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Devwudfw

Dowkrxjk vhtxhqwldo vwrfkdvwlf grplqdqfh whfkqltxhv kdyh ehhq xvhg lq

wkh olwhudwxuh wr pdnh frpsdulvrqv ri lqfrph sryhuw| zklfk duh urexvw wr

wkh dvvxpswlrqv pdgh derxw wkh hfrqrplhv ri vfdoh zlwklq krxvhkrogv/ wkh

whfkqltxhv frxog eh dssolhg wr d pxfk zlghu vhw ri lvvxhv1 Lq wklv sdshu/

zh dsso| wkh whfkqltxhv wr hqhuj| ghsulydwlrq lq Jxdwhpdod1 Zh frpsduh

ixho sryhuw| dprqj krxvhkrogv zlwk dqg zlwkrxw dffhvv wr hohfwulflw|/ dqg

zh dvvhvv zkhwkhu dffhvv wr hohfwulflw| iru wkrvh zkr gr qrw kdyh dffhvv

fxuuhqwo| zrxog holplqdwh wkh revhuyhg gl�huhqfh lq ixho sryhuw| ehwzhhq

wkh wzr jurxsv ri krxvhkrogv1

Nh|zrugv= Hqhuj|/ hohfwulflw|/ sryhuw|/ htxlydohqfh vfdohv/ vhtxhqwldo vwr0

fkdvwlf grplqdqfh

MHO Qxpehuv= L65/ T75

�Wklv sdshu zdv ixqghg e| d judqw iurp wkh Zruog Edqn*v Uhvhdufk Vxssruw Exgjhw1 Wkh

rslqlrqv h{suhvvhg khuh duh wkrvh ri wkh dxwkruv dqg qhhg qrw uhsuhvhqw wkrvh ri wkh Zruog

Edqn/ lwv H{hfxwlyh Gluhfwruv/ ru wkh frxqwulhv wkh| uhsuhvhqw1 Zh duh judwhixo wr Ylylhq Irvwhu

dqg Mhdq0Sklolssh Wuh iru frpphqwv dqg glvfxvvlrqv rq wklv wrslf1
| Gìsduwhphqw g*ìfrqrpltxh dqg FHUHI/ Xqlyhuvlwì gh Vkhueurrnh/ 5883 erxohydug gh

o*Xqlyhuvlwì/ Vkhueurrnh/ Txìehf/ Fdqdgd/ M4N 5U4> hpdlo= sdxo1pdnglvvlCfrxuulhu1xvkhue1fd
} OFVSU/ Zruog Edqn/ 4;4; K Vwuhhw/ QZ/ Zdvklqjwrq/ GF 53766/ XVD/ Hpdlo=

tzrgrqCzruogedqn1ruj1
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41 Lqwurgxfwlrq

Lq ghyhorslqj frxqwulhv/ d vxevwdqwldo vkduh ri wkh srsxodwlrq lv qrw deoh wr vdwlvi| lwv edvlf

hqhuj| qhhgv1 Sduw ri wkh sureohp lv gxh wr wkh krxvhkrogv* lqvx!flhqw lqfrph wr ex| wkh

dprxqw ri hqhuj| wkh| qhhg/ dqg wklv zloo w|slfdoo| eh fdswxuhg e| wkh wudglwlrqdo frqfhsw ri

lqfrph sryhuw|1 Exw dqrwkhu sduw ri wkh sureohp lv gxh wr wkh whfkqrorjlhv xvhg e| wkh srru

iru oljkwlqj/ khdwlqj/ dqg frrnlqj1 Zkloh hohfwulflw| whqgv wr eh fkhdshu wkdq rwkhu ixhov

zkhq wkh kljkhu h!flhqf| ri hohfwulflw| dv frpsduhg wr wkh rwkhu ixhov lv wdnhq lqwr dffrxqw/

pdq| dprqj wkh srru gr qrw kdyh dffhvv wr prghuq ixhov vxfk dv hohfwulflw|1 Surylglqj

dffhvv wr hohfwulflw| frxog wkxv uhgxfh wkh h{whqw ri ixho sryhuw| vxevwdqwldoo|1

Lq rughu wr dvvhvv wkh lpsdfw rq ixho sryhuw| ri surylglqj ehwwhu dffhvv wr hohfwulflw|/ zh

pxvw �uvw eh deoh wr phdvxuh ixho sryhuw|/ dqg wr frpsduh wkh ohyho ri ixho sryhuw| ehwzhhq

wkrvh krxvhkrogv zlwk dqg zlwkrxw dffhvv +lghdoo|/ frqwuroolqj iru rwkhu yduldeohv ghwhuplqlqj

ixho sryhuw| vxfk dv lqfrph,1 Wklv lv qrw vwudljkwiruzdug1 Zkhq frpsdulqj ghsulydwlrq ru

sryhuw| ehwzhhq jurxsv/ dq dqdo|vw lv w|slfdoo| frqiurqwhg zlwk wkuhh gl!fxowlhv1 Iluvw/ wkh

dqdo|vw pxvw lghqwli| wkh krxvhkrogv zkr gr qrw phhw wkhlu edvlf qhhgv1 Lq wkh frqwh{w ri

hqhuj| ru ixho sryhuw|/ wklv fdq eh kdqgohg e| vxjjhvwlqj d plqlpxp hqhuj| frqvxpswlrq

wkuhvkrog dqg frqvlghulqj dv ixho srru wkrvh zkr gr qrw uhdfk wkh wkuhvkrog1 \hw vlqfh

wkhuh pd| eh d odfn ri frqvhqvxv rq wkh dssursuldwh wkuhvkrog/ wkh dqdo|vw pd| zdqw wr

whvw iru wkh urexvwqhvv ri wkh frpsdulvrqv wr wkh fkrlfh ri wkh wkuhvkrog1 Vhfrqg/ wkh

dqdo|vw pxvw djjuhjdwh wkh lqirupdwlrq rq ghsulydwlrq dw wkh krxvhkrog ohyho wr rewdlq dq

ryhudoo ghsulydwlrq phdvxuh iru wkh srsxodwlrq jurxs1 Wklv fdq eh grqh e| xvlqj dq lqgh{ ri

ghsulydwlrq ru sryhuw|/ vxfk dv wkh khdgfrxqw lqgh{/ wkh sryhuw| jds/ ru wkh vtxduhg sryhuw|
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jds1 Krzhyhu/ wkhuh duh pdq| pruh lqglfhv ri sryhuw| zklfk duh ehlqj xvhg lq wkh olwhudwxuh/

dqg d fkdqjh iurp rqh sryhuw| lqgh{ wr dqrwkhu pd| ohdg wr gl�huhqw uhvxowv1 Ilqdoo|/ wkh

dqdo|vw lv frqiurqwhg wr d frpsdulvrq sureohp= krz wr frpsduh wkh hqhuj| frqvxpswlrq ri

krxvhkrogv ri gl�huhqw vl}hvB Wkh xvxdo zd| ri wdfnolqj wklv wklug sureohp lv wr fkrvh dq

htxlydohqfh vfdoh wr wudqvirup wkh krxvhkrog hqhuj| frqvxpswlrq lqwr dq htxlydohqw hqhuj|

frqvxpswlrq iru d krxvhkrog ri rqh shuvrq1 Wkh htxlydohqfh vfdoh xvxdoo| wdnhv lqwr dffrxqw

wzr idfwruv1 Iluvw/ d odujhu krxvhkrog zloo qhhg pruh hqhuj| wkdq d vpdoohu rqh wr dfklhyh wkh

vdph ohyho ri frpiruw1 Vhfrqg/ wkhuh pd| eh odujh hfrqrplhv ri vfdoh lq hqhuj| frqvxpswlrq

zlwklq wkh krxvhkrog1 Xqiruwxqdwho|/ khuh dv zhoo/ wkh dqdo|vw pd| idfh d odfn ri frqvhqvxv

rq wkh dssursuldwh htxlydohqfh vfdoh wr xvh/ dqg d fkdqjh lq htxlydohqfh vfdoh pd| zhoo ohdg

wr gl�huhqw uhvxowv ru ixho sryhuw| frpsdulvrqv1

Wr dyrlg wkh wzr �uvw sureohpv/ wkh dqdo|vw pd| frqfhqwudwh khu dwwhqwlrq rq rughulqjv

udwkhu wkdq fduglqdo frpsdulvrqv ehwzhhq jurxsv e| xvlqj vwrfkdvwlf grplqdqfh frqglwlrqv

wkdw duh dydlodeoh lq wkh sryhuw| olwhudwxuh +Dwnlqvrq +4<;:,/ Irvwhu dqg Vkruurfnv +4<;;/d/e

dqg f,/ Mhqnlqv dqg Odpehuw +4<<:/ 4<<;d dqg e, dqg ]khqj +4<<<,,1 Krzhyhu/ vlqfh

wkrvh vwrfkdvwlf grplqdqfh frqglwlrq zloo eh dssolhg wr htxlydohqw hqhuj| frqvxpswlrq/

wkh dssursuldwh fkrlfh iru wkh htxlydohqfh vfdoh zloo vwloo eh dq lvvxh1 Wkh dssurdfk lq

wkh olwhudwxuh wr dyrlg wklv wklug sureohp lv wr uho| rq wkh vhtxhqwldo vwrfkdvwlf grplqdqfh

whfkqltxhv �uvw sursrvhg e| Dwnlqvrq dqg Erxujxljqrq +4<;7, iru zhoiduh phdvxuhphqw/

dqg odwhu dgdswhg iru sryhuw| phdvxuhphqw e| Dwnlqvrq +4<<5,1 Wklv dssurdfk hqdeohv wkh

dqdo|vw wr pdnh frpsdulvrqv wkdw zloo eh urexvw wr d fkdqjh ri ghsulydwlrq wkuhvkrog +sryhuw|

olqh,/ ghsulydwlrq lqgh{ +sryhuw| phdvxuh,/ ru htxlydohqfh vfdoh1 Dwnlqvrq*v uhvxowv zhuh

h{whqghg e| Mhqnlqv dqg Odpehuw +4<<6, wr doorz frpsdulvrqv ri srsxodwlrqv zlwk gl�huhqw

ghprjudsklf vwuxfwxuhv1 Fkdped} dqg Pdxulq +4<<;, sursrvhg d vhfrqg ghjuhh vhtxhqwldo
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vwrfkdvwlf grplqdqfh frqglwlrq zklfk h{whqgv wkh udqnlqj srzhu ri wkh phwkrg dw wkh frvw ri

pruh vwulqjhqw phdvxuhphqw dvvxpswlrqv1 Ilqdoo|/ Gxforv dqg Pdnglvvl +4<<<, jhqhudol}hg

wkrvh uhvxowv wr dq| rughu ri grplqdqfh/ hdfk rughu ehlqj dvvrfldwhg zlwk phdvxuhphqw

dvvxpswlrqv1 Wkh| dovr sursrvhg wr uhyhuvh wkh zd| wr orrn dw wkh sureohp1 Lqvwhdg ri

pdnlqj d sulrul phdvxuhphqw dvvxpswlrqv dqg wkhq fkhfnlqj li d urexvw frpsdulvrq fdq

eh pdgh/ wkh| vhdufk iru fulwlfdo vhwv ri phdvxuhphqw dvvxpswlrqv wkdw duh frkhuhqw zlwk d

jlyhq sryhuw| frpsdulvrq1

Lq wklv sdshu/ zh xvh Gxforv dqg Pdnglvvl*v phwkrg wr dqdo|}h ixho sryhuw| lq Jxdwhpdod1

Dv phqwlrqhg hduolhu/ frqvlghulqj ixho sryhuw| udwkhu wkdq wkh pruh wudglwlrqdo frqfhsw ri

lqfrph sryhuw| lqwurgxfhv d zkroh vhw ri lqwhuhvwlqj lvvxhv uhjduglqj wkh frqvxpswlrq ri

ydulrxv ixhov e| krxvhkrogv zkr pd| qrw doo kdyh dffhvv wr wkh vdph hqhuj| vrxufhv/ wkh

uhodwlyh h!flhqf| ri wkh ydulrxv ixhov xvhg e| krxvhkrogv/ dqg wkh h{whqw wr zklfk krxvhkrogv

ehqh�wv iurp hfrqrplhv ri vfdoh1 Vhfwlrq 5 suhvhqwv rxu phwkrgrorj| iru lpsohphqwlqj

vhtxhqwldo vwrfkdvwlf grplqdqfh whvwv dqg iru phdvxulqj wkh ohyho ri hqhuj| frqvxpswlrq ri

krxvhkrogv xvlqj gl�huhqw ixhov1 Vhfwlrq 6 surylghv rxu hpslulfdo uhvxowv/ zkhuh zh frpsduh

ixho sryhuw| dprqj krxvhkrogv zlwk dqg zlwkrxw dffhvv wr hohfwulflw|/ dqg zh dvvhvv zkhwkhu

dffhvv wr hohfwulflw| iru wkrvh zkr gr qrw kdyh dffhvv fxuuhqwo| zrxog vx!fh wr holplqdwh wkh

revhuyhg gl�huhqfh lq ixho sryhuw| ehwzhhq wkh wzr jurxsv ri krxvhkrogv1 D eulhi frqfoxvlrq

iroorzv1
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51 Phwkrgrorj|

514 Ghsulydwlrq lqglfhv dqg htxlydohqfh vfdohv

Lq rughu wr xvh vhtxhqwldo vwrfkdvwlf grplqdqfh whfkqltxhv iru ruglqdo ixho sryhuw| frpsdu0

lvrqv ehwzhhq krxvhkrogv jurxsv/ zh pxvw pdnh vrph plqlpdo dvvxpswlrqv rq wkh vwuxfwxuh

ri hqhuj| qhhgv dqg wkh ghsulydwlrq ixqfwlrq ru sryhuw| lqgh{1 Ohw _& E%� uhsuhvhqwv wkh hq0

huj| ghsulydwlrq ri krxvhkrogv ri & phpehuv zlwk dq hqhuj| frqvxpswlrq ri %1 Zh dvvxph

wkdw wklv ixqfwlrq lv qrq qhjdwlyh iru doo krxvhkrogv dqg }hur iru krxvhkrogv zlwk hqhuj|

frqvxpswlrq kljkhu wkdq wkh ghsulydwlrq wkuhvkrog 5&1 Zh dovr dvvxph wkdw wkh ghsulyd0

wlrq lqgh{ lv dgglwlyh1 Wklv dvvxpswlrq vlpso| phdqv wkdw wkh wrwdo ghsulydwlrq iru d jlyhq

srsxodwlrq lv wkh vxp ri wkh ghsulydwlrq iru wkh krxvhkrogv lq wkdw srsxodwlrq1

Lq whupv ri wkh vwuxfwxuh ri hqhuj| qhhgv/ zh dvvxph wkdw wkh hqhuj| ghsulydwlrq wkuhvk0

rogv +l1h1/ wkh ixho sryhuw| olqhv, duh vxfk wkdw wkh wkuhvkrog iru krxvhkrogv ri d jlyhq vl}h

fdqqrw eh kljkhu wkdq wkh wkuhvkrogv iru odujhu krxvhkrogv1 Wklv lv hdv| wr dffhsw li zh

eholhyh wkdw odujhu krxvhkrogv qhhg pruh hqhuj| wr dfklhyh wkh vdph ohyho ri hqhuj| frpiruw

wkdq vpdoohu krxvhkrogv1 Pruh suhflvho|/ zkhq pdnlqj d sryhuw| frpsdulvrq/ zh dvvxph

wkdw iru krxvhkrogv ri lqglylgxdov wkhuh h{lvwv d vxevhw ri htxlydohqfh vfdohv
k
�c6n

&

l
xq0

ghu zklfk wkh ixho sryhuw| frpsdulvrq krogv/ zlwk 6n

& ' 5n& *5
n

� / zkhuh 5
n

& dqg 5n� duh wkh

pd{lpxp dgplvvleoh hqhuj| ghsulydwlrq wkuhvkrogv iru krxvhkrogv ri vl}h & dqg rqh1 Iru

h{dpsoh/ li wkhuh duh qr hfrqrplhv ri vfdoh/ wkh pd{lpxp ghsulydwlrq wkuhvkrog iru krxvh0

krogv zlwk � phpehuv lv wkuhh wlphv wkh pd{lpxp wkuhvkrog iru krxvhkrogv ri vl}h rqh/ vr

wkdw 6n

� ' � ' 5n� *5
n

� 1 Lq wkh hpslulfdo zrun/ zh zloo zrun zlwk S gl�huhqw krxvhkrog vl}hv

�/ 2/ �/ e/ D dqg S ru pruh1

Lq wkh sryhuw| olwhudwxuh/ lw lv vwdqgdug wr zrun zlwk fodvvhv ri sryhuw| lqglfhv1 Wkhvh
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fodvvhv duh xvhg wr lpsrvh d vwuxfwxuh rq wkh ghsulydwlrq ixqfwlrq _& E%�/ dqg wkh| duh ghqrwhg

e| {r/ r ' �c 2c �c ���zkhuh r uhsuhvhqwv wkh rughu ri vwrfkdvwlf grplqdqfh/ hdfk ri zklfk kdv

vshfl�f qrupdwlyh dvvxpswlrqv zklfk duh glvfxvvhg ehorz1 Irupdoo|/ wkh dvvxpswlrq zh

lpsrvh rq wkh ghsulydwlrq ixqfwlrqv duh=

E����
_�_S E%�

_%�
� E����

_�_D E%�

_%�
� ��� � E����

_�_� E%�

_%�
� f iru doo � 5 i�c 2c ���c rj +4,

Iru r ' �/ wklv dvvxpswlrq lpsolhv wkdw dq lqfuhdvh lq krxvhkrog hqhuj| frqvxpswlrq %

uhgxfhv hqhuj| ghsulydwlrq/ zkdwhyhu wkh krxvhkrog w|sh wr zklfk wklv lqfuhdvhg hqhuj|

frqvxpswlrq dffuxhv1 Lw dovr vd|v wkdw/ iru d jlyhq ohyho ri hqhuj| frqvxpswlrq %/ wkh

srwhqwldo iru vxfk ghsulydwlrq uhgxfwlrq lv juhdwhu iru krxvhkrogv zlwk pruh phpehuv1 Iru

r ' 2/ wkh dvvxpswlrq vd|v wkdw wkh ghsulydwlrq lqglfhv uhvshfw wkh Sljrx0Gdowrq wudqvihu

sulqflsoh zklfk vwlsxodwhv wkdw d wudqvihu ri rqh xqlw ri hqhuj| wr d ghsulyhg krxvhkrog

iurp d ohvv ghsulyhg krxvhkrog ghfuhdvhv ixho sryhuw|/ dqg wklv h�hfw lv djdlq vwurqjhu iru

krxvhkrogv ri d odujhu vl}h1 Zkloh lq sudfwlfh lw lv xqolnho| wkdw dfwxdo hqhuj| frqvxpswlrq

xqlwv zloo eh wudqvihuuhg iurp vrph krxvhkrogv wr rwkhuv dv lv wkh fdvh iru lqfrph wkurxjk

wd{dwlrq dqg uhglvwulexwlrq/ lw lv hdv| wr lpdjlqh srolflhv vxfk dv fkdqjhv lq sulfhv zklfk

zloo d�hfw krxvhkrogv zlwk orz dqg kljk ohyhov ri hqhuj| frqvxpswlrq gl�huhqwo| lq sduw

ehfdxvh wkh| gr qrw xvh wkh vdph vrxufhv ri hqhuj|1 Iru r ' �/ wkh lqglfhv duh vhqvlwlyh

wr idyrudeoh frpsrvlwh wudqvihuv dqg wklv vhqvlwlylw| lv djdlq kljkhu iru odujhu krxvhkrogv1

Frpsrvlwh wudqvihuv duh vxfk wkdw d idyrudeoh Sljrx0Gdowrq wudqvihu zlwklq wkh orzhu sduw

ri wkh glvwulexwlrq/ dffrpsdqlhg e| d uhyhuvh Sljrx0Gdowrq wudqvihu zlwklq wkh kljkhu sduw

uhgxfhv sryhuw| li wkh yduldqfh ri wkh glvwulexwlrq kdv qrw lqfuhdvhg1 Wklv qrupdwlyh sulqflsoh

kdv ehhq lqwurgxfhg e| Nrop +4<:9, lqwr wkh lqhtxdolw| phdvxuhphqw olwhudwxuh/ dqg dgdswhg

e| Ndnzdql +4<;3, wr sryhuw| phdvxuhphqw1 D qrupdwlyh lqwhusuhwdwlrq ri r : � fdq eh

jlyhq xvlqj Ilvkexuq dqg Zloolj*v +4<;7, jhqhudol}hg wudqvihu sulqflsoh/ vwloo uhfdoolqj wkdw
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iru hyhu| rughu r/ rxu dvvxpswlrqv lpso| wkdw wkh uhgxfwlrq lq sryhuw| zloo eh juhdwhu iru

odujhu krxvhkrogv1

515 Vhtxhqwldo vwrfkdvwlf grplqdqfh

Lq rughu wr suhvhqw wkh orjlf ri vhtxhqwldo vwrfkdvwlf grplqdqfh frqglwlrqv/ zh pxvw lqwurgxfh

wkh frqfhsw ri F0Fxuyhv zkhuh F vwdqgv iru fxpxodwlyh1 Ohw 8.& E%� eh wkh fxpxodwlyh glv0

wulexwlrq ri hqhuj| frqvxpswlrq % iru krxvhkrogv ri & lqglylgxdov zlwk dffhvv wr hohfwulflw|1

Wkh glvwulexwlrq lv gh�qhg ryhu dq lqwhuydo dfc @o1 8�& E%� lv gh�qhg dqdorjrxvo| iru krxvh0

krogv ri & lqglylgxdov zlwkrxw dffhvv wr hohfwulflw|1 Ohw w.& uhsuhvhqw vxejurxs &*v srsxodwlrq

vkduh dprqj krxvhkrog zlwk hohfwulflw|1 Li (�

.& E%� ' 8.& E%� dqg (r
.& E%� '

U %
f
(r3�

.& E%� _%/

iru doo lqwhjhu r ' 2c �c ���/ Gxforv dqg Pdnglvvl +5333, vkrz wkdw ghsulydwlrq zloo eh orzhu

iru krxvhkrogv zlwk hohfwulflw| wkdq iru wkrvh zlwkrxw iru doo ghsulydwlrq lqglfhv ehorqjlqj

wr wkh fodvv {r li dqg rqo| li wkh iroorzlqj frqglwlrq lv uhvshfwhg=

�r
.& E%� � �r

�& E%� iru doo % � 5n& / iru doo & ' � wr S1 +5,

zlwk �r
.& E%� '

S
S

,'& w.,(
r
., E%� dqg �r

�& E%� gh�qhg dqdorjrxvo|1 Dowkrxjk wklv frqglwlrq

pd| vhhp frpsoh{/ lw lv hdv| wr whvw hpslulfdoo| ehfdxvh lw lqyroyhv rqo| fkhfnlqj iru qrq

lqwhuvhfwlrq ri wkh F0Fxuyhv �r
.& E%� dqg �

r
�& E%� xs wr d jlyhq pd{lpxp ghsulydwlrq wkuhvk0

rog 5n& zklfk lv vshfl�f wr hdfk krxvhkrog vl}h1 Dq dqdo|vw fdq vd| zlwk frq�ghqfh wkdw

wkhuh lv ohvv ixho sryhuw| dprqj krxvhkrogv zlwk dffhvv wr hohfwulflw| wkdq dprqj krxvhkrogv

zlwkrxw dffhvv li dqg rqo| li iru doo krxvhkrog vl}hv/ �r
.& E%� olhv hyhu|zkhuh xqghu �

r
�& E%�

xs wr wkh pd{lpxp dgplvvleoh hqhuj| ghsulydwlrq wkuhvkrogv 5n& 1

Wklv frqglwlrq lv ghslfwhg lq Iljxuh 4/ zkhuh zh frqvlghu rqo| wzr gl�huhqw krxvhkrog

vl}hv/ � dqg 21 Zh pxvw fkhfn �uvw li �r
.2 E%� olhv hyhu|zkhuh xqghu �r

�2
E%� xs wr wkh

pd{lpxp ghsulydwlrq wkuhvkrog 5n2 dqg wkhq fkhfn li �r
.� E%� olhv hyhu|zkhuh xqghu �

r
�& E%�

:



xs wr wkh pd{lpxp ghsulydwlrq wkuhvkrog 5n� 1 Lq wklv k|srwkhwlfdo h{dpsoh zlwk krxvhkrogv

ri rqo| wzr vl}hv/ ��

.2 E%� dqg ��

�2
E%� uhsuhvhqw uhvshfwlyho| wkh fxpxodwlyh glvwulexwlrqv

ri hqhuj| frqvxpswlrq iru wzr shuvrqv krxvhkrogv zkr kdyh dqg gr qrw kdyh dffhvv wr

hohfwulflw|1 Vlqfh ��

�2
E%� olhv hyhu|zkhuh deryh ��

.2 E%� xs wr 5n2 / zh fdq vd| wkdw dprqj

wzr shuvrqv krxvhkrogv/ wkrvh zlwkrxw dffhvv wr hohfwulflw| duh pruh olnho| wr eh ixho srru

wkdq wkrvh zlwk dffhvv xs wr wkh pd{lpxp dgplvvleoh ixho sryhuw| olqh iru krxvhkrogv ri

wzr shuvrqv1 Qh{w/ ��

.� E%� dqg ��

��
E%� uhsuhvhqw wkh fxpxodwlyh glvwulexwlrqv ri hqhuj|

frqvxpswlrq iru wkh hqwluh srsxodwlrq zlwk dqg zlwkrxw dffhvv wr hohfwulflw|1 Hdfk ri wkhvh

wzr fxuyhv lv wkh zhljkwhg vxp ri wkh fxpxodwlyh glvwulexwlrqv ri hqhuj| frqvxpswlrq iru

wzr shuvrqv krxvhkrogv dqg iru vlqjohv lq wkh uhvshfwlyh vdpsohv +zlwk dqg zlwkrxw dffhvv

wr hohfwulflw|,1 Wkh zhljwkv duh wkh srsxodwlrq vkduhv e| krxvhkrog vl}h1 Lq d pruh jhqhudo

fdvh/ ��

.& E%� dqg �
�

�& E%� zrxog uhsuhvhqw wkh zhljkwhg vxpv ri wkh fxpxodwlyh glvwulexwlrqv

ri hqhuj| frqvxpswlrq iru krxvhkrogv odujhu wkdq &1 Lq wkh h{dpsoh lq Iljxuh 4/ ��

�2
E%�

olhv djdlq deryh ��

.2 E%� xs wr 5n� 1 Wkh idfw wkdw wkh wzr F0fxuyhv iru wkrvh zlwkrxw dffhvv

wr hohfwulflw| olh deryh wkh fxuyhv iru wkrvh zlwk dffhvv lpsolhv wkdw wkhuh lv ixho sryhuw|

grplqdqfh ri wkrvh zlwk dffhvv yhuvxv wkrvh zlwkrxw dffhvv/ dqg wkdw wklv grplqdqfh lv

urexvw wr wkh dvvxpswlrqv pdgh uhjduglqj wkh hqhuj| qhhgv ri krxvhkrogv ri gl�huhqw vl}hv1

Li wkh whvw ri �uvw rughu vhtxhqwldo vwrfkdvwlf grplqdqfh kdv idlohg +l1h1/ li wkh F0fxuyhv

lqwhuvhfw,/ zh fdqqrw lqihu d urexvw ghsulydwlrq rughulqj ryhu wkh vshfl�hg vhw ri ghsulydwlrq

lqglfhv dqg ghsulydwlrq wkuhvkrog xsshu erxqgv 5n& 1 Wr �qg d urexvw ghsulydwlrq rughulqj/

zh kdyh wkuhh rswlrqv1 Wkh �uvw rswlrq frqvlvwv lq lqfuhdvlqj wkh rughu ri vwrfkdvwlf grp0

lqdqfh xqwlo d ghsulydwlrq rughulqj ehfrphv urexvw ryhu doo ri wkh suh0vshfl�hg udqjhv ri

ghsulydwlrq wkuhvkrogv1 E| grlqj wklv/ zh duh zrunlqj rq wkh djjuhjdwlrq glphqvlrq ri wkh

sryhuw| frpsdulvrq sureohp e| uhvwulfwlqj wkh vhw ri dgplvvleoh ghsulydwlrq lqglfhv1 Wkh
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vhfrqg rswlrq lqihuv iru d jlyhq rughu v fulwlfdo erxqgv iru uhvwulfwhg lqwhuydov ri ghsulydwlrq

wkuhvkrogv iru vlqjoh shuvrqv zkloh pdlqwdlqlqj wkh lqlwldo udqjhv iru wkh udwlrv ri 5n& *5
n

�

zklfk fruuhvsrqg wr wkh dvvxpswlrqv iru wkh htxlydohqfh vfdohv1 E| uhvwulfwlqj wkh lqwhuydo

ri ghsulydwlrq wkuhvkrogv/ zh duh zrunlqj rq wkh lghqwl�fdwlrq sureohp phqwlrqhg lq wkh lq0

wurgxfwlrq1 Dv d wklug rswlrq/ zh fdq zrun rq wkh frpsdulvrq sureohp iru krxvhkrogv zlwk

gl�huhqw qhhgv e| fkdqjlqj wkh udwlrv 5n& *5
n

� +dqg wkhuhe| wkh dgplvvleoh htxlydohqfh vfdohv,

vr wkdw d ghsulydwlrq rughulqj ehfrphv urexvw iru d jlyhq xsshu erxqg hqhuj| wkuhvkrog 5n�

iru vlqjoh shrsoh dqg iru d suh0vshfl�hg rughu ri vwrfkdvwlf grplqdqfh r1

Lq wkh hpslulfdo zrun/ lq rughu wr lpsohphqw wkh wkuhh rswlrqv rxwolqhg deryh/ wkh nh|

vwhs frqvlvwv lq �qglqj wkh orzhvw ydoxhv ri jr&/ & ' �c 2c ��c S/ iru zklfk wkh F0fxuyhv lqwhuvhfw1

Wklv jlyhv xv d vhw ri xsshu ghsulydwlrq wkuhvkrog erxqgv wkdw pd| ru pd| qrw reh| wkh

dvvxpswlrqv pdgh rq wkh udqnlqjv ri wkh ghsulydwlrq wkuhvkrogv iru gl�huhqw krxvhkrog

vl}hv1 Wr hqvxuh wkdw 5n& � 5n&n�/ zh surfhhg e| lwhudwlrq/ �uvw gh�qlqj 5r
S
' jr

S
/ dqg

wkhq vhwwlqj wkh uhpdlqlqj 5r& dv 5r& ' 4�?
�
jr&c 5

r
&n�

�
/ iru & ' �c 2c ���cD1 Lqwhusuhwlqj 5r

�

dv wkh urexvw xsshu erxqg iru wkh ghsulydwlrq wkuhvkrog ri d vlqjoh shuvrq/ zh xvh wkh

hvwlpdwhg yhfwru 5r ' E5r
�
c 5r

2
c ���c 5r

S
� wr hvwlpdwh wkh vhwv ri htxlydohqfh vfdohv iru zklfk d

ghsulydwlrq rughulqj lv urexvw dw rughu r1 Wkh fulwlfdo vhw ri htxlydohqfh vfdohv lv jlyhq e|

6 E&� 5 d�c4�? E&c 5r&*5
r
�
�o1 Qrwh wkdw li 5n� lv wkh pd{lpxp ghsulydwlrq wkuhvkrog iru vlqjoh

shrsoh/ wkh urexvw vhw ri htxlydohqfh vfdohv fdq eh h{whqghg xvlqj
k
�c4�?

�
&c 5r&*5

n

�

�l
lqvwhdg

ri d�c4�? E&c 5r&*5
r
�
�o li 5n� 	 5r

�
1

516 Hqhuj| frqvxpswlrq

Lq rughu wr pdnh frpsdulvrqv ri ixho sryhuw| ru hqhuj| ghsulydwlrq/ zh �uvw qhhg wr gh�qh

hqhuj| frqvxpswlrq %1 Iroorzlqj Irvwhu hw do1 +5334,/ zh wdnh lqwr dffrxqw wkh txdolw| ru

<



h!flhqf| ri ydulrxv ixhov lq vr grlqj1 Xvlqj wkh 4<<;2<< Hqfxhvwd Qdflrqdo gh Lqjuhvrv |

Jdvwrv Idplolduhv iru Jxdwhpdod/ zh frqyhuw prqwko| krxvhkrog h{shqglwxuhv iru edwwhulhv/

fdqgohv/ hohfwulflw|/ ixhozrrg/ nhurvhqh dqg exwdqh jdv lqwr xqlwv ri h!flhqw hqhuj| dv iroorzv1

Ghqrwlqj e| ��� wkh sulfh sdlg e| krxvhkrog � shu nlorzdww0krxu ri hqhuj| rewdlqhg iurp ixho

� zlwk � ' �c2c ���c a / e| .�� wkh krxvhkrog h{shqglwxuhv iru wkdw ixho/ e| .8� wkh h!flhqf|

idfwru uh hfwlqj wkh txdolw| ri rqh nlorzdww0krxu ri ixho �/ dqg e| f�� wkh dprxqw ri hqhuj|

surylghg e| ixho � lq vwdqgdugl}hg h!flhqw nlorzdww0krxuv/ zh frpsxwh wkh wrwdo dprxqw ri

h!flhqw hqhuj| frqvxphg e| krxvhkrog �/ f�/ dv iroorzv=

f� '
a[

�'�

f�� '
a[

�'�

���

���*.8�

+6,

Li zh zhuh qrw wdnlqj lqwr dffrxqw hdfk ixho*v h!flhqf| idfwru/ zh zrxog frpsxwh d jurvv

ohyho ri hqhuj| frqvxpswlrq C� zklfk zrxog qrw dghtxdwho| uhsuhvhqw wkh hqhuj| frpiruw ri

krxvhkrogv=

C� '
a[

�'�

C�� '
a[

�'�

���

���

+7,

Wkh h!flhqf| idfwruv .8� duh h{suhvvhg lq uhodwlyh whupv/ zlwk wkh h!flhqf| ri hdfk ixho

frpsduhg wr wkdw ri hohfwulflw|1 Ehfdxvh hohfwulflw| lv wkh prvw h!flhqw ixho dw wkh krxvhkrog

ohyho/ doo h!flhqf| idfwruv duh ehorz rqh1 Wklv lpsolhv wkdw iru hdfk krxvhkrog/ C� lv odujhu

wkdq f�1 Lq wkh hpslulfdo vhfwlrq/ zh zloo frpsduh wkh uhvxowv ri ixho sryhuw| frpsdulvrqv

pdgh zlwk erwk C� dqg .� lq rughu wr vkrz wkh lpsruwdqfh ri wdnlqj h!flhqf| idfwruv

lqwr dffrxqw1 Dgglwlrqdoo|/ zh zloo vlpxodwh wkh lpsdfw ri surylglqj dffhvv wr hohfwulflw|

wr wkrvh krxvhkrogv zkr gr qrw fxuuhqwo| kdyh dffhvv1 Wr gr vr/ zh zloo xvh d uhvxow iurp

Irvwhu hw do1 +5334, vxjjhvwlqj wkdw dffhvv wr hohfwulflw| uhgxfhv wkh dyhudjh sulfh sdlg

e| krxvhkrogv shu h!flhqw nlorzdww0krxu ri hqhuj| e| 2.�. shufhqw1 Wklv hvwlpdwh zdv

rewdlqhg e| uhjuhvvlqj wkh orjdulwkp ri wkh sulfh sdlg shu h!flhqw nlorzdww0krxu djdlqvw d

odujh qxpehu ri lqghshqghqw yduldeohv lqfoxglqj dffhvv wr hohfwulflw|1 Dvvxplqj wkdw diwhu
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jhwwlqj dffhvv wr hohfwulflw|/ wkh krxvhkrogv zkr gr qrw fxuuhqwo| kdyh dffhvv nhhs wkhlu

h{shqglwxuhv iru hqhuj| frqvwdqw/ d uhgxfwlrq lq wkh sulfh shu h!flhqw nlorzdww0krxu ri 2.�.

shufhqw wudqvodwhv lqwr dq lqfuhdvh lq hqhuj| frqvxpswlrq ri wkh vdph dprxqw1 Xvlqj wkh

whfkqltxhv ri vhtxhqwldo vwrfkdvwlf grplqdqfh/ zh zloo frpsduh wkh qhz vlpxodwhg ohyho ri

h!flhqw hqhuj| frqvxpswlrq iru wkh krxvhkrogv suhylrxvo| zlwkrxw dffhvv wr hohfwulflw| wr

wkh dfwxdo ohyho ri frqvxpswlrq ri wkh krxvhkrogv zlwk dffhvv wrgd| lq rughu wr whvw zkhwkhu

surylglqj dffhvv dorqh zrxog holplqdwh wkh gl�huhqfhv lq ixho sryhuw| revhuyhg ehwzhhq wkh

wzr jurxsv1

61 Hpslulfdo Uhvxowv

Wdeoh 4 surylghv d ihz vxppdu| vwdwlvwlfv iru wkh krxvhkrogv zlwk dqg zlwkrxw dffhvv wr

hohfwulflw|1 Rq dyhudjh/ krxvhkrogv zlwk dffhvv wr hohfwulflw| kdyh d kljkhu ohyho ri h!flhqw

hqhuj| frqvxpswlrq wkdq krxvhkrogv zlwkrxw dffhvv1 Exw krxvhkrogv zlwkrxw dffhvv whqg

wr kdyh d odujhu ohyho ri jurvv hqhuj| frqvxpswlrq wkdq krxvhkrogv zlwk dffhvv/ zklfk xq0

ghuvfruhv wkh orzhu txdolw| ri wkh ixhov wkh| xvh/ lq odujh sduw gxh wr wkhlu odfn ri dffhvv

wr hohfwulflw|1 Iljxuhv 5 dqg 6 surylgh wkh ghqvlw| ixqfwlrqv iru/ uhvshfwlyho|/ wkh jurvv dqg

h!flhqw hqhuj| frqvxpswlrq ri wkh wzr jurxsv ri krxvhkrogv1

Lq Wdeoh 5/ zh xvh vhtxhqwldo vwrfkdvwlf grplqdqfh wr frpsduh ixho sryhuw| dprqj krxvh0

krogv zlwk dqg zlwkrxw dffhvv wr hohfwulflw| xvlqj jurvv hqhuj| frqvxpswlrq dv rxu phdvxuh

ri hqhuj| frqvxpswlrq1 Ghvslwh wkh idfw wkdw rq Iljxuh 5/ krxvhkrogv zlwkrxw dffhvv vhhp

wr kdyh kljkhu ohyhov ri jurvv hqhuj| frqvxpswlrq wkdq krxvhkrogv zlwk dffhvv/ zh �qg uh0

vwulfwhg grplqdqfh ri krxvhkrogv zlwk dffhvv ryhu krxvhkrogv zlwkrxw dffhvv/ dowkrxjk iru

yhu| orz wkuhvkrogv +wklv fruuhvsrqgv urxjko| lq Iljxuh 5 wr wkh ohiw sduw ri wkh Iljxuh zkhuh

wkh ghqvlw| ixqfwlrq iru krxvhkrogv zlwk dffhvv lv ehorz wkdw iru krxvhkrogv zlwkrxw dffhvv,1
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Wkh �uvw froxpq ri Wdeoh 5 surylghv wkh ydoxhv jr& xqghu zklfk �r
�& E%� olhv xqghu �

r
�& E%�

iru r ' �1 Wkh rwkhu froxpqv surylgh wkh ydoxhv iru kljkhu rughuv ri grplqdqfh1 Wr �qg

wkh kljkhvw jurvv hqhuj| ghsulydwlrq wkuhvkrog shu shuvrq iru zklfk krxvhkrogv zlwk dffhvv

grplqdwh krxvhkrogv zlwkrxw dffhvv dw dq| jlyhq rughu ri grplqdqfh/ zh pxvw glylgh wkh

ydoxhv surylghg lq Wdeoh 5 e| wkh qxpehu ri krxvhkrogv lq wkh fruuhvsrqglqj jurxsv1 Li zh

frqvlghu doo dgglwlyh sryhuw| phdvxuhv iru r ' � dqg doo htxlydohqfh vfdohv lq dfc &o/ zh pxvw

uhvwulfw wkh ghsulydwlrq wkuhvkrog iru d vlqjoh shuvrq wr olh ehwzhhq f dqg e�b +' 2D�H*S,

jurvv nzk shu |hdu/ vlqfh wkh elqglqj jr& lv iru krxvhkrogv ri S ru pruh lqglylgxdov1 Wklv lv

yhu| orz +wkh phdq jurvv hqhuj| frqvxpswlrq iru wkh wzr jurxsv ri krxvhkrogv lq Wdeoh 4 lv

deryh �2c Dff nzk,/ vr wkdw iru sudfwlfdo sxusrvhv/ zh fdq vd| wkdw wkhuh lv qr grplqdqfh1

Wdeoh 6/ zklfk ghdov zlwk qhw hqhuj| frqvxpswlrq/ surylghv d yhu| gl�huhqw slfwxuh1

Khuh/ krxvhkrogv zlwk dffhvv wr hohfwulflw| grplqdwh krxvhkrogv zlwkrxw dffhvv iru r : �1

Iru r ' �/ zlwkrxw uhvwulfwlrq rq wkh htxlydohqfh vfdohv/ wkh grplqdqfh ri krxvhkrogv zlwk

dffhvv uhpdlqv dv orqj dv wkh ghsulydwlrq wkuhvkrog iru d vlqjoh shuvrq olhv ehwzhhq f dqg

Dc f2S h!flhqw nlorzdww0krxu shu |hdu E' �ffD2*2�/ vlqfh wkh elqglqj jr& lv iru krxvhkrogv ri

2 phpehuv1 Wklv lv d kljk ohyho ri h!flhqw hqhuj| frqvxpswlrq1 Dv glvfxvvhg lq Irvwhu hw

do1 +5334,/ d uhdvrqdeoh ixho ghsulydwlrq wkuhvkrog zrxog eh durxqg 2c �Df nzk shu |hdu shu

krxvhkrog lq Jxdwhpdod1 Wklv fruuhvsrqgv wr wkh h!flhqw hqhuj| frqvxpswlrq ri krxvhkrogv

zkrvh wrwdo h{shqglwxuhv duh forvh wr wkh lqfrph sryhuw| olqh1 Lw dovr fruuhvsrqgv wr zkdw

orfdo h{shuwv dvvlplodwh dv edvlf hqhuj| qhhgv/ qdpho| wkh fdsdflw| iru krxvhkrogv wr uxq

wzr Sf zdww oljkw exoev dqg rqh 49 zdww udglr iru irxu krxuv hdfk gd|/ dqg wr xvh �yh

wzr0nlorjudp orjv ri ixhozrrg hdfk gd| iru frrnlqj1 Lq rwkhu zrugv/ zkhq wkh dssursuldwh

phdvxuh ri hqhuj| frqvxpswlrq lv xvhg wr dvvhvv zkhwkhu krxvhkrogv phhw wkhlu hqhuj| qhhgv/

zh �qg wkdw krxvhkrogv zlwk dffhvv wr hohfwulflw| grplqdwh krxvhkrogv zlwkrxw dffhvv1
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Zkdw zrxog kdsshq li dffhvv wr hohfwulflw| zhuh judqwhg wr doo krxvhkrogvB Zrxog wklv

hqdeoh wkh krxvhkrogv fxuuhqwo| zlwkrxw dffhvv wr fdwfk xs zlwk wkh krxvhkrogv zlwk dffhvvB

Dv phqwlrqhg lq vhfwlrq 5/ Irvwhu hw do1 +5334, hvwlpdwh wkdw dffhvv wr hohfwulflw| uhgxfhv

wkh sulfh sdlg shu h!flhqw nzk ri hqhuj| e| 2.�. shufhqw1 Li krxvhkrogv fxuuhqwo| zlwkrxw

dffhvv jdlq dffhvv/ dqg pdlqwdlq wkhlu ohyho ri h{shqglwxuhv wr lwv fxuuhqw ohyho/ wklv zrxog

wudqvodwh lq dq lqfuhdvh ri h!flhqw hqhuj| frqvxpswlrq ri 2.�. shufhqw iru wkhvh krxvhkrogv/

exw lw zrxog qrw eh vx!flhqw wr fdwfk xs zlwk wkh krxvhkrogv fxuuhqwo| zlwk dffhvv1 Dv

vkrzq lq Wdeoh 7/ wkhuh zrxog vwloo eh uhvwulfwhg grplqdqfh ri wkh krxvhkrogv fxuuhqwo| zlwk

dffhvv ryhu wkh rwkhu jurxs1 Wklv wlph krzhyhu/ iru r ' �/ wkh ghsulydwlrq wkuhvkrog iru

d vlqjoh shuvrq zrxog kdyh wr olh ehorz �c DSH h!flhqw nzk shu |hdu +' e.fe*�,/ vlqfh wkh

elqglqj jr& lv iru krxvhkrogv ri � phpehuv1 Zkloh wklv lv ehorz wkh ixho sryhuw| wkuhvkrog ri

2c �Df nzk vxjjhvwhg deryh/ lw dvvxphv wkdw wkhuh pd| eh qr hfrqrplhv ri vfdoh lq hqhuj|

frqvxpswlrq/ zklfk lv qrw uhdolvwlf1

Li zh djuhh wr uhvwulfw wkh vhw ri dgplvvleoh htxlydohqfh vfdohv/ dqg li iru wkh vdnh ri wkh

dujxphqw/ zh frqvlghu doo hqhuj| ghsulydwlrq wkuhvkrogv ehwzhhq f dqg 2�Df nzk shu |hdu/

wkhq Wdeoh 8 whoov xv wkdw wkh kljkhvw htxlydohqfh vfdoh wkdw zh frxog xvh zrxog eh vhw e|

krxvhkrogv zlwk wzr phpehuv/ zlwk wkh xsshu erxqg ��Hf ehlqj htxdo wr �H.e*2�Df1 Wr

lqwhusuhw wklv pd{lpxp/ zh fdq xvh 6 E?� ' ?0/ zklfk lv wkh htxlydohqfh vfdoh vxjjhvwhg

iru lqfrph lq Exkpdqq hw do1 +4<;;,1 Lq wklv irupxod/ 0 lv wkh hodvwlflw| ri wkh htxlydohqfh

vfdoh zlwk uhvshfw wr wkh qxpehu ri phpehuv lq wkh krxvhkrog1 Li 0 lv htxdo }hur/ hqhuj|

frqvxpswlrq lv d sxeolf jrrg zlwklq wkh krxvhkrog1 Dw wkh rwkhu h{wuhph/ li 0 lv htxdo wr rqh/

wkhuh duh qr hfrqrplhv ri vfdoh lq hqhuj| frqvxpswlrq1 Iru r ' �/ dqg iru hqhuj| ghsulydwlrq

wkuhvkrogv iru rqh lqglylgxdo ehwzhhq f dqg 2�Df nzk shu |hdu/ 0 pxvw olh ehwzhhq f dqg

f�HD +vlqfh 2f�HD ' ��Hf,1 Iru lqfrph sryhuw| phdvxuhphqw/ pdq| htxlydohqfh vfdohv xvhg
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lq dssolhg zrun duh orzhu +h1j1/ wkh RHFG sdudphwulf htxlydohqfh vfdoh 0 lv f�D,1 Vlqfh lw

lv uhdvrqdeoh wr dvvxph wkdw hfrqrplhv ri vfdoh duh odujhu iru hqhuj| frqvxpswlrq wkdq iru

lqfrph sryhuw|/ wkh ydoxhv vxjjhvwhg lq Wdeoh 8 lpso| wkdw lw uhpdlqv uhdvrqdeoh wr dvvxph

grplqdqfh ri krxvhkrogv zlwk dffhvv wr hohfwulflw| ryhu krxvhkrogv zlwkrxw dffhvv/ hyhq li lw

zhuh ihdvleoh wr surylgh dffhvv wr doo wkh krxvhkrogv fxuuhqwo| zlwkrxw dffhvv1 Wkxv/ zkloh

surylglqj dffhvv wr krxvhkrogv zlwkrxw dffhvv zrxog khos lq uhgxflqj wkh gl�huhqfhv lq ixho

sryhuw| ehwzhhq wkhvh krxvhkrogv dqg wkh krxvhkrogv fxuuhqwo| zlwk dffhvv/ lw zrxog qrw eh

vx!flhqw wr holplqdwh wkhvh gl�huhqfhv1

71 Frqfoxvlrq

Xvlqj uhfhqw dgydqfhv lq vhtxhqwldo vwrfkdvwlf grplqdqfh whfkqltxhv/ zh kdyh frpsduhg

lq wklv sdshu wkh h{whqw wr zklfk krxvhkrogv zlwkrxw dffhvv wr hohfwulflw| duh pruh olnho|

wr eh ixho srru wkdq krxvhkrogv zlwk dffhvv wr hohfwulflw|1 Zkloh vlpsoh frpsdulvrqv ri

ixho sryhuw| edvhg rq wkh xvh ri jurvv hqhuj| frqvxpswlrq vxjjhvw qr grplqdqfh iru doo

sudfwlfdo sxusrvhv/ frpsdulvrqv wdnlqj lqwr dffrxqw wkh uhodwlyh h!flhqf| ri wkh ydulrxv

ixhov xvhg e| krxvhkrogv fohduo| vxjjhvw wkdw krxvhkrogv zlwk dffhvv wr hohfwulflw| duh ehwwhu

r�1 Ehfdxvh hohfwulflw| whqgv wr eh fkhdshu wkdq rwkhu ixhov shu xqlw ri h!flhqw hqhuj|

frqvxpswlrq jhqhudwhg iru krxvhkrogv/ surylglqj xqlyhuvdo dffhvv wr hohfwulflw| zrxog jr

vrph zd| wrzdugv uhgxflqj ixho sryhuw| dprqj wkh krxvhkrogv fxuuhqwo| zlwkrxw dffhvv1

\hw wklv zrxog qrw eh vx!flhqw lq dqg e| lwvhoi wr hqdeoh wkhvh krxvhkrogv wr fdwfk xs zlwk

wkh krxvhkrogv fxuuhqwo| zlwk dffhvv1 Wklv lv ehfdxvh dsduw iurp dffhvv wr hohfwulflw|/ rwkhu

idfwruv d�hfw wkh delolw| ri krxvhkrogv wr phhw wkhlu hqhuj| qhhgv/ lqfoxglqj lqfrph zklfk

lv w|slfdoo| kljkhu dprqj krxvhkrogv zlwk dffhvv1
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Table 1: Energy consumption per year for households with and without access to electricity
Households with

access to electricity
Households without
access to electricity

Mean gross consumption (kwh) Gi 12682 18535
Mean efficient consumption (kwh) Ei 3804 2892
Source: Authors’ estimation using ENIGFAM 1998/99 for Guatemala.

Table 2: Critical zk
s for gross energy consumption (households with access dominate)

s = 1 s = 2 s = 3 s = 4
Z1

s 879 2194 2903 3663
Z2

s 917 2258 2959 3710
Z3

s 1998 2960 3562 4488
Z4

s 2160 3080 4143 5279
Z5

s 2329 3252 4403 5656
Z6

s 2518 3642 5108 6709
Source: Authors’ estimation using ENIGFAM 1998/99 for Guatemala.

Table 3: Critical zk
s for efficient energy consumption (households with access dominate)

s = 1 s = 2 s = 3 s = 4
Z1

s 10193 - - -
Z2

s 10052 - - -
Z3

s - - - -
Z4

s - - - -
Z5

s - - - -
Z6

s - - - -
Source: Authors’ estimation using ENIGFAM 1998/99 for Guatemala.

Table 4: Critical zk
s for efficient energy consumption under universal access to electricity

(households previously with access still dominate)
s = 1 S = 2 s = 3 s = 4

Z1
s 3888 35397 - -

Z2
s 3874 23719 - -

Z3
s 4704 - - -

Z4
s - - - -

Z5
s - - - -

Z6
s - - - -

Source: Authors’ estimation using ENIGFAM 1998/99 for Guatemala.

Table 5: Admissible equivalence scales for thresholds below 2150 kwh per year under universal
access (equivalence scales for which households previously with access still dominate)

s = 1 S = 2 s = 3 s = 4
m(2) [1,1.80] [1,2] [1,2] [1,2]
m(3) [1,1.80] [1,3] [1,3] [1,3]
m(4) [1,1.80] [1,4] [1,4] [1,4]
m(5) [1,1.80] [1,5] [1,5] [1,5]
m(6) [1,1.80] [1,6] [1,6] [1,6]
Source: Authors’ estimates using March 1999 EHPHM.





Figure 2: Density function for gross energy consumption
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