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Zh hvwlpdwh wkh lqfrph0uhodwhg lqhtxdolw| lq Vzhghq zlwk uhvshfw wr

olih0|hduv dqg txdolw|0dgmxvwhg olih0|hduv +TDO\v,1 Zh xvh d odujh gdwd0vhw

iurp Vzhghq zlwk ryhu 73> 333 lqglylgxdov iroorzhg xs iru 43 � 49 |hduv/

wr hvwlpdwh wkh vxuylydo dqg txdolw|0dgmxvwhg vxuylydo lq gl�huhqw lqfrph

jurxsv1 Iru erwk olih0|hduv dqg TDO\v zh glvfryhu lqhtxdolwlhv lq khdowk

idyrxulqj wkh kljkhu lqfrph jurxsv1 Iru phq +zrphq, lq wkh |rxqjhvw

djh0jurxs +53�5< |hduv, wkh qxpehu ri TDO\v lv 76=: +78=:, lq wkh orzhvw

lqfrph ghfloh dqg 7:=5 +7<=3, lq wkh kljkhvw lqfrph ghfloh1
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H0pdlo= khxjCkkv1vh1
|Zh wkdqn Hgg| ydq Grruvodhu iru khosixo frpphqwv1



41 Lqwurgxfwlrq

Wkh lvvxh ri lqfrph0uhodwhg lqhtxdolwlhv lq khdowk kdv uhfhlyhg lqfuhdvlqj dwwhq0

wlrq lq khdowk hfrqrplfv lq uhfhqw |hduv +ydq Grruvodhu hw do1 4<<:> Ndnzdql

hw do1 4<<:> Jhugwkdp hw do1 4<<<,1 Ydq Grruvodhu hw do1 +4<<:, hvwlpdwhg

lqfrph0uhodwhg lqhtxdolwlhv lq khdowk iru qlqh lqgxvwuldolvhg frxqwulhv/ xvlqj wkh

frqfhqwudwlrq lqgh{ dv wkh phdvxuh ri lqhtxdolw|1 Wkhlu uhvxowv vkrzhg wkdw wkh

lqhtxdolwlwhv lq khdowk vljql�fdqwo| idyrxuhg wkh kljkhu lqfrph jurxsv lq doo frxq0

wulhv +ydq Grruvodhu hw do1 4<<:,1 Vhoi dvvhvvhg ryhudoo khdowk vwdwxv zdv xvhg dv

wkh phdvxuh ri khdowk lq wkh vwxg| e| ydq Grruvodhu hw do +4<<:,1 Khdowk vwdwxv

lv/ krzhyhu/ dq lqfrpsohwh phdvxuh ri khdowk vlqfh lw ljqruhv wkh ohqjwk ri olih1

Lw zrxog wkxv dovr eh lqwhuhvwlqj wr lqyhvwljdwh lqfrph uhodwhg lqhtxdolwlhv zlwk

uhvshfw wr ohqjwk ri olih1 Wkdw wkhuh lv dq dvvrfldwlrq ehwzhhq lqfrph dqg pru0

wdolw| kdv ehhq vkrzq lq pdq| vwxglhv +Oxwwhu dqg Pruudoo 4<<7> Ylvfxvl 4<<7d/e>

Nhhqh| 4<<:,1 Vhyhudo suhylrxv vwxglhv kdyh irfxvhg rq lqhtxdolwlhv lq pruwdolw|

+Oh Judqg 4<;:/ 4<;<> Nxqvw dqg Pdfnhqedfk 4<<5/4<<7> Ydonrqhq 4<;<,/ exw

wkh| kdyh qrw phdvxuhg wkh frqfhqwudwlrq lqgh{ ri lqfrph0uhodwhg lqhtxdolw|1

Lghdoo| rqh zrxog olnh wr xvh d khdowk phdvxuh wkdw lqfrusrudwhv erwk khdowk

vwdwxv dqg ohqjwk ri olih lq rqh phdvxuh1 Vxfk d khdowk phdvxuh/ txdolw|0dgmxvwhg

olih0|hduv +TDO\v,/ kdv ehhq ghyhorshg lq wkh �hog ri hfrqrplf hydoxdwlrq ri

khdowk fduh +Guxpprqg hw do1 4<<:,1 TDO\v duh frqvwuxfwhg e| zhljkwlqj

olih0|hduv ehwzhhq f +ghdg, dqg � +ixoo khdowk, ghshqglqj rq wkh khdowk vwdwxv1

Jhugwkdp hw do1 +4<<<, fdofxodwhg khdowk frqfhqwudwlrq lqglfhv iru TDO\ zhljkwv

dv d phdvxuh ri khdowk vwdwxv/ exw wkh qxpehu ri TDO\v kdv qrw |hw ehhq xvhg

lq vwxglhv rq lqfrph0uhodwhg lqhtxdolw|1
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Wkh sxusrvh ri wklv vwxg| lv wzrirog1 Wkh �uvw sxusrvh lv wr ghyhors phwkrgv

iru xvlqj olih0|hduv dqg TDO\v dv wkh khdowk phdvxuh lq vwxglhv ri lqfrph0uhodwhg

lqhtxdolwlhv lq khdowk1 Wkh vhfrqg sxusrvh lv wr uhsruw hpslulfdo uhvxowv iru Vzh0

ghq1 Rxu phwkrgv duh ghvfulehg ehorz/ iroorzhg e| d suhvhqwdwlrq ri wkh uhvxowv1

Wkh sdshu hqgv zlwk vrph frqfoxglqj uhpdunv1

51 Phwkrgv

5141 Lqfrph0uhodwhg lqhtxdolw| lq olih0|hduv

Wr hvwlpdwh krz wkh olih h{shfwdqf| ydulhv zlwk lqfrph zh xvh gdwd iurp Vwdwlv0

wlf Vzhghq*v Vxuyh| ri Olylqj Frqglwlrqv +wkh XOI vxuyh|, +Vwdwlvwlfv Vzhghq

4<<:, zklfk kdyh ehhq olqnhg wr vxuylydo gdwd iurp wkh Qdwlrqdo Fdxvhv ri Ghdwk

Vwdwlvwlfv dqg wr lqfrph gdwd iurp wkh Qdwlrqdo Lqfrph Wd{ Vwdwlvwlfv1 Hyhu|

|hdu/ Vwdwlvwlfv Vzhghq frqgxfwv v|vwhpdwlf vxuyh|v ri olylqj frqglwlrqv/ lq wkh

irup ri rqh0krxu shuvrqdo lqwhuylhzv zlwk udqgrpo| vhohfwhg dgxowv djhg �S� He

|hduv1 Vlqfh �b.D derxw .c fff lqglylgxdov kdyh ehhq lqwhuylhzhg hdfk |hdu1 Zh

xvh srrohg gdwd iurp wkh dqqxdo lqwhuylhzv frqgxfwhg lq �bHf� �bHS iru doo wkh

vxemhfwv djhg 2f � He |hduv dw wkh wlph ri wkh lqwhuylhz1 Zh h{foxgh vxemhfwv

|rxqjhu wkdq 2f |hduv ri djh/ wr dyrlg kdylqj vxemhfwv zkr duh vwloo lq kljk vfkrro

+prvw shrsoh lq Vzhghq �qlvk kljk vfkrro zkhq wkh| duh �b,1 Wkh wrwdo vdpsoh

frqvlvwv ri e�c HbH lqglylgxdov1 Diwhu fruuhfwlqj iru plvvlqj ydoxhv/ wkh vdpsoh lv

uhgxfhg wr e�c �SS lqglylgxdov1 Wkh pruwdolw| h{shulhqfh ri wkh vdpsoh lv uhfrughg

xqwlo Ghfhpehu ��/ �bbS1 Wdeoh 4 jlyhv vxppdu| vwdwlvwlfv iru wkh yduldeohv zh

xvh lq wkh uhjuhvvlrq dqdo|vlv +Wdeoh 4 lq khuh,1

D Fr{ sursruwlrqdo kd}dug uhjuhvvlrq lv hvwlpdwhg rq wkh uhodwlrqvkls ehwzhhq
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pruwdolw| dqg lqfrph/ frqwuroolqj iru djh dqg jhqghu +Fr{ 4<:5,1 Wkh ghshqghqw

yduldeoh lv wkh vxuylydo wlph lq |hduv dqg wkh vxuylydo vwdwxv dw wkh hqg ri iroorz0

xs1 Wkh gdwh ri ghdwk lv uhfrughg iru doo vxemhfwv zkr kdg glhg e| Ghfhpehu ��/

�bbS1 Wkh vxuylydo wlph lv hvwlpdwhg dv wkh qxpehu ri |hduv iurp wkh lqwhuylhz

gdwh wr wkh gdwh ri ghdwk1 Wkh fhqvruhg vxuylydo wlph ri shuvrqv dolyh dw wkh hqg

ri �bbS lv hvwlpdwhg dv wkh qxpehu ri |hduv iurp wkh lqwhuylhz gdwh wr Ghfhpehu

��/ �bbS1 Wkh dyhudjh fhqvruhg vxuylydo wlph lq wkh vdpsoh lv �2��� |hduv/ dqg

HfI duh dolyh dw wkh hqg ri iroorz0xs rq Ghfhpehu ��/ �bbS1

Wkh Fr{ uhjuhvvlrq pdnhv qr glvwulexwlrqdo dvvxpswlrqv derxw wkh ixqfwlrqdo

irup ri wkh edvholqh kd}dug/ dv uhtxluhg iru prvw rwkhu kd}dug ixqfwlrqv1 Ehvlghv

ghshqglqj rq wlph/ wkh kd}dug udwh zloo ghshqg rq lqglylgxdo fkdudfwhulvwlfv +fr0

yduldwhv,1 Wdnlqj wkhvh lqwr dffrxqw/ wkh kd}dug udwh dw wlph | iru lqglylgxdo �

pd| eh zulwwhq=

�E|(f� ' �E|c f� � ef�q

�E|c f� lv wkh xqnqrzq edvholqh kd}dug udwh dw wlph | +wkh kd}dug udwh iru wkh

uhvshfwlyh lqglylgxdo zkhq doo fryduldwh ydoxhv duh htxdo wr }hur,/ f lv d yhfwru

ri fryduldwhv zklfk vkliwv wkh kd}dug ixqfwlrq sursruwlrqdoo|/ dqg q lv d yhfwru

ri sdudphwhuv1 Zkloh qr dvvxpswlrqv duh pdgh derxw wkh ixqfwlrqdo irup ri wkh

edvholqh kd}dug/ wkh Fr{ prgho dvvxphv d sursruwlrqdo uhodwlrqvkls ehwzhhq wkh

kd}dug ixqfwlrq dqg wkh orj0olqhdu ixqfwlrq ri wkh fryduldwhv/ l1h1 lw lv dvvxphg

wkdw wkh udwlr ri wkh kd}dug ixqfwlrq iru wzr lqglylgxdov grhv qrw ghshqg rq wlph/

l1h1 ef�q ' �E|(f�*�E|c f�phdvxuhv wkh kd}dug ixqfwlrq dw wlph | iru dq lqglylgxdo

zlwk d yhfwru ri fryduldwhv f uhodwlyh wr wkh edvholqh ixqfwlrq iru dq lqglylgxdo

zlwk fryduldwh yhfwru f1
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Dv dq lqghshqghqw yduldeoh lq wkh uhjuhvvlrq dqdo|vlv zh xvh wkh dqqxlwl}hg olih0

wlph krxvhkrog lqfrph shu frqvxpswlrq xqlw lq �bbS sulfhv lq Vzhglvk Furzqv

+VHN, +H{fkdqjh udwh �bbS= m�@VHN S�.�,1 Wklv lqfrph phdvxuh frqvlvwv ri

wzr frpsrqhqwv wkdw duh dgghg wrjhwkhu= wkh dqqxlw| ri wkh olih0wlph glvsrvdeoh

lqfrph dqg wkh dqqxlw| ri qhw zhdowk1 Lq rxu gdwd vhw zh kdyh lqirupdwlrq derxw

wkh glvsrvdeoh lqfrph ri wkh krxvhkrog lq wkh lqwhuylhz |hdu1 Glvsrvdeoh lqfrph

lv frqyhuwhg wr �bbS sulfhv xvlqj wkh frqvxphu sulfh lqgh{1 D sureohp zlwk xvlqj

wkh glvsrvdeoh lqfrph lq d vlqjoh |hdu lv wkdw lw pd| eh dq lpshuihfw phdvxuh ri

wkh dqqxdo frqvxpswlrq lq rxu revhuydwlrq shulrg1 Wkh lqfrph ydulhv ehwzhhq

|hduv dqg lqglylgxdov pd| eruurz ru vdyh wr hyhq rxw wkh frqvxpswlrq ehwzhhq

shulrgv1 Zh wkhuhiruh hvwlpdwh wkh h{shfwhg olih0wlph glvsrvdeoh lqfrph1 Wkh olih0

wlph glvsrvdeoh lqfrph lv hvwlpdwhg edvhg rq wkh shufhqwdjh fkdqjh lq lqfrph

zlwk djh lq rxu vdpsoh1 Wkh shufhqwdjh fkdqjh lq lqfrph zlwk djh lv hvwlpdwhg

vhsdudwho| iru phq dqg zrphq dqg iru wkh wkuhh hgxfdwlrq fdwhjrulhv lq rxu gdwd

vhw14 Wr hvwlpdwh wkh olih0wlph lqfrph/ wkh dyhudjh olih h{shfwdqf| iru phq dqg

zrphq lq Vzhghq lv xvhg +Vwdwlvwlfv Vzhghq 4<<;,1 D �I glvfrxqw udwh lv xvhg

wr hvwlpdwh wkh olihwlph glvsrvdeoh lqfrph lq suhvhqw ydoxh whupv1 Wkh dqqxlw| ri

wkh olih0wlph lqfrph lv wkhq xvhg lq wkh dqdo|vlv1

Iurp wkh Qdwlrqdo Lqfrph Wd{ Vwdwlvwlfv zh dovr kdyh lqirupdwlrq derxw wkh

wd{deoh qhw zhdowk +wrwdo wd{deoh dvvhwv plqxv wrwdo oldelolwlhv, ri wkh krxvhkrog

4D uhjuhvvlrq htxdwlrq ri glvsrvdeoh lqfrph dv d ixqfwlrq ri djh dqg djh0vtxduhg lv xvhg

wr hvwlpdwh wkh shufhqwdjh fkdqjh lq glvsrvdeoh lqfrph iru hdfk |hdu xqwlo wkh djh ri 98 +wkh

uhwluhphqw djh,1 Diwhu uhwluhphqw wkh dqqxdo lqfrph lv dvvxphg wr eh frqvwdqw> wr hvwlpdwh wkh

shufhqwdjh fkdqjh lq lqfrph dw uhwluhphqw zh xvh wkh wkh dyhudjh lqfrph lq wkh 98� 9< |hduv

djh0jurxs lq rxu gdwd +iru wkh jhqghu dqg hgxfdwlrq fdwhjru| ri wkh lqglylgxdo,1
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gxulqj wkh lqwhuylhz |hdu1 Wd{deoh qhw zhdowk lv frqyhuwhg wr �bbS sulfhv xvlqj wkh

frqvxphu sulfh lqgh{1 Wkh gdwd uhfrughg lq wkh Qdwlrqdo Lqfrph Wd{ Vwdwlvwlfv lv

wkh wd{deoh qhw zhdowk wkdw lv xvhg dv wkh edvlv iru wkh wd{ rq zhdowk lq Vzhghq1

Gxh wr wkh wd{ uxohv/ qrw doo dvvhwv duh ydoxhg dw wkh pdunhw ydoxh lq wkh wd{deoh qhw

zhdowk phdvxuh1 Wkxv wkh phdvxuh v|vwhpdwlfdoo| xqghuydoxhv qhw zhdowk1 Wkh

phdvxuh dovr ghshqgv rq wkh wd{ uxohv dw wkh wlph ri wkh vxuyh|/ zklfk phdqv wkdw

wkh ydoxhv pd| qrw eh vwulfwo| frpsdudeoh ehwzhhq wkh gl�huhqw lqwhuylhz |hduv1

Zh wkhuhiruh fduu| rxw dq dssur{lpdwlrq ri wkh qhw zhdowk dw pdunhw ydoxh15 Wkh

dqqxlw| ri qhw zhdowk lv wkhq dgghg wr wkh dqqxlw| ri dqqxdo glvsrvdeoh lqfrph

wr rewdlq rxu lqfrph phdvxuh1

Wr �qg wkh rswlpdo ixqfwlrqdo uhodwlrqvkls ehwzhhq lqfrph dqg wkh pruwdolw|

udwh d Er{0Fr{ dqdo|vlv lv fduulhg rxw +Er{0Fr{ 4<97,/ l1h1 d Er{0Fr{ wudqviru0

pdwlrq sdudphwhu b dv gh�qhg e| wkh rshudwru= f+b� ' Efb � ��*b iru b 9' f ru

*?f iru b ' f/ zkhuh f lv lqfrph� Lq wklv surfhgxuh zh ghwhuplqh wkh pd{lpxp

olnholkrrg srlqw hvwlpdwh iru b zkhuh d rqh0glphqvlrqdo julg vhdufk lv fduulhg rxw

ryhu wkh lqwhuydo �� wr � iru b dw f�fD lqfuhphqwv1 Lq wkh uhjuhvvlrq zh dovr frq0

wuro iru djh/ djh0vtxduhg dqg jhqghu1 Wkh orj0olnholkrrg ixqfwlrq lv pd{lpl}hg

dw b ' f�2e� Lq wkh dsshqgl{/ Wdeoh D4/ zh vkrz wkh hvwlpdwhg kd}dug ixqfwlrq

5Wr fduu| rxw wklv dssur{lpdwlrq zh hvwlpdwh wkh udwlr ehwzhhq qhw zhdowk dw pdunhw ydoxh

dqg wd{deoh qhw zhdowk iru hdfk lqwhuylhz |hdu1 Zh wkhq pxowlso| wkh wd{deoh qhw zhdowk e|

wklv udwlr iru hdfk shuvrq wr jhw wkh qhw zhdowk ri hdfk shuvrq1 Dv wkh phdvxuh ri qhw zhdowk

dw pdunhw ydoxh zh xvh wkh dyhudjh ydoxh lq dq lqyhvwljdwlrq derxw wkh dyhudjh krxvhkrog qhw

zhdowk dw pdunhw ydoxh lq wkh Vzhglvk dgxow srsxodwlrq lq 4<;6/ 4<;7/ 4<;8 dqg 4<;; +Vwdwlvwlfv

Vzhghq 4<<3,1 Wkh ydoxh ri wkh krxvhkrog qhw zhdowk dw pdunhw ydoxh zdv VHN 655> <6; lq 4<<9

sulfhv1 Wkh udwlr ehwzhhq wklv ydoxh dqg wkh wd{deoh qhw zhdowk zdv= 4=;6 lq 4<;3/ 4=65 lq 4<;4/

4=68 lq 4<;5/ 4=65 lq 4<;6/ 4=78 lq 4<;7/ 4=7: lq 4<;8/ dqg 4=6; lq 4<;91
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zkhuh b lv vhw dw f�2e1 Wkh hvwlpdwhg kd}dug ixqfwlrq lv wkhq xvhg wr hvwlpdwh

wkh olih0h{shfwdqf| ri doo vxemhfwv lq rxu vdpsoh1 Wkh kd}dug ixqfwlrq jlyhv wkh

dqqxdo pruwdolw| ulvn dqg olih h{shfwdqf| lv hvwlpdwhg e| hvwlpdwlqj wkh dqqxdo

ulvn dw doo djhv iru dq lqglylgxdo1 Zh hvwlpdwh wkh olih h{shfwdqf| lq vhyhq djh0

jurxsv +2f� 2b |hduv/ �f� �b |hduv/ ef� eb |hduv/ Df� Db |hduv/ Sf� Sb |hduv/

.f � .b |hduv/ Hf � He |hduv,1 Wr vwdqgduglvh iru djh zlwklq hdfk djh0jurxs wkh

djh ri doo lqglylgxdov lq dq djh0jurxs lv vhw wr wkh phdq djh lq wkdw djh0jurxs16

Wkh hvwlpdwhg olih h{shfwdqf| iru doo lqglylgxdov lq rxu vdpsoh lv xvhg wr fdofx0

odwh wkh frqfhqwudwlrq lqgh{ iru olih0|hduv lq wkh gl�huhqw djh0jurxsv dqg iru wkh

hqwluh vdpsoh +hvwlpdwhg dv wkh zhljkwhg dyhudjh ri wkh frqfhqwudwlrq lqglfhv lq

wkh gl�huhqw djh0jurxsv,1 Wkh frqfhqwudwlrq lqgh{ sorwv wkh fxpxodwlyh sursru0

wlrq ri d phdvxuh ri khdowk djdlqvw wkh fxpxodwlyh sursruwlrq ri wkh srsxodwlrq

udqnhg iurp wkh orzhvw wr kljkhvw lq whupv ri lqfrph1 Wkh frqfhqwudwlrq lqgh{ lv

gh�qhg dv wzlfh wkh duhd ehwzhhq wkh frqfhqwudwlrq fxuyh dqg wkh gldjrqdo zklfk

uhsuhvhqwv dq htxdo glvwulexwlrq ri khdowk dfurvv wkh srsxodwlrq/ dqg fdq wdnh

ydoxhv ehwzhhq .4 dqg 041 D srvlwlyh frqfhqwudwlrq lqgh{ vljql�hv lqfrph0uhodwhg

khdowk lqhtxdolw|> lw lv .4 zkhq doo khdowk lv frqfhqwudwhg lq wkrvh lqglylgxdov lq

wkh kljkhvw lqfrph jurxs1

Wkh fdofxodwlrqv duh fduulhg rxw iru phq dqg zrphq vhsdudwho|1 Wkh fdofxod0

wlrqv duh dovr fduulhg rxw zlwk dqg zlwkrxw glvfrxqwlqj ri olih0|hduv1 Lq hfrqrplf

hydoxdwlrqv lw lv frpprq wr glvfrxqw olih0|hduv dqg lq wkh dqdo|vlv zlwk glvfrxqw0

lqj ri olih0|hduv zh xvh wkh fxuuhqwo| uhfrpphqghg glvfrxqw udwh ri �I +Zhlqvwhlq

6Iru erwk phq dqg zrphq/ wkh iroorzlqj phdq djh �jxuhv duh xvhg iru 53�5< |hduv/ 63�6<

|hduv/ 73� 7< |hduv/ 83� 8< |hduv/ 93� 9< |hduv/ :3� :< |hduv dqg ;3� ;7 |hduv= 57=78 |hduv/

67=94 |hduv/ 77=45 |hduv/ 87=86 |hduv/ 97=73 |hduv/ :7=6: |hduv dqg ;4=:6 |hduv1
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hw do1 4<<9,1

Lw vkrxog eh qrwhg wkdw wkh frqfhqwudwlrq lqglfhv fdofxodwhg zlwk uhvshfw wr

olih0|hduv duh qrw gluhfwo| frpsdudeoh wr wkh lqglfhv hvwlpdwhg e| ydq Grruvodhu

hw do1 +4<<:,1 Wklv lv ehfdxvh wkh frqfhqwudwlrq lqglfhv lq ydq Grruvodhu hw do

+4<<:, zhuh gh�qhg zlwk uhvshfw wr loo0khdowk udwkhu wkdq khdowk dv khuh1 Lw lv

lpsrvvleoh wr hvwlpdwh d frqfhqwudwlrq lqgh{ zlwk uhvshfw wr loo0khdowk iru olih0

|hduv xqohvv vrph xsshu olplw ri olih0|hduv lv gh�qhg vr wkdw wkh orvv ri olih0|hduv

fdq eh hvwlpdwhg uhodwlyh wr wklv xsshu olplw1

5151 Lqfrph0uhodwhg lqhtxdolw| lq txdolw|0dgmxvwhg olih0|hduv +TDO\v,

Zh dovr dgmxvw wkh olih0|hduv iru txdolw| ri olih lq rughu wr eh deoh wr hvwlpdwh wkh

lqfrph0uhodwhg lqhtxdolw| lq TDO\v1 Qr gdwd derxw TDO\ zhljkwv lv froohfwhg

lq wkh XOI vxuyh|1 Krzhyhu/ zh dvvljqhg TDO\ zhljkwv wr doo vxemhfwv lq rxu

gdwdedvh/ edvhg rq d fdwhjrulfdo phdvxuh ri wkh ryhudoo khdowk vwdwxv wkdw zdv

lqfoxghg lq wkh XOI vxuyh|1 Lq wkh fdwhjrulfdo khdowk udwlqj txhvwlrq wkh lqgl0

ylgxdov udwhg wkhlu rzq fxuuhqw khdowk vwdwxv rq d wkuhh0srlqw vfdoh +srru khdowk/

idlu khdowk/ jrrg khdowk,1 Wklv w|sh ri fdwhjrulfdo khdowk phdvxuh kdv ehhq vkrzq

wr fdswxuh lpsruwdqw lqirupdwlrq derxw wkh lqglylgxdo*v khdowk dqg wr eh dq lp0

sruwdqw suhglfwru ri pruwdolw| +Ndsodq dqg Fdpdfkr 4<;6> Frqqhoo| hw do1 4<;<>

Lgohu dqg Ndvo 4<<4> Zdqqdphwkh dqg Vkdshu 4<<4,1

Wr hvwlpdwh wkh TDO\ zhljkwv iru srru khdowk/ idlu khdowk dqg jrrg khdowk

zh xvh dqrwkhu gdwd vhw froohfwhg lq Xssvdod Frxqw| lq Vzhghq +Jhugwkdp hw

do1 4<<<> Oxqgehuj hw do1 4<<<,1 Wklv vwxg| lqfoxghg d phdvxuhphqw ri TDO\

zhljkwv e| wkh wlph wudgh0r� phwkrg1 Lw dovr lqfoxghg d fdwhjrulfdo �yh0srlqw
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khdowk udwlqj txhvwlrq +srru khdowk/ idlu khdowk/ jrrg khdowk/ yhu| jrrg khdowk/

h{fhoohqw khdowk,1 Wklv �yh0srlqw txhvwlrq lv froodsvhg lqwr d wkuhh0srlqw vfdoh wr

fruuhvsrqg wr wkh txhvwlrq xvhg lq wkh XOI vxuyh|17

Dq ROV uhjuhvvlrq zlwk wkh TDO\ zhljkw dv ghshqghqw yduldeoh dqg wkh

wkuhh0srlqw khdowk udwlqj txhvwlrq dv lqghshqghqw yduldeoh lv hvwlpdwhg wr suhglfw

wkh TDO\ zhljkw iru srru khdowk/ idlu khdowk dqg jrrg khdowk1 Djh dqg jhqghu

duh dovr lqfoxghg lq wklv uhjuhvvlrq dqdo|vlv vlqfh wkhvh yduldeohv pd| d�hfw wkh

TDO\ zhljkw lqghshqghqwo| ri wkh udwlqj rq wkh fdwhjrulfdo khdowk udwlqj txhv0

wlrq +Oxqgehuj hw do1 4<<<,18 Wklv uhjuhvvlrq htxdwlrq lv xvhg wr suhglfw d TDO\

zhljkw iru doo vxemhfwv lq wkh XOI vxuyh| edvhg rq wkhlu djh/ jhqghu dqg udwlqj

ri wkhlu fxuuhqw khdowk vwdwxv1 Edvhg rq wkhvh TDO\ zhljkwv zh fdofxodwh frq0

fhqwudwlrq lqglfhv iru wkh lqfrph0uhodwhg lqhtxdolw| lq khdowk vwdwxv iru phq dqg

zrphq lq gl�huhqw djh jurxsv1 Wkhvh lqglfhv duh fdofxodwhg zlwk uhvshfw wr erwk

khdowk +l1h1 wkh TDO\ zhljkw, dqg loo0khdowk +40TDO\ zhljkw,/ vr wkdw wkh uhvxowv

iru loo0khdowk fdq eh frpsduhg wr wkh uhvxowv lq ydq Grruvodhu hw do1 +4<<:,1

Wr hvwlpdwh wkh h{shfwhg qxpehu ri TDO\v iru dq lqglylgxdo lq rxu gdwdedvh

lw lv qrw vx!flhqw wr nqrz wkh fxuuhqw TDO\ zhljkw/ exw wkh TDO\ zhljkw lq

ixwxuh |hduv lv qhhghg dv zhoo1 Wr suhglfw wkh fkdqjh lq wkh TDO\ zhljkw ryhu

wlph iru wkh lqglylgxdov lq rxu gdwdedvh zh hvwlpdwh d uhjuhvlrq htxdwlrq zlwk wkh

7H{fhoohqw khdowk/ yhu| jrrg khdowk dqg jrrg khdowk lv dvvxphg wr fruuhvsrqg wr jrrg khdowk

lq wkh wkuhh0srlqw vfdoh xvhg lq wkh XOI vxuyh|1
8TDO\ @ 319;6 . 31594�JRRG KHDOWK . 31476�IDLU KHDOWK . 3133<854�PDOH .

3133899<�DJH5 0 3133397<�DJH6 0 31333<:4�DJH7 0 313744�DJH8 0 31496�DJH9 0 31594�DJH:>

DJH5@63 � 6< |hduv/ DJH6@73 � 7< |hduv/ DJH7@83 � 8< |hduv/ DJH8@93 � 9< |hduv/

DJH9@:3� :< |hduv dqg DJH:@;3� ;7 |hduv +Edvholqh@53� 5< |hduv,1
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suhglfwhg TDO\ zhljkw dv wkh ghshqghqw yduldeoh dqg djh/ djh0vtxduhg/ jhqghu

dqg lqfrph dv lqghshqghqw yduldeohv1 Wr �qg wkh rswlpdo ixqfwlrqdo uhodwlrqvkls

ehwzhhq lqfrph dqg wkh TDO\ zhljkw zh djdlq xvh d Er{0Fr{ dqdo|vlv1 Wkh

orj0olnholkrrg ixqfwlrq lv pd{lpl}hg dw b ' f��D� Lq wkh Dsshqgl{/ Wdeoh D5/

zh vkrz wkh hvwlpdwhg uhjuhvvlrq zkhuh b lv vhw dw f��D1 Dq ROV uhjuhvvlrq

htxdwlrq lv xvhg zlwk d orjlvwlf wudqvirupdwlrq ri wkh ghshqghqw yduldeoh vlqfh

wkh TDO\ zhljkwv duh ehwzhhq f dqg � +Juhhqh 4<<:,19 Edvhg rq wklv uhjuhvvlrq

zh suhglfw wkh fkdqjh lq wkh TDO\ zhljkwv ryhu wlph iru wkh vxemhfwv lq rxu

gdwdedvh1 Wkh lqirupdwlrq derxw wkh TDO\ zhljkwv ryhu wlph lv frpelqhg zlwk

wkh hvwlpdwhg olih0|hduv wr hvwlpdwh wkh h{shfwhg qxpehu ri TDO\v iru doo vxemhfwv

lq rxu gdwdedvh1 Wkh hvwlpdwhg qxpehu ri TDO\v iru doo lqglylgxdov lq rxu vdpsoh

lv xvhg wr fdofxodwh wkh frqfhqwudwlrq lqgh{ iru TDO\v lq wkh gl�huhqw djh0jurxsv

dqg iru wkh hqwluh vdpsoh +hvwlpdwhg dv wkh zhljkwhg dyhudjh ri wkh frqfhqwudwlrq

lqglfhv lq wkh gl�huhqw djh0jurxsv,1 Wkh fdofxodwlrqv duh fduulhg rxw iru phq dqg

zrphq vhsdudwho| dqg zlwk dqg zlwkrxw glvfrxqwlqj ri TDO\v1 Dv qrwhg deryh/

wkhvh frqfhqwudwlrq lqglfhv iru TDO\v duh qrw gluhfwo| frpsdudeoh wr wkh lqglfhv

fdofxodwhg e| ydq Grruvodhu hw do1 +4<<:,/ vlqfh wkh lqglfhv duh fdofxodwhg zlwk

uhvshfw wr khdowk udwkhu wkdq loo0khdowk1

9D orjlvwlf wudqvirupdwlrq ri wkh ghshqghqw yduldeoh frxog qrw eh xvhg iru wkh htxdwlrq zkhuh

zh suhglfw TDO\ zhljkwv edvhg rq wkh vhoi udwhg khdowk vwdwxv xvlqj gdwd iurp wkh Xssvdod

vwxg|1 Wklv lv ehfdxvh d odujh sursruwlrq ri wkh TDO\ zhljkwv lq wkdw gdwd vhw duh htxdo wr

4 +ixoo khdowk,1 Krzhyhu/ doo wkh suhglfwlrqv iurp wkdw htxdwlrq iru rxu vdpsoh lq wkh XOI

gdwdedvh idoo ehwzhhq 3 dqg 41
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61 Uhvxowv

6141 Lqfrph0uhodwhg lqhtxdolw| lq uhpdlqlqj olih0|hduv

Wkh hvwlpdwhg olih h{shfwdqf| lq gl�huhqw djh0jurxsv duh vkrzq lq Wdeohv 5 +phq,

dqg 6 +zrphq, +Wdeohv 5 dqg 6 lq khuh,1 Wkh olih h{shfwdqf| lv vkrzq iru hdfk

lqfrph ghfloh lq hdfk djh0jurxs1 Wkh wdeohv vkrz wkdw olih h{shfwdqf| lv glv0

wulexwhg xqhtxdoo| ehwzhhq lqfrph jurxsv/ idyrxulqj kljkhu lqfrph jurxsv1 Iru

phq lq wkh djh0jurxs 2f � 2b |hduv wkh olih h{shfwdqf| lv eb�. |hduv +2D�b zlwk

glvfrxqwlqj, lq wkh orzhvw lqfrph ghfloh dqg D��H |hduv +2S�H zlwk glvfrxqwlqj,

lq wkh kljkhvw lqfrph ghfloh1 Iru phq lq wkh djh0jurxs Hf � He |hduv wkh olih

h{shfwdqf| lv e�S |hduv +e�2 zlwk glvfrxqwlqj, lq wkh orzhvw lqfrph ghfloh dqg S�S

|hduv +D�b zlwk glvfrxqwlqj, lq wkh kljkhvw lqfrph ghfloh1 Wkh sdwwhuq lv vlplodu

iru zrphq1 Iru zrphq lq wkh djh0jurxs 2f� 2b |hduv wkh olih h{shfwdqf| lv De�.

|hduv +2.�f zlwk glvfrxqwlqj, lq wkh orzhvw lqfrph ghfloh dqg DH�D |hduv +2.�H zlwk

glvfrxqwlqj, lq wkh kljkhvw lqfrph ghfloh1 Iru zrphq lq wkh djh0jurxs Hf � He

|hduv wkh olih h{shfwdqf| lv S�S |hduv +D�H zlwk glvfrxqwlqj, lq wkh orzhvw lqfrph

ghfloh dqg H�S |hduv +.�e zlwk glvfrxqwlqj, lq wkh kljkhvw lqfrph ghfloh1

Wkh frqfhqwudwlrq lqglfhv duh dovr vkrzq lq Wdeohv 5061 Iru phq wkh frqfhq0

wudwlrq lqgh{ lqfuhdvhv zlwk djh iurp f�f��2 lq wkh |rxqjhvw djh0jurxs wr f�fDHb

lq wkh roghvw djh0jurxs1 Wkh sdwwhuq zlwk uhvshfw wr djh lv vlplodu zlwk glvfrxqw0

lqj/ dowkrxjk wkh lqglfhv ghfuhdvh vrphzkdw wr f�ffD2 lq wkh |rxqjhvw djh0jurxs

dqg f�fD�e lq wkh roghvw djh0jurxs1 Wkh zhljkwhg dyhudjh iru doo djh0jurxsv lv

f�f2f� zlwkrxw glvfrxqwlqj dqg f�f�eS zlwk glvfrxqwlqj1 Iru zrphq wkh frqfhq0

wudwlrq lqgh{ dovr lqfuhdvhv zlwk djh iurp f�ffbH lq wkh |rxqjhvw djh0jurxs wr

f�fe2S lq wkh roghvw djh0jurxs1 Zlwk glvfrxqwlqj wkh frqfhqwudwlrq lqglfhv gh0
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fuhdvh wr f�ffe� lq wkh |rxqjhvw djh0jurxs dqg 3136:9 lq wkh roghvw djh0jurxs1

Wkh zhljkwhg dyhudjh iru doo djh0jurxsv lv f�f�.� zlwkrxw glvfrxqwlqj dqg f�f��H

zlwk glvfrxqwlqj1

6151 Lqfrph0uhodwhg lqhtxdolw| lq khdowk vwdwxv

Lq Wdeohv 7 +phq, dqg 8 +zrphq, wkh TDO\ zhljkwv duh vkrzq iru wkh gl�huhqw

djh0jurxsv dqg lqfrph ghflohv1 Wkh uhvxowv duh frqvlvwhqw zlwk wkh uhvxowv iru

olih0|hduv/ zlwk wkh glvwulexwlrq ri khdowk vwdwxv zlwk uhvshfw wr lqfrph idyrxulqj

kljkhu lqfrph jurxsv1 Iru phq lq wkh djh0jurxs 2f� 2b |hduv wkh TDO\ zhljkw

lv f�be lq wkh orzhvw lqfrph ghfloh dqg f�bD lq wkh kljkhvw lqfrph ghfloh1 Iru

phq lq wkh djh0jurxs Hf� He |hduv wkh TDO\ zhljkw lv f�Db lq wkh orzhvw lqfrph

ghfloh dqg f�S� lq wkh kljkhvw lqfrph ghfloh1 Iru zrphq lq wkh djh0jurxs 2f� 2b

|hduv wkh TDO\ zhljkw lv f�b2 lq wkh orzhvw lqfrph ghfloh dqg f�be lq wkh kljkhvw

lqfrph ghfloh1 Iru zrphq lq wkh djh0jurxs Hf�He |hduv wkh TDO\ zhljkw lv f�DD

|hduv lq wkh orzhvw lqfrph ghfloh dqg f�Db lq wkh kljkhvw lqfrph ghfloh1

Wkh frqfhqwudwlrq lqglfhv iru khdowk vwdwxv +wkh TDO\ zhljkwv, duh dovr vkrzq

lq Wdeohv 7081 Iru phq wkh frqfhqwudwlrq lqgh{ lqfuhdvhv zlwk djh xqwlo wkh roghvw

djh0jurxs dqg ydulhv ehwzhhq f�ff�D lq wkh |rxqjhvw djh0jurxs dqg f�f�2S lq wkh

.f� .b |hduv djh0jurxs1 Wkh zhljkwhg dyhudjh iru doo djh0jurxsv lv f�ffSf1 Iru

zrphq wkh frqfhqwudwlrq lqgh{ lqfuhdvhv zlwk djh iurp f�ff22 lq wkh |rxqjhvw

djh0jurxs wr f�f��� lq wkh roghvw djh0jurxs1 Wkh zhljkwhg dyhudjh iru doo djh0

jurxsv lv f�ffDH1 Iru frpsdulvrqv zlwk suhylrxv vwxglhv wkh frqfhqwudwlrq lqglfhv

iru loo khdowk +40TDO\ zhljkw, duh dovr vkrzq lq Wdeohv 7081 Wkhvh lqglfhv vkrz

d gl�huhqw sdwwhuq zlwk uhvshfw wr djh1 Iru erwk phq dqg zrphq wkh lqglfhv lq
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devroxwh whupv lqfuhdvh zlwk djh xqwlo wkh plggoh djh0jurxs +Df� Db |hduv, dqg

wkhq ghfuhdvh djdlq1 Wkh zhljkwhg dyhudjh frqfhqwudwlrq lqgh{ iru loo0khdowk lv

�f�fe.. iru phq dqg �f�f�H� iru zrphq1 Wkhvh �jxuhv duh vlplodu wr wkh �jxuh

ri �f�f�e. iru Vzhghq uhsruwhg lq wkh vwxg| e| ydq Grruvodhu hw do1 +4<<:,1

6161 Lqfrph0uhodwhg lqhtxdolw| lq uhpdlqlqj TDO\v

Wkh hvwlpdwhg qxpehu ri uhpdlqlqj TDO\v lq gl�huhqw djh0jurxsv dqg lqfrph

ghflohv duh vkrzq lq Wdeohv 9 +phq, dqg : +zrphq, +Wdeohv 9 dqg : lq khuh,1

Wkh sdwwhuq lv wkh vdph dv iru olih0|hduv1 Iru phq lq wkh djh0jurxs 2f� 2b |hduv

wkh qxpehu ri TDO\v lv e��. +2��D zlwk glvfrxqwlqj, lq wkh orzhvw lqfrph ghfloh

dqg e.�2 +2e�D zlwk glvfrxqwlqj, lq wkh kljkhvw lqfrph ghfloh1 Iru phq lq wkh

djh0jurxs Hf� He |hduv wkh qxpehu ri TDO\v lv 2�� +2�� zlwk glvfrxqwlqj, lq wkh

orzhvw lqfrph ghfloh dqg ��� +��f zlwk glvfrxqwlqj, lq wkh kljkhvw lqfrph ghfloh1

Iru zrphq lq wkh djh0jurxs 2f � 2b |hduv wkh qxpehu ri TDO\v lv eD�. +2��H

zlwk glvfrxqwlqj, lq wkh orzhvw lqfrph ghfloh dqg eb�f +2e�H zlwk glvfrxqwlqj, lq

wkh kljkhvw lqfrph ghfloh1 Iru zrphq lq wkh djh0jurxs Hf� He |hduv wkh qxpehu

ri TDO\v lv 2�b +2�S zlwk glvfrxqwlqj, lq wkh orzhvw lqfrph ghfloh dqg ��b +��e

zlwk glvfrxqwlqj, lq wkh kljkhvw lqfrph ghfloh1

Wkh frqfhqwudwlrq lqglfhv iru TDO\v duh dovr vkrzq lq Wdeohv 90:1 Wkh frq0

fhqwudwlrq lqglfhv lqfuhdvh vrphzkdw iru erwk phq dqg zrphq frpsduhg wr wkh

fdvh iru olih0|hduv1 Wkh zhljkwhg dyhudjh iru doo djh0jurxsv iru phq lv f�f2D� zlwk0

rxw glvfrxqwlqj ri TDO\v dqg f�f2f� zlwk glvfrxqwlqj ri TDO\v1 Iru zrphq

wkh zhljkwhg dyhudjh iru doo djh0jurxsv lv f�f2�� zlwkrxw glvfrxqwlqj dqg f�f�.f

zlwk glvfrxqwlqj1
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71 Frqfoxglqj uhpdunv

Zh kdyh hvwlpdwhg wkh lqfrph0uhodwhg lqhtxdolw| lq Vzhghq zlwk uhvshfw wr olih0

|hduv/ khdowk vwdwxv +fxuuhqw TDO\ zhljkwv, dqg TDO\v1 Iru doo phdvxuhv zh

glvfryhuhg lqhtxdolwlhv lq khdowk idyrxulqj wkh kljkhu lqfrph jurxsv1

Dv d phdvxuh ri wkh lqfrph0uhodwhg lqhtxdolw| lq khdowk zh xvhg wkh frqfhqwud0

wlrq lqgh{ dv xvhg suhylrxvo| e| ydq Grruvodhu hw do1 +4<<:, iru khdowk vwdwxv1 Lw lv

lpsruwdqw wr qrwh/ krzhyhu/ wkdw rxu fdofxodwhg frqfhqwudwlrq lqglfhv iru olih0|hduv

dqg TDO\v duh qrw gluhfwo| frpsdudeoh wr wkh frqfhqwudwlrq lqglfhv lq wkh vwxg|

e| ydq Grruvodhu hw do1 +4<<:,1 Wklv lv ehfdxvh wkh| fdofxodwhg frqfhqwudwlrq lq0

glfhv zlwk uhvshfw wr loo0khdowk udwkhu wkdq khdowk1 Iru olih0|hduv dqg TDO\v lw lv

qrw srvvleoh wr gh�qh d phdvxuh ri loo0khdowk xqohvv vrph xsshu olplw ri olih0|hduv

lv ghwhuplqhg1 Krzhyhu/ iru khdowk vwdwxv zh fdofxodwhg wkh frqfhqwudwlrq lqglfhv

zlwk uhvshfw wr erwk loo0khdowk dqg khdowk1 Rxu frqfhqwudwlrq lqgh{ iru loo0khdowk

zdv �f�fe.. iru phq dqg �f�f�H� iru zrphq/ zklfk lv vlplodu wr wkh lqgh{ ri

�f�f�e. iru Vzhghq lq wkh vwxg| e| ydq Grruvodhu hw do1 +4<<:,1

Iru phq wkh gl�huhqfh lq wkh qxpehu ri olih0|hduv ehwzhhq wkh kljkhvw dqg

wkh orzhvw lqfrph ghfloh zdv e�� |hduv +��f zlwk glvfrxqwlqj, lq wkh |rxqjhvw djh0

jurxs +2f� 2b |hduv, dqg 2�� |hduv +��. zlwk glvfrxqwlqj, lq wkh roghvw djh0jurxs

+Hf � He |hduv,1 Diwhu lqfrusrudwlrq ri txdolw| ri olih wkhvh gl�huhqfhv ghfuhdvhg

wr ��S TDO\v +��f zlwk glvfrxqwlqj, lq wkh |rxqjhvw djh0jurxs dqg ��f TDO\v

+f�b zlwk glvfrxqwlqj, lq wkh roghvw djh0jurxs1 Iru zrphq wkh fruuhvsrqglqj

gl�huhqfhv lq olih0|hduv dqg TDO\v ehwzhhq wkh orzhvw dqg kljkhvw lqfrph ghflohv

zhuh ��H olih0|hduv +f�H zlwk glvfrxqwlqj, dqg ��e TDO\v +��f zlwk glvfrxqwlqj, lq

wkh |rxqjhvw djh0jurxs dqg 2�� olih0|hduv +��S zlwk glvfrxqwlqj, dqg ��f TDO\v
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+f�b zlwk glvfrxqwlqj, lq wkh roghvw djh0jurxs1 Wkh txdolw| dgmxvwphqw kdv wzr

h�hfwv rq wkh lqhtxdolw| lq khdowk wkdw zrun lq rssrvlwh gluhfwlrqv1 Wkh �uvw h�hfw

lv wkdw txdolw| dgmxvwphqw lqfuhdvhv lqhtxdolw| vlqfh wkh txdolw| zhljkwv whqg wr

lqfuhdvh zlwk lqfrph1 Wkh vhfrqg h�hfw lv wkdw txdolw| dgmxvwphqw ghfuhdvhv

lqhtxdolw| vlqfh wkh dgglwlrqdo olih0|hduv lq kljkhu lqfrph jurxsv duh qrw lq ixoo

khdowk1 Ryhudoo wkh txdolw| dgmxvwphqw ghfuhdvhv wkh devroxwh gl�huhqfhv ehwzhhq

lqfrph ghflohv/ exw lw ohdgv wr d voljkw lqfuhdvh lq wkh frqfhqwudwlrq lqglfhv1

Rxu frqfhqwudwlrq lqglfhv iru lqfrph0uhodwhg lqhtxdolwlhv whqg wr lqfuhdvh zlwk

djh1 Wklv phdqv wkdw frpsdulvrqv ehwzhhq iru lqvwdqfh frxqwulhv pd| eh di0

ihfwhg e| gl�huhqfhv lq djh glvwulexwlrqv dfurvv frxqwulhv1 Wklv lv dovr wuxh iru

wkh frqfhqwudwlrq lqglfhv fdofxodwhg zlwk uhvshfw wr loo0khdowk lq wkh vwxg| e| ydq

Grruvodhu hw do1 +4<<:,1 Lw lv dovr lqwhuhvwlqj wr qrwh wkdw wkh sdwwhuq zlwk uhvshfw

wr djh gl�huv dffruglqj wr zkhwkhu wkh frqfhqwudwlrq lqglfhv duh gh�qhg lq whupv

ri loo0khdowk ru khdowk1 Rxu frqfhqwudwlrq lqglfhv zlwk uhvshfw wr loo0khdowk +40

TDO\ zhljkw, iru erwk phq dqg zrphq lqfuhdvh zlwk djh xqwlo Df�Db |hduv dqg

wkhq ghfuhdvh zlwk djh1 Rq wkh rwkhu kdqg wkh fruuhvsrqglqj lqglfhv iru khdowk

+TDO\ zhljkw, jhqhudoo| lqfuhdvh zlwk djh1 Wkh uhdvrq iru wkhvh glyhujhqw uh0

vxowv lv wkdw d vshfl�f devroxwh gl�huhqfh lq khdowk pd| lpso| d gl�huhqw uhodwlyh

gl�huhqfh ghshqglqj rq zkhwkhu khdowk ru loo0khdowk lv ehlqj xvhg1 Wklv dovr lp0

solhv wkdw wkh udqnlqj lq whupv ri lqfrph0uhodwhg lqhtxdolw| lq khdowk ehwzhhq iru

lqvwdqfh frxqwulhv pd| gl�hu ghshqglqj rq zkhwkhu loo0khdowk ru khdowk lv xvhg lq

wkh fdofxodwhg frqfhqwudwlrq lqglfhv1

Zkhwkhu wkh revhuyhg gl�huhqfhv lq olih0|hduv dqg TDO\v ehwzhhq lqfrph

jurxsv iru Vzhghq vkrxog eh frqvlghuhg dv odujh dqg lpsruwdqw ru vpdoo dqg
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lqvljql�fdqw lv d gl!fxow lvvxh1 Lq uhodwlyh whupv wkh gl�huhqfhv ehwzhhq lqfrph

jurxsv duh udwkhu vpdoo/ zlwk wkh h{fhswlrq ri wkh roghvw djh0jurxsv1 Iru lqvwdqfh/

lq wkh |rxqjhvw djh0jurxs iru zrphq wkh qxpehu ri TDO\v lv rqo| .I kljkhu lq

wkh kljkhvw lqfrph ghfloh wkdq lq wkh orzhvw lqfrph ghfloh1 Zlwk glvfrxqwlqj ri

TDO\v wklv uhodwlyh gl�huhqfh ghfuhdvhv wr eI1 Krzhyhu/ zlwk d ydoxdwlrq ri

d glvfrxqwhg TDO\ jdlqhg ri m�ffc fff/ dv xvhg lq d uhfhqw vwxg|/ hyhq vpdoo

gl�huhqfhv lq wkh qxpehu ri TDO\v zrxog dprxqw wr lpsruwdqw gl�huhqfhv lq

zhoiduh +Fxwohu dqg Ulfkdugvrq 4<<;,1 Zlwk vxfk d ydoxh ri TDO\ jdlqhg/ wkh

gl�huhqfh ri ��f glvfrxqwhg TDO\v ehwzhhq wkh kljkhvw dqg wkh orzhvw lqfrph

ghfloh iru zrphq lq wkh |rxqjhvw djh0jurxs zrxog eh htxlydohqw wr d gl�huhqfh ri

m�ffc fff lq olih0wlph zhdowk1

Ilqdoo|/ zh qrwh wkdw wkh uhodwlrqvkls ehwzhhq lqfrph dqg khdowk vkrxog qrw

eh lqwhusuhwhg fdxvdoo|1 Wkh sxusrvh ri wklv w|sh ri dqdo|vlv lv qrw wr hvwlpdwh wkh

fdxvdo h�hfw ri lqfrph rq khdowk exw phuho| wr ghvfuleh krz khdowk ydulhv ehwzhhq

lqfrph jurxsv1 Wkh revhuyhg dvvrfldwlrq ehwzhhq lqfrph dqg khdowk fdq hphujh

erwk ehfdxvh lqfrph d�hfwv khdowk dqg wkh rwkhu zd| durxqg +iru d uhylhz ri wklv

lvvxh/ vhh Vplwk +4<<<,,1 Lw frxog dovr eh ehfdxvh lqfrph lv fruuhodwhg zlwk rwkhu

idfwruv wkdw d�hfw khdowk vxfk dv hgxfdwlrq/ xqhpsor|phqw dqg wkh udwh ri wlph

suhihuhqfh1

81 Uhihuhqfhv

Er{/ J1H1S dqg G1U Fr{/ 4<97/ Dq dqdo|vlv ri wudqvirupdwlrqv/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo

Vrflhw|/ Vhu E/ 54405761

Fr{/ G1/ 4<:5/ Uhjuhvvlrq prghov dqg olih wdeohv +zlwk glvfxvvlrq,/ Mrxuqdo ri wkh Ur|do Vwd0
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wlvwlfdo Vrflhw| :7/ 4;:05531

Fxwohu/ G1 dqg H1 Ulfkdugvrq/ 4<<;/ Wkh ydoxh ri khdowk= 4<:304<<3/ Dphulfdq Hfrqrplf

Uhylhz Sdshuv dqg Surfhhglqjv ;;/ <:04331

Guxpprqg/ P1I1/ R*Eulhq/ E1/ Vwrggduw/ J1O1 dqg J1Z1 Wruudqfh/ 4<<:/ Phwkrgv iru wkh

hfrqrplf hydoxdwlrq ri khdowk fduh surjudpphv/ vhfrqg hglwlrq +R{irug Phglfdo Sxeol0

fdwlrqv/ R{irug,1

Jhugwkdp X10J1/ Mrkdqqhvvrq/ P1/ Oxqgehuj/ O1 dqg G1 Lvdfvrq/ 4<<</ D qrwh rq ydolgdwlqj

Zdjvwd� dqg ydq Grruvodhu*v khdowk phdvxuh lq wkh dqdo|vlv ri lqhtxdolwlhv lq khdowk/

Mrxuqdo ri Khdowk Hfrqrplfv 4;/ 44:04571

Juhhqh/ Z1K1/ 4<<:/ Hfrqrphwulf dqdo|vlv/ wklug hglwlrq +Suhqwlfh0Kdoo/ Xsshu Vdggoh Ulyhu/

Qhz Mhuvh|,1

Lgohu/ H1O1 dqg V1 Ndvo/ 4<<4/ Khdowk shufhswlrqv dqg vxuylydo= gr joredo hydoxdwlrqv ri khdowk

vwdwxv uhdoo| suhglfw pruwdolw|B/ Mrxuqdo ri Jhurqwrorj| 79/ 88808981

Ndnzdql/ Q1F1/ Zdjvwd�/ D1 dqg H1 ydq Grruvodhu/ 4<<:/ Vrflrhfrqrplf lqhtxdolwlhv lq khdowk=

phdvxuhphqw/ frpsxwdwlrq dqg vwdwlvwlfdo lqihuhqfh/ Mrxuqdo ri Hfrqrphwulfv ::/ ;:04361

Ndsodq/ J1D1 dqg W1 Fdpdfkr/ 4<;6/ Shufhlyhg khdowk dqg pruwdolw|= d qlqh |hdu iroorz0

xs ri wkh kxpdq srsxodwlrq oderudwru| frkruw/ Dphulfdq Mrxuqdo ri Hslghplrorj| 44:/

5<506371

Nhhqh|/ U1O1/ 4<<:/ Hvwlpdwlqj idwdolwlhv lqgxfhg e| wkh hfrqrplf frvwv ri uhjxodwlrqv/ Mrxuqdo

ri Ulvn dqg Xqfhuwdlqw| 47/ 80561

4:



Nxqvw/ D1H1 dqg M1S1 Pdfnhqedfk/ 4<<5/ Dq lqwhuqdwlrqdo frpsdulvrq ri vrflrhfrqrplf lq0

htxdolwlhv lq pruwdolw|/ Uhsruw PJ] <5144/ Ghsduwphqw ri Sxeolf Khdowk dqg Vrfldo

Phglflqh/ Hudvpxv Xqlyhuvlw|/ wkh Qhwkhuodqgv1

Nxqvw/ D1H1 dqg M1S1 Pdfnhqedfk/ 4<<7/ Vl}h ri pruwdolw| gl�huhqfhv dvvrfldwhg zlwk hgx0

fdwlrqdo ohyho lq qlqh lqgxvwuldolvhg frxqwulhv/ Dphulfdq Mrxuqdo ri Sxeolf Khdowk ;7/

<650<6:1

Oh Judqg/ M1/ 4<;:/ Lqhtxdolw| lq khdowk= vrph lqwhuqdwlrqdo frpsdulvrqv/ Hxurshdq Hfrqrplf

Uhylhz 64/ 4;504<41

Oh Judqg/ M1/ 4<;</ Dq lqwhuqdwlrqdo frpsdulvrq ri glvwulexwlrqv ri djhv0dw0ghdwk/ lq= M1 Ir{/

hg1/ Khdowk lqhtxdolw| lq Hxurshdq frxqwulhv +Jrzhu/ Doghuvkrw,1

Oxqgehuj/ O1/ Mrkdqqhvvrq/ P1/ Lvdfvrq/ G1J1O1 dqg O1 Erujtxlvw/ 4<<</ Wkh uhodwlrqvkls

ehwzhhq khdowk0vwdwh xwlolwlhv dqg wkh VI045 lq d jhqhudo srsxodwlrq/ Phglfdo Ghflvlrq

Pdnlqj 4</ 45;04731

Oxwwhu/ U1 dqg M1I1 Pruudoo LLL/ 4<<7/ Khdowk0khdowk dqdo|vlv= d qhz zd| wr hydoxdwh khdowk

dqg vdihw| uhjxodwlrq/ Mrxuqdo ri Ulvn dqg Xqfhuwdlqw| ;/ 760991

Vplwk/ M1S1/ 4<<</ Khdowk| erglhv dqg wklfn zdoohwv= wkh gxdo uhodwlrq ehwzhhq khdowk dqg

hfrqrplf vwdwxv/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 46/ 47804991

Vwdwlvwlfv Vzhghq/ 4<<:/ Olylqj frqglwlrqv dqg lqhtxdolw| lq Vzhghq= d 53 |hdu shuvshfwlyh

4<:804<<8/ Olylqj frqglwlrqv/ Uhsruw <4 +Vwdwlvwlfv Vzhghq/ Vwrfnkrop,1

Ydonrqhq/ W1/ 4<;</ Dgxow pruwdolw| dqg wkh ohyho ri hgxfdwlrq/ lq= M1 Ir{/ hg1/ Khdowk lqhtxdolw|

lq Hxurshdq frxqwulhv +Jrzhu/ Doghuvkrw,1

4;



ydq Grruvodhu/ H1/ Zdjvwd�/ D1/ Eohlfkurgw/ K1/ Fdorqjh/ V1/ Jhugwkdp/ X10J1/ Jhu�q/ P1/

Jhxuwv/ M1/ Jurvv/ O1/ Kçnnlqhq/ X1/ Ohx/ U1H1/ R*Grqqhoo/ R1/ Sursshu/ F1/ Sx�hu/ I1/

Urguljxh}/ P1/ Vxqgehuj/ J1/ dqg R1 Zlqnhokdnh/ 4<<:/ Lqfrph0uhodwhg lqhtxdolwlhv lq

khdowk= vrph lqwhuqdwlrqdo frpsdulvrqv/ Mrxuqdo ri Khdowk Hfrqrplfv 49/ <604451

Ylvfxvl/ Z1N1/ 4<<7d/ Ulvn0ulvn dqdo|vlv/ Mrxuqdo ri Ulvn dqg Xqfhuwdlqw| ;/ 804:1

Ylvfxvl/ Z1N1/ 4<<7e/ Pruwdolw| h�hfwv ri uhjxodwru| frvwv dqg srolf| hydoxdwlrq fulwhuld1

UDQG Mrxuqdo ri Hfrqrplfv 58/ <7043<1

Zdqqdphwkh/ J1 dqg D1J1 Vkdshu/ 4<<4/ Vhoi0dvvhvvphqw ri khdowk vwdwxv dqg pruwdolw| lq

plggoh0djhg Eulwlvk phq/ Lqwhuqdwlrqdo Mrxuqdo ri Hslghplrorj| 53/ 56<05781

Zhlqvwhlq/ P1F1/ Vlhjho/ M1H1/ Jrog1 P1U1/ Ndpohw/ N1V1 dqg O1E1 Uxvvho/ 4<<9/ Uhfrpphqgd0

wlrqv ri wkh Sdqho rq Frvw0H�hfwlyhqhvv lq Khdowk dqg Phglflqh/ Mrxuqdo ri wkh Dphulfdq

Phglfdo Dvvrfldwlrq 5:9/ 45860458;1

4<



TABLES

Table 1:  Sample descriptives (number of observations=43,366).

Variable                                                                                             Mean              Std
____________________________________________________________________
Survival:

Survival timea                                                                                     12.31              3.58

Proportion alive at the end of follow-up                                               0.80               0.40

Self-assessed health status:

Proportion in ”poor health”                                                                   0.07              0.25

Proportion in ”fair health”                                                                     0.20              0.40

Proportion in ”good health”                                                                  0.73              0.44

Socioeconomic variables:

Proportion men                                                                                    0.49               0.50

Age                                                                                                    48.35             18.14

Annuitized life-time household income per consumption unitb  122101.80       83197.20

____________________________________________________________________
aThe number of life-years from inclusion in the study to the end of follow-up.
bLife-time income is estimated as the sum of household net wealth and the life-time household
disposable income. The estimate is in 1996 Swedish Crowns (SEK), exchange rate 1996 $1=SEK 6.71.



Table 2:  Remaining life-years for males in different ages and income deciles. In
parentheses we provide discounted values.

Remaining Life-Years
Income

Deciles

Age groups

20 – 29 30 – 39 40 – 49 50 – 59 60 – 69 70 – 79 80 – 84
INC1 49.685

(25.851)
40.126

(23.127)
31.099

(19.909)
22.075

(15.753)
14.634

(11.496)
8.130

(7.006)
4.554

(4.158)
INC2 51.327

(26.259)
41.090

(23.487)
32.027

(20.290)
22.897

(16.181)
15.146

(11.820)
8.416

(7.223)
4.793

(4.359)
INC3 51.805

(26.372)
41.409

(23.587)
32.345

(20.417)
23.227

(16.348)
15.362

(11.954)
8.559

(7.330)
4.917

(4.463)
INC4 52.099

(26.440)
41.649

(23.661)
32.574

(20.508)
23.458

(16.465)
15.546

(12.068)
8.685

(7.424)
5.034

(4.560)
INC5 52.332

(26.494)
41.863

(23.727)
32.773

(20.586)
23.650

(16.561)
15.715

(12.173)
8.818

(7.522)
5.146

(4.652)
INC6 52.545

(26.543)
42.083

(23.795)
32.974

(20.665)
23.829

(16.650)
15.900

(12.286)
8.950

(7.619)
5.272

(4.756)
INC7 52.728

(26.585)
42.305

(23.862)
33.176

(20.744)
24.008

(16.739)
16.077

(12.394)
9.100

(7.730)
5.413

(4.872)
INC8 52.928

(26.630)
42.553

(23.937)
33.402

(20.831)
24.229

(16.848)
16.301

(12.530)
9.288

(7.868)
5.565

(4.996)
INC9 53.169

(26.685)
42.888

(24.038)
33.686

(20.941)
24.503

(16.983)
16.610

(12.717)
9.553

(8.061)
5.850

(5.227)
INC10 53.753

(26.813)
43.661

(24.264)
34.422

(21.218)
25.175

(17.306)
17.385

(13.174)
10.361
(8.637)

6.639
(5.853)

ALL 52.237
(26.467)

41.963
(23.753)

32.848
(20.611)

23.705
(16.584)

15.868
(12.261)

8.986
(7.642)

5.319
(4.790)

Na 4078 4487 3474 2994 3053 2507 729
CIb

Cidc
0.0112
0.0052

0.0127
0.0069

0.0152
0.0095

0.0198
0.0141

0.0267
0.0211

0.0375
0.0324

0.0589
0.0534

a Number of observations.
b Concentration index of income-related inequalities in remaining life-years, undiscounted figures.
c Concentration index of income-related inequalities in remaining life-years, discounted figures.



Table 3:  Remaining life-years for females in different ages and income deciles. In
parentheses we provide discounted values.

Remaining Life-Years
Income

Deciles

Age groups

20 – 29 30 – 39 40 – 49 50 – 59 60 – 69 70 – 79 80 – 84
INC1 54.692

(27.014)
44.851

(24.604)
35.694

(21.686)
26.321

(17.883)
18.282

(13.698)
10.906
(9.026)

6.561
(5.796)

INC2 55.965
(27.289)

45.710
(24.850)

36.615
(22.021)

27.119
(18.295)

18.712
(13.946)

11.182
(9.219)

6.799
(5.984)

INC3 56.341
(27.367)

45.998
(24.929)

36.909
(22.125)

27.449
(18.490)

18.924
(14.066)

11.316
(9.312)

6.923
(6.082)

INC4 56.615
(27.423)

46.198
(24.984)

37.133
(22.203)

27.686
(18.610)

19.105
(14.168)

11.435
(9.394)

7.020
(6.157)

INC5 56.847
(27.470)

46.382
(25.034)

37.318
(22.268)

27.876
(18.705)

19.291
(14.273)

11.545
(9.470)

7.143
(6.254)

INC6 57.054
(27.512)

46.558
(25.082)

37.493
(22.268)

28.061
(18.785)

19.470
(14.373)

11.657
(9.547)

7.271
(6.353)

INC7 57.252
(27.552)

46.751
(25.134)

37.679
(22.268)

28.261
(18.863)

19.656
(14.477)

11.792
(9.639)

7.402
(6.454)

INC8 57.481
(27.598)

46.977
(25.194)

37.908
(22.268)

28.465
(18.940)

19.896
(14.609)

11.977
(9.766)

7.573
(6.587)

INC9 57.774
(27.656)

47.284
(25.276)

38.200
(22.571)

28.733
(19.037)

20.187
(14.769)

12.242
(9.945)

7.837
(6.788)

INC10 58.452
(27.786)

48.066
(25.480)

38.878
(22.798)

29.548
(19.356)

21.056
(15.235)

13.076
(10.499)

8.649
(7.397)

ALL 56.847
(27.467)

46.477
(25.057)

37.383
(22.287)

27.952
(18.589)

19.458
(14.361)

11.713
(9.582)

7.317
(6.385)

Na 3909 4409 3417 3016 3253 3023 1017
CIb

Cidc
0.0098
0.0041

0.0103
0.0052

0.0127
0.0074

0.0173
0.0116

0.0220
0.0166

0.0274
0.0228

0.0426
0.0376

a Number of observations.
b Concentration index of income-related inequalities in remaining life-years, undiscounted figures.
c Concentration index of income-related inequalities in remaining life-years, discounted figures.



Table 4:  Health status (QALY weights) for males in different ages and income deciles.
Remaining Life-Years

Income

Deciles

Age groups

20 – 29 30 – 39 40 – 49 50 – 59 60 – 69 70 – 79 80 – 84
INC1 0.939 0.935 0.910 0.895 0.822 0.689 0.587
INC2 0.941 0.935 0.916 0.887 0.833 0.698 0.586
INC3 0.939 0.938 0.918 0.884 0.846 0.693 0.609
INC4 0.940 0.944 0.926 0.898 0.842 0.711 0.568
INC5 0.940 0.942 0.928 0.901 0.842 0.715 0.593
INC6 0.943 0.947 0.935 0.905 0.854 0.712 0.582
INC7 0.944 0.946 0.930 0.903 0.855 0.719 0.607
INC8 0.946 0.947 0.932 0.914 0.861 0.728 0.588
INC9 0.945 0.946 0.936 0.923 0.868 0.735 0.618
INC10 0.946 0.950 0.940 0.927 0.875 0.738 0.612
ALL 0.942 0.943 0.927 0.904 0.850 0.714 0.595

Na 4078 4487 3474 2994 3053 2507 729
CIb

(CI-)c
0.0015
-0.0244

0.0028
-0.0457

0.0052
-0.0662

0.0078
-0.0735

0.0101
-0.0571

0.0126
-0.0314

0.0080
-0.0118

a Number of observations.
b Concentration index of income-related inequalities in health (QALY weights).
c Concentration index of income-related inequalities in ill-health (1-QALY weights).



Table 5:  Health status (QALY weights) for females in different ages and income
deciles.

Remaining Life-Years
Income

Deciles

Age groups

20 – 29 30 – 39 40 – 49 50 – 59 60 – 69 70 – 79 80 – 84
INC1 0.925 0.926 0.898 0.881 0.807 0.668 0.546
INC2 0.925 0.928 0.912 0.872 0.825 0.685 0.583
INC3 0.930 0.925 0.911 0.880 0.830 0.695 0.576
INC4 0.929 0.926 0.908 0.889 0.827 0.694 0.572
INC5 0.927 0.934 0.912 0.894 0.826 0.699 0.572
INC6 0.928 0.932 0.914 0.895 0.839 0.697 0.588
INC7 0.936 0.934 0.916 0.899 0.838 0.687 0.579
INC8 0.933 0.931 0.921 0.901 0.843 0.698 0.591
INC9 0.933 0.939 0.916 0.905 0.859 0.706 0.591
INC10 0.938 0.939 0.923 0.914 0.863 0.721 0.594
ALL 0.930 0.931 0.913 0.893 0.836 0.695 0.579

Na 3909 4409 3417 3016 3253 3023 1017
CIb

(CI-)c
0.0022
-0.0297

0.0026
-0.0350

0.0037
-0.0386

0.0074
-0.0618

0.0104
-0.0531

0.0090
-0.0205

0.0111
-0.0153

a Number of observations.
b Concentration index of income-related inequalities in health (QALY weights).
c Concentration index of income-related inequalities in ill-health (1-QALY weights).



Table 6:  Remaining quality-adjusted life-years for males in different ages and income
deciles. In parentheses we provide discounted values.

Remaining Life-Years
Income

Deciles

Age groups

20 – 29 30 – 39 40 – 49 50 – 59 60 – 69 70 – 79 80 – 84
INC1 43.663

(23.518)
34.372

(20.568)
25.413

(16.842)
17.359

(12.782)
10.300
(8.318)

4.720
(4.152)

2.299
(2.125)

INC2 45.041
(23.910)

35.113
(20.826)

26.290
(17.264)

17.776
(12.986)

10.786
(8.662)

4.932
(4.324)

2.401
(2.213)

INC3 45.294
(23.944)

35.498
(20.988)

26.599
(17.412)

17.943
(13.060)

11.123
(8.907)

4.962
(4.344)

2.565
(2.359)

INC4 45.576
(24.028)

35.926
(21.188)

27.037
(17.654)

18.425
(13.378)

11.181
(8.937)

5.175
(4.521)

2.410
(2.216)

INC5 45.756
(24.073)

35.989
(21.185)

27.231
(17.745)

18.636
(13.504)

11.294
(9.011)

5.285
(4.609)

2.584
(2.372)

INC6 46.076
(24.192)

36.377
(21.365)

27.621
(17.958)

18.857
(13.637)

11.595
(9.230)

5.323
(4.636)

2.579
(2.364)

INC7 46.322
(24.280)

36.524
(21.407)

27.602
(17.916)

18.934
(13.670)

11.724
(9.315)

5.459
(4.746)

2.771
(2.533)

INC8 46.568
(24.363)

36.774
(21.503)

27.871
(18.048)

19.364
(13.942)

11.982
(9.494)

5.639
(4.891)

2.732
(2.494)

INC9 46.694
(24.378)

36.970
(21.551)

28.204
(18.212)

19.789
(14.204)

12.296
(9.709)

5.849
(5.056)

3.024
(2.749)

INC10 47.229
(24.527)

37.796
(21.867)

28.904
(18.527)

20.383
(14.529)

12.923
(10.120)

6.308
(5.402)

3.320
(2.990)

ALL 45.822
(24.121)

36.134
(21.245)

27.277
(17.758)

18.746
(13.569)

11.520
(9.170)

5.365
(4.668)

2.669
(2.442)

Na 4078 4487 3474 2994 3053 2507 729
CIb

Cidc
0.0117
0.0064

0.0147
0.0096

0.0197
0.0147

0.0272
0.0221

0.0356
0.0308

0.0473
0.0431

0.0594
0.0552

a Number of observations.
b Concentration index of income-related inequalities in remaining QALYs, undiscounted figures.
c Concentration index of income-related inequalities in remaining QALYs, discounted figures.



Table 7:  Remaining quality-adjusted life-years for females in different ages and
income deciles. In parentheses we provide discounted values.

Remaining Life-Years
Income

Deciles

Age groups

20 – 29 30 – 39 40 – 49 50 – 59 60 – 69 70 – 79 80 – 84
INC1 45.685

(23.849)
36.489

(21.175)
27.328

(17.551)
19.180

(13.733)
11.750
(9.216)

5.660
(4.851)

2.854
(2.579)

INC2 46.562
(24.063)

37.174
(21.408)

28.440
(18.106)

19.450
(13.854)

12.318
(9.613)

5.958
(5.088)

3.177
(2.859)

INC3 47.116
(24.267)

37.248
(21.408)

28.636
(18.185)

19.867
(14.341)

12.529
(9.755)

6.120
(5.218)

3.174
(2.854)

INC4 47.256
(24.287)

37.434
(21.477)

28.641
(18.158)

20.275
(14.426)

12.571
(9.775)

6.161
(5.247)

3.180
(2.857)

INC5 47.311
(24.277)

37.897
(21.698)

28.916
(18.298)

20.534
(14.677)

12.666
(9.832)

6.264
5.327)

3.227
(2.895)

INC6 47.516
(24.330)

37.948
(21.697)

29.133
(18.298)

20.665
(14.667)

13.008
(10.072)

6.290
(5.345)

3.386
(3.032)

INC7 47.075
(24.570)

38.187
(21.795)

29.327
(18.298)

20.924
(14.854)

13.099
(10.127)

6.225
(5.287)

3.365
(3.010)

INC8 48.090
(24.537)

38.182
(21.757)

29.693
(18.298)

21.106
(14.875)

13.335
(10.283)

6.439
(5.456)

3.517
(3.139)

INC9 48.279
(24.576)

38.791
(22.033)

29.699
(18.644)

21.375
(15.127)

13.813
(10.613)

6.647
(5.615)

3.606
(3.210)

INC10 49.040
(24.817)

39.343
(22.200)

30.408
(18.968)

22.171
(15.400)

14.396
(10.971)

7.185
(6.019)

3.904
(3.448)

ALL 47.492
(24.357)

37.869
(21.665)

29.022
(18.349)

20.554
(14.439)

12.948
(10.026)

6.295
(5.345)

3.339
(2.988)

Na 3909 4409 3417 3016 3253 3023 1017
CIb

Cidc
0.0107
0.0061

0.0119
0.0077

0.0154
0.0111

0.0241
0.0193

0.0316
0.0271

0.0329
0.0295

0.0460
0.0425

a Number of observations.
b Concentration index of income-related inequalities in remaining QALYs, undiscounted figures.
c Concentration index of income-related inequalities in remaining QALYs, discounted figures.



APPENDIX

Table A1: Results from the Cox Proportional Hazard Model. Boldface numbers
indicate significant results at the 5% level. Number of observations = 43366.

Covariate Coeff t-value p-value
BOXINC(λ=0.24)a -0.0175 -10.938 0.0000
MALE 0.521 23.890 0.0000
AGE 0.0850 12.143 0.0000
SQUARE OF AGE 0.0002 2.750 0.0000
-Log-Likelihood value 81739.56
Iterations Completed 6
a BOXINC= (annuitized life-time household income per consumption unitλ-1)/ λ

Table A2: Results from the OLS of log(QALY weight /(1-QALY weight)).
Boldface numbers indicate significant results at the 5% level. Number of
observations = 43366.

Covariate Coeff t-value p-value
CONSTANT 1.426 49.766 0.0000
BOXINC(λ=0.35)a 0.002 21.821 0.0000
MALE 0.163 30.111 0.0000
AGE 0.060 64.854 0.0000
SQUARE OF AGE -0.001 -106.520 0.0000
R2 0.642
a BOXINC= (annuitized life-time household income per consumption unitλ-1)/ λ


