
Frqwhqwv
Olvw ri Iljxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 y
Olvw ri Wdeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ylll

Dfnqrzohgjhphqwv l{
Jhqhudo Lqwurgxfwlrq 4

Wkh H�hfwv ri Ylrohqw Frq lfw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
Wkh Uzdqgdq Jhqrflgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5
Wkh Gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
Vxppdu| ri Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

4 Wkh Ghdwk Wroo ri wkh Uzdqgdq Jhqrflgh= D Ghwdlohg Dqdo|vlv iru
Jlnrqjrur Surylqfh 44
414 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
415 Hylghqfh iru wkh xqghu0uhsruwlqj ri Wxwvl lq wkh 4<<4 fhqvxv 1 1 1 1 1 1 1 47

41514 Wkh 4<<4 srsxodwlrq fhqvxv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
41515 Wkh srsxodwlrq gdwd ri wkh orfdo dgplqlvwudwlrq 1 1 1 1 1 1 1 1 1 1 49
41516 Wkh srsxodwlrq gdwd ri wkh orfdo dgplqlvwudwlrq ri Jlnrqjrur Suh0

ihfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
41517 Hylghqfh iru wkh xqghu0uhsruwlqj ri Wxwvl lq wkh 4<<4 fhqvxv 1 1 1 4<
41518 Lpsolfdwlrqv iru wkh hvwlpdwlrq ri wkh jhqrflgh ghdwk wroo 1 1 1 1 1 55

416 Wkh Sdwwhuq ri Nloolqjv lq Jlnrqjrur Suhihfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
41614 Wkh uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl dqg srsxodwlrq

ghfolqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
41615 Wkh uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl dqg wkh vh{ udwlr 67

417 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;
41D Dsshqgl{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
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5 Fdwwoh vdohv lq zdu0 dqg shdfhwlph= d vwxg| ri krxvhkrog frslqj lq
Uzdqgd/ 4<<405334 7<
514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
515 Uxudo olyholkrrg/ vkrfnv dqg frslqj vwudwhjlhv lq Uzdqgd 1 1 1 1 1 1 1 1 1 86

51514 Idup v|vwhp dqg irrg +lq,vhfxulw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
51515 Olyhvwrfn v|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87
51516 Ulvn pdqdjhphqw dqg frslqj vwudwhjlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89
51517 Irrg lqvhfxulw| gxulqj wkh jhqrflgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

516 Wkhruhwlfdo iudphzrun 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:
51614 Wkh edvlf ex�hu0vwrfn prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;
51615 Olyhvwrfn dv d ex�hu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
51616 Olyhvwrfn dv d ex�hu lq Uzdqgd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94
51617 Wkh ex�hu0vwrfn prgho lq d vhwwlqj ri ylrohqw frq lfw 1 1 1 1 1 1 1 95
51618 Srvvleoh h{whqvlrqv ri wkh prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97
51619 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

517 Dgyhuvh lqfrph vkrfnv dqg olyhvwrfn wudqvdfwlrqv lq Jlwdudpd dqg Jlnrq0
jrur/ 4<<4053341 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
51714 Wkh gdwd xvhg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
51715 W|srorj| ri vkrfnv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
51716 Fdwwoh rzqhuvkls/ sulfhv dqg wudqvdfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<

518 Whvwlqj iru wkh xvh ri fdwwoh iru frslqj zlwk dgyhuvh lqfrph vkrfnv= d
frpsdulvrq ehwzhhq shdfh0 dqg zduwlph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5

519 Fdwwoh dv dq rffdvlrqdo ru d vshfldol}hg ex�hu vwrfnB Whvwlqj iru suhfdx0
wlrqdu| vdylqjv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

51: Dydlodeoh gdwd dqg k|srwkhvlv whvw iru vpdoo olyhvwrfn 1 1 1 1 1 1 1 1 1 1 1 ;4
51; Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7
51D Dsshqgl{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

6 Hfrqrplf Prelolw| lq Uxudo Uzdqgd= D Vwxg| ri wkh H�hfwv ri Zdu
dqg Jhqrflgh dw wkh Krxvhkrog Ohyho ;<
614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<
615 Wkh gdwd vhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6
616 Zdu0uhodwhg dqg rwkhu vkrfnv/ 4<<405334 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7
617 Pdwhuldo zhoiduh dqg hfrqrplf prelolw|/ 4<<305335 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
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61714 Phdvxulqj pdwhuldo zhoiduh= lqfrph shu dgxow htxlydohqw dqg dq
dvvhw lqgh{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

61715 Frpsdulvrq ri pdwhuldo zhoiduh dqg rwkhu krxvhkrog fkdudfwhulvwlfv
ehwzhhq 4<<3 dqg 5335 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

61716 Phdvxulqj hfrqrplf prelolw|= wudqvlwlrq pdwulfhv dqg uhjuhvvlrq
dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

618 Vkrfnv dv ghwhuplqdqwv ri orqj whup pdwhuldo zhoiduh 1 1 1 1 1 1 1 1 1 1 1 437
61814 Hvwlpdwlrq vwudwhj| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
61815 Ohdvw vtxduhv hvwlpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438
61816 Urexvwqhvv wr srvvleoh hqgrjhqhlw| dqg pxowlfroolqhdulw| ri vkrfnv 43;
61817 Hvwlpdwlrq ri wkh Wrelw LL prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43<

619 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445
Eleolrjudsk| 448
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Olvw ri Iljxuhv
4 Dgplqlvwudwlyh pds ri Uzdqgd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
414 Nhuqho ghqvlw| ri dqqxdo srsxodwlrq jurzwk ehwzhhq 4<<3 dqg 5335/ iru

44: vhfwruv lq Jlnrqjrur Suhihfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
415 Uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl lq 4<<3 dqg wkh dqqxdo srs0

xodwlrq jurzwk udwh ehwzhhq 4<<3 dqg 5335/ hvwlpdwhg iru 44: vhfwruv ri
Jlnrqjrur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

416 Nhuqho ghqvlw| ri vh{ udwlr lq 5335/ iru 44: vhfwruv lq Jlnrqjrur Suhihfwxuh 67
417 Uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl lq 4<<3 dqg wkh vh{ udwlr lq

5335/ hvwlpdwhg iru 44: vhfwruv ri Jlnrqjrur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<
514 Hyroxwlrq ri qrplqdo fdwwoh sulfhv gxulqj 4<<405334 1 1 1 1 1 1 1 1 1 1 1 1 :4
614 Wkh sursruwlrq ri krxvhkrogv uhsruwlqj zdu0uhodwhg vkrfnv dqg irrg vkruw0

djhv iru wkh |hduv 4<<405334 +edvhg rq uhfdoo gdwd froohfwhg gxulqj wkh 5335
vxuyh|, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
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Olvw ri Wdeohv
414 Glvwulexwlrq ri wkh srsxodwlrq ri Uzdqgd e| suhihfwxuh dqg hwkqlf jurxs

lq 4<<4 +gh mxuh srsxodwlrq ri Uzdqgdq qdwlrqdow|, 1 1 1 1 1 1 1 1 1 1 1 48
415 Hwkqlflw|/ srsxodwlrq jurzwk dqg vh{ udwlr iru wkh 46 frppxqhv ri Jlnrq0

jrur suhihfwxuh lq 4<<3 dqg 5335 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
416 Orfdo srsxodwlrq gdwd ri 4<<3 yhuvxv fhqvxv gdwd ri 4<<4 iru wkh 44:

vhfwruv ri wkh suhihfwxuh ri Jlnrqjrur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
417 Uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl lq 4<<3 dqg wkh phdq dqqxdo

srsxodwlrq jurzwk ehwzhhq 4<<3 dqg 5335 iru 44: vhfwruv ri Jlnrqjrur 1 58
418 Sursruwlrq ri Wxwvl nloohg gxulqj wkh jhqrflgh hvwlpdwhg iurp d QOV uh0

juhvvlrq rq wkh dyhudjh dqqxdo jurzwk udwh +4<<305335, iru 44: vhfwruv ri
Jlnrqjrur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

419 Uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl +4<<3, dqg wkh vh{ udwlr
+5335, iru 44: vhfwruv ri Jlnrqjrur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

41: Sursruwlrq ri Wxwvl phq dqg zrphq nloohg gxulqj wkh jhqrflgh hvwlpdwhg
iurp d QOV uhjuhvvlrq rq wkh +orj, vh{ udwlr lq 5335 iru 44: vhfwruv ri
Jlnrqjrur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

514 W|srorj| ri vkrfnv uhsruwhg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:
515 Dgyhuvh lqfrph vkrfn lqgh{ dqg frqvxpswlrq vkruwidoo ryhu wlph 1 1 1 1 1 9<
516 Fdwwoh rzqhuvkls dqg fdwwoh wudqvdfwlrqv ryhu wlph 1 1 1 1 1 1 1 1 1 1 1 1 :3
517 Uhsruwhg uhdvrqv iru fdwwoh vdohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5
518 H{sodqdwru| yduldeohv xvhg lq uhjuhvvlrq dqdo|vlv/ gh�qlwlrq dqg ghvfuls0

wlyh vwdwlvwlfv iru 4<<405334 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7
519 Il{hg h�hfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh vdohv 1 1 1 1 1 1 :9
51: Il{hg h�hfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh vdohv lq h{fkdqjh

iru irrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::
yll



51; Il{hg h�hfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri vpdoo olyhvwrfn vdohv lq
h{fkdqjh iru irrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

614 W|srorj| ri vkrfnv e| hwkqlf jurxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8
615 Vfrulqj idfwruv dqg vxppdu| vwdwlvwlfv iru wkh yduldeohv hqwhulqj wkh frp0

sxwdwlrq ri wkh �uvw sulqflsdo frpsrqhqw +iru srrohg gdwd ri 4<<3 dqg
5335/ 6:9 revhuydwlrqv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

616 Vxppdu| vwdwlvwlfv iru krxvhkrog fkdudfwhulvwlfv ri 4;; krxvhkrogv ri Jl0
wdudpd dqg Jlnrqjrur Surylqfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

617 Lqwhu0whpsrudo txlqwloh wudqvlwlrq pdwulfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435
618 ROV uhjuhvvlrq wr ghwhuplqh wlph ghshqghqfh ri pdwhuldo zhoiduh 1 1 1 1 437
619 Ohdvw vtxduhv hvwlpdwhv ri wkh ghwhuplqdqwv ri pdwhuldo zhoiduh lq 5335 1 43:
61: Lqglfdwruv ri +hwkqlf, ylrohqfh dw wkh vhfwru ohyho 1 1 1 1 1 1 1 1 1 1 1 1 1 43<
61; Lqvwuxphqwdo yduldeoh hvwlpdwlrq ri wkh ghwhuplqdqwv ri pdwhuldo zhoiduh

lq 5335 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443
61< Wzr0vwhs hvwlpdwlrq ri wkh ghwhuplqdqwv ri pdwhuldo zhoiduh lq 5335 +wrelw

LL prgho/ vhfrqg vwdjh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446
6143 Iluvw vwdjh ri wzr0vwhs hvwlpdwlrq ri wkh ghwhuplqdqwv ri pdwhuldo zhoiduh

lq 5335 +wrelw LL prgho, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447
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Dfnqrzohgjhphqwv
Shrsoh riwhq dvn ph zkhq L �uvw nqhz L zdqwhg wr zrun rq Diulfd1 L dozd|v dqvzhu wkdw L
grq*w nqrz h{dfwo|/ exw wkdw vrphkrz L kdyh ehhq sdvvlrqdwh derxw Diulfd iru dv orqj dv
L uhphpehu1 Krzhyhu/ lw wdnhv pxfk pruh wkdq sdvvlrq wr zulwh d grfwrudo glvvhuwdwlrq
lq hfrqrplfv1 L dp lqghewhg wr pdq| shrsoh iru r�hulqj ph wkh rssruwxqlwlhv/ jxlgdqfh/
vxssruw dqg hqfrxudjhphqwv wkdw L qhhghg gxulqj p| grfwrudo zrun1

Iluvw dqg iruhprvw/ L zrxog olnh wr wkdqn Suri1 Orghzlmn Ehuodjh/ zkr zdv p|
vxshuylvru xqwlo kh ehfdph Surihvvru hphulwxv1 L kdyh dssuhfldwhg klv uhfhswlyhqhvv wr
p| lghdv dqg klv fduhixo uhdglqj ri p| zrun1 Klv fulwlfdo frpphqwv/ zhoo wkrxjkw�rxw
dgylfh dqg vlqfhuh hqfrxudjhphqwv zhuh dq lpsruwdqw prwlydwlrq iru ph dqg dgghg
frqvlghudeo| wr wkh txdolw| ri wklv wkhvlv1 P| iuhtxhqw dqg iuxlwixo lqwhudfwlrqv zlwk
Orgh uhvxowhg lq mrlqw zrun dqg fr0dxwkruvkls iru fkdswhu wkuhh1

L rzh pdq| wkdqnv wr Suri1 Mrkdq Vzlqqhq/ zkr djuhhg wr eh p| vxshuylvru iru wkh
�qdo wzr |hduv ri p| grfwrudo surjudp1 Dowkrxjk wkh djuhhphqw zdv wkdw Orgh uhpdlqhg
p| vxshuylvru lq sudfwlfh/ Mr ehfdph pruh dqg pruh dfwlyho| lqyroyhg/ r�hulqj khosixo
frpphqwv dqg vxssruw1 E| wkh hqg ri p| grfwrudo surjudp/ L uhfhlyhg h{fhoohqw jxlgdqfh
iurp wzr yhu| frpplwwhg dgylvruv1

L dp dovr judwhixo wr Suri1 Vwhidq Ghufrq1 L ihho iruwxqdwh wkdw kh zdv whdfklqj dw wkh
xqlyhuvlw| ri Ohxyhq zkhq L zdv dq xqghujudgxdwh vwxghqw1 Klv hqwkxvldvwlf whdfklqj
derxw ghyhorsphqw lvvxhv lq Diulfd dqg hovhzkhuh lq wkh zruog zdv lqvslulqj wr ph dqg
ghwhuplqlqj iru pdq| ri wkh fkrlfhv L pdgh odwhu rq1 Zkhq Vwhidq ohiw wr wkh xqlyhuvlw|
ri R{irug/ kh nhsw rq kdylqj dq lpsruwdqw lq xhqfh rq p| zrun qrw rqo| e| fulwlfdo
uhpdunv/ exw dovr e| wkh qxphurxv uhfrpphqgdwlrq ohwwhuv kh zurwh iru ph1

Wkh rwkhu phpehuv ri p| wkhvlv frpplwwhh/ Suri1 Ureuhfkw Uhqdug/ Suri1 Dqguì
Ghfrvwhu/ dqg Suri1 Dqg| PfNd| kdyh r�huhg pdq| khosixo vxjjhvwlrqv/ iru zklfk L dp
dovr yhu| judwhixo1 L rzh vshfldo wkdqnv wr Dqg| iru khoslqj ph zlwk gdwd lvvxhv dqg iru
klv vlqfhuh lqwhuhvw lq p| zrun1 L ylylgo| uhphpehu p| ylvlw dw Edwk xqlyhuvlw| lq 5337

l{



zkhq Dqg| qrw rqo| r�huhg klv dgylfh iru fkdswhu 6/ dw wkdw wlph p| �uvw sdshu/ exw
dovr yhu| sdwlhqwo| olvwhqhg wr p| uhvhdufk sodqv iru wkh uhpdlqlqj fkdswhuv1

Ehiruh L vwduwhg zlwk wklv glvvhuwdwlrq/ p| sdvvlrq iru Diulfd zdv udwkhu eolqg1 Iru
h{dpsoh/ L glg qrw uhdol}h wkdw Vxe0Vdkdudq Diulfdq frxqwulhv zhuh vr glyhuvh xqwlo L
�uvw duulyhg lq Uzdqgd lq Iheuxdu| 53351 Wkh gl�huhqfh zlwk p| �uvw vfkroduo| ylvlw wr
Diulfd/ lq Vhqhjdo lq 4<<</ frxogq*w kdyh ehhq juhdwhu1 L wkdqn Sklols Yhuzlps iru jlylqj
ph wkh rssruwxqlw| wr glvfryhu wklv vpdoo frxqwu| lq wkh kduw ri Diulfd/ iru lqwurgxflqj
ph wr lwv klvwru| dqg shrsoh/ dqg iru pdnlqj ph sduw ri dq lqwhuhvwlqj gdwd froohfwlrq
surmhfw1

Wkh wlph L vshqg lq Uzdqgd zdv qrw dozd|v hdv|1 Dw wkh ehjlqqlqj/ wkh frxqwu|*v
wudjlf klvwru| ri zdu dqg jhqrflgh/ lwv ghhs0urrwhg sryhuw| dqg wdqjleoh ghvsdlu zhuh
wrr pxfk wr devrue ru ehjlq wr xqghuvwdqg1 Dqg |hw/ dv L jrw wr nqrz pruh dqg pruh
Uzdqgdqv wkurxjk iulhqgvkls dqg surihvvlrqdo frooderudwlrq L judgxdoo| vwduwhg wr ihho
dw hdvh lq Uzdqgd dqg wr vhh dqg dssuhfldwh wkh juhdw frxudjh/ vwuhqjwk dqg ehdxw| ri
lwv shrsoh1

Pdq| shrsoh lq Uzdqgd khoshg ph wr uhdfk wklv vwdjh/ dprqj wkhp wkh qlqh lqwhu0
ylhzhuv zkr zhuh vhohfwhg wr lpsohphqw wkh krxvhkrog vxuyh|1 L rzh vshfldo wkdqnv wr
rqh ri wkhp/ Dqguì Wzdjludpxqjx/ zlwk zkrp L vshqg frxqwohvv gd|v zdonlqj iurp
rqh krxvhkrog wr dqrwkhu lq wkh ehdxwlixo kloov ri Jlnrqjrur1 P| vlqfhuhvw wkdqnv dqg
dssuhfldwlrq jr wr wkh krxvhkrogv zkr sduwlflsdwhg lq wkh vxuyh|/ zhofrphg xv lq wkhlu
krxvh/ dqg dqvzhuhg vr pdq| txhvwlrqv1 L uhphpehu hyhu| vlqjoh krxvhkrog L ylvlwhg dqg
wkh lpsruwdqw ohvvrqv wkh| wkrxjkw ph1 L dp dovr judwhixo wr ]dlqde Gxvdeluhpd/ zkr
khoshg ph rxw zlwk qxphurxv sudfwlfdo sureohpv dqg nlqgo| ohw ph vwd| zlwk khu idplo|
lq Nljdol1 P| zdup wkdqnv jr wr Ioruhqfh Pxndpxjhpd/ zkr lqwurgxfhg ph dw wkh
xqlyhuvlw| ri Exwduh/ dqg zdup0khduwhgo| r�huhg krvslwdolw| gxulqj p| vwd| lq Exwduh1

L zrxog olnh wr h{suhvv p| judwlwxgh wr Pdulh Fkulvwlqh Q|dqwdq|l/ Euxqr Yhuvdloohv/
Hgvrq Ps|lvl/ Urvh Pxndvlql/ Sdfl�txh Uxw|/ Fodxglqh ]dqlqnd/ Ylwdo Q}dedqlwd dqg
Rxpdu Vduu/ zkr doo idflolwdwhg p| vwd| dqg zrun lq Uzdqgd lq rqh zd| ru dqrwkhu1
Wkh vdph dssolhv wr pdq| flylo vhuydqwv ri wkh Uzdqgdq Plqlvwulhv ri Orfdo D�dluv/
Ilqdqfh dqg Djulfxowxuh/ wkh Qdwlrqdo Fhqvxv Vhuylfh/ wkh dgplqlvwudwlrq ri Jlnrqjrur
Surylqfh dqg Nljdol Flw|/ wkh xqlyhuvlw| ri Exwduh/ wkh Ehojldq Hpedvv| dqg wkh Ehojldq
Whfkqlfdo Frrshudwlrq1

Wklv glvvhuwdwlrq frxog qrw kdyh frph wr iuxlwlrq zlwkrxw wkh ixqglqj ri wkh Ixqg
iru Vflhqwl�f Uhvhdufk 0 Iodqghuv +IZR0Yoddqghuhq,/ zkr dzdughg ph d vfkroduvkls wr
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sxuvxh uhvhdufk iru irxu |hduv1 L dp judwhixo wr wkh Uzdqgdq Plqlvwu| ri Djulfxowxuh dqg
Olyhvwrfn/ Plfkljdq Vwdwh Xqlyhuvlw|/ dqg wkh Xqlwhg Vwdwhv Djhqf| iru Lqwhuqdwlrqdo
Ghyhorsphqw +XVDLG, iru wkh xvh ri wkh suh0zdu gdwdvhw/ dqg wr Sklols Yhuzlps iru
wkh wudflqj ri wkh krxvhkrogv lq 4<<<253331 Wkh �hogzrun iru wkh srvw0zdu gdwdvhw zdv
pdgh srvvleoh e| ixqglqj iurp wkh Ehojldq Jhqhudo Gluhfwlrq ri Ghyhorsphqw Dvvlvwdqfh
+GJRV, dqg wkh Iohplvk Lqwhuxqlyhuvlw| Frxqflo +YOLU,1

Diwhu wkh h{flwhphqw ri wkh �hogzrun/ L zdv qrw orrnlqj iruzdug wr vwd|lqj ehklqg
p| ghvn dw wkh ghsduwphqw lq Ohxyhq1 Krzhyhu/ pdq| froohdjxhv frqwulexwhg wr pdnlqj
wklv d sohdvdqw h{shulhqfh1 Lq wklv uhvshfw/ L wkdqn p| r!fh pdwhv/ p| oxqfk pdwhv/
dqg wkh shwdqtxh dqg erzolqj idqdwlfv dw wkh ghsduwphqw= Ndwohhq/ Fkduorwwh/ Sdeor/
Nulvwri/ Mruuh/ Ilols/ Rolylhu/ Pdwwhr/ Eodqfd/ Jhrujh/ Ehuw/ Wrp/ Nrhq/ Khohqd/ M ujhq/
Sdxo/ Jhhuw dqg Urpdlq1

L kdyh pxfk dssuhfldwhg wkh vkduhg lqwhuhvwv ri p| froohdjxhv iurp wkh Ghyhorsphqw
Hfrqrplfv Uhvhdufk Jurxs> wkrvh zkr zhuh wkhuh zkhq L duulyhg/ Ndwohhq/ Gdqlho/ Sklols/
Whndeh/ Khonh dqg Mrdfklp> dqg wkrvh zkr mrlqhg odwhu/ Ehuw/ Qdwkdolh/ Plhw/ Olhvehw/
Hohql/ Hyd/ D|r/ Kdqqh hq Dqqhohhq1 L dp lqghewhg wr Dqqlh/ Frqqlh/ Hyd/ Iudqflqh/
Nduod dqg hvshfldoo| O|gld iru wkhlu dgplqlvwudwlyh vxssruw1 L riwhq uholhg rq wkhp iru
doo nlqgv ri lqirupdwlrq/ wr pdnh duudqjhphqwv iru vhplqduv dqg frqihuhqfhv/ ru mxvw wr
wdon d elw derxw vrphwklqj ehvlghv hfrqrplfv1

Vhyhudo ri p| froohdjxhv dw wkh ghsduwphqw uhdg p| zrun1 L wkdqn Mruuh Uhwhujkhp/
Ilols Khuhpdqv/ Eduw Fdshdx/ Sdeor Urylud Ndowzdvvhu/ Gdqlho Dol/ Sklols Yhuzlps/
Eodqfd ]xoxdjd dqg Urpdlq Krxvvd iru wkhlu frpphqwv1 L rzq vshfldo wkdqnv wr Suri1
Jhhuw Gkdhqh/ zkr frpphqwhg rq doo ri p| fkdswhuv/ hyhq wkrxjk kh zdv qrw d phpehu
ri p| frpplwwhh1 Klv fulwlfdo uhpdunv uhvxowhg lq d frqvlghudeoh lpsuryhphqw ri wkh
wkhruhwlfdo iudphzrunv dqg hfrqrphwulf dqdo|vhv suhvhqwhg lq wklv wkhvlv1

L dovr ehqh�whg iurp fruuhvsrqghqfh zlwk rwkhu vfkroduv zkr zrunhg rq Uzdqgd1
Ilols Uh|qwmhqv/ Dolvrq Ghv Irujhv/ Hyd Oholëyuh/ Ulfkdug Odorx dqg Zlooldp Vhow}hu
surylghg xvhixo lqirupdwlrq dqg frpphqwv iru fkdswhu 41 L dp lqghewhg wr Dqguì Wzd0
jludpxqjx dqg Ioruhqfh Pxndpxjhpd iru khoslqj ph xqghuvwdqg wkh froohfwlrq ri wkh
srsxodwlrq gdwd e| wkh orfdo dgplqlvwudwlrq dqg e| wkh fhqvxv vwd�1 L zlvk wr wkdqn
Gdqlhooh Gh Odph dqg Iuìgìulf Jdvsduw iru wkh wdonv L kdg zlwk wkhp rq d uhvhdufk wrslf
zklfk L hyhqwxdoo| glg qrw sxuvxh gxh wr gdwd olplwdwlrqv1

L ehqh�whg iurp vxjjhvwlrqv dqg ihhgedfn iurp sduwlflsdqwv dw vhplqduv dqg frqihu0
hqfhv lq Ohxyhq/ R{irug/ Erqq/ Fdsh Wrzq/ Qdpxu/ Orxydlq0Od0Qhxyh dqg Pxqfkhq1
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P| frqihuhqfh sduwlflsdwlrqv zhuh �qdqfldoo| vxssruwhg e| wkh Ghyhorsphqw Hfrqrplfv
Uhvhdufk Jurxs/ wkh Dfdghplf Irxqgdwlrq Ohxyhq +DVO,/ wkh Hxurshdq Ghyhorsphqw
Uhvhdufk Qhwzrun +HXGQ, dqg FHVlir1 Vshfldo wkdqnv jr wr Suri1 Vwhidq Ghufrq iru
pdnlqj p| ylvlw wr wkh Fhqwuh iru wkh Vwxg| ri Diulfdq Hfrqrplhv +FVDH, srvvleoh/ dqg
wr wkh froohdjxhv L phw ryhu wkhuh iru pdnlqj ph ihho zhofrph1

L wkdqn p| iulhqgv iru pdnlqj p| olih mr|ixo1 Lq sduwlfxodu/ L zdqw wr h{suhvv p|
judwlwxgh wr Elujlw/ Lovh/ Edev/ Mruuh dqg Doh{ iru wkhlu hqfrxudjhphqwv/ skrqh fdoov dqg
hpdlov zkloh L zdv lq Diulfd1 L dp dovr hyhuodvwlqjo| judwhixo wr p| Vhqhjdohvh iulhqgv
Nkdg| dqg Pdnkdo| iru pdnlqj p| �uvw Diulfd h{shulhqfh vr juhdw dqg xqirujhwwdeoh1
Lq wklv uhvshfw/ L dovr wkdqn wkh vwd� ri Yuhghvhlodqghq0Frrsler dqg wkh lqkdelwdqwv ri
Sdwd yloodjh1

Ilqdoo|/ dqg prvw lpsruwdqwo|/ L wkdqn p| idplo| iru pdnlqj p| vwxglhv srvvleoh dqg
iru vxssruwlqj ph lq pdq| zd|v1 L hvshfldoo| wkdqn p| prwkhu iru ehlqj d jrrg h{dpsoh
dqg khoslqj ph nhhs surshu shuvshfwlyhv lq olih1 P| zduphvw ihholqjv ri judwlwxgh jr rxw
wr p| kxvedqg dqg ehvw iulhqg/ Urpdlq Krxvvd/ iru doo klv oryh dqg vxssruw1 L dp vr
oxfn| wr kdyh irxqg klp1

1
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Jhqhudo Lqwurgxfwlrq

Wkh H�hfwv ri Ylrohqw Frq lfw
Wkh fkdswhuv lq wklv glvvhuwdwlrq uhodwh wr vhyhudo vwudqgv ri olwhudwxuh/ exw wkh frpprq
wkhph wkdw hphujhv lv wkh vwxg| ri wkh h�hfwv ri ylrohqw frq lfw1 Dwwhqwlrq ri ghyhorsphqw
hfrqrplvwv iru wklv wkhph kdv jurzq ryhu wkh |hduv/ qrw lq wkh ohdvw ehfdxvh lq wkh frxuvh
ri wkh wzhqwlhwk fhqwxu| hvshfldoo| ghyhorslqj frxqwulhv kdyh h{shulhqfhg dq lqfuhdvh lq
flylo vwulih +Vwhzdug dqg Ilw}jhudog/ 5334,1

Lw lv fohdu wkdw ylrohqw frq lfw hqwdlov d frvw iru wkh sduwlhv lqyroyhg1 Kxpdq olyhv
duh orvw/ erwk lq frpedw dqg gxh wr wkh kdugvkls ri zdu/ vxfk dv odfn ri irrg/ gulqnlqj
zdwhu dqg phglfdo fduh1 Dgglwlrqdo zhoiduh frvwv vwhp iurp wkh ghvwuxfwlrq ri sk|vlfdo
dvvhwv/ wkh glvuxswlrq ri hfrqrplf dfwlylwlhv/ wkh froodsvh ri sxeolf vhuylfhv/ dqg iurp wkh
zhdnhqlqj ri hfrqrplf lqvwlwxwlrqv vxfk dv surshuw| uljkwv dqg wkh uxoh ri odz1

Lw lv ohvv fohdu krz zh vkrxog txdqwli| wkhvh zdu0uhodwhg frvwv dqg lghqwli| wkhlu
xqghuo|lqj phfkdqlvpv1 Wkhuh lv qr xqlirup zd| wr phdvxuh wkh sv|fkrorjlfdo exughq
ri zdu1 Ixuwkhupruh/ dowkrxjk wkh orvv ri kxpdq olyhv lv frxqwdeoh/ hvwlpdwhv ri wkh
ghdwk wroo riwhq odfn suhflvlrq1 Hyhq zkhq irfxvlqj rqo| rq pdwhuldo zhoiduh orvvhv/ wkh
phdvxuhphqw uhpdlqv gl!fxow1

Dw wkh pdfur0hfrqrplf ohyho/ frpsuhkhqvlyh lqglfdwruv duh xvhg wr hydoxdwh wkh pd0
whuldo zhoiduh frvw ri ylrohqw frq lfw1 Dprqj wkhp duh JGS shu fdslwd/ JGS jurzwk
dqg wkh �vfdo edodqfh +Hdvwhuo| dqg Ohylqh/ 4<<:> Froolhu/ 4<<<,1 Wkh zdu dqg srvw0zdu
wuhqg lq kxpdq ghyhorsphqw lqglfdwruv/ vxfk dv hgxfdwlrq/ qxwulwlrq dqg pruwdolw|/ kdv
dovr ehhq wkh wrslf ri uhvhdufk +Lfklqr dqg Zlqwhu0Hephu/ 5337> Jkredudk/ hw do1 5336,1

Vwxglhv xvlqj vxfk djjuhjdwh lqglfdwruv vkrz d qhjdwlyh h�hfw ri ylrohqw frq lfw
rq zhoiduh/ exw wkh xqghuo|lqj phfkdqlvpv ri wklv uhodwlrqvkls uhpdlq ydjxh1 Zklfk
krxvhkrogv ru jurxsv lq vrflhw| idfh wkh odujhvw zhoiduh orvvhvB Gr krxvhkrogv kdyh
dffhvv wr vwudwhjlhv wkdw doorz wkhp wr frsh zlwk dgyhuvh lqfrph vkrfnv gxulqj zduwlphB
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5 JHQHUDO LQWURGXFWLRQ

Krz gr wkh d�hfwhg krxvhkrogv uhfryhu iurp zdu0uhodwhg vkrfnvB Lq rughu wr dqvzhu
wkhvh txhvwlrqv/ gdwd rq krxvhkrogv lq zduwlph duh qhhghg1 Wkh vfduflw| ri vxfk gdwd
kdv olplwhg wkh plfur0hfrqrplf uhvhdufk rq wkh frqvhtxhqfhv ri ylrohqw frq lfw wr d
kdqgixo ri vwxglhv +Ghlqlqjhu/ 5336/ Eu fn/ 5337,1

Txdqwli|lqj wkh zdu0uhodwhg frvwv dqg lghqwli|lqj wkhlu xqghuo|lqj phfkdqlvpv pd|
vhuyh wkuhh glvwlqfw srolf| jrdov1 Iluvw/ lw doorzv srolf| pdnhuv wr wdnh lqwr dffrxqw
wkh frvw ri ylrohqw frq lfw/ zkloh ghflglqj zkhwkhu ru qrw wr vhl}h dupv wr uhvroyh d
frq lfw/ ru wr sxw dq hqg wr d ylrohqw frq lfw1 Vhfrqg/ xsrq wkh rxweuhdn ri d zdu/
d wkrurxjk xqghuvwdqglqj ri wkh phfkdqlvpv wkurxjk zklfk zdu d�hfwv kxpdq zhoiduh
pd| khos lqwhuqdwlrqdo lqvwlwxwlrqv dqg dlg rujdql}dwlrqv lq ghvljqlqj uholhi dqg uhvfxh
rshudwlrqv1 Ilqdoo|/ dq xqghuvwdqglqj ri wkh frqvhtxhqfhv ri ylrohqw frq lfw pd| jxlgh
uhfrqvwuxfwlrq h�ruwv lq wkh srvw0zdu |hduv1

Xvlqj gdwd iurp Uzdqgd/ wklv vwxg| vhhnv wr frqwulexwh wr wkh plfur0hfrqrplf olw0
hudwxuh rq ylrohqw frq lfw1 L irfxv rq uxudo krxvhkrogv lq Uzdqgd gxulqj 4<<305335/ d
shulrg fkdudfwhul}hg e| lqwhu0hwkqlf ylrohqfh/ zdu dqg jhqrflgh1 Uzdqgd lv rqh ri wkh
srruhvw frxqwulhv lq wkh zruog/ dqg vxuylylqj lq uxudo Uzdqgd lv d vwuxjjoh/ dovr diwhu wkh
4<<7 jhqrflgh1 Lq wklv glvvhuwdwlrq/ L dlp wr xqghuvwdqg fhuwdlq dvshfwv ri wklv vwuxjjoh1

Lq wkh �uvw fkdswhu/ L wdnh �vxuylylqj� olwhudoo|/ dqg xvh ghprjudsklf gdwd wr hvwlpdwh
wkh suredelolw| ri Wxwvl phq dqg zrphq wr vxuylyh wkh jhqrflgh1 Fkdswhu wzr h{soruhv
krz krxvhkrogv wulhg wr vprrwk frqvxpswlrq1 Lq sduwlfxodu/ L h{dplqh li Uzdqgdq uxudo
krxvhkrogv vrog fdwwoh lq uhvsrqvh wr zdu0uhodwhg vkrfnv dqg rwkhu dgyhuvh lqfrph vkrfnv1
Wkh wklug fkdswhu irfxvhv rq wkh orqjhu whup frqvhtxhqfhv ri wkh jhqrflgh/ e| dqdo|}lqj
lwv h�hfw rq wkh hfrqrplf prelolw| ri uxudo krxvhkrogv ehwzhhq 4<<3 dqg 53351

Hwkqlflw|/ Zdu dqg Jhqrflgh lq Uzdqgd
Uzdqgd lv d vpdoo/ odqg0orfnhg frxqwu| lq Fhqwudo Diulfd +vhh �jxuh 4,/ zlwk dssur{0
lpdwho| hljkw ploolrq lqkdelwdqwv/ ri zklfk wkh odujh pdmrulw| vwloo ghshqgv rq udlqihg
djulfxowxuh1 Wkh Uzdqgdq srsxodwlrq frqvlvwv ri wkuhh jurxsv= Kxwx/ Wxwvl dqg d vpdoo
plqrulw| ri Wzd1 Dffruglqj wr wkh r!fldo srsxodwlrq fhqvxv ri 4<<4 wkh Wxwvl pdgh xs
dssur{lpdwho| 43( ri wkh srsxodwlrq dqg wkh Wzd 4(1

Lq wkh hduo| gd|v ri wkh Uzdqgdq vwdwh/ wkh erxqgdu| ehwzhhq Kxwx dqg Wxwvl zdv
 h{leoh dqg shuphdeoh1 Idplolhv frxog fkdqjh vwdwxv/ iru h{dpsoh iurp Kxwx wr Wxwvl/
dv wkh| dftxluhg pruh srzhu dqg fdwwoh1 Exw/ lq wkh frxuvh ri wkh qlqhwhhqwk fhqwxu|
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wkh jryhuqlqj holwh ehjdq wr wklqn ri wkhpvhoyhv dv vxshulru wr ruglqdu| shrsoh1 Wkh
lghqwl�fdwlrq ri Wxwvl sdvwrudolvwv dv srzhu0kroghuv dqg ri Kxwx fxowlydwruv dv vxemhfwv
zdv ehfrplqj jhqhudo dqg pruh �{hg +Ghv Irujhv/ 4<<<> Suxqlhu/ 4<<;> Qhzexu|/ 4<<;,1

Iljxuh 4= Dgplqlvwudwlyh pds ri Uzdqgd

Qrwh= wkh grwv lqglfdwh wkh orfdwlrq ri wkh 49 dgplqlvwudwlyh vhfwruv lq Jlnrqjrur
dqg Jlwdudpd Surylqfh wkdw zhuh wkh vxuyh| vlwhv ri wkh krxvhkrog gdwdvhw xvhg lq
Fkdswhu 5 dqg Fkdswhu 6

Xqghu Ehojldq frorqldo uxoh wkh glvwlqfwlrq ehwzhhq wkh wzr jurxsv ehfdph hyhq pruh
uljlg1 Eholhylqj wkdw Wxwvl zhuh d vxshulru udfh/ Ehojldqv v|vwhpdwlfdoo| uhpryhg Kxwx
iurp srvlwlrqv ri srzhu dqg ghfuhhg wkdw Wxwvl dorqh vkrxog eh r!fldov1 Wkh p|wk ri
Wxwvl vxshulrulw| zdv uhlqirufhg dqg glvvhplqdwhg wkurxjk wkh vfkrrov dqg vhplqdulhv lq
wkh �uvw zulwwhq klvwru| ri Uzdqgd1 Wkh odwwhu zdv edvhg rq lqdffxudwh lqirupdwlrq ri
Uzdqgdq srhwv dqg klvwruldqv zkr vdz wkh dgydqwdjh lq Hxurshdq idyrulwlvp iru wkh
Wxwvl +Ghv Irujhv/ 4<<<,1 Durxqg wkh vdph wlph/ wkh frorqldo dgplqlvwudwlrq uhjlvwhuhg



7 JHQHUDO LQWURGXFWLRQ

wkh Uzdqgdq srsxodwlrq dv Wxwvl/ Kxwx/ ru Wzd dqg lqglfdwhg wkh hwkqlf d!oldwlrq rq
lghqwlw| fdugv1

Rqo| iurp wkh 4<83v rqzdugv/ dqg sduwo| xqghu suhvvxuh iurp wkh Xqlwhg Qdwlrqv/ wkh
frorqldo dgplqlvwudwruv qdphg vhyhudo Kxwx wr uhvsrqvleoh srvlwlrqv lq wkh dgplqlvwudwlrq
dqg ehjdq wr dgplw pruh Kxwx lqwr vhfrqgdu| vfkrrov1 Erwk hwkqlf jurxsv qrz kdg
wkhlu rzq holwh dqg wkhlu rzq srolwlfdo sduw|= wkh Sduphkxwx +Sduwl gx prxyhphqw gh
o*ìpdqflsdwlrq ghv Edkxwx, iru wkh Kxwx dqg wkh Xqlrq Qdwlrqdoh Uzdqgdlvh +XQDU,
iru wkh Wxwvl1

Lq 4<8< wkh hwkqlf srodul}dwlrqv ohdg wr uhflsurfdo dwwdfnv ehwzhhq Kxwx dqg Wxwvl1
Lq d uhvsrqvh wr wkhvh dwwdfnv/ wkh frorqldo dgplqlvwudwruv uhsodfhg vhyhudo Wxwvl orfdo
dxwkrulwlhv e| Kxwx1 Wkhuhdiwhu/ wkh Sduphkxwx zrq wkh �uvw hohfwlrqv lq 4<93 dqg
4<941 Wkh qhz jryhuqphqw derolvkhg wkh prqdufk| dqg uhsodfhg lw e| d uhsxeolf1 Wkh|
frqwlqxhg odeholqj doo Uzdqgdqv dv Kxwx/ Wxwvl/ ru Wzd/ exw wkh lghqwlw| fdugv zklfk
kdg rqfh vhuyhg wr jxdudqwhh sulylohjh wr Wxwvl qrz vhuyhg dv d phdqv wr glvfulplqdwh
djdlqvw wkhp/ erwk lq hpsor|phqw dqg lq hgxfdwlrq1 Wkh uhyhqjh rq Wxwvl zdv dovr
pdqlihvwhg lq vsrudglf pdvvdfuhv ehwzhhq 4<95 dqg 4<97/ nloolqj dq hvwlpdwhg 53/333
shrsoh dqg iruflqj wkh  ljkw ri pdq| pruh � 1

Ehvlghv glylghg dorqj hwkqlf olqhv/ Uzdqgd zdv dovr glylghg ehwzhhq wkh Vrxwk/
wkh krph ri wkh Sduphkxwx holwh/ dqg wkh Qruwk/ zklfk ihow wkdw srzhu zdv pruh dqg
pruh prqrsrol}hg wr wkhlu glvdgydqwdjh1 Wklv ohg wr d frxs/ lq zklfk Jhqhudo Mxyìqdo
Kde|dulpdqd vhl}hg srzhu1 Iurp 4<:6 rqzdugv kh jryhuqhg Uzdqgd xqghu d rqh sduw|
v|vwhp/ wkh vlqjoh sduw| ehlqj wkh PUQG +Prxyhphqw Uìyroxwlrqdluh Qdwlrqdo srxu oh
Gìyhorsshphqw,1

Uzdqgd kdv d klvwru| ri hwkqlf ulydou| gdwlqj edfn wr wkh suh0frorqldo shulrg/ exw wkh
vfdoh ri wkh hwkqlf ylrohqfh lq wkh qlqhwlhv zdv xqsuhfhghqwhg1 Xquhvw lq Uzdqgd eurnh
rxw dw wkh hqg ri 4<<3/ zkhq wkh USI +Uzdqgdq Sdwulrwlf Iurqw,/ irxqghg e| Wxwvl
h{lohv/ vwduwhg odxqfklqj dwwdfnv iurp Xjdqgd1 Vrrq wkhuhdiwhu/ Suhvlghqw Kde|dulpdqd
rshqhg wkh shuvshfwlyh ri d pxowlsduw| v|vwhp/ dqg qhz sduwlhv zhuh iruphg lq rssrvlwlrq
wr wkh PUQG � 1 Lqwhuplwwhqw krvwlolwlhv dqg qhjrwldwlrqv ehwzhhq wkh jryhuqphqw dqg
wkh USI uhvxowhg lq d srzhu vkdulqj djuhhphqw/ vljqhg lq Duxvkd +Wdq}dqld, rq Dxjxvw

� Yrq Phlmhqihogw +4<<8, phqwlrqv wkdw lq hduo| 4<<7/ wkhuh zhuh derxw 933/333 Uzdqgdq Wxwvl olylqj
lq h{loh1� Lq Dsulo 4<<5 d frdolwlrq jryhuqphqw zdv iruphg/ xqghu d sulph plqlvwhu qrw ehorqjlqj wr wkh
PUQG/ exw rxw ri 53 plqlvwhuldo sruwirolrv wkh PUQG khog qlqh/ lqfoxglqj wkdw ri ghihqvh1 Odwhu rq
wkh prvw lpsruwdqw sduwlhv vsolw ryhu wkhlu dwwlwxgh wrzdugv wkh USI dqg wkh shdfh qhjrwldwlrqv1
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7/ 4<<61
Exw rq Dsulo 9/ 4<<7 wkh sodqh fduu|lqj Suhvlghqw Kde|dulpdqd ri Uzdqgd rq klv

zd| edfn iurp qhjrwldwlrqv lq Gdu0hv0Vdoddp lq wkh frpsdq| ri Suhvlghqw Qwdu|dplud
ri Exuxqgl zdv vkrw grzq/ nloolqj wkh fuhz dqg erwk suhvlghqwv1 Wkhuhdiwhu/ Uzdqgd
vxqn lqwr fkdrv1 Zlwklq krxuv/ wkh plolwdu|/ dgplqlvwudwruv/ wkh PUQG*v plolwld +fdoohg
Lqwhudkdpzh � ,/ dqg ruglqdu| shrsoh vwduwhg wr nloo Wxwvl/ prghudwh Kxwx dqg Kxwx
ohdghuv iurp srolwlfdo sduwlhv ulydo wr wkh suhvlghqw*v PUQG1 Vlpxowdqhrxvo| wkh zdu
ehwzhhq wkh Uzdqgdq dup| dqg wkh USI zdv uhvwduwhg1 Odwh lq Mxqh 4<<7 wkh pdvvlyh
nloolqjv dqg wkh zdu fdph wr dq hqg1

Dowkrxjk wkh Uzdqgdq jhqrflgh wrrn sodfh lq d uhodwlyho| vkruw wlph vsdq +Dsulo
� Mxqh 4<<7,/ lw zdv rqh ri wkh prvw ghydvwdwlqj Diulfdq frq lfwv ri wkh wzhqwlhwk
fhqwxu|1 Wkh edodqfh ri wkh hyhqwv zdv vkrfnlqj= dq hvwlpdwhg ;33/333 Wxwvl nloohg/ wzr
ploolrq shrsoh glvsodfhg dqg pruh wkdq 433/333 sulvrqhuv vxvshfwhg ri sduwlflsdwlrq lq
wkh jhqrflgh +Ghv Irujhv/ 4<<</ Suxqlhu/ 4<<8,1 Lq dgglwlrq/ whqv ri wkrxvdqgv ri shrsoh
glhg iurp ghsulydwlrq lq wkh uhixjhh fdpsv1

Dsduw iurp fdxvlqj h{wuhph kxpdq vx�hulqj/ wkh jhqrflgh kdg d kljk hfrqrplf
frvw1 D odujh iudfwlrq ri wkh srsxodwlrq ohiw wkhlu �hogv xqdwwhqghg fdxvlqj d vwdqgvwloo
lq irrg surgxfwlrq1 Olyhvwrfn zdv ghflpdwhg/ fr�hh dqg whd surgxfwlrq gursshg wr
xqsuhfhghqwhg orz ohyhov/ wkh surfhvvlqj lqiudvwuxfwxuh zdv uhqghuhg qrq0ixqfwlrqdo dqg
wkh iruhvw vxe0vhfwru lqfxuuhg pdvvlyh orvvhv1 Frqvhtxhqwo|/ 4<<7 zdv fkdudfwhul}hg e| d
vwhhs idoo ri shu fdslwd JGS � 1

Hyhq zkhq uhodwlyh shdfh zdv hvwdeolvkhg lq Mxo| 4<<7/ irrg lqvhfxulw| uhpdlqhg kljk
dqg pdq| shrsoh zhuh ghshqghqw rq irrg dlg/ dprqj wkhp wkh wzr ploolrq shrsoh zkr
zhuh lqwhuqdoo| glvsodfhg ru vrxjkw h{loh lq qhljkerulqj frxqwulhv1 Zlwklq Uzdqgd/ vhy0
hudo uhjlrqv idfhg sureohpv vxfk dv wkh odfn ri oderu +pdq| shrsoh zhuh nloohg/ lpsulvrqhg
ru lq uhixjhh fdpsv, dqg wkh odfn ri pdqxuh +gxh wr wkh kxjh orvvhv ri olyhvwrfn,1 Odwh lq
4<<9/ irufhg e| �jkwlqj durxqg wkh uhixjhh fdpsv/ prvw uhixjhhv uhwxuqhg wr Uzdqgd/
sxwwlqj d khdy| vwudlq rq wkh frxqwu|*v olplwhg irrg uhvrxufhv1 +Suxqlhu/ 4<<;> IDR/
4<<:, � 1 D iudfwlrq ri wkhp wrrn uhixjh ghhshu lqwr Frqjr/ zkhuh pdq| ri wkhp zhuh
nloohg +Uh|qwmhqv/ 4<<:,1

� Lqwhudkdpzh olwhudoo| phdqv �wkrvh zkr vwdqg wrjhwkhu� ru �wkrvh zkr dwwdfn wrjhwkhu�1 Wklv
plolwld zdv iruphg e| Kde|dulpdqd*v srolwlfdo sduw| lq 4<<5/ zkhq wkh sduw| vwduwhg jlylqj plolwdu|
wudlqlqj wr lwv |rxwk1� H{suhvvhg lq orfdo fxuuhqf| xqlwv dw sulfhv ri 5333> vhh Zruog Edqn Zruog Ghyhorsphqw Lqglfdwruv1	 Prvw ri wkhvh uhixjhhv kdg  hg wkhlu frxqwu| gxulqj wkh xskhdydov lq Dsulo 4<<71 Vwdwlvwlfv uhihu
wr wkhp dv wkh %qhz fdvhordg%/ dv rssrvhg wr wkh %rog fdvhordg% uhihuulqj wr uhixjhhv zkr kdg  hg wkh
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Wkh vwxg| dw kdqg irfxvhv rq wkh frqvhtxhqfhv ri wkh zdu dqg wkh jhqrflgh lq
Uzdqgd1 Krzhyhu/ qrerg| fdq uh hfw rq wkh jhqrflgh zlwkrxw dvnlqj %krz lv wklv
srvvleohB%1 Wkh xqghuo|lqj fdxvhv ri hwkqlf ylrohqfh kdyh ehhq vwxglhg e| vhyhudo dx0
wkruv1 Dprqj wkh ghwhuplqdqwv phqwlrqhg duh wkh rxweuhdn ri flylo zdu zlwk wkh USI
lqydvlrq lq Rfwrehu 4<<3 dqg wkh udglfdol}dwlrq ri Kxwx srzhu srolwlfv lq uhvsrqvh wr wkh
shufhlyhg USI wkuhdw/ wkh fuhdwlrq ri rssrvlwlrq sduwlhv frpelqhg zlwk wkh vorz surfhvv
ri ghprfudwlf olehudol}dwlrq/ dqg d ihholqj ri Kxwx lqihulrulw| wkdw ohg wr hwkqlf kdwuhg
+Edlqhv/ 5336> Pdpgdql/ 5334> Qhzexu|/ 4<<;> Suxqlhu/ 4<<;> Xylq/ 4<<;,1 Dqguì dqg
Sodwwhdx +4<<;, dqg Yhuzlps +5336, glvfxvv odqg vfduflw| dqg lqfuhdvlqj sryhuw| dqg
lqfrph lqhtxdolw| dv xqghuo|lqj hfrqrplf fdxvhv iru wkh ylrohqfh1

Wkh Gdwd
Wkh gdwd xvhg lq wklv glvvhuwdwlrq duh xqltxh lq wkh vhqvh wkdw wkh| fryhu d shulrg ri
h{wuhph dqg zlghvsuhdg ylrohqfh1 Iru wkh �uvw fkdswhu/ L xvh srsxodwlrq gdwd iurp wkh
orfdo dgplqlvwudwlrq iru 4<<3 dqg 53351 Wkh hpslulfv lq wkh vhfrqg fkdswhu uho| rq
vrflr0hfrqrplf gdwd ri 58; krxvhkrogv/ froohfwhg lq 5335/ exw lqfoxglqj uhwurvshfwlyh
lqirupdwlrq iru wkh |hduv 4<<4053341 Wkh wklug fkdswhu lv edvhg rq d vxevdpsoh ri
4;; krxvhkrogv lq wkdw gdwdvhw/ iru zklfk L kdyh wzr wlph revhuydwlrqv/ rqh sulru wr
wkh jhqrflgh/ lq 4<<3/ dqg rqh diwhu wkh jhqrflgh/ lq 53351 Wkh w|sh dqg txdolw| ri
lqirupdwlrq surylghg lq wkhvh gdwdvhwv duh ghwdlohg lq wkh uhvshfwlyh fkdswhuv1 Khuh/ L
surylgh vrph lqirupdwlrq rq wkh klvwru| ri wkh gdwd froohfwlrq1

Sulru wr wkh jhqrflgh/ lq wkh hljkwlhv dqg hduo| qlqhwlhv/ wkh Uzdqgdq Ghsduwphqw
ri Djulfxowxudo Vwdwlvwlfv +GVD, dqg Plfkljdq Vwdwh Xqlyhuvlw| +PVX, frqgxfwhg qd0
wlrqdoo| uhsuhvhqwdwlyh uxudo krxvhkrog vxuyh|v lq Uzdqgd1 Wkhlu gdwd froohfwlrq h�ruwv
zhuh lqwhuuxswhg dqg hyhqwxdoo| vxvshqghg ehfdxvh ri wkh flylo zdu wkdw eurnh rxw lq wkh
ehjlqqlqj ri wkh qlqhwlhv1 Wklv glvvhuwdwlrq pdnhv xvh ri d sduw ri wkh GVD2PVX vxuyh|

frxqwu| lq vhyhudo zdyhv vlqfh 4<8<1 Pdq| ri wkh odwwhu douhdg| uhwxuqhg vlqfh wkh vhfrqg kdoi ri 4<<71
Wkh uhixjhhv zkr uhwxuqhg ehwzhhq Mxqh 4<<9 dqg Mxqh 4<<: ehorqjhg doprvw doo wr wkh %qhz fdvhordg%1
Uhwxuqhhv zhuh holjleoh iru hphujhqf| dvvlvwdqfh/ lqfoxglqj xs wr vl{ prqwko| irrg udwlrqv1 Ghvslwh wkh
lqfuhdvh ri irrg lpsruwv iru wkhvh udwlrqv/ sulfhv vrduhg1 Ehwzhhq Mxqh 4<<9 dqg Mxqh 4<<:/ sulfhv ri
sxovhv wulsohg/ fdvvdyd sulfhv grxeohg/ wkrvh ri vzhhw srwdwrhv pruh wkdq grxeohg> dqg vrujkxp dqg
srwdwr sulfhv lqfuhdvhg ehwzhhq 78 dqg 98 shufhqw1 Lq dgglwlrq/ pdq| uhwxuqhhv irxqg wkhlu krphvwhdgv/
zklfk wkh|  hg lq 4<<7/ rffxslhg e| wkrvh zkr uhpdlqhg ehklqg ru e| qhz0frphuv zkr kdg ehhq lq
h{loh xqwlo 4<<71 Wklv vrphwlphv ohg wr odqg glvsxwhv ehwzhhq uhvlghqwv dqg uhwxuqhhv/ zklfk lpshghg
fxowlydwlrq +IDR/ 4<<:,1
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gdwd froohfwhg lq 4<<3 iurp 457; uxudo krxvhkrogv lq wkh whq Uzdqgdq uxudo suhihfwxuhv1
Lq wkh frxuvh ri klv grfwrudo zrun +4<<<05334,/ Sklols Yhuzlps wudfhg vhyhudo kxq0

guhgv ri wkh 457; krxvhkrogv zkr zhuh lqwhuylhzhg lq 4<<3 lq wkuhh surylqfhv ri fhqwudo
dqg vrxwkzhvw Uzdqgd= Jlwdudpd/ Nlex|h dqg Jlnrqjrur/ zlwk 493 krxvhkrogv +43 foxv0
whuv, lq wkh iruphu dqg <9 +9 foxvwhuv, lq hdfk ri wkh odwwhu wzr surylqfhv1 Uhdvrqv iru
fkrrvlqj wkhvh surylqfhv lqfoxghg dprqj rwkhuv wkh dydlodelolw| ri lqirupdwlrq qhhghg
wr orfdwh wkh krxvhkrogv lq wkh vdpsoh1 Gxulqj wkh wudflqj doo dwwhqwlrq zdv gluhfwhg wr0
zdugv wkh orfdol}dwlrq ru uh0orfdol}dwlrq ri wkh ruljlqdo krxvhkrogv dqg wkh frqvhtxhqfhv
ri wkh jhqrflgh dqg flylo zdu/ ohdylqj qr wlph iru d ghwdlohg uxudo krxvhkrog vxuyh|
+Yhuzlps/ 5336d,1

Zlwk wkh khos ri d �hog uhvhdufk exgjhw surylghg e| wkh Iohplvk Lqwhuxqlyhuvlw|
Frxqflo +YOLU,/ Sklols Yhuzlps dqg L zhqw wr Uzdqgd lq 5335 wr uh0vxuyh| wkh 589
uxudo krxvhkrogv wkdw zhuh lqlwldoo| lqwhuylhzhg lq Jlwdudpd dqg Jlnrqjrur Surylqfh +vhh
Iljxuh 4,1 Zh frqgxfwhg d ghwdlohg vxuyh| lqfoxglqj txhvwlrqv rq krxvhkrog frpsrvlwlrq/
dvvhwv/ hfrqrplf dfwlylwlhv dqg pdunhw wudqvdfwlrqv1 Lq dgglwlrq/ zh froohfwhg uhfdoo
lqirupdwlrq rq wkh vkrfnv ri wkh zdu dqg jhqrflgh/ rwkhu dgyhuvh lqfrph vkrfnv/ fdwwoh
wudqvdfwlrqv dqg frqvxpswlrq vkruwidoov gxulqj wkh shulrg 4<<3053351

Krzhyhu/ gxh wr wkh kljk gurs rxw ri krxvhkrogv iurp wkh vdpsoh/ wkh 5335 vxuyh|
rqo| lqfoxghg 4;; krxvhkrogv zkr zhuh dovr sduw ri wkh 4<<3 vxuyh|1 Wkh sdqho gdwd iru
wkhvh 4;; krxvhkrogv lv xvhg iru wkh vwxg| ri hfrqrplf prelolw| lq fkdswhu 61

Vlqfh wkh vxuyh| exgjhw zdv zrunhg rxw iru 589 krxvhkrogv/ zh ghflghg wr dgg vrph
krxvhkrogv1 Prvw krxvhkrogv wkdw gursshg rxw zhuh Wxwvl0khdghg1 Wkhuhiruh/ zh dgghg
prvwo| Wxwvl0khdghg krxvhkrogv/ oliwlqj wkhlu vkduh lq wkh vdpsoh iurp ehorz 43 shufhqw
+4524;;, wr 5518 shufhqw +8;258;,1 Wklv vdpsoh ri 58; krxvhkrogv/ lqfoxglqj wkh 4;;
krxvhkrogv lqwhuylhzhg lq 4<<3 dqg 5335 dqg wkh qhzo| dgghg rqhv/ lv xvhg iru wkh
dqdo|vlv lq fkdswhu 51

Lq 5336/ L zhqw edfn wr Uzdqgd wr ylvlw dssur{lpdwho| 63 krxvhkrogv lq wzr dgplqlv0
wudwlyh vhfwruv lq Jlnrqjrur1 Wkh pdlq jrdo ri wklv ylvlw zdv wr ghhshq wkh xqghuvwdqglqj
ri vrph txdqwlwdwlyh uhvxowv wkdw zhuh irxqg diwhu wkh �uvw dqdo|vlv ri wkh vxuyh| gdwd
ri 53351 Ehvlghv kdylqj vhpl0vwuxfwxuhg lqwhuylhzv zlwk krxvhkrogv/ wudghuv/ sxeolf vhu0
ydqwv/ dqg QJR fr0rshudwruv/ L orrnhg iru dgglwlrqdo txdqwlwdwlyh gdwd iurp wkh sxeolf
dgplqlvwudwlrq dqg QJR*v1 Wklv lv krz L rewdlqhg wkh srsxodwlrq gdwd iurp wkh orfdo
dgplqlvwudwlrq ri Jlnrqjrur Surylqfh/ zklfk L xvh lq fkdswhu 41
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Vxppdu| ri Uhvxowv
Wkh txhvwlrqv dgguhvvhg lq wklv glvvhuwdwlrq duh= Krz pdq| Wxwvl zhuh nloohg lq wkh jhqr0
flghB Zklfk idfwruv ghwhuplqhg wkh vxuylydo fkdqfhv ri Wxwvl lq Jlnrqjrur SurylqfhB
Zkdw nlqg ri dgyhuvh lqfrph vkrfnv klw wkh Uzdqgdq uxudo krxvhkrogv gxulqj wkh
qlqhwlhvB Glg krxvhkrogv ghsohwh wkhlu fdwwoh vwrfn lq uhvsrqvh wr wkhvh vkrfnvB Glg
wkh vkrfnv ri wkh zdu dqg jhqrflgh kdyh vkruw whup dv zhoo dv orqj whup h�hfwv rq wkh
pdwhuldo zhoiduh ri Uzdqgdq uxudo krxvhkrogvB

Lq wkh �uvw fkdswhu/ L vwxg| wkh ghdwk wroo ri wkh Uzdqgdq jhqrflgh dqg wkh vsd0
wldo sdwwhuq ri nloolqjv lq Jlnrqjrur Surylqfh1 Wkh ghdwk wroo ri wkh jhqrflgh uhpdlqv
kljko| ghedwdeoh1 Wkh iuhtxhqwo| txrwhg hvwlpdwh ri 833/333 Wxwvl nloohg lv edvhg rq
wkh srsxodwlrq fhqvxv ri 4<<41 Krzhyhu/ wzr xqdqvzhuhg txhvwlrqv pdnh wklv hvwlpdwh
xquholdeoh1 Iluvw/ krz pdq| Wxwvl olyhg lq Uzdqgd sulru wr wkh jhqrflghB Vhfrqg/ krz
pdq| Wxwvl vxuylyhgB Zlwk uhvshfw wr wkh �uvw txhvwlrq/ fulwlfv vd| wkdw wkh sursruwlrq
ri Wxwvl zdv xqghu0uhsruwhg lq wkh 4<<4 fhqvxv1 E| frpsdulqj wkh fhqvxv gdwd zlwk
srsxodwlrq gdwd ri wkh orfdo dgplqlvwudwlrq ri Jlnrqjrur Surylqfh/ L surylgh hylghqfh
iru wklv doohjdwlrq dqg vwxg| krz wkh xqghu0uhsruwlqj pd| d�hfw wkh hvwlpdwh ri wkh
jhqrflgh ghdwk wroo1 L dovr xvh wkh orfdo srsxodwlrq gdwd iru 44: dgplqlvwudwlyh vhfwruv
zlwklq Jlnrqjrur Surylqfh wr pdnh d ghwdlohg dqdo|vlv ri wkh vsdwldo sdwwhuq ri nloolqjv
lq Jlnrqjrur1 L �qg wkdw Wxwvl lq Jlnrqjrur kdg/ rq dyhudjh/ d 58( fkdqfh ri vxuylylqj
wkh jhqrflgh1 Wkh vxuylydo udwh iru zrphq zdv voljkwo| kljkhu wkdq iru phq/ 5<( yhuvxv
54(1 Wkh orfdwlrq ri kxjh pdvvdfuhv dqg wkh zd| ylrohqfh vsuhdg dfurvv vhfwruv zhuh
pruh ghflvlyh iru wkh Wxwvl vxuylydo udwh wkdq wkh dwwlwxgh ri orfdo dxwkrulwlhv wrzdugv
wkh jhqrflgh1

Lq fkdswhu wzr/ L vwxg| wkh h{ srvw frqvxpswlrq vprrwklqj ehkdylru ri Uzdqgdq
krxvhkrogv gxulqj wkh shulrg 4<<4053341 Wkh irfxv olhv rq wkh k|srwkhvlv wkdw krxvhkrogv
xvh olyhvwrfn dv d ex�hu vwrfn wr vprrwk frqvxpswlrq lq uhvsrqvh wr srolwlfdo xquhvw dqg
rwkhu dgyhuvh lqfrph vkrfnv1 Lq wkh wkhruhwlfdo sduw ri wklv fkdswhu/ L h{whqg Ghdwrq*v
ex�hu vwrfn prgho iru suhfdxwlrqdu| vdylqjv wr d vhwwlqj ri ylrohqw frq lfw e| lqfoxglqj
wkh +h{shfwhg, ulvn ri olyhvwrfn udlglqj dqg wkh whupv ri wudgh ulvn1 Wkh hpslulfdo sduw ri
wklv fkdswhu xvhv gdwd rq 58; uxudo Uzdqgdq krxvhkrogv1 L jlyh dq ryhuylhz ri wkh w|sh ri
vkrfnv wkdw d�hfwhg wkhvh krxvhkrogv gxulqj wkh |hduv 4<<405334 dqg/ xvlqj d �{hg h�hfwv
orjlw prgho/ L whvw iru wkh xvh ri fdwwoh vdohv wr vprrwk frqvxpswlrq lq uhvsrqvh wr zdu0
uhodwhg dqg rwkhu vkrfnv1 L �qg wkdw wkh suredelolw| ri vhoolqj fdwwoh lqfuhdvhg xsrq wkh
rffxuuhqfh ri dq dgyhuvh lqfrph vkrfn1 Lq shdfhwlph wkhvh fdwwoh vdohv duh h{sodlqhg e|
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krxvhkrog sruwirolr fkrlfh udwkhu wkdq e| frqvxpswlrq vprrwklqj prwlyhv1 Lq frqwudvw/
lq zduwlph/ Uzdqgdq uxudo krxvhkrogv xvhg fdwwoh vdohv wr ex�hu frqvxpswlrq1 Krzhyhu/
wkh dqdo|vlv vxjjhvwv wkdw wkh odfn ri vdihw| rq wkh urdgv suhyhqwhg wkh krxvhkrogv prvw
wdujhwhg lq wkh ylrohqfh iurp vhoolqj wkhlu fdwwoh1 Krxvhkrogv ohvv d�hfwhg e| wkh ylrohqfh
ghsohwhg wkhlu fdwwoh vwrfn lq 4<<7/ exw uhfhlyhg d yhu| orz sulfh lq h{fkdqjh1

Fkdswhu wkuhh vhhnv wr xqghuvwdqg zhoiduh jdlqv dqg orvvhv lq d vdpsoh ri 4;; uxudo
krxvhkrogv lq wzr Uzdqgdq surylqfhv ryhu wkh wlph vsdq 4<<3053351 Dq hfrqrplf pr0
elolw| dqdo|vlv lv xvhg wr lghqwli| wkh lpsdfw ri wkh vkrfnv ri wkh zdu/ wkh jhqrflgh dqg
wkhlu diwhupdwk rq orqj whup krxvhkrog zhoiduh1 Wr phdvxuh hfrqrplf prelolw| ehwzhhq
4<<3 dqg 5335/ L xvh erwk qhw lqfrph shu dgxow htxlydohqw dqg dq dvvhw lqgh{1 L �qg
wkdw krxvhkrogv zlwk d phpehu lq sulvrq lq 5335 pryhg frqvlghudeo| grzqzdug lq wkh
lqfrph glvwulexwlrq1 Krzhyhu/ wkhuh lv qr hylghqfh ri dq lpsdfw ri rwkhu zdu0uhodwhg
vkrfnv vxfk dv wkh qxpehu ri phpehuv nloohg lq 4<<7/ wkh orvv ri sk|vlfdo fdslwdo/ dqg
wkh qxpehu ri prqwkv wdnhq uhixjh rq krxvhkrog lqfrph dqg dvvhwv lq 53351





Fkdswhu 4
Wkh Ghdwk Wroo ri wkh Uzdqgdq
Jhqrflgh= D Ghwdlohg Dqdo|vlv iru
Jlnrqjrur Surylqfh

414 Lqwurgxfwlrq
Pdq| kxpdq wudjhglhv ri wkh 53wk fhqwxu| kdyh looxvwudwhg wkdw hvwdeolvklqj dq dffxudwh
ghdwk wroo hvwlpdwh lv h{wuhpho| gl!fxow1 Wklv lv wuxh/ hyhq iru wkh prvw lqwhqvlyho|
vwxglhg wudjhg| ri wkh 53wk fhqwxu|/ wkh Qd}l Krorfdxvw +4<6;04<78,/ iru zklfk hvwlpdwhv
udqjh ehwzhhq 715 dqg 916 ploolrq Mhzv h{whuplqdwhg +Uhlwolqjhu/ 4<86> Gdylhv/ 4<<;,1
Wkh pdujlq ri huuru lqfuhdvhv iru ohvv vwxglhg wudjhglhv1 Iru h{dpsoh/ wkh hvwlpdwhv ri
wkh qxpehu ri Fdpergldqv zkr glhg xqghu wkh Nkphu Urxjh +4<:804<:<, olh lq d udqjh
ehwzhhq :831333 dqg 519 ploolrq +Ylfnhu|/ 4<;7> Volzlqvnl/ 4<<8,1

Dovr wkh ghdwk wroov ri rwkhu kxpdq wudjhglhv/ ehvlghv jhqrflghv/ duh gl!fxow wr
hvwdeolvk1 Iru h{dpsoh hfrqrplvwv/ ghprjudskhuv dqg klvwruldqv kdyh pdgh dwwhpswv
wr hvwlpdwh wkh qxpehu ri Fklqhvh wkdw glhg gxulqj wkh �vhfuhw idplqh� ri wkh Juhdw
Ohds Iruzdug +4<8<04<94,/ uhvxowlqj lq hvwlpdwhv ehwzhhq 53 dqg 73 ploolrq +Edqlvwhu/
4<;:> Ehfnhu/ 4<<9,1 Dqrwkhu zhoo0nqrzq ghprjudsklf sx}}oh lv wkh rqh ri Dvld*v plvvlqj
zrphq gxh wr h{fhvv ihpdoh pruwdolw|/ zkhuh hvwlpdwhv udqjh ehwzhhq ;3 ploolrq dqg
433 ploolrq %plvvlqj% zrphq +Vhq/ 4<<3> Nodvhq/ 4<<7,1

Wkh hvwlpdwhv sxw iruzdug gl�hu ghshqglqj rq wkh phwkrg xvhg +erg| frxqwlqj/
whvwlprqlhv dqg2ru ghprjudsklf dqdo|vlv, dqg wkh vrxufhv frqvxowhg1 Wkh gh�qlwlrq ri
wkh ghdwk wroo/ lqfoxglqj ru h{foxglqj lqgluhfw ghdwkv/ lv dovr ghwhuplqdqw iru wkh hvwlpdwh

44
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sxw iruzdug1 Dowkrxjk frxqwlqj wkh qxpehu ri ylfwlpv ri jhqrflgh ru rwkhu kxpdq
wudjhglhv lv dq h{wuhpho| kd}dugrxv h{huflvh/ lw lv d klvwrulfdo dqg srolwlfdo qhfhvvlw|1
Xvlqj srsxodwlrq gdwd ri wkh dgplqlvwudwlrq ri Jlnrqjrur Surylqfh/ wklv fkdswhu vhhnv
wr qduurz wkh udqjh ri hvwlpdwhv ri wkh ghdwk wroo dprqjvw wkh Wxwvl srsxodwlrq olylqj
lq Uzdqgd lq 4<<71

Gxulqj dqg diwhu wkh Uzdqgdq jhqrflgh/ pdq| wulhg wr hvwlpdwh wkh qxpehu ri fdvx0
dowlhv/ �uvw e| erg| frxqw/ odwhu xvlqj ghprjudsklf gdwd1 Derxw 53 gd|v diwhu wkh vwduw
ri wkh jhqrflgh/ Kxpdq Uljkwv Zdwfk uhsruwhg 433/333 fdvxdowlhv1 Mxvw d ihz gd|v odwhu/
Pìghflqv Vdqv Iurqwlëuh +PVI, grxeohg wklv hvwlpdwh1 Lq Pd| 4<<7/ Udglr Pxkdexud/
wkh USI udglr/ phqwlrqhg 833/333 shuvrqv nloohg/ exw dgmxvwhg wkh �jxuh grzqzdugv wr
633/333 vhyhudo gd|v odwhu1 Wkhvh �jxuhv zhuh jxhvvhv udwkhu wkdq hvwlpdwhv/ vlqfh wkh|
zhuh qrw edvhg rq dq| v|vwhpdwlf frxqwlqj +Suxqlhu 4<<;/ s1595,1 Diwhu wkh jhqrflgh/
wkh dffxudf| ri wkh hvwlpdwhv glg qrw lpsuryh1 Wkh XQ uhsruw ri Qryhpehu 4<<7 +XQ
4<<7, wrrn d vdih udqjh ehwzhhq 833/333 dqg rqh ploolrq ylfwlpv1 Wkhvh �jxuhv lqfoxgh
erwk Wxwvl dqg Kxwx1

Ghprjudsklf gdwd surylgh d phdqv wr hvwlpdwh wkh Wxwvl ghdwk wroo pruh dffxudwho|1
Wkh odvw srsxodwlrq fhqvxv sulru wr wkh jhqrflgh zdv frqgxfwhg lq 4<<41 Wklv fhqvxv
uhsruwhg 8<9/733 Wxwvl olylqj lq Uzdqgd/ uhsuhvhqwlqj ;17( ri wkh srsxodwlrq1 Edvhg
rq dq dqqxdo srsxodwlrq jurzwk ri 6(/ wkh qxpehu ri Wxwvl zrxog kdyh ehhq 983/<33
dw wkh hqg ri Mxo| 4<<7 +xqghu wkh qr0jhqrflgh vfhqdulr, � 1 Wkh qh{w vwhs lv wr rewdlq
dq hvwlpdwh ri vxuylylqj Wxwvl1 Dw wkh hqg ri Mxo| 4<<7/ d khdg frxqw lq uhixjhh fdpsv
uhvxowhg lq dq hvwlpdwhg 438/333 Wxwvl vxuylyruv1 Dffruglqj wr Suxqlhu +4<<;/ s1598,
58/333 vxuylyruv zkr glg qrw jr wr fdpsv vkrxog dovr eh dgghg1 Kxpdq Uljkwv Zdwfk
+4<<</ s148, dggv dqrwkhu 53/333 vxuylylqj Wxwvl lq ]dluh +qrz Ghprfudwlf Uhsxeolf ri
wkh Frqjr, dqg Wdq}dqld1 Wklv jlyhv d wrwdo ri 483/333 Wxwvl vxuylyruv � 1 E| vxewudfwlqj
wkh qxpehu ri vxuylyruv iurp wkh hvwlpdwhg Wxwvl srsxodwlrq xqghu wkh qr0jhqrflgh
vfhqdulr/ zh rewdlq dq hvwlpdwh ri 833/<33 Wxwvl nloohg lq wkh jhqrflgh/ d orvv ri ::13(
ri wkh Wxwvl srsxodwlrq ri Uzdqgd1

Pdq| uhdghuv pd| txhvwlrq wkh hvwlpdwhv uhjduglqj wkh qxpehu ri vxuylyruv1 Lqghhg/
� S 
���
 ��������� @ +4.3=36, ���������! #"%$ �S &'��(%� ��� �����)� > wlph vsdq @ 5=<9 |hduv1 D glvfxvvlrq ri wkh dvvxps0

wlrq ri 6( dqqxdo srsxodwlrq jurzwk fdq eh irxqg lq Dsshqgl{ LLL1� LEXND +d Uzdqgdq dvvrfldwlrq iru wkh vxuylyruv ri wkh jhqrflgh, wdonv derxw 633/333 vxuylyruv rq
wkhlu zhevlwh1 Krzhyhu/ wkh| dovr phqwlrq wkdw wkh Wxwvl srsxodwlrq lq 4<<7 dprxqwhg wr 4/833/3331
Pd|eh wkh| lqfoxghg wkh Wxwvl srsxodwlrq olylqj deurdg sulru wr 4<<7 dqg frxqwhg dovr vxuylyruv dprqj
wkh Wxwvl srsxodwlrq lq Hdvw Frqjr1
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zh zloo suredeo| qhyhu uhdoo| nqrz krz pdq| Wxwvl pdqdjhg wr vxuylyh zlwkrxw vhhnlqj
uhixjh lq fdpsv1 Frxqwlqj lq wkh fdpsv zdv dovr surqh wr huuruv1 Pruhryhu/ vlqfh lw
lv qr orqjhu srolwlfdoo| fruuhfw lq Uzdqgd wr wdon derxw hwkqlflw|/ wkh odwhvw fhqvxv ri
5335 grhv qrw surylgh lqirupdwlrq rq wkh fxuuhqw vl}h ri wkh Wxwvl srsxodwlrq1 Dqrwkhu
sureohp lv wkh uholdelolw| ri wkh 4<<4 fhqvxv1 Wzr fulwlflvpv kdyh ehhq sxw iruzdug1
Iluvw/ wr dyrlg glvfulplqdwlrq/ dq xqghwhuplqhg qxpehu ri Wxwvl uhjlvwhuhg dv Kxwx1
Vhfrqg/ wkh Kde|dulpdqd uhjlph lv vdlg wr kdyh gholehudwho| xqghu0uhsruwhg wkh qxpehu
ri Wxwvl lq rughu wr nhhs wkhlu vfkrro hqurophqw dqg sxeolf hpsor|phqw txrwdv orz1 Xqwlo
qrz/ wklv doohjdwlrq kdv qrw ehhq grfxphqwhg1 Krzhyhu/ wklv vwurqj vxvslflrq dorqh ohg
J1 Suxqlhu +4<<;, wr hvwlpdwh wkh dfwxdo Wxwvl srsxodwlrq lq 4<<7 dw 45( ri wkh wrwdo
srsxodwlrq lqvwhdg ri ;(/ wkh hvwlpdwh sxw iruzdug e| wkh Kde|dulpdqd uhjlph1 Li zh
uhshdw wkh h{huflvh deryh zlwk wklv odujhu vkduh/ wkh ghdwk wroo ri wkh jhqrflgh lqfuhdvhv
iurp durxqg 833/333 wr vrph ;33/333 Wxwvl nloohg +Suxqlhu 4<<;/ s1 597,/ uhsuhvhqwlqj
wkh dqqlklodwlrq ri derxw ;7( ri wkh Wxwvl srsxodwlrq lq 4<<71

D qxpehu ri Kxwx dovr orvw wkhlu olyhv gxulqj wkh jhqrflgh dqg lwv diwhupdwk1 Prg0
hudwh Kxwx zhuh nloohg/ hvshfldoo| lq wkh �uvw ihz zhhnv ri wkh jhqrflgh1 Wkh| zhuh riwhq
dgyhuvdulhv ri wkh PUQG dqg wkh FGU +Frdolwlrq srxu od gìihqvh gh od uìsxeoltxh,/ wkh
wzr srolwlfdo sduwlhv wkdw prvw idqdwlfdoo| vxssruwhg wkh lghd ri %Kxwx Srzhu%1 Qr �jxuh
kdv |hw ehhq sxw iruzdug wr txdqwli| wkhvh nloolqjv/ exw wkh rughu ri pdjqlwxgh lv olnho|
wr eh vpdoo ehfdxvh/ iurp 45 Dsulo rqzdugv/ srolwlfdo ohdghuv ri wkh PUQG dqg wkh FGU
wulhg wr xqli| doo Kxwx lq d frpprq �jkw djdlqvw Wxwvl1 Rqfh wkh Wxwvl srsxodwlrq kdg
ehhq gh�qhg dv wkh frpprq wdujhw/ pxughuv ri srolwlfdo rssrqhqwv dqg prghudwh Kxwx
vorzhg grzq1 +KUZ 4<<</ s1534,1 Krzhyhu/ pdq| Kxwx glhg lq uhixjhh fdpsv lq ]dluh/
Wdq}dqld/ dqg Exuxqgl1 Wkh fkrohud hslghplf lq Jrpd lv eholhyhg wr kdyh wdnhq durxqg
63/333 olyhv +Suxqlhu 4<<;/ s1636,1 Dovr/ dq xqnqrzq qxpehu ri Kxwx zhuh nloohg e| wkh
USI/ erwk lq wkh frxuvh ri frpedw dqg lq dfwv ri uhyhqjh diwhu wkh jhqrflgh1 Hvwlpdwhv
udqjh ehwzhhq 9/333 dqg 93/333/ exw wkhuh lv qr gdwd wr frq�up wkhvh �jxuhv +Suxqlhu
4<<;/ s1657 dqg KUZ 4<<</ s149, � 1

Lq vkruw/ hvwlpdwlqj wkh ylfwlpv ri wkh zdu dqg wkh jhqrflgh lq Uzdqgd lv d kd}dugrxv
� Xvlqj srsxodwlrq gdwd iurp ydulrxv vrxufhv/ Uh|qwmhqv +4<<:, dujxhv wkdw wkh wrwdo qxpehu ri

Uzdqgdqv zkr �glvdsshduhg� iurp wkh srsxodwlrq lq 4<<7/ zkhwkhu Kxwx/ Wxwvl ru Wzd/ olhv ehwzhhq
4/383/333 dqg 4/483/3331 Vxewudfwlqj wkh qxpehu ri Wxwvl fdvxdowlhv iurp wklv hvwlpdw/ zrxog jlyh d
uhdvrqdeoh dssur{lpdwlrq iru wkh qxpehu ri Kxwx zkr �glvdsshduhg� vlqfh Wzd dffrxqwhg iru rqo| 317(
ri wkh srsxodwlrq sulru wr Dsulo 4<<71 Krzhyhu/ wkh glvdsshdudqfh ri Kxwx vwhpv iurp vhyhudo fdxvhv
wkdw fdqqrw eh glvhqwdqjohg= +4, nloohg e| wkh shushwudwruv ri wkh jhqrflgh/ +5, nloohg e| wkh USI/ +6,
glhg iurp glvhdvh lq uhixjhh fdpsv/ ru +7,  hg wr qhljkerulqj frxqwulhv +wr hvfdsh survhfxwlrq,1
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hqwhusulvh1 Wkh frxqwlqj ri Kxwx dqg Wxwvl fdvxdowlhv gxulqj wkh zdu dqg jhqrflgh zdv
qrw v|vwhpdwlf dqg wkh dqdo|vlv ri ghprjudsklf gdwd lv kdpshuhg e| wzr xqdqvzhuhg
txhvwlrqv1 Iluvw/ krz pdq| Wxwvl olyhg lq Uzdqgd sulru wr wkh jhqrflghB Vhfrqg/
krz pdq| Wxwvl vxuylyhgB Wkh suhvhqw vwxg| grhv qrw dqvzhu wkhvh txhvwlrqv/ exw
lw frqwulexwhv wr wkh ghedwh rq wkh ghdwk wroo ri wkh jhqrflgh lq wzr zd|v1 D �uvw
remhfwlyh lv wr surylgh hylghqfh iru wkh xqghu0uhsruwlqj ri Wxwvl lq wkh 4<<4 fhqvxv1 D
vhfrqg remhfwlyh lv wr dqdo|}h wkh jhrjudsklfdo sdwwhuq ri nloolqjv gxulqj wkh jhqrflgh
dqg hvwlpdwh wkh vxuylydo fkdqfh ri Wxwvl lq Jlnrqjrur/ d suhihfwxuh orfdwhg lq vrxwkhuq
Uzdqgd +Pds 4,1

Wkh �uvw frqwulexwlrq lv pdgh e| frpsdulqj wkh 4<<4 fhqvxv gdwd zlwk srsxodwlrq
gdwd ri 4<<3 iurp wkh orfdo dgplqlvwudwlrq ri Jlnrqjrur1 Wkh vhfrqg frqwulexwlrq wdnhv
wkhvh odwwhu gdwd dv d vwduwlqj srlqw1 Wkh 4<<3 orfdo srsxodwlrq gdwd surylgh lqirupdwlrq
rq wkh sursruwlrq ri Wxwvl lq 44: dgplqlvwudwlyh vhfwruv ri Jlnrqjrur Suhihfwxuh1 Wkhvh
gdwd duh frpsduhg zlwk orfdo srsxodwlrq gdwd ri 5335 iru wkh vdph 44: dgplqlvwudwlyh
vhfwruv1 Vlqfh wkh orfdo dgplqlvwudwlrq vwrsshg uhfruglqj hwkqlf lghqwlw| diwhu 4<<7/ wkh
ghdwk wroo dprqj Wxwvl olylqj lq wkhvh vhfwruv fdqqrw eh ghulyhg iurp d phuh frpsdulvrq
ehwzhhq wkh qxpehu ri Wxwvl lq 4<<3 dqg 53351 Krzhyhu/ pxfk fdq eh uhyhdohg iurp d
vwxg| ri wkh vhfwru*v srsxodwlrq jurzwk ehwzhhq 4<<3 dqg 5335/ dqg lwv 5335 vh{ udwlr1

Iluvw/ L suhvhqw wkh orfdo srsxodwlrq gdwd ri Jlnrqjrur Suhihfwxuh/ glvfxvv wkhlu uhol0
delolw|/ dqg frpsduh wkhp zlwk wkh fhqvxv gdwd ri 4<<41 Qh{w/ d qrqolqhdu ohdvw vtxduhv
+QOV, uhjuhvvlrq dqdo|vlv lv xvhg wr h{sodlq srsxodwlrq jurzwk dqg fkdqjlqj vh{ udwlrv
dfurvv wkh 44: vhfwruv ri Jlnrqjrur/ dqg hvwlpdwh wkh sursruwlrq ri Wxwvl nloohg gxulqj
wkh jhqrflgh1 L zloo h{dplqh zkdw idfwruv h{sodlq wkh xqhtxdo lpsdfw ri wkh jhqrflgh lq
Jlnrqjrur1 Odvwo|/ lq wkh frqfoxvlrq/ L suhvhqw d qhz dqg ehwwhu vxevwdqwldwhg hvwlpdwh
ri wkh qxpehu ri Wxwvl zkr zhuh nloohg gxulqj wkh jhqrflgh1

415 Hylghqfh iru wkh xqghu0uhsruwlqj ri Wxwvl lq wkh
4<<4 fhqvxv

41514 Wkh 4<<4 srsxodwlrq fhqvxv
Vlqfh lwv lqghshqghqfh lq 4<95/ Uzdqgd rujdql}hg wkuhh srsxodwlrq fhqvxvhv/ lq 4<:;/
4<<4 dqg lq 53351 Wkh �uvw wzr fhqvxvhv uhfrughg wkh hwkqlf lghqwlw| ri wkh srsxodwlrq1 Lq
5335 wklv zdv qrw grqh1 Vlqfh wkh fhqvxv ri 4<<4 zdv wkh odvw fhqvxv sulru wr wkh jhqrflgh/
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Wdeoh 414= Glvwulexwlrq ri wkh srsxodwlrq ri Uzdqgd e| suhihfwxuh dqg hwkqlf jurxs lq
4<<4 +gh mxuh srsxodwlrq ri Uzdqgdq qdwlrqdow|,

Suhihfwxuh Shufhqwdjh glvwulexwlrq Wrwdo srsxodwlrqKxwx Wxwvl Wzd RwkhuvExwduh ;513 4:16 31: 313 :86;9;E|xped <;15 418 315 313 ::8<68F|dqjxjx ;;1: 4318 318 316 884898Jlnrqjrur ;916 451; 31; 314 798;47Jlvhq|l <91; 51< 316 314 :64<<9Jlwdudpd <315 <15 319 314 ;7;35:Nlexqjr <513 :1: 315 314 97;<45Nlex|h ;71; 471; 317 313 79<7<7Uxudo Nljdol <31; ;1; 317 314 <38965Nljdol Flw| ;417 4:1< 316 317 554;39Uxkhqjhul <<13 318 317 314 :99:<8Wrwdo <414 ;17 317 314 :3<<;77
Vrxufh= Fhqvxv ri Uzdqgd 4<<4 +VQU/ 4<<7,

wkh lqirupdwlrq lw surylghg frqfhuqlqj wkh vl}h ri wkh Wxwvl srsxodwlrq lq Uzdqgd kdv
ehhq xvhg wr hvwlpdwh wkh ghdwk wroo ri wkh jhqrflgh +Suxqlhu/ 4<<;/ s1598> KUZ/ 4<<</
s148,1 Dffruglqj wr wklv lqirupdwlrq/ vkrzq lq Wdeoh 414/ wkh Wxwvl srsxodwlrq dprxqwhg
wr ;17( ri wkh wrwdo gh mxuh srsxodwlrq ri Uzdqgd1

Krzhyhu/ pdq| vfkroduv kdyh udlvhg dqg uhshdwhg wkh doohjdwlrq wkdw wklv shufhqwdjh
lv xquholdeoh +Suxqlhu/ 4<<;/ s1598> KUZ/ 4<<</ s148,1 Lq wkh hduo| vhyhqwlhv/ wkh Kxwx
uhjlph lqwurgxfhg dq hwkqlf txrwd v|vwhp iru wkh dssrlqwphqw ri flylo vhuydqwv dqg iru
vfkrro hqurophqwv1 Wklv srolf| uhtxluhg wkdw sodfhv eh glvwulexwhg ehwzhhq Kxwx dqg
Wxwvl dffruglqj wr wkhlu sursruwlrq wr wkh wrwdo srsxodwlrq +Uh|qwmhqv/ 4<;8/ ss1 8340
836,1 Dv wkh jryhuqphqw zdqwhg wr uhvwulfw wkh srzhu ri wkh Wxwvl/ wkh| kdg d prwlyh
iru nhhslqj txrwdv iru Wxwvl lq hgxfdwlrq dqg dgplqlvwudwlrq orz/ dqg wr wklv hqg/ pd|
kdyh xqghu0uhsruwhg wkh sursruwlrq ri Wxwvl1 Wklv dffxvdwlrq kdv riwhq ehhq ohyhoohg/
exw qhyhu suryhg1 Lq dgglwlrq/ wkhuh duh pdq| vwrulhv ri Wxwvl uhsruwlqj dv Kxwx lq wkh
srsxodwlrq fhqvxv lq rughu wr dyrlg glvfulplqdwlrq1 Wkhuhiruh/ hyhq wkh fhqvxv uhsruw
lwvhoi xujhg fdxwlrq zlwk uhvshfw wr wkh �jxuhv rq hwkqlflw| +VQU/ Dsulo 4<<7/ s1 447,=

%Jlyhq wkdw wkh ghfodudwlrq ri wkh hwkqlf jurxs lv qrw d vlpsoh pdwwhu lq
Uzdqgd/ rqh pd| zrqghu zkhwkhu wkh fxuuhqw sursruwlrq ri Kxwx lv qrw ryhuhvwl0
pdwhg1 Lqghhg/ vrph phpehuv ri rwkhu hwkqlf jurxsv uhsruw wkdw wkh| duh Kxwx1
Wklv sudfwlfh kdv h{lvwhg vlqfh wkh hqg ri wkh Wxwvl Prqdufk| +4<94,%

Wkh vdph uhdvrqv iru fdxwlrq dsso| wr wkh 4<:; fhqvxv/ dffruglqj wr zklfk Wxwvl pdgh
xs <1:( ri wkh wrwdo srsxodwlrq +VQU/ 4<;5,1 Exw/ wkh frorqldo uxohuv kdg qr uhdvrq wr
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plvuhsruw wkh uhodwlyh vl}h ri hwkqlf jurxsv1 Iurp 4<63 rqzdugv/ wkh Ehojldq frorqldo
dgplqlvwudwlrq frxqwhg wkh srsxodwlrq doprvw hyhu| |hdu xvlqj vdpsoh whfkqltxhv1 Iru
wkuhh |hduv/ 4<66/ 4<85 dqg 4<89/ gdwd rq hwkqlflw| duh dydlodeoh1 Wkhvh gdwd vkrz pxfk
kljkhu sursruwlrqv ri Wxwvl wkdq xqghu wkh Kxwx uhjlph= uhvshfwlyho| 4816(/ 4:18( dqg
4919( +Pdpgdql/ 5334/ s1<;> KUZ/ 4<<</ s173> Uh|qwmhqv/ 4<;8/ s15;> Lqirufrqjr/ 4<8</
ss1 64073,1 Krzhyhu/ wklv kdugo| frqvwlwxwhv hylghqfh iru wkh xqghu0uhsruwlqj ri Wxwvl lq
wkh 4<:; dqg 4<<3 fhqvxv1 Wkh shufhqwdjhv uhsruwhg lq 4<:; dqg 4<<4 vhhp sodxvleoh li
zh wdnh lqwr dffrxqw wkh qxpehu ri Wxwvl zkr ohiw wkh frxqwu| ehwzhhq 4<8< dqg 4<<3/
ru zkr zhuh nloohg gxulqj wklv shulrg� 1 Rq wkh rwkhu kdqg/ wklv h{wudsrodwlrq lv qrw yhu|
frqylqflqj vlqfh wkh h{dfw qxpehu ri Wxwvl h{lohv dqg fdvxdowlhv gxulqj wklv shulrg lv
xqnqrzq � 1 Lq dgglwlrq/ sulru wr wkh Kxwx uhyroxwlrq ri 4<8</ d qxpehu ri zhdowk| Kxwx
uhjlvwhuhg dv Wxwvl +VQU/ 4<<7/ s1 443,1

41515 Wkh srsxodwlrq gdwd ri wkh orfdo dgplqlvwudwlrq
Lq wkh dgplqlvwudwlyh vxeglylvlrq ri Uzdqgd/ %suhihfwxuhv% duh iroorzhg e| %frppxqhv%/
%vhfwruv% dqg %fhoov%1 Wkh fhoo lv wkh vpdoohvw frgl�hg dgplqlvwudwlyh xqlw/ lqfoxglqj rq
dyhudjh 483 krxvhkrogv1 Hyhq zlwklq wkh fhoo/ krxvhkrogv olyh lq rujdql}hg xqlwv ri whq
krxvhkrogv/ �q|xpednxpl� ru whq0krxvh djjorphudwlrqv1 Wkh vwuxfwxuh lv pdunhg e|
wkh grplqdqfh ri wkh qdwlrqdo jryhuqphqw doo wkh zd| iurp wkh fhqwhu yld suhihfwxuhv/
frppxqhv/ vhfwruv dqg fhoov wr wkh q|xpednxpl * 1 Ihz Diulfdq frxqwulhv duh vr zhoo
rujdql}hg dqg xvh h{lvwlqj vwuxfwxuhv vr h{whqvlyho| dv Uzdqgd + 1

Rqh ri wkh wdvnv ri wkh orfdo dgplqlvwudwlrq ri hdfk frppxqh lv wr �oh uhsruwv rq lwv
srsxodwlrq irxu wlphv d |hdu1 D shuvrqdo �oh uhfruglqj doo ylwdo hyhqwv dqg pljudwlrq
rq hdfk lqglylgxdo djhg 4: dqg ryhu lv nhsw dw wkh frppxqh1 Wkh q|xpednxpl ohdghuv
uhsruw wr wkh ohdghuv ri wkh fhoov/ zkr uhsruw wr wkh ohdghuv ri wkh vhfwru/ dqg vr rq1

� Yrq Phlmhqihogw +4<<8, phqwlrqv wkdw lq hduo| 4<<7/ wkhuh zhuh derxw 933/333 Uzdqgdq Wxwvl olylqj
lq h{loh1	 S1 Xylq +4<<7, vxjjhvwv wkdw wkh Uzdqgdq jryhuqphqw vrxjkw wr fryhu xs wkhvh hyhqwv dqg wkhuhiruh
glg qrw sxw pxfk h�ruw lq pdnlqj srsxodwlrq gdwd dydlodeoh/ dsduw iurp vrph fhqvxvhv zklfk zhuh �idu
ehwzhhq/ yhu| sduwldo dqg pdgh e| jryhuqphqw r!fldov�1, Wkh q|xpednxpl/ wkh �iwk dgplqlvwudwlyh ohyho dw wkh erwwrp ri wkh fkdlq/ lv qrw frgl�hg e| wkh
odz +Vdpvhw dqg Gdoe|/ 5336,1- Dv d julp h{dpsoh ri wklv/ wkh rujdql}huv ri wkh jhqrflgh h{sorlwhg wkhvh vwuxfwxuhv wr uhdfk doo
Uzdqgdqv dqg wr lqflwh ru irufh Kxwx lqwr sduwlflsdwlqj lq wkh vodxjkwhu1 Rq wkh uroh ri orfdo dxwkrulwlhv
lq wkh jhqrflgh dqg �Uzdqgdq srolwlfdo wudglwlrq�/ vhh/ dprqj rwkhuv/ Pdpgdql/ +5334/ s14<7/ s14<<
dqg s154;, dqg Suxqlhu/ +4<<;/ s146;,
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Wklv ghqvh dgplqlvwudwlyh vwuxfwxuh uhfrugv doo eluwkv/ ghdwkv/ lppljudwlrqv dqg hpljud0
wlrqv1 Sulru wr wkh jhqrflgh/ lq dgglwlrq wr wkh djh dqg vh{/ wkh hwkqlf lghqwlw| ri hyhu|
lqglylgxdo zdv uhfrughg. 1

Lq frqwudvw wr wkh grxewv frqfhuqlqj wkh uholdelolw| ri wkh srsxodwlrq fhqvxvhv/ wkhuh
lv qr uhdvrq wr vxvshfw dq| v|vwhpdwlf xqghu0uhsruwlqj ri Wxwvl lq wkh orfdo srsxodwlrq
gdwd1 Vlqfh hyhu|erg| nqrzv hdfk rwkhu dw wkh orfdo ohyho/ lw zrxog kdyh ehhq doprvw
lpsrvvleoh iru Wxwvl wr ghfhlyh wkh orfdo dgplqlvwudwlrq derxw wkhlu wuxh hwkqlf lghqwlw|1
Zkhuhdv fhqvxv lqwhuylhzhuv vhqw e| wkh fhqwudo jryhuqphqw zhuh qrw doorzhg wr dvn
iru wkh uhvsrqghqw*v lghqwlw| fdug +rq zklfk hwkqlf lghqwlw| zdv phqwlrqhg,/ qr vxfk
uhvwulfwlrq zdv lpsrvhg rq wkh orfdo dgplqlvwudwlrq +VQU/ 4<<7/ s1 43<,1 Lq dgglwlrq/ wkh
orfdo dgplqlvwudwlrq kdg qr lqfhqwlyh wr plvuhsruw wkh vl}h ri wkh orfdo Wxwvl srsxodwlrq1
Wkh txrwd srolf| zdv fhqwudol}hg dqg lpsohphqwhg dw wkh qdwlrqdo ohyho1 Hyhq li wkh
orfdo dgplqlvwudwlrq kdg ehhq lqfolqhg wr lq xhqfh wklv srolf|/ lw frxog qrw kdyh grqh vr
e| prgli|lqj lwv uhsruwv1 Hdfk ri wkh uhsruwv pdgh e| wkh frppxqhv zdv �ohg wr wkh
Lqwhulru Plqlvwu| lq Nljdol/ exw qrqh ri wkhvh uhsruwv zhuh hyhu pdgh sxeolf/ dqg wkh
txrwd srolf| uhpdlqhg edvhg vroho| rq fhqvxv uhsruwv dv sxeolvkhg1 E| frpsdulqj fhqvxv
gdwd zlwk orfdo srsxodwlrq gdwd/ zh fdq dvvhvv wkh h{whqw ri xqghu0uhsruwlqj ri Wxwvl lq
wkh srsxodwlrq fhqvxv1 Xqiruwxqdwho|/ orfdo srsxodwlrq gdwd duh qrw uhdglo| dydlodeoh1
Wkh suhvhqw vwxg| xvhv orfdo srsxodwlrq gdwd ri rqh vlqjoh suhihfwxuh/ Jlnrqjrur / 1

41516 Wkh srsxodwlrq gdwd ri wkh orfdo dgplqlvwudwlrq ri Jlnrq0
jrur Suhihfwxuh

Ehiruh wkh dgplqlvwudwlyh uh0rujdql}dwlrq ri Uzdqgd/ Jlnrqjrur zdv rqh ri wkh frxqwu|*v
hohyhq suhihfwxuhv �10 1 Dw wkh wlph ri wkh jhqrflgh/ Jlnrqjrur frxqwhg 46 frppxqhv dqg
458 vhfwruv +vhh Pds 41D14 lq wkh dsshqgl{,1 Dxwkrul}hg e| wkh Uzdqgdq jryhuqphqw
wr gr uhvhdufk rq hfrqrplf lvvxhv/ L zdv deoh wr jhw orfdo srsxodwlrq gdwd iru 4<<3 dv
zhoo dv iru 5335 iurp wkh Vwdwlvwlfdo Xqlw ri Jlnrqjrur Suhihfwxuh1

2 Fkloguhq iurp dq lqwhu0hwkqlf pduuldjh wrrn wkh hwkqlflw| ri wkh idwkhu13 Li dxwkrul}dwlrq frxog eh rewdlqhg iurp wkh Uzdqgdq dxwkrulwlhv/ lw zrxog eh srvvleoh wr sxw
wrjhwkhu pxfk ri wkh orfdo srsxodwlrq gdwd e| v|vwhpdwlfdoo| fkhfnlqj wkh uhsruwv �ohg dw wkh frppxqhv/
suhihfwxuhv dqg wkh Lqwhulru Plqlvwu| lq Nljdol1��4 Gxulqj wkh dgplqlvwudwlyh uhirup ri wkh Uzdqgdq whuulwru| lq Ghfhpehu 5333/ Xpxwduh zdv dgghg
dv wkh wzhoiwk Suhihfwxuh1 Wkh whuplqrorj| dovr fkdqjhg1 %Suhihfwxuhv% ehfdph %surylqfhv%/ dqg %frp0
pxqhv% ehfdph %glvwulfwv%1 Lq wklv sdshu/ L xvh wkh rog whuplqrorj| dqg dgplqlvwudwlyh vxeglylvlrqv dv
wkh| zhuh lq sodfh dw wkh wlph ri wkh jhqrflgh1
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Wkh gdwd iru 4<<3 frqfhuqhg wkh gh idfwr srsxodwlrq/ glvwlqjxlvkhg e| vh{ dqg hwkqlf
jurxs dqg zhuh frpsohwh iru 44: rxw ri wkh 458 vhfwruv1 Wkh hljkw plvvlqj vhfwruv zhuh
wkrvh ri Uzdplnr Frppxqh1 D vhsdudwh sdjh zlwk djjuhjdwhg lqirupdwlrq e| frppxqh
glg surylgh vrph vxppdu| vwdwlvwlfv iru Uzdplnr Frppxqh/ suhvhqwlqj srsxodwlrq e|
vh{/ exw qrw e| hwkqlflw|1 Wkh gdwd ri wkh 44: vhfwruv zhuh olvwhg e| frppxqh/ hdfk
wlph rq d vhsdudwh sdjh/ hqwlwohg %Uìsduwlwlrq gh od srsxodwlrq sdu vh{h/ hwkqlh hw sdu
vhfwhxu dgplqlvwudwli dx 6424524<<3% �%� 1 Hdfk sdjh kdg d vlplodu w|shzulwwhq wdeoh1 Dq
h{dpsoh ri vxfk d wdeoh lv jlyhq lq wkh dsshqgl{ +wdeoh 41D14, � � 1 Wkh orfdo srsxodwlrq
gdwd iru 5335 vkrz wkh gh idfwr srsxodwlrq e| vhfwru1 Wkh| zhuh frpsohwh iru doo 458
vhfwruv dqg kdg d vlplodu irupdw dv wkh 4<<3 gdwd1 Wkhvh gdwd lqfoxghg lqirupdwlrq e|
vh{ exw qrw e| hwkqlf jurxs1

Wkh lqirupdwlrq ghulyhg iurp wkh orfdo srsxodwlrq gdwd lv vxppdul}hg lq Wdeoh 4151
Xvlqj gdwd dw wkh vhfwru ohyho/ L rewdlqhg/ dw wkh frppxqh ohyho/ wkh sursruwlrq ri Wxwvl
lq 4<<3/ wkh wrwdo srsxodwlrq lq 4<<3 dqg 5335/ wkh vh{ udwlr lq erwk ri wkhvh |hduv dqg
dyhudjh dqqxdo srsxodwlrq jurzwk ehwzhhq 4<<3 dqg 53351 Iru qrz/ rqo| hwkqlflw| gdwd
olvwhg lq wkh �uvw froxpq duh glvfxvvhg1 Wkh rwkhu gdwd suhvhqwhg lq Wdeoh 415 zloo eh
xvhg odwhu1

Dffruglqj wr wkh orfdo srsxodwlrq gdwd/ 4:18( ri wkh srsxodwlrq ri Jlnrqjrur zdv
Wxwvl lq 4<<31 Wkh jhrjudsklfdo glvwulexwlrq ri Wxwvl lq Jlnrqjrur zdv yhu| xqhtxdo1 Wkh
frppxqh zlwk wkh kljkhvw sursruwlrq ri Wxwvl zdv Pxexjd/ zlwk durxqg 76(/ iroorzhg
e| Q|dpdjdeh dqg Pxnr1 Pds 41D14 lq wkh dsshqgl{ looxvwudwhv wkh hwkqlf glvwulexwlrq
lq pruh ghwdlo dw wkh vhfwru ohyho1 Wkh zhvwhuq sduw ri wkh suhihfwxuh frxqwhg pdq|
vhfwruv zlwk doprvw qr Wxwvl/ zkhuhdv Wxwvl zhuh yhu| zhoo uhsuhvhqwhg lq wkh qruwkhuq
dqg hdvwhuq sduwv ri Jlnrqjrur1 Lq �yh vhfwruv d pdmrulw| ri wkh srsxodwlrq zdv Wxwvl � � 1
Lq idfw/ wkh jryhuqphqw fuhdwhg wkh suhihfwxuh ri Jlnrqjrur vkruwo| diwhu lqghshqghqfh1
Wkh vrxwkhuq dqg zhvwhuq rxwvnluwv ri wkh Q|dq}d uhjlrq zhuh dwwdfkhg wr zkdw lv qrz
��� %Srsxodwlrq glvwulexwlrq dffruglqj wr vh{/ hwkqlflw| dqg dgplqlvwudwlyh frppxqh rq 64 Ghfhpehu

4<<3%�1� Rq hljkw ri wkh wzhoyh sdjhv wkh srsxodwlrq �jxuhv zhuh kdqgzulwwhq1 Wkh pd|ru vljqhg hljkw rxw
ri wkh wzhoyh sdjhv/ irxu kdg dq r!fldo vwdps ri wkh frppxqh dqg rq vhyhq sdjhv wkh gdwh ri wkh
vljqdwxuh kdg ehhq dgghg1 Dowkrxjk wkh wlwoh rq hdfk sdjh phqwlrqhg 6424524<<3 dv wkh vxuyh| gdwh/
wkh gdwhv ri vljqdwxuh gl�huhg1 Wkh vhyhq gdwhv phqwlrqhg zhuh 4: Mdqxdu| 4<<4/ 4< Mdqxdu| 4<<4/ 49
Pdufk 4<<4/ 47 Pd| 4<<4/ 4< Ghfhpehu 4<<4/ 5: Ghfhpehu 4<<4/ dqg 6 Iheuxdu| 4<<51 Wkh gdwhv ri
vljqdwxuh suredeo| fruuhvsrqg zlwk wkh wlph ri vhqglqj wkh uhsruwv irup wkh frppxqh wr wkh suhihfwxuh1
Wkh ghod|v pljkw uhvxow iurp wkh idfw wkdw wkh frppxqh kdg wr zdlw iru wkh gdwd iurp hdfk vhfwru dqg/
kdg wr vxppdul}h wkhp rq rqh sdjh1��� Lq \rqgh/ Jlwrqgruhur/ Uxvxvd/ Pxjdq}d dqg Q|duxvryx1
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wkh hdvwhuq sduw ri Jlnrqjrur/ d kljkodqg duhd lqkdelwhg odujho| e| Kxwx1 Wkh dlp
zdv wr zhdnhq Wxwvl lq xhqfh durxqg wkh iruphu ur|do fdslwdo Q|dq}d/ orfdwhg lq wkh
qruwk0zhvwhuq fruqhu ri Exwduh +KUZ/ 4<<</ s1636, � � 1

Wklv sursruwlrq ri 4:18( lv fdofxodwhg zlwkrxw wkh gdwd ri Uzdplnr1 Wkhuh duh wkuhh
uhdvrqv wr vxvshfw wkdw wkh plvvlqj Uzdplnr gdwd fdxvh dq xqghuhvwlpdwlrq udwkhu wkdq
dq ryhuhvwlpdwlrq ri wkh sursruwlrq ri Wxwvl lq Jlnrqjrur1 Iluvw/ Uzdplnr zdv vxu0
urxqghg e| duhdv zlwk d odujh Wxwvl srsxodwlrq1 Lqghhg/ Uzdplnr Frppxqh erughuv
Exwduh Suhihfwxuh +Pds 4,/ wkh suhihfwxuh zlwk wkh kljkhvw sursruwlrq ri Wxwvl +4:16(
dffruglqj wr wkh 4<<4 fhqvxv,1 Pruhryhu/ wkh srsxodwlrq ri prvw vhfwruv vxuurxqglqj
Uzdplnr zhuh pruh wkdq 73( Wxwvl +Pds 41D14 lq wkh dsshqgl{, ��� 1 Vhfrqg/ wkh srsx0
odwlrq ghfolqh ri Uzdplnr Frppxqh lv vwulnlqj/ zlwk d ghfuhdvh iurp 5;/573 lqkdelwdqwv
lq 4<<3 wr 55/<5< lq 5335/ fruuhvsrqglqj wr dq dqqxdo ghfolqh ri 41;(1 Jlyhq wkdw zrphq
kdyh vl{ fkloguhq rq dyhudjh +RQDSR/ 5334,/ d ghfolqh ri wklv vl}h fdq rqo| eh h{sodlqhg
e| h{fhswlrqdoo| kljk hpljudwlrq ru e| d kljk ghdwk wroo1 D wklug slhfh ri hylghqfh iru
d kljk suh0jhqrflgh sursruwlrq ri Wxwvl lq Uzdplnr lv surylghg e| wkh fkdqjh lq wkh
vh{ udwlr1 Iru Jlnrqjrur/ rq dyhudjh/ wkh vh{ udwlr ghfuhdvhg iurp <518 lq 4<<3 wr ;;19
lq 5335 � * 1 Wkh ghfolqh zdv pxfk pruh surqrxqfhg lq Uzdplnr/ zhuh wkh vh{ udwlr ihoo
iurp <518 wr ;418 +Wdeoh 415,1 Wkhvh wkuhh idfwv vxjjhvw wkdw wkh sursruwlrq ri Wxwvl lq
Jlnrqjrur zrxog kdyh ehhq hyhq kljkhu li wkh srsxodwlrq ri Uzdplnr kdg ehhq lqfoxghg1

41517 Hylghqfh iru wkh xqghu0uhsruwlqj ri Wxwvl lq wkh 4<<4
fhqvxv

Dffruglqj wr wkh srsxodwlrq fhqvxv ri 4<<4/ wkh sursruwlrq ri Wxwvl lq Jlnrqjrur zdv
451;( +Wdeoh 414,1 Wkh orfdo srsxodwlrq gdwd ri 4<<3 uhyhdohg d pxfk kljkhu sursruwlrq/
dw ohdvw 4:18(1 Wklv vxjjhvwv wkdw wkh xqghu0uhsruwlqj ri Wxwvl lq wkh 4<<4 fhqvxv zdv
txlwh kljk1 Krzhyhu/ wr surylgh vrolg vxssruw iru wklv dujxphqw/ zh pxvw eh vxuh wkdw
wkh orfdo srsxodwlrq gdwd lv uholdeoh1 Wr dvfhuwdlq wklv hqg/ L frpsduhg rwkhu dvshfwv/
ehvlghv hwkqlflw|/ vxfk dv wkh qxpehu ri phq dqg zrphq dqg wkh wrwdo srsxodwlrq/ zlwk
��� Wkh Uzdqgdq nlqjgrp dfwxdoo| kdg vhyhudo %fdslwdov% dqg wkh frxuw zrxog pryh durxqg ehwzhhq

wkhp1 Lq wkh ehjlqqlqj ri wkh wzhqwlhwk fhqwxu| wkh Jhupdqv irufhg wkh frxuw wr vhwwoh dw Q|dq}d1 L
wkdqn Dolvrq Ghvirujhv iru srlqwlqj wklv rxw1� 	 Iru h{dpsoh= Uxvxvd/ Exuhphud/ Nlehkr/ Q|duxvklvkl dqg Pxjdq}d1�1, Wkh ghfuhdvh lq wkh vh{ udwlr pd| eh h{sodlqhg erwk e| hpljudwlrq dqg e| fdvxdowlhv ri wkh zdu dqg
jhqrflgh1 Jlnrqjrur dv d zkroh lv d qhw0hpljudwlrq uhjlrq +PLQHFRILQ/ 5335,1
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Wdeoh 415= Hwkqlflw|/ srsxodwlrq jurzwk dqg vh{ udwlr iru wkh 46 frppxqhv ri Jlnrqjrur
suhihfwxuh lq 4<<3 dqg 5335
Frppxqh Sursruwlrq Srsxodwlrq Srsxodwlrq Dqqxdo Vh{ udwlr Vh{ udwlrri Wxwvl lq 4<<3 lq 5335 srsxodwlrq lq 4<<3 5335lq 4<<3 +(, jurzwk +(,4<<305335 5Ndudpd 4616 63/67: 63/:43 31437 <615 ;:13Ndudper 4;17 58/;:8 5;/:85 31<54 <414 ;<16Nlq|dpdndud 615 67/488 65/;6; 031674 <61; <313Nlyx 4:14 73/9;8 79/<5< 4157< ;818 <61<Pxexjd 7616 6</5:7 55/7:4 071:6< <617 ;619Pxgdvrpzd 718 77/6<< 8</:<4 51955 <31: ;<1<Pxnr 6719 73/<85 89/769 51;5; 4331; ;914Pxvdqjh 491: 5</:55 67/6<5 415:: <914 ;;19Pxvheh|d 31< 69/::: 7</;3< 519:6 ;:19 <413Qvklol 61: 76/699 87/5<< 41<:7 <51; ;;15Q|dpdjdeh 751; 69/369 73/6<: 31<<; <416 ;:1:Uxnrqgr 451< 69/956 65/35< 04148< <817 ;;1<Uzdplnr QD 6 5;/573 55/<5< 041:<; <518 ;418Jlnrqjrur 4:18 799/784 844/::9 31;43 <518 ;;19

" Wkh wlph vsdq xvhg wr fdofxodwh wkh dqqxdo srsxodwlrq jurzwk lv 4418 |hduv1 7 Wkh orfdo
srsxodwlrq gdwd iru Uzdplnr zhuh qrw dydlodeoh e| hwkqlflw| ru vhfwru1
Vrxufhv= Orfdo srsxodwlrq gdwd iru 44: vhfwruv ri Jlnrqjrur/ iru 4<<3 dqg 5335

wkh fhqvxv gdwd1 Li wkh orfdo srsxodwlrq gdwd duh ri jrrg txdolw|/ L vkrxog �qg d forvh
uhvhpeodqfh zlwk wkh fhqvxv gdwd1

Wdeoh 416 vkrzv �jxuhv iru wkh wrwdo srsxodwlrq/ wkh pdoh dqg ihpdoh srsxodwlrq/ dqg
wkh sursruwlrq ri Wxwvl iru 44: vhfwruv ri Jlnrqjrur1 Wkh �uvw dqg vhfrqg froxpqv olvw
wkh �jxuhv edvhg rq uhvshfwlyho| wkh fhqvxv ri Dxjxvw 4<<4 dqg wkh orfdo srsxodwlrq gdwd
ri Ghfhpehu 4<<31 Wkh wklug froxpq surylghv dq hvwlpdwh ri wkh srsxodwlrq lq Dxjxvw
4<<4 edvhg rq wkh orfdo gdwd ri Ghfhpehu 4<<31 Lq wkh fdofxodwlrqv/ L xvh dq dqqxdo
jurzwk udwh ri 41;( zklfk fruuhvsrqgv wr wkh jurzwk udwh iru Jlnrqjrur Suhihfwxuh
ehwzhhq 4<:; dqg 4<<41 Wklv udwh lv txlwh orz frpsduhg wr wkh qdwlrqdo dyhudjh ri 614(
gxulqj wkh vdph shulrg1 Lqghhg/ Jlnrqjrur lv d qhw0hpljudwlrq uhjlrq lq Uzdqgd � + 1

Wkh odvw froxpq ri Wdeoh 416 vkrzv e| zkdw shufhqwdjh wkh suhglfwlrq edvhg rq
wkh orfdo srsxodwlrq gdwd ghyldwhv deryh +., ru ehorz +0, wkh fhqvxv gdwd ri 4<<41 Wkh
ghyldwlrq lv ohvv wkdq 4( iru wkh �jxuhv lq wkh �uvw wkuhh urzv1 Wkxv/ orfdo dgplqlvwudwlrq
gdwd iru wrwdo srsxodwlrq dqg srsxodwlrq e| vh{ pdwfk yhu| zhoo zlwk wkh fhqvxv gdwd � . 1
�1- Iru pruh ghwdlov rq wkh fkrlfh ri wkh dqqxdo srsxodwlrq jurzwk udwh xvhg/ vhh Dsshqgl{ LLL1��2 Diwhu wklv h{huflvh ri frpsdulvrq L fkhfnhg wkh orfdo srsxodwlrq gdwd iru rxwolhuv dqg irxqg wkdw :

vhfwruv kdg xqxvxdo vh{ udwlrv1 L uhsodfhg wkhvh e| wkh vh{ udwlrv ri wkh fhqvxv gdwd1 Lq wzr vhfwruv/ wkh
qxpehu ri lqkdelwdqwv ghyldwhg vwurqjo| iurp wkh fhqvxv1 Wkh| zhuh dovr vxevwlwxwhg zlwk �jxuhv iurp
wkh fhqvxv1 Wdeoh 5 dv zhoo dv wkh uhjuhvvlrq dqdo|vlv ri vhfwlrq 6 duh edvhg rq wkh fruuhfwhg gdwd1



1.2. EVIDENCE FOR THE UNDER-REPORTING OF TUTSI IN THE 1991 CENSUS 54

Wdeoh 416= Orfdo srsxodwlrq gdwd ri 4<<3 yhuvxv fhqvxv gdwd ri 4<<4 iru wkh 44: vhfwruv
ri wkh suhihfwxuh ri Jlnrqjrur

Srsxodwlrq fhqvxv Orfdo srsxodwlrq gdwd ( Gl�huhqfhDxjxvw 4<<4 Ghfhpehu 4<<3 Hvwlpdwlrq iru 8 9 :<;>=?9 � ;�@ A)9 � ;+gh mxuh, 5 +gh idfwr, 5 Dxjxvw 4<<4+4, +5, 6+6,Wrwdo srsxodwlrq 76;/455 763/<4: 769/3<< 03179Pdoh 543/39: 53:/935 543/3<; .3134Ihpdoh 55;/388 556/648 559/333 031<3( Wxwvl 451; B 4:18 4:18 . 6:
Qrwh= Orfdo srsxodwlrq gdwd e| vhfwru ri Jlnrqjrur Suhihfwxuh zhuh frpsohwh iru 44: rxw ri
458 vhfwruv1 " Wkh orfdo dgplqlvwudwlrq xvhg �suhvhqw srsxodwlrq� dv d fulwhulrq zkhuhdv lq wkh
uhsruw ri wkh srsxodwlrq fhqvxv ri 4<<4 wkh uhvlghqf| fulwhulrq lv doprvw dozd|v xvhg1 Wklv
frxog h{sodlq sduw ri wkh gl�huhqfh ehwzhhq wkh �uvw dqg wklug froxpq1 Wkh fhqvxv uhsruw
grhv jlyh suhvhqw srsxodwlrq dw wkh frppxqh ohyho dqg dffruglqj wr wkhvh �jxuhv wkh suhvhqw
srsxodwlrq ri wkh 44: vhfwruv zdv 769/5<4 lq Dxjxvw 4<<41 Frpsdulqj wklv �jxuh zlwk 769/3<< L
�qg d gl�huhqfh ri rqo| 31377(1 7 S &'��(<� ��� �����C� @ +4.u, ��� ���D�E #"%$ { S F ��GH�1� 7 ��I �1����J zlwk u @ 4=;(
+jurzwk udwh 4<:;04<<4 iru Jlnrqjrur, dqg wlph vsdq @ ; prqwkv ru 319: |hduv1 Zh dvvxph
wkdw wkh jurzwk udwh lv lqghshqghqw ri wkh hwkqlf jurxs +vhh dovr wdeoh 41D15 lq wkh dsshqgl{,1G Wkh vhfwruv ri Uzdplnr duh lqfoxghg lq wkh 451;( +vlqfh wkh fhqvxv ri 4<<4 grhv qrw surylgh
wkh sursruwlrq ri Wxwvl shu frppxqh/ rqo| shu suhihfwxuh,1 Wkh| duh qrw lqfoxghg lq wkh 4:18(
+vlqfh orfdo srsxodwlrq gdwd ri Uzdplnr zhuh orvw,1 Vrxufhv= Fhqvxv ri Uzdqgd 4<<4 +VQU/
Dsulo 4<<7, dqg orfdo dgplqlvwudwlyh gdwd +4<<3,

Lq vkdus frqwudvw/ wkh sursruwlrq ri Wxwvl gl�huv vwurqjo|= wkh ghyldwlrq dprxqwv wr 6:(1
Vlqfh wkh orfdo dxwkrulwlhv kdg qr uhdvrq wr ryhu0uhsruw wkh sursruwlrq ri Wxwvl lq wkhlu
srsxodwlrq/ wklv lv frqylqflqj hylghqfh wkdw wkh sursruwlrq ri Wxwvl zdv xqghu0uhsruwhg
lq wkh fhqvxv1

Wkh txhvwlrq uhpdlqv dv wr zkhwkhu wkh jryhuqphqw xqghu0uhsruwhg wr uhvwulfw wkh
txrwd iru Wxwvl lq hgxfdwlrq dqg flylo vhuylfh ru zkhwkhu Wxwvl wkhpvhoyhv uhjlvwhuhg dv
Kxwx lq rughu wr dyrlg glvfulplqdwlrq1 Lw lv dovr xqfohdu zkhwkhu wkh xqghu0uhsruwlqj zdv
v|vwhpdwlf1 Lw zrxog juhdwo| khos li zh frxog rewdlq orfdo srsxodwlrq gdwd iru rwkhu suh0
ihfwxuhv � / 1 Wkhuh lv dw ohdvw rqh dujxphqw vxssruwlqj wkh lghd wkdw wkh xqghu0uhsruwlqj
zdv qrw olplwhg wr Jlnrqjrur Suhihfwxuh1 Lq Uzdqgd/ lw lv jhqhudoo| dffhswhg wkdw Exwduh
lv wkh uxudo suhihfwxuh zlwk wkh kljkhvw sursruwlrq ri Wxwvl � 0 1 Wkhuhiruh lw lv qr vxusulvh
�13 KUZ kdv orfdo srsxodwlrq gdwd e| hwkqlflw| iru vrph frppxqhv ri Exwduh Suhihfwxuh dqg uhshdwhgo|

uhtxhvwhg rwkhu gdwd iurp wkh Uzdqgdq jryhuqphqw1 Vlqfh vhyhudo frppxqhv ri Exwduh duh plvvlqj/
KUZ*v fxuuhqw gdwd fdqqrw eh xvhg iru frpsdulvrq zlwk wkh fhqvxv gdwd ri 4<<4 wkdw uhsruwhg wkh vl}h
ri hwkqlf jurxsv rqo| dw wkh suhihfwxuh ohyho1��4 Lw lv eholhyhg wkdw Wxwvl vwduwhg wr vhwwoh lq Uzdqgd iurp wkh ; �LK ru < �LK fhqwxu| rqzdugv1 Frplqj
iurp wkh hdvw/ wkh| �uvw vhwwohg lq wkh gu| hdvwhuq sduwv ri suhvhqw gd| Uzdqgd/ exw wkh| judgxdoo|
pryhg zhvwzdugv wr wkh zhwwhu kljkodqgv1 Lq wkh 47 �LK fhqwxu| wkh Wxwvl ihxgdo prqdufk| grplqdwhg
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wkdw lq wkh fhqvxv uhsruw Exwduh ohdgv zlwk 4:16( Wxwvl +vhh Wdeoh 414,1 Exw/ kdylqj
irxqg wkdw wkh sursruwlrq ri Wxwvl lq Jlnrqjrur lv dfwxdoo| dw ohdvw 4:18( lqvwhdg ri
451;(/ wkh udqnlqj zrxog eh uhyhuvhg xqohvv wkh �jxuhv ri Exwduh dqg rwkhu suhihfwxuhv
zhuh dovr plvuhsruwhg1

41518 Lpsolfdwlrqv iru wkh hvwlpdwlrq ri wkh jhqrflgh ghdwk wroo
Lq vxp/ wkh odujh jds ehwzhhq wkh r!fldoo| uhsruwhg sursruwlrq ri Wxwvl lq Jlnrqjrur
+451;(, dqg wkh hvwlpdwh edvhg rq orfdo srsxodwlrq gdwd +4:18(, frq�upv wkh vxvslflrq
wkdw wkh 4<<4 fhqvxv xqghu0uhsruwhg wkh sursruwlrq ri Wxwvl lq wkh srsxodwlrq1 Dgplw0
whgo|/ wkhuh lv qr jrrg uhdvrq wr dvvxph wkdw wkh xqghu0uhsruwlqj rffxuuhg rq h{dfwo|
wkh vdph vfdoh lq doo suhihfwxuhv1 Exw lqwhuhvwlqjo|/ li wkh vfdoh ri xqghu0uhsruwlqj dw
wkh qdwlrqdo ohyho zdv wkh vdph dv wkdw irxqg lq Jlnrqjrur 0 l1h1 derxw 73( � � 0 wkh
fdofxodwhg ghdwk wroo zrxog eh forvh wr ;33/333/ lq wkh rughu ri pdjqlwxgh sxw iruzdug
e| Jìudug Suxqlhu/ wdnlqj dffrxqw ri vshfxodwlrqv derxw wkh v|vwhpdwlf xqghu0uhsruwlqj
ri Wxwvl lq wkh 4<<4 fhqvxv uhsruw +Suxqlhu 4<<;/ s1598,1

Lqghhg/ zlwk 73( xqghu0uhsruwlqj dw wkh qdwlrqdo ohyho/ wkh sursruwlrq ri Wxwvl dw
wkh qdwlrqdo ohyho zrxog kdyh ehhq 441;( lqvwhdg ri ;17(1 Wklv zrxog phdq wkdw wkhuh
zhuh ;6:/433 Wxwvl lq Uzdqgd lq 4<<4 lqvwhdg ri 8<9/733/ dqg/ xqghu wkh qr0jhqrflgh
vfhqdulr/ <46/933 Wxwvl dw wkh hqg ri Mxo| 4<<71 E| vxewudfwlqj wkh hvwlpdwhg 483/333
Wxwvl vxuylyruv +vhh deryh,/ L rewdlq d ghdwk wroo ri :96/933 Wxwvl/ uhsuhvhqwlqj derxw
;619( ri wkh Wxwvl srsxodwlrq1 Krzhyhu/ wkhuh duh vhyhudo srvvleoh vfhqdulrv1 Wdeoh 41D16
dqg 41D17 lq wkh dsshqgl{ vxppdul}h wkh uhvxowv ri gl�huhqw xqghu0uhsruwlqj vfhqdulrv1
Iru h{dpsoh/ rqh dowhuqdwlyh vfhqdulr zrxog eh wkdw wkhuh zdv rqo| plvuhsruwlqj iru wkh
suhihfwxuhv wkdw kdg d uhodwlyho| odujh sursruwlrq ri Wxwvl1 Li zh dvvxph/ iru h{dpsoh/
wkdw ehvlghv wkh �jxuhv iru Jlnrqjrur/ rqo| wkh �jxuhv ri wkh suhihfwxuhv zlwk dq hyhq
kljkhu sursruwlrq ri Wxwvl zhuh xqghu0uhsruwhg e| 73( +Exwduh/ Nlex|h dqg Nljdol Flw|,/
wklv vfhqdulr ohdyhv wkh udqnlqj ri suhihfwxuhv e| hwkqlflw| lqwdfw1 Uzdqgd zrxog kdyh
frxqwhg :4:/633 Wxwvl lq 4<<4/ l1h1 4314( ri wkh srsxodwlrq1 Wkh ghdwk wroo zrxog wkhq
eh 965/<33 Wxwvl/ d orvv ri derxw ;31;( ri wkh Wxwvl srsxodwlrq lq 4<<71

wkh fhqwudo sduwv ri wkh frxqwu| dqg Q|dq}d/ lq wkh qruwk0zhvwhuq fruqhu ri Exwduh/ ehfdph lwv ur|do
fdslwdo1�%� Iru Jlnrqjrur/ L irxqg d ghyldwlrq ri 6:( +wdeoh 6,/ exw L dujxhg wkdw wkh ghyldwlrq zrxog eh hyhq
kljkhu zkhq lqfoxglqj wkh vhfwruv ri Uzdplnr1 Iru h{dpsoh/ li L dvvxph wkdw Uzdplnr frxqwhg 5;(
Wxwvl/ Jlnrqjrur zrxog frxqw 4;( Wxwvl dqg wkh ghyldwlrq zrxog lqfuhdvh iurp 6: wr 73(1
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Wkh hylghqfh suhvhqwhg khuh lv idu iurp deoh wr dqvzhu wkh wzr txhvwlrqv qhhghg wr
pdnh d vrxqg hvwlpdwh iru wkh jhqrflgh ghdwk wroo1 Krzpdq| Wxwvl olyhg lq Uzdqgd sulru
wr wkh jhqrflghB Krz pdq| Wxwvl vxuylyhgB Uhjduglqj wkh �uvw txhvwlrq zh fdq qrz
vdiho| vd| wkdw wkh xvh ri gdwd iurp wkh 4<<4 fhqvxv uhsruw ohdgv wr dq xqghuhvwlpdwlrq
ri wkh ghdwk wroo1 Zlwk uhvshfw wr wkh qxpehuv ri vxuylyruv/ wkh hvwlpdwlrq ri wkhlu
qxpehu lv eh|rqg wkh udqjh ri rxu gdwd1 Krzhyhu/ wkh qh{w vhfwlrq vkrzv krz wkh
orfdo srsxodwlrq gdwd fdq eh xvhg wr hvwlpdwh wkh dyhudjh vxuylydo fkdqfh ri Wxwvl lq
Jlnrqjrur dqg wr vwxg| wkh jhrjudsklfdo sdwwhuq ri nloolqjv lq wklv suhihfwxuh1

416 Wkh Sdwwhuq ri Nloolqjv lq Jlnrqjrur Suhihfwxuh
Dv d frqvhtxhqfhv ri zdu dqg jhqrflgh/ Uzdqgd kdv h{shulhqfhg srsxodwlrq ghfolqh
dqg d ghfuhdvh lq wkh vh{ udwlr1 Iru Uzdqgd dv d zkroh/ wkh dqqxdo srsxodwlrq jurzwk
vorzhg grzq iurp 614( lq 4<:;04<<4/ wr 415( lq 4<<4053351 Frpsdulqj wkh |hduv 4<<4
dqg 5335/ wkh vh{ udwlr ghfuhdvhg iurp <814 wr <416 +VQU/ 5336,1 Wkhvh ghprjudsklf
fkdqjhv ydu| dfurvv dv zhoo dv zlwklq suhihfwxuhv/ dw wkh frppxqh dqg dw wkh vhfwru
ohyhov1 Vlqfh Wxwvl zhuh wdujhwhg gxulqj wkh jhqrflgh/ zh h{shfw wr �qg wkdw wkh odujhu
wkh sursruwlrq ri Wxwvl lq d vhfwru lq 4<<3/ wkh vwurqjhu wkh vhfwru*v srsxodwlrq ghfolqh
dqg wkh orzhu lwv vh{ udwlr lq 53351 Wkh orfdo srsxodwlrq gdwd suhvhqwhg lq wkh suhylrxv
vhfwlrq fdq eh xvhg wr dvvhvv wklv uhodwlrqvkls iru wkh vhfwruv ri Jlnrqjrur Suhihfwxuh1 L
zloo qrz vwxg| wkh h�hfw/ lq Jlnrqjrur/ ri wkh sursruwlrq ri Wxwvl lq d vhfwru lq 4<<3 rq
uhvshfwlyho| srsxodwlrq jurzwk ehwzhhq 4<<3 dqg 5335 dqg wkh vh{ udwlr lq 53351 Wkuhh
txhvwlrqv zlo eh dgguhvvhg= zkdw zdv wkh dyhudjh vxuylydo fkdqfh ri Wxwvl +phq2zrphq,
lq JlnrqjrurB Zklfk vhfwruv ghyldwhg vljql�fdqwo| iurp wklv dyhudjhB dqg zk| glg
Wxwvl +phq2zrphq, lq wkhvh vhfwruv kdyh d kljkhu ru orzhu fkdqfh ri vxuylydoB

41614 Wkh uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl dqg
srsxodwlrq ghfolqh

Suholplqdu| hylghqfh
Wkh orfdo srsxodwlrq gdwd ri Jlnrqjrur uhyhdo wkdw wkh dqqxdo srsxodwlrq jurzwk udwh
iru 4<<405335 ydulhg dfurvv frppxqhv dqg vhfwruv1 Iru h{dpsoh/ Wdeoh 415 vkrzv wkdw
wkh frppxqhv Pxexjd/ Uxnrqgr dqg Uzdplnr h{shulhqfhg d vkdus srsxodwlrq ghfuhdvh
gxulqj wklv shulrg/ l1h1 d |hduo| ghfolqh ri uhvshfwlyho| 71:7(/ 4149( dqg 41;3( shufhqw1
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Iljxuh 414= Nhuqho ghqvlw| ri dqqxdo srsxodwlrq jurzwk ehwzhhq 4<<3 dqg 5335/ iru 44:
vhfwruv lq Jlnrqjrur Suhihfwxuh

−Average growth rate 1990−2002

−Average growth rate 1978−1991
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Vrxufhv= Orfdo srsxodwlrq gdwd ri Jlnrqjrur> iru 4<<3 dqg 5335> VQU +5336, iru wkh dyhudjh
jurzwk udwh 4<:;04<<4

Dw wkh vhfwru ohyho/ wkh yduldwlrq zdv hyhq pruh surqrxqfhg1 Iljxuh 414 vkrzv wkh
hvwlpdwhg nhuqho ghqvlw| ixqfwlrq ri wkh dqqxdo srsxodwlrq jurzwk udwh iru 44: vhfwruv ri
Jlnrqjrur �%� 1 Wkh udqjh ehwzhhq wkh plqlpxp dqg pd{lpxp dqqxdo srsxodwlrq jurzwk
lv yhu| odujh1 Pruhryhu/ zh revhuyh wkdw wkh fxuyh lv dv|pphwulfdo1

Wkh vkdsh ri wkh ghqvlw| ixqfwlrq fdq odujho| eh h{sodlqhg e| wkuhh idfwv1 Iluvw/
gxulqj wkh 4<<305335 shulrg/ txlwh d ihz vhfwruv kdg dq dqqxdo srsxodwlrq jurzwk forvh
wr 41;(1 Vhfrqg/ rqo| d kdqgixo ri vhfwruv kdg dq dqqxdo srsxodwlrq jurzwk deryh 8(1
Wklv vwhpv iurp wkh idfw wkdw Jlnrqjrur kdv ihz wudglqj fhqwhuv dqg rqo| rqh vpdoo
xuedq kxe/ Jlnrqjrur Flw|1 Ilqdoo|/ wkhuh zhuh 6: vhfwruv zlwk d qhjdwlyh srsxodwlrq
jurzwk/ lqfoxglqj vl{ zlwk dq dqqxdo srsxodwlrq ghfuhdvh ri pruh wkdq 8(1 Wklv h{sodlqv
��� Nhuqho ghqvlw| hvwlpdwruv dssur{lpdwh wkh ghqvlw| ixqfwlrq i+{, iurp revhuydwlrqv rq {1 Vr/ ed0

vlfdoo| wkh| jlyh wkh suredelolw| ri revhuylqj { � +srsxodwlrq jurzwk ri vhfwru l, lq wkh vdpsoh1 Frqvh0
txhqwo|/ wkh hvwlpdwhv ri i+{, lqwhjudwh wr 41 Dv rssrvhg wr iuhtxhqf| wdeohv/ nhuqho ghqvlw| hvwlpdwhv
kdyh wkh dgydqwdjh ri ehlqj vprrwk dqg ri ehlqj lqghshqghqw ri wkh fkrlfh ri ruljlq1 Pruh irupdoo|/
wkh gdwd lv glylghg lqwr lqwhuydov dqg hvwlpdwhv ri wkh ghqvlw| dw wkh fhqwuh ri wkh lqwhuydo duh surgxfhg1
Wkh lqwhuydov duh doorzhg wr ryhuods1 Wkh vprrwkqhvv ri wkh �jxuh ghshqgv rq wkh zlgwk ri wkh lqwhuydo
fkrvhq1 Lq Iljxuh 4/ wkh zlgwk lv vhw dw 31;71
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Wdeoh 417= Uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl lq 4<<3 dqg wkh phdq dqqxdo
srsxodwlrq jurzwk ehwzhhq 4<<3 dqg 5335 iru 44: vhfwruv ri Jlnrqjrur

Sursruwlrq ri Wxwvl Qxpehu ri Phdq dqqxdo <8( frq�ghqfhlq wkh vhfwru +4<<3, revhuydwlrqv srsxodwlrq jurzwk lqwhuydo4<<305335 +(,
?8( 79 5135 ^416< 0 5198`8043( 47 416< ^31:9 0 5135`43053( 4: 3195 ^03173 0 4196`53073( 4: 03155 ^04199 0 4154`A73( 56 04143 ^05194 0 3175`
Wrwdo 44: 31;4 ^315< 0 4165`

Vrxufh= Orfdo srsxodwlrq gdwd iru 44: vhfwruv ri Jlnrqjrur/ iru 4<<3 dqg 5335

wkh exps lq wkh ohiw wdlo ri wkh ghqvlw| ixqfwlrq1
Zh h{shfw wr �qg wkdw wkh vhfwruv zkrvh srsxodwlrq jurzwk udwhv duh vkrzq lq wkh

ohiw wdlo ri wkh �jxuh zhuh wkrvh zlwk wkh odujhvw sursruwlrq ri Wxwvl lq 4<<31 D frp0
sdulvrq ehwzhhq Pdsv 41D14 dqg 41D15 lq wkh dsshqgl{ surylghv xv zlwk suholplqdu|
hylghqfh1 Wkh vrxwk0hdvwhuq sduw ri Jlnrqjrur lv dq hvshfldoo| vwulnlqj looxvwudwlrq ri
wkh uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl lq 4<<3 dqg srsxodwlrq ghfolqh1 Wklv
uhodwlrqvkls lv vrphzkdw ohvv hylghqw lq wkh fhqwhu ri wkh suhihfwxuh/ durxqg Jlnrqjrur
Flw|/ exw lw lv djdlq surqrxqfhg lq wkh qruwk0hdvwhuq sduw ri Jlnrqjrur1 Wklv ylvxdo
lpsuhvvlrq lv frq�uphg e| Wdeoh 4171 Khuh wkh vhfwruv zhuh glylghg lqwr �yh fdwhjrulhv
dffruglqj wr wkh sursruwlrq ri Wxwvl lq wkh vhfwru1 Wkh fdwhjrulhv duh wkh vdph dv wkrvh
xvhg wr froru wkh vhfwruv lq Pds D41 Wkh phdq dqqxdo srsxodwlrq jurzwk udwh fohduo|
ghfolqhv dfurvv wkh �yh fdwhjrulhv/ iurp 5135( iru vhfwruv zlwk ohvv wkdq 8( Wxwvl/ wr
04143( iru vhfwruv zlwk pruh wkdq 73( Wxwvl1

Hvwlpdwlrq ri wkh vxuylydo fkdqfh ri Wxwvl lq Jlnrqjrur
Wkh uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl lq 4<<3 lq d vhfwru dqg srsxodwlrq
jurzwk fdq eh xvhg wr hvwlpdwh wkh vxuylydo fkdqfh ri Wxwvl lq Jlnrqjrur Suhihfwxuh1
Wkh srsxodwlrq lq vhfwru l lq 5335 fdq eh h{suhvvhg dv iroorzv=

S M<N%NCMCO P ' S Q�R%R%N�O P E�� W P � P �E� n j P � Q%Q)S T
zlwk

S M<N%NCMCO P = wkh srsxodwlrq ri vhfwru l lq Mxqh 5335
S Q�R%R)N#O P = wkh srsxodwlrq ri vhfwru l lq Ghfhpehu 4<<3

W P = wkh udwlr ri Wxwvl wr wkh wrwdo srsxodwlrq lq vhfwru l lq 4<<3
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� P = wkh sursruwlrq ri Wxwvl nloohg lq vhfwru l lq 4<<7
j P = eluwk udwh EELU P � 0 qhw hpljudwlrq udwh EqhPLJ P � 0 pruwdolw| udwh

EPRU P � +ehvlghv wkh pruwdolw| udwh ri Wxwvl gxulqj wkh jhqrflgh,
lq vhfwru l ehwzhhq Ghfhpehu 4<<3 dqg Mxqh 5335

��=D |hduv = wlph vsdq ehwzhhq Ghfhpehu 4<<3 dqg Mxqh 53351

Wdnlqj orjdulwkpv dqg uhduudqjlqj +414, zh rewdlq=

J P ' E �
��=D�� *? E�� W P � P � n *?E� n j P �>

zlwk J P ' E �
��=D�� *?ES M%N%N)MCO PS Q�R%R%N#O P � G wkh dqqxdo srsxodwlrq jurzwk udwh lq vhfwru l1

Vlqfh zh gr qrw nqrz ELU P / qhPLJ P / dqg PRU P / zh fdqqrw gluhfwo| ghulyh � P iurp
htxdwlrq +415,1 Krzhyhu/ zh fdq rewdlq dq hvwlpdwhg ydoxh iru wkh dyhudjh sursruwlrq ri
Wxwvl nloohg E� P � e| hvwlpdwlqj wkh iroorzlqj htxdwlrq zlwk qrqolqhdu ohdvw vtxduhv +QOV,=

J P ' E �
��=D�� *?E�� W P �� n � n % P l ' �> ===> Q ' ��.> +414,

zlwk � d frqvwdqw/ htxdo wr wkh dyhudjh ydoxh ri oqE� n j P � ryhu wkh 44: vhfwruv1 Wkh
QOV hvwlpdwru iru � lv frqvlvwhqw li wkh glvwxuedqfhv % P duh lqghshqghqwo| dqg lghqwlfdoo|
glvwulexwhg zlwk h{shfwhg ydoxh }hur dqg �qlwh yduldqfh � M +Pdolqydxg/ 4<:3,1 Wklv
frqglwlrq lpsolhv wkdw wkh sursruwlrq ri Wxwvl lq 4<<3 lq vhfwru l lv xqfruuhodwhg zlwk wkh
qhw hpljudwlrq udwh/ wkh eluwk udwh dqg wkh qrq0jhqrflgh pruwdolw| udwh1 Irupdoo|=

Fry iW> qhPLJj ' f +D 4,

Fry iW>ELUj ' f +D 5,
Fry iW>PRUj ' f= +D 6,

Lq zkdw iroorzv/ L surfhhg lq wzr vwhsv1 Iluvw/ L glvfxvv wkh sodxvlelolw| ri dvvxpswlrqv
+D4,/ +D5, dqg +D6, dqg suhvhqw yduldeohv wkdw pd| sur{| qhPLJ P / ELU P dqg PRU P 1
Li wkhvh yduldeohv duh jrrg sur{lhv/ wkh dvvxpswlrqv fdq eh uhod{hg1 Vhfrqg/ L hvwlpdwh
htxdwlrq +416, wr rewdlq wkh vxuylydo udwh iru Wxwvl lq Jlnrqjrur1

Irxu gl�huhqw irupv ri pljudwlrq fdq eh glvwlqjxlvkhg= pljudwlrq lq vhdufk ri fxowlydw0
deoh odqg/ pljudwlrq wr xuedq duhdv/ ihpdoh h{rjdp| dqg glvwuhvv pljudwlrq lq uhvsrqvh
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wr lqvhfxulw|1 Wkh odwwhu irup pd| fdxvh fruuhodwlrq ehwzhhq W P dqg qhPLJ P 1 Lw lv
eholhyhg wkdw wzr ploolrq shrsoh iurp doo sduwv ri Uzdqgd zhuh glvsodfhg gxulqj wkh
jhqrflgh1 Wkh ydvw pdmrulw| ri wkhp zhuh Kxwx zkr  hg lq ihdu ri wkh dgydqflqj USI
dup|1 Prvw ri wkhp uhwxuqhg wr wkhlu krphv diwhu vshqglqj vrph prqwkv ru hyhq |hduv
lq uhixjhh fdpsv1 Exw/ vrph/ hvshfldoo| Kxwx phq zkr wrrn sduw lq wkh jhqrflgh/ glg
qrw uhwxuq1 Li wkhvh phq fdph iurp vhfwruv zlwk d kljk Wxwvl srsxodwlrq sulru wr 4<<7/
Fry iW P > qhPLJ P j A f1 Lq dgglwlrq/ diwhu wkh jhqrflgh/ dqg xsrq wkh ghdwk ri wkhlu
kxvedqg/ zlgrzv pd| kdyh fkrvhq wr pryh edfn wr wkhlu qdwlyh vhfwru1 Wklv fkrlfh
pljkw kdyh ehhq prwlydwhg e| wkh ghvluh wr pryh dzd| iurp wkhlu dvvdlodqwv ru wkh sodfh
ri whuuru/ ru e| wkh vhdufk iru odqg �%� 1 Dovr/ xsrq wkh ghvwuxfwlrq ri wkhlu krxvhv/ pdq|
Wxwvl vxuylyruv zhuh ohiw zlwkrxw vkhowhu1 Wkh| pljkw kdyh pryhg wr vr0fdoohg lplgxjxgx/
krxvhv surylghg xqghu d jryhuqphqw krxvlqj surmhfw1 Djdlq/ wkh uhvxow zrxog eh wkdw
Fry iW P > qhPLJ P j A f1 Rq wkh rwkhu kdqg/ wkh ghdwk wroo ri wkh jhqrflgh uhvxowhg lq d
ghfolqh lq wkh oderu0odqg udwlr lq vhfwruv zlwk d kljk udwlr ri Wxwvl EW P �1 Wklv pd| kdyh
dwwudfwhg iduphuv iurp rwkhu vhfwruv/ vxfk wkdw Fry iW P > qhPLJ P j ? f1

Wkh eluwk udwh lv wkh udwlr ri olyh eluwkv wr wkh srsxodwlrq1 Dffruglqj wr wkh 4<<4
fhqvxv uhsruw/ Wxwvl zrphq jdyh eluwk wr ihzhu fkloguhq +WIU @ 81;5, wkdq Kxwx zrphq
+WIU @ :173, +VQU/ 4<<7,/ vxfk wkdw Fry iW P > ELU P j ? f1 Frqvlghulqj wkdw erwk hwkqlf
jurxsv kdyh vkduhg d frpprq klvwru| dqg olihvw|oh vlqfh fhqwxulhv/ wklv gl�huhqfh vhhpv
txlwh odujh1 Udwkhu wkdq vwhpplqj iurp gl�huhqw vrfldo ydoxhv dqg fxowxudo qrupv/ lw
pd| uhvxow iurp xqghu0uhsruwlqj ri eluwkv e| Wxwvl sduhqwv +fi1 glvfxvvlrq lq wdeoh 41D15
lq wkh dsshqgl{,1

Dv wr wkh pruwdolw| udwhv/ lghdoo|/ rqh vkrxog frqwuro iru wkh qxpehu ri Kxwx fdvxdowlhv
lq d vhfwru1 D uhodwlyho| vpdoo qxpehu ri Kxwx zhuh nloohg ehfdxvh wkh| rssrvhg wkh
jhqrflgh1 Lq dgglwlrq/ wkh USI nloohg dq xqnqrzq qxpehu ri Kxwx lq wkh frxuvh ri
frpedw dqg lq dfwv ri uhyhqjh diwhu wkh jhqrflgh1 Pruhryhu/ dfwv ri vh{xdo ylrohqfh zhuh
iuhtxhqw gxulqj wkh jhqrflgh1 Wkhuhiruh/ DLGV pd| kdyh lqfuhdvhg pruwdolw| udwhv diwhu
4<<7/ vxfk wkdw Fry iW P >PRU P j A f1

Li dq| rqh ri wkuhh dvvxpswlrqv lv ylrodwhg/ wkh hvwlpdwh iru � +sursruwlrq ri Wxwvl
nloohg gxulqj wkh jhqrflgh, zloo eh lqfrqvlvwhqw1 Vxfk rplwwhg yduldeoh eldv fdq eh
uhgxfhg e| lqfoxglqj sur{lhv iru qhPLJ P / ELU P dqgPRU P 1 Krzhyhu/ gdwd dw wkh vhfwru
ohyho duh olplwhg1 Ehvlghv W P +wkh udwlr ri Wxwvl lq 4<<3,/ wkh dydlodeoh yduldeohv duh= wrwdo
��� Hvshfldoo| li d zlgrz kdv qr vrqv uhfrjql}hg e| khu idplo|0lq0odz/ khu fxvwrpdu| uljkw wr odqg pljkw

eh fkdoohqjhg1
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srsxodwlrq lq 4<<3 dqg 5335/ wkh vh{ udwlr lq 4<<3 dqg 5335/ dqg wkh duhd +np M , ri hdfk
vhfwru �<� 1 Wr frqwuro iru hpljudwlrq wuhqgv lq wkh vhfwruv sulru wr wkh jhqrflgh/ L zloo xvh
wkuhh lqglfdwruv= srsxodwlrq ghqvlw| lq vhfwru lq 4<<3/ wkh vtxduh ri wklv ghqvlw| dqg wkh
vh{ udwlr lq 4<<31 Ghqvlw| uhsuhvhqwv suhvvxuh rq odqg dqg pd| fdswxuh erwk pljudwlrq
lq vhdufk iru fxowlydwdeoh odqg dqg uxudo0xuedq pljudwlrq lq wkh devhqfh ri zdu1 Wkh
vh{ udwlr lq 4<<3 pd| dovr eh lqirupdwlyh derxw ixwxuh pljudwlrq= d kljk sursruwlrq ri
zrphq pd| eh olqnhg wr d frqwlqxhg wudglwlrq ri pdoh hpljudwlrq zklfk jlyhv ulvh wr
ihpdoh h{rjdp|1

Edvhg rq wkh suhylrxv glvfxvvlrq/ L hvwlpdwhg vhyhudo prghov edvhg rq htxdwlrq +416,/
lqfoxglqj rq wkh uljkw kdqg vlgh wkh srsxodwlrq ghqvlw| lq 4<<3/ wkh vtxduhg srsxodwlrq
ghqvlw| lq 4<<3 dqg wkh vh{ udwlr lq 4<<31 Wkh uhvxowv ri prgho D duh suhvhqwhg lq wkh
�uvw froxpq ri Wdeoh 418 � � 1 Wkh hvwlpdwh iru wkh frh!flhqw � lv 31:78/ vxjjhvwlqj wkdw
derxw wkuhh rxw ri irxu Wxwvl zhuh nloohg lq 4<<71 Wklv srlqw hvwlpdwh olhv zlwklq d idluo|
qduurz <8( frq�ghqfh lqwhuydo ri df=Seb> f=He�o1

Wkh vsdwldo sdwwhuq ri nloolqjv lq Jlnrqjrur
Iru d pruh lq0ghswk dqdo|vlv ri wkh jhrjudsklfdo sdwwhuq ri nloolqjv/ L sorwwhg wkh 44: gdwd
srlqwv lq Iljxuh 4151 Wkh krul}rqwdo d{lv phdvxuhv wkh sursruwlrq ri Wxwvl lq 4<<3 EW P �1
Wkh fxuyh uhsuhvhqwv wkh hvwlpdwhg uhodwlrqvkls ehwzhhq W P dqg J P = E QQ%Q%S T �� *?E��W P ��=
Lwv vorsh lv �� � E QQ)Q%S T �� E QQ)UWVYX�Z � zlwk � ' f=.D1

Wkh grwv durxqg wkh fxuyh duh wkh huuru whupv ri htxdwlrq +416,/ l1h1 wkh ghyldwlrq
iurp wkh suhglfwhg dqqxdo srsxodwlrq jurzwk1 Wkh fxuyh fdq eh xvhg dv d ehqfkpdun
wr lghqwli| lq zklfk vhfwruv wkh h{whqw ri nloolqjv vljql�fdqwo| ghyldwhg iurp wkh phdq1
Hvshfldoo| lq wkh uljkw vhjphqw ri wkh �jxuh/ wkh fxuyh lv qrw d jrrg �w ri wkh gdwd srlqwv1
Wklv lqglfdwhv wkdw wkh jhqrflgh zdv frqvlghudeoh pruh ghdgo| lq vrph sodfhv wkdq lq
rwkhuv1

Krz fdq wkh xqhtxdo lpsdfw ri wkh jhqrflgh eh h{sodlqhgB Rqh dqvzhu pd| eh
wkdw lq vrph vhfwruv zlwk d odujh Wxwvl srsxodwlrq/ wkh Wxwvl vxffhhghg lq surwhfwlqj
��� Lq 5335/ wkh frxqwu|*v vxuidfh zdv uh0hvwlpdwhg zlwk wkh khos ri wkh Lqirupdwlrq Pdqdjhphqw Xqlw

ri wkh Xqlwhg Qdwlrqv Ghyhorsphqw Surjudpph +LPX2XQGS,1 Lq Ghfhpehu 5336/ L uhfhlyhg wkhvh gdwd
e| h0pdlo iurp wkh VQU +Vhuylfh Qdwlrqdo gh Uhfhqvhphqw gh Uzdqgd,1� 	 L h{shulphqwhg zlwk wkh ixqfwlrqdo irup ri � lq prgho D/ doorzlqj iru qrqolqhdulwlhv lq wkh uhod0
wlrqvkls ehwzhhq � dqg W � / exw wkh dowhuqdwlyh prghov zhuh uhmhfwhg lq idyrxu ri prgho D1 Ilqdoo|/ L
shuiruphg d prgho0vshfl�fdwlrq olqn whvw iru vlqjoh0htxdwlrq prghov1 Wkh whvw uhvxow idlov wr uhmhfw wkh
dvvxpswlrq wkdw wkh prgho lv fruuhfwo| vshfl�hg1
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Wdeoh 418= Sursruwlrq ri Wxwvl nloohg gxulqj wkh jhqrflgh hvwlpdwhg iurp d QOV uhjuhvvlrq
rq wkh dyhudjh dqqxdo jurzwk udwh +4<<305335, iru 44: vhfwruv ri Jlnrqjrur

Prgho D Prgho E Prgho FSurs1 ri Wxwvl nloohggxulqj jhqrflgh + [ , 31:78 \ +313<9, 31;34 \ +313;;, 31673 \ +3143:,Vh{ udwlr lq 4<<3 313:7 \ +3133<, 31377 \ +31343, 31393 \ +31343,
Srs1 ghqvlw| lq *<3 5 0 513h037 \ +816h038, 0 :1:h038 ] +71<h038, 0 416h037 ^ +814h038,Vtxduhg srs1ghqvlw| lq *<3 416h03: +;15h03;, 418h03; +917h03;, 51:h03; +91;h03;,Frppxqhv 6Pxnr 31363 \ +3133:,
Pxvdqjh 31335 +3133:,Q|dpdjdeh 31364 \ +3133;,Pxvheh|d 31343 +3133:,
Uxnrqgr 031353 \ +3133;,Pxgdvrpzd 31344 +3133:,Ndudpd 031334 +3133;,
Nlq|dpdndud 03133; +3133;,Nlyx 3133< +3133:,Pxexjd 031357 \ +3133;,
Qvklol 417 { 4307 +3133:,Pd|ru rssrvhg 31338Ndgxkd pdvvdfuh 031357 \Nlehkr pdvvdfuh 031376 \

Qrwhv= vwdqgdug huuruv ehwzhhq eudfnhwv> vljql�fdqw dw wkh _ 43( ohyho/ ` 8( ohyho/ a 4( ohyho>
wkh uhjuhvvlrq htxdwlrq xqghuo|lqj prgho +D, zdv wudqviruphg wr rewdlq krprvnhgdvwlf huuru
whupv> lqihuhqfhv duh edvhg rq Kxehu2Zklwh urexvw vwdqgdug huuruv1 " Wr fdofxodwh srsxodwlrq
ghqvlw| zh xvhg wkh orfdo srsxodwlrq ri 4<<3 dqg uhfhqw gdwd rq vxuidfh e| vhfwru1 Lq 5335/
wkh frxqwu|*v vxuidfh zdv uh0hvwlpdwhg zlwk wkh khos ri LPX2XQGS1 7 Wkh uhihuhqfh jurxs
lq Prgho +E, lv Ndudper Frppxqh1

wkhpvhoyhv e| jurxslqj wrjhwkhu wr rxwqxpehu wkh dwwdfnhuv +dv kdsshqhg iru h{dpsoh dw
wkh Fdwkrolf glrfhvh ri Ndejd|l lq Jlwdudpd Suhihfwxuh,1 Zkhuh wklv vwudwhj| idlohg/ wkh
jhqrflgh kdg ghydvwdwlqj frqvhtxhqfhv +h1j1 Nlehkr dqg Ndgxkd sdulvk lq Jlnrqjrur,1
D vhfrqg uhdvrqlqj lv wkdw orfdo dxwkrulwlhv pljkw kdyh vxffhhghg lq vrph sodfhv lq
uhvlvwlqj wkh jhqrflgh/ ru dw ohdvw lq vorzlqj lw grzq ru zhdnhqlqj lwv h�hfwlyhqhvv1 Lq
rwkhu vhfwruv dqg frppxqhv/ orfdo dxwkrulwlhv zhuh dfwlyho| lqyroyhg lq rujdql}lqj wkh
nloolqjv1 Wkh ;330sdjh uhsruw e| Kxpdq Uljkwv Zdwfk +KUZ 4<<<, ghwdlov wkh hyhqwv
ri wkh jhqrflgh1 D frpsdulvrq ri wkhlu �qglqjv zlwk rxu gdwd vkhgv pruh oljkw rq
wkh xqhtxdo lpsdfw ri wkh jhqrflgh1 Iru wkh sxusrvh ri frpsdulvrq/ L qxpehuhg wkh
revhuydwlrq srlqwv lq Iljxuh 415/ hdfk qxpehu fruuhvsrqglqj wr d frppxqh1

Lq Iljxuh 415/ wkh revhuydwlrqv iru Pxexjd Frppxqh +55, duh sudfwlfdoo| doo orfdwhg
zhoo ehorz wkh olqh ri rxu ehqfkpdun/ lpso|lqj wkdw wkh Wxwvl lq Pxexjd Frppxqh
kdg d uhodwlyho| orz fkdqfh ri vxuylylqj1 Wkh frppxqh frxqwhg 76( Wxwvl dprqj lwv
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Iljxuh 415= Uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl lq 4<<3 dqg wkh dqqxdo srsx0
odwlrq jurzwk udwh ehwzhhq 4<<3 dqg 5335/ hvwlpdwhg iru 44: vhfwruv ri Jlnrqjrur
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Qrwh= Wkh fxuyh lv edvhg rq wkh htxdwlrq= +4@44=8, � oq+4 � W � �, zlwk � @ 3=:8 +dyhudjh
sursruwlrq ri Wxwvl nloohg, dqg W � @wkh sursruwlrq ri Wxwvl lq d vhfwru lq 4<<31 Wkh grwv
duh wkh uhvlgxdov ri uhjuhvvlrq +D, +Vhh Wdeoh 418,1 Wkh qxpehuv fruuhvsrqg wr wkh vhf0
wruv ri wkh iroorzlqj frppxqhv= Pxnr+44,/ Pxvdqjh +45,/ Pxvheh|d +46,/ Ndudper +47,/
Uxnrqgr +48,/ Pxgdvrpzd +49,/ Q|dpdjdeh +4:,/ Ndudpd +4;,/ Nlq|dpdndud +4<,/ Nlyx
+53,/ Uzdplnr +54,/ Pxexjd +55,/ Qvklol +56,1

srsxodwlrq dqg uhfrughg dq dqqxdo srsxodwlrq jurzwk ri 071:7(1 Wkh qruwkhuq sduw
ri wkh frppxqh zdv prvw vhyhuho| klw �%* 1 Wklv uhvxow lv vxssruwhg e| wkh idfwv wkdw
dvvdlodqwv iurp Uzdplnr fduulhg wkh ylrohqfh lqwr Pxexjd dqg wkdw d pdvvdfuh wrrn
sodfh dw Nlehkr sdulvk dqg froohjh +KUZ 4<<</ s1646,1 Dqrwkhu frppxqh zlwk d odujh
sursruwlrq ri Wxwvl +76(, lv wkh sduwo| xuedq frppxqh ri Q|dpdjdeh +4:,1 Ghvslwh lwv
kljk sursruwlrq ri Wxwvl/ Q|dpdjdeh kdg dq dyhudjh srsxodwlrq jurzwk ri 413(1 Dw �uvw
vljkw/ rqh pljkw wklqn wkdw xuedq jurzwk lq Q|dpdjdeh zrxog kdyh  dwwhqhg rxw wkh
uhodwlrqvkls ehwzhhq wkh jhqrflgh dqg srsxodwlrq ghfolqh1 Exw/ hyhq diwhu frqwuroolqj
iru uxudo0xuedq pljudwlrq zlwk wkh vtxduh ri srsxodwlrq ghqvlw| lq prgho D/ wkh vhfwruv
ri Q|dpdjdeh duh fkdudfwhul}hg e| kljkhu jurzwk �jxuhv wkdq wkrvh hvwlpdwhg e| wkh
��, Nlehkr/ Q|duxvklvkl/ Q|duxvryx/ Q|duzxped dqg Ndelul}l1
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prgho �)+ 1 Dovr lq Pxnr Frppxqh +44, d frqvlghudeoh qxpehu ri Wxwvl vhhp wr kdyh
hvfdshg wkh nloolqjv1 Lw uhfrughg 51;6( jurzwk ghvslwh lwv odujh Wxwvl srsxodwlrq +68(,1
Wkh wkuhh vhfwruv wkdw uhfrughg wkh orzhvw srsxodwlrq jurzwk zhuh wkrvh lq wkh hdvw/
forvh wr Pxvdqjh �<. 1 Wklv pljkw kdyh ehhq ehfdxvh wkh Wxwvl ri wkhvh vhfwruv wulhg wr
wdnh uhixjh lq wkh fkxufk ri Ndgxkd dqg zhuh vodxjkwhuhg zkloh rq wkhlu zd| ru odwhu
lq wkh pdvvdfuh dw wkh fkxufk +KUZ 4<<</ s1669,1 Dowkrxjk Uxnrqgr +48, zdv odujho|
Kxwx +;:(,/ lwv srsxodwlrq ghfolqhg rq dyhudjh e| 4149(1 Wkh vhfwruv wkdw uhfrughg
orzhu wkdq h{shfwhg srsxodwlrq jurzwk zhuh wkrvh forvh wr wkh erughu zlwk Ndudper
dqg Pxvdqjh �%/ 1 D odujh qxpehu ri Wxwvl lq wkhvh vhfwruv pd| kdyh ehhq ylfwlpv ri wkh
nloolqjv dw Ndgxkd sdulvk lq Ndudper1

Wkh frppxqhv glvfxvvhg wloo qrz/ Pxexjd/ Q|dpdjdeh/ Pxnr dqg Uxnrqgr/ vkrz
d odujh gl�huhqfh zlwk uhvshfw wr wkh ehqfkpdun1 Iru Pxexjd dqg Uxnrqgr wklv gli0
ihuhqfh srlqwv wr orzhu vxuylydo fkdqfhv iru Wxwvl frpsduhg wr wkh ehqfkpdun1 Wkh
rssrvlwh lv wuxh iru Q|dpdjdeh dqg Pxnr1 Iru wkh rwkhu frppxqhv/ wkh gl�huhqfh lv
qrw surqrxqfhg ru rqo| qrwhzruwk| iru rqh ru wzr vhfwruv ri wkh frppxqh � 0 1 D qhz
prgho zdv hvwlpdwhg/ lqfoxglqj gxpp| yduldeohv iru wkh frppxqhv +Prgho E/ Wdeoh
418,1 Wkh uhihuhqfh jurxs zdv Ndudper Frppxqh1 Wkh hvwlpdwhg frh!flhqwv ri Pxnr
��- Wklv uhvxow ghshqgv rq wkh vtxduh ri srsxodwlrq ghqvlw| ehlqj d jrrg sur{| wr fdswxuh pljudwlrq1

Wr yhuli| wklv/ L xvhg wkh LKOFV +Lqwhjudwhg Krxvhkrog Olylqj Frqglwlrqv Vxuyh|, +PLQHFRILQ/ 5335,
wr fdofxodwh lppljudwlrq e| frppxqh iru Jlnrqjrur +Wkh gdwd fdqqrw eh xvhg wr fdofxodwh hpljudwlrq
dw d frppxqdo ohyho,1 Wkh LKOFV kdv lqirupdwlrq rq 5/794 lqglylgxdov lq Jlnrqjrur1 L fdofxodwhg
wkh sursruwlrq ri lppljudqwv dprqj wkhvh lqglylgxdov iru hdfk frppxqh ryhu wkh odvw whq |hduv1 Lw
dsshduv wkdw Q|dpdjdeh lv lqghhg wkh frppxqh zlwk e| idu wkh odujhvw sursruwlrq ri lppljudqwv> <17(
ri lwv srsxodwlrq lq 5335 zhuh lppljudqwv zkr vhwwohg lq wkh frppxqh ehwzhhq 4<<3 dqg 53351 Exw/
hyhq zkhq lqwurgxflqj wkh sursruwlrq ri lppljudqwv lqwr prgho D/ wkh uhvxowv iru Q|dpdjdeh uhpdlq
xqfkdqjhg +wkhvh uhvxowv duh qrw uhsruwhg/ exw fdq eh rewdlqhg iurp wkh dxwkru rq uhtxhvw,1��2 Vryx/ Jlwrqgruhur dqg \rqgh��3 Jlnrql/ Ped}l dqg Uhphud��4 Doo vhfwruv ri Ndudper forvho| iroorz wkh �wwhg olqh lq Iljxuh 51 Wklv vxjjhvwv wkdw wkh jhqrflgh
lq Ndudper zdv qhlwkhu pruh qru ohvv vhyhuh wkdq wkh dyhudjh ri Jlnrqjrur1 Wkh vdph dssolhv wr
Ndudpd1 Lq Nlq|dpdndud/ wkh sursruwlrq ri Wxwvl zdv yhu| vpdoo +615(,/ zklfk pdnhv lw gl!fxow wr
mxgjh zkhwkhu ru qrw wkh jhqrflgh vwuxfn kdug1 Wkh vdph lv wuxh iru Pxvheh|d +31<(, dqg Qvklol +61:(,1
Wxwvl zhuh dovr d vpdoo plqrulw| lq Pxgdvrpzd/ exw wkh| zhuh doprvw doo frqfhqwudwhg lq wzr vhfwruv
erughulqj Q|dpdjdeh +Q|dpljlqd dqg Exkrur,1 Khuh/ wkh nloolqjv dsshdu wr kdyh ehhq qhlwkhu pruh
qru ohvv vhyhuh wkdq wkh dyhudjh ri wkh suhihfwxuh1 Wkh hdvwhuq sduw ri Nlyx frxqwhg d vl}hdeoh Wxwvl
srsxodwlrq/ exw wkh nloolqjv gr qrw vhhp wr kdyh ehhq dv vhyhuh dv lq Pxexjd1 Pxwryx lq sduwlfxodu
kdv pxfk kljkhu wkdq h{shfwhg srsxodwlrq jurzwk> pd|eh ehfdxvh lw lv vrphzkdw pruh glvwdqw iurp
Pxexjd dqg Uzdplnr/ wkh frppxqhv wkdw eurxjkw wkh ylrohqfh lqwr Nlyx1 Wkh pd|ru ri Nlyx wulhg wr
rssrvh wkh jhqrflgh +KUZ 4<<</ s1636, dqg kh pljkw kdyh dfklhyhg vrph h�hfwlyh rssrvlwlrq lq wkhvh
frppxqhv1 Ilqdoo|/ lq Pxvdqjh/ wkh nloolqjv vhhp wr kdyh ehhq lq olqh zlwk wkh dyhudjh1 Rqh vhfwru
shuiruplqj zruvh zdv Mrpd/ dw wkh furvvlqj ri Ndudper dqg Uxnrqgr1 Wklv wlhv lq zlwk wkh idfw wkdw
dwwdfnv lq Pxvdqjh zhuh ehlqj odxqfkhg iurp Ndudper +KUZ 4<<</ s1646,1
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dqg Q|dpdjdeh duh srvlwlyh dqg vljql�fdqw> wkrvh iru Pxexjd dqg Uxnrqgr duh qhjdwlyh
dqg vljql�fdqw1 Wklv frq�upv wkh frqfoxvlrqv gudzq iurp Iljxuh 4151

Zkloh glvfxvvlqj Iljxuh 415/ L srlqwhg wr vrph h{sodqdwlrqv iru wkh glyhuvlw| ri vxu0
ylydo udwhv dfurvv frppxqhv dqg vhfwruv1 Wkhvh h{sodqdwlrqv fdq eh vwxglhg pruh h{solf0
lwo|1 Wkhuh zhuh wkuhh frppxqhv zkhuh wkh pd|ru rssrvhg wkh jhqrflgh +KUZ/ 4<<<,=
Nlq|dpdnduh/ Nlyx dqg Pxvheh|d1 Krzhyhu/ wkh Nlq|dpdndud pd|ru rssrvhg wkh pdv0
vdfuh rqo| lqlwldoo|/ dqg odwhu hyhq khoshg wr rujdql}h wkh nloolqjv lq klv frppxqh +KUZ/
4<<</ s1673,1 Lq prgho F L dgghg d gxpp| yduldeoh wkdw htxdov rqh iru wkh vhfwruv ri
Nlyx dqg Pxvheh|d +zkhuh wkh pd|ruv glg qrw fkdqjh wkhlu plqg derxw rssrvlqj wkh
jhqrflgh,1 Wkh gxpplhv %qhdu Ndgxkd pdvvdfuh% dqg %qhdu Nlehkr pdvvdfuh% htxdo
rqh zkhq d vhfwru lv erughulqj ru qrw ixuwkhu wkdq rqh vhfwru glvwdqw iurp rqh ri wkh
wzr vhfwruv zkhuh wkhvh pdvvdfuhv wrrn sodfh1 L lqfoxghg wkhvh wzr orfdwlrqv vlqfh wkh|
zhuh wkh vlwhv ri wkh wzr zruvw pdvvdfuhv lq Jlnrqjrur Suhihfwxuh/ hdfk zlwk vhyhudo
wkrxvdqgv ri ylfwlpv1 Wkh gxpp| iru wkh rssrvlwlrq ri d pd|ru kdv wkh h{shfwhg vljq/
exw lv qrw vljql�fdqw1 Wkh hvwlpdwhg h�hfw ri wkh pdvvdfuhv lv vljql�fdqw dqg kljko|
qhjdwlyh1 Pruhryhu/ zkhq dgglqj wkhvh gxpplhv lq prgho F/ wkh hvwlpdwhg ydoxh iru �
ghfuhdvhv frqvlghudeo|/ lqglfdwlqj wkdw wkh pdvvdfuhv dw Nlehkr dqg Ndgxkd dffrxqwhg
iru pxfk ri wkh kljk hvwlpdwhg ghdwk wroo lq Jlnrqjrur Suhihfwxuh1 KUZ +4<<</ s1 66;,
uhsruwv wkh nloolqjv lq Ndgxkd dv iroorzv=

�Dv wkh dwwdfnv h{sdqghg iurp rqh kloo wr wkh qh{w dqg iurp rqh frppxqh wr
dqrwkhu/ Wxwvl irxqg lw lpsrvvleoh wr vwd| lq wkhlu krphv dqg lqfuhdvlqjo| gl!fxow
wr klgh zlwk Kxwx qhljkeruv1 Dvvdlodqwv lq Pxnr/ iru h{dpsoh/ zhuh wkuhdwhqlqj wr
pdnh Kxwx surwhfwruv nloo dq| Wxwvl zkrp wkh| kdg vkhowhuhg1 Iluvw kxqguhgv/ wkhq
wkrxvdqgv ri shrsoh iurp Pxvheh|d/ Pxnr/ Ndudper/ dqg Pxvdqjh Frppxqhv
jdwkhuhg dw Ndgxkd sdulvk fhqwhu/ lq wkh fkxufk lwvhoi/ lq wkh dgmrlqlqj vfkrrov/
lq wkh khdowk fhqwhu dqg lq doo wkh vsdfhv lq ehwzhhq1 Wxwvl iurp pruh glvwdqw
uhjlrqv/ olnh sduwv ri Pxnr/ fdph �uvw1 Wxwvl lq wkh lpphgldwh ylflqlw| ri wkh
fkxufk pryhg wkhuh rqo| derxw Dsulo 47/ zkhq wkh| zhuh wkuhdwhqhg zlwk dwwdfnv
e| Kxwx iurp wkh kloov1 Pdq| Wxwvl kdg frph rq wkhlu rzq/ exw vrph kdg frph
zlwk wkh khos ri orfdo r!fldov/ olnh wkrvh wudqvsruwhg iurp Pxvheh|d1 Lq Pxnr/
dqg shukdsv hovhzkhuh/ wkh exujrpdvwhu kdg dw �uvw uhixvhg wr khos Wxwvl  hh wr
Ndgxkd/ exw odwhu fkdqjhg klv srvlwlrq dqg ehjdq hqfrxudjlqj wkhp wr jr wkhuh1
Vrph vxuylyruv eholhyh wkdw dxwkrulwlhv ghflghg dw d phhwlqj dw wkh vxe0suhihfwxuh
wr dwwudfw Wxwvl wr Ndgxkd iru rqh hqruprxv pdvvdfuh udwkhu wkdq wr frqwlqxh
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nloolqj wkhp lq vpdoohu qxpehuv wkurxjkrxw wkh duhd1 Vxfk d ghflvlrq zrxog kdyh
ehhq frqvlvwhqw zlwk wkh sdwwhuq ri nloolqjv hovhzkhuh lq wkh frxqwu|1�

Frqfoxvlrq
Wkh jhqrflgh zdv vhyhuh lq Jlnrqjrur1 Pdnlqj dvvxpswlrqv derxw wkh ihuwlwlo| udwh/
qdwxudo ghdwk udwh dqg pljudwlrq/ L fdofxodwhg wkdw Wxwvl lq Jlnrqjrur kdg rq dyhudjh
58( fkdqfh ri vxuylylqj wkh jhqrflgh1 Vrph frppxqhv vljql�fdqwo| ghyldwhg iurp wklv
ehqfkpdun1 Lq vhyhudo fdvhv/ wkh uhvxowv iru wkh vhfwruv zlwklq d vlqjoh frppxqh ydulhg
frqvlghudeo|1 L frxog h{sodlq sduw ri wkh yduldwlrq e| wkhlu sur{lplw| wr wkh orfdwlrq ri
pdvvdfuhv/ vxfk dv wkrvh ri Ndgxkd dqg Nlehkr/ ru e| wkh vsuhdglqj ri ylrohqfh iurp
rqh frppxqh wr dqrwkhu � � 1 Yhu| ihz pd|ruv rssrvhg wkh jhqrflgh lq Jlnrqjrur1 Wkrvh
zkr glg zhuh holplqdwhg/ frqvwudlqhg ru vwduwhg wr ihdu iru wkhlu rzq vdihw| +KUZ 4<<</
s16360685,1 Dowkrxjk wkhuh lv qr grxew wkdw wkhlu rssrvlwlrq vdyhg d qxpehu ri olyhv/ lw
glg qrw vxffhhg lq suhyhqwlqj wkh nloolqjv1 E| frqwudvw/ wkh vwudwhj| xvhg e| wkh dvvdlodqwv
kdg d vwurqj lpsdfw1 Wkh jhqrflgh zdv pxfk zruvh lq vhfwruv zkhuh dvvdlodqwv frqylqfhg
Wxwvl wr jdwkhu lq Nlehkr ru Ndgxkd Sdulvk diwhu zklfk wkrxvdqgv zhuh pdvvdfuhg lq
wkhvh dqqrxqfhg sodfhv ri vdihw|1

Ilqdoo|/ wkh �qglqj ri dq h{wuhpho| ghdgo| jhqrflgh lq Jlnrqjrur fruuhvsrqgv wr
suhylrxv uhvhdufk1 Rqh ri wkh uduh vwxglhv wkdw xvh krxvhkrog gdwd wr h{dplqh wkh
h�hfw ri jhqrflgh irxqg d vxuylydo shufhqwdjh ri rqo| 431:( lq Jlnrqjrur +Yhuzlps/
5336, �%� 1 Pruhryhu/ wkh KUZ uhsruw +4<<</ s1636, edvhg rq whvwlprqlhv dqg lqwhuylhzv/
vxppdul}hv wkh jhqrflgh lq Jlnrqjrur dv iroorzv=

%Vrph ri wkh hduolhvw dwwdfnv dv zhoo dv vrph ri wkh zruvw pdvvdfuhv ri wkh
jhqrflgh wrrn sodfh lq Jlnrqjrur1 PUGQ vxssruwhuv odxqfkhg wkh ylrohqfh dw
wkuhh srlqwv dqg iurp wkhuh vsuhdg lw lqwr dgmdfhqw duhdv/ pxfk dv wkh| h{sdqghg
glvrughu rxwzdug iurp Nljdol dqg lwv ylflqlw| lqwr wkh suhihfwxuh ri Jlwdudpd1 Lq
vrph frppxqhv/ olnh Pxvheh|d/ Nlyx dqg Nlq|dpdndud/ dgplqlvwudwruv rssrvhg
wkh jhqrflgh dqg lqlwldoo| guhz vwuhqjwk iurp wkh shrsoh lq wkhlu frppxqhv zkr
uhixvhg wr nloo1 Exw dv suhihfwxudo dxwkrulwlhv idlohg wr dfw djdlqvw wkh ylrohqfh
dqg qdwlrqdo dxwkrulwlhv suhvvxuhg iru pruh dqg idvwhu vodxjkwhu/ wkh| orvw srzhu

�)� Iurp Uzdplnr wr Pxexjd/ iurp Pxexjd wr Nlyx/ dqg iurp Ndudper wr Pxvdqjh +KUZ/ 4<<</ s1
646,1�<� Wklv shufhqwdjh lv edvhg rq d yhu| vpdoo vdpsoh ri 5; Wxwvl/ orfdwhg lq �yh gl�huhqw vhfwruv= Elwdq0
gdqd/ Nlelul}l/ Jdvdnd/ Ndphjhul/ Nljrpd dqg Jruzh1
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wr orfdo ulydov zkr vdz wkh nloolqj fdpsdljq dv dq rssruwxqlw| wr hvwdeolvk ru
uhhvwdeolvk wkhlu srzhu1 Wkh glvvhqwhuv mxgjhg frqwlqxlqj rssrvlwlrq ixwloh dqg
gdqjhurxv dqg hlwkhu zlwkguhz lqwr sdvvlylw| ru wkhpvhoyhv wrrn xs wkh uroh ri
nloohuv1%

41615 Wkh uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl dqg wkh
vh{ udwlr

Suholplqdu| hylghqfh

Iljxuh 416= Nhuqho ghqvlw| ri vh{ udwlr lq 5335/ iru 44: vhfwruv lq Jlnrqjrur Suhihfwxuh
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Vrxufh= Orfdo srsxodwlrq gdwd iru 44: vhfwruv ri Jlnrqjrur> iru 4<<3 dqg 53351

Lq wklv vxevhfwlrq/ wkh jhrjudsklfdo sdwwhuq ri vh{ udwlrv lq Jlnrqjrur duh pdsshg
dqg h{sodlqhg1 Iljxuh 416 suhvhqwv wkh nhuqho ghqvlw| ixqfwlrq ri wkh vh{ udwlr lq 5335
iru 44: vhfwruv ri Jlnrqjrur1 Wkh yhuwlfdo olqh dw <518 uhsuhvhqwv wkh dyhudjh vh{ udwlr lq
4<<31 Zh qrwh iurp wkh ghqvlw| ixqfwlrq wkdw e| 5335/ wkh phdq ri wkh ghqvlw| ixqfwlrq
kdg vkliwhg wr wkh ohiw/ wr ;;191 Wkh ghqvlw| ixqfwlrq lv txlwh v|pphwulfdo/ zlwk d voljkwo|
kljkhu iuhtxhqf| ri ehorz0dyhudjh vh{ udwlrv1 Lw vsdqv d zlgh udqjh/ iurp ehorz :8 wr
deryh 4331 Wklv zlgh udqjh pd| vwhp iurp wkh h{lvwhqfh ri vhfwruv zlwk d kljk rxw0
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pljudwlrq ri phq dqg rwkhuv zlwk d kljk lq0pljudwlrq ri phq/ vxfk dv vhfwruv zlwk whd
sodqwdwlrqv1 Wkh orz phdq dqg uhodwlyho| wklfn ohiw wdlo pd| eh wkh frqvhtxhqfhv ri zdu
dqg jhqrflgh ru ri d frqwlqxhg pdoh hpljudwlrq1

D frpsdulvrq ri Pdsv 41D14 dqg 41D16 lq wkh dsshqgl{ vxjjhvwv wkdw wkh h�hfw ri
wkh jhqrflgh rq wkh vh{ udwlr lv ohvv fohdu wkdq lw zdv iru srsxodwlrq jurzwk1 Zh revhuyh
orz vh{ udwlrv lq Pxexjd/ Uzdplnr dqg lq vrph sduwv ri Uxnrqgr/ Ndudper dqg Pxnr1
Iurp Wdeoh 419 zh qrwh d udwkhu zhdn qhjdwlyh uhodwlrqvkls ehwzhhq wkh sursruwlrq ri
Wxwvl lq d vhfwru dqg wkh vh{ udwlr lq 53351 Iru d pruh ghwdlohg dqdo|vlv/ L qrz surfhhg
dv lq wkh suhylrxv vhfwlrq/ zlwk d uhjuhvvlrq dqdo|vlv dqg d sorw ri wkh revhuydwlrqv1

Wdeoh 419= Uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl +4<<3, dqg wkh vh{ udwlr +5335,
iru 44: vhfwruv ri Jlnrqjrur

Sursruwlrq Qxpehu ri Phdq <8( frq�ghqfhri Wxwvl revhuydwlrqv vh{ udwlr 5335 lqwhuydolq wkh vhfwru +4<<3,
?8( 79 ;<1< ^;;16 0 <418`8043( 47 <418 ^;;15 0 <71;`43053( 4: ;917 ^;714 0 ;;1;`53073( 4: ;:18 ^;81: 0 ;<17`A73( 56 ;917 ^;61; 0 ;;1<`
Wrwdo 44: ;;19 ^;:18 0 ;<19`

Vrxufh= Orfdo srsxodwlrq gdwd iru 44: vhfwruv ri Jlnrqjrur/ iru
4<<3 dqg 53351

Hvwlpdwlrq ri wkh vxuylydo fkdqfh ri Wxwvl phq dqg zrphq lq Jlnrqjrur
Wkh vh{ udwlr lq 5335 fdq eh zulwwhq dv iroorzv=

VU M<N)N)MCO P ' VU Q�R)R%N#O P
�E�� Wp P �p P �E� n jp P � Q%Q%S T @E�� Wz P �z P �E� n jz P � Q%Q)S T � +415,

zlwk

VU M%N%N)MCO P = wkh vh{ udwlr lq Mxqh 5335 lq vhfwru l
VU Q�R%R%N#O P = wkh vh{ udwlr lq Ghfhpehu 4<<3 lq vhfwru l

jp P = pdoh eluwk udwh 0 qhw hpljudwlrq udwh 0 pruwdolw| udwh +h{foxglqj
wkh pruwdolw| udwh ri Wxwvl phq gxulqj wkh jhqrflgh, lq vhfwru l

jz P = ihpdoh eluwk udwh 0 qhw hpljudwlrq udwh 0 pruwdolw| udwh +h{foxglqj
wkh pruwdolw| udwh ri Wxwvl zrphq gxulqj wkh jhqrflgh, lq vhfwru l



69 FKDSWHU 41 WKH GHDWK WROO RI WKH UZDQGDQ JHQRFLGH

Wp P = wkh udwlr ri Wxwvl phq wr wrwdo phq lq vhfwru l lq 4<<3
Wz P = wkh udwlr ri Wxwvl zrphq wr wrwdo zrphq lq vhfwru l lq 4<<3
�p P = wkh sursruwlrq ri Wxwvl phq nloohg lq vhfwru l lq 4<<7
�z P = wkh sursruwlrq ri Wxwvl zrphq nloohg lq vhfwru l lq 4<<7

��=D |hduv = wlph vsdq ehwzhhq Ghfhpehu 4<<3 dqg Mxqh 53351

Wdnlqj orjdulwkpv dqg uhduudqjlqj +417,/ zh rewdlq=

*?EVU M%N%N)M#O P � ' *?EVU Q�R%R%N�O P � n *?E�� Wp P �p P �� *?E�� Wz P �z P �
n��=D� *?E� n jp P �� ��=D� *?E� n jz P �= +416,

Djdlq/ zh gr qrw kdyh vx!flhqw lqirupdwlrq +derxw jp P dqg jz P , wr gluhfwo| ghulyh �p P
dqg �z P iurp +418,1 L wkhuhiruh hvwlpdwh wkh iroorzlqj htxdwlrq �%� zlwk QOV=

*?EVU M<N%NCMCO P � ' *?EVU Q�R)R%N#O P � n *?E�� Wp P �p�� *?E�� Wz P �z� n � n % P
l ' �> ===> Q ' ��.> +417,

zlwk � wkh dyhudjh gl�huhqfh ehwzhhq ��=D� *?E� n jp P � dqg ��=D� *?E� n jz P � iru wkh
44: vhfwruv ri Jlnrqjrur1 D qhfhvvdu| frqglwlrq iru frqvlvwhqf| ri wkh QOV hvwlpdwh iru
�p dqg �z lv wkdw W P grhv qrw fruuhodwh zlwk qhPLJ P!O bdc1egf�hDi�bjc�e dqg PRU P!O bjc�egf�hDi�bjc�e /
l1h1 wkh udwlr ri wkh qhw0hpljudwlrq ri phq wr wkh qhw0hpljudwlrq ri zrphq/ dqg wkh udwlr
ri wkh pruwdolw| ri phq wr wkh pruwdolw| ri zrphq1 Irupdoo|=

Fry �W P > qhPLJ P!O bjc�egf�hDi�bjc�e
� ' f +D 7,

Fry �W P >PRU PHO bdc1egf�hDi�bjc�e
� ' f +D 8,

Wkhvh dvvxpswlrqv pljkw eh ylrodwhg1 Rq wkh rqh kdqg/ li W P lv vwurqjo| fruuh0
odwhg zlwk fdvxdowlhv ri Kxwx phq/ wkhq Fry �W P >PRU P!O bjc�egf�hDi�bjc�e

� A f1 Rq wkh rwkhu
kdqg/ li vh{xdo ylrohqfh gxulqj 4<<7 uhvxowhg lq KLY2DLGV lqihfwlrqv dqg rwkhu vh{xdoo|
wudqvplwwhg glvhdvhv/ wkhq Fry �W P >PRU P!O bjc�ekf<h�i�bdc1e

� ? f1 Ixuwkhupruh/ li pdq| Wxwvl
zlgrzv pryhg rxw ri wkhlu vhfwru diwhu wkh jhqrflgh/ Fry �W P > qhPLJ P!O bdc�ekf<h�i�bdc1e

� ? f1
Krzhyhu/ li doohjhg +prvwo| pdoh, shushwudwruv ri wkh jhqrflgh wrrn uhixjh deurdg dqg
��� Wkh htxdwlrq +LL16, lv hvwlpdwhg xqghu wkh frqvwudlqw wkdw �z @

^� � �p� +Wxwvl phq 2 wrwdo Wxwvl,` 2 +Wxwvl zrphq 2 wrwdo Wxwvl,
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Wdeoh 41:= Sursruwlrq ri Wxwvl phq dqg zrphq nloohg gxulqj wkh jhqrflgh hvwlpdwhg
iurp d QOV uhjuhvvlrq rq wkh +orj, vh{ udwlr lq 5335 iru 44: vhfwruv ri Jlnrqjrur

Prgho G Prgho H Prgho ISurs1 ri Wxwvl phqnloohg lq jhqrflgh + [�l , 31:<4 \ +31349, 31:9; \ +31358, 31:96 \ +3134;,Surs1 ri Wxwvl zrphq
nloohg lq jhqrflgh + [�m , 31:43 \ +31349, 31:65 \ +31358, 31:6: \ +3134;,Orj vh{ udwlr lq 4<<3 3137: +313<;, 31494 +31439, 31374 +31433,Srs1 ghqvlw| lq 4<<3 5 081;h037 \ +<16h038, 0617h037 ] +41:h037, 0916h037 \ +<1:h038,
Vtxduhg srsxodwlrq :15h03: \ +41;h03:, 817h03: ^ +519h03:, :18h03: \ +41;h03:,ghqvlw| lq *<3Frppxqhv 6
Pxnr 0313:6 ] +3136<,Pxvdqjh 03139: ] +31373,
Q|dpdjdeh 031378 +3137:,Pxvheh|d 031364 +31376,Uxnrqgr 031396 +31378,
Pxgdvrpzd 031387 +3136<,Ndudpd 0313<3 ] +3137:,Nlq|dpdndud 0313:6 +31379,
Nlyx 3134; +31376,Pxexjd 031473 \ +3137<,Qvklol 03138: +3136<,
Pd|ru rssrvhg 31369 +31369,Ndgxkd pdvvdfuh 031334 +3135;,Nlehkr pdvvdfuh 0313:6 ^ +31369,

Qrwhv= vwdqgdug huuruv ehwzhhq eudfnhwv> vljql�fdqw dw wkh _ 43( ohyho/ ` 8( ohyho/ a 4( ohyho1" Wr fdofxodwh srsxodwlrq ghqvlw| zh xvhg wkh orfdo srsxodwlrq ri 4<<3 dqg uhfhqw gdwd
rq vxuidfh e| vhfwru1 Lq 5335/ wkh frxqwu|*v vxuidfh zdv uh0hvwlpdwhg zlwk wkh khos ri
LPX2XQGS17 Wkh uhihuhqfh jurxs lq Prgho +H, lv Ndudper Frppxqh1

glg qrw uhwxuq/ wkh uhyhuvh lv wuxh= Fry �W P > qhPLJ P!O bjc�egf�h�i<bjc�e
� A f1

Wr uhgxfh rplwwhg yduldeoh eldv/ L dgghg wkh srsxodwlrq ghqvlw| lq 4<<3 dqg wkh
vtxduhg srsxodwlrq ghqvlw| lq 4<<3 wr htxdwlrq +419,1 Wkh odwwhu yduldeoh pd| fdswxuh
uxudo0xuedq pljudwlrq ri phq1 Wkh vh{ udwlr ri 4<<3/ zklfk lv lqfoxghg lq +419, frqwurov
iru lqhuwld lq wkh vh{ udwlr/ dqg pd| fdswxuh pljudwlrq ehwzhhq 4<<3 dqg 53351 Wdeoh
41: vkrzv wkh uhvxowv1 Lq prgho G wkh hvwlpdwhg ydoxhv iru wkh sdudphwhuv �p dqg �z
duh uhvshfwlyho| 31:<4 dqg 31:43 dqg wkh| duh vljql�fdqw1 Wkh olqn0whvw idlov wr uhmhfw
wkh qxoo k|srwkhvlv wkdw wkh prgho lv fruuhfwo| vshfl�hg1 Zh pd| frqfoxgh wkdw zkhuhdv
Wxwvl phq kdg d 54( fkdqfh rq dyhudjh ri vxuylylqj wkh jhqrflgh/ wkh vxuylydo udwh iru
Wxwvl zrphq zdv qrw pxfk kljkhu/ rqo| 5<(1 Wklv vpdoo gl�huhqfh lv lq olqh zlwk wkh
revhuydwlrq ri Kxpdq Uljkwv Zdwfk +KUZ 4<<</ s1 5<9, wkdw lq 4<<7 dvvdlodqwv glg qrw
riwhq vsduh wkh olyhv ri Wxwvl zrphq1
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%Lq pdq| frppxqlwlhv zrphq dqg fkloguhq zkr kdg vxuylyhg wkh �uvw zhhnv ri
wkh jhqrflgh zhuh vodlq lq plg0Pd|1 Lq wkh sdvw Uzdqgdqv kdg qrw xvxdoo| nloohg
zrphq lq frq lfwv dqg dw wkh ehjlqqlqj ri wkh jhqrflgh dvvdlodqwv riwhq vsduhg
wkhp1 Zkhq plolwld kdg zdqwhg wr nloo zrphq gxulqj dq dwwdfn lq Nljdol lq odwh
Dsulo/ iru h{dpsoh/ Uhq}dkr +Frorqho/ dqg suhihfw ri Nljdol, kdg lqwhuyhqhg wr
vwrs lw1 Nloohuv lq Jlnrqjrur wrog d zrpdq wkdw vkh zdv vdih ehfdxvh *Vh{ kdv
qr hwkqlf jurxs*1 Wkh qxpehu ri dwwdfnv djdlqvw zrphq/ doo derxw dw wkh vdph
wlph/ lqglfdwhv wkdw d ghflvlrq wr nloo zrphq kdg ehhq pdgh dw wkh qdwlrqdo ohyho
dqg zdv lpsohphqwhg lq orfdo frppxqlwlhv1 Zrphq zkr kdg ehhq olylqj rq wkhlu
rzq dv zhoo dv wkrvh zkr kdg ehhq nhsw dolyh wr vhuyh wkh vh{xdo ghpdqgv ri wkhlu
fdswruv zhuh vodxjkwhuhg1%

Wkh vsdwldo sdwwhuq ri vxuylydo fkdqfhv ri Wxwvl phq dqg zrphq lq Jlnrqjrur
Lq rughu wr h{sodlq wkh jhrjudsklfdo sdwwhuq ri vh{ udwlrv1 L sorwwhg wkh revhuydwlrq
srlqwv lq Iljxuh 4171 Wkh krul}rqwdo d{lv phdvxuhv wkh sursruwlrq ri Wxwvl lq d vhfwru1
Wkh fxuyh jlyhv wkh hvwlpdwhg uhodwlrqvkls ehwzhhq W P dqg VU M<N%N)M#O P = n Q%UWVWboX�Z�bdpn Q%UWVWh�X�Z�hDp / zlwk
�p ' f=.b dqg �z ' f=.�/ dqg uhvshfwlyh <8( frq�ghqfh lqwhuydov df=..D> f=Hf.o dqg
df=Sbe> f=.2So1 Wkh grwv duh wkh huuru whupv iurp htxdwlrq +419,/ l1h1 wkh ghyldwlrq iurp
wkh suhglfwhg vh{ udwlr1 Iljxuh 417 vkrzv frqvlghudeoh yduldwlrq durxqg wkh fxuyh/ zlwk
wkh vhfwruv ri Q|dpdjdeh dqg Pxnr Frppxqh o|lqj erwk idu ehorz dqg idu deryh wkh
fxuyh1 Rqo| wkh vhfwruv ri Pxexjd Frppxqh vkrz d fohdu sdwwhuq ehorz wkh ehqfkpdun1
Lq uhjuhvvlrq H/ Pxexjd kdv d frh!flhqw wkdw lv kljko| qhjdwlyh dqg vljql�fdqwo| gl�huhqw
iurp }hur1 Wklv fruuhvsrqgv wr rxu hduolhu glvfxvvlrq zhuh zh irxqg wkdw wkh jhqrflgh
zdv sduwlfxoduo| vhyhuh lq Pxexjd frppxqh1 Lq uhjuhvvlrq I/ wkh frh!flhqw iru wkh
gxpp| ri wkh Nlehkr pdvvdfuh lq Pxexjd Frppxqh lv vljql�fdqwo| qhjdwlyh1

417 Frqfoxvlrq
Wklv fkdswhu surylghv hylghqfh iru wkh doohjdwlrq wkdw wkh qxpehu ri Wxwvl lq wkh 4<<4
srsxodwlrq fhqvxv zdv xqghu0uhsruwhg1 Wklv doohjdwlrq kdv riwhq ehhq pdgh rq wkh edvlv
ri wzr dujxphqwv1 Rq wkh rqh kdqg/ ehfdxvh ri lwv hwkqlf txrwd srolf|/ wkh Uzdqgdq jry0
huqphqw kdg d prwlyh iru xqghu0uhsruwlqj wkh sursruwlrq ri Wxwvl lq wkh srsxodwlrq1 Rq
wkh rwkhu kdqg/ Wxwvl wkhpvhoyhv/ wu|lqj wr dyrlg glvfulplqdwlrq/ kdg d prwlyh wr uhjlvwhu



1.4. CONCLUSION 6<

Iljxuh 417= Uhodwlrqvkls ehwzhhq wkh sursruwlrq ri Wxwvl lq 4<<3 dqg wkh vh{ udwlr lq
5335/ hvwlpdwhg iru 44: vhfwruv ri Jlnrqjrur

11

11

1111

11

11

11

11

11

13
13

13

13

13

1313

13

13 11

11
11

12

12
12

12

12
12

1212

12

12
14

14

14
14

14

14

14

14

15

1515

15

15

15

15

15

18 18

18

18 18
18

18

1819

19
19

19

19

19

19

19
19

19

16

16

16

16
16

16

16

16

16
16

16

16

16

17

20

17

17

17

17

17

17

20

20

20

20

2020

23

23

2323
23
23

23

23

23

23

23 17
17

20

20

22
22
22

22

22

22

22
22

22
22

.7
.8

.9
1

1.
1

1.
2

P
re

di
ct

ed
 s

ex
 ra

tio
 in

 2
00

2 
an

d 
re

si
du

al
s

0 .2 .4 .6
Proportion of Tutsi in 1990

Qrwh= Wkh fxuyh lv edvhg rq wkh htxdwlrq= +4 � Wp � �p,@+4 � Wz � �z, zlwk �p @ 3=:<
+dyhudjh sursruwlrq ri Wxwvl phq nloohg,/ �z @ 3=:4 +dyhudjh sursruwlrq ri Wxwvl zrphq
nloohg,/Wp � @wkh sursruwlrq ri Wxwvl phq lq d vhfwru lq 4<<3 dqg Wz � @wkh sursruwlrq ri
Wxwvl zrphq lq d vhfwru lq 4<<31 Wkh grwv duh wkh uhvlgxdov ri uhjuhvvlrq +G, +Vhh Wdeoh 41:,1
Wkh qxpehuv fruuhvsrqg wr wkh vhfwruv ri wkh iroorzlqj frppxqhv= Pxnr+44,/ Pxvdqjh +45,/
Pxvheh|d +46,/ Ndudper +47,/ Uxnrqgr +48,/ Pxgdvrpzd +49,/ Q|dpdjdeh +4:,/ Ndudpd
+4;,/ Nlq|dpdndud +4<,/ Nlyx +53,/ Uzdplnr +54,/ Pxexjd +55,/ Qvklol +56,1

dv Kxwx1 Wkh hylghqfh suhvhqwhg vwhpv iurp d frpsdulvrq ehwzhhq wkh 4<<4 fhqvxv dqg
4<<3 srsxodwlrq gdwd iurp wkh orfdo dgplqlvwudwlrq ri Jlnrqjrur Suhihfwxuh1 Wkh iruphu
uhsruwhg 451;( Wxwvl lq wkh srsxodwlrq ri Jlnrqjrur/ zkloh wkh odwwhu frqwdlqhg d pxfk
kljkhu sursruwlrq ri Wxwvl/ 4:18(1 E| frqwudvw/ rwkhu srsxodwlrq fkdudfwhulvwlfv/ vxfk dv
srsxodwlrq vl}h dqg wkh vh{ udwlr kdugo| gl�huhg dfurvv wkhvh gdwd vrxufhv1 Li wkh h{whqw
ri xqghu0uhsruwlqj zdv vlplodu lq rwkhu suhihfwxuhv/ wkh qxpehu ri Wxwvl dw wkh rxweuhdn
ri wkh jhqrflgh zrxog kdyh ehhq derxw 73( kljkhu wkdq wkh qxpehu h{wudsrodwhg iurp
wkh 4<<4 fhqvxv1

Diwhu wkh jhqrflgh/ wkh Uzdqgdq jryhuqphqw qr orqjhu uhsruwhg hwkqlf lghqwlw| lq
wkh srsxodwlrq vwdwlvwlfv1 Wklv frpsolfdwhv wkh hvwlpdwh ri Wxwvl vxuylyruv ri wkh jhqr0
flgh1 Xvlqj wkh orfdo srsxodwlrq gdwd ri Jlnrqjrur Suhihfwxuh dqg pdnlqj dvvxpswlrqv
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derxw wkh ihulolw| udwh/ qdwxuhdo ghdwk udwh dqg pljudwlrq/ L hvwlpdwh wkdw rqo| 58( ri
Wxwvl lq Jlnrqjrur vxuylyhg1 Vrph frppxqhv lq Jlnrqjrur fohduo| ghyldwhg iurp wklv
ehqfkpdun1 Hvshfldoo| lq Pxexjd dqg Uxnrqgr wkh jhqrflgh zdv pxfk pruh ghdgo|1
Wkh rssrvlwh zdv wuxh iru Q|dpdjdeh dqg Pxnr1 Wkh orfdwlrq ri kxjh pdvvdfuhv dqg wkh
zd| ylrohqfh vsuhdg dfurvv frppxqhv zhuh vwurqj ghwhuplqdqwv ri wkh vxuylydo fkdqfh
ri Wxwvl lq d vhfwru1 Wkh rssrvlwlrq ri orfdo dxwkrulwlhv lq Jlnrqjrur glg qrw pdnh d
vljql�fdqw gl�huhqfh1 Wkh olyhv ri Wxwvl zrphq lq Jlnrqjrur zhuh qrw vsduhg= lw lv hvwl0
pdwhg wkdw Wxwvl zrphq kdg rq dyhudjh 5<( fkdqfh ri vxuylylqj/ frpsduhg zlwk d 54(
fkdqfh iru Wxwvl phq1

Jlnrqjrur lv rqo| rqh ri wkh hohyhq suhihfwxuhv lq Uzdqgd/ dffrxqwlqj iru ohvv wkdq
:( ri wkh wrwdo srsxodwlrq dqg derxw 43( ri wkh Wxwvl srsxodwlrq1 H{wudsrodwlqj wkh
hylghqfh iurp Jlnrqjrur wr wkh zkroh ri Uzdqgd fdqqrw wkhuhiruh surylgh d vrxqg
hvwlpdwh ri wkh ryhudoo ghdwk wroo ri wkh jhqrflgh1 Krzhyhu/ wkh fdvh ri Jlnrqjrur eulqjv
wkh hvwlpdwhg ghdwk wroo forvhu wr lwv wuxh ydoxh dqg qduurzv wkh lqwhuydo durxqg wkh
hvwlpdwh1 Edvhg rq wkh suhvhqwhg hylghqfh dqg d vhqvlwlylw| dqdo|vlv/ L hvwlpdwh wkdw wkh
qxpehu ri Wxwvl nloohg gxulqj wkh jhqrflgh olhv ehwzhhq 933/333 dqg ;33/333/ dqg wkdw
rqo| 58 wr 63( ri wkh Wxwvl srsxodwlrq vxuylyhg wkh jhqrflgh ri 4<<71
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41D Dsshqgl{

Wdeoh 41D14= Dq h{dpsoh ri wkh srsxodwlrq gdwd ri wkh orfdo dgplqlvwudwlrq ri Jlnrqjrur
Suhihfwxuh
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Pds 41D14= Wkh sursruwlrq ri Wxwvl dw wkh vhfwru ohyho lq Jlnrqjrur Suhihfwxuh/ 4<<3

Vrxufh= orfdo srsxodwlrq gdwd iru 44: vhfwruv ri Jlnrqjrur/ 4<<31
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Pds 41D15= Dqqxdo srsxodwlrq jurzwk ryhu 4<<305335 dw wkh vhfwru ohyho lq Jlnrqjrur
Suhihfwxuh

Vrxufh= orfdo srsxodwlrq gdwd iru 44: vhfwruv ri Jlnrqjrur/ 4<<3 dqg 53351
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Pds 41D16= Vh{ udwlr lq 5335 dw wkh vhfwru ohyho lq Jlnrqjrur Suhihfwxuh

Vrxufh= orfdo srsxodwlrq gdwd iru wkh vhfwruv ri Jlnrqjrur/ 53351
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Wdeoh 41D15= Dvvxpswlrqv xqghuo|lqj wkh hvwlpdwh iru wkh jhqrflgh*v ghdwk wroo
Dvvxpswlrqv pdgh iru wkh dqqxdo srsxodwlrq Dvvxpswlrqv pdgh iru wkh
jurzwk udwh +iru Wxwvl, ehwzhhq 4<<404<<7= qxpehu ri Wxwvl vxuylyruv

Zh hvwlpdwh wkh qxpehu ri Wxwvl lq Mxo| 4<<7 dv Zh pdnh wkuhh dvvxpswlrqv uhj0
iroorzv= duglqj wkh vxuylydo udwh=
S q�r>s tuQ�R%R%v @ +4.3136, w P�bdcyxHz�{Ce { S |}r�~Cr�x w Q�R)R#Q > 0 483/333 Wxwvl vxuylyhg= wkhvh duh
wlph vsdq @ 51<9 |hduv> wkh dqqxdo srsxodwlrq wkh vxuylyruv frxqwhg e| dlg ruj0
jurzwk ri 6( lv d fkrlfh pdgh rq wkh edvlv ri wkh dql}dwlrqv dw wkh hqg ri Mxo| 4<<71
iroorzlqj= 0 58( vxuylyhg= vhfwlrq 6 ri wklv
0 Ehwzhhq 4<:; dqg 4<<4 wkh dqqxdo srsxodwlrq sdshu hvwlpdwhg wkh vxuylydo udwh
jurzwk zdv 614( rq dyhudjh1 Ehwzhhq 4<<4 dqg lq Jlnrqjrur dw 58 (1
5335/ lw ghfuhdvhg wr 415(/ exw wklv lv odujho| gxh 0 63( vxuylyhg= wrjhwkhu zlwk Exw0
wr kljk pruwdolw| udwhv gxulqj zdu dqg jhqrflgh1 duh dqg Nlex|h/ Jlnrqjrur lv rqh
Wkh qxpehu ri fkloguhq eruq shu zrpdq uhpdlqhg ri wkh suhihfwxuhv eholhyhg wr kdyh
kljk/ dw 81; lq 53331 Lw zdv ;18 lq 4<;6 dqg 915 lq vx�huhg prvw iurp wkh jhqrflgh1
4<<5 +RQDSR/ 5334,1 Wkhuhiruh/ lw lv olnho| wkdw wkh vxuy0
0 Wkh kljk lqflghqfh ri KLY lqihfwlrq pd| kdyh lydo udwh iru wkh zkroh ri Uzdqgd
lqfuhdvhg pruwdolw| udwhv diwhu 4<<41 Krzhyhu/ wklv olhv deryh 58(1 KUZ +4<<<, hvwl0
lv olnho| wr kdyh sod|hg d vljql�fdqw uroh rqo| diwhu pdwhv wkdw 58( ri Wxwvl lq Exwduh
4<<7/ dv d uhvxow ri wkh glvsodfhphqw ri wkh srsx0 vxuylyhg1 Yhuzlps +5336d, �qgv
odwlrq gxulqj wkh zdu dqg jhqrflgh/ dqg vh{xdo wkdw ohvv wkdq 58( ri Wxwvl lq
ylrohqfh frpplwwhg rq d odujh vfdoh1 Nlex|h vxuylyhg +edvhg rq d odujh
0 Wkh 4<<4 fhqvxv uhsruwv d orzhu ihuwlolw| udwh gdwd vhw iurp LEXND,/ zkloh pruh
dprqj Wxwvl/ dqg d orzhu srsxodwlrq jurzwk iru wkdq 83 ( lq Jlwdudpd +edvhg rq
Wxwvl ehwzhhq 4<:; dqg 4<<4 +41<( yhuvxv 615( d vpdoo krxvhkrog gdwd vhw,1
iru Kxwx,1 Wklv gl�huhqfh pljkw vwhp iurp wkh idfw
wkdw pruh Wxwvl olyh lq xuedq duhdv wkdq Kxwx1 Krz0
hyhu/ lw pljkw dovr eh d frqvhtxhqfh ri ohvv xqghu0
uhsruwlqj ri Wxwvl lq wkh 4<:; fhqvxv wkdq lq wkh
4<<4 fhqvxv/ zklfk zdv fduulhg rxw lq d folpdwh ri
flylo zdu dqg juhdw ihdu dprqj Wxwvl1 Wklv pd| qrw
rqo| kdyh d�hfwhg uhfrughg jurzwk udwhv iru Wxwvl/
exw dovr wkh uhfrughg ihuwlolw|1 Wr lqfuhdvh wkh
fkdqfhv ri hquroolqj wkhlu fkloguhq lq sxeolf kljk
vfkrrov/ Wxwvl sduhqwv xvhg wr pdnh duudqjhphqwv
zlwk Kxwx iulhqgv wr dgrsw wkhlu fkloguhq ehiruh
wkh| frpsohwhg sulpdu| vfkrro1 R!fldoo| ehorqj0
lqj wr wkhlu Kxwx dgrswlyh idplo|/ wkhvh fkloguhq
zhuh uhfrughg dv Kxwx lq wkh fhqvxv1
0 Wr vwxg| wkh vhqvlwlylw| ri wkh ghdwk wroo
dprqj Wxwvl wr wkh dvvxphg srsxodwlrq
jurzwk udwh/ L uhshdwhg wkh fdofxodwlrqv
xvlqj dq dqqxdo jurzwk udwh ri 5 (1
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Wdeoh 41D16= Vhqvlwlylw| dqdo|vlv dvvxplqj dq dqqxdo srsxodwlrq jurzwk udwh ri 6 (
Vfhqdulrv iru Wxwvl Wxwvl lq Qxpehu ri Qxpehu Wxwvl nloohg

wkh uholdelolw| ri srsxodwlrq Mxo| 4<<7/ vxuylyruv ri Wxwvl dv ( ri
wkh fhqvxv uhsruw lq Dxjxvw �qr +dqg (, nloohg wrwdo Wxwvl

4<<4 jhqrflgh dw wkh hqg ri srsxodwlrq
vfhqdulr� Mxo| 4<<7 lq 4<<7

Qr 8<9/733 983/<33 483/333 +5613(, 833/<33 ::13
xqghu0uhsruwlqj { +;173(, 495/:33 +5813(, 7;;/533 :813

4<8/633 +6313(, 788/:33 :313
Xqghu0uhsruwlqj 954/:33 9:;/833 483/333 +5514(, 85;/<33 ::1<
ri 73 (/ rqo| +;1:9(, 49</933 +5813(, 83;/<33 :813
lq Jlnrqjrur � 536/933 +6313(, 7:8/333 :313

Xqghu0uhsruwlqj 95:/:33 9;8/433 483/333 +541<(, 868/433 :;14
ri 83 (/ rqo| +;1;7(, 4:4/633 +5813(, 846/;33 :813
lq Jlnrqjrur � 538/833 +6313(, 7:</933 :313

Xqghu0uhsruwlqj :4:/633 :;5/<33 483/333 +4<15(, 965/<33 ;31;
ri 73 ( lq Exwduh/ +43143(, 4<8/:33 +5813(, 8;:/533 :813
Jlnrqjrur/ Nlex|h 567/<33 +6313(, 87;/333 :313
dqg Nljdol Flw| �

Xqghu0uhsruwlqj :7:/433 ;48/733 483/333 +4;17(, 998/733 ;419
ri 83 ( lq Exwduh/ +43185(, 536/<33 +5813(, 944/933 :813
Jlnrqjrur/ Nlex|h 577/933 +6313(, 8:3/;33 :313
dqg Nljdol Flw| �

Xqghu0uhsruwlqj ;6:/433 <46/933 483/333 +4917(, :96/933 ;619
ri 73 (/ rqo| +441:<(, 55;/733 +5813(, 9;8/533 :813
lq Jlnrqjrur c 5:7/433 +6313(, 96</833 :313

Xqghu0uhsruwlqj ;<9/<33 <:;/<33 483/333 +4816(, ;5;/<33 ;71:
ri 83 (/ rqo| +45196(, 577/:33 +5813(, :67/533 :813
lq Jlnrqjrur c 5<6/:33 +6313(, 9;8/533 :313

" Jlyhq wkh hylghqfh suhvhqwhg lq wkh vhfrqg vhfwlrq ri wklv fkdswhu/ wklv vfhqdulr lv kljko| xqolnho|17 Lw lv kdug wr eholhyh xqghu0uhsruwlqj zrxog eh olplwhg wr rqh suhihfwxuh1 Wklv vfhqdulr lpsolhv
d sursruwlrq ri 5;( ri Wxwvl lq Uzdplnr +wkh frppxqh zlwk wkh plvvlqj gdwd,/ dqg rq dyhudjh
4;( lq Jlnrqjrur1 G Wkhuh duh vhyhudo uhdvrqv wr dvvxph wkdw wkh sursruwlrq ri Wxwvl lq Uzdplnr
zdv kljk1 Wklv vfhqdulr lpsolhv d sursruwlrq ri 78( Wxwvl lq Uzdplnr/ dqg rq dyhudjh 4<( lq
Jlnrqjrur1 � Wklv w|sh ri xqghu0uhsruwlqj zrxog ohdyh wkh udqnlqj ri suhihfwxuhv e| hwkqlflw| lqwdfw1� Wklv vfhqdulr lv sodxvleoh1 Wkh uhodwlyh sursruwlrqv ri Wxwvl lq wkh gl�huhqw suhihfwxuhv zrxog eh
pdlqwdlqhg1
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Wdeoh 41D17= Vhqvlwlylw| dqdo|vlv dvvxplqj dq dqqxdo srsxodwlrq jurzwk udwh ri 5 (
Vfhqdulrv iru Wxwvl Wxwvl lq Qxpehu ri Qxpehu Wxwvl nloohg

wkh uholdelolw| ri srsxodwlrq Mxo| 4<<7/ vxuylyruv ri Wxwvl dv ( ri
wkh fhqvxv uhsruw lq Dxjxvw �qr +dqg (, nloohg wrwdo Wxwvl

4<<4 jhqrflgh dw wkh hqg ri srsxodwlrq
vfhqdulr� Mxo| 4<<7 lq 4<<7

Qr 8<9/733 965/733 483/333 +561:(, 7;5/733 :916
xqghu0uhsruwlqj { +;173(, 48;/433 +5813(, 7:7/633 :813

4;</:33 +6313(, 775/:33 :313
Xqghu0uhsruwlqj 954/:33 98</533 483/333 +551;(, 83</533 ::15
ri 73 (/ rqo| +;1:9(, 497/;33 +5813(, 7<7/733 :813
lq Jlnrqjrur � 4<:/;33 +6313(, 794/833 :313

Xqghu0uhsruwlqj 95:/:33 998/933 483/333 +5518(, 848/933 ::18
ri 83 (/ rqo| +;1;7(, 499/733 +5813(, 7<</533 :813
lq Jlnrqjrur � 4<</:33 +6313(, 798/<33 :313

Xqghu0uhsruwlqj :4:/633 :93/933 483/333 +4<1:(, 943/933 ;316
ri 73 ( lq Exwduh/ +43143(, 4<3/533 +5813(, 8:3/833 :813
Jlnrqjrur/ Nlex|h 55;/533 +6313(, 865/733 :313
dqg Nljdol Flw| �

Xqghu0uhsruwlqj :7:/433 :<5/533 483/333 +4;1<(, 975/533 ;414
ri 83 ( lq Exwduh/ +43185(, 4<;/433 +5813(, 8<7/533 :813
Jlnrqjrur/ Nlex|h 56:/:33 +6313(, 887/833 :313
dqg Nljdol Flw| �

Xqghu0uhsruwlqj ;6:/433 ;;:/933 483/333 +491<(, :6:/933 ;614
ri 73 (/ rqo| +441:<(, 554/<33 +5813(, 998/:33 :813
lq Jlnrqjrur c 599/633 +6313(, 954/633 :313

Xqghu0uhsruwlqj ;<9/<33 <84/333 483/333 +481;(, ;34/333 ;715
ri 83 (/ rqo| +45196(, 56:/;33 +5813(, :46/633 :813
lq Jlnrqjrur c 5;8/633 +6313(, 998/:33 :313

" Jlyhq wkh hylghqfh suhvhqwhg lq wkh vhfrqg vhfwlrq ri wklv fkdswhu/ wklv vfhqdulr lv kljko| xqolnho|17 Lw lv kdug wr eholhyh xqghu0uhsruwlqj zrxog eh olplwhg wr rqh suhihfwxuh1 Wklv vfhqdulr lpsolhv
d sursruwlrq ri 5;( ri Wxwvl lq Uzdplnr +wkh frppxqh zlwk wkh plvvlqj gdwd,/ dqg rq dyhudjh
4;( lq Jlnrqjrur1 G Wkhuh duh vhyhudo uhdvrqv wr dvvxph wkdw wkh sursruwlrq ri Wxwvl lq Uzdplnr
zdv kljk1 Wklv vfhqdulr lpsolhv d sursruwlrq ri 78( Wxwvl lq Uzdplnr/ dqg rq dyhudjh 4<( lq
Jlnrqjrur1 � Wklv w|sh ri xqghu0uhsruwlqj zrxog ohdyh wkh udqnlqj ri suhihfwxuhv e| hwkqlflw| lqwdfw1� Wklv vfhqdulr lv sodxvleoh1 Wkh uhodwlyh sursruwlrqv ri Wxwvl lq wkh gl�huhqw suhihfwxuhv zrxog eh
pdlqwdlqhg1





Fkdswhu 5
Fdwwoh vdohv lq zdu0 dqg shdfhwlph=
d vwxg| ri krxvhkrog frslqj lq
Uzdqgd/ 4<<405334

514 Lqwurgxfwlrq
Lq wlphv ri qdwxudo glvdvwhu/ d odujh sduw ri wkh srsxodwlrq pd| idfh olih0wkuhdwhqlqj irrg
vkruwdjhv1 Lq vrph fdvhv/ wkh lqwhuqdwlrqdo frppxqlw| uhdfwv zlwk irrg dlg1 Wkh fdvh
ri wkh Dvldq Wvxqdpl +Ghfhpehu 5337, lv d uhfhqw h{dpsoh1 Lq wlphv ri ylrohqw frq lfw/
wkh wkuhdw ri irrg lqvhfxulw| pd| eh frpsdudeoh/ dqg irrg dlg pd| eh dv qhhghg/ exw
wkh uhvsrqvh ri lqwhuqdwlrqdo grqruv lv olnho| wr eh pxfk ohvv jhqhurxv/ dv looxvwudwhg e|
wkh rqjrlqj fulvlv lq Gduixu1 Dv d uhvxow krxvhkrogv d�hfwhg e| ylrohqw frq lfw qhhg wr
uho| pdlqo| rq wkhlu rzq frslqj vwudwhjlhv wr ghdo zlwk dq lqfrph vkruwidoo1

Wr zkdw h{whqw fdq krxvhkrogv nhhs xs zlwk irrg frqvxpswlrq gxulqj zduwlphvB
Zklfk frslqj vwudwhjlhv idlo dqg zklfk rqhv duh h�hfwlyhB Dqvzhulqj wkhvh txhvwlrqv qrw
rqo| vkhgv oljkw rq wkh delolw| ri krxvhkrogv wr frsh zlwk fulvhv zkhq dlg lv devhqw/ exw
dovr ohdgv wr d ehwwhu xqghuvwdqglqj ri wkh nlqg ri dlg dqg wdujhwlqj wkdw duh uhtxluhg
wr doorz krxvhkrogv wr xvh wkhlu rzq frslqj vwudwhjlhv/ erwk gxulqj dqg diwhu wlphv ri
ylrohqw frq lfw1

Ghvslwh wkh suhydohqfh ri flylo zdu lq pdq| sduwv ri wkh ghyhorslqj zruog/ olwwoh lv
nqrzq derxw krxvhkrog uhvsrqvhv wr dgyhuvh lqfrph vkrfnv vwhpplqj iurp ylrohqw frq0
 lfw1 Lq frqwudvw/ krxvhkrog uhvsrqvhv wr rwkhu vrxufhv ri lqfrph vkruwidoo/ vxfk dv udlqidoo

7<
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luuhjxodulwlhv dqg looqhvv/ kdyh ehhq h{whqvlyho| h{dplqhg lq wkh olwhudwxuh � 1 Dffruglqj wr
wklv olwhudwxuh/ uxudo krxvhkrogv xvh vhyhudo frslqj vwudwhjlhv/ vxfk dv lqirupdo lqvxudqfh
wkurxjk vrfldo qhwzrunv/ wkh uhrujdql}dwlrq ri krxvhkrog xqlwv/ whpsrudu| pljudwlrq/
dqg wkh ghsohwlrq ri dvvhwv wr sxufkdvh irrg1

Wr d odujh h{whqw/ wkh h{lvwlqj olwhudwxuh rq frslqj vwudwhjlhv lq shdfhwlph fdq eh
dssolhg wr wkh dqdo|vlv ri krxvhkrog uhvsrqvhv lq zduwlph1 Lqghhg/ pxfk olnh d zlghvsuhdg
kduyhvw idloxuh/ srolwlfdo xquhvw pd| ohdg wr lqfuhdvhg irrg lqvhfxulw| xujlqj krxvhkrogv
wr xvh rqh ru vhyhudo ri wkhlu frslqj vwudwhjlhv1 Rq wkh rwkhu kdqg/ krxvhkrog vwudwhjlhv
lq zduwlph pd| gl�hu iurp wkrvh lq shdfhwlph ghshqglqj h1j1 rq wkh ohqjwk ri wkh
zdu dqg wkh odfn ri vdihw| fuhdwhg e| nloolqj dqg orrwlqj vroglhuv ru uheho jurxsv1 Wklv
odfn ri vdihw| uhvwulfwv wkh pryhphqw ri shrsoh dqg wkh glvwulexwlrq ri irrg dlg/ pdnlqj
krxvhkrogv ghshqghqw rq d uhvwulfwhg vhw ri wkhlu rzq frslqj vwudwhjlhv1

Lq rughu wr jdlq lqvljkw lq wkh delolw| ri krxvhkrogv wr frsh zlwk dgyhuvh lqfrph vkrfnv
doo krxvhkrog frslqj vwudwhjlhv vkrxog eh vwxglhg vlpxowdqhrxvo|1 Krzhyhu/ ehfdxvh ri
gdwd olplwdwlrqv/ L irfxv rq rqh vlqjoh vwudwhj|/ l1h1 wkh ghsohwlrq ri fdwwoh lq uxudo
Uzdqgd gxulqj wkh shulrg 4<<4053341 L vwxg| zkhwkhu shdvdqw krxvhkrogv xvhg fdwwoh
vdohv wr frpshqvdwh iru dq lqfrph vkruwidoo iroorzlqj srolwlfdo xquhvw dqg rwkhu dgyhuvh
lqfrph vkrfnv1 Wkh xvh ri fdwwoh wr ex�hu frqvxpswlrq djdlqvw lqfrph vkrfnv kdv ehhq
vwxglhg lq shdfhwlph/ exw qrw lq zduwlph1 Wkhuhiruh/ wkh pdlq frqwulexwlrq ri wklv vwxg|
olhv lq wkh frpsdulvrq ri fdwwoh vdoh ehkdylru lq zduwlph dqg lq shdfhwlph1

Wkhuh lv dpsoh hylghqfh wkdw uxudo krxvhkrogv lq ghyhorslqj frxqwulhv uhdfw wr dg0
yhuvh lqfrph vkrfnv e| glvvdylqj +Sd{vrq/ 4<<6> Xgu|/ 4<<8> Doghupdq/ 4<<9> Olp dqg
Wrzqvhqg/ 4<<;,1 Vxfk ehkdylru lv frqvlvwhqw zlwk wkh shupdqhqw lqfrph k|srwkhvlv
dqg rwkhu vlpsoh prghov ri frqvxpswlrq vprrwklqj dffruglqj wr zklfk shrsoh vprrwk
rxw  xfwxdwlrqv lq lqfrph vr wkdw wkh| vdyh gxulqj shulrgv ri xqxvxdoo| kljk lqfrph
dqg glvvdyh gxulqj shulrgv ri xqxvxdoo| orz lqfrph +Iulhgpdq/ 4<8:> Kdoo dqg Plvknlq/
4<;5,1 Lw kdv dovr orqj ehhq k|srwkhvl}hg wkdw fuhglw0frqvwudlqhg krxvhkrogv zklfk idfh
vxevwdqwldo ulvn dffxpxodwh dvvhwv hvshfldoo| iru wkh sxusrvh ri frqvxpswlrq vprrwklqj
+]hoghv/ 4<;</ Ghdwrq/ 4<<4,1 Hvwdeolvklqj uhvhuyhv iru wklv sxusrvh lv uhihuuhg wr dv
vhoi0lqvxudqfh ru suhfdxwlrqdu| vdylqjv1

Krzhyhu/ lw lv qrw fohdu lq zklfk irup wkhvh vdylqjv rffxu1 Wkh sruwirolr ri dvvhwv
� Vhh iru h{dpsoh Doghupdq/ 4<<9/ Dvidz dqg Yrq Eudxq/ 5337/ Fruehww/ 4<;;/ Ghdwrq/ 4<<3/ Ghufrq/

4<<9/ Idifkdpsv/ 4<<;/ 5336/ Nlqvh| hw do1 4<<;/ Olp dqg Wrzqvhqg/ 4<<;/ Sd{vrq/ 4<<6/ Udydoolrq/
4<<:/ Prugxfk/ 4<<3/ PfShdn/ 5337/ Ur}hqvzhlj/ 4<;;/ Ur}hqvzhlj dqg Zroslq/ 4<<6/ Wrzqvhqg/ 4<<7
dqg Xgu|/ 4<<81
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dydlodeoh wr uxudo krxvhkrogv lq ghyhorslqj frxqwulhv lv idu iurp lghdo1 Ilqdqfldo vdylqjv
duh riwhq dq xqdwwudfwlyh rswlrq ehfdxvh edqnv duh vfdufh lq uxudo duhdv dqg lq dwlrq pd|
eh kljk1 Judlq vwrfnv pd| eh yhu| xvhixo iru vprrwklqj frqvxpswlrq ryhu d vkruw wlph
krul}rq/ exw wkh orqjhu wkh krul}rq/ wkh kljkhu wkh vwrudjh orvvhv1 Lq frqwudvw/ olyhvwrfn
kdv d srvlwlyh uhwxuq lq wkh irup ri dqlpdo wudfwlrq/ pdqxuh/ r�0vsulqj dqg plon1

Zkhwkhu ru qrw Uzdqgdq shdvdqw krxvhkrogv nhhs fdwwoh iru vhoi0lqvxudqfh/ l1h1 iru
wkh sxusrvh ri frqvxpswlrq vprrwklqj lv qrw wkh pdlq frqfhuq ri wklv fkdswhu1 Li wkh| gr/
wkhuh lv d kljk olnholkrrg wkdw krxvhkrogv uhvsrqg wr dgyhuvh lqfrph vkrfnv zlwk fdwwoh
vdohv1 Exw li wkh| gr qrw/ wklv olnholkrrg lv qrw }hur/ ehfdxvh/ hyhq li fdwwoh lv qrw nhsw
dv sduw ri d suhfdxwlrqdu| ru lqvxudqfh vwudwhj| wr ghdo zlwk wkh h{srvxuh wr uhfxuuhqw
lqfrph vkrfnv/ fdwwoh vdohv pd| eh sduw ri d fulvlv vwudwhj| wr frsh zlwk dq xqxvxdoo|
vhyhuh ru xqh{shfwhg wkuhdw wr irrg vhfxulw|/ vxfk dv wkh glvuxswlrq ri surgxfwlrq e|
zdu1

Vr idu/ vhyhudo hpslulfdo vwxglhv kdyh irxqg hylghqfh iru wkh xvh ri olyhvwrfn dv d ex�hu
lq ghyhorslqj frxqwulhv/ hlwkhu dv sduw ri d frpprq vwudwhj| ru lq uhvsrqvh wr xqxvxdo
vwuhvv +Fruehww/ 4<;;> Nlqvh| hw do1 4<<;/ PfShdn/ 5337/ Ur}hqvzhlj dqg Zroslq/ 4<<6,1
Krzhyhu/ dq htxdoo| odujh qxpehu ri vwxglhv uhsruw frqwudglfwlqj uhvxowv +Idifkdpsv/
4<<;/ Olp dqg Wrzqvhqg/ 4<<;/ Xgu|/ 4<<8,1 Wkhvh odwwhu vwxglhv srlqw wr wkh gl!fxowlhv
lq xvlqj olyhvwrfn dv d ex�hu/ vxfk dv lwv oxpslqhvv/ lwv ulvn| uhwxuq/ lwv whupv ri wudgh
ulvn/ dqg wkh lpsruwdqfh ri olyhvwrfn iru djulfxowxudo surgxfwlrq1

Lq zduwlph/ wkhuh pd| dovr eh gl!fxowlhv lq wkh xvh ri olyhvwrfn iru frqvxpswlrq
vprrwklqj1 Iluvw/ vlqfh d ylrohqw frq lfw riwhq d�hfwv zkroh uhjlrqv ru frxqwulhv/ pdq|
krxvhkrogv pd| vlpxowdqhrxvo| zdqw wr vhoo olyhvwrfn lq h{fkdqjh iru irrg/ gulylqj grzq
wkh sulfhv ri olyhvwrfn frpsduhg wr irrg sulfhv +whupv ri wudgh ulvn,1 Lq dgglwlrq/ vroglhuv/
uheho jurxsv dqg urdg eorfnv pd| uhvwulfw wkh pryhphqw ri shrsoh dqg olyhvwrfn/ dqg
wkxv olyhvwrfn vdohv1 Rq wkh rwkhu kdqg/ li wkh pryhphqw ri shrsoh lv vwloo srvvleoh/
krxvhkrogv pd| ghflgh wr txlfno| ghsohwh wkhlu olyhvwrfn/ lq dqwlflsdwlrq ri dq lqfuhdvhg
ulvn ri olyhvwrfn udlglqj ru wkh qhhg wr wdnh uhixjh1

Lq wkh wkhruhwlfdo sduw ri wklv fkdswhu/ L suhvhqw d frqvxpswlrq0vprrwklqj prgho
wr looxvwudwh wkhvh gl!fxowlhv dqg wudgh0r�v dvvrfldwhg zlwk wkh xvh ri fdwwoh iru frslqj
zlwk dgyhuvh lqfrph vkrfnv lq zduwlph1 Wkh hpslulfdo dqdo|vlv xvhv d xqltxh gdwdvhw ri
58; Uzdqgdq shdvdqw krxvhkrogv/ froohfwhg hljkw |hduv diwhu wkh jhqrflgh/ dqg lqfoxglqj
uhfdoo lqirupdwlrq rq dgyhuvh lqfrph vkrfnv/ fdwwoh vwrfn dqg wudqvdfwlrqv/ dqg krxvhkrog
frpsrvlwlrq1 Wr whvw zkhwkhu krxvhkrogv vrog fdwwoh lq uhvsrqvh wr zdu0uhodwhg dgyhuvh
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lqfrph vkrfnv dqg rwkhu vkrfnv/ L xvh d gluhfw phdvxuh ri vhoi0uhsruwhg vkrfnv iru doo
hohyhq |hduv zlwklq wkh shulrg 4<<4053341

L �qg wkdw fdwwoh vdohv zhuh uhvsrqvlyh wr dgyhuvh lqfrph vkrfnv erwk lq shdfhwlph dqg
lq zduwlph1 Wklv uhvxow vkrxog eh lqwhusuhwhg zlwk fduh1 Wkh gdwd dw kdqg gr qrw shuplw
d whvw ri wkh rswlpdo vdylqj ehkdylru dv suhglfwhg e| wkh shupdqhqw lqfrph k|srwkhvlv/
wkh ex�hu vwrfn prgho iru suhfdxwlrqdu| vdylqjv ru dq| rwkhu prgho ri frqvxpswlrq
vprrwklqj1 Lq rughu wr gr vr/ rqh zrxog qhhg frpsohwh gdwd rq krxvhkrog frqvxpswlrq/
lqfrph dqg vdylqjv ryhu wlph +fi1 glvfxvvlrq lq Xgu|/ 4<<8,1 Wkh uhodwlrqvkls ehwzhhq
vhoi0uhsruwhg dgyhuvh lqfrph vkrfnv dqg fdwwoh0vwrfn wudqvdfwlrqv ryhu wlph fdq dw ehvw
surylgh vxjjhvwlyh hylghqfh ri wkh xvh ri fdwwoh iru frqvxpswlrq vprrwklqj1 Lqghhg/
wklv uhodwlrqvkls frxog dovr eh wkh rxwfrph ri d vkliw lq wkh krxvhkrog dvvhw sruwirolr
frpsrvlwlrq wuljjhuhg ri e| fkdqjhv lq uhodwlyh dvvhw uhwxuqv iroorzlqj wkh vkrfnv1

Wkhuhiruh/ wr wdnh wkh hpslulfdo dqdo|vlv rqh vwhs ixuwkhu/ L glvwlqjxlvk ehwzhhq wkh
gl�huhqw uhdvrqv uhsruwhg iru fdwwoh vdohv/ zkhwkhu prwlydwhg e| wkh qhhg wr sxufkdvh
irrg ru e| sruwirolr fkdqjhv1 L uhshdw wkh hfrqrphwulf whvw zlwk fdwwoh vrog iru wkh sxusrvh
ri sxufkdvlqj irrg dv wkh h{sodqdwru| yduldeoh1 Grlqj vr/ wkh uhodwlrqvkls ehwzhhq fdwwoh
vdohv dqg dgyhuvh lqfrph vkrfnv ehfrphv zhdnhu lq shdfhwlph/ exw pxfk vwurqjhu lq
zduwlph1 Krzhyhu/ dowkrxjk xvhg iru wklv sxusrvh/ lw lv xqolnho| wkdw fdwwoh vdohv zhuh
h�hfwlyh wr ex�hu frqvxpswlrq djdlqvw wkh zduwlph vkrfnv1 Iluvw/ gxulqj wkh jhqrflgh
fdwwoh sulfhv ihoo wr ohvv wkdq kdoi ri wkh 4<<6 fdwwoh sulfh/ zkloh irrg sulfhv vrduhg
frqfxuuhqwo|1 Lq dgglwlrq/ wkh ulvn ri fdwwoh udlglqj zdv yhu| kljk gxulqj wkh shulrg
ri srolwlfdo xquhvw vxfk wkdw pdq| krxvhkrogv wkdw wulhg wr h{fkdqjh fdwwoh iru irrg
pd| kdyh uhwxuqhg hpsw|0kdqghg1 Pruhryhu/ L �qg hylghqfh wkdw wkh krxvhkrogv prvw
wdujhwhg lq wkh ylrohqfh glg qrw vhoo wkhlu fdwwoh lq 4<<7/ dujxdeo| ehfdxvh ri wkh odfn ri
vdihw| rq wkh urdgv1

Wkh rujdql}dwlrq ri wkh fkdswhu lv dv iroorzv1 Wkh qh{w vhfwlrq surylghv lqvljkw
lq wkh Uzdqgdq idup dqg olyhvwrfn v|vwhp dqg wkh h�hfwv ri wkh jhqrflgh rq irrg
lqvhfxulw| dw wkh krxvhkrog ohyho1 Lq vhfwlrq wkuhh/ L glvfxvv wkh wkhru| dqg hylghqfh iru
wkh uroh ri olyhvwrfn lq frslqj zlwk dgyhuvh lqfrph vkrfnv lq shdfhwlph1 Vxevhtxhqwo|/
L ghyhors d wkhruhwlfdo iudphzrun wkdw looxvwudwhv wkh gl!fxowlhv dvvrfldwhg zlwk wkh
xvh ri olyhvwrfn iru frqvxpswlrq vprrwklqj lq zduwlph1 Vhfwlrq irxu suhvhqwv vxppdu|
vwdwlvwlfv rq vkrfnv dqg fdwwoh wudqvdfwlrqv iru rxu vdpsoh ri 58; krxvhkrogv lq Jlnrqjrur
dqg Jlwdudpd Surylqfh1 Lq vhfwlrq �yh/ L whvw iru wkh xvh ri fdwwoh vdohv iru frslqj
zlwk dgyhuvh lqfrph vkrfnv lq erwk zdu0 dqg shdfhwlph1 Vhfwlrq vl{ irfxvvhv rq fdwwoh
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sxufkdvh ehkdylru dqg hydoxdwhv zkhwkhu wkh krxvhkrogv lq rxu vdpsoh sxufkdvhg fdwwoh
hvshfldoo| iru wkh sxusrvh ri frqvxpswlrq vprrwklqj1 Lq vhfwlrq vhyhq/ L suhvhqw vrph
gdwd dqg uhvxowv iru vpdoo olyhvwrfn/ iru zklfk wkh dydlodeoh uhfdoo gdwd zdv pxfk ohvv
h{whqghg wkdq iru fdwwoh1 Vhfwlrq hljkw frqfoxghv1

515 Uxudo olyholkrrg/ vkrfnv dqg frslqj vwudwhjlhv lq
Uzdqgd

51514 Idup v|vwhp dqg irrg +lq,vhfxulw|
Uzdqgd lv wkh prvw ghqvho| srsxodwhg frxqwu| lq Diulfd1 Exw qrwzlwkvwdqglqj khdy|
srsxodwlrq suhvvxuh/ wkh Uzdqgdq srsxodwlrq kdv uhpdlqhg ryhuzkhoplqjo| uxudo dqg
ghshqghqw rq +pdlqo| vxevlvwhqfh, djulfxowxuh1 Wkh h{whqvlrq ri fxowlydwlrq wr xqxvhg
odqg kdv uhdfkhg lwv olplw1 Frqvhtxhqwo| wkh dyhudjh idup vl}h kdv ghfuhdvhg ryhu wlph
+Fod|/ 4<<9> Fod| hw do/ 5335> Jryhuqphqw ri Uzdqgd/ 5336> Ps|lvl hw do1 5336,1 Pruh0
ryhu/ odqg surgxfwlylw| kdv ghfolqhg dv ohvv ihuwloh odqg kdv ehhq wdnhq xs iru fxowlydwlrq1
Whfkqrorjlfdo surjuhvv dqg djulfxowxudo lqwhqvl�fdwlrq kdyh qrw |hw ehhq deoh wr wxuq
wkh wlgh +Fod|/ 4<<9> Fod| hw do1/ 5335> Dqguì dqg Sodwwhdx/ 4<<;> Ps|lvl hw do1 5336, � 1
Wkh uhvxow lv d jurzlqj qxpehu ri irrg lqvhfxuh krxvhkrogv zlwk vpdoo dqg lqihuwloh odqg
kroglqjv +PfNd| dqg Oryhulgjh/ 5338,1

Ehvlghv vwuxfwxudo irrg lqvhfxulw|/ wkh Uzdqgdq uxudo srsxodwlrq dovr uhjxoduo| idfhv
vkdus lqfrph  xfwxdwlrqv1 Iduphuv duh fkurqlfdoo| frqiurqwhg zlwk olyhvwrfn/ urrw dqg
furs glvhdvhv/ exw udlqidoo frqglwlrqv uhpdlq wkh prvw lpsruwdqw idfwru lq ghwhuplqlqj
wkh rxwfrph ri wkh vhdvrq1 Lqvx!flhqw udlqidoo pd| uhvxow lq kduyhvw idloxuh/ zkloh khdy|
udlqidoo lv riwhq dvvrfldwhg zlwk d kljk djulfxowxudo rxwsxw lq Uzdqgd1 Wkh grzqvlgh
lv wkdw h{fhvvlyh udlqv djjudydwh hurvlrq dqg pd| fdxvh  rrglqj> zdvklqj dzd| |rxqj
fursv +IHZV QHW/ 5333,1

Wkh kdugvkls ri udlqidoo vkrfnv lv djjudydwhg e| irrg sulfh lqfuhdvhv iroorzlqj zlgh0
vsuhdg kduyhvw idloxuh1 Kljkhu sulfhv phdq pruh gl!fxow dffhvv wr irrg/ hvshfldoo| iru
wkh srru zkr ghshqg rq wkh pdunhw iru wkhlu vxevlvwhqfh1 Sulfh lqfuhdvhv pd| eh prg0
hudwhg e| lpsruwv iurp rwkhu duhdv ru iurp qhljkerulqj frxqwulhv1 Lq Uzdqgd/ wkh pdlq

� Wkh xvh ri lpsuryhg vhhgv dqg ihuwlol}hu lv yhu| olplwhg lq Uzdqgd/ hyhq frpsduhg wr Diulfdq
vwdqgdugv +Zruog Edqn/ 5337,1 Rwkhu irupv ri lqwhqvl�fdwlrq/ vxfk dv lqfuhdvhg oderu lqsxw/ pl{hg
fursslqj/ dqg wkh xvh ri pdqxuh duh zlgho| dssolhg exw fdqqrw vx!flhqwo| errvw odqg surgxfwlylw|1
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pdunhwv iru qrq0shulvkdeoh frpprglwlhv/ vxfk dv fhuhdov dqg sxovhv/ duh zhoo lqwhjudwhg/
exw wkrvh iru exon|/ shulvkdeoh frpprglwlhv vxfk dv vzhhw srwdwrhv/ fdvvdyd dqg frrn0
lqj edqdqdv duh srruo| lqwhjudwhg1 Sulfh klnhv/ hvshfldoo| iru ehdqv/ duh sduwo| fkhfnhg
e| lpsruwv iurp wkh Ghprfudwlf Uhsxeolf ri Frqjr dqg Xjdqgd1 Krzhyhu/ ghvslwh wkh
pdunhw phfkdqlvpv/ sulfhv ri irrg fursv lq Uzdqgd duh kljko| vhqvlwlyh wr zhdwkhu frq0
glwlrqv1 Wkh| ulvh dv d uhvxow ri gurxjkw0lqgxfhg surgxfwlrq vkruwidoov/ dqg idoo pdunhgo|
lq wkh idfh ri dq rswlplvwlf surgxfwlrq rxworrn +IHZV QHW/ 5333> DGGV udlqidoo gdwd
4<<;05334> SDVDU pdunhw sulfhv/ 4<;905335,1

51515 Olyhvwrfn v|vwhp
Fdwwoh sod| dq lpsruwdqw uroh lq wkh uxudo vrflhw| ri Uzdqgd1 Wkh| surylgh wkhlu rzqhu
zlwk vwdwxv dqg suhvwljh/ dqg duh h{fkdqjhg dv d vljq ri d forvh dqg hqgxulqj erqg/ iru
h{dpsoh dv sduw ri d eulgh sulfh +Gh Odph/ 4<<9> Pljhrwwh/ 4<<:,1 Lq hfrqrplf whupv/
fdwwoh duh ydoxdeoh iru uxudo Uzdqgdq krxvhkrogv/ pdlqo| ehfdxvh wkhlu pdqxuh lv zlgho|
xvhg dv ihuwlol}hu � 1 Ghvslwh wkhvh wzr glvwlqfw urohv ri fdwwoh/ rqo| 63 shufhqw ri Uzdqgdq
iduphuv rzqhg fdwwoh lq 5333 +Jryhuqphqw ri Uzdqgd/ 5335e,1 Fdwwoh rzqhuvkls gursv
wr 48 shufhqw iru wkh krxvhkrogv lq wkh orzhvw h{shqglwxuh txlqwloh1 Wkh oxpslqhvv ri
fdwwoh frpelqhg zlwk wkh krxvhkrogv* orz sxufkdvlqj srzhu/ hyhq lq jrrg furs |hduv/
pd| suhyhqw pdq| srru krxvhkrogv iurp dffxpxodwlqj fdwwoh1

Lw kdv ehhq hvwlpdwhg wkdw gxulqj wkh jhqrflgh ri 4<<7/ ;3 shufhqw ri wkh fdwwoh vwrfn
zdv orvw +IDR/ 4<<:,1 Orrwlqj vroglhuv/ plolwld dqg ruglqdu| flyloldqv nloohg fdwwoh iru
lpphgldwh frqvxpswlrq ru wr vsuhdg whuuru1 Fdwwoh zhuh dovr orvw ehfdxvh ri lqgluhfw
h�hfwv ri zduiduh/ qdpho|/ wkh odfn ri sdvwxuh/ irgghu dqg yhwhulqdu| dwwhqwlrq gxulqj
wkh zdu1 Uhvwrfnlqj ri fdwwoh lq wkh lpphgldwh srvw0zdu |hduv zdv vorz ehfdxvh ri vhyhuh
uxudo sryhuw|1 Exw d frpsdulvrq ri wzr qdwlrqzlgh vxuyh|v/ ri 4<<3 dqg 5333/ vxjjhvwv
wkdw e| 5333 wkh dyhudjh qxpehu ri fdwwoh shu idup krxvhkrog doprvw uhdfkhg lwv suh0fulvlv
ohyho ri derxw 3193 khdgv +IVUS hw do1/ 4<;704<<5/ Jry1 ri Uzdqgd/ 5335e, � 1

� Fdwwoh duh kdugo| hyhu vodxjkwhuhg iru phdw frqvxpswlrq1 Li vr/ wkh phdw prvwo| jrhv wr xuedq
fhqwhuv1 Dqlpdo wudfwlrq lv yhu| uduh rq wkh kloo| kljkodqgv ri Uzdqgd1� D Uzdqgdq iduphu krxvhkrog rzqhg rq dyhudjh 3198 khdgv ri fdwwoh lq 4<<3/ frpsduhg wr 3193 lq
53331 Wkhvh �jxuhv duh fdofxodwhg iurp uhvshfwlyho| wkh IVUS gdwd dqg wkh HLFY gdwd +Jryhuqphqw
ri Uzdqgd/ 5335e,1 Wkh IVUS vxuyh| zdv frqfhuqhg zlwk djulfxowxudo surgxfwlrq dqg glg qrw lqfoxgh
sdvwrudo krxvhkrogv1 Wkh HLFY zdv d qdwlrqdoo| uhsuhvhqwdwlyh vdpsoh ri doo w|shv ri krxvhkrogv1 Lq
rughu wr frpsduh fdwwoh rzqhuvkls dfurvv erwk gdwdvhwv/ L h{foxghg xuedq krxvhkrogv dqg wkh krxvhkrogv
ri Xpxwdud surylqfh iurp wkh HLFY gdwd1 Pdq| krxvhkrogv ri Xpxwduh surylqfh hqwhuhg Uzdqgd diwhu
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Lq d orqjhu wlph shuvshfwlyh/ wkhuh lv hylghqfh wkdw wkh dyhudjh qxpehu ri fdwwoh shu
idup krxvhkrog kdv ghfuhdvhg1 Dffruglqj wr d qdwlrqzlgh vxuyh| ri 4<;7/ idup krxvh0
krogv rzqhg rq dyhudjh 31:8 khdgv ri fdwwoh +IVUS hw do1/ 4<;704<<5,1 Rqh h{sodqdwlrq
ri wkh ghfuhdvh pljkw eh wkdw odqg vfduflw| surirxqgo| fkdqjhg wkh olyhvwrfn v|vwhp1
Dv iduphuv vwduwhg wr fxowlydwh odqg suhylrxvo| khog lq sdvwxuh/ sdvwxuh odqg ehfdph
h{wuhpho| vfdufh dqg lwv dffhvv sulydwl}hg +Fod|/ 4<<9> Fod| hw do1/ 5335= Ps|lvl hw do1/
5336,1 D jurzlqj qxpehu ri fdwwoh rzqhuv qhhghg wr uhqw lq sdvwxuh odqg/ ru nhhs wkhlu
fdwwoh vwdeohg1 Wklv odwwhu rswlrq lv frvwo| lq whupv ri wkh lqyhvwphqw lq wkh vwdeoh dqg
wkh oderu wlph qhhghg iru ihhglqj dqg zdwhulqj wkh vwdeohg fdwwoh � 1

Ehvlghv fdwwoh/ Uzdqgdq uxudo krxvhkrogv dovr nhhs vpdoo olyhvwrfn1 Lq 5333/ iduphu
krxvhkrogv rzqhg rq dyhudjh 4166 jrdwv/ 3176 vkhhs dqg 3166 sljv1 Derxw ;3 shufhqw
ri iduphu krxvhkrogv rzqhg vrph olyhvwrfn1 Hyhq lq wkh orzhvw h{shqglwxuh txlqwloh/
wkh sursruwlrq ri olyhvwrfn rzqhuv zdv txlwh kljk +:4 shufhqw, +Jryhuqphqw ri Uzdqgd/
5335e,1 Dowkrxjk prvw idup krxvhkrogv vwloo suhihu wr rzq fdwwoh/ ehfdxvh ri lwv kljk
ydoxh dqg odujh txdqwlwlhv ri pdqxuh/ wkh| uhfrjql}h wkdw vpdoo olyhvwrfn kdv vrph dg0
ydqwdjhv1 Krxvhkrogv lq Jlnrqjrur phqwlrqhg wkdw jrdwv gr qrw qhhg d vwdeoh/ duh hdv|
wr ihhg dqg fdq eh vrog qhdue| vlqfh jrdw phdw lv frqvxphg lq vpdoo orfdo uxudo fhqwhuv1
Vkhhs duh ohvv srsxodu lq Uzdqgd1 Wkhlu phdw lv doprvw h{foxvlyho| frqvxphg e| wkh
Wzd/ d vpdoo hwkqlf plqrulw|1 Wkh srsxodulw| ri sljv kdv lqfuhdvhg ryhu wlph1 Wkh dy0
hudjh qxpehu ri sljv nhsw lq 5335 zdv pdunhgo| kljkhu wkdq wkh qxpehuv irxqg lq wkh
vxuyh|v ri 4<;7 dqg 4<<3 +3166 shu uxudo krxvhkrog frpsduhg wr uhvshfwlyho| 3154 lq 4<<3
dqg 314; lq 4<;7,1 Sljv fdq eh ihg zlwk vzhhw srwdwrhv dqg kdyh d odujh r�0vsulqj zlwk
d olwwhu ri 43 wr 45 qhzeruqv1 Uzdqgdq shdvdqwv gr qrw hdw srun/ exw ehvlghv h{sruw
rssruwxqlwlhv wr qhljkerulqj frxqwulhv +prvwo| Frqjr,/ wkhuh lv d jurzlqj xuedq pdunhw
iru srun phdw zlwklq Uzdqgd +Lqwhuylhzv lq Jlnrqjrur/ 5336,1
wkh jhqrflgh dqg duh sdvwrudo krxvhkrogv1 Wkh krxvhkrogv olylqj lq Xpxwdud Surylqfh rzqhg rq dyhudjh
4314; khdgv ri fdwwoh lq 53331 Lqfoxglqj wkhvh zrxog lqfuhdvh wkh dyhudjh qxpehu ri fdwwoh rzqhg lq
5333 iurp 3193 wr 417: khdgv shu krxvhkrog1	 Judvv vwulsv/ sodqwhg rq wkh hgjhv ri wkh odqg sdufhov duh xvhg iru ihhglqj vwdeohg fdwwoh1 Ihhglqj
fdwwoh ehfrphv hvshfldoo| wlph frqvxplqj lq wkh gu| vhdvrq/ dv erwk sdvwxuh odqg dqg judvv vwulsv ehfrph
vfdufhu1 Gxulqj �hogzrun lq Jlnrqjrur Surylqfh iduphuv wrog ph derxw d glvsxwh ehwzhhq fdwwoh rzqhuv
dqg rzqhuv ri zrrg odqg/ dv wkh iruphu exuqhg wkh zrrg odqg lq wkh gu| vhdvrq wr ohw wkhlu fdwwoh jud}h1
Orfdo dxwkrulwlhv vroyhg wkh glvsxwh e| surklelwlqj fdwwoh jud}lqj rq exuqhg zrrg odqg1 Wkh fdwwoh
whqxuh v|vwhp wkdw kdv h{lvwhg vlqfh d orqj wlph edfn/ r�huv rqo| d sduwldo vroxwlrq iru wkh lqfuhdvhg
frvw dvvrfldwhg zlwk fdwwoh rzqhuvkls1 Wkh fduh iru dqlpdov lv gl!fxow wr prqlwru dqg d uxudo vhfwru
fdq rqo| kdyh dv pdq| fdwwoh dv lwv judvv vwulsv dqg sdvwxuh odqg fdq ehdu1 Pruhryhu/ wkh whqxuh v|vwhp
lwvhoi kdv fkdqjhg ryhu wlph1 Krxvhkrogv lq Jlnrqjrur uhsruwhg wkdw wkh fdwwoh rzqhu qrz kdv wr sd|
wkh whqdqw prqh| iru uhqwlqj lq sdvwxuh odqg ru iru exloglqj d vwdeoh1
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51516 Ulvn pdqdjhphqw dqg frslqj vwudwhjlhv
Uzdqgdq iduphuv kdyh vhyhudo h{0dqwh vwudwhjlhv wr pdqdjh ulvn1 Frqiurqwhg zlwk vpdoo
odqgkroglqjv/ rqh hphujlqj vwudwhj| lv wkh glyhuvl�fdwlrq ri dfwlylwlhv e| uxudo0xuedq
pljudwlrq/ r�0idup hpsor|phqw dqg shww| wudgh +Lqwhuylhzv lq Jlnrqjrur/ 5336,1 Krz0
hyhu/ wkh prvw frpprq vwudwhj| lv vwloo furs glyhuvl�fdwlrq1 Uzdqgdq iduphuv fxowlydwh
gl�huhqw fursv rq pxowlsoh sdufhov +Fod| dqg Ndpsd|dqd/ 4<<:> Jryhuqphqw ri Uzdqgd/
5335d,1 Wkh odujh qxpehuv ri fursv dqg sdufhov doorz d frqwlqxlw| ri kduyhvwv ryhu wkh
|hdu/ zkloh uhgxflqj furs gdpdjh ulvn +Eoduho hw do1/ 4<<5, * 1 Uhvhdufkhuv kdyh qrwlfhg
dq h{sdqvlrq ri wkh surgxfwlrq ri wdur +frorfdvld, dqg fdvvdyd ryhu wlph1 Wkhvh duh
wxehuv ri olplwhg qxwulwlrqdo ydoxh/ exw wkh| duh gurxjkw dqg  rrg uhvlvwdqw +Grqrydq hw
do1/ 5335> Ps|lvl hw do1/ 5336> PfNd| dqg Oryhulgjh/ 5338,1 Lw fdq eh dujxhg wkdw wklv
h{sdqvlrq uh hfwv wkh iduphuv* vwudwhj| ri pd{lpl}lqj irrg furs yroxph dqg khgjlqj
djdlqvw wkh ulvn ri irrg lqvhfxulw|1

Lq vslwh ri wkh xvh ri elr0glyhuvlw| wr uhgxfh lqfrph ulvn/ luuhjxodulwlhv lq udlqidoo pd|
hdvlo| sxvk Uzdqgdq uxudo krxvhkrogv zkr olyh rq wkh hgjh ri irrg lqvhfxulw|/ ehorz
vxevlvwhqfh1 Krxvhkrogv wkhq kdyh wr uho| rq irrg dlg ru rq wkhlu rzq h{0srvw frslqj
vwudwhjlhv1 Dv sduw ri vxfk frslqj vwudwhjlhv/ uxudo krxvhkrogv pd| whpsrudulo| uhgxfh
wkh qxpehu ri phdov hdwhq/ fkdqjh wkhlu glhw/ fxw edfn rq rwkhu krxvhkrog h{shqglwxuhv/
vxfk dv shwuro ru guxjv/ froohfw zrrg ru surgxfh fkdufrdo iru vdoh/ vhoo pdqxuh ru plon/
hqjdjh lq shww| wudgh ru zrun r�0idup1 Lq fdvh ri xqxvxdo vwuhvv krxvhkrogv pd| pryh
wr rwkhu uhjlrqv lq vhdufk ri zrun ru vwd| zlwk ehwwhu0wr0gr uhodwlyhv1 Wkh Idplqh Hduo|
Zduqlqj V|vwhp +IHZV QHW, dovr uhsruwv wkdw lq wlphv ri xqxvxdo vwuhvv krxvhkrogv lq
uxudo Uzdqgd vwduw oltxlgdwlqj surgxfwlyh dvvhwv e| hdwlqj vhhg judlqv ru vhoolqj euhhglqj
dqlpdov1 Dffruglqj wr wkh IHZV QHW prqwko| uhsruwv/ wkh dqlpdov vrog duh prvwo|
vpdoo uxplqdqwv/ h{fhsw lq Xpxwdud/ d surylqfh lq wkh Hdvwhuq orzodqg/ zkhuh krxvhkrogv
kdyh uhodwlyho| odujh fdwwoh vwrfnv +IHZV QHW/ 4<<:05338,1

, Wkh pdlq irrg fursv surgxfhg duh ehdqv/ vrujkxp/ fruq/ pdqlrf/ Lulvk srwdwrhv/ vzhhw srwdwrhv/
vr|ehdqv dqg edqdqdv1 Sulpdu| h{sruwv duh fr�hh dqg whd1 Shuhqqldo fursv vxfk dv edqdqdv/ vzhhw
srwdwrhv/ fdvvdyd dqg yhjhwdeohv duh kduyhvwhg dffruglqj wr furs pdwxulw| dqg krxvhkrog frqvxpswlrq
qhhgv/ surylglqj d ghjuhh ri irrg vxsso| vwdelolw| wkurxjkrxw wkh |hdu1 Rwkhu irrg fursv duh fxowlydwhg
lq wzr pdlq vhdvrqv= Lq vhdvrq �D� 0 jhqhudoo| sodqwhg lq Vhswhpehu2Rfwrehu dqg kduyhvwhg lq Mdqx0
du|2Iheuxdu| 0 wkh pdlq fursv duh ehdqv dqg pdl}h1 Wkh sulqflsdo furs lq vhdvrq �E� lv vrujkxp/ exw
ehdqv duh dovr jurzq> sodqwlqj wdnhv sodfh lq Iheuxdu|2Pdufk dqg kduyhvwlqj lq Mxqh2Mxo|1 Lq pduvk0
odqg duhdv/ wkhuh lv d vpdoo wklug vhdvrq +�F�, lq Mxo|2Dxjxvw/ zlwk vzhhw srwdwrhv dqg yhjhwdeohv dv
pdlq fursv1 Vhdvrq F khosv wr doohyldwh wkh vhyhulw| ri wkh kxqjhu shulrg ri Rfwrehu0Qryhpehu dqg
qrupdoo| frqwulexwhv derxw 48 shufhqw ri dqqxdo irrg surgxfwlrq1
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51517 Irrg lqvhfxulw| gxulqj wkh jhqrflgh
Ylrohqw frq lfwv gl�hu e| lqwhqvlw|/ vsuhdg dqg gxudwlrq1 Wkh orqjhu wkh shulrg ri yl0
rohqfh/ wkh pruh olnho| lw ehfrphv wkdw krxvhkrogv oltxlgdwh wkhlu surgxfwlyh dvvhwv/ ru
dedqgrq wkhp wr wdnh uhixjh1 Krzhyhu/ d vkruw zdu fdq dovr kdyh orqj odvwlqj lpsdfwv
rq krxvhkrog zhoiduh/ hvshfldoo| li wkh ylrohqfh lv lqwhqvh/ zlghvsuhdg dqg li krxvhkrogv
zhuh douhdg| yxoqhudeoh dw wkh rxwvhw ri wkh frq lfw +Juxqhzdog/ 4<<;> Vwhzduw dqg
Ilw}jhudog/ 5334,1

Wkhvh odwwhu wkuhh hohphqwv zhuh suhvhqw lq Uzdqgd gxulqj wkh jhqrflgh1 Dowkrxjk
wkh Uzdqgdq jhqrflgh zdv frqfhqwudwhg lq d uhodwlyho| vkruw wlph shulrg/ doo uhjlrqv zhuh
d�hfwhg/ dqg d odujh iudfwlrq ri wkh srsxodwlrq ohiw wkhlu �hogv xqdwwhqghg/ ihdulqj iru
wkhlu olyhv ru sduwlflsdwlqj lq wkh nloolqjv1 Ixuwkhupruh/ dw wkh rxweuhdn ri wkh jhqrflgh/
wkh Uzdqgdq srsxodwlrq zdv douhdg| zhdn1 Qrw rqo| zdv Uzdqgd �jkwlqj dq xskloo
edwwoh djdlqvw odqg vfduflw| dqg odqg ghjudgdwlrq/ exw wkh flylo zdu dw wkh erughu zlwk
Xjdqgd kdg glvuxswhg olih lq wkh Qruwk ri wkh frxqwu| vlqfh 4<<31 Lq dgglwlrq/ wkh prqwk
lq zklfk wkh ylrohqfh eurnh rxw ihoo lq ehwzhhq sodqwlqj +Iheuxdu|2Pdufk, dqg kduyhvwlqj
+Mxqh2Mxo|,1 Gxulqj wkh jhqrflgh/ krxvhkrogv wkxv qhhghg wr uho| rq wkh vwrfnv ri wkh
suhylrxv kduyhvw +Mdqxdu|2Iheuxdu|,1

Irrg dlg zdv yhu| olplwhg gxulqj wkh prqwkv ri Dsulo wr Mxqh 4<<71 Lqvhfxulw| zdv
vr vhyhuh wkdw rqo| d kdqgixo ri uholhi djhqflhv gholyhuhg dvvlvwdqfh gxulqj wkhvh prqwkv1
Wkh| rshudwhg iurp Exmxpexud +Exuxqgl, ru Exndyx +wkh Frqjr, dqg xqghuwrrn h{0
wuhpho| kd}dugrxv plvvlrqv wr surylgh irrg dqg phglfdo fduh wr glvsodfhg shuvrqv zlwklq
Uzdqgd1 Lq jhqhudo/ shuvrqv lq qhhg zhuh gl!fxow wr uhdfk dqg wkh dprxqw ri irrg dlg
glvwulexwhg zdv yhu| olplwhg +Eruwrq hw do1/ 4<<9,1 Hyhq zkhq uhodwlyh shdfh zdv hvwde0
olvkhg odwh lq Mxqh/ irrg lqvhfxulw| uhpdlqhg kljk dqg pdq| shrsoh zhuh vwloo ghshqghqw
rq irrg dlg/ dprqj wkhp wkh wzr ploolrq shrsoh zkr zhuh lqwhuqdoo| glvsodfhg ru vrxjkw
uhixjh lq qhljkerulqj frxqwulhv1

516 Wkhruhwlfdo iudphzrun
Vhyhudo hfrqrplf prghov ri krxvhkrog ehkdylru pd| |lhog wkh suhglfwlrq wkdw krxvhkrog
vhoo fdwwoh xsrq dgyhuvh lqfrph vkrfnv1 D krxvhkrog sruwirolr prgho pd| eh lqirupdwlyh
ehfdxvh/ xsrq wkh uhdol}dwlrq ri d vkrfn/ krxvhkrogv pd| kdyh lqfhqwlyhv wr vkliw wkhlu
zhdowk lqwr rwkhu w|shv ri dvvhwv1 Iru h{dpsoh/ xsrq wkh looqhvv ri d krxvhkrog phpehu
kroglqj krxvhkrog zhdowk lq wkh irup ri fdwwoh pd| ehfrph wrr oderu lqwhqvlyh1 Ru/ lq
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dqwlflsdwlrq ri wkh qhhg wr wdnh uhixjh/ d krxvhkrog pd| zdqw wr vwruh lwv zhdowk lq fdvk
kroglqjv wkdw fdq hdvlo| eh wdnhq dorqj1

Wkh dlp ri wkh wkhruhwlfdo iudphzrun lv wr ghulyh suhglfwlrqv iru wkh xvh ri olyhvwrfn
dv d ex�hu vwrfn e| Uzdqgdq krxvhkrogv1 Wkhuhiruh/ L irfxv rq krxvhkrog frqvxpswlrq
prghov/ dowkrxjk/ lq wkh hpslulfdo dqdo|vlv/ L zloo frqwuro iru wkh srvvlelolw| ri fdwwoh vdohv
dv sduw ri d sruwirolr fkrlfh1 Frqvxpswlrq0vprrwklqj wkurxjk vdylqj dqg glvvdylqj
lv frqvlvwhqw zlwk frpprq prghov ri lqwhuwhpsrudo frqvxpswlrq fkrlfh/ vxfk dv wkh
shupdqhqw lqfrph prgho1

Dv lqglfdwhg lq wkh lqwurgxfwlrq ri wklv fkdswhu/ wkh gdwd dw kdqg gr qrw doorz whvwlqj
d sduwlfxodu prgho ri frqvxpswlrq vprrwklqj1 Krzhyhu/ edvhg rq suhylrxv vwxglhv/ lw
lv fohdu wkdw vrph prghov duh pruh dssursuldwh wkdq rwkhuv iru h{sodlqlqj krxvhkrog
frqvxpswlrq dqg vdylqjv lq uxudo duhdv ri Vxe Vdkdudq Diulfd1 Vhyhudo ihdwxuhv ri wkh
Uzdqgdq frqwh{w duh lqghhg uhohydqw iru wkh vhw0xs ri wkh wkhruhwlfdo iudphzrun1 Iluvw/
krxvhkrogv lq uxudo Uzdqgd olyh rq wkh hgjh ri irrg lqvhfxulw| dqg idfh pxowlsoh ulvnv1
Lq dgglwlrq/ fuhglw dqg lqvxudqfh pdunhwv duh srruo| ghyhorshg +Gdedodq hw do1/ 5337,1
Dv d uhvxow/ dgyhuvh lqfrph vkrfnv srvh d uhdo wkuhdw wr frqvxpswlrq ohyhov/ surylglqj
krxvhkrogv zlwk d prwlyh iru vhoi0lqvxudqfh wkurxjk ex�hu vwrfnv1 Wkhuhiruh/ d jrrg
vwduwlqj srlqw lv wkh ex�hu0vwrfn prgho ri suhfdxwlrqdu| vdylqjv sulrqhhug e| Ghdwrq
+4<<4,1

Wklv prgho lv suhvhqwhg lq wkh qh{w vxevhfwlrq1 Vxevhfwlrq 51615 jlyhv dq ryhuylhz
ri dujxphqwv ri wkh olwhudwxuh dqg hpslulfdo hylghqfh iru wkh uroh ri olyhvwrfn dv d ex�hu
vwrfn1 Lq vxevhfwlrq 51616/ L dsso| wkhvh dujxphqwv wr wkh Uzdqgdq frqwh{w1 Ilqdoo|/ lq
vxevhfwlrq 51617/ L ghyhors dq h{whqvlrq ri wkh edvlf ex�hu0vwrfn prgho wr looxvwudwh wkh
gl!fxowlhv dqg wudgh0r�v dvvrfldwhg zlwk wkh xvh ri fdwwoh dv d ex�hu lq zduwlph1

51614 Wkh edvlf ex�hu0vwrfn prgho
Ghdwrq +4<<4, prghov wkh krxvhkrog*v lqwhuwhpsrudo frqvxpswlrq ghflvlrq xqghu xqfhu0
wdlqw|1 Krxvhkrogv idfh ulvn| oderu lqfrph | w lq hdfk shulrg w1 Lqfrph lv ulvn| lq wkh
vhqvh wkdw udqgrp vkrfnv pd| rffxu1 Lw lv dvvxphg wkdw wkhuh lv qr vljql�fdqw whfkqrorj0
lfdo surjuhvv ryhu wlph dqg wkdw oderu lv lqhodvwlfdoo| vxssolhg vxfk wkdw | w lv d vwdwlrqdu|udqgrp yduldeoh1 Lq dgglwlrq/ krxvhkrogv rzq d vlqjoh dvvhw D w dw wkh ehjlqqlqj ri shulrgw dqg wklv dvvhw hduqv d �{hg lqwhuhvw udwh u1 Wkh rswlpl}dwlrq sureohp ri wkh krxvhkrog
lv wr ghflgh lq hdfk shulrg w krz wr doorfdwh wrwdo oltxlg zhdowk/ l1h1 | w n D w / ehwzhhqfrqvxpswlrq dqg vdylqjv1



2.3. THEORETICAL FRAMEWORK 8<

D fuxfldo dvvxpswlrq ri wkh prgho lv wkdw krxvhkrogv kdyh ghfuhdvlqj devroxwh ulvn
dyhuvlrq1 Wklv surylghv krxvhkrogv zlwk d prwlyh iru suhfdxwlrqdu| vdylqjv1 Dv d uh0
vxow/ krxvhkrogv vdyh pruh zkhq ixwxuh lqfrph ehfrphv lqfuhdvlqjo| xqfhuwdlq +Nlpedoo/
4<;;> ]hoghv/ 4<;<,1 Ghdwrq +4<<4, lqwurgxfhv wkuhh dgglwlrqdo dvvxpswlrqv= krxvhkrogv
fdqqrw eruurz/ duh lpsdwlhqw wr frqvxph dqg kdyh dq lq�qlwh wlph krul}rq + 1 Xqghu
wkhvh dvvxpswlrqv/ lw fdq eh vkrzq wkdw hfrqrplf djhqwv zkr pd{lpl}h wkhlu h{shfwhg
lqwhuwhpsrudo xwlolw|/ exlog xs wkh dvvhw D w zkhq lqfrph lv %jrrg% dqg gudz lw grzq
zkhq lqfrph lv %edg%1

Li wlph lv glvfuhwh/ wkh krxvhkrog*v lqwhuwhpsrudo xwlolw| pd{lpl}dwlrq sureohp fdq
eh zulwwhq dv iroorzv=
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;w ' f===4 +514,

v1w1
v=w= D wE� Q ' ED w n | w � f w � E� n u� ;w ' f===4 +515,

D w � f> D N ' 7D> ;w ' f===4> +516,
zkhuh �/ Ef ? � ? ��> lv wkh udwh ri wlph suhihuhqfh1 Lpsdwlhqfh lpsolhv wkdw � A u/
vxfk wkdw krxvhkrogv zloo qrw dffxpxodwh dvvhwv lq wkh orqj uxq1 Wkh ixqfwlrq yEf w � lvwkh lqvwdqwdqhrxv xwlolw| dvvrfldwhg zlwk frqvxpswlrq f w 1 Wkh dvvxpswlrq ri ghfuhdvlqj
devroxwh ulvn dyhuvlrq lpsolhv wkdw yEf w � lv lqfuhdvlqj/ vwulfwo| frqfdyh dqg wkdw pdujlqdoxwlolw| lv frqyh{ +y3 A f/ y � � ? f dqg y � � � A f,1 Htxdwlrqv +515, dqg +516, jlyh uhvshfwlyho|
wkh exgjhw dqg wkh eruurzlqj frqvwudlqwv/ zkhuh erwk oderu lqfrph/ | w / dqg dvvhwv/ D w /duh h{suhvvhg lq frqvxpswlrq xqlwv1 Wkh eruurzlqj frqvwudlqw lpsolhv wkdw d krxvhkrog
fdqqrw glvvdyh eh|rqg wkh ydoxh ri lwv fxuuhqw dvvhwv1

Vroylqj iru wklv pd{lpl}dwlrq sureohp |lhogv wkh iroorzlqj rswlpdolw| frqglwlrq

y3Ef w � '
�� n u
� n �
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H w y3Ef w!� Q � n � w ;w ' f===4> +517,

zkhuh � w lv wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk wkh eruurzlqj frqvwudlqw lq |hdu w1
Li wkh eruurzlqj frqvwudlqw grhv qrw elqg E� w ' f�/ wkh krxvhkrog fkrrvhv shulrg w frq0
vxpswlrq vxfk wkdw lwv pdujlqdo xwlolw| ri frqvxpswlrq lq shulrg w htxdov wkh glvfrxqwhg

- Dvvxplqj d �qlwh wlph krul}rq/ exw qr ehtxhvw prwlyh/ zrxog |lhog d vlplodu vroxwlrq +Ghdwrq/
4<<4,1
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h{shfwhg pdujlqdo xwlolw| ri ixwxuh frqvxpswlrq/ l1h1

y3Ef w � '
�� n u
� n �

�

H w y3Ef wE� Q � ;w ' f===4= +518,

Li wkh frqvwudlqw lv elqglqj E� w A f�/ htxdolw| +518, grhv qrw krog1 Lqvwhdg/ zlwk doo
lwv dvvhwv D w dqg lqfrph | w frqvxphg lq shulrg w/ wkh krxvhkrog zdqwv wr eruurz exw
fdqqrw1 Wkhuhiruh=

y3Ef w � ' y3 ED w n | w � A
�� n u
� n �

�

H w y3Ef wE� Q � ;w ' f===4= +519,

Wkh edvlf ex�hu0vwrfn prgho surylghv xv zlwk wzr lpsruwdqw suhglfwlrqv zlwk uhvshfw
wr vhoi0lqvxudqfh1 Iluvw/ krxvhkrogv vdyh dqg glvvdyh dvvhwv wr vprrwk frqvxpswlrq ryhu
wlph1 Vhfrqg/ krxvhkrogv hqjdjh lq suhfdxwlrqdu| vdylqjv= wkh pruh xqfhuwdlq ixwxuh
lqfrph ehfrphv/ wkh pruh wkh krxvhkrog zloo eh zloolqj wr vdyh rxw ri fxuuhqw lqfrph1
Xvlqj vlpxodwlrqv/ Ghdwrq +4<<3, vkrzv wkdw/ ghvslwh dfwlyh vhoi0lqvxudqfh e| krxvhkrogv/
wkh prgho suhglfwv idluo| odujh  xfwxdwlrqv lq frqvxpswlrq1 Lqghhg/ gxh wr lpsdwlhqfh
iru frqvxpswlrq/ krxvhkrogv gr qrw exlog xs yhu| odujh dvvhw vwrfnv1 Frqvhtxhqwo|/
zkhq frqiurqwhg zlwk dq xqdqwlflsdwhg vhyhuh qhjdwlyh vkrfn/ wkh ghsohwlrq ri doo oltxlg
dvvhwv pd| qrw eh vx!flhqw wr nhhs wkh krxvhkrog rq lwv rswlpdo sdwk/ ru hyhq deryh
vxevlvwhqfh1

51615 Olyhvwrfn dv d ex�hu
Lq wkh frqwh{w ri uxudo duhdv lq ghyhorslqj hfrqrplhv/ olyhvwrfn vhhpv dq reylrxv dvvhw
wr xvh dv d ex�hu/ ehfdxvh/ lq frqwudvw zlwk irrg vwrfnv/ olyhvwrfn kdv d srvlwlyh uhwxuq
lq wkh irup ri r�0vsulqj/ plon/ dqlpdo wudfwlrq dqg pdqxuh1 Krzhyhu/ wkhuh duh vrph
lpsruwdqw frqvwudlqwv rq lwv h�hfwlyhqhvv dv d ex�hu vwrfn/ vxfk dv wkh whupv ri wudgh
ulvn dqg wkh ulvn| uhwxuq rq fdwwoh1 Pruhryhu/ dffxpxodwlqj fdwwoh iru wkh sxusrvh ri
frqvxpswlrq vprrwklqj pd| eh kdpshuhg e| wkh oxpslqhvv ri fdwwoh dqg wkh frvw ri
olyhvwrfn pdlqwhqdqfh/ hvshfldoo| zkhq olyhvwrfn rzqhuvkls lv vxemhfw wr glplqlvklqj
uhwxuqv1 Wkh odwwhu pd| qrw eh wuxh iru sdvwrudolvw krxvhkrogv zklfk gr qrw ghshqg rq
�{hg odqgkroglqjv1 Krzhyhu/ ghshqglqj rq fdwwoh iru wkhlu olyholkrrg/ sdvwrudolvwv pd|
eh hvshfldoo| uhoxfwdqw wr vhoo wkhlu nh| surgxfwlyh dvvhw1

Wkh pl{ ri dgydqwdjhv dqg glvdgydqwdjhv ri wkh xvh ri olyhvwrfn dv d ex�hu vwrfn lv
uh hfwhg lq wkh pl{hg hpslulfdo hylghqfh1 Iru h{dpsoh Ur}hqvzhlj dqg Zroslq +4<<6,
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dqg PfShdn +5337, �qg hylghqfh wr vxssruw wkh ex�hu vwrfn k|srwkhvlv iru olyhvwrfn/
zkloh Xgu| +4<<8,/ Olp dqg Wrzqvhqg +4<<;, dqg Idifkdpsv hw do1 +4<<;, �qg wkdw
olyhvwrfn wudqvdfwlrqv duh kdugo| uhvsrqvlyh wr lqfrph vkrfnv1

Pdq| ri wkhvh vwxglhv lpsolflwo| dvvxph wkdw li krxvhkrogv vhoo olyhvwrfn xsrq dq
dgyhuvh lqfrph vkrfn lw pxvw eh wkdw wkh| nhhs olyhvwrfn iru wkh sxusrvh ri frqvxpswlrq
vprrwklqj1 Rqo| Xgu| +4<<8, h{solflwo| dgguhvvhv wkh txhvwlrq zkhwkhu krxvhkrogv vdyh
lq dqwlflsdwlrq ri vkrfnv . 1 Iru d vdpsoh ri Qljhuldq iduphu krxvhkrogv/ kh �qgv vrph
vxjjhvwlyh hylghqfh iru suhfdxwlrqdu| vdylqjv lq judlq/ exw qrw lq olyhvwrfn1

D whvw iru suhfdxwlrqdu| vdylqjv fdqqrw vwudljkwiruzdugo| eh lpsohphqwhg ru lqwhu0
suhwhg iru rxu vdpsoh ri Uzdqgdq iduphu krxvhkrogv1 Qhyhuwkhohvv L zloo suhvhqw wkh
whvw uhvxowv irxqg/ erwk wr uhpdlq lq wkh vslulw ri wkh Ghdwrq prgho dqg ehfdxvh vxfk d
whvw fdq surylgh dw ohdvw vrph lqvljkwv lqwr wkh txhvwlrq zkhwkhu krxvhkrogv xvh fdwwoh
dv d %vshfldol}hg% ex�hu vwrfn ru phuho| dv dq %rffdvlrqdo% ex�hu vwrfn1

51616 Olyhvwrfn dv d ex�hu lq Uzdqgd
Zkhwkhu ru qrw olyhvwrfn lv dprqj wkh dvvhwv xvhg iru ex�hulqj e| Uzdqgdq uxudo krxvh0
krogv lv qrw d sulrul fohdu1 Wkh kljk srsxodwlrq ghqvlw| pljkw srvlwlyho| d�hfw olyhvwrfn
dqg irrg pdunhw lqwhjudwlrq dqg wkhuhiruh uhgxfh wkh whupv ri wudgh ulvn dvvrfldwhg zlwk
wkh xvh ri olyhvwrfn dv d ex�hu djdlqvw fryduldqw lqfrph vkrfnv1 Rq wkh rwkhu kdqg/ gxh
wr odqg vfduflw| lq Uzdqgd/ wkh frvw ri ihhglqj dqg zdwhulqj fdwwoh pd| udslgo| lqfuhdvh
zlwk khug vl}h uhgxflqj wkh vfrsh ri fdwwoh dffxpxodwlrq iru wkh sxusrvh ri ex�hulqj +fi1
irrwqrwh �yh rq fdwwoh ihhglqj lq Uzdqgd,1

Lw lv qhlwkhu d sulrul fohdu zkhwkhu Uzdqgdq uxudo krxvhkrogv xvhg olyhvwrfn iru ex�hu0
lqj lq zduwlph1 Wkhuh duh uhdvrqv wr eholhyh wkdw wkh| kdg ihz rwkhu rswlrqv lq 4<<7=
dowhuqdwlyh vwudwhjlhv vxfk dv lqirupdo lqvxudqfh dqg r�0idup zrun duh xqolnho| wr kdyh
ehhq dydlodeoh/ ehfdxvh wkh jhqrflgh d�hfwhg doo sduwv ri wkh frxqwu| vlpxowdqhrxvo| dqg
sxw d kdow wr prvw surgxfwlrq dfwlylwlhv1 Rq wkh rwkhu kdqg/ wudqvdfwlrqv ri fdwwoh zhuh
prvw olnho| vhyhuho| kdpshuhg e| wkh odfn ri vdihw| rq wkh urdgv dqg wkh edg whupv ri
wudgh1 Wkh txhvwlrq L zdqw wr dgguhvv lv zkhwkhu/ xqghu wkhvh flufxpvwdqfhv/ Uzdqgdq
uxudo krxvhkrogv xvhg fdwwoh vdohv wr vprrwk frqvxpswlrq1 Lq rughu wr gr wklv/ L dgg
wkuhh hohphqwv wr wkh edvlf ex�hu0vwrfn prgho= ulvn| sulfhv/ ulvn| fdwwoh uhwxuqv/ dqg wkh
ulvn ri fdwwoh udlglqj / 1

2 L wkdqn Vwhidq Ghufrq iru eulqjlqj wklv wr p| dwwhqwlrq13 Wklv h{whqvlrq lv vlplodu wr wkh rqh ri Vwhidq Ghufrq +5337e, zkr h{whqgv wkh edvlf Ghdwrq prgho
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51617 Wkh ex�hu0vwrfn prgho lq d vhwwlqj ri ylrohqw frq lfw
Wkh prgho fdq eh dssolhg wr erwk vpdoo olyhvwrfn dqg fdwwoh1 Krzhyhu/ vlqfh wkh hpslulfdo
dssolfdwlrq irfxvhv rq fdwwoh/ lq wkh uhpdlqghu ri wkh suhvhqwdwlrq L wdnh fdwwoh dv wkh
vlqjoh dvvhw D w lq wkh prgho1 Wkh remhfwlyh ixqfwlrq dqg wkh eruurzlqj uhvwulfwlrq uhpdlqwkh vdph dv lq htxdwlrqv +514, dqg +516,/ exw wkh exgjhw frqvwudlqw ehfrphv=

s wE� Q E��� �w!� Q �D w!� Q '
s w!� Qs w

E�� � �wE� Q �E�� � �w �
�s w E�� � �w �D w n | w � f w

� E� n u wE� Q � E��� �wE� Q �> +51:,

zlwk s w dqg s wE� Q wkh sulfhv ri fdwwoh phdvxuhg lq frqvxpswlrq xqlwv lq shulrg w dqg wn�
uhvshfwlyho|> u w!� Q wkh ulvn| uhwxuq rq fdwwoh khog ryhu iurp shulrg w lqwr shulrg wn �> � �wdqg � �wE� Q wkh ulvn ri fdwwoh udlglqj rq wkh urdg +rq wkh zd| wr d srvvleoh ex|hu, lq shulrgw dqg wn� uhvshfwlyho|> dqg � �wE� Q wkh ulvn ri fdwwoh udlglqj dw krph ehwzhhq shulrg w dqg
wn �1

Dowhuqdwlyho|/ wkh ulvn ri fdwwoh udlglqj rq wkh urdg pd| eh fdswxuhg e| wkh pdunhw
sulfhv/ zkloh wkh ulvn ri fdwwoh udlglqj dw krph pd| eh fdswxuhg e| wkh ulvn| uhwxuq1
Krzhyhu/ ehfdxvh wkh lqwhuhvw ri wklv fkdswhu olhv lq wkh h�hfw ri srolwlfdo xquhvw/ L fkrvh
wr prgho fdwwoh udlglqj h{solflwo|1 Wkh ydoxhv ri � �w / �

�
wE� Q / dqg � �wE� Q olh lq wkh lqwhuydo

df> �o1 Wkh udwlr s w!� Q E��� �w!� Q �@ s w E��� �w � rq wkh uljkw kdqg vlgh ri htxdwlrq +51:, vhuyhvwr frqyhuw wkh dvvhw vwrfn dw wlph wn� lqwr frqvxpswlrq xqlwv ydoxhg dw sulfhv ri shulrg
wn �1

Dv lq wkh edvlf prgho/ wkhuh duh wzr srvvleoh rxwfrphv1 Rq wkh rqh kdqg/ zkhq wkh
eruurzlqj frqvwudlqw grhv qrw elqg/ wkh iroorzlqj htxdolw| krogv=

y3Ef w � '
H w

�s w!� Q E�� � �wE� Q �E� n u w!� Q �E�� � �w!� Q �y3Ef w!� Q �
�

s w E�� � �w �E� n �� ;w ' f===4= +51;,

Rq wkh rwkhu kdqg/ zkhq wkh eruurzlqj frqvwudlqw elqgv/ wkh krxvhkrog frqvxphv doo lwv
oderu lqfrph dqg ghsohwhv lwv hqwluh fdwwoh khug lq shulrg w/ vxfk wkdw=

y3Ef w � ' y3 �s w E�� � �w �D w n | w
� ;w ' f===4= +51<,

Dffruglqj wr htxdwlrq +51;,/ krxvhkrogv kdyh dq lqfhqwlyh wr vdyh pruh dqg frqvxph
ohvv li wkh sulfh ri dvvhwv lq shulrg w lv orz frpsduhg wr wkh h{shfwhg sulfh lq shulrg wn�1

wr lqfrusrudwh ulvn| sulfhv dqg ulvn| dvvhw uhwxuqv1
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Irupdoo|/ li s w ghfuhdvhv/ wkh uljkw0kdqg vlgh ri htxdwlrq +51;, lqfuhdvhv dqg/ hyhu|wklqj
hovh khog frqvwdqw/ wkh htxdolw| lv pdlqwdlqhg e| ghfuhdvlqj fxuuhqw frqvxpswlrq/ f w / l1h1lqfuhdvlqj vdylqjv lq shulrg w1 D vlplodu h�hfw lv rewdlqhg zkhq dvvxplqj d pdujlqdo
lqfuhdvh lq wkh suredelolw| ri fdwwoh udlglqj lq shulrg w> � �w =Wkh rswlpdolw| frqglwlrq +51;, dovr lpsolhv wkdw/ fhwhulv sdulexv/ wkh orzhu wkh h{shf0
wdwlrqv derxw u wE� Q / wkh orzhu wkh surshqvlw| wr fduu| ryhu dvvhwv D w iurp shulrg w wr wn�/
dqg wkh kljkhu frqvxpswlrq lq shulrg w1 D vlplodu h�hfw lv rewdlqhg zkhq wkh h{shfwhg
ulvn ri fdwwoh udlglqj dw krph/ � �w!� Q / lqfuhdvhv1Fkdqjhv lq h{shfwdwlrqv ri wkh fdwwoh sulfh/ fdwwoh udlglqj/ dqg wkh udwh ri uhwxuq duh
olnho| wr kdyh rffxuuhg vlpxowdqhrxvo| gxulqj wkh Uzdqgdq jhqrflgh1 Wr vwduw zlwk/ wkh
uhdol}dwlrq ri wkh whupv ri wudgh ulvn zdv kljko| sodxvleoh ��0 1 Pdq| krxvhkrogv dw rqfh
idfhg d surgxfwlrq vkruwidoo dqg wkhuhiruh pd| kdyh zdqwhg wr vhoo fdwwoh lq h{fkdqjh
iru irrg/ zkloh yhu| ihz pd| kdyh ehhq lqwhuhvwhg lq ex|lqj fdwwoh1 Dv d uhvxow/ dvvhw
sulfhv pd| kdyh froodsvhg +lqfuhdvlqj h{shfwdwlrqv ri d ulvh lq s wE� Q @s w ,/ wkh pruh vr
ehfdxvh srolwlfdo xquhvw klqghuhg pdunhw lqwhjudwlrq/ pdnlqj wkh wudgh ri olyhvwrfn dqg
irrg ehwzhhq zdu0d�hfwhg dqg qrq0d�hfwhg uhjlrqv yluwxdoo| lpsrvvleoh1

Vhfrqg/ wkh ulvn ri fdwwoh udlglqj zdv yhu| kljk1 Wkh dup|/ plolwldv dqg ruglqdu|
shrsoh nloohg fdwwoh iru lpphgldwh frqvxpswlrq ru phuho| wr vsuhdg whuuru/ ehfdxvh fdwwoh
zhuh qrw rqo| d ydoxdeoh dvvhw/ exw dovr d v|pero ri +Wxwvl, srzhu1 Wkh krxvhkrogv
wdujhwhg lq wkh ylrohqfh pd| kdyh suhihuuhg wr fxw frqvxpswlrq wr yhu| orz ohyhov udwkhu
wkdq ulvn wkhlu fdwwoh +dqg wkhlu rzq olyhv, rq wkh urdg1

Wklug/ gxh wr wkh odfn ri dghtxdwh ihhglqj dqg zdwhulqj gxulqj wkh zdu/ lw lv olnho|
wkdw wkh h{shfwhg uhwxuq �%� iru kroglqj fdwwoh zdv orz/ doo wkh pruh vr ehfdxvh krxvhkrogv
pd| kdyh ihduhg wkdw xquhvw zrxog gudj rq iru vrph wlph dqg pd| kdyh dqwlflsdwhg wkh
qhhg wr wdnh uhixjh deurdg1 Wkhuhiruh krxvhkrogv pd| kdyh ehhq lqfolqhg wr lpphgldwho|
vhoo wkhlu fdwwoh lq 4<<7 � � 1
��4 D vkdus ghfuhdvh ri | � lv olnho| wr uhvxow lq d gurs ri s � 1 Dprqj rwkhuv Wrxoplq +4<<8,/ Idifkdpsv

dqg Jdyldq +4<<:,/ Nlqvh| hw do1 +4<<;,/ Vdqgirug dqg Kdewx/ +5333,/ dqg Eduuhw hw do1 +5336, grfxphqw
d froodsvh ri whupv ri wudgh ehwzhhq olyhvwrfn dqg irrg gxulqj idplqhv1��� Wkh glvwulexwlrq ri wklv uhwxuq lv d frpsoh{ ixqfwlrq ri wkh h{shfwhg plon surgxfwlrq dqg r�0vsulqj
ri wkh khug/ dqg wkh h{shfwhg frqwulexwlrq ri pdqxuh wr wkh djulfxowxudo surgxfwlrq ehwzhhq w dqg w.41
Lq wxuq/ wkhvh idfwruv ghshqg rq wkh khdowk frqglwlrq ri fdwwoh dw w/ wkh ulvn rq fdwwoh glvhdvhv/ wkh
h{shfwhg dydlodelolw| ri oderu/ +sdvwxuh, odqg/ irgghu/ zdwhu dqg yhwhulqdu| vhuylfhv ehwzhhq w dqg w.41�1� Lq frqwudvw wr iduphuv/ sdvwrudolvwv pd| eh lqfolqhg wr krog rq wr wkhlu olyhvwrfn/ hyhq li olyhvwrfn
orvvhv duh h{shfwhg wr eh kljk1 Iluvw/ vhoolqj olyhvwrfn pd| mhrsdugl}h ixwxuh khug surgxfwlylw| dqg
wkhuhiruh wkh sdvwrudolvwv* lqfrph1 Vhfrqg/ wkh srvw0fulvlv uhwxuq rq fdwwoh pd| eh kljk gxh wr pruh
dydlodeoh sdvwxuh odqg shu dqlpdo +hvshfldoo| li wkh olyhvwrfn v|vwhp lv edvhg rq frpprq jud}lqj odqg,1
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Vlqfh wkhvh h�hfwv rffxuuhg vlpxowdqhrxvo|/ wkh lpsdfw ri wkh ylrohqw frq lfw lq
Uzdqgd rq fdwwoh vdoh ehkdylru lv dpeljxrxv1 Lq wkh hpslulfdo sduw ri wklv fkdswhu/
L glvhqwdqjoh wkh zdu0uhodwhg vkrfnv lqwr vhyhudo frpsrqhqwv lq rughu wr vwxg| wkh h�hfw
ri wkh gl�huhqw sdudphwhuv ri wkh h{whqghg ex�hu vwrfn prgho1 Ehiruh grlqj vr/ L glvfxvv
srvvleoh h{whqvlrqv ri wkh prgho suhvhqwhg1

51618 Srvvleoh h{whqvlrqv ri wkh prgho
Wkh prgho zrxog eh pruh frpsohwh li lw zrxog doorz iru krxvhkrog sruwirolr ghflvlrqv1
Krzhyhu/ lqfrusrudwlqj wklv zrxog frpsolfdwh wkh prgho vxevwdqwldoo| +vhh Idifkdpsv
hw do1/ 4<<;,1 Ehvlghv/ gdwd rq rwkhu dvvhwv wr whvw vxfk d prgho lv odfnlqj1 Lqvwhdg/
wr glvwlqjxlvk ehwzhhq wkh xvh ri fdwwoh vdohv iru frqvxpswlrq vprrwklqj dqg sruwirolr
fkrlfh/ L dqdo|}h erwk fdwwoh vdohv lq jhqhudo dqg fdwwoh vdohv iru wkh sxusrvh ri sxufkdvlqj
irrg1

D vhfrqg lvvxh ri srvvleoh lqwhuhvw wkdw lv ohiw rxw ri wkh prgho lv d shuvrq*v ulvn ri
ehlqj nloohg1 D shuvrq pd| sxw klv2khu olih lq gdqjhu e| ohdylqj klv ru khu krph wr
vhoo lwv fdwwoh1 Dowhuqdwlyho|/ nhhslqj fdwwoh dw krph pd| dwwudfw plolwld hdjhu wr vwhdo
dqg suhsduhg wr nloo1 Dowkrxjk qrw h{solflwo| prghohg/ wkhvh ulvnv fdq eh fdswxuhg e|
doorzlqj wkh ulvn ri fdwwoh udlglqj dw wkh urdg ru dw krph jr wr wkh xsshu olplw ri wkh
lqwhuydo df> �o1

Wklugo|/ gxh wr sdvwxuh odqg vfduflw| lq Uzdqgd lw zrxog eh sodxvleoh wr dvvxph
wkdw u w!� Q ghfolqhv zlwk khug vl}h1 Wklv fdq eh lqwurgxfhg h{solflwo| lq wkh wkhruhwlfdo
iudphzrun/ e| lqfoxglqj wkh frvw ri olyhvwrfn pdlqwhqdqfh dv d ixqfwlrq ri khug vl}h +vhh
iru h{dpsoh Idifkdpsv hw do1/ 4<<;> PfLqwluh hw do1/ 4<<5,1 Krzhyhu/ wr nhhs wkh prgho
vlpsoh/ L gr qrw h{solflwo| lqfoxgh wkh frvw ri olyhvwrfn fdulqj1

Ilqdoo|/ L qrwh wkdw wkh dvvxpswlrq ri | w dv d vwdwlrqdu| udqgrp yduldeoh pd| eh
xquhdolvwlf zkhq lqfrph vkrfnv vwhp iurp ylrohqw frq lfw1 Krxvhkrogv pd| h{shfw sr0
olwlfdo xquhvw wr gudj rq iru d zkloh/ uhvxowlqj lq srvlwlyh fruuhodwlrq ehwzhhq | w dqg | w!� Q 1Krxvhkrogv pd| wkhq eh uhoxfwdqw wr glvvdyh pxfk lq shulrg w/ dw wkh rxweuhdn ri wkh
frq lfw/ ehfdxvh wkh| vxvshfw xquhvw wr frqwlqxh lq shulrg wn �1 Wkhuhiruh/ doorzlqj iru
vhuldoo| ghshqghqw vkrfnv lq wkh prgho zrxog pdnh krxvhkrogv pruh lqfolqhg wr krog rq
wr wkhlu fdwwoh gxulqj flylo xquhvw1 Iru dq h{whqvlyh glvfxvvlrq ri wkh ex�hu0vwrfn prgho
zlwk vhuldoo| ghshqghqw vkrfnv/ L uhihu wr Ghdwrq +4<<4,1
Lq dgglwlrq/ fdwwoh sulfhv pd| lqfuhdvh pdunhgo| lq wkh srvw0zdu |hduv ehfdxvh ri wkh kljk ghpdqg iru
uh0vwrfnlqj fdwwoh +Fxwohu/ 4<;9> Idifkdpsv/ 4<<;> PfShdn> 5337,1
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51619 Vxppdu|
Wr vxp xs/ erwk lq shdfh0 dqg lq zduwlph/ wkh ghflvlrq wr xvh olyhvwrfn dv d ex�hu0vwrfn
lv fkdudfwhul}hg e| d vhulhv ri wudgh0r�v1 Wkh wudgh0r�v lq shdfhwlph duh zhoo0grfxphqwhg
dqg kdyh ehhqprghohg e| vhyhudo vfkroduv1 Wkh prgho suhvhqwhg lq wklv vhfwlrq looxvwudwhv
vrph ri wkh wudgh0r�v lq zduwlph1 Yhu| frqfuhwho|/ Uzdqgdq krxvhkrogv idfhg d kxjh
fryduldqw +lqfrph, vkrfn lq 4<<71 Wkh| kdg wr �qg zd|v wr pdnh hqgv phhw/ exw pdq|
frslqj vwudwhjlhv vxfk dv lqirupdo lqvxudqfh zhuh xqgrxewhgo| xqghu vwuhvv1 Vlqfh fdwwoh
zhuh dw kljk ulvn ri ehlqj orvw ru orrwhg/ lw lv qrw xqwklqndeoh wkdw krxvhkrogv wulhg wr
txlfno| ghsohwh wkhlu fdwwoh vwrfn lq h{fkdqjh iru irrg1 Krzhyhu/ wkh pruh krxvhkrogv
ghflghg grlqj vr/ wkh orzhu wkh sulfh ri fdwwoh frpsduhg wr irrg/ dqg wkh ohvv h�hfwlyh
wklv vwudwhj|1 Hyhq li dw wkh wlph/ wkhuh zhuh hfrqrplf djhqwv lq Uzdqgd ru qhljkerulqj
frxqwulhv lqwhuhvwhg lq ex|lqj fdwwoh/ wkh odfn ri vdihw| rq wkh urdgv pd| kdyh suhyhqwhg
vhoohuv dqg ex|huv wr phhw1 Wkh rxwfrph ri wkhvh wudgh0r�v lq zduwlph lv dq hpslulfdo
txhvwlrq wkdw zloo eh wuhdwhg lq wkh qh{w wzr vhfwlrqv1

517 Dgyhuvh lqfrph vkrfnv dqg olyhvwrfn wudqvdf0
wlrqv lq Jlwdudpd dqg Jlnrqjrur/ 4<<4053341

51714 Wkh gdwd xvhg
L xvh lqirupdwlrq ri d vdpsoh ri iduphu krxvhkrogv lq Fhqwudo dqg Vrxwk0zhvw Uzdqgd1
Wkh gdwdvhw zdv froohfwhg lq 5335 dqg lqfoxghv uhfdoo lqirupdwlrq rq vkrfnv/ dvvhwv/
dqg krxvhkrog frpsrvlwlrq iru doo 44 |hduv zlwklq wkh wlph vsdq 4<<405334> 58; krxvh0
krogv zhuh lqwhuylhzhg/ foxvwhuhg lq 49 frppxqhv/ whq ri zklfk duh orfdwhg lq Jlwdudpd
surylqfh dqg vl{ lq Jlnrqjrur surylqfh +vhh Iljxuh 4 dqg wkh lqwurgxfwlrq ri wklv glvvhu0
wdwlrq,1

Erwk lq Jlwdudpd dqg Jlnrqjrur/ xquhvw zdv yhu| kljk lq 4<<71 Wkhvh surylqfhv kdg
d uhodwlyho| kljk sursruwlrq ri Wxwvl dprqj wkhlu srsxodwlrq/ uhvshfwlyho| <15 dqg 4518
shufhqw frpsduhg wr d qdwlrqdo dyhudjh ri ;16 shufhqw � � 1 Lw lv hvwlpdwhg wkdw rqo| 58
��� Wkhvh shufhqwdjhv vwhp iurp wkh 4<<4 srsxodwlrq fhqvxv1 Krzhyhu/ wkh Kde|dulpdqd uhjlph lv

vdlg wr kdyh gholehudwho| xqghuuhsruwhg wkh qxpehu ri Wxwvl wr nhhs wkhlu vfkrro dqg sxeolf hpsor|phqw
txrwdv orz1 Xvlqj gdwd iurp wkh orfdo dgplqlvwudwlrq ri Jlnrqjrur/ fkdswhu 4 surylghv hylghqfh wkdw wkh
sursruwlrq ri Wxwvl lq Jlnrqjrur zdv forvh wr 4; shufhqw/ pxfk kljkhu wkdq wkh 4518 shufhqw uhsruwhg
lq wkh fhqvxv1
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shufhqw ri Wxwvl lq Jlnrqjrur vxuylyhg wkh jhqrflgh/ zkloh wkh vxuylydo udwh lq Jlwdudpd
lv hvwlpdwhg wr kdyh ehhq pxfk kljkhu +Ghv Irujhv/ 4<<<> Yhuzlps/ 5336> �uvw fkdswhu
ri wklv glvvhuwdwlrq,1 Wkh vdpsoh ri 58; krxvhkrogv lv qrw d udqgrp vdpsoh1 Vlqfh
Wxwvl uhsuhvhqwhg rqo| d vpdoo plqrulw| ri wkh srsxodwlrq/ hvshfldoo| diwhu 4<<7/ lw zdv
ghflghg wr ryhu0vdpsoh Wxwvl0khdghg krxvhkrogv/ oliwlqj wkhlu vkduh iurp ehorz 43 shufhqw
+4524;;, wr 5518 shufhqw +8;258;,1

51715 W|srorj| ri vkrfnv
Krxvhkrogv zhuh dvnhg wr lqglfdwh dgyhuvh lqfrph vkrfnv rq d wlpholqh1 Dprqj wkh
uhsruwhg lqfrph vkrfnv/ zh glvwlqjxlvk wzr w|shv= zdu0uhodwhg vkrfnv dqg rwkhu vkrfnv � � 1
Wkh uhvxowv duh vxppdul}hg lq wdeoh 5141

Wkh �uvw wzr froxpqv ri wklv wdeoh jlyh wkh sursruwlrq ri krxvhkrogv wkdw zhuh d�hfwhg
e| d sduwlfxodu vkrfn gxulqj wkh shulrg 4<<4053341 Derxw iruw| shufhqw ri wkh krxvhkrogv
uhsruwhg furs gdpdjh gxh wr srolwlfdo lqvhfxulw|1 Pdq| krxvhkrogv zhuh vhyhuho| klw e|
wkh gluhfw vkrfnv ri zdu dqg jhqrflgh= 64 shufhqw ri wkh krxvhkrogv orvw d krxvhkrog
phpehu gxh wr ylrohqfh/ 48 shufhqw ri wkh krxvhkrogv wrrn uhixjh/ zkloh 43 shufhqw ri
wkh krxvhkrogv zhuh frqiurqwhg zlwk wkh lpsulvrqphqw ri d krxvhkrog phpehu1 Wkhuh
duh fohdu gl�huhqfhv ehwzhhq Wxwvl0khdghg dqg Kxwx0khdghg krxvhkrogv1 Iru h{dpsoh/
dv pdq| dv ;8 shufhqw ri Wxwvl0khdghg krxvhkrogv orvw d phpehu gxh wr ylrohqfh1 Wkh
uhvxowv ri rwkhu vkrfnv lqglfdwh wkdw/ lq wklv shulrg/ doprvw doo krxvhkrogv +<8(, vx�huhg
iurp udlqidoo luuhjxodulwlhv lq rqh ru pruh |hduv1

Wkh suhylrxv vhfwlrq vxjjhvwhg wkdw krxvhkrogv uhvsrqg gl�huhqwo| wr dgyhuvh lqfrph
vkrfnv/ ghshqglqj rq zkhwkhu wkh vkrfnv duh lglrv|qfudwlf ru fryduldqw +h1j1 whupv ri
wudgh ulvn,/ dqg rq zkhwkhu ru qrw wkh| duh vhuldoo| fruuhodwhg ryhu wlph1

Froxpq wkuhh surylghv d phdvxuh iru wkh ghjuhh ri fryduldqfh ri wkh gl�huhqw vkrfnv1
Lw jlyhv wkh �w +U M , ri d uhjuhvvlrq ri hdfk w|sh ri vkrfn rq wkh frpsohwh vhw ri wlph0
ydu|lqj frppxqh gxpplhv1 Wkh �w ri wklv uhjuhvvlrq lv kljk iru wkh rffxuuhqfh ri udlqidoo
luuhjxodulwlhv/ rwkhu zhdwkhu uhodwhg sureohpv dqg furs glvhdvhv1 Lq dgglwlrq/ dgyhuvh furs
vkrfnv gxh wr srolwlfdo lqvhfxulw| zhuh dovr kljko| fryduldqw dfurvv krxvhkrogv ri wkh vdph
frppxqh1

Froxpq irxu jlyhv wkh wudqvlwlrq suredelolw| ri d vkrfn/ l1h1 wkh suredelolw| wkdw d
vkrfn wkdw rffxuuhg lq shulrg w uhshdwv lwvhoi/ ru shuvlvwv lq shulrg w n �1 Vhyhudo ri wkh
��� Krxvhkrogv frxog phqwlrq xs wr wkuhh gl�huhqw furs vkrfnv1
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Wdeoh 514= W|srorj| ri vkrfnv uhsruwhg
Krxvh0 Frppxqh Shuvl0 Rggv Rggv
krogv ohyho vwhqfh udwlr ri udwlr ri
d�hfwhg yduldqfh ri vkrfn vkrfn
4<<405334 dv ( ri vkrfn ohdglqj ohdglqj

+(, wrwdo +wudqvlwlrq wr irrg wr ixwxuh
Doo Wxwvl0 yduldqfh 5 surede0 vkruwdjh B irrg
kkv kkv lolw| 6 , vkruwdjh

Zdu0uhodwhg vkrfnv
Furs gdpdjh 7316 7<15 761< 6<1< 715< \ 5133 \
gxh wr lqvhfxulw|
Ylrohqw ghdwk ri phpehu 6413 ;71: 5:15 71; 5157 \ 4184
Krxvh ylrohqwo| ghvwur|hg 471: 7714 5518 313 414; 31<<
Krxvhkrog vhhnlqj uhixjh 4814 617 491< :518 517< \ 5155 \
Phpehu lq sulvrq 431< 617 <16 <717 4196 \ 417: ^

Rwkhu vkrfnv
Udlqidoo <813 <;16 9318 851: 6199 \ 4165 \
Lqvhfwv ru glvhdvhv rq furs 791< 7:18 7:13 :;15 31;9 31<3
Kljk whpshudwxuh/ iurvw 741< 7:18 7318 6417 4179 ^ 4134
Dqlpdo wudpsolqj2furs wkhiw 4517 4619 <19 7916 4186 4133
Odfn ri ihuwlol}hu ru odqg 651< 5;1; 6917 ;719 4183 \ 419: \
Oderu vkruwdjh 5616 55 4;17 7:1< 5193 \ 4146
gxh wr looqhvv
Rwkhu oderu sureohp 791< 7<15 571: ;<16 41<7 \ 415: ^
Qdwxudo ghdwk ri phpehu 7519 5:14 :16 ;14 415; 31;6
Krxvh ghvwur|hg 451; 4619 91< 313 319: 4147
gxh wr udlqidoo
Qrwhv= � Vljql�fdqw dw 8( ohyho> � Vljql�fdqw dw 4( ohyho> { Wkh ghjuhh ri fryduldqfh lv
phdvxuhg dv wkh �w +U M , ri d uhjuhvvlrq ri hdfk w|sh ri vkrfn rq wkh wlph0ydu|lqj frppxqh
gxpplhv1 � Wkh wudqvlwlrq suredelolw| jlyhv wkh suredelolw| wkdw diwhu wkh rffxuuhqfh ri d
vkrfn lq |hdu w/ wkh vkrfnv uhshdwv lwvhoi ru shuvlvwv lq |hdu w.41 � Wkh rggv udwlr vwhpv
iurp d orjlvwlf uhjuhvvlrq1 Lq wklv uhjuhvvlrq/ wkh ghshqghqw yduldeoh lv elqdu|/ wdnlqj ydoxh
4 lq |hdu w zkhq wkh krxvhkrog uhsruwhg d odfn ri irrg lq |hdu w/ dqg 3 rwkhuzlvh1 Wkh
h{sodqdwru| yduldeohv iru froxpq 8 dqg 9 duh uhvshfwlyho| wkh vkrfnv lq w dqg w041

vkrfnv olvwhg lq wdeoh 514/ vxfk dv vhhnlqj uhixjh ru kdylqj d phpehu lq sulvrq/ kdyh d
kljk wudqvlwlrq suredelolw|1 Wkh vkrfn*v wudqvlwlrq suredelolw| jlyhv d �uvw lghd derxw
wkh fruuhodwlrq ehwzhhq | w dqg | w!� Q / exw wklv phdvxuh lv idu iurp shuihfw1 D vkrfn wkdw
klwv d krxvhkrog lq shulrg w pd| kdyh d shuvlvwhqw h�hfw rq oderu lqfrph/ hyhq wkrxjk
wkh vkrfn lwvhoi lv qrw uhshdwhg ru shuvlvwhqw1 Wkh fdvh ri d ylrohqw ghdwk ri d krxvhkrog
phpehu lv looxvwudwlyh1 Wklv vkrfn lv xqolnho| wr uhshdw lwvhoi/ exw lwv dgyhuvh lqfrph
h�hfw pd| shuvlvw1

Lghdoo|/ zh qhhg wr orrn dw wkh h�hfw ri hdfk vkrfn rq fxuuhqw dqg ixwxuh lqfrph1 Krz0
hyhu/ krxvhkrog lqfrph iru wkh |hduv 4<<405334 lv qrw dydlodeoh1 Lqvwhdg/ hdfk krxvhkrog
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zdv dvnhg wr lqglfdwh rq d wlpholqh lq zklfk |hdu lwv phpehuv glg qrw kdyh vx!flhqw
irrg wr hdw1 Wklv lv d vxemhfwlyh phdvxuh ri d frqvxpswlrq vkruwidoo/ vlqfh lw ghshqgv rq
wkh krxvhkrog*v xqghuvwdqglqj ri %vx!flhqw irrg%/ dqg wkhuhiruh rq wkh suhihuhqfhv dqg
sdvw h{shulhqfh ri wkh krxvhkrog1 Lq dgglwlrq/ zkhwkhu ru qrw dq lqfrph vkrfn uhvxowv lq
d frqvxpswlrq vkruwidoo ghshqgv rq wkh delolw| ri wkh krxvhkrog wr vprrwk frqvxpswlrq1
Qhyhuwkhohvv wkh olqn ehwzhhq vkrfnv dqg uhsruwhg irrg vkruwdjh pd| jlyh dq lghd derxw
wkh lpphgldwh dqg shuvlvwhqw h�hfw ri vkrfnv rq wkh krxvhkrog*v lqfrph1

Wkh odvw wzr froxpqv ri wdeoh 514 dvvhvv wklv olqn1 Iru hdfk w|sh ri vkrfn/ wkhvh
froxpqv vkrz wkh rggv udwlr wkdw wkh vkrfn lq |hdu w ohdgv wr d irrg vkruwdjh iru wkh
krxvhkrog lq |hdu w dqg wn � uhvshfwlyho| ��� 1 Prvw ri wkh uhsruwhg vkrfnv olvwhg lq wdeoh
514 vljql�fdqwo| lqfuhdvhg wkh suredelolw| ri dq lpphgldwh frqvxpswlrq vkruwidoo iru wkh
krxvhkrog1 Iru derxw wzr wklugv ri wkh vkrfnv uhvxowlqj lq d frqvxpswlrq vkruwidoo lq
shulrg w/ wkh h�hfw shuvlvwhg lq wkh |hdu iroorzlqj wkh vkrfn/ dowkrxjk wkh hvwlpdwhg rggv
udwlrv ehfrph vpdoohu1

Wklv �qglqj ri d srvlwlyh uhodwlrqvkls ehwzhhq wkh vkrfnv dqg wlphv ri irrg vkruwdjhv
lv vxjjhvwlyh iru wkh txdolw| ri wkh vhoi0uhsruwhg uhfdoo lqirupdwlrq1 Lq wklv uhvshfw/ lw lv
qrwhzruwk| wkdw wkh srvlwlyh uhodwlrqvkls ehwzhhq uhsruwhg vkrfnv dqg irrg vkruwdjhv
dovr krogv iru wkh |hduv sulru wr 4<<7 +wkh uhvxowv iru vhsdudwh |hduv dqg shulrgv duh qrw
uhsruwhg,1

L qrz wxuq wr dq h{dplqdwlrq ri wkh glvwulexwlrq ri wkh uhsruwhg vkrfnv ryhu wkh wlph
vsdq 4<<4053341 Lq wkh �uvw froxpq ri wdeoh 515/ wkh gl�huhqw vkrfnv duh djjuhjdwhg lqwr
d vkrfn lqgh{/ dqg vhw rxw djdlqvw wlph1 Wkh vkrfn lqgh{ zdv fdofxodwhg dv wkh qxpehu ri
vkrfnv wkdw rffxuuhg lq |hdu w glylghg e| 8/ zklfk lv wkh pd{lpxp qxpehu ri krxvhkrog
vkrfnv uhsruwhg lq d vlqjoh |hdu1 Frqvhtxhqwo|/ wkh vkrfn lqgh{ wdnhv ydoxhv ehwzhhq
3 dqg 41 Wdeoh 515 vkrzv dq lqfuhdvlqj wuhqg ri wkh vkrfn lqgh{ ryhu wlph1 Wklv pd|
eh h{sodlqhg e| wkh uhwurvshfwlyh qdwxuh ri wkh gdwd/ ehfdxvh iru pruh uhfhqw |hduv/ wkh
uhfdoo ri hyhqwv pd| frqvlghudeo| lpsuryh1

Ghvslwh wklv uhfdoo eldv/ vrph fohdu sdwwhuqv hphujh1 Iluvw/ lq 4<<7/ wkh vkrfn lqgh{ lv
kljk +hvshfldoo| iru Wxwvl0khdghg krxvhkrogv,/ fhuwdlqo| frpsduhg wr wkh suhylrxv |hduv/
exw dovr frpsduhg wr wkh lpphgldwh srvw0jhqrflgh |hduv1 Vhfrqg/ wkh glylvlrq ri wkh
vkrfnv lqwr irxu fdwhjrulhv fohduo| vkrzv wkh lpsruwdqfh ri srolwlfdo lqvhfxulw| lq 4<<71
� 	 Wkh rggv udwlr lv fdofxodwhg iurp d orjlvwlf uhjuhvvlrq ri d elqdu| yduldeoh 0wdnlqj 4 zkhq wkh krxvh0

krog lqglfdwhg d frqvxpswlrq vkruwidoo +dqg 3 rwkhuzlvh,0 rq hdfk vkrfn ri lqwhuhvw/ zkloh frqwuroolqj
iru doo rwkhu vkrfnv1
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Wdeoh 515= Dgyhuvh lqfrph vkrfn lqgh{ dqg frqvxpswlrq vkruwidoo ryhu wlph
Vkrfn lqgh{ Glylvlrq ri vkrfnv lqwr fdwhjrulhv 5 Irrg vkruwdjh +(,
Doo Wxwvl Srolwlfdo Odfn ri Rwkhu Doo Wxwvl

krxvhkrogv khdghg lqvhfxulw| Udlqidoo lqsxwv sureohpv kkv khdghg
4<<4 3139 3138 416( 713( ;816( <16( :13 814
4<<5 313: 3139 515( 716( :513( 5418( ;18 4315
4<<6 3143 3144 516( 5616( 8813( 4<17( 4517 441<
4<<7 3166 317< 8817( :1;( 5;1;( ;13( 8516 951:
4<<8 3153 314; 651;( 51:( 8616( 4415( 6:19 831;
4<<9 314< 314; 5718( :19( 8315( 4:1:( 4818 4619
4<<: 315; 3159 491<( 581<( 661;( 5617( 6616 5817
4<<; 315< 315: 4715( 5514( 671:( 5;1<( 6519 5513
4<<< 3166 3165 4318( 591;( 5<18( 6616( 5:1< 561:
5333 316: 3168 <17( 6713( 5;14( 5;18( 7613 7517
5334 3168 3166 :16( 651:( 6714( 581;( 571; 5316

" Wkhvh fdwhjrulhv duh edvhg rq wkh vkrfnv olvwhg lq wdeoh 5141 Krul}rqwdoo|/ wkh| vxp xs wr
4331 Wkh fdwhjru| ri srolwlfdo lqvhfxulw| lv edvhg rq wkh vkrfnv olvwhg lq wkh urzv ;0< dqg
44046 ri wdeoh 514

Wkh zdu0uhodwhg vkrfnv frqwlqxh lqwr 4<<8 dqg 4<<9/ pdlqo| ehfdxvh ri wkh kljk qxpehu
ri uhixjhhv dqg sulvrqhuv1 Lq wkhvh srvw0zdu |hduv krxvhkrogv dovr iuhtxhqwo| uhsruwhg d
vkruwdjh ri oderu ru pdqxuh1 Wklv pd| eh gxh wr wkh kljk qxpehu ri fdvxdowlhv/ sulvrqhuv/
xquhwxuqhg uhixjhhv dqg wkh hurvlrq ri olyhvwrfn1 Iurp 4<<: rqzdugv/ wkh odfn ri lqsxwv
dqg udlqidoo luuhjxodulwlhv ehfrph htxdoo| lpsruwdqw fdxvhv iru orz lqfrphv1 Sulru wr
4<<7/ wkh odfn ri lqsxwv lv uhsruwhg dv wkh pdlq fdxvh iru dq lqfrph vkruwidoo/ suredeo|
ehfdxvh iru wklv shulrg krxvhkrogv irxqg lw gl!fxow wr uhfdoo wkh h{dfw |hdu ri udlqidoo
luuhjxodulwlhv1 Ilqdoo|/ wkh wzr odvw froxpqv uhyhdo wkdw wkh qxpehu ri +erwk Kxwx0 dqg
Wxwvl0khdghg, krxvhkrogv vx�hulqj iurp irrg vkruwdjh uhdfkhg d shdn lq 4<<7 � * 1

51716 Fdwwoh rzqhuvkls/ sulfhv dqg wudqvdfwlrqv
Wdeoh 516 vkrzv lqirupdwlrq rq fdwwoh rzqhuvkls dqg fdwwoh wudqvdfwlrqv ryhu wlph1 Wkh
�uvw froxpq jlyhv wkh sursruwlrq ri krxvhkrogv rzqlqj fdwwoh1 Wkh phdq sursruwlrq ryhu
wkh shulrg 4<<405334 lv 6517 shufhqw/ zlwk d shdn ri 6;13 shufhqw lq 4<<6 dqg d orz ri
5:18 shufhqw lq 4<<8 � + 1 L qrwh wkdw wzr wklugv ri wkhvh fdwwoh rzqhuv rzq rqh ru wzr
�1, Wkh qxpehu ri |hduv ri irrg vkruwdjh ydulhv frqvlghudeo| dfurvv krxvhkrogv1 Iru h{dpsoh 48 shufhqw

ri krxvhkrogv glg qrw uhsruw dq| |hdu ri irrg lqvhfxulw|/ zkloh 4517 shufhqw uhsruwhg pruh wkdq �yh |hduv
ri irrg lqvhfxulw|1 Krxvhkrogv lq wklv odwwhu fdwhjru| prvwo| phqwlrqhg wkh odfn ri lqsxwv/ vxfk dv oderu/
odqg dqg ihuwlol}hu/ dv wkh pdlq fdxvh iru wkhlu +shuvlvwhqw, frqvxpswlrq vkruwidoo1�1- Wkhvh �jxuhv pd| jlyh wkh lpsuhvvlrq wkdw rqo| 63 wr 68 shufhqw ri krxvhkrogv rzqhg fdwwoh lq wkh
shulrg 4<<4053341 Krzhyhu/ wkh krxvhkrogv wkdw rzq fdwwoh fkdqjh ryhu wlph1 Dfwxdoo|/ pruh wkdq kdoi
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khdgv ri fdwwoh/ zkloh rqo| d kdqgixo rzq uhodwlyho| odujh khugv zlwk �yh wr �iwhhq khdgv
ri fdwwoh1 Qrqh ri wkh krxvhkrogv ghshqg sulpdulo| rq olyhvwrfn iru wkhlu olyholkrrgv1

Froxpq wzr surylghv lqirupdwlrq rq wkh wrwdo qxpehu ri khdgv ri fdwwoh lq wkh vdpsoh
ryhu wlph1 Wkh iroorzlqj froxpqv vkrz wkh wrwdo qxpehu ri khdgv ri fdwwoh orvw/ vrog/
sxufkdvhg/ eruq/ uhfhlyhg/ dqg jlyhq lq hdfk |hdu1 Dffruglqj wr wkh gdwd/ wkh khdgv ri
fdwwoh orvw lq 4<<7 dprxqwhg wr derxw kdoi ri wkh vdpsoh fdwwoh vwrfn dw wkh vwduw ri 4<<71
Lq dgglwlrq/ lq 4<<7/ wkh qxpehu ri fdwwoh vrog zdv udwkhu kljk frpsduhg wr rwkhu |hduv1
Wkh gdwd vkrz vrph hylghqfh ri uh0vwrfnlqj ri fdwwoh lq wkh �uvw frxsoh ri |hduv diwhu wkh
jhqrflgh1 Erwk lq 4<<9 dqg 4<<: d uhodwlyho| odujh qxpehu ri dqlpdov zdv erxjkw1 Lq
dgglwlrq/ wkh qxpehu ri fdwwoh uhfhlyhg dv d jliw ru wudqvihu zdv txlwh kljk lq wkh srvw0zdu
|hduv1 Wklv vwhpv iurp wkh idfw wkdw/ lq wkh vdpsoh/ vhyhudo Wxwvl zlgrzv uhfhlyhg fdwwoh
iurp LEXND/ d Uzdqgdq dvvrfldwlrq iru wkh vxuylyruv ri wkh jhqrflgh1

Wdeoh 516= Fdwwoh rzqhuvkls dqg fdwwoh wudqvdfwlrqv ryhu wlph
Sursruwlrq ri Wrwdo qxpehu ri khdgv ri fdwwoh=
Krxvhkrogv
zlwk fdwwoh rzqhg orvw vrog erxjkw eruq uhfhlyhg jlyhq

4<<4 6917( 59: 3 8 ; 4 5 6
4<<5 6913( 595 4: : 46 44 6 4
4<<6 6;13( 5<9 ; 48 46 53 5 4
4<<7 6616( 58: 468 5: ; < 8 5
4<<8 5:18( 496 55 47 45 9 43 5
4<<9 5:1<( 4:8 7 48 53 44 9 6
4<<: 5<14( 4;7 ; ; 49 < 8 6
4<<; 6319( 4<7 ; 4; : < 43 9
4<<< 6417( 4;3 43 5: < 44 8 9
5333 6319( 4;4 49 43 4; 46 ; ;
5334 681:( 4<: 43 54 55 4< 8 <

Lq jhqhudo/ ihz fdwwoh zhuh vrog lq wkh vdpsoh/ zlwk dq dyhudjh ri 4815 khdgv shu |hdu
+rq dyhudjh :18 shufhqw ri wkh fdwwoh vwrfn,1 Lq 4<<7/ 5: khdgv ri fdwwoh zhuh vrog/ derxw
wzlfh dv pxfk dv wkh dyhudjh qxpehu vrog lq rwkhu |hduv1 Wkh dyhudjh sulfh uhfhlyhg
iru d khdg ri fdwwoh gxulqj 4<<405334 zdv doprvw 63/333 UZI/ pruh wkdq kdoi ri wkh
dqqxdo h{shqglwxuh shu uxudo lqkdelwdqw iru wklv shulrg � . 1 Lq 4<<7/ wkh fdwwoh sulfh zdv
rq dyhudjh rqo| 44/833 UZI shu dqlpdo vrog1 Wkh sulfh revhuydwlrqv duh vhw rxw lq �jxuh

ri wkh krxvhkrogv +8:1; (, zhuh fdwwoh rzqhuv lq rqh ru pruh |hduv ri wkh shulrg vwxglhg1 Wkh wklug
fkdswhu ri wklv glvvhuwdwlrq surylghv d vwxg| rq hfrqrplf prelolw| lq Uzdqgd1��2 Lq 5333/ wkh dqqxdo h{shqglwxuh shu uxudo lqkdelwdqw +dgxow htxlydohqw, dprxqwhg wr 94/766 UZI/
zkloh lw zdv dw ;/458 UZI lq 4<<31 Wkh lq dwlrq iru wklv shulrg zdv 65;( +Jryhuqphqw ri Uzdqgd/
5335d> PfNd| dqg Oryhulgjh/ 5338,



2.4. ADVERSE INCOME SHOCKS AND LIVESTOCK TRANSACTIONS IN GITARAMA AND GIKONGORO,
1991-2001. :4

Iljxuh 514= Hyroxwlrq ri qrplqdo fdwwoh sulfhv gxulqj 4<<405334
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5141 D fxelf vsolqh lv �w wr +wkh phgldqv ri, wkh revhuydwlrq srlqwv1 Wkh olqh sorw fohduo|
vkrzv d orz lq fdwwoh sulfhv lq 4<<7 dqg d shdn vkruwo| diwhu1

Ehvlghv wkh qxpehu ri fdwwoh vrog dqg wkh sulfh uhfhlyhg/ dovr wkh uhdvrqv iru vhoolqj
fdwwoh gl�hu ehwzhhq zdu dqg shdfhwlph1 Iru hdfk dqlpdo vrog/ krxvhkrogv zhuh dvnhg wr
jlyh wkh pdlq uhdvrq iru vhoolqj1 Wdeoh 517 vkrzv wkh uhvxowv1 Iru wkh shulrg 4<<405334/
wkh qhhg wr sxufkdvh irrg zdv wkh pdlq uhdvrq iru vhoolqj fdwwoh lq rqo| 4: shufhqw ri
fdvhv1 Lq prvw fdvhv wkh krxvhkrog vrog fdwwoh lq rughu wr pdnh dqrwkhu lqyhvwphqw/ eh
lw lq sk|vlfdo ru kxpdq fdslwdo1 Lq d kdqgixo ri fdvhv/ fdwwoh zhuh vrog wr sd| d euleh
ru �qh1 Iru h{dpsoh/ rqh iduphu vdlg kh vrog klv fdwwoh wr jhw klv vrq rxw ri sulvrq1
D vljql�fdqw iudfwlrq ri vdohv +471:(, zhuh pdgh ehfdxvh wkh dqlpdov zhuh frqvlghuhg
xvhohvv ru zhuh gl!fxow wr fduh iru1

Iru 4<<7/ wkh slfwxuh orrnv yhu| gl�huhqw= pruh wkdq hljkw rxw ri whq dqlpdov zhuh
vrog hlwkhu ehfdxvh ri wkh qhhg wr ex| irrg ru ehfdxvh ri lqvhfxulw|1 %Lqvhfxulw|% srlqwv
khuh wr wkh ihdu iru fdwwoh udlglqj ru wkh qhhg wr vhhn uhixjh1 Iru h{dpsoh/ rqh shdvdqw
dqvzhuhg wkdw wkhuh zdv qr sdvwxuh odqg lq wkh uhixjhh fdpsv dqg kh zdv wkhuhiruh



:5 FKDSWHU 51 FDWWOH VDOHV LQ ZDU0 DQG SHDFHWLPH

Wdeoh 517= Uhsruwhg uhdvrqv iru fdwwoh vdohv
Qu ri vdohv ( ri wrwdo vdohv

Doo |hduv 4<<7 Doo |hduv 4<<7
Sxufkdvh ri irrg 5: 45 4:16 7717
Lqvhfxulw| 45 44 :1: 731:
Lqyhvwphqw lq sk|vlfdo fdslwdo dqg idup h{shqglwxuhv 5614 61:
Frqvwuxfwlrq ri krxvh ru sxufkdvh ri elnh 53 3
Sxufkdvh ri djulfxowxudo lqsxwv 49 4

Lqyhvwphqw lq kxpdq fdslwdo dqg zhgglqj h{shqvhv 651: :17
Khdowk fduh ihh 59 5
Vfkrro ihh 4: 3
Zhgglqj h{shqvhv ; 3

Qhhg iru fdvk wr sd| rwkhuv 718 3
Sd| zlih xsrq glyrufh 6 3
Glylgh lqkhulwdqfh xsrq idwkhu*v ghdg 4 3
Sd| euleh ru �qh 6 3

Fdwwoh vwrfn dgmxvwphqw 471: 61:
Dqlpdo lv loo/ zlog/ rog ru xvhohvv 4< 4
Fdqqrw wdnh fduh ri +pruh wkdq 4, dqlpdo 7 3

reoljhg wr vhoo klv fdwwoh dw d yhu| orz sulfh1 Erwk wkh suhfdulrxv irrg vlwxdwlrq lq 4<<7
dqg wkh odfn ri rwkhu h�hfwlyh frslqj vwudwhjlhv pd| h{sodlq zk|/ frqwudu| wr rwkhu |hduv/
krxvhkrogv vr riwhq flwhg irrg frqvxpswlrq dv wkh pdlq uhdvrq iru vhoolqj fdwwoh lq 4<<71

518 Whvwlqj iru wkh xvh ri fdwwoh iru frslqj zlwk dg0
yhuvh lqfrph vkrfnv= d frpsdulvrq ehwzhhq shdfh0
dqg zduwlph

Lq wklv vhfwlrq/ L whvw zkhwkhu krxvhkrogv vrog fdwwoh lq d |hdu lq zklfk rqh ru pruh dg0
yhuvh lqfrph vkrfnv rffxuuhg1 Wr dvfhuwdlq wkdw wkhvh fdwwoh vdohv zhuh qrw mxvw uh hfwlqj
vkliwv lq wkh krxvhkrog dvvhw sruwirolr/ L uhshdw wklv whvw zlwk fdwwoh vrog iru wkh sxusrvh
ri sxufkdvlqj irrg dv h{sodqdwru| yduldeoh1

Wkh ghshqghqw yduldeoh/ } P w / lv d elqdu| yduldeoh wdnlqj wkh ydoxh � zkhq krxvhkrog
l vrog fdwwoh lq |hdu w/ dqg f rwkhuzlvh � / 1 Wkh h{sodqdwru| yduldeoh ri lqwhuhvw lv wkh
vkrfn lqgh{/ v P w / d phdvxuh ri wkh vkrfnv idfhg e| krxvhkrog l lq |hdu w1 Wklv phdvxuh
�13 Qr glvwlqfwlrq lv pdgh ehwzhhq rqh ru pruh khdgv ri fdwwoh vrog/ ehfdxvh wkh qxpehu vrog uduho|

h{fhhgv rqh1 L gr qrw xvh wkh gdwd rq fdwwoh erxjkw vlqfh lqirupdwlrq rq srvlwlyh lqfrph vkrfnv lv
plvvlqj1
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zdv gh�qhg lq vhfwlrq 51715 � 0 1 Wkh prgho fdq eh irupxodwhg lq whupv ri wkh iroorzlqj
xqghuo|lqj odwhqw prgho

} �P w ' v P w � n { P w � n � P n % P w +5143,
} P w ' � li } �P w A f
} P w ' f li } �P w � f>

zkhuh } P w lv wkh xqghuo|lqj odwhqw ghshqghqw yduldeoh> { P w duh d vhulhv ri frqwuro yduldeohv>� P duh Q krxvhkrog vshfl�f xqnqrzq sdudphwhuv> dqg % P w lv wkh huuru whup1Ehvlghv ex�hulqj prwlyhv/ fdwwoh vwrfn dgmxvwphqw +wr uhdfk wkh rswlpxp khug vl}h,
pd| sod| dq lpsruwdqw uroh lq olyhvwrfn vdoh ehkdylru +PfLqwluh hw do1/ 4<<5,1 Wkhuhiruh/ L
lqfoxgh wkh fdwwoh vwrfn lq |hdu w��/ lwv vtxduh dqg fkdqjhv lq wkh fdwwoh vwrfn lq |hdu w��
dv frqwuro yduldeohv1 Iru wkh vdph uhdvrq/ L lqfoxghg wkh khdgv ri fdwwoh eruq/ uhfhlyhg
dqg jlyhq lq |hdu w1 Lq dgglwlrq/ wkh qxpehu ri fdwwoh vwrohq ru nloohg dqg wkh khdgv ri
fdwwoh wkdw glhg iurp d glvhdvh lq |hdu w duh lqfoxghg1 Ilqdoo|/ L frqwuro iru krxvhkrog odqg
dqg oderu/ zklfk ghwhuplqh wkh frvwv ri fdwwoh khuglqj/ exw pd| dovr fdswxuh krxvhkrog
suhihuhqfhv dqg wkh dydlodelolw| ri rwkhu frslqj vwudwhjlhv1 Iru h{dpsoh/ dv dq dowhuqdwlyh
wr vhoolqj dvvhwv lq shulrgv ri glvwuhvv/ dfwlyh dgxowv pd| orrn iru whpsrudu| r�0idup
hpsor|phqw1 Ru/ wkh suhvhqfh ri vpdoo fkloguhq pd| lqgxfh krxvhkrogv wr krog rq wr
fdwwoh iru wkhlu plon1 Wdeoh 518 jlyhv d ghvfulswlrq ri doo yduldeohv xvhg lq wkh uhjuhvvlrq
dqdo|vlv1

Wkh sdudphwhuv � P lq htxdwlrq +5143, fdq eh wuhdwhg dv udqgrp xqnqrzq sdudphwhuv
ru dv �{hg xqnqrzq sdudphwhuv1 Lq wkh �uvw fdvh/ wkh prgho fdq eh hvwlpdwhg xvlqj
wkh udqgrp h�hfwv surelw dssurdfk1 Wkh fuxfldo dvvxpswlrq xqghuo|lqj wklv dssurdfk lv
wkdw wkh krxvhkrog0vshfl�f h�hfwv � P duh lqghshqghqw ri v P w dqg { P w +Pdggdod/ 4<;:,1 Li
wklv dvvxpswlrq lv ylrodwhg/ d �{hg h�hfwv wuhdwphqw lv pruh dssursuldwh1 Vlqfh erwk wkh
Kdxvpdq dqg wkh Pxqgodn whvw uhmhfw wkdw � P dqg v P w duh ruwkrjrqdo/ L xvh wkh �{hg h�hfwvdssurdfk dqg �w d frqglwlrqdo �{hg0h�hfwv orjlw prgho wr wkh gdwdvhw +Kdxvpdq dqg
Wd|oru/ 4<;4> Pxqgodn 4<:;,1 Lw fdq eh vkrzq wkdw/ xqghu zhdn uhjxodulw| frqglwlrqv/
wkh frqglwlrqdo pd{lpxp olnholkrrg hvwlpdwru lv frqvlvwhqw dqg dv|pswrwlfdoo| qrupdo
+Pdggdod/ 4<;:,1 Wkh frqglwlrqdo �{hg0h�hfwv orjlw prgho kdv wkh glvdgydqwdjh wkdw
��4 Wkh vkrfn lqgh{ dffrugv dq htxdo zhljkw wr doo vkrfnv olvwhg lq wdeoh 41 Dq dowhuqdwlyh zd| lv wr xvh

d orjlvwlf uhjuhvvlrq wr fdofxodwh wkh suredelolw| ri d irrg vkruwdjh iru krxvhkrog l jlyhq wkh vkrfnv wkdw
klw wkh krxvhkrog lq |hdu w1 Wklv vhfrqg phdvxuh jlyhv d kljk +orz, zhljkw wr d vkrfn wkdw frqvlghudeo|
+rqo| voljkwo|, lqfuhdvhv wkh suredelolw| ri d frqvxpswlrq vkruwidoo1 Txdolwdwlyho|/ wkh uhvxowv ri wkh
uhjuhvvlrq dqdo|vlv duh frpsdudeoh dfurvv erwk phdvxuhv +vhh wdeoh 51D15 lq wkh dsshqgl{,1



:7 FKDSWHU 51 FDWWOH VDOHV LQ ZDU0 DQG SHDFHWLPH

Wdeoh 518= H{sodqdwru| yduldeohv xvhg lq uhjuhvvlrq dqdo|vlv/ gh�qlwlrq dqg ghvfulswlyh
vwdwlvwlfv iru 4<<405334

Ghvfulswlrq � Q@;63
Phdq Yduldqfh

Vkrfn lqgh{ +w, Vxp ri vkrfnv olvwhg lq wdeoh 514 3156 3154
Frpprq frpsrqhqw ri Sduw ri vkrfn lqgh{ h{sodlqhg e| 3168 3154
vkrfn lqgh{ +w, wlph0ydu|lqj frppxqh gxpplhv

Lglrv|qfudwlf frpsrqhqw ri Uhpdlqlqj sduw 3173 3145
vkrfn lqgh{ +w,

Shuvlvwhqw frpsrqhqw ri Sduw ri vkrfn lqgh{ wkdw shuvlvwv 3153 3153
vkrfn lqgh{ +w, ryhu wlph �

Whpsrudu| frpsrqhqw ri Uhpdlqlqj sduw 3145 3147
vkrfn lqgh{ +w,

Vkrfn lqgh{ iru 4<<7 +w, Lqgh{ ri vkrfnv rffxuulqj lq 4<<7 3166 � 3157 �
Vkrfn lqgh{ iru rwkhu |hduv +w, Uhpdlqlqj sduw 314;g 3153g
Kljko| ylrohqw frpsrqhqw ri Vkrfn lqgh{ gxh wr ylrohqw ghdwk dqg 314: � 3164 �
vkrfn lqgh{ lq 4<<7 +w, wkh ghvwuxfwlrq ri wkh kk*v krxvh

Rwkhu frpsrqhqwv ri Uhpdlqlqj sduw 317: � 314: �
vkrfn lqgh{ lq 4<<7 +w,

Frpprq frpsrqhqw ri fdwwoh Fryduldqw sduw ri fdwwoh orvw 3139 314<
orvw gxh wr ylrohqfh +w, gxh wr ylrohqfh

Lglrv|qfudwlf frpsrqhqw ri fdwwoh Uhpdlqlqj sduw 3138 3169
orvw gxh wr ylrohqfh +w,

Frpprq frpsrqhqw ri fdwwoh Fryduldqw sduw ri fdwwoh orvw 3136 3139
orvw gxh wr rwkhu fdxvh +w, gxh wr rwkhu fdxvh

Lglrv|qfudwlf frpsrqhqw ri fdwwoh Uhpdlqlqj sduw 3138 3159
orvw gxh wr rwkhu fdxvh +w,

Fdwwoh orvw gxh wr ylrohqfh +w, Qxpehu ri khdgv orvw gxh wr zdu2wkhiw 3139 3176
Fdwwoh orvw gxh wr rwkhu fdxvh +w, Qxpehu ri khdgv orvw gxh wr glvhdvh 3138 315;

ru qdwxudo ghdwk fdxvh
Fdwwoh eruq +w, Qxpehu ri khdgv eruq 313< 3166
Fdwwoh uhfhlyhg +w, Qxpehu ri khdgv uhfhlyhg dv d jliw 3137 3154
Fdwwoh jlyhq +w, Qxpehu ri khdgv jlyhq dv d jliw 3137 314<
Fdwwoh vwrfn +w04, Qxpehu ri khdgv rzqhg 41;6 5156
Vtxduhg fdwwoh vwrfn +w04, ;168 571;9
Fdwwoh orvw +w04, Qxpehu ri khdgv orvw 3144 3184
Fdwwoh eruq +w04, Qxpehu ri khdgv eruq 313; 3163
Fdwwoh uhfhlyhg +w04, Qxpehu ri khdgv uhfhlyhg dv d jliw 3137 3153
Fdwwoh jlyhq +w04, Qxpehu ri khdgv jlyhq dv d jliw 3136 314;
Odqg vl}h +w04, Khfwduh ri odqg rzqhg 4144 4144
Fkloguhq +w04, Qxpehu ri lqglylgxdov/ ? 48 |hduv 51;6 41;4
Zrphq +w04, Qxpehu ri zrphq/ 48098 |hduv 418: 4137
Phq +w04, Qxpehu ri phq/ 48098 |hduv 415< 413;
Hoghuv +w04, Qxpehu ri lqglylgxdov/ A 98 |hduv 314; 3173

" Doo wkh vkrfn lqgh{hv duh qrupdol}hg wr �w wkh lqwhuydo ^3/4`1 7 Dv d phdvxuh ri shuvlvwhqfh/
L xvh wkh wudqvlwlrq suredelolwlhv olvwhg lq wdeoh 5141 G Phdq dqg yduldqfh iru 4<<71 � Phdq
dqg yduldqfh iru 4<<405335/ ehvlghv 4<<71
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wkh revhuydwlrqv ri krxvhkrogv wkdw gr qrw fkdqjh vwdwxv ryhu wlph/ gurs rxw1 Dv d
uhvxow/ wkh k|srwkhvlv whvw lv olplwhg wr krxvhkrogv wkdw vrog fdwwoh dw ohdvw rqfh gxulqj
wkh shulrg 4<<4053341 Wklv frqvlghudeo| uhgxfhv rxu revhuydwlrqv iurp 58;3 wr ;63/ ru
dowhuqdwlyho| iurp 58; krxvhkrogv wr ;6 krxvhkrogv � � 1

Wdeoh 519 dqg 51: vkrz wkh �{hg0h�hfwv orjlw hvwlpdwhv/ uhvshfwlyho| iru doo fdwwoh
vdohv dqg fdwwoh vdohv lq h{fkdqjh iru irrg1 L �uvw whvw wkh edvlf k|srwkhvlv/ l1h1 zkhwkhu
krxvhkrogv vrog fdwwoh lq d |hdu lq zklfk rqh ru pruh dgyhuvh lqfrph vkrfnv rffxuuhg
+froxpq 4,1 Wkh hvwlpdwh iru � lv fohduo| srvlwlyh dqg vljql�fdqwo| gl�huhqw iurp }hur1 Lwv
ydoxh lq wdeoh 519 +417;, lpsolhv wkdw dq lqfuhdvh ri wkh vkrfn lqgh{ iurp 3 wr 4/ uhvxowv lq
d 417; xqlw lqfuhdvh lq wkh orj ri wkh rggv ri vhoolqj fdwwoh1 Sxw lq dqrwkhu zd|/ wklv phdqv
wkdw wkh rggv ri vhoolqj fdwwoh zkhq wkh vkrfn lqgh{ htxdov 4 lv 716< +h{s+417;,, juhdwhu
wkdq zkhq wkh vkrfn lqgh{ htxdov }hur1 Dowhuqdwlyho|/ rqh fdq frpsxwh wkh pdujlqdo
h�hfw ri d fkdqjh lq wkh vkrfn lqgh{/ hydoxdwhg dw wkh vdpsoh phgldq iru wkh rwkhu
h{sodqdwru| yduldeohv1 Grlqj vr/ L �qg wkdw wkh suredelolw| ri d krxvhkrog vhoolqj fdwwoh
lqfuhdvhv zlwk 3168 shufhqwdjh srlqwv iru d pdujlqdo lqfuhdvh lq wkh vkrfn lqgh{1 Wkh
uhvxowv lq wdeoh 51: duh txdolwdwlyho| vlplodu/ lqglfdwlqj wkdw zh duh qrw phuho| slfnlqj xs
wkh h�hfw ri vkliwv lq wkh krxvhkrog*v dvvhw frpelqdwlrq xsrq dq dgyhuvh lqfrph vkrfn1

Dv phqwlrqhg ehiruh/ wkh w|sh ri vkrfn pdwwhuv iru wkh +uhodwlyh, h�hfwlyhqhvv ri
fdwwoh vdohv iru vprrwklqj frqvxpswlrq1 Li wkh vkrfn lv fryduldqw/ wkh whupv ri wudgh ulvn
pd| vhw lq +sohdglqj djdlqvw fdwwoh vdoh,/ exw dw wkh vdph wlph rwkhu frslqj vwudwhjlhv/
vxfk dv lqirupdo lqvxudqfh dqg zdjh zrun pd| shuirup srruo| +idyrulqj fdwwoh vdoh,1
Wkh slfwxuh lv uhyhuvhg iru lglrv|qfudwlf vkrfnv1

Wr �qg rxw zklfk w|sh ri vkrfnv fdwwoh vdohv duh prvw uhvsrqvlyh wr/ L glvdjjuhjdwh
wkh vkrfn lqgh{ v P w lq wzr sduwv/ d frpprq dqg lglrv|qfudwlf frpsrqhqw1 Wkh frp0
prq frpsrqhqw zdv rewdlqhg iurp d uhjuhvvlrq ri wkh vkrfn lqgh{ rq wkh ixoo vhw ri
wlph0ydu|lqj frppxqh gxpplhv1 Wkh sduw ri wkh vkrfn lqgh{ qrw h{sodlqhg e| wklv uh0
juhvvlrq zdv wuhdwhg dv wkh lglrv|qfudwlf frpsrqhqw ri wkh vkrfn lqgh{1 Erwk sduwv zhuh
qrupdol}hg wr �w wkh lqwhuydo ^3/4`1 Froxpq 5 ri wdeoh 519 vkrzv wkdw fdwwoh vdohv zhuh
pruh uhvsrqvlyh wr fryduldqw vkrfnv wkdq wr lglrv|qfudwlf vkrfnv1 Wklv lv lq olqh zlwk
wkh �qglqjv ri Idifkdpsv hw do1 +4<<;, lq Exunlqd Idvr/ zkr frqfoxgh wkdw krxvhkrogv
�%� Wkh revhuydwlrqv iru 4<<4 duh gursshg gxh wr wkh lqfoxvlrq ri odjjhg yduldeohv1 Wkhuhiruh/ wkh

pd{lpxp srvvleoh qxpehu ri revhuydwlrqv lv 58;3 +58;-43,1 Frpsdulqj wkh fkdudfwhulvwlfv ri wkh
lqfoxghg +;6, zlwk wkh h{foxghg krxvhkrogv +4:8,/ L �qg wkdw wkh odwwhu krxvhkrogv rzq ihzhu fdwwoh/
dqg kdyh rq dyhudjh vpdoohu odqg dqg krxvhkrog vl}hv1 Wkh vkrfnv duh frpsdudeoh dfurvv erwk jurxsv
ri krxvhkrogv +vhh wdeoh 51D14 lq wkh dsshqgl{,1
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Wdeoh 519= Il{hg h�hfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh vdohv
4 5 6 7 8 9

Vkrfn lqgh{ +w, 417; 4154
+31348, +3138:,

Lglrv|qfudwlf frpsrqhqw 318<
ri vkrfn lqgh{ +w, +317:<,

Frpprq frpsrqhqw 518:
ri vkrfn lqgh{ +w, +31338,

Whpsrudu| frpsrqhqw 03199
ri vkrfn lqgh{ +w, +3185;,

Shuvlvwhqw frpsrqhqw 51::
ri vkrfn lqgh{ +w, +31337,

Vkrfn lqgh{ iru 4<<7 +w, 31;5
+316<3,

Vkrfn lqgh{ iru rwkhu |hduv +w, 41:; 5135
+3133<, +31337,

Kljko| ylrohqw frpsrqhqw 031<<
vkrfn lqgh{ lq 4<<7 +w, +31768,

Rwkhu frpsrqhqwv ri 416<
vkrfn lqgh{ lq 4<<7 +w, +31379,

Frpprq frpsrqhqw ri fdwwoh 3137
orvw gxh wr ylrohqfh +w, +31<84,
Lglrv|qfudwlf frpsrqhqw ri fdwwoh 03196
orvw gxh wr ylrohqfh +w, +31367,
Frpprq frpsrqhqw ri fdwwoh 61;3
orvw gxh wr rwkhu fdxvh +w, +31384,
Lglrv|qfudwlf frpsrqhqw ri fdwwoh 0417:
orvw gxh wr rwkhu fdxvh +w, +31358,
Fdwwoh orvw gxh wr ylrohqfh +w, 03183 03187 0317: 03178 03177

+3136:, +31356, +31388, +31399, +313<8,
Fdwwoh orvw gxh wr rwkhu fdxvh +w, 04147 0414: 04145 04145 04147

+3137;, +31378, +31386, +3137;, +3137:,
Fdwwoh vwrfn +w04, 4186 4187 4189 4187 4186 4185

+31333, +31333, +31333, +31333, +31333, +31333,
Vtxduhg fdwwoh vwrfn +w04, 0313; 0313; 0313; 0313; 0313; 0313;

+31333, +31333, +31333, +31333, +31333, +31333,
Fkl0vtxduhg vwdwlvwlf 464149 4661:5 46816< 46513: 46817; 468189
Ohyho ri vljql�fdqfh 31333 31333 31333 31333 31333 31333
Qxpehu ri revhuydwlrqv ;63 ;63 ;63 ;63 ;63 ;63

Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg duh= fdwwoh
eruq +w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg vl}h +w04,/ qxpehu
ri fkloguhq +w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04, dqg qxpehu ri hoghuv +w04,
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Wdeoh 51:= Il{hg h�hfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh vdohv lq h{fkdqjh
iru irrg

4 5 6 7 8 9
Vkrfn lqgh{ +w, 51<; 51:3

+313::, +3145;,
Lglrv|qfudwlf frpsrqhqw ri 318<
vkrfn lqgh{ +w, +31:<3,
Frpprq frpsrqhqw ri 91<5
vkrfn lqgh{ +w, +31344,

Whpsrudu| frpsrqhqw ri 4198
vkrfn lqgh{ +w, +317;:,

Shuvlvwhqw frpsrqhqw ri 51;6
vkrfn lqgh{ +w, +3158:,

Vkrfn lqgh{ iru 4<<7 +w, 7153
+31376,

Vkrfn lqgh{ iru rwkhu |hduv +w, 514; 619<
+31584, +313:8,

Kljko| ylrohqw frpsrqhqw ri 0:7154
vkrfn lqgh{ lq 4<<7 +w, +41333,

Rwkhu frpsrqhqwv ri 7139
vkrfn lqgh{ lq 4<<7 +w, +31339,

Frpprq frpsrqhqw ri fdwwoh 318<
orvw gxh wr ylrohqfh +w, +31:9:,

Lglrv|qfudwlf frpsrqhqw ri 31<9
fdwwoh orvw gxh wr ylrohqfh +w, +315<7,

Frpprq frpsrqhqw ri fdwwoh 8145
orvw gxh wr rwkhu fdxvh +w, +31487,

Lglrv|qfudwlf frpsrqhqw fdwwoh 051;7
orvw gxh wr rwkhu fdxvh +w, +31493,

Fdwwoh orvw gxh wr ylrohqfh +w, 31<6 4154 31;; 31<6 3185
+31593, +3149<, +315;7, +315:4, +3188:,

Fdwwoh orvw gxh wr rwkhu fdxvh +w, 041<4 041;7 041<9 041;: 05166
+31554, +31583, +3154<, +31553, +3145;,

Fdwwoh vwrfn +w04, 61:7 61:9 6199 61;3 6167 6198
+31334, +31334, +31334, +31334, +31336, +31334,

Vtxduhg fdwwoh vwrfn +w04, 03177 03177 03175 03178 03168 03175
+31353, +31349, +3135<, +31354, +313:3, +31353,

Fkl0vtxduhg vwdwlvwlf 74185 781;4 74198 75186 7:175 77155
Ohyho ri vljql�fdqfh 31334 31333 31334 31334 31333 31334
Qxpehu ri revhuydwlrqv 553 553 553 553 553 553

Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg duh= fdwwoh
eruq +w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg vl}h +w04,/ qxpehu
ri fkloguhq +w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04, dqg qxpehu ri hoghuv +w04,1



:; FKDSWHU 51 FDWWOH VDOHV LQ ZDU0 DQG SHDFHWLPH

lq Exunlqd Idvr kdyh rwkhu ohvv frvwo| zd|v wr ghdo zlwk lglrv|qfudwlf vkrfnv/ zkloh wkh
vdph grhv qrw dsso| iru fryduldqw vkrfnv1 Wklv uhdvrqlqj pd| dovr dsso| wr rxu uhvxowv
iru Uzdqgd1 Djdlq/ wkh uhvxowv lq wdeoh 51: duh txdolwdwlyho| vlplodu1

Wkh %ohqjwk ri wkh vkrfn% pd| dovr pdwwhu iru fdwwoh vdoh ehkdylru1 Rq wkh rqh kdqg/
xsrq dq dgyhuvh lqfrph vkrfn lq |hdu w/ d krxvhkrog pd| eh uhoxfwdqw wr ghsohwh lwv
fdwwoh vwrfn lq |hdu w li wkh vdph kdugvkls ru zruvh lv h{shfwhg lq |hdu w n �1 Rq wkh
rwkhu kdqg/ wkh oxpslqhvv ri fdwwoh pd| pdnh lwv xvh dv d ex�hu vwrfn pruh vxlwdeoh
iru frslqj zlwk orqj whup kdugvkls wkdq iru frslqj zlwk d vkruw whup lqfrph vkruwidoo/
surylghg wkdw krxvhkrogv vsuhdg wkh xvh ri wkh prqh| rewdlqhg iurp d fdwwoh vdoh ryhu
pruh wkdq rqh wlph shulrg1 Lq dgglwlrq/ krxvhkrogv pd| kdyh dffhvv wr rwkhu ohvv frvwo|
vwudwhjlhv wr ghdo zlwk d wudqvlwru| vkrfn1 Iru h{dpsoh/ orzhu irrg lqwdnh lv d vwudwhj|
wkdw pd| eh hdvlo| vxvwdlqhg lq wkh vkruw whup/ exw qrw lq wkh orqj whup1

Wr whvw iru gl�huhqw uhvsrqvlyhqhvv ri fdwwoh vdohv dffruglqj wr wkh ohqjwk ri wkh
vkrfnv/ L glvdjjuhjdwh wkh vkrfn lqgh{ lqwr d whpsrudu| dqg d shuvlvwhqw frpsrqhqw1 Wr
fdofxodwh wkh shuvlvwhqw frpsrqhqw ri wkh vkrfn lqgh{/ L �uvw wrrn d zhljkwhg vxp ri wkh
vkrfnv/ zlwk wkh zhljkwv htxdo wr wkh wudqvlwlrq suredelolwlhv dv olvwhg lq wdeoh 5141 Wkh
whpsrudu| frpsrqhqw ri wkh vkrfnv zdv wdnhq dv wkh gl�huhqfh ehwzhhq wklv zhljkwhg
vxp dqg wkh xqzhljkwhg vxp ri vkrfnv1 Erwk sduwv zhuh wkhq qrupdol}hg wr �w wkh
lqwhuydo ^3/4`1 Wkh uhvxowv lq froxpq 6 ri wdeoh 519 lqglfdwh wkdw vkrfnv wkdw shuvlvw ryhu
wlph wuljjhu r� pruh fdwwoh vdohv wkdq whpsrudu| vkrfnv1 Krzhyhu/ wklv �qglqj lv qrw
vxssruwhg e| wkh uhvxowv lq wdeoh 51:/ zkhuh wkh hvwlpdwhg frh!flhqw iru wkh shuvlvwhqw
frpsrqhqw ri wkh vkrfn lqgh{ lv qrw vljql�fdqwo| gl�huhqw iurp }hur1 Wklv frxog phdq
wkdw wkh revhuyhg uhodwlrqvkls ehwzhhq fdwwoh vdohv dqg shuvlvwhqw vkrfnv uh hfwv dvvhw
sruwirolr vkliwv udwkhu wkdq frqvxpswlrq vprrwklqj ehkdylru1

Wkh pdlq txhvwlrq ri lqwhuhvw lq wklv fkdswhu lv zkhwkhu ex�hu vwrfn ehkdylru gl�huv
ehwzhhq zdu0 dqg shdfhwlph1 Wr whvw iru wklv/ L ghfrpsrvh wkh vkrfn lqgh{ lqwr vkrfnv
wkdw rffxuuhg lq 4<<7 dqg vkrfnv wkdw rffxuuhg lq rwkhu |hduv1 Wkh uhvxowv lq froxpq 7
ri wdeoh 519 vkrz wkdw fdwwoh vdohv zhuh ohvv uhvsrqvlyh wr vkrfnv lq 4<<7 wkdq wr vkrfnv
lq rwkhu |hduv1 Krzhyhu/ wkh uhvxowv ri wdeoh 51: vkrz wkh rssrvlwh/ lqglfdwlqj wkdw/ lq
frqwudvw zlwk wkh shdfhwlph0|hduv/ lq 4<<7 fdwwoh vdohv zhuh sulpdulo| xvhg wr vprrwk
frqvxpswlrq1 �)� 1 Wklv uhvxow iru 4<<7 lv rewdlqhg ghvslwh wkh edg whupv ri wudgh +fi1 �jxuh
��� Wkhvh uhvxowv shuvlvwv hyhq zkhq wkh vkrfn lqgh{ iru 4<<7 dqg wkh rqh iru rwkhu |hduv duh ixuwkhu

ghfrpsrvhg lqwr d frpprq dqg lglrv|qfudwlf sduw +dv lq froxpq 5,/ ru lqwr d whpsrudu| dqg shuvlvwhqw
sduw +dv lq froxpq 6,1 Wkhvh dgglwlrqdo uhjuhvvlrqv duh qrw uhsruwhg/ exw fdq eh rewdlqhg iurp wkh
dxwkru xsrq uhtxhvw1
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514, dqg wkh kljk ulvn ri fdwwoh udlglqj +fi1 wdeoh 516,1
Krzhyhu/ qrw doo krxvhkrogv zhuh htxdoo| wdujhwhg lq wkh ylrohqfh1 Frqvhtxhqwo|/

vrph pljkw kdyh idfhg d kljkhu ulvn ri fdwwoh udlglqj wkdq rwkhuv1 Lq whupv ri htxdwlrq
+51;, wklv phdqv wkdw/ lq 4<<7/ � �w +wkh ulvn ri kdylqj fdwwoh nloohg ru vwrohq rq wkh
urdg, gl�huhg ehwzhhq krxvhkrogv1 Wr whvw zkhwkhu d kljk ydoxh iru � � Q�R%R<v suhyhqwhg wkh
zdu0d�hfwhg krxvhkrogv iurp vhoolqj fdwwoh/ L glvdjjuhjdwhg wkh vkrfn lqgh{ ri 4<<7 lqwr
wzr frpsrqhqwv1 Wkh �uvw frpsrqhqw lqfoxghv wkh wzr prvw ylrohqw vkrfnv +krxvhkrog
phpehuv nloohg dqg krxvh ghvwur|hg,/ zkloh wkh vhfrqg fdswxuhv doo rwkhu vkrfnv wkdw
rffxuuhg lq 4<<71 Wkh uhvxowv lq froxpq 8 ri erwk wdeoh 519 dqg 51: lqglfdwh wkdw fdwwoh
vdohv zhuh lqghhg qrw vljql�fdqwo| uhvsrqvlyh wr wkh prvw ylrohqw vkrfnv ri 4<<7/ zkloh
rwkhu ohvv ylrohqw 4<<7 vkrfnv glg wuljjhu r� fdwwoh vdohv1

Dq dowhuqdwlyh zd| wr whvw zkhwkhu d kljk � �w vljql�fdqwo| uhgxfhv fdwwoh vdohv lv
wr frpsduh fdwwoh vdohv lq wlphv ri ylrohqw frq lfw zlwk vdohv xsrq wkh rffxuuhqfh ri d
olyhvwrfn glvhdvh1 Lq erwk vlwxdwlrqv/ olyhvwrfn sulfhv dqg wkh h{shfwhg uhwxuq rq fdwwoh/
u wE� Q / duh orz

�%� 1 Krzhyhu/ wkh vlwxdwlrqv pd| gl�hu pdunhgo| zlwk uhvshfw wr wkh ydoxh
iru � �w / lq wkh vhqvh wkdw � �w lv h{shfwhg wr eh pxfk kljkhu gxulqj zduwlph wkdq gxulqj
shdfhwlph1 Frqvhtxhqwo|/ whvwlqj iru wkh glvvxdvlyh h�hfw ri � �w xsrq olyhvwrfn vdoh fdq
eh grqh e| whvwlqj zkhwkhu fdwwoh vdohv zhuh pruh uhvsrqvlyh wr wkh ulvn ri fdwwoh orvvhv
gxh wr glvhdvh wkdq wr wkh ulvn ri fdwwoh orvvhv gxh wr udlglqj dqg orrwlqj1 Wkhvh ulvnv fdq
eh phdvxuhg e| uhjuhvvlqj wkh qxpehu ri fdwwoh orvvhv/ uhvshfwlyho| gxh wr d glvhdvh dqg
gxh wr ylrohqfh/ rq wkh ixoo vhw ri wlph0ydu|lqj frppxqh gxpplhv1 Wkh xqh{sodlqhg sduw
ri wkh fdwwoh orvvhv lv uhihuuhg wr dv wkh %lglrv|qfudwlf fdwwoh orvvhv% dqg wkh| duh wdnhq
xs dv frqwuro yduldeohv lq uhjuhvvlrq 91 Wkh uhvxowv lq wdeoh 519 vkrz wkdw lq frqwudvw
wr wkh ulvn ri orrwlqj/ wkh ulvn ri fdwwoh glvhdvh wuljjhuv r� fdwwoh vdohv1 Wklv �qglqj lv
vxssohphqwdu| vxjjhvwlyh hylghqfh iru wkh glvvxdvlyh h�hfw ri wkh ulvn ri fdwwoh udlglqj
rq fdwwoh vdohv �%� 1

Ilqdoo|/ L qrwh wkdw wkh uhwurvshfwlyh qdwxuh ri wkh gdwd lq xhqfhv wkh krxvhkrogv* uh0
��� Lq rxu vdpsoh/ wkh fruuhodwlrq ehwzhhq wkh sulfh uhfhlyhg iru fdwwoh dqg wkh qxpehu ri khdgv ri fdwwoh

orvw shu frppxqh lq |hdu w lv kljko| qhjdwlyh dqg vljql�fdqw/ erwk iru orvvhv gxh wr olyhvwrfn glvhdvh
dqg iru orvvhv gxh wr wkh zdu ru gxh wr wkhiw1
Wkh h{shfwhg uhwxuq rq fdwwoh nhsw dw krph u �L� � lv orz lq erwk vlwxdwlrqv/ ehfdxvh wkh orqjhu d

krxvhkrog nhhsv lwv fdwwoh khug lq wkh d�hfwhg frppxqh/ wkh kljkhu wkh ulvn ri orrvlqj lw/ hlwkhu gxh wr
wkh frqwdplqdwlqj glvhdvh/ hlwkhu gxh wr orrwlqj uhehov dqg vroglhuv1
��� Wkh hylghqfh lv rqo| vxjjhvwlyh/ ehfdxvh L fdqqrw h{foxgh wkh dowhuqdwlyh lqwhusuhwdwlrq wkdw lw duh

wkh h{fhswlrqdoo| edg whupv ri wudgh lq zduwlph wkdw duh gulylqj wkh uhvxowv lq uhjuhvvlrq 91
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vsrqvhv lq wkh vhqvh wkdw ohvv glvwdqw hyhqwv duh uhsruwhg pruh dffxudwho|1 Frqvhtxhqwo|/
zh revhuyh dq lqfuhdvlqj wlph wuhqg iru erwk wkh vkrfn lqgh{ +wdeoh 515, dqg fdwwoh vdohv
+wdeoh 516,1 Frpsdulqj wkh uhvsrqvh ri fdwwoh vdohv wr dgyhuvh vkrfnv ehwzhhq glvwdqw dqg
ohvv glvwdqw |hduv pd| wkhuhiruh plvwdnhqo| ohdg xv wr wkh frqfoxvlrq wkdw wklv uhvsrq0
vlyhqhvv lv kljkhu iru uhfhqw |hduv/ zkhuhdv wklv uhvxow pd| phuho| vwhp iurp wkh idfw wkdw
iru wkrvh uhfhqw |hduv wkh dydlodeoh lqirupdwlrq lv pruh suhflvh1 Krzhyhu/ L dujxh wkdw
wklv eldv lv xqolnho| wr gulyh wkh uhvxowv suhvhqwhg lq froxpq 7 dqg 81 Iluvw/ uhjuhvvlrqv
7 dqg 8 frpsduh wkh uhvsrqvlyhqhvv ri fdwwoh vdohv wr dgyhuvh vkrfnv ehwzhhq 4<<7 dqg
doo rwkhu |hduv/ ehiruh dqg diwhu wkh jhqrflgh1 Vhfrqg/ dowkrxjk wkh uhwurvshfwlyh qdwxuh
ri wkh gdwd suredeo| fdxvhv xqghuuhsruwlqj ri fdwwoh vdohv dqg vkrfnv lq wkh hduo| 4<<3v/
wklv lv xqolnho| wr eh wkh fdvh iru 4<<71 Dv wkh jhqrflgh zdv vr lqwhqvh/ wkh hyhqwv ri 4<<7
zhuh vwloo iuhvk lq wkh phpru| ri prvw Uzdqgdqv dw wkh wlph ri wkh lqwhuylhz +5335,1

519 Fdwwoh dv dq rffdvlrqdo ru d vshfldol}hg ex�hu
vwrfnB Whvwlqj iru suhfdxwlrqdu| vdylqjv1

Li krxvhkrogv exlow xs fdwwoh iru wkh sxusrvh ri frqvxpswlrq vprrwklqj/ rqh frxog vshdn
ri wkh xvh ri fdwwoh dv d vshfldol}hg ex�hu vwrfn1 Li qrw/ wkh whup rffdvlrqdo ex�hu vwrfn
vhhpv pruh dssursuldwh1 Glvwlqjxlvklqj ehwzhhq wkhvh wzr fdqqrw eh grqh e| phuho|
whvwlqj zkhwkhu krxvhkrogv ex| fdwwoh lq |hduv zlwk xqxvxdoo| kljk lqfrph/ ehfdxvh vxfk
ehkdylru zrxog dovr eh frqvlvwhqw zlwk d vlpsoh sursruwlrqdo vdylqj uxoh � � 1 Rqh zd|
wr �qg rxw zkhwkhu Uzdqgdq krxvhkrogv xvh fdwwoh dv dq rffdvlrqdo ru dv d vshfldol}hg
ex�hu vwrfn lv wr whvw iru suhfdxwlrqdu| vdylqjv1 Lqghhg/ li krxvhkrogv exlow xs fdwwoh iru
wkh sxusrvh ri ghdolqj zlwk vkrfnv/ zh fdq h{shfw krxvhkrogv wr sxufkdvh fdwwoh zkhq
xqfhuwdlqw| derxw ixwxuh lqfrph lqfuhdvhv1

Whvwlqj iru suhfdxwlrqdu| vdylqjv lv qrw vwudljkwiruzdug1 Iluvw dqg iruhprvw/ wkh whvw
rqo| pdnhv vhqvh li zh dvvxph wkdw krxvhkrogv fdq iruhvhh ixwxuh vkrfnv ru lqfuhdvhg
ixwxuh lqfrph ulvn1 Wklv pljkw eh wkh fdvh iru wkh xvxdo vhdvrqdo lqfrph  xfwxdwlrqv ru
iru uhfxuuhqw shulrgv ri gurxjkw ohdglqj wr d zlghvsuhdg idplqh +Fruehww/ 4<;;,1 Krz0
hyhu/ iru wkh gdwd dw kdqg/ wklv dvvxpswlrq lv ohvv olnho|1 Vhfrqgo|/ dgyhuvh lqfrph vkrfnv
� 	 L qrwh wkdw/ xqolnh iru wkh fdwwoh vdoh wudqvdfwlrqv/ wkh vxuyh| iru wkh Uzdqgdq krxvhkrogv glg qrw

lqfoxgh wkh uhdvrqv iru wkh fdwwoh sxufkdvhv1 Ehvlghv/ vlqfh gdwd rq lqfrph lv qrw dydlodeoh iru rxu
vdpsoh/ d |hdu zlwk xqxvxdoo| kljk lqfrph fdq rqo| eh lghqwl�hg dv d |hdu zlwk uhodwlyho| ihz dgyhuvh
lqfrph vkrfnv1
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lq shulrg wn � pljkw eh hqgrjhqrxvo| ghwhuplqhg e| krxvhkrog vdylqjv lq suhylrxv sh0
ulrgv1 Iru h{dpsoh/ glvvdylqj nh| surgxfwlyh dvvhwv pd| lqfuhdvh wkh h{srvxuh ri wkh
krxvhkrogv wr vkrfnv1 Ru/ dowhuqdwlyho|/ vdylqj dvvhwv pd| ghfuhdvh krxvhkrog h{shq0
glwxuh iru djulfxowxudo oderu lqsxw/ srvvleoh uhgxflqj krxvhkrog surwhfwlrq djdlqvw furs
vkrfnv +Xgu|/ 4<<8,1

Zlwk wkhvh uhvhuydwlrqv lq plqg/ L whvw iru suhfdxwlrqdu| vdylqjv e| uhjuhvvlqj fdwwoh
sxufkdvhv lq |hdu w rq wkh vkrfn lqgh{ ri |hdu w dqg w n �1 Wkh uhvxowv duh suhvhqwhg
lq wdeoh 51D16 lq wkh dsshqgl{1 Lq froxpqv 4 wr 6 qrqh ri wkh hvwlpdwhg frh!flhqwv
ri wkh vkrfn lqglfhv duh vljql�fdqwo| gl�huhqw iurp }hur1 Vr/ wkhuh lv qr lqglfdwlrq iru
wkh dffxpxodwlrq ri fdwwoh lq |hduv zlwk uhodwlyho| ihz dgyhuvh lqfrph vkrfnv/ ru iru d
iruzdug0orrnlqj vhoi0lqvxudqfh vwudwhj|1

Lq froxpq 7 dqg 8 wklv �qglqj krogv iru shdfhwlph vkrfnv1 Krzhyhu/ wkh uhvxowv lq
froxpq 7 dqg 8 vxjjhvw wkdw krxvhkrogv klw e| vkrfnv lq 4<<7 dffxpxodwhg fdwwoh lq wkh
|hdu sulru wr wkh jhqrflgh1 Wklv uhvxow frxog eh lqwhusuhwhg lq gl�huhqw zd|v1 Lw fdq
eh dujxhg wkdw lq 4<<6 wkhvh krxvhkrogv dqwlflsdwhg srolwlfdo xquhvw dqg erxjkw fdwwoh
dv d irup ri vhoi0lqvxudqfh1 Uzdqgd kdv lqghhg d orqj klvwru| ri ylrohqw rxwexuvwv dqg
whqvlrq zdv ulvlqj vlqfh 4<<3 zlwk wkh lqydvlrq ri wkh ISU fdxvlqj vsrudglf dwwdfnv
rq Wxwvl zlwklq Uzdqgd �%* 1 Dowhuqdwlyho|/ d ydulhw| ri flufxpvwdqfhv lq 4<<6 uhodwhg wr
wkh vxevhtxhqw ylrohqfh ru qrw/ frxog kdyh prwlydwhg wkhvh krxvhkrogv wr ex| fdwwoh1
Ilqdoo|/ wkh srvvlelolw| wkdw wkh vkrfnv ri 4<<7 zhuh hqgrjhqrxvo| ghwhuplqhg e| fdwwoh
dffxpxodwlrq lq 4<<6/ wkrxjk idu uhdfkhg/ fdqqrw eh h{foxghg1 Iru h{dpsoh/ krxvhkrogv
zkr zhuh deoh wr dffxpxodwh zhdowk lq wkh |hdu suhfhglqj wkh hwkqlf ylrohqfh pd| kdyh
ihow pruh wkuhdwhqhg e| wkh dvvdxowv1

51: Dydlodeoh gdwd dqg k|srwkhvlv whvw iru vpdoo olyh0
vwrfn

Wkh dydlodeoh gdwd rq rzqhuvkls ri vpdoo olyhvwrfn lv olplwhg wr 5335 iru wkh krxvhkrogv
vdpsohg1 Lq wkdw |hdu/ wkh krxvhkrogv lq wkh vdpsoh rzqhg rq dyhudjh 31;6 jrdwv/ 314<
vkhhs dqg 3156 sljv/ dqg wkhvh dqlpdov zhuh glvwulexwhg dprqj vhyhqw| shufhqw ri wkh
��, Dgplwwhgo|/ fdwwoh zdv suredeo| rqh ri wkh prvw ulvn| dvvhwv wr kdyh lq 4<<7/ vr h{ srvw lw zdv

fhuwdlqo| qrw d jrrg dvvhw wr exlow xs sulru wr wkh jhqrflgh1 Krzhyhu/ dowkrxjk uxudo krxvhkrogv frxog
kdyh dqwlflsdwhg srolwlfdo xquhvw/ lw lv pxfk ghedwdeoh zkhwkhu wkh| frxog kdyh iruhvhhq wkh vfdoh ri wkh
ylrohqfh lq 4<<71



;5 FKDSWHU 51 FDWWOH VDOHV LQ ZDU0 DQG SHDFHWLPH

krxvhkrogv1 Gdwd rq wkh wudqvdfwlrqv ri vpdoo olyhvwrfn lv dovr vfdufh1 Frqwudu| wr fdwwoh
wudqvdfwlrqv/ wudqvdfwlrqv ri vpdoo olyhvwrfn pd| eh kdug wr uhfdoo e| krxvhkrogv/ qrw
rqo| ehfdxvh vpdoo olyhvwrfn kdv pxfk ohvv ydoxh +erwk lq prqhwdu| dqg qrq0prqhwdu|
whupv,/ exw dovr ehfdxvh wkhvh wudqvdfwlrqv duh pxfk pruh iuhtxhqw1 Krzhyhu/ wkhuh lv
rqh w|sh ri wudqvdfwlrq ri vpdoo olyhvwrfn wkdw lv ohvv olnho| wr vols rqh*v plqg= glvwuhvv
vdohv lq rughu wr ex| irrg1 Gxulqj wkh lqwhuylhzv lq 5335/ wkh krxvhkrogv zhuh dvnhg wr
lqglfdwh wklv w|sh ri vdohv rq d wlpholqh1 Lq wrwdo/ ryhu wkh shulrg 4<<405334/ 444 glvwuhvv
vdohv ri vpdoo olyhvwrfn zhuh uhsruwhg1 Lq 4<<7/ rqo| : glvwuhvv vdohv zhuh uhsruwhg1

Orrnlqj dw wkh uhdvrqv iru fdwwoh vdohv +wdeoh 517,/ zh irxqg 5: dqg 45 glvwuhvv vdohv
ri fdwwoh/ uhvshfwlyho| ryhu wkh shulrg 4<<405334 dqg lq 4<<71 Wklv zrxog phdq wkdw/
lq shdfhwlph/ glvwuhvv vdohv ri vpdoo olyhvwrfn rxwqxpehuhg glvwuhvv fdwwoh vdohv/ zkloh
wkh uhyhuvh zrxog krog iru zduwlph1 Wzr dujxphqwv pd| vxssruw wklv �qglqj1 Iluvw/
wkh vkrfnv ri zduwlph pd| kdyh ehhq vr vhyhuh dqg zlghvsuhdg wkdw glvwuhvv fdwwoh vdohv
zhuh d odvw uhvruw iru krxvhkrogv/ zkhuhdv lq shdfhwlph/ ohvv gudvwlf phdvxuhv/ vxfk dv
vhoolqj vpdoo olyhvwrfn/ pd| kdyh ehhq pruh dssursuldwh1 Vhfrqg/ lq zduwlph krxvhkrogv
pljkw kdyh vodxjkwhuhg vpdoo olyhvwrfn iru wkhlu phdw lqvwhdg ri vhoolqj lw1 Wklv pd| qrw
kdyh ehhq dq rswlrq iru fdwwoh/ dv uxudo krxvhkrogv lq Uzdqgd gr qrw kdyh dq| phdqv
wr frqvhuyh phdw iru pruh wkdq d frxsoh ri gd|v1

L eulh | phqwlrq wkh uhvxowv rewdlqhg zkhq wdnlqj glvwuhvv vdohv ri vpdoo olyhvwrfn dv
wkh ghshqghqw +elqdu|, yduldeoh lq wkh uhjuhvvlrq dqdo|vlv dqg frpsduh wkhp zlwk wkh
uhvxowv iru fdwwoh vdohv lq h{fkdqjh iru irrg1 Wdeoh 51; vkrzv wkdw vpdoo olyhvwrfn vdohv
zhuh uhvsrqvlyh wr dgyhuvh lqfrph vkrfnv +froxpq 4,1 Uhjuhvvlrq 5 vxjjhvwv wkdw erwk
fryduldqw dqg lglrv|qfudwlf vkrfnv wuljjhu r� glvwuhvv vdohv ri vpdoo olyhvwrfn1 Iru fdwwoh/
wklv zdv rqo| wkh fdvh iru fryduldqw vkrfnv1 Uhjuhvvlrq 6 vkrzv d kljkhu uhvsrqvlyhqhvv
ri vpdoo olyhvwrfn vdohv wr shuvlvwhqw vkrfnv wkdq wr whpsrudu| vkrfnv/ zklfk lv dovr lq
wkh olqh ri wkh uhvxowv iru fdwwoh1 Wr wkh frqwudu|/ xqolnh iru fdwwoh/ wkh vkrfnv lq 4<<7
glg qrw wuljjhu r� vpdoo olyhvwrfn vdohv/ d �qglqj lq olqh zlwk wkh ghvfulswlyh gdwd dqg
wkh dujxphqwv suhvhqwhg deryh1



2.7. AVAILABLE DATA AND HYPOTHESIS TEST FOR SMALL LIVESTOCK ;6

Wdeoh 51;= Il{hg h�hfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri vpdoo olyhvwrfn vdohv lq
h{fkdqjh iru irrg

4 5 6 7 8 9
Vkrfn lqgh{ +w, 51<: 51<7

+31334, +31334,
Lglrv|qfudwlf frpsrqhqw ri 5194
vkrfn lqgh{ +w, +31356,
Frpprq frpsrqhqw ri 617<
vkrfn lqgh{ +w, +31345,

Whpsrudu| frpsrqhqw ri 41<6
vkrfn lqgh{ +w, +314;6,

Shuvlvwhqw frpsrqhqw ri 5167
vkrfn lqgh{ +w, +3136:,

Vkrfn lqgh{ iru 4<<7 +w, 3183
+31:;5,

Vkrfn lqgh{ iru rwkhu |hduv +w, 6176 6173
+31333, +31333,

Kljko| ylrohqw frpsrqhqw ri 0319;
vkrfn lqgh{ lq 4<<7 +w, +319;<,

Rwkhu frpsrqhqwv ri 317;
vkrfn lqgh{ lq 4<<7 +w, +31:78,

Frpprq frpsrqhqw ri fdwwoh 0613<
orvw gxh wr ylrohqfh +w, +31469,

Lglrv|qfudwlf frpsrqhqw ri 06:19
fdwwoh orvw gxh wr ylrohqfh +w, +41333,

Frpprq frpsrqhqw ri fdwwoh 9169
orvw gxh wr rwkhu fdxvh +w, +31369,

Lglrv|qfudwlf frpsrqhqw fdwwoh 03167
orvw gxh wr rwkhu fdxvh +w, +31:73,

Fdwwoh orvw gxh wr ylrohqfh +w, 06518 06717 06517 06819 06:13
+41333, +41333, +41333, +41333, +41333,

Fdwwoh orvw gxh wr rwkhu fdxvh +w, 3147 3145 314< 3156 315<
+31;:4, +31;;:, +31;64, +31;35, +31:84,

Fdwwoh vwrfn +w04, 4138 4134 4137 31<8 31<6 31<9
+31344, +3134:, +31347, +31359, +3135;, +31354,

Vtxduhg fdwwoh vwrfn +w04, 0313; 0313; 0313; 0313: 0313: 0313:
+31468, +3147:, +31479, +31546, +3154<, +31555,

Fkl0vtxduhg vwdwlvwlf 6516< 65196 65183 69167 69185 6;1:6
Ohyho ri vljql�fdqfh 31347 3134< 3134< 31339 3133< 31338
Qxpehu ri revhuydwlrqv 743 743 743 743 743 743

Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg duh= fdwwoh
eruq +w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg vl}h +w04,/ qxpehu
ri fkloguhq +w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04, dqg qxpehu ri hoghuv +w04,1



;7 FKDSWHU 51 FDWWOH VDOHV LQ ZDU0 DQG SHDFHWLPH

51; Frqfoxvlrq
Wkh txhvwlrq dgguhvvhg lq wklv fkdswhu lv zkhwkhu uxudo Uzdqgdq krxvhkrogv xvhg fdwwoh
vdohv wr frsh zlwk dgyhuvh lqfrph vkrfnv lq wkh shulrg 4<<4053341 Vshfldo dwwhqwlrq lv
ghyrwhg wr wkh fdwwoh vdoh ehkdylru lq 4<<7/ d |hdu ri h{wuhph ylrohqfh lq Uzdqgd1

Lq rughu wr looxvwudwh wkh gl!fxowlhv dvvrfldwhg zlwk fdwwoh vdohv xsrq dgyhuvh lqfrph
vkrfnv/ wkh wkhruhwlfdo sduw ri wkh fkdswhu h{whqgv wkh ex�hu0vwrfn prgho iru suhfdx0
wlrqdu| vdylqjv wr d vhwwlqj ri ylrohqw frq lfw e| lqfoxglqj ulvn| olyhvwrfn sulfhv/ ulvn|
olyhvwrfn uhwxuqv dqg wkh ulvn ri olyhvwrfn udlglqj rq wkh urdg1

Gxulqj ylrohqw frq lfw lw lv olnho| wkdw olyhvwrfn sulfhv soxpphw dqg wkdw wkh ulvn ri
fdwwoh udlglqj rq wkh urdg lv kljk1 Erwk wkhvh hohphqwv pd| glvfrxudjh krxvhkrogv wr
xvh fdwwoh dv d ex�hu0vwrfn1 Krzhyhu/ dw wkh vdph wlph/ h{shfwhg olyhvwrfn uhwxuqv pd|
eh yhu| orz lq wlphv ri srolwlfdo xquhvw/ fhuwdlqo| li krxvhkrogv h{shfw wr  hh iurp wkh
ylrohqfh1 Wkhuhiruh/ d sulrul/ lw lv xqfohdu li fdwwoh vdohv zloo eh uhvsrqvlyh wr dgyhuvh
lqfrph vkrfnv lq zduwlph1

Wkh hpslulfdo dqdo|vlv ri wklv fkdswhu xvhv gdwd rq 58; uxudo Uzdqgdq krxvhkrogv1
Wkh gdwd vkrz wkdw wkh krxvhkrogv idfhg pxowlsoh dgyhuvh lqfrph vkrfnv gxulqj wkh sh0
ulrg 4<<4053341 Wkh vkrfn lqgh{ shdnv lq 4<<7 ehfdxvh d odujh qxpehu ri wkh krxvhkrogv
lq rxu vdpsoh zhuh vhyhuho| d�hfwhg e| wkh zdu dqg wkh jhqrflgh1

Dssur{lpdwho| rqh wklug ri wkh krxvhkrogv lq wkh vdpsoh rzqhg fdwwoh1 Wkh dqdo|vlv
ri wkh khug vl}h ryhu wlph vkrzv wkdw lq 4<<7 doprvw 83 shufhqw ri fdwwoh glhg ru zdv
vwrohq1 Wkh iuhtxhqf| ri fdwwoh vdohv zdv yhu| orz/ vxjjhvwlqj wkdw lq jhqhudo wkhvh
krxvhkrogv duh xqzloolqj wr vhoo fdwwoh1 Lw lv qrwhzruwk| wkdw wkh qxpehu ri fdwwoh vrog
lq 4<<7 zdv doprvw grxeoh wkh dqqxdo dyhudjh ri vdohv lq shdfhwlph1

Orrnlqj dw wkh prwlyhv iru fdwwoh vdohv/ zh �qg wkdw/ lq wkhvh wxuexohqw wlphv/ vrph
krxvhkrogv ghsohwhg wkhlu fdwwoh vwrfn lq h{fkdqjh iru irrg/ zkloh rwkhuv vrog fdwwoh
ehfdxvh wkh| dqwlflsdwhg dq lqfuhdvhg ulvn ri fdwwoh udlglqj ru wkh qhhg wr vhhn uhixjh1
Lq frqwudvw/ d frqvlghudeoh sduw ri fdwwoh vdohv lq shdfhwlph zhuh prwlydwhg e| vkliwv lq
wkh frpelqdwlrq ri wkh dvvhw sruwirolr udwkhu wkdq e| wkh qhhg wr sxufkdvh irrg1

Wkh uhjuhvvlrq dqdo|vlv vkrzv wkdw xsrq wkh rffxuuhqfh ri dq dgyhuvh lqfrph vkrfn/
wkh suredelolw| ri vhoolqj fdwwoh lqfuhdvhv1 Zkhq orrnlqj rqo| dw fdwwoh vdohv lq h{fkdqjh
iru irrg/ wklv uhodwlrqvkls ehfrphv vwurqjhu iru zduwlph/ exw zhdnhu iru shdfhwlph1 Wklv
�qglqj vxjjhvwv wkdw Uzdqgdq uxudo krxvhkrogv rqo| xvhg fdwwoh vdohv dv d ex�hu lq
uhvsrqvh wr wkh xqxvxdo dqg vhyhuh vkrfnv ri wkh jhqrflgh1 Vlploduo|/ wkh dqdo|vlv ri
fdwwoh sxufkdvh ehkdylru lqglfdwhv wkdw fdwwoh lv dq rffdvlrqdo udwkhu wkdq d vshfldol}hg



2.A. APPENDIX ;8

ex�hu vwrfn lq uxudo Uzdqgd1
Krzhyhu/ wkhvh rffdvlrqdo fdwwoh vdohv lq zduwlph duh xqolnho| wr kdyh ehhq h�hfwlyh iru

vprrwklqj frqvxpswlrq/ ehfdxvh wkh fdwwoh sulfh zdv h{wuhpho| orz lq 4<<71 Pruhryhu/
wkh uhjuhvvlrq dqdo|vlv ghprqvwudwhg wkdw krxvhkrogv zkr zhuh wdujhwhg lq wkh ylrohqfh
dqg prvw vhyhuho| klw e| vkrfnv glg qrw uhvsrqg zlwk fdwwoh vdohv1 L dujxh wkdw wkh odfn
ri vdihw| rq wkh urdgv suhyhqwhg wkhvh krxvhkrogv iurp vhoolqj fdwwoh1

51D Dsshqgl{
Wdeoh 51D14= Frpsdulvrq ehwzhhq wkh fkdudfwhulvwlfv ri wkh ;63 krxvhkrogv lqfoxghg lq wkh�{hg0h�hfwv prgho dqg wkh frpsohwh vdpsoh ri krxvhkrogv/ iru 4<<405334

Q@;63 Q@58;3Phdq Yduldqfh Phdq YduldqfhVkrfn lqgh{ +w, 5 3156 3154 3158 3155Frpprq frpsrqhqw ri vkrfn lqgh{ +w, 3168 3154 316< 3156Lglrv|qfudwlf frpsrqhqw ri vkrfn lqgh{ +w, 3173 3145 3173 3145Shuvlvwhqw frpsrqhqw ri vkrfn lqgh{ +w, 3153 3153 3156 3155Whpsrudu| frpsrqhqw ri vkrfn lqgh{ +w, 3145 3147 3145 3146Vkrfn lqgh{ iru 4<<7 +w, 3166 6 3157 6 3166 6 3157 6Vkrfn lqgh{ iru rwkhu |hduv +w, 314; B 3153 B 3157 B 3154 BKljko| ylrohqw frpsrqhqw ri *<7 vkrfn lqgh{ +w, 314: 6 3164 6 314< 6 3166 6Rwkhu frpsrqhqwv ri *<7 vkrfn lqgh{ +w, 317: 6 314: 6 3179 6 314; 6Frpprq frpsrqhqw ri fdwwoh orvw 3139 314< 3139 3153gxh wr ylrohqfh +w,Lglrv|qfudwlf frpsrqhqw ri fdwwoh orvw 3138 3169 3138 3179gxh wr ylrohqfh +w,Frpprq frpsrqhqw ri fdwwoh orvw 3136 3139 3136 3138gxh wr rwkhu fdxvh +w,Lglrv|qfudwlf frpsrqhqw ri fdwwoh orvw 3138 3159 3136 314<gxh wr rwkhu fdxvh +w,Fdwwoh orvw gxh wr ylrohqfh +w, 3139 3176 3139 3187Fdwwoh orvw gxh wr rwkhu fdxvh +w, 3138 315; 3136 3153Fdwwoh eruq +w, 313< 3166 3138 3156Fdwwoh uhfhlyhg +w, 3137 3154 3135 3148Fdwwoh jlyhq +w, 3137 314< 3135 3146Fdwwoh vwrfn +w04, 41;6 5156 31;7 41:8Vtxduhg fdwwoh vwrfn +w04, ;168 571;9 61:; 491;9Fdwwoh orvw +w04, 3144 3184 313< 318:Fdwwoh eruq +w04, 313; 3163 3137 3154Fdwwoh uhfhlyhg +w04, 3137 3153 3135 3148Fdwwoh jlyhq +w04, 3136 314; 3134 3145Odqg vl}h +w04, 4144 4144 31;5 31<8Fkloguhq +w04, 51;6 41;4 5177 41:8Zrphq +w04, 418: 4137 4173 31<3Phq +w04, 415< 413; 4145 31<;Hoghuv +w04, 314; 3173 3149 3175
" Doo wkh vkrfn lqgh{hv duh qrupdol}hg wr �w wkh lqwhuydo ^3/4` 7 Phdq dqg yduldqfh iru 4<<71G Phdq dqg yduldqfh iru 4<<405334/ ehvlghv 4<<7



;9 FKDSWHU 61 HFRQRPLF PRELOLW\ LQ UXUDO UZDQGD

Wdeoh 51D15= Il{hg h�hfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh vdohv
4 5 6 7 8 9

Su+irrg vkruwdjh, +w, 4157 31<3
+313:8, +31555,

Lglrv|qfudwlf frpsrqhqw ri 3156
Su+irrg vkruwdjh, +w, +31;55,

Frpprq frpsrqhqw ri 4158
Su+irrg vkruwdjh, +w, +31353,

Whpsrudu| frpsrqhqw ri 31:6
Su+irrg vkruwdjh, +w, +31746,

Shuvlvwhqw frpsrqhqw 31;6
ri Su+irrg vkruwdjh, +w, +31756,

Su+irrg vkruwdjh, iru 4<<7 +w, 31<9
+31565,

Su+irrg vkruwdjh, iru 4155 0716:
rwkhu |hduv +w, +313:<, +319::,

Ylrohqw frpsrqhqw ri Su+irrg 06155
vkruwdjh, lq 4<<7 +w, +31373,

Rwkhu frpsrqhqwv ri Su+irrg 9154
vkruwdjh, lq 4<<7 +w, +3187;,

Frpprq frpsrqhqw ri fdwwoh 3146
orvw gxh wr ylrohqfh +w, +31;6;,

Lglrv|qfudwlf frpsrqhqw ri 03195
fdwwoh orvw gxh wr ylrohqfh +w, +31369,

Frpprq frpsrqhqw ri fdwwoh 7139
orvw gxh wr rwkhu fdxvh +w, +3136:,

Lglrv|qfudwlf frpsrqhqw ri 0417;
fdwwoh orvw gxh wr rwkhu fdxvh +w, +31356,

Fdwwoh orvw gxh wr ylrohqfh +w, 0317; 03184 0317< 03179 03183
+31379, +31366, +31379, +3139:, +31379,

Fdwwoh orvw gxh wr rwkhu fdxvh +w, 04145 04148 04145 04145 0414<
+3137<, +3137:, +3137;, +3137;, +3136:,

Fdwwoh vwrfn +w04, 417< 417< 417; 417< 4183 417;
+31333, +31333, +31333, +31333, +31333, +31333,

Vtxduhg fdwwoh vwrfn +w04, 0313; 0313; 0313; 0313; 0313; 0313;
+31333, +31333, +31333, +31333, +31333, +31333,

Fkl0vtxduhg vwdwlvwlf 45;16< 4631:7 45;175 45;18; 465164 466176
Ohyho ri vljql�fdqfh 31333 31333 31333 31333 31333 31333
Qxpehu ri revhuydwlrqv ;63 ;63 ;63 ;63 ;63 ;63

Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg duh= fdwwoh
eruq +w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg vl}h +w04,/ qxpehu
ri fkloguhq +w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04, dqg qxpehu ri hoghuv +w04,



2.A. APPENDIX ;:

Wdeoh 51D16= Il{hg h�hfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh sxufkdvhv xsrq
dgyhuvh lqfrph vkrfnv dqg dqwlflsdwhg dgyhuvh lqfrph vkrfnv

4 5 6 7 8
Vkrfn lqgh{ +w, 3135

+31<;3,
Vkrfn lqgh{ +w.4, 31:5

+31665,
Lglrv|qfudwlf frpsrqhqw ri 31;6
vkrfn lqgh{ +w, +316<<,
Lglrv|qfudwlf frpsrqhqw ri 3169
vkrfn lqgh{ +w.4, +31:35,
Frpprq frpsrqhqw ri 04139
vkrfn lqgh{ +w, +3167;,

Frpprq frpsrqhqw ri 418;
vkrfn lqgh{ +w.4, +31495,

Whpsrudu| frpsrqhqw ri 418<
vkrfn lqgh{ +w, +31546,

Whpsrudu| frpsrqhqw ri 03163
vkrfn lqgh{ +w.4, +31;35,

Shuvlvwhqw frpsrqhqw ri 04197
vkrfn lqgh{ +w, +314:6,

Shuvlvwhqw frpsrqhqw ri 4193
vkrfn lqgh{ +w.4, +3147;,

Vkrfn lqgh{ iru 4<<7 +w, 3154
+31;::,

Vkrfn lqgh{ iru 4<<7 +w.4, 41<7
+31383,

Vkrfn lqgh{ iru rwkhu |hduv +w, 318< 3195
+317;7, +317:9,

Vkrfn lqgh{ iru rwkhu |hduv +w.4, 313: 313;
+31<5<, +31<54,

Kljko| ylrohqw frpsrqhqw ri 031<5
vkrfn lqgh{ lq 4<<7 +w, +31989,

Kljko| ylrohqw frpsrqhqw ri 031;7
vkrfn lqgh{ lq 4<<7 +w.4, +318<;,

Rwkhu frpsrqhqwv ri 3156
vkrfn lqgh{ lq 4<<7 +w, +31;37,

Rwkhu frpsrqhqwv ri 4184
vkrfn lqgh{ lq 4<<7 +w.4, +31385,

Fdwwoh vwrfn +w04, 0314< 03153 03147 0314< 03156
+31688, +31669, +31837, +31683, +315:6,

Vtxduhg fdwwoh vwrfn +w04, 03136 03136 03137 03136 03135
+31669, +3168;, +31559, +315:;, +31779,

Fkl0vtxduhg vwdwlvwlf 661:4 681:6 69178 691:: 6:146
Ohyho ri vljql�fdqfh 31347 3134: 31347 31346 31356
Qxpehu ri revhuydwlrqv 846 846 846 846 846

Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg
duh= fdwwoh eruq +w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg
vl}h +w04,/ qxpehu ri fkloguhq +w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04,
dqg qxpehu ri hoghuv +w04,1





Fkdswhu 6
Hfrqrplf Prelolw| lq Uxudo
Uzdqgd= D Vwxg| ri wkh H�hfwv ri
Zdu dqg Jhqrflgh dw wkh Krxvhkrog
Ohyho

614 Lqwurgxfwlrq
Lq wklv fkdswhu L vwxg| hfrqrplf prelolw| ri d vhw ri uxudo krxvhkrogv lq Uzdqgd ehwzhhq
4<<3 dqg 53351 Wklv shulrg zdv fkdudfwhul}hg e| zdu/ jhqrflgh/ wkh  ljkw ri d vxevwdqwldo
iudfwlrq ri wkh srsxodwlrq wr qhljkerxulqj frxqwulhv dqg wkh lpsulvrqphqw ri pruh wkdq
433/333 +suhvxphg, shushwudwruv ri wkh jhqrflgh1 Lw lv hylghqw wkdw wkh zdu/ wkh jhqrflgh
dqg wkhlu diwhupdwk kdyh lq lfwhg pdvvlyh vx�hulqj rq wkh Uzdqgdq srsxodwlrq dqg wkdw
wkh hfrqrplf dqg vrfldo glvorfdwlrq uhodwhg wr wkrvh hyhqwv kdv uhvxowhg lq vhyhuh vkruw
whup zhoiduh orvvhv1

Wklv fkdswhu irfxvhv rq wkh orqjhu uxq1 Wkh txhvwlrq dgguhvvhg lv zkhwkhu wkh hyhqwv
kdyh kdg d shuvlvwhqw lpsdfw rq wkh krxvhkrogv* lqfrph dqg dvvhwv1 Wkh dqvzhu wr wklv
txhvwlrq lv uhohydqw iru hfrqrplf srolf|1 Li krxvhkrogv d�hfwhg e| wkh ylrohqfh kdyh qrw
ehhq deoh wr uhvwruh wkhlu dvvhwv dqg lqfrph hduqlqj fdsdflw|/ jryhuqphqw dqg grqruv*
srolflhv pd| wdujhw wkh +lqqrfhqw, ylfwlpv ri wkh zdu dqg wkh jhqrflgh1 Rq wkh rwkhu
kdqg/ li krxvhkrogv glg vxffhhg lq uhguhvvlqj wkhlu hfrqrplf vlwxdwlrq/ pruh jhqhudo
srolflhv dlphg dw uxudo ghyhorsphqw duh fdoohg iru1

L xvh krxvhkrog gdwd rewdlqhg iurp vxuyh|v lq 4<<3 dqg 5335 fryhulqj wkh vdph 4;;
;<
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uxudo krxvhkrogv lq wzr surylqfhv1 Wkh 5335 vxuyh| lqfoxghv uhfdoo lqirupdwlrq rq wkh
h{whqw ri vkrfnv vx�huhg gxulqj zdu dqg jhqrflgh/ vxfk dv wkh qxpehu ri krxvhkrog
phpehuv nloohg ru lpsulvrqhg/ wkh qxpehu ri prqwkv ri uhixjh deurdg/ dqg wkh orvv
ri krxvhkrog dvvhwv lq zduwlph1 Wkh kljk iuhtxhqf| ri wkhvh zdu0uhodwhg vkrfnv lq wkh
vdpsoh doorzv d xqltxh dqdo|vlv ri wkh orqj whup hfrqrplf frqvhtxhqfhv ri ylrohqw frq lfw
dw wkh krxvhkrog ohyho1

Wkh dssurdfk wdnhq lv wr whvw iru wkh h{lvwhqfh ri shuvlvwhqw h�hfwv ri zdu/ jhqrflgh
dqg uhodwhg vkrfnv e| vwxg|lqj fkdqjhv lq krxvhkrog lqfrph dqg dvvhwv1 Pruh vshfl�fdoo|/
L h{sodlq krxvhkrog lqfrph dqg dvvhwv lq 5335 e| lqlwldo frqglwlrqv lq 4<<3 dqg e| vkrfnv
lq wkh lqwhuyhqlqj |hduv1 Krzhyhu/ zkhq vwxg|lqj pdwhuldo zhoiduh iru wzr |hduv rqo|/
devroxwh fkdqjhv lq lqfrph dqg dvvhwv pd| eh rxwolhuv zlwk uhvshfw wr d wuhqg1 Wkhuhiruh/
L dovr orrn dw wkh pryhphqw ri krxvhkrogv lq wkh lqfrph dqg dvvhw udqnlqj1

Gxh wr dwwulwlrq dqg plvvlqj yduldeohv iru vrph krxvhkrogv/ wkh sdqho gdwd vhw xvhg
lqfoxghv 4;; krxvhkrogv/ lqvwhdg ri wkh 589 ruljlqdoo| vxuyh|hg lq 4<<31 Dwwulwlrq lv d
frpprq fdyhdw ri sdqho gdwd/ exw lq wkh gdwdvhw xvhg iru wklv vwxg| wkh gursrxw ri
krxvhkrogv lv hvshfldoo| kljk ehfdxvh ri wkh nloolqjv dqg wkh glvsodfhphqw ri d odujh
iudfwlrq ri wkh Uzdqgdq srsxodwlrq1 Ryhudoo/ dwwulwlrq lq wkh vdpsoh dprxqwv wr 5616
shufhqw/ exw iru Wxwvl0khdghg krxvhkrogv lw lv dv kljk dv 7818 shufhqw1 Lq wkh wh{w/ L
glvfxvv dqg dgguhvv srvvleoh dwwulwlrq eldv � 1

Wklv uhvhdufk uhodwhv wr wkuhh vwudqgv lq wkh hfrqrplf olwhudwxuh= hfrqrplf prelo0
lw|/ wkh h�hfwv ri ylrohqw frq lfw dqg wkh wudqvlwru| ru shuvlvwhqw fkdudfwhu ri vkrfnv1
E| qrz wkhuh h{lvwv d ydvw olwhudwxuh rq hfrqrplf prelolw|/ phdvxuhg e| fkdqjhv ryhu
wlph lq krxvhkrog frqvxpswlrq/ lqfrph ru dvvhwv1 Prvw hpslulfdo vwxglhv iru ghyhorslqj
frxqwulhv/ fryhulqj wlph lqwhuydov iurp �yh wr wzhqw| |hduv/ �qg vxevwdqwldo hfrqrplf
prelolw|/ dqg d ydulhw| ri ghwhuplqdqwv h{sodlqlqj xszdug ru grzqzdug pryhphqw lq
wkh zhoiduh glvwulexwlrq � 1 Rx irfxv lv rq zdu0uhodwhg vkrfnv dv ghwhuplqdqwv ri hfrqrplf
prelolw|1

Dsduw iurp hfrqrplf prelolw| wklv fkdswhu dovr uhodwhv wr wkh olwhudwxuh rq wkh frqvh0
txhqfhv ri zdu dqg ylrohqfh1 Uhvhdufk rq wkh hfrqrplf frqvhtxhqfhv ri ylrohqw frq lfw
lq Diulfd lv uhodwlyho| uhfhqw dqg prvwo| edvhg rq furvv0frxqwu| hylghqfh1 Dprqj rwkhuv/

� Ehvlghv dwwulwlrq/ dqrwkhu frpprq fdyhdw ri sdqho gdwd vhwv frqfhuqv wkh euhdn0xs ri krxvhkrogv1
Li wkh krxvhkrog glylvlrq lv qrq0udqgrp/ hvwlpdwhg ri hfrqrplf prelolw| pd| eh eldvhg +fi1 Irvwhu dqg
Urvhq}zhlj/ 5335> Urvhq}zhlj/ 5336,1 Wkh vwxg| ri qrq0udqgrp krxvhkrog glylvlrq lq wkh vdpsoh lv
eh|rqg wkh vfrsh ri wklv wh{w1� Iru dq ryhuylhz ri wkh uhvxowv ri hfrqrplf prelolw| vwxglhv/ L uhihu wr Edxofk dqg Krgglqrww +5333,1



3.1. INTRODUCTION <4

Hdvwhuo| dqg Ohylqh +4<<;, dqg Froolhu +4<<<, vkrz wkdw zdu d�hfwv orqj whup hfrqrplf
jurzwk wkurxjk wkh orvv ri sk|vlfdo fdslwdo/ d idoo lq iruhljq gluhfw lqyhvwphqw dqg d
ghfuhdvh lq jryhuqphqw h{shqglwxuh iru wkh surylvlrq ri vfkrrolqj dqg khdowk fduh1 Vlqfh
sryhuw| lv dovr d ghwhuplqdqw ri ylrohqw frq lfw/ Vxe0Vdkdud Diulfd pd| eh wudsshg lq
d grzqzdug f|foh ri sryhuw|/ frq lfw dqg orz jurzwk udwhv � 1 Wkh suhflvh phfkdqlvpv
jhqhudwlqj wklv grzqzdug f|foh duh |hw wr eh vwxglhg1 Vr idu/ ghvslwh wkh kljk qxpehu
ri ylrohqw frq lfwv lq Vxe0Vdkdudq Diulfd gxulqj wkh odvw txduwhu ri d fhqwxu| dqg wkh
lqfuhdvhg dydlodelolw| ri krxvhkrog sdqho gdwd/ vwxglhv xvlqj vxfk gdwd wr h{sodlq wkh
phfkdqlvpv xqghuo|lqj wkh h�hfwv ri ylrohqfh duh vfdufh1 Rqh h{fhswlrq lv dq lqwhuhvwlqj
vwxg| e| N1 Ghlqlqjhu +5336,/ zkr pdnhv xvh ri wzr vxuyh|v ri Xjdqgdq krxvhkrogv wr
ghprqvwudwh wkdw wkh suhvhqfh ri flylo vwulih dw wkh frppxqlw| ohyho uhgxfhv krxvhkrogv*
surshqvlw| wr lqyhvw dqg glyhuvli| dfwlylwlhv1 Lq frqwudvw wr Ghlqlqjhu/ L orrn dw wkh hi0
ihfwv ri d ydulhw| ri zdu0uhodwhg krxvhkrog ohyho vkrfnv rq fkdqjhv lq erwk wkh krxvhkrogv*
lqfrph dqg dvvhwv dqg lq wkhlu udqnlqj1

Wklugo|/ wkhuh h{lvwv d ydvw olwhudwxuh rq wkh h�hfwv ri dgyhuvh lqfrph vkrfnv dw
wkh krxvhkrog ohyho1 Lw lv hylghqw wkdw dgyhuvh lqfrph vkrfnv vwhpplqj iurp zhdwkhu
frqglwlrqv ru ylrohqfh kdyh dq lpphgldwh lpsdfw rq krxvhkrog zhoiduh xqohvv krxvhkrogv
kdyh uhfrxuvh wr irupdo ru lqirupdo lqvxudqfh phfkdqlvpv1 Vxuyh|v ri wkh olwhudwxuh
vxjjhvw wkdw lqvxudqfh phfkdqlvpv dw ehvw vxffhhg lq sduwldoo| surwhfwlqj wkh krxvhkrogv*
hfrqrplf srvlwlrq lq wkh vkruw whup +Prugxfk/ 4<<8> Wrzqvhqg/ 4<<8,1 Lq dgglwlrq/ wkhuh
lv hylghqfh ri wkh dgyhuvh h�hfwv ri vkrfnv/ vxfk dv idplqh dqg udlqidoo luuhjxodulwlhv/ rq
orqj0whup hfrqrplf rxwfrphv +vhh iru h{dpsoh Ghufrq/ 5337d,1 Wkh dgyhuvh h�hfwv ri
vkrfnv pd| shuvlvw ehfdxvh wkh d�hfwhg krxvhkrogv orvh kxpdq/ sk|vlfdo ru vrfldo fdslwdo/
uhgxflqj wkhlu ixwxuh lqfrph hduqlqj fdsdelolwlhv1 Lq zduwlph/ lqvxudqfh phfkdqlvpv duh
xqolnho| wr rshudwh h�hfwlyho| ru dw doo +fi1 glvfxvvlrq lq fkdswhu 5,1 Ehvlghv orrvlqj
sk|vlfdo dvvhwv/ wkh krxvhkrogv* vrfldo qhwzrunv pd| eh vwurqjo| d�hfwhg/ dfwlyh phpehuv
pd| eh nloohg ru kdqglfdsshg dqg wkh lqgluhfw vkrfnv ri ylrohqw frq lfw/ vxfk dv odfn ri
irrg ru phglfdo fduh/ pd| ohdg wr shupdqhqwo| orzhu kxpdq fdslwdo ohyhov � 1 Wkhvh duh
wkh xqghuo|lqj uhdvrqv iru h{shfwlqj shuvlvwhqw h�hfwv ri ylrohqw frq lfw rq krxvhkrog
zhoiduh1

� Iru sryhuw| dv d ghwhuplqdqw ri ylrohqw frq lfw vhh D}dp +4<<8,/ Froolhu dqg Krh"hu +4<<;,/ dqg
Hoedgdzl dqg Vdpedqlv +5333,1� Wkh hyroxwlrq ri kxpdq zhoiduh lqglfdwruv/ vxfk dv hgxfdwlrq hquroophqw/ pdoqxwulwlrq dqg pruwdolw|
lq zdu dqg srvw0zdu |hduv kdv ehhq vwxglhg lq e| Lfklqr dqg Zlqwhu0Hephu +5337, dqg Jkredudk/ hw
do1 +5336,1
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Hfrqrplf vwxglhv rq wkh Uzdqgdq zdu dqg jhqrflgh lqfoxgh Dqguì dqg Sodwwhdx
+4<<;,/ Yhuzlps +5338,/ PfNd| dqg Oryhulgjh +5338,/ dqg Orsh} dqg Zrgrq +5338,1
Wkh wzr iruphu vwxglhv xvh krxvhkrog gdwd wr vwxg| wkh hfrqrplf fdxvhv ri wkh hvfd0
odwlqj ylrohqfh lq Uzdqgd1 Dqguì dqg Sodwwhdx +4<<;, vwxg| wkh uhodwlrqvkls ehwzhhq
vrflr0hfrqrplf vwdwxv dqg wkh ylfwlpv ri wkh ylrohqfh/ zkloh Yhuzlps +5338, dqdo|}hv wkh
hfrqrplf sur�oh ri wkh shushwudwruv ri wkh jhqrflgh1 Erwk vwxglhv phqwlrq wkh frpshwl0
wlrq iru odqg dqg r�0idup mrev dv fdxvhv ri wkh ylrohqfh lq Uzdqgd1 Orsh} dqg Zrgrq
+5338, vwxg| hfrqrplf uhfryhu| lq wkh srvwzdu |hduv xvlqj djjuhjdwh gdwd1 Wkh| frq0
foxgh wkdw/ dowkrxjk e| 5335/ JGS shu fdslwd kdg uherxqghg wr lwv 4<<3 ohyho/ lw zrxog
kdyh ehwzhhq 58 dqg 63 shufhqw kljkhu lq wkh devhqfh ri wkh zdu dqg wkh jhqrflgh1
Wkh vdph dxwkruv �qg udslgo| lpsurylqj fklog vxuylydo dqg qxwulwlrq/ dqg d frpsohwh
uhwxuq ri sulpdu| hgxfdwlrq hquroophqw wr lwv suh0jhqrflgh wuhqg olqh1 Xvlqj lqirupd0
wlrq rq djulfxowxudo surgxfwlrq/ krxvhkrog lqfrph dqg fklog pdoqxwulwlrq/ PfNd| dqg
Oryhulgjh +5338, dovr vxjjhvw frqvlghudeoh uhfryhu| lq wkh srvw0zdu shulrg1 Ghvslwh
wklv srvw0zdu uhfryhu|/ wkh sursruwlrq ri shrsoh ehorz wkh sryhuw| olqh lqfuhdvhg/ iurp
wzr rxw ri �yh shuvrqv lq wkh hduo| <3*v wr wkuhh rxw ri �yh lq 533325334 +Jryhuqphqw
ri Uzdqgd/ 5335d> Slurq dqg PfNd|/ 5337,1 Wklv lqfuhdvh lq sryhuw| zhqw kdqg lq
kdqg zlwk lqfuhdvlqj lqhtxdolw|1 D frpsdulvrq ri wzr qdwlrqzlgh vxuyh|v lqglfdwhv wkdw
wkh jlql frh!flhqw ri lqfrph lqhtxdolw| urvh iurp 315< lq 4<;72;9 wr 3178 lq 533325334
+Jryhuqphqw ri Uzdqgd/ 5335e,1

Lq frqwudvw wr PfNd| dqg Oryhulgjh +5338, dqg Orsh} dqg Zrgrq +5338,/ L xvh
krxvhkrog sdqho gdwd dqg lqirupdwlrq rq vkrfnv ri wkh zdu/ wkh jhqrflgh dqg wkhlu
diwhupdwk dw wkh krxvhkrog ohyho wr whvw iru wkh shuvlvwhqw h�hfw ri wkh hyhqwv rq pdwhuldo
zhoiduh1 Vlplodu wr wkh frqfoxvlrqv edvhg rq djjuhjdwh gdwd L �qg wkdw lqfrph dv zhoo dv
dvvhwv uherxqghg lq wkh srvw0zdu |hduv wr uhdfk e| 5335 wkhlu 4<<3 ohyho1 L gr qrw �qg
d vwdwlvwlfdoo| vljql�fdqw olqn ehwzhhq wkh vkrfnv uhodwhg wr wkh zdu/ jhqrflgh dqg wkhlu
diwhupdwk dqg krxvhkrog lqfrph dqg dvvhwv lq 53351 Wkh rqo| ylrohqfh uhodwhg hyhqw
wkdw vkrzv d vwdwlvwlfdoo| vljql�fdqw olqn zlwk krxvhkrog zhoiduh lq 5335 lv wkh idfw ri
kdylqj dw ohdvw rqh krxvhkrog phpehu ehlqj dfwxdoo| lq sulvrq dv d jhqrflgh vxvshfw1
Ri frxuvh/ hqwluh krxvhkrogv kdyh glvdsshduhg dv d uhvxow ri wkh ylrohqfh dqg krxvhkrogv
vx�huhg iurp orvv ri idplo| phpehuv dqg pdwhuldo orvvhv1 Dv looxvwudwhg lq vhfwlrq wkuhh
ri wklv fkdswhu/ wkhuh zhuh dovr whpsrudu| frqvxpswlrq orvvhv1 Exw wkh dqdo|vlv vxjjhvwv
wkdw e| 5335 vxuylylqj krxvhkrogv wkdw vx�huhg iurp vhyhuh vkrfnv ri wkh 4<<7 zdu dqg
jhqrflgh dqg wkhlu diwhupdwk zhuh qrw v|vwhpdwlfdoo| zruvh r� wkdq wkh rwkhu krxvhkrogv
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lq wkh vdpsoh1
Wkh fkdswhu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq wzr ghvfulehv wkh gdwd xvhg1 Vhfwlrq

wkuhh suhvhqwv hylghqfh rq wkh vkrfnv ri zdu dqg jhqrflgh/ dqg wkhlu diwhupdwk dw wkh
krxvhkrog ohyho1 Lq vhfwlrq irxu L phdvxuh krxvhkrog pdwhuldo zhoiduh e| krxvhkrog
lqfrph dqg dvvhwv/ frpsduh krxvhkrog pdwhuldo zhoiduh lq 4<<3 dqg 5335 dqg dqdo|}h
wlph ghshqghqfh ri krxvhkrog zhoiduh ryhu wklv shulrg1 Lq vhfwlrq �yh L xvh uhjuhvvlrq
dqdo|vlv wr whvw zkhwkhu zdu0uhodwhg vkrfnv kdg dq lpsdfw rq hfrqrplf prelolw| ehwzhhq
4<<3 dqg 5335/ zkloh frqwuroolqj iru lqlwldo frqglwlrqv1 Wkh �qdo vhfwlrq frqfoxghv1

615 Wkh gdwd vhw
Wkh gdwd vhw fryhuv 4;; uxudo krxvhkrogv/ orfdwhg lq 49 gl�huhqw foxvwhuv lq Jlnrqjrur dqg
Jlwdudpd Surylqfh +vhh Iljxuh14,1 L kdyh wzr revhuydwlrqv/ wkh �uvw iru 4<;<04<<3/ dqg
wkh vhfrqg iru 5334053351 Wkh 4<;<04<<3 vxuyh| froohfwhg vrflr0hfrqrplf gdwd gxulqj
vhdvrqv 4<;< E +Dsulo 4<;< � Vhswhpehu 4<;<, dqg 4<<3 D +Rfwrehu 4<;< � Pdufk 4<<3,1
Lq 5335/ vlplodu gdwd zhuh froohfwhg iru vhdvrq 5334 E +Dsulo 5334 0 Vhswhpehu 5334,
dqg vhdvrq 5335 D +Rfwrehu 5334 0 Pdufk 5335, � 1 Lq wkh wh{w L uhihu wr wkh wlph shulrgv
4<;<24<<3 dqg 533425335 uhvshfwlyho| dv 4<<3 dqg 53351

Wkh froohfwlrq ri wkh gdwd surfhhghg lq wkuhh vwhsv1 Iluvw/ wkh 4<<3 gdwd vwhp iurp
d qdwlrqdo idup vxuyh| fduulhg rxw e| wkh Glylvlrq ri Djulfxowxudo Vwdwlvwlfv +GVD, ri
Uzdqgd*v Plqlvwu| ri Djulfxowxuh dqg Olyhvwrfn +PLQDJUL,1 Wklv vxuyh| zdv edvhg rq
d qdwlrqzlgh udqgrp vdpsoh ri 4/57; idup krxvhkrogv1 Lw surylghg lqirupdwlrq rq wrslfv
vxfk dv vxevlvwhqfh surgxfwlrq/ furs vdohv/ olyhvwrfn surgxfwlrq/ qrq0idup lqfrph/ ehhu
euhzlqj/ wudqvihuv/ odqg duhd/ krxvhkrog frpsrvlwlrq dqg vfkrrolqj1

Vhfrqg/ lq 4<<< dqg 5333/ Sk1 Yhuzlps wulhg wr wudfh wkh krxvhkrogv ri wkh 4<<3
vxuyh| lq wkuhh surylqfhv ri fhqwudo dqg vrxwkzhvw Uzdqgd= Jlwdudpd/ Nlex|h dqg
Jlnrqjrur/ zlwk 493 krxvhkrogv +43 foxvwhuv, lq wkh iruphu dqg <9 +9 foxvwhuv, lq hdfk
ri wkh odwwhu wzr surylqfhv1 Uhdvrqv iru fkrrvlqj wkhvh surylqfhv lqfoxghg dprqj rwkhuv
wkh dydlodelolw| ri lqirupdwlrq qhhghg wr orfdwh wkh krxvhkrogv lq wkh vdpsoh +Yhuzlps/

	 Wkh gdwd iru vhdvrq 5334 E zhuh froohfwhg rq d uh0fdoo edvlv dqg zhuh olplwhg wr vxevlvwhqfh surgxf0
wlrq dqg furs vdohv1 Uh0fdoo gdwd rq rwkhu lqfrph vrxufhv ri vhdvrq 5334 E/ vxfk dv lqfrph iurp ehhu
euhzlqj/ olyhvwrfn dqg r�0idup lqfrph zhuh qrw froohfwhg1 Krzhyhu/ wkhvh wkuhh odwwhu lqfrph vrxufhv
kdugo| ydu| dfurvv wkh wzr vhdvrqv +Fod|/ 4<<:,1 Wkhuhiruh/ dqqxdo lqfrph rewdlqhg iurp wkhvh vrxufhv
lv pruh ru ohvv htxdo wr wzlfh wkh lqfrph iurp rqh vhdvrq1 Lq frqwudvw/ furs lqfrph grhv ydu| txlwh d
orw dfurvv vhdvrqv ehfdxvh wkh fr�hh dqg vrujkxp kduyhvw pdlqo| rffxu lq vhdvrq E1
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5336d,1 Lq wklv vhfrqg vwdjh rqo| ghprjudsklf dqg fulplqrorjlfdo gdwd zhuh froohfwhg1
Wklug/ gdwd rq krxvhkrogv* hfrqrplf dfwlylwlhv zhuh froohfwhg lq Iheuxdu| dqg Pdufk

ri 5335 dv sduw ri d vwxg| iru wkh Ehojldq Ghsduwphqw iru Ghyhorsphqw Frrshudwlrq
+GJRV, xqghu lwv Srolf| Uhvhdufk Surjudp1 Wkh txhvwlrqv dvnhg lq wkh 5335 vxuyh| zhuh
frpsdudeoh wr wkrvh ri wkh 4<<3 vxuyh|1 Dgglwlrqdoo|/ zh zhuh lqwhuhvwhg lq �qglqj rxw
zkdw kdg kdsshqhg wr wkh krxvhkrogv ehwzhhq 4<<3 dqg 53351 Wkhuhiruh/ zh froohfwhg
uhfdoo lqirupdwlrq derxw zdu0uhodwhg vkrfnv/ rwkhu dgyhuvh lqfrph vkrfnv/ krxvhkrog
frqvxpswlrq vkruwidoov/ fkdqjhv lq sk|vlfdo fdslwdo +odqg rzqhuvkls dqg fdwwoh vwrfn,
dqg fkdqjhv lq krxvhkrog frpsrvlwlrq ryhu wkh shulrg 4<<4053341 Ehfdxvh ri �qdqfldo
frqvwudlqwv/ wkh 5335 vxuyh| zdv olplwhg wr wkh 589 krxvhkrogv lqlwldoo| vxuyh|hg lq
Jlnrqjrur dqg Jlwdudpd1

Krzhyhu/ qrw doo ri wkhvh 589 krxvhkrogv frxog eh orfdwhg1 Iurp wkh 589 krxvhkrogv
lq Jlnrqjrur dqg Jlwdudpd/ 77 kdg gursshg rxw e| 53351 �Gursshg rxw� phdqv wkdw wkh
krxvhkrog zdv qr orqjhu olylqj lq lwv lqlwldo orfdwlrq dqg frxog qrw eh irxqg lq wkh vdph
ru lq qhljkerxulqj dgplqlvwudwlyh vhfwruv1 Ri wkh 545 uhpdlqlqj krxvhkrogv/ 46 frxog
qrw eh frqvlghuhg dv wkh vdph krxvhkrogv/ ehfdxvh doo iruphu krxvhkrog phpehuv kdg
ehhq uhsodfhg e| glvwdqw idplo| ru hyhq e| qhljkerxuv1 Iru hohyhq ri wkh uhpdlqlqj 4<<
krxvhkrogv/ vrph fuxfldo lqirupdwlrq zdv plvvlqj lq wkh 4<<3 gdwd vhw1 Ryhudoo/ dwwulwlrq
lq wkh vdpsoh dprxqwv wr 5616 shufhqw +8:2578,/ exw iru Wxwvl0khdghg krxvhkrogv lw lv
dv kljk dv 7818 shufhqw +43255,1 Wkh sdqho gdwd vhw L hyhqwxdoo| xvh iru wkh dqdo|vlv ri
hfrqrplf prelolw| kdv frpsohwh gdwd rq 4;; krxvhkrogv wkdw frxog eh lghqwl�hg lq erwk
|hduv dqg iru zklfk L kdyh dghtxdwh lqirupdwlrq1

616 Zdu0uhodwhg dqg rwkhu vkrfnv/ 4<<405334
Lw lv zhoo nqrzq wkdw uxudo krxvhkrogv lq ghyhorslqj frxqwulhv uhjxoduo| idfh dgyhuvh
lqfrph vkrfnv vxfk dv looqhvv/ gurxjkw/ furs glvhdvhv/ lqvhfw sodjxhv/ dqg/ lq vrph fdvhv/
zdu0uhodwhg ylrohqfh1 Wkh gdwd vhw frqwdlqv uhwurvshfwlyh lqirupdwlrq rq doo wkhvh w|shv
ri krxvhkrog ohyho vkrfnv iru wkh hohyhq |hduv ehwzhhq 4<<3 dqg 53351 L zloo irfxv rq wkh
vkrfnv vwhpplqj iurp ylrohqw frq lfw/ exw iru wkh vdnh ri frpsdulvrq/ wkh rwkhu vkrfnv/
iru zklfk L zloo frqwuro/ lq wkh uhjuhvvlrq dqdo|vlv1 duh dovr olvwhg1

Wdeoh 614 jlyhv wkh sursruwlrq ri krxvhkrogv d�hfwhg e| hdfk w|sh ri vkrfn zlwklq
wkh hohyhq0|hdu shulrg/ 4<<4053341 Wkh uhvxowv vkrz wkdw doprvw iruw| shufhqw ri wkh
krxvhkrogv kdg furs gdpdjh gxh wr srolwlfdo lqvhfxulw|/ h1j1 ehfdxvh wkh| ohiw wkhlu �hogv
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xqdwwhqghg/ ru ehfdxvh wkh| frxog qrw sxufkdvh wkh qhfhvvdu| lqsxwv1 Doprvw rqh rxw
ri �yh krxvhkrogv orvw dw ohdvw rqh phpehu gxh wr ylrohqfh/ exw wklv sursruwlrq dprxqwv
wr qlqh rxw ri whq iru wkh Wxwvl0khdghg krxvhkrogv1 Wkh Wxwvl0khdghg krxvhkrogv lq
wkh vdpsoh zhuh dovr pruh d�hfwhg e| fdwwoh udlglqj +75(, dqg wkh ghvwuxfwlrq ri wkhlu
krxvhv +8;(, gxh wr ylrohqfh1 Wzr vkrfnv zhuh pruh frpprq dprqj wkh Kxwx0khdghg
krxvhkrogv= vhhnlqj uhixjh deurdg +4:(, dqg lpsulvrqphqw ri d krxvhkrog phpehu
+45(,1 E| 5335/ rqh wklug ri wkh lpsulvrqhg krxvhkrog phpehuv lq rxu vdpsoh kdg ehhq
uhohdvhg1

Wdeoh 614= W|srorj| ri vkrfnv e| hwkqlf jurxs
Krxvhkrogv d�hfwhg/ 4<<405334 +(,
Kxwx0 ) Wzd0 Wxwvl0 Doo

khdghg khdghg kkv
kkv +4:9, � kkv +45, +4;;,

Zdu0uhodwhg vkrfnv
Furs vkrfn gxh wr srolwlfdo lqvhfxulw| 6;14( 8;16( 6<17(
Ylrohqw ghdwk ri krxvhkrog phpehu+v, 4715( <41:( 4<14(
Krxvh ghvwur|hg gxh wr ylrohqfh 81:( 8;16( <13(
Fdwwoh nloohg ru vwrohq 4715( 741:( 4913(
Krxvhkrogv vhhnlqj uhixjh 4:13( 313( 4913(
Krxvhkrogv zlwk phpehu lq sulvrq 441<( 313( 4415(
Rwkhu vkrfnv
Furs vkrfn= udlqidoo <615( 43313( <619(
Furs vkrfn= lqvhfwv ru glvhdvhv 7:15( 8313( 7:16(
Furs vkrfn= kljk whpshudwxuh/ iurvw 6<1;( 8;16( 7413(
Furs vkrfn= dqlpdo wudpsolqj/ wkhiw ri fursv 441<( 491:( 4515(
Furs vkrfn= oderu vkruwdjh gxh wr looqhvv 5813( ;16( 561<(
Qdwxudo ghdwk ri krxvhkrog phpehu 7913( 741:( 781:(
Krxvh ghvwur|hg gxh wr khdy| udlqidoo 431;( 313( 4314(
Fdwwoh orvw gxh wr glvhdvh ru qdwxudo ghdwk 4816( 8313( 4:19(

" Wzd duh d vpdoo hwkqlf jurxs lq Uzdqgd1Wkhuh duh irxu Wzd0khdghg krxvh0
krogv lq wkh vdpsoh1

Iljxuh 614 jlyhv wkh hyroxwlrq ryhu wlph ri wkh sursruwlrq ri krxvhkrogv vx�hulqj
iurp zdu0uhodwhg vkrfnv1 Wkh �jxuh vkrzv d shdn lq 4<<7/ exw vrph krxvhkrogv zhuh
dovr d�hfwhg lq wkh srvw0zdu |hduv/ pdlqo| ehfdxvh rqh ru pruh ri wkhlu phpehuv zhuh
lpsulvrqhg ru ehfdxvh wkh| uhvlghg whpsrudulo| lq d uhixjhh fdps1 Wr jdlq dq lqvljkw lq
wkh lpphgldwh h�hfw ri vkrfnv dw wkh krxvhkrog ohyho/ zh dvnhg krxvhkrogv wr lqglfdwh rq
d wlpholqh lq zklfk |hduv wkh| glg qrw kdyh hqrxjk irrg wr hdw1 Iljxuh 614 vkrzv wkdw
wkh sursruwlrq ri krxvhkrogv uhsruwlqj d irrg vkruwdjh shdnv lq 4<<7/ zklfk vxjjhvwv
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wkdw wkh dgyhuvh lqfrph vkrfnv rffxuulqj lq 4<<7 zhuh gl!fxow wr frsh zlwk1 Lq dgglwlrq/
irrg vkruwdjhv zhuh udwkhu iuhtxhqwo| phqwlrqhg lq wkh prvw uhfhqw |hduv xqghu vwxg|1
Wklv lv suredeo| gxh wr wkh uhwurvshfwlyh qdwxuh ri wkh gdwd/ ehfdxvh shrsoh uhphpehu
pruh ylylgo| uhfhqw wkdq idu dzd| vkruwdjhv1

Iljxuh 614= Wkh sursruwlrq ri krxvhkrogv uhsruwlqj zdu0uhodwhg vkrfnv dqg irrg vkruwdjhv
iru wkh |hduv 4<<405334 +edvhg rq uhfdoo gdwd froohfwhg gxulqj wkh 5335 vxuyh|,
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proportion of households reporting food shortage
proportion of households reporting at least one war−related shock

Dwwulwlrq pd| kdyh d grzqzdug eldv rq wkh vkrfnv lq rxu vdpsoh1 Lqghhg/ d odujh
sursruwlrq ri wkh krxvhkrogv wkdw gursshg rxw ri wkh vdpsoh vx�huhg iurp vhyhuh vkrfnv1
Lq vrph fdvhv/ doo phpehuv ri wkh Wxwvl0khdghg krxvhkrogv zhuh nloohg lq wkh hwkqlf
ylrohqfh1 Lq rwkhu fdvhv/ krxvhkrogv wrrn uhixjh lq qhljkerxulqj frxqwulhv dqg glg qrw
uhwxuq +iru pruh lqirupdwlrq rq wkh krxvhkrogv wkdw gursshg rxw/ vhh Yhuzlps/ 5336d,1
Wkh sdqho gdwd vhw xvhg lv wkhuhiruh qrw uhsuhvhqwdwlyh iru wkh krxvhkrogv wkdw vx�huhg
iurp wkh vkrfnv ri zdu dqg jhqrflgh1 Lw pd| dovr qrw eh uhsuhvhqwdwlyh iru wkh krxvhkrogv
wkdw vxuylyhg wkh ylrohqfh/ li wkh vxuylylqj krxvhkrogv wkdw frxog qrw eh wudfhg gl�hu
v|vwhpdwlfdoo| iurp wkh krxvhkrogv lqfoxghg lq wkh sdqho1 L zloo frph edfn wr wklv srlqw
lq vhfwlrq �yh1
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617 Pdwhuldo zhoiduh dqg hfrqrplf prelolw|/ 4<<30
5335

Lq wklv vhfwlrq/ L glvfxvv pdwhuldo zhoiduh dqg hfrqrplf prelolw| lq rxu vdpsoh ri 4;;
krxvhkrogv1 Diwhu h{sodlqlqj krz L phdvxuh pdwhuldo zhoiduh/ L suhvhqw d frpsdulvrq
ri wkh dyhudjh ohyhov ri pdwhuldo zhoiduh lq 4<<3 dqg 53351 Wkhq/ orrnlqj eh|rqg wkhvh
vwdwlf phdvxuhv/ L surfhhg zlwk wkh phdvxuhphqw ri hfrqrplf prelolw| xvlqj wudqvlwlrq
pdwulfhv dqg uhjuhvvlrq dqdo|vlv1

61714 Phdvxulqj pdwhuldo zhoiduh= lqfrph shu dgxow htxlydohqw
dqg dq dvvhw lqgh{

Fkdqjhv lq pdwhuldo zhoiduh ryhu wlph fdq eh phdvxuhg e| lqfrph ru h{shqglwxuhv1 H{0
shqglwxuhv duh wkh suhihuuhg phdvxuh ri pdwhuldo zhoiduh/ exw ehfdxvh ri odfn ri gdwd L
xvh lqfrph dv d phdvxuh ri krxvhkrog zhoiduh1 Wkh xvh ri lqfrph udwkhu wkdq h{shq0
glwxuhv pd| ryhuvwdwh wkh h{whqw ri hfrqrplf prelolw|/ hvshfldoo| lq d suhgrplqdqwo|
djulfxowxudo vhwwlqj zkhuh lqfrph ydulhv juhdwo| iurp |hdu wr |hdu dqg krxvhkrogv wu| wr
vprrwk frqvxpswlrq dfurvv |hduv1 Wr wkh h{whqw wkdw krxvhkrogv vxffhhg lq vprrwklqj
wkhlu frqvxpswlrq/ wkh xvh ri lqfrph gdwd ryhuvwdwhv hfrqrplf prelolw|1 Lq dgglwlrq/
phdvxulqj lqfrph lv surqh wr huuruv/ iru h{dpsoh ehfdxvh ri wkh gl!fxow| ri dffrxqwlqj
fruuhfwo| iru wkh ydoxh ri vxevlvwhqfh surgxfwlrq1 Wklv pd| dovr uhvxow lq dq xszdug
eldv ri hfrqrplf prelolw|1 +Iru d glvfxvvlrq vhh PfFxoorfk dqg Edxofk/ 5333,1 Ehvlghv
lqfrph/ L pdnh xvh ri dq dvvhw lqgh{ wr dqdo|}h hfrqrplf prelolw|1 Lq jhqhudo/ sk|vlfdo
dvvhwv duh phdvxuhg zlwk ohvv huuru dqg duh lqglfdwruv ri wkh orqj0uxq hfrqrplf vwdwxv ri
krxvhkrogv1

Wr phdvxuh lqfrph/ L xvh lqirupdwlrq rq �yh lqfrph vrxufhv= vxevlvwhqfh djulfxowxuh/
furs vdohv/ ehhu euhzlqj/ olyhvwrfn surgxfwlrq dqg r�0idup hduqlqjv * 1 L fdofxodwhg jurvv
lqfrph e| wdnlqj wkh vxp ryhu wkh prqhwdu| ydoxhv ri wkhvh gl�huhqw lqfrph vrxufhv + 1

, Lghdoo|/ L vkrxog dovr lqfoxgh lqfrph iurp wudqvihuv1 Krzhyhu/ wklv lqirupdwlrq lv rqo| dydlodeoh iru
wkh 4<<3 vxuyh|1 Ohdylqj rxw wudqvihuv pd| uhvxow lq d eldvhg lqfrph phdvxuh1 Vxfk d eldv lv olnho|
wr eh vpdoo vlqfh wudqvihuv duh wkh ohdvw lpsruwdqw lqfrph vrxufh1 Lq wkh 4<<3 vxuyh|/ wudqvihuv pdgh
xs rqo| 6( ri wrwdo lqfrph1 Wkh frqwulexwlrq ri wudqvihuv wr lqfrph zdv srvlwlyho| fruuhodwhg zlwk wkh
ghshqghqf| udwlr dqg wkh djh ri wkh krxvhkrog khdg/ exw wkh dyhudjh vkduh ri wudqvihuv lq lqfrph glg
qrw h{fhhg 9( iru krxvhkrogv lq wkh wrs ghflohv ri wkh ghshqghqf| udwlr ru wkh djh ri wkh krxvhkrog
khdg1 L gr qrw kdyh gdwd wr yhuli| zkhwkhu wkhvh revhuydwlrqv krog iru 53351- Lw lv qrw fohdu krz ehvw wr lqfoxgh olyhvwrfn surgxfwlrq lq lqfrph1 Wkh uhwxuq rq olyhvwrfn pd|
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Wr rewdlq qhw lqfrph/ L vxewudfwhg wkh frvw ri klulqj lq fdvxdo oderu dqg ri wkh lqsxwv
qhhghg iru ehhu euhzlqj1 L glg qrw kdyh vdwlvidfwru| gdwd rq rwkhu djulfxowxudo lqsxwv/
vxfk dv fkhplfdo ihuwlol}hu dqg shvwlflghv1 Krzhyhu/ wkh qhw lqfrph phdvxuh lv olnho| wr
eh d jrrg dssur{lpdwlrq vlqfh iduplqj lq Uzdqgd lv vwloo ryhuzkhoplqjo| wudglwlrqdo/
uho|lqj doprvw h{foxvlyho| rq pdqxuh iru ihuwlol}lqj wkh vrlo dqg rq wkh xvh ri vpdoo
kdqg lpsohphqwv +krhv dqg pdfkhwhv, iru prvw wdvnv1 Wr fdofxodwh prqhwdu| ydoxhv
ri vxevlvwhqfh djulfxowxuh dqg olyhvwrfn surgxfwlrq/ L xvhg sulfhv dw wkh surylqfldo ohyho/
h{fhsw iru ehhu dqg furs vdohv/ iru zklfk L frxog xvh wkh sulfhv uhsruwhg e| wkh krxvhkrogv1
Ehwzhhq 4<<3 dqg 5335/ wkh jhqhudo uxudo sulfh ohyho urvh dssur{lpdwho| e| d idfwru ri
wkuhh +PfNd| dqg Oryhulgjh/ 5338> Jryhuqphqw ri Uzdqgd/ 5338, . 1 Wkhuhiruh/ wr rewdlq
lqfrph lq sulfhv ri 5335/ L pxowlsolhg wkh 4<<3 lqfrph e| wkuhh1

Wkh wzr prvw lpsruwdqw dvvhwv ri Uzdqgdq uxudo krxvhkrog duh olyhvwrfn +fdwwoh/
jrdwv/ vkhhs/ dqg sljv, dqg odqg1 Lqirupdwlrq rq wkhvh dvvhwv lv dydlodeoh iru erwk
4<<3 dqg 53351 L xvh sulqflsdo frpsrqhqw dqdo|vlv wr dvvljq zhljkwv wr wkhvh gl�huhqw
dvvhwv / 1 Edvlfdoo|/ L srro wkh gdwd ri 4<<3 dqg 5335/ dqg ghwhuplqh d olqhdu frpelqdwlrq
wkdw wudqvirupv wkh �yh dvvhwv lqwr rqh lqgh{ +wkh �uvw sulqflsdo frpsrqhqw,/ zklfk
dffrxqwv iru dv pxfk ri wkh yduldelolw| lq wkh �yh dvvhwv dv srvvleoh �10 1 Wdeoh 615 vkrzv

eh lq wkh irup ri pdqxuh/ phdw/ plon/ hjjv dqg r�0vsulqj1 Ehvlghv/ krxvhkrogv pd| vhoo olyhvwrfn1
Lq Uzdqgd/ olyhvwrfn lv nhsw odujho| iru lwv pdqxuh1 Wkh xvh ri pdqxuh lqfuhdvhv odqg surgxfwlylw|1
Frqvhtxhqwo| wklv olyhvwrfn uhwxuq lv fdswxuhg e| lqfrph iurp vxevlvwhqfh djulfxowxuh dqg furs vdohv1
Olyhvwrfn lv kdugo| hyhu nhsw iru phdw frqvxpswlrq/ ehfdxvh prvw uxudo Uzdqgdqv duh wrr srru wr
frqvxph vl}deoh dprxqwv ri phdw +Ndqjdvqlhpl/ 4<<;,1 Krzhyhu/ vhoolqj hjjv ru plon frqwulexwhv wr
fdvk lqfrph1 Wkhuhiruh/ L lqfoxghg wkh uhyhqxh iurp hjjv dqg plon vdohv lq olyhvwrfn lqfrph1 Lqfoxglqj
wkh uhfhlswv iurp olyhvwrfn vdohv lq uhyhqxh lv sureohpdwlf ehfdxvh olyhvwrfn vdohv duh uduh dqg luuhjxodu1
Wkh hvwlpdwhg lqfrph zrxog eh kljko| ghshqghqw rq zkhwkhu krxvhkrogv kdsshqhg wr vhoo olyhvwrfn
gxulqj d shulrg1 Dq dowhuqdwlyh dssurdfk lv wr dvvxph wkdw wkh lqfrph iurp olyhvwrfn lv sursruwlrqdo wr
wkh ydoxh ri olyhvwrfn kroglqjv +Ndqjhvqlhpl/ 4<<;,1 L dssolhg wklv phwkrg1 Wkh sursruwlrqdolw| idfwru
L xvh lv wkh fdofxodwhg dyhudjh suredelolw| ri vhoolqj fdwwoh12 PfNd| dqg Oryhulgjh +5338, uhsruw sulfh ohyhov ri 4391: lq 4<<3 dqg 67;17 lq 53331 Lqirupdwlrq
rq wkh Frqvxphu Sulfh Lqgh{ iru wkh shulrg 4<<<05338/ sxeolvkhg e| wkh Jryhuqphqw ri Uzdqgd rq
wkhlu zhevlwh/ lqglfdwhv wkdw/ diwhu d voljkw lqfuhdvh lq 5334/ wkh sulfh ohyho lq 5335 zdv djdlq dw lwv 5333
ohyho1 Lq dwlrq iru wkh shulrg 4<<305335 zrxog wkhuhiruh eh pruh ru ohvv 65;(1 Vlqfh d frqvlghudeoh
sduw ri wklv lqfuhdvh lv gxh wr lqfuhdvhg sulfhv iru krxvlqj/ zdwhu/ hohfwulflw|/ jdv dqg rwkhu prvwo| xuedq
frqvxpswlrq jrrg/ wklv sulfh lqgh{ lv olnho| wr ryhuhvwlpdwh lq dwlrq lq uxudo duhdv1 Wkhuhiruh/ dowkrxjk
vrphzkdw duelwudu|/ L dgmxvw lw grzqzdugv wr 633( iru rxu vdpsoh13 L wkdqn d uhihuhh iru vxjjhvwlqj wklv surfhgxuh1 Qrwh krzhyhu wkdw dq dqdo|vlv xvlqj +lpsolflw, sulfhv
iru olyhvwrfn dqg odqg |lhogv vlplodu uhvxowv +fi1 Yhusrruwhq dqg Ehuodjh/ 5337,1��4 Iru 5335/ L kdyh dovr lqirupdwlrq rq rwkhu gxudeoh dvvhwv vxfk dv d krh/ d pdfkhwh/ d fkdlu/ d pdwwuhvv/
d ehg/ d elnh dqg d udglr/ exw wklv lqirupdwlrq lv odfnlqj iru 4<<31 Uhshdwlqj wkh sulqflsdo frpsrqhqw
dqdo|vlv iru 5335 zlwk wkh dgglwlrqdo dvvhwv/ L �qg wkdw wkh Vshdupdq udqn fruuhodwlrq frh!flhqw ehwzhhq
wkh wzr dvvhw lqglfhv dprxqwv wr 31:61 Vr/ dgglqj wkhvh gxudeoh jrrgv grhv qrw vxevwdqwldoo| fkdqjh
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wkh uhvxowv1 Wkh �uvw froxpq vkrzv wkh dvvhwv* vfrulqj idfwruv rewdlqhg iurp wkh sulqflsdo
frpsrqhqw dqdo|vlv1 Wklv lv wkh zhljkw zlwk zklfk wkh dvvhw +qrupdol}hg e| lwv phdq
dqg vwdqgdug ghyldwlrq, hqwhuv wkh olqhdu frpelqdwlrq iru wkh �uvw sulqflsdo frpsrqhqw1
Iru d glvfxvvlrq dqg dq looxvwudwlrq ri wklv phwkrg vhh Ilophu dqg Sulwfkhww +5334,1

Wdeoh 615= Vfrulqj idfwruv dqg vxppdu| vwdwlvwlfv iru wkh yduldeohv hqwhulqj wkh frpsxwd0
wlrq ri wkh �uvw sulqflsdo frpsrqhqw +iru srrohg gdwd ri 4<<3 dqg 5335/ 6:9 revhuydwlrqv,

Vfrulqj idfwruv Phdq Vw1 ghy Vfrulqj idfwru2Vw1ghy
Odqg vl}h +khfwduh, 31833 31<46 +31<67, 31869
Fdwwoh 3186< 31:43 +41659, 31739
Jrdwv 31779 31:<8 +416<9, 31653
Vkhhs 31784 31583 +31:<:, 31899
Sljv 3156: 3157: +31;5<, 315;8
Qrwh= wkh �jxuhv lq wkh odvw froxpq fdq eh uhdg dv wkh fkdqjh ri wkh dvvhw lqgh{
xsrq d rqh xqlw fkdqjh lq wkh dvvhw1

61715 Frpsdulvrq ri pdwhuldo zhoiduh dqg rwkhu krxvhkrog fkdu0
dfwhulvwlfv ehwzhhq 4<<3 dqg 5335

Dv phqwlrqhg lq wkh lqwurgxfwlrq/ vwxglhv frpsdulqj wkh Uzdqgdq hfrqrplf vlwxdwlrq lq
4<<3 dqg 5335/ vxjjhvw wkdw lqfrph shu fdslwd lq Uzdqgd uhdfkhg lwv suh0jhqrflgh ohyho
e| 5335 +Orsh} dqg Zrgrq/ 5338> PfNd| dqg Oryhulgjh/ 5338,1 L �qg d vlplodu uhvxow
lq rxu krxvhkrog sdqho gdwd vhw1 Wdeoh 616 vkrzv wkdw wkh dyhudjh qhw lqfrph shu dgxow
htxlydohqw zdv qrw vljql�fdqwo| gl�huhqw ehwzhhq 4<<3 dqg 53351 Krzhyhu/ wklv uhvxow
kdv wr eh wdnhq zlwk fduh/ qrw rqo| ehfdxvh rxu vdpsoh lv vpdoo dqg qrw qhfhvvdulo|
uhsuhvhqwdwlyh/ exw dovr ehfdxvh wkh lqfrph phdvxuh lv kljko| vxvfhswleoh wr zhdwkhu
frqglwlrqv1 Iru h{dpsoh/ iru rqh dgplqlvwudwlyh vhfwru lq rxu vdpsoh +Nljrpd, 4<<3
zdv d srru furs |hdu/ exw wklv vhfwru sur�whg iurp dq h{wudruglqdu| edqdqd kduyhvw lq
5335 �%� 1 Ohdylqj rxw wklv frppxqh/ L �qg d vpdoo ghfuhdvh ri lqfrph shu dgxow htxlydohqw
iurp 59/687 UZI lq 4<<3 wr 56/589 UZI lq 53351 Zkhq vwxg|lqj hfrqrplf prelolw|/ L

wkh dvvhw udqnlqj ri krxvhkrogv1 Wkh shufhqwdjh ri wkh fryduldqfh ri wkh �yh dvvhwv/ h{sodlqhg e| wkh
�uvw sulqflsdo frpsrqhqw lv 68 shufhqw1 Wklv shufhqwdjh dprxqwv wr 67 shufhqw/ zkhq lqfoxglqj wkh
dgglwlrqdo gxudeoh jrrgv1��� Zkhq ylvlwlqj Nljrpd lq 5335/ pdq| ri wkh lqkdelwdqwv zhuh guxqn lq gd|wlph1 Wklv zdv qrw d rqh0
gd| hyhqw dv rxu lqwhuylhzhu frpsodlqhg ri qljkw qrlvh gxulqj khu wkuhh0zhhn vwd| lq Nljrpd1 Gulqnlqj
edqdqd dqg vrujkxp ehhu lv d srsxodu dfwlylw| lq Uzdqgd dqg shrsoh zhuh vshqglqj wkhlu rffdvlrqdo
vxusoxv lq ihdvwlqj dqg gulqnlqj1
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zloo frqwuro iru uhjlrqdo zhdwkhu frqglwlrqv1 Iru qrz/ lw vhhpv vdih wr vwdwh wkdw lq rxu
sdqho gdwd vhw wkhuh lv qr lqglfdwlrq ri d vljql�fdqwo| orzhu ru kljkhu dyhudjh lqfrph lq
5335 wkdq lq 4<<31

Vlplodu wr lqfrph/ rxu rwkhu phdvxuh ri pdwhuldo zhoiduh/ wkh rzqhuvkls ri sk|vlfdo
dvvhwv/ grhv qrw gl�hu vljql�fdqwo| ehwzhhq 4<<3 dqg 53351 Wkh odqg rzqhg rq dyhudjh
e| d krxvhkrog ghfuhdvhg iurp 31<9 kd lq 4<<3 wr 31;: kd lq 5335/ exw wkh gl�huhqfh zdv
qrw vwdwlvwlfdoo| vljql�fdqw1 Pruhryhu/ odqg rzqhuvkls shu dgxow htxlydohqw uhpdlqhg
frqvwdqw dw dssur{lpdwho| 3155 kd1 Wkh wrwdo olyhvwrfn/ h{suhvvhg lq WOX +wurslfdo
olyhvwrfn xqlwv,/ zdv dovr vlplodu lq erwk |hduv1 Orrnlqj dw wkh gl�huhqw w|shv ri olyhvwrfn/
L qrwh wkdw wkhuh zhuh qr vljql�fdqw gl�huhqfhv ehwzhhq 4<<3 dqg 5333/ h{fhsw iru d
vljql�fdqw ghfolqh lq wkh qxpehu ri vkhhs1 Wklv lqirupdwlrq rq dvvhw rzqhuvkls surylghv
dgglwlrqdo hylghqfh wkdw pdwhuldo zhoiduh lq 5335 zdv forvh wr lwv suh0zdu ohyho1

Lq wdeoh 616/ L dovr olvw vrph lqirupdwlrq rq krxvhkrog frpsrvlwlrq lq 4<<3 dqg 53351
L revhuyh frqvlghudeoh lqfuhdvhv lq wkh ghshqghqf| udwlr +iurp 43: wr 45;, dqg lq wkh
sursruwlrq ri ihpdoh0khdghg krxvhkrogv +iurp 4;( wr 76(, � � 1 Wkhvh lqfuhdvhv vwhp erwk
iurp wkh odujh qxpehuv ri pdoh fdvxdowlhv dqg sulvrqhuv1 Wkuhh rxw ri irxu krxvhkrogv
zkr orvw d phpehu gxh wr ylrohqfh ehfdph ihpdoh0khdghg/ zkloh pruh wkdq :3 shufhqw
ri krxvhkrogv zkr kdg d phpehu lq sulvrq lq 5335 zhuh ihpdoh0khdghg1 Qrwh wkdw lq
5335 rqo| :17 shufhqw ri wkh vdpsoh krxvhkrogv kdg d phpehu zkr zdv vwloo lq sulvrq/
frpsduhg wr 441< shufhqw lq 4<<81 Vr/ dssur{lpdwho| rqh wklug ri sulvrqhuv zdv uhohdvhg
lq wkh phdqwlph1

Ilqdoo|/ wkh jlql frh!flhqw iru lqhtxdolw| vxjjhvwv wkdw wkh lqfrph glvwulexwlrq kdv eh0
frph pruh vnhzhg gxulqj 4<<305335 � � 1 Frqfxuuhqwo| wkh lqhtxdolw| ri odqg dqg olyhvwrfn
rzqhuvkls lqfuhdvhg ryhu wkh shulrg xqghu frqvlghudwlrq1 Wklv �qglqj ri dq lqfuhdvlqjo|
xqhtxdo odqg dqg lqfrph glvwulexwlrq fruuhvsrqgv wr wkh uhvxowv ri vhyhudo vwxglhv +Fod|/
4<<:> Dqguì dqg Sodwhdx/ 4<<;> Jryhuqphqw ri Uzdqgd/ 5335e> Slurq dqg PfNd|/ 5337>
PfNd| dqg Oryhulgjh/ 5338,1 Vrph ri wkhvh vwxglhv zklfk xvh gdwd sulru wr 4<<3/ vxjjhvw
wkdw lqhtxdolw| lq Uzdqgd zdv rq wkh ulvh vlqfh wkh plg hljkwlhv dqg lqfuhdvhg udslgo|
lq wkh shulrg ohdglqj xs wr wkh jhqrflgh1 Krzhyhu/ vwdwlf lqhtxdolw| phdvxuhv r�hu qr
lqirupdwlrq rq wkh pryhphqw ri krxvhkrogv wkurxjk wkh lqfrph glvwulexwlrq1 Wr jhw
lqvljkwv lq vxfk pryhphqwv/ zh pxvw dqdo|}h hfrqrplf prelolw|1
�1� Wkh ghshqghqf| udwlr lv fdofxodwhg dv wkh udwlr ri ghshqghqw ryhu dfwlyh krxvhkrog phpehuv +-433,1��� Sduw ri wkh lqfuhdvhg lqfrph lqhtxdolw| lv gxh wr wkh rxwvwdqglqj kduyhvw ri Nljrpd frppxqh lq

53351 Zkhq ohdylqj rxw Nljrpd/ wkh jlql ri lqfrph shu dgxow htxlydohqw lqfuhdvhv iurp 316< wr rqo|
3179 lqvwhdg ri wr 31831
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Wdeoh 616= Vxppdu| vwdwlvwlfv iru krxvhkrog fkdudfwhulvwlfv ri 4;; krxvhkrogv ri Jl0
wdudpd dqg Jlnrqjrur Surylqfhv

4<<3 5335
Phdq Vw1huuru Phdq Vw1huuru

Pdwhuldo zhoiduh= lqfrph
Dqqxdo krxvhkrog qhw lqfrph 2dh +UZI, 58/;88 +47;9, 5:/633 +5677,
Pdwhuldo zhoiduh= dvvhwv
Odqg vl}h +khfwduh, 31<93 +31396, 31;99 +313:6,
WOX 5 31<87 +313<<, 31<3: +31444,
Fdwwoh 31:44 +313;<, 319;9 +31435,
Jrdwv 31::8 +31435, 31:<6 +31433,
Vkhhs 3164< +313:3, 314;4 +31376,
Sljv 31595 +313::, 31567 +3136;,
Krxvhkrog frpsrvlwlrq
Krxvhkrog vl}h 81743 +3149:, 71<96 +314:5,
Dgxow htxlydohqw 6 71;55 +31488, 718<6 +31498,
Ghshqghqf| udwlr B 43:13 +9166<, 45:1; +:19;8,
Ihpdoh khdghg +( ri krxvhkrogv, 4:19( +3135;, 7519( +31369,
Krxvhkrog phpehu lpsulvrqhg +( ri krxvhkrogv, :17( +3134<,
Lqhtxdolw|
Jlql ri qhw lqfrph 2dh 316< +31353, 318 +31359,
Jlql ri odqg vl}h 3176< +3134;, 3184; +31357,
Jlql ri WOX 317;3 +31355, 31868 +31358,

" Rqh WOX lv 4:8 nj ri olih pdvv1 Fdwwoh @ 4 WOX/ Slj @ 3158 WOX/ Vkhhs@Jrdw@3148
WOX17 Wkh dgxow htxlydohqw lv edvhg rq wkh fdorulh qhhgv ri krxvhkrog phpehuv/ ghshqglqj rq wkhlu
djh dqg vh{1 Wkh uhihuhqfh lv dq dgxow/ djhg 5306< |hduv/ hqjdjlqj lq prghudwh dfwlylwlhv1 L
wrrn wkh vdph ydoxhv dv wkrvh xvhg lq wkh LKOFV +Jryhuqphqw ri Uzdqgd/ 5335e,1G Wkh ghshqghqf| udwlr lv fdofxodwhg dv wkh udwlr ri ghshqghqw ryhu dfwlyh krxvhkrog phpehuv
+-433,1

61716 Phdvxulqj hfrqrplf prelolw|= wudqvlwlrq pdwulfhv dqg
uhjuhvvlrq dqdo|vlv

Hfrqrplf prelolw| fdq eh phdvxuhg lq gl�huhqw zd|v1 Ryhuylhzv ri hfrqrplf prelolw|
phdvxuhv fdq eh irxqg lq Dwnlqvrq/ Erxujxljqrq dqgPruulvrq +4<<5,/ Pddvrxpl +4<<;,/
Ilhogv +5334, dqg Dplho dqg Elvkrs +5336,1 Lq wklv vxevhfwlrq L xvh lqwhu0whpsrudo
wudqvlwlrq pdwulfhv dqg uhjuhvvlrq dqdo|vlv wr txdqwli| wlph ghshqghqfh lq rxu vdpsoh/
l1h1 wkh h{whqw wr zklfk d krxvhkrog*v fxuuhqw hfrqrplf srvlwlrq lv ghwhuplqhg e| lwv
srvlwlrq lq wkh sdvw1 Wkh pruh krxvhkrogv pryh wkurxjk wkh lqfrph ru dvvhw glvwulexwlrq/
wkh orzhu wkh wlph ghshqghqfh1

Wdeoh 617 vkrzv wzr txlqwloh wudqvlwlrq pdwulfhv1 Wkh urzv ri wkh wzr 8 e| 8 pdwulfhv
fruuhvsrqg uhvshfwlyho| wr wkh lqfrph shu dgxow htxlydohqw dqg wkh dvvhw txlqwlohv ri
wkh edvh shulrg dqg wkh froxpqv wr wkh fruuhvsrqglqj lqfrph shu dgxow htxlydohqw dqg
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dvvhw txlqwlohv ri wkh �qdo shulrg1 Wkh hqwulhv lq wkh wudqvlwlrq pdwul{ lqglfdwh wkh
shufhqwdjhv ri krxvhkrogv lq wkh edvh shulrg txlqwloh wkdw hqghg xs lq wkh lqglfdwhg �qdo
shulrg txlqwloh1 Ehwzhhq eudfnhwv wkh devroxwh qxpehuv duh jlyhq1 Iru h{dpsoh/ hohphqw
+4/4, ri pdwul{ D lqglfdwhv wkdw 49 shufhqw ri krxvhkrogv wkdw ehorqjhg wr wkh orzhvw
lqfrph txlqwloh lq 4<<3 uhpdlqhg lq wkdw txlqwloh lq 5335/ zkloh hohphqw +4/8, lqglfdwhv
wkdw 63 shufhqw ri krxvhkrogv lq wkh orzhvw txlqwloh lq 4<<3 uhdfkhg wkh wrs txlqwloh lq
53351 Wkh odwwhu uhvxow lv doprvw hqwluho| gulyhq e| wkh surjuhvv ri krxvhkrogv lq Nljrpd
frppxqh1 Hfrqrplf prelolw| lv pxfk orzhu iru wkh dvvhw lqgh{1 Lq pdwul{ E/ 78 shufhqw
ri wkh srruhvw krxvhkrogv lq 4<<3 uhpdlqhg lq wkh orzhvw dvvhw txlqwloh lq 5335/ zkloh
rqo| ; shufhqw uhdfkhg wkh xsshu txlqwloh1

Wdeoh 617= Lqwhu0whpsrudo txlqwloh wudqvlwlrq pdwulfhv
Pdwul{ D = Krxvhkrog lqfrph2dgxow htxlydohqw> 4;; krxvhkrogv

Lqfrph txlqwlohv lq 5335
4 5 6 7 8

Lqfrph 4 49( +9, 4<( +:, 49( +9, 4<( +:, 63( +44,
txlqwlohv 5 4;( +:, 59( +43, 59( +43, 4;( +:, 43( +7,
lq 4<<3 6 59( +43, 59( +43, 49( +9, 54( +;, 44( +7,

7 59( +43, 46( +8, 4;( +:, 4;( +:, 57( +<,
8 44( +7, 49( +9, 57( +<, 57( +<, 57( +<,

Pdwul{ E= Dvvhw lqgh{> 4;; krxvhkrogv
Dvvhw txlqwlohv lq 5335

4 5 6 7 8
Dvvhw 4 79( +4:, 4<( +:, 44( +7, 49( +9, ;( +6,

txlqwlohv 5 59( +43, 4;( +:, 5<( +44, 4;( +:, ;( +6,
lq 4<<3 6 46( +8, 6:( +47, 59( +43, 44( +7, 46( +8,

7 ;( +6, 46( +8, 46( +8, 67( +46, 65( +45,
8 8( +5, 47( +8, 55( +;, 55( +;, 6;( +47,

Qrwh= Devroxwh qxpehuv ehwzhhq eudfnhwv1

Iurp wkh wudqvlwlrq pdwulfhv zh fdq fdofxodwh lpprelolw| udwlrv1 Wklv lv wkh iudfwlrq
ri krxvhkrogv wkdw uhpdlq lq wkh vdph txlqwloh ryhu wlph/ l1h1 wkh vxp ri wkh devroxwh
qxpehuv rq wkh gldjrqdo dv d shufhqwdjh ri doo krxvhkrogv1 L rewdlq lpprelolw| udwlrv
ri 5315 � � shufhqw dqg 6517 shufhqw/ uhvshfwlyho| iru lqfrph shu dgxow htxlydohqw dqg
krxvhkrog dvvhwv1 Wkhvh uhvxowv duh frpsdudeoh zlwk wkh �qglqjv rq wlph ghshqghqfh ri
lqfrph dqg dvvhwv e| rwkhu dxwkruv1 Iru h{dpsoh/ iru Lqgld/ Odqmrxz dqg Vwhuq +4<<4/
��� Zkhq ohdylqj rxw wkh krxvhkrogv ri Nljrpd/ wkh lpprelolw| udwlr iru lqfrph lqfuhdvhv iurp 5315(

wr 5:16(1
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4<<6, irxqg dq lqfrph lpprelolw| udwlr ri 581: shufhqw ryhu d 450|hdu shulrg1 Xvlqj
odqg rzqhuvkls/ Vzdplqdwkdq +4<<4d/ 4<<4e, irxqg dq lpprelolw| udwlr ri 7;15 shufhqw
ryhu ; |hduv iru d vdpsoh ri Lqgldq krxvhkrogv1 Iru d ghwdlohg ryhuylhz ri wkh uhvxowv ri
prelolw| pdwulfhv/ L uhihu wr Edxofk dqg Krgglqrww +5333,1

Wkh deryh dqdo|vlv ri lqfrph prelolw| lq wkh vdpsoh vxjjhvwv wkdw krxvhkrog lqfrph
lq 4<<3 lv kdugo| uhodwhg wr krxvhkrog lqfrph lq 53351 Wklv uhvxow lv pdlqo| gxh wr wkh
suhgrplqdqfh ri djulfxowxudo furs lqfrph/ zklfk dffrxqwhg iru 9<17( dqg 8<19( ri wrwdo
krxvhkrog lqfrph lq rxu vdpsoh/ uhvshfwlyho| lq 4<<3 dqg lq 5335 ��� 1 Uzdqgdq djulfxowxuh
lv udlq ihg dqg wkh rxwfrph ri wkh djulfxowxudo vhdvrq lv kljko| ghshqghqw rq zhdwkhu
frqglwlrqv/ vxfk wkdw djulfxowxudo surgxfwlylw| pd| eh pruh ru ohvv xqfruuhodwhg ryhu
wlph1 Lq lqgxvwuldol}hg frxqwulhv zkhuh rqo| d vpdoo sduw ri lqfrph ydulhv zlwk zhdwkhu
frqglwlrqv/ lpprelolw| udwlrv duh pxfk kljkhu1 Iru h{dpsoh/ Exunkdxvhu/ Krow}0Hdnlq
dqg Ukrg| +4<<;, irxqg dq lpprelolw| udwlr ri 8317 shufhqw ryhu �yh |hduv iru XV lqfrph
txlqwlohv1

Lq rughu wr frqwuroo iru prelolw| vwhpplqj iurp orfdwlrq vshfl�f idfwruv lqfoxglqj
zhdwkhu yduldelolw|/ L dovr xvh uhjuhvvlrq dqdo|vlv wr ghwhuplqh wkh h{whqw ri wlph ghshq0
ghqfh ri pdwhuldo zhoiduh lq rxu vdpsoh1 L uhjuhvv pdwhuldo zhoiduh lq 5335 rq pdwhuldo
zhoiduh lq 4<<3 dqg frppxqh gxpplhv1 Ehvlghv wkh orjdulwkp ri lqfrph shu dgxow htxly0
dohqw dqg wkh krxvhkrog dvvhw lqgh{/ L xvh wzr rwkhu phdvxuhv ri +srvlwlrqdo, pdwhuldo
zhoiduh/ l1h1 wkh lqfrph shu dgxow htxlydohqw udqn dqg wkh dvvhw udqn1 Wkh odwwhu phd0
vxuhv/ frqvwuxfwhg e| udqnlqj wkh revhuydwlrqv ri erwk lqfrph shu dgxow htxlydohqw dqg
wkh dvvhw lqgh{ lq dvfhqglqj rughu iurp 4 wr 4;;/ jlyh dq lghd ri srvlwlrqdo pryhphqw1
Lq dgglwlrq/ wkh| doorz dq hdv| lqwhusuhwdwlrq ri wkh hvwlpdwhg frh!flhqwv1 Wkh uhvxowv/
suhvhqwhg lq wdeoh 618/ vkrz wkdw wlph lqghshqghqfh ri lqfrph shu dgxow htxlydohqw fdq0
qrw eh uhmhfwhg1 Wkhuh lv krzhyhu vwurqj hylghqfh iru wlph ghshqghqfh ri wkh dvvhw lqgh{1
Uhjuhvvlrq +5, lqglfdwhv wkdw d rqh xqlw lqfuhdvh ri wkh krxvhkrog*v dvvhw lqgh{ lq 4<<3
uhvxowv lq dq dssur{lpdwho| 3167 kljkhu dvvhw lqgh{ lq 53351 Uhjuhvvlrq +7, jlyhv wlph
ghshqghqfh lq whupv ri krxvhkrog udqnlqjv1 Lw vkrzv wkdw rq dyhudjh/ d kljkhu dvvhw
udqn ri rqh lq 4<<3 uhvxowv lq dq 316< kljkhu dvvhw udqn lq 53351

� 	 Wkh ghfolqh ri wkh frqwulexwlrq ri furs lqfrph wr wrwdo lqfrph zhqw kdqg lq kdqg zlwk wkh lqfuhdvhg
lpsruwdqfh ri qrq0idup lqfrph1 Iru d ghwdlohg glvfxvvlrq ri wkh gl�huhqw lqfrph vrxufhv dqg wkhlu
lpsruwdqfh iru h{sodlqlqj hfrqrplf prelolw|/ L uhihu wr Yhusrruwhq dqg Ehuodjh +5337,1
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Wdeoh 618= ROV uhjuhvvlrq wr ghwhuplqh wlph ghshqghqfh ri pdwhuldo zhoiduh
Orj lqfrph Dvvhw lqgh{ Lqfrph2dh Dvvhw udqn
2dh lq 5335 lq 5335 udqn lq 5335 lq 5335

+4, +5, +6, +7,
Edvh |hdu zhdowk
Orj lqfrph2dh lq 4<<3 313; +3143,
Dvvhw lqgh{ lq 4<<3 3167 \ +313:,
Lqfrph2dh udqn lq 4<<3 313: +313;,
Dvvhw udqn lq 4<<3 316< \ +313:,
Frqvwdqw ;18< \ +4134, 0315: +316<, 8;18 \ +4:1;, 781< \ +491<,
Frppxqh gxpplhv \hv \hv \hv \hv
Qu ri revhuydwlrqv 4;; 4;; 4;; 4;;
U M 5;14( 5417( 5916( 5917(
Qrwhv= vwdqgdug huuruv ehwzhhq eudfnhwv> vljql�fdqw dw a 4( ohyho1

618 Vkrfnv dv ghwhuplqdqwv ri orqj whup pdwhuldo
zhoiduh

Lq wklv vhfwlrq L wu| wr lghqwli| wkh h�hfw ri wkh vkrfnv ri wkh jhqrflgh rq krxvhkrogv*
pdwhuldo zhoiduh lq 53351 L vwduw zlwk wkh suhvhqwdwlrq ri dq hpslulfdo iudphzrun1 Wkhuh0
diwhu/ L glvfxvv wkh uhvxowv ri wkh uhjuhvvlrq dqdo|vlv/ �uvw dvvxplqj ljqrudeoh vhohfwlrq lq
rxu vdpsoh/ dqg wkhq dgguhvvlqj srvvleoh dwwulwlrq eldv1

61814 Hvwlpdwlrq vwudwhj|
Zh fdq wklqn ri pdwhuldo zhoiduh ri krxvhkrog l lq frppxqh m lq |hdu w/ Z P � w / dv ehlqjd ixqfwlrq ri lqlwldo frqglwlrqv dw wlph w � {/ krxvhkrog ohyho vkrfnv gxulqj wkh vdph
lqwhuydo/ V P �)� / frppxqh vshfl�f fkdudfwhulvwlfv dqg hyhqwv/ G� w +lqfoxglqj udlqidoo dw wlphw,/ dqg xqrevhuyhg krxvhkrog fkdudfwhulvwlfv % P � w 1 Zh rewdlq wkh iroorzlqj vwuxfwxudo
irup=

Z P � w ' j Q EY P � w U�� > V P �C� >G� w � n % P � w = +614,
Htxdwlrq +614, fdq eh hvwlpdwhg zlwk d sdqho gdwd vhw1 Zlwk rxu gdwd w � { '

�bbf dqg w ' 2ff2/ l ' �> ===> �HH/ dqg m ' �> ===> �S1 Lq wkh devhqfh ri dwwulwlrq eldv/
wkh hvwlpdwlrq ri h{suhvvlrq +614, zrxog surylgh xv zlwk wkh frqglwlrqdo h{shfwdwlrq
ri krxvhkrogv* pdwhuldo zhoiduh lq 5335/ jlyhq wkhlu pdwhuldo zhoiduh dqg rwkhu lqlwldo
frqglwlrqv lq 4<<3/ krxvhkrog ohyho vkrfnv ehwzhhq 4<<3 dqg 5335/ dqg frppxqh vshfl�f
fkdudfwhulvwlfv dqg hyhqwv1
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H iZ P � w m Y P � w U�� > V P �)� > G� w j ' j Q EY P � w U�� > V P �)� > G� w �= +615,
Zkhwkhu ru qrw dwwulwlrq eldv rffxuv ghshqgv rq wkh qdwxuh ri wkh vhohfwlrq uxoh1

Vxssrvh zh fdq uhsuhvhqw wkh vhohfwlrq ri d krxvhkrog lqwr wkh sdqho gdwd vhw e| wkh
iroorzlqj surfhvv=

s �P � w ' [ P � w U�� � n � P � w +616,
s P � w ' � li s �P � w A f> 3 rwkhuzlvh/

zlwk � P � w dq lqghshqghqwo| glvwulexwhg huuru whup/ dqg [ P � w U�� fryduldwhv dw w�{1 Wkh
vhohfwlrq uxoh lv ljqrudeoh li wkh suredelolw| wkdw s �P � w A f ghshqgv rqo| xsrq wkh h{rjhqrxv
yduldeohv lqfoxghg lq htxdwlrq +614, dqg qrw xsrq wkh skhqrphqrq wkdw zh duh h{sodlqlqj
+Uxelq/ 4<:9,1 Lq wkdw fdvh/ wkh fruuhodwlrq ehwzhhq % P � w dqg � P � w lv }hur dqg zh fdq ljqruhdwwulwlrq lq rxu vdpsoh1

Li wkh vhohfwlrq uxoh lv qrw ljqrudeoh/ wkhq hvwlpdwlqj +614, iru wkh 4;; krxvhkrogv lq
rxu sdqho gdwd/ zloo qrw |lhog +615,1 Lqvwhdg=

H iZ P � w m Y P � w U�� > V P �C� >G� w > s P � w ' �j ' j Q EY P � w U�� > V P �)� > G� w � n j �M E[ P � w U�� ��> +617,

zlwk j �M E[ P � w U�� �� ' H �% P � w m � P � w A �[ P � w U�� �
� +Yhuehhn/ 5333,1 Lq wklv fdvh/ zh fdq

gh�qh wkh ixqfwlrq ri lqwhuhvw/ j Q / rqo| diwhu kdylqj hvwlpdwhg wkh sdudphwhuv � ri wkh
vhohfwlrq surfhvv1

Lq rxu uhjuhvvlrq dqdo|vlv/ L vwduw e| dvvxplqj wkdw wkh vhohfwlrq uxoh lv ljqrudeoh1
Wkhq/ L uhod{ wklv dvvxpswlrq dqg dgguhvv srvvleoh dwwulwlrq eldv1 Iru wklv sxusrvh/ L
dvvxph wkdw j Q lv olqhdu/ dqg/ wkdw wkh vhohfwlrq fruuhfwlrq ixqfwlrq/ j �M / lv qrqolqhdu/
vwhpplqj iurp d surelw prgho +Khfnpdq/ 4<:<,1

61815 Ohdvw vtxduhv hvwlpdwlrq
L xvh djdlq irxu phdvxuhv ri pdwhuldo zhoiduh lq 5335 dv ghshqghqw yduldeohv= wkh orjd0
ulwkp ri lqfrph shu dgxow htxlydohqw/ wkh krxvhkrog dvvhw lqgh{/ wkh lqfrph shu dgxow
htxlydohqw udqn/ dqg wkh dvvhw udqn1 Lq htxdwlrq +614,/ wkhvh duh uhsuhvhqwhg e| Z P � w 1Wkh h{sodqdwru| yduldeohv ri lqwhuhvw duh wkh zdu0uhodwhg vkrfnv/ suhvhqwhg lq wdeoh 614
EV P �)� �1 Lq dgglwlrq/ L lqfoxgh wkuhh lqglfhv ri qrq zdu0uhodwhg vkrfnv/ fruuhvsrqglqj wr
wkh wlph shulrgv 4<<704<<9/ 4<<:04<<< dqg 533305334 wr doorz glvwlqfwlrq ehwzhhq vkrfnv
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wkdw kdsshqhg dw wkh wlph ri wkh jhqrflgh/ lq wkh diwhupdwk ri wkh jhqrflgh/ dqg prvw
uhfhqwo|1 Wkh lqglfhv duh frqvwuxfwhg e| wdnlqj d zhljkwhg vxp ri wkh qrq zdu0uhodwhg
vkrfnv suhvhqwhg dw wkh erwwrp ri wdeoh 614 EV P �)� � � * 1 L whvw iru wlph ghshqghqfh lq pd0
whuldo zhoiduh e| lqfoxglqj pdwhuldo zhoiduh lq 4<<31 Dgglwlrqdo lqirupdwlrq rq lqlwldo
frqglwlrqv/ vxfk dv krxvhkrog frpsrvlwlrq lq 4<<3/ duh dovr lqfoxghg wr fdswxuh krxvhkrog
vwudwhjlhv EY P � w U}� �1 Ilqdoo|/ frppxqh gxpplhv frqwuro iru fkdqjhv lq pdwhuldo zhoiduh
dw wkh frppxqh ohyho/ vxfk dv fkdqjhv vwhpplqj iurp uhjlrqdo zhdwkhu yduldelolw| EG� w �1

Wdeoh 619 vkrzv wkh uhjuhvvlrq uhvxowv1 Vlplodu wr uhjuhvvlrqv +4,0+7,/ L �qg qr hylghqfh
iru vljql�fdqw wlph ghshqghqfh ri krxvhkrog lqfrph/ exw krxvhkrog dvvhwv lq 5335 duh
vljql�fdqwo| uhodwhg wr dvvhw rzqhuvkls lq wkh edvh |hdu1 Wkh frh!flhqwv ri rwkhu lqlwldo
frqglwlrqv duh qrw vljql�fdqwo| gl�huhqw iurp }hur/ h{fhsw iru krxvhkrog vl}h lq htxdwlrqv
+5, dqg +7,1 Wkh odwwhu uhvxow lv gxh wr wkh xvh ri krxvhkrog dvvhwv lqvwhdg ri krxvhkrog
dvvhwv shu dgxow htxlydohqw1 Wkh hvwlpdwhg frh!flhqwv ri wkh zdu0uhodwhg vkrfnv duh qrw
vljql�fdqwo| gl�huhqw iurp }hur/ h{fhsw iru wkh frh!flhqw ri kdylqj d krxvhkrog phpehu
lq sulvrq xqwlo 53351 Wklv dqdo|vlv vxjjhvwv wkdw/ e| 5335/ wkh krxvhkrogv lqfoxghg lq rxu
sdqho gdwd vhw kdg uhfryhuhg iurp zdu0uhodwhg vkrfnv wkdw rffxuuhg lq 4<<7/ vxfk dv wkh
orvv ri krxvhkrog phpehuv gxh wr ylrohqfh dqg wkh ghvwuxfwlrq ri d krxvhkrog*v krxvh1

Uhjuhvvlrq +8, lqglfdwhv wkdw krxvhkrogv ri zklfk d phpehu zdv vwloo lq sulvrq lq
5335 kdg dq lqfrph shu dgxow htxlydohqw ri dssur{lpdwho| 77 shufhqw orzhu wkdq rwkhu
krxvhkrogv1 Dffruglqj wr uhjuhvvlrq +:,/ wklv wudqvodwhv lqwr d orvv ri derxw 59 sodfhv lq
wkh lqfrph udqnlqj1 Lq frqwudvw/ krxvhkrogv zlwk phpehuv uhohdvhg iurp sulvrq ehiruh
5335/ glg qrw kdyh d vljql�fdqwo| orzhu lqfrph ohyho lq 53351

D uhdvrq iru wkh lqfrph orvv ri krxvhkrogv zlwk d phpehu lq sulvrq pljkw eh wkdw
sulvrqhuv ehfrph ghshqghqw phpehuv ri wkh krxvhkrog1 Iurp rxu lqwhuylhzv L ohduqhg
wkdw krxvhkrogv eulqj irrg dqg rwkhu edvlf qhfhvvlwlhv +h1j1 vrds, wr wkh sulvrqhu rq
d zhhno| ru wzr0gdlo| edvlv1 Iru wkh sulvrqhu*v krxvhkrog wklv lpsolhv d frvw qrw rqo|
lq whupv ri h{shqglwxuh/ exw dovr lq whupv ri wlph/ hvshfldoo| zkhq wkh sulvrq lv idu
iurp wkh krxvhkrog*v uhvlghqfh1 Zkhq L frqwuro iru wkh fkdqjh lq wkh ghshqghqf| udwlr
ehwzhhq 4<<3 dqg 5335/ wkh h�hfw ri kdylqj d phpehu lq sulvrq lv qr orqjhu vljql�fdqw1
Wkh vdph lv wuxh zkhq frqwuroolqj iru wkh fkdqjh iurp d pdoh krxvhkrog khdg lq 4<<3
wr d ihpdoh krxvhkrog khdg lq 53351 Wkhvh fkdqjhv lq krxvhkrog frpsrvlwlrq/ zklfk
�1, Wkh zhljkwv iru wkhvh lqglfhv zhuh rewdlqhg iurp d orjlvwlf uhjuhvvlrq ri wkh rffxuuhqfh ri krxvhkrog

irrg vkruwdjh lq |hdu w xsrq wkh vkrfnv lq |hdu w1 Wkh zhljkwv fruuhvsrqg wr wkh fdofxodwhg suredelolw|
ri d vkrfn ohdglqj wr krxvhkrog irrg vkruwdjh1
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Wdeoh 619= Ohdvw vtxduhv hvwlpdwhv ri wkh ghwhuplqdqwv ri pdwhuldo zhoiduh lq 5335
Orj lqfrph Dvvhw lqgh{ Lqfrph2dh Dvvhw udqn
2dh lq 5335 lq 5335 udqn lq 5335 lq 5335

+8, +9, +:, +;,
Lqlwldo frqglwlrqv
+4<<3,
Orj lqfrph2dh 3137 +3146,
Dvvhw lqgh{ 315< � +313<,
Lqfrph2dh udqn 313< +3144,
Dvvhw udqn 31696 � +313<,
Krxvhkrog vl}h 3136 +3137, 3144 � +3137, 5174 +5168, 71989 � +41;6,
Ghshqghqf| udwlr 03135 +313;, 03137 +3144, 05146 +8133, 41387 +8153,
Djh KK khdg 3134 +3134, 03134 +3134, 314: +3163, 0315<9 +3165,
\hduv ri hgxfdwlrq 3135 +3136, 313: +3139, 3184 +5134, 519<9 +41:6,
krxvhkrog khdg
Ihpdoh khdghg 03139 +3149, 3147 +3154, 06184 +<183, <19<9 +4316,
krxvhkrog
Odqg rzqhg 313; +3144, 41;4 +9194,
Fdwwoh rzqhg 3136 +313:, 41;7 +7139,
Zdu0uhodwhg vkrfnv
Furs vkrfn gxh wr 3159 +314:, 3154 +3154, 471<8 +4315, 441396 +<188,
srolwlfdo lqvhfxulw|

Qxpehu ri phpehuv 0313< +3144, 03144 +3145, 08188 +9188, 0:17:: +816<,
ghdg gxh wr ylrohqfh
Krxvh ghvwur|hg 03135 +3163, 03135 +3159, 0716: +4:13, 4137; +4618,
gxh wr ylrohqfh
Fdwwoh nloohg ru vwrohq 03139 +3156, 03145 +316<, 05147 +4715, 0814<4 +4817,
Qxpehu ri prqwkv 3133 +3133, 03133 +3134, 3153 +3155, 031568 +3159,
uhixjh deurdg
Phpehu lpsulvrqhg dqg 03178 � +3156, 3139 +316:, 0581; � +4518, 61:77 +4917,
vwloo lq sulvrq lq 5335
Phpehu lq sulvrq/ exw 0314< +3157, 03135 +3193, 04417 +491:, 051<;8 +491<,
uhohdvhg e| 5335

Rwkhu vkrfnv
Vkrfn lqgh{/ 4<<704<<9 31<< +413:, 031<7 +4147, 7613 +9319, 0631587 +8417,
Vkrfn lqgh{/ 4<<:04<<< 314: +3186, 03135 +31:<, 4414 +641;, 0581974 +631;,
Vkrfn lqgh{/ 533305335 04174 � +31:<, 04138 +4153, 07<18 +7:15, 0841:6< +731;,
Frqvwdqw ;17; � +4193, 31<6 +413;, 5<18 +881;, 436167 � +7;13,
Frppxqh gxpplhv \hv \hv \hv \hv
Qu ri revhuydwlrqv 4;; 4;; 4;; 4;;
U � 6816( 5;1:( 641:( 671:(

Qrwhv= vwdqgdug huuruv ehwzhhq eudfnhwv> vljql�fdqw dw wkh _ 43( ohyho/ ` 8( ohyho/ a 4( ohyho>
doo lqihuhqfhv duh edvhg rq wkh Kxehu2Zklwh urexvw vwdqgdug huuruv/ ehfdxvh ri khwhurjhq0
whlw| zlwk uhvshfw wr wkh ghvwuxfwlrq ri d krxvhkrog*v krxvh/ dqg d frppxqh gxpp|1
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duh vwurqjo| uhodwhg wr wkh lpsulvrqphqw ri d krxvhkrog phpehu/ dsshdu wr eh kljko|
vljql�fdqw ghwhuplqdqwv ri lqfrph prelolw|1

Wkh deryh uhvxowv ri wkh ohdvw vtxduhv hvwlpdwlrq duh urexvw wr lqfoxglqj pd{lpxp
|hduv ri hgxfdwlrq ri wkh krxvhkrog phpehuv lqvwhdg ri wkh |hduv ri hgxfdwlrq wkh krxvh0
krog khdg/ dqg dyhudjh djh ri wkh dgxowv ri wkh krxvhkrog lqvwhdg ri wkh djh ri wkh
krxvhkrog khdg1 Qhlwkhu gr uhvxowv fkdqjh vxevwdqwldoo| zkhq vfdolqj wkh dvvhwv e| wkh
vdph dgxow htxlydohqw vfdoh dv xvhg iru lqfrph/ h{fhsw iru d ghfuhdvhg vljql�fdqfh ri wkh
h�hfw ri krxvhkrog vl}h lq 4<<31

61816 Urexvwqhvv wr srvvleoh hqgrjhqhlw| dqg pxowlfroolqhdulw|
ri vkrfnv

Vrph ri wkh vkrfnv lqfoxghg pljkw eh hqgrjhqrxv1 Iru h{dpsoh/ zkhwkhu ru qrw d
phpehu zdv vwloo lq sulvrq e| 5335 pd| ghshqg rq wkh zhoiduh srvlwlrq ri wkh krxvhkrog1
D uhodwlyho| zhdowk| krxvhkrog pd| kdyh d kljk vrfldo vwdwxv ru pd| eh deoh wr sd| eulehv/
udlvlqj wkh suredelolw| ri lwv phpehu*v olehudwlrq iurp sulvrq1 Ixuwkhupruh/ shushwudwruv
ru ylfwlpv ri wkh jhqrflgh pd| kdyh kdg d glvwlqfw hfrqrplf sur�oh +fi1 vwxglhv e| Dqguì
dqg Sodwwhdx/ 4<<;/ dqg Yhuzlps/ 5338,1

L wkhuhiruh lqvwuxphqw wkh zdu0uhodwhg vkrfnv1 Dv lqvwuxphqwv L xvh wkh h{rjhqrxv
h{sodqdwru| yduldeohv lq rxu uhjuhvvlrq EY P � w U�� > G� w �/ hwkqlflw| ri wkh krxvhkrog khdg lq
4<<3/ dqg yduldeohv lqglfdwlqj wkh vhyhulw| ri flylo vwulih dw wkh vhfwru ohyho1 Wkh odwwhu
yduldeohv lqfoxgh wkh qxpehu ri Wxwvl nloohg lq d vhfwru dv d sursruwlrq ri wkh wrwdo qxpehu
ri Wxwvl lqfoxghg lq wkh 4<<3 vxuyh|/ wkh qxpehu ri Kxwx nloohg dv d sursruwlrq ri wkh wrwdo
qxpehu ri Kxwx vxuyh|hg lq 4<<3/ wkh qxpehu ri Kxwx shushwudwruv ri wkh jhqrflgh dv d
sursruwlrq ri wkh wrwdo qxpehu ri Kxwx lqfoxghg lq 4<<3/ dqg wkh sursruwlrq ri vxuyh|hg
lqglylgxdov lq 4<<3 zkr wrrn uhixjh deurdg � + 1 Dgglwlrqdo|/ L lqfoxgh wkh sursruwlrq ri
Wxwvl lq wkh wrwdo srsxodwlrq ri wkh dgplqlvwudwlyh vhfwru lq 4<<3 � . 1 Vxppdu| vwdwlvwlfv
iru wkhvh lqglfdwruv ri flylo vwulih dw wkh vhfwru ohyho duh olvwhg lq wdeoh 61:1

Wr lqvwuxphqw wkh zdu0uhodwhg vkrfnv/ L �uvw uxq surelw uhjuhvvlrqv ri wkh vkrfnv xsrq
rxu lqvwuxphqwv1 Wkhq L xvh wkh �wwhg suredelolwlhv iurp wklv surelw uhjuhvvlrq dv lqvwux0
�1- Wkhvh gdwd zhuh jdwkhuhg e| Sk1 Yhuzlps lq 4<<<253331 Iru krxvhkrogv zkr frxog qrw eh wudfhg

dw wkdw wlph/ wkh lqirupdwlrq zdv rewdlqhg iurp qhljkerxuv ru uhodwlyhv +iru ghwdlov/ vhh Yhuzlps 5336/
5338,1��2 Iru Jlnrqjrur/ wklv lqirupdwlrq zdv rewdlqhg iurp srsxodwlrq gdwd ri wkh orfdo dgplqlvwudwlrq +iru
d ghvfulswlrq ri wkhvh gdwd/ vhh Yhusrruwhq/ 5338,/ zkloh wkh gdwd iru Jlwdudpd vwhp iurp wkh vxuyh|
zrun e| Sk1 Yhuzlps +5336/ s1 43<,1
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Wdeoh 61:= Lqglfdwruv ri +hwkqlf, ylrohqfh dw wkh vhfwru ohyho
Lqglfdwruv ri +hwkqlf, ylrohqfh dw wkh frppxqh ohyho/ *<30*<9 Phdq Vw1ghy
Wkh sursruwlrq ri Wxwvl lq wkh srsxodwlrq lq 4<<3 31498 +31478,
Wxwvl nloohg lq 4<<7 dv d sursruwlrq ri wkh wrwdo qxpehu ri Wxwvl 31689 +31677,
Kxwx nloohg lq 4<<7 dv d sursruwlrq ri wkh wrwdo qxpehu ri Kxwx 31364 +31366,
Kxwx shushwudwruv lq 4<<7 dv d sursruwlrq ri wkh wrwdo qxpehu ri Kxwx 3147: +31487,
Shuvrqv wdnhq uhixjh deurdg dv d sursruwlrq ri wkh wrwdo srsxodwlrq/ *<70*<9 31563 +31577,
Qrwhv= wkh vhfwru lv dq dgplqlvwudwlyh vxeglylvlrq ri wkh frppxqh> wkh sursruwlrq ri wxwvl lq dq
dgplqlvwudwlyh vhfwru lq Jlnrqjrur Surylqfh lv edvhg rq srsxodwlrq gdwd ri wkh orfdo dgplqlvwudwlrq>
doo rwkhu lqglfdwruv vwhp iurp uhvhdufk grqh e| Sk1Yhuzlps +5336d, dqg duh edvhg rq lqirupdwlrq
ri pruh wkdq <8 shufhqw ri wkh lqglylgxdov lqfoxghg lq wkh 4<<3 vxuyh|1

phqwv iru wkh LY hvwlpdwlrq ri htxdwlrq +614,1 Wklv surfhgxuh/ ghvfulehg lq Zrrogulgjh
+5335/ s1 9560958,/ |lhogv frqvlvwhqw hvwlpdwhv iru erwk wkh frh!flhqwv dqg vwdqgdug hu0
uruv/ surylghg wkdw wkh lqvwuxphqwv duh ydolg1 Wkh uhvxowv duh uhsruwhg lq wdeoh 61;/ dqg
duh txdolwdwlyho| vlplodu wr wkh ohdvw vtxduhv hvwlpdwhv ri wdeoh 6191 Pruhryhu/ qhlwkhu
wkh Zx0Kdxvpdq I whvw qru wkh Gxuelq0Zx0Kdxvpdq " M whvw uhmhfw wkh k|srwkhvlv wkdw
wkh zdu0uhodwhg vkrfnv duh h{rjhqrxv1

Ilqdoo|/ ehfdxvh vhyhudo ri wkh zdu0uhodwhg vkrfnv lqfoxghg duh fruuhodwhg/ L uhshdwhg
wkh ohdvw vtxduhv uhjuhvvlrqv +8,0+;, hqwhulqj hdfk ri wkhvh vkrfnv vhsdudwho| � / 1 Grlqj
vr/ wkh hvwlpdwhg frh!flhqwv gr qrw fkdqjh vxevwdqwldoo|/ dqg doo txdolwdwlyh frqfoxvlrqv
uhpdlq wkh vdph1 Lw vhhpv wkhuhiruh wkdw/ zlwk wkh h{fhswlrq ri kdylqj d krxvhkrog
phpehu lq sulvrq lq 5335/ wkh vkrfnv ri zdu/ jhqrflgh dqg wkhlu diwhupdwk glg qrw
kdyh d shuvlvwhqw h�hfw rq wkh pdwhuldo zhoiduh ri wkh krxvhkrogv d�hfwhg1 Zkhwkhu wklv
frqfoxvlrq lv olnho| wr krog iru wkh frpsohwh vhw ri krxvhkrogv lqlwldoo| lqwhuylhzhg lq
4<<3 lv wkh wrslf ri wkh qh{w vxevhfwlrq1

61817 Hvwlpdwlrq ri wkh Wrelw LL prgho
Dv douhdg| vwdwhg/ ri wkh 589 krxvhkrogv lqlwldoo| vxuyh|hg lq 4<<3/ 8: frxog qrw eh
wudfhg1 Wkh gurs0rxw zdv hvshfldoo| kljk dprqj Wxwvl0khdghg krxvhkrogv1 Wkh rplvvlrq
ri wkhvh krxvhkrogv pd| fdxvh dwwulwlrq eldv lq wkh dqdo|vlv ri wkh orqj whup h�hfwv ri
vkrfnv rq pdwhuldo zhoiduh1 Vxfk eldv rffxuv li wkh vhohfwlrq uxoh lv qrq0ljqrudeoh/ l1h1 li
vhohfwlrq lqwr wkh vdpsoh ghshqgv xsrq wkh yduldeoh ri lqwhuhvw EZ P � w �/ hyhq zkhq doorzlqjwkh vhohfwlrq suredelolw| wr ghshqg xsrq wkh h{rjhqrxv yduldeohv EY P � w U�� > V P �)� > G� w �1
�13 Wkhvh uhvxowv duh qrw suhvhqwhg/ exw fdq eh rewdlqhg iurp wkh dxwkru rq uhtxhvw1
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Wdeoh 61;= Lqvwuxphqwdo yduldeoh hvwlpdwlrq ri wkh ghwhuplqdqwv ri pdwhuldo zhoiduh lq
5335

Orj lqfrph Dvvhw lqgh{ Lqfrph2dh Dvvhw udqn
2dh lq 5335 lq 5335 udqn lq 5335 lq 5335

+<, +43, +44, +45,
Lqlwldo frqglwlrqv
+4<<3,
Orj lqfrph2dh 3135 +314;,
Dvvhw lqgh{ 315: � +3148,
Lqfrph2dh udqn 3137 +3147,
Dvvhw udqn 316< � +3149,
Krxvhkrog vl}h 3134 +3139, 313; +3144, 31;6 +61::, 61:< +7154,
Ghshqghqf| udwlr 3135 +3148, 03179 +3163, 4147 +;185, 04:19 +4618,
Djh khdg 3133 +3134, 03133 +3135, 03135 +3179, 3134 +319;,
\hduv ri hgxfdwlrq ri 3133 +3138, 3134 +3144, 03145 +51:5, 313: +6188,
krxvhkrog khdg

Ihpdoh khdghg 03135 +3154, 314; +316;, 04147 +4419, 4614 +4:1<,
krxvhkrog

Odqg vl}h rzqhg 3139 +3146, 316; +91;:,
Fdwwoh rzqhg 3143 +3143, 9148 +817;,
Zdu0uhodwhg vkrfnv
Furs vkrfn gxh wr 0315: +31<7, 5177 +417:, 04516 +8714, 495 +438,
srolwlfdo lqvhfxulw|
Qxpehu ri phpehuv 03138 +3194, 413: +4155, 091:8 +6618, 581; +7;15,
ghdg gxh wr ylrohqfh

Krxvh ghvwur|hg 317; +31;9, 05173 +5163, 5<1; +8514, 09816 +;315,
gxh wr ylrohqfh
Fdwwoh nloohg ru vwrohq 0417ì +31<:, 031:6 +514:, 0::13 +831:, 07913 +;:1;,
Qxpehu ri prqwkv 3135 +3134, 03136 +3136, 417< +31<4, 041:9 +414:,
uhixjh deurdg
Phpehu lpsulvrqhg dqg 041:6 � +31;6, 3176 +41:9, 0433 � +7<1;, 41:5 +9;13,
vwloo lq sulvrq lq 5335
Phpehu lq sulvrq/ exw 3145 +31;4, 03136 +4189, 4;16 +7417, 4317 +9313,
uhohdvhg e| 5335

Rwkhu vkrfnv
Vkrfn lqgh{/ 4<<704<<9 03149 +415:, 3184 +5196, 05815 +;319, 317; +446,
Vkrfn lqgh{/ 4<<:04<<< 319: +31:6, 031:: +4169, 741< +7613, 07317 +9516,
Vkrfn lqgh{/ 533305335 0419: � +31<<, 314; +41;;, 0:314 +941;, 04818 +;713,
Frqvwdqw <176 � +5143, 3169 +51:3, 9<18 +:917, 445 +434,
Frppxqh gxpplhv \hv \hv \hv \hv
Qu ri revhuydwlrqv 4;; 4;; 4;; 4;;

Qrwhv= wkh zdu0uhodwhg vkrfnv duh lqvwuxphqwhg1 Dsduw iurp wkh h{rjhqrxv uhjuhvvruv lq0
foxghg/ L xvh wkh hwkqlflw| ri wkh krxvhkrog khdg lq 4<<3/ dqg vhyhudo lqglfdwruv ri +hwkqlf,
ylrohqfh dw wkh frppxqh ohyho +ghvfulehg lq wdeoh 61:,/ dv dgglwlrqdo lqvwuxphqwv> vwdqgdug
huuruv ehwzhhq eudfnhwv> vljql�fdqw dw wkh _ 43( ohyho/ ` 8( ohyho/ a 4( ohyho1
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D qxpehu ri hfrqrphwulf whfkqltxhv h{lvw wr whvw dqg frqwuro iru vdpsoh vhohfwlrq
eldv � 0 1 Lq wklv wh{w/ L uhsruw wkh uhvxowv ri wkh wzr0vwhs hvwlpdwlrq ri wkh wrelw LL prgho
+Khfnpdq/ 4<:<, � � 1 Wkh uhvxowv duh suhvhqwhg lq wdeoh 61< dqg wdeoh 61431 Wkh �uvw vwdjh
uhvxowv vwhp iurp wkh surelw pd{lpxp olnholkrrg hvwlpdwlrq ri wkh vhohfwlrq htxdwlrq1
Wkh yduldeohv lqfoxghg lq wklv htxdwlrq duh wkh lqlwldo frqglwlrqv lq 4<<3/ wkh zdu0uhodwhg
vkrfnv dw wkh frppxqh ohyho +ghvfulehg lq wdeoh 61:,/ dqg hwkqlflw| ri wkh krxvhkrog khdg
lq 4<<3 �%� 1 Wkh uhvxowv vkrz wkdw wkh suredelolw| ri vhohfwlrq lv vljql�fdqwo| orzhu iru
Wxwvl0khdghg krxvhkrogv/ krxvhkrogv zlwk d uhodwlyho| rog khdg/ dqg krxvhkrogv olylqj
lq d frppxqh wkdw zdv fkdudfwhul}hg e| d kljk sursruwlrq ri Kxwx shushwudwruv ri
wkh jhqrflgh1 Wkh vhohfwlrq suredelolw| lqfuhdvhv zlwk lqfrph shu dgxow htxlydohqw dqg
krxvhkrog vl}h lq 4<<31

Orrnlqj dw wkh vhfrqg vwdjh/ L �qg dssur{lpdwho| wkh vdph uhvxowv dv iru wkh ohdvw
vtxduhv hvwlpdwlrq vkrzhg lq wdeoh 619/ h{fhsw iru wkh hvwlpdwhg frh!flhqw ri d furs
vkrfn gxh wr srolwlfdo lqvhfxulw|/ zklfk lv qrz srvlwlyh dqg vljql�fdqw lq uhjuhvvlrqv
+46, dqg +48,1 Lq qrqh ri wkh hvwlpdwhg wrelw LL prghov/ wkh lqyhuwhg Ploo*v udwlr +ru
Khfnpdq*v odpegd, lv vljql�fdqwo| gl�huhqw iurp }hur �)� 1 Dffruglqj wr wkhvh uhvxowv/ wkh
k|srwkhvlv ri qr vdpsoh vhohfwlrq eldv lq wkh ohdvw vtxduhv hvwlpdwlrqv +8,0+;, fdqqrw eh
uhmhfwhg1 Krzhyhu/ L fdqqrw fodlp wr kdyh ghdow zlwk dwwulwlrq lq d frpsohwho| vdwlvidfwru|
zd|/ ehfdxvh wkh suhvhqfh ri qrqudqgrp vhohfwlrq lqgxfhv d ixqgdphqwdo lghqwl�fdwlrq
sureohp1 Wkh ydolglw| ri wkh Khfnpdq prgho ghshqgv rq wkh +qrq0whvwdeoh, h{foxvlrq
uhvwulfwlrqv/ dqg rq wkh dvvxpswlrqv ri wkh irup ri ixqfwlrqv j Q dqg j �M 1

��4 Iru dq ryhuylhz/ vhh Olwwoh dqg Uxelq +5335,1�%� Pd{lpxp olnholkrrg hvwlpdwlrq ri wkh prgho |lhogv vlplodu uhvxowv1��� Lqirupdwlrq rq zdu0uhodwhg dqg rwkhu dgyhuvh lqfrph vkrfnv dw wkh krxvhkrog ohyho lv plvvlqj iru
wkh 8: krxvhkrogv wkdw gursshg rxw1 Lqvwhdg/ wkh zdu0uhodwhg vkrfnv dw wkh frppxqh ohyho duh xvhg1
Lq dgglwlrq/ wkh hwkqlflw| ri wkh krxvhkrog khdg pd| eh d jrrg lqglfdwlrq iru wkh vhohfwlrq suredelolw|/
ehfdxvh pdq| lqglylgxdov iurp Wxwvl0khdghg krxvhkrogv zhuh nloohg +Yhuzlps/ 5336,1 Wklv yduldeoh lv
qrw vljql�fdqw lq wkh vhfrqg vwdjh htxdwlrq dqg wkhuhiruh pd| eh h{foxghg iurp wklv vwdjh wr idflolwdwh
wkh lghqwl�fdwlrq ri wkh sdudphwhuv ri wkh ixqfwlrqv j � dqg j a� 1��� Wkh hvwlpdwhg frh!flhqw rq Khfnpdq*v odpegd jlyhv wkh hvwlpdwhg fryduldqfh ehwzhhq wkh huuru
whupv ri wkh �uvw vwdjh dqg wkh vhfrqg vwdjh htxdwlrq1 D qhjdwlyh fryduldqfh lqglfdwhv wkdw wkhuh lv
xqrevhuyhg khwhurjhqhlw| wkdw d�hfwv pdwhuldo zhoiduh dqg wkh suredelolw| ri vhohfwlrq lq wkh rssrvlwh
gluhfwlrq1
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619 Frqfoxvlrq
Lq 4<<7/ wkh Uzdqgdq srsxodwlrq olyhg wkurxjk d zdu dqg d kruuli|lqj jhqrflgh1 Wklv
uhvxowhg lq erwk kxpdq dqg pdwhuldo orvvhv/ dq rxw rz ri uhixjhhv dqg d kljk qxpehu ri
lpsulvrqhg +suhvxphg, shushwudwruv ri wkh jhqrflgh1 Wr jhw dq lqvljkw lq wkh lpsdfw ri
wkh vkrfnv ri zdu/ jhqrflgh dqg wkhlu diwhupdwk dw wkh krxvhkrog ohyho/ L vwxglhg lqfrph
dqg dvvhw prelolw| ehwzhhq 4<<3 dqg 5335 lq d gdwd vhw ri 4;; uxudo Uzdqgdq krxvhkrogv1

Wkh gdwd frq�up wkdw wkh zdu dqg wkh jhqrflgh kdg d ghydvwdwlqj lpsdfw rq Uzdq0
gdq uxudo krxvhkrogv1 Hylghqfh zdv irxqg iru wkh pdvvlyh nloolqj ri Wxwvl/ iru wkh odujh
vfdoh ghvwuxfwlrq ri krxvhv dqg wkh orvv ri fdwwoh/ dqg iru odujh qxpehuv ri uhixjhhv dqg
sulvrqhuv1 Ehvlghv wkhvh gluhfw h�hfwv ri wkh zdu dqg wkh jhqrflgh/ krxvhkrogv kdg wr
ghdo zlwk wkh lqgluhfw h�hfwv ri zduiduh1 Gxh wr wkh zlghvsuhdg lqvhfxulw|/ pdq| krxvh0
krogv ohiw wkhlu �hogv xqdwwhqghg/ ohdglqj wr d vwdqgvwloo lq irrg surgxfwlrq1 Dv d uhvxow
ri erwk wkh gluhfw dqg lqgluhfw h�hfwv ri wkh ylrohqw frq lfw/ derxw kdoi ri wkh krxvhkrogv
lqfoxghg lq wkh vdpsoh uhsruwhg irrg vkruwdjhv lq 4<<71

Orrnlqj dw wkh vlwxdwlrq lq 5335/ wkh vxuyh| gdwd vxjjhvw wkdw lqfrph shu dgxow
htxlydohqw dqg dvvhw rzqhuvkls zhuh djdlq dw wkh ohyho ri 4<<31 Wklv uhvxow ri d frq0
vlghudeoh srvw0zdu uhfryhu| lv lq olqh zlwk wkh gdwd rq JGS shu fdslwd1 Wkh krxvhkrog
sdqho gdwd vhw doorzhg wr vwxg| wklv uhfryhu| lq pruh ghwdlo1 Glg krxvhkrogv* uhodwlyh
zhoiduh srvlwlrq fkdqjh gxulqj wkh uhfryhu|B Zdv wkh uhfryhu| rqo| d pdwwhu ri wkrvh
krxvhkrogv zkr zhuh uhodwlyho| xqd�hfwhg e| zdu/ jhqrflgh dqg wkhlu diwhupdwk/ ohdylqj
vhyhuho| d�hfwhg krxvhkrogv idu ehklqg lq wkh lqfrph glvwulexwlrqB

Rx uhvxowv vkrz wkdw wkuhh rxw ri irxu krxvhkrogv kdg pryhg wr dqrwkhu lqfrph
txlqwloh lq 5335 frpsduhg wr wkhlu vwduwlqj srvlwlrq lq 4<<31 Krzhyhu/ zlwk wkh h{fhswlrq
ri wkh lpsulvrqphqw ri d krxvhkrog phpehu xqwlo 5335/ L irxqg qr uhodwlrq ehwzhhq
lqfrph dqg dvvhw prelolw| dqg wkh ylrohqw vkrfnv olqnhg wr wkh zdu/ wkh jhqrflgh dqg
wkhlu diwhupdwk1 Wklv vwxg| vxjjhvwv wkdw e| 5335 wkh qhjdwlyh h�hfwv ri wkrvh vkrfnv
rq pdwhuldo zhoiduh glg qr orqjhu shuvlvw1 Krzhyhu/ L vkrxog txdoli| wklv �qglqj1 Wkh
sdqho gdwd vhw xvhg fryhuv rqo| wzr surylqfhv dqg wzr |hduv1 Pruhryhu/ dowkrxjk L kdyh
wulhg wr wdnh fduh ri dwwulwlrq eldv/ vxfk eldv fdqqrw eh hqwluho| uxohg rxw1

1
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Wdeoh 61<= Wzr0vwhs hvwlpdwlrq ri wkh ghwhuplqdqwv ri pdwhuldo zhoiduh lq 5335 +wrelw LL
prgho/ vhfrqg vwdjh,

Orj lqfrph Dvvhw lqgh{ Lqfrph2dh Dvvhw udqn
2dh lq 5335 lq 5335 udqn lq 5335 lq 5335

VHFRQG VWDJH +46, +47, +48, +49,
Lqlwldo frqglwlrqv
+4<<3,
Orj lqfrph2dh 03134 +3147,
Dvvhw lqgh{ 3168 � +3143,
Lqfrph2dh udqn 313: +3143,
Dvvhw udqn 3169 � +3146,
Krxvhkrog vl}h 03133 +3138, 3148 � +3139, 4168 +6135, :199 � +715<,
Ghshqghqf| udwlr 31334 +313;, 0313< +3146, 03159 +71:6, 0613; +<135,
Djh khdg 3134 +3134, 03135 � +3134, 3166 +316:, 031;7 +31:3,
\hduv ri hgxfdwlrq ri 3136 +3136, 3139 +3138, 31<5 +41;3, 519: +6147,
krxvhkrog khdg
Ihpdoh khdghg 03139 +314;, 3145 +315:, 06134 +4315, 4315 +4;1;,
krxvhkrog
Odqg vl}h rzqhg 3137 +3144, 03183 +914<,
Fdwwoh rzqhg 3134 +313:, 315: +7133,
Zdu0uhodwhg vkrfnv
Furs vkrfn gxh wr 3164 � +3149, 314; +3156, 4917: � +<18<, ;137 +481<,
srolwlfdo lqvhfxulw|
Qxpehu ri phpehuv 0313; +3143, 03147 +3148, 0717: +9143, 04319 +4318,
ghdg gxh wr ylrohqfh

Krxvh ghvwur|hg 3139 +3156, 03149 +3165, 05169 +461;, 0<19 +5517,
gxh wr ylrohqfh

Fdwwoh nloohg ru vwrohq 3138 +3157, 03154 +3166, 7169 +4715, 04513 +551;,
Qxpehu ri prqwkv 3133 +3133, 03133 +3134, 314< +3155, 03149 +3169,
uhixjh deurdg

Phpehu lpsulvrqhg dqg 03177 � +3156, 3144 +3166, 0561< � +461;, 914: +5517,
vwloo lq sulvrq lq 5335

Phpehu lq sulvrq/ exw 03136 +316;, 3136 +3183, 031:5 +541:, 0315: +6716,
uhohdvhg e| 5335

Rwkhu vkrfnv
Vkrfn lqgh{/ 4<<704<<9 31<6 +31;<, 031<9 +415;, 6:1; +8616, 0651< +;;14,
Vkrfn lqgh{/ 4<<:04<<< 3149 317;, 03136 +319;, 4419 +5;19, 05618 +781:,
Vkrfn lqgh{/ 533305335 0416< � 319:, 0413; +31<:, 07:17 +7313, 0831< +991:,
Frqvwdqw <173 � 41;:, 3179 +415:, 7618 +931;, 8813 +<319,
Frppxqh gxpplhv \hv \hv \hv \hv
Qu ri revhuydwlrqv 4;; 4;; 4;; 4;;
Khfnpdq*v Odpegd 03198 +3199, 4165 +4146, 05915 +771<, <71< +::13,

Qrwhv= wkh hvwlpdwhg frh!flhqw rq Khfnpdq*v odpegd jlyhv wkh hvwlpdwhg fryduldqfh eh0
wzhhq wkh huuru whupv ri wkh �uvw vwdjh dqg wkh vhfrqg vwdjh htxdwlrq> hvwlpdwlqj wkh Wrelw
LL prgho zlwk pd{lpxp olnholkrrg |lhogv vlplodu uhvxow> vwdqgdug huuruv ehwzhhq eudfnhwv>
vljql�fdqw dw wkh _ 43( ohyho/ ` 8( ohyho/ a 4( ohyho1
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Wdeoh 6143= Iluvw vwdjh ri wzr0vwhs hvwlpdwlrq ri wkh ghwhuplqdqwv ri pdwhuldo zhoiduh lq
5335 +wrelw LL prgho,

4 li sduw ri sdqho gdwd/ 3 rwkhuzlvh
ILUVW VWDJH +46*, +47*, +48*, +49*,
Krxvhkrog ohyho
yduldeohv lq 4<<3
Orj lqfrph2dh 3163 � +3149,
Dvvhw lqgh{ 3146 +313<,
Lqfrph udqn 3133 +3133,
Dvvhw udqn 3133 +3133,
Krxvhkrog vl}h 3146 � +3138, 313< � +3138, 3145 � +3138, 313< � +3138,
Ghshqghqf| udwlr 03137 +3145, 03143 +3144, 03137 +3145, 03143 +3186,
Djh khdg 03134 +313:, 03134 � +3134, 03134 +3134, 03134 � +3134,
Hgxfdwlrq khdg 03135 +3138, 03133 +3138, 03135 +3138, 3133 +3137,
Ihpdoh0khdghg 313< +3159, 3136 +3159, 313< +3159, 3138 +3159,
Odqg vl}h rzqhg +kd, 3145 +314:, 3146 +314:,
Fdwwoh rzqhg 03138 +3144, 03138 +3144,
Wxwvl0khdghg 031:9 � +3165, 031:4 � +3165, 031:7 � +3165, 031:7 � +3165,
Frppxqh ohyho
yduldeohv *<30*<9
Wxwvl lq frppxqh +(, 3175 +4134, 313: +3176, 315< +4133, 3136 +31<9,
Wxwvl nloohg +(, 3136 +3176, 7145 +616<, 3137 +3176, 313: +3175,
Kxwx nloohg +(, 713; +6179, 05149 +4135, 61<< +6177, 7148 +616;,
Kxwx shushwudwruv +(, 05154 � +4139, 05195 � +3193, 05148 � +4138, 05149 � +4135,
Lqglylgxdov wdnhq 313: +3196, 415< +3179, 3143 +3196, 3163 +3193,
uhixjh deurdg +(,

Frqvwdqw 05138 +41:7, 415< � +3179, 3185 +318:, 4134 � +3177,
Qu ri revhuydwlrqv 569 569 569 569

Qrwhv= wkh �uvw vwdjh lv hvwlpdwhg zlwk 569 revhuydwlrqv lqvwhdg ri 589 ehfdxvh lqirupdwlrq
zdv lqfrpsohwh iru vrph ri wkh 589 krxvhkrogv lqlwldoo| lqfoxghg lq wkh vxuyh|> wkh frppxqh
ohyho yduldeohv xvhg lq wkh �uvw vwdjh duh ghvfulehg lq wdeoh 61:> vwdqgdug huuruv ehwzhhq
eudfnhwv> vljql�fdqw dw wkh _ 43( ohyho/ ` 8( ohyho/ a 4( ohyho1



Eleolrjudsk|
Diulfd Gdwd Glvvhplqdwlrq Vhuylfh +DGGV,/ udlqidoo gdwd 4<<;05334/ IHZV QHW1
Doghupdq/ K1/ 4<<91 Vdylqj dqg hfrqrplf vkrfnv lq uxudo Sdnlvwdq1 Mrxuqdo ri Ghyhors0
phqw Hfrqrplfv 84= 67606981
Dplho/ \1 dqg Elvkrs/ M1 D1/ 53361 Lqhtxdolw|/ Zhoiduh dqg Sryhuw|= Wkhru| dqg Phd0
vxuhphqw1 R{irug/ Hovhylhu Vflhqfh1
Dqguì/ F1 dqg Sodwwhdx/ M1S1/ 4<<;1 Odqg Uhodwlrqv Xqghu Xqehdudeoh Vwuhvv= Uzdqgd
Fdxjkw lq wkh Pdowkxvldq Wuds1 Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq 67=
407:1
Dvidz/ D1 dqg Yrq Eudxp/ M1/ 53371 Lv Frqvxpswlrq Lqvxuhg djdlqvw LooqhvvB Hylghqfh rq
Yxoqhudelolw| ri Krxvhkrogv wr Khdowk Vkrfnv lq Uxudo Hwklrsld1 Hfrqrplf Ghyhorsphqw
dqg Fxowxudo Fkdqjh 86= 448045<1
Dwnlqvrq/ D1E1/ Erxujxljqrq/ I1 dqg Pruulvrq/ F1/ 4<<51 Hpslulfdo Vwxglhv ri Hduqlqjv
Prelolw|1 Qhz Mhuvh|/ Kduzrrg Sxeolvkhuv1
D}dp/ M1S1/ 4<<81 Krz wr sd| iru wkh shdfhB D wkhruhwlfdo iudphzrun zlwk uhihuhqfhv wr
Diulfdq frxqwulhv1 Sxeolf Fkrlfh ;6= 4:604;71
Edlqhv/ H1/ 53361 Erg| Srolwlfv dqg wkh Uzdqgdq Fulvlv/ Wklug Zruog Txduwhuo| 57=
7:<07<61
Edqlvwhu/ M1/ 4<;:1 Fklqd*v Fkdqjlqj Srsxodwlrq1 Vwdqirug FD= Vwdqirug Xqlyhuvlw|
Suhvv1
Eduuhw/ Fk1/ Fkdedul/ I1/ Yrq Edloh|/ G1/ Olwwoh/ S1 G1/ dqg Frssrfn/ G1O1/ 53361 Olyh0
vwrfn sulflqj lq wkh Qruwkhuq Nhq|dq Udqjhodqgv/ Mrxuqdo ri Diulfdq Hfrqrplhv 45=
45:04881
Edxofk/ E1 hq Krgglqrww M1/ 53331 Hfrqrplf Prelolw| dqg Sryhuw| G|qdplfv lq Ghyho0
rslqj Frxqwulhv1 Orqgrq/ Iudqn Fdvv Sxeolvkhuv1
Ehfnhu/ M1/ 4<<91 Kxqju| Jkrvwv= Pdr*v Vhfuhw Idplqh1 Qhz \run= Iuhh Suhvv1
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Eoduho/ E1/ Kd}hoo/ S1/ Sod}h/ I1 dqg Txljjlq/ M1/ 4<<51 Wkh hfrqrplfv ri idup iudj0
phqwdwlrq= hylghqfh iurp Jkdqd dqg Uzdqgd1 Wkh Zruog Edqn Hfrqrplf Uhylhz 9=
56605871
Eruwrq/ M1/ Euxvvhw/ H1 dqg Kdoodp/ D1/ 4<<91 Wkh Lqwhuqdwlrqdo Uhvsrqvh wr Frq lfw
dqg Jhqrflgh= Ohvvrqv iurp wkh Uzdqgd H{shulhqfh/ Vwxg| LLL= Kxpdqlwduldq Dlg dqg
H�hfwv/ Vwhhulqj Frpplwwhh ri wkh Mrlqw Hydoxdwlrq ri Hphujhqf| Dvvlvwdqfh wr Uzdqgd/
Frshqkdjhq1
Eu fn/ W1/ 53371 Frslqj Vwudwhjlhv lq Srvw0Zdu Uxudo Pr}dpeltxh1 KlFQ Zrunlqj Sd0
shuv 35/ Krxvhkrogv lq Frq lfw Qhwzrun1
Exunkdxvhu/ U1Y1/ Krow}0Hdnlq/ G1 dqg Ukrg|/ V1H1/ 4<<;1 Prelolw| dqg Lqhtxdolw| lq
wkh 4<;3v= D Furvv0Qdwlrqdo Frpsdulvrq ri wkh X1V1 dqg Jhupdq|1 Lq Wkh glvwulex0
wlrq ri Zhoiduh dqg Krxvhkrog Surgxfwlrq= Lqwhuqdwlrqdo Shuvshfwlyhv/ hgv1 Mhqnlqv/ V1/
Ndswh|q/ D1 dqg Ydq Suddj/ E1 Fdpeulgjh= Xqlyhuvlw| Suhvv1
Fod|/ G1F1/ 4<<91 Iljkwlqj dq Xskloo Edwwoh= Srsxodwlrq Suhvvxuh dqg Ghfolqlqj Odqg
Surgxfwlylw| lq Uzdqgd1 PVX Lqwhuqdwlrqdo Ghyhorsphqw Zrunlqj Sdshu 8;/ Plfkljdq
Vwdwh Xqlyhuvlw|/ Ghsduwphqw ri Djulfxowxudo Hfrqrplfv1
Fod|/ G1F1/ Ndpsd|dqd/ W1 dqg Nd|lwvlqjd/ M1/ 4<<:1 Lqhtxdolw| dqg wkh Hphujhqfh ri
Qrq0idup Hpsor|phqw lq Uzdqgd1 Lq Fkdqjlqj Uxudo Vrfldo V|vwhpv= Dgdswdwlrq dqg
Vxuylydo/ hg1 Mrkqvrq/ Q1H1/ Zdqj/ Fk0O1 Hdvw Odqvlqj/ Plfkljdq Vwdwh Xqlyhuvlw| Suhvv1
Fod|/ G1F1/ Uhdugrq/ W1/ Nhoo|/ Y1 dqg Ps|lvl/ H1/ 53351 Lqsxw Xvh dqg Frqvhuydwlrq
Lqyhvwphqwv dprqj Idup Krxvhkrogv lq Uzdqgd= sdwwhuqv dqg ghwhuplqdqwv1 Lq Qdwxudo
Uhvrxufh Pdqdjhphqw lq Diulfdq Djulfxowxuh= Xqghuvwdqglqj dqg Lpsurylqj Fxuuhqw
Sudfwlfhv/ hgv1 Eduuhww/ Fk1/ Sodfh/ I1 dqg Derxg/ D1 FDE Lqwhuqdwlrqdo Sxeolvklqj lq
dvvrfldwlrq zlwk wkh Lqwhuqdwlrqdo Fhqwuh iru Uhvhdufk lq Djuriruhvwu|/ 668 ss1
Froolhu/ S1/ 4<<<1 Rq wkh hfrqrplf frqvhtxhqfhv ri flylo zdu1 R{irug Hfrqrplf Sdshuv
84= 49;04;6
Froolhu/ S1 dqg Krh"hu D1/ 4<<;1 Rq hfrqrplf fdxvhv ri flylo zdu1 R{irug Hfrqrplf
Sdshuv 83= 89608:6
Fruehww/ M1H1P1/ 4<;;1 Idplqh dqg krxvhkrog frslqj vwudwhjlhv1 Zruog ghyhorsphqw 49=
43<<04451
Fxwohu/ S1/ 4<;9/ Wkh uhvsrqvh wr gurxjkw ri Ehmd idplqh uhixjhhv lq Vxgdq/ Glvdvwhuv
431
Gdedodq/ D1/ Sdwhuqrvwur/ V1/ Slhuuh/ J1/ hw do1/ 53371 Wkh uhwxuqv wr sduwlflsdwlrq lq wkh
qrq0idup vhfwru lq uxudo Uzdqgd1 Srolf| Uhvhdufk Zrunlqj Sdshu Vhulhv Qr 6795/ Wkh
Zruog Edqn1
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Gdylhv/ Q1/ 4<<;1 Hxursh= D Klvwru|1 Qhz \run= Kdushu Shuhqqldo1
Gh Odph/ G1/ 4<<91 Xqh froolqh hqwuh plooh rx oh fdoph dydqw od whpsîwh = wudqvirupdwlrqv
hw eorfdjhv dx Uzdqgd uxudo1 Dqqdohv Vflhqfhv Kxpdlqhv 4871 Pxvìh Ur|do gh O*Diultxh
Fhqwudoh Whuyxuhq1 Ehojltxh1
Ghdwrq/ D1/ 4<<:1 Wkh dqdo|vlv ri krxvhkrog vxuyh|v= d plfurhfrqrphwulf dssurdfk wr
ghyhorsphqw srolf|1 Edowlpruh/ Pdu|odqg/ XVD dqg Orqgrq/ Mrkqv Krsnlqv Xqlyhuvlw|
Suhvv1
Ghdwrq/ D1/ 4<<31 Vdylqjv lq Ghyhorslqj Frxqwulhv= Wkhru| dqg Uhylhz1 Zruog Edqn
Hfrqrplf Uhylhz/ Vshfldo Lvvxh= Surfhhglqjv ri wkh Iluvw DqqxdoZruog Edqn Frqihuhqfh
rq Ghyhorsphqw Hfrqrplfv= 940<91
Ghdwrq/ D1/ 4<<41 Vdylqj dqg Oltxlglw| Frqvwudlqwv1 Hfrqrphwulfd 8< +8, = 45540457;
Ghlqlqjhu/ N1/ 53361 Fdxvhv dqg Frqvhtxhqfhv ri Flylo Vwulih= Plfur0Ohyho Hylghqfh
Iurp Xjdqgd1 R{irug Hfrqrplf Sdshuv 88= 8:<09391
Ghufrq/ V1/ 4<<91 Ulvn/ Furs Fkrlfh dqg Vdylqjv= Hylghqfh irup Wdq}dqld1 Hfrqrplf
Ghyhorsphqw dqg Fxowxudo Fkdqjh1 77= 6;808471
Ghufrq/ V1/ 53371 Jurzwk dqg Vkrfnv= hylghqfh iurp uxudo Hwklrsld1 Mrxuqdo ri Ghyho0
rsphqw Hfrqrplfv :7= 63<05<1
Ghufrq/ V1/ 53371 Lqvxudqfh djdlqvw sryhuw|1 R{irug Xqlyhuvlw| Suhvv1
Ghv Irujhv/ D1/ 4<<<1 Ohdyh Qrqh wr Whoo wkh Vwru|= Jhqrflgh lq Uzdqgd1 Qhz \run=
Kxpdq Uljkwv Zdwfk1
Grqrydq/ F1/ P|slvl/ H1 dqg Oryhulgjh/ V1/ 53351 Irufhv Gulylqj Fkdqjhv lq Uzdqgdq
Vpdookroghu Djulfxowxuh 4<<3053341 Uhvhdufk Uhsruw/ Uzdqgd Irrg Vhfxulw| Uhvhdufk
Surmhfw 2 PLQDJUL1
Hdvwhuo|/ Z1 dqg Ohylqh/ U1/ 4<<:1 Diulfd*v Jurzwk Wudjhg|= Srolflhv dqg Hwkqlf Glyl0
vlrqv1 Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv 445= 4536 � 45831
Hoedgdzl/ L1 dqg Vdpedqlv/ Q1/ 53331 Zk| duh wkhuh vr pdq| flylo zduv lq DiulfdB
Xqghuvwdqglqj dqg suhyhqwlqj ylrohqw frq lfw1 Mrxuqdo ri Diulfdq Hfrqrplhv <= 577059<
Idifkdpsv/ P1 dqg Jdyldq/ V1/ 4<<:1 Wkh Ghwhuplqdqwv ri Olyhvwrfn Sulfhv lq Qljhu1
Mrxuqdo ri Diulfdq Hfrqrplhv 9= 5880<81
Idifkdpsv/ P1 dqg Oxqg V1/ 53361 Ulvn0vkdulj qhwzrunv lq uxudo Sklolsslqhv1 Mrxuqdo ri
Ghyhorsphqw Hfrqrplfv :4= 59405;:1
Idifkdpsv/ P1/ Xgu|/ Fk1 dqg F}xndv/ N1/ 4<<;1 Gurxjkw dqg vdylqjv lq Zhvw Diulfd=
duh olyhvwrfn d ex�hu vwrfnB Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 88= 5:606381
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Idifkdpsv/ P1/ 4<<;1 Wkh Wudjhg| ri wkh Frpprqv/ Olyhvwrfn F|fohv dqg Vxvwdlqdelolw|1
Mrxuqdo ri Diulfdq Hfrqrplhv := 6;707561
IDR/ 4<<:1 Furs dqg irrg vxsso| dvvhvvphqw plvvlrq wr Uzdqgd � 4 Vshfldo Uhsruwv
dqg Dohuwv Mxo| 4<<:1
IHZVQHW/ Idplqh Hduo| Zduqlqj V|vwhp/ prqwko| uhsruwv rq zhevlwh1
Ilhogv/ J1V1/ 53341 Glvwulexwlrq dqg ghyhorsphqw= d qhz orrn dw wkh ghyhorslqj zruog1
Qhz \run= Uxvvhoo Vdjh irxqgdwlrq1
Ilophu/ G1 dqg Sulwfkhww/ O1/ 53341 Hvwlpdwlqj Zhdowk H�hfwv zlwkrxw H{shqglwxuh Gdwd
� ru Whduv= Dq Dssolfdwlrq wr Hgxfdwlrqdo hquroophqwv lq wkh Vwdwhv ri Lqgld1 Ghprjud0
sk| 6;= 448�4651
Irrg Vhfxulw| Uhvhdufk Surmhfw +IVUS,/ PLQDJUL2PVX2XVDLG/ Gdwdedvhv iru 4<;70
4<<51
Irvwhu/ D1 G1 dqg Urvhq}zhlj/ P1/ 53351 Krxvhkrog Glylvlrq dqg Uxudo Hfrqrplf
Jurzwk1 Uhylhz ri Hfrqrplf Vwxglhv 9<= ;9<0:31
Iulhgpdq/ P1/ 4<8:1 D Wkhru| ri wkh Frqvxpswlrq Ixqfwlrq1 QEHU/ Sulqfhwrq1
Jkredudk/ K1D1/ Kxwk/ S1 dqg Uxvvhw/ E1/ 5336/ Flylo Zduv Nloo dqg Pdlp Shrsoh�Orqj
Diwhu wkh Vkrrwlqj Vwrsv/ Dphulfdq Srolwlfdo Vflhqfh Uhylhz <:= 4;<05351
Jryhuqphqw ri Uzdqgd/ 5335d1 Sryhuw| Uhgxfwlrq Vwudwhj| Sdshu1 Nljdol/ Plqlvwu| ri
Ilqdqfh dqg Hfrqrplf Sodqqlqj1
Jryhuqphqw ri Uzdqgd/ 5335e1 Lqwhjudwhg Krxvhkrog Olylqj Frqglwlrqv Vxuyh| +53330
5334,1 Nljdol= Plqlvwu| ri Ilqdqfh dqg Hfrqrplf Sodqqlqj1
Jryhuqphqw ri Uzdqgd/ 53361 Uhfhqvhphqw Jìqìudo gh od Srsxodwlrq hw gh o*Kdelwdw
Uzdqgd/ 49063 Drþw/ 5335= udssruw vxu ohv uìvxowdwv suìolplqdluhv1 Nljdol/ Vhuylfh Qd0
wlrqdo gh Uhfhqvhphqw1
Jryhuqphqw ri Uzdqgd/ 53381 Frqvxphu Sulfh Lqgh{1 Nljdol= Plqlvwu| ri Ilqdqfh dqg
Hfrqrplf Sodqqlqj/ Vwdwlvwlfv Ghsduwphqw1
Juxqhzdog / I11/ 4<<;/ Fkdudfwhul}lqj Glvdvwhuv/ Jurxsh Xujhqfh Uhkdelolwdwlrq Ghyho0
rsshphqw +JXUG, zrunlqj fkdswhu1
Kdxvpdq/ M1 dqg Wd|oru/ Z1/ 4<;41 Sdqho Gdwd dqg Xqrevhuydeoh Lqglylgxdo H�hfwv1
Hfrqrphwulfd 7<= 46::046<;1
Khfnpdq/ M1/ 4<:<1 Vdpsoh Vhohfwlrq Eldv dv d Vshfl�fdwlrq Huuru1 Hfrqrphwulfd 7:=
48604941
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Kxpdq Uljkwv Zdwfk/ 4<<<1 Ohdyh Qrqh wr Whoo wkh Vwru|= Jhqrflgh lq Uzdqgd1 Qhz
\run +vvh dovr Ghv Irujhv/ D1/ 4<<<,1
Lfklqr/ D1 dqg Zlqwhu0Hephu/ U1/ 53371 Wkh Orqj0Uxq Hgxfdwlrqdo Frvw ri Zruog Zdu
LL1 Mrxuqdo ri Oderu Hfrqrplfv 55= 8:0;9
LQIRUFRQJR/ 4<8<1 Eux{hoohv/ R!fh gh o*lqirupdwlrq hw ghv uhodwlrqv sxeoltxhv srxu
oh Frqjr Ehojh hw oh Uxdqgd0Xuxqgl/ 66: ss1
Ndqjdvqlhpl/ M1/ 4<<;1 Shrsoh dqg edqdqdv rq vwhhs vorshv= Djulfxowxudo lqwhqvl�fd0
wlrq dqg irrg vhfxulw| xqghu ghprjudsklf suhvvxuh dqg hqylurqphqwdo ghjudgdwlrq lq
Uzdqgd1 SkG1 glvvhuwdwlrq vxeplwwhg wr Plfkljdq Vwdwh Xqlyhuvlw|1
Nlpedoo/ P1 V1/ 4<;;1 Suhfdxwlrqdu| vdylqjv lq wkh vpdoo dqg lq wkh odujh1 Hfrqrphwulfd
8;= 860:61
Nlqvh|/ E1/ Exujhu/ N1/ dqg Jxqqlqj/ M1Z1/ 4<<;1 Frslqj zlwk Gurxjkw lq ]lpedezh=
Vxuyh| Hylghqfh rq Uhvsrqvhv ri Uxudo Krxvhkrogv wr Ulvn1 Zruog Ghyhorsphqw/ 59=
;<04431
Nodvhq/ V1 4<<71 �Plvvlqj zrphq uhfrqvlghuhg�1 Zruog Ghyhorsphqw/ 55= 43940:41
Odqmrxz/ S1/ Vwhuq/ Q1/ 4<<41 Sryhuw| lq Sdodqsxu1 Zruog Edqn Hfrqrplf Uhylhz 8=
560881
Odqmrxz/ S1/ Vwhuq/ Q1/ 4<<61 Djulfxowxudo Fkdqjh dqg Lqhtxdolw| lq Sdodqsxu/ 4<8:0
4<;71 Lq Wkh Hfrqrplfv ri Uxudo Rujdql}dwlrq/ hg1 Kr�/ N1/ Eudyhupdq/ D1/ Vwljolw}/ M1
R{irug/ Xqlyhuvlw| Suhvv1
Olp/ \1 dqg Wrzqvhqg/ U1 P1/ 4<<;1 Jhqhudo Htxloleulxp Prghov ri Ilqdqfldo V|vwhpv=
Wkhru| dqg Phdvxuhphqw lq Yloodjh Hfrqrplhv1 Uhylhz ri Hfrqrplf G|qdplfv 4= 8<0
44;1
Olwwoh/ U1M1D1 dqg Uxelq/ G1E1/ 53351 Vwdwlvwlfdo Dqdo|vlv zlwk Plvvlqj gdwd1 Vhfrqg
Hglwlrq1 Mrkq Zloh| ) Vrqv/ Qhz Mhuvh|1
Orsh}/ K1 dqg Zrgrq/ T1/ 53381 Wkh Hfrqrplf Lpsdfw ri Duphg Frq lfw lq Uzdqgd1
Mrxuqdo ri Diulfdq Hfrqrplhv/ 47= 8;909351
Pddvrxpl/ H1/ 4<<;1 RqPrelolw|1 Lq Kdqgerrn ri Dssolhg Hfrqrplf Vwdwlvwlfv/ hg1 Jlohv/
G1/ Xoodk/ D1 Qhz \run/ Pdufho Ghnnhu1
Pdggdod/ J1 V1/ 4<;:1 Olplwhg Ghshqghqw Yduldeoh Prghov Xvlqj Sdqho Gdwd1 Mrxuqdo
ri Kxpdq Uhvrxufhv 55=638066;1
Pdolqydxg/ H1/ 4<:31 Wkh Frqvlvwhqf| ri Qrqolqhdu Uhjuhvvlrqv1 Wkh Dqqdov ri Pdwkh0
pdwlfdo Vwdwlvwlfv 74= <890<9<1
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Pdpgdql/ P1/ 5334/ Zkhq Ylfwlpv Ehfrph Nloohuv1 Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfh0
wrq/ 697 ss1
PfFxoorfk/ Q1/ Edxofk/ E1/ 53331 Vwlpxodwlqj wkh Lpsdfw ri Srolf| Xsrq Fkurqlf dqg
Wudqvlwru| Sryhuw| lq Uxudo Sdnlvwdq1 Wkh Mrxuqdo ri Ghyhorsphqw Vwxglhv 69= 43304631
PfLqwluh/ M1/ Erxu}dw/ G1 dqg Slqjdol/ S1/ 4<<51 Furs0Olyhvwrfn Lqwhudfwlrq lq Vxe0
Vdkdudq Diulfd1 Zruog Edqn Uhjlrqdo dqg Vhfwrudo Vwxglhv1 Zruog Edqn/ Zdvklqjwrq/
GF1
PfNd|/ D1/ dqg Oryhulgjh/ V1/ 53381 H{sorulqj wkh Sdudgr{ ri Uzdqgdq Djulfxowxudo
Krxvhkrog Lqfrph dqg Qxwulwlrqdo Rxwfrphv lq 4<<3 dqg 53351 Vwd� Sdshu 533809/
PVX/ Plfkljdq1
PfShdn/ M1/ 53371 Frqwudvwlqj lqfrph vkrfnv zlwk dvvhw vkrfnv= olyhvwrfn vdohv lq qruwk0
huq Nhq|d1 R{irug Hfrqrplf Sdshuv 89= 59605;71
Pljhrwwh/ I1/ 4<<:1 Xqh froolqh Uzdqgdlvh ã wudyhuv vhv sudwltxhv g*ìoìydjh1 Dqqdohv
Vflhqfhv Kxpdlqhv 4931 Pxvìh Ur|do gh O*Diultxh Fhqwudoh Whuyxuhq/ Ehojltxh1
Pludqgd/ P1M1/ dqg Idfnohu/ S1O1/ 53351 Dssolhg Frpsxwdwlrqdo Hfrqrplfv dqg Ilqdqfh1
PLW Suhvv1
Prugxfk/ M1/ 4<<81 Lqfrph Vprrwklqj dqg frqvxpswlrq vprrwklqj%/ Mrxuqdo ri Hfr0
qrplf Shuvshfwlyhv <=43604471
Prugxfk/ M1/ 4<<31 Ulvn/ surgxfwlrq dqg vdylqjv= wkhru| dqg hylghqfh iurp Lqgldq
krxvhkrogv1 w|shvfulsw Kduydug Xqlyhuvlw|1
Ps|lvl H1/ Zhehu/ P1/ Vklqjlur/ H1 dqg Oryhulgjh/ V1/ 53361 Fkdqjhv lq Doorfdwlrq
ri Odqg/ Surgxfwlrq dqg Idup Vl}h lq wkh Uzdqgdq Vpdookroghu Vhfwru Ryhu wkh
Shulrg 4<;724<<3 wr 53351 Djulfxowxudo srolf| v|qwkhvlv 9H1 Uzdqgd Irrg Vhfxulw|
Surmhfw2PLQDJUL1
Pxqgodn/ \1/ 4<:;1 Rq wkh Srrolqj ri Wlph Vhulhv dqg Furvv Vhfwlrq Gdwd1 Hfrqrphwulfd
79= 9<0;81
Qhzexu|/ G1/ 4<<;1 Xqghuvwdqglqj Jhqrflgh/ Diulfdq Vwxglhv Uhylhz/ 74 +4,/ s1 :60<:1
RQDSR/ 5334/ Hqtxíwh Gìprjudskltxh hw gh Vdqwì/ Uìsxeoltxh gh Uzdqgd/ Plqlvwëuh
gh od Vdqwì/ R!fh Qdwlrqdo gh od Srsxodwlrq1
SDVDUpdunhw sulfhv 4<;905335/ HX0vsrqvhuhg irrg vhfxulw| surmhfw prqlwrulqj fkdqjhv
lq frpprglw| sulfhv1
Sd{vrq/ Fk1/ K1/ 4<<61 Xvlqj Zhdwkhu Yduldelolw| wr hvwlpdwh wkh uhvsrqvh ri vdylqjv wr
wudqvlwru| lqfrph lq Wkdlodqg1 Mrxuqdo ri Srolwlfdo Hfrqrp| 434= 6<0:51
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Slurq/ O1K1 dqg PfNd|/ D1/ 53371 Dlg lq Gl!fxow Hqylurqphqwv= Uzdqgd Fdvh Vwxg|1
Edfnjurxqg Sdshu 7 iru RGL vwxg| rq Srru Shuiruplqj Frxqwulhv/ Ryhuvhdv Ghyhorsphqw
Lqvwlwxwh1
Suxqlhu/ J1/ 4<<;1 Wkh Uzdqgd Fulvlv= Klvwru| ri d Jhqrflgh/ Wklug Lpsuhvvlrq/ Orqgrq/
Kxuvw ) Frpsdq|/ 757 ss1
Udydoolrq/ P1/ 4<<:1 Idplqhv dqg Hfrqrplfv1 Mrxuqdo ri Hfrqrplf Olwhudwxuh 68= 45380
45751
Uhlwolqjhu/ J1/ 4<861 Wkh Ilqdo Vroxwlrq= wkh Dwwhpsw wr H{whuplqdwh wkh Mhzv ri Hxursh/
4<6<04<781 Qhz \run= Ehhfkkxuvw Suhvv1
Uh|qwmhqv/ I1/ 4<;81 Srxyrlu hw gurlw dx Uzdqgd/ Whuyxuhq/ Pxvìh Ur|doh gh o�Diultxh
Fhqwudoh/ 83; s1
Uh|qwmhqv/ I1/ 4<<:1 Hvwlpdwlrq gh qrpeuh gh shuvrqqhv wxìhv dx Uzdqgd hq 4<<71 Lq
hgv1 Pdu|vvh/ V1/ Uh|qwmhqv/ I1/ O*Diultxh ghv judqgv odfv= dqqxdluh 4<<924<<:/ Sdulv=
O*Kdupdwwdq/ s1 4:<04;91
Uh|qwmhqv/ I1/ 4<<:1 Hvwlpdwlrq gx qrpeuh gh shuvrqqhv wxìhv dx Uzdqgd hq 4<<71 Lq
hgv1 Pdu|vvh/ V1/ Uh|qwmhqv/ I1/ O*Diultxh ghv judqgv odfv= dqqxdluh 4<<924<<:/ Sdulv=
O*Kdupdwwdq/ s1 4:<04;91
Ur}hqvzhlj/ P1U1/ 4<;;1 Ulvn/ Lpsolflw Frqwudfwv dqg wkh Idplo| lq Uxudo Duhdv ri
Orz0lqfrph Frxqwulhv1 Wkh Hfrqrplf Mrxuqdo <;= 447;044:31
Urvhq}zhlj/ P1U1/ 53361 Sd|r�v iurp Sdqhov lq Orz0Lqfrph Frxqwulhv= Hfrqrplf Gh0
yhorsphqw dqg Hfrqrplf Prelolw|1 Dphulfdq Hfrqrplf Uhylhz <6/ 445044:1
Urvhq}zhlj/ P1U1 dqg Zroslq/ N1L1/ 4<<61 Fuhglw Pdunhw Frqvwudlqwv/ Frqvxpswlrq
Vprrwklqj/ dqg wkh Dffxpxodwlrq ri Gxudeoh Surgxfwlrq Dvvhwv lq Orz0Lqfrph Frxq0
wulhv= Lqyhvwphqwv lq Exoorfnv lq Lqgld1 Mrxuqdo ri Srolwlfdo Hfrqrp| 434= 55605771
Uxelq/ G1E1/ 4<:91 Lqihuhqfh dqg Plvvlqj Gdwd1 Elrphwulnd 96= 8;408<51
Vdpvhw/ L1 dqg Ruuydu/ G1/ 53361 Uzdqgd= Suhvlghqwldo dqg Sduoldphqwdu| Hohfwlrqv
5336/ QRUGHP uhsruw 4525336/ Wkh Qruzhjldq Lqvwlwxwh ri Kxpdq Uljkwv/ 8< ss1
Vdqgirug/ V1 dqg Kdewx/ \1/ 53331 Uhsruw ri wkh Sdvwrudo Dssudlvdo Whdp= Rq Hphujhqf|
Uhvsrqvh Lqwhuyhqwlrqv lq Sdvwrudo Duhdv ri Hwklrsld1 Orqgrq= GILG1
Vhq/ D1/ 4<<31 %Pruh Wkdq 433 Ploolrq Zrphq Duh Plvvlqj%1 Qhz \run Uhylhz ri Errnv
+Ghfhpehu 53,= 940991
Volzlqvnl/ P1/ 4<<81 Oh Jìqrflgh Nkphu Urxjh= Xqh Dqdo|vh Gìprjudskltxh1 Sdulv=
O*Kdupdwwdq1
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VQU/ 4<;51 Uhfhqvhphqw Jìqìudo gh od Srsxodwlrq hw gh o*Kdelwdw/ 4<:;/ Uìvxowdwv Gì�ql0
wliv/ Nljdol/ Vhuylfh Qdwlrqdo gh Uhfhqvhphqw/ Plqlvwëuh gx Sodq1
VQU/ 4<<71 Uhfhqvhphqw Jìqìudo gh od Srsxodwlrq hw gh o*Kdelwdw dx 48 Drþw/ 4<<4/
Uìvxowdwv Gì�qlwliv/ Nljdol/ Vhuylfh Qdwlrqdo gh Uhfhqvhphqw/ Plqlvwëuh gx Sodq1
VQU/ 53361 Uhfhqvhphqw Jìqìudo gh od Srsxodwlrq hw gh o*Kdelwdw Uzdqgd= 49063 Drþw
5335= udssruw vxu ohv uìvxowdwv suìolplqdluhv/ Nljdol/ Vhuylfh Qdwlrqdo gh Uhfhqvhphqw/
Plqlvwëuh ghv Ilqdqfhv hw gh od Sodql�fldwlrq Hfrqrpltxh1
Vwhzduw/ I1 dqg Ilw}jhudog/ Y1/ 53341 Zdu dqg xqghughyhorsphqw1 4 = Wkh hfrqrplf dqg
vrfldo frqvhtxhqfhv ri frq lfw1 R{irug= R{irug Xqlyhuvlw| Suhvv1
Vzdplqdwkdq/ P1/ 4<<4d1 Phdvxulqj Prelolw| lq Zhdowk= Vrph Hvwlpdwhv iurp d Vrxwk
Lqgldq Yloodjh1 R{irug Exoohwlq ri Hfrqrplfv dqg vwdwlvwlfv 86= 59405::1
Vzdplqdwkdq/ P1/ 4<<4e1 Jdlqhuv dqg Orvhuv= D Qrwh rq Odqg dqg Rffxsdwlrqdo Pr0
elolw| lq d Vrxwk Lqgldq Yloodjh/ 4<::04<;81 Ghyhorsphqw dqg Fkdqjh 55= 59405::1
Wrxoplq/ F1/ 4<<81 Wudfnlqj wkurxjk Gurxjkw= Rswlrqv iru Ghvwrfnlqj dqg Uhvwrfnlqj1
Lq Olylqj zlwk Xqfhuwdlqw|= Qhz Gluhfwlrqv lq Sdvwrudo Ghyhorsphqw lq Diulfd1 +hg1, L1
Vfrrqhv/ Lqwhuphgldwh Whfkqrorj| Sxeolfdwlrqv/ Orqgrq1
Wrzqvhqg/ U1/ 4<<71 Ulvn dqg Lqvxudqfh lq Yloodjh Lqgld1 Hfrqrphwulfd 95= 86<08<41
Wrzqvhqg/ U1/ 4<<81 Frqvxpswlrq Lqvxudqfh= Dq hydoxdwlrq ri ulvn0edulqj v|vwhpv lq
orz lqfrph hfrqrplhv1 Mrxuqdo ri Hfrqrplf shuvshfwlyhv 5= ;604351
Xgu|/ Fk1/ 4<<81 Ulvn dqg Vdylqj lq Qruwkhuq Qljhuld1 Wkh Dphulfdq Hfrqrplf Uhylhz
;8= 45;:046331
XQ/ 58 Qryhpehu/ 4<<7/ Xqlwhg Qdwlrqv Frpplvvlrq ri H{shuwv Hvwdeolvkhg wr Vhfxulw|
Frxqflo Uhvroxwlrq <68 rq Uzdqgd/ Ilqdo Uhsruw/ Jhqhyd1
Xylq/ S1/ 4<<71 Ylrohqfh dqg XQ srsxodwlrq gdwd1 Qdwxuh/ 6:5= 7<807<91
Xylq/ S1/ 4<<;1 Dlglqj Ylrohqfh= wkh Ghyhorsphqw Hqwhusulvh lq Uzdqgd/ Zhvw Kduwirug/
Nxpduldq Suhvv/ 5;; s1
Yhusrruwhq/ P1/ Ehuodjh/ O1/ 53371 Jhqrflgh dqg Odqg Vfduflw|= Fdq Uzdqgdq Uxudo
Krxvhkrogv PdqdjhB1 Fhqwuh iru wkh Vwxg| ri Diulfdq Hfrqrplhv/ Zrunlqj sdshu/ ZSV
53372481
Yhuzlps/ Sk1/ 5336d1 Ghyhorsphqw dqg Jhqrflgh lq Uzdqgd= D Srolwlfdo Hfrqrp|
Dqdo|vlv ri Shdvdqwv dqg Srzhu xqghu wkh Kde|dulpdqd Uhjlph1 Sk1G1 Glvv1 Fdwkrolf
Xqlyhuvlw| ri Ohxyhq1



Yhuzlps/ Sk1/ 5336e1 Whvwlqj wkh grxeoh0jhqrflgh wkhvlv iru fhqwudo dqg vrxwkhuq
Uzdqgd1 Mrxuqdo ri Frq lfw Uhvroxwlrq 7:= 75607751
Yhuzlps/ Sk1/ 53381 Dq hfrqrplf sur�oh ri shdvdqw shushwudwruv ri jhqrflgh= plfur0ohyho
hylghqfh iurp Uzdqgd1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv :: = 5<:�6561
Ylfnhu|/ P1/ 4<;71 Fdpergld= 4<:804<;51 Ervwrq= Vrxwk Hqg Suhvv1
Yrq Phlmhqihogw/ U1/ 4<<81 Dw wkh Iurqwolqh iru Kxpdq Uljkwv= Hydoxdwlrq ri Hxurshdq
Xqlrq Sduwlflsdwlrq lq wkh Kxpdq Uljkwv Ilhog Rshudwlrq lq Uzdqgd1 Dq dvvljqphqw
ri wkh frpplvvlrq ri wkh Hxurshdq frppxqlwlhv1
Zrrogulgjh/ M1P1/ 53351 Hfrqrphwulf Dqdo|vlv ri Furvv Vhfwlrq dqg Sdqho Gdwd/ PLW
Suhvv/ :73 ss1
Zruog Edqn/ 53371 Zruog Ghyhorsphqw Lqglfdwruv 5337 +ZGL, FG0URP1
]hoghv/ V1/ 4<;<1 Rswlpdo frqvxpswlrq zlwk vwrfkdvwlf lqfrph= ghyldwlrqv iurp fhuwdlqw|
htxlydohqfh1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 437= 5:80<;1





Olvw ri Grfwrudo Glvvhuwdwlrqv
Grfwrudo glvvhuwdwlrqv iurp wkh Idfxow| ri Hfrqrplfv dqg Dssolhg Hfrqrplfv/
Fdwkrolf Xqlyhuvlw| ri Ohxyhq +iurp Dxjxvw 4/ 4<:4,

41 JHSWV/ Vwhiddq1 Vwdelolw| dqg h!flhqf| ri uhvrxufh doorfdwlrq surfhvvhv lq glvfuhwh
frpprglw| vsdfhv1 4<:41 ;9 ss1

51 SHHWHUV/ Wkhr1 Ghwhuplqdqwhq ydq gh lqwhuqdwlrqdoh kdqgho lq ideulndwhq1 4<:41
5<3 ss1

61 YDQ ORR\/ Zlp1 Shuvrqhhovrsohlglqj= hhq rqghu}rhn qddu lqyhvwhulqjvdvshnwhq
ydq rsohlglqj1 4<:41 YLL/ 56; ss1

71 WKDUDNDQ/ Pdwkhz1 Lqgldq h{sruwv wr wkh Hxurshdq frppxqlw|= sureohpv
dqg survshfwv1 4<:51 [/ 676 ss1

81 KHUURHOHQ/ Zloo|1 Khxulvwlvfkh surjudppdwlh= phwkrgrorjlvfkh ehqdghulqj hq
sudnwlvfkh wrhsdvvlqj rs frpsoh{h frpelqdwrulvfkh sureohphq1 4<:51 [/ 69: ss1

91 YDQGHQEXOFNH/ Mdftxhv1 Gh vwxglh hq gh hydoxdwlh ydq gdwd0rujdqlvdwlhphwkr0
ghv hq gdwd0}rhnphwkr0ghv1 4<:61 6 Y1

:1 SHQQ\FXLFN/ Ur| D1 Wkh hfrqrplfv ri wkh hfrorjlfdo v|qgurph1 4<:61 [LL/ 4::
ss1

;1 NDZDWD/ W1 Exdoxp1 Irupdwlrq gx fdslwdo g*ruljlqh ehojh/ ghwwh sxeoltxh hw
vwudwìjlh gx gìyhorsshphqw dx ]dluh1 4<:61 Y/ 675 ss1

<1 GRQFNHOV/ Uln1 Grhopdwljh rulîqwhulqj ydq gh vhfwrudoh vxevlglhsrolwlhn lq Eho0
jlî= hhq wkhruhwlvfk rqghu}rhn phw hpslulvfkh wrhwvlqj1 4<:71 YLL/ 489 ss1

431 YHUKHOVW/ Pdxulfh1 Frqwulexwlrq wr wkh dqdo|vlv ri rujdql}dwlrqdo lqirupdwlrq
v|vwhpv dqg wkhlu �qdqfldo ehqh�wv1 4<:71 5 Y1

441 FOHPHXU/ Kxjr1 Hqnhoh yhu}hnhulqjvwhfkqlvfkh yuddjvwxnnhq lq khw olfkw ydq gh
qxwvwkhrulh1 4<:71 4<6 ss1



451 KH\YDHUW/ Hgzdug1 Gh rqwzlnnholqj ydq gh prghuqh edqn0 hq nuhglhwwhfk0
qlhn wlmghqv gh }hvwlhqgh hq }hyhqwlhqgh hhxz lq Hxursd hq wh Dpvwhugdp lq khw
elm}rqghu1 4<:81 4;9 ss1

461 YHUWRQJKHQ/ Urehuw/ Lqyhvwhulqjvfulwhuld yrru sxeolhnh lqyhvwhulqjhq= khw xlw0
zhunhq ydq hhq rshudwlrqhoh wkhrulh phw hhq wrhsdvvlqj rs gh yhunhhuvlqiudvwuxf0
wxxu1 4<:81 587 ss1

471 Qlhw wrhjhnhqg1
481 YDQRYHUEHNH/ Olhyhq1 Plfurhfrqrplvfk rqghu}rhn ydq gh vhfwrulîoh duehl0

gvprelolwhlw1 4<:81 538 ss1
491 GDHPV/ Khupdq1 Wkh kroglqj frpsdq|= hvvd|v rq �qdqfldo lqwhuphgldwlrq/ frq0

fhqwudwlrq dqg fdslwdo pdunhw lpshuihfwlrqv lq wkh Ehojldq hfrqrp|1 4<:81 [LL/
59; ss1

4:1 YDQ URPSX\/ Hulf1 Jurrw0Eulwwdqqlî hq gh Hxurshvh prqhwdluh lqwhjudwlh= hhq
rqghu}rhn qddu gh jhyrojhq ydq gh Eulwvh wrhwuhglqj rs gh jhsodqgh Hxurshvh
prqhwdluh xqlh1 4<:81 [LLL/ 555 ss1

4;1 PRHVHQ/ Zlp1 Khw ehkhhu ydq gh vwddwvvfkxog hq gh whuplmqvwuxfwxxu ydq gh
lqwuhvwyrhwhq phw hhq wrhsdvvlqj yrru Ehojlî1 4<:81 [YL/ 583 ss1

4<1 ODPEUHFKW/ Pduf1 Fdsdflw| frqvwudlqhg pxowl0idflolw| g|qdplf orw0vl}h sure0
ohp1 4<:91 498 ss1

531 UD\PDHFNHUV/ Huln1 Gh phqv lq gh rqghuqhplqj hq gh wkhrulh ydq khw surgx0
fhqwhqjhgudj= hhq elmgudjh wrw wudqvglvflsolqdluh dqdo|vh1 4<:91 [LLL/ 86; ss1

541 WHMDQR/ Doehuw1 Hfrqrphwulf dqg lqsxw0rxwsxw prghov lq ghyhorsphqw sodqqlqj=
wkh fdvh ri wkh Sklolsslqhv1 4<:91 [[/ 5<: ss1

551 PDUWHQV/ Ehuqdug1 Sulmvehohlg hq lq dwlh phw hhq wrhsdvvlqj rs Ehojlî1 4<::1
LY/ 586 ss1

561 YHUKHLUVWUDHWHQ/ Doehuw1 Jhog/ nuhglhw hq lqwuhvw lq gh Ehojlvfkh �qdqflîoh
vhfwru1 4<::1 [[LL/ 6:: ss1

571 JKH\VVHQV/ Olhyhq1 Lqwhuqdwlrqdo glyhuvl�fdwlrq wkurxjk wkh jryhuqphqw erqg
pdunhw= d ulvn0uhwxuq dqdo|vlv1 4<::1 4;; ss1

581 OHIHEYUH/ Fkulv1 Erhnkrxgnxqgljh yhuzhunlqj hq �qdqflîoh yhuvodjjhylqj ydq
kxxunrrswudqvdfwlhv hq yhunrshq rs diehwdolqj elm rqghuqhplqjhq glh ddq frq0
vxphqwhq yhunrshq1 4<::1 55; ss1

591 NHVHQQH/ Vwhidq1 Wlmgvdoorfdwlh hq yulmhwlmgvehvwhglqj= hhq hfrqrphwulvfk rq0
ghu}rhn1 4<:;1 496 ss1



5:1 YDQ KHUFN/ Jxvwddi1 Dvshfwhq ydq rswlpddo ehgulmivehohlg yrojhqv khw pdunw0
zddughfulwhulxp= hhq ulvlfr0uhqghphqwvdqdo|vh1 4<:;1 LY/ 496 ss1

5;1 YDQ SRHFN/ Dqguh1 Zruog sulfh wuhqgv dqg sulfh dqg zdjh ghyhorsphqw lq
Ehojlxp= dq lqyhvwljdwlrq lqwr wkh uhohydqfh ri wkh Vfdqglqdyldq prgho ri lq dwlrq
iru Ehojlxp1 4<:<1 [LY/ 593 ss1

5<1 YRV/ Khupdq1 Gh lqgxvwulîoh whfkqrorjlhyhuzhuylqj lq Eud}lolî= hhq dqdo|vh1 4<:;1
rquhjhopdwlj jhsdjlqhhug1

631 GRPEUHFKW/ Plfkho1 Ilqdqfldo pdunhwv/ hpsor|phqw dqg sulfhv lq rshq hfrqr0
plhv1 4<:<1 4;5 ss1

641 GH SULO/ Qhovrq1 Elmgudjh wrw gh dfwxdulîoh vwxglh ydq khw erqxv0pdoxvv|vwhhp1
4<:<1 445 ss1

651 FDUULQ/ Jx|1 Hfrqrplf dvshfwv ri vrfldo vhfxulw|= d sxeolf hfrqrplfv dssurdfk1
4<:<1 rquhjhopdwlj jhsdjlqhhug

661 UHJLGRU/ Edogrphur1 Dq hpslulfdo lqyhvwljdwlrq ri wkh glvwulexwlrq ri vwrfn0
pdunhw sulfhv dqg zhdn0irup h!flhqf| ri wkh Euxvvhov vwrfn h{fkdqjh1 4<:<1 547
ss1

671 GH JURRW/ Urjhu1 Rqjholmnkhghq yrru vwrs orvv suhplhv jhedvhhug rs H1W1
v|vwhphq lq khw ndghu ydq gh yhudojhphhqgh frqyh{h dqdo|vh1 4<:<1 488 ss1

681 FH\VVHQV/ Pduwlq1 Rq wkh shdn ordg sureohp lq wkh suhvhqfh ri udwlrql}lqj e|
zdlwlqj1 4<:<1 L[/ 54: ss1

691 DEGXO UD]N DEGXO1 Pl{hg hqwhusulvh lq Pdod|vld= wkh fdvh vwxg| ri mrlqw
yhqwxuh ehwzhhq Pdo|vldq sxeolf frusrudwlrqv dqg iruhljq hqwhusulvhv1 4<:<1 657
ss1

6:1 GH EUX\QH/ Jxlgr1 Frruglqdwlrq ri hfrqrplf srolf|= d jdph0wkhruhwlf ds0
surdfk1 4<;31 439 ss1

6;1 NHOOHV/ Jhudug1 Ghpdqg/ vxsso|/ sulfh fkdqjh dqg wudglqj yroxph rq �qdqfldo
pdunhwv ri wkh pdwfklqj0rughu w|sh1 @ Yuddj/ ddqerg/ nrhuvrqwzlnnholqj hq rp}hw
rs �qdqflîoh pdunwhq ydq khw Hxurshvh w|sh1 4<;31 555 ss1

6<1 YDQ HHFNKRXGW/ Pduf1 Gh lqyorhg ydq gh orrswlmg/ gh frxsrq hq gh yhuzdfkwh
lq dwlh rs khw rseuhqjvwyhuorrs ydq ydvwuhqwhqgh �qdflîoh dfwlyd1 4<;31 5<7 ss1

731 VHUFX/ Slhw1 Phdq0yduldqfh dvvhw sulflqj zlwk ghyldwlrqv iurp sxufkdvlqj srzhu
sdulw|1 4<;41 [LY/ 5:6 ss1

741 GHTXDH/ Pdulh0Jhppd1 Lq dwlh/ ehodvwlqjv|vwhhp hq zddugh ydq gh rqghuqhp0
lqj1 4<;41 769 ss1



751 EUHQQDQ/ Mrkq1 Dq hpslulfdo lqyhvwljdwlrq ri Ehojldq sulfh uhjxodwlrq e| sulru
qrwl�fdwlrq= 4<:8 0 4<:< 0 4<;51 4<;51 [LLL/ 6;9 ss1

761 FROOD/ Dqqlh1 Hhq hfrqrphwulvfkh dqdo|vh ydq }lhnhqkxlv}rujhq1 4<;51 64< ss1
771 Qlhw wrhjhnhqg1
781 VFKRNNDHUW/ Hulf1 Prghoolqj frqvxphu suhihuhqfh irupdwlrq1 4<;51 YLLL/ 5;:

ss1
791 GHJDGW/ Mdq1 Vshfl�fdwlh ydq hhq hfrqrphwulvfk prgho yrru yhuyxlolqjvsureoh0

phq phw surhyhq ydq wrhsdvvlqj rs gh zdwhuyhurqwuhlqljlqj lq Ehojlî1 4<;51 5
Y1

7:1 ODQMRQJ/ Prkdppdg Qdvlu1 D vwxg| ri pdunhw h!flhqf| dqg ulvn0uhwxuq uhod0
wlrqvklsv lq wkh Pdod|vldq fdslwdo pdunhw1 4<;61 [YL/ 5;: ss1

7;1 SURRVW/ Vwhi1 Gh doorfdwlh ydq orndoh sxeolhnh jrhghuhq lq hhq hfrqrplh phw hhq
fhqwudoh ryhukhlg hq orndoh ryhukhghq1 4<;61 rquhjhopdwlj jhsdjlqhhug1

7<1 YDQ KXOOH/ F|qwkld + 23;2;6,1 Vkduhkroghuv* xqdqlplw| dqg rswlpdo frusrudwh
ghflvlrq pdnlqj lq lpshuihfw fdslwdo pdunhwv14<;61 47: ss1 . dsshqgl{1

831 YDQ ZRXZH/ Pduwlqh +52452;6,1 Rughqlqj ydq ulvlfr*v phw wrhsdvvlqj rs gh
ehuhnhqlqj ydq xowlhph uxòqhndqvhq1 4<;61 43< ss1

841 G*DOFDQWDUD/ Jrq}djxh +482452;6,1 VHUHQD= d pdfurhfrqrplf vhfwrudo uh0
jlrqdo dqg qdwlrqdo dffrxqw hfrqrphwulf prgho iru wkh Ehojldq hfrqrp|1 4<;61 8<8
ss1

851 G*KDYH/ Slhw +572352;7,1 Gh yuddj qddu jhog lq Ehojlî1 4<;71 [L/ 64; ss1
861 PDHV/ Lyr +492362;7,1 Wkh frqwulexwlrq ri M1U1 Klfnv wr pdfur0hfrqrplf dqg

prqhwdu| wkhru|1 4<;71 Y/ 557 ss1
871 VXELDQWR/ Edpedqj +4623<2;7,1 D vwxg| ri wkh h�hfwv ri vshfl�f wd{hv dqg

vxevlglhv rq d �upv* U)G lqyhvwphqw sodq1 4<;71 Y/ 5;7 ss1
881 VOHXZDHJHQ/ Ohr +592432;7,1 Orfdwlrq dqg lqyhvwphqw ghflvlrqv e| pxowlqd0

wlrqdo hqwhusulvhv lq Ehojlxp dqg Hxursh1 4<;71 [LL/ 57: ss1
891 JH\VNHQV/ Huln +5:2362;8,1 Surgxnwlhwkhrulh hq gxdolwhlw1 4<;81 YLL/ 6<5 ss1
8:1 FROH/ Iudqn +592392;8,1 Vrph dojrulwkpv iru jhrphwulf surjudpplqj1 4<;81 499

ss1
8;1 VWDQGDHUW/ Vwdq +5923<2;9,1 D vwxg| lq wkh hfrqrplfv ri uhsuhvvhg frqvxps0

wlrq1 4<;91 [/ 6;3 ss1



8<1 GHOEHNH/ Mrv +362442;9,1 Wuhqgshulrghq lq gh jhogkrhyhhokhlg ydq Ehojlî 4;::0
4<;6= hhq wkhruhwlvfkh hq hpslulvfkh dqdo|vh ydq gh %Edqnlqj vfkrro% k|srwkhvh1
4<;91 [LL/ 763 ss1

931 YDQWKLHQHQ/ Mdq +3;2452;9,1 Dxwrpdwlvhulqjvdvshfwhq ydq gh vshfl�fdwlh/ frq0
vwuxfwlh hq pdqlsxodwlh ydq ehvolvvlqjvwdehoohq1 4<;91 [LY/ 6:; ss1

941 OX\WHQ/ Urehuw +632372;:,1 D v|vwhpv0edvhg dssurdfk iru pxowl0hfkhorq sur0
gxfwlrq2lqyhqwru| v|vwhpv14<;:1 6Y1

951 PHUFNHQ/ Urjhu +5:2372;:,1 Gh lqyorhg ydq gh gdwd edvh ehqdghulqj rs gh
lqwhuqh frqwuroh1 4<;:1 [LLL/ 679 ss1

961 YDQ FD\VHHOH/ Sdwulfn +532382;:,1 Uhjxodwlrq dqg lqwhuqdwlrqdo lqqrydwlyh
dfwlylwlhv lq wkh skdupdfhxwlfdo lqgxvwu|1 4<;:1 [L/ 49< ss1

971 IUDQFRLV/ Slhuuh +5423<2;:,1 Gh hpslulvfkh uhohydqwlh ydq gh lqghshqghqfh iurp
luuhohydqw dowhuqdwlyhv1 Dvvxpswlh lqglvfuhwh nhx}hprghoohq1 4<;:1 L[/ 6:< ss1

981 GHFRVWHU/ Dqguì +5623<2;;,1 Idplo| vl}h/ zhoiduh dqg sxeolf srolf|1 4<;;1
[LLL/ 777 ss1

991 KHLMQHQ/ Eduw +3<23<2;;,1 Ulvlfrzlm}ljlqj rqghu lqyorhg ydq yulmvwhoolqjhq hq
khuyhu}hnhulqjhq= hhq wkhruhwlvfkh dqdo|vh ydq rswlpdolwhlw hq suhplhehsdolqj1
4<;;1 rquhjhopdwlj jhsdjlqhhug1

9:1 JHHURPV/ Kdqv +472432;;,1 Ehodvwlqjyhuplmglqj1 Wkhruhwlvfkh dqdo|vh ydq
gh ghwhuplqdqwhq ydq gh ehodvwlqjrqwgxlnlqj hq gh ehodvwlqjrqwzlmnlqj phw hp0
slulvfkh yhul�fdwlhv1 4<;;1 [LLL/ 73</ 8 ss1

9;1 SXW/ Ihugl +4<2452;;,1 Lqwurgxflqj g|qdplf dqg whpsrudo dvshfwv lq d frqfhswxdo
+gdwdedvh, vfkhpd14<;;1 [YLLL/ 748 ss1

9<1 YDQ URPSX\/ Jxlgr +462342;<,1 D vxsso|0vlgh dssurdfk wr wd{ uhirup sur0
judpv1 Wkhru| dqg hpslulfdo hylghqfh iru Ehojlxp1 4<;<1 [YL/ 4;</ 9 ss1

:31 SHHWHUV/ Oxgr +4<2392;<,1 Hhq uxlpwholmn hyhqzlfkwvprgho ydq gh juddqpdun0
whq lq gh H1J1= hpslulvfkh vshfl�fdwlh hq ehohlgvwrhsdvvlqjhq1 4<;<1 [YL/ 745
ss1

:41 SDFROHW/ Mr}hi +432442;<,1 Pdunwvwuxfwxxu hq rshudwlrqhoh h!flîqwlh lq gh Eho0
jlvfkh �qdqflîoh vhfwru1 4<;<1 [[LL/ 87: ss1

:51 YDQGHEURHN/ Pduwlqd +462452;<,1 Rswlpdolvdwlh ydq yhu}hnhulqjvfrqwudfwhq hq
suhplhehuhnhqlqjvsulqflshv1 4<;<1 <8 ss1

:61 ZLOOHNHQV/ Iudqfrlv1 Ghwhuplqdqfh ri jryhuqphqw jurzwk lq lqgxvwuldol}hg
frxqwulhv zlwk dssolfdwlrqv wr Ehojlxp1 4<<31 YL/ 665 ss1



:71 YHXJHOHUV/ Uhlqklogh +352372<3,1 Vfrsh ghflvlrqv ri pxowlqdwlrqdo hqwhusulvhv1
4<<31 Y/ 554 ss1

:81 NHVWHORRW/ Ndwulhq +4;2392<3,1 Hvvd|v rq shuirupdqfh gldjqrvlv dqg wdflw
frrshudwlrq lq lqwhuqdwlrqdo roljrsrolhv1 4<<31 55: ss1

:91 ZX/ Fkdqjtl +562432<3,1 Vwudwhjlf dvshfwv ri roljrsrolvwlf yhuwlfdo lqwhjudwlrq1
4<<31 YLLL/ 555 ss1

::1 ]KDQJ/ ]kdr|rqj +3;23:2<4,1 D glvhtxloleulxp prgho ri Fklqd*v iruhljq wudgh
ehkdylrxu1 4<<41 [LL/ 589 ss1

:;1 GKDHQH/ Mdq +582442<4,1 Yhugholqjvixqfwlhv/ ehqdghulqjhq hq irxwhqjuhq}hq ydq
vwrfkdvwlvfkh jurrwkhghq jhdvvrflhhug ddq yhu}hnhulqjvsrolvvhq hq 0sruwhihxloohv1
4<<41 479 ss1

:<1 EDXZHOLQFN[/ Wklhuu| +3:2342<5,1 Klhudufklfdo fuhglelolw| whfkqltxhv1 4<<51
463 ss1

;31 GHPHXOHPHHVWHU/ Huln +56262<5,1 Rswlpdo dojrulwkpv iru ydulrxv fodvvhv ri
pxowlsoh uhvrxufh0frqvwudlqhg surmhfw vfkhgxolqj sureohpv1 4<<51 4;3 ss1

;41 VWHHQDFNHUV/ Dqqd +42432<5,1 Ulvn dqdo|vlv zlwk wkh fodvvlfdo dfwxduldo ulvn
prgho= wkhruhwlfdo h{whqvlrqv dqg dssolfdwlrqv wr Uhlqvxudqfh1 4<<51 46< ss1

;51 FRFN[/ Eduw +5723<2<5,1 Wkh plqlpxp lqfrph jxdudqwhh1 Vrph ylhzv iurp d
g|qdplf shuvshfwlyh1 4<<51 [YLL/ 734 ss1

;61 PH\HUPDQV/ Hulf +392442<5,1 Hfrqrphwulf doorfdwlrq v|vwhpv iru wkh iruhljq
h{fkdqjh pdunhw= Vshfl�fdwlrq/ hvwlpdwlrq dqg whvwlqj ri wudqvplvvlrq phfkdqlvpv
xqghu fxuuhqf|vxevwlwxwlrq1 4<<51 [LLL/ 676 ss1

;71 FKHQ/ Jxrtlqj +372452<5,1 Ghvljq ri ix}}| uhodwlrqdo gdwdedvhv edvhg rq ix}}|
ixqfwlrqdo ghshqghqf|1 4<<51 4:9 ss1

;81 FODH\V/ Fkulvwho +4;2352<6,1 Yhuwlfdo dqg krul}rqwdo fdwhjru| vwuxfwxuhv lq frq0
vxphu ghflvlrq pdnlqj= Wkh qdwxuh ri surgxfw klhudufklhv dqg wkh h�hfw ri eudqg
w|slfdolw|1 4<<61 67; ss1

;91 FKHQ/ Vkdr{ldqj +582362<6,1 Wkh rswlpdo prqlwrulqj srolflhv iru vrph vwrfkdvwlf
dqg g|qdplf surgxfwlrq surfhvvhv1 4<<61 4:3 ss1

;:1 RYHUZHJ/ Glun +562372<6,1 Dssur{lpdwh sdudphwulf dqdo|vlv dqg vwxg| ri frvw
fdsdflw| pdqdjhphqw ri frpsxwhu frq�jxudwlrqv1 4<<61 5:3 ss1

;;1 GHZDFKWHU/ Kdqv +552392<6,1 Qrqolqhdulwlhv lq vshfxodwlyh sulfhv= Wkh h{lv0
whqfh dqg shuvlvwhqfh ri qrqolqhdulw| lq iruhljq h{fkdqjh udwhv1 4<<61 484 ss1



;<1 OLQ/ Oldqjtl +3823:2<6,1 Hfrqrplf ghwhuplqdqwv ri yroxqwdu| dffrxqwlqj fkrlfhv
iru U ) G h{shqglwxuhv lq Ehojlxp1 4<<61 4<5 ss1

<31 GKDHQH/ Jhhuw +3<23:2<6,1 Hqfrpsdvvlqj= irupxodwlrq/ surshuwlhv dqg whvwlqj1
4<<61 44: ss1

<41 ODJDH/ Zlp +5323<2<6,1 Pdunwfrqiruph yhuolfkwlqj ydq vrhyhuhlqh exlwhqodqgvh
vfkxog grru sulydwh fuhglwhxuhq= hhq qhr0lqvwlwxwlrqhoh dqdo|vh1 4<<61 574 ss1

<51 YDQ GH JDHU/ Glun +5:23<2<6,1 Htxdolw| ri rssruwxqlw| dqg lqyhvwphqw lq
kxpdq fdslwdo1 4<<61 4:5 ss1

<61 VFKUR\HQ/ Doiuhg +5;2352<7,1 Hvvd|v rq uhglvwulexwlyh wd{dwlrq zkhq prqlwru0
lqj lv frvwo|1 4<<71 536 ss1 . Y1

<71 VWHXUV/ Jhhuw +4823:2<7,1 Vslooryhuv dqg frrshudwlrq lq uhvhdufk dqg ghyhors0
phqw1 4<<71 599 ss1

<81 EDUDV/ Mrkdq +4823<2<7,1 Wkh vpdoo vdpsoh glvwulexwlrq ri wkh Zdog/ Odjudqjh
pxowlsolhu dqg olnholkrrg udwlr whvwv iru krprjhqhlw| dqg v|pphwu| lq ghpdqg
dqdo|vlv= d Prqwh Fduor vwxg|1 4<<71 49< ss1

<91 JDHUHP\QFN/ Dqq +3;23<2<7,1 Wkh xvh ri ghsuhfldwlrq lq dffrxqwlqj dv d
vljqdoolqj ghylfh1 4<<71 565 ss1

<:1 EHWWHQGRUI/ Ohrq +5523<2<7,1 D g|qdplf dssolhg jhqhudo htxloleulxp prgho
iru d vpdoo rshq hfrqrp|1 4<<71 47< ss1

<;1 WHXQHQ/ Pduohhq +432442<7,1 Hydoxdwlrq ri lqwhuhvw udqgrpqhvv lq dfwxduldo
txdqwlwlhv1 4<<71 547 ss1

<<1 YDQRRWHJHP/ Oxf +4:2342<8,1 Dq hfrqrplf wkhru| ri sulydwh grqdwlrqv1 4<<81
569 ss1

4331 GH VFKHSSHU/ Dqq +532362<8,1 Vwrfkdvwlf lqwhuhvw udwhv dqg wkh suredelolvwlf
ehkdylrxu ri dfwxduldo ixqfwlrqv1 4<<81 544 ss1

4341 ODXZHUV/ Oxf +462392<8,1 Vrfldo fkrlfh zlwk lq�qlwh srsxodwlrqv1 4<<81 :< ss1
4351 ZX/ Jxdqj +5:2392<8,1 D v|vwhpdwlf dssurdfk wr remhfw0rulhqwhg exvlqhvv prg0

holqj1 4<<81 57; ss1
4361 ZX/ [xhslqj +5423;2<8,1 Whup vwuxfwxuhv lq wkh Ehojldq pdunhw= prgho hvwlpd0

wlrq dqg sulflqj huuru dqdo|vlv1 4<<81 466 ss1
4371 SHSHUPDQV/ Jxlgr +6323;2<8,1 Irxu hvvd|v rq uhwluhphqw iurp wkh oderu irufh1

4<<81 45; ss1



4381 DOJRHG/ Nrhq +4423<2<8,1 Hvvd|v rq lqvxudqfh= d ylhz iurp d g|qdplf shu0
vshfwlyh1 4<<81 469 ss1

4391 GHJU\VH/ Kdqv +432432<8,1 Hvvd|v rq �qdqfldo lqwhuphgldwlrq/ surgxfw gl�hu0
hqwldwlrq/ dqg pdunhw vwuxfwxuh1 4<<81 54; ss1

43:1 PHLU/ Mrv +382452<8,1 Khw vwudwhjlvfk jurhsvfrqfhsw wrhjhsdvw rs gh Ehojlvfkh
�qdqflîoh vhfwru1 4<<81 58: ss1

43;1 ZLMD\D/ Plu|dp Ololdq +3;2342<9,1 Yroxqwdu| uhflsurflw| dv dq lqirupdo vrfldo
lqvxudqfh phfkdqlvp= d jdph wkhruhwlf dssurdfk1 4<<91 457 ss1

43<1 YDQGDHOH/ Qlfr +452352<9,1 Wkh lpsdfw ri orw vl}lqj rq txhxhlqj ghod|v= pxowl
surgxfw/ pxowl pdfklqh prghov1 4<<91 576 ss1

4431 JLHOHQV/ Jhhuw +5:2352<9,1 Vrph hvvd|v rq glvfuhwh wlph wdujhw }rqhv dqg wkhlu
wdlov1 4<<91 464 ss1

4441 JXLOODXPH/ Grplqltxh +532362<9,1 Fkdrv/ udqgrpqhvv dqg rughu lq wkh iruhljq
h{fkdqjh pdunhwv1 Hvvd|v rq wkh prghoolqj ri wkh pdunhwv1 4<<91 4:4 ss1

4451 GHZLW/ Jhugd +362392<9,1 Hvvd|v rq h{sruw lqvxudqfh vxevlgl}dwlrq1 4<<91 4;9
ss1

4461 YDQ GHQ DFNHU/ Fdulqh +3;23:2<9,1 Eholhi0ixqfwlrq wkhru| dqg lwv dssolfdwlrq
wr wkh prgholqj ri xqfhuwdlqw| lq �qdqfldo vwdwhphqw dxglwlqj1 4<<91 47: ss1

4471 LPDP/ Pdkprrg Rvpdq +6423:2<9,1 Fkrlfh ri LSR Iorwdwlrq Phwkrgv lq Eho0
jlxp lq dq Dv|pphwulf Lqirupdwlrq Iudphzrun dqg Sulflqj ri LSR*v lq wkh Orqj0
Uxq1 4<<91 554 ss1

4481 QLFDLVH/ Lghv +3923<2<9,1 Sryhuw| dqg Kxpdq Fdslwdo1 4<<91 53< ss1
4491 H\FNPDQV/ Mrkdq +4;23<2<:,1 Rq wkh Lqfhqwlyhv ri Qdwlrqv wr Mrlq Lqwhuqd0

wlrqdo Hqylurqphqwdo Djuhhphqwv1 4<<:1 [Y . 67; ss1
44:1 FULVRORJR0PHQGR]D/ Oruhohl +492432<:,1 Hvvd|v rq Ghflvlrq Pdnlqj lq

Uxudo Krxvhkrogv= d vwxg| ri wkuhh yloodjhv lq wkh Frugloohud Uhjlrq ri wkh Sklols0
slqhv1 4<<:1 589 ss1

44;1 GH UH\FN/ Ehuw +592342<;,1 Vfkhgxolqj Surmhfwv zlwk Jhqhudol}hg Suhfhghqfh
Uhodwlrqv= H{dfw dqg Khxulvwlf Surfhgxuhv1 4<<;1 [[LY . 66: ss1

44<1 YDQGHPDHOH Vljulg +632372<;,1 Ghwhuplqdqwv ri Lvvxh Surfhgxuh Fkrlfh zlwklq
wkh Frqwh{w ri wkh Iuhqfk LSR Pdunhw= Dqdo|vlv zlwklq dq Dv|pphwulf Lqirupd0
wlrq Iudphzrun1 4<<;1 574 ss1



4531 YHUJDXZHQ Ilols +632372<;,1 Ilup H!flhqf| dqg Frpshqvdwlrq Vfkhphv iru
wkh Pdqdjhphqw ri Lqqrydwlyh Dfwlylwlhv dqg Nqrzohgjh Wudqvihuv1 4<<;1 YLLL .
4:8 ss1

4541 OHHPDQVKhuolqgh +5<2382<;,1 Wkh Wzr0Fodvv Wzr0Vhuyhu Txhxhlqj Prgho zlwk
Qrqsuhhpswlyh Khwhurjhqhrxv Sulrulw| Vwuxfwxuhv1 4<<;1 544 ss1

4551 JH\VNHQV Lqjh +723<2<;,1 Wuxvw/ Vdwlvidfwlrq/ dqg Htxlw| lq Pdunhwlqj Fkdqqho
Uhodwlrqvklsv1 4<<;1 535 ss1

4561 VZHHQH\ Mrkq +4<2432<;,1 Zk| Krog d Mre B Wkh Oderxu Pdunhw Fkrlfh ri
wkh Orz0Vnloohg1 4<<;1 5:; ss1

4571 JRHGKX\V Plfkholqh +4:2362<<,1 Lqgxvwuldo Rujdqlvdwlrq lq Ghyhorslqj Frxq0
wulhv/ Hylghqfh iurp F÷wh g*Lyrluh1 4<<<1 584 ss1

4581 SRHOV Jhhuw +492372<<,1 Rq wkh Irupdo Dvshfwv ri wkh Phdvxuhphqw ri Remhfw0
Rulhqwhg Vriwzduh Vshfl�fdwlrqv1 4<<<1 83: ss1

4591 PD\HUHV Lqjh +582382<<,1 Wkh Frqwuro ri Wudqvsruw H{whuqdolwlhv= D Jhqhudo
Htxloleulxp Dqdo|vlv1 4<<<1 [LY . 5<7 ss1

45:1 OHPDKLHX Zloiulhg +823:2<<,1 Lpsuryhg Qdyljdwlrq dqg Pdlqwhqdqfh wkurxjk
dq Remhfw0Rulhqwhg Dssurdfk wr K|shuphgld Prghoolqj1 4<<<1 5;7 ss1

45;1 YDQ SX\HQEURHFN Wrp +;23:2<<,1 Lqirupdwlrqdo Dvshfwv ri Ilvfdo Ihghudo0
lvp1 4<<<1 4<5 ss1

45<1 YDQ GHQ SRHO Glun +823;2<<,1 Uhvsrqvh Prgholqj iru Gdwdedvh Pdunhwlqj
Xvlqj Elqdu| Fodvvl�fdwlrq1 4<<<1 675 ss1

4631 JLHOHQV Ndwulmq +5:23;2<<,1 Lqwhuqdwlrqdo Hqwu| Ghflvlrqv lq wkh Uhwdlolqj Lq0
gxvwu|= Dqwhfhghqwv dqg Shuirupdqfh Frqvhtxhqfhv1 4<<<1 669 ss1

4641 SHHWHUV Dqqhohhq +492452<<,1 Oderxu Wxuqryhu Frvwv/ Hpsor|phqw dqg Whp0
srudu| Zrun1 4<<<1 53: ss1

4651 YDQKRHQDFNHU Mxujhq +4:2452<<,1 Irupdol}lqj d Nqrzohgjh Pdqdjhphqw
Dufklwhfwxuh Phwd0Prgho iru Lqwhjudwhg Exvlqhvv Surfhvv Pdqdjhphqw1 4<<<1 585
ss1

4661 QXQHV Sdxor +5323625333,1 Frqwlqjhqw Ydoxdwlrq ri wkh Ehqh�wv ri Qdwxudo Duhdv
dqg lwv Zdupjorz Frpsrqhqw1 53331 [[L . 5;5 ss1

4671 YDQ GHQ FUX\FH Eduw +:23725333,1 Vwdwlvwlvfkh glvfulplqdwlh ydq doorfkwrqhq
rs mrepdunwhq phw uljlgh orqhq1 53331 [[LLL . 774 ss1



4681 UHSNLQH Doh{dqguh +4823625333,1 Lqgxvwuldo uhvwuxfwxulqj lq frxqwulhv ri Fhqwudo
dqg Hdvwhuq Hxursh= Frpelqlqj eudqfk0/ �up0 dqg surgxfw0ohyho gdwd iru d ehwwhu
xqghuvwdqglqj ri Hqwhusulvhv* ehkdylrxu gxulqj wudqvlwlrq wrzdugv pdunhw hfrqrp|1
53331 YL . 47: ss1

4691 DNVR\/ \xqxv +5423925333,1 Hvvd|v rq lqwhuqdwlrqdo sulfh uljlglwlhv dqg h{fkdqjh
udwhv1 53331 L[ . 569 ss1

46:1 UL\DQWR/ \rkdqhv Hnr +5523925333,1 Hvvd|v rq wkh lqwhuqdo dqg h{whuqdo ghoh0
jdwlrq ri dxwkrulw| lq �upv1 53331 YLLL . 5;3 ss1

46;1 KX\JKHEDHUW/ Qdqf| +5324525333,1 Wkh Fdslwdo Vwuxfwxuh ri Exvlqhvv Vwduw0
xsv1 53331 YLLL . 665 ss1

46<1 IUDQFN[ Odxuhqw +5523425334,1 Dpelhqw Lqvshfwlrqv dqg Frpplwphqw lq Hq0
ylurqphqwdo Hqirufhphqw1 5334 YLLL . 5;9 ss1

4731 YDQGLOOH Jx| +4923525334,1 Hvvd|v rq wkh Lpsdfw ri Lqfrph Uhglvwulexwlrq rq
Wudgh1 5334 YLLL . 4:9 ss1

4741 PDUTXHULQJ Zhvvho +5:23725334,1 Prgholqj dqg Iruhfdvwlqj Vwrfn Pdunhw
Uhwxuqv dqg Yrodwlolw|1 53341 Y . 59: ss1

4751 IDJJLR Jlxold +3:23825334,1 Oderu Pdunhw Dgmxvwphqw dqg Hqwhusulvh Ehkdylru
lq Wudqvlwlrq1 53341 483 ss1

4761 JRRV Shwhu +6323825334,1 Wkh Rswlpdo Ghvljq ri Eorfnhg dqg Vsolw0sorw h{shul0
phqwv1 53341[ . 557 ss1

4771 ODEUR Hyd +3423925334,1 Wrwdo Frvw ri Rzqhuvkls Vxssolhu Vhohfwlrq edvhg rq
Dfwlylw| Edvhg Frvwlqj dqg Pdwkhpdwlfdo Surjudpplqj1 53341 54: ss1

4781 YDQKRXFNHPdulr +3:23925334,1 H{dfw Dojrulwkpv iru ydulrxv W|shv ri Surmhfw
Vfkhgxolqj Sureohpv1 Qrquhjxodu Remhfwlyhv dqg wlph2frvw Wudgh0r�v1 53341 649
ss1

4791 ELOVHQ Ydohqwlmq +5;23;25334,1 Hqwuhsuhqhxuvkls dqg Sulydwh Vhfwru Ghyhors0
phqw lq Fhqwudo Hxurshdq Wudqvlwlrq Frxqwulhv1 53341 [YL . 4;; ss1

47:1 QLMV Ylqfhqw +4323;25334,1 Hvvd|v rq wkh g|qdplf Fdwhjru|0ohyho Lpsdfw ri Sulfh
surprwlrqv1 53341

47;1 FKHUFK\H Odxuhqv +5723<25334,1 Wrslfv lq Qrq0sdudphwulf Surgxfwlrq dqg
H!flhqf| Dqdo|vlv1 53341 YLL . 49< ss1

47<1 YDQ GHQGHU Nxuw +4824325334,1 Dvshfwv ri Frqjhvwlrq Sulflqj iru Xuedq
Wudqvsruw1 53341 YLL . 536 ss1



4831 FDSHDX Eduw +5924325334,1 Lq ghihqfh ri wkh h{fhvv ghpdqg dssurdfk wr srru
shdvdqwv* hfrqrplf ehkdylrxu1 Wkhru| dqg Hpslulfv ri qrq0uhfxuvlyh djulfxowxudo
krxvhkrog prghoolqj1 53341 [LLL . 5;9 eo}1

4841 FDOWKURS Hgzdug +3<24425334,1 Hvvd|v lq xuedq wudqvsruw hfrqrplfv153341
4851 YDQGHU EDXZKHGH Khlgl +3624525334,1 Hduqlqjv pdqdjhphqw lq dq Qrq0

Dqjor0Vd{rq hqylurqphqw1 53341 73; ss1
4861 GH EDFNHU Nrhquddg +5523425335,1 Pxowlqdwlrqdo �upv dqg lqgxvwu| g|qdplfv

lq krvw frxqwulhv = wkh fdvh ri Ehojlxp1 53351 YLL . 498 ss1
4871 ERXZHQ Mdq +3;23525335,1 Wudqvdfwlyh phpru| lq rshudwlrqdo zrunjurxsv1

Frqfhsw hoderudwlrq dqg fdvh vwxg|1 53351 64< ss1 . dsshqgl{ 435 ss1
4881 YDQ GHQ EUDQGH Lqjh +4623625335,1 Wkh sv|fkrorjlfdo frqwudfw ehwzhhq hp0

sor|hu dqg hpsor|hh = d vxuyh| dprqj Iohplvk hpsor|hhv1 53351 YLLL . 7:3
ss1

4891 YHHVWUDHWHQ Glun +4<23725335,1 Dvvhw Sulfh G|qdplfv xqghu Dqqrxqfhg
Srolf| Vzlwfklqj1 53351 4:9 ss1

48:1 SHHWHUV Pduf +4923825335,1 Rqh Glphqvlrqdo Fxwwlqj dqg Sdfnlqj = Qhz
Sureohpv dqg Dojrulwkpv1 53351

48;1 VNXGHOQ\ Iudxnh +5423825335,1 Hvvd|v rq Wkh Hfrqrplf Frqvhtxhqfhv ri wkh
Hxurshdq Prqhwdu| Xqlrq1 53351

48<1 GH ZHHUGW Mrdfklp +3:23925335,1 Vrfldo Qhwzrunv/ Wudqvihuv dqg Lqvxudqfh
lq Ghyhorslqj frxqwulhv1 53351 YL . 45< ss1

4931 WDFN Olhyhq +5823925335,1 Rswlpdo Uxq Rughuv lq Ghvljq ri H{shulphqwv1 53351
[[[L . 677 ss1

4941 SRHOPDQV Vwhskdq +4323:25335,1 Pdnlqj Zrun rz V|vwhpv zrun1 Dq lqyhvwl0
jdwlrq lqwr wkh Lpsruwdqfh ri Wdvn0dssursuldwlrq �w/ Hqg0xvhu Vxssruw dqg rwkhu
Whfkqrorjlfdo Fkdudfwhulvwlfv1 53351 56: ss1

4951 MDQV Udi +5923<25335,1 Fdsdflwdwhg Orw Vl}lqj Sureohpv = Qhz Dssolfdwlrqv/
Irupxodwlrqv dqg Dojrulwkpv1 53351

4961 YLDHQH Vwlmq +5824325335,1 Ohduqlqj wr Ghwhfw Iudxg iurp hqulfkhg Lqvxudqfh
Fodlpv Gdwd +Frqwh{w/ Wkhru| dqg Dssolfdwlrqv,1 53351 648 ss1

4971 D\DOHZ Whndeh +3;24425335,1 Lqhtxdolw| dqg Fdslwdo Lqyhvwphqw lq d Vxevlv0
whqfh Hfrqrp|1 53351 Y . 47; ss1



4981 PXHV Fkulvwrskh +4524425335,1 Rq wkh Xvh ri Ghflvlrq Wdeohv dqg Gldjudpv lq
Nqrzohgjh Prgholqj dqg Yhul�fdwlrq1 53351 555 ss1

4991 EURFN Hoohq +4623625336,1 Wkh Lpsdfw ri Lqwhuqdwlrqdo Wudgh rq Hxurshdq
Oderxu Pdunhwv153351

49:1 YHUPHXOHQ Iuhghulf +5<24425335,1 Hvvd|v rq wkh froohfwlyh Dssurdfk wr Krxvh0
krog Oderxu Vxsso|1 53351 [LY . 536 ss1

49;1 FOXGWV Vwhskdq +4424525335,1 Frpelqlqj sduwlflsdwlrq lq ghflvlrq0pdnlqj zlwk
�qdqfldo sduwlflsdwlrq = wkhruhwlfdo dqg hpslulfdo shuvshfwlyhv1 53351 [LY . 57:
ss1

49<1 ZDU]\QVNL Iuhghulf +3<23425336,1 Wkh g|qdplf h�hfw ri frpshwlwlrq rq sulfh
frvw pdujlqv dqg lqqrydwlrq153361

4:31 YHUZLPS Sklols +4723425336,1 Ghyhorsphqw dqg jhqrflgh lq Uzdqgd > d sr0
olwlfdo hfrqrp| dqdo|vlv ri shdvdqwv dqg srzhu xqghu wkh Kde|dulpdqd uhjlph1
53361

4:41 ELJDQR Dqguhd +5823525336,1 Hqylurqphqwdo uhjxodwlrq ri wkh hohfwulflw| vhfwru
lq d Hxurshdq Pdunhw Iudphzrun1 53361 [[ . 643 ss1

4:51 PDHV Nrqvwdqwlmq +5723625336,1 Prgholqj wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv
Dfurvv Frxqwulhv1 53361 Y.579 ss1

4:61 YLQDLPRQW Wrp +5923525336,1 Wkh shuirupdqfh ri Rqh0 yhuvxv Wzr0Idfwru
Prghov ri wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv1 53361

4:71 RRJKH Huzlq +4823725336,1 Hvvd|v lq pxowl0glphqvlrqdo vrfldo fkrlfh1 53361
YLLL.43; ss1

4:81 IRUULHU Dqqhohhq +5823725336,1 Whpsrudu| hpsor|phqw/ hpsor|delolw| dqg
wudlqlqj1 53361

4:91 FDUGLQDHOV Hgg| +5;23725336,1 Wkh uroh ri frvw v|vwhp dffxudf| lq pdqdjhuldo
ghflvlrq pdnlqj1 53361 477 ss1

4::1 GH JRHLM Shwhu +3523:25336,1 Prgholqj Wlph0Ydu|lqj Yrodwlolw| dqg Lqwhuhvw
Udwhv1 53361 YLL.558 ss1

4:;1 OHXV Urho +4<23<25336,1 Wkh jhqhudwlrq ri vwdeoh surmhfw sodqv1 Frpsoh{lw| dqg
h{dfw dojrulwkpv1 53361

4:<1 PDULQKHLUR Fduorv +5623<25336,1 HPX dqg �vfdo vwdelolvdwlrq srolf| = wkh fdvh
ri vpdoo frxqwulhv1 53361



4;31 EDHVVHQV Eduw +5723<25336,1 Ghyhorslqj lqwhooljhqw v|vwhpv iru fuhglw vfrulqj
xvlqj pdfklqh ohduqlqj whfkqltxhv1 53361

4;41 NRF]\ Odv}or +4;23<25336,1 Vroxwlrq frqfhswv dqg rxwvlghu ehkdylrxu lq frdol0
wlrq irupdwlrq jdphv1 53361

4;51 DOWRPRQWH Fduor +5823<25336,1 Hvvd|v rq Iruhljq Gluhfw Lqyhvwphqw lq wudq0
vlwlrq frxqwulhv = ohduqlqj iurp wkh hylghqfh1 53361

4;61 GULHV Olhvehwk +4324425336,1 Wudqvlwlrq/ Joredolvdwlrq dqg Vhfwrudo Uhvwuxfwxu0
lqj= Wkhru| dqg Hylghqfh iurp wkh Srolvk Djul0Irrg Vhfwru1 53361

4;71 GHYRRJKW Nxuw +4;24425336,1 Hvvd|v Rq Uhvsrqvlelolw|0Vhqvlwlyh Hjdolwduldq0
lvp dqg wkh Phdvxuhphqw ri Lqfrph Lqhtxdolw|1 53361

4;81 GHOHHUVQ\GHU Eduedud +5;24425336,1 Pdunhwlqj lq Wxuexohqw Wlphv1 53361
4;91 DOL Gdqlho +4<24525336,1 Hvvd|v rq Krxvhkrog Frqvxpswlrq dqg Surgxfwlrq

Ghflvlrqv xqghu Xqfhuwdlqw| lq Uxudo Hwklrsld1 53361
4;:1 ZLOOHPV Ehuw +4723425337,1 Hohfwulflw| qhwzrunv dqg jhqhudwlrq pdunhw srzhu1

53371
4;;1 MDQVVHQV Jxvw +6323425337,1 Dgydqfhg Prghoolqj ri Frqglwlrqdo Yrodwlolw| dqg

Fruuhodwlrq lq Ilqdqfldo Pdunhwv1 53371
4;<1 WKRHQ Ylqfhqw +4<23425337,1 Rq wkh ydoxdwlrq dqg glvforvxuh sudfwlfhv lpsoh0

phqwhg e| yhqwxuh fdslwdo surylghuv1 53371
4<31 PDUWHQV Mxujhq +4923525337,1 D ix}}| vhw dqg vwrfkdvwlf v|vwhp wkhruhwlf

whfkqltxh wr ydolgdwh vlpxodwlrq prghov1 53371
4<41 DOWDYLOOD Fduor +5423825337,1 Prqhwdu| srolf| lpsohphqwdwlrq dqg wudqvplv0

vlrq phfkdqlvpv lq wkh Hxur duhd1 53371
4<51 GH EUX\QH Ndurolhq +3:23925337,1 Hvvd|v lq wkh orfdwlrq ri hfrqrplf dfwlylw|1

53371
4<61 DGHP Mdq +5823925337,1 Pdwkhpdwlfdo surjudpplqj dssurdfkhv iru wkh vxshu0

ylvhg fodvvl�fdwlrq sureohp1 53371
4<71 OHURXJH Gdy| +3;23:25337,1 Suhglfwlqj Surgxfw Suhihuhqfhv = wkh h�hfw ri

lqwhuqdo dqg h{whuqdo fxhv1 53371
4<81 YDQGHQEURHFN Ndwohhq +4923:25337,1 vvd|v rq rxwsxw jurzwk/ vrfldo ohduqlqj

dqg odqg doorfdwlrq lq djulfxowxuh = plfur0hylghqfh iurp Hwklrsld dqg Wdq}dqld1
53371



4<91 JULPDOGL Pduld +3623<2337,1 Wkh h{fkdqjh udwh/ khwhurjhqhlw| ri djhqwv dqg
erxqghg udwlrqdolw|1 53371

4<:1 VPHGWV Nulvwlhq +5924325337,1 Ilqdqfldo lqwhjudwlrq lq HPX lq wkh iudphzrun
ri wkh qr0duelwudjh wkhru|1 53371

4<;1 NRHYRHWVZlp +4524425337,1 Hvvd|v rq Xqlrqv/ Zdjhv dqg Hpsor|phqw1 53371
4<<1 FDOOHQV Pduf +5524425337,1 Hvvd|v rq pxowlohyho orjlvwlf Uhjuhvvlrq1 53371
5331 UXJJRR Duylqg +4624525337,1 Wzr vwdjh ghvljqv urexvw wr prgho xqfhuwdlqw|1

53371
5341 KRRUHOEHNH Glun +5;23425338,1 Errwvwuds dqg Slyrwlqj Whfkqltxhv iru Whvw0

lqj Pxowlsoh K|srwkhvhv1 53381
5351 URXVVHDX Vdqgud +4:23525338,1 Vhohfwlqj Hqylurqphqwdo Srolf| Lqvwuxphqwv lq

wkh Suhvhqfh ri Lqfrpsohwh Frpsldqfh1 53381
5361 YDQGHUPHXOHQ Vr�h +4:23525338,1 Txdolw| ri Ilqdqfldo Vwdwhphqwv = Lpsdfw

ri wkh h{whuqdo dxglwru dqg dssolhg dffrxqwlqj vwdqgdugv1 53381
5371 GLPRYD Udolw}d +5423525338,1 Zlqqhuv dqg Orvhuv gxulqj Vwuxfwxudo Uhirup dqg

Fulvlv = wkh Exojduldq Oderxu Pdunhw Shuvshfwlyh1 53381
5381 GDUNLHZLF] Ju}hjru} +5;23525338,1 Ydoxh0dw0ulvn lq Lqvxudqfh dqg Ilqdqfh =

wkh Frprqrwrqlflw| Dssurdfk1 53381
5391 GH PRRU Olhyhq +5323825338,1 Wkh Vwuxfwxuh ri Lqwhuqdwlrqdo Vwrfn Uhwxuqv =

Vl}h/ Frxqwu| dqg Vhfwru H�hfwv lq Fdslwdo Dvvhw Sulflqj1 53381
53:1 HYHUDHUW Juhhwmh +5:23925338,1 Vriw Exgjhw Frqvwudlqwv dqg Wudgh Srolflhv =

Wkh Uroh ri Lqvwlwxwlrqdo dqg H{whuqdo Frqvwudlqwv1 53381
53;1 VLPRQ Vwhyhq +3923:25338,1 Wkh Prgholqj dqg Ydoxdwlrq ri frpsoh{ Ghulydwlyhv

= wkh Lpsdfw ri wkh Fkrlfh ri wkh whup vwuxfwxuh prgho1 53381
53<1 PRRQHQ Olqgd +5623<25338,1 Dojrulwkpv iru vrph judsk0wkhruhwlfdo rswlpl}d0

wlrq sureohpv1 53381
5431 FRXFNHNulvwlhq +5423<25338,1 Ilup dqg lqgxvwu| dgmxvwphqw xqghu gh0lqgxvwuld0

olvdwlrq dqg joredol}dwlrq ri wkh Ehojldq hfrqrp|1 53381
5441 GHFDPSV PDUF +5424325338,1 Vrph dfwxduldo dqg �qdqfldo dssolfdwlrqv ri

jhqhudol}hg gl�xvlrq surfhvvhv1 53381
5451 NLPKHOHQD +5<24425338,1 Hvfdodwlrq jdphv= dq lqvwuxphqw wr dqdo|}h frq lfwv1

Wkh vwudwhjlf dssurdfk wr wkh edujdlqlqj sureohp1 53381



5461 JHUPHQML HWOHYD +3923425339,1 Hvvd|v rq wkh hfrqrplfv ri hpljudwlrq iurp
Doedqld1 53391

5471 EHOLHQ MHURHQ +4;23425339,1 H{dfw dqg khxulvwlf phwkrgrorjlhv iru vfkhgxolqj
lq krvslwdov= sureohpv/ irupxodwlrqv dqg dojrulwkpv1 53391

5481 MRRVVHQV NULVWHO +4323525339,1 Urexvw glvfulplqdqw dqdo|vlv1 53391
5491 YUDQNHQ OLHVEHW +4623525339,1 Odqg pdunhwv dqg surgxfwlrq h!flhqf| lq

wudqvlwlrq hfrqrplhv1 53391
54:1 YDQVWHHQNLVWH LVDEHO +5523525339,1 Hvvd|v rq qrq0olqhdu prghoolqj lq lq0

whuqdwlrqdo pdfurhfrqrplfv1 53391
54;1 ZX\WV Jxqwkhu +6423625339,1 Hvvd|v rq wkh oltxlglw| ri �qdqfldo pdunhwv1 53391
54<1 GH EODQGHU Uhpehuw +5;23725339,1 Hvvd|v rq hqgrjhqhlw| dqg sdudphwhu khw0

hurjhqhlw| lq furvv0vhfwlrq dqg sdqho gdwd1 53391
5531 GH ORHFNHU Mdq +4523825339,1 Lqgxvwu| g|qdplfv dqg surgxfwlylw|1 53391
5541 OHPPHQVDxuìolh +4523825339,1 Dgydqfhg fodvvl�fdwlrq dqg wlph0vhulhv phwkrgv

lq pdunhwlqj1 53391
5551 YHUSRRUWHQ Pdulmnh +5523825339,1 Frq lfw dqg vxuylydo= dq dqdo|vlv ri

vkrfnv/ frslqj vwudwhjlhv dqg hfrqrplf prelolw| lq Uzdqgd/ 4<<3053351 53391


