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Abstract 
 
This paper analyzes differences in R&D spending and in the impact of R&D on productivity between 
German and UK firms.  We confirm that German firms spend significantly larger amounts on R&D than 
their UK counterparts, even after controlling for firm size and industry effects.  Using a dynamic 
production function approach, we find that the R&D output elasticity is approximately the same in both 
countries, implying a much larger rate of return on R&D in the UK than in Germany.  We discuss several 
explanations for this result. 
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41 Lqwurgxfwlrq dqg Prwlydwlrq

Wkh klvwru| ri Jhupdq| dqg wkh Xqlwhg Nlqjgrp lqfoxghv pdq| hslvrghv lq zklfk

lqqrydwlrq dqg whfkqrorjlfdo ohdghuvkls zhuh pdmru ghwhuplqdqwv ri hfrqrplf shu0

irupdqfh dqg zhoiduh1 Wkh fkhplfdo lqgxvwu| surylghv d whoolqj h{dpsoh1 Wrzdugv

wkh plggoh ri wkh 4<wk fhqwxu|/ wkh XN 0 wkh prwkhuodqg ri lqgxvwuldol}dwlrq 0

ehjdq wr orvh lwv wuhphqgrxv ohdg lq fkhplfdo whfkqrorj|/ rqh ri wkh prvw lpsru0

wdqw lqgxvwuldo duwv ri wkrvh gd|v1 Ohdglqj Jhupdq fkhplvwv kdg lqlwldoo| pryhg

wr wkh XN/ dqg d eudlq0gudlq wr wkh ehqh�w ri wkh XN kdg vwduwhg lq wkh �uvw

kdoi ri wkh 4<wk fhqwxu|1 Exw dv Odqgdx dqg Urvhqehuj +4<<5/ :;�1, srlqw rxw/

frqglwlrqv iru lqqrydwlrq lq wkh XN glg qrw surjuhvv lq wkh vhfrqg kdoi1 Wkh prvw

surgxfwlyh fkhplvwv ri wkh gd| pryhg edfn wr Jhupdq|1 Kripdqq/ d vwxghqw ri

Olhelj/ zdv d whoolqj h{dpsoh= �+111, ^Kripdqq` zdv d vlqjxoduo| dwwudfwlyh dqg

fuhdwlyh �jxuh/ zkr kdg pryhg wr Hqjodqg lq 4;78 wr whdfk fkhplvwu|1 Olhelj

kdg suhfhghg klp lq d wulxpskdo wrxu ri Hqjodqg lq 4;75/ dw d wlph zkhq Olhelj*v

delolw| wr srsxodul}h fkhplvwu| e| vkrzlqj lwv xvhixoqhvv wr lqgxvwu| dqg djulfxo0

wxuh �oohg d ydfxxp wkdw zdv qrw �oohg e| glvwlqjxlvkhg Eulwlvk fkhplvwv vxfk dv

Gdowrq/ Gdy| dqg Idudgd|1 Dw wkh vdph wlph ^4;98`/ Kripdqq uhfhlyhg dq h{0

wuhpho| dwwudfwlyh r�hu wr uhwxuq wr Jhupdq|1 Kh kdg ehfrph glvdssrlqwhg zlwk

wkh xqsurjuhvvlyhqhvv ri wkh Eulwlvk g|h lqgxvwu|/ wkh edfnzdug vwdwh ri rujdqlf

fkhplfdo hgxfdwlrq/ dqg wkh odfn ri v|psdwk| rq wkh sduw ri exvlqhvv/ wkh jryhuq0

phqw/ dqg wkh yhu| frqvhuydwlyh edqnv1 Lq Jhupdq|/ d yhu| gl�huhqw dwprvskhuh

suhydlohg1� Iru d qxpehu ri uhdvrqv/ wkh ghyhorsphqw ri wkh fkhplfdo lqgxvwu|

lq wkh XN vwdoohg 0 dowkrxjk wkh frxqwu| kdg frppdqghg d grplqdqw srvlwlrq

lq 4;831 Exw e| 4<46/ Jhupdq| zdv surgxflqj 473/333 wrqv ri v|qwkhwlf g|hv/

Vzlw}huodqg jhqhudwhg 43/333 wrqv/ dqg Hqjodqg kdg idoohq edfn wr surgxflqj

rqo| 7/333 wrqv ri wkh kljko| sul}hg dqg lqgxvwuldoo| lpsruwdqw udz pdwhuldo14

Lq erwk frxqwulhv/ uhvhdufkhuv dqg srolf|0pdnhuv duh djdlq lqwhuhvwhg lq wkh

frqwulexwlrq ri lqqrydwlrq dqg U)G wr surgxfwlylw| jurzwk15 Wkh qrwlrq ri d

ohvv wkdq ghvludeoh lqqrydwlrq shuirupdqfh ri wkh XN kdv ehhq d ohlwprwly lq

4Vhh dovr Iuhhpdq +4<;5/ fkdswhu 6,1 Rwkhu lqgxvwulhv wkdw kdyh vhhq d vlplodu uhyhuvdo ri
qdwlrqdo ohdghuvkls srvlwlrqv lqfoxgh prwru0f|fohv/ dxwrprelohv/ frpsxwhuv/ whohylvlrq vhwv/ dqg

frqvxphu hohfwurqlfv1 Vhh Sruwhu +4<<5, iru d glvfxvvlrq ri frpshwlwlyh dgydqwdjhv dqg wkhlu

ghwhuplqdqwv dw wkh frxqwu| ohyho1
5Fi1 Kxwwrq +4<<8,1 Uhihuhqfhv rq wkh Jhupdq vlgh ri wkh ghedwh fdq eh irxqg lq Ilhu dqg

Kdukr� +5335,1
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wkhvh glvfxvvlrqv> exw vlplodu frqfhuqv kdyh ehhq yrlfhg lq Jhupdq| uhjduglqj

wkh frxqwu|*v delolw| wr jhqhudwh d vx!flhqwo| odujh qxpehu ri vwduwxsv lq qhz

whfkqrorjlfdo �hogv +zkhuh Juhdw Eulwdlq 0 h1j1/ lq elrwhfkqrorj| 0 kdv ehhq pruh

vxffhvvixo,1 Irfxvlqj rq lqqrydwlrq lq hvwdeolvkhg lqgxvwulhv/ vrph revhuyhuv kdyh

vxjjhvwhg wkdw hfrqrplf dqg vrfldo frqglwlrqv lq Jhupdq| pd| eh pruh vxlwdeoh

iru wkh wdvn ri lqgxvwuldo lqqrydwlrq> wkh| srlqw wr gl�huhqfhv lq U)G vshqglqj/

sdwhqw vwdwlvwlfv dqg rwkhu lqglfdwruv zklfk vxjjhvw wkdw wkh XN lv odjjlqj1 Krz0

hyhu/ prvw ri wkhvh dvvhvvphqwv frph iurp wkh srsxodu ru wkh exvlqhvv suhvv/ dqg

wkhuh kdv ehhq d ghduwk ri suhflvh vflhqwl�f dqdo|vhv zklfk ghwhuplqdqwv ri U)G

vshqglqj dqg lqqrydwlrq duh dw wkh urrw ri wkh revhuyhg gl�huhqfhv ehwzhhq wkh

wzr frxqwulhv1

Wklv sdshu vhhnv wr h{whqg wkh vflhqwl�f edvh ri wkhvh frqwuryhuvlhv1 Zkloh

wkh srolf| ghedwh kdv w|slfdoo| irfxvhg rq wkh qduurz frqwh{wv ri U)G/ sdwhqw0

lqj dqg yhqwxuh fdslwdo/ zh wdnh d eurdghu orrn dw wkh vxsso| ri dqg ghpdqg

iru U)G rssruwxqlwlhv16 Zh �uvw glvfxvv srvvleoh udwlrqdohv iru wkh suhvxphg

gl�huhqfhv lq U)G vshqglqj dqg lqqrydwlrq lq wkhvh wzr frxqwulhv1 Zh frqvlghu

d qxpehu ri idfwruv wkdw d�hfw wkh vxsso| ri surmhfwv wkdw frxog eh sxuvxhg e|

sulydwh hqwhusulvhv/ dv zhoo dv wkh idfwruv wkdw lpsdfw rq wkh kxugoh udwh ri uhwxuq

ghpdqghg e| pdqdjhuv dqg lqyhvwruv iurp vxfk surmhfwv1

Xvlqj d qhzo| frqvwuxfwhg gdwdvhw/ zh wkhq wdnh d ghwdlohg orrn dw U)G

vshqglqj dw wkh �up ohyho dqg frq�up wkdw wkhuh duh lqghhg surqrxqfhg glvfuhs0

dqflhv ehwzhhq Jhupdq dqgXN �upv1 Wkh �uvw pdlq hpslulfdo uhvxow ri rxu sdshu

lv wkdw Jhupdq �upv duh rxwvshqglqj Eulwlvk frpshwlwruv e| d udwlr ri urxjko|

wzr wr rqh/ hyhq diwhu frqwuroolqj iru lqgxvwu| dqg vl}h h�hfwv1 Rxw ri wzhoyh lq0

gxvwulhv/ Jhupdq �upv kdyh vljql�fdqwo| kljkhu U)G lqwhqvlwlhv lq hljkw> lq wkuhh

lqgxvwulhv/ wkhuh duh qr vljql�fdqw gl�huhqfhv/ dqg lq rqo| rqh vhfwru +pdfklqhu|/

gdwd surfhvvlqj/ dqg r!fh htxlsphqw, gr zh revhuyh d kljkhu U)G lqwhqvlw| lq

wkh XN wkdq lq Jhupdq|1 Wkxv/ wkh djjuhjdwh slfwxuh lv qrw mxvw d ixqfwlrq ri

qdwlrqdo lqgxvwu| frpsrvlwlrq +dv rqh pljkw vxvshfw,/ exw prvwo| rqh ri �up0

ohyho gl�huhqfhv lq U)G vshqglqj1 Vrph iudfwlrq ri wklv glvfuhsdqf| pd| eh gxh

wr phdvxuhphqw sureohpv/ exw wkh ryhudoo uhvxowv duh frqvlvwhqw zlwk wkh sdwhqw

dssolfdwlrq qxpehuv dw wkh Hxurshdq Sdwhqw R!fh/ zklfk duh kljko| fruuhodwhg

6Vhh Ilhu dqg Kdukr� +5335, iru d glvfxvvlrq ri krz srvw0ZZLL ihghudo U)G srolflhv lq
Jhupdq| kdyh ehhq d�hfwhg e| vxfk frqfhuqv1
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zlwk U)G h{shqglwxuhv1 Wkhuhiruh/ zh wdnh wkh vw|ol}hg idfw wkdw Jhupdq �upv

0 fhwhulv sdulexv 0 vshqg pruh rq lqqrydwlrq wkdq wkhlu Eulwlvk frxqwhusduwv dv

wkh vwduwlqj srlqw ri rxu sdshu1

Wkh vhfrqg sduw ri rxu hpslulfdo dqdo|vlv lv pruh frpsoh{ dv zh dwwhpsw wr

phdvxuh wkh udwh ri uhwxuq wr U)G lwvhoi1 Zkloh wkhuh lv d odujh olwhudwxuh ri

vwxglhv zlwk d vlplodu remhfwlyh/ lw lv fohdu wr vfkroduv lq wklv �hog wkdw wkh wdvn

lv udwkhu frpsoh{1 Zh dwwhpsw wr vroyh wkh hvwlpdwlrq sureohp e| hpsor|lqj

g|qdplf surgxfwlrq ixqfwlrqv lq d sdqho gdwd vhwwlqj1 Zh xvh rxu hvwlpdwhv ri

wkh surgxfwlrq ixqfwlrq frh!flhqwv wr ghulyh wkh h{shfwhg pdujlqdo udwh ri uhwxuq

dv wkh surgxfw ri wkh U)G hodvwlflw| ri uhyhqxh wlphv wkh lqyhuvh ri wkh U)G

lqwhqvlw| +U)G h{shqglwxuhv glylghg e| uhyhqxh,1 Zh fdq ghprqvwudwh wkdw

wkh uhyhqxh hodvwlflwlhv zlwk uhvshfw wr U)G duh yhu| vlplodu lq erwk frxqwulhv1

Wrjhwkhu zlwk wkh hylghqfh rq U)G vshqglqj/ wklv lpsolhv wkdw wkh udwh ri uhwxuq

wr U)G pxvw eh vljql�fdqwo| kljkhu lq wkh XN wkdq lq Jhupdq|1 Zh lqwhusuhw

wkhvh uhvxowv dv hylghqfh djdlqvw wkh k|srwkhvlv wkdw wkh vflhqwl�f0whfkqrorjlfdo

rssruwxqlwlhv iru U)G surmhfwv lq wkh wzr frxqwulhv duh wkh vroh fdxvh iru wkh

revhuyhg gl�huhqfhv lq vshqglqj1 Iru d qxpehu ri uhdvrqv/ gl�huhqfhv lq frusrudwh

jryhuqdqfh dqg �qdqfh v|vwhpv dsshdu wr eh dw ohdvw sduwo| uhvsrqvleoh iru wkh

gl�huhqfhv lq U)G vshqglqj1

Wr wkh ehvw ri rxu nqrzohgjh/ wklv uhvxow lv qryho1 Iru lqyhvwphqwv lq sk|vlfdo

fdslwdo/ d qxpehu ri lqwhuhvwlqj vwxglhv zlwk dqdorjrxv uhvxowv h{lvw17 Wklv vhhpv

wr frq�up wkh ylhz wkdw udwhv ri uhwxuq gl�hu dfurvv wkh wzr frxqwulhv lq d v|v0

whpdwlf zd| 0 uhwxuqv lq wkh XN dqg XV dsshdu wr eh kljkhu wkdq lq frqwlqhqwdo

Hxurshdq hfrqrplhv1 Rxu uhvxowv vxjjhvw wkdw d vlplodu sdwwhuq fkdudfwhul}hv wkh

uhwxuqv wr U)G lq Jhupdq| dqg wkh Xqlwhg Nlqjgrp1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq vhfwlrq 5/ zh uhylhz

wkhruhwlfdo dujxphqwv zklfk pd| dffrxqw iru shuvlvwhqw gl�huhqfhv lq wkh U)G

lqyhvwphqw ghflvlrqv ri XN dqg Jhupdq �upv zklfk duh idflqj wkh vdph/ joredo

surgxfw pdunhw frqglwlrqv1 Zh glvfxvv rxu hfrqrphwulf whfkqltxhv wr whvw wklv

k|srwkhvlv lq vhfwlrq 6/ zkhuh zh ghvfuleh rxu g|qdplf vshfl�fdwlrqv iru sur0

gxfwlrq ixqfwlrqv1 Hvwlpdwlrq yld JPP whfkqltxhv lv dgguhvvhg lq vhfwlrq 71 Lq

vhfwlrq 8/ zh eulh | ghvfuleh rxu gdwd dqg glvfxvv gl�huhqfhv ehwzhhq XN dqg

Jhupdq �upv zlwk uhvshfw wr wkhlu U)G vshqglqj1 Erwk lq wkh ghvfulswlyh vwd0

7Vhh/ iru h{dpsoh/ Eùuvfk0Vxsdq +4<<<, ru PfNlqvh| Joredo Lqvwlwxwh +4<<:,1
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wlvwlfv dqg lq vlpsoh uhjuhvvlrqv ri U)G lqwhqvlw| rq �up vl}h dqg lqgxvwu| vhfwru

yduldeohv/ zh �qg wkdw Jhupdq �upv rxwvshqg wkhlu Eulwlvk frpshwlwruv frqvlghu0

deo|1 Vhfwlrq 9 suhvhqwv wkh uhvxowv iurp wkh g|qdplf surgxfwlrq ixqfwlrqv1 Wkh

�qdo vhfwlrq frqfoxghv1

51 Ghwhuplqdqwv ri Ilup0Ohyho U)G Ghflvlrqv

Rxu dqdo|vlv vhhnv wr ghwhfw srvvleoh gl�huhqfhv lq wkh surgxfwlylw| frqwulexwlrq

ri U)G dfwlylwlhv lq uhodwlyho| odujh Jhupdq dqg XN �upv1 Wr frqfhswxdol}h

rxu dujxphqwv/ frqvlghu Iljxuh 41 Lq wkh xsshu sdqho +Fdvh 4,/ zh ghslfw wzr

grzqzdug vorslqj fxuyhv vxppdul}lqj wkh uhodwlrqvkls ehwzhhq wkh pdujlqdo udwh

ri uhwxuq iurp U)G dqg U)G h{shqglwxuhv dw wkh �up ohyho lq wzr frxqwulhv1

Hyhq li �upv lq wkh wzr frxqwulhv idfh wkh vdph �qdqfldo uhtxluhphqwv/ l1h1/ wr

uhwxuq wr wkhlu lqyhvwruv d udwh ri uhwxuq uW/ wkh| zloo vshqg gl�huhqw dprxqwv

rq U)G/ vlqfh wkh vxsso| ri vxlwdeoh U)G surmhfwv gl�huv1 Wkxv/ rxu glvfxvvlrq

ri ghwhuplqdqwv ri U)G vshqglqj �uvw irfxvhv rq idfwruv wkdw d�hfw wkh vhw ri

whfkqrorjlfdo dqg vflhqwl�f U)G rssruwxqlwlhv dydlodeoh wr �upv1 Zh dujxh wkdw

frpphufldo U)G rssruwxqlwlhv duh pdlqo| ghwhuplqhg e| wkh h{whqw ri edvlf

uhvhdufk lq d frxqwu|/ e| wkh kxpdq fdslwdo dydlodeoh wr �upv dqg e| wkh h{whqw

wr zklfk sulydwh hqwhusulvhv kdyh dffhvv wr uhvhdufk uhvxowv iurp sxeolf uhvhdufk

lqvwlwxwlrqv dqg xqlyhuvlw| oderudwrulhv> l1h1/ e| wkh h!flhqf| ri sxeolf0sulydwh

whfkqrorj| wudqvihu phfkdqlvpv1 Wkxv/ �upv lq rqh frxqwu| pd| xqghuwdnh ohvv

U)G ehfdxvh wkh| dfklhyh wkhlu ghvluhg pdujlqdo surgxfw ri lqyhvwphqw lq qhz

nqrzohgjh dw orzhu ohyhov ri U)G wkdq �upv lq rwkhu frxqwulhv gr 0 wkh qxpehu

ri surmhfwv |lhoglqj wkh pdunhw udwh ri uhwxuq pd| vlpso| eh orzhu1

Lq wkh vhfrqg srodu fdvh +Fdvh 5,/ zh dvvxph wkdw �upv lq gl�huhqw frxqwulhv

idfh wkh vdph U)G surmhfw vxsso| fxuyh/ jlylqj wkhp dffhvv wr lghqwlfdo rssru0

wxqlwlhv iru U)G1 Exw vxssrvh wkdw iru uhdvrqv wr eh glvfxvvhg ehorz/ �upv lq

rqh frxqwu| zloo rqo| vhohfw surmhfwv zlwk udwhv ri uhwxuq odujhu wkdq u� zkhuhdv

�upv lq wkh rwkhu frxqwu| idfh d orzhu kxugoh udwh u21 Wklv fdvh pd| frph derxw

dv d frqvhtxhqfh ri d kljkhu ulvn suhplxp iru XN �upv/ shukdsv dv d uhvxow ri

pruh vhyhuh dv|pphwulf lqirupdwlrq ehwzhhq �upv dqg vxssolhuv ri �qdqfh> ru

dv wkh lpsolfdwlrq ri d frusrudwh jryhuqdqfh uhjlph lq zklfk pdqdjhuv shufhlyh

kljkhu frvwv/ shukdsv ehfdxvh orqj0whup lqyhvwphqwv pdnh �upv yxoqhudeoh wr

krvwloh wdnh0ryhuv dqg duh wkhuhiruh 0 wr vrph ghjuhh 0 dyrlghg> ru dv d frqvh0
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txhqfh ri zhdnhuhu frqwuro ryhu lqyhvwphqw srolflhv e| vkduhkroghuv/ uhvxowlqj lq

kljkhu djhqf| frvwv1 Lq wklv fdvh wkh revhuyhg gl�huhqfh lq U)G vshqglqj zloo

eh fdxvhg e| khwhurjhqhrxv �qdqfldo uhtxluhphqwv1 Dv zh hpskdvl}h ehorz/ lw

lv ri vrph lqwhuhvw wr glvwlqjxlvk ehwzhhq wkhvh wzr srodu fdvhv1 Fohduo|/ hlwkhu

ri wkh srodu fdvhv pd| qrw uh hfw uhdo hfrqrplhv ixoo| 0 d frqyh{ frpelqdwlrq

ri erwk vlwxdwlrqv pd| eh srvvleoh1 Lw lv hyhq ihdvleoh wkdw �upv lq wkh frxqwu|

zlwk kljkhu kxugoh udwhv kdyh vx!flhqwo| ihuwloh U)G rssruwxqlwlhv wkdw zh vhh

d frpelqdwlrq ri kljk U)G h{shqglwxuhv dqg kljk udwhv ri uhwxuq +frpsduhg wr

wkh vhfrqg frxqwu|,1

Ohw xv frqvlghu d qxpehu ri ghwhuplqdqwv ri wkh whfkqrorjlfdo rssruwxqlwlhv

dydlodeoh wr �upv orfdwhg lq d jlyhq frxqwu|/ zlwk sduwlfxodu dwwhqwlrq ehlqj jlyhq

wr gl�huhqfhv ehwzhhq wkh XN dqg Jhupdq|1

l, Ilupv w|slfdoo| sur�w iurp edvlf U)G xqghuwdnhq e| sxeolfo| ixqghg uh0

vhdufk oderudwrulhv dqg2ru xqlyhuvlwlhv1 Whfkqrorjlfdo rssruwxqlwlhv dydlodeoh wr

sulydwh �upv +vhh Frkhq dqg Ohylq 4<;<, duh wkhuhiruh frqwlqjhqw rq wkh h{whqw

wr zklfk qhz lghdv duh ghyhorshg1 Zkloh sxeolfo| vxssruwhg U)G rujdql}dwlrqv

h{lvw lq doo lqgxvwuldol}hg qdwlrqv/ wkh Jhupdq hfrqrp| dsshduv wr sur�w iurp

d qxpehu ri odujh qhwzrunv ri oderudwrulhv 0 h1j1 wkh pruh wkdq 453 Iudxqkrihu

Lqvwlwxwhv/ ru wkh Pd{0Sodqfn0Lqvwlwxwhv zklfk kdyh hpsor|hg d yhu| vxffhvvixo

olfhqvlqj vwudwhj| ryhu wkh odvw 53 |hduv1

ll, Zkloh vrph ri wkh lghdv jhqhudwhg lq sxeolf0vhfwru U)G oderudwrulhv pd|

eh preloh dqg fdq eh h{sorlwhg rq d joredo edvlv/ wkhuh duh jrrg dujxphqwv wr

vxjjhvw wkdw wkh  rz ri qhz lghdv lv qrw zlwkrxw jhrjudsklf iulfwlrq1 Orfdol}hg

vslooryhuv duh suhvxpdeo| rqh ri wkh pdlq uhdvrqv iru wkh hphujhqfh ri whfkqrorj|

foxvwhuv vxfk dv Vlolfrq Ydooh|/ wkh elrwhfkqrorj| foxvwhu durxqg Fdpeulgjh +XN,/

ru wkh hphujhqfh ri d elrwhfkqrorj| lqgxvwu| vrxwk ri Pxqlfk1 Sruwhu +4<<5,

dujxhv wkdw orfdol}hg vslooryhuv wrjhwkhu zlwk d kljk ghjuhh ri frpshwlwlrq fdq ohdg

vxfk foxvwhuv wr grplqdwh rwkhu uhjlrqv lq whupv ri nqrzohgjh surgxfwlrq1 Wkh

h!flhqf| ri forvh frrshudwlrq dqg frppxqlfdwlrq ehwzhhq wkh sulydwh dqg wkh

sxeolf vhfwru pd| dovr eh dq lpsruwdqw idfwru lq ghwhuplqlqj wkh udwh dw zklfk qhz

lghdv fdq uhdfk wkh sulydwh vhfwru1 Djdlq/ Jhupdq| dsshduv wr sur�w iurp d wklfn

od|hu ri lqvwlwxwlrqdo duudqjhphqwv ehwzhhq xqlyhuvlwlhv dqg sulydwh frusrudwlrqv1

Wkhvh duh sduwlfxoduo| vwurqj lq wkh fkhplfdov/ skdupdfhxwlfdov/ dxwrprelohv dqg

wkh pdfklqh wrro lqgxvwulhv1 Vrph ri wkhvh wlhv gdwh edfn wr wkh 4<wk fhqwxu| zkhq
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wkh qhzo| irxqghg fkhplfdo �upv lq Jhupdq| zhuh lqvwuxphqwdo lq oxulqj edfn

hplqhqw vflhqwlvwv olnh Kripdqq iurp Juhdw Eulwdlq +Odqgdx2Urvhqehuj 4<<5,1

lll, Xqwlo wkh ehjlqqlqj ri 5335/ Jhupdq surihvvruv dw xqlyhuvlwlhv kdyh kdg

frqvlghudeoh ohhzd| wr wudqvihu wkhlu lqwhoohfwxdo surshuw| wr sulydwh frusrudwlrqv

0 zlwkrxw vkdulqj wkh uhwxuqv zlwk wkhlu uhvshfwlyh uhvhdufk lqvwlwxwlrq1 Wkh vr0

fdoohg �Krfkvfkxoohkuhuhu�qghusulylohj� +surihvvruldo lqyhqwru sulylohjh, doorzhg

wkhp wr h{sorlw wkh uljkwv wr wkhlu lqwhoohfwxdo surshuw| zlwkrxw vkdulqj wkh uh0

wxuqv zlwk wkh krph xqlyhuvlw| ru dq| ri wkh ixqglqj rujdql}dwlrqv1 Zkloh lw lv

yhu| gl!fxow wr rewdlq frpsuhkhqvlyh txdqwlwdwlyh hylghqfh/ lw dsshduv fohdu wkdw

d frqvlghudeoh vkduh ri wkh lqwhoohfwxdo surshuw| fuhdwhg dw sxeolf xqlyhuvlwlhv lq

Jhupdq| kdv irxqg lwv zd| wr odujh sulydwh frusrudwlrqv18 Wklv pd| yhu| zhoo

kdyh frph dw wkh h{shqvh ri dfdghpld0edvhg vslqrxw �upv19

Lw lv yhu| gl!fxow wr dvvhvv krz wkhvh idfwruv rshudwh lq frpelqdwlrq1 Rxu

txdolwdwlyh dvvhvvphqw zrxog ohdg xv wr vxjjhvw wkdw whfkqrorjlfdo rssruwxql0

wlhv iru lqgxvwuldo U)G lq uhodwlyho| odujh frusrudwlrqv +exw qrw qhfhvvdulo| lq

vwduwxsv, duh ehwwhu ghyhorshg lq Jhupdq| wkdq lq wkh Xqlwhg Nlqjgrp1 Wklv

dujxphqw kdv dovr ehhq sxw iruwk e| Vrvnlfh +4<<<, zkr vxjjhvwv wkdw wkh Jhu0

pdq qdwlrqdo lqqrydwlrq v|vwhp lv jhduhg wrzdugv surylglqj jrrg frqglwlrqv iru

lqfuhphqwdo U)G zklfk w|slfdoo| wdnhv sodfh lq odujh frusrudwlrqv1

Wkh frusrudwh jryhuqdqfh dqg �qdqflqj iudphzrunv lq wkh wzr frxqwulhv dovr

vkrz uhpdundeoh gl�huhqfhv=

l, Odujh Jhupdq �upv duh pruh olnho| wr uhpdlq sulydwho| rzqhg dqg xqtxrwhg

rq vwrfn pdunhwv wkdq wkhlu frxqwhusduwv lq Eulwdlq1 Hyhq dprqj sxeolf/ txrwhg

frpsdqlhv/ vkduh rzqhuvkls uhpdlqv pxfk pruh frqfhqwudwhg lq Jhupdq| wkdq lw

lv lq Eulwdlq1 Pruhryhu/ wkh h{whqw wr zklfk frusrudwh htxlw| lv rzqhg e| �qdqfldo

lqvwlwxwlrqv/ vxfk dv shqvlrq ixqgv dqg lqvxudqfh frpsdqlhv/ zkr whqg wr krog

glyhuvl�hg sruwirolrv zlwk vpdoo vwdnhv lq pdq| �upv/ lv vxevwdqwldoo| kljkhu lq

Eulwdlq wkdq lq Jhupdq|1:

ll, Pdqdjhuv ri Jhupdq �upv duh pxfk pruh olnho| wr eh prqlwruhg e| d vlqjoh

odujh vkduhkroghu/ ru vpdoo jurxs ri uhodwhg vkduhkroghuv/ zkr rzq d frqwuroolqj

lqwhuhvw lq wkh �up1

8Odujh frusrudwlrqv riwhq r�huhg xqlyhuvlw|0edvhg lqyhqwruv wr fryhu wkhlu sdwhqwlqj h{shqvhv

dqg wr sd| d �{hg krqudulxp lq h{fkdqjh iru frqwuro ryhu wkh lqwhoohfwxdo surshuw|1
9Vhh Juxehu dqg Kdukr� +5335, iru dq dvvhvvphqw ri wkh uhfhqw fkdqjhv lq wkh uhvshfwlyh odz1
:Hgzdugv dqg Ilvfkhu +4<<7, surylgh frpsdudwlyh hylghqfh rq vkduh rzqhuvkls sdwwhuqv1
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lll, Jhupdq �upv duh pxfk ohvv olnho| wr eh vxemhfw wr d krvwloh wdnhryhu1;

Pxfk sxeolfl}hg fdvhv/ vxfk dv wkh krvwloh wdnhryhu ri Pdqqhvpdqq DJ e| Yrgd0

irqh ru wkh dwwhpswhg wdnhryhu ri Wk|vvhq e| Nuxss +zklfk idlohg lqlwldoo| dqg

zdv wkhq �qdoo| uhdol}hg dv d �iulhqgo|� phujhu, ghprqvwudwh wkdw vxfk dftxlvl0

wlrqv duh vwloo wkh h{fhswlrq lq Jhupdq vwrfn pdunhwv1

ly, Sdwwhuqv ri frusrudwh �qdqfh duh eurdgo| vlplodu lq prvw ghyhorshg frxq0

wulhv/ zlwk lqwhuqdo �qdqfh iurp uhwdlqhg sur�wv dffrxqwlqj iru d odujh pdmrulw| ri

lqyhvwphqw vshqglqj e| odujh frpsdqlhv lq erwk Eulwdlq dqg Jhupdq|1< Krzhyhu

rwkhu gl�huhqfhv lq frusrudwh �qdqfldo ehkdylrxu kdyh ehhq grfxphqwhg/ qrwdeo|

wkdw wkh vkduh ri sur�wv sdlg rxw dv glylghqgv wr vkduhkroghuv whqgv wr eh erwk

kljkhu dqg pruh uljlg lq Eulwdlq wkdq lq Jhupdq|143

y, Ilqdoo|/ dowkrxjk wkh h{whqw ri vxfk gl�huhqfhv fdq eh h{djjhudwhg/ wkhuh

duh srwhqwldoo| lpsruwdqw zd|v lq zklfk wkh lqwhudfwlrqv ehwzhhq odujh �upv

+zklfk frqvwlwxwh wkh pdmrulw| ri �upv lq rxu vdpsoh, dqg edqnv gl�hu lq wkh

wzr frxqwulhv1 Iru h{dpsoh/ d orqj whup uhodwlrqvkls zlwk d vlqjoh/ grplqdqw

edqn lv pruh frpprq lq Jhupdq|/ dqg uh hfwhg lq wkh uhsuhvhqwdwlrq ri edqnv

rq wkh vxshuylvru| erdugv ri odujh Jhupdq �upv144 Hyhq li edqn sduwlflsdwlrq lq

Jhupdq erdugv kdv ehhq ghfuhdvlqj odwho|/ wkh uroh ri edqnv lv vwloo srzhuixo gxh

wr wkh sur{| yrwh v|vwhp zklfk doorfdwhv wkh yrwlqj uljkwv ri htxlw| rzqhuv zkr

gr qrw dfwlyho| sduwlflsdwh lq vkduhkroghuv* phhwlqjv wr wkh edqnv dw zklfk wkh

ghsrvlwv duh ehlqj khog1

Lq shuihfwo| zrunlqj fdslwdo pdunhwv/ qrqh ri wkh diruhphqwlrqhg gl�huhqfhv

zrxog dsshdu wr pdwwhu iru frusrudwh lqyhvwphqw ehkdylrxu1 Li wkhuh duh pdq|

frpshwlqj vxssolhuv ri �qdqfh wr �upv/ hdfk ri wkhp kdylqj frpprq lqirupd0

wlrq derxw wkh ulvnv dqg survshfwlyh uhwxuqv dydlodeoh rq hdfk �up*v lqyhvwphqw

rssruwxqlwlhv/ wkhq rqo| wkh frvw ri �qdqfh/ ru wkh udwh ri uhwxuq uhtxluhg e|

wkhvh lqyhvwruv/ vkrxog lq xhqfh frpsdq| lqyhvwphqw ehkdylrxu1 Ghwdlov ri wkh

frqwudfwxdo duudqjhphqwv ehwzhhq ohqghuv dqg eruurzhuv dvvxph vhfrqgdu| lp0

sruwdqfh/ dqg lq sduwlfxodu wkh dydlodelolw| ri lqwhuqdoo| jhqhudwhg ixqgv lq wkh

irup ri uhwdlqhg sur�wv vkrxog kdyh qr lq xhqfh rq lqyhvwphqw rxwfrphv1 Wklv

;Iudqnv dqg Pd|hu +4<<3, surylgh frpsdudwlyh hylghqfh rq frusrudwh wdnhryhu dfwlylw|1
<Vhh/ iru h{dpsoh/ Fruehww dqg Mhqnlqvrq +4<<:,1

43Fruuhld gh Vloyd +4<<9, surylghv frpsdudwlyh hylghqfh rq frusrudwh glylghqg ehkdylrxu1
44Hgzdugv dqg Ilvfkhu +4<<7, surylgh d wkrurxjk dffrxqw ri wkh uhodwlrqvkls ehwzhhq edqnv

dqg �upv lq wkh wzr frxqwulhv1 Kdukr� dqg Nùuwlqj +4<<<, vkrz wkdw wkh ghew ri Jhupdq VPHv

lv w|slfdoo| frqfhqwudwhg dprqj d ihz lvvxlqj edqnv ru rwkhu lqvwlwxwlrqv1
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ylhz frq lfwv zlwk d vxevwdqwldo erg| ri hpslulfdo hylghqfh zklfk vxjjhvwv wkdw

frusrudwh lqyhvwphqw pd| glvsod| ch{fhvv vhqvlwlylw|* wr lqglfdwruv ri wkh dydlo0

delolw| ri lqwhuqdo �qdqfh/ vxfk dv fxuuhqw ru uhfhqw sur�wv ru fdvk  rz1 Zklovw lw

lv h{wuhpho| gl!fxow wr whvw iru wkh suhvhqfh ri vljql�fdqw c�qdqflqj frqvwudlqwv*/

pdq| uhvhdufkhuv kdyh vxjjhvwhg wkdw wkhvh duh dq lpsruwdqw lq xhqfh rq fru0

srudwh lqyhvwphqw1 Wkhruhwlfdo dqdo|vhv ri fdslwdo pdunhwv zlwk lpshuihfw ru

dv|pphwulf lqirupdwlrq/ ru rwkhu clpshuihfwlrqv* vxfk dv wd{hv dqg wudqvdfwlrqv

frvwv/ kdyh udwlrqdolvhg wkh srvvlelolw| wkdw rxwvlgh lqyhvwruv pd| uhtxluh d kljkhu

udwh ri uhwxuq rq h{whuqdoo| ixqghg lqyhvwphqw surmhfwv wkdq h{lvwlqj lqyhvwruv

uhtxluh iurp lqwhuqdoo| ixqghg surmhfwv 0 lq zklfk fdvh wkh dydlodelolw| ri orz frvw

lqwhuqdo �qdqfh grhv lqghhg ehfrph d vljql�fdqw idfwru lq wkh �up*v lqyhvwphqw

ehkdylrxu1 Shukdsv vxusulvlqjo|/ pxfk ri wkh hpslulfdo hylghqfh uhodwhv wr odujh/

sxeolfo| wudghg XV dqg XN frpsdqlhv145

Li lw lv wkh fdvh wkdw lpshuihfw lqirupdwlrq udlvhv wkh frvw ri h{whuqdo �qdqfh

iurp ghew ru qhz vkduh lvvxhv/ ohdylqj wkh lqyhvwphqw vshqglqj ri vrph �upv

frqvwudlqhg e| d vkruwdjh ri lqwhuqdo ixqgv/ wkhq lw lv srvvleoh wkdw lqvwlwxwlrqdo

gl�huhqfhv ehwzhhq wkh �qdqfldo v|vwhpv lq gl�huhqw frxqwulhv pd| kdyh d vxe0

vwdqwlyh lpsdfw rq lqyhvwphqw rxwfrphv1 Lq sduwlfxodu lqvwlwxwlrqdo duudqjhphqwv

zklfk surprwh orqjhu whup uhodwlrqvklsv dqg wkh dvvrfldwhg h{fkdqjh ri lqirupd0

wlrq ehwzhhq vkduhkroghuv dqg pdqdjhuv/ ru ehwzhhq edqnv dqg �upv/ pd| khos wr

plwljdwh vrph ri wkh vrxufhv ri wkhvh �qdqflqj frqvwudlqwv1 Frqyhuvho| �qdqfldo

v|vwhpv wkdw duh fkdudfwhulvhg e| wudqvlhqw/ dupv* ohqjwk uhodwlrqvklsv ehwzhhq

rzqhuv/ pdqdjhuv dqg vxssolhuv ri rxwvlgh �qdqfh pd| eh pruh surqh wr vljqli0

lfdqw �qdqflqj frqvwudlqwv146 Wklv pd| eh uh hfwhg hlwkhu lq wkh ryhudoo ohyho ri

lqyhvwphqw/ ru lq wkh doorfdwlrq ri lqyhvwphqw ehwzhhq uhodwlyho| vdih/ vkruw whup

dfwlylwlhv dqg uhodwlyho| ulvn|/ orqjhu whup yhqwxuhv vxfk dv U)G1

Wkh gl�huhqfh ehwzhhq wkhvh yduldqwv olhv lq wkhlu qrupdwlyh lpsolfdwlrqv1 Iru

h{dpsoh/ li �qdqfldo frqvwudlqwv duh suhvhqw lq wkh XN +dw ohdvw wr d odujhu h{whqw

wkdq lq Jhupdq|,/ wkhq lqyhvwphqw lq U)G frxog eh lqh!flhqwo| orz1 Vlploduo|/

wkh wkuhdw ri wdnhryhuv frxog eh kdupixo lq wkh vhqvh wkdw pdqdjhuv vk| dzd| iurp

orqj0whup lqyhvwphqwv zlwk srvlwlyh ydoxh wr vkduh0kroghuv1 Frqyhuvho|/ li wkh

45Kxeedug +4<<;, surylghv d uhfhqw vxuyh| ri uhvhdufk lq wklv duhd1
46Wkh| pd| ri frxuvh surylgh r�vhwwlqj dgydqwdjhv/ vxfk dv pruh h�hfwlyh doorfdwlrq ri fds0

lwdo wr kljk uhwxuq dfwlylwlhv/ sduwlfxoduo| dw wlphv zkhq vljql�fdqw uhdoorfdwlrq ri uhvrxufhv lv

zduudqwhg e| ghyhorsphqwv lq whfkqrorj| ru lq wkh eurdghu hfrqrplf hqylurqphqw1

;



gl�huhqfhv ehwzhhq wkh XN dqg Jhupdq| uh hfw gl�huhqfhv lq wkh frvw ri lqwhuqdo

�qdqfh/ wkhq wkh Eulwlvk vlwxdwlrq pd| yhu| zhoo eh suhihudeoh1 Wkhvh glvwlqfwlrqv

duh qrw rxu pdlq frqfhuq lq wklv sdshu 0 zh phuho| zlvk wr whvw zkhwkhu wkh

orzhu U)G lqyhvwphqwv revhuyhg lq wkh XN frlqflgh zlwk d kljkhu udwh ri uhwxuq

wr U)G1 D frpsdudwlyh vwxg| ri frusrudwh lqyhvwphqw dqg U)G ehkdylrxu e|

Eulwlvk dqg Jhupdq �upv vkrxog qrqhwkhohvv eh txlwh uhyhdolqj1 Li wkhuh duh

qr ghwhfwdeoh gl�huhqfhv ehwzhhq �upv lq wkhvh wzr frxqwulhv/ wklv zrxog fdvw

grxew rq wkh lpsruwdqfh ri wkh gl�huhqw fkdudfwhulvwlfv ri wkh �qdqfldo v|vwhpv

ghvfulehg deryh1 Li wkhuh duh vxevwdqwldo gl�huhqfhv ehwzhhq wkh ehkdylrxu ri

dssduhqwo| vlplodu �upv lq wkh wzr frxqwulhv/ wklv dw ohdvw udlvhv wkh srvvlelolw|

wkdw wkh diruhphqwlrqhg gl�huhqfhv kdyh uhdo h�hfwv1

61 Vwdwlf dqg G|qdplf Prghov ri Surgxfwlrq

Wkh sdshu uhodwhv wr d odujh erg| ri olwhudwxuh rq wkh uhodwlrqvkls ehwzhhq U)G

dqg surgxfwlylw|/ dqg rq wkh lpsdfw ri frusrudwh jryhuqdqfh rq surgxfwlylw|1

Uhfhqw vxuyh|v ri wkh pdlq hpslulfdo uhvxowv dqg phwkrgv hpsor|hg lq hvwlpdwlqj

wkh surgxfwlylw| lpsdfw ri U)G kdyh ehhq suhvhqwhg e| Pdluhvvh dqg Prkqhq

+4<<7, dqg Pdluhvvh dqg Vdvvhqrx +4<<4,1 Zkloh wkhuh kdyh ehhq vwxglhv rq wklv

lvvxh lq yluwxdoo| doo ri wkh pdmru lqgxvwuldol}hg frxqwulhv/ wkh fdvh ri surgxfwlylw|

dqg U)G lq Hxurshdq frxqwulhv/ dqg lq Jhupdq| dqg wkh XN lq sduwlfxodu/ kdv

uhpdlqhg uhodwlyho| xqh{soruhg vr idu1 Rqh ri wkh nh| sureohpv lq wkh sdvw kdv

ehhq wkh dydlodelolw| ri vxlwdeoh �up0ohyho gdwd iru d ghwdlohg hfrqrphwulf dqdo|vlv1

Lq wklv sdshu/ zh xvh gdwdvhwv wkdw kdyh rqo| uhfhqwo| ehfrph dydlodeoh gxh wr

fkdqjhv lq sxeolfdwlrq uhtxluhphqwv/ dqg zh dsso| d g|qdplf surgxfwlrq ixqfwlrq

phwkrgrorj| zklfk zdv uhfhqwo| ghyhorshg e| Eoxqghoo dqg Erqg +5333,1

Hvwlpdwlqj wkh lpsdfw ri U)G lq surgxfwlrq ixqfwlrqv kdv ehhq irxqg wr eh

gl!fxow/ wr vd| wkh ohdvw1 Wkh hpslulfdo lvvxhv duh vxppdul}hg e| Julolfkhv +4<:<,1

Vhyhudo vxuyh|v +h1j1/ Pdluhvvh dqg Vdvvhqrx/ 4<<4> Pdluhvvh dqg Prkqhq/ 4<<7,

kdyh dovr grfxphqwhg pdmru gl�huhqfhv ehwzhhq wlph0vhulhv dqg furvv0vhfwlrqdo

hvwlpdwhv/ dqg lq sduwlfxodu wkh whqghqf| ri wlph0vhulhv hvwlpdwruv wr |lhog uhvxowv

wkdw zrxog vxjjhvw vwurqjo| ghfuhdvlqj uhwxuqv wr vfdoh1 Srwhqwldo h{sodqdwlrqv

iru wkhvh glvfuhsdqflhv kdyh ehhq glvfxvvhg e| Pdluhvvh +4<<5,1 Lq wklv sdshu/

zh iroorz vxjjhvwlrqv rxwolqhg e| Eoxqghoo dqg Erqg +5333, zkr dsso| JPP

whfkqltxhv ghyhorshg e| Duhoodqr dqg Eryhu +4<<8, dqg Eoxqghoo dqg Erqg +4<<;,
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wr wkh hvwlpdwlrq ri g|qdplf Free0Grxjodv surgxfwlrq ixqfwlrqv1

6141 Wkh Edvlf Prgho

Wkh h{srvlwlrq lq wklv vhfwlrq iroorzv forvho| wkh glvfxvvlrq lq Eoxqghoo dqg Erqg

+5333,1 Wr rxwolqh wkh vshfl�fdwlrqv xvhg khuh/ zh �uvw frqvlghu wkh Free0Grxjodv

surgxfwlrq ixqfwlrq lq oderxu dqg fdslwdo

|�| @ �?q�| . �&n�| . �| . +�� . y�| .p�|, +614,

y�| @ �y�c|3� . h�|

h�|>p�| qPD+3,

zlwk |�| ehlqj orj vdohv ri �up l lq |hdu w/ q�| orj hpsor|phqw/ n�| orj fdslwdo

vwrfn dqg �| uhsuhvhqwlqj d |hdu0vshfl�f lqwhufhsw1 Ri wkh huuru frpsrqhqwv/ ��

lv dq xqrevhuyhg �up0vshfl�f h�hfw/ y�| lv d srvvleo| dxwruhjuhvvlyh +surgxfwly0

lw|, vkrfn dqg p�| uh hfwv vhuldoo| xqfruuhodwhg +phdvxuhphqw, huuruv1 Frqvwdqw

uhwxuqv wr vfdoh zrxog lpso| �? . �& @ 4/ exw lq prvw fdvhv/ zh gr qrw uhvwulfw

wkh frh!flhqwv dqg whvw wkh FUWV k|srwkhvlv1

Zh duh lqwhuhvwhg lq frqvlvwhqw hvwlpdwlrq ri wkh sdudphwhuv +�?> �&> �, zkhq

wkh qxpehu ri �upv +Q, lv odujh dqg wkh qxpehu ri |hduv +W, lv �{hg1 Erwk

hpsor|phqw +q�|, dqg fdslwdo +n�|, duh srwhqwldoo| fruuhodwhg zlwk wkh �up0vshfl�f

h�hfwv +��,/ dqg zlwk erwk surgxfwlylw| vkrfnv +h�|, dqg phdvxuhphqw huuruv +p�|,=

Wkh prgho kdv d g|qdplf +frpprq idfwru, uhsuhvhqwdwlrq

|�| @ �?q�| � ��?q�c|3� . �&n�| � ��&n�c|3� . �|�c|3� +615,

.+�| � ��|3�, . +��+4� �, . h�| .p�| � �p�c|3�,

ru

|�| @ ��q�| . �2q�c|3� . ��n�| . �en�c|3� . �D|�c|3� . �
W

| . +�
W

� .z�|, +616,

vxemhfw wr wzr qrq0olqhdu +frpprq idfwru, uhvwulfwlrqv �2 @ ����D dqg �e @

����D1 Jlyhq frqvlvwhqw hvwlpdwhv ri wkh xquhvwulfwhg sdudphwhu yhfwru � @

+��> �2> ��> �e> �D, dqg ydu+�,/ wkhvh uhvwulfwlrqv fdq eh whvwhg dqg lpsrvhg xvlqj

plqlpxp glvwdqfh wr rewdlq wkh uhvwulfwhg sdudphwhu yhfwru +�?> �&> �,1 Qrwlfh
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wkdw z�| @ h�| qPD+3, li wkhuh duh qr phdvxuhphqw huuruv +ydu+p�|, @ 3,/ dqg

z�| q PD+4, rwkhuzlvh1 Dv lq wkh vwdwlf fdvh/ frqvwdqw uhwxuqv wr vfdoh pd| eh

lpsrvhg e| h{suhvvlqj doo uhjuhvvruv uhodwlyh wr wkh oderu lqsxw dqg e| gursslqj

wkh oderu lqsxw yduldeohv wkhpvhoyhv iurp wkh uhjuhvvlrq1

6151 Surgxfwlrq Ixqfwlrqv Zlwk Phdvxuhg U)G

Wkh vshfl�fdwlrq vwxglhg lq vhfwlrq 614 uhdglo| h{whqgv wr surgxfwlrq ixqfwlrqv

zlwk pruh wkdq wzr idfwruv1 Lq sduwlfxodu/ zh frqvlghu xvlqj phdvxuhg U)G dv

d wklug lqsxw lq wkh surgxfwlrq ixqfwlrq1 Wklv dssurdfk exlogv rq wkh fodvvlfdo

zrun e| Julolfkhv +4<;7, dqg klv vwxghqwv/ exw h{whqgv lw wr kdyh dq h{solflwlo|

g|qdplf vwuxfwxuh1 Wkh prgho zh frqvlghu lv qrz

|�| @ �?q�| . �&n�| . �ou�| . �| . +�� . y�| .p�|, +617,

y�| @ �y�c|3� . h�|

h�|>p�| qPD+3,

zkhuh u�| lv d phdvxuh ri U)G lqsxwv1 Zh frqvlghu wzr phdvxuhv= wkh orj +j�|,

ri d fxpxodwhg U)G vwrfn +J�|, frqvwuxfwhg iurp d shushwxdo lqyhqwru| irupxod

J�| @ +4� �,J�c|3� .U�|

zkhuh U�| lv U)G h{shqglwxuh e| �up l lq |hdu w> dqg wkh orj +u�|, ri U)G h{shq0

glwxuh +U�|, gluhfwo|1 Wkh odwwhu fdq eh prwlydwhg dv d vwhdg| vwdwh dssur{lpdwlrq

wr wkh vwrfn/ vlqfh lq vwhdg| vwdwh +dw jurzwk udwh �, zh kdyh

U�| @ +� . �,J�c|3�

dqg

J�| @ +4 . �,J�c|3�

vr wkdw

J�c|3� @

�
4

4 . �

�
J�|

dqg

U�| @

�
� . �

4 . �

�
J�|
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dqg

u�| @ oq

�
� . �

4 . �

�
. j�|

Wkh dssur{lpdwlrq kdv ehhq vxjjhvwhg e| Ehdq +4<;4,/ exw kdv qrw ehhq xvhg

vr idu lq wkh U)G2surgxfwlylw| olwhudwxuh1 Li wkh vwhdg| vwdwh dssur{lpdwlrq lv

uhdvrqdeoh/ wkh xvh ri wkh  rz yduldeoh pd| eh suhihuuhg wr gluhfw hvwlpdwhv ri wkh

U)G vwrfn lq vlwxdwlrqv zkhuh wkh dssursuldwh ghsuhfldwlrq udwh � lv xqnqrzq

ru �up vshfl�f1 Wkh dssurdfk dovr doorzv xv wr flufxpyhqw sureohpv wkdw dulvh

lq uhodwlyho| vkruw wlph vhulhv gxh wr phdvxuhphqw huuruv lq wkh vwduwlqj ydoxhv

iru wkh shushwxdo lqyhqwru| phwkrg1

71 JPP Hvwlpdwlrq

7141 Iluvw Gl�huhqfhv

D vwdqgdug dvvxpswlrq rq wkh lqlwldo frqglwlrqv +H ^{��h�|` @ H ^{��p�|` @ 3 iru

w @ 5> ===> W , |lhogv wkh iroorzlqj prphqw frqglwlrqv

H ^{�c|3r�z�|` @ 3 zkhuh {�| @ +q�|> n�|> u�|> |�|, +714,

iru v N 5 zkhq z�| qPD+3,/ dqg iru v N 6 zkhq z�| qPD+4,1 Wklv doorzv wkh

xvh ri vxlwdeo| odjjhg ohyhov ri wkh yduldeohv dv lqvwuxphqwv/ diwhu wkh htxdwlrq

kdv ehhq �uvw0gl�huhqfhg wr holplqdwh wkh �up0vshfl�f h�hfwv +fi1 Duhoodqr dqg

Erqg/ 4<<4,1

Qrwh krzhyhu wkdw wkh uhvxowlqj �uvw0gl�huhqfhg JPP hvwlpdwru kdv ehhq

irxqg wr kdyh srru �qlwh vdpsoh surshuwlhv +eldv dqg lpsuhflvlrq, zkhq wkh odjjhg

ohyhov ri wkh vhulhv duh rqo| zhdno| fruuhodwhg zlwk vxevhtxhqw �uvw gl�huhqfhv/

vr wkdw wkh lqvwuxphqwv dydlodeoh iru wkh �uvw0gl�huhqfhg htxdwlrqv duh zhdn +fi1

Eoxqghoo dqg Erqg/ 4<<;,1 Wklv pd| dulvh khuh zkhq wkh pdujlqdo surfhvvhv

iru hpsor|phqw +q�|,/ fdslwdo +n�|, dqg U)G +u�|, duh kljko| shuvlvwhqw/ ru forvh

wr udqgrp zdon surfhvvhv/ dv lv riwhq irxqg wr eh wkh fdvh1 Iru wklv uhdvrq/

zh frqvlghu ixuwkhu uhvwulfwlrqv rq wkh prgho zklfk pd| |lhog pruh lqirupdwlyh

prphqw frqglwlrqv1

7151 Ohyhov

Li zh duh zloolqj wr dvvxph wkdw H ^�q�|�
W

� ` @ H ^�n�|�
W

� ` @ H ^�u�|�
W

� ` @ 3 dqg

wkdw wkh lqlwldo frqglwlrqv vdwlvi| H ^�|�2�
W

� ` @ 3/ wkhq zh rewdlq wkh dgglwlrqdo
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prphqw frqglwlrqv

H ^�{�c|3r+�
W

� . z�|,` @ 3 +715,

iru v @ 4 zkhq z�| q PD+3,/ dqg iru v @ 5 zkhq z�| q PD+4, +fi1 Duhoodqr

dqg Eryhu/ 4<<8,147 Wklv doorzv wkh xvh ri vxlwdeo| odjjhg �uvw gl�huhqfhv ri wkh

yduldeohv dv lqvwuxphqwv iru wkh htxdwlrqv lq ohyhov1

Iru dq DU+4, prgho/ Eoxqghoo dqg Erqg +4<<;, vkrz wkdw wkhuh fdq eh gud0

pdwlf jdlqv lq erwk dv|pswrwlf dqg �qlwh vdpsoh h!flhqf| iurp h{sorlwlqj dggl0

wlrqdo prphqw frqglwlrqv ri wklv w|sh/ lq fdvhv zkhuh wkh dxwruhjuhvvlyh sdudphwhu

lv rqo| zhdno| lghqwl�hg iurp wkh �uvw0gl�huhqfhg htxdwlrqv1 Pruhryhu wklv fdq

dovr uhvxow lq vxevwdqwldo uhgxfwlrqv lq �qlwh vdpsoh eldv1

7161 V|vwhp Hvwlpdwlrq

Erwk vhwv ri prphqw frqglwlrqv fdq eh h{sorlwhg dv d olqhdu JPP hvwlpdwru

lq d v|vwhp frqwdlqlqj erwk �uvw0gl�huhqfhg dqg ohyhov htxdwlrqv1 Zh uhsruw

uhvxowv iru d rqh0vwhs JPP hvwlpdwru/ iru zklfk lqihuhqfh edvhg rq wkh dv|pswrwlf

yduldqfh pdwul{ kdv ehhq irxqg wr eh pruh uholdeoh wkdq iru wkh dv|pswrwlfdoo|

pruh h!flhqw wzr0vwhs hvwlpdwru1 Vlpxodwlrqv vxjjhvw wkdw wkh orvv lq suhflvlrq

wkdw uhvxowv iurp qrw xvlqj wkh rswlpdo zhljkw pdwul{ lv xqolnho| wr eh odujh +fi1

Eoxqghoo dqg Erqg/ 4<<;,1

81 Gdwd

Iru wkh sxusrvh ri wklv dqg d uhodwhg vwxg|48/ zh kdyh frpslohg qhz gdwdvhwv frp0

elqlqj sxeolfo| dydlodeoh vrxufhv ri lqirupdwlrq iru odujh pdqxidfwxulqj �upv lq

erwk frxqwulhv1 Rxu vdpsohv ri U)G shuiruplqj �upv frqwdlq gdwd rq pruh wkdq

533 �upv lq hdfk frxqwu|/ frpsulvlqj hvvhqwldoo| doo wkh odujh pdqxidfwxulqj �upv

wkdw uhsruw U)G h{shqglwxuhv lq erwk fdvhv1 Iru XN �upv/ wkhvh duh doo sxeolf

frpsdqlhv zkrvh vkduhv duh txrwhg rq wkh Orqgrq vwrfn h{fkdqjh dqg iru zklfk

sxeolvkhg frpsdq| dffrxqwv gdwd zdv dydlodeoh iurp Gdwdvwuhdp Lqwhuqdwlrqdo1

Iru �upv lq Jhupdq|/ olplwlqj wkh dqdo|vlv wr sxeolf/ txrwhg frpsdqlhv zrxog eh

pxfk ohvv uhsuhvhqwdwlyh dqg wkhuhiruh ohvv frpsdudeoh wkdq wr lqfoxgh odujh sul0

47Ixuwkhu odjjhg gl�huhqfhv fdq eh vkrzq wr eh uhgxqgdqw li doo dydlodeoh prphqw frqglwlrqv

lq �uvw gl�huhqfhv duh h{sorlwhg1
48Vhh Erqg/ Kdukr� dqg Ydq Uhhqhq +4<<<,1
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ydwh dqg xqtxrwhg frpsdqlhv lq wkh vdpsoh149 Zh kdyh wkhuhiruh froohfwhg gdwd

rq odujh pdqxidfwxulqj Jhvhoovfkdiwhq plw ehvfkuçqnwhu Kdiwxqj +JpeKv/ olp0

lwhg oldelolw| frusrudwlrqv, dqg erwk txrwhg dqg xqtxrwhg Dnwlhqjhvhoovfkdiwhq

+DJv/ vwrfn0edvhg frusrudwlrqv,1 Frpsdq| dffrxqwv gdwd zhuh rewdlqhg iurp

wkh Krsshqvwdgw dqg Fuhglwuhirup gdwdedvhv/ dqg wklv zdv vxssohphqwhg zlwk

lqirupdwlrq rq U)G iurp wkh Exqghvdq}hljhu/ d Jhupdq jryhuqphqw vrxufh1 Lq

wkh Jhupdq fdvh/ wklv lqirupdwlrq rq U)G h{shqglwxuhv zdv fkhfnhg e| frp0

sdulvrq wr uhvsrqvhv jlyhq e| �upv lq wkh Pdqqkhlp Lqqrydwlrq Sdqho1 Lq wkh

XN fdvh/ wkh dffrxqwlqj gdwd rq U)G zdv fkhfnhg e| frpsdulvrq zlwk wkh Gh0

sduwphqw ri Wudgh dqg Lqgxvwu|*v U)G vfruherdug/ dqg e| d olplwhg qxpehu ri

whohskrqh hqtxlulhv1 Iru doo XN �upv/ wkh dffrxqwlqj lqirupdwlrq zdv rewdlqhg

iurp zruogzlgh frqvrolgdwhg dffrxqwv14: Zkhuhyhu srvvleoh zh dovr xvhg gdwd

iurp zruogzlgh frqvrolgdwhg dffrxqwv iru Jhupdq �upv1 Zh ixuwkhu fkhfnhg

wkdw rxu uhvxowv zhuh urexvw wr wkh h{foxvlrq ri Jhupdq frpsdqlhv zkhuh zh

frxog qrw eh vxuh wkdw wkh gdwd zdv iurp zruogzlgh frqvrolgdwhg dffrxqwv1 Zh

qrwh wkdw rxu gdwd gr qrw fryhu wkh vxevlgldulhv ri iruhljq �upv lq Jhupdq| ru

wkh XN1 Wklv lv lqwhqwlrqdo/ vlqfh wkhvh �upv duh ohvv olnho| wr eh lpsdfwhg e| wkh

krvw frxqwu|*v �qdqflqj dqg frusrudwh jryhuqdqfh uhjlphv1

Wkh wlph shulrgv fryhuhg e| wkhvh vdpsohv zhuh glfwdwhg e| glvforvxuh uhtxluh0

phqwv iru U)G lqirupdwlrq/ dqg rwkhu pdmru uhirupv lq dffrxqwlqj surfhgxuhv1

Erwk vdpsohv fryhu wkh wlph shulrg iurp 4<;: wr 4<<91 Lq Eulwdlq/ wkh Hx0

urshdq Frppxqlw|*v Irxuwk Frpsdq| Odz gluhfwlyh surpswhg lpsuryhphqw lq

wkh uhsruwlqj ri U)G h{shqglwxuhv ehjlqqlqj lq 4<;8/ dqg wklv ehfdph hvvhqwldoo|

frpsxovru| iru odujh dqg phglxp0vl}hg �upv iroorzlqj wkh Vwdwhphqw ri Vwdqgdug

Dffrxqwlqj Sudfwlfh +VVDS, 46 lq Mdqxdu| 4<;<1 Lq Jhupdq|/ wkh sxeolfdwlrq ri

vwdwhphqwv rq U)G dfwlylwlhv lq wkh Exqghvdq}hljhu ehfdph frpsxovru| iru odujh

dqg phglxp0vl}hg �upv lq 4<;:/ zkhq wkhuh zhuh ixuwkhu vljql�fdqw fkdqjhv wr

dffrxqwlqj vwdqgdugv wkdw pdnh frpsdudelolw| wr hduolhu |hduv sureohpdwlf1

Ilqdoo| zh qrwh wkdw wkh dffrxqwlqj gh�qlwlrqv ri U)G xvhg lq Eulwdlq dqg

Jhupdq| zhuh erwk edvhg rq wkh Iudvfdwl pdqxdo fodvvl�fdwlrq dqg khqfh yhu|

vlplodu gxulqj wkhvh shulrgv/ dv zhuh wkh wd{ wuhdwphqwv/ vr wkdw frpsdqlhv kdg

49Wklv lv d olplwdwlrq ri hduolhu frpsdudwlyh vwxglhv ri frpsdq| lqyhvwphqw ehkdylrxu lq
Eulwdlq dqg Jhupdq|/ vxfk dv wkdw uhsruwhg lq Erqg/ Hovwrq/ Pdluhvvh dqg Pxond| +5336,1

4:Iru h{dpsoh/ li frpsdq| D rzqv wzr vxevlgldulhv/ E orfdwhg lq Eulwdlq dqg F orfdwhg lq

Vrxwk Diulfd/ wkh zruogzlgh frqvrolgdwhg dffrxqwv uhihu wr wkh frpelqhg dfwlylwlhv ri doo wkuhh
�upv/ zlwk lqwud0jurxs wudqvdfwlrqv qhwwhg rxw1
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qr vwurqjhu lqfhqwlyhv wr fodvvli| sduwlfxodu h{shqglwxuhv dv cuhvhdufk dqg ghyho0

rsphqw* lq rqh frxqwu| wkdq wkh rwkhu1 Wr lpsuryh frpsdudelolw| dfurvv wkh

frxqwulhv zh uho| zkhuhyhu srvvleoh rq  rz phdvxuhv ri U)G dqg lqyhvwphqw h{0

shqglwxuhv1 Iru XN �upv zh frqvlghuhg wzr phdvxuhv ri lqyhvwphqw/ wkdw hlwkhu

lqfoxgh ru h{foxgh �{hg fdslwdo dftxluhg wkurxjk wdnhryhuv14; Vwrfnv ri �{hg fds0

lwdo dqg dffxpxodwhg U)G zhuh fdofxodwhg iurp wkh  rz gdwd rq h{shqglwxuhv

xvlqj vlplodu surfhgxuhv lq erwk frxqwulhv1 Ixuwkhu ghwdlov ri wkhvh gdwd lvvxhv

duh surylghg lq wkh gdwd dsshqgl{ wr wklv sdshu1

Wdeoh 4 uhsruwv vrph edvlf ghvfulswlyh vwdwlvwlfv iru rxu vdpsohv ri odujh pdq0

xidfwxulqj �upv wkdw shuirup U)G lq wkh wzr frxqwulhv1 Wkh vl}h glvwulexwlrq ri

wkhvh �upv/ phdvxuhg e| hlwkhu hpsor|phqw ru vdohv/ lv eurdgo| vlplodu1 Lqyhvw0

phqw dffrxqwv iru d vlplodu sursruwlrq ri vdohv lq erwk vdpsohv/ zkhwkhu ru qrw

zh lqfoxgh fdslwdo dftxluhg wkurxjk wdnhryhuv lq wkh XN fdvh1 Sur�wdelolw| dv

lqglfdwhg e| wkh udwlr ri fdvk  rz soxv h{shqvhg U)G wr fdslwdo lv dovr irxqg wr

eh yhu| vlplodu lq wkh wzr vdpsohv1 Wkh vwulnlqj gl�huhqfh frqfhuqv wkh udwlr ri

U)G h{shqglwxuh wr vdohv/ zklfk lv irxqg wr eh wzlfh dv kljk rq dyhudjh lq rxu

vdpsoh ri Jhupdq �upv1 Zh zloo vwxg| wkhvh gl�huhqfhv lq pruh ghwdlo lq wkh

qh{w vhfwlrq1 Vhh dovr Erqg/ Kdukr� dqg Ydq Uhhqhq +4<<<, iru pruh ghwdlov rq

wkh ghvfulswlyh vwdwlvwlfv1

Wkh pdlq �qglqj ri vlplodu exvlqhvv lqyhvwphqw udwhv exw vxevwdqwldoo| orzhu

exvlqhvv U)G lqwhqvlw| lq wkh XN duh dovr frqvlvwhqw zlwk pruh djjuhjdwh gdwd

vrxufhv/ dv fdq eh vhhq iurp wkh gdwd lq Wdeoh 5d dqg Wdeoh 5e1 Wkh udwlr

ri exvlqhvv h{shqglwxuhv +EHUG, rq U)G wr JGS kdv ehhq frqvlghudeo| kljkhu

lq Jhupdq| wkdq lq wkh XN/ lq sduwlfxodu zkhq zh irfxv rq wkh wlph shulrg

iurp 4<;3 wr 4<<61 Surqrxqfhg gl�huhqfhv duh dovr dssduhqw lq wkh �qdqflqj ri

EHUG 0 Jhupdq �upv uho| vwurqjo| rq wkhlu rzq grphvwlf �qdqfldo uhvrxufhv/

zkloh XN �upv uhfhlyh d odujh vkduh ri EHUG �qdqflqj iurp wkh jryhuqphqw

+4:16( yv1 4416( lq Jhupdq|, ru iurp ryhuvhdv +4617( yv1 51:( lq Jhupdq|,1

Dv Iljxuh 5 ghprqvwudwhv/ Jhupdq sdwhqw dssolfdwlrqv dw wkh Hxurshdq Sdwhqw

R!fh duh pruh wkdq wkuhh wlphv pruh iuhtxhqw wkdq wkh fruuhvsrqglqj qxpehu

ri XN dssolfdwlrqv1 Erwk lq whupv ri JGS dqg srsxodwlrq/ wkh frxqwulhv gl�hu4<

4;Wkh Jhupdq lqyhvwphqw gdwd h{foxghv vxfk dftxlvlwlrqv ri �{hg fdslwdo/ zklfk lv d ohvv

vljql�fdqw idfwru iru Jhupdq frpsdqlhv1
4<Jhupdq| uhodwlyh wr wkh XN1
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e| idfwruv ri 7;1:( +JGS, dqg 6<1;( +srsxodwlrq,153 Zkloh wkhvh �jxuhv pd|

dovr uh hfw h{sruw lqwhqvlw| +lqwhuqdwlrqdo sdwhqw dssolfdwlrqv duh w|slfdoo| vrxjkw

iru surgxfwv wkdw duh pdunhwhg deurdg,/ wkh| xqghuolqh wkdw wkhvh wzr frxqwulhv

gl�hu gudpdwlfdoo| zlwk uhvshfw wr vwdqgdug whfkqrorj| dqg lqqrydwlrq lqglfdwruv1

91 Uhvxowv

9141 U)G H{shqglwxuhv

Lq Wdeoh 6/ zh frqvlghu wkh gl�huhqfhv lq U)G lqwhqvlwlhv e| lqgxvwu|1 Zlwk

rqo| rqh qrwdeoh h{fhswlrq +pdfklqhu|/ gdwd surfhvvlqj dqg r!fh htxlsphqw,/

wkh dyhudjh 4<<4 U)G lqwhqvlw| lq Jhupdq �upv lv odujhu wkdq wkh fruuhvsrqg0

lqj �jxuh iru XN �upv1 Vlqfh vl}h gl�huhqfhv ehwzhhq wkh wzr vdpsohv pd| pdvn

wkh wuxh xqghuo|lqj gl�huhqfhv/ zh h{whqg wkh dqdo|vlv lq Wdeoh 7 zklfk vxppd0

ul}hv wkh uhvxowv iurp U)G lqwhqvlw| uhjuhvvlrqv xvlqj wkh srrohg vdpsoh ri doo

revhuydwlrq |hduv ri XN dqg Jhupdq �upv1 Zh xvhg vhsdudwh lqgxvwu| gxpp|

yduldeohv iru hdfk frxqwu| dqg lqfoxghg �yh vl}h jurxs yduldeohv dqg wlph gxpp|

yduldeohv iru hdfk |hdu1 Lq hljkw rxw ri wzhoyh lqgxvwulhv/ wkh U)G lqwhqvlwlhv ri

Jhupdq �upv duh vljql�fdqwo| odujhu wkdq wkrvh ri wkh fruuhvsrqglqj XN �upv1

Lq wkuhh lqgxvwulhv qr vljql�fdqw gl�huhqfh fdq eh ghwhfwhg/ dqg rqo| lq pdfklq0

hu|/ gdwd surfhvvlqj dqg frpsxwhuv gr zh �qg dq lqgxvwu| lq zklfk wkh XN U)G

lqwhqvlw| lv vljql�fdqwo| kljkhu1 Wkxv/ wkh djjuhjdwh slfwxuh lv qrw mxvw d ixqf0

wlrq ri qdwlrqdo lqgxvwu| frpsrvlwlrq +dv rqh pljkw vxvshfw,/ exw prvwo| rqh ri

�up0ohyho gl�huhqfhv lq U)G vshqglqj1 Vrph iudfwlrq ri wklv glvfuhsdqf| pd| eh

gxh wr phdvxuhphqw sureohpv/ exw dv zh srlqwhg rxw ehiruh/ wkh phdvxuhphqw

ri U)G h{shqglwxuhv lq erwk fdvhv lv edvhg rq wkh Iudvfdwl Pdqxdo gh�qlwlrq

zklfk kdv ehhq lq xvh iru pruh wkdq 73 |hduv1 Wkhuhiruh/ zh gr qrw h{shfw pdmru

glvfuhsdqflhv wr dulvh iurp gl�huhqw gh�qlwlrqv ri U)G1

9151 G|qdplf Surgxfwlrq Ixqfwlrqv Zlwk U)G

Wkh pdlq hfrqrphwulf uhvxowv ri rxu vwxg| duh frqwdlqhg lq Wdeoh 8d +XN �upv,

dqg Wdeoh 8e +Jhupdq �upv,1 Lq frpelqdwlrq zlwk wkh v|vwhp JPP dssurdfk

wr sdqho hvwlpdwlrq ghvfulehg lq vhfwlrq 716/ wkh g|qdplf surgxfwlrq ixqfwlrq

53Lq 4<<5/ wkh srsxodwlrq ri wkh XN zdv 8:19p dqg JGS dprxqwhg wr 4/;;519 eloolrq GP1

Wkh uhvshfwlyh �jxuhv iru Jhupdq| +Hdvw dqg Zhvw, zhuh ;317 ploolrq lqkdelwdqwv dqg 5/:<;1;

eloolrq GP ri JGS1
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vshfl�fdwlrq zrunv uhpdundeo| zhoo lq erwk vdpsohv1 Frqyhuvho|/ wkh ROV/ zlwklq0

jurxsv dqg �uvw0gl�huhqfhg JPP hvwlpdwruv duh fkdudfwhul}hg e| wkh sureohpv

ghvfulehg lq wkh U)G0surgxfwlylw| olwhudwxuh1Zh uhmhfw hlwkhu wkh frpprq0idfwru

uhvwulfwlrq ru wkh frqvwdqw0uhwxuqv0wr0vfdoh k|srwkhvlv iru doo ri wkhvh hvwlpdwruv1

Wkh V\V5 dqg V\V6 hvwlpdwruv erwk sdvv wkhvh whvwv lq wkh Jhupdq vdpsoh/ zkloh

frpprq idfwru uhvwulfwlrqv duh uhmhfwhg lq wkh V\V6 hvwlpdwlrq ri wkh XN sdqho1

Wkh Vdujdq whvw dqg wkh gl�huhqfh Vdujdq whvwv gr qrw lqglfdwh dq| vhulrxv plv0

vshfl�fdwlrq> pruhryhu/ wkh vshfl�fdwlrq sdvvhv wkh whvw iru qr vhuldo fruuhodwlrq

ri vhfrqg rughu lq wkh �uvw0gl�huhqfhg uhvlgxdov1

Wkh prvw uhohydqw frh!flhqw hvwlpdwh lv wkh hvwlpdwru ri �-1 Iru wkh XN/ zh

rewdlq d suhihuuhg hvwlpdwh ri 31398 +VH 31357, zkloh wkh hvwlpdwh iru wkh Jhupdq

vdpsoh lv 313:< +31375,1 Vlqfh C\@CU @ �-\@U/ zh fdq dssur{lpdwh wkh udwlr ri

pdujlqdo uhwxuqv wr U)G lq wkh XN dqg Jhupdq| iurp wkhvh frh!flhqwv dqg wkh

gdwd lq Wdeoh 6 dv +�-cLg@�-cC,+\@U,Lg@+\@U,C @ +3=398@3=3:<,+8=;7@5=75, @

4=<;9154 Zkloh wklv uhvxow lv vxemhfw wr d qxpehu ri txdol�fdwlrqv/ zh frqvlghu lw wr

eh eurdgo| frqvlvwhqw zlwk wkh hfrqrphwulf hylghqfh ghvfulehg lq Erqg/ Kdukr�

dqg Ydq Uhhqhq +4<<<,1 Li whfkqrorjlfdo rssruwxqlwlhv dorqh zhuh uhvsrqvleoh iru

kljkhu U)G vshqglqj lq Jhupdq|/ zh vkrxog qrw revhuyh wklv gudvwlf gl�huhqfh

lq wkh uhvshfwlyh udwhv ri uhwxuq1 Wkxv/ wkh frusrudwh jryhuqdqfh dqg �qdqfh

dvshfwv dsshdu wr sod| dq lpsruwdqw uroh1

Wkhvh uhvxowv duh forvho| uhodwhg wr d frpsdqlrq sdshu +Erqg/ Kdukr� dqg

Ydq Uhhqhq 4<<<, zkhuh zh �qg wkdw iru Jhupdq �upv/ fdvk  rz lv qrw lqiru0

pdwlyh lq vlpsoh hfrqrphwulf prghov ri �{hg lqyhvwphqw/ U)G/ dqg wkh U)G

csduwlflsdwlrq* ghflvlrq1 Lq lghqwlfdo vshfl�fdwlrqv iru Eulwlvk �upv/ fdvk  rz

lv uhohydqw iru lqyhvwphqw dqg U)G sduwlflsdwlrq/ dowkrxjk qrw iru wkh ohyho ri

U)G vshqglqj jlyhq sduwlflsdwlrq1 Lq wkh XN/ zh dovr �qg wkdw lqyhvwphqw lv

ohvv vhqvlwlyh wr fdvk  rz iru U)G0shuiruplqj �upv1 Wkhvh uhvxowv vxjjhvw wkdw

�qdqfldo frqvwudlqwv duh pruh vljql�fdqw lq Eulwdlq/ wkdw wkh| d�hfw wkh ghflvlrq

wr hqjdjh lq U)G udwkhu wkdq wkh ohyho ri U)G vshqglqj e| sduwlflsdqwv/ dqg

wkdw frqvhtxhqwo| wkh Eulwlvk �upv wkdw gr hqjdjh lq U)G duh d vhoi0vhohfwhg

jurxs zkhuh �qdqflqj frqvwudlqwv whqg wr eh ohvv elqglqj1

54Qrwh wkdw wkh hodvwlflw| hvwlpdwh iru wkh Jhupdq vdpsoh lv udwkhu qrlv| 0 khqfh/ wklv dssur{0

lpdwlrq zloo kdyh wr eh frq�uphg zlwk d odujhu vdpsoh/ dqg wkxv zlwk d pruh suhflvh hvwlpdwh
ri wkh U)G uhyhqxh hodvwlflw|1
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:1 Frqfoxvlrqv dqg Ixuwkhu Uhvhdufk

Gl�huhqfhv lq wkh uhodwlrqvkls ehwzhhq lqgxvwu| dqg �qdqfh lq Eulwdlq dqg Jhu0

pdq| kdyh orqj dwwudfwhg wkh lqwhuhvw ri hfrqrplf klvwruldqv dqg frpphqwdwruv1

Dq lq xhqwldo ylhz vxjjhvwv wkdw Eulwdlq*v �qdqfldo v|vwhp pd| kdyh ehhq ohvv

frqgxflyh wr orqj0whup lqyhvwphqw wkdq Jhupdq|*v/ dqg olqnv wklv wr Eulwdlq*v uho0

dwlyh hfrqrplf ghfolqh ryhu wkh 53wk Fhqwxu|155 Lq wklv sdshu/ zh kdyh glvfxvvhg

srwhqwldo uhdvrqv zklfk frxog fdxvh wkh U)G ghflvlrqv ri Jhupdq dqg Eulwlvk

�upv wr gl�hu e| d frqvlghudeoh pdujlq1 Wkhvh gl�huhqfhv hphujh lq wkh lqwhusod|

ehwzhhq wkh vxsso| ri vxlwdeoh U)G surmhfwv dqg wkh fulwhuld e| zklfk frusr0

udwlrqv fkrrvh wkh h{whqw dqg qdwxuh ri wkhlu U)G dfwlylwlhv1 Rq erwk lvvxhv/

wkhuh duh odujh olwhudwxuhv zklfk zh rqo| glvfxvv yhu| eulh | 1 Rq wkh vxsso| vlgh/

wkh ryhudoo vflhqwl�f lqiudvwuxfwxuh lq d frxqwu| fdq eh ri uhohydqfh/ vlqfh sulydwh

�upv gr qrw ghyhors U)G rssruwxqlwlhv iurp �uvw sulqflsohv/ exw iurp vflhqwl�f

irxqgdwlrqv ghyhorshg rq lq sxeolf0vhfwru uhvhdufk lqvwlwxwlrqv dqg xqlyhuvlwlhv1

Rq wkh ghpdqg vlgh/ wkh qh{xv ehwzhhq frusrudwh jryhuqdqfh/ frusrudwh �qdqfh

dqg wkh ohjdo v|vwhp lv fuxfldo1 Zh frqfoxgh iurp rxu vxuyh| ri wkh olwhudwxuh wkdw

d frpelqdwlrq ri frpsdudwlyho| orz U)G h{shqglwxuhv lq wkh XN +dv frpsduhg

wr Jhupdq|, dqg frpsdudwlyho| kljk uhtxluhg udwhv ri uhwxuq zrxog vxssruw wkh

dujxphqw wkdw ghpdqg0vlgh lvvxhv duh dw zrun1 Eulwlvk �upv uhtxluh d kljkhu udwh

ri uhwxuq iurp U)G lqyhvwphqwv dqg/ frqvhtxhqwo|/ uhodwlyho| olwwoh U)G lv xq0

ghuwdnhq1 Wkh hpslulfdo uhvxowv iurp rxu g|qdplf surgxfwlrq ixqfwlrq hvwlpdwhv

dsshdu wr eh frqvlvwhqw zlwk wkdw k|srwkhvlv1

Qdwxudoo|/ wkhuh duh d krvw ri srwhqwldo h{sodqdwlrqv iru wkh uhvxowv rewdlqhg

lq rxu vwxg|1 Wkh revhuyhg gl�huhqfhv pd| eh gulyhq e| odujhu vkduh0kroghu

frqfhqwudwlrq/ wkh lpsdfw ri htxlw| kroglqjv e| edqnv/ wkh odfn ri d pdunhw iru

frusrudwh frqwuro lq Jhupdq|/ ru e| rwkhu lqvwlwxwlrqdo ihdwxuhv ri wkh �qdq0

fldo v|vwhp1 Krzhyhu/ doo ri wkhvh dujxphqwv dsshdu wr lpso| wkdw wkh uhtxluhg

udwh ri uhwxuq wr U)G dfwxdoo| xqghuwdnhq e| XN �upv pd| eh kljkhu wkdq iru

fruuhvsrqglqj Jhupdq �upv zklfk zh �qg frq�uphg lq rxu whvw1 Wr whvw wklv

k|srwkhvlv hyhq pruh suhflvho|/ lw zrxog eh lghdo wr kdyh d vwuxfwxudo prgho ri

U)G dqg sur�wdelolw| lq zklfk wkh uhtxluhg udwh ri uhwxuq lv hvwlpdwhg gluhfwo|1

Lq wklv sdshu/ zh pdnh d �uvw vwhs wrzdugv vxfk dq dvvhvvphqw1 Wkxv/ wkh uhvxowv

55Jhuvfkhqnurq +4<9;, surylghv d fodvvlf h{srvlwlrq ri wklv srvlwlrq1 Kxwwrq +4<<8, surylghv
d pruh uhfhqw dffrxqw1
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duh dq hqfrxudjlqj �uvw vwhs wrzdugv d pruh ghwdlohg dqdo|vlv ri wkh ghwhuplqdqwv

ri U)G vshqglqj dqg lqqrydwlrq shuirupdqfh lq wkh XN dqg Jhupdq|1
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Gdwd Dsshqgl{

Jhupdq|

Wkh Jhupdq gdwdvhw frqwdlqv lqirupdwlrq rq pdqxidfwxulqj �upv iurp wzr

pdmru vrxufhv= �qdqfldo dffrxqwv gdwd +edodqfh vkhhwv dqg sur�w dqg orvv df0

frxqwv, iurp Krsshqvwhgw/ dqg U)G h{shqglwxuh gdwd froohfwhg iurp wkh Exqgh0

vdq}hljhu/ wkh r!fldo exoohwlq ri wkh Jhupdq jryhuqphqw1 Wkh gdwd duh dydlodeoh

iurp 4<;: rqzdugv/ vlqfh hduolhu gdwd duh qrw gluhfwo| frpsdudeoh iru d qxpehu

ri uhdvrqv1 Fxuuhqwo|/ wkh gdwdedvh lqfoxghv U)G lqirupdwlrq xs wr 4<<91

Lq 4<;8/ vhyhudo fkdqjhv zhuh lqwurgxfhg lqwr Jhupdq frusrudwh odz +¢5;<

Kdqghovjhvhw}exfk,/ prvw ri wkhp wuljjhuhg e| wkh Hxurshdq Frppxqlw|*v Irxuwk

Frpsdq| Odz gluhfwlyh rq kduprql}dwlrq ri qdwlrqdo uhtxluhphqwv shuwdlqlqj wr

�qdqfldo vwdwhphqwv1 Wkxv vwduwlqj lq wkh �vfdo |hdu ri 4<;:/ doo Jhvhoovfkdiwhq

plw ehvfkuçqnwhu Kdiwxqj +JpeK v/ olplwhg oldelolw| frusrudwlrqv, dqgDnwlhqjhvhoo0

vfkdiwhq +DJv/ vwrfn0edvhg frusrudwlrqv, kdg wr vxeplw wkhlu dqqxdo �qdqfldo

vwdwhphqwv wr wkh Frpphufldo Uhjlvwhu1 Rqo| wkh odujhu �upv kdyh wr kdyh wkhlu

vwdwhphqwv dxglwhg/ vpdoohu rqhv qhhg qrw vxeplw d vwdwhphqw ri sur�wv dqg

orvvhv/ dqg wkh edodqfh vkhhw fdq eh deeuhyldwhg vljql�fdqwo|1 Phglxp0vl}hg dqg

odujh �upv duh uhtxluhg wr sxeolvk wkhlu vwdwhphqwv lq wkh Exqghvdq}hljhu1 Wkh

vl}h uhtxluhphqwv duh vdwlv�hg li wzr ru pruh ri wkh iroorzlqj frqglwlrqv duh phw=

uhyhqxhv lq h{fhvv ri GP 65 ploolrq/ pruh wkdq 583 hpsor|hhv/ ru edodqfh0vkhhw

wrwdo lq h{fhvv ri GP 48 ploolrq1

D glvfxvvlrq ri wkh vlwxdwlrq ri wkh exvlqhvv +Odjhehulfkw, lv sduw ri wkh sxe0

olvkhg vwdwhphqw1 Ehvlghv hvwdeolvklqj qhz sxeolfdwlrq uhtxluhphqwv/ wkh 4<;8 odz

dovr uhtxluhv �upv wr frpphqw rq wkhlu U)G dfwlylwlhv +¢5;< Kdqghovjhvhw}exfk/

sdud 5,1 Krzhyhu/ wkhuh lv qr ohjdo vshfl�fdwlrq dv wr wkh irupdw ri U)G uhsruw0

lqj1 Derxw <3 shufhqw ri wkh �upv fryhuhg lq rxu gdwd uhsruw U)G h{shqglwxuhv

dqg wkh qxpehu ri U)G hpsor|hhv1

Rxwsxw +\,1 Wkh rxwsxw phdvxuh xvhg lq wklv sdshu lv qrplqdo vdohv1 Xvlqj

uhdo vdohv phdvxuhv edvhg rq d frpprq rxwsxw gh dwru grhv qrw d�hfw wkh uhvxowv1

Fdslwdo vwrfn +N, zdv frpsxwhg xvlqj wkh klvwrulf frvw ydoxhv wdnhq iurp wkh

Dqodjhqvslhjho dv wkh vwduwlqj ydoxh iru d shushwxdo lqyhqwru| surfhgxuh zlwk d

ghsuhfldwlrq ri ; shufhqw shu dqqxp iru doo |hduv iroorzlqj wkh �uvw |hdu iru zklfk

klvwrulf frvw gdwd zhuh dydlodeoh +w|slfdoo| 4<;:,1

Nqrzohgjh fdslwdo vwrfnv +J, lq 4<;:/ wkh lqlwldo |hdu ri prvw ri wkh wlph
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vhulhv revhuydwlrqv/ zhuh frpsxwhg iurp wkh xvxdo shupdqhqw jurzwk dssur{lpd0

wlrq1 Vwrfn gdwd iru wkh iroorzlqj |hduv zhuh frpsxwhg rq wkh edvlv ri shushwxdo

lqyhqwru| fdofxodwlrqv/ xvlqj d ghsuhfldwlrq udwh ri 48 shufhqw1

Hpsor|phqw +Q, lv phdvxuhg e| wkh hqg0ri0|hdu qxpehu ri hpsor|hhv1

Xqlwhg Nlqjgrp

Gxulqj wkh 4<;3v srolwlfdo suhvvxuh exlow xs wr lpsuryh udwhv ri U)G glv0

forvxuh1 Wkhvh ehjdq lq 4<;8 lq wkh Frpsdqlhv Frqvrolgdwhg Dfw ri wkdw |hdu/

frqwlqxhg lq 4<;: zlwk wkh sxeolfdwlrq ri H{srvxuh Gudiw 74 frpplwwlqj wkh dx0

wkrulwlhv wr juhdwhu uhjxodwlrq dqg �qdoo| lq Mdqxdu| 4<;< lq VVDS +46, uhylvhg1

Wklv hvvhqwldoo| pdgh uhsruwlqj ri U)G h{shqglwxuhv frpsxovru| iru odujhu �upv

+gh�qhg dv kdylqj vdwlv�hg dw ohdvw wzr rxw ri wkh iroorzlqj wkuhh fulwhuld= pruh

wkdq 5/833 hpsor|hhv/ wxuqryhu ri dw ohdvw Â;3p dqg edodqfh vkhhw wrwdo h{fhhg0

lqj Â6<p,1 Lq wkh hyhqw glvforvxuh udwhv urvh udslgo| wkurxjkrxw wkh 4<;3v lq

h{shfwdwlrq ri uhirup dqg pdq| ri wkh odujhu U)G shuiruphuv kdg douhdg| ehhq

glvforvlqj1 Wkh ruljlqdo VVDS 46 lq 4<:: uhtxluhg glvforvxuh rqo| ri wkdw sruwlrq

ri U)G zklfk lv fdslwdolvhg1 Wkh uxohv ryhu fdslwdolvdwlrq duh yhu| vwulfw dqg

rqo| d yhu| vpdoo iudfwlrq ri �upv fdslwdolvh dq| ri wkhlu U)G1 Zkhq wkh| gr lw

whqgv wr eh d yhu| vpdoo sursruwlrq ri wkhlu U)G exgjhw1

Wkh U)G qxpehuv zh xvh duh wdnhq iurp wkh frpsdq| dffrxqwv +frqvrolgdwhg

jurxs wrwdo/ GV44<,1 Zkhq dq| U)G lv fdslwdolvhg wkdw sduw ri wkh fdslwdolvhg

U)G wkdw lv zdv zulwwhq r� lq wkdw |hdu lv lqfoxghg lq wkh U)G  rz phdvxuh1

Wkh sulpdu| vrxufh ri wkh lqirupdwlrq zdv wkh Gdwdvwuhdp rq0olqh vhuylfh zklfk

hvvhqwldoo| fryhuv doo �upv rq wkh XN Vwrfn H{fkdqjh1 Zh dovr frpsduhg wkh

qxpehuv zklfk H[VWDW gdwd�oh dqg wkh U)G Vfruherdug +GWL/ ydulrxv |hduv,1

Nqrzohgjh fdslwdo vwrfnv +J, Wkh U)G lq lqlwldo |hdu ri prvw ri wkh wlph vh0

ulhv revhuydwlrqv/ zhuh djdlq frpsxwhg iurp d shupdqhqw jurzwk dssur{lpdwlrq

dv lq Kdoo dqg Pdluhvvh +4<<8,1 Vwrfn gdwd iru wkh iroorzlqj |hduv zhuh frpsxwhg

rq wkh edvlv ri shushwxdo lqyhqwru| fdofxodwlrqv/ xvlqj d ghsuhfldwlrq udwh ri 48

shufhqw1

Fdslwdo vwrfn +N, zdv frpsxwhg e| dgmxvwlqj wkh klvwrulf frvw ydoxhv wdnhq

iurp wkh Gdwdvwuhdp iru lq dwlrq/ dqg e| dsso|lqj d shushwxdo lqyhqwru| surfh0

gxuh zlwk d ghsuhfldwlrq ri ; shufhqw shu dqqxp iru doo |hduv iroorzlqj wkh �uvw

|hdu iru zklfk klvwrulf frvw gdwd zhuh dydlodeoh1 Zkhq gdwd zdv dydlodeoh zh xvhg
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4<:6 dv wkh vwduwlqj |hdu1

Rxwsxw +\,1 Qrplqdo vdohv dv lq Gdwdvwuhdp Lwhp 4371

Hpsor|phqw +Q, lv phdvxuhg e| wkh hqg0ri0|hdu qxpehu ri hpsor|hhv/ wdnhq

iurp Gdwdvwuhdp Lwhp GV54<1
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^4;` Julolfkhv/ ]1 +4<:<,1 �Lvvxhv lq Dvvhvvlqj wkh Frqwulexwlrq ri Uhvhdufk dqg

Ghyhorsphqw wr Surgxfwlylw| Jurzwk/� Ehoo Mrxuqdo ri Hfrqrplfv1 Yro1 43/

ss1 <504491

^4<` Julolfkhv/ ]1 +4<;9,1 �Surgxfwlylw|/ U)G/ dqg Edvlf Uhvhdufk dw wkh Ilup

Ohyho lq wkh 4<:3*v/� Dphulfdq Hfrqrplf Uhylhz1 Yro1 :9/ Qr1 4/ ss1 47404871

^53` Julolfkhv/ ]1 dqg M1 Pdluhvvh +4<;7,1 �Surgxfwlylw| dqg U)G dw wkh Ilup

Ohyho/� lq= ]1 Julolfkhv +Hg1,1 U)G/ Sdwhqwv/ dqg Surgxfwlylw|/ ss1 66<06:71

Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv1

^54` Juxehu/ P1 dqg G1 Kdukr� +5335,1 �Glh Qhxidvvxqj ghv

Krfkvfkxoohkuhuhu�qghusulylohjv/� Ehwulheolfkh Iruvfkxqj xqg Sud{lv/

8<0991

^55` Kdoo/ E1 +4<<6,1 �Lqgxvwuldo U)G Gxulqj wkh 4<;3v= Glg wkh Udwh ri Uhwxuq

IdooB/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| +Plfurhfrqrplfv,/ Qr1 5/ ss1

5;<06761

^56` Kdoo/ E1 dqg M1 Pdluhvvh +4<<8,1�H{sorulqj wkh uhodwlrqvkls ehwzhhq U)G

dqg surgxfwlylw| lq Iuhqfk pdqxidfwxulqj �upv/� Mrxuqdo ri Hfrqrphwulfv/

Yro1 98/ ss1 59605<61

^57` Kdukr�/ G1 +4<<;,1 �U)G dqg Surgxfwlylw| lq Jhupdq Pdqxidfwxulqj

Ilupv/� Hfrqrplfv ri Lqqrydwlrq dqg Qhz Whfkqrorj|/ Yro1 9/ ss1 5<07<1

^58` Kxeedug/ U1J1 +4<<;,1 �Fdslwdo0Pdunhw Lpshuihfwlrqv dqg Lqyhvwphqw�/

Mrxuqdo ri Hfrqrplf Olwhudwxuh/ Yro1 [[[YL/ 4<605581

^59` Kxwwrq/Z1 +4<<8,1 Wkh Vwdwh Zh*uh Lq/ Orqgrq= Yhuvr1

^5:` Odqgdx/ U1 dqg Q1 Urvhqehuj +4<<5,1 �cWkh Fkhplfdo Lqgxvwu| lq Eulwdlq

dqg Jhupdq|/� lq= Q1 Urvhqehuj/ U1 Odqgdx dqg G1 F1 Przhu| +hgv1,=

Whfkqrorj| dqg wkh Zhdowk ri Qdwlrqv/ Vwdqirug Xqlyhuvlw| Suhvv1

^5;` Pdluhvvh/ M1 +4<<5,1 �Wlph0vhulhv dqg furvv0vhfwlrqdo hvwlpdwhv rq sdqho gdwd=

zk| duh wkh| gl�huhqw dqg zk| vkrxog wkh| eh htxdoB/� lq= M1 Kduwrj/ J1

Ulgghu dqg M1 Wkhhxzhv +hgv1,= Sdqho Gdwd dqg Oderu Pdunhw Vwxglhv1 Dp0

vwhugdp= Qruwk0Kroodqg1
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^5<` Pdluhvvh/ M1 dqg E1 Kdoo +4<<7,1 �Frpsdulqj wkh Surgxfwlylw| ri Uh0

vhdufk dqg Ghyhorsphqw lq Iuhqfk dqg Xqlwhg Vwdwhv Pdqxidfwxulqj Ilupv/�

plphr1

^63` Pdluhvvh/ M1 dqg P1 Vdvvhqrx +4<<4,1 �U)G dqg Surgxfwlylw|= D Vxuyh|

ri Hfrqrphwulf Vwxglhv dw wkh Ilup Ohyho�/ Vflhqfh0Whfkqrorj|0Lqgxvwu| Uh0

ylhz/ Qr1 ;/ ss1 64:067;1

^64` Pdluhvvh/ M1 dqg S1 Prkqhq +4<<7,1 �U)G dqg Surgxfwlylw| Jurzwk= Zkdw

kdyh zh ohduqhg iurp Hfrqrphwulf VwxglhvB/� Sdshu Suhvhqwhg dw wkh Frqihu0

hqfh rq Hyroxwlrqdu| Hfrqrplfv ri Whfkqrorjlfdo Fkdqjh/ Vwudverxuj/ Rfw1

90;/ 4<<71

^65` PfNlqvh| Joredo Lqvwlwxwh +4<<:,1 Uhprylqj eduulhuv wr jurzwk dqg hpsor|0

phqw lq Iudqfh dqg Jhupdq|1 Iudqnixuw= PfNlqvh| Joredo Lqvwlwxwh1

^66` Sruwhu/ P1 H1 +4<<5,1 Wkh frpshwlwlyh dgydqwdjh ri qdwlrqv1 Orqgrq=

PdfPloodq1

^67` Ydq Uhhqhq/ M1 +4<<:,1 �Zk| kdv Eulwdlq kdg vorzhu U)G jurzwkB/� Uh0

vhdufk Srolf|/ Yro1 59/ ss1 7<6083:1
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Figure 1
Rate of Return and R&D Investment

Case 1
Diverging Supply of R&D Opportunities,

Common Hurdle Rate

Case 2
Common Supply of R&D Opportunities,

Diverging Hurdle Rates
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Figure 2
UK and German Patent Applications

at the European Patent Office, 1985-1994



Table 1
Descriptive Statistics (1991)

UK Firms (230 observations in 1991)

Median Lower
Quartile

Upper
Quartile

Mean

sales (Y) 441.7 109.3 1,920.6 3,428.1

capital (K) 260.7 45.5 1,615.3 2,675.6

employees (N) 2,525 685 9,240 14,444

R&D (R) 4.83 1.76 19.34 65.33

R&D capital stock (G) 21.20 6.60 92.20 329.44

R&D expenditures/sales (%) 1.23 0.47 2.84 2.34

Investment/sales (%) 4.62 2.88 7.58 7.12

German Firms (205 observations in 1991)

Median Lower
Quartile

Upper
Quartile

Mean

sales (Y) 717.0 236.6 2,153.8 4,889.2

capital (K) 146.0 44.8 2,153.8 1,537.7

employees (N) 2,878 1,008 7,560 18,684

R&D (R) 21.7 9.1 84.9 225.2

R&D capital stock (G) 113.7 45.7 378.9 1,064.0

R&D expenditures/sales (%) 3.76 1.88 6.14 5.12

Investment/sales (%) 5.64 3.52 7.81 6.57

Note: All values in million Mark (1991). Values for UK firms were converted to DM at an
exchange rate of 2.93DM/£.



Table 2a
R&D as Share of GDP

1973-93 1973-93 1973-79 1973-79 1980-93 1980-93

UK GER UK GER UK GER

BERD/GDP 1.4 1.7 1.4 1.4 1.4 1.9

Source: OECD Historical Statistics (1995)

Table 2b
Financing of BERD (1989)

UK GER EU OECD

Industry Own
Financed

69.5% 86.0% 78.8% 79.6%

Overseas
Financed

13.4% 2.7% 6.9% n.a.

Government
Financed

17.2% 11.3% 14.4% 18.0%

Source: OECD Main Science and Technology Indicators (1996)



Table 3
Mean R&D Intensity by Industry and

Composition of the Samples (1991)

Sector German Firms UK Firms
R/Y N % R/Y N %

Chemicals, Pharmaceuticals 7.98 43 21.0 3.39 29 12.6

Plastic Materials, Rubber 7.34 8 3.9 0.72 2 0.9

Mining, Quarrying, Ceramic Products,
Glass

1.81 6 2.9 1.11 2 0.9

Petroleum Refineries 1.00 6 2.9 0.95 4 1.7

Iron and Steel, Non-ferrous Metals,
Foundries, Metal Drawing and Steel
Construction

3.02 12 5.8 0.65 6 2.6

Machinery, Data Processing and Office
Equipment

5.82 38 18.4 7.32 17 7.4

Road and Other Vehicles 4.61 21 10.1 2.59 21 9.1

Electrical Machinery, Precision and
Optical Instruments

7.64 37 17.9 3.21 55 23.9

Structural Metal Products, Musical
Instruments, Toys

1.71 2 1.0 1.45 1 0.4

Wood Products, Pulp, Paper and
Paperboard, Printing and Duplication,
Leather, Leatherware, Footware,
Textiles and Apparel

0.05 1 0.5 0.61 25 10.9

Food, Beverages and Tobacco 1.72 2 1.0 0.50 16 7.0

Other 4.32 29 14.0 0.94 52 22.6

5.12 205 100% 2.34 230 100%



Table 4
Results from R&D Intensity Regressions

with Firm Size and Year Controls

Sector German Firms UK Firms
R/Y S.E. N R/Y S.E. N p

Chemicals, Pharmaceuticals 8.05 0.37 392 5.19 0.42 220 <0.001

Plastic Materials, Rubber 7.80 0.58 65 2.23 1.00 17 <0.001

Mining, Quarrying, Ceramic
Products, Glass

3.55 0.62 51 2.89 0.99 17 0.540

Petroleum Refineries 2.80 0.63 51 2.40 0.76 31 0.648

Iron and Steel, Non-ferrous
Metals, Foundries, Metal
Drawing and Steel
Construction

4.47 0.50 98 2.30 0.66 45 <0.001

Machinery, Data Processing
and Office Equipment

6.46 0.38 339 8.66 0.46 118 <0.001

Road and Other Vehicles 6.31 0.46 161 4.28 0.44 166 <0.001

Electrical Machinery,
Precision and Optical
Instruments

8.03 0.39 275 4.89 0.36 397 <0.001

Structural Metal Products,
Musical Instruments, Toys

2.06 1.02 15 2.27 1.37 8 0.898

Wood Products, Pulp, Paper
and Paperboard, Printing and
Duplication, Leather,
Leatherware, Footware,
Textiles and Apparel

6.28 1.73 5 2.40 0.44 186 0.024

Food, Beverages and Tobacco 8.20 0.91 20 1.99 0.47 127 <0.001

Other 5.30 0.40 189 2.57 0.39 376 <0.001

Note: The table reports the industry sector dummy coefficients, standard errors and number of
observations within a given industry from a pooled sample of German and UK firm-year
observations (N=3,369) with dummy variables for firm size groups and years as covariates
of the regression equation. The reference group contains firms with fewer than 500
employees in 1989. The threshold values for defining the other size groups are 1,000,
5,000, 10,000, 50,000, and 100,000 employees. For each country, a separate set of industry
dummy variables was included. The overall R-squared (SEE) of the regression was 0.568
(3.792). The p-value in the right-hand column refers to the probability of rejecting the null
hypothesis that the UK dummy coefficient is equal to the respective coefficient for German
firms.



Table 5a
Dynamic Production Functions with R&D - UK Firms

Dependent Variable: ln(sales)

OLS WG DIF2 DIF3 SYS2 SYS3

y-1 0.960
(0.011)

-0.021
(0.009)

0.436
(0.089)

0.467
(0.117)

0.836
(0.054)

0.848
(0.063)

k 0.236
(0.049)

0.537
(0.044)

0.106
(0.115)

0.116
(0.144)

0.305
(0.096)

0.390
(0.120)

k-1 -0.216
(0.049)

0.223
(0.050)

-0.034
(0.076)

-0.114
(0.102)

-0.256
(0.089)

-0.305
(0.106)

n 0.551
(0.063)

-0.067
(0.038)

0.589
(0.075)

0.584
(0.089)

0.572
(0.076)

0.470
(0.086)

n-1 -0.537
(0.065)

0.568
(0.056)

-0.240
(0.088)

-0.241
(0.110)

-0.489
(0.077)

-0.445
(0.096)

lnR 0.053
(0.011)

-0.328
(0.066)

0.053
(0.025)

0.044
(0.028)

0.076
(0.025)

0.069
(0.029)

lnR-1 -0.046
(0.011)

0.055
(0.011)

-0.036
(0.021)

-0.026
(0.025)

-0.043
(0.021)

-0.011
(0.025)

m1 (p-value) 0.928 0.000 0.000 0.001 0.000 0.000

m2 (p-value) 0.448 0.569 0.626 0.546 0.711 0.281

Sargan (p-value) - - 0.301 0.420 0.280 0.388

Difference Sargan
(p-value)

- - - - 0.790 0.656

ρ 0.980
(0.009)

-0.042
(0.001)

0.463
(0.079)

0.497
(0.106)

0.859
(0.052)

0.939
(0.052)

βK 0.320
(0.041)

0.543
(0.043)

0.132
(0.106)

0.091
(0.141)

0.315
(0.067)

0.560
(0.098)

βN 0.553
(0.056)

0.076
(0.026)

0.594
(0.106)

0.590
(0.082)

0.595
(0.071)

0.442
(0.080)

βR 0.044
(0.010)

-0.296
(0.054)

0.054
(0.072)

0.044
(0.026)

0.065
(0.024)

0.051
(0.028)

Common Factor
Restrictions (p-value)

0.002 0.041 0.868 0.811 0.388 0.008

CRTS (p-value) 0.053 0.000 0.048 0.029 0.937 0.780

Note: 239 firms, 1469 observations for OLS, 1230 observations for all other columns. Definition of
variables: n - ln(end-of-year employees), k - ln(end-of-year real capital), lnR - ln(real R&D
expenditures), y - ln(nominal sales). Regressions include time dummies for each year. Time
period: 1988-1996. The set of instruments for the DIF2 (DIF3) estimates includes k, n, y
and lnR in levels lagged 2 (3) periods or more (up to 6 periods). The set of instruments for
the SYS2 (SYS3) estimator contains first differences of k, n, y and lnR lagged 1 period (2
periods) as additional instruments for the levels equations.



Table 5b
Dynamic Production Functions with R&D - German Firms

Dependent Variable: ln(sales)

OLS WG DIF2 DIF3 SYS2 SYS3

y-1 0.953
(0.010)

0.362
(0.050)

0.279
(0.112)

0.146
(0.163)

0.574
(0.096)

0.656
(0.106)

k 0.146
(0.060)

0.171
(0.053)

0.025
(0.155)

0.026
(0.164)

0.127
(0.148)

0.208
(0.232)

k-1 -0.129
(0.058)

-0.071
(0.037)

-0.014
(0.093)

0.008
(0.115)

-0.073
(0.120)

-0.133
(0.193)

n 0.584
(0.064)

0.648
(0.056)

0.648
(0.116)

0.677
(0.130)

0.574
(0.121)

0.543
(0.124)

n-1 -0.557
(0.062)

-0.250
(0.058)

-0.038
(0.125)

0.019
(0.166)

-0.198
(0.105)

-0.323
(0.135)

lnR 0.072
(0.031)

0.052
(0.030)

0.009
(0.051)

-0.015
(0.046)

0.076
(0.053)

0.083
(0.044)

lnR-1 -0.070
(0.032)

-0.020
(0.026)

-0.116
(0.063)

-0.062
(0.073)

-0.076
(0.047)

-0.044
(0.040)

m1 (p-value) 0.007 <0.001 0.001 0.049 <0.001 <0.001

m2 (p-value) 0.656 0.351 0.507 0.681 0.343 0.296

Sargan (p-value) - - 0.201 0.285 0.441 0.653

Difference Sargan
(p-value)

- - - - 0.872 0.734

ρ 0.959
(0.009)

0.377
(0.040)

0.385
(0.092)

0.239
(0.108)

0.632
(0.090)

0.649
(0.100)

βK 0.182
(0.049)

0.157
(0.041)

-0.013
(0.093)

0.028
(0.089)

0.249
(0.078)

0.295
(0.119)

βN 0.668
(0.053)

0.637
(0.052)

0.678
(0.111)

0.697
(0.122)

0.600
(0.114)

0.591
(0.110)

βR 0.093
(0.026)

0.054
(0.029)

0.010
(0.050)

-0.008
(0.044)

0.079
(0.042)

0.079
(0.043)

Common Factor
Restrictions (p-value)

0.006 0.944 0.262 0.917 0.284 0.858

CRTS (p-value) 0.181 0.003 0.020 0.068 0.325 0.661

Note: 234 firms, 1427 observations for OLS, 1193 observations for all other columns.Definition of
variables: n - ln(end-of-year employees), k - ln(end-of-year real capital), lnR - ln(real R&D
expenditures), y - ln(nominal sales). Regressions include time dummies for each year. Time
period: 1988-1996. The set of instruments for the DIF2 (DIF3) estimates includes k, n, y
and lnR in levels lagged 2 (3) periods or more (up to 6 periods). The set of instruments for
the SYS2 (SYS3) estimator contains first differences of k, n, y and lnR lagged 1 period (2
periods) as additional instruments for the levels equations.
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