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Devwudfw

Zh dqdo|}h wkh vorzgrzq lq wkh surfhvv ri fdslwdo irupdwlrq lq frqwlqhqwdo Hxursh

lq wkh qlqhwlhv1 Zh xvh vhfwru0ohyho gdwd iurp wkh RHFG*v Lqwhuqdwlrqdo Vhfwrudo Gdwd

Edvh +LVGE,1 Rxu hfrqrphwulf hvwlpdwhv ri dq lqyhvwphqw ixqfwlrq lqglfdwh vwuxfwxudo

lqvwdelolw| lq wkh hduo| qlqhwlhv dqg/ vshfl�fdoo|/ d euhdn lq wkh frh!flhqw olqnlqj wkh

jurzwk ri fdslwdo vwrfn wr ghpdqg1 Wklv uhvxow qhlwkhu vhhpv wr eh uhodwhg wr qrq0

olqhdulwlhv lq wkh uhodwlrqvkls ehwzhhq fdslwdo irupdwlrq dqg h{shfwhg ghpdqg/ qru wr

wkh vhfwrudo frpsrvlwlrq ri hxurshdq hfrqrplhv1 Zh �qg hylghqfh wkdw wkh gurs lq wkh

dffhohudwru lv dw ohdvw sduwo| dwwulexwdeoh wr juhdwhu ghpdqg xqfhuwdlqw| lq wkh qlqhwlhv

dv frpsduhg wr wkh hduolhu shulrg1

Nh|zrugv= Lqyhvwphqw> vwuxfwxudo euhdn> xqfhuwdlqw|1

MHO fodvvl�fdwlrq qxpehuv= F66/ H55/ R8:/ G;1

WDgguhvv fruuhvsrqghqfh wr Sdwul}lr Sdjdqr Edqn ri Lwdo|/ Uhvhdufk Ghsduwphqw/ Yld Qd}lrqdoh <4/
334;7 Urph0Lwdo|1 Hpdlo= sdjdqr1sdwul}lrClqvhgld1lqwhuexvlqhvv1lw



4 Lqwurgxfwlrq

Rqh ri wkh pdmru fkdqjhv lq idfwru pdunhwv lq wkh qlqhwlhv zdv wkh vkdus glyhujhqfh ehwzhhq

fdslwdo irupdwlrq lq wkh hxur0duhd frxqwulhv dqg wkdw lq wkh Xqlwhg Vwdwhv1 Ehwzhhq 4<<3

dqg 4<<; wkh dyhudjh udwh ri jurzwk ri wrwdo +sulydwh dqg sxeolf, jurvv lqyhvwphqw lq wkh

hxur0duhd frxqwulhv ghfuhdvhg e| pruh wkdq kdoi frpsduhg zlwk wkh hljkwlhv/ zkloh lq wkh

Xqlwhg Vwdwhv lw qhduo| grxeohg1 Lq 4<<; wkh udwlr ri lqyhvwphqw wr JGS/ fdofxodwhg dw

frqvwdqw sulfhv/ kdg ghfolqhg wr 57 shu fhqw lq wkh iruphu> lq wkh odwwhu/ lw kdg ulvhq wr

59 shu fhqw1 Wkh ghfhohudwlrq ri fdslwdo irupdwlrq lq Hxursh lq wkh qlqhwlhv fdqqrw eh

h{sodlqhg rqo| e| f|folfdo idfwruv= lqghhg/ wkh vorzgrzq lq lqyhvwphqw jurzwk uhfrughg lq

wkh Hxur duhd lq wkh qlqhwlhv zdv vwurqjhu wkdq wkdw ri JGS +Wdeoh 4,1

Lq wklv sdshu zh vwxg| wkh surfhvv ri fdslwdo irupdwlrq iru d vhw ri odujh Hxurshdq

hfrqrplhv1 Zh �uvw vkrz vrph �vw|ol}hg idfwv� rq wkh dffxpxodwlrq surfhvv dqg wkhq

suhvhqw dq hfrqrphwulf dqdo|vlv wkdw zloo |lhog vrph foxhv wr lqwhusuhwlqj wkhp1 Zh xvh

wkh RHFG*v Lqwhuqdwlrqdo Vhfwrudo Gdwdedvh +LVGE, +vhh Dsshqgl{ D15, wr hvwlpdwh d

qhrfodvvlfdo lqyhvwphqw htxdwlrq dw wkh vhfwrudo ohyho/ srrolqj wkh gdwd iru wkh vl{ odujh hxur

frxqwulhv iru zklfk gdwd zhuh dydlodeoh +Jhupdq|/ Iudqfh/ Lwdo|/ wkh Qhwkhuodqgv/ Ehojlxp

dqg Ilqodqg,1

Rxu uhvxowv vkrz wkdw wkh vorzgrzq lq fdslwdo irupdwlrq lq frqwlqhqwdo Hxursh fdq

eh h{sodlqhg e| d euhdngrzq lq wkh vwuxfwxudo uhodwlrqvkls ehwzhhq lqyhvwphqw dqg gh0

pdqg= wkh uhvsrqvlyhqhvv ri lqyhvwphqw wr ghpdqg wxuqv rxw wr eh vxevwdqwldoo| orzhu lq

wkh qlqhwlhv frpsduhg wr wkh suhylrxv �iwhhq |hduv1 Zh dovr �qg wkdw wkh gurs ri wkh �df0

fhohudwru� fdq eh dwwulexwhg/ dw ohdvw lq sduw/ wr juhdwhu ghpdqg xqfhuwdlqw|1 Lqghhg/ rqfh

zh gluhfwo| dffrxqw iru xqfhuwdlqw|/ wkh lqvwdelolw| ri wkh lqyhvwphqw ixqfwlrq glvdsshduv1

Rxu frqwulexwlrq wr wkh olwhudwxuh lv wzrirog1 Iluvw/ zh frqwulexwh wr wkh jurzlqj hp0

slulfdo olwhudwxuh rq lqyhvwphqw xqghu xqfhuwdlqw|1 Zkloh suhylrxv vwxglhv duh edvhg rq

�up0ohyho gdwd lq d jlyhq frxqwu| +vhh/ iru lqvwdqfh/ Jxlvr dqg Sduljl +4<<<, dqg Eorrp

hw do1 +5333,,/ zh vkrz wkdw d uhodwlrqvkls ehwzhhq lqyhvwphqw dqg xqfhuwdlqw| fdq eh gh0

whfwhg dovr dw vhfwrudo ohyho/ dgglqj d qhz slhfh ri hylghqfh rq wkh lpsruwdqfh ri xqfhuwdlqw|

iru lqyhvwphqwv1 Vhfrqg/ zh grfxphqw dqg sursrvh dq h{sodqdwlrq iru wkh ghfhohudwlrq ri
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lqyhvwphqw lq Hxursh lq wkh qlqhwlhv/ wkdw kdv ehhq lqglfdwhg dv rqh ri wkh fdxvhv ri wkh

hxur duhd vorz jurzwk exw kdv uhfhlyhg vxusulvlqjo| olwwoh dwwhqwlrq lq wkh dfdghplf ghedwh1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vkrzv wkdw lq wklv ghfdgh wkh ydoxh ri wkh

+h{0srvw, udwlr ehwzhhq wkh udwh ri jurzwk ri lqyhvwphqw dqg wkdw ri JGS kdv ghfuhdvhg

gudpdwlfdoo| lq wkh pdlq hxur0duhd frxqwulhv> wkh hfrqrphwulf dqdo|vlv lqglfdwhv wkdw wkh

frh!flhqw olqnlqj lqyhvwphqw wr ghpdqg kdv fkdqjhg vwuxfwxudoo| lq wkh qlqhwlhv1 Vhfwlrq

6 ghprqvwudwhv wkdw wklv fkdqjh fdq eh dwwulexwhg qhlwkhu wr frpsrvlwlrqdo h�hfwv +pdqx0

idfwxulqj yv1 vhuylfhv, qru wr qrq0olqhdulwlhv lq wkh uhodwlrqvkls ehwzhhq fdslwdo irupdwlrq

dqg ghpdqg1 Vhfwlrq 7 dqdo|}hv wkh olqnv ehwzhhq wkh euhdn lq wkh dffhohudwru dqg ghpdqg

xqfhuwdlqw|> zh �qg hylghqfh wkdw wkh gurs lq wkh dffhohudwru lv dw ohdvw sduwo| dwwulexwdeoh

wr juhdwhu ghpdqg xqfhuwdlqw| lq wkh qlqhwlhv dv frpsduhg wr wkh hduolhu shulrg1 Wkh frq0

foxglqj vhfwlrq vxppdul}hv wkh pdlq uhvxowv1

5 D vwuxfwxudo euhdn lq wkh lqyhvwphqw htxdwlrq lq wkh qlqhwlhvB

514 Fdslwdo irupdwlrq lq wkh ohdglqj lqgxvwuldo hfrqrplhv lq wkh srvwzdu

shulrg

Iurp dssursuldwho| xsgdwhg djjuhjdwh gdwd iurp wkh Shqq Zruog Wdeohv +vhh Dsshqgl{ D14

iru ghwdlov,/ irxu glvwlqfw skdvhv fdq eh lghqwl�hg lq wkh srvwzdu shulrg1 Lq wkh �iwlhv/ wkh

qhhg wr uhexlog wkh fdslwdo vwrfnv ri wkh frxqwulhv wkdw vx�huhg wkh prvw gdpdjh gxulqj wkh

vhfrqg zruog zdu h{sodlqv wkh uhodwlyho| kljkhu udwlr ri lqyhvwphqw wr JGS lq frqwlqhqwdo

Hxursh zlwk uhvshfw wr wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp +Wdeoh 4,1 Lq wkh vl{wlhv

dqg xs xqwlo wkh rqvhw ri wkh �uvw rlo vkrfn/ wkh jurzwk ri lqyhvwphqw uhpdlqhg vwurqj lq

frqwlqhqwdo Hxursh1 Wkh vxevhtxhqw shulrg/ wr wkh hqg ri wkh hljkwlhv/ zdv pdunhg e| d

jhqhudol}hg vkdus ghfhohudwlrq lq surgxfwlyh dfwlylw| dqg lqyhvwphqw> wkh udwlr ri lqyhvwphqw

wr JGS ghfolqhg voljkwo| lq doo wkh ohdglqj lqgxvwuldo frxqwulhv h{fhsw Vsdlq1 Ilqdoo|/ lq wkh

qlqhwlhv wkh udwh ri jurzwk ri lqyhvwphqw lq wkh Xqlwhg Vwdwhv/ derxw 8 shu fhqw rq dyhudjh/

zdv e| idu wkh kljkhvw dprqj wkh lqgxvwuldo qdwlrqv1 Frpsdulvrq zlwk wkh shuirupdqfh

ri wkh hxur0duhd frxqwulhv lv kduvk1 Zlwk wkh h{fhswlrq ri Jhupdq| dqg hvshfldoo| wkh
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Qhwkhuodqgv/ lq wkh qlqhwlhv wkh udwh ri jurzwk ri lqyhvwphqw lq frqwlqhqwdo Hxursh zdv e|

idu wkh orzhvw lq wkh srvwzdu shulrg/ dyhudjlqj ehorz 4 shu fhqw1 Pruhryhu/ zh fdq ghwhfw

iru wkh hxur duhd d srvvleoh �euhdn� lq wkh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg jurzwk=

ghvslwh dq dyhudjh udwh ri JGS jurzwk ri qhduo| 5 shu fhqw/ lqyhvwphqw lqfuhdvhg e| rqo|

319 shu fhqw= wkh �h{0srvw� hodvwlflw| lv wkhuhiruh mxvw rqh wklug/ wkh orzhvw lq wkh srvwzdu

shulrg14

Wkh �vw|ol}hg idfw� wkdw irufhixoo| hphujhv iurp wklv �uvw dqdo|vlv edvhg rq djjuhjdwh

gdwd lv wkh iroorzlqj= lq wkh qlqhwlhv wkh surfhvv ri fdslwdo irupdwlrq vkduso| ghfhohudwhg

lq doo wkh ohdglqj hxur0duhd frxqwulhv/ zlwk wkh h{fhswlrq ri wkh Qhwkhuodqgv> krzhyhu/ wklv

skhqrphqrq grhv qrw dsshdu wr eh olqnhg rqo| wr orz jurzwk1 Lq idfw/ JGS h{sdqghg dw

d udwh wkdw zdv qrw gudpdwlfdoo| orzhu wkdq wkdw uhfrughg lq wkh suhylrxv shulrg1 Wklv

vxjjhvwv wkh srvvlelolw| ri d euhdn lq wkh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg ghpdqg/ dq

lvvxh wkdw zh wdfnoh lq wkh qh{w vhfwlrq1

515 D irupdo lqyhvwljdwlrq xvlqj vhfwrudo gdwd

Wkh dqdo|vlv suhvhqwhg lq wklv dqg lq wkh iroorzlqj vhfwlrqv dlpv dw yhuli|lqj hfrqrphwulfdoo|

wkh �vw|ol}hg idfw� looxvwudwhg ehiruh1 Zh xvh wkh RHFG*v LVGE/ zklfk lqfoxghv gdwd rq

fdslwdo vwrfn/ lqyhvwphqw dqg ydoxh dgghg frpsdudeoh dfurvv d qxpehu ri frxqwulhv +iru wkh

Hxur0duhd/ Jhupdq|/ Iudqfh/ Lwdo|/ wkh Qhwkhuodqgv/ Ehojlxp dqg Ilqodqg/ zklfk dffrxqw

iru pruh wkdq ;3 shu fhqw ri wkh duhd JGS,/ dqg iru wkh prvw lpsruwdqw pdqxidfwxulqj

dqg vhuylfh vhfwruv +hvvhqwldoo| wkh 58 eudqfkhv ri wkh QDFH fodvvl�fdwlrq,1 Wkh vhfwrudo

glphqvlrq lqfuhdvhv wkh ghjuhhv ri iuhhgrp lq wkh hvwlpdwlrq ri dq lqyhvwphqw htxdwlrq dqg

doorzv xv wr whvw iru wkh suhvhqfh ri d vwuxfwxudo euhdn dw wkh ehjlqqlqj ri wkh qlqhwlhv/ zklfk

zrxog qrw eh srvvleoh zlwk djjuhjdwh gdwd rqo|15 Rxu xqlw ri revhuydwlrq lv wkh vhfwru0

4Wkh shulrgl}dwlrq xvhg fdq eh fulwlfl}hg vlqfh lq 4<<3 frqwlqhqwdo Hxursh zdv hqmr|lqj d �errp�/ gulyhq
e| wkh idyrudeoh survshfwv ri Jhupdq|*v hfrqrplf dqg srolwlfdo xql�fdwlrq1 Lq rughu wr wdnh lqwr dffrxqw
wkhvh pdmru f|folfdo gl�huhqfhv/ zh dovr fdofxodwhg wkh udwhv ri jurzwk ri JGS dqg lqyhvwphqw rq txduwhuo|
gdwd/ vwduwlqj iurp wkh odvw f|folfdo shdn1 Lq wklv zd|/ d uhfhvvlrq 0 wkdw ri wkh hduo| qlqhwlhv 0 dqg dq
h{sdqvlrq duh lqfoxghg iru hyhu| frxqwu|> zh dovr glvdjjuhjdwhg lqyhvwphqw lq pdfklqhu|/ htxlsphqw dqg
phdqv ri wudqvsruwdwlrq +wkh fdwhjru| wkdw uhvsrqgv prvw udslgo| wr fkdqjhv lq ryhudoo hfrqrplf dfwlylw|,
dqg frqvwuxfwlrq1 Suhylrxv �qglqjv duh urexvw wr vxfk fkdqjhv1

5Wkh iroorzlqj �yh vhfwruv zhuh h{foxghg iurp rxu hvwlpdwhv= djulfxowxuh/ frqvwuxfwlrq/ vhuylfhv surylghg
e| wkh jhqhudo jryhuqphqw/ vhuylfhv surylghg e| qrq0sur�w lqvwlwxwlrqv dqg �rwkhu vhuylfhv�1 Wkh odvw vhfwru
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frxqwu|> zh xvh lw wr frqvwuxfw dq xqedodqfhg sdqho ri dssur{lpdwho| 5/333 revhuydwlrqv

+vhh Dsshqgl{ D15 iru d ghwdlohg ghvfulswlrq ri wkh gdwd,1 Wkh hfrqrphwulf dqdo|vlv fryhuv

wkh shulrg iurp wkh vhfrqg kdoi ri wkh vhyhqwlhv +4<:8, wr wkh gdwh ri wkh odwhvw dydlodeoh

revhuydwlrq16

Zh xvh wkh vwdqgdug qhrfodvvlfdo iudphzrun +Mrujhqvrq/ 4<:4, wr hpslulfdoo| ghulyh

wkh lqyhvwphqw ixqfwlrq1 Lq wkh devhqfh ri dgmxvwphqw frvwv/ wkh orqj0uxq fdslwdo vwrfn

iru d sur�w pd{lpl}lqj �up zlwk d frqvwdqw0uhwxuqv0wr0vfdoh FHV whfkqrorj| zrxog eh d

+qrqolqhdu, ixqfwlrq ri wkh xvhu frvw ri fdslwdo/ u/ dqg wkh ohyho ri ghpdqg/ \ =

N
W

| @

�
u|

d

�
3�

\| +4,

zkhuh d lv d frqvwdqw dqg 3 ? � ? 4 d sdudphwhu1 Lq wklv fdvh/ wkh +jurvv, lqyhvwphqw

ixqfwlrq zrxog vlpso| eh=
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\| �N|3� . �N|3� +5,

zkhuh � lv wkh ghsuhfldwlrq udwh1 Glylglqj +5, e| N|3� dqg olqhdul}lqj durxqg wkh vwhdg|

vwdwh iuW>
�
t
g

�
W

j |lhogv=
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N|3�
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�
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N|3�
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N
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` +6,

zkhuh wkh �*v duh frqvwdqwv1

Wkh vwdqgdug qhrfodvvlfdo iudphzrun/ dv uhsuhvhqwhg e| +6,/ kdv ehhq zlgho| xvhg lq

wkh hpslulfdo dqdo|vlv/ wkrxjk lw kdv ehhq vxemhfw wr d qxpehu ri fulwlflvpv17 Rqh ri

wkhvh/ douhdg| uhfrjql}hg e| Mrujhqvrq +4<:4,/ uhihuv wr wkh odfn ri h{solflw dffrxqw ri

lqwhuwhpsrudo dvshfwv1 Lq idfw/ wkh pdlq sureohp lq wkh hpslulfdo lpsohphqwdwlrq ri +6, lv

lqfoxghv lqyhvwphqw lq uhvlghqwldo frqvwuxfwlrq dqg zhljkv khdylo| lq doo ri wkh frxqwulhv1 Zh h{foxghg
wkhvh fdwhjrulhv vlqfh wkh| duh fkdudfwhul}hg e| h{wuhpho| huudwlf ehkdylrxu ri erwk lqyhvwphqw dqg ydoxh
dgghg1 Iru doo ri wkh frxqwulhv lq rxu vdpsoh/ wkh vhfwruv wkdw zhuh lqfoxghg lq rxu hvwlpdwhv dffrxqw iru
dssur{lpdwho| kdoi ri wrwdo +sxeolf dqg sulydwh, jurvv �{hg lqyhvwphqw dqg fdslwdo vwrfn1

6Wkrxjk prvw ri wkh gdwd duh dydlodeoh iurp wkh hduo| vhyhqwlhv/ zh fkrvh wr h{foxgh wkh �uvw rlo vkrfn
iurp wkh hfrqrphwulf dqdo|vlv rzlqj wr wkh gudpdwlf h�hfwv lw kdg rq fdslwdo dffxpxodwlrq lq doprvw doo wkh
lqgxvwuldo frxqwulhv1

7Vhh Fklulqnr +4<<6, iru d frpsuhkhqvlyh vxuyh|1
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wkdw uhvlgxdov wxuq rxw wr eh vhuldoo| fruuhodwhg1 Zh iroorz wkh xvxdo zd| wr ryhufrph lw dqg

hqulfk wkh g|qdplfv ri +6, e| lqfoxglqj wkh odjjhg ghshqghqw yduldeoh +
U|3�

g|32
,1 D vhfrqg

sureohp lv wkdw +6,/ dxjphqwhg zlwk wkh odjjhg ghshqghqw yduldeoh/ lpsolhv d sursruwlrqdo

uhodwlrqvkls ehwzhhq vkruw dqg orqj uxq uhvsrqvhv ri lqyhvwphqw wr ghpdqg1 Iru wklv uhdvrq

zh kdyh ixuwkhu hqulfkhg wkh g|qdplfv ri +6, e| dgglqj dovr wkh odjjhg ydoxh ri ghpdqg

+
t|3�

g|32
,1 Dv hpskdvl}hg e| Eorrp hw do1 +5333, zkhq whvwlqj wkh uhodwlrqvkls ehwzhhq

lqyhvwphqw dqg xqfhuwdlqw|/ zklfk zloo ehfrph wkh pdlq irfxv ri wkh dqdo|vlv lq wkh iroorzlqj

vhfwlrqv/ lw lv lpsruwdqw wr doorz iru xqfrqvwudlqhg vkruw dqg orqj uxq h�hfwv ri ghpdqg rq

lqyhvwphqw1 Ixuwkhupruh/ wr hvwlpdwh wklv htxdwlrq xvlqj frxqwu|0vhfwrudo gdwd/ zh dvvxphg

wkdw vwhdg|0vwdwh ohyhov fdq eh dffrxqwhg iru xvlqj dgglwlyh |hdu vshfl�f h�hfwv +�|, dqg

frxqwu|0vhfwru vshfl�f h�hfwv +��,1 Wkxv/ zh uxq wkh iroorzlqj htxdwlrq=

l�c| @ �f . ��l�c|3� . �2 |�c| . �� |�c|3� . �e u�c| . �| . �� . ��c| +7,

zkhuh m lv wkh frxwu|0vhfwrudo lqgh{/ l�c| @
U�c|
g�c|

> |�c| @
t�c|

g�c|
dqg u�c| lv d phdvxuh ri wkh

xvhu frvw ri fdslwdo1 E| lqwurgxflqj �� zh frqwuro iru frxqwu|0vhfwru gl�huhqfhv lq wkh

lqwhufhsw ri rxu htxdwlrq> zlwk �| zh dffrxqw iru vkliwv lq wkh lqwhufhsw ryhu wlph/ xqghu wkh

k|srwkhvlv wkdw wkhvh vkliwv duh frpprq wr doo xqlwv> ��c| lv dq huuru whup1 Ghpdqg h{shfwhg

e| lqyhvwruv lv sur{lhg e| ydoxh dgghg18 Gxh wr gdwd dydlodelolw| wkh xvhu frvw ri fdslwdo

kdv ehhq dssur{lpdwhg e| d phdvxuh ri wkh uhdo lqwhuhvw udwh19 Dowkrxjk rqh frxog dujxh

wkdw |�c| lv dq hqgrjhqrxv yduldeoh/ zlwk vhfwrudo gdwd dw wzr gljlw ohyho wkh dvvxpswlrq ri

wkh h{rjhqhlw| ri ydoxh dgghg pd| eh pdlqwdlqhg1 Krzhyhu/ lq +7,/ wkh odjjhg ghshqghqw

yduldeoh/ l�c|3�/ lv d ixqfwlrq ri wkh lqglylgxdo h�hfwv/ vr wkdw wkh ROV hvwlpdwru lv eldvhg

dqg lqfrqvlvwhqw1 Wkhuhiruh/ wr hvwlpdwh wklv g|qdplf uhjuhvvlrq prgho zh uho| rq wkh

JPP hvwlpdwru v|vwhp vxjjhvwhg e| Duhoodqr dqg Eryhu +4<<8,/ Eoxqghoo dqg Erqg +4<<;,

8Wklv lv dq reylrxv vkruwfxw1 Wklv fkrlfh fdq eh udwlrqdol}hg rq wkh jurxqg wkdw lqyhvwphqw revhuyhg dw
wlph | zdv sodqqhg dw wlph |3 � rq wkh edvlv ri ghpdqg h{shfwhg dw wlph | e| ixoo| udwlrqdo lqyhvwruv1

9Iru hdfk frxqwu| wklv lv fdofxodwhg e| gh dwlqj wkh uhvshfwlyh orqj0whup qrplqdo lqwhuhvw udwh xvlqj wkh
dyhudjh �yh0|hdu fkdqjh lq wkh ydoxh dgghg gh dwru ri hdfk vhfwru> lq wklv zd|/ d yduldeoh wkdw fdswxuhv erwk
qdwlrqdo dqg vhfwrudo fkdudfwhulvwlfv lv rewdlqhg1 Wkh pdlq uhvxowv suhvhqwhg khuh zrxog qrw fkdqjh li wkh
uhdo lqwhuhvw udwh zhuh vhw htxdo iru doo vhfwruv lq hdfk frxqwu| dqg fdofxodwhg rq wkh edvlv ri dq dyhudjh
lqglfdwru ri lq dwlrq +iru h{dpsoh/ wkh djjuhjdwh ydoxh dgghg gh dwru,1
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dqg Duhoodqr dqg Erqg +4<<<, wkdw frpelqhv htxdwlrqv lq �uvw gl�huhqfhv dqg htxdwlrqv lq

ohyhov1 Wkh vhw ri lqvwuxphqwv xvhg lq hdfk ri wkh uhjuhvvlrqv suhvhqwhg ehorz lv uhsruwhg lq

wkh qrwhv wr wkh fruuhvsrqglqj wdeoh dqg wkh ydolglw| ri lqvwuxphqwv kdv ehhq fkhfnhg yld

d Vdujdq whvw ri ryhu0lghqwli|lqj uhvwulfwlrqv1: Dv vwdqgdug lq wkh olwhudwxuh/ lq wkh wdeohv

zh suhvhqw wzr vwhs hvwlpdwhv zlwk rqh vwhs vwdqgdug huuruv/ vlqfh wkh dv|pswrwlf vwdqgdug

huuruv iru wkh wzr0vwhs hvwlpdwruv fdq eh xquholdeoh lq �qlwh vdpsohv +Erqg hw do1 4<<<,1

Vwdqgdug huuruv dqg whvw vwdwlvwlfv duh urexvw wr khwhurvnhgdvwlflw|1

Wdeoh 5/ froxpq ^4` uhsruwv wkh uhvxowv ri rxu edvlf vshfl�fdwlrq/ htxdwlrq +7,1 Zh

�qg qr hylghqfh ri vshfl�fdwlrq sureohpv= wkh ydoxhv ri wkh Vdujdq whvw lqglfdwh wkdw wkh

lqvwuxphqwv zh xvhg duh ydolg1 Doo wkh h{sodqdwru| yduldeohv/ lqfoxglqj wkh uhdo lqwhuhvw

udwh/ kdyh wkh h{shfwhg vljq dqg duh vljql�fdqw1 Li zh gh�qh �2 dv wkh vkruw0uxq uhvsrqvh

ri lqyhvwphqw wr ghpdqg dqg k2nk�
�3k�

dv wkh orqj0uxq rqh/ zh �qg wkdw wkh iruphu lv doprvw

wzlfh dv odujh dv wkh odwwhu +3139:; yv1 313685,1 Wkh hvwlpdwhv ri wkh |hdu gxpplhv +qrw

uhsruwhg, duh doo qhjdwlyh diwhu 4<<4/ zlwk wkh h{fhswlrq ri 4<<81 Rqo| wkh hvwlpdwh iru

4<<6 lv vwdwlvwlfdoo| gl�huhqw iurp }hur> wklv lv dq h{shfwhg uhvxow/ vlqfh lq 4<<6 frqwlqhqwdo

Hxursh uhfrughg d ghhs uhfhvvlrq1

Dv vkrzq lq Vhfwlrq 5/ wkh Hxurshdq frxqwulhv uhfrughg d vxevwdqwldoo| zhdnhu surfhvv ri

fdslwdo irupdwlrq lq wkh qlqhwlhv/ exw wkh jurzwk udwh ri rxwsxw zdv rqo| pdujlqdoo| zhdnhu

wkdq wkdw uhfrughg lq wkh suhylrxv shulrg1 Wkh lqyhvwphqw vorzgrzq fdq eh h{sodlqhg

hlwkhu e| wkh g|qdplfv ri rwkhu yduldeohv/ qdpho| wkh uhdo lqwhuhvw udwh/ ru e| d vwuxfwxudo

fkdqjh lq wkh qlqhwlhv lq wkh ydoxh ri vrph sdudphwhuv ri wkh lqyhvwphqw htxdwlrq1 Qrwh

wkdw wkh srvvlelolw| ri d shupdqhqw grzqzdug vkliw lq wkh ydoxh ri wkh frqvwdqw kdg douhdg|

ehhq wdnhq lqwr dffrxqw lq +7, e| wkh |hdu gxpplhv/ �|1 Irupdo whvwv ri lqvwdelolw| ri wkh

frh!flhqwv vkrz wkdw wkh lqyhvwphqw htxdwlrq lv lqghhg fkdudfwhul}hg e| d vwuxfwxudo euhdn

lq wkh qlqhwlhv vwhpplqj iurp d fkdqjh lq wkh sdudphwhu wkdw olqnv lqyhvwphqw wr ghpdqg

+�2,/ zkloh qr fkdqjhv fdq eh ghwhfwhg lq wkh sdudphwhuv ri wkh rwkhu uhjuhvvruv1; Wkhuhiruh

:Wkh Vdujdq whvw lv glvwulexwhg dv d �
2 zlwk ghjuhhv ri iuhhgrp htxdo wr wkh qxpehu ri lqvwuxphqwdo

yduldeohv plqxv wkh qxpehu ri sdudphwhuv1
;Irupdo whvwv ri lqvwdelolw| ri doo wkh frh!flhqw duh uhsruwhg lq d suhylrxv gudiw +Fdvhool/ Sdjdqr dqg

Vfklydugl/ 5333,1
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zh uhzulwh +7, dv=

l�c| @ �f . �� l�c|3� . �2 |�c| . �� |�c|3� . �eu�c| . �DGb�|�c| . �| . �� . ��c| +8,

zkhuh Gb� lv d gxpp| yduldeoh wkdw wdnhv wkh ydoxh 4 diwhu 4<<4 dqg 3 ehiruh1< Wkh

uhvxowv/ dovr uhsruwhg lq Wdeoh 5/ froxpq 5/ vkrz wkdw �D lv lqghhg qhjdwlyh dqg vwdwlvwlfdoo|

vljql�fdqw143 Qrwh wkdw wkh frh!flhqwv rq wkh odjjhg ghshqghqw yduldeoh/ dqg wkh uhdo

lqwhuhvw udwh gr qrw fkdqjh zlwk uhvshfw wr wkrvh uhsruwhg lq froxpq ^4`1 Wkh hvwlpdwhg

ydoxh ri �D lpsolhv wkdw/ lq wkh orj uxq/ wkh olqn ehwzhhq lqyhvwphqw dqg ghpdqg kdv kdoyhg

diwhu 4<<4 zlwk uhvshfw wr wkh suhylrxv shulrg1 Wkhvh uhvxowv wkhuhiruh vxjjhvw wkdw wkh

dffxpxodwlrq surfhvv lq frqwlqhqwdo Hxursh zdv fkdudfwhul}hg e| d vwuxfwxudo fkdqjh lq wkh

uhvsrqvh ri fdslwdo dffxpxodwlrq wr h{shfwhg ghpdqg/ ohdglqj wr d surqrxqfhg ghfhohudwlrq

ri lqyhvwphqw/ iru d jlyhq sdwk ri h{shfwhg ghpdqg1

6 Vhfwrudo frpsrvlwlrq dqg qrqolqhdulwlhv

Wkh qh{w vwhs lv wr lqyhvwljdwh wkh vrxufh ri wklv euhdn1 Ehiruh grlqj wkdw/ zh kdyh fkhfnhg

zkhwkhu lw kdv ehhq xqlirup dfurvv vhfwruv1 Vlqfh pdqxidfwxulqj vhfwruv duh pruh f|folfdo

dqg whqg wr uhvsrqg pruh txlfno| wr fkdqjhv lq h{shfwhg ghpdqg wkdq vhuylfhv/ rqh frxog

h{shfw wkdw rqfh wkh vhfwruv zhuh vsolw lqwr pdqxidfwxulqj dqg vhuylfhv/ wkh qhjdwlyh euhdn

zrxog eh vkdushu iru wkh iruphu/ zkloh wkh odwwhu vkrxog qrw h{klelw dq| euhdn dw doo1 Jlyhq

wkh idfw wkdw hxur0duhd frxqwulhv kdyh d uhodwlyho| kljkhu vkduh ri hpsor|phqw lq pdqxidf0

wxulqj zlwk uhvshfw wr wkh XV dqg wkh XN/ rqh frxog dujxh wkdw wkh zhdn dffxpxodwlrq

zdv sduwldoo| uhodwhg wr wkhlu vshfldol}dwlrq sdwwhuq144 Wklv frqmhfwxuh lv qrw vxssruwhg e|

wkh gdwd1 Lq Wdeoh 6/ froxpq ^4`/ zh uxq wkh uhjuhvvlrq doorzlqj iru gl�huhqw sdudphwhuv

<Wklv vshfl�fdwlrq lpsolflwo| lpsrvhv wkdw wkh euhdn lv sursruwlrqdo ehwzhhq wkh orqj dqg wkh vkruw uxq1
Jlyhq wkh vkruw wlph shulrg dydlodeoh wr hvwlpdwh wkh vwuxfwxudo fkdqjh dqg wkh reylrxv froolqhdulw| lq +�c|

dqg +�c|3�/ doorzlqj iru d gl�huhqw frh!flhqw dovr iru odjjhg ydoxh dgghg diwhu 4<<4 vhqvleo| zruvhqv wkh
hvwlpdwhv/ vr zh lpsrvh wklv uhvwulfwlrq lq zkdw iroorzv1

43Zh dovr fkhfnhg wkh |hdu lq zklfk wkh euhdn lq wkh dffhohudwru rffxuuhg e| hvwlpdwlqj +7, uhfxuvlyho|1
Wkh uhvxowv vkrz wkdw 4<<4 lv wkh �uvw |hdu lq zklfk wkh hvwlpdwh ri k2 idoov rxwvlgh wkh frq�ghqfh edqgv
suhydohqw lq wkh hljkwlhv/ vxjjhvwlqj wkdw wkh euhdn rffxuuhg wkhq1

44Vhh Ihuudqgr +4<<<, iru d ghvfulswlrq ri wkh vhfwrudo surgxfwlyh vwuxfwxuh lq wkh ohdglqj HX frxqwulhv1

:



ri ghpdqg iru pdqxidfwxulqj dqg vhuylfhv1 Dv h{shfwhg/ pdqxidfwxulqj vhfwruv duh pruh

vhqvlwlyh wr ghpdqg lq wkh vkruw uxq +313;;: yv1 313749,1 Krzhyhu/ hyhq li wkh devroxwh

ydoxh ri wkh euhdn lv kljkhu lq wkh �pdqxidfwxulqj� wkdq lq wkh �rwkhu vhfwruv� +03133;:

yv1 0313387,/ uhodwlyho| wr wkh vl}h ri wkh dffhohudwru wkh wzr euhdnv duh vlplodu/ erwk lq wkh

vkruw dqg lq wkh orqj uxq145 Wklv lqglfdwhv wkdw wkh vwuxfwxudo fkdqjh wkdw rffxuuhg diwhu

4<<4 fdqqrw eh dwwulexwhg wr wkh vhfwrudo frpsrvlwlrqv ri Hxurshdq lqyhvwphqw1

Dv douhdg| phqwlrqhg/ ehjlqqlqj lq wkh hduo| qlqhwlhv hfrqrplf dfwlylw| ghfhohudwhg

lq wkh hxur0duhd frxqwulhv> wkxv/ wkh euhdn lq wkh dffhohudwru frxog/ lq sulqflsoh/ eh dovr

h{sodlqhg e| d qrqolqhdu uhodwlrqvkls ehwzhhq fdslwdo irupdwlrq dqg ghpdqg1 Lq idfw/

lqyhvwphqw pljkw uhdfw sursruwlrqdoo| pruh wr vxevwdqwldo fkdqjhv lq ghpdqg ehfdxvh ri

wkh suhvhqfh ri �{hg frvwv uhodwhg wr fdslwdo dffxpxodwlrq ru wr wkh lqglylvlelolw| ri fdslwdo

jrrgv +Fdedoohur dqg Hqjoh/ 4<<<,1 Iluvw zh kdyh whvwhg wklv k|srwkhvlv e| lqwurgxflqj

wzr txdgudwlf whupv/ |2| dqg |
2
|3�/ lq +8, exw erwk ri wkhp wxuqhg rxw wr eh qrw vljql�fdqw1

Zh wkhq vsolw wkh vhfwruv lqwr wzr jurxsv ri whq/ dffruglqj wr wkhlu dyhudjh jurzwk udwh

ri ydoxh dgghg diwhu 4<<4 frpsduhg zlwk wkdw uhfrughg ehiruh1 Lw wxuqv rxw wkdw wkh orz

jurzwk vhfwruv duh wkrvh lq zklfk wkh udwh ri fkdqjh ri ydoxh dgghg ghfolqhg e| dw ohdvw 515

shufhqwdjh srlqwv zlwk uhvshfw wr wkh suhylrxv shulrg146 Zh frqmhfwxuh wkdw wkh vhfwruv wkdw

h{shulhqfhg d gudvwlf ghfhohudwlrq lq ghpdqg uhdfwhg e| ghfhohudwlqj fdslwdo dffxpxodwlrq

hyhq pruh/ zkloh lq wkh uhpdlqlqj vhfwruv wkh uhvsrqvh ri lqyhvwphqw glg qrw fkdqjh1 Wklv

nlqg ri qrqolqhdu uhvsrqvh pd| eh udwlrqdol}hg e| dvvxplqj wkdw/ dw wkh hqg ri wkh hljkwlhv/

wkh iruphu vhfwruv zhuh dffxpxodwlqj fdslwdo vwrfn xqghu wkh dvvxpswlrq wkdw ghpdqg

zrxog jurz lq wkh ixwxuh dw wkh vdph sdfh dv lw kdg lq wkh sdvw> zkhq ghpdqg ghfhohudwhg/

h{fhvv fdsdflw| kdg wr eh xqordghg1 Wkh uhvxowv rewdlqhg gr qrw vxssruw wklv frqmhfwxuh1

Wdeoh 6/ froxpq ^5`/ vkrzv wkdw wkh ydoxh ri wkh dffhohudwru lv yhu| vlplodu iru wkh wzr

vxejurxsv ehiruh 4<<4> lq wkh qlqhwlhv/ krzhyhu/ erwk vxejurxsv uhfrughg d qhjdwlyh dqg

vwdwlvwlfdoo| vljql�fdqw euhdn/ doprvw lghqwlfdo lq devroxwh ydoxh1

45Zh dfwxdoo| vsolw doo wkh vhfwruv lqwr pdqxidfwxulqj dqg �rwkhuv�> wkxv vhuylfhv dovr lqfoxghv plqlqj
dqg txduu|lqj dqg hohfwulflw|/ jdv dqg zdwhu1 Zh fkhfnhg wkh urexvwqhvv ri rxu uhvxowv e| uxqqlqj dqrwkhu
htxdwlrq zkhuh wkh vhfwruv zhuh vsolw lqwr vhuylfhv dqg �rwkhuv� dqg zh rewdlqhg wkh vdph uhvxowv1

46Wkh orz jurzwk vhfwruv pdlqo| lqfoxgh pdqxidfwxulqj vhfwruv/ dsduw iurp �qdqfldo vhuylfhv dqg zkrohvdoh
dqg uhwdlo wudgh> wkh| dffrxqw iru 78083 shu fhqw ri wkh ydoxh dgghg ri doo wkh vhfwruv frqvlghuhg lq rxu sdqho1

;



Vxpplqj xs/ vr idu zh kdyh qrw irxqg hylghqfh wkdw wkh euhdn lq dffhohudwru rffxuuhg

lq Hxursh lq wkh qlqhwlhv lv wr eh dwwulexwhg wr vrph sduwlfxodu vhfwru ru wr qrq olqhdulwlhv

lq wkh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg ghpdqg1 Lq wkh qh{w vhfwlrq zh lqyhvwljdwh dq

rwkhu fdqglgdwh h{sodqdwlrq

7 Ghpdqg xqfhuwdlqw|

D jurzlqj erg| ri wkhruhwlfdo dqg/ pruh uhfhqwo|/ hpslulfdo olwhudwxuh kdv vwuhvvhg wkh

uhohydqfh ri xqfhuwdlqw| lq wkh surfhvv ri fdslwdo irupdwlrq147 Deho dqg Hehuo| +4<<9, r�hu

d fkdudfwhul}dwlrq ri wkh lqyhvwphqw ghflvlrq surfhvv dw wkh �up ohyho xqghu xqfhuwdlqw|

dqg frvwo| uhyhuvlelolw| e| h{whqglqj wkh qhrfodvvlfdo iudphzrun ri Mrujhqvrq +4<:4,1 Wkh|

vkrz wkdw/ lq wklv vhwwlqj/ wkh xvhu frvw ri fdslwdo vkrxog eh prgl�hg wr wdnh lqwr dffrxqw

wkh lqyhvwphqw dqg glvlqyhvwphqw wkuhvkrogv= lq whupv ri htxdwlrq +4,/ wkh xvhu frvw u|

qrz dovr lqfoxghv wzr whupv/ d srvlwlyh uhdo rswlrq whup !L dw wkh lqyhvwphqw wkuhvkrog

dqg d qhjdwlyh rqh !u dw wkh glvlqyhvwphqw wkuhvkrog1 Wkh rswlpdo srolf| wkhq suhvfulehv

wkdw dv orqj dv wkh pdujlqdo surgxfw ri fdslwdo grhv qrw furvv wkh erxqgdulhv wkh �up zloo

qrw fkdqjh lwv fdslwdo vwrfn1 Lq wklv iudphzrun/ xqfhuwdlqw| uhgxfhv wkh uhvsrqvlyhqhvv ri

lqyhvwphqw wr ghpdqg erwk e| zlghqlqj wkh lqdfwlrq uhjlrq dqg e| ghfuhdvlqj wkh dprxqw

ri lqyhvwphqw/ zkhq lw rffxuv= Y�
Yj

? 3 zhuh � lv wkh phdvxuh ri ghpdqg xqfhuwdlqw|1

Hpslulfdo vwxglhv ri wkh h�hfwv ri xqfhuwdlqw| rq lqyhvwphqwv edvhg rq �up0ohyho gdwd

jlyh vxssruw wr wklv suhglfwlrq1 Jxlvr dqg Sduljl +4<<<, �qg d vljql�fdqw qhjdwlyh h�hfw

ri xqfhuwdlqw| rq fdslwdo irupdwlrq zlwk gdwd ghulyhg iurp wkh vdpsoh ri Lwdoldq �upv ri

wkh Edqn ri Lwdo|*v lqyhvwphqw vxuyh|1 Eorrp hw do1 +5333, xvlqj d sdqho ri XN �up gdwd

�qg wkdw xqfhuwdlqw| uhgxfhv �upv* vhqvlwlylw| wr ghpdqg lq wkh vkruw uxq/ zkloh wkh h�hfw

glvdsshduv lq wkh orqj uxq1 Zh xvh d vlplodu dssurdfk dqg whvw wkh suhglfwlrqv ri wklv

wkhru| zlwk rxu vhfwrudo gdwd wr ghwhuplqh li ghpdqg xqfhuwdlqw| pd| khos h{sodlqlqj wkh

vorzgrzq ri fdslwdo dffxpxodwlrq lq frqwlqhqwdo Hxursh lq wkh qlqhwlhv1

Zh kdyh �uvw fdofxodwhg vhyhudo lqglfdwruv ri ghpdqg yduldelolw| iru wkh irxu ohdglqj

47Iru d frpsuhkhqvlyh vxuyh| ri wkh olwhudwxuh rq lqyhvwphqw dqg xqfhuwdlqw| vhh Jxlvr dqg Sduljl +4<<<,1

<



hxur0duhd frxqwulhv ri rxu vdpsoh148 Wdeoh 7 lqglfdwhv wkdw ghpdqg yduldelolw| lqfuhdvhg

lq Jhupdq|/ Iudqfh dqg Lwdo|/ vxjjhvwlqj wkdw wklv frxog eh dw ohdvw sduwldoo| uhvsrqvleoh

iru wkh voxjjlvk surfhvv ri dffxpxodwlrq1 Wr whvw wklv k|srwkhvlv zh fkrvh wkh iroorzlqj

wzr0vwhs vwudwhj|1 Iluvw/ zh lqwurgxfh gluhfw phdvxuhv ri xqfhuwdlqw| lqwr htxdwlrq +8,1

Vhfrqg/ zh iroorz dq �lqgluhfw� dssurdfk dqg glylgh wkh vhfwruv lqwr wzr jurxsv= wkrvh iru

zklfk wkh yduldelolw| ri ghpdqg lqfuhdvhg iurp 4<<4 rqzdugv dqg wkrvh iru zklfk lw glg

qrw1 E| xvlqj gl�huhqw phdvxuhv ri xqfhuwdlqw| lq wkh wzr h{huflvhv/ zh zloo eh deoh wr whvw

wkh urexvwqhvv ri rxu �qglqjv1

Vlqfh rxu vshfl�fdwlrq lv forvho| dnlq wr Jxlvr dqg Sduljl +4<<<,/ zh lqwurgxfh lq +8,

xqfhuwdlqw| lqwhudfwhg zlwk ghpdqg=

l�c| @ �f.�� l�c|3�.�2 |�c|.�� |�c|3�.�eu�c|.�DGb� |�c|.�S�||�c|.�.�|3�|�c|3�.�|.��.��c|

+9,

Wkh suhvxpswlrq lv wkdw li ghpdqg xqfhuwdlqw| d�hfwv lqyhvwphqw qhjdwlyho|/ dqg li wkh

grzqzdug vkliw lq wkh dffhohudwru lv gxh wr wkh idfw wkdw zh kdyh rplwwhg wklv yduldeoh

vr idu/ wkhq lqwurgxflqj xqfhuwdlqw| vkrxog uhgxfh wkh vljql�fdqfh dqg wkh devroxwh ydoxh

ri wkh hvwlpdwhg euhdn1 Dv d sur{| ri ghpdqg xqfhuwdlqw|/ zh fkrvh d iruzdug0orrnlqj

lqglfdwru wkdw lv frxqwu|0vshfl�f exw/ xqiruwxqdwho|/ qrw vhfwru0vshfl�f/ l1h1 wkh vwdqgdug

ghyldwlrq/ zlwklq hdfk |hdu/ ri wkh h{shfwhg vkruw0whup wuhqg lq lqgxvwuldo surgxfwlrq/ dv

ghulyhg iurp prqwko| qdwlrqdo vxuyh|v rq wkh lqgxvwuldo vhfwru149

Wdeoh 8 uhsruwv wkh hvwlpdwhv ri htxdwlrq +9,1 Lq froxpq ^4`� ^5` zh suhvhqw wkh hvwlpdwhv

rewdlqhg zlwkrxw d euhdn lq wkh dffhohudwru> wkh frh!flhqwv ri wkh fxuuhqw dqg odjjhg

lqwhudfwlrq ri xqfhuwdlqw| zlwk ghpdqg +�S dqg �., duh qhjdwlyh/ dv h{shfwhg/ dqg kljko|

vljql�fdqw1 Wklv phdqv wkdw xqfhuwdlqw| kdv d qhjdwlyh lpsdfw rq fdslwdo dffxpxodwlrq/ lq

dffrugdqfh zlwk suhylrxv vwxglhv1 Wklv uhvxow krogv wuxh dovr zkhq zh gurs wkh odjjhg ydoxh

48Edfnzdug orrnlqj lqglfdwruv lqfoxgh wkh frh!flhqw ri yduldwlrq ri wkh udwh ri jurzwk/ zlwk uhvshfw wr wkh
suhylrxv txduwhu/ ri grphvwlf ghpdqg qhw ri lqyhqwrulhv dqg sxeolf frqvxpswlrq/ dqg ri djjuhjdwh ghpdqg
+l1h1 wkh vdph yduldeoh soxv h{sruwv,> wkh vwdqgdug ghyldwlrq ri wkh h{shfwhg vkruw0whup wuhqg lq lqgxvwuldo
surgxfwlrq lv lqvwhdg d iruzdug orrnlqj lqglfdwru1

49Wklv phdvxuh zdv fdofxodwhg dv wkh vwdqgdug ghyldwlrq/ zlwklq hdfk |hdu/ ri wkh vkduh ri srvlwlyh dqg
qhjdwlyh uhvsrqvhv/ h{suhvvhg dv shufhqwdjhv/ wr vxuyh|v rq wkh lqgxvwuldo vhfwru frqgxfwhg prqwko| lq hdfk
frxqwu| e| wkh uhvshfwlyh qdwlrqdo lqvwlwxwhv1 Lw lv wkhuhiruh htxdo iru doo ri wkh vhfwruv/ dowkrxjk lw ydulhv
ryhu wlph dqg dfurvv frxqwulhv1
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ri wkh xqfhuwdlqw| yduldeoh1 Wr vhh li wkh lqvwdelolw| ri wkh lqyhvwphqw htxdwlrq suhylrxvo|

ghwhfwhg zdv gxh wr wkh rplvvlrq ri xqfhuwdlqw|/ wkh odvw wzr froxpqv dovr lqfoxgh wkh

euhdn lq wkh dffhohudwru1 Uhvxowv duh vxssruwlyh ri wklv k|srwkhvlv= wkh hvwlpdwh ri �D duh

vwloo qhjdwlyh/ exw vpdoohu lq devroxwh ydoxh +vhh Wdeoh 6, dqg qrw vwdwlvwlfdoo| vljql�fdqw/

sduwlfxoduo| lq wkh edvlf vshfl�fdwlrq ri froxpq ^6`1

Jlyhq wkh sureohpv lq phdvxulqj xqfhuwdlqw|/ zh ixuwkhu h{soruh wkhvh uhvxowv e| uh0

vruwlqj wr gl�huhqw phdvxuhv dqg whfkqltxhv1 Lq sduwlfxodu/ zh zrxog olnh wr vsolw vhfwruv

dffruglqj wr wkhlu ghpdqg xqfhuwdlqw| ehiruh dqg diwhu 4<<41 Vlqfh wkh iruzdug orrnlqj

lqglfdwru xvhg ehiruh lv qrw vhfwru0vshfl�f lw fdqqrw eh xvhg wr wklv sxusrvh1 Zh wkhuhiruh

frpsxwh wkh vwdqgdug ghyldwlrq ri wkh udwh ri jurzwk ri vhfwrudo ydoxh dgghg lq hdfk frxq0

wu|2vhfwru dqg lq hdfk vxe0shulrg14: Wkh vwdqgdug ghyldwlrq rqo| lqfuhdvhg lq irxu vhfwruv>

lw uhpdlqhg eurdgo| xqfkdqjhg lq vl{ dqg lw ghfuhdvhg lq wkh uhpdlqlqj whq14;

Rxu �d sulrul� lv wkdw rqfh wkh vhfwruv kdyh ehhq glylghg ehwzhhq wkrvh lq zklfk xq0

fhuwdlqw| lqfuhdvhg dqg wkrvh lq zklfk lw ghfuhdvhg/ wkh frh!flhqw �D vkrxog eh juhdwhu/ lq

devroxwh ydoxh/ iru wkh iruphu1 Wr whvw wklv frqmhfwxuh/ zh hvwlpdwhg wzr gl�huhqw htxdwlrqv

+vhh Wdeoh 9,1 Iluvw/ zh glylghg rxu vdpsoh lqwr wzr vxejurxsv/ dffruglqj wr zkhwkhu ru

qrw yduldelolw| lqfuhdvhg lq wkh qlqhwlhv +froxpq ^4`,> vhfrqg/ zh vsolw wkh vhfwruv lqwr wkuhh

jurxsv/ dffruglqj wr zkhwkhu wkh yduldelolw| lqfuhdvhg/ glg qrw fkdqjh ru ghfolqhg +froxpq

^5`,1 Wkh uhvxowv frq�up rxu suhvxpswlrq= lq erwk htxdwlrqv/ zh irxqg wkdw wkh devroxwh

ydoxh ri wkh euhdn lv kljkhu iru wkh �uvw jurxs ri vhfwruv +wkdw lv/ wkrvh wkdw h{shulhqfhg dq

lqfuhdvh ri ghpdqg yduldelolw|,> pruhryhu wkh orqj uxq ghfuhdvh ri wkh dffhohudwru diwhu 4<<4

iru wklv jurxs lv pxfk vwurqjhu dovr lq shufhqwdjh whupv/ dw ohdvw lq wkh �uvw froxpq1 Zh

lqwhusuhw wkhvh uhvxowv dv vxssruwlyh ri wkh k|srwkhvlv wkdw lqfuhdvhg xqfhuwdlqw| pljkw kdyh

4:Vlqfh iru vhyhudo xqlwv wkh qxpehu ri revhuydwlrqv xvhg wr fdofxodwh wkhvh vwdqgdug ghyldwlrqv duh olplwhg/
zh frpsxwh d zhljkwhg dyhudjh ri wkh qdwlrqdo ydoxhv iru hdfk vhfwru dqg iru hdfk vxe0shulrg> wkh zhljkwv
xvhg duh wkh qxpehu ri dydlodeoh revhuydwlrqv iru hdfk frxqwu|1

4;Wkh �uvw irxu vhfwruv duh= djulfxowxudo dqg lqgxvwuldo pdfklqhu|/ phwdo surgxfwv/ wudqvsruw htxlsphqw
dqg �qdqfldo vhuylfhv> lq hdfk frxqwu| wkh| dffrxqw iru 48053 shu fhqw ri wkh ydoxh dgghg ri doo wkh vhfwruv
lqfoxghg lq rxu hpslulfdo dqdo|vlv1 Dw �uvw/ wklv pljkw vhhp dw rggv zlwk wkh suhylrxv �qglqjv frqfhuqlqj
ghpdqg yduldelolw| dw wkh djjuhjdwh ohyho +vhh Wdeoh 7,1 Lw vkrxog eh vwuhvvhg/ krzhyhu/ wkdw wkh wzr phdvxuhv
duh qrw gluhfwo| frpsdudeoh= �uvw/ khuh zh xvh dqqxdo udwkhu wkdq txduwhuo| gdwd> vhfrqg/ ihzhu gdwd duh
dydlodeoh dw vhfwrudo ohyho diwhu 4<<4/ vr wkdw zh duh reylrxvo| xqghuhvwlpdwlqj yduldelolw| lq pdq| fdvhv vlqfh
zh duh qrw deoh wr frqvlghu d frpsohwh hfrqrplf f|foh lq wkh qlqhwlhv1

44



sod|hg d uroh lq fkdqjlqj wkh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg ghpdqg lq wkh qlqhwlhv

lq wkh hxur0duhd frxqwulhv1

8 Frqfoxglqj uhpdunv

Lq wkh qlqhwlhv wkh uhodwlrqvkls ehwzhhq fdslwdo irupdwlrq dqg dfwlylw| surirxqgo| fkdqjhg

lq erwk wkh hxur0duhd frxqwulhv dqg wkh Dqjor0Vd{rq frxqwulhv/ pdlqo| lq wkh Xqlwhg Vwdwhv1

Lq wklv sdshu zh kdyh irfxvvhg rq wkh hxur0duhd frxqwulhv/ zkrvh hfrqrplhv juhz dw udwhv

wkdw zhuh rqo| voljkwo| ehorz wkrvh uhfrughg lq wkh shulrg iurp wkh �uvw rlo vkrfn wr wkh

hqg ri wkh hljkwlhv/ |hw fdslwdo dffxpxodwlrq zdv qhduo| vwdjqdqw/ hyhq qhjdwlyh lq vrph

frxqwulhv1

E| hvwlpdwlqj d vwdqgdug lqyhvwphqw htxdwlrq zh vkrz wkh suhvhqfh ri vwuxfwxudo lq0

vwdelolw| dw wkh ehjlqqlqj ri wkh qlqhwlhv> lq sduwlfxodu/ zh kdyh ghwhfwhg d euhdn lq wkh

frh!flhqw olqnlqj fdslwdo dffxpxodwlrq wr ghpdqg1 Wklv skhqrphqrq qhlwkhu vhhpv wr eh

uhodwhg wr wkh vhfwrudo frpsrvlwlrq ri Hxurshdq lqyhvwphqw qru wr d qrqolqhdu uhodwlrqvkls

ehwzhhq lqyhvwphqw dqg ghpdqg1 Zh kdyh irxqg hylghqfh wkdw wkh uhgxfwlrq ri wkh dffhohu0

dwru fdq eh h{sodlqhg/ dw ohdvw lq sduw/ e| wkh lqfuhdvh lq ghpdqg yduldelolw| wkdw rffxuuhg

lq Hxursh lq wkh qlqhwlhv frpsduhg zlwk wkh suhylrxv shulrg1

Dfnqrzohgjphqwv1 Oxljl Jxlvr surylghg d ydoxdeoh frqwulexwlrq wr wkh ghyhorsphqw

ri wklv uhvhdufk1 Zh dovr wkdqn Ilolssr Dowlvvlpr/ Vwhyh Erqg/ Dqqd Vwdjql/ dq dqrq|prxv

uhihuhh dqg hvshfldoo| Jlxvhssh Sduljl iru wkhlu khosixo frpphqwv dqg dgylvhv dqg Pdufr

Fklxudwr dqg Dqwrqlr Fryhool iru uhvhdufk dvvlvwdqfh1 Dq| uhpdlqlqj huuruv duh rxu rzq1

Wkh rslqlrqv h{suhvvhg gr qrw qhfhvvdulo| uh hfw wkrvh ri wkh Edqn ri Lwdo|1
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D Dsshqgl{

D14 Wkh djjuhjdwh gdwd

Wkh djjuhjdwh dqdo|vlv lq Vhfwlrq 5 ri wklv sdshu zdv edvhg rq wkh Shqq Zruog Wdeoh

gdwd vhulhv +Pdun 819,/ zklfk fryhu wkh shulrg 4<8304<<5 iru doo wkh frxqwulhv frqvlghuhg

+Vxpphuv dqg Khvwrq/ 4<<4,1

Wkh gdwdedvh zdv h{whqghg wr 4<<; xvlqj wkh udwhv ri fkdqjh sxeolvkhg e| wkh Hxurshdq

Frpplvvlrq +4<<;d dqg 4<<;e, iru wkh lqglylgxdo yduldeohv +srsxodwlrq/ JGS/ lqyhvwphqw/

hwf1,1

Dv uhjdugv wkh gdwd rq Jhupdq|/ wkh Shqq Zruog Wdeoh vhulhv zhuh xvhg xqwlo 4<<3

iru wkh zhvwhuq uhjlrqv> iurp 4<<4 rqzdugv/ wkh vhulhv zhuh h{whqghg xvlqj wkh udwhv ri

fkdqjh ri wkh fruuhvsrqglqj djjuhjdwhv iru xql�hg Jhupdq|1 Wklv phwkrgrorj| kdv wkh

dgydqwdjh ri dyrlglqj wkh lqwurgxfwlrq ri glvfrqwlqxlwlhv lq wkh vhulhv> krzhyhu/ lw kdv wkh

reylrxv gudzedfn wkdw/ lq wkh qlqhwlhv/ wkh ohyhov ri wkh yduldeohv duh qrw frpsdudeoh zlwk

wkh r!fldo Jhupdq gdwd1

Wkh vhulhv iru wkh Hxur044 zhuh frqvwuxfwhg e| vxpplqj/ lq ohyhov/ wkrvh ri wkh hohyhq

sduwlflsdwlqj frxqwulhv +lqfoxglqj Ox{hperxuj,1

Wklv phwkrgrorj| ri djjuhjdwlrq lv mxvwl�hg e| wkh idfw wkdw doo wkh vhulhv uhihu wr

skhqrphqd �lq uhdo whupv�/ h{suhvvhg lq frqvwdqw 4<;8 grooduv1 Lw lv lpsruwdqw wr qrwh

wkdw lq wkh Shqq Wdeohv/ gdwd lq qdwlrqdo fxuuhqflhv duh frqyhuwhg lqwr grooduv xvlqj wkh

fruuhvsrqglqj SSSv iru 4<;8 dqg qrw wkh qrplqdo h{fkdqjh udwhv ri wkh vdph |hdu1

D15 Vhfwrudo gdwd

Wkh vrxufh ri wkh vhfwrudo gdwd lv wkh �Lqwhuqdwlrqdo Vhfwrudo Gdwd Edvh� +LVGE, suhsduhg

e| wkh RHFG dqg grfxphqwhg lq RHFG +4<<<,1 Wkh gdwdedvh frqwdlqv yduldeohv dw fxuuhqw

sulfhv h{suhvvhg lq qdwlrqdo fxuuhqflhv dqg dw frqvwdqw sulfhv h{suhvvhg erwk lq qdwlrqdo

fxuuhqflhv dqg lq 4<<3 grooduv iru wkh pdlq vhfwruv ri wkh hfrqrp| dffruglqj wr wkh LVLF

fodvvl�fdwlrq1 Wdeoh D4 olvwv wkhvh vhfwruv dqg wkh shulrg iru zklfk wkh gdwd duh dydlodeoh

iru hdfk frxqwu| dqg vhfwru1

Wkh RHFG dgrswv wkh iroorzlqj deeuhyldwlrqv iru wkh vhfwruv=

EPD Phwdo surgxfwv/ h{fhsw pdfklqhu| dqg wudqvsruw htxlsphqw

EPL Edvlf phwdo lqgxvwulhv

FKH Fkhplfdov/ uxeehu dqg sodvwlf surgxfwv

HJZ Hohfwulflw|/ jdv/ zdwhu

IQV Ilqdqfldo lqvwlwxwlrqv dqg lqvxudqfh

IRG Irrg/ ehyhudjhv dqg wredffr

KRW Uhvwdxudqwv dqg krwhov

PDL Djulfxowxudo dqg lqgxvwuldo pdfklqhu|

PHO Hohfwulfdo jrrgv

PLG Plqlqj dqg txduu|lqj

PLR R!fh dqg gdwd surfhvvlqj pdfklqhv dqg suhflvlrq lqvwuxphqwv

PQP Qrq0phwdoolf plqhudo surgxfwv

PRW Rwkhu pdqxidfwxulqj lqgxvwulhv

PWU Wudqvsruw htxlsphqw
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SDS Sdshu dqg sdshu surgxfwv/ sulqwlqj dqg sxeolvklqj
UZK Zkrohvdoh dqg uhwdlo wudgh

VRF Frppxqlw|/ vrfldo dqg shuvrqdo vhuylfhv

WH[ Wh{wlohv/ forwklqj/ ohdwkhu dqg irrwzhdu lqgxvwulhv

WUV Wudqvsruw dqg frppxqlfdwlrq vhuylfhv

ZRG Zrrg dqg zrrg surgxfwv/ lqfoxglqj ixuqlwxuh

Wkh yduldeohv xvhg lq wkh hvwlpdwhv duh= jurvv ydoxh dgghg dw frqvwdqw sulfhv> jurvv �{hg

lqyhvwphqw dw frqvwdqw sulfhv> dqg jurvv fdslwdo vwrfn dw frqvwdqw sulfhv1 Doo wkh yduldeohv

zhuh frqyhuwhg iurp wkh uhvshfwlyh qdwlrqdo fxuuhqflhv lqwr 4<<3 grooduv e| dsso|lqj sxu0

fkdvlqj srzhu sdulwlhv iru JGS dqg jurvv �{hg fdslwdo irupdwlrq fdofxodwhg dqg sxeolvkhg

e| wkh RHFG1 Lq dgglwlrq/ lq rughu wr frqvwuxfw dq lqglfdwru ri wkh uhdo lqwhuhvw udwh/ wkh

gh dwru ri vhfwrudo ydoxh dgghg zdv xvhg> wklv zdv rewdlqhg dv wkh udwlr ri ydoxh dgghg dw

fxuuhqw sulfhv/ h{suhvvhg lq qdwlrqdo fxuuhqflhv/ wr wkdw dw frqvwdqw sulfhv1

Qrwh wkdw lq wkh LVGE lqyhvwphqw dqg fdslwdo vwrfn duh eurnhq grzq e| sursulhwru

eudqfk exw qrw e| w|sh> vr lqyhvwphqw lqfoxghv doo wkh fdslwdo jrrgv 0 pdfklqhu|/ htxlsphqw/

wudqvsruw htxlsphqw dqg frqvwuxfwlrq 0 dffxpxodwhg lq d jlyhq |hdu e| d vshfl�f vhfwru1
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Uhihuhqfhv

^4` Deho/ D1 dqg M1 Hehuo| +4<<9, �Rswlpdo lqyhvwphqw zlwk frvwo| uhyhuvlelolw|�/ Uhylhz

ri Hfrqrplf Vwxglhv/ Yro1 96/ ss1 8;408<61

^5` Duhoodqr/ P1 dqg V1 U1 Erqg +4<<<,/ �G|qdplf Sdqho Gdwd Hvwlpdwlrq Xvlqj GSG<;

iru Jdxvv�/ plphr1

^6` Duhoodqr/ P1 dqg R1 Eryhu +4<<8,/ �Dqrwkhu Orrn dw wkh Lqvwuxphqwdo0Yduldeoh Hvwl0

pdwlrq ri Huuru Frpsrqhqw Prghov�/ Mrxuqdo ri Hfrqrphwulfv/ Yro1 9;/ ss15<08<1

^7` Eorrp/ Q1/ V1U1 Erqg dqg Mrkq Ydq Uhhqhq +5333,/ �Wkh g|qdplfv ri Lqyhvwphqw

xqghu Xqfhuwdlqw|�/ LIV Zrunlqj Sdshu Vhulhv/ Qr1 Z<<281

^8` Eoxqghoo/ U1 dqg V1 U1 Erqg +4<<;,/ �Lqlwldo Frqglwlrqv dqg Prphqw Uhvwulfwlrqv lq

G|qdplf Sdqho Gdwd Prghov�/ Mrxuqdo ri Hfrqrphwulfv/ Yro1 ;:/ ss14480761

^9` Erqg/ V1U1/ G1 Kdukr�/ dqg M1 Ydq Uhhqhq +4<<<,/ �Lqyhvwphqw/ U)G dqg Ilqdqfldo

Frqvwudlqw lq Eulwdlq dqg Jhupdq|�/ pdqxvfulsw/ Vhswhpehu1

^:` Fdedoohur/ U1 M1 dqg H1 P1 Hqjho +4<<<,/ �H{sodlqlqj Lqyhvwphqw G|qdplfv lq X1V1

Pdqxidfwxulqj= D Jhqhudol}hg +V/v, Dssurdfk�/ Hfrqrphwulfd/ Yro1 9:/ ss1 :;60;591

^;` Fdvhool/ S1/ Sdjdqr/ S1 dqg I1 Vfklydugl +5333,/ �Lqyhvwphqw dqg jurzwk lq Hxursh

dqg lq wkh Xqlwhg Vwdwhv lq wkh qlqhwlhv� Whpl gl Glvfxvvlrqh qr1 6:5/ dydlodeoh dw

kwws=22zzz1edqfdglwdold1lw2sxeeolfd}lrql2whplgl2wg6:52whpdb6:5lw1sgi

^<` Fklulqnr/ U1 V1 +4<<6,/ �Exvlqhvv Il{hg Lqyhvwphqw Vshqglqj= Prgholqj Vwudwhjlhv/

Hpslulfdo Uhvxowv dqg Srolf| Lpsolfdwlrqv�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ Yro1 64/

ss1 4;:80<441

^43` Ihuudqgr/ D1 +4<<<,/ �Jurvv Il{hg Fdslwdo Irupdwlrq lq Hxursh= 4<:304<<;�/ Hqwhu0

sulvh GJ Zrunlqj Sdshu/ Qr1 71

^44` Jxlvr/ O1 dqg J1 Sduljl +4<<<,/ �Lqyhvwphqw dqg Ghpdqg Xqfhuwdlqw|�/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ Yro1 447/ ss1 40761

^45` Mrujhqvrq/ G1 Z1 +4<:4,/ �Hfrqrphwulf vwxglhv ri Lqyhvwphqw Ehkdylru= d Vxuyh|�/

Mrxuqdo ri Hfrqrplf Olwhudwxuh/ Ghf1 4<:4/ <+7,/ ss1 444407:1

^46` RHFG +4<<<,/ LVGE <;= Lqwhuqdwlrqdo Vhfwrudo Gdwd Edvh1

^47` Shqq Zruog Wdeoh +Pdun 819, +4<<7,1

^48` Vxpphuv/ U1 dqg D1 Khvwrq +4<<4,/ �Wkh Shqq Zruog Wdeoh +Pdun 8,= Dq H{sdqghg

Vhw ri Lqwhuqdwlrqdo Frpsdulvrqv/ 4<8304<;;�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1

439/ ss1 65:09;1
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                                                                                                                                 Table 1

*'3�$1'�727$/�*5266�,19(670(17�,1�7+(
/($',1*�,1'8675,$/�&28175,(6

(average percentage changes)

Periods 1951-1960 1961-1973 1974-1990 1991-1998

Countries Y I Y I Y I Y I

United States 3.0 1.0 4.2 4.8 2.3 2.3 2.6 4.9

Canada 4.0 3.3 5.5 5.6 3.1 4.7 2.2 2.6

United Kingdom 2.8 7.7 3.2 4.6 2.0  1.4 1.8 0.8

Euro 11 5.8 7.8 5.3 5.7 2.4 1.5 1.8 0.6

Germany (1) 7.9 9.2 4.4 4.1 2.1 1.0 2.1 1.1

France 4.7 5.9 5.6 7.5 2.3 1.4 1.6  -0.3

Italy 6.0 9.7 5.4 4.5 2.8 1.5 1.2  -0.4

Spain 6.0 7.1 7.4 10.8 2.6 2.7 2.0 1.2

The Netherlands 4.3 4.8 5.2 5.5 2.2 0.9 2.6 2.6

Source: based on Penn World Table (1994) and EU Commission (1998a
and 1998b) data. Old national accounts. See Appendix A.

(1) Up to 1991, western regions.



Table 2
%$6(/,1(�&$6(

(dependent variable: ratio of gross investment
to lagged gross capital stock, LW)

[1] [2]

\W 0.0678
(0.000)

0.0696
(0.000)

'��
\W -0.0066
(0.033)

\W�� -0.0579
(0.000)

-0.0560
(0.000)

LW�� 0.7188
(0.000)

0.7133
(0.000)

UW -0.0259
(0.000)

-0.0265
(0.000)

Sargan: p-value 0.781
[98]

0.770
[98]

LM(1): p-value 0.000
[102]

0.000
[102]

LM(2): p-value 0.418
[100]

0.404
[100]

 Observations 1,837 1,837

1RWHV: p-values from asymptotically robust standard errors are
reported in parentheses below the coefficients. Estimation by
GMM-SYSTEM using DPD98 package one-step standard errors. A
full set of time dummies is included; “Sargan” is a Sargan-Hansen
test of the over-identifying restrictions; “LM(k)” is the test for the
presence of k-th order serial correlation in the first differenced
residuals; degrees of freedom of test statistics are in square brackets
below p-values. The instruments are LW�� to LW�� in the equations in
first-differences and ∆�LW�� in the equations in levels.



Table 3

6(&725$/�&20326,7,21��0$18)$&785,1*�9(5686�27+(5
6(&7256�$1'�+,*+�9(5686�/2:�*52:7+�6(&7256

(dependent variable: ratio of gross investment
to lagged gross capital stock, LW)

[1]
Manufacturing
versus others

[2]
High versus

low-growth sectors
\W�$

'��*\W�$

\W���$

0.0887
(0.000)
-0.0087
(0.002)
-0.0778
(0.000)

0.0699
(0.000)
-0.0081
(0.004)
-0.0610
(0.000)

\W�%

'��*\W�%

\W���%

0.0416
(0.020)
-0.0054
(0.054)
-0.0337
(0.046)

0.0771
(0.000)
-0.0074
(0.034)
-0.0671
(0.001)

LW�� 0.7934
(0.000)

0.7980
(0.000)

UW -0.0270
(0.000)

-0.0227
(0.000)

Sargan: p-value 0.785
[100]

0.808
[100]

LM(1): p-value 0.000
[102]

0.000
[102]

LM(2): p-value 0.370
[100]

0.367
[100]

Observations 1,837 1,837
1RWHV: p-values from asymptotically robust standard errors are
reported in parentheses below the coefficients. Estimation by GMM-
SYSTEM using DPD98 package one-step standard errors. A full set of
time dummies is included; “Sargan” is a Sargan-Hansen test of the
over-identifying restrictions; “LM(k)” is the test for the presence of k-
th order serial correlation in the first differenced residuals; degrees of
freedom of test statistics are in square brackets below p-values. In
column 1, “A” stands for “manufacturing” and “B” for “other sectors”;
in column 2, “A” stands for “high-growth sectors” and “B” for “low-
growth sectors” .The instruments are LW�� to LW�� in the equations in first-
differences and ∆� LW�� to ∆� LW�� in the equations in levels
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Table 5

&$3,7$/�)250$7,21�$1'�81&(57$,17<��',5(&7�0($685(6
2)�'(0$1'�9$5,$%,/,7<

(dependent variable: ratio of gross investment to lagged gross capital stock, LW)

[1] [2] [3] [4]
\W 0.0676

(0.000)
0.0723
(0.000)

0.0657
(0.000)

0.0699
(0.000)

'��*\W -0.0046
(0.151)

-0.0053
(0.098)

\W�� -0.0512
(0.000)

-0.0577
(0.000)

-0.0495
(0.000)

-0.0553
(0.000)

σW*\W -0.0632
(0.034)

-0.0872
(0.002)

-0.0527
(0.078)

-0.0748
(0.008)

σW��*\W�� -0.0505
(0.000)

-0.0489
(0.000)

LW�� 0.7193
(0.000)

0.7347
(0.000)

0.7221
(0.000)

0.7371
(0.000)

UW -0.0309
(0.000)

-0.0310
(0.000)

-0.0308
(0.000)

-0.0304
(0.000)

Sargan: p-value 0.724
[102]

0.671
[102]

0.743
[102]

0.653
[102]

LM(1): p-value 0.000
[102]

0.000
[102]

0.000
[102]

0.000
[102]

LM(2): p-value 0.390
[100]

0.316
[100]

0.394
[100]

0.318
[100]

  Observations 1,803 1,803 1,803 1,803

1RWHV: p-values from asymptotically robust standard errors are reported in parentheses
below the coefficients. Estimation by GMM-SYSTEM using DPD98 package one-step
standard errors. A full set of time dummies is included; “Sargan” is a Sargan-Hansen
test of the over-identifying restrictions; “LM(k)” is the test for the presence of k-th
order serial correlation in the first differenced residuals; degrees of freedom of test
statistics are in square brackets below p-values. The instruments are LW�� to LW��  and σ� W��

in the equations in first-differences and ∆�LW�� and ∆σ�W�� in the equations in levels.



Table 6

&$3,7$/�)250$7,21�$1'�81&(57$,17<�
,1',5(&7�$3352$&+

(dependent variable: ratio of gross investment
to lagged gross capital stock, LW)

[1] [2]
\W�KLJK 0.0585

(0.001)
0.0607
(0.001)

\W�PHG 0.1023
(0.000)

\W�ORZ 0.0741
(0.000)

0.0581
(0.000)

'��*\W�KLJK -0.0090
(0.001)

-0.0097
(0.001)

'��*\W�PHG -0.0010
(0.762)

'��*\W�ORZ -0.0021
(0.570)

-0.0053
(0.228)

\W���KLJK -0.0477
(0.007)

-0.0499
(0.005)

\W���PHG -0.0917
(0.000)

\W���ORZ -0.0629
(0.000)

-0.0463
(0.002)

LW�� 0.7144
(0.000)

0.7253
(0.000)

UW -0.0265
(0.000)

-0.0255
(0.000)

Sargan: p-value 0.785
[98]

0.831
[98]

LM(1): p-value 0.000
[102]

0.000
[102]

LM(2): p-value 0.401
[100]

0.414
[100]

  Observations 1,837 1,837

1RWHV: p-values from asymptotically robust standard errors are
reported in parentheses below the coefficients. Estimation by
GMM-SYSTEM using DPD98 package one-step standard errors.
A full set of time dummies is included; “Sargan” is a Sargan-
Hansen test of the over-identifying restrictions; “LM(k)” is the test
for the presence of k-th order serial correlation in the first
differenced residuals; degrees of freedom of test statistics are in
square brackets below p-values. The instruments are LW�� to LW�� in
the equations in first-differences and ∆� LW�� in the equations in
levels.
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Figure 1
5$7,2�2)�*5266�),;('�,19(670(17�72�*'3����

(percentage values)
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        Source: based on Penn World Table (1994) and EU Commission (1998a and 1998b) data. See Appendix A.

       (1) At constant prices. - (2) Up to 1991, western regions.


