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khosixo frpphqwv/ dqg wkh Hxurshdq Fhqwudo Edqn iru �qdqfldo vxssruw dqg uh0
vhdufk dvvlvwdqfh1 Wkh rslqlrqv jlyhq lq wklv sdshu duh h{foxvlyho| plqh dqg gr
qrw qhfhvvdulo| uh hfw wkrvh ri wkh Hxurshdq Fhqwudo Edqn1



Devwudfw

Vwuxfwxudo prghov duh d srzhuixo wrro iru exvlqhvv f|foh dqg prqhwdu| srolf|
dqdo|vlv ehfdxvh wkh| duh dvvxphg wr eh lqyduldqw wr hlwkhu srolf| fkdqjhv
ru h{whuqdo vkrfnv1 Lq wklv sdshu/ zh ghulyh d qhrfodvvlfdo prqhwdu| prgho
lq zklfk erwk wkh ghpdqg dqg vxsso| vlgh duh vwuxfwxudo lq wkh vhqvh wkdw
wkh ehkdylrudo htxdwlrqv rewdlqhg duh uljrurxvo| fdofxodwhg iurp rswlpl}lqj
ghflvlrqv ri wkh lqglylgxdov1 Pruhryhu/ zh lqwurgxfh sulfh vwlfnlqhvv rq wkh
vxsso| vlgh ghflvlrqv vr dv wr kdyh uhohydqw vkruw0uxq uhdo h�hfwv ri prqhwdu|
srolf| wkurxjk wkh uhdo lqwhuhvw udwh fkdqqho1 Wkh uhvxowlqj phglxp0vl}h
prgho zloo eh fdoleudwhg dqg hvwlpdwhg iru wkh hxur duhd hfrqrplhv1 Dv wzr
h{dpsohv ri wkh dssolfdwlrqv ri wkh prgho iru wkh hxur duhd/ vrph vlpxodwlrqv
rq exvlqhvv f|foh dqg prqhwdu| srolf| dqdo|vlv zloo eh fduulhg rxw1

Nh|zrugv= rswlpl}lqj g|qdplf prghov/ vwlfn| sulfhv/ exvlqhvv f|foh/ Wd|0
oru uxohv1

MHO frghv= H53/ H65/ H851



4 Lqwurgxfwlrq
Wkh ryhudoo prwlydwlrq ri wklv sdshu lv wzrirog= ghulyh dqg rxwolqh d g|qdplf
pdfurhfrqrplf prqhwdu| prgho zlwk uljrurxv plfurirxqgdwlrqv erwk rq wkh
ghpdqg dqg vxsso| vlgh/ dqg looxvwudwh krz wkh prgho fdq eh xvhg wr h{soruh
pdfurhfrqrplf skhqrphqd lq wkh hxur duhd1

Vwuxfwxudo prqhwdu| prghov zlwk qrplqdo uljlglwlhv +wkh vr0fdoohg �vwlfn|
sulfhv�, duh yhu| dssursuldwh iru pdfurhfrqrplf dqdo|vlv ehfdxvh ri wzr lp0
sruwdqw uhdvrqv1 Iluvw/ lwv ehkdylrudo htxdwlrqv duh dvvxphg wr eh lqgh0
shqghqw iurp wkh prqhwdu|2�vfdo srolf| uhjlph ehfdxvh wkh| duh rewdlqhg
iurp udwlrqdo +rswlpl}lqj, ghflvlrqv xqghu dq| lpsohphqwhg srolf|1 Vhf0
rqgo|/ vorz0dgmxvwphqw qrplqdo sulfhv fdq khos fdswxulqj wkh vkruw0uxq uhdo
h�hfwv ri wkhvh srolflhv revhuyhg lq dfwxdo gdwd1 Sulfh vwlfnlqhvv zloo dulvh
lq rxu prgho iurp uljlglwlhv lq erwk vhoolqj sulfhv vhwwlqj dqg qrplqdo zdjhv
frqwudfwlqj1

Uhjduglqj vhoolqj sulfh ghflvlrqv/ zh iroorz wkh dvvxpswlrq irxqg lq Fdoyr
+4<;6, wkdw surgxfhuv duh erxqg wr pdlqwdlq wkh sulfh xqghu vrph �{hg
suredelolw|1 Li wkh| kdyh wkh fkdqfh wr vhw d qhz sulfh wkh| zloo fkrrvh wkhlu
sur�w0pd{lpl}lqj sulfh zlwklq d prqrsrolvwlf frpshwlwlrq vfhqdulr1

Zlwk uhvshfw wr qrplqdo zdjhv/ wkh| duh suhghwhuplqhg lq wkh prgho1
Frqwudfwv duh vljqhg rqh shulrg lq dgydqfh dwwhpswlqj wr pdlqwdlq sxu0
fkdvlqj srzhu ri krxvhkrogv1 Wkhuh zloo eh frqwudfwv vljqhg jurzlqj dw wkh
orqj0uxq lq dwlrq udwh dqg rwkhuv wkdw jurz wdnlqj lqwr dffrxqw wkh udwh
ri lq dwlrq h{shfwhg iru wkh shulrg zkhq wkh frqwudfw lv lq h�hfw1 Lq wxuq/
suhghwhuplqhg qrplqdo zdjhv ehfrphv dqrwkhu vxsso|0vlgh vrxufh wkdw fdq
jhqhudwh qrplqdo uljlglwlhv ohdglqj wr rxwsxw dqg lq dwlrq fkdqjhv lq wkh
suhvhqfh ri d prqhwdu| vkrfn1 Wkh udwlrqdoh ri wkh zdjh vhwwlqj sdwwhuq
fkrvhq khuh uholhv rq wkh dvvxpswlrq wkdw qhlwkhu hpsor|huv qru hpsor|hhv
kdyh vx!flhqw pdunhw srzhu wr xqlodwhudoo| ghflgh zdjhv1

Wkh ghpdqg0vlgh ri wkh prgho lv hqwluho| rewdlqhg iurp rswlpl}lqj djhqwv
ehkdylru lq wkh frqwh{w ri wkh glvfuhwh0wlph LV0OP iudphzrun uhfhqwo| xvhg
lq wkh olwhudwxuh +Nhuu dqg Nlqj +4<<9,/ PfFdooxp dqg Qhovrq +4<<<,/ dqg
Urwhpehuj dqg Zrrgirug +4<<:,, iroorzlqj wkh wudglwlrq ri wkh qhrfodvvlfdo
prqhwdu| prghov +vhh Vlgudxvnl +4<9:,/ dqg Eurfn +4<:8,, zkhuh ghflvlrqv
duh pdgh wr pd{lpl}h djhqw�v xwlolw| e| glvfrxqwlqj h{shfwhg ydoxhv lq dq
lq�qlwh krul}rq1 Wkhuh duh wzr frqwulexwlrqv lq wklv sdshu wr wkh vwdqgdug
prgho xwlol}hg lq wkh olwhudwxuh1 Iluvw/ wkh uroh ri prqh| dv d phglxp ri h{0
fkdqjh lv h{solflwo| lqfrusrudwhg wkurxjk d wudqvdfwlrq frvwv ixqfwlrq hqwhu0
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lqj wkh krxvhkrog*v exgjhw frqvwudlqw +lqvwhdg ri wkh pruh wudglwlrqdo prqh|
lq wkh xwlolw| ixqfwlrq ru fdvk0lq0dgydqfh dssurdfkhv,1 Vhfrqg/ lqyhvwphqw
lq fdslwdo jrrgv lv fdofxodwhg hqgrjhqrxvo| iurp wkh �uvw rughu frqglwlrqv1

Vhfwlrq 5 lv ghyrwhg wr ghvfuleh wkh hqwluh prgho1 Wkhuh/ zh zloo irfxv
vshfldo dwwhqwlrq rq ghulylqj wkh ehkdylrudo htxdwlrqv +frqvxpswlrq/ lqyhvw0
phqw/ prqh| ghpdqg/ vhoolqj sulfh, dqg rq gh�qlqj d prqhwdu| srolf| uxoh/
wkh rxwsxw jds/ dqg wkh qrplqdo dqg uhdo zdjhv1

Dv wkh uhvxowlqj v|vwhp ri htxdwlrqv uhsuhvhqwlqj vxsso| dqg ghpdqg
ehkdylru kdyh wkh srwhqwldo wr eh srolf| lqyduldqw wkh| fdq eh hvwlpdwhg
zlwkrxw ehlqj vxemhfw wr wkh Oxfdv fulwltxh1 Khqfh/ wkh prgho zloo eh hvwl0
pdwhg dqg fdoleudwhg iru wkh hxur duhd lq Vhfwlrq 6 edvhg rq +li dydlodeoh,
txduwhuo| revhuydwlrqv gxulqj wkh shulrg 4<:31405333171

Lq Vhfwlrq 7 ri wklv sdshu zh vwxg| wkh exvlqhvv f|foh sdwwhuqv ri wkh
hxur duhd prgho e| phdqv ri dqdo|}lqj lpsxovh uhvsrqvh ixqfwlrqv1 Wkhvh
ixqfwlrqv uhsuhvhqw suhglfwlrqv ri wkh prgho iru vlwxdwlrqv zkhuh wkhuh duh xq0
h{shfwhg fkdqjhv lq whfkqrorj|/ suhihuhqfhv/ ru prqhwdu| srolf|1 Wkh ghvljq
ri Wd|oru0w|sh prqhwdu| srolf| uxohv lq wkh hxur duhd lv dqrwkhu dssolfdwlrq
ri wkh prgho1 Khqfh/ wkh shuirupdqfh ri Wd|oru uxohv xqghu gl�huhqw frhi0
�flhqwv zloo eh frpsduhg lq Vhfwlrq 8 dlplqj dw surylglqj vrph prqhwdu|
srolf| uhfrpphqgdwlrqv1 Frqfoxvlrqv zloo eh olvwhg lq Vhfwlrq 91

5 Wkh Prgho
Wkh hfrqrp| frqvlvwv ri d frqwlqxxp ri dolnh krxvhkrogv wkdw vhhn wr pd{l0
pl}h lq shulrg | wkh h{shfwhg vxp ri wkh fxuuhqw dqg glvfrxqwhg ixwxuh xwlolw|
ydoxhv ghshqglqj rq wkh vwdwh ri frqvxpswlrq suhihuhqfhv l/ dqg wkh ohyho ri
frqvxpswlrq S

.|

"S
�'f

q�LEl|n�c S|n�� +4,

zkhuh q ' �
�n4

lv wkh glvfrxqw idfwru/ .|d�o lv wkh udwlrqdo h{shfwdwlrqv rshud0
wru frqglwlrqdo rq doo wkh lqirupdwlrq dydlodeoh lq shulrg |/ dqg wkh vwdqgdug
xwlolw| ixqfwlrq dvvxpswlrqv LS : f/ dqg LSS 	 f krog1 Krxvhkrogv duh dovr
surgxfhuv1 Hdfk krxvhkrog surgxfhv d gl�huhqw jrrg dqg frqvxphv d exqgoh
ri jrrgv wkdw sxufkdvhv iurp wkh rwkhu krxvhkrogv1 Khqfh/ S| ghqrwhv wkh
qxpehu ri exqgohv ri jrrgv djjuhjdwhg xvlqj Gl{lw0Vwljolw} lqgh{hv dv xvxdoo|
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hpsor|hg lq wkh olwhudwxuh +vhh Gl{lw dqg Vwljolw} +4<::,/ Nlqj dqg Zropdq
+4<<9,/ \xq +4<<9,/ ru Hufhj hw do1 +5333,,14

Krxvhkrogv xvh wkh dydlodeoh wudqvdfwlrqv whfkqrorj| wr fduu| rxw sxu0
fkdvhv ri rwkhu0wkdq0surgxfhg jrrgv1 Lq grlqj vr/ wkh| qhhg wr vshqg vrph
uhvrxufhv/ qdpho|/ rxwsxw uhvrxufhv dffruglqj wr wkh rxwsxw0frvw wudqvdfwlrqv
dssurdfk dw kdqg15 Rxu wudqvdfwlrq frvwv ixqfwlrq uhsuhvhqwv wkh h{lvwlqj
wudqvdfwlrqv whfkqrorj|1 Lq sduwlfxodu/ zh dvvxph wkdw wkhuh lv d ixqfwlrqdo
irup wkdw jlyhv wkh dprxqw �| ri rxwsxw xvdjhv +ru wudqvdfwlrq frvwv, lq sh0
ulrg | ghshqglqj rq wkh qxpehu ri frqvxpswlrq exqgohv S|/ dqg wkh dprxqw
khog ri uhdo prqh| edodqfhv 6|=

�| ' �ES|c6|� +5,

zlwk 6| '
�|

��
|

/ �| ghqrwlqj qrplqdo prqh| dqg ��
| wkh Gl{lw0Vwljolw} djjuh0

jdwh sulfh ohyho gh�qhg lq irrwqrwh 41 Wkh vljqv ri wkh �uvw rughu dqg furvv
ghulydwlyhv duh �S : f/ �6 	 f/ dqg �S6 	 f1 Wkh wudqvdfwlrqv0idflolwdwlqj
surshuw| ri prqh| dv d phglxp ri h{fkdqjh lv uhsuhvhqwhg wkurxjk wkh vljqv

4Frqfuhwho|/ wkh frqvxpswlrq exqgohv duh frqvwuxfwhg lqgh{lqj lqglylgxdo frqvxpswlrq
jrrgv e| l 5 ^3> 4` vxfk dv=

fw @

�] 4

3

fw+l,
��4

� gl

� �

��4

=

Hdfk krxvhkrog surgxfhv d vlqjoh jrrg dqg frqvxphv doo ri wkhp dffruglqj wr wkh
frqvwdqw0hodvwlflw| ghpdqg ixqfwlrq=

fw+l, @

�
Sw+l,

SD
w

�
��

fw iru doo l 5 ^3> 4` >

zkhuh SD
w lv wkh djjuhjdwh sulfh ohyho rewdlqhg iurp SD

w @
kU 4

3
Sw+l,

4��gl
l 4

4��

1 Wklv

vlqjoh jrrg ghpdqg ixqfwlrq fdq eh rewdlqhg iurp rswlpl}lqj fulwhuld +wr eh suryhg xqghu
uhtxhvw,1 Wkh frqglwlrq SD

w fw @
U 4

3 Sw+l,fw+l,gl lv lpsolhg e| frpelqlqj wkh vlqjoh0jrrg
ghpdqg ixqfwlrq zlwk wkh gh�qlwlrq ri SD

w 1
5Dowhuqdwlyho|/ zh frxog wklqn ri wudqvdfwlrq frvwv lq whupv ri wlph uhvrxufhv dqg wkhq

wkh wudqvdfwlrq frvw ixqfwlrq +vkrsslqj wlph ixqfwlrq, zrxog hqwhu wkh wlph frqvwudlqw
lqvwhdg ri wkh exgjhw frqvwudlqw +vhh Fdvduhv +5333, iru d irupdo uhsuhvhqwdwlrq ri vxfk
prgho,1
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�6 	 f dqg �S6 	 f zklfk lpso| wkdw wkh xvh ri pruh prqhwdu| vhuylfhv
uhgxfhv wkh wrwdo dqg pdujlqdo wudqvdfwlrqv frvwv1

Lqyhvwphqw lv vhw dv wkh lqfuhdvh lq wkh vwrfn ri fdslwdo qhw ri ghsuhfldwlrq
ghflghg iru qh{w shulrg*v surgxfwlrq sodq1 Wkxv/ zh ghqrwh %| dv wkh dprxqw
lqyhvwhg lq shulrg | dffruglqj wr wkh uhodwlrq

%| ' &|n� � E�� B�&|� +6,

Vxfk dprxqw %| lv rewdlqhg e| wudqviruplqj sduw ri rxwsxw lqwr fdslwdo jrrgv1
Zh dvvxph wkdw vrph dgmxvwphqw frvwv dulvh gxulqj wkh lqvwdoodwlrq ri fdslwdo
jrrgv16 Dv Fdvduhv dqg PfFdooxp +5333, vkrz iru rswlpl}lqj prghov/ zkhq
lqyhvwphqw lv hqgrjhqrxv vrph voxjjlvk phfkdqlvp lv qhfhvvdu| wr vprrwk
lqyhvwphqw pryhphqwv uhdfklqj pruh uhdolvwlf exvlqhvv f|foh sdwwhuqv1 Df0
fruglqjo|/ wkhuh h{lvwv d ixqfwlrq �E%|� wkdw jlyhv wkh dgmxvwphqw frvwv lq
whupv ri rxwsxw gxh wr lqvwdoolqj %| xqlwv ri qhz fdslwdo jrrgv1

Wkh surgxfwlrq ixqfwlrq ghwhuplqhv wkh dprxqw ri rxwsxw +| surgxfhg
lq shulrg | e| hpsor|lqj oderu ?|/ dqg wkh vwrfn ri fdslwdo &| surylghg dq
+h{rjhqrxv, vwdwh ri whfkqrorj| phdvxuhg e| 5|

+| ' sE5|c ?|c &|�� +7,

Lw lv dvvxphg wkdw sE�� lv krprjhqhrxv ri ghjuhh 4 zlwk wkh vwdqgdug �uvw
dqg vhfrqg rughu frqglwlrqv s? : f/ s& : f/ s?? 	 f/ s&& 	 f/ dqg s?& : f1
Krxvhkrogv vhoo wkhlu surgxfw lq d prqrsrolvwlf frpshwlwlrq pdunhw zkhuh
wkh txdqwlw| surgxfhg lv vrog lq wkh �qdo jrrgv pdunhw dffruglqj wr wkh
Gl{lw0Vwljolw} vlqjoh jrrg ghpdqg ixqfwlrq=

sE5|c ?
_
| c &|� '

�
�|

��
|

�
3w

+�| c ��|� w : �c +8,

zkhuh �| lv wkh vhoolqj sulfh/ ��
| lv djdlq wkh Gl{lw0Vwljolw} sulfh lqgh{/ +�| lv

wkh Gl{lw0Vwljolw} rxwsxw lqgh{/ +�| '
kU �

f
+|E��

w3�
w _�

l w
w3�

/ dqg w lv wkh frqvwdqw
hodvwlflw| zlwk uhvshfw wr wkh uhodwlyh sulfh1

6Wkhuh fdq eh ydulrxv vrxufhv ri dgmxvwphqw frvwv= lqirupdwlrq frvwv/ ohduqlqj frvwv/
vwduw0xs frvwv/ hwf1 Wkh nh| srlqw lv wkdw lqyhvwlqj lq uhdo dvvhwv lv frqfhswxdoo| gl�huhqw
iurp lqyhvwlqj lq �qdqfldo dvvhwv +erqgv,1
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Lq uhdo pdjqlwxghv/ wkh exgjhw frqvwudlqw idfhg e| wkh krxvhkrogv lv

}| n

�
�|

��
|

��3w

+�| � �E%|� ' S| n %| n �ES|c 6|� n �|E?| � �� n

6| � E� n Z|�
3�6|3� n E� n o|�

3�K|n� � K|c +9,

zkhuh Z| lv wkh udwh ri lq dwlrq
�
Z| '

��
| 3�

�
|3�

��
|3�

�
dqg o| lv wkh uhdo lqwhuhvw

udwh1 Wkhuh duh wzr vrxufhv ri uhdo lqfrph iru wkh krxvhkrog= oxps0vxp uhdo
wudqvihuv iurp wkh jryhuqphqw +}|,/ dqg wkhlu rzq ghpdqg0ghwhuplqhg rxw0
sxw surgxfwlrq diwhu vxewudfwlqj wkh dgmxvwphqwv frvw ri lqyhvwphqw1 Lqfrph
lv vshqw rq frqvxpswlrq +S|,/ rq lqyhvwphqw +%|,/ rq sd|lqj wkh wudqvdfwlrq
frvwv +�E��,/ rq sd|phqwv wr wkh oderu irufh kluhg lq wkh pdunhw +�|E?| � ��/
zlwk �| ghqrwlqj wkh uhdo zdjh dqg dvvxplqj d rqh0xqlw lqhodvwlf oderu vxs0
so|,/ dqg rq lqfuhdvlqj wkh dprxqwv khog ri uhdo prqh| +6|�E�nZ|�

3�6|3�,
ru erqgv +E� n o|�

3�K|n� � K|,1
Dv ri shulrg |/ krxvhkrogv pdnh udwlrqdo fkrlfhv ri S|/ &|n�/ ?|/ 6|/ K|n�/

dqg �| e| pd{lpl}lqj +4, vxemhfw wr wkh pdunhw ghpdqg frqglwlrq +8,/ dqg
wkh exgjhw frqvwudlqw +9,1 Uhjduglqj �|*v rswlpdo ghflvlrq/ zh dvvxph dv
lq Fdoyr +4<;6, wkdw hdfk vhoohu fdq dgmxvw wkh sulfh zlwk d suredelolw| dv0
vrfldwhg htxdo wr � � # zkhuhdv wkh| zloo kdyh wr vwlfn wr wkh odvw shulrg
sulfh zlwk d suredelolw| htxdo wr #17 Dvvxplqj wkh iruphu vwdwh ri qdwxuh/
wkh uhvxowlqj �uvw rughu frqglwlrqv frqfhuqlqj wkh |0shulrg fkrlfh yduldeohv
lqfoxgh wkh pdunhw dqg exgjhw frqvwudlqwv +8,/ +9,/ dqg8

7Sulfh vhwwlqj ä od Fdoyr fuhdwhv wzr gl�huhqfhv dprqj krxvhkrogv= wkh| zloo kdyh
d gl�huhqw vhoolqj sulfh ghshqglqj xsrq zkhq lw zdv ghflghg dqg wkh dprxqw surgxfhg
zloo dovr eh gl�huhqw dffruglqj wr wkhlu sduwlfxodu sulfh hqwhulqj wkhlu ghpdqg frqvwudlqw1
Krzhyhu/ dv wkh| vkduh suhihuhqfhv/ surgxfwlrq whfkqrorj|/ dqg wudqvdfwlrqv whfkqrorj|/
ghpdqg0vlgh ghflvlrqv +frqvxpswlrq/ lqyhvwphqw/ dqg prqh| ghpdqg, duh lghqwlfdo dprqj
krxvhkrogv1

8Iru frqyhqlhqfh/ zh xvh wkh qrwdwlrq I{w @
CI +{w>|w,

C{w
iru wkh sduwldo ghulydwlyhv1
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"S
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�
b|n�
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|n�

�
3w +�|n�

��
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�
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�
1|n�

�
�|
��
|n�

�
3w3� +�|n�

��
|n�

��
' fc

+� sJS
| ,

zkhuh b|/ dqg 1| duh uhvshfwlyho| wkh Odjudqjh pxowlsolhuv dwwdfkhg wr wkh
exgjhw frqvwudlqw dqg pdunhw ghpdqg frqvwudlqw lq shulrg |1

Wkh frqvxpswlrq ixqfwlrq1

Wkh �uvw rughu frqglwlrq iru frqvxpswlrq ESsJS| � lpsolhv wkdw wkh frqvxps0
wlrq vkdgrz sulfh +l1h1/ wkh Odjudqjh pxowlsolhu b|, lv htxdo wr wkh pdujlqdo
xwlolw| ri frqvxpswlrq glylghg e| rqh soxv wkh pdujlqdo wudqvdfwlrq frvw9

b| '
LS|

� n �S|
�

Frpelqlqj wkh suhylrxv h{suhvvlrq lq shulrgv | dqg |n� zlwk wkh �uvw rughu
frqglwlrq iru erqgv EKsJS|n��/ lw |lhogv=

� n o| ' q.|

%
LS| E� n �S|�

3�

LS|n�

�
� n �S|n�

�
3�

&
� +:,

Ohw xv dvvxph wkdw krxvhkrogv* suhihuhqfhv duh zhoo uhsuhvhqwhg e| d
frqvwdqw uhodwlyh ulvn dyhuvlrq +FUUD, lqvwdqwdqhrxv xwlolw| ixqfwlrq/

9Qrwh wkdw zkhq wkhuh lv qr wudqvdfwlrq frvw zh jhw wkh vwdqgdug frqvxpswlrq vkdgrz
sulfh htxdwlrq �w @ Xfw1

9



LEl |c S|� ' i TEl |�
S�3j|

�� j
+;,

��|� j : fc

dqg wkh wudqvdfwlrq whfkqrorj| lv jlyhq e| wkh iroorzlqj ixqfwlrqdo irup=

�ES|c 6|� '

;?=
f �s S| ' f

Kf n K�
SK2|
6K�

|

�s S| : f

<@> +<,

��|� Kfc K�c K2c K� : fc

Vxevwlwxwlqj erwk ixqfwlrqdo irupv +;, dqg +<, lq wkh �uvw rughu frqgl0
wlrq +:, dqg wkhq orj0olqhdul}lqj iroorzlqj wkh whfkqltxhv ghvfulehg lq Xkolj
+4<<<,/ lw |lhogv wkh frqvxpswlrq ixqfwlrq=

eS| ' .|eS|n� � iS Eo| � orr� n K��
rr
S i

SEe6| �.| e6|n�� n iS
�
l| �.|l|n�

�
c
+43,

zkhuh iS ' �
jnEK23���rrS E��

lv wkh vhpl0hodvwlflw| ri frqvxpswlrq wr fkdqjhv
lq wkh uhdo lqwhuhvw udwh dqg �kdw� yduldeohv uhsuhvhqw shufhqw ghyldwlrqv
iurp vwhdg| vwdwh +h1j1/ eS| ' *L}E S|

Srr
�,1 Wkh h{lvwhqfh ri d +qrq0vhsdudeoh,

wudqvdfwlrq frvwv ixqfwlrq lq wkh exgjhw frqvwudlqw jlyhv ulvh wr wkh suhvhqfh
ri prqhwdu| hohphqwv lq wkh frqvxpswlrq Hxohu htxdwlrq1 Rq wklv lvvxh dqg
dvvxplqj wkdw wkh vkrfn rq suhihuhqfhv lv zklwh qrlvh/ zh fdq h{suhvv wkh
frqvxpswlrq ixqfwlrq dv iroorzv

eS| ' iSl| n K��
rr
S i

S e6| � iS.|

"S
�'f

Eo|n� � orr� �

Lq wklv irupxodwlrq/ fxuuhqw frqvxpswlrq ghshqgv srvlwlyho| rq wkh fxu0
uhqw vwdwh ri suhihuhqfhv l|/ dqg rq fxuuhqw uhdo prqh| edodqfhv e6|> dqg lq
d qhjdwlyh idvklrq rq wkh �orqj0uxq� uhdo lqwhuhvw udwh .|

S
"

�'f Eo|n� � orr� �
Wkhuh lv d uhdo edodqfh h�hfw zkrvh ruljlq lv gl�huhqw iurp wkh vwruh0ri0ydoxh
ixqfwlrq uhodwhg wr wkh sruwirolr vhohfwlrq lqlwldoo| ghvfulehg lq Wrelq +4<98,1
Khuh/ wkh dfwxdo ruljlq iru wkh uhdo edodqfh h�hfw lv wkh phglxp0ri0h{fkdqjh

:



uroh ri prqh| wkdw pdnhv frqvxpswlrq pruh dwwudfwlyh zkhq kroglqj juhdwhu
uhdo prqh| edodqfhv gxh wr kdylqj ohvv pdujlqdo wudqvdfwlrq frvwv dvvrfldwhg
wr sxufkdvhv ri frqvxpswlrq jrrgv1 Frqvhtxhqwo|/ pruh uhdo prqh| edodqfhv
ohdgv wr pruh frqvxpswlrq1

Wkh lqyhvwphqw ixqfwlrq1

Wkh ghflvlrq uhjduglqj wkh txdqwlw| wr lqyhvw lv jryhuqhg e| wkh qh{w
shulrg*v fdslwdo �uvw rughu frqglwlrq E&sJS|n��� Dv lw fdq eh vhhq deryh/ wkdw
htxdwlrq ghshqgv rq wkh Odjudqjh pxowlsolhu 1|n�1 Uhfdoolqj wkh lpsolflw
rswlpdolw| frqglwlrq iru qh{w shulrg*v ghpdqg ri oderu E?sJS|n��/ lw lv rewdlqhg

1|n� ' b|n�
�|n�

s?|n�
1 Diwhu vxevwlwxwlqj wkdw uhvxow lq E&sJS|n�� wkh lqyhvwphqw

ghflvlrq zloo eh rswlpdo zkhq kroglqj

b|E� n �%|� ' q.|

�
b|n�

�
�� B n E�� B��%|n� n

�|n�

s?|n�
s&|n�

��
� +44,

Rq wkh ohiw0kdqg vlgh zh kdyh/ lq xwlolw| xqlwv/ wkh pdujlqdo frvwv frplqj
iurp wkh odvw xqlw ri lqyhvwphqw wdnhq1 Rq wkh uljkw0kdqg vlgh/ zh kdyh wkh
h{shfwhg pdujlqdo ehqh�wv lq xwlolw| xqlwv dv zhoo1 Zkhq zh lqfrusrudwh wkh
uhodwlrq q.|b|n� ' b|E�n o|�

3� wkh Odjudqjh pxowlsolhuv fdqfho rxw uhvxowlqj
lq

� n o| ' .|

597�� B n E�� B��%|n� n
�|n�

s?|n�
s&|n�

� n �%|

6:8 +45,

Wkh ohiw0kdqg vlgh ri +45, lv qrz wkh pdujlqdo frvw +rssruwxqlw| frvw, ri
rqh wkh odvw xqlw ri sk|vlfdo fdslwdo lqyhvwhg dqg wkh uljkw kdqg vlgh lv wkh
h{shfwhg pdujlqdo uhyhqxh1 Qrz zh zloo dvvxph wkh h{lvwhqfh ri d Free0
Grxjodv surgxfwlrq ixqfwlrq/

sE5|c ?|c &|� ' i TE5|�?
�3k
| &k| c +46,

dqg dq dgmxvwphqw frvw vshfl�fdwlrq xvhg lq Deho +4<;6,/ dqg pruh uhfhqwo|
lq Fdvduhv dqg PfFdooxp +5333,/

;



�E%|� ' )%D| +47,

��|� ) : f @?_ D : ��

Wkh ixqfwlrqdo irup +47, lpsolhv lqfuhdvlqj pdujlqdo dgmxvwphqw frvw1 Vlqfh
wkh surgxfwlrq ixqfwlrq sE�� lv krprjhqhrxv ri ghjuhh 4/ zh kdyh d surgxf0
wlrq ixqfwlrq qhw ri dgmxvwphqw frvwv sE5|c ?|c &|� � �E%|� wkdw lpsolhv gh0
fuhdvlqj uhwxuqv wr vfdoh1 Lq rwkhu zrugv/ wkh udwlr ri wrwdo dgmxvwphqw frvwv
wr rxwsxw zrxog lqfuhdvh zlwk wkh vl}h ri wkh surgxfwlrq sodqw/ glvfrxudjlqj
wkh h{lvwhqfh ri odujh sodqwv1

Soxjjlqj wkh surgxfwlrq ixqfwlrq +46, dqg wkh dgmxvwphqw frvw ixqfwlrq
+47, lq wkh lqyhvwphqw �uvw rughu frqglwlrq +45,/ orj0olqhdul}lqj/ dqg vroylqj
rxw iru e%|/ lw |lhogv wkh iroorzlqj lqyhvwphqw htxdwlrq

e%| ' E�� B�.|e%|n� n i%�rrs rr& E.|
e�|n� n .|

es&|n��� i% Eo| � orr� c +48,

zkhuh i% ' �
�rr
% ED3��

/ dqg e�|n� ' e�|n� � es?|n� lv wkh shufhqw ghyldwlrqv iurp
vwhdg| vwdwh ri wkh uhdo pdujlqdo frvw +lq whupv ri oderu, idfhg e| wkh krxvh0
krogv1 Uhjduglqj wkh odwwhu/ lw hqwhuv wkh lqyhvwphqw ixqfwlrq zlwk d srvlwlyh
vljq1 Zkhq wkh uhdo pdujlqdo frvw lv h{shfwhg wr ulvh +.|

e�|n� : f,/ oderu
ehfrphv pruh frvwo| dqg krxvhkrogv vxevwlwxwh xqlwv ri oderu iru xqlwv ri
fdslwdo> lqyhvwphqw ulvhv1 Olnhzlvh/ li wkh fdslwdo pdujlqdo surgxfwlylw| lv
h{shfwhg wr eh odujhu lq wkh qh{w shulrg +.|

es&|n� : f, krxvhkrogv zloo ghflgh
wr lqyhvw pruh lq wkh fxuuhqw shulrg1 Wkh wklug yduldeoh d�hfwlqj lqyhvw0
phqw ghflvlrqv lv wkh uhdo lqwhuhvw udwh zklfk uhsuhvhqwv wkh rssruwxqlw| frvw
plvvhg1 Jryhuqphqw erqgv |lhog o| iru wkh qh{w shulrg dqg krxvhkrogv frxog
eh rewdlqlqj wkdw uhwxuq li wkh| vzlwfkhg wkhlu sk|vlfdo dvvhwv +fdslwdo jrrgv,
wr �qdqfldo dvvhwv +erqgv,1 Khqfh/ wkh uhdo lqwhuhvw udwh hqwhuv wkh lqyhvw0
phqw htxdwlrq zlwk d qhjdwlyh vljq1 Wkh ydoxh ri i% lv wkh vhpl0hodvwlflw|
ri fxuuhqw lqyhvwphqw zlwk uhvshfw wr wkh uhdo lqwhuhvw udwh +frpsdudeoh wr
iS wkhuhiruh,1 Lqwhuhvwlqjo|/ wkh odujhu wkh pdujlqdo dgmxvwphqw frvwv ri lq0
yhvwphqw +�rr

% , duh/ wkh vpdoohu wkh vhpl0hodvwlflw| i% lv/ lpso|lqj d orzhu
yduldelolw| ri lqyhvwphqw ryhu wkh exvlqhvv f|foh1

<



Wkh prqh| ghpdqg ixqfwlrq1

Wkh dprxqw ri uhdo prqh| edodqfhv rswlpdoo| khog lv ghwhuplqhg e| wkh
�uvw rughu frqglwlrq E6sJS

| , ghulyhg deryh1 Frqvlghulqj wkdw h{suhvvlrq wr0
jhwkhu zlwk wkh lqwhuwhpsrudo uhodwlrq q.|b|n� ' b|E� n o|�

3�/ zh uhdfk=

.| dE� n o|�E� n Z|n��o '
�

� n �6|

c

zklfk/ gh�qlqj wkh qrplqdo lqwhuhvw wkurxjk wkh Ilvkhu htxdwlrq/ lv htxlyd0
ohqw wr zulwh=

� n-| '
�

� n �6|

+49,

Djdlq/ wkh rswlpdolw| frqglwlrq froodsvhv wr d pdujlqdo ehqh�w2pdujlqdo frvw
htxdolw|1 Lq wklv fdvh/ wkh pdujlqdo +rssruwxqlw|, frvw lv wkh qrplqdo lqwhuhvw
udwh plvvhg dqg wkh pdujlqdo ehqh�w lv wkh uhgxfwlrq lq wudqvdfwlrq frvwv
gxh wr wkh xvh ri prqhwdu| vhuylfhv1 Wkh ydoxh ri �6|

zdv rewdlqhg iurp
wkh wudqvdfwlrq whfkqrorj| ixqfwlrq +<, dqg wkhq soxjjhg lq +49, vr wkdw wkh
uhvxowlqj uhodwlrq zdv orj0olqhdul}hg wr rewdlq wkh prqh| ghpdqg ixqfwlrq

e6| '
K2

�nK�
eS| � �

-rrE�nK��
E-| �-rr�� +4:,

Uhdo prqh| edodqfhv ghshqg srvlwlyho| rq wkh dprxqw frqvxphg dqg qhj0
dwlyho| rq wkh qrplqdo lqwhuhvw udwh1 Wkh wkuhh htxdwlrqv dqdo|}hg vr idu
+frqvxpswlrq/ lqyhvwphqw/ dqg prqh| ghpdqg, ghvfuleh wkh ghpdqg eh0
kdylru ri wkh hfrqrp|1 Wkh vxsso| vlgh zloo eh vwxglhg qrz wkurxjk wkh
ghulydwlrq ri wkh vr0fdoohg Qhz Skloolsv fxuyh1

Wkh vhoolqj sulfh htxdwlrq dqg wkh Qhz Skloolsv fxuyh1

Zh ghsduw iurp wkh �uvw rughu frqglwlrq iru wkh vhoolqj sulfh E� sJS
| � ghulyhg

deryh1 Wkh uhvxowlqj htxdwlrq fdq eh uhduudqjhg wr eh vroyhg rxw iru �| dv
iroorzv

�| '
w

w � �
.|

%S
"

�'f #
�'|c|n��|n�

�
��
|n�

�w
S�|n�S

"

�'f #
�'|c|n�

�
��
|n�

�w3�
S�|n�

&
c +4;,
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zlwk �|n� '
�|n�

s?|n�
djdlq dv wkh uhdo pdujlqdo frvw dqg'|c|n� ehlqj wkh vwrfkdv0

wlf glvfrxqw idfwru iurp shulrg | wr shulrg |n �1 Wkh suhylrxv h{suhvvlrq fdq
eh orj0olqhdul}hg wr rewdlq:

*L}�| ' q#.| *L}�|n� n E�� #� *L}��
| n E�� #�e�|� +4<,

Wkh uhvxowlqj h{suhvvlrq lpsolhv wkdw wkh sulfh vhw e| wkh krxvhkrog ghshqgv
srvlwlyho| rq wkh h{shfwhg ixwxuh hyroxwlrq ri erwk wkh djjuhjdwh sulfh ohyho
dqg wkh uhdo pdujlqdo frvwv1 Wkh glvfrxqw udwh hpsor|hg lv E� � q#�3� shu
shulrg1 Dv iru wkh djjuhjdwh sulfh ohyho/ li zh lqgh{ sulfhv dffruglqj wr wkh
shulrg zkhq wkh sulfh zdv vhw/ wkh Gl{lw0Vwljolw} vfkhph |lhogv wkh h{suhvvlrq

��
| '

%
"S
�'f

E�� #�#�� �3w
|3�

& �

�3w

c

lq zklfk E� � #�#� lv wkh iudfwlrq ri krxvhkrogv wkdw vhw d qhz d sulfh �
shulrgv djr1 Wklv gh�qlwlrq ri ��

| lv htxlydohqw wr

��
| '

k
E�� #�� �3w

| n #
�
��
|3�

��3wl �

�3w

wkdw lq orj0olqhdu shufhqw ghyldwlrqv iurp vwhdg| vwdwh fdq eh h{suhvvhg dv
iroorzv

*L}��
| ' E�� #� *L}�| n # *L}��

|3�� +53,

:Lq vwhdg| vwdwh/ lw fdq eh irxqg=

zvv

ivvq
@ #vv @

� � 4

�

4� ��+4 . �,�

4� ��+4 . �,��4

%
4� �

+4.�,4��

4� �

& 4

4��

=

Zkloh orjolqhdul}lqj/ zh dvvxphg #vv @ ��4
�

vlqfh wkh wzr0whup idfwru wkdw srvw0pxowlsolhv
��4
�

lv yhu| forvh wr rqh diwhu fdoleudwlrq1 Zkhq hlwkhu � @ 3 +frqvwdqw sulfhv lq vwhdg|
vwdwh, ru � @ 3 +ixoo|  h{leoh sulfhv, wkh dvvxpswlrq h{dfwo| krogv1
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Frpelqlqj htxdwlrqv +4<, dqg +53,/ dqg xvlqj wkh gh�qlwlrq ri lq dwlrq Z| '
*L}��

| � *L}��
|3� uhvxowv lq wkh iroorzlqj irupxodwlrq iru lq dwlrq txduwhu0wr0

txduwhu fkdqjhv +wkh Qhz Skloolsv fxuyh,

Z| ' q.|Z|n� n
E�� q#�E�� #�

#
e�| +54,

Wkh lq dwlrq htxdwlrq lv sxuho| iruzdug orrnlqj1 Fxuuhqw lq dwlrq ghshqgv
srvlwlyho| rq wkh suhvhqw dqg doo glvfrxqwhg ixwxuh shufhqw ghyldwlrqv ri wkh
uhdo pdujlqdo frvw zlwk uhvshfw wr lwv vwhdg| vwdwh ydoxh1 Wkh lpsdfw ri dq
lqfuhdvh lq wkh uhdo pdujlqdo frvw lv odujhu zkhq d kljkhu iudfwlrq ri �upv duh
dowhulqj wkhlu sulfh zlwklq wkh txduwhu/ vd|/ zkhq E� � #� lv odujhu1 Vlplodu
ghulydwlrqv ri wkh Qhz Skloolsv fxuyh fdq eh irxqg lq \xq +4<<9,/ Nlqj dqg
Zropdq +4<<9,/ Jrrgiulhqg dqg Nlqj +4<<:,/ ru Jdoð dqg Jhuwohu +4<<<,1

Prqhwdu| Srolf| Uxoh1

Wkh prqhwdu| dxwkrulwlhv frqgxfw prqhwdu| srolf| lq wkh prgho e| ds0
so|lqj d prqhwdu| srolf| uxoh +PSU, orrnlqj iru vwdelol}lqj wkh hfrqrp| ryhu
wkh hfrqrplf f|foh1 Dvvxplqj wkdw wkh prqhwdu| lqvwuxphqw lv wkh qrplqdo
lqwhuhvw udwh/ dq h{dpsoh ri d PSU lv d jhqhudol}dwlrq ri Wd|oru*v uxoh +Wd|oru
+4<<6,, zlwk wkh lqfoxvlrq ri lqwhuhvw udwh vprrwklqj;

-| �-rr ' E�� >�� d>�E.|3�Z| � Zrr� n >2.|3�h+|o n >�E-|3� �-rr� n "|�
+55,

zkhuh >� � �/ >2 � f/ f � >� 	 �/ h+| lv wkh rxwsxw jds/ dqg "| lv d qrplqdo
lqwhuhvw udwh vkrfn1< Qrwh wkdw erwk wkh rxwsxw jds h+|/ dqg wkh udwh ri

;Wkh sursrvhg PSU fdq eh uhdfkhg e| frpelqlqj d vwdqgdug Wd|oru uxoh=

U�w �Uvv @ �4+Hw�4�w � �vv, . �5Hw�4h|w
zlwk d sduwldo dgmxvwphqw htxdwlrq wkdw lqfoxghv dq huuru whup

Uw �Uvv @ +4� �6,+U
�

w �Uvv, . �6+Uw�4 �Uvv, . �w>

dqg zkhuh �6 uh hfwv wkh ghjuhh ri lqwhuhvw udwh vprrwklqj1
<Wkh ydoxh ri wkh dqqxdol}hg Wd|oru frh!flhqw ri wkh rxwsxw jds lq +55, lv �5 pxowlsolhg

e| irxu1 Wkh rwkhu wzr frh!flhqwv +�5 dqg �6, zrxog uhpdlq zlwk wkh vdph ydoxh lq
txduwhuo| revhuydwlrqv dv lq dqqxdo revhuydwlrqv1
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lq dwlrq hqwhu wkh uxoh dv h{shfwdwlrqv ri qh{w shulrg*v ydoxhv vr dv wr uh hfw
wkdw wkh prqhwdu| dxwkrulwlhv gr qrw nqrz dfwxdo ydoxhv zkhq wkh| vhw wkh
qrplqdo lqwhuhvw udwh1 Ohw xv wdnh vrph olqhv wr ghvfuleh krz wkh rxwsxw jds
lv frpsxwhg lq wkh prgho1

Wkh rxwsxw jds1

Wkh rxwsxw jds h+| lv gh�qhg dv wkh shufhqwdjh gl�huhqfh ehwzhhq fxuuhqw
dqg pdunhw0fohdulqj rxwsxw

h+| ' e+| � e+|� +56,

Fxuuhqw rxwsxw e+| lv ghpdqg ghwhuplqhg dv wkh zhljkwhg vxp ri frqvxpswlrq/
lqyhvwphqw +lqfoxglqj dgmxvwphqw frvwv ri lqyhvwphqw,/ dqg wkh wudqvdfwlrq
frvwv

e+| ' Srr

+rr
eS| n %rrn�E%rr�

+rr
e%| n �rr

+rr
e�|� +57,

Wklv htxdwlrq fdq eh rewdlqhg e| soxjjlqj wkh jryhuqphqw exgjhw frqvwudlqw/
}| ' 6| � E� n Z|�

3�6|3� n E� n o|�
3�K|n�� K|/ lq wkh krxvhkrog*v exgjhw

frqvwudlqw +9, vr dv wr uhdfk wkh ryhudoo uhvrxufhv frqvwudlqw=43 +| � �E%|� '
S|n%|n�ES|c 6|�1 Wkh ryhudoo uhvrxufhv frqvwudlqw lq orj0olqhdu whupv ehfrphv
wkh ghpdqg0ghwhuplqhg rxwsxw htxdwlrq +57,144

Pdunhw0fohdulqj +fdsdflw|, rxwsxw lv wkh dprxqw surgxfhg zkhq wkhuh
lv htxloleulxp lq erwk wkh oderu dqg fdslwdo pdunhwv1 Uhfdoolqj wkdw oderu
lv lqhodvwlfdoo| vxssolhg lq rqh xqlw ri wlph/ wkh Free0Grxjodv whfkqrorj|
lpsolhv wkdw fdsdflw| rxwsxw hyroyhv ghshqglqj rq wkh vwdwh ri whfkqrorj|
dqg wkh vwrfn ri fdslwdo=

e+| ' 5| n ke&|c +58,

43Dovr dvvxplqj wkdw wkh oderu ghpdqg grplqdwhv lq wkh oderu pdunhw dqg ehfrphv wkh
h�hfwlyh dprxqw ri oderu hpsor|hg1

44Qrwh wkdw htxdwlrq +57, grhv qrw krog lq d krxvhkrog0wr0krxvhkrog edvlv ehfdxvh
dowkrxjk frqvxpswlrq/ lqyhvwphqw/ dqg wudqvdfwlrq frvwv duh htxdo dprqj krxvhkrogv/
hdfk ri wkhp surgxfhv d gl�huhqw dprxqw ri rxwsxw ghshqglqj rq wkh wlplqj ri wkhlu sulfh
vhwwlqj1 Wkhuhiruh/ wkhuh fdq eh h{fhvv ghpdqg ru vxsso| lq sduwlfxodu krxvhkrogv exw
qrw lq djjuhjdwh pdjqlwxghv1 Khqfh/ e|w lv phdqw wr uhsuhvhqw dyhudjh +shu0krxvhkrog,
pdjqlwxghv1 Vhh \xq +4<<9, iru djjuhjdwlrq whfkqlfdo ghwdlov1
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Qrplqdo dqg Uhdo Zdjhv

Wkh uhdo zdjh �| lv gh�qhg dv wkh qrplqdo zdjh `| glylghg e| wkh dj0
juhjdwh sulfh ohyho

�| '
`|

��
|

Wkhuh duh wzr w|shv ri qrplqdo zdjhv vljqhg lq wkh hfrqrp|1 Wkh �uvw
w|sh lv d ��{hg� frqwudfw= qrplqdo zdjh lv jurzlqj dw wkh vwhdg|0vwdwh udwh ri
lq dwlrq1 Dffruglqjo| wkh qrplqdo zdjh lq shulrg | zrxog eh suhghwhuplqhg
iroorzlqj wkh uxoh `| ' `|3�E�nZrr��1 Lq wkh vhfrqg w|sh/ wkh qrplqdo zdjh
jurzv dw wkh h{shfwhg lq dwlrq ri wkh txduwhu ri wkh frqwudfw= `| ' `|3�E�n
.|3�Z|�1 Qrwh wkdw wklv w|sh ri frqwudfw dovr jlyhv ulvh wr d suhghwhuplqhg
qrplqdo zdjh1 Wkh dyhudjh qrplqdo zdjh zloo eh d olqhdu frpelqdwlrq ri
erwk w|shv1 Lq sduwlfxodu/ lw zloo eh dvvxphg wkdw wkhuh lv d suredelolw| V
wkdw wkh qrplqdo zdjh zdv vljqhg lqfrusrudwlqj wkh lq dwlrq uhylvlrq dqg
d suredelolw| E� � V� wkdw wkh qrplqdo zdjh zdv jlyhq e| wkh �uvw frqwudfw
uxoh1 Frqvhtxhqwo|/ wkh dyhudjh uhdo zdjh �| zloo eh=

�| ' V
`|3�E� n .|3�Z|�

��
|

n E�� V�
`|3�E� n Zrr�

��
|

Pxowlso|lqj dqg glylglqj e| ��
|3� zh uhdfk

�| ' V�|3�
E� n .|3�Z|�

E� n Z|�
n E�� V��|3�

E� n Zrr�

E� n Z|�
c

wkdw diwhu orj0olqhdul}lqj uhvxowv lq wkh olqhdu uhdo zdjh htxdwlrq

e�| ' e�|3� � VEZ| � .|3�Z|�� E�� V�EZ| � Zrr�� +59,

Wkh uhdo zdjh idoov zkhq hlwkhu wkh udwh ri lq dwlrq lv deryh lwv vwhdg| vwdwh
ydoxh +ehfdxvh ri wkh �{hg qrplqdo frqwudfwv, ru zkhq wkhuh lv d srvlwlyh
lq dwlrq �vxusulvh�/ l1h1/ fxuuhqw lq dwlrq lv juhdwhu wkdq h{shfwhg lq dwlrq
+ehfdxvh ri wkh uhylvhg frqwudfwv,1 Li doo wkh frqwudfwv duh uhylvhg lq hyhu|
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shulrg dffruglqj wr h{shfwhg lq dwlrq EV ' ��/ wkhuh zrxog rqo| eh dq lq d0
wlrq vxusulvh h�hfw1 Rq wkh frqwudu|/ li doo wkh frqwudfwv duh vljqhg dffruglqj
wr wkh vwhdg|0vwdwh lq dwlrq uxoh EV ' f�/ wkh gl�huhqfh ehwzhhq fxuuhqw dqg
vwhdg|0vwdwh lq dwlrq zrxog eh wkh rqo| ghwhuplqdqw lq wkh fkdqjh ri wkh
uhdo zdjh1

Rswlpl}lqj fulwhuld zdv qrw hpsor|hg wr ghulyh qrplqdo zdjhv ehfdxvh
zh frqvlghu wkdw w|slfdoo| wkh| duh vljqhg vr dv wr pdlqwdlq wkh sxufkdvlqj
srzhu ri wkh zrunhuv1 Wkxv/ qhlwkhu hpsor|huv qru hpsor|hhv kdyh pdunhw
srzhu wr ghflgh ryhu qrplqdo zdjhv1 Lq wkh uhodwhg olwhudwxuh/ rqh fdq �qg
sdshuv zkhuh qrplqdo zdjhv duh ghflghg rswlpdoo| lq hlwkhu d zdjh0uljlglw|
vfhqdulr +vhh Hufhj hw do1 +5333,, ru lq d shuihfw frpshwlwlrq vhwxs +vhh \xq
+4<<9,,1

Lq wkh hqg/ wkh g|qdplf prgho ghvfulehg khuh frqvlvwv ri vl{whhq udwlrqdo
h{shfwdwlrqv olqhdu htxdwlrqv dqg vl{whhq hqgrjhqrxv yduldeohv dv vkrzq lq
wkh Dsshqgl{ ri wklv sdshu1 D suhylrxv vwhs wr vroylqj wkh prgho lv wkh
fdoleudwlrq2hvwlpdwlrq ri lwv sdudphwhuv1

6 Hvwlpdwlrq dqg Fdoleudwlrq
Wklv vhfwlrq lv ghyrwhg wr hvwlpdwh dqg fdoleudwh wkh prgho zlwk hxur duhd
gdwd vr wkdw wkh sdudphwhuv ri wkh vwuxfwxudo htxdwlrqv ghulyhg lq wkh suh0
ylrxv vhfwlrq wdnh fhuwdlq ydoxhv1 Ilyh pdfurhfrqrplf vhulhv zhuh xwlol}hg
lq wkh hvwlpdwlrq2fdoleudwlrq surfhgxuhv frqgxfwhg ehorz= frqvxpswlrq/ lq0
yhvwphqw/ lq dwlrq/ vkruw0uxq qrplqdo lqwhuhvw udwh/ dqg wkh qduurz gh�ql0
wlrq iru wkh prqhwdu| djjuhjdwh/ P41 Rxu vrxufh lv wkh hxur duhd0zlgh prgho
gdwd edvh ghyhorshg e| Idjdq/ Khqu|/ dqg Phvwuh +5334,1 Doo wkhvh yduldeohv
duh jlyhq lq txduwhuo| revhuydwlrqv/ vhdvrqdoo| dgmxvwhg/ dqg zhuh djjuh0
jdwhg xvlqj �{hg zhljkwv edvhg rq uhdo JGS dw SSS udwhv1 Gh dwhg vhulhv
zhuh frpsxwhg dw 4<<3 sulfhv1 Frqvxpswlrq lv gh�qhg dv uhdo Sulydwh Ilqdo
Frqvxpswlrq H{shqglwxuhv zkhuhdv lqyhvwphqw lv uhdo Jurvv Il{hg Fdslwdo
Irupdwlrq1 Wkh lq dwlrq udwh lv wkh txduwhu0wr0txduwhu fkdqjh lq wkh orj
ri wkh JGS gh dwru dqg wkh qrplqdo lqwhuhvw udwh lv dq dyhudjh ri qdwlrqdo
wkuhh0prqwk lqwhuedqn +dqqxdo, udwhv glylghg e| irxu wr eh h{suhvvhg lq txdu0
whuo| xqlwv1 Wkh prqhwdu| djjuhjdwh P4 frpsulvhv fxuuhqf| lq flufxodwlrq
dqg ryhuqljkw ghsrvlwv1 Wklv qduurz gh�qlwlrq ri wkh prqhwdu| djjuhjdwh
zdv vhohfwhg vr dv wr uhsuhvhqw wkh phglxp ri h{fkdqjh uroh ri prqh|/ zlwk
shuihfw oltxlglw| dqg }hur qrplqdo uhwxuq1 Wkh vdpsoh shulrg dqdo|}hg lv
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4<:3140533317 h{fhsw iru hvwlpdwlrq2fdoleudwlrq lqyroylqj P4 zkhuh zh vwduw
e| wkh �uvw dydlodeoh revhuydwlrq lq 4<;3141

Lq d Vlgudxvnl0w|sh prgho vxfk dv wkh rqh dw kdqg/ wkh vwhdg| vwdwh uhdo
lqwhuhvw udwh orr lv htxdo wr wkh udwh ri lqwhuwhpsrudo suhihuhqfh 41 Dv zh
frqvlghuhg wkh ohqjwk ri d shulrg khuh wr eh htxdo wr rqh txduwhu zh vhw
duelwudulo| 4 ' orr ' f�ffD lq rughu wr lpso| d 5( uhdo lqwhuhvw udwh shu |hdu1
Wkh edvholqh vwhdg|0vwdwh udwh ri lq dwlrq lv Zrr ' f�ffD/ l1h1 5( shu |hdu1
Khqfh/ wkh vwhdg|0vwdwh qrplqdo lqwhuhvw udwh lv -rr ' orr n Zrr ' f�f� shu
txduwhu/ ru 7( shu |hdu1

Wkh prqh| ghpdqg dqg frqvxpswlrq htxdwlrqv zhuh hvwlpdwhg wr ghwhu0
plqh wkh �jxuhv dvvljqhg wr wkh sdudphwhuv j/ K2/ dqg K�1 Zh vwduw zlwk
prqh| ghpdqg hvwlpdwlrq1 Wkh frh!flhqwv K2 dqg K� iurp wkh wudqvdfwlrq
frvwv ixqfwlrq +<, ixoo| ghwhuplqh wkh hodvwlflwlhv ri frqvxpswlrq dqg wkh
qrplqdo lqwhuhvw udwh lq wkh prqh| ghpdqg htxdwlrq +4:,1 Lq rughu wr hvwl0
pdwh K2 dqg K�/ wkhq/ zh udq wkh iroorzlqj ROV uhjuhvvlrq e| wdnlqj wkh uhdo
P4/ uhdo frqvxpswlrq/ dqg wkh vkruw0uxq qrplqdo lqwhuhvw udwh vhulhv45

*L}6| ' �2�2b n f�H. *L} S| � D�f-|

Ef�S� +3137, +31:8,

-2 ' f�bf (` ' f�fD

Iurp wkh vwuxfwxudo prqh| ghpdqg htxdwlrq ghulyhg deryh +4:,/ wkh hv0
wlpdwhg lqwhuhvw udwh vhpl0hodvwlflw| lpsolhv �

-rrE�nK��
' D�f/ dqg wkhq xvlqj

-rr ' f�f�/ zh vhw K� ' �b�f1 Vlploduo|/ wkh frqvxpswlrq hodvwlflw| lpsolhv
K2

�nK�
' f�H./ dqg frqvhtxhqwo| K2 ' �.�e1 Wkh qxpehuv lq sduhqwkhvlv xqghu

wkh hvwlpdwhv duh wkhlu vwdqgdug ghyldwlrqv1
Wkh Gxuelq0Zdwvrq vwdwlvwlf lv forvh wr }hur lqglfdwlqj kljk vhuldo fruuh0

odwlrq lq wkh uhvlgxdov1 Wkh yhu| olnho| h{lvwhqfh ri d xqlw urrw lq wkh huuru
whup eulqjv derxw srru surshuwlhv ri wkh hvwlpdwhv1 Wkxv/ lw zrxog eh gh0
vludeoh wr frpsduh rxu uhvxowv zlwk rwkhu hpslulfdo zrunv1 Fodxvhq +4<<;,
�qgv d vwdeoh prqh| ghpdqg htxdwlrq iru wkh hxur duhd zkhq lqfoxglqj d
sduwldo dgmxvwphqw k|srwkhvlv1 Ixuwkhupruh/ lw lv fodlphg wkhuh wkdw vwdelo0
lw| lv juhdwhu zlwk P4 wkdq zlwk P6 gdwd1 Zlwk uhvshfw wr wkh vl}h ri wkh

45Wkh h{lvwhqfh ri khdy| vhuldo fruuhodwlrq lq wkh uhvlgxdov ohg xv qrw wr fkrrvh JPP
hvwlpdwruv ehfdxvh zh frxog qrw xvh odjjhg uhdo prqh| edodqfhv dv lqvwuxphqwdo yduldeohv1
Lq dq| hyhqw/ wkh JPP hvwlpdwhv/ zlwk odjjhg frqvxpswlrq dqg qrplqdo lqwhuhvw udwhv dv
lqvwuxphqwv/ duh txlwh vlplodu wr wkh ROV hvwlpdwhv uhsruwhg khuh1
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hodvwlflwlhv/ lw lv uhsruwhg d yhu| vlplodu �jxuh iru wkh frqvxpswlrq hodvwlflw|
dqg d vrphzkdw vpdoohu �jxuh iru wkh qrplqdo lqwhuhvw udwh vhpl0hodvwlflw| lv
uhsruwhg1 Lq dqrwkhu uhfhqw zrun Vwudffd +5334, fodlpv wkdw wkhuh lv d vwdeoh
orj0orj P4 ghpdqg ixqfwlrq iru wkh hxur duhd zlwk d frqvxpswlrq hodvwlflw|
htxdo wr 31:8 dqg zlwk d wlph0ydu|lqj lqwhuhvw udwh hodvwlflw| lqfuhdvlqj lq
wkh odvw |hduv ri wkh revhuyhg shulrg +iurp 4<<8 rqzdugv,1 Lq dq| fdvh/ wkh
lqflghqfh ri prqh| lq wkh prgho dw kdqg �zkhuh prqhwdu| srolf| lv lqvwux0
phqwhg e| wkh qrplqdo lqwhuhvw udwh� lv yhu| olwwoh1 Lqghhg/ li wkhuh zhuh qr
uhdo prqh| edodqfh h�hfw lq wkh frqvxpswlrq ixqfwlrq wkh prqh| ghpdqg
htxdwlrq frxog eh vhsdudwhg iurp wkh uhvw ri wkh prgho1

Wkh ydoxh dvvljqhg wr K� lq +<, lpsolhv d vwhdg|0vwdwh uhdo prqh| ryhu
frqvxpswlrq udwlr lq wkh prgho htxdo wr 419146 Wkh frqvwdqw wudqvdfwlrq
frvwv Kf zdv fdoleudwhg vr dv wr lpso| wkdw wrwdo wudqvdfwlrq frvwv wdnh 4( ri
rxwsxw lq vwhdg| vwdwh +�

rr

+rr
' f�f�,1

Wkh qh{w vwhs lv hvwlpdwh wkh vwuxfwxudo frqvxpswlrq htxdwlrq +43,1 Zh
xvhg JPP hvwlpdwlrq wr rewdlq=

*L} S| ' .| *L} S|n� � f�Sfo| n f��2E*L}6| � .| *L}6|n��

+3137, +3135:,

-2 ' f�bb (` ' ��e�

zkhuh wkh olvw ri lqvwuxphqwv frqwdlqv irxu odjv ri *L} S|/ *L}6|/ -|/ dqg Z|1
Wkh uhdo lqwhuhvw udwh zdv rewdlqhg iurp wkh gdwd dv o| ' -| � .|Z|n�1 H{0
shfwdwlrqdo yduldeohv vxfk dv .| *L} S|n� dqg .|Z|n� zhuh uhsodfhg e| dfwxdo
revhuydwlrqv1 Wkh vljqv ri wkh frh!flhqwv duh fruuhfw zlwk kljk vljql�fdqfh/
hvshfldoo| wkh frh!flhqw froohfwlqj wkh uhdo lqwhuhvw udwh lq xhqfh1 Lq dffru0
gdqfh zlwk wkhvh uhvxowv/ zh vhw j ' ��e� lq wkh xwlolw| ixqfwlrq wr |lhog dq lq0
whuhvw udwh vhplhodvwlflw| htxdo wr 03193147 Uhjduglqj wkh frh!flhqw dwwdfkhg
wr wkh uhdo prqh| edodqfhv/ lwv wkhruhwlfdo ydoxh lq wkh frqvxpswlrq ixqfwlrq
lv jlyhq e| K��

rr
S E��

jnEK23���rrS E��
1 Rqfh fdoleudwhg wkh ydoxhv iru wkh sdudphwhuv lq wkh

wudqvdfwlrq frvwv ixqfwlrq dqg wkh xwlolw| ixqfwlrq/ zh fdq �qg wkh vwhdg|

46Rq txduwhuo| hxur duhd gdwd/ wkh udwlr ri P4 uhdo prqh| ryhu frqvxpswlrq dw frqvwdqw
sulfhv kdv d vdpsoh phdq htxdo wr 419 gxulqj wkh shulrg 4<:31405333171

47Wkh lqwhuhvw udwh vhplhodvwlflw| lv htxdo wr &f @ 4
�.+e5�4,kvvf +=, zklfk lv txlwh forvh wr wkh

lqyhuvh ri wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq ��4 ehfdxvh wkh pdujlqdo frqvxpswlrq
wudqvdfwlrq frvw kvvf +=, lv vpdoo lq vwhdg| vwdwh1 Li qr pdujlqdo wudqvdfwlrq frvwv zhuh
frqvlghuhg +kvvf @ 3, zh zrxog kdyh &f @ ��41
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vwdwh vroxwlrq ri wkh prgho dqg wkhq ixoo| ghwhuplqh K��
rr
S E��

jnEK23���rrS E��
' f��S1 Zh

zloo pdlqwdlq wklv vwhdg|0vwdwh �jxuh lq wkh prgho ghvslwh wkh voljkwo| vpdoohu
qxpehu hvwlpdwhg iurp wkh gdwd1 Wkhuh zdv qr frqfoxvlyh hylghqfh ri vh0
uldo fruuhodwlrq lq wkh uhvlgxdov zklfk uhsruwhg d vwdqgdug ghyldwlrq htxdo wr
31338;1

Lq wkh Free0Grxjodv surgxfwlrq ixqfwlrq +46, zh vhw k ' f��S dv wkh
fdslwdo vkduh frh!flhqw1 Lw |lhogv d vwhdg|0vwdwh udwlr ri frqvxpswlrq ryhu
lqyhvwphqw qhdu 6/ dv frqvlvwhqw zlwk hxur duhd revhuydwlrqv wkdw uhsruw d
S|*%| vdpsoh phdq htxdo wr 51<< iru wkh shulrg 4<:31405333171

Wkh vwuxfwxudo lqyhvwphqw htxdwlrq +48, lv fdoleudwhg vr dv wr pdwfk wkh
ghjuhh ri yduldelolw| ri lqyhvwphqw revhuyhg lq wkh gdwd1 Khqfh/ zh dvvljq d
vhplhodvwlflw| ri lqyhvwphqw zlwk uhvshfw wr wkh uhdo lqwhuhvw udwh i% vxfk wkdw
wkh yduldelolw| ri lqyhvwphqw uhodwlyh wr wkh yduldelolw| ri frqvxpswlrq lv htxdo
wr �jxuhv revhuyhg lq dfwxdo gdwd1 Vhulhv ri frqvxpswlrq dqg lqyhvwphqw
iurp 4<:314 wr 533317 zhuh orjjhg dqg �owhuhg xvlqj wkh Krgulfn0Suhvfrww
whfkqltxh dv vwdqgdug lq wkh olwhudwxuh lq rughu wr h{wudfw wkh f|folfdo +vwd0
wlrqdu|, frpsrqhqw ri wkh ruljlqdo vhulhv1 Wkhq/ zh fdofxodwhg wkh vwdqgdug
ghyldwlrq ri wkh wudqviruphg vhulhv dqg irxqg wkdw wkh vwdqgdug ghyldwlrq
ri lqyhvwphqw lv durxqg wkuhh wlphv wkh vwdqgdug ghyldwlrq ri frqvxpswlrq1
Wkxv/ zh lqwhqghg wr pdwfk wklv udwlr ri vwdqgdug ghyldwlrqv e| vhwwlqj dq
dghtxdwh ydoxh iru i%1 Lw wxuqhg rxw wkdw wkh uhtxluhg vhpl0hodvwlflw| vkrxog
eh 8131 Lq dgglwlrq/ wkh vl}h ri wkh wrwdo dgmxvwphqw frvw lv frqvlghuhg wr eh
4( ri rxwsxw lq vwhdg| vwdwh1 Wkxv/ wkhvh wzr ihdwxuhv +vhpl0hodvwlflw| dqg
vl}h ri wkh dgmxvwphqw frvwv, zhuh xwlol}hg wr fdoleudwh wkh dgmxvwphqw frvw
ixqfwlrq +47,1 Dv d uhvxow/ lw zdv fdoleudwhg ) ' f�fH� dqg D ' 2�S21 Wkh
ghsuhfldwlrq udwh lv 518( shu txduwhu +B ' f�f2D,1

Lq wkh Qhz Skloolsv fxuyh ghulyhg deryh +54, wkh rqo| sdudphwhu wr fdo0
leudwh lv wkh suredelolw| iru wkh krxvhkrog wr pdlqwdlq khu sulfh �{hg #1 Lw
zloo eh dvvxphg khuh wkdw krxvhkrogv fkdqjh wkhlu sulfh rqfh d |hdu rq dy0
hudjh zklfk lv htxlydohqw wr vd| wkdw wkh suredelolw| wr pdlqwdlq wkhlu sulfh
lv # ' f�.D dqg wkh suredelolw| wr vhw d qhz sulfh lv � � # ' f�2D1 Frq0
vhtxhqwo|/ wkh qxpehu ri txduwhuv zlwkrxw fkdqjlqj wkh sulfh lv rq dyhudjh
E�� #�3� ' e/ l1h1/ rqh |hdu1

Dv iru qrplqdo zdjh frqwudfwlqj/ wkh| duh vljqhg zlwk suredelolw| V '
f�2D jurzlqj dw wkh h{shfwhg lq dwlrq iru qh{w shulrg1 Lq rwkhu zrugv/ rqh
irxuwk ri wkh frqwudfwv duh uhylvhg hyhu| txduwhu wr lqfrusrudwh h{shfwhg
ghyldwlrqv ri lq dwlrq ryhu wdujhw1 Wkh uhvw ri wkh frqwudfwv lpso| d qrplqdo
lqfuhdvh htxdo wr wkh vwhdg|0vwdwh udwh ri lq dwlrq1
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Zlwk uhvshfw wr wkh sursrvhg PSU/ lw grhv qrw vhhp wr eh dssursuldwhg
dq| fdoleudwlrq iru wkh fxuuhqw hxur duhd zkhq iru wkh vdpsoh shulrg revhuyhg
+4<:3140533317, wkhuh zhuh gl�huhqw fhqwudo edqnv rshudwlqj/ zlwk gl�huhqw
wdujhwv/ lqvwuxphqwv/ dqg revhuyhg �jxuhv ri wkrvh wdujhwv dqg lqvwuxphqwv1
Dv zh jrw forvhu wr wkh hud ri wkh Hxurshdq Prqhwdu| Xqlrq/ prqhwdu|
srolflhv zhuh pruh frruglqdwhg dqg qrplqdo lqwhuhvw udwhv frqyhujhg iroorz0
lqj txlwh vlplodu sdwkv1 Krzhyhu/ wkh vkruwqhvv ri wkh dghtxdwh vxe0shulrg
+vwduwlqj lq wkh plggoh ri wkh 4<<3*v ru vr, grhv qrw doorz dq dffxudwh hv0
wlpdwlrq ri wkh uxoh1 Rxu wdvn khuh zloo eh wkhq vrph h{shulphqwlqj zlwk
d Wd|oru0w|sh uxoh1 Lq Vhfwlrq 8 zh zloo fkhfn krz wkh prgho uhvsrqgv wr
ydu|lqj wkh frh!flhqwv ri wkh uxoh vr wkdw zh fdq h{wudfw vrph uhfrpphq0
gdwlrqv iru dsso|lqj vxfk uxoh1 Dv wkh edvholqh fdoleudwlrq zh vhw >� ' ��Df/
>2 ' f�2f/ dqg >� ' f�.D1

Uhjduglqj wkh vwrfkdvwlf surfhvvhv klwwlqj wkh v|vwhp zh kdg d whfkqrorj|
vkrfn wr wkh surgxfwlrq ixqfwlrq 5|/ d frqvxpswlrq suhihuhqfhv vkrfn wr
wkh xwlolw| ixqfwlrq l|/ dqg d prqhwdu| srolf| uxoh vkrfn "|1 Lw lv dvvxphg
wkdw wkh whfkqrorj| vkrfn uhpdlqv prvwo| lq wkh surfhvv iroorzlqj dq DU+4,
zlwk d frh!flhqw ri dxwrfruuhodwlrq htxdo wr 31<81 Wkh rwkhu wzr vkrfnv duh
frqvlghuhg wr eh zklwh qrlvh1

Lq wkh iroorzlqj wdeoh zh suhvhqw doo wkh sdudphwhuv fdoleudwhg lq wkh
prgho=

Fdoleudwlrq ri edvholqh sdudphwhuv1

4 ' f�ffD k ' f��S >� ' ��Df Kf ' f�f��� # ' f�.D Zrr ' f�ffD
q ' f�bbD B ' f�f2D >2 ' f�2f K� ' .2�.� V ' f�2D orr ' f�ffD
j ' ��e� ) ' f�fH� >� ' f�.D K2 ' �.�e -rr ' f�f�

D ' 2�S2 K� ' �b�f

7 Exvlqhvv F|foh Dqdo|vlv
Wkh vl{whhq0htxdwlrq prgho zdv vroyhg dv d olqhdu udwlrqdo h{shfwdwlrqv v|v0
whp ri htxdwlrqv1 Zh udq Sdxo Nohlq*v dojrulwkp �vroyhn1p� lq PdwOde
lq rughu wr �qg wkh plqlpdo vwdwh yduldeoh vroxwlrq ri wkh v|vwhp +vhh Nohlq
+4<<:, dqg PfFdooxp +4<<<e, iru wkh whfkqlfdo sduwlfxodulwlhv,1 Wkh vroxwlrq
lv h{suhvvhg dv ghflvlrq uxoh ixqfwlrqv ri wkh hqgrjhqrxv yduldeohv uhvsrqglqj
wr wkh vwdwh yduldeohv1 Wkhuh duh wzr w|shv ri vwdwh yduldeohv= suhghwhuplqhg
dqg h{rjhqrxv +vkrfnv,1
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Lpsxovh uhvsrqvh ixqfwlrqv zhuh fdofxodwhg wr vhh krz hqgrjhqrxv ydul0
deohv uhvsrqg wr wkh wkuhh vkrfnv klwwlqj wkh v|vwhp1 Iljxuhv 406 sorw wkh
uhvxowv1 Wkh uhvsrqvh ixqfwlrqv vkrzq lq rughu ri dsshdudqfh iurp ohiw wr
uljkw dqg wrs wr erwwrp fruuhvsrqg wr= fxuuhqw rxwsxw +|,/ pdunhw0fohdulqj
rxwsxw +|edu,/ frqvxpswlrq +f,/ lqyhvwphqw +{,/ pdujlqdo surgxfw ri oderu
+iq,/ pdujlqdo surgxfw ri fdslwdo +in,/ wkh uhdo zdjh +z,/ lq dwlrq/ wkh uhdo
lqwhuhvw udwh +u,/ dqg wkh qrplqdo lqwhuhvw udwh +U,1 Wkh �uvw vhyhq yduldeohv
uhsuhvhqw shufhqw ghyldwlrqv iurp vwhdg| vwdwh +iru h{dpsoh/rxwsxw � txduwhuv
diwhu wkh vkrfn lv *L}E+|n�

+rr
�, zkhuhdv wkh udwh ri lq dwlrq/ dqg wkh qrplqdo

dqg uhdo lqwhuhvw udwhv duh jlyhq dv vlpsoh ghsduwxuhv iurp vwhdg| vwdwh +iru
h{dpsoh/ lq dwlrq � txduwhuv diwhu wkh vkrfn lv Z|n��Zrr,1 Wkh prqhwdu| sro0
lf| uxoh +55, zdv dssolhg zlwk wkh edvholqh frh!flhqwv >� ' ��Df/ >2 ' f�2f/
dqg >� ' f�.D iru wklv exvlqhvv f|foh h{huflvh1

D whfkqrorj| vkrfn wr wkh surgxfwlrq ixqfwlrq jlyhv ulvh wr lqfuhdvhv lq
erwk pdunhw0fohdulqj dqg fxuuhqw rxwsxw dv zh fdq vhh lq Iljxuh 41 Lqghhg/
fkdqjhv lq surgxfwlrq whfkqrorj| duh wkh pdmru idfwru wr h{sodlq pdunhw0
fohdulqj +fdsdflw|, rxwsxw yduldelolw| +lq wkh rwkhu wzr vkrfnv wkh uhvsrqvhv
duh yhu| olwwoh dv phqwlrqhg ehorz,1 Wkh uhvsrqvhv ri frqvxpswlrq/ lqyhvw0
phqw dqg rxwsxw duh yhu| shuvlvwhqw dqg vwloo qrwlfhdeoh pdq| txduwhuv diwhu
wkh vkrfn/ ehfdxvh ri wkh kljk vhuldo fruuhodwlrq lq wkh vkrfn1 Lqyhvwphqw
pryhv xs e| durxqg wkuhh wlphv wkh uhvsrqvh ri frqvxpswlrq1 Wkh udwh ri
lq dwlrq dqg wkh qrplqdo lqwhuhvw udwh duh gulyhq grzq zkhuhdv wkh uhdo lq0
whuhvw udwh/ dqg wkh pdujlqdo surgxfwv ri fdslwdo dqg oderu ulvh1 Dv oderu
surgxfwlylw| ulvhv lq dwlrq idoov ehfdxvh ri orzhu uhdo pdujlqdo frvwv1 Wkh
uhdo zdjh vkrzv dq lqfuhdvlqj sdwwhuq dv d frqvhtxhqfh ri wkh gurs lq dfwxdo
lq dwlrq iurp lwv orqj0uxq ydoxh1 Ilqdoo|/ wkh qrplqdo lqwhuhvw udwh ghfuhdvhv
ehfdxvh ri dsso|lqj wkh Wd|oru0w|sh prqhwdu| srolf| uxoh wr wklv vfhqdulr ri
ghfuhdvlqj lq dwlrq1

Iljxuh 5 vkrzv wkh h�hfwv ri dq xqh{shfwhg lqfuhdvh lq wkh qrplqdo lqwhu0
hvw udwh ru/ lq rwkhu zrugv/ d prqhwdu| srolf| uxoh vkrfn1 Zlwk vwlfn| sulfhv
wkh uhdo lqwhuhvw udwh lqfuhdvhv lq d vlplodu vl}h wr wkh ulvh ri wkh qrplqdo
lqwhuhvw udwh1 Dv d uhvxow/ erwk frqvxpswlrq dqg lqyhvwphqw idoo/ wkh odwwhu
ehlqj doprvw �yh wlphv wkh idoo ri wkh iruphu1 Lq wxuq/ fxuuhqw rxwsxw kdv d
vljql�fdqw gurs ri pruh wkdq irxu wlphv wkh vl}h ri wkh vkrfn1 Phdqzkloh/
fdsdflw| rxwsxw voljkwo| idoov gxh wr wkh uhgxfwlrq ri wkh vwrfn ri fdslwdo yld
ohvv lqyhvwphqw1 Lq dgglwlrq/ lq dwlrq pryhv grzq uljkw diwhu wkh vkrfn eh0
fdxvh wkh uhdo pdujlqdo frvw idoov gxh wr juhdwhu surgxfwlylw| ri oderu1 Wklv
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lqfuhdvh lq wkh pdujlqdo surgxfw ri oderu lv fdxvhg e| ohvv oderu kluhg lq wkh
pdunhwv zkhuh dfwxdo rxwsxw lv idoolqj vxevwdqwldoo|1 Dv iru wkh uhdo zdjh/ lw
vkrzv vrph srvlwlyh uhvsrqvh dv lq dwlrq idoov1 Doo wkh shdnv duh revhuyhg
lpphgldwho| diwhu wkh vkrfn dqg olwwoh shuvlvwhqfh lv vkrzq lq uhvsrqvhv148

Lq Iljxuh 6 wkh h�hfwv ri d srvlwlyh vkrfn wr frqvxpswlrq suhihuhqfhv duh
ghvfulehg1 Zkhq frqvxpswlrq lv pruh vdwlvi|lqj/ wklv yduldeoh jrhv xs dqg vr
fxuuhqw rxwsxw grhv1 Qhlwkhu wkhuh lv vljql�fdqw fkdqjh lq lqyhvwphqw qru lq
fdsdflw| rxwsxw1 Oderu surgxfwlylw| pryhv grzq dv pruh oderu irufh lv kluhg
wr vdwlvi| ghpdqg suhvvxuh1 Rq wkh frqwudu|/ wkh pdujlqdo surgxfw ri fdslwdo
lqfuhdvhv ehfdxvh rxwsxw pryhv xs zkloh qr pruh fdslwdo lv lq xvh149 Lq dwlrq
voljkwo| lqfuhdvhv dv pdujlqdo frvw ulvhv gxh wr orzhu pdujlqdo surgxfw ri
oderu1 Wkh suhvhqfh ri d srvlwlyh rxwsxw jds grhv qrw ohdg wr fkdqjhv lq wkh
qrplqdo lqwhuhvw udwh ehfdxvh lw zdv qrw iruhvhhq e| wkh fhqwudo edqn +uhfdoo
wkdw zh kdyh .|3�h+| dqg qrw h+| lq wkh PSU,1 Qr shuvlvwhqfh lv vkrzq lq dq|
uhvsrqvh gxh wr wkh odfn ri vhuldo fruuhodwlrq lq wkh vkrfn1

Lq vxppdu|/ yduldelolw| ri fxuuhqw rxwsxw fdq eh d�hfwhg e| dq| ri wkh
wkuhh vkrfnv zkhuhdv yduldelolw| ri pdunhw0fohdulqj +fdsdflw|, rxwsxw lv do0
prvw h{foxvlyho| ghwhuplqhg e| wkh whfkqrorj| vkrfn zlwk yhu| olwwoh lq xhqfh
gxh wr prqhwdu| wkh rwkhu vkrfnv/ dqg yduldelolw| ri wkh lq dwlrq dqg wkh
qrplqdo lqwhuhvw udwh vwhp prvwo| iurp erwk wkh whfkqrorj| vkrfn dqg wkh
PSU vkrfnv1

8 Prqhwdu| Srolf| Dqdo|vlv
Dv vkrzq lq wkh uhfhqw olwhudwxuh/ wkhuh duh wzr pdmru zd|v wr eulqj derxw
d PSU1 Rqh zd| lv wr surfhhg e| suhvhqwlqj d fhqwudo edqn*v orvv ixqf0
wlrq zkrvh dujxphqwv duh wkh prqhwdu| srolf| wdujhwv1 Wkh orvv ixqfwlrq
lv wkhq plqlpl}hg vxemhfw wr djjuhjdwh ghpdqg dqg djjuhjdwh vxsso| htxd0

48Lqghhg/ pruh uhdolvwlf uhvsrqvhv vkrxog lqfoxgh vrph odj lq wkh h�hfwv rq lq dwlrq
dqg rq dfwxdo rxwsxw1 Wklv ghod| lv qrw dfklhyhg zlwk wkh prgho dw kdqg1 Krzhyhu/
wkh lqfoxvlrq ri d edfnzdug0orrnlqj hohphqw lq sulfh0vhwwlqj ghflvlrq frxog uhvxow lq odwhu
shdnv lq lq dwlrq uhvsrqvhv +vhh Jdoð dqg Jhuwohu +4<<<, iru dq h{dpsoh,1 Olnhzlvh/ vrph
kdelw irupdwlrq whup lq wkh xwlolw| ixqfwlrq +vhh Ixkuhu +4<<;,,/ ru d sduwldo dgmxvwphqw
htxdwlrq ehwzhhq �dfwxdo� dqg �rswlpdo� frqvxpswlrq +ru rxwsxw, zrxog ohdg wr odwhu
shdnv lq rxwsxw uhvsrqvhv1

49Qrwh wkdw dowkrxjk wkh dfwxdo pdujlqdo surgxfw ri fdslwdo lqfuhdvhv/ wkh h{shfwhg qh{w
shulrg�v pdujlqdo surgxfw ri fdslwdo uhpdlqv wkh vdph dqg wkhuhiruh lqyhvwphqw grhv qrw
fkdqjh1
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wlrqv wkdw frqvwlwxwh wkh prgho ri wkh hfrqrp| +iru h{dpsohv vhh Vyhqvvrq
+4<<<,/ Fodulgd/ Jdoð/ dqg Jhuwohu +4<<<,/ Zrrgirug +4<<<,,1 Dq lpsolflw
uhdfwlrq ixqfwlrq/ d PSU/ pljkw eh zulwwhq dv wkh rswlpdo uhvsrqvh ri wkh
prqhwdu| srolf| lqvwuxphqw +w|slfdoo| wkh qrplqdo lqwhuhvw udwh, wr fxuuhqw
ru2dqg h{shfwhg ydoxhv ri vwdwh yduldeohv1

Rwkhu dxwkruv suhihu wr sursrvh vlpsoh uxohv wkdw duh urexvw wr prgho
vhwwlqjv +h1j1/ Wd|oru +4<<6/ 4<<<,/ dqgPfFdooxp +4<;;/ 4<<<d,,1 Wkh| dujxh
wkdw rswlpdo frqwuro fdq eh plvohdglqj gxh wr lwv vwulfw ghshqghqfh rq wkh
gh�qlwlrq dqg fdoleudwlrq ri wkh prgho1 Lq dgglwlrq/ wkh lqvwuxphqw uhdfwlrq
ixqfwlrq lpsolflwo| ghulyhg iurp rswlpdo frqwuro uxohv ehfrphv frqyhqlhqw
iru srolf| pdnlqj rqo| zlwklq vpdoo0vl}h prghov1 Lq odujh prghov wkh qxpehu
ri h{sodqdwru| yduldeohv lv yhu| kljk pdnlqj wkh dssolfdelolw| ri wkh PSU
frvwo| dqg vxemhfw wr pdq| srvvleoh frpsxwdwlrqdo plvwdnhv1

Wkh w|sh ri phglxp0vl}h prgho dw kdqg ohg xv wr xvh d vlpsoh uxoh ds0
surdfk ehfdxvh wkh uhvxowlqj PSU frplqj iurp wkh rswlpdo frqwuro dqdo|vlv
zrxog eh txlwh frpsoh{/ l1h1/ zlwk d orw ri h{sodqdwru| yduldeohv1 Qhyhuwkh0
ohvv/ zh orrvh wkh h!flhqf| surshuw| irxqg lq rswlpdo frqwuro prghov1 Dv zh
irfxv wkh dqdo|vlv rq wkh ghvljq ri hdv|0wr0dsso| uxohv wkh lvvxh ri h!flhqf|
lv qrw rxu pdlq frqfhuq khuh1

Lq Vhfwlrq 5/ zh douhdg| suhvhqwhg wkh fhqwudo edqn ehkdylru wkurxjk d
vlpsoh lqwhuhvw udwh uxoh/ d jhqhudol}dwlrq ri d Wd|oru0w|sh uxoh wkdw lqfrusr0
udwhv qrplqdo lqwhuhvw udwh vprrwklqj=

-| �-rr ' E�� >�� d>�E.|3�Z| � Zrr� n >2.|3�h+|o n >�E-|3� �-rr� n "|�
+55,

Dw wkh ehjlqqlqj ri shulrg |/ wkh fhqwudo edqn dqqrxqfhv wkh lqwhuhvw udwh
wkdw zloo eh lq h�hfw gxulqj wkdw shulrg ghshqglqj rq wkh h{shfwhg ghsduwxuh
ri lq dwlrq ryhu lwv vwhdg| vwdwh ydoxh/ rq wkh h{shfwhg rxwsxw jds dqg rq
wkh suhylrxv qrplqdo lqwhuhvw udwh1

D prqhwdu| srolf| shuirupdqfh h{huflvh iru wkh hxur duhd fdq eh fduulhg
rxw e| frpsxwlqj vwdqgdug ghyldwlrqv ri wkh wdujhw yduldeohv ri wkh hvwlpdwhg
prgho xqghu wkh sursrvhg Wd|oru0w|sh uxoh iru ydulrxv �jxuhv dvvljqhg wr >�/
>2/ dqg >�1

4: Lq rxu dqdo|vlv/ zh vwxg| krz fkdqjhv lq wkh frh!flhqwv ri wkh

4:Dv qhhghg/ zh vhw vwdqgdug ghyldwlrqv iru wkh vkrfnv ri wkh prgho= wkh whfkqrorj|
lqqrydwlrq hqwhulqj wkh surgxfwlrq ixqfwlrq kdv d vwdqgdug ghyldwlrq htxdo wr 3133: +dv
xvxdo lq wkh Uhdo Exvlqhvv F|foh olwhudwxuh,/ wkh frqvxpswlrq suhihuhqfhv vkrfn kdv d
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uxoh d�hfw yduldelolw| ri wkh udwh ri lq dwlrq/ wkh rxwsxw jds/ dqg wkh qrplqdo
lqwhuhvw udwh wr hydoxdwh wkh vwdelol}lqj surshuwlhv ri wkh uxoh dqg gh�qh dq
dssursuldwh udqjh ri frh!flhqwv1 Wkxv/ lw fdq eh vhhq lq Iljxuhv 7/ 8/ dqg
9 krz vwdqgdug ghyldwlrqv ri wkh udwh ri lq dwlrq/ wkh rxwsxw jds/ dqg wkh
qrplqdo lqwhuhvw udwh duh dowhuhg zkhq lqfuhdvlqj >� iurp 413 wr 813/ >2 iurp
313 wr 413/ dqg >� iurp 313 wr 4131

Diwhu h{dplqlqj wkh �jxuhv/ rqh pd| uhdfk wkh iroorzlqj frqfoxvlrqv iru
wkh lqwhuydov ri frh!flhqwv dw kdqg=

� Dq lqfuhdvh lq wkh lq dwlrq frh!flhqw >� +vhh Iljxuh 7,G
0 ghfuhdvhv yduldelolw| ri lq dwlrq1
0 lqfuhdvhv yduldelolw| ri wkh rxwsxw jds1
0 lqfuhdvhv yduldelolw| ri wkh qrplqdo lqwhuhvw udwh1

� Dq lqfuhdvh lq wkh rxwsxw jds frh!flhqw >2 +vhh Iljxuh 8,G
0 lqfuhdvhv yduldelolw| ri lq dwlrq +h{fhsw zkhq >2 lv forvh wr 313,1
0 ghfuhdvhv yduldelolw| ri wkh rxwsxw jds1
0 ghfuhdvhv yduldelolw| ri wkh qrplqdo lqwhuhvw udwh1

� Dq lqfuhdvh lq wkh qrplqdo lqwhuhvw udwh vprrwklqj frh!flhqw >� +vhh
Iljxuh 9,G

0 grhv qrw vljql�fdqwo| fkdqjh yduldelolw| ri lq dwlrq +h{fhsw zkhq
>� lv forvh wr 413,1

0 grhv qrw vljql�fdqwo| fkdqjh yduldelolw| ri wkh rxwsxw jds +h{fhsw
zkhq >� lv forvh wr 413,1

0 ghfuhdvhv yduldelolw| ri wkh qrplqdo lqwhuhvw udwh +h{fhsw zkhq >�
lv forvh wr 413,1

Lq pruh frqfuhwh whup/ wkuhh prqhwdu| srolf| uhfrpphqgdwlrqv vwhp
iurp wkh uhvxowv ri wkhvh vlpxodwlrqv=

4, D odujh uhvsrqvlyhqhvv wr lq dwlrq ghyldwlrqv/ d >� frh!flhqw juhdwhu
wkdq 513/ zrxog ohdg wr wrr kljk rxwsxw jds yrodwlolw| zlwkrxw jdlqlqj d
vljql�fdqw uhgxfwlrq revhuyhg lq wkh vwdqgdug ghyldwlrq ri lq dwlrq1

5, D phglxp0vl}h uhvsrqvlyhqhvv wr wkh rxwsxw jds lv ghvludeoh1 Li lw zhuh
wkh fdvh wkdw >2 lv forvh wr 313/ wkh wkuhh vwdqgdug ghyldwlrqv frxog eh pryhg
grzq e| ulvlqj >21 E| frqwudvw/ d odujh ydoxh ri >2 �iurp 318 rqzdugv� grhv
qrw surgxfh d ylvleoh uhgxfwlrq lq wkh rxwsxw jds vwdqgdug ghyldwlrq1

vwdqgdug ghyldwlrq ri 31338; +dv hvwlpdwhg yld wkh frqvxpswlrq vwuxfwxudo htxdwlrq lq
Vhfwlrq 6,/ dqg wkh PSU vkrfn lv +duelwudulo|, vhw zlwk d vwdqgdug ghyldwlrq htxdo wr 31334
lq rughu wr lpso| d kljk ghjuhh ri qrplqdo lqwhuhvw udwh frqwuro zlwk olwwoh xqv|vwhpdwlf
yduldelolw|1
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6, D prghudwh ghjuhh ri lqwhuhvw udwh vprrwklqj lv ehqh�fldo iru wkh hfrq0
rp| ehfdxvh lw grhv qrw vxevwdqwldoo| d�hfw hlwkhu wkh rxwsxw jds ru wkh
lq dwlrq yduldelolw| zkhuhdv lw uhgxfhv wkh qrplqdo lqwhuhvw udwh yduldelolw|1
D orz yrodwlolw| ri wkh qrplqdo lqwhuhvw udwh kdv ehhq erwk sxuvxhg e| fhq0
wudo edqnhuv lq uhfhqw |hduv dqg uhfrpphqghg lq wkh olwhudwxuh1 Dsduw iurp
wkh dujxphqwv uhodwhg wr suhfdxwlrq dw srolf| lpsohphqwdwlrq dqg prgho
plvv0vshfl�fdwlrq ghvfulehg lq Fodulgd/ Jdoð/ dqg Jhuwohu +4<<<,/ PfFdooxp
+5333, kdv dovr srlqwhg rxw wkdw d vpdoo vwdqgdug ghyldwlrq ri wkh qrplqdo
lqwhuhvw udwh zrxog dovr eh ghvludeoh wr pdnh ohvv olnho| wr idoo rq wkh }hur
orzhu erxqg +l1h1/ rq wkh oltxlglw| wuds,1 Wkxv/ zh uhfrpphqg fhuwdlq gh0
juhh ri lqwhuhvw udwh vprrwklqj1 Rq wkh frqwudu|/ dq lqwhuhvw udwh vprrwklqj
zlwk d frh!flhqw rq wkh ylflqlw| ri 413 zrxog eh kdupixo ehfdxvh wkh wkuhh
vwdqgdug ghyldwlrqv vkrz d vkdus lqfuhdvlqj sdwwhuq1 Wkhuhiruh d qxpehu
durxqg 31: ru 31; zrxog vdwlvi| rxu jrdov ri qrplqdo lqwhuhvw udwh vwdelolw|1

Vxppdul}lqj/ wkh edvholqh wulsohw ri qxpehuv +4183/3153/31:8, lqlwldoo| sur0
srvhg vhhp wr shuirup txlwh zhoo lq wkh vlpxodwlrqv ri wkh fdoleudwhg prgho1
Shukdsv/ erwk wkh lq dwlrq dqg wkh rxwsxw jds frh!flhqwv/ >� dqg >2/ frxog
eh udlvhg d olwwoh elw vr wkdw wkh lq dwlrq dqg rxwsxw jds yrodwlolw| uhvshf0
wlyho| idoo1 Krzhyhu/ zkhq >� lv juhdwhu wkdq 513 wkh vwdqgdug ghyldwlrq ri
wkh rxwsxw jds ehjlqv wr ulvh udslgo| dv phqwlrqhg deryh1 Lq dgglwlrq/ zkhq
>2 uhdfkhv 318 wkh uhgxfwlrq ri wkh rxwsxw jds yduldelolw| ydqlvkhv1 Dffrug0
lqjo|/ wkh wulsohw ri frh!flhqwv zlwk uhdvrqdeo| jrrg shuirupdqfh duh ydoxhv
ri >� ehwzhhq 413 dqg 513/ ydoxhv ri >2 ehwzhhq 315 dqg 318/ dqg ydoxhv ri
lqwhuhvw udwh vprrwklqj durxqg >� ' f�.D1

Dffrpsdq|lqj wkh eluwk ri wkh Hxurshdq Prqhwdu| Xqlrq/ wkhuh kdv
ehhq pxfk uhvhdufk zrun uhfhqwo| sxeolvkhg rq wkh lvvxh ri prqhwdu| srolf|
lq wkh hxur duhd1 Lq wklv uhjdug/ lw lv uhpdundeoh wkh sdshu e| Mrkq Wd|oru
+vhh Wd|oru +4<<<,, zkhuh kh fduulhv rxw d urexvwqhvv h{huflvh zlwk Wd|oru
uxohv lq qlqh gl�huhqw prghov wkdw froohfw wkh ydulhw| ri prghov dsshdulqj
lq wkh olwhudwxuh1 Kh frqfoxghv wkdw wkh ruljlqdoo| sursrvhg frh!flhqwv ri
klv uxoh +>� ' ��Dc >2 ' f�D

e
c >� ' f�f, shuirup vx!flhqwo| zhoo lq doo wkh

prghov dqg wkxv kh uhfrpphqgv wkhp dv d jxlgholqh iru lqwhuhvw udwh vhwwlqj
e| wkh HFE1 Rxu uhvxowv fdq eh lqfoxghg lq klv olqh ri dujxphqw1 Zkhq zh
soxj wkh wulsohw ri Wd|oru*v ruljlqdoo| sursrvhg frh!flhqwv lq wkh prqhwdu|
srolf| uxoh +55,/ wkh shufhqw dqqxdo vwdqgdug ghyldwlrqv wkdw zh rewdlq lq
wkh vlpxodwlrqv duh orz dqg vlplodu wr rqh iru wkh udwh ri lq dwlrq +4139,/ wkh
rxwsxw jds +4143,/ dqg wkh qrplqdo lqwhuhvw udwh +4138,1

Lq dq hpslulfdo zrun/ Jhuodfk dqg Vfkqdeho +5333, vkrz wkdw dfwxdo eh0
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kdylru ri Hxurshdq fhqwudo edqnhuv uhjduglqj lqwhuhvw vhwwlqj lq wkh <3*v duh
zhoo fdswxuhg e| d Wd|oru uxoh zlwk lwv lqlwldoo| sursrvhg frh!flhqwv1 Lq dq0
rwkhu hpslulfdo zrun/ krzhyhu/ Fodulgd/ Jdoð/ dqg Jhuwohu +4<<;, �qg wkdw
prqhwdu| srolflhv frqgxfwhg lq Jhupdq|/ Lwdo|/ dqg wkh XN gxulqj wkh sh0
ulrg 4<:<04<<6 zhuh ohvv frpshoolqj wkdq Wd|oru*v qxpehuv/ dv wkh| irxqg
hvwlpdwhv iru >� forvh wr 4131 Wkxv/ lw vhhpv wr eh wkh fdvh wkdw dv wkh
qhz hud ri wkh Hxurshdq Prqhwdu| Xqlrq zdv dssurdfklqj prqhwdu| srolf|
vkrzhg d juhdwhu ghjuhh ri uhvsrqvlyhqhvv/ dv vxjjhvwhg khuh/ iru d Wd|oru
uxoh lq wkh hxur duhd1

9 Frqfoxvlrqv
D qhrfodvvlfdo prqhwdu| prgho zlwk prqrsrolvwlf frpshwlwlrq dqg vwlfn|
sulfhv zdv suhvhqwhg khuh dv d suhglfwlyh wrro iru exvlqhvv f|foh dqg prqh0
wdu| srolf| dqdo|vlv1 Wkuhh h{whqvlrqv zhuh lqfrusrudwhg khuh= wkh phglxp0
ri0h{fkdqjh uroh ri prqh| lv h{solflwo| froohfwhg dv rqh dujxphqw ri wkh wudqv0
dfwlrq frvw ixqfwlrq/ fdslwdo pryhphqwv duh ghwhuplqhg hqgrjhqrxvo|/ dqg
wkhuh duh suhghwhuplqhg qrplqdo zdjhv vljqhg dv dq dwwhpsw wr jxdudqwhh
wkh ohyho ri sxufkdvlqj srzhu ri wkh zrunhuv1 Ryhudoo/ wkh prgho frqvlvwhg ri
dq rswlpl}lqj LV0OP vhfwru zlwk wudqvdfwlrqv0idflolwdwlqj prqh| dqg hqgrjh0
qrxv lqyhvwphqw/ dq rswlpl}lqj sxuho| iruzdug0orrnlqj lq dwlrq htxdwlrq uh0
 hfwlqj vwlfn| sulfhv +Qhz Skloolsv fxuyh,/ d uhdo zdjh htxdwlrq rewdlqhg
iurp vwdjjhuhg dqg uhylvhg qrplqdo frqwudfwv/ dqg d Wd|oru0w|sh PSU zlwk
d vprrwklqj frpsrqhqw1

Wkh frqvxpswlrq htxdwlrq rewdlqhg lv iruzdug orrnlqj dqg ghshqgv qhj0
dwlyho| rq wkh uhdo lqwhuhvw udwh dqg srvlwlyho| rq d uhdo prqh| edodqfhv hoh0
phqw1 Wkh wudqvdfwlrqv0idflolwdwlqj uroh ri prqh| jlyhv ulvh wr wkh h{lvwhqfh
ri d srvlwlyh uhdo0edodqfh h�hfw lq frqvxpswlrq fkrlfhv1 Wkh lqyhvwphqw
htxdwlrq lv dovr iruzdug orrnlqj dqg frqwdlqv wkuhh h{sodqdwru| yduldeohv=
wkh uhdo lqwhuhvw udwh zlwk d qhjdwlyh vljq dqg erwk wkh h{shfwhg pdujlqdo
surgxfw ri fdslwdo dqg wkh h{shfwhg uhdo pdujlqdo frvw +l1h1/ uhdo zdjh ryhu
pdujlqdo surgxfw ri oderu, zlwk d qhjdwlyh vljq1 Wkh prqh| ghpdqg htxdwlrq
lv d�hfwhg srvlwlyho| e| fxuuhqw frqvxpswlrq dqg qhjdwlyho| e| wkh qrplqdo
lqwhuhvw udwh1

Rq wkh vxsso| vlgh/ wkh vhoolqj sulfh vhw e| wkh surgxfhuv lv dovr iruzdug
orrnlqj dqg ghshqgv rq wzr yduldeohv= wkh djjuhjdwh sulfh ohyho dqg wkh uhdo
pdujlqdo frvw/ erwk ri wkhp hqwhulqj wkh sulfh htxdwlrq zlwk d srvlwlyh vljq1
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Wkh prgho zdv hvwlpdwhg dqg fdoleudwhg iru wkh hxur duhd1 D exvlqhvv
f|foh dqdo|vlv zdv frqgxfwhg e| phdqv ri lpsxovh uhvsrqvh ixqfwlrqv wkdw
vkrz krz wkh yduldeohv ri wkh prgho uhdfw zkhq wkhuh lv d whfkqrorj| vkrfn/
frqvxpswlrq suhihuhqfhv vkrfn/ ru d prqhwdu| srolf| uxoh vkrfn1 Lw wxuqhg
rxw wkdw rxwsxw/ frqvxpswlrq/ dqg lqyhvwphqw  xfwxdwh vljql�fdqwo| zlwk
fkdqjhv lq whfkqrorj|/ frqvxphu�v suhihuhqfhv/ dqg prqhwdu| srolf|1 Dv
iru wkh lq dwlrq dqg wkh qrplqdo lqwhuhvw udwhv/ wkh| erwk pryh frqvlghu0
deo| zkhq whfkqrorj| ru prqhwdu| srolf| duh vkrfnhg1 Frqyhuvho|/ pdunhw0
fohdulqj +fdsdflw|, rxwsxw rqo| fkdqjhv vljql�fdqwo| zlwk whfkqrorj| vkrfnv1

Wkh ghvljq ri d Wd|oru0w|sh prqhwdu| srolf| uxoh zlwk qrplqdo lqwhuhvw
vprrwklqj iru wkh hxur duhd fdoleudwhg prgho zdv vwxglhg lq wkh odvw sduw ri
wkh sdshu1 Zh �uvw vdz krz fkdqjlqj wkh frh!flhqwv pd| d�hfw wkh vwdq0
gdug ghyldwlrqv ri wkh yduldeohv ri wkh prgho vxfk dv wkh udwh ri lq dwlrq/
wkh rxwsxw jds ru wkh qrplqdo lqwhuhvw udwh1 Dq lqfuhdvh lq uhvsrqvlyhqhvv
ri wkh qrplqdo lqwhuhvw udwh wr lq dwlrq ohdgv wr ohvv lq dwlrq yrodwlolw| exw
pruh rxwsxw jds yrodwlolw|1 Zkhq wkhuh lv d odujhu uhvsrqvh ri qrplqdo lq0
whuhvw udwhv wr fkdqjhv lq wkh rxwsxw jds wklv yduldeoh ehfrphv ohvv yrodwloh
zkhuhdv lw rqo| lqfuhdvhv lq dwlrq yrodwlolw| iru odujh frh!flhqwv ri rxwsxw jds
uhvsrqvlyhqhvv1 Dv iru wkh ghjuhh ri lqwhuhvw udwh vprrwklqj/ lw zdv revhuyhg
wkdw pruh vprrwklqj uhvxowv lq ohvv lqwhuhvw udwh yrodwlolw| +h{fhsw zkhq wkh
vprrwklqj frh!flhqw lv forvh wr 413, zlwk qr rwkhu vxevwdqwldo fkdqjh1

E| orrnlqj dw wkh shuirupdqfh ri wkh uxoh xqghu gl�huhqw frh!flhqwv lq
wkh hxur duhd hvwlpdwhg prgho zh rewdlqhg wkh iroorzlqj frqfoxvlrqv= wkh
frh!flhqw ri uhvsrqvlyhqhvv wr lq dwlrq ghyldwlrqv shuirup zhoo lq wkh udqjh
ehwzhhq 413 dqg 513/ wkh rxwsxw jds frh!flhqw ehwzhhq 315 dqg 318/ dqg wkh
frh!flhqw ri qrplqdo lqwhuhvw udwh vprrwklqj forvh wr 31:81
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Iljxuh 7= Wd|oru uxoh shuirupdqfh ydu|lqj >� iurp 413 wr 8131 >2 dqg >� duh
�{hg dw wkhlu edvholqh �jxuhv1
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