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Abstract

In this paper we illustrate the possible normative relevance of the links between human capital and financial
assets via an example related to growth. Human capital investments occur in a risky environment, in that they are
subject to aggregate uncertainty. Agents are heterogenous in their income streams, and this generates different
risk attitudes and the scope for trading in financial assets. In this environment, human capital is a non-marketable
asset that interacts with the existing financial structure in transferring wealth over time.
When the financial structure is complete, growth is indeterminate because individual allocations between human
capital and a tradable asset are indeterminate. When the financial structure is incomplete, the growth rate
depends on the payoff structure of the assets. An issue of optimality for the structure of asset returns is raised.
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4 Lqwurgxfwlrq

Wkh lvvxh ri ulvn0vkdulqj pdwwhuv iru lqyhvwphqw lq kxpdq fdslwdo14 Ehfdxvh
ixwxuh oderu lqfrphv duh xqfhuwdlq/ kxpdq fdslwdo ehduv ulvnv1 Vrph ulvnv duh
sk|vlfdo= ghdwk/ dfflghqwv/ looqhvv1 Rwkhu ulvnv duh hfrqrplf/ dqg uhvxow iurp
wkh xqfhuwdlqwlhv d�hfwlqj wkh h�hfwlyhqhvv ri hgxfdwlrq dqg wudlqlqj1 Lq d
vhqvh/ wkh irupdwlrq ri kxpdq fdslwdo fruuhvsrqgv wr wkh dffxpxodwlrq ri dvvhwv
|lhoglqj xqfhuwdlq rxwfrphv1 Krzhyhu/ wkhvh dvvhwv kdyh wzr glvwlqjxlvklqj
ihdwxuhv1 Iluvw/ wkh| duh qrq0pdunhwdeoh dqg wkh lqyhvwphqw lq wkhvh dvvhwv pxvw
uhvshfw lqglylgxdo0vshfl�f ihdvlelolw| frqvwudlqwv15 Dv d uhvxow/ kxpdq fdslwdo
fdq rqo| eh wudqvihuuhg rqzdug dqg lq �qlwh dprxqwv1 Vhfrqg/ dv rssrvhg wr
�qdqfldo dvvhwv/ lqyhvwphqwv lq kxpdq fdslwdo duh olnho| wr surgxfh gluhfw h�hfwv
rq surgxfwlylw| dqg rxwsxw1

Dv rwkhu dvvhwv/ kxpdq fdslwdo lqyhvwphqwv lqwhudfw zlwk wkh h{lvwlqj �qdq0
fldo vwuxfwxuh= wkh| ghshqg rq wkh ryhudoo dvvhw vwuxfwxuh dqg vlpxowdqhrxvo|
kdyh dq h�hfw rq wkh xvh ri dowhuqdwlyh �qdqfldo lqvwuxphqwv1 Wkh lqwhudfwlrq
ri kxpdq fdslwdo zlwk wkh �qdqfldo vwuxfwxuh kdv uhfhlyhg dwwhqwlrq lq srvlwlyh
dqdo|vlv1 Lq sduwlfxodu/ lw kdv ehhq uhfhqwo| h{soruhg dv d srvvleoh vrxufh ri
ghyldwlrqv ri revhuyhg pdunhw rxwfrphv iurp wkrvh suhglfwhg e| wkh wkhru| ri
�qdqfldo pdunhwv1 Lw kdv ehhq vkrzq/ iru lqvwdqfh/ wkdw wkh suhvhqfh ri kxpdq
fdslwdo0vshfl�f ulvn pd| h{sodlq erwk wkh htxlw| suhplxp +Zhlo ^44`, dqg wkh
lqwhuqdwlrqdo sruwirolr sx}}ohv +Erwwd}}l hw do1 ^B`,1 Wkh dlp ri wklv sdshu lv
udwkhu wkdw ri vkrzlqj krz wkh phuh idfw wkdw kxpdq fdslwdo grhv lqwhuihuh zlwk
wkh h{lvwlqj dvvhw vwuxfwxuh pd| hdvlo| jlyh udlvh wr qrupdwlyh lvvxhv1

Wkh fruh ri rxu dujxphqw uxqv dv iroorzv1 Kxpdq fdslwdo/ wkrxjk qrq0
wudgdeoh/ pljkw dfw dv vxevwlwxwh iru vrph wudgdeoh dvvhw lq wudqvihuulqj zhdowk/
wkxv fdxvlqj srvvleoh lqghwhuplqdflhv zkhq wkh �qdqfldo vwuxfwxuh fruuhvsrqgv
wr d ixoo vhw ri Duurz vhfxulwlhv1 Frqyhuvho|/ zkhq �qdqfldo pdunhwv duh lqfrp0
sohwh/ wkh suhvhqfh ri kxpdq fdslwdo pd| ohdg wr doorfdwlrqv wkdw plplf wkrvh
uhdfkhg zkhq �qdqfldo pdunhwv duh frpsohwh1 Lq vxfk fdvhv/ wkh vwuxfwxuh ri uh0
wxuqv rq �qdqfldo dvvhwv pd| kdyh uhdo h�hfwv lq wkdw wkh| vkdsh wkh lqglylgxdo
lqfhqwlyhv wrzdugv xqghuwdnlqj hgxfdwlrq dqg wudlqlqj/ dfwlylwlhv wkdw duh olnho|
wr d�hfw wkh surgxfwlrq srvvlelolwlhv ri wkh hfrqrp|1

Zh looxvwudwh rxu dujxphqw yld dq h{dpsoh uhodwhg wr jurzwk1 Zh frqvwuxfw
dq ryhuodsslqj jhqhudwlrqv prgho lq zklfk wkh rxwfrph ri lqyhvwphqwv lq kx0
pdq fdslwdo lv vxemhfw wr +djjuhjdwh, ulvn1 Zkhq |rxqj/ djhqwv duh xqfhuwdlq
derxw wkh ixwxuh lqfrph wkh| ghulyh iurp wkhlu lqyhvwphqw lq kxpdq fdslwdo1
Lq rxu h{dpsoh/ wkh srsxodwlrq lv khwhurjhqhrxv lq whupv ri lqfrph/ dqg wklv
lv vx!flhqw wr jhqhudwh gl�huhqw dwwlwxghv wrzdugv ulvn iru gl�huhqw djhqwv1 Lq
vxfk d iudphzrun/ hdfk lqglylgxdo jdlqv iurp wudglqj +h{0dqwh, �qdqfldo dvvhwv
zlwk djhqwv ehorqjlqj wr gl�huhqw lqfrph fodvvhv1 Li surgxfwlylw| lv srvlwlyho|
d�hfwhg e| djjuhjdwh kxpdq fdslwdo lqyhvwphqwv/ d vslooryhu lv fuhdwhg wkdw dfwv
dv wkh hqjlqh ri jurzwk +Oxfdv ^<`,1 Zh vkrz wkdw zkhq wkh �qdqfldo vwuxfwxuh
lv frpsohwh/ jurzwk lv lqghwhuplqdwh ehfdxvh lqglylgxdo doorfdwlrqv ehwzhhq

4Vhh Guë}h^5` rq wkh lvvxh ri kxpdq fdslwdo dqg ulvn0ehdulqj1
5Jlyhq/ iru lqvwdqfh/ e| wlph dydlodelolw| dqg ohduqlqj delolw|1
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kxpdq fdslwdo dqg d wudgdeoh dvvhw duh lqghwhuplqdwh1 Zkhq wkh qxpehu ri
dydlodeoh �qdqfldo dvvhwv lv vpdoohu wkdq wkh glphqvlrq ri wkh xqfhuwdlqw|/ wkh
udwh ri jurzwk ghshqgv xsrq wkh vwuxfwxuh ri dvvhw uhwxuqv/ wkxv ohdylqj urrp
iru srolf| lqwhuyhqwlrq1

Lw lv zhoo hvwdeolvkhg iurp wkh wkhru| ri lqfrpsohwh pdunhwv wkdw Sduhwr
h!flhqf| ri htxloleulxp doorfdwlrqv lv qrw suhvhuyhg zkhq wkh dvvhw pdunhw
lv lqfrpsohwh1 Pruhryhu/ wkh doorfdwlrq lv lq wklv fdvh d�hfwhg e| wkh dvvhw
vwuxfwxuh +Jhdqdnrsorv dqg Srohpdufkdnlv ^B`/ Jhdqdnrsorv ^6`,1 Ghpdqjh dqg
Odurtxh^B`/ dprqj rwkhuv/ fkdudfwhul}h wkh vwuxfwxuh ri dvvhw sd|r�v wkdw ohdgv
wr Sduhwr rswlpdo doorfdwlrqv zkhq pdunhwv duh lqfrpsohwh1 Wkh| frqvlghu d
vwdwlf h{fkdqjh hfrqrp| zkhuh lqglylgxdo hqgrzphqwv duh ulvn|/ lqirupdwlrq lv
v|pphwulf/ wkh glvwulexwlrq ri wkh ulvn lv nqrzq dqg lqglylgxdov wudgh h{0dqwh1
Rxu h{dpsoh lv rqo| orrvho| uhodwhg wr wklv olwhudwxuh1 Wkh lqwurgxfwlrq ri kx0
pdq fdslwdo pd| doorz iru wkh h�hfwlyh frpsohwhqhvv ri wkh pdunhw/ vr wkdw wkh
dvvhw vwuxfwxuh pd| eh luuhohydqw iru frqvxpswlrq doorfdwlrqv hyhq zkhq d ixoo
vhw ri Duurz vhfxulwlhv lv qrw dydlodeoh1 Zh vkrz/ wkrxjk/ wkdw ghshqghqfh ri
frqvxpswlrq doorfdwlrqv rq wkh dvvhw vwuxfwxuh lv uhvwruhg zkhq lw lv lqwurgxfhg
d surfhvv ri hqgrjhqrxv jurzwk jhqhudwhg e| nqrzohgjh vslooryhuv1 Wkh �qdq0
fldo srolf| lq wklv fdvh pdwwhuv iru wkh ghwhuplqdwlrq ri lqglylgxdo lqyhvwphqw
lq kxpdq fdslwdo/ dqg wkhq iru jurzwk dqg frqvxpswlrq doorfdwlrqv1 Zh vwxg|
wkh rswlpdolw| ri wkh dvvhw vwuxfwxuh lq vxfk d iudphzrun1

Wkhuh lv vxevwdqwldo djuhhphqw rq wkh uhohydqfh ri �qdqfldo pdunhwv iru wkh
jurzwk shuirupdqfh ri hfrqrplhv1 Ilqdqfldo v|vwhpv shuplw d pruh h!flhqw
doorfdwlrq ri uhvrxufhv dqg prelol}h d kljkhu dprxqw ri vdylqjv wkurxjk ehwwhu
khgjlqj/ glyhuvl�fdwlrq dqg srrolqj ri ulvn1 Krzhyhu/ zkloh dq dexqgdqw wkhr0
uhwlfdo olwhudwxuh h{lvwv vwxg|lqj gl�huhqw fkdqqhov wkurxjk zklfk wkh h{lvwhqfh
ri �qdqfldo pdunhwv pd| kdyh d srvlwlyh h�hfw rq jurzwk/ wkhuh lv qrw pxfk
zrun kljkoljkwlqj wkh uhodwlrq ehwzhhq wkh �qdqfldo vwuxfwxuh dqg wkh jurzwk
shuirupdqfh ri dq hfrqrp| +Ohylqh^;`,1 Lq wklv sdshu/ zh wdnh d vpdoo vwhs lq
wklv gluhfwlrq1 Lq rxu prgho/ �qdqfldo pdunhwv hqkdqfh jurzwk ehfdxvh wkh|
doorz wkh vshfldol}dwlrq ri khwhurjhqrxv djhqwv lq wkh xvh ri gl�huhqw dvvhwv/ dv
dowhuqdwlyh wrrov wr wudqvihu zhdowk ryhu wlph1 Uhodwlyho| ulfk djhqwv vshfldol}h lq
�qdqfldo dvvhwv/ uhodwlyho| srru djhqwv vshfldol}h lq kxpdq fdslwdo lqyhvwphqwv/
dqg djjuhjdwh lqyhvwphqwv lq kxpdq fdslwdo lqfuhdvh zlwk wkh h{whqw ri wklv
vshfldol}dwlrq1 Zh vkrz wkdw jdlqv iurp vshfldol}dwlrq fdq eh ixoo| h{sorlwhg
surylghg wkdw wkh �qdqfldo vwuxfwxuh lv qrw frpsohwh dqg wkdw dvvhw uhwxuqv duh
vx!flhqwo| kljk lq vwdwhv zkhuh kxpdq fdslwdo lqyhvwphqwv duh h�hfwlyh1 Pruh0
ryhu/ lq wkh suhvhqfh ri dq rswlpdo vwuxfwxuh ri dvvhw uhwxuqv/ wkh lqglylgxdo
frqvwudlqwv wkdw fkdudfwhul}h kxpdq fdslwdo lqyhvwphqwv pxvw eh elqglqj iru
vrph djhqw1 Ghshqglqj rq wkh glvwulexwlrq ri lqfrph/ hlwkhu srru djhqwv frxog
qrw lqyhvw ohvv wkdq ghvluhg/ ru ulfk djhqwv frxog qrw lqyhvw ohvv1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh suhvhqw
wkh vwuxfwxuh ri rxu dujxphqw lq d vwdwlf iudphzrun1 Lq vhfwlrq 6/ zh ghyhors dq
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ryhuodsslqj jhqhudwlrqv prgho dqg vwxg| wkh lpsdfw ri wkh �qdqfldo vwuxfwxuh
rq frqvxpswlrq doorfdwlrqv dqg lqyhvwphqwv lq kxpdq fdslwdo1 Lq vhfwlrq 7 zh
fkdudfwhul}h wkh dvvhw vwuxfwxuh wkdw ohdgv wr wkh Sduhwr rswlpxp1 Vhfwlrq 8
looxvwudwhv vrph srolf| lpsolfdwlrqv1 Wkh frqfoxglqj uhpdunv iroorz1

5 Vwuxfwxuh ri wkh sureohp

Zh suhvhqw khuh wkh edvlf dujxphqw wkdw zloo eh xvhg lq wkh dssolfdwlrq wr
jurzwk lq wkh qh{w vhfwlrqv1 Wkhuh duh rqh jrrg/ L lqglylgxdov +gl�huhqwldwhg
e| wkhlu xwlolwlhv ru hqgrzphqwv, dqg wzr shulrgv1 Lq wkh vhfrqg shulrg/ lqglylg0
xdo hqgrzphqwv duh vxemhfw wr xqfhuwdlqw|= wkh| pd| dvvxph gl�huhqw ydoxhv/
dffruglqj wr wkh vwdwh wkdw lv uhdol}hg1 Lqirupdwlrq lv shuihfw1 Lqglylgxdov fkrrvh
frqvxpswlrq sodqv pd{lpl}lqj d zhoo0ehkdyhg Yrq Qhxpdqq0Prujhqvwhuq xwlo0
lw| ixqfwlrq1 Djhqwv gr qrw glvfrxqw wkh ixwxuh16 Ghqrwlqj lqglylgxdov e| d
vxshuvfulsw/ l> l @ 4> ===> L / dqg wlph dqg vwdwhv ri qdwxuh +uhvshfwlyho|/ w> w @ 4> 5
dqg v> v @ 4> ===> V, e| vxevfulswv/ wkh sureohp ri lqglylgxdo l zulwhv dv iroorzv

pd{
fl4>f

l
5>4>===f

l
5>V

H+xl, @ xl+fl4, .
V[

v@4

�vx
l+fl5>v,> +4,

zkhuh �v lv wkh suredelolw| ri vwdwh v +
SV

v@4 �v @ 4,/ dqg Cxl+=,@Cfl A 3>
Cxl+=,@Cfl ? 3 iru doo l1

Lq wkh �uvw shulrg/ djhqw l> l @ 4> ===> L> lv eruq zlwk hqgrzphqw $l
4 dqg

uhfhlyhv e| qdwxuh d vhfrqg shulrg hqgrzphqw $l
5>v li vwdwh v uhdol}hv1 Hdfk

djhqw fdq wudqvihu �uvw shulrg hqgrzphqwv wr shulrg 5 yld d vwrudjh whfkqrorj|/
}l1 Wklv vwrudjh whfkqrorj| lv lqglylgxdo0vshfl�f dqg vxemhfw wr xqfhuwdlqw| dv
zhoo1 Wkh vhfrqg shulrg hqgrzphqw iru djhqw l lq vwdwh v lv jlyhq e| �lv+$

l
5>v> }

l,

li $l
5>v lv uhfhlyhg e| qdwxuh dqg }l lv vwruhg lq wkh �uvw olih shulrg1 Wkh vhw ri

frqvwudlqwv iru wkh sureohp ri lqglylgxdo l zulwhv dv iroorzv=

fl4 @ $l
4 � }l> +5,

fl5>v @ �lv+$
l
5>v> }

l, v @ 4> ===> V> +6,

3 � }l � $l
4= +7,

Wkh vwrudjh whfkqrorj| zrunv dv d qrq0pdunhwdeoh dvvhw lq wudqvihuulqj zhdowk
dfurvv wlph1 Lq vxfk d iudphzrun zh lqwurgxfh M wudgdeoh lqvlgh dvvhwv dqg wkh
lqglylgxdo frqvwudlqwv duh prgl�hg lq wkh iroorzlqj zd|=

6Wkh suhvhqfh ri d glvfrxqw udwh grhv qrw sod| dq| uroh lq rxu dujxphqw1 Lw lv wkhuhiruh
qrupdol}hg wr xqlw| iru wkh vdnh ri vdylqj qrwdwlrq1
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fl4 @ $l
4 � }l �

M[
m@4

tm|
l
m > +8,

fl5>v @ �lv+$
l
5>v> }

l, . um|lm v @ 4> ===> V> m @ 4> ===> M +9,

Wkh pdunhw0fohdulqj frqglwlrqv lpsrvh

L[
l@4

|lm @ 3 m @ 4> ===> M= +:,

Zkhq pdunhwv iru d ixoo vhw ri Duurz vhfxulwlhv duh rshq M @ V dqg wkh dvvhw
pdunhwv duh frpsohwh +:, pxvw eh vdwlv�hg iru doo djhqwv l @ 4> ===> L

Cxl

Cfl4

3C M[
m@4

tm
C�lv
C}l

� 4

4D @ 3> +;,

�
Cxl

Cfl4
tm . �v

Cxl

Cfl5>v
@ 3 v @ 4> ===> V= +<,

Wkh lqglylgxdo pd{lpl}dwlrq sureohp uhtxluhv
SM

m@4 tm
C�lv
C}l

@ 4> v 5 V zkhq0

hyhu djhqw l lv zloolqj wr xvh erwk wkh vwrudjh }l dqg vrph ri wkh Duurz vhfxul0
wlhv wr vprrwk frqvxpswlrq1 Wklv phdqv wkdw dw wkh rswlpxp/ hdfk lqglylgxdo
pxvw �qg wkh vwrudjh whfkqrorj| }l dqg vrph frpelqdwlrq ri wkh dvvhwv |lm wr
eh shuihfw vxevwlwxwh lq wudqvihuulqj uhvrxufhv iru frqvxpswlrq wr shulrg 41 Wkh
+dxjphqwhg, sd|r� pdwul{ idfhg e| djhqw l zkhq fkrrvlqj }l dsshduv dv iroorzv

Ul @

5999997
�4 �t4 �t5 1 �tM
C�l4
C}l

4 3 1 3
C�l5
C}l

3 4 1 3
1 1 1 1 1

C�lV
C}l

3 3 1 4

6:::::8 +43,

E| +;,/ dw wkh rswlpxp wkh fkrlfh ri }l pxvw vdwlvi|
SM

m@4 tm
C�lv
C}l

@ 41 Pxowl0

so|lqj wkh froxpq fruuhvsrqglqj wr dvvhw |m e| C�lv
C}l

> dqg vxpplqj xs doo wkh
froxpqv uhsuhvhqwlqj wkh sd|r� vwuxfwxuh ri �qdqfldo dvvhwv/ rqh rewdlq wkh fro0
xpq iru }= Wkh sd|r� vwuxfwxuh ri wkh vwrudjh whfkqrorj| lv qhfhvvdulo| froolqhdu
wr wkdw ri d frpelqdwlrq ri �qdqfldo dvvhwv1 Dw wkh lqglylgxdo ohyho/ wkh fkrlfh
ri }l lv wkhuhiruh lqghwhuplqdwh1 Vlqfh pdunhwv duh frpsohwh/ lqglylgxdo frq0
vxpswlrq doorfdwlrqv duh lqvwhdg ghwhuplqdwh dqg Sduhwr rswlpdo1
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Frqvlghu qrz wkh fdvh zkhuh M ? V �qdqfldo dvvhwv lq }hur qhw vxsso|
duh suhvhqw/ l1h1 wkh fdvh ri lqfrpsohwh dvvhwv pdunhw1 Lw lv zhoo0nqrzq +h1j1/
Jhdqdnrsorv ^6`, wkdw lq wklv vhwxs lqglylgxdo doorfdwlrqv duh jhqhudoo| qr pruh
lqghshqghqw ri dvvhw sd|r�v1 Ghqrwlqj e| um>v wkh sd|r� ri dvvhw m lq vwdwh v/
lqglylgxdo exgjhw frqvwudlqwv uhzulwh dv iroorzv

fl4 @ $l
4 � }l �

M[
m@4

tv|
l
m +44,

fl5>v @ �lv+$
l
5>v> }

l, .
M[

m@4

um>v|
l
m v @ 4> ===> V +45,

Li dq| djhqw l kdsshqv wr eh frqvwudlqhg lq lwv fkrlfh ri }l e| wkh uhtxluhphqw
wkdw 3 � }l � $l

4/ frqvxpswlrq doorfdwlrqv zrxog qrw eh Sduhwr h!flhqw ehfdxvh
ri pdunhw lqfrpsohwhqhvv1 Rqo| doorzlqj iru d ixoo vhw ri Duurz vhfxulwlhv doo
djhqwv frxog eh lq wkh srvlwlrq wr h!flhqwo| vprrwk wkhlu frqvxpswlrq1 Lq
wklv fdvh/ wkh lqfrpsohwhqhvv ri wkh �qdqfldo vwuxfwxuh kdv uhdo h�hfwv1 Zh
vd| wkhq wkdw pdunhwv duh h�hfwlyho| lqfrpsohwh1 Krzhyhu/ li doo lqglylgxdov
pd{lpl}h wkhlu xwlolw| e| fkrrvlqj d srvlwlyh ohyho ri } frpsdwleoh zlwk wkhlu
�uvw shulrg hqgrzphqw/ wkhq wkh vwrudjh whfkqrorj| shuihfwo| vxevwlwxwhv wkh
plvvlqj wudgdeoh dvvhw lq wudqvihuulqj zhdowk ryhu wlph1 Zh vd| lq wklv fdvh
wkdw pdunhwv duh h�hfwlyho| frpsohwh/ ehfdxvh frqvxpswlrq doorfdwlrqv zrxog
eh xqfkdqjhg frpsduhg zlwk wkh fdvh zkhuh d ixoo vhw ri Duurz vhfxulwlhv lv
dydlodeoh1 Lq vslwh ri wklv/ wkh lqglylgxdo fkrlfh ri }l qhhg qrw eh lqghwhuplqdwh1
Ixuwkhupruh/ hyhq li dvvhw uhwxuqv duh luuhohydqw iru frqvxpswlrq doorfdwlrqv/
wkh| pd| pdwwhu dw wkh lqglylgxdo ohyho iru wkh xvh ri wkh vwrudjh }l dqg wkh
�qdqfldo dvvhwv |lm dv dowhuqdwlyh wrrov iru frqvxpswlrq vprrwklqj1

Wkh deryh frqvlghudwlrqv pd| kdyh frqvhtxhqfhv lq frpprq hfrqrplf sure0
ohpv fkdudfwhul}hg e| xqfhuwdlqw|1 Lq wkh iroorzlqj vhfwlrqv/ zh jlyh dq lqwxlwlrq
ri wklv wkurxjk dq dssolfdwlrq wr d vwdqgdug jurzwk iudphzrun1 Lq dq ryhuods0
slqj jhqhudwlrq hfrqrp|/ lqyhvwphqwv lq wkh vwrudjh whfkqrorj| duh lqwhusuhwhg
dv +ulvn|, kxpdq fdslwdo lqyhvwphqwv1 Doorzlqj iru dq hqgrjhqrxv jurzwk sur0
fhvv jhqhudwhg e| nqrzohgjh vslooryhuv iurp kxpdq fdslwdo/ jurzwk lqfuhdvhv
dv djjuhjdwh kxpdq fdslwdo lqyhvwphqwv lqfuhdvh1 Krzhyhu/ wkh sdfh ri kxpdq
fdslwdo dffxpxodwlrq lv ghwhuplqdwh rqo| li lqglylgxdo lqyhvwphqwv lq kxpdq
fdslwdo duh ghwhuplqdwh1 Dv d uhvxow/ vwduwlqj iurp d frpsohwh dvvhw pdunhwv
fdvh/ rqo| holplqdwlqj rqh dvvhw fdq uhvwruh hfrqrplf srolf|1

6 Ilqdqfldo vwuxfwxuh

614 Wkh prgho

D frqwlqxxp ri djhqwv ri phdvxuh 4 olyh iru wzr shulrgv/ 4 dqg 5/ dqg dw hdfk
wlph w/ w @ 3> 4> ===> d qhz jhqhudwlrq lv eruq1 Srsxodwlrq lv frqvwdqw1 Lq wkh
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hfrqrp| wkhuh lv rqo| rqh +qrq0vwrudeoh, frqvxpswlrq jrrg surgxfhg e| d frq0
wlqxxp ri shuihfwo| frpshwlwlyh �upv xvlqj rqh surgxfwlrq idfwru/ K> kxpdq
fdslwdo1 Surgxfwlrq/ \ / lv olqhdu lq K1 Lqglylgxdov* kxpdq fdslwdo gl�huv lq
whupv ri lwv surgxfwlylw|1 Rxwsxw dw wlph w dovr ghshqgv xsrq d wlph0ghshqghqw/
frpprq surgxfwlylw| whup Iw1

Zkhq |rxqj/ djhqwv duh eruq zlwk rqh xqlw ri kxpdq fdslwdo dqg rqh xqlw
ri dydlodeoh wlph1 Djhqwv pd| eh hlwkhu ri w|sh 4 ru ri w|sh 5/ dffruglqj zlwk
wkh surgxfwlylw| ri wkhlu kxpdq fdslwdo/ �4 ru �517 Zlwkrxw orvv ri jhqhudolw|/
zh dvvxph wkdw �4 A �5 dqg zh fdoo/ frqvlvwhqwo|/ w|sh04 lqglylgxdov �ulfk�/
dqg lqglylgxdov ri w|sh 5 �srru�1 Lq hdfk jhqhudwlrq/ d vkduh q/ q 5 +3> 4, > ri
djhqwv lv eruq ri w|sh 4/ dqg d vkduh 4�q lv eruq ri w|sh 51 Vr/ djhqwv gl�hu lq
wkhlu �jhqhwlf delolwlhv�/ zklfk duh kdqghg grzq/ iurp jhqhudwlrq wr jhqhudwlrq/
dorqj wkh vdph g|qdvw| dv/ iru lqvwdqfh/ lq Judqgvwhlq hw do11^9`1

Zkhq rog/ lqglylgxdov* kxpdq fdslwdo hqgrzphqwv ghshqg xsrq krz pxfk
wkh| lqyhvwhg lq hgxfdwlrq zkhq |rxqj> l1h1/ rq wkh iudfwlrq ri wlph wkh| ghyrwhg
wr ohduqlqj1 Kxpdq fdslwdo lqyhvwphqwv/ krzhyhu/ |lhog xqfhuwdlq rxwfrphv1
Xqfhuwdlqw| lq rxu prgho ruljlqdwhv iurp wkh srvvlelolw| wkdw kxpdq fdslwdo
lqyhvwphqwv pd| idlo rq djjuhjdwh1 Hdfk jhqhudwlrq/ dw shulrg w> idfhv vrph
suredelolw| ri uhfhlylqj d w|sh ri hgxfdwlrq zklfk hqgv xs ehlqj xqsurgxfwlyh1
Wkh uhdvrqv iru wklv hyhqwxdolw| duh pdq|1 Djjuhjdwh ulvn/ iru lqvwdqfh/ pd|
dulvh zkhq lqglylgxdo kxpdq fdslwdo lqyhvwphqwv duh frpsohphqwdu| dprqj
wkhpvhoyhv ru zlwk ulvn| lqqrydwlrqv18 Zklfk lv wkh fdxvh iru djjuhjdwh ulvn
grhv pdwwhu iru rxu uhvxowv1 Zh wkxv nhhs wklqjv vlpsoh e| dvvxplqj wkdw
djjuhjdwh ulvn lv ghulyhg iurp wkh suhvhqfh ri sxuh djjuhjdwh vkrfnv19 Li d vkrfn
rffxuv dw wlph w/ hgxfdwlrq lv �xqvxffhvvixo� dqg grhv qrw d�hfw wkh dprxqw ri
kxpdq fdslwdo dydlodeoh wr lqglylgxdov zkhq rog/ dw wlph w . 41 Vr/ wzr vwdwhv
pd| eh uhdol}hg lq hdfk shulrg/ hlwkhu vwdwh 4 ru vwdwh 5/ dffruglqj dv kxpdq
fdslwdo lqyhvwphqwv duh vxffhvvixo ru qrw1 Wkh suredelolw| dw zklfk vwdwh 4 +uhvs1
5, rffxuv lv nqrzq/ frqvwdqw dfurvv wlph/ dqg htxdo wr � +uhvs1/ 4� �,1 Zkhq
wkh lqyhvwphqw lq kxpdq fdslwdo idlov +vwdwh 5,/ surgxfwlylw| gl�huhqfhv dfurvv
djhqwv duh dovr olnho| wr eh vprrwkhg1 Zh frqvlvwhqwo| dvvxph wkdw/ lq fdvh ri
vxffhvv +vwdwh 4,/ kxpdq fdslwdo hqgrzphqwv ri rog djhqwv ri w|sh l dw wlph w
htxdo wkh iudfwlrq ri wlph lqyhvwhg lq hgxfdwlrq zkhq |rxqj/ vlw�4> dqg wkhlu

surgxfwlylw| lv jlyhq e| �l1 Lq fdvh ri idloxuh +vwdwh 5,/ lqvwhdg/ kxpdq fdslwdo
hqgrzphqwv duh lqghshqghqw ri wkh lqyhvwphqw xqghuwdnhq zkhq |rxqj/ htxdo
dfurvv djhqwv/ dqg htxdoo| surgxfwlyh1 Zh ghqrwh e| � wkh dprxqw ri rxwsxw
wkdw fdq eh surgxfhg rxw ri wklv hqgrzphqw1: Djjuhjdwh rxwsxw dw wlph w lq

7Dv zloo eh fohdu/ wklv lv wkh surgxfwlylw| ri kxpdq fdslwdo lq wkh �uvw olih shulrg dqg lq
wkh vhfrqg shulrg rqo| li hgxfdwlrq lqyhvwphqwv duh vxffhvvixo1

8Vhh dovr Dfhprjox dqg ]lolerwwl +4<<<, iru d iudphzrun ri dqdo|vlv zkhuh djjuhjdwh ulvn
ghulyhv iurp ulvn| lqyhvwphqw surmhfwv uhtxlulqj d plplpxp vl}h1

9Wkhuh lv hylghqfh wkdw djjuhjdwh xqfhuwdlqw| pd| pdwwhu iru kxpdq fdslwdo dffxpxodwlrq1
Mdfre| dqg Vnrx�dv +4<<:,/ iru lqvwdqfh/ vkrz wkdw xqdqwlflsdwhg djjuhjdwh vkrfnv +udlqidoov,
vljql�fdqwo| d�hfw fkloguhq* v vfkrro dwwhqgdqfh lq uxudo Lqgld1

:Wkh iroorzlqj uhvxowv gr qrw ghshqg rq wkh ydoxh ri B wkdw fdq eh fkrvhq wr eh duelwudulo|
vpdoo1 Wklv mxvwl�hv wkh lqwhusuhwdwlrq wkdw zkhq vwdwh 5 rffxuv/ kxpdq fdslwdo lqyhvwphqw
idlov1
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h{shfwhg whupv/ \ h
w / lv wkhuhiruh jlyhq e|

\ h
w @ Iw

�
q�4+4� v4w , . +4� q,�5+4� v5w ,. +46,

.�+q�4v4w�4 . +4� q,�5v5w�4, . +4� �,�
�
=

Dvvxph/ iru wkh prphqw/ wkdw wkh frpprq surgxfwlylw| whup Iw lv lqfuhdvhg
ehwzhhq wlph w dqg wlph w.4 e| d frpprqo| nqrzq/ h{rjhqrxv idfwru nw A 4/
vr wkdw;

Iw.4 @ nwIw= +47,

Dw wkh ehjlqqlqj ri wkhlu |rxwk/ djhqwv fkrrvh wkhlu frqvxpswlrq sodqv/
idflqj dq xqfhuwdlq hqylurqphqw lq shulrg 51 Lq wkh iroorzlqj dqdo|vlv/ zh xvh
wkh vxevfulswv m> w> v> wr glvwlqjxlvk/ uhvshfwlyho|/ wkh olih shulrg +djh, ri hdfk
djhqw m @ 4>5> wkh wlph shulrg w/ dqg wkh vwdwh v @ 4> 5= Zh dvvxph ixuwkhu
wkdw suhihuhqfhv duh htxdo dfurvv djhqwv dqg orjdulwkplf lq frqvxpswlrq1< Wkh
sureohp iru dq lqglylgxdo ri w|sh l> l @ 4>5 eruq dw wlph w lv wkh iroorzlqj

pd{
fl4w>f

l
5w.4>4>f

l
5w.4>5

oq+fl4w, . � oq+fl5w.4>4, . +4� �, oq+fl5w.4>5, l @ 4> 5 +48,

vxemhfw wr

fl4w @ Iw�
l+4� vlw, +49,

fl5w.4>4 @ nwIw�
lvlw +4:,

fl5w.4>5 @ nwIw� +4;,

3 � vlw � 4 +4<,

Wkh lqglylgxdo sureohp froodsvhv wr wkdw ri fkrrvlqj krz pxfk wr lqyhvw lq kx0
pdq fdslwdo/ +fkrrvlqj vlw,/ xqghu frqvwudlqw +4<,/ qdpho|/ wkh uhtxluhphqw wkdw
wklv lqyhvwphqw fdqqrw eh qhjdwlyh dqg fdqqrw h{fhhg wkh dprxqw ri dydlodeoh
wlph +�{hg wr xqlw| iru doo djhqwv,1 Lq rwkhu whupv/ frqvwudlqw +4<, vxppdul}hv

; Lq d odwhu vhfwlrq wkh jurzwk idfwru &| zloo ehfrph hqgrjhqrxv/ ghwhuplqhg e| kxpdq
fdslwdo lqyhvwphqwv1

<Doo wkh iroorzlqj uhvxowv krog xqghu d jhqhudo FUUD uhsuhvhqwdwlrq iru xwlolw| ixqfwlrqv1
Wkh orjdulwkplf vshfl�fdwlrq lv dgrswhg iru dqdo|wlfdo frqyhqlhqfh1

:



wkh ihdwxuhv wkdw glvwlqjxlvk kxpdq fdslwdo lqyhvwphqwv zlwk uhvshfw wr �qdq0
fldo lqyhvwphqwv= kxpdq fdslwdo lv qrq0pdunhwdeoh dqg lwv dffxpxodwlrq pxvw
vdwlvi| lqglylgxdo0vshfl�f ihdvlelolw| uhtxluhphqwv1

Wkh vroxwlrq ri sureohp +48,0+4<, |lhogv dq htxdo iudfwlrq ri wlph ghyrwhg lq
dffxpxodwlqj kxpdq fdslwdo iru hdfk djhqw lq hdfk shulrg= vlw @

�
4.�

> l @ 4>5/
iru doo w1 Djjuhjdwh kxpdq fdslwdo lq h{shfwhg whupv lv wkxv frqvwdqw ryhu
wlph/ dqg djjuhjdwh h{shfwhg rxwsxw/ dv h{suhvvhg lq +46,/ jurzv dw wkh udwh
nw � 4 ehfdxvh ri frpprq surgxfwlylw| jurzwk= Lqyhvwlqj lq kxpdq fdslwdo lv
lq wklv fdvh wkh rqo| zd| wr doorfdwh frqvxpswlrq dfurvv wlph1 Gxh wr lqfrph
khwhurjhqhlw|/ wkh lqwurgxfwlrq ri dvvhw pdunhwv zrxog shuplw djhqwv wr ehwwhu
vprrwk wkhlu frqvxpswlrq1 Dv lw zloo ehfrph fohdu lq wkh qh{w vhfwlrqv/ ulfk
djhqwv/ zkhq |rxqj/ zrxog jdlq iurp ohqglqj wr srru djhqwv1

615 Dvvhw pdunhwv

61514 Wzr dvvhwv fdvh

Frqvlghu wkh lqwurgxfwlrq ri d ixoo vhw ri Duurz vhfxulwlhv= |4 dqg |51 Lqglylgxdo
exgjhw frqvwudlqwv uhzulwh lq dqdorj| zlwk +8,0+9, dqg pdunhw0fohdulqj lpsrvhv

q|44w . +4� q,|54w @ 3 +53,

q|45w . +4� q,|55w @ 3= +54,

Wkh �uvw rughu frqglwlrqv iru xwlolw| pd{lpl}dwlrq zlwk uhvshfw wr vlw dqg |l4w duh
pxwxdoo| frpsdwleoh li dqg rqo| li wkh iroorzlqj uhodwlrqv duh vdwlv�hg wrjhwkhu

t4w @
4

nw
+55,

Iw�
l
�
4� vlw

�
� t4w|

l
4w � t5w|

l
5w @

nwIw�
lvlw . |l4w
nw�

= +56,

Qr htxloleulxp zlwk t4w 9@
4
nw

lv srvvleoh= erwk w|sh ri djhqwv zrxog eh zloolqj wr
h{sorlw duelwudjh rssruwxqlwlhv ehwzhhq dvvhw 4 dqg kxpdq fdslwdo1 Vxpplqj0
xs dfurvv djhqwv wkh �uvw0rughu frqglwlrqv zlwk uhvshfw wr |l5w dqg xvlqj pdunhw
fohdulqj ++53, dqg +54,,/ wkh sulfh iru dvvhw 5 lv rewdlqhg dv

t5w @
+4� �,

4 . �

�

nw�
> +57,

zkhuh � � q�4 . +4 � q,�5 lv dyhudjh lqglylgxdo0vshfl�f surgxfwlylw|1 Diwhu
vxevwlwxwlrq ri +57, lqwr �uvw0rughu frqglwlrqv/ wkh iroorzlqj htxloleulxp uhodwlrq
ehwzhhq vlw dqg |l4w lv ghulyhg

vlw @
�

5
.

�+4� �,�

5�l
�

|l4w
nwIw�

l
= +58,

;



Kxpdq fdslwdo dqg dvvhw |4 duh shuihfw vxevwlwxwhv iurp wkh lqglylgxdo ylhz0
srlqw1 Ehfdxvh t4w @

4
nw

kxpdq fdslwdo dqg dvvhw |4 duh htxdoo| h!flhqw wrrov lq
wudqvihuulqj zhdowk rqzdugv li vwdwh 4 uhdol}hv1 Djhqw l/ l @ 4> 5> lv wkxv lqgl�hu0
hqw ehwzhhq dq| frpelqdwlrq ehwzhhq vlw dqg |l4w zklfk lv frpsdwleoh zlwk +58,1
Lw iroorzv wkdw wkh lqglylgxdo glvwulexwlrq ehwzhhq kxpdq fdslwdo dqg �qdqfldo
lqyhvwphqwv lv lqghwhuplqdwh zkhq d ixoo vhw ri Duurz vhfxulwlhv lv suhvhqw1

Wkh pdunhw iru dvvhw |4 pxvw fohdu/ dqg wklv fuhdwhv wkh iroorzlqj uhodwlrq
frqfhuqlqj kxpdq fdslwdo lqyhvwphqwv dfurvv djhqwv

q�4v4w . +4� q, �5v5w @ �
�

4 . �
> +59,

zklfk pxvw krog wrjhwkhu zlwk wkh uhtxluhphqw wkdw 3 � vlw � 4/ l @ 4>5143 Frq0
glwlrq +59, �{hv wkh ydoxh iru djjuhjdwh rxwsxw lq h{shfwhg whupv +46,1 Wkh vdph
frqglwlrq dovr hqvxuhv wkdw djjuhjdwh rxwsxw fkdqjhv ryhu wlph rqo| ehfdxvh ri
fkdqjhv lq wkh frpprq surgxfwlylw| whup Iw/ dv lq wkh fdvh zkhuh �qdqfldo
dvvhwv duh qrw dydlodeoh1 Krzhyhu/ ehfdxvh ri wkh lqghwhuplqdf| lq lqglylgxdo
kxpdq fdslwdo lqyhvwphqwv/ dq| vhtxhqfh

�
v4w > v

5
w = 3 � vlw � 4> l @ 4>5> w � 3

�
zklfk lv frpsdwleoh zlwk +59, pd| uhdol}h1 Wklv phdqv wkdw/ zkloh djjuhjdwh
rxwsxw lv ghwhuplqdwh/ djjuhjdwh kxpdq fdslwdo lqyhvwphqwv duh qrw1 Frqglwlrq
+59, lq idfw grhv qrw �{ dq| sduwlfxodu ydoxh iru djjuhjdwh kxpdq fdslwdo lqyhvw0
phqwv/ qv4w . +4� q, v5/ ehfdxvh wkh ydoxh ri erwk v4w dqg v5w lv lqghwhuplqdwh
dw hdfk wlph shulrg w1 Khqfh/ lq wkh suhvhqfh ri d ixoo vhw ri Duurz vhfxulwlhv/
kxpdq fdslwdo lqyhvwphqwv duh lqghwhuplqdwh qrw rqo| dw wkh lqglylgxdo ohyho/
exw dovr lq wkh djjuhjdwh1

Lqglylgxdo frqvxpswlrq doorfdwlrqv duh lqvwhdg ghwhuplqdwh dqg jlyhq e|=

fl�4w @
Iw

5

�
�l .

+4� �,

4 . �
�

�
l @ 4> 5 +5:,

fl�5w.4>4 @
nwIw�

5

�
�l .

+4� �,

4 . �
�

�
l @ 4> 5 +5;,

fl�5w.4>5 @ nwIw�

%
+4 . �,�l . +4� �,�

5�

&
l @ 4> 5 +5<,

Vlqfh pdunhwv duh frpsohwh/ doorfdwlrqv +5:,0+5<, duh qhfhvvdulo| lqghshqghqw ri
dvvhw sd|r�v1

61515 Rqh dvvhw fdvh

Frqvlghu qrz wkh fdvh zkhuh rqo| rqh pdunhwdeoh dvvhw lv dydlodeoh1 Wklv dvvhw/
|/ sd|v r� u4 lq vwdwh 4 dqg u5 9@ 3 li vwdwh 5 lv uhdol}hg1 Djdlq/ lqglylgxdo exgjhw

43 Lw lv fkhfnhg wkdw zkhq +59, lv vdwlv�hg dw prvw rqh w|sh ri djhqw fdq eh frqvwudlqhg e|
wkh uhtxluhphqw wkdw f $ r�

|
$ ��

<



frqvwudlqwv duh prgl�hg lq dqdorj| zlwk +44,0+45,1 Wkh idfw wkdw rqh pdunhwdeoh
dvvhw lv plvvlqj iurp d ixoo vhw ri Duurz vhfxulwlhv pdwwhuv iru frqvxpswlrq
doorfdwlrqv rqo| li dq| djhqw lv frqvwudlqhg lq klv +khu, fkrlfh e| wkh uhtxluhphqw
wkdw 3 � vlw � 41 Lq wklv fdvh/ pdunhwv duh h�hfwlyho| lqfrpsohwh/ dqg wkh
pdunhw htxloleulxp odfnv doorfdwlyh h!flhqf|1 Krzhyhu/ li djhqwv kdsshq qrw wr
eh frqvwudlqhg lq wkhlu pd{lpl}dwlrq sureohp/ pdunhwv duh h�hfwlyho| frpsohwh
hyhq li rqh �qdqfldo dvvhw lv plvvlqj1 Kxpdq fdslwdo lv lq wklv fdvh dq h!flhqw
vxevwlwxwh iru wkh plvvlqj wudgdeoh dvvhw1 Htxloleulxp frqvxpswlrq doorfdwlrqv
duh Sduhwr h!flhqw/ lqghshqghqw ri dvvhw sd|r�v/ dqg h{suhvvhg dv lq +5:,0+5<,1
Zkdw zh zdqw wr uhpdun lv wkdw lq wklv fdvh/ dv rssrvhg zlwk wkh fdvh zkhuh
wzr dvvhwv duh suhvhqw/ lqglylgxdo kxpdq fdslwdo lqyhvwphqwv duh ghwhuplqdwh1

Wkh lqwhulru vroxwlrq iru wkh lqglylgxdo sureohp lv fkdudfwhul}hg dv iroorzv

t�w @
4

nw
u4 .

� +4� �,

��w +4 . �,
u5 +63,

v4�w @
�

5
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+65,

|4�w @
��wIw+4� q,

�
�4 � �5

�
+4 . �,

5�u5
+66,

|5�w @ �
��wIwq

�
�4 � �5

�
+4 . �,

5�u5
= +67,

Vrph uhpdunv frqfhuqlqj h{suhvvlrqv +63,0+67, duh lq rughu1 Iluvw/ wkh sulfh
ri wkh �qdqfldo dvvhw/ dqg htxloleulxp ydoxhv iru vlw dqg |lw ghshqg xsrq wkh
uhwxuqv rq wkh �qdqfldo dvvhw1 Zkloh wkh dvvhw sulfh dqg htxloleulxp ydoxhv iru
wudghv lq | ghshqg xsrq jurzwk udwhv nw � 4/ lqyhvwphqwv lq kxpdq fdslwdo duh
lqghshqghqw ri wkhp/ dqg frqvwdqw ryhu wlph1 Lq wklv fdvh/ zh fdq frqvlvwhqwo|
gurs wkh wlph lqgh{ dqg zulwh vl�w @ vl�/ l @ 4>51 Vhfrqg/ ulfk djhqwv dozd|v ex|
dvvhw |/ zkloh wkh srru duh vhoohuv1 Vlqfh lq fdvh ri idloxuh +vwdwh 5, kxpdq fdslwdo
surgxfwlylw| dqg wkhq lqfrph lv pdgh htxdo iru erwk/ wkh ulfk duh uhodwlyho| pruh
dyhuvh wr vwdwh 5 frpsduhg zlwk wkh srru1 Wkh| duh wkhuhiruh wkrvh wkdw duh
zloolqj wr ex| dvvhw |/ lq wkdw wklv lv wkh xqltxh phdqv iru wudqvihuulqj zhdowk
wr wkh vhfrqg shulrg ri olih lq fdvh vwdwh 5 uhdol}hv1 Ilqdoo|/ lw lv wr qrwh wkdw
dq lqwhulru vroxwlrq iru wkh lqglylgxdo sureohp ri erwk w|sh ri djhqwv +qdpho|/
3 ? vl� ? 4/ l @ 4>5, h{lvwv dv orqj dv u4@u5 dqg �4@�5 duh qrw wrr kljk1
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Srvlwlyh ydoxhv iru u4@u5 h{lvw vxfk wkdw wkh vroxwlrq lv lq wkh lqwhulru zkhqhyhu

wkh �lqfrph jds� �4

�5
lv orzhu wkdq d jlyhq wkuhvkrog/ l1h1/ zkhqhyhu

�4

�5
? 4.

5

�q +4� �,
> +68,

dq dvvxpswlrq wkdw zh wdnh dv vdwlv�hg khqfhiruwk1

616 Hqgrjhqrxv jurzwk

Dvvxph qrz wkdw wkh frpprq surgxfwlylw| whup Iw lv qrw dq|pruh ghwhuplqhg
e| dq h{rjhqrxv surfhvv1 Lpdjlqh wkdw/ dv lv riwhq dvvxphg lq wkh jurzwk olwhud0
wxuh/ surgxfwlylw| dw wlph w ghshqgv xsrq wkh vwrfn ri dffxpxodwhg nqrzohgjh1
Dffruglqjo|/ surgxfwlylw| lqfuhdvhv ryhu wlph lq sursruwlrq zlwk djjuhjdwh lq0
yhvwphqwv lq kxpdq fdslwdo xqghuwdnhq e| wkh rog jhqhudwlrq1 Wkh jurzwk udwh
ri wkh hfrqrp| dw shulrg w/ jw/ lv wkxv jlyhq e|

jw @
Iw.4 � Iw

Iw

@ vw> +69,

zkhuh

vw @ qv4w . +4� q, v5w +6:,

Kxpdq fdslwdo lqyhvwphqwv ri |rxqj djhqwv ri jhqhudwlrq w/ rq djjuhjdwh/ sur0
gxfh dq h{whuqdolw| rq wkh surgxfwlylw| uhdol}hg dw wlph w.4 +nqrzohgjh vslooryhu,144

Hdfk |rxqj djhqw/ wkrxjk/ ehlqj dwrplvwlf/ grhv qrw wdnh lqwr dffrxqw wkh lq0
 xhqfh ri klv kxpdq fdslwdo rq wkh surgxfwlylw| wkdw zloo eh uhdol}hg gxulqj
klv vhfrqg shulrg ri olih1 Wkh lqglylgxdo sureohp zulwhv wkhuhiruh dv lq wkh
suhylrxv fdvhv/ exw wkh whup nwIw lv qrz wr eh uhsodfhg e| I h

w.4/ zkhuh wkh
vxshuvfulsw h ghqrwhv h{shfwdwlrqv1 Surgxfwlylw| uhdol}hg dw wlph w.4 ghshqgv
rq djjuhjdwh kxpdq fdslwdo lqyhvwphqwv xqghuwdnhq dw shulrg w1 Dw d shuihfw
iruhvljkw htxloleulxp/ sodqv dqg frqmhfwxuhv duh pxwxdoo| frpsdwleoh/ vr wkdw
I h
w.4 @ Iw.4 @ Iw+4 . vw,1
Zkhq nqrzohgjh vslooryhuv rshudwh/ wkh jurzwk udwh ri wkh hfrqrp| lv gulyhq

e| lqyhvwphqwv lq kxpdq fdslwdo1 Wkh �qdqfldo vwuxfwxuh ri wkh hfrqrp|/ zkhq
vkdslqj lqglylgxdo fkrlfhv ehwzhhq dowhuqdwlyh irupv ri lqyhvwphqw/ dovr sur0
gxfhv dgglwlrqdo uhdo h�hfwv wkurxjk wkh jurzwk udwh1 Frqvlghu wkh fdvh zkhuh
d ixoo vhw ri Duurz vhfxulwlhv lv dydlodeoh1 Xqghu wklv vfhqdulr/ vlqfh kxpdq fds0
lwdo dqg �qdqfldo dvvhwv duh shuihfw vxevwlwxwhv/ lqglylgxdo/ dqg wkhq djjuhjdwh
lqyhvwphqwv lq kxpdq fdslwdo duh lqghwhuplqdwh1 Lq vxfk d fdvh/ wkh jurzwk udwh
ehwzhhq hdfk wlph shulrg zloo dovr eh lqghwhuplqdwh1 Frqyhuvho|/ li rqo| rqh dv0
vhw lv suhvhqw/ kxpdq fdslwdo lqyhvwphqwv qhhg qrw eh lqghwhuplqdwh1 Frqvlghu

44 Lw lv frpprqo| dujxhg lq prghuq jurzwk wkhru| wkdw kxpdq fdslwdo dffxpxodwlrq pd|
surgxfh h{whuqdolwlhv wkdw pdwwhu iru jurzwk +vhh/ iru lqvwdqfh/ Oxfdv +4<;;,,1

44



wkh fdvh zkhuh djhqwv duh qrw frqvwudlqhg e| wkh uhtxluhphqw wkdw 3 � vl� � 4=
Lq vxfk d fdvh/ wkh h{suhvvlrq iru wrwdo kxpdq fdslwdo lqyhvwphqwv lv rewdlqhg
dv45

v� @
�

5
.

�+4� �,�h�
5�4�5 +4 . �,

.
q +4� q, � +4 . �,

�
�4 � �5

�5
5�4�5�

u4
u5
> +6;,

zkhuh h� � q�5 . +4� q,�51 Djjuhjdwh kxpdq fdslwdo lqyhvwphqwv duh d�hfwhg
e| dvvhw uhwxuqv1 Qrwlfh wkdw zkdw pdwwhuv iru kxpdq fdslwdo dffxpxodwlrq lv
rqo| wkh sd|r� udwlr/ u4@u5/ zklfk jlyhv d phdvxuh ri wkh uhodwlyh h!flhqf| ri
wkh dvvhw lq wudqvihuulqj zhdowk lq wkh wzr vwdwhv1 Frqvlvwhqwo|/ khqfhiruwk zh
qrupdol}h u5 @ 4> dqg vhw u � u41 E| lqvshfwlrq ri h{suhvvlrqv +64, dqg +65,/
rqh fkhfnv wkdw/ dv u lqfuhdvhv/ ulfk +srru, lqglylgxdov xvh ohvv +pruh, kxpdq
fdslwdo lq wudqvihuulqj zhdowk wr wkh vhfrqg shulrg1 Kxpdq fdslwdo lqyhvwphqwv
uhdfw lq rssrvlwh zd| wr u dffruglqj dv djhqwv kdsshq wr eh vkruw ru orqj ri
dvvhw |1 Wkh kljkhu lv u> wkh kljkhu lv wkh dprxqw ri rxwsxw wkdw srru djhqwv
kdyh wr sd| edfn wr wkh ulfk lq shulrg 5/ zkhq vwdwh 4 uhdol}hv1 Wklv eulqjv
derxw d orzhu vxsso| ri | rq wkh sduw ri wkh srru/ d kljkhu dvvhw sulfh t/ dqg
d pruh lqwhqvh xvh ri kxpdq fdslwdo dv d wrro wr uhglvwulexwh zhdowk iurp wkh
�uvw wr wkh vhfrqg olih shulrg1 Dv iru wkh ulfk/ wkhlu ehkdylru lv v|pphwulf=
zkhq u lqfuhdvhv/ wkhlu ghpdqg iru | lv udlvhg/ dqg wkhlu xvh ri kxpdq fdslwdo
lv uhgxfhg/ ehfdxvh lw kdv ehfrph d ohvv h!flhqw dvvhw lq frpsdulvrq zlwk |1
Vr/ dv u ehfrphv kljkhu/ wkh xvh ri kxpdq fdslwdo lqfuhdvhv dw dq djjuhjdwh
ohyho ehfdxvh djhqwv ehfrph pruh vshfldol}hg lq wkhlu xvh ri dowhuqdwlyh dvvhwv1
Wkh kljkhu u> wkh kljkhu wkh uhodwlyh xvh ri kxpdq fdslwdo rq wkh sduw ri wkh
srru1 Vlqfh srru djhqwv dozd|v lqyhvw d kljkhu iudfwlrq ri dydlodeoh wlph lq
dffxpxodwlqj kxpdq fdslwdo frpsduhg zlwk wkh ulfk/ djjuhjdwh kxpdq fdslwdo
lqyhvwphqwv lqfuhdvh1

Iurp lqvshfwlrq ri h{suhvvlrqv +5:,0+5<, iru lqglylgxdo frqvxpswlrqv/ diwhu
vxevwlwxwlqj nw zlwk 4.v�> lw lv lpphgldwh wkdw dvvhw sd|r�v d�hfw frqvxpswlrq
doorfdwlrqv wkurxjk wkh jurzwk udwh1 Rqfh d surfhvv ri hqgrjhqrxv jurzwk lv
lqwurgxfhg wkurxjk nqrzohgjh vslooryhuv/ frqvxpswlrq doorfdwlrqv duh qr pruh
lqghshqghqw ri dvvhw uhwxuqv hyhq zkhq djhqwv duh qrw frqvwudlqhg e| wkh uh0
txluhphqw wkdw 3 � vlw � 4/ l @ 4> 5= Wkh lqwurgxfwlrq ri dq h{whuqdolw| jhqhudwhg
e| kxpdq fdslwdo srvhv d jhqhudo lvvxh ri rswlpdolw| ri wkh dvvhw vwuxfwxuh1

7 H!flhqf|

Dvvxph wkdw wkh dvvhw vwuxfwxuh lv xqghu wkh frqwuro ri hfrqrplf srolf|1 Frq0
vlghu d sodqqhu wkdw wdnhv lqwr dffrxqw wkh suhvhqfh ri wkh h{whuqdolw| dqg wkdw
dfwv rqo| e| fkrrvlqj wkh qxpehu ri �qdqfldo dvvhw pdunhwv wr eh rshqhg dqg
wkh dvvhw uhwxuqv146 Krz d Sduhwr h!flhqw dvvhw vwuxfwxuh zrxog eh fkdudwhul}hg

45Wkh hfrqrp| lv frqvwdqwo| rq d ghwhuplqdwh edodqfhg jurzwk sdwk +qr wudqvlwlrq g|qdp0
lfv,/ vr wkdw wkh wlph lqgh{ fdq eh rplwwhg1

46Vr/ zh devwudfw iurp oxps0vxp uhglvwulexwlrq1
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iru wklv hfrqrp|B Zh vkrzhg lq wkh suhylrxv vhfwlrq wkdw wkh dvvhw vwuxfwxuh
pd| d�hfw erwk wkh doorfdwlrq ri lqglylgxdo frqvxpswlrq dfurvv wkhlu olih shulrgv
+doorfdwlyh h!flhqf|, dqg wkh jurzwk udwh ri wkh hfrqrp| +jurzwk h!flhqf|,1
Lq wklv vhfwlrq/ zh fkdudfwhul}h wkh dvvhw vwuxfwxuh wkdw pd{lpl}hv jurzwk zlwk0
rxw frpsurplvlqj doorfdwlyh h!flhqf|1 Zh dovr vkrz wkdw wkhuh h{lvw fdvhv lq
zklfk jurzwk h!flhqf| pd| frqwudvw zlwk doorfdwlyh h!flhqf|1 Zkhqhyhu wklv
wudgh r� lv suhvhqw/ lw lv rswlpdoo| vroyhg e| wkh rswlpdo dvvhw vwuxfwxuh1

Wdnh wkh fdvh zkhuh d ixoo vhw ri Duurz vhfxulwlhv lv dydlodeoh1 E| wkh du0
jxphqw suhvhqwhg lq vhfwlrq 615141 zkhq doo �qdqfldo dvvhwv duh suhvhqw/ wkh
jurzwk udwh lv qhfhvvdulo| lqghwhuplqdwh1 Wkh suhvhqfh ri d ixoo vhw ri Duurz
vhfxulwlhv wkhuhiruh jxdudqwhhv doorfdwlyh h!flhqf| dw wkh h{shqvh ri wkh frqwuro
ryhu jurzwk h!flhqf|1

Frqvlghu rqh �qdqfldo dvvhw rqo|1 Uhfdoo wkdw/ dv orqj dv doo lqglylgxdov duh
qrw frqvwudlqhg e| wkh ihdvlelolw| uhtxluhphqw 3 ? vl� ? 4/ l @ 4>5/ doorfdwlyh
h!flhqf| lv suhvhuyhg= pdunhwv duh h�hfwlyho| frpsohwh1 Wkh jurzwk udwh gh0
shqg rq djjuhjdwh kxpdq fdslwdo lqyhvwphqwv zklfk lq wxuq duh d�hfwhg e| dvvhw
sd|r�v dv looxvwudwhg lq +6;,1 Dv d uhvxow/ dv orqj dv dvvhw uhwxuqv duh frpsdwleoh
zlwk lqglylgxdo kxpdq fdslwdo lqyhvwphqwv qrw ehlqj frqvwudlqhg e| +4<,/ kljkhu
ydoxhv iru u hqwdlo Sduhwr lpsuryhphqwv +wklv lv fkhfnhg iurp +6;,,1 Jurzwk hi0
�flhqf| lq wklv fdvh grhv qrw frqwudvw zlwk doorfdwlyh h!flhqf|1 Dv u lqfuhdvhv/
ulfk +srru, djhqwv uhgxfh +lqfuhdvh, wkhlu lqyhvwphqw lq kxpdq fdslwdo/ xqwlo
rqh w|sh ri djhqw ehfrph frqvwudlqhg dw hlwkhu v4w @ 3 ru v5w @ 41 Ghqrwh e|
u4 dqg u5 wkh kljkhvw sd|r� udwlr frpsdwleoh zlwk/ uhvshfwlyho|/ v4w dqg v4w qrw
ehlqj frqvwudlqhg e| +4<,/ l1h1= u4 � pd{

�
u = v4� � 3

�
/ u5 � pd{

�
u = v5� � 4

�
1

Ghqrwh e| uf wkh dvvhw uhwxuq udwlr suhydlolqj dw d fdqglgdwh Sduhwr rswlpxp1
Lw iroorzv iurp wkh dujxphqw vnhwfkhg deryh wkdw uf �plq

�
u4> u5

�
> wkh uhyhuvh

zrxog phdq wkdw wkh dvvhw vwuxfwxuh lv Sduhwr grplqdwhg e| hlwkhu u4 ru u5=
Li u4 � u5/ wkhq dw dq rswlpdo dvvhw vwuxfwxuh ulfk djhqwv zrxog pdnh lqyhvw0

phqwv lq kxpdq fdslwdo wkdw duh qxoo/ exw zrxog �qdqfh dexqgdqw xvh ri kxpdq
fdslwdo rq wkh sduw ri wkh srru1 Dw wkh rssrvlwh/ li u4 � u5/ srru djhqwv dw wkh
rswlpxp zrxog vshqg doo wkhlu |rxwk lq dffxpxodwlqj kxpdq fdslwdo/ dqg ulfk
djhqwv zrxog pdnh d �vpdoo�/ exw srvlwlyh lqyhvwphqw lq kxpdq fdslwdo147 Wkh
ydoxhv iru u4 dqg u5 duh rewdlqhg/ uhvshfwlyho|/ e| vhwwlqj v4� @ 3 dqg v5� @ 4
iurp +64, dqg +65,

u4 @
��
�
�4+4 . �, . �+4� �,

�
�+�4 � �5,+4� q,+4 . �,5

+6<,

u5 @
�
�
5�5 . � +4� �,

�
�5 � �

��
�+�4 � �5,q++4 . �,5

+73,

47 Lw lv d pdwwhu ri vlpsoh dojheud wr vkrz wkdw r� : f zkhq srru djhqwv duh frqvwudlqhg dw
r2 ' ��
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Rswlpdo dvvhw uhwxuqv ghshqg rq wkh ixqgdphqwdov ri wkh hfrqrp|1 Lw lv lpph0
gldwh wkdw

u4 W u5 /
�4

�5
W +4� q,

q�
= +74,

Li wkh hfrqrp| lv fkdudfwhul}hg e| d vx!flhqwo| vpdoo lqfrph0jds �4@�5> dw wkh
rswlpxp ulfk djhqwv zrxog qrw lqyhvw lq kxpdq fdslwdo/ zkloh/ li wkh lqfrph0jds
lv odujh hqrxjk/ srru djhqwv zrxog pdnh wkh pd{lpxp lqyhvwphqw lq kxpdq
fdslwdo1 Zh wkhq fdoo wkh �uvw w|sh ri hfrqrp| d �uhodwlyho| htxdo� hfrqrp|/
dqg wkh vhfrqg w|sh d �uhodwlyho| xqhtxdo� hfrqrp|1

Vr/ dq h!flhqw dvvhw vwuxfwxuh uhtxluhv wkh sd|r� udwlr wr eh dw ohdvw htxdo wr
plq

�
u4> u5

�
1 Wklv lv wkh ydoxh dw zklfk jurzwk h!flhqf| lv pd{lpl}hg zlwkrxw

frqwudvwlqj zlwk doorfdwlyh h!flhqf|1 Zloo lw eh kljkhuB Li |hv/ dw wkh suhydlolqj
dvvhw sd|r�v/ vrph djhqwv zloo �qg wkhpvhoyhv frqvwudlqhg e| wkh uhtxluhphqw
3 � vlw � 4> dqg dq| srvvleoh jdlq lq whupv ri jurzwk frphv dw wkh h{shqvh ri
doorfdwlyh h!flhqf|= pdunhwv ehfrph h�hfwlyho| lqfrpsohwh1 Wklv hyhqwxdolw|
fdqqrw eh h{foxghg1 Zkhq nqrzohgjh vslooryhuv duh suhvhqw/ lqglylgxdov djhqwv
dozd|v xqghulqyhvw lq kxpdq fdslwdo1 Li vhwwlqj u Aplq

�
u4> u5

�
ohdgv wr kljkhu

djjuhjdwh kxpdq fdslwdo lqyhvwphqwv/ idvwhu jurzwk pd| frpshqvdwh iru wkh do0
orfdwlyh lqh!flhqf| dqg |lhog Sduhwr vxshulru doorfdwlrqv148 Zh fdq vxppdul}h
wkh deryh �qglqjv lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 4 Dw dq rswlpdo dvvhw vwuxfwxuh/ li wkh hfrqrp| lv uhodwlyho| htxdo

+ �
4

�5
? +4�q,

q�
,/ wkhq u � u4/ dqg w|sh 4 +ulfk, djhqwv lqyhvw v4 @ 3> li wkh hfrqrp|

lv uhodwlyho| xqhtxdo + �
4

�5
A +4�q,

q�
,/ wkhq u � u5 dqg w|sh 5 +srru, djhqwv lqyhvw

v5 @ 4=

Wkh vhw ri dvvhw vwuxfwxuhv wkdw duh Sduhwr grplqdwhg ghshqgv rq wkh ixq0
gdphqwdov ri wkh hfrqrp|/ dqg lq sduwlfxodu rq wkh h{whqw ri lqfrph lqhtxdolw|1
Lq jhqhudo/ xqgrplqdwhg dvvhw vwuxfwxuhv pxvw sd| vx!flhqwo| kljk uhwxuqv lq
wkh vwdwh zkhuh kxpdq fdslwdo lqyhvwphqwv duh h�hfwlyh1 Rqo| li wklv lv wkh
fdvh/ djhqwv zlwk gl�huhqw lqfrph ehfrphv vx!flhqwo| vshfldol}hg lq wkh xvh ri
dowhuqdwlyh phdqv iru wudqvihuulqj zhdowk wr wkh ixwxuh +kxpdq fdslwdo ru wkh
�qdqfldo dvvhw,1 Kxpdq fdslwdo lqyhvwphqwv/ rq djjuhjdwh/ duh pruh dexqgdqw
zkhq wkh h{whqw ri vshfldol}dwlrq lv kljkhu1

Wkh rswlpdo dvvhw vwuxfwxuh pd| uhtxluh wkdw vrph djhqwv duh frqvwudlqhg
lq wkhlu kxpdq fdslwdo lqyhvwphqw ghflvlrqv1 Ghshqglqj rq wkh glvwulexwlrq
ri lqfrph/ hlwkhu wkh srru pd| eh zloolqj wr ghyrwh wr hgxfdwlrq pruh wkdq
wkh dydlodeoh wlph/ ru wkh ulfk pd| eh zloolqj wr pdnh d qhjdwlyh lqyhvwphqw
lq kxpdq fdslwdo1 Lq rwkhu zrugv/ dw wkh rswlpxp/ ihdvlelolw| uhtxluhphqwv
shfxoldu wr kxpdq fdslwdo lqyhvwphqwv pljkw eh elqglqj/ dqg pdunhwv frxog eh

48Ihz fdq eh vdlg frqfhuqlqj djjuhjdwh lqyhvwphqwv lq kxpdq fdslwdo zkhq o :plq
�
o�c o2

�
1

Xquhsruwhg vlpxodwlrqv vkrz wkdw/ ghshqglqj rq sdudphwhuv ydoxhv/ lqyhvwphqwv iru wkh xq0
frqvwudlqhg djhqwv pd| lqfuhdvh ru ghfuhdvh frpsduhg zlwk wkh fdvh zkhuh o 'plq

�
o�c o2

�
1

Ixuwkhupruh/ vlqfh lqyhvwphqwv lq kxpdq fdslwdo ghshqg lq wklv fdvh xsrq h{shfwhg jurzwk
udwhv/ pxowlsoh htxloleuld pd| dulvh1
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h�hfwlyho| lqfrpsohwh1 Ri frxuvh/ lq vxfk fdvhv/ wkh rswlpdo dvvhw vwuxfwxuh pxvw
frpshqvdwh wkh orvv ri doorfdwlyh h!flhqf| dvvrfldwhg zlwk plvvlqj pdunhwv zlwk
d vx!flhqwo| vwurqj jurzwk1

Wdeoh 41 Vlpxodwhg ydoxhv iru lqyhvwphqw dqg xwlolw| ohyhov

u v H+x4, H+x5,
plq

�
u4> u5

�
@ u4 @ 58=9 17;66 041;8: 051;3:
59 17;6: 041;89 051;39
63 17;84 041;7: 051;3;
68 17;:< 041;75 051;4
73 17;;9 041;73 051;45
78 17;<4 041;6< 051;46
83 17;<6 041;6< 051;47
88 17;<6 041;7 051;49

�4 @ 41</ �5@4/ �@14/ �@18/ q@181

Dv wkh qxphulfdo h{dpsoh lq Wdeoh 4 vkrzv/ wkhuh pd| h{lvw ydoxhv iru u deryh
plq

�
u4> u5

�
zkhuh wkh h{shfwhg zhoiduh ri erwk w|sh ri djhqwv lv kljkhu frpsduhg

zlwk wkh fdvh ri h�hfwlyho| frpsohwh pdunhwv +zkhuh u �plq
�
u4> u5

�
,149 Wklv lv

d w|slfdo looxvwudwlrq ri wkh vhfrqg ehvw sulqflsoh1 Vxe rswlpdolw| lv gulyhq wkhuh
e| wzr vrxufhv= wkh odfn ri frpsohwh dvvhw pdunhwv dqg wkh h{whuqdolw| dvvrfldwhg
zlwk kxpdq fdslwdo lqyhvwphqwv1 Vroylqj wkh doorfdwlyh lqh!flhqf| e| vhwwlqj
u �plq

�
u4> u5

�
dqg doorzlqj pdunhwv wr eh h�hfwlyho| frpsohwh pljkw lqfuhdvh

wkh h{whqw ri xqghulqyhvwphqw/ ohdglqj wr Sduhwr grplqdwhg rxwfrphv14:

8 Glvfxvvlrq dqg srolf| lpsolfdwlrqv

Zh kdyh looxvwudwhg d udwlrqdo iru Sduhwr lpsurylqj srolf| dfwlrqv1 Srolf| pdn0
huv/ krzhyhu/ kdugo| srvvhvv doo wkh uhohydqw lqirupdwlrq wr lpsohphqw dq rs0
wlpdo dvvhw vwuxfwxuh zklfk wdnhv lqwr dffrxqw fulwhuld ri erwk doorfdwlyh dqg
jurzwk h!flhqf|1 Ixuwkhupruh/ lq uhdo zruog vlwxdwlrqv/ vwdwh0frqwlqjhqw dv0
vhw sd|r�v duh kdugo| lpsohphqwdeoh ru hqirufhdeoh e| hfrqrplf srolf|1 Dvvhw
wudghv pd| qrqhwkhohvv eh d�hfwhg e| dowhuqdwlyh srolf| wrrov/ zklfk dowhu wkh
rxwfrph ri hfrqrplf ghflvlrqv wdnhq e| khwhurjhqrxv djhqwv1 Zh glvfxvv lq wkh
iroorzlqj wkh uroh ri �vfdo srolf|1 Zh vkrz krz sxeolf lqwhujhqhudwlrqdo uhglv0
wulexwlrq pd| lqwhudfw zlwk wkh �qdqfldo vwuxfwxuh lq vkdslqj wkh lqfhqwlyhv wr
dffxpxodwh kxpdq fdslwdo wkurxjk wkh vdph fkdqqho wkdw kdv ehhq kljkoljkwhg
lq wkh suhylrxv vhfwlrq1

49Wkh rswlpdo dvvhw vwuxfwxuh iru wkh h{dpsoh lq Wdeoh 4 zrxog dvvljq d ydoxh ri o forvh wr
59/ zklfk lv voljkwo| deryh plq

�
o�c o2

�
' 2D�S1

4:Ri frxuvh/ wkh suhvhqfh ri dq h{whuqdolw| pd| eh ylhzhg lq wkh Frdvldq wudglwlrq dv d
ixuwkhu fdvh ri plvvlqj pdunhwv1 Lq wklv vhqvh/ wkh dssursuldwh gh�qlwlrq ri h�hfwlyho| frpsohwh
pdunhwv vkrxog wdnh lqwr dffrxqw wkh odfn ri dssursuldwh pdunhwv dlphg dw ghdolqj zlwk wkh
h{whuqdolw|1
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Ghqrwh e| � w d oxps0vxp wudqvihu wkdw dw wlph w lv ohylhg rq hdfk ri wkh djhqwv
ehorqjlqj wr wkh |rxqj jhqhudwlrq/ dqg glvwulexwhg wr hdfk ri wkrvh ehorqjlqj wr
wkh rog jhqhudwlrq1 Dw hdfk wlph shulrg/ wkh jryhuqphqw exgjhw lv qhfhvvdulo|
edodqfhg1 Wkh wudqvihu vfkhph hyroyhv dffruglqj zlwk wkh vwdwh ri surgxfwlylw|/
vr wkdw � w @ Iw� 1

Li zh pdlqwdlq wkdw wkh ihdvlelolw| uhtxluhphqw 3 � vlw � 4 lv vdwlv�hg zkhq
rqo| rqh �qdqfldo dvvhw lv dydlodeoh/ djhqwv glvsrvh ri doo wkh qhhghg wrrov wr h!0
flhqwo| vprrwk frqvxpswlrq/ dqg pdunhwv duh h�hfwlyho| frpsohwh1 Wkh exgjhw
frqvwudlqwv uhzulwh dv

fl4w @ Iw�
l+4� vlw, �Iw� � tw|

l
w l @ 4>5 +75,

fl5w.4>4 @ nIw�
lvlw . nIw� . u|lw l @ 4> 5 +76,

fl5w.4>5 @ nIw� . nIw� . |lw l @ 4>5= +77,

Wkh oxps0vxp wudqvihu kdv gl�huhqw h�hfwv rq wkh xvh kxpdq fdslwdo dqg wkh
�qdqfldo dvvhw |1 Dv iru v/ lwv xvh lv uhgxfhg iru doo djhqwv/ dw jlyhq wudghv lq
|1 Wkh uhdvrq lv fohdu1 Wkh suhvhqfh ri � wudqvihuv zhdowk rqzdugv dqg wr vwdwh
4/ dfwlqj wklv zd| dv d vxevwlwxwh iru kxpdq fdslwdo1 Krz wkh h{fkdqjh ri | lv
d�hfwhg e| � > dw jlyhq v> lv ohvv fohdu1 Wkh �vfdo wudqvihu lqfuhdvhv wkh zloolqjqhvv
wr vhoo | dqg uhgxfhv wkdw ri ex|lqj lw1 Wkh sulfh ri | lv frqvlvwhqwo| uhgxfhg wret @ u

n
. �+4��,

+�.�,nw+4.�,
= Dv iru dvvhw wudghv/ gluhfw frpsxwdwlrqv vkrz wkdw wkh|

duh xqdpeljxrxvo| lqfuhdvhg wr e|lw @ �.�
�
|l�w / zkhuh wkh ydoxhv ri |l�w duh jlyhq

lq +66, dqg +67,1 Wkh lqfuhdvh lq wkh vxsso| ri | pruh wkdq frpshqvdwhv wkh
uhgxfwlrq lq lwv ghpdqg1 Vlqfh wkh �vfdo wudqvihu lv wkh vdph iru doo djhqwv/ lwv
suhvhqfh kdv d uhodwlyho| vwurqjhu lpsdfw rq srru djhqwv/ zkr duh wkrvh wkdw vhoo
wkh dvvhw1 Exw wklv dovr phdqv wkdw wkh srru kdyh pruh �qdqfh iru wkhlu kxpdq
fdslwdo lqyhvwphqwv/ dqg wkh ulfk/ fruuhvsrqglqjo| ohvv1 Qdpho|/ d pruh lqwhqvh
xvh ri wkh �qdqfldo dvvhw lqfuhdvhv wkh h{whqw ri vshfldol}dwlrq ri ulfk dqg srru
lq wkh xvh ri | dqg v1

Wkh wudqvihu vfkhph lpsuryhv xsrq frqvxpswlrq doorfdwlrqv dw jlyhq jurzwk
udwh n � 41 Xqghu wkh uhtxluhphqw wkdw 3 � vlw � 4 pdunhwv duh h�hfwlyho|
frpsohwh dqg doorfdwlyh h!flhqf| lv suhvhuyhg1 Ixuwkhupruh/ wkh suhvhqfh ri
wkh wudqvihu � lpsuryhv lqwhuwhpsrudo h!flhqf|1 Wkh wrwdo dprxqw ri uhvrxufhv
dydlodeoh iru frqvxpswlrq dfurvv olih shulrgv ulvhv1 Frqvxpswlrq doorfdwlrqv duh
hdvlo| irxqg e| gluhfw frpsxwdwlrqv1 Dv iru wkh �uvw olih shulrg dqg vwdwh 4 ri wkh
vhfrqg shulrg/ djhqwv duh lq wkh srvlwlrq wr uhsolfdwh wkh frqvxpswlrq sdwwhuq
ghvfulehg lq +5:, dqg +5;,1 Lq vwdwh 5 ri wkh vhfrqg shulrg/ lqvwhdg/ frqvxpswlrq
lv kljkhu +� lq +5<, lv uhsodfhg e| �.� ,1 Djhqwv r�vhw wkh uhdoorfdwlrq ri zhdowk
ehwzhhq shulrg 4 dqg vwdwh 4 lq shulrg 5 rshudwhg e| � wkurxjk wkh xvh ri kxpdq
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fdslwdo1 Wkh �vfdo wudqvihu/ wkrxjk/ kdv wkh vdph h�hfw dv wkdw ri udlvlqj � lq
vwdwh 51 Wklv fdq eh xqghuvwrrg orrnlqj dw wkh exgjhw frqvwudlqwv lq +75,0+77,1

Zkhq wkh jurzwk udwh ri wkh hfrqrp| lv ghwhuplqhg e| kxpdq fdslwdo
vslooryhuv/ wkh suhvhqfh ri d v|vwhp ri lqwhujhqhudwlrqdo uhglvwulexwlrq kdv wkh
ixuwkhu h�hfw ri fkdqjlqj frqvxpswlrq doorfdwlrqv wkurxjk kxpdq fdslwdo df0
fxpxodwlrq1 Wkh h�hfw ri � rq djjuhjdwh kxpdq fdslwdo lqyhvwphqwv lv vkdshg
e| wzr frqwudvwlqj irufhv1 Rq wkh rqh kdqg/ lqyhvwphqwv lq kxpdq fdslwdo
duh uhgxfhg iru doo djhqwv ehfdxvh ri wkh gluhfw �vxevwlwxwlrq� h�hfw= wkh �vfdo
wudqvihu lv d gluhfw vxevwlwxwh wr kxpdq fdslwdo lq wudqvihuulqj zhdowk rqzdugv1
Rq wkh rwkhu/ wkh suhvhqfh ri � hqkdqfhv wkh xvh ri |/ udlvlqj djjuhjdwh kxpdq
fdslwdo lqyhvwphqwv wkurxjk wkh lqgluhfw �vshfldol}dwlrq� h�hfw1 Wkh lqwhusod|
ri wkhvh frqwudvwlqj irufhv duh ylvleoh lq wkh h{suhvvlrq ri htxloleulxp kxpdq
fdslwdo lqyhvwphqwv/ ghulyhg dv

ev @ v� .
q +4� q, +4 . �,

�
�4 � �5

�5
u � 5�

5�4�5�
� > +78,

zkhuh v� lv jlyhq lq +6;,1 Wkh kljkhu wkh h{whqw ri lqhtxdolw| +wkh kljkhu lv wkh
gl�huhqfh �4 � �5, dqg wkh pruh h!flhqw lv wkh dvvhw lq wudqvihuulqj zhdowk wr
vwdwh 4 +wkh kljkhu u,/ wkh vwurqjhu lv wkh vshfldol}dwlrq h�hfw/ dqg wkh pruh olnho|
wkh hyhqwxdolw| wkdw wkh wudqvihu vfkhph udlvhv kxpdq fdslwdo lqyhvwphqwv1 Sxe0
olf wudqvihuv pljkw erwk lpsuryh lqwhuwhpsrudo h!flhqf| dqg vshhg xs jurzwk1

Wkh deryh h{dpsoh looxvwudwhv krz �vfdo srolf| dqg lqwhujhqhudwlrqdo wudqv0
ihuv pd| lqwhudfw zlwk wkh dvvhw vwuxfwxuh lq vkdslqj wkh lqfhqwlyhv wr dffxpx0
odwlrq wkurxjk d fkdqqho wkdw vr idu kdv suredeo| uhfhlyhg lqvx!flhqw dwwhqwlrq1
Shqvlrq v|vwhpv ru rwkhu irupv ri sxeolf lqwhujhqhudwlrqdo wudqvihuv d�hfw lq0
glylgxdo ehkdylrxu erwk yld d gluhfw wudqvihu ri zhdowk dfurvv olih shulrgv dqg
yld lqgluhfw h�hfwv lqgxfhg e| d fkdqjhg shufhswlrq ri ulvn rq wkh sduw ri khw0
hurjhqrxv djhqwv1 Ghshqglqj rq wkh dvvhw vwuxfwxuh/ dqg rwkhu ixqgdphqwdov ri
wkh hfrqrp|/ wkh lqgluhfw h�hfwv ri �vfdo srolf| wkdw dfwv wkurxjk wkh �qdqfldo
pdunhw pljkw r�vhw wkrvh wkdw gluhfwo| d�hfw lqglylgxdo lqwhuwhpsrudo ghflvlrqv1

Zh frqfoxgh e| vwuhvvlqj wkh uroh ri lqfrph lqhtxdolw| lq rxu dujxphqw1 Lq
rxu iudphzrun/ wudgh lq wkh �qdqfldo dvvhw hphujhv rqo| zkhq djhqwv gl�hu lq
wkhlu lqfrph vwuhdpv1 Pruhryhu/ dv orqj dv lqhtxdolw| lv qrw wrr elj +l1h1 dv
orqj dv frqglwlrq +68, lv phw, d pruh xqhtxdo frqwh{w wudqvodwhv lqwr d kljkhu
qhhg ri wudglqj lq wkh �qdqfldo dvvhw/ dqg wkhq lqwr d juhdwhu h{whqw ri kxpdq
fdslwdo dffxpxodwlrq1 Lw lv wkh vshfldol}dwlrq ri ulfk dqg srru djhqwv lq wkh xvh
ri gl�huhqw dvvhwv wkdw eulqjv derxw wklv uhvxow1 Rxu dujxphqw kdv lpsolfdwlrqv
iru wkh ghedwh frqfhuqlqj wkh uhodwlrq ehwzhhq lqhtxdolw| dqg jurzwk1 Vr idu/
wkh olqn ehwzhhq �qdqfldo pdunhwv dqg kxpdq fdslwdo dffxpxodwlrq kdv ehhq
jhqhudoo| ghvfulehg dv zrunlqj wkurxjk wkh h{lvwhqfh ri qrq0frqyh{lwlhv +vhh/
h1j1/ Jdoru dqg Wvlggrq^7`/ Shurwwl^43`,1 Lqyhvwphqwv uhtxluh d plqlpxp vl}h/
vr wkdw wkh jurzwk udwh lv kljkhu wkh kljkhu wkh iudfwlrq ri lqglylgxdov wkdw duh
deryh d zhdowk wkuhvkrog gxulqj wkhlu |rxwk1 Ilqdqfldo pdunhwv uhod{ wkh exg0
jhw frqvwudlqwv ri wkh srru/ wkxv surprwlqj jurzwk1 Iroorzlqj wklv dujxphqw/
lq pdq| ri wkh h{lvwlqj dqdo|vlv/ wkh uhodwlrq ehwzhhq jurzwk dqg lqfrph glvwul0
exwlrq wxuqv rxw wr eh qrq0olqhdu/ lq dffrugdqfh zlwk wkh Nx}qhwv k|srwkhvlv1
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Rxu vwru| vxjjhvwv wkdw lqfrph glvwulexwlrq pljkw d�hfw jurzwk wkurxjk dq
xqh{soruhg fkdqqho1 Wkh h{lvwhqfh ri �qdqfldo pdunhwv fuhdwhv gl�huhqw lqfhq0
wlyhv wr dffxpxodwh kxpdq fdslwdo dfurvv djhqwv1 Wkh pruh vr/ wkh pruh djhqwv
gl�hu lq wkhlu lqfrph kroglqjv1 Ohwwlqj wr lqyhvw pruh lq wkhlu hgxfdwlrq wkrvh
zkr mxgjh kxpdq fdslwdo wr eh wkh ehvw lqyhvwphqw dowhuqdwlyh ohdgv wr kljkhu
kxpdq fdslwdo dffxpxodwlrq rq djjuhjdwh1

9 Frqfoxvlrqv

Lq wklv sdshu zh udlvh d srlqw frqfhuqlqj wkh qrupdwlyh frqvhtxhqfhv ri wkh
lqwhudfwlrq ehwzhhq kxpdq fdslwdo dqg �qdqfldo dvvhwv dv dowhuqdwlyh wrrov wr
wudqvihu zhdowk lq d ulvn| hqylurqphqw1 Lq rxu h{dpsoh/ zkhq d ixoo vhw ri Duurz
vhfxulwlhv lv suhvhqw/ lqglylgxdo/ dqg wkhq djjuhjdwh lqyhvwphqwv lq kxpdq fds0
lwdo duh lqghwhuplqdwh1 Zkhq rqh �qdqfldo dvvhw lv plvvlqj/ |hw/ wkh lqyhvwphqw
lq kxpdq fdslwdo lv ghwhuplqdwh dqg lv d�hfwhg e| dvvhw sd|r�v1 Doorzlqj iru
h{whuqdolwlhv jhqhudwhg e| djjuhjdwh kxpdq fdslwdo lqyhvwphqw/ jurzwk udwhv duh
qhfhvvdulo| lqghwhuplqdwh zkhq d ixoo vhw ri Duurz vhfxulwlhv lv suhvhqw/ zkloh lw
lv ghwhuplqdwh li rqh �qdqfldo dvvhw lv plvvlqj1 Wkh dvvhw sd|r�v lq wklv vhfrqg
fdvh d�hfwv wkh udwh ri jurzwk/ dqg wkhq frqvxpswlrq doorfdwlrqv1 Rswlpdolw| ri
wkh dvvhw vwuxfwxuh dulvhv dv d qdwxudo lvvxh1 Srolf| dfwlrq uhtxluhv wkh devhqfh
ri rqh �qdqfldo dvvhwv iurp d ixoo vhw ri Duurz vhfxulwlhv= rqo| lq wklv fdvh wkh
jurzwk udwh fdq eh xqghu frqwuro1 Rswlpdo dvvhw sd|r�v frxog wkhq eh vwuxf0
wxuhg lq vxfk d zd| wkdw d jurxs ri djhqwv lv frqvwudlqhg lq wkhlu kxpdq fdslwdo
lqyhvwphqw ghflvlrqv1 Uhodwlyho| srru djhqwv/ dw wkh rswlpxp/ vkrxog vshfldol}h
lq kxpdq fdslwdo lqyhvwphqwv/ ulfk djhqwv zrxog �qdqfh kxpdq fdslwdo ri wkh
srru wkurxjk lqyhvwphqwv lq wkh �qdqfldo dvvhw1 Ghshqglqj rq wkh lqlwldo glv0
wulexwlrq ri lqfrph/ hlwkhu wkh srru pd| eh zloolqj wr lqyhvw pruh wkdq ihdvleoh
lq kxpdq fdslwdo/ ru wkh ulfk pd| eh zloolqj wr pdnh d qhjdwlyh lqyhvwphqw1 Ri
frxuvh/ wklv frqwudvw zlwk wkh uhvxow wkdw/ lq devhqfh ri h{whuqdolwlhv/ wkh xq0
frqvwudlqhg htxloleulxp lv Sduhwr vxshulru wr fdvhv zkhuh djhqwv hqg xs ehlqj
frqvwudlqhg e| wkh ihdvlelolw| uhtxluhphqwv wkdw duh shfxoldu wr kxpdq fdslwdo
lqyhvwphqwv1

Wklv sdshu pd| frqwulexwh wr �oo vrph jdsv h{lvwlqj lq wzr xquhodwhg �hogv
ri olwhudwxuh1 Rq wkh rqh kdqg/ lw jlyhv dq looxvwudwlrq ri wkh srvvleoh dssolhg
uhohydqfh ri wkh lvvxh frqfhuqlqj wkh rswlpdolw| ri wkh dvvhw vwuxfwxuh1 Lq rxu
rslqlrq/ wklv lvvxh kdv ehhq vr idu wrr pxfk frq�qhg devwudfw dqdo|vlv +vhh/
h1j1/ Ghpdqjh dqg Odurtxh^B`,1 Rq wkh rwkhu/ lw srvhv vrph qhz lvvxhv lq
wkh dqdo|vlv ri wkh uhodwlrq ehwzhhq �qdqfldo pdunhwv dqg jurzwk1 Wkhuh lv
vxevwdqwldo djuhhphqw wkdw ihz zrun kdv ehhq grqh vr idu wu|lqj wr uhodwh wkh
fkdudfwhulvwlfv ri wkh dvvhw vwuxfwxuh wr wkh jurzwk shuirupdqfh ri frxqwulhv
+Ohylqh^;`,1
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