
Sulfh Pdun0xsv dqg Pdunhw0Vkduh Xqfhuwdlqw|=

Wkhru| dqg Hylghqfh�

Pxkdppdg Dol Fkrxgkdu| +\H,

Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Vxuuh|/ Jxlogirug JX5 :K[

Mdqxdu| 4:/ 5335

Devwudfw

Wkh Skhosv dqg Zlqwhu +4<:3, fxvwrphu0pdunhw prgho suhglfwv wkdw �upv
zloo fkdujh orzhu wkdq wkh vwdwlf prqrsro| pdun0xs ehfdxvh prqrsrolvwlf sulf0
lqj srolf| lv prghudwhg e| wkh srwhqwldo h�hfw ri kljk sulfhv rq wkh pdunhw0
vkduh1 Wklv sdshu h{whqgv Skhosv dqg Zlqwhu +4<:3, wr lqfrusrudwh vwrfkdv0
wlf pdunhw0 vkduh hyroxwlrq dqg vkrzv wkdw pdun0xsv frxog srwhqwldoo| h{fhhg
vwdwlf prqrsro| pdun0xsv wkhuhiruh uhyhuvlqj wkh ruljlqdo Skhosv dqg Zlqwhu
+4<:3, uhvxow1 Zh dovr suhvhqw ydoxdeoh hpslulfdo hylghqfh rq Eulwlvk lqgxvwulhv
dqg vkrz wkdw pdunhw0vkduh xqfhuwdlqw| dqg pdun0xsv duh srvlwlyho| fruuhodwhg1
Wklv fdq srwhqwldoo| h{sodlq wkh shqvlrq sx}}oh ri 4<;; zkhuh rqh revhuyhg
erwk kljk pdun0xsv dqg kljk sur�wdelolw|1 Wkh sdshu dovr hpslulfdoo| vkrzv
wkdw �qdqfldo pdunhw lqgflhv sur{lqj iru fxvwrphu0ydoxh duh olqnhg zlwk sulfh
pdun0xsv1

Nh|zrugv= Pdun0xsv/ Pdunhw0Vkduh/ Xqfhuwdlqw|/ Fxvwrphu0Ydoxh
MHO= G76 G;3 O44

41 Lqwurgxfwlrq4

D nh| lpsolfdwlrq ri wkh fxvwrphu0pdunhw prgho lv wkdw wkh ohyho ri wkh pdun0xs ryhu

wkh pdujlqdo frvw lv orzhu wkdq wkh wh{werrn*v vwdwlf prqrsro| pdun0xs1 Wkh uhdvrq

iru wklv lv wkdw e| udlvlqj sulfhv wr h{sorlw fxuuhqw sur�wv/ wkh �up sxwv ixwxuh sur�wv

dw ulvn dv fxvwrphuv zloo pryh wr �upv zklfk fkdujh orzhu sulfhv1 L fdoo wklv wkh

Skhosv�Zlqwhu h�hfw1 Wkh txlfnhu wkh fxvwrphuv ohduq derxw sulfh gl�huhqfhv/ wkh

orzhu duh pdun0xsv zkhq �upv dwwhpsw wr surwhfw wkh pdunhw vkduh1

Krzhyhu/ rqh riwhq revhuyhv erwk kljk pdun0xsv dqg kljk ghpdqg1 Iru h{dpsoh/

rqh riwhq revhuyhv kljk pdun0xsv iru �qdqfldo vhuylfhv surgxfwv vxfk dv lqglylgxdo

shqvlrqv lq wkh hduo| vwdjhv ri wkh surgxfw f|foh1 Wkhvh kljk pdun0xsv gr qrw ghfolqh

WDq hduolhu yhuvlrq ri wklv sdshu zdv wlwohg= � Pdunhw0Vkduh Xqfhuwdlqw| dqg Pdun0xsv� dqg zdv

fr0dxwkruhg zlwk M1 Plfkdho Ruv}dj1
4 L zrxog olnh wr wkdqn Sdxo Ohylqh/ Plnh Ruv}dj dqg J|o� ]rhjd iru ydoxdeoh frpphqwv1



xqwlo wkh jurzwk srwhqwldo ri wkh pdunhw kdv idoohq1 D surwrw|slfdo h{dpsoh khuh lv
wkh XN*v h{shulphqw vwduwlqj lq 4<;; zlwk shuvrqdo shqvlrqv1 Lqlwldo sur�wdelolw| dqg
vdohv zhuh erwk kljk iroorzhg e| d pruh pdwxuh skdvh zkhuh frvwv ghfolqhg voljkwo|
+Pxuwkl/ Ruv}dj dqg Ruv}dj/ 4<<<,1

Rqh srwhqwldo uhdvrq zk| surgxfwv dw hduo| vwdjhv ri ghyhorsphqw pd| kdyh kljk
pdun0xsv lv wkdw xqfhuwdlqw| derxw wkh ixwxuh pdunhw vkduh pd| uhgxfh wkh rswlpdo
ohyho ri lqyhvwphqw lq fxvwrphuv khqfh udlvh pdun0xsv1

Lqghhg/ wkh lqgxvwuldo hfrqrplfv olih0f|foh olwhudwxuh +Nohsshu/ 4<<9, vxjjhvwv wkdw
wkh hduo| vwdjhv ri dq lqgxvwu| duh fkdudfwhul}hg e| pdunhw vkduh yrodwlolw|> wkh Vfkxp0
shwhuldq olwhudwxuh rq whfkqrorjlfdo surjuhvv krogv fuhdwlyh0ghvwuxfwlrq uhvsrqvleoh iru
vxfk yrodwloh pdunhw vkduhv +Pdohued dqg Ruvhqljr/ 4<<9,1 Pruhryhu/ wkh olwhudwxuh
rq surgxfw0vhdufk vkrzv wkdw zkhq vhdufk ehfrphv d udqgrp dfwlylw|/ ehfdxvh lw
pd| qrw eh dgdswlqj wr wkh idvw fkdqjlqj qdwxuh ri lqirupdwlrq/ surgxfw w|sh dqg
pdunhw vwuxfwxuh/ wkhuh lv udqgrpqhvv lq wkh pdunhw vkduh +vhh Vwljohu +4<94,/ Nrkq
dqg Vkdyhoo +4<:7, dqg Qhovrq +4<:3, dqg Vwljolw} +4<:<,,1 Khqfh/ d surgxfhu pd|
kdyh wr fkdujh frqvxphuv pruh lq rughu wr fruuhfw iru ulvn0ehdulqj frvwv1

Wkh dlp ri wklv sdshu lv wr wkhruhwlfdoo| dqdo|}h dqg whvw hpslulfdoo| wkh h�hfw ri
pdunhw0vkduh xqfhuwdlqw| rq wkh �up*v sulflqj ghflvlrq xvlqj d vwrfkdvwlf yduldqw ri
Skhosv dqg Zlqwhu +4<:3, prgho1 Wkh forvhg0irup vroxwlrq vkrzv wkdw xqfhuwdlqw|
udlvhv pdun0xsv1 Lqghhg/ L �qg wkdw wkh lpsolhg ohyho ri pdun0xsv fdq h{fhhg wkh
vwdwlf prqrsro| pdun0xsv 0 khqfh uhyhuvlqj wkh uhvxowv rewdlqhg e| Skhosv dqgZlqwhu
+4<:3,1 Wkh hpslulfdo uhvxowv frq�up rxu k|srwkhvlv1 Wklv sdshu dovr whvwv iru wkh
�Skhosv0Zlqwhu h�hfw� zklfk lv edvlfdoo| d eulgjh ehwzhhq wkh surgxfw pdunhwv dqg
wkh �qdqfldo pdunhwv1 Lq sduwlfxodu/ zh �qg wkdw wkhuh h{lvwv d qhjdwlyh uhodwlrqvkls
ehwzhhq sulfh pdun0xsv dqg ydulrxv vwrfn pdunhw lqglfhv sur{lqj iru wkh fxvwrphu0
ydoxh dv suhglfwhg e| Skhosv0Zlqwhu +4<:3,1 Wr wkh dxwkruv* nqrzohgjh/ wklv lv wkh
�uvw wlph vxfk uhvxowv duh rewdlqhg rq wkh XN gdwd1

Wklv sdshu lv rujdql}hg dv iroorzv= Lq vhfwlrq 5/ wkh prgho lv suhvhqwhg dqg wkh
jhqhudo lqwxlwlrq glvfxvvhg1 Lq vhfwlrq 6/ L vroyh wkh prgho dqg glvfxvv lpsolfdwlrqv iru
wkh �up*v ydoxh1 Vhfwlrq 7 lv ghyrwhg wr h{dplqlqj fxvwrphu0pdunhw sulflqj1 Vhfwlrq 8
suhvhqwv wkh hpslulfdo phwkrgrorj|/ wkh gdwd dqg hvwlpdwlrq uhvxowv iru wkh pdun0xsv1
D �qdo vhfwlrq frqfoxghv1

51 Edvlf vhwxs

Frqvlghu dq lqgxvwu| zlwk dq duelwudu| qxpehu ri lghqwlfdo prqrsrolvwlfdoo|0frpshwlwlyh
�upv1 Hdfk �up pdlqwdlqv d vwrfn ri fxvwrphuv dqg fkrrvhv lwv sulfh dw dq| srlqw lq
wlph wr pd{lpl}h h{shfwhg glvfrxqwhg xwlolw| iurp sur�wv iurp vhoolqj wr lwv h{lvwlqj
fxvwrphuv1

Pd{
sl

H

]
4

w3

x+�l,h��+w�w3,gw

zkhuh �l @
�
sl � �f

�
|l{l +514,

x+�l, lv wkh frqfdyh xwlolw| ixqfwlrqv lq sur�wv/ �l +d vshfl�fdwlrq xvhg lq Frhv +4<::,
dqg Qlvklpxud +4<;<,,1 Wkh frqfdylw| lpsolhv wkdw wkh �upv duh ulvn0dyhuvh1 Wkh
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whupv sl/ s / �f/ |l> {l ghqrwh wkh sulfh fkdujhg e| wkh lwk �up/ wkh dyhudjh lqgxvwu|
sulfh/ wkh pdujlqdo frvw ri surgxfwlrq/ wkh lwk �up*v ghpdqg shu fxvwrphu dqg wkh
sursruwlrq ri wrwdo qxpehu fxvwrphuv ex|lqj iurp �up l ru lwv pdunhw vkduh1 Wkh
�up wkhuhiruh vhoov txdqwlw| |l{l1

Lqfuhdvlqj lwv sulfh/ sl/ uhodwlyh wr wkh lqgxvwu| dyhudjh/ s> orzhuv wkh txdqwlw|
ghpdqghg e| wkh fxuuhqw fxvwrphuv/ |l1 Wklv w|sh ri ghpdqg shu fxvwrphu h{solf0
lwo| uhvxowv iurp d prgho zkhuh fxvwrphuv frqgxfw vhtxhqwldo vhdufk iru wkh fkhdshvw
surgxfw zlwk xqlirup glvwulexwlrq ri vhdufk frvwv dfurvv ex|huv ^Vhh Fduovrq dqg
PfDihh+4<;6, iru d surri`1 Vxfk ghpdqg vshfl�fdwlrq kdv dsshduhg lq qxphurxv sd0
shuv h1j1/ Skhosv dqg Zlqwhu +4<:3,/ Whovhu +4<95,/ Pdfflql +4<:;,/ Urguljxh} +4<;8,1

Ryhuwlph/ fxvwrphuv judgxdoo| ohduq derxw orzhu sulfhv hovhzkhuh/ wkh| vorzo| guliw
wrzdugv wkh fkhdshvw vhoohu1 Iru h{dpsoh/ fxvwrphuv pd| h{fkdqjh lqirupdwlrq rq
sulfhv gxulqj udqgrp hqfrxqwhuv1 Iru wklv uhdvrq wkh g|qdplfv ri wkh pdunhw vkduh/
{l/ ghshqg rq uhodwlyh sulfhv5 dqg wkh ixqfwlrq/ j3> lq wkh fxvwrphu0 rz htxdwlrq
fdswxuhv wkh udwh dw zklfk fxvwrphuv guliw iurp rqh �up wr dqrwkhu zkhq uhodwlyh
sulfhv gl�hu dfurvv �upv1

b{l @ j3

�
sl

s

�
{l

Zlwkrxw orvv ri jhqhudolw|/ zh qrupdolvh wkh pdunhw vkduh/ {l/ vr wkdw 3 � {l � 4=
^Qrwh wkdw dv lq wkh ruljlqdo Skhosv dqg Zlqwhu +4<:3, prgho/ wkh fkdqjhv lq wkh
pdunhw0vkduh g|qdplfv duh sursruwlrqdo wr wkh  rzv ri fxvwrphuv ehwzhhq vhoohuv`

Krzhyhu/ li zh vwd| yhu| idlwkixo wr wkh zd| lqirupdwlrq vsuhdgv lq wkh pdunhw/
zklfk lv wkdw wkh udwh ri gl�xvlrq ri lqirupdwlrq lv vwrfkdvwlf udwkhu wkdq ghwhuplq0
lvwlf/ wkhq xqolnh Skhosv dqg Zlqwhu +4<:3, wkh fxvwrphu0 rz htxdwlrq lv vwrfkdvwlf1
Wklv kdsshqv ehfdxvh ri wkh �udqgrp� qdwxuh ri hqfrxqwhuv dprqjvw fxvwrphuv dv
phdqv ri sulfh lqirupdwlrq h{fkdqjh1 Dv d uhvxow wkh frpsohwh g|qdplfv ri wkh
pdunhw0vkduh duh jryhuqhg e| wkh iroorzlqj jhrphwulf Eurzqldq prwlrq>

g{l @ {lj3

�
sl

s

�
gw. {l

v
j4

�
sl

s

�
�g}> +515,

zkhuh } lv d Zlhqhu surfhvv> g} @ %
s
gw vlqfh % lv d qrupdoo|0glvwulexwhg udqgrp

yduldeoh zlwk phdq }hur dqg d vwdqgdug ghyldwlrq ri xqlw|1 Wkh ixqfwlrq/ j4/ lv wkh
vdph dv/ j3/ exw zlwk d frqvwdqw whup dgghg wr lw1 Wklv lv wr hqvxuh wkdw �upv idfh
xqfhuwdlqw| dw doo wlphv/ hyhq dw wkh htxloleulxp1 Wkh whup � phdvxuhv wkh uhodwlyh
lpsruwdqfh ri xqfhuwdlqw| lq wkh hyroxwlrq ri fxvwrphu  rzv1 Wklv pdnhv shufhqwdjh
fkdqjhv lq pdunhw vkduh qrupdoo| glvwulexwhg dqg wkh devroxwh fkdqjhv lq pdunhw
vkduh orj0qrupdoo| glvwulexwhg1

Lq wkh vslulw ri Skhosv0Zlqwhu +4<:3,/ d �up rshudwlqj lq wkh uhjlph ghvfulehg
deryh pxvw zhljk wkh vkruw dqg orqj0uxq lpsdfw ri lwv pdun0xs ghflvlrq1 E| uhgxflqj
fxuuhqw sulfhv/ wkh �up uhgxfhv lwv fxuuhqw sur�wv exw dovr lv pruh olnho| wr uhwdlq
h{lvwlqj fxvwrphuv dqg dwwudfw qhz rqhv1

5D frpsohwh ghulydwlrq ri wklv fdq eh irxqg lq Skhosv dqg Zlqwhu +4<:3,1
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Wkh uhsuhvhqwdwlyh �up lqgh{hg e| l zlwk {l pdunhw vkduh vroyhv wkh iroorzlqj
rswlpl}dwlrq surjudp=

Y +{l, @ vxs
sl

H^

]
4

w3

x+�l,h��+w�w3,gw`

zkhuh

�l @
�
sl � �f

�
|l{l

vxemhfw wr

g{l @ {lj3

�
sl

s

�
gw. {l

v
j4

�
sl

s

�
�g}

Y +{l, lv wkh �up ydoxh1 Wkh �up idfhv dq h{rjhqrxvo| ghwhuplqhg udwh ri sxuh wlph
suhihuhqfh/ �= Wklv glvfrxqw idfwru ghwhuplqhv wkh udwh dw zklfk rxwsxw dw wlph w

fdq eh wudghg iru rxwsxw dw wlph }hur1 Wkh �up*v dlp lv wr pd{lpl}h wkh h{shfwhg
suhvhqw glvfrxqwhg ydoxh ri wkh xwlolw| ghulyhg iurp wkh vwuhdp ri sur�wv ryhu wlph e|
fkrrvlqj d sulfh vxemhfw wr wkh vwrfkdvwlf fxvwrphu0 rz1

61 Wkh Forvhg0Irup Vroxwlrq

Lq rughu wr rewdlq d forvhg0irup vroxwlrq wr wklv vwrfkdvwlf fxvwrphu0pdunhw prgho/ L
xvh wkh iroorzlqj ixqfwlrqdo irupv +dovr xvhg lq Fkrxgkdu| dqg Ruv}dj +4<<<,, doo ri
zklfk zhuh fkrvhq iru wkhlu vlpsolflw| dqg wudfwdelolw|=

� Fxvwrphu Hyroxwlrq1 Wkh htxdwlrqv fdswxulqj wkh hyroxwlrq lq wkh pdunhw
vkduhv duh jlyhq e|/

j3

�
sl

s

�
@ � � �

�
sl

s

��

j+4, @ 3 +614,

dqg
j4 @ j3 . � j +4, @ � +615,

Wkh �uvw htxdwlrq vkrzv krz wkh pdunhw vkduhv fkdqjh zkhq sulfhv dfurvv �upv duh
qrw htxdo1 Zkhq wkh �upv fkdujhv d sulfh wkdw lv juhdwhu wkdq wkh lqgxvwu| dyhudjh/

wkh pdujlqdo orvv lq wkh pdunhw vkduh lv htxdo wr ���
sl

+s
l

s
,1 Wkh whup �� ghqrwhv wkh

ohyho ri lqirupdwlrq iulfwlrq lq wkh hfrqrp|1 Wkh kljkhu wklv whup/ wkh txlfnhu wkh
fxvwrphuv uhfhlyh lqirupdwlrq derxw fkdqjhv lq sulfhv1

Wkh vhfrqg htxdwlrq lv wkh vdph dv wkh iruphu/ h{fhsw wkdw lw kdv d frqvwdqw/
�> dgghg wr lw1 Dv h{sodlqhg hduolhu/ wklv lv qhhghg wr hqvxuh wkdw wkh �up idfhv
xqfhuwdlqw| dw doo wlphv lq wkh fxvwrphu0 rz htxdwlrq +515,1 Wkh frqglwlrq dwwdfkhg
wr wklv htxdwlrq vkrzv wkdw zlwk � A 3 wkhuh lv srvlwlyh xqfhuwdlqw|/ hyhq dw wkh
htxloleulxp zkhuh sl @ s1
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� Frqvxphu Ghpdqg1 Wkh htxdwlrq iru ghpdqg shu fxvwrphu/ dvvxplqj frq0
vwdqw hodvwlflw| ri ghpdqg � iru jrrgv/ lv

|l @ i

�
sl

s

�
@ D

�
sl

s

���

+616,

zkhuh D lv frqvxphu ghpdqg lq v|pphwulf htxloleulxp1

� Xwlolw| Ixqfwlrq1 Zh dvvxph wkdw xwlolw| lv frqfdyh lq sur�wv1

x+�, @ oq�> x3+�, A 3 dqg x33+�, ? 3 +617,

Xvlqj Lw÷*v Ohppd/ L jhw wkh iroorzlqj Ehoopdq htxdwlrq zklfk ghvfulehv wkh
uhsuhvhqwdwlyh �up*v rswlplvdwlrq sureohp zlwk uhvshfw wr wkh �up*v srvwhg sulfh/

�Y @ Vxs
sl

^x+�, .H+gY ,`

@ Vxs
sl

^x+�, . +{lY{lj3 .
j4

5

�
{l
�5
�5Y{l{l,` +618,

Y ghqrwhv wkh ydoxh ri wkh �up/ � lv sur�wv/ � lv wkh glvfrxqw udwh dqg Y{l lv wkh
vkdgrz sulfh ri d fxvwrphu1 Wkh �uvw whup lv wkh lqwdqwdqhrxv xwlolw| iurp fxuuhqw
sur�wv1 Wkh vhfrqg whup vkrzv wkh ydoxh ri dq lqfuhdvh lq pdunhw vkduh1

Pd{lplvdwlrq jlyhv dq lpphgldwh qhfhvvdu| frqglwlrq

x
3

+�,�
3

+sl, . ^+{lY{l .
4

5

�
{l
�5
�5Y{l{l,`

Cj3

Csl
@ 3 +619,

Wklv htxdwlrq sod|v d nh| uroh lq wklv prgho1 Xvlqj Htxdwlrqv +614,/ +615,/ +616,
dqg +617, dqg dvvxplqj wkdw dw wkh htxloleulxp dyhudjh sulfhv hovhzkhuh htxdo wkh

�up*v rzq sulfh/ s
l

s
@ 4/ wkh qhfhvvdu| frqglwlrq fdq eh frqyhqlhqwo| h{suhvvhg dv

C�

Csl
sl

�
@ ��+{lY{l .

4

5

�
{l
�5
�5Y{l{l, +61:,

Wklv h{suhvvlrq lv wkh hodvwlflw| ri sur�wv lq sulfhv/ ��>sl / ghvfulelqj krz sur�wv uh0
vsrqg wr fkdqjhv lq sulfhv1 Lq sduwlfxodu/ zkhq wkhuh duh qr fxvwrphu  rzv/ �� @ 3/
wkh hodvwlflw| ri sur�wv lv }hur dqg wkh qhfhvvdu| frqglwlrq erlov grzq wr wkh xvxdo
�uvw0rughu frqglwlrq iru sur�w rswlpl}dwlrq ri lpshuihfwo| frpshwlwlyh �upv/ zkhuh
wkh pdujlqdo uhyhqxh htxdwhv wr pdujlqdo frvw>

sl+
4� �

�
,

PU

. �f
PF

@ 3 +61;,

Rq wkh rwkhu kdqg/ zkhq wkhuh lv qr pdunhw vkduh xqfhuwdlqw|/ �5 @ 3/ exw
fxvwrphu  rzv h{lvwv wkh hodvwlflw| ri sur�wv lq sulfhv/ ��>sl > duh vwulfwo| srvlwlyh1
Wkh qhfhvvdu| frqglwlrq lv wudqviruphg vxfk wkdw/

sl+
4� �

�
,� �f @ ���Y{l +61<,
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Htxdwlrq +61<, vkrzv wkdw/ wkh pdujlqdo uhyhqxh fkdujhg e| wkh prqrsrolvw lv orzhu
wkdq wkh pdujlqdo frvw/ PU�PF ? 3/ vlqfh kh vdful�fhv vrph ri klv fxuuhqw uhyhqxh
lq wkh lqwhuhvw ri nhhslqj ixwxuh fxvwrp1 Wklv krogv vr orqj dv wkh fxvwrphu0ydoxh/
Y{l > lv srvlwlyh1 Wklv lv suhflvho| zkdw glvwlqjxlvkhv d fxvwrphu0pdunhw iurp rwkhu
w|shv ri pdunhwv1 Krzhyhu/ zkdw L dp derxw wr vkrz lv wkdw wklv h�hfw fdq eh uhyhuvhg
zlwk vx!flhqwo| kljk pdunhw0vkduh xqfhuwdlqw| pdnlqj wkh hodvwlflw| ri sur�wv zlwk
uhvshfw wr sulfhv qhjdwlyh/ ��>sl ? 31

Lq wkh dsshqgl{ L vkrz wkdw wkh vhfrqg0rughu ruglqdu| gl�huhqwldo htxdwlrq/ wkh
Ehoopdq htxdwlrq +618,/ kdv wkh iroorzlqj vroxwlrq/

Y +{l, @ n3 . n4 orj+{
l,>

n3 @
orj++sl � �f,D,

�
�

��5

5�5

n4 @
4

�
+6143,

Gl�huhqwldwlqj +6143, zlwk uhvshfw wr {l jlyhv wkh vkdgrz sulfh ri d fxvwrphu Y{l =

Y{l @
n4

{l
@

4

�{l
A 3 +6144,

Htxdwlrq +6144, vkrzv wkdw fxvwrphu ydoxh lv srvlwlyh dqg lv orzhuhg e| dq lqfuhdvh
lq wkh glvfrxqw udwh1

71 Pdunhw Sulflqj zlwk Xqfhuwdlqw|1

Lq wklv vhfwlrq L dgguhvv wkh sulph remhfwlyh ri wklv sdshu> wkh lpsolfdwlrq ri pdunhw0
vkduh xqfhuwdlqw| iru sulflqj lq d sduwldo vwhdg|0vwdwh htxloleulxp1 Wklv lv d sduwldo
htxloleulxp ehfdxvh wkh whup vwuxfwxuh dqg wkh ohyho ri uhdo lqwhuhvw udwhv duh h{rjh0
qrxvo| jlyhq � wkh fdslwdo pdunhw lv qrw h{solflwo| prghoohg1 Dvvxplqj v|pphwulf

htxloleulxp/ wkdw dyhudjh sulfh hovhzkhuh lv htxdo wr wkh �up*v rzq sulfh/ sl

s
@ 4> wkh

qhfhvvdu| frqglwlrq ri wkh Ehoopdq htxdwlrq ehfrphv

C�

Csl
sl

�
@ ��+{lY{l .

4

5

�
{l
�5
�5Y{l{l, +714,

Xvlqj wkh vroxwlrq iru wkh Ehoopdq htxdwlrq +6143, lq wkh qhfhvvdu| frqglwlrq +61:,/
wkh iroorzlqj sulfh pdun0xs htxdwlrq uhvxowv/

sl

�f
@

k
� . ��

�
+4� 4

5
�5,

l

+� � 4, . ��
�
+4� 4

5
�5,

+715,

Htxdwlrq +715, lv wkh rswlpdo fxvwrphu0pdunhw sulflqj htxdwlrq dqg dvvxplqj wkdw
wkh hodvwlflw| ri ghpdqg lv juhdwhu wkdq xqlw| lq devroxwh whupv1 Wklv lv dozd|v vr/
vlqfh prqrsrolhv rqo| rshudwh rq wkh hodvwlf sduw ri wkhlu ghpdqg fxuyh1 Qh{w/ L
h{dplqh lw xqghu ydulrxv flufxpvwdqfhv1
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Iluvw/ zkhq wkhuh duh qr fxvwrphu  rzv/ l1h1/ �� @ 3> wkh sulflqj htxdwlrq erlov
grzq wr wkh vwdwlf prqrsro| pdun0xs zkhuh wkh hodvwlflw| ri sur�wv ��>sl @ 31

sl

�f
@

�

� � 4
+716,

Lq wklv fdvh wkh wulyldo sulflqj uxoh PU @ PF dssolhv1
Vhfrqg/ zkhq wkhuh lv qr pdunhw0vkduh xqfhuwdlqw|/ �5/ exw wkhuh duh fxvwrphu0

 rzv ehwzhhq vhoohuv dqg fxvwrphu0ydoxh/ Y{l > lv srvlwlyh/ zh rewdlq Htxdwlrq +717,1

sl

�f
@

�

� � 4� ~} �
Prqrsro| pdun0xs

�

��

+� +� � 4, . ��, +� � 4,� ~} �
Skhosv dqg Zlqwhu h�hfw

+717,

Wkh �uvw whup rq wkh uljkw kdqg ri wklv htxdwlrq lv wkh vwdwlf prqrsro| pdun0xs 1
Wkh vhfrqg whup lv wkh vwdqgdug Skhosv dqg Zlqwhu H�hfw +4<:3, zklfk fdswxuhv wkh
h�hfw ri sulfh fkdqjhv rq h{shfwhg phdq ixwxuh exvlqhvv dqg kdv wkh h�hfw ri uhgxflqj
wkh pdun0xs ohyhov1

Wklug/ zlwk pdunhw0vkduh xqfhuwdlqw| sulfh pdun0xsv pd| eh kljkhu wkdq wkh vwdwlf
prqrsro| pdun0xs/ wkxv uhyhuvlqj frpsohwho| wkh Skhosv0Zlqwhu h�hfw1 Wklv lv fohdu
lq wkh vhfrqg whup ri Htxdwlrq +718, zkhuh xqfhuwdlqw|/ �5/ dsshduv1

sl

�f
@

�

+� � 4,� ~} �
Prqrsro| pdun0xs

�

��+4� 4

5
�5,�

� +� � 4, . +4� 4

5
�5,��

�
+� � 4,

� ~} �
Prgl�hg Skhosv dqg Zlqwhu h�hfw

+718,

Wkh vhfrqg whup ri Htxdwlrq +718, vkrzv wkdw pdunhw0vkduh xqfhuwdlqw| d�hfwv wkh
xvxdo wudgh0r� lq wkh fxvwrphu pdunhwv/ wkdw wkh pdujlqdo ehqh�w iurp udlvlqj sulfhv
0 lq wkh irup ri kljkhu fxuuhqw sur�wv 0 lv htxdo wr wkh pdujlqdo frvw 0 lq wkh irup
ri d vpdoohu pdunhw vkduh dqg orzhu sur�wv lq wkh ixwxuh1 Lqghhg/ pdunhw0vkduh
ulvn uhgxfhv wkh ydoxh ri ixwxuh exvlqhvv frpsduhg wr lwv fxuuhqw ohyho/ uhvxowlqj lq
d uhgxfwlrq ri fxvwrphu0ydoxh1 Dv d uhvxow/ �upv udlvh pdun0xsv1 Lq rughu wr
ixoo| r�vhw wklv Skhosv0Zlqwhu h�hfw/ wkh ohyho ri pdunhw vkduh xqfhuwdlqw|/ �5/ kdv wr
h{fhhg 5 lq p| prgho1

Iljxuh6 4 khosv wr ghprqvwudwh wklv srlqw e| vlpxodwlqj htxdwlrq +718,1 Wkh
erwwrp krul}rqwdo olqh uhsuhvhqwv wkh sxuh Skhosv dqg Zlqwhu pdun0xs zlwk qr xq0
fhuwdlqw|1 Wkh wrs krul}rqwdo fxuyh uhsuhvhqwv wkh wh{werrn prqrsro| pdun0xsv zlwk
qr xqfhuwdlqw| dv zhoo1 Wkh gldjrqdo olqh lv sulflqj zlwk xqfhuwdlqw|1 Wkh �uvw srlqw
wr qrwh lv wkdw/ fhwhulv sdulexv/ xqfhuwdlqw| dqg sulflqj duh olqhduo| dqg srvlwlyho|
uhodwhg1 Vhfrqg/ zkhq xqfhuwdlqw| olhv lq wkh olplw ri 3 ? �5 ? 5 +wkh vkdghg duhd,/
wkh �up vwloo fkdujhv d pdun0xs wkdw lv ehorz wkh wh{werrn prqrsro| pdun0xs1 Wklv
lv ehfdxvh wkh Skhosv0Zlqwhu h�hfw lv vwloo h�hfwlyh zlwklq wklv uhjlrq1 Krzhyhu/
eh|rqg wkh olplw ri �5 @ 5 wklv h�hfw ydqlvkhv1

6Wr fduu| rxw wkh vlpxodwlrq L dvvxph wkh iroorzlqj duelwdu| ydoxhv iru sdudpdwhuv= # ' �Dc 7S '

�c >� ' �c 4 ' ��2�
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Figure 1. The Relationship of Markups and Uncertainty
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Wklv uhvxow kdv wzr pdlq lpsolfdwlrqv1 Iluvw/ wkh Skhosv0Zlqwhu h�hfw fdq eh
uhyhuvhg zlwk xqfhuwdlqw|1 Vhfrqg/ rxu uhvxowv uh�qh wkh frqfoxvlrqv gudzq lq wkh
4<:3*v derxw wkh uhodwlrqvkls ehwzhhq pdun0xs dqg xqfhuwdlqw|1 Zkloh/ doo wkrvh
vwxglhv frqfoxghg wkdw prqrsrolhv fkdujh dq rxwuljkw ulvn0suhplxp rq wrs ri wkh
wh{werrn*v prqrsro| pdun0xs lq wkh suhvhqfh ri xqfhuwdlqw|/ rxu prgho vxjjhvwv wkdw
xqfhuwdlqw| glplqlvkhv wkh Skhosv0Zlqwhu h�hfw dqg wkh txhvwlrq ri d ulvn0suhplxp
dulvhv rqo| zkhq wkh ohyho ri xqfhuwdlqw| h{fhhgv d fhuwdlq wkuhvkrog1

81 Hpslulfdo Whvwlqj

Zh qrz wxuq wr whvwlqj wkh lpsolfdwlrqv ri wkh vwrfkdvwlf fxvwrphu0pdunhw prgho
suhvhqwhg lq wkh shuylrxv vhfwlrq1 Wkh pdlq whvwdeoh lpsolfdwlrqv duh=

� D kljkhu fxvwrphu0ydoxh ohdgv wr orzhu sulfh0pdun0xsv1

� Xqfhuwdlqw| derxw fxvwrphu  rzv whqgv wr udlvh pdun0xsv1

L xvh wkh iroorzlqj srrohg uhjuhvvlrq prgho wr hvwlpdwh wkh uhodwlrqvkls ehwzhhq
pdunxsv dqg xqfhuwdlqw| dqg fxvwrphu0ydoxh

plw @ �l . �}qlw . �lw +814,

zkhuh/ plw/ duh pdun0xsv dqg/ }
q
lw/ duh wkh h{sodqdwru| yduldeohv> l> w> dqg q> ghqrwh

lqgxvwu|/ wlph dqg wkh yduldeoh uhvshfwlyho|1
Wkh srrohg hvwlpdwlrq zloo vlpso| wdnh wkh vdpsoh wlph dyhudjh ri hdfk yduldeoh

iru hdfk lqgxvwu|1 Wklv phwkrg lv frqvlvwhqw zlwk wklv zrun dv zh duh lqwhuhvwhg lq
lghqwli|lqj uhodwlrqv ri d prgho lq wkh vwhdg|0vwdwh+814,1 Lqghhg/ Kvldr +4<<9, dqg

;



Shvdudq dqg Vplwk +4<<8, vkrz wkdw srrohg hvwlpdwruv duh rqo| lqfrqvlvwhqw iru wkh
hvwlpdwlrq ri g|qdplf uhodwlrqvklsv1

Wkh hvwlpdwlrq surfhhgv lq wzr vwdjhv1 Lq wkh �uvw vwdjh/ sulfh0pdun0xsv/ plw> duh
hvwlpdwhg1 Lq wkh vhfrqg vwdjh/ wkhvh hvwlpdwhg pdun0xsv duh xvhg dv uhjuhvvdqgv lq
htxdwlrq +814, wr eh h{sodlqhg e| yduldeohv vxfk dv xqfhuwdlqw| dqg fxvwrphu ydoxh1

8141 Vwdjh 4= D Vwdwlvwlfdo Prgho iru Hvwlpdwlqj Pdun0xsv

Wkh phwkrg L kdyh fkrvhq wr hvwlpdwh pdun0xsv idoov lq ehwzhhq wkh prvw vwudljkwiru0
zdug dqg wkh prvw lqwulfdwh7 1 L hvwlpdwh pdun0xsv e| wkh surfhgxuh srsxodul}hg e|
Kdoo +4<;9/ 4<;;,1 Wklv phwkrg lv dq h{whqvlrq ri Vrorz*v +4<8:, h�ruw wr hvwlpdwh
wrwdo0idfwru0surgxfwlylw| +WIS, jurzwk1 Kdoo +4<;9, dvvxphv wkdw oderxu/ Q> lv wkh
rqo| lqsxw lq wkh surgxfwlrq surfhvv1 Wkh pdujlqdo frvw ri surgxfwlrq lv wkhq

PF @ f @
z7Q

7\
+815,

zkhuh/ \ dqg/ z> ghqrwh rxwsxw dqg fxuuhqw zdjhv uhvshfwlyho|1 Vlqfh/ pdujlqdo frvw
lv qrw revhuyhg/ L pxowlso| wkh ohiw0kdqg vlgh ri wkh htxdwlrq deryh e| s

s
> zkhuh s

lv wkh sulfh ri rxwsxw dqg glylgh erwk vlghv e| \ 1 Uhduudqjlqj jlyhv wkh iroorzlqj
htxdwlrq/

7\

\
@
s

f

zQ

s\

7Q

Q
ru

s

f
@

s�\

z�Q
+816,

Wklv htxdwlrq vwdwhv wkdw wkh jurzwk lq rxwsxw lv htxdo wr wkh pdun0xs/ s

f
> wlphv wkh

vkduh ri oderxu lq rxwsxw/ zQ
s\

> ydoxhg dw fxuuhqw sulfhv/ wlphv jurzwk lq oderxu lqsxw1
Htxlydohqwo|/ wkh sulfh pdun0xs lv vlpso| htxdo wr wkh ydoxh ri wkh pdujlqdo jrrg
vrog ryhu wkh frvw ri surgxflqj wkh pdujlqdo jrrg1

Lqwurgxflqj fdslwdo/ N> dv d vhfrqg idfwru ri surgxfwlrq eulqjv wkh iroorzlqj nh|
fkdqjhv lq htxdwlrq+815,/

f @
z7Q . u�N

7\ � �\
+817,

Wklv htxdwlrq doorzv iru pdujlqdo frvw ri fdslwdo lqsxw/ u> lq wkh qxphudwru dqg
dovr dgmxvwv iru fkdqjhv lq rxwsxw jhqhudwhg h{rjhqrxvo| e|/ �/ frpprqo| nqrzq dv
wkh Vrorz uhvlgxdo ru wrwdo0idfwru0surgxfwlylw| +WIS,1 Uhduudqjlqj htxdwlrq +817, L
rewdlq/

�\
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zQ

f\

�Q

Q
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uN

f\

�N

N
+818,

Dvvxplqj frqvwdqw uhwxuqv wr vfdoh8 0 zklfk kdv wkh xvhixo surshuw| wkdw wkh vxp
ri wkh vkduh ri oderxu dqg fdslwdo lq surgxfwlrq lv xqlw| 0 dqg pdqlsxodwlqj wkh

7D orqjhu zrunlqj sdshu glvfxvvhv lq ghwdlo wkh qhz phwkrgv ri phdvxulqj wkh pdun0xs vxfk dv
Urhjhu +4<<5,/ Euhvqdkdq +4<;5, dqg Dsshoedxp +4<<5,1 Wkh dxwkru zloo surylgh d frs| ri wkh
orqjhu zrunlqj sdshu rq ghpdqg1

8Wkh dvvxpswlrq ri frqvwdqw uhwxuqv lpsolhv wkdw +�� n og�*St ' �c wkdw lv wkdw wkh udwlr ri
wrwdo idfwru sd|phqwv wr rxwsxw ydoxhg dw pdujlqdo frvwv lv xqlw|1 L xvh wklv uhvxow ehorz1
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uljkw0kdqg vlgh ri htxdwlrq +818, dqg pxowlso|lqj wkh odvw wzr whupv e| s

s
L rewdlq/
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+819,

zkhuh/ vkOlw/ghqrwhv vkduh ri oderxu ri wkh l
wk lqgxvwu| dw wlph w1

Wklv htxdwlrq vwdwhv wkdw wkh jurzwk lq shu0fdslwd rxwsxw lv htxdo wr wkh vxp ri
WIS dqg wkh surgxfw ri wkh vkduh ri oderu lq wkh jurzwk ri oderxu shu fdslwd dqg wkh
pdun0xs1

Dvvxplqj wkdw wkh pdun0xs/ s
f
/ dqg WIS duh frqvwdqw ryhuwlph dqg xvlqj gdwd rq

rxwsxw/ fdslwdo dqg oderxu/ zh fdq xvh wkh htxdwlrq +819, wr hvwlpdwh sulfh0pdun0xsv/
s@f/ dv wkh xqnqrzq frh!flhqw rq wkh uljkw0 kdqg vlgh1 Zkhq/ wkh pdun0xs lv vljqli0
lfdqwo| juhdwhu wkdq xqlw|/ wkh dvvxpswlrq ri frqvwdqw uhwxuqv dorqj zlwk lpshuihfw
frpshwlwlrq lv ydolgdwhg1 Wkh pdlq fulwlflvp derxw Kdoo*v phwkrg lv wkdw htxdwlrq
+819, vx�huv iurp hqgrjhqhlw| lq wkdw �N@N lv rq erwk vlghv ri wkh hvwlpdwlrq htxd0
wlrq1 Dv d uhphg|/ Kdoo +4<;;, vxjjhvwv xvlqj lqvwuxphqwv iru wkh uljkw0kdqg vlgh1

814141 Wkh Gdwd dqg wkh Hvwlpdwlrq ri Pdun0xsv

Kdoo*v phwkrg fdofxodwhv dyhudjh pdun0xsv ryhu wkh fkrvhq vdpsoh shulrg iru hdfk
lqgxvwu|1 L kdyh 57 |hduv ri gdwd/ 4<9;04<<4/ iru wkluwhhq lqgxvwulhv1 Wklv lpsolhv
wkdw wkh �{hg0h�hfw hvwlpdwlrq phwkrg zloo jlyh rqo| 46 revhuydwlrqv rq pdun0xsv
+rqh pdun0xs revhuydwlrq shu lqgxvwu|,1 Wklv vpdoo vdpsoh vl}h pd| lpsdlu wkh
txdolw| ri wkh vhfrqg0vwdjh hpslulfdo whvwv1 Frqvhtxhqwo|/ L kdyh fkrvhq wr hqodujh
wkh vdpsoh e| vsolwlqj wkh 57 |hdu gdwd lqwr wzr shulrgv= 4<9;04<;3 dqg 4<;404<<41
Wkh fkrlfh ri shulrgv lv prwlydwhg e| fkdqjhv lq rlo sulfhv1 Lqghhg/ wkh 4<9;04<;3
shulrg frlqflghv zlwk wkh shulrg ri ulvlqj rlo sulfhv/ zkhuhdv wkh shulrg 4<;404<<4 lv
rqh ri idoolqj sulfhv1 Wklv vsolw jlyhv 59 srlqw hvwlpdwhv ri sulfh pdun0xsv�wzr iru
hdfk lqgxvwu|�iru wkh vxevhtxhqw dqdo|vlv lqvwhdg ri wkh suhylrxv 461

Wkh gdwd zdv froohfwhg iru wkluwhhq lqgxvwulhv ryhu wkh shulrg ri 4<9;04<<49 1 Wkh
lqgxvwulhv duh= phwdo pdqxidfwxulqj/ rwkhu plqhudo surgxfwv/ fkhplfdov/ rwkhu phwdo
surgxfw/ phfkdqlfdo hqjlqhhulqj/ hohfwulfdo hqjlqhhulqj/ prwru yhklfohv/ wh{wlohv/ forwk0
lqj dqg irrwzhdu/ sdshu sulqwlqj dqg sxeolvklqj/ glvwulexwlrq dqg uhsdlu/ dqg krwhov
dqg fdwhulqj +sohdvh uhihu wr wkh dsshqgl{ iru vrxufhv,1 Wkh gdwd lv frpsrvhg ri
ydoxh0dgghg/ wrwdo hpsor|phqw/ fdslwdo vwrfn/ qrplqdo ydoxh0dgghg dqg dfwxdo oderu
krxuv1

L xvh wkh iroorzlqj prgl�hg yhuvlrq ri Kdoo*v htxdwlrq +819, dqg hvwlpdwh pdun0xsv
lq d �{hg0h�hfwv prgho/

�+| � n,
lw
@ �l.dgxplw.pl�vkO

lw
�+o . k� n,

lw
/ l @ 4> 5==46 w @ 4> 5> ==57 +81:,

zkhuh �+| � n, lv jurzwk rxwsxw shu fdslwdo/ �+o . k � n,> lv jurzwk lq oderxu shu
fdslwdo/ �> lv wkh pdun0xs/ k/ lv dfwxdo oderxu krxuv dqg o lv oderxu1 Orzhu fdvh
ohwwhuv uhsuhvhqw orjv1

9 L fdqqrw xvh gdwd diwhu 4<<4 ehfdxvh ri lqgxvwuldo fodvvl�fdwlrq fkdqjhv diwhu 4<<41
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Htxdwlrq +81:, lv dq hqkdqfhg yhuvlrq ri Kdoo*v htxdwlrq lq wkdw Q @ OK> zkhuh
O lv hpsor|phqw dqg K lv krxuv dv lq Kdvnho/ Pduwlq dqg Vpdoo +4<<8, dqg Vpdoo
+4<<:,1 Vhfrqgo|/ WIS jurzwk/ �/ lv doorzhg wr ydu| e| lqgxvwu| lq ylhz ri Od|dug
dqg Qlfnhoo +4<;<, zkr surylgh hylghqfh wkdw XN*v WIS jurzwk ydulhv vxevwdqwldoo|
dfurvv lqgxvwulhv1 Wr dffrpsolvk wklv L iroorz Kdvnho hw do1 +4<<8, dqg Vpdoo +4<<:,/
Ehdq dqg V|prqv +4<;<, e| lqfoxglqj ydulrxv wlph vkliw gxpplhv/ gxplw> lq htxdwlrq
+81:, lq rughu wr frqwuro iru vkliwv lq WIS1 Lq sduwlfxodu/ L xvh wkuhh vhwv ri gxpp|
yduldeohv wr hvwlpdwh wkuhh vhwv ri pdun0xsv iru wkh vdpsoh shulrgv ri 4<9;04<;3 dqg
4<;404<<41 Lq wklv zd| L wu| wr flufxpyhqw wkh sureohp ri dq devhqfh ri dq djuhhphqw
dprqjvw dxwkruv rq wkh fkrlfh ri wlph gxpp| yduldeohv1 Lqghhg/ whvwv qrw uhsruwhg
khuh vxjjhvw wkdw iru fhuwdlq lqgxvwulhv vrph wlph gxpplhv dqg lqvwuxphqwv shuirup
ehwwhu wkdq rwkhuv: 1 Kdvnho dw do1 +4<<8, dqg Vpdoo+4<<:,/ iru h{dpsoh/ rewdlq
gl�huhqw ohyhov ri pdun0xsv xvlqj gl�huhqw vkliw gxpplhv1

Wkh �uvw vhw ri hvwlpdwhg pdun0xsv/ p4> lv fdofxodwhg xvlqj qr gxpp| yduldeoh1
Wkh vhfrqg vhw/ p5> kdv d vlqjoh gxpp| yduldeoh iru wkh shulrg ri 4<:704<;31 Wkh
odvw vhw ri pdun0xsv/ p6> kdv dovr gxpp| yduldeoh iru 4<:704<;3/ exw xvhv d gl�huhqw
vhw ri lqvwuxphqwv/ d wrslf wr zklfk L wxuq vkruwo|1 Wkh fkrlfh iru wkh wlph gxpp|
lv sxuho| edvhg rq wkh wlplqj ri vshfl�f rlo sulfh vkrfnv1 Rqh pd| eh lqfolqhg wr
glvshqvh zlwk wlph gxpplhv gxh wr odfn ri revhuydwlrqv1 Krzhyhu/ L vkrz odwhu wkdw
wklv pd| qrw eh vhqvleoh1

Kdoo +4<;;, srlqwhg rxw wkdw dq hvwlpdwlrq ri htxdwlrq+819, vx�huv iurp hqgr0
jhqhlw| lq wkdw wkh jurzwk lq rxwsxw shu xqlw fdslwdo/ �+| � n,/ dqg wkh zhljkwhg
jurzwk lq oderu shu xqlw fdslwdo/ �+o� n,/ duh mrlqwo| ghwhuplqhg1 Lqghhg/ L vxffhvv0
ixoo| fduu| rxw wkh �Zx0Kdxvpdq Whvw�; uhmhfwlqj wkh k|srwkhvlv ri h{rjhqhlw| iru
vkO

lw
�+o . k� n,

lw
1 Dv d uhvxow/ L xvh lqvwuxphqwdo yduldeohv +LY,1 L xvh lqvwuxphqwv

frpprq dqg vshfl�f wr lqgxvwulhv1 Wkh vhw ri lqvwuxphqwv frpprq wr doo lqgxvwulhv
lqfoxgh= Fxuuhqw dqg odjjhg jurzwk lq RHFG wrwdo rxwsxw/ udwh ri jurzwk lq uhdo
JGS lq wkh XN/ jurzwk lq qdwlrqdo rxwsxw shu zrunhu/ jurzwk lq qdwlrqdo ghihqfh
h{shqglwxuhv1 Wkh vhw ri lqgxvwu|0vshfl�f lqvwuxphqwv lqfoxgh= wkh oderu0fdslwdo ud0
wlr/ oderu*v vkduh lq surgxfwlrq/ wkh orj ri hpsor|phqw wlph krxuv dqg wkh odjjhg
dqg fxuuhqw jurzwk lq fdslwdo vwrfn1 Iru hdfk lqgxvwu| uhjuhvvlrq/ L xvh wkh ehvw
lqvwuxphqwv dydlodeoh iru wkdw shulrg1 Wkh fkrlfh ri lqvwuxphqwv zdv edvhg rq wkhlu
h{sodqdwru| srzhu/ u5/ iru/ vkO

lw
�+o . k� n,

lw
/ dqg orz vwdqgdug huuru1 Wdeoh 4 ehorz

vxppdulvhv1

:Wkh sureohp zlwk wkh fkrlfh ri lqwuxphqwv lv wkdw vrph ri wkhp zrun ehwwhu iru fhuwdlq lqgxvwulhv

zklovw vrph gr qrw1 Wkhuhiruh/ zkdw L kdyh grqh lv wr xvh wkh ehvw lqvwuxphqwv dydlodeoh iru

pdunxs4)5 dqg frpprq lqvwxphqwv dffurvv lqgxvwulhv lq pdunxs61 Iru vlplodu uhdvrqv wkh fkrlfh

ri wlph gxpp| iru hdfk pdunxs lv gl�huhqw1 Wkh qxpehu ri lqvwuxphqwv iru hdfk pdunxs lv wkh

vdph1 Wkh fkrlfh ri lqvwxphqwv lv edvhg rq orz vwdqgdug huuru dqg kljk U2�
;Wkh Zx0Kdxvpdq Whvw lv dv iroorzv= ohw +�| ' k� n q

�
%�| n ��| eh wkh htxdwlrq vxvshfwhg iru

hqgrjhqhlw| zkhuh %�| lv wkh h{sodqdwru| yduldeoh iru +�|1 Dvvxph/ 5�| lv d fkrvhq vhw ri lqvwuxphqw

iru %�|1 E| uxqqlqj %�| ' �
�
nB5�|n��| / L uhfryhu wkh hvwlpdwhg 	��|� Ilqdoo|/ uxq +�| ' k�nq

�
%�|n

b	��| n ��|1 Wkh whvw iru b ' f/ lv wkh Zx0Kdxvpdq whvw iru h{rjhqhlw| ri %�|�

44



Wdeoh 41 Ydulrxv Gh�qlwlrqv ri pdun0xsv/ p=

Shulrgv p4 p5 p6

4<9;04<;3 Qr Gxpp| Gxpp| 4<:704<;3 Gxpp| 4<:704<;3

4<;404<<4 Qr Gxpp| Qr Gxpp| Qr Gxpp|

LY Fkrlfh Ehvw iurp wkh LY vhw Ehvw iurp wkh LY vhw Vdph LY dfurvv wlph dqg lqgxvwu|

Wkh Ghjuhh ri Lpshuihfw Frpshwlwlrq lq XN Lqgxvwulhv
Wdeoh 5 lq wkh dsshqgl{ vkrzv wkh hvwlpdwhg dyhudjh pdun0xsv iru hdfk lqgxvwu|

gxulqj wkh shulrg ri 4<9;04<<41 Wkh froxpqv gl�hu iurp rqh dqrwkhu gxh wr wkh

gl�huhqwldo wuhdwphqw ri wlph gxpplhv dqg lqvwuxphqwv lq wkh hvwlpdwlrq ri pdun0

xsv1 Wkh �{hg0h�hfwv prgho lv hvwlpdwhg xvlqj d zlwklq0jurxs hvwlpdwru zkhuh

pdun0xsv duh doorzhg wr ydu| e| lqgxvwu| exw duh dvvxphg wr eh frqvwdqw ryhu wlph1

D �uvw jodqfh dw Wdeoh 5 vxjjhvwv wkdw gxulqj wkh 4<9;04<<4 shulrg doo XN lqgxv0

wulhv zhuh rshudwlqj lq dq lpshuihfwo| frpshwlwlyh pdunhwv1 Wkh hvwlpdwhg pdun0xsv

iru lqglylgxdo lqgxvwulhv duh vwdwlvwlfdoo| deryh }hur dqg juhdwhu wkdq xqlw| iru doo

lqgxvwulhv zlwk wkh vroh h{fhswlrq ri wkh forwklqj dqg irrwzhdu lqgxvwu|1 Wkh Fkl0

Vtxduhg whvw/ "5> lq Wdeoh 5 uhmhfwv wkh k|srwkhvlv wkdw pdun0xs 4/5 dqg 6 duh wkh

vdph dfurvv lqgxvwulhv dqg htxdo wr xqlw|1 Krzhyhu/ wklv whvw lv zhdn iru pdun0xs 41
Uhfdoo wkdw rxu hvwlpdwhg htxdwlrq +81:, zdv ghulyhg xvlqj wzr dvvxpswlrqv= frq0

vwdqw uhwxuqv wr vfdoh dqg lpshuihfw frpshwlwlrq1 Jlyhq wkhvh dvvxpswlrqv/ wkh k|0
srwkhvlv ri d pdun0xs juhdwhu wkdq xqlw| iroorzv1 Wkh txhvwlrq uhpdlqv zkhwkhu
frqvwdqw uhwxuqv wr vfdoh lv d uhdvrqdeoh dvvxpswlrq1 Iroorzlqj Kdvnho hw do1 +4<<8,
wklv fdq eh whvwhg e| qrwlqj wkdw wkh vxp ri wkh vkduhv ri idfwru lqsxwv fdq ghyldwh
iurp xqlw|/

zQ

f\
.

uN

f\
@ 4 . v +81;,

zkhuh/ v A 3> ghqrwhv lqfuhdvlqj uhwxuqv wr vfdoh/ v ? 3> ghqrwhv ghfuhdvlqj uhwxuqv wr
vfdoh dqg/ v @ 3> ghqrwhv frqvwdqw uhwxuqv wr vfdoh1 Vxevwlwxwlqj wklv htxdwlrq lqwr
htxdwlrq +819, dqg diwhu vrph dojheudlf pdqlsxodwlrq/ L ghulyh wkh iroorzlqj �{hg0
h�hfwv prgho iru hvwlpdwlrq/

�+| � n,
lw
@ �l.dgxplw.pl�vkO

lw
�+o . k� n,

lw
.v�nl / l @ 4> 5==46 w @ 4> 5> ==57

zkhuh djdlq wkh pdun0xs lv doorzhg wr ydu| e| lqgxvwu| exw lv dvvxphg wr eh frqvwdqw
ryhu wlph1 Wkh �{hg0h�hfw prgho lv hvwlpdwhg xvlqj d zlwklq0jurxs hvwlpdwru dqg
wkh uhvxowv duh uhsruwhg lq Wdeoh 51 Wkh srlqw hvwlpdwhv ri/ v> duh qrw vljql�fdqw dw
erwk wkh 8( dqg wkh 43( ohyhov< 1 Wklv surylghv vrph vxssruw iru wkh dvvxpswlrq ri
frqvwdqw uhwxuqv wr vfdoh1

Wkh uhvxowv rewdlqhg duh eurdgo| vlplodu wr wkrvh ri Kdvnho/ Pduwlq dqg Vpdoo
+4<<8,/ Pduwlq/ Vfdushwwd dqg Slodw +4<<9, dqg Vpdoo +4<<:, zkr dovr �qg vljql�fdqw
hohphqwv ri lpshuihfw frpshwlwlrq lq XN lqgxvwulhv1 Wkh pdlq gl�huhqfh khuh olhv lq
wkh ohyho ri wkh pdun0xsv1 Eurdgo|/ wkh hvwlpdwhv uhsruwhg lq Wdeoh 5 duh orzhu wkdq

<Krzhyhu/ wkh vljq ri/ rc lq pdunxs4)5 lv srlqwlqj wrzdugv dq lqgxvwu| zlwk ghfuhdvlqj uhwxuqv
wr vfdoh +Kdvnho hw do1+4<<8, jhw vlplodu uhvxowv,1
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Kdvnho hw do1 +4<<8,43 dqg Vpdoo +4<<:, dqg kljkhu wkdq wkrvh uhsruwhg lq Pduwlqv/
Vfdushwwd dqg Slodw +4<<9,44 1

8151 Vwdjh 5= Furvv Lqgxvwu| Hylghqfh iru Ydulrxv Uhodwlrqvklsv

Wklv vhfwlrq h{soruhv wkh olqhdu uhodwlrqvklsv ehwzhhq pdun0xsv dqg d olvw ri uhjuhvvruv1
Xvlqj wkh phwkrg ghvfulehg lq wkh suhylrxv vhfwlrq L �uvw hvwlpdwh wkh dyhudjh pdun0
xsv iru wkh shulrgv 4<9<04<;3 dqg 4<;404<<41 Wkhq L frqvwuxfw dyhudjh uhdo vkduh
sulfhv/ sulfh0hduqlqjv udwlrv dqg rxwsxw jurzwk shu fdslwdo wr sur{| iru fxvwrphu
ydoxh/ dqg wkh vwdqgdug ghyldwlrq ri vdohv wr phdvxuh iru pdunhw0vkduh xqfhuwdlqw|
iru hdfk lqgxvwu| ryhu 4<9<04<;3 dqg 4<;404<<41 Ryhudoo/ wklv h{huflvh doorzv xv wr
frqvwuxfw d qhz sdqho gdwd vhw zlwk wzr revhuydwlrqv iru pdun0xsv dqg wkh rwkhu
yduldeohv ri lqwhuhvw iru hdfk lqgxvwu|45 1

8161 Pdun0xsv dqg Xqfhuwdlqw|1

Wkh wkhru| frqfoxghg wkdw �upv pdqdjh wkh ulvn ri pdunhw0vkduh xqfhuwdlqw| e|
fkdujlqj dq h{wud suhplxp rq wrs ri wkhlu sulfh pdun0xsv1 D srvlwlyh uhodwlrqvkls
ehwzhhq pdun0xsv dqg xqfhuwdlqw| uhvxow zdv suhglfwhg e| htxdwlrq +718,1 Wkh
hvwlpdwlrq ri htxdwlrq +718, fdq eh irupxodwhg lq wkh iroorzlqj olqhdu irup

+p,
lw
@ �. � +�,

lw
. �

lw
zkhuh l @ 4> ==> 46 w @ 4> 5 +81<,

zkhuh/ plw> duh wkh pdun0xsv hvwlpdwhg zlwk Kdoov* phwkrg dqg / �> lv xqfhuwdlqw|
sur{lhg e| wkh vwdqgdug ghyldwlrq ri uhdo ydoxh dgghg iru wkh vdph shulrg iru zklfk
wkh pdun0xsv lv hvwlpdwhg1 Dv suhylrxvo| h{sodlqhg/ gxh wr wkh sureohpv ri wkh
fkrlfh ri lqvwuxphqwdo yduldeohv lq Kdoo*v phwkrg/ ydulrxv hvwlpdwhv ri pdun0xsv zlwk
gl�huhqw lqvwuxphqwv dqg wlph gxpplhv duh xvhg1

Wkh uhvxowv ri wkh hvwlpdwlrq iru htxdwlrq +81<, xvlqj wkh ROV hvwlpdwru duh uh0
sruwhg lq Wdeoh 6 +froxpq 4, dqg Iljxuh 5 suhvhqwv d vfdwwhu gldjudp lq wkh dsshqgl{1

Wkh frh!flhqw ri xqfhuwdlqw| lv dozd|v srvlwlyh dqg vljql�fdqw lq hyhu| fdvh exw
rqh1 Wkh huuru whup ri htxdwlrq/ +81<, duh Zklwh0Khwhurvfhgdvwlflw| frqvlvwhqw1 Wkh
jrrgqhvv ri �w/ U5> dqg wkh GZ whvwv iru huuru0whup fruuhodwlrq duh vdwlvidfwru|1 Wkh
uhvxowv vxjjhvwv d srvlwlyh uhodwlrqvkls ehwzhhq xqfhuwdlqw| dqg pdun0xsv1 Wkxv/
xqfhuwdlqw| lv rqh srvvleoh ghwhuplqdqw ri pdun0xsv1

8171 Pdun0xsv dqg Fxvwrphu Ydoxh

Dqrwkhu nh| lpsolfdwlrq zdv wkdw kljkhu fxvwrphu0ydoxh ohdgv �upv wr wulp wkhlu
pdun0xsv1 Wkh uhdvrq iru wklv lv wkdw zkhq �upv ydoxh jurzwk lq wkhlu fxvwrphu edvh

43Qrwh wkdw Kdvnhw hw do1 +4<<8, rqo| kdyh pdqxidfwxulqj lqgxvwulhv lq wkhlu vwxg|1
44Pduwlqv hw do1 +4<<9, dovr kdyh phwdo pdqxidfwxulqj/ fkhplfdo/ rwkhu phwdo surgxfw/ wh{wlohv

dqg irrwzhdu1
45Doo wkh �qdqfldo gdwd zdv rewdlqhg iurp Gdwdvwuhdp h{fhsw iru phwdo pdqxidfwxulqj/ phfkdqlfdo

hqjlqhhulqj/ forwklqj dqg irrwzhdu1 Frppxqlfdwlrq lqgxvwu| gdwd zdv dovr qrw dydlodeoh iru wkh
shulrg 4<9;04<;31
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wkh| uhgxfh pdun0xsv 0 khqfh vdful�fh fxuuhqw sur�wv0lq rughu wr h{sdqg wkhlu pdunhw
vkduh1 Wklv h�hfw zdv jlyhq e| htxdwlrq +718,1 Htxdwlrq +718, fdq eh uhzulwwhq dv

+p,
lw @ �. � orj

�
SL

\@O

�
lw

. �lw zkhuh l @ 4> ==> 46 w @ 4> 5 +8143,

zkhuh SL
\@O lv wkh vkdgrz ydoxh ri fxvwrphuv0 sur{lhg e| d vkduh0sulfh lqgh{/ SL/ dqg

qrupdolvhg e| rxwsxw shu zrunhu/ \@O1 Iroorzlqj Skhosv +4<<<, �up*v vkduh sulfhv
sur{lhv iru wkh fxvwrphu0ydoxh1 Wkh vkduh sulfhv duh qrupdolvhg e| rxwsxw shu zrunhu
lq wkh lqgxvwu|1 Wklv fdq eh wkrxjkw ri dv wkh udwlr ri wkh ehqh�w dqg wr wkh frvw ri
wulpplqj pdun0xsv1 Wkh ghqrplqdwru fdswxuhv wkh frvw ri fkdqjlqj pdun0xsv1 Wkh
kljkhu lv rxwsxw/ wkh juhdwhu lv wkh vdful�fh lq whupv ri fxuuhqw sur�wv zkhq pdun0xsv
duh uhgxfhg1 Wkh qxphudwru lv d sur{| iru wkh ehqh�w ri fkdqjlqj pdun0xsv1 Wkh
uhvxowv ri wkh srrohg uhjuhvvlrq duh vkrzq lq Wdeoh 7 ehorz dqg Iljxuh 61

Wdeoh 71 Uhvxowv iru fxvwrphu0ydoxh dqg pdun0xsv

Frh!flhqwv Pdun0xs 4 Pdun0xs 5 Pdun0xs 6
� 4=3;

+3=67,
4=;5
+3=8;,

5=39
+3=9<,

� 3=388
+3=3:,

�3=3:
+3=43,

�3=467
+3=45,

U5 3137 3136 313:
GZ 518 41<; 5146

Vwdqgdug huuruv lq eudfnhwv

Hvwlpdwhv ri wkh frh!flhqw ri uhdo vkduh sulfh/ �> kdyh d qhjdwlyh frh!flhqw zklfk
lv vljql�fdqw dw 58( iru doo hvwlpdwhv ri htxdwlrq +8143, exw rqh46 1 Lw lv wkhuhiruh
vdih wr vwlsxodwh d qhjdwlyh uhodwlrqvkls ehwzhhq pdun0xsv dqg fxvwrphu ydoxh dv
suhglfwhg e| Skhosv dqg Zlqwhu +4<:3,1 Lq rughu wr vkrz wkdw wklv �qglqj lv urexvw/
L dovr xvh wkh sulfh0hduqlqjv udwlr/ s@h/ dv dqrwkhu srvvleoh sur{| iru fxvwrphu ydoxh1
Dv h{shfwhg/ Wdeoh 6 +froxpq 5, uhsruwv d qhjdwlyh frh!flhqw ri wkh sulfh0hduqlqjv
udwlr iru doo fdvhv1 Krzhyhu/ lw kdv orz vljql�fdqfh +vhh Iljxuh 7 lq wkh dsshqgl{,1
Wkh orz vljql�fdqfh pd| eh gxh wr ihzhu revhuydwlrqv> wkhuh duh 4: revhuydwlrqv duh
dydlodeoh lqvwhdg ri wkh ruljlqdo 591

8181 Pdun0xsv dqg Rwkhu H{sodqdwru| Yduldeohv

L uh0hvwlpdwh htxdwlrq +81<, qrz lq d pxowlyduldeoh vhwxs1 Wkh h{sodqdwru| yduldeohv
duh shu zrunhu rxwsxw jurzwk/ fxvwrphu0ydoxh dqg xqfhuwdlqw|1

Wkh uhvxowv ri wkh srrohg hvwlpdwhv duh vkrzq lq Wdeoh 6 ri wkh dsshqgl{1 Wkh
frh!flhqw ri xqfhuwdlqw| uhpdlqv srvlwlyh +vhh xqfhuwdlqw| urzv Wdeoh 5, dv L dgg rwkhu
h{sodqdwru| yduldeohv1 Frpsduhg zlwk wkh rwkhu yduldeohv/ lw lv dovr wkh prvw urexvw
yduldeoh lq h{sodlqlqj wkh pdun0xs ohyhov dqg uhpdlqv vr dv zh dgg pruh h{sodqdwru|
yduldeohv1 Wkhuh lv rqh h{fhswlrq/ wkh vljq rq wkh frh!flhqw ri xqfhuwdlqw| lq pdun0xs

5 fkdqjhv dv pruh yduldeohv duh dgghg exw lw lv dovr lqvljql�fdqw1

46Wkh hvwlpdwh jlylqj wkh zurqj vljq lv lqvljql�fdqw1
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Dqrwkhu lpsruwdqw yduldeoh lq wkh uhjuhvvlrq lv wkh sulfh0hduqlqjv udwlr/ s@h/ zklfk
sur{lhv iru fxvwrphu0ydoxh1 Lq doo wkh srrohg uhjuhvvlrqv/ wkh frh!flhqw ri wkh sulfh
hduqlqjv udwlr lv qhjdwlyho| fruuhodwhg zlwk pdun0xsv/ exw lw lv vrphwlphv vljql�fdqw
dqg vrphwlphv qrw1 Uhvwulfwlqj rxuvhoyhv wr wkh vljq ri wkh frh!flhqw/ lw fdq eh
xqhtxlyrfdoo| frqfoxghg wkdw kljk fxvwrphu0ydoxh uhvxowv lq orzhu pdun0xsv1 Wklv lv
wkh fux{ ri wkh edvlf fxvwrphu0pdunhw prgho1

Wkh qh{w prvw vljql�fdqw yduldeoh lv wkh jurzwk udwh ri rxwsxw shu zrunhu/ j1 Wkh
uhvxowv vxjjhvw wkdw zlwk jurzwk lq rxwsxw shu zrunhu dqg xqfhuwdlqw| dv wkh rqo|
uhjuhvvruv/ lqgxvwulhv h{shulhqflqj kljkhu jurzwk lq rxwsxw shu fdslwd duh dovr wkh
rqhv zlwk orzhu pdun0xsv1 Krzhyhu/ wkh frh!flhqw ri j ghfolqhv lq vljql�fdqfh1 Wkh
prwlydwlrq iru lqfoxglqj wklv yduldeoh lq wkh uhjuhvvlrqv lv wkdw ri Skhosv dqg Zlqwhu
+4<:3, zkr suhglfwhg wkdw d kljkhu ydoxdwlrq ri fxvwrphuv/ khuh sur{lhg iru jurzwk
lq rxwsxw shu fdslwd/ vkrxog eh uh hfwhg lq orzhu pdun0xsv1 Iru wkh �uvw wlph/ rxu
uhvxowv frq�up wklv suhglfwlrq rq XN gdwd1

8191 Whvwlqj iru Urexvwqhvv

Lq rughu wr vkrz wkdw wkh uhvxowv ghulyhg vr idu duh urexvw/ L uh0hvwlpdwh htxdwlrqv
+81<, dqg +8143, e| �uvw0gl�huhqflqj wkhp rq erwk vlghv1 Lq grlqj vr L orrvh kdoi ri
wkh revhuydwlrqv1 Lqwxlwlyho|/ zh duh hvwlpdwlqj wr zkdw h{whqw fkdqjhv lq pdun0xsv
fdq eh h{sodlqhg e| fkdqjhv lq xqfhuwdlqw| dqg wkh fxvwrphu0 ydoxh1 Htxdwlrqv +81<,
dqg +8143, fdq jhqhudoo| eh irupxodwhg e| Htxdwlrq +916, zkhuh 7plw lv wkh fkdqjh
lq pdun0xsv dqg 7{lw uhsuhvhqw wkh h{sodqdwru| yduldeohv ri wkh lwk lqgxvwu|1

Wkhuh duh wkuhh h{sodqdwru| yduldeoh= 7xqfhuwdlqw|>7 orj+ SL
\@O, dqg7s@h> zklfk

ghqrwh fkdqjhv lq xqfhuwdlqw|/ jurzwk lq qrupdol}hg vkduh0sulfh lqgh{ dqg fkdqjhv lq
wkh sulfh0hduqlqjv udwlr uhvshfwlyho|1

�plw @ f. ��{qlw . � +8144,

Wdeoh 8 ehorz suhvhqwv wkh hvwlpdwhv ri wkh frh!flhqw � lq htxdwlrq +8144,1 Xvlqj
ROV/ hdfk htxdwlrq lv vhsduhwho| hvwlpdwhg iru hdfk pdun0xs1

Zkhq xqfhuwdlqw| lv xvhg dv wkh rqo| h{sodqdwru| yduldeoh zh kdyh 46 revhuydwlrqv
dydlodeoh dqg wkh hvwlpdwhv ri � duh dozd|v srvlwlyh dqg vljql�fdqw lq hyhu| fdvh h{fhsw
rqh1 Wklv lpsolhv wkdw d srvlwlyh fkdqjh lq xqfhuwdlqw| eulqjv d srvlwlyh fkdqjh lq
wkh pdun0xs/ vxssruwlqj ixuwkhu rxu wkhruhwlfdo dujxphqwv wkdw kljkhu xqfhuwdlqw|
lqyroyhv kljkhu pdun0xsv1

Zkhq hlwkhu jurzwk lq wkh qrupdolvhg sulfh lqgh{ ru fkdqjhv lq wkh s2h udwlr duh
xvhg dv h{sodqdwru| yduldeohv/ rqo| < revhuydwlrqv duh dydlodeoh1 Qrwh wkdw erwk
yduldeohv sur{| iru fxvwrphu ydoxh1 Wkh hvwlpdwhv ri � iru erwk fdvhv duh dozd|v
qhjdwlyh dqg vljql�fdqw lq hyhu| fdvh +h{fhsw iru wkh jurzwk lq wkh qrupdolvhg sulfh
lqgh{, lpso|lqj wkdw d srvlwlyh fkdqjh lq wkh fxvwrphu ydoxh orzhuv wkh pdun0xs1
Xqgrxewhgo|/ wkh s2h udwlr jlyhv ehwwhu uhvxowv1
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Wdeoh 81 Hvwlpdwhv ri �uvw0gl�huhqfhg htxdwlrq +8144,

7p4 +Pdunxs 4, d e f g
f �3=45

+3=59,
3=6:
+3=64,

3=74
+3=55,

3=35
+3=58,

7xqfhuwdlqw| 3=39:
+3=377,

0 0 3=38
+3=36,

7 orj+ SL
\@O , 0 �3=3<

+3=46,
0 0

7s2h 0 0 �3=39
+3=369,

�3=39
+3=36,

GZ 41:3 4 3183 418
U5 314: 3138 3157 3177

7p5 +Pdunxs 5,
f �3=74

+3=66,
�3=3<
+3=76,

�3=3:
+3=65,

3=3;
+3=76,

7xqfhuwdlqw| 3=355
+3=388,

0 0 3=335
+3=38,

7 orj+ SL
\@O , 0 �3=46

+3=4<,
0 �

7s2h 0 0 �3=3:
+3=38,

�3=3:
+3=38,

GZ 4198 515 4193 41:
U5 3135 3139 3154 3154

7p6 +Pdunxs 6,
f 3=59

+3=63,
3=53
+3=83,

3=57
+3=6:,

3=38
+3=7:,

7xqfhuwdlqw| 3=385
+3=384,

0 0 3=37
+3=393

7 orj+ SL
\@O , 0 �3=46

+3=55,
0 �

7s2h 0 0 �3=3;
+3=39,

�3=3;
+3=39,

GZ 41:3 4164 31;3 41:
U5 313< 3138 314< 3158

Vwdqgdug huuru lq eudfnhwv

Ilqdoo|/ Wdeoh 8 +froxpq g, uhsruwv dq ROV uhjuhvvlrq ri htxdwlrq +8144, xvlqj
fkdqjhv lq xqfhuwdlqw| dqg s2h udwlr wrjhwkhu dv wkh h{sodqdwru| yduldeohv1 L xvh
s2h udwlr dv lw suhirupv ehwwhu dv d sur{| iru fxvwrphu ydoxh1 Wkh frh!flhqw ri
xqfhuwdlqw| lv dozd|v srvlwlyh dqg vljql�fdqw dw 53(1 Wkh frh!flhqw ri wkh s2h udwlr
lv dozd|v qhjdwlyh dqg vljql�fdqw1

Ryhudoo rxu uhvxowv vxssruw wkh k|srwkhvlv wkdw pdun0xsv duh srvlwlyho| fruuhodwhg
zlwk xqfhuwdlqw| dqg qhjdwlyho| fruuhodwhg zlwk sulfh0hduqlqjv udwlr1

91 Frqfoxvlrq

Wkh fklhi dlp ri wklv sdshu kdv ehhq wr h{dplqh wkh ghwhuplqdwlrq ri pdun0xsv zlwk
d vwrfkdvwlf pdunhw0vkduh lq d fxvwrphu0pdunhw prgho1 L kdyh irxqg wkdw zlwk
vwrfkdvwlf fxvwrphu g|qdplfv dqg ulvn0dyhuvh �upv/ sulfhv duh d�hfwhg e| pdunhw0
vkduh ulvn lq d zd| wkdw fdxvhv pdun0xsv wr eh kljkhu wkdq wkh vwdqgdug fxvwrphu0
pdunhw prgho dqg wkh vwdwlf prqrsro| prgho1 Lqghhg/ kljk xqfhuwdlqw| derxw wkh
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ixwxuh pdunhw0vkduh uhgxfhv wkh ydoxh ri pdunhw vkduh fdxvlqj �upv wr lqyhvw vpdoohu
dprxqwv lq wkhlu pdunhw vkduhv lq irup ri kljkhu pdun0xsv1 Wklv h�hfw kdv wkh
srwhqwldo wr h{sodlq XN*v 4<;; shqvlrq0ixqg sx}}oh/ zkhuh lqglylgxdo shqvlrq sodqv
zhuh lqlwldoo| vrog dw kljk pdun0xsv1 Pruhryhu/ wklv sdshu dovr vkrzhg wkdw pdun0xsv
duh d�hfwhg e| krz pxfk �upv ydoxh wkhlu fxvwrphuv0 d nh| uhodwlrqvkls xqfryhuhg
lq wkh ruljlqdo Skhosv0Zlqwhu +4<:3, fxvwrphu0pdunhw prgho1 D kljkhu vkduh sulfh
lqgh{ � sur{lqj iru wkh fxvwrphu0ydoxh � lv h{shfwhg wr uhgxfh sulfh pdun0xsv1 Wkhvh
ydulrxv uhodwlrqvklsv ehwzhhq pdun0xsv/ fxvwrphu xqfhuwdlqw|/ fxvwrphu0 ydoxh zhuh
vxssruwhg e| rxu hpslulfdo uhvxowv1

4:



Dsshqgl{ D4
0Wkh Gdwd fryhuv wkh shulrg ri 4<9;04<<4 dqg lv wdnhq iurp wkh iroorzlqj vrxufhv/
0Uhdo ydoxh dgghg rxwsxw= JGS dw frqvwdqw idfwru frvw= Wdeoh E7/ Fhqvxv ri

Surgxfwlrq +Wkh Eoxh Errn,
0Qrplqdo ydoxh0dgghg= Wdeoh E6 Fhqvxv ri Surgxfwlrq1
0Qrplqdo wrwdo zdjhv= Wdeoh 616/ Fhqvxv ri Surgxfwlrq1
0Uhdo Jurvv fdslwdo vwrfn= Wdeoh D61; Fhqvxv ri Surgxfwlrq1
0Wrwdo hpsor|phqw= Wdeoh D5 Hpsor|phqw Jd}hwwh1
0Dfwxdo krxuv gdwd= Wdeoh 817/ Hpsor|phqw Jd}hwwh1
0Vkduh sulfh lqgh{/ sulfh0hduqlqjv udwlr duh wdnhq iurp Gdwdvwuhdp1
0RHFG/ lqgxvwuldo rxwsxw dqg JGS dw idfwru frvw/ rlo sulfhv lqglfhv dqg jryhuq0

phqw ghihqvh h{shqglwxuh duh iurp Gdwdvwuhdp1
0Gh�qlwlrqv=
|0orj ri uhdo JGS dw idfwru frvw wkdw lv wdnhq iurp wkh �Eoxh Errn� Wdeoh E71
n0 orj ri uhdo fdslwdo vwrfn wdnhq iurp �Eoxh Errn� Wdeoh D61;1
q0 orj ri wrwdo krxuv wdnhq iurp �Hpsor|phqw Jd}hwwh� Wdeoh 8171
o0 orj ri wrwdo hpsor|phqw wdnhq iurp Hpsor|phqw Jd}hwwh Wdeoh D5
SL0 vkduh sulfh lqgh{ iurp Gdwdvwuhdp1 Wkh lqgh{ lv qrw dydlodeoh iru phwdo

pdqxidfwxulqj/ phfkdqlfdo hqjlqhhulqj dqg forwklqj dqg irrwzhdu1 Frppxqlfdwlrq
lqgxvwu| gdwd zdv dovr qrw dydlodeoh iru wkh shulrg 4<9;04<;31 Lw zdv wkhuhiruh
h{foxghg iurp uhjuhvvlrqv1

s@h�sulfh hduqlqjv udwlr iurp Gdwdvwuhdp1
xqfhuwdlqw|�wkh vwdqgdug ghyldwlrq ri wkh orj ri uhdo ydoxh dgghg dw idfwru frvw

iru wkh shulrgv ri 4<9;04<;3 dqg 4<;404<<41
Dsshqgl{ D5= Lq wklv dsshqgl{/ lw lv vkrzq wkdw wkh vroxwlrq wr wkh Ehoopdq

htxdwlrq +618, lv/
Y +{l, @ n3 . n4 orj+{l, +914,

Htxdwlrq +914, xvhv wkh iroorzlqj uhodwlrqvkls/

Y{l @
n4
{l

+915,

Vxevwlwxwlqj htxdwlrqv +5194, lqwr +618, dqg dvvxplqj v|pphwulf htxloleuld/ sl @ s>
jlyhv

�+n3 . n4 orj+{l,, @ orj++sl � �f,D, . orj+{l,�
�

5
�5n4 +916,

Pxowlso|lqj e| wkh uhdo udwh ri lqwhuhvw rq erwk vlghv ri +D15, jlyhv

n3 . orj{l @
4

�
orj++sl � �f,D,�

�

5�
�5n4 .

4

�
orj+{l, +917,

Qrz/ frpsdulqj wkh hohphqwv ri wkh ohiw0kdqg vlgh zlwk wkh uljkw0kdqg vlgh jlyhv

n3 @
4

�
orj++sl � �f,D,�

�

5�
�5n4 +918,

n4 @
4

�
A 3 +919,

Vlqfh n4 A 3> wkh ydoxh ixqfwlrq lv frqfdyh1 Wklv frpsohwhv wkh surri1

4;



19

Figures 2, 3 and 4
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Figure 2: Markups and Uncertainty         Figure 3: Markups and Normalised Share Price        Figure4: Markups and P/E ratio
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Table 2. Estimates of Markups

Industries
Markup 1

(A)

Markup 2

(B)

Markup 3

(C)

Average

(D)

Other mineral products 1.08

(0.28)

1.49

(0.30)

1.19

(0.26)

1.371

Metal manufacturing 1.13

(0.29)

2.20

(0.36)

1.27

(0.27)

1.453

Chemicals 1.39

(0.50)

1.77

(0.56)

1.81

(0.50)

1.588

Other metal product 1.04

(0.25)

1.21

(0.23)

1.10

(0.23)

1.139

Mechanical engineering 1.08

(0.32)

1.27

(0.38)

1.28

(0.32)

1.210

Electrical engineering 1.56

(0.45)

1.49

(0.51)

1.51

(0.39)

1.368

Motor vehicles 1.48

(0.22)

1.23

(0.21)

1.45

(0.22)

1.315

Textiles 1.32

(0.29)

1.14

(0.24)

0.99

(0.24)

1.215

Clothing and footwear 0.42

(0.25)

0.99

(0.31)

0.69

(0.28)

0.811

Construction 1.16

(0.45)

1.80

(0.49)

1.71

(0.48)

1.484

Distribution 1.45

(0.62)

1.97

(0.61)

2.02

(0.64)

1.968

Hotels and catering 1.32

(0.69)

0.95

(0.51)

0.28

(0.47)

0.951

Communications 1.32

(0.58)

1.49

(0.89)

1.53

(0.62)

1.532

R2

0.51 0.6 0.59 -

Durbin-Watson Test 1.91 2.2 2.05 -

Chi- Squared Test χ2 =15; p=0.3 χ2=24.9; p=0.02 χ2 =20; p=0.09 -

s** 0.38(0.26) -0.39(0.274) -0.16(0.28)

Notes:  Standard errors are in the parentheses below the estimates.  The sample period is 1968-1991.  The method
of estimation is fixed effects with variable coefficients.  Column A contains the estimates of average markups of
model from equation (3.77) with a time dummy for 1981-1991. Column B contains the estimates of average
markups with time dummies for 1974-1980 and 1981-1991 and a common set of instrumental variables across
industry and time. Column C contains the estimates of average markup with time dumies for 1974-1980 and 1981-
1991 and instruments other than column B . Column D is the simply the mean of Cloumns A, B, and C.
**The coefficient for testing returns to scale.
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Table 3. Cross-section results of the split period regressions

Markup 1 1 2 (Obs 17) 3 (17 Obs) 4 (17 Obs)

C 0.66
(0.21)

1.75
(0.69)

1.37
(0.59)

1.19
(0.71)

Uncertainty 0.063
(0.02)

- 0.05
(0.02)

0.06
(0.02)

P/E - -0.03
(0.05)

-0.04
(0.04)

-0.03
(0.05)

Growth - - - -2.40
(5.00)

 R2 0.223 0.02 0.27 0.28
s.e 0.492 0.38 0.37 0.38

Markup 2

C 1.10
(0.36)

1.86
(0.99)

1.85
(1.07)

1.98
(1.27)

Uncertainty 0.04
(0.035)

- -8.97E-05
(0.04)

-0.01
(0.04)

P/e - -0.03
(0.07)

-0.03
(0.07)

-0.04
(0.08)

Growth - - 1.69
(8.42)

 R2 0.05 0.01 0.1 0.015
s.e 0.71 0.40 0.62 0.65

Markup 3

C 0.76
(0.38)

1.65 0.56
(1.52)

1.17
(0.99)

Uncertainty 0.06
(0.03)

- 0.058
(0.048)

0.06
(0.04)

 P/e - -0.02
(0.09)

-0.03
(0.08)

-0.03
(0.09)

Growth - - - -0.15
(9.6)

R2 0.123 0.01 0.13 0.13
s.e 0.63 0.40 0.70 0.73

a) The split period is 1968-1980 and 1981-1991.  The Number of observations is 26 i.e., 13 for each period.
With the financial variables used 17 observations are available.  The method of estimation is OLS.

b) The Markup 1 is estimated with a dummy variable for 1981-1991in the original IV panel set.  This period
separates the turbulent oil shock period of seventies with the one 1980’s.  At the split stage no dummies are
used.

c) Markup 2 is estimated with instruments different to Markup1 and two dummies are used 1974-1980 and
1981-1991 in the original IV.  At the split stage only one dummy is used 1974-1980.

d) Markup 3 is calculated with two dummies 1974-1980 and 1981-1991 at the IV stage.  At the split stage
only one dummy for 1974-1980 is used.

e)Growth and p/E denote per capita output growth and price-earnings ratio.

f) Standard-errors are in parentheses.
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