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Abstract
Many infectious diseases have incidences that vary over time with

alternating high and low periods. A parametric model is formulated
that makes it possible to account for such variations. The model con-
tains parameters describing the time of the peak, and the duration and
amplitude of the high incidence period. The model is �tted to weekly
aggregated data on indigenous campylobacter infections reported to
the Swedish Institute for Infectious Disease Control. This analysis
is made with the reports geographically divided according to county
and with spatial smoothing. Estimation of parameters is done us-
ing Markov chain Monte Carlo methods based on both Poisson and
Negative binomial variation. The model �ts data well. There are in-
dications that the concentration of the high incidence periods varies
geographically.
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4 Lqwurgxfwlrq
Lqihfwlrxv glvhdvhv duh gl�huhqw iurp rwkhu glvhdvhv lq pdq| zd|v1 Rqh lpsruwdqw fkdudf0
whulvwlf lv wkdw lqihfwlrqv pljkw eh wudqvihuuhg wr d shuvrq iurp dqrwkhu shuvrq/ dq dqlpdo
ru wkh hqylurqphqw1 Doo lqihfwlrqv rffxu e| frqwdfw lq vrph zd|1 Hdfk glvhdvh kdv lwv rzq
sdwkv ri lqihfwlrq1 Wudqvplvvlrq fdq/ iru h{dpsoh/ rffxu yld vh{xdo frqwdfwv +h1j1/ KLY/
fkodp|gld,/ wkh dlu +h1j1/ phdvohv/ lq xhq}d,/ frqwdplqdwhg irrg +h1j1/ vdoprqhood lqihf0
wlrq/ fdps|oredfwhu lqihfwlrq, ru vrph yhfwru +h1j1/ pdoduld/ ghqjxh ihyhu,1 Wkh vr fdoohg
lqihfwlrxv djhqw fdq eh hlwkhu d yluxv/ edfwhuld ru sdudvlwh1 Lqihfwlrxv glvhdvh hslghplrorj|
lv lq pdq| zd|v vlplodu wr hslghplrorj| lq jhqhudo exw vshfldo dwwhqwlrq lv qhhghg wrzdugv
wkh fkdudfwhulvwlfv/ ri wkh lqihfwlrxv glvhdvhv/ phqwlrqhg deryh1 Wkh errn e| Jlhvhfnh
+5335, jlyhv d jrrg lqwurgxfwlrq wr wkh �hog ri lqihfwlrxv glvhdvh hslghplrorj|1

Wkh Vzhglvk Lqvwlwxwh iru Lqihfwlrxv Glvhdvh Frqwuro +Vplwwvn|ggvlqvwlwxwhw/ VPL, lv
d jryhuqphqwdo h{shuw djhqf| zlwk wkh plvvlrq wr surwhfw wkh Vzhglvk srsxodwlrq iurp
frppxqlfdeoh glvhdvhv +kwws=22zzz1vplwwvn|ggvlqvwlwxwhw1vh,1 Rqh ri wkh pdlq plvvlrqv
lv wr iroorz dqg dqdo|vh wkh qdwlrqdo dqg lqwhuqdwlrqdo vlwxdwlrq uhjduglqj lqihfwlrxv glv0
hdvhv dqg wkh surwhfwlrq djdlqvw wkhp1 Dv d edvlv wr fduu| rxw wklv plvvlrq/ durxqg �iw|
lqihfwlrxv glvhdvhv duh qrwl�deoh e| odz lq Vzhghq1 Wklv phdqv wkdw li d sk|vlfldq ru d
oderudwru| �qgv wkdw d sdwlhqw lv lqihfwhg zlwk rqh ri wkhvh glvhdvhv wkh| duh reoljhg wr
qrwli| VPL e| vhqglqj lq d uhsruw1 Vlqfh 4<<9 d frpsxwhulvhg uhsruwlqj v|vwhp lv vxffhv0
vlyho| uhsodflqj wkh roghu sdshu edvhg v|vwhp1 Wkh uhsruwv pdlqo| frqvlvw ri edvlf shuvrqdo
lqirupdwlrq derxw wkh sdwlhqw +vxfk dv djh/ vh{/ sodfh ri uhvlghqfh hwf1,/ lqirupdwlrq frq0
fhuqlqj wkh wlph ri lqihfwlrq dqg rwkhu glvhdvh vshfl�f lqirupdwlrq +wlph/ sodfh/ h{srvxuh
wr nqrzq ulvn idfwruv hwf1,1 Lq wrwdo/ ehwzhhq 73 333 dqg 83 333 fdvhv duh uhsruwhg hdfk
|hdu +fi1 Vplwwvn|ggvlqvwlwxwhw +4<<<,,1 Wudglwlrqdoo|/ wkh qxpehu ri uhsruwv duh vxpphg
dqg edvlf vwdwlvwlfv lq irup ri wlph vhulhv ru jhrjudsklfdo glvwulexwlrq ri wkh uhsruwhg fdvhv
duh sxeolvkhg lq prqwko| dqg |hduo| uhsruwv1

Dv lv wkh fdvh zlwk prvw uhsruwlqj v|vwhpv wkhuh duh vhyhuh sureohpv zlwk wkh txdolw|
ri wkh uhsruwlqj1 Dq| dqdo|vlv edvhg rq uhsruwhg fdvhv kdv wr frqvlghu wr zkdw h{whqw
lpsruwdqw ihdwxuhv ri wkh glvhdvh duh uh hfwhg lq wkh dydlodeoh gdwd1 Rqh vkrxog krsh wkdw
hyhq li wkhuh lv xqghuuhsruwlqj dqg eldvhv lq wkh uhsruwlqj v|vwhp vrph uhdo h�hfwv vxfk dv
whpsrudo dqg vsdwldo sdwwhuqv duh vwloo vhhq1 Uhyhdolqj vxfk sdwwhuqv fdq eh dq hvvhqwldo
frqwulexwlrq wr wkh xqghuvwdqglqj ri krz wkh gl�huhqw lqihfwlrxv glvhdvhv duh vsuhdg1 Dw
ehvw wkh uhsruwv fdq eh xvhg wr ghulyh lpsruwdqw lqirupdwlrq derxw wkh rffxuuhqfh dqg
dhwlrorj| ri wkh qrwl�deoh lqihfwlrxv glvhdvhv1

Zkhq vwxg|lqj lqihfwlrxv glvhdvhv/ wlph lv riwhq dq lpsruwdqw idfwru wr frqvlghu1 Zkhq
wuhdwlqj sdwlhqwv/ nqrzohgjh derxw wkh ohqjwk ri wkh lqfxedwlrq shulrg dqg wkh wlph ri
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lqihfwlrxvqhvv fdq eh fuxfldo1 Lq wkh sodqqlqj ri sxeolf khdowk phdvxuhv +h1j1/ ydfflqdwlrq
fdpsdljqv, wkh wlph ri lppxqlw| lv dovr d idfwru wr frqvlghu1 Iurp dqrwkhu shuvshfwlyh/
wkh lqglylgxdo ulvn ri jhwwlqj lqihfwhg pd| ydu| ryhu wlph1 Vhdvrqdolw| lv frpprq iru pdq|
lqihfwlrxv glvhdvhv1 Lw lv doprvw fhuwdlq wkdw hdfk |hdu wkhuh zloo eh d shdn ri lq xhq}d fdvhv
dw vrph srlqw gxulqj wkh zlqwhu dqg d shdn ri vdoprqhood dqg fdps|oredfwhu lqihfwlrqv
lq wkh vxpphu1 Krzhyhu wkh h{dfw wlph dqg vl}h ri wkh shdn pd|/ dqg zloo/ ydu| iurp
|hdu wr |hdu1 Fuxgh wlph vhulhv ri djjuhjdwhg fdvhv riwhq lqfrusrudwhv d odujh dprxqw ri
yduldwlrq1 Lq rughu wr glvfhuq wlpho| sdwwhuqv lq wkh lqflghqfh lw lv frpprq wr vprrwk wkh
wlph vhulhv e| vrph ixqfwlrq1

Wkh jhrjudsklfdo glvwulexwlrq ri wkh glvhdvh lqflghqfh lv dovr dq lpsruwdqw sduw ri
wkh dhwlrorj| ri wkh glvhdvh1 Ghvfulswlyh phwkrgv xvxdoo| lqfrusrudwh pdsv/ zlwk fuxgh
lqflghqfhv/ glylghg lq vpdoohu jhrjudsklfdo xqlwv1 Wkh sxusrvh ri wkh glvhdvh pdsslqj
fdq eh/ h1j1/ wr �qg jhrjudsklfdo judglhqwv ri wkh lqflghqfh/ wr jhqhudwh k|srwkhvhv derxw
glvhdvh sdwwhuqv ru wr vlpso| ghvfuleh wkh jhrjudsklfdo glvwulexwlrq ri wkh glvhdvh1 Rqh
srsxodu h{dpsoh ri glvhdvh pdsslqj lv wkh vhdufk iru glvhdvh foxvwhuv wkdw pljkw eh olqnhg
wr vrph hqylurqphqwdo vrxufh ru wr rwkhu vrxufhv ri lqwhuhvw1 Wklv lv xvhg hvshfldoo| lq wkh
�hog ri fdqfhu uhvhdufk1

Prvw dssolfdwlrqv lq glvhdvh pdsslqj irfxvhv rq wkh xqghuo|lqj uhodwlyh ulvn ri frqwudfw0
lqj wkh glvhdvh dqg d frpprq phdvxuh ri lqwhuhvw lv wkh vwdqgduglvhg pruelglw|2pruwdolw|
udwlr +VPU, gh�qhg dv wkh revhuyhg qxpehu ri fdvhv glylghg e| wkh h{shfwhg qxpehu
ri fdvhv zlwklq d jlyhq jhrjudsklfdo duhd1 Riwhq wkh glvhdvh xqghu vwxg| lv uhodwlyho|
uduh dqg2ru wkh jhrjudsklf duhdv duh vpdoo +dv uhjdugv wr wkh qxpehu ri lqkdelwdqwv,1 Lq
vxfk vlwxdwlrqv wkh vdpsolqj yduldelolw| zloo eh odujh gxh wr d vpdoo h{shfwhg qxpehu ri
fdvhv dqg wkhuh lv d frqvlghudeoh ulvn wkdw h{wuhph revhuydwlrqv zloo rffxu mxvw e| fkdqfh1
E| vprrwklqj wkh fuxgh udwhv yld klhudufklfdo prghoolqj/ h{wuhph revhuydwlrqv fdq eh
dgmxvwhg wr uh hfw d pruh uhdolvwlf vlwxdwlrq1 Wklv vprrwklqj surfhgxuh riwhq ohdgv wr
udwkhu frpsoh{ prghov dqg sdudphwhu hvwlpdwlrq lv qrw vwudljkwiruzdug1 Krzhyhu/ e| xv0
lqj frpsxwhu0lqwhqvlyh phwkrgv olnh wkh Pdunry fkdlq Prqwh Fduor +PFPF,/ hvwlpdwhv
fdq eh dfklhyhg e| vlpxodwlrq1 Prvw ri wkhvh prghov duh vhw xs zlwklq d Ed|hvldq iudph0
zrun e| sxwwlqj sulru glvwulexwlrqv rq wkh sdudphwhuv/ exw fdq dv zhoo eh lqwhusuhwhg dv
d olnholkrrg udqgrp h�hfwv prgho lq d iuhtxhqwlvw shuvshfwlyh1 Zdnh�hog hw do1 +5334,
glvfxvv dvvxpswlrqv dqg pdwkhpdwlfdo ghwdlov ri Ed|hvldq phwkrgv iru glvhdvh pdsslqj1

Wkh dlp ri wkh suhvhqw vwxg| lv sulpdulo| wr vwxg| krz wkh lqirupdwlrq surylghg e|
wkh Vzhglvk uhsruwlqj v|vwhp/ zlwk lwv nqrzq vkruwfrplqjv/ fdq eh xvhg wr ohduq pruh
derxw lqihfwlrxv glvhdvhv dqg wkhlu dhwlrorj|1 Lq dgglwlrq/ zh lqwurgxfh d sdudphwulf prgho
jlylqj d vprrwkhg hvwlpdwh ri wkh fuxgh qxpehu ri uhsruwhg fdvhv1 Wkh prgho lqfrusrudwh
sdudphwhuv wkdw wdnh lqwr dffrxqw fhuwdlq dvshfwv ri wkh vhdvrqdolw| ri wkh lqflghqfh1
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Dv d vhfrqgdu| dlp ri wklv vwxg|/ zh dovr kdyh lqwhuhvw lq d vshfl�f glvhdvh/ qdpho|
fdps|oredfwhu lqihfwlrq1 Zh khuh xvh gdwd rq uhsruwhg lqgljhqrxv fdps|oredfwhu lqihf0
wlrqv dv dq h{dpsoh wr vwxg| vrph ri wkh sureohpv dqg srvvlelolwlhv ri vwdwlvwlfdo dqdo|vhv
uhjduglqj wkh nlqg ri gdwd glvfxvvhg deryh1

Fdps|oredfwhu lqihfwlrqv lq kxpdqv duh sduw ri d srvvleo| frpsolfdwhg v|vwhp ri
vsuhdg ri wkh edfwhuld Fdps|oredfwhu1 Wkh edfwhuld kdv ehhq irxqg lq kxpdqv/ erwk zlog
dqg grphvwlf dqlpdov dqg lq wkh hqylurqphqw1 Pdq| lqyhvwljdwlrqv/ pdlqo| fdvh0frqwuro
vwxglhv/ kdyh ehhq shuiruphg wr dvvhv wkh ulvn idfwruv iru vsrudglf fdvhv ri fdps|oredfwhu
lqihfwlrqv lq kxpdqv +fi1 Ndsshuxg +4<<8,,1 Krzhyhu/ qr vlqjoh ulvn idfwru dsshduv wr
eh deoh wr h{sodlq pruh wkdq d vpdoo iudfwlrq ri wkh fdvhv1 Lw lv olnho| wkdw wkh urxwhv ri
wudqvplvvlrq gl�hu ryhu wkh |hdu dqg pruh uhvhdufk lv qhhghg lq wklv duhd wr dvvhvv wkdw1
Dq dqdo|vlv ri wkh vhdvrqdo glvwulexwlrq ri fdps|oredfwhu lqihfwlrqv lq qlqh Hxurshdq
frxqwulhv dqg Qhz ]hdodqg zdv grqh e| Q|oìq hw do1 +5335,1

Zh �w wkh prgho wr wkh uhsruwhg gdwd rq lqgljhqrxv fdps|oredfwhu lqihfwlrqv lq Vzh0
ghq1 E| vwxg|lqj vhyhq |hduv dqg 54 frxqwlhv lw lv krshixoo| srvvleoh wr glvfhuq erwk
whpsrudo dqg vsdwldo yduldwlrqv uhjduglqj wkh sdudphwhuv lq wkh prgho1 H{dplqlqj wkhvh
yduldwlrqv wkhq pljkw khos lq xqghuvwdqglqj wkh frpsoh{ v|vwhp ri wkh vsuhdg ri fdps|0
oredfwhu lqihfwlrqv dqg fdq dovr vhuyh dv d khos lq wkh sodqqlqj ri ixwxuh lqyhvwljdwlrqv ri
ulvn idfwruv1

Iurp wkh shuvshfwlyh ri wkh dqdo|vlv/ zh gr qrw irfxv rq wkh devroxwh qxpehu ri fdvhv
ru wkh VPU> rxu lqwhuhvw olhv lq vwxg|lqj wkh ixqfwlrqdo irup ri wkh lqflghqfh fxuyh dqg
pdlqo| wkh sdudphwhuv ghvfulelqj lw1 Dv wkh uhvxowlqj prgho lv udwkhu frpsoh{/ hvwlpdwlrq
ri sdudphwhuv lv grqh e| xvlqj Pdunry fkdlq Prqwh Fduor +PFPF, phwkrgv1

Wkh vwuxfwxuh ri wkh wkhvlv lv dv iroorzv1 Lq Vhfwlrq 5 zh vkruwo| suhvhqw vrph edvlf
idfwv derxw fdps|oredfwhu lqihfwlrqv1 D pruh wkrurxjk suhvhqwdwlrq ri wkh gdwd lv jlyhq
lq Vhfwlrq 6 wrjhwkhu zlwk d ghvfulswlrq ri wkh Vzhglvk uhsruwlqj v|vwhp iru lqihfwlrxv
glvhdvhv1 Vhfwlrq 7 frqwdlqv d fuxgh dqdo|vlv ri whpsrudo dqg vsdwldo sdwwhuqv ri fdvhv
zkloh zh lq Vhfwlrq 8 lqwurgxfh wkh sdudphwulf prgho iru ghvfulelqj wkh lqflghqfh ri
fdps|oredfwhu lqihfwlrqv dqg dsso| lw wr djjuhjdwhg gdwd iru Vzhghq1 Zh vsolw wkh gdwd
e| frxqw| dqg �w wkh prgho wr lqglylgxdo frxqwlhv erwk lqghshqghqwo| dqg ghshqghqwo|
e| jhrjudsklfdo vprrwklqj lq Vhfwlrq 91 D vkruw ghvfulswlrq ri wkh PFPF hvwlpdwlrq
surfhgxuh lv jlyhq lq Vhfwlrq :1 Vrph uhvxowv duh suhvhqwhg lq Vhfwlrq ; dqg wkh wkhvlv lv
frqfoxghg zlwk d glvfxvvlrq lq Vhfwlrq <1

Vrph ri wkh pdwhuldo lq wklv wkhvlv kdyh ehhq suhvhqwhg lq d suhylrxv uhsruw +Olqgeçfn
) Vyhqvvrq +5334,,1 Wklv wkhvlv lv dq h{whqvlrq dqg d ghyhorsphqw ri vrph ri wkh lghdv
lq wkdw uhsruw1
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5 Fdps|oredfwhu � lqihfwlrxv djhqw dqg glvhdvh
514 Wkh djhqw
Fdps|oredfwhu lqihfwlrq lv d edfwhuldo glvhdvh1 Wkhuh duh ryhu 53 vxew|shv ri Fdps|oredf0
whu exw wkh pdlq w|shv fdxvlqj jdvwurlqwhvwlqdo v|pswrpv lq kxpdqv duh Fdps|oredfwhu
mhmxql dqg Fdps|oredfwhu frol1 Wkh edfwhuld fdq vxuylyh irxu zhhnv lq zdwhu dw .7 � F
exw ohvv wkdq irxu gd|v dw .58 � F +fi1 Qrwkhupdqv +4<<8, dqg Dqghuvvrq ) Jxvwdyvvrq
+4<<;,,1 Wr eh deoh wr pxowlso|/ wkh edfwhuld uhtxluhv d whpshudwxuh ri .73 � F dqg d frq0
fhqwudwlrq ri r{|jhq ri dw prvw 8 (1 Wkhuhiruh/ wkh lghdo sodfh wr jurz lv wkh lqwhvwlqhv
lq kxpdqv dqg zdup0eorrghg dqlpdov1 Khqfh/ irrg lwhpv duh qrw d jrrg sodfh iru wkh
edfwhuld wr jurz exw rq wkh rwkhu kdqg/ wkh fulwlfdo lqihfwlrxv grvh +l1h1/ wkh vpdoohvw grvh
ri wkh edfwhuld qhhghg wr fdxvh wkh glvhdvh, lv yhu| orz1

515 Wkh glvhdvh
Fdps|oredfwhu lqihfwlrq lv d }rrqrvlv/ zklfk phdqv wkdw lw lv qdwxudoo| wudqvplwwhg eh0
wzhhq dqlpdov dqg pdq1 Wkh v|pswrpv fkdudfwhulvlqj wkh glvhdvh duh glduukrhd/ degrp0
lqdo sdlq/ pdodlvh/ ihyhu/ qdxvhd dqg yrplwlqj1 Wkh lqfxedwlrq shulrg lv xvxdoo| rqh wr
wkuhh gd|v exw fdq ydu| ehwzhhq rqh wr whq gd|v1 Wkh looqhvv lv dfxwh dqg xvxdoo| ryhu
zlwklq wzr wr �yh gd|v1 Fdps|oredfwhu lqihfwlrq fdxvhv 8 (�47 ( ri glduukrhd zruog0
zlgh dqg lv dq lpsruwdqw fdxvh ri wudyhoohuv* glduukrhd +fi1 Fklq +5333,,1 Lq uduh fdvhv
wkh glvhdvh fdq ohdg wr orqj0whup frqvhtxhqfhv vxfk dv duwkulwlv/ d qhxurorjlfdo v|qgurph
fdoohg Jxloodlq0Eduuì v|qgurph dqg vrphwlphv hyhq ghdwk1 Wkhuh lv qr ydfflqh djdlqvw
wkh glvhdvh1

516 Wkh vsuhdg ri wkh glvhdvh
Hyhq d vxshu�fldo vwxg| ri vwdwlvwlfv uhyhdov wkdw fdvhv rffxu erwk lq odujh rxweuhdnv dqg
dv vsrudglf fdvhv1 Dq rxweuhdn rffxuv/ zkhq pdq| lqglylgxdov duh h{srvhg wr wkh vdph
vrxufh ri lqihfwlrq/ dqg vx�hu iurp wkh glvhdvh dw dssur{lpdwho| wkh vdph wlph1 Wkh
vsrudglf fdvhv lqyroyh rqo| rqh ru d ihz lqglylgxdov wkdw duh lqihfwhg vlpxowdqhrxvo|1 Wkh
fdxvh ri d odujh rxweuhdn lv riwhq uhodwlyho| hdv| wr lghqwli|1 Gxulqj wkh shulrg vwxglhg/
4<<5�4<<;/ rqh fdq glvfhuq wkuhh pdmru rxweuhdnv lq Vzhghq1

� Lq Nudpiruv +lq wkh frxqw| Yçvwhuqruuodqg, dssur{lpdwho| 5 833 fdvhv ri fdps|0
oredfwhu lqihfwlrqv rffxuuhg gxulqj Pd| 4<<71 Wklv rxweuhdn zdv fdxvhg e| frqwd0
plqdwhg zdwhu +fi1 Dqghuvvrq hw do1 +4<<7,,1 Ri wkhvh fdvhv/ 97 zhuh uhsruwhg wr
VPL +fi1 Vplwwvn|ggvlqvwlwxwhw +4<<8,,1
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� Lq Pdun +lq wkh frxqw| Yçvwud Jùwdodqg, 6 333�7 333 fdps|oredfwhu lqihfwlrqv
rffxuuhg dw wkh hqg ri Pd| 4<<81 Wkh fdxvh ri wkh rxweuhdn zdv frqwdplqdwhg
zdwhu +fi1 Euhvn| hw do1 +4<<8,,1 Qrw pruh wkdq 7; ri wkh fdvhv zhuh uhsruwhg wr
VPL +fi1 Vplwwvn|ggvlqvwlwxwhw +4<<9,,1

� Wkh wklug rxweuhdn wrrn sodfh dw d wudlqlqj fdps iru |rxqj irrwedoo sod|huv lq wkh
vxpphu ri 4<<91 Dw ohdvw 456 rxw ri 533 sduwlflsdqwv zhuh lqihfwhg diwhu gulqnlqj xq0
sdvwhxul}hg plon1 Ri wkhvh fdvhv 55 zhuh uhsruwhg wr VPL +fi1 Vplwwvn|ggvlqvwlwxwhw
+4<<:,,1 Wkh fdvhv fdph iurp vhyhudo frxqwlhv lq wkh vrxwk ri Vzhghq1

Hyhq li xqghuuhsruwlqj ri fdvhv lq frqqhfwlrq zlwk odujh rxweuhdnv lv vhyhuh/ wkh| duh
vwloo lghqwl�deoh lq d fuxgh wlph vhulhv ri uhsruwhg fdvhv1 Lq wkh iroorzlqj/ zh frqfhqwudwh
rq fdvhv wkdw dsshdu wr eh vsrudglf1 Wklv phdqv wkdw zh kdyh uhpryhg revhuydwlrqv iurp
wkh odujh rxweuhdnv lq wkh gdwd zh dqdo|vh1

Lq dgglwlrq wr wkhvh odujh rxweuhdnv wkhuh pd| rffxu plqru rxweuhdnv lqyroylqj rqo| d
ihz lqglylgxdov1 Hylghqwo|/ vxfk plqru rxweuhdnv duh pxfk pruh gl!fxow wr lghqwli|1 Wkh
|hduo| uhsruw iurp VPL phqwlrqv vhyhq vxfk plqru rxweuhdnv lq 4<<; +fi1 Vplwwvn|ggvlq0
vwlwxwhw +4<<<,,1 Wkhvh rxweuhdnv uhvxowhg lq 6�: uhsruwhg fdvhv1 Wkh vrxufh ri lqihfwlrq
ydulhg1 Lghqwl�hg ru vxvshfwhg fdxvhv zhuh irrg +xqsdvwhxul}hg plon/ fklfnhq/ sdhood, ru
gulqnlqj frqwdplqdwhg zdwhu1

Lw kdv ehhq glvfxvvhg li fdps|oredfwhu lqihfwlrqv duh frppxqlfdeoh1 Wkh jhqhudo xq0
ghuvwdqglqj vhhpv wr eh wkdw wkhuh lv d vpdoo ulvn ri vsuhdg kxpdq wr kxpdq/ exw wkdw lw
lv udwkhu olplwhg +fi1 Fklq +5333,,1 Zh kdyh fkrvhq qrw wr lqfoxgh h�hfwv ri vxfk vsuhdg
lq wkh prghov dqg rxu dqdo|vlv1

Wkh vxevwdqwldo sduw ri uhsruwhg fdvhv duh vsrudglf/ l1h1/ wkh| fdqqrw eh vhhq wr eh
gluhfwo| dvvrfldwhg zlwk rwkhu fdvhv1 Dv iru fdvhv gxulqj rxweuhdnv/ vsrudglf fdvhv duh
riwhq qrw uhsruwhg1 Krzhyhu/ rqh fdq h{shfw wkh xqghuuhsruwlqj ri vsrudglf fdvhv wr eh
ohvv vhyhuh1 Wkhuh h{lvwv qr uholdeoh lqyhvwljdwlrq ri wkh sursruwlrq ri xquhsruwhg fdvhv lq
Vzhghq1 Lq dq Hqjolvk vwxg|/ lw zdv hvwdeolvkhg wkdw iru hdfk uhsruwhg fdvh ri Fdps|oredf0
whu/ lq d oderudwru| edvhg vxuyhloodqfh v|vwhp/ wkhuh zhuh :19 fdvhv lq wkh frppxqlw| +fi1
Zkhhohu hw do1 +4<<<,,1 Zh fdqqrw dvvxph wkdw wklv qxpehu lv uhsuhvhqwdwlyh iru Vzhglvk
frqglwlrqv gxh wr wkh pdq| gl�huhqfhv ehwzhhq Hqjodqg dqg Vzhghq frqfhuqlqj erwk wkh
vxuyhloodqfh v|vwhpv dqg wkh frppxqlwlhv1

Lq vrph ri wkh uhsruwv iurp wkh sk|vlfldqv/ d vxvshfwhg fdxvh ri wkh lqihfwlrq lv phq0
wlrqhg1 Vxfk fdxvhv duh edgo| suhsduhg fklfnhq/ fklfnhq suhsduhg dw krph/ hdwlqj dw
uhvwdxudqw/ vhfrqgdu| lqihfwlrqv/ eduehfxh/ frqwdfw zlwk elugv/ gulqnlqj xqsdvwhxul}hg
plon ru zdwhu iurp prxqwdlq eurrnv1
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Wkhuh duh d qxpehu ri lqyhvwljdwlrqv ri ulvn idfwruv dvvrfldwhg zlwk vsrudglf fdvhv
+fi1 Ndsshuxg +4<<8,,1 Pdq| ri wkh vwxglhv duh fdvh0frqwuro vwxglhv1 Frpsdulqj wr
zklfk h{whqw fdvhv dqg khdowk| frqwurov kdyh ehhq h{srvhg wr srwhqwldo ulvn idfwruv rqh
wulhv wr lghqwli| h{srvxuhv wkdw lqfuhdvh wkh ulvn ri jhwwlqj d fdps|oredfwhu lqihfwlrq1 D
ihz h{dpsohv ri ulvn idfwruv vwxglhg duh wudyho deurdg/ frqwdfwv zlwk dqlpdov dqg irrg
frqvxpswlrq1 Wkhuh duh ri frxuvh vhyhuh gl!fxowlhv lq pdqdjlqj vwxglhv ri wklv nlqg1
Wkh txdolw| ri wkh vwxg| uholhv rq wkdw vx!flhqwo| jrrg dffrxqwv ri wkh h{srvxuhv iru wkh
fdvhv ehiruh wdnlqj loo dqg vlplodu uholdeoh dffrxqwv ri h{srvxuhv iru wkh frqwurov fdq eh
rewdlqhg1 Wkh uhvxowv fdq eh vxemhfw wr uhfdoo eldv vlqfh fdvhv dqg frqwurov uhphpehu
ru uhsruw wkhlu wuxh h{srvxuhv zlwk gl�huhqw dffxudf|1 Wkh gdqjhu ri uhfdoo eldv lv hyhq
odujhu zkhq wkh sduwlflsdqwv lq wkh vwxg| duh dvnhg wr uhfdoo li wkh| kdyh ehhq hdwlqj d
fhuwdlq irrg lwhp/ dqg wr pdnh dq hydoxdwlrq ri wkh h{srvxuh +h1j1/ li wkh fklfnhq wkh|
kdyh frqvxphg zdv xqghufrrnhg ru qrw,1 D zhoo0hvwdeolvkhg ulvn idfwru kdv ehhq irxqg
lq d vhulhv ri vwxglhv iurp Juhdw Eulwdlq zhuh kxpdqv zhuh lqihfwhg gxh wr elugv +pdlqo|
pdjslhv, shfnlqj r� wkh vhdov ri plon erwwohv +fi1 Oljkwrq hw do1 +4<<4,,1 Rwkhuzlvh wkh
uhvxowv suhvhqwhg lq sxeolvkhg vwxglhv duh/ dv fdq eh h{shfwhg/ udwkhu gl�xvh1 Ndsshuxg
+4<<8, olvwv lghqwl�hg ulvn idfwruv lq d qxpehu ri fdvh0frqwuro vwxglhv pdgh lq gl�huhqw
frxqwulhv1 Wkh olvw frqwdlqv wudyho deurdg/ hdwlqj fklfnhq/ kdqgolqj udz fklfnhq/ hdwlqj
xqghufrrnhg fklfnhq/ hdwlqj fklfnhq dw eduehfxhv/ hdwlqj srxowu|/ hdwlqj dw eduehfxhv/
gulqnlqj vxuidfh zdwhu/ gulqnlqj xqwuhdwhg zdwhu/ gulqnlqj udz plon/ gulqnlqj udz jrdw*v
plon/ plon erwwohv shfnhg e| pdjslhv/ frqwdfw zlwk fdwv/ suhvhqfh ri d sxss| lq wkh
krxvhkrog1 Wklv eurdg vshfwuxp ri ulvnv fdq eh wdnhq dv dq lqglfdwlrq wkdw wkhuh duh
vhyhudo urxwhv ri wudqvplvvlrq ri fdps|oredfwhu lqihfwlrqv wr kxpdqv1 Gxh wr wkh odujh
vhdvrqdo yduldwlrqv ri +uhsruwhg, fdps|oredfwhu lqihfwlrqv/ lw lv srvvleoh wkdw gl�huhqw
wudqvplvvlrq urxwhv duh rshq dw gl�huhqw wlphv ri wkh |hdu1 Hyhq li Wdx{h +4<<5, fdofxodwhv
wkdw 83 ( ri wkh fdvhv duh dwwulexwdeoh wr frqvxpswlrq ri srxowu| surgxfwv/ wkhuh vhhpv
wr eh qr vlqjoh ulvn idfwru wkdw dffrxqwv iru wkh prvw ri wkh fdvhv1 Ri frxuvh/ lw pd| eh wkh
fdvh wkdw lqihfwlrqv kdyh gl�huhqw fdxvhv lq gl�huhqw vxuurxqglqjv dqg dw gl�huhqw wlphv1

6 Ghvfulswlrq ri wkh gdwd dqg edvlf idfwv derxw wkh uhsruwlqj
v|vwhp

614 Lqflghqfh ri fdps|oredfwhu lqihfwlrqv
Iurp 4<<5 wr 4<<: rq dyhudjh 8 333 fdvhv shu |hdu ri fdps|oredfwhu lqihfwlrqv zhuh
uhsruwhg wr VPL +Wdeoh 4,1 Gxulqj 4<<; dqg 4<<</ wkhuh zdv dq lqfuhdvh lq lqflghqfh1
Lq 4<<;/ lqihfwlrqv dftxluhg lq Vzhghq dqg deurdg erwk lqfuhdvhg dv frpsduhg zlwk wkh
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suhylrxv |hdu1 Krzhyhu/ wkh qxpehu ri grphvwlf fdvhv zdv dw wkh vdph ohyho dv 4<<7 dqg
4<<81 Wkh lqfuhdvh lq lqflghqfh lq 4<<< frpsduhg zlwk 4<<; zdv gxh wr dq lqfuhdvh lq
fdvhv lqihfwhg deurdg1 Wkh pdmru sduw ri wkh uhsruwhg fdvhv ri fdps|oredfwhu lqihfwlrqv
uhodwhg wr shuvrqv wudyhoolqj rxwvlgh ri Vzhghq1 Ehwzhhq 64 ( dqg 79 ( ri wkh fdvhv hdfk
|hdu zhuh lqihfwhg lq Vzhghq dqg wkh uhvw zhuh lqihfwhg deurdg1 Lq wkh iroorzlqj dqdo|vlv/
zh duh rqo| frqvlghulqj lqihfwlrqv wkdw kdyh ehhq dftxluhg lq Vzhghq1
Wdeoh 4= Qxpehu ri uhsruwhg fdvhv ri fdps|oredfwhu lqihfwlrqv lq Vzhghq e| ruljlq ri lq0
ihfwlrq

Sodfh ri \hdu ri uhjlvwudwlrq dw VPL
lqihfwlrq 4<<5 4<<6 4<<7 4<<8 4<<9 4<<: 4<<; 4<<<
Lq Vzhghq 4 786 4 ;58 5 86; 5 884 4 ;48 4 ;5; 5 8;9 5 53<
Deurdg 5 <<; 5 8<3 5 :97 5 ;54 6 464 6 599 6 ;49 7 :<9
Xqnqrzq 57 :3 55: 53; 469 545 475 465
Wrwdo 7 7:8 7 7;8 8 85< 8 8;3 8 3;5 8 639 9 877 : 46:

615 Wkh uhsruwlqj v|vwhp
Wkhuh duh ri frxuvh doo nlqgv ri txdolw| sureohpv dvvrfldwhg zlwk wklv frpsxovru| qrwl�fd0
wlrq v|vwhp1 Hyhq li d glvhdvh lv qrwl�deoh e| odz qrw doo fdvhv duh uhsruwhg surshuo|1 Dq|
dqdo|vlv ri jhrjudsklfdo dqg whpsrudo sdwwhuqv zloo uho| rq wkh suhflvh lqirupdwlrq jlyhq
lq wkh uhsruwv dqg krz wklv lqirupdwlrq lv surfhvvhg dw VPL1

Iurp wkh wlph dq lqglylgxdo lv lqihfwhg wloo d uhsruw ri wkh uhvxowlqj looqhvv hqgv xs lq
wkh uhjlvwhuv dw VPL vhyhudo vwhsv kdyh wr eh sdvvhg1 Iluvw/ wkh lqihfwhg shuvrq kdv wr jr wr
wkh grfwru1 Iru glvhdvhv zlwk plog v|pswrpv/ wklv fdq ohdg wr d vxevwdqwldo xqghuuhsruwlqj
ehfdxvh pdq| lqihfwhg shuvrqv zloo qrw vhhn phglfdo khos1 Wkhq wkh sk|vlfldq kdv wr pdnh
wkh fruuhfw gldjqrvlv/ zklfk pd| eh frq�uphg e| d oderudwru| whvw1 Vxevhtxhqwo| d uhsruw
pxvw eh �oohg lq/ vljqhg/ dqg vhqw wr VPL1 Dw VPL/ wkh uhsruwv duh hqwhuhg lqwr d gdwdedvh1
Iljxuh 4 looxvwudwhv vrph fulwlfdo hyhqwv lq wkh qrwl�fdwlrq v|vwhp1

Infection
Symptoms

Consulting physician
Laboratory testing

Diagnosis
Report to SMI

Registration at SMI

Iljxuh 4= Fulwlfdo hyhqwv lq wkh uhsruwlqj fkdlq

Wkh prvw lqwhuhvwlqj hyhqw lv zkhq wkh sdwlhqw lv lqihfwhg1 Krzhyhu/ lw lv yhu| gl!fxow/
:



riwhq lpsrvvleoh/ wr hvwdeolvk wkh h{dfw wlph wklv hyhqw rffxuv/ hvshfldoo| li wkh glvhdvh
kdv d yhu| orqj lqfxedwlrq shulrg1 Wkh hyhqw forvhvw wr lqihfwlrq lv wkh rqvhw ri glvhdvh/
l1h1/ wkh �uvw wlph zkhq wkh sdwlhqw h{shulhqfhv v|pswrpv ri wkh glvhdvh1 Wkh wlph ri wklv
hyhqw fdq dovr eh gl!fxow wr uhfrqvwuxfw dqg li wkh sk|vlfldq uhsruwlqj wkh fdvh lv xqdeoh
wr hvwlpdwh wkh prvw suredeoh wlph ri rqvhw/ wklv lqirupdwlrq zloo eh plvvlqj lq wkh uhsruw1
Wkh rqo| uholdeoh wlph lq wklv surfhgxuh lv wkh gdwh ri uhjlvwudwlrq/ l1h1/ wkh gdwh zkhq wkh
uhsruw duulyhv wr VPL1

Ri frxuvh wkhuh lv d ghod| lq uhsruwlqj fdvhv1 Lq d uhjlvwhu vwxg| ri 53 vhohfwhg qrwl�deoh
lqihfwlrxv glvhdvhv/ wkh wlph iurp glvhdvh rqvhw wr uhjlvwudwlrq dw VPL zdv h{dplqhg +fi1
Mrupdqdlqhq hw do1 +4<<:,,1 Uhsruwlqj ghod| zdv gh�qhg dv wkh qxpehu ri gd|v ehwzhhq
glvhdvh rqvhw/ l1h1/ vwduw ri v|pswrpv/ dqg wlph ri uhjlvwudwlrq dw VPL1 Wkh phgldq gh0
od| ydulhg ehwzhhq glvhdvhv/ iurp 48 gd|v +phqlqjrfrffdo lqihfwlrq, wr <4 gd|v +dw|slfdo
p|fredfwhulrvhv, dqg zdv jhqhudoo| vkruwhu iru glvhdvhv ri dfxwh w|sh dqg orqjhu iru glv0
hdvhv ri pruh fkurqlf w|sh1 Iru fdps|oredfwhu lqihfwlrqv/ wkh phgldq ghod| lv 4< gd|v
dqg zlwklq 97 gd|v <8 ( ri doo uhsruwv duh uhjlvwhuhg1 Uhsruwv zlwk d ghod| ri ohvv wkdq
rqh gd| ru pruh wkdq rqh |hdu duh frqvlghuhg dv plvfrghg dqg wkhuhiruh h{foxghg iurp
ixuwkhu dqdo|vlv1 Iru wklv uhdvrq 317 ( ri wkh uhsruwv duh h{foxghg iurp wkh dqdo|vlv1

Vlqfh zh duh vwxg|lqj yduldwlrqv ri fdps|oredfwhu lqihfwlrqv lq wlph zh qhhg wr uhodwh
hdfk fdvh zlwk d gdwh1 Wkh wlph ri lqihfwlrq lv zkdw zh dfwxdoo| duh prvw lqwhuhvwhg lq
exw vlqfh wkdw gdwh lv uduho| nqrzq zh kdyh wr xvh dqrwkhu gdwh lqvwhdg1 Wkh forvhvw
nqrzq gdwh wr wkh wlph ri lqihfwlrq lv wkh wlph ri glvhdvh rqvhw1 Ehfdxvh wkh glvhdvh
rqvhw gdwh lv plvvlqj rq vrph ri wkh uhsruwv zh zloo orrvh lqirupdwlrq li zh fkrrvh wklv
dv rxu wlph yduldeoh1 Wkh rqo| gdwh wkdw lv nqrzq iru doo fdvhv lv wkh gdwh ri uhjlvwudwlrq
dw VPL1 Krzhyhu/ ehfdxvh ri wkh uhodwlyho| orqj dqg kljko| glvshuvhg uhsruwlqj ghod| zh
zloo lq wxuq orrvh suhflvlrq li zh xvh wkh gdwh ri uhjlvwudwlrq dv wlph yduldeoh1 Wkhuh duh
phwkrgv/ h1j1/ edfn fdofxodwlrq/ wr hvwlpdwh wkh plvvlqj rqvhw gdwhv iurp wkh uhjlvwudwlrq
gdwhv1 Krzhyhu/ zh zloo/ lq wkh iroorzlqj dqdo|vlv/ xvh wkh gdwh ri rqvhw/ zlwkrxw wu|lqj
wr uhfuhdwh wkh plvvlqj revhuydwlrqv1 Dssur{lpdwho| 44 ( ri wkh uhsruwv zloo eh h{foxghg
iurp wkh dqdo|vlv iru plvvlqj wkh rqvhw gdwh1

616 Djh dqg vh{
Ri wkh 46 3:: lqgljhqrxv fdvhv zlwk lqirupdwlrq derxw gdwh ri rqvhw ehwzhhq 4<<5 dqg
4<<;/ derxw 7: ( duh zrphq1 Wkh djh glvwulexwlrq lv wkh vdph iru phq dqg zrphq zlwk d
kljk lqflghqfh dprqj wkh |rxqjhvw fkloguhq dqg wkh |rxqj dgxowv +53�68 |hduv,/ fi1 Iljxuh
51
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Iljxuh 5= Djh dqg vh{ glvwulexwlrq ri lqflghqfh shu 433 333 shuvrq�|hduv ri uhsruwhg lq0
gljhqrxv fdps|oredfwhu lqihfwlrqv lq Vzhghq 4<<5�4<<;1

Iru dgxowv roghu wkdq 68 |hduv wkh lqflghqfh lv ghfuhdvlqj zlwk lqfuhdvlqj djh1 Qrwdeoh
lv wkh gls lq wkh lqflghqfh fxuyh iru fkloguhq dqg |rxwkv ehwzhhq 8 dqg 53 |hduv1

617 Jhrjudsk|
Wkh jhrjudsklfdo xqlwv ri wkh dqdo|vlv duh frxqwlhv1 Wkhvh duh wkh pdmru dgplqlvwud0
wlyh xqlwv ri Vzhghq1 Wkh frxqwu| lv glylghg lqwr 54 frxqwlhv1 Wkh frxqwlhv rujdqlvh wkh
khdowk fduh zlwklq wkhlu duhd1 Lq hdfk ri wkhvh frxqwlhv/ d frxqw| phglfdo r!fhu +vplwwvn|0
ggvoçnduh, lv uhvsrqvleoh iru wkh orfdo vxshuylvlrq ri lqihfwlrxv glvhdvhv1 Lq Wdeoh 5 wkh
qxpehu ri lqgljhqrxv fdvhv dqg lqflghqfhv shu 433 333 lqkdelwdqwv dqg |hdu gxulqj wkh
shulrg xqghu vwxg| duh jlyhq iru hdfk frxqw|1 Wkh qxpehu ri lqkdelwdqwv lv fdofxodwhg
dv wkh phdq ri wkh qxpehu ri lqkdelwdqwv wkh odvw ri Ghfhpehu hdfk ri wkh |hduv 4<<5
wkurxjk 4<<;1

Wkh lqflghqfh ydulhv ehwzhhq 43 dqg 73 fdvhv shu 433 333 shuvrq0|hduv1 Wkh h{wuhphv
duh Jrwodqg zlwk dq lqflghqfh ri 6<17 dqg Yçupodqg zlwk dq lqflghqfh ri 43171 Iru
prvw frxqwlhv wkh srsxodwlrq vl}h lv txlwh vwdeoh ehwzhhq dqg zlwklq |hduv1 Krzhyhu/ iru
Jrwodqg wklv lv qrw wkh fdvh1 Jrwodqg kdv wkh vpdoohvw srsxodwlrq vl}h/ zlwk rqo| derxw 8;
333 lqkdelwdqwv uhjlvwhuhg1 Jrwodqg lv dovr rqh ri wkh prvw srsxodu frxqwlhv wr ylvlw dv d
wrxulvw dqg pdq| shrsoh olylqj lq rwkhu frxqwlhv lq Vzhghq kdyh wkhlu vxpphukrxvh wkhuh1
Wklv phdqv wkdw wkh dfwxdo srsxodwlrq lq Jrwodqg lv pxfk kljkhu lq vxpphu wkdq lq wkh
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Wdeoh 5= Qxpehu ri lqgljhqrxv fdvhv dqg lqflghqfh shu 433 333 shuvrq0|hduv ri fdps|0
oredfwhu lqihfwlrqv lq Vzhghq/ gdwh ri rqvhw 4<<5�4<<;1 +Iru hljkw ri wkh fdvhv wkh vh{ zdv
xqnqrzq1,

Lqflghqfh shu
Srsxodwlrq Qxpehu ri fdvhv 433 333 shuvrq0|hduv

Frxqw| �43 � Zrphq Phq Wrwdo Zrphq Phq Wrwdo
4 Vwrfnkrop 4 :4: 4 4:4 4 684 5 856 4919 5315 4;17
5 Xssvdod 5;8 57< 559 7:8 5418 5314 531;
6 Vùghupdqodqg 58; 4<3 549 739 4;16 5414 4<1:
7 Ùvwhujùwodqg 746 565 594 7<6 4713 481< 471<
8 Mùqnùslqj 65; 539 473 77: 4819 4;17 4:13
9 Nurqrehuj 4:< 45: 497 5<4 4:1: 551; 5316
: Ndopdu 575 4<9 576 76< 5315 5816 551:
; Jrwodqg 8; ;7 <; 4;5 6913 751; 6<17
< Eohnlqjh 485 ;8 ;9 4:4 4713 4715 4714
43 Vnèqh 4 436 4 473 4 48< 5 635 5816 591; 5914
44 Kdoodqg 59: 544 63; 84< 4<1: 5<13 5716
45 Yçvwud Jùwdodqg 4 7:6 <48 4 453 5 36: 4817 4<15 4:16
46 Yçupodqg 5;6 439 463 569 <16 4419 4317
47 Ùuheur 5:8 4;; 4;5 6:3 491; 491; 491;
48 Yçvwpdqodqg 593 47< 48: 639 4716 4814 471:
49 Gdoduqd 5;< 4<; 53< 73; 4:14 4;15 4:1:
4: Jçyoheruj 5;: 459 477 5:3 431< 4519 441:
4; Yçvwhuqruuodqg 58; 4<3 563 753 4;16 5517 5316
4< Mçpwodqg 468 :< :< 48; 471: 4719 4719
53 Yçvwhuerwwhq 58; 44< 487 5:6 4418 4813 4615
54 Qruuerwwhq 598 46; 546 684 4615 4<1; 4919

Vzhghq ; :;8 9 3<< 9 <:3 46 3:: 4:15 5314 4;19

uhvw ri wkh |hdu1 Wkh dyhudjh qxpehu ri ylvlwruv hdfk |hdu lv dssur{lpdwho| 933 3331 Wklv
lv d frqwulexwlqj fdxvh wr zk| Jrwodqg kdv vr pxfk kljkhu lqflghqfh wkdq rwkhu frxqwlhv1
Dqrwkhu fdxvh pd| eh wkdw wkh jhrorjlfdo frqglwlrqv ri Jrwodqg gl�hu iurp wkh uhvw ri wkh
frxqwu| lq d zd| wkdw lq xhqfh wkh txdolw| ri wkh gulqnlqj zdwhu +fi1 Dqghuvvrq hw do1
+4<<;,,1

Lq Iljxuh 6 wkh frxqwlhv dqg wkhlu lqflghqfhv duh lqglfdwhg rq d pds ri Vzhghq1 Dw
d �uvw jodqfh lw lv qrw hdv| wr glvfhuq dq| jhrjudsklfdo sdwwhuq1 Pd|eh rqh fdq vd| wkdw
wkhuh lv dq ryhu0uhsuhvhqwdwlrq ri vrxwkhuq frxqwlhv dprqj wkrvh zlwk kljkhu lqflghqfh
dqg dq ryhu0uhsuhvhqwdwlrq ri qruwkhuq frxqwlhv dprqj wkrvh zlwk orzhu lqflghqfh1
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Iljxuh 6= Lqflghqfh ri lqgljhqrxv fdps|oredfwhu lqihfwlrqv shu 433 333 shuvrq0|hduv lq
Vzhghq 4<<5 � 4<<;1 Eodfn grwv lqglfdwh wkh uhvlghqwldo flwlhv ri wkh frxqwlhv1
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618 Vhdvrqdolw|
Lq rughu wr vwxg| wkh vhdvrqdolw| ri wkh lqflghqfh ri fdps|oredfwhu lqihfwlrqv zh kdyh
djjuhjdwhg wkh uhsruwhg gdwd rq d zhhno| ohyho1 Zh kdyh fkrvhq wr gh�qh wkh zhhnv dv
frqvhfxwlyh vhyhq gd|v shulrgv iurp Mdqxdu| 4 4<<5 udwkhu wkdq wkh dfwxdo zhhn qxpehu
lq wkh fdohqgdu1 Fkrrvlqj zhhnv dv djjuhjdwlrq ohyho zh gr qrw kdyh wr zruu| derxw wkh
zlwklq0zhhn yduldwlrq wkdw pljkw dsshdu gxh wr/ h1j1/ gl�huhqw hdwlqj kdelwv lq zhhnhqgv
dqg zhhngd|v1 Lq Iljxuh 7 wkh wlph vhulhv ri wkh qxpehu ri uhsruwhg fdps|oredfwhu
lqihfwlrqv lq Vzhghq zhhn e| zhhn gxulqj 4<<5�4<<; lv jlyhq1
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Iljxuh 7= Zhhno| qxpehu ri uhsruwhg fdvhv ri fdps|oredfwhu lqihfwlrq lq Vzhghq 4<<5�
4<<;1

Wkh vhulhv uhyhdov d odujh yduldwlrq lq wkh qxpehu ri fdvhv gxulqj wkh |hdu dqg d udwkhu
vwdeoh |hduo| sdwwhuq1 Wkhuh lv d kljk lqflghqfh shulrg shdnlqj dssur{lpdwho| lq odwh
vxpphu hdfk |hdu1 Wkh h{dfw wlph ri wkh shdn dqg wkh gxudwlrq ri wkh kljk lqflghqfh
shulrg vhhp wr ydu| ehwzhhq |hduv1

Wklv sdwwhuq lv qrw rqo| vhhq lq wkh djjuhjdwhg gdwd exw dovr lq wkh wlph vhulhv iru wkh
vhsdudwh frxqwlhv1 Krzhyhu/ wkh wlph ri wkh shdn dqg wkh gxudwlrq ri wkh kljk lqflghqfh
shulrg ydu| ehwzhhq wkh frxqwlhv1 Wklv lv looxvwudwhg lq Iljxuhv 44/ 45 dqg 46 ehorz1 Wkhuh
wkh zhhno| qxpehu ri fdvhv lv jlyhq iru Vwrfnkrop/ Yçvwhuerwwhq dqg Eohnlqjh wrjhwkhu
zlwk d vprrwk hvwlpdwh ri wkh phdq qxpehu ri uhsruwv1

45



7 D fuxgh dqdo|vlv ri vsdwldo dqg whpsrudo glvwulexwlrq ri fdvhv
Wkh gdwd xvhg lq wkh iroorzlqj dqdo|vlv duh wkh zhhno| qxpehu ri uhsruwhg fdvhv e| gdwh
ri rqvhw lq hdfk ri wkh 54 frxqwlhv1 Wkh wlph vhulhv vwduw zlwk zhhn 9 lq 4<<5 dqg hqg zlwk
zhhn 8 lq 4<<<1 Zh kdyh fkrvhq wr vwduw wkh dqdo|vlv zlwk zhhn 9 pdlqo| iru whfkqlfdo
uhdvrqv1 Wkh vprrwklqj prgho xvhg gh�qhv d |hduo| sdudphwhu iru wkh orzhvw lqflghqfh1
Lw lv wkxv frqyhqlhqw wr uhodwh d fkdqjh ri sdudphwhuv wr wkh wlph zkhq wkh lqflghqfh
lv orzhvw1 Wklv kdsshqv durxqg zhhn 91 Wkh wlph vsdq dqdo|vhg frqvlvwv ri 698 zhhnv1
Dffruglqjo|/ wkhuh duh 698 revhuydwlrqv iru hdfk frxqw|1

Gdwd iurp wkh nqrzq odujh rxweuhdnv +fi1 Vhfwlrq 516, kdyh ehhq prgl�hg wr uh hfw
d vlwxdwlrq zlwk rqo| vsrudglf fdvhv/ l1h1/ wkh dfwxdo uhsruwhg qxpehu ri fdvhv kdv ehhq
vxevwlwxwhg e| d phdq qxpehu ri uhsruwhg fdvhv lq wkh zhhnv ehiruh dqg diwhu wkh rxweuhdn1

Wkh wlph vhulhv ri fdvhv +fi1 Iljxuh 7, vkrz odujh udqgrp yduldwlrqv1 Wr eh deoh wr
glvfhuq gl�huhqfhv dqg wr frpsduh wkh sdwwhuqv lq gl�huhqw frxqwlhv lw lv qhfhvvdu| wr
fdofxodwh vwdwlvwlfv wkdw looxvwudwh wkh lpsruwdqw ihdwxuhv ri wkh uhjxodu sdwwhuqv1 Zh zloo
vwduw e| suhvhqwlqj vrph fuxgh fdofxodwlrqv/ zklfk duh qrw edvhg rq dq| dvvxpswlrqv rq
wkh qdwxuh ri wkh udqgrp yduldwlrqv ru ri wkh irup ri wkh whpsrudo dqg vsdwldo yduldwlrqv1
Wkh sxusrvh ri wkh dqdo|vlv lv wr frpsduh wkh wlph zkhq wkh lqflghqfh shdnv dqg zkhq
wkh kljk lqflghqfh shulrg vwduwv iru wkh gl�huhqw frxqwlhv1

Iru hdfk frxqw| wkh gdwd kdv ehhq djjuhjdwhg rq d |hduo| ohyho1 Wkdw lv wkh qxpehu ri
fdvhv rffxuulqj gxulqj wkh l ��� zhhn zlwklq wkh |hdu lq wkh vhyhq |hduv xqghu lqyhvwljdwlrq
kdyh ehhq vxpphg dqg d phdq qxpehu ri fdvhv shu zhhn kdyh ehhq fdofxodwhg1 Wkh
uhsruwv iurp gl�huhqw |hduv duh djjuhjdwhg wr zhhnv zlwk wkh vdph srvlwlrq zlwklq wkh
|hdu1 Wzr vwdwlvwlfv kdyh ehhq fdofxodwhg1 Wkh �uvw lv wkh qxpehu ri wkh plg0zhhn lq
wkh <0zhhn shulrg +ri frqvhfxwlyh zhhnv, zlwk wkh odujhvw qxpehu ri fdvhv1 Wkh vhfrqg
vwdwlvwlf lv wkh �uvw zhhn zlwklq wkh |hdu ri d frqvhfxwlyh shulrg ri < zhhnv zklfk kdv
dq lqflghqfh odujhu wkdq wkh phdq zhhno| lqflghqfh1 Wkh fdofxodwlrqv duh looxvwudwhg lq
Iljxuh 8 zkhuh wkh <0zhhn prylqj dyhudjh lv jlyhq iru gdwd iurp Vzhghq1 Wkh fxuyh kdv
lwv shhn lq zhhn 64 dqg lw furvvhv wkh olqh lqglfdwlqj wkh phdq qxpehu ri uhsruwv shu zhhn
iru wkh dyhudjh qxpehu ri uhsruwv gxulqj zhhn 4; wr 591

Wdeoh 6 vkrzv wkh uhvxow ri wkh fdofxodwlrqv iru wkh lqglylgxdo frxqwlhv1
D jhqhudo lpsuhvvlrq lv wkdw wkh shdn zhhn rffxuv hduolhu lq wkh vrxwkhuq sduw ri

Vzhghq wkdq lq wkh qruwkhuq sduw1 Wkh vdph vhhpv wr krog iru wkh vwduw ri wkh kljk
lqflghqfh shulrg1 Wklv lpsuhvvlrq lv wr vrph h{whqw frq�uphg e| fdofxodwlrqv ri udqn
fruuhodwlrqv ehwzhhq wkhvh qxpehuv dqg wkh qruwk0vrxwk srvlwlrq ri wkh frxqwlhv1 Wkh
frxqwlhv kdyh ehhq rughuhg dffruglqj wr wkh uhodwlyh srvlwlrqv ri wkhlu uhvlghqwldo flwlhv +fi1
Wdeoh 6,1 Wkh udqn fruuhodwlrq ehwzhhq shhn zhhn dqg wkh uhodwlyh qruwk0vrxwk srvlwlrq ri
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Iljxuh 8= Qlqh0zhhn fhqwhuhg prylqj dyhudjh iru wkh qxpehu ri fdvhv ri fdps|oredfwhu
lqihfwlrq dyhudjhg ryhu |hduv iru Vzhghq1 Wkh vwudljkw olqh lqglfdwhv wkh phdq qxpehu
ri uhsruwhg fdvhv shu zhhn1 Wkh dffhqwxdwhg sduw ri wkh fxuyh vkrzv wkh qlqh0zhhn shulrg
xvhg iru gh�qlqj wkh vwduw ri wkh kljk lqflghqfh shulrg1

wkh frxqw| lv 031751 Wkh udqn fruuhodwlrq iru wkh vwduw ri wkh kljk lqflghqfh shulrg lv 031981
Wkh vhfrqg ri wkhvh udqn fruuhodwlrqv gl�huv vljql�fdqwo| iurp }hur rq wkh 8 ( ohyho/ exw
qrw wkh �uvw +s @ 3=388 dqg s @ 3=3346 uhvshfwlyho|,1

8 Sdudphwulf prghoolqj iru vprrwklqj ryhu wlph
Wkhuh lv hylghqwo| d odujh dprxqw ri udqgrpqhvv dvvrfldwhg zlwk wkh qxpehu ri uhsruwhg
fdvhv1 Lq rughu wr glvfhuq sdwwhuqv dv uhjdugv wr yduldwlrqv zlwklq d |hdu dqg ehwzhhq
|hduv zh zloo kdyh wr vprrwk wkh wlph vhulhv lq d frqyhqlhqw zd|1 Zh zloo khuh gr wklv
e| dsso|lqj d prgho wkdw ghvfulehv krz wkh phdq qxpehu ri fdvhv ydulhv lq wlph dqg
ghvfulehv wkh udqgrp yduldwlrqv durxqg wklv phdq1 Wkh prgho wkdw lv xvhg lv lq pdq|
uhvshfwv yhu| fuxgh1 Lw vkrxog qrw eh uhjdughg dv d uhdolvwlf vwrfkdvwlf prgho exw udwkhu dv
d prgho wkdw surgxfhv d vprrwkhg yhuvlrq ri wkh wlph vhulhv1 E| vwxg|lqj wkh sdudphwhuv
lq wklv vprrwkhg yhuvlrq/ zh pd| jhw d ehwwhu ylhz ri xqghuo|lqj uhjxodulwlhv lq wkh vsuhdg
ri fdps|oredfwhu lqihfwlrqv1

814 Prgho 4 � D prgho edvhg rq Srlvvrq yduldwlrq
Wkh �uvw prgho �wwhg wr wkh gdwd lv rqh edvhg rq Srlvvrq yduldwlrq1 Wklv lv d wudglwlrqdo
zd| ri prghoolqj glvhdvh lqflghqfh gdwd1 Iru d jlyhq zhhn/ wkh qxpehu ri fdvhv lv dvvxphg
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Wdeoh 6= Shdn zhhn dqg vwduw ri kljk lqflghqfh shulrg lq wkh frxqwlhv1 Wkh odvw froxpq
vkrz wkh uhodwlyh udqn ri wkh qruwk0vrxwk +Q0V, srvlwlrq ri wkh uhvlghqwldo flwlhv

Vwduw ri kljk Udqn ri Q0V
Frxqw| Shdn zhhn lqflghqfh shulrg srvlwlrq

4 Vwrfnkrop 64 4< 43
5 Xssvdod 67 4; :
6 Vùghupdqodqg 5: 4: 45
7 Ùvwhujùwodqg 5; 4; 46
8 Mùqnùslqj 63 4; 47
9 Nurqrehuj 64 4; 4:
: Ndopdu 63 4; 4;
; Jrwodqg 5< 4; 49
< Eohnlqjh 5< 49 53
43 Vnèqh 64 4: 54
44 Kdoodqg 65 4< 4<
45 Yçvwud Jùwdodqg 64 4; 48
46 Yçupodqg 66 53 <
47 Ùuheur 63 4: 44
48 Yçvwpdqodqg 5; 4; ;
49 Gdoduqd 65 4; 9
4: Jçyoheruj 64 53 8
4; Yçvwhuqruuodqg 65 53 7
4< Mçpwodqg 65 54 6
53 Yçvwhuerwwhq 64 53 5
54 Qruuerwwhq 65 4< 4

Vzhghq 64 4;

wr iroorz d Srlvvrq glvwulexwlrq zlwk vrph lqwhqvlw| wkdw pljkw ghshqg rq fryduldwhv1
Zkhq wkh glvhdvh lv uduh/ wklv lv riwhq d idlu dvvxpswlrq1 Doorzlqj wkh lqwhqvlw| wr ydu|
ryhu wlph/ zh wu| wr �w d prgho wkdw wdnhv wkh vshfl�f sdwwhuqv vhhq lq wkh gdwd lqwr
dffrxqw1 Wkdw lv/ wkh edvlf ihdwxuhv duh=

� Wkhuh lv d  rz ri fdvhv gxulqj wkh hqwluh |hdu1
� Zlwklq hdfk |hdu wkhuh h{lvwv rqh kljk lqflghqfh shulrg1 Wkh wlph ri wkh shdn pd|
ydu| ehwzhhq |hduv1

� Wkh gxudwlrq ri wkh kljk lqflghqfh shulrg pd| ydu| ehwzhhq |hduv1
� Wkh udwlr ehwzhhq wkh lqflghqfh lq wkh kljk dqg orz lqflghqfh shulrgv pd| ydu|
ehwzhhq |hduv1
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Ohw \� eh wkh qxpehu ri fdvhv gxulqj zhhn m1 Dffruglqj wr wkh dvvxpswlrqv deryh/
wkhvh qxpehuv duh vwrfkdvwlfdoo| lqghshqghqw dqg Srlvvrq glvwulexwhg zlwk lqwhqvlwlhv wkdw
pljkw ghshqg rq wlph1 Wkdw lv=

\� � Sr+�� ,> m @ 4> 5> ===> q
zkhuh q lv wkh qxpehu ri zhhnv vwxglhg1

Wr eh deoh wr fdswxuh wkh ihdwxuhv ghvfulehg deryh zh kdyh fkrvhq wkh iroorzlqj prgho
iru wkh lqwhqvlwlhv +l1h1/ wkh phdq qxpehu ri fdvhv gxulqj d sduwlfxodu zhhn m,=

oq+�� , @ oq+L, . � �
�	� . � �	�

�frv+5�+y� � � �	� ,, . 4
5

� 
���
1 +4,

L lv wkh phdq vl}h ri wkh srsxodwlrq gxulqj wkh hqwluh shulrg +4<<5�4<<;,1 Wkh whup
oq+L, vhuyhv dv qrupdwlrq1 Wkh sxusrvh ri lqfoxglqj L lq wkh prgho lv wr pdnh wkh sd0
udphwhuv frpsdudeoh ehwzhhq frxqwlhv zlwk gl�huhqw srsxodwlrq vl}hv dqg lv rwkhuzlvh
uhgxqgdqw1

Wkh lqgh{ |u vwdqgv iru wkh |hdu wr zklfk zhhn m ehorqjv dqg y� vwdqgv iru wkh uhodwlyh
srvlwlrq ri wkh zhhn zlwklq wkdw |hdu/ l1h1

y� @ m � :
698 � +|u � 4<<5,> |u @ 4<<5> 4<<6> = = = > 4<<;=

Wkh sdudphwhuv � �
�	� ghvfuleh wkh lqflghqfh ri vsrudglf fdvhv gxulqj wkh orz lqflghqfh

shulrg ri wkh |hdu1 Lq idfw/ Lh ����� lv wkh dyhudjh qxpehu ri uhsruwhg fdvhv gxulqj wkh orz
lqflghqfh shulrg1 Lqvwhdg ri kdylqj d mxps ixqfwlrq wkdw fkdqjhv ydoxh iru hdfk |hdu zh
kdyh pdgh wklv h{suhvvlrq vprrwk e| dfwxdoo| xvlqj d sro|qrpldo iru wklv sdudphwhu/ l1h1

� �
��� @ y� � �	� . +4� y� ,� �	����� 1

Wkh h{suhvvlrq

� �	�
�frv+5�+y� � � �	� ,, . 4

5
� 
 ��

ghvfulehv wkh yduldwlrq ri wkh lqflghqfh ryhu d |hdu1 Lw wdnhv lwv kljkhvw ydoxh lq |hdu |u
dw wlph � �	� 1 Dw wkdw wlph wkh lqflghqfh lv h � �� kljkhu wkdq gxulqj d orz lqflghqfh shulrg
wkdw |hdu1 Wkh gxudwlrq ri wkh kljk lqflghqfh shulrg lv uhodwhg wr ��	� 1 D kljk ydoxh jlyhv
d vkruw gxudwlrq dqg d orz ydoxh d orqj gxudwlrq ri wkh kljk lqflghqfh shulrg1 D judsklfdo
looxvwudwlrq vkrzlqj zkdw wkh sdudphwhuv uhsuhvhqwv lv vkrzq lq Iljxuh 91
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Iljxuh 9= Judsklfdo uhsuhvhqwdwlrq ri wkh sdudphwhuv lq wkh prgho

815 Ryhuglvshuvlrq
Lq Prgho 4/ glvfxvvhg lq Vhfwlrq 814/ zh kdyh dvvxphg wkdw wkh qxpehu ri uhsruwhg fdvhv
hdfk zhhn lv Srlvvrq glvwulexwhg1 Wklv dvvxpswlrq fdq eh txhvwlrqhg iru vhyhudo uhdvrqv1
Rqh lpsruwdqw ihdwxuh ri wkh Srlvvrq glvwulexwlrq lv wkdw lwv phdq htxdov lwv yduldqfh/
l1h1/ wkh udwlr ehwzhhq wkh yduldqfh dqg wkh phdq lv 41 D glvwulexwlrq zlwk d udwlr juhdwhu
wkdq 4 lv fdoohg ryhuglvshuvhg1 Wkhuh duh vwurqj uhdvrqv wr eholhyh wkdw dq ryhuglvshuvhg
glvwulexwlrq vkrxog eh pruh dssursuldwh wkdq wkh Srlvvrq glvwulexwlrq1 Ryhuglvshuvhg
glvwulexwlrqv fdq eh prwlydwhg e| wkh suhvhqfh ri

� Plqru rxweuhdnv
Wkh fdps|oredfwhu fdvhv pd| rffxu vlpxowdqhrxv lq vhyhudo shuvrqv gxh wr h{sr0
vxuh wr wkh vdph lqihfwlrxv vrxufh1 Hyhq li zh kdyh glvfdughg uhsruwhg fdvhv iurp
pdmru rxweuhdnv iurp rxu dqdo|vlv/ wkhuh vwloo pd| eh uhsruwhg fdvhv iurp plqru
rxweuhdnv1 Wklv vkrxog lpso| wkdw wkhuh lv ghshqghqfh ehwzhhq fdvhv1 Wkh prvw
qdwxudo dvvxpswlrq lv wkdw wkh qxpehu ri hyhqwv zkhq fdps|oredfwhu lqihfwlrqv duh
wudqvplwwhg lv Srlvvrq glvwulexwhg dqg wkh qxpehu ri shuvrqv lqihfwhg lq vxfk hyhqw
lv d udqgrp1 Wkh qxpehu ri uhsruwhg fdvhv vkrxog lq wkdw fdvh eh prghoohg dv d
vxp ri d Srlvvrq glvwulexwhg qxpehu ri lqghshqghqw udqgrp qxpehu ri fdvhv1 Wklv
zloo |lhog dq ryhuglvshuvhg glvwulexwlrq1

� Vhfrqgdu| fdvhv

4:



Dq lqihfwhg shuvrq pd| vsuhdg wkh lqihfwlrq ixuwkhu wr lqglylgxdov lq wkh qhljk0
erukrrg1 Lw lv riwhq fodlphg lq wkh olwhudwxuh wkdw vxfk vhfrqgdu| lqihfwlrqv duh
xqfrpprq1 D phfkdqlvp ri wklv nlqg zrxog dovr fdxvh vrph fdvhv wr ghshqg rq
hdfk rwkhu dqg lpso| dq ryhuglvshuvhg glvwulexwlrq udwkhu wkdq d Srlvvrq glvwule0
xwlrq1 Dqrwkhu frqvhtxhqfh frxog eh d +vwrfkdvwlf, ghshqghqfh ri revhuydwlrqv lq
vxevhtxhqw zhhnv1

� Ghshqghqw uhsruwlqj
Ghshqghqflhv ehwzhhq uhsruwhg fdvhv fdq dovr eh wkh h�hfw ri wkh uhsruwlqj v|vwhp1
Li wkh uhsruwlqj ri fdvhv lv qrw grqh lqghshqghqwo| exw/ h1j1/ wkh uhsruwlqj phglfdo ri0
�fhu uhsruwv vhyhudo xquhodwhg fdvhv vlpxowdqhrxvo| dq duwl�fldo foxvwhulqj/ dv uhodwhv
uhsruwlqj gdwh/ ri fdvhv rffxuv1 Vlqfh zh kdyh fkrvhq wr xvh wkh gdwh ri wkh rqvhw ri
wkh glvhdvh dv wkh wlph dvvrfldwhg zlwk wkh lqihfwlrq zh kdyh srvvleo| dyrlghg wklv
h�hfw1

� Khwhurjhqhlw|
Dqrwkhu srvvleoh fdxvh ri ryhuglvshuvlrq lv wkdw wkh uhodwlyho| odujh duhdv iru zklfk
wkh gdwd duh suhvhqwhg lq idfw frqvlvw ri vhyhudo vxe0duhdv wkdw kdyh gl�huhqw sdwwhuqv
dv uhjdugv wr wkh whpsrudo yduldwlrq lq wkh qxpehu ri fdps|oredfwhu fdvhv1 Vxfk vxe
duhdv frxog/ h1j1/ eh uxudo dqg xuedq duhdv ru frdvwdo dqg lqodqg sduwv ri d frxqw|1

� Wklqqlqj gxh wr xqghuuhsruwlqj
Lw lv zhoo hvwdeolvkhg wkdw wkh fdps|oredfwhu fdvhv duh vhyhuho| xqghuuhsruwhg1 D
vlpsoh prgho iru xqghuuhsruwlqj lv wkdw hdfk fdvh lv uhsruwhg zlwk d fhuwdlq suredelo0
lw|/ lqghshqghqw ri rwkhu fdvhv ehlqj uhsruwhg1 Wkh revhuyhg vhulhv ri uhsruwhg fdvhv
lv wkhq d wklqqhg yhuvlrq ri wkh vhulhv ri doo fdps|oredfwhu lqihfwlrqv1 D wkhruhwlfdo
dqdo|vlv vkrzv wkdw wklv nlqg ri xqghuuhsruwlqj uhvxowv lq revhuydwlrqv wkdw duh pruh
Srlvvrq0olnh wkdq wkh xqwklqqhg vhulhv1 Wkxv xqghuuhsruwlqj kdv dq rssrvlwh h�hfw
frpsduhg zlwk wkh rwkhu sureohpv phqwlrqhg vlqfh lw zloo pdnh wkh glvwulexwlrq ohvv
ryhuglvshuvhg1

Wr dffrxqw iru ryhuglvshuvlrq/ zh qhhg wr �qg d zd| wr prgho wkh yduldqfh vr lw
lv doorzhg wr eh juhdwhu wkdq wkh phdq1 Wklv fdq eh grqh lq gl�huhqw zd|v/ vhh h1j1/
PfFxoodjk ) Qhoghu +4<;<, ru Klqgh ) Ghpìwulr +4<<;,1

Ohw/ djdlq/ \� / m @ 4> = = = > q/ uhsuhvhqw wkh qxpehu ri revhuydwlrqv zlwklq zhhn m1 \� lv
dvvxphg wr iroorz d Srlvvrq glvwulexwlrq zlwk phdq �� 1 Wkdw lv/ H^\� m �� ` @Ydu^\� m �� ` @
�� 1 Rqh zd| ri prghoolqj h{wud yduldwlrq lv wr vlpso| dvvxph d frqvwdqw ryhuglvshuvlrq
dqg uhsodfh wkh yduldqfh ixqfwlrq zlwk
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Ydu^\� m �� ` @ !�� 1
Dqrwkhu zd| lv wr dvvxph wkdw wkh sdudphwhu lwvhoi/ lq wkh Srlvvrq glvwulexwlrq/ iroorzv

d udqgrp glvwulexwlrq1 Wklv fdq iru h{dpsoh eh prwlydwhg e| khwhurjhqhlw| zlwklq wkh
srsxodwlrq ru foxvwhulqj1 D frpprqo| xvhg dssurdfk dvvxphv d Jdppd glvwulexwlrq iru
wkh �� 1 Wklv ohdgv wr d Qhjdwlyh elqrpldo glvwulexwlrq iru \� 1

Wkh uhodwlrqvkls ehwzhhq wkh phdq dqg wkh yduldqfh lq wkh Qhjdwlyh elqrpldo glvwule0
xwlrq fdq hdvlo| eh ghulyhg lq wkh iroorzlqj zd|1 Li zh ohw �� eh Jdppd+�� > �, glvwulexwhg/
zlwk d sdudphwhulvdwlrq vxfk wkdw

H ���
� @ ��

� dqg Ydu ���
� @ ��

� � 1
Wkhq

H ^\� ` @ H �H �\� m ��
�� @ H ���

� @ ��
�

Ydu ^\� ` @ H �Ydu �\� m ��
��.Ydu �H �\� m ��
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@ H ���
�.Ydu ���

�

@ ��
� . ��

� �
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�

�

4 . 4
�
�

1 +5,

Wkh idfwru +4 . 4@�, lq +5, phdvxuhv wkh ryhuglvshuvlrq1 Zkhq wklv idfwru lv xqlw|/
wkhuh lv qr ryhuglvshuvlrq1

Wkh fkrlfh ri wkh zd| wr prgho wkh ryhuglvshuvlrq vkrxog eh vxemhfw wr wkh xqghuo|lqj
surfhvv jhqhudwlqj wkh gdwd1 Wkh Qhjdwlyh elqrpldo glvwulexwlrq kdyh wkh vdph phdq
ydoxh vwuxfwxuh exw gl�huhqw yduldqfh vwuxfwxuh wkdq wkh Srlvvrq glvwulexwlrq1 Xvlqj wkh
Srlvvrq prgho/ zh h{shfw wkh vdph sdudphwhu hvwlpdwhv exw xqghuhvwlpdwhg yduldqfh1

Wr vhh zkhwkhu lw lv qhfhvvdu| wr lqfrusrudwh d glvshuvlrq sdudphwhu lq wkh prgho rqh
fdq fkhfn wkh Srlvvrq prgho dvvxpswlrq e| fdofxodwlqj wkh Shduvrq " � 0vwdwlvwlf=

[ � @
�
[

��� �

�|� � a��
�
�

a��
1

Li wkh revhuydwlrqv duh lq idfw Srlvvrq glvwulexwhg wklv vwdwlvwlf vkrxog eh dssur{lpdwho|
" � glvwulexwhg dqg dssur{lpdwho| htxdo wr q1 Wkh glvshuvlrq fdq eh hvwlpdwhg e| [ � @q1
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Wkh hvwlpdwhg glvshuvlrq lv vkrzq lq Wdeoh 7 iru lqglylgxdo frxqwlhv dqg djjuhjdwhg gdwd
iru Vzhghq1 Gxh wr khwhurjhqhlw| wkh ryhuglvshuvlrq iru Vzhghq lv/ dv h{shfwhg/ odujhu
wkdq iru wkh lqglylgxdo frxqwlhv1

816 Prgho 5 � Wkh Qhjdwlyh elqrpldo prgho
Wkh ulvn ri ehlqj lqihfwhg zlwk Fdps|oredfwhu lv suredeo| qrw htxdo dfurvv wkh frxqwu|1
Rqh fdq lpdjlqh gl�huhqfhv ehwzhhq uxudo dqg xuedq duhdv dv zhoo dv frdvwdo dqg lqodqg
duhdv1 Foxvwhulqj fdq rffxu iurp plqru rxweuhdnv dqg wkh srvvlelolw| ri shuvrq wr shuvrq
wudqvplvvlrq ri wkh lqihfwlrq1 Dowkrxjk zh kdyh wulhg wr uhpryh wkh pdmru rxweuhdnv
iurp wkh gdwd lw lv lpsrvvleoh wr lghqwli| wkh plqru rxweuhdnv1 Dv suhylrxvo| phqwlrqhg/
vhfrqgdu| fdvhv duh xqfrpprq dffruglqj wr wkh olwhudwxuh exw fdq vwloo rffxu1 Doo wkhvh
idfwruv fdq lqgxfh ryhuglvshuvlrq1

Ehfdxvh ri wkh uhdvrqv phqwlrqhg lq wkh suhylrxv vhfwlrq dqg vlqfh wkhuh lv hylghqfh
vxjjhvwlqj ryhuglvshuvlrq +fi1 Wdeoh 7,/ zh kdyh fkrvhq wkh Qhjdwlyh elqrpldo dssurdfk/
ghvfulehg lq Vhfwlrq 815/ wr h{whqg rxu prgho wr dffrxqw iru ryhuglvshuvlrq1 Wkdw lv/ wkh
prgho fdq qrz eh irupxodwhg dv

\� m �� � Sr+�� ,> m @ 4> 5> ===> q�

zkhuh

�� � Jdppd+�� > �,1
Htxdwlrq +4, lv fkdqjhg dffruglqjo| wr

oq+�� , @ oq+�, . oq+L, . � �
�	� . � �	�

�frv+5�+y� � � ��� ,, . 4
5

� 
���
1 +6,

Wkh qxpehu ri fdvhv zlwklq d zhhn m lv vwloo dvvxphg wr iroorz d Srlvvrq glvwulexwlrq
lqlwldoo| exw h{wud yduldwlrq lv doorzhg iru e| dvvxplqj wkdw wkh phdq ydoxh sdudphwhu ��
lq wkh Srlvvrq glvwulexwlrq lv udqgrp1 E| dvvxplqj d Jdppd glvwulexwlrq iru �� zh hqg
xs zlwk d Qhjdwlyh elqrpldo glvwulexwlrq iru wkh qxpehu ri fdvhv shu zhhn1

Wkh phdq ri wkh Qhjdwlyh elqrpldo prgho lv wkh vdph dv lq wkh Srlvvrq prgho exw
qrz h{suhvvhg lq wkh sdudphwhuv �� dqg � dv

H ^\� ` @ ��
�

dqg wkh yduldqfh lv
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817 Sulru glvwulexwlrqv
Hvwlpdwlrq ri sdudphwhuv lv grqh zlwklq d Ed|hvldq vhwwlqj xvlqj Pdunry fkdlq Prqwh
Fduor phwkrgv dv ghvfulehg lq Vhfwlrq :1 Wklv phdqv wkdw zh zloo dsso| sulru glvwulexwlrqv
wr wkh sdudphwhuv dqg xvh wkh phdqv ri wkh srvwhulru glvwulexwlrqv dv sdudphwhu hvwlpdwhv1
Li wkh sulru glvwulexwlrqv duh ydjxh hqrxjk/ wkh srvwhulru glvwulexwlrqv zloo hvvhqwldoo|
ghshqg rq wkh gdwd1 Wkh iroorzlqj sulru glvwulexwlrqv zdv xvhg iru Prgho 5 lq wkh �qdo
vlpxodwlrqv=

� � Q �3> � �� @ 4333�
� � Xqlirup +3> 4,
� � Jdppd +3=334> 3=3338,
� � Jdppd +3=334> 3=334,
� � Jdppd +3=334> 3=34,

9 Jhrjudsklf prghoolqj
Xqwlo qrz/ wkh prghov glvfxvvhg kdyh rqo| uhjdughg wkh djjuhjdwhg gdwd iru wkh zkroh
frxqwu|1 Krzhyhu/ zkhq zh orrn dw lqglylgxdo frxqwlhv/ zh fdq vwloo vhh glvwlqfw sdwwhuqv
lq wkh wlph vhulhv ri uhsruwhg fdvhv1

Frxqw| zlvh/ wkh sureohp ri ryhuglvshuvlrq lv ohvv wkdq zkhq wkh gdwd duh djjuhjdwhg
iru wkh zkroh frxqwu|1 Wklv fdq sduwo| eh h{sodlqhg e| wkdw wkhuh vkrxog eh ohvv khwhur0
jhqhlw| zkhq wkh gdwd duh qrw djjuhjdwhg1 Wkdw lv/ wkh yduldwlrq lv juhdwhu ehwzhhq wkdq
zlwklq frxqwlhv1 Krzhyhu/ fdofxodwlrqv ri wkh Shduvrq vwdwlvwlf iru hdfk frxqw| vwloo vxjjhvw
wkdw wkhuh lv ryhuglvshuvlrq suhvhqw zkhq gdwd duh dqdo|vhg e| frxqw|1 Wkh ryhuglvshuvlrq
vhhpv wr eh odujhu iru frxqwlhv zlwk odujhu srsxodwlrq1 Wkh uhvxowv iurp wkh fdofxodwlrqv/
wrjhwkhu zlwk wkh hvwlpdwhg ryhuglvshuvlrq/ +4 . 4@�,> iurp wkh Qhjdwlyh elqrpldo prgho/
duh suhvhqwhg lq Wdeoh 71 Dv h{shfwhg/ wkh hvwlpdwhv ri wkh glvshuvlrq sdudphwhu iurp wkh
Shduvrq vwdwlvwlf dqg wkh Qhjdwlyh elqrpldo prgho duh forvh wr hdfk rwkhu1

Zh kdyh fkrvhq wr xvh wkh Qhjdwlyh elqrpldo prgho +Prgho 5, lq rxu frqwlqxhg dqdo|vlv
ri wkh frxqw| zlvh gdwd1 Wkh frvw ri dgglqj dq h{wud sdudphwhu lq wkh prgho lv zhoo
prwlydwhg e| wkh jdlq lq suhflvlrq dqg prgho �w1
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Wdeoh 7= Ryhuglvshuvlrq> dv phdvxuhg e| wkh Shduvrq vwdwlvwlf dqg hvwlpdwhg iurp wkh Qhj0
dwlyh elqrpldo +QE, prgho

Shduvrq Hvwlpdwhg iurp
Frxqw| " � �vwdwlvwlf wkh QE prgho

4 Vwrfnkrop 41:8:4 41;635
5 Xssvdod 413<76 4135;5
6 Vùghupdqodqg 414849 4147<5
7 Ùvwhujùwodqg 415;45 413685
8 Mùqnùslqj 4175;9 415<48
9 Nurqrehuj 31<:4: 413489
: Ndopdu 414978 413744
; Jrwodqg 414<7< 41363:
< Eohnlqjh 4146;7 413639
43 Vnèqh 418<<7 419466
44 Kdoodqg 4169<9 4157<7
45 Yçvwud Jùwdodqg 418:7; 4176<;
46 Yçupodqg 41373; 4135:;
47 Ùuheur 4139:: 413693
48 Yçvwpdqodqg 413:<5 4136<9
49 Gdoduqd 414356 413757
4: Jçyoheruj 415973 4148<3
4; Yçvwhuqruuodqg 417;67 415;44
4< Mçpwodqg 414988 41493;
53 Yçvwhuerwwhq 417689 417353
54 Qruuerwwhq 413845 4136<<

Vzhghq 51<687 613<5:

Ilwwlqj wkh prgho iru wkh lqglylgxdo frxqwlhv fdq vlpso| eh grqh e| vxevwlwxwlqj wkh
gdwd iru wkh zkroh frxqwu| e| hdfk frxqw|*v gdwd uhvshfwlyho|1 Wklv zloo jlyh xv/ iru hdfk
frxqw|/ sdudphwhu hvwlpdwhv zklfk wkhq fdq eh frpsduhg lq vrph zd|1 Dqrwkhu zd| lv
wr h{whqg wkh prgho wr lqfrusrudwh d jhrjudsklf frpsrqhqw e| vlpso| dgglqj dq h{wud
lqgh{ rq doo sdudphwhuv1 Zh kdyh xvhg wklv odwwhu dssurdfk ehfdxvh/ dv zh zloo vhh/ lw lv
wkhq hdv| wr prgli| wkh prgho wr dffrxqw iru ghshqghqflhv ehwzhhq wkh frxqwlhv1 Dqrwkhu
dgydqwdjh lv wkdw zh rqo| qhhg wr �w rqh prgho lqfoxglqj doo frxqwlhv lqvwhdg ri 54 vhsdudwh
prghov1 Lq wklv vhwwlqj wkh frxqwlhv duh dvvxphg wr eh lqghshqghqw ri hdfk rwkhu1 Prgho
5 fdq qrz eh h{suhvvhg dv=

\ � � � Sr+� � � ,> l @ 4> 5> = = = >p> m @ 4> 5> ===> q
zkhuh l lv lqgh{lqj wkh p frxqwlhv dqg
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� � � � Jdppd+� � � > � � ,1
Wkh ixqfwlrqdo irup ghvfulelqj wkh phdq qxpehu ri fdvhv hdfk zhhn m lv wkhq=

oq+� � � , @ oq+� � , . oq+L � , . � �
� � �	� . � � � �	�

�frv+5�+y� � � � � �	� ,, . 4
5

� 
�!#" ��
1

914 Sulru glvwulexwlrqv
Xvlqj wkh vdph sulru glvwulexwlrqv iru wkh lqglylgxdo frxqwlhv dv iru wkh zkroh frxqwu| zdv
qrw srvvleoh1 Pdnlqj wkh sulruv wrr ydjxh fdxvhg wkh vlpxodwlrq wr vorz grzq frqvlghudeo|
dqg lq prvw fdvhv frqyhujhqfh zdv qrw uhdfkhg1 Wkh sureohpv rffxuuhg pdlqo| iru wkh
sdudphwhuv � dqg �1 Lq rughu wr eh deoh wr uxq wkh vlpxodwlrqv/ wkh sulru glvwulexwlrqv
iru wkrvh sdudphwhuv kdg wr eh pdgh pruh ydjxh1 Wkh sdudphwhuv kdg wkh iroorzlqj sulru
glvwulexwlrqv lq wkh �qdo vlpxodwlrqv=

� � Q �3> � �� @ 4333�
� � Xqlirup +3> 4,
� � Jdppd +7> 5,
� � Jdppd +3=6> 3=6,
� � Jdppd +3=334> 3=34,

Iru frxqwlhv zlwk d odujh dprxqw ri gdwd ru zlwk d vwurqj vwuxfwxuh lq wkh revhuyhg
lqflghqfh wkh gdwd grplqdwhv wkh sulru1 Krzhyhu/ iru frxqwlhv zlwk ohvv gdwd/ wkh sulru
glvwulexwlrqv pljkw vwurqjo| lq xhqfh wkh sdudphwhu hvwlpdwhv1 Wkh sureohp ri kdylqj d
wrr lqirupdwlyh sulru glvwulexwlrq zloo eh pruh vhyhuh iru wkh wdlov wkdq iru wkh fhqwhu ri
wkh glvwulexwlrq1 Vlqfh zh duh pdlqo| irfxvlqj rq wkh hvwlpdwhv ri wkh sdudphwhuv/ dqg qrw
rq wkh yduldqfhv/ zh kdyh fkrvhq wr vhw wkh phdq ri wkh sulru glvwulexwlrqv wr eh/ lq vrph
vhqvh/ sodxvleoh dqg frqvhuydwlyh1 Wkh sulru phdq iru � lv vhw wr wzr/ vxjjhvwlqj wkdw wkh
shdn lqflghqfh lv h{si5j � : wlphv odujhu wkdq wkh edvlf orz lqflghqfh1 Iru � wkh sulru
phdq lv vhw wr rqh/ pdnlqj wkh dvvxpswlrq wkdw wkh kljk lqflghqfh shulrg lv dv orqj dv
wkh orz lqflghqfh shulrg1 Wkh dvvxphg phdqv iru � dqg � duh dfwxdoo| qrw idu iurp wkh
hvwlpdwhg qdwlrqdo phdq ri wkhvh sdudphwhuv1
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915 Prgho 6 � Vsdwldo vprrwklqj
Zkhq zh vsolw wkh gdwd e| frxqwlhv wkh dprxqw ri lqirupdwlrq/ shu sdudphwhu wr eh
hvwlpdwhg/ lv uhgxfhg1 Dovr/ frxqwlhv zlwk vpdoo srsxodwlrq vl}hv zloo gxulqj prvw zhhnv
kdyh rqo| ihz ru qr fdvhv1 Lw lv olnho| wkdw h{wuhph revhuydwlrqv zloo rffxu mxvw e| fkdqfh
dqg wklv zloo lq xhqfh wkh sdudphwhu hvwlpdwhv1 Iru frxqwlhv zlwk d vpdoo srsxodwlrq
vl}h h{wuhph revhuydwlrqv fdq hdvlo| rffxu mxvw e| fkdqfh exw dovr iurp plqru rxweuhdnv
rqo| lqyroylqj d ihz fdvhv zklfk fdq eh kdug wr ghwhfw e| wkh uhsruwlqj v|vwhp1 Zh fdq
sduwo| ryhufrph wklv sureohp e| vprrwklqj h{wuhph revhuydwlrqv wrzdugv vrph ixqfwlrq
ri wkh revhuydwlrqv iru rwkhu frxqwlhv1 Wklv fdq eh grqh lq vhyhudo zd|v1 Zh duh khuh rqo|
orrnlqj dw d frxsoh ri srvvlelolwlhv exw rwkhuv duh hdvlo| lpdjlqhg1

Dvvxplqj wkdw doo frxqwlhv kdyh vrph ihdwxuh/ uhjduglqj wkh  rz ri fdvhv/ lq frpprq/
h1j1/ wkh vdph edvholqh lqflghqfh ri vsrudglf fdvhv/ h{wuhph orfdo revhuydwlrqv frxog eh
vprrwkhg wrzdugv vrph joredo phdq iru doo rwkhu frxqwlhv1 Wkdw lv/ li rqh frxqw| h{shul0
hqfhv d pxfk kljkhu edvholqh lqflghqfh rqh |hdu/ lw lv vprrwkhg wrzdugv wkh phdq ri doo
rwkhu frxqwlhv* edvholqh lqflghqfhv wkdw |hdu1 Wklv lv vrphwlphv uhihuuhg wr dv xqvwuxfwxuhg
vprrwklqj1

Li zh eholhyh wkdw wkhuh lv d jhrjudsklf frpsrqhqw lqyroyhg lq wkh glvwulexwlrq ri fdvhv
zh fdq wu| wr lqfrusrudwh wklv lq wkh prgho1 Wkdw lv/ jhrjudsklfdoo| forvh frxqwlhv duh
dvvxphg wr kdyh vlplodu sdudphwhu ydoxhv1 Lq wklv fdvh/ hdfk frxqw|*v lqflghqfh lv vkuxqn
wrzdugv wkh phdq ri wkh qhljkerulqj frxqwlhv* lqflghqfhv1 Wklv lv wkhq uhihuuhg wr dv
vsdwldoo| vwuxfwxuhg vprrwklqj1

Wkh lghd/ lq erwk fdvhv/ lv wr sxqlvk h{wuhph revhuydwlrqv wkdw pljkw kdyh dulvhq mxvw
e| fkdqfh1 Lq wklv zd|/ frxqwlhv zlwk ihz fdvhv fdq/ lq vrph vhqvh/ eruurz lqirupdwlrq
iurp rwkhu frxqwlhv wr srvvleo| jhw ehwwhu hvwlpdwhv ri wkhlu wuxh sdudphwhu ydoxhv1

Ri frxuvh/ dq| rqh ri wkh sdudphwhuv lq wkh prgho frxog eh vxemhfw wr vprrwklqj1 Lq
idfw/ rqh srvvlelolw| lv wr vprrwk rq doo sdudphwhuv vlpxowdqhrxvo|1 Krzhyhu/ dv d vwduw
zh kdyh fkrvhq wr orrn dw rqo| rqh sdudphwhu1 Wkh pdlq uhdvrqv iru wklv duh wkh hdvlhu
xqghuvwdqglqj dqg dovr wr vdyh frpsxwdwlrqdo wlph1 Lw zrxog/ ri frxuvh/ eh pruh gl!fxow
wr vwxg| wkh h�hfwv ri vprrwklqj li zh zhuh vprrwklqj vhyhudo sdudphwhuv dw wkh vdph
wlph/ hvshfldoo| li wkh sdudphwhuv duh fruuhodwhg lq vrph vhqvh1 Dovr/ vprrwklqj rq vhyhudo
sdudphwhuv zrxog lqfuhdvh wkh frpsoh{lw| ri wkh prgho dqg khqfh suredeo| uhtxluh khdylhu
vlpxodwlrqv wr hvwlpdwh wkh sdudphwhuv1

Zh kdyh irfxvhg rq vprrwklqj rq wkh sdudphwhu � � � �	� / ghvfulelqj wkh wlph ri wkh shdn
ri wkh kljk lqflghqfh shulrg iru frxqw| l lq |hdu |u1 Uhdvrqv iru fkrrvlqj wklv sdudphwhu
lv wkdw lw lv hdv| wr lqwhusuhw dqg dovr wkdw lw lv lqwhuhvwlqj wr vwxg| iurp d sudfwlfdo srlqw
ri ylhz1
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Wr dfklhyh d vprrwkhg hvwlpdwh ri � � � �	� / zh fkdqjh wkh sulru glvwulexwlrq iurp dq
xqlqirupdwlyh Xqlirup glvwulexwlrq wr dq lqirupdwlyh Ehwd glvwulexwlrq1 Wkh uhdvrq iru
fkrrvlqj d Ehwd glvwulexwlrq lv wkdw zh qhhg d  h{leoh glvwulexwlrq olplwhg rq wkh lqwhuydo
+3> 4,/ suhyhqwlqj hvwlpdwlrq rq wkh zurqj |hdu1 Lq rughu wr vprrwk xvlqj lqirupdwlrq
iurp rwkhu frxqwlhv/ wkh Ehwd glvwulexwlrq vkrxog kdyh d phdq dqg d yduldqfh ghshqglqj
rq wklv lqirupdwlrq1 Zh fdq irupxodwh doo wklv lq wkh iroorzlqj zd|=

Wkh sulru glvwulexwlrq iru � � � �	� lv qrz

� � � �	� � Ehwd+u> v,1
Wkh sdudphwhuv u dqg v duh fkrvhq vr wkdw
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lv d zhljkw pdwul{ zlwk hqwulhv z � � uhsuhvhqwlqj wkh zhljkw wkdw frxqw| m kdv rq frxqw| l1
Khqfh/ wklv lpsolhv wkdw / �� $ � � �	� lv wkh zhljkwhg dyhudjh ri doo rwkhu frxqwlhv* � ydoxhv1 Qrwh
wkdw Z lv qrw qhfhvvdulo| v|pphwulf1 Lq zrugv wklv phdqv wkdw frxqw| m kdv d gl�huhqw
lq xhqfh rq frxqw| l wkdq frxqw| l kdv rq frxqw| m1

Wkh sdudphwhu � � uhsuhvhqwv wkh ryhudoo yduldqfh ri wkh vprrwklqj ixqfwlrq dqg lv lq
wklv vhwwlqj dvvxphg wr eh htxdo dfurvv frxqwlhv1 Wklv sdudphwhu ghwhuplqhv wkh ghjuhh
ri vprrwklqj ehwzhhq wkh frxqwlhv1 Vpdoohu ydoxhv ri � � lqfuhdvh wkh lq xhqfh iurp wkh
rwkhu frxqwlhv dqg khqfh jlyhv d pruh vprrwkhg pds1

Wkh Ehwd glvwulexwlrq lv sdudphwhulvhg lq d zd| wkdw

H ^� � � �	� ` @ u
u . v dqg

Ydu ^� � � �	� ` @ uv
+u. v, � +u . v. 4,
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zklfk lpsolhv wkdw u dqg v vkrxog eh vhw wr
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uhvshfwlyho|1
91514 Fkrrvlqj d zhljkw pdwul{
Wkh zhljkw pdwul{ gh�qhv wkh pxwxdo lq xhqfh wkh frxqwlhv kdyh rq hdfk rwkhu1 Li doo
zhljkwv duh vhw wr }hur wkh frxqwlhv duh dvvxphg wr eh vsdwldoo| lqghshqghqw1 Rq wkh rwkhu
kdqg/ li doo zhljkwv duh htxdo dqg odujhu wkdq }hur/ doo frxqwlhv duh h{shfwhg wr kdyh wkh
vdph phdq dqg doo hvwlpdwhv duh vkuxqn wrzdugv wkdw joredo phdq1 Lw lv hdv| wr wklqn ri
rwkhu vwuxfwxuhv doorzlqj iru gl�huhqw nlqgv ri vsdwldo ghshqghqflhv1 Zh kdyh fkrvhq wr
orrn dw wzr vshfl�f dowhuqdwlyhv ri zhljkw pdwulfhv1
91515 Prgho 614 � Qhljkeruv
Wkh �uvw dowhuqdwlyh iru d zhljkw pdwul{ dvvxphv wkdw wkh sdudphwhu ri lqwhuhvw iru rqh
vshfl�f frxqw| ghshqgv rq wkh fruuhvsrqglqj sdudphwhu iru qhljkerulqj frxqwlhv1 Lq wklv
vhwwlqj/ wzr frxqwlhv duh vdlg wr eh qhljkeruv li wkh| vkduh d frpprq erughu1 Wkhuh duh
h{fhswlrqv olnh wkh lvodqg Jrwodqg zkr grhv qrw lq d vwulfw vhqvh vkduh d erughu zlwk dq|
frxqw| vlqfh lw lv vxuurxqghg e| zdwhu1 Jrwodqg kdv dv lwv qhljkeruv wkh irxu frxqwlhv
o|lqj rq wkh hdvw frdvw ri wkh sduw ri wkh pdlqodqg o|lqj forvhvw wr Jrwodqg1 Wkh zhljkwv
lq wkh zhljkw pdwul{ lv gh�qhg/ lq wklv vhwwlqj/ e|=

z � � @
+ 4 li frxqw| l dqg m duh qhljkeruv

3 rwkhuzlvh =

Lw lv hdv| wr frq�up wkdw wkh h{shfwhg ydoxh ri wkh sulru glvwulexwlrq iru � � lv wkh
dulwkphwlf dyhudjh ri wkh qhljkerulqj frxqwlhv* � ydoxhv dqg wkdw wkh yduldqfh lv sursru0
wlrqdo wr wkh uhflsurfdo ri wkh qxpehu ri qhljkeruv1 Wkh pruh lqirupdwlrq zh kdyh derxw
wkh vxuurxqglqj duhdv/ l1h1/ wkh pruh qhljkerulqj frxqwlhv zh kdyh/ wkh vpdoohu wkh ydul0
dqfh ri wkh sulru glvwulexwlrq1 Lq Dsshqgl{ E wkh zhljkw pdwul{ vkrzlqj wkh qhljkerulqj
vwuxfwxuh lv suhvhqwhg1
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91516 Prgho 615 � Zhljkwv gh�qhg e| glvwdqfhv
Wkh vhfrqg fkrlfh ri zhljkw pdwul{ dvvxphv wkdw doo frxqwlhv ghshqg rq hdfk rwkhu lq d
gluhfw zd|1 Khuh wkh zhljkwv duh sursruwlrqdo wr vrph ixqfwlrq ri wkh glvwdqfh ehwzhhq wkh
frxqwlhv1 Frxqwlhv wkdw duh idu dsduw kdyh orzhu lq xhqfh rq hdfk rwkhu wkdq frxqwlhv wkdw
duh forvh1 Ghshqglqj rq wkh glvhdvh dqg lwv dhwlrorj|/ wkhuh duh pdq| zd|v ri phdvxulqj
wkh glvwdqfh ehwzhhq wzr frxqwlhv1 Li wkh glvhdvh lv vsuhdg iurp pdq wr pdq/ rqh frxog
gh�qh wkh glvwdqfh ehwzhhq wzr frxqwlhv dv vrph phdvxuh ri wkh  rz ri shrsoh wudyhoolqj
ehwzhhq wkh frxqwlhv1 Wklv frxog/ h1j1/ eh uhdolvwlf iru d glvhdvh olnh lq xhq}d1 Dqrwkhu
glvwdqfh frxog eh wkh qxpehu ri erughuv rqh kdv wr furvv wr jhw iurp rqh frxqw| wr dqrwkhu1
Lq wklv fdvh wkh ghshqghqfh zloo glplqlvk zlwk wkh glvwdqfh lq vrph vhqvh1 Wklv dssurdfk
zrxog qrw frqvlghu wkh vl}h ri wkh frxqwlhv1 D wklug glvwdqfh/ wkh dssurdfk zh kdyh fkrvhq/
lv wkh Hxfolgldq glvwdqfh ehwzhhq wkh frxqwlhv1 Wklv glvwdqfh uhvhpeohv wkh suhylrxv rqh
exw zloo wdnh wkh vl}hv ri wkh frxqwlhv lqwr dffrxqw1 Lw lv krzhyhu/ qrw wulyldo wr gh�qh
wkh Hxfolgldq glvwdqfh ehwzhhq wzr frxqwlhv1 Wkhuh duh vhyhudo srvvlelolwlhv vxfk dv wkh
glvwdqfh ehwzhhq wkh jhrjudsklfdo plg0srlqwv ri wkh frxqwlhv ru ehwzhhq wkh jhrjudsklfdo
phdqv ri wkh srsxodwlrq ghqvlwlhv1 Erwk ri wkhvh plg0srlqwv duh gl!fxow wr hvwdeolvk dqg
wkh jdlq ri �qglqj wkhp pljkw qrw eh zruwkzkloh wkh h�ruw1 Zh kdyh lqvwhdg fkrvhq wkh
Hxfolgldq glvwdqfh ehwzhhq wkh uhvlghqwldo flwlhv lq wkh frxqwlhv1 Lq prvw frxqwlhv +exw
qrw doo, wkh uhvlghqwldo flw| fdq eh ylhzhg dv wkh prgh ri wkh srsxodwlrq ghqvlw|1 Wkh
zhljkwv duh fdofxodwhg lq wkh iroorzlqj zd|1 Iluvw wkh orqjlwxgh2odwlwxgh srvlwlrq ri wkh
uhvlghqwldo flwlhv lv hvwdeolvkhg1 Hdfk ghjuhh ri orqjlwxgh dqg odwlwxgh lv dssur{lpdwho|
83 np dqg 443 np uhvshfwlyho| lq Vzhghq1 Diwhu wkh glvwdqfh lq orqjlwxgh dqg odwlwxgh
kdv ehhq wudqviruphg wr nlorphwhuv wkh Hxfolgldq glvwdqfh lv fdofxodwhg xvlqj S|wkdjrudv*
wkhruhp1 Wkh zhljkwv duh wkhq vlpso| wkh uhflsurfdo ri wkh glvwdqfhv1 Lq rughu wr dyrlg
fdofxodwlqj wkh qrupdwlrq frqvwdqw/ �S�&%�'� z � �

�
�
/ lq wkh vlpxodwlrq/ zh wkhq fkrvh wr qrup

wkh zhljkwv vxfk wkdw
[

�&%�'�
z � � @ 4=

Dv phqwlrqhg deryh wkhuh duh rwkhu srvvlelolwlhv ri zhljkw pdwulfhv1 Proolì +4<<9,
vwxg| krz wkh uhodwlyh ulvn ri ghdwk iurp d uduh glvhdvh ydu| ehwzhhq <7 jhrjudsklf duhdv
+gìsduwhphqwv, lq Iudqfh1 Lq wkdw vwxg| vkh xvhv dq lqwhuphgldwh/ vr fdoohg %frqyroxwlrq
Jdxvvldq%/ glvwulexwlrq rq orj uhodwlyh ulvnv wr dffrpprgdwh erwk dq xqvwuxfwxuhg sulru
dqg d sxuho| vsdwldoo| vwuxfwxuhg sulru1
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91517 Fkrrvlqj d sulru glvwulexwlrq iru � �

Wkh Ehwd glvwulexwlrq kdv vrph surshuwlhv wkdw zh qhhg wr frqvlghu lq rughu wr eh deoh wr
fkrrvh wkh olplwv ri wkh sulru iru � � 1 Li u @ v wkh glvwulexwlrq lv v|pphwulf dqg wkh phdq
zloo eh 3=81 Sduwlfxoduo|/ li u @ v @ 4 zh kdyh d xqlirup glvwulexwlrq +fi1 Iljxuh :e,1 Li
erwk u dqg v duh ohvv wkdq 4 wkh glvwulexwlrq lv frqyh{ +Iljxuh :d, dqg li erwk duh odujhu
wkdq 4 lw lv frqfdyh +Iljxuh :f,1 Dovr/ wkh odujhu ydoxhv ri u dqg v wkh vpdoohu wkh yduldqfh
lv1
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f(x
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Beta(0.2,0.5)
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c

Beta(3,2)

Iljxuh := H{dpsohv ri gl�huhqw ehwd glvwulexwlrqv1 D frqyh{ Ehwd+315/318, +d,/ d v|pphw0
ulf/ xqlirup Ehwd+4/4, +e, dqg d frqfdyh Ehwd+6/5, +f,1

Vlqfh zh duh lqwhuhvwhg lq zhljkwlqj hvwlpdwhv wrzdugv wkh phdq ri rwkhu frxqwlhv zh
qhhg d glvwulexwlrq zlwk prvw lwv ghqvlw| forvh wr wkh phdq/ qrw lq wkh wdlov1 Wklv phdqv
wkdw zh zdqw d frqfdyh glvwulexwlrq dqg khqfh wkdw u dqg v vkrxog erwk eh juhdwhu wkdq
41 Fohduo| wkh yduldqfh lv dovr d ixqfwlrq ri wkh phdq ri wkh glvwulexwlrq/ wdnlqj lwv odujhvw
ydoxh zkhq wkh phdq lv htxdo wr 3=81 Lq idfw/ iurp Htxdwlrqv 7 dqg 8 zh vhh wkdw/ wr pdnh
vxuh wkdw wkh glvwulexwlrq zloo eh frqfdyh/ � � vkrxog eh vhohfwhg wr vdwlvi|
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Vroylqj erwk lqhtxdolwlhv iru � � zh vhh wkdw � � vkrxog eh ohvv wkdq=
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Lq h{suhvvlrq 9 lw fdq eh vhhq/ dv vwdwhg deryh/ wkdw wkh xsshu olplw ri � � ghshqgv
rq �� $ �-� �	� 1 Lq idfw/ wkh iduwkhu dzd| �� $ � � ��� lv iurp 3=8/ wkh vpdoohu wkh xsshu olplw ri wkh
sulru glvwulexwlrq iru � � vkrxog eh wr dvvxuh wkdw zh zloo kdyh d frqfdyh glvwulexwlrq iru
�� $ � � ��� 1 Dv suhylrxvo| phqwlrqhg/ wkh sdudphwhu hvwlpdwlrq zloo eh grqh xvlqj PFPF
phwkrgv1 Wkh surfhgxuh lv ghvfulehg lq ghwdlo lq Vhfwlrq :1 Rqh lpsruwdqw vwhs ri
wkh PFPF surfhgxuh lv wr vdpsoh fdqglgdwh srlqwv ri wkh sdudphwhu yhfwru iurp lwv
suredelolw| glvwulexwlrq1 Wr doorz gl�huhqw fdqglgdwhv ri �� $ � � �	� wkh xsshu olplw ri wkh
sulru glvwulexwlrq ri � � pxvw wdnh wklv lqwr dffrxqw1 Lq rughu wr hvwdeolvk dq dssursuldwh
xsshu olplw/ vhyhudo gl�huhqw sulru glvwulexwlrqv iru � � zhuh wulhg1 Lw wxuqhg rxw wkdw d
Xqlirup+3> 3=3;, sulru zdv dssursuldwh iru wkh %Qhljkeru prgho% +fi1 Vhfwlrq 91515, dqg
d Xqlirup+3> 3=34, sulru zdv dssursuldwh iru wkh prgho zkhuh wkh zhljkwv zhuh gh�qhg e|
wkh uhflsurfdo ri wkh glvwdqfhv ehlqj qruphg vxfk wkdw S�&%�'� z � � @ 4 +fi1 Vhfwlrq 91516,1

: Hvwlpdwlrq zlwk PFPF
Lq d vlwxdwlrq zlwk d kljk glphqvlrqdo glvwulexwlrq/ hvwlpdwlrq ri sdudphwhuv lv riwhq qrw
vwudljkwiruzdug1 Lqwhjudwlrq ryhu wkh glvwulexwlrq fdq eh gl!fxow ru hyhq lpsrvvleoh1 Wkh
lghd ehklqg Pdunry fkdlq Prqwh Fduor +PFPF, lv/ dv wkh qdph lpsolhv/ Prqwh Fduor
lqwhjudwlrq xvlqj Pdunry fkdlqv1 Iroorzlqj wkh qrwdwlrq lq Jlonv hw do1 +4<<9,/ ohw �+=,
ghqrwh wkh olnholkrrg ri rxu yhfwru ri revhuyhg gdwd [1 Vxssrvh zh duh lqwhuhvwhg lq
hydoxdwlqj wkh h{shfwdwlrq ri vrph ixqfwlrq i+[, ri wkh gdwd/ l1h1

H ^i+[,` @
U i+{,�+{,g{
U �+{,g{ 1

Rqh zd| ri hydoxdwlqj wklv h{suhvvlrq lv e| Prqwh Fduor lqwhjudwlrq1 Li lw lv srvvleoh
wr gudz vdpsohv i[ � j iurp �+=, rqh fdq dssur{lpdwh wkh phdq e|

H ^i+[,` � 4
q

�
[

� � �
i +[ � , =

Li wkh vdpsohv duh lqghshqghqw dqg q lv odujh hqrxjk wklv vdpsoh phdq lv d jrrg
dssur{lpdwlrq ri wkh srsxodwlrq phdq ri i+[,1 Krzhyhu/ gudzlqj lqghshqghqw vdpsohv
iurp �+=, lv riwhq qrw vr hdv| vlqfh �+=, fdq eh txlwh qrq0vwdqgdug1 PFPF xvhv wkh idfw
wkdw lw wxuqv rxw wkdw wkh vdpsohv qhhg qrw eh gudzq lqghshqghqwo|1 Li zh fdq gudz wkh
vdpsohv iurp d Pdunry fkdlq zklfk kdv �+=, dv lwv vwdwlrqdu| glvwulexwlrq zh fdq vwloo xvh
Prqwh Fduor lqwhjudwlrq iru hvwlpdwlrq/ khqfh wkh qdph Pdunry fkdlq Prqwh Fduor1

5<



:14 Wkh Phwursrolv0Kdvwlqjv dojrulwkp
Krz fdq zh wkhq frqvwuxfw d Pdunry fkdlq wkdw kdv �+=, dv lwv vwdwlrqdu| glvwulexwlrqB Lw
wxuqv rxw wkdw wklv fdq eh grqh txlwh hdvlo| e| wkh Phwursrolv0Kdvwlqjv dojrulwkp1 Iliw|
|hduv djr Phwursrolv hw do1 +4<86, sursrvhg d phwkrg zklfk odwhu rq zdv jhqhudolvhg e|
Kdvwlqjv +4<:3,1 Wkh udwkhu vlpsoh dojrulwkp surfhhgv dv iroorzv=

Zh duh lqwhuhvwhg lq jhqhudwlqj d vhtxhqfh ri udqgrp yduldeohv i[ . >[ � >[ � > = = =j wkdw
kdv wkh surshuwlhv ri d Pdunry fkdlq zlwk vwdwlrqdu| glvwulexwlrq �+=,1 Wkdw lv/ jlyhq wkdw
zh duh lq vwdwh [ � wkh qh{w vwdwh/ [ � ��� / lv jhqhudwhg iurp d udqgrp glvwulexwlrq zklfk
rqo| ghshqgv rq wkh vwdwh [ � dqg qrw rq wkh klvwru| i[ . >[ � > = = = >[ � $ � j1

Wr frqvwuxfw vxfk d fkdlq dffruglqj wr wkh Phwursrolv0Kdvwlqjv dojrulwkp/ d fdqglgdwh
srlqw \ lv �uvw gudzq iurp d sursrvdo glvwulexwlrq t+=m[,1 Wklv srlqw lv wkhq dffhswhg dv
wkh qhz vwdwh/ [ � ��� / zlwk suredelolw|=

�+[ � > \ , @ plq
�

4> �+\ ,t+[ � m \ ,
�+[ � ,t+\ m [ � ,

�

1
Jhqhudwlqj d xqlirupo| glvwulexwhg udqgrp qxpehu X � Xqlirup +3> 4,/ zh fdq vhohfw

wkh qh{w vwdwh dv=

[ � ��� @
+ \ li X � �+[ � > \ ,

[ � li X A �+[ � > \ ,
Wklv %xsgdwlqj surfhgxuh% lv wkhq uhshdwhg d odujh qxpehu ri wlphv xqwlo wkh Pdunry

fkdlq kdv frqyhujhg1 Wkh lqlwldo vwdwh/ [ . / fdq eh jlyhq dq| ydoxh ru fkrvhq udqgrpo|
iurp d glvwulexwlrq1 Wkh fkrlfh ri vwduwlqj srlqw pljkw d�hfw wkh wlph wr frqyhujhqfh/
exw zkhq uxq orqj hqrxjk/ wkh fkdlq zloo hyhqwxdoo| irujhw lwv lqlwldo skdvh1 Wr eh vxuh
wkdw wkh Pdunry fkdlq kdv frqyhujhg wr lwv vwdwlrqdu| glvwulexwlrq/ d orqj hqrxjk exuq0lq
shulrg vkrxog eh uxq ehiruh xvlqj wkh lwhudwlrqv iru hvwlpdwlrqv1 D glvfxvvlrq rq krz wr
ghwhuplqh wkh exuq0lq shulrg fdq eh irxqg lq fkdswhu rqh lq Jlonv hw do1 +4<<9,1

Doo rxu vlpxodwlrqv zhuh grqh xvlqj wkh surjudp ZlqEXJV +yhuvlrq 416> Vslhjhokdowhu
hw do1 +5333, ru kwws=22zzz1puf0evx1fdp1df1xn2exjv,1 Iru wkh vlpsohvw prghov/ l1h1/ Prgho
4 lq Vhfwlrq 814 dqg Prgho 5 lq Vhfwlrq 816/ d volfh0vdpsolqj phwkrg +fi1 Qhdo +4<<:,, zdv
xvhg1 Wklv phwkrg lv dssursuldwh zkhq wkh ghqvlw| ixqfwlrq lv qrq orj0frqfdyh exw rq
d uhvwulfwhg udqjh1 Lw kdv dq dgdswlyh skdvh ri 833 lwhudwlrqv zklfk zloo qrw eh lqfoxghg
lq wkh dqdo|vlv1 Iru wkh prghov lq Vhfwlrq 9/ d �fxuuhqw srlqw Phwursrolv dojrulwkp� zdv
xvhg1 Wklv phwkrg xvhv d qrupdo sursrvdo glvwulexwlrq1 Wkh vwdqgdug ghyldwlrq lv wxqhg
ryhu wkh �uvw 7 333 lwhudwlrqv dqg wkrvh zloo qrw eh xvhg lq wkh dqdo|vlv1 Iru doo prghov d
wrwdo ri 63 333 lwhudwlrqv zdv uxq1 Wkh odvw 53 333 lwhudwlrqv zdv xvhg lq wkh dqdo|vlv dqg
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wkh suhfhglqj vhuyhg dv exuq0lq1

:15 Frqyhujhqfh gldjqrvwlf dqdo|vlv
Zkhq xvlqj PFPF phwkrgv lw lv lpsruwdqw wkdw wkh Pdunry fkdlq frqyhujh wr lwv vwdwlrq0
du| glvwulexwlrq/ ru dw ohdvw forvho| hqrxjk1 Wkhuh duh vhyhudo frqyhujhqfh gldjqrvwlf wrrov
ghyhorshg wr fkhfn zkhwkhu frqyhujhqfh lv dfklhyhg1 Zh kdyh qrw grqh dq| irupdo fkhfnv
iru frqyhujhqfh xvlqj dq| ri wkrvh wrrov1 Krzhyhu/ zh kdyh xvhg vrph dg krf dssurdfkhv
wr pdnh vxuh wkdw zh kdyh uhdfkhg wkh vwdwlrqdu| glvwulexwlrq dqg wkdw wkh sdudphwhu
hvwlpdwhv duh ydolg1

Dv phqwlrqhg lq Vhfwlrq 817/ zh kdyh xvhg vrphzkdw lqirupdwlyh sulru glvwulexwlrqv iru
wkh sdudphwhuv lq wkh prghoolqj rq wkh frxqw| ohyho1 Wkhuh lv hylghqwo| d vwurqj vwuxfwxuh
lq wkh gdwd1 Zkhq wkhuh lv d odujh dprxqw ri gdwd wkh sulru glvwulexwlrqv zloo qrw kdyh
dv pxfk lq xhqfh rq wkh sdudphwhu hvwlpdwhv dv zkhq wkhuh duh ohvv gdwd1 Wr looxvwudwh
wklv/ sulru glvwulexwlrqv iurp Prgho 614 iru wkh sdudphwhuv �/ � dqg � duh sorwwhg wrjhwkhu
zlwk wkhlu fruuhvsrqglqj srvwhulru glvwulexwlrqv iru Yçvwhuerwwhq dqg Vwrfnkrop 4<<8 lq
Iljxuh ;1 Yçvwhuerwwhq lv d frxqw| zlwk d uhodwlyho| vpdoo srsxodwlrq vl}h zkloh Vwrfnkrop
lv wkh frxqw| zlwk wkh odujhvw srsxodwlrq vl}h1

Fohduo|/ wkh srvwhulru glvwulexwlrq lv pxfk qduurzhu iru Vwrfnkrop wkdq iru Yçvwhuerw0
whq gxh wr pruh gdwd1 Wkh qrupdo sulru iru � lv wrr  dw wr eh deoh wr hyhq eh vhhq lq wkh
�jxuh1 Wkdw lv/ iru � wkh srvwhulru glvwulexwlrq lv doprvw wrwdoo| grplqdwhg e| gdwd1

Gxulqj wkh xsgdwlqj surfhgxuh lq ZlqEXJV lw lv uhodwlyho| hdv| wr sorw wkh vhtxhqwldo
lwhudwlrq klvwru| wr vhh zkhwkhu wkh Pdunry fkdlq fkdqjhv vwdwhv iuhtxhqwo| ru li lw vwd|v
lq wkh vdph vwdwh iru orqj shulrgv1 Wkh odwhu zrxog uhtxluh pruh lwhudwlrqv iru wkh fkdlq
wr frqyhujh1 Zh kdyh dovr ylvxdoo| fkhfnhg wkh srvwhulru glvwulexwlrqv iru wkh sdudphwhuv1

Wkh wlph wr uhdfk wkh vwdwlrqdu| glvwulexwlrq lv dovr ghshqglqj rq wkh vwduwlqj srlqw
iru wkh fkdlq1 Vwduwlqj srlqwv o|lqj idu dzd| iurp wkh vwdwlrqdu| glvwulexwlrq zloo uhtxluh
pruh lwhudwlrqv1 Zh kdyh wulhg gl�huhqw vwduwlqj srlqwv/ hyhq vrph h{wuhph rqhv/ exw wklv
glg qrw vhhp wr d�hfw wkh wlph wr frqyhujhqfh1

Vlpxodwlrqv wrrn ehwzhhq : plq +vlpsohvw prgho, dqg 9 k +prvw frpsoh{ prgho, rq
d SF zlwk dq DPG 4=7 JK} surfhvvru dqg 845 Pe UDP1
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0 2 4

p(κ)~Ga(0.3,0.3)

0 2 4 6

p(τ)~Ga(4,2)

-2 0 2

p(β)~N(0,1000)

0 2 40 2 4 6-2 0 2

20. Västerbotten 

1. Stockholm

Iljxuh ;= Sulru +wklq olqh, dqg srvwhulru +erog olqh, glvwulexwlrqv iru wkuhh sdudphwhuv iru
wkh frxqw| Yçvwhuerwwhq +wrs, dqg Vwrfnkrop +erwwrp, lq 4<<8 iurp Prgho 6141 Qrwh wkdw
wkh sulru glvwulexwlrq iru � lv wrr  dw wr hyhq eh vhhq lq wkh �jxuh1

; Uhvxowv
;14 Wkh �w ri wkh prghov � djjuhjdwhg gdwd iru Vzhghq
Zh �wwhg erwk wkh Srlvrq dqg wkh Qhjdwlyh elqrpldo prgho wr wkh djjuhjdwhg gdwd iru
Vzhghq1 Lq Iljxuh < +wrs, wkh fuxgh qxpehu ri fdvhv wrjhwkhu zlwk wkh hvwlpdwhg phdq
qxpehu ri fdvhv iurp erwk prghov duh vkrzq1 Qrwh wkdw khuh dqg lq wkh iroorzlqj dqdo|vhv/
dv lq wkh fuxgh dqdo|vlv/ wkh wlph vhulhv vwduw zlwk zhhn 9 lq 4<<5 dqg hqg zlwk zhhn 8
4<<< gxh wr frpsxwdwlrqdo uhdvrqv1 Lw wxuqv rxw wkdw erwk prghov �w wkh gdwd zhoo1 Lq
idfw/ lw lv doprvw lpsrvvleoh wr glvfhuq dq| gl�huhqfhv ehwzhhq wkh prghov e| mxvw orrnlqj
dw wkh �jxuh1 Wr vkrz wkdw wkh prghov gr qrw jlyh h{dfwo| wkh vdph �w/ wkh devroxwh
gl�huhqfh ri wkh hvwlpdwhg phdq qxpehu ri fdvhv ehwzhhq wkh prghov duh dovr vkrzq lq
wkh �jxuh +erwwrp,1 Wkh sdudphwhu hvwlpdwhv iurp wkh wzr prghov duh vkrzq lq Wdeoh 81
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Iljxuh <= Wkh wzr prghov �wwhg wr wkh gdwd +wrs, dqg wkh devroxwh gl�huhqfh ehwzhhq wkh
hvwlpdwhg Srlvvrq prgho dqg wkh Qhjdwlyh elqrpldo prgho +erwwrp,1

Wkh devroxwh gl�huhqfh ri wkh hvwlpdwhg lqflghqfhv iurp wkh wzr prghov lv qhyhu pruh
wkdq wkuhh fdvhv dqg wkh uhodwlyh gl�huhqfh lv qrw pruh wkdq �yh shu fhqw dw prvw1 Wkh
odujhvw gl�huhqfh ehwzhhq wkh prghov dsshduv uljkw diwhu wkh wlph iru wkh shdn lqflghqfh
lq 4<<71 Dv fdq eh vhhq lq Iljxuh < wkhuh dsshdu wr eh d vhfrqg shdn gxulqj wkh ghfolqh
ri wkh lqflghqfh fxuyh lq wklv |hdu1 Wklv lv suredeo| fdxvhg e| dq xqghwhfwhg rxweuhdn/
srvvleo| rffxuulqj lq pruh wkdq mxvw rqh frxqw| zklfk zrxog pdnh lw pruh gl!fxow wr
glvfryhu1 Lq idfw/ e| wdnlqj d forvhu orrn dw lqglylgxdo wlph vhulhv/ wkhuh dfwxdoo| dsshdu wr
eh d vhfrqg shdn lq odwh 4<<7 iru vrph ri wkh frxqwlhv1 H{dpsohv duh Vwrfnkrop +Iljxuh
44,/ Yçvwhuerwwhq +Iljxuh 45,/ Vùghupdqodqg/ Yçvwud Jùwdodqg dqg Ùuheur +doo frxqwlhv
duh vkrzq lq Dsshqgl{ F,1 Wkh srvlwlyh gl�huhqfhv dw wkh wlph ri wkh grzqvorsh ri wkh
fxuyh lq 4<<7 lqglfdwhv wkdw wkh Srlvvrq prgho lv pruh d�hfwhg e| wklv vhfrqg shdn wkdq
wkh Qhjdwlyh elqrpldo prgho lv1

Dv suhylrxvo| phqwlrqhg/ li ryhuglvshuvlrq lv suhvhqw zh h{shfw wkh hvwlpdwhv ri wkh
lqflghqfh wr eh vlplodu exw wkh yduldqfh zloo eh xqghuhvwlpdwhg li zh xvh wkh Srlvrq prgho
lqvwhdg ri wkh Qhjdwlyh elqrpldo prgho1 Wklv dovr kdv lpsolfdwlrqv rq wkh sdudphwhu
hvwlpdwhv1 Zkhq zh �w wkh Qhjdwlyh elqrpldo prgho zh hqg xs zlwk sdudphwhu hvwlpdwhv
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zlwk odujhu yduldqfh wkdq li zh �w wkh Srlvrq prgho1 Zh looxvwudwh wklv e| sorwwlqj wkh
srvwhulru glvwulexwlrqv/ iurp erwk prghov/ ri rqh ri wkh sdudphwhuv lq Iljxuh 431

0.45 0.5 0.55 0.6 0.65
θ

Iljxuh 43= Srvwhulru glvwulexwlrqv iru wkh sdudphwhu � �+/*/�0 1 Wklq olqh uhsuhvhqwv wkh Srlv0
vrq prgho dqg erog olqh uhsuhvhqwv wkh Qhjdwlyh elqrpldo prgho1

Lw lv fohduo| vhhq wkdw wkh Qhjdwlyh elqrpldo prgho surgxfh d zlghu srvwhulru glv0
wulexwlrq wkdq wkh Srlvrq prgho1 Srvwhulru suredelolw| lqwhuydov iru doo sdudphwhuv duh
vkrzq lq Wdeoh 81 Dovr lq wkh wdeoh/ rqh fdq vhh wkdw wkh Qhjdwlyh elqrpldo prgho sur0
gxfhv hvwlpdwhv zlwk odujhu yduldwlrq/ lqglfdwlqj wkh qhhg ri d glvshuvlrq sdudphwhu lq wkh
prgho1
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Wdeoh 8= Sdudphwhu hvwlpdwhv zlwk hpslulfdo <8 shu fhqw suredelolw| lqwhuydov iru wkh Srlv0
vrq dqg wkh Qhjdwlyh elqrpldo prghov

Srlvvrq prgho Qhjdwlyh elqrpldo prgho
Sdudphwhu \hdu Phdq Sure1 lqwhuydo Phdq Sure1 lqwhuydo

� 4<<5 31845 +317;: � 3186<, 31849 +3179; � 3189;,
4<<6 31834 +317;7 � 3184:, 317<; +3179< � 31863,
4<<7 3184< +31837 � 31866, 31847 +317;< � 31873,
4<<8 31889 +3186; � 318:6, 31886 +31857 � 318;7,
4<<9 31898 +31874 � 318;;, 31895 +31857 � 31935,
4<<: 3183< +317;< � 3185<, 31843 +317:5 � 31876,
4<<; 31837 +317<4 � 3184:, 31837 +317;5 � 3185<,

� 4<<5 415;7 +41573 � 41783, 4157< +31<;: � 41888,
4<<6 4174: +415;< � 4187:, 416<9 +414:5 � 41967,
4<<7 41733 +415<8 � 4183:, 41697 +414;: � 41875,
4<<8 4186< +4174: � 4199;, 41849 +41646 � 41:68,
4<<9 51568 +41<<< � 5185<, 5148: +41;45 � 519<9,
4<<: 51678 +51457 � 51937, 515:6 +41<7; � 51:5;,
4<<; 513;: +41<6; � 51578, 5137: +41;39 � 51648,

� 4<<5 415:9 +31;6: � 41;89, 4154: +3187< � 5165;,
4<<6 4196< +41566 � 51475, 41967 +31<88 � 5198;,
4<<7 417;5 +41565 � 41:94, 41945 +41464 � 51553,
4<<8 31<9: +31:;: � 414:6, 41337 +319<4 � 416<7,
4<<9 31:77 +318:; � 31<74, 31:<< +31845 � 414;7,
4<<: 31;<: +31:35 � 4144<, 31<59 +318<7 � 41664,
4<<; 41677 +41434 � 41955, 416<7 +31<86 � 41<7;,

� 317:; +316;3 � 318<:,

;15 Wkh �w ri wkh prghov � e| frxqw|
E| orrnlqj dw wkh lqglylgxdo frxqwlhv zh vhh wkdw wkh prgho vwloo �wv wkh gdwd zhoo hyhq
wkrxjk zh lq vrph fdvhv kdyh vxevwdqwldoo| ohvv gdwd wkdq iru wkh zkroh frxqwu|1 Dv
h{dpsohv/ wkh hvwlpdwhg phdq lqflghqfh wrjhwkhu zlwk wkh revhuyhg gdwd duh vkrzq iru
Vwrfnkrop +Iljxuh 44,/ Yçvwhuerwwhq +Iljxuh 45, dqg Eohnlqjh +Iljxuh 46,1
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County: 1. Stockholm

Iljxuh 44= Revhuyhg dqg hvwlpdwhg phdq qxpehu ri fdvhv zhhn e| zhhn iru Vwrfnkrop1

Vwrfnkrop lv wkh odujhvw frxqw| frqvwlwxwlqj dssur{lpdwho| 53 ( ri wkh srsxodwlrq1 Dv
d frqvhtxhqfh ri wklv/ Vwrfnkrop lv wkh frxqw| zlwk wkh odujhvw qxpehu ri fdps|oredfwhu
lqihfwlrqv1 Dv fdq eh vhhq lq Iljxuh 44/ wkh vwdeoh vwuxfwxuh ri wkh wlph vhulhv vhhq iru
wkh zkroh frxqwu| lv dovr vhhq iru Vwrfnkrop exw kh udqgrp yduldwlrq durxqg wkh phdq lv
odujhu iru Vwrfnkrop gxh wr ihzhu fdvhv1

Yçvwhuerwwhq dqg Eohnlqjh kdyh uhodwlyho| orz lqflghqfhv ri fdps|oredfwhu lqihfwlrqv1
Vwloo wkh prgho vxffhhgv lq �qglqj d uhjxodu sdwwhuq lq wkh revhuyhg wlph vhulhv zlwk/ lq
vrph |hduv/ yhu| pdunhg shdnv1 Krzhyhu/ qrwh wkdw wkh shdnv lq 4<<6 dqg 4<<7 duh qrw
yhu| surplqhqw iru Eohnlqjh1 Dw d �uvw vljkw lw pd| orrn dv li wkh prgho �w wkh gdwd srruo|
iru vrph |hduv/ exw wkh glvwlqfwlrq ehwzhhq wkh kljk dqg orz lqflghqfh shulrgv dsshduv
fohduhu li rqh frqvlghu doo wkh zhhnv zlwk }hur fdvhv gxulqj wkh orz lqflghqfh shulrgv1
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County: 20. Västerbotten

Iljxuh 45= Revhuyhg dqg hvwlpdwhg phdq qxpehu ri fdvhv zhhn e| zhhn iru Yçvwhuerwwhq1
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County: 9. Blekinge

Iljxuh 46= Revhuyhg dqg hvwlpdwhg phdq qxpehu ri fdvhv zhhn e| zhhn iru Eohnlqjh1

6:



;16 Qdwlrqdo uhvxowv
Wkh sdudphwhu hvwlpdwhv rewdlqhg iurp wkh prgho �wwhg wr wkh djjuhjdwhg gdwd iru wkh
hqwluh frxqwu| fdq eh xvhg wr fdofxodwh vrph lqwhuhvwlqj ixqfwlrqv ri wkh sdudphwhuv1 Wkh
dyhudjh edvholqh lqflghqfh lq |hdu |u fdq/ h1j1/ eh fdofxodwhg dv L � h{si� 1	2 j dqg wkh shdn
zhhn lv vlpso| jlyhq e|=

Shdn zhhn @ 698
: � 1	2 . 81

Djdlq/ uhphpehu wkdw zh qhhg wr dgg �yh zhhnv vlqfh zh vwduw wkh wlph vhulhv lq zhhn 9
gxh wr frpsxwdwlrqdo uhdvrqv1

Wkh dpsolwxghv � 1	2 phdvxuh wkh orjdulwkp ri wkh udwlr ehwzhhq wkh kljkhvw lqflghqfh
lq wkh prgho dqg wkh edvlf orz lqflghqfh1 Wkdw lv/ wkh dfwxdo udwlr fdq eh fdofxodwhg dv
h{si� 1	2 j1

Lq rughu wr looxvwudwh zkhq wkh kljk lqflghqfh shulrg vwduwv zh kdyh fdofxodwhg wkh
qxpehu ri wkh zhhn lq zklfk wkh lqflghqfh lv wzlfh wkh edvlf orz lqflghqfh1 D vlpsoh
fdofxodwlrq |lhogv wkdw wklv zloo eh zhhn qr

698
:

#

� � 4
5� duffrv

#

5
� oq+5,

�
� ��3*4

� 4
$$

. 81
Wr fdofxodwh d vwdwlvwlf uhsuhvhqwlqj wkh frqfhqwudwlrq ri wkh kljk lqflghqfh shulrg/ �/

zh hvwlpdwhg/ iru hdfk |hdu/ wkh sursruwlrq ri fdvhv rffxuulqj zlwklq 	5 zhhnv ri wkh shdn
zhhn1 Wkdw lv/ wkh sursruwlrq lv fdofxodwhg dv wkh hvwlpdwhg qxpehu ri fdvhv lq wkh shulrg
udqjlqj iurp wzr zhhnv ehiruh wloo wzr zhhnv diwhu wkh shdn zhhn glylghg e| wkh hvwlpdwhg
wrwdo qxpehu ri fdvhv gxulqj wkdw |hdu1 D odujh sursruwlrq lpsolhv d kljkhu frqfhqwudwlrq
ri wkh shdn1 Wklv phdvxuh ri wkh vl}h ri wkh shdn lv dgrswhg iurp wkh vwxg| e| Q|oìq hw do1
+5335, lq zklfk wkh| frpsduhg qlqh Hxurshdq frxqwulhv dqg Qhz ]hdodqg uhjduglqj wkh
vhdvrqdo glvwulexwlrq ri fdps|oredfwhu lqihfwlrqv1 Dv rssrvhg wr rxu vwxg| wkh| xvhg d
qrq0sdudphwulf nhuqho vprrwkhu wr vprrwk wkh fuxgh revhuydwlrqv dqg wkh| dovr vwxglhg
doo fdps|oredfwhu lqihfwlrqv uhjlvwhuhg dqg qrw rqo| wkh lqgljhqrxv fdvhv1 Dv wkh| dujxh
lq wkh glvfxvvlrq/ wkh vl}h ri wkh shdn fdq eh lq xhqfhg e| wkh lqihfwlrqv dftxluhg deurdg
gxulqj krolgd| vhdvrq zklfk pd| ydu| ehwzhhq frxqwulhv1

Wkh uhvxowv ri doo wkh fdofxodwlrqv duh suhvhqwhg lq Wdeoh 91
Lq wzr ri wkh |hduv/ 4<<9 dqg 4<<:/ wkh vwduw ri wkh kljk lqflghqfh shulrg lv hduolhu wkdq

lq wkh rwkhu |hduv1 Lq vslwh ri wklv wkh wlph ri wkh shdn grhv qrw rffxu vrrqhu iru wkhvh
|hduv dv frpsduhg zlwk wkh rwkhu |hduv1 Wklv fdq vhhp frqwudglfwru| vlqfh rqh pljkw
lpdjlqh wkdw wkh wzr wlph srlqwv lq vrph vhqvh vkrxog eh srvlwlyho| uhodwhg/ l1h1/ dq hduo|
vwduw ri wkh kljk lqflghqfh shulrg zrxog lpso| dq hduo| shdn zhhn1 Dovr/ 4<<9 dqg 4<<:
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Wdeoh 9= Edvholqh lqflghqfh/ shdn zhhn/ udwlr ehwzhhq kljk dqg orz lqflghqfh/ vwduw ri kljk
lqflghqfh shulrg dqg wkh sursruwlrq ri doo fdvhv gxulqj d |hdu wkdw idoo loo zlwklq .20 wzr
zhhnv ri wkh shdn zhhn1 Hvwlpdwhv iurp Prgho 5 iru Vzhghq

\hdu
4<<5 4<<6 4<<7 4<<8 4<<9 4<<: 4<<;

Shdn zhhn 65 64 65 67 67 65 64
Udwlr 618 713 61< 719 ;19 <1: :1:
Vwduwlqj zhhn 54 53 54 53 4: 48 4;
( fdvhv lq wkh 8 shdn zhhnv 4: 4< 4< 4: 4< 54 55

kdyh wkh kljkhvw udwlrv ehwzhhq wkh kljk dqg orz lqflghqfh shulrgv1
Wkh sursruwlrq ri wkh |hduo| qxpehu ri fdvhv rffxuulqj zlwklq wkh �yh shdn zhhnv

ydulhv ehwzhhq |hduv1 Wkh uhvxowv suhvhqwhg lq Wdeoh 9 vxjjhvwv wkdw wkh shdn vkrxog eh
pruh surplqhqw lq 4<<; +55 ( ri wkh fdvhv idoolqj zlwklq wkh �yh zhhn shulrg, wkdq lq
4<<5 dqg 4<<8 +erwk 4: (,1 Wklv fdq eh yhul�hg e| orrnlqj dw Iljxuh </ zkhuh lw lv vhhq
wkdw wkh shdn lq 4<<; lv lqghhg pruh frqfhqwudwhg wkdq lq 4<<5 dqg 4<<81

;17 Uhvxowv e| frxqw| � Jhrjudsk|
Lq wkh vdph zd| dv iru wkh zkroh frxqwu|/ wkh shdn zhhn/ udwlr ehwzhhq wkh kljk dqg orz
lqflghqfh shulrgv/ wkh vwduw ri wkh kljk lqflghqfh shulrg dqg wkh ghqvlw| ri wkh shdn duh
fdofxodwhg iru hdfk ri wkh 54 vhsdudwh frxqwlhv1 Wkh uhvxowv duh suhvhqwhg lq Wdeohv ;�44
lq Dsshqgl{ D1

Wkh wlph ri wkh shdn ydu| zlwk d udqjh ri 46 zhhnv/ ehwzhhq zhhn 5: +Yçvwhuqruuodqg
4<<6/ Eohnlqjh 4<<9 dqg Vùghupdqodqg 4<<:, dqg zhhn 73 +Yçvwhuerwwhq 4<<7,1 Wkh odwh
shdn lq zhhn 73 iru Yçvwhuerwwhq lv dq h{wuhph rxwolhu1 Lq 4<<7/ Yçvwhuerwwhq dfwxdoo|
vhhp wr kdyh kdg wzr shdnv1 Wkh �uvw shdn rffxuuhg dssur{lpdwho| dw wkh vdph wlph dqg
pdjqlwxgh dv lq vrph ri wkh rwkhu |hduv +fi1 Iljxuh 45,1 Wkh vhfrqg shdn zdv durxqg
zhhn 73 dqg kdg d odujhu pdjqlwxgh wkdq wkh �uvw shdn1 Wklv lv dfwxdoo| wkh uhdvrq zk|
wkh prgho �wwhg wkh vhfrqg shdn1 Dv dujxhg deryh/ srvvleo| wkhuh zdv dq rxweuhdn odwh lq
wkdw |hdu1 Wkh glvwulexwlrq ri wkh frxqwlhv* shdn zhhnv zlwklq |hduv lv glvsod|hg lq Iljxuh
47 +wrs ohiw,1
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Iljxuh 47= Glvwulexwlrq ri shdn zhhn +wrs ohiw,/ udwlr ehwzhhq kljkhvw dqg orzhvw lqflghqfh
+wrs uljkw,/ vwduw ri kljk lqflghqfh shulrg +erwwrp ohiw, dqg wkh sursruwlrq ri fdvhv zlwklq
wkh �yh shdn zhhnv +erwwrp uljkw, iru doo frxqwlhv shu |hdu1 Wkh er{hv uhsuhvhqwv wkh
lqwhu0txduwloh udqjh dqg wkh phgldq1 Zklvnhuv uhsuhvhqwv wkh plqlpxp dqg wkh pd{lpxp
ydoxhv dsduw iurp rxwolhuv1 Flufohv lqglfdwhv rxwolhuv1

Jhqhudoo|/ orrnlqj dw wkh glvwulexwlrq ri doo frxqwlhv* shdn zhhnv shu |hdu wkhuh dsshdu
wr eh vrph gl�huhqfhv ehwzhhq wkh |hduv zlwk odwhu shdnv lq 4<<8 dqg 4<<91 Krzhyhu/
wkhuh grhv qrw vhhp wr eh dq| vljq ri d vshfl�f wuhqg ryhu wkh |hduv1 D Iulhgpdq udqn
vxp whvw jlyhv s @ 3=3:5 iru whvwlqj wkh k|srwkhvlv ri qr gl�huhqfh lq phgldq shdn zhhn
ehwzhhq wkh |hduv1

Wkh udwlr ehwzhhq wkh kljkhvw dqg wkh orzhvw lqflghqfh gl�huv vljql�fdqwo| +s ? 3=334,
ehwzhhq wkh |hduv +fi1 Iljxuh 47/ wrs uljkw, zlwk dq lqfuhdvlqj wuhqg ryhu wkh |hduv1

Wkh vwduw ri wkh kljk lqflghqfh shulrg grhv qrw vhhp wr ydu| pxfk ehwzhhq wkh |hduv
+fi1 Iljxuh 47/ erwwrp ohiw, dqg dv h{shfwhg/ wkh Iulhgpdq whvw idlov wr uhmhfw wkh k|srwkhvlv
ri qr gl�huhqfh ehwzhhq wkh |hduv +s @ 3=<,1

Uhjduglqj wkh iruwk vwdwlvwlf/ wkh sursruwlrq ri fdvhv rffxuulqj zlwklq wkh �yh shdn
zhhnv/ wkhuh dsshdu wr eh d wuhqg wrzdugv kljkhu sursruwlrqv dqg khqfh pruh pdunhg
shdnv lq odwhu |hduv +fi1 Iljxuh 47/ erwwrp ohiw,1 Dv iru wkh udwlr ehwzhhq wkh kljk dqg
orz lqflghqfh wkh gl�huhqfh ehwzhhq wkh |hduv zdv vwurqjo| vljql�fdqw +s ? 3=334,1
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Li zh/ lqvwhdg ri orrnlqj dw wkh glvwulexwlrq ri frxqwlhv zlwklq |hduv/ orrn dw wkh glvwule0
xwlrq ri wkh |hduo| hvwlpdwhv zlwklq hdfk frxqw|> zh hqg xs zlwk vlplodu er{sorwv exw zlwk
54 er{hv/ hdfk uhsuhvhqwlqj wkh glvwulexwlrq iru vhyhq |hduv +qrw vkrzq,1 Wkh Iulhgpdq
whvwv lq wklv vhwwlqj vxjjhvw wkdw wkhuh lv d gl�huhqfh ehwzhhq wkh frxqwlhv frqfhuqlqj wkh
udwlr +s @ 3=335, dqg wkh ghqvlw| ri wkh shdn +s ? 3=334,1 Rq wkh rwkhu kdqg/ wkhuh grhv
qrw dsshdu wr eh dq| odujh gl�huhqfhv ehwzhhq wkh |hduv frqfhuqlqj wkh wlph ri wkh shdn
+s @ 3=46, dqg wkh vwduw ri wkh kljk lqflghqfh shulrg +s @ 3=77,1 Wkhuh lv qr fohdu sdwwhuq
uhjduglqj zklfk frxqwlhv duh gl�huhqw iurp rwkhuv zlwk rqh h{fhswlrq> wkh frqfhqwudwlrq
ri wkh shdn lv kljkhu iru wkh prvw qruwkhuq frxqwlhv1

Vlqfh wkhuh pljkw eh khwhurjhqhlw| lq wkh jhrjudsklfdo sdwwhuqv ehwzhhq wkh |hduv lw
lv lqwhuhvwlqj wr vwxg| wkh |hduv vhsdudwho|1 Lq Wdeoh : wkh uhodwlyh qruwk0vrxwk srvlwlrq ri
wkh frxqwlhv duh uhodwhg wr wkh hvwlpdwhg vwdwlvwlfv zlwklq hdfk |hdu e| d udqn fruuhodwlrq
frh!flhqw1
Wdeoh := Vshdupdq udqn fruuhodwlrq ehwzhhq hvwlpdwhg ixqfwlrqv ri wkh sdudphwhuv +shdn
zhhn +shdn,/ udwlr ehwzhhq kljhvw dqg orzhvw lqflghqfh +udwlr,/ vwduw ri kljk lqflghqv shulrg
+vwduw, dqg sursruwlrq ri fdvhv zlwklq wkh �yh shdn zhhnv +frqf,, dqg wkh uhodwlyh qruwk0
vrxwk +qv, srvlwlrq

Vshdupdq udqn fruuhodwlrq
\hdu �+shdn> qv, �+udwlr> qv, �+vwduw> qv, �+frqf> qv,
4<<5 3175 03175 3168 0317;
4<<6 3136 03164 0317; 03198
4<<7 03154 031:7 3157 03185
4<<8 3159 03167 314< 03155
4<<9 03197 0315; 03173 03165
4<<: 3157 03138 03144 3147
4<<; 3157 03179 03166 03197

Wkh rqo| ixqfwlrq ri wkh sdudphwhuv wkdw vhhp wr eh vrphzkdw frqvlvwhqw ryhu wkh |hduv
uhjduglqj wkh fruuhodwlrq zlwk wkh uhodwlyh qruwk0vrxwk srvlwlrq duh wkh udwlr ehwzhhq wkh
kljkhvw dqg wkh edvholqh lqflghqfhv dqg wkh ghqvlw| ri wkh shdn1 Wkh qhjdwlyh vljqv ri wkh
fruuhodwlrq frh!flhqwv phdqv wkdw qruwkhuq frxqwlhv whqg wr kdyh pruh pdunhg shdnv wkdq
vrxwkhuq frxqwlhv1 Wkh h{fhswlrq lv wkh |hdu 4<<: lq zklfk wkh qruwk0vrxwk srvlwlrq kdyh
d orz srvlwlyh fruuhodwlrq zlwk wkh ghqvlw| dqg edvlfdoo| qr fruuhodwlrq zlwk wkh udwlr1 Wkh
gl�huhqfhv ehwzhhq wkh |hduv uhjduglqj wkh fruuhodwlrq ri wkh qruwk0vrxwk srvlwlrq zlwk
erwk wkh wlph ri wkh shdn dqg wkh vwduw ri wkh kljk lqflghqfh shulrg h{sodlqv wkh uhvxowv
ri wkh Iulhgpdq whvwv iru wkhvh vwdwlvwlfv1 Dssduhqwo|/ vrph |hduv wkhuh dsshdu wr eh d
srvlwlyh fruuhodwlrq zkloh rwkhu |hduv wkhuh vhhp wr eh d qhjdwlyh rqh1
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;18 Vsdwldo vprrwklqj
Wkh vsdwldo vprrwklqj rq wkh sdudphwhu �/ uhsuhvhqwlqj wkh wlph ri wkh shdn lqflghqfh/
lv grqh lq wzr zd|v1 Wkh �uvw +Prgho 614, lv ghvfulehg lq Vhfwlrq 91515 dqg dvvxphv wkdw
wkh wlph ri wkh shdn iru d jlyhq frxqw| ghshqgv rq wkh wlph ri wkh shdn iru wkh qhljkeruv
ri wkdw frxqw|1 Wkh vhfrqg +Prgho 615,/ ghvfulehg lq Vhfwlrq 91516/ dvvxphv wkdw hdfk
frxqw| lv d�hfwhg e| d ixqfwlrq ri doo rwkhu frxqwlhv ghshqglqj rq wkh uhodwlyh glvwdqfh
ehwzhhq wkh frxqw| dqg wkh rwkhu frxqwlhv1 Wkh ghjuhh ri vprrwklqj/ lq erwk prghov/ lv
uhsuhvhqwhg e| d glvshuvlrq sdudphwhu/ � � / lq wkh sulru glvwulexwlrq iru �1 Li wkh glvshuvlrq
sdudphwhu lv odujh wkh ghjuhh ri vprrwklqj lv vpdoo dqg wkh hvwlpdwh ri � lv grplqdwhg
e| wkh gdwd iurp wkh frxqw|1 Rq wkh rwkhu kdqg/ li wkh glvshuvlrq sdudphwhu lv vpdoo/
wkh yduldqfh ri wkh sulru glvwulexwlrq zloo eh vpdoo dqg khqfh wkh hvwlpdwh ri � zloo eh
grplqdwhg e| wkh rwkhu frxqwlhv* � ydoxhv1

Prgho 614 lv �uvw uxq zlwk qr frqvwudlqw rq � � / l1h1/ wkh glvshuvlrq lv hvwlpdwhg iurp
wkh gdwd1 Wkh hvwlpdwh lv a� � @ 3=33481 Lw pljkw eh gl!fxow wr lqwhusuhw wklv ydoxh> exw lq
rughu wr vhh wkh h�hfw ri wkh vprrwklqj/ wkh hvwlpdwhv ri � lq wklv prgho lv sorwwhg djdlqvw
wkh hvwlpdwhv ri � lq wkh prgho zlwkrxw vprrwklqj +Prgho 5/ fi1 Vhfwlrq 9, lq Iljxuh 48
+ohiw,1
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Model 3.1: σ2 = 0.001
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Iljxuh 48= Wkh h�hfw ri vprrwklqj rq wkh sdudphwhu �1 Hvwlpdwhv iurp Prgho 614 zlwk
� � @ 3=334 +ohiw,/ Prgho 614 zlwk � � @ 3=34 +plggoh, dqg Prgho 615 +uljkw, djdlqvw wkh
hvwlpdwhv iurp wkh prgho zlwkrxw vprrwklqj +Prgho 5,1

Wkh ghjuhh ri vprrwklqj dsshduv wr eh txlwh odujh1 Wkh hvwlpdwhv iurp wkh vprrwkhg
prgho lv pxfk ohvv vsuhdg wkdq wkh hvwlpdwhv iurp wkh xqvprrwkhg prgho1 Lq idfw/ wkh
yduldqfh ri wkh hvwlpdwhg �v lv uhgxfhg e| :6 ( iru Prgho 614 dv frpsduhg zlwk wkh
xqvprrwkhg Prgho 51 Dovr/ wkh odujhvw sduw ri wkh yduldqfh iru wkh vprrwkhg prgho
fdq eh h{sodlqhg e| gl�huhqfhv ehwzhhq |hduv1 Wdnlqj wkdw lqwr dffrxqw wkh zlwklq |hdu
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yduldqfh lv uhgxfhg e| <9 (1
Wkh vdph prgho zdv dovr uxq zlwk d �{hg ydoxh ri � � 1 Zh fkrvh wr �{ wkh glvshuvlrq

wr � � @ 3=34/ zklfk lv derxw vhyhq wlphv odujhu wkdq zkhq � � zdv hvwlpdwhg iurp wkh gdwd/
lq rughu wr vkrz wkh h�hfw ri uhgxflqj wkh ghjuhh ri vprrwklqj1 Wkh uhvxow ri wklv fdq eh
vhhq lq Iljxuh 48 +plggoh,1 Wkh hvwlpdwhv duh vwloo ohvv vsuhdg wkdq lq wkh xqvprrwkhg
prgho exw qrw dv pxfk dv iru wkh xqfrqvwudlqhg prgho1

Zkhq wkh vdph sorw lv grqh iru wkh prgho zlwk zhljkwv edvhg rq glvwdqfhv ehwzhhq
wkh frxqwlhv +Prgho 615, +fi1 Iljxuh 48 +uljkw,, zh hqg xs zlwk doprvw wkh vdph h�hfw ri
wkh vprrwklqj dv iru wkh prgho zlwk vprrwklqj dffruglqj wr wkh qhljkeruv +Prgho 614,1
Lq idfw/ e| sorwwlqj wkh hvwlpdwhv iurp Prgho 615 djdlqvw wkh hvwlpdwhv iurp Prgho 614 zh
vhh wkdw wkh| dfwxdoo| duh yhu| vlplodu +fi1 Iljxuh 49,1

0.48 0.5 0.52 0.54 0.56

0.48

0.5

0.52

0.54

0.56

θ in model 3.1

θ 
in

 m
od

el
 3

.2

Iljxuh 49= Hvwlpdwhv ri � iurp Prgho 615 djdlqvw hvwlpdwhv ri � iurp Prgho 6141 Wkh
wzr rxwolhuv duh Qruuerwwhq dqg Yçvwhuerwwhq/ erwk lq |hdu 4<<7/ iru zklfk wkh wzr prghov
vprrwk wkh hvwlpdwhg wlph iru shdn lqflghqfh e| d gl�huhqw dprxqw1

Zdnh�hog hw do1 +5334, vwdwhv wkdw xvlqj qhljkeruv lv uhdvrqdeoh li doo uhjlrqv duh ri
vlplodu vl}h dqg duudqjhg lq d uhjxodu sdwwhuq1 Rxu uhvxowv vxjjhvw wkdw wkh vprrwklqj iru
wkh wlph ri wkh shdn/ xvlqj qhljkeruv zrunv dv zhoo dv xvlqj wkh glvwdqfhv ehwzhhq wkh
frxqwlhv/ hyhq wkrxjk wkh uhjlrqv lq Vzhghq qhlwkhu duh duudqjhg lq d uhjxodu sdwwhuq qru
duh ri wkh vdph vl}h1
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< Glvfxvvlrq
Vsdwldo dqg whpsrudo prghoolqj ri glvhdvh lqflghqfh fdq eh ri juhdw lpsruwdqfh iru d ehwwhu
xqghuvwdqglqj ri wkh dhwlrorj| ri d glvhdvh1 Vrph glvhdvhv kdyh d pruh ru ohvv vwdeoh
vhdvrqdo sdwwhuq zlwk dowhuqdwlqj kljk dqg orz lqflghqfh shulrgv1 Wklv lv hvshfldoo| wuxh
iru pdq| ri wkh lqihfwlrxv glvhdvhv1 Frpprqo|/ wkhuh lv d |hduo| f|foh +h1j1/ fdps|oredfwhu
lqihfwlrq/ vdoprqhood lqihfwlrq ru lq xhq}d, exw rwkhu f|foh ohqjwkv kdyh ehhq revhuyhg1
Rqh idprxv h{dpsoh ri wkh odwwhu lv wkh lqflghqfh ri phdvohv lq Juhdw Eulwdlq ehiruh wkh
vwduw ri ydfflqdwlrq/ zlwk odujh rxweuhdnv hyhu| irxuwk |hdu +fi1 h1j1/ Dqghuvrq ) Pd|
+4<<4,,1

Hylghqwo|/ wkhuh lv d odujh dprxqw ri udqgrpqhvv lq revhuyhg gdwd1 Wr eh deoh wr
vwxg| wkh vhdvrqdo sdwwhuqv dqg pdnh frpsdulvrqv/ h1j1/ ehwzhhq gl�huhqw jhrjudsklfdo
duhdv ru ehwzhhq gl�huhqw shulrgv ri wlph/ lw lv khosixo wr vprrwk wkh gdwd lq vrph zd|1 Rqh
dssurdfk lv wr xvh d qrq0sdudphwulf phwkrg vxfk dv d prylqj dyhudjh ru d nhuqho vprrwkhu1
Iru lqvwdqfh/ Q|oìq hw do1 +5335, xvhg d nhuqho vprrwkhu lq wkhlu vwxg|1 Qrq0sdudphwulf
phwkrgv duh yhu| vwudljkwiruzdug wr xvh exw odfn wkh lqwhusuhwdelolw| dqg  h{lelolw| ri
sdudphwulf prghov1 Wkh dgydqwdjh ri d sdudphwulf prgho lv wkdw/ dw ehvw/ rqh fdq uhsuhvhqw
glvhdvh vshfl�f sdwwhuqv lq wkh lqflghqfh zlwk d vpdoo qxpehu ri sdudphwhuv1

Zh kdyh lqwurgxfhg d sdudphwulf prgho dffrxqwlqj iru wkh vshfldo dvshfwv ri glvhdvhv
zlwk wkh nlqg ri vhdvrqdo sdwwhuq glvfxvvhg deryh1 Wkh prgho lqfrusrudwhv dv ihz dv irxu
sdudphwhuv ghvfulelqj wkh ixqfwlrqdo irup ri wkh lqflghqfh fxuyh zlwklq hdfk f|foh +h1j1/
|hdu,1 Wkhvh irxu sdudphwhuv wrjhwkhu zlwk wkh ixqfwlrqdo irup ghvfulelqj wkh lqflghqfh
sdwwhuqv pdnh wkh prgho yhu|  h{leoh1 Wkhuh duh ri frxuvh urrp iru lpsuryhphqw ri wkh
prgho wr jhw dq hyhq ehwwhu �w1 Wkh frvlqh sduw ri wkh prgho pdnhv wkh dvvxpswlrq wkdw
wkh kljk lqflghqfh shulrg lv v|pphwulf durxqg wkh shdn zhhn1 Qhyhuwkhohvv/ vrph ri rxu
gdwd rq fdps|oredfwhu lqihfwlrqv vxjjhvw wkdw wkhuh pljkw eh d vorzhu ghfolqh wkdq lqfolqh
durxqg wkh shdn lqflghqfh lq vrph |hduv iru vrph frxqwlhv1 Wkhuhiruh/ dqrwkhu ixqfwlrq
wdnlqj wklv lqwr dffrxqw pljkw uhvxow lq d ehwwhu �w1 Iljxuh 8 vkrzv krz wklv dv|pphwu|
pljkw orrn1 Krzhyhu/ zkhq gdwd duh djjuhjdwhg ryhu gl�huhqw duhdv/ dv lq wkdw fdvh/
wkh dv|pphwu| pljkw dv zhoo kdyh ehhq fdxvhg e| wkh djjuhjdwlrq ri vhyhudo v|pphwulf
lqflghqfh fxuyhv shdnlqj dw gl�huhqw wlphv1

Zh kdyh dovr pdgh wkh dvvxpswlrq ri lqghshqghqfh ehwzhhq |hduv1 Lq d suhylrxv
uhsruw +Olqgeçfn ) Vyhqvvrq +5334,, dqrwkhu sdudphwhulvdwlrq ri wkh prgho zdv wulhg e|
vsolwwlqj wkh sdudphwhuv lqwr wzr sduwv> rqh wkdw uhsuhvhqwhg wkh dyhudjh ryhu wkh |hduv
dqg dqrwkhu wkdw uhsuhvhqwhg d udqgrp h�hfw iru hdfk |hdu1 Rq wkh rwkhu kdqg/ vxfk
sdudphwhulvdwlrq zrxog qrw qhfhvvdulo| ohdg wr d ehwwhu prgho1 Lq pdq| vlwxdwlrqv lw lv
pruh dssursuldwh wr dvvxph frpsohwh lqghshqghqfh ehwzhhq |hduv1
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Wklv vwxg| zdv sduwldoo| lqlwldwhg gxh wr dq lqfuhdvlqj lqwhuhvw lq wkh vsuhdg ri fdps|0
oredfwhu lqihfwlrqv1 Wkhuh lv d qhhg wr xqghuvwdqg wkh vhdvrqdo sdwwhuqv vhhq lq wkh
revhuyhg gdwd lq rughu wr ixuwkhu lqyhvwljdwh ulvn idfwruv iru wkh glvhdvh1 Lw lv olnho| wkdw
wkh vshfwuxp ri ulvn idfwruv lv gl�huhqw gxulqj gl�huhqw wlphv ri wkh |hdu dqg srvvleo| lq
gl�huhqw jhrjudsklfdo duhdv1 E| xqghuvwdqglqj wkh jhrjudsklfdo dqg whpsrudo sdwwhuqv ri
wkh lqflghqfh lw lv pd|eh srvvleoh wr lpsuryh wkh ghvljq ri vwxglhv shuiruphg wr lqyhvwljdwh
ulvn idfwruv iru vsrudglf fdvhv ri fdps|oredfwhu lqihfwlrqv1

Wkh prgho �wwhg wkh gdwd zhoo1 Wkh |hduo| sdwwhuq ri fdps|oredfwhu lqihfwlrqv lv udwkhu
vwdeoh/ hyhq iru duhdv zlwk ihz fdvhv dqg lq vslwh ri d srvvleo| vxevwdqwldo xqghuuhsruwlqj1
Wr pdnh vxuh wkdw wkh prgho zdv  h{leoh hqrxjk wr ghwhfw d shdn gxulqj d shulrg idu
iurp wkh h{shfwhg/ l1h1/ lq odwh vxpphu/ zh pryhg vrph ri wkh gdwd iurp odwh vxpphu
wr hduo| vsulqj1 Wkh prgho vxffhhghg lq �qglqj wklv hduo| shdn1 Wklv lqglfdwhv wkdw wkh
prgho lv qrw wrr frqvwudlqhg dqg wkdw hyhq zkhq gdwd duh vsduvh wkhuh lv d vwdeoh vwuxfwxuh
uhjduglqj wkh lqflghqfh ri fdps|oredfwhu lqihfwlrqv zlwk d shdn lq odwh vxpphu1

Prghoolqj glvhdvh lqflghqfh gdwd riwhq dvvxphv udwkhu vlpsoh prghov hlwkhu edvhg
rq wkh Srlvvrq +djjuhjdwhg gdwd, ru wkh elqrpldo glvwulexwlrq +lqglylgxdo gdwd,1 Riwhq
wkhvh glvwulexwlrqdo dvvxpswlrqv duh ydolg ru dw ohdvw dssur{lpdwho| vr1 Krzhyhu/ lq vrph
vlwxdwlrqv wkh gdwd whqg wr eh ryhuglvshuvhg uhodwlyh wkh dvvxphg glvwulexwlrq ohdglqj wr
xqghuhvwlpdwlrq ri wkh yduldqfh1 Wklv lv shukdsv hyhq pruh frpprq iru lqihfwlrxv glvhdvhv
zkhuh foxvwhulqj ri fdvhv pljkw rffxu hdvlo| e| vhfrqgdu| lqihfwlrqv1 Zkhq zh orrnhg dw
wkh djjuhjdwhg gdwd iru Vzhghq wkhuh zhuh frqylqflqj hylghqfh ri ryhuglvshuvlrq zkhq zh
�wwhg wkh prgho dvvxplqj Srlvvrq yduldwlrq1 Wr ryhufrph wkh sureohp ri ryhuglvshuvlrq
zh uhirupxodwhg wkh prgho wr lqfoxgh d glvshuvlrq sdudphwhu/ dvvxplqj Qhjdwlyh elqrpldo
yduldwlrq1 Wkhuh dsshduhg wr eh qr vxevwdqwldo eldv lq sdudphwhu hvwlpdwhv ru hvwlpdwhg
lqflghqfh zkhq xvlqj wkh Srlvvrq prgho lqvwhdg ri wkh Qhjdwlyh elqrpldo prgho exw wkh
yduldqfh zdv fohduo| xqghuhvwlpdwhg1 Wkhvh uhvxowv vwuhvv wkh lpsruwdqfh wr fkhfn wkh
prgho dvvxpswlrqv uhjduglqj ryhuglvshuvlrq lq wkh prghoolqj surfhvv ri wkhvh nlqgv ri
gdwd1

Zh kdyh hvwdeolvkhg d prgho wr ghvfuleh wkh lqflghqfh ri fdps|oredfwhu lqihfwlrqv exw
qr dwwhpsw kdyh |hw ehhq pdgh wr olqn wkh gl�huhqw surshuwlhv ri wkh prgho wr h{whuqdo
idfwruv1 Lw lv udwkhu vwudljkwiruzdug wr lqfrusrudwh rwkhu lqirupdwlrq lq wkh prgho1 Frxqw|
zlvh lqirupdwlrq/ vxfk dv wkh sursruwlrq ri lqkdelwdqwv olylqj lq uxudo duhdv ru lqirupdwlrq
derxw wkh zdwhu vxsso|/ fdq hdvlo| eh dgghg dv d frxqw| idfwru1 Wlph0vshfl�f lqirupdwlrq
vxfk dv wkh |hduo| +ru prqwko|2zhhno|, lqflghqfh ri fdps|oredfwhu lqihfwlrqv dftxluhg
deurdg fdq dovr hdvlo| eh dgghg1 Lw zrxog dovr eh lqwhuhvwlqj wr dgg lqirupdwlrq derxw
whpshudwxuh dqg suhflslwdwlrq wr vhh wr zklfk h{whqw wkh folpdwh lq xhqfhv wkh vsuhdg ri
Fdps|oredfwhu1 Folpdwh gdwd frxog wkxv eh hqwhuhg dv d idfwru ydu|lqj erwk lq wlph dqg
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vsdfh1
Wkh qxpehu ri lqkdelwdqwv gl�hu ehwzhhq wkh frxqwlhv lq Vzhghq1 Dv d frqvhtxhqfh

ri wklv/ yduldqfhv dovr gl�huv ehwzhhq frxqwlhv1 Lw lv olnho| wkdw h{wuhph revhuydwlrqv ru
h{wuhph sdudphwhu hvwlpdwhv zloo rffxu lq vpdoohu duhdv +l1h1/ duhdv zlwk ihzhu lqkdel0
wdqwv, sxuho| gxh wr fkdqfh1 Lw lv srvvleoh wr vprrwk wkh hvwlpdwhv e| dvvxplqj vsdwldo
ghshqghqflhv1 Zh vwxglhg wkh h�hfw ri vsdwldo vprrwklqj rq wkh sdudphwhu ghvfulelqj wkh
wlph ri wkh shdn lqflghqfh1 Zkhq zh ohw wkh ghjuhh ri vprrwklqj eh hvwlpdwhg iurp wkh
gdwd/ wkh yduldqfh ehwzhhq wkh frxqwlhv* hvwlpdwhv zdv vxevwdqwldoo| uhgxfhg1 Wkh uhvxowv
lpsolhg wkdw doo hvwlpdwhv zhuh pruh ru ohvv vprrwkhg wrzdugv d joredo phdq/ dowkrxjk wkh
prgho dvvxphg orfdo vprrwklqj1 Zh wulhg wzr gl�huhqw nlqgv ri vsdwldo ghshqghqfh zkhq
zh shuiruphg wkh vprrwklqj1 Wkh �uvw dvvxphg wkdw hdfk frxqw|*v sdudphwhu ydoxh zdv
vprrwkhg wrzdugv wkh phdq ri wkh qhljkerulqj frxqwlhv* sdudphwhu ydoxhv1 Wzr frxqwlhv
zhuh dvvxphg wr eh qhljkeruv li wkh| vkduhg d frpprq erughu1 Wkh vhfrqg dvvxphg
vprrwklqj wrzdugv d zhljkwhg phdq ri doo rwkhu frxqwlhv* sdudphwhu ydoxhv zkhuh wkh
zhljkwv zhuh gh�qhg e| wkh glvwdqfh wr hdfk uhvshfwlyh frxqw|1 Erwk wkhvh phwkrgv jdyh
edvlfdoo| wkh vdph uhvxowv1 Glylglqj Vzhghq e| frxqwlhv uhvxowv lq uhodwlyho| ihz vxe0duhdv
+rqo| 54,1 Zlwk wrr ihz duhdv lw lv gl!fxow wr dfklhyh d jhqxlqh orfdo vprrwklqj1 Vprrwk0
lqj rqh frxqw| zloo kdyh h�hfwv rq d uhodwlyho| odujh sursruwlrq ri wkh rwkhu frxqwlhv dv
frpsduhg zlwk d vlwxdwlrq zlwk pruh duhdv1 Wklv pljkw ohdg wr d vlwxdwlrq zkhuh doo
frxqwlhv duh kdylqj d uhodwlyho| odujh h�hfw rq hdfk rwkhu dqg frqvhtxhqwo| doo frxqwlhv
duh vprrwkhg wrzdugv wkh vdph ydoxh1

Hvwlpdwlrqv ri wkh sdudphwhuv lq wkh prghov zhuh grqh zlwklq d Ed|hvldq vhwwlqj
xvlqj Pdunry fkdlq Prqwh Fduor vlpxodwlrq1 Lq rughu wr fduu| rxw wkh vlpxodwlrqv/ sulru
glvwulexwlrqv kdg wr eh vshfl�hg iru doo sdudphwhuv1 Wkh remhfwlyh zdv wr pdnh wkh sulru
glvwulexwlrqv dv xqlqirupdwlyh dv srvvleoh wr kdyh wkh sdudphwhu hvwlpdwhv grplqdwhg e|
wkh gdwd1 Gxh wr wkh frpsoh{lw| ri wkh prgho/ pdnlqj wkh sulru glvwulexwlrqv wrr ydjxh
uhvxowhg lq sureohpv lq wkh xsgdwlqj surfhvv1 Wkh vrphzkdw lqirupdwlyh sulruv/ iru wkh
sdudphwhuv � dqg �/ lv wkxv d zhdnqhvv lq wklv vwxg|1 Qhyhuwkhohvv/ e| orrnlqj dw wkh �w ri
wkh prghov dqg e| wu|lqj gl�huhqw sulruv dqg vwduwlqj ydoxhv lq wkh vlpxodwlrq surfhvv zh
eholhyh wkdw wkh hvwlpdwhv duh qrw wrr pxfk d�hfwhg e| wkh sulruv dqg wkdw wkh frqfoxvlrqv
gudzq vkrxog eh ydolg1

Zh kdyh/ lq wklv uhsruw/ rqo| dssolhg wkh prghov ghvfulehg rq fdps|oredfwhu lqihfwlrq
gdwd1 Pruhryhu/ Prgho 4/ wkh Srlvvrq prgho/ kdv dovr ehhq �wwhg wr zhhno| pruwdolw| gdwd
wr hydoxdwh h{fhvv pruwdolw| lq uhodwlrq wr lq xhq}d hslghplfv lq Vzhghq +fi1 Iljxuh 4:,1
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Iljxuh 4:= H{fhvv pruwdolw| gxh wr lq xhq}d lq Vzhghq zhhn 73 4<<6 wr zhhn 6< 4<<;1
Vrolg wklq olqh uhsuhvhqwv wkh qxpehu ri ghdwkv shu zhhn1 Erog olqh uhsuhvhqwv wkh hvwlpdwhg
zhhno| phdq qxpehu ri ghdwkv gxulqj zhhnv zlwk qr lq xhq}d gldjqrvhv1 Gdvkhg olqh
uhsuhvhqwv wkh zhhno| qxpehu ri oderudwru| gldjqrvhv ri lq xhq}d1

Rq wkh vlgh ri wkdw vwxg|/ dq lqirupdo frpsdulvrq zdv grqh ehwzhhq rxu prgho dqg
dqrwkhu prgho xvhg wr ghvfuleh wkh yduldwlrq lq pruwdolw| lq Vfrwodqg +fi1 Jhppho hw do1
+5333,,1 E| lqfoxglqj wkh sdudphwhu �/ doorzlqj iru erwk vkruwhu dqg orqjhu shdnv/ rxu
prgho vhhphg wr jlyh d ehwwhu �w wr wkh gdwd1 Krzhyhu/ dv vwdwhg deryh/ qr irupdo
frpsdulvrq zdv grqh1

D frqfoxvlrq iurp wklv vwxg| lv wkdw lw lv lqghhg srvvleoh wr ghulyh lqwhuhvwlqj lqiru0
pdwlrq iurp wkh uhsruwhg gdwd zlwk lwv nqrzq vkruwfrplqjv1 Uhjduglqj wkh gdwd rq
fdps|oredfwhu lqihfwlrqv lw lv eholhyhg wkdw wkhuh lv srvvleo| d vhyhuh xqghuuhsruwlqj1 Lq
vslwh ri wklv/ wkhuh lv vwloo d yhu| vwurqj vwuxfwxuh lq wkh gdwd1 Wkh prgho kdv dovr vxf0
fhvvixoo| ehhq �wwhg wr Lq xhq}d gdwd exw lw vkrxog eh srvvleoh wr �w wkh prgho wr gdwd
uhjduglqj rwkhu glvhdvhv zlwk d vlplodu vwuxfwxuh ri wkh lqflghqfh1 Ri frxuvh/ ehzduh ri
dsso|lqj wkh prgho wr dqrwkhu glvhdvh zlwkrxw wklqnlqj ri wkh vshfldo fkdudfwhulvwlfv ri
wkdw glvhdvh1

43 Dfnqrzohgjhphqw
P| zrun lq wklv surmhfw zdv grqh lq sduw wlph gxulqj wkh odvw irxu dqg d kdoi |hduv1
Gxulqj wklv wlph L kdyh kdg wkh rssruwxqlw| wr zrun zlwk pdq| lqwhuhvwlqj dqg lqwhooljhqw
shrsoh ri zkrp vhyhudo kdyh lq xhqfhg wklv zrun lq rqh zd| ru dqrwkhu1 L zrxog hvshfldoo|
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olnh wr wkdqn doo p| iruphu dqg fxuuhqw froohdjxhv dw VPL/ Vwdwlvwlfrq DE/ XFU dqg wkh
Pdwkhpdwlfdo vwdwlvwlfv ghsduwphqw dw wkh Vwrfnkrop xqlyhuvlw| iru lqwhuhvwlqj glvfxvvlrqv
uhjduglqj vwdwlvwlfdo wkhru| dqg dssolfdwlrqv1

Vrph shuvrqv kdyh kdg d ghhshu lq xhqfh rq wklv surmhfw dqg L zrxog khuh olnh wr wdnh
wkh rssruwxqlw| wr dfnqrzohgjh wkhp=

\yrqqh Dqghuvvrq dqg Elujlwwd gh Mrqj dw VPL iru vkdulqj wkhlu juhdw nqrzohgjh
derxw wkh hslghplrorj| ri fdps|oredfwhu lqihfwlrqv1 Surihvvru Mrkdq Jlhvhfnh dw VPL iru
lqlwldwlqj wklv surmhfw iurp wkh VPL vlgh dqg iru doorzlqj ph wr pdlqwdlq wkh frqwdfw zlwk
wkh xqlyhuvlw| zkloh zrunlqj dw VPL1 Ilqdoo| L zrxog olnh wr wkdqn p| vxshuylvru Surihvvru
Ènh Vyhqvvrq iru lqylwlqj ph wr zrun rq wklv surmhfw dqg iru doo wkh lqwhuhvwlqj glvfxvvlrqv
gxulqj lw1 L vxuho| kdyh ohduqhg d orw iurp zrunlqj rq wklv surmhfw1 L jxhvv wkdw zdv rqh
ri lwv sxusrvhv1

Wklv zrun zdv sduwo| ixqghg e| Wkh Edqn ri Vzhghq Whufhqwhqdu| Irxqgdwlrq1
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Uhihuhqfhv
Dqghuvrq/ U1 ) Pd|/ U1 +4<<4,/ Lqihfwlrxv glvhdvhv ri kxpdqv/ g|qdplfv dqg frqwuro1/

R{irug Vflhqfh Sxeo/ Qhz \run/ s1 ;81
Dqghuvvrq/ \1/ Edvw/ V1/ Jxvwdyvvrq/ R1/ Mrqvvrq/ V1 ) Qlovvrq/ W1 +4<<7,/ cFdps|oredf0

whuxweurww ^D Fdps|oredfwhu rxweuhdn`*/ Hslg0dnwxhoow 4:/ 9�<1 +Lq Vzhglvk,1
Dqghuvvrq/ \1 ) Jxvwdyvvrq/ R1 +4<<;,/ Fdps|oredfwhu � hq ydwwhqexuhq vplwwd dww

ehdnwd ylg sodqoçjjqlqj dy ydwwhqwçnw dy |wydwwhqw|s/ Uhvhdufk uhsruw/ Ùyhuvw|uhovhq
iùu flylo ehuhgvnds/ Vwrfnkrop1 +Lq Vzhglvk,1

Dqghuvvrq/ \1/ Jxvwdyvvrq/ S1/ Kdppdutxlvw/ F1/ Nxodqghu/ O1/ Qlovvrq/ S1 H1 Z1 )
Rovvrq/ D10P1 +4<<;,/ Ydwwhqnydolwì rfk kçovd/ hq vwxglh dy vmçoyudssruwhulqj ylg pdj0
rfk wdupvmxngrp ^Gulqnlqj zdwhu txdolw| dqg khdowk1 D vwxg| ri vhoi0uhsruwlqj ri
jdvwurlqwhvwlqdo looqhvv`/ Uhvhdufk uhsruw/ Jrgulqjv Wu|fnhul DE/ Ylve|1 +Lq Vzhglvk,1

Euhvn|/ E1/ Vwxgdko/ D1 F1/ Vçoo/ F1 ) Oxwkhu/ P1 O1 +4<<8,/ cVwruw xweurww dy pdjvmxnd
l Pdunv nrppxq ^D odujh rxweuhdn ri jdvwurlqwhvwlqdo looqhvv lq wkh pxqlflsdolw| ri
Pdun`*/ Hslg0dnwxhoow 4;/ 9�;1 +Lq Vzhglvk,1

Fklq/ M1/ hg1 +5333,/ Frqwuro ri frppxqlfdeoh glvhdvhv pdqxdo/ 4:wk hgq/ Dphulfdq Sxeolf
Khdowk Dvvrfldwlrq/ Zdvklqjwrq GF1

Jhppho/ L1/ PfOrrqh/ S1/ Ergg|/ I1 D1/ Glfnlqvrq/ J1 M1 ) Zdww/ J1 F1 +5333,/ cVhdvrqdo
yduldwlrq lq pruwdolw| lq Vfrwodqg*/ Lqwhuqdwlrqdo mrxuqdo ri hslghplrorj| 5<+5,/ 5:7�
5:<1

Jlhvhfnh/ M1 +5335,/ Prghuq lqihfwlrxv glvhdvh hslghplrorj|/ 5qg hgq/ Duqrog/ d phpehu
ri wkh Krgghu Khdgolqh Jurxs/ Orqgrq1

Jlonv/ Z1 U1/ Ulfkdugvrq/ V1 ) Vslhjhokdowhu/ G1 M1 +4<<9,/ Pdunry fkdlq Prqwh Fduor lq
sudfwlfh/ Fkdspdq dqg Kdoo/ Orqgrq1

Kdvwlqjv/ Z1 N1 +4<:3,/ cPrqwh Fduor vdpsolqj phwkrgv xvlqj Pdunry fkdlqv dqg wkhlu
dssolfdwlrqv*/ Elrphwulnd 8:/ <:�43<1

Klqgh/ M1 ) Ghpìwulr/ F1 J1 E1 +4<<;,/ cRyhuglvshuvlrq= Prghov dqg hvwlpdwlrq*/ Frpsx0
wdwlrqdo Vwdwlvwlfv dqg Gdwd Dqdo|vlv 5:/ 484�4:31

Mrupdqdlqhq/ Y1/ Olqgeçfn/ M1 ) Jlhvhfnh/ M1 +4<<:,/ cKxu oçqjh çu nolqlvnd dqpçoqlqjdu sè
yçj wloo Vplwwvn|ggvlqvwlwxwhwB ^Ghod| ri folqlfdo qrwl�fdwlrqv`*/ Vplwwvn|gg 4;/ 9�;1
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Ndsshuxg/ J1 +4<<8,/ Ghvfulswlyh dqg dqdo|wlf hslghplrorj| ri Fdps|oredfwhu hqwhulwlv lq
kxpdqv1 ZKR frqvxowlqj rq Hphujlqj Irrgeruqh Glvhdvhv/ Ehuolq/ Jhupdq|/ 53057
Pdufk 4<<81/ Uhvhdufk uhsruw/ Ihghudo Lqvwlwxwh iru Khdowk Surwhfwlrq ri Frqvxphuv
dqg Yhwhulqdu| Phglflqh/ Zruog Khdowk Rujdql}dwlrq1

Oljkwrq/ O1 O1/ Ndf}pduvnl/ H1 E1 ) Mrqhv/ G1 P1 +4<<4,/ cD vwxg| ri ulvn idfwruv iru
fdps|oredfwhu lqihfwlrqv lq odwh vsulqj*/ Sxeolf Khdowk 438/ 4<<�5361

Olqgeçfn/ M1 ) Vyhqvvrq/ È1 +5334,/ Fdps|oredfwhu lqihfwlrqv lq Vzhghq � D
vwdwlvwlfdo dqdo|vlv ri whpsrudo dqg vsdwldo glvwulexwlrqv ri qrwl�hg vsrudglf
fdps|oredfwhu lqihfwlrqv/ Uhvhdufk uhsruw 5334=7/ Pdwkhpdwlfdo vwdwlvwlfv/ Vwrfn0
krop xqlyhuvlw|/ Vwrfnkrop/ Vzhghq1 Dydlodeoh iurp XUO +Pd| 48/ 5336,=
kwws=22zzz1pdwk1vx1vh2pdwvwdw2uhsruwv2vhulhd21

PfFxoodjk/ S1 ) Qhoghu/ M1 D1 +4<;<,/ Jhqhudol}hg Olqhdu Prghov/ 5qg hgq/ Fkdspdq dqg
Kdoo/ Orqgrq1

Phwursrolv/ Q1/ Urvhqeoxwk/ D1 Z1/ Urvhqeoxwk/ P1 Q1/ Whoohu/ D1 K1 ) Whoohu/ H1 +4<86,/
cHtxdwlrqv ri vwdwh fdofxodwlrqv e| idvw frpsxwlqj pdfklqh*/ Mrxuqdo ri Fkhplfdo
Sk|vlfv 54/ 43;:�43<41

Proolì/ D1 +4<<9,/ Ed|hvldq pdsslqj ri glvhdvh/ lq Z1 U1 Jlonv/ V1 Ulfkdugvrq ) G1 M1
Vslhjhokdowhu/ hgv/ cPdunry fkdlq Prqwh Fduor lq sudfwlfh*/ �uvw hgq/ Fkdspdq dqg
Kdoo/ Orqgrq/ vhfwlrq 53/ ss1 68<�6:<1

Qhdo/ U1 P1 +4<<:,/ Pdunry fkdlq Prqwh Fduor phwkrgv edvhg rq *volflqj* wkh
ghqvlw| ixqfwlrq/ Uhvhdufk uhsruw <:55/ Ghsduwhphqw ri Vwdwlvwlfv/ Xqlyhu0
vlw| ri Wrurqwr/ Rqwdulr/ Fdqdgd1 Dydlodeoh iurp XUO +Pd| 48/ 5336,=
kwws=22zzz1fv1xwrurqwr1fd2�udgirug2sdshuv0rqolqh1kwpo1

Qrwkhupdqv/ V1 +4<<8,/ Hslghplrorjlfdo dvshfwv ri wkhuprsklolf Fdps|oredfwhu lq zdwhu
uhodwhg hqylurqphqwv1 ZKR frqvxowlqj rq Hphujlqj Irrgeruqh Glvhdvhv/ Ehuolq/
Jhupdq|/ 53057 Pdufk 4<<81/ Uhvhdufk uhsruw/ Ihghudo Lqvwlwxwh iru Khdowk Surwhfwlrq
ri Frqvxphuv dqg Yhwhulqdu| Phglflqh/ Zruog Khdowk Rujdql}dwlrq1

Q|oìq/ J1/ Gxqvwdq/ I1/ Sdophu/ V1 U1/ Dqghuvvrq/ \1/ Edjhu/ I1/ Frzghq/ M1/ Ihlhuo/ J1/
Jdoorzd|/ \1/ Ndsshuxg/ J1/ Phjudxg/ I1/ Proedn/ N1/ Shwhuvhq/ O1 U1 ) Uxxwx/
S1 +5335,/ cWkh vhdvrqdo glvwulexwlrq ri fdps|oredfwhu lqihfwlrq lq qlqh Hxurshdq
frxqwulhv dqg Qhz ]hdodqg*/ Hslghplrorj| dqg Lqihfwlrq 45;/ 6;6�6<31
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Vplwwvn|ggvlqvwlwxwhw +4<<8,/ Vplwwvdppd vmxngrpdu l Vyhuljh 4<<7/ Hslghplrorjlvnd hq0
khwhqv èuvudssruw1 ^Lqihfwlrxv glvhdvhv lq Vzhghq 4<<7/ |hduo| uhsruw ri wkh ghsw1 ri
Hslghplrorj|`/ Uhvhdufk uhsruw/ Vplwwvn|ggvlqvwlwxwhw/ Vwrfnkrop1 +Lq Vzhglvk,1

Vplwwvn|ggvlqvwlwxwhw +4<<9,/ Vplwwvdppd vmxngrpdu l Vyhuljh 4<<8/ Hslghplrorjlvnd hq0
khwhqv èuvudssruw1 ^Lqihfwlrxv glvhdvhv lq Vzhghq 4<<8/ |hduo| uhsruw ri wkh ghsw1 ri
Hslghplrorj|`/ Uhvhdufk uhsruw/ Vplwwvn|ggvlqvwlwxwhw/ Vwrfnkrop1 +Lq Vzhglvk,1

Vplwwvn|ggvlqvwlwxwhw +4<<:,/ Vplwwvdppd vmxngrpdu l Vyhuljh 4<<9/ Hslghplrorjlvnd hq0
khwhqv èuvudssruw1 ^Lqihfwlrxv glvhdvhv lq Vzhghq 4<<9/ |hduo| uhsruw ri wkh ghsw1 ri
Hslghplrorj|`/ Uhvhdufk uhsruw/ Vplwwvn|ggvlqvwlwxwhw/ Vwrfnkrop1 +Lq Vzhglvk,1

Vplwwvn|ggvlqvwlwxwhw +4<<<,/ Vplwwvdppd vmxngrpdu l Vyhuljh 4<<;/ Hslghpl0
rorjlvnd hqkhwhqv èuvudssruw1 ^Lqihfwlrxv glvhdvhv lq Vzhghq 4<<;/ |hduo|
uhsruw ri wkh ghsw1 ri Hslghplrorj|`/ Uhvhdufk uhsruw/ Vplwwvn|ggvlqvwl0
wxwhw/ Vwrfnkrop1 +Lq Vzhglvk,1 Dydlodeoh iurp XUO +Pd| 48/ 5336,=
kwws=22zzz1vplwwvn|ggvlqvwlwxwhw1vh2grzqordg2sgi2udss<;1sgi1

Vslhjhokdowhu/ G1 M1/ Wkrpdv/ D1 ) Ehvw/ Q1 J1 +5333,/ ZlqEXJV Yhuvlrq 416 Xvhu
Pdqxdo/ PUF Elrvwdwlvwlfv Xqlw/ Fdpeulgjh1

Wdx{h/ U1 Y1 +4<<5,/ Hslghplrorj| ri Fdps|oredfwhu mhmxql lqihfwlrqv lq wkh Xqlwhg Vwdwhv
dqg rwkhu lqgxvwuldol}hg qdwlrqv/ lq L1 Qdfkdpnlq/ P1 M1 Eodvhu ) O1 V1 Wrpsnlqv/
hgv/ cFdps|oredfwhu mhmxql1 Fxuuhqw vwdwxv dqg ixwxuh wuhqgv*/ Dphulfdq Vrflhw| iru
Plfurelrorj|/ Zdvklqjwrq GF1

Zdnh�hog/ M1 F1/ Ehvw/ Q1 J1 )Zdoohu/ O1 +5334,/ Ed|hvldq dssurdfkhv wr glvhdvh pdsslqj/
lq S1 Hoolrww/ M1 F1 Zdnh�hog/ Q1 Ehvw ) G1 Euljjv/ hgv/ cVsdwldo Hslghplrorj|*/ �uvw
hgq/ R{irug Xqlyhuvlw| Suhvv/ R{irug/ vhfwlrq :/ ss1 437�45:1

Zkhhohu/ M1 J1/ Vhwkl/ G1/ Frzghq/ M1 P1/ Zdoo/ S1 J1/ Urguljxhv/ O1 F1/ Wrpsnlqv/ G1 V1/
Kxgvrq/ P1 M1 ) Urghulfn/ S1 M1 +4<<<,/ cVwxg| ri lqihfwlrxv lqwhvwlqdo glvhdvh lq
Hqjodqg= udwhv lq wkh frppxqlw|/ suhvhqwlqj wr jhqhudo sudfwlfh/ dqg uhsruwhg wr
qdwlrqdo vxuyhloodqfh*/ EPM 64;/ 4379�43831
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D Lqwhuhvwlqj sdudphwhuv

Wdeoh ;= Shdn zhhn e| frxqw|
Frxqw| 4<<5 4<<6 4<<7 4<<8 4<<9 4<<: 4<<;

4 Vwrfnkrop 5< 67 65 68 67 67 65
5 Xssvdod 64 69 64 63 69 67 65
6 Vùghupdqodqg 65 64 5; 65 66 5: 69
7 Ùvwhujùwodqg 66 66 66 65 65 69 5;
8 Mùqnùslqj 65 63 63 68 67 64 64
9 Nurqrehuj 67 66 68 69 65 66 65
: Ndopdu 68 64 64 64 64 5; 63
; Jrwodqg 66 5; 63 63 63 66 64
< Eohnlqjh 5< 66 64 66 5: 67 66
43 Vnèqh 69 5< 63 65 65 65 66
44 Kdoodqg 5< 65 69 6< 64 65 65
45 Yçvwud Jùwdodqg 68 64 64 67 69 65 64
46 Yçupodqg 5< 65 66 69 66 66 64
47 Ùuheur 65 5; 63 68 63 64 67
48 Yçvwpdqodqg 5; 5< 63 67 66 64 5;
49 Gdoduqd 65 66 66 64 6: 5; 65
4: Jçyoheruj 63 63 64 64 64 65 64
4; Yçvwhuqruuodqg 63 5: 65 67 67 64 63
4< Mçpwodqg 64 5< 64 63 67 64 64
53 Yçvwhuerwwhq 63 64 73 67 68 64 64
54 Qruuerwwhq 63 65 67 65 69 65 65
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Wdeoh <= Udwlr ehwzhhq kljk dqg orz lqflghqfh e| frxqw|
Frxqw| 4<<5 4<<6 4<<7 4<<8 4<<9 4<<: 4<<;

4 Vwrfnkrop 913 616 61; 919 <15 4415 4417
5 Xssvdod 619 813 <14 4319 915 91< :17
6 Vùghupdqodqg 4316 4416 917 <14 431< <16 4715
7 Ùvwhujùwodqg 51; ;18 915 61: ;1; 717 814
8 Mùqnùslqj 619 917 617 817 :13 ;1; 91:
9 Nurqrehuj 813 :14 71< 814 491: 4514 4714
: Ndopdu 61; 618 71: 81: 916 91: 918
; Jrwodqg 913 4619 717 ;18 817 :19 <14
< Eohnlqjh 4318 918 616 4517 ;15 ;16 481<
43 Vnèqh 61; 717 719 519 815 <17 81<
44 Kdoodqg 813 616 813 <1; <1: ;16 91:
45 Yçvwud Jùwdodqg 614 719 617 716 4317 4517 <15
46 Yçupodqg 4516 71: 914 713 914 4719 5716
47 Ùuheur 916 <16 716 71; 91; 819 4814
48 Yçvwpdqodqg 815 818 :19 :13 4715 4<17 5415
49 Gdoduqd 818 914 91< :16 5517 451: 4415
4: Jçyoheruj 431; 61< 81< ;1: 4;19 4313 4319
4; Yçvwhuqruuodqg 4719 919 4514 ;1: 4617 <17 4514
4< Mçpwodqg ;14 431; 5317 4317 441; 61< 4716
53 Yçvwhuerwwhq 81: :1: 91< 431< 81< 917 451<
54 Qruuerwwhq <18 4616 ;19 :1; ;18 4315 5817
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Wdeoh 43= Vwduw ri kljk lqflghqfh shulrg e| frxqw|
Frxqw| 4<<5 4<<6 4<<7 4<<8 4<<9 4<<: 4<<;

4 Vwrfnkrop 4< 53 55 54 48 49 45
5 Xssvdod 4< 4; 8 8 53 53 4;
6 Vùghupdqodqg 48 48 47 45 47 49 53
7 Ùvwhujùwodqg 4; 48 4: 4: 53 4< 4<
8 Mùqnùslqj 4< 4; 49 56 4; 49 4;
9 Nurqrehuj 54 4: 54 46 48 48 46
: Ndopdu 54 9 53 4: 48 53 53
; Jrwodqg 49 < 54 4< 56 4< 49
< Eohnlqjh 4; ; 55 46 4; 55 47
43 Vnèqh 54 4; 4< 54 4< 4; 54
44 Kdoodqg 47 57 57 4; 44 4; 53
45 Yçvwud Jùwdodqg 58 54 53 55 49 48 49
46 Yçupodqg 48 53 58 5: 4< 44 49
47 Ùuheur 45 48 48 55 4; 4: 49
48 Yçvwpdqodqg 4: 54 4< 4; 49 46 49
49 Gdoduqd 49 4< 53 47 47 43 53
4: Jçyoheruj 46 55 4< 45 47 56 54
4; Yçvwhuqruuodqg 49 4; 53 55 56 4< 55
4< Mçpwodqg 4< 53 46 ; 56 4; 56
53 Yçvwhuerwwhq 48 56 64 4; 56 4< 55
54 Qruuerwwhq 4; 55 4: 47 58 4: 4:
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Wdeoh 44= Sursruwlrq fdvhv zlwklq .20 5 zhhnv ri wkh shdn zhhn gxulqj hdfk |hdu e| frxqw|
Frxqw| 4<<5 4<<6 4<<7 4<<8 4<<9 4<<: 4<<;

4 Vwrfnkrop 57 48 4< 53 4< 54 4<
5 Xssvdod 49 48 45 48 4< 54 55
6 Vùghupdqodqg 55 56 53 4; 4< 57 56
7 Ùvwhujùwodqg 46 4< 4; 48 59 49 55
8 Mùqnùslqj 49 56 48 53 4< 55 54
9 Nurqrehuj 4; 4< 4; 46 57 55 54
: Ndopdu 49 44 53 53 4< 5; 59
; Jrwodqg 4; 54 54 5: 59 54 55
< Eohnlqjh 5; 46 4: 53 5; 58 55
43 Vnèqh 48 4< 53 47 4< 57 55
44 Kdoodqg 4: 4; 4< 4: 4; 56 55
45 Yçvwud Jùwdodqg 49 53 4: 4; 4; 56 56
46 Yçupodqg 59 4< 5: 4< 53 4< 65
47 Ùuheur 49 57 49 4; 56 4< 56
48 Yçvwpdqodqg 54 58 59 4< 56 58 67
49 Gdoduqd 4; 53 55 4< 4; 54 5;
4: Jçyoheruj 55 53 54 4; 59 64 65
4; Yçvwhuqruuodqg 5< 57 64 59 64 59 6:
4< Mçpwodqg 58 66 59 4: 63 49 6<
53 Yçvwhuerwwhq 4; 5; 58 56 54 55 68
54 Qruuerwwhq 58 68 53 4< 59 57 64
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E Zhljkw pdwul{ iru Prgho 614

Wdeoh 45= Zhljkw pdwul{ iru Prgho 6141
57698;:=<;>@?BA@CD5FEG5*5H5�6I5�8I5+:J5�<I5+>J5�?I5FAG5+CK6�EL6	5

5BM�N O	P-Q�R�O�S T U;5957E9E9E9EV57E9E9E;E9E9E9E9E9E9E9E9E9E
6;W(X�X�Y Z*S Z 59U;57E9E9E9E9E9E9E9E;E9E9EV57EV57E9E9E9E
8@M�[*\�]+^�T_Z*`�S Z*`�\ 5;5@U;57E9E9EV57E9E9E;E9EV5957E9E9E9E9E9E
:=a'YbN-]F^ c*[�N-S Z�`�\ E;EV5@U;57EV5957E9E9ED57EV57E9E9E9E9E9E9E
<;d*[*`�Q�[*X�e `�c E;E9EV5@U;5957E9E9EV5;57E9E9E9E9E9E9E9E9E
>;fg^ O*`�O�h�]F^ c E;E9E9EV5@U;57EV59595iE9E9E9E9E9E9E9E9E9E
?BfgZ�S T_Z*^ E;E9EV59595@U;5957E9E;E9E9E9E9E9E9E9E9E9E
A=j'O�N-S Z�`�\ 5iEV5957E9EV5@UiE9E9E;E9E9E9E9E9E9E9E9E9E
C;klS ]+Q�e `�c*] E;E9E9E9EV5957EmU;57E;E9E9E9E9E9E9E9E9E9E
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5+:=a'^�]Fh�^�O E;EV5957E9E9E9E9E9E9ED595@U;5957E9E9E9E9E
5�<sp'q�Y�N T_Z*`�S Z*`�\ ED5957E9E9E9E9E9E9E9E;E9EV5@U;5957E9E9E9E
5�>;tgZ*S Z�^�`�Z E;E9E9E9E9E9E9E9E9E9E;EV59595@U;57EV57E9E
5�?9j'q�u�S ]Fh)O*^�c ED57E9E9E9E9E9E9E9E9E;E9E9EV595@U;5957E9E
5+A;p'q�Y�N ]F^ `�O*^ ^�S Z*`�\ E;E9E9E9E9E9E9E9E9E9E;E9E9E9E9EV5@U;5957E
5�C9d*q*TvN S Z*`�\ E;E9E9E9E9E9E9E9E9E9E;E9E9E9EV59595@U;57E
6*E;p'q�Y�N ]F^ h�O�N N ]+` E;E9E9E9E9E9E9E9E9E9E;E9E9E9E9E9EV595@U;5
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County: 3. Södermanland
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County: 4. Östergötland
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County: 5. Jönköping
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County: 6. Kronoberg
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County: 7. Kalmar
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County: 8. Gotland
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County: 9. Blekinge
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County: 10. Skåne
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County: 11. Halland
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County: 12. Västra Götaland
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County: 13. Värmland
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County: 14. Örebro
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County: 15. Västmanland
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County: 16. Dalarna
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County: 17. Gävleborg
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County: 18. Västernorrland
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County: 19. Jämtland
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County: 20. Västerbotten

1992:1 1993:1 1994:1 1995:1 1996:1 1997:1 1998:1 1999:1

1

2

3

4

5

6

7

8

Week

N
um

be
r o

f c
as

es

County: 21. Norrbotten
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