
THE FORMATION OF INFLATION EXPECTATIONS
UNDER CHANGING INFLATION REGIMES

Christian M. Dahl
Niels L. Hansen

Working Paper No. 1999-15
Centre for Non-linear Modelling in Economics

DEPARTMENT OF ECONOMICS

Working Paper

ISSN 1396-2426

UNIVERSITY OF AARHUS CC DENMARK



CENTRE FOR NON-LINEAR MODELLING IN ECONOMICS
DEPARTMENT OF ECONOMICS - UNIVERSITY OF AARHUS - DK - 8000  AARHUS C - DENMARK 

  F  +45 89 42 11 33 - TELEFAX +45 86 13 63 34

WORKING PAPER

THE FORMATION OF INFLATION EXPECTATIONS
UNDER CHANGING INFLATION REGIMES

Christian M. Dahl
Niels L. Hansen

Working Paper No. 1999-15

DEPARTMENT OF ECONOMICS
SCHOOL OF ECONOMICS AND MANAGEMENT - UNIVERSITY OF AARHUS - BUILDING 350

8000  AARHUS C - DENMARK F +45 89 42 11 33 - TELEFAX +45 86 13 63 34



Aüi uLh4@|ðL? Lu ð?ã@|ðL? i TiU|@|ðL?t ý?_ih

Uü@?}ð?} ð?ã@|ðL? hi}ð4itú

çühðt|ð@? �ë #@ü*_

çûw�,c #iT@h|4i?| Lu ,UL?L4ðUtc
N?ðñihtð|) Lu ú@hüýt

@?_

ûði*t wë O@?ti?
,UL?L4ðUt #iT@h|4i?|c
#@?4@h!t û@|ðL?@*M@?!

aý*) Dc �bbb

úMt|h@U|

Aüi Thiti?| T@Tih Lgiht @ U@hiuý* _itUhðT|ðL? L? i4TðhðU@* ð_i?|ð�U@í
|ðL? Lu TLttðM*i 4ý*|ðT*i Uü@?}it ð? hi}ð4ië ì @TT*) hiUi?|*) _iñi*LTi_
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MHO fodvvlñfdwlrq= F47> F55> F75> F84> F85> F86

Nh|zrugv= Pdunry uhjlph vzlwfklqj> H{ srvw eldv> Lqðdwlrq dqg lqðdwlrq
h{shfwdwlrqv

� W?|hL_ýU|ðL?

Lw lv e| qrz zhoo hvwdeolvkhg wkdw h{shfwdwlrqv derxw ixwxuh lqðdwlrq pdwwhu lq
pdq| glòhuhqw pdfurhfrqrplf frqwh{wv1 Vdylqjv dqg lqyhvwphqwv ghflvlrqv duh
zhoo nqrzq h{dpsohv1 Wkh vdph lv zdjh irupdwlrq dffruglqj wr h1j1 wkh h{0
shfwdwlrqv dxjphqwhg Skloolsv0fxuyh/ dqg qrplqdo lqwhuhvw udwhv vkrxog ghshqg
rqh0wr0rqh rq h{shfwhg lqðdwlrq dffruglqj wr wkh Ilvkhu htxdwlrq1 Frqwudu| wr
wkh prqhwdu|0exvlqhvv0f|fohv wkhru| ri Oxfdv irfxvlqj rq h{shfwhg dfwxdo udwh ri
lqðdwlrq/ vhyhudo qhz0Nh|qhvldq prghov suhglfw d uhodwlrqvkls ehwzhhq hfrqrplf
dfwlylw| dqg wkh glòhuhqfh ehwzhhq dfwxdo dqg h{shfwhg ixwxuh lqðdwlrq/ vhh h1j1
Urehuwv +4<<8,1 Lq d odujh qxpehu ri hpslulfdo vwxglhv/ qrwdeo| Skloolsv0fxuyh
hvwlpdwlrqv/ h{shfwhg lqðdwlrq lv riwhq sur{lhg e| fxuuhqw dqg odjjhg ohyhov ri
lqðdwlrq dv vxjjhvwhg e| vlpsoh edfnzdug0orrnlqj h{shfwdwlrq irupdwlrq1 Krz0
hyhu/ lq pdq| frqwh{wv wklv dssurdfk wxuqv rxw wr eh wrr fuxgh dqg pruh surshu
phdvxuhv ri h{shfwhg lqðdwlrq duh zduudqwhg/ h1j1 lq dffrugdqfh zlwk udwlrqdo/
iruzdug0orrnlqj h{shfwdwlrqv1
Lq pdq| frxqwulhv vxuyh|0edvhg gdwd rq h{shfwhg ixwxuh lqðdwlrq h{lvw dqg

khqfh frqvwlwxwh d qdwxudo dssurdfk wr wkh sureohp1 Lq wklv frqwh{w wkh shu0
kdsv wzr prvw lqwhqvlyho| vwxglhg vxuyh| vhulhv rq lqðdwlrq h{shfwdwlrqv duh
wkh Olylqjvwrq sulfh h{shfwdwlrq gdwd dqg wkh VUF frqvxphu vxuyh| gdwd dw
wkh Xqlyhuvlw| ri Plfkljdq/ vhh Ulfk +4<;</4<<3, dqg wkh uhihuhqfhv khuhlq1 Lq
jhqhudo/ wkh uhvxowv rq udwlrqdolw|2xqeldvhgqhvv ri h{shfwdwlrqv iurp wkhvh vwxg0
lhv edvhg rq frpsdulvrqv zlwk dfwxdo lqðdwlrq kdyh ehhq pl{hg1 Hqjvwhg +4<<4,
dqg Fkulvwhqvhq +4<<9, uhsuhvhqw vxuyh|0edvhg vwxglhv ri Gdqlvk krxvhkrogv* lq0
ðdwlrq h{shfwdwlrqv1 Wkh| ñqg wkdw lqðdwlrq h{shfwdwlrqv kdyh ehhq pdunhgo|
eldvhg ryhu h{whqghg shulrgv1 Lq sduwlfxodu/ wkh| ñqg wkdw wkh lqðdwlrq h{0
shfwdwlrqv whqg wr ryhu0suhglfw dfwxdo lqðdwlrq lq shulrgv zlwk orz lqðdwlrq/
hvshfldoo| lq wkh qlqhwlhv/ dqg xqghu0suhglfw lq shulrgv zlwk kljk lqðdwlrq/ olnh
h1j1 lq wkh vhyhqwlhv1 Wkhvh ihdwxuhv dovr vhhp wr eh suhvhqw lq wkh Olylqjvwrq
dqg wkh VUF vxuyh| vhulhv dffruglqj wr Hydqv dqg Zdfkwho +4<<6,1 Wklv ri
frxuvh fdvwv grxew rq wkh udwlrqdo h{shfwdwlrqv k|srwkhvlv lq wkh vhqvh wkdw
djhqwv shuvlvwhqwo| ljqruh uhohydqw lqirupdwlrq1 Krzhyhu/ hylghqfh ri eldv dqg
vhuldo fruuhodwlrq lq h{shfwdwlrq huuruv grhv qrw ghñqlwho| uhixwh wkh k|srwkh0
vlv ri udwlrqdolw|/ dv srlqwhg rxw e| Mrqxqj dqg Odlgohu +4<;;, dqg Hydqv dqg
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Zdfkwho +4<<6,/ zkr uhihu wr %shvr sureohpv% dqg %srvvleoh fkdqjhv lq uhjlph%1
Wkh| dujxh wkdw li wkh lqðdwlrq udwh hyroyhv dffruglqj wr d vlqjoh uhjlph iru d
vxvwdlqhg shulrg/ exw krxvhkrogv h{shfw d uhjlph vkliw lq wkh lqðdwlrq surfhvv
zlwk d qrq0}hur suredelolw|/ wkhq h{shfwdwlrqv pljkw dfwxdoo| eh shuvlvwhqwo|
eldvhg dqg vhuldoo| fruuhodwhg1
Wkh revhuyhg shuvlvwhqfh lq wkh glòhuhqfh ehwzhhq h{ dqwh iruhfdvwv dqg h{

srvw uhdol}dwlrqv/ zloo eh ghqrwhg h{ srvw eldv1 Lq rughu wr ghwhuplqh zkhwkhu
wkh revhuyhg zhgjh ehwzhhq wkh krxvhkrog vhfwruv shufhswlrqv dqg h{shfwdwlrqv
frxog eh gxh wr h{ srvw eldv zh ròhu d fduhixo h{dplqdwlrq ri wkh vwrfkdvwlf
surfhvv xqghuo|lqj wkh dfwxdo lqðdwlrq udwh surfhvv1 Wkh edvlf suhplvh lv wkdw li
lw lv qrw srvvleoh wr uhmhfw wkh k|srwkhvlv wkdw wkh dfwxdo lqðdwlrq udwh iroorzv d
uhjlph vkliwlqj prgho fdsdeoh ri surgxflqj wkh zhgjh ehwzhhq shufhswlrqv dqg
h{shfwdwlrq ri wkh pdjqlwxgh dfwxdoo| revhuyhg/ wkhq lw lv qrw srvvleoh wr frq0
foxgh 0 dv lw lv riwhq grqh lq wkh olwhudwxuh 0 wkdw wkh krxvhkrog vhfwru*v lqðdwlrq
udwh h{shfwdwlrqv duh iruphg lq frqwudglfwlrq zlwk wkh udwlrqdolw| k|srwkhvlv1
Dv Hydqv dqg Zdfkwho +4<<6, zh xvh wkh Pdunry uhjlph vzlwfklqj dssurdfk

dv d zrunkruvh lq rughu wr txdqwli| wkh h{ srvw eldv1 Krzhyhu/ zh hoderudwh h{0
whqvlyho| rq wkhlu dssurdfk1 Iluvwo|/ zh suhvhqw qxphurxv whvwv iru lghqwlñfdwlrq
ri lqvwdelolw| ri wkh olqhdu iruhfdvwlqj prgho1 Vhfrqgo|/ zh surylgh d edwwhu| ri
vshflñfdwlrq whvwv udqjlqj iurp whvwv edvhg rq ðh{leoh uhjuhvvlrq prghov vxfk
dv wkh Qhxudo Qhwzrun whvw ri Zklwh +4<<5, dqg wkh whvw uhfhqwo| vxjjhvwhg e|
Kdplowrq +4<<<, wr wkh pruh zhoo nqrzq Uhvhw whvw lq rughu wr lghqwli| qrqolq0
hdu frpsrqhqwv lq wkh lqðdwlrq udwh1 Wklugo|/ kdylqj lghqwlñhg wkh qhhg iru d
qrqolqhdu frpsrqhqw lq wkh uhjuhvvlrq prgho srvvleo| lq wkh vkdsh ri d uhjlph
vkliwlqj prgho/ zh whvw wkh Pdunry uhjlph vzlwfklqj prgho vshflñfdwlrq djdlqvw
wkh olqhdu prgho xvlqj wkh whvw sursrvhg e| Kdqvhq +4<<9,1 Irxuwko|/ xvlqj wkh
dssurdfk uhfhqwo| vxjjhvwhg e| Gdko dqg K|oohehuj +4<<<, edvhg rq wkh ðh{leoh
sdudphwulf uhjuhvvlrq prgho ri Kdplowrq +4<<<, dqg wkh qrq0sdudphwulf surmhf0
wlrq sxuvxlw uhjuhvvlrq prgho ri Dogulq/ Erhoylnhq dqg Vfkzhghu +4<<6, / zh duh
deoh wr hydoxdwh wkh dghtxdf| ri wkh Pdunry uhjlph vzlwfklqj prgho djdlqvw d
zlgh udqjh ri frpshwlqj qrqolqhdu prghov2vshflñfdwlrqv ri wkh lqðdwlrq udwh1
Iliwko|/ xvlqj wkh Ed|hvldq dssurdfk vxjjhvwhg e| Kdplowrq +4<<<, zh surylgh
hylghqfh wkdw wkh qrqolqhdulw| lq wkh frqglwlrqdo phdq ixqfwlrq surgxfhg e|
wkh Pdunry uhjlph vzlwfklqj prgho lv lq dffrugdqfh zlwk wkh gdwd1 Ilqdoo|/ zh
whvw wkh Pdunry uhjlph vzlwfklqj prgho iru sdudphwhu vwdelolw| dqg iru g|qdplf
plvvshflñfdwlrq1 Frqwudu| wr Hydqv dqg Zdfkwho +4<<6, zkr xvh lq vdpsoh iruh0
fdvwv/ zh vxjjhvw xvlqj uhdo wlph iruhfdvwv surgxfhg iurp wkh Pdunry uhjlph
vzlwfklqj prgho zkhq hydoxdwlqj wkh vl}h ri wkh h{ srvw eldv1 E| rxu dssurdfk
zh duh deoh wr surgxfh d iruhfdvw edvhg rq wkh vdph lqirupdwlrq vhw dv wkdw ri
wkh krxvhkrog vhfwru zkhq wkh| irup h{shfwdwlrqv1 Lw wkhuhiruh frqvwlwxwhv d
pruh qdwxudo zd| iru frpsdulvrq1
Zh ñqg wkdw wkh h{dfw uhdo wlph iruhfdvwv surgxfhg iurp rxu prgho h{klelw

d odujh ghjuhh ri vlplodulw| zkhq frpsduhg wr wkh gluhfw phdvxuhv ri lqðdwlrq
h{shfwdwlrqv1 Lq sduwlfxodu/ rxu uhvxowv vkrz wkdw rqh0|hdu dkhdg h{shfwdwlrq
huuruv jhqhudwhg iurp wkh zhoo0vshflñhg uhjlph vzlwfklqj prghov gr h{klelw vh0
yhuh eldv dqg vhuldo fruuhodwlrq dv lw lv wkh fdvh iru wkh h{shfwdwlrq huuruv edvhg
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rq vxuyh| gdwd1 Zh eholhyh wkdw wkh uhvxow looxvwudwhv wkh lpsruwdqw lpsdfw iurp
srvvleoh uhjlph vzlwfkhv rq wkh irupdwlrq ri dfwxdo dqg h{shfwhg lqðdwlrq dqg
ri h{ srvw eldv dv d vljqlñfdqw frqwulexwru wr wkh glòhuhqfh ehwzhhq dfwxdo dqg
h{shfwhg lqðdwlrq revhuyhg gluhfwo| iurp vxuyh| vhulhv1
Wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh qh{w vhfwlrq zh eulhð| glvfxvv

krz wkh h{lvwhqfh ri xqrevhuyhg vkliwv lq uhjlphv fdq ohdg wr d shuvlvwhqw jds
ehwzhhq dfwxdo dqg h{shfwhg lqðdwlrq1 Djdlqvw wkh edfnjurxqg ri h{lvwlqj vwxg0
lhv rq vxuyh| edvhg phdvxuhv ri Gdqlvk krxvhkrogv* lqðdwlrq h{shfwdwlrqv zh
glvfxvv frpprq slwidoov dqg lq sduwlfxodu zk| wkhvh vwxglhv whqg wr ohdg wr d
uhmhfwlrq ri wkh udwlrqdo h{shfwdwlrqv k|srwkhvlv1 Lq Vhfwlrq 6 zh whvw wkh ud0
wlrqdo h{shfwdwlrqv k|srwkhvlv edvhg rq wkh olqhdu iruhfdvwlqj2uhjuhvvlrq prgho
dqg edvhg rq dfwxdo lqðdwlrq udwhv lq Ghqpdun zkloh zh lq vhfwlrq 7 suhvhqw
dqg fduhixoo| whvw wkh Pdunry vzlwfklqj iruhfdvwlqj2uhjuhvvlrq prgho1 Vhfwlrq 8
frqwdlqv hfrqrplf lqwhusuhwdwlrqv ri wkh uhvxowv/ dqg ñqdoo| vhfwlrq 9 frqfoxghv1

2 èhi*ð4ð?@hðit

2ë� W?ã@|ðL? uLhiU@t|ð?} ð? |üi Thiti?Ui Lu Uü@?}it ð? hi}ð4iG
Aüi ?L|ðL? Lu i TLt| Mð@t

Wkh frqvhtxhqfhv iru wkh lqðdwlrq udwh iruhfdvw ri d vzlwfk lq uhjlph fdq prvw
hdvlo| eh looxvwudwhg e| d vlpsoh h{dpsoh zlwk wzr lqðdwlrq uhjlphv41 Ohw xv
dvvxph wkdw wkh lqðdwlrq udwh äw hyroyhv ryhu wlph dffruglqj wr wkh iroorzlqj
uxoh

äw @ +4ý Vw,ä3w . Vwä4w +4,

zkhuh Vw lv d glfkrwrprxv xqrevhuyhg vwrfkdvwlf yduldeoh wkdw fdq wdnh rqo| wkh
ydoxhv }hur dqg rqh1 Ohw xv iru vlpsolflw| dvvxph wkdw ä3w dqg ä4w duh vwrfkdvwlf
yduldeohv/ lqghshqghqw ri wkh fxuuhqw uhdol}dwlrqv ri Vw1 Wkh lqwhusuhwdwlrq ri
wkh deryh htxdwlrq lv wkdw li Vw @ 4/ wkh lqðdwlrq udwh lv vdlg wr eh lq uhjlph 4/
zkhuh lw lv jryhuqhg e| wkh surfhvv ri ä4w= Rwkhuzlvh/ li Vw @ 3 zh vd| wkdw wkh
lqðdwlrq udwh lv lq uhjlph 3 dqg lv ghwhuplqhg vroho| e| wkh ghyhorsphqw lq ä3w/
wkdw lv vxssrvhg wr eh glòhuhqw iurp wkdw ri ä4w1 Li zh dvvxph wkdw h{shfwdwlrqv
duh iruphg udwlrqdoo| dqg zh ohw \wý4 ghqrwh doo wkh dydlodeoh lqirupdwlrq dw wkh
ehjlqqlqj ri shulrg w/ wkh xqfrqglwlrqdo h{shfwhg lqðdwlrq udwh frqglwlrqdo rq
Vw @ l iru l @ i3> 4j lv jlyhq e|

H+äwmVw @ l> \wý4, @ H+älwm\wý4, +5,

Ohwwlqj S +Vw @ 3m\wý4, dqg S +Vw @ 4m\wý4, ghqrwh wkh suredelolw| phdvxuhv ri
ehlqj lq uhjlph 3 dqg uhjlph 4 uhvshfwlyho|/ wkh xqfrqglwlrqdo h{shfwhg lqðdwlrq
udwh fdq eh irxqg e| vxppdwlrq ryhu doo wkh srvvleoh uhdol}dwlrqv ri Vw

51 Wklv

�Aüðt i @4T*i ðt *i?_ð?} L? |üi êLh! M) ,ñ@?t @?_ @̀Uü|i* E�bbôäë
2N?UL?_ð|ðL?@* êð|ü hitTiU| |L |üi ý?LMtihñi_ t|@|i ñ@hð@M*i 5|é
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|lhogv wkh iroorzlqj h{suhvvlrq iru wkh h{shfwhg lqðdwlrq udwh

H+äwm\wý4, @ S +Vw @ 3m\wý4,H+ä3wm\wý4, . S +Vw @ 4m\wý4,H+ä4wm\wý4, +6,

dqg wkh lqðdwlrq iruhfdvw huuruv ehfrph

äw ý H+äwm\wý4, @ +4ý Vw,ä3w . Vwä4w ý +7,

S +Vw @ 3m\wý4,H+ä3wm\wý4,ý S +Vw @ 4m\wý4,H+ä4wm\wý4,
Iurp wkh deryh htxdwlrq lw lv idluo| hdv| wr yhuli| wkdw h{ dqwh wkh iruhfdvw huuru
kdv d phdq ydoxh htxdo wr }hur/ wkdw lv H iäw ýH+äwm\wý4,m\wý4j @ 31 Krzhyhu/
wkh pdmru lpsolfdwlrq ri wkh prgho lv wkdw wkh udwlrqdoo| iruphg h{shfwdwlrqv
fdq dsshdu wr eh eldvhg zkhq ylhzhg h{ srvw 1 Wr looxvwudwh wklv/ ohw xv dvvxph
wkdw wkh dfwxdo lqðdwlrq udwh fxuuhqwo| iroorzv wkh uhjlph rqh surfhvv1 Uhfdoo
wkdw wkh hfrqrplf djhqwv gr qrw revhuyh wkh fxuuhqw uhjlph vr wkh ehvw jxhvv
wkh| fdq frph xs zlwk lv jlyhq e| wkh xqfrqglwlrqdo h{shfwdwlrq H+äwm\wý4,=
Vxewudfwlqj wklv whup iurp wkh lqðdwlrq udwh fxuuhqwo| iroorzlqj d uhjlph0rqh
surfhvv htxdov

äwmvw@4 ýH+äwm\wý4, @ iä4w ýH+ä4wm\wý4,j. +8,

S +Vw @ 3m\wý4, iH+ä4wm\wý4,ýH+ä3wm\wý4,j
Khuh/ wkh ñuvw whup rq wkh uljkw0kdqg vlgh htxdov rq dyhudjh }hur ehfdxvh ri
wkh dvvxpswlrqv ri udwlrqdoo| iruphg h{shfwdwlrq dqg ehfdxvh wkh lqðdwlrq udwh
dfwxdoo| ghyhorsv dffruglqj wr wkh uhjlph0rqh surfhvv lq shulrg w1 Krzhyhu/
li wkh hfrqrplf djhqwv sodfh vrph zhljkw rq wkh suredelolw| ri wkh lqðdwlrq
udwh ehlqj lq d uhjlph0}hur surfhvv wkh vhfrqg whup rq wkh uljkw kdqg vlgh
zloo qrw kdyh }hur phdq dv orqj dv wkh h{shfwhg ydoxhv ri ä4w dqg ä3w glòhu1
Wklv lpsolhv wkdw wkh iruhfdvw H+äwm\wý4, zloo dsshdu eldvhg zkhq ylhzhg h{
srvw hyhq wkrxjk djhqwv duh xvlqj doo dydlodeoh lqirupdwlrq hïflhqwo| lq pdnlqj
wkhlu iruhfdvw1 Wklv lv wkh skhqrphqrq nqrzq dv h{ srvw eldv1 Lq jhqhudo h{
srvw eldv rffxuv zkhq lqðdwlrq iroorzv d surfhvv doorzlqj iru vhyhudo uhjlphv/
dqg djhqwv zkhq iruplqj wkhlu h{shfwdwlrqv lqfrusrudwh wkh srvvlelolw| ri d
uhjlph vzlwfk1 Dv orqj dv wkh dfwxdo surfhvv frqwlqxhv lq 0 vd| 0 uhjlph rqh dqg
wkh srvvlelolw| ri d vzlwfk wr uhjlph }hur shuvlvwv/ udwlrqdo iruhfdvwv zloo dsshdu
eldvhg1 Lq rughu wr jhw dq hvwlpdwh ri wkh vl}h ri wkh h{ srvw eldv rqh pxvw
vshfli| wkh surfhvvhv jhqhudwlqj ä4w dqg ä3w= Lq dgglwlrq/ rqh dovr kdv wr vshfli|
d suredelolw| glvwulexwlrq ri wkh vwrfkdvwlf yduldeoh Vw1 Lq wklv vhwxs wkh k0vwhsv
dkhdg iruhfdvw zloo eh jlyhq e|

H+äw.ký4m\wý4, @ S +Vw.ký4 @ 3m\wý4,H+ä3w.ký4m\wý4, . +9,

S +Vw.ký4 @ 4m\wý4,H+ä4w.ký4m\wý4,
Hydqv dqg Zdfkwho +4<<6, vxjjhvw xvlqj d wzr vwdwh Pdunry uhjlph vzlwfklqj
dssurdfk zlwk frqvwdqw wudqvlwlrq suredelolwlhv lq rughu wr ghwhuplqh wkh vl}h
ri wkh h{ srvw eldv1 Lq wkdw fdvhé

S +Vw.ký4 @ 3m\wý4,
S +Vw.ký4 @ 4m\wý4,

è
@

é
s 4ý t

4ý s t

èk é
S +Vwý4 @ 3m\wý4,
S +Vwý4 @ 4m\wý4,

è
+:,
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zkhuh s @ S +Vw @ 3mVwý4 @ 3, dqg t @ S +Vw @ 4mVwý4 @ 4, ghqrwh wkh frqvwdqw
wudqvlwlrq suredelolwlhv1 Ixuwkhupruh/ li lw lv dvvxphg wkdw zh fdq uhsuhvhqw wkh
lqðdwlrq udwh dv dxwruhjuhvvlyh surfhvvhv lq erwk uhjlphv vxfk wkdw

ävw @ ý
3
wý4ñv . îvw iru v @ i3> 4j +;,

zkhuh ýw @ i4> äw> äwý4>==>äwýn.4j wkh udwlrqdo iruhfdvwlqj uxoh lv jlyhq dffruglqj
wr wkh iroorzlqj uhfxuvlyh vfkhph iru m @ 4 wr k

H+äw.mý4m\wý4, @ eý3w.mý5^ñ3 . S +Vw.mý4 @ 4m\wý4,+ñ4 ý ñ3,` +<,eý3w.mý5 @ i4> H+äw.mý5m\wý4,> H+äw.mý6m\wý4,> ==>H+äw.mýný4m\wý4,j
Wkh dqdo|wlfdo h{suhvvlrq iru wkh lqðdwlrq h{shfwdwlrqv lv yhu| whglrxv wr zulwh
grzq iru kljk glphqvlrqdo prghov gxh wr wkh dvvxpswlrqv rq wkh g|qdplfv ri
wkh lqðdwlrq surfhvv jlyhq e| htxdwlrq +;, zklfk glòhuv iurp wkh g|qdplfv ri
wkh lqðdwlrq udwh dvvxphg e| Hydqv dqg Zdfkwho1 Wr looxvwudwh wkh lpsolfdwlrqv
ri wkhvh %qhz g|qdplfv% wr wkh djhqwv udwlrqdo iruhfdvwlqj uxoh dqg lq rughu wr
frpsduh lw zlwk wkh iruhfdvwlqj uxoh xvhg lq Hydqv dqg Zdfkwho +4<<6,/ ohw xv
zulwh grzq wkh fdvh ri n @ 41 Li zh ohw wkh lqðdwlrq udwh lq wkh wzr uhjlphv eh
jlyhq e|

äw @

ã
ò3 . ò4äwý4 . î3w
&3 . &4äwý4 . î4w

iru Vw @ 3
iru Vw @ 4

+43,

wkh h{shfwdwlrqv k shulrgv dkhdg zloo eh jlyhq dv

H+äw.ký4m\wý4, @ ^ò3 . S +Vw.ký4 @ 4m\wý4,+&3 ý ò3,`
.
Sk
m@4i^ò3 . S +Vw.mý4 @ 4m\wý4,+&3 ý ò3,` +44,

ûTk
y@m.4^ò4 . S +Vw.yý4 @ 4m\wý4,+&4 ý ò4,`j

.
Tk
m@4^ò4 . S +Vw.mý4 @ 4m\wý4,+&4 ý ò4,`äwý4

Wklv h{suhvvlrq lv e| idu pruh frpsolfdwhg wkdq wkh dqdorjrxv htxdwlrq +9,
lq Hydqv dqg Zdfkwho +4<<6/ s1 7<4,1 Wklv klqjhv rq wkh idfw wkdw Hydqv dqg
Zdfkwho dvvxph wkh wzr xqghuo|lqj surfhvvhv wr eh frpsohwho| lqghshqghqw/ l1h1
ävw @ iv+ävwý4,> v @ i3> 4j> khqfh doorzlqj iru glvfuhwh mxpsv lq wkh lqðdwlrq
udwh surfhvv ghvslwh wkh xqghuo|lqj surfhvv ehlqj frqwlqxrxv/ zkhuhdv zh rqo|
doorz iru mxpsv lq wkh sdudphwhuv e| dvvxplqj ävw @ iv+äwý4,> v @ i3> 4j= Rxu
wzr xqghuo|lqj surfhvvhv duh khqfh lqwhuuhodwhg vlqfh erwk ghshqg rq wkh odjjhg
ydoxhv ri wkh revhuyhg lqðdwlrq udwh/ dqg lw phdqv wkdw wkh srvvlelolw| ri wkh lq0
ðdwlrq udwh vkliwlqj edfn dqg iruwk ehwzhhq uhjlphv zlwklq wkh iruhfdvw lqwhuydo
pxvw eh wdnhq lqwr dffrxqw1 Xqghu wkh vlpsohu dssurdfk e| Hydqv dqg Zdfkwho
wklv frpsolfdwlqj ihdwxuh fdq eh glvuhjdughg1 D ixoo ghvfulswlrq ri wkh phwkrg0
rorj| iru hvwlpdwlqj wkh sdudphwhuv ri wkh Pdunry uhjlph vzlwfklqj prgho dqg
rq krz wr frqvwuxfw wkh ñowhu suredelolwlhv 0 S +Vw @ 4m\wý4, 0 lv jlyhq lq vhfwlrq
71 Krzhyhu/ ehiruh wxuqlqj wr wkh pruh frpsoh{ qrqolqhdu prghoolqj surfhgxuhv
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zh zloo yhuli| wkdw d olqhdu uhsuhvhqwdwlrq fdqqrw surylgh dq dghtxdwh ghvfuls0
wlrq ri wkh lqðdwlrq udwh surfhvv1 Vlqfh sduvlprqlrxv prghov riwhq rxwshuirup
ohvv sduvlprqlrxv prghov lq whupv ri uhdo wlph iruhfdvw dffxudf|/ olqhdu prghov
zloo w|slfdoo| eh suhihuuhg wr qrqolqhdu prghov lpso|lqj wkdw zh kdyh wr pdnh
vxuh wkdw d qrqolqhdu uhsuhvhqwdwlrq lv dfwxdoo| qhhghg1

2ë2 "ý@?|ð�U@|ðL? Lu ^ý@*ð|@|ðñi _@|@ L? ð?ã@|ðL? i TiUí
|@|ðL?t

Iru prvw Hxurshdq phpehu0frxqwulhv ri wkh Hxurshdq Xqlrq txdolwdwlyh gdwd
rq krxvhkrogv* h{shfwdwlrqv derxw lqðdwlrq rqh |hdu dkhdg dv zhoo dv wkh krxvh0
krogv* shufhswlrqv ri odvw |hdu*v sulfh ghyhorsphqw h{lvw61 Wkh gdwd duh surgxfhg
e| lqwhuylhzlqj d uhsuhvhqwdwlyh vdpsoh ri shrsoh ri djh ehwzhhq 49 dqg :71 Wkh
shuvrqv duh dvnhg wzr txhvwlrqv= %Krz lv wkh sulfh ohyho wrgd| frpsduhg wr wkh
sulfh ohyho rqh |hdu djrB% dqg %Krz zloo wkh sulfh ohyho eh rqh |hdu dkhdg frp0
sduhg wr wkh sulfh ohyho wrgd|B%1 Wkh ñyh srvvleoh dqvzhuv duh %pxfk kljkhu%
+zhljkw= .4,/ %vrphzkdw kljkhu% +zhljkw= . 4

5,/ %voljkwo| kljkhu% +zhljkw= 3,/
%xqfkdqjhg% +zhljkw= 045,/ dqg %voljkwo| orzhu% +zhljkw= 04,1 D vlqjoh phdvxuh
ri wkh krxvhkrog vhfwru*v lqðdwlrq h{shfwdwlrqv lv wkhq surgxfhg e| dgglqj xs
wkh zhljkwv ri doo wkh krxvhkrogv1 Dvvxplqj wkh vdph uhodwlrqvkls iru erwk
sdvw dqg ixwxuh lqðdwlrq ehwzhhq txdolwdwlyh dqg txdqwlwdwlyh gdwd rq lqðdwlrq/
d txdqwlwdwlyh phdvxuh ri lqðdwlrq h{shfwdwlrqv fdq eh ghgxfhg e| vlpsoh uh0
juhvvlrq/ fi1 Shvdudq +4<;:,1 Vxfk d uhjuhvvlrq uhsuhvhqwv qrwklqj exw d vlpsoh
frqyhuvlrq iurp txdolwdwlyh lqwr txdqwlwdwlyh phdvxuhv ri lqðdwlrq h{shfwdwlrqv/
dqg jlyhv qr fdxvdo h{sodqdwlrq ri lqðdwlrq h{shfwdwlrqv1 D txdqwlñfdwlrq ri
wkh fdwhjrulfdo2ruglqdo uhvsrqvhv lv grqh e| wkh uhjuhvvlrq phwkrg/ dvvxplqj
wkh uhodwlrqvkls ehwzhhq dfwxdo sulfh fkdqjhv dqg vxuyh| uhvsrqvhv eh jlyhq e|

äw @ ò4PK
s
w . ò5VK

s
w . ò6OK

s
w . ò7X

s
w . ò8OO

s
w . îw +45,

zkhuh %w lv d phdvxuhphqw huuru/ dvvxphg wr iroorz d Jdxvvldq glvwulexwlrq1
PKs

w ghqrwh wkh iudfwlrq ri krxvhkrogv zlwk d shufhswlrq wkdw sulfhv wrgd| duh
pxfk kljkhu wkdq rqh |hdu djr/ VKs

w vrphzkdw kljkhu/ OK
s
w d olwwoh kljkhu/

Xsw xqfkdqjhg/ dqg OO
s
w d olwwoh orzhu1 Ohw PK

h
wý4mw> VK

h
wý4mw> OK

h
wý4mw> X

h
wý4mw

dqg OOhwý4mw uhsuhvhqw wkh vdph iudfwlrqv zlwk uhvshfw wr rqh |hdu dkhdg h{shf0
wdwlrqv/ uhvshfwlyho|1 H{shfwhg lqðdwlrq fdq wkhq eh ghulyhg e| wkh iroorzlqj
frqyhuvlrq irupxod

eähwý4mw @ eò4PKh
wý4mw . eò5VKh

wý4mw . eò6OKh
wý4mw . eò7Xhwý4mw . eò8OOhwý4mw +46,

zkhuh eòl> iru l @ i4> ==> 8j duh ROV0hvwlpdwhv ri òl> lq +45,1 Rqh yhu| fuxfldo
dvvxpswlrq xsrq zklfk Shvdudq*v dssurdfk uhvwv lv wkdw wkh shufhswlrqv duh ud0
wlrqdo vr wkdw wkh shufhswlrq huuruv 0 jlyhq e| îw lq htxdwlrq +45, 0 duh zlwkrxw

ôAüi #@?ðtü _@|@ @hi UL**iU|i_ M) 5|@|ðt|ðUt #i?4@h! tð?Ui �b.ec ý?|ð* �bHô |ühii |ð4it
@ )i@hë 5ð?Ui |üi? |üi _@|@ uhi^ýi?U) ü@t ð?Uhi@ti_c @?_ tð?Ui �bH. �}ýhit @hi @ñ@ð*@M*i L?
@ 4L?|ü*) M@tðtc |üLý}ü ?L| ð? aý?i MiuLhi �bb.ë úu|ih �bHH }hLtt �}ýhit L? |üi ?ý4Mih Lu
hitTL?_i?|t ð? |üi _ðgihi?| U@|i}Lhðit @hi ?L *L?}ih hiTLh|i_ë
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dq| eldv dqg vhuldo fruuhodwlrq1 Vhfrqgo|/ lw uhtxluhv wkdw wkh uhjuhvvlrq frhï0
flhqwv lq +45, duh vwdeoh dqg wkdw wkh dfwxdo lqðdwlrq lv qrupdoo| glvwulexwhg1 Wkh
frqvhtxhqfhv ri wkh dfwxdo lqðdwlrq udwh iroorzlqj d qrqolqhdu uhjlph vkliwlqj
prgho fdq qrz hdvlo| eh xqghuvwrrg1 Lw edvlfdoo| lpsolhv idloxuh ri doo wkh fulwlfdo
dvvxpswlrqv ri Shvdudq*v uhjuhvvlrq prghov dssurdfk wr krog1 Lq sduwlfxodu/ li
wkh dfwxdo lqðdwlrq udwh iroorzv d wzr vwdwh Pdunry uhjlph vzlwfklqj prgho wkh
shufhswlrq huuruv fdq dfwxdoo| eh whpsrudoo| eldv dqg vhuldoo| fruuhodwhg gxh wr
wkh idfw wkdw wkh uhjlphv duh qrw shuihfwo| revhuydeoh h{ srvw1 Reylrxvo|/ wkh lq0
ðdwlrq udwh zloo qrw eh qrupdoo| glvwulexwhg dv|pswrwlfdoo| lq wklv vlwxdwlrq exw
lqvwhdg glvwulexwhg dv d pl{wxuh ri wzr qrupdov1 Ilqdoo|/ wklv lpsolhv wkdw lw lv
yhu| xqolnho| wkdw wkh uhjuhvvlrq frhïflhqwv lq +45, zloo eh hyhq dssur{lpdwho|
vwdeoh1 Frqvhtxhqwo|/ ehiruh xqghuwdnlqj Shvdudq*v uhjuhvvlrq prgho dssurdfk
rqh kdv wr fkhfn fduhixoo| zkhwkhu wkh edvlf dvvxpswlrqv vwdwhg deryh krog1
Frqglwlrqdo rq Gdqlvk vxuyh| gdwd Hqjvwhg +4<<4, dqg Fkulvwhqvhq +4<<9, uhs0
uhvhqwv wzr vwxglhv ri wkh h{shfwdwlrq k|srwkhvlv edvhg rq Shvdudq*v uhjuhvvlrq
prgho dssurdfk1 Wkh gdwd rq wkh krxvhkrog vhfwru lqðdwlrq shufhswlrqv dqg
h{shfwdwlrqv zklfk wkh| xvh duh ghslfwhg lq ñjxuh 41

^Iljxuh 4`

Qrwlfh/ wkdw zkhq wkh dfwxdo lqðdwlrq udwh lv kljk dv lq wkh vhyhqwlhv dqg wkh
ehjlqqlqj ri wkh hljkwlhv lqðdwlrq h{shfwdwlrqv duh ehorz lqðdwlrq shufhswlrqv/
zkhuhdv lq wkh qlqhwlhv zkhuh dfwxdo lqðdwlrq udwhv duh yhu| orz lqðdwlrq h{shf0
wdwlrqv duh zhoo deryh lqðdwlrq shufhswlrqv1 Iru wkh vxe0shulrg 4<;9 wr 4<<9/
Fkulvwhqvhq +4<<9, vkrzv wkdw Gdqlvk krxvhkrogv* lqðdwlrq h{shfwdwlrqv pd|
kdyh d vhulrxv xszdug eldv lq wkh odwwhu sduw ri wkh lqyhvwljdwhg shulrg1 Df0
fruglqj wr klv vwxg|/ h{shfwhg lqðdwlrq kdv ehhq uhodwlyho| vwdeoh durxqg 6 shu
fhqw S1D1 wkurxjkrxw wkh qlqhwlhv/ zkhuhdv dfwxdo lqðdwlrq kdv ehhq shuvlvwhqwo|
orzhu1 Hqjvwhg +4<<4, vwxglhv jurvv ñjxuhv iru wkh shulrg 4<:8 wr 4<<3/ dqg klv
dqdo|vlv frqñupv wkdw lqðdwlrq h{shfwdwlrqv kdyh d pdunhg xszdug eldv lq sh0
ulrgv zlwk orz lqðdwlrq/ dqg ylfh yhuvd1 Xqiruwxqdwho|/ lq qhlwkhu ri wkh wzr
vwxglhv wkh fuxfldo dvvxpswlrqv glvfxvvhg deryh duh fkhfnhg fduhixoo|1 Khqfh
rqh ri wkh pdlq frqwulexwlrqv ri rxu sdshu zloo eh d fduhixo glvfxvvlrq rq krz
wr shuirup d surshu prgho hydoxdwlrq dqg vhohfwlrq zklfk vkrxog hqdeoh xv wr
hydoxdwh wkh ydolglw| ri wkh uhvxowv ri Hqjvwhg +4<<4, dqg Fkulvwhqvhq +4<<9,1
Ixuwkhupruh/ wkh phwkrgv glvfxvvhg zloo surylgh xv zlwk dq h{whqvlyh jxlgdqfh
rq krz wr vshfli| wkh surshu Pdunry uhjlph vzlwfklqj prgho dv d vxshulru
dowhuqdwlyh wkh olqhdu uhjuhvvlrq uhsuhvhqwdwlrq ri wkh dfwxdo lqðdwlrq udwh1
Ilqdoo|/ lw lv zruwk phqwlrqlqj wkdw vlplodu v|vwhpdwlf ryhu0suhglfwlrqv ri

wkh Gdqlvk lqðdwlrq udwh irxqg e| Hqjvwhg +4<<4, dqg Fkulvwhqvhq +4<<9, kdyh
ehhq pdgh e| rïfldo iruhfdvwhuv/ vxfk dv wkh jryhuqphqw/ RHFG/ hwf1 Ghvslwh
wkh glïfxowlhv wr wudfn wkh dfwxdo lqðdwlrq udwh/ lw lv vwulnlqj wkdw dssduhqwo|
v|vwhpdwlf iruhfdvw huuruv ri rssrvlwh vljqv/ l1h1 xqghu0suhglfwlrqv ri wkh lqðdwlrq
udwh/ duh suhvhqw lq wkh shulrg zlwk kljk udwhv ri lqðdwlrq/ dqg ylfh yhuvd1

;



2ëô 6*i ðM*i hi}hittðL? 4L_i*t

Lq rughu wr ghwhuplqh wkh h{lvwhqfh ri qrqolqhdu frpsrqhqwv lq wkh lqðdwlrq udwh
surfhvv zh xvh wzr glòhuhqw ðh{leoh uhjuhvvlrq prghov1 Zh xvh d sdudphwulf
dssurdfk uhfhqwo| vxjjhvwhg e| Kdplowrq +4<<<, ghqrwhg IQO dqg zh xvh wkh
pruh idploldu qrqsdudphwulf surmhfwlrq sxuvxlw dssurdfk lq d irup vxjjhvwhg
e| Dogulq/ Erhoylnhq dqg Vfkzhghu +4<<6,1 Wkh edvlf lghd xqghuo|lqj erwk
dssurdfkhv lv wr hvwlpdwh wkh frqglwlrqdo phdq ixqfwlrq ri wkh wlph vhulhv |w
zlwkrxw lpsrvlqj dq| uhvwulfwlrqv rq wkh ixqfwlrqdo irup ri wkh frqglwlrqdo phdq
ixqfwlrq ri |wWkh ðh{leoh uhjuhvvlrq prgho fdq eh zulwwhq dv

|w @ ç+{w> ï, . îw +47,

zkhuh îw lv d vhtxhqfh ri QL+3> â5, huuru whupv dqg ç+{w> ï, lv wkh frqglwlrqdo
phdq ixqfwlrq1 {w lv d n û 4 yhfwru/ zklfk pd| lqfoxgh odjjhg ghshqghqw ydul0
deohv1 Lq Kdplowrq*v dssurdfk wkh frqglwlrqdo phdq ixqfwlrq / l1h1 çiqo+{w> ï,>
lv uhsuhvhqwhg dv kdylqj d olqhdu sduw dqg d vwrfkdvwlf qrqolqhdu dqg vwrfkdvwlf
sduw dffruglqj wr7

çiqo+{w> ï, @ {
3
wñ . èp+j ñ {w, +48,

zkhuh rqo| wkh olqhdu sduw lv shuihfwo| revhuydeoh xs wr dq xqnqrzq sdudphwhu
ñ dqg wkh qrqolqhdu udqgrp ixqfwlrq p+=, ghshqgv rq wkh sdudphwhu yhfwru
j ghwhuplqlqj wkh fxuydwxuh ri wkh ixqfwlrq dqg rq wkh uhjuhvvruv {w= è lv d
sdudphwhu wkdw ghwhuplqhv wkh zhljkw wr dvvljq wr wkh qrqolqhdu frpsrqhqw lq
wkh frqglwlrqdo phdq ixqfwlrq1 Qrwlfh/ wkdw li wkh k|srwkhvlv è @ 3fdqqrw eh
uhmhfwhg wkh prgho lv sxuho| olqhdu1 Qrwlfh ixuwkhu wkdw lqihuhqfh derxw zkhwkhu
wkh uhjuhvvruv {lw> l @ 4> ==> n vkrxog hqwhu qrqolqhdu lq wkh frqglwlrqdo phdq
ixqfwlrq fdq eh edvhg rq wkh qxoo wkdw jl @ 3=Hvwlpdwlrq ri wkh sdudphwhuv ri
wkh prgho jlyhq e| ï @ iñ> è> j> âj dv zhoo dv wkh hvwlpdwlrq ri wkh qrqolqhdu
udqgrp ixqfwlrq p+, lv fduulhg rxw e| wkh sulqflsoh ri pd{lpxp olnholkrrg/ vhh
Kdplowrq +4<<<, iru ghwdlov1 Lq wkh surmhfwlrq sxuvxlw dssurdfk wkh frqglwlrqdo
phdq ixqfwlrq lv uhsuhvhqwhg dv

çssu+{w> (, @ {3wñ .
y[
m@4

$m*m+{
3
wõm, +49,

( @ iñ> $4> ====$y>õ4> ==>õyj

Wkh sdudphwhuv õm ghñqh wkh surmhfwlrq ri wkh lqsxw yhfwru {w rqwr d vhw ri
sodqhv odehoohg e| m @ 4> ==> y= Wkhvh surmhfwlrqv duh wudqviruphg e| wkh qrqolqhdu
dfwlydwlrq ixqfwlrqv ghqrwhg *m+=, zklfk lq rxu fdvh duh wdnhq wr eh d fxelf
vsolqh ixqfwlrq dqg wkhvh lq wxuq duh olqhduo| frpelqhg zlwk zhljkw $m wr irup
wkh rxwsxw yduldeoh |w= Wkh dojrulwkp iru hvwlpdwlqj wkh sdudphwhuv lv ghvfulehg
lq ghwdlov e| Dogulq hw do1 +4<<6,1
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ô Aüi *ð?i@h hiThiti?|@|ðL? Lu |üi ð?ã@|ðL? h@|i

Dv d ñuvw dwwhpsw wr prgho wkh dfwxdo lqðdwlrq udwh zh ehjlq e| frqvlghulqj
olqhdu uhsuhvhqwdwlrqv1 Exw ehiruh zh wxuq wr wkh dfwxdo prghoolqj Ohw xv kdyh
d vkruw orrn dw wkh ghyhorsphqw lq wkh Gdqlvk txduwhuo| lqðdwlrq udwh lq wkh
shulrg 4<8;t604<<;t7 ghslfwhg lq ñjxuh 51

^Iljxuh 5`

Wkh prvw vwulnlqj ihdwxuh lv wkh vkliw lq ohyho wkdw vhhphg wr rffxu yhu| udslgo|
lq wkh plggoh ri wkh hljkwlhv1 D wudqvlwlrq iurp yhu| kljk dqg yrodwloh lqðdwlrq
udwhv lq wkh vhyhqwlhv wr orz dqg pxfk pruh vwdeoh lqðdwlrq udwhv lq wkh qlqhwlhv1
Ryhu wkh zkroh shulrg wkh phdq lqðdwlrq udwh kdv ehhq derxw 417 shu fhqw d
txduwhu zlwk d vwdqgdug ghyldwlrq durxqg 4151 Lqvshfwlrq ri wkh uhvxowv uhsruwhg
lq wdeoh 4 uhyhdov wkdw lw lv yhu| xqolnho| wkdw wkh lqðdwlrq udwh iroorzv d qrupdo
glvwulexwlrq edvhg rq d Mdftxh0Ehud whvw1 Wklv hylghqfh lv frqñuphg lq ñjxuh 6
wkdw lv d sorw ri wkh hvwlpdwhg ghqvlw| ri wkh lqðdwlrq udwh1 Wkh ghqvlw| vhhpv wr
eh wrr idw uljkw0wdlohg wr eh dssur{lpdwhg e| d qrupdo ghqvlw|1 Qrwlfh ixuwkhu
wkdw d phdq dqg yduldqfh vkliw ri wkh lqðdwlrq udwh frxog surgxfh ri pl{wxuh
ghqvlw| ri d vkdsh frqvlvwhqw zlwk wkh hvwlpdwhg ghqvlw|1 Zh zloo uhwxuq lq ghwdlo
wr wkdw vxemhfw odwhu1

^Wdeoh 4`

^Iljxuh 6`

Wkh Dxjphqwhg Glfnh|0Ixoohu whvwv iru vwdwlrqdulw| rq wkh lqðdwlrq udwh duh
uhsruwhg lq wdeoh 51 Lq jhqhudo lv vhhpv wkdw wkh k|srwkhvlv ri qrqvwdwlrqdulw| lv
vwurqjo| uhmhfwhg zkhq wkh qxpehu ri odjv lqfoxghg lq wkh dx{loldu| uhjuhvvlrq gr
qrw h{fhhg 51 Ixuwkhupruh/ d forvhu orrn dw wkh dx{loldu| uhjuhvvlrqv htxdwlrqv
lq wkh fdvh ri xs wr 6 dqg xs wr 7 odjv lqfoxghg lq wdeoh 6 dqg wdeoh 7 uhvshfwlyho|
uhyhdov wkdw wkh wklug dqg irxuwk odjv gr qrw hqwhu vljqlñfdqwo| lqwr wkh dx{loldu|
uhjuhvvlrq/ khqfh fdxvlqj d srwhqwldo orvv lq srzhu ri wkh dxjphqwhg Glfnh|0
Ixoohu vwdwlvwlfv1

^Wdeoh 5`

^Wdeoh 6`

^Wdeoh 7`

Zh duh qrz uhdg| wr wxuq wr wkh olqhdu prghoolqj ri d xqlyduldwh g|qdplf
uhsuhvhqwdwlrq ri wkh lqðdwlrq udwh1 Wkh dlp lv wr dqdo|}h zkhwkhu lw lv frqvlvwhqw
wr prgho wkh lqðdwlrq udwh e| d g|qdplf rqh0uhjlph hfrqrphwulf prgho1 Wkh
prgho lv uhsuhvhqwhg dv

äw @ ò.
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Wkh DU+7,0prgho lv hvwlpdwhg xvlqj uhfxuvlyh ohdvw vtxduhv dqg wkh hvwlpdwlrq
uhvxowv duh suhvhqwhg lq wdeoh 81

^Wdeoh 8`

D ñuvw txhvwlrq ri lqwhuhvw lv zkhwkhu wkh rqh |hdu dkhdg iruhfdvwv surgxfhg
e| wkh hvwlpdwhg DU+7, prgho vkduh vrph ri wkh vdph fkdudfwhulvwlfv zlwk
wkh vxuyh| edvhg lqðdwlrq h{shfwdwlrqv1 Lqðdwlrq udwh iruhfdvwv surgxfhg e|
wkh DU+7, uhyhdo d vlplodulw| zlwk lqðdwlrq h{shfwdwlrqv edvhg rq jurvv vxuyh|
gdwd/ lq wkh vhqvh wkdw iruhfdvw edvhg rq dq DU+7, prgho surgxfhv d qhjdwlyh
zhgjh ehwzhhq dfwxdo lqðdwlrq dqg h{shfwdwlrq lq wkh vhyhqwlhv dqg d fohdu0fxw
srvlwlyh zhgjh lq wkh qlqhwlhv vhh ñjxuh 7 iru wkh rqh txduwhu dkhdg iruhfdvwv
dqg ñjxuh 8 iru wkh rqh |hdu dkhdg iruhfdvwv1

^Iljxuh 7`

^Iljxuh 8`

Wkh glvwulexwlrq ri wkh rqh shulrg dkhdg suhglfwlrq ri wkh olqhdu prgho ghslfwhg
lq ñjxuh 9 frqñupv wkdw wkh hvwlpdwhg phgldq ri wkh lqðdwlrq udwh h{shfwdwlrq lv
kljkhu wkdw wkh phgldq ri wkh dfwxdo lqðdwlrq udwh1 Wkh ghqvlw| sorw dovr uhyhdov
wkdw wkh olqhdu prgho lv qrw deoh wr surylgh vxïflhqw idwqhvv lq wkh glvwulexwlrq
wr wkh uljkw1

^Iljxuh 9`

Wkh qh{w txhvwlrq ri lqwhuhvw lv zkhwkhu wkh revhuyhg h{shfwdwlrq eldv frxog
dulvh gxh wr d plv0vshflñhg prgho1 Li wklv zdv wr eh wkh fdvh dqg wkh vlp0
lodulw| ri wkh iruhfdvw lv lq idfw ehfdxvh wkh krxvhkrog vhfwru xvhv dq DU+7,
uhsuhvhqwdwlrq zkhq iruhfdvwlqj lqðdwlrq/ wkh revhuyhg eldv lv lqghhg d uhvxow
ri qrq0udwlrqdo ehkdylru dqg d fohdu0fxw ylrodwlrq ri wkh udwlrqdo h{shfwdwlrq
k|srwkhvlv1 Orrnlqj dw wkh g|qdplf vshflñfdwlrq whvwv uhsruwhg lq wdeoh 9 lw
lv qrw srvvleoh wr uhmhfw wkh k|srwkhvlv wkdw wkh olqhdu prgho lv g|qdplfdoo|
zhoo vshflñhg gxh wr wkh devhqfh dw d 8 shufhqw vljqlñfdqfh ohyho ri qhjohfwhg
dxwrfruuhodwlrq dqg ri DUFK hòhfwv xs wr dq rughu ri 71

^Wdeoh 9`

Krzhyhu wkh vwdelolw| ri wkh prgho vhhpv pruh fulwlfdo1 Edvhg rq wkh zhoo nqrzq
40vwhs Fkrz whvw iru vwuxfwxudo euhdnv zlwklq wkh vdpsoh shulrg ghslfwhg lq
ñjxuh : dqg wkh iruhfdvw +Q0vwhs xs, Fkrz whvwv 0 ghslfwhg lq ñjxuh ; 0 wkh qxoo
ri vwdelolw| ri wkh prgho lv uhmhfwhg dw d 8 shufhqw ohyho dqg wkh whvw jlyhv vrph
lqglfdwlrqv ri rqh ru pruh vwuxfwxudo euhdnv ryhu wkh shulrg1 Lq frqwudglfwlrq wr
wklv hylghqfh vwdqgv wkh Euhdn0srlqw +Q vwhsv grzq, Fkrz whvw zkhuh vwdelolw|
fdqqrw eh uhmhfwhg dw d ñyh shufhqw ohyho/ vhh ñjxuh <1

^Iljxuh :`

^Iljxuh ;`

^Iljxuh <`
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Lq rughu wr dgg vrph pruh lqirupdwlrq zh qrz wxuq wr vrph pruh srzhuixo
whvwv iru ghwhfwlqj pxowlsoh vwuxfwxudo euhdn vxjjhvwhg e| Dqguhzv/ Ohh dqg
Sorehujhu +4<<9, 1 Edvhg rq dq h{whqvlyh Prqwh Fduor vwxg| wkh| fdvw vrph
grxew rq wkh srzhu ri wkh wudglwlrqdo Fkrz whvw iru ydulrxv nlqgv ri vwuxfwxudo
euhdnv dqg uhjlph vkliwv1 Lqvwhdg wkh| vxjjhvw wkuhh rswlpdo fkdqjh0srlqw whvwv
iru ghwhfwlqj wkh suhvhqfh ri qrq0vwdeoh frhïflhqwv lq d qrupdo olqhdu uhjuhvvlrq
prgho zlwk xqnqrzq euhdnsrlqwv81 Wkh wkuhh whvw0vwdwlvwlfv ghqrwhg VxsI /
H{sI dqg DyjI duh suhvhqwhg lq wdeoh :1 Edvhg rq doo wkuhh vwdwlvwlfv lw lv
srvvleoh wr whvw wkh mrlqw k|srwkhvlv ri vwdelolw| ri doo wkh sdudphwhuv lq wkh prgho
dv zhoo dv wkh k|srwkhvlv wkdw d vlqjoh sdudphwhu lv vwdeoh1 E| lqvshfwlrq ri wdeoh
: lw lv hylghqw wkdw wkh k|srwkhvlv wkdw doo wkh sdudphwhuv duh vwdeoh lv fohduo|
uhmhfwhg dw d 8 shufhqw ohyho e| doo wkuhh whvwv1 Lq idfw wkh wkuhh whvwv doo djuhh
rq wkh idfw wkdw rqo| wkh vhfrqg dqg irxuwk odj ri wkh lqðdwlrq udwh hqwhu vwdeo|
lq wkh olqhdu uhjuhvvlrq prgho zkloh wkh vwdelolw| ri wkh frqvwdqw whup dqg wkh
frhïflhqw uhodwhg wr wkh ñuvw dqg wklug odj ri wkh lqðdwlrq udwh fohduo| lv uhmhfwhg1
Ilqdoo| zh frqvlghu Q|eorp*v +4<;<, whvw iru sdudphwhu vwdelolw| djdlqvw wkh
k|srwkhvlv wkdw wkh uhjuhvvlrq frhïflhqwv iroorz d pduwlqjdoh surfhvv1 Wklv whvw
iru vwdelolw| ri wkh sdudphwhuv ri wkh olqhdu prgho lv dovr uhmhfwhg dw d 8 shufhqw
ohyho1

^Wdeoh :`

Ilqdoo|/ zh frqfoxgh wklv vhfwlrq e| whvwlqj wkh olqhdu DU+7, prgho iru qhjohfwhg
qrqolqhdulw|1 Li lqvwdelolw| ri wkh olqhdu prgho ri wkh lqðdwlrq udwh lv gxh wr wkh
idfw wkdw wkh wuxh lqðdwlrq udwh zhuh lq idfw jhqhudwhg e| d uhjlph vkliwlqj sur0
fhvv zh zrxog h{shfw wkhvh vshflñfdwlrq whvw wr uhmhfw wkh qxoo k|srwkhvlv ri
olqhdulw|1 Wkh uhvxowv iurp wkh vshflñfdwlrq whvw duh uhsruwhg lq wdeoh ;1 Wkh
edwwhu| ri vshflñfdwlrqv whvwv lqfoxgh Kdplowrq*v +4<<<, whvw/ wkh qhxudo qhw0
zrun whvw gxh wr Zklwh +4<<5,/ Wvd|*v +4<;9, sro|qrpldo whvw/ Zklwh*v +4<;:,
lqirupdwlrq pdwul{ whvw/ Udpvh|*v +4<9<, Uhvhw whvw/ dqg ñqdoo| wkh qrqsdud0
phwulf EGV0whvw gxh wr Eurfk/ Ghfnhuw dqg Vfkhlqnpdq +4<;:,1 Wkh hylghqfh
ri wkh suhvhqfh ri d qhjohfwhg qrqolqhdu frpsrqhqw vhhpv d olwwoh pl{hg1 Zkloh
Kdplowrq*v whvw/ Wvd|*v whvw/ Zklwh*v whvw dqg wkh Uhvhw whvw jlyh vxssruw wr wkh
qxoo ri olqhdulw| wkh Qhxudo Qhwzrun whvw dqg wkh EGV whvw fohduo| uhmhfwv wkh
qxoo ri olqhdulw|1

^Wdeoh ;`

Vxpplqj xs wkhuh vhhpv wr eh fohdu hylghqfh ri wkh suhvhqfh ri rqh ru pruh
vwuxfwxudo euhdnv lq wkh lqðdwlrq udwh surfhvv gxulqj wkh shulrg iurp 4<8; wr
4<<;1 Rq wklv dffrxqw lw lv idluo| vdih wr frqfoxgh wkdw wkh shuvlvwhqw h{shfwdwlrq
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eldv revhuyhg lv gxh wr vkliwv lq wkh sdudphwhuv ri wkh DU+7, prgho1 Wklv
lpsolhv wkdw li wkh krxvhkrogv xvh wklv prgho wr iruhfdvw wkh lqðdwlrq udwh/ wkhlu
ehkdylru lv lqghhg qrq0udwlrqdo1 Wklv udlvhv wkh lvvxh zkhwkhu wkhuh h{lvwv dq
dowhuqdwlyh hpslulfdo 0 srvvleo| qrqolqhdu 0 uhsuhvhqwdwlrq wkdw wdnhv lqwr dffrxqw
wkh uhjlph vkliwv wkdw dssduhqwo| rffxu lq wkh lqðdwlrq surfhvv dqg dw wkh vdph
wlph surgxfhv wkh vdph ghjuhh ri vlplodulw| zkhq frpsduhg wr wkh vxuyh| edvhg
phdvxuhv ri h{shfwhg lqðdwlrq dv wkh iruhfdvwv iurp wkh DU+7, prgho dssduhqwo|
gr1 Lq wkh qh{w vhfwlrq vxfk d qhz fdqglgdwh 0 wkh Pdunry uhjlph vzlwfklqj
prgho 0 zloo eh suhvhqwhg dqg glvfxvvhg1

e ú |êLít|@|i �@h!Lñ hi}ð4i têð|Uüð?} hiThií
ti?|@|ðL? Lu |üi ð?ã@|ðL? h@|i

Lq wklv vhfwlrq zh lqyhvwljdwh zkhwkhu wkh Gdqlvk lqðdwlrq udwh fdq eh uhs0
uhvhqwhg e| d wzr vwdwh Pdunry uhjlph vzlwfklqj prgho1 Wkh vhfwlrq ehjlqv
zlwk d vkruw ghvfulswlrq ri wkh vwdwlvwlf uhsuhvhqwdwlrq ri wkh prgho dqg lw
lv glvfxvvhg krz wkh xqnqrzq sdudphwhuv ri wkh prgho duh hvwlpdwhg1 Wkh
prgho zh frqvlghu lq wklv vhfwlrq lv d %qrq0fhqwhuhg% yhuvlrq ri Kdplowrq*v
+4<;<, Pdunry uhjlph vzlwfklqj prgho91 Lq dgglwlrq wr Kdplowrq*v %fhqwhuhg%
prgho zh doorz erwk wkh frqvwdqw whup dqg wkh dxwruhjuhvvlyh frhïflhqwv ri
wkh DU+7,0uhsuhvhqwdwlrq ri wkh lqðdwlrq surfhvv wr vzlwfk ehwzhhq srvvleoh
uhjlphv/ wkhuhe| wdnlqj lqwr dffrxqw wkh hylghqfh suhvhqwhg lq wkh odvw vhfwlrq
rq wkh lqvwdelolw| ri wkhvh sdudphwhuv lq wkh rqh0uhjlph DU+7, prgho1 Zh dovr
doorz wkh yduldqfh ri wkh lqðdwlrq udwh wr vkliw dfurvv wkh glòhuhqw uhjlphv1 Wkh
lqðdwlrq uhjlph dw gdwh w lv lqgh{hg e| dq xqrevhuyhg udqgrp yduldeoh Vw= Lq
rxu vhwxs Vw kdv wzr srvvleoh rxwfrphv 0 Vw @ 3 li wkh lqðdwlrq surfhvv lv lq
uhjlph 3 dqg Vw @ 4 li wkh lqðdwlrq surfhvv lv lq uhjlph 41 Zh dvvxph wkdw
wkh wudqvlwlrqv ehwzhhq wkh uhjlphv duh jryhuqhg e| d wzr0vwdwh Pdunry fkdlq1
Wkh %qrq0fhqwhuhg% Pdunry vzlwfklqj uhjlph prgho fdq eh jlyhq d vlpsoh vwdwh
vsdfh uhsuhvhqwdwlrq zlwk rqh phdvxuhphqw htxdwlrq uhsuhvhqwlqj wkh dfwxdo
lqðdwlrq udwh dqg rqh wudqvlwlrq htxdwlrq uhsuhvhqwlqj wkh xqrevhuyhg vwdwh
yduldeoh Vw1 Wklv zulwhv
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dqg zlwk wkh frqvwdqw wudqvlwlrq suredelolwlhv ri wkh Pdunry fkdlq ghñqhg dv

s+Vw @ 3mVwý4 @ 3, @ s +4<,

s+Vw @ 4mVwý4 @ 3, @ 4ý s
s+Vw @ 3mVwý4 @ 4, @ 4ý t
s+Vw @ 4mVwý4 @ 4, @ t

Wkhuh duh 9.n3.n4 xqnqrzq sdudphwhuv lq wkh prgho wr eh hvwlpdwhg1 Wkhvh
duh froohfwhg lq wkh yhfwru è @ iò3> ò4> ñ34> ==> ñ3n3 > ñ44> ==> ñ4n4 > â53> â54 > s> tj1 Dv
vkrzq e| Kdplowrq +4<;<, wkh frqglwlrqdo ghqvlw| ixqfwlrq iru äw lq wklv vhwxs
lv d pl{wxuh ri wzr qrupdo ghqvlwlhv zhljkwhg e| wkh ñowhu suredelolwlhv ri ehlqj
hlwkhu lq vwdwh Vw @ 3 ru Vw @ 4 1 Li zh ohw \w ghqrwh wkh lqirupdwlrq vhw frq0
wdlqlqj wkh revhuydwlrqv ä4===äw dqg xvh vxffhvvlyh frqglwlrqlqj/ wkh frqglwlrqdo
olnholkrrg ixqfwlrq 0 jlyhq dq lqlwldo revhuydwlrq iru ä3 0 fdq eh zulwwhq dv

o+è, @
W\
w@4
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S +Vw @ lm\wý4 = è,

+53,

Surylghg wkdw wkh frqglwlrqdo suredelolwlhv S +Vw @ lm\wý4 = è, h{lvw dqg fdq
eh hydoxdwhg dw w @ 4> ==> W / wkh pd{lpxp olnholkrrg hvwlpdwhv eè fdq eh irxqg
vroylqj duj pd{ o+è, xvlqj vxlwdeoh qxphulfdo frqvwudlqhg rswlpl}dwlrq dojr0
ulwkpv:1 Ehiruh wxuqlqj wr wkh dfwxdo hvwlpdwlrq ri sdudphwhuv ri wkh Pdunry
uhjlph vzlwfklqj prgho/ zh ñuvw frqvlghu d vshflñfdwlrq whvw 0 sursrvhg e|
Kdqvhq +4<<5/4<<9, 0 lq rughu wr gudz vrph lqihuhqfh zkhwkhu wkh qxoo ri wkh
DU+7, uhsuhvhqwdwlrq fdq eh uhmhfwhg lq idyru ri wkh Pdunry vzlwfklqj prgho1
Vhfrqgo| xvlqj dq dssurdfk edvhg rq iruhfdvw dffxudf| vxjjhvwhg e| Gdko dqg
K|oohehuj +4<<<, zh whvw wkh qxoo ri wkh Pdunry uhjlph vzlwfklqj prgho djdlqvw
d zlgh fodvv ri olqhdu dqg qrqolqhdu prghov1 E| wklv dssurdfk wkh prghov xq0
ghu wkh dowhuqdwlyh lv dvvxphg wr eh uhsuhvhqwhg e| rqh ri wzr glòhuhqw ðh{leoh
uhjuhvvlrq prgho dssurdfkhv frqvlvwlqj ri Kdplowrq*v sdudphwulf ðh{leoh uhjuhv0
vlrq prgho 0 ghqrwhg IQO 0 dqg wkh qrq0sdudphwulf surmhfwlrq sxuvxlw uhjuhvvlrq
prgho ri Dogulq/ Erhoylnhq dqg Vzhghu +4<<6, 0 ghqrwhg SSU0O1
Dv srlqwhg rxw e| Kdqvhq +4<<5, fodvvlfdo whvw vwdwlvwlfv vxfk dv wkh OU/

Zdog dqg OP vwdwlvwlfv duh qrw dv|pswrwlfdoo| "5 glvwulexwhg lq wklv fdvh1
Wkhvh vwdwlvwlfv duh doo edvhg rq uhjxodulw| frqglwlrqv hqvxulqj wkdw wkh olnh0
olkrrg vxuidfh lv orfdoo| txdgudwlf dqg wkdw wkh vfruh0yhfwru kdv d qrq0}hur
yduldqfh1 Wkhvh frqglwlrqv duh doo ylrodwhg khuh1 Iluvw ri doo ehfdxvh wkhuh duh
wzr qxlvdqfh sdudphwhuv +wkh wudqvlwlrq suredelolwlhv, qrw lghqwlñhg xqghu wkh
qxoo pdnlqj wkh olnholkrrg vxuidfh ðdw dw wkh rswlpxp1 Vhfrqgo| ehfdxvh wkh
qxoo k|srwkhvlv |lhogv d orfdo rswlpxp ri wkh olnholkrrg vxuidfh/ lpso|lqj wkdw
wkh vfruh0yhfwru lv lghqwlfdoo| htxdo wr }hur/ khqfh frqwudglfwlqj wkh qrq }hur
yduldqfh frqglwlrq1 E| zrunlqj gluhfwo| zlwk wkh olnholkrrg vxuidfh/ ylhzlqj wkh
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olnholkrrg ixqfwlrq dv dq hpslulfdo surfhvv iru wkh xqnqrzq sdudphwhuv Kdqvhq
+4<<5/4<<9, ghulyhv d whvw vwdwlvwlfv wkdw grhv qrw uhtxluh wkh olnholkrrg ixqfwlrq
wr eh orfdoo| txdgudwlf ru uhtxluhv wkh vfruhv +ru iru wkdw pdwwhu dq| rwkhu kljkhu
rughu ghulydwlyh, wr kdyh srvlwlyh yduldqfh1 Wkh frvw ri zrunlqj zlwk hpslulfdo
surfhvv wkhru| lv wkdw Kdqvhq lv rqo| deoh wr ghulyh d erxqgdu| dqg qrw dq
dv|pswrwlf glvwulexwlrq iru wkh vwdqgdugl}hg olnholkrrg udwlr whvw kh vxjjhvwv1
Krzhyhu/ edvhg rq d Prqwh Fduor h{shulphqw Kdqvhq +4<<5/4<<9, vkrzv wkdw
wkh vl}h dqg srzhu surshuwlhv ri klv vwdqgdugl}hg olnholkrrg udwlr vwdwlvwlfv duh
uhdvrqdeo| jrrg1 Kdqvhq*v vwdqgdugl}hg olnholkrrg udwlr whvw lv nqrzq wr eh
udwkhu fxpehuvrph wr frpsxwh hyhq lq vpdoo sdudphwulf prghov1 Lq rxu idluo|
sduvlprqlrxv uhsuhvhqwdwlrq wklv zdv qrw d vhulrxv sureohp1 Wkh uhvxowv iurp
frqgxfwlqj Kdqvhq*v +4<<5, whvwv duh uhsruwhg lq wdeoh </ zkhuh OUúW ghqrwhv
wkh vwdqgdugl}hg olnholkrrg udwlr whvw vwdwlvwlfv dqgP ghqrwhv wkh fkrvhq edqg0
zlgwk/ vhh Kdqvhq +4<<9, iru ghwdlov1 Lqghshqghqw ri wkh fkrlfh ri edqgzlgwk
wkh dvvrfldwhg s0ydoxhv duh doo yhu| vpdoo vxjjhvwlqj wkdw zh fdq uhmhfw wkh qxoo
ri d olqhdu DU+7, prgho dv dq dghtxdwh ghvfulswlrq ri wkh Gdqlvk lqðdwlrq udwh
lq idyru ri wkh wzr0vwdwh Pdunry vzlwfklqj prgho1

^Wdeoh <`

D fuxfldo txhvwlrq lv zkhwkhu wkh Pdunry uhjlph vzlwfklqj prgho lv wkh suhihuuhg
qrqolqhdu vshflñfdwlrq dprqj wkh odujh fodvv ri qrqolqhdu prghov wkdw fdq plplf
pxowlsoh uhjlph vkliw ru vprrwk wudqvlwlrqv ehwzhhq uhjlphv1 Uhfhqwo| Gdko dqg
K|oohehuj +4<<<, kdyh vxjjhvwhg d jhqhudo wr vshflñf dssurdfk dv d ghylfh iru
vhohfwlqj ehwzhhq qrqolqhdu prghov1 Lq sduwlfxodu wkh| vxjjhvw xvlqj ðh{leoh
qrqolqhdu uhjuhvvlrq prghov dv edvholqh prghov xqghu wkh qxoo dqg wr whvw 0
lq wklv fdvh 0 wkh Pdunry vzlwfklqj prghov djdlqvw wklv eurdg fodvv ri prghov
lq whupv ri uhfxuvlyh uhdo wlph iruhfdvw dffxudf|1 Gxh wr wkh idfw wkdw wkh
vwdwlvwlfv vxjjhvwhg e| Gdko dqg K|oohehuj gr qrw ghshqg rq dq| xqlghqwlñhg
sdudphwhuv wkh dssurdfk wxuqv rxw wr eh sduwlfxoduo| xvhixo zkhq glvfulplqdwlqj
ehwzhhq prghov frqwdlqlqj qrqolqhdu frpsrqhqwv dqg sdudphwhuv qrw lghqwlñhg
xqghu wkh dowhuqdwlyh1 Wkh ñuvw vwhs lq wkh Gdko0K|oohehuj surfhgxuh frqvlvwv
ri jhqhudwlqj dq k0vwhsv dkhdg iruhfdvw lq uhdo wlph1 Lq rxu fdvh zh vhw k @ 4
dqg vhohfw dqg hvwlpdwh wkh prghov edvhg rq wkh lqlwldol}dwlrq shulrg jlyhq
e| 4<8;t604<:<t71 Frqglwlrqdo rq wklv lqirupdwlrq vhw d iruhfdvw ri 4<;3t4 lv
surgxfhg1 Lq wkh qh{w vwhs/ wkh ydulrxv prghov duh vhohfwhg dqg hvwlpdwhg rq
wkh shulrg 4<8;t604<;3t4 dqg d uhdo wlph iruhfdvw iru 4<;3t5 lv pdgh1 Wklv
surfhgxuh frqwlqxhv xqwlo zh kdyh jhqhudwhg d vhtxhqfh ri wuxh rxw0ri0vdpsoh
iruhfdvw rq wkh shulrg 4<;3t404<<;t7 iurp wkh olqhdu prgho wkh Pdunry uhjlph
vzlwfklqj uhjuhvvlrq vshflñfdwlrq/ Kdplowrq*v ðh{leoh uhjuhvvlrq prgho dqg wkh
Surmhfwlrq sxuvxlw uhjuhvvlrq prgho1 Qrwlfh wkdw prgho vhohfwlrq lq whupv ri
fkrrvlqj wkh odjv lqfoxghg lq wkh uhjuhvvlrq prgho lv grqh hyhu| wlph wkh vdpsoh
shulrg lv dowhuhg1 Wklv lv mxvw d vlpsoh zd| wr doorz iru wlph ydu|lqj lqðxhqfh
ri wkh qrqolqhdu frpsrqhqwv lq wkh uhjuhvvlrq prgho1 OhEdurq +4<<5, vwdwhv wkh
lpsruwdqfh ri wklv srlqw e| vkrzlqj wkdw lw lv riwhq wkh fdvh wkdw qrqolqhdulwlhv
nlfn0lq vrph shulrgv dqg frpsohwho| ydqlvkhv lq rwkhu shulrgv1 Vlqfh lw lv d
uhodwlyho| glïfxow wdvn wr dsso| wkh furvv ydolgdwlrq prgho vhohfwlrq sulqflsoh
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wr wkh Pdunry uhjlph vzlwfklqj prgho zh edvh wkh prgho vhohfwlrq hqwluho| rq
wkh ELF fulwhulrq dv uhfrpphqghg lq Gdko dqg K|oohehuj +4<<<,1 Phdvxuhv
ri devroxwh iruhfdvw shuirupdqfh duh uhsruwhg lq wkh wrs sduw ri wdeoh 431 Lw lv
dssduhqw wkdw doo ri wkh qrqolqhdu prghov kdyh orzhu phdq vtxduhg iruhfdvw huuru
orvv +PVH, wkdq wkh olqhdu prgho dv zhoo dv orzhu phdq devroxwh iruhfdvw huuru
orvv +PDG,1 Qrwlfh ixuwkhu wkdw wkh orzhvw srlqw hvwlpdwh ri PVH lv rewdlqhg
e| wkh Pdunry uhjlph vzlwfklqj prgho1 Wkhlo*v X vwdwlvwlfv jlyhv wkh udwlr ri wkh
phdq vtxduhg huuru iurp wkh prgho xqghu frqvlghudwlrq uhodwlyh wr wkh phdq
vtxduhg huuru iurp wkh sxuh udqgrp zdon prgho1 Vlqfh wkh vwdwlvwlfv duh idu
ehorz rqh lq doo fdvhv zh fdq frqfoxgh wkdw doo wkh prghov iruhfdvw wkh lqðdwlrq
udwh ehwwhu wkdq wkh vlpsoh udqgrp zdon prgho1 Lq wdeoh 43 wkh rxwfrph iurp
wkh Judqjhu0Qhzerog +4<::, yhuvlrq ri wkh Plqfhu0]duqrzlw} uhjuhvvlrq ri wkh
dfwxdo ydoxh rq d frqvwdqw dqg wkh uhdo wlph iruhfdvwv lv dovr uhsruwhg1 Wkh
frhïflhqw ri ghwhuplqdwlrq +U5, iurp wklv uhjuhvvlrq fdq gluhfwo| eh dssolhg dv
d phdvxuh ri jrrgqhvv ri ñw li wkh lqwhufhsw lq wkh Plqfhu0]duqrzlw} uhjuhvvlrq
lv }hur dqg wkh vorsh frhïflhqw htxdov rqh1 Wkh uhsruwhg ydoxhv iru wkh w ý
vwdw+lqwf @ 3, dqg w ý vwdw+vorsh @ 3, duh wkh s0ydoxhv dvvrfldwhg zlwk wkh w0
vwdwlvwlfv ri wkh qxoo wkdw wkh lqwhufhsw htxdov }hur dqg wkh w0vwdwlvwlfv ri wkh qxoo
wkdw wkh vorsh htxdov rqh uhvshfwlyho|1 Wkh uhsruwhg ydoxh lq wkh I ý vwdw hqwu|
lv wkh s0ydoxh dvvrfldwhg zlwk wkh mrlqw k|srwkhvlv wkdw wkh lqwhufhsw dqg vorsh
htxdo }hur dqg rqh uhvshfwlyho|1 Djdlq/ wkh Pdunry uhjlph vzlwfklqj prgho
shuirupv udwkhu zhoo lq wkh vhqvh wkdw lw kdv wkh kljkhvw U5phdvxuh dvvrfldwhg
dqg wkdw lw 0 edvhg rq wkh vlpsoh w0vwdwlvwlfv 0 lv qrw srvvleoh wr uhmhfw wkh qxoo
wkdw wkh lqwhufhsw htxdov }hur dqg wkh vorsh htxdov rqh1 Wklv ihdwxuh lv rqo|
vkduhg zlwk wkh SSU0O1 Krzhyhu/ d qrwh ri fdxwlrq lv qhhghg khuh vlqfh wkh I 0
vwdwlvwlfv uhmhfw wkh mrlqw k|srwkhvlv dw d ñyh shufhqw ohyho lpso|lqj wkdw wkh U5

lv qrw d phdqlqjixo phdvxuh1 Zh kdyh dovr uhsruwhg phdvxuhv ri wkh gluhfwlrqdo
iruhfdvw shuirupdqfh ri wkh ydulrxv prghov lq wkh orzhu sduw ri wdeoh 431 Wkhvh
frqvlvw ri wkh Khqulnvvrq0Phuwrq +4<;4, whvw +KP,/ wkh "5 whvw iru lqghshqghqfh
+"5,> wkh frqixvlrq udwh +FU, lqglfdwlqj krz iuhtxhqw wkh iruhfdvw lv lq d zurqj
gluhfwlrq/ dqg ñqdoo| wkh phdvxuh ri wkh ghjuhh ri gldjrqdo frqfhqwudwlrq +!,
zklfk fdq eh lqwhusuhwhg doprvw olnh wkh U5 khqfh lv d phdvxuh ri jrrgqhvv ri
gluhfwlrqdo ñw1 Edvhg rq wkh KP0vwdwlvwlfv dqg wkh "5 vwdwlvwlfv lqghshqghqfh
ehwzhhq wkh gluhfwlrqdo iruhfdvw dqg wkh dfwxdo fkdqjh lq wkh lqðdwlrq udwh lv
uhmhfwhg dw d ñyh shufhqw ohyho iru doo wkh prghov suhvhqwhg lq wdeoh 431 Krzhyhu/
lw lv dssduhqw wkdw wkh Pdunry uhjlph vzlwfklqj prgho grhv qrw shuirup dv zhoo
dv wkh wzr ðh{leoh uhjuhvvlrq prghov zkhq lw frphv wr suhglfwlqj wkh fkdqjh lq
wkh lqðdwlrq udwh rqh shulrg dkhdg1

^Wdeoh 43`

E| lqvshfwlrq ri wkh srlqw hvwlpdwhv rq devroxwh iruhfdvw shuirupdqfh wkh Pdunry
uhjlph vzlwfklqj vshflñfdwlrq vhhpv yhu| surplvlqj/ exw lq rughu wr frqfoxgh
zkhwkhu wklv shuirupdqfh dfwxdoo| lv vljqlñfdqwo| pruh dffxudwh zh wxuq wr
wkh Glherog0Pduldqr whvw dqg wr d udqjh ri iruhfdvw hqfrpsdvvlqj whvwv1 Wkh
Glherog0Pduldqr whvw dqg wkh Prglñhg Glherog0Pduldqr iru hydoxdwlqj uhod0
wlyh/ suhglfwlyh dffxudf| edvhg rq PVH dqg PDG orvv ixqfwlrq duh uhsruwhg
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lq wdeoh 44 dqg wdeoh 45 uhvshfwlyho|1 Iru dq| ghwdlov rq wkh Glherog0Pduldqr
whvw dqg wkh Prglñhg yhuvlrq/ vhh Glherog dqg Pduldqr +4<<8, dqg Kduyh|/
Oh|erxuqh dqg Qhzerog +4<<:,1 Hyhq wkrxjk wkh PVH dqg PDG surgxfhg
iurp wkh Pdunry uhjlph vzlwfklqj prgho vhhp pxfk orzhu wkdw wkh PVH dqg
PDG iurp wkh olqhdu prgho zh duh qrw deoh wr uhmhfw wkh k|srwkhvlv ri htxdo
iruhfdvw dffxudf| ri wkh wzr prghov1 Krzhyhu wkh suhglfwlyh dffxudf| ri wkh
IQO prgho wxuqv rxw wr eh vljqlñfdqwo| ehwwhu wkdq wkh iruhfdvw dffxudf| ri
wkh olqhdu prgho edvhg rq wkh PVH orvv ixqfwlrq/ zkhuhdv erwk wkh wzr ðh{leoh
uhjuhvvlrq prghov vljqlñfdqwo| rxwshuirup wkh olqhdu prgho lq whupv ri dffxudf|
zkhq wkh PDG orvv ixqfwlrq lv xvhg1 Lw lv lpsruwdqw wr qrwlfh/ krzhyhu/ wkdw lw
lv qrw srvvleoh wr uhmhfw wkh k|srwkhvlv dw dq| uhdvrqdeoh vljqlñfdqfh ohyho wkdw
wkh Pdunry uhjlph vzlwfklqj prgho srvvhvvhv wkh vdph suhglfwlyh dffxudf| dv
wkh wzr ðh{leoh uhjuhvvlrq prghov edvhg rq wkh Glherog0Pduldqr whvw dqg wklv
uhvxow lv lqghshqghqw ri wkh fkrlfh ri orvv ixqfwlrq1

^Wdeoh 44`

^Wdeoh 45`

Dv srlqwhg rxw e| Gdko dqg K|oohehuj +4<<<, d suredeo| pruh srzhuixo vwdwlv0
wlfv iru glvfulplqdwlqj ehwzhhq wkh iruhfdvw dffxudf| ri qrqolqhdu prghov lv wkh
iruhfdvwlqj hqfrpsdvvlqj sulqflsoh/ lq sduwlfxodu zkhq edvhg rq wkh edwwhu| ri
urexvw vwdwlvwlfv vxjjhvwhg e| Kduyh|/ Oh|erxuqh dqg Qhzerog +4<<;,1 Wkh
uhvxowv rq iruhfdvw hqfrpsdvvlqj duh uhsruwhg lq wdeoh 461 Edvhg rq wklv whvw
sulqflsoh lw lv qrw srvvleoh wr uhmhfw wkh k|srwkhvlv wkdw wkh Pdunry uhjlph
vzlwfklqj prgho iruhfdvw hqfrpsdvvhv wkh olqhdu prgho/ zkhuhdv lw lv fohduo|
uhmhfwhg e| doo wkh vwdwlvwlfv frqvlghuhg wkdw wkh olqhdu prgho fdq iruhfdvw hq0
frpsdvv wkh Pdunry uhjlph vzlwfklqj prgho1 Dovr wkh IQO0prgho fdq iruhfdvw
hqfrpsdvv wkh olqhdu prgho zkhuhdv wkh rssrvlwh k|srwkhvlv fdq eh uhmhfwhg/
djdlq lqglfdwlqj dqg vxssruwlqj wkh h{lvwhqfh ri d qrqolqhdu frpsrqhqw lq wkh
lqðdwlrq udwh surfhvv1 Lq dgglwlrq lw lv dovr zruwk phqwlrqlqj wkdw wkh Pdunry
uhjlph vzlwfklqj prgho fdq iruhfdvw hqfrpsdvv wkh IQO dqg SSU0O prghov
zkhuhdv wkh rssrvlwh k|srwkhvlv lv uhmhfwhg e| vrph ri wkh vwdwlvwlfv uhsruwhg1

^Wdeoh 46`

Iurp wkh hpslulfdo hylghqfh uhsruwhg lq wdeoh 44046/ edvhg rq wkh jhqhudo0wr0
vshflñf dssurdfk iru vhohfwlqj ehwzhhq qrqolqhdu prgho vxjjhvwhg e| Gdko dqg
K|oohehuj +4<<<,/ lw lv qrw srvvleoh wr uhmhfw wkh k|srwkhvlv wkdw wkh Pdunry
uhjlph vzlwfklqj prgho lv dq dghtxdwh qrqolqhdu vshflñfdwlrq ri wkh Gdqlvk
lqðdwlrq udwh1
Lq rughu wr vshfli| wkh qxpehu ri odjv wr lqfoxgh lq wkh Pdunry Vzlwfklqj

prgho zh xvh Kdplowrq*v ðh{leoh uhjuhvvlrq prgho dssurdfk1 Zlwkrxw sxwwlqj
dq| dvvxpswlrq rq wkh ixqfwlrqdo irup ri wkh uhjuhvvlrq prgho lw lv srvvleoh
wr ghwhuplqh zkdw odjv frqwulexwh prvwo| wr wkh qrqolqhdu frpsrqhqw ri wkh
lqðdwlrq udwh surfhvv dv ghvfulehg lq vhfwlrq 5161 Wkh hvwlpdwlrq uhvxowv duh
uhsruwhg lq wdeoh 471 Wkh ydoxh ri è 0 wkh zhljkw sodfhg rq wkh qrqolqhdu
frpsrqhqw 0 htxdov derxw rqh dqg edvhg rq wkh s0ydoxh iurp d w0vwdwlvwlfv wkh
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suhvhqfh ri wkh qrqolqhdu frpsrqhqw lq wkh lqðdwlrq udwh surfhvv vhhpv kljko|
vljqlñfdqw1 Iurp wkh hvwlpdwhg IQO prgho zh lqihu wkdw wkh wklug dqg irxuwk
odj hqwhu vljqlñfdqwo| lq wkh qrqolqhdu frpsrqhqw dw d ñyh shufhqw ohyho1 Dovr
wkh vhfrqg odj vhhpv wr pdnh vrph frqwulexwlrq wr wkh qrqolqhdu frpsrqhqw
zkhuhdv wkh lqðxhqfh ri wkh ñuvw odjv lv olplwhg1 Khqfh wkh edvlf phvvdjh iurp
wkh IQO prgho lv wkdw zh vkrxog lqfoxgh dw ohdvw irxu odjv zkhq prghoolqj wkh
qrqolqhdu frpsrqhqw1 Dv d frqvhtxhqfh zh fkrvh wr lqfoxgh irxu odjv lq wkh
frqglwlrqdo phdq ixqfwlrq ri wkh Pdunry uhjlph vzlwfklqj prgho1

^Wdeoh 47`

Wkh hvwlpdwhg sdudphwhuv ri wkh Pdunry vzlwfklqj prgho dqg wkh fruuhvsrqglqj
vwdqgdug huuruv duh uhsruwhg lq wdeoh 481 Dv h{shfwhg iurp wkh lqihuhqfh edvhg
rq wkh IQO prgho wkh g|qdplfv ri wkh lqðdwlrq udwh vhhp wr glòhu vxevwdqwldoo|
ehwzhhq wkh wzr uhjlphv dqg zh vhh wkdw wkh odujhvw revhuyhg qxphulfdo glòhu0
hqfh ehwzhhq wkh hvwlpdwhg dxwruhjuhvvlyh frhïflhqw dvvrfldwhg zlwk wkh wklug
dqg irxuwk odj zklfk fruuhvsrqg doprvw shuihfwo| wr wkh uhvxowv rewdlqhg iurp
wkh IQO prgho1 Qrw vxusulvlqjo| wkhuh lv d frqvlghudeoh glòhuhqfh ehwzhhq wkh
phdq dqg yduldqfh ri wkh lqðdwlrq udwh dfurvv wkh wzr glòhuhqw uhjlphv1 Lq wkh
kljk lqðdwlrq udwh uhjlph 0 Vw @ 4 0 wkh xqfrqglwlrqdo phdq ri wkh txduwhuo|
lqðdwlrq udwh htxdov eç4 @ 4=:7 zkhuhdv wkh xqfrqglwlrqdo phdq lq wkh orz lq0
ðdwlrq udwh uhjlph 0 Vw @ 3 0 htxdov eç3 @ 3=;41 Wkh hvwlpdwruv dovr frqñup wkh
frqmhfwxuh ri d srvlwlyh uhodwlrqvkls ehwzhhq wkh ohyho ri lqðdwlrq dqg lwv yrodwlo0
lw|/ zklfk lv riwhq uhihuuhg wr dv d uhdvrq wr sxuvxh dq hfrqrplf srolf| dlplqj
dw orz lqðdwlrq/ vhh Eduur +4<<:,1 Lq wkh kljk lqðdwlrq udwh uhjlph wkh ghjuhh
ri lqðdwlrq udwh xqfhuwdlqw| lv fohduo| kljkhu frpsduhg wr wkh orz lqðdwlrq udwh
uhjlph/ zklfk lv vhhq iurp wkh idfw wkdw eâ53 @ 3=58 zkloh eâ54 @ 4=57=

^Wdeoh 48`

D frpsdulvrq ri wkh glvwulexwlrq ri wkh suhglfwhg lqðdwlrq udwh edvhg rq wkh
Pdunry vzlwfklqj prgho dqg wkh dfwxdo lqðdwlrq udwh uhyhdov wkdw wkh Pdunry
uhjlph vzlwfklqj prgho surylghv d jrrg hvwlpdwh ri wkh phgldq ri wkh glvwulex0
wlrq dqg wkdw lw vhhpv wr eh deoh wr surgxfh wkh vdph idwqhvv lq wkh uljkw kdqg
wdlo/ vhh ñjxuh 431

^Iljxuh 43`

Frqwudu| wr wkh DU+7, prgho wkh h{shfwdwlrq eldv iurp wkh Pdunry vzlwfklqj
prgho lv jhqhudwhg e| d zhoo vshflñhg prgho1 G|qdplf plvvshflñfdwlrq whvwv
edvhg rq wkh suhglfwlrq huuruv ri wkh hvwlpdwhg Pdunry uhjlph vzlwfklqj prgho/
vhh wdeoh 49/ gr qrw uhyhdo dq| ylrodwlrqv ri wkh xqghuo|lqj dvvxpswlrqv ri wkh
prgho1 Lq qhlwkhu lqðdwlrq uhjlph wkhuh vhhpv wr eh dxwrfruuhodwlrq lq wkh
iruhfdvwv/ qru duh wkhuh vljqv ri dq| vhulrxv DUFK hòhfwv;1 Wkh vdph krogv
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dfurvv uhjlphv1 Ixuwkhupruh lw lv qrw srvvleoh wr uhmhfw wkh dvvxpswlrq wkdw
uhjlph vzlwfklqj dfwxdoo| iroorzv d vwrfkdvwlf krprjhqhrxv Pdunry surfhvv dw
wkh wudglwlrqdo 8 shu fhqw vljqlñfdqfh ohyho1

^Wdeoh 49`

Dv iru wkh olqhdu prgho zh frqgxfw d vhulhv ri whvwv iru wkh vwdelolw| ri wkh
sdudphwhuv ri wkh prgho/ vhh wdeoh 4:1 Kdplowrq +4<<9, vxjjhvwv wkh xvh ri
wkh vwdwlvwlfv ri Dqguhzv +4<<6, lq rughu wr whvw zkhwkhu wkhuh lv hylghqfh lq
idyru ri rqh ru pruh dgglwlrqdo vkliwv lq wkh phdq ri wkh lqðdwlrq udwh qrw
douhdg| dffrxqwhg iru1 Edvhg rq Dqguhzv* whvw vwdwlvwlfv wkh qxoo k|srwkhvlv ri
d vwdeoh phdq fdqqrw eh uhmhfwhg1 Kdqvhq +4<<5, vxjjhvwv xvlqj wkh sdudphwhu
vwdelolw| whvw ri Q|eorp +4<;<, wr wkh Pdunry vzlwfklqj prgho1 Dovr dffruglqj
wr Q|eorp*v whvw/ vwdelolw| ri wkh Pdunry vzlwfklqj prgho fdqqrw eh uhmhfwhg1
Qrwlfh krzhyhu/ wkdw wkh vwdelolw| ri wkh wudqvlwlrq sdudphwhuv lv uhmhfwhg dw d 8
shu fhqw ohyho exw qrw dw d 4 shu fhqw ohyho1 Khqfh wkhuh dsshduv wr eh qr hylghqfh
ri vhulrxv plvvshflñfdwlrq lq wkh Pdunry uhjlph vzlwfklqj uhsuhvhqwdwlrq ri wkh
Gdqlvk lqðdwlrq udwh1

^Wdeoh 4:`

Dv sduw ri fkhfnlqj wkh vhohfwhg qrqolqhdu vshflñfdwlrqv Kdplowrq +4<<<, vxj0
jhvwv frpsdulqj wkh vkdsh ri wkh frqglwlrqdo phdq ixqfwlrq ri wkh ðh{leoh uhjuhv0
vlrq prgho zlwk wkh vkdsh ri frqglwlrqdo phdq ixqfwlrq ri wkh Pdunry uhjlph
vzlwfklqj prgho e| ydu|lqj hyhu| yduldeoh lqfoxghg lq wkh frqglwlrqdo phdq lq
wxuq nhhslqj wkh rwkhu yduldeohv ñ{hg dw vrph suhghwhuplqhg ohyho1 E| xvlqj d
Ed|hvldq dssurdfk Kdplowrq surylghv d phwkrg wr fdofxodwh <8 shu fhqw frqñ0
ghqfh edqgv durxqg wkh sduwldo frqglwlrqdo phdq ixqfwlrq ri wkh IQO prgho1
Wkh sduwldo frqglwlrqdo phdq ixqfwlrqv ri wkh hvwlpdwhg IQO prgho/wkh hvwl0
pdwhg Pdunry uhjlph vzlwfklqj prgho dqg wkh olqhdu prgho zlwk uhvshfw wr
doo irxu odjv/ lq dgglwlrq zlwk wkh <8 shu fhqw1 frqñghqfh edqg surgxfhg iurp
wkh IQO prgho duh suhvhqwhg lq wkh ñjxuhv 440471 Vlqfh wkh sduwldo frqglwlrqdo
phdq ixqfwlrqv surgxfhg e| wkh Pdunry vzlwfklqj prgho doo olh zlwklq wkh <8 shu
fhqw frqñghqfh edqgv lw lv qrw srvvleoh wr uhmhfw wkdw wkh lqðdwlrq udwh dfwxdoo|
iroorzv d Pdunry uhjlph vzlwfklqj prgho1 Krzhyhu/ qrwlfh wkdw wkh frqñghqfh
edqgv dfwxdoo| duh vr zlgh wkdw edvhg rq klv dssurdfk lw lv qrw srvvleoh wr uhmhfw
olqhdulw| dv zhoo1

^Iljxuh 44`

^Iljxuh 45`

^Iljxuh 46`

^Iljxuh 47`

D ,UL?L4ðU W?|ihThi|@|ðL?t

Kdylqj glvfxvvhg doo wkh vwdwlvwlfdo surshuwlhv ri wkh Pdunry uhjlph vzlwfk0
lqj prgho ohw xv wxuq wr wkh hfrqrplf lqwhusuhwdwlrq1 Iurp lqvshfwlrq ri wkh
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vprrwkhg suredelolwlhv dqg wkh fodvvlñfdwlrq ri lqðdwlrq uhjlphv ghslfwhg lq ñj0
xuh 48 wkh lqðdwlrq udwh dsshduv wr eh lq wkh kljk phdq2kljk yduldqfh uhjlph
lq wkh shulrgv iurp 4<8; wr wkh hqg ri 4<;6/ 4<;904<;: dqg djdlq lq 4<<31

^Iljxuh 48`

Lq wkh ehjlqqlqj ri wkh 4<;3*v wkh rxworrn ri wkh Gdqlvk hfrqrp| zdv yhu| srru/
erwk lq whupv ri kljk xqhpsor|phqw dqg kljk jryhuqphqw dv zhoo dv fxuuhqw
dffrxqw ghñflwv1 Wkh fuhglelolw| ri hfrqrplf srolf| zdv yhu| orz/ dqg orqj0whup
lqwhuhvw udwhv zhuh deryh 53 shu fhqw1 Lq 4<;5 d qhz jryhuqphqw wrrn rïfh
dqg lpphgldwho| diwhu dqqrxqfhg udglfdo phdvxuhv wr wdfnoh wkh fulvlv vlwxdwlrq1
Wkh surjudp frqvlvwhg ri wkuhh pdlq frpsrqhqwv/ qdpho| 4, dq derolwlrq ri
wkh zdjh0lqgh{dwlrq vfkhgxoh/ 5, d vljqlñfdqw wljkwhqlqj ri ñvfdo srolf|/ dqg
6, wkh dqqrxqfhphqw ri d vwurqj frpplwphqw wr d ñ{hg0h{fkdqjh udwh srolf|1
Lpsruwdqw fuhglelolw| zdv jdlqhg vkruwo| diwhu wkh dqqrxqfhphqw e| nhhslqj wkh
h{fkdqjh udwh xqfkdqjhg zkhq Vzhghq 0 Ghqpdun*v vhfrqg odujhvw wudglqj sduw0
qhu 0 ghydoxdwhg e| 49 shu fhqw1 Hylghqfh iurp ñqdqfldo gdwd/ vhh Fkulvwhqvhq
+4<;;,/ vxssruwv wkh k|srwkhvlv wkdw wklv srolf| jdlqhg fuhglelolw| uhodwlyho| idvw/
ohdglqj wr dq doprvw lqvwdqw uhgxfwlrq lq wkh yduldelolw| lq h{fkdqjh udwhv dqg d
orzhulqj ri wkh lqðdwlrq udwh h{shfwdwlrqv1 Wkh idvw uhgxfwlrq lq erwk qrplqdo
lqwhuhvw udwhv dqg lqðdwlrq diwhu wkh srolf| vkliw frqñupv wklv1 Rxu dqdo|vlv
frqñupv wr vrph h{whqw wklv fodlp lq wkh vhqvh wkdw wkh djhqwv* shufhswlrqv
ri wkh xqghuo|lqj lqðdwlrq udwh uhjlph vkliwv iurp d kljk phdq2kljk yduldqfh
uhjlph wr dw pruh vwdeoh orz phdq2orz yduldqfh uhjlph uhodwlyho| txlfno| diwhu
wkh lqwurgxfwlrq ri wkh qhz hfrqrplf srolf| lq 4<;51 Ixuwkhupruh rxu dqdo|vlv
lqglfdwhv wkdw wkh sdudphwhuv ri wkh lqðdwlrq udwh prgho duh srolf| yduldqw1 Lq
wkh rqh0uhjlph DU+7, prgho wklv lv h{dfwo| zkdw ohdgv wr d frqwudglfwlrq ri wkh
edvlf dvvxpswlrqv ri wkh prgho lpso|lqj qrq0udwlrqdo iruhfdvwv1 Lq wkh Pdunry
uhjlph vzlwfklqj prgho wkh vkliwlqj sdudphwhuv duh doorzhg iru/ exw wklv pd|
ohdg wr h{ srvw eldvhg iruhfdvwv1 Lq sduwlfxodu/ wkh ñ{hg0h{fkdqjh udwh srolf|/
ghvslwh wkh pdunhg ghprqvwudwlrq ri d vwurqj frpplwphqw wr wkh srolf| txlfno|
diwhu wkh dqqrxqfhphqw lq 4<;5/ grhv qrw vhhp wr kdyh ehhq frqvlghuhg ixoo|
fuhgleoh 0 lq whupv ri orz lqðdwlrq h{shfwdwlrqv 0 ehiruh wkh yhu| odwh hljkwlhv1
Wklv lv frqñuphg e| wkh judgxdo uhgxfwlrq lq wkh orqj whup lqwhuhvw0udwh gli0
ihuhqwldo wr Jhupdq| iurp deryh 43 shufhqwdjh srlqwv lq 4<;5 wr ohvv wkdq 4
shufhqwdjh srlqwv lq 4<<41
Lq frqwudvw wr suhylrxv uhvxowv wkh fuhglelolw| ri wkh srolf| vhhpv wr glvdsshdu

lq 4<;904<;: dv lpsolhg e| wkh vprrwkhg suredelolwlhv ri wkh prgho1 Wkh Gdqlvk
grphvwlf ghpdqg zdv h{wuhpho| exr|dqw lq 4<;92;: gulyhq e| wkh idoo ri lqwhuhvw
udwhv vlqfh 4<;5 dqg d vkdus slfn0xs lq krxvh sulfhv1 Wkh fxuuhqw dffrxqw
ghñflw shdnhg lq 4<;9 dw d ohyho ri 9 shufhqw ri JGS dqg dqqxdo zdjh lqfuhdvhv
grxeohg lq 4<;: wr durxqg 43 shufhqw1 Wkh uhwxuq wr kljk lqðdwlrq h{shfwdwlrqv
lv frqñuphg e| wkh idfw wkdw wkh orqj whup lqwhuhvw udwh glòhuhqwldo wr Jhupdq|
zlghqhg vxevwdqwldoo| lq 4<;9 dqg 4<;:1 Dovr wkh xqlñfdwlrq ri Jhupdq| lq
4<<3 dqg wkh lpsolhg pdvvlyh jurzwk lq wkh Gdqlvk h{sruw wr Jhupdq| dsshdu
wr kdyh dòhfwhg wkh lqðdwlrq udwh surfhvv wr vxfk dq h{whqw wkdw wkhuh duh
lqglfdwlrqv ri d whpsrudu| uhwxuq wr wkh kljk phdq2kljk yduldqfh uhjlph1 Lq
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idfw/ wkh vprrwkhg suredelolwlhv ri wkh prgho uhyhdo/ wkdw hyhu| wlph wkhuh kdv
ehhq dq xszdug suhvvxuh rq wkh Gdqlvk lqðdwlrq udwh/ djhqwv kdyh dqwlflsdwhg
d uhwxuq wr wkh kljk phdq2kljk yduldqfh uhjlph1
E| frpsdulqj wkh lq0vdpsoh suhglfwlrqv iurp wkh Pdunry vzlwfklqj prgho

zlwk wkh dfwxdo lqðdwlrq udwh ryhu wkh hqwluh hvwlpdwlrq shulrg lw lv vhhq wkdw
wkh prgho lv qrw deoh wr jhqhudwh h{ srvw ri wkh vl}h revhuyhg lq wkh Krxvhkrog0
vhfwru gdwd/ sduwlfxoduo| qrw lq wkh qlqhwlhv1 Qrw hyhq zkhq wkh iruhfdvw krul}rq
lv h{sdqghg wr irxu txduwhuv/ vhh ñjxuh 7 dqg ñjxuh 81 Wklv frqfoxvlrq fkdqjhv
zkhq wkh lqðdwlrq udwh iruhfdvwv rqh |hdu dkhdg duh edvhg rq wuxh rxw ri vdp0
soh suhglfwlrqv1 Lq ñjxuh 49 dfwxdo lqðdwlrq udwhv dqg h{shfwhg lqðdwlrq iurp
wkh olqhdu prgho dqg wkh Pdunry uhjlph vzlwfklqj prgho rqh |hdu dkhdg duh
frpsduhg1 Rxu hvwlpdwlrqv vhhp wr frqñup wkh vxuyh|0edvhg phdvxuhv ri lq0
ðdwlrq h{shfwdwlrqv/ vhh deryh/ lq wkh vhqvh ri d surwudfwhg ryhu0suhglfwlrq ri
wkh lqðdwlrq udwh lq wkh orz0lqðdwlrq shulrg ri wkh qlqhwlhv/ zkhuhdv wkh kljkhu
lqðdwlrq udwhv/ zklfk rffxuuhg lq odujh sduwv ri wkh vhyhqwlhvv dqg hduo| 4<;3*v/
zhuh fohduo| xqghu0suhglfwhg1 Ixuwkhupruh/ qrwlfh wkdw wkh vl}h ri wkh h{ srvw
eldv vhhpv wr glplqlvk judgxdoo| lqglfdwlqj wkdw wkh krxvhkrog vhfwru lv dwwdfk0
lqj d ghfuhdvlqj suredelolw| wr wkh hyhqw wkdw wkh Gdqlvk hfrqrp| zloo uhwxuq
wr d kljk0lqðdwlrq0udwh uhjlph1 Wklv vhhpv sodxvleoh diwhu d orqj shulrg 0 :0;
|hduv 0 ri klvwrulfdoo| orz lqðdwlrq udwhv lq Ghqpdun1

^Iljxuh 49`

Wklv vxjjhvwv wkdw wkh v|vwhpdwlf iruhfdvw huuruv rzh wr d orz/ exw qrq0}hur
suredelolw| ri d uhjlph vkliw rqh |hdu dkhdg iurp wrgd|1

S çL?U*ýtðL?

Zh kdyh suhvhqwhg hpslulfdo hylghqfh vkrzlqj wkdw wkh Gdqlvk lqðdwlrq udwh
fdqqrw eh uhsuhvhqwhg dghtxdwho| e| phdqv ri d vlpsoh olqhdu uhjuhvvlrq prgho
gxh wr wkh suhvhqfh ri pxowlsoh dqg uhfxuuhqw vkliwv lq wkh phdq dqg yduldqfh ri
wkh xqghuo|lqj vwrfkdvwlf surfhvv gulylqj wkh lqðdwlrq udwh1 E| xvlqj Kdqvhq*v
+4<<5, whvw dqg wkh jhqhudo0wr0vshflñf dssurdfk ri Gdko dqg K|oohehuj +4<<<,
zh duh qrw deoh wr uhmhfw wkh Pdunry uhjlph vzlwfklqj uhsuhvhqwdwlrq dv wkh suh0
ihuuhg qrqolqhdu vshflñfdwlrq ri wkh frqglwlrqdo phdq ixqfwlrq djdlqvw d zlgh
udqjh ri qrqolqhdu dqg olqhdu dowhuqdwlyhv1 Ixuwkhupruh/ zh duh qrw deoh wr uhmhfw
wkdw wkh Pdunry uhjlph vzlwfklqj uhsuhvhqwdwlrq lv g|qdplfdoo| zhoo vshflñhg
dqg wkdw wkh dvvxpswlrq ri frqvwdqf| ri wkh hvwlpdwhg sdudphwhuv ri wklv uhs0
uhvhqwdwlrq lv vdwlvñhg1
Vwxglhv ri vxuyh| gdwd rq krxvhkrogv* lqðdwlrq shufhswlrqv whqg wr vxssruw

hylghqfh ri d shuvlvwhqw glòhuhqfh ehwzhhq dfwxdo dqg uhjuhvvlrq edvhg lqðdwlrq
udwh h{shfwdwlrqv1 Vlplodu glòhuhqfhv ehwzhhq dfwxdo dqg h{shfwhg lqðdwlrq duh
irxqg lq rxu dqdo|vlv1 Edvhg rq hylghqfh ri srvvleoh uhjlph vkliwv lq wkh Gdqlvk
lqðdwlrq udwh surfhvv zh fodlp wkdw sduw ri wklv glòhuhqfh lv gxh wr dq h{ srvw
eldv1 Wklv lpsolhv wkdw shuvlvwhqw ghyldwlrqv ehwzhhq dfwxdo dqg h{shfwhg lqðd0
wlrq fdqqrw eh wdnhq dv dq dujxphqw djdlqvw udwlrqdo h{shfwdwlrqv/ exw udwkhu
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eh h{sodlqhg e| shufhlyhg qrq0}hur suredelolwlhv ri d fkdqjh lq wkh lqðdwlrq
uhjlph1 Li iruhfdvwhuv iruplqj udwlrqdo h{shfwdwlrqv derxw ixwxuh lqðdwlrq duh
frqiurqwhg zlwk dq dgglwlrqdo sureohp ri lghqwli|lqj wkh lqðdwlrq uhjlph/ v|v0
whpdwlf iruhfdvw huuruv ryhu vxvwdlqhg shulrgv pd| dfwxdoo| dulvh1 Rxu uhvxow
vkrzv wkdw lq odujh sduwv ri wkh vhyhqwlhv dqg hduo| hljkwlhv wkh kljk udwhv ri
lqðdwlrq zhuh xqghusuhglfwhg1 Wkh vwhhs ghfolqh lq lqðdwlrq diwhu 4<;5/ iro0
orzhg e| d pruh judgxdo glvlqðdwlrq wkurxjkrxw wkh vhfrqg kdoi ri wkh hljkwlhv
dqg lqwr wkh qlqhwlhv/ kdv jhqhudoo| qrw ehhq ixoo| dqwlflsdwhg/ khqfh lpso|lqj
dq ryhusuhglfwlrq ri wkh dfwxdo lqðdwlrq udwh1 Pruhryhu/ frqwudu| wr zkdw lv
vrphwlphv dujxhg lq wkh olwhudwxuh/ vhh h1j1 Fkulvwhqvhq +4<;;, wkh hvwlpdwhg
uhjlph suredelolwlhv vxjjhvw wkdw wkh kdug fxuuhqf| srolf| lqwurgxfhg lq 4<;5
zdv qrw ixoo| fuhgleoh ehiruh zhoo lqwr wkh vhfrqg sduw ri wkh hljkwlhv1Wklv lv dovr
wr vrph h{whqw edfnhg e| wkh surwudfwhg ghfolqh lq wkh lqwhuhvw udwhv1 D vkruw0
olyhg vkliw wr d shufhlyhg kljk0lqðdwlrq uhjlph lq 4<<3 iroorzv lpphgldwho| diwhu
wkh Jhupdq xqlñfdwlrq/ dqg lv wkh iruhuxqqhu ri d shuvlvwhqw ryhusuhglfwlrq ri
wkh lqðdwlrq udwh lq wkh qlqhwlhv rzlqj wr d shupdqhqw qrq0}hur suredelolw| ri d
fkdqjh lq uhjlph1 Lw pxvw eh hpskdvl}hg wkdw vlplodu iruhfdvw huuruv zhuh pdgh
e| jryhuqphqw dqg rwkhu rïfldo iruhfdvwhuv/ vhh Fkulvwhqvhq +4<<9,/ dqg khqfh
gr qrw lqglfdwh wkdw xvhixo lqirupdwlrq lv v|vwhpdwlfdoo| ljqruhg1
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+iuihi?Uit

Dogulq/ P1/ Erhoylnhq/ H1 ) Vfkzhghu/ W1 +4<<6,/ cSurmhfwlrq sxuvxlw uhjuhvvlrq
iru prghudwh qrq0olqhdulwlhv*/ Frpsxwdwlrqdo Vwdwlvwlfv dqg Gdwd Dqdo|vlv
49/ 6:<~7361

Dqguhzv/ G1 Z1 N1 +4<<6,/ cWhvwv iru sdudphwhu lqvwdelolw| dqg vwuxfwxudo fkdqjh
zlwk xqnqrzq fkdqjh srlqw*/ Hfrqrphwulfd 94/ ;54~;891

Eduur/ U1 M1 +4<<:,/ Ghwhuplqdqwv ri hfrqrplf jurzwk = d furvv0frxqwu| hpslu0
lfdo vwxg|/ Fdpeulgjh/ PLW1

Eurfn/ Z1/ Ghfnhuw/ Z1 ) Vfkhlqnpdq/ M1 +4<;:,/ cD whvw iru lqghshqghqfh
edvhg rq fruuhodwlrq glphqvlrq*1 Xqsxeolvkhg pdqxvfulsw/ Xqlyhuvlw| ri
Zlvfrqvlq dw Pdglvrq/ Xqlyhuvlw| ri Krxvwrq/ Xqlyhuvlw| ri Fklfdjr1

Fkulvwhqvhq/ D1 P1 +4<<9,/ cKrxvhkrogv* lqðdwlrq h{shfwdwlrqv*/ Prqhwdu| Uh0
ylhz 0 Qryhpehu 4<<9/ Gdqpdunv Qdwlrqdoedqn 1

Fkulvwhqvhq/ P1 +4<;;,/ Wkhruhwlfdo dqg Hpslulfdo Hydoxdwlrq ri Fuhglelolw| dqg
Uhsxwdwlrq lq Pdfurhfrqrplfv/ SkG wkhvlv1 Ghsduwphqw ri Hfrqrplfv/
Xqlyhuvlw| ri Ddukxv1

Gdko/ F1 P1 ) K|oohehuj/ V1 +4<<<,/ cVshfli|lqj qrqolqhdu hfrqrphwulf prghov
e| ðh{leoh uhjuhvvlrq prghov dqg uhodwlyh iruhfdvw shuirupdqfh*1 Zrunlqj
sdshu/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv1

Glherog/ I1 [1 ) Pduldqr/ U1 V1 +4<<8,/ cFrpsdulqj suhglfwlyh dffxudf|*/ Mrxu0
qdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 46/ 586~5961

Grqdog Z1 N1 Dqguhzv/ L1 O1 ) Sorehujhu1/ Z1 +4<<9,/ cRswlpdo fkdqjhsrlqw
whvwv iru qrupdo olqhdu uhjuhvvlrq*/ Mrxuqdo ri Hfrqrphwulfv :3/ <~6;1

Hqjvwhg/ W1 +4<<4,/ cHu gdqvnhuqhv lqðdwlrqviruyhqwqlqjhu udwlrqhooh*/ Xqsxe0
olvkhg Pdqxvfulsw 1

Hydqv/ P1 ) Zdfkwho/ S1 +4<<6,/ cLqðdwlrq uhjlphv dqg wkh vrxufhv ri lqðdwlrq
xqfhuwdlqw|*/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 58/ 7:8~8441

Judqjhu/ F1 Z1 M1 ) Qhzerog/ S1 +4<::,/ Iruhfdvwlqj Hfrqrplf Wlph Vhulhv/
Dfdghplf Suhvv/ Qhz \run1

Kdplowrq/ M1 G1 +4<;<,/ cD qhz dssurdfk wr wkh hfrqrplf dqdo|vlv ri qrqvwd0
wlrqdu| wlph vhulhv dqg wkh exvlqhv f|foh*/ Hfrqrphwulfd 8:/ 68:~6;71

Kdplowrq/ M1 G1 +4<<7,/ Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw| Suhvv/
Sulqfhwrq/ Qhz Mhuvh|1

Kdplowrq/ M1 G1 +4<<9,/ cVshflñfdwlrq whvwlqj lq pdunry0vzlwfklqj wlph0vhulhv
prgho*/ Mrxuqdo ri Hfrqrphwulfv :3/ 45:~48:1
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Kdplowrq/ M1 G1 +4<<<,/ cD sdudphwulf dssurdfk wr ðh{leoh qrqolqhdu lqihuhqfh*1
Xqsxeolvkhg pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliru0
qld/ Vdq Glhjr1

Kdqvhq/ E1 H1 +4<<5,/ cWkh olnholkrrg udwlr whvw xqghu qrqvwdqgdug frqglwlrqv=
Whvwlqj wkh pdunry vzlwfklqj prgho ri jgs*/ Mrxuqdo ri Dssolhg Hfrqrphw0
ulfv :/ v94~v;51

Kdqvhq/ E1 H1 +4<<9,/ cHuudwxp= Wkh olnholkrrg udwlr whvw xqghu qrqvwdqgdug
frqglwlrqv= Whvwlqj wkh pdunry vzlwfklqj prgho ri jgs*/ Mrxuqdo ri Dssolhg
Hfrqrphwulfv 44/ 4<8~4<;1

Kdqvhq/ E1 H1 +4<<:,/ cDssur{lpdwh dv|pswrwlf s0ydoxhv iru vwuxfwxudo fkdqjh
whvwv*/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 1

Kduyh|/ G1/ Oh|erxuqh/ V1 ) Qhzerog/ S1 +4<<:,/ cWhvwlqj wkh htxdolw| ri suh0
glfwlrq phdq vtxduhg huuruv*/ Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj 46/ 5;4~
5<41

Kduyh|/ G1/ Oh|erxuqh/ V1 ) Qhzerog/ S1 +4<<;,/ cWhvwv iru iruhfdvw hqfrpsdvv0
lqj*/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 49/ 587~58<1

Khqulnvvrq/ U1 G1 ) Phuwrq/ U1 G1 +4<;4,/ cRq pdunhw wlplqj dqg lqyhvwphqw
shuirupdqfh1 ll1 vwdwlvwlfdo surfhgxuhv iru hydoxdwlqj iruhfdvwlqj vnloov*/
Mrxuqdo ri Exvlqhvv 87/ 846~8661

Mrqxqj/ O1 ) Odlgohu/ G1 +4<;;,/ cDuh shufhswlrqv ri lqðdwlrq udwlrqdo1 vrph
hylghqfh iurp vzhghq*/ Dphulfdq Hfrqrplf Uhylhz :;/ 43;3~43;:1

OhEdurq/ E1 +4<<5,/ Qrqolqhdu iruhfdvwv iru wkh v)s vwrfn lqgh{/ lq P1 Fdvgdjol
) V1 Hxedqn/ hgv/ cQrqolqhdu prgholqj dqg iruhfdvwlqj1 Surfhhglqjv ri wkh
zrunvkrs rq qrqolqhdu prgholqj dqg iruhfdvwlqj khog Vhswhpehu 4<<3 lq
Vdqwd IH/ Qhz Ph{lfr*/ Dgglvrq0Zhvoh| Sxeolvklqj Frpsdq|1

Q|eorp/ M1 +4<;<,/ cWhvwlqj wkh frqvwdqf| ri sdudphwhuv ryhu wlph*/ Mrxuqdo ri
wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq ;7/ 556~5631

Shvdudq/ P1 K1 +4<;:,/ Wkh Olplwv wr Udwlrqdo H{shfwdwlrqv/ Edvlo Eodfnzhoo
Owg1

Udpvh|/ M1 E1 +4<9<,/ cWhvwv iru vshflñfdwlrq huuruv lq fodvvlfdo olqhdu ohdvw
vtxduh uhjuhvvlrq dqdo|vlv*/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| Vhulhv
E/ 64/ 683~6:41

Ulfk/ U1 Z1 +4<;<,/ cWhvwlqj wkh udwlrqdolw| ri lqðdwlrqdu| iruhfdvwv iurp vxuyh|
gdwd= Dqrwkhu orrn dw wkh vuf h{shfwhg sulfh fkdqjh gdwd*/ Wkh Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv :4/ 9;5~;91

Ulfk/ U1 Z1 +4<<3,/ cDqrwkhu orrn dw wkh udwlrqdolw| ri wkh olylqjvwrq sulfh
h{shfwdwlrq gdwd*/ Dssolhg Hfrqrplfv 55/ 7::~7;81
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Urehuwv/ M1 P1 +4<<8,/ cQhz nh|qhvldq hfrqrplfv dqg wkh skloolsv fxuyh*/ Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj 5:/ <:8~<;71

Wvd|/ U1 V1 +4<;9,/ cQrqolqhdulw| whvw iru wlph vhulhv*/ Elrphwulfd :6/ 794~7991

Zklwh/ K1 +4<;:,/ Vshflñfdwlrq whvwlqj lq g|qdplf prghov/ lq W1 Ehzoh|/ hg1/
cDgydqfhv lq hfrqrphwulfv/ Iliwk zruog frqjuhvv*/ Fdpeulgjh Xqlyhuvlw|
Suhvv/ Fdpeulgjh/ ss1 4~8;1

Zklwh/ K1 +4<<5,/ Hvwlpdwlrq/ Lqihuhqfh dqg Vshflñfdwlrq Dqdo|vlv/ Fdpeulgjh
Xqlyhuvlw| Suhvv/ Qhz \run/ Q\1
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#@?ðtü UL?tý4ih ThðUitë @ä 6ý** *ð?iG úU|ý@* ð?ã@|ðL?c Mä #@tüi_ *ð?iG W? t@4T*i
Thi_ðU|ðL?t uhL4 |üi �@h!Lñ hi}ð4i têð|Uüð?} 4L_i*c Uä #L||i_ *ð?iG W? t@4T*i Thií
_ðU|ðL?t uhL4 |üi ú+Eeä 4L_i*ë ,t|ð4@|ðL? TihðL_ i^ý@*t �bDH^ô í �bbH^eë
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ð? #@?ðtü UL?tý4ih ThðUitë @ä 6ý** *ð?iG úU|ý@* ð?ã@|ðL?c Mä #@tüi_ *ð?iG W? t@4í
T*i Thi_ðU|ðL?t uhL4 |üi �@h!Lñ hi}ð4i têð|Uüð?} 4L_i*c Uä #L||i_ *ð?iG W? t@4T*i
Thi_ðU|ðL?t uhL4 |üi ú+Eeä 4L_i*ë ,t|ð4@|ðL? TihðL_ i^ý@*t �bDH^ô í �bbH^eë
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6ð}ýhi SG #i?tð|) it|ð4@|itë @ä 6ý** *ð?iG úU|ý@* ^ý@|ih*) }hLê|ü h@|it ð? #@?ðtü
UL?tý4ih ThðUitc Mä #@tüi_ *ð?iG ï?i t|iT @üi@_ ð? t@4T*i Thi_ðU|ðL?t ThL_ýUi_ uhL4
|üi ú+Eeä 4L_i*ë Aüi _i?tð|) it|ð4@|it ðt ML|ü M@ti_ L? |üi ,T@?iUü?ð!Lñ kih?i*
êð|ü _@|@ _i|ih4ð?i_ M@?_êð_|ü i^ý@* |L ü'fëôeDë Aüi _@|@ ULñiht |üi TihðL_ �bDH^ô
í �bbH^eë

65



6ð}ýhi .G ï?i t|iT ýT çüLê |it| uLh t|@Mð*ð|) Lu |üi ú+Eeä 4L_i* Lu |üi ^ý@|ih*)
}hLê|ü h@|it ð? #@?ðtü UL?tý4ih ThðUitë ,t|ð4@|ðL? TihðL_ �bDH^ôí�bbH^eë @ä #L||i_
*ð?iG çüLê t|@|ðt|ðU hi*@|ðñi |L |üi �ñi TihUi?| Uhð|ðU@* ñ@*ýi ý?_ih |üi ?ý** Lu t|@Mð*ð|)c
Mä Vih|ðU@* uý** *ð?iG V@*ýit @MLñi ð?_ðU@|it hiéiU|ðL? Lu |üi ?ý** Lu t|@Mð*ð|) @| @ �ñi
TihUi?| *iñi*ë
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^ý@|ih*) }hLê|ü h@|it ð? #@?ðtü UL?tý4ih ThðUitë ,t|ð4@|ðL? TihðL_ �bDH^ôí�bbH^eë
@ä #L||i_ *ð?iG çüLê t|@|ðt|ðU hi*@|ðñi |L |üi �ñi TihUi?| Uhð|ðU@* ñ@*ýi ý?_ih |üi ?ý**
Lu t|@Mð*ð|)c Mä Vih|ðU@* uý** *ð?iG V@*ýit @MLñi ð?_ðU@|it hiéiU|ðL? Lu |üi ?ý** Lu t|@Mð*ð|)
@| @ �ñi TihUi?| *iñi*ë
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6ð}ýhi bG îhi@!TLð?| Eû t|iTt _Lê?ä çüLê |it| uLh t|@Mð*ð|) Lu |üi ú+Eeä 4L_i* Lu |üi
^ý@|ih*) }hLê|ü h@|it ð? #@?ðtü UL?tý4ih ThðUitë ,t|ð4@|ðL? TihðL_ �bDH^ôí�bbH^eë
@ä #L||i_ *ð?iG çüLê t|@|ðt|ðU hi*@|ðñi |L |üi �ñi TihUi?| Uhð|ðU@* ñ@*ýi ý?_ih |üi ?ý**
Lu t|@Mð*ð|)c Mä Vih|ðU@* uý** *ð?iG V@*ýit @MLñi ð?_ðU@|it hiéiU|ðL? Lu |üi ?ý** Lu t|@Mð*ð|)
@| @ �ñi TihUi?| *iñi*ë
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6ð}ýhi �fG #i?tð|) it|ð4@|itë @ä 6ý** *ð?iG úU|ý@* ^ý@|ih*) }hLê|ü h@|it ð? #@?ðtü
UL?tý4ih ThðUitc Mä #@tüi_ *ð?iG ï?i t|iT @üi@_ ð? t@4T*i Thi_ðU|ðL?t ThL_ýUi_ uhL4
|üi �@h!Lñ hi}ð4i têð|Uüð?} 4L_i*ë Aüi _i?tð|) it|ð4@|it ðt ML|ü M@ti_ L? |üi
,T@?iUü?ð!Lñ kih?i* êð|ü _@|@ _i|ih4ð?i_ M@?_êð_|ü i^ý@* |L ü'fëôeDë Aüi _@|@
ULñiht |üi TihðL_ �bDH^ô í �bbH^eë
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6ð}ýhi ��G Aüi �}ýhi T*L|t TLt|ihðLh 4i@?t e.E>EZ|3�c Z|32c Z|3ôc Z|3eä�tA ä @t @ uý?Uí
|ðL? Lu Z|3� uLh Z|32c Z|3ôc Z|3e � i_ @| � @?_ vA |üi }ðñi? t@4T*i LMtihñ@|ðL?t L?
Z|c Z|3�c Z|32c Z|3ô @?_ Z|3eé @ä #@tüi_ *ð?ië èLt|ihðLh 4i@? uhL4 |üi ãi ðM*i hi}hití
tðL? 4L_i* êð|ü �ffff �L?|i ç@h*L _h@êt êð|ü @ � i_ t@4T*i tð3i Lu �S2 LMtihñ@|ðL?
ULñihð?} |üi TihðL_ �bDH^ô í �bbH^eë Mä #L||i_í_@tüi_ *ð?iG bDI UL?�Ui?Ui ð?|ihñ@*të
Uä 6ý** *ð?iG èLt|ihðLh 4i@? uhL4 �@h!Lñ hi}ð4i têð|Uüð?} 4L_i*ë _ä èLt|ihðLh 4i@?
uhL4 *ð?i@h 4L_i*ë
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6ð}ýhi �2G Aüi �}ýhi T*L|t TLt|ihðLh 4i@?t e.E>EZ|3�c Z|32c Z|3ôc Z|3eä�tA ä @t @ uý?Uí
|ðL? Lu Z|32 uLh Z|3�c Z|3ôc Z|3e � i_ @| � @?_ vA |üi }ðñi? t@4T*i LMtihñ@|ðL?t L?
Z|c Z|3�c Z|32c Z|3ô @?_ Z|3eé @ä #@tüi_ *ð?ië èLt|ihðLh 4i@? uhL4 |üi ãi ðM*i hi}hití
tðL? 4L_i* êð|ü �ffff �L?|i ç@h*L _h@êt êð|ü @ � i_ t@4T*i tð3i Lu �S2 LMtihñ@|ðL?
ULñihð?} |üi TihðL_ �bDH^ô í �bbH^eë Mä #L||i_í_@tüi_ *ð?iG bDI UL?�Ui?Ui ð?|ihñ@*të
Uä 6ý** *ð?iG èLt|ihðLh 4i@? uhL4 �@h!Lñ hi}ð4i têð|Uüð?} 4L_i*ë _ä èLt|ihðLh 4i@?
uhL4 *ð?i@h 4L_i*ë
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6ð}ýhi �ôG Aüi �}ýhi T*L|t TLt|ihðLh 4i@?t e.E>EZ|3�c Z|32c Z|3ôc Z|3eä�tA ä @t @ uý?Uí
|ðL? Lu Z|3ô uLh Z|3�c Z|32c Z|3e � i_ @| � @?_ vA |üi }ðñi? t@4T*i LMtihñ@|ðL?t L?
Z|c Z|3�c Z|32c Z|3ô @?_ Z|3eé @ä #@tüi_ *ð?ië èLt|ihðLh 4i@? uhL4 |üi ãi ðM*i hi}hití
tðL? 4L_i* êð|ü �ffff �L?|i ç@h*L _h@êt êð|ü @ � i_ t@4T*i tð3i Lu �S2 LMtihñ@|ðL?
ULñihð?} |üi TihðL_ �bDH^ô í �bbH^eë Mä #L||i_í_@tüi_ *ð?iG bDI UL?�Ui?Ui ð?|ihñ@*të
Uä 6ý** *ð?iG èLt|ihðLh 4i@? uhL4 �@h!Lñ hi}ð4i têð|Uüð?} 4L_i*ë _ä èLt|ihðLh 4i@?
uhL4 *ð?i@h 4L_i*ë
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6ð}ýhi �eG Aüi �}ýhi T*L|t TLt|ihðLh 4i@?t e.E>EZ|3�c Z|32c Z|3ôc Z|3eä�tA ä @t @ uý?Uí
|ðL? Lu Z|3e uLh Z|3�c Z|32c Z|3ô � i_ @| � @?_ vA |üi }ðñi? t@4T*i LMtihñ@|ðL?t L?
Z|c Z|3�c Z|32c Z|3ô @?_ Z|3eé @ä #@tüi_ *ð?ië èLt|ihðLh 4i@? uhL4 |üi ãi ðM*i hi}hití
tðL? 4L_i* êð|ü �ffff �L?|i ç@h*L _h@êt êð|ü @ � i_ t@4T*i tð3i Lu �S2 LMtihñ@|ðL?
ULñihð?} |üi TihðL_ �bDH^ô í �bbH^eë Mä #L||i_í_@tüi_ *ð?iG bDI UL?�Ui?Ui ð?|ihñ@*të
Uä 6ý** *ð?iG èLt|ihðLh 4i@? uhL4 �@h!Lñ hi}ð4i têð|Uüð?} 4L_i*ë _ä èLt|ihðLh 4i@?
uhL4 *ð?i@h 4L_i*ë
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6ð}ýhi �DG ç*@ttð�U@|ðL? Lu |üi ð?ã@|ðL? hi}ð4it ð? #i?4@h! ð? |üi TihðL_ �bDH^ô í
�bbH^eë @ä 6ý** *ð?iG úU|ý@* ð?ã@|ðL?c Mä #@tüi_ *ð?iG 54LL|üi_ ThLM@Mð*ð|ðit Lu Mið?}
ð? @? hi}ð4i êð|ü üð}ü ð?ã@|ðL? h@|it @?_ üð}ü ð?ã@|ðL? ý?Uih|@ð?|) tRoE7| ' ��tA äåc
Uä #L||i_ *ð?iG ç*@ttð�U@|ðL? Lu ð?ã@|ðL? hi}ð4itë Oð}ü ð?ã@|ðL? hi}ð4i êüi? RoE7| '
��tA ä : féDé
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}hLê|ü h@|it ð? #@?ðtü UL?tý4ih ThðUitë @ä 6ý** *ð?iG úU|ý@* ð?ã@|ðL?c Mä #@tüi_ *ð?iG
+i@* |ð4i Thi_ðU|ðL?t uhL4 |üi �@h!Lñ hi}ð4i têð|Uüð?} 4L_i*c Uä #L||i_ *ð?iG +i@*
|ð4i Thi_ðU|ðL?t uhL4 |üi ú+Eeä 4L_i*ë BhLêð?} _@|@ êð?_Lê tð3i êð|ü ð?ð|ð@* TihðL_
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5ð4T*i _itUhðT|ðñi t|@|ðt|ðUt @?_ |üi a@U^ýiíîih@ |it| uLh ?Lh4@*ð|)ë

�i@? �ëôSH

5|@?_@h_ #iñð@|ðL? �ë222

5!iê?itt �ë�fb

, Uitt kýh|Ltðt �ë.HD

�ð?ð4ý4 ífëHSô

�@ ð4ý4 SëeHb

ûLh4@*ð|) |it|

5|@|ðt|ðU ôeëHfe

Tíñ@*ýi fëf

A@M*i 2G úý}4i?|i_ #ðU!i)í6ý**ih |it| uLh ?L?t|@|ðL?@hð|) Lu |üi #@?ðtü ð?ã@|ðL? h@|ië
5@4T*i TihðL_ i^ý@*t �bbDH^2 í �bbH^eë ûL|ðUi |ü@| 888c 88c 8 _i?L|it hiéiU|ðL? Lu
|üi ?ý** Lu ?L?t|@|ðL?@hð|) @| @ �c D @?_ �f TihUi?| *iñi* hitTiU|ðñi*)

w@}t ú#6 ULiæUði?| L? *@}}i_ *iñi* ïMt1
E|íh@|ðLä

6Lh 4L_i* ð?U*ý_ð?} |üi uL**Lêð?}

ûL UL?t|@?| çL?t|@?| çL?t|@?|

ûL |hi?_ ûL |hi?_ Ahi?_

f ífë2HS ífëSDe ífëSSb �SS
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� ífë�D2 ífëeô. ífëeDô �SD

Eí2ëb2ä888 EíDë�Sä888 EíDë2bä888

2 ífë�f2 ífëô2b ífëôeb �Se
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ô ífëfHô ífë2b2 ífëô�S �Sô

Eí�ëSeä8 Eíôë�Dä88 EíôëôDä8

e ífëf.H ífë2bS ífëô2e �S2

Eí�ëDôä Eíôëf.ä88 Eíôëô�ä8
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