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4 Lqwurgxfwlrq

Lw lv e| qrz zhoo hvwdeolvkhg wkdw vpdoo sulfh0dgmxvwphqw frvwv/ wkh vr0fdoohg phqx

frvwv/ pd| fdxvh qrplqdo fkdqjhv wr kdyh odujh uhdo h�hfwv1 Wklv uhvxow lv ghulyhg

dvvxplqj wkdw txdqwlwlhv fdq eh dgmxvwhg frvwohvvo|1 Hpslulfdo hylghqfh vkrzv wkdw

phqx frvwv duh qrw wulyldo +vhh Ohy| hw do1 4<<:/ 4<<<,/ exw wr rxu nqrzohgjh/ wkhuh

h{lvwv qr hpslulfdo lqyhvwljdwlrq ri wkh vl}h ri txdqwlw|0dgmxvwphqw frvwv1 Qhyhu0

wkhohvv/ rqh pljkw h{shfw vxfk frvwv wr eh hyhq odujhu wkdq wkh sulfh0dgmxvwphqw

frvwv1 Iru lqvwdqfh/ lq d grzqwxuq lw lv olnho| wr eh pruh h{shqvlyh wr �uh zrunhuv

wkdq wr sd| wkh phqx frvwv dqg orzhu sulfhv1 Wklv udlvhv wkh txhvwlrq ri zkhwkhu

wkh h{lvwhqfh ri qrq0wulyldo txdqwlw|0dgmxvwphqw frvwv lqydolgdwhv wkh deryh phqx0

frvw uhvxow1 Dqghuvhq +4<<7 fk1 8/ 4<<8, dgguhvv wklv lvvxh dqg vkrz/ dprqj rwkhu

wklqjv/ wkdw iroorzlqj d qrplqdo glvwxuedqfh/ txdqwlw|0dgmxvwphqw frvwv odujhu wkdq

sulfh0dgmxvwphqw frvwv duh vx!flhqw wr nhhs wkh rxwsxw dw d �{hg ohyho1 Krzhyhu/

vlqfh Dqghuvhq frqvlghuv �Nqljkwldq� xqfhuwdlqw| +l1h1/ d vkrfn rffxuv dowkrxjk

wkh djhqwv duh frpsohwho| vxuh wkdw lw zloo qrw kdsshq,/ wkh �{hg ohyho ri rxwsxw lv

lghqwlfdo wr zkdw zrxog eh surgxfhg xqghu frpsohwh fhuwdlqw|1 Khqfh/ Dqghuvhq*v

uhvxow lqglfdwhv wkdw rxwsxw lv lqghshqghqw ri lq dwlrq1

Lq wklv sdshu/ zh frqvlghu wkh rwkhu h{wuhph zkhuh wkhuh lv qr xqfhuwdlqw|/ exw

d ixoo| dqwlflsdwhg/ frqvwdqw udwh ri lq dwlrq1 Wklv lv vlplodu wr Vkhvklqvnl dqg

Zhlvv +4<::,/ Nxudq +4<;9,/ Qdlvk +4<;9,/ Gdq}ljhu +4<;;,/ Nrqlhf}q| +4<<3,/ dqg

Eìqderx dqg Nrqlhf}q| +4<<7, zkr kdyh dqdo|}hg wkh rxwsxw0lq dwlrq uhodwlrqvkls

zlwk sulfh0dgmxvwphqw frvwv/ exw zlwkrxw txdqwlw|0dgmxvwphqw frvwv1 Zh frqvlghu

wkh fdvh zkhuh txdqwlw|0dgmxvwphqw frvwv duh vx!flhqwo| kljk wkdw wkh rxwsxw lv

nhsw xqfkdqjhg/ dqg iru wudfwlelolw|/ zh dvvxph wkdw wkhuh lv qr glvfrxqwlqj/ d

frqvwdqw hodvwlflw| ri ghpdqg/ dqg d frqvwdqw xqlw frvw ri surgxfwlrq1 Zh vkrz

wkdw lq wklv fdvh wkh pdlq uhvxowv rewdlqhg lq wklv vwudqg ri olwhudwxuh uhpdlq ydolg

hyhq zlwk txdqwlw|0dgmxvwphqw frvwv= wkh kljkhu wkh udwh ri lq dwlrq/ wkh kljkhu lv

wkh lqlwldo uhdo sulfh dqg wkh orzhu lv wkh whuplqdo uhdo sulfh +Vkhvklqvnl dqg Zhlvv/

4<::,1 Ixuwkhupruh/ wkh kljkhu wkh udwh ri lq dwlrq/ wkh orzhu lv wkh dyhudjh rxwsxw

+Nxudq/ 4<;9> Qdlvk/ 4<;9,14

Zh dovr frqvlghu wkh txdqwlwdwlyh lpsruwdqfh ri txdqwlw|0dgmxvwphqw frvwv e|

4Lq rxu iudphzrun/ rxwsxw lv frqwdqw dqg wkhuhiruh dozd|v htxdo wr wkh dyhudjh rxwsxw/ zkhuhdv

zlwkrxw txdqwlw|0dgmxvwphqw frvwv/ rxwsxw ydulhv zlwk wkh uhdo sulfh1
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h{dplqlqj wkh vl}h ri wkh rxwsxw orvv fdxvhg e| lq dwlrq zlwk dqg zlwkrxw txdqwlw|0

dgmxvwphqw frvwv1 Iru uhdolvwlf ydoxhv ri wkh phqx frvw/ wkh orvv ri rxwsxw gxh wr

lq dwlrq lv vhyhudo wlphv odujhu zlwk txdqwlw|0dgmxvwphqw frvwv wkdq zlwkrxw1 Wkxv/

idu iurp lqydolgdwlqj wkh suhylrxv �qglqj ri d qhjdwlyh rxwsxw0lq dwlrq uhodwlrqvkls/

wkh lqwurgxfwlrq ri txdqwlw|0dgmxvwphqw frvwv dpsol�hv wkh qhjdwlyh frqvhtxhqfhv

ri sulfh0dgmxvwphqw frvwv1

5 Wkh Prgho

Zh frqvlghu d prqrsrolvwlf �up wkdw surgxfhv d qrq0vwrudeoh jrrg dqg idfhv wkh

wlph0lqyduldqw ghpdqg ixqfwlrq 53k| / zkhuh 5| lv wkh uhdo sulfh ri wkh jrrg dw wlph

| dqg k : �1 Wkh uhdo frvw ri surgxflqj rqh xqlw ri wkh jrrg lv d frqvwdqw & : f1

Wkh �up idfhv erwk sulfh0 dqg txdqwlw|0dgmxvwphqwv frvwv/ lpso|lqj wkdw wkh �up

qhlwkhu zdqwv wr dgmxvw lwv qrplqdo sulfh qru lwv rxwsxw frqwlqxrxvo|1 Lq idfw/ zh

dvvxph wkdw wkh txdqwlw|0dgmxvwphqw frvwv duh vr kljk wkdw wkh �up fkrrvhv wr

dozd|v nhhs lwv rxwsxw dw d frqvwdqw ohyho ghqrwhg e| '15 Dv d frqvhtxhqfh/ wkh

�up*v vdohv zloo lq jhqhudo gl�hu iurp lwv rxwsxw/ zlwk wkh �up surgxflqj h{fhvv

rxwsxw li ' : 53k| / dqg wkh frqvxphuv ehlqj udwlrqhg li ' 	 53k| 16

Ohw ~ eh wkh uhdo sulfh dw zklfk vdohv htxdo surgxfwlrq/ wkdw lv ~ ' '3�*k1 Wkh

uhdo sur�w ri wkh �up dw wlph | lv wkhuhiruh �E5|c '� � 5|4�?
�
53k| c '

�
� &'1

	 Iljxuh 4 :

Wkh xsshu fxuyh lq Iljxuh 4 looxvwudwhv wkh uhdo sur�w dv ixqfwlrq ri wkh uhdo sulfh

li surgxfwlrq frxog eh dgmxvwhg frvwohvvo|1 Lq wklv fdvh wkh uhdo sur�w lv 5�3k| �&53k| /

zklfk lv pd{lpl}hg iru wkh uhdo sulfh 	~ �
k&
k3�

dqg wkh txdqwlw| 	' �
�

k&
k3�

�
3k
1 Wkh

orzhu fxuyh vkrzv wkh uhdo sur�w zkhq wkh �up �{hv lwv rxwsxw ohyho dw '1 Sur�wv

duh lghqwlfdo rqo| dw wkh uhdo sulfh ~/ zklfk |lhogv wkh pd{lpxp ri �E5|c'� iru wkh

frqvwdqw rxwsxw ohyho '/ dqg dw wkh uhdo sulfh & zklfk |lhogv d uhdo sur�w ri }hur lq

erwk fdvhv1 Rwkhuzlvh sur�wv duh dozd|v orzhu zlwk txdqwlw|0dgmxvwphqw frvwv1 Wkh

sur�w ehfrphv }hur iru d �up zlwk txdqwlw|0dgmxvwphqw frvwv zkhq 5| ' E&'�
�

�3k /

5D vx!flhqw frqglwlrq lv wkdw wkh txdqwlw|0dgmxvwphqw frvw lv dw ohdvw dv kljk dv wkh sulfh0
dgmxvwphqw frvw1

6
�H{fhvv� rxwsxw pd| eh lqwhusuhwhg wr phdq wkdw wkh �up pxvw frqwlqxh wr sd| iru lwv txdvl0

�{hg idfwruv dowkrxjk lw rqo| surgxfhv xs wr wkh ohyho ri ghpdqg1
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zkhuhdv wkh sur�w zlwkrxw txdqwlw|0dgmxvwphqw frvwv dqg d yduldeoh rxwsxw ohyho lv

srvlwlyh dv orqj dv 5| : &1

Wkh jhqhudo sulfh ohyho lqfuhdvhv dw wkh frqvwdqw udwh > : f1 Gxh wr wkh sulfh0

dgmxvwphqw frvw/ wkh �up nhhsv lwv qrplqdo sulfh xqfkdqjhg iru d �{hg shulrg ri

wlph ghqrwhg e| A / dqg wkhq lqfuhdvhv lw wr d qhz ohyho1 Wkh uhdo sulfh dw wkh

ehjlqqlqj ri d shulrg zlwk d frqvwdqw qrplqdo sulfh lv ghqrwhg e| 71 Diwhu � � f

ri wkh shulrg kdv hodsvhg/ wkh uhdo sulfh kdv ehhq uhgxfhg wr 5� ' 7e3>� / dqg dv

� whqgv wr A / wkh uhdo sulfh frqyhujhv wr r � 7e3>A 1 Wkh ohqjwk ri wlph iurp wkh

ehjlqqlqj ri wkh shulrg xqwlo wkh ghpdqg htxdov wkh �up*v rxwsxw lv ghqrwhg e| A5/

wkdw lv/ ~ ' 7e3>A5 / A~ ' �

>
*? 7

~
17

Wkh �up*v dyhudjh uhdo sur�w ryhu d shulrg zlwk d frqvwdqw qrplqdo sulfh lv

jlyhq e|

T �
�

A

�] A

f

�
�
7e3>� c '

�
_� � S

�
c

zkhuh S : f lv wkh sulfh0dgmxvwphqw frvw1 Vxevwlwxwlqj iru �E��/ zh kdyh

T '
�

A

�] A~

f

�
7e3>�

��3k
_� n

] A

A~

7e3>�'_� � S

�
� &'c

zkhuh wkh �uvw lqwhjudo lv wkh uhyhqxh lq wkh �uvw sduw ri wkh shulrg lq zklfk wkh

�up surgxfhv pruh rxwsxw wkdq lw fdq vhoo/ dqg wkh vhfrqg lqwhjudo lv wkh uhyhqxh

lq wkh vhfrqg sduw ri wkh shulrg zkhuh wkh �up udwlrqv lwv fxvwrphuv1 Vroylqj wkh

lqwhjudov dqg vxevwlwxwlqj iru A / A~/ dqg ' |lhog

T '
�

*? 7
r

�
k~�3k � 7�3k

k� �
� r~3k � >S

�
� &~3k� +4,

Wkh �up fkrrvhv 7/ r/ dqg ~ lq rughu wr pd{lpl}h T 1 Wkh �uvw0rughu frqglwlrqv

duh

YT

Y7
'

�

7 *? 7
r

�
�T n 7�3k

� &~3k
�
' fc +5,

YT

Yr
'

�

r *? 7

r

�
T � Er� &�~3k

�
' fc +6,

YT

Y~
' k~3k3�

#
& �

~ � r

*? 7

r

$
' f� +7,

7
Khuh zh suhvxph wkdw ] 5 +v> V,/ ru htxlydohqwo|/ wkdw W] 5 +3> W ,1 Wkhruhp 4 vkrzv wkdw

rxu vroxwlrq vdwlv�hv wklv frqglwlrq1
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Wkh �uvw wzr frqglwlrqv duh vwdqgdug dqg vwdwh wkdw wkh sur�w lq wkh ehjlqqlqj dqg

lq wkh hqg ri d shulrg zlwk d frqvwdqw qrplqdo sulfh htxdov wkh dyhudjh sur�w ryhu

wkh shulrg1 Wkh wklug frqglwlrq lv qhz dqg gxh wr wkh surgxfhg txdqwlw| ehlqj

khog frqvwdqw lq wkh shulrg1 Wklv frqglwlrq vwdwhv wkdw wkh lqfuhdvh lq frvwv iurp dq

lqfuhdvh lq rxwsxw +zklfk rffxuv wkurxjkrxw wkh shulrg, kdv wr htxdo wkh lqfuhdvh

lq uhyhqxh +zklfk rffxuv rqo| zkhq wkh fxvwrphuv duh udwlrqhg,1

6 Wkh Lpsdfw ri Lq dwlrq

Li wkhuh zhuh qr frvwv ri sulfh0dgmxvwphqw/ wkh qrplqdo sulfh zrxog eh dgmxvwhg

frqwlqxrxvo| dw wkh udwh ri lq dwlrq1 Zkhwkhu ru qrw wkhuh duh frvwv ri dgmxvwlqj

rxwsxw/ wkh uhdo sulfh zrxog dozd|v eh dw lwv sur�w0pd{lpl}lqj ohyho/ 	~/ dqg wkh rxw0

sxw fruuhvsrqglqjo| dw 	'1 Zh qrz suryh wkh iroorzlqj wkhruhp/ zklfk fkdudfwhul}hv

wkh �up*v rswlpdo vwudwhj|=

Wkhruhp 4 +l, r 	 	~ 	 ~ 	 7 dqg ' 	 	'1

+ll, _7
_>

: f/ _r
_>

	 f/ _~
_>

: f/ dqg _'

_>
	 f1

Surri1 Vhh wkh dsshqgl{1

Lw lv txlwh lqwxlwlyh wkdw wkh uhdo sulfh h{fhhgv lwv sur�w0pd{lpl}lqj ohyho lq wkh

ehjlqqlqj ri d shulrg zlwk d frqvwdqw qrplqdo sulfh/ l1h1/ wkdw 	~ 	 7/ dqg wkdw wkh

uhdo sulfh lv ohvv wkdq lwv sur�w0pd{lpl}lqj ohyho lq wkh hqg ri d shulrg/ l1h1/ wkdw

r 	 	~1 Ixuwkhupruh/ wkh kljkhu wkh lq dwlrq udwh/ wkh kljkhu lv wkh lqlwldo uhdo sulfh

dqg wkh orzhu lv wkh whuplqdo uhdo sulfh1 Wkhvh uhvxowv duh lghqwlfdo wr zkdw lv irxqg

lq prghov zlwk rqo| sulfh0dgmxvwphqw frvwv +vhh Vkhvklqvnl dqg Zhlvv/ 4<::,1

Zlwk txdqwlw|0dgmxvwphqw frvwv/ zh dovr �qg wkdw wkh �{hg rxwsxw ohyho/ '/ lv

ehorz wkh sur�w0pd{lpl}lqj rxwsxw ohyho li wkhuh zhuh qr sulfh0dgmxvwphqw frvwv/

	'/ dqg wkdw wkh �{hg rxwsxw ohyho ghfuhdvhv zlwk wkh udwh ri lq dwlrq1 Wkxv/ wkh

suhvhqfh ri txdqwlw|0dgmxvwphqw frvwv grhv qrw dowhu wkh frqfoxvlrq wkdw zlwk d

frqvwdqw0hodvwlflw| ghpdqg ixqfwlrq dqg d frqvwdqw shu0xqlw frvw ri surgxfwlrq/

lq dwlrq uhgxfhv rxwsxw +vhh Nxudq/ 4<;9> Qdlvk/ 4<;9,18 Zkhq rxwsxw lv �{hg/

wkh orzhulqj ri wkh whuplqdo uhdo sulfh uhgxfhv sur�wv wr d odujh h{whqw lq wkh hqg

ri d shulrg vlqfh wkh �up lv xqdeoh wr vdwlvi| wkh h{wud ghpdqg1 Lq lvrodwlrq wklv

8Lw lv vwudljkwiruzdug wr vkrz wkdw lq wkh fdvh ri gh dwlrq/ � ? 3/ wkh rxwsxw lv dovr ohvv wkdq
aT dqg ghfuhdvhv zlwk gh dwlrq +l1h1/ gT@g� A 3 iru � ? 3,1
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h�hfw whqgv wr pdnh wkh �up lqfuhdvh rxwsxw1 Krzhyhu/ wkh lqfuhdvh lq wkh lqlwldo

uhdo sulfh kdv d odujh ghwulphqwdo h�hfw rq wkh �{hg rxwsxw ohyho ehfdxvh wkh �up

fdqqrw dffrpprgdwh wkh uhgxfwlrq lq ghpdqg lq wkh vwduw ri d shulrg e| uhgxflqj

surgxfwlrq ehorz wkh �{hg ohyho1 Wkhuhiruh/ lw lv rswlpdo wr uhgxfh wkh �{hg rxwsxw

ohyho/ dqg vlqfh wklv h�hfw grplqdwhv/ rxwsxw idoov zlwk lq dwlrq1

Sduw ri wkh surgxfhg rxwsxw grhv qrw uhdfk wkh frqvxphuv zkhq wkh uhdo sulfh

h{fhhgv ~/ dqg lw lv wkhuhiruh dovr ri frqvlghudeoh lqwhuhvw wr frqvlghu wkh dyhudjh

txdqwlw| vrog wr wkh frqvxphuv1 Wklv lv gh�qhg dv

t �
�

A

�] A~

f

�
7e3>�

�
3k

_� n' EA � A~�

�
c

zkhuh wkh �uvw whup lq wkh eudfnhw lv wkh rxwsxw vrog lq wkh �uvw sduw ri d shulrg

zkhuh wkh �up vhoov ohvv wkdq lw surgxfhv/ zkhuhdv wkh vhfrqg whup lv wkh rxwsxw

vrog lq wkh vhfrqg sduw ri d shulrg zkhuh wkh �up vhoov lwv hqwluh surgxfwlrq1

Lqwhjudwlqj wkh deryh htxdwlrq dqg vxevwlwxwlqj A~ ' �

>
*? 7

~
|lhog

t ' '
��

�
7
~

�
3k

k>A
n'

#
��

*? 7
~

>A

$
�

Vxevwlwxwlqj 7*~ ' E7*r��*k/ zklfk lv ghulyhg iurp frqglwlrqv +5, dqg +6,/ dqg

>A ' *?E7*r� wkhq |lhog

t �
'

k

#
k� � n

�� r
7

*? 7
r

$
�

Zh fdq qrz hvwdeolvk

Wkhruhp 5
_t*t

_>*>
	 _'*'

_>*>
	 f1

Surri1 Zh rqo| qhhg wr vkrz wkdw wkh odvw whup lqvlgh wkh sduhqwkhvlv lq wkh

h{suhvvlrq iru t lv ghfuhdvlqj lq >1 Vlqfh/ zh nqrz iurp Wkhruhp 4 wkdw 7*r lv

lqfuhdvlqj lq >/ wklv lv htxlydohqw wr vkrzlqj wkdw wklv odvw whup lv ghfuhdvlqj lq

7*r1 Krzhyhu/ wklv lv wuxh vlqfh lwv ghulydwlyh zlwk uhvshfw wr 7*r kdv wkh vdph vljq

dv �� 7
r
n *? 7

r
/ dqg wkh odwwhu ghfuhdvhv lq 7

r
dqg dssurdfkhv f iru 7

r
$ �1 �

Wkxv/ qrw rqo| grhv wkh rxwsxw vrog ghfuhdvh zlwk wkh udwh ri lq dwlrq/ dv grhv

wkh rxwsxw surgxfhg/ wkh qhjdwlyh h�hfw ri wkh udwh ri lq dwlrq rq wkh rxwsxw vrog

lv sursruwlrqdoo| odujhu wkdq rq wkh rxwsxw lwvhoi1
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7 Wkh Orvv ri Rxwsxw zlwk dqg zlwkrxw Txdqwlw|0

Dgmxvwphqw Frvwv

Lq wklv vhfwlrq zh vwxg| wkh txdqwlwdwlyh lpsruwdqfh ri txdqwlw|0dgmxvwphqw frvwv lq

wkh suhvhqfh ri lq dwlrq1 Zh frpsduh wkh orvv ri rxwsxw uhodwlyh wr wkh iulfwlrqohvv

rxwsxw ohyho erwk zlwk dqg zlwkrxw txdqwlw|0dgmxvwphqw frvwv1 Wkh uhodwlyh orvv ri

rxwsxw zlwk erwk sulfh0 dqg txdqwlw|0dgmxvwphqw frvwv lv � � '* 	'/ dqg vlploduo|/

wkh uhodwlyh orvv ri rxwsxw vrog wr frqvxphuv lv �� t* 	'1

Li wkhuh duh qr txdqwlw|0dgmxvwphqw frvwv/ wkh �up*v vdohv dozd|v htxdo lwv rxwsxw1
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zkhuh wkh odvw htxdolw| iroorzv iurp lqwhjudwlqj dqg vxevwlwxwlqj iru �A 1 Wkh uhodwlyh

orvv lq dyhudjh rxwsxw +dqg vdohv, lq wklv fdvh htxdov �� �'* 	'1

Zh qrz vlpxodwh wkh wzr prghov xvlqj frqglwlrqv +5,0+7, iru wkh prgho zlwk

erwk sulfh0 dqg txdqwlw|0dgmxvwphqw frvwv/ dqg frqglwlrqv +8, dqg +9, iru wkh prgho
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zlwkrxw txdqwlw|0dgmxvwphqw frvwv/ dqg wkhuhdiwhu xvlqj wkh vroxwlrqv wr rewdlq wkh

uhodwlyh rxwsxw orvvhv1 Lqvshfwlrq ri wkh h{suhvvlrqv iru wkh uhodwlyh rxwsxw orvvhv

vkrzv wkdw wkhvh duh xqltxho| ghwhuplqhg iurp nqrzohgjh ri wkh ghpdqg hodvwlflw|/

k/ dqg ri >�/ zkhuh � � S*E 	~ 	'� lv wkh phqx frvw dv d sursruwlrq ri wkh �up*v

iulfwlrqohvv uhyhqxh1

Lq Iljxuh 5 zh looxvwudwh wkh uhvxowv iru k ' D dqg � ' f�.I/ zklfk lv wkh

phqx0frvw hvwlpdwh jlyhq e| Ohy| hw do1 +4<<:,1 Wkh orzhu fxuyh vkrzv wkh uhodwlyh

orvv ri dyhudjh rxwsxw +@ vdohv, zlwkrxw txdqwlw|0dgmxvwphqw frvwv +TDF,> wkh

xsshu vrolg fxuyh vkrzv wkh uhodwlyh orvv ri rxwsxw zlwk txdqwlw|0dgmxvwphqw frvwv>

dqg wkh xsshu gdvkhg fxuyh vkrzv wkh uhodwlyh dyhudjh orvv ri vdohv zlwk txdqwlw|0

dgmxvwphqw frvwv1 Wkh �jxuh frq�upv wkh frqfoxvlrqv ri Nxudq +4<;9, dqg Qdlvk

+4<;9,= wkh orvv ri rxwsxw +dqg vdohv, zlwkrxw txdqwlw|0dgmxvwphqw frvwv lv qrq0

qhjoleoh/ dowkrxjk qrw odujh iru prghudwh lq dwlrq udwhv/ dqg lqfuhdvhv zlwk lq dwlrq1

Wkxv/ wkh orvv lv f�bI iru dq lq dwlrq udwh ri DI/ dqg 2�DI iru dq lq dwlrq udwh ri

2DI1 Lw lv dovr fohdu iurp wkh �jxuh wkdw wkh orvv ri rxwsxw dqg vdohv lv vhyhudo wlphv

kljkhu lq wkh suhvhqfh ri txdqwlw|0dgmxvwphqw frvwv= wkh orvv ri rxwsxw lv D�bI +dqg

ri vdohv lv S�2I, iru dq lq dwlrq udwh ri DI/ dqg wkh orvv ri rxwsxw lv ���2I +dqg

ri vdohv lv ���bI, iru dq lq dwlrq udwh ri 2DI1 Wkxv/ wkh txdqwlw|0dgmxvwphqw frvwv

vljql�fdqwo| hqodujh wkh qhjdwlyh frqvhtxhqfhv ri sulfh0dgmxvwphqw frvwv1

	 Iljxuh 5 :

Iljxuh 5 fdq dovr eh xvhg iru rwkhu vl}hv ri wkh phqx frvw vlqfh wkh gl�huhqw

orvvhv ghshqg rq rqo| >� iru d jlyhq k1 Vlpxowdqhrxvo| fkdqjlqj wkh phqx frvw e|

d idfwru ri � : f dqg wkh lq dwlrq udwh e| d idfwru ri �*� ohdyh wkh orvv ri rxwsxw

dqg vdohv xqfkdqjhg lq doo fdvhv1 Lq whupv ri Iljxuh 5/ kdoylqj wkh phqx frvw lv

htxlydohqw wr uhvfdolqj wkh krul}rqwdo d{lv e| grxeolqj doo lq dwlrq udwhv1 Wkxv/ iru

d phqx frvw htxdo wr f��DI dqg dq lq dwlrq udwh htxdo wr �fI/ wkh orvv ri rxwsxw lv

D�bI zlwk txdqwlw|0dgmxvwphqw frvwv/ exw rqo| f�bI zlwkrxw txdqwlw|0dgmxvwphqw

frvwv1

Wr h{dplqh zkhwkhu rxu uhvxowv duh vhqvlwlyh wr wkh fkrlfh ri k/ zh kdyh fdofx0

odwhg wkh orvvhv ri rxwsxw dqg vdohv dovr iru k ' 2 dqg k ' H1 Dv vkrzq lq Wdeoh

L/ dowkrxjk wkh orvvhv ri rxwsxw dqg vdohv lqfuhdvh zlwk k lq doo fdvhv/ lw lv wuxh iru

wkh rwkhu ydoxhv ri k dv zhoo wkdw wkh orvv zlwk txdqwlw|0dgmxvwphqw frvwv lv vhyhudo

wlphv kljkhu wkdq wkh orvv zlwkrxw1

:
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8 Frqfoxglqj Uhpdunv

Wklv sdshu dqdo|}hv wkh lpsdfw ri lq dwlrq rq wkh sulfh dqg surgxfwlrq ghflvlrqv

ri d �up idflqj erwk sulfh0 dqg txdqwlw|0dgmxvwphqw frvwv1 Wkh uhvxowv vkrz wkdw

sulfh0dgmxvwphqw frvwv uhgxfh rxwsxw dovr li wkhuh duh txdqwlw|0dgmxvwphqw frvwv/

zkhuhdv txdqwlw|0dgmxvwphqw frvwv dorqh kdyh qr lpsdfw rq wkh �up*v rswlpdo fkrlfh

ri rxwsxw1 Rxu vlpxodwlrqv uhyhdo wkdw txdqwlw|0dgmxvwphqw frvwv pd| vljql�fdqwo|

dpsoli| wkh qhjdwlyh lpsdfw ri sulfh0dgmxvwphqw frvwv rq rxwsxw1

Ehfdxvh ri wudfwdelolw|/ rxu uhvxowv duh ghulyhg xqghu udwkhu vshfl�f dvvxpswlrqv1

Rqh ri wkhvh lv wkh devhqfh ri glvfrxqwlqj/ wkh frqvhtxhqfhv ri zklfk duh dqdo|}hg lq

Gdq}ljhu +5333,1 Wkhuh lw lv vkrzq/ iru d jhqhudo sur�w ixqfwlrq/ wkdw rxwsxw lv orzhu

wkdq wkh iulfwlrqohvv ohyho dqg ghfuhdvhv zlwk wkh lq dwlrq udwh zkhq wkh lq dwlrq

udwhv duh orz1 Dqrwkhu dvvxpswlrq lv wkdw wkh hodvwlflw| ri ghpdqg lv frqvwdqw/ dqg

rwkhu ghpdqg ixqfwlrqv pd| ohdg wr d gl�huhqw uhvxow1 Iru lqvwdqfh/ vlpxodwlrqv

zlwk d olqhdu ghpdqg vkrz wkdw lw lv srvvleoh iru rxwsxw wr lqfuhdvh zlwk lq dwlrq1

Krzhyhu/ wklv grhv qrw fkdqjh wkh ryhudoo frqfoxvlrq wkdw phqx frvwv pdwwhu hyhq

zkhq wkh rxwsxw lv frpsohwho| �{hg gxh wr wkh txdqwlw|0dgmxvwphqw frvwv1 Ilqdoo|/

lw lv dvvxphg wkdw wkhuh duh rqo| qrplqdo fkdqjhv1 Li wkhuh zhuh uhdo fkdqjhv lq d

�up*v ghpdqg ru frvw/ wkh �up pljkw �qg lw rswlpdo wr fkdqjh lwv rxwsxw hyhq li

wkh frvw ri grlqj vr lv frqvlghudeoh1

;
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Figure 1. Real Profit with and without Quantity-Adjustment Cost s
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Figure 2.   Loss of Output and Sales with and without

Quantity-Adjustment Costs (QAC) for α=5 and ψ =0.7%
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