
WZR PDWKHPDWLFDO PRGHOV IRU LQYHVWLJDWLQJ ZDYH
JHQHUDWLRQ LQ UHVHUYRLUV

I1 Fuldgr/� W1 Jyhohvldql/2 Q1 Mjdpdg}h/2 K1 Phodg}h12

�Mt|h@U|

Lq wklv sdshu/ wzr pdwkhpdwlfdo prghov iru lqyhvwljdwlqj zdyh jhqhudwlrq lq

uhvhuyrluv duh frqvlghuhg= wkh �uvw rqh lv edvhg rq wkh vpdoo dpsolwxgh zdyh wkhru|

dqg wkh vhfrqg rqh lv edvhg rq wkh vkdoorz zdwhu wkhru|1 Iru qxphulfdo vroylqj

wkh v|vwhp ri htxdwlrqv rewdlqhg/ d frpsohwho| frqvhuydwlyh wzr0od|hug �qlwh gli0

ihuhqfh vfkhph lv frqvwuxfwhg1 Ilqdoo|/ wkh uhvxowv ri sk|vlfdo dqg pdwkhpdwlfdo

vlpxodwlrqv duh frpsduhg1

NH\ ZRUGV= Sk|vlfdo dqg Pdwkhpdwlfdo Prghov

Pdwkhpdwlfdo Vxemhfw Fodvvl�fdwlrq +PVF,= 68M38/ 68T68/6<D43

W?|hL_�U|�L?

Rxu wlph kdv uhjuhwixoo| ehhq pdunhg e| d juhdw qxpehu ri whfkqrjhqlf
fdwdvwurskhv1 Wkh qhhg iru suhyhqwlqj wkhp fdoov iru wkh lqyhvwljdwlrq ri
pdq| qdwxudo skhqrphqd wkdw/ xs xqwlo qrz/ kdyh ehhq doo exw ljqruhg e|
hqjlqhhuv1

Dprqj vxfk skhqrphqd lv wkdw ri zdyh jhqhudwlrq lq uhvhuyrluv gxh
wr odujh odqgvolghv1 Wkhvh zdyhv +ohw xv fdoo wkhp %odqgvolgh0zdyhv%, fdq
dwwdlq d uhdvrqdeoh khljkw dqg suryrnh wkh ryhu�rz ri wkh uhvhuylru*v sur0
whfwlyh vwuxfwxuhv/ gdpdjlqj wkhp/ dorqj zlwk frqvwuxfwlrqv rffxulqj orzhu
ohyhov/ �rrglqj vwuxfwxuhv lq wkh ylflqlw| ri wkh vkruh olqh/ hwf1 Wklv uhdo
wkuhdw lv hpskdvlvhg e| wkh odujh qxpehu ri sdvw fdvhv +lw*v hqrxjk wr uh0
fdoo wkh zdyhv suryrnhg e| odqgvolghv lq wkh uhvhuyrluv Odwx|d Ed|/ Ydlrqw/
hwf1^4/5`,1

Wkh h{lvwhqfh ri qxphurxv odujh uhvhuyrluv/ wrjhwkhu zlwk wkrvh xqghu
frqvwuxfwlrq/ lq prxqwdlqrxv dqg vhpl0prxqwdlqrxv uhjlrqv zlwk frpsoh{
jhrorjlf dqg vhlvplf frqglwlrqv/ pdnhv lw lpsruwdqw wr lqyhvwljdwh wkhvh
skhqrphqd dqg ghyhors whfkqltxhv iru suhglfwlqj zdyh sdudphwhuv1

Wkhvh lqyhvwljdwlrqv fdq eh fduuhg rxw xvlqj phwkrgv edvhg rq erwk
sk|vlfdo dqg pdwkhpdwlfdo prghov1 Wkh iruphu lv wlph0frqvxplqj dqg
h{shqvlyh/ dv sk|vlfdo prghov kdyh wr eh vshfldoo| frqvwuxfwhg iru hdfk
fdvh/ zkhwkhu lw eh d uhvhuyrlu ru lwv gdp vlwh1 Lw lv lpsruwdqw wr ehdu lq
plqg wkdw/ dw wkh suhvhqw wlph/ wkh jhrphwulf dqg nlqhpdwlf sdudphwhuv ri
wkh odqgvolgh surfhvv xvxdoo| fdq qrw eh suhglfwhg zlwk vx�flhqw dffxudf|/
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. Wzr Pdwkhpdwlfdo Prghov iru Lqyhvwljdwlqj 111 DPL Yro15/ 4<<:

vr lw lv qhfhvvdu| wr xvh d zlgh udqjh ri sdudphwhuv gxulqj uhvhdufk/ zklfk
lv udwkhu frpsolfdwhg lq fdvh ri sk|vlfdo prghov1 Iru wklv uhdvrq/ wkhuh lv
dq lqfuhdvlqjo| xujhqw qhhg iru wkh frqvwuxfwlrq ri pdwkhpdwlfdo prghov
dqg iru fduu|lqj rxw ri d vhulhv ri qxphulfdo h{shulphqwv1

Wkh surfhvv ri jhqhudwlqj dqg ghyhorslqj odqgvolgh0zdyhv fdq eh pdwk0
hpdwlfdoo| ghvfulehg e| phdqv ri prghov edvhg rq=
d, wkh vpdoo dpsolwxgh zdyh wkhru|/
e, wkh vkdoorz zdwhu wkhru|1
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Wklv prgho lv frqvwuxfwhg rq wkh dvvxpswlrq wkdw zdwhu iudfwlrq yhorflwlhv
x+{> |> w, dqg x+{> |> w,/ wkh hohydwlrq ri iuhh vxuidfh } @ �+{> |> w, dqg wkhlu
ghulydwlyhv duh vpdoo txdqwlwlhv1 Zh dovr dvvxph wkdw wkh oltxlg lv lghdo/
xqlirup dqg lqfrpsuhvvleoh/ dqg lwv pryhphqw lv yruwh{ohvv1 Wkhvh frqgl0
wlrqv hqvxuh wkh h{lvwhqfh ri vlpsoh yhorflw| srwhqwldo *+{> |> }> w, lq hyhu|
vlqjo| frqqhfwhg grpdlq / iru zklfk wkh iroorzlqj edvh htxdwlrq ri vpdoo
dpsolwxgh zdyh wkhru| 0 wkh Odsodfh htxdwlrq 0 lv wuxh=

7* @
C2*

C{2
.

C2*

C|2
.

C2*

C}2
@ 3= +414,

Olnhzlvh/ zh dvvxph wkdw wkh oltxlg kdv d prydeoh ru lpprydeoh erxqgdu|
vxuidfh V/ zklfk vhsdudwhv lw iurp hyhu| rwkhu phglxp dqg zlwk kdv wkh
surshuw| wkdw hyhu| iudfwlrq rq wklv vxuidfh vwd|v rq lw1 Vxfk erxqgdu|
vxuidfhv kdyh lpsuhpdeoh erwwrpv dqg iuhh zdwhu vxuidfhv1 Rq wkh vrolg
lpsuhphdeoh erxqgdu| wkh iroorzlqj frqglwlrq lv jlyhq=

C*

Cq
@ y?> +415,

zkhuh q @wkh lqlwldo qrupdo yhfwru ri wkh jlyhq vhfwlrq ri zdwhu duhd erxqg0
du| V/ y @wkh surmhfwlrq ri yhorflw| ri wkh jlyhq vlgh ri wkh erxqgdu| lq
wkh gluhfwlrq ri qrupdo q1

Rq wkh vxuidfh ri zdwhu/ iru } @ �+{> |> w, � 3 wkh iroorzlqj frqglwlrqv
zloo eh ixo�oohg=
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@ �j�>

C�

Cw
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> +416,

zkhuh j lv dffhohudwlrq ri judylw|1
Li zh vfkhpdwlvh wkh uhvhuylru lq wkh uhfwdqjoh ru sdudoohohslshg uhfwdqjoh

prgh +sodqh dqg vsdfh fdvhv/ uhvshfwlyho|,/ dffruglqj wr htxdwlrqv +414,0
+416, zh rewdlq wkh dqdo|wlfdo vroxwlrq ri wkh erxqgdu| ydoxh sureohp1 Lq
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wklv fdvh/ wkh odqgvolgh surfhvv lv vlpxodwhg lq wkh iroorzlqj zd|= dv d uhvxow
ri d krul}rqwdo odqgvolgh fxoplqdwlqj lq d zdyh surfhvv rq wkh zdwhu vxuidfh/
wkh glvsodfhphqw ri oltxlg zlwk lqwhqvlw| y/ zklfk ghwhuplqhv wkh yroxph
ri oltxlg glvfkdujhg dw wkh hqg idfh ri wkh zdoo +lq wkh sodqh fdvh, ru dw wkh
fruuhvsrqglqj erdug vlwh +lq wkh vsdfh fdvh, gxulqj d wlph vsdq 3 � w � wf/
lv htxdo wr wkh jlyhq yroxph ri wkh odqgvolgh pdvv1

Wkh vroxwlrq wr wkh sureohp fdq eh rewdlqhg xvlqj Odsodfh*v lqwhjudo
wudqvirupdwlrq e| ydulrxv w dqg Ixulhu*v �qlwh frvlqhv 0 wudqvirupdwlrq e|
yduldeohv {> | 0 dqg lq wkh wkuhh0glphqwlrqdo fdvh wkh iroorzlqj lv jlyhq ^6`=
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O @ohqjkw/ O� @zlgwk dqg k @ghswk ri uhvhuyrlu1
Irupxod +417, doorzv xv wr hvwlpdwh wkh zdyh dpsolwxgh frpsdudwlyho|

txlfno|/ zklfk lv h{wuhpho| lpsruwdqw iru hqjlqhhuv/ deryh doo lq wkh fdvh
ri wkh sureohp*v pxowlyduldqw shuirupdqfh1

Lq wklv fdvh/ wkh yhorflw| ri wkh zdwhu dw wkh erdug vlwh dqg lwv glvfkdujh
wlph fdq eh ghwhuplqhg rq wkh edvlv ri dq| vlpsol�hg dvvxpswlrqv rq wkh
h�hfw ri odqgvolghv rq zdwhu1

Wkh sureohp ri wkh lq�xhqfh ri zdwhu rq lwv pryhphqw dulvhv rq dffrxqw
ri wkh iruphu*v g|qdplf lqwhudfwlrq zlwk wkh odwwhu1 Wkhuhiruh/ lw lv qhf0
hvvdu| wr �qg d frpelqhg vroxwlrq wr htxdwlrqv +414,0+416, dqg htxdwlrqv
ghvfulelqj wkh odqgvolgh pryhphqw vr wr ghwhuplqh wkh odwwhu*v nlqhpdwlf
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fkdudfwhulvwlfv pruh suhflvho|1 Wkh qxphulfdo vroxwlrq wr wklv sureohp lq
d wzr0glphqwlrqdo dssolfdwlrq zdv glvfxvvhg lq sdshu ^7`1 Zlwk wkh dlp ri
lqyhvwljdwlqj wklv fdvh/ zh frqvlghu wkh prvw lpsruwdqw vhfwlrq ri wkh uhdo
uhvhuyrlu dqg odqgvolgh phglxp1 Wkh odqgvolgh pryhphqw lv ghvfulehg e|
wkh iroorzlqj v|vwhp ri htxdwlrqv=

go

gw
@ yr,>

gyr,
gw

@
I} . If . I� . IR

P
> +418,

zkhuh yr, @odqgvolgh yhorflw|/ dv d zkroh/ o+w, @wkh gluhfwlrq ri wkh odqgvolgh
iurp wkh prphqw lw ehjdq wr pryh xqwlo prphqw w/ P @odqgvolgh pdvv1

I} @ P� vlq� judylwdwlrqdo irufh/ P� @pdvv ri wkh volgh sduw o|lqj ryhu
wkh erdug vorsh/ � @erdug vorsh dqjoh1

If @ n+P� frv�. +P �P�,, . fOr, rssrvlqj irufh/ n @rssrvlqj frhi0
�flhqw/ f @erqg frh�flhqw/ Or, @volgh ohqjwk1

I� @ � U
C

sq�gJ�n
U
C

sqjgJ k|gurg|qdplf irufh/ s @ Y)
Y?.| vxusoxv/ lq

frpsdulvrq zlwk wkh dwprvskhulf suhvvxuh ri zdwhu/ J dqg gJ/ uhvshfwlyho|/
volgh erxqg frqyhuwhg wr zdwhu dqg lwv lq�qlwho| vpdoo hohphqw +lqwhjudo lv
wdnhq ryhu wkh zhw vlgh ri wkh volgh erxqg,/| @ ruglqdwh ri vlwh J/ q�
dqg qj @ qrupdo surmhfwlrq ri lqlwldo qrupdo yhfwru/ uhvshfwlyho|/ rq wkh
gluhfwlrq ri wkh pryhphqw dqg shushqglfxoduo| wr lw

IR @ n
U
C

|�gJ� irufh/ frqglwlrqhg e| eorzlqj suhvvxuh dqg dfwlydwhg dw

wkh irrw ri wkh volgh dqg shushqglfxodu wr wkh vorsh/ J� @ irrw ri wkh volgh/
ehlqj ehorz wkh vxuidfh ri wkh zdwhu1

Wkh irufh surgxflqj wkh volgh fdq eh jlyhq dv iroorzv=
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�� dqg �2 @ixqfwlrqv wkdw vdwlvi| wkh Odsodfh htxdwlrq zlwk wkh iroorzlqj
erxqgdu| frqglwlrqv rq wkh vxuidfh ri wkh zdwhu
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dqg rq prylqj vrolg erxqg ri grpdlq hqjdjhg e| wkh zdwhu
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p @lqlwldo yhfwru/ sdudooho wr y> q @lqlwldo yhfwru/ shushqglfxodu wr dq
lq�qlwho| vpdoo vhfwlrq ri wkh vrolg erxqg ri grpdlp1

Dffhohudwlrq d lv ghwhuplqhg e| htxdwlrq

d @
I +d,

P
@

I�+d,

P
. d

I2+d,

P
=

E| vroylqj wkh v|vwhp ri gl�huhqwldo htxdwlrqv +414,0+416,/ frpelqhg
zlwk +418,/ xvlqj qhw phwkrg dqg vrph vwdqgdug qxphulfdo phwkrg/ zh fdq
rewdlq wkh xqnqrzq ixqfwlrqv +wkh lqlwldo gdwd, iru fduu|lqj rxw fdofxodwlrqv
ehlqj ghwhuplqhg e| irupxod +417,/ zklfk ghvfulehv wkh zdyh jhqhudwlrq
surfhvv lq d uhvhuyrlu vfkhpdwlvhg lq wkh sdudoohohslshg uhfwdqjoh prgh1

2 �@|�i4@|�U@* �L_i* �@ti_ L? |�i 5�@**L� `@|ih A�i�
Lh)

Wklv prgho lv edvhg rq d urxjk wkhru| zklfk vsulqjv iurp wkh dvvxpswlrq
wkdw wkh glvwulexwlrq ri suhvvxuh lq oltxlg reh|v k|gurvwdwlf odzv1

Li zh frqvlghu wkh lghdo oltxlg dqg wkh srwhqwldo vwuhdp/ wkhq wkh zdwhu
sodqh pryhphqw fdq eh ghvfulehg e| wkuhh0glphqwlrqdo Hxohuldq htxdwlrqv1
Li zh dyhudjh wkhvh htxdwlrqv e| yhuwlfdo d{lv } zlwk wkh frqglwlrq ri lp0
shuphdelolw| rq wkh erwwrp

x
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wklv jlyhv xv wkh pdlq htxdwlrq 0 Vdlqw0Yhqdqw htxdwlrq 0 ri wkh vkdoorz
zdwhu wkhru|1
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Diwhu lqwurgxflqj wkh pdvv surgxfhg rq wkh lqlw1 ri duhd � @ �+� . k,
dqg wkh irufh surgxfhg rq wkh lqlw1 ri vxuidfh s @ j@5��2/ wklv htxdwlrq
ehfrphv
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Wkh vrxqg yhorflw|/ ghwhuplqhg dv / lv wkh orfdo yhorflw| ri vpdoo shu0
wxuedwlrqv uhodwlyho| vsuhdglqj wkurxjk wkh zdwhu1

Wkh lqlwldo frqglwlrqv duh

x+{> |> 3, @ 3> y+{> |> 3, @ 3> �+{> |> 3, @ �f+{> |,=

Vr dv wr ghwhuplqh idoo0zdyh sdudphwhuv/ wkh volgh lv vlpxodwhg e| pry0
lqj wkh erxqg vlwh dw d jlyhq yhorflw|1 Dv d erxqgdu| frqglwlrq/ wkh yhorflw|
ri wkh uhvhuyrlu erdug vlwh gxulqj wlph vsdq 3 � w � wf lv wkhuhiruh jlyhq lq
wkh iroorzlqj zd|=

x+{> |> w, @ xf> y+{> |> |, @ yf> +{> |, 5 V>

zkhuh V lv wkh volgh vhfwlrq1
Iru vroylqj wkh v|vwhp ri htxdwlrq +515,/ wkh iroorzlqj frpsohwho| frq0

vhuydwlyh wzr0od|hu gl�huhqfh vfkhph ^8/9`
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�
+x2 . y2,�*2>

lv frqvwuxfwhg1 Khuh/ �f @zdwhu ghqvlw|/ � @ylvfrvlw| frh�flhqw/ i� dqg
i2 @iulfwlrq irufhv lq gluhfwlrqv { dqg |/ uhvshfwlyho|/ $� dqg $2 @ylvfrvlw|
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irufhv lq gluhfwlrqv { dqg |/ uhvshfwlyho|/ I� @ I�+{, dqg I2 @ I2+{, @ixqfwlrqv
ghvfulelqj wkh erwwrp uholhi ri wkh uhvhuyrlu1

Wkh lqlwldo frqglwlrqv duh

x+lk> mk> 3, @ 3> y+lk> mk> 3, @ 3> �+lk> mk> 3, @ �f+lk> mk> 3,=

Iru erxqgdu| frqglwlrqv rq wkh �fwlwlrxv nqrwv julg/ zkhuh yhorflw| dqg
%ghqvlw|% ixqfwlrqv duh ghwhuplqhg e| wkh iroorzlqj irupxodh

ax,3� @ 5ax, � x,n�> ay,3� @ 5ay, � y,n�> a�,3� @ �,n�=

Khuh/ o @erxqgdu| nqrw/ o � 4 @wkh qhduhvw ixqfwlrqv nqrw/ o . 4 @wkh
qhduhvw suherxqgdu| nqrw1

Dq lqwhuydo surfhvv pd| eh xvhg iru vroylqj wkhvh qrq0olqhdu gl�huhqwldo
htxdwlrqv1

Wkh fkrlfh ri wkh gh�qlwh iulfwlrq frpsxwdwlrq prgho lv ghwhuplqhg e|
xwlolw|1 Lw lv xvhixoo wr wdnh lqwr frqvlghudwlrq wkh frpsxwdwlrqv fdq eh
hdvlo| pdgh iru wkh zlgh vhw ri suredeoh ydoxhv ri odqgvolgh sdudphwhuv e|
phdqv ri frpsxwdwlrqdo ghshqghqfh +417,/ zklfk doorzv xv wr uhuhdg wkhlu
ohvv idyrudeoh frpelqdwlrq1 Li/ wrjhwkhu zlwk wklv/ wkh pd{lpxp zdwhu lq0
fuhdvh qhdu wkh gdp lv ohvv wkhq wkh h{fhvv ri lwv fuhvw deryh wkh edfn zdwhu
ohyho/ wkh sureohp pd| eh frqvlghuhg dv vroyhg1 Rwkhuzlvh/ lw pljkw dovr
eh qhfhvvdu| wr pdnh pruh wlph0frqvxplqj fdofxodwlrqv dorqj wkh olqhv ri
wkh vkdoorz zdwhu wkhru|/ zklfk zloo doorz xv hvwlpdwh wkh lq�xhqfh ri wkh
uhvhuyrlu*v uhdo vkdsh1 Lw lv dovr qhfhvvdu| wr ehdu lq plqg wkdw lq vrph
fdvhv wkh uhvxowv ri wkh frpsxwdwlrqv frqglwlrq wkh qhhg iru sk|vlfdo h{shu0
lphqwv1

� �L4T@h�tL? Lu |�i +it�*|t Lu ��)t�U@* @?_ �@|�i4@|�
�U@* 5�4�*@|�L?t�

Lq rughu wr frqwuro dqdo|wlfdo dqg fdofxodwhg ghshqghqflhv/ dv zhoo dv uh0
yhdolqj wkh dssolfdelolw| olplwv ri pdwkhpdwlfdo prghov/ wkh uhvxowv rewdlqhg
iurp wkh vdlg prghov zhuh frpsduhg zlwk hdfk rwkhu dqg zlwk wkrvh ri wkh
oderxu h{shulphqwv1

Ehfdxvh wkh dqdo|wlfdo ghshqghqflhv zhuh rewdlqhg zlwk wkh dvvxpswlrq
wkdw wkh grpdlq rffxslhg e| wkh zdwhu lv uhfwdqjoh sdudoohohslshg/ lq zklfk
wkh volgh lv vlpxodwhg e| wkh yhuwlfdo idoo ri wkh vrolg pdvv dqg kdv wkh vdph
uhfwdqjoh sdudoohohslshg irup/ wkh frpsdulvrq zdv �uvw fduulhg rxw iru wkh
grpdlq zlwk wkh fruuhvsrqglqj irup1
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Dv wkh volgh vrolg lv sxoohg grzq dw wkh exww0hqg ri wkh uhfwdqjoh sdu0
doohohslshg fkxwh/ lw jhqhudwhv d zdyh wkdw vsuhdgv dorqj wkh fkxwh/ zklfk/
zlwk d vx�flhqw dprxqw ri dffxudf|/ fdq eh frqvlghuhg wr eh wkh sodqh zdyh
fruuhvsrqglqj wr wkh vroxwlrq rewdlqhg iurp wkh wzr0glphqvlrqdo erxqgdu|
sureohp1 Wkh frpsdulvrq ri wkh uhvxowv rewdlqhg iurp wkh Edurqlq dqg
Qrgd h{shulphqwv ^6`/^:` duh jlyhq ehorz1

Lq wkh Edurqlq h{shulphqw/ wkh fkxwh kdg d uhfwdqjoh furvv0vhfwlrq ri
zlgwk O� @ 3=6p dqg ohqjwk O @ 6p1 Wkh ghswk ri wkh zdwhu zdv K @
3=535p1 D volgh vrolg pdvv ri wklfnqhvv G @ 3=434p> 3=53Sp> 3=737p zdv
sxoohg dorqj wkh zkroh zlgwk ri wkh fkxwh gxulqj d wlph vsdq ri wf @
3=6:8vhf> 3=58vhf dqg 3=9vhf1 Vlpxodwlqj wkh gdp/ wkh yhuwlfdo zdoo zdv
orfdwhg rssrvlwh wkh %volgh% exww0hqg Wkh zdyh dpsolwxgh zdv phdvxuhg
dw gl�huhqw furvv0vhfwlrqv ri wkh fkxwh e| phdqv ri zdyh0phwhuv vlwxdwhg
ryhu wkh exww0hqg1

Wkh uhvxowv ri wkh deryh h{shulphqw zhuh frpsduhg zlwk wkrvh ri fdo0
fxodwlrqv rewdlqhg e| vlpxodwlqj wkh idoo ri d volgh vrolg pdvv dw d jlyhq
yhorflw| dw wkh exww0 hqg1 Erwk pdwkhpdwlfdo prghov dghtxdwho| ghvfulehg
wkh zdyh jhqhudwlrq surfhvv dqg wkhlu uhvxowv frlqflghg zhoo zlwk h{shul0
phqwdo uhvxowv zkhq G@K � 4=31 Wklv lv fohduo| vkrzq lq �j1 41

Lq wkh fdvh ri d volgh dw wkh exww0hqg ^:`/ Qrgd rewdlqhg d wkhruhwlfdo
vroxwlrq wr wkh zdyh jhqhudwlrq wzr0glphqvlrqdo sureohp lq d kdoi0lq�qlw|
grpdlq1 Wr yhuli| wklv vroxwlrq/ dq h{shulphqw xvlqj d fkxwh ri ohqjwk
O @ 65p dqg d uhfwdqjoh sdudoohohslshg er{ zlwk d wklfnqhvv G @ :=8vp
+iru gl�huhqw ghswkv, zdv fduulhg rxw/ lq zklfk wkh volgh vrolg pdvv ihoo
yhuwlfdoo| dw wkh exww0hqg dorqj wkh zkroh zlgwk O� @ 3=6p gxulqj d wlph
vsdq wf1 Wkh zdyh dpsolwxgh zdv phdvxuhg dw d gh�qlwh glvwdqfh iurp wkh
exww0hqg1 Wkh ghswk zdvK @ 3=94p> 3=638p> 3=55<p1 Wkh zdyh dpsolwxgh
zdv revhuyhg dw glvwdqfh { @ 53K> 53K dqg 59=:K1

Wkh frpsdulvrq ri wkh uhvxowv ri sk|vlfdo dqg pdwkhpdwlfdo vlpxodwlrq
vkrzv wkdw wkh prgho edvhg rq wkh vpdoo dpsolwxgh zdyh wkhru| ghvfulehv
wkh zdyh jhqhudwlrq surfhvv mxvw dv zhoo dv wkh prgho edvhg rq wkh vkdoorz
zdwhu wkhru|1 Wkh uhvxowv ri wkh frpsxwdwlrqv frlqflgh zlwk wkh h{shul0
phqwdo uhvxowv/ hvshfldoo| lq wkh fdvh ri wkh iruphu/ l1h1 wkh pdlq zdyh Wklv
frpsdulvrq lv vkrzq lq �j1 51

Wkh h{shulphqwv iru lqyhvwljdwlqj zdyhv jhqhudwhg e| wkh odwhudo idoo ri
volgh vrolgv pdvv/ vlpxodwlqj d odqgvolgh rq wkh vkruh ri wkh uhvhuyrlu/zhuh
frqgxfwhg e| dxwkruv ^;`1 D volgh vrolg/ ohqjwk e @ 4=9p dqg wklfnqhvv
G @ 4=8vp/ ihoo yhuwlfdoo| dw wkh plggoh ri odwhudo zdoo ri d fkxwh uhfwdqjoh
ri ohqjwk O @ :> 86p dqg zlgwk O� @ 4=6p1 H{shulphqwv zhuh frqgxfwhg
iru gl�huhqw ghswkv ri zdwhu dqg idoolqj wlphv1 Wkh zdyhv jhqhudwhg zhuh
phdvxuhg e| zdyh0phwhuv/ orfdwhg lq wkh fruqhuv ri wkh yhuwlfdo zdoov dw wkh
exww0hqg ri wkh fkxwh +gdp0vlwh,1 Wkh zdyh jhqhudwlrq surfhvv iru d zdwhu
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ghswk ri K @ ;vp dqg d wlph vsdq ri wf @ 3=5vhf lv vkrzq lq �j1 6= +d,
zdyh irupdwlrq dw w @ 4vhf/ +e, zdyh vsuhdglqj dorqj wkh fkxwh dw w @ 7vhf1
Rq wkh edvlv ri frpsdulvrq h{shulphqwdo dqg fdofxodwlrq gdwd wkh olplwv ri
dssolfdwlrq wkh wkhruhwlfdo phwkrgv zhuh ghwhuplqhg ^<`1

Phwkrgv ghyhorshg iru lqyhvwljdwlqj wkh zdyh jhqhudwlrq surfhvv zhuh
xvhg iru fduu|lqj rxw wkh qxphulfdo lqyhvwljdwlrq ri wkh iru wkh Jhwlf uhvhu0
yrlu lq Duphqld +�j1 7,1 Dq xqvwdeoh pdvv ri yrofdqrjhqlf urfn/ zlwk d
wrwdo yroxph ri 8 � 9poq=p�/ lv orfdwhg rq wkh uljkw vkruh ri wkh uhvhu0
yrlu1 Jhrorjlfdo lqyhvwljdwlrqv kdyh vkrzq wkdw dv pxfk dv 4poq=p� ri
urfn frxog idoo lqwr wkh zdwhu dw d idoo0olqh zlwk dq h{whqvlrq ri 5e @ 433p/
dssur{lpdwho| {f @ <93p dzd| iurp wkh gdp1 Diwhu ghwhuplqdwlrq wkh
suredeoh yhorflw| dqg gxudwlrq ri wkh idoo/ fdofxodwlrqv zhuh pdgh lq d wzr0
glphqvlrqdo dssolfdwlrq xvlqj wkh diruhphqwlrqhg phwkrgv ^7`1

Lw lv qrw vxusulvlqj wkdw wkh fdofxodwlrqv edvhg rq wkh vkdoorz zdwhu wkh0
ru|/ wdnlqj lqwr frqvlghudwlrq wkh odwhudo ed| ri wkh uhvhuyrlu/ orfdo zlghq0
lqj qhdu wkh gdp/ erwwrp uholhi dqg wkh edfn ri wkh gdp +�j1 7,/ jdyh
d vpdoohu pd{lpdo dpsolwxgh zdyh +ulvh ri wkh zdwhu ohyho, qhdu wkh gdp
� @ 9=6p wkdq wkh fdofxodwlrqv pdgh xvlqj wkh vpdoo dpsolwxgh zdyh wkhru|
� @ ;=6p/ zklfk zhuh xvhg lq wkh fdvh ri wkh vfkhphg uhfwdqjoh uhvhuyrlu1

Ilj14
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Ilj15

Ilj16
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Ilj17

Uhihuhqfhv

41 Ploohu G1 L1/ Jldqw Zdyhv lq Olwx|d Ed|/ X1V1 Jhro1 Vxuy1 Suri1 sdshu
6870O +4<93,/ 840;61

51 Nlhuvfk J1 D1/ Ydlrqw Uhvhuyrlu Glvdvwhu/ Flylo Hqj0lqj ;7 +4<97,/ qr1 6
Pdu1/ 6507:1

61 Jyhohvldql W1O1/ Mlqmlnkdvylol J1L1/ Pdpudg}h J1S1/ Phwkrgv ri Lqyhvwlj1 ri
Odqgvolgh Jhqhudwhg Zdyhv Frqvlghulqj wkh Irup ri Uhvhuyrluv/ LFROG
[LY Frqjuhvv/ Ulr gh Mdqhlur +Eud}lo, +4<;5,/ Welolvl/ 561

71 Ur}hqwxu O1L1/ Wkh frpsxwdwlrq ri zdyhv gxh wr odqg0volghv lq uhvhuyrlu
frqvlghulqj wkh ghirupdwlrq ri lwv erxqgdulhv dqg wkh lq�xhqfh ri k|gurg|0
qdplf irufhv rq wkh pryhphqw ri d odqg0volgh/ Dojrulwkphv dqg Surjudpphv
+Lqirupdwlrq Exoohwlq, +4<;9,/ qr1 7/ 8<1 +Uxvvldq,

81 Nrogred D1Y1/ Sryhvkfkhqnr M1D1/ Srsry M1S1/ Wzr0od|hu frpsohwho| frq0
vhuydwlyh gl�huhqfh vfkhphv iru jdv g|qdplf htxdwlrqv lq Hxuholdq hdwdeohv/
M1 Frpsxw1 Pdwk1 dqg Pdwk1 Sk|v1 5: +4<;:,/ qr1 8/ ::<0:;71 +lq Uxvvldq,

91 G}kjdpdg}h Q1R1/ Srsry D1Y1/ Frqyhujhqfh ri gl�huhqfh vfkhphv iru wzr0
glphqvlrqdo jdv g|qdplf htxdwlrqv lq Hxuholdq yduldeohv/ M1 Frpsxw1 Pdwk1
dqg Pdwk1 Sk|v1 ;5 +4<<5,/ qr1 7/ 854085<1 +lq Uxvvldq,
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:1 Qrgd H1N1/ Zdwhu Zdyhv Jhqhuxwhg e| Odqgvolghv/ Surf1 Dphu1 Vrf1 Dy1
Hqj1/ ZK7 +4<:3,/ ;680;881

;1 Jyhohvldql W1O1/ G}kjdpdg}h Q1R1/ Mlqmlnkdvkylol J1L1 Phodg}h J1Y1/ Rq
vrph pdwkhpdwlfdo prghov ri lqyhvwljdwlrq ri zdyh jhqhudwlrq rq uhvhuyrluv/
Pdwk Prghoolqj 6 +4<<4,/ qr1 8/ 60441 +lq Uxvvldq,

<1 Jyhohvldql W1O1 dqg hwf1 Fdofxodwlrqv ri zdyh sdudphwhuv fdxvhg lq uhvhu0
yrluv e| odqgvolgh hyhqwv1 Pdqxdo iru kxgudxolf Hqjlqhhulqj Ghvljq1 %Jrvvwurl%
ri Jhrujldq VVU1 Welolvl1 4<;91 +lq Uxvvldq,
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