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Fdq Vdihw| Qhwv R�vhw wkh Lpsdfw ri Ulvn rq

Zdjh Lqhtxdolw| dqg Vrfldo ZhoiduhB

Sdxo Pdnglvvl� Txhqwlq Zrgrq|

Dxjxvw 5335

Devwudfw

Lqfrph yduldeolw| uhgxfhv vrfldo zhoiduh li lqglylgxdov duh ulvn dyhuvh/

dqg lw lv olnho| wr lqfuhdvh lqhtxdolw| li srruhu krxvhkrogv duh pruh yxo0

qhudeoh wr vkrfnv1 Xvlqj d vlpsoh phwkrg wr hvwlpdwh ulvn0dgmxvwhg

phdvxuhv ri lqhtxdolw| dqg zhoiduh dqg zdjh gdwd iurp Ph{lfr/ wklv

qrwh vkrzv wkdw lw lv hdvlhu iru vdihw| qhwv wr r�vhw wkh lpsdfw ri ulvn

rq zdjh lqhtxdolw| wkdq rq zhoiduh1 Wklv lv ehfdxvh dsduw iurp lwv

lpsdfw rq lqhtxdolw|/ ulvn uhgxfhv wkh fhuwdlqw| htxlydohqw lqfrph ri

lqglylgxdov1

Nh|zrugv= Lqhtxdolw|/ Zhoiduh/ Ulvn/ Vdihw| Qhwv/ Ph{lfr

MHO Frghv= G;4/ G96/ L63

� Gìsduwhphqw g*ìfrqrpltxh dqg FHUHI/ Xqlyhuvlwì gh Vkhueurrnh/ 5833/

erxohydug gh o*Xqlyhuvlwì/ Vkhueurrnh/ Txìehf/ Fdqdgd/ M4N 5U4> Hpdlo=

sdxo1pdnglvvlCxvkhueurrnh1fd1
| OFVSU/ Zruog Edqn/ 4;4; K Vwuhhw/ QZ/ Zdvklqjwrq/ GF 53766/ XVD/ Hpdlo=

tzrgrqCzruogedqn1ruj1
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4 Lqwurgxfwlrq

Zkhq shuiruplqj glvwulexwlrqdo dqdo|vlv/ hfrqrplvwv xvxdoo| uho| rq furvv0

vhfwlrqdo gdwd zklfk jlyh lqirupdwlrq rq lqfrph dw d srlqw lq wlph +h1j1/

Dwnlqvrq dqg Erxujxljqrq/ 5333 dqg Odpehuw/ 5335,1 Krzhyhu/ lw kdv orqj

ehhq uhfrjql}hg wkdw lqfrphv duh vxemhfw wr yduldelolw| dqg wkdw wklv pd|

d�hfw zhoiduh li lqglylgxdov duh ulvn dyhuvh1

Dwnlqvrq +4<:3,/ \lw}kdnl dqg Vohpurg +4<<4, dqg Gdylhv dqg Kr| +4<<8,

dujxh wkdw wkhuh duh olqnv ehwzhhq wkh olwhudwxuhv rq ulvn dqg lqhtxdolw|/ eh0

fdxvh wkh pdwkhpdwlfdo vwuxfwxuhv xvhg wr glvfxvv erwk frqfhswv duh vlplodu1

Lq wklv qrwh/ zh vkrz wkdw erwk frqfhswv fdq lq idfw eh xvhg mrlqwo| wr hv0

wlpdwh ulvn0dgmxvwhg phdvxuhv ri lqhtxdolw| dqg vrfldo zhoiduh1 Zh sursrvh

d vlpsoh phwkrg wr gr vr dqg zh xvh wklv phwkrg wr whvw zkhwkhu vdihw|

qhwv duh olnho| wr eh deoh wr r�vhw wkh lpsdfw ri ulvn rq lqhtxdolw| dqg vrfldo

zhoiduh1

Wkh lghd frqvlvwv lq uhsodflqj wkh phdq lqfrph revhuyhg ryhu d shulrg ri

wlph lq sdqho gdwd e| wkh fhuwdlqw|0htxlydohqw lqfrph1 Wklv lv grqh xvlqj

ydulrxv sdudphwhuv iru ulvn dyhuvlrq dprqj wkh srsxodwlrq lq rughu wr whvw iru

wkh vhqvlwlylw| ri wkh uhvxowv wr wkh ohyho ri ulvn dyhuvlrq1 Zh fdq wkhq dvvhvv/

iru h{dpsoh/ zkhwkhu vdihw| qhwv vxfk dv xqhpsor|phqw ehqh�wv iru zrunhuv

zkr orvh wkhlu mrev duh deoh wr r�vhw wkh qhjdwlyh lpsdfw ri ulvn dyhuvlrq41

Vhfwlrq 5 suhvhqwv wkh dssurdfk/ zklfk lv wkhq looxvwudwhg lq vhfwlrq 6 xvlqj

Ph{lfdq zdjh gdwd1

4Dv srlqwhg rxw e| Udydoolrq +4<;;,/ zkhq dvvhvvlqj lqfrph yduldelolw| iurp frqyhq0

wlrqdo gdwd vhwv/ rqh pd| kdyh gl!fxowlhv lq glvwlqjxlvklqj ehwzhhq wzr vrxufhv ri ydul0

delolw|= vrfldo prelolw|/ zklfk lv olqnhg wr rssruwxqlwlhv iru vhoi0dgydqfhphqw/ dqg lqfrph

ulvn1 Lq wklv qrwh/ zh irfxv rq wkh ulvn frpsrqhqw ri lqfrph yduldelolw|1 Ehfdxvh zh xvh d

sdqho zlwk txduwhuo| lqwhuylhzv ryhu d uhodwlyho| vkruw shulrg ri wlph/ zh dvvxph wkdw wkh

lqfrph yduldelolw| revhuyhg lq wkh gdwd lv hqwluho| gxh wr ulvn1
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5 Iudphzrun

Frqvlghu dq lqglylgxdo � zlwk lqfrph %�| dw wlph |1 Wkh lqglylgxdo lv h{srvhg

wr yduldelolw| lq lqfrph ryhu wkh wlph shulrg A 1 Dv gh�qhg lq wkh ulvn wkhru|

olwhudwxuh/ wkh fhuwdlqw| htxlydohqw ri wkh lqglylgxdo*v lqfrph/ +�/ lv

� E+�� '
�

A

A[
|'�

� E%�|� � +4,

Zlwklq d vrfldo zhoiduh frqwh{w/ � E�� grhv qrw uhsuhvhqw wkh Ehuqrxool xwlo0

lw| ixqfwlrq ri wkh lqglylgxdo/ exw udwkhu d vrfldo mxgjhphqw rq wkh zhoiduh

ydoxh ri wkh udqgrp yduldeoh %/ dv vxjjhvwhg e| wkh dujxphqw rq wkh lpsdu0

wldo hydoxdwlrq ri zhoiduh ehklqg d yhlo ri ljqrudqfh +vhh Ylfnuh|/ 4<78 dqg

Kduvdq|l/ 4<86/ 4<88,1 Zh dvvxph wkdw � E�� lv frqwlqxrxv zlwk �� E�� � f

dqg ��� E�� � f iru doo +1 Wkh dvvxpswlrq rq wkh �uvw ghulydwlyh lpsolhv qrq0

vdwldwlrq1 Wkh dvvxpswlrq rq wkh vhfrqg ghulydwlyh lpsolhv wkdw wkh vrfldo

zhoiduh hydoxdwlrq ixqfwlrq lv ulvn dyhuvh51 Rqh vxfk ixqfwlrq lv wkh Frqvwdqw

Uhodwlyh Ulvn Dyhuvlrq +FUUD, xwlolw| ixqfwlrq

� E%� '

�
%�34

�34
li 4 9' �

*L} % li 4 ' �
c +5,

zkhuh 4 lv wkh frqvwdqw Duurz0Sudww uhodwlyh ulvn dyhuvlrq frh!flhqw1 Wkh

FUUD ixqfwlrq lv lqwhuhvwlqj ehfdxvh lw lv vlplodu lq vwuxfwxuh wr wkh Dwnlqvrq

lqglfhv ri lqhtxdolw| dqg vrfldo zhoiduh1 Xvlqj +5,/ wkh fhuwdlqw| htxlydohqw

lqfrph lv

+� '

;AA?
AA=

k
�

A

SA

|'�
%
�34
�|

l �

�34

li 4 9' �

+� '
TA

|'�
%
�*A

�| li 4 ' �

� +6,

5Dowkrxjk qrw qhfhvvdu|/ lw lv srvvleoh wr pdnh kljkhu rughu dvvxpswlrqv vxfk wkdw

iru rughu v zh kdyh +�4,l.4 x
+l, +�, � 3 iru doo l @ 4>5> ===> v1 Wkrvh dvvxpswlrq ri rughu

v ghvfleh wkh fodvv �v ri xwlolw| ixqfwlrqv dqg duh olqnhg wr wkh v0wk rughu ri vwrfkdvwlf

grplqdqfh ghvfulehg lq Wklvwoh +4<<6,1 Dq lqfuhdvh ri wkh rughu ri vwrfkdvwlf grplqdqfh

lpsolhv dq lqfuhdvh ri wkh plqlpxp ulvn dyhuvlrq lq wkh vhw ri dgplvvleoh xwlolw| ixqfwlrqv1
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Jlyhq wkh yhfwru ri fhuwdlqw| htxlydohqw lqfrphv + ' E+�c +2c ���c +?� zkhuh

? lv wkh qxpehu ri lqglylgxdov/ vrfldo zhoiduh ` lv phdvxuhg dgglwlyho|=

` '
�

?

?[
�'�

� E+�� c +7,

zkhuh � E+�� lv wkh vrfldo hydoxdwlrq ri wkh frqwulexwlrq wr wrwdo zhoiduh ri

lqglylgxdo �1 Dv vkrzq e| Eodfnrue| dqg Grqdogvrq +4<:;,/ wkh idplo| ri

wkh vrfldo zhoiduh ixqfwlrqv lq +7, fdq eh dvvrfldwhg zlwk dq Dwnlqvrq0Nrop0

Vhq lqhtxdolw| lqgh{ ri wkh irup

U ' � �
+e

>+

c +8,

zkhuh >+ lv wkh phdq ri wkh hohphqwv ri wkh yhfwru + dqg +e lv wkh htxdoo|0

glvwulexwhg0htxlydohqw lqfrph lpsolflwo| gh�qhg dv

� E+e� ' ` '
�

?

?[
�'�

� E+�� � +9,

Wkh lqglfhv lq +8, duh uhodwlyh lqhtxdolw| lqglfhv li dqg rqo| li wkh ixqfwlrq

� E�� lv lvrhodvwlf/ zklfk jlyhv wkh Dwnlqvrq +4<:3, lqhtxdolw| lqgh{

U� '

;AAA?
AAA=

� �

�
�

?

S?

�'�

�
+�
>
+

�
�30
� �

�30

li 0 9' �

��
T

?

�'�
+
�*?

�

>+
li 0 ' �

� +:,

zkhuh 0 lv dq lqhtxdolw| dyhuvlrq sdudphwhu1 Xvlqj +6,/ wkh ulvn0dgmxvwhg
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Dwnlqvrq lqgh{ ri lqhtxdolw| lv wkxv
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Lq wxuq/ wkh Dwnlqvrq vrfldo zhoiduh ixqfwlrq lv
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*L} %�| li 4 ' � dqg 0 ' �

c +<,

Lq wkhru|/ lqhtxdolw| pd| eh lqfuhdvhg ru uhgxfhg zkhq ulvn dyhuvlrq lv wdnhq

lqwr dffrxqw1 Li wkrvh zkr vx�hu iurp yrodwlolw| duh udqnhg qhdu wkh wrs ri

wkh glvwulexwlrq/ ulvn0dgmxvwhg lqhtxdolw| phdvxuhv pd| eh orzhu wkdq phd0

vxuhv qrw wdnlqj lqwr dffrxqw ulvn1 Lq sudfwlfh krzhyhu/ vlqfh pxfk ri wkh

yrodwlolw| lq lqfrph lv olnho| wr frph iurp orvvhv lq hpsor|phqw/ dqg vlqfh

srruhu krxvhkrogv whqg wr eh pruh h{srvhg wr vxfk orvvhv/ zh zrxog h{shfw

ulvn0dgmxvwhg phdvxuhv ri lqhtxdolw| wr eh odujhu wkdq lqhtxdolw| phdvxuhv hv0

wlpdwhg rq wkh phdq lqfrph ryhu shulrg A 1 Lq wkh fdvh ri vrfldo zhoiduh/ lw lv

fohdu iurp wkh lqvshfwlrq ri +7, wkdw wdnlqj lqwr dffrxqw ulvn zloo ghfuhdvh wkh

lqgh{ ehfdxvh lw orzhuv vrph lqfrph zlwkrxw lqfuhdvlqj dq| lqfrph1 Qrwh
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wkdw wkh vdph lghd frxog hdvlo| eh dssolhg wr sryhuw| phdvxuhphqw/ vlqfh zh

frxog xvh wkh fhuwdlqw|0htxlydohqw lqfrph ri lqglylgxdov wr frpsxwh vwdqgdug

sryhuw| phdvxuhv1

6 Looxvwudwlrq

Wkh deryh iudphzrun lv looxvwudwhg xvlqj gdwd iurp Ph{lfr*v xuedq hpsor|0

phqw vxuyh| +HQHX, iru 4<<91 Lqirupdwlrq rq zdjh lqfrph lv jlyhq rq

d txduwhuo| edvlv/ dqg zh kdyh �yh revhuydwlrqv iru hdfk lqglylgxdo1 Zh

uhvwulfw wkh vdpsoh wr dgxow pdohv zkr kdyh d srvlwlyh lqfrph lq dw ohdvw rqh

ri wkh �yh shulrgv1 Qrwh wkdw zkloh wkh gdwd duh jrrg iru wkh phdvxuhphqw

ri zdjh lqhtxdolw|/ rqh frxog zrqghu zkhwkhu wkh gdwd duh dssursuldwh iru

hvwlpdwlqj vrfldo zhoiduh vlqfh zh grq*w kdyh lqirupdwlrq rq rwkhu vrxufhv

ri lqfrph/ dqg zh hvwlpdwh zhoiduh phdvxuhv dw wkh lqglylgxdo udwkhu wkdq

krxvhkrog ohyho1 Xqiruwxqdwho|/ rwkhu vxuyh|v lq Ph{lfr zklfk kdyh lqiru0

pdwlrq rq qrq0zdjh lqfrph vrxufhv vxfk dv wkh Lqfrph dqg H{shqglwxuh

Vxuyh| +HQLJK, gr qrw kdyh sdqho gdwd1 Ixuwkhupruh/ lw lv shuihfwo| ydolg

wr dsso| vrfldo zhoiduh ixqfwlrqv wr zdjh gdwd/ surylghg lw lv fohduo| xqghu0

vwrrg wkdw zh duh dqdo|}lqj wkh glvwulexwlrq ri zdjhv udwkhu wkdq wkdw ri

htxlydohqw krxvhkrog lqfrph1 Krzhyhu/ lw lv fohduo| qrw ydolg wr xvh zdjh

gdwd rqo| iru hvwlpdwlqj ulvn0dgmxvwhg sryhuw| phdvxuhv/ vr zh zloo qrw gr

wklv khuh1

Wr ghdo zlwk }hur revhuydwlrqv +%�| ' f, dqg wr vlpxodwh wkh srwhqwldo

lpsdfw ri vdihw| qhwv rq lqhtxdolw| dqg zhoiduh/ zh dvvxph wkdw lqvwhdg ri

kdylqj qr uhvrxufhv dw doo/ lqglylgxdov dfwxdoo| kdyh d plqlpxp ohyho ri

uhvrxufhv1 Iru edvholqh hvwlpdwhv ri lqhtxdolw| dqg vrfldo zhoiduh/ zh vhw

wklv plqlpxp dw �*2f|� ri wkh phdq zdjh revhuyhg lq wkh gdwd1 Zh wkhq

whvw iru wkh vhqvlwlylw| ri wkh lpsdfw ri ulvn dyhuvlrq wr lqfuhdvhv lq wklv
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vxevlvwhqfh ohyho zdjh1 Wkh vlpxodwlrqv fdq wkxv eh lqwhusuhwhg dv d whvw

ri zkhwkhu ydulrxv ohyhov ri xqhpsor|phqw ehqh�wv +zklfk duh fxuuhqwo| qrw

h{lvwlqj lq Ph{lfr/ dowkrxjk wkhuh duh vhyhudo vdihw| qhw surjudpv dydlodeoh,

iru lqglylgxdov zlwk }hur lqfrph zrxog eh deoh wr r�vhw wkh lpsdfw ri ulvn

dyhuvlrq1 Iru h{dpsoh/ li zlwk d wudqvihu ri �*D|� ri wkh phdq zdjh wr doo

wkrvh zlwk }hur lqfrph/ wkh ohyho ri ulvn0dgmxvwhg lqhtxdolw| +ru zhoiduh, lv qrw

kljkhu +orzhu, wkdq wkh ohyho ri lqhtxdolw| +zhoiduh, revhuyhg zlwk wkh phdq

zdjh ryhu wkh �yh shulrgv +zklfk dvvxphv qr ulvn dyhuvlrq, dqg d vxevlvwhqfh

zdjh ri �*2f|� ri wkh phdq zdjh/ zh zloo vd| wkdw wkh wudqvihu lv vxffhvvixo

lq r�vhwwlqj wkh lpsdfw rq lqhtxdolw| +zhoiduh, ri ulvn dyhuvlrq1

Vdlg gl�huhqwo|/ wkh hpslulfdo txhvwlrq lv zkdw ohyho ri wudqvihuv pljkw eh

qhfhvvdu| wr r�vhw wkh lpsdfw ri ulvn dyhuvlrq1 D kljkhu ohyho ri ulvn dyhuvlrq

zloo uhtxluh d kljkhu wudqvihu wr frpshqvdwh iru wkh lpsdfw ri ulvn dyhuvlrq

rq lqhtxdolw| dqg zhoiduh1 Dv phqwlrqhg hduolhu/ zh fdq frqmhfwxuh wkdw wkh

lpsdfw ri ulvn dyhuvlrq rq zhoiduh lv jrlqj wr eh pruh gl!fxow wr r�vhw zlwk d

wudqvihu iru wkrvh zlwk }hur lqfrph wkdq wkh lpsdfw rq lqhtxdolw|/ ehfdxvh lq

wkh fdvh ri vrfldo zhoiduh/ ulvn dyhuvlrq uhgxfhv wkh phdq fhuwdlqw|0htxlydohqw

lqfrph ohyho dsduw iurp srwhqwldoo| lqfuhdvlqj lqhtxdolw|1

Wdeoh 4 surylghv wkh hvwlpdwhv ri wkh Dwnlqvrq lqglfhv ri lqhtxdolow| dqg

zhoiduh iru gl�huhqw ydoxhv ri 4 dqg 01 Zh frpsxwh hvwlpdwhv iru ydoxhv

ri 4 5 dfc Ho/ ehfdxvh wkhvh duh wkh ydoxhv w|slfdoo| xvhg lq wkh olwhudwxuh1

Iru lqvwdqfh/ Phkud dqg Suhvfrww +4<;8, xvh 4 5 dfc �fo1 Duurz +4<:4, kdv

dujxhg rq wkhruhwlfdo jurxqgv wkdw 4 vkrxog eh durxqg �/ exw Iulhqg dqg

Eoxph +4<:8, kdyh suhvhqwhg hpslulfdo hylghqfh edvhg rq sruwirolr kroglqjv

wkdw wkh frh!flhqw pd| eh durxqg 2/ dqg Kloguhwk dqg Nqrzohv +4<;5, kdyh

rewdlqhg hvwlpdwhv ehwzhhq � dqg 21 E| frqvlghulqj d odujhu lqwhuydo/ dv

grqh e| Phkud dqg Suhvfrww +4<;8,/ zh fdq eh frq�ghqw wkdw zh fryhu prvw

9



srvvleoh ydoxhv iru wklv frh!flhqw1

Frqvlghu wkh �uvw urz ri Wdeoh 4 dv wkh edvh fdvh +plqlpxp lqfrph

vxssruw dqg qr ulvn dyhuvlrq,1 Iru 0 ' f�D/ wkh Dwnlqvrq lqgh{ ri lqhtxdolw|

lv 314:1 Wklv lqfuhdvhv wr 314; zlwk 4 ' 2 dqg 314< zlwk 4 ' e1 Wkh txhvwlrq

lv= zkdw ohyho ri wudqvihu iru wkrvh zlwk }hur lqfrph zrxog eh hqrxjk wr

r�vhw wkh lpsdfw ri ulvn dyhuvlrq/ qdpho| wkh lqfuhdvh lq lqhtxdolw| iurp 314:

wr 314; ru 314<1 Wdeoh 4 vkrzv wkdw d wudqvihu htxdo wr �*�f|� ri wkh phdq

zdjh zrxog eh vx!flhqw wr r�vhw wkh lpsdfw ri ulvn dyhuvlrq/ vlqfh iru erwk

4 ' 2 dqg 4 ' e dqg wkdw ohyho ri wudqvihu/ zh uhpdlq dw d ohyho ri lqhtxdolw|

ri 314:1 Iru vrfldo zhoiduh e| frqwudvw/ zlwk 0 ' f�D/ 4 ' f/ dqg d wudqvihu

ri �*2f|� ri wkh phdq zdjh/ wkh edvholqh hvwlpdwh ri zhoiduh lv <1881 Wklv

gursv wr ;187 li 4 ' 2 dqg ;13: li 4 ' e1 D wudqvihu ri �*�f|� ri wkh phdq

zdjh zrxog qrw eh vx!flhqw wr r�vhw wkh lpsdfw ri ulvn dyhuvlrq vlqfh wkh

ohyho ri zhoiduh zrxog lqfuhdvh rqo| wr ;155 zlwk 4 ' e dqg ;19; zlwk 4 ' 21

Hyhq d wudqvihu htxdo wr kdoi wkh phdq zdjh zrxog qrw eh hqrxjk wr r�vhw

ulvn dyhuvlrq/ vlqfh zhoiduh zrxog wkhq eh htxdo wr ;195 zlwk 4 ' e dqg <139

zlwk 4 ' 2 zklfk uhpdlqv zhoo ehorz <188

Wkh lpsdfw ri ulvn dyhuvlrq/ dqg wkh idfw wkdw lw lv hdvlhu wr r�vhw wklv lp0

sdfw rq lqhtxdolw| wkdq rq zhoiduh/ duh looxvwudwhg lq Iljxuhv 4 dqg 51 Iljxuh

4 vkrzv wkh lpsdfw ri ulvn dyhuvlrq +dv uhsuhvhqwhg e| wkh fxuyhv iru gl�huhqw

ydoxhv ri 4, dqg dyhuvlrq wr lqhtxdolw| +rq wkh krul}rqwdo d{lv, rq erwk zho0

iduh +grzqzdug vorslqj fxuyhv dqg ohiw yhuwlfdo d{lv iru phdvxuhphqw, dqg

lqhtxdolw| +xszdug vorslqj fxuyhv dqg uljkw yhuwlfdo d{lv iru phdvxuhphqw,

xqghu wkh edvholqh vfhqdulr +vxevlvwhqfh zdjh htxdo wr �*2f|� ri wkh phdq

zdjh1, Kljkhu dyhuvlrq wr ulvn dqg kljkhu dyhuvlrq wr lqhtxdolw| erwk lq0

fuhdvh lqhtxdolw| phdvxuhv dqg ghfuhdvh zhoiduh phdvxuhv1 Iljxuh 5 vkrzv

krz lqhtxdolw| dqg zhoiduh phdvxuhv ehkdyh zlwk d wudqvihu ri �*�o_ ri phdq

:



zdjh1 Wkh wudqvihu lv deoh wr r�vhw prvw ri wkh lpsdfw ri ulvn dyhuvlrq rq

lqhtxdolw|/ exw lw lv qrw vx!flhqw wr r�vhw wkh lpsdfw ri ulvn dyhuvlrq rq zho0

iduh1 Djdlq/ wkh uhdvrq lv wkdw wkh lpsdfw ri ulvn rq vrfldo zhoiduh lv grxeoh1

Iluvw/ ulvn uhgxfhv wkh fhuwdlqw|0htxlydohqw lqfrph +wklv lv dozd|v wkh fdvh,/

dqg vhfrqg/ lw lqfuhdvhv lqhtxdolw| +wklv qhhg qrw eh wkh fdvh/ exw lv olnho| wr

eh revhuyhg lq sudfwlfh,1

7 Frqfoxvlrq

Dqdo|vwv riwhq uho| rq furvv0vhfwlrqdo vwdwlvwlfv rq lqfrph wr dvvhvv lqhtxdolw|/

vrfldo zhoiduh dqg sryhuw|1 Exw wkh uhvxowv gr qrw uh hfw wkh ulvn frpsrqhqw

dvvrfldwhg zlwk lqfrph yduldelolw|1 Lq wklv qrwh/ zh kdyh surylghg d vlpsoh

phwkrg iru hqvxulqj wkdw ulvn lv wdnhq lqwr dffrxqw1 Wkh phwkrg lv edvhg rq

wkh frqfhsw ri wkh fhuwdlqw|0htxlydohqw lqfrph vwdqgdug lq wkh ulvn olwhudwxuh1

Dq looxvwudwlrq iru Ph{lfr vxjjhvwv wkdw wudqvihuv iru wkrvh zkr orvh wkhlu

lqfrph gxh wr xqhpsor|phqw dqg rwkhu idfwruv kdyh wkh srwhqwldo wr r�vhw

wkh lpsdfw ri ulvn dyhuvlrq rq lqhtxdolw|/ exw frxqwhudfwlqj wkh lpsdfw ri

ulvn dyhuvlrq rq vrfldo zhoiduh lv pruh gl!fxow1

Uhihuhqfhv

^4` Duurz/ N1M1 +4<:4,/ Hvvd|v lq wkh Wkhru| ri Ulvn0Ehdulqj/ Kruwk0

Kroodqg/ Dpvwhugdp1

^5` Dwnlqvrq/ D1 E1 +4<:3,/ Rq wkh Phdvxuhphqw ri Lqhtxdolw|/ Mrxuqdo ri

Hfrqrplf Wkhru|/ 5/ 57705961

;



^6` Dwnlqvrq/ D1E1 dqg I1 Erxujxljqrq/ hgv +5333,/ Kdqgerrn ri Lqfrph

Glvwulexwlrq/ Kdqgerrnv lq Hfrqrplfv/ yro1 49/ Hovhylhu Vflhqfh/ Dpv0

whugdp1

^7` Eodfnrue|/ F1 dqg G1 Grqdogvrq +4<:;,/ Phdvxuhv ri Uhodwlyh Htxdolw|

dqg Wkhlu Phdqlqj lq Whupv ri Vrfldo Zhoiduh/ Mrxuqdo ri Hfrqrplf

Wkhru|/ 4;/ 8<0;31

^8` Gdylhv/ M1 dqg P1 Kr| +4<<8,/ Pdnlqj Lqhtxdolw| Frpsdulvrqv Zkhq

Oruhq} Fxuyhv Lqwhuvhfw/ Dphulfdq Hfrqrplf Uhylhz/ ;8/ <;30<;91

^9` Iulhqg/ L1 dqg P1H1 Eoxph +4<:8,/ Wkh Ghpdqg iru Ulvn| Dvvhwv/ Dphu0

lfdq Hfrqrplf Uhylhz/ 98/ <330<551

^:` Kduvdq|l/ M1F1 +4<86,/ Fduglqdo Xwlolw| lq Zhoiduh Hfrqrplfv dqg lq

Wkhru| ri Ulvn0Wdnlqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 94/ 76707681

^;` Kduvdq|l/ M1F1 +4<88,/ Fduglqdo Zhoiduh/ Lqglylgxdolvwlf Hwklfv dqg Lq0

whushuvrqdo Frpsdulvrqv ri Xwlolw|/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 96/

63<06541

^<` Kloguhwk/ F1 dqg J1M1 Nqrzohv +4<;5,/ Vrph Hvwlpdwhv ri Iduphuv* Xwlo0

lw| Ixqfwlrqv/ Whfkqlfdo Exoohwlq 668/ Djulfxowxudo H{shulphqwdo Vwd0

wlrq/ Xqlyhuvlw| ri Plqqhvrwd1

^43` Odpehuw/ S1M1 +5335,/ Wkh Glvwulexwlrq dqg Uhglvwulexwlrq ri Lqfrph=

D Pdwkhpdwlfdo Dqdo|vlv/ 6ug Hglwlrq/ Pdqfkhvwhu Xqlyhuvlw| Suhvv/

Pdqfkhvwhu1

^44` Phkud/ U1 dqg H1F1 Suhvfrww +4<;8,/ Wkh Htxlw| Suhplxp/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 48/ 47804941

<



^45` Udydoolrq/ P1 +4<;;,/ H{shfwhg Sryhuw| xqghu Ulvn0lqgxfhg Zhoiduh

Yduldelolw|/ Hfrqrplf Mrxuqdo/ <;/ 44:4044;51

^46` Wklvwoh/ S1 +4<<6,/ Qhjdwlyh Prphqwv/ Ulvn Dyhuvlrq/ dqg Vwrfkdvwlf

Grplqdqfh/ Mrxuqdo ri Ilqdqfldo Txdqwlwdwlyh Dqdo|vlv/ 5;/ 63406441

^47` Ylfnuh|/ Z1 +4<78,/ Phdvxulqj Pdujlqdo Xwlolw| e| Uhdfwlrq wr Ulvn/

Hfrqrphwulfd/ 46/ 64<06661

^48` \lw}kdnl/ V1 dqg M1 Vohpurg +4<<4,/ Zhoiduh Grplqdqfh= Dq Dssolfdwlrq

wr Frpprglw| Wd{dwlrq/ Dphulfdq Hfrqrplf Uhylhz/ ;4/ 7;307<91

43



Table 1: Inequality and welfare under risk aversion and alternative safety nets
Aversion to Inequality (Atkinson measure) Social welfare (Atkinson measure)

Risk (ρ) A(0.5) A(1) A(2) W(0.5) W(1) W(2)
Transfer equal to 1/20th of mean wage for those with zero wage

0 0.17 0.29 0.48 9.55 2.96 -0.07
2 0.18 0.33 0.58 8.54 2.70 -0.11
4 0.19 0.36 0.64 8.07 2.55 -0.14
6 0.20 0.37 0.66 7.84 2.49 -0.15
8 0.20 0.38 0.66 7.70 2.45 -0.16

Transfer equal to 1/10th of mean wage for those with zero wage
0 0.17 0.29 0.45 9.59 2.98 -0.07
2 0.17 0.29 0.48 8.68 2.77 -0.09
4 0.17 0.31 0.53 8.22 2.64 -0.10
6 0.18 0.32 0.54 7.98 2.58 -0.11
8 0.18 0.32 0.55 7.84 2.54 -0.12

Transfer equal to 1/5th of mean wage for those with zero wage
0 0.16 0.27 0.42 9.64 3.00 -0.06
2 0.15 0.26 0.42 8.84 2.83 -0.07
4 0.16 0.27 0.45 8.39 2.72 -0.09
6 0.16 0.28 0.46 8.15 2.66 -0.09
8 0.16 0.28 0.47 8.01 2.62 -0.10

Transfer equal to 1/3rd of mean wage for those with zero wage
0 0.16 0.26 0.40 9.71 3.02 -0.06
2 0.14 0.25 0.39 8.96 2.87 -0.07
4 0.14 0.25 0.42 8.52 2.77 -0.08
6 0.15 0.26 0.44 8.29 2.70 -0.09
8 0.15 0.26 0.44 8.14 2.67 -0.09

Transfer equal to half of mean wage for those with zero wage
0 0.15 0.26 0.39 9.78 3.04 -0.06
2 0.14 0.24 0.38 9.06 2.90 -0.07
4 0.14 0.24 0.41 8.62 2.79 -0.08
6 0.14 0.25 0.43 8.38 2.73 -0.09
8 0.14 0.25 0.44 8.23 2.69 -0.09

Source: Authors’ estimation using Mexico’s ENEU for 1996.



 

Figure 1: Risk, inequality, and social welfare with 
transfers equal to 1/20th of mean wage
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Figure 2: Risk, inequality, and social welfare with 
transfers equal to 1/3rd of mean wage
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 Source: Authors’ estimation using Mexico’s ENEU for 1996.
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