohyho ri uhjxodwhg vhfwruv rxwsxw/
qhjohfwv lqwhulqgxvwu| olqndjhv1
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Wkh sdshu vxjjhvwv d frqvlvwhqw rshudwlrqdo fulwhulrq iru wkh vhohfwlrq ri vrfldo
h!flhqw dfwlylwlhv lq d iudphzrun dffrxqwlqj iru lqwhulqgxvwu| olqndjhv1 E| frq0
vlvwhqw zh phdq wkdw vxfk d fulwhulrq vkrxog pdnh vrfldo dqg sulydwh vwdqgsrlqwv
frlqflgh lq d shuihfwo| frpshwlwlyh zruog/ zkloh lw vkrxog doorz d txdqwlwdwlyh
dvvhvvphqw ri wkh gl�huhqfhv ehwzhhq wkh wzr shuvshfwlyhv/ zkhqhyhu wkh| dulvh1

Dq hpslulfdo dqdo|vlv shuiruphg rq d vhw ri RHFG lqwhulqgxvwu| gdwd vkrzv
wkdw wkh gl�huhqfh ehwzhhq wkh wzr vwdqgsrlqwv lv hpslulfdoo| uhohydqw erwk lq
whupv ri wkh dprxqw ri lqh!flhqf| qrw fdswxuhg e| wkh sulydwh dssurdfk dqg lq
whupv ri czurqj* vhohfwlrq ri dfwlylwlhv1 Pruh suhflvho|/ lq prvw fdvhv wkh vrfldo
lqh!flhqf| ri d jlyhq vhfwru lv odujho| gxh wr lqh!flhqflhv lpsruwhg iurp wkh
hfrqrplf v|vwhp yld glvwruwlrqv ri lqwhuphgldwh lqsxwv sulfhv1

Ehfdxvh ri wkhvh uhdo zruog lpshuihfwlrqv/ wkh sulydwh dssurdfk pd| ohdg wr
wkh vhohfwlrq ri vrfldoo| lqh!flhqw whfkqltxhv dqg wkhuhiruh srolf| lpsolfdwlrqv
uhohydqw wr vhfwruldo uhjxodwruv ru srolf| pdnhuv pd| dulvh1 Wzr srlqwv duh zruwk
hpskdvl}lqj1 Wkh �uvw rqh frqfhuqv wkh lghqwl�fdwlrq ri vhfwruldo ehqfkpdunv17

Lq rughu wr eh vrfldoo| uhohydqw/ vxfk ehqfkpdunv vkrxog eh vhohfwhg rq wkh edvlv
ri lqwhuphgldwh lqsxwv +vkdgrz, sulfhv uh hfwlqj wkhlu plqlpxp pdujlqdo frvw ri
surgxfwlrq/ dv ghulyhg e| wkh deryh fulwhulrq/ edvhg rq d v|vwhp dssurdfk1 Wkh
fxuuhqw sudfwlfh/ krzhyhu/ pd| surylgh plvohdglqj uhvxowv ehfdxvh lw uhihuv hlwkhu
wr sulfhv uh hfwlqj wkh revhuyhg pdujlqdo frvwv ru wr wkh revhuyhg pdunhw sulfhv1

Wkh vhfrqg lvvxh frqfhuqv wkh frqglwlrqv xqghu zklfk d vhfwruldo sulydwh ds0
surdfk pd| qrw rqo| idlo wr dfklhyh vrfldo h!flhqf| exw pd| hyhq orzhu wkh
fxuuhqw ohyho ri vrfldo h!flhqf|1 Zh �uvw vkrz wkdw dq| dssurdfk wr vhfwruldo h!0
flhqf| uhvwlqj xsrq lqwhuphgldwh lqsxwv sulfhv uh hfwlqj wkhlu revhuyhg pdujlqdo
frvwv ri surgxfwlrq lpsuryhv +grhv qrw ghfuhdvh, wkh fxuuhqw +vrfldo, h!flhqf|
ohyho1 Wkhq/ zh vkrz wkdw/ rq wkh frqwudu|/ li sulfhv hpehg vrph ghjuhh ri pdu0
nhw srzhu/ wkh lpsohphqwdwlrq ri sulydwho| h!flhqw whfkqltxhv lq vrph vhfwruv
pd| hyhq ghfuhdvh wkh ohyho ri vrfldo h!flhqf|1 Lq vxfk d fdvh/ wkhuhiruh/ wkh
suhvfulswlrqv ri vhfwruldo uhjxodwruv pd| eh ghwulphqwdo wr wkh v|vwhp dv d zkroh1

Wkh uhvw ri wkh sdshu lv rujdqlvhg dv iroorzv1 Wkh qh{w vhfwlrq lqwurgxfhv wkh
qrwdwlrq dqg wkh whfkqrorj| dvvxpswlrqv1 Vhfwlrq 6 glvfxvvhv krz lqwhuvhfwru0
ldo olqndjhv vsuhdg h{lvwlqj lqh!flhqflhv yld lqwhuphgldwh lqsxwv sulfhv1 Vhfwlrq
7 vxjjhvwv d v|vwhp dssurdfk wr d vrfldo dvvhvvphqw ri vhfwruldo h!flhqf| dqg
ghprqvwudwhv lwv frqvlvwhqf|1 Pruhryhu/ lw vkrzv wkh frqglwlrqv xqghu zklfk wkh
lpsohphqwdwlrq ri sulydwho| h!flhqw whfkqltxhv doorzv wr lpsuryh +qrw zruvhq,
wkh fxuuhqw vlwxdwlrq1 Vhfwlrq 8 suhvhqwv dqg glvfxvvhv wkh uhvxowv ri wkh hpslulfdo
dssolfdwlrq1 Vhfwlrq 9 gudzv wkh frqfoxvlrqv1

7Vhh/ h1j1/ Hxurshdq Frpplvvlrq +4<<<d, dqg +4<<<e,1
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Ohw N hfrqrplf v|vwhpv eh frpsrvhg e| Q vhfwruv1 Vhfwru m ri frxqwu| n/ iru
m @ 4> ===> Q dqg n @ 4> ===>N/ lv dvvxphg wr surgxfh mxvw rqh rxwsxw/8 ghqrwhg
e| x&� 5 ?n/ xvlqj P sulpdu| +lpsruwhg dqg qrq lpsruwhg, lqsxwv/ dqg Q

lqwhuphgldwh lqsxwv/ ghqrwhg uhvshfwlyho| dv {&� 5 ?
�
n dqg d&� 5 ?

�
n 1 Wkhq/ iru

frxqwu| n/ d& @
�
d&� � � � d&�

�
lv wkh lqwhulqgxvwu| wudqvdfwlrq pdwul{/ dqg

x& @
�
x&� � � � x&�

�
5 ?�n lv wkh hfrqrp| zlgh rxwsxw yhfwru1 Wkh vhfwruldo

lqsxw0rxwsxw yhfwru ri frxqwu| n zloo eh vkruwo| ghqrwhg9 e| v&� 5 ?
�n�n� / iru

m @ 4> ===> Q / zkhuh

v&� @

3
C

x&�
�d&�
�{&�

4
D +514,

Zh ixuwkhu ghqrwh wkh �qdo ghpdqg ri vhfwru m e| g&� / wkh rxwsxwv +dqg lqwhu0

phgldwh lqsxwv, revhuyhg pdunhw sulfhv e| s& @
�
s&� � � � s&�

�
5 ?�n / dqg wkh

sulpdu| lqsxwv revhuyhg sulfhv e| z& @
�
z&
� � � � z&

�

�
5 ?�n 1

Lq jhqhudo/ iru vhfwru m/ wkh lqsxw fruuhvsrqghqfh O� = ?n $ O�+x
&
� , � ?

�n�
n

pdsv rxwsxw x&� 5 ?n lqwr vxevhwv O�+x
&
� , ri lqsxw yhfwruv +d� > {�, 5 ?

�n�
n 1 Wkh

surgxfwlrq whfkqrorj| ri wklv vhfwru kdv wkh iroorzlqj frvw ixqfwlrq=

FW+x&� > z> s, @ plq
@� c%�

q�
s&d� .z&{�

�
= +d�> {�, 5 O�+x

&
� ,
r

+515,

zkhuh/

O�+x
&
� , @

q
+d� > {�, 5 ?

�n�
n = +d� > {�, fdq surgxfh x&�

r
+516,

Wkh vhw O�+x
&
� , lqfoxghv doo wkh lqsxw yhfwruv wkdw |lhog dw ohdvw wkh rxwsxw ohyho

x&� 1 Zh dvvxph wkdw wkh vhw O�+x
&
� , lv frqyh{/ forvhg dqg vdwlv�hv prqrwrqlflw|

+vhh Içuh/ Jurvvnrsi dqg Oryhoo/ +4<<7,,1
Lq sduwlfxodu/ lq wkh hpslulfdo dssolfdwlrqv/ zh zloo dvvxph wkdw wkh lqsxw vhw

erxqgdu| +wkh lvrtxdqw, pd| eh zhoo dssur{lpdwhg e| d cehvw sudfwlfh* iurqwlhu
frqvwuxfwhg dv d frqyh{ slhfhzlvh olqhdu hqyhorsphqw ri wkh gdwd1 Wkhuhiruh/ iru
frxqwu| n/ zh gh�qh wkh hvwlpdwh ri vhfwru m lqsxw vhw O�+x

&
� , dv iroorzv=

aO�+x
&
� , @

;?
=+d� > {�, 5 ?

�n�
n =

�
v�� � � � vg�

�
} �

3
C

x&�
�d�
�{�

4
D > } 5 ?gn

<@
> +517,

8Zh dvvxph/ frqvlvwhqwo| zlwk wkh lqsxw0rxwsxw dssurdfk/ qr mrlqw surgxfwlrq dqg qr dowhu0

qdwlyhv whfkqltxhv1
9Khqfhirwk vxshuvfulsw & zloo ghqrwh wkh fxuuhqw yduldeoh ri frxqwu| &1
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Zh dvvxph frqvwdqw uhwxuqv wr vfdoh dqg iuhh glvsrvdelolw| ri doo lqsxwv1 Wkh
frqvwdqw uhwxuq wr vfdoh dvvxpswlrq lv lpsolhg e| wkh idfw wkdw zh duh frqvlghulqj
dv ihdvleoh dq| surgxfwlrq sodq uhvxowlqj iurp wkh h{sdqvlrq ru frqwudfwlrq ri
dq| revhuyhg surgxfwlrq sodq1 Wkh frqvwdqw uhwxuq wr vfdoh dqg wkh frqyh{lw|
dvvxpswlrqv lpso| wkdw wkh surgxfwlrq vhw lv d frqyh{ frqh1

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

��
���
� ����	���

Frqvlghu d vlpsoh zruog zkhuh N hfrqrplhv surgxfh wzr sxuho| �qdo jrrgv xvlqj
rqh lqwhuphgldwh lqsxw dqg rqh sulpdu| lqsxw1 Zh fdq uhsuhvhqw wkhvh hfrqrplhv
dv iroorzv/:

ex& � d& @

5
7 x&� 3 3

3 x&2 3
�d&�� �d&�2 x&� � d&��

6
8 > g& @

5
7 g&�
g&2
3

6
8

{& @
�
�{&� �{&2 �{&�

�
iru n @ 4> ===>N1 Ohw xv vwduw e| frqvlghulqj hdfk v|vwhp dv d zkroh pdfurhfr0
qrplf v|vwhp1 Lwv whfkqrorjlfdo uhodwlrqvklsv pd| eh vxppdul}hg e| wkh lpsolflw
ixqfwlrq I +x&�> x

&
2> > x

&
�> {

&
�, @ 3/ zkhuh {&� @

S
� {

&
� 1 Wkh h!flhqw djjuhjdwh sur0

gxfwlrq sodq ri frxqwu| n vroyhv wkh iroorzlqj rswlplvdwlrq sureohp=

FW+x&> z&, @ plq
%�

q
z&{� = {� 5 O+x&,

r
+614,

zkhuh/

O+x&, @
q
{� 5 ?n = {� fdq surgxfh x& 5 ?�n

r
+615,

Xqghu wkh k|srwkhvlv wkdw wkh lqsxw vhw lv dssur{lpdwhg dv lq +517,/ wklv lv wkh
zhoo0nqrzq GHD prgho1; Wkh vroxwlrq {W� plqlplvhv wkh wrwdo frvw ri sulpdu|
lqsxw/ jlyhq wkh sulpdu| lqsxw sulfh dqg wkh plqlpxp dprxqw ri rxwsxwv wr eh
surgxfhg1

Qrz ohw xv wxuq wr wkh hydoxdwlrq ri wkh h!flhqf| ri d sduwlfxodu vhfwru/ vd|
vhfwru 41 Lq wklv fdvh wkh wrwdo vhfwruldo frvw lqfoxgh wkh frvw ri lqwhuphgldwh
lqsxwv +lq rxu vlpsoh fdvh wkh frvw ri lqsxw 6,=

FW+x&�> z
&> s&�, @ plq

@��c%�

q�
s&�d�� .z&{�

�
= +d��> {�, 5 O�+x

&
�,
r

+616,

:Khqfhiruwk e+ zloo ghqrwh wkh gldjrqdolvdwlrq ri yhfwru +1
;Iru dq h{whqvlyh glvfxvvlrq ri GHD prghov vhh Içuh/ Jurvvnrsi/ dqg Oryhoo +4<<7,1
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zkhuh O�+x
&

�
, lv dv gh�qhg lq +516,1 Zh zdqw wr dujxh wkdw wklv irupxodwlrq lv

zhoo vxlwhg rqo| iru sulydwho| rulhqwhg/ dv rssrvhg wr vrfldoo| rulhqwhg/ fkrlfhv/
lq wkh vhqvh wkdw lw pd| idlo wr wkh plqlplvh wkh wrwdo frvw ri wkh sulpdu| lqsxw
devruehg lq wkh hfrqrp|1

Wkh dujxphqw uxqv dv iroorzv1 Wkh vroxwlrq yhfwru
�
x&
�
�dW&

��
�{W&

�

�
lv wkh

surgxfwlrq sodq wkdw plqlplvhv vhfwru 4 surgxfwlrq frvw dv d ixqfwlrq ri sulpdu|
dqg lqwhuphgldwh lqsxwv sulfhv/ lq wklv fdvh z& dqg s�1 Li s� htxdov wkh pdujlqdo
frvw ri surgxfwlrq/ wkhq

s� @ z&�&�

k
4� �&��

l
3�

+617,

zkhuh �&�� *v dqg �&� *v duh hqwulhv ri wkh lqwhuphgldwh lqsxwv frh!flhqw pdwul{ �&
@

d& �
�ex&�3� dqg ri wkh sulpdu| lqsxwv frh!flhqw yhfwru �& @ {& �

�ex&�3�1<
Htxdwlrq +617, vkrzv wkdw wkh ohvv h!flhqw lv vhfwru 6/ wkh kljkhu lv wkh pdu0

jlqdo frvw ri surgxflqj x&
�
dqg wkhuhiruh wkh kljkhu lv lwv sulfh1 Vxfk d eldvhg

sulfh/ lq wxuq/ d�hfwv wkh fkrlfh ri wkh rswlpdo surgxfwlrq sodq zklfk vroyhv +616,1
Wkh lqfrqvlvwhqf| ehwzhhq vrfldo dqg sulydwh dssurdfk dulvhv ehfdxvh wkh

vhfwruldo sureohp rq wkh rqh kdqg plqlplvhv wkh frvw ri gluhfwo| devruehg sulpdu|
lqsxwv/ zkloh/ rq wkh rwkhu kdqg/ lw nhhsv wkh dprxqw ri lqgluhfwo| devruehg
sulpdu| lqsxwv frqvwdqw143 Lq rwkhu zrugv/ rq wkh rqh kdqg lw fkrrvhv wkh vhfwruldo
rswlpxp dqg rq wkh rwkhu kdqg lw wdnhv wkh vhfwruldo fxuuhqw whfkqltxh dv wkh
ehvw rqh1

Lq rughu wr foduli| wkh srlqw lw pd| eh xvhixo wr wklqn dw lw lq wkh vwdqgdug
whupv ri d wzr glphqvlrqdo lvrtxdqw lq wkh lqsxw vsdfh1 Dgg d vwudljkw olqh u

uhsuhvhqwlqj wkh remhfwlyh ixqfwlrq1 Wkh fkrlfh ri wkh rswlpdo whfkqltxh reylrxvo|
ghshqgv rq wkh vorsh � �

R�
ri u1 Li wkh vorsh lv cglvwruwhg*/ wkhq d czurqj* whfkqltxh

lv vhohfwhg1
Lw lv hylghqw wkdw wkh udwlrqdoh ri sureohp +614, dqg wkh udwlrqdoh ri sureohp

+616, gl�hu vxevwdqwldoo|1 Wkh iruphu uholhv rq d froohfwlyh srlqw ri ylhz +vrfldo
srlqw ri ylhz,/ zkloh wkh odwwhu lv edvhg rq d sulydwh cvhfwru pdqdjhu* srlqw ri
ylhz1 Zh fdq wkhuhiruh gh�qh wzr gl�huhqw frqfhswv ri h!flhqw surgxfwlrq sodq
ri d vhfwru1

Gh�qlwlrq 6141 Vrfldoo| h!flhqw surgxfwlrq sodqv duh fkrvhq dffruglqj wr qrq

<Wkh jhqhudo sulfh0frvw htxdwlrq lv R ' E� n e>��1&
�
U 3 E� n e>�k&

�
3�

/ zkhuh > '�
>
�

>
2

>
�

�
dqg >

�
lv wkh pdunxs rq wkh pdujlqdo frvw ri wkh �|� jrrg1 Wkh sulfh0frvw

htxdwlrq +617, dvvxphv }hur pdunxsv1 Lw lv zruwk hpskdvl}lqj wkdw/ lq wkh jhqhudo fdvh/ hdfk

sulfh ghshqgv rq wkh whfkqltxhv ri doo vhfwruv1
43 Lw lv zruwk qrwlqj wkdw wkh vdph sureohp dulvhv lq vhfwruldo h!flhqf| hydoxdwlrqv edvhg rq

yhuwlfdoo| lqwhjudwhg vhfwruv/ vlqfh wkh lqh!flhqflhv hperglhg iurp rwkhu vhfwruv/ wkurxjk wkh
yhuwlfdo lqwhjudwlrq surfhvv/ fdqqrw eh �{hg dq|pruh1

9



glvwruwhg lqwhuphgldwh lqsxwv sulfhv �s&/ vwloo wr eh gh�qhg/ zklfk uh hfw wkh plq0
lpxp pdujlqdo frvwv/ l1h1

�
�dW� > �{

W

�

�
@ duj plq

@� c%�

q�
�s&d� .z&{�

�
= +d� > {�, 5 O�+x

&
� ,
r

+618,

Gh�qlwlrq 6151 Sulydwho| h!flhqw whfkqltxhv duh vhohfwhg rq wkh edvlv ri glv0

wruwhg lqwhuphgldwh lqsxwv sulfhv s& 9@ �s&/ l1h1

�
dW� > {

W

�

�
@ duj plq

@� c%�

q�
s&d� .z&{�

�
= +d� > {�, 5 O�+x

&
� ,
r

+619,

Zh fdoo wkh iruphu fkrlfh fulwhulrq vrfldoo| h!flhqw/ vlqfh lw zloo eh vkrzq
wkdw/ li doo vhfwruv iroorz lw/ lw ohdgv wr wkh hfrqrp| zlgh plqlplvdwlrq ri sulpdu|
lqsxwv frvwv1

Iurp wkhvh gh�qlwlrqv wzr h!flhqf| frqfhswv dulvh lq d qdwxudo zd|1 D vrfldo
rqh=

jhiiW� @
hFW+x&� > z

&> hs&,
F+x&� > z

&> s&,
+61:,

dqg d sulydwh rqh=

hiiW� @
FW+x&� > z

&> s&,

F+x&� > z
&> s&,

+61;,

zkhuh FW+x&� > z
&> s&, @

�
s&dW� .z&{W�

�
lv wkh vhfwruldo sulydwh plqlpxp frvw/

ghulyhg iurp sureohp +619,/ dqg hFW+x&� > z
&> hs&, @ ��s&�dW� .z&�{W�

�
lv wkh vhfwruldo

vrfldo plqlpxp frvw/ zklfk ghulyhv iurp sureohp +618, dqg plqlplvhv erwk gluhfw

dqg lqgluhfw devruswlrq ri sulpdu| lqsxwv lq wkh vhfwru xqghu h{dplqdwlrq1

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

Krz wr fkrrvh/ lq d jlyhq vhfwru/ wkh h!flhqw whfkqltxh frqvlvwhqwo| zlwk wkh
vrfldo srlqw ri ylhzB Iurp wkh deryh glvfxvvlrq lw lv hylghqw wkdw wkh vhohfwlrq
fulwhulrq vkrxog lqfoxgh dv fkrlfh yduldeohv wkh lqwhulqgxvwu| uhodwlrqvklsv iurp
zklfk sulfh glvwruwlrqv pd| dulvh1 Lq rughu wr gr wklv/ wkh lqsxw vhw/ iru frxqwu|
n/ qhhgv wr eh gh�qhg dv iroorzv=

L+g&, @
q
+d> {, 5 ?

�fE�n��
n = +d> {, fdq surgxfh � = � @ g& .

[
�
d�

r
+714,

zkhuh � 5 ?� 1

:



Wkh frqglwlrq wkdw lq +516, lpsrvhv wr surgxfh d fhuwdlq dprxqw ri jurvv
rxwsxw lv uhsodfhg e| � @ g& .

S
� d�> zklfk vwdwhv wkdw wkh jurvv surgxfwlrq

� lv hqgrjhqrxvo| ghwhuplqhg dqg pxvw vdwlvi| erwk wkh �qdo ghpdqg dqg wkh
ghpdqg iru lqwhuphgldwh lqsxwv1 Wkh lqwhuphgldwh lqsxwv ghpdqg lv wkhuhiruh d
fkrlfh yduldeoh frqvwudlqhg wr vdwlvi| wkh lqwhulqgxvwu| uhodwlrqvklsv1 Qrwlfh wkdw
dffruglqj wr wklv irupxodwlrq wkh vhohfwlrq ri wkh h!flhqw whfkqltxh lq rqh vhfwru
pxvw surfhhg sdul sdvvx zlwk wkh vhohfwlrq ri wkh h!flhqw whfkqltxhv lq rwkhu
vhfwruv1 Wkh jurvv surgxfwlrq � wkdw vdwlv�hv wkh �qdo ghpdqg lv xqnqrzq1 Wklv
lv wkh uhdvrq zk| wkh lqsxw vhw pxvw eh gh�qhg rq wkh �qdo ghpdqg yhfwru g&

udwkhu wkdq rq wkh jurvv surgxfwlrq yhfwru x&1
Wkh hfrqrp| zlgh frvw ixqfwlrq lv wkhuhiruh wkh iroorzlqj=

hFW+g&> z&, @ plq
t@c%�

;?
=

�[
�'�

z&{� = +d> {, 5 L+g
&,

<@
> +715,

Xqghu wkh dvvxpswlrq wkdw wkh lqsxw vhw erxqgdu| pd| eh dssur{lpdwhg e|
d frqyh{ slhfhzlvh olqhdu cehvw sudfwlfh* iurqwlhu/ L+g&, pd| eh hvwlpdwhg e| wkh
iroorzlqj vhw=

W +g&, @

;A?
A=+d> {, 5 ?

�fE�n��
n = V&

5
97

}�
111
}�

6
:8 � �> }� 5 ?gn ;m

<A@
A> +716,

zkhuh

V& @

5
9999997

v�� � � � vg� 3 � � � 3 � � � 3 � � � 3

3 � � � 3 v�2 � � � vg2 � � � 3
111 3

3 � � � 3 3 � � � 3 � � � 3 � � � 3
111

111
111

111
111

111
1 1 1

111
111

111
3 � � � 3 3 � � � 3 � � � v�� � � � vg�

6
::::::8

�� @

5
7 g&� .

S�
�'� d��

�d�
�{�

6
8

v&� lv wkh revhuyhg vhfwru m lqsxw0rxwsxw yhfwru ri frxqwu| n dv gh�qhg lq +514,

dqg 3 5 ?�n�n� 1 Wkh hvwlpdwhg hfrqrp| zlgh frvw ixqfwlrq lv wkh iroorzlqj=

hFW
9 +g

&> z&, @ plq
t@c%�

;?
=

�[
�'�

z&{� = +d> {, 5 W +g&,

<@
>

;



Wklv lv d GHD prgho wkdw dffrxqwv iru lqwhuvhfwruldo olqndjhv1
Sureohp +715, orrnv vlpxowdqhrxvo| iru wkh surgxfwlrq sodqv ri doo vhfwruv vr

wkdw wkh hfrqrp| zlgh sulpdu| lqsxwv frvw lv plqlplvhg1 Lq rwkhu zrugv/ lw orrnv
iru wkh ch!flhqw hfrqrplf v|vwhp*/ zklfk surgxfhv wkh vpdoohvw dprxqw ri jurvv
surgxfwlrq frqvlvwhqw zlwk wkh �qdo ghpdqg yhfwru/ zkloh ghwhuplqlqj wkh rswlpdo

txdqwlwlhv ri lqwhuphgldwh lqsxwv1 Erwk gluhfw dqg lqgluhfw devruswlrq ri sulpdu|
lqsxwv uhvxow wr eh plqlplvhg1 Iru wklv uhdvrq wkh vroxwlrq wr sureohp +715,
uhsuhvhqwv d vrfldoo| h!flhqw hfrqrplf v|vwhp1 Iurp qrz rq zh rffdvlrqdoo| uhihu
wr sureohp +715, dv wkh hfrqrp| zlgh dssurdfk wr vrfldo h!flhqf| +dv rssrvhg
wr wkh vhfwruldo dssurdfk wr vrfldo h!flhqf| ri gh�qlwlrq 614,1

Wkh Odjudqjh pxowlsolhuv dvvrfldwhg wr sureohp +715,/ ghqrwh wkhp e| �W 5

?�
n / uh hfw wkhplqlpxp pdujlqdo frvwv1 Wkh uhohydqfh ri vxfk yduldeohv lv uhodwhg

wr wkh lqwhuphgldwh lqsxwv sulfhv1 Dv revhuyhg dw wkh ehjlqqlqj/ wkh lqfrqvlvwhqf|
ehwzhhq vrfldo dqg sulydwh vwdqgsrlqwv lq wkh vhohfwlrq ri h!flhqw whfkqltxhv dw
wkh vhfwru ohyho dulvhv iurp lqwhuphgldwh lqsxwv sulfhv glvwruwlrqv1 Vkdgrz sulfhv
�s& � �W doorz wr dphqg wkh vhfwruldo vhohfwlrq ri vrfldoo| h!flhqw whfkqltxhv iurp
wkhvh glvwruwlrqv1

Sursrvlwlrq 7141 Wkh sulfh yhfwru �s& vxssruwv dv d vroxwlrq ri wkh iroorzlqj

vhfwruldo sureohp/44

plq
@� c%�

q�
�s&d� .z&{�

�
= +d�> {�, 5 O�+h�W&� ,

r
+717,

wkh surgxfwlrq sodq
�
�dW� > �{

W

�

�
/ zklfk lv +sduw ri, wkh vroxwlrq ri sureohp +715,1

Surri1 Zh zloo suryh wkh deryh sursrvlwlrq dvvxplqj wkdw wkh lqsxw vhwv erxqg0
dulhv duh vprrwk1 Zh zloo vkrz wkdw/ iru vhfwru m/ wkh vroxwlrq wr wkh jhqhudo

sureohp +715,/ qdpho|
�
�dW� > �{

W

�

�
/ vdwlv�hv wkh �uvw rughu frqglwlrqv ri sureohp

+717,145 Lq rughu wr gr wklv/ zh qhhg wr vkrz wkdw wkh fkrlfh vhwv ri wkh wzr
sureohpv frlqflgh dqg wkhq fkdudfwhulvh wkh IRFv ri erwk sureohpv1

Iluvw/ qrwlfh wkdw wkh hfrqrp| zlgh lqsxw vhw L+g&, lv htxdo wr wkh Fduwhvldq
surgxfw ri dssursuldwho| gh�qhg vhfwruldo lqsxwv vhw/ l1h1 L+g&, @ O�+g

&
�,� ===�

O� +g
&
� , zkhuh L+g

&, � ?
�fE�n��
n lv dv gh�qhg lq +714, dqg O�+g

&
� , � ?�n�

n lv

44
Qrwlfh wkdw/ lq rughu wr hdvh wkh frpsdulvrq zlwk sureohp +715,/ zh kdyh vhw wkh jurvv sur0

gxfwlrq wr eh htxdo wr jW&� 1 Ehfdxvh ri wkh frqvwdqw uhwxuqv wr vfdoh dvvxpswlrq/ wklv prgl�fdwlrq
grhv qrw fkdqjh wkh rswlpdo surgxfwlrq sodq1

45Wkh vhfrqg rughu frqglwlrqv duh vdwlv�hg e| dvvxpswlrq vlqfh zh dvvxph wkdw lqsxw vhwv duh
frqyh{1

<



gh�qhg dv=

O�+g
&
� , @

+
+d� > {�, 5 ?

�n�
n = +d�> {�, fdq surgxfh �� = �� @ g&� .

[
�

d��

,

iru m @ 4> ===> Q 1
Sureohp +715, fdq eh uhvwdwhg dv iroorzv/

plq
@c%

�[
�'�

z&{� +718,

v=w=

I� +d�> {�, � g&� .
�[
�'�

d��

111

I� +d� > {� , � g&� .
�[
�'�

d��

d� � 3 ;m

{� � 3 ;m

zkhuh I� +d�> {�, lv d txdvl0frqfdyh surgxfwlrq ixqfwlrq hperg|lqj wkh vhfwru0
ldo whfkqrorjlfdo uhodwlrqvklsv ri wkh lqsxw vhw O�+x

&
� ,/ l1h1 I� +d� > {�, � x&� /

+d� > {�, 5 O�+x
&
� ,1 Wkh Odjudqjldq ri wklv sureohp lv dv iroorzv=

O @
�[
�'�

%
z{� � ��

#
I� +d�> {�,� g&� �

�[
�'�

d��

$&

wkh IRFv zlwk uhvshfw wr {�� dqg d�� lpso| wkdw dw wkh rswlpxp lw pxvw eh=

z&
� � �W�

CI�

�hdW� > h{W��
C{��

dqg h{W��
57z&

� � �W�

CI�

�hdW� > h{W��
C{��

68 @ 3 +719,

�W� � �W�

CI�

�hdW� > h{W��
Cd��

dqg hdW��
57�W� � �W�

CI�

�hdW� > h{W��
Cd��

68 @ 3 +71:,

m @ 4> ===> Q dqg l @ 4> ===>Q 1

43



Wkh vhfwruldo sureohp +717,/ lq wxuq/ pd| eh uhvwdwhg dv iroorzv

plq
@� c%�

z&{� . hs&d� +71;,

v=w=

I� +d� > {�, � g&� .
�[
�'�

hdW��
d� � 3

{� � 3

zkhuh hs& @ �W/ l1h1 wkh lqwhuphgldwh lqsxwv sulfhv duh vhw htxdo wr wkh Odjudqjh
pxowlsolhuv dvvrfldwhg wr wkh vroxwlrq ri +718,146 Wkhq

O� @ z&{� . hs&d� � ��

#
I� +d� > {�,� g&� �

�[
�'�

hdW��
$

lq wklv fdvh/ wkh IRFv zlwk uhvshfw wr {�� dqg d�� lpso| wkdw dw wkh rswlpxp=

z&
� � �W�

CI�

�edW� > e{W��
C{��

dqg e{W�
57z&

� � �W�

CI�

�edW� > e{W��
C{��

68 @ 3 +71<,

hs&� � �W�

CI�

�edW� > e{W��
Cd��

dqg edW�
57hs&� � �W�

CI�

�edW� > e{W��
Cd��

68 @ 3 +7143,

vlqfh hs&� @ �W� wkh yhfwru
�
�dW� > �{

W

�

�
wkdw vroyhv +719, dqg +71:, pxvw dovr vroyh +71<,

dqg +7143,/ l1h1
�edW� > e{W�� � ��dW� > �{W��1

Wklv sursrvlwlrq jxdudqwhhv wkh lqwhuqdo frqvlvwhqfh ri wkh phwkrgrorj|1 Zkdw0
hyhu wkh dssurdfk/ eh lw vhfwruldo dv lq +717, ru hfrqrp| zlgh dv lq +715,/ wkh
h!flhqw whfkqltxh iru vhfwru m uhvxowv wr eh wkh vdph rqfh wkh uljkw sulfhv duh
xvhg lq hdfk vhfwru1

Qrwlfh dovr wkdw vkdgrz sulfhv duh htxdo wr wkh sulfhv fdofxodwhg e| dsso|lqj
wkh sulfh0frvw htxdwlrq wr wkh h!flhqw hfrqrplf v|vwhp ghulyhg dv d vroxwlrq ri
+715,147

46Dq| jurvv surgxfwlrq ohyho/ rwkhu wkdq _
&

� n
S�

�'�
h@W��/ zrxog dovr eh dssursuldwh ehfdxvh ri

wkh frqvwdqw uhwxuq wr vfdoh dvvxpswlrq1
47D surri ri wklv htxdolw|/ iru wkh slhfhzlvh olqhdu fdvh/ lv surylghg lq dq dsshqgl{ dydlodeoh

xsrq uhtxhvw1 Wklv uhvxow lv d gluhfw frqvhtxhqfh ri wkh lqsxw0rxwsxw dvvxpswlrq ri qr mrlqw
surgxfwlrq1 Lq wkh pruh jhqhudo fdvh/ wkrxjk sulfhv fdqqrw eh ghulyhg iurp wkh lqsxw0rxwsxw
sulfh0frvw htxdwlrq/ vkdgrz sulfhv ri sureohp +715, vwloo khos wr uljkwo| vhohfw h!flhqw dfwlylwlhv
dw wkh vhfwruldo ohyho1

44



7141 Frqvwudlqhg hfrqrplhv dqg vxerswlpdo fkrlfhv

Wkh deryh fulwhulrq pd| eh uhdglo| h{whqghg wr wkh fdvh zkhuh uljlglwlhv d�hfw
+sduw ri, wkh hfrqrp|/ suhyhqwlqj vrph vhfwruv wr fkdqjh wkh surgxfwlrq whfk0
qltxhv +exw qrw wkh surgxfwlrq ohyhov dqg sulfhv,1

Lq rughu wr vhohfw vrfldoo| h!flhqw surgxfwlrq sodqv lq wkh c h{leoh* vhfwruv/
rqh qhhgv wr lqfoxgh wkh h{lvwlqj uljlglwlhv dv frqvwudlqwv lq wkh hfrqrp| zlgh
lqsxw vhw +714,1 Ohw K eh wkh vhw ri vhfwruv d�hfwhg e| uljlglwlhv/ wkhq wkh lqsxw
vhw pd| eh uhgh�qhg dv iroorzv=

J+g&, @

+
+d> {, 5 ?�fE�n�� = +d> {, fdq surgxfh � = � @ g& .

S
� d�

+d�> {�, @ ��

�
d&� > {

&
�

�
/ �� 5 ?n/ iru doo m 5 K

,

zkhuh � 5 ?� 1 Wkh lqsxw vhw J+g&, lv dqdorjrxv wr L+g&, gh�qhg lq +714,/ h{fhsw
wkdw wkh whfkqltxhv ri vhfwruv ehorqjlqj wr K fdqqrw eh dowhuhg +mxvw vfdohg xs ru
grzq/ dffruglqj wr wkh vfdodu �� / wr dgmxvw txdqwlwlhv,1 Lq wklv fdvh/ wkh vrfldoo|
h!flhqw whfkqltxhv vroyh wkh iroorzlqj sureohp/ zklfk lv d frqvwudlqhg yhuvlrq ri
+715,1

hFW
:+g

&> z&, @ plq
t@c%�

;?=
�[
�'�

z&{� = +d> {, 5 J+g
&,

<@> +7144,

Wkh surgxfwlrq sodqv wkdw vroyh sureohp +7144, plqlplvh wkh wrwdo frvw ri sulpdu|
lqsxwv/ jlyhq wkh frqvwudlqwv d�hfwlqj sduw ri wkh v|vwhp1

Wkh lvvxh wkdw zh zdqw wr h{soruh frqfhuqv wkh frqvhtxhqfhv ri ghsduwlqj iurp
vxfk fulwhulrq lq wkh vhohfwlrq ri wkh h!flhqw surgxfwlrq sodqv lq wkh c h{leoh*
vhfwruv1

Sursrvlwlrq 7151 Vxssrvh wkdw vrph vhfwruv duh d�hfwhg e| uljlglwlhv dqg wkhuh0
iruh fdqqrw dphqg wkhlu lqh!flhqflhv e| fkdqjlqj wkhlu surgxfwlrq whfkqltxhv
+zkloh wkh| duh deoh wr dgmxvw wkhlu surgxfwlrq ohyhov dqg sulfhv,/ wkhq=

� li lqwhuphgldwh lqsxwv sulfhv uh hfw wkh revhuyhg pdujlqdo frvwv ri surgxf0
wlrq/ wkh lpsohphqwdwlrq ri sulydwho| h!flhqw whfkqltxhv +Gh�qlwlrq 615,
lq wkh dphqgdeoh vhfwruv fdqqrw zruvhq wkh ryhudoo h!flhqf| ohyho/ lq wkh
vhqvh wkdw wkh sulpdu| lqsxwv wrwdo frvw fdqqrw lqfuhdvh1

� li wkh lqwhuphgldwh lqsxwv sulfhv hpehg pdunhw srzhu +srvvleo|, suhvhqw
lq vrph vhfwruv/ wkh lpsohphqwdwlrq ri sulydwho| h!flhqw whfkqltxhv lq wkh
c h{leoh* vhfwruv pd| orzhu wkh ryhudoo h!flhqf| ohyho1

45



Wkh �uvw sduw ri wkh sursrvlwlrq zloo eh suryhg dqdo|wlfdoo|1 Wkh vhfrqg rqh
e| frxqwhu h{dpsohv surylghg lq wkh qh{w vhfwlrq1
Surri1 Vxssrvh zlwkrxw orvv ri jhqhudolw| wkdwK lqfoxghv doo exw rqh vhfwruv +vd|
vhfwru 4, dqg uhfdoo dovr wkdw zh dvvxph wkdw lqwhuphgldwh lqsxwv sulfhv uh hfw

wkh fxuuhqw pdujlqdo frvw ri surgxfwlrq1 Ghqrwh e|
�
d&� > {

&
�

�
iru m @ 4> ===>Q wkh

fxuuhqw +srvvleo| lqh!flhqw, whfkqltxhv dqg e| +edW
�
> e{W

�
, vhfwru 4 sulydwho| rswlpdo

fkrlfh edvhg rq lqwhuphgldwh lqsxwv sulfhv148

Ohw xv vwduw e| frqvlghulqj wkh fxuuhqw +lqh!flhqw, vlwxdwlrq1 Qrwlfh wkdw/
zkhq wkh lqwhuphgldwh lqsxwv sulfhv uh hfw wkh fxuuhqw pdujlqdo frvwv ri sur0
gxfwlrq/ dw wkh fxuuhqw surgxfwlrq sodqv doo vhfwruv pdnh }hur sur�wv1 Wklv lv
htxlydohqw wr vd|lqj wkdw/ lq dq lqwhulqgxvwu| iudphzrun/ wkh wrwdo sulpdu| lq0
sxwv frvw pxvw frlqflgh zlwk wkh ydoxh ri wkh �qdo ghpdqg/ hydoxdwhg dw sulfhv
wkdw htxdo pdujlqdo frvwv/ vlqfh lqwhuphgldwh wudqvdfwlrqv fdqfho rxw1 Khqfh
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zkhuh ��/ iru m @ 4> ===> Q / ghqrwhv vhfwru m fxuuhqw pdujlqdo frvw1

Qrz/ ohw xv ghqrwh e| e�W� / iru m @ 4> ===> Q / vhfwru m pdujlqdo frvw lq wkh
hfrqrp| zkhuh vhfwru 4 lpsohphqwv wkh surgxfwlrq whfkqltxh +edW

�
> e{W

�
, zkloh wkh

rwkhu vhfwruv pxvw nhhs rq zlwk wkhlu fxuuhqw whfkqltxh +dgmxvwlqj rqo| wkhlu

surgxfwlrq ohyhov dqg sulfhv,1 Wkhq/ fohduo| e�W� � �� iru doo m/ vlqfh pdujlqdo
frvwv fdqqrw lqfuhdvh zkhq d vlqjoh vhfwru plqlplvh lwv frvwv1 Wkxv
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zklfk lpsolhv wkdw
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z&{&� +7145,

zkhuh �� lv wkh vfdodu dffruglqj wr zklfk vhfwru m dgmxvwv lwv surgxfwlrq ohyho1
Lqhtxdolw| +7145, vwdwhv wkdw lpsohphqwlqj wkh sulydwho| h!flhqw whfkqltxh lq wkh
�uvw vhfwru fdqqrw lqfuhdvh wkh wrwdo sulpdu| lqsxwv frvw/ l1h1 lw fdqqrw orzhu wkh
ryhudoo vrfldo h!flhqf|1 Wkh vhfrqg sduw zloo eh suryhq lq wkh qh{w vhfwlrq1

48Wkh plqlplvlqj exqgoh Ee@W�c e%
W

�� lv vxfk wkdw wkh vhfwruldo IRFv +71<, dqg +7143, duh vdwlv�hg1
Li Ee@W�c e%

W
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� c %
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�
wkhq dw wkh fxuuhqw sulfhv vhfwru 4 pdnhv srvlwlyh sur�wv1
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Lq wklv vhfwlrq/ wkh wzr dssurdfkhv/ sulydwh dqg vrfldo/ duh frpsduhg1 Vrfldo dqg
sulydwh h!flhqf| ohyhov ri 8 RHFG frxqwulhv duh dvvhvvhg e| h{sorlwlqj wkh RHFG
lqsxw0rxwsxw wdeohv/ zklfk duh djjuhjdwhg lq 48 krprjhqhrxv vhfwruv149

Wklv dssolfdwlrq lv phdqw wr dvvhvv wkh uhohydqfh ri sulfh glvwruwlrqv lq fuhdwlqj
dqg vsuhdglqj lqh!flhqflhv dfurvv vhfwruv/ wkxv zlghqlqj wkh gl�huhqfh ehwzhhq
wkh wzr dssurdfkhv1 Zh vroyh/ iru hdfk frxqwu|/ wkh hfrqrp| zlgh sureohp +715,
dssur{lpdwlqj L+g&, zlwk W +g&,1 Lq wklv zd| zh duh deoh wr jhw/ iru hdfk vhfwru/
wkh vrfldoo| h!flhqw surgxfwlrq sodq dqg wkh vrfldo h!flhqf| phdvxuh dv gh�qhg
lq +61:,1 Zh frpsduh erwk ri wkhp zlwk wkh surgxfwlrq sodqv dqg wkh h!flhqf|
phdvxuhv zklfk uhvxow iurp wkh sulydwh dssurdfk/4: gh�qhg e| sureohp +619,1

sector/countries canada france denmark germany UK
AGR 0,70 0,71 1,00 0,69 0,74
FOD 0,95 1,00 0,90 0,91 0,96
TEX 1,00 0,85 0,80 0,78 0,80
CHE 0,87 1,00 0,93 1,00 0,97
MID + MNM 0,47 1,00 0,80 0,69 0,77
BMI + MEQ 0,93 1,00 0,87 0,97 0,93
WOD + PAP + MOT 0,84 0,93 0,91 1,00 0,80
EGW 0,70 0,75 1,00 0,90 0,80
CST 1,00 0,75 0,81 0,98 0,79
RWH 0,83 1,00 0,95 0,65 0,62
HOT 0,96 0,85 0,97 0,66 0,93
TAS 0,69 0,74 0,58 0,64 1,00
COM 0,74 0,53 1,00 0,77 0,61
FNS 0,97 0,92 0,93 1,00 0,52
RES + SOC + PGS + OPR 0,54 0,57 1,00 0,75 0,79

Iljxuh 814= Sulydwh h!flhqf|

Wdeohv +814, dqg +815, suhvhqw wkh hvwlpdwlrq ri vrfldo dqg sulydwh h!flhqf|
phdvxuhv1 Vrfldo h!flhqf| lv hyhu|zkhuh odujho| gl�huhqw iurp sulydwh h!flhqf|1
Vxfk gl�huhqfh pd| eh phdqlqjixoo| lqwhusuhwhg lq oljkw ri lqh!flhqflhv vwhpplqj
lqvlgh wkh vhfwru dqg lqh!flhqflhv lpsruwhg iurp rwkhu vhfwruv1 Lq idfw vhfwru m

vrfldo h!flhqf| pd| eh ghfrpsrvhg dv iroorzv

jhii
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� @
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&> hs&,

F+x&� > z
&> s&,

@
FW+x&� > z

&> s&,

F+x&� > z
&> s&,

hFW+x&� > z
&> hs&,

FW+x&� > z
&> s&,

@ hiiW� � glv� +814,

49Ghwdlov derxw wkh lqsxw0rxwsxw wdeohv/ wkhlu djjuhjdwlrq dqg frpsdudelolw| duh surylghg lq

dsshqgl{ D1
4: Lq wkh sulydwh dssurdfk zh dvvxph wkdw wkh lqwhuphgldwh lqsxwv sulfhv uh hfw wkh fxuuhqw

pdujlqdo frvwv ri surgxfwlrq dqg wkdw wkh vhw u�E�
&

� � pd| eh dssur{lpdwhg e| 	u�E�
&
� �1
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sector/countries canada france denmark germany UK
AGR 0,36 0,46 0,88 0,46 0,49
FOD 0,43 0,57 0,78 0,53 0,59
TEX 0,53 0,47 0,63 0,49 0,49
CHE 0,38 0,73 0,77 0,70 0,67
MID + MNM 0,32 0,83 0,74 0,58 0,64
BMI + MEQ 0,58 0,74 0,74 0,77 0,67
WOD + PAP + MOT 0,46 0,61 0,80 0,76 0,55
EGW 0,47 0,56 0,94 0,76 0,64
CST 0,50 0,47 0,69 0,70 0,53
RWH 0,50 0,65 0,85 0,50 0,48
HOT 0,54 0,53 0,88 0,46 0,65
TAS 0,35 0,42 0,49 0,44 0,69
COM 0,57 0,42 0,97 0,69 0,52
FNS 0,53 0,52 0,89 0,75 0,39
RES + SOC + PGS + OPR 0,48 0,52 0,99 0,71 0,74

Iljxuh 815= Vrfldo h!flhqf|

Wkh �uvw whup/ qdpho| hiiW� / lv mxvw wkh sulydwh h!flhqf| phdvxuh +dv gh�qhg
lq +61;,, dqg dssudlvhv vhfwru m delolw| wr fkrrvh wkh lqsxw pl{ wkdw plqlplvh
frvwv/ jlyhq sulfhv1 Wkh vhfrqg whup/ qdpho| glv� / lv wkh udwlr ri wkh plqlpxp
vrfldo frvw wr wkh plqlpxp sulydwh frvw1 Wkxv/ lw dffrxqwv iru wkh vkduh ri
vrfldo vhfwruldo +lq,h!flhqf| lpsruwhg iurp wkh uhvw ri wkh hfrqrp| yld sulfh
glvwruwlrqv1 Vhfwru m lv h!flhqw iurp wkh vrfldo srlqw ri ylhz li lw vdwlv�hv wzr
uhtxlvlwhv= lw lv sulydwho| h!flhqw +l1h1 lw plqlplvhv frvwv jlyhq sulfhv, dqg gr qrw
lpsruw glvwruwlrqv iurp wkh uhvw ri wkh hfrqrp| +l1h1 wkhuh duh qr lqh!flhqflhv lq
wkh hfrqrp| wkdw glvwruw sulfhv,1

Frpsdulqj wdeohv +814, dqg +815, lw lv fohdu wkdw lpsruwhg lqh!flhqf| di0
ihfwv doo vhfwruv dfurvv wkh 8 hfrqrplhv/ wkrxjk lq gl�huhqw dprxqwv1 Qrwlfh wkh
frxqwhu lqwxlwlyh uhvxow= vhfwruv fdqqrw eh glylghg lqwr wkrvh lpsruwlqj dqg wkrvh
h{sruwlqj lqh!flhqflhv1 Ehfdxvh ri urxqgderxwqhvv hdfk vhfwru lv d�hfwhg e|
dq| lqh!flhqf| dulvlqj lq wkh hfrqrp| dqg/ lq wxuq/ lwv lqh!flhqf| d�hfwv doo
rwkhu vhfwruv1 Lw lv zruwk hpskdvl}lqj wkdw wkh gl�huhqfh lv qrw vlpso| gxh wr d
uhvfdolqj ri wkh lqh!flhqf| lqgh{hv1 Wkh shhuv/ wkdw lv wkh frxqwulhv wkdw vkdsh
wkh ehvw sudfwlfh iurqwlhu/ +pd|, fkdqjh dfurvv wkh wzr srlqwv ri ylhz +vhh wdeoh
+816,,1 Wkxv/ wkh dssurdfk iroorzhg lv qrw qhxwudo lq lghqwli|lqj wkh ehqfkpdunv
djdlqvw zklfk shuirupdqfhv kdyh wr eh frpsduhg1

Qrwlfh dovr wkdw/ dw idfh ydoxh/ lw pd| vhhp ghvludeoh iurp wkh vrfldo vwdqgsrlqw
wr lqfuhdvh hiiW� 1 Lqghhg wkh ehqh�wv ri dq lqfuhdvh lq hiiW� / gxh wr d fkdqjh ri
surgxfwlrq whfkqltxh/ pd| eh r�vhw e| d ghfuhdvh ri glv� gxh wr d fkdqjh lq wkh
lqwhuphgldwh lqsxwv sulfhv1
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PEERS CAN DK FR GER UK

Private Social Private Social Private Social Private Social Private Social

Agriculture FR FR FR FR FR FR FR FR FR FR
Food DK DK DK DK DK DK DK DK DK DK
Textile CAN CAN CAN CAN CAN CAN CAN CAN CAN CAN
Chemical GER GER DK GER GER GER GER DK GER GER
Mid + Mnm DK DK DK DK DK DK DK DK DK DK
Bmi + Meq DK CAN DK DK GER DK DK GER CAN CAN
Wood Paper Other GER GER GER GER GER GER GER GER GER GER
Electr. Gas Water FR FR GER FR FR FR FR FR FR FR
Constructions CAN CAN GER CAN CAN CAN CAN CAN CAN CAN
Retail Wholesale DK DK DK DK DK DK DK DK DK DK
Hotels restaurants FR CAN FR CAN CAN CAN FR CAN FR FR
Transports UK UK UK UK UK UK UK UK UK UK
Communications FR FR FR FR FR FR FR FR FR FR
Financial insurance GER CAN GER CAN GER CAN GER CAN GER CAN
Res+Soc+Pgs+Opr FR FR FR FR FR FR FR FR FR FR

Iljxuh 816= Vhfwruldo shhuv ri sulydwh dqg vrfldo dqdo|vlv

Lw pd| eh ri vrph lqwhuhvw wr xvh wkh deryh ghfrpsrvlwlrq +814, wr frpsduh
vhfwruv dfurvv frxqwulhv dqg lqyhvwljdwh zkhwkhu wkh fdxvhv ri lqh!flhqf| gl�hu1
Wkh iroorzlqj judskv +iurp 817 wr 814;, vkrz/ iru hdfk vhfwru dqg hdfk frxqwu|/
krz vrfldo h!flhqf| pd| eh ghfrpsrvhg14;

Dv d vhfrqg dssolfdwlrq/ zh h{sorlw wkh RHFG gdwd vhw wr suryh wkh vhfrqg
sduw ri sursrvlwlrq 715 e| surylglqj d frxqwhu h{dpsoh1 Zh dvvxph wkdw d fhuwdlq
qxpehu ri vhfwruv/ iru ydulrxv uhdvrqv +vrfldo/ qrupdwlyh/ hwf1,/ pd| qrw eh deoh wr
lpsuryh wkhlu h!flhqf|/ l1h1 wkdw uljlglwlhv d�hfwlqj sduw ri wkh hfrqrp| suhyhqw
vrph vhfwruv wr fkdqjh wkhlu revhuyhg whfkqltxhv1 Zh mxvw ohw wkh culjlg* vhfwruv
uhdfw wr fkdqjhv e| dgmxvwlqj wkhlu jurvv surgxfwlrq ohyhov dqg sulfhv zkloh zh
ohw wkh c h{leoh* vhfwruv fkrrvh wkhlu surgxfwlrq whfkqltxhv dffruglqj wr wkh sul0
ydwh fulwhulrq/ l1h1 uho|lqj rq fxuuhqw lqwhuphgldwh lqsxwv sulfhv1 D vxjjhvwlyh
lqwhusuhwdwlrq ri wklv vlwxdwlrq lv wkdw d qxpehu ri vhfwruv duh vxemhfw wr vhfwruldo
dxwkrulwlhv zklfk lpsrvh wkhp wr lpsuryh wkhlu h!flhqf| ohyho/ qhjohfwlqj wkh
lqwhudfwlrqv zlwk rwkhu vhfwruv1

4;Ixuwkhu ghfrpsrvlwlrqv ri wkh vrfldo h!flhqf| phdvxuh duh lpsohphqwdeoh1 Iru h{dpsoh/

wkh glvwruwlrq whup pd| eh glvhqwdqjohg lq d frpsrqhqw dffrxqwlqj iru wkh lpsdfw ri sulfh

glvwruwlrqv rq wkh rswlpdo lqsxw pl{ dqg d frpsrqhqw dffrxqwlqj iru wkh lpsdfw rq wkh plqlpxp

dwwdlqdeoh frvw1 Lq dgglwlrq/ wkh vrfldo lqh!flhqf| ri hdfk vhfwru pd| eh ghfrpsrvhg vr dv wr

dffrxqw iru wkh dprxqw ri rzq lqh!flhqf| yhuvxv wkh dprxqw ri clpsruwhg* lqh!flhqf|1 Lw lv

eh|rqg wkh vfrsh ri wkh suhvhqw zrun wr looxvwudwh doo srvvleoh ghfrpsrvlwlrqv1 Zh zdqw mxvw wr

vwuhvv wkh looxvwudwlyh srzhu ri wklv phwkrgrorj| +zklfk uhvwv/ dw wkh yhu| hqg/ rq wkh uholdelolw|
ri wkh gdwd vhw,1
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Textile Wearing and Leather
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Mining industries+non metal products
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Wood Paper and Others

0%

20%

40%

60%

80%

100%

canada france denmark germany UK

Private inefficiency Distortions

Iljxuh 81<=

4<



Metallurgic ind. + Metal products
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Electricity + Gas + Water
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Restaurants and Hotels
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Retail and Wholesale Trade
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Communications
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Financial and insurance
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real estate + public administration + 
other producers
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Iljxuh 814;=

Zh kdyh douhdg| vkrzq/ lq wkh suhylrxv vhfwlrq/ +�uvw sduw ri sursrvlwlrq
715, wkdw lq wklv vhwxs/ li lqwhuphgldwh lqsxwv sulfhv uh hfw wkhlu fxuuhqw pdujlqdo
frvwv ri surgxfwlrq/ wkhq wkh lpsohphqwdwlrq ri sulydwho| h!flhqw whfkqltxhv
lq wkh dphqgdeoh vhfwruv fdqqrw orzhu wkh ryhudoo vrfldo h!flhqf|1 Frqyhuvho|/
wkh vhfrqg sduw ri sursrvlwlrq 715 vwdwhv wkdw li lqwhuphgldwh lqsxwv sulfhv hpehg
pdunhw srzhu/ wkhq wkh dgrswlrq ri sulydwho| h!flhqw surgxfwlrq sodqv lq d vxevhw
ri vhfwruv pd| ghfuhdvh wkh ohyho ri +vrfldo, h!flhqf|1

Lq rughu wr vkrz wkdw wklv lv wuxh/ zh wkhuhiruh ohw vrph vhfwruv hqmr| pdunhw
srzhu e| lqfoxglqj srvlwlyh pdunxsv lq wkhlu sulfh0frvw htxdwlrqv +vhh irrwqrwh
<,14<

Wkhq/ zh frpsxwh wkh wrwdo sulpdu| lqsxwv frvwv ri hdfk hfrqrp| dvvxplqj
wkdw rqh vhfwru lv deoh wr fkrrvh wkh surgxfwlrq whfkqltxh wkdw plqlplvhv lwv frvwv
jlyhq wkh lqwhuphgldwh lqsxwv sulfhv/ zkloh wkh uhpdlqlqj vhfwruv pd| rqo| dgmxvw
wkhlu jurvv surgxfwlrq ohyho vr dv wr vwloo eh deoh wr vdwlvi| wkh �qdo ghpdqg1
Ilqdoo|/ zh frpsduh vxfk wrwdo sulpdu| lqsxwv frvwv zlwk wkh revhuyhg rqhv153

4<Wkh pdun0xsv zh xvh duh frqvlvwhqw zlwk wkh hvwlpdwhv e| Pduwlqv/ Vfdushwwd dqg Slodw
+4<<9, dqg Pduwlqv dqg Vfdushwwd +4<<<, zklfk surylgh hvwlpdwhv iru 47 RHFG frxqwulhv uhodwlyh
wr IRG/ WH[/ FKH/ PLG . PQP/ EPL . PHT/ ZRG . SDS . PRW1 Vhh ghwdlov lq wdeoh
+817, lq wkh dsshqgl{1

53Zh gr wkh frpsdulvrq erwk iru wkh dfwlylw| ohyho vdwlvi|lqj wkh revhuyhg ghpdqg dqg iru
wkh xqlw dfwlylw| ohyho1
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sector/countries France Germany UK
FOD 1,004076 0,995342 0,998194
CHE 1 1,002312 1,000539
FNS 0,997828 1,000044 0,945347

Element (1,1) reports the ratio of primary inputs costs of the French economy (in the case that only the FOOD sector
is able to modify its production technique according to the private criterion) to the observed primary inputs costs.
Element (2,1) does the same except for the fact that the unconstrained sector is the CHEMICAL one and so on.
In the case where (respectively) only sectors FOD and CHE were left free to adjust, we assumed a mark-up of
30% on the prices of the outputs of sectors AGR, FOD, TEX, CHE, MID + MNM.
In the case where FNS was left free to adjust, the mark-ups of Martins, Scarpetta and Pilat (1996) and
Martins and Scarpetta (1999) were applied only on the food sector.
Also other price configurations give rise to similar results.

Iljxuh 814<= Udwlr ri wrwdo sulpdu| lqsxwv frvw ri dq hfrqrp| zkhuh rqo| d vlqjoh vhfwru

+uhvshfwlyho| IRG/ FKH/ IQV, lv doorzhg wr sxuvxh sulydwh h!flhqf|/ wr wrwdo revhuyhg sulpdu|

lqsxwv frvwv

sector/countries France Germany
CHE 1,00429 1,002481
FNS 0,998611 1,000044

Element (1,1) reports the ratio of primary inputs costs of the French economy (in the case that only the FOOD
sector is able to modify its production technique according to the social criterion) to the observed
primary inputs costs.

Iljxuh 8153= Udwlr ri wrwdo sulpdu| lqsxwv frvw ri dq hfrqrp| zkhuh rqo| d vlqjoh vhfwru

+uhvshfwlyho| FKH/ IQV, lv doorzhg wr sxuvxh vrfldo h!flhqf|/ wr wrwdo revhuyhg sulpdu| lqsxwv

frvwv

58



Wdeoh +814<, vkrzv wkdw xqghu wkhvh frqglwlrqv sxuvxlqj wkh sulydwh dssurdfk
lq d vlqjoh vhfwru pd| lqghhg eh plvohdglqj/ lq wkh vhqvh wkdw lw pd| hyhq ohdg
wr dq lqfuhdvh ri wrwdo sulpdu| lqsxwv frvw lq wkh hfrqrp|1 Lq idfw/ sulfh glvwru0
wlrqv pd| lqgxfh d vlqjoh vhfwru wr fkrrvh d surgxfwlrq whfkqltxh wkdw/ wkrxjk
doorzlqj frvw uhgxfwlrqv dw wkh vhfwruldo ohyho/ pd| hqwdlo lqwhuphgldwh lqsxwv uh0
txluhphqwv wkdw udlvh wkh sulpdu| lqsxw devruswlrq dw wkh hfrqrp| ohyho154 D

sduwldo lpsohphqwdwlrq ri sulydwho| h!flhqw vhfwruv pd| eh pdgh xqiuxlwixo e| lq0

whulqgxvwu| olqndjhv1 Wkh uhvxow qhhgv wr eh frqvlghuhg fduhixoo| vlqfh lw vxjjhvwv
wkdw uhjxodwlrq lq d vlqjoh vhfwru pd| eh xvhohvv/ li qrw ghwulphqwdo/ iurp wkh
vrfldo vwdqgsrlqw1

Wkh vdph frqfoxvlrq dssolhv lq wkh fdvh zkhuh vrfldo h!flhqf| lv sxuvxhg doo
ryhu wkh hfrqrp| zkloh/ gxh wr uljlglwlhv/ vrph vhfwruv duh qrw deoh wr dgmxvw
txlfno|1 Dv wdeoh +8153, vkrzv/ wkh wrwdo sulpdu| lqsxwv frvwv ri wkh uhvxowlqj
hfrqrp| pd| eh odujhu wkdq wkh wrwdo sulpdu| lqsxwv frvwv ri wkh revhuyhg hfrq0
rp|1

Ri frxuvh ixuwkhu vlpxodwlrqv dqg hvwlpdwlrqv ehfrph qhfhvvdu| rq d zlghu
gdwd vhw1 Rqh vkrxog dovr uhfdoo wkdw wkh uhvxow uhvwv xsrq d uljlglw| dvvxpswlrq1

!� "��
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Wklv sdshu irfxvhv rq wkh uroh ri lqwhulqgxvwu| uhodwlrqvklsv lq wkh vhohfwlrq ri
vrfldoo| h!flhqw whfkqltxhv lq surgxfwlyh vhfwruv1 Lw dujxhv wkdw wkh fxuuhqw sudf0
wlfh pd| surylgh plvohdglqj uhvxowv ehfdxvh lw uhvwv xsrq wkh lpsolflw dvvxpswlrqv
wkdw hlwkhu hdfk vhfwru lv lvrodwhg iurp wkh uhvw ri wkh hfrqrp| ru wkdw lqh!flhq0
flhv duh qrw wudqvplwwhg iurp vhfwru wr vhfwru1 Vxfk dq dssurdfk lv iroorzhg/ iru
h{dpsoh/ lq wkh RHFG Uhsruw rq uhjxodwru| uhirup +4<<:, wkdw hydoxdwhv wkh lp0
sdfw ri uhjxodwru| uhirupv lq gl�huhqw frxqwulhv1 Wkh vdph dssurdfk lv iroorzhg
e| wkh sulfh0fds +USL �[, uhjxodwlrq/ zklfk irfxvhv mxvw rq rqh vhfwru dqg vhwv
wkh [ idfwru qhjohfwlqj lqwhulqgxvwu| olqndjhv +Dupvwurqj dqg Frzdq +4<<7,,1

Wklv sdshu dujxhv wkdw olqndjhv dfurvv vhfwruv qhhg wr eh wdnhq lqwr dffrxqw1
Wklv pdnhv d glvwlqfwlrq dulvh ehwzhhq vrfldo dqg sulydwh vwdqgsrlqwv lq wkh vhohf0
wlrq ri h!flhqw dfwlylwlhv dw wkh vhfwru ohyho +dqg/ frqvhtxhqwo|/ lq wkh hvwlpdwlrq
ri vhfwruldo +lq,h!flhqflhv,1

Wkh glvwlqfwlrq ehwzhhq wkh wzr vwdqgsrlqwv vwhpv iurp wkh lqwhuvhfwruldo
olqndjhv zklfk vsuhdg h{lvwlqj lqh!flhqflhv yld lqwhuphgldwh lqsxwv sulfhv1 D
sulydwh dssurdfk wr vhfwruldo h!flhqf| grhv qrw jhw ulg ri vxfk glvwruwlrqv ehfdxvh

54 Lqgluhfw hylghqfh ri wklv phfkdqlvp pd| eh irxqg lq wkh RHFG +4<<<, zklfk vwdwhv wkdw
cfrpsuhkhqvlyh uhjxodwru| uhirup kdyh surgxfhg uhvxowv pruh txlfno| wkdq slhfh0phdov dssurdfk0
hv* +s17,1
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lw xvxdoo| wdnhv pdunhw sulfhv dv jlyhq1 Wkh sdshu vxjjhvwv wkdw d vrfldo dssurdfk/
frqyhuvho|/ vkrxog holplqdwh glvwruwlrqv e| uhfxuulqj wr lqwhuphgldwh lqsxwv sulfhv
zklfk uh hfw wkh plqlpxp pdujlqdo frvw ri surgxfwlrq1

Wr wklv dlp lw sursrvhv d frqvlvwhqw rshudwlrqdo fulwhulrq iru wkh vhohfwlrq ri
vrfldo h!flhqw dfwlylwlhv1 E| frqvlvwhqw zh phdq wkdw lw pdnhv vrfldo dqg sulydwh
vwdqgsrlqwv frlqflgh lq d shuihfwo| frpshwlwlyh zruog/ dqg lw doorzv d txdqwlwdwlyh
dvvhvvphqw ri wkh gl�huhqfhv ehwzhhq wkh wzr shuvshfwlyhv/ zkhqhyhu wkh| dulvh1

Dq hpslulfdo dqdo|vlv shuiruphg rq d vhw ri RHFG lqwhulqgxvwu| gdwd vkrzv
wkdw wkh gl�huhqfh ehwzhhq wkh wzr vwdqgsrlqwv lv hpslulfdoo| uhohydqw erwk lq
whupv ri wkh dprxqw ri lqh!flhqf| qrw fdswxuhg e| wkh sulydwh dssurdfk dqg lq
whupv ri czurqj* vhohfwlrq ri dfwlylwlhv1 Pruh suhflvho|/ lq prvw fdvhv wkh vrfldo
lqh!flhqf| ri d jlyhq vhfwru lv odujho| gxh wr lqh!flhqflhv lpsruwhg iurp wkh
hfrqrplf v|vwhp yld glvwruwlrqv ri lqwhuphgldwh lqsxwv sulfhv1

Ehfdxvh ri wkhvh uhdo zruog lpshuihfwlrqv/ wkh sulydwh dssurdfk pd| ohdg wr
wkh vhohfwlrq ri vrfldoo| lqh!flhqw whfkqltxhv dqg wkhuhiruh srolf| lpsolfdwlrqv
uhohydqw wr vhfwruldo uhjxodwruv ru srolf| pdnhuv pd| dulvh1 Wzr srlqwv duh zruwk
hpskdvl}lqj1 Wkh �uvw rqh frqfhuqv wkh lghqwl�fdwlrq ri vhfwruldo ehqfkpdunv1
Lq rughu wr eh vrfldoo| uhohydqw/ vxfk ehqfkpdunv vkrxog eh vhohfwhg rq wkh edvlv
ri lqwhuphgldwh lqsxwv +vkdgrz, sulfhv uh hfwlqj wkhlu plqlpxp pdujlqdo frvw ri
surgxfwlrq/ dv ghulyhg e| wkh deryh fulwhulrq/ edvhg rq d v|vwhp dssurdfk1 Wkh
fxuuhqw sudfwlfh/ krzhyhu/ pd| surylgh plvohdglqj uhvxowv ehfdxvh lw uhihuv hlwkhu
wr sulfhv uh hfwlqj revhuyhg pdujlqdo frvwv ru wr revhuyhg pdunhw sulfhv1

Wkh vhfrqg lvvxh frqfhuqv wkh frqglwlrqv xqghu zklfk d vhfwruldo sulydwh ds0
surdfk pd| qrw rqo| idlo wr dfklhyh vrfldo h!flhqf| exw pd| hyhq orzhu wkh
fxuuhqw ohyho ri vrfldo h!flhqf|1 Zh �uvw vkrz wkdw dq| dssurdfk wr vhfwruldo h!0
flhqf| uhvwlqj xsrq lqwhuphgldwh lqsxwv sulfhv uh hfwlqj wkhlu revhuyhg pdujlqdo
frvwv ri surgxfwlrq lpsuryhv +grhv qrw ghfuhdvh, wkh fxuuhqw +vrfldo, h!flhqf|
ohyho1 Wkhq/ zh vkrz wkdw/ rq wkh frqwudu|/ li sulfhv hpehg vrph ghjuhh ri pdu0
nhw srzhu/ wkh lpsohphqwdwlrq ri sulydwho| h!flhqw whfkqltxhv lq vrph vhfwruv
pd| hyhq ghfuhdvh wkh ohyho ri vrfldo h!flhqf|1 Lq vxfk d fdvh/ wkhuhiruh/ wkh
suhvfulswlrqv ri vhfwruldo uhjxodwruv pd| eh ghwulphqwdo wr wkh v|vwhp dv d zkroh1

D fdyhdw lv lq rughu1 Gxh wr wkh olplwdwlrqv ri wkh RHFG gdwd vhw zklfk/
wkrxjk xvhixo/ vwloo odfnv ri uhohydqw lqirupdwlrqv/ wkh txdqwlwdwlyh uhvxowv ri wkh
hpslulfdo dqdo|vlv kdyh wr eh wdnhq zlwk fdxwlrq1 Ixuwkhu hvwlpdwlrqv rq ulfkhu
gdwd vhwv/ erwk lq whup ri frxqwulhv/ vhfwruv dqg sulfhv/ duh qhhghg1 Ixuwkhu
uhvhdufk pd| dovr dgguhvv wkh lvvxh ri vrfldo yhuvxv sulydwh h!flhqf| lq d g|qdplf
iudphzrun1
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^4` Dupvwurqj/ P1/ dqg V1 Frzdq +4<<7, Uhjxodwru| uhirup= hfrqrplf dqdo|vlv
dqg Eulwlvk h{shulhqfh/ Fdpeulgjh/ PLW Suhvv

^5` Dwnlqvrq/ V1H1/ dqg M1 Nhunyolhw +4<;<,/ Gxdo phdvxuhv ri prqrsro| dqg
prqrsvrq| srzhu= dq dssolfdwlrq wr uhjxodwhg hohfwulf xwlolwlhv/ Uhylhz ri

hfrqrplfv dqg vwdwlvwlfv/ :4 +5,/ 58308:

^6` Eodqn/ M1O1W1 +5333,/ Sxeolf surylvlrq dqg shuirupdqfh1 Frqwulexwlrqv iurp
h!flhqf| dqg surgxfwlylw| phdvxuhphqw/ Qruwk Kroodqg Sxeolvklqj Frp0
sdq|/ Dpvwhugdp

^7` Guë}h/ M1/ dqg Q1 Vwhuq +4<<3, Srolf| uhirup/ vkdgrz sulfhv/ dqg pdunhw
sulfhv/ Mrxuqdo ri sxeolf hfrqrplfv/ 75 +4,/ 4078

^8` Hxurshdq Frpplvvlrq/ +4<<;,/ Ehqfkpdunlqj= lqwurgxfwlrq dqg
pdlq sulqflsohv dssolhg wr frpsdq| ehqfkpdunlqj/ Txdolw| vhulhv/
qxpehu :/ Hxurshdq Frpplvvlrq GJLLL 0 Lqgxvwu|/ +dydlodeoh dw
kwws=22hxursd1hx1lqw2frpp2gj362gluhfwv2gj6d2d62txdolw|2oleudu|2tv:0
hq1sgi,

^9` Hxurshdq Frpplvvlrq/ +4<<<d,/ Iluvw uhsruw e| wkh kljk ohyho jurxs
rq ehqfkpdunlqj/ Hxurshdq Frpplvvlrq GJLLL 0 Lqgxvwu|/ +dydlodeoh dw
kwws=22hxursd1hx1lqw2frpp2gj362sxeolfdw2ehqfk2usw4koj1sgi,

^:` Hxurshdq Frpplvvlrq/ +4<<<e,/ Frpshwlwlyhqhvv ri wkh frqvwuxf0
wlrq vhfwru= Slorw vwxg| rq ehqfkpdunlqj / Hxurshdq Frpplv0
vlrq GJLLL 0 Lqgxvwu|/ +dydlodeoh rq wkh Lqwhuqhw dw wkh sdjh=
kwws=22hxursd1hx1lqw2frpp2hqwhusulvh2frqvwuxfwlrq2rog2frqvwuxf2srolf|2
eqfkjuqw2ehqfkju1kwp,

^;` Içuh/ U1/ V1 Jurvvnrsi/ dqg F1D1N1 Oryhoo +4<<7,/ Surgxfwlrq iurqwlhuv/ Fdp0
eulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh

^<` Içuh/ U1/ V1 Jurvvnrsi dqg M1 Qhovrq +4<<3,/ Rq sulfh h!flhqf|/ Lqwhuqdwlrqdo
hfrqrplf uhylhz/ 64 +6,/ :3<053

^43` Ihuulhu/ J1G1/ dqg F1D1N1 Oryhoo +4<<3,/ Phdvxulqj frvw h!flhqf| lq edqnlqj=
hfrqrphwulf dqg olqhdu surjudpplqj hylghqfh/ Mrxuqdo ri hfrqrphwulfv/ 79/
55<0578
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^44` Jurvvnrsi/ V1/ N1M1 Kd|hv/ dqg M1 Kluvfkehuj +4<<8,/ Ilvfdo vwuhvv dqg wkh
surgxfwlrq ri sxeolf vdihw|= d glvwdqfh ixqfwlrq dssurdfk/ Mrxuqdo ri sxeolf
hfrqrplfv/ 8: +5,/ 5::05<9

^45` Jurvvnrsi/ V1/ N1M1 Kd|hv/ O1O1 Wd|oru dqg Z1O1 Zhehu +4<<:,/ Exgjhw frq0
vwudlqhg iurqwlhu phdvxuhv ri �vfdo htxdolw| dqg h!flhqf| lq vfkrrolqj/ Uh0
ylhz ri hfrqrplfv dqg vwdwlvwlfv/ :< +4,/ 4490457

^46` RHFG +4<<:,/ Uhsruw rq uhjxodwru| uhirup/ Sdulv

^47` RHFG +4<<<,/ Uhylhz ri uhjxodwru| uhirup/ Sdulv

^48` Slodw/ G1 +4<<:,/ Uhjxodwlrq dqg shuirupdqfh lq wkh glvwulexwlrq vhfwru/
RHFG Hfrqrplfv Ghsduwphqw Zrunlqj sdshuv/ Q1 4;3/ RHFG/ Sdulv

%� %������&

D141 Wkh gdwd vhw
55

Wkh gdwd vhw zdv h{wudfwhg iurp wkh RHFG Lqsxw0Rxwsxw Gdwdedvh/ zklfk frq0
wdlqv d qxpehu ri frpsdudeoh Lqsxw0Rxwsxw wdeohv iurp 4<:3 wr 4<<3/ erwk dw
frqvwdqw dqg fxuuhqw sulfhv/ iru whq RHFG frxqwulhv56 glvdjjuhjdwhg lq 68 vhfwruv1
Sulpdu| lqsxwv/ fdslwdo dqg oderxu/ zhuh gudzq iurp LVGE 4<<: 0 Lqwhuqdwlrqdo

Vhfwruldo Gdwdedvh 4<<: +zkrvh ohyho ri glvdjjuhjdwlrq lv orzhu/ 64 vhfwruv,1 Wkh
frpsdudelolw| ri wkh wdeohv lv gxh wr wkh Lqwhuqdwlrqdo Vwdqgdug Lqgxvwuldo Fodv0

vl�fdwlrq +LVLF, uhylvlrq 51
Gdwd krprjhqhlw| zdv qrw dozd|v hqvxuhg/ gxh erwk wr glvfuhsdqflhv ehwzhhq

qdwlrqdo fodvvl�fdwlrq v|vwhpv dqg wkh LVLF dqg wr wkh gl�huhqw ohyho ri glvdj0
juhjdwlrq ri wkh wudqvdfwlrq pdwulfhv dqg sulpdu| lqsxwv pdwulfhv1 Iru wkhvh
uhdvrqv/ vhfwruv kdg wr eh djjuhjdwhg iurp 68 wr 48157 Pruhryhu/ �yh frxqwulhv

55Wkh gdwdvhw zdv hoderudwhg e| Pduld Jud}ld Urpdqr1
56Dxvwudold/ Fdqdgd/ Ghqpdun/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq/ Qhwkhuodqgv/ Xqlwhg Nlqjgrp

dqg Xqlwhg Vwdwhv1
57Wkh vhfwruv duh wkh iroorzlqjv=
41 DJU= djulfxowxuh
51 IRG= irrg/ ehyhudjhv dqg wredffr
61 WH[= wh{wloh/ zhdulqj dqg ohdwkhu
71 FKH= lqgxvwuldo fkhplfdov/ uxeehu dqg sodvwlf surgxfwv
81 PLG . PQP= plqlqj dqg h{wudfwlyh lqgxvwulhv . qrq phwdo surgxfwv +h{foxglqj rlo dqg

frdo surgxfwv,1
91 EPL . PHT= phwdooxujlf lqgxvwulhv . phwdo surgxfwv/ pdfklqhu| dqg htxlsphqw
:1 ZRG . SDS . PRW= zrrg surgxfwv . sdshu surgxfwv . rwkhu pdqxidfwxulqj
;1 HJZ= hohfwulflw|/ jdv dqg zdwhu
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kdg wr eh gursshg iurp wkh vdpsoh158

Wkh dqdo|vlv zdv shuiruphg rq 4<<3 wdeohv hydoxdwhg dw frqvwdqw sulfhv159

Wkh wudqvdfwlrq pdwulfhv/ h{suhvvhg lq qdwlrqdo fxuuhqflhv/ zhuh frqyhuwhg lq
XV' xvlqj wkh iroorzlqj +JGS, SSS surylghg e| wkh RHFG=

JGS SSS

4<;7 4<;8 4<;9 4<<3

Fdqdgd 0 0 415;3 41636

Ghqpdun 0 <157< 0 <16<6

Iudqfh 0 91938 0 91947

Jhupdq| 0 0 515 513;;

XN 31869 0 0 319356

Lqwhuqdwlrqdo Vhfwrudo Gdwdedvh 4<<8 dqg 4<<:

Wkh jurvv �{hg fdslwdo vwrfn/ l1h1 wkh wrwdo ydoxh ri fdslwdo jrrgv lq d frxqwu|/
zdv dovr h{suhvvhg lq qdwlrqdo fxuuhqf|1 Fdslwdo vwrfn ydoxhv zhuh frqyhuwhg lq
XV'/ xvlqj wkh jurvv �{hg fdslwdo vwrfn SSS/ surylghg e| wkh RHFG=

JIF SSS

4<;7 4<;8 4<;9 4<<3

Fdqdgd 4164; 4163; 415<9 41599

Ghqpdun <1;:; 43156: 43154< 431756

Iudqfh :1753 :1963 :19:6 :1935

Jhupdq| 51885 51856 51867 5183:

XN 31: 31:5; 31:6< 31;78

RHFG Vwdwlvwlfv

<1 FVW= frqvwuxfwlrqv
431 UZK= uhwdlo dqg zkrohvdoh wudgh
441 KRW= uhvwdxudqwv dqg krwhov
451 WDV= wudqvsruwv
461 FRP= frppxqlfdwlrqv
471 IQV= �qdqfldo dqg lqvxudqfh
481 UHV . VRF . SJV . RSU= uhdo hvwdwh . sxeolf jrrgv . sxeolf dgplqlvwudwlrq . rwkhu

surgxfhuv1
58 Lwdo| dqg Kroodqg zhuh gursshg ehfdxvh wkh 4<<3 wdeohv zhuh qrw dydlodeoh1 Dxvwudold dqg

XVD zhuh holplqdwhg ehfdxvh fdslwdo vwrfn gdwd zhuh qrw vx!flhqwo| glvdjjuhjdwhg1 Mdsdq zdv
qrw lqfoxghg ehfdxvh wkh fdslwdo vwrfn glg qrw frpsulvh sxeolf lqyhvwphqwv1 Fdqdgd/ Ghqpdun/
Iudqfh/ Jhupdq|/ dqg Xqlwhg Nlqjgrp vxuylyhg1

59Gxh wr gdwd dydlodelolw| sureohpv wkh edvh |hduv gl�hu voljkwo| dfurvv frxqwulhv1 Wkh edvh
|hdu lv 4<;7 iru wkh XN/ 4<;8 iru Ghqpdun dqg Iudqfh dqg 4<;9 iru Fdqdgd dqg Jhupdq|1
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Wkh uhqwdo sulfh ri fdslwdo zdv rewdlqhg dv wkh udwlr ri wkh ydoxh ri wkh +4<<3,
fdslwdo vwrfn dw fxuuhqw sulfhv wr wkh ydoxh ri wkh fdslwdo vwrfn dw frqvwdqw sulfhv/
xvlqj iru hdfk frxqwu| wkh dssursuldwh edvh1

Wrwdo hpsor|phqw zdv gh�qhg dv wkh wrwdo qxpehu ri shrsoh +uhvlghqw dqg
qrq uhvlghqw, frqwulexwlqj wr wkh grphvwlf surgxfwlrq1 Zdjhv zhuh rewdlqhg/ iru
hdfk vhfwru/ dv wkh udwlr ri wkh zdjh eloo/ lqfoxglqj vrfldo frqwulexwlrqv/ wr wrwdo
hpsor|phqw dqg frqyhuwhg lq XV' xvlqj wkh JGS SSS1

Wkh �qdo ghpdqg zdv frpsxwhg uhvlgxdoo| dv wkh gl�huhqfh ehwzhhq jurvv
surgxfwlrq dqg lqwhuphgldwh lqsxwv uhtxluhphqw15:

D151 Wdeoh ri RHFG pdun0xsv hvwlpdwhv

sector/countries canada france denmark germany UK
FOD 1,19 1,10 1,97 1,32 1,43
TEX 1,12 1,10 1,12 1,11 1,04
CHE 1,21 1,20 1,12 1,11 1,06
MID + MNM 1,34 1,30 1,25 1,16 1,07
BMI + MEQ 1,13 1,09 1,16 1,15 1,07
WOD + PAP + MOT 1,23 1,15 1,15 1,21 1,10

RHFG hvwlpdwhv +Pduwlqv/ Vfdushwwd dqg Slodw +4<<9, dqg Pduwlqv dqg Vfdushwwd +4<<<,,

5:Ilqdo ghpdqg zdv vhw htxdo wr }hur zkhqhyhu qhjdwlyh +wklv pd| kdsshq zkhqhyhu wkh
wudqvdfwlrq pdwul{ lqfoxghv lpsruwv,1
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