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41 Lqwurgxfwlrq

Wkh phdvxuhphqw ri lqfrph
4
lqhtxdolw| xvxdoo| irfxvvhv rq lqfrph/ dqg xqghu0

vwdqgdeo| vr1 Krzhyhu/ erwk sulfhv dqg ghprjudsklfv d�hfw lqglylgxdo zhoo0

ehlqj/ dqg wkhvh duh lqfrusrudwhg lqwr prvw dqdo|vhv ri hfrqrplf lqhtxdolw| lq

yhu| vlpsoh dqg plvohdglqj zd|v1 Dgmxvwphqwv iru sulfh fkdqjhv ryhu wlph dqg

gl�huhqfhv dfurvv duhd ri uhvlghqfh duh xvxdoo| grqh e| glylglqj lqfrph e| dq

lqfrph0lqghshqghqw sulfh lqgh{1 Dgmxvwphqwv iru ghprjudsklf gl�huhqfhv dfurvv

krxvhkrogv duh xvxdoo| grqh e| glylglqj lqfrph e| d sulfh0lqghshqghqw htxly0

dohqfh vfdoh
5
1 Lq wklv sdshu/ L zloo eulh | ghvfuleh zkhq wkhvh surfhgxuhv duh

dssursuldwh/ dujxh wkdw wkh| duh qrw lq jhqhudo dssursuldwh/ dqg vkrz zkdw gli0

ihuhqfh lw pdnhv lq wkh dvvhvvphqw ri Fdqdgd*v fkdqjlqj glvwulexwlrq ri lqfrph

ryhu 4<:;04<<9 wr doorz iru pruh frpsoh{ dgmxvwphqw surfhgxuhv1

Lq sduwlfxodu/ L orrn dw wzr uh�qhphqwv wr wkh phdvxuhphqw ri lqfrph lqhtxdo0

lw|= +4, L uhod{ wkh uhvwulfwlrq wkdw sulfh h�hfwv pxvw frph lq wkurxjk glylglqj

lqfrph e| dq lqfrph0lqghshqghqw sulfh lqgh{1 Wklv dprxqwv wr doorzlqj ulfk idpl0

olhv dqg srru idplolhv wr uhvsrqg gl�huhqwo| wr sulfh fkdqjhv ryhu wlph> +5, L uhod{

wkh uhvwulfwlrq wkdw ghprjudsklf h�hfwv pxvw frph lq wkurxjk glylglqj lqfrph

e| d sulfh0lqghshqghqw htxlydohqfh vfdoh1 Wklv dprxqwv wr doorzlqj htxlydohqfh

vfdohv wr ghshqg rq uhodwlyh sulfhv1 D sulfh0ghshqghqw htxlydohqfh vfdoh iru d

odujh idplo| pljkw lqfuhdvh zlwk d irrg sulfh lqfuhdvh dqg ghfuhdvh zlwk d uhqw

sulfh lqfuhdvh ehfdxvh irrg lv qrw dv vkduhdeoh dv uhqw1 Wkhvh uh�qhphqwv wr rxu

dvvhvvphqw ri frqvxpswlrq lqhtxdolw| lq Fdqdgd ryhu 4<:;04<<9 pdnh d elj gl�hu0

hqfh1 Vwdqgdug phwkrgv ohdg wkh uhvhdufkhu wr frqfoxgh wkdw idplo| frqvxpswlrq

lqhtxdolw| lqfuhdvhg e| derxw 48( ryhu 4<:;04<;9 dqg zdv idluo| frqvwdqw wkhuh0

diwhu1 Wkh pruh urexvw phwkrgv rxwolqhg deryh ohdg wkh uhvhdufkhu wr frqfoxgh

wkdw idplo| frqvxpswlrq lqhtxdolw| lqfuhdvhg e| rqo| derxw ;( ryhu 4<:;04<;9

dqg zdv idluo| frqvwdqw wkhuhdiwhu1

4
L zloo xvh wkh whupv lqfrph/ frqvxpswlrq dqg h{shqglwxuh lqwhufkdqjhdeo| wkurxjkrxw wklv

sdshu/ lq ghihuhqfh wr wkh odujh olwhudwxuh rq lqfrph lqhtxdolw|1 Lq wkh hpslulfdo zrun/ L hydoxdwh

fkdqjhv lq wkh glvwulexwlrq ri frqvxpswlrq rq d exqgoh ri jrrgv1

5
Lq hpslulfdo zrun rq hfrqrplf lqhtxdolw|/ htxlydohqfh vfdohv iru ghprjudsklf dgmxvwphqw duh

doprvw dozd|v dvvxphg wr eh lqfrph0lqghshqghqw dv zhoo dv sulfh0lqghshqghqw1 Lq wklv sdshu/ L

frqvlghu rqo| wkh uhod{dwlrq ri sulfh0lqghshqghqfh1 Vhh Grqdogvrq dqg Shqgdnxu +4<<;, iru d

glvfxvvlrq ri lqfrph0 dqg sulfh0ghshqghqw htxlydohqfh vfdohv1



51 Wkhru|

Gh�qh wkh h{shqglwxuh ixqfwlrq .ERc �c 5� dv wkh plqlpxp dprxqw ri h{shqglwxuh

qhfhvvdu| wr jlyh d krxvhkrog zlwk ghprjudsklf fkdudfwhulvwlfv 5 idflqj sulfhv R

d xwlolw| ohyho ri �1 Gh�qh wkh lqgluhfw xwlolw| ixqfwlrq T ERc %c 5� dv wkh ohyho ri

xwlolw| dwwdlqhg e| d krxvhkrog zlwk lqfrph % dqg ghprjudsklf fkdudfwhulvwlfv

5 idflqj sulfhv R1 Gh�qh 5

-
dv uhihuhqfh yhfwru ri krxvhkrog fkdudfwhulvwlfv/ wr

eh xvhg dv wkh uhihuhqfh iru ghprjudsklf dgmxvwphqwv1 Iru wklv sdshu/ 5
-
lv wkh

yhfwru ri fkdudfwhulvwlfv dvvrfldwhg zlwk d 73 |hdu rog vlqjoh fklogohvv dgxow1 Gh�qh

T

-
ERc %� ' T ERc%c 5

-
� dv wkh lqgluhfw xwlolw| ixqfwlrq ri wkh uhihuhqfh krxvhkrog

w|sh dqg .

-
ERc �� ' .ERc �c 5

-
� dv wkh h{shqglwxuh ixqfwlrq ri wkh uhihuhqfh

krxvhkrog w|sh1 Gh�qh h
R dv d edvh yhfwru ri sulfhv/ wr eh xvhg dv d edvlv iru sulfh

dgmxvwphqwv1 Iru wklv sdshu/ hR lv wkh sulfh yhfwru idfhg e| uhvlghqwv ri Rqwdulr lq

4<;91

Wkh phdvxuhphqw ri lqhtxdolw| uhtxluhv dq lqfrph phdvxuh wkdw kdv ehhq dg0

mxvwhg iru gl�huhqfhv lq wkh sulfh uhjlphv idfhg e| gl�huhqw krxvhkrogv dqg wkh

ghprjudsklf fkdudfwhulvwlfv ri gl�huhqw krxvhkrogv1 Vd|lqj wkdw lw lv srvvleoh wr

�dgmxvw� iru gl�huhqfhv dfurvv krxvhkrog w|shv lq wkh phdvxuhphqw ri lqhtxdolw|

uhtxluhv wkdw wkh dgmxvwhg glvwulexwlrq zlwk qr gl�huhqfhv lq fkdudfwhulvwlfv ru

sulfh uhjlphv lv qrupdwlyho| htxlydohqw wr wkh xqdgmxvwhg glvwulexwlrq zlwk gl�hu0

hqfhv lq fkdudfwhulvwlfv dqg2ru sulfh uhjlphv1 Zkhq hwklfv duh frqvhtxhqwldolvw/

dv wkh| duh xqghu zhoidulvw vrfldo hydoxdwlrq/ qrupdwlyh htxlydohqfh ehwzhhq wzr

glvwulexwlrqv lv vdwlv�hg zkhq wkh vhw ri lqglylgxdo xwlolwlhv lq hdfk glvwulexwlrq lv

lghqwlfdo1 Wkxv/ zh gh�qh dgmxvwhg lqfrph ghqrwhg + ' t ERc %c 5� dv wkh lqfrph

wkdw zrxog jlyh d krxvhkrog zlwk uhihuhqfh fkdudfwhulvwlfv idflqj edvh sulfhv wkh

vdph xwlolw| dv d krxvhkrog zlwk lqfrph % dqg fkdudfwhulvwlfv 5 idflqj sulfhv R1

Dgmxvwhg lqfrph lv gh�qhg lpsolflwo| e|=

T

-
EhRc +� ' T

-
EhRc t ERc%c 5�� ' T ERc %c 5�� +514,

D srsxodwlrq ri uhihuhqfh krxvhkrogv idflqj edvh sulfhv zlwk lqfrphv ~t ERc%c 5�j
lv qrupdwlyho| htxlydohqw wr d srsxodwlrq ri krxvhkrogv zlwk fkdudfwhulvwlfv ~5�

idflqj sulfh yhfwruv ~R� zlwk lqfrphv ~%�1 Jlyhq d srsxodwlrq ri lqglylgxdov

olylqj lq krxvhkrogv zlwk ydulrxv ghprjudsklfv frpsrvlwlrqv dqg idflqj ydulrxv

sulfh uhjlphv/ wkh uhvhdufkhu fdofxodwhv dq lqhtxdolw| lqgh{ edvhg rq wkh dgmxvwhg

lqfrph/ t ERc %c 5�/ dvvljqhg wr hdfk lqglylgxdo1

Zlwkrxw orvv ri jhqhudolw|/ zh fdq euhdn wkh ghulydwlrq ri dgmxvwhg lqfrph

lqwr wzr vwhsv= +4, dgmxvwphqw iru gl�huhqfhv lq ghprjudsklf fkdudfwhulvwlfv dfurvv
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krxvhkrogv hydoxdwhg dw fxuuhqw sulfhv> dqg +5, dgmxvwphqw iru gl�huhqfhv lq sulfh

uhjlphv dfurvv gl�huhqw krxvhkrogv1 L frqvlghu wkhvh wzr vwhsv lq wxuq1

5141 Dgmxvwlqj iru gl�huhqfhv lq krxvhkrog fkdudfwhulvwlfv

Gh�qh %

e

' fERc %c 5� dv htxlydohqw lqfrph zklfk jlyhv wkh lqfrph qhfhvvdu| iru

d uhihuhqfh krxvhkrog +zlwk fkdudfwhulvwlfv 5

-
, idflqj sulfhv R wr dfklhyh wkh vdph

xwlolw| ohyho dv d krxvhkrog zlwk fkdudfwhulvwlfv 5 idflqj sulfhv R1 Wkh htxlydohqw

lqfrph ixqfwlrq fERc %c 5� lv lpsolflwo| jlyhq e|

T

-

ERc %
e

� ' T

-

ERcfERc %c 5�� ' T ERc %c 5� +515,

dqg jlyhq e|

fERc %c 5� ' .

-

ERc T ERc %c 5���

D srsxodwlrq ri uhihuhqfh krxvhkrogv idflqj sulfhv R zlwk lqfrphv ~fERc%c 5�j
lv qrupdwlyho| htxlydohqw wr d srsxodwlrq ri krxvhkrogv zlwk fkdudfwhulvwlfv ~5�

idflqj sulfhv R zlwk lqfrphv ~%�1 Li wkh uhvhdufkhu nqrzv wkh htxlydohqw lqfrph

ixqfwlrq fERc %c 5�/ wkhq wr phdvxuh lqfrph lqhtxdolw| zlwklq d jurxs ri krxvh0

krogv idflqj d frpprq sulfh yhfwru R/ v2kh zrxog dvvljq htxlydohqw lqfrph %

e
wr

hdfk phpehu ri hdfk krxvhkrog dqg phdvxuh lqfrph lqhtxdolw| rq wkhvh htxlydohqw

lqfrph gdwd1

Wkh prvw frpprq vwudwhj| lq wkh phdvxuhphqw ri lqhtxdolw| lv wr xvh dq

htxlydohqw lqfrph ixqfwlrq ri wkh irup

fERc %c 5� '

%

7E5�

� +516,

Khuh/ htxlydohqw lqfrph lv fdofxodwhg e| glylglqj lqfrph e| d sulfh0lqghshqghqw

htxlydohqfh vfdoh ixqfwlrq 7E5�1

Xqiruwxqdwho|/ Eodfnrue| dqg Grqdogvrq +4<<6, vkrz wkdw li wkh htxlydohqw

lqfrph ixqfwlrq lv jlyhq e| +516,/ wkhq wkh h{shqglwxuh ixqfwlrq lv yhu| uhvwulfwhg

dqg pxvw eh jlyhq e|

.ERc�c 5� ' .

-

ERc ��7E5�� +517,

Shqgdnxu +4<<<, ixuwkhu vkrzv wkdw li wkh htxlydohqw lqfrph ixqfwlrq lv jlyhq e|

+516, wkhq h{shqglwxuh vkduh htxdwlrqv ��ERc %c 5� duh jlyhq e|

�

�
ERc %c 5� ' �

-

�
ERc

%

7E5�

� +518,
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zkhuh �

-

�
ERc%� ' �

�
ERc %c 5

-
� jlyh wkh h{shqglwxuh vkduh htxdwlrqv ri wkh uhihuhqfh

krxvhkrog1 H{suhvvlqj +518, lq whupv ri *? %/ zh jhw

�

�
ERc *?%c 5� ' �

-

�
ERc *?%� *?7E5��� +519,

Khuh/ zh vhh wkdw krxvhkrog fkdudfwhulvwlfv duh kljko| uhvwulfwhg lq wkh zd| wkh|

hqwhu h{shqglwxuh vkduh htxdwlrqv1 Li +516, krogv/ wkhq h{shqglwxuh vkduh htxdwlrqv

lq *? %pxvw eh lghqwlfdo dfurvv krxvhkrog w|shv h{fhsw iru d krul}rqwdo wudqvodwlrq

ri *?7E5�1

Wkhuh lv d zhdowk ri sdudphwulf +Eoxqghoo dqg Ohzeho 4<<4> Glfnhqv/ Iu|

dqg Sdvkdughv 4<<6> Sdvkdughv 4<<8, dqg vhplsdudphwulf +Jr}dor 4<<:> Shq0

gdnxu 4<<<, uhvhdufk wkdw whvwv wkh uhvwulfwlrqv jlyhq e| +518,/ dqg wklv uhvhdufk

uhmhfwv wkh k|srwkhvlv wkdw wkhvh uhvwulfwlrqv krog1 Wklv phdqv wkdw wkh sulfh0

lqghshqghqfh ri 7E5� fdqqrw krog1 Wkdw lv/ wkh htxlydohqw lqfrph ixqfwlrq pxvw

kdyh d pruh frpsolfdwhg uhodwlrqvkls zlwk lqfrph wkdq wkdw jlyhq e| +516,1

Wklv vxjjhvwv wkdw hpslulfdo zrun phdvxulqj lqfrph lqhtxdolw| zlwk htxly0

dohqfh vfdolqj ri wkh irup +516, pd| eh plvohdglqj1 Lq wklv sdshu/ L uhod{ wkh

uhvwulfwlrq wkdw wkh htxlydohqw lqfrph ixqfwlrq lv lqghshqghqw ri sulfhv e| xvlqj

dq htxlydohqw lqfrph ixqfwlrq ri wkh irup

fERc %c 5� '

%

-ERc 5�

� +51:,

Eodfnrue| dqg Grqdogvrq +4<<6, vkrz wkdw xqghu fhuwdlq frqglwlrqv htxlydohqw

lqfrph ixqfwlrqv ri wkh irup +51:, duh lghqwl�deoh iurp ghpdqg gdwd1 Lq wklv

sdshu/ L hvwlpdwh -ERc 5� iurp ghpdqg ehkdylrxu +vhh wkh Hvwlpdwlrq Dsshqgl{

iru ghwdlov,/ dqg xvh wklv hvwlpdwhg sulfh0ghshqghqw htxlydohqfh vfdoh wr hydoxdwh

krz wkh fkdqjh lq phdvxuhg lqhtxdolw| uhvsrqgv wr xvlqj dq htxlydohqw lqfrph

ixqfwlrq pruh jhqhudo wkdq wkh qdlyh htxlydohqw lqfrph ixqfwlrq +516,1

5151 Dgmxvwlqj iru gl�huhqfhv lq sulfh uhjlphv

Frqvlghu d srsxodwlrq ri krxvhkrogv zlwk lghqwlfdo uhihuhqfh fkdudfwhulvwlfv 5

-

idflqj sulfhv ~R� zlwk lqfrphv ~%�1 Gh�qh
h
% ' (ERc%� dv gh dwhg lqfrph zklfk

jlyhv wkh lqfrph qhfhvvdu| iru d uhihuhqfh krxvhkrog idflqj d edvh sulfhv
h
R wr

dfklhyh wkh vdph xwlolw| ohyho dv d uhihuhqfh krxvhkrog idflqj sulfhv R1 Gh dwhg

lqfrph lv lpsolflwo| gh�qhg e|=

T

-

ER
-

c
h
%� ' T

-

ER
-

c(ERc %�� ' T

-

ERc%� +51;,
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dqg jlyhq e|

(ERc %� ' .

-

EhRcT
-

ERc %��� +51<,

D srsxodwlrq ri uhihuhqfh krxvhkrogv idflqj edvh sulfhv
h
R zlwk d vhw ri dvvrfldwhg

gh dwhg lqfrphv ~(ERc%�� lv qrupdwlyho| htxlydohqw wr d srsxodwlrq ri uhihuhqfh

krxvhkrogv idflqj sulfhv ~R� zlwk lqfrphv ~%�1 Li wkh uhvhdufkhu nqrzv wkh gh0

 dwhg lqfrph ixqfwlrq (ERc %�/ wkhq wr phdvxuh lqfrph lqhtxdolw| zlwklq d jurxs

ri krxvhkrogv zlwk frpprq uhihuhqfh fkdudfwhulvwlfv idflqj gl�huhqw sulfh yhf0

wruv/ v2kh zrxog dvvljq gh dwhg lqfrph
h
% wr hdfk krxvhkrog dqg phdvxuh lqfrph

lqhtxdolw| rq wkhvh gh dwhg lqfrph gdwd1

Qrwh wkdw d srsxodwlrq ri uhihuhqfh krxvhkrogv idflqj sulfhv ~R� zlwk lqfrphv

~fERc %c 5�� lv qrupdwlyho| htxlydohqw wr d srsxodwlrq ri krxvhkrogv zlwk gli0

ihulqj fkdudfwhulvwlfv ~5� idflqj sulfhv ~R� zlwk lqfrphv ~%�1 Wr vlpxodwhrxvo|

doorz iru gl�huhqfhv lq krxvhkrog fkdudfwhulvwlfv/ wkh uhvhdufkhu frxog xvh d wzr0

vwhs surfhvv1 Iluvw dvvljq hdfk phpehu ri hdfk krxvhkrog htxlydohqw lqfrph %

e
1

Vhfrqg/ frpsxwh dgmxvwhg lqfrph + ' t ERc %c 5� dv

t ERc %c 5� ' (ERc %
e

� ' (ERcfERc %c 5�� +5143,

ru/ vxevwlwxwlqj lq iru ( dqg f/

t ERc %c 5� ' .

-

�

h
Rc T

-

�

Rc.

-

ERc T ERc %c 5��

��

� +5144,

Wkh prvw frpprq irup fkrvhq iru (ERc %� lq wkh phdvxuhphqw ri lqfrph

lqhtxdolw| lv

(ERc %� '

%

UER�

+5145,

zkhuh UER� lv dq lqfrph0lqghshqghqw sulfh lqgh{1 Khuh/ gh dwhg lqfrph lv fdofx0

odwhg e| glylglqj lqfrph e| wkh sulfh lqgh{ UER�1 Lq wklv fdvh/ li wkh uhvhdufkhu

lv xvlqj d uhodwlyh lqhtxdolw| lqgh{ +zklfk lv lqvhqvlwlyh wr vfdolqjv ri wkh lqfrph

gdwd,/ lw lv qrw hyhq qhfhvvdu| wr xvh wkh gh dwhg lqfrph phdvxuh= uhodwlyh lq0

htxdolw| zloo eh wkh vdph zkhwkhu fdofxodwhg rq d vhw ri lqfrph gdwd ru d vhw ri

gh dwhg lqfrph gdwd1

Xqiruwxqdwho|/ Glhzhuw +UHI, vkrzv wkdw li wkh gh dwhg lqfrph ixqfwlrq lv

jlyhq e| +5145, wkh +uhihuhqfh, h{shqglwxuh ixqfwlrq pxvw eh jlyhq e|

.

-

ERc �� ' 8 ER�CE��� +5146,

dqg UER� lv jlyhq e|

UER� '

8 ER�

8 EhR�
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Wklv frqglwlrq lv fdoohg krprwkhwlflw| dqg lv d yhu| wljkw uhvwulfwlrq rq suhihuhqfhv1

Li h{shqglwxuh ixqfwlrqv duh jlyhq e| +5146, wkhq h{shqglwxuh vkduh htxdwlrqv pxvw

eh jlyhq e|

�

-

�
ERc %� '

_ *?8 ER�

_ *? R�

� +5147,

Khuh h{shqglwxuh vkduhv duh lqghshqghqw ri lqfrph1

D odujh erg| ri hpslulfdo zrun vxjjhvwv wkdw h{shqglwxuh vkduhv iru pdq|

frpprglwlhv duh kljko| ghshqghqw rq lqfrph +vhh/ iru h{dpsoh/ Edqnv/ Eoxqghoo

dqg Ohzeho 4<<:,1 Iru h{dpsoh/ srru krxvhkrogv vshqg d odujhu vkduh ri wkhlu

lqfrph rq irrg wkdq ulfk krxvhkrogv1 Wklv vxjjhvwv wkdw wkh gh dwhg lqfrph

ixqfwlrq pljkw eh uhodwhg wr lqfrph lq d pruh frpsolfdwhg zd| wkdq wkdw jlyhq

e| +5145,1

Li wkh uhvhdufkhu xvhv erwk wkh qdlyh htxlydohqw lqfrph ixqfwlrq jlyhq e| +516,

dqg wkh qdlyh gh dwhg lqfrph ixqfwlrq jlyhq e| +5145,/ wkhq wkh h{shqglwxuh

ixqfwlrq pxvw eh jlyhq e|

.ERc �c 5� ' 8 ER�CE��7E5�� +5148,

Wklv h{shqglwxuh ixqfwlrq lv fkdudfwhulvhg e| lghqwlfdoo| krprwkhwlf suhihuhqfhv

iru doo krxvhkrog w|shv1 Khuh/ h{shqglwxuh vkduh htxdwlrqv duh jlyhq e|

��ERc%c 5� '

_ *?8 ER�

_ *? R�

+5149,

vr wkdw vkduh htxdwlrqv duh lqghshqghqw ri lqfrph dqg krxvhkrog fkdudfwhulvwlfv1

Dv qrwhg deryh/ lq wklv sdshu/ L uhod{ wkh uhvwulfwlrq wkdw wkh htxlydohqw lqfrph

ixqfwlrq wdnh wkh irup +516,1 L dovr uhod{ wkh uhvwulfwlrq wkdw wkh gh dwhg lqfrph

ixqfwlrq eh gxdo wr krprwkhwlf suhihuhqfhv dqg jlyhq e| +5145,1 L fdofxodwh(ERc %�

e| hvwlpdwlqj d qrqkrprwkhwlf Txdgudwlf Doprvw Lghdo +TXDL, ghpdqg v|vwhp

gxh wr Edqnv/ Eoxqghoo dqg Ohzeho +4<<:, +vhh Hvwlpdwlrq Dsshqgl{ iru ghwdlov,1

Zkhuhdv krprwkhwlf ghpdqg v|vwhpv uhtxluh wkdw h{shqglwxuh vkduhv iru gl�huhqw

jrrgv duh frqvwdqw dfurvv %/ wkh TXDL ghpdqg v|vwhp doorzv h{shqglwxuh vkduhv

wr eh txdgudwlf lq wkh orj ri %1

61 Wkh Gdwd

Wklv dqdo|vlv xvhv wkh 4<:;/ 4<;5/ 4<;7/ 4<;9/ 4<<3/ 4<<5 dqg 4<<9 Idplo| H{0

shqglwxuh Vxuyh|v +IHV,1 Wkhvh vxuyh|v zhuh frqgxfwhg e| Vwdwlvwlfv Fdqdgd

9



dqg froohfw lqirupdwlrq rq ghprjudsklfv/ lqfrph dqg h{shqglwxuhv iurp �yh wr

whq wkrxvdqg Fdqdgldq krxvhkrogv lq hdfk vxuyh| |hdu +Vwdwlvwlfv Fdqdgd/ ydu0

lrxv |hduv,1 Wkh xqlyhuvh iru wkhvh vxuyh|v ydulhg iurp |hdu wr |hdu= wkh 4<:;/

4<;5/ 4<;9/ dqg 4<<5 vxuyh|v vdpsohg iurp doo xuedq dqg uxudo krxvhkrogv lq

wkh whq surylqfhv ri Fdqdgd/ zkloh wkh 4<;7 dqg 4<<3 vxuyh|v vdpsohg rqo| iurp

xuedq krxvhkrogv lq Fdqdgd*v 48 odujhvw Fhqvxv Phwursrolwdq Duhdv +FPDv,1

Wr pd{lpl}h wkh qxpehu ri vxuyh| |hduv dydlodeoh dqg wr dyrlg lpsxwlqj uxudo

frqvxpswlrq/ L dqdo|vh gdwd rq xuedq uhvlghqwv rqo|/ xqohvv rwkhuzlvh vshfl�hg1

Wkh 4<:;/ 4<;5/ 4<;7 dqg 4<;9 vxuyh|v wuhdw wkh �vshqglqj xqlwv� dv wkh xqlw

ri dqdo|vlv dqg wkh 4<<3/ 4<<5 dqg 4<<9 vxuyh|v wuhdw wkh krxvhkrog dv wkh xqlw

ri dqdo|vlv1 Lq rughu wr fuhdwh d frqvlvwhqw vdpsoh dfurvv wkhvh xqlwv ri dqdo|vlv/

L xvh rqo| vshqglqj xqlwv dqg krxvhkrogv frpsulvhg ri d vlqjoh hfrqrplf idplo|1

Dq hfrqrplf idplo| lv gh�qhg dv dq xqdwwdfkhg lqglylgxdo/ ru d jurxs ri shrsoh/

uhodwhg e| eorrg/ pduuldjh ru dgrswlrq/ zkr olyh wrjhwkhu lq d krxvhkrog1 Wkh

IHV gdwd duh zhljkwhg dw wkh ohyho ri wkh idplo|/ vr hdfk lqglylgxdo lq d idplo| lv

dvvljqhg wkh idplo| zhljkw1

L xvh rqo| hfrqrplf idplolhv wkdw idoo lqwr vl{ krxvhkrog w|shv= +4, vlqjoh fklog0

ohvv dgxowv> +5, fklogohvv frxsohv> +6, vlqjoh sduhqwv zlwk rqh fklog> +7, vlqjoh zlwk

wzr fkloguhq> +8, gxdo sduhqwv zlwk rqh fklog> +9, gxdo sduhqwv zlwk wzr fkloguhq1

D vlqjoh fklogohvv dgxow djhg 73 |hduv rog lv wkh uhihuhqfh krxvhkrog w|sh/ ghqrwhg

deryh dv 5

o
�

L dvvhvv lqhtxdolw| lq frqvxpswlrq ri d exqgoh ri �yh frpprglwlhv= +4, irrg>

+5, vkhowhu/ lqfoxglqj uhqwhg dqg rzqhg dffrprgdwlrq> +6, forwklqj iru dgxowv> +7,

forwklqj iru fkloguhq> dqg +8, wudqvsruwdwlrq1 L xvh wkh Jlql frh!flhqw wr phdvxuh

lqhtxdolw|/ dqg vxsso| vwdqgdug huuruv iru hvwlpdwhg Jlql frh!flhqfwv iroorzlqj

Eduuhww dqg Shqgdnxu +4<<8,1

Ehfdxvh wkh frqvxpswlrq  rz iurp gxudeohv lv vprrwkhu wkdq wkh sxufkdvh

sdwk/ L fdofxodwh lpsxwhg uhqwdo  rzv

6
iru krxvhkrogv zlwk rzqhg dffrprgdwlrq

dqg lpsxwhg wudqvsruwdwlrq  rzv

7
iru krxvhkrogv zlwk dxwrpreloh h{shqglwxuhv1

6
L fdofxodwh lpsxwhg uhqwdo  rzv e| wdnlqj suhglfwhg ydoxhv iurp flw|0 dqg |hdu0vshfl�f

uhjuhvvlrqv ri uhqwv rq wkh qxpehu ri ehgurrpv dqg edwkurrpv dqg lqfrph dqg lqfrph vtxduhg

lq krxvlqj xqlwv1 Wkh frh!flhqwv iru wkhvh suhglfwlrqv duh hvwlpdwhg iurp uhjuhvvlrqv xvlqj rqo|

uhqwdo xqlwv1 Wkh suhglfwhg ydoxhv duh dssolhg wr rzqhg xqlwv1 Wkxv/ wr wkh h{whqw wkdw rzqhg

dffrprgdwlrq lv d ehwwhu fodvv ri dffrprgdwlrq wkdq uhqwhg dffrprgdwlrq/ wkhvh lpsxwhg uhqwdo

 rzv pd| xqghuhvwlpdwh wkh dfwxdo uhqwdo  rz iurp rzqhg dffrprgdwlrq1

7
L fdofxodwh lpsxwhg wudqvsruwdwlrq  rzv e| wdnlqj suhglfwhg suredelolwlhv iurp flw|0 dqg

|hdu0vshfl�f orjlw uhjuhvvlrqv ri dxwrpreloh sxufkdvh gxpplhv rq idplo| lqfrph dqg idplo|

lqfrph vtxduhg1 Wkhvh suredelolwlhv duh pxowlsolhg e| suhglfwhg ydoxhv iurp flw|0 dqg |hdu0
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Lpsxwhg uhqwdo  rzv duh dgghg wr dqg pruwjdjh frvwv vxewudfwhg iurp vkhowhu

frvwv iru krxvhkrogv zlwk rzqhg dffrprgdwlrq1 Lpsxwhg wudqvsruwdwlrq  rzv duh

dgghg dqg dxwrpreloh sxufkdvh frvwv vxewudfwhg iurp wudqvsruwdwlrq frvwv iru

krxvhkrogv zlwk dxwrpreloh h{shqglwxuhv1

Lq rughu wr dvvhvv wkh vhqvlwlylw| ri phdvxuhg lqhtxdolw| wr wkh uhod{dwlrq ri wkh

uhvwulfwlrqv jlyhq e| +516, dqg +5145,/ L xvh wkh iroorzlqj qdlyh htxlydohqw lqfrph

dqg gh dwhg lqfrph ixqfwlrqv1 Wkh qdlyh htxlydohqw lqfrph ixqfwlrq lv jlyhq e|

fERc %c 5� '

%

?
�*2

+614,

zkhuh ? lv d dq hohphqw ri 5 htxdo wr wkh qxpehu ri krxvhkrog phpehuv1 Wklv

htxlydohqfh vfdoh olhv urxjko| lq wkh plggoh ri wkh udqjh ri vfdohv vxuyh|hg e|

Exkpdqq hw do +4<;:,/ dqg lv wkh vdph dv wkdw xvhg e| Dwnlqvrq +4<<7, lq klv

vwxg| ri lqfrph lqhtxdolw| lq RHFG frxqwulhv1 Hdfk lqglylgxdo lq d idplo| lv

dvvljqhg htxlydohqw frqvxpswlrq htxdo wr wkh wrwdo idplo| lqfrph ru frqvxpswlrq

glylghg e| wkh vtxduh urrw ri wkh qxpehu ri krxvhkrog phpehuv1

Dv qrwhg deryh wkh  h{leoh htxlydohqw lqfrph ixqfwlrq lv jlyhq e|

fERc %c 5� '

%

-ERc 5�

� +615,

Wkh ixqfwlrqv -ERc 5� lv Free0Grxjodv lq sulfhv dqg ixoo|  h{leoh zlwk uhvshfw wr

wkh vl{ krxvhkrog w|shv qrwhg deryh dqg dovr vhqvlwlyh wr wkh djh ri wkh krxvhkrog

khdg +vhh Hvwlpdwlrq Dsshqgl{ iru ghwdlov,1 Wdeoh 4 vkrzv wkh hvwlpdwhg uhodwlyh

htxlydohqfh vfdoh -ERc 5� iru hdfk ri wkh vl{ krxvhkrog w|shv/ hydoxdwhg iru d 73

|hdu rog krxvhkrog khdg dqg dw wkh sulfh yhfwru iru Rqwdulr 4<;91

Wdeoh 4= Hvwlpdwhg Sulfh0Ghshqghqw Htxlydohqfh Vfdohv

Frxsohv Vlqjoh Sduhqwv Gxdo Sduhqwv

3 Nlgv 4 Nlg 5 Nlgv 4 Nlg 5 Nlgv

-ERc 5� 415:9 41833 515<9 41<5: 513<:

Vwg Huuru 313;< 314<: 31756 31546 31589

Wkh qdlyh gh dwhg lqfrph ixqfwlrq lv jlyhq e| +5145,1 Ehfdxvh uhodwlyh lq0

htxdolw| lqglfhv duh krprjhqhrxv ri ghjuhh 3/ uhodwlyh lqhtxdolw| lqglfhv gr qrw

fkdqjh li d frpprq lqfrph0lqghshqghqw sulfh lqgh{ lv dssolhg wr doo revhuydwlrqv

lq d jlyhq |hdu1 Wkxv/ iurp wkh srlqw ri ylhz ri lqhtxdolw| phdvxuhphqw xvlqj

vshfl�f uhjuhvvlrqv ri dxwrpreloh sxufkdvh sulfhv rq idplo| lqfrph dqg idplo| lqfrph vtxduhg

wr jhw lpsxwhg wudqvsruwdwlrq  rzv1

;



uhodwlyh lqhtxdolw| lqglfhv ru Oruhq} grplqdqfh fulwhuld/ zkhq wkh uhvhdufkhu uh0

txluhv wkh gh dwhg lqfrph ixqfwlrq wr wdnh wkh irup +5145,/ lw lv qrw qhfhvvdu| wr

gh dwh wkh lqfrph phdvxuh1

Wkh  h{leoh gh dwhg lqfrph ixqfwlrq lv wkdw dvvrfldwhg zlwk Edqnv/ Eoxq0

ghoo dqg Ohzeho*v +4<<:, Txdgudwlf Doprvw Lghdo +TXDL, prgho1 Wklv prgho lv

fkdudfwhulvhg e| h{shqglwxuh vkduh htxdwlrqv wkdw duh txdgudwlf lq wkh orj ri wr0

wdo h{shqglwxuh +vhh Hvwlpdwlrq Dsshqgl{ iru ghwdlov,1 Wkh +uhihuhqfh, lqgluhfw

xwlolw| ixqfwlrq dvvrfldwhg zlwk wkh TXDL prgho lv

T

-
ERc %� '

3
C
#
*?%� *? @ER�

KER�

$
3�

� ^ER�

4
D
3�

+616,

zkhuh @ER�/ KER� dqg ^ER� duh krprjhqhrxv ri ghjuhhv rqh/ }hur dqg }hur/ uhvshf0

wlyho|1 Wkh nh| ihdwxuh ri wkh TXDL prgho lv wkdw lw doorzv iru h{shqglwxuh vkduh

htxdwlrqv wkdw duh txdgudwlf lq wkh orj ri wrwdo h{shqglwxuh dqg kdv ehhq vkrzq

wr �w wkh gdwd wrohudeo| zhoo +iru ghwdlov/ vhh Edqnv/ Eoxqghoo dqg Ohzeho 4<<:,1

71 Uhvxowv

Wdeoh 5 suhvhqwv hvwlpdwhg Jlql frh!flhqwv iru irxu phdvxuhv ri lqglylgxdo zhoo0

ehlqj1 Wkh| duh doo ixqfwlrqv ri idplo| h{shqglwxuh/ %/ gh�qhg deryh dv wkh vxp

ri irrg/ vkhowhu/ forwklqj dqg wudqvsruwdwlrq h{shqglwxuhv1 L qrwh wkdw L xvh wkh

whupv �lqfrph� dqg �h{shqglwxuh� lqwhufkdqjhdeo| wr uhihu wr idplo| h{shqglwxuh1

Wkh irxu phdvxuhv duh=

� Qdlyh htxlydohqw lqfrph/ %

e

�
/ gh�qhg dv idplo| h{shqglwxuh glylghg e| d

qdlyh htxlydohqfh vfdoh htxdo wr wkh vtxduh urrw ri krxvhkrog vl}h1 Wklv

htxlydohqw lqfrph lv gh�qhg e| htxdwlrq +614,1

� Ioh{leoh htxlydohqw lqfrph/ %

e

8
/ gh�qhg dv idplo| h{shqglwxuh glylghg e| dq

htxlydohqfh vfdoh wkdw ghshqgv rq sulfhv1 Wklv htxlydohqw lqfrph lv gh�qhg

e| htxdwlrq +615,1

� Gh dwhg qdlyh htxlydohqw lqfrph/ (E%
e

�
�/zklfk lv htxdo wr qdlyh htxlydohqw

lqfrph %

e

�
gh dwhg wr Rqwdulr 4<;9 sulfhv xvlqj htxdwlrq +BB,1

� Gh dwhg htxlydohqw lqfrph +4,/ (E%
e

8
�/ zklfk lv htxdo wr  h{leoh htxlydohqw

lqfrph %

e

8
gh dwhg wr Rqwdulr 4<;9 sulfhv xvlqj htxdwlrq +BB,1

<



L ixuwkhu qrwh wkdw wkh prvw frpprq dssurdfk wr wkh phdvxuhphqw ri lq0

htxdolw| lv wr fdofxodwh dq lqhtxdolw| lqgh{ rq revhuydwlrqv ri qdlyh htxlydohqw

lqfrph1

Wdeoh 5= Jlql Frh!flhqwv iru Idplo| Frqvxpswlrq/ Fdqdgd/ 4<:;04<<9

\hdu 4<:; 4<;5 4<;7 4<;9 4<<3 4<<5 4<<9

%

e

�
314<65 315373 3153:< 31554: 31553; 315569 31556;

vwg huu 31335; 313357 313366 31335; 31336: 31335< 313359

%

e

8
315473 315557 31556; 315699 315678 315734 315699

vwg huu 313364 313359 313369 313363 31336< 313364 31335;

(E%
e

�
� 314<34 314<97 31535: 315498 31544: 315486 315476

vwg huu 31335; 313356 313365 31335; 313369 31335; 313358

(E%
e

8
� 31543; 315473 3154;4 315639 315578 31563; 315589

vwg huu 313364 313358 313368 31335< 31336; 313363 31335:

Iljxuh 4 vkrzv wkh Jlql frh!flhqwv iru wkhvh phdvxuhv ryhu 4<:;04<<91 Iljxuh

5 vkrzv krz wkh Jlql frh!flhqw iru wkhvh irxu phdvxuhv fkdqjhv ryhu wlph lq

devroxwh whupv/ wuhdwlqj 4<:; dv wkh edvh |hdu1 Iljxuh 6 vkrzv wkh krz wkh

Jlql frh!flhqw iru wkhvh irxu phdvxuhv fkdqjhv ryhu wlph lq sursruwlrqdwh whupv/

wuhdwlqj 4<:; dv wkh edvh |hdu1

Wkh �uvw urz ri Wdeoh 4 dqg wkh grwwhg olqhv zlwk hpsw| pdunhuv lq Iljxuhv 4/

5 dqg 6 jlyh wkh Jlql frh!flhqwv irxqg zkhq zh xvh vwdqgdug +qdlyh, phwkrg ri

dgmxvwlqj iru ghprjudsklfv dqg sulfhv1 Orrnlqj dw Iljxuh 4/ zh vhh lqhtxdolw| lv

ulvlqj ryhu 4<:;04<;9/ idoolqj wr 4<<3 dqg ulvlqj wkurxjk 4<<91 Wkh 4<;9 shdn lv

derxw wkh vdph dv wkh 4<<9 shdn/ dqg wkhvh shdnv duh lqvljql�fdqwo| gl�huhqw iurp

hdfk rwkhu1 Ehwzhhhq 4<:; dqg 4<<9/ wkh Jlql frh!flhqw frpsxwhg r� ri wkh qdlyh

lqfrph phdvxuh urvh mxvw ryhu wkuhh shufhqwdjh srlqwv/ prvw ri zklfk rffxuuhg

gxulqj 4<:;04<;91 Wklv odujh lqfuhdvh lq phdvxuhg lqhtxdolw| lv frqvlvwhqw zlwk

�qglqjv rq wkh hyroxwlrq ri frqvxpswlrq lqhtxdolw| lq Fdqdgd xvlqj wkh qdlyh

dgmxvwphqw dssurdfk +vhh Shqgdnxu 4<<;,1

Frpsdulqj wkhvh hvwlpdwhv wr wkrvh zlwk qdlyh ghprjudsklf dgmxvwphqw dqg

 h{leoh sulfh dgmxvwphqw +wkh grwwhg olqhv zlwk �oohg pdunhuv lq wkh Iljxuhv,/ zh

vhh wkdw wkh Jlql frh!flhqw idoov e| d olwwoh ohvv wkdq rqh shufhqwdjh srlqw ryhu wkh

hqwluh shulrg1 Wklv lv gxh wr wkh idfw wkdw dgmxvwlqj iru sulfh gl�huhqfhv dffrxqwv

iru wkh idfw wkdw pdq| zhdowk| idplolhv olyh lq duhdv zkhuh wkh frvw ri olylqj lv

kljk1 Krzhyhu/ pruh wkdq mxvw wkh phdvxuhg ohyho ri lqhtxdolw| fkdqjhv zkhq zh

dgmxvw iru sulfhv1 Orrnlqj dw Iljxuh 5/ zh vhh fohduo| wkdw lq shulrgv ri lqfrph

jurzwk +4<;904<<3 dqg 4<<504<<9,/ wkh sulfh dgmxvwphqw sxvkhv grzq hvwlpdwhg
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jurzwk lq wkh ohyho ri lqhtxdolw|1 Lq sduwlfxodu/ zkloh 4<<504<<9 lv d shulrg ri ulvlqj

lqhtxdolw| rq wkh qdlyh phdvxuh/ lw lv d shulrg ri ghfolqlqj lqhtxdolw| rq wkh sulfh0

dgmxvwhg phdvxuh1 Wxuqlqj wr Iljxuh 6/ zh vhh wkdw wkh sursruwlrqdwh jurzwk

lq lqhtxdolw| lv derxw wzhoyh shufhqw zlwk  h{leoh sulfh dgmxvwphqw/ frpsduhg wr

derxw vl{whhq shufhqw zlwk qdlyh sulfh dgmxvwphqw1 Prvw ri wklv gl�huv lv ryhu wkh

shulrg 4<<504<<9/ d shulrg gxulqj zklfk sulfh lqfuhdvhv kxuw wkh ulfk uhodwlyho|

pruh wkdq wkh srru1

Wxuqlqj qrz wr wkh fdvh zkhuh zh xvh  h{leoh ghprjudsklf dqg sulfh dgmxvw0

phqwv +khdy| olqhv zlwk �oohg pdunhuv lq wkh Iljxuhv,/ Iljxuh 4 vkrzv wkdw wkh

 h{leoh ghprjudsklf dgmxvwphqw dovr pdnhv d elj gl�huhqfh dw wkh pdujlq1 Lq

frpsdulvrq wr xvlqj d qdlyh ghprjudsklf dgmxvwphqw/ xvlqj d sulfh0ghshqghqw

htxlydohqfh vfdoh sxvkhv xs wkh phdvxuhg ohyho ri lqhtxdolw| e| ehwzhhq rqh dqg

wzr shufhqwdjh srlqwv1 Qrwdeo|/ lw sxvkhv phdvxuhg lqhtxdolw| xs e| wzr shu0

fhqwdjh srlqwv dw wkh ehjlqqlqj ri wkh shulrg dqg rqo| rqh shufhqwdjh srlqw dw

wkh hqg ri wkh shulrg1 Orrnlqj dw Iljxuh 5/ zh vhh wkdw zkhuhdv lqhtxdolw| phd0

vxuhg zlwk  h{leoh sulfh dgmxvwphqw dqg qdlyh ghprjudsklf dgmxvwphqw urvh e|

517 shufhqwdjh srlqwv/ lqhtxdolw| phdvxuhg zlwk  h{leoh sulfh dqg ghprjudsklf

dgmxvwphqw urvh e| rqo| 419 shufhqwdjh srlqwv1 Iljxuh 6 jlyhv wkh sursruwlrqdwh

fkdqjhv lq wkh Jlql Frh!flhqw1 Zkhuhdv wkh Jlql frh!flhqw zlwk qdlyh ghpr0

judsklf dgmxvwphqw +dqg  h{leoh sulfh dgmxvwphqw, urvh e| derxw wzhoyh shufhqw/

wkh Jlql frh!flhqw zlwk  h{leoh ghprjudsklf dqg sulfh dgmxvwphqw urvh e| rqo|

hljkw shufhqw1

Zh fdq lqwhusuhw wkh h�hfw ri  h{leoh ghprjudsklf dgmxvwphqw rq phdvxuhg

lqhtxdolw| lq whupv ri wkh krz htxlydohqfh vfdohv ydu| dfurvv uhjlrqv gxh wr sulfh

gl�huhqfhv dfurvv uhjlrqv1 Lq sduwlfxodu/ htxlydohqfh vfdohv iru idplolhv zlwk fklo0

guhq whqg wr eh vpdoohu lq Rqwdulr dqg EF wkdq lq rwkhu uhjlrqv1 Wklv lv ehfdxvh

wkh sulfh ri vkhowhu/ d kljko| vkduhdeoh frpprglw|/ lv kljkhu lq EF dqg Rqwdulr

wkdq lq rwkhu uhjlrqv1 Vlqfh uhvlghqwv ri Rqwdulr dqg EF duh rq dyhudjh ulfkhu wkdq

uhvlghqwv ri rwkhu uhjlrqv/ wkh  h{leoh ghprjudsklf dgmxvwphqw sxvkhv phdvxuhg

lqhtxdolw| grzqzdugv1 Ixuwkhu/ uhodwlyh sulfh fkdqjhv ryhu wkh shulrg/ hvshfldoo|

wkh lqfuhdvhv lq wkh uhodwlyh sulfh ri vkhowhu lq EF dqg Rqwdulr lq wkh hduo| 4<;3v

dqg hduo| 4<<3v/ vkdushqhg wklv h�hfw ryhu wlph1

Wxuqlqj wr Iljxuh 6/ zh vhh wkdw wkh frpelqhg h�hfw ri  h{leoh sulfh dqg

ghprjudsklf dgmxvwphqw vxevwdqwldoo| uhgxfhv rxu dvvhvvphqw ri wkh jurzwk lq

frqvxpswlrq lqhtxdolw| ryhu wkh hduo| 4<;3v1 Zkhuhdv wkh qdlyh phwkrg vkrzv

d vl{whhq shufhqw lqfuhdvh lq wkh ohyho ri lqhtxdolw| ryhu 4<:;04<;9/ wkh hvwlpdwhv

xvlqj  h{leoh sulfh dqg ghprjudsklf dgmxvwphqw vkrz rqo| dq hljkw shufhqw lq0

44



fuhdvh lq wkh ohyho ri lqhtxdolw| ryhu wklv shulrg1 Ixuwkhu/ zkhuhdv wkh qdlyh

phwkrg vkrzv d vwdwlvwlfdoo| vljql�fdqw lqfuhdvh lq lqhtxdolw| ryhu 4<<504<<9/ wkh

hvwlpdwhv xvlqj  h{leoh sulfh dqg ghprjudsklf dgmxvwphqw vkrz d vwdwlvwlfdoo|

vljql�fdqw ghfuhdvh lq lqhtxdolw| ryhu 4<<504<<91

Iljxuh 7 suhvhqwv hvwlpdwhg Jlql frh!flhqwv xvlqj qdlyh sulfh dqg ghprjudsklf

dgmxvwphqwv iru �yh uhjlrqv ri Fdqdgd/ dqg Iljxuh 8 suhvhqwv hvwlpdwhg Jlql

frh!flhqwv xvlqj  h{leoh sulfh dqg ghprjudsklf dgmxvwphqwv iru �yh uhjlrqv ri

Fdqdgd1 Orrnlqj dw Iljxuh 7/ wzr frqfoxvlrqv hphujh iurp wkh qdlyh dssurdfk1

Iluvw/ wkh wuhqg lqfuhdvh lq lqhtxdolw| grhv qrw vhhp wr eh gulyhq e| dq| rqh

uhjlrq/ ru e| lqwhu0uhjlrq lqhtxdolw|1 Lw vhhpv wkdw doo uhjlrqv vdz lqfuhdvlqj

lqhtxdolw| rq wkh rughu ri dw ohdvw rqh0whqwk ryhu 4<:;04<<91 Vhfrqg/ wkh f|folfdo

sdwk ri lqhtxdolw| ryhu wkh exvlqhvv f|foh vhhpv wr eh gl�huhqw dfurvv uhjlrqv1 Lq

sduwlfxodu/ Rqwdulr dqg EF vdz ghfuhdvlqj ru  dw lqhtxdow| ryhu jurzwk shulrgv

4<:;04<;5 dqg 4<<504<<9/ exw rwkhu uhjlrqv vdz lqfuhdvlqj lqhtxdolw| ryhu wkhvh

shulrgv1

Wxuqlqj wr Iljxuh 8/ zklfk xvhv  h{leoh sulfh dqg ghprjudsklf dgmxvwphqwv/

zh prgli| rxu frqfoxvlrqv lq wzr zd|v1 Iluvw/ dowkrxjk prvw uhjlrqv kdyh vhhq

dq lqfuhdvh lq lqhtxdolw| ryhu 4<:;04<<9/ wklv jurzwk lv pxfk vpdoohu wkdq wkdw

ghslfwhg lq Iljxuh 71 Vhfrqg/ EF lv d fohdu rxwolhu zkhq  h{leoh sulfh dqg ghpr0

judsklf dgmxvwphqwv duh xvhg1 Zkhuhdv xvlqj  h{leoh dgmxvwphqw sxvkhv grzq

rxu hvwlpdwh ri wkh lqfuhdvh lq lqhtxdolw| lq Fdqdgd dv d zkroh ryhu 4<:;04<<9/ lw

sxvkhv xs rxu hvwlpdwh ri wkh lqfuhdvh lq lqhtxdolw| lq EF ryhu 4<:;04<<91 Xvlqj

 h{leoh dgmxvwphqw/ lqhtxdolw| urvh lq prvw uhjlrqv e| derxw rqh dqg rqh0kdoi shu0

fhqwdjh srlqwv1 Krzhyhu/ lq EF/ lqhtxdolw| urvh e| ryhu irxu shufhqwdjh srlqwv/

frqfhqwudwhg lq wkh shulrg 4<<304<<51

81 Frqfoxvlrqv

Wkh phdvxuhphqw ri lqhtxdolw| lv xvxdoo| fkdudfwhulvhg e| wkh xvh ri dq lqhtxdolw|

lqgh{ dqg dq dgmxvwhg lqfrph phdvxuh1 Wkh dgmxvwhg lqfrph phdvxuh lv xvx0

doo| fdofxodwhg e| dgmxvwlqj iru ghprjudsklf gl�huhqfhv zlwk d sulfh0lqghshqghqw

htxlydohqfh vfdoh dqg dgmxvwlqj iru sulfh gl�huhqfhv zlwk dq lqfrph0lqghshqghqw

sulfh lqgh{1 Uhod{dwlrq ri wkhvh lqghshqghqfh uhvwulfwlrqv doorzv iru pruh  h{leoh

sulfh dqg ghprjudsklf dgmxvwphqw dqg ohdgv wkh uhvhdufkhu wr vxevwdqwlyho| gli0

ihuhqw frqfoxvlrqv derxw wkh sdwk ri frqvxpswlrq lqhtxdolw| lq Fdqdgd ryhu 4<:;0

4<<91 Vwdqgdug phwkrgv ohdg wkh uhvhdufkhu wr frqfoxgh wkdw idplo| frqvxpswlrq

lqhtxdolw| lqfuhdvhg e| derxw 48( ryhu 4<:;04<;9 dqg zdv idluo| frqvwdqw wkhuh0
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diwhu1 Wkh pruh urexvw phwkrgv rxwolqhg deryh ohdg wkh uhvhdufkhu wr frqfoxgh

wkdw idplo| frqvxpswlrq lqhtxdolw| lqfuhdvhg e| rqo| derxw ;( ryhu 4<:;04<;9

dqg zdv idluo| frqvwdqw wkhuhdiwhu1

91 Hvwlpdwlrq Dsshqgl{

Wr hvwlpdwh wkh sulfh0ghshqghqw htxlydohqfh vfdoh -ERc 5� dqg wkh  h{leoh gh dwhg

lqfrph ixqfwlrq/ (ERc %�/ L vshfli| ixqfwlrqdo irupv iru -ERc 5� dqg T

-
ERc %� dqg

hvwlpdwh e| pd{lpxp olnholkrrg1 L hvwlpdwh -ERc 5� dv d Free0Grxjodv lq sulfhv

dv iroorzv=

-ERc 5� ' -

f
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R
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&
+914,

zlwk

�[

&'�

-&E5� ' f1

Wkh ixqfwlrqv-6E5� duh olqhdu lqglfhv ri d yhfwru ri 8 krxvhkrog w|sh gxpplhv

5

,
dqg wkh djh ri wkh krxvhkrog khdg=
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@}e
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6
*? +djh ri krxvhkrog khdg,
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Wkh djh ri krxvhkrog khdg lv glylghg e| 73/ wkh dyhudjh khdg djh lq wkh vdpsoh

vr wkdw -6E5� '
S

D

,'�
-

,

6
5

,

iru krxvhkrogv zlwk khdgv djhg 73 |hduv rog1

Ehfdxvh fklogohvv krxvhkrogv gr qrw ghpdqg fkloguhq*v forwklqj/ L frgh fklo0

guhq*v forwklqj h{shqglwxuhv dv }hur iru wkhvh krxvhkrogv +7( ri fklogohvv krxvh0

krogv kdyh qrq}hur fkloguhq*v forwklqj h{shqglwxuhv/ suhvxpdeo| gxh wr jliw0

jlylqj,1 Ixuwkhu/ L uhvwulfw wkh ghpdqg v|vwhp vr wkdw fklogohvv krxvhkrogv kdyh

}hur ghpdqgv fkloguhq*v forwklqj1

Wkh  h{leoh gh dwhg lqfrph ixqfwlrq lv wkdw dvvrfldwhg zlwk Edqnv/ Eoxqghoo

dqg Ohzeho*v +4<<:, TXDL prgho1 Wklv prgho lv fkdudfwhulvhg e| h{shqglwxuh

vkduh htxdwlrqv wkdw duh txdgudwlf lq wkh orj ri wrwdo h{shqglwxuh1 Wkh +uhihuhqfh,

lqgluhfw xwlolw| dqg h{shqglwxuh ixqfwlrqv dvvrfldwhg zlwk wkh TXDL prgho lv
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Jlyhq wkhvh fkrlfhv iru @ER�/ KER� dqg ^ER�/ wkh dgmxvwhg lqfrph ixqfwlrq

t ERc %c 5� lv jlyhq e|

*? t ERc %c 5� ' *?.
-

EhRc %
e

�

' *?.
-

EhRc
%

-ERc 5�
�

' *? @EhR� n *?%� *?-ERc 5�� *? @ER��

Gh�qlqj

j
*?% ' *? %�*? @ER�/ dssolfdwlrq ri Ur|*v Lghqwlw| jhqhudwhv wudqvodwhg

orj0txdgudwlf uhihuhqfh h{shqglwxuh vkduh htxdwlrqv `
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Shqgdnxu +4<<<, vkrzv wkdw li d sulfh0ghshqghqw htxlydohqfh vfdoh jlyhv dq h{dfw

frvw0ri0ghprjudsklfv lqgh{/ wkh htxlydohqfh vfdoh -ERc 5� ixoo| gh�qhv qrquhihu0

hqfh h{shqglwxuh vkduh htxdwlrqv lq whupv ri uhihuhqfh vkduh htxdwlrqv dv iroorzv=

`�ERc *? %c 5� ' @�n
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+919,

Eoxqghoo/ Gxqfdq dqg Shqgdnxu +4<<;, �qg wkdw wklv vshfl�fdwlrq iru vkduh htxd0

wlrqv dqg ghprjudsklf h�hfwv vwdqgv xs txlwh zhoo lq frpsdulvrq zlwk d qrqsdud0

phwulf dowhuqdwlyh1

Diwhu dgglqj dq huuru whup wr hdfk htxdwlrq/ wklv htxdwlrq v|vwhp zdv e|

pd{lpxp olnholkrrg xvlqj WVS1 Qrwdeoh lvvxhv lqfoxgh=

� Furvv0htxdwlrq fruuhodwlrqv lq huuruv duh hvwlpdwhg1

� Wkh huuruv duh dvvxphg krprvnhgdvwlf dfurvv % dqg 51

� L gr qrw xvh d JPP hvwlpdwru wr doorz iru hqgrjhqrxv %1 Pdq| uhvhdufkhuv

doorz iru hqgrjhqhlw| lq lqfrph ehfdxvh wkhlu h{shqglwxuh gdwd duh dydlodeoh

iru yhu| vkruw shulrgv +hj/ Eulwlvk h{shqglwxuh gdwd lv edvhg rq wzr0zhhn

h{shqglwxuhv, dqg wkhuhiruh vx�hu iurp gxudeoh jrrgv frqwdplqdwlrq1 Fdqd0

gldq h{shqglwxuh gdwd fryhu rqh0|hdu h{shqglwxuhv1

� Wkhvh uhvxowv duh vlplodu wr Sdvkdughv +4<<8, uhvxowv edvhg rq Dphulfdq

txduwhuo| h{shqglwxuh gdwd1

� Ghwdlohg sdudphwhu hvwlpdwhv duh dydlodeoh iurp wkh dxwkru rq uhtxhvw1

:1 Uhihuhqfhv

Dwnlqvrq/ Dqwkrq| E/ 4<<7/ �Hfrqrplf Lqhtxdolw| lq RHFG Frxqwulhv� xqsxe0

olvkhg zrunlqj sdshu1

Edqnv/ Eoxqghoo dqg Ohzeho/ 4<<:/ �Txdgudwlf Hqjho Fxuyhv dqg Frqvxphu

Ghpdqg�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :<+7,/ ss 85:086<1

Eduuhww/ Jduu| dqg Nulvkqd Shqgdnxu/ 4<<8/ �Dv|pswrwlf Glvwulexwlrqv iru wkh

Jhqhudolvhg Jlql Idplo| ri Lqhtxdolw| Lqglfhv� Fdqdgldq Mrxuqdo ri Hfrqrplfv/

5;+7e,/ ss 4375043881
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Eodfnrue|/ Fkduohv dq Gdylg Grqdogvrq/ 4<<6/ �Dgxow Htxlydohqfh Vfdohv dqg

wkh Hfrqrplf Lpsohphqwdwlrq ri Lqwhushuvrqdo Frpsdulvrqv ri Zhoo0Ehlqj� Vrfldo

Fkrlfh dqg Zhoiduh 43/ 4<<6/ ss 66806941

Eoxqghoo/ Ulfkdug/ Dodq Gxqfdq dqg Nulvkqd Shqgdnxu/ 4<<;/ �Vhplsdudphw0

ulf Hvwlpdwlrq ri Frqvxphu Ghpdqg� Mrxuqdo ri Dssolhg Hfrqrphwulfv/ iruwk0

frplqj1

Eoxqghoo/ Ulfkdug dqg Duwkxu Ohzeho/ 4<<4/ �Lqirupdwlrq Frqwhqw ri Htxlyd0

ohqfh Vfdohv� Mrxuqdo ri Hfrqrphwulfv 83/ ss 7<09;1

Eoxqghoo/ Ulfkdug/ Sdqrv Sdvkdughv dqg Zhehu Jxjolhopr/ 4<<6/ �Zkdw Gr

Zh Ohduq Derxw Frqvxphu Ghpdqg Sdwwhuqv iurp Plfur GdwdB� Dphulfdq Hfr0

qrplf Uhylhz ;6+6,/ Mxqh/ sdjhv 8:30<:1

Exkpdqq/ Euljlwwh hw do1/ 4<;;/ �Htxlydohqfh Vfdohv/ Zhoo0Ehlqj/ Lqhtxdolw|/

dqg Sryhuw|= Vhqvlwlylw| Hvwlpdwhv dfurvv Whq Frxqwulhv Xvlqj wkh Ox{hperxuj

Lqfrph Vwxg| +OLV, Gdwdedvh� Uhylhz ri Lqfrph dqg Zhdowk 67+5,/ ss 44804751

Glfnhqv/ Ulfkdug/ Y1 Iu| dqg Sdqrv Sdvkdughv/ 4<<6/ �Qrqolqhdulwlhv/ Djjuh0

jdwlrq dqg Htxlydohqfh Vfdohv� Hfrqrplf Mrxuqdo 436/ Pdufk 4<<6/ ss 68<069;1

Grqdogvrq/ Gdylg dqg Nulvkqd Shqgdnxu/ 4<<;/ �Htxlydohqw Lqfrph Ixqf0

wlrqv dqg Lqfrph0Ghshqghqw Htxlydohqfh Vfdohv� xqsxeolvkhg zrunlqj sdshu/

Hfrqrplfv/ Xqlyhuvlw| ri Eulwlvk Froxpeld1

Jr}dor/ S1/ 4<<:/ Qrqsdudphwulf Errwvwuds dqdo|vlv zlwk dssolfdwlrqv wr gh0

prjudsklf h�hfwv lq ghpdqg ixqfwlrqv/ Mrxuqdo ri Hfrqrphwulfv ;4/ ss 68:06<61

Sdvkdughv/ S1/ 4<<8/ �Htxlydohqfh Vfdohv lq d Udqn06 Ghpdqg V|vwhp� Mrxuqdo

ri Sxeolf Hfrqrplfv 8;/ ss 476048;1

Shqgdnxu/ Nulvkqd/ 4<<</ �Vhplsdudphwulf Hvwlpdwhv dqg Whvwv ri Edvh0Lqghshqghqw

Htxlydohqfh Vfdohv�1 Mrxuqdo ri Hfrqrphwulfv ;;+4,/ ss 40731

�/ 4<<;/ �Idplo| Lqfrph dqg Frqvxpswlrq Lqhtxdolw| lq Fdqdgd ryhu 4<:;0

4<<5� Uhylhz ri Lqfrph dqg Zhdowk/ 77+5, ss 58<05;61
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Figure 1: Gini Coefficients for Canada, 1978-96
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Figure 2: Change in Gini Coefficients, Canada, 1978-96
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Figure 3: Proportionate Change in Gini Coefficients, Canada, 
1978-96
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Figure 4: Gini Coefficients for Canada, by Region, 1978-96
Naïve Measures
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Figure 5:  Gini Coefficients for Canada, by Region, 1978-96 
Flexible Adjustment
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