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Lq xhqfh Surfhvvhv lq Folpdwh Fkdqjh

Qhjrwldwlrqv = Prghoolqj wkh Urxqgv�

Slhuuh Frxuwrlv_

Fhqwuh Lqwhuqdwlrqdo gh Uhfkhufkh vxu o*Hqylurqqhphqw hw oh Gìyhorsshphqw

78elv Dyhqxh gh od Ehooh Jdeulhooh

<7:69 Qrjhqw Fhgh{

Iudqfh

Mxqh :/ 5335

Devwudfw

L suhvhqw lq wklv sdshu dq lqwhjudwhg iudphzrun iru vwuxfwxulqj dqg

hydoxdwlqj g|qdplf dqg vhtxhqwldo folpdwh fkdqjh ghflvlrq pdnlqj lq wkh

lqwhuqdwlrqdo duhqd wdnlqj lqwr dffrxqw lq xhqfh surfhvvhv rffxulqj gxu0

lqj qhjrwldwlrq urxqgv1 Wkh dqdo|vlv lqwhjudwhv lplwdwlrq/ shuvxdvlrq dqg

glvvxdvlrq ehkdylruv1 Wkh pdlq lqqrydwlrq eurxjkw lq wkh dssurdfk lv

wkh suhvhqwdwlrq ri d vwrfkdvwlf prgho iudphzrun ghulyhg iurp wkhupr0

g|qdplfv1 Wkh vr0fdoohg pdvwhu htxdwlrq lv lqwurgxfhg lq rughu wr ehw0

whu xqghuvwdqg vwudwhjlf vzlwfk dqg lq xhqfh jdphv h{huwhg1 Wkh prgho

lv looxvwudwhg wrzdug d vlpxodwlrq ri folpdwh fkdqjh frqihuhqfhv ghflvlrq

pdnlqj surfhvvhv1 Fkdudfwhulvwlfv ri uhjlrqv ehkdylruv duh ghulyhg iurp

wkh vlpxodwlrqv1 Lq sduwlfxodu wkh edujdlq ehkdylruv doorzlqj iru wkh hphu0

jhqfh ri dq djuhhphqw duh suhvhqwhg1

Nh|zrugv = Lplwdwlrq/ Shuvxdvlrq/ Folpdwh Fkdqjh Qhjrwldwlrq/ Pdv0

whu Htxdwlrq >

MHO Fodvvl�fdwlrq = G:7/ T5;>

4 Lqwurgxfwlrq

Folpdwh fkdqjh wkuhdwv kdyh vsdzqhg qxphurxv uhvhdufkhv rq lpsuryhg phwk0

rgv wr hqoljkwhq srolf|pdnhuv rq pdlq lvvxhv uhodwhg wr hplvvlrq frqwuro rswlrqv

dqg vwudwhjlf dqdo|vlv ri wkh qhjrwldwlrq surfhvv1 D udqjh ri lqwhjudwhg dvvhvv0

phqw prghov hphujhg wr sxoo wrjhwkhu prvw ri wkh ihdwxuhv ri wkh sureohp lqwr d

frqvlvwhqw iudphzrun dqg jdph wkhruhwlf dqdo|vhv zhuh sursrvhg wr fdswxuh wkh

WDfnqrzohgjhphqw = L zrxog olnh wr wkdqn Jloohv Urwloorq/ Wduln Wd}gdòw/ Iudqfhvfr Sdror

Pdqflql dqg Sklolssh Txlulrq iru wkhlu khosixo frpphqwv rq suhylrxv yhuvlrqv ri wklv sdshu1

Wkh �qdqfldo khos ri wkh Hxurshdq Frpplvvlrq lv dovr judwhixoo| dfnqrzohgjhg1
_Who= .66 476<7:6<9 > Id{= .66 476<7:6:3 H0pdlo dgghvv = frxuwrlvCfhqwuh0fluhg1iu
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g|qdplfv ri ghflvlrq pdnlqj lq d xqlyhuvh judvslqj lqwhudfwlrqv1 Dssolfdwlrqv

jdwkhulqj erwk lqwhjudwhg dvvhvvphqw uhvxowv dqg jdph wkhruhwlf iudphzrunv

zhuh wkhq sursrvhg1 Shfn dqg Whlvehuj +4<<8, xvhg d wzr uhjlrqv glvdjjuhjd0
wlrq ri wkh FHWD prgho wr h{soruh jdph wkhruhwlf rxwfrphv ri d qxpehu ri
folpdwh srolflhv1 Erwwhrq dqg Fduudur +4<<:>4<<;, xvhg wkh vl{ uhjlrqv glvdj0
juhjdwlrq ri wkh ULFH 4<<9 prgho wr vwxg| ehvw uhvsrqvh dqg Vkdsoh| ydoxh wr
glvfxvv wkh prvw dssursuldwh vkdulqj uxoh wr rswlpl}h frrshudwlrq1 Jhupdlq hw
do +4<<;, ru H|fpdqv dqg Wxonhqv +4<<<, xvhg wkh ULFH 4<<9 prgho wr vwxg|
wkh wudqvihu uxoh doorzlqj ixoo frrshudwlrq1 Odwho|/ uhvhdufkhv irfxvhg lqfuhdv0
lqjo| rq uh�qhg dssurdfkhv ri wkh qhjrwldwlrq surfhvv uhsuhvhqwdwlrq1 G|qdplf
dqdo|vhv zhuh wkxv suhvhqwhg e| Shfn dqg Whlvehuj +4<<<, ru Edelnhu hw do +5333,
dqg vhtxhqwldo ghflvlrq pdnlqj iudphzrunv zhuh sursrvhg lq dq dwwhpsw wr fds0
wxuh wkh surfhhglqj ri qhjrwldwlrq surfhvv +Flvfdu dqg Vruld +5333,/ Wrwk hw do
+5334,,1 Olnhzlvh/ rwkhu htxloleulxp frqfhswv dqg phwkrgv zhuh lqwurgxfhg wr
surylgh lqwhjudwhg wrrov dlplqj dw dozd|v ehwwhu slfwxuh ghflvlrq pdnlqj dqg
uhodwhg lvvxhv1

Lq wklv odvw shuvshfwlyh/ zh suhvhqw d prghoolqj iudphzrun wr vlpxodwh lqwhu0
qdwlrqdo qhjrwldwlrq sduwlflsdwlrq wdnlqj lqwr dffrxqw lq xhqfh ehkdylruv zklfk
rffxu gxulqj wkh qhjrwldwlrq surfhvv lwvhoi1 Pruh dffxudwho|/ zh sursrvh rq wkh
edvlv ri wkh Wrwk hw do +5334, prgho vlpxodwlrq wr ghyhors d prghoolqj prg0
xoh lqvsluhg iurp vwrfkdvwlf jdph g|qdplfdo htxdwlrqv1 Uhfdoo lqghhg wkdw lq
qrq frrshudwlyh jdph wkhruhwlf vwxglhv/ lw lv frpprqo| dqg lpsolflwo| hqylvlrqhg
wkdw frxqwulhv qhjrwldwh exw qhyhu phhw1 Lw lv wkxv vxssrvhg wkdw frxqwulhv lqwhu0
dfw exw gr qrw lq xhqfh hdfk rwkhu1 Lq rwkhu zrugv/ wdonv dqg glvfxvvlrqv zlwklq
qhjrwldwlrq surwrfrov zrxog kdyh vwulfwo| qr lq xhqfh rq qhjrwldwlrq rxwfrphv1
Wkhq rqh fdq dvn zk| zh vkrxog fdoo wkhvh dssurdfkhv qhjrwldwlrq vwxglhv vlqfh
wkh| rplw wkh qhjrwldwlrq surfhvv e| lwvhoi1 Wklv vwdwhphqw lv doo wkh pruh
vwulnlqj wkdw sdvw lqwhuqdwlrqdo qhjrwldwlrq h{shulhqfhv vhhp wr frq�up wkdw
frxqwulhv lq xhqfh hdfk rwkhu gxulqj wkh qhjrwldwlrq surfhvv yld wkh h{huwv ri
lqvwuxphqwdo/ vwuxfwxudo dqg e| h{dpsoh ohdghuvklsv +Jxswd dqg Juxee +5333,>
Frxuwrlv +5334,,1 Iru h{dpsoh/ wkh orqj udqjh wudqverxqgdu| srooxwlrq surwrfro
vljqhg lq Khovlqnl +4<;8, zdv vljql�fdqwo| wkh uhvxow ri shuvxdvlrqv h{huwhg e|
Jhupdq| zklfk rq wrs jdyh wkh h{dpsoh wr iroorz +Erhphu dqg Fkulvwldqvhq
+4<<4,,1 Olnhzlvh/ wkh r}rqh od|hu surwrfro vljqhg lq Prqwuhdo +4<;;, lv xvx0
doo| lqwhusuhwhg dv wkh uhvxow ri erwk Xqlwhg Vwdwhv h{huwv ri frhuflwlrq dqg
Prvwdskd Wroed phgldwlrq uroh +Rehuwkxhu 5333,1 Edfn wr folpdwh fkdqjh qh0
jrwldwlrq/ Erqq dqg Pdudnhfk frqihuhqfhv odvw |hdu zhuh fkdudfwhul}hg e| orqj
uxq wdonv1 Wkh �qdo djuhhphqw vljqhg lq Pdudnhfk lq Mxo| ghprqvwudwhg wr
eh wkh uhvxow ri frpsurplvh dqg orqj vwdqglqj frqfloldwru| h�ruwv pdgh e| wkh
Suhvlghqw ri wkh Frqihuhqfh ri wkh Sduwlhv +FrS, dv zhoo dv ri vhyhudo ghohjdwlrq
fklhiv +Mdfre| dqg Uhlqhu 5334,1 Lw fdoov wkxv iru d pruh frpsuhkhqvlyh dqdo|vlv
ri zkdw Vfkhoolqj +4<93, gh�qhv dv h{solflwh qhjrwldwlrq1 Lplwdwlyh/ shuvxdvlyh
dqg glvvxdvlyh ehkdylruv fkdudfwhul}lqj qhjrwldwlrq rxwfrphv qhhg wr eh wdnhq
lqwr dffrxqw1 Vrph ri wkhvh ehkdylruv zhuh douhdg| phqwlrqhg lq jdph wkhruhwlf
olwhudwxuh uhodwhg wr folpdwh fkdqjh qhjrwldwlrq1 Lq sduwlfxodu/ Fduudur +5333,
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dvvlplodwhg shuvxdvlrq wr shfxqldu| ru whfkqrorjlfdo wudqvihuv dqg glvvxdvlrq wr
shfxqldu| vdqfwlrq1 H{solflwh qhjrwldwlrq uhihuv qhyhuwkhohvv wr lq xhqfh ehkdy0
lruv udwkhu wkdq srvlwlyh dqg qhjdwlyh lqfhqwlyhv zklfk uhsuhvhqw rqo| vshfl�f
phdqv wr h{huw lq xhqfhv1 Iluvw/ rwkhu phdqv duh pdgh dydlodeoh1 Deryh doo/
lvvxh olqndjhv duh wkh sulqflsdo vrxufh ri shuvxdvlrq2glvvxdvlrq dv lqwhuqdwlrqdo
qhjrwldwlrq duh pdgh ri ryhuodslqj glsorpdwlf uhodwlrqv1 Vhfrqg/ ehvlgh phdqv
wr h{huw lq xhqfhv/ wkhuh duh ghjuhhv fkdudfwhul}lqj frxqwulhv* lqfolqh wr jhw lq0
 xhqfhg e| rwkhu1 Iru lqvwdqfh/ d frxqwu| fdq eh xqfhuwdlq rq wkh vwudwhj|
wr iroorz1 Rqh fdq dvvxph wkhq wkdw kh zrxog kdyh vwurqj whqghqf| wr jhw
lq xhqfhg e| d ohdghu dqg wr iroorz h{dpsohv wkurxjk plplf ehkdylruv1 Rq wkh
rwkhu kdqg d frxqwu| fdq ghprqvwudwh wr eh vwxeeruq dqg iroorz d vwudwhj| gh0
�qhg rxwvlgh wkh qhjrwldwlrq duhqd1 Wkh udwlrqdo ri frxqwulhv* ghflvlrq pdnlqj
lv khqfh wkh fruqhuvwrqh ri wkh glvfxvvlrq1

Udwlrqdolw| lq jdph wkhru| uhihuv edvlfdoo| wr rswlpl}dwlrq ehkdylru dv zhoo
dv wr frpprq nqrzohgjh1 Lw lv frpprqo| dffhswhg lq wkh olwhudwxuh wkdw frvw
dqg gdpdjh uhodwhg wr folpdwh fkdqjh duh kljko| xqfhuwdlq dqg frqwuryhuvldo1
Lqirupdwlrqv dqg eholhiv qhfhvvdu| wr shuirup rswlpl}dwlrq surfhgxuh duh wkhuh0
iruh sduwo| lvvxhg iurp qhjrwldwlrq wdonv dqg iurp rwkhu frxqwulhv* ehkdylru1 Dw
dq h{wuhph zh fdq uhihu khuh wr dxwruhihuhqwldo plphwlvp dv gh�qhg e| Ruohdq
+4<;<,1 Frpprq nqrzohgjh lv dovr txhvwlrqdeoh dqg zh udwkhu vkrxog uhihu wr
frpprq eholhi dv vxjjhuhg e| Eudqghqexujhu dqg Ghnho +4<;:,1 H{solflwh qhjr0
wldwlrq lq rxu fdvh vwxg| lv wkh vrxufh iurp zklfk dfwruv ghulyh wkhvh eholhyhv1 Lw
iroorzv d iudphzrun fkdudfwhul}hg e| dfwruv sod|lqj zlwklq d xqlyhuvh ri olplwhg
udwlrqdolw|1

Hfrqrplf wkhru| dqg pruh suhflvho| jdph wkhru| lv qrw srzhuohvv zlwklq d
xqlyhuvh ri olplwhg udwlrqdolw|1 Xqfhuwdlqw| fdq eh dv zhoo lpsohphqwhg lqwr wklv
nlqg ri dqdo|vlv1 Wkh phwkrg iroorzhg khuh �qgv krzhyhu pruh dqdorj| zlwk
vwrfkdvwlf hyroxwlrqdu| jdph wkhru| wkdq zlwk ruwkrgr{ jdph wkhru|1 Wkh
prghoolqj iudphzrun suhvhqwhg lv lqghhg lqvsluhg iurp frqfhsw ri v|qhujhwlfv
ruljlqdoo| ghyhorshg lq hohphqwdu| sduwlfoh dqg odvhu sk|vlfv +Kdnhq 4<;6, dqg
dssolhg wr ydulrxv sureohpv iurp wkh vrfldo vflhqfhv e| Zhlogolfk dqg Kddj
+4<;6,/ Wrsro +4<<4, ru Ox{ +4<<8,1 Wklv frqfhswxdo fkrlfh doorzv wr frqvlghu
sod|huv zkr gr qrw kdyh dffhvv wr hqrxjk lqirupdwlrq wr iroorz dq rswlpl}dwlrq
surfhgxuh dqg zkr duh lqfolqhg wr eh lq xhqfhg e| rwkhu sod|huv1

Wkh uhpdlqghu ri wkh sdshu lv rujdqlvhg dv iroorzv1 Vhfwlrq 5 rxwolqhv wkh
wkhruhwlfdo irxqgdwlrq xvhg dqg irfxvhv rq wkh edvlf vhw xs ri wkh prgho wr0
zdug d ghvfulswlrq ri wkh qhjrwldwlrq surfhvv ghvfulehg1 Vhfwlrq 6 gh�qhv wkh
prgho ghyhorshg wr uhsuhvhqw lq xhqfhv zlwklq hdfk qhjrwldwlrq urxqgv frq0
vlghuhg1 Dqdorj| wr hyroxwlrqdu| jdph wkhru| lv eulh | ghvfulehg1 Vhfwlrq 7
h{sodlqv lq xhqfh ydoxdwlrq1 Lq xhqfh frqvlghuhg dv zhoo dv ydoxdwlrq phwkrg
duh ghvfulehg1 Wkhuhdiwhu/ d vlpxodwlrq lv sursrvhg lq vhfwlrq 81 Wkh phwkrg
wr eulgjh wkh g|qdplf dqg vhtxhqwldo prgho iurp Wrwk hw do +5334, dqg wkh
lq xhqfh prgho lv h{sodlqhg1 Ghvxwlolw| dqg lq xhqfh udwh ydoxdwlrq phwkrgv
duh suhvhqwhg dqg d eulhi glvfxvvlrq lv rshqhg rq frxqwulhv ehkdylruv zlwklq
qhjrwldwlrq duhqdv1 Ilqdoo|/ zh frqfoxgh wkh �qglqjv ri wkh sdshu lq vhfwlrq 91
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5 Uhsuhvhqwlqj Lq xhqfhv = Edvlf Vhw xs ri wkh

Qhjrwldwlrq Surfhvv

Rqh ri wkh prvw xs wr gdwh prgho jdwkhulqj lqwhjudwhg dvvhvvphqw prghoolqj

dqg jdph wkhru| dqdo|vlv lv wkh g|qdplf dqg vhtxhqwldo prgho iurp Wrwk hw do
+5334,1 Edvhg rq wkh ULFH 4<<< pxowluhjlrqdo prgho iurp Qrugkdxv dqg Er|hu/
Wrwk hw do ghyhorshg wkh VLDGFHUR idplo| prghov wr ghvfuleh srwhqwldo rxw0
frphv ri wkh folpdwh fkdqjh qhjrwldwlrq1 Wkh dssurdfk iroorzhg lv lqqrydwlyh
vlqfh lw wdnhv lqwr dffrxqw wkh vhtxhqwldolw| ri ghflvlrq pdnlqj1 Uhfdoo wkdw
wzr lqirupdwlrq vwuxfwxuhv duh dydlodeoh iru prghoolqj jdphv/ wkh rshq orrs
dqg forvh orrs iudphzrunv1 Zkloh lq rshq orrs jdphv/ sod|huv gr qrw revhuyh
sdvw pryhv ri rwkhu sduwlflsdqwv/ lq forvh orrs jdphv doo sdvw vwudwhjlhv ri rwkhu
sod|huv duh nqrzq dw wkh ehjlqqlqj ri hdfk vwdjh1 Lq wklv odvw frq�jxudwlrq/
sod|huv uhdfw wr sdvw pryhv ri rwkhu sduwlflsdqwv dqg fdq fkdqjh vwudwhj| iurp
rqh vwdjh wr dqrwkhu1 Xvxdo prghoolqj dssurdfkhv xvh wkh �uvw frq�jxudwlrq1
Wklv lv gxh wr wkh qdwxuh ri lqwhjudwhg dvvhvvphqw prghoolqj zklfk surfhhgv wr
dq lqwhuwhpsrudo rswlpl}dwlrq ri dq remhfwlyh ixqfwlrq vxemhfw wr d vhw ri uh0
vwulfwlrqv1 Wkh remhfwlyh ixqfwlrq lv xvxdoo| wkh glvfrxqwhg xwlolw| ri wkh suhvhqw
ydoxh ri shu fdslwd frqvxpswlrq ru surgxfwlrq wlphv wkh srsxodwlrq1 Lw uhvxowv
iurp wkhvh prghov/ hvwlpdwlrqv ri frqwuroh yduldeohv +h1j1 lqyhvwphqw udwh/ oderu
udwh/ hplvvlrq udwh, doorzlqj wr vwd| rq dq rswlpdo hfrqrplf sdwk ryhu d jlyhq
wlph shulrg +xvxdoo| udwkhu orqj,1 Wkh pdlq gudzedfn lw lqyroyhv zkloh prg0
hoolqj qhjrwldwlrq jdphv lv wkdw frxqwulhv duh wkxv lqhylwdeo| ghflglqj qrz rq
wkh vwudwhj| wkh| zloo iroorz ryhu wkh wlph shulrg frqvlghuhg e| wkh lqwhjudwhg

dvvhvvphqw prgho +jhqhudoo| iurp 433 wr 633 |hduv,1 Lw iroorzv wkdw frxqwulhv
fdqqrw fkdqjh wkhlu plqg/ uhvsrqg wr iuhh ulglqj ehkdylru iurp rwkhu sod|huv
dqg vr rq1 Wklv lv wkh uhdvrq iru Wrwk hw do sursrvh lqvwhdg wr xvh wkh vhfrqg
frq�jxudwlrq1 Iru wkdw pdwwhu/ wkh lqwhjudwhg dvvhvvphqw prgho wkh| ghyhors
rswlpl}hv ryhu d vhw ri glvfuhwh wlph shulrgv1 Ixuwkhupruh/ hplvvlrq udwhv duh
h{rjhqhrxv dqg wkxv duh dvvrfldwhg wr glvfuhwh vwudwhjlhv1

Wkh qhjrwldwlrq slfwxuh fruuhvsrqglqj wr wkhlu prgho lv pdgh ri d vxffhvvlrq
ri wkuhh qhjrwldwlrq shulrgv lq zklfk wkh uhjlrqv frqvlghuhg +iurp 5 wr 8 dffrug0
lqj wr wkh yhuvlrq ri wkh prgho, kdyh wkh fkrlfh lq ehwzhhq wkuhh vwudwhjlhv1 Wkh
edfnzdug lqgxfwlrq surfhgxuh doorz wr ghwhuplqh wkh rxwfrph ri wkh jdph1
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1997-2010 AB plays

2010-20 NAB plays

high

high

high

medial

low

medial

low

high

medial

high

2020-2350 NAB joue

medial

low

low

low

2010-20 NAB plays

low

high

medial

2010-2020 AB plays

low

2020-2350 NAB plays

high medial

low

medial

low

H{whqvlyh irup ri wkh 5 uhjlrq prgho

Wkh wkuhh shulrgv duh wkh N|rwr shulrg +iurp qrz wr 5343,/ wkh srvw N|rwr
shulrg +iurp 5343 wr 5353, dqg wkh orqj whup shulrg +iurp 5353 wr 5683,14 Wkh
wkuhh vwudwhjlhv duh wkh orz/ phgldo dqg kljk hplvvlrq uhgxfwlrq udwhv fruuh0
vsrqglqj uhvshfwlyho| wr wkh ghihfwlrq/ wkh kdoi frpsohwlrq dqg wkh frpsohwlrq
ri wkh N|rwr wdujhwv1 Ilqdoo|/ erwk ehvw uhvsrqvh dqg fruuhodwhg htxloleuld frq0
fhswv duh vwxglhg1 Lw uhvxowv iurp wkh dssurdfk d qlfh ghvfulswlrq ri wkh srvvleoh
rxwfrphv ri wkh folpdwh fkdqjh qhjrwldwlrq1 D srolwlfdo dqdo|vlv lv pdgh srvvleoh
dqg lq sduwlfxodu wkh prgho doorzv wr vwxg| wkh prvw dssursuldwh frq�jxudwlrq
wr uhdfk ixoo frrshudwlrq dw wkh srvw n|rwr shulrg1

Lw uhpdlqv wkdw ghvslwh wkh idfw wkdw vhtxhqwldolw| lv wdnhq lqwr dffrxqw/ wkh
edujdlqlqj lvvxh zlwklq qhjrwldwlrq urxqgv lwvhoiv duh devhqw iurp wklv dssurdfk1
Lq olqh zlwk wkh phwkrgrorj| iroorzhg e| Ox{ +4<<8, wr prgho plphwlf exeohv
dqg �qdqfldo fudvkhv/ zh sursrvh wr lqwurgxfh d vlpsoh irupdolvp zklfk fdq eh
ryhuod|hg wr wkh vwdqgdug jdph wkhruhwlf uhsuhvhqwdwlrq1 Lq wklv shuvshfwlyh/
wkh suhvhqw prgho vkrxog qrw eh vhhq dv dqwdjrqlvwlf wr wkh uhfhqw olwhudwwxuh
prghoolqj qhjrwldwlrq surfhvv exw frpsohphqwdu|1

Suhflvho|/ zh sursrvh wr ghyhors d vwrfkdvwlf prgxoh wr eh dgghg wr wkh Wrwk
hw do prgho lq rughu wr uhsuhvhqw lq xhqfh ehkdylruv rffxulqj gxulqj qhjrwldwlrq
urxqgv1 Wkh xqghuo|lqj lghd lv wkdw hdfk frxqwu|*v khdg ri ghohjdwlrq nqrzv
d sulrul zkdw zrxog eh klv vwudwhj| li lw zdv qr lqwhuqdwlrqdo FrS1 Wklv vwudw0
hj| fdq lqghhg eh ghgxfhg iurp d prgho ri wkh nlqg ri Wrwk hw do +5334,1 Lq

4Qrwh wkdw wklv odvw shulrg grhv qrw pdnh pxfk vhqvh jlyhq wkh krul}rq wlph1 Lq wkh

iroorzlqj zh zloo wkxv frqvlghu rqo| wkh wzr �uvw shulrgv1
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rwkhu zrugv/ zh frqvlghu wkdw dw wkh ehjlqqlqj ri hdfk qhjrwldwlrq FrS/ khdgv
ri ghohjdwlrq nqrz wkh ehvw uhvsrqvh rxwfrphv ri wkh jdph1 Sod|huv nqrz qhy0
huwkhohvv wkdw wkh lqirupdwlrq dw wkhlu glvsrvdo lv lpshuihfw1 Lq sduwlfxodu wkh|
grq*w nqrz h{dfwo| wkh ehqh�wv iurp uhgxflqj hplvvlrqv1 Wkhlu nqrzohgjh rq
dyrlghg folpdwlf lpsdfwv lv erxqghg dv zhoo dv wkh glsorpdwlf sulfh ri ghihfwlrq1
Rqh fdq dvvxph wkxv wkdw wkhlu eholhi lqwr wkhlu ehvw uhvsrqvh ixqfwlrq lv udwkhu
olplwhg1 Wkh FrS frxog khqfh eh wkrxjkw dv d sodfh zkhuh wkhvh sod|huv jhw
lqirupdwlrqv wr ghflgh hyhqwxdoo| zklfk vwudwhj| wr iroorz1 Pruhryhu/ nqrzlqj
wkdw rwkhu qdwlrqdo ghohjdwlrqv kdyh grxewv rq wkhlu pryh/ rqh fdq dvvxph wkdw
frxqwulhv h{shfw wr lq xhqfh rwkhu sod|huv wr fkrrvh d pryh vhuylqj wkhlu rzq
lqwhuhvw1 Lq rwkhu zrugv gxulqj wkh qhjrwldwlrq urxqgv/ zh frqvlghu khuh wkdw
sod|huv dwwhpsw wr lq xhqfh rwkhuv dqg fdq dv zhoo eh lq xhqfhg1

Pruh dffxudwho|/ irxu lq xhqfhv fdq eh wdnhq lqwr dffrxqw = lplwdwlrq/ shu0
vxdvlrq/ glvvxdvlrq dqg dyrlgdqfh1 Wkhvh ehkdylruv fdq eh uhjrxshg lqwr wzr
nlqgv ri ehkdylruv1 Wkh �uvw nlqg lv wkh whqghqf| iru dq hqylurqphqwdolvw frxq0
wu| wr sxvk rwkhu ghohjdwlrqv wr dffhsw kljk hplvvlrq uhgxfwlrq udwh1 Yld rudo
suhvwdwlrqv/ d khdg ri ghohjdwlrq fdq lqghhg shuvxdgh rwkhu sod|huv wr dgrsw
d vshfl�f srolf|1 Kh fdq fdoo iru dqrwkhu frxqwu| wr iroorz klv h{dpsoh ru dv
zhoo glvvxdgh dqrwkhu ghohjdwlrq wr sod| d jlyhq vwudwhj|1 Xqiruwxqdwho| rq wkh
rwkhu kdqg/ wklv hqylurqphqwdolvw frxqwu| fdq kdyh d whqghqf| wr ghihfw li kh
lv frqiurqwhg wr d pdmrulw| ri hqylurqphqwdo odjdugv yld shuvxdvlrq/ glvvxdvlrq
ru lplwdwlrq1 Wkh vhfrqg nlqg ri ehkdylru fkdudfwhul}hv qhjrwldwlrq edujdlq/
wklv lv dyrlgdqfh surfhvvhv1 D ghohjdwlrq ehfrplqj dzduh ri d odujh dprxqw ri
sod|huv dgrswlqj dpelwlrxv vwudwhj| +uhvshfwlyho| dgrswlqj d ghihfwlrq vwudwhj|,
fdq ghflgh wr ghihfw +uhvshfwlyho| wr dgrsw dq dpelwlrxv vwudwhj|,1 Lq wkh suhv0
hqfh ri d odujh pryhphqw ri ghihfwlrq/ d frxqwu| fdq lqghhg ghflgh wr dgrsw dq
dpelwlrxv vwudwhj| frqfhlyhg khuh dv d suhfdxwlrqdu| ehkdylru1 Olnhzlvh lq fdvh
pdq| sod|huv dgrsw d vwulqjhqw hqylurqphqwdo srolf|/ d frxqwu| fdq ghflgh wr
dgrsw d ghihfwlrq vwudwhj| frqfhlyhg khuh dv d iuhh ulghu ehkdylru1

Wkh vwudwhj| vzlwfk rffxulqj gxulqj wkh edujdlqlqj surfhvv lv wkxv h{sodlqhg
e| lqwhudfwlrqv lq ehwzhhq sod|huv1 Gxulqj wkh qhjrwldwlrq/ ghohjdwlrqv qhjr0
wldwh/ slfn lqirupdwlrq dqg h{fkdqjh srlqwv ri ylhz1 Lq dqdorj| zlwk Ohzlq
+4<84,/ zh frqvlghu wkhuhiruh wkdw sod|hu ehkdylru lv dovr gh�qhg e| d vrfldo

�hog1 Wkh pruh sod|huv lqwhudfw gxulqj wkh FrS wkh pruh wkh lq xhqfh surfhvv
lv vljql�fdqw1 Ixuwkhupruh/ vwudwhj| vzlwfk lv doo wkh pruh iuhtxhqw ehfdxvh wkh
gl�huhqwldo sd|r� ehwzhhq wkh vwudwhj| lqlwldoo| slfnhg xs dqg wkh vwudwhj| vxj0
jhvwhg gxulqj wkh qhjrwldwlrq surfhvv lv orz1 Zh frqvlghu wkhuhiruh wkdw sod|huv
zloo kdyh d whqghqf| wr eh lq xhqfhg doo wkh pruh ehfdxvh wkh| h{shfw wr qrw eh
deoh wr orrvh vljql�fdqwo| iurp iroorzlqj wkh vxjjhvwhg vwudwhj| +lq idfw/ sod|huv
h{shfw wr jhw kljkhu sd|r� iroorzlqj wkh vxjjhvwlrq 0 wkh| fdqqrw qhyhuwkhohvv
hydoxdwh wklv h{shfwhg jdlq jlyhq xqfhuwdlqwlhv vxuurxqglqj wkh lvvxh,1

Lq xhqfh ri wdonv dqg rudo suhvvxuhv duh gl!fxow wr hvwlpdwh1 Dw wkdw uhvshfw
wkh prgho ghyhorshg khuh lv d vlpsol�fdwlrq ri wkh uhdolw|1 Zh sursrvh wr suhvhqw
d prghoolqj iudphzrun exw lq xhqfh udwhv xvhg duh �{hg lq dq h{ qlklor pdqqhu1
Wkh iudphzrun lq lwvhoi frqvwlwxwhv qhyhuwkhohvv d pdmru vwhs lq qhjrwldwlrq
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dqdo|vlv vlqfh lw doorzv wr frqvlghu wkh lq xhqfh ri wkh qhjrwldwlrq surfhvv1 Wr
prgho lq xhqfhv lqkhuhqw wr wkh vrfldo �hog/ wkh dssurdfk iroorzhg lv lqvsluhg
iurp wkh vwrfkdvwlf sk|vlf prgho iurp Erow}pdqq +4<97,1 Lq rwkhu zrugv wkh
prvw olnho| ehkdylrudo vzlwfk lv glfwhg e| d pdwul{ ru d yhfwru txdqwlw| zklfk
lq dqdorj| wr Erow}pdqq vwxg| fdq eh lqwhusuhwhg dv d vrfldo irufh15

6 Wkh Prgho

Frqvlghu d v|vwhp/ d joredo hqylurqphqwdo qhjrwldwlrq/ frqvwlwxwhg e| dq lp0
sruwdqw dprxqw ri vxev|vwhpv Q / ghqrwlqj wkh frxqwulhv2dfwruv sduwlflsdwlqj
lq wklv qhjrwldwlrq1 Ohw dvvhpeoh wkhvh vxev|vwhpv lq d vhw ri D srsxodwlrqv
d/ ghqrwlqj fdwhjrulhv ri frxqwulhv fkdudfwhul}hg e| uhodwlyho| vlplodu xwlolw| lq
qhjrwldwlrq rxwfrphv/ pdgh ri Qd dfwruv1

6

D[

d@4

Qd @ Q +4,

Hdfk srsxodwlrq lv glvwulexwhg dffruglqj wr gl�huhqw vwdwhv {/ ghqrwlqj dfwruv
vwudwhjlhv/ dprqj v srvvleoh vwdwhv1 Xvlqj wklv qrphqfodwxuh/ qd

{
ghqrwh wkh

dprxqw ri dfwruv ri srsxodwlrq d dgrswlqj vwudwhj| {1
Lw iroorzv=

v[

{@4

q
d

{
@ Qd +5,

zlwk wkh yhfwru=

y @ +q44> ===> q
d
{> ===> q

D
v ,

uhsuhvhqwlqj wkh frq�jxudwlrq ri wkh v|vwhp1 Wklv yhfwru fdswxuhv wkh lqirupd0
wlrq vhw dvvrfldwhg wr wkh glvwulexwlrq ri wkh Q vxev|vwhpv ryhu wkh v srvvleoh
vwdwhv1

Ohw S +y> w, ghqrwhv wkh suredelolw| ri kdylqj d frq�jxudwlrq y dw wlph w1
Lw iroorzv=

3 � S +y> w, � 4 dqg
D�v[

y@4

S +y> w, @ 4

5Qrwh wkdw wr xvh d vwrfkdvwlf iudphzrun lv sohqw| mxvwl�deoh khuh vlqfh xs wr4833 qhjr0

wldwruv sduwlflsdwh wr hdfk FrS1
6Qrwh wkdw dvvhpeolqj frxqwulhv lq fdwhjrulhv doorz xv wr frqvlghu d fhuwdlq ohyho ri khwhur0

jhqhlw| lq ehwzhhq sod|huv1

:



Yduldwlrqv ryhu wlph ri suredelolw| S +y> w, fdq eh uhsuhvhqwhg e| wkh pdvwhu
htxdwlrq=

g

gw
S +y> w, @ frqyhujhqfh  rz wrzdug y 0 glyhujhqfh  rz iurp y

[

y3+y 9@y3,

Z +yqy3> w,S +y3> w, �
[

y3+y 9@y3,

Z +y3qy> w,S +y> w, +6,

Wkh frqyhujhqfh  rz wrzdug y fruuhvsrqgv wr wkh vxp ri doo devroxwh wudq0
vlwlrqv ghvfulelqj d ehkdylru vzlwfk iurp frq�jxudwlrq y3 wr frq�jxudwlrq y1
Uhvshfwlyho|/ wkh glyhujhqfh  rz iurp y fruuhvsrqgv wr wkh vxp ri doo devroxwh
wudqvlwlrqv ghvfulelqj d ehkdylru vzlwfk iurp frq�jxudwlrq y wr frq�jxudwlrq
y31 Z +y3qy> w, lv wkh wudqvlwlrq udwh iurp frq�jxudwlrq y wr frq�jxudwlrq y31 Zh
frqvlghu wkdw dq dfwru vzlwfk ehkdylrudo vwudwhj| vsrqwdqhrxvo| ru ehfdxvh ri
dq lqwhudfwlrq zlwk dqrwkhu dfwru1 Vsrqwdqhrxv ehkdylrudo fkdqjh lv h{sodlqhg
e| d xwlolw| lpsuryhphqw ri rqh vwudwhj| xsrq dqrwkhu1 Wklv xwlolw| lpsuryh0
phqw lv gxh wr d shfxoldu hyhqw ru wr wkh gl�xvlrq ri d vshfl�f lqirupdwlrq zklfk
prgli| uhodwlyh vwudwhjlhv* xwlolw|1 Iru lqvwdqfh/ wkh glvfryhu| ri iruhvw ghdwk/ wkh
vr fdoohg zdogvwhuehq/ prgl�hg frxqwulhv* ehkdylrudo vwudwhj| udglfdoo| zlwklq
wudqverxqgdu| dlu srooxwlrq qhjrwldwlrq lq 4<;61 Olnhzlvh/ wkh hylghqfh ri wkh
r}rqh kroh frqvwlwxwhg d wxuqlqj srlqw ri wkh r}rqh od|hu qhjrwldwlrq lq 4<;:1
Dowhuqdwlyho|/ vwudwhj| vzlwfk iurp lqwhudfwlrq uhvxowv iurp hfrqrplf ru srolwlf
lqwhughshqgdqflhv lq ehwzhhq dfwruv1 Iru lqvwdqfh/ rqh fdq txrwh wkh srolwlfdo
suhvvxuh dv zhoo dv wkh lplwdwlrq ri wkh wxuqnh| srolwlfdo vroxwlrq surylghg e|
Jhupdq| zlwklq wkh orqj udqjh wudqverxqgdu| qhjrwldwlrq1 Uhplqg lqghhg wkdw
prvw ri Hxurshdq vwdwhv dgrswhg wkh 4<;9 OFS hxurshdq gluhfwlyh zklfk zdv d
zdwhugrzq srolf| edvhg rq wkh JIDY gluhfwlyh dgrswhg e| Jhupdq| lq 4<;71

Wudqvlwlrq udwh fdq eh ghfrpsrvhg dv iroorz=

Z +y3qy, @

;?
=

Z4+{
3q{> w,qd{ li y3 @ y{3{

Z5+{
3> |3q{> |> w,qd{q

e
{ li y3 @ y{3|3{|

3 hovh

<@
>

Zlwk Z4/ wkh vsrqwdqhrxv wudqvlwlrq udwh dqg Z5 wkh lqwhudfwlrq wudqvlwlrq
udwh1

Iru h{dpsoh/ dq dfwru iurp d zklfk iroorzhg d {�vwudwhj| fdq vzlwfk vsrq0
wdqhrxvo| wr d {3�vwudwhj| lqghshqgdqwo| iurp rwkhu dfwruv frqvwlwxwlqj wkh
v|vwhp1 Wkhq wkh vrflrfrq�jxudwlrq ehfrphv=

yd{3{3 @ +q44> ===> +q
d
{3 . 4,> ===> +qd{ � 4,> ===> qDv ,

Olnhzlvh dq dfwru iurp d iroorzlqj lqlwldoo| d {�vwudwhj| fdq vzlwfk wr dq
{3�vwudwhj| vxevhtxhqwo| wr dq lqwhudfwlrq zlwk dq dfwru iurp e iroorzlqj lql0
wldoo| d |�vwudwhj| zkr zloo vzlwfk wr d |3�vwudwhj|1 Wkh wudqvlwlrq udwh lq wklv
sduwlfxodu fdvh lv Z5+{3> |3q{> |> w,1

;



Wkh fruuhvsrqglqj frq�jxudwlrq fkdqjh lv=

yde{3|3{| @ +q4
4
> ===> +qd{3 . 4,> ===> +qd{ � 4,> ===> +qe|3 . 4,> ===> +qe| � 4,> ===> qDv ,

Zh kdyh frqvhtxhqwo|=

g

gw
S +y> w, @

[
d>{>{3

^+qd{3 . 4,Z4+{> {
3> w,S +qd{3{> w,� qd{Z4+{

3> {> w,S +q> w,` .

4

5

[
d>{>{3

[
e>|>|3

^+qd{3 . 4,+qe|3 . 4,Z5+{> |> {
3> |3> w,S +qde{3|3{|> w,

�qd{q
e
|Z5+{

3> |3> {> |> w,S +q> w,`

7 Lq xhqfhv Ydoxdwlrq

Wkh dlp ri wkh prgho lv wr hvwlpdwh hyroxwlrqv ri yhfwru y1 Lw lv wkhuhiruh
qhfhvvdu| wr hvwlpdwh vwudwhjlf vzlwfkhv iurp dfwruv frqvwlwxwlqj wkh v|vwhp1
Wr dfklhyh vr/ irupdo fdwhjrulhv ri lq xhqfhv dqg d fruuhvsrqglqj ydoxdwlrq
surfhgxuh qhhg wr eh gh�qhg1

714 Fdwhjru| ri Lq xhqfhv

Jlyhq wkuhh hqylurqhphqwdo vwudwhjlhv {d> {p> {g/ zlwk {d dq dpelwlrxv vwudwhj|/
{p1d phgldo vwudwhj| dqg {g d ghihfwlrq vwudwhj|1

Ohw n ghqrwhv wkh nlqg ri lq xhqfh h{huwhg/ n @ i4> 5j zlwk=

� n @ 4 ghvfulelqj lplwdwlyh surfhvvhv= wkh whqghqf| wr dgrsw wkh vwudwhj|
ri dqrwkhu dfwru1

� n @ 5 ghvfulelqj dyrlglqj surfhvvhv= Wkh whqghqf| wr vzlwfk vwudwhj| dv
d uhvxow ri lqwhudfwlqj zlwk dq dfwru iroorzlqj wkh vdph vwudwhj|1

Ohwv qrwh=
{p> {g �$ {g> {g

wkh lqwhudfwlrq ehwzhhq dq dfwru sod|lqj lqlwldoo| vwudwhj| {p dqg dq
dfwru sod|lqj vwudwhj| {g/ ohdglqj wr d vwudwhjlf fkdqjh fkdudfwhul}hg
e| wkh dgrswlrq ri vwudwhj| {g e| wkh �uvw dfwru dqg wkh nhhslqj ri
wkh vdph vwudwhj| iru wkh rwkhu1

Wkh vhw ri vwudwhjlf vzlwfk dv d uhvxow ri dfwruv* lqwhudfwlrqv fdq eh fodvvl�hg
lq wkh iroorzlqj pdqqhu=

<



5
9999997

{p> {g �$ {p> {p
{p> {g �$ {g> {g
{p> {d �$ {p> {p
{p> {d �$ {d> {d
{d> {g �$ {g> {g
{d> {g �$ {d> {d

6
::::::8
+n @ 4,

5
9999997

{p> {p �$ {p> {d
{p> {p �$ {p> {g
{g> {g �$ {p> {g
{g> {g �$ {d> {g
{d> {d �$ {p> {d
{d> {d �$ {g> {d

6
::::::8
+n @ 5,

Qrwh wkdw rwkhu lq xhqfh fdwhjrulhv frxog eh vshfl�hg1 Wkh| duh qhyhuwkhohvv
h{foxghg vlqfh wkh| fruuhvsrqg wr ehkdylrudo fkdqjh zklfk duh lqdsursuldwh
zlwklq joredo hqylurqphqwdo qhjrwldwlrqv1 Dv dq h{dpsoh/ zh h{foxgh wkh fdvh
ri wzr dfwruv sod|lqj lqlwldoo| vwudwhj| {d zklfk/ dv d uhvxow ri wkh lqwhudfwlrq
zrxog erwk sod| {g1 Lw zrxog phdq lqghhg wkdw wkh qhjrwldwlrq surfhvv idyruv
wkh wudqvlwlrq iurp xqghuvwdqglqjv wr joredo ghihfwlrq zklfk zrxog pdnh qr
vhqvh1

715 G|qdplf Ydoxdwlrq = d Prgho iru wkh Vlpxodwlrq

Jlyhq q uhjlrqv �/ zlwk 4 � � � q1 Hdfk uhjlrq kdv wkh fkrlfh ehwzhhq v

vwudwhjlhv {l/ zlwk 4 � l � v= Yduldwlrq ri wkh dprxqw ri dfwruv sod|lqj vwudwhj|
{l lv=

g

gw
S +{l> w, @ frqyhujhqfh  rz wrzdug {l 0 glyhujhqfh  rz iurp {l

[
{m

^Z +{lq{m > w,S +{m > w, � Z +{mq{l> w,S +{l> w,` +7,

Zlwk Z +{lq{m > w,/ wkh wudqvlwlrq udwh gxh wr lqwhudfwlrqv1 Dw wklv udwh fruuh0
vsrqgv wkh iroorzlqj uhodwlrq=

Z +{lq{m > w, @
5[

n@4

zn+{lq{m > w, +8,

Ghqrwh Ln�+w, wkh lq xhqfh udwh ri w|sh n fruuhvsrqglqj wr lqwhudfwlrqv eh0
wzhhq uhjlrq � dqg rwkhu uhjlrqv dw shulrg w1 U�+{lq{m > w, lv wkh uhodwlyh xwlolw|
iru uhjlrq � wr vzlwfk iurp vwudwhj| {m wr vwudwhj| {l> doo rwkhu wklqjv ehlqj
htxdo1

Lw iroorzv=

5[
n@4

zn+{lq{m > w, @
q�4[
�@4

v�4[
m@4>m 9@l

U�+{lq{m > w,^L
4

�+w,S
�+{l> w, . L5�+w,S

�+{m > w,`

+9,
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Zlwk S�+{l> w,/ wkh sursruwlrq ri rwkhu uhjlrqv sod|lqj {l dw shulrg w1 Olnh0
zlvh S +{l> w, lv wkh wrwdo sursruwlrq ri uhjlrqv sod|lqj vwudwhj| {l dw wlph w1
Rqfh U+{lq{m > w, duh gh�qhg dqg lq xhqfh udwhv vshfl�hg/ wudqvlwlrq g|qdplfv
ri uhjlrqv vwudwhjlf ehkdylru dqg wrwdo yduldwlrqv ri S +{l> w, fdq eh ghvfulehg1
Ryhudoo vwudwhjlf fkdqjhv doorzv wr ghgxfh wkh yduldwlrq ri wkh v|vwhp dw shulrg
w dqg khqfh wr ghulyh d g|qdplf slfwxuh ri ghflvlrq pdnlqj1

8 Vlpxodwlrq ri Qhjrwldwlrq G|qdplfv

Ohw frqvlghu wkuhh uhjlrqdo eorfv = wkh Hxurshdq Xqlrq . wkh Iruphu Vrylhw
Xqlrq +HX.IVX,/ wkh XPEUHOOD uhjlrq +XPE, dqg wkh Uhvw ri wkh Zruog
+UrZ,1 Hdfk ri wkhvh eorfv lv frqvlghuhg wr glvsrvh ri d ydoxdwlrq ri lwv ehvw
uhvsrqvh vwudwhj| dw wkh ehjlqqlqj ri hdfk FrS17 Wkh jrdo ri sduwlflsdwlqj wr
FrS lv wr qhjrwldwh wrjhwkhu pxowlodwhudo vwudwhjlhv1 Lqghhg/ ghvslwh wkh idfw
wkdw wkh prgho vxjjhvwlqj Qdvk vwudwhjlhv dvvxph wkdw sod|huv duh udwlrqdo dqg
kdyh shuihfw lqirupdwlrqv/ khdgv ri ghohjdwlrqv duh frqvflrxv wkdw lqirupdwlrq
lv xqshuihfw dqg wkh| nqrz wkdw wkh edujdlqlqj surfhvv zloo kdyh dq lq xhqfh
rq sod|huv* vwudwhjlhv1 Lq rwkhu zrugv/ wkh| frqvlghu wkh prghoolqj wrrov dv
vlpsol�hg uhsuhvhqwdwlrqv vhuylqj dw hqoljkwhqlqj ghflvlrq pdnlqj udwkhu wkdq
jlylqj vroxwlrqv1

Dw FrS/ wdonv duh edvhg lqlwldoo| rq wkh lqirupdwlrq hdfk uhjlrq glvsrvh wkdw
lv wkhlu Qdvk vwudwhj| ydoxdwlrq1 Li zh frqvlghu wkdw hdfk FrS lv wzr zhhnv orqj/
zh fdq dvvxph wkdw w @ 681 Lw phdqv wkdw sod|huv lqwhudfw dssur{lpdwho| wzlfh
d gd|1 Zh pdnh wkh dvvxpswlrq dv zhoo wkdw lq xhqfh udwhv duh vwdwlf phdqlqj
wkdw whqghqflhv wr eh lq xhqfhg duh vlplodu iurp wkh ehjlqqlqj wr wkh hqg ri
wkh FrS1

Wr sursrvh d vlpxodwlrq ri qhjrwldwlrq g|qdplfv zh sursrvh lq wkh qh{w
vxevhfwlrqv wr hydoxdwh �uvw uhodwlyh xwlolwlhv U+{lq{m > w, dqg vhfrqg wr srvwxodwh
dvvxpswlrqv uhjduglqj lq xhqfh udwhv L1

814 Ghvxwlolw| Ydoxdwlrq

Wkh g|qdplf dqg vhtxhqwldo prgho iurp Wrwk hw do +5334, doorzv wr ghulyh
glvfrxqwhg xwlolwlhv dvvrfldwhg wr hdfk vwudwhjlf fkrlfh iru wkh wzr qhjrwldwlrq
shulrgv frqvlghuhg +wkh N|rwr dqg srvw N|rwr shulrgv,1 Zh nqrz frqvhtxhqwo|
wkh xwlolw| fruuhvsrqglqj wr wkh Qdvk rxwfrph iru d jlyhq sod|hu1 Wkh lqwhjudwhg
prgho doorzv xv dv zhoo wr hydoxdwh xwlolwlhv dvvrfldwhg wr rwkhu vhw ri vwudwhjlhv1

U+{lq{m > w, fruuhvsrqgv wr wkh glvwdqfh lq ehwzhhq sd|r�v uhodwhg wr vwudwhj|
{l dqg {m 1 Wklv glvwdqfh lv wkh uhodwlyh ghvxwlolw| wr sod| {l udwkhu wkdq {m 1 Lq
whupv ri lq xhqfhv lw phdqv wkdw wkh ohvv wklv glvwdqfh lv vljql�fdqw wkh pruh
sod|huv kdyh whqghqflhv wr eh lq xhqfhg dqg wkxv wr vzlwfk vwudwhj|1

Sd|r�v pdwul{hv ghulyh iurp wkh Wrwk hw do prgho 6D duh wkh iroorzlqj/ qrwh
wkdw erog qxpehuv duh xwlolwlhv fruuhvsrqglqj wr Qdvk rxwfrphv1

7Wklv ydoxdwlrq lv pdgh dydlodeoh wkdqnv wr d g|qdplf dqg vhtxhqwldo prgho vxfk dv wkh

Wrwk hw do prgho1
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Sìulrgh gh N|rwr 6D

vwudwìjlhvquìjlrqv XPE HX.IVX UGP
dpelwlhxvh 684/8<3 586/899 I

pìgldqh 685/7<6 586/898 I

gìihfwlrq 685/:54 585/;;: 5;7/8:6

Sìulrgh srvw N|rwr 6D

vwudwìjlhvquìjlrqv XPE HX.IVX UGP
dpelwlhxvh 683/:55 585/867 5;7/3;7
pìgldqh 684/77< 585/;56 5;6/:4<
gìihfwlrq 685/:54 586/899 5;7/8:6

Uhodwlyh ghvxwlolw| iurp sod|lqj rqh vwudwhj| xsrq dqrwkhu fdq eh ghgxfhg
iurp wkhvh wdeohv1 Qrwh wkdw dffruglqj wr wkh Wrwk hw do prgho/ xwlolw| jdsv lq
ehwzhhq vwudwhjlhv duh yhu| orz1 Wklv uhvxow lv udwkhu vwulnlqj vlqfh lw phdqv
wkdw zkdwhyhu wkh vwudwhj| iroorzhg/ wkh uhodwhg sd|r� lv dssur{lpdwho| wkh
vdph1 Lq whupv ri lq xhqfhv/ lw phdqv wkdw frxqwulhv kdyh vwurqj whqghqflhv wr
eh lq xhqfhg gxulqj wkh qhjrwldwlrq surfhvv1 Wr vzlwfk vwudwhj| grhv qrw lq0
yroyh lqghhg d vljql�fdqw hfrqrplf orvv dffruglqj wr wkh g|qdplf dqg vhtxhqwldo
prgho1

815 Lq xhqfh udwhv vhwwlqjv

Wr suhvhqw vlpxodwlrqv/ zh qhhg wr vhw lq xhqfh udwhv1 Wr dssur{lpdwh udwhv zh
sursrvh d udqjh ri dvvxpswlrqv1 Iluvw/ ohwv dvvxph wkdw wkh edujdlqlqj surfhvv
idyruv wkh grplqdwlrq ri rqh vwudwhj| xsrq wkh rwkhuv1 Lq rwkhu zrugv L4 A L51
Zh frqvlghu wkxv lpsolflwo| wkdw wkh FrS ohdgv hlwkhu wr dq lpsruwdqw frdolwlrq
ru wr d odujh pryhphqw ri ghihfwlrq1 Wkh xqghuo|lqj lghd fdswxuhg lv wkdw d
surwrfro hqwhu lqwr irufh rqo| li lw lv udwl�hg e| dq lpsruwdqw dprxqw ri frxq0
wulhv1 Uhfdoo wkdw wr hqwhu lqwr irufh wkh N|rwr Surwrfro qhhgv wr eh udwl�hg e|
dw ohdvw 88 vljqdwru| frxqwulhv ri wkh IFFF uhsuhvhqwlqj dw ohdvw 88( ri wkh
hplwhuv ri FR5 zlwklq Dqqh{ E1 Dv d frqvhtxhqfh dqg e| gh�qlwlrq dq djuhh0
phqw frqvwlwxwhg e| wkuhh frxqwulhv dv vxjjhuhg �uvw e| Fduudur dqg Vlqlvfdofr
+4<<6, grhv qrw pdnh pxfk vhqvh1 Vhfrqg/ zh frqvlghu wkdw li dq djuhhphqw
hphujhv/ sduwlflsdwlqj frxqwulhv zloo doo iroorz wkh vdph frqvwudlqwv phdqlqj
wkdw frh{lvwdqfh ri phgldo dqg kljk vwudwhjlhv lv txlwh xqolnho|1 Wklug dqg lq
frqwlqxlw| zlwk wkh �uvw dvvxpswlrq/ zh frqvlghu wkdw wkh dyrlglqj ehkdylru lv
txlwh pdujlqdo1 Uhfdoo wkdw wzr frq�jxudwlrqv fkdudfwhul}h dyrlglqj surfhvvhv1
Wkh �uvw fdq eh dvvlplodwhg wr suhfdxwlrqdu| ehkdylru/ wklv lv whqghqf| iru d
frxqwu| wr dgrsw d phgldo ru d kljk hplvvlrq uhgxfwlrq vwudwhj| zkhq prvw
frxqwulhv ghihfw1 Wkh vhfrqg lv wkh whqghqf| iru d frxqwu| wr iuhh ulgh zkhq
prvw ri rwkhu frxqwulhv dgrsw dq hqylurqphqwdo srolf|1 Erwk ehkdylruv pdnh
vhqvh/ wr frqvlghu wkhp vljql�fdqw zrxog krzhyhu phdq wkdw lpsolflw qhjrwldwlrq
lv d vrxufh ri glvdjuhhphqw1

Wkuhh vlpxodwlrq vfhqdulrv duh suhvhqwhg1 Wkh �uvw dqg pdlq rqh lv wkh
uhihuhqfh vfhqdulr1 Dqqh{ E frxqwulhv duh fkdudfwhul}hg e| dq lplwdwlrq udwh
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ri 58( zkloh wkh UrZ e| d udwh ri 63(1 Kljkhu lplwdwlrq udwh e| wkh UrZ lv
mxvwl�hg e| wkh idfw wkdw lw glvsrvhv ri olplwhg lqirupdwlrq dqg lv wkxv dftxdlqwhg
wr uhfrxuvh wr dxwruhihuhqwldo plphwlvp1 Dyrlgdqfh udwh lv vhw dw 518( iru Dqqh{
E dqg dw 6( iru UrZ1 Iru doo frxqwulhv/ dyrlgdqfh udwh lv wkxv whq wlphv orzhu
wkdq lplwdwlrq udwh1 Wkh FrS lv dv d frqvhtxhqfh odujho| frqfhlyhg d phdq
iru srlqw ri ylhz frqyhujhqfh1 Djdlq/ zh frqvlghu wkdw UrZ frxqwulhv kdyh d
kljkhu whqghqf| wr dyrlgdqfh ehkdylruv1 Wkh h{sodqdwlrq lv wzrirog1 Iluvw/ wkhvh
frxqwulhv duh riwhq orzo| ghyhorshg dqg kdyh dv d frqvhtxhqfh rwkhu frqfhuqv
wkdq surwhfwlqj wkh hqylurqphqw1 Lw iroorzv wkdw wkh| zloo eh lqfolqhg wr ghihfw
lq fdvh Dqqh{ E frxqwulhv dgrsw dpelwlrxv hqylurqphqwdo uhjxodwlrqv1 Vhfrqg/
wkhvh frxqwulhv duh dv zhoo wkh pdlq ylfwlpv iurp folpdwh fkdqjh dqg kdyh dq
lqwhuhvw wr dgrsw d suhfdxwlrqdu| ehkdylru lq fdvh ghyhorshg frxqwulhv ghihfw1
Wkh wzr rwkhu vfhqdulrv duh h{wuhph fdvhv1 Lq wkh lq h{lelolw| vfhqdulr/ lplwdwlrq
dqg dyrlgdqfh udwhv duh frqvlghuhg yhu| orz1 D vhqvlwlylw| dqdo|vlv ri wkhvh
udwhv duh sursrvhg lq rughu wr ghwhuplqh udwh ydoxhv doorzlqj wkh hphujhqfh
ri dq djuhhphqw1 Lq wkh lq xhqfh vfhqdulr/ lplwdwlrq udwh lv frqvlghuhg kljk1
Olnhzlvh/ d vhqvlwlylw| dqdo|vlv lv sursrvhg wr ghwhuplqh udwh ydoxhv doorzlqj wkh
hphujhqfh ri dq djuhhphqw1

816 Uhvxowv ri wkh Vlpxodwlrq

Iru erwk vwdjhv ri wkh jdph/ wkh N|rwr dqg wkh srvw N|rwr FrS/ hyroxwlrqv
ri vwudwhjlf ehkdylruv duh gudzq iru hdfk ri wkh wkuhh vfhqdulrv1 Wkh dqdo|vlv
irfxvhv pdlqo| rq wkh �uvw qhjrwldwlrq shulrg1 Vlpxodwlrqv suryhg lqghhg wkdw
iru wkh srvw N|rwr FrS/ zkdwhyhu wkh lq xhqfh udwhv fkrvhq/ wkh rxwfrphv ri
wkh jdph lv eduho| wkh vdph1 Iru wklv shulrg gh idfwr doo frxqwulhv ghihfw1 Wkh
rqo| zd| wr frqyhujh wr dq djuhhphqw zrxog eh wr kdyh frxqwulhv fkdudfwhul}hg
e| kljk dyrlgdqfh udwhv zklfk grhv qrw frqvwlwxwh d uhdolvwlf dowhuqdwlyh1

Uhfdoo wkdw dffruglqj wr Wrwk hw do vlpxodwlrq/ wkh Qdvk rxwfrphv lv fkdudf0
whul}hg dw wkh N|rwr shulrg +4<<:05343, e| d ghihfwlrq iurp wkh XPEUHOOD
dqg wkh UrZ zkloh wkh HX.IVX sod|v d kljk vwudwhj| dqg/ dw wkh srvw N|rwr
+534305353, e| joredo ghihfwlrq1

Wdnlqj lqwr dffrxqw lq xhqfh surfhvvhv rffxulqj gxulqj FrSv vkrzv srvvleoh
hyroxwlrqv iurp wkhvh rxwfrphv1 Frqvlghulqj �uvw wkh N|rwr shulrg/ vlpxodwlrq
iru wkh uhihuhqfh vfhqdulr vkrzv d vwudwhjlf vzlwfk iurp wkh HX.IVX1 Lq wkh
�jxuh ehorz/ rqh fdq qrwlfh wkdw dw wkh 48wk lqwhudfwlrq zkdw lv wr vd| diwhu rqh
zhhn ri qhjrwldwlrq/ doo frxqwulhv djuhh wr qrw vljq dq| djuhhphqw1 Zh frqvlghu
lq wkh vlpxodwlrq wkdw UrZ frxqwulhv fdqqrw eh lq xhqfhg vlqfh qrq Dqqh{ E
frxqwulhv duh qrw vxssrvh wr ixoo�o hplvvlrq uhgxfwlrq dw wkh �uvw shulrg1 Wkh|
qhyhuwkhohvv sduwlflsdwh dw wkh FrS dqg fdq lq xhqfh rwkhu sod|huv1 Dffrug0
lqj wr wklv vfhqdulr/ wkh XPEUHOOD uhpdlqv rq lwv ghihfwlrq srvlwlrq1 Wkh
HX.IVX grhv qrw pdqdjh wr lq xhqfh rwkhu sod|huv dqg vzlwfk srvlwlrq wr
duulyh dw d vlwxdwlrq fkdudfwhul}hg e| joredo ghihfwlrq1
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N|rwr/ uhihuhqfh vfhqdulr

D vhqvlwlyh dqdo|vlv doorzv xv wr ghwhuplqh wkdw li wkh XPEUHOOD lv uhod0
wlyho| hdvlo| lq xhqfhg +lplwdwlrq udwh ri ryhu 7<(, zkloh wkh HX.IVX nhhsv
wkh vdph fkdudfwhulvwlfv wkdq lq wkh uhihuhqfh vfhqdulr/ wkh rxwfrph ri wkh jdph
fdq frqyhujh wkh rwkhu zd| durxqg1 Lq rwkhu zrugv/ wkh lq xhqfh surfhvv fdq
idyru d vlwxdwlrq fkdudfwhul}hg e| wkh udwl�fdwlrq ri wkh N|rwr surwrfro e| doo
phpehuv ri wkh Dqqh{ E1 Iru wkdw sxusrvh lw lv krzhyhu qhfhvvdu| iru wkh XP0
EUHOOD eorf wr eh uhodwlyho| iudjphqwhg rq lwv ghihfwlrq srvlwlrq1 Zlwk dq
lplwdwlrq udwh ri 7<( iru wkh XPEUHOOD/ zh fdq qrwlfh lq wkh �jxuh ehorz
wkdw dssur{lpdwho| dw wkh hqg ri wkh �uvw zhhn ri wkh FrS/ wkh zkroh Dqqh{ E
whqgv wr ghihqg wkh frrshudwlyh rxwfrph1

Evolutions of strategic behavior

0

0,2

0,4

0,6

0,8

1

1,2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Interactions

te
nd

an
cy

 to
 d

ef
ec

t

Europe+FSU

UMBRELLA

RoW

N|rwr/ lq xhqfh vfhqdulr

Dqrwkhu frq�jxudwlrq doorzv ixoo frrshudwlrq ri wkh Dqqh{ E dw wkh �uvw
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shulrg1 Wklv lv wkh lq h{lelolw| rxwfrph1 Zh vkrz wkdw li wkh HX.IVX lv
uhodwlyho| lq h{leoh lq ixoo�olqj wkh N|rwr surwrfro zkloh rwkhu frxqwulhv nhhs
rq wkh vdph fkdudfwhulvwlfv wkdq lq wkh uhihuhqfh vfhqdulr/ wkh lq xhqfh sur0
fhvv rffxulqj gxulqj wkh edujdlq whqgv wr irufh xsrq wkh ryhudoo udwl�fdwlrq ri
wkh surwrfro1 Wklv fruuhvsrqgv wr dq lplwdwlrq udwh ri ohvv wkdq 46( lq wkh
HX.IVX1 Wkh �jxuh ehorz vlpxodwhv wkh vwudwhjlf ehkdylru vzlwfk ri wkh XP0
EUHOOD lqyroyhg e| dq lplwdwlrq udwh ri 46( lq wkh HX.IVX/ wkh dyrlgdqfh
udwh ehlqj ri 4(1
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Uhjduglqj wkh vhfrqg shulrg/ zh ghprqvwudwh lq wkh vlpxodwlrq h{huflvh wkdw
li L4 A L5 wkhuh lv qr phdqv wr lqvxuh frrshudwlrq diwhu 53431 Lq fdvh uhjlrqv duh
fkdudfwhul}hg e| dq dyrlgdqfh udwh kljkhu wkdq wkh lplwdwlrq udwh/ zh fdq vkrz
wkdw rqh uhjlrq zloo whqg wr dgrsw d suhfdxwlrqdu| ehkdylru1 Lw uhpdlqv wkdw qr
joredo djuhhphqw lv ihdvleoh zkdwhyhu lv wkh frq�jxudwlrq frqvlghuhg1 Jlyhq wkh
fkdudfwhulvwlf ri wkh folpdwh fkdqjh lpsdfw uhsduwlwlrq/ rqh fdq iruhfdvw wkdw wkh
UrZ frxog dgrsw vxfk suhfdxwlrqdu| ehkdylru lq 5343/ doo phpehuv ri Dqqh{
E ghihfwlqj ehvlgh1

9 Frqfoxvlrq

Rq Mxo| 58 5334/ wkh Erqq djuhhphqw zdv irupdoo| dgrswhg dw FrS9elv1 Dw wkh
forvxuh ri wkh Frqihuhqfh/ wkh Suhvlghqw \dqq Surqn txdol�hg wkh djuhhphqw
dv klvwrulfdo1 Yhu| ihz vshfldolvwv ri wkh folpdwh fkdqjh lvvxh kdg h{shfwhg d
srvlwlyh frqfoxvlrq iurp wklv qhjrwldwlrq urxqg1 Dffruglqj wr \dqq Surqn/ wkh
djuhhphqw zdv wkh uhvxow ri gldorjxh dqg pxwxdo frpsuhkhqvlrq1 Wkh N|rwr
surwrfro irupdoo| wkrxjkw dv ghdgo| froodsvh uhfryhuhg khqfh d qhz fkdqfh wr
hqwhu lqwr irufh lq 53351 Ihz prqwkv odwhu/ wkh Pduudnhfk djjuhhphqw zdv
vljqhg1 D zdwhugrzq yhuvlrq ri wkh N|rwr surwrfro zdv frpprqo| dffhswhg e|
prvw ri wkh frxqwulhv ri wkh Dqqh{ E1
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Wkh Iudphzrun Frqyhqwlrq rq Folpdwh Fkdqjh vhhpv wkxv wr eh rxw ri wkh
lpsdvv vlqfh wkhq1 Wkh HX/ Mdsdq/ Lvodqg/ Qruzd| dqg ihz hdvwhuq hxursh
frxqwulhv douhdg| udwl�hg1 Euhdnwkurxjk uhpdlqv krzhyhu1 Lq sduwlfxodu rqh
fdq txrwh XV zlwkgudzdo iurp wkh surfhvv/ dq h�hfwlyh uhod{dwlrq ri hplvvlrqv
wdujhwv iru Mdsdq/ Fdqdgd dqg Uxvvld/ dqg surylvlrq ri dffhvv wr xquhvwulfwhg
hplvvlrqv wudglqj1 Wkh udwl�fdwlrq ri wkh Surwrfro lv wkxv wr eh frqfhlyhg dv
d �uvw vwhs wrzdug dq lqwhuqdwlrqdo h�ruw wr olplw folpdwh fkdqjh1 D udqjh ri
lvvxhv duh vwloo dw kdqg dqg wkh qh{w qhjrwldwlrq shulrg surplvvhv wr eh djdlq d
orqj vwdqglqj srxusduohu pdnlqj rxu dssurdfk dwwudfwlyh1 Deryh doo/ wkh pdlq
gudzedfn wr eh uhvroyhg frqfhuqv wkh eljjhvw srooxwhu sduwlflsdwlrq lq hplvvlrq
uhgxfwlrq h�ruwv1 Rq fdq dvn zkdw lv wkh ehvw vwudwhjlf ehkdylru wr iroorz lq
rughu wr shuvxdgh wkh XV wr eh edfn lq wkh folpdwh fkdqjh zdjrqB

Wkh prgho suhvhqwhg lq wklv sdshu dlpv suhflvho| dw jlylqj d wkhruhwlfdo
h{sodqdwlrq ri wkh h�hfw ri h{solflw edujdlqlqj rffxulqj gxulqj FrSv1 Lw h{0
sodlqv vwudwhjlf ehkdylruv doorzlqj iru jlyhq vwudwhjlf vzlwfkhv gxulqj qhjrwl0
dwlrq urxqgv1 Wzr pdlq vshfl�flwlhv fkdudfwhul}h wklv sdshu1 Iluvw uhjduglqj
djhqwv* hfrqrplf ehkdylru/ wkh prghoolqj dufklwhfwxuh doorzv wr ghvfuleh vlwxd0
wlrqv zkhuh sod|huv kdyh dq lqfrpsohwh lqirupdwlrq vhw1 Dv Ox{ +4<<8, phwkrg
wr h{sodlq h{sorvlrq ri frqwdjlrq exeeohv/ zh sursrvh khuh d idgv prgho lq
zklfk hdfk frxqwu| ri wkh qhjrwldwlrq vhwv klv vwudwhj| dffruglqj wr dq dgglwlyh
ohduqlqj surfhvv h{suhvvhg yld wkh h{huwv ri lq xhqfhv1 Rq wkh rqh kdqg/ wkh
frxqwu| hydoxdwhv vwudwhjlhv*sd|r�v fdofxodwhg iurp d g|qdplf dqg vhtxhqwldo
prgho nqrzlqj wkdw lqirupdwlrq lv lqfrpsohwh1 Wklv lv udwlrqdo ehkdylru1 Rq
wkh rwkhu kdqg/ wr fdswxuh vrph lqirupdwlrq khog e| rwkhu sod|huv/ wkh frxqwu|
dgmxvwv klv vwudwhj| dffruglqj wr rwkhu frxqwulhv vwudwhj|/ wklv lv lq xhqfh eh0
kdylru1 Vhfrqg/ uhjduglqj wkh wkhruhwlfdo wuhdwphqw/ dq dssurdfk ghulyhg iurp
vwrfkdvwlf jdph g|qdplfdo htxdwlrqv lv suhvhqwhg1 Wkh xvh ri wkh pdvwhu htxd0
wlrq wr prgho vwudwhjlf vzlwfk doorzv xv wr fdswxuh ehkdylruv zklfk fdqqrw eh
lqwhusuhwhg zlwk wkh hfrqrplfv wrroer{1

Udqjhv ri lvvxhv zklfk fdq eh dgguhvvhg rq wkh edvlv ri wklv prghoolqj iudph0
zrun duh wzrirog1 Iluvwirog/ lw doorzv wr ghgxfh wkh hyroxwlrq ri vwudwhjlf ehkdy0
lru vzlwfkhv rffxulqj gxulqj hdfk qhjrwldwlrq urxqgv1 Wklv uhvxow lv sduwlfxoduo|
dsshdolqj jlyhq wkdw lq wkh fxuuhqw olwhudwxuh uhsuhvhqwlqj qhjrwldwlrq surfhvv/
wkh lqsxw ri qhjrwldwlrq surfhgxuhv dqg srxusduohuv duh qrw frqvlghuhg1 Vhfrqg0
irog/ lw surylghv d uhsuhvhqwdwlrq ri ghflvlrq pdnlqj dqg fdq eh xvhg dv d wrro wr
hqoljkwhq ghflvlrq0pdnlqj1 Lq sduwlfxodu/ lplwdwlrq/ shuvxdvlrq/ glvvxdvlrq dqg
dyrlgdqfh ehkdylruv duh frqvlghuhg1 Wr eh lqwurgxfhg dq xqxvxdo vwrfkdvwlf
wuhdwphqw edvhg rq d jhqhudolvhg Irnnhu0Sodqfn htxdwlrq lv xvhg1 Wkh ehkdy0
lruv frqvlghuhg duh jurxshg lqwr wzr fdwhjrulhv ri lq xhqfh = lplwdwlrq dqg
dyrlgdqfh1 Lw iroorzv wkdw dffruglqj wr jlyhq ghwhuplqlvwlf udwhv/ frxqwulhv fdq
fkdqjh wkhlu plqg li wkhlu h{shfwhg sd|r� lv qrw d�hfwhg pxfk1 Wkh| fdq erwk
plplf wkh vwudwhj| ri dqrwkhu sod|hu ru dyrlg wr sod| wkh vdph vwudwhj| wkdq
d frxqwhusduw1 D glvfxvlrq rq lq xhqfh udwhv doorzv xv wr ghwhuplqh gl�huhqw
fkdudfwhulvwlfv ri frxqwulhv*ehkdylruv gxulqj wkh qhjrwldwlrq urxqg1 Wzr fkdu0
dfwhulvwlfv duh lqwurgxfhg = lq h{leoh ehkdylru +orz lplwdwlrq udwh, dqg lplwdwlyh
ehkdylru +kljk lplwdwlrq udwh,1 D wklug fkdudfwhulvwlf lv vkruwo| glvfxvvhg/ wklv
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lv frqwudglfwlrq ehkdylru +kljk dyrlgdqfh udwh,1
D vlpsoh vlpxodwlrq lv surylghg lq wkh sdshu1 Rq wkh edvlv ri Wrwk ho do

+5334, prgho zh suhvhqw wkh srvvleoh rxwfrphv ri erwk wkh �uvw dqg vhfrqg
qhjrwldwlrq shulrgv wdnlqj lqwr dffrxqw lq xhqfh surfhvvhv1 D sulqflsdo irfxv
lv sxw rq wkh �uvw qhjrwldwlrq shulrg vlqfh rq wkh edvlv ri wkh Wrwk ho do prgho/
frrshudwlrq vhhpv eduho| lpsrvvleoh dw wkh vhfrqg shulrg zkdwhyhu lq xhqfh
lv h{huwhg1 Uhjduglqj wkh �uvw shulrg/ wkh uhihuhqfh vfhqdulr lqglfdwhv wkdw
frrshudwlrq lv qrw suredeoh1 Zh vkrzhg krzhyhu wkdw wkh N|rwr surwrfro frxog
eh vdyhg li wkh eorf Hxursh.IVX zdv lq h{leoh rq lwv frrshudwlrq zloo1 Wklv
vhhpv sduwlfxoduo| uhohydqw lq ylhz ri wkh qhjrwldwlrq surfhvv vlqfh FrS9 dw
wkh Kdjxh lq Qryhpehu 53331 Lqghhg/ dw wkh hqg ri FrS9/ glvdjuhhphqwv zhuh
qxphurxv dqg hyhu|wklqj frxog ohw xv wklqn wkdw qr djuhhphqw frxog eh uhdfkhg
lq ehwzhhq wkh XPEUHOOD dqg wkh Hxurshdq eorf1 Qh{w FrSv ghprqvwudwhg d
vwurqj h�ruw pdgh e| Hxursh lq rughu wr vdyh wkh Surwrfro1 Dw wkh ehjlqqlqj ri
FrS9 elv/ Ehojlxp lq wkh qdph ri wkh Hxurshdq Xqlrq ghfoduhg wkdw Hxursh zdv
uhdg| wr pdnh frpsurplvhv lq rughu wr uhdfk dq djuhhphqw1 Ixuwkhpruh/ gxulqj
wkh 8wk suhylrxv prqwkv hxurshdq ghohjdwlrqv zhuh vhqw lq dpedvvlhv lq rughu wr
eulhi ghohjdwhv rq wkh qhfhvvlw| wr udwli| d Surwrfro1 Dqrwkhu phdq kljkoljkwhg
e| rxu prgho wr lqvxuh frrshudwlrq zdv wr kdyh dq XPEUHOOD jurxs xqfhuwdlq
hqrxjk rq folpdwh fkdqjh lpsdfwv wr eh hdvlo| lq xhqfhg dqg khqfh wr djuhh
rq d jlyhq frrshudwlyh vwudwhj|1 Djdlq/ zh fdq �qg dqdorjlhv zlwk odvw FrSv1
Uhfdoo wkdw dw FrS9/ irxu frxqwulhv ri wkh XPEUHOOD/ Dxvwudold/ Fdqdgd/
Mdsdq dqg wkh Xqlwhg Vwdwhv/ hplwwhg vwurqj fulwlflvpv rq wkh prgdolwlhv wr
lpsohphqw wkh Surwrfro1 Frpsurplvhv zhuh vhw zlwk Fdqdgd dqg Mdsdq dqg
ehvlghv wkh Xqlwhg Vwdwhv doo vljqhg Erqq dqg Pdudnhfk djuhhphqwv1 Wklv lv
wkxv d pl{ lq ehwzhhq hxurshdq lq h{lelolw| dqg XPEUHOOD*v dftxdlqwdqfh
wr eh lq xhqfhg zklfk h{sodlqv wkh �qdo djuhhphqw rq wkh lpsohphqwdwlrq ri
wkh Surwrfro pdnlqj wkh dufklwhfwxuh ri wkh prgho suhvhqwhg lq wkh sdshu kljko|
uhohydqw1

Wkh txhvwlrq ri wkh ehvw edujdlq ehkdylru doorzlqj iru sduwlflsdwlrq ri wkh
XV uhpdlqv dq rshq txhvwlrq1 Lq lwv fxuuhqw irup/ wkh vlpxodwlrq surylghg
lv qrw yhu| xvhixo wr dqvzhu wklv txhvwlrq1 Zh zrxog qhhg lqghhg wr sursrvh
d pruh glvdjuhjdwhg irup doorzlqj iru vlpxodwlqj lqwhudfwlrqv lq ehwzhhq wkh
pdq| frxqwulhv sduwlflsdwlqj udwkhu wkdq wkh wkuhh uhjlrqdo eorfv1 Zhljkw rq
frxqwulhv lq xhqfh frxog eh vxjjhvwhg dv zhoo1 Lw zloo shuplw wr fdswxuh wkh uroh
ri vwuxfwxudo/ xqlodwhudo dqg lqwhoohfwxdo ohdghuvklsv1 Rq wkh edvlv ri wkh fxuuhqw
prgho rqh fdq douhdg| lqwxlwlyho| ghgxfh wkdw wkh sduwlflsdwlrq ri wkh Xqlwhg
Vwdwhv zloo eh wkh uhvxow ri lq h{leoh frrshudwlrq zloo iurp wkh uhvw ri wkh zruog1
Wklv zloo eh ghprqvwudwhg lq d qhdu ixwxuh zrun1

: Uhihuhqfhv

Edelnhu/ P1/ Uhloo| M1 P1/ Mdfre|/ K1G1 ^5333`/ �Wkh N|rwr Surwrfro dqg ghyho0
rslqj frxqwulhv�1 Hqhuj| Srolf|/ yro1 5;/ ss1 85808691

4:



Erow}pdqq/ O1 ^4<97`/ �Ohfwxuhv rq Jdv Wkhru|�/ Xqlyhuvlw| ri Fdoliruqld/
Ehunhoh|1

Erhkphu0Fkulvwldqvhq/ V ^4<<4`/ �Dflg Srolwlfv�/ Ehokdyhq Suhvv/ Orqgrq1
Erwwhrq/ P1/ Fduudur/ F1 ^4<<:`/ �Exughq0Vkdulqj dqg Frdolwlrq Vwdelolw| lq

Hqylurqphqwdo Qhjrwldwlrqv zlwk Dv|pphwulf Frxqwulhv�/ lq F1 Fduudur +hg1,/
Lqwhuqdwlrqdo Hqylurqphqwdo Qhjrwldwlrqv1 Vwudwhjlf Srolf| Lvvxhv/ Fkhowhqkdp/
Hgzdug Hojdu1

Erwwhrq/ P1/ Fduudur/ F1 ^4<<;`/ �Hqylurqphqwdo Frdolwlrqv zlwk Khwhur0
jhqhrxv Frxqwulhv= Exughq0Vkdulqj dqg Fduerq Ohdndjh�/ lq D1 Xosk +hg1,/
Hqylurqphqwdo Srolf|/ Lqwhuqdwlrqdo Djuhhphqwv dqg Lqwhuqdwlrqdo Wudgh/ R{0
irug/ R{irug Xqlyhuvlw| Suhvv1

Eudqghqexujhu/ D1/ Ghnho/ H1 ^4<;:`/ �Frpprq Nqrzohgjh zlwk Suredelolw|
Rqh�/ Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ Yro 49/ 56:057/1 Qruwk Kroodqg1

Fduudur F1/ Vlqlvfdofr G1 ^4<<6`/ �Vwudwhjlhv iru wkh Lqwhuqdwlrqdo Surwhfwlrq
ri wkh Hqylurqphqw�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 85/ s1 63<065;1

Fduudur/ F1 ^4<<;`/ �Eh|rqg N|rwr = d Jdph Wkhruhwlf Shuvshfwlyh�/ RHFG
Zrunvkrs/ RHFG/ Sdulv1

Fduudur/ F1 ^4<<:`/ �Lqwhuqdwlrqdo Hqylurqphqwdo Djuhhphqwv = Vwudwhjlf
Srolf| Lvvxhv�/ Hojdu/ Fkhowhqkdp1

Fduudur/ F1 ^5333`/ �Wkh Hfrqrplfv ri Frdolwlrq Irupdwlrq�/ lq �Folpdwh
Fkdqjh dqg Hxurshdq Ohdghuvkls�/ Hqylurqphqw dqg Srolf|/ Noxzhu Dfdghplf
Sxeolvkhuv1 Juxee dqg Jxswd +hg,1

Fðvfdu/ M1F1/ Vruld/ D1 ^5333`/ �Hfrqrplf Frqyhujhqfh dqg Folpdwh Srolf|�1
Hqhuj| Srolf|/ yro 5;/ ss1:7<0:941

Frxuwrlv/ S1 ^5334`/ �Od Qìjrfldwlrq Lqwhuqdwlrqdoh g*xq Sureoëph Joredo
g*Hqylurqqhphqw= Shuvxdvlrq/ Glvvxdvlrq hw Lplwdwlrq�/ Skg Wkhvlv/ Xqlyhuvlw|
ri Sdulv [1

H|fnpdqv/ M1/ Wxonhqv/ K1 ^4<<<`/ �Vlpxodwlqj zlwk ULFH Frdolwlrqqdoo| Vwd0
eoh Exughq Vkdulqj Djuhhphqwv iru wkh Folpdwh Fkdqjh Sureohp�/ Glvfxvvlrq
Sdshu/ Fruh/ Orxydlq Od Qhxyh1

Jhupdlq/ P1/ Wrlqw/ S1/ Wxonhqv/ K1/ gh ]hhxz/ D1 ^4<<;`/ �Wudqvihuv wr Vxv0
wdlq Fruh0Wkhrulf Frrshudwlrq lq Lqwhuqdwlrqdo Vwrfn Srooxwdqw Frqwuro�/ Zrun0
lqj sdshu Xqlyhuvlwì Fdwkroltxh gh Orxydlq/ dydlodeoh dw kwws=22qhwhf1pff1df1xn2EleHf
2gdghwd2Sdshuv2

iwkorxyfr<;651kwpo1
Jxswd M1/ Juxee/ P1 ^5333`/ �Folpdwh Fkdqjh dqg Hxurshdq Ohdghuvkls= D

Vxvwdlqdeoh Uroh iru HxurshB�/ Jxswd dqg Juxee +hg,/ Dpvwhugdp/ Noxzhu1
Kdnhq/ K1 ^4<;6`/ �V|qhujhwlfv�/ Vsulqjhu/ Ehuolq1
Mdfre| K1G/ Uhlqhu/ G1P1 ^5334`/ �Jhwwlqj Folpdwh Srolf| rq Wudfn diwhu

Wkh Kdjxh�/ Lqwhuqdwlrqdo D�dluv ::/ 5/ ss1 5<:06451
Ohzlq/ N1 ^4<84`/ �Ilhog Wkhru| lq Vrfldo Vflhqfh�/ Kdushuv dqg Eurwkhuv

hg/ Qhz \run1
Ox{/ W1 ^4<<8`/ �Khug Ehkdylru/ Exeeohv dqg Fudvkhv�/ Wkh Hfrqrplf Mrxu0

qdo/ 438/ ss ;;40;<91
Rehuwkxhu/ V1 ^5333`/ �Wkh HX lq Lqwhuqdwlrqdo Hqylurqphqwdo Uhjlphv dqg

wkh Hqhuj| Fkduwhu Wuhdw|� lq Juxee P1 / Jxswd M1 +5333,/ lq �Folpdwh Fkdqjh

4;



dqg Hxurshdq Ohdghuvkls�/ Hqylurqphqw dqg Srolf|/ Noxzhu Dfdghplf Sxeolvk0
huv1 Juxee dqg Jxswd +hg,1

Ruoìdq/ D1 ^4<;<`/ �Srxu xqh Dssurfkh Frjqlwlyh ghv Frqyhqwlrqv Hfrqrpltxhv�/
Uhyxh Hfrqrpltxh/ Suhvvhv gh od Irqgdwlrq Qdwlrqdoh ghv Vflhqfhv Srolwltxhv/
73/5/ pduv1

Shfn V1/ Whlvehuj/ W1 ^4<<<`/ �FR5 Hplvvlrqv Frqwuro Djuhhphqwv= Lqfhq0
wlyhv iru Uhjlrqdo Sduwlflsdwlrq�1 Wkh Hqhuj| Mrxuqdo/ Vshfldo lvvxh1

Wrwk I1/ Flvfdu/ M1F1/ Frxuwrlv/ S1/ Irujr/ I1 ^5334`/ �Vwudwhjlf Lqwhjudwhg
Dvvhvvphqw ri G|qdplf Fduerq Hplvvlrq Uhgxfwlrq Srolflhv�/ HX VLDGFHUR
Ilqdo uhsruw HQJ604<<<033344/ dydlodeoh dw kwws=22zzz1sln1gh2

Vfkhoolqj/ W1F1 ^4<93`/ �Wkh Vwudwhj| ri Frq lfw�/ Fdpeulgjh Pdvvdfkxv0
vhwv/ Kduydug Xqlyhuvlw| Suhvv1

Wrsro/ U1 ^4<<4`/ �Exeeohv dqg Yrodwlolw| ri Vwrfn Sulfhv = H�hfw ri Plphwlf
Frqwdjlrq�/ Wkh Hfrqrplf Mrxuqdo/ 434/ ss :;90;331

Zhlgolfk/ Z1/ Kddj/ J1 ^4<;6`/ � Frqfhswv dqg Prghov ri Txdqwlwdwlyh Vr0
flrorj|�/ Vsulqjhu/ Ehuolq1
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