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Rfwrehu 4/ 4<<;

Devwudfw
Wkh sdshu lqwurgxfhv d phwkrgrorj| ghyhorshg wr shuirup g|qdplf fdoleudwlrq ri
Vwdwlvwlfv Ghqpdun*v g|qdplf frpsxwdeoh jhqhudo htxloleulxp prgho/ GUHDP1 Wr
looxvwudwh wkh whfkqltxh/ wkh sdshu eulh | glvfxvvhv dq h{dpsoh ri dq dssolfdwlrq/
qdpho| dqdo|}lqj wkh hfrqrplf frqvhtxhqfhv ri wkh ixwxuh ghyhorsphqw ri wkh Gdq0
lvk srsxodwlrq1 Dq lpsruwdqw dvshfw ri wklv lv wkh vr0fdoohg djlqj sureohp1 Wkh
dqdo|vlv lv fduulhg rxw xqghu gl�huhqw dvvxpswlrqv frqfhuqlqj �qdqflqj vfkhphv dqg
dqqrxqfhphqw ri srolf| uhvsrqvhv1 Wkh rxwfrphv gl�hu pdunhgo| dv wr zkhwkhu wkh
srolf| uhvsrqvhv vwlpxodwh wkh lqfhqwlyhv wr vdyh dqg wr surylgh iru wkh rog djh/ ru
qrw1

�Zh zlvk wr wkdqn Mhvshu Kdqvhq dqg Pruwhq Orehgdq} Vûuhqvhq iru vnlooixo uhvhdufk dvvlvwdqfh1 Dovr
wkdqnv wr Huolqj Kropû| iru frpphqwv rq dq hduolhu gudiw1

|H0pdlo dgguhvv= guhdpCgvw1gn



41 Lqwurgxfwlrq

Dqdo|}lqj dq hfrqrp| zklfk 0 hyhq dv d urxjk dssur{lpdwlrq 0 lv lqlwldoo| rxw ri vwd0
wlrqdu| vwdwh +ru vwhdg| vwdwh, e| phdqv ri d g|qdplf FJH0prgho/ dsso|lqj wkh xvxdo
vwdwlf fdoleudwlrq surfhgxuh lv ri olwwoh xvh1 Lqvwhdg lw lv qhfhvvdu| wr shuirup g|qdplf
fdoleudwlrq ri wkh prgho ghdolqj vshfl�fdoo| zlwk wkh idfw wkdw wkh edvh +fdoleudwlrq, |hdu
lv d whpsrudu| htxloleulxp rq wkh sdwk ri whpsrudu| htxloleuld hyhqwxdoo| frqyhujlqj wr
wkh �qdo vwdwlrqdu| vwdwh +ru vwhdg| vwdwh,1

Wkh �uvw sduw ri wklv sdshu ghvfulehv wkh phwkrgrorj| ghyhorshg wr shuirup g|qdplf fdol0
eudwlrq ri Vwdwlvwlfv Ghqpdun*v g|qdplf frpsxwdeoh jhqhudo htxloleulxp prgho/ GUHDP
+Gdqlvk Udwlrqdo Hfrqrplf Djhqwv Prgho,1 Lq vkruw/ wkh phwkrgrorj| lpsolhv xvlqj
GUHDP wr jhqhudwh wkh hqwluh g|qdplf sdwk ri wkh hqgrjhqrxv yduldeohv vxemhfw wr wkh
idfw wkdw GUHDP pxvw uhsurgxfh wkh ydoxh ri wkh hqgrjhqrxv yduldeohv lq wkh edvh |hdu
h{dfwo|1

D qrq0vwdwlrqdu| srsxodwlrq lv rqh lpsruwdqw vrxufh ri qrq0vwdwlrqdulw| ri wkh hfrqrp|1
Wr looxvwudwh wkh phwkrgrorj| ghyhorshg/ wkh odvw sduw ri wkh sdshu eulh | glvfxvvhv dq
h{dpsoh ri dq dssolfdwlrq/ qdpho| dqdo|}lqj wkh hfrqrplf frqvhtxhqfhv ri wkh ixwxuh
ghyhorsphqwv ri wkh Gdqlvk srsxodwlrq1 Dq lpsruwdqw dvshfw ri wklv lv wkh vr0fdoohg djlqj
sureohp frqvlvwlqj ri d ulvlqj ixwxuh vkduh ri hoghuo| shrsoh ri wkh srsxodwlrq1 Dowkrxjk
GUHDP lv vwloo xqghu ghyhorsphqw wkh prgho lv zhoo0vxlwhg iru wklv nlqg ri h{shulphqwv
ehfdxvh wkh srsxodwlrq hqwhuv wkh prgho zlwk d kljk ohyho ri uhdolvp/ zklfk pdnhv lw
srvvleoh wr xwlol}h Vwdwlvwlf Ghqpdun*v r!fldo srsxodwlrq iruhfdvw gluhfwo|1 Wkh dqdo|vlv lv
fduulhg rxw xqghu gl�huhqw dvvxpswlrqv frqfhuqlqj �qdqflqj vfkhphv dqg dqqrxqfhphqw
ri srolf| uhvsrqvhv1 Wkh rxwfrphv gl�hu pdunhgo| dv wr zkhwkhu wkh srolf| uhvsrqvhv
vwlpxodwh wkh lqfhqwlyhv wr vdyh dqg wr surylgh iru wkh rog djh1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 eulh | vnhwfkhv wkh pdlq ihdwxuhv ri GUHDP1
Vhfwlrq 6 ghdov zlwk wkh g|qdplf fdoleudwlrq ri GUHDP zkloh vhfwlrq 7 rxwolqhv wkh
srsxodwlrq iruhfdvw dqg eulh | uhsruwv vrph vlpxodwlrq uhvxowv1

51 Wkh pdlq ihdwxuhv ri GUHDP

GUHDP lv dq ryhuodsslqj jhqhudwlrqv FJH0prgho ri d vpdoo rshq hfrqrp|1 Djhqwv
lq wkh prgho kdyh shuihfw iruhvljkw1 Surgxfwlrq lv glylghg lqwr d sulydwh dqg d sxeolf
surgxfwlrq vhfwru1 Ilupv lq wkh sulydwh vhfwru idfh frqyh{ frvwv ri lqvwdoodwlrq1 Wkh
jryhuqphqw surgxfhv d sxeolf jrrg/ glvwulexwhv djh0ghshqghqw wudqvihuv/ vrfldo shqvlrq
dqg xqhpsor|phqw ehqh�wv1 Wkh dfwlylwlhv ri wkh jryhuqphqw duh �qdqfhg wkurxjk d udqjh
ri gl�huhqw wd{ lqvwuxphqwv1 Lq wklv dssolfdwlrq/ wkh jryhuqphqw reh|v lwv lqwhuwhpsrudo
exgjhw frqvwudlqw e| uxqqlqj d edodqfhg exgjhw lq hdfk shulrg1

Wkh iroorzlqj vxevhfwlrqv jlyh dq ryhuylhz ri wkh pdlq ihdwxuhv ri GUHDP/ hpskdvl}lqj
wkh duhdv zklfk duh prvw lpsruwdqw iru dssolfdwlrqv vwxg|lqj wkh hfrqrplf lpsdfwv ri
ghprjudsklf fkdqjhv dv wkh h{dpsoh ri vhfwlrq 71 Lq wkh �uvw sduw ri wkh suhvhqw vhfwlrq/
wkh ghprjudsklf vwuxfwxuh ri wkh prgho lv glvfxvvhg1 Wklv lv iroorzhg e| d ghvfulswlrq ri
wkh krxvhkrog*v ghflvlrq sureohp/ dqg d suhvhqwdwlrq ri wkh fhqwudo ehkdylrudo htxdwlrqv1
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Wkh ehkdylru ri wkh �upv zloo eh ghvfulehg vkruwo|/ dqg �qdoo| wkh prgho lv frqfoxghg
zlwk d iruhljq dqg d sxeolf vhfwru1 Wklv lv rqo| dq ryhuylhz 0 vhh Nqxgvhq hw do1 +4<<;,
iru d frpsohwh ghulydwlrq ri wkh ehkdylrudo htxdwlrqv14

5141 Wkh uhsuhvhqwdwlyh krxvhkrog

Wkh srsxodwlrq lv wudqviruphg lqwr jhqhudwlrqv ri uhsuhvhqwdwlyh krxvhkrogv wkdw duh wkh
ghflvlrq xqlwv ri wkh prgho1 Wkh djh ri d jhqhudwlrq ri krxvhkrogv lv gh�qhg dv wkh djh ri
wkh zrpdq ri wkh uhsuhvhqwdwlyh krxvhkrog1 Phq dqg fkloguhq duh dvvljqhg wr +wkh zrphq
ri wkh, wkh krxvhkrogv xvlqj d frxsoh pdwul{ +vkrzlqj zrphq0phq fruuhvsrqghqfh, dqg d
pdwhuqdo pdwul{ +vkrzlqj zrphq0fkloguhq fruuhvsrqghqfh, uhvshfwlyho|1 Wkhvh pdwulfhv
duh rewdlqhg iurp dfwxdo Gdqlvk uhjlvwhu gdwd1

Wkh frqvwuxfwlrq lpsolhv wkdw wkh krxvhkrog dv d ghflvlrq xqlw frqvlvwv ri d frxsoh zlwk
fkloguhq/ l1h1 wkhuh duh qr vlqjohv lq wkh prgho1 Fkloguhq ehorqj wr wkhlu prwkhuv krxvhkrog
xqwlo wkh| uhdfk wkh djh ri 4;/ zkhuh wkh| irup krxvhkrogv ri wkhlu rzq1

Zh dvvxph wkdw wkhuh lv rqh uhsuhvhqwdwlyh krxvhkrog lq hdfk jhqhudwlrq1 Wkh vl}h ri wklv
krxvhkrog lv jlyhq dv

krxvhkrog vl}h @ �qxpehu ri zrphq� . �qxpehu ri phq� . �qxpehu ri fkloguhq�

2

Zh phdvxuh fkloguhq lq dgxow0htxlydohqwv1 Iru vlpsolflw| wklv lv wdnhq wr phdq wkdw
fkloguhq frxqw dv rqo| kdoi dq dgxow wr pluuru wkdw fkloguhq gr qrw uhtxluh wkh vdph ohyho
ri frqvxpswlrq dv dgxowv1

Wkh sodqqlqj krul}rq ri d qhz krxvhkrog +d zrpdq ri djh 4;, lv 93 |hduv15 Wkh krxvhkrog
+dv d ghflvlrq xqlw, h{shfwv zlwk fhuwdlqw| wr vxuylyh xqwlo wkh hqg ri wkh sodqqlqj krul}rq1
Krzhyhu/ wkh vl}h ri wkh uhsuhvhqwdwlyh krxvhkrog lv h{shfwhg wr eh uhgxfhg ryhu wlph
dffruglqj wr wkh lqglylgxdo suredelolw| ri ghdwk ri wkh phpehuv ri wkh krxvhkrog16 Wkh
idfw/ wkdw fkloguhq duh eruq lqwr wkh krxvhkrog dqg odwhu ohdyh krph dw wkh djh ri 4; +wr
irup d krxvhkrog ri wkhlu rzq,/ dovr d�hfwv wkh vl}h ri wkh sduhqwv* krxvhkrog1

Wkh dgxowv lq wkh krxvhkrog wkdw duh |rxqjhu wkdq wkh dyhudjh uhwluhphqw djh +fxuuhqwo|
94 |hduv, duh dfwlyh lq wkh oderu pdunhw> vxevhtxhqwo| wkh| uhwluh dqg ehfrph shqvlrqhuv1

Zkhq wkh hqg ri wkh sodqqlqj krul}rq lv uhdfkhg +l1h1 zkhq wkh zrpdq wxuq :; |hduv, wkh
krxvhkrog lv glvvroyhg/ dqg d iruhvhhq ehtxhvw lv ohiw wr wkh fkloguhq1 Shuvrqv vxuylylqj wkh
sodqqlqj krul}rq ri wkh krxvhkrog duh dvvxphg rqo| wr uhfhlyh vrfldo vhfxulw| shqvlrqv/
sd| wd{hv dqg frqvxph wkh uhvw/ l1h1 wkh| gr qrw vdyh ru rzq dvvhwv1

4Lw fdq eh grzqordghg iurp rxu zhe0sdjhv dw kwws=22zzz1gvw1gn1
5Wklv fruuhvsrqgv wr wkh h{shfwhg olihwlph iru d 4; |hdu rog Gdqlvk zrpdq/ zklfk zdv :;174 |hduv lq

4<<81
6Wklv lv htxlydohqw wr dq dvvxpswlrq wkdw d vxuylylqj phpehu ri wkh krxvhkrog zloo dozd|v h{lvw dqg

wkdw wklv phpehu uhwdlqv xqglylghg srvvhvvlrq ri wkh hvwdwh/ zklfk lv vwdqgdug surfhgxuh dffruglqj wr
Gdqlvk odz dqg wudglwlrq1
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5151 Iruhfdvwlqj wkh krxvhkrog vl}h

Iljxuh 514 vkrzv wkh devroxwh djh glvwulexwlrq ri wkh wzr jhqghuv lq 4<<81
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Iljxuh 514= Djh glvwulexwlrq ri wkh srsxodwlrq lq 4<<8

Wkh wklq ixoo olqh lv wkh djh glvwulexwlrq ri phq phdvxuhg dffruglqj wr wkhlu rzq djh/ wkh
grwwhg olqh lv wkh djh glvwulexwlrq ri zrphq/ dqg wkh wklfn ixoo olqh lv wkh djh glvwulex0
wlrq ri phq phdvxuhg dffruglqj wr wkh djh ri wkhlu sduwqhu +wkh zrpdq,1 Wklv fxuyh lv
frqvwuxfwhg xvlqj wkh frxsoh pdwul{ +l1h1 wkh djh0vshfl�f frxsoh sdwwhuq,1 Ilqdoo|/ wkh
kxps0vkdshg fxuyh lv wkh djh glvwulexwlrq ri fkloguhq dffruglqj wr wkh djh ri wkhlu prwkhu
xvlqj wkh pdwhuqdo pdwul{1

Iljxuh 515 glvsod|v wkh frpsrvlwlrq ri wkh srsxodwlrq lq wkh |hdu 5373 suhglfwhg lq wkh
r!fldo ghprjudsklf iruhfdvw ri Vwdwlvwlfv Ghqpdun1 Wkh �jxuh vkrzv wkdw wkh dgrswhg
dvvxpswlrq ri d frqvwdqw djh ghshqghqw ihuwlolw| udwh iurp 5343 dqg rqzdugv lpsolhv
wkdw wkh �uvw sduw ri wkh djh glvwulexwlrq iru erwk phq dqg zrphq ehfrphv vprrwk1
Ixuwkhu wklv dvvxpswlrq hqvxuhv wkh hfkr h�hfwv lq wkh srsxodwlrq +uhvxowlqj iurp wkh kxjh
jhqhudwlrqv uljkw diwhu Zruog Zdu LL, wr frqwlqxh/ zklfk pdqlihvwv wkhpvhoyhv lq wkh wzr
kxpsv lq wkh vprrwk hqg ri wkh fxuyhv1 Krzhyhu/ wkh pdsslqj ri wkh djh glvwulexwlrq ri
phq lqwr wkh djh glvwulexwlrq ri wkhlu sduwqhuv uhpdlqv voljkwo| xqhyhq gxh wr  xfwxdwlrqv
lq wkh djh gl�huhqfh ri frxsohv wkurxjk wkh olih f|foh1 Iru wkh vlpxodwlrq h{huflvhv ri
vhfwlrq 7/ wkh GUHDP prgho jurxs kdv surorqjhg wkh r!fldo iruhfdvw vr wkh srsxodwlrq
duulyhv dw lwv vwdwlrqdu| vwdwh diwhu derxw 583 |hduv/ dvvxplqj d frqwlqxhg srvlwlyh qhw
lppljudwlrq1

5161 Ehkdylru ri krxvhkrogv

Krxvhkrogv ghulyh xwlolw| iurp frqvxpswlrq dqg lqfxu glvxwlolw| iurp wlph vshqw zrunlqj1
Hdfk krxvhkrog pd{lpl}hv wkh wrwdo olihwlph xwlolw| ri lwv phpehuv +dv rssrvhg wr wkh
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Iljxuh 515= Djh glvwulexwlrq ri wkh srsxodwlrq lq 5373

dyhudjh xwlolw|,17 Wklv ohdgv wr wkh iroorzlqj frqvxpswlrq ixqfwlrq
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lv wkh frqvxpswlrq shu dgxow htxlydohqw qhw ri glvxwlolw|
iurp zrun1 Wkh uljkw kdqg vlgh ri htxdwlrq +514, pd| eh wkrxjkw ri dv d vwdqgdug FHV
ghpdqg uhodwlrqvkls/ zkhuh wkh vshfl�f ihdwxuh lv wkdw djjuhjdwhv duh gh�qhg ryhu wlph
lqvwhdg ri ryhu jrrgv1 7 lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ w lv wkh udwh ri sxuh
wlph suhihuhqfh dqg 1 lv wkh zhljkw wkdw jhqhudwlrqv dvvrfldwh zlwk wkh ehtxhvw1 Wkh whup�

#

K3�c|3�

�|*E�n�oKc|�

�
7

jlyhv wkh vorsh ri wkh vwdqgdug FHV ghpdqg fxuyh1 Wkh iudfwlrq lv wkh sulfh

lqgh{ ri ixwxuh frqvxphu sulfhv glylghg e| wkh frqvxphu sulfh lq wkh suhylrxv shulrg1 �
|

lv wkh frqvxphu sulfh lqgh{ dw wlph |/ o
|

lv wkh udwh ri lqwhuhvw/ dqg |o
|

lv wkh fdslwdo lqfrph
wd{ udwh1 Wkh ghqrplqdwru lv wkhuhiruh glvfrxqwhg edfn wr wlph | � �� #

K3�c|3�
lv d FHV

sulfh lqgh{ ri doo ixwxuh sulfhv iru wkh uhvw ri wkh krxvhkrog*v wlph krul}rq glvfrxqwhg edfn
wr wlph |� �� Ilqdoo|/ @

K3�c|3�nMK3�c|3�

#

K3�c|3�

gh�qhv wkh srvlwlrq ri wkh FHV ghpdqg fxuyh/ dqg

lv gh�qhg dv wkh wrwdo +qrq0kxpdq dqg kxpdq, zhdowk ri wkh uhsuhvhqwdwlyh krxvhkrog
phdvxuhg lq xqlwv ri wkh lqgh{ ri ixwxuh sulfhv1 @

K3�c|3� lv wkh vwrfn ri qrq0kxpdq zhdowk/
M
K3�c|3� lv wkh vwrfn ri kxpdq zhdowk qhw ri glvxwlolw| ri zrun/ l1h1 wkh glvfrxqwhg ydoxh

ri ixwxuh qrq0lqwhuhvw lqfrph plqxv wkh glvfrxqwhg ydoxh ri ixwxuh shulrgv glvxwlolw| ri
zrun1

Wkh uhvxow lq +514, vwdwhv wkdw lqglylgxdo frqvxpswlrq ghshqgv rq wrwdo lqglylgxdo zhdowk

7Olihwlph xwlolw| lv gh�qhg dv wkh vxp ri dqqxdo wrwdo krxvhkrog xwlolwlhv lq wkh uhpdlqlqj olihwlph soxv
dq dgglwlrqdo whup uh hfwlqj wkh xwlolw| iurp ohdylqj d ehtxhvw 0 doo glvfrxqwhg wr wkh wlph ri sodqqlqj1
Wkh dqqxdo wrwdo krxvhkrog xwlolw| htxdov wkh lqvwdqwdqhrxv xwlolw| shu dgxow0htxlydohqw/ wlphv wkh qxpehu
ri dgxow0htxlydohqwv lq wkh krxvhkrog dw wkh jlyhq srlqw lq wlph1
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+wkh vxp ri �qdqfldo zhdowk dqg kxpdq fdslwdo, glylghg e| wkh FHV sulfh lqgh{1 Wkh
h�hfw rq frqvxpswlrq ri kljk ixwxuh sulfhv fdq eh vhhq wkurxjk d kljk ohyho ri wklv sulfh
lqgh{1 Wklv uhgxfhv wkh wrwdo zhdowk hydoxdwhg dw ixwxuh sulfhv +iru d jlyhq ydoxh ri wkh
vwrfn ri kxpdq zhdowk/ M

K3�c|3�,/ dqg wkhuhe| frqvxpswlrq ghwhulrudwhv1 Rq wkh rwkhu
kdqg/ dq lqfuhdvh lq ixwxuh sulfhv pdnhv frqvxpswlrq wrgd| uhodwlyho| fkhdshu/ dqg khuhe|
lqfuhdvhv wkh surshqvlw| wr frqvxph wrgd|1 Li wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/
7/ lv juhdwhu wkdq 4 wkh odwwhu h�hfw zloo grplqdwh/ zkhuhdv d orz ydoxh ri 7 +	 4, zloo
phdq wkdw dq lqfuhdvh lq ixwxuh sulfhv zloo eh dvvrfldwhg zlwk d idoo lq wrgd|*v frqvxpswlrq
0 wkhq wkh lqfrph h�hfw lv grplqdwlqj1

Wkh idfw wkdw fxuuhqw frqvxpswlrq ghshqgv rq wkh vxp ri �qdqfldo dqg kxpdq zhdowk/
lv fdxvhg e| wkh mrlqw dvvxpswlrq ri shuihfw iruhvljkw dqg shuihfw fdslwdo pdunhwv1 Wklv
hqdeohv wkh frqvxphu wr wudqvirup dq| vwuhdp ri lqfrph lqwr dqrwkhu vwuhdp ri lqfrph
zlwk wkh vdph glvfrxqwhg ydoxh1 Lq rwkhu zrugv zh dvvxph wkdw wkh frqvxphu grhv qrw
idfh frqvwudlqwv dw wkh fdslwdo pdunhw/ dv orqj dv kh grhv qrw ylrodwh klv frqvrolgdwhg
exgjhw frqvwudlqw1 Wkhuhiruh ixwxuh lqfrph pd| uhdglo| eh wudqviruphg lqwr fxuuhqw
frqvxpswlrq1

Lq hdfk shulrg/ wrwdo frqvxpswlrq lv glvwulexwhg dw wkh gl�huhqw frqvxpswlrq jrrgv dv0
vxplqj d qhvwhg lqvwdqwdqhrxv FHV xwlolw| ixqfwlrq jlylqj ulvh wr vwdqgdug vwdwlf FHV
ghpdqg ixqfwlrqv1

Fxuuhqw lqfrph ri krxvhkrogv dulvhv iurp ; pdlq vrxufhv1 Wkh �uvw lv zdjhv uhfhlyhg iru
wkh krxuv zrunhg/ dqg wkh vhfrqg lv xqhpsor|phqw ehqh�wv iru wkh krxuv phpehuv ri wkh
krxvhkrog vshqg dv xqhpsor|hg1 E| wkh frqvwuxfwlrq ri wkh prgho/ zrun0vkdulqj suhydlov
vxfk wkdw hyhu|rqh lq wkh oderu irufh lv htxdoo| xqghuhpsor|hg1 Wkh wklug vrxufh ri lqfrph
lv djh0ghshqghqw lqfrph wudqvihuv iurp wkh sxeolf vhfwru/ vxfk dv fklog0fduh wudqvihuv/
hgxfdwlrq ehqh�wv/ dqg vlfnqhvv ehqh�wv1 Wkh irxuwk vrxufh ri lqfrph lv shqvlrq/ zklfk
lv jlyhq wr doo shuvrqv zkr duh 94 |hduv ri djh ru roghu1 Wkh shqvlrq lv lghqwlfdo iru
doo lqglylgxdov1 Wkh �iwk vrxufh ri lqfrph lv d oxps0vxp wudqvihu wkdw wkh sxeolf vhfwru
pljkw pdnh lq rughu wr pdnh wkh exgjhw edodqfh hyhu| shulrg1 Wkh vl{wk w|sh ri lqfrph
lv wkh surfhhgv wr wkh krxvhkrogv iurp kroglqj erqgv dqg vkduhv +lqwhuhvw lqfrph,1 Wkh
vhyhqwk vrxufh ri qhw lqfrph lv wudqvihuv iurp deurdg1 Wkh �qdo w|sh ri lqfrph dulvhv
iurp lqkhulwdqfh ohiw e| wkh sduhqw krxvhkrog1

Wkh ghprjudsklf dvvxpswlrqv ghvfulehg lq wkh suhfhglqj vhfwlrqv kdv vhyhudo gluhfw lp0
sdfwv rq krxvhkrog vdylqjv1 Iluvw/ wkh prgho ihdwxuhv olih0f|foh prwlyhv iru vdylqj dv dgxow
phpehuv ri wkh krxvhkrog uhwluh zkhq wkh| uhdfk wkh djh ri 94 |hduv1 Vrfldo shqvlrqv duh
orzhu wkdq zdjh lqfrph/ wkhuhiruh frqvxpswlrq vprrwklqj uhtxluhv dffxpxodwlrq ri dvvhwv
lq wkh |rxqjhu sduw ri olih1 Vhfrqg/ dv +514, uhyhdov/ wkh vl}h ri wkh krxvhkrog phdvxuhg lq
dgxow htxlydohqwv/ �.8

Kc|

/ gluhfwo| d�hfwv frqvxpswlrq1 Wkhuhiruh wkh qxpehu ri fkloguhq
dovr d�hfwv vdylqjv1 Fkloguhq h{sdqg krxvhkrog frqvxpswlrq orzhulqj lwv vdylqjv +fhwhulv
sdulexv,1 Lw lv iruhvhhq wkdw fkloguhq ohdyh krph dqg wkhuhiruh vshqglqj pd| eh kljkhu
lq wkh shulrgv ehiruh wklv hyhqw rffxuv1 Dqdorjrxvo|/ sulru wr wkh shulrg lq zklfk wkh
pd{lpxp qxpehu ri fkloguhq lv uhdfkhg/ dvvhwv duh dffxpxodwhg +fhwhulv sdulexv,1 Wklug
krxvhkrogv ohdyhv d iruhvhhq ehtxhvw wr wkhlu +qrz dgxow, fkloguhq/ vlqfh d ehtxhvw kdv d
srvlwlyh h�hfw rq wkh grqru*v xwlolw| 0 uh hfwlqj d �mr| ri jlylqj� prwlyh1

8



516141 Wkh oderu vxsso|

Wkh oderu vxsso| ri wkh krxvhkrog lv wkh vxp ri wkh oderu vxsso| ri lwv phpehuv1 Hdfk
dgxow ehorz 94 |hduv vxssolhv oderu1 Wkh oderu vxsso| lv fkrvhq vxfk wkdw wkh olih0wlph
xwlolw| ri wkh krxvhkrog lv pd{lpl}hg1 Wkh suhvhqw yhuvlrq ri wkh prgho hperglhv wkh
vlpsoli|lqj dvvxpswlrq wkdw wkh lqvwdqwdqhrxv8 xwlolw| ixqfwlrq lv dgglwlyho| vhsdudeoh lq
xwlolw| ri ohlvxuh1 Wklv dvvxpswlrq lpsolhv wkdw wkh dprxqw ri zrun lv fkrvhq vxfk wkdw/
dw hdfk prphqw ri wlph wkh ohyho ri qrq0lqwhuhvw lqfrph qhw ri glvxwlolw| iurp zrun lv
pd{lpl}hg/ vlqfh wklv h{sdqgv wkh ihdvleoh ydoxh ri wkh lqvwdqwdqhrxv xwlolw| lqgh{/ '

Kc|

�
Wkhuhiruh wkh oderu vxsso| ghflvlrq lv qrw vxemhfw wr lqwhuwhpsrudo vshfxodwlrq/ exw udwkhu
fkrvhq dv d vhtxhqfh ri dwhpsrudo rswlpl}dwlrq sureohpv1 Shukdsv pruh lpsruwdqwo|/ wkh
oderu vxsso| lv lqghshqghqw ri wkh zhdowk ri wkh krxvhkrog1

Wr eh deoh wr fdoleudwh wkh prgho wr wkh dfwxdo ohyho ri xqhpsor|phqw lq wkh Gdqlvk
hfrqrp|/ zh dvvxph wkdw shuvrqv zkr ehorqj wr wkh zrunirufh dqg vxsso| ohvv oderu wr
wkh pdunhw wkdq dq lqvwlwxwlrqdoo| �{hg pd{lpxp vxsso|/ duh hqwlwohg wr +vxssohphqwdu|,
xqhpsor|phqw ehqh�wv1 Wkxv wkh oderu pdunhw htxloleulxp lpsolhv wkdw djhqwv yroxqwdu|
uhgxfh wkhlu lqglylgxdo oderu vxsso| vxfk wkdw xqghuhpsor|phqw dqg zrunvkdulqj suh0
ydlov1 Wkh fdoleudwhg ohyho ri xqhpsor|phqw lq wkh prgho lv wkxv e| dvvxpswlrq hqwluho|
yroxqwdu|1 Wkh dvvxpswlrq ri zrun vkdulqj holplqdwhv lqwudfwdeoh djjuhjdwlrq sureohpv
e| dyrlglqj d glvwlqfwlrq ehwzhhq ixoo| hpsor|hg dqg ixoo| xqhpsor|hg zrunhuv1 Vr doo
dgxowv |rxqjhu wkdq 94 |hduv duh dfwlyh lq wkh oderu pdunhw1

Wkh qrq0lqwhuhvw lqfrph dvvrfldwhg zlwk dfwlylw| lq wkh oderu pdunhw lv wkh vxp ri wkh
vdodu| qhw ri wd{hv/ dqg wkh xqhpsor|phqw ehqh�w qhw ri wd{hv1 Wklv dprxqwv wr
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duh wkh wd{ udwhv ri lqfrph iurp hpsor|phqw dqg xqhpsor|phqw
ehqh�wv uhvshfwlyho|1 �a

�c|

lv wkh dprxqw ri wlph vshqg hpsor|hg iru jhqghu a +I@ihpdoh
ru P@pdoh, ri djh �1 7� lv dq lqvwlwxwlrqdoo| �{hg pd{lpxp zrunlqj wlph/ vxfk wkdw h1j1�
7�� �8

Kc|

�
lv wkh dprxqw ri krxuv wkdw d zrpdq ri K |hduv ri djh lv xqhpsor|hg +ru pruh

fruuhfwo| xqghuhpsor|hg, gxulqj shulrg |1

Wkh oderu vxsso| sureohp ri wkh krxvhkrog fdq eh uhgxfhg wr d vwdwlf pd{lpl}dwlrq
sureohp ri zhljklqj pdujlqdo qhw ehqh�w iurp zrun +l1h1 wkh gl�huhqfh ehwzhhq zdjh dqg
xqhpsor|phqw ehqh�w 0 erwk qhw ri wd{hv, djdlqvw wkh pdujlqdo glvxwlolw| iurp zrun1 Wkh
vroxwlrq lv d oderu vxsso| ixqfwlrq/ �

|
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�
|

'

3
CE�� A�

|

�`
|

�
�
�� A K

|

�
K
|

�
�
�
|

4
D
�

+516,

zkhuh � lv wkh oderu vxsso| hodvwlflw|1

8Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq lv wkh xwlolw| ixqfwlrq iru hdfk shulrg lq wkh olih wlph1
9Revhuyh wkdw wkh zdjh lv dvvxphg wr eh lghqwlfdo dfurvv jhqhudwlrqv dqg jhqghu/ lpso|lqj wkdw oderu

surgxfwlylw| lv wkh vdph iru doo jhqhudwlrqv dqg erwk jhqghuv1
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5171 Ehkdylru ri �upv

Wkh ixqgdphqwdo ehkdylrudo dvvxpswlrq ri wkh frusrudwh vhfwru lv wkdw �upv vwulyh wr
pd{lpl}h wkh ydoxh ri wkh rxwvwdqglqj vwrfn ri vkduhv1 Lw lv dvvxphg wkdw wkh �up �qdqfhv
lqyhvwphqwv e| dq h{rjhqrxv frpelqdwlrq ri ghew dqg uhwdlqhg sur�wv1 +Wklv lv wkh vr0
fdoohg qhz ylhz ri glylghqg wd{dwlrq,1 Wkh ydoxh ri vkduhv lv jlyhq e| wkh glvfrxqwhg
vwuhdp ri ixwxuh glylghqgv1 E| dvvxpswlrq vkduhv ri grphvwlf �upv duh rzqhg e| grphvwlf
flwl}hqv1 Wkxv hfrqrplf srolf| wkdw d�hfwv ixwxuh glylghqgv dqg wkhuhiruh wkh ydoxh ri
�upv zloo jhqhudwh d zhdowk h�hfw ri grphvwlf krxvhkrogv rq lpsdfw/ zklfk djdlq zloo
d�hfw wkh sdwwhuq ri frqvxpswlrq1

Wkh sulydwh vhfwru hqgxuhv frqyh{ frvwv ri lqvwdoodwlrq ri fdslwdo/ zklfk lpsolhv wkdw dq
lqglylgxdo �up zdqwv wr dgmxvw lwv fdslwdo vwrfn judgxdoo| wrzdugv d vwdwlrqdu| fdslwdo
vwrfn/ li wkh �up idfhv frqvwdqw sulfhv dqg ghpdqg1 Lqyhvwphqwv duh gulyhq e| wkh vr0
fdoohg pdujlqdo t0wkhru| ri lqyhvwphqw1 Qr wxuqryhu frvwv duh suhvhqw lq wkh fdvh ri oderu
+dqg pdwhuldov,1

Iljxuh 516 looxvwudwhv wkh dvvxphg whfkqrorj| ri wkh surgxfhuv zklfk dssolhv wr erwk
sulydwh dqg jryhuqphqwdo surgxfhuv1 Wkh xsshu sduw ri �jxuh 516 rxwolqhv wkh dvvxphg
surgxfwlrq ixqfwlrq zklfk lv vshfl�hg dv wzr0idfwru FHV +vxe, surgxfwlrq ixqfwlrqv qhvwhg
dv lqglfdwhg dw wkh �jxuh1 Dw wkh wrs ohyho pdwhuldov duh frpelqhg zlwk ydoxh dgghg wr
surgxfh jurvv rxwsxw1 Pdwhuldov duh rewdlqhg e| frpelqlqj jryhuqphqwdoo| surgxfhg
pdwhuldov dqg sulydwho| surgxfhg pdwhuldov1 Ilqdoo|/ sulydwho| surgxfhg pdwhuldov fdq
hlwkhu eh ri grphvwlf ru iruhljq ruljlq/ zkloh qr jryhuqphqwdoo| surgxfhg pdwhuldov duh
lpsruwhg1

Iljxuh 516= Wkh surgxfwlrq whfkqrorj| ri wkh surgxfhuv

Ydoxh dgghg lv dq djjuhjdwh ri oderu dqg fdslwdo1 Wkh fdslwdo vwrfn lv fkdqjhg e| lq0
yhvwphqwv +dqg sk|vlfdo ghsuhfldwlrq,/ dqg orzhu sduw ri �jxuh 516 lqglfdwhv wkdw wkh

:



djjuhjdwh lqgh{ ri �upv* lqyhvwphqwv lv frpsrvhg ri lqyhvwphqw jrrgv iurp erwk grphv0
wlf dqg iruhljq ruljlq1 Wkhuh duh qr lqyhvwphqw jrrgv surgxfhg e| wkh jryhuqphqw vhfwru
+hlwkhu grphvwlf ru iruhljq,1

5181 Wkh iruhljq vhfwru

Wkh hfrqrp| lv lqwhjudwhg lq wkh zruog hfrqrp| wkurxjk wudgh dqg fdslwdo  rzv1 Shuihfw
fdslwdo prelolw|/ wkh suhvhqfh ri �{hg h{fkdqjh udwhv dqg fdslwdo lqfrph wd{dwlrq dffrug0
lqj wr wkh uhvlghqfh sulqflsoh lpso| wkdw grphvwlf dqg iruhljq suh0wd{ lqwhuhvw udwhv duh
htxdol}hg1 Zh dvvxph wkdw wkh iruhljq lqwhuhvw udwh lv �{hg iurp wkh srlqw ri ylhz ri d
vpdoo rshq hfrqrp|1

Iruhljq jrrgv duh xvhg dv pdwhuldov/ lqyhvwphqw jrrgv/ dqg frqvxpswlrq jrrgv1 Zh
dsso| wkh vwdqgdug Duplqjwrq dssurdfk dqg dvvxph wkdw iruhljq jrrgv duh lpshuihfw
vxevwlwxwhv iru wkh grphvwlf surgxfwlrq/ lpso|lqj wkdw wkh whupv ri wudgh lv hqgrjhqrxv1

Iru vlpsolflw| lw lv dvvxphg wkdw wkh h{sruw ghpdqg fxuyh lv lvrhodvwlf dqg wkdw lwv srvlwlrq
lv �{hg wkurxjk wlph1

61 Fdoleudwlrq dqg Gdwd

Fdoleudwlrq lv wkh surfhvv zkhuh qxphulfdo ydoxhv duh dvvljqhg wr wkh sdudphwhuv ri wkh
prgho1 Fdoleudwlrq ri vlqjoh frxqwu| vwdwlf FJH0prghov lv idluo| vwdqgdug= wkh| duh
fdoleudwhg wr d gdwd vhw iru d vshfl�f |hdu +iru d vshfl�f frxqwu|,1 Wklv lv w|slfdoo| grqh
e| frqvwuxfwlqj d Vrfldo Dffrxqwlqj Pdwul{/ zklfk pdwfkhv wkh pdunhwv dqg wkh exgjhw
frqvwudlqwv ri wkh djhqwv lq wkh wkhruhwlfdo prgho1 Wkh zhoo0nqrzq sureohp wkdw gdwd iru
lqyhvwphqwv/ vdylqjv/ dqg lqwhuhvw sd|phqwv kdyh wr eh �wwhg lqwr d wkhruhwlfdo prgho/
zkhuh vxfk yduldeohv duh qrw gh�qhg/ kdv wr eh ghdow zlwk e| pdqlsxodwlqj hlwkhu wkh
gdwd vhw ru wkh ehkdylrudo uhodwlrqv ri wkh prgho1 Rqh zd| ri ghdolqj zlwk wkh sureohp/
lv wr dvvxph wkdw wkh vwdwlf htxloleulxp lv lq idfw d vwdwlrqdu| +ru d vwhdg|, vwdwh ri dq
xqghuo|lqj g|qdplf prgho1:

Wr dssurdfk wkh gluhfw xvh ri qrq0pdqlsxodwhg gdwd wkh irupxodwlrq ri d g|qdplf prgho/
lq zklfk frqfhswv olnh lqwhuhvw sd|phqwv dqg ghew2ghsrvlwv duh zhoo gh�qhg/ uhsuhvhqwv
d �uvw vwhs1 Wudglwlrqdoo| g|qdplf prghov duh fdoleudwhg vxemhfw wr wkh dvvxpswlrq wkdw
wkh edvh |hdu lv d vwdwlrqdu| vwdwh ru d vwhdg| vwdwh1; Lq fdvh ri d vwdwlrqdu| vwdwh
dvvxpswlrq wklv w|slfdoo| +vwloo, lqyroyhv pdqlsxodwlqj gdwd vxfk wkdw +4, wkhuh duh }hur
qhw0lqyhvwphqwv lq wkh edvh0|hdu/ +5, wkh jryhuqphqw exgjhw edodqfhv/ +6,/ wkh fxuuhqw
dffrxqw lv lq edodqfh/ +7, wkh vl}h dqg frpsrvlwlrq ri wkh srsxodwlrq frqvwdqw1 Wkh
+pdqlsxodwhg, edvh gdwd vhw pljkw khurlfdoo| eh lqwhusuhwhg dv ghslfwlqj wkh vwdwlrqdu|
vwdwh zklfk zrxog kdyh suhydlohg lq wkh edvh |hdu/ �li wkh edvh |hdu zhuh d vwdwlrqdu|

:Shwhuvhq +4<<:, jlyhv dq lqwurgxfwlrq wr wkh fdoleudwlrq ri vwdwlf FJH prghov1
;Iru vlpsolflw|/ zh devwudfw iurp jurzwk wkurxjkrxw wklv sdshu1 Wkhuhiruh zh irfxv rq vwdwlrqdu|

vwdwh udwkhu wkdq vwhdg| vwdwh1 Krzhyhu/ wkh g|qdplf fdoleudwlrq surfhgxuh +dqg GUHDP lwvhoi, fdq
hdvlo| frsh zlwk jurzwk fdxvhg e| h{rjhqrxvo| h{sdqglqj oderu surgxfwlylw|1

;



vwdwh�1<

Dv srlqwhg rxw e| Shuhlud dqg Vkryhq +4<;;/ s1 756, wklv phwkrg fdq eh txhvwlrqhg=
�wkh prgho/ qrw wkh prghohu/ vkrxog glfwdwh wkh qdwxuh ri wkh edvh0fdvh sdwk�1 Lw lv fohdu
wkdw wkh dvvxpswlrq ri d edvh |hdu vwdwlrqdu| vwdwh +ru vwhdg| vwdwh, uhpdlqv sureohpdwlf/
dowkrxjk lw frqvwlwxwhv dq lpsuryhphqw iurp wkh vwdwlf prghov1 Krzhyhu/ lw lv dovr fohdu/
wkdw wkh h{whqw wr zklfk wklv vkrxog fdxvh frqfhuq ghshqgv rq wkh lvvxh wkdw rqh wulhv wr
prgho/ dv zhoo dv krz idu dzd| iurp vwdwlrqdu| vwdwh wkh hfrqrp| xqghu frqvlghudwlrq lv1

Rqh lpsruwdqw uhdvrq iru wkh Gdqlvk hfrqrp| wr eh idu iurp d vwdwlrqdu| vwdwh +vwhdg|
vwdwh, lv wkdw wkh vl}h dqg frpsrvlwlrq ri wkh srsxodwlrq lv fkdqjlqj vljql�fdqwo|/ fi1
vhfwlrq 71 Vwdwlf fdoleudwlrq ri wkh g|qdplf prgho lv ri olwwoh xvh zkhq dqdo|}lqj wkh
hfrqrplf lpsdfwv ri wklv1

Wkhuhiruh zh vxjjhvw d phwkrg iru fdoleudwlqj d g|qdplf prgho wr d edvh |hdu wkdw lv qrw
d vwdwlrqdu| vwdwh +vwhdg| vwdwh,/ exw udwkhu d whpsrudu| htxloleulxp rq wkh sdwk wr wkh
�qdo vwdwlrqdu| vwdwh1 D pdmru dgydqwdjh lv wkdw wkh edvh gdwdvhw lv qrw pdqlsxodwhg wr
uhsuhvhqw d vwdwlrqdu| vwdwh1

Lq wkh fdoleudwlrq 4<<8 lv fkrvhq dv wkh edvh |hdu1 Wkh edvh |hdu gdwd vhw frqvlvw pdlqo|
ri Qdwlrqdo Dffrxqwv gdwd/ exw rwkhu gdwd vrxufhv duh xwlol}hg dv zhoo1 Wkh fruh ri wkh
gdwd vhw lv d vwdqgdug lqsxw rxwsxw wdeoh lq fxuuhqw sulfhv1

6141 G|qdplf Fdoleudwlrq

Lq jhqhudo/ zkhq vroylqj wkh g|qdplf prgho lw lv dvvxphg wkdw wkh shuihfw iruhvhhlqj
djhqwv rswlpl}h mxvw ehiruh wkh hqg ri shulrg }hur pdnlqj wkhlu sodqv iru doo wkhlu ixwxuh
shulrgv1 Wkh prgho lv vroyhg dw rqfh iru doo shulrgv iurp shulrg rqh wr wkh whuplqdo shulrg
zkhuh d vwhdg| vwdwh hyhqwxdoo| kdv ehhq uhdfkhg1 Vrph iruzdug orrnlqj yduldeohv +wkh
ydoxh ri wkh �upv/ wkh zhdowk ri krxvhkrogv dqg wkh vkdgrz sulfhv ri fdslwdo, duh vroyhg
iru +wkh hqg ri, shulrg }hur/ wrr1

Wkh sulqflsoh ri wkh g|qdplf fdoleudwlqj surfhgxuh lv wr xvh wkh g|qdplf prgho wr jhqhudwh
wkh hqwluh g|qdplf sdwk ri wkh hqgrjhqrxv yduldeohv vxemhfw wr wkh idfw wkdw wkh prgho
vroxwlrq iru wkh �uvw shulrg h{dfwo| uhsurgxfhv wkh ydoxhv ri wkh hqgrjhqrxv yduldeohv lq
wkh edvh |hdu gdwd vhw1 Whfkqlfdoo| wklv surfhgxuh lpsolhv wkdw edvh |hdu revhuydwlrqv ri
hqgrjhqrxv yduldeoh duh dgghg wr wkh prgho dv frqvwudlqwv1 Wkhvh dgglwlrqdo frqvwudlqwv
lpso| wkdw d fruuhvsrqglqj qxpehu ri sdudphwhuv lv ghwhuplqhg hqgrjhqrxvo|1

Wr eh pruh vshfl�f/ zh vhw xs d fdoleudwlrq yduldqw ri wkh prgho/ zklfk frqvlvwv ri wkh
vwdqgdug g|qdplf prgho htxdwlrqv hqkdqfhg zlwk dgglwlrqdo uhvwulfwlrqv iru shulrg rqh1
Wkh| wdnh wkh irup ri hlwkhu dgglwlrqdo uhvwulfwlrqv wkdw h{rjhqrxvo| �{ vrph ri wkh +qru0
pdoo|, hqgrjhqrxv yduldeohv dw wkhlu ydoxh lq wkh edvh |hdu vhw lq shulrg rqh/ ru ri h{wud
htxdwlrqv frqfhuqlqj yduldeohv lq shulrg rqh1 Wkhvh dgglwlrqdo uhvwulfwlrqv ghwhuplqh
+qrupdoo|, hqgrjhqrxv yduldeohv lq shulrg rqh zklfk duh douhdg| ghwhuplqhg e| h{lvwlqj/

<Dqrwkhu phwkrg/ �uvw xvhg e| Dxhuedfk dqg Nrwolnr� +4<;6/ 4<;:, dqg nqrzq dv txdolwdwlyh fdol0
eudwlrq/ lv wr fkrrvh wkh vwuxfwxudo sdudphwhuv h{rjhqrxvo| vxfk wkdw wkh hfrqrp| xqghu frqvlghudwlrq
iroorzv d �uhdvrqdeoh� sdwk lqwr wkh ixwxuh1

<



vwdqgdug htxdwlrqv1 Wklv doorzv iru ghwhuplqlqj d qxpehu ri sdudphwhuv dqg dgglwlrqdo
yduldeohv +fruuhvsrqglqj wr wkh qxpehu ri dgglwlrqdo uhvwulfwlrqv, hqgrjhqrxvo| lq wkh g|0
qdplf fdoleudwlrq1 Iurp shulrg 5 dqg rqzdugv wkh g|qdplf fdoleudwlrq prgho lv lghqwlfdo
wr wkh vwdqgdug g|qdplf prgho1 Lq frqfoxvlrq/ shulrg rqh lv uhjdughg dv d whpsrudu|
htxloleulxp zklfk lv doljqhg wr wkh dfwxdo edvh gdwd vhw e| dgglwlrqdo uhvwulfwlrqv ydolg
iru shulrg rqh rqo|1

Wkh idfw wkdw wkh g|qdplf fdoleudwlrq lv shuiruphg e| vroylqj wkh prgho iru doo shulrgv
dw rqfh lpsolhv wkdw dq| fkdqjh lq wkh ixwxuh ydoxh ri dq h{rjhqrxv yduldeoh +h1j1 wkh
srsxodwlrq, iruhvhhq dw wkh hqg ri shulrg }hur d�hfwv wkh rxwfrph ri wkh fdoleudwlrq1 Wklv
lv d gluhfw frqvhtxhqfh ri wkh dvvxpswlrq ri shuihfw iruhvljkw1 Ixwxuh vkrfnv wkdw duh qrw
dqwlflsdwhg dw wkh hqg ri shulrg }hur zloo ri frxuvh qrw d�hfw wkh fdoleudwlrq1

Dowkrxjk pdqlsxodwlrq ri wkh edvh |hdu gdwd vhw lv qrw qhfhvvdu|/ gdwd iru vrph yduldeohv
suhvhqwo| kdv wr eh lpsxwhg e| xvlqj wkh shulrg rqh vroxwlrq ri wkh prgho wr jhqhudwh
wkh edvh |hdu ydoxhv1 Wklv lv hlwkhu ehfdxvh dfwxdo gdwd iru wkhvh yduldeohv gr qrw h{lvw
+h1j1 wkh vwrfn ri kxpdq fdslwdo, ru wkh dfwxdo gdwd duh frpslohg vr wkdw wkh| duh d srru
lqglfdwru ri wkh prgho0uhohydqw frqfhswv +h1j1 wkh ydoxh ri �upv,1

Wkh pdmrulw| ri sdudphwhuv frqfhuq yluwxdoo| dwhpsrudo htxdwlrqv dqg pd| eh ghwhuplqhg
xvlqj vlqjoh htxdwlrq fdoleudwlrq vlplodu wr wkh vwdqgdug whfkqltxh xvhg lq vwdwlf prghov1
Krzhyhu/ wkh sdudphwhuv ri jhqxlqh g|qdplf htxdwlrqv uhtxluh d pruh lqwulfdwh wuhdwphqw1
Zh qrz irfxv rq lpsruwdqw sdudphwhuv zkhuh wkh g|qdplf fdoleudwlrq gl�huv iurp wkh
vwdwlf fdoleudwlrq1 Wkh| rffxu lq wzr sduwv ri wkh prgho= wkh surgxfwlrq whfkqrorj| ri
�upv dqg wkh lqwhuwhpsrudo frqvxpswlrq2vdylqjv ghflvlrq ri krxvhkrogv1

614141 Wkh surgxfwlrq whfkqrorj| ri wkh sulydwh vhfwru �upv

D pdlq revwdfoh wr fdoleudwlqj wkh surgxfwlrq whfkqrorj| ri sulydwh vhfwru �upv lv wkdw
lqvwdoodwlrq frvwv duh qrw gluhfwo| revhuydeoh1 Wkh| duh wkhuhiruh lpsxwhg e| xvlqj wkh
prgho/ l1h1 e| dvvxplqj wkdw lqvwdoodwlrq frvwv lq wkh edvh |hdu gdwd vhw dprxqwv wr h{dfwo|
wkdw ydoxh zklfk lv frpsdwleoh zlwk d whpsrudu| htxloleulxp lq wkh edvh fdoleudwlrq |hdu
+shulrg rqh,1 Lqvwdoodwlrq frvwv duh dvvxphg wr eh }hur iru wkh sxeolf vhfwru1

Lq wkh iroorzlqj zh lqwurgxfh vrph gh�qlwlrqv dqg vshfl�fdwlrq ri ixqfwlrqv lq wkh prgho
zklfk duh qhfhvvdu| wr gh�qh wkh fdoleudwlrq surfhgxuh=

Wkh jurvv surgxfwlrq ixqfwlrq iru wkh sulydwh vhfwru jlylqj jurvv rxwsxw/ �t �

|

/ dv d ixqfwlrq
ri wkh lqsxwv ri wkh FHV lqgh{ ri pdwhuldov/ ��

|

/ fdslwdo/ g�

|3�
/ dqg oderu/ u�

|

/ h{klelwv
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Xwlol}lqj wkh frpshwlwlyh �uvw rughu frqglwlrqv wkdw wkh ydoxh pdujlqdo surgxfw ri d sur0
gxfwlrq idfwru pxvw htxdo lwv sulfh/ zh rewdlq iru shulrg rqh +| ' |�,
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mU�
|

mc 
 : f +616,

zkhuh U�
|

lv sulydwh jurvv lqyhvwphqwv/ dqg 
 dqg �� duh sdudphwhuv1 +615, vwdwhv wkdw wkh
uhwxuq wr fdslwdo fryhuv jurvv rshudwlqj vxusoxv dv phdvxuhg lq wkh qdwlrqdo dffrxqwv dqg
wkh lqvwdoodwlrq frvwv143

Wdeoh 614= Fdoleudwlrq ri lqvwdoodwlrq frvwv dqg wkh pdujlqdo
surgxfw ri fdslwdo iru wkh sulydwh vhfwru +qxpehuv lq eudfnhwv,

41 Dgglwlrqdo uhvwulfwlrqv ^7`
d1 Dgglwlrqdo h{rjhql}lqj ri qrupdoo| hqgrjhqrxv yduldeohv
Jurvv lqyhvwphqwv lq shulrg rqh/ U�

�
/ ^4`

e1 Dgglwlrqdo htxdwlrqv
Gh�qlwlrq ri lqvwdoodwlrq frvwv ri shulrg rqh/ +616,/ iru | ' |�/ ^4`
Pdujlqdo ydoxh surgxfw ri fdslwdo dw shulrg rqh/ +615,/ ^4`
Jurvv rxwsxw ri shulrg rqh/ +614,/ ^4`

51 Sdudphwhuv dqg yduldeohv wr eh fdoleudwhg ^7`
Vfdoh sdudphwhu lq lqvwdoodwlrq frvwv ixqfwlrq/ �� / ^4`
Lqvwdoodwlrq frvwv dw shulrg rqh/ x� EU�

|�
cg�

|f
�/ ^4`

Wkh pdujlqdo surgxfw ri fdslwdo lq shulrg rqh/ ��g
|�
/ ^4`

Jurvv rxwsxw ri shulrg rqh/ �t �

|�
/ ^4`1

Wdeoh 6141 vnhwfkhv wkh fdoleudwlrq ri wkh surgxfwlrq ixqfwlrq ri wkh sulydwh vhfwru vkrzlqj
7 sdudphwhuv dqg yduldeohv wr eh fdoleudwhg e| 7 dgglwlrqdo uhvwulfwlrqv lq irup ri �{lqj
h{rjhqrxvo| rwkhuzlvh hqgrjhqrxv yduldeohv lq shulrg rqh dqg dgglwlrqdo fdoleudwlrq htxd0
wlrqv1 Wkh frqyh{lw| sdudphwhu ri wkh lqvwdoodwlrq frvw ixqfwlrq +616, lv frqyhqlhqwo| �{hg
wr 41 Wkh vfdoh sdudphwhu/ �� / lv hvvhqwldoo| fdoleudwhg e| wkh ghpdqg wkdw +jurvv, lq0
yhvwphqwv lq shulrg rqh/ U�

|�
/ htxdo wkh qdwlrqdo dffrxqw ohyho1 Wkh fdslwdo vwrfn dw wkh

ehjlqqlqj ri shulrg rqh/ g
|f
/ lv dq ruglqdu| h{rjhqrxv yduldeoh dovr doljqhg wr wkh qd0

wlrqdo dffrxqwv phdvxuh1 Wkhq wkh wrwdo lqvwdoodwlrq frvwv ri shulrg rqh fdq eh fdofxodwhg

43+615, lpsolhv wkdw qhw rxwsxw @ jurvv rxwsxw qhw ri lqvwdoodwlrq frvwv/ fruuhvsrqgv wr wkh ydoxh ri
surgxfwlrq lq wkh qdwlrqdo dffrxqwv1
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e| xvlqj +616,44 iru | ' |�1 Wkh yduldeohv R�
|�
/ R��

|�
/ ��

|�
/ |@

|�
/ `

|�
/ u�

|�
dqg ��

��c|�
duh frq0

vlghuhg h{rjhqrxv wr wklv vxe0sureohp +wkh sulfhv duh �{hg e| qrupdol}lqj frqyhqwlrqv/
dqg wkh rwkhu lwhpv duh doljqhg wr Qdwlrqdo Dffrxqwv �jxuhv hovhzkhuh lq wkh fdoleudwlrq
surfhgxuh,1 Wkhq/ iurp +615, zh ghgxfw wkh pdujlqdo surgxfw ri fdslwdo dw shulrg rqh/
��g

|�
/ dqg �qdoo| iurp +614, zh lqihu wkh jurvv rxwsxw ri shulrg rqh/ �t �

|�
1

Fdoleudwlrq ri wkh FHV0sdudphwhuv ri wkh �upv* surgxfwlrq ixqfwlrq wkhq surfhhg dqdor0
jrxvo| wr wkh vwdwlf fdoleudwlrq1

614151 Wkh lqwhuwhpsrudo ghflvlrqv ri krxvhkrogv

Dv vxjjhvwhg deryh/ wkh prgho vroyhv iru wkh ydoxh ri wkh �upv dw wkh hqg ri shulrg }hur
ghshqglqj rq wkh suhvhqw ydoxh ri wkh ixwxuh  rzv ri glylghqgv1 Wkh ydoxh ri �upv gl0
uhfwo| d�hfwv wkh zhdowk ri krxvhkrogv dw wkh hqg ri shulrg }hur/ l1h1 wkh wrwdo zhdowk ri
krxvhkrogv dw wkh hqg ri shulrg }hur lv dovr hqgrjhqrxvo| ghwhuplqhg1 Iurp shulrg rqh
dqg rqzdugv wkh glvwulexwlrq ri zhdowk dfurvv djh jurxsv lv hqgrjhqrxvo| ghwhuplqhg1
Krzhyhu/ wkh glvwulexwlrq dfurvv djh jurxsv dw wkh hqg ri shulrg }hur lv qrw ghwhuplqhg/
l1h1 lw kdv wr eh �{hg h{rjhqrxvo|1 Lghdoo|/ wkh h{rjhqrxv glvwulexwlrq dw wkh hqg ri shulrg
}hur vkrxog eh rewdlqhg iurp dfwxdo gdwd1 Krzhyhu/ wkhuh lv rqo| vfdufh hylghqfh rq wklv1
Wkhuhiruh zh suhihu wr ghwhuplqh lw hqgrjhqrxvo| lq wkh prgho iurp wkh glvwulexwlrq ri wr0
wdo sulydwh frqvxpswlrq dfurvv djh jurxsv dw shulrg rqh1 Lqirupdwlrq rq wklv glvwulexwlrq
dfurvv djh jurxsv lv surylghg lq wkh frqvxphu h{shqglwxuh vxuyh|145

Wdeoh 615 frxqwv wkh qxpehu ri uhvwulfwlrqv dqg wkh qxpehu ri sdudphwhuv wr eh fdoleudwhg
lq wkh vxe0prgho ri krxvhkrogv* lqwhuwhpsrudo ghflvlrqv1 Wkh glvwulexwlrq ri wrwdo sulydwh
frqvxpswlrq dfurvv djh jurxsv lq shulrg rqh lv dvvxphg wr eh nqrzq iurp dfwxdo gdwd1
Lq dgglwlrq/ zh dvvxph wr nqrz wkh vkduh ri wrwdo krxvhkrog zhdowk ehorqjlqj wr wkh
hoghvw djh jurxs dw wkh hqg ri shulrg }hur/ l1h1 wkh ehtxhvw vkduh ri wrwdo krxvhkrog
dvvhwv dw wkh hqg ri shulrg }hur1 Ilqdoo|/ wkh idfw wkdw wkh vxp ri zhdowk vkduhv/ k

Kc|f
/

ri djh jurxsv pxvw dgg xs wr rqh surylghv rqh uhvwulfwlrq ghwhuplqlqj rqh ri wkh vkduhv1
Wkhvh 95 uhvwulfwlrqv ghwhuplqhv 95 sdudphwhuv= 93 zhdowk vkduhv dqg wzr ri wkh wkuhh
lqwhuwhpsrudo sdudphwhuv1 Zh fkrvh wr �{ wkh wlph udwh ri suhihuhqfh d sulrul/ fdoleudwlqj
wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq dqg wkh ehtxhvw suhihuhqfh1

44Wkh htxdwlrq +616, grhv qrw dsshdu h{solflwo| lq wkh vwdqgdug g|qdplf prgho/ dowkrxjk lw ri frxuvh
rshudwhv lpsolflwo|1

45Lw krzhyhu wxuqv rxw wr eh gl!fxow wr xvh wkh dfwxdo gdwd iurp wkh frqvxphu h{shqglwxuh vxuyh| wr
hvwdeolvk wkh djh uhodwhg sdwwhuq ri frqvxpswlrq lq 4<<8/ pdlqo| ehfdxvh ri d fuxgh wuhdwphqw ri krxvlqj
uhqwv1 Wkhuhiruh lw kdv suhvhqwo| ehhq suhihuuhg wr �{ wkh frqvxpswlrq sdwwhuq ri 4<<8 dw wkh uhvxow iurp
wkh vwdwlf fdoleudwlrq1
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Wdeoh 615= Mrlqw fdoleudwlrq ri krxvhkrogv* zhdowk glvwulexwlrq
dqg lqwhuwhpsrudo sdudphwhuv +qxpehuv lq eudfnhwv,

41 Dgglwlrqdo uhvwulfwlrqv ^95`
d1 Dgglwlrqdo h{rjhql}lqj ri qrupdoo| hqgrjhqrxv ydu1 dqg qhz sdudphwhuv
Frqvxpswlrq shu dgxow htxlydohqw lq shulrg 4/ �

Kc|�
/ K ' �Hc ���c ../ ^93`

Ehtxhvw vkduh ri doo krxvhkrog zhdowk dw wkh hqg ri shulrg }hur/ k.Hc|f
/ ^4`

e1 Htxdwlrqv
Djh jurxsv vkduhv ri zhdowk dw wkh hqg ri shulrg }hur pxvw vxp wr rqh/ ^4`

51 Sdudphwhuv wr eh fdoleudwhg ^95`
Vkduh ri zhdowk ri djh jurxs K ri doo zhdowk dw wkh hqg ri shulrg }hur/ k

Kc|f
/ ^93`

Lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ 7/ ^4`
Suhihuhqfh iru ehtxhvw/ 1/ ^4`

Qrwh= Wkh wlph udwh ri suhihuhqfh/ w/ lv �{hg d sulrul1

614161 Uhvxow ri wkh edvh fdvh fdoleudwlrq

Wkhuh duh qxphurxv sdudphwhuv lq wkh prgho/ dqg zh vkdoo rqo| uhsruw wkh prvw lqwhuhvw0
lqj1 Wdeoh 616 vkrzv vrph lpsruwdqw sdudphwhuv �{hg d sulrul1

Wr vdyh frpsxwhu wlph/ wkh prgho lv vroyhg iru 8 |hdu shulrgv1 Lqvwhdg ri pxowlso|lqj doo
 rzv e| 8 zh dgrsw wkh frqyhqwlrq ri nhhslqj doo  rzv xqfkdqjhg/ glylglqj doo vwrfnv e| 8
wr nhhs wkh uhodwlrq ehwzhhq  rzv dqg vwrfnv fruuhfw1 Fruuhvsrqglqjo| doo udwhv +lqwhuhvw
udwhv hwf1, duh pxowlsolhg e| 8/ l1h1 wkh udwh ri wlph suhihuhqfh dw 31346 iru d 8 |hdu shulrg
fruuhvsrqgv wr dq dqqxdo udwh ri 427 shufhqw1

Wdeoh 616= Lpsruwdqw sdudphwhuv �{hg d sulrul

o Uhdo udwh ri lqwhuhvw 31583
w Udwh ri wlph suhihuhqfh 31346
k�2c|f

Ehtxhvw vkduh ri dvvhwv dw wkh hqg ri shulrg }hur 31383
� Hodvwlflw| ri oderu vxsso| zlwk uhvshfw wr uhdo uhzdug 31433
j
�t

HV ehwzhhq ydoxh dgghg dqg pdwhuldov +erwk vhfwruv, 31583
j
�t M

HV ehwzhhq fdslwdo dqg oderu +erwk vhfwruv, 31933
j
�t��

HV ehwzhhq grp1 dqg lps1 pdwhuldov lq sulydwh vhfwru 41533
j
Ct��

HV ehwzhhq grp1 dqg lps1 pdwhuldov lq jry1 vhfwru 41433
j
�U

HV ehwzhhq grp1 dqg lps1 lqyhvwphqw jrrgv lq sulydwh vhfwru 41833
j
�U

HV ehwzhhq grp1 dqg lps1 lqyhvwphqw jrrgv lq jry1 vhfwru 41633
j
��

HV ehwzhhq grp1 dqg lps1 frqvxphu jrrgv 41833
0 Qxphulfdo h{sruw ghpdqg hodvwlflw| 41733

 Frqyh{lw| ri dgmxvwphqw frvwv ri lqyhvwphqwv 41333
} Frusrudwh ghew vkduh 31933
Qrwh= HV lv dq deeuhyldwlrq iru hodvwlflw| ri vxevwlwxwlrq1
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Wdeoh 617 glvsod|v wkh uhvxowv ri wkh fdoleudwlrq ri wkh prvw lpsruwdqw sdudphwhuv1

Wdeoh 6171 Lpsruwdqw sdudphwhuv fdoleudwhg

7 Lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq 31;77
1 Suhihuhqfh iru ehtxhvw 31:36
� Vfdoh sdudphwhu ri lqvwdoodwlrq frvwv ri lqyhvwphqwv 413;5

71 Dq H{dpsoh ri dq dssolfdwlrq= Wkh hfrqrplf frqvhtxhqfhv ri
wkh ixwxuh ghprjudsklf hyroxwlrq

7141 Wkh srsxodwlrq iruhfdvw

Iljxuh 714 looxvwudwhv dvshfwv ri wkh r!fldo srsxodwlrq iruhfdvw ri Vwdwlvwlfv Ghqpdun dqg
wkh whfkqlfdo h{whqvlrq diwhu 5373 e| wkh GUHDP prghoolqj jurxs shuiruphg vxfk wkdw
wkh vwlsxodwhg srsxodwlrq judgxdoo| frqyhujhv wr d vwdwlrqdu| vwdwh1 Wkh {0d{lv ghslfwv 8
|hdu shulrgv iurp shulrg rqh +wkh edvh shulrg ri 4<<80<<, wr shulrg 83 +5573077,1

Iljxuh 714 vkrzv wkdw wkh srsxodwlrq fkdqjhv lqgxfh d vhulhv ri f|folfdo vkrfnv wr wkh
qxpehu ri shuvrqv ri zrunlqj djh +4;093 |hduv rog, durxqg d ghfolqlqj wuhqg1 Gxulqj
wkh �uvw wkuhh shulrgv wkh qxpehu jurzv wr d shdn zklfk lv 418 shufhqw odujhu wkdq lq
shulrg rqh1 Wkhq lw gursv wr d wurxjk lq shulrg 44 dw 81; shufhqw ehorz wkh 4<<8 ohyho1
Gxulqj gdpshqhg f|fohv lw judgxdoo| vhwwohv wr d ohyho ri 713 shufhqw ehorz wkh 4<<8 ohyho1
Dowkrxjk wkh qxpehu ri shuvrqv ri zrunlqj djh lq idfw frqwlqxh wr pryh xqwlo shulrg
4;5/ lw lv vhhq wkdw wkh dpsolwxgh lv douhdg| udwkhu vpdoo durxqg shulrg 63 dqg doprvw
qhjoljleoh durxqg shulrg 831 Zkloh wkh qxpehu ri shrsoh ri djh 4;093 |hduv gursv e| 713
shufhqw gxulqj wkh hqwluh shulrg/ wkh vl}h ri wkh ryhudoo srsxodwlrq jurzv e| :15 shufhqw1
Ehklqg wklv olhv wkh vr0fdoohg djlqj sureohp zkhuh d vkulqnlqj srwhqwldo oderu irufh kdv
wr surylgh iru vwloo pruh shqvlrqhuv1
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Wkh uhvxowlqj pdlq vkrfnv wr wkh hfrqrp| lq wkh orqjhu uxq pd| eulh | eh vxppdul}hg
dv d vkulqnlqj srwhqwldo oderu irufh frpelqhg zlwk dq lqfuhdvhg exughq ri surylvlrq zklfk
kdv wr eh �qdqfhg vrphkrz1

7151 Ryhuylhz ri wkh vlpxodwlrq h{huflvhv

Zh suhvhqw wzr vfhqdulrv zklfk gl�hu dffruglqj wr krz wkh lqfuhdvhg exughq ri surylvlrq
lv �qdqfhg1

Wkh edvh vfhqdulr lv gh�qhg dv d vlwxdwlrq zkhuh wkh h{lvwlqj srolf| uxoh ri lqgh{lqj vrfldo
shqvlrqv +dqg rwkhu vrfldo wudqvihuv, wr wkh zdjh udwh lv pdlqwdlqhg1 H{shqglwxuhv iru
sxeolf frqvxpswlrq dqg lqyhvwphqwv duh lqgh{hg wr uhdo JGS1 Ixuwkhu lw lv dvvxphg wkdw
wkh jryhuqphqw uxqv d edodqfhg exgjhw e| sdudooho fkdqjhv lq wkh wd{ udwhv dssolhg wr
gl�huhqw w|shv ri shuvrqdo qrq0lqwhuhvw lqfrph l1h1 wd{ udwhv rq zdjh lqfrph/ rq xqhp0
sor|phqw ehqh�wv dqg rq rwkhu vrfldo wudqvihuv146 Wkhuhiruh wkh lqfuhdvhg ghprjudsklf
exughq lv sulpdulo| eruqh e| wkh sduw ri srsxodwlrq lq wkh zrunirufh1 Wkhvh srolf| phd0
vxuhv duh dvvxphg wr eh frpprq nqrzohgjh lq wkh hfrqrp| dorqj zlwk wkh ghprjudsklf
hyroxwlrq1

Hyhq wkrxjk d vlplodu hyroxwlrq lq wkh ghprjudsklf vwuxfwxuh lv h{shfwhg lq prvw Zhvwhuq
hfrqrplhv/ lw lv dvvxphg wkdw wkh uhdo udwh ri lqwhuhvw/ wkh srvlwlrq ri wkh h{sruw ghpdqg
fxuyh dqg wkh iruhljq sulfh ohyho duh xqd�hfwhg dqg uhpdlq �{hg wkurxjk rxw wkh wlph
krul}rq1

Lq wkh dowhuqdwlyh vfhqdulr wkh jryhuqphqw lqwurgxfhv dq xqiruhvhhq vkliw lq wkh srolf|
sdfndjh1 Dv ri shulrg 5 wd{ udwhv uhpdlq �{hg dw wkh lqlwldo ohyho1 H{shqglwxuhv iru
vrfldo shqvlrqv duh vfdohg vxfk wkdw wkh jryhuqphqw uxqv d edodqfhg exgjhw lq hyhu|
shulrg1 Wkhuhiruh wkh lqfuhdvhg ghprjudsklf exughq lv �qdqfhg sulpdulo| e| wkh uhwluhg
jhqhudwlrqv1

7161 Edvh vfhqdulr= Wd{ �qdqflqj

Wkh edvh vfhqdulr lv vlpxodwhg dv d g|qdplf fdoleudwlrq vfhqdulr1 Dv vkrxog eh fohdu
iurp wkh suhfhglqj vhfwlrq rq fdoleudwlrq/ wkh vlpxodwlrqv duh shuiruphg e| lqlwldwlqj
wkh hfrqrp| dw wkh hqg ri shulrg }hur1 Vrph ihz iruzdug orrnlqj yduldeohv mxps rq
lpsdfw/ exw wkh �uvw |hdu jlylqj d vroxwlrq iru doo yduldeohv lv shulrg rqh +4<<804<<<,1
Wkh fdoleudwlrq dvvxuhv wkdw wkh gdwd vhw iru 4<<8 lv h{dfwo| uhsurgxfhg lq shulrg 41 Iurp
shulrg wzr +533305337, dqg rqzdugv wkh prgho vlpxodwhv zlwkrxw h{wud frqvwudlqwv rq
hqgrjhqrxv yduldeohv iru 533 80|hdu shulrgv hyhqwxdoo| frqyhujlqj wr d vwdwlrqdu| vwdwh1

Wdeoh 714 eulh | ryhuylhzv wkh uhvxowv iru wkh edvh fdvh1 Iljxuh 7150718 ghslfwv vrph nh|
uhvxowv1 Wkh erog olqhv rq �jxuh 7150717 vkrz wkh uhvxowv iru wkh edvh fdvh zkloh wkh

46Lq shulrg rqh wkh sxeolf exgjhw edodqfh lv fdoleudwhg wr wkh dfwxdo 4<<8 �jxuh e| phdqv ri edodqflqj
oxps vxp wudqvihuv wr krxvhkrogv frpshqvdwlqj iru qrw doo uhyhqxh dqg h{shqglwxuh lwhpv ri wkh uhdo
zruog sxeolf exgjhw ehlqj dffxudwho| ghwhuplqhg lq wkh prgho1 Lq wkh vxevhtxhqw shulrgv wkh vxp ri
oxps vxp wudqvihuv wr krxvhkrogv lv �{hg dw wkh shulrg rqh ohyho/ lpso|lqj wkdw wkh oxps vxp wudqvihuv
shu dgxow ydulhv zlwk wkh qxpehu ri dgxowv1 Lq shulrg rqh doo wd{ udwhv dvvxph wkhlu fdoleudwhg ohyhov1
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wklq olqhv vkrz wkh uhvxowv iru wkh dowhuqdwlyh wr eh glvfxvvhg ehorz1 Doo wlph vhulhv duh
phdvxuhg shu fdslwd1 Wkh judskv ghslfwv wkh �uvw 83 �yh |hdu shulrgv +l1h1 583 |hduv,/
zkloh wkh qhz vwdwlrqdu| vwdwh vroxwlrqv duh pdunhg rq wkh uljkw kdqg ruglqdwh1 Lq prvw
fdvhv wkh �jxuhv duh vkrzq dv lqglfhv zlwk shulrg rqh +4<<80<<, htxdo wr 433147 Iljxuh
718 ghslfwv wkh ghyhorsphqwv ri frqvxpswlrq dqg dvvhwv shu dgxow htxlydohqw ryhu wkh olih
vsdq wr eh glvfxvvhg pruh ixoo| ehorz1

1000 Dkr. per capita
Calibration 

year (period 1)
2 

periods
5  

periods
10 

periods
20 

periods
Steady 
state

Private consumption 80 80 80 77 76 76

(-0.2) (-0.3) (-3.8) (-4.6) (-5.2)

Real GDP 159 162 156 148 151 150

(1.6) (-1.7) (-7.0) (-5.3) (-5.9)

Employment, index 100 100 98 93 93 95

(-0.1) (-2.2) (-6.5) (-6.5) (-4.9)

Capital stock 528 540 537 517 525 524

(2.2) (1.6) (-2.2) (-0.6) (-0.9)

Value of firms 260 258 241 227 231 230

(-0.7) (-7.3) (-12.8) (-11.1) (-11.7)

Household assets 607 609 593 557 557 548

(0.4) (-2.3) (-8.3) (-8.2) (-9.7)

Foreign assets -51 -49 -39 -48 -53 -60

Average tax rate 0.427 0.447 0.463 0.479 0.491 0.486

(Absolut change) (0.020) (0.036) (0.052) (0.064) (0.059)

Disposable pension per head
in 1000 Dkr.

68 67 69 70 68 68

(-2.2) (1.4) (2.8) (-0.2) (-0.3)
Total pension expenditures   
net of taxes in bill. Dkr.

68 66 81 95 84 86

(-2.4) (19.8) (40.6) (24.2) (26.8)

1RWH��7KH�QXPEHUV�LQ�SDUDQWKHVHV�DUH�WKH�SHUFHQWDJH�FKDQJH�FRPSDUHG�WR�WKH�FDOLEUDW

Wdeoh 714= Edvh fdvh

D eulhi orrn dw wkh �jxuhv uhyhdov wkdw wkh surmhfwhg  xfwxdwlrqv lq wkh qxpehu ri zrunhuv
duh wr vrph h{whqw pluuruhg lq wkh sdwk ri prvw yduldeohv1 Wkh lqlwldo ulvh lq wkh qxpehu
ri zrunhuv lpsolhv wkdw pdq| yduldeohv lqlwldoo| vkrz rssrvlwh pryhphqwv wkdq odwhu rq/
zkhq wkh qxpehu ri zrunhuv ghfolqhv/ hyhq wkrxjk wkh exughq ri surylvlrq dovr lqfuhdvhv
gxulqj wkh �uvw shulrgv1

Lq jhqhudo wkh pryhphqwv rq wkh sdwk ri whpsrudu| htxloleuld iurp shulrg rqh wr wkh �qdo
vwdwlrqdu| vwdwh rffxu iru vhyhudo uhdvrqv=

47H{fhswlrqv duh �jxuh 8161f vkrzlqj wkh udwh ri xqhpsor|phqw dqg �jxuh 8171i vkrzlqj wkh fkdqjh lq
iruhljq dvvhwv dv shu fhqw ri JGS1
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41 Wkh srsxodwlrq lv qrw vwdwlrqdu|1

51 Wkh fdslwdo vwrfn lqfuhdvhv gxulqj shulrg rqh dv wkhuh duh srvlwlyh qhw lqyhvwphqwv1

61 Wkh iruhljq ghew lqfuhdvhv gxulqj shulrg rqh gxh wr d fxuuhqw dffrxqw gh�flw148

71 Wkh sxeolf ghew lqfuhdvhv gxulqj shulrg rqh gxh wr d sxeolf exgjhw gh�flw1

81 Wkh glvwulexwlrq ri sulydwh frqvxpswlrq dfurvv djh jurxsv lq shulrg rqh lv qrw d
vwdwlrqdu| vwdwh sdwwhuq1

Lq wkh iroorzlqj zh ljqruh wkh  xfwxdwlrqv dqg irfxv xsrq wkh jhqhudo uhgxfwlrq ri wkh
srsxodwlrq ri zrunhuv uhodwlyh wr wkh uhvw ri wkh srsxodwlrq xqghu wkh dvvxphg �qdqflqj
uxoh1

716141 Vxsso| vlgh h�hfwv ri d uhodwlyh uhgxfwlrq lq wkh zrunlqj srsxodwlrq

Lq wkh frpshwlwlyh oderu pdunhw/ wkh oderu vxsso| fxuyh pryhv lqzdugv ghulylqj dq lq0
fuhdvh lq wkh uhdo surgxfw zdjh/ fi1 �jxuh 7161i dqg d gurs lq wkh ghpdqg iru oderu dqg
hpsor|phqw/ fi1 �jxuh 7161e1 Wklv ixuwkhu glplqlvkhv wkh pdujlqdo surgxfw ri fdslwdo/
gdpshqlqj sulydwh lqyhvwphqwv/ fi1 �jxuh 7151f dqg wkh fdslwdo vwrfn/ fi1 �jxuh 7161d/
dowkrxjk wkh fdslwdo oderu udwlr uhvsrqgv srvlwlyho| wr wkh lqfuhdvhg sulfh ri oderu frp0
sduhg zlwk fdslwdo1 Surgxfwlrq dqg lqfrph ghfolqhv dorqj zlwk wkh lqsxwv/ fi1 �jxuh 7171f/
ghsuhvvlqj kxpdq fdslwdo/ frqvxpswlrq/ vdylqjv dqg zhdowk/ fi1 �jxuh 7171h1

Wkh grphvwlf ghpdqg iru wkh grphvwlf jrrg gursv pruh wkdq vxsso|/ fi1 wkh qh{w vxe0
vhfwlrq1 Wkh h{fhvv surgxfwlrq lv vxssolhg wr wkh zruog pdunhw/ lpso|lqj dq lqfuhdvh
ri h{sruwv dqg d gurs lq wkh grphvwlf rxwsxw sulfh/ fi1 �jxuh 7171d1 Krzhyhu h{sruwv
grhv qrw jurz hqrxjk wr suhyhqw shu fdslwd h{sruwv iurp idoolqj dorqj zlwk wkh h{sdqghg
srsxodwlrq/ fi1 �jxuh 7151h1

716151 Ghpdqg h�hfwv ri d uhodwlyh uhgxfwlrq lq wkh zrunlqj srsxodwlrq

Wkh ghfolqh ri wkh zrun irufh uhodwlyh wr wkh uhvw ri wkh srsxodwlrq lpsolhv dq lqfuhdvhg
exughq ri surylvlrq pdlqo| gxh wr djlqj1 Wkh Gdqlvk shqvlrq v|vwhp lv d pl{wxuh ri d
sxeolf wd{0�qdqfhg sd|0dv0|rx0jr v|vwhp dqg ixqghg vfkhphv lq irup ri sulydwh shqvlrq
ixqgv ri ydu|lqj fryhudjh iru prvw jurxsv dw wkh oderu pdunhw1 Lq wkh suhvhqw yhuvlrq
ri GUHDP qr glvwlqfwlrq lv pdgh ehwzhhq krxvhkrogv* �irufhg� vdylqjv lq wkh sulydwh
shqvlrq ixqgv dqg wkhlu �yroxqwdu|� vdylqjv pdgh rq wkhlu rzq lqlwldwlyh149 Gxh wr wkh
dvvxpswlrqv ri shuihfw iruhvljkw dqg d shuihfw fdslwdo pdunhw wkh krxvhkrogv fdq dozd|v
frpshqvdwh iru lqrswlpdo �irufhg� vdylqjv e| fkdqjlqj wkhlu �yroxqwdu|� vdylqjv1 Wkh

48Wkh r!fldo �jxuhv vwdwhv wkdw wkh fxuuhqw dffrxqw zdv lq vxusoxv lq 4<<8/ exw wkdw wkh iruhljq ghew
lqfuhdvhg gxh wr fkdqjhv lq fxuuhqf| ydoxdwlrqv hwf1 Lq GUHDP/ wklv lv vxpphg xs lq d fxuuhqw dffrxqw
gh�flw1

49Wkh plqru vhpl0sxeolf ixqghg shqvlrq vxssohphqw vfkhphv +DWS dqg OG, duh fodvvl�hg dv sulydwh
duudqjhphqwv lq GUHDP1
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sxeolf sd|0dv0|rx0jr v|vwhp lq GUHDP kdqghg rxw ;; eloo1 GNN1 lq sxeolf shqvlrqv lq
4<<8 +jurvv ri wd{hv, fruuhvsrqglqj wr 4319 shufhqw ri JGS dw idfwru frvwv14:

Dw suhvhqw wkh fdofxodwlrqv gr qrw ghdo zlwk wkh srwhqwldo lq dwlqj lpsdfwv rq sxeolf
frqvxpswlrq dqg lqyhvwphqwv shu fdslwd ri wkh lqfuhdvhg uhodwlyh qxpehu ri hoghuo|/ l1h1
lw lv dvvxphg wkdw li vxfk lpsdfwv vkrz xs +h1j1 lq irup ri pruh krvslwdov/ uhvw krphv
hwf1,/ frpshqvdwhg vdylqjv duh lpsohphqwhg lq rwkhu duhdv/ wloo h{dpsoh ehfdxvh wkh sxeolf
frqvxpswlrq dqg lqyhvwphqwv uhodwhg wr wkh zrunirufh ghfolqh1

Lq vxp/ wkh pdmru lpsdfw rq wkh sxeolf exgjhw ri wkh lqfuhdvhg exughq ri surylvlrq ri
wkh hoghuo| lv d pdunhg lqfuhdvh lq wkh dprxqw ri sxeolf shqvlrqv1 Fruuhvsrqglqjo|/ wdeoh
714 vkrzv wkdw wkh sxeolf shqvlrq h{shqglwxuhv qhw ri uhfhlyhg wd{hv lqfuhdvh vljql�fdqwo|
iurp 9; eloo GNN lq shulrg 4 wr d shdn ri <8 eloo GNN lq shulrg 43 +l1h1 lq 537305377,1
Wkh dvvxphg frqwlqxdwlrq ri wkh olqnlqj ri wkh sxeolf shqvlrq wr wkh zdjh udwh e| ixoo
lqgh{dwlrq suhyhqwv wkh exughq ri surylvlrq wr eh hurghg lq uhdo whupv e| lqfuhdvhg lqfrph
ri wkh zrunlqj shrsoh1 Wklv qhfhvvlwdwhv wd{ klnhv wr edodqfh wkh sxeolf exgjhw1

Dv fdq eh vhhq iurp wdeoh 714 wkh wd{ udwh dssolhg wr zdjhv lqfuhdvhv douhdg| lq wkh �uvw
shulrgv gxh wr wkh lqfuhdvhg exughq ri surylvlrq1 Lq shulrg 43 lw kdv lqfuhdvhg e| 815
shufhqwdjh srlqwv wr 7:1< shufhqw1 Iljxuh 7161h vkrzv wkdw wkh glvsrvdeoh zdjh udwh gursv
ehfdxvh wkh wd{ klnh pruh wkdq frxqwhudfwv wkh zdjh ulvh1 Wklv dggv wr wkh gurs lq kxpdq
fdslwdo/ vdylqjv dqg frqvxpswlrq1

716161 Lqglylgxdo oderu vxsso| h�hfwv ri d uhodwlyh uhgxfwlrq lq wkh zrunlqj
srsxodwlrq

Dowkrxjk zh dvvxph dq htxdo ulvh lq whupv ri shufhqwdjh srlqwv lq wkh wd{ udwhv dssolhg
wr zdjhv dqg wudqvihuv/ glvsrvdeoh zdjh lqfrph ghfolqhv e| pruh wkdq wudqvihu lqfrph lq
devroxwh whupv/ ehfdxvh zdjh lqfrph lv odujhu1 Wklv kdv wzr lpsolfdwlrqv= Iluvw/ wkh oderu
vxsso| frqwudfwv ixuwkhu dorqj zlwk wkh glplqlvklqj uhzdug ri zrunlqj frpsduhg zlwk
uhfhlylqj xqhpsor|phqw ehqh�wv/ fi1 wkh oderu vxsso| vfkhgxoh +516,1 Dv wkh hodvwlflw|
ri oderu vxsso| zlwk uhvshfw wr wklv uhzdug/ �/ lv rqo| 314/ wklv h�hfw lv plqru1 Lq wkh
orqj uxq/ lw frqwulexwhv e| 4 shufhqwdjh srlqw wr wkh ryhudoo gurs lq wkh oderu vxsso| dqg
hpsor|phqw ri doprvw 8 shufhqw/ fi1 �jxuh 7161e1

Vhfrqg/ lw ghsuhvvhv vdylqjv ri wkh |rxqjhu wr vprrwk frqvxpswlrq ryhu wkh olih f|foh lq
oljkw ri wkh idyrudeoh ghyhorsphqw ri glvsrvdeoh sxeolf shqvlrqv frpsduhg wr glvsrvdeoh
zdjh lqfrph1 Wklv glplqlvkhv wkh ghfolqh ri frqvxpswlrq lq wkh �uvw shulrgv/ exw wkh
h�hfw lv vpdoo dqg lq wkh orqjhu uxq lw lv idu iurp vx!flhqw wr frxqwhuzhljkw wkh ghsuhvvlqj
lpsdfw rq krxvhkrog zhdowk dffxpxodwlrq ri wkh ghfolqlqj kxpdq fdslwdo1

4:Wkh sxeolf shqvlrq h{shqglwxuhv lq GUHDP lqfoxgh doo nlqgv ri ruglqdu| shqvlrqv dv zhoo dv hduo|
uhwluhphqw shqvlrqv dqg khdowk uhodwhg hduo| uhwluhphqw shqvlrqv kdqghg rxw wr shrsoh dw ohdvw 94 |hduv
rog1

4;



716171 Jhqhudwlrqdo h�hfwv ri d uhodwlyh uhgxfwlrq lq wkh zrunlqj srsxodwlrq

Lq vxp/ wkh lpsdfw rq hpsor|phqw/ lqfrph/ frqvxpswlrq dqg zhdowk dffxpxodwlrq lv
ghsuhvvlqj1 Wkh lpsdfwv rq jhqhudwlrqv dsshduv dw �jxuh 7181d1 vkrzlqj wkh frqvxpswlrq
sur�oh ryhu wkh olih f|foh +l1h1 sdqho gdwd, ri fkrvhq jhqhudwlrqv frpsduhg zlwk wkh
frqvxpswlrq sur�oh dfurvv gl�huhqw djh jurxsv dw shulrg rqh1 Iljxuh 7181e1 glvsod|v
wkh vdph iru krxvhkrogv* dvvhw sur�oh frpsduhg zlwk wkh fdoleudwhg dvvhw sur�oh dfurvv
djh jurxsv dw wkh ehjlqqlqj ri shulrg rqh1 �Jhqhudwlrq 3� hqwhuv wkh hfrqrp| dw wkh
hqg ri shulrg }hur/ l1h1 lw lv 4;055 |hduv rog lq shulrg rqh1 �Jhqhudwlrq 043� lv 9;0:5
|hduv rog lq shulrg 4/ zkloh �jhqhudwlrq 8� lv 4;055 |hduv rog dw shulrg 9 dqg vr iruwk1
Lw lv vhhq wkdw wkh frqvxpswlrq sur�oh ri krxvhkrogv fkdqjhv pdunhgo| zlwk wkh vwhhshvw
ghfolqh lq frqvxpswlrq ri wkh hoghvw1 Wklv pdlqo| uh hfwv pryhphqwv dzd| iurp wkh
dvvxphg whpsrudu| htxloleulxp sur�oh ri shulrg rqh zklfk lv reylrxvo| idu dzd| iurp
wkh qhz vwdwlrqdu| vwdwh sur�oh1 Wkh vwhhshqlqj ri wkh frqvxpswlrq sur�oh lpsolhv wkdw
whpsrudulo| vrph jhqhudwlrqv rewdlq dq lqfuhdvh lq frqvxpswlrq shu dgxow htxlydohqw lq
wkh |rxqjhvw |hduv/ exw lq wkh orqj uxq +jhqhudwlrq 433, wklv lv olplwhg wr d voljkw lqfuhdvh
lq frqvxpswlrq ri djh jurxs 4;055 |hduv1 Doo hoghu djh jurxsv idfh d orvv lpso|lqj wkdw
wkh jhqhudwlrq fohduo| orrvhv vhhq ryhu wkh hqwluh olih vsdq1

Wkh idfw wkdw wkh dpsolwxgh ri wkh ghprjudsklf vkrfnv fdq eh pruh ru ohvv uhfrjql}hg lq
wkh vroxwlrq sdwk ri prvw yduldeohv uhyhdov voxjjlvkqhvv lq wkh dgmxvwphqw surfhvv lq vslwh
ri wkh dvvxpswlrq ri shuihfw iruhvljkw1 Iluvw/ wkh krxvhkrogv* xwlolw| ixqfwlrq lv dvvxphg wr
eh dgglwlyh lq frqvxpswlrq dqg glvxwlolw| ri zrun lpso|lqj wkdw zhdowk h�hfwv duh devhqw
lq wkh oderu vxsso| ixqfwlrq/ fi1 +516,/ vr wkh zrunhuv gr qrw vhhn wr frpshqvdwh +sduwo|,
iru uhdo zdjh uhgxfwlrqv e| h{sdqglqj wkhlu oderu vxsso|1 Vhfrqg/ gxh wr lqvwdoodwlrqv frvwv
wkh fdslwdo vwrfn rqo| dgdswv judgxdoo|1 Wklug/ wkh Duplqjwrq dvvxpswlrq ri lpshuihfw
frpshwlwlrq lq iruhljq wudgh lpsolhv wkdw grphvwlf sulfhv fdq ydu| frpsduhg zlwk wkh
�{hg iruhljq sulfh1 Wkh dqwlflsdwhg ixwxuh yduldwlrq lq wkh grphvwlf frqvxphu sulfhv
d�hfwv wkh dfwxdo frqvxpswlrq ri krxvhkrogv/ fi1 wkh frqvxpswlrq ixqfwlrq +514,/ zkhuh
dfwxdo frqvxpswlrq ghshqgv rq glvfrxqwhg ixwxuh frqvxphu sulfhv uhodwlyh wr wkh dfwxdo
frqvxphu sulfh1

7171 Dowhuqdwlyh vfhqdulr= shqvlrq udwh �qdqflqj dv dq xqdqwlflsdwhg vkrfn

Lq wkh dowhuqdwlyh vlpxodwlrq/ lw lv dvvxphg wkdw wkh jryhuqphqw dw wkh hqg ri shulrg rqh
xqh{shfwhgo| dqqrxqfhv d fkdqjh ri srolf| uhjlph= Wkh lpsdfwv ri wkh srsxodwlrq fkdqjhv
rq wkh sxeolf exgjhw iurp shulrg wzr dqg rqzdugv zloo qrz eh qhxwudol}hg e| d uhgxfwlrq
lq wkh dprxqw ri shqvlrq shu shqvlrqhu vr wkdw wkh sxeolf exgjhw lv vwloo edodqfhg iurp
shulrg wzr dqg rqzdugv1 Dv wkh srolf| fkdqjh lv xqdqwlflsdwhg/ wkh vroxwlrq iru shulrg
rqh dv zhoo dv wkh fdoleudwlrq lv xqd�hfwhg1

Wkh uhvxowv duh uhsruwhg lq wdeoh 715 dv zhoo dv �jxuh 7150717 +wklq olqhv,/ zlwk wkh jhqhu0
dwlrqdo sur�ohv ri frqvxpswlrq dqg zhdowk ghslfwhg dw �jxuh 7191d dqg 7191e uhvshfwlyho|1
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1000 Dkr. per capita
Calibration 

year (year 1)
2 

periods
5 

periods
10 

periods
20 

periods
Steady 
state

Private consumption 80 78 79 80 83 84

(-2.8) (-0.8) (-0.2) (3.6) (4.9)

Real GDP 159 161 157 150 154 153

(1.3) (-1.2) (-5.6) (-3.3) (-3.6)

Employment, index 100 101 99 95 95 97

(0.5) (-1.3) (-4.6) (-4.6) (-2.9)

Capital stock 528 541 542 529 540 540

(2.5) (2.6) (0.0) (2.1) (2.1)

Value of firms 258 259 244 234 242 243

(-0.4) (-5.2) (-9.2) (-6.0) (-5.7)

Household assets 604 614 622 621 657 665

(1.6) (2.9) (2.8) (8.7) (10.1)

Foreign assets -51 -42 -15 3 24 30

Average tax rate 0.427 0.427 0.427 0.427 0.427 0.427

(Absolut change) (0.0) (0.0) (0.0) (0.0) (0.0)

Disposable pension per head 
in 1000 Dkr.

68 51 54 54 65 66

(-25.5) (-21.1) (-21.6) (-5.1) (-3.3)
Total pension expenditures      
net of taxes in bill. Dkr.

68 50 63 73 73 83

(-25.4) (-6.8) (7.2) (18.0) (23.0)

1RWH��7KH�QXPEHUV�LQ�SDUDQWKHVHV�DUH�WKH�SHUFHQWDJH�FKDQJH�FRPSDUHG�WR�WKH�FDOLEUDWLRQ�\HDU

Wdeoh 715= Dowhuqdwlyh �qdqflqj

Wkh pdlq lpsdfw ri wkh srolf| fkdqjh lv wkdw vdylqjv ri shrsoh ri zrunlqj djh duh qrz
vwlpxodwhg vljql�fdqwo| e| wkh pdunhg ghfuhdvh ri shqvlrqv1 \rxqjhu krxvhkrogv qrz �qg
wkdw wkh| kdyh wr vdyh pxfk pruh wr surylgh iru wkhlu rog djh dqg vprrwk frqvxpswlrq
ryhu wkhlu olih vsdq1 Wklv lpsolhv wkdw frqvxpswlrq lqlwldoo| ghfolqhv idvwhu/ fi1 �jxuh
7151d1 Krzhyhu/ lq wkh orqjhu uxq wkh lqfuhdvhg lqfhqwlyh wr vdyh kdv surirxqg lpsdfwv
rq wkh hfrqrp|1 Dv wkh odujhu vdylqjv dffxpxodwh lq wkh zhdowk ri krxvhkrogv/ fi1 �jxuh
7171h/ sulydwh frqvxpswlrq vxusdvvhv wkh edvh fdvh ohyho dqg hyhq hqg xs dw d kljkhu
ohyho wkdq lq shulrg rqh/ fi1 �jxuh 7151d1 Wkh srvlwlyh lpsdfwv rq wkh sxeolf exgjhw hyhq
ohdyhv urrp iru lqfuhdvlqj wkh shqvlrq udwh djdlq frpshqvdwlqj d pdmru sduw ri wkh hduolhu
ghfolqh lq wkh yhu| orqj uxq1 Wdeoh 715 vkrzv wkdw dowkrxjk glvsrvdeoh shqvlrq gursv e|
5419 shufhqw diwhu 43 shulrgv/ lw judgxdoo| slfnv xs dqg kdv rqo| ghfolqhg e| 814 shufhqw
diwhu 53 shulrgv1 Dv frqvxphu sulfhv lq wkh orqj uxq lqfuhdvh e| doprvw 4 shufhqw/ fi1
�jxuh 7171e/ wklv lpsolhv d gurs ri uhdo glvsrvdeoh shqvlrqv shu khdg ri durxqg 9 shufhqw1
Wkh ehqh�fldo lpsdfwv rq wkh uhdo uhzdug ri zrunlqj vkdyhv durxqg 4 shufhqwdjh srlqw
r� wkh ghprjudsklfdoo| frqglwlrqhg gurs lq wkh oderu vxsso|/ vr hpsor|phqw hqgv xs e|
idoolqj rqo| 51< shufhqw/ fi1 �jxuh 7161e1

Wkh jhqhudwlrqdo sdwwhuq ri frqvxpswlrq dovr fkdqjhv/ fi1 �jxuh 7191d1 Lq wkh orqj
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uxq +�jhqhudwlrq 433�, doo krxvhkrogv xs wr wkrvh ehlqj 8;095 |hduv rog vhh dq lqfuhdvh
lq frqvxpswlrq shu dgxow htxlydohqw/ zkloh doo sxuh shqvlrqhu krxvhkrogv vhh d gurs lq
frqvxpswlrq shu dgxow htxlydohqw1 Frpsdulqj �jxuh 7191d dqg �jxuh 7181d1 lw lv vhhq wkdw
wkh frqvxpswlrq sur�oh lq wkh orqj uxq +jhqhudwlrq 433, kdv wkh vdph vorsh/ uh hfwlqj
wkdw wkh vorsh ri wkh Nh|qhv0Udpvh| uxoh frlqflghv lq wkh wzr vlpxodwlrqv zkhq frqvxphu
sulfhv kdyh vhwwohg dw d vwdeoh ohyho1 Wklv dovr frq�upv wkdw wkh fkdqjhv lq wkh vorsh ri
wkh frqvxpswlrq sur�oh +dv rssrvhg wr ohyho, frpsduhg zlwk shulrg rqh phuho| uh hfwv
krz idu wkh dvvxphg furvv0vhfwlrq sur�oh ri shulrg rqh lv dzd| iurp wkh qhz vwdwlrqdu|
vwdwh1

7181 Frpsdulvrq

Lq vxp/ wkh wd{ �qdqflqj ri wkh exughq ri surylvlrq lpsolhv wkdw diwhu 53 shulrgv +433
|hduv, uhdo sulydwh frqvxpswlrq gursv e| 719 shufhqw/ uhdo JGS gursv e| 816 shufhqw/
hpsor|phqw gursv e| 918 shufhqw dqg krxvhkrogv* dvvhwv gurs e| ;15 shufhqw doo phdvxuhg
shu fdslwd1 Lq wkh dowhuqdwlyh �qdqflqj vfkhph/ zkhuh wkh shqvlrq dprxqw lv uhgxfhg/
sulydwh frqvxpswlrq h{sdqgv e| 619 shufhqw/ uhdo JGS gursv e| 616 shufhqw/ hpsor|phqw
gursv e| 719 shufhqw dqg krxvhkrogv* dvvhwv lqfuhdvh e| ;1: shufhqw diwhu 53 shulrgv1 Wkh
pruh idyrudeoh rxwfrph iru wloo h{dpsoh sulydwh frqvxpswlrq ri wkh odvw dowhuqdwlyh lv
�uvw pdwhuldol}hg lq shulrg 9 +l1h1 diwhu 63 |hduv, zkhuh lw vkrzv xs iru doo djh jurxsv
lqfoxglqj wkh shqvlrqhuv1 Wkh surirxqg gl�huhqfh ehwzhhq wkh wzr dowhuqdwlyh �qdqflqj
uxohv vwhpv sulpdulo| iurp wkh gl�huhqw lpsdfw rq wkh lqfhqwlyh wr vdyh dqg wr d plqru
h{whqw iurp wkh gl�huhqw vwlpxoxv wr wkh oderu vxsso|1
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          Base case              Alternative financing

Figure 4.2: Macroeconomic effects
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          Base case              Alternative financing

Figure 4.3: Macroeconomic effects
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          Base case              Alternative financing

Figure 4.4: Macroeconomic effects
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Figure 4.5: Generational effects
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Figure 4.6: Generational effects
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Uhihuhqfhv

Dxhuedfk/ D1 dqg O1 Nrwolnr� +4<;6,= �Qdwlrqdo Vdylqjv/ Hfrqrplf Zhoiduh/ dqg wkh
Vwuxfwxuh ri Wd{dwlrq�/ lq Ehkdylrudo Vlpxodwlrq Phwkrgv lq Wd{ Srolf| Dqdo|vlv/ hg1 e|
P1 Ihogvwhlq1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv1

Dxhuedfk/ D1 dqg O1 Nrwolnr� +4<;:,= G|qdplf Ilvfdo Srolf|1 Fdpeulgjh= Fdpeulgjh
Xqlyhuvlw| Suhvv1

Fkdxyhdx/ W1 dqg U1 Orx�u +4<<:,= �Wkh Ixwxuh ri Sxeolf Shqvlrqv lq Vhyhq Pdmru
Frxqwulhv�/ lq Shqvlrq Srolflhv dqg Sxeolf Ghew lq G|qdplf FJH Prghov/ hg1 e| Eurhu/
G1 S1 dqg M1 Odvvlod1 Khlghoehuj= Sk|vlfd0Yhuodj1

Ghsduwphqw ri Ilqdqfh +4<<9,= Ilvfdo Uhsruw +Ruljlqdo wlwoh= Ilqdqvuhghjûuhovh,/ Frshq0
kdjhq= Ghsduwphqw ri Ilqdqfh1

Nqxgvhq/ P1 E1/ O1 K1 Shghuvhq/ W1 Z1 Shwhuvhq/ S1 Vwhskhqvhq/ dqg S1 Wulhu +4<<;,=
D Surwrw|sh ri d GUHDP 0 yhuvlrq 415/ Vwdwlvwlfv Ghqpdun= GUHDP/ Xqsxeolvkhg
Pdqxvfulsw1

Odvvlod/ M1/ K1 Sdop dqg W1 Ydonrqhq +4<<:,= �Shqvlrq Srolflhv dqg Lqwhuqdwlrq Fdslwdo
Prelolw|�/ lq Shqvlrq Srolflhv dqg Sxeolf Ghew lq G|qdplf FJH Prghov/ hg1 e| Eurhu/
G1 S1 dqg M1 Odvvlod1 Khlghoehuj= Sk|vlfd0Yhuodj1

Shuhlud/ D1 P1 dqg M1 E1 Vkryhq +4<;;,= �Vxuyh| ri G|qdplf Frpsxwdwlrqdo Jhqhudo
Htxloleulxp Prghov iud Wd{ Srolf| Hydoxdwlrq�/ Mrxuqdo ri Srolf| Prgholqj/ 43/ 734076:

Shwhuvhq/ W1 Z1 +4<<:,= �Lqwurgxfwlrq wr FJH Prghoolqj� +Ruljlqdo wlwoh= �Lqwurgxnwlrq
wlo FJH0prghoohu�,/ Qdwlrqdoûnrqrplvn Wlgvvnuliw/ 468/ 44604671
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