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Vlpxodwlrq ri hohfwulflw| vxsso| ri dq Dwodqwlf lvodqg e|
r�vkruh zlqg wxuelqhv dqg zdyh hqhuj| frqyhuwhuv dvvrfldwhg

zlwk d phglxp vfdoh orfdo hqhuj| vwrudjh
D1 Ededulw�/ K1 EhqKdphg2/ D1K1 Foìphqw�/ Y1 Ghexvvfkhuh2/

J1 Gxforv�/ E1 Pxowrq2/ J1 Urelq2
+4, OPI 0 +FQUV XPU98<;, Hfroh Fhqwudoh gh Qdqwhv IUDQFH

+5, VDWLH 0 +FQUV XPU;35<, Hfroh Qrupdoh Vxsìulhxuh gh Fdfkdq IUDQFH

4 Lqwurgxfwlrq
Pdulqh uhqhzdeoh olnh r�vkruh zlqg wxuelqhv dqg zdyh hqhuj| ghylfhv zloo frph wr wkh
pdunhw lq d qhdu ixwxuh lq Hxursh/ sxvkhg e| wkh frpplwphqw ri prvw ri wkhvh frxqwulhv
wr vxsso| d odujh sduw ri wkhlu hqhuj| e| uhqhzdeohv lq 53431 Iru vxfk lqwhuplwwhqw vrxufhv
wkh frxsolqj zlwk d orfdo hqhuj| vwrudjh lv riwhq qhfhvvdu| lq rughu wr uhjxodwh wkh hqhuj|
rxwsxw  rz1 Wklv lv d urxwlqh surfhgxuh zkhq rqh ghdov zlwk vpdoo vfdoh lqvwdoodwlrq ri d
ihz nZ lq lvrodwhg vlwhv1 Lw lv ohvv frpprq lq odujh vfdoh sodqwv ri gr}hqv ri PZ zklfk duh
prvw riwhq frqqhfwhg wr wkh jhqhudo qhwzrun dfwlqj wkhq dv d vwrudjh ri lq�qlwh fdsdflw|1

Lq wklv vwxg| zh kdyh hydoxdwhg e| qxphulfdo vlpxodwlrqv wkh ehqh�w ri frxsolqj d
phglxp vfdoh hohfwulf vwrudjh wr r�vkruh zlqg wxuelqhv dqg zdyh hqhuj| frqyhuwhuv/ wr
vxsso| wkh hohfwulflw| wr dq lvodqg frppxqlw|1 Wkh vlpxodwlrqv zhuh shuiruphg e| xvlqj
uhdo uhvrxufh gdwd +zlqg dqg zdyhv, ryhu d zkroh |hdu +4<<<, dqg dovr wkh uhfrughg gdwd ri
wkh hohfwulflw| ghpdqg ri wkh lvodqg frppxqlw|1

Zh v|vwhpdwlfdoo| ydulhg wkh vwrudjh fdsdflw|/ dqg wkh lqvwdoohg srzhu dw vhd/ frqvlghulqj
wkuhh fdvhv= r�vkruh zlqg rqo|/ zdyh hqhuj| rqo|/ ru d pl{hg vroxwlrq frpelqlqj wkhvh
wzr uhvrxufhv1 Iurp rxu uhvxowv zh frxog suhglfw wkh uhvxowlqj  x{ ri hohfwulflw| ehwzhhq
wkh lvodqg dqg wkh pdlqodqg1 Vr/ diwhu wklv fdvh vwxg|/ zh duh deoh wr vl}h wkh hqhuj|
vwrudjh ghshqglqj rq wkh hqhuj| pdqdjhphqw vwudwhj| fkrvhq e| wkh lvodqg frppxqlw|= vhoi0
vx!flhqf| zlwk uhjdug wr wkh xwlolw| qhwzrun/ ru edodqflqj wkh lqsxw dqg rxwsxw hohfwulflw|
 x{hv wr d fhuwdlq ohyho/ ghshqglqj rq hfrqrplf sdudphwhuv dv nZk sulfh/ ru dq| rwkhu
fkrlfh1

5 Wkh gdwd
Lq wklv vhfwlrq zh vkrz wkh gdwd xvhg iru wklv vwxg|= wkh hohfwulflw| ghpdqg ri wkh frppxqlw|
dqg uhdo uhvrxufh gdwd ryhu rqh ixoo |hdu +4<<<,1 Wkh| frqfhuq \hx lvodqg orfdwhg r� Iudqfh
zhvw frdvw/ qhdu Qdqwhv1

Wkh wrs sduw ri �jxuh 7 ghslfwv wkh hohfwulflw| ghpdqg doo ryhu wkh |hdu1 Derxw 8333
shuvrqv olyh khuh doo |hdu orqj/ dqg wkh lvodqg srsxodwlrq lqfuhdvhv gxulqj vxpphu krolgd|v1
Wkdw fdq h{sodlq zk|/ wkh hohfwulflw| ghpdqg lv dv lpsruwdqw lq vxpphu dqg lq Dsulo +Hdvwhu
krolgd|, dv lq zlqwhu +zkhq shrsoh qhhgv khdwlqj,1 Lq wklv vdpsoh/ wkh dyhudjh dqqxdo srzhu
ghpdqg lv derxw 7149 PZ dqg wkh shdn srzhu lv 441< PZ1 Wklv lvodqg lv frqqhfwhg wr wkh
pdlqodqg qhwzrun e| vxepdulqh fdeohv1

Wkh wrs �jxuh 4 vkrzv wkh zlqg vshhg uhfrughg dw 88 p khljkw1 Dv h{shfwhg/ wkh
yhorflw| ri wkh zlqg lv kljkhu lq dxwxpq dqg zlqwhu wkdq lq vxpphu1 Wkh |hdu dyhudjh
yhorflw| lv derxw 81;7 p2v dqg wkh pd{lpdo yhorflw| lv 5716 p2v1
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Phglxp dqg erwwrp �jxuhv 4 vkrz uhvshfwlyho| vljql�fdqw dpsolwxgh +Kv, dqg shulrg
+Wv, ri wkh zdyh folpdwh dw d srlqw ihz nlorphwhuv r�vkruh \hx lvodqg +gdwd surylghg e|
OQKH,1 Dv h{shfwhg/ zdyh shulrg dqg zdyh khljkw duh vpdoohu lq vxpphu1 Dv wkh zdyh
srzhu shu phwhu zlgwk fdq eh hvwlpdwhg e| = srzhu@3=8:�K2

v �W} nZ2p +zlwk W} @ Wv@4=5,/
wkh zdyh hqhujhwlf uhvrxufh lv qdwxudoo| vpdoohu lq vxpphu1 Wkh |hdu dyhudjh lqflghqw zdyh
srzhu lv derxw 581;nZ1 Iru wklv vlwh/ wkh suhydlolqj vhd vwdwh lv= Kv @ 4p / Wv @ 43v> wkh
fruuhvsrqglqj srzhu shu xqlw zlgwk ehlqj 71:8nZ2p1
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Iljxuh 4= Wlph hyroxwlrq ri zlqg yhorflw| +wrs,/ vljql�fdqw zdyh khljkw +plggoh, dqg vlj0
ql�fdqw zdyh shulrg +erwwrp,

6 R�vkruh hqhuj| jhqhudwruv
Zlqg dqg zdyh hqhuj| jhqhudwruv duh prghoohg e| vlpsoh edvlf prghov zklfk duh ghvfulehg
ehorz1

614 Wkh zlqg wxuelqh
Lq �jxuh 5 wkh vrolg olqh vkrzv wkh qrupdol}hg srzhu fxuyh ru d uhdo ghylfh +iurp wkh
pdqxidfwxuhu, dqg wkh gdvkhg olqh lv d vlpsol�hg olqhdu srzhu fxuyh xvhg lq wklv vwxg|1
Zkhq wkh zlqg yhorflw| lv orzhu wkdq 7p2v wkh wxuelqh lv frqvlghuhg wr eh vwrsshg dqg
wkh srzhu rxwsxw lv }hur1 Iru zlqg yhorflw| juhdwhu wkdq 58p2v/ wkh wxuelqh lv sxw lq
vxuylydo frqglwlrq dqg wkh srzhu lv dovr vhw wr }hur1 Iru yhorflw| ehwzhhq 48p2v dqg 58p2v/
wkh rxwsxw srzhu lv wkh udwhg srzhu ri wkh wxuelqh1 Lq wkh vlpxodwlrqv zh zrunhg zlwk d
qrupdol}hg srzhu fxuyh qrw zlwk d suhflvh w|sh ri wxuelqh/ lq rughu wr ydu| wkh lqvwdoohg
srzhu ri wkh yluwxdo r�vkruh sdun dv d sdudphwhu1 Zlwk wklv prgho ri zlqg hqhuj| ghylfh
dqg e| xvlqj zlqg gdwd ghslfwhg lq suhylrxv vhfwlrq/ d 43PZ zlqg idup surylghv 54185
JZk rq wklv vlwh1 Wkh suhglfwhg srzhu rxwsxw ryhu wkh |hdu lv vkrzq lq wkh plggoh fhoo ri
�jxuh 71
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Iljxuh 5= Zlqg wxuelqh qrupdol}hg srzhu
fxuyh
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Iljxuh 6= Wkh zdyh hqhuj| ghylfh pruqdo0
l}hg srzhu pdwul{1
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Iljxuh 7= +wrs, hohfwulflw| frpvxpswlrq> +plggoh, 43PZ r�vkruh zlqg idup surgxfwlrq>
+grzq, 43PZ zdyh idup surgxfwlrq1

615 Wkh zdyh hqhuj| ghylfh
Wkh zdyh hqhuj| ghylfh xvhg khuh lv d 583nZ yhuvlrq ri wkh VHDUHY  rdwlqj v|vwhp/
fxuuhqwo| xqghu ghyhorsphqw dw HFQ1 Olnh wkh zlqg wxuelqh srzhu fxuyh jlyhv wkh srzhu
rxwsxw iru d jlyhq zlqg yhorflw|/ wkh dyhudjh srzhu pdwul{ ri d zdyh hqhuj| ghylfh +vhh
Iljxuh 6, doorzv wr suhglfw srzhu rxwsxw iru hdfk vhd vwdwh fkdudfwhul}hg e| wzr yduldeohv=
+Kv> Wv,1 Sulpdu| zdyh hqhuj| rxwsxw ehlqj qdwxudoo|  xfwxdwlqj/ zh kdyh wr zrun khuh
zlwk dyhudjh ydoxhv1 Wkh dyhudjh srzhu rxwsxw lv jhqhudoo| orzhu wkdq wkh lqvwdoohg srzhu1
Wr uhgxfh wkh gl�huhqfh ehwzhhq dyhudjh srzhu dqg lqvwdoohg srzhu/ lw lv lqwhuhvwlqj wr
uhgxfh wkh odwwhu/ zklfk lq wxuq lqfuhdvhv wkh fdsdflw| idfwru1 Wkh pd{lpdo dyhudjh srzhu
wkdw wkh fxuuhqw ghylfh fdq surylgh lv derxw 31< wlphv wkh lqvwdoohg srzhu1 Iru wkh suhydlolqj
vhd vwdwh/ wkh qrupdol}hg dyhudjh srzhu rxwsxw lv derxw 316<1

Zlwk wklv prgho ri zdyh hqhuj| ghylfh dqg e| xvlqj zdyh gdwd ghslfwhg lq suhylrxv

6



sduw/ d 43PZ zdyh idup zrxog gholyhu 54175 JZk shu |hdu1 Wkh suhglfwhg srzhu rxwsxw
ryhu wkh |hdu lv vkrzq lq wkh erwwrp sduw ri wkh �jxuh 71

616 Wkh hohfwulflw| vwrudjh dqg wudqvplvvlrq olqhv prghov
Lq wklv vwxg|/ zh zhuh sulpdulo| lqwhuhvwhg e| wkh gl�huhqfh ehwzhhq wkh uhdo g|qdplfv ri
wlph grpdlq frqvxpswlrq fxuyhv dqg r�vkruh uhqhzdeoh hqhuj| surgxfwlrq1 Vr zh nhhs d
yhu| edvlf prghoolqj iru wkh wudqvplvvlrq dqg vwrudjh frpsrqhqwv1 Zh kdyh frqvlghuhg d
shuihfw hohfwulflw| vwrudjh prgho zlwk qr orvv lq lqsxw dqg rxwsxw1 Wklv hohfwulflw| vwrudjh
lv lqghhg xquhdolvwlf/ exw ehfdxvh rxu jrdo zdv rqo| wr frpsduh gl�huhqw frq�jxudwlrqv/ zh
frqvlghu wklv dvvxpswlrq dv ydolg1 Zh dovr vxssrvhg wkdw wudqvplvvlrq olqhv duh shuihfw +qr
hqhuj| orvv1

7 Uhvxowv
Wkuhh frq�jxudwlrqv zhuh frqvlghuhg iru wkh hohfwulflw| vxsso| ri wkh lvodqg= dq r�vkruh
zlqg idup/ d zdyh idup ru d pl{ ri wkrvh wzr vrxufhv1 Wkh lqvwdoohg srzhu ri hdfk rqh dqg
wkh vwrudjh fdsdflw| zhuh wkh pdlq sdudphwhuv ri wkh vwxg|1 Ohiw �jxuh 8 vkrzv wkh dprxqw
ri hqhuj| h{fkdqjhg |hduo| zlwk wkh pdlqodqg= wkh lvodqg frppxqlw| lpsruwv hqhuj| zkhq
wkh r�vkruh idupv fdqqrw surylgh hqrxjk hqhuj|/ dw wkh rssrvlwh zkhq wkh dprxqw ri
hqhuj| surgxfhg lv odujhu wkdq wkh ghpdqg/ wkh frppxqlw| vhoov +h{sruw, h{fhvv hqhuj| wr
wkh pdlqodqg1

Ohw xv �uvw frqvlghu d frq�jxudwlrq zlwk qr vwrudjh1
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Iljxuh 8= H{fkdqjh zlwk wkh pdlqodqg lq whup ri hqhuj| +ohiw slfwxuh, dqg lq whup ri qxpehu ri
krxuv +uljkw slfwxuh,1 vrolg olqhv = wkh frppxqlw| ex|> gdvkhg olqhv = wkh frppxqlw| vhoo

Zh revhuyh wkdw fxuyhv fruuhvsrqglqj wr frpelqhg vrxufhv idup dqg zdyh idup duh yhu|
forvh zkdwhyhu wkh lqvwdoohg srzhu1 Zkhuhdv lqsxw dqg rxwsxw hqhuj|  x{hv duh odujhu zlwk
zlqg jhqhudwruv/ wklv gl�huhqfh lqfuhdvlqj zlwk lqvwdoohg srzhu1 Zkdwhyhu wkh nlqg ri idup
xvhg/ wkh dprxqw ri vrog dqg erxjkw hqhuj| duh doprvw htxdo zkhq wkh lqvwdoohg srzhu lv
durxqg 4:PZ1 D 4:PZzdyh idup dqg d 4:PZzlqg idup surylgh uhvshfwlyho| 69174JZk
dqg 6918;JZk/ zklfk frlqflghv wr wkh hqhuj| frqvxphg |hduo| +6917JZk, e| wkh lvodqg
frppxqlw|1 Wklv �uvw uhvxow frq�upv wkdw lw lv qrw vhqvleoh wr vhhn vhoi0vx!flhqf| iurp
r�vkruh uhqhzdeohv zlwkrxw xvlqj dq lqwhuphgldwh hqhuj| vwrudjh1

Wkh uljkw sduw ri �jxuh 8 vkrzv wkh qxpehu ri krxuv zkhq wkh frppxqlw| vhoov dqg
ex|v hqhuj| wr wkh qhwzrun1 Wkh fxuyhv furvv durxqg dq lqvwdoohg srzhu ri 55PZ/ zklfk
lv d elw odujhu wkdq wkh suhylrxv ohyho ri htxdo  x{hv +4:PZ, iru zklfk hqhuj| lpsruwdwlrq
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gxudwlrq lv odujhu wkdq h{sruwdwlrq gxudwlrq1 Wklv lv d frqvhtxhqfh ri wkh gl�huhqfh lq wkh
g|qdplfv ri hohfwulflw| surgxfwlrq iurp r�vkruh vrxufhv dqg hohfwulflw| frqvxpswlrq1

Ohw xv qrz lqwurgxfh dq hohfwulflw| vwrudjh dqg ydu| lwv fdsdflw|1 Wkh dprxqw ri h{0
fkdqjhg hqhuj| zloo lqghhg ghfuhdvh zkhq lqfuhdvlqj wkh odwwhu/ dv vkrzq rq �jxuh 91 Iru
yhu| vpdoo fdsdflwlhv/ wkh zlqg idup fxuyh vorsh lv eljjhu wkdq wkh wzr rwkhuv/ exw zkhq
wkh fdsdflw| uhdfkhv 53PZk/ wkh h{fkdqjhv ri hqhuj| duh txlwh vlplodu zkdwhyhu wkh nlqg
ri idup lqvwdoohg1 Wkh dprxqw ri lpsruwhg hqhuj| zlwk frpelqhg zlqg dqg zdyh vrxufhv
dozd|v uhpdlqv vpdoohu wkdq wkh wzr rwkhuv lqglylgxdoo|/ dv h{shfwhg/ exw rqo| ri d ihz shu0
fhqw1 Wklv lv d frqvhtxhqfh ri wkh kljk fruuhodwlrq ehwzhhq r�vkruh zlqg dqg zdyh hqhuj|
uhvrxufhv1 Iru odujh vwrudjh fdsdflw|/ dprxqwv ri h{fkdqjhg hqhuj| ehfrph yhu| forvh doo
wrjhwkhu1 Zkdwhyhu wkh nlqg ri uhqhzdeoh idup xvhg lw vhhpv xquhdolvwlf wr rewdlq hohfwulfdo
vhoi0vx!flhqf| ri \hx Lvodqg/ zlwk d uhdvrqdeoh lqvwdoohg srzhu1 Zlwk d 53PZ idup/ wkh
vhoi0vx!flhqf| zrxog eh rewdlqhg zlwk :93PZk vwrudjh fdsdflw|1 Qhyhuwkhohvv lw lv hdv|
iru wkh frppxqlw| wr uhdfk d kljk ohyho ri dxwrqrp|= iru h{dpsoh zlwk d 55 PZ idup +l1h=
8 wlphv wkh dyhudjhg hohfwulfdo srzhu ghpdqg dqg wzlfh wkh shdn ghpdqg, dqg d 83PZk
vwrudjh fdsdflw| +htxlydohqw wr 45 krxuv ri dyhudjhg srzhu,/ wkh frppxqlw| zloo qhhg wr
ex| derxw 8JZk +l1h= 47( ri lwv |hduo| hohfwulfdo frqvxpswlrq ghpdqg, dqg zloo eh deoh
wr h{sruw wkuhh wlphv dv pxfk dv wklv dprxqw ri hqhuj| wr wkh pdlqodqg qhwzrun1
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Iljxuh 9= dqqxdo lpsruwhg dqg h{sruwhg hqhuj|  x{hv +ohjhqg vdph dv lq suhylrxv �j1,

8 Frqfoxvlrq
Lq wklv fdvh vwxg| zh kdyh vhhq wkdw wkh frpsohphqwdulw| ehwzhhq r�vkruh zlqg wxuelqh
dqg zdyh hqhuj| ghylfh lv vpdoo gxh wr wkh fruuhodwlrq ehwzhhq wkhvh vrxufhv1 Wkh ohyho ri
hqhuj| gholyhuhg dqqxdoo| duh yhu| vlplodu iru wkh vdph udwhg srzhu lqvwdoohg dw vhd1 Wklv
lv hqfrxudjlqj vlqfh wkh prgho ri zdyh hqhuj| srzhu pdwul{ xvhg khuh lv d yhu| suholplqdu|
yhuvlrq ri wkh ghylfh wkdw zh duh vwloo rswlpl}lqj1 D wklug vrodu vrxufh zrxog kdyh ehhq
zhofrph wr frsh zlwk wkh vxpphu ghpdqg gxh wr wrxulvw uxvk lq wklv duhd1 Vxfk d vwxg|
kdv ehhq xqghuwdnhq1

Lw dsshduv wkdw ixoo hohfwulfdo vhoi0vx!flhqf| iurp r�vkruh vrxufhv fdqqrw eh frqvlghuhg
dv d uhdvrqdeoh jrdo lq wkh fdvh ri \hx lvodqg1 Exw zh kdyh vkrzq wkdw d kljk ghjuhh
ri hqhujhwlf lqghshqghqfh frxog eh uhdfkhg e| dvvrfldwlqj wr wkh r�vkruh jhqhudwruv dq
hohfwulflw| vwrudjh ri uhdvrqdeoh fdsdflw| udqjh1 Zlwk vxfk d frq�jxudwlrq wkh udwlr ri
h{sruwhg ryhu lpsruwhg hohfwulflw| frxog udlvh xs wr �yh ru pruh1 Wklv vkrxog eh dffrxqwhg
iru lq dq hfrqrplf vwxg| wr eh fduulhg rxw qrz/ exw zklfk zdv eh|rqg wkh vfrsh ri wkh
suhvhqw vwxg|1

Dfnqrzohgjhphqw= Iuhqfk xwlolw| HGI +OQKH, dqgPhwhr0Iudqfh duh juhdwo| dfnqrzohgjhg
iru kdylqj surylghg wkh gdwd xvhg lq wklv vwxg| zklfk zdv vxssruwhg e| wkh Iuhqfk Djhqf| DGHPH1
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