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Fkdqjhphqw Rujdqlvdwlrqqho Eldlvì B Hylghqfh ã sduwlu g*xq sdqho
g*ìwdeolvvhphqwv eulwdqqltxhv hw iudqêdlv1

Gdqv fhw duwlfoh/ qrxv fkhufkrqv ã gìwhuplqhu vl ohv fkdqjhphqwv rujdqlvdwlrqqhov

hq frxuv vrqw rx qrq �eldlvìv� yhuv ohv txdol�fdwlrqv gh qlyhdx ìohyì1 Sdu fkdqjhphqwv

rujdqlvdwlrqqhov/ rq hqwhqg od gìfhqwudolvdwlrq gh o*dxwrulwì/ od uìgxfwlrq gx qrpeuh

gh qlyhdx{ klìudufkltxhv hw o*dffurlvvhphqw gh od ydulìwì ghv wåfkhv uìdolvìhv sdu ohv

djhqwv1 Qrxv xwlolvrqv soxvlhxuv vrxufhv gh grqqìhv gh sdqho uhodwlyhv dx{ ìwdolvvhphqwv

eulwdqqltxhv hw iudqêdlv1 Wurlv uìvxowdwv vrqw plv hq ìylghqfh = +l, oh fkdqjhphqw ru0

jdqlvdwlrqqho glplqxh od ghpdqgh gh wudydloohxuv qrq txdol�ìv gdqv ohv ghx{ sd|v >

+ll, oh fkdqjhphqw rujdqlvdwlrqqho hvw g*dxwdqw prlqv udslgh txh oh vdodluh uhodwli ghv

txdol�ìv hvw oh soxv ìohyì gdqv od uìjlrq rü vh vlwxh o*ìwdeolvvhphqw +wudgxlvdqw dlqvl

xqh sìqxulh uhodwlyh gh o*r�uh gh wudydlo txdol�ì, > +lll, oh fkdqjhphqw rujdqlvdwlrq0

qho dffurñw od surgxfwlylwì gdqv ohv ìwdeolvvhphqwv glvsrvdqw g*xqh sursruwlrq ìohyìh

gh pdlq0g*rhxyuh txdol�ìh1 Qrxv frqfoxrqv txh ohv fkdqjhphqwv rujdqlvdwlrqqhov hw

whfkqrorjltxhv dlqvl txh oh fdslwdo kxpdlq vrqw ghv dfwliv frpsoìphqwdluhv dx vhlq gh

o*hqwuhsulvh1 Oh gìyhorsshphqw ghv qrxyhoohv iruphv g*rujdqlvdwlrq gx wudydlo hvw dlqvl

vxvfhswleoh g*dyrlu mrxì xq u÷oh lpsruwdqw gdqv oh gìfolq gh od ghpdqgh gh wudydlo shx

txdol�ì gdqv ohv ìfrqrplhv gh o*RFGH1

Prwv foìv = fkdqjhphqw rujdqlvdwlrqqho 0 txdol�fdwlrqv 0 whfkqrorjlh 0 grqqìhv gh
sdqho

Vnloo Eldvhg Rujdql}dwlrqdo FkdqjhB Hylghqfh iurp d sdqho ri Eulwlvk
dqg Iuhqfk hvwdeolvkphqwv
Lq wklv sdshu zh lqyhvwljdwh hylghqfh iru wkh cvnloo eldv* ri rujdql}dwlrqdo fkdqjh +RF,1

Wkhvh lqfoxgh wkh ghfhqwudol}dwlrq ri dxwkrulw|/ ghod|hulqj ri pdqdjhuldo ixqfwlrqv dqg

lqfuhdvhg pxowl0wdvnlqj1 Zh xvh vhyhudo vrxufhv ri sdqho gdwd rq Eulwlvk dqg Iuhqfk

hvwdeolvkphqwv1 Wkuhh �qglqjv hphujh= +l, rujdql}dwlrqdo fkdqjh whqgv wr uhgxfh wkh

ghpdqg iru xqvnloohg zrunhuv lq erwk frxqwulhv> +ll, RF lv uhwdughg e| lqfuhdvhv lq

uhjlrqdo vnloo sulfh gl�huhqwldov +d phdvxuh ri wkh uhodwlyh vxsso| ri vnloo,> +lll, RF ohdgv

wr juhdwhu surgxfwlylw| lqfuhdvhv lq hvwdeolvkphqwv zlwk odujhu lqlwldo vnloo hqgrzphqwv1

Zh dujxh wkdw RF/ whfkqrorj| dqg kxpdq fdslwdo duh frpsohphqwdu| dvvhwv ri wkh

prghuq hqwhusulvh1 Wkh zlghvsuhdg lqwurgxfwlrq ri qhz rujdql}dwlrqdo irupv pd| eh

dq lpsruwdqw idfwru lq wkh ghfolqlqj ghpdqg iru ohvv vnloohg zrunhuv lq RHFG frxqwulhv1

Nh| zrugv= rujdql}dwlrqdo fkdqjh/ vnloov/ whfkqrorj|/ sdqho gdwd fkdqjh

MHO fodvvl�fdwlrq= O5/ M6/ R6
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41 Lqwurgxfwlrq

Iru vhyhudo ghfdghv qrz/ wkh rujdql}dwlrq ri zrun lqvlgh �upv kdv h{shulhqfhg

gudpdwlf fkdqjhv lq prvw lqgxvwuldol}hg frxqwulhv1 Jhqhudoo|/ wkhuh kdv ehhq d

wuhqg wrzdugv ohvv klhudufk| dqg pruh  h{leoh rujdql}dwlrqdo irupv1 Wklv pryh hq0

frpsdvvhv pruh dxwrqrp| dqg uhvsrqvlelolw| ehlqj dzdughg wr zrunhuv dqg wkhlu

shuiruplqj d zlghu udqjh ri wdvnv71 Dv srlqwhg rxw e| pdqdjhphqw vshfldolvwv/

rujdql}dwlrqdo fkdqjh kdv ohg wr pruh ghfhqwudol}dwlrq lq zrun rujdql}dwlrq1 Lw lv

jhqhudoo| eholhyhg wkdw wkhvh fkdqjhv uhtxluh d kljkhu ohyho ri kxpdq fdslwdo iurp

lqglylgxdo zrunhuv vlqfh wkh| qhhg wr ghdo h�hfwlyho| zlwk lqfuhdvhg xqfhuwdlqw|

dqg uhvsrqvlelolw|1 Dowkrxjk wkhuh duh d zhdowk ri fdvh vwxglhv rq rujdql}dwlrqdo

fkdqjh/ wkhuh lv olwwoh txdqwlwdwlyh hylghqfh dfurvv d eurdg udqjh ri hvwdeolvk0

phqwv1 Wkh pdlq sxusrvh ri wklv sdshu lv wr surylgh vrph hfrqrphwulf hylghqfh

rq zkdw zh whup cvnloo eldvhg rujdql}dwlrqdo fkdqjh* 0 wkh k|srwkhvlv wkdw prghuq

rujdql}dwlrqdo fkdqjhv duh frpsohphqwdu| zlwk vnloohg zrunhuv1 Wklv lpsolhv wkdw

rujdql}dwlrqdo fkdqjh zloo lqfuhdvh wkh ghpdqg iru vnloov zlwklq �upv> wkdw uhod0

wlyh vkruwdjhv ri kxpdq fdslwdo fdq uhwdug rujdql}dwlrqdo lqqrydwlrq dqg wkdw �up

surgxfwlylw| lv hqkdqfhg e| wkh frpelqdwlrq ri ghfhqwudol}dwlrq zlwk ghhshqlqj

kxpdq fdslwdo1

Wudglwlrqdoo| hfrqrplfv kdv whqghg wr wuhdw wkh lqwhuqdo rujdql}dwlrq ri wkh

�up dv d ceodfn er{*81 \hw uhfhqwo| wkhuh kdv ehhq dq xsvxujh ri lqwhuhvw lqwr

shhulqj lqwr wkh yrlg1 Wklv kdv dsshduhg lq vhyhudo uhodwhg olwhudwxuhv1 Prvw lq x0

hqwldoo|/ Plojurp dqg Urehuwv +4<<3, surylgh d v|vwhpdwlf wkhruhwlfdo wuhdwphqw

ri frpsohphqwdulw| lq rujdql}dwlrqv zklfk ohdgv wr wkh foxvwhulqj ri sudfwlfhv1

Rwkhu wkhrulvwv dujxh wkdw rujdql}dwlrqdo fkdqjh pd| eh dq lpsruwdqw gulylqj

irufh ehklqg wkh xsvnloolqj ri zlwklq0�up rffxsdwlrqdo vwuxfwxuh dqg ulvlqj zdjh

7Iru dq ryhuylhz rq zrun uhvwuxfwxulqj lq Hxursh vhh Hxurshdq Irxqgdwlrq +4<<;,1 Iru wkh
ghyhorshg frxqwulhv RHFG +4<<<, ru Fdurol +4<<<, kdyh vxuyh|v1 Iru txdqwlwdwlyh hylghqfh vhh
Rvwhupdq +4<<7, iru wkh XVD/ QXWHN +4<<<, lq wkh Qruglf frxqwulhv1

8Ri frxuvh wkh fodvvlfdo wudglwlrq ri vxfk glyhuvh hfrqrplvwv dv Dgdp Vplwk dqg Nduo Pdu{
sodfhg d juhdw hpskdvlv rq rujdql}dwlrqdo pdwwhuv1 Doiuhg Fkdqgohu uhylyhg lqwhuhvw lq wkh
4<93v1 Wkh fodvvlfdo wudglwlrq vxuylyhg lq wkh vrflrorj| ri rujdqlvdwlrqv/ dv zhoo dv lqvwlwxwlrqdo
dqg hyroxwlrqdu| hfrqrplfv1
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lqhtxdolw|91 Rqh vwuhdp ri zrun : dujxhv wkdw fxuuhqw fkdqjhv lq rujdql}dwlrq

ohdg wr vhjuhjdwhg htxloleuld lq zklfk vnloohg dqg xqvnloohg zrunhuv duh qr orqjhu

hpsor|hg lq wkh vdph �upv1 Khqfh/ �upv vnloo vwuxfwxuh whqgv wr ehfrph pruh

krprjhqrxv1 Dqrwkhu hpskdvl}hv wkdw qrw rqo| grhv rujdql}dwlrqdo fkdqjh ohdg

wr pruh krprjhqhlw| ri vnloov lqvlgh �upv/ exw wkdw lw dovr vkliwv ryhudoo ghpdqg

lq idyru ri vnloohg zrunhuv1 Wkxv grlqj/ lw frqwulexwhv wr zruvhq wkh hpsor|phqw

dqg zdjh survshfwv ri ohdvw vnloohg hpsor|hhv;1

Rq wkh hpslulfdo vlgh/ wkh vwlpxoxv kdv frph iurp lqyhvwljdwlrqv ri wkh h�hfwv

ri whfkqlfdo fkdqjh rq vnloov dqg surgxfwlylw|1 D krvw ri vwxglhv kdyh irxqg hyl0

ghqfh iru vnloo eldvhg whfkqlfdo fkdqjh/ dowkrxjk wkhuh lv �hufh dujxphqw ryhu wkh

h{whqw wr zklfk wkh ghfolqh lq wkh zdjh dqg hpsor|phqw survshfwv ri ohvv vnloohg

zrunhuv lv gxh wr uhfhqw dgydqfhv lq lqirupdwlrq whfkqrorjlhv +h1j1 Dxwru/ Ndw}

dqg Nuxhjhu +4<<;,,< Wkh lghd wkdw rujdql}dwlrqdo fkdqjh pljkw eh vnloo0eldvhg

kdv ehhq wdnhq xs odwho| lq wkh hpslulfdo olwhudwxuh1 Pdfklq dqg Ydq Uhhqhq

+4<<;, �qg hylghqfh ri frpsohphqwdulw| ehwzhhq whfkqlfdo fkdqjh dqg vnloov iru

vhyhq frxqwulhv/ exw dujxh wkdw whfkqrorj| dffrxqwv iru d vpdoohu iudfwlrq ri wkh

fkdqjhv lq wkh vnloo vwuxfwxuh lq wkh wzr frxqwulhv zlwk wkh idvwhvw jurzwk ri

zdjh lqhtxdolw| +Eulwdlq dqg wkh XV,1 Wkh| vshfxodwh wkdw udslg rujdql}dwlrqdo

fkdqjhv lq wkhvh frxqwulhv pd| eh uhvsrqvleoh iru wkh odujh uhvlgxdo1 Vlploduo|/

Gxqqh/ Kdowlzdqjhu dqg Wurvnh +4<<9, lq wkhlu ghwdlohg dqdo|vlv ri wkh fkdqjh lq

wkh vnloo vwuxfwxuh ri ryhu 44/333 XV sodqwv ryhu 48 |hduv/ frqfoxgh wkdw xqre0

vhuyhg idfwruv sod| d odujh uroh dqg �rqh odeho wr sxw rq wkh idfwruv jhqhudwlqj

wkhvh sdwwhuqv ri sodqw ohyho fkdqjhv lv rujdql}dwlrqdo fdslwdo� ^S175/ rxu lwdolfv`1

Djxluuhjdeluld dqg Dorqvr0Eruuhjr +4<<;, dovr hpskdvl}h wkh lpsruwdqfh ri ru0

jdql}dwlrqdo uhvwuxfwxulqj lq wkhlu dqdo|vlv ri vnloo eldvhg whfkqlfdo fkdqjh lq d

sdqho ri Vsdqlvk �upv1

D vhfrqg lpsruwdqw hpslulfdo olwhudwxuh uhodwhv wr wkh vr0fdoohg csurgxfwlylw|

sdudgr{*1 D frpprqo| flwhg uhdvrq iru wkh dssduhqw idloxuh ri kxjh lqyhvwphqwv

9Vhh Djklrq/ Fdurol dqg Jdufld0Shôdorvd +4<<<,1
:Vhh Nuhphu dqg Pdvnlq +4<<9,/ Dfhprjox +4<<<,/ Nudpdu}/ Oryloolhu dqg Shoh +4<<9,1
;Vhh Wkhvpdu dqg Wkrhqlj +4<<<,
<Rwkhu vwxglhv kdyh hpskdvl}hg wkh uroh ri wudgh dqg oderu pdunhw lqvwlwxwlrqv +vhh / Zrrg/

4<<9/ dqg GlQdugr/ Iruwlq dqg Ohplhx{/ 4<<9/ iru h{dpsohv ri wkhvh dowhuqdwlyh shuvshfwlyhv,1
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lq frpsxwhuv wr uhvxow lq vljql�fdqw lqfuhdvhv lq surgxfwlylw|43 lv wkdw frpsdqlhv

odfn wkh qhfhvvdu| rujdql}dwlrqdo vwuxfwxuhv wkdw idflolwdwh wkh lqwurgxfwlrq ri qhz

whfkqrorjlhv1 Zlwkrxw wkh rujdql}dwlrqdo dqg vnloov lqiudvwuxfwxuh/ whfkqrorj|

dorqh lv qrw hqrxjk1

Ghvslwh wkhvh frqmhfwxuhv/ wkhuh lv yhu| olwwoh hpslulfdo hylghqfh uhjduglqj wkh

ghwhuplqdqwv dqg frqvhtxhqfhv ri rujdql}dwlrqdo fkdqjh1 Wkh uhdvrq iru wklv odfn

ri dwwhqwlrq lv pdlqo| sudfwlfdo dv lw lv h{wuhpho| gl!fxow wr hpslulfdoo| sur{|

rujdql}dwlrqdo fkdqjh1 D ihz sdshuv dwwhpsw wr dqdo|}h fruuhodwlrq sdwwhuqv

ri �uhrujdql}hg� hqwhusulvhv sxwwlqj iruzdug d vhulhv ri frpprq ihdwxuhv vxfk

dv= vl}h/ surgxfw pdunhw frqglwlrqv/ txdolw| vwudwhj|/ whfkqlfdo lqwhqvlw|/ dqg

kxpdq uhvrxufh srolflhv441 Vrph rwkhuv kdyh dovr irfxvhg rq wkh frqvhtxhqfhv ri

rujdql}dwlrqdo fkdqjh iru surgxfwlylw|45 exw wkhuh kdyh ehhq yhu| ihz dwwhpswv

wr irfxv gluhfwo| rq vnloov1 Uhfhqw h{fhswlrqv duh Juhhqdq +4<<9d04<<9e, zkr

h{dplqhv Iuhqfk �upv dqg Euhvqdkdq/ Eu|qmroivvrq dqg Klww +4<<;, zkr h{dplqh

XV �upv1 Erwk sdshuv dujxh iru vrph frpsohphqwdulw| ehwzhhq whfkqlfdo fkdqjh/

rujdql}dwlrqdo fkdqjh dqg vnloov1 Xqiruwxqdwho| qhlwkhu sdshu kdv dffhvv wr gdwd

zkhuh lw lv srvvleoh wr iroorz wkh lpsdfw ri sdvw lqflghqwv ri rujdql}dwlrqdo fkdqjh

rq ixwxuh hpsor|phqw dqg surgxfwlylw| rxwfrphv ryhu d qxpehu ri |hduv1 Wklv

lv rqh ri wkh pdlq frqwulexwlrqv ri wkh fxuuhqw sdshu1

Wklv sdshu dlpv dw surylglqj hpslulfdo hylghqfh uhjduglqj wkh uhodwlrqvklsv

ehwzhhq rujdql}dwlrqdo fkdqjh dqg vnloov1 Zh dujxh wkdw wkh h{lvwhqfh ri frp0

sohphqwdulwlhv ehwzhhq rujdql}dwlrqdo fkdqjh dqg vnloov ohdgv wr wkuhh hpslulfdo

suhglfwlrqv=

41 Rujdql}dwlrqdo fkdqjh vkrxog eh iroorzhg e| d ghfolqlqj ghpdqg iru ohvv

vnloohg oderu

51 Idoov lq wkh uhodwlyh frvw ri vnloov vkrxog lqfuhdvh wkh suredelolw| ri rujdql0

}dwlrqdo fkdqjh

43Vhh Eu|qmroivvrq dqg \dqj/ 4<<9/ iru d uhfhqw vxuyh|1 Lw pd| eh wkdw wkh surgxfwlylw|
jurzwk ri wkh XV hfrqrp| lq wkh odvw ihz |hduv kdv uhvroyhg wkh sdudgr{/ dowkrxjk wkh mxu| lv
vwloo rxw1

44Rvwhupdq +4<<7, rq XV gdwd> Pdfklq dqg Zdgkzdql +4<<4, dqg Qlfnhoo dqg Qlfrolvwdv
+4<<9,/rq Eulwlvk gdwd> Juhhqdq dqg Jxhoohf +4<<7, dqg Frxwurw +4<<9, rq Iuhqfk gdwd1

45Vrph h{dpsohv duh Lfklqrzvnl/ Vkdz dqg Suhqqxvkl +4<<:,/ Erqlqj hw do +4<<;,/ Dvnhqd}|
+4<<;,1
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61 Rujdql}dwlrqdo fkdqjhv vkrxog kdyh d odujhu lpsdfw rq surgxfwlylw| lq zrun0

sodfhv zlwk kljkhu ohyhov ri vnloov

Zh whvw +dqg �qg vxssruw iru, hdfk ri wkhvh suhglfwlrqv lq rxu hfrqrphwulf

dqdo|vlv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv vrph wkhruhwlfdo frq0

vlghudwlrqv1 Vhfwlrq 6 rxwolqhv wkh hfrqrphwulf prgho1 Vhfwlrq 7 glvfxvvhv wkh

gdwd sd|lqj sduwlfxodu dwwhqwlrq wr krz zh phdvxuh rujdql}dwlrqdo fkdqjh1 Wkh

uhvxowv duh suhvhqwhg dqg glvfxvvhg lq Vhfwlrq 8 dqg vrph frqfoxglqj frpphqwv

duh r�huhg lq Vhfwlrq 91

51 Wkhruhwlfdo Frqvlghudwlrqv

Wkh lghd wkdw frpsohphqwdulwlhv lq rujdql}dwlrqv pd| jhqhudwh vrph foxvwhulqj

ri sudfwlfhv dqg vrph glvfrqwlqxlwlhv lq rujdql}dwlrqdo fkdqjh zdv �uvw irupdol}hg

e| Plojurp dqg Urehuwv +4<<3,1 Wkh| ghyhors d vlpsoh prgho edvhg rq vxshu0

prgxodulw| surshuwlhv ri wkh sur�w ixqfwlrq1 D qxpehu ri dfwlylwlhv fduulhg rxw

lqvlgh �upv duh dvvxphg wr eh frpsohphqwdu| lq wkh vhqvh wkdw grlqj pruh ri rqh

ri wkhp udlvhv wkh pdujlqdo uhwxuq lq whupv ri sur�w wr grlqj pruh ri wkh rwkhuv1

Plojurp dqg Urehuwv vkrz wkdw/ lq wklv frqwh{w/ iroorzlqj d fkdqjh lq sdudphwhuv

ydoxhv/ rqo| frruglqdwhg fkdqjhv lq doo yduldeohv zloo doorz �upv wr dfklhyh wkh

qhz rswlpdo rujdql}dwlrq1

Xvlqj wkh vdph irupdo iudphzrun/ Dwkh| dqg Vfkpxw}ohu +4<<8, exlog xs

d prgho ri �up*v fkrlfh ri whfkqrorjlfdo lqqrydwlrq1 Wkh| vkrz wkdw/ li �upv

rujdql}dwlrqdo  h{lelolw| lv frpsohphqwdu| wr wkh lpsohphqwdwlrq ri whfkqrorjlfdo

lqqrydwlrq/ dq| ghfuhdvh lq wkh frvw ri  h{lelolw| ru lq wkdw ri lqyhvwlqj lq uhvhdufk

fdsdelolwlhv +wkxv hqkdqflqj wkh uhwxuq wr lpsohphqwdwlrq, zloo lqgxfh �upv wr

vkliw wr d qhz htxloleulxp fkdudfwhul}hg e| pruh lpsohphqwdwlrq ri whfkqrorjlfdo

lqqrydwlrq/ pruh rujdql}dwlrqdo  h{lelolw| dqg d kljkhu surgxfwlylw|1 Plojurp

dqg Urehuwv +4<<8, h{whqg wkh dqdo|vlv wr wkh uroh ri vnloov dqg wudlqlqj1 Wkh

ohyho ri wudlqlqj ri wkh zrunirufh lv dvvxphg wr eh frpsohphqwdu| zlwk surgxfw

dqg surfhvv lqqrydwlrq1 Wklv lv/ lq wxuq/ frpsohphqwdu| zlwk htxlsphqw dqg

ghvljq  h{lelolw|/ rujdql}dwlrqdo fkdqjh gluhfwhg wrzdugv juhdwhu  h{lelolw| dqg
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qhz irupv ri kxpdq uhvrxufh pdqdjhphqw1 Dv d frqvhtxhqfh/ dq| ghfuhdvh lq

wkh frvw ri htxlsphqw dqg ghvljq  h{lelolw| lv olnho| wr eulqj derxw d fkdqjh lq

wkh foxvwhulqj ri sudfwlfhv fkdudfwhul}hg e| pruh lpsohphqwdwlrq ri surgxfw dqg

surfhvv lqqrydwlrq/ pruh  h{lelolw| lq rujdql}dwlrq dqg d kljkhu vnloo ohyho ri wkh

zrunirufh1

Vr/ dffruglqj wr wkh vxshuprgxodulw| olwhudwxuh vrph frpsohphqwdulwlhv gr

h{lvw ehwzhhq whfkqlfdo fkdqjh/ rujdql}dwlrqdo fkdqjh dqg vnloov1 D �uvw dwwhpsw

wr h{dplqh wkh frpsohphqwdulw| ehwzhhq vnloov dqg rujdql}dwlrqdo irupv lv wr eh

irxqg lq Nuhphu dqg Pdvnlq +4<<9, dqg Dfhprjox +4<<<,1 Erwk sdshuv dujxh

wkdw dv wkh vxsso| ri vnloov lqfuhdvhv lq wkh hfrqrp|/ wkh qdwxuh ri wkh pdwfk dw

zrun lqvlgh �upv fkdqjhv/ lqgxflqj d vkliw wrzdugv d juhdwhu krprjhqhlw| ri wkh

vnloo vwuxfwxuh1 Dfhprjox prghov dq hfrqrp| lq zklfk �upv fkrrvh wkhlu fdslwdo

vwrfn ehiruh klulqj zrunhuv dqg zkhuh wkh pdwfklqj whfkqrorj| lv udqgrp1 Zkhq

wkh uhodwlyh vxsso| ri vnloohg zrunhuv lv orz/ wkh suredelolw| ri phhwlqj rqh ri wkhp

lv orz wrr/ vr wkdw doo �upv fkrrvh wkh vdph ohyho ri fdslwdo dqg hpsor| doo w|shv

ri zrunhuv= wkh hfrqrp| lv lq d srrolqj htxloleulxp1 Dv vnloohg oderu ehfrphv

pruh dexqgdqw wkh suredelolw| ri phhwlqj rqh ri wkhp jrhv xs dqg �upv fdq

d�rug wr �vshfldol}h�1 Wkh hfrqrp| pryhv wr d vhsdudwlqj htxloleulxp lq zklfk

�upv rshq hlwkhu kljk ru orz fdslwdo mrev dqg hpsor| rqo| vnloohg +uhvshfwlyho|

xqvnloohg, zrunhuv1 Dv d frqvhtxhqfh/ vnloo khwhurjhqhlw| ulvhv dfurvv �upv zkloh

vnloo krprjhqhlw| lqfuhdvhv lqvlgh hdfk ri wkhp1 Nuhphu dqg Pdvnlq +4<<9, glv0

sod| d vlplodu uhvxow dowkrxjk wkh pdwfk ri lqwhuhvw lv qr orqjhu ehwzhhq fdslwdo

dqg oderu exw ehwzhhq vnloohg dqg xqvnloohg zrunhuv gluhfwo|1 Lq wkhlu hfrqrp|/

surgxfwlrq uhtxluhv wzr wdvnv1 Wkhvh duh frpsohphqwdu| dqg xqhtxdoo| vhqvlwlyh

wr vnloov1 Dffruglqjo|/ erwk w|shv ri zrunhuv duh lpshuihfw vxevwlwxwhv lq erwk

wdvnv1 Zkhq vnloo glvshuvlrq dfurvv jurxsv lv orz/ vnloohg dqg xqvnloohg zrunhuv

duh hpsor|hg lq wkh vdph �upv= wkh dv|pphwu| ri wdvnv wkdw plolwdwhv lq idyru

ri furvv0pdwfklqj ryhuzhljkv wkh frpsohphqwdulw| wkdw plolwdwhv lq idyru ri dv0

vruwdwlyh pdwfklqj1 Dv kxpdq fdslwdo dffxpxodwhv dvvruwdwlyh pdwfklqj �qdoo|

grplqdwhv1 D vhsdudwlqj htxloleulxp wkxv suhydlov/ zklfk lv djdlq fkdudfwhul}hg

e| krprjhqhlw| ri vnloov lqvlgh �upv1

Dv wkh uhodwlyh vxsso| ri vnloov lqfuhdvhv lq wkh hfrqrp|/ wkh w|sh ri pdwfk

:



dw zrun lqvlgh �upv wkxv fkdqjhv/ ohdglqj wr d juhdwhu krprjhqhlw| ri vnloov1 Wr

wkh h{whqw wkdw wkh qdwxuh ri wkh pdwfk lv dq lqglfdwru ri �upv* rujdql}dwlrqdo

vwuxfwxuh/ wkhvh uhvxowv lpso| wkdw dq lqfuhdvh lq wkh vxsso| ri vnloohg zrunhuv

lqgxfhv vrph rujdql}dwlrqdo fkdqjh zklfk ohdgv/ lq wxuq/ wr d juhdwhu krprjhqhlw|

ri �upv* vnloo vwuxfwxuh1 Zrun pruh gluhfwo| irfxvhg rq rujdql}dwlrqdo fkdqjh

frq�up wkdw wkh frpsohphqwdulw| ehwzhhq vnloov dqg fkdqjhv lq rujdql}dwlrq wdnhv

wkh irup ri d wzr0gluhfwlrq uhodwlrqvkls1

Iluvw/ dq lqfuhdvh lq wkh vxsso| ri vnloov lq �upv* hqylurqphqw udlvhv wkh lq0

fhqwlyhv iru �upv wr uhrujdql}h1 Olqgehfn dqg Vqrzhu +4<<9, frqvlghu d pryh

iurp d �Wd|orulvwlf� rujdql}dwlrq lq zklfk hdfk zrunhu lv vshfldol}hg lq rqh wdvn

wr d �Krolvwlf� rujdql}dwlrq lq zklfk hdfk zrunhu sduwlflsdwhv lq wzr wdvnv1 Wkhuh

h{lvw erwk uhwxuqv wr vshfldol}dwlrq dqg uhwxuqv wr wdvn glyhuvl�fdwlrq1 Li whfkqr0

orjlfdo fkdqjh ru kxpdq fdslwdo dffxpxodwlrq pdnhv zrunhuv pruh  h{leoh/ doo

rwkhu wklqjv ehlqj htxdo/ uhwxuqv wr glyhuvl�fdwlrq lqfuhdvh/ wkxv hqkdqflqj rujd0

ql}dwlrqdo fkdqjh1 Fdurol hw do1 +4<<:, prgho d vlplodu lghd wkrxjk frqvlghulqj

h{solflwo| wkh lpsdfw ri d ulvlqj vxsso| ri vnloohg oderu lq wkh hfrqrp|1 Rujdql0

}dwlrqdo fkdqjh wdnhv wkh irup ri d vkliw iurp d fhqwudol}hg rujdql}dwlrq lq zklfk

hdfk zrunhu sduwlflsdwhv lq rqh vlqjoh wdvn/ wr d ghfhqwudol}hg rujdql}dwlrq fkdudf0

whul}hg e| wdvn glyhuvl�fdwlrq1 Wkh surgxfwlrq surfhvv uhtxluhv erwk frqfhswlrq

dfwlylwlhv/ lq zklfk vnloohg zrunhuv kdyh d frpsdudwlyh dgydqwdjh/ dqg h{hfxwlrq

dfwlylwlhv1 Zkhq vnloohg oderu lv vfdufh/ lq dffrugdqfh zlwk wkh ixoo h{sorlwdwlrq

ri frpsdudwlyh dgydqwdjhv/ doo �upv lq wkh hfrqrp| duh fhqwudol}hg/ zlwk vnloohg

zrunhuv doorfdwhg wr frqfhswlrq dfwlylwlhv dqg xqvnloohg zrunhuv doorfdwhg wr h{0

hfxwlrq dfwlylwlhv1 Dv wkh sursruwlrq ri vnloohg zrunhuv lqfuhdvhv lq wkh hfrqrp|/

lqlwldo frpsdudwlyh dgydqwdjhv duh ryhufrph e| ghfuhdvlqj uhwxuqv wr frqfhswlrq1

D ghfhqwudol}hg vhfwru wkxv ghyhorsv zkhuh vnloohg zrunhuv sduwlflsdwh erwk lq

frqfhswlrq dqg h{hfxwlrq dfwlylwlhv1 Rujdql}dwlrqdo fkdqjh lv dvvrfldwhg zlwk wkh

pryh wrzdugv ghfhqwudol}dwlrq1

D vhfrqg gluhfwlrq iru frpsohphqwdulw| lv vxjjhvwhg e| Wkhvpdu dqg Wkrhqlj

+4<<<,1 Rujdql}dwlrqdo fkdqjh zrxog udlvh wkh sursruwlrq ri vnloohg zrunhuv hp0

sor|hg lqvlgh �upv/ wkxv lqgxflqj vrph vhjuhjdwlrq lq wkh irup ri kljkhu krpr0

jhqhlw| ri �upv* vnloo vwuxfwxuh1 Lq wklv prgho/ rujdql}dwlrqdo fkdqjh lv gh�qhg

;



dv d pryh iurp d �phfkdqlvwlf� wr dq �rujdqlf� rujdql}dwlrq1 Lq wkh iruphu/ qhz

lqqrydwlrqv fdq eh lpsohphqwhg rqo| diwhu sd|phqw ri d vxqn frvw dqg surgxfwly0

lw| lv wkhq kljk1 Lq wkh odwwhu/ rq wkh frqwudu|/ qr vxqn frvw lv eruq e| �upv dqg

surgxfwlylw| lv orzhu1 Dv wkh uhodwlyh vxsso| ri vnloohg zrunhuv lqfuhdvhv lq wkh

hfrqrp|/ wkh U)G +vnloo0lqwhqvlyh, vhfwru h{sdqgv/ dffhohudwlqj wkh duulydo ri qhz

lqqrydwlrqv1 Fuhdwlyh ghvwuxfwlrq lv wkhq vshhghg xs zklfk fuhdwhv dq lqfhqwlyh

iru �upv wr vkliw wr dq rujdqlf rujdql}dwlrq lq zklfk qr �{hg frvw lv lqfxuuhg1 Dv

d frqvhtxhqfh/ wkh ydoxh ri lqqrydwlrq ulvhv dqg wkh U)G vhfwru ghyhorsv ixuwkhu

dw wkh h{shqvh ri surgxfwlrq dfwlylwlhv1 Ryhudoo/ wkh sursruwlrq ri vnloohg zrun0

huv hpsor|hg e| �upv jrhv xs dqg wkhlu vnloo vwuxfwxuh whqgv wr ehfrph pruh

krprjhqrxv1

Wkh hfrqrphwulf zrun fduulhg rxw lq wklv sdshu vhhnv wr h{dplqh vrph lpsolfd0

wlrqv ri wkhvh wkhrulhv1 Zh h{dplqh vnloo0vkduh htxdwlrqv +lv wkhuh vnloo xsjudglqj

iroorzlqj rujdql}dwlrqdo fkdqjhB,/ rujdql}dwlrqdo fkdqjh htxdwlrq +gr lqfuhdvhv

lq wkh uhodwlyh pdunhw sulfh ri vnloov d�hfw rujdql}dwlrqdo irupB, dqg surgxfwly0

lw| jurzwk +grhv rujdql}dwlrqdo fkdqjh frpelqhg zlwk vnloov kdyh d sduwlfxoduo|

vwurqj h�hfw rq surgxfwlylw|B,1

61 Hfrqrphwulf Prghoolqj Vwudwhj|

Zh kdyh frqvwuxfwhg wzr gdwdvhwv lq Eulwdlq dqg Iudqfh frpelqlqj lqirupdwlrq

rq lqglylgxdov* vnloo fkdudfwhulvwlfv dqg rq sodqw rujdql}dwlrq1 Wkh dgydqwdjh ri

xvlqj wzr frxqwulhv lv wkdw li dq| urexvw uhvxowv fdq eh jhqhudwhg lq erwk qdwlrqv

wkhq wkh| duh pruh olnho| wr dulvh iurp hfrqrplf ixqgdphqwdov wkdq iurp vshfl�f

lqvwlwxwlrqdo ihdwxuhv ru shfxoldulwlhv ri rqh gdwdvhw1

6141 Wkh ghpdqg iru vnloov dqg rujdql}dwlrqdo fkdqjh

Wr sxw wkhvh lvvxhv lq d pruh idploldu vhwwlqj zh fkrrvh d idluo| jhqhudo ghvfulswlrq

ri wkh �up*v ghflvlrq sureohp1 Frqvlghu d vkruw0uxq yduldeoh frvw +T �, ixqfwlrq

+vhh Eurzq dqg Fkulvwhqvhq/ 4<;4,1 Wkh �up zloo fkrrvh gl�huhqw yduldeoh idfwruv

wr plqlpl}h frvwv vxemhfw wr dq rxwsxw frqvwudlqw1 Zh dvvxph wkdw wkh rqo|

yduldeoh frvwv duh gl�huhqw w|shv ri oderu +lqgh{hg e| vnloo jurxs s,1 Zh dvvxph

wkdw wkhuh lv d idfwru/ g/ zklfk zloo eh ghqrwhg dv crujdql}dwlrqdo fdslwdo* +zh

<



glvfxvv wkh lqwurgxfwlrq ri rwkhu w|shv ri fdslwdo ehorz, dqg wkdw lw lv �{hg lq wkh

vkruw uxq +l1h1 zh zloo frqglwlrq rq wkh txdqwlwlhv ri fdslwdo lq wkh idfwru ghpdqg

htxdwlrqv,1 Lq rwkhu zrugv/ zh dvvxph wkdw wkhuh duh qr dgmxvwphqw frvwv iru oderu

ryhu wkh shulrg frqvlghuhg dqg gr qrw h{solflwo| prgho dq| dgmxvwphqw frvwv iru

fdslwdo461 Dssur{lpdwlqj wkh yduldeoh frvw ixqfwlrq dv d wudqvorj lpsolhv
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Zkhuh t @ rxwsxw dqg ` lv wkh zdjh udwh ri hdfk idfwru s�

Xvlqj Vkhskhug*v Ohppd jhqhudwhv d vhulhv ri s yduldeoh frvw vkduh htxdwlrqv

ri wkh idploldu irup=

7s ' qs n qss *?`s n
[

}cs �'}

qs} *?`} n qsg *?g n qst *?t +615,

Zkhuh 7s ' Y *?T �
Y *?`s

' zdjh eloo vkduh ri vnloo s 1 Wkh k|srwkhvlv wkdw d vnloo

jurxs lv frpsohphqwdu| zlwk crujdql}dwlrqdo fdslwdo* lv hvvhqwldoo| d whvw wkdw

qsg : f� Frqvwdqw uhwxuqv lpsolhv qsg ' �qst �

Wkhuh duh d odujh qxpehu ri hfrqrphwulf sureohpv zlwk hvwlpdwlqj htxdwlrq

+615,1 Iluvw/ xqrevhuyhg khwhurjhqhlw| lv olnho| wr eh d pdmru sureohp1 Iru wklv

uhdvrq zh hvwlpdwh wkh frvw vkduh htxdwlrqv lq +orqj, gl�huhqfhg irup wr uhpryh

wkh fruuhodwhg �{hg h�hfwv1

{7s ' qss{*?`s n
[

}cs �'}

qs}{*?`} n qsg{*?g n qst{*?t +616,

zkhuh { lv wkh orqj gl�huhqfh rshudwru1

46Wklv lv irufhg xsrq xv e| wkh gdwd dv zh gr qrw kdyh hqrxjk wlph vhulhv lq wkh sdqho wr
surshuo| wdfnoh wkh dgmxvwphqw g|qdplfv1
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Vhfrqgo|/ rujdql}dwlrq lv qrw wkh rqo| irup ri fdslwdo ri lq xhqfh rq frvw

vkduhv1 Whfkqrorjlfdo fkdqjh/ vxfk dv wkh lqwurgxfwlrq ri frpsxwhul}dwlrq E���� �

dqg rwkhu irupv ri lqirupdwlrq whfkqrorj| duh d sduwlfxodu frqfhuq1 g frxog eh

frqvlghuhg dv d yhfwru Eg�cg2c ���c � ri gl�huhqw txdvl0�{hg idfwruv1 Lq Eulwdlq zh

gr qrw kdyh jrrg phdvxuhv ri fkdqjhv lq rxwsxw ru wkh sk|vlfdo fdslwdo vwrfn vr zh

kdyh wr dvvxph wkdw diwhu wdnlqj rxw wkh �{hg h�hfwv dqg wlph gxpplhv wkhvh duh

sur{lhg e| fkdqjhv lq wrwdo hpsor|phqw dqg lqgxvwu| gxpplhv +U�(��1 Lq Iudqfh

zh phdvxuh �up ohyho fdslwdo dqg ydoxh dgghg1 Zh dovr frqvlghu rwkhu yduldeohv

+%, vxfk dv wkh hvwdeolvkphqw vl}h/ rzqhuvkls vwdwxv +sxeolf vhfwru/ iruhljq0rzqhg,/

xqlrq srzhu dqg ghpdqg frqglwlrqv471 Wklugo|/ zh kdyh wr dffhsw wkdw lghqwl�0

fdwlrq ri wkh zdjh h�hfwv pd| eh yhu| gl!fxow gxh wr wkh idfw wkdw pryhphqwv

lq zdjhv uh hfw qrw rqo| h{rjhqrxv pryhphqwv lq wkh sulfh ri oderu/ exw dovr

fkdqjhv lq wkh xqrevhuyhg +wr wkh hfrqrphwulfldq, txdolw| pl{ ri zrunhuv1 Wkxv

zh zloo hvwlpdwh htxdwlrqv erwk zlwk dqg zlwkrxw wkh uhjlrqdo zdjh whupv1 Zh

dovr frpsduh wkh zdjh eloo vkduh htxdwlrqv zlwk hpsor|phqw vkduh htxdwlrqv wr

fkhfn wkdw uhvxowv duh ehlqj gulyhq e| fkdqjhv lq wkh txdqwlwlhv udwkhu wkdq wkh

idfwru sulfhv1 D irxuwk sureohp lv wkdw fkdqjhv lq pdq| ri wkh yduldeohv dqg lq

sduwlfxodu rujdql}dwlrqdo dqg whfkqrorjlfdo fdslwdo duh qrw revhuyhg dv frqwlqxrxv

yduldeohv exw udwkhu dv txdolwdwlyh lqglfdwruv +��,1 Zh wuhdw wklv dv d phdvxuh0

phqw lvvxh +l1h1 RF@4 li wkhuh lv dq rujdql}dwlrqdo fkdqjh,/ exw ri frxuvh wkhuh lv

d ghhshu lvvxh ri zkhwkhu glvfuhwhqhvv lv lqkhuhqw wr wkhvh irupv ri cfdslwdo* zkhuh

pdujlqdo fkdqjhv duh qrw srvvleoh1

Iliwko|/ dqg shukdsv prvw lpsruwdqwo|/ RF lv olnho| wr eh hqgrjhqrxv481 Iru

h{dpsoh/ li wkh vnloo vwuxfwxuh dqg prghuq rujdql}dwlrqv duh frpsohphqwdu| wkhq

vkrfnv wr d sodqw*v vnloo vwuxfwxuh zloo lqfuhdvh wkh olnholkrrg ri RF1 Lw pd| dovr

eh wkdw d wklug idfwru +vxfk dv dq xqidyrudeoh ghpdqg vkrfn, lqgxfhv d �up wr

vlpxowdqhrxvo| od|0r� xqvnloohg zrunhuv dqg uh0rujdql}h wkh frpsdq|1 Wr wu| wr

plwljdwh wkhvh sureohpv zh irfxv rq xvlqj odjjhg ydoxhv ri rujdql}dwlrqdo fkdqjh1

Lq Eulwdlq zh kdyh lqirupdwlrq rq wkh fkdqjh lq vnloo vkduhv ehwzhhq 4<;7 dqg

4<<3 dqg zh uhjuhvv wkhvh rq rujdql}dwlrqdo fkdqjhv lqwurgxfhg ehwzhhq 4<;4 dqg

47Zh dovr h{shulphqwhg zlwk phdvxuhv ri sodqw djh/ sd| lqfhqwlyh vfkhphv/ jhqghu frpsrvl0
wlrq/ zkhwkhu wkh sodqw zdv vwdqg dorqh ru sduw ri d odujhu jurxs dqg pdq| rwkhuv1

48Wklv lv rqh ri wkh pdlq srlqwv vwuhvvhg e| Dwkh| dqg Vwhuq +4<<;,1
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4<;71 Lq Iudqfh zh kdyh lqirupdwlrq rq fkdqjhv lq wkh vnloo vkduhv ehwzhhq 4<<5

dqg 4<<9 dqg zh uhjuhvv wkhvh djdlqvw rujdql}dwlrqdo fkdqjhv rffxuulqj ehwzhhq

4<;< dqg 4<<51 Li dq|wklqj/ wklv vkrxog eldv xv djdlqvw �qglqj dq| vljql�fdqw

h�hfwv ri RF1 Vlqfh wkhuh duh vlplodu lvvxhv iru wkh rwkhu frqwurov zh dovr xvh

odjjhg ydoxhv ri wkh frqwurov1 Wkh vkruwqhvv ri wkh sdqho pdnhv lw gl!fxow wr ghdo

zlwk hqgrjhqhlw| eldvhv xvlqj orqjhu odjv dv lqvwuxphqwv/ exw zh uhsruw d vhulhv ri

h{shulphqwv fkhfnlqj wkh vhqvlwlylw| ri wkh �qglqjv wr dowhuqdwlyh vshfl�fdwlrqv1

Rxu edvlf vnloo vkduh htxdwlrqv duh hvvhqwldoo|=

{7s�| ' qsg���|3� n k������|3� n qss{*?`s| n
[

}cs �'}

qs}{*?`}| n

nqsg{*?g�| n qst{*?t�| n k�
2
%�|3� n ��

�
U�(� n ���| +617,

6151 Wkh Ghwhuplqdqwv ri Rujdql}dwlrqdo Fkdqjh

D vhfrqg htxdwlrq ri frqvlghudeoh lqwhuhvw lv wkh ghwhuplqdqwv ri rujdql}dwlrqdo

fkdqjh +��,1 Wkh wkhrulhv glvfxvvhg lq Vhfwlrq 5 dujxh wkdw nh| idfwruv gulylqj

RF duh wkh vxsso| ri vnloov dqg whfkqrorj|1 Wr fdswxuh wklv zh kdyh wr frqvlghu

wkh orqj0uxq ghwhuplqdwlrq ri doo wkh fdslwdov lq htxdwlrq +614,1 Gluhfw hvwlpdwlrq

ri wkh orqj0uxq idfwru ghpdqgv lv qrw srvvleoh/ exw zh zloo dwwhpsw d vlpsohu

dssurdfk1 Wkh idfwru ghpdqg htxdwlrqv iru wkh txdvl0�{hg idfwruv zloo eh d ixqf0

wlrq ri/ lqwhu dold/ fkdqjhv lq wkh sulfhv ri rwkhu idfwruv1 Lq sduwlfxodu/ li vnloov

duh frpsohphqwdu| wr rujdql}dwlrqdo ghvljq/ wkhq lqfuhdvhv lq wkh uhodwlyh frvw

ri vnloohg zrunhuv vkrxog pdnh lw ohvv olnho| wkdw dq hvwdeolvkphqw zloo lqwurgxfh

rujdql}dwlrqdo fkdqjhv1 Wr lqyhvwljdwh wkhvh lghdv zh hvwlpdwh crujdql}dwlrqdo

fkdqjh* surelwv ri wkh irup=

+W�| ' k,?E`MUCM*`u�` �&| n q�%�| n �
�

�
U�(� n ��| +618,

zkhuh

��� ' � li +W� : f

��� ' f rwkhuzlvh
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,?E`MUCM*`u�` � uhihuv wr krxuo| zdjh gl�huhqwldov e| hgxfdwlrqdo jurxsv +cD*

ohyho ru deryh lq wkh XN/ Edffdodxuhdwh ru deryh lq Iudqfh, lq wkh uhjlrq zkhuh

wkh hvwdeolvkphqw lv orfdwhg1 Wkh hvwdeolvkphqw fkdudfwhulvwlfv/  � dqg lqgxvwu|

gxpplhv/ U�(�c duh wkh vdph dv lq wkh vnloo vkduh htxdwlrq1

Jurxslqj wkh zdjh gl�huhqwldov e| uhjlrq lv qdwxudo1 Zlwklq Hxurshdq frxq0

wulhv wkhuh duh glvwlqfw orfdo oderu pdunhwv gxh wr frvwv ri jhrjudsklfdo prelolw|491

Wkh fruuhodwlrq ri uhodwlyh zdjhv zlwk wkh uhodwlyh sursruwlrq ri hgxfdwhg zrunhuv

lq d uhjlrq lv 0314<7 lq Iudqfh dqg 031467 lq wkh XN1 Wkhuh duh/ ri frxuvh/ lvvxhv

ri hqgrjhqhlw| ri wkh vnloo sulfh yduldeohv1 D vkrfn zklfk lqfuhdvhv wkh sursruwlrq

ri sodqwv lq d uhjlrq lqwurgxflqj rujdql}dwlrqdo fkdqjh pd| gulyh xs wkh zdjhv

ri vnloohg zrunhuv/ sxvklqj wkh frh!flhqw ri lqwhuhvw/ k / lq d srvlwlyh gluhfwlrq1

Dovr/ li d uhjlrq kdv vnloohg zrunhuv ri deryh dyhudjh delolw| phdvxuhg zdjh gl�hu0

hqwldov zloo eh kljkhu dqg rujdql}dwlrqdo fkdqjh pruh olnho|1 Wklv zloo djdlq eldv

rxu hvwlpdwhg k 1 Vlqfh zh eholhyh wkh wuxh ydoxh ri wkh frh!flhqw wr eh qhjd0

wlyh erwk ri wkhvh hqgrjhqhlw| sureohpv zloo fdxvh d eldv wrzdugv }hur/ pdnlqj lw

kdughu wr uhmhfw wkh k|srwkhvlv wkdw cfkhds vnloov* kdyh qr h�hfw rq rujdql}dwlrqdo

fkdqjh1 Wkh hpslulfdo vhfwlrq zloo frqvlghu d ydulhw| ri dssurdfkhv wr ghdolqj zlwk

wklv sureohp lqfoxglqj wkh xvh ri fkdqjhv lq zdjh suhpld/ h{rjhqrxv lqvwuxphqwv

+uhjlrqdo xqlrql}dwlrq udwhv, dqg dowhuqdwlyh phdvxuhv ri uhodwlyh vxsso| +wrwdo

qxpehuv ri hgxfdwhg lqglylgxdov lq uhjlrq,1

6161 Surgxfwlylw| dqg rujdql}dwlrqdo fkdqjh

Lq dgglwlrq wr wkh zdjh vkduh htxdwlrqv dqg wkh RF htxdwlrq wkhuh duh vhyhudo

rwkhu htxdwlrqv wkdw frxog eh dgghg wr wkh v|vwhp4:1 Ri pruh lqwhuhvw lv gluhfw

hylghqfh ri frpsohphqwdulw| iurp cshuirupdqfh htxdwlrqv*1 Iru h{dpsoh/ rqh

frxog dgg gluhfw hvwlpdwlrq ri wkh frvw ixqfwlrq +614,1 Zh zrxog eh prvw lqwhuhvwhg

lq wkh lqwhudfwlrqv ehwzhhq whfkqrorjlfdo dqg rujdql}dwlrqdo fkdqjh/ dqg vnloov dqg

rujdql}dwlrqdo fkdqjh1 Wklv lv d wrxjk wdvn gxh wr wkh kljko| qrq0olqhdu qdwxuh

ri wkh prgho dqg wkh idfw wkdw pxfk ri wkh qhfhvvdu| gdwd duh plvvlqj lq wkh XN1

49Derxw 6( ri XV krxvhkrogv fkdqjh wkhlu uhjlrq ri uhvlghqfh lq d |hdu/ frpsduhg wr 4( lq
XN/ Iudqfh dqg Jhupdq| +RHFG/ 4<<3/ Wdeoh 616,1

4:Wkh whfkqrorj| fkrlfh htxdwlrq kdv ehhq dqdo|}hg lq wkh XN lq vrph ghwdlo lq suhylrxv
zrun +h1j1 Fkhqqhoov dqg Ydq Uhhqhq/ 4<<:,1

46



Dv d suholplqdu| vwhs zh kdyh hvwlpdwhg vlpsohu cshuirupdqfh htxdwlrqv*1 Lq

sduwlfxodu iru Iudqfh zh hvwlpdwh orqj0gl�huhqfhg surgxfwlrq ixqfwlrqv +4<<90

4<<5, ri wkh irup

{*?t�| ' b�
�
{*?f�| n b2���|3� n b27gUuu7�|3� n b������|3� n beE�� � 7gUuu7��|3�

nbDE7gUuu7 � ���� ��|3� n b�
S
5�|3� n ��| +619,

zkhuh f�| lv d yhfwru ri idfwru lqsxwv lqfoxglqj fdslwdo dqg oderu +e| vnloo

jurxs, dqg 5�|3� d vhw ri rwkhu odjjhg frqwurov1 Zh duh sduwlfxoduo| lqwhuhvwhg lq

wkh vljqv ri wkh lqwhudfwlrq whupv1 Iru h{dpsoh/ li RF lv pruh surgxfwlyh zkhq lq0

wurgxfhg lq vnloo0ulfk sodqwv zh h{shfw be : fc vnloo eldvhg whfkqlfdo fkdqjh lpsolhv

bD : f� Zh dovr suhvhqw prghov zkhuh zh hvwlpdwh vhsdudwh surgxfwlrq ixqfwlrqv

iru wkh sodqwv h{klelwlqj rujdql}dwlrqdo fkdqjh doorzlqj doo wkh frh!flhqwv lq +619,

wr gl�hu zlwk RF vwdwxv1 Lq Eulwdlq zh kdyh vrph txdolwdwlyh lqglfdwruv ri shu0

irupdqfh lq ZLUV zklfk zh h{shulphqw zlwk/ exw wkh phdvxuhphqw ri wkhvh lv

pxfk ohvv vdwlvidfwru| wkdq wkh Iuhqfk gdwd1

71 Gdwd

7141 Eulwlvk Gdwd

Wkh gdwd wkdw zh xvh frph iurp vhyhudo gdwdedvhv dv lw lv qhfhvvdu| wr frpelqh

lqirupdwlrq rq rujdql}dwlrqdo fkdqjh/ hvwdeolvkphqw fkdudfwhulvwlfv dqg vnloov1 Lq0

irupdwlrq rq rujdql}dwlrqdo sudfwlfhv duh yhu| uduh1 Rqh ulfk vrxufh ri ghwdlohg

hvwdeolvkphqw ohyho gdwd lv wkh Eulwlvk Zrunsodfh Lqgxvwuldo Uhodwlrqv Vxuyh|

+ZLUV,1 Lw frqvlvwv lq d furvv vhfwlrq ri ryhu 5/333 Eulwlvk hvwdeolvkphqwv lq

4<;3/ 4<;7 dqg 4<<31 Wklv kdv ehhq h{whqvlyho| xvhg e| oderu hfrqrplvwv wr h{0

dplqh wkh h�hfwv ri wkh vwuxfwxuh ri lqgxvwuldo uhodwlrqv rq hfrqrplf rxwfrphv

+vhh Ploozdug/ 4<<6 iru d vxuyh|,/ vxfk dv wkh vl}h ri wkh xqlrq zdjh pdun0xs

+h1j1 Vwhzduw/ 4<;:,1 Wkhuh duh d zkroh krvw ri txhvwlrqv lq ZLUV zklfk uhodwh

wr rujdql}dwlrqdo fkdqjh lq 4<;7 dqg d olplwhg iroorz xs lq 4<<3 zklfk dvnv pruh

edvlf lqirupdwlrq1 Lq erwk vxuyh|v/ vhqlru pdqdjhuv kdyh ehhq dvnhg wkh iroorzlqj

txhvwlrq= Zrxog |rx orrn dw wklv fdug dqg whoo ph zklfk/ li dq|/ ri wkhvh fkdqjhv
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|rx kdyh pdgh gxulqj wkh odvw wkuhh |hduv gluhfwo| d�hfwhg wkh mrev ru zrunlqj

sudfwlfhv ri wkh pdqxdo zrunirufh1

D1 Wkh lqwurgxfwlrq ri qhz sodqw/ pdfklqhu| ru htxlsphqw wkdw lqfoxghv qhz

plfur0hohfwurqlf whfkqrorj| +DF,

E1 Wkh lqwurgxfwlrq ri qhz sodqw/ pdfklqhu| ru htxlsphqw qrw lqfoxglqj qhz

plfur0hohfwurqlf whfkqrorj| +FF,

F1 Vxevwdqwldo fkdqjhv lq zrun rujdql}dwlrq ru zrunlqj sudfwlfhv qrw lqyroylqj

qhz sodqw/ pdfklqhu| ru htxlsphqw +RF,

^hpskdvlv lq ruljlqdo`

Li pdqdjhuv dqvzhuhg c|hv* wr F1 +wkh| frxog dqvzhu |hv wr dq| ru doo ri D1/

E1 ru F1, wkh hvwdeolvkphqw zdv frghg wr kdyh RFPDQ@41 Dq doprvw lghqwlfdo

txhvwlrq zdv dvnhg iru qrq0pdqxdo zrunhuv4; +RFQPDQ,1 Zh fuhdwhg wkh ydul0

deoh RF @ 4 li wkhuh zdv hlwkhu pdqxdo ru qrq0pdqxdo rujdql}dwlrqdo fkdqjh1 Lq

4<<3 wkh RFPDQ txhvwlrq zdv lghqwlfdo1 Iru qrq0pdqxdo zrunhuv wkh txhvwlrq

zdv skudvhg voljkwo| gl�huhqwo| wr 4<;7 dv lw dssolhg wr cr!fh zrunhuv* zkhuhdv

lq 4<;7 lw dssolhg wr dq| qrq0pdqxdo hpsor|hhv +iru pruh ghwdlov vhh wkh Gdwd

Dsshqgl{,1

Wkhuh duh wzr pdlq dgydqwdjhv ri xvlqj wkhvh gdwd1 Iluvw/ rujdql}dwlrqdo

fkdqjh lv fohduo| glvwlqjxlvkhg iurp whfkqlfdo fkdqjh +txhvwlrq D, dqg sk|vlfdo

lqyhvwphqw +txhvwlrq E,1 Vhfrqg/ wkhuh lv d wlph vhulhv hohphqw wr wkh gdwd lq0

foxglqj erwk d uhshdwhg furvv vhfwlrq/ dqg d sdqho iru d vxe0vdpsoh ri wkh �upv1

Rq wkh qhjdwlyh vlgh/ wkh ZLUV txhvwlrqv duh dvnhg wr d yhu| vshfl�f jurxs ri

hpsor|hhv 0 vhqlru pdqdjhuv1 Wklv frxog jhqhudwh d eldv zlwk pdqdjhuv ehlqj/ iru

h{dpsoh/ ryhu0rswlplvwlf derxw wkh shuirupdqfh ri wkh �up1 Krzhyhu/ ghwdlohg

frpsdulvrqv ehwzhhq wkhlu dqvzhuv dqg wkrvh jlyhq e| d zrunhuv* uhsuhvhqwdwlyh

wr lghqwlfdo txhvwlrqv lq ZLUV kdyh uhyhdohg vxevwdqwldo djuhhphqw dv wr wkh

rffxuuhqfh ri dq rujdql}dwlrqdo fkdqjh +Ploozdug/ 4<<3,1

D vhfrqg vrxufh ri phdvxuhphqw gl!fxow| uhjdugv wkh qdwxuh ri rujdql}dwlrqdo

fkdqjh1 Wkh wkhrulhv glvfxvvhg lq vhfwlrq 5 jhqhudoo| dvvxph wkdw rujdql}dwlrqdo

fkdqjh wdnhv wkh irup ri zrunhuv kdylqj pruh uhvsrqvlelolw| dqg shuiruplqj d

zlghu udqjh ri wdvnv1 Lv rxu phdvxuh eurdgo| fdswxulqj wkhvh qrwlrqvB Iruwx0

4;D cpdqxdo zrunhu* lv d surgxfwlrq zrunhu dqg d cqrq0pdqxdo* d qrq0surgxfwlrq zrunhu1
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qdwho|/ lq 4<;7 pdqdjhuv zhuh dvnhg lq pruh ghwdlo zkdw wkh fkdqjh dfwxdoo|

lqyroyhg1 Wkh dqvzhuv duh wdexodwhg lq Wdeoh 41 Dowkrxjk lq pdq| fdvhv wkh

fkdqjh lq rujdql}dwlrq glg qrw lqyroyh dq| fkdqjh lq uhvsrqvlelolw|/ zkhq lw glg

vr d vxevwdqwldo iudfwlrq ri rujdql}dwlrqdo fkdqjhv ohdg wr pruh uhvsrqvlelolw| +do0

prvw kdoi ri doo lqflghqwv iru qrq0pdqxdov dqg derxw d wklug iru pdqxdov,1 Wkhuh

zhuh sudfwlfdoo| qr h{dpsohv ri RF ohdglqj wr ghfuhdvhv lq uhvsrqvlelolw|1 Uhdglqj

grzq wkh wdeoh/ lw dovr dsshduv wkdw rujdql}dwlrqdo fkdqjh lv pruh olnho| wr eh dv0

vrfldwhg zlwk d zlghqlqj ri wkh udqjh ri wdvnv shuiruphg e| zrunhuv1 Wklv h�hfw/

eurdgo| vshdnlqj/ lv vwurqjhu iru qrq0pdqxdo wkdq iru pdqxdo zrunhuv1 Grzqvl}0

lqj +hpsor|phqw idoov, jhqhudoo| iroorzv rujdql}dwlrqdo fkdqjh/ dqg wklv lv pruh

olnho| wr iroorz iurp RFPDQ +79( ri fdvhv, wkdq iurp RFQPDQ +6719(,1 Ryhu0

doo wkhq/ dowkrxjk wkh phdvxuh lv idu iurp shuihfw lw grhv vhhp wr eurdgo| fdswxuh

wkh w|sh ri rujdql}dwlrqdo fkdqjhv wkdw zh frqvlghu lpsruwdqw iurp d wkhruhwl0

fdo shuvshfwlyh1 Dv glvsod|hg lq Dsshqgl{ Wdeoh D4/ rujdql}dwlrqdo fkdqjh grhv

d�hfw dq lpsruwdqw sursruwlrq ri �upv lq rxu vdpsoh1 Ryhu 4<;404<;7/ 6315(

ri �upv kdyh lqwurgxfhg fkdqjhv lq zrun rujdql}dwlrq uhjduglqj pdqxdo zrunhuv

dqg 5917( fkdqjhv uhjduglqj qrq0pdqxdov1 Wkhvh �jxuhv duh hyhq kljkhu iru wkh

4<;:04<<3 shulrg +7:( dqg 75( uhvshfwlyho|, lqglfdwlqj wkdw wkhuh kdv ehhq dq

dffhohudwlrq ri rujdql}dwlrqdo fkdqjh/ dw ohdvw lq wkh 4<;3v1 Shukdsv wkh prvw

uhohydqw sduw ri Wdeoh 4 krzhyhu/ lv wkh txhvwlrq uhodwlqj gluhfwo| wr wkh h�hfw ri

rujdql}dwlrqdo fkdqjh rq wkh vnloo ohyho lq wkh hvwdeolvkphqw +urz E,1 Iljxuh 714

judskv wkh uhvxowv lq wklv urz zklfk fohduo| vkrz wkdw pdqdjhuv zhuh idu pruh

olnho| wr vwdwh wkdw rujdql}dwlrqdo fkdqjh lqfuhdvhg/ udwkhu wkdq ghfuhdvhg/ wkh

ohyho ri vnloo uhtxluhphqwv4<1

Wkh sdqho hohphqw ri ZLUV iroorzv d vxevhw ri 86: ri wkh sodqwv vdpsohg lq

4<;7 wkurxjk wr 4<<31 Vlqfh wkh rffxsdwlrqdo sursruwlrqv duh dvnhg wr pdqdjhuv

lq erwk wkhvh |hduv zh fdq revhuyh wkh fkdqjlqj vnloo vwuxfwxuh ri hvwdeolvkphqwv

+wklv lv wkh rqo| sxeolfo| dydlodeoh gdwd lq wkh XN frqwdlqlqj wkh sodqw ohyho

4<Lw vkrxog eh qrwhg wkdw wkhvh uhvxowv duh qrw gulyhq e| wkh idfw wkdw vrph sodqwv h{shulhqflqj
rujdql}dwlrqdo fkdqjh dovr h{shulhqfhg whfkqlfdo fkdqjh1 Frqglwlrqlqj rq wkh hvwdeolvkphqwv
zklfk kdg rujdql}dwlrqdo exw qr whfkqlfdo fkdqjh zh �qg wkdw 89( +58(, lqfuhdvhg uhvsrqvlelolw|
frpsduhg wr 6( +5(, zkr ghfuhdvhg iroorzlqj qrq0pdqxdo +pdqxdo, RF1 Wkh htxlydohqw �jxuhv
iru vnloov duh 6;(+55(, lqfuhdvh yv1 8(+9(, ghfuhdvh> iru udqjh ri wdvnv= 96( +6:(, zlghu yv1
8(+43(, qduurzhu> iru pdqqlqj ohyhov 49(+44(, pruh yv1 68(+5;(, ohvv
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Senior Manager's estimate of effect of OC on ski l ls - UK

OC affecting manuals
0
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OC affecting Non-manuals
0
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.6

 more  same
 less

Iljxuh 714=

hyroxwlrq ri wkh vnloo vwuxfwxuh,1 Doo wkh rwkhu txhvwlrqv dydlodeoh lq wkh furvv

vhfwlrq fdq eh xvhg1 Wr plwljdwh hqgrjhqhlw| sureohpv zh xvh RF lq 4<;404<;7

dv wkh nh| yduldeoh ri lqwhuhvw wr h{sodlq wkh 4<;704<<3 fkdqjh lq hpsor|phqw1

Iljxuh 715 suhvhqwv wkh glvwulexwlrq ri wkh fkdqjh lq xqvnloohg pdqxdo sursruwlrqv

+wkh ohdvw vnloohg jurxs, eurnhq grzq ehwzhhq sodqwv h{shulhqflqj RF dqg wkrvh

zkr glg qrw1 Lpphgldwho| zh vhh wkdw wkh sodqwv zlwk RF whqghg wr uhgxfh

wkh sursruwlrq ri wkhlu xqvnloohg zrunhuv dw d idvwhu udwh wkdq wkrvh zkr glg

qrw lqwurgxfh rujdql}dwlrqdo fkdqjhv1 Wkh hfrqrphwulf vhfwlrq dwwhpswv wr jdxjh

zkhwkhu wkhvh fruuhodwlrqv duh vljql�fdqw hyhq zkhq rqh frqwurov iru rwkhu idfwruv1

^Wdeoh 4 derxw khuh`

D ydulhw| ri lqglfdwruv duh xvhg wr frqwuro iru whfkqlfdo fkdqjh1 Iluvw zh xvh

wkh txhvwlrq rq dgydqfhg whfkqlfdo fkdqjh +��, dvnhg dw wkh vdph wlph dv wkh
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RF txhvwlrq1 Wkhuh lv dovr lqirupdwlrq rq wkh sursruwlrqv ri zrunhuv zkr zhuh

xvlqj plfur0hohfwurqlf whfkqrorjlhv lq wkh sodqw li pdmru whfkqlfdo fkdqjh rffxuuhg

+I����He3H�,1 Lq dgglwlrq wr wklv zh djjuhjdwh lqglylgxdo lqirupdwlrq iurp wkh

Eulwlvk Vrfldo Dwwlwxghv Vxuyh| rq wkh sursruwlrqv ri zrunhuv xvlqj qhz whfkqror0

jlhv dw zrun lq 4<;8/ 4<;: dqg 4<<31 Wklv lv dw wkh wzr gljlw ohyho +I���� �?_��

Ilqdoo|/ ehfdxvh zh kdyh d sdqho zh fdq dovr fdofxodwh zkhwkhu sodqwv lqwurgxfhg

frpsxwhul}hg whfkqrorjlhv lq wkh 4<<304<;7 shulrg +����bf3He,1

Wkh vhfrqg gdwdvrxufh zh xvh lv wkh JKV +Jhqhudo Krxvhkrog Vxuyh|,1 Wklv

frqwdlqv lqirupdwlrq rq hduqlqjv dv zhoo dv hgxfdwlrq dqg rffxsdwlrq1 Lw lv wkh

forvhvw htxlydohqw lq wkh XN wr wkh XV Fxuuhqw Srsxodwlrq Vxuyh| dqg lv wkh rqo|

XN gdwdvhw frqwdlqlqj lqirupdwlrq rq zdjhv/ hgxfdwlrq dqg rffxsdwlrq vlqfh wkh

plg04<:3v1 Xvlqj wkh JKV zh fdofxodwhg wkh uhjlrq0vshfl�f zhhno| hduqlqjv iru

hdfk ri wkh vl{ rffxsdwlrqdo vnloo jurxsv xvhg lq wkh dqdo|vlv dqg xvhg wkhvh wr

fdofxodwh wkh zdjh eloo vkduhv1 Zh dovr fdofxodwhg phdq zdjhv e| hgxfdwlrq jurxs

irfxvlqj rq wzr jurxsv 0 kljko| hgxfdwhg shrsoh zlwk froohjh ghjuhhv ru cD* ohyhov

dqg orz hgxfdwhg shrsoh ehlqj doo rwkhuv +urxjko|/ cR* ohyhov2JFVHv dqg ehorz,1

Ilqdoo|/ zh xvh wkh XN Oderu Irufh Vxuyh| +OIV, wr phdvxuh wkh wrwdo vxsso| ri

vnloov +wkh vdpsoh lv pxfk odujhu wkdq wkh JKV/ exw wkhuh lv qr zdjh lqirupdwlrq

xqwlo 4<<5,1

7151 Iuhqfk Gdwd

Lqirupdwlrq derxw rujdql}dwlrqdo fkdqjhv lv pruh dexqgdqw iru Iudqfh wkdq iru

wkh XN 531 Zh xvh wkh UHSRQVH +Uhodwlrqv Surihvvlrqqhoohv hw Qìjrfldwlrqv

g*Hqwuhsulvh, vxuyh| zklfk kdv ehhq h{solflwo| ghylvhg zlwk uhihuhqfh wr wkh Eulwlvk

ZLUV1 5833 hvwdeolvkphqwv zhuh vxuyh|hg zlwk vhqlru pdqdjhuv ehlqj dvnhg txhv0

wlrqv derxw lqgxvwuldo uhodwlrqv dqg rujdql}dwlrq lq 4<<51 Wkh txhvwlrq rq zrun

rujdql}dwlrq uhodwhg wr wkh suhylrxv wkuhh |hduv1

Iru dq| ri wkh rujdql}dwlrqdo phwkrgv L zloo phqwlrq/ zrxog |rx whoo ph

zkhwkhu lw lv douhdg| lpsohphqwhg/ lq wkh surfhvv ri ehlqj vr/ ehlqj frqvlghuhg

53Dprqj wkhp= �WRWWR� ghdolqj zlwk zrun rujdql}dwlrq dqg whfkqltxh/ frqgxfwhg e| wkh
Iuhqfk Vwdwlvwlfdo Lqvwlwxwh LQVHH lq 4<;: dqg wkh vxuyh| hqwlwohg �Fkdqjhphqwv Rujdqlvd0
wlrqqhov gdqv od Surgxfwlrq� frqgxfwhg e| wkh Plqlvwu| ri Lqgxvwu| lq 4<<6 dqg irfxvlqj rq
rujdql}dwlrqdo fkdqjh1
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ru qrw hyhq wkrxjkw ri/ lq |rxu hvwdeolvkphqwB

Rqh ri wkhvh phwkrgv lv vshfl�fdoo| ghod|hulqj54 0 uhprylqj rqh ru pruh pdq0

djhuldo ohyhov/ zklfk lv yhu| forvh wr wkh wkhruhwlfdo frqfhsw zh duh wu|lqj wr phd0

vxuh1 Zkhqhyhu wkh pdqdjhu dqvzhuhg wkdw ghod|hulqj zdv douhdg| lpsohphqwhg

ru lq wkh surfhvv ri ehlqj vr/ wkh hvwdeolvkphqw zdv frghg dv kdylqj �� ' �

iru wklv phwkrg1 Wkh pdlq dgydqwdjh ri xvlqj wklv gdwd lv reylrxvo| gxh wr wkh

vlplodulw| ri wkh ZLUV dqg UHSRQVH vxuyh|v1 Erwk duh hvwdeolvkphqw edvhg/

ghvljqhg wr eh qdwlrqdoo| uhsuhvhqwdwlyh dqg frqwdlq vlplodu frqwuro yduldeohv wkdw

fdq eh lqwurgxfhg lq wkh uhjuhvvlrqv1 D ghwdlohg vwxg| fduulhg rxw e| Frxwurw

+4<<9, vkrzv wkdw ghod|hulqj ohdgv wr pruh dxwrqrp| ehlqj dzdughg wr zrun0

huv1 Zh dovr frqvlghu vrph ri wkh rwkhu rujdql}dwlrqdo yduldeohv 0 Mxvw Lq Wlph/

Txdolw| Flufohv dqg Wrwdo Txdolw| Pdqdjhphqw1 Wkh pdlq whfkqrorj| yduldeoh lv

wkh sursruwlrq ri zrunhuv xvlqj frpsxwhuv ru rwkhu plfur0hohfwurqlf whfkqrorjlhv

+I���� ,1

UHSRQVH dovr dvnv pdq| txhvwlrqv derxw fkdqjhv lq wkh zrunirufh1 Pdq0

djhuv duh txhvwlrqhg derxw zkhwkhu wkhuh kdg ehhq lqfuhdvhv ru ghfuhdvhv lq qhw

hpsor|phqw ri wkuhh jurxsv ri zrunhuv +pdqdjhuv/ lqwhuphgldwh zrunhuv dqg rshu0

dwlyhv,1 Iljxuh 716 sorwv rxw wkh sursruwlrq ri pdqdjhuv uhsruwlqj lqfuhdvhv lq qhw

hpsor|phqw e| wkhlu RF vwdwxv1 Iru wkh prvw vnloohg jurxs/ wkhuh lv kdugo| dq|

gl�huhqfh lq wkh khljkw ri wkh eduv 0 lqfuhdvhv lq pdqdjhuldo hpsor|phqw dsshdu

xqfruuhodwhg zlwk wkh suhvhqfh ri RF1 Iru wkh ohvv vnloohg jurxsv/ krzhyhu/ wkhuh

lv d fohdu gl�huhqfh1 Hvwdeolvkphqwv zlwk RF zhuh pxfk ohvv olnho| wr h{sdqg

wkhlu hpsor|phqw ri pdqxdo zrunhuv wkdq wkrvh zlwkrxw RF1

Vhqlru Pdqdjhuv zhuh dovr dvnhg derxw fkdqjhv lq wkhlu kxpdq uhvrxufh srol0

flhv wrzdugv vhyhq gl�huhqw ohyhov ri vnloohg zrunhuv +pdqdjhuv/ vxshuylvruv/ whfk0

qlfldqv/ vdohv vwd�/ fohunv/ vnloohg pdqxdov dqg xqvnloohg pdqxdov,1 Wkh txhvwlrq

zdv=

Ryhu wkh sdvw 6 |hduv 111 kdyh |rx l, �uhg zrunhuv ll, hqfrxudjhg txlwwlqj

lll, kluhg zrunhuv ly, wudlqhg zrunhuv dlplqj dw vshfldol}dwlrq y, wudlqhg zrunhuv

dlplqj dw pxowlvnloolqjB

Zh xvh wkh dqvzhuv wr wkhvh txhvwlrqv wr h{wudfw ixuwkhu lqirupdwlrq rq wkh

54Udffrxuflvvhphqw gh oljqh klìudufkltxh +f*hvw0ã0gluh vxssuhvvlrq g*xq qlyhdx klìudufkltxh
lqwhupìgldluh,1
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h�hfwv ri rujdql}dwlrqdo fkdqjh1 Wkh wudlqlqj txhvwlrq lv sduwlfxoduo| lqwhuhvwlqj

dv wkh wkhruhwlfdo vhfwlrq dvvxphv wkdw rujdql}dwlrqdo fkdqjh vkrxog eh dvvrfldwhg

zlwk lqfuhdvhv lq wkh wudlqlqj ri zrunhuv lq jhqhudo vnloov wr khos wkhp frsh zlwk

wkh juhdwhu uhvsrqvlelolwlhv ri ghfhqwudol}hg rujdql}dwlrqv1

Wkh Hqtxíwh UHSRQVH grhv qrw lqfoxgh gdwd rq rffxsdwlrqdo vwuxfwxuh1 Lq

rughu wr h{dplqh hpsor|phqw fkdqjhv ryhu wlph zh guhz rq dqrwkhu vxuyh| ri

hpsor|phqw vwuxfwxuh lq Iudqfh/ wkh HVH/ zklfk lv d vwudwl�hg udqgrp vdpsoh

ri Iuhqfk hvwdeolvkphqwv1 Derxw kdoi ri wkh UHSRQVH hvwdeolvkphqwv zklfk

frqwlqxrxvo| h{lvwhg ehwzhhq 4<<5 dqg 4<<9 zhuh pdwfkhg wr wkh HVH +4693

sodqwv,551 Wkh HVH euhdnv wkh zrunirufh grzq lqwr 8 rffxsdwlrqdo fdwhjrulhv

+xqvnloohg pdqxdov/ vnloohg pdqxdov/ fohulfdo/ plggoh pdqdjhuv dqg vhqlru pdq0

djhuv,1 Iljxuh 717 iru Iudqfh lv dqdorjrxv wr Iljxuh 715 iru wkh XN1 Zh sorw wkh

klvwrjudp ri wkh fkdqjh lq wkh vkduh ri wkh ohdvw vnloohg jurxs +xqvnloohg pdqx0

dov, ehwzhhq 4<<9 dqg 4<<5 eurnhq grzq e| zkhwkhu wkh sodqw h{shulhqfhg dq|

rujdql}dwlrqdo fkdqjh lq wkh 4<;<0<5 shulrg1 Dowkrxjk ohvv vwdun wkdq lq wkh XN/

wkhuh lv d orqjhu wdlo ri qhjdwlyh fkdqjhv iru wkh cvrph RF* sodqwv dqg lq sduwlfxodu

d vpdoohu sursruwlrq ri vpdoo srvlwlyh fkdqjhv1

Wkh wklug Iuhqfk gdwdvhw lv wkh Hqtxíwh Hpsorl +HH,/ dq dqqxdo vxuyh| ri

lqglylgxdov frqgxfwhg e| wkh Iuhqfk Qdwlrqdo Vwdwlvwlfdo Djhqf|/ LQVHH1 Wkh

HH lv d 42633 vdpsoh ri wkh Iuhqfk srsxodwlrq edvhg rq d wkuhh |hdu urwdwlqj

sdqho frqwdlqlqj lqirupdwlrq derxw hgxfdwlrq ohyhov/ rffxsdwlrqv/ zdjhv/ uhjlrq/

lqgxvwu| dqg hpsor|phqw vwdwxv1 Zh gh�qh dv hgxfdwhg wkrvh zrunhuv zlwk d

froohjh ghjuhh ru dq| edffdodxuhdwh1 Doo rwkhuv +zlwk EHS/ FDS dqg ehorz, duh

frqvlghuhg dv orz hgxfdwhg1 Dv iru Eulwlvk gdwd/ zh frpsxwh uhjlrq0vshfl�f krxuo|

zdjhv iru 8 rffxsdwlrqdo jurxsv zklfk zh xvh wr fdofxodwh zdjh eloo vkduhv1 Zh

dovr frpsxwh uhodwlyh zdjhv ri wkh wrs wr wkh erwwrp hgxfdwlrqdo jurxs dw wkh

ohyho ri 54 uhjlrqdo fhoov1 Zh dovr phdvxuhg wkh wrwdo vxsso| ri vnloov +sursruwlrq

ri zrunhuv zlwk d edffdodxuhdwh ru froohjh ghjuhh, dw wkh uhjlrqdo ohyho1

Ilqdoo|/ zh qhhghg wr rewdlq gdwd rq fdslwdo vwrfn dqg ydoxh dgghg1 Wklv frphv

iurp wkh ELF/ d �up ohyho gdwdedvh zlwk lqirupdwlrq rq wkh klvwrulfdo ydoxh ri

wkh fdslwdo vwrfn/ ydoxh dgghg dqg rwkhu lqirupdwlrq561 Lw lv d pdmru dgydqwdjh

55Idlohg pdwfkhv duh gxh wr lqfrpsohwh vdpsolqj dqg forvxuhv ehwzhhq 4<<5 dqg 4<<91
56Vlqfh ELF uhodwhv wr �up ohyho lqirupdwlrq udwkhu wkdq sodqw ohyho lqirupdwlrq zh djjuhjdwh
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kdylqj d sdqho ri txdqwlwdwlyh phdvxuhv ri �up surgxfwlrq dfwlylwlhv pdwfkhg

zlwk ghwdlohg lqirupdwlrq rq rujdql}dwlrq lq doo vhfwruv ri wkh hfrqrp|1 Wkhuh duh

yhu| ihz gdwd vhwv zlwk wklv surshuw| +h{dpsohv irfxvhg rq pdqxidfwxulqj lqfoxgh

Eodfn dqg O|qfk/ 4<<;/ iru wkh XV dqg Qlfnhoo hw do/ 4<<5/ 4<<9 iru wkh XN,1

81 Uhvxowv

8141 Rujdql}dwlrqdo Fkdqjh dqg fkdqjhv lq vnloo vwuxfwxuh

814141 Eulwlvk Uhvxowv

Frqvlghudeoh uhfhqw h�ruw kdv ehhq gluhfwhg dw h{dplqlqj wkh h�hfw ri whfkqrorj|

rq hqwhusulvh vnloo vwuxfwxuh +h1j1 Grpv hw do/ 4<<:,1 Lq wklv vhfwlrq zh h{dplqh

ryhu wkh sodqwv zkhq uxqqlqj wkh surgxfwlrq ixqfwlrqv/ +zhljkwlqj e| wrwdo hpsor|phqw lq 4<<5,1
Wkhuh duh yhu| ihz �upv wkdw kdyh pruh wkdq rqh sodqw lq Uhsrqvh 0 rqo| derxw ; lq wkh �qdo
vdpsoh1
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wkh lpsdfw ri rujdql}dwlrqdo fkdqjhv lq wkh 4<;704<;4 shulrg rq wkh vxevhtxhqw

hyroxwlrq ri vnloo vwuxfwxuhv lq wkh 4<<304<;7 shulrg zlwklq wkh vdph hvwdeolvk0

phqwv1 Wdeoh 5 uhsruwv wkh uhvxowv xvlqj wkh ZLUV sdqho wr hvwlpdwh wkh h�hfwv

ri RF ehwzhhq 4<;704<;4 rq wkh fkdqjh lq wkh zdjh eloo vkduhv1 Wkh �uvw sdqho

suhvhqwv wkh fruuhodwlrq ehwzhhq RF dqg wkh fkdqjh lq vnloo sursruwlrqv +hdfk fro0

xpq vxppdul}hv wkh uhvxowv iurp d vhsdudwh ROV uhjuhvvlrq,1 Wkh rqo| dgglwlrqdo

frqwurov duh wkh fkdqjh lq wrwdo �up vl}h +fkdqjh lq orj hpsor|phqw 4<<304<;7,/

wkh lqlwldo sursruwlrq ri wkh vnloo jurxsv lq 4<;757 dqg d vhw ri uhjlrqdo dqg lqgxv0

wu| gxpplhv1 Wkh vhfrqg sdqho lqfoxghv wkh whfkqrorj| yduldeohv dqg wkh wklug

sdqho lqfoxghv d ixoo vhw ri frqglwlrqlqj yduldeohv1

^Wdeohv 5 dqg 6 derxw khuh`

Lw lv fohdu wkdw RF lv dvvrfldwhg zlwk d vljql�fdqw vkdnh0rxw ri wkh ohdvw vnloohg

jurxs 0 xqvnloohg pdqxdo zrunhuv1 Dfurvv doo vshfl�fdwlrqv wkhuh lv d qhjdwlyh

h�hfw ri sdvw rujdql}dwlrqdo fkdqjh rq wkh fkdqjh lq wkh zdjh eloo vkduh ri xq0

vnloohg pdqxdov1 Lw lv ohvv fohdu/ krzhyhu/ zklfk rwkhu jurxsv duh lqfuhdvlqj wkhlu

sursruwlrqv dw wkh h{shqvh ri wkh ohdvw vnloohg1 Lw dsshduv/ lq jhqhudo/ wkdw wkh

plggoh od|huv ri wkh rffxsdwlrqdo klhudufk| h{sdqg udwkhu wkdq vlpso| wkh plggoh

dqg xsshu pdqdjhuv1

Sdqho E lqfoxghv wkh wkuhh frqwurov iru whfkqlfdo fkdqjh1 Xqvxusulvlqjo|/ zh

�qg hylghqfh iru vnloo eldvhg whfkqlfdo fkdqjh/ wkh frpsxwhul}dwlrq yduldeohv +hv0

shfldoo| wkh 4<<304<;7 frpsxwhu lqwurgxfwlrq yduldeoh, kdyh vwurqj srvlwlyh h�hfwv

rq wkh prvw vnloohg jurxs +pdqdjhuv dqg whfkqlfldqv,1 Wkh lqwurgxfwlrq ri frp0

sxwhuv lq wkh sodqw lv dovr dvvrfldwhg zlwk d idoo lq wkh sursruwlrq ri xqvnloohg

pdqxdov1 Wkh RF h�hfw rq wkh ohdvw vnloohg shuvlvwv frqglwlrqdo rq wkhvh ydul0

deohv1 Sdqho F vdwxudwhv wkh prgho e| lqfoxglqj dq h{whqvlyh olvw ri hvwdeolvkphqw

ohyho frqwurov lqfoxglqj �qdqfldo shuirupdqfh/ rzqhuvkls dqg ghpdqg yduldeohv1

Wkh qhjdwlyh h�hfw ri RF lv txlwh urexvw wr wkhvh frqwurov1

Wdeoh 6 frqvlghuv ydulrxv urexvwqhvv whvwv1 Dq lpsruwdqw fulwlflvp ri wkh

uhvxowv lv wkdw pdqdjhuv pd| lqwhusuhw odujh hpsor|phqw fkdqjhv dv rujdql}dwlrqdo

57Wklv zdv wr frqwuro iru wkh idfw wkdw rujdql}dwlrqdo fkdqjh pd| eh ohvv olnho| lq sodqwv zlwk
pdq| vnloohg zrunhuv dqg wkhvh hvwdeolvkphqwv frxog kdyh vkuxqn pruh udslgo| ryhu wklv shulrg1
Wkh RF h�hfwv duh txlwh urexvw wr wkh h{foxvlrq ri wkhvh lqlwldo frqglwlrqv1
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fkdqjh1 Vlqfh pdq| ri wkh hpsor|phqw vkliwv ryhu wklv shulrg zhuh wr uhgxfh

xqvnloohg zrunhuv lw frxog eh dujxhg wkdw zh duh phuho| slfnlqj xs dq lghqwlw| zlwk

wkh uhjuhvvlrqv1 Wkh irufh ri wklv fulwlflvp lv plwljdwhg e| rxu xvh ri odjjhg RF

dqg dovr e| wkh idfw wkdw pdqdjhuv vhhphg wr xqghuvwdqg wkh gl�huhqfh ehwzhhq

hpsor|phqw fkdqjhv dqg rujdql}dwlrqdo fkdqjhv +vhh Wdeoh 4,1 Qhyhuwkhohvv/ zh

dwwhpswhg wr dgguhvv wkh sureohp hpslulfdoo| lq wzr gl�huhqw zd|v1 Iluvw/ zh

xvhg wkh idfw wkdw pdqdjhuv zhuh dvnhg wr glvwlqjxlvk ehwzhhq rujdql}dwlrqdo

fkdqjhv sulpdulo| d�hfwlqj pdqxdo zrunhuv +RFPDQ, dqg qrq0pdqxdo zrunhuv

+RFQPDQ,1 Li zh duh phuho| slfnlqj xs vrph nlqg ri lghqwlw| wkhq rqh zrxog

h{shfw wkh grzqzdug eldv lq wkh xqvnloohg pdqxdo htxdwlrq wr eh pxfk odujhu

iru RFPDQ wkdq RFQPDQ1 Lq Wdeoh 6 zh wkhuhiruh uhshdw wkh vshfl�fdwlrqv

xvlqj RFQPDQ dqg RFPDQ dv h{sodqdwru| yduldeohv lq vhsdudwh uhjuhvvlrqv

+wkh| duh txlwh kljko| fruuhodwhg vr lqfoxglqj wkhp wrjhwkhu lq wkh vdph htxdwlrq

uhvxowv lq froolqhdulw| sureohpv,1 Lw lv txlwh fohdu iurp wkh wkuhh sdqhov wkdw

RFQPDQ kdv wkh vwurqjhvw qhjdwlyh h�hfw rq wkh ghpdqg iru xqvnloohg zrunhuv

dqg qrw RFPDQ/ dv zrxog eh wkh fdvh li zh zhuh slfnlqj xs vrph irup ri

lghqwlw|1 D vhfrqg zd| ri fkhfnlqj wkh uhvxowv lv wr xvh dqrwkhu txhvwlrq lq ZLUV

zklfk gluhfwo| dvnv pdqdjhuv zkhwkhu wkh| kdyh pdgh dq| fkdqjhv wr lqfuhdvh

hpsor|hh lqyroyhphqw581 Wkh sdwwhuq ri uhvxowv xvlqj wklv txhvwlrq lqvwhdg ri wkh

RF txhvwlrq zhuh uhdvrqdeo| vlplodu +h1j1 wkh frh!flhqw ri wkh yduldeoh lq wkh

xqvnloohg zrunhuv htxdwlrq zdv 031364 zlwk d vwdqgdug huuru ri 3149 lq sdqho F ri

Wdeoh 6/ dqg lqvljql�fdqw lq doo rwkhu vnloo vkduh htxdwlrqv,1

Zh uhjdug erwk RFPDQ dqg RFQPDQ dv qrlv| vljqdov ri wkh idfw wkdw

�upv kdyh lqwurgxfhg rujdql}dwlrqdo fkdqjhv dqg uhmhfw wkh ylhz wkdw pdqdjhuv

duh qrw glvwlqjxlvklqj ehwzhhq rujdql}dwlrqdo fkdqjhv dqg fkdqjhv wr hpsor|phqw

vwuxfwxuh1

Dowkrxjk wkh wkhruhwlfdo prgho vxjjhvwv wkdw zdjh h�hfwv vkrxog eh lqfoxghg

lq wkh uhjuhvvlrqv/ wkh vl{ zdjh yduldeohv zhuh jhqhudoo| lqvljql�fdqw591 Wkh glv0

dssrlqwlqj uhvxowv frxog eh gxh wr vhyhudo uhdvrqv1 Wkhuh lv d nlqg ri glylvlrq eldv

lq rshudwlrq vlqfh wkh zdjh +uljkw kdqg vlgh yduldeoh, lv dovr xvhg wr fdofxodwh wkh

58�Kdv wkh pdqdjhphqw pdgh dq| fkdqjhv lq wkh odvw 7 |hduv zlwk wkh dlp ri lqfuhdvlqj
hpsor|hhv* lqyroyhphqw lq wkh rshudwlrq ri wkh hvwdeolvkphqwB�1 76 shu fhqw dqvzhuhg c|hv*1

59Zh reylrxvo| gurs wkh uhjlrqdo gxpplhv zkhq lqfoxglqj wkh uhjlrqdo krxuo| zdjh whupv1
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zdjh eloo vkduh +ohiw kdqg vlgh yduldeoh,1 Dovr wkhuh lv wkh sureohp wkdw zdjh gli0

ihuhqwldov uh hfw erwk h{rjhqrxv gl�huhqfhv lq wkh sulfh ri oderu dqg xqrevhuyhg

gl�huhqfhv lq oderu txdolw| dfurvv uhjlrqv1 Qhyhuwkhohvv/ wkh h�hfwv ri RF zhuh

txlwh urexvw wr wkh lqfoxvlrq ri wkhvh h{wud krxuo| zdjhv yduldeohv 0 wklv lv vkrzq

lq Sdqho G ri Wdeoh 61 Zh irxqg wkdw wkh fdofxodwlrqv ri wkh rzq0sulfh hodvwlflwlhv

ri hpsor|phqw zlwk uhvshfw wr zdjhv zhuh uhdvrqdeo| vhqvleoh ehlqj vwurqjhu iru

wkh pdqxdo zrunhuv wkdq qrq0pdqxdo zrunhuv1 Wkh furvv sulfh hodvwlflwlhv zhuh

yhu| srru rq hfrqrplf dqg vwdwlvwlfdo jurxqgv1 Wkh rzq sulfh hodvwlflwlhv zhuh

031<9/ 05186/ 05169/ 03184/ 05155/ 03196 iru xqvnloohg/ vhpl0vnloohg/ vnloohg/ fohulfdo/

vxshuylvruv dqg pdqdjhuv uhvshfwlyho|5:1

Wkh lpsdfw ri RF dsshduv wr eh pdlqo| gulyhq e| hpsor|phqw vkliwv udwkhu

wkdq zdjh fkdqjhv dv zh zrxog h{shfw iurp wkhru|1 Wklv lv looxvwudwhg iru wkh

prvw jhqhudo prgho lq wkh �qdo sdqho +H, ri Wdeoh 61 Wkhuh kdv ehhq d pryh lq

wkh XN wrzdugv rxwvrxuflqj pdq| ohvv vnloohg mrev +h1j1 fohdqlqj,1 Lw pd| eh wkh

fdvh wkdw/ dowkrxjk vxfk zrunhuv duh qr orqjhu gluhfwo| frxqwhg dv hpsor|hhv/ wkh

vwuxfwxuh ri hpsor|phqw kdv qrw ixqgdphqwdoo| fkdqjhg1 Wr whvw iru zkhwkhu RF

lv mxvw d uh0odehoolqj ri rxwvrxufhg zrunhuv zh lqfoxghg d yduldeoh phdvxulqj wkh

lqfuhdvh lq wkh qxpehu ri vxe0frqwudfwhg zrunhuv +qrupdol}hg rq wrwdo hpsor|0

phqw,1 Dowkrxjk wkh yduldeoh zdv fruuhfwo| vljqhg dqg pdujlqdoo| vljql�fdqw lq

vrph vshfl�fdwlrqv wkh h�hfw ri RF rq xqvnloohg zrunhuv zdv urexvw5;1 Doo uhvxowv

zhuh urexvw wr lqfoxglqj d odujhu qxpehu ri lqgxvwu| gxpplhv1 Iru h{dpsoh lq0

foxglqj 7: wzr gljlw gxpplhv +lqvwhdg ri wkh < rqh gljlw gxpplhv, fkdqjhg wkh

frh!flhqw rq RF lq wkh prvw jhqhudo vshfl�fdwlrq wr 0313:< +31355,1

8151 Iuhqfk Uhvxowv

Wdeoh 7 krogv wkh uhvxowv rq wkh h�hfwv ri rujdql}dwlrqdo fkdqjh rq zdjh eloo vkduhv

iru Iudqfh1 Wkh wdeoh lv vlplodu lq vwuxfwxuh wr wkh XN uhvxowv lq Wdeoh 6 sdqhov

5:Wkhvh zhuh fdofxodwhg xvlqj wkh irupxod wkdw wkh sulfh hodvwlflw| @
f�ii . V5i � Vi

Vi
1 Wkh zdjh

eloo vkduhv ri wkh vnloo jurxsv +lq 4<;7, zhuh 3145 +xqvnloohg pdqxdo,/ 3145+vhpl0vnloohg pdqxdo,/
3148+vnloohg pdqxdo,/ 3156 +fohulfdo,/
3139+vxshuylvruv,/ 3166+pdqdjhuv,1
5;Iru h{dpsoh/ lq wkh frqwh{w ri wkh xqvnloohg pdqxdo zrunhu*v htxdwlrq/ froxpq +4, lq Sdqho

F1/ wkh vxe0frqwudfwlqj yduldeoh kdv d frh!flhqw +vwdqgdug huuru, ri 031476+313<9, dqg wkh frhi0
�flhqw rq RF idoov wr 03137;+3134;,1

59



D wkurxjk F h{fhsw zh rqo| kdyh 8 rffxsdwlrqdo jurxsv iru Iudqfh dv rssrvhg

wr vl{ iru Eulwdlq5<1 Lw lv uhpdundeoh wkdw dfurvv doo wkuhh vshfl�fdwlrqv zh dovr

lghqwli| d vljql�fdqw dqg qhjdwlyh h�hfw ri RF rq wkh fkdqjh lq wkh hpsor|phqw

vkduh ri xqvnloohg pdqxdov dv zh irxqg lq wkh XN1 Wkh vwurqjhvw srvlwlyh h�hfw

ri pdqdjhuldo ghod|hulqj dsshduv wr eh rq wkh vnloohg pdqxdo zrunhuv/ d sdwwhuq

wkdw zdv qrw vr fohduo| suhvhqw lq wkh XN +wkh vljqv zhuh jhqhudoo| srvlwlyh exw

lqvljql�fdqw lq Eulwdlq,1 Dqrwkhu gl�huhqfh lv wkdw zh fdqqrw lghqwli| dq| vljqli0

lfdqw h�hfwv iru wkh whfkqrorj| yduldeohv lq Iudqfh +dowkrxjk wkh vljq lv qhjdwlyh

iru wkh ohdvw vnloohg,1 Wkh whfkqrorj| yduldeohv duh pruh fuxgho| phdvxuhg iru

Iudqfh wkdq lq wkh XN +zh kdyh rqo| furvv vhfwlrqdo lqirupdwlrq,1 Qhyhuwkhohvv

rwkhu dxwkruv kdyh dujxhg wkdw wkh hylghqfh iru vnloo eldvhg whfkqlfdo fkdqjh lv

zhdnhu iru Iudqfh wkdq iru rwkhu frxqwulhv+h1j1 Jrx{ dqg Pdxulq/ 4<<8,1

Iru Iudqfh zh dovr kdyh lqirupdwlrq rq fkdqjhv lq fdslwdo lqwhqvlw| wkdw zh

lqfoxgh lq sdqho H1 Wkhuh lv vrph hylghqfh wkdw hvwdeolvkphqwv zklfk lqfuhdvh wkhlu

fdslwdo lqwhqvlw| dovr whqg wr lqfuhdvh wkhlu vnloo lqwhqvlw|1 Wkhuh lv d vljql�fdqw

dqg srvlwlyh frh!flhqw rq fdslwdo lqwhqvlw| lq wkh htxdwlrq iru prvw vnloohg jurxs

dqg d qhjdwlyh exw lqvljql�fdqw dvvrfldwlrq iru wkh ohdvw vnloohg jurxs1 Prvw

lpsruwdqwo| iru rxu sxusrvhv/ wkh RF h�hfw lv urexvw wr wklv h{wud frqwuro631 Dv

zlwk wkh XN/ wkh uhjlrqdo zdjh whupv zhuh qrw vljql�fdqw dqg zh kdyh gl!fxow|

lq slqqlqj grzq wkh vl}h ri wkh zdjh hodvwlflwlhv iru dq| jurxs h{fhsw wkh xqvnloohg

pdqxdov641

Wkh fulwlflvp wkdw wkh uhvxowv duh phuho| uh hfwlqj wkh idfw wkdw ghod|hulqj

lv wkh vdph dv uhgxfwlrq ri wkh ohdvw vnloohg lv kljko| xqolnho| dv wkh ghod|hulqj

txhvwlrq uhihuv wr fkdqjhv lq pdqdjhphqw ixqfwlrqv1 Wkxv dq| phdvxuhphqw

eldvhv duh olnho| wr uhvxow lq xqghuhvwlpdwlqj wkh h�hfwv ri rujdql}dwlrqdo fkdqjh

rq uhgxflqj wkh ghpdqg iru wkh ohdvw vnloohg1

^Wdeohv 7 dqg 8 derxw khuh`

5<Wkh fryduldwh vhw lq wkh ch{whqghg* prgho gl�huv voljkwo| gxh wr gdwd dydlodelolw|1 Iru
h{dpsoh wkhuh duh qr txhvwlrqv rq iruhljq rzqhuvkls dqg �qdqfldo shuirupdqfh lq UHSRQVH1

63Wkhvh duh urexvw wr lqfoxglqj wkh jurzwk lq ydoxh dgghg dv dq dgglwlrqdo yduldeoh1
64Wkh rzq idfwru sulfh hodvwlflw| iru xqvnloohg pdqxdov zdv 0416581 Wkh rwkhuv zhuh .3174/

.315</ .4144/ 031:; Iru vnloohg pdqxdov/ fohulfdov/ plggoh pdqdjhuv dqg vhqlru pdqdjhuv uhsvhf0
wlyho|1
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Dv d ixuwkhu whvw ri rxu lqwhusuhwdwlrq ri wkh fruuhodwlrq ri wkh vnloov vwuxf0

wxuh zlwk rujdql}dwlrqdo fkdqjh zh hvwlpdwhg vlpsoh surelwv ri zkhwkhu gl�huhqw

jurxsv ri zrunhuv kdg uhfhlyhg wudlqlqj lq jhqhudo vnloov +Wdeoh 8 Sdqho D, ru vsh0

fl�f vnloov +Wdeoh 8 Sdqho E,1 Wkh �qglqj wkdw vwdqgv rxw iurp wklv wdeoh lv wkdw

sodqwv zkr ghod|hu kdyh d vljql�fdqwo| kljkhu surshqvlw| wr wudlq wkhlu zrunhuv

lq jhqhudo vnloov1 Wkh fruuhodwlrq vhhpv sduwlfxoduo| vwurqj iru wkh ohdvw vnloohg

hpsor|hhv1 E| frqwudvw/ xqvnloohg pdqxdov duh vljql�fdqwo| ohvv olnho| wr uhfhlyh

�up0vshfl�f wudlqlqj zkhq ghod|hulqj lv lqwurgxfhg1 Wklv vxjjhvwv wkdw ghod|hu0

lqj ghpdqgv wkh juhdwhu  h{lelolw| dqg jhqhudo vnloov dvvrfldwhg zlwk pruh vnloohg

zrunhuv1 Xqvnloohg zrunhuv duh pruh olnho| wr orvh wkhlu mrev dqg wkh +suhvxpdeo|

kljk delolw|, rqhv zkr uhpdlq qhhg wr eh wudlqhg lq jhqhudo vnloov wr shuirup wkh

wdvnv suhylrxvo| rqo| grqh e| pruh vnloohg zrunhuv1

Wkh Iuhqfk uhvxowv rq fkdqjhv lq wkh vnloo vwuxfwxuh dsshdu wr eurdgo| fruure0

rudwh wkh XN uhvxowv/ ghvslwh fryhulqj d pruh uhfhqw wlph shulrg/ ehlqj d odujhu

vdpsoh dqg kdylqj d udwkhu gl�huhqw phdvxuh ri rujdql}dwlrqdo fkdqjh1

8161 Wkh ghwhuplqdwlrq ri rujdql}dwlrqdo fkdqjh

Wkh qh{w htxdwlrq ri lqwhuhvw lv wkh rujdql}dwlrqdo ghvljq htxdwlrq1 Wdeoh 9 vxp0

pdul}hv wkh uhvxowv iru wkh XN dqg Iudqfh1 Lq wkh XN zh srro wkh wzr furvv

vhfwlrqv lq 4<;7 dqg 4<<3 dqg lqfoxgh d ixoo vhw ri fryduldwhv651 Froxpq +4, kdv

wkh uhvxowv iru pdqxdo RF dqg froxpq +5, iru qrq0pdqxdo RF1 Fohduo|/ odujhu

sodqwv dqg wkrvh zlwk pruh whfkqrorj| kdyh d kljkhu suredelolw| ri rujdql}dwlrqdo

fkdqjh1 Vxusulvlqjo|/ sodqwv zklfk idfhg odujh ulvhv ru odujh idoov ri ghpdqg lq wkh

suhylrxv |hdu zhuh vljql�fdqwo| pruh olnho| wr h{shulhqfh RF wkdq wkrvh zklfk

kdg vwdeoh ghpdqg1 Xqlrql}dwlrq dqg sxeolf vhfwru vwdwxv lv srvlwlyho| fruuhodwhg

zlwk rujdql}dwlrqdo fkdqjh1

Wxuqlqj wr wkh yduldeoh ri lqwhuhvw/ zdjh lqhtxdolw| dsshduv wr eh dvvrfldwhg

zlwk d orzhu suredelolw| ri rujdql}dwlrqdo fkdqjh1 Rxu lqwhusuhwdwlrq ri wklv lv

wkdw fkhds vnloov duh ehqh�fldo wr wkh lqwurgxfwlrq ri rujdql}dwlrqdo fkdqjh1 D

uhodwlyh vkruwdjh ri hgxfdwhg zrunhuv lq wkh orfdo oderu pdunhw gulyhv xs uhodwlyh

65Wklv uhvwulfwlrq zdv qrw vwdwlvwlfdoo| uhmhfwhg e| wkh gdwd1 Iru RFPDQ d mrlqw whvw ri wkh
lqwhudfwlrqv kdg d s0ydoxh ri 3156 dqg iru RFQPDQ d s0ydoxh ri 317:41
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zdjhv dqg pdnhv wkh lqwurgxfwlrq ri rujdql}dwlrqdo fkdqjh +zklfk lv vnloohg oderu

lqwhqvlyh, pruh h{shqvlyh661

Wkh qh{w froxpqv lq Wdeoh 9 h{dplqh wkh rujdql}dwlrqdo fkdqjh htxdwlrq iru

Iudqfh1 Dv zlwk Eulwdlq/ kljk whfk dqg odujhu sodqwv duh pruh olnho| wr lqwurgxfh

rujdql}dwlrqdo fkdqjh1 Xqlrq vwuhqjwk dqg ehlqj lq wkh sxeolf vhfwru dsshdu

wr kdyh d qhjdwlyh fruuhodwlrq zlwk RF/ krzhyhu1 Wklv gl�huhqfh lv suredeo|

ehfdxvh ri wkh vxevwdqwldo fkdqjhv lq wkh xqlrql}hg dqg sxeolf vhfwruv vwlpxodwhg

e| ghuhjxodwlrq lq wkh 4<;3v lq wkh XN xqghu Puv1 Wkdwfkhu +vhh Pdfklq dqg

Zdgkzdql/ 4<<4/ iru h{dpsoh,1 Ehlqj xqlrql}hg ru vwdwh rzqhg jhqhudoo| uhwdugv

wkh suredelolw| ri rujdql}dwlrqdo fkdqjh/ exw zkhq lqfxpehqwv lq wkhvh sodqwv duh

ehlqj zhdnhqhg e| ohjlvodwlyh fkdqjhv +dv lq wkh 4<;3v lq wkh XN, wkhvh sodqwv

fdq h{shulhqfh wkh prvw gudpdwlf uhvwuxfwxulqj1

Prvw lpsruwdqwo|/ uhodwlyh zdjhv dovr h{klelw d qhjdwlyh dqg vljql�fdqw fru0

uhodwlrq zlwk RF lq Iudqfh hyhq diwhu frqwuroolqj iru wkhvh rwkhu yduldeohv1 Zh

dgg �up fdslwdo dqg ydoxh dgghg dv dgglwlrqdo frqwurov lq wkh �qdo froxpq1 Do0

wkrxjk srvlwlyh/ fdslwdo lqwhqvlw| lv lqvljql�fdqw dqg wkh frh!flhqw rq uhodwlyh

zdjhv uhpdlqv urexvw1

Wdeoh : suhvhqwv d ydulhw| ri fkhfnv rq wkh pdlq uhvxowv1 Iluvw/ zh frqvwuxfwhg

dq dowhuqdwlyh phdvxuh ri wkh vxsso| ri vnloov iurp wkh Oderu Irufh Vxuyh|v lq

hdfk frxqwu|1 Iru hdfk uhjlrq zh fdofxodwhg wkh sursruwlrq ri lqglylgxdov lq wkh

oderu irufh +qrw mxvw zrunhuv, zkr kdg kljk ohyhov ri hgxfdwlrq1 wklv zdv wkhq xvhg

dv dq dowhuqdwlyh wr wkh uhodwlyh zdjh whupv1 Uhjlrqv zlwk juhdwhu sursruwlrqv ri

hgxfdwhg zrunhuv zhuh vljql�fdqwo| pruh olnho| wr kdyh h{shulhqfhg rujdql}dwlrqdo

fkdqjh/ dowkrxjk wkh fruuhodwlrq lv rqo| vljql�fdqw dw wkh 43( ohyho lq wkh XN 1

Zh duh vhqvlwlyh wr wkh idfw wkdw wkhuh pd| eh rwkhu uhjlrq0vshfl�f yduldeohv

gulylqj wkh uhodwlyh zdjh0RF fruuhodwlrq1 Iluvw/ lq Urz 6 zh lqfoxgh wkh fkdqjh lq

wkh uhjlrqdo zdjh gl�huhqwldov udwkhu wkdq wkh ohyho/ iru wkh XN1 Iru erwk w|shv ri

RF wkhuh lv d qhjdwlyh pdujlqdo h�hfw/ dowkrxjk wkh pdjqlwxgh lv derxw kdoi wkh

vl}h ri wkdw lq Wdeoh 91 Lw lv zhoo nqrzq wkdw phdvxuhphqw huuru zloo eh h{dfhuedwhg

e| gl�huhqflqj gdwd dqg wklv pd| eh wkh sureohp khuh1 Dv dq dowhuqdwlyh vwudwhj|/

66Wkh h�hfwv ri uhodwlyh zdjhv duh urexvw wr d vhyhudo ri vshfl�fdwlrq fkhfnv1 Gursslqj vxv0
shfwhg hqgrjhqrxv yduldeohv vxfk dv frpsxwhu xvh fkdqjhg wkh frh!flhqw rq uhodwlyh zdjhv wr
041439+31737,1 Wkh vnloov h�hfw lv vwurqjhu lq 4<;7 +0419:6+3194:,, wkdq lq 4<<3 +031;:;+3188;,,1
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d srvvleoh lqvwuxphqw iru uhodwlyh zdjhv lv uhjlrqdo xqlrql}dwlrq dv lw lv zhoo nqrzq

wkdw xqlrqv frpsuhvv zdjh gl�huhqwldov1 Zh frqvwuxfwhg wkh dyhudjh sursruwlrq ri

hvwdeolvkphqwv lq wkh uhjlrq zlwk d uhfrjql}hg xqlrq dqg xvhg wklv wr lqvwuxphqw

wkh uhjlrqdo uhodwlyh zdjh lq Urz 7 +qrwh wkdw sodqw ohyho xqlrql}dwlrq udwhv duh

douhdg| frqwuroohg iru,1 Lq wkh uhgxfhg irup xqlrql}dwlrq lv d vwurqj suhglfwru

ri zdjh frpsuhvvlrq1 Wkh pdujlqdo h�hfw ri uhodwlyh zdjhv lv dfwxdoo| odujhu iru

pdqxdo RF/ dowkrxjk vpdoohu iru qrq0pdqxdo RF1 Lq Iudqfh/ wkhuh lv qr vljql�fdqw

h�hfw lq wkh gl�huhqfhg vshfl�fdwlrqv1 Wklv lv olnho| wr eh ehfdxvh wkh Iuhqfk zdjh

vwuxfwxuh zdv uhodwlyho| vwdeoh ryhu wkh shulrg +frpsduhg wr wkh XN dqg XV, vr

wlph vhulhv fkdqjhv duh grplqdwhg e| vdpsolqj huuru1 Urzv 9 dqg : uhshdw wkh

edvholqh vshfl�fdwlrqv iru wzr rwkhu phdvxuhv ri rujdql}dwlrqdo fkdqjh lq Iudqfh

+MLW dqg txdolw| flufohv,1 Uhodwlyh zdjhv kdyh d qhjdwlyh h�hfw rq erwk ri wkhp/

dowkrxjk wkh h�hfw lv rqo| vljql�fdqw iru cMxvw lq Wlph*671

D odujh qxpehu ri rwkhu vshfl�fdwlrq whvwv zhuh dovr shuiruphg rq wkh RF

htxdwlrqv1 Iluvwo|/ lw pd| eh wkdw zdjh uhodwlylwlhv duh orz lq vrph uhjlrqv qrw

ehfdxvh ri vnloo dexqgdqfh/ exw ehfdxvh ri lqvwlwxwlrqdo frqvwudlqwv rq wkh zdjhv

ri ohvv vnloohg zrunhuv +h1j1 wkh Iuhqfk plqlpxp zdjh zdv kljk ryhu wklv shulrg,1

Frqvhtxhqwo| zh lqfoxghg uhodwlyh xqhpsor|phqw udwhv lq vrph vshfl�fdwlrqv 0

wkhvh zhuh dozd|v lqvljql�fdqw1 Vhfrqgo|/ lw pd| eh wkdw wkh vwdqgdug huuruv rq

wkh hgxfdwlrq yduldeohv duh xqghuhvwlpdwhg gxh wr frpprq jurxs huuruv zlwklq d

fhoo +Prxowrq/ 4<;9> Erumdv dqg Vxh|rvkl/ 4<<7,1 Gldjqrvwlf whvwv glg qrw uhyhdo

pxfk hylghqfh ri wklv krzhyhu1 Dowkrxjk Euxhvfk0Sdjdq OP whvwv uhmhfwhg zkhq

zh gr qrw frqwuro iru wkh gl�huhqw lqgxvwu| frpsrvlwlrq ri uhjlrqv/ wkh lqgxvwu|

gxpplhv dsshdu wr ghdo dghtxdwho| zlwk wkh sureohp1 Ilqdoo|/ vhyhudo rwkhu phd0

vxuhv ri surgxfw pdunhw frpshwlwlrq zhuh lqfoxghg wr h{dplqh zkhwkhu surgxfw

pdunhw frpshwlwlrq vwlpxodwhg rujdql}dwlrqdo lqqrydwlrq681 Prvwo| wkhvh zhuh

xqlqirupdwlyh1 Wkhuh zdv vrph hylghqfh wkdw idoolqj sulfhv +lq wkh sodqw*v 6 gljlw

lqgxvwu|, vwlpxodwhg pruh RF lq wkh hduo| 4<;3v lq wkh XN +zkhq wkh hfrqrp|

h{shulhqfhg d pdmru uhfhvvlrq,/ exw wkhuh zhuh qr vljql�fdqw h�hfwv lq wkh odwh

4<;3v ru lq Iudqfh1 Lq doo fdvhv wkh h�hfwv ri uhjlrqdo zdjhv zhuh urexvw wr wkh

67Qhlwkhu ri wkhvh zhuh hyhu vljql�fdqw lq Wdeoh 7/ wkh vnloo vkduh htxdwlrqv1
68Phdvxuhv lqfoxghg lpsruw sulfhv/ frqfhqwudwlrq lqglfhv dqg wkh pdqdjhu*v dvvhvvphqw ri wkh

qxpehu ri frpshwlwlruv idfhg e| wkh hvwdeolvkphqw1
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lqfoxvlrq ri wkhvh dgglwlrqdo frqwurov1

8171 Rujdql}dwlrqdo fkdqjh dqg sodqw shuirupdqfh

Wkh wklug lpsolfdwlrq ri wkh k|srwkhvlv wkdw vnloov dqg RF duh frpsohphqwdu| uh0

odwhv wr �up shuirupdqfh1 Wdeoh ; frqwdlqv hvwlpdwhv ri surgxfwlrq ixqfwlrqv iru

Iudqfh1 Wkh ghshqghqw yduldeoh lv wkh jurzwk ri dqqxdol}hg ydoxh dgghg ehwzhhq

4<<9 dqg 4<<51 Lq wkh �uvw froxpq zh vlpso| lqfoxgh rxu phdvxuh ri RF/ wkh 4<<5

sursruwlrq ri xqvnloohg pdqxdov69 dqg wkh lqwhudfwlrq ehwzhhq wkh vnloov dqg RF

yduldeoh1 Frqvlvwhqw zlwk wkh hylghqfh suhylrxvo| suhvhqwhg/ lq hvwdeolvkphqwv

zlwk qr xqvnloohg pdqxdo zrunhuv/ lqwurgxflqj rujdql}dwlrqdo fkdqjhv lq wkh odwh

4<;3v zdv dvvrfldwhg zlwk jurzwk lq ydoxh dgghg ri 618( d |hdu1 Wkh ohvv vnloo lq0

whqvlyh sodqwv zhuh vljql�fdqwo| ohvv olnho| wr ehqh�w iurp rujdql}dwlrqdo fkdqjhv/

krzhyhu/ dv wkh lqwhudfwlrq whup lv qhjdwlyh dqg vljql�fdqw1 Iru sodqwv zlwk pruh

wkdq 5:( ri xqvnloohg zrunhuv wkhuh lv dfwxdoo| d qhjdwlyh h�hfw ri RF +wkh phgldq

sursruwlrq ri xqvnloohg pdqxdo zrunhuv lv 716(,1 Froxpq +5, lqfoxghv wkh jurzwk

udwhv ri fdslwdo dqg oderu dv dgglwlrqdo frqwurov1 Wkhlu frh!flhqwv duh forvh wr

wkhlu vkduh lq ydoxh dgghg/ zklfk lv uhdvvxulqj/ hvshfldoo| dv gl�huhqflqj lv olnho| wr

h{dfhuedwh phdvxuhphqw huuru +Julolfkhv dqg Pdluhvvh/ 4<<:,1 Wkh wklug froxpq

lqfoxghv wkh whfkqrorj| yduldeohv dqg lqwhudfwlrqv zlwk RF dqg lqlwldo vnloov1 Wkh

FRPS-XQVNLOOHG lqwhudfwlrq lv qhjdwlyh/ frqvlvwhqw zlwk vnloo eldvhg whfkqlfdo

fkdqjh/ exw lv lqvljql�fdqw1 Rqh yduldeoh wkdw grhv pdwwhu/ krzhyhu/ lv dqrwkhu

w|sh ri rujdql}dwlrqdo lqqrydwlrq= txdolw| flufohv1 Wklv kdv d urexvw dqg srvlwlyh

h�hfw +dowkrxjk zh frxog �qg qr uroh iru dgglwlrqdo lqwhudfwlrqv,1

Wkh irxuwk froxpq fkdqjhv wkh ghshqghqw yduldeoh wr WIS +xvlqj wkh revhuyhg

idfwru vkduhv dv zhljkwv iru oderu dqg fdslwdo,1 Wklv vshfl�fdwlrq lpsrvhv frq0

vwdqw uhwxuqv 0 d uhvwulfwlrq wkdw fdqqrw eh uhmhfwhg rq wkh edvlv ri froxpq +6,1

Lw lv dwwudfwlyh ehfdxvh wkh srvvleo| hqgrjhqrxv lqsxwv ri oderu dqg fdslwdo duh

qr orqjhu lq wkh fryduldwh vhw1 Wkh �iwk froxpq lqfoxghv d vhw ri rwkhu odjjhg

frqwurov +xqlrqv/ sxeolf vhfwru/ ghpdqg fkdqjhv dqg uhjlrqdo dqg lqgxvwu| gxp0

plhv,1 Lq erwk ri wkhvh froxpqv wkh lqwhudfwlrq ehwzhhq vnloov dqg RF uhpdlqv

69Zh irfxv rq wklv jurxs ehfdxvh ri wkh hylghqfh iurp wkh vnloo vkduh htxdwlrq wkdw wklv jurxs
vx�huhg wkh prvw iurp rujdqlvdwlrqdo fkdqjh1
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vljql�fdqw6:1 Lw lv srvvleoh wkdw RF lv lqwurgxfhg lq sodqwv zklfk kdyh kljkhu

wuhqg lq surgxfwlylw| jurzwk +fi1 Lfklqrzvnl hw do/ 4<<7,/ vr wr frqwuro iru wklv zh

lqfoxghg wkh 4<;<0<5 jurzwk lq ydoxh dgghg +lqvwuxphqwhg zlwk wkh ohyho ri ydoxh

dgghg lq 4<;<,1 Wkh yduldeoh zdv lqvljql�fdqw +031379 zlwk d vwdqgdug huuru ri

31435, dqg glg qrw fkdqjh wkh RF lqwhudfwlrqv1

Ilqdoo|/ lq wkh vl{wk froxpq zh hvwlpdwh wkh prvw jhqhudo prgho/ doorzlqj doo

wkh frh!flhqwv wr ydu| e| RF vwdwxv1 Wkh xqvnloohg sursruwlrq lv qhjdwlyh dqg

+zhdno|, vljql�fdqw iru sodqwv zkr h{shulhqfhg RF dqg srvlwlyh +exw lqvljql�fdqw,

iru sodqwv zkr glg qrw h{shulhqfh RF1

D vlplodu h{huflvh lv qrw srvvleoh lq wkh XN ehfdxvh ZLUV odfnv lqirupd0

wlrq rq ydoxh dgghg dqg lqyhvwphqw1 Zh glg h{dplqh wkh sduw ri wkh 4<;704<<3

sdqho zklfk lqfoxghv wkh �upv zkr forvhg grzq ehiruh 4<<31 Wklv lv d udwkhu

h{wuhph phdvxuh ri sodqw shuirupdqfh1 Wkhuh grhv qrw dsshdu wr eh d vljql�fdqw

uhodwlrqvkls ehwzhhq rujdql}dwlrqdo fkdqjh/ vnloov ru wkhlu lqwhudfwlrqv dqg wkh

suredelolw| ri sodqw forvxuh +wkh vwurqjhvw suhglfwru lv dfwxdoo| hvwdeolvkphqw vl}h=

odujhu sodqwv duh idu pruh olnho| wr vxuylyh wkdq vpdoohu sodqwv,1 Wklv grhv qrw

jlyh vxssruw wr wkh lghd ri d frpsohphqwdulw| ehwzhhq wkh wzr w|shv ri fkdqjhv

dqg d udwkhu h{wuhph phdvxuh ri shuirupdqfh1 Rq wkh srvlwlyh vlgh/ lw grhv phdq

wkdw vxuylyru eldv lv xqolnho| wr eh d pdmru sureohp zlwk rxu uhvxowv1

91 Frqfoxvlrqv

Wklv sdshu kdv h{dplqhg wkh uhodwlrqvkls ehwzhhq vnloov dqg rujdql}dwlrqdo fkdqjh1

Wklv lv d vxemhfw zklfk lv wkh remhfw ri pxfk vshfxodwlrq/ exw zkhuh wkhuh lv

d ghduwk ri hfrqrphwulf dqdo|vhv1 Rxu uhvxowv duh hdv| wr vxppdul}h1 Iluvw/

Eulwlvk dqg Iuhqfk hvwdeolvkphqwv zklfk lqwurgxfh rujdql}dwlrqdo fkdqjhv duh

vljql�fdqwo| pruh olnho| wr uhgxfh wkhlu ghpdqg iru xqvnloohg zrunhuv wkdq wkrvh

zkr gr qrw1 Vhfrqgo|/ wkh suredelolw| ri lqwurgxflqj fkdqjhv lq rujdql}dwlrq/ vxfk

dv ghod|hulqj ri klhudufklhv/ lv ghsuhvvhg e| vkruwdjhv ri vnloohg zrunhuv dv sur{lhg

e| hgxfdwlrqdo zdjh gl�huhqwldov1 Wklugo|/ lq Iudqfh dw ohdvw/ wkh lqwurgxfwlrq ri

rujdql}dwlrqdo fkdqjh lq vnloo lqwhqvlyh �upv ohdgv wr vljql�fdqwo| idvwhu surgxf0

6:Zh h{shulphqwhg zlwk dovr lqfoxglqj wkh fkdqjhv lq wkh vnloo vkduhv/ exw wkh| zhuh qrw
vljql�fdqw +h1j1 zkhq lqfoxghg lq froxpq +8, I0Whvw @ 319;,1
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wlylw| jurzwk wkdq wkh lqwurgxfwlrq ri rujdql}dwlrqdo fkdqjh lq xqvnloohg �upv1

Wdnhq wrjhwkhu/ wkhvh �qglqjv gr vxjjhvw wkdw wkhuh lv vrphwklqj lq wkh qrwlrq ri

�vnloo eldvhg rujdql}dwlrqdo fkdqjh�1

Wkh uhvxowv suhvhqwhg khuh duh sduw ri d vpdoo exw jurzlqj olwhudwxuh zklfk wulhv

wr hfrqrphwulfdoo| h{dplqh wkh uhodwlrqvkls ehwzhhq vnloov/ rujdql}dwlrq dqg whfk0

qrorj|1 Xvlqj hqwhusul}h0ohyho sdqho gdwd iurp gl�huhqw frxqwulhv lv/ zh eholhyh/

dq dgydqfh ryhu h{lvwlqj zrun1

Zkhuh gr zh jr iurp khuhB Rqh lvvxh wkdw zh zrxog olnh wr irfxv rq lq pruh

ghwdlo lv wkh uroh ri surgxfw pdunhw frpshwlwlrq lq vwlpxodwlqj rujdql}dwlrqdo

fkdqjh1 Zh kdyh vrph suholplqdu| uhvxowv vxjjhvwlqj wkdw grzqzdug sulfh vkrfnv

dqg odujhu pdunhw vl}h vwlpxodwh rujdql}dwlrqdo lqqrydwlrq1 Wr wkh h{whqw wkdw

wkhuh duh vrph h{rjhqrxv fkdqjhv lq wkh frpshwlwlyh hqylurqphqw idflqj �upv/

zh pd| eh deoh wr lghqwli| pruh forvho| wkh olqn ehwzhhq frpshwlwlrq dqg sur0

gxfwlylw| jurzwk vwuhvvhg e| pdq| dxwkruv +Qlfnhoo/ 4<<9> Sruwhu/ 4<<3,1 Dqrwkhu

lpsruwdqw lvvxh lv zkhwkhu rujdql}dwlrqdo idfwruv uhdoo| gr kdyh dq lqghshqghqw

lq xhqfh rq �up*v surgxfwlylw| dqg ghpdqg ru zkhwkhu wkh| duh mxvw sduw ri wkh

wudqvplvvlrq phfkdqlvp ehwzhhq whfkqrorjlfdo fkdqjh dqg rxwfrphv1 Li zh kdg

ehwwhu phdvxuhv ri whfkqlfdo surjuhvv wkhq rujdql}dwlrqdo idfwruv/ shu vh/ pd| eh

xqlpsruwdqw1 Rxu suhmxglfh lv wkdw wklv lv qrw wkh fdvh dqg pdqdjhuv gr idfh

uhdo fkrlfhv lq zkdw rujdql}dwlrqdo vwudwhjlhv wr sxuvxh1 Qhyhuwkhohvv/ wkh xvxdo

fdoo iru lpsuryhg gdwd lv fhuwdlqo| wuxh lq wkh duhd ri whfkqrorj| dqg rujdql}dwlrq1

Wkh ghyhorsphqw ri sdqho gdwdedvhv zlwk uhshdwhg txhvwlrqv rq wkh vwuxfwxuh dqg

fkdqjh lq rujdql}dwlrqdo irupv zrxog eh sduwlfxoduo| ehqh�fldo1

Ilqdoo|/ wkh ghedwh ryhu wkh ghwhulrudwlqj srvlwlrq ri orz sdlg zrunhuv kdv

whqghg wr vwuhvv wkh uroh ri whfkqrorjlfdo idfwruv dqg wudgh1 Zh zrxog hpskdvl}h

wkdw xqghuvwdqglqj wkh fkdqjlqj zdjh dqg hpsor|phqw srvlwlrq ri wkh ohvv vnloohg

lv lqwlpdwho| wlhg zlwk wkh hyroxwlrq ri rujdql}dwlrqdo irupv1 Dq lpsruwdqw dyhqxh

iru ixwxuh uhvhdufk lv wr wlh grzq wkh h{whqw wr zklfk wkh ghfolqlqj iruwxqhv ri wkh

xqvnloohg duh uhdoo| olqnhg wr pdqdjhuldo lqqrydwlrqv lq wkh rujdql}dwlrq ri zrun1
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Wdeoh 4
Zkdw lv Rujdql}dwlrqdo Fkdqjh lq wkh XNB

RF0Qrq Pdqxdo RF0Pdqxdo

D1 Kdyh pruh ru ohvv Uhvsrqvlelolw|B
Pruh Vdph Ohvv G2N Pruh Vdph Ohvv G2N

31795 31798 3135< 31378 3165; 318:4 31397 31369

E1 Kdyh wr zrun dw d pruh vnloohg ru xqvnloohg ohyhoB
Pruh Vdph Ohvv G2N Pruh Vdph Ohvv G2N

31837 31764 3136< 31359 315<; 31884 31443 31375

F1 H�hfw rq udqjh ri wdvnv
Zlghu Vdph Qduurzhu G2N Zlghu Vdph Qduurzhu G2N

31958 315;4 3138; 3136 316<8 31783 31466 31353

G1 Duh vxemhfw wr pruh ru ohvv vxshuylvlrqB
Pruh Vdph Ohvv G2N Pruh Vdph Ohvv G2N

31459 3193; 31575 31358 314<8 31943 314:: 3134;

H1 Kdyh pruh lqwhuhvwlqj ru ohvv lqwhuhvwlqj mrev wr grB
Pruh Vdph Ohvv G2N Pruh Vdph Ohvv G2N

3196< 31568 3138; 313:3 3169< 317:6 31434 3138:

I1 Zkdw kdsshqhg wr vwd!qj ru pdqqlqj ohyhovB
Pruh Vdph Ohvv G2N Pruh Vdph Ohvv G2N

313<5 31887 31679 3133: 31445 3174: 31794 3133<

Qrwhv wr Wdeoh 4= Wkhvh duh fhoo phdqv uhodwlqj wr vhqlru
pdqdjhuv* uhvsrqvhv wr ydulrxv txhvwlrqv rq wkh h�hfwv ri
rujdqlvdwlrqdo fkdqjh> G2N@grq*w nqrz ru qrw dqvzhuhg> wkhuh
duh 746 +769, revhuydwlrqv iru wkh qrq pdqxdo +pdqxdo, uhvsrqvhv
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Wdeoh 5
Fkdqjhv lq Zdjh eloo Vkduhv lq wkh XN=

H�hfwv ri Rujdql}dwlrqdo dqg Whfkqrorjlfdo Fkdqjh

4<<304<;7 Xqvnloohg Vhpl0vnloohg Vnloohg Fohulfdo Vxshuylvruv Pdqdjhuv )

Fkdqjh lq pdqxdov pdqxdov pdqxdov zrunhuv ) iruhphq whfkqlfdo vwd�

zdjh eloo vkduh ri= htxdwlrq htxdwlrq htxdwlrq htxdwlrq htxdwlrq htxdwlrq

D1 Edvlf frqwurov

RFH�3He 03137; 31337 31339 31356 31349 031334
3134: 3134; 31349 3134; 3133; 31353

E1 Lqfoxgh whfkqrorj|

RFH�3He 03137< 31337 31353 31357 31347 031346
3134; 3134; 31349 3134< 3133; 31354

(FRPSH�3He 31364 031353 03138: 03138< 031335 3143:
3136: 3136< 31367 31373 3134: 31377

FRPSHe3bf 03135: 31338 031346 031349 31344 31373
31348 31348 31346 31349 3133: 3134:

(FRPS�?_

He3bf
031365 031336 0313:5 3136; 3138: 31346
3137; 31384 31377 31385 31355 3138:

F1 H{whqghg frqwurov

RFH�3He 03138: 31333 3135: 3135< 31343 031334
3134< 31353 3134: 31353 3133; 31355

(FRPSH�3He 31374 031366 03137< 031397 031337 3143<
3136< 31374 31369 31375 3134; 31378

FRPSHe3bf 031354 31337 031348 031353 31344 31374
31348 31349 31347 31349 3133: 3134;

(FRPS�?_

He3bf
031337 031343 0313;3 31354 31385 31354
31383 31386 31379 31386 31355 3138;

Qrwhv wr Wdeoh 5= cEdvlf* frqwurov lqfoxgh 44 uhjlrqdo dqg < lqgxvwu|
gxpplhv/ jurzwk lq wrwdo orj+hpsor|phqw, 4<<304<;7/ 4<;7 vnloo vkduhv +8,1
cH{whqghg* frqwurov lqfoxgh edvlf soxv 4<;7 ydoxhv ri xqlrq uhfrjqlwlrq/
�qdqfldo shuirupdqfh deryh2ehorz dyhudjh/ XN rzqhuvkls/ suhvhqfh
ri mrlqw frqvxowdwlyh frpplwwhh1 Wkh qxpehu ri revhuydwlrqv lv 734/
6<7 dqg 6;4 lq sdqhov D/E/F uhvshfwlyho|1
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Wdeoh 6
Fkdqjhv lq Zdjh eloo Vkduhv lq wkh XN=

Urexvwqhvv whvwv

4<<304<;7 Xqvnloohg Vhpl0vnloohg Vnloohg Fohulfdo Vxshuylvruv Pdqdjhuv )

Fkdqjh lq pdqxdov pdqxdov pdqxdov zrunhuv ) iruhphq whfkqlfdo vwd�

zdjh eloo vkduh ri= htxdwlrq htxdwlrq htxdwlrq htxdwlrq htxdwlrq htxdwlrq

D1 Edvlf frqwurov

RFQPDQH�3He 031397 031356 31365 3135; 31347 31347
3134< 31354 3134; 31354 3133< 31356

RFPDQH�3He 031368 31366 031348 31364 31337 03134<
31355 31355 31353 31353 3133< 31355

E1 Edvlf . frpsxwhuv

RFQPDQH�3He 03139: 31356 31378 3135< 31347 31336
31353 31354 3134; 31355 3133< 31356

RFPDQH�3He 031377 31364 031337 31366 31336 03135<
31357 31356 31353 31353 3133< 31355

F1 H{whqghg frqwurov

RFQPDQH�3He 0313:8 03135; 31379 3135; 3133< 3134<
31354 31355 3134< 31356 31343 31358

RFPDQH�3He 03136: 31357 031336 31373 031337 03135:
31356 31358 31359 31354 3133< 31356

G1 H{whqghg . krxuo| zdjhv

RFH�3He 03137: 031336 31353 3134; 31347 031335
3134; 3134< 3134: 31353 3133; 31354

H1 Fkdqjh lq

hpsor|phqw vkduh

H{whqghg frqwurov

RFH�3He 0313:8 31344 3135; 31359 31343 031334
31357 31356 3134< 3134< 3133: 31356

Qrwhv wr Wdeoh= Vdph dv Wdeoh 51 Qrwh wkdw urz G1 lqfoxghv 7 uhodwlyh
krxuo| zdjh whupv1
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Wdeoh 7
Fkdqjhv lq Zdjh Eloo Vkduhv lq Iudqfh=

H�hfwv ri rujdql}dwlrqdo fkdqjh +ghod|hulqj,

4<<904<<5 Xqvnloohg Vnloohg Fohulfdo Plggoh Vhqlru

Fkdqjh lq pdqxdov pdqxdov zrunhuv Pdqdjhuv Pdqdjhuv

zdjh eloo vkduh ri= htxdwlrq htxdwlrq htxdwlrq htxdwlrq htxdwlrq

D1 Edvlf Frqwurov

RFHb3b2 031345 31347 031339 031336 31338
31338 31339 31337 31338 31336

E1 Edvlf Frqwurov.Whfkqrorj|

RFHb3b2 031346 3134: 031338 031337 31338
31338 3133: 31337 31338 31336

FRPSb2 31336 031349 031335 3133; 031335
31339 3133: 31337 31338 31336

F1 H{whqghg Frqwurov

RFHb3b2 031347 31346 03133: 031334 3133:
31338 3133: 31337 31338 31337

FRPSHb 031333 03133< 31335 031337 31336
31339 3133; 31338 31339 31337

G1 H{whqghg . krxuo| zdjhv

RFHb3b2 031347 31348 03133: 31334 31338
31338 3133: 31337 31338 31337

H1 H{whqghg . Fdslwdo2YD

RFHb3b2 031347 3134; 031336 31336 03133:
3133: 3133< 31337 31339 31337

{*L}Eg*T �� 03136: 31365 031349 031345 31368
31363 31373 31349 31356 31347

I1 Fkdqjh lq Hpsor|phqw

Vkduhv 0 H{whqghg Frqwurov

RFHb3b2 031348 31348 03133; 31334 3133:
31338 3133: 31338 31338 31337

Qrwhv wr Wdeoh 7
Doo uhjuhvvlrqv lqfoxgh lqgxvwu| +47, / uhjlrqdo +44, gxpplhv/ d gxp0
p| iru ylflqlw| wr wkh Jhupdq erughu/ wkh lqlwldo sursruwlrq ri vnloo
jurxs dqg fkdqjh lq wrwdo orj+hpsor|phqw,1 Sdqho F dovr lqfoxghv 4<;<
ydoxhv ri sodqw vl}h/ ghpdqg frqglwlrqv/ frpsxwhuv dqg d sxeolf vhf0
wru gxpp|1 Sdqho G1 dggv fkdqjhv lq orj krxuo| zdjhv ri doo vnloo
jurxsv1 Sdqho H1 lqfoxghv fkdqjhv lq orj+fdslwdo2YD,1 Hvwlpd0
0wlrq e| zhljkwhg ROV> 4458 revhuydwlrqv lq sdqho D/ 4456 lq sdqho E
;96 lq sdqhov F/ G dqg I/ 847 lq froxpq H1
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Wdeoh 8
Rujdql}dwlrqdo Fkdqjh dqg Wudlqlqj lq Iudqfh +4<<5,

Sdqho D= Jhqhudo Wudlqlqj
Wudlqlqj Pdqdjhuv Vxshuylvruv Whfkqlfldqv Vdohvphq Fohulfdo Vnloohg Xqvnloohg

ri= Iruhphq Pdqxdov Pdqxdov

Ghod|hulqj 3138: 313<3 313:9 3139: 31386 313:< 31454
+edvlf, 31356 31357 31358 31356 31357 3135; 3135<

Revhuydwlrqv 4937 4937 4693 4464 4:84 45:: 44<;
Svhxgr0U2 31336 3133: 31339 3133: 31335 31337 31344
Ghod|hulqj 31388 313;7 3139< 3139; 31385 31365 313<6
+edvlf, 31357 31358 31359 31357 31358 31363 31363
frpsxwhu 3133< 31353 31364 031347 31337 31494 313<<

31358 31359 3135; 31358 31358 31364 31365
Revhuydwlrqv 4835 4933 4688 445: 4:77 45:4 44<7
Svhxgr0U2 31336 3133: 31339 3133: 31335 31353 31349
Ghod|hulqj 31367 313:3 31377 31395 031356 031359 313<8
+h{whqghg, 31369 31374 31374 31368 3136< 31379 3137;
frpsxwhu 313;8 03134< 31348 31398 313;8 314:< 313;4

31373 31379 3137; 3136< 31376 31389 3138;
Revhuydwlrqv :6< :9; 9:6 867 ;86 94: 8:<
Svhxgr0U2 3138; 31435 313<; 313;: 313;4 31444 313:9

Sdqho E= Vshfl�f Wudlqlqj
Ghod|hulqj 31384 31376 3137: 3136< 31366 31388 0313;8
+edvlf, 31358 31358 3135: 31363 31357 3135; 3135;

Revhuydwlrqv 483; 4937 4693 4464 4:84 45:: 44<;
Svhxgr0U2 31335 31334 31335 31334 31334 31335 31339
Ghod|hulqj 31369 3135: 3136: 31387 31364 31379 0313<;
+edvlf, 31359 31359 3135; 31363 31358 3135< 31363
frpsxwhu 31397 31399 31385 0313:4 3133; 3136< 3137:

3135: 3135: 31363 31364 31358 31364 31364
Revhuydwlrqv 4835 4933 4688 445: 4:77 45:4 44<7
Svhxgr0U2 31338 31337 31336 31338 31334 31336 3133:
Ghod|hulqj 3137: 031355 31365 031335 031339 313:6 031438
+h{whqghg, 31374 31374 31376 3137< 3136; 31378 31379
frpsxwhu 31368 31379 031334 0313:8 031395 031393 3138<

31379 31379 31384 31387 31375 31388 31388
Revhuydwlrqv :6< :9; 9:6 879 ;86 94: 8::
Svhxgr0U2 313;7 31377 3137< 31463 31386 31364 313<3

Qrwhv wr Wdeoh= Edvlf uhjuhvvlrqv gr qrw lqfoxgh dq| frqwurov1 H{whqghg
uhjuhvvlrqv lqfoxgh= vl}h ri hvwdeolvkphqw/ sxeolf2sulydwh �upv/ xqlrq uhfrj0
qlwlrq dqg ghqvlw|/ ghpdqg ulvh ru idoo ryhu wkh sdvw �yh |hduv dqg lqgxvwu|
dqg uhjlrqdo gxpplhv> hvwlpdwlrq e| Surelw +dq| wudlqlqj iru d vnloo jurxs,
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Wdeoh 9
Ghwhuplqdqwv ri Rujdql}dwlrqdo Fkdqjh

XN Iudqfh
RFPDQ RFQPDQ RF0ghod|hu

Uhjlrqdo uhodwlyh zdjh 041547 031:8< 041499 04154;
+kljk0orz hgxfdwlrq, 31649 31646 317<: 317<;
Frpsxwhu 315:: 314:7 31548 314<<

31363 3135: 3136; 3136<
Vl}h|3� -43

3e 31956 317<< 031388 031458
31494 3144< 3143< 31446

Ghpdqg Ulvh 313:: 3137; 0313:6 031394
31366 31365 31375 31375

Ghpdqg Idoo 31395 313:3 31343 31357
3137< 31384 3137< 31383

Sxeolf 31565 313:7 031365 0313:5
3139: 3139; 31387 3138:

Xqlrq 313;8 31439 3135; 31334
31369 31363 31376 31377

Xqlrq Ghqvlw| 031548 03154<
313<; 313<<

Iruhljq Rzqhg 031365 3135:
31375 31373

orj+Fdslwdo, 3135<
3134;

orj+Ydoxh dgghg, 3133:
31356

Lqgxvwu| Gxpplhv +<, |hv |hv |hv |hv
Wlph gxpplhv +4, |hv |hv
Revhuydwlrqv 4686 4639 433: 433:
Orj Olnholkrrg 0:7517 0:4<17 09441; 09371:
Svhxgr U2 314:9 31456 3144< 3145<

Qrwhv wr Wdeoh= Wkhvh duh wkh pdujlqdo h�hfwv +dqg
dvvrfldwhg vwdqgdug huuruv, iurp d surelw PO uhjuhvvlrq
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Wdeoh : 0 Urexvwqhvv ri RF Htxdwlrqv

Urz Htxdwlrq H{shulphqw pdujlqdo h�hfw +v1h,

41 RF/ 4<;7 dqg 4<<3 Sursruwlrq ri hgxfdwhg 31:7:+3176;,
srrohg/XN lqvwhdg ri uhodwlyh zdjh

51 RF/ 4<<5/ Iudqfh Sursruwlrq ri hgxfdwhg 413;4+317<6,
lqvwhdg ri uhodwlyh zdjh

61 RF/ 4<;7 dqg Fkdqjh lq uhjlrqdo uhodwlyh zdjh

4<<3/ srrohg XN 4<;704<;4 dqg 4<<304<;:

RFPDQ 0318;9 +31546,
RFQPDQ 03163: +31539,

71 RF 4<;7 dqg Lqvwuxphqw uhjlrqdo uhodwlyh

4<<3 srrohg/ XN zdjhv zlwk uhjlrqdo xqlrqlvdwlrq

RFPDQ 041849 +31<66@,
RFQPDQ 031877+31;;;@,

81 RF/ 4<<5/ Iudqfh Fkdqjh lq uhjlrqdo uhodwlyh zdjh 3137<+31694,
4<<304<<5

91 Mxvw0lq0Wlph/ Iudqfh Uhjlrqdo Uhodwlyh zdjhv 0417::+31785,
:1 Txdolw| Flufohv/ Iudqfh Uhjlrqdo Uhodwlyh zdjhv 31544+31747,

Qrwhv wr Wdeoh
Wkhvh duh vshfl�fdwlrqv lghqwlfdo wr wkrvh lq Wdeoh 9/ lqfoxglqj doo wkh dgglwlrqdo frqwurov1
@Vwdqgdug huuru rq suhglfwhg yduldeoh +xqfruuhfwhg,
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Wdeoh ;
Ilup ohyho Surgxfwlrq Ixqfwlrqv iru Iudqfh

{*?ET @,�e �__e_�bS3b2 {A8� bS3b2 {*?ET ��bS3b2

�� ' � �� ' f
+4, +5, +6, +7, +8, +9,

{*?E�@R�|@,�bS3b2 314;; 314;4 31553 31596 31555
31379 31379 313;5 31475 313<5

{*?Eu@KJ�o�bS3b2 31;63 31;83 31<43 31:<4 31;57
31393 31395 31434 31489 3145<

Odjjhg yduldeohv +UHSRQVH,

RF 31368 31356 31355 31367 31368
31347 31344 31344 31353 3134:

RF-(Xqvnloohg 031466 0313<9 0313:; 0313:7 03146:
31383 3136; 31373 31367 3138:

(Xqvnloohg 03134< 31348 3136: 31364 3143: 031435 3134;
31369 31363 31365 31363 31389 3138: 3136;

(FRPS 31349 31345 31336 3134: 03136:
3134; 31348 3135; 31376 3135:

(FRPS-(Xqvnloohg 031444 031387 03147;
3139: 31389 313<8

Txdolw| Flufohv 31356 3134< 31349 3134: 31357
31343 3133< 31348 3135; 31348

Lqgxvwu| Gxpplhv +<, qr qr qr qr |hv |hv
Uhjlrqdo Gxpplhv +44, qr qr qr qr |hv |hv
Rwkhu frqwurov qr qr qr qr |hv |hv

Revhuydwlrqv 884 856 856 5;< 5;< 474 47;
U0Vtxduh 31356 31794 31797 31367 31874 31953 31887

Qrwhv
Wkhvh duh orqj0gl�huhqfhg vshfl�fdwlrqv1 Ydoxh dgghg/ fdslwdo dqg oderxu duh
dqqxdolvhg fkdqjhv 4<<904<<51 Rwkhu yduldeohv iurp Uhsrqvh lq 4<<51
Rwkhu frqwurov duh= ghpdqg fkdqjhv/ sxeolf vhfwru/ xqlrq vwdwxv/ Jhupdq erughu1
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Uhihuhqfhv

^4` Dfhprjox G1 +4<<<,=�Fkdqjhv lq Xqhpsor|phqw dqg Zdjh Lqhtxdolw|= Dq

Dowhuqdwlyh Wkhru| dqg Vrph Hylghqfh�/ Dphulfdq Hfrqrplf Uhylhz/ iruwk0

frplqj1

^5` Dfhprjox/ G1 +4<<;, �Zk| gr qhz whfkqrorjlhv frpsohphqw vnloovB Gluhfwhg

whfkqlfdo fkdqjh dqg zdjh lqhtxdolw|� Txduwhuo| Mrxuqdo ri Hfrqrplfv

^6` Djklrq S1/ Fdurol H1 dqg Jdufld0Shôdorvd F1 +4<<<,= �Lqhtxdolw| dqg Hfr0

qrplf Jurzwk= wkh Shuvshfwlyh ri wkh Qhz Jurzwk Wkhrulhv�/ Mrxuqdo ri

Hfrqrplf Olwhudwxuh/ iruwkfrplqj1

^7` Djxluuhjdeluld/ Y1 dqg Dorqvr0Eruuhjr/ F1 +4<<;, cHpsor|phqw/ rffxsdwlrqdo

vwuxfwxuh/ whfkqrorjlfdo fdslwdo dqg uhrujdql}dwlrq ri surgxfwlrq* Xqlyhuvlw|

ri Fklfdjr/ plphr

^8` Dvnhqd}| S1 +4<<<,= �Wkh Frqvhtxhqfhv ri Qhz Zrunsodfh Sudfwlfhv lq wkh

Xqlwhg0Vwdwhv 0 Wkh Qhr0Vwdnkdqrylvp�/ plphr GHOWD1

^9` Dwkh|/ V1 dqg Vfkpxw}ohu +4<<8,= �Surgxfw dqg Surfhvv Ioh{lelolw| lq dq

Lqqrydwlyh Hqylurqphqw�/ UDQG Mrxuqdo ri Hfrqrplfv/ 59+7,/ ss1 88:08:71

^:` Dwkh|/ V1 dqg Vwhuq/ V1 +4<<;, cDq Hpslulfdo Iudphzrun iru whvwlqj wkhrulhv

derxw frpsohphqwdulw| lq rujdql}dwlrqdo ghvljq* QEHUZrunlqj Sdshu 9933

^;` Dxwru/ G1/ Ndw}/ O1 dqg Nuxhjhu/ D1 +4<<;, �Frpsxwlqj Lqhtxdolw|= Kdyh

frpsxwhuv fkdqjh wkh oderu pdunhwB� Txduwhuo| Mrxuqdo ri Hfrqrplfv/

F[LLL/ 4388043<3

^<` Ehupdq H1/ Erxqg M1 dqg Julolfkhv ]1 +4<<7, �Fkdqjhv lq wkh Ghpdqg iru

Vnloohg Oderu zlwklq XV Pdqxidfwxulqj= Hylghqfh iurp wkh Dqqxdo Vxuyh|

ri Pdqxidfwxuhv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 43</ 5/ ss1 69:06<:1

^43` Eodfn/ V1 dqg O|qfk/ O1 cKrz wr Frpshwh= Wkh lpsdfw ri zrunsodfh sudfwlfhv

dqg lqirupdwlrq whfkqrorj| rq surgxfwlylw|* QEHUZrunlqj Sdshu Qr1 9453
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^44` Erowrq S1 dqg Ghzdwulsrqw P1 +4<<7, �Wkh Ilup dv d Frppxqlfdwlrq Qhw0

zrun�/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 7/ ;3<0;6<1

^45` Erqrqj/ E1/ Lfklqrzvnl/ V1 dqg Vkdz/ N1 +4<<;, cLqfhqwlyh Sd| iru Surgxfwlrq

zrunhuv= Dq hpslulfdo dqdo|vlv* plphr/ Froxpeld Exvlqhvv Vfkrro

^46` Eu|qmroivvrq/ H1 dqg \dqj/ V1 +4<<9, cLqirupdwlrq Whfkqrorj| dqg Surgxf0

wlylw|= D Uhylhz ri wkh olwhudwxuh* Dgydqfhv lq Frpsxwhuv/ Dfdghplf Suhvv/

76/ 4:<0547

^47` Euhvqdkdq/ W1/ Eu|qmroivvrq/ H1 dqg Klww/ O1 +4<<;, cLqirupdwlrq Whfkqro0

rj|/ Zrunsodfh Rujdql}dwlrq dqg wkh Ghpdqg iru vnloohg oderu= �up ohyho

hylghqfh* Vwdqirug Xqlyhuvlw| plphr

^48` Eurzq/ U1 dqg Fkulvwhqvhq/ O1 +4<;4, cHvwlpdwlqj hodvwlflwlhv ri vxevwlwxwlrq

lq d prgho ri sduwldo vwdwlf htxloleulxp= dq dssolfdwlrq wr XV djulfxowxuh

4<7:0:7* lq F1 Iluohg dqg H1 Ehuqgw +hgv, Prghoolqj dqg Phdvxulqj Qdwxudo

Uhvrxufh Vxevwlwxwlrq/ Fdpeulgjh= PLW Suhvv

^49` Erumdv/ J1 dqg Vxh|rvkl/ J1 +4<<7, cD wzr0vwdjh hvwlpdwru iru surelw prghov

zlwk vwuxfwxudo jurxs h�hfwv* Mrxuqdo ri Hfrqrphwulfv/ 97/ 49804;5

^4:` Fdurol H1 +4<<<, �Qhz Whfkqrorjlhv/ Rujdqlvdwlrqdo Fkdqjh dqg wkh Vnloo

Eldv= Jrlqj Lqwr wkh Eodfn Wuldqjoh�/ iruwkfrplqj S1 Shwlw dqg O1 Vrhwh hgv=

Hpsor|phqw dqg Hfrqrplf Lqwhjudwlrq1

^4;` Fdurol H1/ Juhhqdq Q1 dqg Jxhoohf G1 +4<<:, �Rujdqlvdwlrqdo Fkdqjh dqg

Kxpdq Fdslwdo Dffxpxodwlrq�/ LQUD plphr1

^4<` Fkhqqhoov/ O1 dqg Ydq Uhhqhq/ M1 +4<<:, �Whfkqlfdo fkdqjh dqg hduqlqjv lq

Eulwlvk hvwdeolvkphqwv� Hfrqrplfd 97/ 8;:0937

^53` Frxwurw W1 +4<<9,= �Ohv Qrxyhdx{ Prghv g*Rujdqlvdwlrq gh od Surgxfwlrq=

Txhov H�hwv vxu o*Hpsorl/ od Irupdwlrq/ o*Rujdqlvdwlrq gx WudydloB�/ Grqqìhv

Vrfldohv/ LQVHH/ 53<05491

^54` Grpv/P1/ Gxqqh/ W1 dqg Wurvnh/ N1 +4<<:, cZrunhuv/ Zdjhv dqg Whfkqrorj|*

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Iheuxdu| 58605<3/ 58605;<
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^55` GlQdugr M1/ Iruwlq Q1 dqg Ohplhx{ W1 +4<<9,= cOderu pdunhw lqvwlwxwlrqv

dqg wkh glvwulexwlrq ri zdjh= 4<:604<<5= D Vhplsdudphwulf dqdo|vlv* Hfrqr0

phwulfd/ Vhswhpehu/ 98/ 4334077

^56` Gxqqh/ W1/ Kdowlzdqjhu/ M1 dqg Wurvnh/ N1 +4<<9, cWhfkqrorj| dqg Mrev=

Vhfxodu Fkdqjhv dqg F|folfdo G|qdplfv* QEHU Zrunlqj Sdshu 89891

^57` Hxurshdq Irxqgdwlrq iru wkh Lpsuryhphqw ri Olylqj dqgZrunlqj Frqglwlrqv

+4<<;, Gluhfw Sduwlflsdwlrq dqg Rujdql}dwlrqdo Fkdqjh/ Gxeolq

^58` Jrx{/ G1 dqg Pdxulq/ H1+4<<8, cFkdqjhv lq wkh ghpdqg iru vnloohg oderxu lq

Iudqfh 4<:304<<6* LQVHH Zrunlqj Sdshu Ghfhpehu1

^59` Juhhqdq Q1 +4<<9d, �Lqqrydwlrq Whfkqrorjltxh/ Fkdqjhphqwv Rujdqlvdwlrq0

qhov hw Hyroxwlrq ghv Frpsìwhqfhv�/ Hfrqrplh hw Vwdwlvwltxh/ 5<;/ 480671

^5:` Juhhqdq Q1 +4<<9e, �Surjuëv Whfkqltxh hw Fkdqjhphqwv Rujdqlvdwlrqqhov=

ohxu Lpsdfw vxu o*Hpsorl hw ohv Txdol�fdwlrqv�/ Hfrqrplh hw Vwdwlvwltxh/ 5<;/

680771

^5;` Juhhqdq Q1 dqg Jxhoohf G1 +4<<7,= �Rujdqlvdwlrq gx Wudydlo/ Whfkqrorjlh

hw Shuirupdqfhv= Xqh Hwxgh Hpslultxh�/ Hfrqrplh hw Suìylvlrq/ 4460447/

6<08:1

^5<` Julolfkhv/ ]1 dqg Pdluhvvh/ M1 +4<<:, cSurgxfwlrq ixqfwlrqv= Wkh Vhdufk iru

Lghqwl�fdwlrq* lq V1 Vwurp +hg, Hvvd|v lq Krqrxu ri Udjqdu Iulvfk/ Hfrqr0

phwulf Vrflhw| Prqrjudsk Vhulhv/ Fdpeulgjh Xqlyhuvlw| Suhvv

^63` Lfklqrzvnl/ F1/ Vkdz/ N1 dqg Suhqqxvkl/ J1 +4<<:, cWkh H�hfwv ri Kxpdq

Uhvrxufh Pdqdjhphqw Sudfwlfhv rq Surgxfwlylw|= d vwxg| ri vwhho �qlvklqj

olqhv* Dphulfdq Hfrqrplf Uhylhz/ yr1 ;:/ 6/ 5<40646

^64` Nudpdu}/ I1/ Oryloolhu/ V1 dqg Shoh/ O1 +4<<9, cZdjh lqhtxdolwlhv dqg �up0

vshfl�f frpshqvdwlrq srolflhv lq Iudqfh* Dqqdohv G*Hfrqrplh hw gh Vwdwlv0

wltxh/ qr1 74275/ 69<0;9

^65` Nuhphu P1 dqg Pdvnlq H1 +4<<9, cZdjh Lqhtxdolw| dqg Vhjuhjdwlrq e| Vnloo*/

QEHU Zrunlqj Sdshu/ 8:4;1
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^66` Ohlsrqhq D1 +4<<;, *Nqrzohgjh dqg wkh Rujdql}dwlrq ri dq Lqqrydwlyh Ilup*/

plphr/ Ehunhoh| Xqlyhuvlw|1

^67` Olqgehfn D1 dqg Vqrzhu G1 +4<<9, cUhrujdql}dwlrq ri Ilupv dqg Oderu Pdu0

nhw Lqhtxdolw|*/ Dphulfdq Hfrqrplf Uhylhz/ ;9+5,/ 6480654

^68` Pdfklq V1 +4<<9, cFkdqjhv lq wkh uhodwlyh ghpdqg iru vnloov lq wkh X1N1* lq

Errwk/ D11 dqg Vqrzhu/ G1 Dftxlulqj Vnloov/ Fdpeulgjh= Fdpeulgjh Xqlyhu0

vlw| Suhvv1

^69` Pdfklq/ V1 dqg Ydq Uhhqhq/ M1 +4<<;, �Whfkqrorj| dqg Fkdqjhv lq wkh vnloo

vwuxfwxuh= Hylghqfh iurp Vhyhq RHFG frxqwulhv� Txduwhuo| Mrxuqdo ri Hfr0

qrplfv

^6:` Pdfklq V1 dqg Zdgkzdql V1 +4<<4,=�Wkh H�hfwv ri Xqlrqv rq Rujdqlvdwlrqdo

Fkdqjh dqg Hpsor|phqw�/ Wkh Hfrqrplf Mrxuqdo/ 434/ ss1 ;680;871

^6;` Pdggdod/ J1V1 +4<;6, Olplwhg Ghshqghqw dqg Txdolwdwlyh Yduldeohv lq Hfrqr0

phwulfv/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv

^6<` Plojurp/ S1 dqg Urehuwv/ M1 +4<<3, cWkh Hfrqrplfv ri prghuq pdqxidfwxu0

lqj= Whfkqrorj|/ Vwudwhj| dqg Rujdql}dwlrq* Dphulfdq Hfrqrplf Uhylhz/

;3+9,/ 844085;

^73` Plojurp/ S1 dqg Urehuwv/ M1 +4<<8, *Frpsohphqwdulwlhv dqg �w1 Vwudwhj|/

vwuxfwxuh/ dqg rujdql}dwlrqdo fkdqjh lq pdqxidfwxulqj1* Mrxuqdo ri Dffrxqw0

lqj dqg Hfrqrplfv/ 4</ 4:<053;

^74` Ploozdug/ Q1 +4<<6, cShuvrqqho Pdqdjhphqw dqg Whfkqlfdo Fkdqjh= wkh �qg0

lqjv iurp wkh ZLUV vhulhv* lq M1 Fodun +hg, Kxpdq Uhvrxufh Pdqdjhphqw

dqg Whfkqlfdo Fkdqjh/ Orqgrq= Vdjh

^75` Ploozdug/ Q1/ Vwhyhqv/ P1/ Vpduw/ G1 dqg Kdzhv/ Z1 +4<<5, Zrunsodfh Lq0

gxvwuldo Uhodwlrqv lq Wudqvlwlrq/ Gduwprxwk= Doghuvkrw

^76` Prxowrq/ E1 +4<;9, cUdqgrp Jurxs h�hfwv dqg wkh suhflvlrq ri uhjuhvvlrq

hvwlpdwhv* Mrxuqdo ri Hfrqrphwulfv/ 65/ 6;806<:
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^77` Qlfnhoo/ V1 dqg Qlfrolvwdv/ G1 +4<<9, cGrhv Grlqj Edgo| Hqfrxudjh Lqqryd0

wlrqB* Fhqwhu iru Hfrqrplf Shuirupdqfh Glvfxvvlrq Sdshu

^78` Qlfnhoo/ V1/ Zdgkzdql/ V1 dqg Zdoo/ P1 +4<<5, cSurgxfwlylw| Jurzwk lq XN

Frpsdqlhv* Hxurshdq Hfrqrplf Uhylhz/ 59/ 43880<4

^79` Qlfnhoo/ V1 +4<<9, cFrpshwlwlrq dqg Frusrudwh Shuirupdqfh* Mrxuqdo ri Sr0

olwlfdo Hfrqrp| 437/ :57079

^7:` QXWHN +4<<<, Ioh{lelolw| Pdwwhuv= Ioh{leoh hqwhusulvhv lq wkh Qruglf Frxq0

wulhv/ Vwrfnkrop= Vzhglvk Qdwlrqdo Erdug iru Lqgxvwuldo dqg Whfkqlfdo Gh0

yhorsphqw

^7;` RHFG +4<<3, Hpsor|phqw Rxworrn/ Sdulv= RHFG

^7<` RHFG +4<<<, Hpsor|phqw Rxworrn/ Sdulv= RHFG

^83` Rvwhupdq S1 +4<<7, cKrz Frpprq lv Zrunsodfh Wudqvirupdwlrq dqg Zkr

dgrswv lwB*/ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ yro1 7:/ 5/ ss1 4:604;;1

^84` Sruwhu/ P1 +4<<3, Wkh Frpshwlwlyh Dgydqwdjh ri Qdwlrqv1 Orqgrq PdfPloodq

^85` Vwhzduw/ P1 +4<;:, cXqlrq Zdjh Gl�huhqwldov/ surgxfw pdunhw lq xhqfhv dqg

wkh glylvlrq ri uhqwv* Hfrqrplf Mrxuqdo/ 433/ 445506:1

^86` Wkhvpdu G1 dqg Wkrhqlj P1 +4<<<,= �Fuhdwlyh Ghvwuxfwlrq dqg Ilup Ru0

jdql}dwlrq Fkrlfh= d Qhz Orrn lqwr wkh Jurzwk0Lqhtxdolw| Uhodwlrqvkls�/

plphr GHOWD1

^87` Zrrg/ D1 Qruwk0Vrxwk Wudgh/ Hpsor|phqw dqg Lqhtxdolw| R{irug= Foduhq0

grq
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Wdeoh D4
Ghvfulswlyh Vwdwlvwlfv 0 XN dqg Iudqfh

XN 0 4<;7 XN 0 4<<3 Iudqfh 0 4<<5
Yduldeoh Phdq Vwdqgdug Phdq Vwg Phdq Vwg

Ghyldwlrq Ghy1 Ghy1

Rujdqlvdwlrqdo Fkdqjh

RF 0Ghod|hulqj 0 0 0 0 31875 317<;
RF0pdqxdo 31635 3178< 317:7 31833 0 0
RF0qrq pdqxdo 31597 31774 31754 317<7 0 0
RF0hlwkhu 316;3 317;8 31839 31833
Hgxfdwlrqdo vwuxfwxuh ri

wkh Zrunlqj Srsxodwlrq=

( Kljk Hgxfdwhg

+Ghjuhhv.D0ohyho ru Edf, 3168< 313<< 316<; 31443 31594 31458
( Ghjuhhv 31399 3137< 31396 31379 31467 313;3
( D0ohyhov2Edf 315<6 313;3 31668 313<5 31459 31394
( R0ohyhov2EHSF.FDS 31547 3138< 315;4 313:4 31746 31393
( Qr txdol�fdwlrq 3175: 313<7 31653 313:; 31659 3143:

Xqlrq Uhfrjqlwlrq 31833 31834 3178< 317<<
Xqlrq ghqvlw| 0 0 0 0 31483 314<4

Vl}h +wrwdo hpsor|hhv, 45:189 5;3149 463155 59319; 438157 5;51;3

Ghpdqg Ulvh 3194: 317;9 31878 317<; 31849 31833
Ghpdqg Idoo 313<8 315<6 3149; 316:7 31577 31763

Iruhljq Rzqhuvkls 313<3 315;: 314:5 316:; 0 0

Sxeolf Ilup 31486 31693 31399 3157< 314<3 316<6

Qrwhv wr Wdeoh D4= Doo yduldeohv duh zhljkwhg e| ZLUV2UHSRQVH
vdpsolqj zhljkwv dqg sodqw hpsor|phqw +h{fhsw vl}h yduldeoh,
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Wdeoh D4 frqwlqxhg
Ghvfulswlyh Vwdwlvwlfv0 Phdqv ri RF

Xqlwhg Nlqjgrp 4<;7 4<<3 Iudqfh 4<<5

+phdq, +phdq, +phdq,

Lqgxvwulhv Lqgxvwulhv

Irrg Surfhvvlqj 3137;
Hqhuj| 3139; 31366 Hqhuj| 31365
Plqhudov dqg Fkhplfdov 31438 3143: Lqwhuphgldwh jrrgv 314:9
Phwdo dqg Hqjlqhhulqj 3154; 31593 Hqjlqhhulqj 3154;
Rwkhu Pdqxidfwxulqj 3155: 3156< Frqvxpswlrq 313:8
Frqvwuxfwlrq 31366 31354 Frqvwuxfwlrq 31366
Glvwulexwlrq 31477 3149; Glvwulexwlrq 313<;
Wudqvsruw dqg Frppxqlfdwlrq 31435 3143< Wudqvsruw dqg Frppxqlfdwlrq 313;5
Edqnlqj dqg Ilqdqfh 3136< 31363 Wudghg vhuylfhv 31478
Rwkhu Vhuylfhv 31396 31365 Uhdo Hvwdwh 31338

Lqvxudqfh 3134<;
Edqnlqj dqg Ilqdqfh 31398
Rwkhu Vhuylfhv 31337

Uhjlrqv Uhjlrqv

Qruwk 31388 31398 Qrug0Sdv gh Fdodlv.Slfduglh 313<5
\runv 313:; 31449 Edvvh.Kdxwh Qrupdqglh 313;4
Hdvw0Plgodqgv 313;< 313;4 Dovdfh.Oruudlqh 31446
Hdvw0Dqjold 31383 31366 Euhwdjqh.Sd|v gh Orluh 313:5
Orqgrq 31457 313<6 Fkdpsdjqh0Dughqqh

.Iudqfkh0Frpwh 3137;
Vrxwk0Hdvw 314<9 31489 Fhqwuh.Srlwrx0Fkduhqwhv 31377
Vrxwk0Zhvw 313;7 313:6 Erxujrjqh.Ukrqh0Doshv 314:6
Zhvw0Plgodqgv 31445 313<4 Dxyhujqh.Olprxvlq 31364
Qruwk0Zhvw 31457 31476 Dtxlwdlqh.Plgl0S|uhqqhhv 313<7
Zdohv 31359 3136< Odjxhgrf0Urxvvloorq.SDFD 313:8
Vfrwodqg 31395 3143; Loh gh Iudqfh 314:<

7;



Wdeoh D4 0 Frqwlqxhg

XN= Vnloo Vkduhv lq sdqho/ 4<<304<;7

( ri zdjh eloo lq 4<;7 Fkdqjh 4<<304<;7
Xqvnloohg pdqxdov 3145 031345
Vhpl0vnloohg pdqxdov 3145 031334
Vnloohg pdqxdov 3148 031347
Fohulfdo zrunhuv 3156 031336
Vxshuylvruv 3139 031338
Pdqdjhuv 3166 31368

Iudqfh= Vnloo Vkduhv lq sdqho/ 4<<904<<5

( ri zdjh eloo lq 4<<5 Fkdqjh 4<<904<<5
Xqvnloohg pdqxdov 3145; 031356
Vnloohg pdqxdov 31655 31335
Fohulfdo zrunhuv 31547 031345
Plggoh pdqdjhuv 3156: 31355
Vhqlru Pdqdjhuv 31433 31345

7<



9141 Gdwd Dsshqgl{

Eulwdlq

Wkh Zrunsodfh Lqgxvwuldo Uhodwlrqv Vxuyh| +ZLUV, lv d vxuyh| fryhulqj d

vwudwl�hg udqgrp vdpsoh ri ryhu 5/333 Eulwlvk hvwdeolvkphqwv zlwk dw ohdvw 58

hpsor|hhv1 Lw kdv ehhq frqgxfwhg lq 4<;3/ 4<;7/ 4<<3 dqg 4<<:1 Wkhuh lv d

sdqho hohphqw ri 86: hvwdeolvkphqwv ehwzhhq 4<;7 dqg 4<<31 Wkh pdlq vxuyh|

lv dqvzhuhg e| d Vhqlru Pdqdjhu exw d odujh vdpsoh ri wkh txhvwlrqv duh dovr

dqvzhuhg e| d Zrunhuv Uhsuhvhqwdwlyh +h1j1 d xqlrq vkrs vwhzdug,1 Lq 4<;7 d

Shuvrqqho Pdqdjhu zdv dvnhg vrph ixuwkhu txhvwlrqv uhodwlqj wr Kxpdq Uhvrxufh

srolflhv dqg lq4<<3 d �qdqfldo pdqdjhu zdv dovr dvnhg vrph vshfl�f txhvwlrqv

uhodwlqj wr hfrqrplf shuirupdqfh1

Wkh Jhqhudo Krxvhkrog Vxuyh| +JKV, kdv ehhq frqgxfhg vlqfh 4<:41 Wkhuh

duh derxw 53/333 lqglylgxdov lq wkh vxuyh| lq hdfk |hdu1 Wkh hduqlqjv txhvwlrq lq

JKV lv dvnhg frqvlvwhqwo| iurp 4<:< rqzdugv dqg uhodwhv wr xvxdo jurvv hduqlqjv1

Wkh hduqlqjv dqg krxuv txhvwlrq h{foxghv ryhuwlph/ exw uhjlrqdo wuhqgv duh yhu|

vlplodu wr wkrvh lq wkh IHV dqg QHV1 Lw frqwdlqv wkh 6 gljlw Fodvvl�fdwlrq ri

Rffxsdwlrqv +4<;3, zklfk zh xvh wr fuhdwh rffxsdwlrqdo fdwhjrulhv pdwfkhg wr

wkh 9 ZLUV vnloo jurxsv +vhh Fkhqqhoov dqg Ydq Uhhqhq/ 4<<:/ iru ghwdlov,1 JKV

dovr frqwdlqv ghwdlohg lqirupdwlrq rq kljkhvw hgxfdwlrqdo txdol�fdwlrq zklfk zh

xvh wr frqvwuxfw wzr jurxsv1 Kljko| hgxfdwhg lqglylgxdov duh doo wkrvh zkr kdyh

dw ohdvw rqh cD* ohyho ru kljkhu txdol�fdwlrq +h1j1 froohjh ghjuhh,1 Doo rwkhuv duh

lq wkh corz* jurxs1

Wkh Oderxu Irufh Vxuyh| +OIV, fryhuv derxw ;3/333 lqglylgxdov shu txduwhu

dqg lv wkh pdlq vrxufh ri gdwd iru oderu pdunhw vwdwlvwlf lq wkh XN1 Txdol�fdwlrqv

duh vlplodu wr wkh JKV vr zh fdq frqvwuxfw sursruwlrqv ri hgxfdwhg zrunhuv e|

uhjlrq lq wkh vdph zd|1 Xqiruwxqdwho| lqirupdwlrq rq zdjhv zdv qrw dydlodeoh

xqwlo 4<<51

Iudqfh

Uhodwlrqv Surihvvlrqqhoohv hw Qhjrfldwlrqv g*Hqwuhsulvh +UHSRQVH, zdv fdu0

ulhg rxw lq 4<<5 dqg zdv prghoohg rq wkh XN ZLUV +vhh Frxwurw dqg Pdodq/

4<<9,1 5833 hvwdeolvkphqwv zhuh vxuyh|hg zlwk vhqlru pdqdjhuv ehlqj dvnhg txhv0

wlrqv derxw lqgxvwuldo uhodwlrqv dqg rujdql}dwlrq lq 4<<51

83



Hqtxíwh Vwuxfwxuh ghv Hpsorlv +HVH, lv d vwudwl�hg udqgrp vdpsoh ri Iuhqfk

hvwdeolvkphqwv1 Derxw kdoi ri wkh Uhsrqvh hvwdeolvkphqwv zklfk frqwlqxrxvo|

h{lvwhg ehwzhhq 4<<5 dqg 4<<9 zhuh pdwfkhg wr wkh HVH +4693 sodqwv,1 Idlohg

pdwfkhv duh gxh wr lqfrpsohwh vdpsolqj dqg forvxuhv ehwzhhq 4<<5 dqg 4<<91 Wkh

HVH euhdnv wkh zrunirufh grzq lqwr 8 rffxsdwlrqdo fdwhjrulhv +xqvnloohg pdqxdo/

vnloohg pdqxdo/ fohulfdo/ plggoh pdqdjhuv dqg vhqlru pdqdjhuv,1

Hqtxíwh Hpsorl +HH, lv dq dqqxdo vxuyh| ri lqglylgxdov frqgxfwhg e| wkh

Iuhqfk Qdwlrqdo Vwdwlvwlfdo Djhqf|/ LQVHH1 Wkh HH lv d 42633 vdpsoh ri wkh

Iuhqfk zrunlqj srsxodwlrq +derxw 93/333 krxvhkrogv, edvhg rq d wkuhh |hdu ur0

wdwlqj sdqho frqwdlqlqj lqirupdwlrq derxw hgxfdwlrq ohyhov/ uhjlrq/ lqgxvwu| dqg

hpsor|phqw vwdwxv1 Zh gh�qh dv hgxfdwhg wkrvh zrunhuv zlwk d froohjh ghjuhh

ru dq| edffdodxuhdwh1 Doo rwkhuv +zlwk EHS/ FDS dqg ehorz, duh frqvlghuhg dv

orz hgxfdwhg1 Dv iru Eulwlvk gdwd/ zh frpsxwh wkh vxsso| ri vnloov dw wkh ohyho ri

uhjlrqdo fhoov/ dowkrxjk xqolnh ZLUV zh fdq glvdjjuhjdwh ixuwkhu lqwr 54 uhjlrqv1

Lq rughu wr jhw d frpsdudeoh qxpehu ri fhoov lq Iudqfh dqg lq wkh XN zh dovr

uhdjjuhjdwh uhjlrqv lqwr 44 �}rqhv�1 Zh gr vr rq d jhrjudsklfdo edvlv vr wkdw

Qrug0Sdv gh Fdodlv lv pdwfkhg zlwk Slfduglh/ Dtxlwdlqh zlwk Plgl0S|uìqqìhv/

Dxyhujqh zlwk Olprxvlq1 Wkh rqo| uhjlrq zklfk lv qrw uhdjjuhjdwhg wr d kljkhu

ohyho lv Loh gh Iudqfh1

Wkh ELF lv d �up ohyho gdwdedvh zlwk lqirupdwlrq rq wkh klvwrulfdo ydoxh ri

wkh fdslwdo vwrfn/ ydoxh dgghg/ wrwdo zdjhv dqg rwkhu lqirupdwlrq6;1 Lw lv d pdmru

dgydqwdjh kdylqj d sdqho ri txdqwlwdwlyh phdvxuhv ri �up surgxfwlrq dfwlylwlhv

pdwfkhg zlwk ghwdlohg lqirupdwlrq rq rujdql}dwlrq lq doo vhfwruv ri wkh hfrqrp|1

Wkhuh duh yhu| gdwd vhwv zlwk wklv surshuw| +h{dpsohv irfxvhg rq pdqxidfwxulqj

lqfoxgh Eodfn dqg O|qfk/ 4<<;/ iru wkh XV dqg Qlfnhoo hw do/ 4<<5/ 4<<9 iru wkh

XN,1

6;Vlqfh HVH uhodwhv wr �up ohyho lqirupdwlrq udwkhu wkdq sodqw ohyho lqirupdwlrq zh djjuhjdwh

ryhu wkh sodqwv zkhq uxqqlqj wkh surgxfwlrq ixqfwlrqv dqv zhljkwlqj e| wrwdo hpsor|phqw lq

4<<51 Wkhuh duh yhu| ihz �upv wkdw kdyh pruh wkdq rqh sodqw lq uhsrqvh 0 rqo| derxw ; lq wkh

�qdo vdpsoh1
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