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Frpphqwv duh prvw zhofrph

�Wkhuh lv |hw qr vdwlvidfwru| wkhru| derxw wkh hphujhqfh ri lqfhqwlyh0edvhg
phfkdqlvpv1� +Kdkq/ 4<<3/ s155,1

�Wkh sdvw �yh |hduv kdyh zlwqhvvhg d gudpdwlf lqfuhdvh lq wkh dwwhqwlrq
jlyhq e| srolf| pdnhuv wr pdunhw0edvhg hqylurqphqwdo srolf| lqvwuxphqwv dv
vxssohphqwv wr wkh frqyhqwlrqdo frppdqg0dqg0frqwuro vwdqgdugv wkdw grpl0
qdwhg wkh suhylrxv wr ghfdghv ri hqylurqphqwdo odz dqg uhjxodwlrq1� +Vwdylqv/
4<<8/ s1 466,1

4 Lqwurgxfwlrq

Wklv sdshu sursrvhv d srvlwlyh wkhru| ri hqylurqphqwdo uhjxodwlrq> zh lpdjlqh
d ghprfudwlf vrflhw| zklfk vhhnv wr orzhu wkh ohyho ri hplvvlrqv iurp lqgxvwuldo
surgxfwlrq1 D �{hg wdujhw fdq eh lpsohphqwhg e| rqh ri pdq| phwkrgv1 Zh
frqvlghu wkuhh w|shv ri lqvwuxphqwv> wkhvh duh ^T`= xqlirup txdqwlw| frqwurov>
^S`= shuplwv wr srooxwh wkdw fdq eh wudghg > dqg ^W`= wd{hv shu xqlw ri hplvvlrq
ri srooxwdqwv1 Wkhvh phwkrgv gl�hu lq h!flhqf|/ dqg dovr lq wkh glvwulexwlrq
ri orvvhv dulvlqj iurp uhjxodwlrq1 Zh dwwhpsw wr h{sodlq wkh dfwxdo sdwwhuqv
revhuyhg lq gl�huhqw frxqwulhv/ dv dq hyroylqj srolf| frpsurplvh ehwzhhq glv0
sdudwh lqwhuhvwv/ uhsuhvhqwhg e| lqgxvwu| oreelhv dqg wkh hohfwrudwh1

Lq wkh odvw 48 |hduv/wkh frqgxfw ri hqylurqphqwdo srolf| kdv fkdqjhg txlwh
vljql�fdqwo|1 Wklv lv uh hfwhg lq lqfuhdvlqjo| dpelwlrxv hqylurqphqwdo wdujhwv/
dqg dovr lq wkh wrrov xvhg wr dfklhyh wkhvh wdujhwv1 Wudglwlrqdoo|/ hqylurqphqwdo
uhjxodwlrq kdv ehhq edvhg rq vr0fdoohg frppdqg0dqg0frqwuro lqvwuxphqwv/ vxfk

WZh zrxog olnh wr wkdqn wkh HVUF iru uhvhdufk vxssruw/ dqg Pdwwkhz Froh iru khosixo

glvfxvvlrqv1 Wklv yhuvlrq zdv suhsduhg iru wkh 7wk Wrxorxvh frqihuhqfh rq wkh hqylurqphqw1
_H0pdlo= wrnh1dlgwChfrq1fdp1df1xn1
hH0pdlo= M1GxwwdCekdp1df1xn1
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dv ghvljq vwdqgdugv/ zklfk uhtxluh wkh xvh ri d sduwlfxodu whfkqrorj|/ ru shuiru0
pdqfh vwdqgdugv ru txrwdv/ zklfk suhvfuleh wkh pd{lpxp dprxqw ri hplvvlrq
doorzdeoh iurp hdfk vrxufh1 Dowkrxjk wkhvh wrrov duh vwloo zlgho| xvhg lq pdq|
frxqwulhv +h1j1 Kdkq/ 4<;<,/ d uhpdundeoh vkliw wrzdugv wkh xvh ri lqfhqwlyh0
edvhg lqvwuxphqwv wrrn sodfh ryhu wkh 4<;3*v dqg hvshfldoo| <3*v1 Hfrqrplvwv
kdyh orqj dgyrfdwhg wkh xvh ri srooxwlrq wd{hv dqg v|vwhpv ri wudghdeoh shuplwv
ehfdxvh ri wkh h!flhqf| dgydqwdjhv wkdw wkhvh lqvwuxphqwv kdyh frpsduhg wr
txdqwlw| frqwurov1 Dprqj wkhvh/ wkdw shuplwv ru wd{hv fdq dfklhyh d jlyhq hq0
ylurqphqwdo wdujhw dw plqlpxp djjuhjdwh dedwhphqw frvw +Edxpro dqg Rdwhv/
4<;;/ fkdswhu 44045, dv zhoo dv surylglqj frqwlqxhg lqfhqwlyhv iru dgrswlrq ri
pruh h!flhqw dedwhphqw whfkqrorjlhv +Ploolpdq dqg Sulqfh/ 4<;<,1

Srolf| fkrlfhv lqyroyh pxfk pruh wkdq hfrqrplf h!flhqf|1 Wkh hphujhqfh ri
lqfhqwlyh0edvhg lqvwuxphqwv lq hqylurqphqwdo uhjxodwlrq lv doo wkh pruh vwulnlqj
zkhq zh wdnh dffrxqw ri srolwlfdo uhdolwlhv ri suhvvxuh jurxsv dqg exuhdxfudflhv1
Wkhuh duh jrrg uhdvrqv zk| txdqwlw| uhjxodwlrq pd| hphujh dv wkh srolwlfdoo|
dffhswdeoh dowhuqdwlyh1 Lqgxvwu|0lqwhuhvwv/ hvshfldoo| hqwuhqfkhg prqrsrolhv/ duh
olnho| wr eh lq idyru ehfdxvh ri wkh vkruw0uxq sur�wv dqg hqwu| surwhfwlrq jhqhu0
dwhg +vhh h1j1 Exfkdqdq ) Wxoorfn +4<:8,/ Er|hu ) Od�rqw +4<<<,,> ohjlvodwruv
dqg exuhdxfudwv idyru vxfk uhjxodwlrq ehfdxvh ri wkh h{shuw lqsxw uhtxluhg dqg
ehfdxvh ri idploldulw| zlwk wklv w|sh ri uhjxodwlrq iurp rwkhu duhdv +Nhrkdqh hw1
do1 +4<<:,,1 Wklv wkhru| suhglfwv wkdw vrflhwlhv duh olnho| wr jlyh lq wr suhvvxuh
jurxsv dqg xvh ^T`1 Lq uhdolw|/ lw dsshduv/ wkdw wkh| kdyh pryhg wr ^S` ru wr
^W`= lqfhqwlyh0edvhg lqvwuxphqwv1

Wr xqghuvwdqg zk| wkh vwdwxv ri lqfhqwlyh0edvhg lqvwuxphqwv kdv ulvhq lq
wkh srolwlfdo duhqd/ lw lv/ wkhuhiruh/ qhfhvvdu| wr h{sodlq zkdw fdxvhv wkh srolwlfdo
htxloleulxp wr fkdqjh iurp ^T` wr ^S` ru ^W`1 Wkh sxusrvh ri wklv sdshu lv wr
h{soruh idfwruv zklfk zh eholhyh kdyh frqwulexwhg wr wkh wudqvlwlrq iurp rqh sr0
olwlfdo htxloleulxp wr dqrwkhu1 Zh lvrodwh wzr idfwruv olnho| wr eh ri lpsruwdqfh
lq wklv h{sodqdwlrq1 Iluvw/ srooxwlrq wdujhwv kdyh ehfrph pruh dpelwlrxv sur0
ylglqj lqfhqwlyhv wr vhdufk iru pruh h!flhqw zd|v ri grlqj wklqjv +Kdkq/ 4<;<,1
Vhfrqg/ whfkqrorjlfdo surjuhvv/ uhgxflqj dedwhphqw dqg wudqvdfwlrq frvwv/ kdv
uhgxfhg wkh frvw ri phhwlqj wkhvh wdujhwv1 Wkhvh ghyhorsphqwv suhglfw d fkdqjh
lq wkh irup ri uhjxodwlrq exw wr xqghuvwdqg wkh xqghuo|lqj phfkdqlvpv/ d srvl0
wlyh wkhru| ri srolf| pdnlqj lv qhhghg1 Zh dsso| d wkhruhwlfdo prgho ri �srolf|
frpsurplvh� ghyhorshg lq hduolhu zrun +Dlgw ) Gxwwd +5334,,1 Dffruglqj wr
wklv wkhru|/ hohfwhg srolwlfldqv duh vxemhfw wr lq xhqfh e| suhvvxuh jurxsv/ exw
qhhg wr shuirup vdwlvidfwrulo| wr sohdvh wkhlu hohfwrudwh1 Htxloleulxp sdwkv glv0
sod| d frpsurplvh ehwzhhq glvsdudwh lqwhuhvwv ri vshfldo lqwhuhvw jurxsv dqg
wkh jhqhudo sxeolf1

Zh dqdo|}h d prgho ri hqylurqphqwdo uhjxodwlrq lq d g|qdplf ghprfudf|1
Zh frqvlghu d vlwxdwlrq zkhuh wkh srooxwlrq wdujhw lv h{rjhqrxv jlyhq= iru h{0
dpsoh/ wkh frxqwu| kdv pdgh d elqglqj djuhhphqw wr dq lqwhuqdwlrqdo surwrfro1
Lw lv srvvleoh wr h{whqg rxu dqdo|vlv wr frqvlghu wkh vlpxowdqhrxv fkrlfh ri wdujhw
dqg lqvwuxphqw/ dq h{whqvlrq qrw dwwhpswhg khuh1 Ilupv surgxfh d frqvxps0
wlrq jrrg/ zklfk srooxwhv wkh hqylurqphqw Wkh| duh khwhurjhqhrxv lq wkh frvw ri
dedwhphqw1 Srolf| ghflvlrqv duh pdgh e| ghprfudwlfdoo| hohfwhg jryhuqphqwv1
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Wr dfklhyh d suhghwhuplqhg srooxwlrq wdujhw/ wkh jryhuqphqw fdq fkrrvh rqh ri
wkuhh lqvwuxphqwv/ ^T`/ ^S`/ dqg ^W`1 Wr pluuru wkh w|sh ri srolf| lqvwuxphqwv
xvhg lq Hxursh dqg lq wkh XV/ zh ghyldwh iurp wkh wh{w errn vshfl�fdwlrq ri wkh
wzr lqfhqwlyh0edvhg lqvwuxphqwv lq vhyhudo glphqvlrqv= zh dvvxph wkdw shuplwv
duh �judqgidwkhuhg�/ ru doorfdwhg wr �upv dffruglqj wr d suh0vshfl�hg uxoh> dqg
wkdw wd{ uhyhqxhv duh uhf|fohg wr wkh sxeolf dv wd{ fxwv ru dv surylvlrq ri sxe0
olf vhuylfhv14 Lq dgglwlrq/ zh uhfrjql}h wkdw shuplw wudglqj lv dvvrfldwhg zlwk
wudqvdfwlrq frvwv zklfk fdq uhgxfh vljql�fdqwo| wkh ghvludelolw| ri hpsor|lqj
wklv lqvwuxphqw +Vwdylqv/ 4<<8,1 Hqylurqphqwdo txdolw| lv wkh vdph xqghu doo
wkuhh lqvwuxphqwv1

Wkh srolwlfdo hfrqrp| ri lqvwuxphqw fkrlfh lv frpsoh{ dqg zh prgho d ihz
nh| dvshfwv1 Lq sduwlfxodu/ zh irfxv rq wkh frq lfw ri lqwhuhvw ehwzhhq yrwhuv
+wkh jhqhudo sxeolf, dqg wkh srooxwlqj �upv +rujdql}hg lq d oree| jurxs, wkdw
dulvhv iurp wkh �qdqfldo lpsolfdwlrqv ri hqylurqphqwdo uhjxodwlrq15 Zh dvvxph
wkdw wklv frq lfw ri lqwhuhvw lv phgldwhg e| d srolwlfdo surfhvv zkhuh yrwhuv
uhzdug srolwlfldqv e| uhhohfwlrq> wkh| gr wklv zkhq ^W` lv wkh lqvwuxphqw fkrvhq/
ehfdxvh wklv uhf|fohv uhyhqxhv1 Wkh lqgxvwu| oree|/ uhsuhvhqwlqj wkh srooxwlqj
�upv/ fdq euleh wkh srolwlfldq wr lpsohphqw hlwkhu ^T` ru ^S`1 Zh fkdudfwhul}h
srolwlfdo htxloleulxp lq whupv ri hfrqrplf yduldeohv= dedwhphqw frvwv/ wkh frvw
ri wudqvdfwlrqv/ dqg wkh hqylurqphqwdo wdujhw1 Zh vkrz/ �uvw/ wkdw wkh suhihuuhg
lqvwuxphqw ri wkh lqgxvwu| oree| ydulhv dffruglqj wr wkh hqylurqphqwdo wdujhw1
Wkh| suhihu ^S` wr ^T` li wkh wdujhw lv vwulqjhqw> zlwk d yhu| vwulqjhqw wdujhw/ wkh|
pd| dfwxdoo| suhihu ^W`1 Doo wkuhh lqvwuxphqwv fdq eh lpsohphqwhg lq srolwlfdo
htxloleulxp dqg vr/ eh srolwlfdoo| dffhswdeoh1 Zh xvh wkh prgho wr lqyhvwljdwh
krz srolwlfdo dffhswdelolw|/ dv d ixqfwlrq ri wkhvh ixqgdphqwdov/ fkdqjhv ryhu
wlph dqg ghprqvwudwh krz idoolqj frvwv/ ri dedwhphqw dqg ri wudqvdfwlrqv/ fdq
h{sodlq wkh pryh wr ^W` hyhq zlwk ohvv vwulqjhqw wdujhwv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh eulh | uhylhz
uhfhqw wuhqgv lq hqylurqphqwdo srolf|/ vxevwdqwldwlqj wkh fodlp wkdw d pryh wr0
zdugv wkh xvh ri lqfhqwlyh0edvhg lqvwuxphqwv kdv rffxuuhg1 Lq vhfwlrq 6/ zh
vxuyh| suhylrxv wkhruhwlfdo frqwulexwlrqv wr wkh ghedwh derxw wkh srolwlfdo hfrq0

4Zh devwudfw iurp wkh lqfhqwlyh h�hfwv dvvrfldwhg zlwk wkh uhyhqxh xvh1 E| grlqj vr/ zh

qhjohfw/ �uvw ri doo/ wkh lpsruwdqw idfw wkdw hqylurqphqwdo wd{hv fdq eh xvhg wr uhgxfh glv0

wruwlrqdu| wd{hv rq oderu dqg fdslwdo dqg wkhuhe| surgxfh d �grxeoh glylghqg� +vhh Jrxoghu/

4<<8,1 Dv vkrzq e| Jrxoghu hw do1 +4<<9, wklv pd| xqghuhvwlpdwh wkh h!flhqf| jdlqv e| dv

pxfk dv 58(1 Zh ljqruh wkh idfw wkdw wd{hv uhlpexuvhg wr srooxwlqj �upv pd| zhdnhq wkh

lqfhqwlyhv wr xqghuwdnh dedwhphqw1 Wkhvh vlpsol�fdwlrqv duh mxvwl�deoh lqvridu dv wkh| doorz

xv wr irfxv rq wkh uroh ri wkh uhyhqxh lq wkh jhqhudwlqj srolwlfdo frpsurplvhv1
5Zh/ khqfh/ ljqruh wzr lpsruwdqw jurxsv= hqylurqphqwdo oree| jurxsv dqg wkh exuhdx0

fudf|1 Hqylurqphqwdo oree| jurxsv gr sod| dq lpsruwdqw uroh lq hqylurqphqwdo srolf| pdnlqj1

Wudqglwlrqdoo|/ wkh| kdyh ehhq rssrvhg wr wkh xvh ri lqfhqwlyh0edvhg lqvwuxphqwv/ exw wklv dw0

wlwxgh lv qrz fkdqjlqj +Vwdylqv/ 4<<;,1 Iru h{dpsoh/ wkh Hqylurqphqwdo Ghihqvh Ixqg +HGI,/

zklfk lv rqh ri wkh pruh yrfdo dqg lq xhqfh hqylurqphqwdo jurxsv lq wkh X1V1/ vxssruwhg wkh

X1V1 Dflg Udlq Wudglqj Surjudp1 Lq dq lqwhuylhz0edvhg vxuyh| ri lqwhuhvw jurxsv lq Kroodqg/

Glmnvwud +4<<</ fkdswhu 8, irxqg wkdw uhsuhvhqwdwlyhv ri ydulrxv hqylurqphqwdo rujdql}dwlrq

zhuh pruh vxssruwlyh ri lqfhqwlyh0edvhg lqvwuxphqwv uhodwlyh wr vkduhkroghuv1 Wrwdo hplvvlrq

lv frqvwdqw lq rxu prgho/ dqg hqylurqphqwdo oree| jurxsv duh olnho| wr eh lqgl�huhqw wr lqvwux0

phqw fkrlfhv1 Wkh exuhdxfudf| lpsohphqwv srolflhv/ dqg wkh rplvvlrq ri wklv suhvvxuh jurxs

lv pruh vxevwdqwlyh1
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rp| ri lqvwuxphqw fkrlfh1 Lq vhfwlrq 7/ zh glvfxvv wkh irupdo prgho> wkh qdwxuh
dqg lpsdfw ri uhjxodwlrq lv vhw rxw lq 8> vhfwlrq 9 vhwv rxw wkh irupdol}dwlrq ri
srolwlfdo ghflvlrq pdnlqj> zh fkdudfwhul}h srolwlfdo htxloleulxp lq vhfwlrq :/ dqg
dqdo|}h wkh g|qdplfv ri wudqvlwlrq iurp rqh htxloleulxp wr dqrwkhu1

5 Hphujlqj lqfhqwlyh0edvhg dssurdfkhv wr hqyl0

urqphqwdo uhjxodwlrq

Lq wklv vhfwlrq/ zh eulh | uhylhz uhfhqw wuhqgv lq wkh xvh ri dowhuqdwlyh lq0
vwuxphqwv lq hqylurqphqwdo uhjxodwlrq lq Hxursh dqg wkh X1V1 D fohdu slfwxuh
hphujhv1 Lqgxvwuldo hfrqrplhv kdyh lqfuhdvlqjo| pryhg dzd| iurp ^T`> Hxursh
wrzdugv ^W`/ dqg wkh XV wrzdugv ^S`1 Dw wkh lqwhuqdwlrqdo ohyho wkhuh kdv dovr
ehhq dq lqfuhdvlqj lqwhuhvw lq wkh xvh ri lqfhqwlyh0edvhg lqvwuxphqwv1 Iru h{dp0
soh/ rqh ri wkh  h{lelolw| phfkdqlvpv vhw rxw e| wkh N|rwr surwrfro hqylvlrqv
dq lqwhuqdwlrqdo pdunhw iru wudghdeoh FR5 hplvvlrq doorzdqfhv1

� Hqylurqphqwdo wd{dwlrq lq Hxursh1 Wkh xvh ri hqylurqphqwdo wd{hv
ri ydulrxv w|shv kdv lqfuhdvhg gxulqj wkh odvw 43048 |hduv lq pdq| Hxur0
shdq frxqwulhv dqg wkh wuhqg lv dffhohudwlqj lq vrph frxqwulhv +h1j1/ Vzh0
ghq/ Ghqpdun dqg wkh Qhwkhuodqgv, zkr kdyh lpsohphqwhg idu0uhdfklqj
juhhq wd{ uhirupv gxulqj wkh 4<<3v +RHFG/ 4<<:,1 Rwkhu frxqwulhv olnh
wkh XN dqg Iudqfh duh fxuuhqwo| lpsohphqwlqj hqylurqphqwdo wd{hv wr
khos dfklhyh wkh wdujhwv iru juhhqkrxvh jdv hplvvlrqv/ zkloh Jhupdq| dqg
Lwdo| kdyh uhfhqwo| lqwurgxfhg vxfk FR5 wd{hv1 Phdvxuhg djdlqvw JGS/
wkh uhyhqxh iurp doo hqylurqphqwdo wd{hv6 lqfuhdvhg iurp 514( wr 51<(
ehwzhhq 4<;3 dqg 4<<: lq HX48 +Hxurshdq Hqylurqphqwdo Djhqf|/ 5333>
vhh Wdeoh 4 iru d euhdngrzq,1 Wkh vkduh lq wrwdo wd{ uhyhqxh kdv jurzq e|
derxw 47( 1 Wdeoh 4 pdnhv d glvwlqfwlrq ehwzhhq wkuhh w|shv ri hqylurq0
phqwdo wd{hv= hqhuj| wd{hv/ wudqvsruw wd{hv dqg srooxwlrq wd{hv1 Zkloh
hqhuj| dqg wudqvsruw wd{hv kdyh dq hqylurqphqwdo udwlrqdoh dqg lq pdq|
fdvhv duh gl�huhqwldwhg dffruglqj wr srooxwlrq frqwhqw +h1j1/ VR5 ru FR5

frqwhqw,/ srooxwlrq wd{hv duh ohylhg gluhfwo| rq hplvvlrqv1 Zh qrwlfh wkdw
hqhuj| wd{hv duh/ e| idu/ duh wkh prvw lpsruwdqw hqylurqphqwdo wd{hv1

Rwkhu lpsruwdqw dvshfwv ri hqylurqphqwdo wd{dwlrq lqfoxgh wkh zd| wkh
uhyhqxhv duh xvhg dqg wkh h{whqw wr zklfk srooxwhuv duh vxemhfw wr wkh vdph
wd{ oldelolwlhv1 Wkhvh wzr idfwruv duh fuxfldo lq ghwhuplqlqj wkh ryhudoo h!0
flhqf| ri hqylurqphqwdo wd{dwlrq1 Iroorzlqj Fdqvlhu dqg Nuxpp +4<<:,/
zh fdwhjrul}h srooxwlrq wd{hv lqwr wzr fdwhjrulhv= Sxuh0Wd{0Dssurdfk
+SWD, dqg Wd{0fxp0Hdupdunlqj +WFH,1 SWD uhihuv wr d vlwxdwlrq lq
zklfk wkh lqfhqwlyh h�hfw ri wkh wd{ lv lq irfxv dqg wkh wd{ uhyhqxh jrhv
lqwr wkh sxeolf exgjhw zlwkrxw ehlqj wlhg wr dq| vshfl�f sxusrvh1 Wklv
rshqv wkh srvvlelolw| iru uhf|folqj dv uhgxfwlrqv lq glvwruwlrqdu| wd{hv dqg

6Hqylurqphqwdo wd{hv duh gh�qhg dv �wd{hv zlwk dq hqylurqphqwdo jrdo� dqg lqfoxgh dv d

pdmru frpsrqhqw hqhuj| dqg rwkhu surgxfw wd{hv1
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Wdeoh 4= Hqylurqphqwdo Wd{hv lq HX48

\hdu Hqhuj| Wudqvsruw Srooxwlrq
wd{ wd{ wd{

4<;3 81;7 q1d q1d
4<<3 71:4 415< 3149
4<<: 814; 4159 3158

Dv ( ri wrwdo uhyhqxh> iurp Hxurshdq Hqylurqphqwdo Djhqf| 5333

kdv wkh srwhqwldo ri jhqhudwlqj d �grxeoh glylghqg� +vhh Jrxoghu/ 4<<8,1
WFH uhihuv wr d vlwxdwlrq lq zklfk wkh wd{ uhyhqxh lv ehlqj hdupdunhg iru
vshfl�f sxusrvhv dqg vr/ rqo| wr d olplwhg h{whqw dggv wr wkh jhqhudo sxeolf
exgjhw1 Wkh prwlydwlrq iru hdupdunlqj gl�huv txlwh d orw dqg vr grhv wkh
+srvlwlyh ru qhjdwlyh, lqfhqwlyh h�hfwv wkhuhri1 D zlgho| xvhg sulqflsoh lv wr
uhlpexuvh hqhuj|0lqwhqvlyh vhfwruv ru �upv dqg wr judqw fhuwdlq lqgxvwulhv
dqg vhfwruv wd{ h{hpswlrqv +vhh Hnlqv dqg Vshfn/ 4<<<,1 Wdeohv 5d dqg 5e

vxppdul}h nh| fkdudfwhulvwlfv ri 44 dlu srooxwlrq wd{ vfkhphv lq Hxursh
dqg Mdsdq1 Zh qrwlfh wkdw SWD lv xvhg lq Vzhghq/ Qruzd|/ wkh Qhwkhu0
odqgv dqg Ilqodqg/ zkloh WFH lv suhydohqw lq Ghqpdun/ Iudqfh/ Dxvwuld
dqg Mdsdq1 Doo frxqwulhv kdyh lqwurgxfh vrph h{hpswlrqv iru FR5 wd{hv1
Lq frqfoxvlrq/ hqylurqphqwdo wd{hv kdyh ehhq lpsrvhg lq pdq| Hxurshdq
frxqwulhv gxulqj wkh 4<<3v dqg duh dfwlyho| ehlqj frqvlghuhg lq pdq| rwk0
huv1 Zkloh wkh olrq*v vkduh ri wkh wd{hv duh +gl�huhqwldwhg, hqhuj| wd{hv/
sxuh srooxwlrq wd{hv kdv dovr ehfrph pruh srsxodu1 Lq vrph frxqwulhv/
idu0uhdfklqj juhhq wd{ uhirupv kdv ehhq lqwurgxfhg/ zkloh lq rwkhuv hq0
ylurqphqwdo wd{hv kdv ehhq dffrpsdqlhg e| hdupdunlqj dqg suhihuhqwldo
wuhdwphqw ri fhuwdlq vhfwruv1

Wdeohv 5d dqg 5e wr dsshdu khuh1

� Srooxwlrq shuplw pdunhwv lq wkh XV1 Vlqfh wkh plg0:3v/ d qxpehu ri
wudghdeoh0shuplw v|vwhpv kdv ehhq hpsor|hg lq wkh X1V1 wr frqwuro dlu dqg
zdwhu srooxwlrq1 Hljkw ri wkhvh duh vxppdul}hg lq Wdeoh 6/ dgdswhg iurp
Vyhqgvhq +4<<;/ Wdeoh 714,1 Ilyh ri wkh surjudpv kdyh ehhq frqfhuqhg
zlwk dlu srooxwlrq/ hlwkhu dw wkh vwdwh ohyho ru dw wkh qdwlrqdo ohyho/ wkh uh0
pdlqlqj wkuhh duh frqfhuqhg zlwk zdwhu srooxwlrq1 Vrph ri wkhvh surjudpv
zhuh uhodwlyho| vxffhvvixo +h1j1/ wkh ohdg wudglqj surjudp,/ zkloh rwkhuv/
vxfk dv wkh Hplvvlrq Wudglqj surjudp dqg wkh Il{ Ulyhu zdvwh zdwhu sur0
judp/ zhuh qrw +vhh Kdkq/ 4<;<,1 Iru h{dpsoh/ lq wkh Hplvvlrq Wudglqj
Surjudp/ pdq| +srwhqwldo, sduwlflsdqwv fkrvh wkh qrq0wudglqj rswlrq ru
irfxvvhg rq lqwhuqdo wudghv> wkhuhe| uhgxflqj wkh vfrsh iru frvw vdylqjv1
Wklv vxjjhvwv wkdw wkh wudqvdfwlrq frvwv lpsolhg e| wkh ghvljq ri wkhvh sur0
judpv zhuh wrr kljk wr pdnh d yldeoh pdunhw srvvleoh1 Wkh xvh ri shuplw
wudglqj lq dlu srooxwlrq uhjxodwlrq kdv/ qhyhuwkhohvv/ dffhohudwhg gxulqj
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wkh 4<<3v/ fxoplqdwlqj zlwk wkh Dflg Udlq Surjudp lpsohphqwhg xqghu
Duwlfoh LY ri wkh Fohdq Dlu Dfw dphqgphqw ri 4<<31 Wkh dphqgphqw
hvwdeolvkhg d qdwlrqdo VR5 doorzdqfh surjudp zlwk wkh dlp ri uhgxflqj
X1V10zlgh hplvvlrqv ri VR5 e| 83( ehorz 4<;3 ohyhov e| |hdu 53331 Wkh
surjudp zdv lqwurgxfhg lq wzr skdvhv1 Skdvh 4 vwduwhg lq 4<<8 +dqg udq
xqwlo 4<<<, dqg fryhuhg lqlwldoo| 596 ri wkh gluwlhvw irvvlo0ixhohg hohfwulflw|
jhqhudwlqj xqlwv rshudwhg e| 94 hohfwulf xwlolwlhv1 Skdvh 5 vwduwhg lq 5333
dqg h{whqghg wkh fryhudjh wr doprvw doo irvvlo0ixho hohfwulf srzhu sodqv1
Wkh qxpehu ri shuplwv duh doorfdwhg wr wkh rzqhuv ri wkh d�hfwhg srzhu
sodqv rq |hduo| edvlv dffruglqj wr vshfl�f uxohv/ sulpdu| ghshqglqj rq
sdvw hplvvlrq ohyhov dqg ixho xvh1 Wkh shuplwv fdq eh edqnhg iru ixwxuh
xvh dqg fdq eh wudghg iuhho| wkurxjkrxw wkh X1V1 lq erwk sulydwh pdunhwv
dqg lq d vpdoo dqqxdo +HSD, dxfwlrq1 Wkh shuirupdqfh ri wkh surjudp
kdv ehhq dqdo|}hg lq ghwdlo e| Hoohupdq hw do1 +5333,17 Lw lv frqfoxghg
wkdw lw kdv ehhq vxffhvvixoo|= wdujhwv kdv ehhq pruh wkdq phw> wudglqj
yroxphv kdyh ehhq lqfuhdvlqj ryhu wlph> dqg wkh hvwlpdwhg frvw vdylqj
dprxqwv wr derxw '4 eloolrq d |hdu/ frpsduhg wr wkh frvw ri txdqwlw| uhj0
xodwlrq +Vwhylqv/ 4<<;/ s1 :4,1 Rqh lv whpswhg wr frqfoxgh wkdw sduw ri
wkh vxffhvv ri wkh Dflg Udlq Surjudp fdq eh dwwulexwhg wr wkh h{shulhqfh
zlwk shuplw wudglqj jdlq wkurxjk wkh suhylrxv surjudpv1 Wklv vxssruwv
wkh lghd wkdw ohduqlqj0e|0grlqj lv ri lpsruwdqfh1

Shuplw wudglqj lv qrz ehlqj dgrswhg lq vrph Hxurshdq frxqwulhv wr khos
frqwuro FR5 hplvvlrq1 Lq wkh XN/ d shuplw pdunhw lv wr eh lqlwldwhg lq
Dsulo 5334/ zkloh lq Ghqpdun d pdunhw iru FR5 hplvvlrq shuplwv dprqj
hohfwulf xwlolwlhv lv wr eh vhw xs +Hnlqv dqg Vshfn/ 5333,1

Wdeoh 6 wr dsshdu khuh1

6 Wkhrulhv ri Lqvwuxphqw Fkrlfh

Wkhuh lv d vpdoo exw jurzlqj olwhudwxuh rq wkh srolwlfdo hfrqrp| ri lqvwuxphqw
fkrlfhv lq hqylurqphqwdo srolf|1 Wkh fodvvlfdo sdshu lq wkh duhd lv Exfkdqdq
dqg Wxoorfn +4<:8,1 Wkh| vkrz krz d srooxwlqj/ frpshwlwlyh lqgxvwu| pd| suh0
ihu txdqwlw| uhvwulfwlrqv wr srooxwlrq wd{hv18 Wkh orjlf lv dsshdolqj= wkh txrwd
v|vwhp hqirufhv d uhgxfwlrq lq wrwdo lqgxvwu| rxwsxw/ dqg udlvhv sur�wv1 Wd{hv
uhgxfh lqgxvwu| sur�wv/ dqg wkhvh �qdqfldo orvvhv wkdw gr qrw glvdsshdu xqwlo
d vx!flhqw qxpehu ri �upv kdv uhdoorfdwhg wr rwkhu vhfwruv1 Wkh| ixuwkhu du0
jxh wkdw �Wkrvh zkr dqwlflsdwh ehqh�wv iurp wkh xwlol}dwlrq ri wkh wd{ uhyhqxhv/

zkhwkhu iurp wkh surylvlrq ri sxeolfo| vxssolhg jrrgv ru iurp wkh uhgxfwlrq lq

7Vhh dovr Vfkpdohqvhh hw do1 +4<<;, dqg wkh uhylhz e| Fudpwrq +5333,1
8Pdorqh| dqg PfFruplfn +4<;5, dqdo|}h ixuwkhu wkh frqglwlrqv xqghu zklfk d txrwd v|v0

whp fdq eh sur�w0hqkdqflqj1 Ghzhhv +4<;5, dggv dq lpsruwdqw dvshfw wr wkh dqdo|vlv e|

srlqwlqj rxw wkdw zrunhuv pljkw vwdqgdugv wkdw duh wrxjkhu iru qhz �upv wkdw iru rog ryhu

rwkhu w|shv ri uhjxodwlrq1 Khqfh/ zrunhuv dqg fdslwdolvwv lq d sduwlfxodu lqgxvwu| pljkw kdyh

d frpprq lqwhuhvw lq vxssruw frqwuro0dqg0frppdqg uhjxodwlrq1

9



rwkhu wd{ ohylhv/ vkrxog suhihu wkh wd{ dowhuqdwlyh dqg wkh| vkrxog pdnh wklv suhi0

huhqfh nqrzq lq wkh srolwlfdo surfhvv� ^s1 475`1 Wklv srlqw lv nh| wr rxu dqdo|vlv=
lqvwuxphqwv duh fkrvhq lq srolwlfdo htxloleulxp/ wkdw dfklhyhv d frpsurplvh eh0
wzhhq wkh glvsdudwh lqwhuhvwv ri dq lqgxvwu| oree| dqg wkh jhqhudo sxeolf/ zkr
frqvwlwxwh d pdmrulw| ri wkh hohfwrudwh1 Exfkdqdq ) Wxoorfn*v dujxphqw frp0
sduhv ^T` wr ^W`1 Lqfoxglqj ^S` lq wkh phqx ri rswlrqv lqwurgxfhv dq lpsruwdqw
hohphqw19 Zh vkrz wkdw wkh lqgxvwu| oree| zloo w|slfdoo| dujxh iru ^S`/ suh0
ihuulqj wklv wr ^T` zkhq wkh hqylurqphqw wdujhw lv vx!flhqwo| ghpdqglqj1 ^S`
dqg ^W` duh erwk h!flhqw lq wkh doorfdwlrq ri frvwv1 Wkh hohfwrudwh suhihuv ^W`/
dqg fdq hqirufh d pryh wr wklv lqvwuxphqw li wkhuh lv hqrxjk jurzwk/ hqvxulqj
d idoo lq wrwdo frvwv ri dedwhphqw1 Exfkdqdq ) Wxoorfn*v dujxphqw vxjjhvwv
wkdw wkh jurxs ri ehqh�fldulhv zloo eh srolwlfdoo| zhdn uhodwlyh wr wkh vpdoo/
zhoo0rujdql}hg jurxs ri �upv dqg wkhuhiruh orvh rxw1 Lq frqwudvw/ zh lghqwli|
wkh flufxpvwdqfhv xqghu zklfk wkh| pd| suhydlo dqg xvh wklv wr h{sodlq wkh
hphujhqfh ri wkh xvh ri lqfhqwlyh0edvhg lqvwuxphqwv1

Glmnvwud +4<<</ fkdswhuv ; dqg <, dqdo|vhv wkh fkrlfh ehwzhhq frqwuro0dqg0
frppdqg lqvwuxphqwv dqg lqfhqwlyh0edvhg lqvwuxphqwv lq d uhqw0vhhnlqj frqwhvw1
Lq d uhqw0vhhnlqj frqwhvw/ vxssruwhuv dqg rssrqhqwv ri gl�huhqw srolf| lqvwux0
phqwv fdq lqyhvw h�ruw wr lqfuhdvh wkh suredelolw| ri jhwwlqj wkhlu idyruhg srolf|
lpsohphqwhg1 Lw lv irxqg wkdw lqfhqwlyh0edvhg lqvwuxphqwv duh fkrvhq zlwk orz
suredelolw| lq htxloleulxp zkhq wkh| duh vxssruwhg e| d uhodwlyho| odujh jurxs
ri vxssruwhuv hdfk zlwk d uhodwlyho| orz shu fdslwd vwdnh1 Wklv irupdol}hv wkh
dujxphqw wkh Rovrq +4<98, k|srwkhvlv/ wkdw vpdoohu jurxsv duh pruh olnho| wr
kdyh srolwlfdo yrlfh/ dqg lv/ lqghhg/ wkh nh| k|srwkhvlv ri Exfkdqdq dqg Wxoorfn1
Wklv vruw ri dujxphqw fdq h{sodlq wkh suhydohqfh ri ^S` udwkhu wkdq ^W`> erwk
duh lqfhqwlyh0h!flhqw/ exw glvwulexwh wkh jdlqv dqg orvvhv gl�huhqwo|1

Gdpdqld +4<<<, dqdo|vhv wkh fkrlfh ehwzhhq d srooxwlrq wd{ dqg dq hplv0
vlrq vwdqgdug lq d prgho ri srolwlfdo oree|lqj1: Wzr srolwlfdo sduwlhv sursrvh
hqylurqphqwdo srolf| sodwirupv wr dwwudfw fdpsdljq frqwulexwlrqv iurp dq hqyl0
urqphqwdo dqg dq lqgxvwuldo oree| jurxs1 Lw lv vkrzq wkdw hohfwrudo frpshwlwlrq/
w|slfdoo| ohdgv wr wkh dgrswlrq ri d frpprq sodwirup ri hplvvlrq vwdqgdugv/ ru
^T` > wkhuh lv/ lq dgglwlrq/ dq htxloleulxp zklfk wkh hqylurqphqwdo sduw| sur0
srvhv ^W`1 Wkh orjlf lv wkdw wd{hv duh vxssruwhg rqo| e| wkh hqylurqphqwdo oree|/
zkloh txdqwlw| uhvwulfwlrqv pd| eh vxssruwhg e| erwk1 Wkh lqgxvwuldo oree| kdv
qr lqfhqwlyh wr sursrvh ^W`1 Rqfh djdlq/ wklv rxwfrph lv xqolnho| wr eh urexvw
wr wkh lqwurgxfwlrq ri ^S` lq wkh phqx ri dowhuqdwlyhv1 Wklv lv dq dowhuqdwlyh
wkdw dfklhyhv frvw0h!flhqf|/ wkdw erwk jurxsv idyru1

Wkhvh wkhrulhv duh ghvljqhg wr h{sodlq zk| zh revhuyh d sduwlfxodu vruw ri
lqh!flhqw srolf|1 Wklv ^T`/ ru frppdqg dqg frqwuro uhjxodwlrq1 Wkh| gr qrw
h{sodlq zk| zh pd| revhuyh d vkliw dzd| iurp wklv wr pruh h!flhqw srolf| lq0
vwuxphqwv1 Wklv txhvwlrq lv dgguhvvhg irupdoo| Er|hu dqg Od�rqw +4<<<,1 Wkh|
irupxodwh wkh sureohp dv rqh ri lqfrpsohwh frqwudfwlqj zlwk dv|pphwulf lqiru0
pdwlrq/ dqg dvn zkhq d vrflhw| zrxog ehqh�w iurp frqvwlwxwlrqdo frqvwudlqwv

9Vhh dovr Ghzhhv +4<;5, iru d frpsdulvrq ehwzhhq wd{ lqvwuxphqwv/ frqwuro0dqg0frppdqg

lqvwuxphqwv dqg wudgdeoh shuplwv1
:Wkh prgho lv edvhg rq Klopdq dqg Xuvsuxqj +4<;;,1
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rq wkh vhw ri srolf| lqvwuxphqwv1 Wr eh vshfl�f/ wkh| frqvlghu d prqrsrolvw
zkr kdv sulydwh lqirupdwlrq derxw wkh frvw ri d surmhfw> wkh surmhfw srooxwhv
li xqghuwdnhq1 Wkh uhjxodwru kdv wr ohdyh vrph lqirupdwlrq uhqw wr wkh �up1
Srolwlfldqv* vfrsh iru glyhuwlqj sduw ri wklv uhqw wr wkhlu frqvwlwxhqflhv ydulhv
zlwk wkh uhjxodwru| lqvwuxphqw1 Wzr lqvwuxphqwv duh frqvlghuhg= d vlqjoh ohyho
ri doorzdeoh srooxwlrq +^T`, dqg d phqx ri srooxwlrq2wudqvihu sdluv +^W`,1 Wkh
�uvw lqvwuxphqw lv lqh!flhqw exw uhgxfhv wkh vfrsh iru uhqw glyhuvlrq> wkh vhfrqg
lv h!flhqw exw doorzv glyhuvlrq ri uhqwv wr wkh srolwlfldq1 Wkh prqrsrolvw + ru
vwdnhkroghuv lq klv uhqwv, uhvlvw ^W` iru glvwulexwlrqdo uhdvrqv1 Wkh| vkrz wkdw
^W` surylghv kljkhu zhoiduh h{0dqwh zkhq wkh frvw ri sxeolf ixqgv lv kljk dqg
yduldeoh/ dqg zkhq wkh prqrsro| lv xqolnho| wr eh h!flhqw1 Dffruglqjo|/ d pryh
wrzdugv lqfhqwlyh0edvhg lqvwuxphqwv fdq eh h{sodlqhg e| pryhphqwv lq wkhvh
yduldeohv1

Zh wdnh wkh vhw ri lqvwuxphqwv dv jlyhq/ dv i^T`> ^S`> ^W`j/ dqg gr qrw
frqvlghu wkh srvvlelolw| ri frqvwlwxwlrqdo frqvwudlqwv/ dqg hydoxdwh zkhq dqg
zkhwkhu wkh| duh srolwlfdoo| dffhswdeoh= vshfl�fdoo|/ zkhq lv dq| rqh ri wkhvh
sduw ri d srolwlfdo htxloleulxp1 Zh r�hu d g|qdplf prgho zklfk lv zhoo0vxlwhg
wr vwxg| wkh hyroxwlrq ri srolwlfdo htxloleulxp ryhu wlph dqg vr wr h{sodlq wkh
fkdqjh ri srolf| lqvwuxphqwv ryhu wlph1 Wd{0sd|huv yrwh/ dqg wklv h{solflwo|
dffrxqwhg iru lq rxu dqdo|vlv1

7 Wkh Hfrqrp|

Hfrqrplf dfwlylw|/ dqg srolf| fkrlfhv/ wdnh sodfh ryhu lq�qlwh glvfuhwh wlph/
w @ 3>4> 5> � � � 1 Frqvxphuv olyh iru hyhu/ dqg kdyh xwlolw| gh�qhg ryhu wkh frq0
vxpswlrq ri d qxphudluh jrrg |/ d surgxfhg jrrg {/ dqg d sxeolf jrrg j dv
zhoo dv hqylurqphqwdo txdolw|/ 4� h/ zlwk h wkh ohyho ri hplvvlrqv ri srooxwdqwv1
Wkh uhsuhvhqwdwlyh flwl}hq0frqvxphu kdv xwlolw|

4[
w@3

�w^|w . jw . x+{w, . x+4� hw,`=

Wkh| duh hqgrzhg zlwk �| hyhu| shulrg/ dqg ex| {w lq uhvsrqvh wr lwv sulfh sw
hyhu| shulrg1 Wkh sxeolf jrrg lv �qdqfhg e| srooxwlrq wd{hv/ zkhuh dssolfdeoh=
zh fdq wklqn ri wklv dv gluhfw uhglvwulexwlrq ri wd{ uhyhqxhv1

D frqwlqxxp ri �upv/ ri phdvxuh 4/ surgxfh jrrg {1 Hdfk �up surgxfhv rqh
xqlw dw }hur pdujlqdo frvw1 Wrwdo surgxfwlrq lv {w @ 4/ lpso|lqj sw @ s @ x3+4,1
Surgxfwlrq ri { srooxwhv wkh hqylurqphqw> lq wkh devhqfh ri uhjxodwlrq/ hdfk
�up hplwv rqh xqlw/ vr wkdw hw @ 41 Ilupv fdq orzhu hplvvlrqv dw d frvw> wkh
frvw ri dedwhphqw gl�huv dfurvv �upv dqg ryhu wlph1 Ohw dl @ 4 � hl eh wkh
dedwhphqw ohyho ri �up l1 Wkh frvw ixqfwlrq lv

Flw+dl, @
d5
l

5�lw
@

+4� hl,
5

5�lw
=

Zh dvvxph/ lq dgglwlrq/ wkdw

�lw @ Dw�l=

;



Ilupv gl�hu lq dedwhphqw frvwv/ dqg wklv lv fdswxuhg e| wkh idfw wkdw �l gl�huv
dfurvv �upv1 D �up zlwk orz �l kdv kljkhu frvwv ri dedwhphqw1 Whfkqlfdo
surjuhvv lqfuhdvhv Dw/ uhvxowlqj lq d sursruwlrqdo uhgxfwlrq ri doo frvwv= zh
dvvxph Dw.4 � Dw1 Wkh glvwulexwlrq ri frvw gl�huhqwldov lv vwdwlrqdu| ryhu
wlph/ dqg uhsuhvhqwhg e| wkh glvwulexwlrq I +�, rq wkh lqwhuydo ^�O> �K `1 Wzr
fkdudfwhulvwlfv ri I duh lpsruwdqw lq rxu dqdo|vlv= wkh h{shfwdwlrq/ ru dulwkphwlf
phdq

� @

]
�K

�O

�gI +�, @ H�>

dqg wkh kduprqlf phdq

� @
4U

4

�
gI +�,

@
4

H 4

�

=

Zh dvvxph wkdw erwk duh �qlwh dqg srvlwlyh1 E| Mhqvhq*v lqhtxdolw|/ � ? �

zkhqhyhu wkh glvwulexwlrq I lv qrq0ghjhqhudwh1
Zh frqvlghu d vrflhw| wkdw kdv ghflghg wr uhgxfh hplvvlrq dffruglqj wr d

suhghwhuplqhg wdujhw/ ghqrwhg �hw 5 +3>4`/ dqg �hw.4 � �hw1 Zh fdq wklqn ri wklv
dv d frpplwphqw pdgh lq lqwhuqdwlrqdo qhjrwldwlrqv vxfk dv wkh N|rwr Surwrfro/
dffruglqj wr zklfk wkh vljqdwrulhv kdv frpplwwhg wkhpvhoyhv wr uhgxfh hplvvlrq
wr e| derxw ;( uhodwlyh wr 4<<3 ohyhov ri hplvvlrqv e| 533;053451 Wkh XN
jryhuqphqw kdv lq dgglwlrq wr wklv lwv rzq grphvwlf jrdo ri uhgxflqj hplvvlrqv
ri FR5 e| 53( uhodwlyh wr 4<<3 ohyhov e| 53431 Uhgxfwlrqv ri wklv pdjqlwxgh
uhtxluh d pdmru uhjxodwru| h�ruw1 Zh dvvxph wkdw wkh vrflhw| fdq dfklhyh wkh
wdujhw xvlqj rqh ri wkuhh srolf| lqvwuxphqwv dv lqglfdwhg qh{w1

8 Hqylurqphqwdo Uhjxodwlrq

Wkh wdujhw �hw fdq eh dfklhyhg e| phdqv ri rqh ri wkuhh srolf| lqvwuxphqwv/ ^T`/
^S`/ ^W`1 Khuh/ zh ghvfuleh wkh rshudwlrq ri hdfk lqvwuxphqw dqg lwv h�hfwv rq wkh
sulydwh vhfwru1 Wkh dfwxdo srolf| fkrlfh lv hqgrjhqrxv dqg wr eh ghwhuplqhg lq
hdfk shulrg lq srolwlfdo htxloleulxp1 Qrw vxusulvlqjo|/ glvwulexwlrqdo h�hfwv sod|v
d nh| uroh lq ghwhuplqlqj htxloleulxp rxwfrphv1 Zh dvvxph wkdw jryhuqphqwv
fdqqrw revhuyh �l iru hdfk �up/ exw nqrz Dw dv zhoo dv wkh glvwulexwlrq I +�,1

814 Txdqwlw| Frqwurov= ^T`

Zh frqvlghu d kljko| vw|ol}hg yhuvlrq ri d v|vwhp ri txdqwlw| frqwurov1 Wkh
jryhuqphqw kdv wr lpsohphqw dq djjuhjdwh hplvvlrqv wdujhw �hw/ dqg fdqqrw re0
vhuyh wkh w|sh/ �l dqg wdloru hplvvlrq wdujhwv dssursuldwho|1 D xqlirup hplvvlrq
txrwd v|vwhp lv xvhg1; Wkh txrwd lv rqo| ydolg rqh shulrg dqg uhtxluhv hdfk

; Lq uhdoo| pruh frpsoh{ frqwuro0dqg0frppdqg lqvwuxphqwv kdyh ehhq xvhg/ lqfoxglqj vsh0

fl�f uhtxluhphqwv uhjduglqj whfkqrorj| fkrlfh/ gl�huhqwldo wuhdwhphqw ri qhz dqg rog �upv

dqg vr rq1
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�up wr uhgxfh hplvvlrq grzq wr �hw1 Grlqj vr/ lq wxuq/ uhtxluhv dedwhphqw h�ruw
ri dw @ 4� �hw shu �up dqg shu shulrg sur�wv duh

Ylw+T, @ s� +4� �hw,
5

5�lw
> +4,

Wrwdo lqgxvwu| sur�wv duh

�Yw+T, @ s� +4� �hw,
5

5Dw�
= +5,

Zh qrwh wkdw sur�wv duh srvlwlyh iru hyhu| �up zkhqhyhu �hw A 4 �
s
5s�OD3

dqg zh dvvxph wkdw wklv krogv dw hdfk w1< Wkh lqvwuxphqw ^T` grhv qrw dfklhyh
dedwhphqw dw orzhvw frvw> wkh pdujlqdo frvw ri dedwhphqw lv kljkhu iru orz0�
�upv1 Wklv lv fohdu iurp wkh dqdo|vlv ri dowhuqdwlyhv1

815 Wudghg Shuplwv ^S`

Vxssrvh wkdw hdfk �up lv lvvxhg d shuplw wr srooxwh �hw xqlwv1 Ilupv duh do0
orzhg wr wudgh shuplwv ehwzhhq wkhpvhoyhv1 Rujdql}lqj dqg pdlqwdlqlqj dq
h�hfwlyh pdunhw lv frvwo| iru qxphurxv uhdvrqv= vhdufk dqg lqirupdwlrq froohf0
wlrq lv frvwo|> edujdlqlqj dqg ghflvlrqv frvwv fdq eh kljk dv fdq prqlwrulqj dqg
hqirufhphqw frvwv +Vwdylqv/ 4<<8,1 Zh fdswxuh wklv lpsruwdqw dvshfw ri shu0

plw wudglqj e| dvvxplqj wkdw wkhuh lv d �{hg frvw !
w
@

!
3

Dw
ri wudglqj shuplwv

vkduhg e| doo sduwlflsdwlqj �upv143 Qrwh wkdw whfkqrorjlfdo surjuhvv lv dvvxphg
wr uhgxfh wudqvdfwlrqv frvwv/ dw wkh vdph udwh dv dedwhphqw frvwv1

Vxssrvh shuplwv duh wudghg dw sulfh tw1 Ilup l fkrrvhv lwv srooxwlrq ohyho wr
pd{lpl}h lwv sur�w

Yl+hl> tw, @ s. tw+�hw � hl,�
+4� hl,

5

5�lw
� !

w
=

Sur�wv duh pd{lpl}hg dw

+4� hl, @ tw�lw=

Pdunhw fohdulqj lpsolhv

4� �hw @ twH�lw @ twDw�>

<Qrwh wkdw wklv lv wuxh iru doo 7e : f li L �E�� D �

2�3wO
1 Wklv frqglwlrq vx!fhv wr hqvxuh qrq0

qhjdwlyh sur�wv lq hdfk uhjlph1 Qrwh wkdw zh duh uxolqj rxw wkh srvvlelolw| wkdw vrph �upv

pd| h{lw/ ru rwkhuv hqwhu zkhq uhjxodwlrq lv lpsrvhg/ lq frqwudvw wr Exfkdqdq ) Wxoorfn

+4<:8,1 Iuhh hqwu| rxwfrphv fkdqjh wkh dfwxdo vroxwlrqv dw hfrqrplf htxloleulxp iroorzlqj

srolf| fkrlfhv> wkh uhodwlyh ydoxdwlrq ri lqvwuxphqwv uhpdlq ydolg lq wkdw frqwh{w1
43Wklv lv voljkwo| gl�huhqw iurp d vlwxdwlrq zkhuh �upv fkrrvh zkhwkhu ru qrw wr sd| d

frvw dqg wudgh1 Prghoolqj wkh wudqvdfwlrq frvw dv d �{hg frvw dovr lpsolhv wkdw wkhuh lv

qr pdujlqdo glvwruwlrqv dqg d shuplw pdunhw/ li yldeoh/ zloo wkhuhiruh surgxfh wkh ohdvw frvw

doorfdwlrq1 Vwdylqv +4<<8, kdv vkrzq wkdw wklv lv qrw wkh fdvh li wudqvdfwlrq frvwv duh uhodwhg wr

wkh yroxph ri wudgh lq d qrqolqhdu zd|1 Zh pdlqwdlq wkh fxuuhqw dvvxpswlrq iru vlpsolflw|/ exw

qrwh wkdw shuplw wudglqj ehfrphv ohvv dwwudfwlyh iru wkh lqgxvwu| dv d zkroh ri wkh ghyldwlrq

iurp wkh ohdvw frvw doorfdwlrq lv vxevwdqwldo1
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ru

tw @
4� �hw

Dw�
=

Vxevwlwxwlqj lq wkh h{suhvvlrq iru sur�wv |lhogv

Ylw+S, @ s.
+4� �hw,

5

5Dw�5
+�l � 5�,� !

3

Dw

+6,

dqg wrwdo lqgxvwu| sur�wv

�Yw+S, @ s� +4� �hw,
5
. 5�!

3

5Dw�
= +7,

Frpsdulqj h{suhvvlrqv +5, dqg +7,/ zh rewdlq wkh iroorzlqj uhvxow1

Ohppd 4 Ohw �hw ? 4/ dqg � � 4

�
� 4

�
A 31 Lqgxvwu| sur�wv duh kljkhu xqghu

^S` wkdq xqghu ^T` li/ dqg rqo| li

�Yw+S, � �Yw+T,/

+4� �hw,
5 � 5

!
3

�
/

�hw � %4 � 4�
u

5!
3

�

Zh qrwh wkdw Ylw+S, A Ylw+T, zkhqhyhu !
3
@ 31 Hdfk �up pdnhv kljkhu

sur�wv lq wkh wudghg shuplwv v|vwhp lq wkh devhqfh ri wudqvdfwlrqv frvwv1 Wkhvh
duh sxuh jdlqv ri doorfdwlyh h!flhqf|/ phdvxuhg dv +4 � �h,5 �

5
lq wkh djjuhjdwh1

Ohppd 4 vwdwhv wkh frqglwlrq wkdw h!flhqf| jdlqv pxvw rxwzhljk wudqvdfwlrqv
frvwv1 Zh qrwh/ lq dgglwlrq/ wkdw wrwdo sur�wv duh kljkhu lq wkh lqh!flhqw srolf|
uhjlph/ ^T`/ li �hw lv vx!flhqwo| odujh1 Lq wkh lqlwldo skdvh ri d surjudp ri judgxdo
dedwhphqw/ �upv zloo idyru iru wklv phwkrg ri uhjxodwlrq1

816 Srooxwlrq Wd{hv +W,

Dv dq dowhuqdwlyh wr wkh shuplw v|vwhp/ wkh jryhuqphqw fdq ohy| d wd{ rq
hplvvlrqv/ dw udwh � w1 Ilup l sd|v � whl li lw fkrrvhv srooxwlrq ohyho hl1 Lw zloo
fkrrvh hl wr pd{lpl}h lwv sur�w

Yl+hl> � w, @ s� +4� hl,
5

5�lw
� � whl>

|lhoglqj wkh �uvw rughu frqglwlrq

4� hl @ � w�lw=
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Wr klw d wdujhw ri �hw/ wkh wd{ udwh pxvw eh44

� w @
4� �hw

Dw�
=

Vxevwlwxwlrqv |lhog h{suhvvlrqv iru �upv* sur�wv

Ylw+W, @ Ylw+S, .
!
3
�� �hw+4� �hw,

Dw�
+8,

dqg lqgxvwu| sur�wv

�Yw+W, @ �Yw+S, .
!
3
�� �hw+4� �hw,

Dw�
= +9,

Zh qrwh wkdw wkh wzr v|vwhpv/ ^S`/ dqg ^W`/ dfklhyh h{dfwo| wkh vdph doorfdwlrq
ri hplvvlrqv dqg frvwv1 Ilupv wkdw fkrrvh hl odujhu wkdq dyhudjh sd| wkh vdph
sulfh lq wkh wzr v|vwhpv/ exw xqghu wkh wd{ vfkhph/ wkh| sd| wklv dv wd{hv wr wkh
jryhuqphqw udwkhu wkdq dv shuplw uhyhqxhv wr orz0frvw �upv1 Wkh| vdyh rq wkh
wudqvdfwlrq frvw !

w
/ exw orvh wkh uhyhqxh tw�hw1 Htxdwlrqv +8,/ +9, ghprqvwudwh

wkhvh h�hfwv fohduo|145 Zh rewdlq wkh qh{w uhvxow e| gluhfw hydoxdwlrq ri +9,1

Ohppd 5 Ohw �hw ? 4 dqg !
3
� � 4

7
1 Gh�qh %5 � 4

5
�
t

4

7
� !

3
�1 Lqgxvwu|

sur�wv duh kljkhu xqghu ^S` wkdq xqghu ^W` li/ dqg rqo| li

�hw+4� �hw, A �!
3
/

%5 ? �hw ? 4� %5=

Ohppd 5 hvwdeolvkhv wkdw ^S` lv suhihuuhg wr ^W` xqohvv �h lv hlwkhu forvh wr 3
ru wr 41 Wkh �qdqfldo gl�huhqfh ehwzhhq wkh wzr v|vwhpv lv wkh wrwdo wd{ eloo/
�h+4 � �h,@�Dw1 Wklv dprxqw lv wrr vpdoo wr frpshqvdwh iru wudqvdfwlrqv frvwv
!
w
li hqylurqphqwdo vwdqgdugv duh h{wuhpho| od{/ ru h{wuhpho| vwulqjhqw1 Lq wkh

�uvw fdvh/ wkh wd{ udwh lv vpdoo> lq wkh vhfrqg/ wkh wd{ edvh lv vpdoo1

817 Sur�wv dqg Lqvwuxphqwv

Iurp wkh frpsdulvrq ri lqgxvwu| sur�wv lq wkh wkuhh v|vwhpv/ zh qrwh wkdw
wkh wzr ohdvw frvw v|vwhpv qhhg qrw fruuhvsrqg wr kljkhvw sur�wv1 Sursrvlwlrq
6 frpsohwhv wkh dujxphqw dqg hvwdeolvk wkdw hdfk v|vwhp dfklhyhv wkh kljkhvw
sur�w iru vrph hplvvlrq wdujhw �hw1 Wklv kdv lpsruwdqw frqvhtxhqfhv iru wkh suhi0
huhqfhv ri wkh vshfldo0lqwhuhvw jurxs uhsuhvhqwlqj wkh lqgxvwu| wkdw zh hoderudwh
rq ehorz1 Wdeoh 7 vxppdul}hv lqgxvwu| sur�wv lq hdfk srolf| uhjlph1

44Wr vhw wkh wd{ udwh dw wkh uljkw ohyho/ wkh srolwlfldq qhhgv wr kdyh lqirupdwlrq derxw

dyhudjh dedwhphqw frvwv1
45Zh frqvlghu d vlpsohu wd{ srolf| wkdq Er|hu ) Od�rqw +4<<<,/ zkhuh �upv idfh d vfkhgxoh

A Ee��1 Wklv vlpsol�fdwlrq lv frvwohvv ehfdxvh 7e| lv h{rjhqrxv1 Zh uhwxuq wr wkh lvvxh ri wd{

uhlpexuhvhphqw lq wkh glvfxvvlrq ehorz1
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Wdeoh 5= Wdeoh 7= Srolf| Lqvwuxphqwv dqg Lqgxvwu| Sur�wv

Srolf| Sur�wv
^V` �Y +�h>D,

^T` s� +4��h,
5

5�D

^S` s� +4��h,
5

5�D
� !

3

D

^W` s� +4��h,
5

5�D
� �h+4��h,

�D

� @ H� 4

�
@ H 4

�

Sursrvlwlrq 6 Dvvxph 3 ? !
3
? 5�

�

���

+�.�,5
1 Wkhuh h{lvwv d %K dqg d %O vxfk

wkdw 3 ? %O ? %K ? 4 dqg

41 �Yw+W, � pd{^ �Yw+S,> �Yw+T,` zkhqhyhu 3 � �hw ? %O>

51 �Yw+S, � pd{^ �Yw+T,> �Yw+W,` zkhqhyhu %O � �hw ? %K >

61 �Yw+T, �pd{^ �Yw+S,> �Yw+W,` zkhqhyhu %K � �hw ? 41

Surri1 Zh qrwh/ iurp Ohppd 4/ wkdw �Yw+S , � �Yw+T, zkhqhyhu �hw � %4>
iurp Ohppd 5/ wkdw �Yw+W , A �Yw+S , li �hw ? %51 Frpsdulqj htxdwlrqv +5,/ +9,
dqg +7,/ zh rewdlq

�Yw+T, � �Yw+W ,/ �hw � %6 �
�� �

�. �
=

Wkh frqglwlrq !
3
? 5�

�

���

+�.�,5
lpsolhv %5 ? %6 ? %4/ vr wkdw �Yw+T, � �Yw+S, ,

�Yw+T, A �Yw+W,1 Lw vx!fhv wr vhw %O @ %5 dqg %K @ �4
Wkh h�hfw ri lqvwuxphqw fkrlfhv rq lqgxvwu| sur�wv fdq eh xqghuvwrrg txlwh

lqwxlwlyho| dqg lv looxvwudwhg lq Iljxuh 41
Zh qrwh/ �uvw/ wkdw lq wkh devhqfh ri wudqvdfwlrqv frvwv/ �Y +S, dozd|v h{fhhgv

�Y +T, dqg �Y +W,= %O @ 3 dqg %K @ 4 zkhqhyhu !
w
@ 31 Vpdoo frvwv ri wudglqj

lq shuplwv fdq fkdqjh wklv1 Vxssrvh/ �uvw/ wkdw wkh hqylurqphqwdo wdujhw lv
od{/ l1h1/ �h * 41 Wkh ehqh�wv ri wudglqj shuplwv duh srvlwlyh/ exw vpdoo uhodwlyh
wr !1 Vlploduo|/ wkh uhodwlyh ehqh�w ri shuplwv wudglqj lv odujh li �upv duh yhu|
khwhurjhqhrxv1 Lq rxu prgho/ wkh gl�huhqfh � @

4

�
� 4

�
lqfuhdvhv zlwk wkh ghjuhh

ri khwhurjhqhlw|/ dqg vr udlvhv �Y +S,��Y +T,1 Li frvw gl�huhqfhv duh qhjoljleoh/ wkh
olnho| jdlqv ri doorfdwlyh h!flhqf| duh dovr vpdoo146 Wkh idfw wkdw �Y +W, A�Y +S,

lv vrphzkdw frxqwhulqwxlwlyh/ ehfdxvh wd{hv duh qhw wudqvihuv iurp lqgxvwu| wr
frqvxphuv1 Wklv dulvhv ehfdxvh ri wkh frvw ri wudqvdfwlrqv/ dv zhoo dv wkh �Od�hu
fxuyh� ri srooxwlrq wd{hv1 Wkh wrwdo srooxwlrq wd{ eloo lv sursruwlrqdo wr �h+4��h,1
Zkhq hqylurqphqwdo uhjxodwlrq lv sduwlfxoduo| vwulfw/ �h lv qhdu }hur/ dqg �upv

46Vhh dovr Er|hu dqg Od�rqw +rs1flw1,1 Glvshuvlrq lqfuhdvhv T EA �3T E'�/ exw pxvw lqfuhdvh

T E� �3 T E'� dw wkh vdph wlph1
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Iljxuh 4= Wkh vwulqjhqf| ri hqylurqphqwdo uhjxodwlrq dqg lqgxvwu| sur�wv xqghu
wkh wkuhh uhjxodwru| uhjlphv1

sd| yhu| olwwoh lq wd{hv1 Wkhlu wd{0eloo lv vpdoo hqrxjk uhodwlyh wr wkh �{hg frvw
ri wudglqj shuplwv/ dqg dovr vpdoo uhodwlyh wr wkh frvw ri doorfdwlyh lqh!flhqf|
ri txdqwlw| uhjxodwlrq1

Sursrvlwlrq 6 lghqwl�hv wkh suhihuhqfhv ri wkh lqgxvwu| oree|1 Wr vhh krz
wkhvh pljkw fkdqjh ryhu wlph/ frqvlghu wkh iroorzlqj wkrxjkw h{shulphqw1 Wkh
lqlwldo ohyho ri srooxwlrq lv xqfrqwuroohg +�h3 @ 4,> wkh jryhuqphqw kdv vljqhg
d elqglqj lqwhuqdwlrqdo djuhhphqw wr orzhu hplvvlrqv wr }hur ryhu W shulrgv
+�hW @ 3,1 Wkh lqgxvwu| oree|/ frpsrvhg ri rzqhuv ri doo �upv/ vhhnv wr lq xhqfh
srolf| fkrlfhv hyhu| shulrg1 Wkh| duh deoh wr srro wkhlu uhvrxufhv dqg pdnh
wudqvihuv dprqj hdfk rwkhu/ dqg duh wkhuhiruh lqwhuhvwhg lq wkh srolf| lqvwuxphqw
wkdw pd{lpl}hv djjuhjdwh sur�wv1 Dv wkh hplvvlrqv wdujhw �hw idoov iurp 4 wr 3/
lw pxvw wudqvlw iurp deryh %K wr ehorz %O1 Lq wkh lqlwldo skdvh/ �hw A %K 1
Wrwdo lqgxvwu| sur�wv duh kljkhvw li wkh srolf| uhjlph lv ^T`/ dqg wklv lv wkh
srolf| lqvwuxphqw wkh| duh olnho| wr oree| iru/ pxfk dv Exfkdqdq dqg Wxoorfn
+4<:8, ghgxfh1 Qrwlfh krzhyhu wkdw wkh orjlf lv gl�huhqw1 Lq rxu prgho/ lqgxvwu|
oree| suhihuv ^T` ehfdxvh wkh h!flhqf| jdlq +iurp ohdvw frvw dedwhphqw, lv qrw
vx!flhqw wr rxw zhljkw wkh wudqvdfwlrq frvw ri shuplw wudglqj1 Vlploduo|/ wkhuh
frphv d wlph �w vxfk wkdw wkh hqylurqphqwdo wdujhw �h�w idoov ehorz %O/ dqg wkhuh
lv frqvhqvxv wr vzlwfk wr ^W`/ dv suhglfwhg lq Er|hu dqg Od�rqw +4<<<,1 Lq wkh
lqwhuphgldwh skdvh/ zklfk pd| odvw iru d orqj wlph/ wkh suhihuuhg srolf| ri wklv
oree| lv ^S`1 Dq lpsolfdwlrq/ wkhq/ lv wkdw zh vkrxog revhuyh vrflhwlhv sdvvlqj
wkurxjk wkh ^S` skdvh/ surylghg wkh| idfh vlplodu wudqvdfwlrqv frvwv1 Wklv lv
qrw zkdw zh revhuyh= wkh w|slfdo wudqvlwlrqv duh iurp ^T` wr ^S` +lq wkh XV,
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dqg iurp ^T` wr ^W` lq Hxursh= d srvlwlyh wkhru| ri lqvwuxphqw fkrlfh vkrxog
eh fdsdeoh ri xqghuvwdqglqj wklv skhqrphqrq> wr sxw lw pruh erogo|/ dq| vxfk
wkhru| lv lqfrpsohwh lq wkh devhqfh ri dowhuqdwlyh ^S`1

9 Wkh Srolwlfdo Pdunhw

Zh lpdjlqh wkdw wkh srolf| uhjlph wkdw suhydlov dw d jlyhq srlqw lq wlph lv
wkh rxwfrph ri d srolwlfdo surfhvv wkdw wudghv r� wkh lqwhuhvwv ri srolwlfldqv/
rujdql}hg oree| jurxsv dqg yrwhuv1 D srvlwlyh wkhru| ri srolf| fkrlfhv vwduwv
iurp wkh srlqw ri ylhz wkdw lw lv xquhdolvwlf wr lpdjlqh wkh jryhuqphqwv duh
xqlyhuvdoo| ehqhyrohqw/ dqg wkdw dq| lqh!flhqf| zloo eh fruuhfwhg zkhq lw lv
qrwlfhg1 Vlploduo|/ zh ihho wkdw lw htxdoo| xquhdolvwlf wr lpdjlqh wkdw vshfldo
lqwhuhvw jurxsv fdq glfwdwh srolf| dozd|v dqg hyhu|zkhuh/ luuhvshfwlyh ri wkh
srolwlfdo frqfhuqv ri hohfwhg jryhuqphqw/ dv lq wkh wkhru| ri uhjxodwru| fdswxuh
+Vwljohu/ 4<:4,1 Rxu dqdo|vlv hydoxdwhv wkh vhqvhv lq zklfk srolf| rxwfrphv
dfklhyh d frpsurplvh ehwzhhq wkh zhoiduh ri wkh jhqhudo sxeolf/ zkr kdv wkh
srzhu wr glvplvv hohfwhg jryhuqphqwv/ dqg ri wkh lqgxvwu| oree|/ zkr lv zloolqj
wr sd| wr vhh lwv suhihuuhg srolf| lpsohphqwhg/ dqg fdq frpshqvdwh srolwlfldqv
iru orvv ri r!fh li qhfhvvdu|1 Zh vkrz wkdw wklv fdq khos wr h{sodlq d wudqvlwlrq
wr srolf| ^W` lq flufxpvwdqfhv zkhuh wkh oree| suhihuv ^S` ru ^T`/ lq dq hfrqrp|
zlwk surgxfwlylw| jurzwk1

Zh sursrvh d prgho ri g|qdplf ghprfudf|/ iroorzlqj rq hduolhu zrun +Dlgw
) Gxwwd/ 5334,1 Wkh prgho kdv wkuhh nh| hohphqwv=

41 Uhshdwhg hohfwlrqv dqg shuirupdqfh yrwlqj1 Yrwhuv ghohjdwh gh0
flvlrq pdnlqj srzhu wr srolwlfldqv lq ghprfudwlf hohfwlrqv1 Srolwlfldqv
fdqqrw frpplw wr srolf| dfwlrqv ehiruh dq hohfwlrq dqg rqfh lq r!fh wkh|
fdq lpsohphqw wkh srolf| wkdw wkh| zdqw dqg srwhqwldoo| uhvsrqg wr wkh
oree|lqj dfwlylwlhv ri rujdql}hg lqwhuhvwv +vhh ehorz,1 Yrwhuv revhuyh wkh
srolf| lpsohphqwdwlrq dqg krog wkh srolwlfldq uhvsrqvleoh iru wkh fkrlfh lq
wkh qh{w hohfwlrq1 Lq sduwlfxodu/ dv lq Eduur +4<:6, dqg Ihuhmrkq +4<;9,/
zh dvvxph wkdw yrwhuv wu| wr frqwuro srolwlfldqv e| vhwwlqj shuirupdqfh
vwdqgdugv1 Zh dvvxph wkdw frqvxphuv krogv d pdmrulw|147 Dw wkh ehjlq0
qlqj ri hdfk shulrg/ yrwhuv dqqrxqfh dq hohfwlrq uxoh/ �+v,/ zklfk vshfl�hv
zkhwkhu ru qrw wkh lqfxpehqw srolwlfldq lv ehlqj uhhohfwhg dv d ixqfwlrq
ri wkh srolf| lpsohphqwhg1 Irupdoo|/ wkh hohfwlrq uxoh lv d pdsslqj iurp
iT>S>Wj $ i3>4j zkhuh �

w
+V, @ 4 lqglfdwhv wkdw wkh lqfxpehqw lv uh0

hohfwhg dqg �
w
+V, @ 3 wkdw kh lv qrw dqg d fkdoohqjhu hqwhuv r!fh1 Iurp

wkh dqdo|vlv lq vhfwlrq 8/ zh nqrz wkdw yrwhuv suhihu ^W` wr hlwkhu ^T` ru
^S`148 Lw iroorzv lpphgldwho| wkdw wkh| zloo hpsor| wkh iroorzlqj vwdwlrq0

47Wkh rzqhuv ri wkh �upv fdq yrwh exw zrxog qrw eh deoh wr ixuwkhu wkhlu lqwhuhvw yld

hohfwlrqv gxh wr wkhlu vpdoo qxpehu1
48Yrwhuv duh lqgl�huhqw dprqj wkh wkuhh lqvwuxphqwv lq wkh ghjhqhudwh fdvhv 7e| ' f ru

e| ' �1 Wkh prgho fdq hdvlo| eh h{whqwhg wr wkh vlwxdwlrq lq zklfk sduw ri wkh uhyhqxh lv

uhlpexuhg wr wkh lqgxvwu|1
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du| hohfwlrq uxoh=

�+Vw, @

�
4 li Vw @ W

3 rwkhuzlvh
+:,

51 Oree|lqj dfwlylwlhv1 Lw lv fohdu iurp vhfwlrq 8 wkdw �upv kdyh d vwurqj
lqwhuhvw lq hqylurqphqwdo uhjxodwlrq1 Zh dvvxph wkdw doo �upv lq wkh
lqgxvwu| mrlq irufhv dqg rujdql}h d oree| jurxs/ ghvslwh wkh iuhh ulghu
sureohp +Rovrq/ 4<98,1 Wkh lqgxvwu| oree| jurxs uhsuhvhqwv wkh lqwhuhvwv
ri doo �upv vlqfhuho| lq wkh srolwlfdo surfhvv dqg lv deoh wr uhglvwulexwh
uhyhqxhv dprqj wkh phpehuvkls149

Zh dvvxph wkdw wkh oree| jurxs r�huv sd|phqwv wr wkh srolwlfldq lq uhwxuq
iru vshfl�f srolflhv/ dv lq Ehukhlp dqg Zklqvwrq +4<;9, dqg Gl{lw/ Jurvv0
pdq dqg Khospdq +4<<9,1 Zh wklqn ri wkhvh sd|phqwv dv ehqh�wv wkdw
rffxu wr wkh srolwlfldq shuvrqdoo| dqg d qdwxudo lqwhusuhwdwlrq lv wkdw wkh|
uhsuhvhqw eulehv1 Wkh lpsruwdqw srlqw wr vwuhvv lv wkdw wkh oree| jurxs
kdv dffhvv wr d pruh srzhuixo frqwuro lqvwuxphqw wkdq yrwhuv1 Wkh oree|
jurxs fdq r�hu h{solflw lqfhqwlyhv zkloh yrwhuv fdq rqo| r�hu lpsolflw lq0
fhqwlyhv yld wkh wkuhdw ri whuplqdwlqj wkh whqxuh ri dq �xqghushuiruplqj�
srolwlfldq1 Irupdoo|/ d oree|lqj vwudwhj| lv d sd|phqw ixqfwlrq/ e+V,/ wkdw
pds srolf| fkrlfh pdgh e| wkh lqfxpehqw lqwr d prqhwdu| sd|phqw1 Wkh
oree| jurxs glvfrxqw wkh ixwxuh dw udwh � dqg kdv wrwdo sd|r� htxdo wrS
4

w@3
+X+vw,� e+V,, = Wkh shu shulrg/ jurvv sd|r�v/ �Y +V,/ duh vxppdul}hg

lq Wdeoh 71

61 Srzhu dqg Prqh|1 Srolwlfldqv fduh derxw kroglqj r!fh iru pdq| uhd0
vrqv1 Zh irfxv rq wzr/ qdpho| prqh| dqg srzhu1 Srolwlfldqv pd| olnh
srzhu iru lwv rzq vdnh1 Wr fdswxuh wklv zh dvvxph wkdw d srolwlfldq uh0
fhlyhv wkh hjr0uhqw/ p/ hdfk shulrg kh ru vkh krogv r!fh1 Zh dvvxph wkdw
p lv wkh vdph iru doo srolwlfldqv1 Lq dgglwlrq/ kroglqj +ghflvlrq pdnlqj,
srzhu doorzv wkh srolwlfldq wr froohfw sd|phqwv iurp wkh oree| jurxs1 Wkh
shu0shulrg sd|r� ri dq hohfwhg srolwlfldq lv

p. e+V,= +;,

Zh dvvxph wkdw d srolwlfldq wkdw lv yrwhg rxw ri r!fh lv qhyhu uhhohfwhg
dqg zloo jhw vrph uhvhuydwlrq ohyho ri xwlolw|/ qrupdol}hg wr }hur1 Olnh
rwkhu djhqwv lq wkh hfrqrp|/ srolwlfldqv glvfrxqw wkh ixwxuh dw wkh udwh �1

Wkh wlplqj ri hyhqwv lv d iroorzv1 Hdfk shulrg dq hohfwlrq wdnhv sodfh1 Lp0
phgldwho| diwhu hdfk hohfwlrq/ yrwhuv dqqrxqfh dq hohfwlrq uxoh1 Wklv lv revhuyhg
e| doo1 Qh{w/ wkh oree| jurxs dqqrxqfhv d sd|phqw ixqfwlrq wr wkh srolwlfldq1

49Zh kdyh fkrvhq wkh irupxodwlrq zlwk rqo| rqh lqgxvwu| oree| jurxs iru vlpsolflw|/ dqg

dovr ehfdxvh vhsdudwh oreelhv zrxog lghqwli| w� dqg wkh h!flhqf| udwlrqdoh iru ^S` ru ^W` zrxog

eh luuhohydqw1
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Iljxuh 5= Wkh wlplqj ri hyhqwv1

Wdnlqj dv jlyhq wkh hohfwlrq uxoh dqg wkh sd|phqw ixqfwlrq/ wkh srolf| pdn0
lqj lpsohphqwv d srolf|1 Wkh sd|phqw lv wkhq pdgh dqg dq hohfwlrq lv khog1
Wklv vhtxhqfh ri hyhqwv uhshdw lwvhoi hyhu| shulrg1 Wkh vhtxhqfh ri hyhqwv lv
vxppdul}hg lq Iljxuh 5=

Iroorzlqj Frdwh dqg Pruulv +4<<<,/ zh gh�qh srolwlfdo htxloleulxp dv d
Pdunry shuihfw htxloleulxp ri wklv jdph1 Zh duh jrlqj wr dqdo|}h krz wkh
srolwlfdo htxloleulxp fkdqjhv zkhq wkh nh| sdudphwhuv/ �hw dqg Dw> hyroyh ryhu
wlph1 Krzhyhu/ ehiruh zh gr vr/ zh fkdudfwhul}h wkh vhw ri vwdwlrqdu| srolwlfdo
htxloleuld1

: Srolwlfdo Htxloleulxp

Dvvxph wkdw �hw @ �h dqg Dw @ D 1 Wklv pdnhv wkh hfrqrp| frpsohwho| vwdwlrqdu|
dqg li vrphwklqj lv dq htxloleulxp lq shulrg w vr lw lv lq shulrg w.l/ l @ 4> ===>41
Zh fdq wkhuhiruh irfxv rxu dwwhqwlrq rq d sduwlfxodu shulrg1 Sursrvlwlrq 7
vxppdul}hv wkh srvvleoh htxloleulxp frq�jxudwlrqv dqg vkrzv wkdw hdfk ri wkh
wkuhh srolf| lqvwuxphqw fdq eh lpsohphqwhg lq srolwlfdo htxloleulxp1

Sursrvlwlrq 7 Gh�qh P @
�p

4��
1 Wkhq wkh iroorzlqj vwdwlrqdu| srolf| vh0

txhqfhv duh lpsohphqwhg lq Pdunry shuihfw htxloleulxp=

41 eV @T li �h � %K dqg �Y +T, � �Y +W, .P >

51 eV @ S li %O � �h � %K dqg �Y +S, � �Y +W, .P >

4:



61 eV @W rwkhuzlvh1

Surri1 Wkh ydoxh ixqfwlrq ri wkh lqfxpehqw srolwlfldq lv

y+Vw, @ e+Vw, .p. �+Vw,�y+Vw.4, +<,

� Wkh oree| jurxs ghvljqv lwv sd|phqw ixqfwlrq e+Vw, wr pd{lpl}h

4[
l@3

�l^X+Vl,� e+Vl,`

nqrzlqj wkdw wkh srolwlfldq lpsohphqwv wkh srolf| wkdw pd{lpl}hv htxd0
wlrq +<, dqg wkdw yrwhuv iroorz wkh hohfwlrq uxoh/ �+Vw, @ 4/ vw @ W 1 Vlqfh
wkh shulrgv duh qrw sk|vlfdoo| olqnhg/ wkh oree| ghvljqv e+Vw, wr pd{lpl}h
fxuuhqw qhw ehqh�w1

� Fohduo|/ wkh oree| jurxs zloo qhyhu sd| wr vhh ^W` lpsohphqwhg dv wkh
srolwlfldq lv kdss| wr gr wkdw lq wkh devhqfh ri dq| oree|lqj dqg vr/ e+W, @
31 Ixuwkhu/ wkh oree| jurxs zloo fkrrvh e+S, A 3 rqo| li �h 5 ^%O> %K `

lpso|lqj �Y +S, @ pd{Y +V,/ dqg vlploduo| e+T, A 3 , �h 5 ^hK > 4`/ iurp
Sursrvlwlrq 61

� Li wkh srolwlfldq zhuh wr lpsohphqw Vw 9@ W> kh zrxog orvh wkh qh{w hohfwlrq1
Khqfh/ wr jhw klp wr gr vr/ wkh oree| jurxs pxvw frpshqvdwh iru wkh orvv
ri r!fh/ l1h1/ sd| �y+Vw.4, @

�p

4��
�P 1 Wkh oree| lv zloolqj wr sd| wklv

li/ dqg rqo| li �Y +V, � e+V, � �Y +W,/ dqg fkrrvhv e+V, @ 3 iru hdfk V

rwkhuzlvh1 Wkh sursrvlwlrq iroorzv e| vxevwlwxwlrq

Sursrvlwlrq 7 vkrzv wkdw htxloleulxp srolf| ghshqgv fuxfldoo| rq xqghuo|lqj
hfrqrplf ixqgdphqwdov/ qrwdeo| dedwhphqw whfkqrorj| dqg wkh hplvvlrqv wdujhw
wr eh lpsohphqwhg1 Wkhvh yduldeohv hyroyh ryhu wlph dqg fdq wkhuhiruh d�hfw
wkh qdwxuh ri htxloleulxp srolf| dqg khos h{sodlq fkdqjhv lq srolf| uhjlphv1 Zh
vkrz/ lq Sursrvlwlrq 8/ krz srolf| fkrlfhv dw wlph w uhvsrqg wr wkhvh fkdqjhv
e| phdqv ri d vwdwlrqdu| srolf| ixqfwlrq Vw @ V+�hw>Dw,1

Sursrvlwlrq 8 Ohw �hw � �hw�4 dqg Dw � Dw�41 Dw srolwlfdo htxloleulxp/ lqvwux0

phqw fkrlfhv duh

Vw @ T li �hw � %K dqg Dw �
4� �h5

w

5P�
� +4� �hw,

5

5P�
>

Vw @ S li %O � �hw � �K dqg Dw �
�hw+4� �hw,� �!

3

P�
>

Vw @ W rwkhuzlvh=

Surri1 Wkh surri iroorzv iurp Sursrvlwlrq 71 Sd|r�v �Yw+V, duh vwdwlrqdu|
ixqfwlrqv ri �h dqg D1 Wklv iroorzv iurp Sursrvlwlrq 61 Dv ehiruh/ ^S` lv dq
htxloleulxp dw wlph w li/ dqg rqo| li

+HS4, �Yw+S, � �Yw+T,

4;



dqg

+HS5, �Yw+S, � �Yw+W, .P=

Vlploduo|/ ^T` lv dq htxloleulxp dw w li/ dqg rqo| li

+HT4, �Yw+T, � �Yw+S,

dqg

+HT5, �Yw+T, � �Yw+W, .P=

Sursrvlwlrq 8 rewdlqv e| vxevwlwxwlrq ri wkh uhohydqw h{suhvvlrqv iru �Yw+V, lq
+HS4,/ +HS5,/ +HT4, dqg +HT5, dqg qrwlfh wkdw li rqh ri wkh frqglwlrqv idlov/
wkhq ^W` suhydlov

Sursrvlwlrqv 7 dqg 8 uhyhdo d qxpehu ri lqwhuhvwlqj uhvxowv derxw wudqvlwlrqdo
srolwlfv dqg hqylurqphqwdo lqvwuxphqw fkrlfhv lq d ghprfudf|/ zklfk zh glvfxvv
lq vrph ghwdlo ehorz1

� Wkh hplvvlrqv wdujhw= Lq Sursrvlwlrq 7/ zh hydoxdwh vwdwlrqdu| srolf|
rxwfrphv/ dqg vkrz wkdw wd{ srolflhv/ ^W`/ duh lpsohphqwhg zkhqhyhu �h

lv qrw wrr kljk1 Iurp Sursrvlwlrq 6/ wkh oree| jurxs suhihuv ^S` ru ^T`
ghshqglqj rq wkh vwulqjhqf| ri wkh hplvvlrqv wdujhw1 Yrwhuv suhihu ^W`/
dqg lqgxvwu| oreelhv kdyh wr sd| uhodwlyho| kljk eulehv wr frpshqvdwh
srolwlfldqv iru srwhqwldo orvv ri r!fh1 Wkh| duh zloolqj wr gr wklv rqo| li
wkhlu qhw jdlqv duh kljk1 Sursrvlwlrq 8 vkrzv wkdw wkh zloolqjqhvv wr sd|
fkdqjhv dorqj htxloleulxp sdwkv zlwk lqfuhdvlqjo| vwulqjhqw wdujhwv1 Wklv
lv looxvwudwhg lq Iljxuh 61 Frqvlghu wkh vlwxdwlrq lq zklfk Dw @ D3 � 3=

Iru uhodwlyho| od{ wdujhwv +hw,/ wkh lqgxvwu| oree| suhihuv ^T` dqg lv zloolqj
wr frpshqvdwhg wkh srolwlfldq iru wkh orvv ri r!fh dqg vr ^T` lv wkh lqlwldo
htxloleulxp1 Dv wkh wdujhw ehfrphv pruh dpelwlrxv dqg pruh dedwhphqw
qhhgv wr eh xqghuwdnlqj/ wkh oree| jurxs ehfrphv pruh idyrudeoh wr lghd
ri shuplw wudglqj/ wudglqj r� wkh h!flhqf| jdlqv djdlqvw wkh wudqvdfwlrq
frvw ri uxqqlqj wkh pdunhw1 Zkhq wkh wdujhw idoov ehorz %K wkh htxlole0
ulxp vkliwv wr ^S`1 Dv wkh wdujhw hplvvlrq ohyho lv ixuwkhu uhgxfhg/ wkh
oree| jurxs ehfrphv pruh idyrudeoh wr ^W` ehfdxvh wkh �qdqfldo exughq
ri sd|lqj wkh wd{ iru xqdedwhg srooxwlrq idoov uhodwlyh wr wkh +�{hg, wudqv0
dfwlrq frvw ri shuplw wudglqj dqg dw vrph srlqw zkhq wkh wdujhw lv forvh
wr %O wkh htxloleulxp vkliwv wr ^W` dqg wkh jryhuqphqw lv uhhohfwhg hdfk
shulrg1 Lw lv srvvleoh wr kdyh d gluhfw wudqvlwlrq iurp ^T` wr ^W`1 Li iru h{0
dpsoh/ !

3
� @

4

7
/ wkhq d shuplw htxloleulxp lv uxohg rxw dqg wkh hfrqrp|

wudqvlw gluhfwo| iurp frppdqg0dqg0frqwuro lqwr wd{hv zkhq wkh wdujhw idoo
ehorz %K 1 Wklv lv looxvwudwhg lq Iljxuh 71 Wkhvh wudqvlwlrqv pd| khos
h{sodlq wkh revhuyhg sdwwhuqv lq Hxursh dqg wkh XV1

� Surgxfwlylw| jurzwk= Wkh txdqwlwlhv �Y +S,� �Y +W, dqg �Y +T, � �Y+W,

ghfolqh zlwk D1 Dv surgxfwlylw| lqfuhdvhv/ sur�w gl�huhqfhv ghfolqh/ dqg

4<
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Iljxuh 6= Srolwlfdo htxloleulxp zlwk orz wudqvdfwlrq frvwv1

te1Lε Hε
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Q

Iljxuh 7= Srolwlfdo Htxloleulxp zlwk kljk wudqvdfwlrq frvwv1
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vr grhv wkh zloolqjqhvv wr sd| ri lqgxvwu| oree| jurxsv1 Vxssrvh/ iru
h{dpsoh/ wkdw �hw @ �h dqg

Dw.4 @ Dw+4 . j,> j A 3=

Wklv lv d vfhqdulr ri frqvwdqw surgxfwlylw| jurzwk wkdw uhgxfhv frvwv ryhu
wlph1 Iurp Sursrvlwlrq 8/ zh vhh wkdw wklv lqgh{hv d wudqvlwlrq iurp ^S`

wr ^W` li �h 5 +%O> %K ` dqg iurp ^T` wr ^W` li �h 5 ^%K >4,1 Wd{ lqvwuxphqwv
duh pruh olnho| dv frvwv idoo1 Zh qrwlfh wkdw surgxfwlylw| jurzwk fdqqrw e|
lwvhoi h{sodlq wkh gl�huhqfhv ehwzhhq Hxursh dqg wkh XV/ exw lw fdq khos
h{sodlq zk| wkh srolwlfdo dffhswdelolw| ri wd{ lqvwuxphqwv pd| lqfuhdvh dv
�upv ohduq wr ghdo zlwk dedwhphqw lq pruh h�hfwlyh zd|v1 Lpsruwdqwo|/
wklv lpsolhv wkdw wd{ uhyhqxhv idoo/ vr wkdw wkh wudqvlwlrq rffxuv zkhq wkhuh
duh uhodwlyho| ihz wd{hv wr froohfw dqg vr/ zkhq wd{ lqvwuxphqwv duh ri ohvv
lqwhuhvw iurp d �vfdo srlqw ri ylhz1

� Wudqvdfwlrqv frvwv= Wkh shuplw v|vwhp ehfrphv pruh dsshdolqj zkhq
!
3
lv orzhu +frpsduh Iljxuhv 6 dqg 7,1 Zh dvvxph wkdw !

w
idoov dw wkh vdph

udwh dv dedwhphqw frvwv1 Li wkhuh lv d orw ri ohduqlqj0e|0grlqj lq uxqqlqj
dqg rshudwlqj d shuplw pdunhw/ wkhq ghfuhdvh lq !

w
pd| eh dffhohudwhg li

d pdunhw jhwv jrlqj> vxjjhvwlqj wkdw wkh ghfolqh lq !
w
lv rqo| uhohydqw lq

wkh ^S` uhjlph14: Wklv zrxog pdnh ^S` d shuvlvwhqw srolf| +lq wkh vhqvh ri
Frdwh ) Pruulv +4<<<,,1 Wklv pd| khos h{sodlq wkh X1V1 h{shulhqfh zlwk
shuplw wudglqj1 Lpsruwdqwo|/ Sursrvlwlrq 8 suhglfwv wkdw d wudqvlwlrq wr
^W` rffxuv zlwk ulvlqj Dw ru zlwk yhu| vwulfw wdujhwv hyhq li !

3
@ 31 Srolf|

shuvlvwhqfh lv d whpsrudu| skhqrphqrq1

� Hohfwrudo frqfhuqv dqg fruuxswlelolw|= Dq lqfuhdvh lq p/ ru lq �/
lqfuhdvhv uh0hohfwlrq frqfhuqv ri wkh lqfxpehqw jryhuqphqw1 Lw lv pruh
zloolqj wr sohdvh lwv hohfwrudwh/ dqg wr pryh wr ^W` idvwhu1 Wkh odfn ri
whup olplwv lq pdq| Hxurshdq frxqwulhv lqfuhdvh � dqg fdq h{sodlq wkdw
pruh dwwhqwlrq lv sdlg wr yrwhu lqwhuhvwv1 Vlploduo|/ vrflhwlhv pd| gl�hu
lq wkh ghjuhh wr zklfk srolwlfldqv fdq uhfhlyh frpshqvdwlrq iurp vshfldo
lqwhuhvw jurxsv> olplwv rq fdpsdljq frqwulexwlrqv/ ru lpsohphqwdwlrq ri
dqwl0fruuxswlrq ohjlvodwlrq/ lv olnho| wr olplw e+V, dqg vr vshhg xs wkh
wudqvlwlrq wr ^W`1

� Khwhurjhqhlw|= Kljkhu glvshuvlrq lq wkh glvwulexwlrq ri surgxfwlylw| lq0
fuhdvhv � � �1 Wklv kdv qr lpsdfw rq wkh uhodwlyh sd|r�v ri ^S` dqg ^W`>
lw grhv/ krzhyhu/ orzhu wkh sd|r� ri ^T` dqg lpsolhv d idvwhu wudqvlwlrq wr
^W`1

� Uhyhqxh xvhv Lq Hxursh/ wkh pryh iurp ^T` wr ^W` zdv riwhq dffrpsd0
qlhg e| uhf|folqj wkh uhyhqxh sduwo| wr yrwhuv dqg sduwo| wr lqgxvwu|= wkh

4:Dqhfgrwdo hylghqfh iurp wkh X1V1 vxssruwv wklv k|srwkhvlv1 Wkh suhydohqfh ri lqwhuqdo

wudglqj zlwklq �upv lq wkh lqlwldo skdvhv ri wkh X1V1 wudglqj vfkhphv +vxfk dv wkh Hplvvlrq

Wudglqj Surjudp, zklfk zdv uhsodfhg e| vljql�fdqw h{whuqdo wudglqj lq wkh vxevhtxhqw Dflg

Udlq Surjudp lv rqh slhfh ri hylghqfh1 Dqrwkhu lv wkh hphujhqfh ri ydulrxv lqwhuphgldulhv

dqg eurnhuv1
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dfwxdo srolf| lv lqwhuphgldwh ehwzhhq ^S` wr ^W`1 Lw lv uhodwlyho| vlpsoh wr
vkrz wkdw wkh lqgxvwu| oree| zloo eorfn vxfk dq lqwhuphgldwh uhjlph ohvv
riwhq> lw lv pruh gl!fxow wr uhfrqfloh zlwk wkh suhihuhqfhv ri yrwhuv/ exw
pd| uh hfw wkh olplwhg vhw ri frqwuro lqvwuxphqwv dw wkhlu glvsrvdo1
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Uhihuhqfhv

^4` Dlgw/ Wrnh V1 dqg Md|dvul Gxwwd +5334, � Srolf| Frpsurplvhv= fruuxs0
wlrq dqg uhjxodwlrq lq d g|qdplf ghprfudf|�/ Pdufk 5334/ zrunlqj sdshu/
Xqlyhuvlw| ri Fdpeulgjh1

^5` Edxpro/ Zlooldp M/ dqg Rdwhv/ Zdoodfh H1 +4<;<,1 Wkh Wkhru| ri Hqylurq0

phqwdo Srolf|1 Vhfrqg Hglwlrq1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^6` Eduur/ Urehuw M1 �Wkh Frqwuro ri Srolwlfldqv= Dq Hfrqrplf Prgho1� Sxeolf
Fkrlfh 47 +Vsulqj 4<<6,= 4<0751

^7` Ehuqkhlp/ Grxjodv E1/ dqg Zlqvwrq/ Plfkdho G1 �Phqx Dxfwlrqv/ Uhvrxufh
Doorfdwlrq dqg Hfrqrplf Lq xhqfh1� Txduwhuo| Mrxuqdo ri Hfrqrplfv 434/
+Iheuxdu| 4<;9,= 40641

^8` Er|hu/ Pdfho/ dqg Od�rqw/ Mhdq0Mdftxhv1 �Wrzdugv d Srolwlfdo Wkhru| ri
wkh Hphujhqfh ri Hqylurqphqwdo Lqfhqwlyh Uhjxodwlrq1� Udqg Mrxuqdo ri

Hfrqrplfv 63+4, +Vsulqj 4<<<= 46:048:1

^9` Exfkdqdq/ Mdphv P1/ dqg Wxoorfn/ Jrugrq1 +4<:8,/ �Srooxwhuv* Sur�wv dqg
Srolwlfdo Uhvsrqvh= Gluhfw Frqwurov Yhuvxv Wd{hv1� Dphulfdq Hfrqrplf
Uhylhz 98/ 463047:1

^:` Fdqvlhu/ Glhwhu/ dqg Nuxpp/ Udlpxqg1 +4<<:, Dlu Srooxwlrq Wd{dwlrq= dq
Hpslulfdo Vxuyh|1 Hfrorjlfdo Hfrqrplfv 56/ 8<0:31

^;` Frdwh/ Vwhskhq/ dqg Pruulv/ Vwhskhq +4<<<, �Srolf| Shuvlvwhqfh1� Dphul0

fdq Hfrqrplf Uhylhz ;</ 465:046691

^<` Fudpwrq/ Shwhu1 +5333, D uhylhz ri Pdunhwv iru Fohdq Dlu= Wkh X1V1 Dflg
Udlq Surjudp1 Mrxuqdo ri Hfrqrplf Olwhudwxuh 8; +Vhswhpehu 5333,= 95:0
9661

^43` Gdpdqld/ U1 +4<<<, �Srolwlfdo Frpshwlwlrq/ Uhqw Vhhnlqj dqg wkh Fkrlfh
ri Hqylurqphqwdo Srolf| Lqvwuxphqwv� Hqylurqphqwdo dqg Uhvrxufh Hfr0

qrplfv 46/ 74807661

^44` Ghzhhv/ Grqdog Q1 +4<;5, �Lqvwuxphqw Fkrlfh lq Hqylurqphqwdo Srolf|1�
Hfrqrplf Lqtxlu| 54/ 860:41

^45` Glmnvwud/ Erxzh1 +4<<<, Wkh Srolwlfdo Hfrqrp| ri Hqylurqphqwdo Srolf|=

D Sxeolf Fkrlfh Dssurdfk wr Pdunhw Lqvwuxphqwv1 Dpvwhugdp= Hgzdug
Hojdu1

^46` Gl{lw/ Dylqdvk/ Jurvvpdq/ Jhqh/ dqg Khospdq/ Hokdqdq1 +4<<:, �Frpprq
Djhqf| dqg Frruglqdwlrq= Jhqhudo Wkhru| dqg Dssolfdwlrq wr Jryhuqphqw
Srolf| Pdnlqj1 Mrxuqdo ri Srolwlfdo Hfrqrp| 438/ :850:9<1

^47` HHD +5333, Lqgxvwu| 0 Hqylurqphqwdo Vljqdov 53331 �Hxurshdq Hqylurq0
phqwdo Djhqf|1� kwws=2uhsruwv1hhd1hx1lqw2lqgxvwu|bvljqdovb53331
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^48` Hnlqv/ Sdxo/ dqg Vshfn/ Vwhskhq1 +4<<<, Frpshwlwlyhqhvv dqg H{hpswlrqv
Iurp Hqylurqphqwdo Wd{hv lq Hxursh1 Hqylurqphqwdo dqg Uhvrxufh Hfr0

qrplfv 46/ 69<06<91

^49` Hnlqv/ Sdxo/ dqg Vshfn/ Vwhskhq1 +5333, Uhfhqw Wuhqgv lq wkh Dssolfdwlrq
ri Hfrqrplf Lqvwuxphqwv lq HX Phpehu Vwdwhv soxv Qruzd| dqg Vzlw}hu0
odqg dqg dq Ryhuylhz ri Hfrqrplf Lqvwuxphqwv lq Fhqwudo dqg Hdvwhuq
Hxursh1 Uhsruw wr GJ Hqylurqphqw +Mxo| 5333,1

^4:` Hoohupdq/ D1 Ghqq|> Mrvnrz/ Sdxo O1> Vfkpdohqvhh Ulfkdug> Prqwhur/ Mxdq
Sdeor> dqg Edloh| Hol}dehwk P1 +5333, Pdunhwv iru Fohdq Dlu= Wkh X1V1

Dflg Udlq Surjudp1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^4;` Ihuhmrkq/ Mrkq1 �Lqfxpehqw Shuirupdqfh dqg Hohfwrudo frqwuro1� Sxeolf

Fkrlfh 83/ qrv1 406 +4<;9,= 80581

^4<` Jrxoghu/ Odzuhqfh K1 +4<<8,1 �Hqylurqphqwdo Wd{dwlrq dqg wkh Grxeoh
Glylghqg= D Uhdghu*v Jxlgh1� Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh 5/
48:04;61

^53` Jrxoghu/ Odzuhqfh K1> Sduu|/ Ldq Z1K1> dqg Exuwudz/ Gdoodv1 +4<<9, �Uhy0
hqxhbUdlvlqj yv1 Rwkhu Dssurdfkhv wr Hqylurqphqwdo Surwhfwlrq= Wkh
fulwlfdo Vljql�fdqfh ri Suh0H{lvwlqj Wd{ Glvwruwlrqv1� Fkhfn uhihuhqfh1

^54` Kdkq/ Urehuw Z1 +4<;<, �Hfrqrplf Suhvfulswlrqv iru Hqylurqphqwdo Sure0
ohpv= Krz wkh Sdwlhqw Iroorzhg wkh Grfwru*v Rughuv1� Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv 6+5, +Vsulqj 4<;<,= <804471

^55` Kdkq/ U1Z1 +4<<3, �Wkh Srolwlfdo Hfrqrp| ri Hqylurqphqwdo Uhjxodwlrq=
Wrzdugv d Xqli|lqj Iudphzrun1� Sxeolf Fkrlfh 98/ 5407:1

^56` Kduwpdq/ Ud|prqg V1 dqg Zkhhohu/ Gdylg dqg Vlqjk/ Pdqmxod1 +4<<7,
�Wkh Frvw ri Dlu Srooxwlrq Dedwhphqw1� Zrunlqj Sdshu/ Zruog Edqn1

^57` Khop/ Glhwhu1 +4<<;, �Wkh Dvvhvvphqw= Hqylurqphqwdo Srolf| � Remhfwlyhv/
Lqvwuxphqwv/ dqg Lqvwlwxwlrqv1� R{irug Uhylhz ri Hfrqrplf Srolf| 47+7,/
404<1

^58` Klopdq/ D1/ dqg Xuvsuxqj/ K1 +4<;;, �Grphvwlf Srolwlfv/ Iruhljq Lqwhuhvwv/
dqg Lqwhuqdwlrqdo Wudgh Srolf|1 Dphulfdq Hfrqrplf Uhylhz :;/ :5<0:781

^59` Mxqj/ Fkxokr/ Nuxwlood/ Nhuu|/ dqg Er|g/ Ur|1 +4<<9, �Lqfhqwlyhv iru Dg0
ydqfhg Srooxwlrq Dedwhphqw Whfkqrorj| dw wkh Lqgxvwu| Ohyho= Dq Hydo0
xdwlrq ri Srolf| Dowhuqdwlyhv1� Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg

Pdqdjhphqw 63/ <804441

^5:` Nhrkdqh/ Qdwkdqlho R1> Uhyhv}/ Ulfkdug O1> dqg Vwdylqv/ Urehuw Q1 +4<<:,
�Wkh Srvlwlyh Srolwlfdo Hfrqrp| ri Lqvwuxphqw Fkrlfh lq Hqylurqphqwdo
Srolf|1� Glvfxvvlrq sdshu <:058/ Uhvrxufhv iru wkh Ixwxuh1
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^5;` Pdorqh|/ Plfkhdo W1 dqg PfFruplfn/ Urehuw H1 +4<;5, �D Srvlwlyh Wkhru|
ri Hqylurqphqwdo Uhjxodwlrq1� Mrxuqdo ri Odz dqg Hfrqrplfv 58/ <<04551

^5<` Ploolpdq/ V1U1/ dqg Sulqfh/ U1 +4<;<,1 �Ilup Lqfhqwlyhv wr surprwh Whfkqr0
orjlfdo Fkdqjh lq Srooxwlrq Frqwuro1� Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv

dqg Pdqdjhphqw 4:/ 57:�5981

^63` RHFG1 +4<<:, Hqylurqphqwdo Wd{hv dqg Juhhq Wd{ Uhirup1 Sdulv= RHFG1

^64` Rovrq/ Pdqfxu1+4<98,1 Wkh Orjlf ri Froohfwlyh Dfwlrq1 Fdpeulgjh/ PD=
Kduydug Xqlyhuvlw| Suhvv1

^65` Sdvxund/ Fduo D1 MU1 +5334, �Whfkqlfdo Fkdqjh dqg Phdvxulqj Srooxwlrq
Dedwhphqw Frvwv= Dq Dfwlylw| Dqdo|vlv Iudphzrun1� Hqylurqphqwdo dqg

Uhvrxufh Hfrqrplfv 4;/ 940;81

^66` Vfkpdohqvhh/ Ulfkdug> Mrvnrz/ Sdxo O1> Hoohupdq/ D1 Ghqq|> Prqwhur/
Mxdq Sdeor> dqg Edloh| Hol}dehwk P1 +4<<;, Dq Lqwhulp Hydoxdwlrq ri
Vxoixu Glr{lgh Hplvvlrq Wudglqj1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 45+6,
+Vxpphu 4<<;,= 8609;1

^67` Vwdylqv/ Urehuw Q1 +4<<8, �Wudqvdfwlrq Frvwv dqg Wudghdeoh Shuplwv1�
Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw 5</ 466047;1

^68` Vwdylqv/ Urehuw Q1 +4<<;, Zkdw Fdq Zh Ohduq iurp wkh Judqg Srolf|
H{shulphqwB Ohvlrqv iurp VR5 Doorzdqfh Wudglqj1 Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv 45+6, +Vxpphu 4<<;,= 9<0;;1

^69` Vwljohu/ Jhrujh1 +4<:4, �Wkh Hfrqrplf Wkhru| ri Uhjxodwlrq1� Ehoo Mrxuqdo
ri Hfrqrplfv 5/ 60541

^6:` Vyhqgvhq/ Jhuw Wlqjjddug1 +4<<;, Sxeolf Fkrlfh dqg Hqylurqphqwdo Uhj0
xodwlrq1 Fkhowhqkdp/ XN= Hgzdug Hojdu1

^6;` Yrjdq/ F1U1 +4<<9, �Srooxwlrq Dedwhphqw dqg Frqwuro H{shqglwxuhv/ 4<:50
<71 Vxuyh| ri Fxuuhqw Exvlqhvv +Vhswhpehu 4<<9,= 7;09:1
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Table 2a: Overview of SO2 taxes in selected European countries, 2000.
Country Year of introduction Revenue use Revenue yield (1995) in

% of total tax revenue
Category Comments

Sweden 1991 No earmarking 0.05% Pure-tax approach Motivated by economic
efficiency

Denmark 1996 Tax-burden
compensation

n.a. Tax-cum-earmarking Motivated by economic
efficiency

Norway 1993 (1970) No earmarking n.a. Pure-tax approach Motivated by economic
efficiency

France 1985 Abatement subsidy n.a. Tax-cum-earmarking Motivated by fiscal
concerns

Japan 1974 Compensation of
victims

n.a. Tax-cum-earmarking Motivated by equity
concerns

Czech
Republic

1999 Earmarking for
environmental
expenditure

n.a. Tax-cum-earmarking

Slovakia 2000 Earmarking for
environmental
expenditure

n.a. Tax-cum-earmarking

Estonia 1999 No earmarking n.a. Pure-tax approach
Poland 1999 Earmarking for

environmental
expenditure

n.a. Tax-cum-earmarking

Source: Cansier and Krumm (1997), Ekins and Speck (1999, 2000)  and OECD (1997).



Table 2b: Overview of CO2 taxes in selected European countries, 2000.
Country Year of introduction Revenue use Revenue yield (1995) in

% of total tax revenue
Category Comments

Sweden 1991 No earmarking but
exemptions. Reduction
in personal income tax

1.9% Pure-tax approach Differentiated tax

Denmark 1992/1995/1998 Tax-burden
compensation and
reduction in income
taxes.

n.a. Tax-cum-earmarking Differentiated tax

Norway 1991 No earmarking but
exemptions

2% Pure-tax approach Non-differentiated

Netherlands 1990/1996 No earmarking (after
1992), but exemptions.
Personal income tax
reduction.

1.3%-2.6% Pure-tax approach

Finland 1990/1997 No earmarking and few
exemptions

1.4% Pure-tax approach Differentiated

Austria 1996 Earmarking,
reimbursement

n.a. Tax-cum-earmarking

Germany 1999/2000 Reduction in Social
Security

n.a. Pure-tax approach Energy tax

Italy 1999 Reduction in
Employment Charges

0.2% Pure-tax approach

 Source: Cansier and Krumm (1997), Ekins and Speck (1999, 2000)  and OECD (1997).



Table 3: Selected Emission Trading Programs in the U.S.
Program Target Period Location Target group
Air
Emission Trading Program National Standards 1974-? US Industry
Lead Trading Lead phase-out 1982-87 US Refineries
CFC/Halon CFC/Halon phase-out 1989-96 US Industry
Acid Rain Program 50% reduction in SO2 1990-? US Electric utilities
Regional Clean Air Incentive
Market

75% reduction of NOx, and 60%
reduction of SOx

1994-2003 California Industry

Water
Fox River State standards 1981-? Wisconsin Paper/pulp mills
Dillon Reservoir State standards 1984-? Colorado Municipal waste treatment and

non-point sources.
Tar-Pamlico River Basin 35% reduction of nutrients 1991-2004 North Carolina Point/non point sources
Source: Adopted from Svendson (1998, Table 4.1).


