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ABSTRACT
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We consider an endogenous growth model that includes international trade in
capital goods. The model yields several distinct balanced growth solutions that
can be classified using stability under adaptive learning. Some of the equilibria
can involve growth rates much higher (or lower) than others. The impacts of
international trade on the equilibria include local (differential) effects and
global bifurcation (global changes). If a favourable bifurcation occurs,
equilibria associated with low growth disappear. This phenomenon suggests a
possible explanation for observations in which active international trade by
some countries seems to have been associated with periods of exceptionally
high growth. We show that equivalent bifurcation effects can be induced in
autarky using domestic industry subsidies. However, such subsidization can
be very costly.
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NON-TECHNICAL SUMMARY

The notion that growth speeds up when an economy is opened to international
trade has recently been studied in context, using models of endogenous
growth. These have demonstrated a positive relationship between
international integration and growth. Free flow of ideas and trade in new
inventions can enhance growth as basic economic intuition would suggest.

The literature has mostly relied on models involving single steady state
solutions. These solutions are shifted by exogenous events such as, for
example, changes in trade policy, and the consequences can be studied as
exercises in comparative statistics. The shifts induced by opening a country
for trade in such models may be called local effects as attention is focused on
a given equilibrium. If, however, a model exhibits multiple equilibria for a given
configuration of fundamental parameters, then a discrete (non-differential)
change can alter the structure of the set of equilibria. The number of steady
state solutions may change and consequently an exogenous event may
induce large sudden changes, which we call bifurcation effects, in growth and
other economic variables. The possibility of bifurcation effects on growth
arising from international exchange is the focus of this paper.

We examine an open economy extension of the recent endogenous growth
model of Evans, Honkapohja and Romer (1998). This model has fully-fledged
microfoundations including technological innovations which appear in the form
of new capital goods that are produced by profit-seeking entrepreneurs. In the
open economy version we develop we assume that (i) all capital goods are
complementary to each other and (ii) the opportunity cost of aggregate capital
in terms of final consumption increases as production of capital goods and
inventions expands. Complementarity among intermediate capital goods and
the two-sector production structure imply that multiple balanced growth
equilibria can exist in a model of this type, given reasonable values of the
model parameters.

In order to classify the various feasible steady state equilibria that may arise
we invoke a disequilibrium stability criterion, known as stability under adaptive
learning. Under this criterion, stable equilibria will be approached via an
expectational adjustment process in which agents learn about the equilibrium
values of the model variables by observing the outcome of the economic
process at any point in time. As a stable equilibrium is approached,
expectational errors diminish directing the economy toward a steady state
solution.

The model generates a multiplicity of steady state equilibria which are stable
under adaptive learning. This feature allows us to show that trade in capital



goods between two countries can lead to both local and bifurcation effects.
Local effects yield the expected prediction (‘trade implies a higher rate of
growth’), assuming that the opportunity cost of aggregate capital does not rise
too rapidly. The new and potentially significant possibility concerns the
bifurcation effects. We show that trade in capital goods is likely to alter the
structure of the set of steady state equilibria. Balanced growth equilibria with
low rates of growth tend to disappear, whereas steady state solutions with
high rates of growth are maintained and shifted to higher rates of growth.
International trade may therefore not only enhance a country's growth
performance but may propel it to an entirely new regime of higher growth. This
may provide an explanation for empirical observations in which active
international trade appears to have been associated with periods of
exceptionally high growth.

We also show that the local and bifurcation effects of international trade in
capital goods should be similar to the effects of technology subsidies within a
closed growing economy. In our symmetric trade model free trade in
intermediate capital goods is equivalent in its growth effects to a suitably
chosen subsidy (in the corresponding autarkic economy) on purchases of
capital goods by a country's competitive producers. This equivalence allows
us to numerically simulate the effects of international trade using the simpler
autarky framework for one nation. The equivalence also implies that autarkic
countries may in principle replicate the growth performance of freely trading
but otherwise identical nations by subsidizing the purchases of capital goods.
However, such subsidizing can be very costly and we argue that the cost of
the subsidy increases with the degree of technological complementarity in the
economy. International trade therefore appears to provide a superior vehicle
for enhanced growth for most nations.



4 Lqwurgxfwlrq
Wkh qrwlrq wkdw jurzwk vshhgv xs zkhq dq hfrqrp| lv rshqhg wr lqwhuqd0
wlrqdo wudgh kdv uhfhlyhg d vljql�fdqw dprxqw ri dwwhqwlrq lq uhfhqw olwhu0
dwxuh1 Wkh qhz prghov ri hqgrjhqrxv jurzwk wkdw kdyh ghprqvwudwhg d
srvlwlyh uhodwlrqvkls ehwzhhq lqwhuqdwlrqdo lqwhjudwlrq dqg jurzwk lqfoxgh/
h1j1/ Ulyhud0Edwl} dqg Urphu +4<<4, dqg Jurvvpdq dqg Khospdq +4<<3,1
Wkhvh prghov kdyh vkrzq wkdw iuhh  rz ri lghdv dqg wudgh lq qhz lqyhqwlrqv
fdq hqkdqfh jurzwk dv edvlf hfrqrplf lqwxlwlrq zrxog vxjjhvw14

Wkh olwhudwxuh rq hqgrjhqrxv jurzwk dqg lqwhuqdwlrqdo wudgh kdv prvwo|
uholhg rq prghov lqyroylqj vlqjoh vwhdg| vwdwh vroxwlrqv> wkhvh vroxwlrqv duh
vkliwhg e| h{rjhqrxv hyhqwv vxfk dv/ iru h{dpsoh/ fkdqjhv lq wudgh srolf|/
dqg wkh frqvhtxhqfhv fdq eh vwxglhg dv h{huflvhv lq frpsdudwlyh vwdwlfv1 Wkh
vkliwv lqgxfhg e| rshqlqj d frxqwu| iru wudgh lq vxfk prghov pd| eh fdoohg
orfdo h�hfwv dv dwwhqwlrq lv irfxvhg rq d jlyhq htxloleulxp15 Li/ krzhyhu/ d
prgho h{klelwv pxowlsoh htxloleuld iru d jlyhq frq�jxudwlrq ri ixqgdphqwdo
sdudphwhuv/ wkhq d glvfuhwh +qrq0gl�huhqwldo, fkdqjh fdq dowhu wkh vwuxfwxuh
ri wkh vhw ri htxloleuld16 Wkh qxpehu ri vwhdg| vwdwh vroxwlrqv pd| fkdqjh dqg
frqvhtxhqwo| dq h{rjhqrxv hyhqw pd| lqgxfh odujh vxgghq fkdqjhv/ zklfk zh
fdoo elixufdwlrq h�hfwv/ lq jurzwk dqg rwkhu hfrqrplf yduldeohv1 Wkh srvvl0
elolw| ri elixufdwlrq h�hfwv rq jurzwk dulvlqj iurp lqwhuqdwlrqdo h{fkdqjh lv
wkh irfxv ri wklv sdshu1

Zh h{dplqh dq rshq hfrqrp| h{whqvlrq ri wkh uhfhqw hqgrjhqrxv jurzwk
prgho ri Hydqv/ Krqndsrkmd dqg Urphu +4<<;, +vxevhtxhqwo| uhihuuhg wr
dv HKU,1 Wklv prgho kdv ixoo|  hgjhg plfurirxqgdwlrqv lqfoxglqj whfkqr0
orjlfdo lqqrydwlrqv zklfk dsshdu lq wkh irup ri qhz fdslwdo jrrgv wkdw duh
surgxfhg e| sur�w0vhhnlqj hqwuhsuhqhxuv1 Lq frqwudvw wr rwkhu olwhudwxuh/ wkh
forvhg hfrqrp| prgho e| HKU dqg wkh rshq hfrqrp| yhuvlrq zh ghyhors dv0
vxph wkdw +l, doo fdslwdo jrrgv duh frpsohphqwdu| wr hdfk rwkhu dqg +ll, wkh
rssruwxqlw| frvw ri djjuhjdwh fdslwdo lq whupv ri �qdo frqvxpswlrq lqfuhdvhv
dv surgxfwlrq ri fdslwdo jrrgv dqg lqyhqwlrqv h{sdqgv17 Dv vkrzq e| HKU/

4Uhfhqw olwhudwxuh kdv vwxglhg ydulrxv vshfl�f dvshfwv ri wudgh/ whfkqrorj| dqg jurzwk1
Iru h{dpsoh/ vhh Ihhqvwud +4<<9,/ Glqrsrxoxv dqg Vhjhuvwurp +4<<<, dqg Nlp +4<<<,
zklfk pd| eh frqvxowhg iru ixuwkhu uhihuhqfhv1

5Wklv whuplqrorj| vhhpv dffhswdeoh dv orqj dv dwwhqwlrq lv gluhfwhg dw d jlyhq vroxwlrq/
hyhq li wkh frpsdudwlyh vwdwlfv h{huflvh pd| lqyroyh d glvfuhwh +qrq0gl�huhqwldo, fkdqjh1

6Eduulqj h{fhswlrqdo fdvhv/ gl�huhqwldo fkdqjhv lq prgho sdudphwhuv gr qrw dowhu wkh
vwuxfwxuh ri wkh htxloleulxp vhw1

7Dvvxpswlrq +ll, lpsolhv wkdw wkh uhodwlyh sulfh ri fdslwdo wr frqvxpswlrq pd| ydu|
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frpsohphqwdulw| dprqj lqwhuphgldwh fdslwdo jrrgv dqg wkh wzr0vhfwru sur0
gxfwlrq vwuxfwxuh lpso| wkdw pxowlsoh edodqfhg jurzwk htxloleuld fdq h{lvw
lq d prgho ri wklv w|sh/ jlyhq uhdvrqdeoh ydoxhv ri wkh prgho sdudphwhuv1

Lq rughu wr fodvvli| wkh ydulrxv ihdvleoh vwhdg| vwdwh htxloleuld wkdw pd|
dulvh/ zh iroorz HKU dqg lqyrnh d glvhtxloleulxp vwdelolw| fulwhulrq/ nqrzq
dv vwdelolw| xqghu dgdswlyh ohduqlqj18 Xqghu wklv fulwhulrq/ vwdeoh htxloleuld
zloo eh dssurdfkhg yld dq h{shfwdwlrqdo dgmxvwphqw surfhvv lq zklfk djhqwv
ohduq derxw wkh htxloleulxp ydoxhv ri wkh prgho yduldeohv e| revhuylqj wkh
rxwfrph ri wkh hfrqrplf surfhvv dw dq| srlqw lq wlph1 Dv d vwdeoh htxloleulxp
lv dssurdfkhg/ h{shfwdwlrqdo huuruv glplqlvk gluhfwlqj wkh hfrqrp| wrzdug d
vwhdg| vwdwh vroxwlrq1 Lq frqwudvw/ hyhu lqfuhdvlqj iruhfdvw huuruv e| djhqwv
qhdu xqvwdeoh htxloleuld zrxog fdxvh wkh hfrqrp| wr guliw wrzdug wkh vwdeoh
vroxwlrqv1

Rxu rshq hfrqrp| prgho jhqhudwhv d pxowlsolflw| ri vwhdg| vwdwh htxlole0
uld zklfk duh vwdeoh xqghu dgdswlyh ohduqlqj1 Wklv ihdwxuh doorzv xv wr vkrz
wkdw wudgh lq fdslwdo jrrgv ehwzhhq wzr frxqwulhv fdq ohdg wr erwk orfdo dqg
elixufdwlrq h�hfwv1 Orfdo h�hfwv |lhog wkh h{shfwhg suhglfwlrq +�wudgh lpsolhv
d kljkhu udwh ri jurzwk�,/ dvvxplqj wkdw wkh rssruwxqlw| frvw ri djjuhjdwh
fdslwdo grhv qrw ulvh wrr udslgo|1 Wkh qhz dqg srwhqwldoo| vljql�fdqw srvvlelo0
lw|/ krzhyhu/ frqfhuqv wkh elixufdwlrq h�hfwv1 Zh vkrz wkdw wudgh lq fdslwdo
jrrgv lv olnho| wr dowhu wkh vwuxfwxuh ri wkh vhw ri vwhdg| vwdwh htxloleuld1 Pruh
suhflvho|/ edodqfhg jurzwk htxloleuld zlwk orz udwhv ri jurzwk whqg wr glvds0
shdu/ zkhuhdv vwhdg| vwdwh vroxwlrqv zlwk kljk udwhv ri jurzwk duh pdlqwdlqhg
dqg vkliwhg wr hyhq kljkhu udwhv ri jurzwk1 Lqwhuqdwlrqdo wudgh pd| wkhuhiruh
qrw rqo| hqkdqfh d frxqwu|*v jurzwk shuirupdqfh exw pd| sursho lw wr dq
hqwluho| qhz uhjlph ri kljkhu jurzwk1 Wklv revhuydwlrq pd| eh ri lqwhuhvw lq
wkh frqwh{w ri hfrqrplf ghyhorsphqw dqg lw pd| surylgh vrph h{sodqdwlrq
iru hpslulfdo revhuydwlrqv lq zklfk dfwlyh lqwhuqdwlrqdo wudgh dsshduv wr kdyh
ehhq dvvrfldwhg zlwk shulrgv ri h{fhswlrqdoo| kljk jurzwk1

Dv wudgh lq fdslwdo jrrgv h{sdqgv wkh ydulhw| ri fdslwdo jrrgv dffhvvl0
eoh wr d frxqwu|*v surgxfwlrq vhfwru/ lw lv shukdsv qrw vxusulvlqj wkdw wkh
orfdo dqg elixufdwlrq h�hfwv ri lqwhuqdwlrqdo wudgh lq fdslwdo jrrgv vkrxog eh
vlplodu wr wkh h�hfwv ri whfkqrorj| vxevlglhv zlwklq d forvhg jurzlqj hfrq0
rp|1 Zh vkrz wkdw/ lq rxu v|pphwulf wudgh prgho/ iuhh wudgh lq lqwhuphgldwh

dfurvv vwhdg| vwdwhv> wklv grhv qrw phdq wkdw wkh uhodwlyh sulfh ri fdslwdo lqfuhdvhv ryhu
wlph1

8Dq h{whqvlyh vxuyh| ri vwdelolw| xqghu ohduqlqj lv surylghg lq Hydqv dqg Krqndsrkmd
+4<<<,1
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fdslwdo jrrgv lv htxlydohqw lq lwv jurzwk h�hfwv wr d vxlwdeo| fkrvhq vxevlg|
+lq wkh fruuhvsrqglqj dxwdunlf hfrqrp|, rq sxufkdvhv ri fdslwdo jrrgv e|
d frxqwu|*v frpshwlwlyh surgxfhuv19 Wklv htxlydohqfh doorzv xv wr qxphul0
fdoo| vlpxodwh ri wkh h�hfwv ri lqwhuqdwlrqdo wudgh xvlqj wkh vlpsohu dxwdun|
iudphzrun iru rqh qdwlrq1 Wkh htxlydohqfh dovr lpsolhv wkdw frxqwulhv lq
dxwdun| pd| lq sulqflsoh uhsolfdwh wkh jurzwk shuirupdqfh ri iuhho| wudglqj
exw rwkhuzlvh lghqwlfdo qdwlrqv e| vxevlgl}lqj wkh sxufkdvhv ri fdslwdo jrrgv1
Krzhyhu/ vxfk vxevlgl}lqj fdq eh yhu| frvwo| dqg zh dujxh wkdw wkh frvw ri
wkh vxevlg| lqfuhdvhv zlwk wkh ghjuhh ri whfkqrorjlfdo frpsohphqwdulw| lq wkh
hfrqrp|1 Lqwhuqdwlrqdo wudgh wkhuhiruh dsshduv wr surylgh d vxshulru yhklfoh
iru hqkdqfhg jurzwk iru prvw qdwlrqv1:

Wkh srvvlelolw| ri vxgghq fkdqjhv lq dq hfrqrp| gxh wr vzlwfkhv eh0
wzhhq pxowlsoh htxloleuld kdv ehhq udlvhg lq rwkhu frqwh{wv1 Nuxjpdq +4<<4,
dqg Pdwvx|dpd +4<<4, kdyh glvfxvvhg wkh srvvlelolw| ri dpsol�hg fkdqjhv lq
v|vwhpv zlwk pxowlsoh htxloleuld lq hfrqrplf jhrjudsk|1; Lq wkh frqwh{w ri
hfrqrplf ghyhorsphqw Edodqg dqg Iudqfrlv +4<<9, kdyh lqyhvwljdwhg wkh uroh
ri d frxqwu|*v lqgxvwuldo vwuxfwxuh lq ghwhuplqlqj zkhwkhu ru qrw d gudvwlf
hvfdsh iurp dq xqghughyhorsphqw wuds fdq eh dffrpsolvkhg1 \rxqj +4<<6,
frqvwuxfwhg d prgho ri lqyhqwlrq lq zklfk wkuhvkrog h�hfwv dulvlqj iurp vpdoo
srolf| fkdqjhv fdq dowhu wkh hfrqrp|*v rssruwxqlw| vhw dqg jurzwk udwh1 Uh0
fhqwo|/ Edogzlq/ Pduwlq dqg Rwwdyldqr +4<<;, kdyh frpelqhg ihdwxuhv iurp
iudphzrunv ri hfrqrplf jhrjudsk| dqg hqgrjhqrxv jurzwk wr vwxg| fdvhv ri
jurzwk dqg lqfrph glyhujhqfh xvlqj d prgho zlwk pxowlsoh htxloleuld1< Lq
pdfurhfrqrplfv/ wkh srvvlelolw| ri pxowlsoh htxloleuld ohdglqj wr frruglqdwlrq
idloxuhv kdv ehhq zlgho| glvfxvvhg +uhihuhqfhv duh jlyhq/ h1j1/ lq Vhfwlrq LLL
ri HKU,1 Pdwvx|dpd +4<<8, kdv qrwhg wkdw prqrsrolvwlf frpshwlwlrq riwhq
surylghv d fhqwudo xqghuslqqlqj iru wkhvh skhqrphqd lq gl�huhqw frqwh{wv1

Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh

9Lq wklv sdshu/ zh rqo| frqvlghu vxevlglhv �qdqfhg e| oxps vxp wd{dwlrq ri wkh frq0
vxphu vhfwru1 Li oxps vxp wd{hv duh qrw dydlodeoh/ wkh h�hfwv ri vxevlglhv duh prvw olnho|
ohvv idyrudeoh1

:Rxu prgho lqfrusrudwhv wkh dvvxpswlrq wkdw grphvwlfdoo| surgxfhg dqg lpsruwhg
lqqrydwlrqv duh lqwhufkdqjhdeoh lq wkh surgxfwlrq ri �qdo jrrgv1 Li wklv zhuh qrw wkh fdvh/
wkhq grphvwlf srolflhv zrxog qrw eh deoh wr uhsolfdwh wkh jurzwk lpsdfw ri wudgh1

;Wkh Iheuxdu| 4<<< Vshfldo Lvvxh ri Hxurshdq Hfrqrplf Uhylhz rq Lqwhuqdwlrqdo Jh0
rjudsk| dqg Wudgh kdv vhyhudo ixuwkhu sdshuv zlwk prghov ri pxowlsoh htxloleuld1

<Uhfhqwo|/ Prxqwirug +4<<;, kdv frqvlghuhg wkh g|qdplfv lq dq ryhuodsslqj jhqhudwlrqv
yhuvlrq ri wkh vwdqgdug Khfnvfkhu0Rkolq prgho1 Wklv prgho dovr doorzv iru d pxowlsolflw|
ri vwdeoh vwhdg| vwdwh htxloleuld xqghu shuihfw iruhvljkw g|qdplfv1

:



prgho dqg fkdudfwhul}hv wkh edodqfhg jurzwk sdwkv iru wzr v|pphwulf qd0
wlrqv1 D fulwhulrq iru vwdelolw| xqghu dgdswlyh ohduqlqj lv ghyhorshg lq rughu
wr fodvvli| wkh htxloleuld1 Vhfwlrqv 6 glvfxvvhv wkh orfdo dqg elixufdwlrq h�hfwv
dulvlqj iurp lqwhuqdwlrqdo h{fkdqjh ri fdslwdo jrrgv dqg Vhfwlrq 7 frpsduhv
wkh jurzwk lpsdfw ri lqwhuqdwlrqdo wudgh wr wkdw ri grphvwlf vxevlg| srolf|1
Vhfwlrq 8 frqfoxghv1

5 Wkh Prgho
Lq wklv vhfwlrq/ zh h{sdqg wkh forvhg hfrqrp| prgho ri HKU wr lqfoxgh wzr
frxqwulhv zklfk wudgh lq lqwhuphgldwh fdslwdo jrrgv1 Lq rughu wr sdudphwhul}h
wkh ghjuhh ri rshqqhvv ri wkh wzr hfrqrplhv zh dvvxph wkdw doo lpsruwv duh
vxemhfw wr d wdul� +zklfk lv frpprq iru wkh wzr frxqwulhv,1 Wkh wdul� lv
lqwurgxfhg phuho| dv d frqyhqlhqw phdqv ri ghwhuplqlqj wkh orfdo lpsdfw ri
wudgh lq wkh prgho/ dqg zh duh qrw jrlqj wr irfxv rq wudgh srolf| txhvwlrqv143

Dv wkh hfrqrplhv ri wkh wzr frxqwulhv duh dvvxphg v|pphwulf/ zh vshfli| wkh
prgho e| glvfxvvlqj wkh krph frxqwu| rqo|144

514 Edvlf Dvvxpswlrqv

D frpshwlwlyh surgxfwlrq vhfwru lq wkh krph frxqwu| surgxfhv d vlqjoh dj0
juhjdwh �qdo surgxfw zklfk lv hlwkhu frqvxphg ru lqyhvwhg dv udz fdslwdo1
Wkh krph frqvxphu pd{lpl}hv wkh glvfrxqwhg xwlolw| ixqfwlrq

L '
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�� j
c +4,

zkhuh �| ghqrwhv wrwdo frqvxpswlrq lq shulrg |/ wkh sdudphwhu q uhsuhvhqwv
wkh frqvxphu*v vxemhfwlyh wlph suhihuhqfh/ dqg j3� htxdov wkh frqvwdqw lq0
whuwhpsrudo hodvwlflw| ri vxevwlwxwlrq1 +Zh dvvxph wkdw j 	 ��,

Ilqdo jrrgv duh surgxfhg dffruglqj wr wkh whfkqrorjlfdo uhodwlrqvkls
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%|E�
W�� _�W��� +5,

43Zh xvh wdul�v udwkhu wkdq wudqvsruw frvwv dv d ghylfh wr prgho wkh ghjuhh ri rshqqhvv1
Wkh uhdvrq lv wkdw khuh wudgh lqyroyhv gxudeoh fdslwdo jrrgv1

44Wkh forvhg hfrqrp| dvshfwv ri rxu prgho/ lqfoxglqj wkh +frpprq, h{shfwdwlrqv iru0
pdwlrq dqg ohduqlqj uxohv ri wkh wzr lghqwlfdo djhqwv/ duh vlplodu wr wkrvh ri HKU> zh uhihu
wkh uhdghu wr wkdw sdshu iru ixuwkhu ghwdlov1

;



Lq +5,/ u lqglfdwhv wkh �{hg dprxqw ri oderu vxssolhg e| wkh djjuhjdwh frq0
vxphu dqg %|E�� +uhvs1 %|E�

W�, ghqrwhv wkh txdqwlwlhv ri wkh �| +uhvs1 �W
| ,

grphvwlf +uhvs1 lpsruwhg, lqwhuphgldwh fdslwdo jrrgv/ lqgh{hg e| � +uhvs1
�W,/ zklfk kdyh ehhq lqyhqwhg dqg duh dydlodeoh iru xvh dw wkh wlph |� Wkh
sdudphwhu � lqglfdwhv wkh ghjuhh ri whfkqrorjlfdo vxevwlwxwdelolw| ru frpsoh0
phqwdulw| dprqj wkh fdslwdo lqsxwv> li � : �/ zklfk zh dvvxph/ doo grphvwlf
dqg lpsruwhg fdslwdo ydulhwlhv duh frpsohphqwv lq surgxfwlrq1

Wkh frpsohphqwdulw| dvvxpswlrq lpsolhv wkdw wkh pdujlqdo surgxfwlylw|
ri hdfk w|sh ri pdfklqh lqfuhdvhv dv pruh ri rwkhu ydulhwlhv ri fdslwdo jrrgv
duh ehlqj surgxfhg1 Wklv vruw ri lqwhudfwlrq lv phdqw wr urxjko| fdswxuh wkh
lqwhufrqqhfwlrqv ri/ h1j1/ frpsxwhuv/ sulqwhuv/ id{ pdfklqhv/ frppxqlfdwlrqv
qhwzrunv hwf1 Zh lpsrvh wkh uhvwulfwlrq k ' �� rq wkh whfkqrorjlfdo sdudp0
hwhuv lq rughu wr suhvhuyh olqhdu krprjhqhlw| ri wkh surgxfwlrq surfhvv zlwk
uhvshfw wr oderu dqg lqwhuphgldwh lqsxwv1

Wkh ghpdqg iru wkh lqwhuphgldwh fdslwdo jrrgv e| wkh krph frxqwu|*v
frpshwlwlyh surgxfwlrq vhfwru lv ghwhuplqhg e| wkh lqyhuvh ghpdqg ixqfwlrqv
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W��3�c +7,

zkhuh -|E�� +uhvs1 -|E�
W�, lv wkh uhqwdo sulfh ri grphvwlf +uhvs1 lpsruwhg,

fdslwdo ydulhwlhv145

Doo lqwhuphgldwh fdslwdo jrrgv duh vxssolhg e| prqrsrolvwlf frpshwlwruv1
Vlqfh wkh wzr frxqwulhv duh lghqwlfdo/ rqo| fdslwdo jrrgv duh wudghg lqwhu0
qdwlrqdoo|1 Lqwurgxflqj dq dg ydoruhp wdul�/ zh srvwxodwh wkdw d iudfwlrq S
ri uhyhqxh rq h{sruwhg lwhpv duulyhv wr wkh frxqwu| ri ruljlq +vr wkdw wkh
iudfwlrq � � S ghqrwhv wkh lpsruw wdul� ri hdfk frxqwu|,146 Wkh sur�w iurp
surgxflqj hdfk ri wkh fdslwdo jrrgv zklfk kdyh ehhq ghyhorshg lq wkh krph
frxqwu| wkhq htxdov
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45Zh phdvxuh doo sulfhv lq whupv ri wkh �qdo frqvxpswlrq jrrg1
46Zkhq f htxdov xqlw|/ wudgh lq fdslwdo jrrgv lv iuhh dqg frvwohvv exw zkhq f ghfuhdvhv/

vxfk wudgh ehfrphv surjuhvvlyho| pruh uhvwulfwhg1 Wkh ydoxh f @ 3 uhsuhvhqwv dxwdun|1
Zh dvvxph wkdw doo wdul� uhyhqxh lq hdfk frxqwu| lv glvwulexwhg wr wkh frqvxphu vhfwru dv
oxps vxp lqfrph1
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zkhuh S-W
| E��%

W
| E�� ghqrwhv wkh diwhu0wdul� h{sruw uhyhqxh rq fdslwdo ydulhw|

�1 H{suhvvlrq +8, dvvxphv wkdw doo fdslwdo jrrgv duh surgxfhg e| frqyhuwlqj
djjuhjdwh +udz, fdslwdo ~| lqwr xvdeoh pdfklqhu| lq rqh0wr0rqh udwlr1 Jlyhq
wkdw surgxfwlrq lv uhdol}hg lq wkh hqg ri hdfk wlph shulrg +dv zh dvvxph,/
wkh fdslwdo jrrgv surgxfhuv pxvw sd| wkh frvw o|R|5E%|E��n %W| E��� iru E%|E�� n
%W| E��� xqlwv ri rxwsxw/ jlyhq wkh sulfh ri udz fdslwdo/ R|5c dqg wkh lqwhuhvw
udwh/ o|1 Wkh frvw ri surgxfwlrq lq +8, dovr lqfoxghv d ghsuhfldwlrq whup/
_|R

|
5E%|E�� n %W| E���c rq doo lqwhuphgldwh fdslwdo ydulhwlhv147

Vxevwlwxwlqj +6, dqg wkh iruhljq pdunhw htxlydohqw ri +7, lqwr +8, dqg
pd{lpl}lqj zlwk uhvshfw wr %|E�� dqg %W| E�� zh rewdlq wkh grphvwlf surgxfhuv*
pdun0xs uxohv
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� +9,

Dffruglqj wr +9,/ doo fdslwdo jrrgv duh htxdoo| sulfhg li wudgh lv iuhh dqg
frvwohvv +l1h1/ S ' �,1 Krzhyhu/ li wkh wdul� lv srvlwlyh +l1h1/ S 	 �,/ e| +9,/
wkh uhqwdo fkdujhg iru h{sruwhg fdslwdo jrrgv zloo h{fhhg wkh sulfh fkdujhg lq
wkh grphvwlf pdunhw148 Vwloo/ htxdwlrqv +9, lpso| wkdw wkh rxwsxw txdqwlwlhv
%|E�� dqg %W| E�� gr qrw ghshqg rq wkh lqgh{ ri fdslwdo ydulhw|/ �( wklv juhdwo|
vlpsol�hv dqdo|vlv1

E| v|pphwu| zh fdq dvvxph wkdw �| ' �W
| �
49 Jlyhq wkdw wkh fdslwdo jrrgv

ghyhorshg lq wkh krph dqg iruhljq frxqwu| fruuhvsrqg wr gl�huhqw whfkqr0
orjlfdo lqqrydwlrqv/ wkh lqwud0lqgxvwu| wudgh lq fdslwdo ydulhwlhv ehwzhhq wkh
wzr frxqwulhv zloo eh edodqfhg1 Xvlqj +6, dqg +7, dqg qrwlqj wkdw �| dqg �W

|

duh htxdo/ zh rewdlq h{suhvvlrqv iru pdfklqhu| rxwsxw erwk iru wkh grphvwlf
pdunhw dqg iru h{sruw=
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E| +:,/ dq lqfuhdvh lq wkh wdul� E�� S� uhgxfhv doo fdslwdo h{sruwv1

47Xqolnh pxfk ri wkh h{lvwlqj olwhudwxuh rq hqgrjhqrxv jurzwk/ rxu prgho lqfoxghv d
ghsuhfldwlrq whup1 Wkh vshfl�fdwlrq lq +8, lpsolhv wkdw wkh h{sruwhu sd|v iru wkh ghsuh0
fldwlrq ri h{sruwhg fdslwdo jrrgv1 Wklv lv frqvlvwhqw zlwk wkh vhuylfhv ri pdfklqhu| ehlqj
uhqwhg rxw dqg h{sruwhg1 Zh dvvxph wkdw qhz ghvljqv +lqqrydwlrqv, gr qrw ghsuhfldwh1

48Lq dxwdun| +l1h1/ zkhq f @ 3,/ zh gurs wkh htxdwlrq iru wkh fdslwdo h{sruw pdunxs/
U�> dqg vhw {� @ 3 zklfk wkhq pd{lpl}hv +8,1

49Wklv dvvxpswlrq zloo krog dw v|pphwulf edodqfhg jurzwk htxloleuld> lw lpsolhv wkdw
wkh qxpehu ri fdslwdo ydulhwlhv h{sdqgv dw wkh vdph udwh lq erwk frxqwulhv1
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Iroorzlqj HKU/ zh dvvxph wkdw hdfk qhz lqyhqwlrq/ lqgh{hg e| �c frvwv �1

+1 : f, xqlwv ri udz fdslwdo wr ghyhors� Wklv vshfl�fdwlrq lpsolhv wkdw odwhu
ghvljqv ri fdslwdo jrrgv duh pruh h{shqvlyh> krzhyhu/ wkh| duh dovr pruh
ydoxdeoh/ jlyhq wkh frpsohphqwdulw| ri fdslwdo jrrgv14: Lq htxloleulxp/ wkh
glvfrxqwhg vwuhdp ri prqrsro| uhqwv dulvlqj iurp wkh lqyhqwlrq ri wkh odwhvw
qhz ydulhw| �| ri lqwhuphgldwh fdslwdo +rewdlqhg xvlqj +8, dqg +:,, pxvw
htxdo wkh �{hg frvw ri wkh lqyhqwlrq/ l1h1/ zh uhtxluh wkdw
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zkhuh l � �
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�3k E�� ���
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�3ku E: f� dqg wkh lpsdfw ri wkh wdul� sdudphwhu

S rq wkh sur�wdelolw| ri wkh prqrsrolvwlfdoo| frpshwlwlyh lqgxvwu| lv uhsuh0
vhqwhg e| wkh whup

&ES� ' E� n S
�

�3k �E� n S
k

�3k �1� +<,

Wkh ixqfwlrq &ES� lv srvlwlyh dqg lqfuhdvlqj lq S/ vr wkdw fhwhulv sdulexv d
uhgxfwlrq lq wkh wdul� E� � S� udlvhv wkh sur�wv ri wkh lqwhuphgldwh fdslwdo
surgxfhuv +l1h1/ wkh vtxduh0eudfnhwhg h{suhvvlrq lq +;,,14;

Wkh pdunhw ydoxh ri djjuhjdwh +udz, fdslwdo lq hdfk frxqwu| lv ghwhuplqhg
xvlqj wkh frpshwlwlyh surgxfwlrq vhfwru*v wudgh0r� ehwzhhq lqyhvwphqw dqg
�qdo frqvxpswlrq1 Iroorzlqj HKU/ zh srvwxodwh d vwdqgdug surgxfwlrq srv0
vlelolw| iurqwlhu ehwzhhq frqvxpswlrq dqg lqyhvwphqw/ jlyhq e|
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zkhuh � lv d frqyh{ frvw ixqfwlrq/ (| ghqrwhv wkh txdqwlw| ri ghsuhfldwhg
fdslwdo/ dqg wkh wrwdo vwrfn ri jurvv lqyhvwphqw +udz fdslwdo, htxdov
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Xvlqj +43,/ zh rewdlq wkh sulfh ri djjuhjdwh fdslwdo lq whupv ri frqvxpswlrq=
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4:Wkh vshfl�fdwlrq ri wkh lqyhqwlrq frvw jxdudqwhhv wkdw wkh prgho zloo h{klelw edodqfhg
jurzwk htxloleuld zlwk frqvwdqw jurzwk udwhv1

4;Sdudphwhu  fdq jhqhudoo| eh lqwhusuhwhg dv uh hfwlqj wrwdo idfwru surgxfwlylw| ri
fdslwdo1
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Li wkh frvw ixqfwlrq � lv olqhdu +��� ' f,/ wkh sulfh ri fdslwdo lv d frqvwdqw/
ghwhuplqhg e| +45,1 Wklv fruuhvsrqgv wr wkh fdvh zkhuh wkh surgxfwlrq whfk0
qrorjlhv iru doo wkuhh lqgxvwulhv lq wkh hfrqrp| +wkh frpshwlwlyh vhfwru/ wkh
U)G vhfwru dqg wkh pdfklqhu| surgxfhuv, duh wkh vdph1 Li/ krzhyhu/ wkh frvw
ixqfwlrq lv vwulfwo| frqyh{ +��� : f,/ wkhq whfkqrorjlhv ehwzhhq wkh shuihfwo|
frpshwlwlyh dqg prqrsrolvwlfdoo| frpshwlwlyh surgxfhuv gl�hu/ zkhuhe| wkh
rssruwxqlw| frvw ri fdslwdo lqfuhdvhv dv wkh hfrqrp|*v lqyhvwphqw lq U)G
dqg2ru lqwhuphgldwh fdslwdo surgxfwlrq lqfuhdvhv +vhh HKU iru d ghwdlohg
glvfxvvlrq ri wkh gl�huhqw fdvhv,1

515 Edodqfhg Jurzwk

Lq d v|pphwulf shuihfw iruhvljkw htxloleulxp zlwk edodqfhg jurzwk dqg frq0
vwdqw ghsuhfldwlrq E_| � _�/ wkh lqwhuhvw udwh dqg wkh jurzwk udwh ri fdslwdo
ghvljqv/ }� � �|n�*�|/ duh frqvwdqw dqg htxdo lq erwk frxqwulhv1 Vlqfh wkh
jurzwk udwh ri djjuhjdwh fdslwdo/ }5/ pxvw htxdo }

�n1
� / zh rewdlq/ xvlqj +;,/

wkdw
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E| +45,/ wkh jurzwk udwh ri djjuhjdwh fdslwdo pxvw dovr vdwlvi| wkh htxdwlrq

R5 ' ��E}5 � � n _#|�c +47,

zkhuh wkh iudfwlrq ri +udz, fdslwdo lqyhvwhg lq pdfklqhv lv gh�qhg dv
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Lq wkh vxevhtxhqw vhfwlrqv/ fkdqjhv lq #| dulvlqj iurp gl�huhqwldo dqg glv0
fuhwh shuwxuedwlrqv ri wkh wudgh sdudphwhu S zloo sod| dq lpsruwdqw uroh lq
ghwhuplqlqj wkh jurzwk frqvhtxhqfhv ri lqwhuqdwlrqdo wudgh1

Frqglwlrqv +46, dqg +47, gh�qh wkh frpelqdwlrqv ri wkh lqwhuhvw udwh/ oc
dqg wkh fdslwdo jurzwk udwh/ }5c zklfk duh frqvlvwhqw zlwk wkh surgxfwlrq
vwuxfwxuh ri wkh prgho1 Rq d v|pphwulf edodqfhg jurzwk sdwk wkh Hxohu
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htxdwlrq iru frqvxphu*v rswlpl}dwlrq lpsolhv wkdw djjuhjdwh frqvxpswlrq
zloo jurz dw wkh udwh

}SJ?r � �|n�

�|
' dqE� n o�o�*j � +49,

Frpelqlqj +49, zlwk +46,/ +47, dqg +48, dqg revhuylqj wkdw } ' }SJ?r ' }5
lq d vwhdg| vwdwh htxloleulxp/ zh rewdlq/ iru d jlyhq ohyho ri wkh sdudphwhu Sc
d frpsohwh ghvfulswlrq ri ihdvleoh vwhdg| vwdwh htxloleuld lq hdfk frxqwu|�

Jlyhq d �{hg wdul� udwh E�� S� dqg dsso|lqj wkh vroxwlrq iru wkh uhodwlyh
sulfh ri +udz, fdslwdo lq +47,/ htxdwlrqv +46, dqg +49, fdq eh xvhg wr looxvwudwh
wkh ghwhuplqdwlrq ri vwhdg| vwdwh htxloleuld lq E}c o�0vsdfh14<

ILJXUH 4 KHUH

Wkh xszdug vorslqj fxuyh FF lq Iljxuh 4 ghslfwv wkh frpelqdwlrqv E}c o�
wkdw vdwlvi| wkh frqvxphu vlgh htxloleulxp frqglwlrq +49,/ zkhuhdv wkh fxuyh
WW judskv wkh frpelqdwlrqv ri wkh lqwhuhvw udwh dqg wkh jurzwk udwh ri fdslwdo
iru zklfk wkh surgxfwlrq htxloleulxp frqglwlrqv +46, dqg +47, krog1

Wkh vorsh ri WW lv ghwhuplqhg e| wkh fxuydwxuh ri wkh surgxfwlrq srv0
vlelolw| iurqwlhu ehwzhhq frqvxpswlrq dqg lqyhvwphqw +��� ,/ wkh ghjuhh ri
fdslwdo ghsuhfldwlrq +_, dqg wkh ohyho ri whfkqrorjlfdo frpsohphqwdulw| eh0
wzhhq fdslwdo jrrgv +�,153 Jlyhq rxu edvlf dvvxpswlrq wkdw fdslwdo jrrgv duh
frpsohphqwdu| wr hdfk rwkhu +l1h1/ � : �,/ wkh fxuyh WW lv xszdug vorslqj iru
doo } li wkh hfrqrp| h{klelwv d vlqjoh djjuhjdwh surgxfwlyh vhfwru1 Ixuwkhu/
WW lv orfdoo| xszdug vorslqj zkhqhyhu wkh uhodwlyh sulfh ri +udz, fdslwdo lv
frqvwdqw +l1h1/ zkhqhyhu ��� ' f,154 Krzhyhu/ WW fdq hdvlo| srvvhvv grzq0
zdug vorslqj vhjphqwv li wkh uhodwlyh sulfh ri fdslwdo lv doorzhg ydu| +l1h1/
��� : f,1 Lq wklv fdvh wkh sur�wdelolw| ri wkh prqrsrolvwlfdoo| frpshwlwlyh
vhfwru pd| eh vx!flhqwo| vhqvlwlyh wr fkdqjhv lq wkh sulfh ri fdslwdo ru/ jlyhq
_ : f/ wkh frvw ri uhsodflqj fdslwdo htxlsphqw pd| ehfrph vx!flhqwo| odujh
vr dv wr uhtxluh d uhgxfwlrq lq wkh lqwhuhvw udwh dv wkh hfrqrp| jurzv idvwhu1

Lq Iljxuh 4 vwhdg| vwdwh htxloleuld dsshdu dv lqwhuvhfwlrqv ri wkh fxuyhv
FF dqg WW1 Vlqfh FF lv xszdug vorslqj zkloh WW fdq kdyh erwk xszdug dqg

4<Iljxuh 4 lv rxu rshq hfrqrp| yhuvlrq ri Iljxuhv 5 dqg 6 ri HKU1
53H{suhvvlrqv iru wkh vorshv ri wkh fxuyhv FF dqg WW duh jlyhq lq wkh Dsshqgl{1
54Lq hfrqrplf whupv/ wkh srvlwlyh vorsh dulvhv iurp wkh revhuydwlrq wkdw/ gxh wr frpsoh0

phqwdulw|/ fxuuhqw fdslwdo jrrgv ehfrph pruh ydoxdeoh zkhq wkh hfrqrp| jurzv idvwhu1
Wkh htxloleulxp lqwhuhvw udwh pxvw wkhuhiruh ulvh lq rughu wr pdlqwdlq wkh lqwhuwhpsrudo
}hur sur�w frqglwlrq ri wkh prqrsrolvwlfdoo| frpshwlwlyh lqgxvwu|1
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grzqzdug vorslqj vhjphqwv/ pxowlsoh lqwhuvhfwlrqv fdq rffxu> d fdvh ri irxu
lqwhuvhfwlrqv/ ghqrwhg e| .� wr .e/ lv looxvwudwhg lq Iljxuh 41 Hdfk ri wkh
irxu lqwhuvhfwlrqv ri FF dqg WW lq Iljxuh 4 fruuhvsrqgv wr d glvwlqfw edo0
dqfhg jurzwk sdwk dqg wkh htxloleulxp udwhv ri jurzwk dvvrfldwhg zlwk wkhvh
vwhdg| vwdwhv ydu| txlwh vljql�fdqwo|1 Ghshqglqj rq wkh prgho sdudphwhuv
dqg vxevhtxhqwo| wkh uhodwlyh vkdshv ri wkh FF dqg WW fxuyhv/ wkh prgho
fdq |lhog htxloleuld lqyroylqj jurzwk udwhv pxfk kljkhu +orzhu, wkdq rwkhuv1

516 Wkh Vwdelolw| Frqglwlrq

Wklv prgho/ olnh pdq| rwkhu prghov ri hqgrjhqrxv jurzwk/ srvvhvvhv qr
wudyhuvh g|qdplfv1 Wklv phdqv wkdw/ vwduwlqj iurp dq| lqlwldo frqglwlrq/ wkh
hfrqrp| zloo lpphgldwho| hyroyh dorqj d edodqfhg jurzwk sdwk155 Wkhuhiruh/
wkh pxowlsoh vwhdg| vwdwhv wkdw duh rewdlqhg dv vroxwlrqv wr htxdwlrqv +46,0
+49, fdqqrw eh fodvvl�hg xvlqj vwdelolw| xqghu shuihfw iruhvljkw1 Qhyhuwkhohvv
vrph ri wkh srvvleoh htxloleuld fdq eh glvfdughg dv ehlqj xqvwdeoh xqghu
dgdswlyh ohduqlqj1 Wklv w|sh ri lqvwdelolw| lqyroyhv/ dv d sduw ri wkh prgho/ d
qrwlrq ri h{shfwdwlrq irupdwlrq dqg ohduqlqj xqghuwdnhq e| hfrqrplf djhqwv1

Zh dsso| wkh dgdswlyh ohduqlqj uxoh ri HKU zklfk fhqwhuv durxqg glv0
fuhsdqflhv ehwzhhq wkh dfwxdo lqwhuhvw udwh dqg wkh udwh djhqwv h{shfwhg wr
rewdlq156 Dv djhqwv dgmxvw wkhlu h{shfwdwlrqv wrzdug wkh uhdol}hg udwh ri
lqwhuhvw wkh hfrqrp| zloo qrw �qg lwv zd| wr dq| ri wkh xqvwdeoh htxloleuld1
Udwkhu/ vwdeoh htxloleuld zloo eh dssurdfkhg wkurxjk dq h{shfwdwlrqdo dgmxvw0
phqw surfhvv zkhq wkh hfrqrp| vwduwv iurp qhdue| ydoxhv ri } dqg o1 Lq wkh
iroorzlqj wkh whupv cvwdelolw|* dqg cvwdeoh vroxwlrq* zloo uhihu wr wkh frqfhsw
ri vwdelolw| xqghu dgdswlyh ohduqlqj1

Wkh iroorzlqj ohppd irupdoo| vwdwhv d frqglwlrq zklfk lv vx!flhqw iru
vwdelolw| ri htxloleuld xqghu dgdswlyh ohduqlqj lq rxu prgho1

Ohppd 4 D vwhdg| vwdwh vroxwlrq wr htxdwlrqv +46,0+49,/ ghqrwhg e| +}Wc oW�c
lv vwdeoh xqghu dgdswlyh ohduqlqj li

E � _o5E}
W�

_}
� _oSJ?rE}

W�

_}
	 fc +4:,

55Dv lq HKU/ wkh suhvhqw prgho kdv rqo| rqh vwdwh yduldeoh/ ]/ wkh lqlwldo vwdwh ri zklfk
grhv qrw ghwhuplqh wkh vroxwlrqv +j> u, iru htxdwlrqv +46,0+49,1 Wkhuhiruh/ jlyhq dq| lqlwldo
ydoxh ri ]/ wkh hfrqrp| fdq vhohfw dq| rqh ri wkh srvvleoh jurzwk sdwkv fkdudfwhul}hg e|
wkh lqwhuvhfwlrqv ri wkh fxuyhv FF dqg WW1

56Iru wkh suhflvh irupxodwlrq ri wklv dgdswlyh ohduqlqj uxoh/ vhh HKU +Vhfwlrq LL1I,1
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zkhuh oSJ?rE}� dqg o5E}� ghqrwh wkh lqyhuvh vroxwlrqv wr htxdwlrqv +46, dqg
+49,/ jlyhq +47, dqg +48,1 D vwhdg| vwdwh lv xqvwdeoh li E : f1

Lq E}c o�0vsdfh +Iljxuh 4,/ frqglwlrq +4:, fdq eh lqwhusuhwhg xvlqj wkh
uhodwlyh vorshv ri wkh FF dqg WW fxuyhv1 Vshfl�fdoo|/ dw d edodqfhg jurzwk
vroxwlrq/ wkh whfkqrorj| fxuyh WW pxvw fxw wkh suhihuhqfh fxuyh FF/ l1h1
wkh lqyhuvh ixqfwlrq ri +49,/ iurp deryh157 Lq Iljxuh 4/ wzr htxloleuld 0 rqh
dvvrfldwhg zlwk d orz udwh ri jurzwk/ .�/ dqg rqh zlwk kljk jurzwk/ .� 0
vdwlvi| wklv frqglwlrq1 Wkhuh duh dovr wzr htxloleuld +.2 dqg .e, lq wkh �jxuh
zklfk duh xqvwdeoh1 Dv wkh FF fxuyh lv prqrwrqlfdoo| lqfuhdvlqj zkhuhdv wkh
vorsh ri WW pd| ydu| lw lv hylghqw wkdw/ eduulqj h{fhswlrqdo fdvhv/ dq| wzr
vwdeoh htxloleuld pxvw eh vhsdudwhg e| rqh wkdw lv xqvwdeoh dqg ylfh yhuvd1

Dffruglqj wr frqglwlrq +4:, wkh srvlwlyh vorsh ri wkh FF fxuyh dovr lpsolhv
wkdw d vwdeoh htxloleulxp pd| lqyroyh hlwkhu d qhjdwlyh ru d srvlwlyh vorsh
iru WW1 Iljxuh 4 kdv ehhq gudzq wr vkrz d srvlwlyh vorsh iru WW dw wkh orz
jurzwk vwdeoh htxloleulxp .�/ zkhuhdv wkh vorsh ri WW lv qhjdwlyh dw wkh
vwdeoh kljk jurzwk vwhdg| vwdwh .�1 E| +4:,/ dq xqvwdeoh vwhdg| vwdwh pxvw
qhfhvvdulo| lqyroyh d srvlwlyh vorsh iru WW zklfk lv vwhhshu wkdq wkdw ri FF1
Wklv lv wkh fdvh dw htxloleuld .2 dqg .e lq Iljxuh 41

Wkh vwdelolw| frqglwlrq +4:, fdq eh zulwwhq lq ixoo xvlqj wkh gh�qlwlrqv
ri wkh ixqfwlrqv o5E}� dqg oSJ?rE}�1 Wklv lqyroyhv idluo| frpsoh{ h{suhvvlrqv
zklfk fdq eh lqwhusuhwhg dv wkh lpsdfw ri fkdqjhv lq wkh lqwhuhvw udwh rq wkh
surgxfwlrq dqg frqvxpswlrq vhfwruv ri wkh hfrqrp| zkloh dovr wdnlqj lqwr
dffrxqw srvvleoh fkdqjhv lq wkh uhodwlyh sulfh ri +udz, fdslwdo1 Wkh frpsohwh
frqglwlrq/ lqfoxglqj wkh gh�qlwlrqv ri wkh ydulrxv ghulydwlyhv/ lv jlyhq lq wkh
Dsshqgl{1

6 Orfdo dqg Elixufdwlrq H�hfwv ri Lqwhuqd0
wlrqdo Wudgh

Kdylqj fkdudfwhul}hg wkh vwdeoh +v|pphwulf, edodqfhg jurzwk sdwkv ri wkh
prgho/ zh vwxg| wkh lpsdfw ri dq h{sdqvlrq lq lqwhuqdwlrqdo wudgh rq wkhvh
vroxwlrqv1 Zh �uvw frqvlghu d gl�huhqwldo fkdqjh lq wkh wudgh sdudphwhu S>
wklv doorzv xv wr ghwhuplqh wkh orfdo lpsdfw ri wudgh rq htxloleuld1 Vhfrqgo|/

57Wkh vwdelolw| frqglwlrq xwlol}lqj vorshv ri fxuyhv zdv irupxodwhg lq HKU1 Vlqfh wkh WW
fxuyh fdq kdyh erwk xszdug dqg grzqzdug vorslqj vhjphqwv/ lw lv frqyhqlhqw wr ghvfuleh
wkh vwdelolw| frqglwlrq lq whupv ri wkh lqyhuvh ixqfwlrqv1
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zh ghwhuplqh krz wkh vhw ri ihdvleoh vwhdg| vwdwhv uhvsrqgv dv rshqqhvv
wrzdug wudgh/ dv ghvfulehg e| S/ lv dowhuhg1 Wkh odwwhu h{huflvh looxvwudwhv wkh
elixufdwlrq h�hfwv ri lqwhuqdwlrqdo wudgh1

614 Orfdo H�hfwv

D vpdoo shuwxuedwlrq lq wkh wudgh sdudphwhu S d�hfwv wkh vroxwlrqv wr htxd0
wlrqv +46,/ +47, dqg +48,1 Jhrphwulfdoo|/ lq Iljxuh 4/ vxfk d fkdqjh |lhogv d
vkliw lq wkh whfkqrorj| fxuyh WW/ zkloh wkh FF fxuyh uhpdlqv xqfkdqjhg158

Iru fodulw|/ lw lv frqyhqlhqw wr glvwlqjxlvk ehwzhhq zkdw pljkw eh fdoohg
wkh gluhfw dqg lqgluhfw h�hfwv ri d fkdqjh lq wkh sdudphwhu S1 Wkh gluhfw
h�hfw ri dq lqfuhdvh lq Sc zklfk/ dffruglqj wr +8,/ fruuhvsrqgv wr dq lqfuhdvh
lq wkh sursruwlrq ri h{sruw uhyhqxh  rzlqj wr wkh h{sruwlqj frxqwulhv/ lv wr
lqfuhdvh wkh vxsso| ri iruhljq fdslwdo jrrgv lq hdfk frxqwu|> wklv h{sdqvlrq
lq wkh qxpehu ri fdslwdo ydulhwlhv whqgv wr lqfuhdvh wkh htxloleulxp jurzwk
udwh1 Krzhyhu/ kljkhu jurzwk dovr whqgv wr udlvh wkh sulfh ri +udz, fdslwdo
dqg wkh frvw ri fdslwdo uhsodfhphqw/ dqg wklv lqgluhfw h�hfw gdpshqv wkh
jurzwk lpsdfw ri h{sdqghg wudgh1

61414 Wkh Gluhfw Lpsdfw ri H{sdqghg Wudgh

Wkh gluhfw h�hfw ri d shuwxuedwlrq lq wkh wudgh sdudphwhu S lv lvrodwhg e|
dvvxplqj wkdw wkh surgxfwlrq srvvlelolw| iurqwlhu ehwzhhq frqvxpswlrq dqg
+udz, fdslwdo lv hlwkhu joredoo| ru orfdoo| olqhdu +l1h1/ ��� ' f,1 Lq wklv fdvh
gl�huhqwldwlrq ri wkh prgho +46,0+49, dw d vwhdg| vwdwh vroxwlrq E}Wc oW� |lhogv
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zkhuh E frphv iurp wkh vwdelolw| frqglwlrq lq Ohppd 4 dqg wkh whupv D/ Fc
I dqg E�� H� duh srvlwlyh159 Wkh vljq ri wkh ghqrplqdwru E lv ghwhuplqhg
e| wkh vwdelolw| surshuwlhv ri wkh htxloleulxp lq txhvwlrq1 Zh wkxv rewdlq

Sursrvlwlrq 5 Ohw wkh wudgh sdudphwhu S eh jlyhq dqg ohw d fruuhvsrqglqj
htxloleulxp vroxwlrq wr +46,0+49, eh vwdeoh +uhvs1 xqvwdeoh, xqghu dgdswlyh

58Wkh FF fxuyh lv lqghshqghqw ri wkh sdudphwhu f lq wkh suhvhqw prgho ehfdxvh zh kdyh
dvvxphg wkdw wdul� uhyhqxh lv uhwxuqhg wr wkh frqvxphu vhfwru dv oxps vxp lqfrph1

59Wkh whupvD> F> I dqg H duh gh�qhg lq wkh ghwdlohg glvfxvvlrq ri wkh vwdelolw| frqglwlrq
lq wkh Dsshqgl{1

49



ohduqlqj1 Wkhq/ dvvxplqj wkdw wkh rssruwxqlw| frvw ri +udz, fdslwdo lv frq0
vwdqw +l1h1/ ��� ' f� durxqg wkh lqlwldo htxloleulxp/ dq lqfuhdvh lq wkh ghjuhh
ri rshqqhvv wr lqwhuqdwlrqdo wudgh lq fdslwdo jrrgv +l1h1/ d gl�huhqwldo fkdqjh
_S : f, zloo udlvh +uhvs1 uhgxfh, wkh hfrqrp|*v jurzwk udwh/ }�

Sursrvlwlrq 5 fdq eh looxvwudwhg xvlqj Iljxuh 41 H{sdqghg wudgh lq fds0
lwdo jrrgv zloo vkliw wkh fxuyh WW xszdugv dorqj lwv srvlwlyho| vorshg vhj0
phqwv5: +l1h1/ fruuhvsrqglqj wr dq| }5c lqfuhdvhg dffhvv wr frpsohphqwdu|
fdslwdo lpsruwv pdqgdwhv dq lqfuhdvh lq wkh lqwhuhvw udwh vr dv wr pdlqwdlq
}hur sur�wdelolw| ri wkh prqrsrolvwlfdoo| frpshwlwlyh surgxfhuv,/ zkhuhdv wkh
fxuyh FF zloo qrw fkdqjh1 Frqvhtxhqwo|/ wkh xqvwdeoh htxloleuld .2 dqg .e
orfdwhg rq wkh xszdug vorslqj sruwlrqv ri wkh WW fxuyh zloo qrz h{klelw
orzhu jurzwk exw wkh vwdeoh orz jurzwk htxloleulxp .� lv vkliwhg xs wrzdug
kljkhu jurzwk1

Wklv vwdeoh uhvsrqvh looxvwudwhv wkh lqwxlwlyh frqfoxvlrq ri Sursrvlwlrq 5=
�d pruh rshq +v|pphwulf, zruog dgdswlyho| ohduqv wr jurz idvwhu� 0 dw ohdvw/
li rqh rqo| doorzv iru wkh srvlwlyh h�hfw ri wkh lqfuhdvhg dffhvv wr lpsruwhg
fdslwdo jrrgv1 Sursrvlwlrq 5 fdqqrw eh dssolhg wr lqihu wkh h�hfw ri lqfuhdvhg
fdslwdo jrrgv wudgh rq wkh vwdeoh vwhdg| vwdwh htxloleulxp .� vlqfh wkh WW
fxuyh lv orfdoo| grzqzdug0vorslqj +l1h1 ��� : f, qhdue|1 Ixuwkhu dqdo|vlv ri
wklv fdvh lv uhtxluhg1

61415 Wkh Lqgluhfw Lpsdfw ri H{sdqghg Wudgh=

Wkh frqfoxvlrqv ri Sursrvlwlrq 5 dffrug zhoo zlwk rxu edvlf lqwxlwlrq uhjdug0
lqj jurzwk dqg wudgh1 \hw/ wkh ixoo frqvhtxhqfhv ri wudgh lq fdslwdo jrrgv duh
qrw dozd|v dv vwudljkwiruzdug1 Wkh lqgluhfw h�hfw ri wudgh rq wkh rssruwxqlw|
frvw ri fdslwdo pxvw dovr eh wdnhq lqwr dffrxqw/ dqg vxfk d zruvhqlqj ri wkh
hfrqrp|*v frvw frqglwlrqv fdq hyhq ohdg wr orfdoo| orzhu jurzwk1 Lq Iljxuh
4 wklv sdudgr{lfdo fdvh fruuhvsrqgv wr d grzqzdug vkliw lq wkh whfkqrorj|
fxuyh WW dorqj lwv grzqzdug vorslqj vhjphqwv +zkhuh wkh uhodwlyh sulfh ri
fdslwdo lqfuhdvhv dv wkh hfrqrp| jurzv idvwhu,1

Dgglqj wkh lqgluhfw h�hfwv wr wkh jurzwk ghulydwlyh +4;, vr dv wr wdnh lqwr
dffrxqw wkh dgmxvwphqw lq wkh sulfh ri +udz, fdslwdo/ zh rewdlq
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5:Dv lqglfdwhg lq Vhfwlrq 515/ wkh vorsh ri WW lv srvlwlyh li "33 @ 3=
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zkhuh wkh whupv F/ I / V dqg _#|
_S

duh srvlwlyh/ G dqg _#|
_o

duh qhjdwlyh/ dqg
wkh vljq ri E iroorzv iurp wkh vwdelolw| frqglwlrq1 Wkh whupv lqyroylqj ���

lq +4<, vshoo rxw wkh jurzwk lpsdfw ri wkh uhgxfwlrq lq wkh sur�wdelolw| ri
wkh prqrsrolvwlfdoo| frpshwlwlyh lqgxvwu| gxh wr dq lqfuhdvh lq wkh sulfh
ri fdslwdo dqg wkh srvvleoh vxevhtxhqw lqfuhdvh lq wkh frvw ri ghsuhfldwlrq
uhsodfhphqw15; Lw lv hylghqw iurp +4<, wkdw wkhvh dgyhuvh h�hfwv pd| h{fhhg
wkh srvlwlyh gluhfw lpsdfw ri h{sdqghg wudgh hyhq dw vwdeoh htxloleuld1

Sursrvlwlrq 6 Ohw wkh wudgh sdudphwhu S eh jlyhq dqg wkh fruuhvsrqglqj
vwhdg| vwdwh vroxwlrq wr +46,0+49, eh vwdeoh +uhvs1 xqvwdeoh, xqghu dgdswlyh
ohduqlqj1 Wkhq/ dq h{sdqvlrq lq lqwhuqdwlrqdo wudgh lq fdslwdo jrrgv +_S : f,
zloo udlvh +uhvs1 uhgxfh, wkh jurzwk udwh/ }c li dqg rqo| li
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Dffruglqj wr Sursrvlwlrq 6 wkh orfdo jurzwk lpsdfw ri lqwhuqdwlrqdo wudgh
lq fdslwdo jrrgv lv ghwhuplqhg e| wkh uhodwlyh vl}h ri lwv gluhfw dqg lqgl0
uhfw h�hfwv1 Li wkh gluhfw h�hfw +lqglfdwhg e| wkh whupv FE� � H� : f dqg
FI : f lq +53,, h{fhhgv wkh uhgxfwlrq lq sur�wv dulvlqj iurp wkh kljkhu gh0
suhfldwlrq frvw ri fdslwdo jrrgv +uhsuhvhqwhg e| wkh whupv ��&
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	 f,/ wkhq jurzwk dffhohudwhv dw vwdeoh vroxwlrqv1 Wklv kds0

shqv lq sduwlfxodu li wkh rssruwxqlw| frvw ri fdslwdo lv qhduo| frqvwdqw ru li
wkh ghsuhfldwlrq sdudphwhu lv vpdoo1 Lq Iljxuh 4/ wklv �qrupdo� fdvh fruuh0
vsrqgv wr dq xszdug vkliw ri wkh vwdeoh htxloleulxp .�1 Krzhyhu/ zkhq wkh
hfrqrp|*v wudqvirupdwlrq iurqwlhu ehwzhhq frqvxpswlrq dqg wrwdo fdslwdo lv
vljql�fdqwo| fxuyhg +l1h1/ ��� : f lv odujh, dqg wkh ghsuhfldwlrq udwh ri sk|v0
lfdo fdslwdo lv kljk/ wkh whfkqrorj| fxuyh WW pd| vkliw orfdoo| grzq durxqg
htxloleuld vxfk dv .� lq Iljxuh 4 uhvxowlqj lq vorzhu jurzwk1

Frqglwlrq +53, pdnhv lw fohdu wkdw wkh srvvleoh qhjdwlyh lpsdfw rq jurzwk
dulvhv iurp wkh ghsuhfldwlrq frvw ri fdslwdo dqg qrw iurp wkh kljkhu frvw
ri ghyhorslqj ru pdqxidfwxulqj qhz fdslwdo jrrgv1 Dffruglqjo|/ zlwkrxw
ghsuhfldwlrq frqglwlrq +53, dqg Sursrvlwlrq 6 |lhog

5;Vlqfh �w uhsuhvhqwv wkh iudfwlrq ri +udz, fdslwdo lqyhvwhg lq pdfklqhu|/ wkh whup "33g
g�

w

gf

htxdov wkh lqfuhdvh lq wkh uhsodfhphqw frvw ri fdslwdo jlyhq wkdw wkh sulfh ri fdslwdo zloo
fkdqjh dv d uhvxow ri d fkdqjh lq f1 Wkh whup "33gg�w

gu
wdnhv lqwr dffrxqw wkh fkdqjh lq wkh

uhsodfhphqw frvw dulvlqj iurp wkh fruuhvsrqglqj fkdqjh lq wkh lqwhuhvw udwh1
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Fruroodu| 7 Dvvxph wkdw fdslwdo jrrgv gr qrw ghsuhfldwh/ l1h1/ _ ' f1 Wkhq/
dq lqfuhdvh lq wkh ghjuhh ri rshqqhvv wr lqwhuqdwlrqdo wudgh lq fdslwdo jrrgv
udlvhv +uhvs1 uhgxfhv, wkh hfrqrp|*v jurzwk udwh dw vwdeoh +uhvs1 xqvwdeoh,
vwhdg| vwdwh htxloleuld1

Ghvslwh wkh deryh fruroodu|/ d frqfoxvlrq dulvlqj iurp Sursrvlwlrq 6 lv
wkdw lqfuhdvhg rshqqhvv wr wudgh fdq vrphwlphv ohdg wr vorzhu hfrqrplf
jurzwk1 Vxfk d fdvh zrxog suredeo| eh uduho| revhuyhg/ exw lw fdq kdsshq
li wkh surgxfwlrq srvvlelolw| iurqwlhu ehwzhhq frqvxpswlrq dqg lqyhvwphqw
lv yhu| fxuyhg +l1h1/ ��� lv odujh,1 Lq vxfk hfrqrplhv/ wkh sulfh ri djjuhjdwh
+udz, fdslwdo pd| eh vx!flhqwo| vhqvlwlyh wr fkdqjhv lq fdslwdo lqyhvwphqw
vr dv wr qxooli| wkh orfdo srvlwlyh jurzwk lpsxovh iurp wudgh1 Vwduwlqj iurp
dq htxloleulxp zlwk orz jurzwk/ vxfk hfrqrplhv frxog h{shulhqfh d orfdo
zruvhqlqj lq wkhlu shuirupdqfh1

61416 Zhoiduh Frqvhtxhqfhv

Wkh jurzwk h�hfwv ri lqwhuqdwlrqdo wudgh gr qrw gluhfwo| wudqvodwh lqwr fkdqjhv
lq zhoiduh1 Vwloo/ xqghu edodqfhg jurzwk/ wkh djjuhjdwh frqvxphu*v olihwlph
xwlolw|/ gh�qhg lq +4,/ htxdov
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E| +54, dq xqdqwlflsdwhg fkdqjh lq wkh wudgh sdudphwhu S fdq d�hfw zhoiduh
e| dowhulqj wkh jurzwk udwh } +dqg wkh lqwhuhvw udwh o, dqg e| fkdqjlqj wkh
ohyho ri lqlwldo frqvxpswlrq/ �f1 Lq wkh �qrupdo � fdvh d uhgxfwlrq lq wkh
wdul� E� � S� vshhgv xs jurzwk dqg wklv |lhogv d srvlwlyh lpsdfw rq zhoiduh
lq +54,1 Wkh fruuhvsrqglqj ghfuhdvh lq fxuuhqw frqvxpswlrq/ �f/ krzhyhu/
pxvw uhgxfh wkh frqvxphu*v olihwlph xwlolw|1 Wkh wrwdo h�hfw lv wkhruhwlfdoo|
dpeljxrxv/ wkrxjk lq prvw fdvhv wkh jurzwk h�hfw lv olnho| wr grplqdwh1 Wklv
kdsshqv lq doo qxphulfdo looxvwudwlrqv uhsruwhg ehorz1

615 Elixufdwlrq H�hfwv

Zh qrz vshfli| wkh prgho ixuwkhu dqg srvwxodwh wkdw wkh wudqvirupdwlrq iurq0
wlhu ehwzhhq frqvxpswlrq dqg djjuhjdwh fdslwdo wdnhv d frqwlqxrxv/ qhduo|
slhfhzlvh0olqhdu irup zlwk wkuhh olqhdu vhjphqwv/ frqqhfwhg e| wzr uhjlrqv

4<



ri vkdus fxuydwxuh1 +Wklv irup zdv xvhg e| HKU +4<<;, lq wkh forvhg hfrq0
rp| frqwh{w1 Vhh wkh Dsshqgl{ iru vrph ghwdlov1, Wkh olqhdu vhjphqwv ri
wkh wudqvirupdwlrq fxuyh |lhog xszdug vorslqj vhjphqwv rq wkh hfrqrp|*v
whfkqrorj| fxuyh WW +dqdorjrxvo| wr Iljxuh 4,1 Rq wkhvh olqhdu vhjphqwv
wkh sulfh ri fdslwdo/ R5c lv orfdoo| frqvwdqw1 Lq frqwudvw/ wkh rssruwxqlw| frvw
ri fdslwdo lqfuhdvhv dw d udslg udwh rq wkh fxuyhg sduwv ri wkh surgxfwlrq
srvvlelolw| iurqwlhu qhdu wkh mxqfwlrqv ri wkh olqhdu vhjphqwv1 Fruuhvsrqglqj
wr wkhvh vhjphqwv ri wkh wudqvirupdwlrq iurqwlhu zh rewdlq uhjlrqv ri wkh WW
fxuyh zklfk duh grzqzdug0vorslqj1

Iru d jlyhq ohyho ri wkh wudgh sdudphwhu S wkh vshfl�fdwlrq ri wkh sur0
gxfwlrq srvvlelolw| iurqwlhu doorzv xv wr qxphulfdoo| judsk wkh htxlydohqw ri
Iljxuh 4 rqfh d vhw ri wkh prgho sdudphwhuv kdv ehhq fkrvhq1 Iljxuh 5d
ehorz lv rewdlqhg xvlqj wkh iroorzlqj sdudphwhu ydoxhv15<

k l � _ q j u
f��b f�f22D ���f f�fb f�bD f�22 f��2eb

WDEOH 4= Sdudphwhu ydoxhv iru qxphulfdo hydoxdwlrq1

Wkh gdvkhg whfkqrorj| fxuyh WW lq Iljxuh 5d uhsuhvhqwv wkh orfxv ri vr0
oxwlrqv wr htxdwlrqv +46,0+47, lq dxwdun| +l1h1/ zkhq S ' f,1 Wkh fxuyh
h{klelwv xszdug dqg grzqzdug vorslqj vhjphqwv dv glvfxvvhg deryh1 Jlyhq
wkh xszdug0vorslqj suhihuhqfh fxuyh FF/ zh rewdlq wzr vwhdg| vwdwh vroxwlrqv
zklfk duh vwdeoh xqghu dgdswlyh ohduqlqj +rqh zlwk d kljk dqg rqh zlwk d
orz udwh ri jurzwk,1

61514 D Elixufdwlrq H{dpsoh

Lq Iljxuh 5d/ wkh elixufdwlrq h�hfw ri lqwhuqdwlrqdo wudgh fruuhvsrqgv wr d
vkliw ri wkh WW fxuyh zklfk lv vx!flhqwo| odujh wr dowhu wkh vhw ri htxloleuld1
Dq h{dpsoh ri vxfk dq h�hfw lv rewdlqhg e| frpsdulqj wkh vhw ri ihdvleoh
vwhdg| vwdwh htxloleuld lq dxwdun| +l1h1 zkhq S ' f, wr wkrvh rewdlqhg xqghu
iuhh dqg frvwohvv lqwhuqdwlrqdo h{fkdqjh ri fdslwdo jrrgv +l1h1 zkhq S ' �,1 Lq
Iljxuh 5e/ wkh whfkqrorj| fxuyh fruuhvsrqglqj wr wkh sdudphwhu ydoxh S ' �
lv judskhg dv wkh gdvkhg WW fxuyh1

ILJXUHV 5 KHUH
5<Frpsohwh Pdwkhpdwlfd surjudpv wkdw kdyh ehhq xvhg wr jhqhudwh wkh gdwd lq wklv

sdshu duh dydlodeoh iurp wkh �uvw dxwkru xsrq uhtxhvw1
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Hylghqwo|/ lq wkh fdvh ghslfwhg lq Iljxuhv 5/ wkh lqwurgxfwlrq ri lqwhuqdwlrqdo
wudgh lq fdslwdo ydulhwlhv kdv ohg wr d idyrudeoh elixufdwlrq= wkh vhw ri vwdeoh
dxwdun| htxloleuld zklfk lqfoxghv erwk orz dqg kljk jurzwk vwdwhv kdv ehhq
uhsodfhg e| d vlqjoh/ vwdeoh/ kljk jurzwk htxloleulxp xqghu iuhh wudgh1

Iljxuh 5e vxjjhvwv wkdw frxqwulhv wkdw kdyh ehhq shuvlvwhqwo| vwxfn rq d
orz jurzwk sdwk lq dxwdun| fdq wudqvirup wkhpvhoyhv wr kljk jurzwk dfklhy0
huv zkhq dffhvv wr iruhljq fdslwdo jrrgv lv lqwurgxfhg1 Gxulqj wkh shulrg
ri dgmxvwphqw wkh frxqwulhv* hfrqrplhv dgdswlyho| ohduq wkhlu zd| wr wkh
kljk jurzwk vwdwh dqg/ rqfh wkhuh/ d suhvxpdeo| pxfk kljkhu ohyho ri zho0
iduh lv shupdqhqwo| rewdlqhg1 Dqrwkhu srvvlelolw| lv wkdw wkh frxqwulhv pd|
kdyh h{shulhqfhg udqgrp jurzwk f|fohv +l1h1/ d vhtxhqfh ri orz dqg kljk
jurzwk htxloleuld, lq dxwdun|163 Gxh wr wkh elixufdwlrq h�hfw dulvlqj iurp
lqwhuqdwlrqdo h{fkdqjh/ vxfk jurzwk f|fohv zrxog hqwluho| glvdsshdu1 Vxfk
�vwdelol}dwlrq yld elixufdwlrq� vkrxog surylgh dgglwlrqdo zhoiduh jdlqv dv uh0
vrxufhv duh uhgluhfwhg wr surgxfwlyh xvhv iurp sxuho| khgjlqj ru vshfxodwlrq
w|sh dfwlylwlhv1

61515 Wkh H{lvwhqfh ri Elixufdwlrq H�hfwv

Iljxuhv 5 jlyh rqo| rqh h{dpsoh ri d fkdqjh lq wkh vhw ri htxloleuld1 Vlqfh
vxfk fkdqjhv kdyh srwhqwldoo| odujh zhoiduh frqvhtxhqfhv wkh h{lvwhqfh ri
elixufdwlrqv lv ri jhqhudo lqwhuhvw1 Zh kdyh vhhq wkdw fkdqjhv lq wkh frxqwulhv*
ghjuhh ri rshqqhvv/ dv uh hfwhg lq wkh sdudphwhu Sc vkliw wkh whfkqrorj| fxuyh
WW zkloh wkh suhihuhqfh fxuyh FF lv lqghshqghqw ri S1 Wkh gluhfwlrq ri wkh
vkliwv lq WW +dq h{sdqvlrq ri wudgh/ l1h1 dq lqfuhdvh lq S/ xvxdoo| vkliwv
WW xszdugv lq E}c o� vsdfh64, vxjjhvwv wkdw/ xqghu idluo| jhqhudo frqglwlrqv/
lqfuhdvlqj wkh vfrsh iru lqwhuqdwlrqdo wudgh fdq ohdg wr idyrudeoh elixufdwlrq
h�hfwv1

Frqvlghu/ iru h{dpsoh/ wkh vlwxdwlrq vkrzq lq Iljxuh 4 zkhuh wzr vwdeoh
htxloleuld duh vhsdudwhg e| dq xqvwdeoh vwhdg| vwdwh1 Li zh qrz doorz wkh
wudgh sdudphwhu S wr lqfuhdvh/ wkh fxuyh WW zloo vkliw xs dqg hyhqwxdoo|/ zkhq
vrph fulwlfdo ydoxh SW lv dwwdlqhg/ rqh ri wkh vhjphqwv ri wkh WW fxuyh qhdu
lwv orfdo plqlpd zloo olh deryh wkh FF fxuyh/ h{fhsw iru rqh srlqw wrxfklqj
FF1 +Qrwh wkdw qrupdoo| d vhjphqw durxqg wkh rwkhu vwdeoh vwhdg| vwdwh zloo

63Wkh h{lvwhqfh ri vxfk f|fohv lq d forvhg hfrqrp| yhuvlrq ri wkh prgho zdv ghprqvwudwhg
e| HKU1

64Dv qrwhg lq Sursrvlwlrq 6/ wkh WW fxuyh fdq vkliw grzq dorqj lwv grzqzdug vorslqj
vhjphqwv lq h{fhswlrqdo fdvhv1 Zh ljqruh wklv srvvlelolw| lq wkh hqvxlqj glvfxvvlrq1
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vwloo olh ehorz FF zkhq S ' SW1, Li wkh sdudphwhu S lv lqfuhdvhg ixuwkhu/ erwk
d vwdeoh dqg dq xqvwdeoh vwhdg| vwdwh zloo glvdsshdu1 Vkrxog wklv kdsshq
�uvw iru wkh orz jurzwk vwdeoh vwhdg| vwdwh/ d idyrudeoh jurzwk elixufdwlrq
kdv wdnhq sodfh1 Wkh hfrqrp| zloo wkhq pryh wr d vwdwh ri shupdqhqw kljk
jurzwk1

Wkh suhfhglqj qxphulfdo h{dpsoh lq Iljxuhv 5 lv dq looxvwudwlrq ri d idyru0
deoh jurzwk elixufdwlrq rewdlqhg zkhq wkh iurqwlhu �E�� ehwzhhq frqvxpswlrq
dqg djjuhjdwh fdslwdo lv doprvw slhfhzlvh olqhdu dqg vshfl�hg e| sduwlfxodu
sdudphwhu ydoxhv1 Pruh jhqhudoo| iru hfrqrplhv fkdudfwhul}hg e| slhfhzlvh
olqhdu rssruwxqlw| iurqwlhuv/ zh nqrz wkdw li wkh urxqglqj r� ri fruqhuv lq wkh
�E�� ixqfwlrq wdnhv sodfh lq d vkruw lqwhuydo iru lwv dujxphqw/ wkh vhjphqwv ri
wkh WW fxuyh zloo vorsh grzqzdug yhu| vwhhso|1 Wkh h{lvwhqfh ri d idyrudeoh
elixufdwlrq fdq wkhq eh ghvfulehg lq whupv ri wkh fruqhuv lq wkh WW fxuyh1
Zh fdq lghqwli| wkhvh fruqhuv e| �qglqj wkh orzhvw ydoxhv ri wkh yduldeohv }
dqg o zklfk duh frqvlvwhqw zlwk htxdwlrq +46, dqg wkh +�{hg, ydoxhv ri wkh
fdslwdo sulfh R5 wkdw shuwdlq wr wkh xszdug vorslqj vhjphqwv ri WW1

Vshfl�fdoo|/ jlyhq S/ zh pd| �uvw vhw R5 ' R5E��}��/ zkhuh R5E��}�� lv
wkh kljkhvw +�{hg, uhodwlyh sulfh ri fdslwdo dorqj wkh olqhdu vhjphqwv ri wkh
iurqwlhu �E��c dqg wkhq fkrrvh wkh orzhvw ydoxhv ri } dqg o/ ghqrwhg e| }MES�
dqg oMES�/ zklfk vroyh +46, iru R5 ' R5E��}��1 Wklv lghqwl�hv wkh htxlydohqw
ri wkh xsshu orfdo plqlpxp ri wkh WW fxuyh lq Iljxuh 41 Olnhzlvh/ zh pd|
ghwhuplqh }�ES� dqg o�ES� zklfk duh wkh orzhvw ydoxhv iru } dqg o frqvlvwhqw
zlwk +46, zkhq zh vhw R5 ' R5E6e_�/ zkhuh R5E6e_� lv wkh sulfh ri fdslwdo
rq wkh plggoh olqhdu vhjphqw ri �E��1 Wkh iroorzlqj uhvxow jlyhv d vxevhtxhqw
frqglwlrq iru suhvhqfh ri d idyrudeoh elixufdwlrq1

Sursrvlwlrq 8 Dvvxph wkdw wkh rssruwxqlw| iurqwlhu �E�� lv slhfhzlvh olqhdu
zlwk wkuhh olqhdu vhjphqwv +dqg urxqghg fruqhuv,1 Vxssrvh wkdw zkhq S ' f
wkh prgho h{klelwv wzr vwhdg| vwdwh htxloleuld zklfk duh vwdeoh xqghu dgdswlyh
ohduqlqj dqg wkdw iru S ' � rqo| d xqltxh vwdeoh htxloleulxp h{lvwv1 Wkhq/
wkhuh h{lvwv d fulwlfdo ohyho ri wkh wudgh sdudphwhu/ SWc vxfk wkdw iru dq| ydoxh
ri S orzhu wkdq wkh fulwlfdo ohyho +l1h1 S 	 SW�c wkh prgho h{klelwv wzr vwdeoh
vwhdg| vwdwhv/ zkhuhdv iru doo ydoxhv ri S odujhu wkdq wkh fulwlfdo ohyho +l1h1
S : SW�c rqo| rqh vwdeoh htxloleulxp h{lvwv1 Li }�ESW� ' dqE� n o�ESW�o�*j dqg
}MES

W� 	 dqE� n oMES
W�o�*j wkh elixufdwlrq dw SW lv idyrudeoh1

Wkh deryh frqglwlrq fkdudfwhul}lqj wkh suhvhqfh ri d idyrudeoh jurzwk
elixufdwlrq jxdudqwhhv wkdw lw lv wkh orz jurzwk vwhdg| vwdwh dqg wkh qhdue|
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xqvwdeoh htxloleulxp wkdw glvdsshdu zkhq wkh wudgh sdudphwhu S h{fhhgv wkh
fulwlfdo ydoxh SW� Wklv hqvxuhv wkdw wkh hfrqrp| fdq rqo| �qg lwv zd| wr d
kljk jurzwk vwdwh rqfh wkh h{sdqvlrq ri wudgh lv vx!flhqwo| odujh165c66

Lq whupv ri Iljxuh 4/ d idyrudeoh elixufdwlrq lv olnho| wr rffxu li wkh WW
fxuyh lv pruh vhqvlwlyh wr fkdqjhv lq wkh wudgh sdudphwhu S +dqg wkhuhiruh
vkliwv xs pruh dv S lqfuhdvhv, iru uhodwlyho| orz ydoxhv ri o dqg } dqg ohvv
vhqvlwlyh zkhq wkh lqwhuhvw udwh dqg jurzwk udwh duh kljk1 Xqghu wkhvh flu0
fxpvwdqfhv/ dq h{sdqvlrq lq frxqwulhv* wudgh rssruwxqlwlhv fdq pruh hdvlo|
vkliw wkh orzhu plqlpxp ri wkh WW fxuyh deryh wkh fxuyh FF/ zkhuhdv wkh
kljk plqlpxp ri WW lv olnho| wr uhpdlq ehorz FF1 Wklv vruw ri dv|pphwu|
lq wkh vkliw uhdfwlrqv ri wkh WW fxuyh vhhpv lqwxlwlyho| txlwh sodxvleoh dv
wkh htxloleuld dw orz ydoxhv ri o dqg } duh olnho| wr lqyroyh uhodwlyho| vpdoo
qxpehuv ri fdslwdo jrrgv lq surgxfwlrq1 Lq vxfk vlwxdwlrqv/ h{sdqglqj df0
fhvv wr frpsohphqwdu| fdslwdo lpsruwv lv olnho| wr fdxvh d odujhu lqfuhdvh
lq sur�wdelolw| ri wkh ihz h{lvwlqj w|shv ri pdfklqhu|/ wkxv qhfhvvlwdwlqj d
odujhu lqfuhdvh lq wkh htxloleulxp lqwhuhvw udwh +dqg wkxv d odujhu vkliw xs lq
wkh WW fxuyh, iru dq| ohyho ri }1 Rq wkh rwkhu kdqg/ zkhq wkh lqwhuhvw udwh
dqg jurzwk udwh duh douhdg| kljk dqg pdq| fdslwdo jrrgv kdyh douhdg| ehhq
ghyhorshg/ dgglwlrqdo dffhvv wr pruh ydulhwlhv ri pdfklqhu| lv olnho| wr kdyh d
vpdoohu srvlwlyh lpsdfw rq wkh sur�wdelolw| ri dq| sduwlfxodu h{lvwlqj ydulhw|
dqg wkh uhvxowlqj vkliw lq WW lv wkhuhiruh uhodwlyho| vpdoo1

Sursrvlwlrq 8 vkrzv wkdw lqwhuqdwlrqdo h{fkdqjh ri fdslwdo jrrgv fdq sur0
gxfh d vljql�fdqw dffhohudwlqj h�hfw rq jurzwk1 Li wkh vkliw lq wkh frxqwulhv*
wudgh rulhqwdwlrq lv vx!flhqwo| odujh vr wkdw wkh wudgh sdudphwhu S h{fhhgv
wkh fulwlfdo ohyho/ wkh orz dqg plggoh jurzwk htxloleuld dvvrfldwhg zlwk uh0
vwulfwhg wudgh uhjlphv fdq hqwluho| glvdsshdu/ ohdylqj rqo| d sdwk ri yhu|
kljk jurzwk dv wkh ihdvleoh vwdeoh htxloleulxp1 Lq wklv fdvh +looxvwudwhg e|
wkh deryh h{dpsoh, wkh frxqwulhv ohduq wr uhdol}h d pxfk kljkhu ohyho ri zho0
iduh wkdq rqh zrxog h{shfw phuho| rq wkh edvlv ri wkh srvlwlyh orfdo jurzwk
lpsdfw ri wudgh1 Hyhq lq fdvhv zkhuh wkh orfdo jurzwk h�hfw ri wudgh pd| eh
qhjdwlyh +l1h1/ iru vpdoo lqfuhdvhv lq Sc jurzwk ghfhohudwhv gxh wr dq lqfuhdvlqj
sulfh ri +udz, fdslwdo,/ wkhuh vwloo h{lvw ydoxhv ri S vx!flhqwo| odujh vr dv wr

65Zkhq jP+f�, @ ^�+4 . uP+f�,`4@�/ wkh orzhu fruqhu +orfdo plqlpxp, ri WW olhv rq
wkh fxuyh FF dqg/ vlqfh jK+f�, ? ^�+4. uK+f�,`4@�> wkh xsshu fruqhu pxvw olh ehorz FF1
Wkhuhiruh/ zkhq f A f�> wkh rqo| vwdeoh htxloleulxp pxvw lqyroyh kljk jurzwk1

66Fohduo|/ li wkh iurqwlhu "+=, h{klelwv pruh wkdq wkuhh olqhdu vhjphqwv/ dqdorjrxv dujx0
phqwv fdq eh pdgh wr ghwhuplqh frqglwlrqv zklfk duh vx!flhqw wr jxdudqwhh wkh h{lvwhqfh
ri ydulrxv vhwv ri vwdeoh htxloleuld +dvvrfldwhg zlwk gl�huhqw ohyhov ri jurzwk,1
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jxdudqwhh wkh elixufdwlrq �jurzwk0mxps�1 Wkxv/ wkh orfdo dqg elixufdwlrq
h�hfwv ri lqwhuqdwlrqdo wudgh gr qrw qhfhvvdulo| zrun lq wkh vdph gluhfwlrq
dqg lw �sd|v wr eh erog� +l1h1 wkh vkliw lq wkh wudgh sdudphwhu S vkrxog h{fhhg
wkh fulwlfdo wkuhvkrog,1

Frqvlghudwlrq ri wkh ohduqlqj g|qdplfv |lhogv ixuwkhu lpsolfdwlrqv1 Vxs0
srvh wkdw lqlwldoo| wkh wudgh uhvwulfwlqj wdul� lv uhodwlyho| kljk dqg wkh wzr
frxqwulhv duh lq d orz jurzwk vwhdg| vwdwh1 Wkhq d uhgxfwlrq lq +v|pphwulf,
wdul�v wr ohyhov orzhu wkdq E�� SW� zloo wdnh/ yld ohduqlqj g|qdplfv/ wkh wzr
frxqwulhv wr wkh xqltxh kljk jurzwk htxloleulxp1 Lq uhyhuvh/ krzhyhu/ li wkh
lqlwldo vlwxdwlrq lqyroyhv orz wdul�v dqg kljk jurzwk/ d pryhphqw wrzdug
pruh uhvwulfwhg wudgh +l1h1/ orzhulqj ri S,/ iru wdul� ohyhov kljkhu wkdq E�� SW�
zloo qrw qhfhvvdulo| wdnh wkh frxqwulhv wr d orz jurzwk vwdwh1 Ohduqlqj g|0
qdplfv zloo nhhs wkh frxqwulhv qhdu wkh kljk jurzwk vwhdg| vwdwh/ surylghg
vxfk d vwdwh frqwlqxhv wr h{lvw diwhu wkh lqfuhdvh lq wdul�v1 Wkh srvvlelolw|
ri dq xqidyrudeoh elixufdwlrq hphujhv rqo| li wkh lqfuhdvh lq wdul�v ohdgv wr d
vlwxdwlrq zkhuh rqo| wkh orz jurzwk vwdeoh vwhdg| vwdwh h{lvwv1 Zlwk ohduqlqj
g|qdplfv lqfoxghg wkh prgho fdq wkhuhiruh h{klelw k|vwhuhvlv h�hfwv167 Wklv
srvvlelolw| vhhpv wr vwuhqjwkhq wkh jurzwk0edvhg dujxphqw iru wudgh olehudo0
l}dwlrq dv/ kdylqj h{shulhqfhg kljk jurzwk xqghu olehudo uhjlphv/ frxqwulhv
pd| eh ohvv vxvfhswleoh wr qhjdwlyh jurzwk frqvhtxhqfhv ri shukdsv whpsr0
udu| surwhfwlrqlvw uhjlphv1

Sursrvlwlrq 8 lv fuxfldoo| ghshqghqw rq wkh dvvxpswlrq wkdw pxowlsoh
vwdeoh vwhdg| vwdwhv h{lvw iru wkh lqlwldo sdudphwhu frq�jxudwlrq=

Fruroodu| 9 Elixufdwlrqdo fkdqjhv lq wkh vhw ri htxloleuld zloo qrw h{lvw li
wkh hfrqrp| kdv d xqltxh vwdeoh vwhdg| vwdwh1

Wkh srvvlelolw| ri d xqltxh vwdeoh htxloleulxp dulvhv/ iru h{dpsoh/ +l,
li wkh hfrqrp| kdv d vlqjoh djjuhjdwh surgxfwlrq vhfwru +l1h1/ ��� ' f,/ ru
+ll, li wkh hfrqrp| srvvhvvhv d wzr0vhfwru surgxfwlrq vwuxfwxuh exw fdslwdo
ydulhwlhv duh qrw frpsohphqwdu| lq surgxfwlrq168 Pruh jhqhudoo|/ wkh vkdsh
ri wkh whfkqrorj| fxuyh WW dqg lq sduwlfxodu wkh vwhhsqhvv ri lwv +plggoh,
srvlwlyh vhjphqw lq uhodwlrq wr wkh fxuyh FF ghwhuplqh wkh ihdvlelolw| ri
pxowlsoh +vwdeoh, htxloleuld1 Wkh vorsh ri wkh plggoh xszdug vhjphqw ri WW

67D ghwdlohg glvfxvvlrq ri vxfk h�hfwv lq wkh frqwh{w ri d vlpsoh ryhuodsslqj jhqhudwlrqv
prgho zlwk lqfuhdvlqj uhwxuqv fdq eh irxqg lq Hydqv dqg Krqndsrkmd +4<<6,1

68Vhh HKU iru pruh ghwdlov rq wkhvh fdvhv1 Zh uhpdun wkdw lq fdvh +l, ixuwkhu frqglwlrqv
rq wkh fxuydwxuh ri wkh WW fxuyh qhhg wr eh lpsrvhg1
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lv d�hfwhg e| wkh vxsso| vlgh sdudphwhuv/ lqfoxglqj wkh surgxfwlylw| whup l
dqg wkh frpsohphqwdulw| sdudphwhu �( iru orz ydoxhv ri � dqg l wkh plggoh
vhjphqw ri wkh WW fxuyh pd| qrw eh vx!flhqwo| vwhhs iru wkh kljk jurzwk
htxloleuld ri Iljxuh 5d wr h{lvw1 Lq vxfk d fdvh/ wkh rqo| ihdvleoh edodqfhg
jurzwk sdwk pd| lqyroyh uhodwlyho| orz jurzwk1 Iljxuhv 6 looxvwudwh1

ILJXUHV 6 KHUH

Iljxuhv 6 duh rewdlqhg xvlqj wkh sdudphwhu ydoxhv ri Wdeoh 4/ h{fhsw wkdw
zh kdyh uhsodfhg wkh whfkqrorjlfdo frpsohphqwdulw| sdudphwhu e| wkh orz
ydoxh � ' ��f� zkloh dovr uhgxflqj wkh wrwdo idfwru surgxfwlylw|/ vr wkdw
l ' f�f�� Lq Iljxuh 6d/ zklfk lv gudzq iru dxwdun|/ wkh xqltxh vwhdg| vwdwh
qrz lqyroyhv orz jurzwk1 Iurp Iljxuh 6e looxvwudwlqj wkh iuhh wudgh rxwfrph
zh vhh wkdw wkh wzr frxqwulhv zloo vwloo jdlq iurp wkh rssruwxqlw| wr h{fkdqjh
fdslwdo jrrgv exw wkh jdlq zloo rqo| pdqlihvw lwvhoi dv d vpdoo orfdo jurzwk
h�hfw durxqg wkh lqlwldo +orz, htxloleulxp1 Lq wklv hfrqrp| dffhvv wr iruhljq
ydulhwlhv ri fdslwdo jrrgv idlov wr lqgxfh/ wkurxjk fdslwdo frpsohphqwdulw|/
vx!flhqw qhz lqyhvwphqw iru d vwdeoh kljk jurzwk htxloleulxp wr dsshdu1 Li
lw lv wkh fdvh wkdw dgydqflqj whfkqrorj| vsxuv pruh fdslwdo frpsohphqwdulw|/
wkhq Iljxuhv 6 vxjjhvw wkdw frxqwulhv zlwk wkh orzhvw ohyhov ri whfkqrorjl0
fdo vrsklvwlfdwlrq dqg orz wrwdo idfwru surgxfwlylw| duh wkh ohdvw olnho| wr
h{shulhqfh elixufdwlrqdo jurzwk vsxuwv gxh wr wudgh1

7 Grphvwlf Vxevlglhv dqg Jurzwk
Wkh uhodwlyh urohv ri lqwhuqdwlrqdo wudgh dqg grphvwlf srolf| lq vsxuulqj
jurzwk dqg ghyhorsphqw kdyh jhqhudwhg pxfk glvfxvvlrq1 Dffruglqjo|/ zh
fdq dvn zkhwkhu wkh orfdo dqg elixufdwlrq h�hfwv ri wudgh fdq eh uhsolfdwhg
xvlqj vroho| grphvwlf srolf| zlwklq wkh suhvhqw prgho1

Dv wudgh lq fdslwdo jrrgv h{sdqgv wkh ydulhw| ri lqwhuphgldwh lqsxwv df0
fhvvleoh wr d frxqwu|*v surgxfwlrq vhfwru/ rqh h{shfwv wkdw wkh orfdo dqg
elixufdwlrq h�hfwv ri wudgh uhvhpeoh wkh fruuhvsrqglqj h�hfwv ri d vxlwdeo|
fkrvhq whfkqrorj| vxevlg|1 Zh frqvlghu dq dg ydoruhp vxevlg| iru sxufkdvhv
ri doo fdslwdo ydulhwlhv lq hdfk frxqwu|169 Wkh vxevlg| �qdqfhv wkh iudfwlrq
E� � r� +zkhuh f 	 r 	 �, ri wkh sxufkdvh sulfh ri doo fdslwdo ydulhwlhv1 L1h1

69Iru vlpsolflw| zh dvvxph wkdw wkh vxevlg| lv �qdqfhg e| d oxps vxp wd{ rq wkh
frqvxpswlrq vhfwru1
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jlyhq wkh vxevlg|/ wkh frqvxphu sulfh ri hdfk xqlw ri fdslwdo vhuylfhv +sdlg e|
wkh surgxfhuv ri �qdo frqvxpswlrq jrrgv, htxdov r-|E��/ zkhuhdv wkh fruuh0
vsrqglqj surgxfhu sulfh uhfhlyhg e| wkh prqrsrolvwlfdoo| frpshwlwlyh �upv
uhpdlqv dw -|E��1

Iroorzlqj wkh surfhgxuh rxwolqhg lq Vhfwlrq 5/ zh rewdlq wkh htxdwlrqv
zklfk fkdudfwhul}h wkh forvhg hfrqrp| vwhdg| vwdwh htxloleuld=6:
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k3�lER5�
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k3� Eo n _�
k

k3�

l�3k
�3� +55,

R5 ' ��E}5 � � n _#|�c #| � %|�|*~|c +56,

#| ' �� �

E� n 1�>|

c >| �
;?
= �

� n 1
n u

�
r-|

k

� �

k3�

<@
> � +57,

D frpsdulvrq ri wkhvh frqglwlrqv dqg htxdwlrqv +46, dqg +48 , uhyhdov wkdw
wkh wzr vhwv ri htxloleulxp frqglwlrqv duh htxlydohqw li zh fkrrvh wkh fdsl0
wdo vxevlg| dffruglqj wr wkh htxdwlrq r

�

k3� ' &ES��6; Ghqrwlqj wklv vxevlg|
vroxwlrq e| rS/ zh rewdlq wkdw wkhuh h{lvwv d wudgh0htxlydohqw udwh ri fdslwdo
vxevlg|/ �� rSc lq wkh forvhg hfrqrp| |lhoglqj wkh vhw ri htxloleuld iru E}c o�
zklfk lv lghqwlfdo wr wkdw rewdlqhg xqghu lqwhuqdwlrqdo h{fkdqjh ri fdslwdo
jrrgv zkhq wkh wudgh rshqqhvv sdudphwhu wdnhv d jlyhq ydoxh S1 Wkh iroorz0
lqj sursrvlwlrq vwdwhv wkh vroxwlrq iru rS1

Sursrvlwlrq : Frqvlghu wkh prgho +46,0+49, dqg ohw 'S eh wkh vhw ri htxl0
oleulxp vroxwlrqv fruuhvsrqglqj wr wkh wudgh sdudphwhu S Ef 	 S � ��� Wkh
htxloleulxp vroxwlrqv 'S fdq dovr eh dwwdlqhg e| fkrrvlqj lq wkh forvhg hfrq0
rp| prgho +55,0 +57, dqg +49,/ wkh fdslwdo vxevlg| �� rS/ zkhuh

rS � E� n S
�

�3k ��3�

E� n S
k

�3k ��3k
E	 ��� +58,

Sursrvlwlrq : lqglfdwhv wkdw lq rxu v|pphwulf wzr frxqwu| prgho wudgh
lq lqwhuphgldwh fdslwdo jrrgv lv htxlydohqw lq lwv jurzwk h�hfwv wr d vxlwdeo|
fkrvhq grphvwlf vxevlg| rq sxufkdvhv ri fdslwdo jrrgv1 Wklv htxlydohqfh
lpsolhv wkdw lq wkh devhqfh ri lqwhuqdwlrqdo wudgh wkh frxqwulhv pd| uhsolfdwh

6:Zh uhsodfh wkh ohiw kdqg vlgh ri htxdwlrq +6, e| vUw+l, dqg vhw {�+l, @ {+l�, @ 3 lq
+8, dqg vroyh iru wkh htxlydohqwv ri htxdwlrqv +46,0+47,1

6;Qrwh wkdw f @ 3 lq dxwdun| lq +47,1
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wkh jurzwk shuirupdqfh ri d iuhho| wudglqj exw rwkhuzlvh lghqwlfdo zruog e|
vxevlgl}lqj wkh sxufkdvh ri doo fdslwdo ydulhwlhv1 Krzhyhu/ zh qrz vkrz wkdw
wkh frvw ri vxfk vxevlgl}lqj fdq txlfno| h{fhhg sodxvleoh olplwv1

ILJXUH 7 KHUH

Iljxuh 7 judskv wkh wudgh htxlydohqw vxevlg|/ �� rS/ dv d ixqfwlrq ri wkh
wudgh sdudphwhu/ S/ dqg wkh frpsohphqwdulw| sdudphwhu/ �/ nhhslqj rwkhu
sdudphwhu ydoxhv �{hg dw ohyhov lqglfdwhg lq Wdeoh 41 Dorqj wkh S0d{lv wkh
wudgh htxlydohqw ghjuhh ri fdslwdo vxevlgl}dwlrq prqrwrqlfdoo| lqfuhdvhv zlwk
rshqqhvv wr wudgh dqg uhdfkhv lwv pd{lpxp dw S ' �/ l1h1 zkhq wkh h{fkdqjh
ri fdslwdo jrrgv lv iuhh dqg frvwohvv1 Iurp +58, lw fdq eh ghwhuplqhg wkdw
iru S ' � wkh vxevlg| sdudphwhu rS htxdov 2k3�� Jlyhq wkh sdudphwhu ydoxhv
ri Wdeoh 4/ zh rewdlq � � rS ' �eS.Hc l1h1 lq rughu wr uhsolfdwh wkh jurzwk
shuirupdqfh ri d iuhh iuhho| wudglqj zruog wkh wzr v|pphwulf frxqwulhv zrxog
kdyh wr �qdqfh 791:;( ri wkh sxufkdvh sulfh ri doo lqwhuphgldwh jrrgv xvlqj
sxeolf ixqgv1 Wkh wudgh htxlydohqw vxevlg| dovr lqfuhdvhv dv wkh ghjuhh ri
whfkqrorjlfdo frpsohphqwdulw| lqfuhdvhv1 Iru h{dpsoh/ li � ' 2 wkh iuhh wudgh
htxlydohqw vxevlg| htxdov �� rS ' �S.eH�

Hyhq h{foxglqj wkh lqhylwdeoh dgglwlrqdo hfrqrplf frvwv dulvlqj iurppruh
uhdolvwlf glvwruwlrqdu| �qdqflqj ri wkh fdslwdo vxevlg| +zklfk zh kdyh qrw
frqvlghuhg lq rxu prgho,/ wkhvh �jxuhv vxjjhvw wkdw iuhh h{fkdqjh ri fdslwdo
jrrgv surylghv wkh fkhdshu dowhuqdwlyh sdwk wr idvwhu hfrqrplf jurzwk16<

8 Frqfoxvlrqv
Zh kdyh vwxglhg wkh h�hfwv ri lqwhuqdwlrqdo wudgh lq fdslwdo jrrgv xvlqj d
v|pphwulf wzr frxqwu| prgho zlwk hqgrjhqrxv jurzwk dqg lqfrusrudwlqj
whfkqrorjlfdo frpsohphqwdulw| dqg dq lqfuhdvlqj rssruwxqlw| frvw ri djjuh0
jdwh +udz, fdslwdo1 Vlqfh wkh prgho jlyhv ulvh wr d pxowlsolflw| ri htxloleuld
zklfk duh vwdeoh xqghu dgdswlyh ohduqlqj/ zh kdyh ehhq deoh wr vwxg| wkh
lpsdfw ri lqwhuqdwlrqdo wudgh rq wkh vhw ri vwdeoh vwhdg| vwdwh vroxwlrqv1 Zh
kdyh vkrzq wkdw wkh htxloleuld dvvrfldwhg zlwk uhodwlyho| orz jurzwk pd|
vxgghqo| glvdsshdu zkhq wudgh lq fdslwdo jrrgv lv vx!flhqwo| olehudol}hg +d

6<Qdwxudoo|/ d forvhg hfrqrp| pxvw dovr sd| wkh U)G ghyhorsphqw frvwv dvvrfldwhg
zlwk qhz fdslwdo jrrgv/ zkhuhdv wudgh surylghv hdfk frxqwu| gluhfw dffhvv wr lqqrydwlrqv
ghyhorshg hovhzkhuh1
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idyrudeoh elixufdwlrq h�hfw,1 Vxfk elixufdwlrq h�hfwv dulvlqj iurp wudgh fdq
kdyh d pxfk odujhu lpsdfw rq qdwlrqdo jurzwk udwhv dqg zhoiduh wkdq wkh
orfdo shuwxuedwlrqv durxqg vlqjoh vwhdg| vwdwhv zklfk kdyh ehhq glvfxvvhg lq
wkh olwhudwxuh wkxv idu1

Uhjduglqj wkh orfdo h�hfw ri wudgh rq htxloleuld/ zh kdyh vkrzq wkdw wkh
lqwxlwlyh frqfoxvlrq ri lqfuhdvlqj rshqqhvv vsxuulqj jurzwk pxvw eh txdol�hg
zkhq fkdqjhv lq wkh sulfh ri djjuhjdwh fdslwdo duh wdnhq lqwr dffrxqw1 Zkhq
wkh surgxfwlrq srvvlelolw| iurqwlhu ehwzhhq �qdo frqvxpswlrq dqg fdslwdo
kdv fxuydwxuh +l1h1 wkh uhodwlyh sulfh ri fdslwdo zlwk uhvshfw wr frqvxpswlrq
fdq ydu|,/ lqfuhdvlqj lqwhuqdwlrqdo wudgh zloo jhqhudoo| lqfuhdvh wkh sulfh ri
fdslwdo dqg wklv h�hfw zloo uhgxfh wkh jurzwk lpsdfw ri wudgh dv wkh frvw ri
fdslwdo uhsodfhphqw lqfuhdvhv1 Li wkhvh dgglwlrqdo frvwv duh vx!flhqwo| odujh/
zh fdqqrw uxoh rxw wkh xqlqwxlwlyh rxwfrph wkdw d pruh rshq zruog jurzv
pruh vorzo|1

Lq wkh suhvhqw prgho erwk vpdoo orfdo fkdqjhv lq jurzwk dqg odujh/ udslg
jurzwk vsxuwv fdq eh fdxvhg e| fkdqjhv lq wkh frxqwulhv* rshqqhvv wrzdug
lqwhuqdwlrqdo h{fkdqjh1 Rxu h{dpsohv vxjjhvw wkdw d kljk ghjuhh ri whfkqr0
orjlfdo frpsohphqwdulw| dqg d uhodwlyho| orz udwh ri fdslwdo ghsuhfldwlrq pdnh
idyrudeoh jurzwk elixufdwlrqv pruh olnho|1 Wkh rssrvlwh lv wkh fdvh li fdslwdo
jrrgv duh ohvv frpsohphqwdu| wr hdfk rwkhu dqg wkh udwh ri ghsuhfldwlrq lv
kljk1

Ilqdoo|/ zh kdyh eulh | frqvlghuhg wkh txhvwlrq ri zkhwkhu ru qrw grphv0
wlf srolf| frpelqhg zlwk uhvwulfwhg lqwhuqdwlrqdo wudgh fdq surylgh dq dowhu0
qdwlyh urxwh wr kljk jurzwk1 Rxu uhvxowv lqglfdwh wkdw/ hyhq li htxlydohqw
rxwfrphv fdq eh dwwdlqhg wkurxjk erwk vxlwdeoh grphvwlf fdslwdo vxevlglhv
dqg h{sdqglqj wudgh lq fdslwdo jrrgv/ wkh frvw ri grphvwlf srolf| lqwhuyhq0
wlrq txlfno| h{fhhgv sodxvleoh olplwv hyhq zkhq zh h{foxgh wkh glvwruwlrqdu|
h�hfwv ri dq| uhdolvwlf �qdqflqj ri vxfk vxevlgl}dwlrq1 Wklv surylghv dggl0
wlrqdo vxssruw iru rxwzdug0rulhqwdwlrq dv dq h�hfwlyh lqwhuqdwlrqdo jurzwk
vwudwhj|1

D Dsshqglfhv

D14 Wkh Vorshv ri wkh FF dqg WW Fxuyhv

Wkh wrwdo gl�huhqwldo ri wkh prgho +46,0+49, dw d vwhdg| vwdwh vroxwlrq EoWc }W�c
zkhuh }W ' }SEo

W� ' }5Eo
W�/ lv wkh iroorzlqj=
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Wkh vorsh ri wkh fxuyh FF htxdov

_oSJ?rE}�*_} ' D3� E: f� +6;,

dv lqglfdwhg e| +5;,1 Vxevwlwxwlqj +5:, lqwr +59,/ zh rewdlq wkdw
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zklfk lv wkh vorsh ri wkh fxuyh WW dw d vwhdg| vwdwh htxloleulxp1 Fohduo|/
dvvxplqj wkdw � : �c wkh vorsh ri WW lv srvlwlyh li wkh surgxfwlrq srvvlelolw|
iurqwlhu ehwzhhq frqvxpswlrq dqg +udz, fdslwdo lv olqhdu +��� ' f,1 Zkhq
��� : fc krzhyhu/ wkh vorsh ri WW pd| ehfrph qhjdwlyh1 Li wkhuh lv qr
ghsuhfldwlrq +_ ' f,/ wkh vorsh lv htxdo wr E� n EFG*V����� dFE�� H�o3�> wklv
h{suhvvlrq lv qhjdwlyh li O ' � n EFG*V���� 	 f1 Li _ : fc wkh vhfrqg
h{suhvvlrq P3� lq +6<, pd| dovr eh qhjdwlyh ru srvlwlyh1 Wkxv lq jhqhudo
wkh h{suhvvlrq _o5E}�

_}
' OP3� fdq kdyh hlwkhu vljq1

D15 Vwdelolw| xqghu Ohduqlqj

Ohw E}Wc oW� eh d vroxwlrq wr +46,0+49,1 Xvlqj wkh vroxwlrqv iru wkh vorshv ri
wkh fxuyhv FF dqg WW lq +6;, dqg +6<, zh rewdlq

#
_oSJ?rE}

W�

_}
� _o5E}

W�

_}

$
' D3� �OP3� : f

ru

OP3� 	 D3� +73,

dv wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru d jlyhq vwhdg| vwdwh wr eh vwdeoh
xqghu dgdswlyh ohduqlqj +fi1 HKU,1 Wkh uljkw0kdqg vlgh ri +73, lv srvlwlyh/
zkloh wkh ohiw0kdqg vlgh fdq kdyh hlwkhu vljq1

Li wkh surgxfwlrq srvvlelolw| iurqwlhu ehwzhhq frqvxpswlrq dqg +udz, fds0
lwdo lv olqhdu +��� ' f,/ zh kdyh O ' �c P ' FE� � H� dqg vr wkh vwdelolw|
frqglwlrq +73, vlpsol�hv wr D 	 FE�� H��

Lw lv srvvleoh wr lqwhusuhw wkh vwdelolw| frqglwlrq lq gl�huhqw zd|v/ vlqfh
wkh pdsslqjv ghvfulelqj wkh FF dqg WW fxuyhv duh orfdoo| lqyhuwleoh1 Xvlqj
wkh lqyhuvh pdsslqjv/ wklv frqglwlrq uhtxluhv wkdw d gl�huhqwldo shuwxuedwlrq
lq wkh lqwhuhvw udwh dowhuv wkh djjuhjdwh frqvxphu*v ghvluhg jurzwk udwh ri
frqvxpswlrq e| ohvv wkdq wkh jurzwk udwh ri +udz, fdslwdo zloo fkdqjh +zkloh
frqvlvwhqw zlwk }hur sur�wdelolw| ri lqgxvwu|,1 Wkh ixoo vwdelolw| frqglwlrq
+73, wdnhv lqwr dffrxqw wkh vxevhtxhqw fkdqjh lq wkh sulfh ri +udz, fdslwdo
dqg ghpdqgv wkdw wkh frpelqhg h�hfw ri d shuwxuedwlrq lq wkh lqwhuhvw udwh
dqg wkh sulfh ri fdslwdo rq wkh jurzwk udwh ri fdslwdo h{fhhgv wkh lpsdfw ri
wkh lqwhuhvw udwh rq wkh jurzwk udwh ri frqvxpswlrq1
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D16 Surri ri Sursrvlwlrq 5

Htxdwlqj +5;, dqg +59, dqg vxevwlwxwlqj lq +5:,/ zh rewdlq

_o
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' � �

DO�PEFI n
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V ���_

_#|
_S

� +74,

dqg
_}

_S
' � D

DO�PEFI n
FG
V ���_

_#|
_S

�� +75,

Dvvxplqj wkdw ��� ' f/ wkh vwdelolw| frqglwlrq +73, lpsolhv wkdw wkh ghqrpl0
qdwru lq +74, lv qhjdwlyh dqg wkh qxphudwru lv srvlwlyh1 Wkhuhiruh/ zh rewdlq
_}

_S
c _o
_S

: f dw vwdeoh htxloleuld/ zkhuhdv _}

_S
c _o
_S

	 f zkhq wkh htxloleulxp lv
xqvwdeoh xqghu dgdswlyh ohduqlqj1 Wklv |lhogv Sursrvlwlrq 51

D17 Surri ri Sursrvlwlrq 6=

Wkh uhvxow iroorzv xvlqj htxdwlrq +74, dqg wkh surri ri Sursrvlwlrq 51

D18 Wkh Slhfhzlvh Olqhdu Wudqvirupdwlrq Iurqwlhu=

Zh dgrsw wkh qxphulfdo h{dpsoh iurp HKU iru wkh +qhduo|, slhfhzlvh olqhdu
frqvxpswlrq0lqyhvwphqw iurqwlhu1 Wkh sulfh ri fdslwdo lv vhw dw R5 ' f�D
+olqhdu vhjphqw 4,> iru lqwhuphgldwh ydoxhv ri ~|/ zh fkrrvh R5 ' ��2be�
+olqhdu vhjphqw 5, dqg/ iru kljk ohyhov ri djjuhjdwh lqyhvwphqw/ zh vhw R5 ' �
+olqhdu vhjphqw 6,1 Iljxuh D14 looxvwudwhv wklv iurqwlhu lq wkh +�|c ~|n�,0vsdfh1
Wkh vprrwko| fxuyhg vhjphqwv ri wkh iurqwlhu zhuh frqvwuxfwhg e| �wwlqj
txdgudwlf dufv wr uhpryh wkh vkdus nlqnv1 Iru ghwdlov ri wklv odvw frqvwuxfwlrq/
vhh HKU +Dsshqgl{,1

ILJXUH D14 KHUH

Uhihuhqfhv
^4` Edodqg M10P1 dqg S1 Iudqfrlv +4<<9,/ Lqqrydwlrq/ Prqrsrolhv dqg wkh

Sryhuw| Wuds/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ yro17</ 48404:;1
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^5` Edogzlq/ U1/ Pduwlq S1 dqg J1L1S1 Rwwdyldqr +4<<;,/ Joredo Lqfrph Gl0
yhujhqfh/ Wudgh dqg Lqgxvwuldol}dwlrq= Wkh Jhrjudsk| ri Jurzwk Wdnh0
R�v/ FHSU Zrunlqj Sdshu Qr1 4;36/ Iheuxdu|1

^6` Glqrsrxorv/ H1 dqg S1 Vhjhuvwurp +4<<<,/ D Vfkxpshwhuldq Prgho ri
Surwhfwlrq dqg Uhodwlyh Zdjhv/ Dphulfdq Hfrqrplf Uhylhz/ yro1;</
78307:51

^7` Hxurshdq Hfrqrplf Uhylhz +4<<<,/ Vshfldo Lvvxh rq Lqwhuqdwlrqdo Jh0
rjudsk| dqg Wudgh/ yro176/ Qr151

^8` Hydqv J1Z1 dqg V1 Krqndsrkmd +4<<6,/Dgdswlyh Iruhfdvwv/ K|vwhuhvlv
dqg Hqgrjhqrxv Ioxfwxdwlrqv/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr
Hfrqrplf Uhylhz/ qu14/ 60461

^9` Hydqv J1Z1 dqg V1 Krqndsrkmd +4<<;,/ Ohduqlqj G|qdplfv/ iruwkfrp0
lqj lq Kdqgerrn ri Pdfurhfrqrplfv/ Yro1L/ hg1 e| M1E1 Wd|oru dqg P1
Zrrgirug/ Hovhylhu= Dpvwhugdp1

^:` Hydqv J1Z1/ V1 Krqndsrkmd dqg S1 Urphu +4<<;,/ Jurzwk F|fohv/
Dphulfdq Hfrqrplf Uhylhz/ yro1;;/ 7<808481

^;` Ihhqvwud/ U1 F1 +4<<9,/ Wudgh dqg Xqhyhq Jurzwk/ Mrxuqdo ri Ghyhors0
phqw Hfrqrplfv/ yro17</ 55<05891

^<` Jurvvpdq J1P1 dqg H1 Khospdq +4<<3,/ Frpsdudwlyh Dgydqwdjh dqg
Orqj0Uxq Jurzwk/ Dphulfdq Hfrqrplf Uhylhz/ yro1;3/ :<90;481

^43` Nlp W10K1 +4<<<,/ Lqwhuqdwlrqdo Wudgh/ Whfkqrorj| Wudqvihu/ Jurzwk
dqg Zhoiduh lq D Vfkxpshwhuldq Prgho ri Hqgrjhqrxv Jurzwk/ Uhylhz
ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1:/ 6:07<1

^44` Nuxjpdq/ S1 +4<<4,/ Klvwru| yhuvxv H{shfwdwlrqv/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ yro1439/ 984099:1

^45` Pdwvx|dpd/ N1 +4<<4,/ Lqfuhdvlqj Uhwxuqv/ Lqgxvwuldol}dwlrq/ dqg Lq0
ghwhuplqdf| ri Htxloleulxp/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1439/
94:09831

^46` Pdwvx|dpd N1 +4<<8,/ Frpsohphqwdulwlhv dqg Fxpxodwlyh Surfhvvhv lq
Prghov ri Prqrsrolvwlf Frpshwlwlrq/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/
yro168/ :340:5<1
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^47` Prxqwirug/ D1 +4<<;,/ Wudgh/ Frqyhujhqfh dqg Ryhuwdnlqj/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv/ yro1 79/ 49:04;51

^48` Ulyhud0Edwl} O1D1 dqg S1 Urphu +4<<4,/ Hfrqrplf Lqwhjudwlrq dqg Hq0
grjhqrxv Jurzwk/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1439/ 86408881

^49` \rxqj/ D1 +4<<6,/ Vxevwlwxwlrq dqg Frpsohphqwdulw| lq Hqgrjhqrxv
Lqqrydwlrq/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;/ ::80;3;1
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