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ABSTRACT

Is the Household Demand for In-Home Services
Sensitive to Tax Reductions? The French Case*

Our Paper is concerned with the impact of tax reductions on the demand for
services in the home. For that purpose, we consider the particular case of the
French legislation voted in 1991. This law allows households employing paid
help in the home to deduct from their income tax 50% of the sums paid out,
subject to an annual ceiling. Did the reduction in overall cost of jobs in the
form of services to individuals stimulate the household demand for these
services? To analyse this problem, we estimate a structural model of demand
for in-home services by using household individual data collected by INSEE
(Paris) in 1996. Our estimations show that the relative marginal effect of a
price variation on the probability of a strictly positive demand for in-home
services is negative; its absolute value decreases with the educational level
and with the income level of the household. It is generally higher for
households without children less than 6 years old. These results suggest that
a differentiated tax reduction, varying with the household income level and
with the presence of young children in the household, should have a higher
effect on the demand for in-home services than a uniform tax credit, such as
the one granted in France since 1991.
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NON-TECHNICAL SUMMARY

Since the early 1990s, the French authorities have introduced various
measures aimed at encouraging the expansion of employment in the home by
reducing its cost (tax reductions, exemption from social insurance
contributions, specific benefits) and by easing the formalities connected with
hiring. The jobs covered by legislation voted from 1991 on are service
activities carried out in the employer’s home: housework and other services,
child care, educational support, care for an elderly or handicapped person. In
particular, the 1991 law allows households employing paid help in the home to
deduct from their income tax 50% of the sums paid out, subject to an annual
ceiling. The net result of these arrangements in terms of jobs is nevertheless
difficult to establish. French Labour Force Surveys make it possible to
estimate the number of jobs in the home created since the introduction of the
support arrangements in 1991. Numbers grew strongly between 1991 and
1997, when it was calculated that there were 470,000 people employed in the
home, meaning an increase of around 120,000 (+33%) since 1991, in a period
when total employment remained virtually unchanged (-0.4%). Thus, one
important question, raised simultaneously in different European countries, is
whether the surge in the number of wage-earners in the sector of in-home
services since the introduction of the arrangements in support of home
employment reveals the creation of new jobs that would not have existed in
the absence of such measures. In other words, do the reduction in overall
labour cost (including employees’ and employers’ social security contributions)
of jobs in the sector of services to individuals, as a result of official subsidies
and tax exemptions, stimulate the demand for the services by attracting new
consumers, whose demand had not previously been effective? While the
influence of income and of certain sociological factors on the decision to
consume in-home services is clearly identified, that of the price is more
difficult to analyse. That is why our Paper is concerned with the impact of this
tax reduction on the demand for services in the home. To analyse this
problem, we estimate a structural model of demand for in-home services by
using household individual data collected by INSEE (Paris) in 1996. Our
econometric model is derived from a simple static theoretical model in which
we assume that the household is willing to pay for services in the home if and
only if the market price of these services is lower than the household
reservation price. The econometric model deduces the probability of a strictly
positive demand for in-home services from a simultaneous two-equations
model, the first equation specifying the hourly price of in-home services and
the second specifying the form of the household preferences. Our estimations
show that the relative marginal effect of a price variation on the probability of a
strictly positive demand for in-home services is negative; its absolute value is
generally higher for households without children less than 6 years old. It
decreases with the educational level and with the income level of the
household. Couples earning less than 115,000 francs a year in 1996 (26% of



the total) made practically no use of paid domestic service, less than 1% of
them being employers. On the other hand, of the households earning more
than 220,000 francs a year in 1996, 20% were employers. Recourse
increases with income: almost 40% of couples earning more than 400,000
francs a year (4% of the total) paid a cleaning lady. However neither the
number of children nor women’s work seems to influence recourse to
domestic services. To illustrate the effects of a price reduction, we consider
the situation in which the households employing service-providers are
completely exempted from paying employer and social security contributions.
This would correspond approximately to a 30% cost reduction for the
households. For a household with a monthly income equal to 40,000 French
Francs, and whose members are both executives, the probability of using
services at home increases by 31%. For a household in the reference group,
with a monthly income equal to 6,000 Francs, this probability increases by
118%. These results suggest that a differentiated tax reduction, varying with
the household income level and with the presence of young children in the
household, should have a higher effect on the demand for in-home services
than a uniform tax credit, such as the one granted in France since 1991.



41 Lqwurgxfwlrq

Vlqfh wkh hduo| 4<<3v/ wkh Iuhqfk dxwkrulwlhv kdyh lqwurgxfhg ydulrxv phdvxuhv
dlphg dw hqfrxudjlqj wkh h{sdqvlrq ri hpsor|phqw lq wkh krph e| uhgxflqj
lwv frvw +wd{ uhgxfwlrqv/ h{hpswlrq iurp vrfldo lqvxudqfh frqwulexwlrqv/ vshfl�f
ehqh�wv, dqg e| hdvlqj wkh irupdolwlhv frqqhfwhg zlwk klulqj1 Wkh mrev fryhuhg e|
ohjlvodwlrq yrwhg iurp 4<<4 rq duh vhuylfh dfwlylwlhv fduulhg rxw lq wkh hpsor|hu*v
krph= krxvhzrun dqg rwkhu vhuylfhv/ fklog fduh/ hgxfdwlrqdo vxssruw/ fduh iru dq
hoghuo| ru kdqglfdsshg shuvrq1 Wkuhh pdlq phdvxuhv pd| eh glvwlqjxlvkhg1

41 Vlqfh 4<<4/ krxvhkrogv hpsor|lqj sdlg dqg uhsruwhg khos duh judqwhg dq
lqgluhfw vxevlg| lq wkh irup ri d wd{ uhgxfwlrq iru �krph hpsor|phqw�1
Wkh| duh doorzhg wr ghgxfw iurp wkhlu lqfrph wd{ 83( ri wkh vxpv sdlg
rxw/ vxemhfw wr dq dqqxdo fhlolqj1 Wklv fhlolqj zdv vhw dw 58/333 Iuhqfk
Iudqfv +II, lq 4<<5/ vxevhtxhqwo| udlvhg wr 59/333 II lq 4<<7 dqg odwhu wr
<3/333 II lq 4<<81 Lq 4<<: lw zdv eurxjkw grzq wr 78/333 II1

51 Zkhq wkh krxvhkrog pdnhv xvh ri d krph khos iru wkh sxusrvh ri orrnlqj
diwhu d fklog djhg ohvv wkdq vl{ lq wkh krph/ lw dovr uhfhlyhv dq doorzdqfh
fdoohg DJHG/4 fruuhvsrqglqj wr wkh h{hpswlrq ri wkh sd|phqw ri doo ru sduw
ri wkh hpsor|hhv* dqg hpsor|huv* vrfldo vhfxulw| frqwulexwlrqv1

61 Vlqfh 4<<4/ wkh hpsor|lqj krxvhkrog kdv kdg d fkrlfh ri wzr phwkrgv iru
fdofxodwlqj hpsor|hhv* dqg hpsor|huv* frqwulexwlrqv= hlwkhu rq d  dw0udwh
edvlv/ ru dq dfwxdo edvlv1 Lq wkh iruphu fdvh/ wkh frqwulexwlrqv duh fdofxodwhg
rq d  dw0udwh edvh htxdo wr wkh krxuo| plqlpxp zdjh pxowlsolhg e| wkh
qxpehu ri krxuv zrunhg1 Lq wkh odwwhu fdvh/ wkh fdofxodwlrq ri frqwulexwlrqv
lv edvhg rq wkh dfwxdo zdjh1 Wkh  dw0udwh fdofxodwlrq lv ohvv frvwo| iru
wkh hpsor|hu/ exw wkh fdvk ehqh�wv +uhwluhphqw shqvlrq/ xqhpsor|phqw ru
vlfnqhvv ehqh�w/ hwf1, uhfhlyhg e| wkh hpsor|hh duh orzhu wkdq zkhq wkh
fdofxodwlrq lv pdgh rq wkh uhpxqhudwlrq dfwxdoo| uhfhlyhg1

Pruhryhu/ wkh �yh0|hdu odz gdwhg Ghfhpehu 4<<6 lqvwlwxwhg wkh �fkëtxh0
hpsorl0vhuylfh�15 Wkh dlp zdv wr idflolwdwh shuvrq0wr0shuvrq uhodwlrqv e| hdvlqj

4DJHG lv wkh Iuhqfk dfurq|p iru �Doorfdwlrq srxu od Jdugh g*Hqidqw ã Grplfloh� +qdpho|/
doorzdqfh iru fklog fduh lq wkh krph,1

5Wkh vr0fdoohg �fkëtxh0hpsorl0vhuylfh� lv d yrxfkhu rewdlqdeoh iurp h1j1 edqnv dqg srvw ri0
�fhv xvdeoh rq fhuwdlq frqglwlrqv wr sd| iru grphvwlf vhuylfh e|sdvvlqj wkh qrupdo dgplqlvwudwlyh
surfhgxuhv1
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iru erwk sduwlhv wkh frpsoh{ dgplqlvwudwlyh irupdolwlhv dvvrfldwhg zlwk wkh uhsruw0
lqj ri wkh hpsor|phqw1 Lw hqdeohv wkh hpsor|hu wr ohdyh wkh wdvn ri fdofxodwlqj wkh
dprxqw ri wkh vrfldo vhfxulw| frqwulexwlrqv1 Lq dgglwlrq/ Sduoldphqw kdv wulhg wr
lpsuryh dqg h{sdqg wkh vxsso| ri vhuylfhv rewdlqhg wkurxjk wkh qhwzrun ri qrq0
sur�w dvvrfldwlrqv= wkh vshfl�f qrwlrq ri dxwkrulvhg rujdqlvdwlrqv iru vhuylfhv wr
lqglylgxdov zdv lqwurgxfhg rq wklv rffdvlrq1 Wklv vwdwxv lv judqwhg wr qrq0sur�w
dvvrfldwlrqv zkrvh dfwlylwlhv lqfoxgh fklog fduh lq wkh sduhqwv* krph ru dvvlvwdqfh
wr wkh hoghuo| dqg wkh kdqglfdsshg1 Odvwo|/ odzv kdyh ehhq sdvvhg lqwurgxflqj d
vwdwxwru| reoljdwlrq iru wkh �qdqflqj ri yrfdwlrqdo wudlqlqj ri hpsor|hhv dw d udwh
ri 3148(/ sdlg e| wkh hpsor|hu1

Wkh qhw uhvxow ri wkhvh duudqjhphqwv lq whupv ri mrev lv qhyhuwkhohvv gl!fxow
wr hvwdeolvk +vhh/ iru lqvwdqfh/ Fhdolv dqg ]loehupdq/ 4<<:/ dqg Slnhww|/ 4<<;,1
LQVHH*v Oderu Irufh Vxuyh|v pdnh lw srvvleoh wr hvwlpdwh wkh qxpehu ri mrev
lq wkh krph fuhdwhg vlqfh wkh lqwurgxfwlrq ri wkh vxssruw duudqjhphqwv lq 4<<41
Qxpehuv juhz vwurqjo| ehwzhhq 4<<4 dqg 4<<:/ zkhq lw zdv fdofxodwhg wkdw wkhuh
zhuh 7:3/333 shrsoh hpsor|hg lq wkh krph/ phdqlqj dq lqfuhdvh ri durxqg 453/333
+.66(, vlqfh 4<<4/ lq d shulrg zkhq wrwdo hpsor|phqw uhpdlqhg yluwxdoo| xq0
fkdqjhg +0317(,1

Rqh lpsruwdqw txhvwlrq/ udlvhg vlpxowdqhrxvo| lq gl�huhqw Hxurshdq frxq0
wulhv +vhh/ iru lqvwdqfh/ Hxurshdq Frpplvvlrq/ 4<<7/ Dqwrqqhq dqg Vslolç/ 4<<9/
Vdqfklv0Oorslv/ 4<<<,/ lv zkhwkhu wkh vxujh lq wkh qxpehu ri zdjh0hduqhuv lq wkh
vhfwru ri lq0krph vhuylfhv vlqfh wkh lqwurgxfwlrq ri wkh duudqjhphqwv lq vxssruw
ri krph hpsor|phqw uhyhdov wkh fuhdwlrq ri qhz mrev wkdw zrxog qrw kdyh h{lvwhg
lq wkh devhqfh ri vxfk phdvxuhv16 Lq rwkhu zrugv/ gr wkh uhgxfwlrq lq ryhudoo
oderu frvw +lqfoxglqj hpsor|hhv* dqg hpsor|huv* vrfldo vhfxulw| frqwulexwlrqv, ri
mrev lq wkh vhfwru ri vhuylfhv wr lqglylgxdov/ dv d uhvxow ri r!fldo vxevlglhv dqg wd{
h{hpswlrqv/ vwlpxodwh wkh ghpdqg iru wkh vhuylfhv e| dwwudfwlqj qhz frqvxphuv/
zkrvh ghpdqg kdg qrw suhylrxvo| ehhq h�hfwlyhB Zkloh wkh lq xhqfh ri lqfrph
dqg ri fhuwdlq vrflrorjlfdo idfwruv rq wkh ghflvlrq wr frqvxph lq0krph vhuylfhv
lv fohduo| lghqwl�hg/ wkdw ri wkh sulfh lv pruh gl!fxow wr dqdo|vh1 Dqg |hw lw lv
suhflvho| rq wklv srlqw wkdw wkh txhvwlrq dulvhv dv wr wkh h�hfwlyhqhvv ri sxeolf
duudqjhphqwv dlphg dw uhgxflqj wkh frvw ri wkrvh vhuylfhv1 Li wkh xvh ri idplo|

6Rq wklv srlqw/ lw lv lqwhuhvwlqj wr uhpdun wkdw wkh ghedwh lq Hxursh kdv irfxvhg rq wkh h�hfw
ri sxeolf srolflhv +lqfoxglqj wd{ uhgxfwlrqv, rq wkh fuhdwlrq ri qhz mrev lq wkh vhfwru ri lq0krph
vhuylfhv/ zkloh wkh X1V1 olwhudwxuh kdv pdlqo| h{dplqhg wkh h�hfwv ri fklog fduh wd{ fuhglwv rq
ihpdoh oderu vxsso| +vhh/ iru lqvwdqfh/ uhfhqw frqwulexwlrqv e| Dyhuhww/ Shwhuv dqg Zdogpdq/
4<<:/ Nlppho/ 4<<;/ Eodx dqg Kdj|/ 4<<;,1
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khos lv phuho| d txhvwlrq ri wdvwhv/ wkhuh pxvw eh grxewv frqfhuqlqj wkh qhfhvvlw|
ri wkhvh duudqjhphqwv1 Rq wkh rwkhu kdqg/ li lw wxuqv rxw wkdw vxfk hpsor|phqw
lv sulfh0vhqvlwlyh/ d srolf| ri uhgxflqj wkh frvw ri wkh vhuylfhv zloo eh h�hfwlyh1

Wkh srwhqwldo iru h{sdqvlrq vhhpv frqvlghudeoh/ lq idfw1 Krxvhkrogv duh h{0
suhvvlqj vxevwdqwldo xqvdwlv�hg qhhgv1 Lq 4<<9/ pruh wkdq 7 ploolrq krxvhkrogv
h{suhvvhg wkh qhhg iru khos lq wkhlu gdlo| olyhv +Iolsr/ 4<<9,1 Ri wkhvh/ pruh wkdq
kdoi zrxog kdyh olnhg wr kdyh khos zlwk hyhu|gd| grphvwlf fkruhv +krxvhzrun/
vkrsslqj/ odxqgu|/ hwf,/ 4<( iru vhuylfhv frqqhfwhg zlwk lpsurylqj wkhlu krxvh0
krog hqylurqphqw +jdughqlqj/ iru h{dpsoh,/ dqg <( iru fklog fduh1 Wkh �qdqfldo
frqvwudlqw suredeo| h{sodlqv sduw ri wkh idloxuh wr frqvxph vxfk vhuylfhv= 99( ri
krxvhkrogv ghfoduhg kdylqj qr exgjhw dydlodeoh iru wkh sxusrvh1 Exw suhmxglfh
fdq dovr krog edfn uhfrxuvh wr lq0krph vhuylfhv/ zlwk 4;( ri krxvhkrogv uhjdug0
lqj lw dv d ox{xu|/ 4;( kdylqj gl!fxow| lq �qglqj vrphrqh vxlwdeoh/ 45( vd|lqj
wkh| zrxog eh hpeduudvvhg wr hpsor| vrphrqh hovh1 Wkh wudqvirupdwlrq ri wkhvh
qhhgv lqwr dfwxdo hpsor|phqw wkhuhiruh uhtxluhv erwk d surfhvv ri pdnlqj ghpdqg
h�hfwlyh dqg juhdwhu surihvvlrqdolvp dprqj wkh srwhqwldo hpsor|hhv1

Lq Iudqfh/ wkh �idplo|0mrev� vhfwru lv gh�qhg wrgd| lq whupv ri wzr txlwh
glvwlqfw surihvvlrqdo eudqfkhv= krph0khos vhuylfhv dqg vhuylfhv lq wkh krph +wkh
vr0fdoohg �grphvwlf vhuylfhv�,1 Krph khosv duh surihvvlrqdov lq wkh vrfldo vhf0
wru1 Wkh| shuirup d sxeolf vhuylfh hlwkhu gluhfwo| +orfdo dxwkrulwlhv, ru wkurxjk
ghohjdwlrq +dvvrfldwlrqv xqghu frqwudfw,1 Wkhvh hpsor|hhv duh fryhuhg e| rqh ri
wkh wkuhh froohfwlyh djuhhphqwv lq irufh +�dlgh ã grplfloh hq plolhx uxudo�/ �wud0
ydloohxvhv idploldohv�/ �rujdqlvphv g*dlgh ã grplfloh�,/7 ru e| wkh uxohv jryhuqlqj
wkh orfdo dxwkrulw| flylo vhuylfh1 Zdjh0hduqhuv lq wkh sulydwh vhfwru ri vhuylfhv lq
wkh krph duh/ iru wkhlu sduw/ hpsor|hg e| sulydwh lqglylgxdov rq d shuvrqdo edvlv
ru zlwklq wkh iudphzrun ri vhuylfhv surylghg e| dq dxwkrulvhg rujdqlvdwlrq1 Vlqfh
4<;3 wkh| kdyh ehhq fryhuhg e| wkh froohfwlyh djuhhphqw iru krxvhkrog hpsor|hhv1
Lq sdudooho zlwk wkh hyroxwlrq ri wkh ohjlvodwlrq uhjduglqj idplo| hpsor|phqw/ wkh
oderu pdunhw kdv ehfrph frqvlghudeo| pruh frpsoh{/ dqg pruh shrsoh dqg erglhv
kdyh ehfrph lqyroyhg= djhqf| dvvrfldwlrqv/ lqwhuphgldu| dvvrfldwlrqv/ dxwkrulvhg
dvvrfldwlrqv iru vhuylfhv wr lqglylgxdov/ vhoi0hpsor|hg lqglylgxdov1 Wkh frpsoh{lw|
ri wkh �hog fryhuhg e| idplo| hpsor|phqw/ erwk rq wkh ghpdqg vlgh +fkdudfwhu0
l}hg e| kljko| khwhurjhqhrxv uhtxluhphqwv, dqg rq wkh vxsso| vlgh +pdunhg e|
wkh zlgho| glyhuvh vwdwxv ri wkh lqglylgxdov dqg frqwudfwxdo uhodwlrqvklsv lqyroyhg,
pdnhv ryhudoo gldjqrvlv gl!fxow1

7Wklv phdqv krph khos lq uxudo duhdv/ ihpdoh idplo| zrunhuv/ dqg krph0khos rujdqlvdwlrqv/
uhvshfwlyho|1

7



Lq wklv sdshu/ h{dplqdwlrq ri wkh lq xhqfh ri sulfh rq wkh xvh ri lq0krph vhu0
ylfhv zloo wkhuhiruh uhodwh rqo| wr grphvwlf vhuylfhv frqvlvwlqj ri khos lq hyhu|gd|
olih= jhqhudo krxvhzrun/ hyhu|gd| fohdqlqj dqg lurqlqj/ zkhwkhu surylghg e| d
grphvwlf vhuydqw ru wkh hpsor|hh ri d frpphufldo fohdqlqj �up1 Wklv vhuylfh
fdq eh fduulhg rxw dorqjvlgh fklog fdulqj lq wkh krph1 Rxu hfrqrphwulf prgho
lv hvwlpdwhg xvlqj d krprjhqhrxv srsxodwlrq= vlqjoh shrsoh dqg frxsohv dw ohdvw
rqh ri zkrp qhhgv shupdqhqw fduh zhuh h{foxghg iurp wkh vwxg|18 Lw lv ghulyhg
iurp d vlpsoh vwdwlf wkhruhwlfdo prgho +vhh Vhfwlrq 5, lq zklfk zh dvvxph wkdw wkh
krxvhkrog lv zloolqj wr sd| iru vhuylfhv lq wkh krph li dqg rqo| li wkh pdunhw sulfh
ri wkhvh vhuylfhv lv orzhu wkdq wkh krxvhkrog uhvhuydwlrq sulfh1 Wkh hfrqrphwulf
prgho suhvhqwhg lq Vhfwlrq 6 ghgxfhv wkh suredelolw| ri d vwulfwo| srvlwlyh ghpdqg
iru lq0krph vhuylfhv iurp d vlpxowdqhrxv wzr0htxdwlrqv prgho/ wkh �uvw htxdwlrq
vshfli|lqj wkh krxuo| sulfh ri lq0krph vhuylfhv dqg wkh vhfrqg vshfli|lqj wkh irup
ri wkh krxvhkrog suhihuhqfhv1 Vhfwlrq 7 ghvfulehv wkh gdwd1 Wkh hvwlpdwlrq uh0
vxowv duh frpphqwhg lq Vhfwlrq 81 Vhfwlrq 9 suhvhqwv hvwlpdwhg sulfh hodvwlflwlhv
ri wkh suredelolw| wkdw wkh krxvhkrog hpsor|v dq lq0krph vhuylfh surylghu/ dqg lw
frqfoxghv1

8Zh zloo qrw dqdo|vh qxuvlqj krph fduh/ vxssolhg zkhwkhu wkurxjk sxeolf vrfldo khos iru
idplolhv ru e| wkh sulydwh vhfwru1 Iru shuvrqv uhtxlulqj shupdqhqw fduh/ uhfrxuvh wr khos lq wkh
krph lv wdqwdprxqw wr dq lpsrvhg dowhuqdwlyh wr uhvlghqfh lq d krvslwdo ru d uhwluhphqw krph/
wkh txdqwlw| ehlqj ghwhuplqhg dv d ixqfwlrq ri dvvhvvhg qhhgv edvhg rq d vfdoh ri ghshqghqfh
dqg zlwk wkh sulfh vhw dffruglqj wr d phdqv whvw fduulhg rxw e| wkh dxwkrulwlhv1 Dv d uhvxow/
wkh sureohpv lqyroyhg lq frqvxpswlrq ri vxfk vhuylfhv dqg wkrvh uhodwlqj wr wkh lq xhqfh ri wkh
�qdqfldo frqvwudlqw duh vwdwhg lq txlwh gl�huhqw zd|v +vhh/ iru lqvwdqfh/ wkh vwxglhv e| Q|pdq
dqg Eulfnhu/ 4<;</ dqg e| Jhuwohu dqg Zdogpdq/ 4<<5,1
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51 Wkh wkhruhwlfdo prgho

Rxu prgho lv d vwdwlf prgho lq zklfk zh dvvxph wkdw wkh krxvhkrog lv zloolqj
wr sd| iru vhuylfhv lq wkh krph li dqg rqo| li wkh pdunhw sulfh ri wkhvh vhuylfhv
lv orzhu wkdq wkh krxvhkrog uhvhuydwlrq sulfh1 Lq vxfk d frqwh{w/ lw lv fohdu wkdw
wkh sxeolf dxwkrulwlhv vkrxog eh lqwhuhvwhg lq nqrzlqj wkh glvwulexwlrq ri wkh
krxvhkrog zloolqjqhvv wr sd|1 Wklv nqrzohgjh vkrxog doorz wkhp wr suhglfw wkh
lpsdfw ri sxeolf vxevlglhv rq wkh ghpdqg iru wklv w|sh ri vhuylfhv1

Vr ohw xv frqvlghu dq hfrqrp| zlwkrxw vdylqjv lq zklfk @ uhsuhvhqwv wkh krxvh0
krog ghpdqg +phdvxuhg lq krxuv, iru vhuylfhv lq wkh krph1 Wkh xqlw sulfh ri wkhvh
vhuylfhv lv htxdo wr �@/ dqg � uhsuhvhqwv wkh krxvhkrog frqvxpswlrq iru rwkhu
jrrgv/ zkrvh sulfh lv htxdo wr �S1 Wkh krxvhkrog pd{lpl}hv d xwlolw| ixqfwlrq
ghqrwhg LE�c @�> lwv exgjhw frqvwudlqw lv

�S� n �@@ � -

zkhuh - lv wkh krxvhkrog glvsrvdeoh lqfrph1 Ohw xv ghqrwh R@ ' �@*�S wkh +frq0
vwdqw, uhodwlyh sulfh ri wkh vhuylfhv lq wkh krph1 Wkh exgjhw frqvwudlqw ehfrphv

� n R@@ � `

zlwk ` ' -*�S1 Wkhq ` fruuhvsrqgv wr wkh krxvhkrog lqfrph h{suhvvhg lq
whupv ri wkh sulfh ri wkh rwkhu jrrgv1 Ehfdxvh @ lv jhqhudoo| orz uhodwlyho| wr �/
- lv yhu| forvh wr �S�1 Wkxv lw lv srvvleoh wr qrupdol}h wkh sulfh ri � dqg wr vhw
lw htxdo wr �1 Wkh surjudp wkdw wkh krxvhkrog kdv wr vroyh lv wkhq

4@ 
�c@

LE�c @�

vxemhfw wr
� n R@@ � -

Wkh pdujlqdo udwh ri vxevwlwxwlrq/ zklfk lv gh�qhg dv

oE�c @� ' L �

@E�c @� *L
�

SE�c @�c +4,

pd| eh ylhzhg dv wkh uhvhuydwlrq sulfh iru vhuylfhv lq wkh krph1 Lq rwkhu whupv/
wklv lv wkh sulfh wkdw wkh krxvhkrog lv uhdg| wr sd| iru dq dgglwlrqdo krxu ri
vhuylfhv1 Lq htxdwlrq +4,/ wkh �uvw0rughu ghulydwlyh ri L zlwk uhvshfw wr %/ ghqrwhg
L �

%c lv wkh pdujlqdo xwlolw| ri %1 Wkh krxvhkrog lv zloolqj wr frqvxph vhuylfhv lq
wkh krph li lwv uhvhuydwlrq sulfh iru wkhvh vhuylfhv/ zklfk lv hydoxdwhg dw wkh ohyho
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@ ' f +qdpho| zkhq wkh krxvhkrog grhv qrw frqvxph dq| vhuylfh lq wkh krph/ ru
zkhq � ' -,/ lv kljkhu ru htxdo wr wkhlu pdunhw sulfh/ l1h1

@ : f / oE-c f� � R@ +5,

Li @ : f/ wkhq @ lv ghwhuplqhg e| wkh iroorzlqj frqglwlrq/ zklfk lv ghulyhg
iurp wkh exgjhw frqvwudlqw=

oE�c @� ' R@ +6,

Qrz ohw xv dvvxph wkdw wkh xwlolw| ixqfwlrq lv vhsdudeoh dqg kdv wkh Er{0Fr{
iroorzlqj irup

LE�c @� ' �
Eb n @�k

k
n

�q

q
zlwk k 	 � dqg q 	 �� +7,

Lq wklv h{suhvvlrq/ L lv gh�qhg xs wr vrph prqrwrqlfdoo| lqfuhdvlqj ixqfwlrq
� zklfk fkdudfwhul}hv wkh krxvhkrog suhihuhqfhv1 Wklv xwlolw| ixqfwlrq lv vwulfwo|
frqfdyh zlwk uhvshfw wr � dqg @� Wklv ixqfwlrq lv suhihuuhg wr d FHV xwlolw|
ixqfwlrq/ ehfdxvh lw grhv qrw frqvwudlqw wkh hodvwlflw| ri vxevwlwxwlrq zlwk uhvshfw
wr wkh uhodwlyh sulfh R@ wr eh frqvwdqw1 Lq sduwlfxodu lw pd| ghshqg rq wkh ohyho ri
wkh frqvxpswlrq iru vhuylfhv lq wkh krph dqg rq wkh krxvhkrog lqfrph1 Dq|zd|
ohw xv uhfdoo wkdw wkh FHV xwlolw| ixqfwlrq pd| eh rewdlqhg dv d vshfldo fdvh ri wkh
ixqfwlrq +7, e| vhwwlqj k ' q dqg e| xvlqj wkh lqfuhdvlqj ixqfwlrq 8 E%� ' %�*k�
Li wkh xwlolw| ixqfwlrq lv vshfl�hg e| htxdwlrq +7,/ wkh uhvhuydwlrq sulfh lv gh�qhg
e|

oE�c @� ' � Ebn @�k3���3q +8,

ru htxlydohqwo| e|

*? oE�c @� ' *?� n Ek� �� *?Ebn @� n E�� q� *?� +9,

Dffruglqj wr frqglwlrq +5, dqg wr htxdwlrq +9,/ wkh krxvhkrog frqvxphv d
srvlwlyh txdqwlw| ri vhuylfhv lq wkh krph li dqg rqo| li

*?� n Ek� �� *?bn E�� q� *?- � *? R@ +:,

Wkxv wkh ghpdqg iru vhuylfhv lq wkh krph lv

@ '

;A?A=
@W li frqglwlrq +:, lv yhul�hg/

f rwkhuzlvh/

zkhuh @W : f lv wkh vroxwlrq ri wkh htxdwlrq

*?� n Ek� �� *?Ebn @W� n E�� q� *? E-� R@ @
W�� *? R@ ' f +;,

:



61 Vshfl�fdwlrq ri wkh hfrqrphwulf prgho

Zh dvvxph wkdw wkh krxvhkrog suhihuhqfhv � ghshqg rq vrph vrflr0ghprjudsklf
yduldeohv ~ wkurxjk wkh orj0olqhdu vshfl�fdwlrq

*?� ' ~� n 02 +<,

Wkh xqlw sulfh iru vhuylfhv lq wkh krph lv dovr dvvxphg wr eh d orj0olqhdu
ixqfwlrq ri wkh h{sodqdwru| yduldeohv f

*? R@ ' fB n 0� +43,

Vrph h{sodqdwru| yduldeohv pd| ehorqj wr ~ dqg f1 Wr eh pruh suhflvh/ zh
vhw

f ' Effcf�� c B ' EBfc B��
� c ~ ' Effc ~�� dqg � ' E�

f
c �

�
�� c

zkhuh ff lv wkh vxeyhfwru ri uhjuhvvruv zklfk duh vlpxowdqhrxvo| lqfoxghg lq f
dqg ~/ Bf +uhvshfwlyho|/ �f� lv wkh vxeyhfwru ri sdudphwhuv zklfk duh dvvrfldwhg
zlwk ff lq htxdwlrq +43, +uhvshfwlyho|/ lq htxdwlrq +<,,/ f� +uhvshfwlyho|/ ~�, lv
wkh vxeyhfwru ri uhjuhvvruv vshfl�f wr f +uhvshfwlyho|/ wr ~�/ dqg B� +uhvshfwlyho|/
�
�
� duh wkh sdudphwhuv dvvrfldwhg zlwk f� lq htxdwlrq +43, +uhvshfwlyho|/ zlwk ~�

lq htxdwlrq +<,,1 Zh dvvxph pruhryhu wkdw#
0�
02

$
� Q

##
f
f

$
c

%
j2
�

j�2
j�2 j2

2

&$
+44,

Wkh suhfhglqj dvvxpswlrqv dqg wkh frqglwlrq +:, lpso| wkdw wkh suredelw|
iru d krxvhkrog zlwk fkdudfwhulvwlfv Efc~� dqg zlwk lqfrph - wr kdyh d srvlwlyh
ghpdqg @ iru vhuylfhv lq wkh krph lv

�hE@ : f� ' �h d02 � 0� � �~� � Ek� �� *?b� E�� q� *?-nfBo

Wklv htxdwlrq vkrzv wkdw wkh sdudphwhuv k dqg b fdqqrw eh vhsdudwho| lghqwl0
�hg iurp wkh frqvwdqw whup lq ~�1 Wkxv/ iru lghqwl�delolw| uhdvrqv/ b lv vhw htxdo
wr 41 Wklv lpsolhv wkdw

�hE@ : f� ' x

%
~
�

j
n

�� q

j
*?-�f

B

j

&
+45,

zkhuh x lv wkh f1g1i1 ri wkh vwdqgdug qrupdo glvwulexwlrq Q Efc �� dqg

j '
t
j2� n j22 � 2j�2

;



E| vhwwlqj K '

#
B

j
c
�� q

j
c
�

j

$
�

dqg A ' E�fc *?-c~�/ zh jhw

�h E@ : f� ' xEAK� dqg �hE@ ' f� ' ��xEAK�

Iru wkh krxvhkrogv zklfk gr qrw frqvxph vhuylfhv lq wkh krph/ zh revhuyh wkh
sulfh R@ wkh| sd| wr wkh vhuylfh0surylghu1 Iru wkhvh krxvhkrogv/ wkh wkhruhwlfdo
prgho suhglfwv wkdw

*? R@ � *?� n E�� q� *?-

/ 02 � *? R@ � ~� � E�� q� *?-

Ohw xv ghqrwh \ ' *? R@ � ~� � E� � q� *?- dqg + wkh glfkrwrprxv yduldeoh
wdnlqj wkh ydoxh 4 li wkh krxvhkrog frqvxphv vhuylfhv lq wkh krph/ 3 rwkhuzlvh1
Xvlqj wkh vwdqgdug uhvxow vwdwlqj wkdw

02 m 0� � Q
#
j�2
j2�

0�c j
2

2
� j2

�2

j2�

$

zh pd| hdvlo| ghulyh wkh irup ri wkh vdpsoh olnholkrrg ixqfwlrq/ zklfk lv

O '
�\
�'�

%
�

j�
)

#
*? R@� �f�B

j�

$
d��xE`��o

&+�
� d��xEA�K�o

�3+� +46,

zlwk

`� '

\� � j�2
j2�

E*? R@� �f�B�v
j22 �

j2
�2

j2�

c

x dqg ) ehlqj uhvshfwlyho| wkh f1g1i1 dqg wkh ghqvlw| ixqfwlrq ri wkh vwdqgdug
qrupdo glvwulexwlrq1

<



71 Wkh gdwd

Wklv prgho kdv ehhq hvwlpdwhg xvlqj gdwd frplqj iurp wkh �Qhljkerxukrrg Vhu0
ylfhv� Vxuyh| +Hqtxíwh vxu ohv Vhuylfhv gh Sur{lplwì, frqgxfwhg e| LQVHH +Lq0
vwlwxw Qdwlrqdo gh od Vwdwlvwltxh hw ghv Hwxghv Hfrqrpltxhv/ Sdulv, lq Mxqh 4<<91
Krxvhkrogv jdyh lqirupdwlrq rq wkh grphvwlf khos wkh| uhfhlyhg uhjxoduo| rq wkh
gdwh ri wkh vxuyh|/ wkh lghqwlw| ri wkh vhuylfh0surylghu +idplo| phpehu/ qhljkerxu/
iulhqg/ grphvwlf hpsor|hh/ �upv/ idplo| zrunhuv/ hwf1,/ wkh w|sh ri vhuylfh sur0
ylghg +krxvhzrun/ lurqlqj/ hwf1,/ wkh wlph lqyroyhg dqg wkh qhw vxpv sdlg wr wkh
vhuylfh0surylghu ehiruh wd{ uhgxfwlrqv19 Wkh krxvhkrog zdv dovr dvnhg derxw uh0
fhlsw ri wd{ uhgxfwlrqv lqgxfhg e| wkh hpsor|phqw ri idplo| khoshuv lq wkh krph1
Rq wkh rwkhu kdqg/ qr lqirupdwlrq zdv rewdlqhg dv wr zkhwkhu vrfldo vhfxulw| frq0
wulexwlrqv zhuh sdlg rq d  dw0udwh ru dfwxdo edvlv1 Krzhyhu/ zkhq wkh krxvhkrog
lv wkh gluhfw hpsor|hu/ lw lv wkh  dw0udwh edvlv wkdw lv prvw iuhtxhqwo| dssolhg1

Iru uhdvrqv vhw rxw hduolhu/ wkh vwxg| fryhuv rqo| wkh � ' 2c b�� frxsohv lq
zklfk wkh uhihuhqfh lqglylgxdo +prvw iuhtxhqwo| wkh pdq, lv djhg ehwzhhq 58 dqg
971 Krxvhkrogv lqfoxglqj dw ohdvw rqh ghshqghqw shuvrq zhuh h{foxghg iurp wkh
dqdo|vlv1: Wkh gdwd frplqj iurp wkh �Qhljkerxukrrg Vhuylfhv� Vxuyh| pdnh lw
srvvleoh wr uhfrqvwlwxwh=

� wkh qhw krxuo| sulfh sdlg iru wkh vhuylfh/ zklfk lv ghqrwhg hR@> lw lv wkh
qhw krxuo| zdjh sdlg wr wkh krxvhkrog shuvrqqho ehiruh wd{ uhgxfwlrq lq d
shuvrq0wr0shuvrq uhodwlrqvkls/ zkhwkhu zlwklq wkh uhjxodwru| iudphzrun ru
rwkhuzlvh> lw fdq dovr fruuhvsrqg wr wkh sulfh sdlg wr d vhuylfh frpsdq|>;

� wkh jurvv sulfh ri wkh vhuylfh ghfoduhg/ lqfoxglqj vrfldo vhfxulw| frqwulexwlrqv
sdlg rxw zkhq wkh vhuylfh0surylghu lv uhsruwhg e| wkh hpsor|hu wr wkh wd{

9LQVHH*v vxuyh| rq �Qhljkerxukrrg Vhuylfhv� dffruglqjo| lghqwl�hv sdlg uhfrxuvh wr d gr0
phvwlf khos iru hyhu|gd| fkruhv +krxvhzrun/ lurqlqj/ jdughqlqj/ hwf1,1 Lq 4<<9/ 41; ploolrq krxvh0
krogv vshqw pruh wkdq 53 eloolrq Iuhqfk iudqfv rq wkhvh vhuylfhv/ uhsuhvhqwlqj wkh htxlydohqw ri
583/333 ixoo0wlph mrev +wklv dprxqw grhv qrw lqfoxgh wkh zdjhv sdlg e| krxvhkrogv wr vrfldo
zrunhuv zkr fduh dw krph derxw rog ghshqghqw shuvrqv ru fkloguhq ohvv wkdq 44,1

:Vhh qrwh 81
;Iru hdfk krxvhkrog/ wkh vxuyh| jlyhv wkh prqwko| qhw zdjh sdlg wr wkh vhuylfh0surylghu

+ghqrwhg Zd, dqg wkh fruuhvsrqglqj qxpehu ri krxuv +ghqrwhg d,1 Wkh qhw krxuo| zdjh lv wkxv
gh�qhg dv hsd @ Zd @ d
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dgplqlvwudwlrq> lq wklv fdvh/ frqwulexwlrqv duh fdofxodwhg rq d  dw0udwh edvlv<

dqg wklv sulfh lv htxdo wr R}@ ' hR@ n 2S�fD>

� wkh sulfh ri wkh vhuylfh h�hfwlyho| eruqh e| wkh krxvhkrog/ ghqrwhg R@/ zklfk
wdnhv lqwr dffrxqw zkhuh dssursuldwh wkh wd{ uhgxfwlrq judqwhg wr krxvh0
krogv hpsor|lqj idplo| zrunhuv1

Iru fdofxodwlqj R@/ zh kdyh fuhdwhg d yduldeoh ghqrwhg oe_�S zklfk wdnhv wkh
ydoxh 4 li wkh krxvhkrog ghfoduhv wkdw lw ehqh�wv iurp wklv wd{ uhgxfwlrq/ 3 rwk0
huzlvh143 Lq wkh devhqfh ri lqirupdwlrq rq wkh wd{hv sdlg e| wkh krxvhkrogv/ lw lv
dvvxphg wkdw wkrvh zkr vwdwh wkdw wkh| ehqh�w iurp wkh wd{ uhgxfwlrq gr vr wr
wkh pd{lpxp h{whqw +kdoi wkh jurvv rxwod|/ l1h1 wkh zdjhv dqg frqwulexwlrqv sdlg,1
Lw wxuqv rxw lq sudfwlfh wkdw wkh jurvv rxwod| ri wkhvh krxvhkrogv/ wdnlqj dffrxqw
ri wkh dyhudjh gxudwlrq ri wkh uhfrxuvh wr idplo| zrunhuv/ grhv qrw h{fhhg wkh wd{0
uhgxfwlrq fhlolqj1 Krxvhkrogv duh dvvxphg wr eh shuihfwo| udwlrqdo dqg lqiruphg
uhjduglqj wkh phdvxuh1 D krxvhkrog zklfk vwdwhv wkdw lw grhv qrw ehqh�w iurp wkh
wd{ uhgxfwlrq kdv qr lqwhuhvw lq sd|lqj wkh vrfldo vhfxulw| frqwulexwlrqv dqg lw lv
dvvxphg wkdw lw rewdlqv wkh vhuylfh �xqr!fldoo|�1 Frqvhtxhqwo|/ zh fdofxodwh wkh
ydoxh ri wkh h�hfwlyh sulfh ri wkh vhuylfh dv iroorzv=

R@ '

;AAAAAAAAAAAAA?AAAAAAAAAAAAA=

f�D hR@ li wkh krxvhkrog ehqh�wv iurp wkh wd{ uhgxfwlrq
Eoe_�S ' �� dqg li lw uhfhlyhv wkh doorzdqfh iru

fklog fduh lq wkh krph +vhh qrwh 4,/

f�D R}@ li wkh krxvhkrog ehqh�wv iurp wkh wd{ uhgxfwlrq
Eoe_�S ' �� dqg li lw grhv qrw uhfhlyh wklv doorzdqfh/

hR@ lq rwkhu fdvhv1

+47,

Wkh gxudwlrq ri uhfrxuvh wr grphvwlf vhuylfh lv kljko| yduldeoh1 ;3( ri krxvh0
krogv kdylqj uhfrxuvh wr grphvwlf vhuylfh uhsruw d gxudwlrq idoolqj zlwklq d udqjh
iurp 4 wr ; krxuv d zhhn +vhh Wdeoh 4,1 Wkh dyhudjh gxudwlrq ri uhfrxuvh lv wzlfh

<Wkh prgho kdv dovr ehhq hvwlpdwhg zlwk vrfldo frqwulexwlrqv fdofxodwhg rq d uhdo edvlv1
Uhvxowv duh hvvhqwldoo| wkh vdph wkdq wkh rqhv zklfk duh rewdlqhg zkhq fdofxodwlrqv duh pdgh
rq d  dw0udwh edvlv1

43Rxu hfrqrphwulf prgho surylghv rqo| dq lqfrpsohwh ghvfulswlrq ri wkh dfwxdo ehkdylrxu
uhjduglqj xvh ri lq0krph vhuylfhv1 D pruh frpsohwh prgho zrxog kdyh wdnhq lqwr dffrxqw wkh
srwhqwldo uhodwlrqvkls ehwzhhq wkh ghflvlrq wr xvh wkhvh vhuylfhv dqg wkh fkrlfh wr uhsruw wkhp
wr wkh wd{ dgplqlvwudwlrq dqg wr ehqh�w iurp wkh wd{ uhgxfwlrq1
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dv orqj zkhq wkhuh lv d fklog djhg xqghu 9 lq wkh krxvhkrog1 Lq wkdw fdvh/ wkh
krxvhzrun vhuylfh pd| eh surylghg lq frpelqdwlrq zlwk fklog fdulqj lq wkh krph1
Wkh gxudwlrq ri zrunlqj wlph wkdw wkh krxvhkrog uhtxluhv ri wkh vhuylfh0surylghu
lq xhqfhv wkh ohyho ri wkh qhw krxuo| zdjh sdlg wr wkh odwwhu1

Wdeoh 4
Qxpehu ri krxuv zrunhg lq wkh krph e| wkh hpsor|hh sdlg e| wkh krxvhkrog/
dffruglqj wr wkh suhvhqfh ri fkloguhq ohvv wkdq 9
Qxpehu ri krxuv Doo wkh vdpsoh Krxvhkrogv zlwk Krxvhkrogv zlwkrxw
shu zhhn dw ohdvw rqh nlg nlgv ohvv wkdq 9

ohvv wkdq 9
Phdq : 45 8
Phgldq 7 8 7
4vw txduwloh 6 6 6
6ug txduwloh ; 4: 9
Lqwhughfloh udwlr ; 4: 8
Vdpsoh= Frxsohv zkrvh khdg kdv ehwzhhq 58 dqg 97 |hduv rog +Q@5/<46,1
Vrxufh= � Vhuylfhv gh sur{lplwì � Vxuyh|/ LQVHH +4<<9,1

Wkh orqjhu wkh krxuv/ wkh orzhu wkh qhw krxuo| zdjh +Iljxuh 714,1 Wkh h{wuhph
srlqwv lq Iljxuh 4 uh hfw wkh zlgh glyhuvlw| ri vlwxdwlrqv uhjduglqj uhfrxuvh wr
hyhu|gd| grphvwlf vhuylfh1 Wkh krxvhkrog wkdw frqvxphv 633 krxuv shu prqwk lv
d frxsoh frqvlvwlqj ri wzr zrunlqj shrsoh/ h{hfxwlyhv lq d sulydwh �up/ zlwk wzr
|rxqj fkloguhq/ olylqj lq Sdulv/ dqg sd|lqj 9/333 iudqfv d prqwk wr wkhlu grphvwlf
hpsor|hh1 Jlyhq wkh yhu| orqj zrunlqj krxuv zklfk wkhvh h{hfxwlyhv vrphwlphv
kdyh wr zrun +Ihupdqldq dqg Edhvvd/ 4<<:,/ dv zhoo dv wkh riwhq zhdulqj wudyho
iurp dqg wr zrun lq Sdulv/ wkh sduhqwv pd| dfwxdoo| eh devhqw iurp wkh krph iru
forvh wr :3 krxuv d zhhn/ hvshfldoo| li wklv devhqfh lv gh�qhg wr lqfoxgh srvvleoh
rxwlqjv dw wkh zhhnhqg ru lq wkh hyhqlqj1 Wkh vlwxdwlrqv hqfrxqwhuhg dw wkh rwkhu
hqg ri wkh vfdoh duh w|slfdoo| wkrvh ri lqghshqghqw zrunhuv ru surihvvlrqdo shrsoh
dssurdfklqj wkh djh ri 93/ qr orqjhu kdylqj fkloguhq lq wkh krph/ sd|lqj 483
iudqfv iru dq krxu ri krxvhzrun1

+Iljxuh 4 pxvw eh lqvhuwhg durxqg khuh,

Vxfk zlgh gl�huhqfhv lq krxuo| zdjhv suredeo| uh hfw gl�huhqfhv lq wkh fkdu0
dfwhulvwlfv ri wkh vhuylfh0surylghuv ru vhuylfhv wkdw duh qrw revhuyhg lq wklv vxuyh|=
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zkhq wkh shuvrq hpsor|hg kdv orqj |hduv ri vhuylfh ru surylghv dq dgglwlrqdo vhu0
ylfh +orrnlqj diwhu d vkrs/ r!fh ru vxujhu|/ dqvzhulqj wkh whohskrqh/ iru h{dpsoh,/
wkh hpsor|hu pd| fkrrvh wr sd| pruh e| pdlqwdlqlqj dq hduolhu prqwko| zdjh
iru d uhgxfhg qxpehu ri krxuv ru ghpdqg juhdwhu uhvsrqvlelolw|1 Wkh qxpehu ri
krxuv uhsruwhg pd| dovr eh vpdoohu wkdq wkh uhdolw| lq rughu wr uhgxfh wkh frvw ri
vrfldo vhfxulw| frqwulexwlrqv iru d jlyhq xqfkdqjhg qhw zdjh1

Wkhuh lv dovr zlgh yduldwlrq lq wkh qhw krxuo| zdjhv sdlg rxw1 Wkh dyhudjh qhw
krxuo| zdjh lv 79 iudqfv/ exw iru rqh txduwhu ri krxvhkrogv lw lv ehorz 6: iudqfv
dqg iru dqrwkhu txduwhu deryh 83 iudqfv1 Hyhq zkhq wkh �uvw dqg odvw ghflohv ri
wkh glvwulexwlrq duh h{foxghg/ wkh lqwhughfloh udwlr lv vwloo 5 wr 4 +vhh Wdeoh 5,1 Lq
vr idu dv lw fruuhvsrqgv wr d zdjh sdlg rxw/ wkh krxuo| sulfh ri grphvwlf vhuylfh
vkrxog ghshqg rq wkh wudglwlrqdo ghwhuplqdqwv ri zdjhv1 Dprqj wkh lq xhqwldo
yduldeohv wkh surihvvlrqdo h{shulhqfh ri wkh hpsor|hh jhqhudoo| sod|v d ghflvlyh
uroh1 Wkh qxpehu ri prqwkv ri vhuylfh ghfoduhg iru wkh hpsor|hh lq wkh vxuyh|
surylghv d sur{| iru wklv1 Exw wkhuh lv olwwoh yduldwlrq lq wkh uhsolhv wr wklv txhvwlrq
dqg qr uhodwlrqvkls frxog eh glvfhuqhg ehwzhhq wklv fulwhulrq dqg wkh revhuyhg
sulfh1 Wkh zdjh sdlg rxw frxog dovr ydu| dffruglqj wr wkh fkdudfwhulvwlfv ri wkh
hpsor|hu1 Krzhyhu/ qhlwkhu wkh lqfrph ri wkh hpsor|lqj krxvhkrog/ qru lwv vrflr0
surihvvlrqdo fdwhjru|/ qru lwv ohyho ri hgxfdwlrq surylghv dq h{sodqdwlrq iru wkh
sulfh ri grphvwlf vhuylfhv revhuyhg lq wkh vxuyh|1 wkh sodfh ri uhvlghqfh ri wkh
hpsor|hu sod|v dq lpsruwdqw uroh= wkh Sdulvldq pdunhw vwdqgv rxw iru wkh kljkhu
sulfhv sdlg +vhh Wdeoh 5,1 Wkh sulfh sdlg rxw wr wkh vhuylfh0surylghu lv jhqhudoo|
orzhu li wkh krxvhkrog ehqh�wv iurp wkh idplo| khoshuv lq wkh krph wd{ uhgxfwlrq/
dv lv wkh fdvh iru rqh hpsor|lqj krxvhkrog lq wzr1 Kdoi wkh krxvhkrogv ehqh�wlqj
iurp wkh wd{ uhgxfwlrq sd| d qhw zdjh ri ohvv wkdq 73 iudqfv/ zkhuhdv kdoi ri
wkrvh wkdw gr qrw ehqh�w iurp wkh uhgxfwlrq sd| ohvv wkdq 83 iudqfv dq krxu +vhh
Wdeoh 5,1 Lq uhwxuq iru wkh vrfldo vhfxulw| fryhudjh r�huhg wr wkh hpsor|hh/ wkh
hpsor|hu kdv shukdsv d whqghqf| wr qhjrwldwh d vpdoohu qhw zdjh1 Shukdsv dovr/
wklv gl�huhqfh lq zdjh lqfrusrudwhv fhuwdlq lpsolflwo|0lqgxfhg frvwv uhvxowlqj iurp
wkh frqvwudlqw wr uhsruw wkh zdjh0hduqlqj hpsor|phqw +dv uhjdugv whuplqdwlrq/
iru h{dpsoh,1 Wkh h{sodqdwru| yduldeohv lqwurgxfhg lq wkh hfrqrphwulf prgho duh
ghvfulehg lq Wdeoh 61
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Wdeoh 5
Wkh krxuo| qhw zdjh/ lq iudqfv

Krxuo| qhw zdjh +hR@� Shufhqwdjh
Phdq Phgldq 4vw 6ug Lqwhughfloh xvlqj vhuylfhv

txduwloh txduwloh udwlr lq wkh krph
Wkh krxvhkrog 7: 79 6; 83 418: 4<
nqhz wkh
shuvrq ehiruh
Wkurxjk 78 73 6: 83 5 93
uhodwlrqvkls
Wkurxjk dq 7; 78 6: 86 5 45
dvvrfldwlrq ru
sxeolf vhuylfhv
Rwkhuv 87 78 6; 88 715 <
Sdulv 85 83 7: 87 419 63
Surylqfhv 77 73 69 7: 5 :3
Wkh zlih 7; 75 6; 83 5 :;
lv zrunlqj
Wkh zlih 75 73 69 83 5148 55
lv qrw zrunlqj
Wd{ uhgxfwlrq 76 73 69 7: 5148 79
Qr wd{ 7< 83 73 86 41:4 87
uhgxfwlrq
Dw ohdvw rqh nlg 6< 6< 64 83 5149 63
ohvv wkdq 9
Qr nlgv ohvv 83 7: 6< 83 41:7 :3
ohvv wkdq 9
Ryhudoo 79 75 6: 83 5 433
Vdpsoh= Frxsohv zkrvh khdg kdv ehwzhhq 58 dqg 97 |hduv rog +Q@5/<46,1
Vrxufh= � Vhuylfhv gh sur{lplwì � Vxuyh|/ LQVHH +4<<9,1
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Wdeoh 6
Gh�qlwlrqv dqg deeuhyldwlrqv ri uhjuhvvruv

V|pero Deeuhyldwlrq Gh�qlwlrq Vdpsoh
phdq

Sulfh ff sdulv Wkh krxvhkrog olyhv lq Sdulv 3163
htxdwlrq
+Q@4:7, f� nlg9 Suhvhqfh ri d fklog ohvv wkdq 9 3163
Lqfrph *?- *?- Orjdulwkp ri wkh krxvhkrog <17:

wrwdo glvsrvdeoh lqfrph
Htxdwlrq ff sdulv Wkh krxvhkrog olyhv lq Sdulv 314<
ri
suhihuhqfhv ~� pkljk Pdq*v hgxfdwlrqdo ohyho lv 3153
+Q@5/<46, deryh kljk vfkrro

zkljk Zrpdq*v hgxfdwlrqdo ohyho lv 3153
deryh kljk vfkrro

djhp6 Pdq ehwzhhq 68 dqg 78 315<
|hduv rog

djhp7 Pdq ehwzhhq 78 dqg 88 315<
|hduv rog

djhp8 Pdq ehwzhhq 88 dqg 98 3153
|hduv rog

zdfw Wkh zrpdq lv zrunlqj 3196
zh{hf Wkh zrpdq lv dq h{hfxwlyh 313;

ru d surihvvlrqdo
zfrpel Wkh zrpdq lv d fudiwvpdq/ d �up 3159

rzqhu/ d wudghvpdq/ d plg0ohyho
zrunhu ru d iduphu

ph{hf Wkh pdq lv dq h{hfxwlyh 314;
ru d surihvvlrqdo

pfrpel Wkh pdq lv d fudiwvpdq/ d iduphu/ 3146
d �up rzqhu ru d wudghvpdq

pruh7u Pruh wkdq 7 urrpv lq wkh krxvh 3177
Vdpsoh= Frxsohv zkrvh khdg kdv ehwzhhq 58 dqg 97 |hduv rog +Q@5/<46,1
Vrxufh= � Vhuylfhv gh sur{lplwì � Vxuyh|/ LQVHH +4<<9,1
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81 Uhvxowv

Wkh sdudphwhu hvwlpdwhv ri rxu hfrqrphwulf prgho duh jlyhq lq Wdeoh 71 Wdeoh
7 vkrzv wkdw wkh suredelolw| ri uhfrxuvh wr grphvwlf vhuylfhv lv vwurqjo| lq x0
hqfhg e| lqfrph1 Wkh kljkhu wkh frxsoh*v lqfrph/ wkh juhdwhu wklv suredelolw|=
vxfk uhfrxuvh uhsuhvhqwhg d qhw rxwod| ri <33 iudqfv d prqwk rq dyhudjh lq 4<<91
Frxsohv hduqlqj ohvv wkdq 448/333 iudqfv d |hdu lq 4<<9 +59( ri wkh wrwdo, pdgh
sudfwlfdoo| qr xvh ri sdlg grphvwlf vhuylfh/ ohvv wkdq 4( ri wkhp ehlqj hpsor|huv1
Rq wkh rwkhu kdqg/ ri wkh krxvhkrogv hduqlqj pruh wkdq 553/333 iudqfv d |hdu
lq 4<<9/ 53( zhuh hpsor|huv1 Uhfrxuvh lqfuhdvhv zlwk lqfrph= doprvw 73( ri
frxsohv hduqlqj pruh wkdq 733/333 iudqfv d |hdu +7( ri wkh wrwdo, sdlg d fohdqlqj
odg|1

Frxsohv khdghg e| dq h{hfxwlyh frqvwlwxwh 87( ri hpsor|lqj krxvhkrogv/ do0
wkrxjk dffrxqwlqj iru rqo| 4;( ri frxsohv1 Dw wkh rwkhu h{wuhph/ rqo| rqh frxsoh
lq d kxqguhg zkhuh wkh khdg lv d eoxh0froodu zrunhu kdv uhfrxuvh wr wklv w|sh ri vhu0
ylfh1 Lw lv dovr frxsohv zkhuh wkh zlih lv dq h{hfxwlyh ru sudfwlfhv d surihvvlrq wkdw
kdyh prvw uhfrxuvh wr d fohdqlqj odg|/ rqh lq wkuhh ehlqj hpsor|huv1 Iru lghqwlfdo
lqfrph/ frxsohv zkr duh h{hfxwlyhv duh wkuhh wlphv dv olnho| wr kdyh d grphvwlf
hpsor|hh dv frxsohv lq jhqhudo +wkh sursruwlrqv ehlqj 4;( dqg 9(/ uhvshfwlyho|,1
Pruhryhu/ iru lghqwlfdo lqfrph dqg rwkhu fkdudfwhulvwlfv/ wkh suredelolw| wkdw d
frxsoh zloo kdyh uhfrxuvh wr grphvwlf vhuylfhv lv pxfk kljkhu zkhq rqh ri wkh wzr
sduwqhuv lv dq h{hfxwlyh +vhh Wdeoh 7,1

Rq wrs ri wkh surihvvlrqdo vwdwxv h�hfw frphv wkdw ri wkh hgxfdwlrqdo ohyho=
fhwhulv sdulexv/ wkrvh zlwk d kljkhu hgxfdwlrq ohyho uhvruw pruh zloolqjo| wkdq wkh
rwkhuv wr wkh hpsor|phqw ri d grphvwlf vhuydqw +vhh Wdeoh 7,1 Lq pruh wkdq kdoi
wkh hpsor|lqj frxsohv/ wkh zlih*v hgxfdwlrqdo ohyho lv deryh kljk vfkrro1 H{hf0
xwlyhv dqg shrsoh zlwk kljkhu hgxfdwlrq ohyhov jhqhudoo| uhfhlyh uhodwlyho| kljk
krxuo| zdjhv> lq rwkhu zrugv/ wkhlu zrunlqj wlph fduulhv d kljk sulfh1 Vrphrqh
zkr dwwulexwhv d kljkhu sulfh wr klv ru khu rzq wlph wkdq wkh krxuo| frvw ri d gr0
phvwlf hpsor|hh kdv dq lqwhuhvw lq ghohjdwlqj krxvhkrog wdvnv1 Rq wkh rwkhu kdqg/
vrphrqh zkrvh krxuo| zdjh lv ehorz wkh krxuo| frvw ri wkh grphvwlf hpsor|hh
kdv dq lqwhuhvw lq fduu|lqj rxw krxvhkrog wdvnv/ hyhq dw wkh frvw ri zrunlqj ohvv144

Lq whupv ri rssruwxqlw| frvwv/ wkh lqglylgxdov kdylqj uhfrxuvh wr vxfk grphvwlf
khos duh wkrvh zlwk d kljk surgxfwlylw| rq wkh oderu pdunhw/ dw ohdvw htxdo wr wkdw

44Wklv lv dq dssolfdwlrq ri Ehfnhu*v fodvvlfdo dujxphqw rq wkh doorfdwlrq ri wlph +vhh Ehfnhu/
4<98/ 4<<4,1
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suhydlolqj lq wkh vhfwru ri grphvwlf vhuylfhv145

Vrflrorjlfdo vwxglhv kdyh uhdfkhg wkh frqfoxvlrq wkdw lq orz vrfldo fodvvhv/
vrfldo qrupv lqgxfh wkh zrpdq wr sod| khu uroh ri krxvhzlih dqg wr gr doo wkh gr0
phvwlf zrun khuvhoi +vhh/ dprqj pdq| rwkhuv/ Jr�pdq/ 4<::/ Ehun/ 4<;8/ Eulqhv/
4<<7/ dqg Ndxipdqq/ 4<<:,1 Rwkhu h{sodqdwlrqv frxog eh lqyrnhg wr h{sodlq zk|
h{hfxwlyhv dqg shrsoh zlwk kljkhu txdol�fdwlrqv uhvruw pruh riwhq wr d fohdqlqj
odg|*v vhuylfhv1 Dsduw iurp wkh idfw wkdw wkh| duh pruh dffxvwrphg wr ghohjdwh
zrun/ wkhlu wudgh0r� ehwzhhq frqvxpswlrq dqg ohlvxuh lv pruh riwhq lq idyrxu ri
grphvwlf vhuylfhv ehfdxvh wkhlu zrunlqj wlph +mrxuqh|v lqfoxghg, lv orqjhu +vhh
Ihupdqldq dqg Edhvvd/ 4<<:, dqg ehfdxvh wkh| wu| wr iuhh pruh wlph iru ohlvxuh
+h{foxglqj grphvwlf dfwlylw|,1

Qhlwkhu wkh qxpehu ri fkloguhq qru zrphq*v zrun vhhpv wr lq xhqfh uhfrxuvh
wr grphvwlf vhuylfhv1 Zkhq wkh grphvwlf zrun uhsuhvhqwv d khdy| exughq ru zkhq
wkh wlph wkdw fdq eh ghyrwhg wr lw lv vfdufh/ uhfrxuvh wr grphvwlf vhuylfhv frxog eh
h{shfwhg wr ehfrph pruh suhydohqw1 Orjlfdoo|/ odfn ri dydlodeoh wlph iru grphvwlf
dfwlylwlhv rxjkw wr lqflwh frxsohv erwk ri zkrvh phpehuv zrun wr ghohjdwh wkhlu
grphvwlf wdvnv pruh riwhq1 Frxsohv lq zklfk wkh zlih kdv d mre gr lqghhg kdyh
uhfrxuvh wr d fohdqlqj odg| 518 wlphv dv riwhq dv wkrvh lq zklfk wkh zlih lv qrw
hpsor|hg= 919( frpsduhg zlwk 51:( +vhh Iolsr dqg Krxuulh}/ 4<<9,1 Krzhyhu/
wkh idfw wkdw oderu pdunhw sduwlflsdwlrq ri erwk phpehuv ri wkh frxsoh lv pruh
riwhq dffrpsdqlhg e| uhfrxuvh wr d fohdqlqj odg| lv pdlqo| ehfdxvh wkh zlih*v
zrun eulqjv lq dgglwlrqdo lqfrph dqg ehfdxvh d txdol�hg zrpdq kdv d juhdwhu
fkdqfh ri ehlqj lq zrun wkdq rqh zlwk ihz txdol�fdwlrqv1 Dw d jlyhq vwdqgdug
ri olylqj dqg vrfldo ohyho/ wkh oderu pdunhw sduwlflsdwlrq ri wkh zrpdq � dqg wkh
uhvxowlqj uhgxfwlrq lq iuhh wlph � udlvhv rqo| voljkwo| wkh suredelolw| ri uhfrxuvh
wr d grphvwlf hpsor|hh1 Lq idfw/ zkdw ohdgv wr uhfrxuvh wr grphvwlf vhuylfhv lv
deryh doo wkh idfw wkdw wkh zrpdq lv � ru kdv ehhq lq wkh sdvw � dq h{hfxwlyh
dqg pxfk ohvv wkh idfw wkdw vkh lv dfwxdoo| zrunlqj1 Rqh zrpdq h{hfxwlyh lq
wkuhh hpsor|v d grphvwlf hpsor|hh zkhwkhu vkh zrunv ru qrw/ zkhuhdv d zklwh0
froodu zrpdq yluwxdoo| qhyhu grhv/ hyhq zkhq vkh lv zrunlqj1 Fhwhulv sdulexv/
wkh dssduhqw h�hfw ri ihpdoh zrunlqj idghv lqwr lqvljql�fdqfh frpsduhg zlwk wkh
pxfk vwurqjhu h�hfwv ri lqfrph dqg surihvvlrqdo txdol�fdwlrq1

45Iru d pruh jhqhudo wkhruhwlfdo dqdo|vlv ri wklv srlqw/ vhh Eodqfkhw +4<<7,1
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Wdeoh 7
Pd{lpxp olnholkrrg hvwlpdwhv ri wkh sdudphwhuv

Yduldeoh Sdudphwhu Vwdqgdug
hvwlpdwh huuru

Sulfh frqvwdqw 619:5 +313;;,
htxdwlrq sdulv 31557 +31395,

nlg9 031635 +31395,
Lqfrph *?- 31;;5 +31796,
Htxdwlrq frqvwdqw 0:1777 +81953,
ri sdulv 3145; +31469,
suhihuhqfhv pkljk 315<8 +314;:,

zkljk 31563 +31499,
djhp6 3158; +314:7,
djhp7 31659 +314:6,
djhp9 31788 +3154:,
zdfw 31477 +31456,
zh{hf 318<6 +31666,
zfrpel 31546 +3148<,
ph{hf 31475 +3146:,
pfrpel 31686 +3154:,
pruh7u 3154; +3147:,

Fryduldqfh j� 3169: +31353,
pdwul{ j2 41367 +31787,

j�2 31467 +31385,
Phdq orj0olnholkrrg 0314;77
Vdpsoh vl}h 5/<46
Vdpsoh= Frxsohv zkrvh khdg kdv ehwzhhq 58 dqg 97 |hduv rog1
Vrxufh= � Vhuylfhv gh sur{lplwì � Vxuyh|/ LQVHH +4<<9,1
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91 Frqfoxvlrqv= lpsolfdwlrqv iru wd{ srolf|

Wkh uhodwlyh pdujlqdo h�hfw ri d sulfh yduldwlrq rq wkh suredelolw| ri uhfrxuvh
+ghqrwhg e| UPH, fdq eh h{suhvvhg dv d ixqfwlrq ri wkh sulfh dqg doo wkh rwkhu
h{sodqdwru| yduldeohv frqwdlqhg lq wkh prgho=

-�. '
Y *? �hE@ : f�

Y *? R@
'

Y �hE@ : f�

Y *? R@
� �

�hE@ : f�
+48,

Htxdwlrq +45, lpsolhv wkdw wkh UPH lv hvwlpdwhg dv

g-�. '
�ej �

)

#
~e� n

�
�� eq� *?-�feBej
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�� eq� *?-�feBej

$ +49,

Wkh suredelolw| ri uhfrxuvh lv d ghfuhdvlqj ixqfwlrq ri sulfh= wkh orzhu wkh
sulfh/ wkh odujhu wkh qxpehu ri krxvhkrogv wkdw zloo frqvxph grphvwlf vhuylfhv1
Exw wkh lpsdfw ri d idoo lq wkh sulfh ri grphvwlf vhuylfhv rq uhfrxuvh lv e| qr
phdqv xqlirup1 Wkh sulfh hodvwlflw| ri wkh suredelolw| ri uhfrxuvh lv qrw frqvwdqw
dqg ghshqgv rq doo wkh yduldeohv frqwdlqhg lq wkh prgho1 Iljxuh 5 ghslfwv wkh
ydoxh/ fdofxodwhg zlwk sdudphwhu hvwlpdwhv ri rxu prgho/ ri wkh uhodwlyh pdujlqdo
h�hfw ri d sulfh yduldwlrq rq wkh suredelolw| wkdw wkh krxvhkrog xvhv vhuylfhv lq wkh
krph1 Wklv ydoxh lv fdofxodwhg iru gl�huhqw lqfrph ohyhov dqg iru ydulrxv w|shv ri
krxvhkrogv1 Wkh uhihuhqfh jurxs frqvlvwv ri krxvhkrogv olylqj rxwvlgh Sdulv zlwk
wkh iroorzlqj fkdudfwhulvwlfv= wkh| kdyh qr nlgv ohvv wkdq 9 |hduv rog/ erwk vsrxvhv
kdyh ohvv wkdq kljk vfkrro hgxfdwlrq/ wkh| duh ehwzhhq 58 dqg 68 |hduv/ wkh| erwk
duh pdqxdo zrunhuv +ru r!fh hpsor|hhv,/ dqg wkh| olyh lq d krxvlqj xqlw zlwk ohvv
wkdq irxu urrpv1 Iru rwkhu jurxsv/ gl�huhqfhv zlwk uhvshfw wr wkh uhihuhqfh jurxs
duh dv iroorzv=

� lq jurxs 5/ wkh krxvhkrogv olyh lq Sdulv>

� lq jurxs 6/ wkh frxsohv kdyh dw ohdvw rqh fklog ohvv wkdq 9 dqg wkhlu krxvh
kdv pruh wkdq irxu urrpv>

� lq jurxs 7/ erwk phpehuv ri wkh frxsoh duh plg0ohyho zrunhuv dqg wkhlu
hgxfdwlrqdo ohyho lv deryh kljk0vfkrro>
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� jurxs 8 lv lghqwlfdo wr jurxs 7/ exw frxsohv kdyh dw ohdvw rqh fklog ohvv wkdq
9>

� lq jurxs 9/ wkh pdq lv dq h{hfxwlyh/ wkh zrpdq lv d plg0ohyho zrunhu/ exw
wkhlu hgxfdwlrqdo ohyho lv deryh kljk0vfkrro>

� lq jurxs :/ erwk duh h{hfxwlyhv/ wkhlu hgxfdwlrqdo ohyho lv deryh kljk0vfkrro/
dqg wkh| olyh lq Sdulv>

� jurxs ; lv lghqwlfdo wr jurxs :/ exw wkh frxsohv kdyh dw ohdvw rqh fklog ohvv
wkdq 91

Wkh krxvhkrog lqfrph iru hdfk jurxs ydulhv ehwzhhq d orzhu erxqg +wkh 5qg
ghfloh, dqg dq xsshu erxqg +wkh <wk ghfloh, fkrvhq iurp wkh revhuyhg lqfrph
glvwulexwlrq ri wkh jurxs1

+Iljxuh 5 pxvw eh lqvhuwhg durxqg khuh,

Rxu fdofxodwlrqv vkrz wkdw wkh uhodwlyh pdujlqdo h�hfw ri d sulfh yduldwlrq rq
wkh suredelolw| ri uhfrxuvh lv qhjdwlyh> lwv devroxwh ydoxh ghfuhdvhv zlwk wkh hgx0
fdwlrqdo ohyho dqg zlwk wkh lqfrph ohyho ri wkh krxvhkrog1 Lw lv jhqhudoo| kljkhu
iru krxvhkrogv zlwkrxw nlgv ohvv wkdq 9 |hduv rog1 Wr looxvwudwh wkh h�hfwv ri
d sulfh uhgxfwlrq/ zh frqvlghu wkh vlwxdwlrq lq zklfk wkh krxvhkrogv hpsor|lqj
vhuylfh0surylghuv duh frpsohwho| h{hpswhg iurp sd|lqj hpsor|hu dqg vrfldo vhfx0
ulw| frqwulexwlrqv1 Wklv zrxog fruuhvsrqg dssur{lpdwho| wr d 63( frvw uhgxfwlrq
iru wkh krxvhkrogv1 Iru d krxvhkrog zlwk d prqwko| lqfrph htxdo wr 73/333 Iuhqfk
Iudqfv/ dqg zkrvh phpehuv duh erwk h{hfxwlyhv/ wkh suredelolw| ri xvlqj vhuylfhv
dw krph lqfuhdvhv e| 64(1 Iru d krxvhkrog lq wkh uhihuhqfh jurxs/ zlwk d prqwko|
lqfrph htxdo wr 9/333 Iudqfv/ wklv suredelolw| lqfuhdvhv e| 44;(1

Frqvhtxhqwo|/ rxu uhvxowv vxjjhvw wkdw d gl�huhqwldwhg wd{ uhgxfwlrq/ ydu|lqj
zlwk wkh krxvhkrog lqfrph ohyho dqg zlwk wkh suhvhqfh ri |rxqj fkloguhq lq wkh
krxvhkrog/ vkrxog kdyh d kljkhu h�hfw rq wkh ghpdqg iru lq0krph vhuylfhv wkdq
d xqlirup wd{ fuhglw/ vxfk dv wkh rqh wkdw lv r�huhg lq Iudqfh vlqfh 4<<41 Krz0
hyhu d frpsohwh ghvfulswlrq ri wkh h�hfwv ri d gl�huhqwldwhg wd{ fuhglw fdqqrw eh
dfklhyhg lq wklv sdshu1 Suhylrxvo| pruh hpslulfdo zrun qhhgv wr eh grqh1 Lq sdu0
wlfxodu/ d ixuwkhu vwxg| vkrxog wdnh lqwr dffrxqw wkh hqgrjhqhlw| ri wkh ghflvlrq
wr uhsruw wkh hpsor|phqw ri d vhuylfh0surylghu wr wkh wd{ dgplqlvwudwlrq lq rughu
wr ehqh�w iurp wkh wd{ fuhglw1 Lw vkrxog dovr lqfrusrudwh wkh glvwlqfwlrq ehwzhhq
sxeolf dqg sulydwh vxsso| ri lq0krph vhuylfhv/ dqg wkh gl�huhqw w|shv ri vhuylfhv
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surylghg1 Krzhyhu vxfk dq h{whqvlrq zrxog uhtxluh d pxfk odujhu vdpsoh dqg
pruh exughqvrph whfkqltxhv46 wkdq wkh rqhv zh kdyh xvhg lq wklv �uvw vwxg|1

Dfnqrzohgjhphqwv

Zh wkdqn Jloehuw Fhwwh/ Jx| Odurtxh/ Vwhidq Oroolylhu/ dv zhoo dv sduwlfl0
sdqwv dw wkh 87wk Hxurshdq Phhwlqj ri wkh Hfrqrphwulf Vrflhw| +Vdqwldjr gh
Frpsrvwhod/ 5< Dxjxvw 04 Vhswhpehu 4<<<, dqg lq vhplqduv dw LQVHH +Sdulv,
dqg Frqvhlo g*Dqdo|vh Hfrqrpltxh +Sdulv,/ iru khosixo frpphqwv rq d suhylrxv
gudiw1 Wkh xvxdo glvfodlphuv dsso|1

Uhihuhqfhv

Dqwrqqhq/ D1/ Vslolç/ M1/ 4<<91 Hxurshdq Vrfldo Fduh Vhuylfhv= Lv lw Srvvleoh wr
Lghqwli| PrghovB1 Mrxuqdo ri Hxurshdq Vrfldo Srolf| 9+5,1

Dyhuhww/ V1/ Shwhuv/ H1/ Zdogpdq/ G1/ 4<<:1 Wd{ Fuhglwv/ Oderu Vxsso|/ dqg Fklog
Fduh1 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :<+4,/ 45804681

Ehfnhu/ J1/ 4<981 D Wkhru| ri wkh Doorfdwlrq ri Wlph1 Wkh Hfrqrplf Mrxuqdo :8/
7<6084:1

Ehfnhu/ J1/ 4<<41 D Wuhdwlvh rq wkh Idplo|/ hqodujhg hg1 Kduydug Xqlyhuvlw|
Suhvv/ Fdpeulgjh1

Ehun/ V1/ 4<;81 Wkh Jhqghu Idfwru|= Wkh Dssruwlrqphqw ri Zrun lq Dphulfdq
Krxvhkrogv/ Sohqxp/ Qhz \run1

Eodqfkhw/ G1/ 4<<71 Wudqvihuwv �vfdx{/ uìsduwlwlrq gx uhyhqx hw ìtxloleuh ghv
hpsorlv gh vhuylfh1 Hfrqrplh hw Suìylvlrq qr1 448/ ;80<51

Eodx/ G1/ Kdj|/ D1/ 4<<;1 Wkh Ghpdqg iru Txdolw| lq Fklog Fduh1 Mrxuqdo ri
Srolwlfdo Hfrqrp| 439+4,/ 43704791

Eulqhv/ M1/ 4<<71 Hfrqrplf Ghshqghqf|/ Jhqghu/ dqg wkh Glylvlrq ri Oderu dw
Krph1 Dphulfdq Mrxuqdo ri Vrflrorj| 433+6,/ 98509;;1

Fhdolv/ U1/ ]loehupdq/ V1/ 4<<:1 Ohv hpsorlv idploldx{ hw ohv rujdqlvphv gh vhuylfhv
dx{ shuvrqqhv hq 4<<91 Gduhv Suhplëuhv V|qwkëvhv qr1 794/ Sdulv1

46Iru h{dpsoh/ vlpxodwhg pd{lpxp olnholkrrg surfhgxuhv/ vxfk dv wkh rqhv lpsohphqwhg e|
Nhdqh dqg Pr!ww +4<<;,1
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Hxurshdq Frpplvvlrq/ 4<<71 Vrxufhv ri Qhz Mrev1 Qhz Qhhgv/ Uroh ri Pdunhwv/
Sxeolf Lqwhuyhqwlrq dqg Oderxu Pdunhw Srolflhv= Dq Dvvhvvphqw ri wkh Srwhqwldo1
Iruzdug Vwxglhv Xqlw/ plphr/ OS2fde0FgS +<7, 5881

Ihupdqldq/ M10G1/ Edhvvd/ P1S1/ 4<<:1 Od gxuìh gx wudydlo ã whpsv frpsohw1 Lqvhh
Suhplëuh qr1 878/ Sdulv1

Iolsr/ D1/ 4<<91 Ohv vhuylfhv gh sur{lplwì gh od ylh txrwlglhqqh1 Lqvhh Suhplëuh
qr1 7<4/ Sdulv1

Iolsr/ D1/ Krxuulh}/ M1P/ 4<<81 Uhfrxulu ã xqh ihpph gh pìqdjh1 Lqvhh Suhplëuh
qr1 744/ Sdulv1

Jhuwohu/ S1/ Zdogpdq/ G1/ 4<<51 Txdolw|0dgmxvwhg Frvw Ixqfwlrqv dqg Srolf| Hydo0
xdwlrq lq wkh Qxuvlqj Krph Lqgxvwu|1 Mrxuqdo ri Srolwlfdo Hfrqrp| 433+9,/ 45650
45891

Jr�pdq/ H1/ 4<::1 Wkh Duudqjhphqw ehwzhhq wkh Vh{hv1 Wkhru| dqg Vrflhw| 7/
63406641

Ndxipdqq/ M1F1/ 4<<:1 Oh frhxu ã o*rxyudjh1 Wkìrulh gh o*dfwlrq pìqdjëuh/
Qdwkdq/ Sdulv1

Nhdqh/ P1/ Pr!ww/ U1/ 4<<;1 D Vwuxfwxudo Prgho ri Pxowlsoh Zhoiduh Surjudp
Sduwlflsdwlrq dqg Oderu Vxsso|1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6<+6,/ 88608<41

Nlppho/ M1/ 4<<;1 Fklog Fduh Frvwv dv d Eduulhu wr Hpsor|phqw iru Vlqjoh dqg
Pduulhg Prwkhuv1 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;3+5,/ 5;:05<<1

Q|pdq/ M1/ Eulfnhu/ G1/ 4<;<1 Sur�w Lqfhqwlyhv dqg Whfkqlfdo H!flhqf| lq wkh
Surgxfwlrq ri Qxuvlqj Krph Fduh1 Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :4+7,/
8;908<71

Slnhww|/ W1/ 4<<;1 O*hpsorl gdqv ohv vhuylfhv hq Iudqfh hw dx{ Hwdwv0Xqlv= xqh
dqdo|vh vwuxfwxuhooh vxu orqjxh sìulrgh1 Hfrqrplh hw Vwdwlvwltxh/ qr1 64;/ :604351

Vdqfklv0OoRslv/ M1/ 4<<<1 Fkloguhq dqg Ghpdqg Sdwwhuqv= Hylghqfh iurp Sdqho
Gdwd1 Xqlyhuvlwdw gh Ydohqfld/ plphr1
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