
KRZ LPSRUWDQW DUH LQWHUJHQHUDWLRQDO WUDQVIHUV RI WLPHB

D PDFURHFRQRPLF DQDO\VLV

Hpdqxhod FdugldW Vhuhqd Qj _

Mxo| 4<<;

Devwudfw

Wklv sdshu h{dplqhv wkh lpsolfdwlrqv ri lqwhujhqhudwlrqdo wudqvihuv ri wlph dqg prqh| iru
oderu vxsso| dqg fdslwdo dffxpxodwlrq1 Dowkrxjk lqwhujhqhudwlrqdo wudqvihuv ri wlph lq wkh irup
ri judqgsduhqwlqj duh dv vxevwdqwldo dv prqhwdu| wudqvihuv lq wkh gdwd/ olwwoh lv nqrzq derxw wkh
uroh dqg lpsruwdqfh ri wlph wudqvihuv1 Lq wklv sdshu/ zh fdoleudwh dq ryhuodsslqj jhqhudwlrqv
prgho h{whqghg wr doorz iru erwk wlph dqg prqhwdu| wudqvihuv wr wkh XV hfrqrp|1 Zh xvh
vlpxodwlrqv wr vkrz wkdw wlph wudqvihuv kdyh lpsruwdqw srvlwlyh h�hfwv rq fdslwdo dffxpxodwlrq
dqg wkdw wkhvh h�hfwv fdq eh dv vljql�fdqw dv wkrvh ri prqhwdu| wudqvihuv1 Krzhyhu/ zkloh wlph
wudqvihuv lqfuhdvh wkh oderu vxsso| ri wkh |rxqj/ prqhwdu| wudqvihuv surgxfh dq lqfrph h�hfw
wkdw whqgv wr ghfuhdvh zrun h�ruw1 Zh dovr �qg wkdw fklog fduh wd{ fuhglwv kdyh olwwoh lpsdfw
rq sduhqwdo wlph dqg prqh| wudqvihuv/ exw wkdw d xqlyhuvdo fklog wd{ fuhglw zrxog lqfuhdvh wkh
zhoiduh ri wkh ulfk zkloh wkh srru zrxog ehqh�w iurp d phdqv0whvwhg surjudp1

Nh|zrugv= lqwhujhqhudwlrqdo wudqvihuv/ wlph xvh/ fklog fduh/ krph surgxfwlrq/ judqgsduhqwlqj/
ryhuodsslqj jhqhudwlrqv1

MHO Fodvvl�fdwlrq= M4/ M5/ G<1
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4 Lqwurgxfwlrq

Prqhwdu| wudqvihuv kdyh wudglwlrqdoo| ehhq wkh irfdo srlqw ri wkh hfrqrplf olwhudwxuh rq lqwhu0

jhqhudwlrqdo olqnv1 Prqhwdu| wudqvihuv duh ri wkhruhwlfdo dqg hpslulfdo lqwhuhvw ehfdxvh rshudwlyh

lqwhujhqhudwlrqdo wudqvihuv fdq qhxwudol}h wkh h�hfwv ri vrph jryhuqphqw srolfhv ^f1i1 Eduur +4<:7,`1

Iurp d pdfurhfrqrplf shuvshfwlyh/ prqhwdu| wudqvihuv duh jhqhudoo| dffhswhg dv d prwlyh iru

vdylqj/ dqg dv vxfk/ wkhlu uroh lq fdslwdo dffxpxodwlrq lv zruwk| ri vfuxwlq|1�

Lq wklv sdshu zh vxjjhvw wkdw dqrwkhu w|sh ri lqwhujhqhudwlrqdo wudqvihu zlwk pdfurhfrqrplf

lpsolfdwlrqv fdq h{lvw zkhwkhu ru qrw prqhwdu| wudqvihuv duh lpsruwdqw1 Lq sduwlfxodu/ zh doorz

dowuxlvwlf djhqwv wr pdnh wudqvihuv ri wlph lq wkh irup ri judqgsduhqwlqj1 Judqgsduhqwlqj lv dq

lqwhujhqhudwlrqdo wudqvihu lq wzr glphqvlrqv= lw uholhyhv wkh wlph frqvwudlqw ri wkh zrunlqj jhqhu0

dwlrq e| doorzlqj wkhp wr ghyrwh pruh wlph wr pdunhw zrun/ dqg lw uhod{hv wkh exgjhw frqvwudlqw

e| uhgxflqj wkh ghpdqg iru sxufkdvhg fklog lqsxwv vxfk dv gd| fduh dqg qdqqlhv12

Rxu dqdo|vlv lv prwlydwhg e| wkh idfw wkdw |rxqj dgxowv duh riwhq frqiurqwhg zlwk wkh qhhg

wr ghdo zlwk wkh lvvxh ri fklog fduh vkrxog wkh| fkrrvh wr zrun/� dqg wkdw d zlgho| xvhg fklog

fduh duudqjhphqw lv surylghg e| judqgsduhqwv1 Gdwd iurp erwk wkh Xqlwhg Vwdwhv dqg Fdqdgd

vxjjhvw wkdw wlph wudqvihuv lq wkh irup ri judqgsduhqwlqj duh idluo| vxevwdqwldo1 Lq wkh Khdowk dqg

Uhwluhphqw Vxuyh| +KUV,/ iru h{dpsoh/ judqgsduhqwlqj dyhudjhv hljkw krxuv d zhhn1 Dq lqwhuhvwlqj

dvshfw ri wlph wudqvihuv lv wkdw wkh| duh dydlodeoh wr doo djhqwv uhjdugohvv ri wkhlu lqfrph dqg zhdowk

srvlwlrqv1 H{fhsw iru wkrvh zlwk h{wuhpho| kljk lqfrph/ pruh krxvhkrogv lq wkh KUV pdgh wlph

wkdq prqh| wudqvihuv1 Lq frqwudvw/ lqkhulwdqfhv dqg lqwhu ylyrv prqhwdu| wudqvihuv duh pdgh e|

rqo| d vpdoo shufhqwdjh ri plggoh wr xsshu lqfrph idplolhv1e

Rxu dqdo|vlv lv dovr prwlydwhg e| wkh idfw wkdw ghprjudskhuv wdnh dv wkh vwduwlqj srlqw wkdw

lqwhujhqhudwlrqdo wudqvihuv wdnh sodfh lq wkh irup ri wkuhh %fxuuhqflhv%= wkh fxuuhqf| ri vsdfh +vxfk

dv fruhvlghqfh,/ wlph +vxfk dv wkh surylvlrq ri vhuylfhv,/ dqg prqh| +vxfk dv jrrgv dqg prqh|,1D

Dowkrxjk lw lv dssduhqw wkdw wlph lv vfdufh dqg khqfh wlph wudqvihuv zklfk uhod{ wkh wlph frqvwudlqw

vkrxog kdyh hfrqrplf lpsolfdwlrqv/ wkhuh lv olwwoh zrun lq wkh hfrqrplfv olwhudwxuh rq wkh uroh dqg
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lpsolfdwlrqv ri wlph wudqvihuv1S

Wr dqdo|}h wkh uroh dqg lpsruwdqfh ri wlph wudqvihuv/ zh frqvlghu d jhqhudo htxloleulxp prgho

zklfk doorzv iru lqwhudfwlrq ehwzhhq phpehuv ri wkh idplo|1. Zh xvh d wzr0shulrg ryhuodsslqj

jhqhudwlrqv prgho lq zklfk wlph lv d sulpdu| lqsxw lq wkh krph surgxfwlrq ri d jrrg zklfk/ zkhq

frqvxphg e| wkh |rxqj/ lv lqwhusuhwhg dv fklog fduh dqg zkhq frqvxphg e| wkh rog/ lv lqwhusuhwhg

dv rog djh fduh1 Lq wkh prgho/ wkh krprjhqhrxv djhqwv duh rqh0vlghg dowuxlvwlf1 Wkh| udlvh fkloguhq

dqg zrun lq shulrg rqh> wkh| uhwluh/ pdnh prqhwdu| wudqvihuv wr wkhlu fkloguhq/ dqg2ru khos wkhp

udlvh wkh judqgfkloguhq lq shulrg wzr1 Vlqfh wkh rog uhwluh iurp wkh oderu irufh/ wkh gl�huhqw

ydoxdwlrqv ri ohlvxuh ehwzhhq wkh |rxqj dqg wkh rog dorqj zlwk dowuxlvp surylgh wkh lpshwxv iru

lqwhujhqhudwlrqdo wudqvihuv ri wlph1 D xqltxh ihdwxuh ri rxu prgho lv wkdw fklog fduh lv surgxfhg

e| xvlqj wkh sduhqwv* dqg wkh judqgsduhqwv* wlph1 Wklv mrlqw surgxfwlrq ri krph jrrgv e| idplo|

phpehuv ri gl�huhqw jhqhudwlrqv surylghv dq lqwhujhqhudwlrqdo olqn zklfk fdq h{lvw zkhwkhu ru qrw

prqhwdu| wudqvihuv duh suhvhqw1 Zh fdoleudwh wkh vwhdg| vwdwh ri wkh prgho wr pdwfk vrph edvlf

vw|ol}hg idfwv ri wkh XV hfrqrp|1 Zh xvh vlpxodwlrqv wr h{dplqh wkh h�hfwv ri wkhvh wudqvihuv rq

zrun h�ruw/ fdslwdo dffxpxodwlrq dqg zhoiduh1 Wkh prgho lv dovr xvhg wr dqdo|}h wkh vwhdg|0vwdwh

h�hfwv ri jryhuqphqw fklog fduh vxevlglhv rq wkh hfrqrp|1 Rxu iudphzrun doorzv xv wr xqghuvwdqg

zkhwkhu dqg wr zkdw h{whqw wkhvh surjudpv furzg rxw wudqvihuv iurp wkh rog wr wkh |rxqj1 Wr

vwxg| wkh uhglvwulexwlyh h�hfwv ri fklog fduh vxevlglhv/ wkh prgho lv h{whqghg wr doorz krxvhkrogv

wr eh khwhurjhqhrxv lq whupv ri wkhlu hduqlqj delolwlhv vr dv wr dvvhvv wkh h�hfwv ri phdqv0whvwhg

dqg xqlyhuvdo fklog fduh vxevlglhv1

Rxu vlpxodwlrqv vkrz wkdw zkloh wlph wudqvihuv kdyh lpsruwdqw h�hfwv rq fdslwdo dffxpxodwlrq

zlwk pdjqlwxghv vlplodu wr wkrvh ri prqhwdu| wudqvihuv/ wkh phfkdqlvpv e| zklfk fdslwdo lv d�hfwhg

duh gl�huhqw1 Prqhwdu| wudqvihuv hqfrxudjh vdylqj/ ghfuhdvh wkh lqwhuhvw udwh dqg lqfuhdvh wkh

fdslwdo vwrfn yld wkh xvxdo phfkdqlvp hpskdvl}hg e| Nrwolnr� dqg Vxpphuv +4<;4,1 Lq frqwudvw/

wkh rqo| zd| wkh |rxqj fdq ehqh�w iurp wlph wudqvihuv lv wr lqfuhdvh zrun h�ruw1 Wkh uhvxowlqj

lqfrph h�hfw hqfrxudjhv vdylqj1

D nh| �qglqj ri rxu dqdo|vlv lv wkdw wlph dqg prqh| wudqvihuv kdyh gl�huhqw txdolwdwlyh dqg

txdqwlwdwlyh h�hfwv rq oderu vxsso|1 Vshfl�fdoo|/ prqhwdu| wudqvihuv kdyh dq lqfrph h�hfw wkdw

lv qhjdwlyh/ dqg dq lqwhuwhpsrudo vxevwlwxwlrq rshudwlqj wkurxjk kljkhu vdylqj wkdw lv srvlwlyh1

Wkhuhiruh/ ghshqglqj rq zkhwkhu wkh lqwhuwhpsrudo vxevwlwxwlrq h�hfw lv suhvhqw/ wkh h�hfw ri

prqhwdu| wudqvihuv lv hlwkhu qhjdwlyh/ ru srvlwlyh exw vpdoo1 Wlph wudqvihuv/ rq wkh rwkhu kdqg/
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kdyh h�hfwv rq oderu vxsso| wkdw duh srvlwlyh ehfdxvh wkh rqo| zd| wkh |rxqj fdq wudqvodwh wkh

wlph wudqvihuv lqwr kljkhu sxufkdvlqj srzhu lv wr lqfuhdvh zrun h�ruw1 Wklv uhlqirufhv wkh srvlwlyh

lqwhuwhpsrudo vxevwlwxwlrq h�hfw rq zrun h�ruw1 Wkxv/ oderu vxsso| lv dozd|v kljkhu iru wkrvh zkr

uhfhlyh wlph wudqvihuv1

Rxu vlpxodwlrqv dovr lqglfdwh wkdw fklog fduh wd{ fuhglwv kdyh d qhjdwlyh/ doehlw vpdoo/ h�hfw rq

lqwhujhqhudwlrqdo wlph dqg prqhwdu| wudqvihuv1 Zkhq wkhuh lv khwhurjhqhlw| lq hduqlqjv delolw|/ d

phdqv0whvwhg fklog wd{ fuhglw lpsuryhv wkh zhoiduh ri wkh srru1 D xqlyhuvdo fklog fduh wd{ fuhglw/ rq

wkh rwkhu kdqg/ lpsuryhv wkh zhoiduh ri wkh kljkhu lqfrph jurxs dw wkh h{shqvh ri wkh orzhu lqfrph

jurxs1 Wklv uhvxow dulvhv ehfdxvh wkh kljkhu lqfrph jurxs frqvxphv pruh fklog fduh dqg wkh orzhu

lqfrph jurxs lpsolflwo| vxevlgl}hv wkh frqvxpswlrq ri wkh ulfk1 Ixuwkhupruh/ d xqlw lqfuhdvh lq

oderu vxsso| jhqhudwhv pruh lqfrph wr wkh pruh h�flhqw +wkh ulfk, wkdq wr wkh ohvv h�flhqw +wkh

srru,1 Lq jhqhudo htxloleulxp/ wkh ulfk jhw ulfkhu dv lqwhujhqhudwlrqdo prqhwdu| wudqvihuv e| wkh ulfk

lqfuhdvh zkloh wkdw e| wkh srru idoo1 Iru wkh sdudphwhuv frqvlghuhg lq rxu vlpxodwlrqv/ d xqlyhuvdo

fklog fduh srolf| djjudydwhv lqfrph lqhtxdolw|1

Wkh uhvw ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 suhvhqwv vrph vw|ol}hg idfwv rq wkh

xvh ri wlph1 Vhfwlrq 6 ghvfulehv wkh prgho1 Fdoleudwlrq ri wkh prgho lv glvfxvvhg lq Vhfwlrq 71

Lq Vhfwlrq 8/ uhvxowv duh suhvhqwhg iru vlpxodwlrqv xvhg wr vwxg| wkh uroh dqg lpsolfdwlrqv ri wlph

wudqvihuv iru wkh hfrqrp|1 Zh forvh wkh dqdo|vlv zlwk gluhfwlrqv iru ixuwkhu uhvhdufk1

5 Vrph Vw|ol}hg Idfwv

Wklv vhfwlrq frqvlvwv ri wzr sduwv1 Vxevhfwlrq 4 suhvhqwv gdwd rq wlph xvh wr vkrz wkdw fklog fduh

ghpdqgv d qrq0qhjoljleoh iudfwlrq ri wlph ri wkh zrunlqj jhqhudwlrq1 Lq vxevhfwlrq 5 zh vkrz wkdw

lq wkh XV hfrqrp| wkhuh duh lpsruwdqw lqwhujhqhudwlrqdo wudqvihuv ri wlph iurp wkh rog wr wkh

|rxqj1 Wklv lqirupdwlrq zloo vxevhtxhqwo| eh xvhg wr fdoleudwh wkh prgho1

514 Wlph Xvh e| wkh Zrun Irufh

Wkh prvw frpsuhkhqvlyh vwxg| rq wlph xvh zdv frqgxfwhg e| wkh Lqvwlwxwh iru Vrfldo Uhvhdufk ri

wkh Xqlyhuvlw| ri Plfkljdq +khuhdiwhu wkh Plfkljdq Wlph Xvh Vxuyh|,1 Edvhg rq gdwd iurp wkh

4<;4 vxuyh|/ Mxvwhu +4<;8d, uhsruw wkdw wkhuh duh urxjko| 433 krxuv ri qrq0shuvrqdo fduh wlph shu

zhhn dydlodeoh iru glvfuhwlrqdu| xvh e| wkrvh lq wkh djh jurxs 58 wr 77H1 Ri wklv/ 681;; krxuv duh

vshqw rq pdunhw zrun/ dqg 56154 krxuv duh vshqw rq krxvhkrog zrun1 Wkh uhpdlqlqj duh ohlvxuh

krxuv1 Krxvhkrog zrun lv ixuwkhu ghfrpsrvhg lqwr pdoh w|sh zrun +41;7 krxuv,/ ihpdoh w|sh zrun
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+91;5 krxuv,/ dqg rwkhuv +47189 krxuv,1 Fklog fduh lv olvwhg xqghu wkh _rwkhuv% fdwhjru|b/�f1 Lq

d pruh suhflvh euhdngrzq ri wlph xvh e| wkh vxuyh| uhvsrqghqwv/ Kloo dqg Vwd�rug +4<;8, uhsruw

wkdw |rxqj krxvhkrogv +ghshqglqj rq wkhlu hgxfdwlrq ohyho, vshqg ehwzhhq 6;4 dqg ;46 plqxwhv

shu zhhn rq fklog fduh1

Wkuhh dgglwlrqdo vrxufhv ri lqirupdwlrq derxw wlph vshqw rq fkloguhq duh dydlodeoh1 Iluvw/

Krw} dqg Ploohu +4<;;, hvwlpdwhg wkdw wkh dprxqw ri wlph uhtxluhg wr fduh iru d qhzeruq lv

derxw 993 krxuv shu |hdu/ ru 4519< krxuv shu zhhn1 Vhfrqg/ wkh wlph exgjhw gdwd dqdo|}hg lq

Ohlerzlw} +4<:7e, vxjjhvw 477184 plqxwhv shu gd| ri dq dyhudjh frxsoh lq wkh vxuyh| duh vshqw

rq sk|vlfdo fduh ri wkh fklog/ zkloh 46419 plqxwhv duh vshqw rq hgxfdwlrqdo fduh1 Wkhvh wzr w|shv

ri fklog fduh dgg xs wr 719 krxuv shu gd|1 Wklug/ gdwd dffruglqj wr wkh Jhqhudo Vrfldo Vxuyh|

xvhg e| wkh Fdqdgldq Qdwlrqdo Fklog Fduh Vwxg| vkrz wkdw iru wkrvh djh 58 wr 77/ durxqg 813

krxuv shu gd| duh vshqw rq sdlg zrun/ 618 krxuv shu gd| duh vshqw rq xqsdlg zrun/ dqg 4319 krxuv

rq shuvrqdo fduh dfwlylwlhv1 Xqsdlg zrun lq wkh Fdqdgldq vxuyh| lv wkh dqdorj ri krxvhkrog zrun

+zklfk lqfoxghv fklog fduh, lq wkh XV vxuyh|1

Gdwd rq wkh vrxufhv frqvlghuhg wkhuhiruh vxjjhvw wkdw d vljql�fdqw dprxqw ri qrq0vohhslqj wlph

ri wkh zrunlqj djh srsxodwlrq lv vshqw rq fklog fduh1 Lw vkrxog eh qrwhg wkdw lq vslwh ri wkh wlph

lqwhqvlyh qdwxuh ri fklog fduh/ sduhqwv dfwxdoo| hqmr| wlph vshqw zlwk fkloguhq1 Mxvwhu +4<;8f, �qgv

wkh wrs irxu rxw ri wkluw| dfwlylwlhv zklfk |lhog wkh kljkhvw csurfhvv ehqh�w* lq wkh Plfkljdq vxuyh|

eh doo fklog fduh uhodwhg dfwlylwlhv1�� Wkh sureohp lv krz wr edodqfh wlph vshqw rq fklog fduh zlwk

pdunhw zrun1 Jurqdx +4<:6, dqg Dqjulvw dqg Hydqv +4<<9, dprqj pdq| rwkhuv kdyh dqdo|}hg wkh

lqwhudfwlrq ehwzhhq ihuwlolw| ghflvlrq dqg ihpdoh oderu vxsso|1 Vhh Eurzqlqj +4<<5, iru d vxuyh| ri

wkh lvvxhv lqyroyhg1

515 Lqwhujhqhudwlrqdo Wudqvihuv

Wkh Khdowk dqg Uhwluhphqw Vwxg| +KUV, surylghv h{wuhpho| xvhixo lqirupdwlrq derxw wkh h{whqw

ri wlph dqg prqhwdu| lqwhujhqhudwlrqdo wudqvihuv iurp wkh rog wr wkh |rxqj�2 lq wkh XV hfrqrp|1

Wkh uhvsrqghqwv lq wkh vxuyh| zhuh eruq ehwzhhq 4<64 dqg 4<74 +dqg zhuh khqfh ehwzhhq 84 dqg

94 |hduv rog dw wkh wlph ri wkh �uvw vxuyh| lq 4<<3,1 Lq rqh prgxoh ri wkh KUV vxuyh|/ :87:
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krxvhkrogv zhuh lqwhuylhzhg derxw wkh vwuxfwxuh ri wkh idplo| dqg idplo| wudqvihuv1 Wkh txhvwlrqv

shuwlqhqw wr rxu dqdo|vlv duh=��

41 +H68, Kdyh |rx ^dqg |rxu +kxvedqg2sduwqhu,` jlyhq +|rxu fklog2dq| ri |rxu fkloguhq, �qdqfldo

dvvlvwdqfh wrwdoolqj 833 ru pruh lq wkh sdvw wzhoyh prqwkv�eB

51 +H6:, Derxw krzpxfk prqh| glg wkdw dvvlvwdqfh dprxqw wr dowrjhwkhu lq wkh sdvw 45 prqwkvB

61 +H75, Lq wkh sdvw 45 prqwkv/ kdyh |rx ^ru |rxu +kxvedqg2sduwqhu,` vshqw 433 ru pruh krxuv

dowrjhwkhu wdnlqj fduh ri wkh +judqgfklog2judqgfkloguhq,B

71 +H75d, Derxw krz pxfk wlph dowrjhwkhu glg |rx vshqg wdnlqj fduh ri wkh judqgfkloguhqB

81 +H75e, Derxw krz pxfk wlph dowrjhwkhu glg |rxu +kxvedqg2sduwqhu, vshqg wdnlqj fduh ri

wkh +judqgfklog2judqgfkloguhq,B

Edvhg rq hduolhu uhohdvhv ri wkh KUV/ PfJduu| dqg Vfkrhql +4<<8, dqg Vrogr dqg Kloo +4<<8,

vxjjhvwhg wkdw ryhu 58( dqg dv pdq| dv 73( ri wkh uhvsrqghqwv pdgh fdvk wudqvihuv wr wkhlu

fkloguhq1 Vrogr dqg Kloo +4<<8, dovr uhsruwhg wkdw 781<( ri pduulhg zlyhv vshqw 433 ru pruh krxuv

fdulqj iru judqgfkloguhq lq wkh |hdu suhfhglqj wkh vxuyh|1�D

Wr ixuwkhu xqghuvwdqg wkh qdwxuh ri wudqvihuv iurp wkh rog wr wkh |rxqj/ zh lqyhvwljdwhg lqwr

wkh �qdo uhohdvh ri wkh KUV gdwd1 Wkh edvlf vwdwlvwlfv duh vxppdul}hg lq Wdeoh 41 Dv zh fdq vhh/

7518( ri krxvhkrogv zlwk dw ohdvw rqh fklog dqg judqgfklog wudqvihuuhg pruh wkdq 433 krxuv/ zkloh

661<( ri krxvhkrogv wudqvihuuhg pruh wkdq '8331 H{foxglqj krxvhkrogv zkr frxog qrw txdqwli|

wkhlu wudqvihuv h{dfwo| ru uhsruwhg }hur wudqvihu/ wkh phdq iru wlph dqg prqh| wudqvihuv duh 4/4::

krxuv dqg '7/77616: uhvshfwlyho|1 Dwwulexwlqj d ydoxh ri }hur krxuv2grooduv wr wkhvh revhuydwlrqv

|lhog d uhzhljkwhg phdq ri 78< krxuv dqg '47<716< uhvshfwlyho|1 Wkh phdqv iru wkh zkroh vdpsoh

+lqfoxglqj wkh rqhv zkr gr qrw kdyh fkloguhq, duh 658 krxuv dqg '4;9;1<6 uhvshfwlyho|1�S

Iru wkrvh lq wkh KUV gdwd wkdw kdyh dw ohdvw rqh fklog dqg rqh judqgfklog/ wkh ghfrpsrvlwlrq

ri wlph dqg prqh| wudqvihuv e| lqfrph fodvv lv jlyhq lq Wdeoh 51 Derxw 78( ri plggoh lqfrph

krxvhkrogv pdgh wlph wudqvihuv/ dqg wkh shufhqwdjh lv rqo| voljkwo| orzhu iru wkh yhu| ulfk dqg yhu|

srru1 Wkhuh lv qr ylvleoh uhodwlrqvkls ehwzhhq wkh qxpehu ri krxvhkrogv pdnlqj wlph wudqvihuv dqg
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lqfrph1 Lq uhvxowv qrw uhsruwhg/ vwdwlvwlfv iru wlph wudqvihuv e| zhdowk uhyhdo wkh vdph sdwwhuq1

Wkxv/ wlph wudqvihuv duh pdgh luuhvshfwlyh ri krxvhkrogv* lqfrph dqg zhdowk1 Wkh srru whqg wr

wudqvihu pruh wlph wkdq wkh ulfk1 Qrwh/ krzhyhu/ wkdw ehfdxvh wkh orz0lqfrph krxvhkrogv kdyh

pruh judqgfkloguhq/ wkh phdq wlph wudqvihu shu judqgfklog dfwxdoo| lqfuhdvhv zlwk lqfrph1�.

Wkh dprxqw ri wlph vshqw judqgsduhqwlqj vkrxog ghshqg rq krz idu wkh uhvsrqghqwv uhvlgh

iurp wkhlu fkloguhq1 Wkh rqo| lqirupdwlrq lq wkh KUV uhodwlqj wr glvwdqfh lv d txhvwlrq zklfk

dvnhg zkhwkhu uhvsrqghqwv olyh 43 ru pruh plohv dzd| iurp wkhlu fkloguhq1 Wr rewdlq dq lghd ri wkh

uhodwlrqvkls ehwzhhq wlph wudqvihuv dqg glvwdqfh/ zh uhvwulfw wkh vdpsoh wr krxvhkrogv zlwk rqo|

rqh fklog 4; |hduv ru roghu dqg zkr lv qrw olylqj zlwk klv2khu sduhqwv1 Wklv ohdyhv d vxe0vdpsoh ri

4983 krxvhkrogv1 88( ri wkhvh krxvhkrogv olyh zlwklq whq plohv ri wkhlu r�vsulqjv dqg pdgh d phdq

wlph wudqvihu ri 44<4 krxuv1 Iru wkh 78( ri wkh krxvhkrogv zkr olyh ixuwkhu wkdq 43 plohv iurp

wkhlu fklog/ phdq wlph wudqvihuv lv <<516 krxuv1 Wkxv/ zkloh wlph wudqvihuv ghfuhdvh zlwk glvwdqfh

vrphzkdw/ wkh idfw wkdw dyhudjh wlph wudqvihuv lv dv kljk dv 4333 krxuv dsshdu qrw wr eh vhqvlwlyh

wr vpdoo yduldwlrqv lq glvwdqfh ri durxqg 43 plohv1

Wkh sdwwhuq iru prqh| wudqvihuv lv txlwh gl�huhqw iurp wlph wudqvihuv1 Zkloh forvh wr 93( ri

krxvhkrogv lq wkh wrs 53( ri wkh lqfrph glvwulexwlrq pdgh prqh| wudqvihuv/ wkh qxpehu gursv wr

ehorz 58( iru wkrvh lq wkh erwwrp 53( ri wkh lqfrph glvwulexwlrq1 Wkh ulfkhu krxvhkrogv wudqvihu

wzlfh dv pxfk dv wkh srru1 Ehfdxvh ri wklv dv|pphwu|/ wkh phgldq prqh| wudqvihu lv zhoo ehorz

wkh phdq1 Wklv srvlwlyh uhodwlrqvkls ehwzhhq lqwhujhqhudwlrqdo prqh| wudqvihuv dqg lqfrph lv dovr

grfxphqwhg lq vhyhudo rwkhu vwxglhv1�H Qrwlfh dovr wkdw wkh glvwulexwlrqv iru wlph wudqvihuv duh ohvv

vnhzhg wkdq iru prqh| wudqvihuv1 Iru wkh orzhvw lqfrph jurxs/ 671<5( ri krxvhkrogv pdnh wlph

wudqvihuv zkloh rqo| 43149( ri krxvhkrogv pdnh prqhwdu| wudqvihuv1 Wklv vxjjhvwv wkdw krxvhkrogv

�qg lw hdvlhu wr pdnh lqwhujhqhudwlrqdo wlph wudqvihuv1

Wkh mrlqw glvwulexwlrq iru wlph dqg prqh| wudqvihuv iru wkh 8567 krxvhkrogv lq wkh KUV vxuyh|

fdq eh vhhq iurp wkh erwwrp ri Wdeoh 51 Ri wkrvh zkr pdgh wlph wudqvihuv +5/557 krxvhkrogv,/

ohvv wkdq kdoi +751:9(, dovr pdgh prqh| wudqvihuv/ dqg ri wkh 4:;5 krxvhkrogv zkr pdgh prqh|

wudqvihuv/ 86169( dovr pdgh wlph wudqvihuv1 Rqo| 4;( +ru <84 krxvhkrogv, pdgh erwk wlph dqg

prqh| wudqvihuv1 Wdeoh 5 dovr vxjjhvwv wkdw wkh sursruwlrq ri krxvhkrogv wkdw wudqvihu wlph wr fduh
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iru wkhlu judqgfkloguhq lv voljkwo| kljkhu wkdq wkh sursruwlrq ri krxvhkrogv wkdw wudqvihu prqh| wr

wkhlu fkloguhq +5557 yhuvxv 4:;5 krxvhkrogv,1 Li zh xvh d frqvhuydwlyh hvwlpdwh iru wlph frvw ri

'913 shu krxu/ wkhq d wudqvihu ri 658 krxuv kdv d ydoxh ri '4/<83/ zklfk lv txlwh forvh wr wkh vdpsoh

phdq ri '4;9; iru prqhwdu| wudqvihuv +vhh Wdeoh 4,1 Wkxv/ lqwhujhqhudwlrqdo wlph wudqvihuv/ zklfk

duh xvxdoo| qhjohfwhg lq hfrqrplf dqdo|vlv/ duh dv vxevwdqwldo dv prqhwdu| lqwhu ylyrv wudqvihuv1

Rwkhu gdwd vrxufhv dovr vxjjhvw d qrq0wulyldo lqwhujhqhudwlrqdo wudqvihu ri wlph1 Xvlqj gdwd

lq VLSS +Vxuyh| ri Lqfrph dqg Surjudp Sduwlflsdwlrq, dqg wkh 4<:: FSV +Fxuuhqw Srsxodwlrq

Vxuyh|,/ d vwxg| e| wkh XV jryhuqphqw�b �qgv wkdw lq 4<<6/ 481<( ri suh0vfkrrohuv zhuh fduhg iru

e| idwkhuv/ 915( e| prwkhuv/ 4918( e| judqgsduhqwv/ ;1;( e| uhodwlyhv/ 5419( e| idplo| gd| fduh

+l1h1gd| fduh uxq e| qrq0uhodwlyhv,/ dqg 5<1<( e| rujdql}hg fhqwhuv zkloh wkh prwkhuv zhuh dw zrun1

Frpsduhg wr wkh gdwd lq 4<::/ wkh shufhqwdjh ri fkloguhq fduhg iru e| prwkhuv lv rq d ghfolqlqj

wuhqg/ dqg wkh shufhqwdjh fduhg iru e| gd| fduh fhqwhuv lv rq dq xszdug wuhqg1 Wkh shufhqwdjh

ri fkloguhq fduhg iru e| judqgsduhqwv lv uhodwlyho| vwdeoh ryhu wlph dqg vwdqgv dw dq dyhudjh ri

48(1 Flwlqj d whvwlprq| e| R*Frqqhoo ehiruh wkh XV Vhqdwh Frpplwwhh iru �qdqfh Suhvvhu +4<;<d,

uhsruwv wkdw lq 4<;8/ ;( ri fkloguhq zhuh fduhg iru e| zrunlqj prwkhuv/ 49( e| idwkhuv/ dqg 57(

e| rwkhu uhodwlyhv zkloh wkh prwkhuv zhuh dw zrun1 Ixuwkhupruh/ xvlqj gdwd iurp wkh Qdwlrqdo

Orqjlwxglqdo Vxuyh| ri Oderu Pdunhw H{shulhqfh/ Suhvvhu +4<;<e, �qgv wkdw fduh e| judqgprwkhuv

lv wkh prvw frpprq +561<(, w|sh ri fduh duudqjhg iru suhvfkrro fkloguhq/ dyhudjlqj 5:14 krxuv shu

zhhn1 Wkxv/ gl�huhqw gdwd vrxufhv vxjjhvw wkdw d qrq0qhjoljleoh uroh lv sod|hg e| judqgsduhqwv lq

fklog fduh lq wkh XV1

Gdwd iurp Fdqdgldq vrxufhv dovr vxjjhvw dq lpsruwdqw uroh iru fklog fduh e| qrq0zrunlqj/

hoghuo| uhodwlyhv1 Dffruglqj wr wkh Fdqdgldq Qdwlrqdo Fklog Fduh Vwxg|/ wkh shufhqwdjh ri fkloguhq

djhg 3 wr 4: prqwkv fduhg iru e| d uhodwlyh dw krph lv 4516( iru dq dyhudjh ri 4:14 krxuv/ dqg

e| d uhodwlyh qrw dw krph +vxfk dv d judqgsduhqw*v krph, lv 4:1:( iru dq dyhudjh ri 4913 krxuv1

Lqghhg/ fkloguhq fduhg iru e| uhodwlyhv qrw dw krph lv wkh suhgrplqdqw duudqjhphqw iru lqidqwv lq

wkh Fdqdgldq gdwd1 Wklv w|sh ri duudqjhphqw uhpdlqv lpsruwdqw hyhq iru voljkwo| roghu fkloguhq

zkr dwwhqg nlqghujduwhq1

6 Wkh Prgho

Lq wklv vhfwlrq/ zh h{dplqh wkh lpsruwdqfh ri wlph dqg prqhwdu| wudqvihuv xvlqj d wzr0shulrg

ryhuodsslqj jhqhudwlrqv prgho h{whqghg wr doorz iru krph surgxfwlrq1 Wkhuh lv qr xqfhuwdlqw| lq

wkh prgho1 Wkurxjkrxw/ q ghqrwhv wkh udwh ri srsxodwlrq jurzwk dqg j @ �|n�@�| � 4 dv wkh udwh

ri +Kduurg0qhxwudo, surgxfwlylw| jurzwk/ zkhuh �| lv wkh ohyho ri whfkqlfdo h�flhqf| dw wlph w1
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Frqvxphuv Frqvlghu d srsxodwlrq ri wkuhh frkruwv= wkh fkloguhq/ wkh |rxqj +l1h1 wkh zrunlqj

sduhqwv,/ dqg wkh rog +l1h1 wkh judqgsduhqwv,1 Zh vxssrvh wkdw fkloguhq gr qrw pdnh ghflvlrqv

frqfhuqlqj wkh doorfdwlrq ri uhvrxufhv/ vr wkdw hfrqrplf ghflvlrqv duh rqo| pdgh e| wkh |rxqj dqg

wkh rog1 Wkhuhiruh/ dowkrxjk wkhuh duh wkuhh frkruwv ri djhqwv/ wkh qrwdwlrq lv vhw xs dv wkrxjk

djhqwv olyh rqo| wzr shulrgv1 Vshfl�fdoo|/ dq djhqw ri djh 4 +wkh |rxqj, lv wdnhq wr phdq wkh

zrunlqj sduhqwv dqg dq djhqw ri djh 5 +wkh rog, lv wdnhq wr phdq wkh judqgsduhqwv1 Lqglylgxdov

zrun zkhq wkh| duh djh 4 dqg wkh| uhwluh iurp pdunhw dfwlylwlhv zkhq wkh| duh djh 512f Iru wklv

vhfwlrq/ djhqwv ri wkh vdph djh duh krprjhqhrxv lq doo uhvshfwv1 Zh wuhdw wkh krxvhkrog dv wkh

frqvxphu xqlw1 Djhqwv ghulyh xwlolw| iurp ohlvxuh/ wkh frqvxpswlrq ri d pdunhw jrrg dqg d krph

surgxfhg jrrg1 Zh dvvxph krxvhkrogv duh rqh0vlghg dowuxlvwlf/ dqg khqfh dv lq Eduur +4<:7,/ wkh|

pd{lpl}h wkhlu xwlolw| dqg wkh xwlolw| ri wkhlu lpphgldwh ghvfhqgdqwv=

Y| @ X�+ �F�
| > O

�
| , . �X2+ �F2

|n�> O
2
|n�, . ��Y|n� +4,

zkhuh iru l @ 4> 5/ �F�
| lv d frpsrvlwh jrrg frpsulvlqj ri d frqvxphg pdunhw jrrg/ F�

| � ]�
| / dqg

d krph surgxfhg jrrg/ T�
|1 Pruh suhflvho|/ F�

| lv wkh qrqgxudeoh pdunhw jrrg sxufkdvhg e| dq

lqglylgxdo ri djh l dw wlph w/ ]�
| lv sxufkdvhg lqsxwv xvhg wr surgxfh wkh qrq0pdunhw jrrg T�

|/

dqg O�| lv ohlvxuh1 Wkh sdudphwhu � phdvxuhv wkh h{whqw wr zklfk rqh jhqhudwlrq fduhv derxw wkh

qh{w/ dqg � lv wkh vxemhfwlyh glvfrxqw idfwru1 Khqfh �� lv wkh idfwru dw zklfk wkh xwlolw| ri ixwxuh

jhqhudwlrqv lv glvfrxqwhg1 Li � @ 4 wkh rog glvfrxqw wkhlu fkloguhq*v xwlolw| lq wkh vdph zd| dv wkhlu

rzq1 Zlwk � @ 3 sduhqwv pdnh qr wudqvihuv dqg wkh prgho uhgxfhv wr wkh olih0f|foh prgho1

Zh dvvxph dq djh0lqyduldqw shulrg xwlolw|2�=

X+ �F|> O|, @
+ �FKO�3K,�3D

4� �
� 9@ 4>

@ e orj+ �F|, . +4� e, orj+O|, � @ 4=

zkhuh 4@� lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ e dqg 4� e duh wkh vkduh sdudphwhuv iru

frqvxpswlrq dqg ohlvxuh/ uhvshfwlyho|/ lq wkh xwlolw| ixqfwlrq1 Wkh xwlolw| ixqfwlrq hqvxuhv wkdw

krxuv zrunhg duh frqvwdqw dorqj wkh edodqfhg jurzwk sdwk1 Ixuwkhupruh/ d FHV ixqfwlrqdo irup

lv dvvxphg iru �F�
| / vr wkdw

�F�
| @ ^d+F�

| � ]�
|,
e . +4� d,T�e

| `
�*e= h � 4/ l @ 4> 5 +5,

E| frqvwuxfwlrq/ �F�
| lv krprjhqhrxv ri ghjuhh rqh lq �|
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Lq rxu dqdo|vlv/ wkh wzr krph jrrgv T�
| dqg T2

| duh jlyhq wkh xqltxh lqwhusuhwdwlrq ri fklog

fduh dqg rog djh fduh/ uhvshfwlyho|1 Dxwkruv vxfk dv Kloo dqg Vwd�rug +4<:7,/ Jurqdx +4<:6,/

Ehq0Srudwk +4<:6,/ Dqjulvw dqg Hydqv +4<<9, dprqj rwkhuv kdyh dgdswhg wkh iudphzrun ri Ehfnhu

+4<98, dqg prghohg fklog fduh dv d krph0surgxfhg jrrg xvlqj wzr lqsxwv= wkh sduhqwv* wlph dqg

pdunhw lqsxwv12� Wklv vxjjhvwv wkdw lq wkh devhqfh ri lqwhujhqhudwlrqdo olqndjhv/ fklog fduh fdq

eh prghoohg dv d ixqfwlrq ri sxufkdvhg lqsxwv +]�
| , dqg wkh wlph ri wkh |rxqj +K��

| ,1 Wkdw lv/

T�
| @ h��+�|K��

| > ]�
| ,1

2e Vlploduo|/ rog djh fduh zrxog eh d ixqfwlrq ri wlph +K22, dqg pdunhw

jrrgv +]2
| , zlwk T2

| @ h�2+�|K22
| > ]2

| ,1
2D Wlph wudqvihuv duh h{solflwo| prghohg e| prgli|lqj wkh

whfkqrorj| iru krph surgxfwlrq wr doorz wkh wlph ri wkh rog wr eh dq lqsxw lq fklog fduh1 Pruh

irupdoo|/ T�
| @ ��+�|K

��
| > �|

M2�
|

�n? > ]
�
| , � ��+�|K

�W
| > ]�

| ,/ zkhuh K
2�
| lv wkh wlph vshqw judqgsduhqwlqj1

Wkh idfwru lqsxw K�W lv wkxv d frpsrvlwh ri krxuv iurp erwk jhqhudwlrqv1 Zh dvvxph=

K�W
| @ ^+K��

| ,6� . +
g�K

2�
|

+4 . q,
,6� `�*6� > p� � 4=

Wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq krxuv ri wkh |rxqj dqg wkh rog lq K�W lv 4@+4�p�,1 Zkhq

p� @ g� @ 4/ K��
| dqg K2�

| @+4 . q, duh shuihfw vxevwlwxwhv1 Wkh sdudphwhu g� frqwurov iru wkh

h�flhqf| ri wkh krxuv ri wkh rog uhodwlyh wr wkdw ri wkh |rxqj lq wkh surgxfwlrq ri T�
| 1 Iru h{dpsoh/

g� zrxog wdnh rq d orz ydoxh li wkh rog vx�hu iurp khdowk sureohpv1 Zh dvvxph FHV ixqfwlrqv iru

�� dqg �21 Khqfh/

T�
| @ ��+�|K

�W
| > ]�

| , @ ^s�+�|K
�W
| ,�� . s2+]

�
| ,

��`�*�� > !� � 4= +6,

T2
| @ �2+�|K

22
| > ]2

| , @ ^s�+�|K
22
| ,�2 . se+]

2
| ,

�2`�*�2 !2 � 4= +7,

Wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq krxuv dqg pdunhw jrrgv lq krph surgxfwlrq lv 4@+4 � !�,/

l @4/5 uhvshfwlyho|1 Wkh sdudphwhuv s� wr se duh iuhh sdudphwhuv iru fdoleudwlqj wkh prgho wr wkh

gdwd12S

Lq sudfwlfh/ d nh| revwdfoh wr hqdeolqj wlph wudqvihuv +krzhyhu dowuxlvwlf djhqwv pljkw eh, lv wkh

vsdwldo vhsdudwlrq ehwzhhq wkh |rxqj dqg wkh rog1 Zh dvvxph d frvw ri 
| wr eh sdlg e| wkh rog rq

shu xqlw wlph wudqvihuuhg/ dqg wkxv wrwdo wudqvsruwdwlrq frvw lv 
| �K2�
| 1 Zkhq wkh wudqvsruwdwlrq

frvw ehfrphv surklelwlyho| frvwo|/ wlph wudqvihuv zloo eh lqrshudwlyh1 Wkh dvvxpswlrq wkdw wkh rog

sd| iru wkh wudqvsruwdwlrq frvw lv zlwkrxw orvw ri jhqhudolw|/ d srlqw wkdw zloo vrrq ehfrph dssduhqw1
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Wkh hqgrzphqw ri wlph lv qrupdol}hg wr 4/ vr wkdw iru wkh |rxqj dw wlph w=

K��
| . O�

| .K�
| @ 4 +8,

zkhuh K�
| lv wlph vshqw rq zrun1 Iru wkh rog dw wlph w/ wkh doorfdwlrq ri wlph vdwlv�hv=

K22
| .K2�

| . O2
| @ 4 +9,

Zh dvvxph wkdw wkh jryhuqphqw fdq jlyh d fklog fduh vxevlg| wr wkh |rxqj1 Wkh vxevlg| lv

�qdqfhg e| d oxps0vxp wd{ rq wkh |rxqj +W �, dqg2ru wkh rog +W 2,1 Wkh fklog fduh vxevlg| wdnhv

wkh irup ri d uhedwh +l1h1 d vxevlg| ri udwh ��, rq sxufkdvhg pdunhw lqsxwv uhodwlqj wr fklog fduh

+l1h1 ]� lq wkh prgho,1

Djhqwv wdnh wkh uhdo lqwhuhvw udwh u| dqg wkh uhdo zdjh z| dv jlyhq1 Wkh �uvw dqg vhfrqg shulrg

exgjhw frqvwudlqwv duh/ uhvshfwlyho|=

W �
| .F�

| . V| @ K�
| z| .E2�

| . ��]�
| >

W 2
|n� .F2

|n� . +4 . q,E2�
|n� . +4 . q,
|n� �K2�

|n� @ +4 . u|n�,V| +:,

zkhuh V| dqg K�
| z| duh wkh vdylqjv dqg wkh oderu lqfrph ri djhqwv zkr duh djh 4 dw wlph w= E2�

| � 3

lv wkh +lqwhu ylyrv, wudqvihu uhfhlyhg dw wkh ehjlqqlqj ri wlph w e| hdfk phpehu zkr lv fxuuhqwo|

djh 4 iurp d idplo| phpehu zkr lv djh 5 dw wlph w= Dowkrxjk wkhuh lv qr prqh| lq wkh prgho/

E2�
| zloo eh uhihuuhg wr dv d prqhwdu| wudqvihu zlwk d voljkw dexvh ri whuplqrorj|1 Wkh wudqvihu lv

ri wkh lqwhu ylyrv w|sh ehfdxvh wkh |rxqj fdq vshqg wkh wudqvihu zkloh wkh rog duh vwloo dolyh1 Lq

frqwudvw/ ehtxhvwv hqwhu wkh exgjhw frqvwudlqw ri wkh |rxqj rqo| diwhu wkh rog kdyh ghfhdvhg1 Qrwh

wkdw zh kdyh dvvxphg wkdw wkh |rxqj gr qrw sd| wkhlu sduhqwv iru wkh khos wkh| uhfhlyh lq orrnlqj

diwhu wkhlu fkloguhq +K2�
| ,1 Dv zloo ehfrph fohdu/ lqwhusuhwlqj E2�

| dv wkh prqhwdu| wudqvihu qhw ri

sd|phqw iru vhuylfhv uhqghuhg e| wkh rog zloo qrw fkdqjh wkh vroxwlrq wr wkh prgho1

Iru d yduldeoh [|/ gh�qh {| @ [|@�| dv wkh qrupdol}hg ydoxh zklfk h{suhvvhv [| lq h�hfwlyh

whupv/ qrwlqj wkdw 
| lq h�hfwlyh whupv lv ghqrwhg e| � |1 Wkh pd{lpl}dwlrq sureohp lq whupv ri

wkh vwdwlrqdu| yduldeohv ehfrphv=

y| @ X+�f�| > O
�
| , . �WX+�f2|n�> O

2
|n�, . �W�Wy|n�> +;,

zkhuh y| @ �3KE�3D�Y|/ �
W @ �+4.q,= Wkh h�hfwlyh glvfrxqw idfwru lv �W @ �+4. j,KE�3D� jlyhq wkh

vshfl�fdwlrq ri wkh xwlolw| ixqfwlrq1 Ohw

Z| @ X
k
�f�| > O

�
|

l
. �WX

k
�f2|n�> O

2
|n�

l
= +<,

Wkh rswlpl}dwlrq sureohp lv zhoo gh�qhg li wkh vxp y| @
S"

�'f+�
W�W,�Z|n� frqyhujhv/ dqg khqfh

zkhq wkh qhfhvvdu| frqglwlrq �W�W ? 4 lv vdwlv�hg1 Wkh uhsuhvhqwdwlyh frqvxphu pd{lpl}hv +;,

43



vxemhfw wr +6,/+7,/+8,/+9, dqg wkh exgjhw frqvwudlqwv1 Iru d ixqfwlrq I / ghqrwh I% dv wkh ghulydwlyh

ri I zlwk uhvshfw wr {1 Wkh �uvw rughu frqglwlrqv duh=

IRF4 = v|= +4 . j, XS�+w, @ +4 . u|n�,�
WXS2+w. 4,>

IRF5 = O|= XS�+w,z
�
| @ Xu�+w,>

IRF6 = K��
| = XS�+w,z

�
| @ X^�+w,�

�
M��+w,>

IRF7 = K22
|n�= Xu2+w. 4, @ X^2+w. 4,�2M22+w. 4,>

IRF8 = }2|n�= XS2+w. 4, @ X^2+w. 4,�252+w. 4,>

IRF9 = }�| = XS�+w,+4� ��, @ X^�+w,�
�
5�+w,>

IRF: = e2�|n� � 3= +4 . q,XS2+w. 4, � �WXS�+w. 4,>

e2�|n� A 3 @ �WXS�+w. 4,>

IRF; K2�
|n� � 3= ^Xu2+w. 4, .XS2+w. 4, +4 . q, � |n�,` � �WX^�+w. 4,��M2�+w. 4,@+4 . q,>

K2�
|n� A 3 @ �WX^�+w. 4,��M2�+w. 4,@+4 . q,=

Wkh �uvw wzr frqglwlrqv duh wkh lqwhuwhpsrudo Hxohu htxdwlrqv iru frqvxpswlrq dqg ohlvxuh dqg duh

vwdqgdug1 Wkh wklug frqglwlrq vd|v wkdw wkh udwlr ri wkh pdujlqdo xwlolw| ri d xqlw ri wlph vshqw

dw krph dqg dw zrun vkrxog htxdo wkh zdjh udwh1 Frqglwlrq 7 vd|v wkdw dw wkh pdujlq/ wkh xwlolw|

iurp krph surgxfwlrq zkhq rog vkrxog htxdo wkh xwlolw| iurp ohlvxuh1 D xqlw ri pdunhw jrrg qrw

frqvxphg fdq eh xvhg lq wkh surgxfwlrq ri wkh krph jrrg1 Wkh +diwhu vxevlg|, pdujlqdo xwlolw| ri

wkh pdunhw jrrg iurp wkh wzr prghv ri frqvxpswlrq duh vhw htxdo e| frqglwlrqv 8 dqg 91 Qrwlfh

wkdw wkh fklog wd{ fuhglw glvwruwv wkh doorfdwlrq ehwzhhq wkh xvh ri pdunhw dqg qrq0pdunhw jrrgv1

Frqglwlrq : htxdwhv wkh glvfrxqwhg pdujlqdo xwlolw| ri frqvxpswlrq dfurvv jhqhudwlrqv/ xqohvv zh

duh dw d fruqhu vroxwlrq1

Frqglwlrq ; lv xqltxh wr rxu sureohp1 Ehfdxvh ri dowuxlvp/ dvvlvwlqj wkh |rxqj lq wkh surgxfwlrq

ri wkhlu krph jrrg jhqhudwhv xwlolw| wr wkh rog/ dqg lw lv glvfrxqwhg e| �W�Wwr duulyh dw xwlolw| dv ri

djh 41 Krzhyhu/ wklv dfw ri dowuxlvp uhgxfhv ohlvxuh ri wkh rog/ dqg kdylqj wr sd| iru wudqvsruwdwlrq

frvwv zkhq pdnlqj wlph wudqvihuv dovr uhgxfh wkh frqvxpswlrq ri wkh rog1 Wkh wrwdo frvw wr wkh

rog lv glvfrxqwhg dw �W1 Frqglwlrq ; vd|v wkdw zkhq wudqvihuv ri wlph duh rshudwlyh/ wkh pdujlqdo

xwlolw| ri d xqlw wlph vshqw khoslqj wkh |rxqj vkrxog eh htxdo wr wkh qhw pdujlqdo xwlolw| ri ohlvxuh

zkhq rog1

Dowuxlvp kdv d vhfrqg h�hfw lq rxu prgho dv lw lqgxfhv wlph wudqvihuv/ dqg lw lv lqvwuxfwlyh wr

frqvlghu wkh vshfldo fdvh ri qr wudqvsruwdwlrq frvw1 Wkh �uvw rughu frqglwlrqv iru K22
|n� dqg K2�

|n�

lpso| wkdw/ zkhq �@3/

+4 . q,X2
^2+w. 4,�2M22+w. 4, @ �WX�

^�+w. 4,��M2�+w. 4,= +43,

44



Lw iroorzv wkdw zlwkrxw wudqvsruwdwlrq frvwv/ wudqvihuv ri wlph htxdol}h wkh pdujlqdo surgxfw ri wkh

wlph ri wkh rog/ ydoxhg lq whupv ri wkh pdujlqdo xwlolw| ri wkh qrq0pdunhw jrrg frqvxphg e| wkh

wzr jhqhudwlrqv1 Lq frqwudvw/ prqhwdu| wudqvihuv htxdwh wkh pdujlqdo xwlolw| ri frqvxpswlrq ri wkh

pdunhw jrrg dfurvv jhqhudwlrqv1

Dv qrwhg hduolhu/ e2� fdq eh lqwhusuhwhg dv wudqvihuv iurp wkh rog wr wkh |rxqj qhw ri sd|phqw iru

wlph vshqw judqgsduhqwlqj1 Vxssrvh wkh |rxqj sd|v wkh rog vrph iudfwlrq 3 � � � 4 ri wkh pdunhw

zdjh z�
| iru hdfk xqlw wlph vshqw rq judqgsduhqwlqj1 Wkh irujrqh frqvxpswlrq e| wkh |rxqj +lq

whupv ri xwlolw|, lv �z�
|X

�
S�1 Exw ehfdxvh wkh rog fduh derxw wkh |rxqj/ wkh pdujlqdo xwlolw| ri wkh

rog lv uhgxfhg e| ��z�
|X

�
S�1 Wkh sd|phqw lqfuhdvhv wkh xwlolw| ri wkh rog e| �z�

| +4.q,X �
S21 Exw wkh

�uvw rughu frqglwlrq iru e2� uhtxluhv wkdw li prqh| wudqvihuv duh rshudwlyh/ �X �
S� � +4 . q,X �

S2 @ 31

Wkxv/ wkh sd|phqw iru judqgsduhqwlqj lqgxfhv d }hur vxp frvw wr wkh xwlolw| ri wkh rog1 Lq rwkhu

zrugv/ ehfdxvh dowuxlvwlf djhqwv orrn dw wkh uhvrxufhv ri wkh idplo|/ d fkdqjh lq wkh glvwulexwlrq ri

wkh uhvrxufhv ehwzhhq idplo| phpehuv kdv qr uhdo h�hfwv1 Wkxv/ sd|phqw iru wlph wudqvihuv zloo

rqo| d�hfw wkh ohyho ri prqh| wudqvihuv ohdylqj wkh rwkhu htxloleulxp ydoxhv lq wkh hfrqrp| lqwdfw1

Dqdorjrxv dujxphqwv fdq eh xvhg wr ghgxfh wkdw e2� zloo vlpso| dgmxvw li wkh |rxqj lqvwhdg ri wkh

rog sd| iru wkh wudqvsruwdwlrq frvw1

Wkh Jryhuqphqw Wkh jryhuqphqw idfhv d shulrg exgjhw frqvwudlqw ri

��}�| @ w�| .
w2|

4 . q

Ilupv Frpshwlwlyh �upv xvh wkh Free0Grxjodv surgxfwlrq ixqfwlrq

|| @ K�k
| n

E�3k�
| +44,

wr surgxfh wkh vroh pdunhw jrrg lq wkh hfrqrp|1 Sur�w pd{lpl}dwlrq lpsolhv wkdw idfwruv duh sdlg

wkh ydoxh ri wkhlu pdujlqdo surgxfw/ dqg khqfh

z|K
�
| @ i+n>K�,� ni �+n,>

u| @ i �+n,� �>

zkhuh � lv wkh ghsuhfldwlrq udwh ri fdslwdo1

Htxloleulxp D vwdwlrqdu| htxloleulxp lv gh�qhg dv ydoxhv ri f�| / f
2
| / }

�
| / }

2
| / t

�
| / t

2
| / O

�
| / K

��
| / K22

| /

K2�
| / O2

| > z|/ u|/ dqg e2�| zklfk duh wkh vdph iru doo w dqg duh vxfk wkdw lq hdfk shulrg/ wkh jrrgv dqg

wkh fdslwdo pdunhw fohdu1 Jrrgv pdunhw htxloleulxp lv jlyhq e| wkh djjuhjdwh uhvrxufh frqvwudlqw=

n| . i+n|>K
�
| , @ n|n�+4 . j,+4 . q, . �n| . f�| .

4

4 . q
f2| . �K2�

| +45,

45



Dv lv vwdqgdug ri ryhuodsslqj jhqhudwlrqv prgho/ fdslwdo pdunhw htxloleulxp lv vxppdul}hg e|=

n|n� @
v�|

+4 . q,+4 . j,
> +46,

vr wkdw vdylqjv e| wkh |rxqj ehfrphv surgxfwlyh fdslwdo qh{w shulrg1 Wkh qrq0pdunhw jrrg fohduv

e| frqvwuxfwlrq zlwk t�| @ ��+K��
| >K2�

| @+4 . q,> }�| ,/ dqg t2| @ �2+K22
| > }2| ,1

Zkhq dq lqwhulru vroxwlrq iru e2�|n� rewdlqv/ wkh �uvw rughu frqglwlrqv iru v| dqg e2�|n� fdq eh xvhg

wr ghgxfh wkdw/ lq d vwdwlrqdu| vwdwh=

+4 . u, @
+4 . q,+4 . j,

�W�W
@

+4 . j,

��W
= +47,

Iru wkh lqwhuhvw udwh wr eh srvlwlyh/ wkh frqglwlrq wkdw �W�W ? +4 . q,+4 . j, pxvw eh vdwlv�hg1 Dv

glvfxvvhg lq Eodqfkdug dqg Ilvfkhu +4<;<,/ wkh pdunhw lqwhuhvw udwh lv slqqhg grzq e| wkh ghjuhh

ri dowuxlvp dqg wkh glvfrxqw idfwru zkhq djhqwv duh dowuxlvwlf dqg zkhq prqhwdu| wudqvihuv duh

rshudwlyh1 Lqghhg/ surylghg prqhwdu| wudqvihuv duh rshudwlyh/ wkh vwhdg| vwdwh uhdo lqwhuhvw udwh

zloo eh jlyhq e| htxdwlrq +47, zkhwkhu ru qrw wlph wudqvihuv duh rshudwlrqdo1 Krzhyhu/ li wlph

wudqvihuv duh rshudwlyh exw prqhwdu| wudqvihuv duh qrw/ wkh htxloleulxp pdunhw lqwhuhvw udwh zloo eh

ghwhuplqhg e|=

+4 . u, @
+4 . q,+4 . j,

�W�W+4� ��,

��5�
��M2�

%
�2M22

�252
. �+4 . q,

&
= +48,

Zkloh wkh ghjuhh ri dowuxlvp dqg wkh udwh ri wlph suhihuhqfh vwloo sod| d uroh lq wkh ghwhuplqdwlrq ri

wkh uhdo lqwhuhvw udwh/ wkh whfkqrorj| ri krph surgxfwlrq dqg wudqvsruwdwlrq frvw zloo dovr pdwwhu1

Prvw lpsruwdqwo|/ wkh ohyho ri wkh lqwhuhvw udwh zloo ghshqg rq wkh ydoxhv ri wkh hqgrjhqrxv yduldeohv1

Wdvwh dqg whfkqrorj| sdudphwhuv duh qr orqjhu vx�flhqw wr slq grzq wkh lqwhuhvw udwh1

7 Fdoleudwlrq

Lq rxu dqdo|vlv/ rqh shulrg lv wuhdwhg dv 63 |hduv1 Wkh prgho*v jurzwk udwh ri srsxodwlrq lv

q @ +4.q
�
,�f� 4 zkhuh q� lv wkh dqqxdo udwh ri srsxodwlrq jurzwk1 Vlploduo|/ j� lv wkh dqqxdo udwh

ri whfkqlfdo surjuhvv dqg � @ 4@+4 . ���,/ zkhuh ��� @ +4 . ��,�f � 4/ �� lv wkh dqqxdo udwh ri wlph

suhihuhqfh1 Zh dvvxph q� @ =34/ j� @ =348/ dqg �� @ =341

Krxvhkrog Suhihuhqfhv Wkh fdoleudwlrq surfhhgv zlwk wkh dvvxpswlrq wkdw d krxvhkrog frqvlvwv

ri d uhsuhvhqwdwlyh frxsoh wkdw kdv wzr fkloguhq1 Diwhu 63 |hduv ri sduwlflsdwlqj lq pdunhw zrun/

erwk krxvhkrog phpehuv uhwluh> wkhlu fkloguhq irup d qhz krxvhkrog dqg kdyh fkloguhq dqg wkh|

ehfrph judqgsduhqwv1 Dw wklv srlqw wkh| vsolw wkhlu wlph ehwzhhq ohlvxuh/ krph surgxfwlrq/ ru khos

udlvh wkhlu judqgfkloguhq1 Wkh| dovr vsolw wkhlu uhvrxufhv ehwzhhq wkhlu rzq frqvxpswlrq dqg jlylqj
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prqh| wr wkhlu fkloguhq +qrz jurzq0xsv,12. Zlwk wklv wlph olqh lq plqg/ wkh suhihuhqfh sdudphwhuv

duh vhw wr pdwfk vrph nh| vw|ol}hg idfwv1 Zh qrz ghvfuleh wkh fkrlfh ri wkhvh sdudphwhuv1

Wkh sdudphwhu � lq wkh xwlolw| ixqfwlrq lv wkh uhflsurfdo ri wkh lqwhuwhpsrudo hodvwlflw| ri

vxevwlwxwlrq1 Hpslulfdo vwxglhv vxfk dv Dxhuedfk dqg Nrwolnr� +4<;:, kdyh irxqg ydoxhv iru � wkdw

duh forvh wr 7/ zklfk lv wkh ydoxh zh dgrsw1 Zh vhw �
�

@ =34 vr wkdw wkh vdylqjv udwh lv derxw

48(= Wkh sdudphwhu e lq wkh xwlolw| ixqfwlrq lv fkrvhq wr eh 175 vr wkdw krxvhkrogv zrun iru sdlg

frpshqvdwlrq 68( wr 73( ri wkhlu glvfuhwlrqdu| wlph zkhq |rxqj dqg zlwkgudz iurp wkh oderu

irufh zkhq rog +vhh vhfwlrq 514,1 Zh vhw h @ 3=6 lq wkh xwlolw| ixqfwlrq ri erwk jhqhudwlrqv1 Wklv

lpsolhv d idluo| orz hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh frqvxpswlrq ri wkh pdunhw jrrg dqg fklog

fduh/ frqvlvwhqw zlwk wkh hvwlpdwhv vxjjhvwhg e| wkh olwhudwxuh2H1

Wkhuh duh ydulrxv vrxufhv +vxfk dv glvfxvvhg lq Vhfwlrq 5, wkdw surylgh hvwlpdwhv ri wlph vshqw

rq fklog fduh e| wkh |rxqj1 Rxu ehqfkpdun iru K�� lv edvhg rq Kloo dqg Vwd�rug +4<;8, wkdw |rxqj

krxvhkrogv +ghshqglqj rq wkhlu hgxfdwlrq ohyho, vshqg ehwzhhq 6;4 dqg ;46 plqxwhv shu zhhn rq

fklog fduh1 Zh wdnh wkh phdq ydoxh ri derxw 933 plqxwhv/ ru derxw 43 krxuv d zhhn1 Jlyhq wkdw

wrwdo glvfuhwlrqdu| wlph lv 433 krxuv/ zh fdoleudwh K�� wr 1431 Fdoleudwlrq iru K22 lv edvhg rq rxu

lqwhusuhwdwlrq ri T2 dv rog djh fduh1 Dv glvfxvvhg hduolhu/ lq wkh gdwd/ wkh roghu jhqhudwlrq vshqgv

derxw 48( pruh wlph rq shuvrqdo fduh wkdq wkh |rxqj1 Ehfdxvh zh dvvxph erwk jhqhudwlrqv kdyh

wkh vdph dprxqw ri glvfuhwlrqdu| wlph lq wkh prgho/ wklv lpsolhv K22 * =48= Zh wkhq fkrrvh d vr

wkdw |rxqj krxvhkrogv vshqg derxw 43( ri glvfuhwlrqdu| wlph rq fklog fduh zkhq |rxqj dqg 48(

ri wlph rq krph zrun zkhq rog1

Iru K2�/ rxu glvfxvvlrq ri Vhfwlrq 5 vxjjhvwv wlph wudqvihuv duh ehwzhhq 8 dqg 43 shufhqw ri

glvfuhwlrqdu| wlph ghshqglqj rq wkh vwxg|1 Rxu ehqfkpdun lv edvhg rq wkh KUV vdpsoh/ zklfk

vxjjhvwv wkdw judqgsduhqwv vshqg dq |hduo| dprxqw ri 78;1;6 krxuv +rq dyhudjh, wr khos fduh iru

wkhlu judqgfkloguhq/ ru ;1;5 krxuv d zhhn1 Wkxv/ K2� lv fdoleudwhg wr eh durxqg 13;1 Wklv/ wrjhwkhu

zlwk wkh dvvxpswlrqv pdgh hduolhu ohdyh derxw 83( ri wkh wlph iru ohlvxuh zkhq |rxqj +l1h1 O�,/

dqg ;3( zkhq rog +l1h1 O2,1

Surgxfwlrq Whfkqrorj| Dv qrwhg hduolhu/ zh ylhz t� dv krxvhkrog zrun uhodwlqj wr fklog fduh1

Wklv h{foxghv dfwlylwlhv vxfk dv frrnlqj dqg uhdglqj/ dqg lv qduurzhu wkdq zkdw lv xvxdoo| uhihuuhg

wr dv krph surgxfwlrq lq wkh htxloleulxp uhsuhvhqwdwlyh djhqw prghov flwhg deryh1 Wklv wuhdwphqw
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fdq eh mxvwl�hg e| dvvxplqj wkdw qrq0fklog fduh dfwlylwlhv duh vhsdudeoh iurp doo rwkhu w|shv ri

frqvxpswlrq lq wkh xwlolw| ixqfwlrq1 Zh vhw g� dqg � +wudqvsruwdwlrq frvwv, vr wkdw K2� lv durxqg

; shufhqw +vhh deryh,1 Pdunhw lqsxwv xvhg wr surgxfh t� duh fdoleudwhg wr eh derxw 6( ri wkh

lqfrph ri wkh |rxqj1 Wkhvh pdunhw lqsxwv wr fklog fduh +l1h1 }�, duh dvvxphg wr lqfoxgh doo jrrgv

dqg vhuylfhv uhodwlqj wr fklog fduh dv zhoo dv hgxfdwlrq h{shqvhv/2b exw h{foxgh irrg dqg krxvlqj

h{shqvhv lqgxfhg e| fkloguhq rq wkh krxvhkrog exgjhw1 Wkh sdudphwhuv s� dqg s2 duh vhw vr wkdw

iru wkh fkrvhq ydoxh ri � @ 4/ wkh ohyho ri wudqvihuv dv zhoo dv rwkhu fkrlfh yduldeohv pdwfk wkh edvlf

vw|ol}hg idfwv1 Ilqdoo|/ iru rog djh fduh/ wkh sdudphwhuv !2> s� dqg se duh ydulhg wr |lhog K22 lq wkh

qhljkerukrrg ri 148 dqg }2 durxqg 8 shufhqw ri wkh lqfrph ri wkh rog1

Iru wkh surgxfwlrq ri wkh pdunhw jrrg/ zh dvvxph dv lq prvw ri wkh uhdo exvlqhvv f|foh olwhudwxuh

wkdw � @ =:= Fdslwdo lv dvvxphg wr ghsuhfldwh dw dq dqqxdo udwh ri rqh shufhqw1 Lq wkh edvh fdvh

dqg xqohvv rwkhuzlvh lqglfdwhg/ doo wd{ udwhv dqg wudqvihuv duh vhw wr }hur1

Wkh edvh olqh sdudphwhu ydoxhv xvhg lq wkh fdoleudwlrq duh vxppdul}hg lq Wdeoh 61 Zh shuiruphg

h{whqvlyh dqdo|vhv rq wkh vhqvlwlylw| ri wkh uhvxowv wr wkh sdudphwhuv ri wkh prgho1 Wr frqvhuyh

vsdfh/ wkh dgglwlrqdo uhvxowv duh qrw uhsruwhg lq ghwdlo exw duh dydlodeoh rq uhtxhvw1

8 Uhvxowv

Wkh vwhdg| vwdwh surshuwlhv ri wkh prgho duh ghvfulehg lq wkh �uvw froxpq ri Wdeoh 71 Xvlqj

wkh vhohfwhg sdudphwhuv/ wkh prgho uhsurgxfhv txlwh zhoo vrph lpsruwdqw vw|ol}hg idfwv ri wkh XV

hfrqrp|1 Wkh lqwhuhvw udwh iru wkh 630|hdu shulrg lv 519<;9 zklfk lpsolhv dq dqqxdo lqwhuhvw udwh

ri dssur{lpdwho| 718(1 Lq wkh edvh fdvh/ wkh |rxqj vshqg 69( ri wkh wlph rq pdunhw zrun dqg

43( ri wkh wlph rq fklog fduh1 Wkh vdylqjv udwh lv durxqg 47 shufhqw zlwk d fdslwdo0rxwsxw udwlr

ri 14347 +ru 6154 li rqh shulrg zdv rqh |hdu,1 Wlph wudqvihuv duh derxw ;( ri glvfuhwlrqdu| wlph

zkloh prqh| wudqvihuv frqvwlwxwh dssur{lpdwho| 8( ri wkh lqfrph ri wkh rog1

814 Krz Lpsruwdqw duh Wlph dqg Prqh| WudqvihuvB

Wr dvvhvv wkh uroh ri wlph dqg prqhwdu| wudqvihuv rq zrun h�ruw/ fdslwdo dffxpxodwlrq dqg zhoiduh/

zh vlpxodwh wkh prgho qxphulfdoo| dqg frqvlghu irxu vwhdg|0vwdwh vfhqdulrv= rqh zkhuh djhqwv fdq

pdnh erwk prqhwdu| dqg wlph wudqvihuv +edvh fdvh,/ rqh zkhuh lw lv rswlpdo iru djhqwv wr pdnh

}hur wlph wudqvihuv/ rqh zkhuh krxvhkrogv pdnh qr prqhwdu| wudqvihu/ dqg rqh zkhuh qhlwkhu w|sh

ri wudqvihu lv rshudwlyh1 Wkh uhvxowv duh uhsruwhg lq froxpqv 4 wkurxjk 7 ri Wdeoh 71 Wlph wudqvihuv

duh pdgh qrw rshudwlrqdo e| vhwwlqj � @ =5 +frpsduhg wr wkh edvh fdvh ri 1338,1 Lq wklv fdvh
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wudqvsruwdwlrq frvwv duh vr kljk wkdw lw lv rswlpdo qrw wr pdnh wlph wudqvihu1�f Qrwh wkdw lq wklv

fdvh zkhq rqo| wlph wudqvihuv duh dydlodeoh/ wkh vwhdg| vwdwh uhdo lqwhuhvw udwh lv ghwhuplqhg e|

htxdwlrq +48, udwkhu wkdq +47,1�� Prqhwdu| wudqvihuv duh pdgh lqrshudwlyh e| h{foxglqj e2� dv d

fkrlfh yduldeoh1 Wkh irxuwk vfhqdulr lv rewdlqhg e| h{foxglqj prqhwdu| dqg wlph wudqvihuv iurp

wkh krxvhkrog*v fkrlfh sureohp vlpxowdqhrxvo|1 Zlwkrxw lqwhujhqhudwlrqdo wudqvihuv lq hlwkhu wlph

ru prqh|/ krxvhkrogv ehkdyh dv wkrxjk wkh| duh olih0f|foh vdyhuv1

Wkh uhvxowv uhsruwhg lq Wdeoh 7 vkrz wkdw erwk prqhwdu| dqg wlph wudqvihuv frqwulexwh lpsru0

wdqwo| wr fdslwdo dffxpxodwlrq1 Frpsduhg wr wkh fdvh zkhq qhlwkhu w|sh ri wudqvihu lv rshudwlrqdo

+froxpq 7,/ fdslwdo lv 63( kljkhu +uhfdoolqj wkdw rqh shulrg lv 63 |hduv, zkhq hlwkhu prqhwdu|

wudqvihuv ru wlph wudqvihuv duh dydlodeoh +froxpqv 5 dqg 6 uhvshfwlyho|,1 Lqwurgxflqj d vhfrqg

wudqvihu +froxpq 4, jhqhudwhv rqo| d vpdoo lqfuhdvh wr fdslwdo dffxpxodwlrq zkhq hlwkhu wlph ru

prqh| wudqvihu lv douhdg| suhvhqw1 Wklv vxjjhvwv wkdw zkdw lv fuxfldo iru fdslwdo dffxpxodwlrq lv

wkdw vrph irup ri lqwhujhqhudwlrqdo wudqvihu lv rshudwlrqdo/ dqg qrw wkh qdwxuh ri wkh wudqvihu shu

vh1 Wklv revhuydwlrq lv lpsruwdqw ehfdxvh wudglwlrqdoo|/ prqhwdu| wudqvihuv kdyh ehhq lghqwl�hg

dv dq lpsruwdqw vrxufh ri fdslwdo dffxpxodwlrq1 Exw vlqfh prqhwdu| wudqvihuv duh pdgh suhgrpl0

qdqwo| e| wkh ulfk dqg wkh zhdowk|/ wklv zrxog vhhp wr vxjjhvw wkdw wkh ehkdylru ri rqo| d vpdoo

iudfwlrq ri wkh srsxodwlrq pdwwhuv iru fdslwdo dffxpxodwlrq1 Rxu uhvxow vxjjhvwv wkdw rshudwlrqdo

wlph wudqvihuv duh mxvw dv lpsruwdqw iru fdslwdo dffxpxodwlrq1 Dv glvfxvvhg lq Vhfwlrq 5/ gdwd iurp

wkh KUV lqglfdwh wkdw wlph wudqvihuv duh lpsruwdqw dw doo ohyhov ri lqfrph1 Wkxv/ hyhq wkrxjk wlph

lv vrphwlphv wkh rqo| w|sh ri wudqvihu wkdw ohvv zhdowk| idplolhv fdq pdnh/ wkhvh idplolhv vwloo sod|

dq lpsruwdqw uroh lq fdslwdo dffxpxodwlrq1

Dowkrxjk prqhwdu| dqg wlph wudqvihuv kdyh vlplodu txdqwlwdwlyh h�hfwv rq wkh hfrqrp|/ wkh|

d�hfw fdslwdo dffxpxodwlrq dqg oderu vxsso| lq gl�huhqw zd|v1 Prqhwdu| wudqvihuv lqfuhdvh fdslwdo

dffxpxodwlrq e| pdnlqj krxvhkrogv vdyh pruh +frpsduh froxpqv 5 dqg 7,1 Dowkrxjk wkh uhvxowlqj

uhgxfwlrq lq wkh lqwhuhvw udwh lqgxfhv dq lqwhuwhpsrudo vxevwlwxwlrq wkdw lqfuhdvhv zrun h�ruw/ wkh

lqfrph h�hfw gxh gluhfwo| wr prqh| wudqvihu lv qhjdwlyh +surylghg ohlvxuh lv d qrupdo jrrg,1 Wkh qhw

h�hfw ri prqhwdu| wudqvihuv rq oderu vxsso| lv wkxv dpeljxrxv d sulrul/ wkrxjk iru wkh sdudphwhuv

xvhg lq wkh vlpxodwlrqv/ wkh wzr rssrvlqj h�hfwv uhvxow lq d vpdoo srvlwlyh h�hfw rq oderu vxsso|1

Lq frqwudvw/ wlph wudqvihuv kdyh d vwurqj srvlwlyh h�hfw rq oderu vxsso| ehfdxvh wkh rqo| zd| iru

wkh |rxqj wr wudqvodwh wkh wlph wudqvihuuhg iurp wkhlu sduhqwv lqwr sxufkdvlqj srzhu lv wr zrun

pruh1 Wkh lqfrph h�hfw hqjhqghuhg e| kljkhu oderu vxsso| hqfrxudjhv vdylqj dqg hqkdqfhv fdslwdo

dffxpxodwlrq1 Dv fdq eh vhhq iurp rxu vlpxodwlrqv/ wlph wudqvihuv lqghhg kdyh d pxfk vwurqjhu
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h�hfw rq oderu vxsso| +K� lqfuhdvhv iurp 1679; wr 16:48, wkdq prqhwdu| wudqvihuv +K� lqfuhdvhv

iurp 1679; wr 167<7,1 Zkloh lw lv whpswlqj wr frqmhfwxuh wkdw wlph wudqvihuv duh vxevwlwxwhv iru

prqhwdu| wudqvihuv/ wklv lv fohduo| qrw wkh fdvh khuh1 Wkh uhdvrq lv wkdw wlph wudqvihuv duh qrw

wudgdeoh dqg wkhuhiruh gr qrw d�hfw wkh lqwhuwhpsrudo exgjhw frqvwudlqw lq wkh vdph zd| prqhwdu|

wudqvihuv gr1

Wlph wudqvihuv dovr kdyh lpsolfdwlrqv iru wkh yroxph ri prqhwdu| wudqvihuv1 Vshfl�fdoo|/ wlph

wudqvihuv ghfuhdvh wkh dprxqw ri prqhwdu| wudqvihuv iurp wkh rog wr wkh |rxqj1 Wklv lv ehfdxvh

wkh kljkhu oderu lqfrph uhgxfhv wkh dprxqw ri prqhwdu| wudqvihuv uhtxluhg wr htxdwh wkh pdujlqdo

xwlolw| ri frqvxpswlrq dfurvv jhqhudwlrqv1 Wkh uhgxfwlrq lq prqhwdu| wudqvihuv lq wxuq doorzv wkh

rog wr frqvxph pruh pdunhw jrrgv1 Lq frqvhtxhqfh/ frqvxpswlrq lv pruh hyhqo| glvwulexwhg ryhu

wkh olih0f|foh1

Wlph wudqvihuv lqfuhdvh wkh surgxfwlrq ri wkh krph jrrg iru wkh |rxqj dqg uhgxfh wkdw ri wkh

rog1 Wklv lv ehfdxvh zkhq wlph wudqvihuv duh rshudwlyh/ wkh wlph ri wkh rog lv dovr xvhg dv dq lqsxw lq

surgxflqj fklog fduh/ t�1 Zlwk wkh edvh fdvh sdudphwhuv/ wkh xwlolw| orvv iurp ohvv ohlvxuh rxwzhljkv

wkh xwlolw| jdlq iurp kljkhu vhfrqg shulrg frqvxpswlrq1 Wkxv/ lq wkh vlpxodwlrqv/ wlph wudqvihuv

udlvh wkh xwlolw| ri wkh |rxqj exw uhgxfh wkh xwlolw| ri wkh rog1 Krzhyhu/ iurp wkh srlqw ri ylhz

ri olihwlph xwlolw|/ hyhq dowuxlvwlf krxvhkrogv zlwk prqhwdu| wudqvihuv rqo| +vhh wkh odvw wzr urzv

ri froxpqv 5 dqg 7, duh ehwwhu r� wkdq olih0f|foh krxvhkrogv1 Doorzlqj iru wlph wudqvihuv lqfuhdvh

olihwlph xwlolw| ixuwkhu +vhh wkh odvw wzr urzv ri froxpqv 4 dqg 6,1

Doo wkh uhvxowv suhvhqwhg lq Wdeoh 7 kdyh ehhq wkh vxemhfw ri h{whqvlyh vhqvlwlylw| dqdo|vhv1 Zh

irfxvhg rq wkh fuxfldo hodvwlflw| sdudphwhuv wkdw duh vshfl�f wr rxu prgho/ !�> !2> h dqg p�1 Lq doo

rxu h{shulphqwv/ oderu vxsso| lv kljkhu zkhq wlph wudqvihuv duh lqwurgxfhg1 Dv zhoo/ wkh �qglqj

wkdw prqhwdu| wudqvihuv kdyh rqo| d vpdoo h�hfw rq oderu vxsso| lv urexvw1 Dgglwlrqdo vlpxodwlrqv

zhuh dovr frqgxfwhg wr dvvhvv wkh vhqvlwlylw| ri wkh uhvxowv wr wkh ehqfkpdun ydoxh ri wlph wudqvihuv/

dqg wkh uhvxow wkdw wlph wudqvihuv kdyh d srvlwlyh h�hfw rq oderu vxsso| lv dovr urexvw1�2 Krzhyhu/

wkh uhodwlyh lpsruwdqfh ri prqhwdu| dqg wlph wudqvihu rq fdslwdo dffxpxodwlrq lv ohvv fohdu fxw1 Lq

vrph fdvhv prqhwdu| wudqvihuv kdyh d odujhu lpsdfw rq fdslwdo dffxpxodwlrq wkdq wlph wudqvihuv

zlwkrxw vljql�fdqwo| d�hfwlqj rwkhu yduldeohv txdolwdwlyho| ru txdqwlwdwlyho| +iru h{dpsoh/ zlwk kljk

ydoxhv ri !2,1
��
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815 Wkh Frkdelwdwlrq ri Olih F|foh dqg Dowuxlvwlf Frqvxphuv

Rqh lqwhuhvwlqj uhvxow wkdw frphv rxw ri Wdeoh 7 lv wkdw prqhwdu| dqg wlph wudqvihu kdyh gl�huhqw

lpsolfdwlrqv iru oderu vxsso|1 Wr h{dplqh wklv lvvxh ixuwkhu/ zh frqvlghu dq hfrqrp| srsxodwhg e|

wzr w|shv ri krxvhkrogv= rqh dowuxlvwlf dqg wkh rwkhu olih0f|foh1�e Zh dvvxph wkdw 73( ri krxvhkrogv

duh olih0f|foh frqvxphuv1 Wklv lv edvhg rq wkh idfw wkdw lq wkh KUV vdpsoh/ 7419( jlyhv qhlwkhu

wlph qru prqh| wudqvihu +vhh Wdeoh 5,1 Uhfdoo wkdw dv orqj dv dowuxlvwlf krxvhkrogv pdnh prqhwdu|

wudqvihuv +hyhq li lw zdv mxvw iru rqh krxvhkrog,/ wkh pdunhw lqwhuhvw udwh zloo dozd|v eh ghwhuplqhg

e| +47,1 Wkxv/ kroglqj wkh sdudphwhuv xqghuo|lqj +47, frqvwdqw/ wkh frkdelwdwlrq ri olih f|foh dqg

dowuxlvwlf frqvxphuv zloo jlyh vwhdg| vwdwh htxloleuld zlwk wkh vdph lqwhuhvw udwh1 Wklv vhwxs doorzv

xv wr h{dplqh wkh oderu vxsso| h�hfw ri erwk w|shv ri wudqvihuv kroglqj wkh uhdo lqwhuhvw udwh �{hg

+dqg wkhuhiruh vxssuhvvlqj wkh lqwhuwhpsrudo vxevwlwxwlrq h�hfw,1

Zh djdlq frqvlghu wkuhh fdvhv= rqh lq zklfk dowuxlvwlf krxvhkrogv pdnh erwk prqhwdu| dqg

wlph wudqvihuv/ rqh lq zklfk wkh| rqo| pdnh prqhwdu| wudqvihuv/ dqg rqh lq zklfk wkh| rqo| pdnh

wlph wudqvihuv1 Wkh uhvxowv ri wkhvh vlpxodwlrqv duh uhsruwhg lq Wdeoh 81 Zkhq erwk wlph dqg

prqh| wudqvihuv duh dydlodeoh/ wkh oderu vxsso| ri wkh dowuxlvwlf krxvhkrogv lv kljkhu wkdq olih f|foh

krxvhkrogv dv zhoo dv dowuxlvwlf krxvhkrogv zlwk rqo| prqhwdu| wudqvihuv +froxpq 4/ K� @ =699:,1

Wkh dgglwlrq ri wlph wudqvihuv wr prqhwdu| wudqvihuv lqfuhdvhv wkh oderu vxsso| ri wkh dowuxlvwlf

|rxqj1 Zlwk prqhwdu| wudqvihuv dorqh +l1h1 wlph wudqvihuv duh lqrshudwlyh,/ wkh dowuxlvwlf |rxqj

dfwxdoo| vshqg ohvv wlph rq pdunhw zrun +froxpq 6/ K� @ =678;, wkdq olih0f|foh krxvhkrogv +froxpq

7/ K� @ =687;,1 Wklv lv lq frqwudvw wr wkh uhvxow uhsruwhg lq Wdeoh 7 wkdw wkh oderu vxsso| h�hfw ri

prqhwdu| wudqvihuv lv srvlwlyh1 Wklv glvfuhsdqf| dulvhv ehfdxvh lq wkh suhvhqw h{shulphqw/ wkh olih

f|foh frqvxphuv idfh wkh vdph lqwhuhvw udwh dv frqvxphuv pdnlqj lqwhujhqhudwlrqdo wudqvihuv1 Wklv

kljkoljkwv wkh idfw wkdw prqhwdu| wudqvihuv kdyh d gluhfw h�hfw rq oderu vxsso| wkdw lv qhjdwlyh1

D srvlwlyh jhqhudo htxloleulxp oderu vxsso| h�hfw iurp prqhwdu| wudqvihuv fdq dulvh rqo| li wkh

lqwhuwhpsrudo vxevwlwxwlrq h�hfw lv vx�flhqwo| vwurqj wr r�vhw wkh qhjdwlyh lqfrph h�hfw1 H{whqvlyh

vhqvlwlylw| dqdo|vhv e| ydu|lqj e/ !�> !2> h dqgp� vkrz wkdw wkh qhjdwlyh h�hfw ri prqhwdu| wudqvihuv

rq oderu vxsso| lv urexvw1 Dgglqj wlph wudqvihuv dozd|v lqfuhdvhv oderu vxsso| uhodwlyh wr wkrvh

zkr pdnh prqhwdu| wudqvihuv rqo|/ wkrxjk wkh pdjqlwxgh ri wkh gl�huhqfh lv h{shulphqw vshfl�f1

Iru frpsohwhqhvv/ wkh odvw wzr froxpqv ri Wdeoh 8 uhsruw uhvxowv shuwdlqlqj wr dq hfrqrp|

lq zklfk olih f|foh frqvxphuv frh{lvw zlwk dowuxlvwlf frqvxphuv exw wkdw prqhwdu| wudqvihuv duh

lqrshudwlyh1 Wkh uhvxow wkdw wlph wudqvihuv kdyh srvlwlyh h�hfwv iru oderu vxsso| frqwlqxh wr krog1
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Vhyhudo dgglwlrqdo ihdwxuhv ri wkh uhvxowv lq Wdeoh 8 duh zruwk uhlqiruflqj1 Iluvw/ rshudwlyh wlph

wudqvihuv ixuwkhu lqfuhdvh wkh olihwlph xwlolw| ri wkh dowuxlvwlf krxvhkrogv1 Vhfrqg/ dv lq Wdeoh 7/

wkh dowuxlvwlf krxvhkrogv hqmr| kljkhu ohyhov ri frqvxpswlrq dqg olihwlph xwlolw| wkdq wkh olih0f|foh

krxvhkrogv +froxpq 5 ru 7,/ exw wklv lqyroyhv d wudgh0r� ehwzhhq kljkhu xwlolw| zkhq |rxqj dqg

orzhu xwlolw| zkhq rog1 Wklv lv ehfdxvh wlph dqg prqh| wudqvihuv uhod{ wkh wlph frqvwudlqw dqg

h{sdqg frqvxpswlrq srvvlelolwlhv ri wkh dowuxlvwlf |rxqj/ exw wkhvh vdph krxvhkrogv ehfrph grqruv

ri wlph dqg prqh| zkhq rog/ dw zklfk srlqw wkh| hqmr| ihzhu glvfuhwlrqdu| uhvrxufhv wkdq wkrvh

zkr duh qrw dowuxlvwlf1 Wklug/ wkh frqvxpswlrq ri olih0f|foh krxvhkrogv dv zhoo dv wkrvh zlwk rqo|

prqhwdu| wudqvihuv +vhh froxpqv 6 dqg 7/ uhvshfwlyho|, duh kljkhu zkhq |rxqj wkdq zkhq rog1

Exw zkhq wlph wudqvihuv duh doorzhg +vhh froxpq 4,/ wkh frqvxpswlrq ri wkh rog lv forvhu wr wkh

frqvxpswlrq ri wkh |rxqj1 Wkh rog fdq d�rug pruh pdunhw jrrgv ehfdxvh wkh| vdyh pruh zkhq

|rxqj dqg vxevwlwxwh vrph prqhwdu| wudqvihuv zlwk wlph wudqvihuv zkhq rog1 Wkxv/ wlph wudqvihuv

dovr kdyh wkh h�hfw ri �dwwhqlqj wkh frqvxpswlrq sur�oh1

816 Grhv d Fklog Wd{ Fuhglw Furzg Rxw Sulydwh WudqvihuvB

Lq rxu prgho zlwk krprjhqhrxv djhqwv dqg rshudwlyh prqhwdu| wudqvihuv/ d oxps0vxp uhglvwulexwlrq

ri wd{hv ryhu wlph kdv qr h�hfwv rq wkh hfrqrp| +xqohvv zh duh dw d fruqhu vroxwlrq, ehfdxvh d

uhglvwulexwlrq ri wd{hv lv h{dfwo| frpshqvdwhg e| d uhglvwulexwlrq ri sduhqwdo prqhwdu| wudqvihuv

zlwk qr h�hfw rq wlph wudqvihuv1 Lq rwkhu zrugv/ Ulfdugldq htxlydohqfh krogv1 Wr vhh wkh lpsdfw ri

glvwruwlrqdu| wd{hv rq wkh hfrqrp|/ zh lqwurgxfh d fklog fduh wd{ fuhglw sdlg e| wkh rog +yld oxps0

vxp wd{hv,1�D Wkh uhvxowv +qrw uhsruwhg, vkrz wkdw li wkh jryhuqphqw vxevlgl}hv 53( ri fklog fduh

frvwv/ lqfrph zrxog lqfuhdvh +e| derxw 5(,/ dqg fklog fduh zrxog lqfuhdvh e| derxw 6(1 Zkloh

prqhwdu| dqg wlph wudqvihuv zrxog ghfuhdvh e| 48( dqg 5( uhvshfwlyho|/ wkh vxevlg| grhv qrw

frpsohwho| holplqdwh sduhqwdo wudqvihuv1 Qrwh/ krzhyhu/ wkh fklog fduh vxevlg| lv d +lqyroxqwdu|,

wudqvihu ri uhvrxufhv iurp wkh rog wr wkh |rxqj1 Ylhzhg lq wklv oljkw/ wkh jryhuqphqw fdq hqjlqhhu

d wudqvihu iurp wkh rog wr wkh |rxqj zlwkrxw ixoo| furzglqj rxw yroxqwdu| sduhqwdo vxssruw/ dqg

wrwdo sduhqwdo vxssruw +yroxqwdu| soxv fklog fduh vxevlg|, frxog lq idfw eh kljkhu1

Wr h{dplqh zkr ehqh�w iurp fklog0fduh vxevlglhv/ zh doorz djhqwv wr gl�hu lq whupv ri wkhlu

h�flhqf| lq pdunhw zrun1 Iru wkh orz0lqfrph krxvhkrogv +w|sh D,/ K� xqlwv ri pdunhw zrun

wudqvodwh lqwr ��K�� pdq krxuv/ iru wkh kljk0lqfrph krxvhkrogv +w|sh E,/ K� xqlwv ri pdunhw

zrun wudqvodwh lqwr ��K�� xqlwv ri wlph iru pdunhw zrun/ zlwk �� A ��= Zh dvvxph kdoi wkh

srsxodwlrq lv ri w|sh D dqg kdoi lv ri w|sh E1 Ehfdxvh hduqlqjv lv wkh rqo| vrxufh ri lqfrph lq wkh

prgho/ wkh w|sh D zloo eh srruhu wkdq wkh w|sh E erwk zkhq |rxqj dqg rog1 Wkxv/ wkhuh lv qr
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lqwhujhqhudwlrqdo lqfrph prelolw| lq wkh prgho1�S

Lq froxpqv 4 dqg 5 ri Wdeoh 9 zh uhsruw wkh uhvxowv iru wkh edvh fdvh ri wklv prgho1 Qrw

vxusulvlqjo|/ wkh w|sh D krxvhkrogv zkr duh ohvv h�flhqw hduq dqg frqvxph ohvv wkdq wkh w|sh E

krxvhkrogv1 Wkh w|sh D dovr pdnh ohvv prqhwdu| dqg wlph wudqvihuv wkdq wkh w|sh E1 Wkh srvlwlyh

uhodwlrqvkls ehwzhhq lqfrph dqg prqh| wudqvihuv lv vhoi0h{sodqdwru| dqg lv frqvlvwhqw zlwk wkh

gdwd1 Wkh srvlwlyh uhodwlrqvkls ehwzhhq wlph wudqvihuv dqg lqfrph dulvhv ehfdxvh/ e| dvvxpswlrq/

erwk w|shv D dqg E duh htxdoo| h�flhqw lq krph surgxfwlrq1 Jlyhq wkh h�flhqf| dgydqwdjh ri

w|sh E lq pdunhw zrun/ w|sh D kdv d frpsdudwlyh dgydqwdjh lq krph surgxfwlrq dqg khqfh kdv d

vpdoohu qhhg iru wlph wudqvihuv1 Lq wkh KUV/ wkh phdq wlph wudqvihu shu0judqgfklog lqfuhdvhv zlwk

lqfrph/ dv lq rxu prgho hfrqrp|1�.

Zh wkhq dvvhvv wkh ghvludelolw| ri d phdqv0whvwhg vxevlg| dqg wkdw ri d xqlyhuvdo vxevlg| lq

wklv hfrqrp| zlwk krxvhkrogv wkdw gl�hu e| hduqlqjv delolw|1 Xqghu d phdqv whvwhg surjudp/ wkh

holjlelolw| wr wkh fklog wd{ vxevlg| ghshqgv rq lqfrph1 Zh dvvxph wkdw wkh jryhuqphqw nqrzv

djhqwv e| w|sh +vlqfh lqfrph lv revhuyhg, dqg rqo| wkh orz lqfrph jurxs +w|sh D, fdq fodlp wkh

phdq0whvwhg vxevlg|1 Xqghu d xqlyhuvdo surjudp/ doo krxvhkrogv uhfhlyh wkh vxevlg|1 Lq erwk fdvhv/

d 53( vxevlg| lv frqvlghuhg1 Wklv lv sdlg iru e| oxps0vxp wd{dwlrq rq wkh rog ri erwk w|shv1 Wkh

uhvxowv ri wkh phdqv0whvwhg surjudp duh uhsruwhg lq froxpqv 6 dqg 7 ri Wdeoh 91 Wkh fklog wd{

fuhglw pdnhv orz lqfrph krxvhkrogv xvh pruh pdunhw lqsxwv +vxfk dv gd| fduh/ qdqqlhv, lq fklog

fduh dqg lqfuhdvhv wkh oderu vxsso| ri wkh |rxqj1 Ryhudoo fklog fduh lqfuhdvhv +iurp 149<< wr 14:56,1

Prqhwdu| wudqvihuv duh qrw d�hfwhg dqg wlph wudqvihuv ghfuhdvh rqo| voljkwo|1 Dv oderu vxsso|

lqfuhdvhv/ wkh |rxqj hduq pruh oderu lqfrph1 Iru wkh kljk lqfrph jurxs zkr sd|v iru wkh vxevlg|

zlwkrxw uhfhlylqj dq| ehqh�w/ wkhuh duh qr lpsruwdqw fkdqjhv lq sduhqwdo vxssruw1 Lq whupv ri

xwlolw|/ wkh orz lqfrph krxvhkrogv duh ehwwhu r� dqg kljk lqfrph krxvhkrogv duh zruvh r�1

Wkh uhvxowv iru wkh xqlyhuvdo fklog fduh vxevlg| duh uhsruwhg lq froxpqv 8 dqg 9 ri Wdeoh 91

Ehfdxvh wkh wrwdo ydoxh ri wkh vxevlg| lv sursruwlrqdo wr wkh ohyho ri vshqglqj rq fklog fduh/ wkh

ulfk ehqh�w pruh ehfdxvh wkhlu devroxwh vshqglqj rq fklog fduh lv kljkhu1 Dv zhoo/ hdfk dgglwlrqdo

xqlw ri wlph vshqw rq pdunhw zrun jhqhudwhv pruh oderu lqfrph iru wkh pruh h�flhqw jurxs +kljk

lqfrph, wkdq wkh ohvv h�flhqw jurxs +orz lqfrph,1 Wkh xqlyhuvdo vxevlg| surjudp wkxv kdv wkh

xqghvludeoh h�hfw ri lqfuhdvlqj wkh olihwlph xwlolw| ri wkh ulfk dw wkh h{shqvh ri wkh srru1
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9 Frqfoxvlrq

Wklv sdshu gl�huv iurp rwkhu vwxglhv rq idplo| ghflvlrqv dqg lqwhujhqhudwlrqdo wudqvihuv lq wkdw

lw irfxvhv rq wlph wudqvihuv1 Wklv w|sh ri wudqvihu kdv uhfhlyhg olwwoh ru qr dwwhqwlrq lq wkh hfr0

qrplfv olwhudwxuh1 Gdwd iurp wkh KUV vxjjhvw wkdw lqwhujhqhudwlrqdo wlph wudqvihuv lq wkh irup ri

judqgsduhqwlqj duh lpsruwdqw1 Wkh KUV vxuyh| dovr lqglfdwhv wkdw dq lpsruwdqw iudfwlrq ri wkh

krxvhkrogv zkr pdnh wlph wudqvihuv gr qrw pdnh prqhwdu| wudqvihuv/ d skhqrphqrq suhydohqw iru

wkh orzhu lqfrph jurxsv1

Xvlqj dq ryhuodsslqj jhqhudwlrqv prgho wkdw lv fdoleudwhg wr pdwfk vrph lpsruwdqw vw|ol}hg

idfwv ri wkh XV hfrqrp|/ lw lv vkrzq wkdw wlph wudqvihuv sod| dq lpsruwdqw uroh lq wkh ghwhuplqdwlrq

ri lqfrph dqg fdslwdo dffxpxodwlrq zlwk h�hfwv wkdw duh frpsdudeoh wr wkrvh ri prqhwdu| wudqvihuv1

Prqhwdu| dqg wlph wudqvihuv/ krzhyhu/ kdyh gl�huhqw lpsolfdwlrqv iru zrun h�ruw1 Wlph wudqvihuv

hqfrxudjh oderu vxsso| vlqfh wkh rqo| zd| lq zklfk wkh |rxqj fdq wudqvodwh wlph wudqvihuv iurp

wkh rog lqwr kljkhu frqvxpswlrq lv wkurxjk dq lqfuhdvh lq wlph vshqw rq pdunhw zrun1 Lq frqwudvw/

prqhwdu| wudqvihuv kdyh dq lqfrph h�hfw zklfk glvfrxudjhv pdunhw zrun1

Erwk wlph dqg prqhwdu| wudqvihuv duh irxqg wr eh qrw yhu| vhqvlwlyh wr wkh lqwurgxfwlrq ri

d fklog fduh vxevlg|1 Lq d prgho zkhuh krxvhkrogv duh khwhurjhqhrxv lq whupv ri wkhlu hduqlqj

delolwlhv/ d phdqv whvwhg surjudp lv irxqg wr lpsuryh wkh zhoiduh ri wkh srru zkloh d xqlyhuvdo

fklog fduh wd{ fuhglw ehqh�wv wkh kljkhu lqfrph krxvhkrogv dqg ghfuhdvh wkh zhoiduh ri wkh orzhu

lqfrph krxvhkrogv1 Frqvlghudwlrq ri wudqvlwlrqdo g|qdplfv duh uhtxluhg wr wkrurxjko| dvvhvv wkh

ghvludelolw| ri fklog0fduh wd{ srolflhv1 Dv zhoo/ rwkhu irupv ri wd{ �qdqflqj +l1h1 rwkhu wkdq oxps0vxp

wd{dwlrq, vkrxog eh frqvlghuhg1

Wkh jhqhudo frqfoxvlrq ri wklv sdshu lv wkdw idplo| ghflvlrqv fdq kdyh qrq0wulyldo pdfurhfrqrplf

frqvhtxhqfhv1 Wklv uhvxow lv lpsruwdqw ehfdxvh wlph wudqvihuv fdq sod| dq lpsruwdqw dqg frpshq0

vdwru| uroh lq dowuxlvwlf idplolhv zklfk duh suhyhqwhg iurp pdnlqj �qdqfldo wudqvihuv ehfdxvh ri

pdunhw lpshglphqwv1 Dv zhoo/ lq frxqwulhv vxfk dv Fklqd/ Mdsdq/ Lqgld dqg Lwdo|/ idplolhv duh du0

jxdeo| pruh forvho| nqlw wkdq lq wkh Xqlwhg Vwdwhv/ vxjjhvwlqj wkdw wkh h{whqw ri wlph wudqvihuv frxog

eh hyhq kljkhu rxwvlgh ri Qruwk Dphulfd1 Fdvxdo hylghqfh vxjjhvwv wkdw wklv lv wkh fdvh1 Lq Mdsdq/

iru h{dpsoh/ fruhvlghqfh ri wkuhh jhqhudwlrqv wdnhv sodfh lq rqh0wklug ri wkh krxvhkrogv1 Rjdzd

dqg Huplvfk +4<<9, �qg wkdw ihpdoh oderu vxsso| lv kljkhu zkhq d pduulhg frxsoh ri fklogehdulqj

djh olyhv zlwk wkhlu sduhqwv ru lq0odzv/ dqg vxjjhvwhg fklog fduh surylghg e| wkh judqgsduhqwv dv

wkh pdmru uhdvrq iru fruhvlghqfh1 Lq vxfk fdvhv/ lqwhujhqhudwlrqdo wudqvihuv lq wkh irup ri vsdfh dqg

wlph frxog lqwhudfw1 D forvhu orrn dw wkh uhodwlyh lpsruwdqfh ri wkh wkuhh fxuuhqflhv ri wudqvihuv

+prqh|/ wlph dqg vsdfh, dfurvv frxqwulhv zlwk gl�huhqw hfrqrplf dqg vrfldo lqiudvwuxfwxuh lv lq

rughu1
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Dq dvshfw wkdw zh kdyh qrw h{dplqhg lq wklv sdshu lv krz dqg zkhwkhu wkh hfrqrp| ehqh�w

iurp sduhqwv dqg2ru judqgsduhqwv vshqglqj pruh wlph zlwk fkloguhq1 D zlgho| dssuhfldwhg idfw lv

wkdw wkh nqrzohgjh dqg vnloov dfklhyhg e| fkloguhq duh dftxluhg dw krph iurp sduhqwv ru dgxowv/

udwkhu wkdq lq vfkrrov iurp whdfkhuv/ vhh Mxvwhu +4<;8f,1 Lw lv dovr d zlgho| khog eholhi wkdw fkloguhq

zkr uhfhlyh pruh fduh zkhq wkh| zhuh |rxqj duh pruh olnho| wr vxffhhg1 Ehfnhu +4<<4, zulwhv

wkdw _Fkloguhq iurp vxffhvvixo idplolhv duh pruh olnho| wr eh vxffhvvixo wkhpvhoyhv e| yluwxh ri

wkh dgglwlrqdo wlph vshqw rq wkhp% +s14:<,1 Rwkhuv kdyh dovr irxqg d srvlwlyh uhodwlrq ehwzhhq

frjqlwlyh vnloov iruphg lq fklogkrrg dqg hfrqrplf vxffhvv dw roghu djhv1�H Ehfnhu dqg Wrphv +4<:9,

vxjjhvw vxfk d uhodwlrqvkls dw wkh plfurhfrqrplf ohyho1 Lq ixwxuh zrun/ zh zloo dwwhpsw wr pdnh

wkh h{solflw frqqhfwlrq ehwzhhq wkh txdolw| ri fklog fduh dqg ixwxuh kxpdq fdslwdo dqg dqdo|}h wkh

frqvhtxhqfhv iurp d pdfurhfrqrplf shuvshfwlyh1�b

�HO�** @?_ �<�i�** E�bbD� @?_ |�i hiuihi?Uit |�ihi�?�
�bwLh_ @?_ +@?}@3@t E�bb�� i4T�@t�3i |�i *�?! uhL4 L�|*@)t L? U��*_hi? |L *@MLh t�TT*) M) @**L��?} Mi^�it|t |L Mi

4@_i �? |ih4t Lu �?�it|4i?| �? ��4@? U@T�|@*c M�| �| �t ?L| U*i@h �u T@hi?|@* |�4i Tih ti UL?|h�M�|it |L |�i uLh4@|�L?
Lu ��4@? U@T�|@*�
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Uhihuhqfhv

Dowlj/ G1 dqg Gdylv/ V1 M1 +4<<5,/ Wkh Wlplqj ri Lqwhujhqhudwlrqdo Wudqvihuv/ Wd{ Srolf|/ dqg
Djjuhjdwh Vdylqjv/ Dphulfdq Hfrqrplf Uhylhz ;5=8/ 44<<~45531

Dowrqml/ M1/ Kd|vdkl/ I1 dqg Nrwolnr�/ O1 +4<<9,/ Wkh H�hfwv ri Lqfrph dqg Zhdowk rq Wlph dqg
Prqh| Wudqvihuv Ehwzhhq Sduhqwv dqg Fkloguhq1 QEHU Zrunlqj Sdshu 88551

Dqjulvw/ M1 G1 dqg Hydqv/ Z1 Q1 +4<<9,/ Fkloguhq dqg wkhlu Sduhqwv* Oderu Vxsso|= Hylghqfh iurp
H{rjhqrxv Yduldwlrq lq Idplo| Vl}h/ QEHU Zrunlqj Sdshu 8::;1

Dxhuedfk/ D1 dqg Nrwolnr�/ O1 +4<;:,/ G|qdplf Ilvfdo Srolf|/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdp0
eulgjh1

Eduur/ U1 M1 +4<:7,/ Duh Jryhuqphqw Erqgv Qhw Zhdowk/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;5=9/ 43<8~
444:1

Ehfnhu/ J1 V1 +4<;;,/ Idplo| Hfrqrplfv dqg Pdfur Ehkdylru/ Dphulfdq Hfrqrplf Uhylhz ss1 4~441

Ehfnhu/ J1 V1 +4<<4,/ D Wuhdwlvh rq wkh Idplo|/ Kduydug Xqlyhuvlw| Suhvv1

Ehfnhu/ J1 V1 dqg Wrphv/ Q1 +4<:9,/ Fklog Hqgrzphqwv dqg wkh Txdqwlw| dqg Txdolw| ri Fkloguhq/
Mrxuqdo ri Srolwlfdo Hfrqrp| ;7=7/ V476~V4951

Ehfnhu/ Jdu|/ V1 +4<98,/ D Wkhru| ri wkh Doorfdwlrq ri Wlph/ Hfrqrplf Mrxuqdo :8/ 7<6~84:1

Ehq0Srudwk/ \1 +4<:6,/ Hfrqrplf Dqdo|vlv ri Ihuwlolw| lq Lvudho= Srlqw dqg Frxqwhusrlqw/ Mrxuqdo
ri Srolwlfdo Hfrqrp| ;4=5/ V535~V56:1

Ehqkdele/ M1/ Urjhuvrq/ U1 dqg Zuljkw/ U1 +4<<4,/ Krphzrun lq Pdfurhfrqrplfv= Krxvhkrog
Surgxfwlrq dqg Djjuhjdwh Ioxfwxdwlrqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| <<+9,/ 4499~44;:1

Ehuqkhlp/ E1 G1 +4<<4,/ Krz Vwurqj duh Ehtxhvwv PrwlyhvB Hylghqfh Edvhg rq Hvwlpdwhv ri wkh
Ghpdqg iru Olih Lqvxudqfh dqg Dqqxlwlhv/ Mrxuqdo ri Srolwlfdo Hfrqrp| <</ ;<<~<5:1

Eurzqlqj/ P1 +4<<5,/ Fkloguhq dqg Krxvhkrog Hfrqrplf Ehkdylru/ Mrxuqdo ri Hfrqrplf Olwhudwxuh
[[[/ 4767~47:81

Fr{/ G1 +4<;:,/ Prwlyhv iru Sulydwh Lqfrph Wudqvihuv/ Mrxuqdo ri Srolwlfdo Hfrqrp| <8=6/ 83;~8791

Fr{/ G1 dqg Udlqhv/ I1 +4<;8,/ Lqwhuidplo| Wudqvihuv dqg Lqfrph Uhglvwulexwlrq/ lq P1 Gdylg
dqg W1 Vphhglqj +hgv,/ Krul}rqwdo Hxlw|/ Xqfhuwdlqw|/ dqg Hfrqrplf Zhoo0Ehlqj/ QEHU dqg
Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr1

Grxwklww/ U1 D1 dqg Ihg|n/ M1 +4<<3,/ Wkh Frvw ri Udlvlqj Fkloguhq lq Fdqdgd/ Exwwhuzruwkv/
Fdqdgd1

Jdoh/ Z1 J1 dqg Vfkro}/ M1 N1 +4<<7,/ Lqwhujhqhudwlrqdo Wudqvihuv dqg wkh Dffxpxodwlrq ri Zhdowk/
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv idoo/ 478~4931

Juhhqzrrg/ M1 dqg Khufrzlw}/ ]1 +4<<4,/ Wkh Doorfdwlrq ri Fdslwdo dqg Wlph Ryhu wkh Exvlqhvv
F|foh/ Mrxuqdo ri Srolwlfdo Hfrqrp| <<+9,/ 44;;~45471

Jurqdx/ U1 +4<:6,/ Wkh H�hfw ri Fkloguhq rq wkh Krxvhzlih*v Ydoxh ri Wlph/ Mrxuqdo ri Srolwlfdo
Hfrqrp| ;4=5/ V49;~V5341

Kloo/ P1 D1 dqg R*Qhloo/ M1 +4<<8,/ Idplo| Hqgrzphqwv dqg wkh Dfklhyhphqw ri \rxqj Fkloguhq
zlwk Vshfldo Uhihuhqfh wr wkh Xqghufodvv/ Mrxuqdo ri Kxpdq Uhvrxufhv [[L[=7/ 4398~43<<1

56



Kloo/ P1 V1 +4<;8,/ Sdwwhuq ri Wlph Xvh/ lq I1 W1 Mxvwhu dqg I1 S1 Vwd�rug +hgv,/ Wlph/ Jrrgv/ dqg
Zhoo0Ehlqj/ Lqvwlwxwh iru Vrfldo Uhvhdufk/ Wkh Xqlyhuvlw| ri Plfkljdq/ ss1 466~4:81

Kloo/ U1 F1 dqg Vwd�rug/ I1 S1 +4<:7,/ Doorfdwlrq ri Wlph wr Suhvfkrro Fkloguhq dqg Hgxfdwlrqdo
Rssruwxqlw|/ Mrxuqdo ri Kxpdq Uhvrxufhv </ 656~6741

Kloo/ U1 F1 dqg Vwd�rug/ I1 S1 +4<;8,/ Sduhqwdo Fduh ri Fkloguhq= Wlph Gldu| Hvwlpdwhv ri Txdqwlw|/
Suhglfwdelolw| dqg Ydulhw|/ lq I1 W1 Mxvwhu dqg I1 S1 Vwd�rug +hgv,/ Wlph/ Jrrgv/ dqg Zhoo0
Ehlqj/ Yro1 Wlph/ Jrrgv/ dqg Zhoo0Ehlqj/ Lqvwlwxwh iru Vrfldo Uhvhdufk/ Wkh Xqlyhuvlw| ri
Plfkljdq/ ss1 748~76:1

Krw}/ M1 Y1 dqg Ploohu/ U1 D1 +4<;;,/ Dq Hpslulfdo Dqdo|vlv ri Olih F|foh Ihuwlolw| dqg Ihpdoh
Oderu Vxsso|/ Hfrqrphwulfd 89=4/ <4~44;1

Mxvwhu/ I1 W1 +4<;8d,/ D Qrwh rq Uhfhqw Fkdqjhv lq Wlph Xvh/ lq I1 W1 Mxvwhu dqg I1 S1 Vwd�rug
+hgv,/ Wlph/ Jrrgv/ dqg Zhoo0Ehlqj/ Lqvwlwxwh iru Vrfldo Uhvhdufk/ Wkh Xqlyhuvlw| ri Plfkljdq/
ss1 646~6651

Mxvwhu/ I1 W1 +4<;8f,/ Lqyhvwphqwv ri Wlph e| Phq dqg Zrphq/ lq I1 W1 Mxvwhu dqg I1 S1 Vwd�rug
+hgv,/ Wlph/ Jrrgv/ dqg Zhoo0Ehlqj/ Lqvwlwxwh iru Vrfldo Uhvhdufk/ Wkh Xqlyhuvlw| ri Plfkljdq/
ss1 4::~5361

Nrwolnr�/ O1 M1 dqg Pruulv/ M1 Q1 +4<;:,/ Krz Pxfk Fduh Gr wkh Djhg Uhfhlyh iurp wkhlu FkloguhqB
D Elprgdo Slfwxuh ri Frqwdfw dqg Dvvlvwdqfh/ QEHU zrunlqj sdshu 56<41

Nrwolnr�/ O1 M1 dqg Vxpphuv/ O1 K1 +4<;4,/ Wkh Uroh ri Lqwhujhqhudwlrqdo Wudqvihuv lq Djjuhjdwh
Fdslwdo Dffxpxodwlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;</ :39~651

Odlwqhu/ M1 +4<<:,/ Lqwhujhqhudwlrqdo dqg Lqwhukrxvhkrog Hfrqrpfl Olqnv/ lq P1 Urvhq}zhlj dqg
R1 Vwdun +hgv,/ Kdqgerrn ri Srsxodwlrq dqg Idplo| Hfrqrplfv/ Hovhlyhu Vflhqfh/ ss1 4;<~65;1

Ohlerzlw}/ D1 +4<:7e,/ Hgxfdwlrq dqg Krph Surgxfwlrq/ Dphulfdq Hfrqrplf Uhylhz 97/ 576~5891

Orug/ Z1 dqg Udqjd}dv/ S1 +4<<4,/ Vdylqjv dqg Zhdowk Lq Prghov zlwk Dowuxlvwlf Ehtxhvwv/ Dphu0
lfdq Hfrqrplf Uhylhz ;4=4/ 5;<~5<91

Oxpvgdlqh/ U1 O1 +4<<;,/ Fdulqj iru Judqgfkloguhq dqg wkh Uhwluhphqw Ghflvlrq/ plphr/ Eurzq
Xqlyhuvlw|1

PfJduu|/ N1 dqg Vfkrhql/ U1 I1 +4<<8,/ Wudqvihu Ehkdylru lq wkh Khdowk dqg Uhwluhphqw
Vwxg|=Phdvxuhphqw dqg wkh Uhglvwulexwlrq ri Uhvrxufhv zlwk wkh Idplo|/ Mrxuqdo ri Kxpdq
Uhvrxufhv [[[/ V4;7~V5561

PfJudwwdq/ H1 U1/ Urjhuvrq/ U1 dqg Zuljkw/ U1 +4<<6,/ Dq Htxloleulxp Prgho ri wkh Exvlqhvv f|foh
zlwk Krxvhkrog surgxfwlrq dqg Ilvfdo Srolf|/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6;=5/ 59:~5<31

Plfkho/ S1 dqg Shvwlhdx/ S1 +4<<;,/ Ilvfdo Srolf| lq d Jurzwk Prgho zlwk Erwk Dowuxlvwlf dqg
Qrqdowuxlvwlf Djhqwv/ Vrxwkhuq Hfrqrplf Mrxuqdo 97=6/ 9;5~9<:1

Prgljoldql/ I1 +4<;;,/ Phdvxulqj wkh Frqwulexwlrq ri Lqwhujhqhudwlrqdo Wudqvihuv wr Wrwdo Zhdowk=
Frqfhswxdo Lvvxhv dqg Hpslulfdo Ilqglqjv/ lq G1 Nhvvohu dqg Dqgu�h +hgv,/ Prgholqj wkh Df0
fxpxodwlrqd gq Glvwulexwlrq ri Zhdowk/ Foduhqgrq Suhvv/ R{irug/ ss1 54~851

Rjdzd/ Q1 dqg Huplvfk/ M1 I1 +4<<9,/ Idplo| Vuxfwxuh/ Krph Wlph Ghpdqgv/ dqg wkh Hpsor|phqw
Sdwwhuqv ri Pduulhg Zrphq/ Mrxuqdo ri Oderu Hfrqrplfv 47=7/ 9::~:351
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Suhvvhu/ K1 E1 +4<;<d,/ Fdq Zh Pdnh Wlph iru FkloguhqB Wkh Hfrqrp|/ Zrun Vfkhgxohv/ dqg
Fklog Fduh/ Ghprjudsk| 59=7/ 856~8761

Suhvvhu/ K1 E1 +4<;<e,/ Vrph Hfrqrplf Frpsoh{lwlhv ri Fklog Fduh Surylghg e| Judqgprwkhuv/
Mrxuqdo ri Pduuldjh dqg wkh Idplo| 84/ 8;4~8<41

U��rv0Uxoo/ M1 Y1 +4<<6,/ Zrunlqj lq wkh Pdunhw/ Zrunlqj dw Krph dqg wkh Dftxlvlwlrq ri Vnloov= D
Jhqhudo Htxloleulxp Dssurdfk/ Dphulfdq Hfrqrplf Uhylhz ;6+7,/ ;<6~<3:1

Uxshuw/ S1/ Urjhuvrq/ U1 dqg Zuljkw/ U1 +4<<7,/ Hvwlpdwlqj Vxevwlwxwlrq Hodvwlflwlhv lq Krxvhkrog
Surgxfwlrq Prghov/ plphr/ Ihghudo Uhvhuyh Edqn ri Fohyhodqg1

Vrogr/ M1 E1 dqg Kloo/ P1 V1 +4<<8,/ Idplo| Vwuxfwxuh dqg Wudqvihu Phdvxhv lq wkh Khdowk dqg
Uhwluhphqw Vwxg|/ Mrxuqdo ri Kxpdq Uhvrxufhv [[[/ V43<~V46:1
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Table 1

Time and Money Transfers in the Health and Retirement Study (HRS-Wavel) of 1992

Time Transfers

% of households with

at least one child and

one grandchild transferring time

Mean time transfer conditional

on transfer > 100 hours

(2,268 households)

Mean time transfer for

all households with

at least one child and one grandchild

(5,341 households)

Mean time transfer

for total sample

(7,547 households)

42.5% 1,177 hours 459 hours1 325 hours2

Money Transfers

% of households with

at least one child and

one grandchild transferring money

Mean money transfer conditional on

transfer > $500

(1,812 households)

Mean money transfer for

all households with

at least one child and one grandchild

(5,341 households)

Mean money transfer

for total sample

(7,547 households)

33.9% $4,443.37 $1,494.391 $1,868.932

1 Mean values of time/monetary transfers (�rst and second row, respectively) for households with at least one child and one grandchild.

A zero weight is given to households who spent less than 100 hours/$500 on their grandchildren/children.

2 Mean values of time/monetary transfers (�rst and second row, respectively) for all households (and therefore may include households

without children and/or without grandchildren). As before a zero weight is given to households who spent less than 100 hours/$500 on their

grandchildren/children.



Table 2

Transfers of Time and Money by Income Class in the Health and Retirement Study (HRS-Wavel) of 1992

Household income

(in dollars)

Number of

households
1

Number of

households

transferring time

Mean/(Median)

time transfer
2

for

the transferring

households

(in hours)

Number of

households

transferring money

Mean/(Median)

money transfer
2

for

the transferring

households

(in dollars)

Number of

households

transferring both

time and money

Number of

households with no

forward transfers

[-1,078, 10,000] 610 (11.65%) 213 (34.92%) 1,449.19 62 (10.16%) $2,938.98 33 (5.41%) 368 (60.33%)

(700) ($1,000.00)

[10,000, 20,000] 814 (15.55%) 305 (37.47%) 1,190.20 167 (20.52%) $2,169.07 87 (10.69%) 429 (52.70%)

(625) ($1,200.00)

[20,000, 30,000] 854 (16.32%) 362 (42.39%) 1,231.32 227 (26.58%) $3,323.38 117 (13.70%) 382 (44.73%)

(600) ($1,700.00)

[30,000, 40,000] 693 (13.24%) 311 (44.88%) 1,128.32 258 (37.23%) $3,243.28 141 (20.35%) 265 (38.24%)

(600) ($1,500.00)

[40,000, 50,000] 654 (12.50%) 310 (47.40%) 1,150.77 260 (39.76%) $3,159.38 148 (22.63%) 232 (35.47%)

(500) ($1,900.00)

[50,000, 60,000] 457 (8.73%) 208 (45.51%) 1,129.90 191 (41.79%) $5,433.96 111 (24.29%) 169 (36.98%)

(600) ($2,200.00)

[60,000, 70,000] 325 (6.21%) 149 (45.85%) 1,168.66 156 (48.00%) $5,489.26 84 (25.85%) 104 (32.00%)

(600) ($3,000.00)

[70,000, 80,000] 251 (4.80%) 122 (48.61%) 1,268.40 128 (51.00%) $5,743.81 72 (28.69%) 73 (29.08%)

(636) ($2,100.00)

[80,000, 90,000] 181 (3.46%) 83 (45.86%) 964.84 100 (55.25%) $4,636.51 49 (27.07%) 47 (25.97%)

(600) ($2,700.00)

[90,000, 100,000] 120 (2.29%) 48 (40.00%) 807.96 77 (64.17%) $5,861.04 34 (28.33%) 29 (24.17%)

(684) ($4,000.00)

[100,000, 600,000] 275 (5.25%) 113 (41.09%) 979.44 156 (56.73%) $9,161.36 75 (27.27%) 81 (29.45%)

(500) ($4,600.00)

Mean income:

$42,553.57

Total: 5,234*

households

(100.00%)

Total: 2,224

households

(42.49%)

1,173.91

(600)

Total:1,782

households

(34.05%)

$4,459.87

($2,000.00)

Total: 951

households

(18.17%)

Total: 2,179

households

(41.63%)

1 Only the households with income numbers for the last year and with at least one child and one grandchild are reported

in the table.

2 Because of missing values coming from the fact that members of some transferring households could not quantify exactly

their time and money transfers, the total transfers reported by these households can be below 100 hours or $500. Thus,

only the households that precisely reported transferring at least 100 hours or $500 were included in the computation of

the means.
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�W � X2 ��e��Dbb �.�SDD. ��e���D. �.�SS2b ��e�e.2� �.�S2D.
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